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OCHOBBI
IJEKTPOJUHAMHUEKHA
(ITpomoa:xenue)

Ilpogonsxum nayuesue sjaekTpoguHaMuKu. O3HAKOMUMCHA
C MArHUTHBIMM HOJIAMH, He HIMEHSIONIMMUCA C TeUueHUeM Bpe-
MEHH, M MATrHUTHBIMU U JJIEKTPUUYECCKHMU IIOJAMHM, H3Me-
HAIOIKUMACA cO BpeMeHeM. C 2JIEKTPHUECKHMH IIOJIAMM, He
U3MEHAIIUMACA C TedeHHeM BPeMEHU, Bbl O3HAKOMUJIUCH
B 10 xJacce.

IF'maea 1. MATHUTHOE IIOJIE

Henoasu:KHble 3JeKTpUYECKNE 3apPAALI CO3MAI0T BO-
KpYT cebs aeKkTpUUecKoe roJje. [IBuKymuecs 3aps-
IBbI CO3MAI0T, KPOME TOTO, MATHHUTHOE TI0Je.

§1 B3AUMOJIEVICTBUE TOKOB

Mexy HEeDOABUIKHBIMY BJIEKTPUUECKUMU 3apAfaMu Aei-
CTBYIOT CUJIbI, ONpenessieMbie 3akoHOM Kymowua. CorsacHo Teo-
puu OGJIU3KOAeHCTBUA 9TO B3aUMOJAEHCTBHUE OCYINECTBIISAETCHA
TaK: KaKJbI U3 3apANOB CO3JaeT IJIEeKTPUUECKOE II0Je, KOTO-
poe nelcTByeT Ha APYyroi sapsm.

OpHaKo MEXAY 3JeKTPUYeCKUMH 3apAJaMU MOTYT CYIIeCT-
BOBATH CHJIBI U MHOW npupoxasi. MX MOXKHO OGHAPYKUTH C MO-
MONIBIO CJAENYIOINIEero ONbITA.

Bossmem gBa ru0KuX OPOBOJHMKA, VKPEIIMM WX BEPTH-
KaJIbHO, a 3aTeM IIPHCOeAMHWM HIKHUMH KOHIIAMU K IIOJIIO-
cam ucrouHukKa Toka (puc. 1.1). IIpuTAKeHUA UIN OTTATIKHUBA-
HUA NPOBOAHUKOB HPH 3TOM He obHapyskurcsal.

Ecau Tenteps Apyrue KOHIIBI IPOBOJHUKOB 3aMKHYTE ITPOBO-
JIOKOH TaK, UYTOOBI B IPOBOJHUKAX BOBHUKJIN TOKU NPOMUBONO-
JIOHCHO20 HANPABACHUS, TO TPOBOAHUKY HAUHYT OTTATKHBATHCH
APYT oT Apyra (puc. 1.2). B cayuae ke TOKOB 00H020 HANPAGLC
HUA DIPOBOAHUKHU IputrArusaroTcsa (puc. 1.3).

BzaumopeticTBus Me)xay NPOBOJHUKAMM C TOKOM, T. €.
B3aUMOZEMCTBUA MEXAY HANPABJIEHHO ABWKVIIIMMUCH DJIEK-
TPUYECKUMU 3apAJaMHU, HA3BIBAIOT MAZHUMHbIMU. CUIlbL, ¢ KO-

L IIpOBOHHUK M 3aPSKAIOTCA OT UCTOUHHKA TOKA, HO 3apsi/ihi HPOBOJIHUKOB
IpX Pa3HOCTH IOTEHIIHAJIOB ME)KJAY HUMH B HECKONLKO HOJBT HUUTOXKHO
Manpl. ITosTOMY KYJIOHOBCKHME CHJbLI HUKAK HE PO B IOTCSI.



Puc. 1.2 Puc. 1.3
TOPBIMH 11POBOJIIKI ¢ TOKOM AeHCTBYIOT APYr Ha Apyra, Ha-
3BIBALOT MAHUMNHLIMU CUJAAMU.

Maruurnoe noje. Corsacao reopun OausKomedcTBAA, IIO-
AOOHO TOMY 1K1K B 1TPOCTPAHCTBE, OKPYKAIOIEeM HeIIO[BUKHbIE
BIEKTPUUHCCKIE 30 Ds1jibl, BOSHUKAET 3JeKTPUYECKoe I0Je, B IIPO-
CTPAHCTBC, OKPYIAIOILCM TOKY, BO3HUKAET II0Je, Ha3blBaeMoe
MATHHTHLIM.

dueKTpiiecicinii TOK B IPOBOJAHUKE CO3JaeT BOKPYT cebs
MAarHUTHOC HToJle, KOTopoe AeHCTBYyeT Ha TOK B JPYTOM IIPOBO/-
HUKe. A 1nose, cosjiaiHoe NMEKTPUYIECCKUM TOKOM BTOPOI'O IIPO-
BOJMHMIKL, JleleTrsyerT Ha ePBBIA.

Marturrnoe noae npegerapiaser co6oit ocobyio popMy MaTe-
PUH, HOCHEACTROM KOTOPOH OCYUIECTBISIETCA B3aUMOLelcTBHIE

MEMXKJY JIBLKYIIIMWCS 2JIEKTPUYECKH 3apsKeHHBIMU YacTH-
amMu.

[epevnceanm ocrioBHble ¢BOMCTBA MATHUTHOIO HOJS, KOTO-
PBIEC VCTOHOBJICHDLI JKCIIEpDUMEHTAJBbHO.

1. Marnurnoe nojie mOpoMaaeTcs 3AeKTPUUYECKHM TOKOM
(HanmpapneHio ABMIKYIIIUMUACA 3apafaMi).

2. Marnnrnoe one obHapyXuUBaeTCcA IO LEHCTEBUIO Ha
QIEKTPUUCCKINT TOK (HA ABUMKYUIMECS 3apAIbI).

ITonodno ulckrpuveckomMy MO0, MAaTrHUTHOE IIOJIE cy-
LIECTBYCT pPCJILEHO, HC3ABUCHUMO OT HAC, OT HAIINX 3HAHWH
0 HeM.

IKCUCPUMCHTANLHBIM JIOKA3aTeIbCTBOM PEaJbHOCTH MATHUT-
HOTO IIOoJIsl, KaK M peaJiLHOCTHA BJIEKTPHUUYECKOI'0 II0JIA, MOXKeT
CAYHUTH (PAKT CYIICCTBOBAHUA 2JEKTPOMAIHUTHBIX BOJIH.
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3aMKHYTHIM KOHTYP ¢ TOKOM B MAarHuTHOM moJe. [[n1a usy-
JeHUS MATHHUTHOTO MOJIA MOXKHO B3sTh 3aMKHYTBIA KOHTYP Ma-
JabIX (110 CPaBHEHHUIO ¢ PACCTOSHUAME, HAa KOTOPBIX MAarHUTHOE
110Jle 3aMeTHO H3MeHseTcsi) pasMepoB. Hanpumep, MOMKHO
B3ATh MAaJeHBKYIO IJIOCKYIO ITPOBOJOYHYIO PAMKY OPOHU3BOJL-
Hoit popmel (puc. 1.4). IlogBoaamie TOK NPOBOAHUKU HYKHO
pacIoNOoKHUTE GIUBKO APYTr K Apyry (puc. 1.4, a) unu crjecrtu
nx BMecTte (puc. 1.4, 6). Torga pesyabTHUPYOIIAd CUNA, NEUCT-
BYIOIIIafl CO CTOPOHBI MarHUTHOTO IIOJIA HA 3TH IIPOBOJHUKH,
OyJZleT paBHa HYJIIO.

BHISICHUTEL XapakTep HeHCTBUA MATHUTHOIO MOJA HAa KOH-
TYP € TOKOM MOJKHO C ITIOMOIIILIO CJIeAVIOIIero OnbiTa.

ITogBecuM Ha TOHKHUX I'MOKUX NIPOBOAHHKAX, CIJIETEHHBLIX
BMeCTe, MAJIEHBKVIO [IJIOCKYIO PAMKY, COCTOAILYIO U3 HECKOJIbKUX
BUTKOB IpOBOJIOKH. Ha paccTosHUM, 3HAUNTEIBHO OONBIIIEM pas-
MepOB PAMKH, BEPTHKAJILHO PACIIOJOXKUM IpoBoA (puc. 1.5, a).
PaMKa Opu IIPOIyCKAHUY 3JeKTPUUECKOI0 TOKA Yepes Hee U 1e-
pes IIPOBOJ IOBOPAUYMBAETCA U PAcIojaraeTcs TAK, YTO IPOBOJ
OKasbIBaeTcs B IJIOCKOCTH paMKu (puc. 1.5, 6). IIpu usmenenun
HaIIpaBJeHUs TOKAa B IIPOBOJE PaMKa noBopauuBaercs Ha 180°.

OnLIT DOKAa3bIBAET, YTO MATHUTHOE TI0JIe CO3aeTCH He TOJb-
KO TOKaMM B INPOBOAHHMKAaX. Jli000e HanpaBJIeHHOE ABMIKEHUE
DJIEKTPUUECKHNX 3apANOB BBLI3BIBAET IOABJEHHWE MATHUTHOTO
noinda. Tak, HapuMep, TOKX B ra3ax, NOJYIPOBOJHUKAX BHISHI-
BAfOT BO3HMKHOBEHME B OKPY:KalIeM HUX HIPOCTPAHCTBE Mar-
HUTHOro nojisg. CMelieHye CBsI3aHABIX JIeKTPUUCCKUX 3aPAL0OB
B AUSJICKTPUKE, HOMEHIIEHHOM B II€PEeMEHHOEe 3JIeKTPUYECKOoe
roje, TaKke BBI3BIBAET HOSIBJEHIEe MATHUTHOIO IOJIA.

M3 kypca GpU3UKY BaM U3BECTHO, YTO MarHUTHOE I10JIe CO3-
IaeTcs He TOJBKO 3JeKTPUIECKUM TOKOM, HO M IOCTOAHHLIMU
MarHmuTaMu. Ecam MBI HOABECUM Ha TMOKHNX IPOBOAAX IJIOCKYIO
paMKy C TOKOM MeXKIy MOJII0CaM¥ MarHuTa, TO paMKa OyJieT [oBo-

B | B

a) 6) a) )
Puc. 1.4 Puc. 1.5



padyuBaThLCA 0 TeX I0p, IIOKA ee IJI0C-
KOCTh He YCTAHOBHUTCA MNEPHeH UKY-
JIIDHO JIMHUH, COeIUHSIONEH IOJII0CHI
maruuTa (puc. 1.6). Takum obpasom,
MariuTHOE II0Jleé OKa3bIBAEeT HA PAMKY
C TOKOM opuenmupyiouiee deiicmauet.

HBuxyiuecs 3apsagsl (1eKTpude-
CKUUA TOK) CO3JAIOT MarHWTHOE MoJe.

Bokpyr nro6BIx HanpapieHHO BHU-
KYUIUXCA 3apANOB BO3HUKAeT Mar-
HUTHOe moje. OHO TaKi)Ke MOABIASETCS
B CJIydae, €CJIHM B IPOCTPAHCTBE CyIIle-
CTBYeT 9JIeKTPUYECKOE MNoJie, H3Me-
HSOIleecs CO BPeMeHeM.

O6napyskuBaeTca MarHUTHOE MOJIe
1o JefICTBUIO HAa 9JIEKTPUUYECKUH TOK.

1. Kakue B3awmMOAeHCTBHA HA3bLIBAIOT MarHMTHBIMM!
? 2. MepeymcnmTe OCHOBHBIE CBOHCTBA MarHMTHOIrO NONS.

BEKTOP MAI'HUTHOW UHAYKIUMH.

§2 JUHHUH MATHUTHON UHAYKIIUA
JJIEKTPHYECKOE IOJIe XapaKTepH3yeTcs BEKTODHOU BeJu-
YHUHOW — HaNPAKEHHOCTHIO 3JIeKTPUUECKOTO OIS, Hano 6n1
BBECTH TaKe M BeIUYNHY, XaPAKTePUBYIOIIVI0 MATHHUTHOe
noJie KoJu4ecTBeHHO. [lesio aTo HempocToe, TaK KAk MATHUTHBIC
B3aMMOAEUCTBHUSA CIOKHEE DIeKTPUUECKUX. BexTopHyio xapak-
TEPUCTUKY MArHUTHOTO IIOJIA HA3bIBAIOT BEKTOPOM MATHUTHOI

N
HHAYKUIUU B 0003HaYa0T 6ykBoi B. Cuauasia Mbl paccMoTpum

BOIIPOC TOJIBKO O HANPABLEHUL 8erkmopa B.

MarnutHasa crpeaka. Mbl BHAEAU, YTO B MATHUTHOM noJje
paMKa ¢ TOKOM Ha IHOKOM MOJBece, CO CTOPOHBI KOTOPOTO
He IeHCTBYIOT CUJIBI YIIPYTOCTH, NPensATCTBYIONINE OPUEHTAIIN
PaMKH, IOBOPAYUBALTCS IO T€X MOP, NOKA OHA He YCTAHOBUTCS
onpesieneHHbIM o6pazom. Bam nsBecTHO, UTO TaK ke BeneT cebs
1 MarHUTHasA CTpeJIKa — MAaJIeHbKUH IPOROJITOBATHIM MAaTHUT
C ABYM# ITOJTIOCAMM Ha KOHLIAX — IOXKHBIM S U ceBepHbIM N.

Onnopojinoe mardHuTHOe NOJNe OKAa3bLIBAET HA paMKy, KaK IIOKa3blBaer
OHBIT, JiMUIL OPUCHTUDYIOIee NelicTBHe. B HEOZHOPOAHOM MATNHHTHOM MOJIe
pamka, Kpome roro, Gyger ABHTaThCA NMOCTYHATENbHO, IPATATHRALCH K npo-
BOJHUKY € TOKOM WIH OTTAJKUBAACHL OT HeETo.
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HampaBieHnue BeKTOpa MarHur-
Hoit uagyknuu. OpueHTUpYyIOlee aeu-
CTBUe MaArHUTHOIO IHOJA Ha MAar"Hur-
HYI0O CTPeJKYy HWJIH PaMKy C TOKOM
MOKHO MCIIOJIB30BaTh AJIA OIpeleie-
HUS HANpaBJeHUA BeKTOpa MarHur-
HOH MHIYKIUH.

3a nanpasierue 6eXmopa MazHUM-
HOU UHOYKYUU NPUHUMAETCA HANpas-
JeHHne, KOTOpOe TTOKAa3blBaeT CeBEPHBIN
moatoc N MarHuTHOU CTpeJKH, cBoboz-
HO YCTAHABJUBAKIINEHCA B MAIHUTHOM
nose (puc. 1.7, a). 910 HaumpaBJieHHE
cOBIaJaeT ¢ HAIPaBJIeHUEM IIOJOMKHU-
TeJbHOM HOPMAaJSX K 3aMKHYTOMY KOH-
Typy ¢ TokoMm (puc. 1.7, 6). ITonoxu-
meabHas HOpMAJb HaAIpaBleHa B TY
CTOPOHY, Ky/Ja IepeMelnaeTca Oypas-
uyuk (c mpaBO¥ HapesKoi), eciau Bpa-
HIATh €ro IO HAIlPaBJIeHUIO TOKAa B paM-
ke (puc. 1.7, 8).

Hcnosnp3ysa paMKy C TOKOM HJIH
MarHUTHYIO CTPEeJKY, MOXKHO olpeje-
JIATL HaIpaBjeHUWe BEeKTOpa MAarsur-
HOM WHAYKIIMYU B JIOOON TOUKe IIOJA.

Ha pucyukax 1.8, 1.9 TTOKA3aHbL
ONBITHI ¢ MAaTHHTHOI CTpeJKOil, HOo-
BTOPAIOILIIME OMNBITHL C paMKO# (cM.
puc. 1.5, 1.6). )

B MarsuTHOM TOJe IPAMOJIUHEH-
HOTO NIPOBOJHUKA C TOKOM MarHUTHAasA
cTpeska B KamJoi TOUKE YCTAaHAB-
JMBAETCH 10 KACaTeJbHOU K OKPYAKHO-
ctu (cM. puc. 1.9). IlmockocTs Takoil
OKPY’KHOCTH MEPIEeHIUKYJIAPHA IPOBO-
Ay, & UEHTP ee JIeXKUT HA OCH TIPOBOZIA.

Hamnpasienue BeKTOPa MarHUTHOU
HHIYKIUYA YCTAHABJINBAIOT ¢ IOMOLIBIO
npasuia OypasyurKa: ecau Hanpasle-
HUe NOCMYnamenbrHozo 08UiceHus 0y-
pasduxa cognadaem ¢ HANPAGLEHUCH
moka 8 npogoOHUKe, MO Hanpasje-
Hue apauleHus pyuKku dypasuura yra-
Jbleaem HANpaAsIeHue sexmopa mae-
HUMHOU UHOYKUUU.

OnsIT 10 OIpeNesIeHUi0 Halpase-
HHS BEKTOPAa UHIYKIWKA MArHUTHOTO

Puc. 1.7

a)

6)

B)

=t

s>}
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Puc. 1.9 Puc. 1.11

I0JIA 3eMJIH IIPOBOJUT KAXKIBIH, KTO OPHEHTUDYEeTCS Ha MeCT-
HOCTH TIO KOMIIaCy.

JIuaEM mMarnurnon naaykuuun. Haraaguyro KapTuHy Mar-

HHUTHOI'O I10Jist MOMHO HOJAYUHUTH, €CJUu IIOCTPOUTL TaK HAa3bI-
BaeMbIe MMHHHW MArHUTHOW UHAYKUMK. JIMHMAMM MAaTHUTHON
HHAYKIHUMN HASLIBAIOT JIMHUU, KacaTeJbHbBIE K KOTOPBIM B JIIOO0OH
HUX TOYUKC COBIHQJQ10T ¢ BCKTOPDOM é B JIaHHOﬁ TOYKe II0oJdd
(puc. 1.10). JTunuu BekTopa MariuTHOR UHAYKINY QaHAJOTUYHEI
JHHUIAM BeKTOpa HAIIPs>KeHHoeTn :)Jl(?KTpOCTaTI/I‘{eCKOI"O II0JIA.

JJIst MarHUTHOTO OIS [IPAMOJMIICIHHOTO OPOBOAHUKA C TO-
KOM U3 IPUBeJEHHBIX paHee OlbITOB CJe/yeT, UTO JUHUM MAT-
HUTHOH MHAYKIHUH — KOHIEHTPHUCCKUE OKPY’KHOCTH, JIexa-

mue B IJIOCKOCTH, IEPHEHAUKYJIAPHOH dToMYy IPOBOAHMKY
¢ TokoM (cM. puc. 1.9). lenTp okpyskuocrei HaxoAWTCsE Ha
ocu NpoBoAHMKA. CTPeJSKH Ha JIMHHUAX YKa3bIBAIOT, B KaKy1o
CTOPOHY HallpaBJe€H BEKTOP MArHUTHOU MILYKIINHM, KACATeJIb-
HBIH K Januoil JTUHUH.

Ha pucyuke 1.11 nmokasama
KapTHHAa MArHUTHOTO IIOJIS Ka-
TYIIKKX ¢ ToKoM (cosieHoupa).
Ecim pmuna cosenomma muOTrO
Gonbllle ero mmamerpa, TO Mar-
HUTHOE II0JIe BHYTPU COJIEHOUA
MOXXHO CYUTATh OOHOPOOHbLM.
JluHUM MarsHuTHOR WMHAYKUUU
TAKOTO ITOJISA NAPALLCAbHbL W
HaxXxoOAsATCA Ha PABHEIX PACCTOSI-
HUAX JPyT OT Apyra.

Ha pucyuxe 1.12 nokasano
MarHuTHOe 1noJie 3eman. Jluaun
MArHATHOW WHAYKIIUU TIOJIST BeM-
Puc. 1.12 JIA NOAOOHBI JUHUAM MArHUT-
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MarauTtHOe mose 3eman

Ocsh Bpamenuss MarauTHas och

Puc. 1.13 Puc. 1.14

HOU WHAYKIIUU M0JA cojieHouaa. MarHUTHBIN CeBEePHLII 110JTI0C
N o6auzor K HOKHOMY reorpaduuyecKoOMy IIOJIOCY, a4 Mal'HUT-
HBIT I0KHBIN nmoaoc S — K CeBepHoMy reorpadudeckomy ilo-
awocy. Ocb Takoro GOIBILIOI0 MATHUTA COCTABJIAET C OCbIO BpPa-
meaua Semuu yroa 11,5°, Tlepuognuecky MArHUTHBIE I10J10ChI
MEeHSIOT CBOI0 HOJAPHOCTH. llocienHssa Taxkasa saMeHa MIpPO-
nzonuia oxkojgo 30 000 sner uHazaz.

Kapruny auunit MarauTHOH UHAYKIIUKA MOMKHO CHEJAThL BU-
JUMOM, BOCIIOJIb30OBABIINCH MEJIKUMU JKeJ€3HBIMHU ONMUJIKAMHU.
C 3TUM MeTOAOM BBl V)K€ 3HAKOMBI.

B marauTHOM moJsie KaKABIH KYCOUEK JKeJjie3a, HaChbIIIaHHbIH
Ha JUCT KapToHAa, HAMATHUYUBAETCA U BeJeT cebsd KaK MajieHb-
Kas MarHUTHAaA CTPeJKa. BoJbliioe KOJIUYEeCTBO TAKHUX CTPEJIOK
IO3BOJIAET B OOJBINIEM YHUCJE TOYEK OIpeAeuTh HAIpaBJICHIE
MaTrHUTHOTO ITOJISI M, CJI€A0BATENBHO, TOYHEEe BBEISICHUTDL PaCIIO-
JOoXKeHne JUHUN MarHuTHOU UHAYVKIINK. [IpuMepsl KapTHUH Mar-
HUTHOTO TOJS NPUBeNeHbl Ha pucyukax 1.13—1.16.

BuxpeBoe mose. BaxxHadg 0co6eHHOCTh JUHUA MArHUTHON
MHIYKIIUMA COCTOWUT B TOM, YTO OHH He HMEIOT HHU Ha4daja,
vy KoHna. OHU Bcerza 3aMKHYTBI. BCIIOMHMM, YTO € 3JIEKTPO-
CTATUYECKUM I1oJieM geno obcrouT wmHaue. Ero cuaoBble Jiu-
HAKW BO BCEX CJyYaAX MMEIOT HCTOYHUKMU: OHU HAYMHAIOTCH
Ha MOJIOXKUTEJBHBIX 3apafax M OKAHYMBAIOTCS HA OTPUIA-
TeJABbHBIX.

ITons ¢ 3aMKHYTHIMU BEKTODHBIMM JUHUAMHK HA3BIBAIOT
BUXPeBBIMH. MazHUMHOe noae — guxpesoe noJe.

3aMKHYTOCTh JUHUN MArHUTHOH WHAYKIIUU TIPeACTaBJIAET
coboil dpyHIaMeHTaIbHOEe CBOMCTBO MarHUTHOrO moJuas. OHo 3a-

Puc. 1.15 Puc. 1.16



KJIOYaeTca B TOM, UYTO MAarHUTHOE I10JIe He UMeeT UCTOUHUKOB.
Mazrnummnbsix 3apados6, NOOOOHBIX IAeKMPULECKUM, 8 nPupode
He cyuiecmayem.

MarnuTHOe ToNe — BUXPEBOE NOJe, B KaXKJ0H TOUYKe MO
BEKTOD MArHUTHON MHAYKIIHH HUMEeT ONpe/leieHHoe HAIIPaBJIe-
HHe. JTO HalpaBJIeHUe yKa3biBA€T MATHUTHAA CTPEJIKa UJIN eTO
MOJKHO OIIPEJeJIUTE MO pasuay OypaBuuka. MarsuTHOe noJe
He UMeeT MCTOYHUKOB; MAlHHTHBIX 3apAJIOB B NPUPOLE He Cy-
HIeCcTBYeT.

1. Kak OpueHTMPYIOTCH B OJHOPOAHOM MArHMTHOM NONE 3aMKHYTBHIN
? KOHTYP C TOKOM M MarHMTHas cTpenKa!
L4 2. Y70 Ha3LIBAIOT NMHUSIMM MArHMTHOM MHAYKLUMM?

w

. Kakue nons HasbiBaloT BHXpeBbIMM!
4. Yem BuxpeBOEe Nosle OTAMYALTCH OT NOTEHUMANLHOrO!

MO/1YJIb BEKTOPA MATHHUTHOHW WHIYKIMH.

§3  CHJIA AMIIEPA

Marnurnoe mose geficTByer Ha BCe YyYACTKM IIPOBOLHHKA
¢ TOKOM. 3nast CUNy, JeHCTBYIOIIYIO HA KAXKABIA MAJBIH ydac-

TOK UPOBOJIHUKA, MOMKHO BBIYHCJIUTE CUAY, AeHCTBYIONIYIO Ha
BeCh 3AMKHYTHI MTPOBOJHUK B I[EJIOM.

3aKou, onpeneasoni cuiy, IeCTBYIOILYIO Ha OTHAeIbHBIH
HeOONLUI0H yyacTOK IIPOBOAHUKA (JIeMEHT TOKa), ObLI ycTa-

HopJsien B 1820 r. A. Ammnepownm!. Tak kak co3aaTs 060c06IeH-
HBIU HJICMeHT TOKa HeJIb3dA, TO AMIep OPOBOMHJI OITLITHI C 3aMK-
HYTBIMWU 1LIPOBOJHUKAMU. MeHAA GHopMy NIPOBOLHHKOB W WX
pacrioioyKeHHe, OH CyMeJ YCTAHOBHUTH BbiparkeHue NJIA CUJIBI,
Jedcrsyloniedl Ha OTHEABHBIN 3JI€eMeHT TOKA.

Mojiyie BeKTOpa MATHMTHOM WHAYKIUM. BBISCHUM SKCIe-
PUMEHTHJILHO, OT Yero 3aBHCHUT CHJIA, NeHCTBYIOLIAS Ha IIPO-
BOJHMK € TOKOM B MarHuTHOM IoJie. JTO IIO3BOJAMT HAM JaTh
oIIpeAe/eHUC MOAYJIA BeKTOpa MAarHUTHOM MHAYKIINU, a 3aTeM
HaliTu cmuy Ammepa.

HelicTBHe MarHuTHOTO TIOJNSA HA NMPOBOSHUK C TOKOM OyxeMm
U3y4yaThb Ha yCTaHOBKe, U300pakeHHON Ha pucynke 1.17. Cso-
00AHO TOABEIeHHbIH TOPUBOHTANLHO NPOBOAHUK HAXONUTCS
B II0JIe IIOCTOAHHOTO 1I0AKOBOOOpasHOro marEura. lloje mar-

I Tounee rosopa, Amnep yCTaHOBUJ 3aKOH AJf CHJIBI B3aMMOJeMHCTBUSA
MEXAY NBYMA HeGONBUIMMM YUACTKAMHY (2JIeMEHTAMH) IPOBOTHHUKOB € TOKOM.
OB OBLI CTOPOHHMKOM TEOPUM JIATNBLHOACHCTBUS U HEe [IOJIH30BAJICH MOHSTHEM
nons. OLHAKO MO TPAJULMK U B IAMSATH ¢ 3aC/IyraX 3TOTO YYEHOTO BhIpae-
HUe 175 MArHUTHOU CHJIBI, JlefcTsyoneil Ha IPOBOAHUK C TOKOM CO CTOPOHBI
MarHUTHOTO IOJA, TaKKe Ha3blBalOT 3aKOHOM AMIlepa.
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Amnep AHape Mapu (1775—1836) —

BENMKMM PPAHLY3CKUH PM3MK M MBTEMATHK, OOMH M3
OCHOBOTONOMHMKOB 3NeKTpoanHamuku. Been B dou-
IMKY MOHATHE «3NEKTPHYECKUH TOoK» u pa3spaboran
NepByo TEOPUIO MArHeTM3Ma, OCHOBAHHYIO Ha MMNo-
Te3e MOJIEKYNSAPHBIX TOKOB, OTKPbLIT MEXaHU4YECKoe
B3aMMOLEUCTBME INEKTPUHECKUX TOKOB M YCTAHOBMI
KOMMYECTBEHHbIE COOTHOLUEHUA A CHNbl 3TOrO B3a-
umogenctems. Hazsan Maxkcsennom «HeroToH 3nek-
ipudecTea». Pabortan Takxe B obnactu mexaHukm,
Teopuu BEPOATHOCTEN U MAaTEMATHMUECKOro aHanu3a.

HHUTA COCPELOTOUYEHO B OCHOBHOM MEXKY €r0 MOJI0CaMU, IT09TO-

My MarHuMTHasg cHJa JeHCTBYeT MpaKTUYeCKH TOJbKO HA YacTh

IIPOBOJHMKA JAJWHOM Al, pacIOJIOKEeHHYIO HEHNOCPEICTBEHHO
—>

mMexxay noamocamu. Cuna F uaMepsaeTcsa ¢ IOMOLILIO CIEIHAb-
HBIX BECOB, CBABQHHBIX C IPOBOAHUKOM JBYMS CTeP:KEeHbKaMU.
OHa HampaBJ/ieHa TOPHU30HTAJbHO, NMEPINEHAUKYJIAPHO IIPOBO-
HUKY ¥ JUHUAM MariuTHOH MHIYKITUH.

¥YBeqmuuBasg CHJIy TOKA B 2 pasa, MOYXHO 3aMeTUTh, UTO
1 geficTBylollasi Ha NPOBOJHMK CHJa TaKyKe yBeIUINBaeTCsA
B 2 pasa. [Jo6aBuB ele oguH TAKOI yKe MarHut, Mbl B 2 pasa
yBeINYUM pasMepbl o00JacTu, The CYIIecTBYyeT MAarHUTHOe
110JIe, ¥ TeM caMbIM B 2 pas3a yBeJIWUYHUM JJUHY YaCTH HPOBOL-
HUKa, Ha KOTOPYIO AeficTBYyeT MarHuTHoe noJje. Cujga Ipu 3TOM
TaKyKe YBeJWUHUTCHA B 2 pasa. VI wmaxoHen, cuia Amiepa 3a-

-

BUCHUT OT YyrJa, O6pa3OBaHHOI‘O BEKTOPOM Bec IIPOBOAHNKOM.

Puc. 1.17

11



B sToMm MOKHO ybeauThbCs, MEHsAsS HAKJIOH HOACTABKH, HA KO-
TOPOH HaXOAATCA MAarHUThI, TAK, YTOOBI UBMEHSAICH YIOJI MeX-
Iy TOPOBOAHHUKOM H JIMHUAMHA MarHUTHOH wuuaykmuu. Cuia

N
MOCTATaeT MAaKCHMAaIbHOT'O 3Ha4YeHud F,, Korjga BEKTOp Mar-
HUTHON WHAYKIMU HePIeHAUKYASPEeH OPOBOSHUKY.

Wrak, maxkcumasibHasi cuia, AeificTByomias Ha OTPeE3OK
IIPOBOJHUKA AJIUHON Al, 10 KOTOPOMY HAET TOK, HPAMO IIPO-
NOPUHOHAJbHA ITPOU3BCAEHUIO CUJIBI TOKA | Ha JJIWHY yJacTKa
Al: F, ~ 1Al

ITOT OUBITHBLIH (DAKT MOYKHO WCIOJIB30BATh IJd OIpeielie-
HHUA MOAYJIA BCKTOpa MATHUTHOH HHIAVKIHUMN. B camom fele,

Fm
OOCKOABKY F,, - [Al, TO oTHOIIIeHUe TAl He OyJaeT 3aBHCETH HU

OT CHJIBI TOK: B 11POBOSHUKE, HU OT OJUHBI YUACTKA IIPOBOJHNA-
ka. UMeHHo 110oTOMY 9TO OTHOIIEHHE MOYKHO NPUHSATH 34 Xa-
PAKTepUCTHKY MAI'HUTHOI'O IIOJS B TOM MeCTe, I'ie¢ PACIoJIo-
KEH yUacToK 1POBOAHMKA IJIMHON Al.

Mojayar BekTOpa MATHHTHOH HHAYKIHMH OIpelesseTcCs
OTHOIICIHHMCM MiIKCAMAaJIBHON CHJIBI, JeHCTBYIOIEN CO CTOPOHDI
MAarHHMTHOIO HOJIS HA OTPE30K IPOBOJAHHUKA C TOKOM, K IIPOM3-
BeJeHHIO Cll/Ibl TOKA Ha AJUHY 9TOTO OTPe3Ka:

= F—’" (1.1)
IAl
Marnnrinoe IojJe IIOJHOCTBIO XapaKTepUdyeTcda BEeKTOPOM
—>

MaruvTHol MHAYKOuE B. B KaM0d TOUYKe MArHUTHOTO MOJIA
MOJKHO OIIPC/ICJIATE HAIIPAaBJIeHNe BeKTOpAa MArHUTHON MHAVK-
MU H CI'O MOJYJTB, €CAN U3MEPUTh CUJIY, HeHCTBYIOLIYIO Ha OT-

PE30K 11POBOJIHUKA C TOKOM.

Moayan cuast Avmnepa. [IyeTs BeKTOP MAaruuTHON MHIYK-
uuu B cocrasngeT yroa o (puc. 1.18) ¢ HanpasjeHrueM 0Tpe3Ka
IIPOBOJIHHUIEA ¢ TOKOM (3JIeMeHTOM TOKa). (3a HampaBJIeHUe 3Jie-
MEHTAa TOKd 1IPUHAMAIOT HalpaBJIeHUe, B KOTOPOM II0 IIPOBOJHU-
Ky nger tok.) OublT IOKasLIBAET, YTO MAarHUTHOE II0Jie, BEKTOD
HHAYKLUH KOTOPOI'O HATTPABJEH BAOJIE IPOBOIHUKA C TOKOM, He
OKAa3blBACT HIIKAKOIO AeHCTBUA Ha TOK. MoAy/ib CHIIBL 3aBUCUT

i~
JUIIL OT MOJIYJIsl COCTABIAIONIeNl BeKTOpa B, MeplIeHIuKYJIAp-
HOII IPOBOAHUKY, T. ¢. oT B, = B sin o, u He 3aBUCUT OT COCTAB-

e

JSIOIeH BH’ HallpaBJCHHOU BJOJb TPOBOIHUKA.,
Maxcumanpuast cuja Awmmepa corjgacuao ¢dopmynae (1.1)

paBHa:

=1AlB,

m

., T
el COOTBETCTBYET YroJI ¢ = 5 [Ipu mpousBONBLHOM 3HAYCHHUU
yrjaa O cujaa I[IpornopuuoHanbHa He B, a cocraBiadionieil

12

- B o u
B,
I & —
/' i B /' '
B, & N
F F
Puc. 1.18 Puc. 1.19

B, = Bsin a. Ilosromy BeIpaskeHue A4 CUIBl F, geicTBylonei
Ha MAaJbIfl OTPEe30K NPOBOAHUKA Al, IIpM cuje TokKa B uem [,

-
€O CTOPOHBI MArHUTHOTO IOJIS ¢ MHAYKIUeH B, cocTaBiasironiei
C DJEeMEeHTOM TOKAa YroJ O, UMeeT BUJ

F=1|B|Alsina. (1.2)

9ro BBIpa)keHUe HA3LIBAIOT 3axKoHom Amnepa. Cuna
Amnepa pasna npou3éederuro Modyna CuUibl MOKA, 6€K-
mopa MazHuUMHOU UHOYKYUW, ONUHBL OmMpe3Ka npoeod-
HUKA U CUHYCA Yzna medncdy HAnPaeieHUAMU 6EKMOPOE
MazHUMHOU UHOYKYUU U MOKQ.

Hanpasaenune cuast Ammnepa. B paccMOTpeHHOM BHIIIe

>
ONnbIiTe BEKTOD F INePIIEHANKYIAPEH 3JIEMEHTY TOKA M BeKTODY

i
B. Ero HampasJieHUe OIpeReNsieTcs NPasuaoM JAe80ill pYKU:
€CJIH JIEBYIO PYKY PACIIOJIOKUTH TAK, YTOGBI HepUeHIUKYIADHAS

>
UPOBOJAHUKY COCTABJAIOIIAA BEKTOPA MariuTHON MHAYKOUU B
BXOJAUJA B JIALOHBb, 4 UYeThbIPpe BBITAHYTHIX IajJbOa OblIU Ha-
IpaBJieHbl [10 HAIPABJIEHUIO TOKA, TO OTOrHYTHIA Ha 90° 60/b-
IO IaJjiel] YKasKeT HalpapJIeHUe CIJIBI, AeWCTBYIONlel Ha OT-
pes3oK mpoBozHuka (puc. 1.19).

9To IMpaBUJIO CIPABEIJIUBO BO BCEX CIAYYaAX.

Epuauna maraEnTHO#M MHAYKHUH. MBI BBesiu HOBYIO BeJIUUH-
HY — BEKTOD MarHuTHON MHAYKIUU. 3a eOUHUUY MOOYLl 6EK-
mopa mMazHUmMHOU UHOYKUUU MOICHO NPUHAMbL MAZHUMHYIO
UHOYKULIO 00HOPOOHO20 NOAS, 8 KOMOPOM HA OMPe30K Npo6od
nuka Oaunoit 1 M npu cune moxa 6 Hem 1 A Odeilicmeyem co
cMOpPOHbL NoAs makcumaivnas cura F,, =1 H. Coraacro gop-

myJie (1.1) eguHNIIa MATHUTHOH WHAYKIUX paBHA 1 A
Envanina MarsuTHON WHIYKIIAYU DOJy4YUJaa Ha3BaHUC Mecid

('TJ1) B uecTh I0TOCJIABCKOTO YUEHOTro-3JeKTpoTexHuKa H. Tec
ga (1856—1943).
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Hamepasa cuny, OeiiCTBYIOIIYIO CO CTOPOHBI MATHUTHOI'O
NoJA HA YYacCTOK IIPOBOJHWKA C TOKOM, MOKHO OIpeAeInTh
MOAYNb BeKTOpa MarHuTHoil maayruuu. ChopmynuposaH 3a-
KOH AMIepa I8 CHJIBI, JCHCTBYIONIEH HA yYaCTOK IIPOBOXHU-
Ka ¢ TOKOM B MArfuTHOM [OJIe.

1. Kak onpepensietca moaynb BEKTOPa MarHMTHOH MHAYKLMM!
‘7 2. Yemy paBeH moaynb BeKTOpa cunbl AMnepa!l
L 3. ChopmynnpyiiTe npaBuno Ans onpeaeneHus HanpaBReHUs CUNbLI
Amnepa.

4. B KaKMX eAMHHLIaX M3IMEPAETCH MAarHMTHAs MHRYKUMS!

§4 SJIEKTPOU3MEPHTEJBHBIE ITPUBOPHI

Opuenrupylouiee JelcTBMe MAarHUTHOrO TOJA HAa KOHTYD
¢ TokoM (c™m. § 2) UCHOJB3YIOT B 3JIEKTPOU3MePUTEILHBIX
npubopax MarHUTOIIEKTPHUIECKON CHCTEMBI — aMIlepMeTpax
U BOJIbTMETpAax.

WamepurenbHBIH TPUGOP MATHUTORIEKTPUYECKOH CHCTEMBI
ycrpoedH caeayomum oopasom (puc. 1.20). Ha serkyrmo amomu-
HUEBYIO paMKy 2 HNPAMOYTOJLHOH (OPMBI ¢ IPHKpeIIeHHOH
K Hel cTpesKol 4 HaMoTaHa KarTylika. PaMKa yKpeneHa Ha
ABYyX nouayocax OO’. B mo1oxeHnn paBHOBECUSA ee YAePKUBAIOT
/iB€ TOHKHE CIIUPAaJbHbIe IIPYXKUHBI 3. CUJIbl YIPYTOCTH CO CTO-
DPOHEBI IPYKHUH, BO3BpAaIllaloniye KaTy UKy B [TOJOMKeHre PAaBHO-
BeCH S, IPONOPINOHANBHEI YIUIY OTKJIOHEHNUS CTPEJIKMU OT HOJIO-
JKeHnA paBHOBecuda. KaTymky momemjaoT MeXIy HOJIOCAMU
MOCTOSHHOTO MarHuTa M ¢ HAKOHEYUKAMU cllelinalbHON (op-
MbI. BHyTpM KaTyuIKM pacmooJio-
JxeH muumHAp [ us »xenesza. Taxkasa
KOHCTPYKIUA 00ecreunBaeT pPaju-
aJIbHOE HallpaBJIEeHWe JUHUNA Mar-
HUTHOHM WMHAYKINU B TOM obJiacTu,
rze HaXOOATCA BUTKH KaTYIIKNU
(puc. 1.21). B pesyabrare mpu Jgio-
0OM DOJIOXKEeHUH KATYUIKU CHJIIBI,
JeMCTBYIOIIHe HA Hee CO CTOPOHBI
MArHUTHOTO IIOJIfA, MaKCUMAILHEI
1 IpY HeM3MeHHOM CHujie TOKa Mo-

- >
croaHHBL. Bexkropsr F u —F usobpa-
JKAKT CHJbl, JeUCTBYIOIINE Ha Ka-
TYWIKY CO CTOPOHBI MAarHUTHOI'O
IoJisi U IoBOpaduBawIiue ee. Ka-
TYIIKa ¢ TOKOM IIOBOpaYnBaeTcs A0
Puc. 1.20 TeX IOP, NOKa CHUJIBI YIIPYTOCTH CO
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CTOPOHBI TIPY’KHMH He VpPaBHO-
BCCAT CHUJBI, NEHMCTBYIOIIHE HAa
PAMKY CO CTOPOHBI MArHUTHOIO
1HoJsi. ¥YBeMIWdYHUBAsS CHAY TOKa
1 2 pasa, Mbl OOHAapPy’KHM, 4YTO
¢rpesika IOBOpaYnBaeTcs Ha yroi,
13jiBOe DOJIBIITU, U T. A. ITO HPO-
HCXOOUT TIOTOMY, UTO CHUJIBI, JTeii-
¢TBYIOIIIHE HA KaTYIIKY CO CTO-
POHBI MATHUTHOTIO IIOJfA, IIPAMO
IIPOTIOPIIOHAJLHEl CHJe ToKa: Puc.1.21

F, ~ I. Brarogaps aToMy MOXHO

ONPeAeJUTh CHJIY TOKAa IO YIJIy IOBOPOTa KATYIIKHU, €CJIU MPO-
rpagyupoBaTh npubop. [ias sToro Hago YCTaHOBUTH, KaKUM
yrjaaM OOBOPOTA CTPEeTKH COOTBETCTBYIOT M3BECTHHBIE 3HAUEHUA
CHUJIBI TOKA.

Taxoii xe TpubOp MOXKET U3MEPATL U HanpsxeHue. s
JTOT'O HYYKHO I'paZyUPOBATh IPUOOP TAK, UYTOOB! YI0OJ IIOBOPOTA
CTPEeJKH COOTBETCTBOBAJ OIpeJeeHHBIM 3HAUEHUAM HAIDSH-
)keHUsA. Kpome TOro, COIpPOTUBJIEHHE BOJLTMETPa HOJIIKHO
ObITH MHOTO 60JIbIIIEe COIPOTUBJIEHUSA aMIlepMeTpa.

B ocHoBe ycTpoiicTBa 3JeKTPOUBMEPUTENLHBIX IPUOOPOB
MarHHUTOIJIEKTPUUECKOH CUCTEMEBI JIEKUT AeCTBYEe MATHUTHO-
ro MOJIA HAa PaMKY C TOKOM.

1. TloyeMy MarHMTHbIe CHAbI, REHCTBYIOWME HA NPOBOAHMKM KATYLUKM
? npubopa, He 3aBMCAT OT YrNa NOBOPOTA KATyLKK}
® 2. UYTO yAep)MBaeT PaMKy OT BPAWlEHHs B MAarHMTHOM None!

3. Yem amnepmerp ornMvaeTcs oT BONbTMeTpal

ITPUMEHEHHUE 3AKOHA AMIIEPA.
§5  rPOMKOTOBOPHUTEJbD

3Has HampaBjeHUe W MOAYJIL CHJIBI, JeHCTBYIOIIEH Ha JIo-
0ol y4acTOK TIPOBOJHHKA C TOKOM, MOXKHO BBIYMCJIUTH CYM-
MapHYIO CHJIY, ZEeHCTBYIONIYIO HA BeCh 3aMKHYTHIH IIPOBOIHMUK.
Ilsist aTOTO HANIO HAWTHU CYMMY CHJI, JeHCTBYIOIINX HA KaXK/bIA
V4YaCTOK IPOBONHHKA C TOKOM.

3akoH AmMmOepa MCIOJBL3YIOT JJSA pacueTa CUHJI, HeHCTBYIO-
I[UX HA IIPOBOSHMUKM C TOKOM, BO MHOTUX T€XHHUECKUX YCT-
poiicTBax. B 4acTHOCTU — B 9JIEKTPOABUTATEIIAX, C KOTOPBIMH
Bbl OBHAKOMMJIKCH B IPEALIAYUINX KJjaccaX.

Pasbepem ycTpPOMCTBO 'POMKOTOBOPHUTEISA.

I'pomrozosopumenv CIYKUT OIS BO3OYIKIeHNWs 3BYKOBBIX
BOJIH [1OJ] HeHCTBHEM IIEPEMEHHOTO 3JIEKTPUUECKOr0 TOKa, Me-
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HATOIerocd CO 3BYKOBOHM 4acToO-
Toil. B asjaexTposnHamMMuecKOM
I'POMKOroBopuresie (JUHAMUKE)
UCHOJb3yeTCs JelcTBHe MATHUT-
HOTO II0JIA MIOCTOAHHOIO MarHura

3K HA IEePeMeHHBIH TOK B IIOIBIK-
HOM KaTyIlke.

a) Cxema ycrTpoiicTBa rpoMKOro-

BODUTEJsI IIOKa3aHa HA PHUCYH-

ke 1.22, a. 3ByKoBas Karymka

Sryrosast 3K pacriosiaraercsa B 3a30pe KOJIb-

BOJITA ueBoro maraurta M. C KaTymgkon

S JKECTKO CBA3aH OYMaM<HBI KO-

.é/:”" ;%:/i (; Hyc — mmapparma D. IImadparma

VKpeILIeHa Ha yIOPyrux OojBe-

0) cax, TIO3BOJAIOIINX el coBep-

Puc. 1.22 IIaTh BBIHYXKJEeHHBIE KOJeOaHMIs

BMeCTe ¢ HOABUIYKHOM KATYIIKOI.

ITo warymice nipoxoygur [IePEeMEHHBIH 3JeKTPUIECKUH TOK

C YaCTOTOH, PAaBlOIl 3BYKOBOH YacTOTe CUTHAJIA C MuKpodoHa

MM € BLIXO/LL PaJUIONDHCMHUKS, ITPOUTPBIBATE/S, MAarHUTO(O-

"Ha. o qeiiersuem cin AmMIepa KaTylIKa Koje6aeTrcs BIIOJID

ocu rpomiorosopirreast Q0 (em. pue. 1.22, g) B Taxr ¢ KoJje-

BaHMsAIMU ToK. DT KoNeBAHNA IIepesaoTes fuadparme, u 110-

BEPXHOCTL JUtipparmbl M3JIVYaeT 3BYKOBBIE BOJIHBL.

Iepsorcaacenie  rpOMKOTOBOPUTENN BOCIPOU3BOAAT Gea

SHAYUTCJLHLIX HCIKAILCH T 3BYKOBBI€ KOJIe6aHI/Iﬂ B AHUarnal3oHe

40—15 000 I'n. o raue yeTpoiicTBa oueHDb CJI0KHBL. [105TO-

MY OOBIMHO HPHMCHIOT CHCTeMBI U3 HECKOIbKMX I'POMKOTOBO-

pUTese, Kas/ihlii 13 KOTOPBIX BOCIIPOU3BOIUT 3BYK B oIIpeje-

JEHHOM HeOoJILIoM irrepBase yactor. OBIUM HEZOCTATKOM

BCEX I'poMicorosopirrescii asagerca ux mansiit KITI. Ouu us-
Jydaior qammn, I 3%, nogBogumon sHepruu.

3BYK B pa/iitonpiemiidke, IpOUTPLIBATENE W mMarsuTodone

BOBHMKAET B Pesy iLTare IBUMKEHUA KaTYIIKK C TOKOM B IIOJIe

HOCTOAHHOTO Mal'llNTA.

Hapsany ¢ sncrerpomexannueckumm I'POMKOTOBOPUTEJIAMU
B HACTOALLEE BPeMsl 111MPOKOe MPUMeHeHNe MOJTYYHIN IPOMKO-
COBOPHUTENIH, OCHOBalllibie HAa NBE30BJeKTPUYEeCKOM ddhdeKTe.
Idror adderT mpoasasicres B BHUJe NedopMalIuU HEKOTOPBIX
THUNOB KPHUCTALIOB B HJICKTPOCTATHYUECKOM moje. JIBe IIbeso-
NJIACTUHKY CKIeUBAOT. [lnacTuHKY moa0uparoT Tak, uTO O HAa
U3 HUX YBeJIUYUBACTCA 110 JJIWHE TI0J JeHCTBUEM T0Js, a Ipy-
rast ymenpuraercs (cM. puc. 1.22, 6). B pesynsTarte moxyuaioor
OJIEMEHT, KOTODPLIA CUJIBHO W3TubaeTcA NONA AefcTBUEM IO
1 IOpH IIEPEMEHHOM 3JIEKTPUYECKOM IIOJIe CO3JAeT aKyCTHde-
CKyI0 BOJHY. IIbesorpomkoroBopurenu oyeHb yLOGHLI B M3TO-
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TORACIAN U MOTYT OBITh COBCEM MajleHBKHUMH. Besepcrsue vroro
ol HALLJIM HIUPOKOe IMPHUMEHeHUe B pajuoTesedoHax, Mo-
OILIBLIX TeJdedoHaxX, HOYTOYKaX ¥ MHKPOKOMIIBIOTEPAX.

BsauMomeiiCTBIE TOKOB 1 ITbe303JeKTPUUeCKUN 2D MeKT 110~
i103CHBI B OCHOBY IIPUHITUNIA paboThl COBPEeMEHHBIX I'POMKOTO-
nopuTesieil.

YKa)KuTe HanpaBneHHe BEKTOPa MarHUTHOM MHAYKLMH, NEKTPUYECKOro
? TOKa M CMnbl AMnepa Ha cxeme rpomkorosopurens (cm. puc. 1.22).

JTEUCTBHE MATHUTHOTO IIOJIA
§6 HA NBUKYIIHUNCA 3APSN.
CHUJIA JIOPEHITA

DIeKTPUYECKUIl TOK — 9TO YHOPAJZOUEHHO ABUIKYITMECH
sapsiKeHHble yacTullbl. 1loatomy ,ZLeI;)ICTBIiIJe MATHUTHOTO IIOJA
12 TPOBOJAHHK C TOKOM €CTh PesyJIbTaT AeHCTBUSA NOJS Ha ABU-
JcyIAecsa 3apsKeHHble 4acTUIlbl BHYTPHM IpoBojHuKa. Hai-
JICM cHJly, AefcTBYIONIYIO Ha OAHY YacTHILY.

Cury, IeCTBYIOLIYIO Ha JBUKYIIYIOCA 3APAMKEHHYIO 1aCTH-
1LY CO CTOPOHBI MATHUTHOTO 110J151, Ha3blBaoT cuioi Jlopenua B
1eCTH BETMKOTO I'OJLIAHICKOTO ¢pusurka X. Jlopenma (1853—
1928) — ocHoBaTe s 3JeKTPOHHOU TEOPUM CTPOEHUS BEILleCT-
sa. Cuny JlopeHIla MOMKHO HAMTH C IIOMOIIBIO 3aK0HA AMIepa.

Monys cuast Jlopenua paseH OTHOIIEHIIO MOAYJIA CUJIBI F,
JleficTByIomIell Ha y9acTOK IMPOBOAHUKA AJTUHON Al, K unciay N
3ApPAMKEHHBIX YACTUI[, YINOPAJOYEHHO ABIKYIUXCH B ITOM
y4JacTKe IPOBOJHMKA:

Fy=—. (1.3)

PacecMOTpUM OTPE30K TOHKOTO IPAMOIO IHPOBOJNHUKA C TO-
koM (puc. 1.23). [IyceTs anuHa oTpeska Al U ILIOIAAL HOleped-
1HOTO CeueHUs NPOBOJHHKA S HACTOJBKO MAaJbl, YTO BEKTOD

S
MHAVKIHAMA MAaCHUTHOTO IoJs B MOMXHO CcYATATh OJWHAKO-
BLIM B IIpeJesiax dTOr0 OTpe3Ka N
npopoguuka. Cuna toxka I B Opo- B;
BOAHUKE CBs3aHa C 3apAJOM dac-
THUI ¢, KOHIIeHTpanuel 3apsiKes-
HBIX dYactul (YUCJIOM 3apdAloB
B efuHUIle 00beMa) M CKOPOCTHIO
X YIOPAZOUYEHHOTO IBUIKEHUS U
caenytornei hopMyJion:

I =qnvS. (1.4) Puc.1.23

ool
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Mogyap cuisl, AEMCTBYIOLIEH €O CTOPOHBI MATHHTHOLO
HoJIs Ha BRIOPAHHBIN dJIEeMEHT TOKA, paBeH:

F=|I|BAlsin o.

IloncraBaaa B ary dopmyny BeIpaxcerue (1.4) gasa cuuabl
TOKAa, IMOJIy4YyaeM:

F =|qlnvSAIB sin o = v|¢|NBsina,

rae N = nSAl — uuci0 3apsiyKeHHBIX YaCTHUI B paccMaTtpuBae-
MoM obbeme. CieoBaTesibHO, HA KaXIblil ABMOKYUTHICA 3a-

PAL CO CTOPOHBI MATHUTHOTO NOJA AeiicTByer cuna JlopeHnua,
paBHas:

F, - %: l¢|vBsina, (1.5)

Tie . — YToJ MeiKly BCKTOPOM CKOPOCTH U BEKTOPOM MAarHHUT-
>
HOU maAykunu. Cuna Jloperna HeprneHANKyIapHa BeKTOpaM B

>

u v. Ee Hanpasjenue onpegensiercs ¢ IIOMOIIIBIO TOTO K€ Npa-

BUNLA €BOU PYKU, TO N HANPABICHUE CUIbl AMIeEpa: eciu Je-

BYIO PYKY PACHOJIONMTL TAK, YTOOBI COCTABIAIOIIAA MATHUTHOH
>

UHAYKUWU B, nepnenjnkyispuasi CKOPOCTH 3apsja, BXOJHJIa

B JIaOHb, & YeThIpe BBITAHYTHIX Nalbila GbIIM HAIPABJIEHBI 110

ABVIKEHHIO IIOJIOKUTETBHOTO 3apsija (MPOTHB JBUMKEeHU OTPUIA-

TEJIBHOTO0), TO OTOTHYTHIH Ha 90° 601b1110i1 Tasters YKa)KeT HaIpas-

JieHue neicTByIomeil Ha 3apsan cuis Jlopenna Fj (puc. 1.24).

INeKTPUUECKOe T[oJe JefcTByeT Ha 3apsal @ ¢ CHJOH
—>

—>

F,, = qE. CnenoBaTenbHO, €CAHU €CTb U 2JIeKTPUYECKOe II0Je,
—>

W MarHUTHOE I0Jle, TO CyMMapHas cuia F, neiicTByiolas Ha
3apAn, paBHA:

—> >

f:an + F.

Tax xakx cusna Jloperua mep-
MIeHJUKYJIAPDHA CKOPOCTH dac-
THIBI, TO OHa He cosepwiaem
pabomawt. CorsacHo Teopeme 0 Ku-
HEeTUUYEeCKOU sHepruu (cMm. yued-
HUK pusuku pia 10 xkiaacea) aTo
O3HaYaeT, 4ro cuia JlopeHna ue
MeHAem KUHEeMUYeCKYlo IHep-
2Uul wacmuybl ¥, CJef0BaTeJNb-
HO, MOAyJb ee ckopoctu. Ilox
dericTBueM cuiabl JlopeHna we-
HAEeTCA JUNOIL HAIIpaBJIeHUEe CKO-
POCTU YaCTHUILEL.

zZ

. ‘ .
JiBnokenue 3apsisKeHHOM YacCTH- i \
111 B O/IHOPOAHOM MATHHTHOM I1O-

B
\xz: 90°
ne. PPaceMOTpUM IBMMKEHUEe YacTH- /""' % Y
- | I
1 !
1

W4 ¢ 3apSAOM ¢ B OXHOPOAHOM ( WU : Fy
i

\_I

\ATHMTHOM TIoJie B, HanpaBJIeHHOM
HePHEHAUKYJIAPHO K HaYaJlbHOH i

cropoeTH uwacTHIBl U (puc. 1.25).
t1ua JlopeHIa 3aBUCHT OT MOAY-  pye. 1.25
101l BEKTOPOB CKOPOCTHU YaCTHIIBI
1 MHAYKIMY MArHATHOrO IoJjs. Tak Kaxk MarLHuTHOe IIoJie
(¢ MeHsIeT MOJYJIb CKOPOCTH ABHIKYIITeHcA YaCTUILBI, TO OCTAET-
i1 1eM3MEeHHBIM U MOAYJIbL CUJIBI JIopeHIla. JTa cuia NepleH n-
I vJAPpHA CKOPOCTH U, CJIeJ0BaTelbHO, ONpeesdaer IeHTPoCcTpe-
MiITesIbHOE yCKOpeHue dacTunbl. HenmsMeHHOCTH 110 MOJYJITO
HCHTPOCTPEMUTENABHOTO YCKOPEHUSA YacTHIbI, ABUMKYIIEHCH C
HOCTOAHHON 110 MOAYJI0 CKOPOCTBIO, O3HAYAeT, UTO YacTUIla
DilBHOMEPHO IBUYKETCHA M0 OKPYKHOCTH pajguycom r. Ompene-
1M 3TOT paguyc.

CornacHo BTOpoMy 3akoHy Heiotoma (cm. puc. 1.25)

2
% g vB.
-
OTtcroma .
r = %. (1'6)
q

BpeMms, 3a KOTOpOe YaCTHUIlA [JeslaeT MOJHBINA obopor (repu-
0| obpallieHusA), paBHO:

T =

2ar _ 2mm (1.7)
v lqlB

Henmons3oBanue AeMCTBUMS MATHHTHOrO IOJA HA ABHIKY-
e 3apan. JleifictBre MarauTHOTO T0JIsA Ha IBUIKYIIIHCA 32-
[»31J] IITPOKO HCIIOJL3YIOT B COBpeMeHHOH TexHUKe. JfocTaTouHO
VIHOMAHYTDH TeJIeBU3HOHHBIE TPYOKHU (KMHECKOIBI), B KOTOPBIX
1erauiue K 9KPaHy 9JIeKTPOHBI OTKJIOHAIOTCA C IIOMOIIBIO Mal'-
1HIITHOTO TIOJIS, CO3LaBaeMoI'0 OCO-
LLIMY KaTyIITKaMU.

~una JlopeHia wucooab3yeTcd
Il YCKOPHUTeJIe 3aPAKEeHHBIX YacTHL,
(IIMKJIOTPOH) MJA IIOJIyYeHUs dHac-
v ¢ GonpiumMy sHepruamu. Huk-
HOTPOH COCTOUT U3 ABYX IIOJBIX
HOJMYIMINHAPOB (AyaHTOB) 3, Ha-
NOJSIAXCA B OAHODPOOHOM Mar-
nuraom moge (puc. 1.26). Mexny
NYAHTAMK CO3AeTCs IIepeMeHHOe  Puc. 1.26
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Barapes, cosgamomas

JJIEKTPHUYECKOe II0JIe. COI‘JI&CHO
YCKOPAIIIee HAIPAXKeHHe

dopmyie (1.6) npu yBenuuenun

CKOpOCTM dacTunsl [ paguyc

v - OKDPYKHOCTH (TpaeKropuu 2),

® B 10 KOTOPOI ABUIKETCA YaCTHUILA,
yBenuuueaercsa. llepuox obpa-

@oromracTunka IIeHUA YaCTHUIIHEI HEe 3aBUCUT OT

- crkopoctu (cMm. popmyny (1.7)),

) #, CIeJOBATENIbHO, Yepes [oJne-

T % puona, BCIEeICTBUE HM3MEHEHMHH
Meroumms | HampaBJIeHUA 3SJIEKTPUUYECKOTO
qacTHI i€ nacocy ToJIsI, YacTHIia CHOBa OKAa3blBa-

€TCA B YCKOPAWIIEeM ee Ioje

Puc. 1.27 ur. 1. Ha nociegaem sutke uac-
THUIA BbLIETAeT U3 UKJIOTPOHA.

Ha nmejicTBun marnuTHOro mois 0CHOBAHO TAKIKe U YCTPOI-

CTBO NPAOOPOR, NO3BOJAIONIUX PABHETATE 3apsXKeHHBIe YaCcTU-
OBI TI0 MX y/ICALIBIM 3apAAaM, T. €. II0 OTHOIIEHWIO 3apsaga
FaCTUILI K eC Macee, W 110 MOJYYeHHBIM pe3yJbTaTaM TOYHO
onpenendars maceol dacrui. Takue TpuGOPHI HOTYININ HA3Ba-

HUE MACC-CHeICINPOSPAPOs.
Ha pucynice 1.27 usobpaskena npuHIATUATLHAS CXeMa npo-

CTelero Macc-cuerporpadga. Bakyymuasa xamepa npubopa
>
noMeneHa B MartuTioe none (BCKTOp uHAyKuuu B IIepHeH u-
KYJAAPEH PUCYHKY). ¥ CKOPCHHDIC DIEKTPUIECKAM HOJEM 3apsi-
KEHHBIE YaCTHUIbL (DJICKTPOULI M HOHBI), OTIUCAB OYTY, IOMA-
AQIOT HA QOTOILTACTUHKY, I/l OCTARJISIOT CJIe[, TIO3BOJISIONA
C BBICOKOM TOYHOCTBIO UBMCPUTL pajIMyC ThaeKTopuu r. ITo aTo-
My paguycy OIpeRendaeTrcsa yae/abibli sapsi HOHA. 3HAA 3apss

NOH&a, JerKO BBIUUCIUTHL ero Macey.

Ha gBroxymyocs sapsaieHHYIO 1acTuLy ¢O CTOPOHBI MAr-
HUTHOTO NOJA AeicTByeT cmia Jlopenia. Dra cura mepHeHu-
KYJIfApHA CKOPOCTH M He COBepaer paborbi.

1. Yemy paBeH moaynb cunbl flopenyal
? 2. Kak paBMKeTca 3apshKeHHas vacTmua B ORHOPOJIHOM MAarHMTHOM
Ld none, ecnu Ha4anbHasi CKOPOCTL YaCTHULI NEPNEHAUKY NAPHA NMHHAM

MarHMTHOM MHAYKLMK]
3. Kak onpegenuth HanpasneHne cunbi JNopeHya?

§7 MATHHUTHBIE CBOVICTBA BEIECTBA

MarauTHoe ToJe CcO3aeTcs He TOJIBKO SIIEKTPUYECKUMU
TOKaMH1, HO U IIOCTOAHHBIMH MAarHUTAMMU.

HamaramunBanue BemectBa. IlocTossHEBIE MaTHUTEI MOTYT
OBITH M3TOTOBJIEHBI JIUIITh U3 CPABHUTEIBHO HEMHOTHX BeIIecTs,

20

HO BEC BEHCCTRA, HOMelIleHHble B MATHUTHOE TToJe, HaMarili -
HoOTe, T. €. caMHAd CTAHOBATCA HNCTOYHHKAMU Marb"HruTHOI'O
noasi. B pesyabTrare TOro BeKTOpP MarHuTHOM MHAYKIIH [PU
I BeIecTBA OTJIMYAeTcsl OT BEKTOPA MArHUTHOU MHAVK-
it B BAKyyMe. .
I'mnoresa Amnepa. Ilpuunna, BcjencTBre KOTOPOU Teja 00-
AaJoT MArHUTHBIMM CBOMCTBAMU, ObLJIAa yCTAaHOBJIEHA (DpaH-
nyascicum yaeaslM Amirepom. Cragasia, o HETIOCPe/ICTBeHHBIM
HieaaTIeHneM OT HaGII0NeHus 3a IoBopadMBarolieiicss BOausu
HPOBOJHUKA ¢ TOKOM MarHUTHOM CTPEJKOI B OmbITax dpcrena
AMuep HPeAIoIOKNI, YTO MAaTHETU3M Bemei BBI3BAH TOKaMu,
HPOXOIANIMMY BHYTPH 3€MHOTO 11apa. IJIaBHBIH miar ObLI cAesiaH:
WA HUMHEbLE C8OUCMBA Meslad MONCHO 00BACHUMb UUDKYAUPYIO-
luMU 6HYymMpu Hezo mokamu. Janee AMIiep IpuIIes K o6imemy
SKJIOYEHUIO: MAZHUMMbLe caoiicmaa 106020 meaa onpedens-
101 CsL 3AMKHYMBLMU dAKMPULECKUMU MOKAMU 8HYMPU HeZO.
DrOT PemIaioNIMi IIar OT BO3ZMOXKHOCTH OOBSICHEHHS MAarHWT-
HLIX CBOHCTB TeJIa TOKAMM K KaTeropHYecKOMY YTBEDKACHUIO,
1'r0 MArHUTHBIE B3aUMOIEHCTBUSA — 3TO B3aUMOAEUCTBUS TO-
OB, — CBHUIETEJLCTBO OOJBLIION HAYYHOM cMeJIocTH AMIepa.
CorJiacHo rumorese AMIIepa BHYTPHU MOJIEKYJ X ATOMOB ITUP-
KYJIAPYIOT 3JeMeHTapHbIe saeKTpudeckue Toku. (Temeps MBI
XOPOINO 3HAEM, UTO 9TH TOKH 00pas3yioTCs BCJIEICTBUE JBUMKE-
iMA 3JIEKTPOHOB B aToMax.) Ecim niIocKocTH, B KOTOPHIX IHP-
KYJIAPYIOT 3TU TOKHW, PACIHIOJIOMEHBI 0eCnopsaJoYHO MO OTHO-
HIEHUIO APYr K APYry #3-3a TeINJOBOTO ABMKEHUA MOJEKYJI
(puc. 1.28, a), 10 mxX nelficTBHA B3aNMHO KOMIIEHCHUDPYIOTCH,
(I HUKAKUX MATHUTHBIX CBOMCTE Tesio He o6HapykuBaetT. B na-
MATHUUEHHOM COCTOSHUM 3JIeMEeHTAPHbIE TOKU B TeJle OPUEHTH-
POBaAHBI TaK, YTO MX AeHCTBUS CKJaAbiBaroTca (puc. 1.28, 6).
T'unoresa AMnepa o6bACHAET, TOUeMy MarHUTHAA CTPEIKA
1t paMKa (KOHTYP) ¢ TOKOM B MArHUTHOM IIOJIe BelyT cebs ofuna-
1080 (cM. § 2). CTpesry MOKHO pacCMaTpUBaTh KAK COBOKYITHOCTH
MaJeHbKHX KOHTYPOB C TOKOM, ODUEHTHUPOBAHHBIX OJUHAKOBO.
Haubosee cunbHble MATHUTHBIE IIOJA CO3LAIOT BeUIECTBA,
i1aspIBaeMblie eppoMardseTuKaMu. MarauTHBIE IIOJIS CO3/1a107T-
¢s (eppoMarHeTMKaMHU He TOJBKO BCJIEACTBUE oOpaiilciiisi
HJIeKTPOHOB BOKPYT sjep, HO U BCJEICTBHE UX COBCTBCHIOIO

Puc. 1.28
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Bpamienusi. Co6CTBEHHBIN BpAlATENbHBIH MOMEHT (MmoMenT
UMITYyJIbCA) 3JI€KTPOHA HA3BIBAETCS CITHHOM. JJIeKTPOHEI Beeraa
Kak Obl BpalaloTCsi BOKPYT CBOeil ocu W, obnamas sapamoMm,
COSMAIOT MAarHNTHOE T10Jle HAPAAY C II0JIeM, MOABIAIOLINMCS 33
CYeT UX OPOUTANBLHOTO ABMIKEHHS BOKPYT anep. B deppomar-
HETHKaX CYINeCTBYIOT 00JIaCTH C IlapajuIeJbHBIMH OpPUEeHTa-
HUAMY CINHOB, HA3blBaeMble JOMEHAMM; Pa3Mepbl AOMEHOB
nopagka 0,5 mrm. Ilapasnsensuas OpHEeHTalluA CIINHOB obec-
[ednBaeT MHUHUMYM HOTeHIHAJbHOU sHeprun. Eciau deppo-
MarHeTUK He HaMarHu4eH, TO OPUEHTAIM s JOMEHOB Xa0THUHA,
¥ CyMMapHOe MariuTHoe IoJjie, CO3/laBaeMoe JOMEHAMHU, PABHO
Hynio. IIpy BKJIIOUEHUN BHEIIHEr0 MArHHUTHOTO IIOJIS LOMEHBI
ODHEHTHPYIOTCA BJAOJIb JUHUNA MATHUTHOW HHAYKIWH ITOTO
1O/, M MHAYKLWS MATHUTHOIO II0JIA B (DePPOMATHETHKAX yBe-
AUTUBACTCA, CTAHOBACH B TBICAYM M JaKe MUJJINOHBI pas
GoJbIIe MHAYKIUY BHEINHErO IIOJIS.

Temmneparypa Kropu. ITpu TeMIlepaTypax, 00/JbIINX HEKOTO-
PO omlpejesieHHOH I JAHHOTO (beppomMaruetTuka, ero peppo-
MaTHUTHbIE CBOMCTBA MCYE3aI0T. OTy TeMIIepaTypy HA3bIBAOT
Temuneparypoi Kiopu mo umeHun oTKpEHIBIIEro HaHHOe sSBICHUE
(dpaHIy3CKOro yueHoro. ECIu JOCTATOUYHO CHIBHO HarpeTs Ha-
MardHU4eHHBbIH I'BO3Jb, TO OH IOTEPSeT CIOCOOHOCTH IIPUTATH-
BaTh K cebe Kejie3HbIe MpeaMeThl. Temmneparypa Kropu ans xe-
nesa 753 °C, pns mukens 365 °C, a mans xKoGagbra 1000 °C.
CymiecTByioT heppoMarHuTHBIE CIIABLI, Y KOTOPBIX TeMIlepa-
Typa Kiopu mensime 100 °C.

ITepsrie meTanbHBIe HCCIEZOBAHMA MATHHUTHBIX CBOMCTE
(heppPOMArHEeTHUKOB OBLIN BBHIMIOJIHEHBI BbIJAOIOUMCA PYCCKUM
pusnxom A.T.CroneToBBIM (1839-—1896).

deppomMarseTMKn M UX NpHUMeHeHHe. XOTs deppomaruuT-
HBIX TeJl B IPUPOJAE HE TaK YK MHOI'O, UMeHHO MX MAaTHHTHBIC
CBOMCTBA TOJYUMIN HaubONbIIee NPAKTHUECKOE npHUMeHeHNe,
WHenesnsrit wnu cranpHOil cepreuynuk B KaTyuUIKe BO MHOT'O pa3
YCUJIIMBAET CO3AaBaeMOe eI0 MarHHTHOE ToJie, He YBeJIUYHUBAH
CUJTy TOKA B KATYUIKE. JTO 9KOHOMUT 3JE€KTPOIHEPIHIO. Cep-
A€UHUKN TPAaHC(POPMATOPOB, reHEPATOPOB, K TPOLBUTATE el
U T. . UTOTOBIAOT U3 (PeppOMarHeTHKORB.

IIpu BHIKIOYEHUM BHEIIHEr0 MATHUTHOTO OIS ¢eppomar-
HETHK OCTaeTcd HaMArHWUYEHHBIM, T. €. CO3aeT MAarHUTHOe
[I0JI€ B OKDPY’KalOlleM IIPOCTPAHCTBe. ITO OGBACHAETCA TEM,
1TO NOMEHBbI He BO3BPAINAIOTCA B IIPeXiHee NMOJOMKCHHE U UX
OpPHECHTANNA YaCTUIHO coxpaHsercda. Biaromaps aromy cy-
LIeCTBYIOT IOCTOSHHLIE MarHUTHI.

IlocTossHHBIE MATHUTBI HAXOLAT IMUPOKOe IIPUMEHeHHe B
9/JICKTPOM3MEPUTEJSBHBIX NPUGOPaxX, IPOMKOTOBOPHUTENAX U Te-

ne(])onax, 3BYKO3aIUCRIBAIOIUX anrnapartax, MarHUTHBIX KOM-
Imacax m 1. &.
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Bospnroe npuMeHeHUe IOJYIHAN (Deppurnl (I)(?[)I)({M?}F—
HATHBIE MaTepuaJibl, He IPOBOAAIIHE JJEeKTPHICCKOrO imna.
OHHE OpeACcTaBAAIOT CO00M XHMHUYECKHE COe/iMHeHNs ()Kffi,ll()B
JKeJjle3a C OKCHUAAMM APYTHX BeIlecTB. O;mu” us n;m(\.(,llfblx
()epPOMATHUTHBIX MAaTePHAaJOB — MATHUTHBIA 2KCJIC3HIK

UTOM.
HBﬂl\f/II(;I;‘c}fn?s:}l) 3anuch umHpopmannu. M3 deppomaricrikos
U3TOTOBJIAIOT MAMHUTHBIE JIEHTHI M TOHKUWE MArHUTHBIE [1J1CH-

1. MarHUTHBIE JIEHTHI INUPOKO HUCHOJBL3YIOT IJI5 BBYK()(MIU“ICI/I
B MArHUTO(POHAaX W AJS BHAEO3AINCH B B}/IILGOM&I‘HI/ITO(])()H(\XV.
MaruuTHAS JIeHTa NPeACcTaBasgeT co00H I'MOKYI0 OCHOBY yAu
IOJIMXJIOPBUHMIA MK APYIrUX BellecTs. Ha Hee HaHOCHTCHA pa-
Houmii cJIO B BUJe MATHUTHOI'Q JIaKa, COCTOAIEro u3 Oqu‘b
MEeJIKX WI'OJbUYATBHIX UACTHIL JKeJsesza Uiu Apyroro geppomar-
¥ CBA3YIOIIUX BEIECTB.
HeTS?ﬁn% 3By¥ca H;ponsso,zm'r Ha JIEHTY C TIOMOIIBIO JJIEKTPO-
MATHUATA, MAaTHUTHOE [10Jie KOTOPOTO U3MeHAeT A B TAKT CO 3BY-
KOBbIMH Kosebauuamu. [Ipu ABMKeHUHN JIEHTHI BOTM3W MAarHuT-
HOI TOJIOBKHU Pa3auvHble YIACTKHU IJIEHKNM HAMarHUIUBAIOTCA.
Cxema MATHUTHON MHAYKIMOHHOM I'OJIOBKM NOKAa3aHa Ha PUCYH-
ke 1.29, a, roe 1 — cepAeYHUK DJIeKTPOMATrHUTA; 2 — MArHuT-
Has JieHTa; 3 — pabounii 3a3op; 4 — 0O6MOTKA aneKTpOMéu:HHTa.
IIpu BocmpousBeneHNN 3ByKa HabsirogaeTcsa 0OpaTHBIN IPO-
lecc: HaMarundyeHHas JIeHTa BO3-
fyxgaeT B MArHUTHOI TOJOBKE
3JIeKTpUUECKNEe CUTHAbI, KOTO-
pble TocJjie YCUJIeHUA MOCTYHamT
Ha JUHAMHK MarHuTod)oHa.
ToHkue MarauTHbIe IIJIEHKH CO-
CTOAT U3 ca0sA HeppoMarEuTHOI'O
Martepuasa toamuuoi or 0,03 xo
10 mxkm. HMIX TIpEMeHAIOT B 3a-
TOMHUHAIOIUX YCTPONCTBAX 3JEK- a)

Ilnck Hlens pna  OIeKTPOMArHUTHASA
\ TOJIOBKM TOJIOBKA

\

Puc. 1.29
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TPOHHO-BBIYUCAUTENBHBIX ManminH (IBM). MarauTasle mieHKkn
[IpefHasHaUeHbl AJA 3AlUCH, XPAHEHHUS U BOCIIPOUBBENeHUA
nHpopmannu. VIx HaHOCAT HA TOHK MK ATIOMUAHUEBLIN JUCK UIU
bapaban. MHGOPMAIIMIO 3aMUCHIBAIOT I BOCHPOU3BOASAT IIPHU-
MEDHO TaK K€, KaK U B OObIYHOM MarauTodoHe. 3amucs nadop-
Manuu B OBM MOKHO NpPOM3BOLNTL W HA MArHUTHBIE JIEHTEI.

Passutue rexnosoruu MmarauTHON sanucn IPUBEJIO K HOAB-
JIEHUIO MAarHUTHBIX MHUKDOTOJOBOK, KOTODBIE HCIOJIb3YIOTCH
B 9BM, nossoasronmx CO3aBaTh HEMBICIUMYIO paHee ILJIOT-
HOCTb MarHuMTHO# 3anucu. Ha dbeppoMarauraoM skecTroM IHCKe
AUaMEeTPOM MeHbIUe 8 CM XPAHHUTCA 40 HeCKOIbKUX TepabaiiT
(10" Gaiit) mudopmamun. CINTRIBAHNE B 3AMHCL nHbDOpMAaLIIT
Ha TaKOM IWCKe OCYLIECTBJIAETCA C IOMOLIBIO MUKPOTrOJIOBKH,
PaCIIONIOeHHON Ha IIOBOPOTHOM phIuare (puc. 1.29, 6). Cam
AMCK BpaIaeTCs C OTPOMHON CKOPOCTBIO, M TOJOBKA ILIABAET
Hall HEM B IIOTOKe BO3AYXa, YTO NPEAOTBPALIAET BO3MOKHOCTE
MEeXaHNYeCKOTr0 MOBPEXK/eHUA IUCKA.

Bee BemecrBa, momemenssle B MaramTHOE noJie, CO34AI0T
coGerBenHOe Toie. Hanbosee cuabHEIE oA cos3naroT (eppo-
MarseTuku. Mz HuUX fgemaoT mocTogHHBIE Mar€uThl, TaK Kak
IIoJie (peppomMarHeTuKa He HCUYe3aeT MOCIe BBIKJIIOUEHUA Ha-
MarfuianBaroiero mojs. deppoMarHeTuku MIUpPoxo npuMeHs-
I0TCA Ha HNpPaKTUKeE.

1. Kakue Bewecrra Hassigaior teppomarneTukamu?
) 2. Ans Kakux yeneit npMmeHsIOT theppomaruuTHsie matepuansi?
® 3. Kak ocywiectengerca 3anmce uHpbopmaumun B IBM?

! IIPUMEPBI PEIIEHUSA 3AJIAY

Pemmrenne zapau c HpHMeHeHneM 3axKoHa Awmnepa (u we-
NOJTb30BAHUEM BBIDAYKEHUSA IS CHJIBI Jlopenna) anamornumo
pbemreHnio 3afay MexaHuKU. KpoMme mMexaHMueckux CUJI, HAAO
YUMTBIBaTE CUly AMiepa (WiId CHIY JlopeHnia) m mpaBminHO
ONIpenesisiTh ee HallpaBiIeHUe.

1. Mexnay nomocamu maramra IOJBEIIEeH T'OPU3CHTAIBHO Ha
ABYX HEBECOMBIX HUTAX NPAMOI NPOBONHUK IAUHOMN [ = 0,2 m u mac-
coit m= 10 r. Bexrop WHAYKIIUU OJHOPOAHOTO MATHUTHOTO HOJSA nep-
NeHJUKYIAPeH NPOBOJAHUKY W HAIIPABJIEH BEPTUKAJIBHO; B= 49 mTi.
Ha kaxkoit yrox o or BEPTHKAIY OTKJIOHATCA HUTH, TOAAEDPIKHBAIO-
mue IPOBOAHUK, eC/IH II0 HeMY IPONYCTUTE TOK? CHia Toka I = 2 A.

Pemenue. Ha NPOBOTHUK JEUCTBYIOT CAeIYIOUIVe CUJIbI:

-

o 3
CHMUJIBI yIIDYroeTu ABYX Huteir T, cuia Tsxectn mg u cuna Am-
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Yi N
YA = ek
o T E v
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F B
I .
Fp
mg o X
O 5( Z
Puc. 1.30 Puc. 1.31

.
nnepa F (puc. 1.30). Moaynaps cuner Amunepa F= IBl. IIpu pas-
HOBECHUY TIPOBOJHUKA CYMMBbI IIPOEKIIMH CHUJI HA BePTUKAILHOE
¥ TOPHU30OHTAJILHOE HAIPABJEHHA (C YUETOM HX 3HAKOB) PABHLI

HYJIO:

-mg + Tcosa =0,
—F + Tsin o= 0.
Orcrona
F  IBl _
tgo = — = — =~ 0,2.
mg mg
CienoBaTenbHo, yroa o = 11,3°.
2. B mpocrpancTBe, Ile CO3ZAHLI OJHOBPEMEHHO OJHOPOJHBIE
1 IIOCTOAHHLIEC JJICKTPUYECKOEe U MAarHUTHOE I0JIsI, 0 IIPAMOJUHEN-
HOU TPaAeKTOPUH ABUIKETCA TTPOTOH. VBBECTHO, UTO HAUPSAKCHHOCTD

.
QJIIEKTPUYECKOI'0 II0JIA paBHa E OHpe}IeJII/ITe HNHAYKIIUO B marmur-
HOI'O IIOJA.
Pemenune. IllpamosinHeliHOe IBUKEHTE IIPOTOHA BO3MOMK-
HO B IBYX CAy4YasX.
1) BexTop E HalpasleH BJOJEL TPACKTOPUM [BHIKEHUHA
nporoHa. Torza BekTop B TakKe moJskKeH ObITh HaOpaBJIeH

BIOJb 3TO¥ TPAEKTODHU, M e€ro MOIYJb MOMKeT OBITEH JII0OBIM,
TaK KaK MarHuTHoe 11oje He OyaeT AeiicTBOBATH HA YACTHILY.

2) BexTopsl E, B) U U B3AUMHO IMepneHIuKyJISAPHLI, 1 cUJa,
JedcTByONIasAg Ha NMPOTOH CO CTOPOHBI BJIEKTPUUYECKOrO IOJdd,
paBHa II0 MOAYJIO U IIPOTHBOMOJIOMKHA TI0 HAIPABIEHUIO CUJIE
Jlopenna, nmedcTBYIOIedl HA IIPOTOH CO CTOPOHLI MATHUTHOIO
noasa (puc. 1.31). Tak Kak

TO

E
eE—eUB:OI/IB=~U~.
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YIIPAHEHHUE 1

I 1. Vcnoapsys npasuio GypaBumka
¥ OPaBUJIO JIEBOU PYKHU, MNOKANKHUTE,
YTO TOKM, HalpaBJeHHble NAPAJLIeNb-
HO, NPUTHATUBAIOTCA, 4 HanpaBJleHHbIE
IIPOTUBOIOJOMKHO — OTTAJKNBAIOTCH.

2. Tlo ABYM CKPeIUBAOIAMCS 110
OPAMBIM YIJIOM IPAMOJIUHEHHBLIM IIPO-
BOJHHKAM IIPONYCKAKT TOKH. CHabl
tokoB I, m I, (puc. 1.32). Kak Oyger
U3MEHATHCA DPACIOJOXKeHe HPOBOAHU-
KOB OTHOCHUTEJILHO ApyT apyra?

3. Ilposoguuk mmumoii 1= 0,15™ HePNeHIUKYJIAPEeH BEeKTOpPY
MArHuTHON MHAYKIHWA OJHOPOJHOIO MAFHUTHOTO MOJS, MOLYJIb KOTO-
poro B= 0,4 Ta. Cuna Ttoka B uposBoguuke I =8 A. Ompenenure pa-
GoTy cunabl Amnepa, Koropas ObLia CcOBEpIilieHa IIPH IlIepeMelleHuu
npoeogHuKa Ha 0,025 M 1o HanpasaeHUIO HeilcTBUS 5TOH CHIILI.

4. Onpepenvre pafuyc OKPYKHOCTH U IIEPHOJ OOpAIIeHUA dIIEK-
TPOHA B OJHOPOAHOM MATIHUTHOM IoJe ¢ HHAyKIueid B= 0,01 Ti.
CropocTh asiekTpona mepueHAUKYIAPHA BEKTODY MarHMTHOH HHAYK-
nuu u pasua 10° m/c.

MY

i

Puc. 1.32

KPATKHE HTOTH I'JIABBI 1

1. BsanmopneiicTBHEe 3JIEKTPUYECKHUX TOKOB OCYIIECTBIISET-
CcA TOCPeCTBOM MarHurHoro noud. OCHOBHOI XapakTe-
PUCTUKONH MarHUTHOTO IIOJSA SIBJIAETCS BEKTOP MATrHHUTHON

-
UHAVKLNN B,
Moaynn, BeKTOpa MarHUTHOM WHAYKIMU OIIpefeJIseTcs OT-
HOLIEHUEM MaKCUMAJNBHON CHJIBI, AeHCTBYIOINENd Ha oTpe-
30K IIPOBOJHHUKA C TOKOM CO CTOPOHBI MArHUTHOTO ITOJIA,
K MPOM3BEJCHHUIO CHJIBl TOKA HA [JIHHY 3TOTO OTPE3Ka.

2. JIvENM MAarHATHOM WHAYKUUH BCerAa 3aMKHYTHI. Maruur-
HOe IIoJIe SABJSETCA BUXPEBHIM.

3. CoruacHo 3akoHY AMIIepa Ha OTPE3OK IIPOBOJHHUKA C TOKOM
AIUHON Al cO CTOPOHBI MATHHUTHOTO TIOJIA AeHCTBYeT CHJIA,

MOZYJIb KOTOpoii paser F = I |B|lsin o, rae o0 — yroa mesx-

Ay HamnpasJIeHMeM TOKa U BeKTopom B; I —— cuja TokKa
B npoBonHuKe. HamnpagiieHne CHIIBI ompenessieTcst 1o IIpa-
BUJIYV JEBOU PYKH.

4. Ha Z#BHIKYHMIYIOCS BapsYKeHHYI0 YACTHILY B MAarHUTHOM
nose gercreyer cuia Jlopenma, Moaynah KOTOpOH paBeH
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F, =|q|lvBsina, rme o — yros Mexay CKOPOCTbI 4aCTH-
-
ubl ¥ BeKTOopoM B. Cusa JlopeHlla nepneHjnKyasipHa CKO-

i
poCTH 4acTHUILBI 1 BeKTOpy B.

5. Bce Tena B MAarHUTHOM IOJI€ HAMATHUYMUBAIOTCH, T. €. CAMU
CO3JaI0T MarHUTHOE MoJIe.

Y OonBIIMHCTBA BEIJeCTB MAarHUTHBIE CBOMCTBA BbIPAKEHbI
JOBOJIBHO caabo. JIume B heppoMarHieTUKax, K KOTOPBIM OT-
HOCHUTCSH KeJIe30, MHAYKIUA MarEUTHOIO IIOJIA CYIEeCTBCH-
HO yBeIHUYHBaeTcA. XoTA (heppoMarHeTHKOB CPABHUTEILHO
HEMHOI'0, HO OHUM HMEIOT OUeHb GOJIbIIoe MIpaKTHYeCcKoe 3Ha-
UeHne, TaK KaK II03BOJISIOT BO MHOTO pa3 YBEJUUYUBATH
MHAYKIIUIO MarHuTHOTO II0JIs 6e3 3aTpaTr SHepruu.

I'maa 2. JJIEKTPOMATHHUTHASA UHAYKIIUA

Jo cux 1op MBI paccMaTPUBAIN HJIEKTPUUECKHEe I Mar-
HHUTHEIE I10JI8, HEe H3MEeHHIOIUecs C TeUeHneM BpeMe-
HHU. BBLIO BBISICHEHO, YTO 9JEKTPOCTATHYECKOE II0JIE
co3gaerTcsa HEMOABUIKHBIMU 3apPSKEeHHBIMHU YACTHILA-
MM, a MATHUTHOE II0JIe — OBHIKYIIUMUCH, T. €. dJIeK-
TPUYECKUM TOKOM. Temepsr MO3HAKOMHMCH C 3J€K-
mpuueckumu U MAZHUMHBLIMU ROAAMU, KOMOPbLLE
MEHAIOMCA CO BpeMeHeM.

Camplil BaKHBIH GaKT, KOTOPBIN YAAJIOCH OOHADPYIKUTH, —
2TO TeCHeHIIadA B3aUMOCBA3EH MEXKIY 9JIeKTPUUECKUM 1 MAaTrHUT-
HBIM nmoaaMu. Okasajoch, YTO UBMEHAIeecA BO BpeMeHU MAar-
HHUTHOE I10JIe IIOPOXKJaeT BIeKTPUIEeCKOoe 110JIe, a U3MEeHsSIoIee-
CA 3JEKTPUYECKOe I10JIe — MarHuTHOe. Bes aToil ¢BsI3: Mexay
NOMAMH pa3dHooOpasue NPOABJICHUN 216 KTPOMarHUTHBIX CAJI HE
051710 GBI CTOJIB OOIIMPHEIM, KAKUM OHO HabII0JAaeTCsS HA CAMOM
Jeise. He cymiecTBOBaIO ObI HU PaJUOBOJIH, HU CBeTA.

OTKPBLITHUE DJIEKTPOMATHHTHOII
§8  pHgyRIAM

B 1821 r. M. Papageit sanucan B cBoeM AHeBHuUKe: «Ilpe-
BPATUTL MAarHeTU3M B 3JIeKTpudecTBO». Yepes 10 get sTa 3azxa-
4a OblIa UM pelleHa.

He cryualtHO mepBBIii, pelIafomuii Iar B OTKPLITHN HOBBIX
CBOMCTB 3JIEKTPOMArHUTHBIX B3aMMOEIHCTBUI CllellaH OCHOBO-
TOJIOKHUKOM IpeJCTaBIeHUN 00 5JeKTPOMATHHTHOM IIOJIe
M. dapageem, KOTOPHIil OBLT yBepeH B eAUHON NPHPOME BIIEK-
TPUYECKUX W MATHHUTHBIX ABJeHui#. Biarogaps srtomy oH u
choesiaj OTKPBITHE, BOIlejlllee B OCHOBY YCTPONCTBA reHepaTo-
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a) 6)
Puc. 2.1

POB BCeX JJIEKTPOCTAHUUNA MUPA, IPEBPAIAONINX MexaHuue-
CKYIO 9HEPIHUIO B SHePIUI0 9JIeKTPpUUecKoro roka. (McTrounuky,
paboramiiue Ha JPYIrUX NPUHIANAX: TaIbBAHIYECKHE 3/IeMEeH-
TBI, AKKYMYJATOPbl U 1P., — LAOT HUYTOXKHYIO JOJIO BBIDA-
0aThIBAEMOH BJIeKTPUYECKOMH SHEPruu.)

JJIEKTPHYECKUI TOK, paccyxaan M. Mapageit, cnocoben
HaMarHUTUThL KYCOK jkesesa. He Mo)xer jsim marHuT, B cBOIO
Odepeib, BbI3BATH IIOABJIEHUE JJIEKTPUYECKOTo ToKa? IoJroe
BpeMs 9Ty CBA3L OOHAPYXUTH He yiaBasock. TpyaHO GBLIO 10-
AYMATBCs A0 TJIABHOTO, 4 MMEHHO: ABMIKYIIUACA MarHUT, UJAK
MeHAoIeecsi BO BDeMeHH MarHMTHOe I0oJie, MOMKeT BO30YIuUTh
QJIEKTPUYECKHH TOK B KaTyIIKe.

Kakoro poia ciryyaifHOCTH MOr/IM TOMEIIATE OTKDBITHIO, T10-
KageiBaet cuaenyomuii paxr. Iouru oxnospemenno ¢ @apageem
HOJIYYHUTD SJIEKTPUUECKHUI TOK B KATYIIKE C IOMOINBI0O MArHUATA
TBITaJICA IMBefnapckuil pusuk Konmamon. B xone paboTel OH
[I0IE30BAJICA raibBAHOMETPOM, JIeTKaA MATHUTHAA CTPEIKA KO-
TOPOTO ITOMeINANach BHYTPH KATYIIKY npubopa. YTo6s MATHHUT
He OKa3BpIBaJ HETIOCPe/ICTBEHHOTO BIAUAHUS HA CTPEJIKY, KOHILBI
KaTymiku, Kyjga Komrnagon BBoAMA MarHuT, Hajesach TONYYUTE
B HEU TOK, OBLJIU BHIBEACHEI B COCEIHIO) KOMHATY U TaM HPHCO-
€/MHeHbl K TanbBaHOMeTPY. BeraBus marautr B katymky, Kos-
JIa/I0H IIeJI B COCEAHIOI0 KOMHATY M C OTOpYeHueM ybexxpascs,
4TO raJIbBAHOMETD He IIOKas3bkIBaeT Toka. Cromso 6Bl eMy Bce
BpeMs HabJI0JaTh 3a raJbBaHOMETDPOM, a KOro-HuOYb MOIIPO-
CHUTH 3aHATHCA MArHUTOM, 3aMedaTeJIbHOe OTKPHITHE ObLIO GBI
caenamo. Ho aToro me ciyumnmnocs. IToKosAmuUica OTHOCHTEIBHO
KaTylIKK MarHUT He BbI3bIBAeT B Hell TOKA.

dABjenue >IEKTPOMATHMTHONH MHAYKIMHM B3aKIIOYaeTCs B
BOSHUKHOBEHUY 3JIEKTPUIECKOrO TOKA B IIPOBOAAIIEM KOHTYpE,
KOTOPBIN JIN6O MOKOUTCA B II€PEeMEHHOM BO BpeMeHU MarHWT-
HOM moJie, 1u00 ABHIKETCA B MOCTOSHHOM MATHUTHOM LIOJIE Ta-
KHUM 00pPa3oM, 4YTO YHCIO JUHUN MAaTHUTHOMN VHIYKIOWUU, IPOHU-
SBIBAIOIMUX KOHTYD, MeHAETCA. JTO ABJIEHUEe OLIIO0 OTKPBITO
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29 asrycra 1831 r. Peakuii coayyail, Korga fata HOBOI'O 3amMeda-
CeANBHOTO OTKPBITHUA U3BECTHA TaK TOYHO!

(Cuauana PapageeM ObLJIa OTKPBITA BJEKTPOMATIIUTIAN -
1VIKILMA B HEIIOABUIKHBIX OTHOCUTENBHO APYT APYIa HPOBOJHN-
waxX IIPY 3aMBIKAHUM ¥ PA3MBIKAHUU [ENH. 3aTeM, SACHO HOHM-
Miasl, UTO COJMMIKeHWe WJIH yHaJleHUue MPOBOJHUKOB C TOKOM

JOJIZKHO TPUBOAUTE K TOMY Ke Pe3VIALTATY, 4YTO M 3aMblKAHHC

(1 pa3dMbIKaHUe Iten, Papaqeil ¢ [MOMOIILIO OIBITOB AOKA3AaJl:
O BO3HUKAaeT IPU MepeMeNeHHWH KAaTyIIeK OTHOCUTEJLHO

ApYT Apyra. 3HAKOMBIH ¢ Tpynmamu AMiepa, @apajeil moauMa,

'TO MATHUT — 3TO COBOKYITHOCTEL MaJIEHBKUX TOKOB, [IUPKYJIH-
PYIOIIUX B MoOJeKyjgax. 17 okTaA0OpA, Kak 3apermucTpUpOBaHO
1 ero 1ab0paTOPHOM IKYpHAaJe, 6L O0HAPYIKEH UHAYKIMOHHBIN
TOK B KaTyIIKe BO BpeMsA BBeJeHUA (UAM YIAJIECHNI) MArHuTAa.
B reuenue ognoro mecama Papajell ONBITHLIM IIyTEM yCTa-
HOBHJI BCe I'TaABHBIE OCOOEHHOCTU SIBJICHUSA SJIEKTPOMATHUTHON
naAyKnun. B Hacrosmiee BpeMs onkIThl Papanesa MoKeT IIOBTO-
PUTH KaokAbIH. [1J1d 9TOoT0 HaZlo UMeTh ABe KaTYIIIKU, MArHUT, Oa-
rapero 3JIeMeHTOB U JOCTATOYHO YyBCTBUTEJIbHBIN TaJibBAHOMETP.
B ycranoBKe, nzobparkeHHoU Ha pucyHke 2.1, a, HHEIYRIIHI-
OHHBIJA TOK BO3BHUKAET B OAHOM 13 KATYIIIEK B MOMEHT 3aMbIKa-
HUA WJINA Pa3MBIKAHUSA 9JIEKTPUUECKOU IeNH APYroil KaTyIlIKu,
HEeIIOABIKHOII OTHOCHTENBHO I1epBoii. B Apyrux omblTax MHAYK-
IIMOHHBIN TOK BOBHUKAET IPHU UBMEHEHNH CUJILI TOKA B O4HOI 13
KaTylllek ¢ IIOMOIIbI0 peocrara (puc. 2.1, 6), npu ABUKEHHUH
KaTyIIeK OTHOCHTEJILHO APYT Apyra (puc. 2.2, a), Ipu ABUKEHUN
[TOCTOSAHHOTO MAarHUTa OTHOCUTEJBHO KaTymku (puc. 2.2, 6).
Yxe cam @apageii 3aMeTHJ TO 001[ee, OT 4ero 3aBUCHUT ITOSAB-
JeHHe MHAYKIHUOHHOTO TOKA B OIbITAX, KOTOPBIE IOCTABJIEHBI
IO-pasHOMY.
B zamxnymom nposodawem konmype 803HUKAEM MOK npu
U3MEHEeHUU YUCAa JAUHUL MAZHUMHOU UHOYKUUU, NPOHU3bL-
BAWULUX NOBEPXHOCMb, O0ZPAHUULCHHYIO 3MUM KOHMYPOM.

S

e

I

a) 6)
Puc. 2.2
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U 4em ObicTpee mMeHsSeTCs UMCIO AMHUH MAar-
- HUTHON WMHAYKIUH, TeM O6OJbIEe BO3HUKAIO-
u U MHAYKIMOHHLIN ToK. [Ipu stom HPpUYHNHA
P i U3MEHEeHWA YHCIa JUHUA MarHUTHOW WHAYK-
Nt o OUH HE CYI[eCTBeHHA. ITO MOKeT OBITH U U3Me-

oo

HEeHWEe 4YHuCJa JMHUU MAarHATHOW WHIVKINW,
IPOHUBBLIBAIOIIUX IIOBEPXHOCTb, OTPAHHYEH-
HYX HENOABMIKHBIM IPOBOLAIIMM KOHTYDPOM,
BCJIe/ICTBUE M3MEHEHUs CHUJIBI TOKA B COCEqHEH
Karymke (cM. puc. 2.1, 6), ¥ usMeHeHUe YucIIa
JIMHUHA UHIYKIUA BCJEACTBHE NBUMKEHUA KOH-
TYpa B HEOTHOPOLHOM MarHUTHOM I10Je, I'YCTO-
TA JINHUW KOTOPOr'0 MeHSeTCs B IIpocTpaHCcTBe
Puc. 2.3 (puc. 2.3).

B mpoBossimem 3aMKHYTOM KOHTYpe BOZHUKAET 3JIeKTpUYe-
CKUH TOK, €CJIM KOHTYP HAXOJUTCH B IEPEMEHHOM MArHHTHOM
TIoJIe MM NBVIKEeTCs B IMOCTOSHHOM BO BPEMEHM MATHHUTHOM
[I0JIe TaK, 1TO UNeNO TUHUN MAarHUTHOH WHAYKIIVY, IPOHU3LI-
BaOIIUX KOHTY], MEHAETCS.

1. B 4em rnasHoe OTNMUME NepeMEeHHBIX INEKTPHUYECKUX M MATHMTHLIX
‘? nonen oT NOCTOAHHBLIX!
[ 2. B 4em 3aKNIOHAETCA ABNEHHE 3NEKTPOMArHUTHOM MHAYKIMM!

3. Kak pomueH gBMraThCs 3amMKHYTHIA NPOBOASAUMIA KOHTYP B ORHO-
PORHOM MArHUTHOM MOfle, He 3aBMCALLEM OT BPEMEHH: MocTyna-
TE€NLHO MIM BPALLATENbLHO, YTOOL! B HEM BO3HMK MHAYKLMOHHbIN TOK!

§9 MATHHTHBIA ITOTOK

st TOro urobnl JaTh TOYHYIO KOMUYEeCTBEHHYIO (DOPMYJINPOB-

Ky 8axkoHa snexkrpoMmarauTHol nHAykuun dapanes, HY>XHO BBe-

CTH HOBYIO BeJIM'MHY — IIOTOK BEKTOPa MATHUTHON HHOYKIIAN.
—>

Bexrop maruurnoit urgykiuu B XapaxKTepusyeT MardHuTHOe
TI0JIe B KaXKAOU TOUKEe IPOCTPAaHCTBA. MOMKHO BBECTH ele OgHY
-

BEINYUHY, 38BUCALLYI0O OT 3HAYeHUH BeKTOpa B He B omHOMN
TO4YKe, a BO BCEX TOYKAX [OBEPXHOCTH, OrPAHUYEHHOH IIJI0C-
KHM 3aMKHYTBIM KOHTYDPOM.

[uis 3TOro paccMOTpUM IJIOCKUI 3aMKHYTBIA IIPOBOJHUK
(kouTyp), orparuunBaOMuMit HOBEPXHOCTh IIOLIALABIO S U I10-
MeIleHHBI B OJHOPOLHOE MATHUTHOE MOJie (puc. 2.4). Hop-

N

Manb N (BEKTOD, MOAYJIb KOTOPOTO PAaBEH €IWHNIEe) K IJIOCKO-

CTH IIPOBOAHMKA COCTABJIAET YroJi O, ¢ HAIPABJICHUEM BEKTOpa
-

MAarEuTHOX UHAYKUMYA B. MarHMTHBIM NOTOKOM O (mororom

BeKTOpa MArHUTHOM WHIYKIHHU) yepe3 HOBEPXHOCTE iaoIa-
AbI0 S HA3LIBAIOT BEJIMUKUHY, PABHYIO MPOMU3BEJEHUI0 MOJYJIA
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N
neKropa MarHWUTHOW WHAYKIMYM B Ha 1wo-
b S ¥ KOCHUHYC yIJjia O MeXKOY BEeKTOopa-

>

M It é u n:
o = BScos a. 2.1)

[Tpoussenenue B cos o = B, mpeacrapis-
v co6OM MPOEKUMIO BEKTOPa MAarHUTHOR WH-
AYKIUHMHM Ha HOPMAaJb 71 K ILJTOCKOCTH KOHTY-
pa. Hosromy

Puc. 2.4

® = B,S. (2.2)

MaruuTtabeii 10TOK TeM Gonbie, yem Gosasiie B, u S. Beau-
uuHa O HazBaHA «MAarHUTHBEIM MOTOKOM» II0 aHAJOTHH C IIOTO-
KOM BOJBI, KOTOPBIH TeM Goibliile, ueM GoJIbIlle CKOPOCTH Tede-
HUSA BOJABI U IIJIOLIALE CeUeHUusA TPYObI.

MarunTtablil DOTOK IpadUyYeCKH MOXMHO HMCTOJKOBATh KAaK
BEJAUYHUHY, IPOIOPIUOHAJIBHYIO YNCAY JUHUIA MArHUTHOHN WUH-
JYKHIWH, IPOHUBBIBAIOINX TOBEPXHOCTh ILIOLIAAbIO S.

EnuHuneit MarHuTHOrO IOTOKA siBJsAeTCA 8ebep. Maznum-
notit nomoxk 8 1 gebep (1 B6) cosdaemesn o0nopoduwvim maznum-
riotm nonem ¢ undyryueit 1 To uepes nosepxnocms naouyadvio
L M?, pacnonoxennyn nepnenduKyiapHO 6€KMOPY MAZHUM-
HOll UHOYKYUU.

MarauTHBIN HOTOK 34aBUCHUT OT OpUeHTaIluu IMOBEPXHOCTH,
KOTODYIO IIPOHMI3bIBAET MArdHuTHOE I10JIe.

HAIIPABJIEHUE WHIYKIIMOHHOTO TOKA.
§10  pABHJIO JIEHIIA

IIpucoesuHUB KATYIIKY, B KOTOPOU BO3HMKAaeT MHAYKILM-
OHHBIH TOK, K raJIJbBAHOMETDPY, MOYKHO OOHAPY)KHUTb, YTO Ha-
upaBjieHHe 3TOr0 TOKa 3aBUCUT OT TOrO, IIPpUOIMMKAETCS JIHN
MATHUT K KaTyllKe (HaIpuMep, CEBEPHBIM HOJIOCOM) UJIK yIa-
Asiercd oT Hee (cMm. pue. 2.2, 6).

Bosrukamomuil MHAYKIMOHHLIA TOK TOI'0 HMJIM UHOrO Ha-
npaBJeHNA KaK-TO B3AUMOAEHCTBYET ¢ MAlHUTOM (IIpI/ITiII‘I/IBaeT
WJIN OTTAJKHUBaeT ero). Karymixa ¢ OpoxogsaliuM 1o Hell TOKOM
mogo6Ha MarHuTy C ABYMS IIOJIIOCAMU — CEBEPHBIM U IOKHBIM.
HamnpaBienne MHIYKIIMOHHOTO TOKA ONpeAesdeT, KaKod KOHell
KaTyLUIKH BBIIOJHAET POJIb CEBEPHOTO MOJIoca (IMHUN MarHuT-
HOM MHAYKIIMK BBIXOAAT U3 Hero). Ha ocHoBe 3akona coxpaHe-
U1 SHEePIUM MOXHO IIpeicKa3aTh, B KaKNX CAYUYasAX KaTyIIKa
OyAeT OpUTATHBATH MATHUT, & B KAKUX OTTAJIKUBATDL €I0.

BzaumopeiicTEne MHAYKIUOHHOIO TOKAa ¢ MATHUTOM. Ecau
MAarsuT OpubJIUKATE K KATYIIKe, TO B Hel NMOABISAETCA HHIVK-
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- - [IMOHHBIH TOK TAKOTO HaIpaBJie-

HKs, YTO MAar"duT 00A3aTesIbHO
oTTanKkuBaerca. Jlasa cOmmiKe-
HIAS MATHUTA U KATYIIKA HYKHO
COBEPIINTD IOJOMXUTEIbHYIO Pa-
N pory. Karyiika cTaHOBUTCA TO-
B' 7HOOHOU MarfuTy, o0palleHHOMY
OJHOMMEHHBIM IIOJIOCOM K IPH-
5 GamskalonieMycs K Heill MarHu-
ry. ORHOUMEHHBIE Xe IIOJNIoCa

'3 OTTAJKUBAIOTCA.
IIpu ynajeHnu Mar"HuTa, Ha-
) 06opoT, B KaTyIIKe BO3HUKACT
p TOK TAaKOTO HalpaBJIeHus, TTO-
6bl TIOABUJIACH NIPUTATIMBAIOIAA

MarduT CHJIA.
B ueM coCTOUT pasjiuyne IBYyX
ONBITOR: MpUOJUIKEHIe MAarHUTA K KaTyIlIKe 1 ero ynanenune?
B nepBoM ciydae 4uCIO JUHUK MAarHUTHOM MHAYKIIAY, ITPOHU-
3LIBAIOIMX BUTKHM KaTYIIKH, WU, YTO TO K€ caMoe, Marint-
HBIH TIOTOK, yBeamuuBaercs: (puc. 2.5, a), a BO BTOpOM ciy4ae
ymenpmaercst (puc. 2.5, 0). Ilpudem B IIepBoM ciayHae JUHUH
by

MHAYKLUY B’ MAarHUMTHOTO IIOJs, CO3aHHOI0 BO3HUKIIINM B Ka-
TYIIKe HHAYKIAOHHBEIM TOKOM, BBIXOJAT W3 BEPXHEro KOHIA
KaTYITKY, TaK KaK KaTyIIKa OTTaJIKUBaeT MarHUT, a BO BTOPOM
caydae, Hao0OPOT, BXOAAT B 9TOT KOHEIL. AT IMHUYA MargauTHOM
MHAYKIMH Ha pUcyHKe 2.5 n300paskeHbl YePHBIM I[BETOM. B cay-
yae ¢ KaTylIKa ¢ TOKOM aHAJIOTHYHA Maruury, CeBepHBIH MOJIC
KOTOpPOTO HAXOAUTCA CBEPXY, a B ciydae 6 -— CcHU3Y.
AHaJIOTUYHbIEe BHIBOABI MOYKHO CAEJIaTh ¢ MOMOIIBIO OIIBITA,
moKasaHHoro Ha pucyHke 2.6. Ha KoHIIaX CTEPHKHA, KOTOPBIN
MOYKeT CBOBOIHO BPAILIATHECA BOKPYT BEPTHKAIBHON OCH, 3aKpe-
IIJIeHbl ABA NPOBOAAMIVMX AJIOMUHUEBBIX KOJIbIA. OnHO U3 HUX
¢ paspesoM. Ecin noHecTH MarHUT K KOJBIY 6es paspesa, TO
B HeM BO3ZHHMKHET MHAYKIIMOHHBII TOK W HAIpaBJieH OH oymert
TAK, 9TO ITO KOJBIIO OTTOJKHETCS OT MAarHUTa ¥ CTEPHKEeHb IO-
sepHeTcs. Eciu yAanaTh MarHuT oT KOJbLa, TO OHO, HaobopoT,
npursaHercs K MarHuTy. C paspesaHHBIM KOJIBIIOM MarHuT HE
B3aMMOJIeICTBYeT, TaK KaK paspes Ipe-
MATCTBYET BOSHHKHOBEHHIO B KOJbILE
MHAYKIHOHHOrO ToKa. OTTankuBaer
WY TPUTATHUBAET KaTylliKka MarHut,
2TO 3ABHCUT OT HAaNpaBJIeHUS WHAYK-
[{MOHHOTO TOKAa B Heil. IloaTromy 3aKOH
coxpaHeHus SHePruu N03BOJIAET cPop-
MyJIMDOBATH IIPABUJIO, ONpefesdloliee
HampasJeHue THAYKIMOHHOTO TOKA.

a) 6)
Puc. 2.5

IIpaguno Jlenna. Temeps MBI IOJOILIM K TJABHOMY! HPH
yBeJIMIeHU MATHUTHOIO MOTOKA Yepes3 BUTKH KaTYLUKW WIl-
JYKIIMOHHBIN TOK MMeeT TaKoe HaIllpaBJieHUe, 4TO CO34aBaAeMOC
HM MarsEMTHOE TI0JIe IPENSATCTBYeT YCHJIeHUI0 MArHUTHOI'O I10-

N
TOKa Yepe3 BUTKHU KaTyImKW. Beap suHuUM HHEAYKIUU B’ sToro

Y
IL0JI HaIpaBJIeHbLI NPOTUB JUHUH HHAYKIHHN B 1ons, uameHe-
(e KOTOPOTO IIOPOsKaaeT sieKTpudeckuil Tok. Heam ke mar-
HATHBIH IIOTOK Uepe3 KaTyHIKy ocaabeBaeT, TO HHAYKIHOHHBIN

_,
TOK CO3JaeT MATUHUTHOE HoJie ¢ MHAYKINeld B', yBeJInMuuBalo-
ljee MArHUTHBIN ITOTOK Yepes3 BUTKU KATYyIIKH.

B 5TOM M COCTOUT CYHUIHOCTE OOII[Eero IpaBuiia OIIpeeseHns
HalpaBiIeHUs WHIYKIMOHHOIO TOKAa, KOTOpOe NPUMEHUMO BO
BCeX CAyYaAX. ITO MPABUJIO OBIIIO YCTAHOBJEHO PYCCKHM (hu-
3ukoM J. X. Jleumiem.

Coraacuo npasuay JleHa 603HUKAIOUWLUITL 6 3AMKHYMOM
kKonumype uHOYKYUOHHDBLIL MOK C60UM MAZHUMHBLM NO-
nem npomueodelicmeyem momy U3IMEHEHUI MAZHUM-
HOZ0 NOMOKA, KOMOPbLM OH 6bl36aH. Dojlee KPaTKO 3TO
IPaBUJIO MOYKHO cHOPMYJIMPOBATH CJIEAYIOIUM 00pasoMm: WH-
IVKIIMOHHBIA TOK HAaIpaBjeH TAaK, 4YTO0bl NPensTCTBOBATH
IIPAYKNHE, €r0 BbI3BIBAIOINEM.

IIpumenaTs TpaBuio JleHna [Ia HaXOXACHHWA HallpasJie-
HUS MHAYKIUOHHOTO TOKA B KOHTYype HaJo Tak:

1. OnpepesnTh HampaBjieHuWe JVUHUHA MarHUTHOW HHAYK-

—>

nuy B BHeIIHero MarHUTHOTO MOJA.

2. BoigcHHTH, yBeJHYHBAETCS JIU HOTOK BEKTOPA MArHUT-
HOII UHAYKIIMM 3TOr0 IOJA Yepes3 I0BEPXHOCTD, OTPAHUYEHHYIO
KOHTypoM (A® > 0), uau ymensinaercs (AD < 0).

3. VcramoBUTE HANpaBJEHHE JIMHUNA MATHUTHONH HHIYK-

5

uuy B’ MarHUTHOrO IOJA HHAYKIHOHHOTO TOKA. OTH JINHUU

IOJKHBL OBITHL corjiacHo npaBumiy JleHna HampaBJjieHBI IPO-
—>

TUBOIIOJIOMKHO JMHUAM MATHUTHOW wHaykIuu B npu A® >0
U MMeTh OAWHAKOBOE C HMMU HampasiaeHue nipu AQ < 0.

4. BHad HaIpaBjeHHe JUHWH MArHuTHOW wHAyKOuum B,
HallTH HallpaBJIeHHEe MHAYKIWOHHOI'O TOKA, MOJb3YACH IIPABU-
Jom OypaBUYUKA.

Hanpasiaenue HHAYKIHOHHOTO TOKa OIPEJEeJIAeTCA ¢ MOMO-
MIBI0 3aKOHA COXpaHeHus sHeprud. WHIYKIHOHHBIA TOK BO
BCEX CIy4YasaX HAOpaBjJeH TaK, YTOObBl CBOMM MAarHUTHBIM I10O-
JieM IIPeNATCTBOBATHL M3MEHEeHHIO MAarHUTHOrO IOTOKAa, BhIZBI-
BAIOINEro AAaHHBIA HHIYKIIMOHHBLIN TOK.

? 1. Kak onpepgensieTcsl HanpaeBneH1e MHAYKLKOHHOTO TOKal
2. BO3HMKHET NM B KOMbLE C pPaspe3om JeKTpuuecKoe none, ecnu
® NOAHOCUTL K HEMY MarHuT!
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§11 3AKOH 9JEKTPOMATHUTHOU HHAYKIUH

CohopmyaupyeM 3aKOH 3€KTPOMATHHUTHON WMHAYKIUAU KO-
andecTBeHHO. OnbiThl Papanes IOKa3alu, YTO CHIA HHAYKUIH-
OHHOTO TOKa& I, B NPOBOJAINEM KOHType HpPOIOPLUOHAIbLHA

>
CKOPOCTH M3MEHEHUS YWuCja JUHMU MarHUTHON MHAYKIUU B,
[IPOHUSBIBAIOIIUX ITOBEPXHOCTH, OTPAHUYEHHYIO ITUM KOHTY-
poM. BoJiee TOYHO 9T0 yTBep:KAEHE MOMKHO chopmMysIMpoBaThH,
UCHONAbL3YA NOHATHE «MATHUTHBLIA ITOTOK».
MaruuTHBIH IOTOK MOYKHO I'Pa)UUYeCcKH IIPEeJCTABUTh KAK UHIC-
JI0 JINHHUH MarBUTHOH MHAYKINA, IPOHUSBIBAIOIINX TOBEPXHOCTE
mromaneio S. Yem Gonblne MHAVKIUS MATHATHOTO IONdA, TeM
foJbllIee YHCIIO IMHUH MATHUTHON UHIYKIIUY IIPOHH3HIBAET 3TY
OBePXHOCTh. [1o9TOMY CKOPOCTL M3MEHeHHsT 3TOTO YHCIA eCTh
He UTO HHOe, KaK CKOPOCTh U3MeHEeHHS MATHUTHOLO IOTOKA.
Ecau 3a majioe Bpemsi Al MAarHUTHBIH MOTOK MeHSETCH Ha

AD
A(D TO CKOPOCTHL HM3MCEHCHUA MATHUTHOI'O IIOTOKAa aBHa —,
’ Af

Iosromy yrsepsicHme, KOTOpOe BLITEKAET HEOCPeNCTBeHHO
U3 ONBITA, MOMKHO CROPMYJIUPOBATL TAK: CULA UHOYKYUOHHOZ0
MoKa nPpoROPUUOHALbHA CKOPOCMU USMEHEHUS MAZHUNHOZO
NOMOKA 4epe3 NOBEPXHOCMb, 02ZDAHUHPHHYK) KOHMYPOM:

e (2.3)
At

IAC manykuun. UsBecTHO, UTO B LENTW TOABISETCH B3CK-
TPUYECKUH TOK B TOM cJIy4ae, KOrZa Ha cBOGOLHbIE 3apALbL IIPO-
BOJHHUKA AEUCTBYIOT CTOPOHHHE CHUJIbl. BeJWuMHY, UMCJCHHO
paBHY10 paboTe 3TUX CHJI IPU NepeMeIeHUY eAUHUIHOrO IOJI0-
JUTENBHOTO 3apsfla BAOJL 3aMKHYTOTO KOHTYpA, HA3LIBAIOT
JJIeKTpoABMKyIed cumoit. CienoBaTesbHO, IPH H3MEHEHUH
MAaTrHUTHOTO IIOTOKA Yepe3 MOBEPXHOCTh, OIPAHUYEHHYIO KOHTY-
POM, B KOHTYDPe TOABJAIOTCS CTODOHHUE
CHJIBI, [NeWCTBHE KOTOPBIX XapaKTepuUsyer
91C, naspiBaemas IAC ungykuun. O603Ha-

4aloT ee OyKBOA &S,.

Cornacuo s3axkoHy OMa 048 3aMKHYTOM
g
(&)

Hanpasneunne
obxoza ~
B

—t
R
He 3aBHCHT OT U3MEHEHWS MAarHUTHOIO IIO-
ToKa. CiemoBaTenbHO, coorHomeHune (2.3)
CHIPaBeAJIHBO TOABKO moromy, uto DIC

uenu I, = . ConporuBieHHe TPOBOAHUKA

AD
VHAYKIIUY TPONOPIUOHANBHA v

3aKOH 3JIEKTPOMATHMTHOH MHIYKIMH.

Puc. 2.7 3aKOH DJIEKTPOMArHUTHOM MHAYKLIUM (POp-
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e

ay anpyerest umendo aaa IMC, a He a4 CUJLbL MY KITHORHO-
Lo TOKA, T. K. CHJIA TOKA 3aBUCHT U OT CBOMCTB HNPOBOJHUKA,
A OO onpe gensierca TOJABKO U3MEHEHHMeM MalHUTHOIO HoTo-
i . CornacHO 34aKOHY BJIEKTPOMArHuTHON wunuykimu 3/JC
undykKkyuu 6 3AMKHYmMoOMm KOHmMYype pasHa no M()Oy./u()
Cropocmu U3MEHEeHUs MAZHUMHO0Z0 NOMOKd “epe3 no-
ACPXIOCM b, OZPAHUYECHHYIO KOHMYPOM:

AD
Lg — —_
: At

[lak B 3aKOHe 3JIEKTPOMATHUTHON MHAYKIUU yYecThb Ha-
npanJeHMe WHIVKIHOHHOrO Toka (uau 3uak IC MEAYyKIMN)
1 COOTBETCTBUU ¢ npaBuioMm Jlenma?

lla pucynke 2.7 umaoOpakeH 3aMKHYTHIH KOHTYpP. Byznem
crnTaTh TIOJNOMKUTEIbHLIM HalipaBieHue o6xoxa KOHTypa Ipo-

— . R
rii yacoBoil crpenku. Hopmans n K KOHTypy oOpasyer Tipa
niLlil BHHT ¢ HampaBJeHueM o0xozna.

—>
IlycTn MarsuTHas MHAYKIMA B BHeITHET0 MArHMTHOTO HOJA

ialpasjeHa BIoJIb HOPMAaJHW K KOHTYPY K BO3pacTaeT co BpeMe-
AD

nem. Torga @ >0 m N > 0. Cormtacuo npaepuay JleHa uHAYK-
HIOHHBIH TOK co3xaeT MarHuTHpii norox ® < 0. JINHUN UHAYK-
iy B’ MATHUTHOTO IOJIS HHAYKIIMOHHOI'O TOKA U300pasKeHsl
10 pucyHKe 2.7 yepubiM 1BetoM. Ciegosaresibio, UHAYKIIMOH-
LI TOK COIVIACHO IIpaBmJy OypaBUMKAa HAIpPaBJIeH 110 4aco-
Boil cTpedke (IIPOTHB HAIPABJIEHUA IIOJOMKUTEILHOro 00Xo/a)
0 DJIC nagyknuu orpunateasra. [lostomy B dopmyse s 3a-
KOHA DIEKTPOMATHUTHON MHAYKINHN JOJKEH CTOATD 3HAK «—»,

o AD _
vKas3bIBAIOMMUI HA TO, 4TO &, U -~ HMerT pasHble 3HAKH:

% = A2 (2.4)
At

DOC uHAYKIMY OnpeneaeTcsa CKOPOCThI0O U3MEHEeHUsT MAar-
HIITHOTO IIOTOKA.

1. YTO Ha3bIBAETCH MAarHMTHbIM MNOTOKOM (NOTOKOM MArHMTHOM MH-

? AyKumm)!

® 2. MoueMy 3aKOH INEKTPOMArHUTHOM MHAYKUMKM (hOpMYynMPYETCH aAnd
3AC, a He pna cunbl ToKa!l

3. Kax hopMynHpyercs 3aKOH 3NeKTPOMArHMTHOH MHAYKLMK!

4. NMouemy B hopmyne ANS 33KOHA INEKTPOMArHMTHOH MHAYKUMHM CTO-
UT 3HaK «—»n?
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§12 BUXPEBOE 3JEKTPHUYECKOE IT10JIE

MaruuTHbeii motoxk ® = BS cos o. Uamenenne MAaTrHUTHOTO
HOTOKA 4Yepe3 KOHTYD MOKeT HPOUCXOAuTh: 1) B ciyuae Hemoa-
BHMHOTO TPOBOIAAINEIrO KOHTYPA, TMOMEIIeHHOTO B H3MEHSIO-
lleecd BO BPEMEHHU TToJie; 2) B cydae IPOBOAHUKA, JBHIKYIIIe-
T'OCsI B MATUHUTHOM M0OJI¢, KOTOPOE MOYKET ¥ He MeHATLCS CO
BpeMereM. 3Hadenue DJ[C ungyknun B 060mnx caydasix oupeje-
JIeTCA 3aKOHOM (2.4), 1O NporCcxoMxAe e 9ToH II1C pazmiruno.

Paccmorpum cuawana riepsurit CAYYaH BOSHUKHOBEHUSA WH-
AYKIAOHHOIO ToKa. llomMecTuM KpyroBoit MpoOBOSOYHEIN BUTOK
paauycom 7 B HCPCEMCHHOC BO BPEMEHU OZHOPOAHOE MATHUTHOE
nose (puc. 2.8). llyers MHAYKINS MarHEUTHOTO MoJIs VYBeJIUUU-
BaeTcd, TOr/Ia OyIeT yBeJIMYUBATHCS CO BPEMEHEM 1 MATHWTH B
OOTOK Hepes NOBCPXHOCTL, OrPAHUYeHHYI0 BHTKOM. COrIACHO 3a-
KOHY SJeKTPOMarinuTioil UHAYKIMA B BUTKE TOSBUTCS UHIYK-
HHUOHHBIH ToKk. [Ipn n3meHenun VHAVKIUUN MarHUTHOTO IO
O JIMHEHHOMY 3aK0HY WHAYKIHUOHHBIH TOK OyIeT MOCTOSHEeH.

Karue ke cunnl 3acrasiasior 3apsiibl B BUTKE IBUTATHCA?
Camo marunrioe ose, OPOHU3BIBAIOICE KATYIIKY, dTOT0 COe-
JIATE HE MOIKCT, TAK KaK MarHuTHOE II0Jie JIeHCTBYeT MCKIIOHI-
TEJBHO Ha ABMXKYUINECHS 3apANbl (ATUM-TO OHO M OTIHUACTCS
OT BJICKTPHUCCKOr0), a HPOBOLHUK C HAXOAAUIMMUCH B HEM

SIIEKTPOHAMH HEOBUMEH.
Kpome maraursoro nons, ma 3apsabl, IPUYEM Kak Ha JIBU-

RYIIMECst, TaKk M Ha HeNOJBMIKHbBIE, NelCTBYeT ellle dIeKTpHU-
deckoe nosie. Ho Beap Te moss, o KOTOPBIX MOKa Iijia peysn
(3iIeKTpOCTATHICCKOE TN CTAITOHAPHOE), CO3AAI0TCH DJIeK-
TPHYECKUMN 3apAJaMHi, a UHAYVKIUOHHBLIN TOK [IOSBISETCSH B
pesyabrarTe JCHCTBUAS MEHAIOIErocs Mar{uTHOro mous. Ilo-
9TOMY MOJKHO HPEAIIONOKUTE, UTO ILCKMPOHbL 8 Henodeuic-

HOM nposodnure npusodamcsa 6 deuxceriue IIAEKMPULECKUM

nosem u omo nojse HenocpedcmeeHHo nopoHOaemca MeHaw-

wumea macnumubtyn nosem. Ter caMbIM yTBepIKIaeTCs HOBOE

(byHAaMeHTaNLHOE CBOTCTBO TIOMNA: USMEHAACH GO 8pemenu,

MaAzZHUMHOE noae nopoxcdaem nekmpuieckoe nosne.
K sromy BbiBosy Brepesie mpumesn Hx. Markcsena.

Temeps sABjenNe HIEKTPOMATHUTHON MHAYKIIHM npezcraer

[lepes HamMu B HOBOM cBere. I'taBHOE B HEM — 3To mpogece Ho-

POMXKJEHUA I10JIeM MarHATHBLIM 110

B(!)  DJICKTPHYECKOTO. IIpm orom nanmane

NPOBOJALIETO KOHTYpa, HWANpumep

KaTyHIKY, He MEHAeT CYyIlecTBa Ipo-

@ necca. Ilposoanuk ¢ sanacom croGox-

I HBIX DJIEKTPOHOB (MM APYrux dac-

TUI) Urpaet PoJs Tpubopa: OH JIMUIIbL

Puc. 2.8 II03BOJISTeT O0HADYKUTL BO3SHHKAIO-
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nmee  osiekrpudeckoe mogie. Ilose
HpHBOAUT B ABUXKEHNE 3JIEKTPOHBI
K UPOBOLHUKE M TeM caMbIM OOHa-
pyvacnsaer cebsa. CymiHocTe sABJe-
1131 DJIEKTPOMATHUTHON MHAYKIUU
1 HCNOLBUIKHOM [IPOBOJHUKE CO-
¢TOUT HE CTOJBKO B MOABJIEHNU HH-
NYKIIMOHHOT'O TOKa, CKOJBKO B BO3-
HITKHOBEHHHN 3JIEKTPUUECKOro NOJIA,
KoTOpPOE IPUBOAUT B JABUMKCHME N
ViICKTPUYecKue 3apalabl. q

JIeKTpUYeCKoe IIoJe, BO3HU-
iKalolee Opu M3MeHeHHHW MarHUT-
HOIro roJd, UMeeT COBCEM Jpyryiwo  Puc. 2.9
HPUPOAY, YeM 3JIEKTPOCTaTU4ecKoe.
1o He CBA3aHO HEMOCPEACTBEHHO C 3JIEKTPHYECKUMU 3apd-
AAMH, U eTo JUHUM HANPAKEeHHOCTH He MOI'yT Ha HHUX Ha4du-
narbes M KoHYaTrhbesa. OHU BooOIe HUTAe He HAUMHAKOTCA U He
(OHYAIOTCH, a IPEeACTaBAAIT cO00H 3aMKHYThIe JIUHUH, nomo6-
Nble JUHUSM HHIYKOUA MArHUTHOTO IIOJIA. JTO TaK HasbiBae-
Moe BHXpeBOe dieKTpuueckoe moie (puc. 2.9).

Yem GpicTpee MeHAETCSA MarHUTHAS MHAYKINSA, TeM OoJbIne
HATIPSYKEHHOCTh dJeKTpudyeckoro moisd. CorsacHo HTpaBuUiy

AB
T 7 _ a_.
Jlenma mpu 8o03pacmarul MarHUTHOU UHAYKIIUH A >0m

>
lIpaBJIeHNe BEKTOpa HaIPAXKEHHOCTH E BHQKTqueCKOFO II0JIA

Y
o0bpasyeT J1e6blil BUHT C HATIPABJIEHUEM BEKTODA B. 3’1‘0 O3Haua-
¢T, 4TO IIPK BpallleHUH BUHTA C JeBOU Hape3KOH! B HallpaBJIeHUH
JIMHAH HAIPAXKEHHOCTHU SJIEKTPHYECKOTO 0 IMocTy naTe/bHoe
llepeMellleHHe BUHTA COBIA/AeT ¢ HAMPaBIeHNUEM BCKTOpa Mar-
HUTHOH wWHAyKIUH. Hanporus, mpu yoOviganuu MArHHTHOU

—>
MHAYKIHUN ('A—B <0 HallpaBJieHHe BeKTODa HAOIPAMXEHHOCTH E
At .

00pasyeT npaebilil BUHT ¢ HAIPaBJIeHHeM BeKTopa B.

>

Hamnpasiesue CUJIOBBIX JIUHUN HaHpﬂ}KeHHOCTI/IUE‘ coBIIajia-
eT ¢ HaIpaBJeHHueM UHAYKIIMOHHOTO ToKa. Cuiia, AefcTByIomas
CO CTOPOHBI BUXPEBOTO 3JIEKTPUYECKOTO IOJIA Ha 3apsj ¢ (cro-

—> —>
pOHHAA CHJa), MOo-pekHeMy paBHa F= gE. Ho B orsimune or
caydYas CTaIlMOHAPHOTO BJIEKTPUIECKOro 0/ paboTa BUXPEeBO-
ro HOJIA IO IepeMeleHuIo 3apa/a ¢ Ha 3aMKHYTOM IIyTH He PaB-
Ha Hyao0. Bexb npu mepeMelnieHUM 3apsifia BOJb 3aMKHYTOH
JIMHAY HAIPAXKEeHHOCTH 9JIEKTPUYECKOTo I10J1d paboTa Ha BCex
yYacTKax IIyTH UMeeT OJUH U TOT jKe 3HAK, TAK KaK CUJa U Ie-
bememeﬁne COBIIAZIAIOT IO HampapJeHui. Pabora BUXpeBOTO
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SJIEKTPUYECKOro MOJS IPU TepeMeIeHuy eJUHUYHOIO I0JI0-
JKUTENBHOTO 3aPAAA BIOb 3AMKHYTOT0 HeIIOABUKHOTO IIPOBO/I-
HUKa 4ucjeHHo paBHa I][C HAHAYKIWU B 9TOM HOPOBOAHUKE.

Uupykuuonnsie Toku B MACCHUBHBIX NpoBOgHHKaxX. Oco-
GeHHO GoNBIIOro uYMEIOBOTO SHAYeHUA WHAYKIMOHHBIE TOKH
AOCTUTAIOT B MACCHUBHBIX [IIPOBOJHMKAX, U3-3a TOTO, YTO UX CO-
NPOTUBIEHUE MaJIo.

Taxue Toku, nazrisaemule morxamu Pyro 1o NUMeHU HccITe-
AOBaBLIEr0 MX (PPAHILY3CKOTO (bU3uKa, MOMKHO HCIIONbIOBATE
A1 HaTPeBaHUsA TNPOBOAHUKOB. Ha stom IPUHIIUIE OCHOBA-
HO YCTPOUCTBO UHAVKIIMOHHBIX nedeii, Harpumep WCIIOJb3Yye-
MbIX B ObTy CBU-neuesi. Taksxe OTOT NPHHIVI UCIOAL3YeTcs
ANLA INTaBKU MeTasioB. Kpome sToro sipmenue SIIEKTPOMATHUT-
HOU MHAYKIUN HCIOIB3YeTCA B AeTeKTopax MeTajja, yeTaHas-
JIMBAEMBIX IIPYU BXOJAX B 3/[aHUA 45DOBOK3aJIOB, TEATPOB U T. .

Oanako Bo MmOrmx VCTPOUCTBAX BO3HWKHOBEHUE TOKOB
DyKOo NpUBOAUT K OecronesupIM u nake HeXXeJlaTeJIbHBIM I10-
TEePAM SHepPruu Ha BhbiJeJIeHHe Tela. ITosromy xenesunre cep-
ACYHUKYU TpaHchopmaTopos, SJIEKTPOABUTATENEH, PFeHEPATOPOB
M T. I. ReNaroT He CILIOMHBIMY, a COCTOAIMMHY U3 OTAEIbHBIX
[LIAaCTHUH, M30JMPOBAHHBIX APYT OT Apyra. IlosepxHocTy nia-
CTUH JOJKHBI ObITh HEePIeHINKYIAPHBI HAIIPABJIEHUO BEeKTopa
HAUPAMKEHHOCTH BUXPEBOTO JIeKTPUYECKOro nojsAa. Couporus-
JIEHUE DIEKTPHUYECKOMY TOKY IIACTHH OyZer 1pu 5ToM Makcu-
MAaJbHBIM, 4 BBIJEJCHUEC Terga —— MUHHUMAJILHBIM.

lipumenenue peppuros. Pagunosnexrpounas anmapatypa
pabotaer B obact ovens BbICOKUX HAaCTOT (MUJLIMOHBI KOJe-
Sauuii B CEeKYHAY). 31ech IpUMeHenne CePACYHUKOB KaTYIIIEK
13 OTAEJBHBIX IJIACTUH yXKe He gaer HYXKHOro shderTa, Tag
KakK 0oJbIine TOKH DPYKO BOZHHKAIOT B KaxkKaoH mimacrtume.

B § 7 ormeuasnocs, uro CYLIeCTBYIOT MATHUTHBIE U3OJIATO-
Pbl — deppursr. IIpu [IEPEMArHNYUBaHUN B (DeppPUTAX He BO3-
HUKAIOT BUXpeBble TOKU. B pesynbrare HOTEPU SHEPIruy HA BbI-
ACJIE€HHE B HUX TeIla CBOLSATCA K muauMymy. I[lostomy wus
theppuros menalor CePAEYHUKY BBICOKOYACTOTHBIX TpaHchop-
MAaTOpPOB, MATHUTHBIE aHTeHHLI TPaH3UCTOPOB U Ap. PeppuTo-
BbI€ CEPIEYHUKHN USTOTOBJAIOT U3 CMeCH TIOPOUIKOB UCXOAHBIX
BemectB. CMech mpeccyercs u noABepraeTcs 3HAYUTEIBLHON
TepMu4ecKol 06paboTke.

IIpu 6bicTpOM WaMeHeHwnu MAariuTHOIO HOJIS B OOBIYHOM
(heppomMarseTuke BO3HUKAIOT HHAYKUHXOHHBIE TOKM, MATHUTHOE

HAETCA U Cep/levHUK He IepeMarHuumBaercs. B theppurax Bux-
DEBLIC TOKM OYeHBb MaJbl, I03TOMY UX MOXHO GBICTPO Iepemar-
HUYUBATE.
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Hapsaxy ¢ MOTEeHIMAJbHBIM KYJOHOBCKHM DJICKTPHUCCKUM

b 1 Ha-
oMM CYIIIECTBYET BUXPEBOE IEKTPHUECKOe 110J1e. .thnlp:) )m;&_‘
IDs3KeHHOCTH ATOrO IIOJSA 3aMKHYTBHI. Buxpenoe none 1og
1 Yil g Z
paeres MEHAOIUMCA MarHUTHBIM IIOJIEeM.

1
LIMOHHOIO TOKa B HENOABMIKHOM NPOBOJIHMKE:

K-
_’, l 1. KaxoBa nNpMpoAla CTOPOHHMX CHI, BbI3bIBAIOUMX NORBNEHue MHAY
TaTH-

L4 2. B yem OTNHMYME BHXPEBOTO SEKTPHYECKOTO NONg OT INEKTPOC

YeCKOro Mnu crauuonapﬂoro!

1
3. Yro taKkoe Toum Dyko! ]
4. B yeM npeumylecTBa GeppUTOB NO CPABHEHMIO ¢ 0BbIMHbIMM dhep

pomarHerukamm!

97IC MHAYKIMH B JBUKYIUXCSA
§13  [POBOIHHUKAX

o o —
PaCCMOTpI/IM Telepb BTOPOM CJAYy4Yal BO3HUKHOBEHUA

AYKOUOHHOT'O TOKa.

e Mooyt AaDA 08 CropoTiTS MATHMT-
I . 3TOM)
;':iﬁgcigy:c;:ﬁ(;fgylvéT cgma JIopeH[La;H({);s:oqphgm;;;;i;g;:
] OB BHYTPH MPOBO .
!-);izlgxegg?gﬁb;s?i?weeq‘ MaruuTHOe 1j£:ﬁﬁzoﬁ?;i?i?vieﬂflo _—
J usix 3e ¢ >
.IlO;iinﬁfggg);ma;:fzzgzﬁiﬁeHI/Ie HIEKTPOHOB B JIBUKYTIUXCS

IHPOBOAHUKAX. —
b Bmli{ncm/nvx AIC nuAyKIUY, BOSHUKAIOMYIO B IPOBOJHUKE,

- . M )'
(p

eMs
CKOPOCTBHIO ¥ Broiab cropor NC u MD, ocraBasicb Bce Bp :

7 ¢ B
napasuienbHo# cropore CD. BeKTOp MarHuTHOU I/IH,Z[IXI::I;CTaB_
OHOPOJHOTO MOJIA HepPIeHAUKYIAPeH NPOBOSHUKY
nAeT yrojl ¢, ¢ HanpaBJeHUueM ero CKOPOCTH.

Puc. 2.10
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Cuna, ¢ KoTopoii mMarmuTHOe mOJe IeHCTBYeT Ha JBUMKY-
HMIYIOCA 3apAMEHHYIO YACTHILY, PABHA MO MOLYJIO )

Fy;=lqlvBsina. (2.5)

HanpaBJIeHzi oTa cuja BAOAL npoBomHuka MN. Pabora
cuiael Jlopennal wa myru |/ IIOJOKUTENBHA U COCTABIACT:

A=Fyl=|qlvBlsin qa.

ONeKTPOABMIKYIAA CHIa UHAYKIHUKA B TPOBOLHUKe MN
baBHa, II0 OTpPeJeNTeHNUI0, OTHOLIEHUIO pPaBoThl 1o nepeMelre-
HUIO 3apAfa ¢ K 9TOMY 3apAAy:

(¥4 ‘4 :
&, = m = vBlsino. (2.6)
t

UBTa hopmynia crnpaBenIuBa NS TI060T0 IIPOBOZHMKA M-
HOH [, ABMIKYLIEIOCA CO CKOPOCTBHIO U B ONHOPOJAHOM MATHU!T-
HOM ToJIe.

B npyrux npoBoxuukax KoHTYpa 9/1C paBua HyJ10, Tak Kak
9TU IIPOBOAHUKUW HEIIOABUKHEL. CrenoBarennno, BJIC Bo Bcem
KouType MNCD pasua ‘6, u ocraerca HeU3MEHHOH, ecau CKo-
DOCTL NBHIKEHUA U [IOCTOAHHA. JIeKTPUUCCKHUH TOK OpU 3TOM
OyZeT yBeIWUMBATBECH, TAK KAk IPU CMEIEeHNHU HPOROIAHUKA
MN Bnpaso ymMenbIuaercs o0111ee CONPOTURICHIE KOHTYypA.

IAC MHAYKIUE MOKHO BBIYHCIHTE TaKXe M C¢ HOMOIIbIO
SAKOHA OICKTPOMAIHUTHON WMHAYKIMHU (CcM. hopmyny (2.4)).
HeAcTBUTEIbHO, MATHUTHBIH [TOTOK yepe3d xoHTYPp MNCD
paBesn:

® = BS cos (90° — o) = BSsin «,

rae yrosn (90° — o) ecrs yrox MEXIAY BEKTOPOM B U HOD-
MaJbl0 71 K IIOBEPXHOCTH KOHTypa (puc. 2.11, BuA cOOKy),
a .S — mromanb, orpaHUYeHHAN KOHTYpPOM MNCD, Ecau cun-
N TaThk, YTO B HAYAJBHBIH MOMEHT

- B Bpemeuu (¢ = 0) npoBogumx MN
/ HaxoAuTcs Ha pacctoaauu NC ot

00" a/ nposoguuka CD (cm. puc. 2.10),
. P TO Hpu epEeMEIeHUN  [POBOA -
M, N o C,D  HHUKA OJ0LaAb S U3MeHAeTCS co
BpeMeHeM CJIeAYIOI{uM o6pa3om:

Puc. 2.11 S = [(NC - vt).

1
DTO HEIOJHAA PaboTa CHITh Jloperna. Kpome cumbr Jlopenna (cm. dop-
myny (2.5)), umeercs a ¢ i
v (2 L), cocTapaAomasn cuibi Jlopentia, HaupasIesHas IpoTHR
CROPOCTH U POBOAHUKA. Ta COCTABIHIONIAS TOPMOZIT ABYCEHHE TIPOBOLHHU -
Ka R cOoBepIIaeT OTPULATENbHYIO paboTy. B pesyabrarte monnas pabora cunnt
Jlopenna okasersaercs PaBHOU HYyJIO.
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S3a BpeMmsda Af LJIoOHIalb KOHTYpa MeHsicrest na AS = —[vAt,

ST € YRa3dbiBaeT Ha TO, YTO OHa yMceHLINaeTresl., MameHe-

Hie MAarHUTHOTO IIOTOKAa 3a 3TO BpPeMs PaBHO!

AD = -Blv Atsin o.

(iregoBaTesIbHO,

, AD .
‘6, = —— = Blvsina.
At
Kenu Bech koutyp MNCD nBuskercs B OJHOPOIHOM Mal'H M-

oM I10J1e, COXpaHdAd CBOIO OpHMCHTAIIWUIO IO OTHOIIECHNIO K BCK-
>

ropy B, to 9C ngaykuun 8 KoHType OyeT paBHa HYJ0, TAK
raK moTok O yepes ITOBEPXHOCTDH, OTPAHNYEHHYIO KOHTYPOM, He
seugeTesa. O6bACHUTDL 3TO MOJKHO Tak. [Ipu ABHMKeHUN KOHTY-
pit B mpoBoguukax MN u CD BO3BHHUKAWOT CUJB (cM. Gopmy-
1y {2.5)), neficTBYIOHINE HA JIeKTPOHEI B HATIPaBJIeHUAX OT N K
\l uor C x D. CymmapHas paboTa 3THUX CUJ TIPpU 00X0He KOHTY-
pid 1O YACOBOM CTPeJIKe MJIM IIPOTUB Hee paBHA HYJIIO.

3IC vHAYKINM BO3HUKAET TaKiKe IIPU IIOBOPOTE DPaAMKU
# MATHHTHOM IT0JIe, T. €. ITPY U3MEeHEeHUH CO BPeMeHeM yrJja o

(cm. § 31).

SAC UEAYRINY B NPOBOSHUKAX, ABIKYINUXCSH B IIOCTOSH-
1HOM MATHHTHOM II0J€, BOBHUKAET 34 CUeT JeHCTBUA Ha 3apAabl

npoBogHuKa cuasl Jloperuna.

I 1. Yemy paeHa cvna JlopeHua u KaK OHa HanpaeneHa!
‘ ) 2. Ot vero 3asucut JJAC MHAYKUMHM, BOZHHUKAIOUWLAS B NPOBOJHHKE, KO-
® TOPLIM ABUMETCH B NEPEMEHHOM BO BPeMeHH MArHMTHOM none!l

| I

§14 SJEKTPOIMHAMHWYECKHNA MUKPO®OH

B rsiaBe 1 BB O3HAKOMMJIUCH C 3JIEKTPOJMHAMHUYECKUM
'POMKOTOBOPHTENIEM, NpeobpasyoinuM KoyebaHus 3jaeKTpuye-
¢KOT'O TOKA B 3BYKOBBIe KoJiebanua. ObpaTHBIH mpoilecc Iipe-
BPAallleHnus 3BYKOBBIX KoJIe0aHUHN BO3JAyxa B KoJe0aHUA dJeK-
TPUYECKOro TOKA OCYNIeCTBJIAETCA C IIOMOLIbIO MUKPOGhOHA.

MukpodoHbl HIMPOKO HPUMEHAIOTCA B DaJNOBEIlaHUU, Te-
JTeBUAEHWH, CUCTeMax YCHUJIEHUs 3BYKA W 3BYKO3AIMUCHU, IJIA
reJie(pOHHON CBSABH.

JeficTBUe OZHOTO 13 CAMbIX PACHPOCTPAHEHHBIX MUKPOQO-
1{OB — 3JIEKTPOAMHAMUYECKOT0 — OCHOBAHO Ha ABJIEHUM dJIEK-
TPOMArHUTHOY WHAYKIIUU. ITOT MUKDPOMOH YCTDPOEH CIeAYIO-
M obpasom. Huadparma 2 uM3 TOHKOH IOJUCTHUPOJIBHOU
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Puc. 2.12

IJIEHKU MJIM QJIOMHHUEBOH (POJIBI'Y YKEeCTKO CBA3AHA CO 3BYKO-
BOH KaTymKoii / u3 TOHKOH mpososoku (puc. 2.12). Karymka
IOoOMeNiaeTcss B KOJIbIEBOM 3a30pe CHUJALHOI'0 HOCTOAHHOTO MAT-
Hura 3. Jluuuu MarsuTHOH HHAVKIINH HepHeHANKYISIPHEBI
K BUTKaM KATYLIKH.

3BYKOBasl BOJIHA BBISBLIBAET KoJebaHuMA auadparmMbl U CBS-
3aHHOHU ¢ Hel karymku. llpu ABUIKEHUUM BUTKOB KaTyHIKU
B MAarHuMTHOM I10JIe B HUX BO3HUKaeT nepemenHad IJIC unayx-
nuu. B pesynaprare Ha 3a)KHMax KaTyIUKU IOABIAETCS mepe-
MEHHOe HalpsXKeHUe, BhI3bIBaolee Konebanusa saeKTPHUeCKo-
TO TOKa B (el MUKPOdoHa. ITH KoJeGaHudA [ocie YCUIeHU S
MOTYT ObITh ITOZAHBI HA FPOMKOTOBOPUTEIb, 3aIMCAHLI HA MAT-
HUTHOH Jietirte M T, O.

INEKTPOJAUNHAMUYECKHNE MUKDPO(MOHBI TPOCTHI 110 KOHCTPYK-
HUH, UMeloT HebodbIlure TabapuThl ¥ HAJEeKHBI B BKCILIYATA-
nuu. Hekakenus mpeoGpasyeMbix KosebaHHEI B WHTepBase
gactoT o1 H0 o 10 000 I'y HeBeTUKH.

B resedonnpix amnapatax UpUMEHSIOT MeHee COBEpLIEH-
Hble, HO 3aro Oosiee peieBble yroabHble MUKpohoHbI. ua-
¢pparma B Tarix MUKPO(OHAX ZeHCTByeT HAa YIOJBHBIA IOpo-
WIOK U CO3/laeT B HEM HMePHOJUUecCKHe CXKATUA U pPaspeskeHud.
OT 3TOro MensoTCs CONPOTUBIEHUE IIOPOLIKA U CUJIA TOKA B
9NeKTPHUYECKOd Ienu MukpodorHa. CyllecTBYIOT M IpyTrHe
TUIIEI MUKDPO(QOHOB.

B rpomxoroBopuresne cmia AmIepa BBISbIBAeT KoseOaHUA
KaTyIIKHU 1 CBA3AaHHON ¢ Hell nquadparmsal.

B mukpodone kosebanus amapparMel IepefaloTCs HOA-
BUJKHOM KaTylIKe, M B Hell BO3HMKAaeT WHIYKIUOHHBIA TOK.

? MOMHO 1M HCTIONL30BATL B KAYECTBE YYBCTBUMTENILHOIrO 3NE@MEHTa MHK-
J4 podoHa ofHY M3 06KNaaoK KOHAEHCATOPaA, KONEBRICIYIOCH Nog ReM-
CTBMEM 3BYKOBOM BOfIHbI!
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§15 CAMOMHAYKIWS. UH/LY KTUBHOCT

Camonnayknusa, Ecan mo ka- R 1
TVIUKEe HIeT IepeMeHHBIH TOK, [} ®
0 MArHUTHBIA ITOTOK, TPOHU3LI-

BAOIMAHE  KaTYUIKy, MeHseTcs. L 9
llosTomMy B TOM 3Ke camoM mpo- | <SRN ®
BOJHUKE, TI0 KOTOPOMY HAeT Ie-
peMEHHBIN TOK, Bo3dHuKaer J1C

NHAYKIMA. JTO SABJEHWE HAa3bI- ,|‘_%|
BATOT CAMOMHIAYKIIMEN. J

IIpu caMOUHAYKIIMH TIPOBO-
JUSIITAT KOHTYP BBITIOJIHAET BOH-
HVID POJIb: IIepeMeHHBIA TOK B
1HPOBOAHUKE BLI3BIBAET TIOABJEHUE MArHUTHOI'O TOTOKAa 4depes
1HOBEPXHOCTh, OIPAHUYEHHYIO KOHTYPOM. A TaK KaK MarHuT-
eI TIOTOK WM3MeHsAeTCH CcO BpeMeHeM, To noaBasierca IJC
nHAYyKRIIuT S, ITo npaBuny JleHria B MOMEHT HapacTaHUA TOKa
HATIPAKEHHOCTh BUXPEBOTO BJIEKTPUUECKOTO MOJA HallpaBjiaeHa
uporus Toka. CiegoBaTeJbHO, B 3TOT MOMEHT BUXPEBOE HOJE
HPensATCTBYET HapacTaHuio Toka. HaoBopoT, B MOMEHT yMeHb-
IIeHU A TOKA BUXPEBOe IoJe MOAJePKUBAET ero.

fsnenue CaMOMHAYKIINHM MOMKHO HabOJIIOAATL B HOPOCTHIX
ousiTax. Ha pucyuke 2.13 mokasama cxeMa napasiebHOIO CO-
¢IVMHEHUS JBYX ONUHAKOBBIX JamIi. OJHY U3 HUX TTOJKJTIOUAIOT
K MCTOUYHUKY uUepes pesucTop R, a APYIVIO -— HOCJAefoBaTeNb-
HO ¢ KATYIIKO#N L, cHaAOKeHHOH KeJe3HBIM CepAedYHUKOM.

ITpr 3aMBIKAHUM KJIIOYA TIepBas JIaMIIa BCIBIXMBAET IPaK-
THYECKH CPagy, a BTopast — ¢ 3aMeTHBIM 3anogganavieM. 3C ca-
MOMHAYKIIAY B I 3TOMW JIaMTIbl BeJUKAa, M C1UJIa TOKA He cpasy
JIOCTHUTaeT CBOerc MakCuMaJabLHoro sHavenus (puc. 2.14),

IToseaenue 3IIC caMOMHAYKIIUM TIPH Pa3MbIKAHHAN MOXMCHO
HaOJIIONATHL B OMNBITE C IETbI0, CXeMaTUUeCcKH TOKa3aHHOU Ha
pucyake 2.15. [Ipy pasMpIKauuum KJOYa B KaTylike L BO3HU-
kaer IJC caMOMHAYKIIMY, TIONAEP}KUBAIONIAd HepBOHAYAJbL-

Puc. 2.13

lﬂ\ L

\ e R -—
g

) -~ R R /1-\\

-~ ¥

0
Puc. 2.14 Puc. 2.15
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HEIA TOK. B pesysbraTe B MOMEHT pasMBIKAHHA Yepes TajabBa-
HOMETD uAeT TOK (LBeTHAA CTPeNKa), HalPaBJeHHBIHA IIPOTHB
Ha4YaJbHOTO TOKA A0 pasMbIKaHusa (4epHas crTpeakxa). Cuia
TOKA MDY PasMBIKAHUH LN MOYKET IIPEBBILIATL CHJIY TOKA,
IIPOXOAAINEr0o 4Yepe3 rajlbBaHOMETD IPH 3IAMKHYTOM KJIIOUE.
Ito o3nayaer, 4To IJIC caMOUMHAYKIINHI &,, 6osbmre JIC E 6a-
Tapeu 3JeMEHTOB. N

Hupyxrusnocts. Moznyabs BekTOopa HHAYKIUM B Mareut-
HOTO IIOJIA, C€O3JaBaeMOro TOKOM, MPONOPIMOHANEH CHJIe
TOKa. TaKk KaK MarHUTHBIH IOTOK O nponopruonaaen B, ro
®~B~1.

MosxHo, crenoBaTe/bHO, YTBEPKLATD, UTO

® = LI, 2.7)

rae L — Koo(GUIUeHT IPONOPIUOHANTBLHOCTH MEKIAY TOKOM
B IIPOBO/IAIIEM KOHTYPE M MAaTHUTHBIM IIOTOKOM. Bemmuuny L
Ha3BIBAIOT MHAYKTUBHOCTBHIO KOHTYpPa, MIMN ero KosdduiueH-
TOM CAMOUHAYKIIMH.

Hcnonbays 3aK0OH 9J€KTPOMAaTHUTHOR MHAYKIUU U BbIpa-
wenune (2.7), mojyyaeMm paBeHCTBO

AD
_ A
At

<
&, =

"= A

(2.8)

€CJIN CIYUTATH, YTO (pOpPMa KOHTYPA OCTAETCS HEM3MEHHOH U HO-
TOK MEHSeTCHA TOJBKO 32 CUeT U3MEeHEeHHUSA CUJIBI TOKA.

N3 dpopmyet (2.8) coaeayer, 4TO HHAYKTUBHOCTD — BTO dbu-
3M4YecKas BeJMYMHA, YMCJeHHO paBHadA IC caMOuMHAYKIHH,
BOBHHUKAIOIIEH B KOHTYDE IIPYW H3MeHeHHU CHUJIbl TOKA B HeM Ha
1 Aszalec.

NHAYKTUBHOCTE, HOAOGHO BIEKTPOEMKOCTH, 3aBHCHT OT
TeOMeTPUYEeCKUX (PAaKTOPOB: PasMepOB NPOBOJHUKA U ero (op-
MBI, HO HE€ 3aBUCHT HEIIOCPE/ICTBEHHO OT CHJIBI TOKA B IIPOBOJ-
Huke. Kpome reomerpnu npoBopHHKA, MHAYKTUBHOCTH 3aBU-
CUT OT MAarHUTHBIX CBOMCTB CpeZibl, B KOTOPOH HAXOAUTCS
IPOBOJHUK.

OueBunHO, UTO UHAYKTUBHOCTD OLHOTO IIPOBOJOYHOIO BUTKA
MEeHBIIEe, YeM Y KaTYIUIKH (cojleHoua), cocroalleii nsa N rakux
K€ BUTKOB, TAK KAK MArHUTHBIN IOTOK KaTYIUKH YBeJINUNBAET-
ca B N pas.

Enuanny uaayxktussoctu B CU HasweiBaroT zenpu (06os3ua-
gaercsa I'n). Hndyxmuenocms nposodnura pasna 1 T, ecau
6 HeM Nnpu PABHOMEDHOM U3MeHeHUU cuibl moka Ha 1 A 3a lc
eosnuraem 3/C camoundyryuu 1 B:

1B =1B-c.

1T =
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AHAJOTHA MEKAY CAMOMHAYKUHEH u uncpnmci. Sisrenue

CAOMOMHAYKIUY I0A400HO SIBJAEHHIO HHepitn & mexannke, Tak,
HNCPIUA TPUBOAUT K TOMY, UTO IOMA JEHCTRHCM ClLILI TCIO He
MITHOBEHHO HprodpeTaeT ONpeneNleHHYI CKODPOCTL, o HOCTCIIeH-
no. 'T'es1o HeJIb3dA MTHOBEHHO 3aTOPMO3UTH, KaK Obl BCJMKA HU
oLLta TOPMO3Sias cuia. TOUHO Tak e 3a cuer CaMoOMINYK-
Y OPpU 3aMBIKAHWK ey CUja ToKa He cpasy lpuobperaer
onpeleleHHOe 3HaYeHMe, a HapacTaeT ocTeneHHo. Boliciouast

HCTOYHUK, MBI He IpekpalnaeM TOK cpady. CaMouHAyKILM
HOJAEPSKUBAET €70 HEKOTOPOe BpeMs, HeCMOTPA Ha COIPOTHB-
e 1Ienmn.

siBieEMe CaMOUHAVKIMHU BHITIONHSET OYEeHBb BAMKHYIO POJib
11 DJIEKTPOTEXHUKe W paamorexHuke. WHIYKTHUBHOCTH Leln
oKA3BIBAeT CVIIECTBEHHOEe BJIUSHWE Ha IPOXOXKIeHHNE I0 Ienn
HepeMeHHOTG dJeKTpuYeckoro Toka. Ilogpo6Ho 06 atoMm Oyaer
pitecKkasaHo B raase 4.

Tlpu n3MEeHEeHN U CHJIBI TOKA B IPOBOJHIKE B HEM BOZHUKAET
BIXPEeBOe BIEKTPHUECKOe [ToJie. ITO I10Je TOPMO3UT 3JIEKTPOHDL
N1pl BO3PACTANNUI CUJIBI TOKA M yCKOpPAET IIPM YOBIBAHUH.

.y 1. Y70 Ha3LIBAIOT CAMOMHAYKUMEH!
? 2. Kak HanpasneHbl MO OTHOLIEHMIO K TOKY JIMHWM HanpsXKeHHOCTH
L4 BMXPEBOrO 3NEeKTPHYECKOTrO NORNsA B TNPOBOAHMKE NMPU YBEAMYEHMH

M yMeHblieHHH Cunbl Toxat
3. Yro Ha3bIBAOT MHAYKTHBHOCTLIO NPOBORHMKA}
. YTO NPHHMMAIIOT 3a eaMHMLY MHAYKTHBHOCTH B CH!?
5. Yemy paeda 3AC camomHayKUMM!

&

§ 16 IHEPI'isd MATHUTHOI'O I10JI TORKA

CoryiacHO 3aKOHY COXpAHEeHUSA 3HepPrud DHeprusd MarHur-
HOr0 IIOJA, CO3JAHHOIO TOKOM, PaBHA TOHN SHEPIrUH, KOTOPYIO
JIOJKeH 3aTPATUTL UCTOUHUK TOKa (rajibBAaHNYECKHN 2JIeMeHT,
reHepaTop Ha BIEeKTPOCTaHIMK ¥ AP.) Ha co3paHue Toka. Ilpu
PASMBIKAHNN IIeNN 9Ta dHepPrusa [NepexofuT B APyrue BHIbI
DHEepPruu.

To, uro AAs cos3faHus TOKa HeoOXOAUMO 3aTPATUTH JdHEpP-
rHI0, T. €. HeoBXOAUMO COBEPUINTE PaboTy, obbiacHAeTCA TeM,
ITO UPHU BaMBIKAHUW IeNM, KOTAA TOK HAYMHAET HApacTaThb,
B IIPOBOJHUKE TTOABIAETCA BUXPEBOE DIEKTPUUYECKOE II0Je, 1eu-
CTBYIOIiEE TPOTHUR TOTO 3JIEKTPUYECKOro I0JisA, KOTOpoe COo3-
naeTcAd B NMPOBOAHMEKE Ojarojaps HUCTOYHHKY TokKa. [as Toro
4TOOBI CUJIa TOKA cTajia paBHOoM I, NCTOUYHUK TOKA [J0JIMKEH CO-
BEePIINTH PABOTY MPOTUR CUJI BUXPEBOTO IOJA. ITa padboTa UAeT
Ha yBeJIUYeHWe 9HePIruHu MarHUTHOI'O II0JIS TOKA.
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IIpn pasMBIKAHUM LEMH TOK UCYe3aeT, U BUXPEBOE ITOJIe CO-
BeplllaeT IOJOXKUTENbHYI0O PaboTy. 3amaceHHas TOKOM BHEp-
TUA BbIEIAeTCA. JTO O0HADYKMBAETCH, HAIIPHMED, IO MOIIT-
HOHM MCKpe, BOZHUKAKIIeH IPH PasMbIKAHUN enu ¢ 60JLIIOH
MHAYKTABHOCTHIO.

JHeprusa MarHUTHOTO TOJA, CO34aHHOIO TOKOM, TIPOXOIs-
UM II0 YYACTKY Lelu ¢ MHAYKTUBHOCTHIO L, onpefensieTcs 1o
dopmyne

W, = Lé“_ (2.9)

L

JHEeprusA MarHUTHOTO MOJA BBIPAMKEHA 3/1ech Uepe3 xapak-
TEePUCTUKY NPOBOAHMKA L u cuay Toka B Hem I. Ho ary ke
SHEPrHUI0O MOKHO BBIPA3UTh M UYepe3 XapPaKTepPUCTHKU IOJ.
BeruucneHus noxkasuIBaoT, YTO MIOTHOCTD 3Heprum MarHuTHO-
ro 1mosis (T. e. 9HePrus ejUHHUILI 06beMa) IIPOIIOPIIHUOHAJNBHA
KBaApaTy MariuTHOW MHAYKIMU: w, ~ B?, nogo6uo TOMY Kak
IJIOTHOCTH 9HEPTUN JIEKTPUYECKOr0o IOJIA NPONOPHMOHANBHA
KBaJipaTy HAlpPSAMKEHHOCTU JeKTPUUIECKOro moas w, ~ K2,

MaruuTHOe TI0JIe, CO3jaHHOE DIEKTPUUECKUM TOKOM, 06J1a-
A2€T 5Hepruei, IPsIMO MPONOPIUOHAILHON KBALPATY CHIIbI TOKA.

1. NMouemy Ans cospnaHun TOKa MCTOYHMK AOMKEN 3aTPaTHTL 3Hepruio!
? 2. Yemy paBHa 3HEpPrus MarHmTHoro nons!

§ 17 IJIEKTPOMATHUTHOE IIOJIE

Wsyuas cpoiicTsa snexrpomarauTHoro mosst, Makceesa 3a-
AQJICH BOIIPOCOM: €CJIN ITePEMEHHNe MAarHUTHOE [0JIe OPOIK[AeT
9IEKTPUIECKOE I10JIe, TO HE CYLIECTBYeT A1 B IPUPOAEe 06paTHO-
ro mpouecca? He mopoxzaaer nu mepemenmoe QJIEKTPHUYECKOe
110J1e, B CBOIO 04epesb, MaruiTHoe? JTo cooGparkeHue, JUKTYe-
MO€ YBEPEHHOCTBIO B €IMHCTBE IPUPOABI, BO BHYTPEHHel CTPOii-
HOCTH M TapDMOHUU €€ 3aKOHOB, COCTABJISET OCHOBY T'MIIOTE3hI
Maxcseuna.

BosHMKHOBeHHe MATHHTHOIO IMOJA NpH HU3MEHEeHUM 3JIeK-
TPHUECKOTO MoadA. MaKcBe/LT OIyCTHII, UTO TAKOTO poja npo-
oecc peaqbHO MPOUCXOAUT B pupoge. Bo Beex cayuasnx, xozda
SNEKMPULECKOE TLOJLe UIMEHACMCA CO 8PEMEHEM, OHO NOPOXNC-
daem maznumuoe nosae. JIUHUU MATHUTHOM UHIAYKIUH 3TOTO
IIOJIA OXBATBHIBAIOT JIMHUN HANDPAXKEHHOCTH 3JEKTPHUYECKOTO
mons (puc. 2.16), nogobHO TOMY KaK JMHUK HaIIPAXKEeHHOCTH
9JIEKTPUYECKOTO TOJA OXBATHIBAIOT JIMHUU WHAVKIUK IIepe-
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MCHHOI'0 MargurtHoro mnoJjsi. Ho Telepbh NpyX BO3pacTaHUM Ha-
HPAKEHHOCTU JJIeKTPHUUYEeCKOIro TMOoJIAd HallpaBJEeHHue BeKTOpDa
—>

HHAOVKITNHA B BOSHHUKAIIEero Maroi¥THOTO II0JIdA o6paaye’r npa-

«oLll BUHM ¢ HaAIpaBJieHneM BeKTopa E.
IIpy yO6nIBaHUHM HANPAKEHHOCTH 3JI€KTPUUECKOTO ToJA HAa-

>
ltpaBJIeHEe BEKTOpa MarsHuTHON VHIYKIIN B 06pa3yefr C Ha-
—>

1paBaeHueM BeKTopa E seesiit gunm.

CoryiacHo rumoTese MakcBessa MarHuUTHOE ITOJe, Halpu-
vep, MpU 3apsjike KOHIeHcATOopa II0CJie 3aMBIKAHUA KJI0UYa
coaraeTcs He TOJbKO TOKOM B IPOBOAHUKE, HO M M3MEHSTIOIINM-
¢ QJNIEeKTPUUYECKHM TOJIeM, CYIIIeCTBYIONIMM B IIPOCTPaHCTBE
MexkIy oOKJIaTKkaMu KoHgeHcaropa (puc. 2.17). Ilpuyem mame-
HAIOIeeCA PJIEKTPUUECKOe I0Jie CO3aeT TaKoe Ke MarHuTHoe
1oJie, KakK ecau ObI MeXKIy OOKJIaIKaMu CYIIIeCTBOBAJ 9JIEKTPH-
qEeCKUU TOK, TAKOH »Ke, Kak B IIpooguauxe. ClpaBeaaiBOCTDH
rumoTe3sl MakxcBessa 0OblIa JoKasaHa JSKCIepUMeHTANbHBIM
00HapYIKeHUEeM 2JIeKTPOMArHUTHBIX BOJH. DJEeKTPOMATrHUTHLIE
BOJIHBI CYIIECTBYIOT IOTOMY, UTO ITEepeMeHHOe MarHUuTHOe TIoJe
[HOPOXKIAeT INepeMeHHoe 3JIeKTpruYecKoe 110Je, KOTOpoe, B CBOIO
ouepenhb, TOPOXKIaeT IepeMeHHoe MarHuTHOe IoJe U T. X.

JJIeKTpOMAarHuTHoe moJe. [locse OTKPBITHUSA B3aWUMOCBA3U
MEIKIY HU3MEHSIOUIMMUCA 3JIEKTPUYECKUM U MarHUTHBIM I10-
JSIMH CTAJIO SICHO, YUTO 3TH TIOJIA He CYIlecTBYIOT 060c0obJeHHO,
1He3aBUCUMO OAHO OT apyroro. Henbsa cos3gaTh mepeMeHHOe
MArHHUTHOe moJie 6e3 TOro, UToOLI OMHOBPEMEHHO B IIPOCTPaH-
¢TBe He BO3HUKJO M dJeKTpudecKoe moje. VI HaobopoT, mepe-
MEeHHOE BJIEKTPUYECKOe [10Je He MOYKeT CYIIeCcTBOBaThL 0e3 Mar-
INUTHOTO.

He mMeHee Ba)XKHO W TO, 4YTO dJIeKTpUUecKoe Moje Oe3 mar-
HUTHOTO WJM MarHUTHOe 0e3 3JeKTPUUYeCKOro MOT'YT CYIIecT-
BOBATh JHIIH IO OTHOIIEHUIO K ONpeaeNeHHONl CUCTeME OTCYe-
ra. Tar, MOKOAIMACA 3aps CO3JAET TOJBKO JJIEKTPUUECKOoe
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nose (puc. 2.18). Ho Benn 3apsaj NOKOUTCS JTUINL OTHOCUTEJIh-
HO ONpeAe/IeHHOM cHcTeMBI oTcuera. OTHOCHTEILHO AOPYIrHX
CHCTEM OTCHUEeTa OH MOKeT NABUIraThCA U, CAEAOBATENBHO, CO3MA-
BaTh 1 MarHuTHOE moje (puc. 2.19).

Touno Tak e B cucTeMe orcuera, CBA3AHHON © MAarHuToM,
o0HapyKHBaeTCA IUIIL MATHUTHOe mose. Ho ABMOKYIIHUHICS OT-
HOCHUTEJBbHO MarHuTa HabJoLares]b oOHADYIKUAT U aJIeKTpuye-
Cckoe mose. Bear B cucreme orcuera, ABYIKYITIEUCST OTHOCH-
TeJPHO MArHnTa, MarHuTHOE OoJie GyAeT MeHATHCH ¢ TeYeHUeM
BPEeMeHH 110 Mepe NpubanxKeHns HabIonaTels K MAar"HuTy wuiu
yAaneHns or Hero. IlepeMeHHOe ke BO BpeMeHM MATHHTHOE
[IOJIE€ TIOPOXKAAET BUXPEBOE 3JIEeKTPHUYECKOe TIoJe.

3HAYUT, YTBEPIKACHHIE, 9TO B AaHHON TOYKe IPOCTPAHCTBA
CYIeCTBYET TOJNLKO AJIEKTPUYECKOe MJIM TOJBKO MAarHWUTHOE
moJie, GECCMBICTEHHO, eCJAH He YKas3aTh, 0 OTHOLICHUIO K Ka-
KOH cucreme orcuera aTv mMoas paccMmarpusamres. OrcyTeTBHIe
SJIEKTPHUIECKOrO ITOJIA B CHCTEMe OTCYeTa, COMepRalleil MOKOos-
IIMACA MarHUT, COBCEM He O3HAYaeT, UTo JEeKTPUUECKOT0
nossa "Her BooOmie. [To orHOmMEeHNIO K M1060i1 ABUMKYIIEHCA OT-
HOCHUTEJIbHO MarHuTa CHUCTeMe OTCUYeTa 3TO HOJie MOMKET GbITh
obHAapysKeHo.

JNIeKTPUYECKUe U MArHUTHBIE TIOJS — OpOABJIEHNE €LUHO-
[0 TeJOr0 — 31eKMPOMAZHUMHOZO0 NONA. IIEKTPOMATHUTHOE
moje — ocobas ¢opma marepum, OCYIIECTBAAIOINAA IJIEKTPO-
MAarHUTHOE B3auMojelicTBue. B 3aBucuMocTH OT TOr0, B KaKou
CHCTEMEe OTCYeTa pacCMaTPHBAIOTCH JJIeKTPOMATHHUTHBIE npo-
ILeCCBI, IIPOABJISIOTCH T€ I UHBIE CTOPOHBI €AMHOI0 I[eJI0T0 —
SJIEKTPOMArHUTHOTO MOId. Bee mHepuuanpHble cucTeMBI OTCUE-

Puc. 2.19

o papHonpaBHBI. IlosTOMy HH OZHOMY M3 OOHAPYIKUBA€MBIX
HPOABIEHUH JIEKTPOMATHUTHOTO NOJA HE MOXCT OLIThL OTJAAHO
npe/nodTeHue.

CorsacHo runorese MakcBeIa MepeMeHHOe JJICKTPUICCKOe
1oJie IOPOMKAaeT MarHUTHOE IT0JIe. DIEKTPOMATHUTHOC 10JI¢
¢/IMHOE IIeJOe: B 3aBHCUMOCTU OT CHUCTEMBI OTCUYEeTAa HPOSBIISI-
10TCA Te MWW WHBIE CBOMCTBA IIOJIS.

1. B pe3synbrare Kaknx NPOLLECCOB BO3HMKAET MarHMTHoe nonel

? 2. MNMouyemy yTBEpPXAEHHE O TOM, YTO B JAHHOMN TOUKE APOCTPAHCTBA CY-
® WeCcTBYeT TONMbKO 3INEKTPMYECKOEe MNOMEe MAM TONMbKO MArHMTHOE
none, He ABASETCH TOYHbIM!

! ITPUMEPDBI PEHIEHHUS 3ATAY

1. Npamoyroasasiii KorTyp ABCD nepemeiniaerca mocTymaTelb-
110 B MArHMTHOM IIOJIe TOKAa, MAYIIEero o IPAMOJUHEeHHOMY JJIMHHO-
My OpoBOAHUKRY (puc. 2.20). OupefesinTe HAIPaBICHWE TOKA, WHIY-
1111POBAHHOTO B KOHTYPE, €CJIM KOHTYD y/jajaserca oT nposoga. Kaxue
CIUTBL BeHCTBYIOT Ha KOHTYDP?

o

Pemenne. BekTop MarHuTHOW UHAYKIUU B MaAarHUTHOTO
noasa Toka I HaumpaBJeH HNEePHEeHAUKYJISPHO ILJIOCKOCTHU KOHTY-
pa oT Hac. Ilpu yraneHun KOHTYpPA OT MPOBOAA MATHUTHBIN MO-
TOK 4deped miaommanxky ABCD y6I>IBieT (AD < 0). Crnenosarenb-

110, BEeKTOP MardiuTHON WHAYKIMHU B’ MarHUTHOTrO nojid ToKa I,

i
¢OIIaCHO IpaBuiy JleHIla HampaBJieH OT Hac, KAk M BeKTop B.
llpumensasa npaBuso OypaBuuKa, HAXOAUM, UTO HHAYKIIMOH-
iILIA TOK B KOHTYpPEe HAIpPaBJieH 110 YaCOBOM cTpenKe.

BzaumozeiicTBe TOKa B KOHTYpeE C IPAMOJUHEHHBIM TO-
KOM IPUBOAUT K [OSABJEHHUIO CUJI, AeHCTBYIOIINX Ha IIPOBOJI-
IMKH KOHTypa. IlpuMeHUB npaBUJIO JIEBOH PYKH, MOMKHO BbI-
HCHUTB, YTO BSTH CHJIBI, BO-IIEPBHIX, PACTATUBAIOT PaAMKY,
¢TPEeMACH YBEeJIUWUNTH IJIOIIaAb KOHTYpa, U, BO-BTOPBIX, CO3/1a-
10T Pe3yJIbTUPYIOUIVIO CHJIY, Ha-

IPABJIEHHYIO K IIpAMOJUHelHoMy O ‘; o'
npoBogHukry. Ob6a peiicrBusa Oy-

AYT TPenATCTBOBATL YMEHBIIIe- I,

UKD MarHuTHOTO IIOTOKA Yepes A B
KOHTYP.

2. Koaslo u3 CBEepXIPOBOINHU-
K\ MOMEIleHO B OJAHOPOAHOE Mar-
IHIITHOE TIOJIe, WHAYKIIUA KOTOPOTO
napacraer ot HyJas po B,. ILioc-

i}
D C
Puc. 2.20
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KOCTh KOJIBLA NEePIeHANKYIAPHA JUHUAM HHAYKIUE 1oad. Oupege-
JIATE CIJIY MHAYKIIMOHHOTO TOKA, BOSHMKAIOILEro B KoJble. Paguyc
KOJbIA 7, UHAYKTUBHOCTD L.

Pemenune. Tak Kak comporuBnienune KOJIbILla PAaBHO HYJIIO,
TO 1 CyMMapHas 3JeKTPOABUMKYINAA CHUJa B HeM JOJKHA ObITH
paBHa Hyao. MHade cuna TOKa COIJIAcHO 3akony Oma craHeTr
BeckoneuHoi. CiremoBaTelbHO, N3MeHeHTe MATHUTHOTO IOTOKA
BHEIIHEr0 MarHMTHOTO [0JIsi PABHO II0 MOZAYJIO W IMPOTHUBOIIO-
JIOMKHO 10 3HAKY U3MEHEHUI0O MarHUTHOIO IIOTOKA, CO3MAHHOIO
UHAYKIIAOHHBIM TOKOM: AD = LAJI, YuureiBas, 4TO MOTOK D,

Hapacraet ot 0 5o nr°B,), a cuJla HHAYKIIMOHHOIO TOKA MEHAETCH
2
; nr<B
npu aroMm oT 0 no I, nonyuaem nr?B, = LI. Orcioga I = —L—O.

YITPAMKHEHUE 2

1. Oupeneanre Hanpapjenie HHAYKIHOHHOIO TOKA B CILJIOUIHOM
KOMBbUE, K KOTOPOMY HOAHOCAT MarHuT (M. puc. 2.6).

2. Cuna toxa B mpoBomHuKe OO’ (cm. pwue. 2.20) yb6biBaer.
Ompegennte HanpaB/ieHHe WHAYKIMOHHOI'O TOKA B HeNOABHIXHOM
RoHType ABCD 1 HanpaBJeHMA CHJ, NeMCTBYIOMINX HA KAMKIYIO U3
CTODPOH KOHTYpA.

3. Merannudeckoe KOJbIIO MOMKET cBOOOJTHO IBUTATHCH IO Cep-
ACTHUKY KaTYIIKH, BKIIOYeHHOH B Llellb TOCTOSHHOIO ToKa (puc. 2.21).
Hro GyZeT NIPONCXOAUTE B MOMEHTBI 3aMBIKAHUS U Pa3sMbIKaHUA Lenu?

4. MarHuTHBIH TOTOK Yepes KOHTYD IIPOBOJHUKA COMPOTURICHUEM
3:1020wm 3a 2 ¢ usmenunca na 1,2-107* B6. Onupegenure CHUJIY TOKAa
B TIDOBOJHUKE, €C/IU M3MEHEHHe IIOTOKAa IIPOMCXOLMJIO PABHOMEPHO.

Puc. 2.21

0. CamosieT JeTUT TOPUBOHTANBHO €U  CKOPOCTLIO Y KM/ u.
‘HI|)(‘A(‘J[I/I'[‘€ Pa3HOCTh MNOTEHIINaJI0B MEXUY KOHLAMIT ero HKPLLITLeR,
Ceni MOAYJIb BEPTUKAJIBHOH COCTABJSIONIEN Marintvritol HI VKRN
«MHOIO MAaPHUTHOTO moas 5 - 107 Ta, a pasmax kpbuines 12 m.

6. Cura Toka B KAaTyIUIKe uaMenseTca oT 1 A 0 4 A sa upewmsi,
pannoe 3 c. ITpu atom Bosuukaer 3C camonuaykuuuy, pantas 0,1 B.
Onpejle)InTe UHAYKTHBHOCTD KATYIIKM W M3MEHEHUEe JHepIul Mar-

HTHOTO TIOJSA, CO3XAaBaEMOT0 TOKOM.

7. B raryuike nHAYKTUBHOCTHIO 0,15 I'H 1 04eHb MaJBIM CONPO-
runicHEReM rocusa Toka pasHa 4 A. IlapanjenbHo Karyiuxe Hpu-
COC/IMHAJIE Pe3uCTOp conporTuBiaerneM R > r. Kakoe KonuuecTBo Te-
10Tl BBLAEJNHMTCA B KaTYIIKE M B PE3HCTOPE Tocjae ObICTPOro
OUKIIOYEHESA UCTOYHUKA TOKAa?

KPATKHE HTOTI'H TI')IABBI 2

1. jlBjieHuUe 3JIeKTPOMATHUTHON HMHAYKIUMU [POABJISETCS
3 BO3HUKHOBeHMH IC MHIYKLIHMH B 3aMKHYTOM KOHTYpe
IIPpY U3MEHEeHMH CO BpeMeHeM MAaTHMTHOTO TOTOKAa uepes
MTOBEPXHOCTD, OTPAHUUEHHYIO 3TUM KOHTYpPOM. ITO sABJe-
Hue JIEYKUT B OCHOBe pPaboThl TeHEepaTOPOB BCEX BIEKTPO-
cragEnUi. COryIacHO 3aKOHY 3JIeKTPOMATIHUTHON MHAYKIMAN
IC MHAYKIINE B 3aMKHYTOM KOHTYpE€ DPaBHA CKOPOCTH
M3MEeHeHNsI MATHUTHOTO NOTOKa, B3ATOW CO 3HAKOM «—»:

Ie

CoraacuHo npasuay JleHna BO3HHMKAKINHMI B 3IaMKHYTOM
KOHTYpe HMHIYKIIMOHHBINI TOK CBOUM MATHUTHBIM IIOJIeM
IIPOTUBOJEUCTBYET TOMY M3MEHEHMIO MarHMTHOIO ITOTOKA,
KOTODPBIM OH BLI3BAH.

3. IIpu BOBHMKHOBEHUUM HHIYKIIMOHHOTO TOKA B HEIOLBUMK-
HOM IIPOBOAHKKE B DOJIY CTOPOHHEH CUJIBI BHICTYIIAeT CHJA,
JNelicTByIOIIas Ha 3apsilibl CO CTOPOHBLI BUXPEBOTO 3JIEKTPH-
UECKOTO IIOJIA, IIOPOMKAAEMOT0 MHEepPeMEeHHBIM MATHUTHBIM
nnojgeM. B IBHMKYIIeMCs HPOBOAHUKE CTOPOHHEH CUJIOH AB-
JsieTcd MarHuTHaa cuia JlopeHia, geficTByronias Ha IBHU-
JKYLIHecHd BMECTe C IIPOBONHUKOM 3apsisKeHHbIe YacTUIHI.

I. Ba’KHBIM YacCTHBIM CIAYYAEM 3JIEKTPOMATHUTHON MHIYKIMAY
sdABJIAeTCA caMOMHAYKIUA. IIpu caMOMHAYKIIAUN M3MeHSIIo-
nieecst mMarEuTHoe noJjge uHAyumupyer IC B Tom camom
IIPOBOJHUKE, 10 KOTOPOMY HIET TOK, CO3AAIOINIT HTO 1oJIe.
DJIC caMOMHAYKINY OPAMO IIPOIOPIHOHAIBHA CKOPOCTHU
H3MEeHEeHUs CHJbl TOKA B MPOBOLHUKE!:

& = -L %.
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5. Kosddunuenr nponoprnuonarsuocta [ Ha3bIBAIOT WHIVK-
TABHOCTBIO. MHAYKTHUBHOCTS 3aBUCHT OT pasMepoB u POpPMbI
HIPOBOJAHUKA, & TaKsKe OT CBOHCTB Cpejbl, B KOTOPOH HAXO-
AUTCS TPOBOAHUK. EANMHUIIA MHAYKTUBHOCTH — Te€HpH:

-c

B
1Tu=1-"—-—",
A
6. OHeprus MarHUTHOTO MOJH TOKA paBHa To# paboTe, KOTO-

PYIO IOJI3K€H COBEPIINTH UCTOUYHUK, YTOOBI CO3/ATH HaHHbIIH
TOK:

2

w, = X
2

7. Ilpu amanuse saBIeHus SJIEKTPOMArHUTHON WHIYKIIUHU

Maxkceesnmom 6L caeaH BBIBOI 0 MOPOYKAeHNN BUXPEBOTO

IJEKTPUIECKOTO II0JISI [IePeMEeHHBIM MATHUTHBIM TToJ1eM. OH

UPEATIONOoMUI TaKIKe, UTO aHAJIOTMYHBIM 00pPA30M nepe-

MEHHOe 3JIEKTpHUYeCcKOoe 1oJe IOpoOxJaeT BUXPEeBOE MAriuT-
HO€ I10JI1e.

KOJIEBAHUSA 1 BOJIHBI

Jlo cux mop npu u3yuyeHUM (PU3UKH MBI IPUJEDPIKUBAJINACH
oupejeliIeHHON mocsenoBaTenbHOCTH. [Ipy M3yueHUH MeXaHH-
111 paccMaTpPHBaJIOCh MeEXaHUUYECKOe [ABMIKeHNe: W3MeHeHNe
HoJloXKeHud Tell (MJIM UX YacTei) OTHOCUTEJILHO APYr Apyra
1 1IIPOCTPAHCTBE C TeUeHMEM BpeMeHu. IIpu Ma3yueHUU Tepmo-
AMHAMUKY ¥ MOJIEKYJAAPHON GUBUKYU Mbl O3HAKOMUJINCE C TEIl-
1OBBIMH IIPOIlecCaMH, a 3aTeM Iepellau K U3yUYeHHIO 3JeKTpo-
nitnaMuKu. Ee nsydenne Mol Tpogosskuian u B 11 xiaacce. Eme
HPCeJCTOUT O3HAKOMHUTBCA C TAKMMHM BaXKHBIMHU IIPOIECCAMH,
KOK IIepeMEeHHbIH TOK, 3JIEKTPOMATHUTHBIE BOJMHBI (PagnoBOJI-
tinl) ¥ T. . asa Toro 94Tobsl B 5TUX TPOIECCAX XOPOIIO paso-
OpPAThCH, HAZLO BEPHYTHCA K MEXaHWKe M cHadaJja paccMoTpeTh
MCXaHUYeCcKUe KoJiefaHus, a 3aTeM 3aKOHYHUTL U3yUYeHNe
MICKTPOAUHAMUKU. [l COBMECTHOIrO HM3y4YeHUs Koaebaumi
11 BOJIH UMEIOTCA BEeCKHE OCHOBAHUA.

Kasaiocs 651, 4TO OBIIETO MEX Y KOJe0aHUAMU MasATHUKA
11 pa3pAanoM KOHAEHCATODa Yepeid KaTYIIKY MHAYKTUBHOCTH?
();iaaxo obiee ects. CKOPO BBI y3HAaeTe, UTO M MEeXaHUYECKUE,
1 3JIeKTPOMAarHHTHBIE KOJIe0aHUSA MOOUUHAIOTCA COBEPIIEHHO
0JUHAKOBbLM KOJLUYECMBEHHbIM 3AKOHAM. ITO O0HADPYKUBA-
vred, eciay UHTepecoBaThed He TeM, ¥mo KoJgebierca (rpys Ha
pYXXHUHEe UJUN 9JIeKTPUYECKUI TOK B IeNH), a TeM, KakK COBep-
narmoreda KojgebaHuAa. OZUHAKOBLIM KOJUUYECTBEHHBIM 3aKOHAM
HOJUUHAKTCA U BOJHOBBIE ITPOIIECCHI PA3TUYHON TTPUPOILI.

B coBpemenHO# husuKe BbIeTUICA CIIETIHATBLHBIA pasfges —
Jusurka koaebanuil. B HeM KosebaHUs PA3IUIYHOH IIPUPOILI
pPACCMAaTPUBAIOTCS C €IMHOUN TOUYKM 3peHuA. PU3UKa KoaebaHui
JOHUMaeTcsa KCCJieloBaHueM BUOpAIMii MAIITUH U MeXaHU3MOB,
¢¢ BBIBOJLIL JIEKAT B OCHOBE BJIEKTPOTEXHUKHU TepPeMeHHBIX TO-
IKOB U PAAUOTEXHUKH.

I'naa 3. MEXAHHWYECKHE KOJIEBAHUA

B sToit rimaBe MBI paccMOTPUM OCOGEHHOCTH MeXAaHU-
YecKUX KoJiefaHWH W UX OTJUYNE OT APYruX BUIOB
MeXaHUUYECKOT0 ABUKEHUS.

§ 18 CBOBOJHBIE 1 BBIHYKIEHHBIE KOJIEBAHUA

KonebarenbHble IBUMKEHUA, UJIH IIPOCTO KOJeOaHUA, IIIUPO-
KO PacIpOCTPaHEHEI B IPUPOJE. 3aCTaBUThH MpeaMeT KoJaebaTh-
¢f, T. €. COBEPUIATH IOBTODAIOIIINECH NBUKEHNSA, OUeHb ITPOCTO.
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a) 0)
Puc. 3.1

ITonsecum upyxkuHy K mratuBy. K HuxHEeMY CBOGOTHOMY
KOHLY HPY’XUHDLI HPUKDENUM MeTalaudecKuil mapukx. Ilpy-

.
KUHA PacTAHETCH, W CHJIA YOPYrocTu F = ypaBHOBECHUT CHIY

TaxecTn F, nedcTeylomyio Ha mapuk (puc. 3.1, a). Ecau
Tellepb BBLIBECTU IIAPUK M3 IIOJOKEHUS pPaBHOBECHUdA, CJIeTKAa
OTTAHYB €ro BHU3, U OTIYCTHUTh, TO OH HAYHET COBEpPIIATH
ABWIKCHUA — BBePX-BHUM3, BBepX-BHH3 u T. j. (puc. 3.1, 0).
Takoro pona ABMIKEHHS, IIPU KOTOPBIX TeNO II00YEPELHO
CMEHIAeTCSI TO B OAHY, TO B APYI'VIO CTOPOHY, X HAa3BIBAIOT-
¢s1 Konebanuamu. C TeueHneM BpeMeHU KoJeGaHUA IIOCTeIleH-
HO ocJla0eBaroT (3aTyXaloT), X B KOHIE KOHIIOB IIAPUK OCTAHO-
BHUTCA.

Eme upouie MOXKHO 3acTaBUTh HIAPHK K0JIeGaTbCS, ecau
IOABECUTh €ro Ha HUTH. B mosoeHnn paBHOBECUS HUTHL Bep-

e
TUKaJIbHA U CHJIA TsKecTH F, feficTBylolas Ha IIapuK, ypas-
-

HOBEHIMBaeTes CHIoi yupyrocru F, auru (puc. 3.2, a). Eciu
HIAPUK OTKJIOHHTEL U 3aT€M OTIYCTHUTh, TO OH HAUHET KAYaThbCs
HalpaBo-Ha/leBo, HajeBo-Hampaso (puc. 3.2, 6) no Tex mop,
noka kKojaebanus He 3aryxuHyT. llapuk, IOZBeNIeHHBLIH Ha
HUTH, — 9TO NpocTelmmi masmruur!.

Boo6nie ke 0O0bIYHO MAATHHKOM HA3LIBAIOT IIOABEIIeHHOe
Ha HUTH WM 3aKPEILIeHHOe HAa OCH TeJIO, KOTOpoe MOKeT COo-
BepImaTe KojebaHus noj JeliCTBUEM CHJIBI TsxecTH. IIpu atom
OCBh He NOJIXKHA NPOXOJAUTh Uepe3d IeHTP THXKeCTH Tejla. Masar-
HUKOM MOXXHO Ha3BaTh JHHEHKY, HOJBEINeHHYIO Ha T'BO3Ib,
JIIOCTPY, KOPOMBICJIO PBIYAXKHBIX BECOB M T. 1.

1 Hy»xHO uMeTs B BUAY, YTO IIAPMK, IOABEIIeHHEIN HA HUTH, Oymer 11pej-
CTABJIATEL COGON MAATHWEK JWIIL B TOM CJydae, ECJIU HA HETO AeHCTBYeT cuaa
rsxecTn 3emun. Cospaiouiuit Ty CUIY 3eMHOMN miap BXOIUT B KoJebaTeib-
HYI0 CUCTEMY, KOTOPYIO Mbl JJif KPATKOCTH HaadLIBaeM IIPOCTO MAATHUKOM.
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Yro ke aABseTcsa HauboJsiee XapaKTEPHbIM HPU3HAKOM KO-
nebaTessHOro apmxenusn? [Ipexxme Bcero 5To TO, UTO MIPHN KoJie-
OAHHUAX IBUYKEHUSA TeJa NOBMOPAIOMCA WIAN TTOUTH TTOBTOPAIOT-
cs1. Tak, MaATHUK, COBEPIIMB OAWH HUKJ KoJjgebanuii, T. e.
1poJieaB IIyTh OT KpalHero JIeBOI'O IIOJIOXKEHHS [0 KpalHero
1paBoro u o6paTHO, BHOBh COBEPIIIAET TAKOH Ke IUKJI. Kenn asu-
JiKeHIle MOBTOPAETC A TOUHO, TO €0 HAa3bIBAIOT MEePUOANYCCKHM.

MexaHuYeCKHE KOJEOAHMS — 3TO [BUIKEHHA, KOTOPbLE
TOYHO HMJIU NPUOIMBUTENHHO HOBTOPSIOTCA Hepesd OIpe/esier -
ibie MHTEPBAaJbl BPEeMEHH.

IlosTOpAOTCA ABUKEHUSA MOPIINHEH B ABUTATENIE aBTOMOOM-
44, TOIJIABKA Ha BOJIHE, BETKH JlepeBa HA BeTPY, HAIIEI'0 CepPJL-
ia. Bee aT0 pasznuuHble IpHUMepPhbl KOJe0aHMIT,

CpoOGoanbie KojJebaHuA. ['pymiry Tes, ABHMKEHHE KOTOPLIX
Mbl U3yUaeM, Ha3bIBAIOT B MEXaHUKE CUCMeMOl meJ. WiIu Ipo-
cro cucmemoti. HarmoMHEUM, 4YTO CHUJIBI, AEHCTBYIOIIUE MEXKIY
TeJIAMH CUCTEMBI, Ha3bIBAIOT BHYMPEeHHUMU. BHewHuMU cu-
JlaMu HA3BIBAIOT CUJIBI, HeHCTBYIOIINE HA TeJa CHCTEMbI CO CTO-
POHBI TEJ, He BXOAAIIIMX B Hee.

CamMbIM OPOCTBIM BHUAOM KOJe0aHUU ABIAIOTCA CBOOOIHEBIC
Konebanusa. CBOOOAHBIMHE KOJMeOaHHAMM Ha3bIBAIOTCA KoJieba-
A B CHCTeMe moj OedicTBHMeM BHYTPEHHHX CHJ, [OCJEe TOro
KK CHCTeMa BBIBeJleHa M3 TOJOXKeHUA PABHOBECUA U IIPEeHOoC-
TaBJIeHa 3aTeM caMoil cebe.

Konebanus rpysa, UPHKPEILIEHHOTO K MPYKUHE, UIA T'Py-
30, ITOABEIIeHHOI0 Ha HUTH, — 5TO NPHMepbl CBOOOJHBIX KOJe-
vaHuii. Ilocoe BBIBeAEeHWS CUCTEMbI M3 IOJIOMKEHUS PABHOBE-
U CO3AAIOTCA YCJAOBHSA, NMPU KOTOPLIX I'pysd KoJeldJercs Oes
KOBIeNCTBUA BHEUIHUX CHJIL.

OnHaKo ¢ TeueHHeM BpeMeHN KoJaeGaHMs 3aTyXaloT, Tak
KAK Ha TeJjia CHUCTeMbl BCETAA AeMCTBYIOT CHJBI COINPOTHUBJIE-
nu#A. Iox meiicrBUeM BHYTPEHHHX CHJ U CHJ CONPOTUBJIEHUA
clcrTeMa coOBepIlaeT 3aTyXalonue KojxebaHus.

W L2 .4
i;rup
i’r
[ f=————
a) 0)

Puc. 3.2
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Briny:knennsie KogeGaHns. HnAs Toro uro6pl KoneGanus He
3aTyXaJid, Ha TeJla CHCTeMbl JOKHA NeHCTBOBATH ITePUOIUYe-
CKI U3MeHAwmasca cuaa. llocrossHEasa cuna He Moiker om-
AEPIKUBATL KOJNEOAHUA, TAK KAK IIOX NEHCTBHEM BTOM CHJILI
MOJKET M3MEHMTBECA TOJBKO MOJOKEHNEe DABHOBECHUS, OTHOCH-
TeJIBHO KOTOPOI'0 MPOUCXONAT KOJIeO0aHus.

Boiny:keHHBIMM K0JIe6aHUAMY HA3BIBAIOTCS KoJIebaHua Tes
ITOJ AefiCTBHEM BHEIIIHUX ITePHOANYEeCKH U3MEHHAIOMUXCA CUJL.

Konebanua 6biBator CBOOOJHBIMY, 3aTYXAIOINMU U BBIHYIK-
JenupivMu. Hambosblnee 3HaYeHme umeioT BBIHYKJEHHLIE KO-
aebauns.

YCJIOBUA BOSHUKHOBEHU S

S19  CBOBOJIHBIX KOJEBAHMI

BeIsSICHUM, KAKMME CBOHCTBAMU [OMMHA ob1anate cucremMa
AJIST TOTO, YTOOBI B HEM MOIVIM BOSHUKHYTH CBOGOIHBIE KOJIe6a-
HudA. Yno0Hee BCEro paccMOTpeTh BHAUAMe KOJIeGAHUS mrapu-
Ka, HAHH3aHHOTO Ha rIafgKUil rOPUBOHTAJIBHBIN CTEPIKEHD 1O
AeHCTBUEM CHJIBI YIPYTOCTU LIPYIKHHBI.

Eciu BeMHOTO cMecTUTE IMAPUK U3 TTOTOMKEH K paBHOBECUHA
(puc. 3.3, a) Bupaso, To mmmHEA NPYKHUHBL YBEJUYUTCH HA X,
(puc. 3.3, 6), u Ha MWAPUK HAYHET AeHCTBOBATE CHIA YIOPYTOCTH
CO CTOPOHBI NPYKHHEI. JTa CHJIA COINIACHO 3aKOHY I'yka npo-
ITOpIMOHAJNbHA Je(opManuy IOPYKUHB U HAIIDABJICHA BJIEBO.
Ecsm otnycruts mapuxk, 1o mox geficTBHeM CHIIEL VIIPYTOCTY OH
Ha4HeT ABUTaThCSA ¢ YCKOPEHUEM BJIEBO, VBEJIUYUBAA CBOIO CKO-
pocthb. Crusla YIPYTOCTH IIPH 9TOM Oyner y6bIBATH, TaKk Kak je-
(bopmManusa npyKUHB YMeHbIIaeTcsa. B MomewT, KOTa IHapui
AOCTUTHET II0JIOKEHU S PABHOBECHUSA, CHJIA YIIPYTOCTH DY UHbI
CTaHeT paBHOU Hymto. Clem0BaTeIbHO, COTIACHO BTCPOMY 3aKO-
Hy HproTona craner paBHBIM HYJIIO 1 YCKOpeHUue HIapuKa.

K sromy momenty ckopocts mapura JOCTUTHET MaKCH-
ManbHOTO 3HaueHusA. He ocTaHaBiuBasch B MOMOMEHIH paBHO-
BeCHsA, OH OyAeT N0 MHEPLMH IPOJOJIKATH ABUTATHCH BIICEO,
Ilpy:kubHa npu stom cokmmaercs. B pesyJbpTaTe MOABIAETCS
CuJla YIPYTroCTH, HAPaBICHHAA yiKe BIPABO M TOPMO3ALIAN
ABusKeHVe mapuka (puc. 3.3, 8). Ara cuaa, a 3HAYUT, U Ha-
UPABJEHHOE BIPABO YCKOPEHHE YBEIMUMBAKTCA IO MOLYJIIO

! Anamma koneGaHUl IIAPUKA, NOABEIIEHHOTO HA BEPTUKAJLHON IIPYKU-
He, HECKOTBKO caoHee. B aTom ciyvae neficrByioT oqHOBpeMeHHO nepeMen-
HadA cuia yUpYrocTH HPYRWHBI ¥ TOCTOAHHAA cuia Taxkectun. Ho xapakrtep
KOJMe6aHuH B TOM U APYroM CIy4asx COBEPIIEHHO OJUHAKOB.
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Puc. 3.3

PHMO TTPONOPUMOHATBHO MOYJII0 CMEIHIeHUs X HIaPUKA OTHO-
CIITEJILHO OIOKEeHUA pasHOBecHs. CKOpOCTh ke 6yJeT yMeHb-
MaTbCA N0 TeX II0p, IIOKa B KpalHeM JIeBOM IOJOMKeHWH IIIa-
PiIKa He o0paTuTcss B Hyab. Ilocie »Toro IIapUK Ha4dHeT
\CIROPEHHO NBUTATHCA BIPaBO. C yMeHbIIEHWeM MOIYAA cMe-
meunas x cuta Fooo yORIBaeT 1o MOV U B HOJIOMKEHUN pasB-
HOKCCHUA OTATH oOpammaercs B Hyab. Ho mapuk y3Ke ycneBaer
I YTOMY MOMEHTY NpUoOpecTit cKOpoCTh |, cllefoBaTeBHO, 110
HHePIMI MPOO/IMKAET NBUTATHCS BIPABO. ITO JBUIKEHHE [IPUBO-
1T K PACTAMKEHUIO IPYKMHB] ¥ HOSABJIEHUIO CUJIbI, HATIPABJIEH-
noit BAeBo. JIBuskeHue miapuka TOPMO3HUTCH OO HOJHOU ocTa-
HOBKHE B KpalHeM IIPABOM ITOJIOMKEHUU, TOCIIe Yero Bech nporece
HOBTOPAETCHA cHayasa.

Kcon GbI He cyIecTBOBANO TPEHMS, TO MBUIKEHNE IIIapuKa He
PeKPATUAOCh Obl HuKorga. ONHAKO TpeHue u CONIIPOTHUBJIEHHUE
hosllyXa  IIPenATCTBYIOT NBHXKEHWIO Inaprka. Hampasienue
1116 COLPOTUBIEHUA KaK NIPU ABUKEHUHN [IIaPUKA BIIPABO, TAK
1P €T0 NBUMKCHUH BJEBO BCe BPEMs HPOTUBOIMOJIOMKHO HA-
HpaBJIEHUIO CKopocTu. Pasmax ero xKosneGanuit mocrernento Oy-
{1 YMEHBIIATBCH O TEX IOP, IOKa JBUKEHVEe He IPeKPATUTCA.
Ipi1 MaJOM TPeHMH 3aTyXaHHe CTAHOBHTCH 3aMETHBIM JUINDb
HoeJie TOro, Kak mMapuK COBEPIIUT MHOTO Koadebaunii. Ecyiu na-
@ 1onaTh IBMIKEHHE IIapUKa Ha IPOTAMKEHIH He OYeHDb GOJIbIIO-
‘0 HHHTEPBAJIA BDEMEHH, TO 3aTyXaHUeM KojieGaHuil MOMKHO Ipe-
neopeds. B sToM cayuae BausHUe cuiib COIIPDOTURJIEHUA Ha
LHNKEHHEe MOYXKHO He YUUTBIBATD.

llenu cnota conporusnenus BeJIMKA, TO IpeHebpeun ee jgefi-
CVIHIeM aXKe B TeUYeHHe MaJlbIX MHTePBAJOB BPEMEHU HeJb3s.
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Onycrure mMIapUK Ha OPYKHUHE B CTAKaH
€ BA3KOHN KUAKOCTBIO, HAIIPUMED C IVIHIEPH-
HOM (puc. 3.4). Ecau >KecTKOCTh NPYKUHBI
MaJjla, TO BBIBEJEHHBLIN 13 IIOJIOMKEHHUS paB-
HOBecHUs IIapUK COBCEM He Oyner KoaebaThb-
cd. llox neficTBMEM CUJIBI YIIPYT'OCTH OH IIPO-
CTO BepHeTCHA B IIOJIOJKEHNE paBHOBECHA
(iwrpuxosasg sgmHuUA Ha pucyHxe 3.4). 3a
cuer JIeWCTBUA CHUJIBI CONPOTUBIIEHUA CKO-
pOCTb €ro B IIOJOMKEHUH paBHOBecusA Oyaer
UPDAKTUYECKH pPaBHA HYJIIO.

Jlust Toro, 4TOOBI B CHCTEME MOTJIHA BO3-
HUKHYTH CBOOONHBIE KOJeOaHUs, IOJKHBI
BLUIONHATHCA Ba ycJoBUA. Bo-nepsvix, npu

Puc. 3.4 BLIBCJICHUM TeJIa U3 IIOJIOKEeHUA paBHOBECUA
B cUcCTeMe JJOJIHHA BOJHHMKATEL CHAJIA, HaﬂpaBJleHHaH K ITOJIOXKEHHUIO
paBHoBeCcts i, crneJjiosareanHo, cTpeMAnmadgcsd BOSBpaTI/ITb TEeJa0
B I10J103KeH11e pasnosecis. UMeHHO Tak JIeHCTBYeT B paccMoOT-
PEeHHON HaMu cuereMe (eM. puc. 3.3) TPYIRITHA: TIPU IepeMelrne-
HUU IITAapUKa 1 BJIEBO, I BIIPAaBO CHJIa YIPYTOCTH HalpaBJIeHa
K IHOJOXCHUIO pPaBHOBCCH . Rn-(fmopbtx, TpeHI/Ie B cucreme
JOJHO OBbITh AOCTATOUHO Maso. Miave konebanus GoicTpo 3a-
TyxHyT. Hesaryxamonige xosebanns BO3MOMKHBL JHUIIL IIPU OT-

CYTCTBUU TPEHUS.

1. Kaxue konebaHns Ha3biBaoT c8060AHBIMM}

? 2. Mpu KaKMX YCNOBHAX B CHCTEME BO3HUMKAIOT cBOGOaHbIE KOneBanus!
L 3. Kakme konebaHusi Ha3bIBAIOT BbIHYXAeHHbIMK! MpUBEAUTE NPUMEPLI
BbIHY>KAEHHbIX KONne6GaHmH.

§ 20 MATEMATHYECKUN MASJATHUK

MaremMaTndecKHil MasTHMK — 3TO MAaTepHUaJbHas TOYKa,
IoABellleHHaA Ha NJIVHHON HEeBeCOMOI UM HepacTSKHMOHM HUTH.
Mamemamuueckull MAAMHUK —— MOJEJb OOBIYHOIO (peajbHo-
ro) MagTHUKA, MPEACTABJISIONIEro co00il HeBOoIbIIIOe TeJ0, MOI-
BellIeHHOe Ha AJUHHOHM HUTH.

BriBesem Tesio MaATHUKA (HIAPUK) U3 NOJIOMKEHNUS PABHOBE-
cuda u ornycruM. Ha nmapuk 6yayT JeificTBOBATE ABE CUJILL: CHIIA

> >
TAMecTu FT = mg, HalpaBjieHHasad BepTUKaJILHO BHU3, U CUJa

YIIPYTOCTH HUTHT fynp, HalpaBJIeHHadA BIoJb HUTH (puc. 3.5). Ko-
HEYHO, IPHU IBUKEeHUN MAaATHUKA HA HETO ellle AeHMCTBYeT CNJIa Co-
nporurjgeHusa. Ho Mb1 6yeM cUNTATE ee IpeHedpexumMo MaJjoii.

Haa Toro 4TobBl OTUETIMBO HpPEACTABUTHL cede AUHAMUKY
JABHKeHUA MaATHUKA, VIOOHO CUJTY TAMKECTH Pas3IoKUTEL HA ABe
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> B
cocrapasiomue: F, nanpasien-
>

VIO BAOJB HATHU, U F, Hampas-
1CHIYIO IEPHeHIUKYISAPHO HUTH

IO KacaTelbHON K TPAEGKTOPUU y “
—> >
imapuka. Canel F, u F_ B cymme .
—
. S F
“OCTABJISIOT CUITY F,.. Cuna yopy- @ YL A e
T
roetn HUTH Fo o W cocTaBiasio- .’ 0 "\’Sﬁ s
—> N - \ NS ¢
NSl CHJIBL TsKecTH F, mepnes- ~ f\\ =
T v "Ly

MIKYJIAPHBI CKOPOCTH MaATHUKA
11 cOOBIIAIOT €My HEeHTPOCTPEeMHU- .
' IbHOE YCKOPeHMe. ITO yCKOPeHMe HAallPaBJIeHO K IeHTPY JyTrH
ONPYMHOCTU — TPAEKTOPUU JBUNKEHHA MasTHHKa. Pa6orTa
"X cul paBHa Hymaio. IlosTomy, corsacHo Teopeme o Ku-
HCTUYECKON 9HEPTUH, OHH He MEHSAIOT CKOPOCTh MASTHUKA 110
vworvirio. X peficTBre OpUBOLUT JIUIID K TOMY, UTO BEKTOP CKO-
OCTH HEIIPEPBIBHO MeHAET HanpaBJjeHUe, TaK YTo B JII0001 Mo-
MCHT BpeMeHH CKOPOCTh IapuKa HaIllpaBJeHa MO KacaTeJbHO

Puc. 3.5

I-Jiyre okpy:xHOocTH. Ilom meificTBuem cocraBasionei 1?T CHJIBI
1eCTH MasiTHUK HAYWHAET ABUTAThCA [0 AyTe OKPYIKHOCTH
L1113 € HapacTaroled o MOJYII0 CKOPOCTho. IIpu ABMKeHNH
MAATHUKA 9T& COCTABIIAIONIAA CUJIBI TAMKECTH, HATIPABJIEHHAA K
HOJIOXKEHUIO0 DaBHOBECHS, YMEHBIIAETCSA MO MOAYJIIO, U B MO-
MCHT, KOT/la MaATHUK NPOXOAWT UYepe3 IIOJIOKeHUe paBHOBE-
iid, OHa CTAHOBUTCA PaBHOU HyJi0. Besexncrsue croeil muepr-
HOCTH MaATHHK NPOROJKAET NBU)KEHMe, IOSHUMASCh BBEDX.

S
Ipu aTom F_ yixe Oyger HampaBieHa apoTus ckopoctu. ITosto-
MY MOZYJIb CKOPOCTH MaATHHKA CTAHET yMeHLIIATLCS. B Mo-
MCHT OCTAHOBKM MasTHUKA B BeDXHeHl TOUYKe ero TpaeKTOpHUH

N
wonyne Fo MakcumasieH n OHa OyZeT BBISHIBATH ABIKEHUE Ma-
ATHAKA B CTOPOHY IIOJIOMKEeHMs paBHOBecus. [lajiee CKOPOCTH
MAATHAKA YBEJMYUBAETCA [0 MOAYJIO, W OH CHOBA JBUIKETCS
I* 110JI0KeHNI0 paBHOBecusi. [lpoiina mosoxenume paBHOBecHs,
Ol BO3BpAlIlaeTCA B HCXOJLHOE TIOJIOMKEHUE, eCAU TOJIbLKO CHIJAa
COIIPOTUBJIEHUA MaJja 1 ee paboToil B TeueHwe HeGOIBLIIOTO
'repsasia BPEMEHH MOMKHO mnpeHeOpeub. ONyCTHB MasTHUK
1 COCYMl C BABKOM YKHUKOCTBIO, MbL TYT e OGHADYIKUM, UTO KO-
100aHUSA He MPOUCXOAAT COBCEM MM 3aTYXAaIOT OUYeHb OBICTPO.

MarTemaTH4YeCKNil MAaATHUK CBOGOIHO KOJIeGreTes P IBYX
VenoBUAX: 1) IpM BBIBEZEHUM eT0 W3 IIOJOKEeHUS paBHOBe-
“ifd B CHCTeMe BO3HUKAET CUJa, HAUpPABJIEHHAS K I10JIOMe-
110 paBHOBecUdA; 2) TpeHUe B KoIe0aTeJbHOH cucTeMe pocTa-
rOYHO MAJIo.
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§ 21 ANHAMHUKA KOJIEBATEJIBHOI'O JABUYKEHUSA

st TOoro 4Tobhl onMcaTh KOJIMYECTBEHHO KOJeGAHUS Teia
[0/, AEeMCTBMEeM CHJIBI YIPYroCTH IIPY)KWHBI HIKM KOJIeGAHUS
iapuKa, IIOJBeIIEHHOr0 Ha HHUTH, BOCIOJb3yeMCs 3aKOHAMU
mexaHUKM HypioTona.

YpasHeHHe ABHIKEHHMS Tela, KOJeGaIouerocs IIOx JXeMcT-
BHeM cHabl ynpyroctd. CorinacHo BTOpoMy 3akoHy HeroTona

-
IIpOU3BENICHNe Macchl Tejla M Ha YCKOPDEHHWE ero d paBHO
-
paBHOZeHCTBYWOLIEH F BCeX CHJI, IPUJIOMKEHHBIX K Tely:

> —>
ma=F. (3.1)
9T0 — ypaBHEHHE [BUIKeHWUs. SamuileM ypaBHEHUE IBU-
KEHUA IIA HIapuKa, ABMXKYIIETrocs IPAMOJUHENHO BIOJb To-
>

PUBOHTA/MU D[OJ AeWCTBUEM CHJIBI YOPYrocTH F IIPYKUHBI
(cm. puc. 3.3). Haupasum ocs OX BIpaso. IlycTe Hayaso orcue-
Ta KOOP/IUHAT COOTBETCTBYET MOJIOMKEHHUIO PABHOBECHA IIIAPUKA
(cM. puc. 3.3, a).

B npoexknuu #Ha ocs OX ypaBHeHNe IBUIKEHUA (3.1) moxHO
samucarsb Tak: ma, = F, ., rnea, u F,  cOOTBETCTBEHHO Impo-
KU1 YCKOPEeHUs M CUJIbI YIIPYTOCTH IPYKHUHEI HA 9Ty OCh.

Cornacso sakony I'yka mpoexmus F,ynp TPAMO IPOHOP-
UHNOHANBHA CMeINEeHHUIO IIapHKa U3 IOJOXKeHUs paBHOBECHS.
Cmelenve ke paBHO KOOpAWHATE X IIAPHKA, [IPUYEM IPOEK-
OusA CHJIBL ¥ KOOPAUMHATA HUMEKOT IIPOTHBOIOJOMKHBIE 3HAKI
(cm. puc. 3.3, 0, 8). CienoBaTenbHo,

F —kx, (3.2)

rae kB — JKeCTKOCTDb IIPYyKUHEL.
YpaBHeHUe ABMIKEHUS IUADUKA TOTAA IIPUMET B

ma, = —kx. (3.3)

Pasgenus J1eBylo U UpaByio 4acTH ypaBHEHHSA (3.3) Ha m,
IOy YUM

x ymp =

a,= —Ex. (3.4)

x m
Tax Kak Macca m U KeCTKOCTb £ — IIOCTOAHHBIE BEeJINYU-
k
HBI, TO UX OTHOILUEHUEe o TaKxe INOCTOAHHAA BeJIUYUHA.

Mb1 monyunnin ypasHeHMe, ONUCHIBAIOIIEe KOJeOAHTA Tera
TOA AeHCTBUEM CHJThI yupyroctu. OHO OYeHBb HpPOCTOE: npoex-
Yus a, YcrKoperus mesa nPpAMO nPponopyuoHaibHa ezo Koopou-
Hame x, 834moill ¢ NPOMUBONONONCHBIM 3HAKOM.

YpaBHeHHe ABMIKEHHMA MAaTEeMATHYECKOTO MAaSTHUKA. ITpu
KOoJe0aHMAX MIapUKa Ha HEePACTSKMMON HUTU OH BCe BpeMsd
ABVIKETCA IO yre OKPYXKHOCTH, PAAUYC KOTOPOH PaBeH [JIuHe
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nirit [ TlosToMy 1oJIOKeHMe HTapUKa 1 J1000IT MOMCHT BpemMe-

L olpeAesiercsa OJHOU BEIUYUHOU - VIVIOM (f OTIHONCHUS
Ty OT BepTUKaAu. ByjgeMm cuuraTh Yo ¢ HOJTOXKNTeILHLIM,
CCAH MAATHUK OTKJIOHEH BIPABO OT IMOJOMKECHI DaBHORCCHS,
1 OTPHLOATENBHBIM, €CJIH OH OTKJIOHEH BJICBO (cM. pue. 3.5).

KacaTelbHYI0O K TpaeKTOPUH OyZeM CUMTATL HallpaBACHHON
i CTOPOHY IIOJIOMKHUTENbHOI'0 OTCUeTa YIJIOB.

0O603HauUMM [POCKIIUIO CHUIbI TSKECTH Ha KACareaniyio
I TPAaeKTOpVM MaATHUKA 4Yepesd F.. Jra npoexknus g momcnr,
horjla HAThb MasATHUKA OTKJIOHEHA OT IIOJIOXKEHUST PABHOBCCIII
Ha yroJj o, pasHa:

F =—-mgsin . (3.5)

3HaK «—» 3JeCh CTOUT HOTOMY, UTO BeJIUYIHbI F.u o umeror
POTUBOIONOXKHbIe 3sHAKX. llpu oTKIOHeHUM MasTHUKaA Bipa-
5o (00 > 0) COCTaBIAIONIAN CHIIbI TAMECTH FT HalpaBJeHa BJIEBO
1 €e mpoeKnusa orpunarenssa: F. < 0. Ilpu orkinonenmnu madr-
imiKa BJaeBo (o < 0) aTa NpoeKIUs MOJOMUTEIBLHA: F. >0.

O603HaYNM IPOEKIUI0 YCKOPeHHA MaATHUKA HA KACATETh-
''YIO K €r0 TPAGKTOPHUM Yepes d,. ITa IPOeKIUA XapaKTepuayer
URICTPOTY U3MEHEHHS MOJAYJS CKOPOCTHU MaATHHKA.

Corsaceo Bropomy 3akony HbioToHAa

ma, =F

T
The%
ma, = —mg sin o. (3.6)
Paspenus seByo u npaByo 4acTH 3TOTO YpaBHEHUs Ha m,
HOJIYYUM
a,=—gsin q. (3.7)
Panee npenmonaranocs, 9To yribl OTKIOHEHUS HUTH MAST-
KA OT BEPTUKANTU MOTYT ObITH J06bIMu. B manbueiimem Gy-
1M CYUTATh UX MasaeiMu. [1pu Manbix yraax, ecau yros mame-
PCH B paguaHax,
sin o = «,

CrenoBarenbHO, MOMKHO NPHHATD
a, = —guo. (3.8)
Ecun yronm o mai, To npoekmus yckopenus IPpUMEPHO pas-
it TPOGKIUN yCKOpeHusa Ha ock OX: a. = a, (em. puc. 3.5).
I3 rpeyronsruka ABO 1718 Majoro yria o uMeeM:
o= —. (3.9)
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IlogcTaBuB 5TO BBIpAKEHME B pPaBEHCTBO (3.8) BmecTO
yTJIa o, MOJIYYUM

a, = _TX' (3.10)

OTO ypaBHEHHe HMeeT TaKoil jKe BHJ, UTO U ypaBHEHHe
(3.4) 1A YyCKOpeHWd IapUKa, NPUKPEILIEHHOT0 K NPY)KHUHE.
CuemoBaTesbHO, M pellleHUe 9TOTO ypaBHEHUsA OyJeT UMeTh TOT
JKe BUJ, UYTO U pellleHue ypaBHeHUA (3.4). ITo o3HadaeT, UTO
ABYIKCHME IUAPHKa M KOJIe6aHUs MasgTHHUKA IIPOMUCXOAAT OIU-
HakoBBIM oOpasoM. CMellleHMsI IIapUKa Ha IPYXHUHe K Teja
MasATHUKA OT IOJMOKCHUH PABHOBECHUS U3MEHAIOTCA CO BpeMe-
HEeM IO OJHOMY M TOMY K€ 3aKOHY, HeCMOTPA Ha TO, YTO CHUJIHI,
BBIBIBAIOILME KOJIeOAHUSA, HMeIOT Pa3JHUHYI0 (PHU3AYECKYIO
apupoay. YMHOXKUB ypaBHeHus (3.4) u (3.10) Ha m u BCcrom-
HUB BTOPOil 3aKkoH Herorona ma, = F, .., MOXHO clejaTh Bbl-
BOJ, UTO KoJieOaHUA B 3TUX [BYX CJAYYAAX COBEPIHAIOTCH IIOX
AEUCTBAEM CHJI, PABHOJEHCTBYOIAsA KOTOPLIX IPSAMO IIPOIOP-
NUoOHATBHA CMEILIeHHIO KoJjebJIolerocs reja OT HOJ0YKeHUS
PaBHOBECUs U HAIPABJEHA B CTOPOHY, HPOTHBOIONOKHYIO 3TO-
MY CMEITeHUIO.

Ypasuenne (3.4), kak u (3.10), Ha BUA OueHH IIpOCTOE:
VCKOpeHHne IPsIMO NPONOPIIMOHAIBHO KOOPAUHATE (CMeIeHUIo
OT MOJIOXKEHU PABHOBECHUA).

§ 22 FAPMOHHYECKHE KOJEBAHHUA

3Has, KaK CBABAHBI MEXK/Y COG0H YyCKOpeHHe U KOOpAUHATA
KOJIeOJIIONIeToCcss Tejla, MOYKHO Ha OCHOBE MAaTEeMAaTHYEeCKOTO
aHa/Ju3a HAUTH 3aBHCHMOCTb KOODAUHATHLI OT BpeMeHH.

¥Ycropenue — BTopad NPOM3BOAHAS KOOPAMHATHI MO Bpe-
MeHH. MrHOBEHHAS CKOPOCTh TOUKH, KAK BAM U3BECTHO U3 KyP-
ca MareMaTUKU, OPeJAcTaBiIAeT ccO0il TPON3BOAHYIO KOODAUHA-
THI TOYKU I10 BpEeMEHH!. Y CKOPeHUe TOYKH -— 3TO IIPOU3BOLHAHA
€e CKOPOCTHU 110 BpeMeHU, WU BTOPasd NPON3BOAHANA KOOPANHATHI
1o BpeMeHn. llTosroMy ypasrenue (3.4) MOKHO 3aIUCaTh TaK:

X' =y, (3.11)
rge x’”' -— BTOpas IPOU3BOAHAS KOOPAUHATH 1o BpeMeHu. Co-
rjiacHo ypaBHeHMIO (3.11) mpm cBoGOAHBIX Kole0aHUSX KOOp-
AUHaTa X MISMEHSETCs CO BpeMeHeM TakK, UTO BTOPas NPOU3BOJX-
Hasi KOOPAWHATHI 10 BPEMeHH MPAMO IIPOINOPIMOHATLHA caMoil
KOOpPAMHATE U INPOTUBOIIOJOXKHA €M 110 3HAKY.

l'apmonnyeckue xoxebanua. Vs Kypca MaTeMaTHKI U3BECT-
HO, YTO BTODbIE NIPOU3BOJHBIE CHHYCA U KOCHUHYCA [0 HX apry-
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MeHTy TPOIOPIMOHANBHBI CAMUM (DYHKIUAM, B3ATHIM C IIPOTHU -
HOIIOJIOMKHBIM 3HAKOM. B MaTeMaTuuecKkoM aHAaIM3e MOKA3BIBA-
ered, 4TO HUKaxKue Apyrue GYHKIIMKM TAKUM CBOMCTBOM He
omiiagaioT. Bee 9T0 M03BOMIAET € IONHBIM OCHOBAHUEM YTBEDIK-
147Th, YTO KOOPOUHAMA Mena, COBePULAULEZ0 CE0B0DHbLE KOJLe-
DAL, MEHACMCA C MeYCHUeM 8PeMEHU N0 3AKORY CUHYCA UAU
wocunyca. Ha pucynke 3.6 mokasaHo nsMeHeHHMe KOODLUHATEHI
'OMKHI CO BPEMeHeM II0 3aKOHY KOCHHYCA.

[lepuoanyeckre nsMeHeHNs QUINIECKON BEJINUYUHDI B 3aBU-
CIIMOCTU OT BPEMEHH, IIPOUCXOJAINNE IO 3aKOHY CHHYCa HJIH
LOCHHYCa, Ha3hIBAIOTCSA FAPMOHMYECKUMH KOJe0aHUIMU.

Brauane mbl GymeM paccMarpuBaTh rapMOHUYECKUE U3Me-
HelnAsa KOOPAMHATEL. B nanbHelineM 03HaKOMUMCSH ¢ TaPMOHU-
"CCKUMY U3MEHeHUSsIMHU JNPYTUX BeJMYuH.

AMmunTyaa kKosxe6aHMil. AMIIUTYAOR FrapMOHMYECKUX KO-
100AHUHI HA3BIBAETCSA MOAYJIb HAUGOIBIIIErO CMEII[eHUS TeIa OT
HOJIOYKeHUS PaBHOBECHA.

AMIIUTYa MOXKET MMeTh Pa3JMYHble 3HAYCHUS B 3aBUCH-
MOCTH OT TOT'O, HACKOJIBKO MBI CMEIaeM TeJ0 OT IOJIOMKEeHHH
P:\BHOBECHA B HAYaJbHBIA MOMEHT BPeMeHU, UJAH OT TOTO, Ka-
1145 CKOPOCTH coo01jaeTca Tely. AMILIUTY/a OIpeesIsieTCsa Ha-
UTBHBIMU YCJIOBUAMU, & TOYHee sHeprueil, coobijaemMoi Teay.
Ho MaxkcuManbHble 3HAUEHHUA MOAYJIA CHHYCA U MOLYJIS KOCHU-
nyca paBHBI eguHune. [losromy pemenne ypasaenus (3.11) e
MOKET BBIPAKATBCSA NPOCTO CHHYCOM HJIM KocMHycoM. OHO
LO/DKHO MMETh BHUJ IIPOM3BEACHUS aMILIUTYAbl KoneGauuil x,
il CHHYC HUJIH KOCHHYC.

Pemenue ypaBHeHNs1, onuchiBaloOmero cBoGOIHbIE Koje6a-
nusi. 3anuinem pelleHue ypaBHeHus (3.11) B coreayiomenm Bue:

x=x, cos\/gt. (3.12)
m

B arom cryuae mepBas nmpousBoaHAA IPUHUMAET BUJ

x' = —,/—k— x,, sinw/—k—t,
m m
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a BTOpasA IpousBoOAHAs OyJZeT paBHA:

" k /k k
x"=—-—x, cos,/—t=——x.
m m m

Mer moayumunau ypasHenue (3.11). CiemoBaTtennrHo, PYHK-
nus (3.12) ects pemenue ucxogHoro ypasaenud (3.11). Peire-

. k
HHeM 3TOT0 ypaBHeHHus OyaeT Takyke QYHKIUA X = X, Sin Et'

k
O6o3HauuM I[MOCTOSSHHYIO BeJIMYUHY "H’ 3aBUCAIIYIO OT
CBOMCTB CHCTEMBI, Uepe3 0!
k

Wy = 4/—-
0 m

(3.13)

Toraa pemenue ypapaenud (3.11) Mo)kHO 3anmcaTh TaK:

X = x,, COS Wyt. (3.14)
Camo ke ypasuenue (3.11) npurumaer BUJj
x" = -wix. (3.15)

T'paduk 3aBHCUMOCTH KOOPAWNHATHI TeJIa OT BpeMeHU corJiac-
Ho (3.14) mpeacrasaser coGoit kocmHycouzay (cm. puc. 3.6).

Ilepuon u yacToTa rapMoOHHYECKHX Kojebanuii. [Ipu Kose-
faHuaAxX [BUIKEHHA Tejla mepuogudecku mnosroparorcs. [Ipome-
KYTOK BpeMeHnu T, 3a KOTODBIH cucTeMa COBeplIaeT OANH MOJ-
HBIH MHUKJ KoJebaHUil, HasbIBaeTcsA MePUOAOM KoaeGaHMIi.

BHasa IIepHUOJ, MOMKHO OIPE/eJUTh YacTOTy KoJeOGaHMH,
T. e. YHCJO KoJeGaHull B eJUHUIlY BpEMeHU, HallpUMEp 3a ce-
kyany. Ecam ogno xonebaHume coBepmiaercss 3a Bpemsa T, To
qucao KoJiebauuil 3a CEKYHIY

V= .
T
B Mexgyunapoauoit cucreme epmuun (CH) wacmoma xone-
banuil pasna eduHnuye, ecau 3a cekyHdy cosepuraemcsa 00HO
konebanue. Emqupmma dacToThl HasblBaeTcsd zepuyem (COKpa-
meHHO: I'm) B yecTh HeMmenkoro dbusuxa I'. Tep i a.
Yucio KojebaHUM 3a 27T ¢ PaBHO:

(3.16)

2n
W, = 2nv = 7:.

(3. 17)

Beanumna m, — IHKIWYECKAs, NN KPyrosad, 4aCTOTa KO-
nebannii. Ecanm 8 ypasHeuun (3.14) Bpemda ¢ paBHO OSHOMY Ile-
puony, to 0T = 2rn. Takum o6pa3oM, ecjii B MOMEHT BpeMeHU
t=0x=x,, To u B MOMeHT Bpemenu t =T x=x,, T. e. 4epes
[IPOMEeXXKYTOK BPEMEHU, PABHLINA OLHOMY IepHOAY, KojleOaHuA
HOBTOPHIOTCH.
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YacTrorTy CBOGOAHBIX KOJIe0AHUIT HA3LIBAIOT COOCTBEHHOH
4aCTOTOH KO0JIe6GaTeJbHOM CHCTeMbI .

3aBHCHMMOCTDb YACTOTHI M MEPHOJA CBOOGO/HBIX KOJCOAHUNI
oT CBOUCTB cHcreMbl. CoOCTBEHHAA HACTOTA KOoJICOalinil Tedia,
[IPUKPEILIEHHOro K IIPYKIHE, COTVIACHO ypaBHEHNUIO (3. 13) pasha:

o = |&
(V] m'
Ona TeMm GoJIbllle, YeM OOJIbIIIEe JKECTKOCTH IPYIKUHBL £, U TeM

MeHbIIe, YeM OOJIbIIIe Macca TeJia . ITO JIETKO TMTOHATh: JKeCT Kt
NMpyxXuHa coobiaeT Teay 0oJblilee YCKOpeHne, ObICTpee MeHsIeT
CKOPOCTH TeJa. A ueM TeJlo MaccuBHee, TeM MeAJIeHHee OHO U3Me-
HAeT CKOPOCTH IO/ BINAHUEeM cubl. [lepron Kosebasuil paBeH:

T = an 2n\/E.
O k

Pacnonaras mabopom TpY:KUH PA3IUYHON KECTKOCTH U Te-
JIAMH Pa3JIMYHOM MAacchl, HETPYAHO yOeIUTLCA HA OOBITE, UTO
dopmyasl (3.13) 1 (3.18) npaBUIBLHO ONUCHIBAIOT XapaKTep 3a-
sucumoctT W, u T or Bk 1 m.

SameuarTeJIbHO, UTO IePUOJ KoJebaHuil TeJa Ha NPYyKUHE
1 IepUok KoJaebaHuil MasgTHUKA IIPU MaJIbIX yriaxX OTKJIOHEHUA
HE 3aBHUCAT OT aMILIATYILI KOJeOaH WM.

Mozayas KosdhdUuIlmeHTa TPOHIOPIHOHAJIBLHOCTH MEXKIY YCKO-
peHueM q, ¥ cMellleHueM x B ypasHeHnH (3.10), onmceiBaromnieM
KoJiebaHua MasATHHUKA, IIpeAcTaBasgeT cobol, Kak U B ypaBHe-
unn (3.11), KBagpar HUKJIHYeCcKOH uyacToThl. CilenoBaTenbHO,
cOOCTBEHHAS YacTOoTa KoyebaHuii MaTeMaTHYeCKOT0 MasTHUKA
1IPY MAJIBIX YIJIaX OTKJIOHEHWS HUTHU OT BEPTUKAIN 3aBUCUT OT
JUIMHELL MAATHUKA ¥ YCKOPEHUWS CBOOOJHOIO NakeHud:

(3.18)

W, = % (3.19)
Ilepuon ke sTux KoJsieGaHUIl paBeH:
l
T =2m,[|—. 3.2
n\/; (3.20)

dra ¢dopmysaa ObLIa BOepBhIe IIOJIyUYeHa M IIPOBEpPeHa HA
ouplTe rosulangckuMm yueHbiM . N'tofirermcom — coBpemeH-
nukom M. HeoToHa. OHa cupaBedjiBa TOJIBKO JJIs MaJbIX
Yy[JIOB OTKJIOHEHUuA HUTH.

'Yacto B manbHeAIIeM ANA KPATKOCTH MBI OVAEM HasLIBATL IIMKJIHUE-
¢KYI0 YacTOTY IPOCTO YacTOTONH. OTJHUYUTE MUKIUIECKY IO HacTOTy OT OBBIU-
HOU 4aCTOTHI MOJKHO 110 0603HAUEHUAM.
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ITepuon kKoneGanuii Bo3pacTaeT ¢ yBeIHUeHUEM AJUHBI Ma-
ATHHKA. OT Macchl MaATHHKA OH He 3aBUCHUT. DTO JETrKO IpOBe-
PHUTH HA ONBITE C PA3JIUYHBIMU MasATHUKAMU. 3aBUCHUMOCTD IIe-
puojia KojeGaHuil OT yCKOPEeHUsS CBOOOXHOIO MAfeHUS TAKIKe
MOXXHO OOHApPYKUTh. HeM MeHbIlle g, TeM GOJIbIIe EePUOL KO-
JebaHul MaATHUKA ¥, CJEI0BATENbHO, TeM MeJeHHee UIyT
49acel ¢ MaATHUKOM. Tak, yacel ¢ MasiTHUKOM B BHje Ipy3a Ha
CTeP3KHEe OTCTAHYT 3a CYTKH IIOYTH HA 3 C, €CJAU UX NOAHATH U3
IIO/BaJIa HA BEPXHUM dTaxk MOCKOBCKOro yHuBepcuTeTa (BHICO-
ta 200 mM). I 5TO TOJILKO 3a CUET YMeHbIIeHUA YCKODPEHUS CBO-
00qHOIO MaJeHUs ¢ BLICOTOM.

3aBUCUMOCTh I[€PHOJAa KOJeGAHMI MAaATHUKA OT 3HAUe-
HudA £ UCIIONb3YyeTcsi Ha TMpakTuke. M3mepsas nepuon kxoseba-
HII, MOXXHO OYeHb TOYHO OIIPEJENUTD g. Y CKOPeHUe CBOBOIHO-
ro najeHnsd MeHdAeTCH ¢ reorpagudeckoil mmpotoit. Ho u Ha
AaHHOU INIWPOTe OHO He Beadle OAMHAKOBO. Beab MJIOTHOCTH
3eMHOU KOpHI He BCIOAY OJWHAKOBa. B paiionax, rie 3ajeramr
IJIOTHBIE ITOPOJBI, YCKOPEeHUE & HeCKOJIbKO 0osblee. ITO yuu-
TBHIBAIOT IIPH IIOUCKAaX II0JEe3HBbIX NCKOIIAEeMBbIX.

Tak, sxenesnas pyza o6iamaeT NOBBIIEHHOH ILIOTHOCTHIO
10 CPaBHEHHUIO ¢ OOBLIYHBIMHM Hopogamu. IIpoBemeHHBIE DO
pyxoBoacTBOM akazemMura A. A. MuxaiijoBa uaMepeHUs
YCKOpeHHusA CBOOOLHOrO mafeHus moj KypckoM N03BOIMIN
YTOUYHUTE MeCTa 3ajleraHus KeJle3HOM pyzabl. CHavaga OHU
ObLIM OGHAPYIKEHBI [IOCPEACTBOM MATHUTHBIX U3MEpeHu.

CBolicTBa MexaHWYECKHX KoJebauuii UCIOAB3YIOTCSA B
yCTpoO#CTBax GOJNBILINHCTBA 3JEeKTPOHHBIX BeCcOB. Bapernmsae-
MO€ TeJO0 KIamyT Ha IIaTgopMy, IO KOTOPOH YCTAHOBJIEHA
SKeCTKas MPYyXKUHAa. B pesysbraTe BOSHHKAIOT MeXaHHUYeCKUe
KOJIeGaHMs, JacTOTa KOTOPHIX N3MEPSEeTCA COOTBETCTBYIOLINM
AaT4uKoM. Mukponpoueccop, CBS3aHHEBIR € S5THUM AaTYUKOM,
[I€PEeBOJUT HacTOTy KOJebaHUI B MacCy B3BeIIMBAE€MOIO Teja,
TAK KaK 3Ta H4acToTa 3aBUCHUT OT MAaCCHI.

ITonyuennnie opmyast (3.18) u (3.20) mus mepuojaa KoJje-
0aHu@l CBU/JETeNbCTBYIOT O TOM, UTO IIEPHOL rapMOHUYECKUX
KoJeGaHN# 3aBUCHUT OT [IAPAMETPOB CHUCTEMBI (FKECTKOCTH npy-
JKWUHBI, JJIUHBI HUTH K T. 1.)

§ 23 ®A3A KOJIEBAHHI

Beenem emie ogHy Besunumny, XapPaKTePU3YIOILYI0 rapMo-
HU4YecKue KoJyiebaHuA, — pasy konebamuil.

IIpu 3ajgaHHOM aMIIUTyIe KoleGaHU KOoOpAuHATA KOJIed-
JIIOIIErocA Tesa B 000 MOMEHT BPeMEHH OJHO3HAUHO OIpe-
AeJAETCS apryMeHTOM KOCHHYCA MJIM CHHyca: ¢ = ot.
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Benmuuny @, CTOAINYIO HOA 3HAKOM (PYNKIMK KOCHHY-
ca WJIU CHUHYyCa, HAa3bIBalOT (Ga3od KogdeGanui, OlHChIBAeMOR
sront pyHruMei. Bripaxkaerca ¢asza B yrJoBbIX CHHHMILAX -
paguaHax.

dasza ompenenser He TOJBLKO 3JHAUEHHE KOOPMHATLI, HO
1 sHauveHWe APYrux (GU3UUeCKUX BEJUUYMH, HATPUMCD CKOPO-
CTH ¥ YCKOPEHUS, UBMEHSIONINXCSA TAKMKe [I0 TAPMOHUUCCKOMY

s3akoHy. IloaToMy MOKHO cKasaTh, UTO (ha3a onpedesiem npu
3a0aHHOl amnaumyde cOCMOAHUE KOAeOAMENbHOIL CUCMeMbl
6 A1000i momenm epemeHu. B 3TOM COCTOUT 3HAYeHUE [I0HI-

Tusa pasbl.
Konebanus ¢ OMHAKOBLIMM AMILIATYOAMU H YaCTOTAMU

MOTYT pasjuuarbcs (hazamMu.

2n
Taxk Kaxk ;= T T

(p=w0t=2n—;—. (3.21)

t
OTHolIeHUe F VKa3blBaeT, CKOJIBKO HNepuoaoB IIPOILJIO OT

MOMEHTa HadaJia KoJjebauuit. JliobomMy 3HauyeHHUIO0 BpeMeHH {,
BBIPAXKEHHOMY B 4YicJsie IepuogoB T, COOTBETCTBYeT 3Hade-

Hue ¢asnl ¢, BHIpaKeHHOe B panmaHaX. Tak, IO HpPOIIeCTBUU

T b
BpeMeHu | = 1 (ueTBEpPTU mepUOLa) ¢ = PR 110 IIPOUIECTBUU I10-

JIOBUHBI IepHOJa ¢ = N, O NPOUIECTBUH IEeJOT0 IEepHuoxa
¢o=2n u T. O.

MooxHo n3o6pasuTh Ha rpaduKe 3aBUCUMOCTh KOOPAWHATEI
KoJebatonIelicsa TOYKHM He OT BpeMeHH, a oT ¢asbl. Ha pucys-
ke 3.7 moxkasaHa Ta Ke KOCHMHYCOHJA, 4TO U Ha puUcyHKe 3.6,
HO Ha TODU3OHTAJLHOM OCH OTJIOKEeHBLI BMECTO BPeMeHH! pas-
JUYHBIe 3HAa4YeHudA (assr @. )

IIpegcraBieHne rapMOHMYECKHX KOJeOaHUH C IMOMOIIBIO
KOCHHycCa U CHHYyca. Bbl y)xXe 3HaeTe, 4TO IIPU TapPMOHUYECKUX
KonebaHUAX KOOPAUHATA Tejia UBMEHSAETCS CO BpeMeHEM II0 3a-
KOHY KocuHyca ujau cuHyca. [locae BBemeHusa mouatus Gassl
OCTAHOBMMCSI Ha 3TOM IoJapobHee.

i

0 s T 5 2m 5 o
2 A

no|

Puc. 3.7
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T
CI/IHYC oTaIr4YaeTca oT KOCHUHyCa CABUIOM aprymMmeHTa Ha —2~,

9T0 COOTBETCTBYET, KaK BULHO U3 ypaBHeHusa (3.21), mpome-
YTKY BPEMEHH, PABHOMY YETBEDPTH IEpHOLA:

Cos @ = sin ((p + g) (3.22)

IlosTomy BMecTO (hopMysBl X = X, COS gt MOYKHO AJA OLUCA-
HUA TADMOHUYIECKUX KoJ1e0aHUl MCIOIb30BaTL (DOPMYIY

x = x, sin (0) ot + g) (3.23)

Ho npu arom navaavnas gpasa, 1. e. 3pavenue ¢a3s B MOMEHT

T
Bpemenu t = 0, paBHa He HYIIO, a 3"

O6bruHO KoONebanums reua, IPUKPEIJIEHHOTO K IIpYy;KHHe,
UIN Koaebauus MasiTHUKA MbI BO30y K 1aeM, BBIBOLS TEJIO Ma-
ATHUKA W3 [OJIOJKEeHUs DABHOBECHS W 3aTeM OTIYCKAaA ero.
Cumemenne oT 10J10’KCHHS PABHOBECHS MAKCHUMANLHO B Ha-
qayIbHOI Mmoment. [Tovromy anst onucanus KoreGaumit yaobuee
nonb3oBaTbes hopmynoit (3.14) ¢ npumMeHennEM KOCHHYyCa, YeM
(opmystoit (3.23) ¢ upumeHenrem cuHyca.

Ho ecan 661 Mbl BO30YAMIN KOMe6aHUs MOKOALUIerocsa Teja
KPaTKOBPEMEHHBIM TOJYKOM, TO KOOPAMHATA TEeJa B HAYAIL-
HBI MOMEHT 6blj1a Gbl PABHA HYJIIO, M U3MEHEeHUS KOOPAWHATLI
CO BpeMeHeM OBLIO OBl yVI06HEee ONUCLIBATDH C OMOIIIBIO CUHY-
ca, T. e. GOpPMyJIoH

x = x, sin wyt, (3.24)
TaK KaK IIpKU 2TOM HadajbHasd ¢asa paBHA HYJIIO.

Ecnu B HaYaIbHBIR MOMEHT BpeMeHU (mpu t = 0) dasza xoJe-

Ganwit paBHA ¢, TO ypaBHEHIe KOJIEGAHMI MOYKHO 3ATIHCATE B BUE

X = X, sin (0t + @).

Cneur dasz. Konebanus, onucbiBaeMbie dhopmynamu (3.23)
u (3.24), oTauYamwTCA APYr OT apyra toasko ¢aszamu. Pas-
HOCMb Pas, WA, KaK 9acTO FOBOPAT, cdéuz (has, 3TUX Koreba-

N T
HHUU COCTaBJAeT 5 Ha pucynxe 3.8 noxaszansr rpaduKn 3aBu-

CHUMOCTHU KOOpAMHAT OT BpEMeHW I ABYX TapMOHHNYECKHUX

.. e
KosebaHuil, CABUHYTEIX ITO (hase Ha 2" I'padux I coorsercrBy-

€T KOJIeOAHUAM, COBEPUIAIOIUMCS 10 CHHYCOMAATBHOMY 3aKO-
HYy: X = X, sin 0y, a rpagpux 2 — KonebGauumsMm, coBepIIan-
MUMCSA 110 3aK0HY KOCHHYCAa:

. T
X = X, cOs 0yl = x,nsm(a)ot+ 5)'
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X, CM
1 /\
. R R
0 1 2\ \y4 5 6\7 te
Puc. 3.8

s onpegenennsa pasHocTu (a3 ABYX KoJyiebaHui HaJl0 B 0060-
UX CAyYasagX KoJeOIIOI[YIOCA BEeJIUYHHY BLIPA3HUTH Yepe3 OJHY
¥ TY 2Ke TPUTOHOMETPUUECKYIO GYHKIINIO — KOCHUHYC WJIHW CUHYC.

1. Kaxme konebauns Ha3bIBAlOT rRpMOHMYECKMMH!?
? 2. Kak cBsizaHbl YCKOPEHHME M KOOPAMHATA NPH rapMORHYECKHX Koneba-
hd Husax?
3. Kak cBsi3aHbi UMKAMYECKan YacToTa kone- %> CMA
6anmit v nepmop Konebanui? L
4. NMouemy 4vacToTa KonebaHui Tena, NpH- 4j
KPENNEeHHOTO K NPYXMHE, 3aBHCUT OT ero ol
Macchl, a YacToTa KonebGaHMi MaremaTu- 0 D -
YeCKOro MasTHMKA OT MacChbl He 3aBMCHT! L 246 8 10121¢c¢
5. KakoBbl amnautyabl M nepuoabl Tpex -2r
Pa3NMYHLIX TAPMOHHYECKHX Konebanui, —4F
rpadMKy KOTOPbIX NPefACTaBNeHbl Ha PHU-
cyHkax 3.8, 3.9! Puc. 3.9

IIPEBPAIIIEHUE 9HEPTHU
$24  [IpM rAPMOHHMYECKENX KOJIEBAHHUSIX

PaccmoTpuM OpeBparnieHHe 3HEPTUM IPU TapMOHUYECKUX
KoJlebaHUAX B ABYX CJHyYasdX: B CUCTEME HET TPEHUHA; B cUCTe-
Me eCcTh TpeHue.

Ipespamennsa 3Hepruyu B cucreMax 6e3 Tpenusa. Cmelas
HIapUK, TPUKPEIJIEHHBIN K NPYsKUHE (CM. puc. 3.3), BIOpaBoO Ha
paccTosgHuE X,,, MBI coobriaemM KoJsebaTelbHON cucTeMe MOoTeH-
IUaJbHYIO 9HEpPTHIO:

IIpu aBu:Kennu MIapuKa BAEBO AedopMaIusd OPYyKUHBI cTa-
HOBUTCS MEHbIIE, M IOTeHI[MaJbHasd S9HepTrus CUCTEMbl YMeHb-
maercsi. Ho oqHOBpEMEHHO YBENIUYMBAETCsS CKOPOCTHL U, cJe-
JOBaTEJBHO, BO3pacraeT KuUHeTHYecKast sHeprus. B momeHT
[IPOXOKACHUA IMAPUKOM IIOJOYKEHHUS PABHOBECHS IIOTEHIIU-
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AJIbHAA 9HEPIrus Koj1ebaTesbHOW CHCTeMbl CTAHOBUTCS paBHOM
Hymo (W, = 0 npu x = 0). Kureruueckas xe 9HEprus NOCTH-
raeT MaKCHMyMa.

Ilocne mpoxosxaerns moroxenms PaBHOBECHA CKOPOCTE I11a-
bUKa Ha4uNHaeT yMeHbluaTheA. CliefoBaresnHo, YMeHBIIaeTCH
H KUHeTH4YeCKas sHeprus. lloreHnuanpHas e SHeprus cucre-
MBI CHOBa yBeTHU4YUBaercs. B kpaiineit nesoii Touke ona JAOCTH-
PaeT MaKCUMyMa, a KUHeTU4eCKaA dHePrus CTAHOBUTCS PaBHOI
Hysnr0. Takum obpasom, IPHU KOJIeOaHUAX TePUOINYECKH po-
HCXOUT II€PeXOA MOTeHIUATBHOW SHEPIUU B KMHETUYECKYIO
u obpaTtHO. Herpynuo HIPDOCTIENUTH 3a TE€M, UTO TaKHe e Ipe-
BpPAIlleHUsT MeXaHUYeCKOH SHEePIruy U3 OLHOTO ee BHJa B APYTroii
[IPOMCXOAAT U B CIyYae MATEMATHUECKOTO MASTHUKA.,

ITornas mexanuueckas SHEprudA Ipu KojJebaHUAX Tela,
UIPUKDETIEHHOTO K NPY’KUHEe, PABHA CYMMe KHHEeTHUYeCKOLH u
TOTEHIUANbHOM DHEPruil KoxebaTelbHON CHUCTEeMBI:

2 2
W=w, +w, =%, (3.25)
2 2

Kunernueckas u moremnmanpuas OHEPIUMu NEePUOAUUECKH
usmenalorcsa. Ho mornas mexaanueckas 9HEePI'uA M30JUPOBAH-
HOW CHCTeMBI, B KOTODOIi OTCYTCTBYIOT CUJIbI CONPOTUBICHUS,
COXpaHseTcA (COrTacHO BaKOHY COXpaHEeHUH MeXaHWUYecKol
9Hepruu) HemameHHoit. OHa pasHa J1U6GO NOTEeHIMATbHOH 3Hep-
MMM B MOMEHT MAKCHMAJIbHOTO OTKJOHEHMS OT MOJIOMKEeHIIs
paBHOBeCcHs, JIU0O0 Ke KUHEeTUYECKON 9HEPIruM B MOMEHT, KO-
TZa TeJO MPOXOAUT IOJIOXKEHUE PABHOBECHIS:

2 2
kxy  mu?

w p 5 (3.26)

JHeprus KoJebJIomerocs rejia OPAMO HOPOMOPIIMOHANBHA
KBaJpary aMILTUTYABl KoJeGaHUi KOODAMHATEI MU KBajpary
aMILIATYABl KosebaHUil ckopocTu (cMm. thopmyay (3.26)).

3aryxalomue KoseGaHus:. Csobonunie xKonebanms rpy3sa,
HUPHUKDPENIEHHOTO K IPYXXUHE, NN MASTHUKA ABIISIOTCS rapmo-
HWYECKUMU JIMIIb B TOM CJHydae, KOrJa HeT Tperuda. Ho cuiwr
TPEHUs, WJIHW, TOYHEe, CHUJIbI CONPOTHUBJCHHS OKpYysKalouier
CPeaBl, XOTA, MOXET ObITh, U MaJble, BCEraa IeUCTBYIOT Ha KO-
aebionieecs reo.

Cuiet conporusnenus COBEPILIAIOT OTPULATENBHYIO paboTy
U TEeM CaMbIM YMEHbIIAIOT MEXaHUUECKYIO SHEPruio CUCTEeMBI.
ITosTomy c Teuemmem Bpemenn MaKCHUMaJbHbIE OTKJIOHEHHSd
TeJa OT IIOJIOMKEHUsS] PABHOBECUA CTAHOBATCH BCe MEeHbIIe
1 MeHbllle. B KoHIle KOHIOB, Hmocae Toro Kak samac MeXaHuye-
CKOM 3HEPIUH OKAaMKeTcs MCUYepHaHHBIM, KoJebaHHs mpekpa-
TATCS coBceM. Kosnebanusa npu manuaum cun COIIPOTUBICHUSA
ABJIAIOTCA 3AMYXAOULUMUL.
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Puc. 3.10

I'padux 3aBUCHMOCTH KOOPAMHATHEI TeJa OT BPEMEHU IIPHU
3aTyxXamollux KojJebanuax usobpaken Ha pucyHKe 3.10. Ilo-
/AOOHBIH TpadMK MOXKET BBIUEPTHUTH CaMo KojaebIiolieecs
TeJ0, HAIIpUMEep MaSTHUK, )

Ha pucynke 3.11 usobpaxen MagTHUK ¢ mecouyHuiei. Ma-
ATHIK HA DABHOMEDHO IBMIKYIIEMCSH IO/ HUM JIMCTe KAaPTOHA
CTPYHKOU mecKa BbIUepPUMBAET rpa(upnx 3aBUCHMOCTH CBOEH KO-
OPJAMHATEI OT BpeMeHH. JTO IIPOCTON MEeTOI BpeMeHHOH pas3BepT-
KA KonebaHWI, HAOMIUH JOCTATOYHO IIOJHOE IIpeiACcTaBJIeHUe
0 Ipolecce KoJyebaTelbHOro ABMiKeHHsA. Ilpu HeGOJIBHIOM CO-
IPOTHUBJIEHNN 3aTyXaHue KoJeOaHUl Ha MPOTAKEHUN HEeCKOJIb-
KUX MepuojoB maJjo. Ecam ke K HUTSAM noaBeca MPUKPEIHUTH
JIUCT ILJIOTHON OyMary Ajis YBeJUYeHUA CUJIbI COIPOTUBIEHUS,
TO 3aTyXaHUe CTaHeT 3HAUNTEJLHLIM.

B aBTomMoOunax mnpumensirorcs =
cnenyaJdbHBIE AMOPTHU3ATOPBI IJA
ramieHusa KoJsgebaHUit Ky3osa IIpH
e3fne 1o HepoBHOM nopore. Ilpu Ko-
NeGaHUSAX KY30Ba CBA3AHHBIM ¢ HUM
IOpIIeHb ABMIKETCS B IUJIMHApE,
3alI0JTHEHHOM JKUAKOCTHIO. JKun-
KOCTb IIepeTeKaeT Yepes OTBEePCTUs
B [IOPIIIHE, UTO IIPUBOIUT K IOSBJIE-
HHMIO OOJBIIUX CHUJI CONMPOTHUBJIEHUS
1 OBICTPOMY BATYXaHUIO KOJeCanmii.

JHeprus KoJebaIomerocsa Teja
NPU OTCYTCTBUU CUJI TPEHUSA COXPa-
HAETCA HEW3MEHHOI,

Ecau Ha Tenma cuctembl neier-
BYIOT CUJIBI COIIPOTHBJIEHUA, TO KO-
sebaHNA ABIAIOTCA 3aTYXAOMIAMHU.

Puc. 3.11
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§ 25 BbIHYKJIEHHBIE KOJIEBAHUSA. PE3SOHAHC

Kax mam wusBectHO, cBOGOZHBIE KOJeOaHMS 3aTyxXaloT 3a
oIpeJeeHHOEe BpeMs.

Ho naunGosnee BaxHOe 3HAUEHUE UMEIOT HE3ATYXAIONHE KOJTe-
6amus, — Te, KOTOPbIE MOTYT AJUTHCA HEOTPAHUUEHHO ILOJITO.

Cawmpblit IpocToil crioco6 BO36GYKAEHUA He3aTyXamlux Ko-
JebaHUH COCTOUT B TOM, UTO HA CHCTEMY BO3JIENICTBYIOT BHEIII-
Hell mepuonudecKoi cuioit. Takue KoeGaHWS HAZBIBAIOTCS
BBIHYKJ€HHBIMH.

Pa6ora BHellHeil cuibl Hag cucTeMOH obeclleumBaeT apu-
TOK 9HEPTHHU K cucrteMe uspHe. IIpUTOK sHeprum He gaer KoJie-
GaHMAM 3aTYXHYTb, HECMOTPA HA JeHCTBHE CHJI TPeHUS.

Oco0brii  mHTEpeC HPEACTABIAIOT BBHIHYIKICHHBIE Koue6a-
HUA B CUCTeMe, CIIOCOOHO’ coBepuIaTh MOYTH CBOGOLHEIE KOJIe-
Ganusa. C oTuM cayuaeM 3HAKOMBI BCe, KOMY HPUXOJNJIOCH pac-

KayuBaTh PeOCHKA HAa Kavyeldax.

Kavenu - - oro mastHuK, T. e. KosebaTenpbHAas cHCTEMA
C ompesiesIeHHON cobeTBeHHOM yacToTol. OTKIOHATE Kadeay Ha
GoMbIIMIL Yyrost 0T 10J05KeHTsa PaBHOBECHA C IIOMOIBIO IOCTO-

FAHHOU BO BpeMeHU HeGOJILINON CHIIBI HEBO3MOMXKHO. He viaercs
packKadaTh Kadesid 1 B TOM cJyuae, ecIu UX GeCIopAI0uHO IO -
TQJIKUBATH B DasHble CTOPOHBLI. OJHAKO, ecau HayaTh B IIpa-
BHJIIBHOM DHUTMeE IIOATAJKHUBATL Kauead BIepex KaxkIblil pas,
KOrzja OHU IOPABHAIOTCH C HAMHM, TO MOKHO W 0e3 GOJTBIIIOrO Ha-
IPAMXKEHUA pacCKavaTh UX O4eHb cuibHo. [IpaBaa, A 9TOro mo-
Tpebyerca HeKoTOpOe BpeMa. Kaskablit TOMUOK caMm 1o cebe Mo-
’KeT OBITh He3HaUYHTeJNbHBIM. Ilocje MepBOro TOYKA Kadyeau
OyAyT coBepLIATH JWIIL O4YeHb Majble Kojebanms. Ho ecau
TeMII 9THX KO0JIe0AHUN U BHEITHHX TOJYKOB OJUH U TOT K€, TO
BTOPOH! TOTYOK OYZEeT CBOEBPEMEHHBIM U YCUJIUT JeiicTBHe nep-
Boro. Tpernit yennnur xonebanus ete 60IbIe U T. 1. ITpousoii-
AeT HAKOILJIeHWe DPe3yJbTATOB [JeHCTBUA OTJEJbHLIX TOJIYKOB,
U aMIJUTYAa KojebaHuil Kadesell cTaHeT GOJbLHION,. Mexay
Te€M eCJIM OTAeNbHbIe TOJYKM CJAEAYIOT APYT 3a APYTOM HEBITO-
nax, TO AefCTBHe OTHOTO Oy/eT YHUUTOXKATHCSH AeHCTBHeM Clre-
AYOIUero, U 3aMeTHOTo adeKTa He Oymer.

Bor aTa BO3MOMKHOCTh 3HAYNTENBHOTO YBEJIUYCHUA aAMIIIIH-
TYABI KOJIEOaHUI CHCTEMBI, CIIOCOGHOH COBEPIIATH MOYTH CBO-
GomHbIe KoJe0aHWsi, TIPU COBIALEHHN YaCTOTHI BHEIIHEH I[Ie-
PUOAUYIECKON CHJIbI ¢ COOCTBEHHOM YACTOTOH KoJIeGaTeIbHON
CHCTEMBbI U IIPEACTaBdgeT 0COObI MHTepec.

Boiny:xaennbre Kojge6aHus IIAPHKA, TPHKPEIICHHOTO K npy-
#uHe. PaccMOTpuM BRIHY K e HHDBIE KOJIE6AHUS B cucTeme, 06J1a-
Jamouiei cobcTBeHHOM YacToToH KomeGanuii. BMecTo MasTHHKA
yno0Hee B3ATH UIAPUK, IPUKPeILIeHHBIH K npysxkuHe. Ilycrs Ko-
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Puc. 3.12

Hell OTHOH U3 Py KUH OyAeT IPUKPEeIlIeH K HUTHU, IIePeKUHYTOH
depes 670K (puc. 3.12), a HUTH COeMHEHA CO CTEPIKEHBKOM Ha
nucke. Ecnu Bpamars JUCK C IIOMOLILIO 9JI€KTPOABUTATENA, TO
Ha IIapyK HadHeT [eliCTBOBATDH IePpHUOANYeCKaA BHEIIIHAA CUJIA.

IlocTenmenHo IapmMK HauHET pacKadYuBaThbeda. Ilpu sToM
amMriuTyaa konebauuii 6yger Hapacrarb. CIycTsa HEKOTOpOE Bpe-
MsA KoJefaHusa UPHOOPEeTYT YCMAHOBUBULUIICA XapaKTep: HX
aMILJIUTyJa TiepecTaHeT WU3MeHATLCSH €O BpemeHeMm. Ilpuuem
MOJKHO OOHADPYKHUTH, UTO YACTOTA KoaeGaHuii mapuka' paBHa
JacToTe KoyiebaHui KOHIA A NMPYKWHBI, T. €. 4aCTOTEe U3MEHEe-
HUS BHeITHeH cuuibl. (3Ta 4acTOoTa paBHA YUCIy 000POTOB JUCKA
B CEKYHAY.)

IIpu ycTaHOBUBIIHMXCSA BBIHYMKICHHBIX KOJIe0aHUAX YacCTO-
Ta KosiebaHMI Bcerja paBHa YacTOTe BHEITHEH IIepUOJUYECKU
AeUCTBYIOIEN CHJIbI.

Pe3onanec. Ilonbsysics ycraHOBKOII, M300pasKeHHONA Ha pu-
cyHKe 3.12, BBISCHUM, KaK aMILIATyJa YCTaHOBUBIIUXCS BBI-
HYKJIeHHBIX KoJiebaHMii 3aBUCUT OT YACTOTHI BHEITHEH CHJILI.
[InaBHO yBesuumBas YACTOTY BHEIIHEH CHJIBI, Mbl 3aMETHM,
4TO aMILIUTYZa KosebGaHuil rmocrenenHo Boapacraer. Ona moc-
THraeT MaKCUMyMa, KOT/la BHeINHAA CHUJIa AeficTBYeT B TAKT CO
CBOOOAHBIMU KOJeOaHUAMU MIapHUKAa.

Ilpun panbHelleM yBeJAWYEHUU YACTOTHI aMILJIUTYIa yCTAa-
HOBUBIINUXCA KoJieOaHUIN yMeHbITaeTcd. 3aBUCHMOCTL aMILIN-
TYyABl KosiebaHU oT yacToThl M3o0pakeHa Ha pucyHke 3.13.
ITpu oueHb GOJTBIINX YACTOTAX BHENTHEN CHJILI AMIJINTY/IA BbI-
HYKIEHHBIX KOJe0aHUHU CTPEMHUTCS K HYJIIO C POCTOM YACTOTHI,
TaK KaK TeJO0, BCJEJNICTBUE CBOeH MHEePTHOCTH, He ycIieBaer 3a-
MEeTHO CMeIlaThCs 3a MaJble TPOMEKYTKY BPEMEHHU U «/IPOIKUT
Ha MecTe».

Pesxkoe BospacTaHMe aMIJINTYIBI BBEIHYIKIEHHBLIX KoJeda-
HHUP TIPM COBHAAEHUU YACTOTHI WM3MEHEHHUs BHeniHeld Cuisbl,

1 YacroTy BBIHYKAEHHBIX Kojaebauuil 6ygeM ofosHauars, HYKBOH ® B OT-
JUYHEe OT YacTOThI COBCTBEHHEBIX KOJeGaHUIE CHUCTEMBI ().
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AEUCTBYIOIEH Ha CHCTeMy, ¢ YacTOTOH ee CBOOGOAHBIX KoJeba-
HUI HA3LIBAETCH PE3OHAHCOM (OT JIATHHCKOIO CJIOBA resonans —
JapMuil oT3ByK).

ITouemy BosHuKaeT pesoHanc? OGBACHUTDL 3TO ABJIEHHNE
MOYKHO C 9HepPreTUYeCKUX IIO3UIUH.

Ilpu pesonance ammauryza BBIHY)KOE€HHBIX KoJeOaHull MaK-
CuMaJbHa U3-3a TOTO, YTO CO3/|aI0TCA Hanbouiee 6IaronpUsATHEIE
YCAOBUSA AJIA Mepejayu SHepPIWH OT BHEIIHEro MCTOYHMKA Iie-
PHOAMYIECKOUN CUNLI K cucTeMe. BHeIIHas cuia IPpU Pe30HaHCe
AENCTBYeT B TAKT CO CBOGOLHBIMY KOJIeGAHUAMY. Ha nporaxe-
HUW BCETO IIepro/ia ee HAIIpaBJIEHHE COBIIAAET C HATIPABJICHIEM
CKOpPOCTH Kosebioieroca resa. [ToaToMy Ha npoTsaskenun Bee-
T'o Ileprofia 9Ta CHJjla COBEPUIAELT TOTHKO ITOJNIOKUTENbHYIO pado-
Ty. IIpu ycTaHOBUBIINXCA KOIeGAHMAX TTOTOMKATENLHAS pabora
BHEIITHEe} CHUJIBI PABHA 10 MOAYJIIO OTPULIATENbHOM paboTe CuIbt
CONIPOTUBJICHHS.

Ecnn yacrora BHelrHe# cHIbl He paBHa COOCTBEHHOH 4acTo-
Te Wy KoseGaHuil CHCTeMBI, TO BHEIUHAS CUAA JTHULIL B TedeHHue
94CTH IIepHO/Ia COBEPIaeT MOJOXKUTENIbHYI0 paboTy. B Teuenue
)Ke APYroif YacTH IIepuofia HallpaBJIeHHIe CHIIbI IPOTUBOIIOJIOM -
HO HalpaBJIEHUIO CKOPOCTH, M paGoTa BHeIUHeH CHJIBI Gyner
oTpuIaTeNbHON. B mesom pabora srenrHelt cure 3a IIepuos He-
BEJIMKa 1 COOTBETCTBEHHO HEBEIHWKA U aMILTUTYIA YCTAHOBUB-
muxcsa Koaebanuii. CymjecTBeHHOe BIMAHIE HA pe3oHaHC OKa-
3bIBaeT Tpenne B cucreme. IIpu pesornanmce mososxmTennHas
paGoTa BHeIIHe! CHJIBI IEJMKOM HAeT Ha HOKPBITHE pacxona
9HEPIuM 34 CUET OTPUIATENBHON PAGOTHI CUJILI COIPOTUB/ICHHUS.
IlosTomy uem wMmeHbIIe KO9(PUIHEeHT TPeHHUS, TeM GOoJbIIe
AMIUINTYAA YCTAHOBUBUIUXCS KOJIeOGaHUL.

H3zmeneHne aMmiuTy ot BBIHYK/ICHHBIX KoJaebaHuil B 3aBu-
CHMOCTH OT YacTOTHI DY PA3IUYHBIX KO3(DOUIHEHTAX TPeHUS
U OJHOW M TOH K€ aMILINTYIe BHEILIHeHd CLIbI nsobpakeHo Ha
pucyske 3.14. Kpupoii I cooTBeTCTByeT MUHUMANBHOE TpeHue,
a KpuBo# 3 — MakcuMaabHoe. Ha sTom PHCYHKe XOpOIIIO BU-
HO, YTO BO3PACTAHHE aMIIMTYALI BBIHYMKAEHHBIX KOJeGamuil
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Ip¥ pe30HaHCe BRIPAXKEHO T€M OTYeTJIMBEe, YeM MeHbIIe Tpe-
HUEe B cUCTeMe.

IIpu manom TpeHuu pesomanc «OCTPBIH», a pu GONABIIOM
«Tymnoi». Ecau wacrora konebanuii ® gamexa or Pe30oHaHCHOI,
TO aMIUIUTYRA KoJeOaHUi Maja U IOYTH He 3aBHCHT OT CHJIL
COIIPOTHUBJEHUA B CUCTEME.

B cucreme ¢ manbiM TpenHmem aMIIUTYAa KoJeGaHWui 1npu
pes3oHaHCe MOXKeT GBITh OYeHb GOJBIION Na)ke B TOM ciyuae,
Koria BHeWHAA cuia mana. Ho Gonwpmias ammauTyza yera-
HaBJIMBAETCS TOJBKO CIYCTHA MPOJOKUTENLHOE BPEMA IOCJIe
Havyaja JefCTBUA BHELIHEH CUIbI. B COOTBETCTBHHM C 3aKOHOM
COXpaHEeHUs JSHEPruyl BBI3BATh B CHCTeMe KoJeGaHHE ¢ 60/1L-
LIIO aMIJIMTYAOH, & 3HAYUT, COOGIIMTH CHCTeMe GosBIIYIO
SHEPIUI0 HeGOJBINON BHEIIHEH CHJIOH MOMHO TOJNBKO 34 apo-
AomxuTeNbHOe BpeMdA. Ecnu Tperme Benamko, To aMIuTyna
Konebauuil Gyxer HeGONBIION, M AIA YVCTaHOBJIEHUSA KoJieba-
HUU He TIOTpeGyeTcs MHOrO BpEeMEHH.

O pesoHaHCe UMeeT CMBICT TOBOPUTH, €CJU 3aTyXaHHUE CBO-
60AHBIX KoJNe6aHU B CHCTEMe JOCTATOUHO Maso. Unaue aMILIu-
TyAa BBIHYMIEHHBIX KoJaebaHWil nmpu o = ®, 6ygeT Majo OT-
JIMYATBCA OT aMILTUTY/Abl KoJlebaHUI OpU APYIUX HYacToTax.

§ 26 BO3JIENACTBUE PE3OHAHCA U BOPHBA C HUM

Ecian xonebarensHasi cucTeMa HaXOAUTCS Moj JeficTBHEM
BHELTHel IepHOANYeCKOM CHIIBI, TO MOKET HACTYIIUTh pe3oHamc
Y CBA3AHHOE C HUM Pe3KOe yBeudeHne aMILIUTY bl Koae6annii.

JI1o6oe ynpyroe teno, 6yab TO MOCT, CTAHMHA MalIUHBI, ee
BaJ, Kopmyc kKopabJssi, mpegcraBiser coboil KoJjebaTelbHyI0
CUCTEMY U XapakTepusyerca COOCTBEHHLIMHM UaCTOTAMU KoJIeba-
Huii. Ilpu paGore ABUraTesell HepeaKO BOZHUKAIOT nepuoguue-
CKM€ yCnIus, CBA3AHHBIE C IBU)KEHHEM YacTeil ABUTraTesns (Ha-
IpUMED, MMOPIIHEH) UAM ¢ HeJOCTATOYHO TOYHON OEeHTPOBKOM
X BpallaoIuxcdA AeTasell (Hanpumep, Banos). Ecuu uacrora
STUX IIEPUOIUYECKUX YCUIUN COBIAAAET C YACTOTOH CBOGOLHBIX
Kose0aHWl CHCTEMBI, TO BOZHMKAET PE30OHAHC. AMnoanryna Ko-
JebaHuit MOKeT BO3PACTH HACTOJIBKO, 9TO BO3MOMKHA MOJIOMKA
MaIluH, XOTA HANPAKEHNe B MaTepuale U He NPeBhIaeT (rpe-
AeJia IPOYHOCTH IIPU CTATUYECKUX Harpyskax. [leso B Tom, uTo
JKeJIeso0, CTaab U APYI'Ue MaTePUANbl IIPU IIEPEMEHHBLIX HATPY3-
KaX Co BpeMeHEeM TePHIOT IIPOYHOCTE, IIOCJIe Yero BHE3ATIHO pas-
pyILIaioTesd.

Bo Bcex aTuX cly4yasx NPUHMMAIOTCA CHEIMAJbHbLE MepHI,
4TOGBI HE JONYCTUTh HACTYILIEHHA DE30HAHCA WJIH OCIA6UTH
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ero geucrsue. s 5TOro yBeIMYMBAIOT TPEHUE B CHCTEME WK
e JNoOUBAIOTCS, YTOOLI COGCTBEHHBIE YACTOTHI KOoNebaHUI He
COBIAJaIN C YACTOTON BHelIHel cuibl. VI3BeCTHEI ciayuau, Ko-
rja NPUXOAUIOCH MEPEeCTPanBaTh OKeaHCKHUEe JalHephl, YTOOB
YMEHBIIUTL BUOGPAITHIO.

IIpu mepexoge yepes MOCT BOMHCKUM YACTSIM sanpeniaercs
uaru B HOry. CTpoeBoil mar NpuBOAUT K MEePUOAMYECKOMY BO3-
AefcTBUIO Ha MocT. Ecau cayuaifHo yacTroTa 3TOTO BO3geHCT-
BHA COBIIaJAET ¢ COOCTBEHHOH 4acTOoTOW KosebaHMII MocTa, TO
OH MOJKET DPa3pyIINTLCA.

Mb1 npuBOJUIN NIPUMEPHI BPEAHBIX IOCHEICTBUH De3OHAH-
ca. Ho ects u mosesnnre.

C Ba'KHBIMU NPUMEHEHUAMU DPe30HAHCA Mbl O3HAKOMMMCSH
B JaJIbHEHIIIeM.

1. JlBa masTHMKa NpeACTaBNSAIOT cO60M LWaPMKH ORMHAKOBOTO PaaMyCa,
? NOABELLEHHbIE HA HUTAX PABHOM ANWHBI. MACChl WAPMKOB Pa3NHYHbI.
e Kone6aHms Kakoro M3 MasiTHMKOB mpekpatarcs GbicTpee: nerkoro

MK TsHKenoro!

2. Nipuxoaunock ni Bam HabnofaThL SIBNeHME Pe3OHAHCa AOMa MM Ha
ynuye!

3. Ans Toro YTo6LI YAEPMXaTh OTKPLITYIO ABEPL B BecTM6IONE MeTpo
(aBepb oTKpLIBaeTcs B 06e CTOPOHBI  BO3BPALLAETCH B NONOXKEHHE
PABHOBECHS NPYMMHAMM), HYIKHO NPHAONMTL K PYyUKe aBepu cuny
oKono 50 H. MOMHO nM OTKPLITL ABEPb, NPUAOHME K PYHKEe CHAY
0,005 H! (TpeHnem B NeTnsx asepu npeHebpeus.)

4. TpH KaKOM YCROBUM PE3OHaHCHLIE CBONCTBA KonlebaTenbHOM cuCTe-
Mbl NPOSBAAIOTCH OTYETAHBO!

E

HTak, MBI 03HAKOMUJINCE C MEXAHUYECKUMHU KOJMe6aHIIMU.
O6paTum BHMUMaHHNe Ha OJHY OBIIYIO LS BCeX KOJeGaHUHE 0COo-
OeHHOCTB, OTIMYAIOLIYIO UX OT JPYTUX BULOB MEXaHUYECKOI'O
IBUKeHUA.

Kak npasuio, mpu paccMOTpeHMH MeXaHUYECKOTO [BUKe-
HUSA Teja (Haupumep, ABMXKEHHUSA KOCMUYECKOTO KopabJusa mim
IJIAHEeTHl 1104 A€UCTBHEM CUJI BCEMMPHOI'O TATOTEHHA) HYMKHO
ObIBaeT ONpeje/inTh II0JI0XKEHUE TeJa U er0 CKOPOCTH B JII060i
MoMeHT Bpemenn. Ho npu mayuenuum mepuogmuecKux xosieba-
TEJTbHBIX IIPOLECCOB 0COOBIA WHTEPEC IPeJCTABIAIOT OOIIHe IPH-
3HaKH, XapaKTepu3ymwlue MOBTOPAEMOCTE B JBHKEHHM, a He
TTOJIOYKEHHE U CKOPOCTH KOJIeOJIIOIEerocs Teja B 060l MOMEHT
BpeMeHU. BaykHo 3HATH aMILIUTYAY, Hepuok U (asy KoueGanui,
T. €. BeJIMYMHBI, XapaKTePU3YIOIIue npoilecc B iexom. Ilpu BbI-
HYXKJEHHBIX KOJMeDaHUAX HAJ0 3HATH OTHOIIEHNEe YACTOTEI BhI-
HYKJAI0Me CuJIbl (0 ¥ YacTOThl cBOGOAHBIX KOJeGaHUi -
Hmenno oHO ompeesnsier aMILIuTyAy u dasdy KoueGaHwmii.
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! IIPUMEPBI PEHIEHHUA 3AJAY

1. Cxonbko Kone6GaHuil coBepIIaeT MATEMATHUCCKIIT MasnTHHK
AanHO# [ = 4,9 M 3a Bpems f = 5 mMun?
Pemenue. [lepuosa konebauuii onpenensercs 1o popmysie

T = Zn\/z.
g

Hckomoe uncsio koaebaHUN MOKHO HAWUTH Tak.

[2 t
n=_-=_— [ <68,
T 2n V1
2. BeprukaibHO NOJBEHIEHHAA TPYKUHA PACTATHBAETCA TIPUKper-
JIeHHBIM K Hell rpysom Ha Al = 0,8 cm. Uemy paren nepuog T csobon-
HbIX Koaebauuii rpysa? (Maccoil npyRuHBI IpeHeOpeun.)

Pemenwune. Illepuoa kosebauuii rpysa, OPUKPENJICHHOTO
K MIPYKUHE, onpeaensierca GopMyaoit

T = 21t\/E,
k

rge m — Macca rpysa; kB — JKeCcTKOCTh Npykuubl. Ha rpys
—>

N
JeHicTBYIOT cmia TAMecTu F, w cuyia yopyroctu F,.,. Korga
I'Py3 HAXOAWUTCH B PABHOBECUM, 3TU CHJIbI PABHBI II0 MOAYJIIO:

F, =F,.
Tak xax F,=mg un F ., = kAl (saxkon I'yka), T0 mg = kAl
Kvaa m Al
oT — =
YA % P
CremoBaTeabHO,

T = 2n,}A—l =~ 0,2 c.
g

3. Ha ropusoHTalbHOM CTep)KHe HAXOAHUTCA I'PY3, IPHKDEeILICH-
LBIA K OpykuHe (cM. puc. 3.3). Hpyroii KoHeIl NIPYRKUHLL 3aKPelJICH.
B HeKOTOpPHI!I MOMEHT BPeMEHU I'PY3 CMEIIAI0T OT IMOJIOMKEHUsI PABHO-
secus Ha x,, = 10 cMm u ornyckaror. Ompenenure KOOPAUHATY ipDysa
crryetst 1/8 mepuoga xosebanmii. (TpeHre He YUUTHIBATD.)

Pemenue. 3aBUCMMOCTSE KOOPAUHATEL TPYy3a OT BpCMEHUN
BbeIDaxXaercda Tak:

X = X, COS Ot.
2n

T T
ITockoabKy My = T U t= g TO X =x,c08 0,071 m.
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4. I'pys, IPUKDPEIIeHHBIH K IpYXuHe, KoebJeTca Ha TOPU30H-
T&TPHOM TIJIaAKoM cTepskHe (cM. pmc. 3.3). OupenesnnTe oTHOIIEHUE
KUHETHYECKON 3HEePTMH Ipy3a K IOTEeHHUANBHON SHEPIHH CHCTEMbI
B MOMEHT, KOrla I'Py3 HaXOAUTCA B TOUKe, PACIOJIOMKEHHOH TTOCpean-
He MeXIY KPalHUM IIOJOXKeHNeM U IOJOXKEeHHeM pAaBHOBECUA.

Pemenue. Koopaunara ykasaHHOH TOUKY paBHA IIOJOBH-

x
He aMIJIUTYAbl Koaebauuii: x = —2"1 Horennuansuaa aHeprus

CHICTeMbI B MOMEHT NPOXOXKIEeHUA Ipysa uepes 9Ty TOUYKY paBHA:

kx?  kxZ
W, = 2 o Zn
2 8
B n11060if MOMEHT BpeMeHM BBHITIONHAETCS PABEHCTBO
kx?
W+ W, ==Z.

ITosToMy KMHETHUYECKAsA 9HEPIHA TPY3a B MOMEHT IIPOXOXK-
JeHUS UM YKAa3aHHOU TOUKM OIpeAe]deTCA TakK:
, kx? kx?  kx? 3
W= W, = 2 Sy
2 2 8 8

WK
CnemoBaTelIbHO, W 3.

n

YITPAKHEHHE 3

1. I'pys maccoii 100 r cosepuiaeT KoJaebaHua c¢ uyacroroit 2 I'm
nojx jeiicTBueM Npy»KuHBI. ONpeNeNuTe KeCTKOCTh IIPYIKUHBEI.

2. B Cauxr-Ilerep6ypre B Ucaakuenckom cobope BHCEJ MAaATHUK
Pyko, anuHA KoTOporo 6slia paBHa 98 m. Yemy 6uli paseH IIepuo/,
KoJebaHUY MaATHHUKA?

3. Illapuk Ha OPYKUHe CMECTHJIM Ha paccTosgume 1 ¢M OT [OJIO-
JKEHUA DABHOBECHUA M OTHYyCTHIM. Kakoil myTeh mpoiiger mapuk 3a
2 ¢, ecnu yacTora ero KoneGanuit v = 5 I'n? (aryxanuem Kosebammii
MOXKHO npeHebpeus.)

4. Teno maccoit 200 r coBepuiaeT KosebaHUS B TOPU30HTAJIBLHOK
IUIOCKOCTH C AMIUIMTYZOH 2 cM IOJ HeHCcTBHEeM TIPYKHHBI KeCT-
KocTbio 16 H/m. Onpenesnre MUKIHYECKYIO YaCTOTY KoneGaHuil Tea
YU 9HEePruio CHUCTEMBI.

5. ABTOMOGHIb OBMIKETCH ITO HEPOBHOM Aopore, Ha KOTOPO# pac-
CTOSTHUE MEXAy 6yrpamMm npubGiu3uTehHO PABHO 8 M. ITepron cso-
Goaubix Kosebamuii aBTOMOGUNA Ha peccopax 1,5 c. Ilpu kaxoit
CKOPOCTH 4BTOMOOHIA ero KoyebaHMs B BEePTUKAJBHOM IJIOCKOCTH
CTaHYyT 0cOGEHHO 3aMeTHBIMU?
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KPATKHE HUTOI'H I''IABBI 3

Konebanusa pasauyaod mpupoasl (MeXaHuuecKne, HueKTpi-
YeCKHe U AD.) ONKUCHIBAIOTCH OJUHAKOBBIMKW YPABHCHUSIMU.
Pasauuaior cBoGoAHBIE, 3aTYyXAIOIINE U BBIHYHACHHLIE KO-
aebanud.

CBo6onmHBIe K0Je0aHNA BO3HUKAIOT B CUCTEME I10J BJAMSIHU-
eM BHYTPEHHUX CHJ TIOCJie TOI0, KaK OHa BBIBEJEHA U3
cocToauusa paBHoBecudA. C TeueHUEM BpeMeHHU CBODOJHbLIE
KoJjebaHusa BCJEINCTBHE TPEHHA 3aTyXaioT.

Brinyxpennsle KojebaHUSA BO3HHKAIOT OPU AeHCTBMU Ha
CHUCTEMY BHEIIHEH NepHuOoANYEeCKOHW CHJIbI. ITH KoJgebaHUs
He 3aTyXaloT [0 TeX NIOp, IOKa AeHCTBYeT BHEIIHAS cUJa.
IlpuMmep BBIHY)KJeHHBIX KojJgeGaHUI: pacKauMBaHHNE Kaue-
Je#l ¢ TOMOIBIO MEPHUOANIECKUX TOJNUKOB.

CsobopHble KosebaHUA Ipy3a, NPUKPEIJIEHHOTO K IPYXKU-
He, MOYXHO OomHcaTh BTOPhIM 3akoHoM HplotoHa. Ero caen-
CTBMEM IIPUMEHHUTEJBHO K [TAHHOMY CJIyYal #ABIAETCH
ypaBHeHUE
x" = -wix,

rne X — CMelleHue rpyaa OT IIOJOYKeHUS paBHOBECHUSd;
X" — yCKOpeHUWe Irpysa; ®% — IOCTOSHHAA, 3aBUCHINAA OT
CBOMCTB CHCTEMBEI.

Pemrenue ypaBHeHUsi, onuchIBAIONIEro cBobGoOjHbIE KoJieba-
HHUA, BBEIDA)KaeTcAd depe3 KOCHHYC: X = X, c0S (04t + ¢g) —
WU CHHYC.

Konebanus, mpoucxomAnine 1o 3aKoHy KOCHUHYCA WUJIHU CHU-
Hyca, Ha3bIBAIOTCA FapMOHUYECKUMU,

Moayne MAaKCHMMAJBHOTO CMEIeHUSA TeJIa X, OT IOJOXKEHU
PaBHOBECHUS HA3bIBAETCHA aMILIUTYAON Koaebauunii. Benuun-
Ha (), Ha3bIBaeTCd IIUKJINYECKOH HacToTO# KoJsebaHHU u
BhIpakaeTcs 4Yepes3 HacToTy KoJjebGaHu# vV Tak:

M, = 2mV.

I[IpomexkyToK BpemMeHH, 3a KOTOPBHIM CHCTEMa COBepIIaeT
OOHO TmOJHOEe KoJeGaHMe, Ha3bIBAaeTCA MIEPHOJOM KoOJe-
Gauwnii. ITepros MOXKHO BHIPDA3UTH Yepesd IUKJIUUYECKYIO Uac-
TOTY:

Benunuuny, cToAIyI0 IO 3HAKOM KOCHHYyCa WM CUHYCA,
Ha3bIBAIOT (aszodl Kosebanuit. Paza ompenesaser MOJOMKe-
HUe KOJeOJIoIerocsa TeJa B IPON3BOJbLHBII MOMEHT Bpeme-
HY IIPU 3aJaHHON aMILJINTYIe KOoJeOaHuM.
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9. CoGcTBeHHas IMKJIMYECKas YacTOTa KoJeGaHUI rpysa,
OPUKPEIIEHHOTO0 K INIPYKHHE, 3aBHUCUT OT ero MAacchl m
¥ JKEeCTKOCTH IPYKUHBI k:

©. = k
0 e
CobceTBeHHAA UMMKJINYECKAA 4acTOTa KoJebaHuil MaTeMaTH-

YEeCKOro MaATHHKA onpejeaderca (hpopMyJIoH

g

rae £ — yCKopeHHe CBOGOTHOIO ImajfeHnusd, a [ — ajmHa Ma-
aruuka. Yacrora (kax u mepmoj) rapMOHHYECKUX KoJieda-
HUM He 3aBHCUT OT aMILJIUTY/bI.

10. Oueprusa KoJaeGIIOLIErOCA TeJa NPU OTCYTCTBHH CHJI Tpe-
HUA COXPpaHAETCH:

2 2 2 2
muv;  kx muy, kxz,

W = + = =

2 2 2 2

BeinysxienHble KOJe0aHUA COBEPIIAIOTCA IIPH BO3AEHCTBUA

Ha CHUCTEeMY, B KOTOPOH MOTYT HpPOMCXOOUTH KOJeOaHuA, Iie-

puoxuveckoil cuanl. Ilpw sTomM mMokeT HaGIOAATLCA pe3o-

HAHC! PE3KOe BO3pacTaHue aMILIMNTYAbl BBIHYKIAEHHBIX KO-

gdebaHUl TPU COBMNAJNEHUHM YacTOTHI M3MEHeHUs BHeIIHeH

CUJIBL ¢ CODCTBEHHOI YACTOTOM KoJebaHWi cucTemMbl. Peso-

HAHC IPOABIAETCA OTUYETIMBO JHIIL B CHCTEMaX C MaJIbIM
TpeHUuEeM.

I'naBa 4. 9JIEKTPOMATHUTHBIE KOJIEBAHHUS

B a0l ritaBe MbI 6y/[eM U3y4aTh 3J1eKTPOMATHUTHBIE
kosebannsa. Ocobo oTMETHM eIMHCTBO KoNebaTeib-
HBIX IIPOIIECCOB PA3JIUYHON IIPUPOLLI.

§ 27 CBOBOJHBIE U BBIHY JKJIEHHBIE
IJIIEKTPOMATHHUTHBIE KOJIEBAHNA

OJIEKTPOMATHUTHBIE KOJIE0AHUA GbLIIN OTKPLITHI IIOYTH CIIY-
uaiino. ITocse Toro kak nzobpenn neligeHcKy0 6aHKY (IE€PBBIT
KOHJIEHCATOP) U HayUHJIUCH cOOOUIaTh el GONBIIOo 3apak ¢ mo-
MOTI[LIO 3NIEKTPOCTATHUECKOH MAIIWHBI, HAYAJIM KU3YYaTh BJIeK-
TpudecKuil paspaj O0anxu. 3aMbIKas OOKJIAAKHM JeHIeHCKOM
0aHKHU C IOMOIILIO IIPOBOJIOUHOM KATYIIKM, OOHAPYIKMIIM, YTO
CTaJIbHBIEe CIIMIBI BHYTPU KAaTYIIKY HAMArHU4uBamoTca. B arom
HHUYEro yAUBUTEJIbHOTO He ObLIO: SJIEKTPUUECK U TOK U JOJIKeH
HaMarHW4YuBaTh CTAJBHON CepAeYHUK KaTyIIKu. CTPaHHBIM 3Ke
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OBLJIO TO, UTO HeJIb3sd OBLLIO mpexn- U“rd
cKasaTh, Kakoi KOHeIl cepAedHu-

Ka KaTYIIIKN OKAaYKeTCA CeBePHBIM
[IOJIOCOM, & KaKOW — IMKHBIM.
[ToBTOpPSiA ONIBIT IPUMEPHO B OJU- t
HAKOBBIX YCJIOBUAX, HOJYy4alu B
OJHUX CAyUYadgX ONWH DesyJjbTar,
a B apyrux — apyroii. [laseko He
cpaay IOHSAJIN, UTO IPHU paspanke
KOHZEHCATOPA UYepes KaTYIIIKY B 3JIEKTPUYECKOH eIl BO3HUKA-
0T KoJebaHudA. 3a BpeMsl pa3pAgKU KOHAEHCATOD ycleBaeT
MHOT'O pa3 liepe3apsiinThes, I TOK MeHseT HallpaBJeHHue MHOro
pa3, B pe3yJbTaTe Uero CepAeyHWK MOXKeT HaMarHW4YHMBATHCH
pasIuYHBIM 00pPasoM.

IleproanyecKue WM IOUTH NePUOJNYECKNe U3MEHeHUA 3a-
pANa, CIbl TOKA U HATIPDAXKEHUA Ha3bIBAIOTCA 3JIeKTPOMATHHUT-
HBIMH KoJeGanuaMu. OOBIUHO 3TH KoaebaHUs IPOUCXOAAT
¢ OUYeHb OOJBIION YaCcTOTOM, 3HAUNTEILHO IPeBhIIIAaKIeil ac-
TOTY MexaHHdecKnx Konebauuii. IlosToMy nnsa nx HabI0AeHUA
U HCCIeJOBAHMA OYeHb yA00eH 3JIeKTPOHHBIM ocuuiiorpad.

B siexTpoHHO-Iy4UeBOM TpyOKe ocnuiiorpada yskKmMi Iry-
YOK JJIE€KTPOHOB IIOMAJAET Ha 3KpaH, CIOCOOHBLIM CBETUTLCH
npu ero 6GomMOapAMpoOBKe diaekTpoHamu. Ha ropusoHTaJIbHO
OTKJIOHAIOIIME IJACTUHBI TPYOKM IIofaeTcs IlepeMeHHOe Ha-
IpsKeHNe Da3BepPTKU U, MUI000pasHOy (OPMBI (puc. 4.1).
CpaBHUTEJIBHO MeEAJEeHHO HaIpsKeHUe HOBBIIIAeTCA, a II0-
TOM OdYeHL Pe3KO IIOHU)Kaercd. JJIeKTPUUYEcKOoe IoJe MEXAY
[IIACTMHAMHU 3aCTABJSAET 2JEKTPOHHBIN Jyd npoberaTe 3KpaH
B FOPHU30HTAJLHOM HaIIPaBJIeHHUU
¢ IOCTOSHHON CKOPOCTBHIO H 3a-
TeM II0UTM MIHOBEHHO BO3Bpa-
maThbesa Hasanx. Ilocse sToro Bech
npoiecc moBtTopserca. Ecam Te-
[epb MPUCOEAUHUTE BEPTUKAIBHO
OTKJIOHAIONINE MIACTUHLI TPYOKU
K KOHJIEHCATOPY, TO KojgebaHUsd
HAIPAKEHUsT TPU ero paspAjke
BLIBOBYT KoJiebaHUS JIyda B Bep-

Puc. 4.1

OCIIHJLTIOTPA®

THKAJBHOM HampaBieHuu. B pe- 3”@“,;‘;%},’;“‘“ o
3yabTare Ha sKpaHe obpasyercs o
BpeMeHHAs pasBepTKa KoJjeba- 5
aui (puc. 4.2), nomobGHas TOH, + )
KOTOPYIO BhIYEPUHBAeT MAATHUK O

¢ mecouyHUIel Haj ABUMKYIIUMCH
aucrtom Oymaru. KosmebGanusa 3a-
TYXalT C TeueHUeM BPDeMEHH.
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ITU KoNnebaHUA SBISIOTCH CcBOOOOHBIMU. CBOGOIHBIMH KO-
Ae0aHUAMH Ha3BIBAIOTCS KoJie0aHUsA, KOTOpble BOBHUKAIOT B
CHUCTeMe II0CJIe BhIBEAEHUA €€ U3 IOJIOXKeHUd paBHOBecus. B Ha-
uieM ciaydae xojgebarejlbHasd cCUCTEeMa (KoHZEHCATOD U KaTyIITKa)
BBRIBOJUTCS U3 PABHOBECUS NPHU COOBIIeHUUN KOHJeHCaToOpy 3a-
paga. 3apagka KOHJIeHCATOpa 9KBUBAJEHTHA OTKJIOHEHHUIO Ma-
ATHUKA OT IOJIOKEeHUA PABHOBECHUS.

Hetpyzawo nonyuurs B QJIEKTPHUYECKOH IIeIIV TAaKIKe U BbI-
HYXXJeHHBIe 3JIeKTPOMArHUTHLIE KoJeGaHus. BrinyaenHBIMU
KOJIe0AHUAMM HA3BLIBAIOTCH KOJeBaHUA B Ilenu noxa geH’cTBUeM

BHeIIIHEN NePUOANYEeCKU U3MeHSAIoLleics IEKTPOABYKYIITeH
CUJIBI.

CeobonHble aneKkTpOMarHuTHLIE KoneGauus BO3HUKAIOT IIPU
baspAiKe KOHAeHCATOPA Yepesd KaTYIIKy WHAYKTUBHOCTH. Bbi-
HYKIeHHble KOJIebaHUsA BBI3BIBAIOTCA MTEPUOLUYECKOMH 3IC.

1. YTO Ha3kIBAIOT INEKTPOMArHHTHBIMM KONEGAHUSMM!
? 2. B 4em pa3nuume MeXAY CBOGORHBIMM M BbIHYXAEHHbIMM 3INEKTPO-
e MArHHTHBIMH KONneSaHusMu!

KOJEBATEJBHBINT KOHTYP.
§ 28 IIPEBPAIEHUE DHEPTUH
IIPH 9JEKTPOMATHHUTHBIX KOJEBAHUSIX

IIpocreitinas cucrema, B KOTODOH MOTYT HPOUCXORUTEH CBO-
GozHBIe 3JIEeKTPOMATHUTHbIE KOJIeGAHMIA, COCTOUT U3 KOHJeHCa-
Toba 1 KaTyIlIKy, IPUCOeINHEHHOH K ero obkaazkam (puc. 4.3),
1 Ha3bIBAETCA KOJIe0aTeJbHbIM KOHTYDPOM.

3apAIMM KOHJEHCATOD, NPUCOEIMHHUB ero Ha HeKOoTopoe
BpeMs K farapee ¢ IOMOUIBIO HEPEKJIOYATES (puc. 4.4, a).
ITpu sTOM KOHIEHCATOD mOSYUUT JHEPIruIo

W,= 2. (4.1)

Iie g, — 3apaAl KoHJeHcaTropa, a C — ero sJaeKTPOEMKOCTD.
Mexnay obknamrxaMu KOH/JIEHCATOPA BO3HHKHET Pa3HOCTh IIO-
TeHnuanos U .

ITepeBesem nepexarouatens B
nonoxkenue 2 (puc. 4.4, 6). Kon-
/ / IeHcaTop HavHeT paspsKarnca,

V4 U B IeNU MOABUTCA 3JIEKTpUUe-
= ckuit Tox. Cuiaa Toxa He cpasy
AOCTUTAaeT MAaKCUMAaJbHOIO 3Ha-
UeHUHA, a4 YBEJIUYUBAETCH IIOCTe-
IIEHHO. ITO CBA3AHO C SABJICHUEM

Puc. 4.3

1 2 1 2
T — g, T - 1
1
ll e ‘—__[I:" -4
a) 6)

Puc. 4.4

camouHayKkuun. IJC caMOMHAYKIIMM BO3HUKAET NPU IOABJIE-
HHU TOKA B [eNHU U IPEHATCTBYET ero YBeJUUEHHUIO, II03TOMY
TOK B L€l PACTET HOCTEIeHHO.

ITo Mepe pa3pALKY KOHLEHCATODPA SHEPTHUA dIeKTPUUECKOT0
noJA YMEHbIIAeTCHA, HO OJHOBDEMEHHO BO3DACTAeT JHEPrus
MAarHMTHOTO HOJISl TOKa, KoTopas ompenessercs GopmMynaoi

Li?
W, = - (4.2)
rge i — cuja IIepeMeHHOro ToKa; L — MHAYKTUBHOCTL KATYIIKH.

Tlonuas sueprus W ajieKTPOMATHUTHOTO II0JIA KOHTYDPA pag:
HA& CyMMe SHepTruil ero MAarHuTHOIO U 3JeKTPUYECKOro moJjei:

Y 2
w= L@ (4.3)
2 2C

B MOMEHT, KOTAa KOHJEHCATOP IMOJIHOCTBIO PA3PANUTCH
(g = 0), sHeprusa 2J1eKTPUUECKOr0 ITOJIA CTAHET PABHON HYJIIO.
OHeprus ke MarHNTHOTO ITOJIA TOK&, COTJIACHO 3AKOHY coxp'aHe-
HUA sHeprun, OyaeT MakcuMaJbHOH. B 3TOT MOMeHT cujia ToKa
TaKKe NOCTHTHET, KOHEUHO, MAKCUMANLHOTO 3HaueHus /[, .

Hecmorpsa Ha TO UYTO K 9TOMY MOMEHTY PA3HOCTH MOTEHIIMA-
JIOB Ha KOHIIAX KATYIIKH CTAHOBUTCA DABHOH HYJIO, dJIEKTPH-
yecKUH TOK He MOXKET IPEKPATHThCA cpasy. JTOMY INIpPeIsT-
CTBYeT fBJIeHMe caMouHAyknuu. Kak TOJBKO cuia TOKa U
CO3JaHHOE UM MATHHTHOE I10Jé HAUHYT YMEHbIIAThCS, BO3HU-
kaer JJIC caMOMHAYKIIUY, CTPeMALIafACH IO4AepKaTh TOK:‘

B pesysabTaTe KOHAEHCATOD OyJeT mepes3apsaaTbCA N0 TeX
op, TMOKA CUJIa TOKA, [IOCTeIeHHO YMEHbIIAACh, He CTaHeT E)gn-
HOH HYJII0. JHeprus MarHuTHOTO IOJIA B 3TOT MOMEHT Tam‘f‘ce y-
AeT paBHA HYJIIO, SHEPIUSA BIEKTPUIECKOTO IOJIS KOHACHCATODA
ONATH CTAHET MAKCUMAaJbHOU.

ITocoe 3TOTO KOHAEHCATOP BHOBL HAUHET Ilepe3apAKaThesd,
W CHCTeMa BO3BPATUTCS B HUCXOZHOEe cocTofgHUe. Eciu Obl He
OBLJIO IOTEePh YHEPTHH, TO 9TOT IIPOIIECC IPOTOJIKAJICH Obl CKONb
yroguo poaro. Konebanus OvLam OBI He3aTYXAIOINMHU. Yepes
NIPOMEKYTKM BpeMeHU, PaBHBIE NEPUOAY KoJebaHUM, COCTOA-
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HUE CHCTeMBI B TOYHOCTHM IOBTOPAIOCH 6bl. IlonHas sHeprus
IIPY BTOM COXpaHAJIach ObI HEU3MEHHOM, 1 ee 3HAYECHNE B JI000H
MOMEHT BpeMeHH ObLI0 6bI PABHO MAKCHMAJbHOM SHEPTUH JJIEK -
TPUYIECKOT0 IOJA HIM MaKCHUMAJLHONW JHEPru¥ MAarHUTHOTO
TTOJIs: , ,
P2 2 :
w=tl &G Pl (4.4)
2 2C 2C 2
Ho B geficTBUTENLHOCTH OTEPH SHEPIUH HEU3OEKHEL. Tax,
B JaCTHOCTH, KATYIIKa U COeJUHHUTEJbHBbIE TPOBOLa 00JIafaioT
CONPOTHBJIEHHEM R, a 9TO BeleT K IIOCTENEHHOMY IIpeBpAalLe-

HHIO SHEPIrUH 3JIEKTPOMArHUTHOTO II0JIS BO BHYTPEHHIOIO 9HEeP-
TUI0 IIPOBOJHUKA.

B xosnebaTenbHoM KOHTYpEe 9HEPTUSA 3JIeKTPUUYECKOTO TIOJS
BaPSIMKEHHOr0 KOHJEHCATOPA IIePUOSUYECKH IIEPEXOIUT B HED-
TUIO MarHuTHOro nojs toka. IIpu orcyrerBum comporusienus

B KOHTYDe HOJHasd SHepPrus 3JIeKTPOMATHUTHOTO TI0JIS OCTACTCS
HEN3MEeHHOH.

1. Yemy paBHa 2HEpPrus KOHTYPa B NPOM3BONBHLIA MOMEHT BpeMeHu!?
? 2. Moyemy Npu NOAKMOMEHMM KOHAGHCATOPA K KATYLIKE OH paspshxa-
® eTCsl NoCTeneHHo!

AHAJIOTUSA MEXKJ1Y MEXAHUYECKHUMU
$29 ¥ DIEKRTPOMATHHTHBIMHU KOJEBAHMUIMHU
OJNeKTPOMArHUTHEIE KOJieGaHUs B KOHTYp€e UMEIOT CXOJCTBO
€O CBOOOAHBIMM MEXaHHUYECKUMU KOJIeGaHUIMMH, HalpuMep
C KOJIeOaHUAMHU TeJa, 3aKPeIIEHHOTO Ha IIPYKHHe (upy»xuH-
HBIH MaaTHUK). CXOLCTBO OTHOCHTCA He K OpUpPOJie cCaMUX Be-
JIMYNH, KOTOPBble IePHOAUYECKH U3MEHSIOTCH, a K IIpoIeccaM
NepUOANYECKOr0 U3MeHEeHUSA PA3JIMUHBIX BEJIMUYNH.
IIpn MmexaHUUYECKUX KONEOAHNAX IIePHUOJAUCCKH U3MEeHAIOT-
Cs KOODAMHATA TeJIa X ¥ IPOCKIUA €r0 CKOPOCTH U, & IPHU dJIEeK-
TPOMarHuTHBIX KOJIe0aHUAX U3BMEHAIOTCS 3apAL ¢ KOHIEHCATO-
pba 1 cuna Toka i B nenu. OZWHaKOBHIN XapakTep H3MeHEHUS
BeJIMYMH (MeXaHUYEeCKUX U 3JIEKTPUUECKUX ) OO bACHACTCS TeM,
UTO MMeeTCHd AHAJIOIUS B YCJIOBUAX, OPH KOTOPLIX BOSHUKAIOT
MeXaHHYeCKHUe U 3JIeKTPOMATIHUTHBIE KOJeOaHus.
Bosspalenue K 1oJi0>keHII0 PAaBHOBECUSA TeJa HAa OpyKuHEe
BBIBBIBAETCS CUJIOK ynpyrocru F, ynp> IIPOIIOPIIMOHAIBHOM CMe-
HIeHWIO TeJla OT 00X eHNA paBHOoBecus. Koadduumuenrom npo-
IIOPIUOHANBLHOCTH ABJAETCA KECTKOCTD IIPYYKUHBI k.
Paspsanka kougercaTopa (IosiBIeHMe TOKa) o0ycJioBJIeHA Ha-
IPSKEHWEM U MeXAY IJIaCTUHAMU KOHJEeHCaTopa, KOTOpoe IIpo-
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HOPIUOHAIRHO 3apAny q. Roadduinentom HpOHOpU,I/IOHaJIbHOfTI/I

C

Ilomo6HO TOMy Kak, BCJEACTBHE MHEPTHOCTH, TEJO JHIIhL
[IOCTEIIEeHHO YBeJINYNBAeT CKOPOCTh IO JeHCTBUeM CHJIbLI U 3Ta
¢KOPOCTB IIOCJIe MIpeKpauieHus AeMCTBUAA CUJIBI He CTAHOBUTCHA
¢pasdy paBHOM HYJIIO, 9JEKTPUUYECKHUN TOK B KaTyIIKe 3a CHer
SIBJICHUSI CAMOMHJAVKIMY YBEeJINYNBaeTCA IOJ JEeUCTBUEM Ha-
IPSKEHNA IMOCTEeHHO U He NcYe3aeT cpaady, KOrha aTo Hallps-
JKeHMe CTAHOBHUTCSH PaBHBIM HYJIH0. HIYKTUBHOCTH KOHTypa L
BBITIOJIHAET Ty Ke POJb, UTO M Macca TeJja m IpH MexXaHude-
ckux KojeGaHmax. COOTBETCTBEHHO KHHETUYECKasa IHeprus

2 Li?
muv
x aHaJIOTNYHa 3Hepruun MAaArHMUTHOI'O II0JIdd TOKAa -2—

sIBIAETCA BeJIMYHHAE 'C—, O6paTHaH E€MKOCTH, TaK KaK U = —(.

Teaa

Bapagka KoHAeHcaTopa OT OaTapen aHaJIOTHMYHA coo6meu-
HHUIO TeJy, NPHKPENJeHHOMY K IPYyXKHHe, MOTEHINAIbHOU
2

X
HHEePTrUHU —21 IpY CMeIeHUH Tejla Ha PACCTOSHHE X, OT IOJOo-
skeHus pasHOBecus (puc. 4.5, a). CpaBanBasa 3TO BBIpaKeHNeE
2
q
¢ sHeprueidl KOHIEHCATOPA —-, 3aMe4YaeM, UTO KeCTKOCTb k

2C
NPYXUHBI BBIMOJHAET TPV MeXaHUIECKUX KoJiebaHAX TaKyI

1
e pOJib, KaK BelMIMHA ) oOpaTHAs eMKOCTH, IDH JJIeKTPO-

MArHATHBIX KoJebaHUAX. HpI/I 9TOM HadYaJIbHasA KOoopAuHAaTa
X,, COOTBETCTBYET 3apiaay ¢,,.

~Am

X
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BosuuxnoBeHue B aekTpIUecKoil LeIX TOKA [ COOTBETCTBYET
IIOABIEHUIO B MEXAHUYECKOH KoebaTe bHOM crcTeMe CKOPOCTH
TeJla U, TIOJ AeHCTBUEeM CUIbI YIPYTOCTH IpyKuHEI (puc. 4.5, 6).

Mowment Bpemernu, korza KOHJIeHCATOD pas3pALUTCH, a CHJIA
TOKA NOCTUTHET MaKCUMyMa, aHAJIOTHYeH TOMY MOMEHTY Bpe-
MEHH, KOrZa Teso GydeT IPOXOAUTH ¢ MAaKCUMAIBHON CKOpO-
cTbio (puc. 4.5, 8) monoxkenMe PaBHOBeCHH.

Hanee romzgencatop B xome 9JIeKTPOMArHMTHBIX KoJ1e6a-
HUH HAYHET Iepe3apsAKaTbCH, a TeJo B X0/le MeXaHUYeCKHX
KONEeOaHUH — CMeIaTbCs BJIEBO OT TOJIOXKEHUS PABHOBECUS
(puc. 4.5, 2). ITo npowecTaun II0JIOBUHBI leproja T’ KOHIeHcaTop
IIOJIHOCTHIO TIePe3apAAUTCS U CHJIA TOKA CTAHET PaBHOU HYJIO.

Ilpu mMexaHmuecKux KOMeGAHUAX 3TOMY COOTBETCTBYET OT-
KJIOHeHHe Tesla B KpaiiHee JIeBOe IMOJIOKEeHue, KOrfa ero ckKo-
POCTL paBHa Hy.110 (puc. 4.5, ).

CoorsercrBre Mexny MexaHHYeCKHMU ¥ 3JIeKTPHUYECKUMH

BEJIMYUHAMHA TPU KOJe0ATENbHBIX IIPOIIECCAX MOYKHO cBeCcTH
B Tabauy.

Mexanuqecxaﬂ BeJIHUYHNHA SJIelchuqecxaﬂ BeJHINHA

Koopaunara x 3apsazn q
Cropocts v, Cuia rToka i
Macca m

Muaykruenocrs L

1
Hecrkoers npyxunn k Bennuuna, obparnas eMKOCTH, —
kx? q2
Horeunnannuas sueprus 25 _ OHEPIUs 3JIeKTPUYeCKOTo noxs 1
p 2C
muv? Li2
Kuneruueckasn sueprus . X OHEeprusa MarHUTHOrO MoJs
2

BJIGKTPOMaI‘HI/ITHBIe U MeXaHnuvecKue KoJjebaHus HMEIOT pas-
HYIO IIPUPOAY, HO ONUCHIBAIOTCS OANHAaKOBLIMU YPaBHEeHUAMMU.

1. B yem nposenserca aHanorus MEXKAY 3NeKTPOMArHMTHbIMM Koneba-
‘? HUSIMU B KOHTYPE M KONEBaHUAMM NDYIKHHHOIO MafTHMKa!
® 2. 3a cyeT KaKoro sBneHus INEKTPHYECKMH TOK B KONEGATENLHOM KOH-

TYPe He ucyesaer cpa3y, Korga HanpsKeHHe Ha KoHAeHcaTope cTa-
HOBHTCSl PaBHbIM Hymio!

YPABHEHMUE, OIIMCBIBAIOUIEE ITPOIIECCHI
§ 30 B ROJIEBATEJBbHOM KOHTYPE. IHEPHUOT
CBOBOJHBIX 3JEKTPHYECKHUX ROJEBAHHUH

Ilepeiinem Tenmeps k KOJINYEeCTBEHHOW Teopuu IpOHeccoB
B K0J1e0aTenbHOM KOHTYpE.

YpasHenue, onuceiBaromee npoueccsl B KoJiebaTerbHOM
KoHType. PaccMorpum Kone6aTenbunrii KOHTYP, CONDOTUBIECHN -
emMm R KoToporo Moxuo nperebpeus (puc. 4.6).
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VYpaBHeHUMe, omnuchiBampllee CBOOOJHLIC
DJIIEKTPUUECKUE KOJeGaHUsT B KOHTYDPE, MOXK-
HO TOJIVYUTE C IIOMOIIBI0 3aKOHA COXPaHEHUdA B
sueprun. [lonHas »dJaeKTpOMarHUTHas 3JHepP- =,
rug W xouHTypa B J1060f1 MOMEHT BpEMEHU
paBHa CyMMe €ro S}Uleprm‘/’x MAarHHTHOTO H
ANEKTPUYECKOTO IOJEH:

9 2 Puc. 4.6
Li
W=+ L,
2 2C

JTa SHepPrus He MEHAETCA € TeYeHMeM BPEeMEHH, eCJIH CoO-
mpoTuBjeHne R KOHTypa paBHO HYJ0. SHAYUT, IIPOH3BO/H:sI
TOJHOI JHePruu IO BpeMeHM paBHa Hyuo. CiefoBarenbuo,
paBHa HYJIO CyMMAa IPOM3BOAHBIX 1O BpPEMEHM OT BJHEPrui
MATHUTHOTO U 3JEeKTPUYECKOTO IIOJeH:

L2) (¢ _

(—2_) +(§5] =0,

(L_iz)'Z _(ﬂi)', (4.5)
\ 2 2C

MdusmyecKnii cMbica ypaBHeHnd (4.5) COCTOUT B TOM, UTO CKO-
pPOCTH U3MEHEHU S 9HEPIiY MAarHHUTHOT'O HOJISA IO MO,IIYJIIO paBHAa
CKOPOCTH U3MEHEHU JHePTUU 3JIeKTPUUECKOI0 NOJA; 3HAK « :{
yKasblBaeT Ha TO, UTO, KOTJa SHepPrusd SHeHTpnqecmorg I'IO,.;I)
BO3PACTaeT, SHEePrusa MarHUTHOrO HoJd yonIBaer (M HAO oplo .

Breiuncaus npousBogHbIe B ypaBHenuu (4.5), nmonyuum

nian

L .. 1 / 4.6)
=, = - 200’ (4.6
5 2ii 5¢ qq

Ho npousBoamasa 3apsija II0 BpeMeHHM IIpecTaBideT co0oil
CHUJIy TOKAa B NAHHBIM MOMEHT BpPEeMEHMN:

im 54 = ¢’ (1.7)
i= lim—=¢. .
at—0 At
HosTomy ypaBHenue (4.6) MOMKHO TIEePEIIHCATH B CJIE/YIONCM
e Li=-LZ, (1.8)
C
) 1 Mgzl BeIUMCAAEM HIPOU3BOJHEBIEC I1I0 BPEMEHU. HO:—)TOM)f llpnn:ﬁum,‘umn (i)
paBHA He IpOoCTO 2i, KaK OBLIO OBl IPYM BEIYMCAECHAU MPOM3noHo 1o i Hvok-
HO 2i YMHOMUTH €Ie Ha IPOU3BOJHYIO i’ CHJBI TOKa 110 BPCMCIIL, TOK KAK
BBIYMCAAETCA ITPOM3BOAHAS OT CJH0KHOH GyHKuIUU. To uie camoce ornocures

& IpousBogHON (g2)'.
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IIponsBosHasAs cUJIBI TOKA IO BpeMeHH €CTb He YTO WHOe,
KaK BTOpas IPOU3BOAHAA 3apfAjfa HO BPEMEHW, HOJ00HO TOMY
KaK IIPOM3BOJHASA CKOPOCTH IO BpeMeHH (YCKOpeHHe) eCcTh BTO-
pasg OPOM3BONHAA KOOPAWHATHI MO0 BpemeHH. IloxcTaBuB B
ypaBuenue (4.8) i’ = ¢’ 1 paszgenus JeBy0 M IPaByH YacTH
9TOr0 ypaBHeHHUA Ha Li, HOnyuyuM OCHOBHOe ypaBHeEHHe, OIH-
CBIBaOIllee CBOOOAHDBIE DIEKTPHYECKHe KogebaHus B KOHTYype:

w_ L
q" = c? 4.9)

Teneps BbI B IOTHON Mepe MOXKeTe OLeHUTH 3HAUCHHUE TeX
VCHJINH, KOTOpbIe OBLIX 3aTPAvyeHbl AJA HU3yUeHUs KojaebaHuil
HIapHuKa Ha IPYXHHEe M MaTeMaTH4YeCKOro MaATHUKA. Benb
ypaBHeHue (4.9) HUUeM, KpoMe 0003HAYEHMI, HE OTJIAYAETCH
or ypaBHeHus (3.11), onuchIBaomero KojaebaHns IIapuKa Ha
npyxune. lIpu samene B ypaBrennu (3.11) x ma ¢, x” Ha q”,
k wa1l/Cu m Ha L MBI B TOUHOCTH TIOJYYHM ypaBHEHUE (4.9).
Ho ypasuenue (3.11) 66110 yike pemeno oime. Ilosromy, sHas
(GOpMYITy, ONMCHIBAIOINYIO KOTe0aHUA MDY KMHHOTO MasATHHKA,
MBI Cpa3y Ke MOXKeM 3allucaTh GopMysy AJd ONUCAHUA dJIeK-
TpuYecKuX KoneGaHUII B KOHTYpe.

k
®opmyna Tomcona. B ypasuenun (3.11) xosddumnnent P
npexcraBiasgeT coboil KBaapaT coOCTBeHHOI UacTOTHI KoJeba-

. 1
uuii. IlosTomy u KosdpunuenT ic B ypaBHeHuu (4.9) Takxe

npeacTaBiIdeT co00M KBajgpaT HUKJIMYECKON YaCTOTE — B TOT
pas a4 CBOGOJIHBIX JJEKTPHYECKHX KOJsieCaHmi:
1 1
2 _ -
0= ==, Wyg= ——. (4.10)

Le’ JLC

Ilepuon cBoGOAHBIX KOTeGaHUT B KOHTYpe, TAKUM 06pasom,
paBeH:

T = i—“ = onJIC. (4.11)
1]

®opmyna (4.11) naseiBaercs opmyroit TomcoHa B yecThb
anTaniickoro pusuka Y. Tomcouna (KensBuna), KOTOPHBIL ee
BIIeDBBI€ BLIBEJI.

YBesnuenue nepuoja CBoOOAHBIX KoJebaHUIT ¢ Bospacra-
HueM L n C HarJIAgHO MOXKHO MOACHUTHL Tak. Ilpu yBeaunde-
HUM MHAYKTUBHOCTHU L TOK MejjieHHee HapacTaeT co BpeMeHeM
U MeJlJIeHHee ITajaeT 10 Hynd. A yem Goabiue emMKocts C, TeM
Gonbirtee BpeMa TpebyeTcsi NJA Iepesapaiku KOHJeHcaTopa.
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T'apmonnuyeckue kogebaHus 3apaga u Toka. [logoduno Tomy
KaK KOOpAWHATA IPH MeXaHMYeCKUX KoJsebaHusAXx (B ciyyae,
Korjga B HAYaJbHBIA MOMEHT BpeMeHH OTKJICHEHME TCJa MasAT-
HUKA OT MOJOXXEeHUS PAaBHOBECHA MAKCHUMAJBHO) M3MEHSAETCH
¢O BpeMeHeM 10 TapMOHUYECKOMY 3aKOHY:

= X, COS Wy,

sapdAj] KOHIeHCATODa MeHseTCd ¢ TeUeHUEeM BPEeMEeHU II0 TaKO-
My K€ 3aKOHY:
g = q,, oS Wgt, (4.12)
rae q, — aMIUINTyaa KoJjebaHuil 3apsama.
Cuia TOKa TaK)Ke COBepIIAeT rapMOHUUYECKHE KoJaeGaHus:

i=q =-w,q, sinwgt=1I, cos (w0t+ g) (4.13)

rae I, = q,0, — aMnauryxa xoaebanuii cunbst Toka. Komeda-
T
HUSA CHJIBI TOKAa OIlepeXkaloT 1o ¢ase Ha 5 KoJebaHuA 3apAna

(puc. 4.7).
TouHO TaK e KonefaHUA CKOPOCTH Tejia B cJydae Ipy-

R
JKUHHOTO WJIM MaTeMaTUYeCKOIo MadTHHKAa OIepexXarT Ha E

KoJebaHUA KOOPAMHATHI (CMENIeHUA) 3TOro Tenaa.

B nmeficTBUTENBLHOCTY, M3-3a HEU30EIKHOTO HAIUYKUSI COIPO-
THUBJIEHUHA DJIEKTPUUecKON 1enu, Koaebamusa OyAyT saTyXaro-
uumu. ComporuBieHue R Takike OyjerT BJAUATD W HaA IIEPUOJ
KojebaHul, ueM OOJBINIe cONpOTHUBJIeHHE R, TeM O6OJbIMIEM
Oyaer nmepuon kosebanwmit. Ilpu gocraTouysHo 6GOJBIIIOM COIIPO-
THBJIEHUN KoJiefaHUA coBceM He BO3HUKHYT. Kommemcarop
paspaaurcsd, HO IlepesapAKUd ero He ITpou3oHier, SHeprus
JJEKTPUUECKOTO M MATHHUTHOTO II0JeH IepeiifieT B TeILio.

Ilpocreiimasn cucrema, rae HaAbIIOZAIOTCSA CBOOOAHBIE 3JICK-
TPOMAarHUTHBIe KoJefaHUA, — KoJebaTeNbHbBIH KOHTYP. ¥YpaB-
HeHMe (4.9) — 5TO OCHOBHOE ypaBHEHWE, ONHCHLIBAIOIIEE CBO-
0onHbIe JIEKTPUUECKUE KoJIebaHUsS B KOHTYDE.

q, ik

N AN A

Puc. 4.7
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1. B yeM pasnuuyne mexxay CBO60ﬂHb|MM M BbIHY XX AEHHBIMM INEKTPHYE-

‘? CKUMH KonebaHuamu!
® 2. Kak M3MeHMTCS nepuofi CBOBOAHLIX 3INEKTPHYECKUX KonebGaHui

B KOHTYpe, eCAM eMKOCTb KOHAEHCAaTopa B HeM BABOE YBENHYMTb
MAH e BABOE YMEHbWMThL!

3. Kak cBsizaHbl amnnuty Akl KonebaHui 3apsafa M TOKa npu paspsiake
KOHAAeHCaTOpa Yepe3 KaTywky!

§ 31 MEPEMEHHbBIA QJEKTPUYECKHUHI TOK

CBo6GogHbBIE DIeKTPOMArHUTHBIE KOJIe0aHKuA B KOHTYpe ObICT-
PO 3aTyXaloT, U NOITOMY OHM INPAKTUYECKH HE HCIIOJb3YIOTCA.
Hamporus, HesaTyxamoljue BBIHYKJeHHBIe KOJeOaHUs MUMEIOT
OTPOMHOE MpaKTHUYeCKoe 3HaYeHNe.

Ilepemennpiii TOK B OCBETUTEJLHON CETH KBapTUPHI, NPH-
MeHsIeMbIH Ha 3aBojgax u (pabpukKax U T. A., IPEeACTaBIAET CO-
60l He UTO UHOEe, KAK BHIHYMKJIEHHBbIEe 3JIeKTPOMArHUTHbIE KO-
nebanusa. Cujsa Toka U HaNps;KeHUe MEHAITCA CO BpeMeHeM
10 TAPDMOHUYECKOMY 3aKOHY.

KosebaHUsT HaNpAMKEHHUA JIETKO OOHADYKUTE C IIOMOIBIO
ocumnorpada. Ecau Ha BepTHKAJIBHO OTKJIOHAOINE HIACTH-
HBI ocuJLIorpada IoAaTh HallpsiKeHue OT CeTH, TO BpeMeHHAA
pasBepTKa Ha 9KpaHe OyJeT HPeACTaBIATb COOOM CHUHYCOHAY
(puc. 4.8). 3Has CKOPOCTb ABUKCHUSA Jy4a 10 BKPaHy B rOpH-
30HTAJBHOM HaIIpaBJeHHM (OHA ONpeAessaeTcd YacTOTOU Iiu-
JI006pa3HOI0 HAIPAKEHHNA), MOKHO BBIYUCJIUTh YacTOTy KoJe-
faunii. YacTora ImepeMeHHOr0 TOKA — 3TO UYHCI0 KojebaHui

B 1 c¢c. CranmapTHasgs 4acToTa IIPoO-
r—_r—_:—“-—j—j MBIIIJIEHHOI0 TMepeMEeHHOI'O TOKa
o pasHa 50 I';. DOTo o3Hauvaer, UTO HA

/ nporssxedun 1 ¢ rox 50 pas uger
> B OZHY cTOpoHY ¥ 50 pas — B mpo-
= TuBonoMokHyo0. Yacrora 50 TI'n
:j: [OPUHATA JJIsi TPOMBIIIIJIEHHOTO TOKA
=E BO MHOIUX cTpaHax mupa. B CIIHA

npunara yacrora 60 I'm.
Ecin HampsikeHMe Ha KOHILAX
OCIIHJLIOTPA®D eIyl MeHAeTCA I10 TAPMOHUUECKO-

DEKTPOHHBIN I p

VUBBHHR o My 3aKOHY, TO U HAIPAXKEHHOCTb
‘ © BJIEKTPUUECKOTO II0JIs BHYTPH 1IPO-
BOJAHUKOB OyJeT Tak)e MeHSATLCH
rapMOHHMYECKU. JTHU TIapMOHUYE-
CKHe H3MeHeHUsd HAUPSKeHHOCTH
[IOJIsI, B CBOIO O4Yepefib, BHI3BIBAIOT
rapMoHudecKue KojgebaHusa CKO-
Puc. 4.8 pocCTHU YNOPAAOYEHHOI'O NBHMKEHUA
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JAPAMKEeHHBIX YacTUIl M, CJIeI0Ba-
TeJIBHO, TapMoHHUYecKue KoJjeba-
U CHUJIBI TOKA.

Ho mpu mameneHuUm HampsKe-
A HA KOHIAX IeTH 3JeKTpude-
¢1KoOe r1oJe He MeHsSeTCA MI'HOBEHHO
30 Bcelr mernn. M3meHeHus IOJA
pPACIIPOCTPAHAIOTCSA XOTS U C OUEHBb
OOJBIIION, HO He ¢ OeCKOHeUYHO
DOJBIION CKOPOCTHIO. Puc. 4.9

OpHako, ecjud BpeMsi pacupo-

CTpAHEHUWA M3MEeHEHMH [OoJIA B IeNM MHOI'O MeHBIIe IIepUuo/ia
Koe0aHui HANPSKEeHNA, MOYKHO CUUTATD, UTO JJIEKTPUUECKOC
110JIe BO BCell eIt cpasy »Ke MeHSAeTCd IIpY U3MeHeHUU Hallps-
JKeHHA Ha KOHIax memnu. [Ipu aToMm cuia TOKa B JAaHHBINR MO-
MEHT BpeMeHHU OyaeT uMeTh IIPAaKTUYeCKN OJHO U TO Ke 3Hade-
e BO BCEX CeYeHUSAX HepasBeTBJIEHHOMU Ilenu.

IlepemenHoe HaNpAXKeHUE B I'HE3/laX PO3€TKU OCBETHUTEJb-
HOH CeTH co3faeTcs reHeparopaMu Ha saekTpocTaHuuax. Ilpo-
BOJOUHYIO PAMKY, BPAIAIOIIVIOCH B IOCTOAHHOM OJHODOLHOM
MATHHUTHOM TIOJI€, MOJKHO PACCMATPUBATH KaK HIPOCTeHINyIO
MoJeJib TeHeparopa IepeMeHHOro Toka. lloTok MarHUTHOH
nuaykmuu O, NPOHMILIBAIOIUU MMPOBOJOYHYI paMKy IIJIO-
1aabio S, IPONOpPIIMOHANeH KOCHUHYCY yrja (0 MexXJy HopMa-
ABI0 K paMKe M BEeKTOPOM MarHuTHod meAykium (puc. 4.9):

® = BS cos «.

IIpu paBHOMEpPHOM BpaIlleHUN PAMKU yI'oJ O YBEIUUUBAETCHA
(IPAMO IIPOITOPIMOHANBLHO BPEMEHU:

o = i,

rie @ — yrioBasi CKOPOCTh BpallieHus paMKu. [IoTok maramr-
HOM MHIYKIIMN MEHJETCS II0 TapMOHHUYECKOMY 3aKOHY:

& = BS cos wt.

31ech BeJIMUMHA () UT'PAET YKe POJSIb MUKINIECKON 4acTOT.

CorJyiacHO 3aKOHY aJieKTpoMarHuTHON MHEHAYKIUH IIC i
JAYVKIIMY B paMKe paBHa B3ATOM CO 3HAKOM «—» CKOPOCTH 1M
HeHHUS IIOTOKA MAarHUTHOU MHAVKIIUM, T. €. IPOU3BOAHOI 11010
Ka MarHUTHOM MHAYKIIUU IO BPEeMEHMU:

e =—®"'=-BS (cos wt) = BS®: sin 0f = ‘&, sinml,
e &, = BSo — amnauryga 9C nagyknuu.

Eeam K paMKe HOAKJIOYUTL KoJiebaTedabHbLIIT 1couryp, 1o
VIJIOBASA CKOPOCTB (O BPAIEHUA PAMKU OMPC/ICIITT HACTOTY (1
ronebaauit spavennit IC, HATPAKEHUA Ha Pt nx v

CTKaX IIenm ¥ CHUJIbl TOKaA.
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Mger 6yzeM M3ydaTh B JaJbHEHIIIEM BbIHYKIEHHBIE 3JIEK-
TpuYecKre KoJe6aHMsi, IPOUCXOAAIINE B IeNAX MOX AelCTBU-
eM HaIpsyKeHWUs, MEHSOIIEerocsa ¢ IUKJINIeCKOW JacTOTOH ®
10 3aKOHY CHUHYyCa WJHM KOCHHYyCA:

u=U,sin ot

AN
u=U,, cos wt, (4.14)

rae U,, — aMILIATYya HaIpAXEHWs, T. €. MaKCHUMaJIbHOe IO
MOZYJII0 3HAUEeHUE HANPAMKEHU.

Eciu Hanps:kenue MeHSIETCS ¢ IUKJINYECKOW 4acTOTOM O,
TO M CHJIA TOKA B l[eITN OyAeT MEeHAThCS ¢ Toi e yactoroit. Ho
KOJIeOAaHMA CUNbLl TOKA He 00A3aTeNbHO OOJKHEI COBIIAAATh II0
dase ¢ Koebanusimu HanpskeHuda. IloaTromy B 06miem ciyuae
CHJIAa TOKA i B JIIOOOM MOMEHT BpeMeHU (MTHOBEHHOE 3HadYeHUe
CHUJBI TOKA) olpeneaserca oo popmye

i=1T,sin (0t + Q). (4.15)

3pecn I, - aMOJINUTyda CUJIBL TOKA, T. €. MaKCHMaJbHOe IO
MOAYJIIO 3HAUeHUe CHJBbI TOKa, a ¢, — PasHocThb (casur) ¢as
MeXKly KoJIeOAaHMAMM CHUJIbl TOKA U HAIPAKEHU.

B upoMbIniJIeHHEBIX IeNAX IIePEeMeHHOro TOKa CHJja TOKa M
HalpsiKeHUe MeHAIOTCs rapMOHMYeCKH ¢ yactorod v = 50 I'm.
IlepecMmendoe HampsKeHVe Ha KOHIIAX LeNd cOo3JaerTcs I'eHepa-
TOPAMU Ha BJIEKTPOCTAHIUAX.

1. Mpu KaKMX YCNOBHUSIX B FNEKTPHYECKOH LeNH BO3HUKAIOT BbIHYKAEH-
‘) Hble 3IEKTPOMAarHMTHble KonebaHus!
® 2. OAMHAKOBO NKM MIHOBEHHOE 3HaYeHMe CHfibl MEPEMEHHOro TOKa
B [l@HHbIH MOMEHT BPEMEHM BO BCeX YHaCTKax Hepa3BeTBIEHHOM
uennu!

AKTHBHOE COITPOTHBJEHHE.
§ 32 JNEUCTBYIOIIUE 3HAYEHUA CHJIBI TOKA
A HATIPAXKEHUA

Tlepeiinem k GoJsiee neTaabHOMY PaACCMOTPEHUIO IIDOLECCOB,
KOTOpBIe MPOMCXOAST B I[€IH, MOJKIIOUYEHHOW K HMCTOUHUKY
IepeMeHHOTO HaIlPHMKeHU.

Cuaa ToKa B Lenu ¢ peaumcropom. IlycTs nens cocroumT u3
COeNUHHUTEIbHBIX NPOBOAOB U HATPYSKHU ¢ MaJIOM MHAYKTUBHO-
¢ThbIO U 6oabIuUM conporusiaeHueM R (puc. 4.10). Oty Benmun-
HY, KOTOPYIO MBI /0 CUX IIOP Ha3BIBAJN 3JJIEKTPUYECKUM CO-
IPOTUBJEHNEM WJIW TPOCTO COIPOTHBIEHHEM, Tenepb Oynem
Ha3bIBATh AKTUBHBLIM CONPOTHBJIEHMNEM.
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Conpotusienue R HaszbplBaeTcd AKTUB- |
I1bIM, IIOTOMY YTO IIPH HAJIUYUY HATPY3KH,
obyagamInel 3TUM COIPOTUBICHUEM, IIellb [] R u U, cosol
11OTJIOTIAaeT DHEepPIuio, HOCTYHAINIYI0 OT
reHepaTtopa. JTa sHepPrusa IIpeBpalllaeT- |
¢ BO BHYTPEHHIOIO YHEPruio OPOBOJHM-
KOB — OHHU HarpesaloTcA. Bymem cum- Puc. 4.10

TaTh, YTO HAIIPANKEHNEe Ha 3aXNMaXx Lenn
MEHAETCA II0 TrapMOHHUYECKOMY 3aKOHY!

u="U, cos wt.

Kak u B ciiyyae mOCTOAHHOTO TOKa, MIHOBEHHOE 3HAUEHUC
CHUJIBI TOKA IIPAMO IPOIMOPIMOHAJLHO MIHOBEHHOMY 3HAYEHHIO
Hanpa:xeHus. [losToMy I HAXOMKAEHUS MTHOBEHHOT'O 3HAUC-
HUSA CHJbI TOKA MOMXHO IIPUMEHUTH 3aKoH Owma:

Lou U, cosmt I (4.16)
= == —— = cos wf. .
R R m

B nposodnuke ¢ akmusHblm cOnpomusreHuem Korebanus

CuJabl Moka cosnadarwm no ¢asze ¢ KoaebaAHUAMU HANPANCE-

nusa (puc. 4.11), a amnaumyda cunvl moka onpedensemcs pa-
GeHCIMGOM

I, =-=. (4.17)

MomHOCT, B LeNU C Pe3ucTopoM. B menm nepeMeHHOTO
TOKA NPOMBINIeHHOH uactoThl (v = 50 I'il) cuna ToKa M Ha-
nps)KeHre U3MEHAIOTCS CPABHUTEJIbHO GpicTpo. Ilosromy npu
NMPOXOXKAEHUU TOKA II0 IPOBOJHUKY, HAIIPUMEpD 110 HUTU dJIEK-
TPUYECKOHN JTaMIIOUKM, KOJIUYECTBO BhIAEJEHHON SHEPTHU TaK-
sKe Oymer UGI)ICTpo MeHATbCA cO BpeMerneM. Ho sTux OBICTPBIX
N3MEeHEeHUN MBI He 3aMevaeM.

Kax npaewmio, maM Hy>XHO OBIBAET 3HATL CPeOHIOI MOl
HOCMb TOKA Ha y4acTKe ey 3a O0JIBbIION ITPOMeKyTOK BpeMeH!,
BKJIIOYAIONINH MHOTO IepuoaoB. s 3Toro focTaToyHO HAUTH
CPEeNHIOI MOITHOCTEL 3a oguH nepmoxa. Ilox cpeaneir 3a mepuoy|
MOIITHOCTHIO IIepeMEeHHOTO TOKa MOHWMAIOT OTHOIIEHHEe CyMm
MapHOM dHEePIruu, HOCTYIIaIneil B 1leb 3a HepUuo, K 1NCPHOLY.

MomntHocTs B ey mocTosH-
HOro TOKAa HA y4yaCTKe C COIPO-
TuBJIeHNeM R onpenemsercas Un up ()
(popmymoit In ig(t) ™

P=I?R.  (4.18)

A

Ha nporaskenuu ouess Ma-
JIOTO UWHTEpBaJa BpeMeHH Iie-
peMEeHHBIA TOK MOXXHO CUMTATH
HPAKTUYECKH [TOCTOAHHBIM. 1To-  Puc. 4.11
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9TOMY MIHOBEHHAs MOIIHOCTHL B €I IepPeMeHHOTO TOKAa Ha

y4acTKe, MMeIoIleM aKTUBHOE COIIPOTURJIeHUE R, olpenessieTcs
dopmynoin

P = i?R. (4.19)

Hatizem cpesnnee 3ua'ieHre MOITHOCTH 3a IePHOL. s sTo-

ro cHauajna npeobpasvem dopmyay (4.19), noxcrapiasis B Hee
Beipaskenue (4.16) juis cUIBI TOKA U UCHOJMB3YA U3BECTHOE U3

9 1+ cos 20
MaTEMaTHUKU COOTHOINCHTE cos? o = —
1R I2R I!R
P = -5 (1 + cos2mt) = 5 cos 2mt. (4.20)
Ppadpur sasucHmMocTH MI'HOBEHHOM MOIHOCTH OT BpeMe-
HE n3o6pamen ua pucynke 4.12, a. CormacHo rpaduxy
(puc. 4.12, 6), na NpoTAKEHNN OLHOH BOCHMOII nepuoga, Ko-
raa cos 2o/ - 0, MonHoCTE B 11060 MOMEHT BpeMeHH GoJjblie,
2
yeMm v%'z 3aTo 1a NPOTAMKEHUU CJaeAYIoIleH BOCBMON wacTu
nepuoaa, xorja cos 20t < 0, MOITHOCTE B JII060H MOMEHT Bpe-
MEHU MCHLUIC, HeM ;u Cpexnnee 3a nepuoj 3HadeHUe coS 20t
PaBHO HYJIIO, & 31AUHT PABHO HYJIO BTOPOE cjlaraeMoe B ypaB-
HeHun (1.20).
Cpennsisi mompupocts P pasua, TakuMm o6pasom, IepBOMY
uneHy B dopmyac (4.20):
= oy IR
P=i’R= . (4.21)
2
HdeicTBylomue 3naveHus CUABI TOKAa M HanpsixeHus. Us
2
dopmyasl (4.21) BijHO, 4TO BeJUYUHA —2i €CTh CpefHee 3a Ile-
PHOJ 3HAUEHHEe KBajpaTa CUJIbI TOKA:
1'2
i?="7, (4.22)
2
P cos 2wt
1
| 1 !
2 T | 3
InR| » _ 1 | 47
9 I i T i [ 0 t t ——t
| i i i I l T T U
1 1 | ! i | E
T + : + v -1 !
T T3 ) t
0 4 9 4T T 47'
a) 6)
Puc. 4.12

Bennuwna, paBHas KBaJpaTHOMY KOPHIO M3 CPEIHErO 3Ha-
IeHIA KBajJpaTa CHUJIbl TOKA, Ha3bIBAETCA AEMCTBYIOUIWM 3HA-
“"¢eHHEeM CHJIbl TIePEeMEeHHOro ToKa. [lelicTBylomee 3HaueHue
CUJIBL IIepeMeHHOoro Toxa obosHauaercs yepes I:

= 1
I=4iz="",

V2

(1.23)

JleiicTBylOllee 3HAYEHHE CHJIBI MEPEMEeHHOr0 TOKa DaBHO
CHJIe TAKOT'0 MOCTOSAHHOI'O TOKa, IIPM KOTOPOM B IPOBOJHUKE
BBIAEIAETCH TO K€ KOJUYECTBO TEILJIOTHI, UTO U IPHU IepeMeH-
IIOM TOKe 3a TO »Ke Bpemd.

HeiicTByollee 3HaYeHNe MEPEMEHHOTO HANPAMKEHUS Olpe-
/leJIeTCs aHaJOTHMYHO JeHCTBYIONIEMY 3HAYEeHUIO CHUJIBI TOKA:

U
U= u2=-2. (4.24)
V2

3ameHaa B dopmyse (4.17) aMIINTYHBIEe 3HAUEHUSA CH-
JIBI TOKA M HaUPAMKEeHHUA Ha WX AeHCTBYIOIME 3HAUEHUS, II0-
Jgaydaem

I=—. (4.25)

dro 3axkon OMa JIs yuacTKa UeNnu IepeMeHHOrO TOKA C pe-
3UCTOPOM.

Kak v npu MexaHWYECKUX KoJebaHUAX, B CIydae 3NEeKTPH-
'1eCKUX KoJie0aHuil 0OBIYHO HAC HEe NHTEPeCYIOT 3HAUYEHUS CUJIEI
TOKa, HAIIPAXKEeHUs U JPYIUX BeJIUYUH B Ka’KIbI MOMEHT Bpe-
MeHU. BaskHBI 06111Me XapaKTepUCTUKU KoJIeGaHuU, Takue, Kak
AMIUIMTYa, IIePUOoJl, 4acToTa, AeHCTBYIOINHEe 3HAYCHUS CUJIBI
TOKa 1 HaIIPAMKEHUs, CPeJHAA MOIIHOCTh. IMeHHO melicTBYyIO-
luue 3HAaYeHUs CHUJIbl TOKA U HAIPAKEHUS DPErucTPUPYIOT
AaMIOepMeTPhl U BOJBTMETPHI IIEPEeMEHHOTO TOKA.

Kpome Toro, geficTByouue sHaueHns yao6Hee MIHOBEHHBIX
3Ha4YeHUI ellle W IIOTOMY, YTO MMEHHO OHU HEeIOCPEICTBEHHO
OmpenesdA0T CpeJHee 3HaYeHMe MOUIIHOCTH P nepeMeHHOro
TOKAa:

P=I?R=UI

Konebanus cuisl TOKa B Llenm ¢ pe3UCTOPOM COBIAAIOT 110
(hase ¢ KoeOaHMAMHU HANPAKEHUS, & MOITHOCTD OTIPE/LCII5ICTC 51
/IeICTBYIONIMMY 3HAYEHUSIMU CUJIBI TOKA M HAIIPAYMKCH .

1. Hemy paBHa amnnuTyfla HaNPSHKEHUS B OCBETHTENbHBIX CeTAX nepe-
? MEHHOro TOKAa, PACCYMTAHHLIX Ha HanpshkeHue 220 B!
® 2. Yro Ha3bIBAIOT REHCTBYIOWMMH 3HAYEHMSMM CMIbI TOKA M HaNps-
weHmus!
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§ 33 KOHIEHCATOP B IEITH IIEPEMEHHOI'O TORA

° IlocToAHHBITL TOK HE MOXKeT
: ~ WATY 1o Ielld, coleprKaIliei KoOH-

o pgeHcarop. Beap (pakTHueckn npu
DTOM LieTlb OKa3bIBAeTCA Pa3OMK-
R HYTOH, TAK KaK OOKJIAJIKA KOHJeH-

caropa pasjieJieHbl JUJIEKTPUKOM.
C _l—— IlepeMeHHBIIT Ke TOK MOMKET UATHU

0 LeInu, copepIxallneil KonaeHca-
Top. B aTOoM MOKHO yOenuThCHA
C IIOMOIIBIO IIPOCTOTO OIBITA.
IIycTes y HAC MMEKTCs HCTOYHAKY IOCTOAHHOIO U IePEeMeH-
HOTO HAUPSAKeHHi, IpUYeM [OCTOAHHOe HAIIPSKeHNe Ha 3aMu-
MAaX UCTOYHMKA PABHO JeHCTBYIOIeMY 3HAUEHUIO IePEeMEeHHOT0
HalpsaxeHuA. llenb COCTOUT 13 KOHAEHCATOPA U JIAMIILI HAKAIH-
paHud (puc. 4.13), coeAnHEHHbIX ITOCIef0BaTeabHO. IIpy BKIIIO-
YeHUM MNOCTOAHHOTO HAIpAKeHUA (IepeKJodyareib MOBEPHYT
BJIEBO, LIeTh IMOJKJIUEHA K TouKaM AA’) JamMma He CBETHUTCS.
Ho npu BKJIIOYEHUW [1ePEMEHHOI'0 HaNPsKeHUA (IepexJyrda-
TeJb IOBEPHYT BIPABO, Ielh MOAKI0UEHA K ToukaM BB') namna
3aropaeTcsi, €CJii eMKOCTh KOHZEHCATOPa AOCTAaTOYHO BEJIHKA.
Kak Ke mepeMeHHBII TOK MOXeT WATH II0 Ielu, €CJH OHa
dakTHUeCcKU PAa3sOMKHYTa (MeXAy MJIaCTHHAMU KOHIEHCATOpa
3apabl HepeMelnaTbes He MoryT)? Bee meno B TOM, YTO IIPOKC-
XOAUT HNePHOAMYECKasi 3aPsAKa ¥ Pas3pAAKa KOHAeHCaTOpa 1ok
peficTBHEM IIepeMeHHOro HanpsikeHuA. TOK, HAYIIUI B Lenu
IIpH mepesapAlKe KOHIeHcaTopa, HarpeBaeT HUTh JIAMIIBL.
VceraHoBUM, KaK MEHAETCA CO BpeMEeHEM cHuJja TOKa B IelH,
cozepkalleii ToJIbK0 KOHIEHCATOP, ECIH COIIPOTHURIIEHUEM ITPOBO-
OB ¥ 0OKJIAZOK KOHIEHCATOPa MOKHO peHeOpeds (puc. 4.14).
HanpsaxeHue Ha KOHAeHcaTODe

u:@1_(92:%

PaBHO HANIIPAKEHUIO Ha KOHIIAX HEIIN. CJIGL[OBaTeJIBHO,

Puc. 4.13

% = U, cosot. (4.26)
BapAa KOH/IeHCATOPA MEHsAeTCA [10 TADMOHUUYECKOMY 3aKOHY !
g = CU,, cos wt. (4.27)
Cwuia TOKa, IPeCTaBIAINIIAd CO-
l Goli TIPOM3BOAHYIO 3apAzna IIo Bpe-
MeHU, paBHa:
=Un t : .
¢ = Uncos® i=q =-U,Cosin ot =

| [ x
= U,,Co cos (u)t + ~—j. (4.28)

Puc. 4.14 2

26

CrenoBarenbHO, KOLEOAHUA cu- Yo, in
Al MOKA onepedcaom no gase ko- U
m
nebaHusl HanpANeHUus Ha KOHOeH-

I
camope Ha g (puc. 4.15). "
0 -
AMOIuUTyZa CUJIbl TOKa paBHA: {
I,=U,Co. (4.29)
Ecau BBecTu obo3HadyeHUe
1 Puc. 4.15
o0~ Xe (4.30)

1 BME€CTO aMIIJIMTYJA CHJIbI TOKa U HaOpsidXKeHUd UCHOJIb30BaTh
X AeHUCTBYOIINE 3HAYEHNA, TO MOJYUYUM

=Y
X, (4.31)

Bennunny X, ob6paTuyio npoussegenno o€ MUKINIECKOH
4aCTOTHI Ha DIEKTPUUECKYIO eMKOCTh KOHIeHCATOPA, HA3bIBAIOT
€MKOCTHBIM CONPOTHUBIEHHEM. Pojb 3705 BeJHMYMHBI aHAJO-
rUYHA POJIM AKTUBHOTO CONPOTHBIeHNA R B 3axoHe Oma (cM.
(hopmyiy (4.17)). IleiicTByiolllee sHAUEHTE CHIIBI TOKA CBA3AHO
¢ JeHWCTBYIOHNIMM 3HaudeHUEM HANDSIKeHUS Ha KOHJIeHcaTope
TOYHO TaK ’Ke, KaK CBA3AHBI COTJIACHO 3akoHy OMa cHJja TOKAa
1 HaNPAXKeHWe JJIA yYaCTKA IellU IOCTOSHHOTO TOKA. ITO U MMo3-
BOJIFIET PACCMATPUBATH BEJNIUHY X, KAK COINPOTUBICHHUE KOH-
AeHCaTOpa IepeMeHHOMY TOKY (eMKOCTHOe CONPOTHRIIEHHE).

Yem GoJsibllle eMKOCTb KOHJEHCATOpA, TeM OOJbIIe TOK Ie-
pe3apAAKU. ITO JIErKO OOHADYKHUTEL 10 yBeJIWUYEHWIO HAKAJa
JaMIbl IPU YBeJUIeHUN eMKOCTH KOHAeHcaTopa. B To Bpems
KaK CONPOTHBJIEHUE KOHAEHCATODA LHOCTOSAHHOMY TOKY GECKO-
HEYHO BEJMKO, €ro COINPOTUBJIEHHE IIepeMEeHHOMY TOKY HMeeT
KoHeuHoe 3HauyeHne X.. C yBeluuenmemM eMKOCTH OHO YMeHb-
1aercda. Y MEHBIIAETCA OHO U C YBeJUYCHHEeM YACTOTHI (.

B saxjrouenue OTMETHM, YTO HA IPOTAMKEHUU YETBEPTH 110~
puosa, Korja KOHAEHCATOD 3apsaKaerca 4O MaKCHUMAaJbHOI'O
HAIIpAMKEHNA, SOHEPIHA IIOCTYNIaeT B liellb U 3alacaeTcs B KO-
neHcaTope B (hopMe dHEPTHUHU 3JIEKTPUUECKOTO IOAA. B Cleiyio-
My 4eTBepTh II€PHOAA, DU Dpas3pALKe KOHJEHCATOp:, .:)'m
SHEPTUsl BO3BPANIAETCA B CETh.

ConmpoTuBieHre LEON C KOHAEHCATOPOM OGPATIO [POIOP-
IIMOHAJIBHO IPOU3BEACHUIO IUKINIECKON TACTOTHI 1 il CKTPO-
eMKOoCTb. KoseGaHus CHIIBI TOKA omepexator 110 (hase Kogeda-

n
HIAA HaIIpAMXKEeHUdA Ha —.
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1. Kak casizanbl mexay coboi AEHCTBYIOLLME 3HAYEHHS CHAbI TOKA M Ha- MIEKTPHMYECKOT'0O IIOJIA BHYTPH PO~
? NpseHHs Ha KOHAeRcaTope B Leny fepemMeHHOro Tokal BOJIHHUKA B 10607 MOMEHT BpeMeHNn
L 2. Buigensiercs nu 3sneprus B uenw, coflepXcaulen TONMLKO KOHAeHCaTOop, JgoJxHA OBITH paBHa Hyao. MHaue

©CNM aKTHBHEIM COMPOTHMBNIEHMEM LIEMM MOMHO NpeHebpeyD!
3. BuikmiovaTens uenu npepcraenser coboii cBoero pofia KoHgeHca-

OblIa Obl OeCKOHEUYHO OO0JBIION.
TOop. noqemy e BbIKmo4yarens Hapge»wHo Pa3mbikaer u,em,!

PaBeHncTBO HYJIIO HaAIPpAXEeHHOCTHU
110JId OKasblBaeTCA BO3MOXMHBIM Puc. 4.47
[IOTOMY, UTO HAIIPAMKEHHOCTbD BI/Iix-

cHnJia TOKa, COrjIaCHO 3aKOHY Oma, T

KATYIIKA UHAYKTUBHOCTH

B IIEIIX IIEPEMEHHOI'O TOKA peBoro ajieKTpuyecKoro mousa k,

MOPpOXAaeMOro InepeMeHHBIM MATHUTHBIM IIojeM, B Kaxxaou
TOYKEe paBHAa II0 MOAYJIO U INPOTUBOIOJJIOMHA I10 HanpasJI€HHAIO

§ 34

WHAYKTUBHOCTS B L[N BIUSIET Ha CUJY NHePeMeHHOTO TOKA.
9TO MOYKHO JOKAa3aTh C IIOMOINBIO ITPOCTOTO OIIBITA.

Cobepem memns us KaTyIMKY ¢ OONIBIION WHIYKTUBHOCTBIO U
SNIEeKTPUYECKON JTaMIIbl HAKAJIMBAHUSA (puc. 4.16). C momoubio
[IEPEKJIIOYATEe A MOMKHO NOJKIIOUNATh 3Ty LeNb Jub0 K HCTOY-
HUKY IIOCTOAHHOTO HAIDAMKEHUS, J1U60 K UCTOYHHKY TIepeMeH-
HOTO HanpaXeHusd. lIpu saTom mocrosuHOE HampsiKeHUe U ne-
CTBYIOI€e 3HAUYEHUE IIePEMEeHHOI0 HANPAKEeHUS N0 HBI GhITh
PaBHBI. ONBIT TOKABBIBALT, UTO JAMIIA CBETHTCH Apde IIpu 110-
CTOAHHOM HanpsxeHnnu. CllejoBaTebHO, JelicTBYIOMee 3HAYe-
HUe CUIBI IePEMeHHOr0 TOKa B PacCMaTpUBaeMOi Ilen MEHb-
1le CHJIBL MOCTOSHHOTO TOKA.

Ob6bacuserca aro pasauyue ABJIEHUEM CaMOMHAYKI[UH.
B § 15 rnasst 2 pacckasbiBaiocs o TOM, YTO IIPH IOAKJIOUEeHUHN
KaTyHIKU K HCTOYHHKY [OCTOAHHOTO HAIDPSKEHUS CIIA TOKA
B HOENu HapacTaeT Iocrenenso. Bosuukarmwiee IIPA 3TOM BHX-
PeBO€ 3JIIEKTPHYECKOe II0JIe TOPMO3UT ABHUKEHIE 3JIeKTPOHOB.
JInms o npomecrsun HEKOTOPOTO BPEMEHH CHJia TOKa HOCTH-
raet HaubOJbIIEro (YyCTaHOBMBIIErOCA) BHAYEHUSA, COOTBETCT-
BYIOIIEro JaHHOMY IIOCTOSHHOMY HAIIPSIKeHUIO.

Ecan manpaxenne OBICTPO MeHsieTCH, TO cuIa TOKA He Oy-
A€T yCIIeBaTb NOCTUTHYTh TeX 3HAYeHHI, KOTOpBIE OHA IPHOG-
pesa Obl C TeYeHMEM BpeMeHH IpY HOCTOAHHOM HANPAKEHUH.

CrenorarenpHo, MakcUMAaIbHOE 3HAaYEeHWEe CHUJIBl IIepeMeH-
HOT'O TOK& (ero aMILINTYy/1a) OrPaHUYNBAETCS UHIYKTUBHOCTBHIO
Lenu u OyaeT TeM MeHBIIe, yeM 6OIble UHIYKTUBHOCTEL U YeM
GoJIbIlle YACTOTA IPUIIOMKEHHOTO HAaIIDAMXKEeHUH.

Omnpenenum cuny toka s nenu,
copepKallel KaTyIKy, aKTHBHBIM

Y
HANPAKEHHOCTH KYJOHOBCKOTO mons E,, cosaaBaeMOPOTBO‘I{II}{)I(/)I:
BOZHUKE 3apsAfaMU, PACIOJOKeHHBIMU Ha 3ayKUMax UC

Ka W B NPOBOJAX LEmu.

W3 pasemctBa E,=-E, ciexyer, 4To yoenbHAA ;z)az?)gza—
suxpegozo noas (r. e. 3JC camounayKIIUM fi) pgena n Jlouoz_
110 U NPOMUBONOJLONHA NO 3HAKY YOelbHOU pabome KY o6
K020 noas. YUWTHIBas, 4TO yJesibHada pabora I{yJIOHOBC;QHH_
OJIA paBHA HAIPSMKEHWI0 Ha KOHIAX KATYIIKU, MOYKHO 3

caTb: e, = —U. 7
HpI/LI N3MEHEHUHN CHJIBL TOKa II0 TAPMOHUYECKOMY 3aKOHY

i=1, sin ¢
IIIC caMoMHAYKIIHU PaBHA:
e, =—Li’=—-Lol, cos ot. (4.32)
Tak Kak u = —e;, TO HapsAKeHre Ha KOHIaX KaTYUIKN OKa-
3BIBAETCSA PABHBIM

. n , L
u= Lol, cosot = Lol, sm(wt%—a) =U, sm((ﬂt+ 2),

= — Tyna HaOpAMXKeHud.
rae U,, = Lol,, — amMmniaun ]
CJI’gJIOBaTe.IIbHO, KoJsiebaHUA HANPAMKEHUA Ha KaTyIlKe oIe

T
Ha —, WJIH, YTO TO e

pesxaioT 1o dase KomebaHUA CUJIBI TOKA Ha 5 ,
camoe, K0e6anus culbl moxa omcmailom no gase om xoreba-

s
HUTlL HANPANCEHUA HA 5 (puc. 4.18).

ol

-0

—~—

Ot | O —0h | O~ -0 COIIPOTHUBJIEHHUEM HOTOpOﬁ MOMHO

ir ur i

AMHJII«'ITYI[& CHJIBI TOKa& B Ka- ul,(t)\

~Y

! ' TYIIKe paBHA:

oo upernebpeus (puc. 4.17). Ins sro- Y U

o InIpenBapUTeNbHO HallgeM CBA3b o=, (4.33) 0

m
MeXNy HallpAXKeHMeM Ha KaTyIKe wL
n BéIC CAMOMHAYKIMN B Heil. Ecau sBecTH 0Oo3HAUEHUE
CJM CONPOTUBJIEHUE KATYIIKY

Puc. 4.16 ; , p y oL =X (4.34) Puc.4.18
mc. 4. PaBHO HYJII0, TO U HAIIPSXKEHHOCTD L
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B BMECTO aMILTUTYJ CUJBl TOKA U HAIDSXKEHUS UCIOJB30BATH
UX MeUCTBYIONHINE 3HAUEHUS, TO HOJIYYUM:

7= }U_ (4.35)
L

Benmwuuny X,, pasmyo upoussenenmio IUKJINYECKON Yac-
TOTBI HA MHAYKTUBHOCTD, HA3BIBAIOT HHAYKTHUBHBIM CONPOTHE-
JeHueM.

Cornacao dopmyne (4.35) AeHCTBYIOIee 3HAUCHNE CHJIbI
TOKa CBA3aHO C JEHCTBYIOINUM 3HAUCHUEM HAIPSIKeHUS U HH-
AYKTHBHBIM CONIPOTUBJIEHUEM COOTHOILIEHUEM, NMOZOGHBIM 3a-
Kony OmMa ansa el MOCTOAHHOIO TOKA.

WNHnyKTUBHOE CONPOTUBIEHME BABUCUT OT YACTOTHI (). ITo-
CTOAHHBIN TOK BOOOIIlE «He 3aMedaeT» UHAYKTHBHOCTU KATYIIIKH.
IIpn ® =0 wHayKTUBHOE CONpPOTUBIEHME paBHO HyJar0 (X, =0).

YeMm GbicTpee MeHsIETCSH HallpsgKeHue, TeM bousnre JIC ca-
MOMHIAYKIMUU M T€M MeHbIIE AMILIATYHA CUJBI TOKA.

Karymka nnaykruBuoctu okasbiBaer COUPOTUBICHUE IIepe-
MEHHOMY TOKY. JTO CONDOTHBJIEHHE, HA3bIBAEMOE UHIYKTUB-
HBbIM, PABHO IPOHU3BENCHUIO ITUKJINIECKOH YacTOTHI HA UHIVK-
TUBHOCTE. Konebanust cunbl Toka B memm c HHIAYKTUBHOCTbHIO

o s
OTCTarwT II0 (I)ase OT KoJiebaHui HallpAMXEHUA Ha E

1. Kak cBsizaHbl mexny co60ok AEHCTBYIOIWME 3HAYEHMS CHAbI TOKA M Ha-
? NPSKEHNS Ha KATYLIKEe UHAYKTHBHOCTH, AKTMEHBIM CONPOTHBNEHHEM
KOTOPOH MOXHO npeHebpeyn!?
2. Moyemy 3AC CAMOMHAYKUMM M HANpsiMEHWEe Ha KaTywiKe MMeloT
NPOTHBONONOXKHbIE 3HaKM!

§ 35 PE3SOHAHC B 3JIEKTPHYECKOM ITENH

[Ipu usyyeHNUN BBEIHYMKIEHHBIX MeXaHUUECKUX KoJsebanuil
MBI OBHAKOMMTUCEH C SBJIEHUEM DPe3oHaHca. Pesonanc Habaoma-
€TCA B TOM cJy1ae, Korjia coOGCTBEHHaS 4aCTOTa KOJIeGa Uil cuc-
TeMBbl COBOAMACT ¢ YaCTOTOM M3MEHEHUs BHelrHeil cuwibl. Eeam
TPeHre Majo, TO aMILTNTY/a YyCTAHOBUBIINXCA BBIHYKICHHBIX
KOJIe0aHUll IPU Pe3OHAHCE DPE3KO yBesnuuusaercsa. Comage-
HUe BU/a YPAaBHEHUH 151 ONMCAHUA MeXAHUIECKUX U 3JIEeKTPO-
MaruuTHBIX KOJIe0aHuil 103BOAET CoeIaTh 3aKTI0UCHEAE O BO3-
MOJKHOCTH PE30HAHCA TAKIKE U B DJIEKTPUUYECKOII I1eITH, ecJIy 3Ta
HeIb IpefcTaBasgeT co00i KoaebaTelbHBIR KOHTYD, obsramato-
LIUI OIIPeNeJeHHOH COBCTBeHHON YacTOTOMN KoJeOaHui.

IIpn Mmexanuueckux KomeGaHmaX PE3OHAHC BLIPAXKEH OTYeT-
JIMBO DY MANBIX 3HAYECHUAX Kod(hPUIIMEeHTa TPeHUSA u. B axek-
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TPHUYECKON Ilenu pPoJb KoaduiimeHTa TPeHUA anon}‘me’r eff
AKTUBHOE conporusjiedue R. Beas MMEHHO Hajguyue dTOro Co
IIDOTHUBJICHUS B IIeNIN IPUBOAUT K MPEeBPanleHUI0 BHQpF{/II/I TOKT;}
kO BHYTPEHHIOI 9HEPrUio IPOBOJHUKA (IPOBOAHUK HAr peBaeHV
cs1). IlosToMy pesoHAHC B 3JIeKTPUIECKOM xoneGaTean(')‘M KO)M
rype AOJeH ObITh BBIPAXKEH OTUETJMBO IIPU MaJIOM aKTHBH(
conporusaeauu R. ]

MbI ¢ BaMU yXXe 3HaeM, 4TO eCJU aKTHBHOE CONPOTHBIIE-
HHe MaJIo, TO COOCTBeHHAadA IUKIUIeCKas 4acTora KosebaHUH
B KOHTYpe OIpejlesisgeTca (popMyIoun

Cula TOKa IIPY BRIHYKJAEHHBIX KOJIe0aHUAX TOJIKHA JOCTH-
raTh MaKCHMAaJbHBIX 3HAYEHHH, KOrja 4acToTa MePeMeHHOro
HANIPSKEHUA, IPUIOKEHHOr0 K KOHTYDPY, paBHA COOCTBEHHOM
gacToTe KoJebaTeJbHOTO KOHTypa:

1
P (4.36)

JLC

Pe30HAHCOM B 3JEKTPHUECKOM KO0JeOaTeJbHOM KOHTYDe
Ha3bIBAETCH ABJEHINE PEe3KOro BO3PACTAHUA aMILTUTYAb! BBIHY-
KAEHHBIX KOJTeGaHuil CHJbl TOKa NPHU COBIAJEHHUA HaCTOTEI
BHEIIIHEro IepeMeHHOT0 HAIPAKeHUA ¢ COOCTBEHHON 4acTOTON

TEJIBHOTO KOHTYpAa.
KOHX?:HJinTy;(a cnnmyfoua npu peszonance. Kax um B cayudae
MexXaHHYeCKOTO pe3OHaHCa, [pPU pe30HaHCe B KojebaTesb-
HOM KOHTYpe CO3JaloTcs ONTUMAabHbIC YCJIOBUSA AJA MOCTYII-
JeHWs DHEPTUU OT BHEIIHEro MCTOYHMKA B KOHTYDP. MOIHOCTE
B KOHTYpe MaKcHMaJibHA B TOM CJyd4ae, KOTJa CHJIa TOKa COB-
nagaer mo (pase ¢ HanmpsKeHHeM. 3Fech HalJoAaeTcA MOJHAsA
AHAJIOTHA € MeXaHWYeCKUMHX KojebaHMAMH: IPHU Pe30HaHCe
B MexXaHWYeCKO’ KoJsebaTe bHOU cucTeMe BHEIIHAA CHAJIa (?}Ja-
JIOT HAIIPAMKEHWS B IIeNIH) cCOBIazaeT mo (ase cO CKOPOCTHIO
TOKA).
(aH?{JIeogp(::I’,J;blflocne ;Hﬂmqennﬂ BHeIIIHEro IIepeMeHHOoro Hﬂ‘ll[?ﬂ—
JKeHHUs B IelM yCTAHABJIMBAaeTCA PE30HAHCHOE 3HAUYEHM( .<v,‘n-
JIBI TOKA. AMILIATYAA KoaebaHuil CHJIBL TOKA HapacTraer locre-
IEHHO — J[O TeX 0P, OKa SHEePTHs, BBIASAIOMIAACH 34 HCPHOIL
HAa pe3ucTope, He CPABHAETCA C HEPTrUei, HOCTYIA0UICH 13 KOH-
TYp 3a 9TO *Ke BpeMs:

I!R U,I,
2 2
VHOpocTUB 9TO0 ypaBHEHMNE, MOXKHO 3allicaTh:
I,.R=U,,. (4.37)
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Iy
I Orcioma aMnauryza ycraHoBuB-

INXCHA KoJIeDaHUI CHJIIBI TOKAa npu
pe3oHaHCe oupeneseTcsa ypaBHe-
HUEeM

(4.38)

P IIpun R — 0 pesonancHOe 3Haue-
- HMe CHJIBI TOK& HEOTPAHUYEHHO BO3-
| - Ry pacraer: (/,),,, — co. Hao6opor,
C yBeJHYeHHeM R MakcuMaJbHOe
3HAYEHWE CUJBl TOKA YMeHbINAeT-
¢, U npu Gorbmux R rosopurs o
Pe30HaHCe yKe He MMeeT CMBICJA.
3aBUCHMOCTbL AMILIMTYABl  CHJIBL
TOK& OT YacCTOTBhI IPU DPA3TUUYHBIX
comporusiennax (R, < R, < R;) norkasana Ha pucynke 4.19.
OaHOBPEMEHHO ¢ yBeTHYEHMEM CHIbI TOKA OpH pe3oHaHCce
PE3KO BO3pACTAIOT HANPSAMKEHHA HA KOHJAEHCATODE U KaTyIlKe
HHAYKTUBHOCTU. JTH HANPSIKEHUA IIPU MAJIOM AKTHBHOM CO-
HIPOTUBICHIN BO MHOTO Pas IPEBBIIIAIOT BHEIITHEee HATIPAKeHIe.
Hcnoabzosanne pezonanca B pagmocssam. ABnenne smex-
TPUECKOT0 Pe3OHaHCA IIMPOKO HCIOJIb3yeTCs MPU OCYIecTB-
JICHUM PAAMOCBA3U. PagloBOIHBI OT pasauuHbIX nepearinx
CTAHIMH BO3OYXKAAIOT B AHTEHHE DaLUOIPHEMHUKA nepeMeH-
HbI€ TOKH PAa3JIMYHBIX YacTOT, TAK KaK KayKaas nepenarmoiIas
pagmocTanuua paboraer Ha cBoell uactore. C aHTeHHON HUHIVK-
THBHO CBSI3aH KoJiebaTe/ILHbIH KOHTYD (pucC. 4.20). Beaegcraue
SJIEKTDOMArHUTHOH MH/YKIIMH B KOHTYPHOM KaTyITKe BO3HUKA-
for iepemennble 3JIC cooTBeTcTBYIONUX YACTOT M BBIHYKTeH-
Hble KOJIeOaHUA CUIIBl TOKA TeX e uactor. Ho TonbKo IIPH peso-
HaHCe KOJeOaHUs CUJIBI TOKA B KOHTYpe U HAUPAMKEHUSI B HEM
OyAYT BHAYNUTEILHBIMH, T. €. U3 KOIeGanuii Pa3JIMYHBIX YacTOT
BO3Oy»KTaeMBIX B aHTeHHe, KOHTYP BBIAEJAET TOJBKO Te t{ac:
TOTa KOTOPBIX paBHA ero coBCTBEHHOHN uacToTe, HaCTI;OﬁRa
KOHTYpa Ha HYYKHYIO YaCTOTY ), OGBIYHO OCYIIECTBIAETCS ny-
TE€M H3MEHEHNUA eMKOCTH KOoHZeHcaropa. B aToM 06BIYHO cOCTO-
UT HACTPOUKA PafUONPUEMHUKA HA
OIPEeNeJIEHHYIO PALUOCTAHIIIO.
Heo6xoxnmocTs yueta Bo3aMosxk-
HOCTH Pe30HAHCA B 3TEKTPUIECKOIl
uermu. B HEeKOTOpHIX cayuasx peso-
HAHC B 3JIEKTPUUYECKOH ey MOMKer
npuHecty GoJbinoi Bpea. Ecan nenn
He paccumuTaHa Ha pabory B yCIOBU-
AX PE30HaHCa, TO er'0 BOIHUKHOBE-
HHUEe MOKeT NPHUBEeCTH K aBapuu.

—_—
e
0 (O 0

Puc. 4.19

Puc. 420
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UpeamepHo GOABIINE TOKH MOTYT IeperpeTh 1HpoBoja. Boasinne
HANPAKEHUA TTPUBOAAT K IPOOOI0 H30JISIIHIL.

Takoro poa aBApUU HEPEAKO CAYIAJHCEH CII¢ ¢PIABHATEIBHO
HeZABHO, KOTIA IJ0XO0 MPEACTABIANU cede 3a1K0tihl DIeKTpHuYe-
CKUX KosieGaHWI M He yMeJH NIPaBUJIBHO PACCHIITHIRATEH DJIeK-
TPUUYECKHE IeIH.

Ilpu BLIHYKIEHHBIX JJEKTPOMATHUTHBIX KOJICOAlIIHX BO3-
MOYKEH Pe30HaHC — pPe3Koe BO3pacTaHHe aMILJIHTY bl Kosicha-
HUH CHUILI TOKA W HAOPSKEHUA IPU COBHAJEHUH ACTOTLI
BHEIIHET'0 ITIePEMEHHOr0 HAIPSMKEeHUs ¢ COOCTBEHHON 1a¢TOTOMN

roaebannii. Ha apjgennn pesoHanca OCHOBAHA BCA PAAUOCHIB.

1. MOXeT Nnu amIIMTYAA CMAbI TOKA NPK Pe30OHaHCe NMPeBbICHTh CHiy

? NOCTOSIHHOTO TOKA B LiEMM C TAKMM XK€ aKTHMBHbIM CONPOTUBREHMEM

o U MOCTOSHHbIM HaNpPsHKeHMEeM, PaBHbIM AMMNAMTYAE REepeMEHHOro
HanpsMeHna!

2. Yemy pasHa pa3HOCTb a3 MexAy KonebaHMsIMM CUNbi TOKA M Ha-

NPsHKeHUs Npu pe3oHaHcel
3. MpH KaKOM YCNOBMH PE3OHAHCHbI@ CBOMCTBA KOHTYPa BbIPaM(€Hbl

Hanbonee orvyeTnuBo!

‘ TEHEPATOP HA TPAH3HCTOPE.
§36  ABTOKOJEBAHHUS

Boiay:xaeunbie KoJeOaHUA, KOTOPbIe MBI PACCMATPUBAJIH JO
CUX II0P, BOSHHUKAIOT TOX AefCTBHUEM NepPeMEeHHOTO HallpsKe-
HUA, BHIpAaGaThHIBAEMOTO TeHepaTopaMK Ha 3JIeKTPOCTAHIUSIX.
Takue regepaTopbl HE MOT'YT CO3J4aBaThb KoJebaHUSA BBICOKOU
4acToThl, HeoOXoaumbie NJIa paaunocBasu. [lorpeGosasack Obl
uypesMepHo G0JBINas CKOPOCTh BpalneHus poropa. Komebarnsa
BBICOKOM HaCTOTHI MOJYYAIOT ¢ MOMOIIBIO APYTUX YCTPOHUCTB,
HaIpuMep ¢ IIOMOIILIO TreHepaTopa Ha Tpansucrope. OH Ha3BaH
TaK IIOTOMY, UTO OJHOI M3 OCHOBHBIX €ro dacTeil ABjisgeTcd IO-
JYIIPOBOAHUKOBBIN TpHUOOP — TPaH3UCTODP.

ABTorogebaTeasubie cucteMmbl. HesaTyxarormme BeIHY K /JeH-
HBle KoJIe0aHuA HepeaKo MOAAep:KUBAIOTCA B Lieny JeUMcTBHEM
BHEIIIHEro IepHoJuYeCcKoro HanpAKeHua. Ho BO3MOIKHEL 1 Jipy-
rue cnocobOnl MOJYyUeHNS He3aTyXaloluxX KoJsebaHuii.

IIyers B cucremMe, B KOTOPOH MOTYT CYyIIeCTBOBATBL CBODOJ-
Hble 3JIEKTPOMATHUTHBIe KoefaHuA, UMeeTCs UCTOUHUK dHeD-
ruu. Ecam cama cucrema Oyaer peryJampoBaTh HOCTYIJIEHUE
sHepruu B KoJebaTesbHBIN KOHTYD AJIS KOMIEHcAalluu IOTepb
SHEpPruy Ha Pe3ucTope, TO B Hell MOTYT BO3HHUKHYTH HE3aTy-
xamouiue xKojgebaHms.
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Cucremsl, B KoTOpBIX TeHePUDPYIOTCA He3aTyXalolue KoJle-
baHus 3a cueT MOCTYILIeHUA OHEPruK OT MCTOUYHUKA BHYTPHU
CaMOM CHCTEMBI, HAa3bIBAIOTCH aBTOKOJIeb6aTeabHBIMU. Heza-
TyXaiommue KojebaHus, CYLeCTBYIOLIUE B CHCTEMe 6e3 BO3-
JeUCTBUA HA Hee BHEIIHUX DepUOAUYECKUX CHJI, HA3bIBAIOTCS
ABTOKOJIe0AHUSIMM.

T'eneparop na TPaH3UCTOPE — IIPUMED aBTOKO.JIe6ATeabHOM
cucrembl. OH cOCTOUT U3 KoOMeBaTeILHOIO KOHTYpa ¢ KOHAEH-
CaTopoM eMKOCThIO C M KaTyUIKOH HHAYKTUBHOCTBIO L, ncrou-
HHUKA 3HEPI'UM W TPaH3HUCTODA.

Kak cosmats He3aTyXaroumme Konebanus B kourype? MUzsecr-
HO, UTO eCIU KOHJEeHCaATOP KoleGaTebHOTO KOHTYpa 3apAgHUTh,
TO B KOHTYpe BO3HUKHYT 3aTyXalolne Koaebanus. B KOHIIE KaK-
A0TO 1epuoja KoyseGaHuH 3apsAL HA MIACTHHAX KOHJeHcaTopa
UMeeT MeHblllee 3HAUEHHE, YeM B HauaJe nepuoga. CymmapHbrii
3apsi/l, KOHEeYHO, COXpaHAeTCA (OH Beera paBeH HYJI0), HO IIPO-
HCXOMUT yMEHBILIeHNe IOJI0KUTEeIBHOTO 3apsaa OIHOMU IIacTH-
HBl U OTPHIATENBLHOrO 3apAfa APYTOH HA paBHbIE IO MOJY.JIIO
sHaueHud. B pesynsrare smeprus kosmeGammii YMeHbBIITaeTcs,
TaK Kak oHa coryiacHo Gopmyie (4.1) MPOIOPIUOHANBHA KBaj-
paTy 3apfAjga OgHOI M3 IJIACTHUH KoHzeHcaropa. Yrobs! Koreba-
HUsA He 3aTyXasu, Hy)XHO KOMIIEHCHPOBATh noTepu 5HepPruu 3a
KaXXJbIll 11epuon.

Mononusts smepruio B KOHTYpe MOXHO, IOA3apaAXKas KOH-
Aencatop. Ilis 3TOTO HaNo mepUOAUTECKHU MOJKJIIOYATE KOHTYD
K MCTOYHUKY IOCTOAHHOIO HAIIPAKEHUSA. Konzencarop gomxen
HOAKIIOYATECH K HCTOYHUKY TOJBLKO B Te HHTEPBAJBl BpeMeHH,
KOrZja MPUCOEANHEHHAS K MOJOXKHUTeIbHOMY IOJIIOCY UCTOYHU-
Ka TTaCTUHA 3apAKeHa HOJOMUTEIbHO, a OpHUCcOoeIUHEeHHAad K

OTPHIATENbHOMY MOJIOCY -— OTPUNATEILHO (puc. 4.21). Toasn-
KO B 9TOM CJIy4ae HCTOUHMK OyAeT MoA3apsiskaTh KOHJeHcaTop,
TIOIIOJNIHAA €TI0 SHEPTHUIO.

Ecan e xkmou samxuyTs B MOMEHT, KOTAA HPUCOeIHHCH-
Hasd K IOJIOKUTeJBHOMY TOJIIOCY UCTOYHUKA TIIACTUHA uMeer
OTPHLATEJIBHBIHA 3apAL, a IPHUCOeAUHEHHAN K OTPUIIATESHHOMY
IOJIIOCY — MOJOXKHUTENLHBIH, TO KoHZeHcaTOp OyneTr pasps-

JEeKTO
KaThCA Yepesd UCTOUHUK (puc. 4.22). OHeprus Kou p

KOHJIEHCATOPa TIPH 3TOM OyaeT yOBIBATE.

CienopaTesbHO, NCTOUYHUK MOCTOAHHOTrO Ha-
IPAKEHU A, TOCTOAHHO TTOAKIIOYUEHHBIN K KOH-
JIeHCATOPY KOHTYpPAa, HE MOMKET IMOJAePIKUBATH
B HEM He3daTyxalollue KojebaHus, TaK Ke Kak
IIOCTOSAHHAA CUJa He MOYKET MONIePKUBAThH Me-
XaHUUYecKHe KoaebaHusa. B TedeHne IOJOBUHEI
mepuoga SHeprus MOCTyIlaeT B KOHTYD, a B Te-  Puc. 4.23
eHHe CIeNYIONeH TMOJOBHUHEI ITEPHUOa BO3BPA-
jaeTcd B UCTOYHUMK. B KOHType Hezaryxarolnme KoJieOaHUSA
YCTAHOBATCA JIUIIE IPH YCIOBUU, UTO UCTOUHUK OV AeT HOAKIIIO-
qaTheA K KOHTYDPY B Te HHTePBaJbl BPEMEHH, KOTZa BOBMOXKHA
nepenayva sHepruu KouaeHcaTopy. s aToro Heobxoaumo obec-
Ie4YuTh aBTOMATHYECKYIO pPadoTy KJaoua (UIn KJAnana, Kak
ero yacTo HaseiBaioT). [Ipu BeICOKOH yacToTe KoJebaHMil KoY
JOJIKeH 00JalaTh HaJe)KHbLIM ObICTpojeiicTBMeM. B KauecTBe
TAKOr0 HPaKTUUECKN 0e3LIHePIIMOHHOTO KJ0Ya U HUCHOoJIb3yer-

aH3UCTOD.

- q’?pansnmfp, HAIIOMHUM, COCTOUT U3 TpeX PasJINYHBIX TO-
JAYIPOBOLHHUKOB: 3MUTTepa, 06a3bl W KOJJIEKTOopAa. BMI/ITTG:‘p
1 KOJIJIEKTOD MMEIOT O/[HAKOBBIE OCHOBHBIE HOCUTENH 3apsiaa,
HaIIpUMep OBLIPKM (9TO NOJNIYIIPOBOSHUK p-THHA), a 0asa mMeer
OCHOBHBIE HOCHTEJY I[IPOTHUBONOJIOMKHOIO B3HAaKa, HalpuMmep
3JIEKTPOHBI (IMOAYyNIpoBOAHUK n-tuna). CxeMmarnyeckoe nsobpa-
JKeHHe TPAH3MCTOpa MOKAa3aHo Ha pucyHke 4.23.

Pa6ora remepartopa Ha TpaH3UCTOpe. YNIPOIeHHAA CXeMa
reHepaTopa Ha TpaH3UCTOpe MOoKa3aHa Ha pucyHke 4.24. Koure-
0aTeNbHBIM KOHTYP COEJWHEH MOCIEIOBATENIBHO C UCTOUHUKOM
HATPAXEHNA U TPAHIUCTOPOM TAKUM ofpasom, YTO HaA SMUT-
TEP NOAAETCA TTOJOKUTEIBHBINA MOTeHIIUAJ, a HAa KOJJIeKTOp —-
orpunarenbpHbl#i. [Ipu aTom 1tepexos smurrep — 06asa (amMuUT-
TEePHBIA IIepexoj) ABJsIeTcA NMPAMBIM, a mepexon 0aza — KoJ-
JeKTOP (KOJITEeKTOPHBINA TIepexo/) I
OKa3bIBaeTcAa 00paTHBIM, U TOK
B IeIU He UAET. 3TO COOTBETCT-
BYEeT PA3OMKHYTOMY KJIOUYy Ha B _ 4
pucyHkax 4.21, 4.22, d

YroGBl B IleNu KOHTYpa BO3- ) , . ¢
HHUKaJ TOK W IOA3apsyKal KOH- I, e I
JeHCaTOp KOHTypa B X0je KoJjie-
Oaunii, HY.XHO coobmiare 6Oase + -
OTPHUIIATEJBHBIH OTHOCUTEJIBHO
AMUTTEpa [OTEeHIHAJ, IPUYEeM B
Te WHTEPBANBl BpPeMeHM, KOoTaa &
BepxHAA (cMm. puc. 4.24) miaa- Puc. 4.24

IMuUTTEp

=

P+
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CTUHA KOHAEHCATODA 3apsiKeHa IOJIOKUTENbHO, A HUKHAA —
OTpUIlaTeNbHO. ITO COOTBETCTBYET 8aMKHYTOMY KJIIOUY Ha pPHU-
cyHKe 4.21.

B nnrepranb Bpemenu, korga BePXHAA JIACTUHA KOHIEHCA-
Topa 3apsMeHa OTPUILATENbHO, & HUMHAH — MOJIOKUTEJbHO, TOK
b [IeIIN KOHTYDa MOJI’KEH OTCYTCTBOBATh. JuIst aTOro 6asa JOJIH -
Ha IMETH ITOJIOKUTENbHBIH II0OTEeHIINA OTHOCHTEIbHO IMUTTEpA.

Taxum oGpasom, s KOMIIeHCAMU NIOTePh 9HEPTHH KOoJle-
GaHUf B KOHType HamnpsiKeHHe Ha 9MUTTEPHOM Iepexone
AOJKHO HEPUOANYIECKHN MEHATH 3HAK B CTPOIOM COOTBETCTBITH
C KOJIeOAaHUAMYU HANDPSKEeHUS Ha KoHType. Heobxonuma, xak
TOBODPAT, 00pamHas c68a3b.

O6paTHas cBa3b B baccMaTpuBaeMoOM reHepaTope — HHIYK-
TuBHasA. K amurrepromy epexony HOAKMIOYEHA KATYIIKA WH-
AYKTUBHOCTBIO L., MHOYKTHBHO CBA3AHHASN C KaTyIIKOM UH-
AYKTHUBHOCTHIO L kourtypa. Kose6anus s KOHType BCJeNCTBUe
9JI€KTPOMArHUTHON WHAYKIINA BO36YIKIAIOT KOIe6aHus Hanps-
FHEHI HA KOHIaX KaTYIIKH, 4 TeM CAMBIM 11 Ha SMUTTEPHOM ITe-
pexoge. Ecau dasa xomebammii HANIDAMKEHNA Ha DMUTTEDHOM
nepexone nogofpaHa NPaBUIBHO, TO «TONYKH» TOKA B Liemn
KOHTYDa JeHCTBYIOT Ha KOHTYD B HyXKHbIe UHTEePBATIbI BpEeMEHH,
1 KoJebaHUA He 3aTyXaior. Hanporus, amniuryna xome6anmi
B KOHTYD€ BO3pacTaeT 0 Tex II0p, I0KAa HOTepu 9HEPI'UH B KOH-
TYD€ He CTAaHYT TOYHO KOMIIEHCHPOBATLCH HOCTYIICHUEM 9HEp-
A OT MCTOYHUKA. ITA aMILTUTYIA TeM Bombine, yem Gobiie
HAIIDAXKEHe NCTOUHUKA. Y BeINueHne HATPAKeHnS IIPUBOLUT
K yCUJICHHIO «TOJYKOB» TOKA, IOA3APAKAIOIIETO KOHAEeHCcaTop.

T'enepatopsr ua TPaH3UCTOPAX IIHPOKO IPUMEHAOTCH He
TOJIBKO BO MHOTHX DPaJUOTeXHUYECKUX YCTPOHCTBAX: panuo-
UPHEMHUKAX, TePeIalOIUUX PaJUOCTAHIIUAX, VCUIUTEISAX W T. K-,
HO M B COBPEMEHHBIX JIEKTPOHHO-BbIUMCIUTENbHBIX MAIIUHAX,

OcHoBHBIE 3J€eMEHTHI aBTOKOJIe0aTeJNBHOM cucTembl. Ha
LIPEMepe reHepaTopa Ha TPaH3UCTOPE MOMKHO BBLAETHTDH OCHOB-
HBIE BJIEMEHTBI, XapaKTepPHBbIEe s MHOTUX ABTOKOIEGATEh-
HBIX cucTeM (puc. 4.25).

1. Hcrounuk smeprum, 3a cyer KOTOPOT0 IOAAEeDPKUBAIOTCS
HesaTyxaoumue Konebanus (B remeparope Ha TPAH3HUCTOPE 5TO
HCTOYHUK MOCTOAHHOTO HANPAKeHUs).

J

O6paTHada ¢Bs13b

Yerpoiicrso,
Herouunk peryaupypoiee Konebarenvuas
aHeprau HOCTYIIeHHEe cucremMa
IHeprun

Puc. 425
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2. KonebaresbHasi cucremMa — Ta 4acTh aBTOKOJe6GaTelb-
HOU CHCTeMBI, HEeNOCPEJCTBEHHO B KOTOPOIl IPOUCXOLAT KO-
nebaHUA (B TeHepaTope Ha TPAH3HUCTOPE 3TO KOJe6aTe bHBIH

KOHTYP).
3. YcTpoiicTBO, peryampyiolee MOCTYIJIeHUEe dHEPIrUU OT
UCTOYHMKA B KONnebaTe/JIbHYIO CUCTEMY, — KJaanaH (B pACCMOT-

PEHHOM reHepaTope PoJb KJalaHa BBINOJHAET TPAH3UCTOD).

4. YcrpoiicTBo, obecmeunBallee o6paTHYI CBA3b, C IO-
MOIIBIO KOTOPOI KoJslebaTe IbHAs CHCTEeMA YIIPaBJIAeT KIalaHoM
(B remepaTope Ha TPaH3UCTOPE NPEAYCMOTPEHA MHIYKTUBHAS
CBABB KATYUWIKYU KOHTYDA C KaTYIIKOH B IleTId SMUTTEP -— 0asza).

IIpumepsl APYrux aBTOKOJEGATEABHBIX CHCTEM. ABTOKO.JIE-
OanusA BO3OYKAAIOTCA HE TOJNBKO B 3JeKTPUYECKUX CHCTeMax,
HO M B MexaHmyeckux. K Takum cucreMam oTHocATCH OOBIYU-
Hble Yachl C MAasATHUKOM MK OaJaHCUPOM (KOJECHKOM C IIpY-
JUHKOHN, COBepUIAINMM KpPYTWIbHbIE KoJsebanus). Hcerou-
HUKOM 9HEPIMW B Hacax CJIYXHT [NOTeHIUAaJNbHAsA JSHePrus
NMOAHATON T'MDU MJIN CIKATOU IIPYKUHBI.

K aBroxosebaTelbHBIM CHCTEMaM OTHOCATCA JJIEKTPHUE-
CKUH 3BOHOK C IIDepbIBATEJIEM, CBUCTOK, OPTaHHBbIE TPYOBI U
MHoOroe zapyroe. Hamre cepame u nmerxme Taxske MOMKHO pac-
cMaTpuBaTh KaK aBTOKOJe0aTebHbIE CHCTEMBIL.

Mbl osHakoMUIMCHL ¢ HamboJee CIOKHBIM BUIOM KoJeba-
HUH — aBTOKOJNE0AHUAMH. B aBTOKOJIe6ATEIbHBIX CHCTEMAX
BI::Ipa6aTI:IBaIOTCH He3aTyxamuime KoJebauud paBJII/ILII;II)IX qac-
TOT. Be3 TaKHUX CHCTEeM He Obljo 6bI HU COBPEMEHHON panuo-
CBA3U, HU TeJeBUIeHNs, Hu DBM.

. Y70 rakoce aBTOKOnEéaTeI‘IbHaﬂ cucremal
‘) . B yem ovnmume aBTOKONEBGAHMM OT BLIHYMACHHBLIX M CBOBOHBIX KO-
L] nebanmin?
. OnuwmTe CBOMCTBA p—n-Nepexona B NONYNPOBOAHHKAX.
Kax ycrpoex TpaHsucrop!?
. KaxkoBa ponb TpaH3uctopa B renepaummn aBTokonebanmiil
Kak ocyujectenserca obpartHas cBsi3b B reHepatope Ha TpaH3McTope!

. YKaMMTe OCHOBHbIE 3NEMEHTbI ABTOKONEHATENBHON CHCTEMBI.
- MpuBepuTe npumepb! aBTOKONEHATENLHLIX CHCTEM, HE PACCMOTPEH-

N -

O NS nEW

Hbie B TeKCTe.

*o% Kk

Ha aToM MBI 3aKaHUMBAEM M3yUEHHNE MEXAHNYCCKIX U DJIeK-
TPUYECKUX KonebaHnil. 3aMeuaTebHA TOXK,/IeCTBEHHOCTE 001ITe-
ro xXapakTepa IIPOILECCOB Pa3JHUYHON HPHUPOJLI, TOMKIECTBEH-
HOCTh Ma&TeMaTUYECKHX yPaBHEHHU, KOTOPbLIE UX OIMNCHIBAIOT.
ITa TOKIEeCTBEHHOCTD, KAK Mbl BUJE]H, CYIIICCTBEHHO 00 ierya-
eT u3yvyeHue KojebaHmi.
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1. MakcumaabHbIH 3apaj Ha 00KIagKax KOHJEHCcATOpa KoJjeba-
TEJIBHOIO KOHTYpa ¢,, = 107% K. AMILUIUTYAHOE 3HAUYEHUE CUJIBI TOKA
B kouType I, = 107 A, Onpegenure nepuon xoJsebanuii. (Ilorepamu
1a HarpeBaHue IPOBOJHUKOB MOXMKHO IipeHebpeds.)

Pemenue. AMHJII/ITy,ZIHBIe 3HAQUYEeHUA CHUJIBI TOKA U 3apdana
CBA3aHbl COOTHOIIIEHUEM:

IIPUMEPLHI PEIIEHUA 3ATAY

Im = wOQm’
OTKYIa
) In
g,
CienoBaTeabHO,
2n q
T = — = 21‘[ _m ~ 6 . -3
o I 3+ 1073 (e).

2. Pavxa miaomazsio S = 3000 cm? umeer N = 200 BHUTKOB u
BpalllaeTCcA B ONHOPOLHOM MAarHMTHOM I[OJe ¢ HHAYKOueid B =
=1,5-10"2% Ta. Makcumanbuas 3MC B pamxe ¢, = 1,5 B. Ompene-
JINTE BPeMs OZHOro oGoporTa.

Pemnrenne. MarHuTHBIH DOTOK, IPOHUBLIBAOIINN PAMKY,
paBeH:

® = BSN cos wt.
CoryracHO 3aKOHY DJIEKTPOMATHUTHOM UHIYKIAN:
e =-®"=BSNwsin ot.
Ammmnryza 9C uHIYKIIUEK

én=BSNo.
Orciona
(gm
o = .
BSN
Bpems opnoro o6opora pamku pasHO:
27 2nBSN
T _e— = —_—
- = 3,8 (c).

m

3. B nens mepeMeHHOTO TOKa ¢ YaCTOTOMH v = 500 Ty, BRIOYeHA
raTyiRa MHAYKTUBHOCTBIO L = 10 mTa. Onpegenure eMKOCTH KOH-
ACHCATOPA, KOTOPBIA HaZO BKJIOUHTEL B BTY Lellb, ITOGLI HaCTyIuJI

PesSorine,

> v 1) £y
I’cme e, QueKrpuyeckas menb CorIacHo YCJIOBUIO 3aa-
Hnpeaeransier coboi konebarenbHbI KOHTYD. PesoHaHC B
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5TOH HMenn HACTYIUT, KOULA YaCToTa MEePEeMeHHOIo ToKa Oyzer
paBHA cOOCTBEHHOH 4acToTe KoJebaTeabHOTO KOHTYpa (V = V).
Ho

1
Vo= ———.
2nN LC
Orcrona
=l 2107 ® =10 vk®.
4n2Lv?

QA YIIPAFHEHMUE 4

1. ITocuse Toro Kak KOHIEHCATOPY Ko0JebaTeJbHOr0o KOHTypa OBLI
coobmen 3apaz ¢ = 107 K, B KoHTYpe BOZHUKJIM 3aTYXaMoL{Ke KoJle-
6anng. Kaxoe KOJMYECTBO TEIUIOTHI BBIJEJIMTCHA B KOHTYPE K TOMY
BpeMeHH, Korja KojeGaHus B HEM IOJHOCTHIO 3aTyxHyT? EMKOCTB
xougeucaropa C = 0,01 mxd.

2. KosebaTeabHBI KOHTYP COCTOUT M3 KATYIIIKN WHAYKTUBHOCTBIO
L=0,003THE ™ IUIOCKOTO KOHJeHcaTtopa emKocrTbio C = 13,4 nd.
OnpenennTte mepuoj ¢cBOGOAHLIX KOJeOaHUM B KOHType.

3. B xakux npefesax JOKHA U3MEHATHCA UHAYKTUBHOCTH Ka-
TYUIKH K0JIe6aTelLHOr0 KOHTypa, 4Tobbl yacrtoTa Kosebanwuil nsme-
usack or 400 go 500 I'n? Emrocts xougencaropa 10 mrd.

4. Ounpepenute amiuuryny I4C, HaBoguMOIT B paMKe, Bpallaio-
nieficd B OJHOPOAHOM MArHUTHOM II0JIe, €CJIA YacTOTa BPAIeHUs CO-
craBager 50 06/c, nnoiaasb pamgu 100 cM? ¥ MarHUTHAS MHIYKILHA
0,2 Ta.

5. Karymra unaayktustocTbio L = 0,08 I'm npucoegunena K une-
TOUHHUKY MepeMeHHOT0 Hanpsyenus ¢ gactoroii v = 1000 TI'u. Jleiicer-
Bylolllee sHadenue Hanpsoxenus U = 100 B. Onpegennre amimmryay
cuNaLI ToKa I, B nenu.

KPATKHE UTOTH T'JIABDI 4

1. IIpu 33eKTPOMATHUTHBEIX KOJE0aHWsiIX HPOHCXOJST IePUO-
,III/I"IeCRI/Ie N3MeHeHUu A 3.)191(']'})”‘l(?(il(()l'() sapstjia, CHIIbI TOKA
¥ HAIPSHKEHUA. IIEKTPOMATHUTHLIC Konedanuns: nojpasie-
JAKTCA Ha CBO6OI],H}>I(’,‘, ATy Xatolune, BLINYXJICHHBIE 1 aB-
TOKOJe0aHUA.

2. Ilpocreiimeil cueTeMoil, B KOTOPOIl Habioatorcsa cBOOOA-

HBIe 3JeKTPOMATHUTHLIC KoJlebaHns, siBasieTcda KoJgebaTelb-
HBI KOHTYP. OH COCTOUT M3 HPOBOJOUHON KaTYIIKN U KOH-
JeHcaTopa. YpaBHeHHEe, OIUCHIBAIOIlee 3JeKTPOMAIHUTHDBIE
KOoJIe0aHUSA B KOHTYpe, UMeeT BHUJL

L —

q - ()‘)%q’
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PA€ G — 3apsAn KOHJeHcaTopa; ¢’ — BTOpas OPOM3BOAHASA
SapAfa 1O BpeMeHH; ®F = Ic  KBaApaT UMKIHYIECKOi

1acToThl KosnebaHull, 3aBHMcaAleil or UHAYKTUBHOCTH L
u emxoctu C.

Pemenne ypasnenus, OIIMCBIBAIOIEro CBOGOIHBIE 3JIEKTPO-
MarHuTHble KojebaHus, BhIpa)kaercs au6o Jepe3 KOCHHYC,
Jaubo uepes cuHyC:

=4, COS 0t i q = g, sin wyt.

Konebanus, IPOMCXOAANINE 10 3aKOHY KOCHHYCA WUJIH CH-
HyCa, HasbIBAIOTCHA IapMOHUYeCKHMU. MakcuMaibHoe 3Ha-
UeHUe 3apsja g, Ha o6KJIagKax KOHZEHCATOPa HA3LIBAETCH
aMILTUTYAON KoJsleGaHuil 3apsiga. Beauuuna ®, Ha3bIBaeTcsa
OUKJINIeCKOA YacToOTOH KojebaHuil u BBIDAKaeTcHa uepes
HIHCIO V KoyiebaHUH B CeKyHIY: Wy = 27V,

Ilepnon xose6anuii Beipaskaercs qepes3 MUKJINYECKYIO Yac-
TOTY CIEAYIOIIMM 06pasom:

2
T=2"_9r/IC.

Mg

Beauuuny, croamryio IION 3HAKOM KOCHUHYyCa WJIM CHHyCa
B PeILIeHNY AN YPaBHEHUSA CBOOOIHBIX Kosaebauuii, Hasbl-
BaIOT (asoil xKomebanwmit., Paza OIIpesesIsieT COCTOAHHNE KO-
JIe6aTeUJILH017I CHCTeMbI B JaHHBIII MOMEHT BpeMeHHU upu 3a-
AaHHOM aMILINTYAe KoJebaHuil.

Us-3a wamuuma y KOHTypa CONPOTHUBJIEHUSA KOoJaeBaHus
B HEM C Te€4eHHEeM BPEMEHHU 3aTyXAaloT.

BmHuymaeHHme KonIebaHus, T. e. mepeMeHHbIH 3JIeKTpuye-
CKNU TOK, BOSHWKAIOT B IIeIIN 110/ felCTBUeM BHEeIIHeTo ne-
PUOAUYIECKOro HAIPAKeHUA. Mexxay KomeGaHuaMy Hamps-
KEHUA 1 CHJIBI TOKa B oflieM ciyyae HaGuiomaercs CABUT
dhasz o.

MomHocTs B 1enu [IEPEMEHHOI0 TOKA OIpeJgesseTCH meli-
CTBYIOIUMMY B3HAUYEHUAMU CHJIBI TOKA U HaIpS)KeHUA:
P = IU cos ¢. .
IIpn coBmamenmu uacrorsr BHemrzero IIePEMEHHOr0 Harps-
PKeHUs ¢ COOCTBEHHOMN YacTOTON KoJIebaTeTbHOIO KOHTYpa Ha-
¢ylaeT pe3a0HaHC — pe3Koe BO3pacTaHue AMILIATYABI CUJIBI
TOKa IIpH BBIHYKAEHHBIX KoJebanuax. Pezonanc BBIDaXKeH
OTHCTIMBO JUIIL IPYU JOCTATOYHO MAaJIOM AKTHBHOM COmpo-
THRICHIN KOHTYpA.

OanospeMeHHO ¢ BO3pacTaHMeM CHIIBI TOKa IIDHM pe3oHaHCe
HPONCXOIMT pe3Koe yBeIMYeHNe HaNPsSIIKeHUs Ha KOHJIEH-
carope ar kartymke. SlpieHme sieKTpmueckoro pe3oHaHCca
II('II(UIl-l!_\’("l‘(‘,ﬂ ﬂpI/I paﬂI/IOCBHBI/I.

9. ABToKonebamus BO30OYXKHAIOTCA B KoJebaTeIbHOM KOHTY-
pe reHepaTopa Ha TPAH3UCTODE 34 CUEeT 9HePIruu UCTOUHUKA
NOCTOAHHOI'O HAIPAMEHUA. B reHepaTope HCIOIL3YyEeTCSA
TPaH3UCTOP, T. €. IOJYIPOBOZHUKOBOE YCTPOMCTBO, COCTOA-
Iee U3 BIMUTTepa, 0a3bl U KOJJEKTOpa M HMewllee IBa
p—n-nepexona. KonebaHus Toka B KOHTYpe BBI3LIBAIOT
KoJe0aHUsA HAUDSIKEHUS MeXKIy SMUTTEPOM MU 0a30il, Ko-
TOpPBle YIPAaBJAKT CUJIOW TOKa B IeIM KoJjebaTe/LHOIro
KOHTypa (obpatHas ¢BA3b). OT MCTOUHHKA HANPAKEHUA
B KOHTYD NOCTYNIAaeT »HEPrusi, KOMIIEHCHDPYIOIIAs IOTEepPH
DHEPTUM B KOHTYpE Ha pPe3ucTope.

T'nasa 5. MIPOU3BOJICTBO,
IEPEJAYA U UCIIOJb30BAHUE
DJEKTPUYECKOHN SHEPTHH

dieKkTpUYecKas SHeprud obJazaer HEOCIIOPHUMLIMU
OperMyIlieCTBaMu Iepel] BCEMU APYTUMHU BUIaMU 9HED-
ruu. Ee MoXHO nepenaBaTh 0 HPOBOAAM HA OT'POM-
Hble PACCTOSAHUSA CO CPABHUTEJILHO MAJILIMHU IIOTEPS-
MH ¥ YAOOHO pacipeiesiATh MeXIy MoTpebuTeaamu.
T';maBHOe K€ B TOM, UTO 3Ty 9HEPIHIO C IIOMOILIBIO OC-
TATOYHO IPOCTHIX YCTPOHCTB JIETKO IIPEBPATUTE B JIIO-
Oble Apyrue GopMBI: MEeXaHWYECKYIO, BHYTPEHHIOI
(HarpeBaHue Tes), PHEPIUIO CBETA U T. 1.
ITepeMeHHEIN TOK B OTJAHYMUE OT IOCTOAHHOTO MMeEET
TO NPEUMYIIeCTBO, UTO HAUDsAKEeHHEe M CHJIY TOKa
MOMXHO B OUeHb UINPOKUX IIpeleiaX IpPeobpasoBhI-
BaTh (TpaHCHOPMHUPOBATEL) IOUTU (€3 IIOTEPL IHEP-
run. Taxkme npeobpaszoBaHMsA HEOOXOMAUMBLI BO MHO-
TUX JJIEKTPO- W PAIUOTEeXHUYECKHX YCTPOHCTBaX.
Ho ocobenno meobxommma tpanchopMalins Hanps-
JKeHUS U TOKa [PU IlepeAade 3JeKTPOMIEePTUM Ha
fosblIvie pacCTOSTHUA.

TEHEPHPOBAHUE DJEKTPHUECKOMN
§37  pHEPHHH

JIEKTPUYECKHUI TOK BbIPADATHIBACTCS B reHepaTopax —
YCTPOMCTBAX, IPEOOPAa3yIONINX SHEPTHUIO TOTO WU WHOIO BUAA
B BJIEKTPHUYECKYIO 3Hepruio. K remeparopaM OTHOCATCS rajibBa-
HUYeCKHe 3JIEMEHThHI, 3JIeKTPOCTATUUeCKe MAIlINHbl, TepModa-
rapen!, conHeunsle 6aTapen u T. n. MccaeayoTca BO3MOMKHO-

' TepMobaTapesx MCIONB3yeTCA CBOMCTBO ABYX KOHTAKTOB Pa3HOPOI-
HBIX MaTepuaJjos co3gaBaThk JJIC 3a cueT pasHOCTH TeMIIEPATYP KOHTAKTOB.
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CTHCosNNA IPUHIUTHAAILHO HOBBIX THIIOB reHepaTopos.

Hanpnmep, paspabareiBarores Tak HasblBaeMble TONJHBHBIE
HHICMENTHL, B KOTOPBIX 9HEDPrus, 0CBOOOKIAOUIAACT B pe3yJib-
Fre peaAKnIH BOAOPOAA ¢ KUCJIOPOLOM, HEIOCPeLCTBeHHO upe-
BpAIACTCS B 3JIEKTPUUECKYIO.

Obnacts npuMenenus Kaaoro U3 ImepevucJeHHBIX THUIOB
PCHCPATOPOB 2JIEKTPOYHEPIUH ONPEeNessieTCsS WX xapakrTepu-
crukamu. Tak, ajleKTpocTaTHYeCKHe MAalluHb CO3ZAaI0T BBICO-
YI0O DASHOCTE IIOTEHIIHAJIOB, HO He CIOCOGHBI CO3aTh B nenu
CKOJIbKO-HUOYb 3HAYUTENTBHYIO cuiy Toka. lajibBaHM4Yeckue
JJIEMEHTBL MOTYT JaTh GOJIBIION TOK, HO MPOJOJIKHATEIHOCTE
UX NeHCTBUS HeBeNIHMKA.

OCHOBHYIO POJIb B Hallle BpeMS BBIIONHAIOT Jnexmpomexa-
HuvecrKue UHOYKUUOHHbLE 2eHepamopsv. nepemMennHoz0 Mora.
B atux remeparopax mexamumueckas OHEPTUs IIpeBpalaeTcs
B 9JEKTPUYECKYI0. MIX felicTBHe OCHOBAHO Ha ABJICHHUM BIeK-
TPOMAaTHUTHOHN wHaAyKnuu. Takue FeHepaToOpbl UMEIOT CPABHU-
TEJILHO TIPOCTO€ YyCTPOUCTBO M MOBBOJAIOT MOJYYATH GOJIBIINE
TOKHM IIDH TOCTATOYHO BHEICOKOM HANPSKEHUI.

B nanegeitiiem, rosops o reHepaTopax, MbI OyJeM HWMeThb
B BUAYy MMEHHO HMHJIYKUVOHHBIE HIEKTPOMEXAHMUYECKHE TeHe-
paTopskI.

I'enepatop nepemennoro Toka. ITpunnun neiicTsus renepa-
TOpa IIepeMeHHOT0 TOKAa yKe GBI PACCMOTpPEH B § 31.

B nHacrosainee Bpems numeercs muoro PA3JIMYHBIX THUIIOB WMH-
AYKLUMOHHBIX reHepaTopos. Ho Bce oHU cocToAT U3 0aHUX 1 Tex
7€ OCHOBHBIX HacTed. ITO, BO-IePBbIX, DIEKTPOMATHUAT U [O-
CTOAHHBIA MAarHUT, CO3JAIOLUIMH MArHUTHOEe IIoJjie, W, BO-BTO-
PEIX, OOMOTKA, B KOTOPOI HHAyuupyercs: nepemenHas IJIIC
(B paccMoTpennoit monenn reHepa-
TOpa 9TO BpalllafloUafACsd paMKa).
Tax kax 9J1C, HaBOAMMBIE B mOCTE-
AOBAaTEJIBHO COEAWHEHHBIX BHUTKAaX,
CKJIAABIBAIOTCH, TO amMIanTyaa JJ[C
HHAYKOUN B paMKe NPOHOPILHO-
Ha/JdpHA 4HUCIy ee BUTKOB. OHa mpo-
IOPUMOHANbHA TaKdXKe aMILIUTYIe
NepeMeHHOTI0 MAarHUTHOI'O TOTOKA
(?,, = BS) uepes KaKABI BUTOK
(cm. § 31).

s mosyuerus Gonpimoro mar-
HHUTHOIO IIOTOKAa B TeHepaTopax
UPUMEHSIOT CHeINaJbHYI0 MATHUT-
HYIO CHCTEMY, COCTOAIILYIO M3 ABYX
CepAeYHNKOB, U3TOTOBJEHHBIX U3
SIEKTPOTEeXHUYECKOH cTanam. OGMOT-
Puc 5.1 KH, CO3pamlnue MarLHuTHOE IIoJe,

1 SRR

letkn Kopunyce Typouna

H]!!’A

Bosbynurenn

%

Konpma Tenepartop Crarop

Puc. 5.2

pasMellieHBl B [Ta3ax OJHOTO U3 CePAeYHUKOB, a OOMOTKHY, B KO:
TopbIx naaynupyercsa IJ1C, — B Ma3ax Apyroro. OIEI/IH us ceg_
MTedYHUKOB (00LIYHO BHYTPEHHUI) BMeCTe C O6M9TKOI/I Bﬁ)am;ae

cA BOKPYT TOPM30HTANBLHOU niau BEPTHKAJILHON OCH. O%‘TOMy
OH HasblBaeTcd pomopom. HeloaBMKHBIN CepeuHnK ¢ 00MOT-
KOH Ha3BLIBAIOT CMAMOpoM. 3a30P MeXAY CeDAeYHHKaMU CTa-
TOpa U POTOPA AEJAI0T KAaK MOMKHO MEHBIIUM AJSA YBEJIUYEeH A

opa MATHUTHON MHIAYKIUH.

HOTERP?SﬁgI;;H?eHHOﬁ Ha pucyHkKe 5.1 Mojesu reHeparopa Bpa-
HIaeTcs IIPOBOJIOUHAA PAMKAa, KOTopas ABJAeTCA poTopom (HO

fe3 KeJe3HOro cepAeunnika). MaraiuTHOe IOJIe CO3aacT HEIO/-
BHIKHBII NOCTOAHHLIN MarHuT. PazyMeercda, MOMHO 61..'1‘{10 6?1
MOCTYIMTE W HA00OPOT: BpaIlaTh MATHUT, & PAMKY OCTABUTH
HengllBglgicIilﬁlI;X IPOMBINIJIEHHBIX TEHEePaTOpax BpallaeTcd
UMEHHO 3JIeKTPOMATHUT, SABJIAIOIHUACT PpOTopoM, a 0OOMOTKH,
B KoTOpbIX HapoguTcA IC, yIOXKEHBI B 11a3aX cTaropa u ocTa-
FOTCS HEeNOABMKHBIMHU. JleJio B TOM, UTO IOJBOJUTL TOK K PO-
TOPY MJU OTBOAWTH €0 M3 O0MOTKH pPOTOpA BO BHEITHIOK n;eI;I‘z
OPUXOAUTCA IPH IMOMOIILM CKOJIL3IIHX KOHTAaKTOB. IlJsg 9T0

POTOp CHaOMKAETCA KOHMAKMIILIMU KOAbULAMU, TTPUCOEINHEH-
HBIMKA K KOHIIAM ero oomorku (puc. H5.2). HemoaBum»xHbIe maa-
CTHHBI — WemKki — NPUMKaThi K KOJbIAM U OCYIIECTBJISIOT
CBSI3b OOMOTKM poTOpa ¢ BHelllHel 1eilbio. Cura Toka B 00MOT-
KaxX 3JIEKTPOMATHUTA, CO3[A0IIero MarHuTHOe IIoJie, 3Ha4YU-
TEJBHO MEHBIIE CHIBI TOKA, OT/[ABAeMOTO IeHepaTopoM BO
BHEITHIOI Ielb. [103TOMYy reHepupyeMbIil TOK yzoOHee CHH-
MaTh ¢ HEMOABUKHBLIX 0OMOTOK, 8 yepe3 CKOJIb3AIe KOHTAK-
Tl IOABOIWTH CPABHUTENBHO cJAOBI TOK K BpallfaloilemMycs
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DNCKTPOMATHUATY. ITOT TOK BHIPAGATBHIBAETCS OTHENLHBIM I'eHe-
PATOPOM IIOCTOAHHOTO TOKA (BO3OyLUTENIeM), PACIIOIOKEHHBIM
HIL TOM 2Ke BaJIy.

B manoMomIHBIX reHepaTopax MarHuUTHOE IIOJIe cozzaercsi
BPAIIAIOIIMMCA  TIOCTOSSHHBIM MAar€uroM. B Taxkom ciyuae
KOJIBIA U IeTKHM BOOOINe He HYKHBI.

losiBnenne 3JIC B HeMOABUIKHBIX OGMOTKAX craTopa o6b-
JICHAETCA BOBHUKHOBEHHEM B HHX BUXPEBOTO 3JIEKTPHUYECKOTO
l10J1A, TOPOXAEHHOTO M3MEHEHWeM MAarHUTHOrO IOTOKA IIPH
BpallleHU! POTOpa.

CoBpemeHnHEI reHEPATOD BIEKTPUUECKOTO TOKA — 3TO BHY-
MHUTEJbHOE COOPY'KEeHNEe U3 MeJHBIX IIPOBOAOB, M30JSIIHUOH-
HBIX MaTepHUaJOB M CTAJbHBIX KOHCTPyKuwmii. Ilpu pasmepax
B HECKOJbKO METPOB BasKHeWIIHe NeTaJu IeHepaTOpOB W3ro-
TOBJIAIOTCA C TOYHOCTBIO A0 MuyLIMMerpa. Hurme B mpupozne
HET TAKOTO COYeTAHUSA ABMIKYIIMXCS dacTeil, KOTOpble MOIJIHI

Obl TIOPOXKAATh BJIEKTPUUECKYIO SHEPIruio CTOJIBb e HelIpepbIB-
HO ¥ SKOHOMUWYHO.

1. Kaknmmu npeumywectsamn obnagaer nepeMeHHbiH TOK NO cpasHe-
? HMIO C MOCTOAHHBIM!
L] 2. Ha KaKOM NpPuUHLMNE OCHOBaHa pabota reseparopos nepeMeHHoro

TOKa!

§ 38 TPAHCO®OPMATOPHI

ONeKTPUYECKUN TOK HUKOTZA He noayunsa Obl TAKOTO IIH-
POKOTO IIPUME@HEeHUS, eCJAU Obl ero HeJb3si ObLI0 MPeobpasoBLI-
BaTh IIOUTH Oe3 MOTEPh SHEPruu.

Haanauenue tpancgopmartopos. 9JIC MowHBIX reHepaTo-
POB JIEKTPOCTAHIMIL JOBOJBHO BenKa. Mesx Iy TeM B IpaKTu-
Ke 4alrie Bcero HY KHO He CIMIITKOM
BBICOKOE HalIps)KeHUe.

IIpeo6pasoBanue mnepemMeHHOrO
TOKAa, TIPU KOTOPOM HAIPSKeHUe
YBEJIMYUMUBAETCS WUJIU YMEHBHIIAEeTCHA
B HECKOJIBKO Dpa3 IMpaKTU4YecKU Ges
HOTEPU MOILHOCTH, OCYIIECTBJIAET-
Cs1 C IOMOIIBIO MPAHCHOPMAMOPOE.

Bnepsrle TpanchopmaTops! GbI-
JIA HCNOJb30BaHBI B 1878 r. pyc-
CKuM yueHbIiM II. H. 6mo0uko-
BbIM [JIA NUTAHUS N300peTeHHBIX
UM 3JIEKTPUYECKUX cBeyell — HO-
BOTO B TO BpeMA HCTOYHKKA CBETA.

¥YerpoiictBo TpaHchopMmartopa. TpaHe-
(hopMaTOp COCTOUT K3 3aMKHYTOT'O CTAJIb-
HOTO CepJAeYHHUKAa, COOPAHHOrO M3 ILIa-
CTHH, Ha KOTOPBIH HageTh! ABe (MHOTIA
u BoJjee) KATYIIKU C IIPOBOJIOUHBIMHU 00-
moTkamu (puc. 5.3). Ogua 1u3 oOMOTOK,
HasbIBaeMas NepeuyHoll, MOAKJIIUAETCH
K HMCTOYHUKY IEPEMEHHOTrO HanpssxkeHud. [Ipyras OﬁMOTKii,
K KOTOpOil IpucoeInHAIOT HATPY3KY, T. €, IpubOPHl U YCTPOTi-
CTBa, IOTPEOIAIONINE IJIEKTPOIHEPTUIO, HA3BIBAETCS 68MOpUY-
Hoil. YcnoBHOe 0003HauYeHMe TpaHchopMaTopa IIPUBEIEHO Ha
pucyHke 5.4. )

TpanchopmMarop Ha XO0JXOCTOM XOMdY. IIeI/ICTBI/ie TpaHchop-
MaTOpPa OCHOBAHO HA ABJIEHUN DJ€KTPOMATHUTHON HHAYKIIWH.
ITpy npoxoKAeHNN ePeMeHHOTO TOKa I10 IIepBI/IT-IHOI/IuOGMOTKe
B CepleYHMKe IOABJIETCA TepeMeHHBI MarHUTHBIN TIOTOK,
KoTOopbIM BO30y:xaaerca IAC wmHAYKINUA B BUTKaX KamIou
obmoTKu. CepeyHnK M3 TPaHCHOPMATOPHON CTANU KOHIIEHT-
pUpPYeT MArHUTHOE I0JIe, TaK YTO MArHUTHBIA HOTOK CYIIIECT-
BYeT MPAKTUYECKH TOJBbKO BHYTPU CepAEUHUKA U OOJUHAKOB BO
BCEX ero CceYyeHUX.

Mruosennoe sHauenme IC MHAYKIIMM € BO BCeX BUTKAaX
TepBUYHON MU BTOPHUUHON 00MOTKM oguHaKoBo. CorsacHo 3a-
koHy Papages OHO ompenesndaerca GOpMyJIon

e=-0, (5.1)

roe &' — mpom3dBoOgHAA IIOTOKA MArHUTHONH HHAYKIHU TI0 Bpe-
MEHU.

B nmepBuuHOil 06MOTKe, nMelomeit N, BUTKOB, nosHasd I3JC
UHIYKONHU ¢, paBHa N,e. Bo BropmuHOil 06MOTKe moHAs 3NC
WHAYKUUN e, paBHA Nye (N, — YUCIO BUTKOB 9TOH OOMOTKU).
OTcopna caenyer, 4To

Puc. 5.4

e N,
L= L (5.2)
& N,
OOGBIYHO AKTHBHOE COIIPOTURBJIEHUE 0OMOTOK TpaHchoOpMaTo-
pa MaJio, 1 UM MO HO npeHeOpeunh. B vrom ciiyuae MoayJb Ha-

OPSYKEHNA Ha 3a)KUMaX MepPpBUUYHOW 00OMOTKHM IPHMMEPHO paBeH
moayJito cymmapuoit 31C unaykuuu:

}U'|| ~ ‘(’1'- (5.3)

ITpun pasomMkHyTOU BTOpPUYHOH 0O6MOTKe TpaHchopMaTopa
TOK B Hel He MAeT, U UMeeT MeCTO COOTHONIeHUE

. (5.4)

MruoseuHble 3HauerHusa JC e, 1 e, u3MeHAIOTCA CHHGDAZHO
(0OlHOBpPEMEHHO AOCTHUrAIOT MAKCUMyMa M OJHOBPEMEHHO IIPO-
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xoprr vepes vyds). IlosTomy ux orHomeHue B dopMy.e (5.2)
MOINCHO 3AMEHUTD OTHOLIEHWEM JeHCTBYIONUX 3HAYeHUN &,
1l ornx OJIC mm, yunteiBas pasencrtsa (5.3) u (5.4), orno-
Meniem TeNcTBYIOWNX 3HaYeHN Hanpaxenuid U, u U,:

€ U N,

& U N K. (5.5)

Bennuuna K HaspIBaercs koatpuumentom tpanchopma-
unu. OH paBeH OTHOIUECHWMIO HANPAKEHUH B HOEePBUYHON ©
BTOPMYHOA 0OOMOTKax TpaHchopmaropa. IIpu K >1 rpas=ce-
(opmarop sBASeTCA MOHMIKAKOIMMUM, a npu K < 1 — HOBbI-
HIQIOTITHM,

PaGora marpy:xennoro tpancdopmatopa. Ecnu k KOHIIaM
BTOPHUYHOM OOMOTKM IDPHUCOCIUHHUTH Iellb, OOTPeOJISAIONYIO
9JIEKTPOSHEPI'UIO, MJIH, KaK TOBOPAT, HATPYSUTh TpaHcdopMa-
TOD, TO CHJIA TOKA BO BTOPUYHOW OOMOTKe yrKe He OymeT paBHA
Hymo. llosBuBmIMiicA TOK cO3ZacT B CepaeYHMKEe CBOM nepe-
MEHHBII MATHUTHBINH IIOTOK, KOTOPEIH 6YAeT yMeHbIIATh H3Me-
HeHHd MarHuTHOTO IIOTOKA B CepAeYHHKE.

YMeHBUIEHNE aMILIUTYAbI KOJeGanui Pe3yJaBTUPYIOUIEeTro
MarHuTHOTO IIOTOKA, Ka3aloch Obl JOJIKHO, B CBOIO Ouepenb,
yMeHbINTH I{C MHAYKIUK B IePBUYHON 0OMOTKe. 9T0, OfHA-
KO, He IPOU3OM/IeT, TAK KaK coryacHo dopmyue (5.3) |u, | =~ |e,|.
IloaTomy npu 3amMbIkaHuM Henn BTOPUYHON O0OMOTKH aBTOMa-
TUYECKU YBEeJINYUTCA CHJIa TOKA B IEePBHYHOI 006MoTKe. Ero
AMIIIUTYyAa BO3pACTeT TaKuUM o0pasoM, UYTO BOCCTAHOBUTCH
[IpeXXHee 3HaUYeHNe aMILIUTY/ bl KOJIeOaHuH Pes3yIbTHUPYIOIero
MarHUTHOTO MOTOKA.

VBesnueHne CUIBI TOKA B IENH NEPBUYHOH OBMOTKHA npo-
HCXOAUT B COOTBETCTBUU C 3aKOHOM COXPAHEHWA SHEPIUU: OT-
Aada 5JeKTPOSHEPIHUH B Lellb, IPUCOeJUHEHHYIO K BTOPUYHON
00MOTKe TpaHchopMaTopa, COMPOBOIKAACTCH noTpedyieHUEeM OT
CeTH TAKOH e DHePruum INepPBHYHON OOMOTKOIL. MomaocTs
B IIEPBUYHOM LNl NPU HArpysKe TpaHchopMaropa, 6IMU3KOL
K HOMWHAJIbHOM, NPUMEPHO PaBHA MOL[HOCTH BO BTOPHYHOI
1ernm:

Ul = Uyly, (5.6)
orcroga
U _ I,
A (5.7)

)10 03HaYaeT, YTo, MOBBIIIAA ¢ IIOMOII[bIO TparHchopmaropa
HAHPIIKeHNe B HECKOJNIBKO Pasd, MbI BO CTOJIBKO K€ Pa3 YMEHb-
taem ey roka (1 HaoGopor).
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TparchopMmaTop npeodpasyeT IepPeMeHHBIN IeKTPUUeCK it
TOK TakuM o0pas3oM, UTO MPOU3BeJeHMe CUJBLI TOKA Ha Ha-
npsKeHue IIPUMepPHO OAMHAKOBO B TIEPBUYHOH M BTOPUUHOHN
00MOTKAaX.

1. Yr1o Trakoe ko3dhdmumeHTt Tpanchopmaumn?
? 2. Y10 noHMKaeT uNKU NoBbiWaeT TpaHcthopmarop!

IIPOM3BOICTRO M MCIMOJHb30BAHUIE
§39  3IEKTPHYECKON PHEPTHH

B mame BpemMs ypoBeHbL I[IPOU3BOACTBA U HOTpebieHUs
SHEPTUU — OAUH W3 BAKHEHINMX MoKasaTesnell pasBUTHUSA IIPO-
U3BOACTBEHHBIX CcHJI obuiecrsa. Beayliyoo poJib IpPHU 3TOM
urpaeT 9JEeKTPOdHEpPrus — caMas yHUBepcaJdbHadA ¥ yAaoOHas
IJIS1 MCIIOJIB30BaHUA hopMa snepruu. Ecau morpebseHue sHep-
I'id B MUpE yBeIHWumBaeTcs B 2 pasa IpuMepHo 3a 25 jer, To
yBeJHUeHUe TOTPebJeHUs HJeKTPOdHePruu B 2 pasa TIPOUC-
XOAUT B cpexHeMm 3a 10 jer. Dro o3HayvaeTr, 4TO Bce 0OOJIbIIE
1 GOJbIIle TIPOIECCOB, CBABAHHBIX C PACXOJOBAHKEM dHeprope-
CYpPCOB, TIEPEBOAUTCH HA 3NEKTPOIHEPTHIO.

IIpousBOACTBO 3JIEKTPOIHEPTruH. lIIPou3BOAUTCS 3JIEKTPO-
3Heprusd Ha OOJBIINX U MAaJblX JIEKTPUUIECKUX CTAHIIMAX B OC-
HOBHOM C IIOMOIIBIO 3JEKTPOMEXaHUUYECKUX HHAVKIIMOHHBIX
regepatopos. Cymrecrsyer jiBa OCHOBHBIX THUIIA SJIEKTPOCTAH-
Huii: TelioBble W THUAPO3JeKTpuuecKme. Pasmuuatorcs aTn
DJIEKTPOCTAHI MM JIBUTATENSIMH, BPAIAiOUIMMU POTOPLI T'eHe-
paTopoB.

Ha menaosvix anexmpocmanyusx MCTOUHHUKOM SHEPTHH
ABJIAETCS TOIJIMBO: yroJb, ras, He(Th, Ma3yT, ToploUYue CJaH-
1bl. POTOPEI 8JIeKTPUYECKUX TeHEePATOPOB IIPUBOAATCA BO Bpa-
LIeHYe HapOBLIMHM U I'a30BLIME TyPOMHAMH MJIN IBUTATEIAMU
BHyTpeHHero cropanuda. HanbGosee sKOHOMUYHBI KPYITHBIE TEH-
JIOBBIE TapoTypOuHHbBIe siaekrTpocTanuun (coxpainenno: TAC).
Boapsmmmuacreo TOC wmateit crpaHbl MCIIONB3YyeT B KadecTBe
TOILJIMBa YTOJABHYIO 1bLib. /st Beipaborku 1 kBT - u anekrpo-
9HEPTUU 3aTpaduuBaeTCAa HECKOJBKO COT IpamMMoB yris. B mna-
poBoM KoTtJie c¢Bhinie 90% BbinesaeMOil TOMJIUBOM 9HEPIUU Tie-
penaercs mapy. B TypOute KuHeTHUeCKAS DHePTUs ¢cTpyH napa
nepegaercsa poropy. Bas TypOHHBI KECTKO COeJMHEH ¢ BAJIOM
reHeparopa. IlapoBbie TypOoreHepaTropsl BechbMa OBICTPOXOM-
HBI: YHMCJIO O0OPOTOB pPOTOPA COCTABJAET HECKOJIBKO ThiCAY
B MUHYTY.
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Nz ikypea ¢busnrn 10 knacca usBecrHo, uro KIIH Tennosrrx
/ABUTaTEeIen YBeJINYNBAETCS C IOBBIIIEHUEM TeMIIepaTypbl Ha-
I'peBATENISI M COOTBETCTBEHHO HAYaNbHOI TeMuepaTyps! paboue-
ro resia (mapa, rasa). Ilosromy mocTymatomuit B TypOUHY nap
JMOBOJIAT [0 BBICOKUX I1apaMeTpPOB: TeMIIEPATYpy — IMOYTH [0
550 °C u pasnenme — go 25 MIla. Koaddumment nomesnoro
sencreua TAC gocruraer 40% . Bonwmas uacTs OHepruu Teps-
€TcdA BMeCTe C ropAYuM oTpaboTaHHBIM mapom. Ilpespalnenus
OHEPruM II0OKA3aHbl HA CXeMe, IPUBeJEHHON Ha DHUCYHEKe b.5.

Ternnosrie ameKTpoCTAHIMM — TaK Ha3bIBAEMBIE TEILIO-
anexTporenTpain (TOLl) — mos3BonAIOT 3HAUMTETLHYIO YacThb
9HEPruM OTPabOTAHHOTO Iapa MCIIOJAb30BATH HA IPOMBIILICH-
HBIX NPEeANPHUATHUAX U AJAA OGBITOBBIX HYMJ (IJIS OTOIJICHUS
U ropsiiero BojgocHaboxenus). B pesynsrate KIIJ] TOLl, mocru-
raetr 60—70% . B nacroamee Bpemsa B Poccun T3I1 maroT oxo-
710 40% Bceil 2/I€eKTPOIHEPTHN U CHAGMKAIOT 9JIeKTPOsHEeprueil
U TEIlJIOM COTHU rOpPOJOB.

Ha zudposnexmpocmanyuax (I'9C) gus Bpamenus POTOpPOB
[€HEepaTOPOB MCIOJb3YeTCA MOTeHIIUAIbHAA OJHEePTUA BOIHI.
PoTopsl a7eKTpUYeCKUX IeHepaTOPOB NPUBOAATCA BO Bpalle-
HYe TuIpaBlIWYeCKUMHU TypObuHamu. MoOIHOCTL Takoi cram-
OUM 3aBUCUT OT CO3JaBaeMO¥ IJOTHHON PA3HOCTH ypOBHeil
BOJBI (HAIIOD) M OT MACChl BOJAEI, IIPOXOAIIeit uepes TypOuHy
B KaXAYyI0 ceKyHAy (pacxon Bogsl). Ilpespamenus 9HEPruy I10-
KasaHbI Ha CxeMe, IIPUBEJIeHHON Ha pHUcCyHKe 5.6.

FH{[pOSJIeRTpOCTaHILPII/I AaoT okoaxo 20% Bceil BeIpabaThb-
BaeMOU B HAalleil CTpaHe BIEKTPOIHEPIUH.

SHeprus TOILIUBA

1. Mexasnueckas

BuyTpenusas Heprus
SHepTrus mapa JABUTaTENEeH
Mexauunueckas 2B
.BryTpenHas
u
(kuHeTHUeCKAas) JInans nepenaun J——
9Heprus Hapa >
HarpeBaTeJLHLIX
11pubopos
Mexanunyeckas P P
(KMHeTHYeCKas)
oHe
Heprug TypouHLI 3.BuyTpennas
Bryrpennsas SHEprus
DneKrpuyeckas oHeprua AKKYMYJIATOPOB
DHeprus [IPOBOJOB
T™HC ITorpe6urens

Puc. 5.5
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Mexanudeckas
(moTeHIMAaTbLHAA) 1. MexaHn4ecKas
SHEPrus BOABI sHEprus
aBUrarenen
MexaHuueckas
(KuHeTHYECKAA) 2. BHyTpeHHssA
9HEPIUsA BOLBI JIunus nepegaun SHEPTHA
* > HarpeBaTelbHbIX
Mexaunyeckas npu6opos
(KuHeTHYecKas)
9HEpPTUA TYPOMHBI Y

3. BryrpenHsasa

* Buyrpenuas aHEprus
ANeKTpUyYecKas oHeprus AKKYMYJIATODOB
SHEPIUA IIPOBOZOB
TaC IToTpeburtenn

Puc. 5.6

3HAUYUTEJBHYIO POJIb B DHEpPreTUKe UIpaloT aTOMHLIE BJeK-
tpocraunuu (ADC). B macrosiniee sBpemsa AIC B Poccuu maror
okoso 10% »snexTposnepruu.

Ucnoan3oBanue daekTpodHepruu. [JIaBHBIM oTpedureneM
JIeKTPORHEPTUN SABJSETCH NPOMBIIIJIEHHOCTh, HA AOJI KOTO-
po# mpuxoguTca okoJo 70% mpous3BogUMOii 3JEeKTPOIHEPTHUH.
Kpynusim morpebutesiem sBJSeTCA TaK)Ke TpaHcmopT. Bcee
foJIbIIIee KOJMHUYECTBO KeJe3HOZOPOIKHBIX JUHUH NepPeBOLUT-
cdA Ha sJeKkTpudUecKyo tary. [Touru Bce mepeBHH U ceja MOJy-
YalT 3JIEKTPOSHEPIUio OT IJEKTPOCTAHIIUN XJA HPOU3BOJACT-
BEHHBIX M OBITOBBIX HYXKA. O IPUMEHEHUM 3JIEKTPOIHEPIUn
JUISE OCBEINeHU s KUJINIT U B OBITOBBIX 9JIeKTpoIipubopax sHaeT
KaKABIH.

Boéabmiaga wacTe HCMOJIbL3YEMOI 3JIEKTPOSHEPTHUU ceifuac
IpeBpamiaeTcs B MeXaHHUYeCKYIo sHeprmio. IlouTH Bce mexa-
HUBMBI B IMPOMBIIIIJIEHHOCTY NPUBOIAATCS B ABUKEHUE 3JEK-
TpuuecKUMHU asurarenamu. OHU yaoGHBI, KOMIAKTHBI, JOIYC-
KaloT BO3MOXKHOCTL aBTOMATH3AIlU ITPOU3BOJCTBA.

OKO0JI0 TPETH BJIEKTPOSHEPTUH, TOTPEOIAEMOI IPOMBIIIJIEH-
HOCTBIO, UCIIOJB3YETCA IJIA TeXHOJOTUUECKUX Meiel (IeKTpo-
cBapKa, BJIeKTpudecKuil Harpes U IJaBJeHME MeTaJJ0B, dJeK-
TPOJIU3 U T. I.).

CoBpeMeHHasA UBUAN3ALINA HeMbBICIUMAa 0e3 IIMPOKOTro HC-
TOJNB30BAHUSA BJIeKTposHepruu. Hapymnienne cHabxeHUsA dJIeK-
TPO3HEPTruer OOJBIIOTO TOPOoJa IPU aBapUM Napajin3yeT ero
KUBHb.
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1. MpuseanTe NPMMEPL! MALLKMH M MEXaHH3MOB, B KOTOPbIX COBEPLIEH-
? HO He MCMOoNb3OBancs 6bl INEKTPHUECKMI TOK! )
® 2. HaxopumChb M Bbl BO3Ne renepartopa 3NEKTPHMYECKOrO TOKA Ha pac-
CTOSIHMM, He npeBblualowem 100 m?
3. Yero nmumnmucs 661 wmrenm GonbLioro ropopa npu aBapMu 3neKkTpu-
YecKoM cetu!

§ 40 HEPETAYA 3JEKTPOSHEPIUHU

Ilorpe6uTenu 31eKTPOIHEPIrUN MUMEIOTCA moscrony. Ilpous-
BOAUTCA K€ OHA B CPABHUTEJILHO HEMHOTHX MECTaX, OJIM3KUX
K HMCTOYHMKaAM TOIIMBO- U TUADPOPECYDPCOB. 9IeKTPOSHEPTHIO
He ylaeTcsi KOHCepBUPOBATh B GOJbIIMX MaciuTabax. Oma
Ao/XHa ObITH MOTpebiIeHa cpasy ke mocse nonyyenud. ITosro-
My BOSHMKaeT HeOOXOJUMOCThb B Iepegaue 3JIEKTPOYHEPTHHY HAa
DoJIBIIIVE pacCTOSHUS.

Ilepenaua snexTposHepruu ceszama c 3aMEeTHBIMM HOTEpS-
MH, TaK KaK dJIEKTPUYECKUH TOK HArpeBaeT IPOBOAA JTUHMII
aJIeKTporiepenaun. B coorBeTcTBUYM ¢ 3akoHOM Haxoyna — Jlen-
0a sHeprud, pacxolyemas Ha HarpeB IPOBOJOB JUHUH, onpe-
mejasercs hopmyaoit

2 p?
Q=IRt=‘[}ERt,

rie R — comporusnenue auauu, U — nepezaBaeMoe HaIpsa-
WeHre, P — MOIIHOCTL HMCTOYHMKA TOKA.

ITpn oyens Gonpmioi gawme TUHWT nepegadya dHePruu Mo-
JHET CTaTh 9KOHOMUYECKHU HEeBBITOAHOMN., 3HAUNTEILHO CHUSUTL
CONPOTHB/IEHHE JUHUK R npakTudeckn BecbMa TpynaHo. Iloaro-
My DPHXOAUTCS YMEHbIIATh CHIY TOKa I.

Tax xax MouHOCTH MCTOUHMKA TOKA P paBHa TIpousBeze-
HUIO CWIBl TOKa [/ Ha Hampsuxenue U, To mis YMEHBIEeHUA
IepefaBaeMoi MOITHOCTU HYIKHO ITOBBICHTE nepegaBaeMoe Ha-
IpAKeHne B IUHUU Tepeiad.

ITosToMy Ha KpymHBIX 9JIEKTPOCTAHIUAX YCTAHABIMBAIOT
nosviwanuue mparcgopmamopst. TpanchopmaTop yeesuan-
BAaeT HaNpsyKeHre B INHUU BO CTOJIBKO Ke pas, BO CKOJIbKO pas
YMEHBIIaeT CUJIY TOKA.

YeMm nauHHEe NUHUA Tepegaum, TeMm BBIT'OZHEEe HCIOJIb30-
BaTh Gojiee BBICOKOe HampsikeHue. Tak, B BBICOKOBOJIBTHOMH
Junun nepegzaun Bomxckas I'DC — Mockea u HEKOTOPbIX
APYTHAX HCIONb3YIOT Hanpsxenne 500 kB. Mexay tem resepa-
TOpPbL IIEDEMEHHOTO TOKA HACTPAMBAIOT Ha HAIIPSKEHWs, He
upessinaomumue 16—20 kB, Bosiee BhbIcOKOe HalpsaXeHue I0-
rpeosano Obl NPHHATHA CJIOMHBIX CIeUUAJbHBIX Mep oI
H30Js1HU OOMOTOK ¥ APYTHX udacTel reHepaTopos.

JLis1 HemocpeCTBEHHOTO MCIOAb30BAHMS DJIEKTPO3HEPIruu
tOABNEATeNAAX  SJeKTPOUPUBOJA CTAHKOB, B OCBETHTEIbHOL
ceTR N s JIpyrux geseu HalIpAXeHUe Ha KOHIax JIMHUHU
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Tennosasa
9JIeKTPOCTAHIUA
11 kB
IToBvrnarouinit
TpaHchopMaTOp P
110 xB
Jluausa
Hormxarommui feperaun
TpaHchopmarop
Ilonmxaromuii
Tpa"chopmaTop
6 kB
ITorpe6urenn
220 B

Puc. 5.7

HY>KHO MOHU3UTb. ITO JOCTUIAETCA C TOMOIILIO NOHUNCAOUWUX
mpancpopmamopos. Obuas cxema mepemayu SHEPTUU U ee
pacpeznesieHUsT ITOKa3aHa Ha pUCYHKe 5.7.

OOBIYHO HOHMIKEHHe HaNpsKeHUus1 U COOTBETCTBEHHO yBe-
JIMYEHNE CUJIBI TOKA OCYUIECTBIAIOTCA B HECKOJIBbKO aTanos. Ha
KaKAOM oTale HampAXKeHWe CTAHOBUTCS BCe MEHbIIEe, a Tep-
PUTODPHA, OXBaTbIBaeMas dJeKTPUYECKOH CeThbio, — Bce mupe.

ITpu ouenn BBICOKOM HampsKEHHH MEXAY TPOBOZAMU MO-
KET HauaTbCA pPa3pAA, NPUBOJAIIUI K IOTEPAM SHEPIHU. Io-
[IycTuMas aMIUINTy/a I€PEeMEHHOIO HAUDPSAKeHUA [OJKHA
OBITH TAKOH, YTOOBI IPHU 3aMaHHO IJOILNANH ITONIEPEYHOro ce-
1€HUA IIPOBOJA IIOTEPH SHEPIUH BCJIEACTBHE Paspsina ObLIU He-
3HAUNTEJbLHBIMM.

JJIeKTPUYECKUE CTAHIUY Psifa paiioHOB CTpaHbl O0BEeaMHe-
HBbI BBICOKOBOJIBTHBEIMM JIMHUAMHU 3JIEeKTPOIIepeayn, obpasys
00IIYIO 3JIEKTPUYECKYIO CeTh, K KOTOPO# HOJAKJIIOYEHBI ITOTpe-
burenn. Takoe o6benuHeHMe, Ha3BIBAEMOE SHepzocucmemoll,
AA€T BOSMOMXHOCTD CIVIAAUTH NUKOBbIE HATPY3KHU IOTPEOIeH U
9HEDPTHHU B yTPEHHNEe U BeuepPHUe 4achl. JHEeprocucTemMa odecre-
unBaer OecrepeGOMHOCTD Momgaum SHEPIUH NOTPeOUTEJIAM BHE
SaBHUCHMOCTH OT MeCTa MX pacHoaoxkenusa. Cefiuac mouTu Bes
TEPPUTOPUA Hallell cTpaubl obecrieynBaeTcs BJIEKTPOIHEPIH-
el O0beIMHEeHHBIMU 3HEPTeTUYECKIMI CHCTeMAMIL. Heitcreyer
Enunas sHeprerudeckas cucrema €BPONEeHCKON YaCTH CTpaHBbI.
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ITepenaua snexTposHepruu Ha GOJBIINE PACCTOSHUS C Ma-
JBIMU IIOTEPSMY — CJIOKHAA 3anava. Hcmoab3oBaHue siek-
TPUYECKOT0 TOKA BBICOKOTO HANPAMKEHUS IIOMOTraeT YCIeIHO
paspeluTs ee.

1. Kak ocyuiectensetcs nepepada 3nexTposaHepruu Ha 6onblume pac-

? cTosiHua!

L 2. B YeM NpeMMYULECTBA NePelai 3HePruM Ha GonbliMe PaCCTOSHWS
NPH UCNONb3OBAHHH NOCTOSIHHOIO TOKal

DOBGEKTUBHOE HCIIOJIb30BAHUE
41 5 yEKTPOSHEPTHU

IloTpeGHOCTD B 3JIeKTPOSHEPTUH HOCTOAHHO YBEJIMUNBAETCH
KaK B IPOMBIIIIEHHOCTH, HA TPAHCIIOPTE, B HAYYHBLIX V4YpeIK-
A€HUAX, TAK U B OBITY. ¥YZOBJIETBOPUTH 3Ty HOTPEOHOCTH MOK-
HO OABYMS OCHOBHBIMH CIIOCODaAMU.

CamMblil ecTeCTBeHHBIN M eAMHCTBEHHBIH Ha NEPBBIA BITJIAL
CTI0CO0 — CTPOUTENBbCTBO HOBBIX MOIIHEIX BJIEKTPOCTAHIUIN:
TETLJIOBBIX, TUAPABINYECKUX U aTOMHBIX. OZHAKO CTPOUTENb-
CTBO HOBOW KDYIIHOHM BJIE€KTPOCTAHIUU TpedyeT HECKOIbKUX
JeT 1 GOJBIINX 3aTPAT. BaKHO ¥ TO, UTO TEMJIOBBIE BIEKTPO-
CTAaHIMM IOTPEOJAIOT HEeBO3OOHOBJISEMble IIPUPOAHELIE PECyp-
CBHI: yToJib, He()Th U ra3. OaHoBpEeMEeHHO OHU HAHOCHT GOJIBIIION
yiep6 sKOJIOTUUECKOMY PAaBHOBECHIO HA HaIllell IJaHere.

Ilepenosbie TEXHONIOrNY IO3BOIAIOT YAOBIETBOPUTE norpeod-
HOCTH B 3JI€KTPOSHEPIHH APYTUM CIIOCOGOM.

BoamosxHOCTH AJs1 Goslee 3h(heKTHBHOTO HCIOJL30BAHUS
DJIEKTPOYHEPTUY UMEIOTCH, M HeMasnsle. OfHA U3 HUX CBA3aHA C
OCBellleHHeM, Ha KOTOpoe pacxoayeTca okoJio 25% Bceii mpous-
BOAUMON 3JIeKTposHepruu. B Hacrosamee Bpems B CIIIA u Apy-
FUX CTPaHaX HCIONb3YVIOTCA KOMIAKTHLIC JIOMHHECIIeHTHBIE
JIAMIIBI, KOTOPbIE NOTPe6AI0T HA 80% MeHbIIle 2/IeKTPOSHEPTHH,
qeM JIaMIIbl HAaKaJanBaHUA. CTOMMOCTE TAKMX JIAMTI 3HAYUTE I b-
HO [TPeBBIIIAeT CTOMMOCTD OOBIYHBIX, HO OKYIIAIOTCA OHU GBICTPO.
Hapsiny ¢ 9TuM u caMble IPOCThIE MEPEI 10 3KOHOMHOMY IIPUMe-
HEHUIO OCBEIeHUs B OMaX U IPOU3BOACTBEHHBIX IOMEIeHUIX
CII0COOHBI IaTh HeMasli adpdert. He Hazo ocTaBiATh HAIpPAacHO
BKIIOYEHHBIMU JIAMITEI, HeoOXOAMMO 103a00TUTHECA O TOM, UTO-
611 ocBemanuck JUIIL paboune YUaCTKY U T. .

MMmeeTca 1 MHOMKECTBO APYTHX BO3MOKHOCTEH ITOBBLIIIEHMSA
D(MHeKTUBHOCTH UCTIOTB30BAHKA 3JIEKTPOIHEPTUHN B OBITY: B XO-

JIOJILHBIX YCTAHOBKAX, TEIE€BHU30pax, KOMILIOTEpax U T. 1.
(HiconomieHHbIe CPEACTBa MOYKHO UCIOAB30BATD JJIS paspabor-
KN VeTpoHeTB, MPeoOpas3yIouX COJMHEYHYIO SHEPTHIO B 9JeK-
rpiieckyio. boabsline Hajge)KAbl BO3JaraloTces ceifuac Ha IIO-
TYHCHIIC DHCPIMK ¢ TTOMOIUBIO YIPABIAAEMBIX TEPMOAAEDPHBIX
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peaknui. Takwme ycrpoiicTBa He OyAyT NPenCTABIATH CTOJb
OOJIBIION OIIACHOCTH, KaK OObIYHbIE ATOMHEIE BJIeKTPOCTAHLIUHA.

IIpuoputrer mosxeH OBITH OTAAH yBENIMUEHUIO 3((EKTHUBHO-
CTH HCIIOIb30BAHUS 3JIEKTPODHEDPI U, & He TMOBBIIIEHUIO MOIITHO-
CTH dJNeKTpocraHumuit. Kpome aroro meobxommmo paspabars-
RATb HOBBIE YCTPOMCTRA LJIA IIOJYyYeHUA SHEePIUH.

YIIPAKHEHWUE 5

1. Kark A0/KHEBI 6BITH DPACIOIOMKEHDI HM30JUPOBaHHbIE APYT OT
/pyra CTaJbHBbIE ILIACTUHEI CepleuHHKA POTOpa WHIAYKIMOHHOTO re-
Heparopa IJA yMeHBIIIEeHUS BUXPEBBIX TOKOB?

2. O6morku TpanchopMaropa caeaaHbl U3 IpOBOJla Pa3HOM TOJI-
muEbl. Kakaa u3 o6MOTOK coaepuT GOIBIIEe YUCIO BHTKOB?

3. Kax ompemesnTs YHCIO BUTKOB 06MOTKM Tpa"chopmaropa, He
pasMaTbiBas KaTYIIKy?

4. YTo MOKeT HpPOu30ATH, ecau CIy4YalHO TOAKJIOYHTHL TPaHC-
($hopMaTOp K MCTOUYHUKY HOCTOSIHHOTO TOKAa?

5. YenoBeueckuii rias MOMKeT GUKCUPOBATL M3MEHEHUe WHTEeH-
CUBHOCTH M3JAY4YeHUs ¢ dactorToil He Gosee 20 I'm. ITo menwm jgamisl
HaKaaWBaHUHA HUAET IIepeMeHHBIH Tok. IloueMy MBI BUAWM MOCTOSH-
Hoe, 4 He NYJbCUDPYIOIlee U3IYUEHHUEe JIAMIIbI?

RKPATKHE HUTOI'H I'JIABBI 5

1. SueKkTpuuecKuii TOK BBIpAGATHIBAETCS NPENMYIIECTBEHHO
BNIeKTPOMEXAHUYECKUMHU MHAYKIHOHHBIMU TeHepaATOPaMH.
ITH reHepaTophl MPEBPALIAIOT MEXAHUYECKYIO SHEPIHI0 B
9HEPIUIO BJIEKTPUYECKOI'0 TOKA.

2. TlepemeHHBIN BJIEKTPUYECKHUIT TOK NMpeoGpasyeTcs ¢ MOMO-
e Tparchopmaropos. TpanchopmaTop numeer xBe 06MOT-
KM, HajZeTble Ha CTaJbHOU cepmeuHuxk. OH MCHOJL3yeTCA
AJIA yBeJIUYEHUS WU yMEHBUIIEHUS HAUPAKEHHUS IIPU MU-
HHEMAaJIBHBIX MOTepAXx sHeprum. Ilosyuaemoe ¢ ero momo-
IIBI0 UBMEHEHWE HANPSKEeHHUSA OlpeJelsgeTcss OTHOIIIeHUeM
9yC/ia BUTKOB N B IEPBUUHOM OOMOTKE K YUCJIYy BUTKOB N,
BO BTOPHMYHOHN 0OMOTKE:

Uu N
U2 N2
3. Bo ckompko pas yBeanuuBaeTcs (yMeHBIIAETCH) HanpsKe-
HHe, BO CTOJILKO ’Ke (IPUMEePHO) Pas yMeHbInaeTcs (yBesu-
YHUBAaETCHA) CUJIa TOKA:

U1~Iz

.

U, I,
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4. lorepu 2J€KTPOSHEPTHH B IPOBOAHUKAX obpaTHO Mpomop-
OUOHATBHBI KBaJpaTy HalpAMeHusa Ha Hux. I[losTomy mne-
pefavy OJeKTPUYeCKOd OSHEPrHM II0 IPOBOAAM BBITOIHO
OCYIECTBJIATEL IIPU BBICOKOM Hamnpsa:keHuu. TpaHnchopmaro-
PBEL Ha 9JIEKTPOCTAHUUAX IOBBIIIAIOT HANPSMKEHHE IIepen
nepenaveil sHepruu Ha OGoablnme paccrosHus. Ha KOHIIe
JHHUM BJIeKTPpoNepesady HaOpsaKeHHe HOHIMIKAIOT C II0-
MOILIbI0 TPAHC(POPMATOPOB, U 3JEKTPUUECKHUI TOK IOCTyIA-
€T K IIOTPefuTeIsaAM.

I'maa 6. MEXAHWYECKHWE BOJIHbBI

B aT0if riiaBe paccMoOTpUM CBOMCTBA MeXaHUUYECKUX
BOJIH.

§ 42 BOJIHOBBLIE SABJIEHHUS

Kaaerit us nac mabaogai, Kak oT KaMHs, OpOIIeHHOr0 Ha
CIIOKOMHYIO ITOBEPXHOCTH NPy/Aa UJIK 03€epa, Kpyramu paabera-
I0TCA BONHBI (puc. 6.1). MHOrMe clnenunu 3a MOPCKMMHE BOJIHA-
My, Haberaonumu Ha Geper. Bee unranu pacckass o MOPCKUX
IIyTeIeCTBUAX, O TYNOBUIIIHON CHJIe MOPCKUX BOJH, JIETKO pac-
KaunBaromux Sosbimue kopaban. OqHaKo Ipy HaGIIOLeHUH 9THX
FBJIEHUH He BCeM U3BECTHO, YTO 3BYK BCILJIECKA BOABI JOHOCHTCS
A0 HAIIIeTO yXa BOJHAMU B TOM BO3AYXe, KOTOPBIM MbI ABIIITHM,
4TO CBET, C IIOMOIBIO KOTOPOTO MbI 3PUTEIBHO BOCHPHUHNMAEM
OKPYyIKalolee, TOXe MPeJcTaBideT coO00H BOIHOBOE NBUMKECHUE.

BoJuiHOBBIE TPOLLECCH] YPE3BLIYANHO MIUPOKO pacupocTtpate-
HBI B IPHPOZe. Pasinnyvnbl (u3uyecKue IPUUMHEI, BLI3BIBAIOIINE
BOJIHOBLIC JBMKeHUA. Ho, momobuo konebanuam, Bee BHULI
BOJIH OHUCBHIBAIOTCSA KOJIMYECTBEHHO OJMHAKOBLIMM WJIU IOYTH
OAWMHAKOBBIMHU 3aKoHamu. MHorue TpynHbBle IJIs HOHUMAHUSA
BOIIPOCHI CTAHOBATCS G0JIee SCHBIMU, €CJIM CPABHUBATE PAa3/IdU-

HbI€ BOJIHOBBIE ABJICHIA.

Yro Ke HA3ZBEIBAIOT BOJHONH?
IHouemy Bo3HuUKaOT BOJHBI? OT-
JeJbHBIe YaCTHUIIEI JII0O0TO Teid —
TBEPIOrO, KUIKOTO HJIU Tas3ood-
Pa3HOT0 — B3aUMOAENCTBYIOT IPYT
¢ apyroM. IlosTomy ecau Kakasi-
Ju00 YacTUIA Tesa HAUYMHAET CO-
BepIIaTh KoJebaTelbHBIE IBHUIKE-
HHUA, TO B Pe3yJabTATE B3aUMO-
AefICTBUA MeKIy YacTUIaMU 3TO
JABUIKEHUE Ha4YWHAeT ¢ HEeKOTOPOil
CKOPOCTBIO PACIPOCTPAHATHECA BO
Puc 6.1 BCE CTOPOHBIL.

Bonna — 5T0 KoNeGaHUA, PACIPOCTPAHAIONIMECH B IIPO-
CTPAHCTBE C TeUeHUEM BPeMeHH.

B Bosnyxe, TBepABIX TesaX U BHYTPH KUAKOCTEH MeXaHIUe-
CKWe BOJHBI BO3HUKAIOT OJarogapsa JefCTBUIO CHJI YIIPYTOCTH.
JTH CUJIBI OCYIIECTBISIOT CBA3h MEXAY OTACHbHBIME YaCTIMU
resia. OOpa3oBaHMe BOJIH HA TIOBEPXHOCTH BOABI BBIZHIBAIOT CHJIA
TAXECTH U CHUJIA MIOBEPXHOCTHOTO HATHAXKEHUS.

HauGostee oTueTIMBO ritaBHBIe 0COBEHHOCTH BOJHOBOTO JBH-
JKeHHA MOMKHO YBHUAETBH, €CJU PACCMATPHBATEL BOJIHBLI HA II0-
BEPXHOCTHU BOJBI. ITO MOTYT OBITh, HALIPUMED, BOJIHBI, KOTOPbIE
MPeACTaBJIAIT co00il Oerymue BUepen OKpyIyble Baabl. Pac-
CTOSTHHUS MEKAY BajJlaMu, WU I'PeOHAMU, IPUMEPHO OIUHAKO-
Bbl. OJHAKO €CIM Ha IOBEPXHOCTH BOJBI, II0 KOTOPOH GEMUT
BOJIHA, HAXOAWUTCHA JIETKUH ITpeJiMeT, HallpUMeD JIUCT ¢ JepeBa,
TO OH He OyZieT yBJIeKaThCA BIePeJ, BOJHOMH, a HAYHET COBEPILATD
koseGaHus BBEPX M BHU3, OCTABasCh NOYTU HA OJHOM MecTe.

IIpn BO3OYKAEHUM BONHBI NPOUCXONMUT IIPOLECC pacmpo-
CTpaHeHHus KoJeOaHU, HO He NePeHoC BelllecTBa. BO3HUKIIHIe
B KAKOM-TO MecTe KOJileDaHUA BOABI, HAIIPUMED OT GPOLIEHHOTO
KaMHsi, IePelajoTCA COCeJHUM yJ4acTKaM U [IOCTeIeHHO PACIIPO-
CTPAHAITCA BO BCE CTOPOHBI, BOBJIEKAsA B KosebaTeILHEIE IBU-
JKEHUs BCe HOBBIE U HOBbIE YACTUUBI cpenbi. TeueHue ke BOIbI
He BOSHUKAET, IePeMellaloTCs JUIIb JOKaTbHEIe POPMBI ee mo-
BEDXHOCTH.

Cropocts BOaHBI. Baskueiiieit XapaKTepUCTUKON BOJIHBI
ABJISIETCA CKOPOCTH ee pacipocTpaHeHdusa. Boxusl g1060i mpupo-
ABl He PaCHPOCTPAHSAIOTCA B IPOCTPAHCTBE MIHOBEHHO. X CKO-
pocTe KOHeuHa. MoHO cebe, HAIPIMED, IPEJCTABUTE, UTO HAJ
MOpeM JIeTUT 4YaiiKa, NpUYeM TaK, YTO OHA BCe BPEMS OKA3bI-
BAeTCH HaJ OJHUM U TeM »Ke rpebHeM BOJIHbI. CKOPOCTEL BOJIHBI
B 9TOM CJIydae paBHa CKOPOCTH Yaiiku. BosHbl Ha moBepxHOCTH
BOZIBI YAOGHBI /151 HAGMIOJeHIs, TaK KAK CKOPOCTh UX PACIIPO-
CTPaHeHNs CPAaBHUTEILHO HeBeJINKA.

Ilonepeunsie u mpoxoabHble Boambl. HeTpynuo Takske Ha-
6i0/laTh BOJIHBI, DPACHPOCTPAHAIONIUECH BIOJb DPE3UHOBOTO
muypa. Eciay onun Konen mHypa 3akpenuTs U, CJIerka HATSHYB
ITHYP PYyKOH, IpUBECTH APYroil ero KoHeIl B KoJebaTelbHoe
ABUIKEHHE, TO IIO LIHYDPY 11006eKUT BoaHA (puc. 6.2). CkopocTh
BOJIHBEI OyzieT TeM GoJibllie, YeM CuJbHee HATAHYT LIHyp. Bosna
JIODEXKHUT 10 TOUKH 3aKPeIIeHIA
IIHypa, OTPasUTCA H MOOEeXKUT
Hasald. B srom omblre mpm pac-
IIPOCTPAHEHUN BOJIHBLI IIPOUCXO- \).-.——-/\_\—
AAT U3MeHeHuA (HOopMbI IIHyPA.
Raxaeiit yuacTor muypa KoJieb-
JIeTCA OTHOCUTEILHO CBOEro He-
U3MEHHOI'O IOJIOYKEeHUSI PABHOBE-  Puc. 6.2
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Hanpasierue
pACHpOCTPAHEHU A BOJIHBI

Hanpasnernue
KoNebauuit ¥
Puc. 6.3
Hanpasneunue
Hanpasnenne xonebaunii PACIIPOCTPAHEHN ST BOJTHBL
Puc. 6.4

cusg. O6patuM BHHMaHHe Ha TO, 4TO Npu pacnpocmpaHeul
B0LHbL 8006 WHYPA KONEOAHUSL COBEPULAIOMCA & Hanpase-
HUuu, nepneHOUKYNLADHOM HANPABILEHUN pacnpocmparenus
801Hbt. Taxkwe BOIHBI HA3BIBAIOTCS nonepeyHsiMu (puc. 6.3).
B nomepeuHO#l BOJHE cMeNIeHHS OTHEILHBIX YUACTKOB Cpenkl
IIPOXICXONAT B HAIIDABJIEHWUY, IePHEeHANKYJIAPHOM HANPABICHUIO
pacupocTpanenus BoJyHbL. IIpw aTOM BO3HHWKaer ymnpyras e-
Gbopmanusa, HasbiBaemas gedopmanueii casura. OTaebHbIE
CJI0M BellecTBa CABUTAIOTCS OTHOCUTEJBHO APYT apyra. IIpu me-
(hopManuu cIBUra B TBEPAOM TeJle BOSHUKAIOT CHIIbI yIpyrocru,
CTpeMAIHMEeCA BEPHYTE TEJIO B HMCXOJHOE COCTOAHHe. VIMeHHO
CHJIBL YIPYTOCTH M BBISBIBAIOT KOJIeGaHUs 4acTuIl cpebil.

Casur cioeB OTHOCHUTENBHO APYI APYra B rasax u JKUI-
KOCTAX He NPUBOAUT K IOSBJEHUIO CUJI ynpyroctu. IlosTomy
B Tasax U JKHIKOCTAX He MOTyT CYILIeCTBOBATHL IOIepedYHbIe
BOJHEI. IlomepeuHbie BOJHBI BOBHUKAIOT & meepdvix meaax.

Ho rozebanua wacmuy cpedvt mozym npoucxodums u 6donn
Hanpaenernua pacnpocmpanernus 6onnsl (puc. 6.4). Takas BogHA
Ha3bIBaeTCA MPOXOABHOM. IIpogosnbHyI0 BOMHY yI06HO HaGIIO-
JaTh Ha AJUHHON MATKOM HpYXHUHE 60JIBLIIION0 AuameTpa. ¥ ga-
PUB JIAZIOHBIO 11O OJHOMY M3 KOHIIOB NPYXUHEL (puc. 6.5, a),
MOYXHO 3aMETUTh, KaK CoKaTHe (YNPYTrui UMIyJIbc) OeXKUT 110
npy»xute. C IIOMOILIBIO CePUM IIOCTIeA0BATEIbHBIX YIAapOB MO -
HO BO3OYAUTDH B NIPY)KUHE BOJIHY, npeacTaBaAOIIyIo coO0 mo-
¢J1ICNOBATEIbHBIE CHKATUA U PACTAMEHUS IPYXKUHBI, Geryiue
Apyr 3a apyrom (puc. 6.5, 6).

MNrak, B IpoAoabHOI BOIHE IPOUCXOAUT gedopMalnusa cixa-
Tusn. CuTel yIPYrOCTH, CBABAHHBIE C 3TOH Jedopmanueil, Bo3-

1 .
Korin Mol ropopuM o Konebanmax YaCTHIL CpeAbl, TO UMeeM B BUAY KO-
Tennn Mty o0'heMoOB cpejbl, a He KoJgebaHus MOJEKYJI.
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a)

Puc. 6.5

HHUKaOT KaK B TBEPAbIX TejlaX, TAK M B KHUAKOCTAX M Tasax.
ITH CHJIBI BBHI3BIBAIOT KOJIEOAHUS OTAENBbHBIX YYACTKOB CPEbI.
[loaromy nponosbHBIE BOJHBLI MOTYT PACIPOCTPAHATHCA BO
BCEX YIPYTUX cpepax. B TBepjbIX Tesax CKOPOCTh MPOAOJIb-
HBIX BOJH GOJIBIIE CKOPOCTY IOIIePEeUHBIX.

JTO YUYHTBIBAETCS IIPU ONpPeJeJeHUN PACCTOSHUA OT 04ara
3€eMJIETPACEHHUA A0 celicMUYecKol craHnuu. BHauae Ha craH-
(U1 PETHCTPUPYETCs IPOAOJbHAA BOJHA, TAK KAK €e CKOPOCTh
B 3eMHOHU Kope Goibllle, ueM nomepeunoii. Cuycrs HEKOTOopoe
BpeMs DPeTHCTPUPYETCA IMolepedyHas BOJIHA, BO30yxKIaeMast
pH 3eMJeTPSACEHUM OJHOBPEMeHHO ¢ IIPOJOJbHON. 3Has CKO-
POCTH IPOAOJIBHBIX U IOIEPEYHBIX BOJH B 36MHON KOPe M Bpe-
MA 3alas3AblBAHUS [IONEPEYHOH BOJHBI, MOMHO OIIpeleUTH
paccToAHME O OYara 3eMJIeTPACeHHUd.

JHeprua BoJHbI. [Ipu pacImpocTpaHeHHH MeXaHUUYeCKO
BOJIHBI JIBUKEHUe IlepefaeTcsa OT OJHUX YaCTHUIl CPedbl K APY-
rum. C nepenaveit OBMIKEHHS CBsA3aHa Tepefadya SHEPIHUH.
OcHOBHOE CBOHCTBO BCEX BOJIH HE3aBHCHMO OT UX IPUPOLBL CO-
CTOUT B MepeHOoCe UMHU 3HepruM Oe3 IepeHoca BelllecTBa. JHep-
F'UA DOCTYHAeT OT UCTOYHUKA, BO3OYIKAAIOIEro KojJebanusa Ha-
HaJjia HIHYypa, CTPYHBI M T. [., ¥ PACIPOCTPAHSETCA BMECTe
¢ BoJHOM. Hepes n1060e monepeyHoe ceueHUe, HATPUMED LIHY-
pa, mepefaeTca sHepPrusd. JTa YHePrud CJIaraeTcs U3 KuHeTHue-
CKOW SHepPruu JBMKEHHS YACTHUI[ CPeJbl M I[IOTEeHUUAJbLHOI
SHeprum uX ynpyroi gepopmanuu. IlocTenennoe yMeHbIIEHHE
AMILIUTYABI KOJe6aHnil YacTUIl Upyu pacIpoCTpaHEHUU BOJIHBI
CBA3AHO C NPEBPAIEHMEM HacTH MeXaHHYeCKOM Hepruu BO
BHYTPEHHIOO.

Bonna — 810 KOME€GaHMA, DPACHPOCTPAHAIOIINECH B IIPO-
CTDAHCTBE C TedeHUeM BpeMeHH. CKODPOCTH BOJHBI KOHCYHA.
Bosna nepesocut sHepruio, HO He MEPEHOCUT BELIECTBO CPEAbI.

1. Kakne BONHBI HA3bIBAIOTCS NONEPEYHBIMM, @ KaKme NPOACNbHbIMKM}
? 2. MoxeT nu B Bofle PACNPOCTPaHATLCH NONEpPeYHan BoNHal
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§ 43 PACITPOCTPAHEHHUE MEXAHHUYECKHUX BOJIH

Clagana paccMoTpuUM 80JHY, KOTOpas pacrnpocTpassercs,
tialipumep, BOJIb PE3WHOBOTO HMIHYypa (cM. puc. 6.2).

Kaxapiii yuacTox maypa obiagaer mMaccoi u YIPYTOCTHIO.
[Ipu medopmamun 1mHYpa B J0GOM €ro CeUeHUH MOSBIISAIOTCSH
CHJIBL YIIDYTOCTU. OTH CHJIBI CTPEMSATCS BO3BPATHTE IIHYD B UC-
XOZHOE NOoNoXKeHre. 3a CYeT HHEPTHOCTH yYacTOK KOJeGJIore-
rocd UIHYpa He OCTAHABJIUBAETCA B IOJOKEHUH DPABHOBECHUS,
2 IPOXOJUT €ro, IPOAOJIKAA JBUTATHCS 10 TeX IOp, IOKA CUJIBI
YOPYTOCTU HE OCTAHOBAT 3TOT YYACTOK. ITO OYAET B MOMEHT
MaKCUMAaJLHOTO OTKJIOHEHHUS OT HOJOMKEHUA PABHOBECUA.

Bmecro muypa BosbMeM Teneph IENOUKY OAMHAKOBBIX Me-
TaJINYEeCKUX 11apOB, MOJBEIIEHHBIX Ha HUTAX. Illapsl cBsiza-
HbI MeXAy coboi mnpyxxumHKamu (puc. 6.6). Macca OpYyKU-
HOK MHOT'O MeHbIlle MacChl 11apoB. B aToil mMoaenu wHepTHBIE
U YyTIPYTHE CBOWCTBA pasflesieHbl: MACCA COCPEJOTOUYECHA B OCHOB-
HOM B IIapax, a YIPYrocTh — B NPYXKUHKAX. JTO pasfeseHne
HeCYLIECTBCHHO IIDU PACCMOTPEHUY BOJHOBOTO IBUKEHUS.

Ecnm oTKJIOHUTH JNeBBIH KpalHuii I1ap B rOpM30HTAJIBLHON
IJIOCKOCTH NEePNEeHANKYJIAPHO BCeH IIENOYKe WIapoB, TO IIPU-
KpPeIlJIeHHasd K HeMy NpyXuHKa Oyner nedopmMupoBaHa, u Ha
2-7f map Ha4HeT 4eHCTBOBATE CUJIA, 3ACTABIIH €0 OTKIOHATE-
CA B Ty ’Ke CTOPOHY, KyAa OTKJOHeH 1-il map. Beaegcrsue
WHEPTHOCTH ABHIKEHME 2-To Iapa He OygeT HPOUCXOAUTHL CHH-
XpoHHO ¢ 1-m. Ero gBm:xenwme, nosropsmoinee asuskenme 1-rvo
mapa, GyzieT 3anasgblBaTh IO BPEMEHM.

Ecau 1-i1 mrap sacraBuTth Kose6aTnes ¢ nepuogom T (pyKoii
UM C IIOMOINBIO KAKOro-1u00 MexaHHsMa), To 2-ii map Toke
npujer B KoJsebaTenbHOe ABMIKEHHe Beaen 3a 1-m, opudyem
C TOW K€ YacTOTOH, HO C HEKOTODPBIM OTCTAaBAHHEM IO dasze.
ITap 3-it moy meficTBMEM CHJIBI YIPYTOCTH, BBIBBAHHON cMeilIe-
HHeM 2-To I1apa, TOoXKe HAuHeT KoJsebaThest, eme 0oJiee oTCTA-
Bas 1o ¢ase or mepsoro, u 1. A. Haxownen, Bce mapsr CTaHYT
COBEPIIAaTh BBIHYMKJAEHHBIE KOJIeOAHUsA ¢ OLHOH M TOHI Ke uac-
TOTOH, HO C pasauYHbIMHE (aszamu. IIpu 5TOM BIOID EeNoYKU
UIaPOB HO0EXKUT NolepeuHad BOJHA.

Ha pucyuke 6.7, a—e nsobpasken Ipoltece pacnpocrpaHe-
tinsi BoJIHBI. IloKasaHbl IOMOKEHUSA 1IAPOB B IIOCIELOBATE/b-
HLIC MOMEHTBI BpeMeHU, OTCTOSAIHe APYT OT APYTa HA YeTBEPTH
nepuosa konebauuit (Buz ceepxy). Crpenxu y 1apoB — 3TO
BCITOPBI CKOPOCTEN MX JBUMKEHUS B COOTBETCTBYIOLINE MOMEH-
11 l![)(‘,IV[CHI/I.

lHa mojiestn yopyroro Tena B BHJIe IIEIIOUKYU MaCCUBHBIX IlIa-
PoR, CBABAHHBIX TNPYXUHKaMu (puc. 6.8, a), MoxxHO mabro-
JETL TAKIKE W TIPOIECC PACIPOCTPAHEHUA NPOAOJIbHBIX BOJH.
HEapia noaBemensr B 3ToT pa3 TakK, 4ToOBl OHU MOTJH KOJIe-
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faTbCsH TOABKO 8706 yenourku. Eciu 1-i map npusecTu B xo-
nebaTesbHOE NBUIKEHHE C nepuogom 7', TO BAOJIDL LEMOYKH I0-
oexuT HIPOLOJIbHASA BOJIHA, COCTOAINAA U3 YePeAyIOMIUXCH ViI-
JIOTHeHUN ¥ pa3pexkeHud mapos (puc. 6.8, 0). AroT pméygom

COOTBETCTBYeT PHUCYHKY 6.7
y <, e IIA caydyas pacIpocT
TIOTIEPEYHON BOJIHEBI. pacHpoetpaneni

Puc. 6.8

PaCHpOCTpaHeHHe INIPOJOIBHBLIX U [IOIIePEeYHBIX BOJH MOMK-
HO IIpOaHaJM3UPOBATEH C IIOMOIIbKO MOJEIH, COCTOHH.IGI'/JI "3 1e-
I[IOYKHY ILIapOB, CBSI3AHHBIX IIPpYXUHKaAMU.

1. Ha kakoe paccrosiHue
PacnpocTpaHaeTcs BONHa 3a Bpems § =
? (cm. puc. 6.7)1 pen =174
® 2. Y7o onpepensier am
. NAHTYRY Konebaumit wapos 8 7
o P paccmoTpeHHoi

§ 44 AJHHA BOJIHBI. CKOPOCTH BOJIHBI

Paccemorpum dusuueckue XapaKTePUCTUKHU BOJMHEL — IJIH-
HY BOJHBI U CKOPOCTh. Ilociie Toro kak xoreGanus Opu pac-
MPOCTPAHEHUN II0MePeUHON BOJEBI AOCTHrHYT 13-r0 mmrapa
1'-11 u 13-UI/I mapel 0yayT Konebarhes COBEPIIEeHHO O,HI/IHaI-COgO’
Korga 1-it mwap maxogurcs B monoskenuu pPaBHOBeCUs U BI/I:
meTcg BJIEBO (ecsu CMOTpeTh BAOJb LENOYKH ITapoB; I[CM
([.)II;I;.H .7, 9), j‘o u 13-i map Haxoaures B IIOJIOXKEHU Y PaBHOBE-
s ToXe ABmxercs BieBo. Cnyersi ele yerBepTh 1epuoga
1 (1ap OKa3bIBAETCA MAKCHMAJIbHO OTKJIOHEHHBIM BJIEBO W B
TAKOM JKe IONOoXeHUU Haxonurcs 13-i map (cMm. puc. 6.7, e)
Koncbannsa asrux H1apoB MIPOUCXOIAT B Oﬁ(I/IHaKOBBIX.(bE;S;lXI:

1
Tounee 104
itee, xoaebanug 13-ro rapa orcramT 10 (})836 oT KoJgebaHutt 1-ro

rapana L. Ho rax Kak cos (of -
TPNIOaneT B pasiayiio B coeT
ot I|(Il|<)\'\’]\',

21) = cos o, To Takas pasHocTs das He
OAHUAX KOJEOIIOMINKCA MAaPOB, U MOMXHO CYM-
ITO HX KOJeDAHNA NPOUCKXOUAT B OMHAKOBLIX dasax
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Kparuaiinee paccTosiHUe MeXKAY TOUKAMU, KOJeOIIOIIMHU-
¢l B OMUHAKOBBIX (hasax, Ha3bIBAETCS AJIUHON BOJMHBI. Cieno-
BaTeJbHO, paccrosHus Mexay 1-m u 13-M, 2-M u 14-m, 3-Mm u
15-M mapaMu paBHBI AJKMHE BONHEI (CM. puc. 6.7, d, ¢). Jnuna
HOJIHBI 0003HAUAaeTCs IpedyecKkoll OyKBoi A (n1am6aa).

JivHa TPOAOIBLHOR BOJIHBI COrJacHO PUCYHKY 6.8, 6 pas-
1A PACCTOAHUIO MeXAy 4-M u 16-M IIapamMu WIU MEXAY 2-M
i 14-M 1mmapamu.

IIpy pacnpocTpaHeHWH BOJIHBL pPasdHbie YaCTHILBI CPeAbl
(rapbl B paccMaTpuBaeMoil MoJlesin) KOJeGIIOTCs ¢ PABIUYH bi-
Mu (aszamMu, ecau TOJBKO PaccTodHHe MeIy HUMH He paBHO
nh (rge n — 1iejioe 4HUCIO0).

Mlapser 1-i1 u 7-i (cMm. puc. 6.7), HaxoAAU[MeCcA Ha PacCToA-
HHA A/2, KOJIeGNIOTCA B MPOTHUBOLONIOKHBIX (hasdax: korja 1-it
Iap OT MOJOMKeHHUs PaBHOBeCHUs JIBU/KETCA BBEpX, TO 7-H —
BaM3 (cM. puc. 6.7, 0).

3a OAMH MePHOJ BOJHA PACHPOCTPAHIETCHA HA PACCTOAHME A

(cm. puc. 6.7, 9).
)\‘ = 1)7‘. (6°1)

JlaMHa BOJHBI — 3TO paccrtodHMe, Ha KOTOPOe pacrnpocTpa-
HAETCA BOJIHA 3a BpeMs, PaBHoe OJHOMY IepPHOAY KojebaHuil.
Tax wak mepwoa T u uacrora V CBA3AHBI COOTHOIIEHUEM

TO

U1, COOTBETCTBEHHO,
L= AV, (6.2)

IIpu pacmpoCTpaHEHUM BOJHBI BIOJNL IIHypa MbI HabJI0Aa-
eM [IBa BHJAA IePUOJUYHOCTU.

Bo-nepabix, KaxkJas 4acTUIla LIHypa COBeplLIaeT nepuojuye-
cKue KoseGaHuA BO BpeMeHu. B cydyae rapMOHUYECKHX KoJeba-
HUi (3TH KOJIeOAHNSA TPOUCXOAT 1T0 3aKOHY CHHYCa UJIX KOCHHYCA)
yacToTa U aMIIUTYAa Kojebaduil 4acTUIl OJMHAKOBBI BO BCeX
TOUKAaX ITHYpa. ITH KojebaHus PasIMyarTca TOJbKO (pasamMu.

Bo-emopbix, B KaK[Ibli MOMEHT BpeMeHU (opmMa BOJIHbI
(T. e. Ipoduab IIHYPA) LOBTOPHAETCA HA IPOTSKEHHU IIHYDPa
yepes OTpesKku AiauHOU A. Ha pucyHke 6.9 yepHO# nuHMed ro-

. .
1 v Ax = At

S N
TN e N
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BALKIE pOgIIL IIYpa B ONIpefieIeHHbIH MOMEeHT BpeMeHu ¢
(MIHOBCHITLIE CHLIMOK BonHbI). C TeyeHnem BpeMenu sToT apo-
(v, Hnepemelaeres.

Crryerss HNPOMEXYTOK BpeMeHU Al BoJiHA Oyaer mMertn BUL,
HHOUPIOICHHEBINA HA TOM ’Ke DUCYHKe CHHeil JMHUENH.

JLuisi upononbROH BOMHEI TakKe cpase/ltusa opmysa (6.2),

CllbiBalomasn CKOPOCTh PACTIPOCTPAHEHU S BOJIHBI, AJIUHY BOJI-
HBL M 4HacToTy KoJiebaHmi.

Bee Bosrabr PACIIPOCTPAHAIOTCS ¢ KOHEYHOH CKopocThio. lan-

l1a BOJIHBI BaBUCHUT OT CKOPOCTH ee PacnpocTpaHeHHA U YaCTOTEI
Korebaumii.

1. YTo HasbiBaOT BAMHON BONHLI!
? 2. Kak cBA3aHbi CKOPOCTL BOMHBI M ANMHA BONHLI!
® 3. Onpepenure no PMCYHKY 6.8, KaKOBa pasHOCTh a3 konebanmit aByx

CcocefHMX WapoB; ABYX LWMapoBs, HaxoaaMxca Ha paccToaHuM, pag-
HOM ANMHE BOAHDI,

. YPABHEHUWE FAPMOHUYECKOM
S45  BErYIIERA BOJIHDLI

BeiBenem ypasuenue BOJIHBI, KOTOPO€ II03BOJIUT OnIpeje-
JIATE CMEIeHNe KayKI0H TOUKY Cpeanl B 10601 MOMEHT BpeMe-
HU DA PACIIDOCTPAHEHUM TapMOHUYECKON BOJIHEL

Cnesaem sTo Ha IIpuMepe BOJHEI, Herymeii o AINHHOMY
TOHKOMY DEe3UHOBOMY WIHYDY.

Ocs OX mampasuwm BAOJL IIHYDA, a4 HAYATO OTCUETA CBs-
FHEM ¢ JIeBRIM KOHIOM IIHYpa. CMmertenue Koaebaroweiica roy-
KW IIHYpa OT IOJIOXKEHUA PAaBHOBECHS 0603HaYNM OYKBOH .
Hns onucanmsa BoaHOBOTO lIponecca HYXHO 3HATh CMeIlleHue

KaXI0# TOYKU MIHYpa B JI06OM MoMeHT Bpemenu. Ciemosa-
TeJIbHO, HalO0 3HATH BUA GYyHKIUU

s =s(x, t).
3acTaBuM KOHell WIHYpa (TOYKA ¢ KOOpAMHATOH X = 0) co-

BE€PIIATh rapMOHUYECKHEe KOJeBaHHUs c OUKJAYECKON vacTo-

roir 0. Kosebanus aTofi Touxn OyayT IPOMCXOAUTE 110 3aKO0HY:

§= s, sinmt, (6.3)

CCAN HavaJMbHYIO (Dasy KoJebaHMH CYnTATH PaBHOH HY.JIIO.

dacen s, — ammamuTyna Konebanuit (puc. 6.10, a).

[Kosicbannst pacopocrpausiores BROJIE IIHYpa (ocu OX) co

CLODOETHIO U M B IPOU3BOJILHYIO TOUKY LIHYpPa C KOOPAUHATON
U HPHAYT COyCTA BpeMs

1=

1%

(6.4)

EN T .
li
- =0
0 t =9
a)
s T \
Iv
JR— (x + 0)
0 t
o
—y
6)
Puc. 6.10

Dra TOoUKAa TaKKe HAYHeT COBepIIaTh I‘apMOHI/I‘{eCRI/I(;B\II ;co%
JebaHMs ¢ HACTOTOM (0, HO ¢ 3anasiblBaHWEM Ha I;I[;eMepe
(puc. 6.10, 6). Eciu npeneOpeub 3aTyXaHuem 1630JIH'1E‘>IH 0 Mepe
€e pacHpoCTpPaHeHUs, TO 1{03106%111145{ B TOUKE X ggoyﬁ. P
AUTH ¢ TOHM e aMILIATY/oH §,,, HO C Apyrou @ :

v

. X
s=s,sin{fo( - 1)) =s,sin w(t - —) . (6.5)

STO 1 eCTh ypaBHEHHE I'aPMOHHYECKOM Oeryuieil BOJIHbI, p0a;
IIPOCTPAHAIOIIENCA B LIOJONUTEIHLHOM HAaIlPaBJIEHUN OCH .

HUcnonbaysa ypaBHeHHUe (6.5) MOMKHO OIIpeleIUTH CMelljeHune
pa3IMYHBIX TOYEK IIHypa B J1000OH MOMEHT BpPeMeHH.

PACIIPOCTPAHEHHUE BOJIH
§46 B yIPYIMX CPEIAX

JKHE
Ha pesuHoBOM IIIHYpe, 10 CTPyHE MJIH B TOHKS,MH ;;Ie)ane-
p ATLCSA TOJBKO IO OZHOM >
BOJIHBI MOTYT paclpocTpaH o anpanse:
HBI MJIN CcTepXKHA. Ecau ke ras,
HUIO — BIOJb [IIHYPAa, CTPY L
OTOPYIO O
CILJIOLIL 3aTOJHAIOT HeK 3
KOCTEL WMJIM TBepJAoe TeJo opy10 00-
JIacTh IPOCTPAHCTBA (CILJIOLIHAA cpefia), TO BOSHI/IKH_[I;I(, ;?pﬁﬁmm
\ *M HaIpagJe .
OCTPAHAIOTCA 10 BCeM
MecTe KoJebaHUusa paclp ! HICHIIN.
WY OT KaKoro-JIubo uc ‘
Boana mnpu pacupocrpaHeH :
B CILJIONTHOI cpejie MOCTEeNeHHO 3aXBaThIBaeT Bee DoJice o61Imup
Ba.
HbIe 00GJIACTH IIPOCTPAHCT .
DTo XOpPOIIO BUAHO HA pucyHke 6.1, Ha I-QOTOp()Ié Hsoggiicm
" orit
HOBEPXHOCTH BOJBI OT Op
Hbl KpPYTrOoBble BOJIHBI HA 3
RaMH§y3Heprnﬂ, KOTOPYIO HECyT ¢ cO00Il BOJHEI, ¢ TeUEHUEM
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BPEMEHHU DaCIpefesAeTCs 110 Bee GOIbIIeH 1 Gosrbimeit moBepx-
HocTu. IlosTomy sueprus, HIEepEeHoCHMas 4Yepe3 OBEPXHOCTH
eANHUYHON IIOIIALM 3a OHY CeKYHAY, yMEeHbIIIAeTCs 110 Mepe
YAaJeHUA OT UCTOYHMKA BOJIH. CaemoBarensbuo, ymenbimaercs
A aMIIUTyna Kojedbanuii vacTumn CpeJsbl 110 Mepe VIaJdeHUus OT
HCTOYHUKA. Bens nneprus KoJeburionierocs Tena IPOOOPIIHO-
HaJIbHA KBAAPATY aMILINTYABI €ro Konaebauni. Dro crpaBemIu-
BO /1A KOJEBAHUH 11¢ TOIRKO rpysa Ha NPy>KHUHEe MJIU KaKoTro-
HHOYAL APYyToro MIBITIHKA, HO M IS JTIO0ON YacTHIbI cpensni.

Takum obpasom, AMILIUTYa BOTHBI B Cpefle 110 Mepe yxaJe-

HHA BOJHBI OT HCTOMHHKA 0034TeIhHO YMEHbINaeTCHa, garke
€CJIU MeXAHIUCCKNs DHepPrus He IIpeBpaIlaeTcs BO BHYTpDeH-
HIOIO 3a cUeT JCHCeTBISI B cpene CHI TPEeHus.

ILnockan sonua. Boanosas IIOBEePXHOCTHL U Jay4. McKrove-
HUE COCTABJISCT T K Ha3bIBAEMAs MJIOCKAS BOJIHA, Taxyio Bonny
MOJKHO HOJY T, CCAW TOMECTHTD B YIpYyryo cpeay 60abLIyio
IJIACTHHY M 33CTABHTL e KoaeBaThes B HaITPaBJICHUM HOPMAJIN
K mractune. Bee roukn cpegsr, OPUMBIKAIOIINE K IIJacTUHe
€ OMHOHU CTOpONLI, OyiyT COBEPIIATE KOJIEOAHUS C OJUHAKOBDI-
MU aMIuinTyamin u (aszamMmu. Itu KoseGanus Oyayr pacnpo-
CTPAHATLCS 1t BIJIC BOJIH B HATIPABJIEHU T HOPMaJ¥ K IJacTHHe,
HPHICM BeC aacriunbl cpefsl, Jexaiiue B IJIOCKOCTH, IIapaJ-
JEJBHOI 1aeriie, OyayT KorebaTbes B onHou daze. [Mosepx-
HOCTL  pannoit (asil Ha3BIBAETCA BOJIHORBOI MOBEPXHOCTHIO.
B cayaac 1mocikoii Bonnm BOJIHOBBIE IIOBEPXHOCTH ITPEICTABIIA-
0T co00IT iockoeri (pue, 6.11). Tak kak Bce TOUYKHU, IIPHUHAL-
Jexaliue ojiHoll BOJTHOBOK IIOBEPXHOCTHU, KOJEOJIOTCT oguHAa-
KOBO, TO ypanncuite 1i0ckoi 6eryuieii BosIHbl OyzeT umeTs BuA

w|oft-3)
SESs,smiolt - — (],
v
Toe 5 — CMCHIeHIIe BCCX TOYEK BOJHOBON NOBEPXHOCTH B JaH-
HBI MOMCIT BpemMelin, a ocs X COBHIAJaeT ¢ HaIpaBeHUeM
pacmpocTpaneiis sojHb 1, COOTBETCTBEHHO, IePHEHJUKYISAp-
Ha BOJTHOBOU NHOBOPXHOCTH.

Boxna moxer cunrarnes mrockoi JIMIIb OPUGIUKEHHO (Ha
KpasXx BOJHOBLIC 1HOBCPXHOCTH UCKPUBIAIOTCA).

Juans, HOPMAaJILIHASI K BOJHOBOM IIOBEPXHOCTH, HAa3bIBA-
ercst aygom. lloy nanpasnenmem pacnpocTpaHeHUsa BOJSH HO-

INMAIOT HalpaBJieHUue MMEHHO JIyyeil.
Jyuu nna nnockux Bomn npezcras-
I ( Jsiior coboil mapanmenbHbIe IpsaAMbIe
(¢m. puc. 6.11). Bgons ayueit IIPOUMCXO-
] MUT [TePEHOC SHEepPTHH.
’l { Hpu pacnpocrpanennu IJIOCKOHI
BOJIHDI PA3MEDBI BOTHOBBIX MOBEPXHO-
Puc. 6.11 CTed 1O Mepe yIaleHUsS OT IJIaCTHHBI
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ile MeHSAIOTCH (MK [OUTYA HEe MEHSIITCH).
IlosTOMY 9HEPruA BOJHEL He paccenBaeT-
¢f B IPOCTPAHCTBE ¥ aMILIUTYAA Kojeda-
UM YaCTHI] CPelbl YMEHbIIAETCA TOJBKO
3a cuer AedcTBUA CUJ TPEHUA.

Ha moBepXHOCTH BOABI JIEIKO IIOJY-
‘[ITH JIMHEHHbIe BOJIHBI, KOTODblC AAIOT
HarJasigHoe IIpeAcTaBJIeHHe O IIOCKUX
BOJIHAX B pocTpaHcTse. g 9TOTO HYX-
HO CTepKeHb, CJerKa Kacalolluica II0-
BEPXHOCTH BOJBI, 3aCTaBUTh K0JI€0aThCA
B HaIpaBJIeHUM, NEePUIeHJUKYIAAPHOM IO~
BEPXHOCTH BOJAKI. Bee YACTHILLI BO/BL, Ha-
XonAIuecs Ha NpaAMOH, HNapassienbHOR
CTePXHIO, OYAYT KOIebaThCsl B OJMHAKO-  pyc. 6.13

BoH dase (puc. 6.12). ]
@POHTOM BOJHBI HA3LIBIACTCA T'€OMETPUYECKOe MECTO TO

JeK, 10 KOTOPBIX AOLIAM BOSMYIIEHUSA B JaHHBIH MOMEHT Bp(—';;
2
MeHH. PPOHT BOJHBI OTAE/SICT YACTh HPOCTPAHCTBA, B KOTOPO

BO3HHUKJIU KoJiebaHUA, OT TOH HaCTH npochaHCTBa, B KOTOE?Iz
KoaebaHuil HeT. BoJaHOBbLIX 11OBEPXHOCTEN cymeCTByeTﬁg}Loﬂ_
YTOAHO MHOTO, (ZPOHT BOJILI OJIHH. Oquuzxi{o, uT0o (Hpo b ron
Hbl — BOJHOBAA MOBCPXHOCTL, HAa KOTOpoH (hasa KoJje

aBHa HYJIO. 3 3
P Chepuueckasn BoaHa. /lpyroil mipuMep BOJIHBL B cnnomnzlgg
cpene — 3T0 cpepuueckast sona. OHa BOSHHKAET, eCJIH 110

THTB B CpeJy OyJabcupyioniyio cepy (puc. 6.13). B BTOMHCJ?;II&;e_

BOJHOBBIE IMOBEPXHOCTH ABJIIOTCA chepaMu. JIqu/I Ha pbI

HBI BAOJL OIPOAOJIMKEHNH DiajiIMyCOB II_VJII)CI/IPYIOHIGUI/I c@epe ;)6;1-
AmMnoauryna KoaebaHui uacTuiy B chepuuecKon B(;IH oo

3aTeNbHO yOBIBAET IO Mepe V/aJIeHusd OT MCTOYHUKA. HZI();H e’.

nuggydyaeMasd UCTOYHHKOM, B DTOM cJjydae paBHomeUpHonp . inB_

JeJsieTcs MO MTOBEPXHOCTH chepbl, pafuyc KOTOPOU H;e pep

HO yBEJUYHUBAETCA II0 Mepe PACcIpOCTPAHEHUsT BOJIHEBI.

ITo dopme dpoHTaA BOJIHLI M BOJHOBBIX TIOBEPXHOCTEMN Hpoi;;
BoguTca Kjaaccnmpuranms BoJiH. Mbl BBeJM MOHATHUA MJIOCKO

n chepuyecKoil BOJH.

§ 47 3BYKOBBIE BOJIHbI

BoJsiHBI HAa TTOBEPXHOCTW RBROABLI WM Ha Pe3uHOBOM U.IHYIf
MOSKHO HeNOoCPeACTBeHHO yBHIETH. B npospa;mon cpgmé N
BO3IyXe WM »KUJKOCTH — BOJHBI HeBUAUMBL. Ho npu onpexn
JIEHHBIX YyCHOBUAX MX 34TO MOXKHO CJILIIIATH.

135




Bosbysxxenne 3Bykonbrx BoaH. Econu gnun-
HYIO CTANBHYIO JIMHEHKY 3aXKATh B THCKAX WAL
IIOTHO IPUMKATh K KPAalo CTOJIA, TO, OTKAOHUB
KOHeH JUHeUKU 0T TOJOXKeHUSA paBHOBecus,
MBI BO30YAMM ee KoreGatiis (puc. 6.14, a). Ho
9TH KoJiebaHUsA He OyayT BOCTIDMHUMATLCA Ha-
muM yxoMm. Ecnu, ognako, yroporuts BBICTY-
AoV KOHel TUHeHKH (puc. 6.14, 6), To MBI
OGHADYXUM, YTO JHHEHKA HauHerT 3ByYAaTh,
Heno snecy BoT B wem.

Ilnacruna B xone komeGanui B/IOJIB HOpMA-
JU K Hell cokuMaer OPpUJIeTalILUui K O4HON M3
€€ CTOPOH CJIOHM BO3AYXA U OJHOBPEMEHHO CO3-
Al4€T paspesKeHre C IPYTroil CTOPOHBI. DTH cika-
THS 1 DaspexeHus YepeNyIOTCA BO BPEMeHH
‘ U PAclpoCTpaHATCA B 00e CTOPOHBI B BUIE
‘, YUPYIUX IPOAONBHBIX BOMH. Ofna U3 HUX moc-
TUTraeT HaIlero yxa M BBI3LIBAET BOIM3M HEro
HEpnoanIecKue KonebaHUs NaBIeHUA, KOTO-
= =2 Pble BO3AEHUCTBYIOT HA CIYXOBO amnapar. Yxo
“€JI0BeKA BOCIPUHUMAET B BUe 3BYKa KoJeGa-
HUS, JacTOTa KOTOPBIX JIEMUT B IIpeNeaax oT

6) 17 no 20 000 I'uy. Takue KoJie0aHusi HA3LIBAOT-

Puc. 6.14 CA ARYCTHYECKUMM. AKycmuka — amo yuenue

0 38yke. Yem Kopoue BRICTYHAKIIUHN KOHeI Jiu-

HeWKH, TeM GOJIBIIIE YacTOTa ero kosebanuii. ITosTomy Mbr u Ha-

THHAEGM CIBIIIATE 3BYK, KOT/A BHICTYIIAIOUIHI KOHeIl CTaIbHOI
JHHEUKH CTAHOBUTCS JOCTATOUYHO KODOTKHUM.

Jlro6oe teso (TBepioe, HUJKOe UK rasoobpasHoe), KoJes-
JIIOINeecd CO 3BYKOBOM 4acToTol’, cosmaeT B OKpyarwuleli cpege
3BYKOBYIO BOJIHY.

3BYKOBbBIE BOJIHBI B Pa3JIUIHBbIX cpepax. Yaire scero sryko-
BBI€ BOJIHBI [JOCTHTalOT HAIIUX YIIeH Mo Bo3ayxy. Hosoasuo
PEIKO MBI OKa3bIBAEMCS IIOTPYIKEHHDBIMU IIeJIMKOM, BMeCTe ¢
yiramu, B Bogy. Ho, koneuno, BOBIYX He UMeeT KaKuX-in0o 0co-
OBbIX IIPEMMYIIIECTB T0 CPaBHEHMIO C IPYTUMU CPEeIaMU B CMbICIIE
BOBMOKHOCTH PACOPOCTPAHEHUS B HEM 3BYKOBBIX BOJH. 3BYK
PaCIIPOCTPaHAETCA B BOZE U TBEPABIX TeJIaX. Heipuys ¢ romosoi
O BpeMsA KyIaHUs, Bl MOXKeTe YCABIIATD 3BYK, HAIIPUMeED, OT
vAapa IBYyX KaMHel, OPOM3BONMMOTO E BOJle Ha OOJBILIOM pac-
crosunu (puc. 6.15).

XOpOIIIO IPOBOANT BBYK 3€MIIs. Pyccxkuit ucropuxk H. M. Ka-
bamsiti coobmaer, 4to JIMuTpuii Houckoit nepen Kynukosekoit
DHTROIL, HPUIOMXKHUB yX0 K 3eMJle, VCOABIIAL TOHMOT KOUBIT KOH-
HHHLEITPOTUBHIKA, KO OHA ellje He ObhIia BUIHA.

Kean nojneern BILIOTHYIO K VXY KOHEL JITUHHOM} OepeBAH-
HOI K 1 CJIerka oeTy9aTh o OPYTOMY ee KOHIY Dy4-
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Puc. 6.15

KOH, To ByleT OTUeTANBO CJjblited 3ByK. OTOABUHYB XKe J;I/(I:;ISST
Ky HEMHOT'O OT yXa, Bbl OOHAPYIKUTE, 9TO 3BYK HOYTH IIED

o MBbIM.
OHT}; ;grcl;;gle 3BYKOBBIe BOJIHbL!I PACIIPOCTPAHATHCA HeE Moryz:
Inaa pmoxasaTesjibCTBA 3TOVO MOMHO, HAIpUMeED, SJIBKTpI/I‘—Ica
CKMI 3BOHOK IIOMECTHUTH 110/ KOJOKOJ BO3AYIIHOTO HACO 2
(puc. 6.16). ITo mepe Toro Kak JaBJeHNE BO3LYXa TOX HOJII;);cKa
I0M yMEeHBILIAeTCcs, 3BYK Oy/jler ocsaabeBaTh A0 TeX IOD,

Cs COBCEM. §
" ?Ilf:}foa';%gsoam‘ 3BYK Taxue MATEPHAINEL, RaKVBOI/IJIOR, no-
PUCTHIE MAHEIN, IPeccoBatiias 1podbra u T. 1. ITH MaTepHaJII;
HCIIOABL3YIOT JJI 3BYKOUMSOJIIMMI, T, €. AJf 3aIIUThl TOMelll
HUM OT OPOHUKHOBEHUSA B HUX [IOCTOPOHHUX 3BYKOB. |
3uavenune 3ByKa. [ns roro wrobel MBI MOIVIH yBepegﬂ?
OPHMEHTHPOBATHCA B MHPEe, HAlll MO3T HOJIMKeH BHOquaTbCJII/IHX
(pOpPMALIHIO O TOM, YTO IIPOUCKG/AHT BOKPYT HacC. 3peHUe 1]/31K 370_
UTPAIOT B 3TOM IVIABHYIO POJib. ()cstaHne, 0b60HSAHNE U BKY
nsl MeHee CYLleCTBEeHHEI,
Bble}ct())l:(iil;il:l HanboJIbIee KOJIUUEeCTBO EIH(I)OpMaU;I/II/I MBI rfony-
yaeM C IDOMOINbIO cBeTa. McenylieHHbli UCTOYHAKAMU (COJIH-
1eM, JaMIIoi 1 T. J.) CBET oTparkaer-
¢A OT OKPYKAIUX IPeIMeToB U,
momagas B rjias, NO3BOJIAET HAM Cy-
IUTH 00 MX TOJOKEHUH U ABUKEHUHU.
Muorue mpegMeThl CBETATCA CaMH.
OrpaskeHHbIe OT IPEIMETOB 3BY-

KOBBIe BOJIHBI WJY BOJIHBI, MCIIYC-
KaeMbie 3BYYAIIUMH TIpeIMeTaMu,
TaxkyKe JAI0T HAM cBegeHUS 00 OKpY-
JawineM mupe. Ho riaaBHOe — 3TO
peub. MBI co3zaeM ¥ BOCIIpMHUMA-
eM 3BYKOBBIE BOJHBI U TeM CaMbIM
ob1jaeMesa APYr ¢ APYTOM. Puc. 6.16
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Hpocaymugpas ¢ HOMOIIBIO CIeUANBHBEIX YCTPOHCTB, HAa-
HPHMCP MCAUIUHCKOTO (hOHEHAOCKONTA, 3BYKH B opraHH’3Me
MOZATHO TOJTy4aTh BasHBIe CBeIeHUA 0 paboTe cepana u apyrm;
BHYTPCHHUX OPraHoB.

CropocTs 3ByKa. 3BYKOBBIe BOJIHBI, 1TOJO0HO BCEM ApPyrum
BOJIHAM, DACIPOCTPAHAIOTCA C KOHEYHOH CKOPOCTBIO. OGnapy-
KUTH 3TO MOKHO Tak. CBer pacmpocrpanserca c OTPOMHOH
ckopocTrio — 300 000 xm/c. IoaTomy BembIIKa OT BBICTpEJA
{LOYTH MI'HOBEHHO JOCTHUTAeT IJ1as. 3BYK iKe BBICTDEJIA IPUXO-
AUT C 3aMETHBIM 3amlasabiBaHueM. To ke caMoe MOKHO 3aMme-
TUTh, HaOIIOZAasA ¢ GOMBIIOTO paccroauusa Urpy B ¢pyrbosa. Bur
BHAUTE yrap 0 MAYY, a 3BYK OT ygapa IPHXOIUT CIIyCTSA He-
KoTopoe Bpems. Bcee, BepoaTHO, 3aMeuanu, uTo BCIBITKA MOJI-
HHUN IDPEIIIeCTByeT packary rpoma. Ecam rposa nameko, To
BpeMdA 3alasbIBaHUA I'POMA AOCTUTAET HECKOIDbKUX lIeCH'I:KOB
cexkyH/J. Hakonen, us-3a xomeunoii CKODOCTH 3BYKAa IIOSABJISET-
CA 3X0. X0 — 9TO 3BYKOBasA BOJHA, OTpasKkeHHAs OT ONVIIIKY
Jleca, KpyToro Gepera, sjaHus u T. 1.

CropocTs 3ByKa B Bosayxe npu 0 °C pasra 331 m/c. Aro no-
BOJIBHO GOJIBINIAA CKOPOCTE. JIUITE COBCEM HeJaBHO CaMOJIeTHI Ha-
“aJn JeTaTh CO CKOPOCTAMHY, MPEBBIITIAIOI[IMY CKODOCTDH 3BYKa

CropocTh 3ByKa B BO3ZYXe HE BABHCHT OT ero IIJIOTHOCTI/I.
Ona mpumepHo paBHa cpenmei CKOPOCTH TEeIJIOBOTO IIBI/I}}CeHI/If;
MOJIEKYJI U, noUJ:LOGHo e, IPOoPINOHATEHA KODHIO KBaJpaTHOMY
13 abCOMIOTHOM TemmepaTypsl. Yem Gorbre Macca MOJeKyJ raza
TEM MEHBIIle CKOPOCTh 3ByKa B HeM. Tak, npu 0 °C cwopoc'r}:
3ByKa B Bofopoge 1270 m/c, a B yrnekucaom raze 258 M/cC.

B sxuzaroctu cropocts 38yka Oosbllte, yem B rase., BnépBble
CKODOCTE 3ByKa B BoAe OblTa uamepena B 1827 r. ua Kenen-
cxom ozepe B IlIBeiinapun. Ha ogmoii JOJKe MoK uTaau nop;)x
1 OJTHOBPEMEHHO YapaAIN B OLBOAHBIN KOIOKOI (puc. 6.17, a)
Hpyras nonxa maxoxunacek ga paccrosiuum 14 kM OoT mepBoii. B,Byré
KOJIOKOJIa yIaBIMBAIICA C HOMOIIBIO PYTIOpA, OMYITeHHOTO B BOAY
(puc. 6.17, 6). Ilo pasuocTu BPeMEHU MeKJy BCIIBIITKOM CcBeTa
1 IPUXONOM 3BYKOBOTO CUI'HAJA OIpenesTiIu CKOPOCTDH 3BYKa
ITpu Temneparype 8 °C CKODPOCTB 3BYKa B BoJe pasHa 1435 m/c. .

an)

Puc. 6.17
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B TBepabIX Tesax CKOPOCTh 3ByKa elre OoJIblle, YeM B MK/
kocrax. Hanpumep, B cranu cKopocts 3Byka nipu 15 °C paBHa
4980 m/c. To, 4TO CKOPOCTH 3BYKA B TBepAOM Teje OOJIbIIe,
yeM B BO3JyXe, MOKHO OOHApy»KUTH TakK. KciM Baul IIOMOI-
HHK YAAPHUT II0 OJHOMY KOHIY pejibca, & Bbl IIPUJIOKUTE yXO
K JIpyroMy KOHIy, TO OyAyT CJABIIIHBL ABa yaapa. CrHauana
3BYK JOCTHraeT yxXa II0 peJibcaM, a 3aTeM II0 BO3AYyXY.

ITo ussecrHO# YacTOTE KOIeOaHMI U CKOPOCTH 3BYKAa B BO3-
AyXe MOXHO BBEIUHCJINUTD [UINHY 3BYKOBOI BOJIHEL (cM. § 44). Ca-
Mble JJIMHHEBIE BOJHBI, BOCIPUIIMMaeMble YXOM YeJOBEKa, nMe-
OT JJIAHY BOJHBI A =~ 19 M, a cambie KOPOTKHNE — JJIUHY BOJIHBI

A =17 MmMm.

Konebanusa co 3sykosoit uacroroit (17—20 000 I'm) cospa-
IOT B OKPY’KAOIIel cpe/ie 3BYKOBYO BOJIHY, CKOPOCTE KOTOPOM
3aBUCUT OT CBOMHCTE Cpeabl U TeMIepaTyphl.

. Kakyio Bonny nasbiBalot nnockoi! cchepuieckon!
? . ﬂo'«lemy B ra3ax M XXMAKOCTAX He CyuileCTBYEeT nonepeyHbIx BOnH!

1
2

® 3. Kakne KonebaHua Ha3bIBAIOT aKyCTHYECKUMHKU]
4. OT vero 2aBMCUT CKOPOCTb 3BYKa B Bo3ayxel

! YIIPAXKHEHHE 6

1. Ha paccrosuun s = 1060 M ot HabaojarTenda yrapAoOT MOJOT-
KOM IO KeJIe3HOAOpOKHOMY pesibey. Habarogarenb, NPUIOKUB yXO
K pesbCy, VCJABILIAJ 3BYyK Ha T =3 ¢ paHplrle, ¥eM 3BYK JAOLIeJ AO

HeTo Nmo Bo3Ayxy. Yemyv panna ckopocts 3ByKa 8 crann? (CxopocTs
3ByKa B BO3AyXe HNPUHATH papioi 330 m/c.)

2. OupegenuTre pasHocTh (Pas Mexgly ABYMA TOUKAMHU 3BYKOBOU
BOJTHBI B BO3JyXe, €CJH PA3HOCTL HX pDaCCTOAHMHA OT HCTOYHUKA CO-
craBiaser 25 cM, a dacrora Konebanunii pasua v = 680 I'u. (Cropocers
3ByKa NPUHATH paBHOE 340 Mm/c.)

3. Bo CKOABKO pas M3MEHHTCS [JJIHMIa 3BVKOBOH BOJIHLI IIPU IIepe-
xoZe 3BYKa M3 Boaayxa B Bogy? Cropocerh seyka B soge 1435 m/c,

B Bo3ayxe 340 m/c.

KPATKHE UTOI'U I''TABBI 6

1. Kojse6anus, pacrpocTpaHAioUiuecs B IPOCTPAHCTBE ¢ Tede-
HUeM BPE€MeHM, Ha3bIBAIOTCHA BOJHaMHU. Bosna nepeHOCUT B
cpefie PHEPrui, HO He IIePeHOCHT BeLIeCTBO Cpefbl.

2. PaznuuaroT momepedHble U IIPOAOJBHEIE BOJIHbI. B moneped-
HOIl BOJHe KoJe0aHusa YacTHL, CPeibl [POMCXOAAT IIep-
NeHAMKYJIAPHO HANPABJIEHUIO ee paclpocTpaHeHUdA, & B
NPOAOJBHON — BAOJL 3TOr0 HampaBieHus. MexaHudyecKue
BOJIHBI MOTYT DPacCIIPOCTPAHATHCH TOJMBKO B YIPYTHX cpelaxX.
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3. Paccrosnue, ma KOTOpoe pacmpocTpaHsieTca BoaHa 3a Bpe-

Msi, paBHOe OZHOMY nepuony 7
5 3 KoJIeDaHu, Hasnh -
HOU BOJIHBI, ’ waoT A

4. Bce BosHBI PaclpocTPaHsIOTCS ¢ KOHEeYHOM CKODPOCTHIO

Or CROPOCTH L paclpocTpaHeHUs BOJIHEI 1 JacTOTHI KOJIeba-
HUHM 9acCTHI] V 3aBUCUT JJIMHA BOJIHEL:

)\‘_U
_V'

5. Hp%ﬂOJlLHbeE BOJIHBLI B Cpefle ¢ 4acTOTOH KoaeGaHui o 17
éo 0 000 T'iy nasbiBasor SBYKOBBIMH UM aKYCTHUECKHMU
KOPOCTL  3BYKORLIX BOAH 3 7 :

\ ) J aBHCHUT OT CBOICTB
H TeMOoeparyput. openst
B panbueitimem mnr o

SHAKOMUMCHA C BAXKHEHIIIUMU 7
1 CB -
MH# BOJTH JHOOO 1ipyu sertetedt

POnbI: nHTEepdhEPEeHnTEH 1 Andpaxineri.

I'naBa 7. I ERTPOMATHUTHBIE BOJIHBI

Mexanmueckne Boambr DacupocTpaHAOTCE TOIBLKO
B VIIpYyrux cpepax: rase, sKMIKOCTH MIn TBEPIAOM
redie. CylieeTByror, oqrako, BOJIHBI, KOTOPBIE He HY -
AAOTES B KAKOM-IMBO BeurecTBe AJis cBoero pacrpo-
CTPaenns. 9T0 3JIeKTPOMAaTrHUTHbIe BOJIHBI. K HuM
HORCTHOCTH, OTHOCATCA PafMOBOIHEI M CReT, [‘)JleR:
TPOMATIITHOE HOJIe MOMKeT CYILeCTBORATEH B BaKyy-

IIVI|(‘, T. ¢. B IPOCTPAHCTBe, He COepKalieM aToOMOB.
CEMOTDI HA CYITeCTBEHHOE OT/JIHMTie dJIeKTpoMar-
HUTHBLIX BOJIH OT MEXaHUYEeCKUX, JJIeKTPOMATHUTHELC
BOJIILL 1D pacupocTpaneHHn
BeaAyT ceba 1
MOCXOHITYCCIKUM. w oRoomo

§ 48 YTO TAKOE JJIEKTPOMATHUTHA S BOJIHA

Pacnpocerpanenune IJTEKTPOMATHUTHBIX B3aNMOOEHCTRHI
DyHIAMEHTA L1 LI S{ICOHBI IPHPOABI, K YUCTY KOTODBIX OTHO:
CATCH U OTKEPLITHIC MiakeBeaaom S3aKOHEI 3JIEKTPOMATHETHU3MA
3aMeyqaTeJbHbl TCM, 'I'TO OHU MOI'YT JaTh ropasgo 60Jblile, ye ,
3aKJI0OYE€HO B TeX (hpaKT otinr

AaX, Ha OCHOBE KOTO
Cg)ean Gecuucieninix, ogenn I/IHTepeCHif}I(XI/IOII::H{HHo;:)ZiiII;LI:
CTBUH, BBITEKAION[MX U3 MaKCBEATOBCKHX 3aKOHOB BHGRTpg-
MAarHeTU3Ma, OJHO 3aCJ1yKIBaeT 0¢o6oro BHUMAHUS., 3TO BBIBO
O TOM, UTO BJIEKTPOMAIHUTHOE B3aUMOZeNCTBHE PacCIpocTpa H
€TCA C KOHeYHOH CKOpPOCThIO. pa
Cornacuo Teopuu AATHHONEACTBHSA KYJIOHOBCKAA CHIA ne-
CTBYOIIas Ha SJIEKTPHUECKUA 3apan, cpasdy e I/ISMeH’I/ITCH
€CJIH COCEIHNH 3apAL CABUHYTH C MeCTa. Heficteue, mo stoii Teoz
pun, nepenaerca Mraoserso. C Touky 3PeHUA 5TOHM I'MITOTE3bl

140

nHave U OBITH He MOKET: BeJlb OJIMH 3apAM HeIOCPeACTBEHHO Ye-
€3 MyCTOTY «4YYBCTBYET» MPUCYTCTBUE IPYIOro.

CorJiacHO ke UpPeACcTaBJIeHNIO O BJIN3KOAENCTBAY BCE IIPOUC-
XOIUT He TOJIBLKO COBEPUIEHHO MHAYE, HO ¥ HAMHOTO CJIOXKHEee.
Ilepemeriienve 3apaga MeHAeT IJIEKTPUUECKOE Ioje BOJIM3U
i1ero. 3TO NepeMeHHOe JJeKTPHUYECKOoe I1oJie NOPOKIaeT mepe-
MEeHHOEe MarHuUTHOE IIoJie B COCeJHUX 06JacTAX IIPOCTPAHCTBA.
{lepemeHHOE Ke MAaTHUTHOE TTOJIE, B CBOIO OUEpeIb, IIOPOMXKAAeT
{lepeMeHHOe 3JeKTpHuYecKoe I1oJe 1 T. J.

Ilepemelnienue 3apsga BbI3bIBAET, TAKUM 06PA30M, «BO3MY-
[jeHue» BIEKTPOMATHUTHOrO MOJIsI, KOTOPOe, PacOpocCTpaHs-
Ch, OXBATHIBAET BCe DOJibiiHe U OOJBINTE 00JACTH OKPYIHKAIO-
1iero IpocTpaHCcTBa, UBMEHSs TO I0Je, KOTOPOe CYIeCTBOBAJIO
IO cMellleHud 3apajga. HakoHell, 9T0 «BO3MYIlleHHE» NOCTUTAeT
APYroro 3apdana, 4To U NMPUBOIUT K U3MEHEHHUIO AeHCTBYIOIIEil
Ha Hero cuuabl. Ho mponsoiier 970 He B TOT MOMEHT BPEeMEHH,
KOTZla IIPOU3OULIO cMellleHHe MepBoro 3apsmaa. lIporiecc pac-
MTPOCTPAHEHUA IIEKTPOMATHUTHOIO BO3MYIIEHHS, MEXAHU3M
KOTOPOTO OBLI OTKPHIT MaKkcBe oM, UPOUCXOAUT ¢ KOHEUHOI,
XOTSA W OUYeHb GOJBIION, CKOpoCcThio. B aToM u cocTrout dpyuza-
MeHTaJbHOe CBOMCTBO MNJis, KOTOPOE He OCTABJAECT COMHEHUU
B €TO PeajbHOCTH.

MagxcBenn MmaTemMaTutdecKn 1OKA34, YTO CKOPOCTh PACIIPOCT-
paHeHUdA BTOro Iponecca («BOSMYIEHUA» 3IEKTPOMATHUTHOTO
IIOJISI) paBHA CKOPOCTH CBETA B BaKyyMe.

JdaexkTpoMarautTeas poaHa. IIpencrasepre cebe, 4TO dJieK-
TPUUECKUH 3apsA] He IIPOCTO CMECTHUJICA U3 OJHON TOUKH B APY-
I'y10, a ObLJI OIpUBeJeH B OLICTPHIE KoJiebaHus BOJIb HEKOTOPOii
npamon. 3apdn ABUKeTCA MomoOHO Telly, HOABEUIEHHOMY HA
IpYy>XKUHEe, HO TOJALKO KOJeOaHUA ero MpOUCXOAAT CO 3HAYH-
TEeJBLHO OoJbilielt yactoroii. Torga saekrpuuecKoe moje B He-
HOCpeNCcTBEHHON OJIM30CTH OT 3apAja HauYHeT MNepPUOIHMUYECKU
usMeHATbeA. [lepuon sTHUX uM3MeHeHWH, OYEeBHIHO, OyxeT pa-
BeH Iepuojy kojel0aHH# 3apsana. [lepeMeHHOe ajIeKTPUUIECKOE
1moJie OyeT IOPOIKAATH HMEePUOAUYECKU MEHSAOIIeeCH MATlHUT-
HoOe IIoJIe, a OHO, B CBOIO OUepe]b, BLIBOBET IOABJEHUE Ilepe-
MEHHOI'0 RJIEKTPUUYECKOTO IOJIA yiKe Ha OOJbIIeM Paccrosiinu
OT 3apsga U T. J.

B oxpymxawomeMm 3sapsg OpocTPAHCTBE, 3axXBarbiBasl Bee

oosnpIIe W OOMbLINMe 00JACTH, BO3HMKAET CHCTeMa B3AHMHO
OepHeHANKYJAAPHBIX, 1HePUOAUUYECKN U3MEHSIOIHUXCS DJICK-
TPUYECKUX U MaruuTHBIX mosiedi. Ha pucyuke 7.1 uso0parken
«MTHOBEHHBINT CHHMMOK» TaKOW cucreMbl 1oJICH Ha OONBIIOM
PAcCCTOAHUHM OT KOJIEOJIOILErocsi 3apsijia.

Ha astom pucyHKe noxasanbl BeKTOpLL 1 v B B pasaudHBIX
TOUKax npocTtpaHcTBa. Hampasiaeluue Z -— 0J{HO U3 HapaBJe-

HUU paclpocTpaHeHUS dJEKTPOMATHUTHBIX BO3MYIEHUHA,
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O6pasyercsa rax HasbIBaeMas
SIEKTPOMATHUTHAA BOJHA, Gery-
mWias 0 BCEM HAaNPAaBJIEHHAM OT
Kosebaoneroca 3apsza.

B kaxaoit Touke IpocTpaH-
CTBa SJIEKTPHYECKHEe U MaTrHUT-
HBI€ II0JIs1 MEHSIOTCH BO BpeMme-
HU nepunonuvecku. Yem nanprre
bacronoxxena Touka or sapsga,
TeM IT03[JHee JOCTUTHYT ee KoJle-

—» —-

Oanua BexTOp
0B K u B. Caeno-
;?;j;IOBHO, Ha PasHBIX PACCTOAHUSX OT 3apsaga KoJjebanusg flcla~
U3 3THUX BEKTODPORB IIDO
P _)p H_(ixoaﬂT C pa3anYHBIMHA (dazamu.

q)aSIeCOJ;gﬁaHHHU BeKTOPOB E u B B 110601t Touke COBIAAIOT TIO

& - DhparTuaninee paccrosHUe MeXny nByMsa OauxadIimuMm
YKaMHt, B KOTODBIX KoJebaHus OPOMCXOOAT B OAMHAKOBBIX
a .

hasax, ecTs nMMHA BOTHBI A, B nanuerit moment BDEMEHU BeK-

> —
TOpeI E u B MeHsaoTCH B NpoCTpaHCcTBe Mo ocH Z 1o 3aKOHY CH-
HyCa ¢ IIepuomom A.

Hanpasneuns srux ABYX KoJebroumuxcs BEKTOPOB — HA-
ggmerHOCTH AJIEKTPUYECKOTO NOJH U HHAYKINHW MarHUTHOTO
BoJJII:{IbI gepne}uxmcyﬂﬂpnm HAIIpaBIGHUIO DpaCIPOCTPaHeHMUs

© JAEKMPOMAZHUMHAA BOLHA A8LsemCs nonepeunoii.

- -
o E:RHM obpasom, BekTopr E u B B 3JeKTPOMArHMTHON BOJI-
s aBHpneHamchmpHm APYT K IPYTY ¥ NePHeHAWKYIADHB Ha-
PaBJICHHUIO pacupocTpaHeHUs Bomubl. Eenu Bpalare Gypas-

—>

o (X g
Egéc C MPaBOM HAPE3KOH OrT BekTOpa E K BekTopy B, T0
TyHnaTeqbHOe IIlepeMeleHue OypaBunka 6Gyger cosna,z’xa'rb

c Hlé/lIHpaBJIeHI/IeM BEKTODAa CKOPOCTU BOJHEI & (cm. pme. 7 1)
o :I.nyqenne ANEKTPOMATHUTHBIX BOJIH. Sﬂem'pomarnnn;me;
H3TYIAI0TCA KOJEeGIIOIUMHICH sapagamu. Ilpu srTom
CYIIECTBEHHO, YTO CKODPOCTbH ABMIKEHUS TaKUX 3apsifioB MeH
€TCA CO BpEMEeHeM, T. €. YTO OHU ABAXKYTCA C YCKOPEHUEM HZj
AUnUe Ycropenua y dsuncyujuxcs 3apados — raaBuoe 'c
Bneananyqeﬂna HMH 3NeKTPOMATrHUTHBIX BOJIH. yenor
101510 TP KOTC e AN SR ST 0GPasON o
ObICTPOM M3MeHeHHUHU ero crcopoc’"m Iﬁgfel;l{g;;HOM o e
MO BOJIHBI , o & Komamae
o o 3a'1:;1{\/;.60nbme, yeM 0oJible YCKOpeHHte, C KOTOPEIM
:Hl]))lll)‘llc 1( \.:11;1111{0{31*0 MOXKHO npenc'ra.BnTb cebe Tak. IIpu nBuKeHUN
Hnpanice 101 YaCTUILBI C TIOCTOAHHOM CKOPOCTBIO CO3JaHHBIE €10
HACKTPITIeCKOe B MarHATHOe Tod, ITogo6HO pas3BeBaolIe
HLnedy, conpoBoKaaroT dactuny. Ilpu yckopenun qfcxrfg
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Puc. 7.1

OOHAPYIKMBAETCA NPUCYIIAS JIEKTPOMATrHUTHOMY TIOJNIO0 HHEPT-
i1ocTh. Ilojse «oTpeIiBaeTCA» OT YACTHILI M HAUMHAET CAaMOCTOS-
TeJbHOE CYIiecTBOBaHUe B (PopMe BJIeKTPOMATrHMTHBIX BOJH.

OHeprus 3JIeKTPOMarHUTHOTO II0JISI BOJIHEI B JI060# (hurcu-
POBAHHBIA MOMEHT BPEMEHH MeHseTCA IMepUoJuUYecKu B [PO-

—> —
CTPaAHCTBe, BMecTe ¢ uM3MeHeHueM BexkTopoB E u B. Berymas
BOJIHA HeceT ¢ co0OH 3HEePrui0, NepPeMeIlaloUIYIOCH CO CKO-

POCTBHIO ¢ BAOJIbL HAIIPABJIEHUA PACIPOCTPAHEHUS BOJHBI. B pe-
3yIbTaTe BTOI'0 JHEpPrus, IepeHOocUMad dIeKTPOMAaTrHHUTHOH
BOJIHOUW B J/11000¥ TOYKe NPOCTPAaHCTBAa, MEHAETCH Iepuonuue-
CKHM CO BpeMeHeM.

Maxcsesit ObLT TIIYOOKO yOeKIAeH B PEasbHOCTU BJEKTPO-
MArHUTHBLIX BOJH. HOo OH He MOXKHUJ 10 UX BKCIIePUMEHTAJbHO-
ro o6Hapy:xkeuus. JIumms yepes 10 sreT mociie ero cMepTH dJEK-
TPOMATHUTHBIE BOJMHBI OBIJM 9KCIEPUMEHTAJIBHO IIOJYUYeHbBI

I'. Tepuem.

ANIeKTPOMATHUTHBIE BOJHBI BOSHWUKAIOT U3-3a TOFO, YTO Iie-
PEMEHHOe 3JJIeKTPUYECKoe MoJie IOPOXKAAeT IepeMeHHOe Mar-
HUTHOE 110JIe, ITO IepeMeHHOe MarHuTHOe I10J1e, B CBOIO OUeDelb,
MIOPOKAAET MTEPEMEHHOE DIEKTPUILCKOE TT0Jie. DJIeKTPOMATHUT-

Has BOJIHa& MEepPeHOCUT DHEePIruio.

1. Kax opueHTMpOBaHbl BEKTOPSLI E, B w ¢ no otHowenmo APYT K Apyry

? B 3NEeKTPOMArHMTHOM BonHe!
® 2. Kax fonmuHa ABMraThCa 4acTvila, YyTo6bl OHa M3ny4Yana aneKTpoMmar-

HMTHbie BONHBbI}

, SKCHEPUMEHTAJIbHOE OBHAPYKEHHUE
§49  5EKTPOMATHHTHBIX BOJH

Karx MblI yoxe 3HaeM, 9JIeKTPOMAarHUTHASA BOJIHA obpasyeTcs
B pea3yJjbTare B3aMMHOM CBA3K MEPEMEHHBIX 3JIeKTPUUYECKHX
U MArHuTHBIX Mojeil. MsMeHeHMe OMHOTO IIOJA TIPUBOIUT K MO-

SIBJIEHHUIO ZPYT'OTO.
B §12 u 17 rosBopuioch, 4TO, UeM OBICTPEE MeHseTCs CO

BpeMeHeM MATHUTHAS WHAYKIIWs, TeM OOJbIle HaIpPIKeH-
HOCTh BOSHUKAIOIIETO 3JIEKTPUUYECKOro mnouas. W B cBoo oue-
pelb, ueM ObICTpEe MEHAETCS HANPAKEHHOCTD 3JIEKTPUUECKOI0
nonsi, TeM GOJIBIE MATHUTHAS WHIYKIMA.

CrhenoBarelbHo, 048 00pA306AHUSL UHMEHCUBHbLIX JJ1€K-
mpoMaAzZHUMHbLX 80AH Heo0xo0umo co3dams saexmpomazHunm-
Hble KoJebaHus 0ocmamouHo 6blCOKOL uacmombt. I/ImeHHg

IpU STOM YCJIOBUM HANPAKEHHOCTHL dJIEeKTpuueckoro nous E
—>
U MHAYKIUA MarHuTHOro moas B 6yayt MeHsaTbeA O6BICTPO.
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Konebanua BbICOKOH YacTOTHI, 3HAYUTENLHO TIPEBBIIIAIO-
1ileH YACTOTY TPOMBIIILJIEHHOTO TOKA (50 '), MO HO MOAYUUTE
¢ MOMOIIBIO KoNIebarelbHOTO KOHTYpa. Llukanueckas wactora
KosiebaHuit

1
0)0:___

JLC
Oyner TeMm 6oJbIle, yeM MeHbIIe UHAYKTUBHOCTE L u ewm-
kocTe C KOHTYpA.

OTKpBITHIN KoJIeGaTe bHbINH KOHTYp. OznHako GoabInas uac-
TOTa SIEKTPOMATHUTHBIX KOJeGAHUM elrje He rapaHTHUpPyeT WH-
TEHCUBHOT'O M3JyUYeHUS SJIEeKTPOMArHUTHBIX BOJH. B 06bIYHOM
KOHTYDe, KaKoil n300pakeH HA pUCyHKe 4.3 (ero Mo HO Ha3BaTh
3aKPBITHIM), IIOYTH BCe MATHUTHOE IIOJIe COCPEIOTOUEeHO BHYTPH
KaTyMIKH, a dJIEKTPUYECKOe — BHYTPH KOHJEHCATOpA. Braau
OT KOHTYPa 9IeKTPOMATHUTHOIO [I0JA NPAKTUYECKH HeT. Takoii
KOHTYD OY€Hb CJa00 U3JIydaeT 9IeKTPOMATHUTHBIE BOJIHEL,

Hois monyueHus 37eKTPOMATHUTHBIX BoH T, I'epu ncoons-
30BaJ IIPOCTOE YCTPONCTBO, KOTOPOE B €r0 YeCTh OBLIO HAZBAHO
BuOpaTopom Iepua. PDro YCTPOMCTBO ImpencTaBiseT coboi om-
Kpblmolli KosebamesbHbiil KOHmyp.

K orkpeiTOMY KOHTYDY MOKHO IEepeiTH OT 3aKPBITOTO, eCaH
[IOCTENCHHO pa3/BUraTh ITACTUHBI KOHAEHCATOPA (puc. 7.2),
YMEHbIIAA WX I[J0UlaAb W OJZHOBPEMEHHO YMEHBINAS UNCIO
BUTKOB B KaTyIlKe. B KoHIle KOHIOB mosxyuurcs IIPOCTO IIpPA-
MOH IIpoBOZ. DTO U ecTh OTKDBITBIN KoJleGaTelbHbIii KOHTYP.
EMxocTs m mmgykTuBHOCTDL Bubparopa Iepna mambr. IToTomy
COOTBETCTBYIOIad UM YacTOTa KOJeGaHUi BeChbMa BEJIHKA.

B orkperrom KoHTYpE 3apsaant He COCPEeNOTOYEHBI HA er0 KOH-
[ax, a paclpeAeseHbl 10 BCeMy IPOBOAHUKY. TOK B NaHHBIH MO-
MEHT BDEMEHI BO BCEX CeYCHUAX IPOBOAHUKA HAIIPABJIEH B OIHY
M Ty e CTOPOHY, HO CMJIA TOKA HEOOUHAKOBA B PA3JTHUHBIX C6-
HeHHAX NPOBOAHUKA. Ha xonmax ona pasna myo, a ocpeanHe
Aocturaer Mmaxkcumyma. (Hamomunm, uto B 06bI9HBIX Lendax me-
PEMEHHOTO TOKA CUJI& TOKA BO BCeX CEYEHUAX B AAHHBIH MOMEHT
BPEMEHU O/IUHAKOBA. ) JIEKTPOMATHUTHOE II0JIe 0XBATHIBAET BCe

IPOCTPAHCTBO BOJIM3H KOHTYpa.
Hnsa Bos3by:xaennsa KomeGaHmii

B TAKOM KOHTYDe BO BpeMeHa ['ep-
Ia nocrynanu rak. IIposox paspe-
3aJM IOCpeMHe ¢ TAKUM pacue-
TOM, 4TOOBI OCTABAJICA HEGOILIION
BOBAVIITHEIN IIPOMEMKYTOK, HASDI-
BaeMBI HCKPOBBIM (puc. 7.3).
O6e yacTu n1poBoAHMKA BapsIKATL
/10 BBICOKOU Pa3HOCTH MOTeHIINA-
noB. Korza pasnocts moreninma-
Puc. 7.2 JIOB IIPeBBIMIAJIa HEKOTOpOe IIpe-

Fepy MeHpmx (1857—1894) —

HeMeLKMH (OU3MK, BNEpPBble IKCMEPHUMEHTArNbHO A0-
Kazaswui B 1886 r. cyLiecTBOBaHME 3NEKTPOMErHUT-
HbIX BOMH. Mccnepys sNEeKTPOMArHUTHbIE BOMHbI, OH
yCTAHOBMMN TOMAECTBEHHOCTb OCHOBHbBIX CBOMCTB 3MeK-
TPOMarHMTHBIX 1 CBETOBbIX BONMH. Ero pabotbl nocnymu-
N IKCNEPMUMEHTANbHBIM LOKA3aTeNbCTBOM CNPaBe[ -
MMBOCTH TEOPHM SNEKTPOMArHUTHOrO NOMS M, B HaCT-
HOCTM, 3NEKTPOMArHWTHOM Teopun ceeta. Mm Bbinu
3ammMcaHbl ypasHeHus Maxcsernna B coBpemeHHon hop-
me. B 1886 r. Bnepebie Habnopan doToaddeKT.

IeJbHOE 3HaUYeHWe, NPOCKaKuBajga WHCKpa (puc. 7.4), uens
3aMBbIKaJach, U B OTKPBITOM KOHTYDE BOSHUKAIH KOJeOAHUs.
Konebanmsa B OTKPLITOM KOHTYPE 3aTyXAKOT IO ABYM IIPUYL-
HaM: BO-IIEPBBIX, BCJEACTBHE HAMUUHUS Yy KOHTYpPa aKTUBHOTO
COIIPDOTUBJIEHUSA; BO-BTOPBIX, KW3-3a TOTO, UTO BHUOPATOp HBIY-
YaeT 3JIEKTPOMATHUTHLIE BOJHBI U TEPSIET IIPH 3TOM JHEPTUIO.
IHocne Toro kak KoJebaHUS NpeKpAaIlawTcsa, 00a TPOBOAHU-
Ka BHOBb 3apsiXKAl0OT OT UCTOUYHUKA OO HACTYILJIEHUSA NIpobos
HCKPOBOTO IPOMEXKYTKA, U BCE TIOBTOPSETCA CHAYaJA.

B macrosiee BpemMa I1A NOJYyYeHUSA HE3aTYXAWIMHX KoJe-
0aHU B OTKPBITOM KOJe0ATEJhbHOM KOHTYpE €ro CBA3BIBAIOT
UHAYKTHUBHO ¢ K0Je0aTeIbHBIM KOHTYPOM reHepaTopa Ha TPaH-
3MCTOPE UJU TeHepaTopa APYyIoro THUIIA.

Onsrter T'epua. Tepii nonyuasna 9jieKTPOMAarHATHBIE BOJIHBI,
BO30y:KJasdg B BUGpaTOpe ¢ MOMOIIBIO UCTOUYHUKA BBICOKOTO Ha-
IPAKEHUA CEePUI0 UMITYJILCOB GhICTpOIIepeMeHHoro Toka. Kome-
0aHMsa BIEKTPUUECKUX 3apAZ0B B BUOPATOPE CO3AAIOT 3JIEKTPO-
MarHuTHYIO BOuHY. TONbKO Kosefanusa B BUOpaTope coBepIiaer
He O/[HA 3apFAKEHHAA JacTHIla, a OrPOMHOE YHCIIO BIEKTPOHOB,
ABMIKYIIINXCSA COTJIaCOBAHHO. B 9JIeKTPOMATrHUTHON BOJIHE BEK-

=

B s »
Topsl E v B nepneHAUKYJIAPHBI APYT APYTY. B mammoM cayuvaec
g -

BeKTOp E JIeXUT B IIJIOCKOCTH, IPOXOAsAIell uepes Bubpartop,

51 1 2 Y b

a BeKTOp B nepneHAMKYISAPeH 3TOH MJIocKocTH. Manydenue

BOJIH IPOUCXOJUT ¢ MAKCUMAJIbHOA HHTEHCUBHOCTBIO B HANPaB-

JeHuU, NepIeHAUKYJIAPHOM ocu BubGpartopa. Bmone atoit ocm
U3JIYyUEeHUS He ITPOUCKXOIUT.

DJIeKTPOMAarHUTHbIE BOJHBI PETHCTPUPOBANUCH ['epIiem ¢ no-

MOIIBIO IPHEMHOI'0 BUOpaTopa (pe3oHaTopa), IpeJcTaBsiiole-

C I D

Puc. 7.3 Puc. 7.4
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1'0 coBOH TaKOe Ke yCTPOHCTBO, KaK U najaydawuinii suéparop.
Ion meiicrBuem mepemenmoro SJIIEKTPUYECKOT0 TOJISA 3JIEKTPO-
MAIHUTHON BOJIHBI B IIPUEMHOM BuOpaTope BO36YKAAIOTCA KO-
Jlebanus Toxka. Ecnu coberBennas yactora IIpueMHoro BuGparopa
COBNIAZNAET C YaCTOTOW BJIEKTPOMATHUTHON BOJIHBI, Ha0mwaaeT-
¢s1 pesonanc. Kosebanus B pesonarope IPOUCXOAAT C BOJIBIIeH
AMIJIATYAOM IIDU PACTIONOMKEHUH ero napaJebHO H3JAy4ai0-
memMy Bubpartopy. I'epi o6HApYRUT aTH KonebaHusA, HabIIOgan
HCKODKM B O4€Hb MaJeHbKOM IIPOMEKYTKE MEXKAy HPOBOJHU-
KaMH IpUeMHOro Bubparopa.

YueHsIit He TOJNBKO MONyYMI 9JIEKTPOMATHUTHBIE BOJIHBI, HO
M OTKDBLT, 9TO OHU BeAyT cebs MOoZOo6HO APYI'UM BHAAM BOJIH.
B uacrrocTH, OH HaGmIOHAN OTPaKeHMe 3JICKTPOMArHUTHBIX BOJIH
OT METAJIIMYeCKOTO JIUCTa U CIOXEeHMe BOMH. IIpy croskenun
BOJIHBI, UAYIEN OT BuGpaTopa, ¢ BOJHOI, OTPayKeHHOU OT Me-
TALTIIeCKOro JUCTa, 00pas3yloTCs MaKCUMYMBI U MUHUMYMbI
AMIIIATYABI KOJNe0aHuil — Tak HasnIBaeMas urmepgeperHyuon-
Hasa xapmurna (noapobuee 06 MHTepdepeHINU CM. § 67—69).
Ecsm nepememarn De30HaTOD, MOXKHO HAUTHU TIOJOMKEHNU S MaK-
CUMYMOB M OUIPENEUTH NIUHY BOJHBI.

CropocTs 3i1eKTpOMATHMTHBIX BONH. B OmbITax Ilepua nan-
Ha BOJIHBI COCTABJIAIA HECKOJIBKO JECATKOB CAHTUMETPOR. BhI-
YUCIUB COGCTBEHHYIO YACTOTY BJIEKTPOMATHUTHBIX Kosnebanuil
BuGparopa, I'epy cmor onpenenuTts CKOPOCTb 3JIEKTPOMATHUT-
HOW BOJIHEI 10 hopmyse v = Av. OHa OKazatacs NpUOIUIKEHHO
PaBHOM ckopocTm crera: ¢ ~ 300 000 KM/cC,

Onerramu TI'epna Geuru GyiecTsIe IOATBEPIKICHBI npencka-
3aHua Makcgaesa.

H1a M3IYyYeHNs 2IeKTPOMATHUTHBIX BOJH HYKHO CO3JaTh
9J1eKTPOMATHUTHBIE KOJIeOaHUuA BLICOKOU YaCTOTHI B OTKPBITOM
Kose6aTeJbHOM KOHTYype.

1. NMoyemy 06bINHBLIA (3aKpbITbIM) KONeGaTenbHbI KOHTYP Henb3f ue-

? MOoNk30BaTh ANS M3NYHEHHS M PETUCTPALMM INEKTPOMATHMTHBIX BOMH!

® 2. Yemy paBHa ckopocTh PaCNPOCTPAHEHHS 3NEKTPOMArHHTHbIX B3aM-
Mo encTBHit

3. Nepegatowmis u Npue MHEIH BUGPATOPBI PACNONOMEHBI B3aHMHO nep-
NeHaMKYnapHO. BO3HMKHYT nu kone6auus B npHemHOM subpatope!

IIJIOTHOCTSH IIOTOKA

%50 HJIEKTPOMATHHTHOTO M3JIYYEHHS

MasinyuaeMele 3J1eKTPOMATHUTHBIE BOJIHDI HecyT ¢ coboit
DHEPIHIO.

ILiioTHOCTE MOTOKA M3IyUeHus. PaccmoTpum mosepxHOCTE
NAOIALIO S, Yepes KOTOPYIO 31eKTPOMATHUTHEIE BOJTHEL nepe-
Hoestr onepruo. Ha pucynake 7.5 n3obpaskena rakas IJIOIIadKA.
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Puc. 7.5 Puc. 7.6

IIpaMble TUHNM YKas3bIBAIOT HANPABJIEHHSA DACIPOCTPDAHEHHUH
9JIeKTPOMATrHATHBIX BOJH. JTO JYy4YU — JUHUU, IEPIEeHIHUKY-
JISIpDHBIE IOBEPXHOCTAM, BO BCEX TOUKAX KOTOPHIX KoJieGaHus
NPOHCXONAT B OAMHAKOBBIX (pasax. TaKue MOBEPXHOCTU HA3LI-
BarwOTCH B0JHO8biMU nogepxHocmamu (cm. § 46). IlaoTrHoeTsio
NOTOKA 3JeKTPOMArHMTHOrO uU3jydyeHus | HA3bIBAIOT OTHOIIe-
HUe 2JeKTPOMArHUTHON sHepruu AW, mpoxonanies 3a Bpems At
Yepe3 NepIeHAUKYIAPHYIO JIydyaM ITOBEPXHOCTH ILIOIIAABIO S,
K NPoOU3BeAeHUIO ILJIoLaAn S Ha BpeMs At:

AW

~ SAtS

DaKTHIECKH 39T0 MOUIHOCTH 3JIEKTPOMArHUTHOIO MH3JIyYe-
HUA (3HEePrUs B eJHHUILY BPEMeHH), IIPOXOLAINEro yepes equ-
HUIY IJIOMIAA¥W NOBePXHOCTH. IlIoTHOCTH TIOTOKA nsnyqem;m
B CH BeIpaskaioT 6 gammax Ha xKeadpamubiii memp (Bt/m?).
WNrorna aTy BeJWYHHY Ha3BIBAIOT URMEHCUBHOCMBI0 BONHbL.

Bripasum [ 4epes TJIOTHOCTE 2JeKTPOMATHUTHOR SHEPruu
K CKOPOCTL €e pachpoctTpaHeHus c¢. Bpifepem TIOBEPXHOCTD
ILIOMAAbIO S, NePHeHANKYIAPHYIO JyduaM, U IMOCTPOUM Ha Heit
KakK Ha OCHOBAHMHM IUJUHAP c obpasymomuieit cAt (puc. 7.6).
O6bem numnauazapa AV = ScAt. IHeprus >sJeKTPOMATHUTHOIO
noJis BHYTPU LHJAHHAPA pPAaBHA TNPOU3BEICHUIO IIJIOTHOCTH
sHepruu Ha o0bem: AW = wcAtS. Bes ata sHeprus 3a BpeMs At
IpolfeT dUepes IIpaBOe OCHOBaHWe NUJIMHApa. [losToMy wu3
dopmyasl (7.1) monyuaem

I =

(7.1)

WCeAtS
SAt

T. €. ILJIOTHOCTD IMOTOKA U3JIyUYeHUs PaBHA MIPOU3BEAEeHUIO ILI0T-
HOCTH 3JeKTPOMATHUTHON SHEePruM Ha CKOPOCTL €e pacripo-
CTPaHeHHus,

Hafinrem 3aBUCHMMOCTBH NJIOTHOCTH IIOTOK& M3JYUYEHUS OT
pacCcToAHUSA N0 UCTOYHUKA. I[Js 3TOTO HAZO BBECTU elle OLHO
HOBOE IIOHATHE.

ToueuyHBINI MCTOUHHMK HM3JAyYeHHst. VICTOUHMKU WU3JIYYCHUA
9JeKTPOMArdHUTHBIX BOJH MOTYT ObITh _BeCbMa paznoobpasHbI-
mMu. ITpocTedNINM ABAAETCH MOYCUHbLI UCTOUHUIK.

we, (7.2)
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WerouHuK uaaydenus cuuraercs TOYEUHBIM, €CJIU ero pas-
MCPbL MHOTO MEHBIIE PACCTOAHNA, HA KOTOPOM OI[€HUBACTCS €I'0
Acncrsue. Kpome roro, npeanonaraercs, uro raxoi UCTOUHUK
HHOCBLIACT 3JIEKTPOMArHUTHBIE BOJHBI 110 BCeM HALPABICHHIAM
¢ OAMHAKOBOU MHTEHCUBHOCTBIO. TOYEUHBIH HCTOYHUEK — Takas
e njneannsanusi peasbHbIX UCTOUHNKOR, KAK H APYTHUe MOJeNH,
PHUHATHIE B (PUBMKeE: MaTePHAIbHAT TOUKA, NACATbHBIN a3 1T T. 1.

3Be3BI UBJIYYAIOT CBET, T. e. 3JI€KTPOMATHUTHbBIE BOJIHBL.
Tax kax paccrosamms o sBesn B OTPOMHOE YHCJIO Das IpPeBbI-
MAIOT UX pasMeprl, TO UMEHHO 3Be3Abl IIPENCTABIIIOT COBOM
Jiydiiee peanbHOE BOILIOIIEHNE TOYEUHBIX MCTOYHUKOR.

3aBMCMMOCTD ILIOTHOCTH MOTOKA M3JIyYeHHHA OT PACCTOM-
HUS 10 TOY€YHOTO MCTOYHHKA. JHEPIHUA, KOTOPYIO ePeHOCAT
SJICKTDPOMArHUTHBIE BOJIHBI, C T€UEHUEM BpPeMeHU! pacnpeges-
€TCA II0 Bee OOIbINnel 1 Gobieti nmosepxHocru. Iloatomy smep-
I'ud, nepefiaBaemMast uepes MOBEPXHOCTH eIUHUYHON IJIOUIATKYA
84 eJVHWNY BPEMEHH, T. €. ILIOTHOCTL IIOTOKA U3JIYUYeHnd,
YMEHBIIAeTCA M0 Mepe YAAJeHUA OT UCTOUHMKA.

IlomecTum TodeuHBIH HCTOYHUEK B OeHTp cdepsl pagumy-
com R. Ilnomans noBepxuocTu ceprr S = 4nR?. Ecau cunrats,
ITO MCTOYHUK IO BCeM HATIDABIEHHUAM 3a BpeMsi Af u3jayvaer
CyMMapHyi0 sHepruio AW, to

AW AW 1
SAt  4mAt R?S

ITnomnocms nomorxa UBAYUEHUA OM MOYCeUHO020 UCINOYLHL-
Ka ybvieaem obpammno NPONOpULOHAIbHO Keadpamy paccmos-
HUus 00 ucmovyHuKa.

3aBHCHMOCTEL IIOTHOCTH IOTOKA H3JIYYeHUsI OT YACTOTBHI.
Nsnydyenne sieKTpOMArHUTHBIX BOJH OPOUCXOAUT MPU YCKO-
PEHHOM IBM)XeHUU SapH}KeHHBIX‘)LIaCTI/IU, (cm. § 48). Hanpa-

>

YKEHHOCTh JIEKTPUYECKOro Moad E ¥ MarHWTHas UHAYKOUS B
9I€KTPOMArHUTHOU BOJIHBI UPONOPUMOHAIBHBI VCKOPeHUIo 4
U3TYyIaIOUUX aCTUILl. YCKOPEHHe IPU FapMOHUYECKHX KOJe-
0aHUAX MPOIOPIIHMOHAILHO KBaapary dacrtorsel. [losTomy Ha-
HPAXKEHHOCTDL BNEKTPHYECKOTO MOJS W MarHUTHAS UHAYKITS
TaKIKe MPOMOPIMOHANBHBI KBAAPATY YACTOTHI:

E~a~0® B-~a- o (7.4)

[Li1oTHOCTE SHEPTUH BIIeK TPUYECKOrO HOMS HPOIOPITHUOHA -
' KBaapaTy HaIPAMEeHHOCTH MOJsd. JHePrua MarHUTHOTO [Io-
i, KAk 9TO MOYKHO IOKasaTh, NPONOPIHOHAILHA KBazpary
warnirrnon uHNyKnuu. Ilonnas miornocTs sHepruu 2JIEKTPO-
VATHITTHOTO 1T0JIS paBHA CyMMe ILJIOTHOCTel sHepruit DIEKTPU-
HOCIROTO 1t MAarHUTHOTO nostel. C yuerom opmyis (7.2) naor-
HOCTL JTOTOKA U3JIYyUYeHUu

I ~w~ (E? + B?), (7.5)

(7.3)
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Tak kak corizacHo Beipakenusam (7.4) E~ o° u B~ ®?, To
I~ ot (7.6)
ITromunocme nomorxa usay4yeHUus NPONOPUUOHANLLHA YeM-
8epmoil cmenenu 4acmomaut.
IIpn yBenmueHNN 4acTOTHI KOJIe0aHUH 3apAKeHHBIX YaCTHIL
B 2 pasa u3IyJaeMas 9Heprusa BoapacraerT B 16 pas! B antenuax
pPazuocTaHIIAY IT0ATOMY BO30YKIAIOT KOJAeOaHUsI G0IbIIUX YaC-
TOT: OT JeCATKOB THICAY J0 NECATKOB MIJIJINOHOB I'epil.

SJIeKTPOMAarHUTHBIE BOJHBI IEPEHOCAT 3Hepruo. IloTHOCTE
NIOTOKA U3JIydeHUd (MHTEHCUBHOCTH BOJHBI) PABHA IIPOU3Befe-
HHIO IIJOTHOCTH JHEPIHM HA CKOPOCTL €€ PACIPOCTPAHEHUA.
WHTeHCHUBHOCTEL BOJIHBI HPONOPIUOHAILHA YeTBEPTOH CTelleHU
YaCTOTHI U yOBIBaeT 00paTHO TIPOTOPIIMOHAIBHO KBaAPATy pac-
CTOSTHUS OT UCTOUHHUKA.

1. Kakylo BenmuuHy HasbiBalOT NAOTHOCTLIO MOTOKA 3NEKTPOMArHMTHO -
? ro usny4yeHmsa!
® 2. Kako#H UCTOUMHK M3NYYEeHMsI HA3bLIBACTCH TOYeYHbIM!

3. Mouemy nNepemeHHbli TOK B OCBETMTENbHOM CETH APAKTHYECKH He
M3NY4aeT 3NEKTPOMArHMTHBIX BONH!

§ 51 H30BPETEHHE PATHO A. C. IIOIIOBBIM

OnwiTel Tepua, onucanue KOTOPHIX HoaBUIoch B 1888 r.,
3aMHTepecoBaly (DM3UKOB BCEro MUpPa. YUeHble CTAJH HCKATh
IyTH yCOBEPIIEHCTBOBAHUS HIJIyYATENA W IPHUEMHUKA DJeK-
TPOMarHUTHBIX BOJIH.

B Poccuu ogHUM U3 IepPBBIX U3YUYEHUEM 3JIeKTPOMArHUTHBIX
BOJIH 3aHsAJCA IpelojaBaTesb odpumepckmx KypcoB B Kpon-
mranre A. C. ITo oo B. Hauas ¢ Boctipoussegenans onsiTos [ep-
na, OH 3aTeM HCI0JIb30BaJ 60Jiee HATEKHBIN 1 YYBCTBUTEIBHBIN
cI10cO0 PerucTpaIuy 3JeKTPOMATHUTHLIX BOJIH.

B kauecTBe geTanu, HETIOCPEACTBEHHO «UyBCTBYIOLIEH » DJIeK-
TpoMarsuTHble BosHBI, A. C. [TomoB nmpumenus kKorepep. Jror
Ipubop IpescTaBiger coboil CTEKIAHHYIO TPYOKY C ABYMS DJICK-
Tpogamu. B TpyOKe moMelleHbl MeJIKIe MeTAJIJIAYecKe OilnJl-

ku. Ilpurnun geficteua nmpubopa OCHOBAH HA BJIAMSAHUM HICK-
TPUUYECKHUX Pa3pAA0B Ha MeTallIMUeCKHe HOPOHIKU. B 0ObLItbIX
YCIOBUAX KoTepep o01axaeT G0JIBIINM COLIPOTUBIEHNEM, TaK 1K1K
ONMUJIKY MMEIOT IIJIOXO0HM KOHTAaKT Npyr ¢ Apyrom. Ilocaeosarent-
HO € KOTepepoM BKJIIOYAIOTCA 3JeKTPOMATHUTHOE PeJiC M MCTOu-
HHUK IIOCTOAHHOIO Hanps:Kenud (puc. 7.7). IIpuineinas snek-
TPOMArHUTHAasA BOJHA CO3JaeT B Korepepe 1mepemMeitnbiil ToK Bbl-
COKOI1 4acTOTEI. MeXx1y omMiIKaMu IPOCKAKUBAKT MC/baine
HCKODKH, B Pe3yJIbTaTe COIPOTUBJIEHUE KOrepepa pesiko lajlaer

(B omwiTax A. C. ITomora or 100000 no 1000 5H00 Om, T. e.
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Monoe Anekcanap CrenaHosny (1859—1906) —
PYyccKmit consmk, nzobpertatens pagno. YBemaeHHsI
B BO3MOXHOCTH CBA3M 6e3 NMPOBOAOE MPM NOMOLLM
SNEKTPOMATHUTHBIX BONH, NMOCTPOMN NEPBLIN B Mupe
PaAMONPUEMHUK, MPHMMEHHMB B EM0 CXEME HYBCTBM-
Te€NbHbIM 3fleMEeHT — Korepep. Bo spemsa onbiTos no
pap1ocessn ¢ nomowpio npubopos Monosa 6bino
8repsbie 0BHAPYKEHO OTPaXeHHe PaaMOBONH OT KO-
pabnen.

B 100—200 pas). Cuua TOKa B KaTYILIKe BJeKTPOMarHUTHOTO
peJie BO3pacTaeT, U OHO BKJIIOYAET 3BOHOK. MoJIOTOYeK 3BOHKA,
yAapAd 110 KoTepepy, BCTPAXUBAET €TI0 U BO3BPAIIlaeT B MCXO[HOE
cocrosanne. C IOCTeAHUM BCTPSIXUBAHUEM KoOrepepa anmnapar
TOTOB K IIpHeMy HOBOM BOJHEBI. Cxema npuemuuka A. C. ITomo-
Ba TIpUBeJleHa Ha PUCYHKeE 7.7, KOTOPBIH 6bLJI B3AT U3 €r'0 CTATLH
B «Kyprane Pycckoro pusnko-xuMugeckoro obitrecrBa».

Y100k MOBBICUTH YYBCTBUTEILHOCTD anmapara, A. C. ITomor
OAMH W3 BBIBOZOB KOTepepa 3a3eMJINJI, a JPYroii NPUCOoeau LI
K BBICOKO IIOAHATOMY KYCKY IIPOBOJIOKH, CO3JAB T€M CaMBbIM IIep-
BYI0 B MHD€ IPHUEMHYIO aHTeHHY AJs OeCHPOBOJIOYHON CBA3M.
3aseMJeHHe INIPeBPalaeT TNPOBOLAINYIO II0BEPXHOCTL 3eMJIN
B 9aCTh OTKPBITOrO K0JIe0aTeabHOr0 KOHTYPA, YTO YBEJIHIUBAET
NaJBHOCTDH IpHUeMa.

XOTs1 COBpeMeHHbIe PAJMOIPUEMHUKH OYeHb MAIO HATTOMI-
HatoT npueMHuK A. C. ITomoBa, 0CHOBHBIE NPUHIIUIIBI UX AeHCT-
BH T€ Ke, YTO U B ero npubGope. COBpeMeHHBII IPUEMHUK TaK e
UMeeT aHTeHHY, B KOTOPOI IPUXOAIIasd BOJTHA BbI3bIBAET OUCHD
ciabble 3JIEKTPOMATHUTHBIE KojaeGanus. Kak u B OpHUEMHHUKE
A. C. TlonoBa, sHeprus sTux KojgeGaHU He HCNOJb3yeTCs Helo-
CPeACTBEHHO Aua npueMa. Ciabble CUIHAJBL JUIIB YIIPABIISIOT
HCTOYHUKAMM 3HEDPIuY, TUTAIONUIN-
MU nocaeaywinue menu. Ceifuac ta-
KOe yIpaBJeHWe OCYIIeCTBJIAEeTCS
C IOMOINBI0 MOJYIPOBOLHUKOBLIX
npubopoB.

7 maa 1895 r. ma sacemanuu
Pycckoro ¢pusuko-xuMmuueckoro o6-
mecrBa B IlerepGypre A. C. ITomos
IPOAEMOHCTPUPOBAJ [eMCTBUE CBO-
ero npubopa, SBUBIIETOCH, [0 CYTH
Alena, HIEePBBIM B MHDPEe DPaJuoIpH-
eMHUKOM. leHbp 7 Masi ctanm gHeM
poxpenus panmo. Hrine oH exe-
Puc. 7.7 TOAHO OTMevaeTcs B Halllell cTpaHe.

A. C. TlorroB mponoJizkaj HACTOMYMBO COBEPIIEHCTBOBATH
MPUEeMHYI0 M TlepeaaroIyio anmnapatypy. OH cTaBUJ CBoed He-
HoCpPeACTBEHHOM 3ajavedl co3naTh OpuUbOp AJIA mepenadyd CHUT-
HANOB Ha OOJIbIIHNE PACCTOSHUS.

Buauane pazmocBsA3b ObLIAa YyCTAHOBJIEHA HA PACCTOSIHUH
250 m. Heycrauuo paGorasa Hat ceouM usobdpereunnem, A. C. [lo-
TIOB BCKOpe AOOHJICA JaJbHOCTU cBA3U Oojsee 600 M. Sarem na
MaHeBpax Yepuomopckoro gaora B 1899 r. yueHBIH yCTaHOBNI
pazuocBsa3b Ha paccrogaHuu ceboiiie 20 KM, a B 1901 r. gaub-
HOCTH paguocBaA3u Owvlaa y:ke 150 kM. BasXHYIO poJib B 9TOM
CRIrpaja HOBAsA KOHCTPYKUU:A lepeaaTunka. VICKpoBoi pome-
SKYTOK OBbLJI pasMelrel B KoaefaTeJbHOM KOHTYPe, UHAYKTURBHO
CBA3AHHOM C IIePefalineil anreH ol 1 HACTPOSHHOM ¢ Hell B pe-
douanc. CylIecTBEHHO M3MeHWJIHUCh U CIOCOOBI perucrpaiinm
currana. IlapanaaeassHo 3BOHKY OB MOAKJIIOUEH TeJerpadHbIi
annapart, ITO3BOJUBIITHAH BECTH aBTOMATHYECCKYIO 3aI1MCh CUTHA-
aos. B 1899 r. Gpl1a o6Hapy’ceHa BO3MOMKHOCTD IIpUeMa CUr-
HaJOB C IoMoIiubio Tejedotia. B nauvane 1900 r. paamocsBsasb
VCHENIHO HCHOJIL30BAJIN B XO/I¢ CHACATEIbHBIX paGoT B DuH-
ckoMm zaauBe. IIpu yuacruun A. C. Tlomosa paguocBsa3b HaUYaAHn
OPpUMEHATH Ha QioTe U B apMmuu Pocceun.

3a TpaHUIEH YyCOoBePHICHCTBOBAHUE ITOJOOHBIX IPUOOPOB
HIPOROAUJIOCE PUPMOH, OPIraHi30BAHHON UTANBAHCKUM HHXKE-
Hepom I'. Mapkoru. OrnibITnl, 1HOCTaBJIeHHBIE B ITUPOKOM MAac-
mrabe, MO3BOAWIN OCYIHICCTRUTL paguoTeaerpadHyo mnepena-
qy yepe3 ATAaHTUYECKHI OKCAH.

Bnepsrie paguocssash Oulaa yeranosaena 8 Poccun A. C. TTo-
MOBBIM, CO3ZABIINM AIIApATYPY, TPUHUMAKIIYIO U Oepela-

HIVIO CUTHAJIBI.

§ 52  IIPUHIIAIDbI PA/JIMOCBA3H

[TpuHOUITEI PAAVOCBAZU 3aKJIIOUAIOTCA B caenyiomnieM. Ilepe-
MEHHBIH 3JIEKTPUUYECKHII TOK BBHICOKOHM YacCTOThI, CO3JaHHBIN
B Iepejarolell auTeHHE, BhisblBACT B OKPYIKAIOIIEM IIPOCTPAHCTBE
OBICTPOMEHAIOIIeeCA SJICKTPOMAIHUTHOE TI0JIe, KOTOPOe pachpocT-
paHsieTcA B BUJE 9JIEKTPOMATHATHOU BOJHBL. JlocTuras nmpuem-
HOM aHTEHHBI, DJEKTPOMAIlHUTHAS BOJHA BLI3LIBAET B HEH nepe-
MEHHBIA TOK TOH 3Ke 4acToThI, Ha KOTOPOoH paboTaeT mepegardnk.

BaxaeHHINM 9TAII0M B pasBUTUU PAAKMOCBA3U OLLIIO CO3/anUe
B 1913 r. rexHeparopa He3aTyXaIOIUX SJIEKTPOMATIHATHBIX KoOJle-
fanuii. Kpome mepenauu tejerpapHBIX CHUTHAJNOB, COCTOSIIAX
U3 KOPOTKHUX U 00Jiee TPOAOJIKUTEABHBIX UMITYJILCOB ( « TOUKM »
U «TUPE») JIEKTPOMArHUTHBIX BOJIH, CTAJa BOBMOXXHON HAJLEM -
Hasg ¥ BLICOKOKAYECTBEHHAsA paduomene)oHHAsl CEs3b — Iie-
perada peudr M MY3BIKM ¢ ITOMOIILIO DAEKTPOMATHIITHBIX BOJIH.
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Pajmnoreneponnas cpass. IIpu panuoTesepOHHOM CBA3N
KONeOANNA NaBJIeHUs BO3AYXa B 3BYKOBOM BOJIHE peBpaiia-
lores ¢ MOMOINBI0O MUKPO(OHA B dJIEKTpUYEcKIUe KoJeGaHus
roit ske gopmbl. Kasanocs 661, ecan aTu KonxeGanms YCUJIUTD
It HO/IaTh B aHTEHHY, TO MOXHO OyJAeT nepefaBaTh Ha PACCTO-
HHe pedb UM MYBBIKY C IOMOIIbIO 9JeKTPOMATHUTHLIX BOJIH.

OmHako B IeHCTBUTENTLHOCTH TAKOH CIIOCOG nepepavyu He-
OCYIecTBUM. [lesIo B TOM, UTO 4aCTOTa 3BYKOBBIX KOJeGaHUI
MaJia, a sJAeKTPOMarHMTHbIE BOJHBI HU3KOH (3BYKOBOMH) wacTo-
Tbl UMEIOT MaJy MHTeHCUBHOCTD.

Mopynauus. [Ins ocyIiecTBiesns paauoTeneOHHON CBA3NM
HEeOOXOJMMO HCIOJb30BATH BHICOKOUYACTOTHBIE KoJaebaHUsA, UH-
TEHCUBHO U3yy4JaeMble aHTeHHOU. Hezaryxawomue rapMmonuye-
CKHe KOoJIeDaHHUSA BBICOKOM YacTOTHI BHIpAaGaThIBAET regeparop,
HalpuMep reHepaTop Ha TPAaH3UCTOpe.

Hist mepeaun 38yKa aTH BBICOKOYACTOTHBIE KOICGAHMS H3-
MEHAIOT, NN, KaK FOBOPAT, MOOYJLUPYIOM, ¢ TOMOIILIO dIIEK-
TPUYECKUX KoyebaHNH HU3KOH (3BYKOBOM) YaCTOTHI. Mosxuo,
HaIpUMepP, U3MEeHATH CO 3BYKOBOW YaCTOTON aMILIUTYIY BbICO-
KOYaCTOTHBIX KOJIebaHMU. ITOT CIOCO6 HA3BIBAIOT AMILIUTY-
HOU Mopyianueti.

Ha pucynke 7.8 npupenens: tpu rpaduxa: a) rpaUK Ko-
ne6aHull BBICOKON YacCTOTBI, KOTOPYIO HA3BIBAIOT Hecyliei
YacToToR; 0) rpaduk woseGaHUHE 3BYKOBOH YaCTOThI, T. €. MO-
AYIUPYOIMUX Kojebanuil; B) rpa@uk MOAYIUPOBAHHBIX II0
AMIIJINTY e KOoJeOaHui.

Bes mogynauuu Mbl B myuimem caygae MomxEem KOHTDOJUPO-
BAaTh JIUIIE, PA0OTAET CTAHIUA WA MOJTIHT. Bes Monyaanun mer
HH TeJleTpadHoi, HU Te1e)OHHOH, HY TeJIe BU3NOHHON nepejavmn.

Monynanus — MeRIeHHbIH npoiiecc. 910 Takue U3MeHCH A
B BBICOKOYACTOTHOM KoJiebaTelbHOM cucreme, rnpu KOTODPBIX OHA
yCIleBaeT COBEPLIUTL OYeHb MHOT'O BBICOKOUACTOTHBIX KoJeba-
HUW, Ipex/e YeM MX aMIIUTYHA H3MEeHUTCS 3aMeTHbIM obpaszom.

lerektuporanne. B npuemuuke us MOAYJIHUPOBAHHBIX KO-
7e6aHUi BLICOKOIl YacTOTHI BBIAEIAIOTCA HUZKOUACTOTHHIE KO-
Nebanus. Takxoit npomecc npeobpasoBaHUsA CUrHATA HAZBIBAIOT
demexmupoeanuem.

IMony4enuslii B peaynbpraTe JeTEKTUPOBAHUA CHTHAT COOT-
BETCTBYET TOMY 3BYKOBOMY CHUTHAJY, KOTODPBIH AeiicTBOBAI HA
MUKDPOQOH nepenarynka. llocsae yeunenus Kogebagus HUZKOM
'1ACTOTBI MOI'YT OBITH IIPEBpAIleHBl B 3BYK.

OCHOBHBIE HPUHUWIBI PAAMOCBASK NIPEACTABIEHBI B BHE
DIOK-CXeMBI HAa pUCYHKe 7.9.

2. Y70 HasLIBAIOT AeTeKTMPOBaHHeM KoneBauuiil

‘? 1. Ansa 4Yero HyHa mofynsuus KoneBaHuit
.
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Puc. 7.8
Muxpodon ?
FeHepaTczp Mopyau- ITpuemiiniii
BBICOKOU pyIolee KOHTY] _*[q
HACTOTHI YCTPOUCTBO A IeTerTrop
I'pomico-
ITepenarogas Ilpuemiian FOBOPUTCIL
aHTeHHa anTCeHIn
Puc. 7.9
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§ 53 MOAYJIAIDNA U AETEKTUPOBAHHUE

AMIIMTYAHASS MOAYASIMA BLICOKOYACTOTHBIX KOJebamuii
JlocTuraeTced CnenyMaabHBIM BO3AeHCTBHEM Ha IreHepaTop BhICO-
KOYaCTOTHBIX He3aTyXawInux KoJgebaHuit. B wacruocTu, moxy-
JATHMIO MOXHO OCYLIECTBUThL, UBMEHSAA Ha KoJIebaTebHOM KOH-
Type HaupsaiKeHHe, cosfabBaemMoe HCTOYHUKOM (cM. § 36). Uem
OoJibllle HAIpAMEHHE HAa KOHTYpPe TeHepaTopa, TeM OOJIbIIe
9HEPTUHW MOCTyNaeT 3a MepHol] OT HCTOYHMKA B KOHTYD. ITO
HPUBOAUT K YBEIMYEHUIO aMILIMTYAbI KonebaHuil B KOHTypE.
Ilpu yMeHbIIEHNY HAIDSIKEeHUA S9HEPIUA, TOCTYIAI0N[as B KOH-
TYD, Takke ymeHbpHIaerca. Ilosromy ymMeubInaeTess 1 aMIInTy-
Ia KojebaHUM B KOHType.

Eciu MeHATE HANIPSKEHWE HA KOHTYDPE € 4acTOTOH, MHOTO
MEHBIIIel 4acTOThl KojebaHWil, BbIpabaTbiBaeMbIX TreHepaTo-
poM, TO M3MEHEeHUs AMILIUTYAbI 3TUX Kojebauuil 6yayT npu-
OTUMKEeHHO NMPAMO IPONOPIMOHAIBHLI U3MEHeHUAM HAIIpPSKe-
HuA. B camMoM ImIpocToM yCTpoiicTBe A OCYIIECTBJIEHUSA
aMILTUTY IHON MOZRYJISAIINY BKJIKOYAIOT IOCJELOBATEIBHO C UC-
TOUHMKOM IIOCTOSAHHOI'O HANPSMKEHUS JONOJHUTEJILHBIH uc-
TOYHMK NEePEeMEeHHOI'0 HaNpPAXKeHWsS HMU3KOA UYACTOThl. JTUM
HCTOYHHKOM MOXeT OwITb, HanmpuMep, BTOPHUYHAA OOMOTKA
TpaHchopMaTopa, ecau Mo ero NepBUYHON 00MOTKE HIPOXOAUT
TOK 3BYKOBO# uacToThl (puc. 7.10). B pesymnpraTte amiiuryga
KoJsiebaHuil B KosiebaTes/bHOM KOHTYpPE reHepaTopa OyaeT uaMe-
HSATBHCA B TAKT C MBMeHEHUAMH HAIPSIKEHNsA Ha TPAH3UCTOPE.
JTO M 03HAYAaeT, YTO BEICOKOUYACTOTHBIE KOJeOaAHUA MOLYIUPY-
I0TCA [0 aMILIUTYZ€e HUBKOUACTOTHLIM CHUTHAJIOM.

BpemerHYIO pasBepTKy MOAYIMPOBAHHBIX KOJIEOAHUH MOMK -
HO HEINOCPeACTBeHHO HaOJIOaTh HA 3IKpaHe ocruaorpada,
€CJI¥ T10/1aTh Ha Hero HaUpsIyKeHHe ¢ KoJebaTeJhbHOr0 KOHTYpA.
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Kpome amnaumyodnoir modyrauuu, B HEKOTOPHIX caydasix
IPUMEHAIOT YACMOMHYI MOOYLAUUIY — WUSMEHEHUe YACTOTHI
KoneGaHUM B COOTBETCTBUM C YHPaBISIOIINM curHaiom. Ee
MPEeUMYyLUIeCTBOM SBJAETCA 00JbliIad YCTOHYMBOCTH 110 OTHO-
LUIEHHIO K ITOMeXAaM.

AerekTupoBanue. IIpUHATHI TPUEMHUKOM MOZLYJIUPOBAH-
HBII BLICOKOYACTOTHBIM CUTHAJ AasKe IOC/e YCHIEHUA He CIIOCO-
OeH HelocpeJCTBEHHO BBI3BATE KOoTebaHusa MeMOpaHb! TesedoHa
HJIM PyIIOpa TPOMKOTOBOPUTEJIS CO 3BYKOBOI 4acToToi. OH MOsKeT
BBIZBATE TOJIBKO BBICOKOUYACTOTHDIE KOJIeOaHUs, He BOCIIPHHUMAE-
Mble HalluM yxXoMm. IloaTomy B npueMHMKe He0GXOAMMO CHAYATIA
U3 BBRICOKOYACTOTHBIX MOJYJHPOBAHHBIX KOJe0aHUIH BHIAEIUTE
CUTHAJ 3BYKOBOM YaCTOTBHI, T. €. IPOBECTU JemeKmuposarue.

JleTeKTUpPOBaHUe OCYIECTBISETCA YCTPOHCTBOM, COLEPIKa-
LIUM 3JIEMEHT C OZHOCTOPOHHE! NPOBOAMMOCTBIO — demexmop.
Taxum sneMmeHTOM MOKET GBITH HOMYIPOBOLHUKOBDIL A0,

PacecmoTpuMm IpUHIULT PaGoThI IIOTYIPOBOLHUKOBOTO JeTeK-
ropa. IlycTs aTOT Npu6Op BKJAKUEH B [edb MOCJIeN0BATEIbHO
C HCTOYHWKOM MOJAYJIHUPOBAHHBIX KojJebaHUM W HArpyskoil
(puc. 7.11). Tox B memnu GyAeT UJATH TPEUMYII[ECTBEHHO B OTHOM
HaOpaBJIEeHUY, OTMEYCHHOM HA DUCYHKEe CTPelKoll, TaK KaK co-
OPOTUBJIEHHE NHOJa B TPAMOM HANPABJIEHUH MHOI'O MEHBIIe,
4eM B 006paTHOM. MBI Boo6IIie MOKeM peHe6peys 0GPATHBIM TO-
KOM H CUMTATh, YTO JUOJ 00/1aaeT OJHOCTOPOHHEeH IPOBOIUMO-
CTBI0. BOIbT-aMIepHYIO XapaKTePUCTUKY AMOLA IPUOIMIKEHHO
MOYKHO ITPeJCTAaBUTE B BUJE JIOMAHOH, COCTOAIIEH U3 ABYX IIps-
MOJIMHEeHHBIX OTPe3KOB (puc. 7.12).

N T4
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Puc. 7.11 Puc. 7.12

0 Tt
Puc. 7.13
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B nenu (cm. puc. 7.11) 6yzmer
UATH NYyJIbCUPYIOIINHA TOK, rpa-
(UK CHUJIBI TOK& KOTOPOTO IIOKa-
! . 3aH HA PUCYHKe 7.13. 9ToT NyaL-

= [] CUDYIOIIUHN TOK CIrJIa)KuUBaeTcCs C
9 nomomipio Quavmpa. Ilpocreit-
i GUALTP IIpeacTasBiseT coboi
KOHJleHCATOp, MPUCOeINHEeHHbIN
K Harpyske (puc. 7.14).

dunbrp, padboraer Taxk. B Te
MOMEHTHI BPEMEHH, KOTAa IHOX
IIPONYCKAET TOK, 4YacTh ero mpo-
XOOUT Yepe3 HArPy3Ky, a Apyrasd 4dacTh TOKA OTBETBIAETCS B
KOHJAEHCATOp, 3apdArKad ero (CHJONIHbIe CTPENKHW Ha PHUCYH-
Ke 7.14). PasBeTBieHMHe TOKA YMeHbHIAET IyJbCalluMd TOKA,
IPOXOASINEro 4Uepe3 HArpy3Ky. 3aTO B NPOMEKYTKE MEXAY
UMIOyJIbCaM¥, KOTAA AMOM 3alepT, KOHAEHCATOD YaCTHYHO pas-
paXkaeTca depes Harpysky. IlosToMy B MHTepBaje MeXIY KM-
NyJabCaMU TOK 4depes HArpy3Ky HUAET B Ty Ke CTOPOHY (IIITpH-
XOBBbl€ CTPEJKM Ha pucyHke 7.14). KaXabulili HOBBIA HUMIIYJILC
noAsapsdikaeT KoHaeHcaTop. B pesyabpTare sTOrO uepes HArpys-
Ky HJeT TOK 3BYKOBOW YacTOTHI, (popMa KoJiebaHUil KOTOPOTO
IOYTH TOYHO BOCIIPOM3BOLUT (POPMY HHUBKOUACTOTHOTO CHUTHA-
Jla Ha HOepexamwinel cranumu (puc. 7.15).

Bousiee cnoxxubIe GUIBTPHL CIIAMKMBAIOT HEOOJIBIITNE BHICOKO-
4acTOTHBIE MYJIbCAIIUY, U KONe6aHUsA 3BYKOBOI YaCTOTHI IPOMC-
X0gAT OoJiee TIaBHO, YeM 3TO M300pasKeHO Ha PHUCYHKe 7.15.

IIpocreiimmii pagnonpuemuuk. [Ipocreiimuit paguonpuem-
HUK COCTOUT U3 KoJaebaTebHOTO KOHTYPA, CBA3aHHOTO C aHTEH-
HOU, ¥ IOAKJIOUEHHOU K HEMY HelH, COCTOALIeH 13 AeTeKTopa,
KoHAeHcaTopa U TejedoHa (puc. 7.16). B KosebareabHOM KOH-
Type pazuoBOJHON BO3OYyKIAIOTCA MOAVJUPOBAHHBIE KoJeba-
Hus. Katymku TenedoHOB BBINOHAIOT POJIb HATPY3KU. UYepes
HUX HJeT TOK 3BYKOBOU dacToThl. HebGoJabiliue myabcaliiil BbI-
COKOI 4acTOThI He CKa3bIBAIOTCHA 3aMETHO Ha KOoJIeGaHUAX MeM-
6paHbl 1 He BOCOPUHUMAIOTCS HA CIYX.

Puc. 7.14

Puc. 715
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MozyaupoBarth MOKHO aMILIUTY-
Ay HWIH 4acToTy Koiaebanwuii. Ilpormre
BCEro OCYILECTBJIAECTCA aMILINTYIHAS 1 r
MOAYJSIHA, T 1

IIpu nereKTUPOBAHUM rlepeMeH-
HbI TOK BBIIPAMIAETCA U BHICOKO-
YACTOTHBIE IIYJABCATUH CIJIAYKUBAIOT-
¢ PUIBTPOM.

\VA

Puc.7.16

1. OT uero saBucMT amnnuTyaa asTokonebanmii B reHepaTope Ha TpaH-

? 3ucrope!?

L 2. Kak yCTpOeH npocreriumni AeTeKTOPHLIN PaguonpHe MHHK!

§ 54 CBOHUCTBA JJIEKTPOMATHHUTHBIX BOJIH

CoBpeMeHHEBIE PASUOTEXHUUYCCKHUE YCTPOHCTBA MOBBOJAIOT
IPOBECTH OYEHDb HATJIAAHABIC ONBITHI 0 HAOIIOJEHUIO CBOIMCTB
AJIEKTPOMArHUTHBIX BOJTH. [Ipu srom myuIiiie Becero mosbs30BaThHCA
BOJTHAMY CAHTUMETDPOBOIO JHANA30HAa. ITH BOJHbBI U3JIYUAIOTC
CIIeUAaNbHBIM T€HepaTOPOM CBepXBbICOKOU uactorel (CBY).
JneKTpUYecKye KojlebaHWsl reHepaTopa MOAYIUPYIOT 3BYKOBOIH
yacToToil. IIpueATEIA cUrHAN NOCHe AeTeKTUPOBAHUA TOLAETCA
Ha I'POMKOTOBOPUTEND.

OJIEKTPOMAarHUTHbIE BOJHBI M3JIYyJalOTCH PYIIOPHOI AHTEH-
HOM B HaIpaBJeHHU Oocu pynopa. lIpueMHas aHTeHHa B BUe
TAKOTO e PyHnopa yJaaBJIMBaeT BOJHLI, KOTOPbIE PACIpOCTPa-
HAKOTCA BJOJL eTo ocu. O0mnit BUA YCTAHOBKHU M300paskeH Ha
pucynke 7.17.

Ilornomenue 31eKTPOMArHMTHBIX BOJaH. Pacmonaraor py-
IIOPBI APYT MPOTHUB APYyra ¥, JOOMBIIHNCH XOPOIIeH CIBIILINMO-
CTH 3BYKa B IPOMKOICBOpUTENE, HOMEIIAIOT MEXKAY Pylopa-
MU pasjJUyHble AUIINEKTpUYecKue Tesa. [lpu sTom samedaior
YMEHbBIIEHHEe TPOMKOCTH.

OTpaxenue 3JeKTPOMATHUTHBIX BOJH. ECIN IM3JIEKTPUK
3aMEHUTH MeTaJlJIn4ecKoH IIacTUHOM, TO 3BYK epecTaHeT OnLITL

Puc. 7.17
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Puc. 7.18 Puc. 7.19

CIABIIINMBIM. BOJIHEI He ZOCTUTAIOT IPHEMHEUKA BCJIEACTBHE OT-
paxkeHusi. OTpaskeHMe IIPOMCXOAUT TIOL YIJAOM, PABHBLIM yray
najgeHusd, KakK M B CJIy4dae CBETOBBIX U MEXaHMUYECKHUX BOJH.
Y1065l yOenuThca B 9TOM, PYHOPHI PACHOIATAIOT IO OJUHAKO-
BBIMY YIIaMu K GOIBIIOMY MeTaINIeCcKOMY JUCTY (pHc. 7. 18).
3BYK HCHYE3HeT, ecy yOPATh JIMCT MIK TIOBEPHYTH €ro.

IIpestomienue 3JIeKTPOMATHUTHBIX BOJH. DIeKTPOMATHUT-
HbI€ BOJIHBI U3MEHAIOT CBO€ HalpaBJeHUe (IIPeJIOMIAIOTCSA) Ha
TpaHulle NUIEKTPUKA. ITO MOMKHO OOHAPYIKUTH C TTOMOILBIO
0OJIBILIOH TPeyroMbHOM NpU3Mbl U3 napaduna. Pynops pacno-
JlaraloT MmoJ yIVIOM JPYr K APYTY, KaK M OPHU AeMOHCTPAILUH
orpaxkeHus. MerannuyecKuii JHUCT 3aMEHAIOT 3aTeM MPUBMOI
(puc. 7.19). Y6upasa npusmy uau HoBOpAadYUBAas e, HaOI0La0T
HCYe3HOBEHUE 3BYKA.

IToniepeunHOCTH 3NEKTPOMATHUTHBIX BOJH. DJIEKTPOMATHUT-
HbI€ BOJIHBI ABJAIOTCA MIOIIEPEUHBIMY. JTO 03HAYAET, UTO BEKTO-

> -
peI £ 1 B 9/1eKTPOMarHMTHOTO HOJIs BOJHBI MePIeH MK Y IAPHD

HallpaBJIEHUIO ee pacupocTpaHeHus. IIpu sTOM BeKTOPHI EuB
B3aMMHO IepeNeHAUKYJAPHBI. BOJHBLI ¢ ONpeieleHHBIM Ha-
[IpaBJeHueM KoJe0aHUil 5TUX BEKTOPOB HA3BIBAIOTCA MOJSAPH-
soBaHHBIMU. Ha pucynxke 7.1 nso6parkena Takas moIsapusoBaH-
Has BOJHA.

IIpuemnbIit PYIOp ¢ JeTEKTOPOM NPUHUMAET TOJBKO IIOJS-
DPU30BAaHHYIO B OIIPeJeJIeHHOM HaIIPABJIEHUH BOJHY. ITO MOMKHO
OGHapY»KUTh, HOBEPHYE HePeAaro Wi NN IPUeMHbIH pyIop Ha
90°. 3ByK IpHU 3TOM HCUe3aer,

Honsapusanuio HabrOAaI0T, NOMELIad MEXIY TeHepaTopoM
Il IPUEeMHUKOM pelleTKy U3 HapaleJbHBIX MeTaJlJIHYeCKIX
crepxHen (puc. 7.20). Pemrerxky pacmonaraior Tak, YTOBEI
CTePXKHU OBLIN TOPUBOHTANBHBIMH UM BEPTUKANBHLIME. Ilpn
OJJHOM U3 9TUX IIOJIOKEHUN, KOrja dJIeKTPUUEeCKUH BEKTOD Ia-
pajiIesleH CTePXKHAM, B HAX BO3OYKIAIOTCH TOKHU, B pe3yJibTa-
Te Yero pellleTKa OTPaskaeT BOJLbI, ITOJOOHO CHJIOLIHOH MeTaJ-

i
nuueckoi muacture. Korja ske Bextop E NepIeHANKYJIsIpeH
CTEePKHAM, TOKH B HUX He BO30Y KIAIOTCS M 3JIEKTPOMATHUTHAS
ROJIHA IIPDOXOAUT Uepe3 pelleTrKy.

JJIEKTPOMATHUTHBIE BOJHbLI 00IaTaloT CAeIYIOIMUMU CBOI-
crBaMu. OHE MOTJIOMIAIOTCA, OTPAMKAIOTCH, WCHBITHIBAIOT npe-
TOMJIeHMe, Ionsapusyorces. [locsieHee ¢cBOMCTBO CBUIETEIBCT-
ByeT O INOIePeYHOCTH 3TUX BOJH.

1. I'Iepequcnme M3BECTHble BaM CBOMCTBA NEKTPOMArHUTHLIX BOMH.

? 2. Kaxas BOnHa Ha3bIBaeTcs NONSPH3OBaHHOM!
)

§ 55 PACITPOCTPAHEHNE PATUOBOJIH

IIpy ncoonbzoBaHUit HACKTPOMATHUTHBIX BOJNH AJIA Pafuo-
CBASH KaK HCTOYHUK, TAK Il IIDHCMHUK PDAAUOBOJH Uallle BCETO
pacmonararor BOJM3M 3emiloii noBepxHOCcTH. PopMa u dbusu-
YeCKMe CBOMCTBA 3€MHOIl 1HOBCPXHOCTH, a TAKIKE COCTOSHIIE
arMocGephl CHJIBHO BIUAIOT HA PACIPOCTPaHEHHe PaLHOBOJIH.

OcoGeHHO CYIIEeCTBEHHOC BIMsAHUE HA PACIPOCTPAHEHHE pa-
AVOBOJH OKAa3bIBAIOT CJIOM HMOHM3HPOBAHHOTO T'a3a B BePXHUX
HJacTAx armMocdepsl Ha Bboicore 100—300 KM Hag noBepxHO-
CTbI0 3eMJIM. ITH CJOH HasbLIBAIOT WoHocepoii. Wonusanus
BO3AyXa BEPXHUX CJIOEB aTMOC(epbl BHISBIBAETCS 3JIeKTPOMAT-
HATHBIM H3JydeHHeM CoJlHIId M MOTOKOM 3apAKeHHBIX uac-

THL, u3Jy4aeMbIx uM. IlpoBojsinias smekTpuuecKuil TOK HO-
HOocdepa OTPpakaeT PAZUOBOJIHLI ¢ LIUHON BOJHBI A > 10 M Kak
OOBIYHAS MeTaJauYeckas niacruHa. Ho CIocoGHOCTL MOHO-
cepsl OTPAXKATh U HMOIVIOUATH PAJMOBOJIHBI CYIIECTBEHHO Me-
HAeTCA B 3aBUCHMOCTH OT BPCMEHH CYTOK M BpeMeH rosal.
YcroiiunBas pagyiocBA3h MeXKAY VAATeHHBIMU OYHKTaMU Ha
3€MHO IIOBEDXHOCTH BHE NPAMOH BUIUMOCTH OKA3bIBAETCS
BO3MOJKHOH U3-3a CTIOCOGHOCTH PafMOBOIH 02U6AMb BHIITYKJIYIO
3€MHYIO IIOBEPXHOCTS (fABJIeHNe Ju@paryuu). ITo ornbaHue Bbl-
Da’KeHO TeM CHJIbHee, ueM Oonbile AJMHA BOJHBI. [loaromy pa-

! YImenno mo 9TOM IPHUYMHE PaJNOCBH3b, 0OCOOEHHO B AMANTAZOHE CPeIHUX
JutnH BoJH (100—1000 ™), ropasfgo mageskHee HOUBIO M B BUMHEe BpEMS.
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Honochepa

AMOCBA3L Ha OOJBIIMX pPacCcToA-
HHUAX 34 cYeT OorubaHuA BOJHAMHU
3eMJIM OKAa3bIBAETCA BO3MOMKHOIT
JIAIIL IPY AJHUHAX BOJH, 3HAYHU-
TeJbHO IpesbImaux 100 m
(cpedrue u OrunHbLe B0LHBL).

Kopomrue e6oanbt (muanaszoH
AauH BoaH ot 10 go 100 M) pac-
Puc. 7.2 [IPOCTPaHAITCA Ha OoJabline pac-

CTOAHUSA TOJBKO 34 CYeT MHO-
TOKPATHBIX OTPAXKEHUI OT MOHOCDEPHI M MOBEPXHOCTH 3eMJIu
(puc. 7.21). PaguoBoHbI B 9TOM AMANa30He OKA3BIBAIOTCA «3a-
NepTHIMA» B TOHKOM CJIO€, OTPAHUYEHHOM IIOBEPXHOCTHIO 3eMIn
u noHocepoii. B peaysbrare BOJHBI, U3IyYyaeMble PaJrOCTaH-
Iued, pacmoJIoKeHHOMH, HalpuMep, B eHTpe A3WH, JOCTUTAIOT
paguonpueMHuKoB B IOxxHOHA AmMepuke.

JMHEBIE PaJUOBOJHBI AJA JTOU TeJM MeHee HPUIOMHBI
U3-3a 3HAYUTEJBbHOTO IOTJIOHIEHHUSA IIOBEPXHOCTHBIMH CJOAMH
3emnn u uoHochepoit. U Bce :xe HamboIee HaZeKHAS PaLUO-
CBA3h Ha OTPAHUYEHHBIX PACCTOAHUAX IPH JOCTATOYHONR MOIIL-

HOCTH IIepeJalolleld pasuocTaHuuu obeclieunBaeTcsa Ha [JIWH-

HBIX BOJIHAX.

Yavmparxopomrxue paduosoanvt (A< 10 M) DPOHHKAIOT
CKBO3b MOHOC(hEepPY M IOYTH He OTMbAai0T HOBEPXHOCTb 3eMJIH.
IToaToMy OHM HMCHOJB3YIOTCA AJSA PALUOCBAZH MEXKAY [IyHKTA-
MH B npefesiax IPAMOU BUJUMOCTH, & TAKYKE AJA CBA3U C KOC-
MHUYEeCKUMH KOopabaaMu.

s KOCMWYEecKodl pasUuOCBSASM WMCIONB3YIOTCA CIIYTHUKW
CBA3M, CUI'HAJIBEI KOTODPBIM IIOCBHLIAIOTCA IIepefaTUINKOM ¢ 3eM-
au. COYTHUK NPUHEMAaeT CUTHAJ W MOCHLLIAET ero APyroil Ha-
8€MHOW CTAHIUM, HaXOAAIIEUCS HA OrPOMHOM DPACCTOSTHUM OT
mepBoii. IIpuHATHIE CHUrHANBLI YCHIWBAIOTCA W IOCBLIAIOTCS
IPpUEeMHUKAM JPYTHX CTAHIIUIA.

B mocsiennee Bpema cies1aHO MHOTI'O TIONBITOK OOHAPYKEHUS
APYTUX IUBUIN3AIMNA U Nepefadd UM CUTHAJI0B. OTIpaBJIeHBI
coobuieHusA ¢ GONBUIMX PagHOTENECKONOB, B KOTOPEIX COJEp-
*Karcsa (GopMySTUPOBKY MATEMaTHYECKUX TeopeM, (PUIUUECKUX
3aKOHOB, CBEJIeHUA O YejoBeke 1 T. A. OZHaKO MOMHO CKa3aTh,
4TO Hambojiee MOIHBIM CUTHAJOM, IepefaHHBIM BOo BceeseH-
HYIO, ABJIAETCA KOJOCCAJBLHBIN DOCT MHTEHCHBHOCTH PagHO-
U3IYy4YeHUs BCIEACTBUE DAa3BUTHUA Ha 3eMJie TeJeBUAeHUI U CO-
TOBOM CBA3u. 3eMJss U3 HEHaOIIOZAEMOTO C APYIUX 3Be3n
o0beKTa TpeBpaTHIACL B SAPKYIO DPAAMO3BE3Ay, HEIPEPHIBHO
M3JIyYarO[yI0 MOOTHLIA ITOTOK PaiMOBOJIH.

Hpuanun corosoii cess3u. Coropas TeneOHHAN CBA3H OCHO-
BaHa Ha KOMIILIOTEPHBIX CHCTeMaX, KOTOPble CBA3BIBAIOT HOMe-
pa abOHEHTOB U afipeca Haubosee GIM3KUX PETPAHCIATOPOB. Bo
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BpeM#A COeAWHEHHA KOMIBIOTEPHAs CHCTEMa HAXONUT OMNTH-
MaJIBHBIH IyTh CBA3M a00HEHTOB -— IIOCJIeA0BATETHLHOCTD Hepe-
/a4yl CUTHAJIOB 4Yepesd BLIOpPaHHBIE DETPAHCAATOPbI. COTOBBIM
TesiePOoH abOHEHTa TMOCTOAHHO IPUHMMAET CUTHAJ PEeTPAHCJIA-
TOpa, ¢ KOTOPBIM OH CcBs3aH. [Ipu nepememennu abonenTa mpo-
UCXOAUT Iepeperucrpanud — OPUBA3Ka abOHEHTa K HOBOMY,
OnmKalIieMy PeTPAaHCIAATODY.

PacnpocTrpaHeHHe pajMOBOIH CYIECTBEHHO 3aBHCHUT OT HX
AnuHB! BOJAHBI. KopoTkue BoOJIHBI (¢ miauHOU BOaHBI or 10 10
100 M) MHOTOKpPATHO OTpPAKAIOTCA OT NOHOC(HEPHI U TOBEPXHO-
ctu 3emuu. Jawaable BOaHBI (A > 100 M) «CKOJB3SAT» BHOMIE
HOBEPXHOCTH SeMJIH. Y IBTPAKOPOTKHUE PaguoBoaHEL (A < 10 M)
IPOHUKAIOT CKBO3b MOHOCHEPY.

§ 56 PAJTNOJIOKALIHAA

Obnapyskenne M TOUYHOE OIpeJeNeHHe MEeCTOHAXOMKISHHUS
O0'bEKTOB C MOMOIIBIO PAJUOBOJIH HA3BIBAIOT PAdUOLOKAUUENL.
Paguosokanuonnas ycTaHoBKa — paduosoxkamop (UnIu pa-
ap) — COCTOMT U3 Iepefarineil U IPUEeMHOH yacTeii. B pazuo-
JIOKAIIMY HCIONb3YIOT 3JEeKTPHUYEeCKHEe KOIeGaHUA CBEPXBBICO-
kol wacTorsr (108—10'! T'y). Momuerit reseparop CBU ceazan
C aHTEHHOW, KOTOPasA HM3JydaeT OCTPOHANIDABIEHHYIO BOJHY.
B papumonokaropax, paGoraromux Ha ATWHAX BOJH HOPALKA
10 cm u MeHbIITe, TaKasA BOJHA CO3MAETCA AHTEHHAMM B BHJE T1a-
pabomuueckux 3eprai. I[Jis BOJH METPOBOIO AMANA30HA AHTEH-
HBI UMEIOT BUJ CJIOKHBIX CHCTeM BHOpaTopos. Ilpu aToM ocTpas
HaIpaBJIEHHOCTh M3JIYYEeHUS IIOJYUAETCH BCJIEICTBIE CIOMKEeH IS
BOJIH. AHTeHHA YCTPOEHA TaK, UTO BOJIHEI, IOCIAHHBIE KK IbIM
U3 BUGPATOPOE, TPY CII0KEHUHN B3BAMHO YCUIMBAIOT APYT APYTra
JHIIbL B 3aJAHHOM HalpaBleHUH. B ocTanbHBIX HANpaBIeHHSIX
IPOUCXOAUT IIOJNHOE UJIU YaCTUYHOE UX B3aMMHOE TalleHue.

OtrpaxkeHHas BOJIHA yJaaBauBaeTcdA jubo TOH e u3ryyaio-
e aHTeHHOM, JIU00 SPYTroil MPUEeMHO AHTEHHON, TOMXKe oCTpO-
HanpasjeHHoOU. CTporas HaNPaBJIEHHOCTh UBIYUYeHUA TO3BOJIA-
€T TOBOPUTE O Jny4e paguosioxkaropa. HampasieHne Ha o0BEKT
U ompefesseTcsd KaK HalpaBJeHHe Jyda B MOMEHT IIpHeMa
OTPa’KEeHHOT'0 CUTHAJA.

1A ompeneNeHUss PAacCTOAHUA N0 LEJH IPUMEHSIOT UM-
IYJABCHBIN PEXXUM H3TydeHHA. [lepefaTuMK M3JIyYaeT BOJIHBI
KPaTKOBPEMEHHBIMM WMIIyJIbCaMK. JINUTEIBHOCTD KaKIOTO
UMIyJIbCa COCTABIsIET MUJLJIMOHHBIE JOJU CEKYHZABLI, & IIpOMe-
JKYTOK MEKIY UMITyJbcamu npumepHo B 1000 pas Goxasiie. Bo
BpeMs MAay3 IPUHUMAIOTCS OTPaXeHHbIe BOJHBI.

Onpezenenve paccToanus R IPOBOAUTCS HyTeM H3MEPEHUS
0011ero BpeMeHH ¢ IIPOXOKACHUA PAZHOBOIH A0 [ead U obpar-
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HOo. Tak KaK CKOpOCTH pPaAMOBOIH ¢ =
=3-10% m/c B armocdepe HmpaKTUYeCKU
IOCTOAHHA HA BCEM IYTH Jyda, TO

ct
R= 5

BesepcTBue paccesanuws panmoBosH 10
OPUEeMHUKA JOXOAUT JIMIIb HUYTOMHASN
YacTh TOH 3HEPrHU, KOTOPYIO M3JIydaeT
nepenar4uk. Ilotomy npumemuukm panmo-
JIOKATOPOB YCUINBAIOT NPUHATHIH CUTHAJ
B MUJIJIMOHBI MUJLJINOHOB pas (10'%), Takoit 4YYBCTBUTEJIbHBIH
UIPUEMHIK, DadyMeercs, AOJKeH ObITh OTK/IYEeH Ha BpeMs
IIOCBLIKM MMIYJbCA IIEPENATINKOM.

Husa dukcanuu mociansoro u OTPAXXEHHOI'0 CUTHAJIOB HUC-
HOJIB3YIOT 3JIEKTPOHHO-JIYYEeBYI0 TPYOKY. B MOMEHT HOCBLIKH
HMIIyIbCa CBETJIAs TOYKA, PABHOMEDPHO JBIKYINASACH II0 BKPA-
HY 9JIeKTPOHHO-JY4eBOH TPYOKM, OTKJIOHseTcH. Ha 9KpaHe Mo-
ABJIACTCA BCILJIECK OKOJIO HYJIEBOH OTMETKHU IIKAJBI JaJbHOCTH
(puc. 7.22). Cpersmeecs HATHBIIIKO HA 9KDaHe IIPOLOIKAET
PaBHOMEDHO ABUTaTHCA BAOJD IIKAJBI 1 B MOMEHT IIpHeMa CJIa-
6Oro OTPa’Ke€HHOTO CHTHAJIA CHOBA OTKJIOHAETCH. Paccrosanue
MEM/y BCILIECKAMH Ha dKpPaHe NPONOPIUOHATILHO BPEMEHU ¢
[IPOXOKAEHUA CUTHANa M, CIeA0BATeJbHO, PACCTOAHUIO R 10
IeJIu. ITO MO3BOJIAET IPOrPALYIPOBATE KAy HeIloCpeCTBEeH-
HO B KMJIOMETpax.

Paguonokanuoneble ycTaHOBKU 0o0HapyKUBAIOT Kopabuu
M CaMOJIeTEl Ha PACCTOAHUAX /IO HECKOIBKHUX COT KUJIOMETPOB.
Ha ux paboTy JMiIb HeBHAUUTENBHO BIUSIOT YCJIOBUSA HOTOABI
U BpeMsaA CYTOK. B Gonbpimux aspomoprax JOKAaTOPHI CJAeAAT 3a
B3JIE€TAIMNMY U UAYIMUMY Ha IOCAAKY caMosieramu. Hazemuas
cay»x0a IlepeaeT 0 paguo MUJIOTAM HeoOXonUMbIe YKa3aHus U
TaKuM 00pa3oM obecreunBaeT 6e30nacHOCTD II0JIETOR, Brueimnanit
BHU]I a9POAPOMHOTr0 JIOKATOPA OKa3aH Ha PUCYHKe 7.23. Kopa6-
JIA M CaMOJIEThI TAKXKe CHAaO)KeHBI paAuoJOKaTOpaMH, CILyXKa-
UMK JUIA HABUTAUUOHHBIX weseit. Takue joxaTopsl cosgaror
Ha dKpaHe KapTHHY PaCIOJI0MKeHNU S
O00'bEKTOB, paCCEenBAIONIUX PALMO-
BOJIHBI, ¥ OII€PATOD BUAUT PANVIOJIO-
KaIMOHHYIO KapTy MECTHOCTH.

B macrosmee Bpems nmpumene-
HUe PaguoJoKallii CTAHOBUTCH BCE
Gonee pasnoobpasusim. C IIOMOIIBIO
JIOKATOPOB HaOJI0Jal0T MeTeophl
B BEDXHUX cJ0AX aTMochepsl. Jlo-
KaTOPBl HCHOJB3YIOTCH CJIYXOOH
Puc. 7.23 OTOAbI ANA HaGJIMIOAeHUA 3a 06Ja-

Puc.7.22
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Kamu. HakoHell, JOKATOPBI UCTOJB3YIOTCA B KOCMUYECKUX HC-
caenoBaHUAX. KamKabili KocMHUYeCKHUl KopabJjib 00s3aTeJbHO
uMeeT Ha OOPTY HECKOJIBKO paauoJokaTopoB. B 1946 r. B CIIIA
u Berrpuu Gbla OCYIITECTBIEH 9KCIIEPUMEHT II0 IpHeMYy CUT'Ha-
Jia, oTpakeHHOro or moBepxHoctu Jlyusi. B 1961 r. yueHbIMu
Halllell CTPaHbl IPOM3BEAeHA PAIUOJOKAIUA IIJIaHEeThI BeHepau,
4TO IIO3BOJIUJIO OILEHUTL MEePUOJ €€ BpPAaIleHUs BOKPYI CBOeH
ocu. B Hacrosililee BpeMs OCYIIeCTBJIeHA JIOKAIUs U APYTrux
mnageT COTHEUYHOH CHUCTEMBI.

PagnomoxaTopsl HCIIONB3YIOTCA JJA O0HADPYIKEHUA caMoJe-
TOB U KopabJseii, B cayKbe OTObI, IJA JIOKAIIUH NJIaHeT U AD.

?

Ha Kakux npuHUuMnax ocHosana paboTa paguonokartopal

§ 57 IIOHATHE O TEJIEBUJIEHNH

PannoBosHBI UCIIONL3VIOTCS JAJA TTepenadyu He TOJBKO 3BY-
Ka, HO U m3o0pakeHus (TejeBUIEHUE).

IpuHIUID Hepesadyu H300PAYKEeHNU A HA PACCTOTHUY COCTOUT B
caenylomiem. Ha repeparorieii cTaHIIUY IPOU3BOIUTCA IIpeobpa-
30BaHKe U300parKeHust B MMOCJIeIOBATEIBHOCTD 3JeKTPUUYECKUX
CUTHAJIOB. OTUMHM CUTHAJIAMU MOAYJIUPYIOTCA KojJaeDaHUs, BHI-
pabaTbIBaeMble reHepPATOPOM BBICOKOH dacToTel. MogyanpoBan-
Has DJEKTPOMATHUTHAA BOJHA IIePEHOCUT HHOPOpPMAIHIO Ha
foJipllinie PacCTOAHUA. B nmpueMHHKe ITpousBoauTCcsa oOpaTHOE
npeob6pazoBanne. BBICOKOUACTOTHBIE MOy TUPOBAHHBIE KOJIe-
0aHUA NeTeKTUDPYIOTCS, a IOJyYeHHBIH CUTHAaJ npeobpasyercs

B BUAMMOe usobparkeHue.

w Mo3zauyHbIN
\

. \\/ 9KpaH

O06beKTUB

|

DJIeKTPpOHHAA
nymKa

-
I
=4
——
Y
K ycunureio

Puc. 7.24
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Hna nmepemaum IBMIMKEHUA MCIONB3yeTcs IPHUHIIUT KUHO:
HEMHOTO OTINYAIOIHKECH IPYT OT APYyra M300paskeHusa IBUMKY-
meroca o0'beKTa (Kaaphl) IepefaroTcs NeCSTKH pas B CeKyHIY
(B mamem Tenesunmenun 50 pas). Msobpaskenme xazpa mpeod-
pasyercsd ¢ IOMOIIBIO Nepeialieil BAKYYMHOU 3J€KTPOHHON
TPYyOKM — uroHockona (puc. 7.24) — B CepUIO 3BJIeKTpUYe-
CKUX curHamoB. Kpome uKoHOCKONA cymecTByoT u Jpyrue ne-
penamlnue ycTpoiicTaa.

BuYTpU HMKOHOCKOHTA PACIIONOMKEH MO3aWUHbIH 9KpaH, Ha
KOTOPLIH ¢ IOMONIbI) OIITHYIECKOH CHCTeMBbI Ipoenupyercsa N3o-
Opaskenue o6bexra. Kampas sueiika mosamxwn 3apsiKaeTcs,
puvieM ee 3apiaj] 3aBUCHUT OT MHTEHCHUBHOCTH Tiafalolero Ha
AYEHKY CBeTa. ITOT 3apsiJ MEHAeTCH LUPH nonajaHuM Ha sdeii-
Ky 3JIGKTPOHHOTO Ty'Ka, CO3AaBA€MOT0 3JIEKTPOHHON IYIIKOMH.
ONEeKTPOHHBIN IIYUOK HOCJIELNOBATEIbHO nonajgaeT Ha BcCe 3Je-
MEHTEI CHavasa OJHOH CTPOYKH MO3AVKH, 3aTeM APYTOi CTpOU-
KM U T. A. (Bcero 625 crpok). OT TOro, HACKOIBKO CHIBHO Me-
HAETCA 3apaAj] A4elKM, 3aBUCUT CHJIA TOKA B pesucrope R.
IlosToMy Hamps:KeHWe HA PE3UCTOPE U3MEHSIETCH IPOIIOPIHO-
HaJIbHO M3MEHEHUIO OCBEIEeHHOCTH BAOJb CTPOK Kazpa.

BeicokouacToTHBIE CHUTHAMLI, OJyYeHHbIE HA BBIXOJIe TPYO-
KHi, IONAZaloT Ha aHTeHHY, U3Jydalolllyi0 COOTBETCTBYIOIIUE
AJIEKTPOMATHUTHBIE BOJIHDI,

OTH CUrHAIB! GOPMUPYIOTCA B TeJIeBH3MOHHOM OPpUEeMHUKE
nociae AeTeKTUPOBAHUA. ITO sudeocuznaive. OHu 11peobpasy-
IOTCA B BUAMMOe H306paskeHue Ha SKpaHe IPUEMHON BAKyyMHOLT
9NEKTPOHHOU TPYOKM — KUHecKona. DieKTPOHHAS IyiiKa Ta-
KOl TPYyOKH cHabKeHa BJEeKTPOLOM, VOPaBIAKINUM YHUCIOM
9JIEKTDOHOB B [y4YKe H, CJIeA0BATEeNbHO, CBEYEHWEM 9KpaHA
B MecTe nonagasusa Jy4a. Cucremsl KaTyIleKk I'OPHB0OHTAILHOTO
¥ BEPTUKANBHOIO OTKJIOHEHUA 3aCTaBJIAIOT 3JIEKTPOHHBIH JIyd
obGeraTh BeCh 9KPAH TOYHO TAKUM e 00pa3oM, Kax 3JIeKTPOH-
HBIA JIyd oberaeT MO3aWuHBINA SKPaH B nepenamonieii Tpybke.
CUHXDPOHHOCTD JBHKeHUs JIydeir B nepegatromeil 1 npueMHOM
TPYOKaxX [JOCTUraeTcsi MOCHLLIKON CHemUATbHBIX CUHXPOHM3U-
PYIOIINX CUTHAJIOR.

TeneBusnonHble pagMOCHTHAIBI MOryT OBITH HepefaHbI
TOJIBKO B INAIIA30HEe YIBTPAKOPOTKNX (METPOBEIX ) BoJH., Takue
BOJIHBI PACIIPOCTPAHAOTCA OOBIYHO JIMIIb B HpPeAesaax IPAMOi
BHAMMOCTH aHTeHHBI. IloaTOMy /15t 0XBaTa TeIeBU3HOEHBIM Be-
ulaHueM OOJIBIION TEPPUTOPUU HEeOGXOLUMO pasmMemiaTh TeJe-
IepelaTINKU KaK MOXKHO OJIMKe APYT K APYTY U MOAHUMATD HX
AHTEHHBI KaK MOYKHO BBIIIIE.

baumasa OcraEKHHECKOrO TeJenledTpa B MOCKBe BBICOTOIR
210 m obecieunBaeT HameKHEIH upuem TeJsellepenady B paguy-
ce 120 km. B Hacrosaniee BpeMsi TeeBUBMOHHAS CeTh B Hanien
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cTpaHe HACYMTHIBAET HECKOJBKO THICSY Bel[aTeIbHBbIX CTaH-
uuit; ux mepejadn NPUHUMAOT okojo 100 mun 'I‘eJI(iBI/IBOpOB.

[Ins mOJIyYeHHUsI IBETHOTO M300parkeHusd ocymef, FV}?JIHGTCST
mepefada TpexX BUAEOCHIHANOB, HECYIIUX I{OMHOH(,H‘H;)I 130
fpaskeHnsd, COOTBETCTBYIONIME OCHOBHBIM ILBeTaM (Kpaciomy,
3eJIeHOMY, CUHEMY).

3oHa HaaeXHOr'o IIprueMa TejleBuAeHNs HeIPePBIBHO YBCIIU-
YynBaeTcsdA, B OCHOBHOM 34 CUET UHCIIOJAh30BaHHA peTpchnﬂan—
OHHBIX CHYTHHKOB.

§ 58 PA3BUTHE CPEJACTB CBA3HU

Eille cpaBHUTEJLHO HEZABHO MEXKAYTOPOAHASN Teneq)ouﬁlaﬂ
CBA3b OCYIIECTBJAJNACH HCKJIOUUTEJNBHO IO mpoBojam. lipwu
2TOM Ha HAJEeKHOCTL CBA3HW BJHUAJHA TPO3bI U BO3MOYKHOCTH

s TIPOBOJOB.

06H§H?{I;il'1{“gﬂm(£e Bpi‘Mﬂ BCce IUpe IPUMEHSIOTCA KabesbHEIE
1 pajuopeseiiHble JUHNAY, TOBBIIIAETCA YPOBEHb aBTOMAaTHU3a
HHHBC;;;;I(;peJIeﬁme JIMHUSAX CBA3H HCHOJB3VIOTCA YIBTPAKO-
poTKue (JenuMeTpoBLIe U caHTnmeTpOBubIe) BOJIHBI. 3T11:II BOJIHEI
pacIpOCTPAHAIOTCA B Ipejenax npsamou sugumocTtu. lloaromy
JUHAY COCTOAT U3 IEHOUYKU MAaJOMOIIHBIX panunoc'ra}ﬁmnﬂ,
KakJas M3 KOTOPBIX IepefaeT CUTHAJB! K CoCenHen gglc 8I())I o
scradere. Takue craHuuHU MMEIOT MadThl BbicOTOH 60—80 M,
Haxonsmueca Ha paccrosiauu 40—60 kM aApyr oT gpyra.

Bce Gosblell MONyJAPHOCTHIO IONB3YIOTCA OTITOBOJOKOH-
Hble JUHUY CBA3U, [IO3BOJIAIONIME ITepefaBaTh 60IbIION 00beM
nHbopmanuu. IIporecc nepejgauun OCHOBAH Ha MHOI‘ORpaTH(;)}IIVf
OTpaskeHUHU JIA3ePHOI0 Jyda, PACHPOCTPaHSIOIIErocsH IO TM“
Koil Tpybke (BonokHy). Takaa cBsA3b BOSMOXKHA MEXAY ABY

HBEIMYA OO'BEKTaAMH.
Hengﬂc?lle{:;r B 00JIaCTH KOCMHUYECKON paJuoCBA3HU HOSBO.J{I’/I‘JIKI
cO3IaTh HOBYIO CHCTEMY CBs3H, HasBaHHYIO «Opbura». B‘.)l(,m
crcTeMe UCIONB3YIOTCA peTPaHCIAIMOHHbIE CIYTHUKHU ‘(,BJ'I‘.!.II
(puc. 7.25). CnyrHuku cBasu cepum «MonHusa» 3amycKa I()lf,.)l
Ha CHJIBHO BBITAHYTBIe opbuthl. [lepmox mX obpamiciust co-
cTaBaseT OKoyo 12 u. A

CosaaHbl MOIIHBIE U Ha/eKHbIE CUCTeMBI, 060(',1|("n||m‘1(‘)—
[ie TeJeBM3UOHHBIM BelllaHueM paioHbl Cubupn u jl,;unn‘,nf ro
Bocroka. OHH IO3BONAIT OCYIECTBUTD 'reneg)ouun»-r«-.um pad-
HYIO CBS3b C OTJAJEHHBIMU PAMOHAMHU HAIIEW CTpaitil.

HoBble CHyTHHUKY cBA3M cepuu «Pagyra» sanycicaiores H63
opbury paguycom okoio 36 000 xm. Ha aroit opbirre uv!)‘uon,)o -
palleHusa CIyTHUKA paBeH 24 4, u ODTOMY CHYTH lll(”l‘!( (VSBp(,MH
HAXOJHUTCA HaJZ ONHOM W TOH JKe TOUKOW HOBCPXIOCTH SeMJiu.
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Puc. 7.25 Puc.7.26

CoBeplIeHCTBYIOTCSA U HAXOAAT HOBbIE NPpUMeHEeHUA U TaKue
CPaBHHUTEJBHO CTapble CPEJCTBA CBA3H, KaK Tejerpad u dorore-
Jerpad.

O pasmaxe mocTu)keHUH, CBABAHHBIX C nepenaveil Hemo-
ABHKHBIX M300pakeHuil mo dororenerpady MOKHO CyAUTE TO
TaKUM AaHHBIM: B I'oZ 110 poToTesnerpady nepesaioTcs LeCATKH
THICAY Ia3eTHbIX II0JIOC, C KOTOPBIX HEUATAIOTCA COTHM MILI-
JUOHOB 3K3eMILISAPOB radeT. TeseBuIeHUe 0XBATHIBAET IOUTH
BCe HaCeJeHHbIe ONYHKTHI Halllel CTPaHBI.

B name#t crpane cosgaerca Enunasa aBroMaTu3upoBaHHAN
CHCTeMa CBsI3U. B cBA3M ¢ arum passBuBalorcs, COBEPIIEHCTRY-
IOTCA U HaXOAAT HOBbIE 0061aCTH IIPUMEHEeHUS pPasJNdYHbIe TeX-
HHUYeCKNe CPEeICTBA CBSA3U.

YIIPAYKHEHUE 7

1. B cxeme pagwompuemMHUKA, nsobpaxkenHoil Ha pucyHke 7.16,
L=2-.-10" T'n, emrocrs C IepeMEeHHOT0 KOHAEHCATOPA MOXKeT Me-

HATHCA OT 12 10 450 n®. Ha xKakue AJTHUHEBI BOIH paccuuTas 3TOT pa-
AUOTIPUEMHUK ?

2. Ha pucyuxe 7.26 u300pasKeHa HNPUeMHAS aHTEHHA TeJeBU30-
pa. YTo MOXHO CKa3aTh 06 OpUeHTANNY KodeGanuil BEKTOpa MaruuT-
HO¥ MHIVKIIMYU BOJHBI, UAYLIEH U3 TejeneHrpa?

3. HMeooTes 1M CyliecTBeHHBIE PA3INYUA MEXKIY YCJIOBUSIMU
PacIpoCcTpaHeHUA PaJMOBOJH Ha JIyHe u Ha Bemie?

KPATKHUE UTOT'H I'JIABBI 7

. B saexTpoMarmuTHOH BOJHE IPONCXOAAT KOJIeOaHUA Ha-
HPSHKEHHOCTH E 3JIEKTPUYECKOI'0 IO U UHAYVKIINYN E mar-
HIrTHOro mond. BeKTopsr E u B HEePUEeHAUKYASAPHB APYT
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IPYTY ¥ HAIPaBICHUIO PACIIPOCTPAHEHUSA BOJIHBI. JJIEKTPO-
MarHATHBIE BOJIHBI ABJSAIOTCS IIOIE€PEedYHbIMHA.

DJeKTPOMArHUTHBIE BOJHBI lepeHocAT sHepruio. IlrorHo-
CTHIO IOTOKA B3JIEKTPOMaTHUTHOrO u3jaydeHus I HABBIBAIOT
OTHOIIEHHE BJIEeKTPOMArHUTHOU sHeprum AW, npoureziei
3a BpeMa Af uUepe3 IOBEPXHOCTH ILIOIIAALIO S,Vuepnen—
IUKYJAAPHYIO JIy4aM, K IPOU3BEJeHHIO IIoIaau S Ha Bpe-

At:
M AW

SAtLS
II7I0THOCTE MOTOKA 3JIEKTPOMATHUTHOTO H3JIyYeHHA MUCTOU-
HUKa o0paTHO IPOIOPIIUOHATbHA KBaApaTy PaCCTOAHUA OT
HCTOUHHNKA U IPAMO IIPONOPIMOHAJbHA YEeTBEPTOM CTEIIeHU
4acTOThL! KoJeOaHMH:

?

R?’
JJIeKTPOMArHUTHBIE BOJHBI OTPAXKAIOTCA OT IPOBOAAIUX
MMOBEPXHOCTEH U MPeJOMIISIOTCA Ha FPaHnIle TUBJIEKTPUKOB.

BrmepBrle 3JeKTpoOMarnuTHble BOJHBI Hoayuua I'. Tepim.
OcuopbiBafich Ha onbiTax Iepra, A. C. IlomoB wusobpen
panuo.

PapuortenedoHHAs CBA3b OCYIECTBIAETCA CIeAYIOIIUM 00-
pasoM. BricOKOYaCTOTHBIE KOJIe0aHUs, Bblpa6aTbIBaueMLIe re-
HepaTopoM, MOAYJIUPYIOTCH Roneﬁan%ﬂmn HHU3KOH (3BYKO-
BOHM) uacToThl. AHTEHHa Iepejarollled CTAaHI[MU U3ITy4daer
MO YJINPOBAHHYIO 2JIEKTPOMArHNTHYIO BOJIHY. B paguonpu-
eMHHKe MOJYJMpPOBAHHEIE BBHICOKOYACTOTHBIE KoJjebaHus
IpeobpasyloTca B KoJebaHHsA HU3KOH YaCTOThI. ITOT IPO-
mecc Ha3biBaIOT JeTEKTUPOBAHUEM.

C moMOHIbIO JJIEKTPOMATHUTHBLIX BOJIH OCYINECTBJISIOTCS
paguoCBA3h, PafUOBelllaHue, PAINOJIOKAIIUA, KOCMUAYECKas!
CBfA3b, MOOMJIbHAS CBA3B U ID.
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I/VZM OTITHKA

IlepBrie upezcraBmenus APEBHUX VYEHBbIX O CBeTe ObIIH
BécbMa HauBHEL. CUNUTAIOCEH, YTO U3 TJIas BBIXOIAT 0COOBIE TOH-
KHE IynaJblia U 3PUTENTbHBIE BIEYATICHHUS BOSHUKAIOT opu
OIYIBIBAHUK UMY NPeAMeTOB. OCTaHABIMBATECH oAPOOHO Ha
TOAOGHBIX BO33PEHUAX ceryac, pasyMeercsi, HeT HeoOXOooUMO-
ctu. Mgl JPOCNenNM BKpAaTIle 3a DPasBUTUEM HAYYHBIX apej-
CTaBJIEHHUW O TOM, UTO TAKOEe CReT.

ABa crnoco6a repenaun pospercreuii. OT UCTOUHUKA cBeTa
HalpUMED OT JaMIIOUKH, CBET PACIIPOCTPAHSIETCS BO BCe c'ropo:
HBbl M IafaeT Ha OKPYXKaloliue IpegMeTHI, BBI3BIBAsl, B 4acCT-
HOCTH, uX HarpeBaHue. Ilomazas B rias, ceer BeI3BIBAET 3pu-
TEJIbHbIE OIYIeHUA — MBI BUAUM. MOMKHO cKasaTs, uTo npn
PacIpoCTpaHeHNH CBETA NPOMCXOLUAT nepenaua Bos,gxeﬁc'mnﬁ
OT OAHOTO Tesa (MCTOYHUKA) K Apyromy (IpueMHUKY)

Boob6uie sxe neitcreme OJHOTO TeJla Ha JpPyTroe MOH.CeT ocy-
HIeCTBIAATHCA ABYMA CIOCO0aMHU: IuGo IIOCPEeACTBOM nepenoga
227356’716& OT UCTOYHUKA K IPHEMHUKY, TUGO e HOCPEeACTBOM
Beme;tf:;)j,l Cocmoanua cpedvl. MEMAY TelaMu (6e3 mepenOCa

UMO}EHO, HallpuMep, 3aCTaBUTH 3By4aTh CTPYHY, VIapuB o
HEU, & MOKHO IIOMECTUTD OKOJIO Hee TAKYIO ke CTPYHY, BO36y-
AUB B Heii konebanusa (puc. 8.1). Torza sBykoBBIE BOJI;ILI BTO-
DOH CTPYHBI, HOUJAA OO IEepBOii, BBIBOBYT €e 3ByuYaHUe.

Ropnyckynapuas u Bounosas TeopuHu cBera. B coorger-
CTBUK € ABYMsA cmocobamu Inepegauu SHEePruu OT HCTOYHHKA
K IDUEMHUKY BOBHUKJIU U HAYAJIN PASBUBATHCS ABE COBepIIeH-
HO Da3JTUYHBIE TEOPHH O TOM, UTO TaKOe CBET, KAKOBA €ro npu-

poza. Ilpuyem BO3BHMKJIU OHU mOY-
A TH OTHOBpeMeHHO B X VII 5.

% Onxua m3 stux TEOPUH cBA3aHAa
¢ umeHem HeoToHa, apyrasd —
¢ umeHeM [oirewnca.

Hreoron npugepskusamcs rtak
HA3bIBAEMOUN KOPNYCKYAAPHOIL Teo-
punM  cBeTa, COTJIACHO KOTOPOM
CBET — 3TO NOMOK YAcmuy, ury-
o b IIUX OT HCTOYHUKA BO BCE CTOPOHEI
(reperoc Bemecrsa).

pol‘JIaCHO Ke MPeNCTABIICHUAM
I'roiirenca ceer — arto B80JLHbL, pac-
[IpOoCTpaHAImueca B 0coboil, ru-

Puc_ 8.1

HOTEeTUUYECKOH cpele — d(upe, 3allONHAIOIIEM BCE IPOCTPaH-
CTBO M IIPOHUKAIOIEM BHYTDH BCeX TeJl.

O6e Teopuu AJHUTENBHOE BPeMS CYIIECTBOBAIH l1apasljeyib-
"o. Hu ogHa M3 HMX He MOIJIa OJEeD)KAaTh pellalolei 1obeabl.
JIums aBroputer HproroHa 3acTaBisayl O0JIBIMUHCTBO YUCHBIX
OTAABaTh IIPEANIOUYTEHNEe KOPIYCKYJIApPHOH Teopuu. U3secrhnie
B TO BpeMs U3 OIBITA 3aKOHBI PACHPOCTDAHEHUS CBeTa Oolice
WU MeHee YCHeIIHO O6bACHSANNCh 00eMMH TeOPUAMH.

Ha ocHOBe KODUYCKYJAPHOH Teopuu OBLLIO TPYAHO O0'hsic-
HHUTL, HOUEeMY CBETOBLIe MYUYKH, ITlepeceKasch B IMIPOCTPAHCTRE,
HUKAaK He IeHCTBYIOT APYr Ha JApyra. Beab CBETOBBIE HACTHUILbI
IOJIAHLL CTATKUBATHECSH U paccenBaTbesa. BoaHOBaA e Teopusi
3TO JIEI'KO OOBsACHsJa. BoJHBI, HanpuMep Ha II0OBEPXHOCTHU
BOJILI, CBOOOMHO NPOXOAAT APYr CKBO3b Apyra, He OKa3bIBaj
B3aMMHOTO BJIUAHUA.

C gpyroii cTOPOHBI, IPAMOJHHENHOE pacIpoCTpaHeHue CBe-
Ta, INPUBOAAINECe K 00pasoBAHUIO 3a IIpeJMeTaMHU DEe3KHX Te-
Heli, TPYAHO O0BACHUTE HA OCHOBEe BOJIHOBOI Teopuu. Ilo Kop-
NYCKYJIAPHON e Teopuu MNPAMOJIHHEHHOe paclpocTpaHeH’e
cBeTa ABJAETCHA IPOCTO CJEACTBUEM 3aKOHA UHePIUU.

Taxas HeolIpeJeJIEeHHOCTb BO B3IJIAAaX Ha IIPUPOAY CBeTa
rocmofcTBoBasa 40 Havajda XI1X B., KorJia ObLTU BIEepBbIe U3Y-
YyeHbl SBJICHHUE OrubaHus CBETOM IpenATcTBUil (Audparnmd)
U ABJIEHHE YCUJICHUA WUJIM OCJabJieHns cBeTa IIPH HAJOMEHUU
CBETOBBLIX IIYUYKOB JPYyT Ha Apyra (nartepdepeHnusa). T ABIe-
HUSA TPHUCYINA UCKIIYUTEILHO BOJHOBOMY ABukeHuI0. O0BAC-
HHUTB UX C TTOMOIILIO KOPNYCKYJAAPHOH Teopuu Henab3sd. IlosTo-
MYy Kas3ajJoCh, YTO BOJHOBAA TEOPUA OeprKajia OKOHYATEJIbHYIO
¥ TOJIHYIO noleny.

Taxkasa yBepeHHOCTH 0coGeHHO OKpeniya, xorza Makxcsesn
BO BTOpou mojyoBuHe XIX B. JOoKAa3ajy, UTO CBET — DTO UacCT-
HBIH caydadl aJIeKTpOMarHUTHBIX BOJH. Paboramu Makcsena
OBbLIN 34JI03KeHbBI OCHOBBI 9JAEKMPOMAZHUMHOIL Meopuu ceemad.

IToce sKcIepUMeHTAJIBHOTO OOHADYXKEHUA JJIEKTPOMal-
HUTHBIX BoJH I'eprieM HUKaKHUX COMHEHUH B TOM, UTO IIPHU pac
OPOCTPAHEHHUU CBeT BeAeT ceba Kak BOJHA, He ocTajock. ller
X W ceddyac.

Onuako B Hadaje XX B. IIPEIACTABJIEHUS O IIPUPOAC CBOTI
HadaJ|, TeM He MeHee, KOPeHHBIM 00pa3zoM MeHATbeA. Heoxnon
IAHHO BBIACHMJIOCh, UTO OTBEPTHYTAA KOPIYCKYJIAPHai TCO
pUA BCe K€ MMeeT OTHOIIeHHe K JeHCTBUTENBHOCTH. Oxaia
JIOCh, UTO MPU U3AYLEHUU U NO2JOUW,eHUU c8em gedent et
nodo6HO NOMOKY wacmuy.

Boiu 06HapyKeHbl TPePBIBUCTDIE, UIIN, KAK I'OBOPSIT, KAl

TOBBIE, CBOMCTBA cBeTa. BO3HMKIA HEOOBIUHAST CHUTY LI sIBJIEe-
HUA HHTepdepeHIuy U JuGParkIiiy IO-IPERHEMY MO0 ObLIO
00'bACHUTD, €CJU CUUTATD CBET BOJHOM, a ABJCHM: NiJIYUCHUS

169



H HOIVIOULCHAA — €eCJIM CUUTaTh CBeT IIOTOKOM YacTUll. B aToi
CB3I3U BCLOMHUM IIPEX e BCero, YTO HaM OBILIIO M3BECTHO O CBETe
paubile U3 Kypca pusmuku.

I'eomerpuueckas ¥ BOJHOBas onrTuka. llpu mepBoHauab-
HOM O3HAKOMJIEHHUM B Kypce (DU3UKHU C OITUUECKHMHU SABJeE-
HnAMUA OBLIO BBELEHO IIOHATHE CBETOBOIO Jyda, KaK JIMHUM,
IePIeHANKYIAPHON (DPOHTY BOJHBI M yKasbIBaIOIleil Hampas-
JeHHe, B KOTOPOM CBeT IIEPEHOCUT SHEPruio.

I'eomempuneckoli onmuxoil HasblBaeTcsa pa3fesl OITUKH,
B KOTOPOM H3Yy4YalOTCiA 3aKOHBI DACIPOCTPAHEHUS CBETA B IIPO-
3PavYHBIX CpefaX U 3aKOHBI €er0 OTPaKeHUs OT 3ePKAIbHBIX IIO-
BEPXHOCTe! Ha OCHOBe NIPEeCTABICHUA O CBeTOBOM Jyue. OqHUM
13 OCHOBHBIX IIOJIOKEHUHN TeOMeTpHUUYecKON ONTUKM SBJISETCH
IOJIOYKEHNE O NIPAMOJIUHENHOCTH PAaCIPOCTPAHEHNA CBeTa. SaKOHEI
NIPEeJIOMIIEHH U OTPAMKEHUA CBeTa ObLIIU YCTAHOBICHLI 9KCIIePH-
MEeHTaJbHO 3a/10JIT0 10 BEIACHEHUA IPUPOALI cBeTa. OQHAKO OHU
MOTyT OBITE BhIBeJleHbI HA OCHOBE BOJIHOBOI Teopuu B cJyuae,
ecyii NIWHA BOJHBI CBeTa MHOTO MEHBIIE Pa3MEpPOB MPeIsaTCT-
BUil, pACTIOJNIOKEHHBIX HE OUeHb JAJIEKO OT MecTa HabIiogeHns.

OJIHI/IM U3 OCHOBHBLIX IIOJIOMKEHUH I‘eome'rpnqeczcofxi OIITUKH

ABJIAETCA IIOJIOMKEHHue O IIpHMOJII/IHef;IHOCTI/I pacnpocrpaHeHus
CcCBeTa.

I'naa 8. CBETOBBIE BOJIHBI

§ 59 CKOPOCTB CBETA

Korga MbI moBopauuBaem BBIKJIOUATENb, TO BCS KOMHATA
cpasy e osapsercsa cseToM. Kaskercsi, uTo cseTy coBceM He
HagO0 BpPeMeHH, 4To0bl AOCTHUIHYTH cTeH. llpeanpuEMMAINCH
MHOTOYHC/IEHHbIE MONBITKH OIPEAeIUTh CKOPOCTh cBeTa. s
9TOr0 UBITAJNCE U3MEPUTH II0 TOUHBIM YacaM BpeMsA DPAacIpo-
CTPAHEHUA CBETOBOTO CHTHaja Ha GoJsiblnme paccTossHUs (He-
CKOJIBKO KHJIOMeTpoB). Ho aTn moneiTku He manawm pesyiasbrara.
Hauasm nymars, 4TO pacmpocTpaHeHue cBeTa coBCceM He Tpefy-
eT BpeMeHM, UTO CBeT JIIoOble PACCTOSHUSA NpPechoieBaeT MIHO-
BeHHO. OIHAKO OKa3ajIoCh, YTO CKOPOCTh CBeTa He 6eCKOHEeUHO
BEJIMKA, W 3Ta CKOPOCTh ObLJIa B KOHIle KOHIIOB M3MepeHa.

ACTpOHOMHYECKHH MeTOJ H3MEepPEeHHA CKOPOCTH CBeTa.
CKopocTh cBeTa BIlepBble yAAJOCh HU3MEPUTH NATCKOMY yde-
nmomy O. Pémepy B 1676 r. Pémep ObLT acTPOHOMOM, U €TO
yvenex o0bscHAeTCH HMEHHO TeM, YTO OH MCIONb30BAJ AJISA U3-
Mepelni odeHnb GOJbINHNe, NPOXOAUMEIE CBETOM PACCTOSHU.
Jro pacerosHug Meskny niaaneramu ColHedHOH CHCTEMBI.
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Pémep nabaiona 3aTMeHUs COYTHUKOB Onurepa — caMoyf
GonpmIoit riasetsl CoJHEUYHOM CHCTEeMBbL. Onutep nMeeHT ye
THIPHAALIATE CIYTHUKOB. BJII/{JKa.I./IH_II/II/I ero COyTHUK — 1(: n
cTajJ [peaMeTOM Haﬁmo,ueHMHuPeMepa. OH BUJEJ, KaK cny0~
HUK IPOXOAMII Mepej IIaHeToH, TOTPYKAJCH B ee TeHb 1 I{paK
najaj w3 MOJA 3peHMsA. 3aTeM OH ONATH MOABJICH, ¢
MTHOBEHHO BCIOBIXHYBIIAaA JjaMmia. IIpoMexyTOK BpeMeHU ¥e
JKAY JBYMS BCIBIIIKaMM OKa3aJjiCs PABHBIM 42 94 28 MuH. ;?e
KuM 06paszoM, 9Ta «JyHa» MNPeACTaBIANIa coboit I‘pOMaJIH);
HeGecHbIe UACHl, Yepe3 DaBHBbIE IPOMEXYTKH BPEMEHM IIOCh

Y CUTHAJBI HAa 3eMJIo.

HaBIEHHKaZSJ}ig HM3MepeHHsA IPOBOJUINCH B TO BpeMsl, KOTAa 36MJ15‘1
[IPH CBOEM [BUMKEHUHU BOKDPYT CosHina Oausxe BCEro HOIIOLHHJE
k FOnurepy (puc. 8.2). Taxue xe usmepenud, [IpOBei€HHEIE

CKOJIBKO MeCSIEB CIyCTdA, KOTAa 3eMJisl YAAIUuIachk oT IOnurepa,
HEOKMAAHHO IOKA3aJIM, YTO CIYTHUK OMO3AaJ MOABUTHCA u3
TeHHM Ha UeJblXx 22 MUH IO CDABHEHMIO C MOMEHTOM BpemeI}/Illg,
KOTOPBIH MOHO OBLIO PACCYUTATh, 3HASA IEPHOA obpaliesus :

Pémep 00BACHSI 9TO TaK!: «Ecau 0b1 s MOT oCTaTHCs Ha ngi-
roii cTOpoHe 3eMHOi1 OPOUTHI, TO CITYTHUK BCAKNH Da3 TIOABJ _
cs 6L U3 TeHU B HasHAUeHHOe BpeMs#A; HaOaofaTesb, HaXOnA
muiicst Tam, yBujena 6ut Mo Ha 22 MUH paHBbIIE. 3ana3nbn%anne
B 5TOM cJjyuae IPOUCXOJHUT OTTOr0, UTO CBET YIOTDe JIsIeT
22 MuH Ha IPOXOKJEHNUe OT MecTa MOero nepBoro HaOMogeHu A
10 MOETO TeIePEITHErO MOIOMEeHNI» . 3uas BpeMsA 3ala3IbIBaHUA
HosiByienug Mo ¥ paccTofHye, KOTOPhIM OHO BBI3BAHO, MOKHO
OlIpeieTUTh CKOPOCTD CBETA, PA3/ieJIUB 3TO pacc'roimuegia Bllfcl:;[zﬂ
samasgbiBaHuAa. CKOPOCTb OKasajachk YPe3BBIYAMHO 0OJb ! ez
npumepso 300 000 km/c. Iloromy-To Kpaune TPYAHO OHI:{ Hﬂm—
JUTH BpeMs PacIpOCTPaHeHUs CBeTa MeXJy AByMd ynaje -
MH TouKaMy Ha 3emie. Beab 3a OJHY CeKYHAY CBeT IDOXONMT
paccToAHMe, Gosbillee AJIUHEL 3€MHOTO 9KBATOPA B 7,5 pasa.

P o Op6uTa CIyTHAKA
, N FOnurepa

\\ ?\ ': ( (‘l
\ /

3emns 1 !
\ /

7
S~ PN Op6uTa 3emiau Op6uta HOnurepa
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JlaGopaTopusie MmeTomn! HU3MEepPeHUsE CKOPOCTH cBeTa. Brep-
BLIC CKOPOCTBL CBeTa JIabOPaTOPHBLIM MeTOLOM yIan10ch u3Me-
pUThL bpaHnysckoMy dusuky U. duszo s 1849 r.

B ombiTe ®uzo ceer ot HUCTOYHUKA, UPOUAA 4Yepes JTUH3Y
azal Ha IONTYIPO3PAYHYIO IJIACTHHKY [ (puc. 8.3). IMocae OT-,-
PaXeHUA OT MIACTUHKU CHOKYCHPOBAHHBI Y3KHI Iy4ox Ha-
OpPaBJIAICS Ha nepudepuio GEICTPOBpAIIAIOIIETOCH 3ybuaTtoro
kosneca. Ilpoiina mexxny syGuamu, cser AocTuran zepkaiga 2
HaxXOoNAIEerocsa Ha PACCTOSIHUH HECKOIbKUIX KHJIOMETPOB 01,‘
Kouieca. OTpasuBOINCE OT 3€pKaja, CBeT, Ipejae 4eM TOIacThb
B IJIa3 HabJIIOZaTe A, NOMeH GBI IIPOHTH OMATEL Mexay 3y0-
naMH. Korna xoseco Bpamanocs MEIJIeHHO, CBET, OTPaKeH-
HBIN OT 3epKaJa, 6bl1 BugeH. [Ipu yBenruuenuu CKOPOCTH Bpa-
IMEeHUsT OH IIOCTEIeHHO ucyYe3as. B uem ke 3necs peso? Iloka
CBET, IPOUIEAIINYH MEXIy ABYMA 3y0Lamu, Ines A0 3epraja u
o0paTHO, KOJeCo ycmeBayo IOBEPHYTLCA TaK, UTO HA MECTO
Ipopesu BCTaBaI 8ybel, u cBeT mepecTaBas GLITEH BUANMBIM

IIpn panbueiiniem ysemmuenuu CKOPOCTH BpalleHUs CBe'I.‘
OLATL CTAaHOBWJICA BUAUMBIM. QueBHAHO, 4TO 3a BpeMs pac-
UPOCTPAHEHHUs CBeTa 10 3epKajga U 00GpaTHO KOJIeco ycrmeBaJso
B 9TOM Cily4ae IMOBEPHYTBCA HACTOIBKO, YTO HA MECTO nopex-
HEU Mpopesu BCTaBaJla ysKe HOBAS IIPOpe3b.

3HaA 5TO BpeMA U paccTogHuMe MEXJy KOJIeCOM W 3epKa-
JIOM, MOKHO OMpPeJesuTh CKOPOCTh cBeTa. B ombrre Puso upu
baccToanuu, paBHOM 8,6 KM, AnA CKOpPOCTH cBeTa 6bLJI0 OJTY-
49eHO 3HaueHue 313 000 kwm/c.

Brisro paspaborano €€ MHOro Apyrux, 6ojee TOUHbBIX JIab0-
PaTOpHEBIX METOLOB U3MEDPeHHs CKOPOCTH cBeTa. B wacTHOCTH
aMepuKaHCKuy Gpusux A. Maiikenncon paspaboraja BecbMa coZ
BEPIICHHBIN METOJ ONpefieIeHUS CKOPOCTH CBETA ¢ OpUMeHeHH-
€M BpAallaiomuXCcs 3epKaJ.

Briia msmepena cxopocts B Pa3IHWYHBIX NMPO3PAYHBIX Cpe-
nax. CkopocTs cBeTa B BoZie Oblia onpemenena B 1856 T Oxna
OKasayack B 1/; pasa MeHbIle, 4YeM B BakyyMme. Bo Bcex ,u;r;yrnx
BEIIeCTBAX OHA TAK)KE MEHbINE, YeM B BaKyyMme.
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ITo coBpeMeHHBIM AAHHBIM, CKOPOCTE CBeTAa B BAKYyyMe paB-
Ha 299 792 458 m/c (¢ TouHOCTRIO O +1,2 M/c). ITpubnuken-
HO CKOPOCTHL CBETa MOKHO cumuTaTh pasHoi 3 - 10® m/c. Oro
3HaYeHHe CKOPOCTHM cBeTa HY»XKHO 0043aTeIbHO 3a1IOMHUTD.

Onpezenerne CKOPOCTH CBETA CHITPAJIO B HayKe OUEeHb BaK-
HYIO pOJib. Bblja He TOJBKO BBISICHEeHa IIPHpPOJa CBeTa, HO U
VCTAHOBJIEHO, UTO HUKAKOE TEJO He MOMKeT ABUTATHCH CO CKO-
POCTBIO, IIPEBLIIIAIOINIEN CKOPOCTL CBETA B BAKyyMe. JTO cTajio
SICHO TOCIe CO3JAaHHUS TeopUM OTHOCHUTEJIBHOCTH, O KOTOPOM

MOMAeT peub B CJEAYIOIeN TJaBe.

B 4em COoCTONINa OCHOBHAsA TPYAHOCTL NMPH M3MEPEHUM CKOPOCTH creTtal

IIPHHITAT TIOUTEHCA.
§60  3AKOH OTPAJKEHHSI CBETA

3aKOHBI OTPAMKEHNS 1 1TPEJIOMICHUS CBETA MOYKHO BBIBECTU
W3 OXHOI'O O0Iero NPHHIMIIA, OTHCLIBAIOINEr0 IIOBeleHHe
BOJIH. 9TOT IIPUHIMII BilepBbie ObIJ BRIABUHYT COBPEMEHHUKOM
Hprorona Xpucrmanom ['rofireHcoM.

IIpuaumn I'roiirenca. CorsiacEo npuHnuny oliresca kasic-
das moduKa 601HO06020 PPOHMA AENAEMCA UCTNOLHUKOM
émopuunbLx 60aH. [11s TOTO 4TOOBI, 3HAA TOJ0XKEHNE BOJTHO-
BOM moBepxHOCTH ((PPOHTA BOJHBI) B MOMEHT BpeMeHU {, HalTu
ee IOJIOMKEeHMe B CJAEeNYIOIINA MOMEHT BpeMeHH ! + Af, Hy»KHO
KaXKAYIO TOUKY GPOHTA paccMaTpPHBAThH KaK MCTOYHHUK BTOPUY-
HBIX BOJIH, Touku M, My, M3 u T. 4. ABIAIOTCA TAKUMHA UCTOY-
uuKamu. IloBepxHOCTH, KacareJbHasd K (PPOHTAM BTOPHUYHDLIX
BOJIH, IpeJcTaBaseT coboil GpOHT NepBUUHON BOJHEL B CJIEAYH)-
UM MOMeHT BpeMeHnu (puc. 8.4). 3TOT IPUHIIUI B paBHOU Mepe
OPUIOJieH AJis OMUCAHMSA PACIIPOCTPAHEHUA BOJIH JII000H TpUpo-
JIbl: MEXaHUYECKNX, CBETOBHIX U T. . I'tolireHc chopmyinposa
ero mepBoHaYaJIbHO MMEHHO JJIS CBETOBBIX BOJH.

IOna mexamuveckuX BoJIH npmHuuI [olireHca mmeer na-
IJIAOHOE UCTONKOBAHME: YACTUILLI CPelbl, O KOTOPhIX JIOXO/T
KoJsie0aHusi, B CBOIO oUepeab, KOeOIACh, MPUBOAAT B JIBUICCHUC
coceHMe YacTHUIIBI CPeJbl, C KOTOPBIMU OHH B3aUMO/ICHCTRYIOT.

3axon orpaxenus. C momo-
b0 npuHOuna I'iofireHca MOX- LAl
HO BBIBECTU 3aKOH, Ha OCHOBE KO-
TOPOTO OOBACHAETCH OTParKeHU!e
BOJIH OT TPAHMITLI pasjesia cpen.

Paccmorpum, Kak IPOUCXOAUAT
OTpakeHune IJIOCKOI BOJHBI. Boy-  Puc. 8.4
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loirenc Xpucrad (1629—1695) —

ronnaHp.SKuﬁ PU3KK M MaTeMaTK, CO3AaTeNs NepBoi
BONMHOBOMW TeOPUM cBETa. OCHOBLI 3TOM TEOPUM M3NOMKMN
8 «TpakTtate o ceete» (1690). Bnepssie ucnonssosan
MaATHUK ANA AOCTUIKEHUS PETYTIAPHOrO X043 YaCOB M
BbIBEM HOPMYNY A5 Neproaa KoneBaHuil MmaTemaTi-
4eCKOro 1 hmanyeckoro masTHukos. Ero maremaru-
yeckme paboTbl KACANMCH UCCNEAOBAHMA KOHUUECKMX
CEUEHMI, LIMKINOMALI M APYTMX KPUBbIX. EMy MpHHaa-
NEXMT OfHa U3 NepsbIx PABoT MO TEOPHM BEPOSTHO-
ct1. C NOMOLLBLIO YCOBEPLUEHCTBOBAHHOMN MM acTpo-
HOMM4ECKOW TpY Bkl 0TKpBIN cnyTHUK CaTypHa TuraH.

Ha HA3BIBAETCA NJAOCKOU, eCJIN TIOBEPXHOCTH PaBHOM (asbl (BOJI-
HOBBIE NOBEPXHOCTH) W COOTBETCTBEHHO (DPOHT BOJIHBI IT
CTaBJIAKT cO60# maockocru. Ha pucynke 8.5 MN — or ampaen—
Ias MOBEPXHOCTH; IPAMBIe A A u BB — gBa nyua na,aIZuo I:"—
;mé);xon BoJiHBI. [lmockocts AC — (poHT BOAHEI B MON?éHI;
HE))CTI/?.HM, Korga Jyd A;A JoIIes 10 oTpakaroliei IOBEPX-
}’ron O MEXAY TaZaIUM JYYOM U HOPMAJABIO K OTPaKar0-
HIeU IIOBEPXHOCTH B TOUKE NaJeHNd HAa3bIBAIOT YIJIOM IageHud
BosnoByIo moBepXHOCTL OTpaKEHHONW BOJHBEI MOMKHO O i
dUTH, €CJIM IPOBECTH Orubarllyio BTOPUYHBLIX BOJH, IEHT };1
KOTOPBIX JlexKaT Ha TPaHulle pasfesa ABYX Cpep. Pa,aquHII)ﬂe
YHacTKH BOJIHOBOH noBepxHocTH AC TOCTUTAIOT OTpaskaroen
I'paHULBI He OTHOBPeMeHHO. Bo36yxnenue KomeGaHuii B TO‘HICIé A

HadHeTCs PaHbIle, YeM B TOouKe B, Ha Bpems Af = ¢B (v —
v

CKOPOCTb BOJIHBI).
" B mMoMeHT, KOrZa BOTHA TOCTUTHET TOYKKM B U B 370k TOYKe
O;He"rca BO30ysxAeHne KoJseGaHuil, BTODHUYHAS BOJIHA C L eHT-
ga;m;c ;’;qfﬁe :4;1 Dyxce A6y1:[eg IIPeACTaBIATL co00M moaychepy

= = vAt = CB. ®poHTHI BT

. OPHUYHBIX BOJH OT
I;ICTO‘-IHI/IKOB, PacCIOJIOXKEHHBIX MeXAY ToukaMu A u B, moka
(x3 > ]
Hifji:;eﬂa pucyHke 8.5. Oru6aoieii (GPOHTOB BTOPUIHBIX BOJIH
TCA NIJIOCKOCTHE DB, KacaresbHas K chepUUYeCKUM IIO-
BepxHocTAM. OHa m mpeacras-

A, 4, B B, aser coboit (POHT oTpakeH-
> . HOM BOJHBL. Jlyunm AA, u BB,
- NePIeHANKYIAPHB DPPOHTY OT-
paxxeHHON BosHBl DB. Vrom y

Al Mex
7 N Ay HOPMAJBIO K OTPAXKAalo-

1€ IIOBEPXHOCTH M OTpaKeH-
e 5.5 HBIM JIYy4YOM HAa3bIBAIOT yriom
. 8. oTpaxeHnuda.
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Tax xak AD = CB u tpeyronbauxu ADB u ACB mnpsmo-
yroabHble, To ZDBA = ZCAB. Ho o=2ZCAB un y=ZDBA
Kax yIJVIBl C B3aWMHO NePHeHANKYJIAPHBIMU CTOPOHAMM. Cue-
NIOBATEJILHO, Y2071 OMPANHCEHUA PABEH YZlY nadenua':

o =Y. (8.1)

W3 reopun Tioiirenca BEITEKAET 3aKOH OTPAKEHNA CBeTA: Y™
nadarowuil, 1Yyw OMPANCEHHBUL U HOPMALL K Ompasiaro-
well n06epXHOCMU 6 MOLKe nadenus nexcam 6 00HOU nioc-
Kocmu, npuiem yzon nadenus pasen yany OMpajienus.

TIpu o6paTHOM HAaIPaBJeHUH DPACHPOCTPAHEHUT CBETOBLIX
Aydei OTpPaKeHHBIN Jy4 CTaHeT NAJAoLINM, a najamoiuii —
orpaskeHHbIM. O6paTHMOCTh X014 CBETOBBIX Jydel — UX BaX-

HOe CBOMCTBO.

CopMynupoBaH OGN NPUHIMII PACIPOCTPAHEHMS BOJIH
110601 mpupoasl — npuHNuN lroiirexca. BTOT NPUHIUII II03BO-
JIfeT ¢ TIOMOIIBLIO ITPOCTBIX I'eOMETPUIECKUX IMOCTPOEeHMil HaXxo-
AUTH BOJIHOBYIO IOBEPXHOCTH B 10001 MOMEHT BPEMEHH 110 13-
BECTHOI BOJIHOBOI HOBEPXHOCTH B NpeAIecTBYIOUINA MOMEHT.
Ws npurnuna Toliresca BhiBeJleH 3aKOH OTPaKeHUA CBETa.

1. KaKk C NOMOULbIO 33KOHA OTPaXKeHus NOCTPOUTL u306pameuue TO-

? WEYHOrO MCTOMHMKA CBETa B NNOCKOM 3epkane!
L 2. Moyemy Henb3s HCMOMbL30BaTh NNOCKOE 3ePKaNo B KavecTse KHHO-
KkpaHa!l

§ 61 3AKOH IIPEJIOMJIEHUA CBETA

HanoMHUM, B UeM COCTOUT fABJIeHME NpPeJoMJIEHUA CBETAa.
BoiBeseM 3aTeM 3aKOH IIPEJIOMJIEHUS C IIOMOLIBIO IIDUHILHMIIA
Trotirenca.

Haémonenue npejovieHnda csera. Ha rpanuie AByX cpeil
cBeT MeHseT HaIpaBJieHUE CBOEro DPAcCIpPOCTDAHEHWS. Yacrts
CBETOBOM HEPTHUH BO3BpAIlaeTCs B IEPBYIO CPeAy, T. €. IPOMc:
XOIUT oTpaskeHue cBera. Ecam BrTOpas cpeAa IpospatHa, To
cBET YACTHUYHO MOJKeT IIPONTH Yepes IPAaHUIly CDell, TaKKe Me-
HsAs IPHU BTOM, KaK IIPABUJIO, HAIIPABJIEHNE PACTIPOCTPaNCIlit.

9710 sSBJIEHUE Ha3bIBAETCA NpeJoMJIeHHeM CBeTa.

BeaepcrBue mpesioMieHHA HAGMIOAAETCA KaXyIeecs name-
HeHue (OPMBI IIPEAMETOB, UX PACIOJIOXKEHUS H PasMCepOB.
B sToM Hac MOryT yb6eauTh IPOCThIe HAGJIIOJCHUA. [Hosomum
Ha OHO IIYCTOTO HENMPO3PAvHOTO CTaKaHa MOHETY WJIK apyroi
HeGospioil npeamer. IlogsuHeM cTaKaH Tax, UTOObLI LEHTP MO-

1 3recs u fajiee B anre6paldecKrx COOTHOIIEHUAX 1i0JL CJIOBOM Y204 TIoA-
pasyMeBaeTcs ero pajuMaHHad (MIM TPagycHas) mepa.
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Puc. 8.6 Puc. 8.7

HeThl, Kpall CTaKkaHa U I'71a3 HaXOZUJIUCH Ha ONHOU npsaMoii. He
MEHAA NOJIOKEHUA TOJNOBbI, OyleM HAJIUBATH B CTAKAH BOIY.
Ilo mepe moBbIlIeHHA yPOBHA BOLBI OHO CTAKAHA C MOHETOMN
Kak Obl npunogEuMaerca. MoHeTa, KoTopas paHee 6bLia BUJ-
Ha JIHNIIb YaCTUYHO, Telepb OyJeT BUAHA IIOJHOCTBIO. YCTAHO-
BUM HaKJIOHHO KapaHZall B cocyne ¢ Bogoil. Ecain mocmoTrpers
Ha cocyl cOOKY, TO MOYKHO 3aMETUTh, 4TO YACTh KapaHAaIna,
HAXOAAIAACA B BOJE, KAXKeTCHA CABUHYTOW B CTOPOHY.

ITHU SABJEHUA OOBACHAITCA U3MEHEeHNEeM HANlDAaBJIeHUS Jay-
4Jeil Ha TPaHMIE JBYX Cpel — IIPEJOMJICHHEM CBEeTa.

3aKOH NPeOMJIEHUS CBETA OIpeAessieT B3auMHOe pacmooJio-
KeHune nagaipomero ayua AB (puc. 8.6), npenromienHoro ygyda
DB v nepunenaukyinapa CE K TIOBepXHOCTH paszejia cpen, BOC-
CTaBJIEHHOTO B TOUYKe IaJleHus. YToJl O Ha3BIBAETCH Y2/10M Nna-
denusa, a yroa B — yrioM mpeoMIIeHUS.

IMagaromuii, oTpaskeHHbINI W TPeJOMICHHBI Jy4YH HETPVYI-
HO HaOJIOZATh, CMleJIaB Y3KUI CBETOBOM Oy4Y0K BUAUMBIM. X0
TAKOTO NyYKa B BO3AyXe MOMKHO HPOCJEJUTb, €CJU IIYCTUTH
B BO3YX HEMHOI'0 JbIMA UK K€ IOCTABATHL 3KPAH IO HeGOIb-
MM yTJIoM K Jydy. IlpesloMJIeHHBIN Hy4yoK BUAeH TaKiKe
B NOJKPAIIeHHOU (II0OOpecHMHOM BoJe akBapuyMa (prc. 8.7).

BriBox 3aKoHa NpesOMIIeHMA cBeTa. 3aKOH IIPEIOMICHUS
cBeTa GBI yCTAHOBJIEH ONBITHLIM IyTeM B X VII B. M5I ero BbI-
BeleM C IIOMOIIBIO mpuHIUNa Iiolirenca.

ITpesomnenue cBera npu nepexofe M3 OZHOM CPEABI B Ipy-
I'YI0 BBI3BAHO PA3JUYNEM B CKOPOCTAX PACHPOCTPAHEHUS CBETA
B TO# U Apyroit cpege. O603HAYNM CKOPOCTH BOJIHBI B IIepBOH
cpefe 4epes U;, a BO BTOPOH uepes v,.

ITycts Ha mmockyio rpaHumy pasjgesna IBYX cpen (Hampu-
Mep, M3 BO3Ayxa B BOJY) MajaeT ILJIOCKAas CBETOBAS BOJIHA
(puc. 8.8). O6osnaunum yepes AC PPOHT BOJHBI B TOT MOMEHT,
Korga BOJIHA& AOCTUTHET TOYKM A. JIyu BB mocturser rpaHu-
ILbl pasjgesyia ABYX CpeJl CIIyCTsI BpeMs Atf:

At = CB.
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Korma Bosmna mocTurHer TOY- B,
K1 B, BrOpuU4YHasi BOJHA BO BTO- 4, o
po¥l cpeZie OT MCTOYHMKA, HAXO- /|/
asIlerocsi B Touke A, yxke 6ymer M o B N
UMeTh BUJ IToJychepsl paguycoMm A

AD = v,At. B 4 B

DpOoHT NPeSaOMIEHHOH BOJHBI
MOXKHO IIOJYYHUTDH, MPOBENA IIO- Aj
BEPXHOCTH, KACATEIBbHYIO KO BCEM
dpoHTAM BTOPUUHBIX BOJH BO
BTOpPOIi cpefie, UCTOYHUKU KOTO-
PBLIX HAXOAATCA Ha TPAHUILe pasjesia cpel. B nagHoM ciyuae aTo
mockocts BD. Oua siBndgercsi orudaroliell BTOPUYHBIX BOJIH.

Vron nagenns o gyd4a A, A pasen yriay CAB B TpeyrojbHU-
Ke ABC (yrasl MeMXAy ABYMs! B3AaUMHO HMEPHEHAMUKYIADPHBIMA
croporamu). CiaegoBarenbHo,

Puc. 8.8

CB = v At = ABsina. (8.2)

VYron mnpenomaenuss [ pasen yray ABD TpeyrojisHHKa
I )

ABD. Hoorony AD = v,At = ABsin j. (8.3)

Pasgenns mounenno ypasnenue (8.2) Ha ypasHenne (8.3),
[OJIYYUM

Cosina o n, (8.4)

sin Uy

rie n -— IOCTOSTHHASA BeJIMUMHA, He 3aBUCAINAA OT yIVIa aJeHusd.

CohopmyampyeM 3aKOHBI [1PpeJIOMJIEHNA CBeTa.

1) IHadamowuii ny4, nperomnieHHbll 1Y4 U HOPMAAb
K zpanuye pa3dena d6yx cped 6 moike nadenua aexacam
6 00HOU naO0CKOCMmu.

2) Omnowenue cunyca yzaa nadenusn K CUHYcy yzaa
npeiomieHus ecmb 6elULUHA NOCMOAHHAA OnA Imux
deyx cped, pa6HAA OMHOCUMENLHOMY TLOKA3IAMENIO NPe-
AoMmMRAeHus 6Mopoil cpedvt OMHOCUMENbHO LePEoll.

Y6enuThcsa B CIPaBeJJMBOCTH 3aKOHA IIPEJOMJIIEHUS MOXMK-
HO JKCIEePUMEHTAaNbHO, W3MeDdAs YIJbl NaAeHWs U IIpejoM-
JIeHusl W BBIYUCIAS OTHOIIEHWE WX CHHYCOB IPH PasdjIM4HBIX
yraax najeHus. 9TO OTHOLICHHE OCTAETCH HEH3MEHHBIM.

Iloxaszarens mpenomaenus. VM3 npunnuna Iroiiresca He
TOJBKO CJeLyeT 3aKOH IIPeJOMJEHMHA, HO C IIOMOINBIO 3TOIO
IPHHIIAIIA pacKpPbIBaeTcA pusmdecKuii CMBICJT IOKa3aTe s fpe-
nomiaeHusi. OH paBeH OTHOIIERHUIO CKOPOCTel cBeTa B cpefax, Ha
TpaHuIE MeXJYy KOTOPBHIMH IIPDOUCXOTUT IIPeJIOMJICHHE:

n=-t, (8.5)

Uy
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Ieau yroa mpesoMiIeHnnus 3 MeHbIlle yria nageHusa o, TO CO-
mincto ypaBHeHMIO (8.4) CKOpOCTh CBeTa BO BTOpOH cpene
mMciibllle, 4eM B IIepPBOM.

[lokasaTeab IpeJOMJIeHMA CpPeAbl OTHOCHUTEJIBHO BaKyyMa
HABBLIBAIOT AaOCOJMIOTHBIM IIOKA3aTesieM MpPeJOMJIEHHs JTOM
cpeasl. OH OKAa3bIBAET, BO CKOJBLKO pa3 CKOPOCTH CBeTa B Ba-
kyyme GoJbille, 4eM B cpefie, 1 paBeH OTHOIIEeHHUIO CHHYyCa yIJja
najeHnus K CUHyCcy yrJjla IIpejoMJIeHUs IIPpU mepexoje CBeTOBO-

ro Jyda M3 BaKyyMa B JaHHYIO Cpeldy: n = —CU~

ITonsaydacek dopmynoi (8.5), MOXKHO BeIPA3UTH OTHOCUTEb-
HBII [MOKAa3aresib OpeJoMJeHusa depe3d abCOJIOTHBIE MMOKasarte-
U [IpejIOMJIEHUs N, U N, IepBOil u BTOPO# cpea.

. c C
IleiicTBUTEJIBHO, TAK KakK N, = o B Mp =, ThAe ¢ — CKO-
1 2
pOCTL CBeTa B BaKyyMe, TO
Uy ny
n=—=-—, (8.6)

Cpeny ¢ mMeHbIIMM abCOJIOTHBIM I[IOKA3aTeseM IIpesoMJIe-
HUA IPUHATO HA3BIBATH ONMUUECKU MeHee naomroil cpedoil.

AGcooTHBI ITOKa3aTe b IPeJOMJIeHUA ONpefeiseTcAa CKo-
POCTBIO PACTIPOCTPAHEHNS CBETA B AAHHOU cpejie, KOTOpasi 3aBu-
CHUT OT GPU3UICCKUX CBOIICTB K COCTOAHNUSA CPEJibI, T. €. OT TeMIe-
paTyphl BeIeCTBA, €ro IIOTHOCTH, HAJWYUA B HEM YIPYTux
Hanpssenuii. Ilokasarens IpeJoMJIeHUS 3aBUCHUT TaKMKe U OT
NAVHBL BOJHBLI A cBeTa. /I KpacHOTO cBeTa OH MeHbIIe, YeM
A 3eJIEHOT0, a AJIA 3eJeHOTO MeHblIe, UeM AJadA QHOJIeTOBOTO.
IlosToMy B Tabauilax 3HAYEHUH IIoKasaTesledl IPeJOMJIEHHUS
IJIA PasHbIX BeI[ecTB OOBIYHO YKashlBaeTCd, IJIsI KAKOTO CBeTa
IIPHUBEEHO JaHHOe 3HAYeHNe 71 1 B KAKOM COCTOAHUYU HAXOAUT-
ca cpefa. Ecay Takux yKasaHuWH HeT, TO 3TO 03HAYAET, 4YTO 3a-
BHCHUMOCTBIO OT IIPUBEIEeHHBLIX (PAKTOPOB MOXKHO IpeHeOpedb.

B GosnbIIMHCTBE cly4yaes NPUXOJUTCA PACCMaTPUBAThH Iepe-
XOJ CBeTa uepe3 I'PAHUILY BO3AYX — TBepJoOe TeJ0 HUJIN BO3-
IVX — KUJAKOCTB, 4 He Uepes rpaHUIly BakyyM — cpefa. OxgHa-
KO abCOJIOTHBII MOKasaTedb IPeJOMJIEHUs N, TBEPAOro HUJIHn
JKUAKOTO BeIlecTBA OTJMYAeTCHa OT IIOKAa3areld ITPeJIOMJIeHUA
TOTO K€ BelleCTBA OTHOCUTEJHHO BO3AYyXa HE3HAUUTEJbHO.
Tarx, aOCOJMIOTHBIN MHOKazaTe/ib IIPEJIOMJIEHHSA BO3AyXa IIpHU
HOPMAJbHBIX YCJIOBUAX [JA KeJITOIO CBeTa PaBeH IIPUMEPHO
n, ~ 1,000292. CnegoBaTenbHO,

n= 2=~ ngy. (8.7)
mn

3HaYeHUA IIOKAa3aTeJel IpeIOMJIeHHUs AJA HEeKOTOPBIX Be-
ICCTB OTHOCHTEJBHO BO3AyXa TpPHBEeAEeHbl HUMKe B Tabuaule
(Jlnitible OTHOCATCA K YKeJTOMY CBeTY).
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Ioka3areihb IMpPeJOMIEHUS
BemecTBO
OTHOCHTEJIbHO BO3ZyXa
Boaa (npu 20 °C) 1,33
Kenpogoe macso (npu 20 °C) 1,52
Cepoyraepoxn (upu 20 °C) 1,63
Jlen 1,31
Kamennas conb 1,54
Kpap 1,54
Py6un 1,76
Anwmas 2,42
PasnuuHble cOpTa cTeKJIa or 1,47 no 2,04

Xon aydeit B TpeyroasHoii nmpusme. C IOMOIIBIO 3aKGC .1
[IPEeJIOMJIEHHS CBETa MOXKHO PACCUMTATb XOJ Jydeil B PAsIUt-
HEIX OIITUYECKUX YCTPOHACTBAX, HAIIDIMEDP B TPEYToJIbHON IpK3-
Me, U3TOTOBJIEHHOR 13 CTEKJIAa UIN JPYyTOro Mpo3pavyHoro Mare-
puana.

Ha pucysrke 8.9 usobpaeHo cedeHHe CTeKJSHHON NPU3MBI
HNJI0CKOCTBIO, MEPIeHAUKYJApHOi ee OOKOBBIM peGpam. Jlyd
B IIPM3Me OTKJIOHSETCHA K OCHOBAHMUIO, IIPEJOMJSAACE HA I'PaHAX
OA u OB. Yroa ¢ Mexay 9THUMH
rpaHsMH HAa3BIBAIOT IPeJOMJAI0-
MM yIJOM NpU3MbI. Yron O or-
KJIOHeHUA Jyua 3aBHCUT OT Ipe-
JOMJIAIOLI[ET0 yrJjia ¢ MPU3MBEI,
IoKasaTejld OPEJOMJIeHUS N Ma-
TepuaJsia HPUSMBI U YyTJaa Maje-
Hua o. OH MosxeT OLITH BBEIYKUCIIECH
¢ IIOMOIILIO 3aKOHA NPeJIOMJIeHUA
(cm. popmyny (8.4)). lIpu mMansIx
yramax oo u ¢ 6= (n-1)¢, rme
n — OTHOCHUTEJBbHBI# IIOKa3arejb
npejioMaeHHuA. Puc. 8.9

A

Ha ocHope npuHiuna ['ofireHca BbIBeJeH 3aKOH IIpeToMJic-
HUA cBeTa.

1. KakoB (hM3MHeCKMt CMBICH NOKa3aTens npenomnenus}
? 2. YeM OTNHHAETC OTHOCHTENbHbIX MOKa3aTenbk NpenomneHus o7
® abconmotHoro!

§ 62 IHOJIHOE OTPAYKEHHE

IIpy NPOXOXKAEHUY CBETA M3 ONTHYECKH MCHCe ILIOTHOI
cpenbl B Gosiee TIIOTHYIO, HAIIPEMED M3 BOZAYXA 1 CTCKIO MM
BOZY, U; > Uy H, CJIENOBATENBHO, COIJACHO BuKOIY 1penoMIie-
uus (cM. dopmyay (8.4)) nokasarens npenomacnist n - 1. Tlo-
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o

Puc. .10 Puc. 8.11 Puc. 8.12

aromy o > P (puc. 8.10): B pesynbTaTe IpeyoMJIEHHUS Jyd IIPUA-
OamKaeTca K HOpMaJM K TPaHUIlEe pasfesa cpej.
Ecau »xe HanpaBuTH JIyd cBeTa B 00PATHOM HAIPABJICHUU —
U3 ONTUUYEeCKH 0ojiee MJIOTHOM Cpelbl B ONITUYECKH MeHee ILJIOT-
HYIO BAOJIb paHee IIpeJoMJeHHOTO Jyua (puc. 8.11), To 3akon
MPEeJOMJIEHUS MOMKHO 3aIlHcaTh TaK:
sina Uy

sinp v

1
== (8.8)
queJIOMJIeHHbIﬁ JIYyY TI0 BBIXOJle U3 ONTHUYecKHu Gojee IJOT-
HOI cpegbl OyAeT HallpaBJieH 110 JMHUY paHee MagaBIllero JyyJa,
MO3TOMY O < [, T. €. TIPeNOMJIEHHEIH JIyY OTKJIOHAETCH Ha Celf
pas or HopMaJsu. Ilo Mepe yBenInUeHUA yria O yroJ IpeoMie-
HUA [ Takke YBEIMYMBAETCsS, OCTABASACH BCE BPEeMA GOJbBIIE
yraa oo. HakoHen, 1Ipu HEKOTOPOM yrIJie MajeHUsA O, 3HaUeHHUe
yraa npeixomienus [ npubamsurca ¥ 90°, ¥ mpesoMIIeHHBIN
Jy4 OyzeT Hampab/ieH IIOYTH II0 I'PDAaHHIlE pasjesa IBYX Cpex
(puc. 8.12). HamubosnbimeMy BO3MOYKHOMY YIJy IIPEJOMJEHUS
= 90° cooTBETCTBYET YIoJI IAJEHUSA 0.

Iipu o > 0, IpesoMIeHME CBETA HEBO3MOYKHO. SHAYUT, JYY
LOJI3KEH IIOJHOCTBIO OTPA3UTHCA. ITO fABJEHNWEe U Has3bIBaeTcsd
MOJHBIM OTPa’KeHHEM CBeTa.

st HabmioneHns MOJTHOro OTpa-
JKEeHUS CBeTa MOYKHO HMCHOJB30BATh
CTeKJITHHBIN MOJYIHJIMHAP C MATO-
BOM BajHeil moBepxHOCTHIO. [loay-
OUJIMHAD 3aKPeIJIAI0T Ha JUCKe
TaK, 4TOOBI cepefuHa IJIOCKOM II0-
BEPXHOCTH TOJYIUJIUHAPA COBIA-
Jajia c 1eHTpom aucka (puc. 8.13).
Y3KUU IYyYOK CBEeTa OT OCBETUTEJIA
HaNpaBJIAIOT CHI3Y Ha OOKOBYIO TI0-
BEPXHOCTH HOJYITUJIUHAPA HeplIeH-
IVKYJIAPHO ero moBepxHocTu. Ha
Puc. 8.13 STOH IOBEPXHOCTH JIYY HE IIPeJIOM-
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naercsg. Ha mmaockoil IOBEPXHOCTH Jyd YACTHYHO IIPEJOMIIAET-
CAl M YaCcTHYHO oTpakaeTrca. OTpakeHne IPOUCXOAUT B COOTBET-
CTBUM C 3aKOHOM OTPa’KeHHs, a IIPEJIOMJIEeHUE — B COOTBETCT-
BUH ¢ 3aKOHOM IIpesjomiaenus (cMm. ¢popmyry (8.4)).

Ecnu yBeauunBaTh yroj lajeHusi, TO MOXKHO 3aMeTUTh, ITO
SPKOCTH (¥ CJef0BaTeNIbHO, DHEPIUs) OTPAKEHHOro Ny1Ka yCu-
JIMBAETCs, B TO BpeMsA KaK APKOCTh (PHEPrus) MPeJOMJIEHHOrO
nyuka nazgaer. OcoGeHHO 6LICTPO yOBIBAET 9HEPTHUA NIPEIOMJICH -
HOTO MyuYKa, KOTAA YroJ IpeJoMJIeHHs NPUOIMXKAeTCA K 90°.
Haxomeil, Korja yroj lageHUs CTAHOBHTCSA TaKHM, YTO Upe-
JIOMJIEHHBIH MYYOK KT BAOJL TPAHUILI pasfena ABYX cpel
(cM. puc. 8.12), fona OTPAKEHHOU SHEPIUH COCTABIAET IOUTH
100% . IToBepHEM OCBETHTEJb, YBEIUYUB YroJ MageHusA N0 o.
MBI YBUAMM, UYTO IPEJIOMJIEHHBLIN IIyYOK MCU€e3 U BECh CBET OTPa-
sKAeTCH OT TPAHUIILL paszesa IBYX cpel, T. €. IPOMCXOAUT I1071-
HOe OTpayKeHue CBeTa.

Vroa majeHus Oy, COOTBETCTBYOIIUN YTy HIPEJIOMJIEHHA
90°, Ha3bIBAKOT MPeJebHBIM YIJIOM IIOJHOTO OTPaKeHHu . Ilpn
sin B = 1 ¢opmyna (8.8) npuHuMaeT BUL

sino, = % (8.9)

13 sTOTO paBeHCTBA U MOXKeT OLITH HAWJeHO 3HAUYEeHHe Ipe-
AeJBbHOTO YIJIa HOJHOTO OTpaskeHHA Og. [l BOABI (n=1,33)
oHO paBHO 48°35’, ans crekaa (n = 1,5) NIpUHAMaeT 3HaYeHUe
41°51’, a paxa anmasa (n = 2,42) cocrasuser 24°40’. Bo Bcex
cIy4asax BTOPOM cpefoi ABJsAEeTCA BO3AYX.

SIBjleHMe MOJHOTO OTPaKeHUA JeTKo HabjamoaaTs Ha MPO-
cToM onbiTe. HajibeM B cTaKaH BOJLY W IIOSHMMEM ero HeCKOJIb-
KO BBIIIIEe YPOBHA ria3. IloBepXHOCTH BOJBI, €CJIM paccMaTpu-
BaATh ee CHU3Y CKBO3b CTEHKY, KaKeTcd 6aecraniei, CJAOBHO
mocepeGpeHHO BCJIeACTBHE IIOJHOTO OTPAKeHUs CBETa.

fABIeHre IOJHOTO OTpasKeHMs CBeTa HCIOJIB3YIOT B TaK
HasbIBAEMON 80J0KOHHOIL onmuKe AJdA mepefadyd cBeTa ¥ M30-
GpasKeHHSA 10 Iy4YKaM IIPO3PAauHBbIX I'MOKHX BOJOKOH — CBETO-
BonoB. CBeTOBOJ, IHpeAcTaBiAeT cOGOil CTEKJIAHHOe BOJOKNO
MUIAHAPUIECKOH (POPMBI, IIOKPHITOe 000JI0YKOM U3 Ipospati-
HOrO MaTepuana C MEHBIIMM, YeM y BOJIOKHA, IIOKa3aTeJeM
IIpeJIOMJIeHM .

3a cyeT MHOTOKPATHOTO MOJHOTO OTPAXXEHUsA CBET MOIKCT
OBITH HAIIPaBJeH O JIIoOoMy (IPAMOMY MJIN H30THYTOMY) 1IyTH
(puc. 8.14). Bomokaa coGupaiorcs B 3KryThl. IIpu aTom 110 Kadic/i0-
MY U3 BOJOKOH Iepefaercd KaKoh-HUOyAb sieMent nsobpadKe-

pus (puc. 8.15). JKryThl U3 BOJOKOH HCHOJL3YHOTCs, HANPHU-
Mep, B MeJUIINHE [JId UCCIeIOBAHUSA BHYTPEHUUX OPIraHos.
CorsnacHo Qopmyde (7.6) sHeprus, IepeHocHMasl BOJIHOM,
a cieIoBaTeNbHO, W IepelaBaeMblil o6heM uiopmallnu mpo-
HOPIIOHAJBHEI Y€TBEPTOH CTelenu 4acTorbl. 'lacrora xKe cBe-
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Puc. 8.14 Puc. 8.15

TOBBIX BOJH B 10°—10% pas Goabmre wacTorh: panuoBogH., Ta-
KHUM 06pa3oM, ¢ IIOMOIUILIO CBETOBBIX BOJIH MOKHO nepezaBaTh
Gonpmoi o6beM mMH(pOPMALNN.

B nocsnennee Bpems BOJIOKOHHAs ONTHKA MIUPOKO HCIIOJIb-
8yeTcs A ObICTDOil Iepefauu KOMIIBIOTEDHBIX cHrHAIOB. Ilo
BOJIOKOHHOMY KabeJsio IepemaeTcsi MOAYJIUPOBAHHOEe JasepHoe
U3IyUeHHe.

ITonnoe oTpaxenue cBera MoKasbIBaeT, KaKue 60raTsie BO3-
MOKHOCTH 1)1 OOBACHEHWA ABJIEHUN DPACIPOCTDAHEHUS CBETa
SaKJIIOYeHBl B 3aKOHe IIpesIoMJIeHUsA. BHavase mostHoe orpaske-
HH€ TPeJCTaBIsAN0 co00H MuIrs T060nbITHOE siBaeHre. Cefiuac
OHO TIOCTeII€HHO NIPUBOJUT K PEBOJIIOIUY B cIrocofax rmepesayn
uHpoOpMal .

1. Yemy paBeH NpepentHLIN Yron NONHOFO OTPaXKeHMS Ha rpanmye
? paspena cpep anmas — Bo3gyx!

° 2. Kak Ha3biBAaeTCH TeNeBM3MOHHAN CBA3b, KOTOPAs OCHOBAHA Ha SBNe-
HMM IONHOTO OTPaXKeHMs !

! ITPUMEPBI PEIIEHUSA 3ATAY

1. TInockoe sepkaso TIOBEPHYJINM HaA Yroa o = 17° BOKpyT ocH, Jie-
JKaleil B mockocTu 3epraia. Ha kaxoil YToJ 3 HOBepHETCA OTParKeH-
HBIHA OT 3epraJja Jyd, ecjin HamnpaBJeHue nazgarmimero JIy4dya OCTaJIoCh He-
U3MEHHBIM?

Pemenwne. Ilycth ¢ — mepBoHauanbHBIHN YroJl nageHus
ay4a (puc. 8.16). ITo 3akony oTparkeHus YTOJI OTPaKeHHUA TaK-
e DaBeH @, u, CJe0BaTeJbHO, YroJ MeXIy Namalou[uM JIy-

YOM U OTPa’X€HHBIM JIYyYOM pa-

I BeH 2¢. Ilpu moBopore 3epkaia

O+a 0+a Ha yroJ O nmepneHAuKyaAp I k
B 3€PKaJy, BOCCTABJIEHHBIH B TOU-

o9 N\ Ke IaJleHnd, TaKXKe [IOBEePHEeTCH

—

Puc. 8.16

Ha yrojg O ¥ 3aiMeT HOJOoKe-
Hue I1. 3HauuT, HOBBIH yroi na-
Aenus Oyger paBeH ¢ + o. Ta-
KHM Ke OyAeT ¥ HOBBIH YTOJ OT-
paKeHus.

[TosTomy yroJ, Ha KOTODPBIH MOBEPHETCS OTPAKEHHBIH JTyY
B=(@+a)+0o—¢=20=34° (cMm. puc. 8.16).

2. OnpenenuTe, Ha KaKoH yros 0 OTKJIOHSETCA CBETOROM Jay4 OT
CBOEro MepBOHAUANBHOIO HAIPABJEHHUS IIPU Nepexojie W3 BO3IAyXa
B BOAY, €CJM YyToJI majgeHus o = 75°.

Pemenue. s pucynka 8.17 Buaso, uro 6 = oo — f3.

CorsacHO 3aKOHY IIPeJOMJIEHUS

sino

sinf

b

rjle 1 — MOKAa3aTeJib NPEeJOMJICeHUA BOIBI.
Orcroga

sinp = 20% ~ 0,727,

Hs rabannbl cuHycoB Haxoaum: 3 =~ 46°33’. Cregosarebno,
6= 75°— 46°33' = 28°27".

3. HauepruTe X0K Jiyueil CKBO3b TPEYTOTbHYIO CTEKIAHHYIO IPH3-
My, OCHOBAHHEM KOTOPOM ABJAeTCA DABHOOEIDEHHBIW IPAMOYIOJib-
HBIA TPeyTOJNBbHUK. JIyun nagaloT Ha IIMPOKYIO IPaHb HEePHeHIUKY-
JsipHO 3TOH rpanu. ITokasaresn npejsoMiIeHus cTeKsa paBeH 1,5.

Pemenue. IIpoxons uepes MHPOKYIO I'Palb, IyUYU HE HU3-
MEHHIOT CBOEro HAaIpaBJeHWsdA, TaK KaK yroJ HaJeHus paBeH
myaio (puc. 8.18). Ha y3koii rpanu AB Jyuu MOJHOCTHIO OTpAa-
JKaloTeA, TAK KaK yTroJ majieHusi paBeH 45° u, ciejoBaTesbHO,
foJIbIlle IpelesIbHOTO YIJIa IOJHOTO OTPa)kKeHUsA AJA CTeKJa,
pasHoro 42°. Ilocse MOTHOrO OTPaXKEHUs OT JIEBOH I'DAHU JIYUH
NajapT Ha IPaBYK I'PaHb, CHOBA IIOJIHOCTBIO OTPAMKAIOTCA U
BBIXOJAT W3 OPHU3MBI IO HAIIPABJIEHUIO, MEPNEHAUKYJIAPHOMY
mupoKoi rpaHu. Takum obpasom, HaIpasieHHe IIYUYKAa CBETA
usMeHsaeTcAa Ha 180°. Takoi xon myueil ucmoab3yercsa, Harpu-
Mep, B IPU3MATUUYECKUX OMHOKJIAX.

4. OnpegeauTe, BO CKOIBLKO PA3 HCTUHHASA IVIyOMHA BOLOeMa 6O
Iie Kaxkylelics, ecjau CMOTPETh IO BEPTUKAJIU BHUS.

B

(X/

te
~

1 2

Puc. 8.17 Puc. 8.18
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B Pemenue. IMocTpoum xox JqydJeii,
= BBIIEAIINX W3 TOYKM S Ha JAHE BOLO-
éMa ¥ NOLABIIKHX B I'JIa3 HabIIoZaTe/s
(puc. 8.19). Tak kax HabuaOxeHUe Be-
AeTCA MO BEePTUKATIU, OLUH U3 Jyuei
/ SA HampaBUM NepHeHIUKYIADPHO IIO-
s BEPXHOCTH BOAWI, Apyroit SB — mox
J o MaJbIM yIJIOM O K NepIeHAUKYJIApY,
F BOCCTaBJI€HHOMY B TO4YKe B (mpu 60Jb-
B/ KX yrjaax o JJydy He IOIIagyT B rJas).
Touka S, nepeceuenus ayua SA u npo-
; MOJHEeHUA MPeJJOMJIEHHOTO Jyda SB —
! MHUMOe u3obparkenue Touxku S.

Yron ASB paBen yray namgeHus o
(BHyTpeHHUE HaKpeCT Jemxaliiye yrisl),
a yron AS,B paBeH yruy npemomieHus
S B (coorBercTBeHHBIE YTUIBI IpHU IapaJi-
JIEIbHBIX NOpAMBIX). Ilpamoyronsubre
TpeyronsHuku ASB u AS,B umeor 06-
Puc. 8.19 1w KateT AB, KOTODBIil MOKHO BBIpa-

BUTH Yepe3 UCTHUHHYI0 IIyOMHY BOXO-
eMa SA = H u 4yepes Kaxyuryocs rybury S, A = h:

AB=Htgo=htgp.

Orcroga
H _ tgB
E o tgo
Tax xax yrast o u B mMansl, TO
tgB _ sinP _

b4

tgo sino
rfle n — noKasaTeJb [PEJOMJIEHUS BOABI.

CaenosaresnbHoO, = n.

Uctunras rnybuna Bojoema 6osrblime KaKyleica B
n =1,3 paaa.

YIIPASKHEHUE 8

1. «Kommuara, B Koropymo Berynun Usan UeanoBuu, GeLia coBep-
IIEHHO T€MHA, IOTOMY YTO CTABHU OBLIU 3aKPBITHI, ¥ COTHEUHBIH ayd,
''POXOAA B NBIPY, CAETAHHYIO B CTABHE, HPUHSJI DAy XHBIH IBeT u,
YA#PHACH B IDOTUBOIIOJIOKHYIO CTEHY, DHCOBAJ Ha Heil mecTpoIit JaHg-
)T N3 KDBIII, NEePEBLEB M PASBELIAHHOTO HA ABODE IJIATHSA, BCE TOJILKO
nobpanenmom Buge» (H. B. I'oroas. «ITosects o TOM, K&K [IOCCOPUJICHA
Huun Usanosuya ¢ UBanom Hurudgoposuaem»). O6bacHuTe 3T0 ABICHTE.
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2. TlouemMy TeHbL HOT YeJoBeKa HA
geMJyie OT (poHApPS pPE3KOo ouepyeHa,
a TeHb TOJIOBBI Oojee pacruibiBUaTa?

3. Ha pucysnke 8.20 npesacrasieHa

cxeMma onsiTa MalikesabCcoHa o onpeje- /
JIeHU10 cKopocTu ¢Beta. C KaKoit wacro- '/
TOU AOJI’KHA BPAIaThCA BOCBMUYIOJIb- g @

Haf sepKaJbHadA IIPU3Ma, YT0ObI HCTOU-
HUK OBbLJI BHAEH B 3PUTEJIBHYIO TPYOy,
€CJIN CBETOBOH JIYY TIPOXOAUT PACCTOS-
HUe, IPUMEPHO paBHOe 71 KM?
4. He6Goaploil mpeaMeT paciiojo-
JKEeH MeXKJYy ABYMSA IIJOCKUMHU 3epKa-
JamMu, ofOpasymomumu yroja o = 30°. Puc. 8.20
IIpegMer HaXOAWUTCA HA PACCTOSHHUH
!=10 cM oT JUHUU mHEepeceueHUs 3ep-
KaJ ¥ Ha OJUHAKOBOM PACCTOSHHH OT S
ob6oux zepkaiyi. Ompegesnre paccros-
HUEe MEXJy MHUMBIMH U300pa’keHus -
MH 3TOT0 IPEeAMETA B 3epKaJjax.

5. JIyy or TOUEYHOro HCTOUHHKA +
S majaet Ha IJIOCKOE 3€PKAJO B TOYKE
A u, oTpam)anach, HPOXOAXT UYePe3 TOU-  pyc. 8.24
Ky B (puc. 8.21). Jorkaxxure, 4T0 €CJIU
651 JIYY OT TOr'O K€ UCTOYHUKA IIPOIes Yepes TOYKY B, OTPA3UBIINACH
OT 3epKaJia B Touke D, cocesgHeil ¢ TOuKoit A, TO:

1) He 651a 6GBLI BHINOJHEH 3aKOH OTPAMKEHUS;

2) nyts SDB 6b1n 6BI mpoiileH cBeTOM 3a OOJbIIEe BpeMs, UeM
oyts SAB.

6. Kakoii BEICOTHI [IOJI?KHO OBLITH ILIOCKOe 3epKaJo, BUCSMIee Bep-
TUKAJIbHO, YTOOLI YEJIOBEK, POCT KoToporo H, Bujen ceba B HEM BO
BECh PocT?

7. BbluneauTe MOKA3aTeNb NPEJOMJIEHUA BOABI OTHOCHUTENbLHO
ajMasa ¥ CepoyrjepoZa OTHOCHUTEJBHO JbJa.

8. Ceuenue npuamel mpejcTaBiaseT coGoii paBHOCTOPOHHUIT Tpe-
YTOJNBbHUK. JIyd IIPOXOJUT CKBO3h NMPHU3MY, IPEJOMIAACH B TOYKAX,
PaBHOOTCTOAINUX OT BepuiuHsbl (puc. 8.22). Uemy paBHO HaubGoablce
JONYCTHMOE 3HAUEHUE NOKAa3aTe] s IPeJOMJIEeHUA BelllecTBa NPpU3Mbl?

ot

60°

A

a) 0)
Puc. 8.22 Puc. 8.23
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9. UszoGpasure xon mayueil uepes TPEYIOJbHYI0 CTeKJIAHHYIO
IPU3My, OCHOBAHHEM KOTOPOH HABJAETCS paBHOOEADEHHBIH IIPAMO-
VIOJBHBIA TPeYTONBHUK. JIyun MafaioT Ha IPH3MY, KaK MOKA3aHO HA
pucynke 8.23, a, 6. OcTaHeTca Nnu X0 Jydeil TAKUM e, eciu npus-
My IIOFPY3HUTH B BOLy?

§ 63 JIUH3A

ITpospaunoe Teso, orpaHuuYeHHOE CHEPUUECKIMU IOBEPX-
HOCTAMU, Ha3bIBAIOT JUH3O0H.

Buner muns. JIuusa Mosker 6BITH OTpaHnvena JABYMS BBIITYK-
JBIME CHEPHUECKUMU IOBEPXHOCTAMHU (JBOAKOBBIIIYKJIAS JIUH-
3a — puc. 8.24, a), BBIDYKJIOH chepudecKoil ITOBEPXHOCTHIO
U ILJIOCKOCTBIO (rockoBBIMyKIad MUH3a — puc. 8.24, 6), BbI-
IYKJOW M BOTHYTON CQEepUYeCKUMH IOBEPXHOCTAMHU (BOTHY-

TO-BBINIYKJIaA NuH3a — puc. 8.24, 8). Itu
JIMH3BI THOCPeAMHe TOJIIle, YeM V Kpaes,

¥ BCE€ OHU HA3BIBAIOTCA BBIIIYKJABIMM.
JInH3bI, KOTOpBIE IOCpegUHEe TOHBIIE,
YeM VY KpaeB, HA3bIBAIOTCS BOTHYTBLIMH.
Ha pucynxe 8.25 wmzobpakenbl Tpu Bu-
IIOCKOBOTHYTast ~— 0 M BBIIYKJO-BOTHY-

Tas — 8.

a) 6) B) Tonkaa aunHza. MBI paccMOoTpuM Ham-
Puc. 8.24 Gojiee TpPOCTOIl ciaydai, KOTJa TOJNIIMHA
JUH3El | = AB unpeHebpe:xuMO Maja o
CPpaBHEHHWIO ¢ paguycamu R, u R, chepuue-
CKHX MOBepxXHocTeH# auH3H (puc. 8.26) u
JINH3Y Ha3bIBAIOT TOHKOM JHH30M. B naJb-

AeM II0OAPa3yMeBaTh TOHKYIO JIMH3Y.
Toukn A um B — BepmmHBI chepuye-
CKUX CEerMEHTOB — DAaCIIOJIOXKeHbl B TOH-
a) 0) B) KOH JIMH3e CTOJIb OJIM3KO ADPYT OT APYTa, 4TO
Puc. 8.25 UX MOMKHO NPUHATH 3a OZHY TOUYKY, KO-
|
. O
A

Ja BOTHYTBIX JIMH3: ABOAKOBOTHyTad — a,
pacCTOAHUEM IIpeaMeTa OT JUH3bI. Taryio
HellleM, TOBOpPA O JMH3e, MBI Bcerga Oy-
0, B
Re O,

Puc.8.26

186

TOPYIO HA3LIBAIOT OHTHYECKHMM
LHEeHTPOM JIHMH3bI U 0003HAYAIOT I'napHAas
oykBoit O. JIyu cBeTra, KOTOpPBIH ONTHYeCKan
NNPOXOAUT dUepe3d OITUUEeCKUil Q ock
I[eHTP JIUH3bI, He U3MEHAET CBO-
ero HalpaBJeHUs, a TOJbKO cMe-
miaeTcs, Ho, TaK KaK JUH3a TOH-
Kasl, 9THUM CMeIleHueM MOKHO Oc, “ay,
npeHebpeysb. Puc. 8.27

IIpsmyio O,0, (cm. puc. 8.26),

[IPOXOJAIIYIO Uepes MeHTPHI chepPUIeCKUX IIOBEPXHOCTEeH, KOTO-
pble OrPAaHMYMUBAIOT JUH3Y, HA3bIBAIOT €€ INIaBHOM ONTHYEeCKOH
och1o0. I'IaBHAA OITHYECKAS OCh TOHKOMH JIMH3EI IPOXOAUT Yepes
ONTHUYECKUH IeHTP. JII00YI0 NPYyTYIO IPAMYIO, IPOXOAAINYIO Ue-
pes ONTUYeCKHUi LEeHTD, Ha3blBAIOT MOGOYHOM ONTHYECKOH 0ChIO
(puc. 8.27).

HN3zo6paxenue B guH3e. [1006HO IIIIOCKOMY 3€PKAJy, JWUH-
3a co3zfaeT M300paXKEHUs MCTOYHHKOB cBeTa. JTO O3HAUaerT,
YTO CBET, UCXOMANIIUNA N3 KaKOU-I1ub0 TOYKK npeaMera (MCTOU-
HUKAa), [I0CJe IPEJOMJIECHUS B JINH3e CHOBA cOOMpaeTcs B OOHY
Touky (1300paskeHne) HE3aBUCUMO OT TOTO, Uepe3d KaKylo 4acTh
JIMH3BLI NpoULIu Jy4uu. Kciy 1o BbIXOoZe M3 JIMH3BL JYyYH CXO-
IATCHA, OHU 00pasyioT AelicrsureasHoe naobpakenue. B cayqae
’Ke, KOrJia Ipolejliiue Yepe3 JUH3Y JYUU PACXOQATCH, TO IIe-
pecekalTcsa B OAHONH TOUKe He caMU 3TH JIyYH, a JIUIb UX IPOo-
nomxeHusa'. Usobpaxkenue B 9TOM cuydae MHEUMoe. Ero MoxHO
HaOJI04aTh IJIa30M HemocpeJACTBEHHO UJIU C IIOMOLIBLIO OIITHYe-
cKHUX pubopoB.

Cob6uparomasa auH3a. OOBIYHO JUH3bLI HM3rOTABJIHNBAIOT U3
cTeKJa. BBIIYKJAble JUH3BI ABJAIOTCA cobuparomumu. Jho-
6yI0 M3 HUX CXeMaTU4YHO MOXKHO cebe IMpeACTaBUTh KaK COBO-
KYHOHOCTh CTEKJSHHBIX mnpusm (puc. 8.28). B Boagyxe Kax-
Jad IpU3MAa OTKJIOHAET Jyyd K OCHOBaHWIO. Bece myun, uayniue
yepes JIMH3Y, OTKJOHSIOTCS B CTODOHY ee IJIaBHOW oOITHYe-
CKOH OCH.

Touka, B KOTOpO# MepecexkarTcs IOCJe IMIpeJIoMJeHUudA B
cobuparolleil JauH3e Jyud, Najalollue Ha Hee IapaJljiesbHo
rJ1aBHOHM onTMuecKOil ocH, Ha3bl-

BaeTcs TJIaBHBIM (POKYCOM JIMH-

3bl. 9Ty TOUYKY 0603HAUAIOT OYyK-
Boit F (puc. 8.29, a). <] l>
ITyukwu, napasnyienbHble IIaB-

HOII onTHU4YeCcKOHN ocy, MOXKHO Ha-
[NPABUTh HA JIMH3Y U C IPOTHUBO-  Puc. 8.28

O,
O, 6()
2y o ve '{1788

! JIyuam niau uX MPOJOIKEHUS OYyAYT NepeceKaTbes NPaKTHYeCKH B OXHOM
TOUKe, €CJU OHM 06pasylorT MaJjble YrJbl ¢ MIABHOI ONTHUYECKOU OChIO.
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o
0

a) 6)
Puc. 8.29

ITOJIOXKHOM cTOpOoHBI. ToUKa, B KOTOPOil OHU colimyrcs, npoiinsa
JUH3Y, OyaeT ApyruM riaBHbIM (OKycoMm (puc. 8.29, 0).

Taxum o6pasom, y JWH3BEI IBa TJIABHBIX doxyca. B oguo-
POIHOM CpeJie OHH PACIIOJIATAIOTCA TO 06e CTOPOHBI JUH3HI HA
OAMHAKOBBIX DACCTOAHUIX OT Hee. ITHU DPACCTOAHMUA HA3BIBA-
I0TCA (DOKYCHBIM PACCTOSAHMEM JIHH3BI, ero 0603HAYAOT OyK-
Boil F (Toit ke 6YyKBOI1, uTo U PoKycC).

Hanpasum Tpu y3KuX mapasieNbHBIX IYYKA JIydeii OT ocBe-
THTEJIA IIOA YTJIOM K IJIaBHOM ONTHUYECKO OCH IUH3bI. MBI yBU-
AUM, ITO IlepeceveHre Jy4yeill IpOU30HAeT He B rJIaBHOM (POKY-
ce, a B Apyrou rouke (puc. 8.30, a). Ho npumeuarennuo To, aTo
TOYKM IIepecedeHUA He3aBHCHMO
OT YrJjoB, oOpa3yeMbIX 3TUMU
Oy4YKaMH C I'JIaBHOUW ONTUYECKON’
OCbI0, PACIIOJATaIOTCA B ILJIOCKO-
CTU, NEePHEeHAUKYIAPHOM IIaBHOM
ONTHUYECKOH OCH JIMH3BI U IIPOXO-
Asieil depe3 TJAaBHBIA (POKycC
\/ (puc. 8.30, 6). 9ty nrockocTs Ha-

—
S

3BIBAIOT (POKANBHOM IMJIOCKOCTHIO.
ITomecTus cersmyoca Touxy
a) B (poKyce swmH3BI (MIu B Jrroboii

g ! .
g:é TOYKe ee (POKATBHOH IIJIOCKOCTH),
410 IOJYYMM IIOCJIe IIPeJOMJIEHUA
g1g napaniesibHele ayum (puc. 8.31).
|
ole
g5
| /\ | '
i | i
[} \ . /\ 1
] o
: / \ \ / \ :
F ! I
s 1 !
— — F x[ I Fé,
I Vo . ' !
! \ / ! / !
t \/ 1 ! i
! | i
: VAR
: 6) I i
Puc. 8.30 Puc. 8.31
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Puc. 8.32

Ecam cMecTUTh MCTOYHUK Jlajiblre oT (QOKyCa JIUHSLI, JIYIH 34
JINH30 CTAHOBATCA CXO/AAUIMMHUCST U JalOT AeHCTBUTEIbHOE
nsobpakenue (puc. 8.32, a). Korza e HCTOUYHHUK HaXOLUTCSH
6amace QPoKyca, IIpejioMIleHHble JYyYHW PacXonaTca U usobpaske-
HUe HoJydaerca MHUMBIM (puc. 8.32, 0).

Paccenparomasa auH3a. BorHyThle JIMH3BI, HaXOLAIIHeCH
B OIITHYECKH MeHee IJOTHOH cpene (IO CpaBHEHHIO C MaTepua-
JOM JIMH3BI), ABAAKTCSA PACCEUBAIOIIUMU. HanpanIB Ha Ta-
KYIO JIMH3Y Jy4YH Hapajjie/;IbHO TJIaBHOH OIITHYECKON OCH, MBI
IOJYUYUM PACXOAAINMECST Ny4YoK Jgyded. Ux IIPOJIOJIAKEHUSA TIe-
peceraroTcsa B TJIAaBHOM (POKyce pacceuBaromieil JUH3ILI.

B sToMm cayuae riiaBHBIN (DOKYC SABJIAETCA MHUMBIM Spnc. 8.33)
U pacIoOJIOMKeH Ha paccTosHuM F oT AuHSbI. [Ipyroil MHUMBIHN

~
/’ ~
~
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. ~
~
// ~ e
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o<’ -
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F o>~ T F
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JARA JANAN

Puc. 8.33 Puc. 8.34




rJIaBHBI (POKYC HAXOAWUTCA IO ADPYTYIO CTOPOHY JIAH3BI Ha Ta-
KOM e pacCTOAHWH, ecJIM cpena Imo o6e CTOPOHLI JIMHSBI OMHA
u Ta :xe (puc. 8.34).

OnTtnyeckas cuaa auussl. Beanuuny, 00paTHYI (POKyCHO-
My PacCcTOAHHUIO, HA3hIBAIOT ONTHYECKON CHJI0MH auH3bI. Ee 060-
3HAYAT OyKBOHU D:

D=+

|F|

D > 0, ecnu sunusa cobuparomas, D < 0, ecain nuH3a pac-
cenBaloIasn.

Hewm 6iuske K anH3e ee (POKYCHI, TeM CUIbHEE JUH3A npe-
JIOMJAET JIy4Yd, cobupas WIM paccenBas UX, U TeM GBOJIbIIE
OITHYECKAS CHUJIA JUH3HI.

OnTtuveckyio cuiy D IHMH3 BEIDAXKAIOT B duonmpusx (auTp).

Ontuueckoi cuoi 8 1 AnTp obsanaeT JUH3A ¢ POKYCHBIM pac-
cTossHAEeM 1 M.

OcHoBHOW XapaKTepUCTHKON JIMH3HI ABASAETCH e ONTHYe-
cKas cuJa.

§ 64 INIOCTPOEHHE U30BPAKEHHUS B JIMH3E

PaC(E'MOTpPIM CIIOCOOBI NMOCTPOEHUS M300parKeHUs B JHMH3eE.

ColicTBa TOHKOHN NUH3LI ONPENEIAIOTCH TJIABHBIM obpasom
PacrioIoKeHneM ee (POKYCOB. ITO 03HAUAET, UYTO, 3HAA pAac-
CTOAHME OT WCTOYHMKA CBeTa A0 JTUH3BI M ee (POKYCHOe pac-
cTosiHMe (moJloskeHMe (DOKYCOB), MOYKHO HaiiTu paccrosnue 1o
n300pasKeHus, He paccMaTPHUBas XOL Jydei BHYTPHU JIHHBBIL.

}'IoaTomy HeT HeoOXOJUMOCTH M300paskaTh HA YepTesKe TOU-
HBIM BUJA CpepUdecKUX IIOBEPXHOCTEH JIUH3LIL. Cobuparoiyro
JIUH3Y 0003HAYAIOT CHMMBOJIOM, NMOKA3AHHBIM HA pucyHke 8.35,
@ paccenBalIyio — CUMBOJIOM, IDUBEACHHBIM Ha PUCYHKe 8.36.

Hawm yoxe maBecTHO, uTO BCe JIy4m, BBIIIENIINE U3 KAKOM-
aubo TOUKHM IpeAMeTa, IIPOHAS CKBO3H JNH3Y, IIepeceKarorT-
€A TaKXe B OJHOUM TouKe. VIMEHHO II09TOMY TOHKAsA JIMH3A
naet n3obpaxkeHue 000 TOYKH IpesMera, a CJeNoBaTEJIbHO,
U BCEro IIpefMeTa B IIeJIOM.

Huisi mocTpoeHua M306paskeHU, MONyIaeMbIX C IIOMOHIBLIO
coOMparoIeil JUH3bI, (GPOKYCHl U ONTHUECKUIL LIEHTP KOTOPOMH

Puc. 8.35 Puc. 8.36

3amadbl, MBI Oy/IeM TOJb30BAaThHCSA B OCHOBHOM TpeMs BUIAAMU
«yR00OHBIX » Jydyed. Kak ObLI0O BBISCHEHO B HpeAbIAVIIeM Iapa-
rpage, ayun, napajielbHble TJIaBHOU ONTHYECKOU OCH, IIPeJio-
MUBIIUCH B JIMH3E, IPOXOAAT uepes ee dhokyc. U3 obpaTumocT
XoJa Jy4yel cienyer, UTO JIyIH, UAYIIHE K JHH3e yepe3 ee (o-
KyC, IOcjie TOpeJioMJIeHuA OyAYyT HampaBJeHBLI IapajjieIbHO
TJIaBHOM onuTHYecKoil ocu. Hakownerr, Jydu, IpoOXogAIiue depes
ONTUUYECKHUH IEHTP JHUH3bI, He MEeHSIOT CBOEro HallpaBJIeHUS.
OHU JIMIOb UCHBITHIBAIOT MapPaJLIeIbHOE CMEIIeHHe, KOTOopoe
B cJy4Yae TOHKOHN JIUH3LI HeBEJUKO, U UM MOXXKHO IpeHe0peyb.

IToctpoum m3obpaskenue npeamera AB (puc. 8.37). Urobds!
HaNTH uzobparkeHue TOUKU A, HanpaBuMm jaydu AC mapajjienb-
HO I'IaBHOM onTudecKo# ocu. Ilociie mpesoMmiaeHusA OH IpoigeT
yepe3 ¢oryc aumuanl. pyroit gyuy — AD MOXKHO HaAIpPaBUTH
yeped doryc. [locime npenomieHusi OH IPOUAET HmapalaelbHO
TJIaBHOM onTuyecKod ocu. B Touyke IepecedeHUs 3THUX ABYX
IIpeJIOMJIEHHBIX Jydell OyJeT HaxXoOuUTbCA u300pakeHue A,
Touku A. Taxk e MOXXHO TMOCTPOUTH M BCe OCTAJTbHLIE TOYKU
nzobpaxkeunsa. He ciexyer ToOJbKO AyMaTh, 4TO H300parKeHue
co3/aeTcA ABYMA WJIN TPeMs JiydaMH; OHO (POPMHUPYETCsS BCEM
OecUYHCJIeHHBIM MHOKECTBOM Jiydeil, BBIIIMIEIINNX M3 TOUYKH A U
coOpaBIIuXcsA B ToOuke A,. B 1acTHOCTH, B TOUKY A, momnajzaer
ayau AOA,, npouiejninii yepe3 onTudeckuil 1neaTp O JAUHBHI.
Takum o6pasom, Aas MOCTPOoeHUA N300parKeHud TOYKU MOXKHO
MCIIOJIB3OBATH JIOOBIE ABA U3 TPEX «YAOOHBIX» Jyueid, XoI KO-
TOPEIX Uepes JUH3Y Hu3BecTeH: 1) JIyd, MPOXOAANINI depes OITH-
YeCKUH IeHTp; 2) Jyd, Hajaloniuil Ha JUH3Y NapaljaelbHo
IJIaBHOM ONTUYECKOU ocu; 3) Jyd, IPOXOfANINi depes GoKyc.

WNzobparxenue npeamera AB B aToM caydae 6yzer geiicTBHU-
TeJbHbIM, MMePEeBEePHYTHIM, YBEJNIHMYEHHBIM.

Paccmorpum ere ciayuai, Korja HeoOXOAMMO TOCTPOUTH
uz3obpakeHNe TOYKW, PACIIOJIO}KEHHOI Ha TJ1aBHOU ONTHYECKOU
ocu. TPyAHOCTHL 3aKJIOUAETCA B TOM, UTO BCE TPHU «YIAOOHBIX »
JIyda CJIUBAIOTCH B OZluH Jyd SF, coBIagamniui ¢ TJIaBHOM OITu-
yecKol ochio. IloaToMy HeOOXOAHMMO OIpPEAeJSHUTh XOHA IIPOU3-
BOJIbHOTO Jiyua SB (puc. 8.38), momasiliero Ha JUH3Y B TOUKe B.

A @
A c :
? o F B,
BF
o
N\ 4,
Puc. 8.37 Puc. 8.38
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Jlas nocTpoenns IIpesOMJIEHHOIO Jiyya IpoBeieM IT060U-
1y10 ONTHYECKYIO ochk PQ, mapansensuyio gydy SB. 3arem no-
¢TpouM (POKANBHYIO IUIOCKOCTh M Haiilem Ttouky C Iepeceye-
HUH (POKAJBHON MJIOCKOCTH C IOGOYHOHI OITHYECKOH OCHIO.
‘lepes aTy TOYKY M nmpolifieT mpejgoMmiaeHHbilt jgyu BC. Takxmm
0bpa3oM, IOCTPOEH XOf ABYX Jy4ell, BRIXOLAINX U3 TOYKH S.
[locse npesoMyieHus B JIMH3e BTU Jyuu pacxongsarca. M3obpa-
>xeHue S; TOUKH S 6yfeT MHUMBIM, TAK KaK UCTOYHHUK DPACIIO-
JOXKeH MeXAy (POKYyCcOM u JIMH3OM.

1A mocTpoeHNs M306paKEHUsT MOMKHO HCIIOJL30BATH ABA
U3 TPeX «yIAOOHBIX» Jydeii.

®OPMYJIA TOHKON JINH3GI.
$65  yBEJIWYEHWE JIMH3bI

BriBegem (opmysy, CBASHIBAIOLIYIO TPU BEJUUYUHBI: pac-
crosiHue d OT MpeAMeTa N0 JWH3bI, PACCTOAHME [ OT n306pasKe-
HHAA A0 JUH3BI 1 (GOKycHOe paccrodguue F.

W3 noxobus tpeyronsaukos AOB u A;B;0 (cM. puc. 8.37)
cJenyeT PaBEHCTBO

BO AB
OB, ~ AB,’
U3 nonobus tpeyronsaukos COF u FAB, umeem:
cO OF
AB, FB,
Tak kax AB = CO, 10
AB OF
A,B, FB,
Orclona
BO OF
OB, FB,’
uau i F
foi-F
YUYUTBIBAA CBOMCTBO IPOIOPIUU, HMEEM:
fF + Fd = fd.

Hopesns Bce WIeHBI IMONYYEHHOIO DABEHCTBA Ha IIPOU3EE-
nenune Ffd, monyuum

+ (8.10)

1
F,

IS
|
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1 1
—+—-==D. 11
d+f (8.11)

YpasHaenue (8.10), kak u (8.11), npunsaTO HA3EIBATE (POPMY-
JIOH TOHKOM JMuH3bI. Benuunns d, f u F MoryT 6bITh KaK MoJo-
KUTEJBPHBIMU, TaK K oTpunateabHeIMu. OrMmerum (6e3 Hokasa-
TeJIbCTBA), YTO, NPUMeHAH (POPMYJy JHUH3BI, HYXKHO CTABUTH
3HAKH Ilepe]] YIeHaMMN YPaBHEHU COIVIACHO CJeAYIOUIeMY Ipa-
Buiy. Ecinu nunsa cobuparoimast, To ee GOKyC qefiCTBUTEIbHBIIN,

1 11epes 4jIeHOM —-— CTaBAT 3HaAK «+». B cygy4dae paCCGI/IBaIOU_Ieﬁ

|F|
i
auHsel F < 0 u B npaBoii yactu gopmyasr (8.10) 6yxer crosaTs

OTpHUIlaTeJIbHasg BeJIMYuHA. Hepep; JIJII€EHOM — CTaBAT 3HAK «+»,

|f]

ecsii 1300pasKeHne NeHCTBUTEIbHOE, Y 3HAK «—» B CIIyIae MHUMO-

ro uszobpaxkenusa. Hakouen, mepex wienom Tl CTaBAT 3HAK «+»
B CIy4Yae AeMCTBUTEILHON CBeTAINEeNCH TOUKY 1 3HAK «—», €CJIHU
OHa MHHUMas (T. €. Ha TMH3Y NaJaeT CXOAANIMICA ITYYOK JIydeii,
IPOJOJIKEHUS KOTOPHIX IIepeceKaloTea B OGHOH TouKe).
B Tom cayuae, korga F, f unu d HensBeCTHHI, mepes cooT-
1

1
BETCTBYOIIMMHY YdJIeHAMU nwin g cTaBAT 3HaAK «+». Ho

F’r
eCI B De3ysbTaTe BHEIUNCICHUH (POKYCHOTO DACCTOSHUS WJIH
PacCTOAHUA OT JNHUH3BI A0 N300parkeHUsA JHO0 0 HCTOUHHKA
nojyvaercsad OTPUUATENbLHAsS BeJIUYUHA, TO DTO O3HAUAET, UTO
torxyc, n3obparkeHre MJIN MCTOUYHHK MHUMBIE,

YBenuuenue auH3bl. V3obpaskenue, moaydaemMoe ¢ MOMO-
IBIO JIMH3bI, OOBIYHO OTJIMYAETCSI CBOMMU DAa3MepaMU OT IIpes-
meTa. Pasnuuue pasMepoB npesMera u u30o0parKeHMs XapaKre-
PUBYIOT y8esuUdeHUeM.

JluHeHHBIM yBeUYeHVEM Ha3LIBAIOT OTHOIIEHUE JHHEHHO-
ro pasmepa u3o0paskeHus K JUHEHHOMY DasMepy IIpeiMeTa.

Hnst HaxXoKaeHus JTUHEHHOro yBelndeHus o6paTUMCs CHO-
Ba K pucyHky 8.37. Eciu Beicora npegmera AB paBHa £, a Bbi-
cora u3obpaxkeHus A,B, pasua H, To
H

r=-— (8.12)

€CTh JINHENHOe YBeJIHNUYeHUe.
N3 monobua Tpeyronbruxkos AOB u OA,B, caenyer, uro

q2_ /i
ho|d]’
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CrnenoBaTelbLHO, YBeJIMUEeHME JUH3BI PABHO OTHOIIIEHUIO pac-
CTOAHUSA OT UB0OPAIKEHU [0 TUH3BI K PACCTOAHUIO OT JTUH3BI [0
mpeaMeTa:

T = ||——| (8.13)

JInH3B! ABAAIOTCA OCHOBHOM YacThIo (poToammapaTa, IpoeK-
IMOHHOTO allmapara, MUKPOCKONA, Tejleckona. B riasy Toxe
€CTh JINH3a — XPYCTAJUK.

1. Kakylo nMH3y Ha3bIBalOT TOHKOM!

? 2. Y10 Ha3biBaeTCHA rNaBHbIM (POKYCOM NHUH3bI
b 3. Kakne nyum yao6HO uCnonb3oBaTh ANS NOCTPOEHMS M306parceHus
B nuH3el

4. Y70 Ha3bIBaeTCs yBeNnMYeHHEM NHUH3bI!

! NPUMEPHI PEINEHUSA 3ATAY

1. Ha pucyske 8.39 mokasaHo pacroJioyKeHHue IJIaBHOM onTHue-
cKoit ocut MN nuu3bl, cBersieiica ToUukn S u ee usobpaskenus S,.
HaliinTe DOCTPOEHNEM ONTHUECKHUN IIEHTP JUH3LI U ee GoKrychl. Onpe-
Jenure, cobuparoieil nan paccenBaroileil ABIsgeTCS 9TA JIWH3A, JelicT-
BUTEJIbHBIM UJIU MHUMBIM SIBJISeTCH U300paKeHUeE.

Pemenune. Jlyu, npoxogamuil uepes ONTHYECKUN II€HTP
JIMH3bI, HE OTKJOHSETCA OT CBoero HampaBieHus. IlosTomy
ontTuueckuii meHTp O coBmazaer

¢ TOUYKOH IepeceyeHUs IPAMBIX

S SS, u MN (puc. 8.40). ITposegem
ayu SK, napajjenbHbBIA rI1aBHOU
M N onrndeckoil ocu. Ilpenomien-

gt ryud KS, npoiiger uepes ¢o-
Kyc. 3HasdA, 4TO Jy4Y, Magarolui
S, Ha JHH3Y 4Yeped (OKYC, IIocie
Puc. 8.39 NpeJIOMJICHUA UAeT NapalIebHO
TJIaBHON ONTUYECKOU ocu, Haxo-
N OIUM apyroi Gokyc. JIunsa aBiadg-
K eTca cobuparomnieii, a usobparke-

S HUe — HeHCTBUTEeJLHBIM,

2. Hszobpaxkenue mpegMera uMe-
er Boicory H = 2 cm. Kakoe doxryc-
Hoe paccrosgumne F [QOKHA HMeTh
° JINH3a, PacIoIoKeHHasa Ha PacCcTos-
uun f =4 M OT PKpaHa, 4TODBI U30-
J OpakeHme INAHHOTO TIpeJMeTa Ha
Puc. 8.40 aKpaHe UMeJio BeIcOTy A =1 M?
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Pemenue. Uz popmynsl IUHIE

1 1 1
— 4 - = =
d f F
HaxoauM (POKYCHOE PacCTOAHUE:
_[d
d+f
YBeJsImueHUe JUH3bl MOYKHO BBIPA3HTH TAK:
H f
h d’
Orcrona
hf
d = —,
I
IlosTomy
hf
F = - = 8 (eMm).
It h
EA YIIPAGKHEHUE 9

1. C HOMOMmMBIO JIMHSLI 11h BEPTHKANDHOM 9KpaHe TIOAYYeHo meii-
CTBUTENbHOE H300parkelie Hackrpudyeckoit mammouku. Kax wmame-
HUTCA U300pasKeHne, coeilil SaKphiTh BEPXHIOW HTOJOBUHY JIMHILI?

2. @oroanmapar jacT Ha nueHike uzobpaskeHue YeJI0BEYECKOTO
auna. Iosacaure ¢ momorhio acprexa, mouemy u3oOpaskeHHe Jeca,
BUAHEION[ETOCA BAANHU 3a YCJORCKOM, MOJydaeTcsa Hepe3KuM. B Ka-
KYIO CTOPOHY CJEAYeT cMectThTh 00'beKTHR, 4TOOBI Jiec 6wl u300pa-
eH 4eTKo? ByJeT in mpu Hrom YerKUM H306paskeHue Juna?

3. ToueMy HBIPATBIUK 63 MACKU IJIOXO Pasaudaer npeaMeTsl
nojx BOJOI?

4. TlocTpoiiTe m3obpaene npeamMera, IIOMELLEHHOTO ITepes Co-
Oupalomeii THHB0MH, B cleAyiux cayuaax: 1) d > 2F; 2) d = 2F;
3) F<d<2F; 4)d< F.

5. Ha pucysxe 8.41 nunus ABC u3obpakaeT Xo4 Jyua uepes
TOHKYIO pacceMBamwInyIoo Juaay. Onpeje-

JINTEe MOCTPOCHUEM IOJOMEHUS PIABHBIX
(OKYCOB JIMH3LI. ¢
6. IlocTpoiiTe m306paKeHMe CBCTS- Y
meiicA TOYKHM B paccewBarolledl JIMH3e, A B
VCIIOIBb3Ys TPU «YAOOHBIX» JIyua. I
7. CeeTsAmafca TOYKA HAXOMUTCH B 0

(oryce pacceuBamwIei JuHu3pl. Ha xaxkom
PACCTOAHMH OT JIMHBBI HAXOAUTCA U300pa-
sxeHue? IloctpoiiTe xon Jaydeii. Puc. 8.41
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§ 66 JUCIIEPCHS CBETA

3aHNMafACh YCOBEepPIIeHCTBOBaHUeM TelleCKonoB, HploToH
obpaTuy BHUMAHKE HA TO, 9YTO H300paKeHMne, faBaemMoe 00'BeK-
TUBOM, IO KpasM okpalieHo. OH 3aHTepecOBAJICH 3TUM U Iep-
BbIM <«HCCJeN0Ba] pasHooOpasue CBETOBBLIX Jydell M IIPOUCTE-
KaloIue OTCIoAA 0COGEHHOCTH IIBETOB, KOTOPHIX JI0 TOT'O BpeMEeHH
HUKTO Jaske He IOJ03peBa» (CJ0Ba U3 HAANNCU HAa HaArPOOGHOM
namatTEuKe HeioToRY). Pagy »KHyI0 OKpacKy U300pasKeHnsd, 1mo-
Ay4aeMoro ¢ MOMOINBIO JWH3BI, Habmonand, KOHEYHO, U JO
Hero. B0 3aMeueHO0 TaKsKe, YTO PaJyKHble Kpad IMEIOT Ipex-
MeThI, paccMaTpuBaeMble depes npusmy. IIy4oKk CBETOBHIX JIY-
Yyeif, IpoMIeAIINX Uepe3 IPU3MY, OKPAIIHBAETCA 0 KPasM.
OneiT HuioTona 6bl reEnaabuo npoct. HeioToH porajaJics
HAIIPaBUTh HA IPU3MY CBETOBOI IIYUOK MAaJIOI'0 IIOIIEPEUHOTO ce-
yeHUA. 1IVUOK COJIHEYHOTO CBeTa IIPOXOAWJ B 3aTEeMHEHHYIO
KOMHATY Uepes MaJlieHbKOe oTBepcTue B craBHe. [lanas Ha cTex-
JISHHYIO IPU3MY, OH MPEeJOMJAJICA U JABaJ HA MPOTUBOIIOJIONK-
HOII CTeHe YAJIMHCHHOe n300pakeHne ¢ pagy >KHbIM YepeJOBaH!-
em nseroB. CTuiamnsoBaHHOe u300paskeHHe onbiTa HbroToHA
moxkasaHo Ha pucysake 8.42. Cienyss MHOTOBEKOBOU TpaJuIuy,
COTJIACHO KOTOPOI pagyra CunTagach COCTOAIIEeH N3 ceMU OCHOB-
HBIX I[BETOB, HBIOTOH TOXK€ BBIAEJUJ CeMb IIBeTOB: (prosero-
BBIH, CUHUH, TOIY00M, 3eJIeHbIN, ¥KeJThIH, OPaHXeBbI K Kpac-
aeiii. CaMy pany:xkHyI0 nosocKky HbpIOTOH Ha3Bald CHEKTPOM.
BakpBIB OTBEPCTHE KPACHBIM CTeKJIOM, HbloToH HabiIomas
Ha CTeHe TOJBKO KPACHOE HATHO, 3aKPBIB CHHUM CTEKJIOM —— CH-
Hee IIATHO U T. . DTO 03HAYAJIO, YTO HEe IPHU3Ma OKpaliuBaer 6e-
JBIM CBeT, KaK IIpejIoarajiocs panbine. IIpusma He n3MeHsAeT
cBeT, a JIMIIB pasjaraeT ero Ha cocTaBHble yacTu (cM. puc. I Ha
IBeTHOM BKJeiike). Benblit cser uMmeeT CIOMKHBIH cocraB. U3
Hero MOKHO BBIJEJIUTh HOYYKHU
pasJAMUYHBLIX IIBETOB, U JIMAIIL CO-
BMECTHOE UX Ae¥CTBHE BhI3HIBAET
vy Hac BIieuatyieHue Oesoro nsera.
B camom fgese, eClU C IIOMOIILIO
BTOPO#l MpPU3MBbI, IOBEPHYTOH Ha
180° oTHOCHTEJBHO TIEpBOil, CO-
OpaTh BCe ITyYKU CIIEKTPAa, TO OIATH
nosyaured Gesniii ceer (cM. puc. II
Ha IBeTHOU BKJelixe). Bpigenus
KaKyr-1ub0o 4acThk CHeKTpa, Ha-
nmpumMep 3eJIeHYyIO, U 3acTaBUB
CBeT MPOHTH ellje uepes3 OJHY IIPU3-
: MY, MBI VK€ He IIOJYYUM HAaJb-
Puc. 8.42 Helillero n3MeHeHUsA OKPAacKu.
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Hpyroit BamHBIH BBIBOJA, K KoTopomy mupumen HpIOTOH,
ObL1 chopMysMpoBaH MM B TpakTtaTe «ONTHKA» CJIEAYIOIAM
obpasom: «CBerToBbIe NIYYKU, OTJUYAIOINIHNECS IO UBCTY, OTIH-
YaIOTCHA 10 CTEIIEHU MIPEeJIOMIAAEMOCTH » (IS HUX CTEKJIO UMEeT
pasJiuuHbBle NOKa3aTeau npenaomsenus). Hawbonee cuiabHO
IPEJIOMJIAIOTCSA (PHOJEeTOBBIe JIYUM, MEHbINe APYTrUxX — Kpac-
Hble. 3aBUCHUMOCTh MOKAa3aTeJis MPEJOMJIEHUS CBeTa OT €ro
uBera HpioTOH HazBaa gucmepcueiil.

IlokazaTens mpesloMJIeHHAA 3aBUCHUT W OT CKOPOCTH CBeTa B
BemtecTBe (cMm. § 61). AGCOTIOTHBIN MOKAa3aTeNb MPEIOMJIEHUSA

C
n= ; JIyq KpacHOTO IIBeTa IIPeJIOMJAEeTCa MEeHBbIIe Hn3-3a

TOT'0, UYTO KPACHBIH CBET UMEET B BeIleCTBE HAUOOJBIIYIO CKO-
pOCTh, & Jy4 (DUOJEeTOBOTO I[BETA IPEJIOMJASETCA OOJIbIIEe, TaK
KaK CKOPOCTBH AJIA (PHOJIETOBOTO CBeTa HamMeHbINasi. MMeHHo
NOATOMY IIpU3Ma U paajlaraer cBer. B mycroTe cKopocTH cBeTa
pas3HOro IiBeTa OAMHAKOBBI. Ecau ObI 9TO OBIIO He Tak, TO,
K npumMepy, cunyTHuK IOmurepa Mo, koTopsiii Habawogan Pémep,
Kasajcs Obl KpacHBIM B MOMEHT BBIXOJAa CIYTHUKA U3 TEeHU.
Ho sToro ne mabarmopaercs.

Bnocaegcrenu Ovlia BBIACHEHA 3aBUCUMOCTH IIBETA OT (Ppu-
3MYECKOMN XapaKTepUCTHKH CBETOBOI BOJIHBI: €€ YACTOTHI KOJe-
6aHui v (uau aynuHbl BOaHHEL A). [losToMy MoxHO mars OGoJsee
TIy60KOe ompefesieHrie AUCIEePCUr, YeM TO, K KOTOPOMY IIpH-
miesr Heiorton. /lucnepcueil HmaspIBaeTCa 3aBHCUMOCTE IIOKa3a-
TeJISl IPEeJIOMJIEHUS CPelbl OT YaCTOThI CBETOBOM BOJIHBI.

3Has, uTo OeJiblil CBET MMeeT CIOMHBIN COCTaB, MOMHO 00'b-
SACHUTH YAWBUTEJIbHOEe MHOrooOpasme Kpacox B mpupoje. Ecau
npegMeT, HaIIpUMep JUCT OymMaru, oTpakaeT Bce Iajarolue Ha
HerQ JIyYW Pas3JUYHBIX IBETOB, TO OH OyIeT KaszaTbCcsa OebIM.
IToxpriBas Oymary cjioeM KpacHoil KpacKu, Mbi HE CO3IaeM IIpu
9TOM CBET HOBOTO HBETAa, HO 3aJlePKMUBAEM HA JUCTE HEKOTOPYIO
4acTh uMeromlerocsa. OTpakaTbecs Terepb OVAYT TOJBKOC Kpac
HBIE JIYyYH, OCTAJBbHBIE »Ke TOIJIOTATCA cioeM KpackKu. Tpasa
U JUCTHSA JeDeBbeB KayKyTCA HaAM 3€J€eHBIMU MOTOMY, UTO M3
BCexX MaJaloIuX Ha HUX COJHEUHBIX JYUYeHd OHM OTPaXKalor
JUMIL 3eJIeHble, MOIJIOAS OCTAaJbHBIEe. Ecam mocMoTpers Ha
TPaBy Yepe3 KPACHOe CTEKJIO, IPONYCKAOIee TONbKO Kpacinie
Jy4u, TO OoHa OyJeT KasaThCs MOYTU UepPHOIl.

fIpnenue pgucmepcuu, OTKpPLIToe HproTOHOM, HePRLITA
mrar K NOHVMAHWIO NIPUPOALI I1BeTa. OCHOBATEILHO HOHSITL JINC-
OIEePCUI0 CMOTJIH JIUIIEL IHOCJEe TOTO, KaK ObLIA BLISICHCH 3ABU-
CUMOCTBH IIB€TA OT YACTOTHI KOJIEOAHWH (HJAU JUIHHLI CBOTOBOKA
BOJIHBI).

1 . .
Ot nmatuHCKOTO cixoBa dispersio — paccesinne.
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1. Ha TeTpagM HanMCaHO KpacHbIM KapaHAAWOM (OTAMYHO» M 3ene-
? HbIM — «XOpOWO». UMeeTca ABa CTeKNa — 3eneHoe M KpacHoe, Ye-
o Pe3 KaKoe CTEKNO HAflO CMOTPETh, YTOGbI YBMAEThL COBO «OTAMYHON !

2. Mouemy TONLKO Y3KHH CBETOBOH NY4YOK RAET CMEKTP NOCHE NPOXOX-
AGHMA CKBO3b NMPH3MY, @ Y LUIMPOKOFO NYYKA OKPaLIEHHbIMM OKa3bl-
BAIOTCA NHLlb Kpas?!

3. Yro rakoe gucnepcha csetal

§ 67 UHTEPOEPEHIIUA MEXAHUYECKHUX BOJH

JI:060My BOJIHOBOMY ABUIKEHUIO MPUCYIIN ABJIECHHA UHTEp-
epeHnIUN ¥ JUGPPAKOHN, ¢ KOTOPBIMH MBI HadymHaeM cefdac
3HAKOMUTHCA. [[1A TOTo UTOOHI yOEZUTHLCA B TOM, UTO CBET UMe-
€T BOJIHOBYIO IIPUPOAY, HeOOXOAUMO GBLJIO HANTH 3KCIIepHMEH-
TaJbHBIE NOKA3aTe/NbCTBA HHTePGhEePeHITNY U AUPPAKIIUY CBeTA.

Yrolel Jydllle HIOHATHL fABJeHHEe HHTepdepeHIMU CcBeTa,
Mbl BHaUaJje OCTAHOBUMCHA Ha MHTep(hepeHIINN MeXaHUIEeCKUX
BOJIH.

Caoxenne BojaH. OueHL 4acToO B cpelle OAHOBPEMEHHO pac-
NIPOCTPaHAETCA HECKOJIBKO Pa3JIMYHbIX BOJH. Hanpumep, Korga
B KOMHAaTe 0ecelylOT HECKOJILKO YeJIOBEK, TO 3BYKOBBIE BOJIHBI
HaKJIaJbIBAIOTCA IPYr Ha APyTra. YTo mpu 3TOM IPOUCXOLUT?

IIpomre Bcero mpociaenuTh 3a HAJOKEHHEM MeXaHUYEeCKUX
BOJIH, HabJIIOJasd BOJHBI Ha IIOBEPXHOCTU BOJAbl. Eciam MBI 6po-
CUM B BOAY JABa KaMHs, 00pasoBaB TeM CAMLIM JBe KDPYroBLIe
BOJIHBI, TO MOYKHO OyZeT 3aMeTUuTh, 4TO KaXKIas BOJIHa IPOXO-
JUT CKBO3b APYI'YIO U BeZeT ce0sa B gajibHeIHIIeM Tak, Kak Oya-
TO APYrOd BOJIHBI COBCEM HE CYII[ecTBOBaJ0. TOYHO TaK xe
Ja1000€e YHCJI0 3BYKOBBIX BOJH MOXKET OJHOBPEMEHHO DPacIpo-
CTPAHATBLCA B BO3[yXe, HUUYTH He Melllad APyT Apyry. Muoxe-
CTBO MY3BIKAJBHBIX HNHCTPYMEHTOB B OPKECTpe HJIM TOJOCOB
B XOpe cO3JaeT 3BYKOBBbIE BOJIHLI, OJHOBPEMEHHO yJIaBJIHUBae-
Mble HalmuM yxoM. Ilpudem yxo Mo/keT OTJIHMYMUTEH OAUH 3BYK
OT APYroro,

Temepsr mocMoTpuM 6oJiee BHHMATEIBHO, UTO IIPOUCXOAUT
B MecTaxX, I'le BOJHBI HAKJIAABLIBAIOTCA OJHA Ha Apyryio. Ha-
07107aa BOJIHBI HAa NOBEPXHOCTH BOABI OT ABYX OpOIIEHHBIX
B BOAY KaMHel, MOXXHO 3aMeTHUTDb, YTO HEKOTOPbIe YUACTKHY MO-
BEePXHOCTH He BO3MYIIEHBI, B ADYIUX K€ MeCTax BO3MYIIEHUe
yeuauiaocb. Eciay IBe BOJIHBI BCTPEUarOTCS B OJHOM MeCTe
CBOUMU IPeOHAMU, TO B 9TOM MecTe BO3MYILEHNE IIOBEPXHOCTH
BoJIbl ycunusaeTca. Ecau ixe, Hanporus, rpeGeHb OAHOM BOJI-
bl BCTpeYaeTcsa C BIAAWHON APYroH, TO IMOBEPXHOCThH BOALI HE
Oyl BO3MYIIIeHa.

Boobiie ke B KaxKA0¥ TOUKe cpeasl KoJeGannsa, BbI3BAHHBIE
JBYMi BOJIHAMU, IIPOCTO CKJAAbIBAIOTCS. PeayabTHpyioliee
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cMelleHue JII000H YaCTHUIBI Cpeabl
npeacrasiafeTr coboil aiaredpanye-
CKYIO CYMMY CMeIleHUl, KOTOphIe
NPOUCXOAUAUN OBl TIPH PACIIPOCT-
paHeHWH OJHOM M3 BOJIH B OTCYT-
CTBHE APYIOI.

Hurepdepenuusn. Cioxenue B
IIPOCTPAHCTBE BOJIH, IIPH KOTOpOM o0OpasyeTcd HOCTOAHHOE B
BpeMeHH paclpejejeHre aMIIUTY/| Pe3yIbTUPYIOIINX Koseba-
HU# 49acTHI Cpelbl, HasbIBaeTca UHTephepeHIneiil.

BoisicauM, mpu KakuX yciaoBusix HaGmamomaerca uETepde-
peHuusa Bonu. /[na aToro paccmorpum GoJsiee mogpobHO CIokKe-
HUe BOJIH, 00pasymolInxcd Ha MOBEPXHOCTH BOIBI,

MosKHO OZHOBPEMEHHO BO3OYAUTHL ABE KDPYTOBBIE BOJIHBI
B BaHHe C IIOMOIIBIO ABYX NIAPMKOB, YKPEIIEHHBIX Ha CTepsKHe,
KOTOPBIE COBEPINAT rapMOHHUYecKUe Kojaebauusa (puc. 8.43).
B nr060it Touke M Ha mOBepXHOCTH BoAwl (puc. 8.44) 6yxyr
CKJIAABIBATHCA KOJe0aHU#A, BBIBBAHHBIE ABYMs BOJHaMU (OT
uctouHUKOB O, n O,;). AMIIuTyAb KojJebaHUM, BBIZBAHHBIX
B Touke M ofGeumm BoJiHaMH, OyAyT, BOOOIIe rOBODS, Pa3Jjin-
HaThCA, TAK KAK BOJIHBI IPOXOJAAT PAasJH4YHbIe NyTH d; U d..
Ho ecau paccrosuume ! MeIy HCTOUHWKAMHM MHOT'O MeHbIIe
arux nyre#t (I < d; u 1 < d,), To 06e aMILIUTYABI MOMKHO CUM-
TaTh NPAKTUYECKU OJTMHAKOBLIMH.

PeaynpTaT clo)KeHHS BOJIH, NIPUXOAAIIMX B TOUKY M, 3a-
BHCHUT OT Pa3HOCTH (ha3 Mexay Humu. Ilpoiias pasauunble pac-
cToAHus d; u dy, BOJHBI UMEIOT PasHOCThb xoxa Ad =d, — d,.
Ecan pasnocTs xofa paBHa AJIMHE BOJIHBI A, TO BTOpas BOJIHA
3alas/ibIBaeT M0 CPAaBHEHHIO C MePBOM HA ONUH Iepuor (MMeH-
HO 3a Tepuoj BOJHA IIPOXOJAWT IIYTh, PABHBIM ee IJIUHE BOJI-
Hbel A). CilenoBaTesbHO, B BTOM CIydae I'pDeGHU (KaK ¥ BHaJIU-
HBI) 00eMX BOJIH COBIIALAIOT.

¥Ycaosue makcumymoB. Ha pucynke 8.45 uzobparkeHna 3ani-
CHMOCTB OT BPEMEHHU CMeLIeHMH X; M X,, BLISBAHHLIX JBYMsl
BonHaMu npu Ad = A. PasHocTb
das Konebanuii paua Hyiao (Uau, e
4TO TO e camoe, 27T, Tak Kak ’
nepuoj cuHyca paBeH 2m). B pe-
3yJbTaTe CJAOKEHUA 3TUX KoJeba-
HIH BOSHHKAIOT Pe3yIbTUPYIOIIIe
KoysebaHMA ¢ YABOGHHOM aMILJIH-
Tynoii. Kosebaunusa pesyabTUpPyIO-
IIero CMeUIeHUs X Ha PHCYHKe
IIOKa3aHbl IIBETHOUA IITPUXOBOHN Puc. 8.44

Puc. 8.43

.M

1 Or narusckux caos inter — B3AaUMHO, MexJy coboii u ferio - ypapsio,
nopaskaio.
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Puc. 8.45

aunueii. To e camoe OyAer OPOUCXOINUTD, €CJIH Ha oTpe3ke Ad
YKJaabIlBaeTcs He OfHA, a Jiioboe 1mejoe YKCJo JJIUH BOJH.
Amnaumyda rkonebanuil yacmuy cpedvl 6 OAHHOI MOuKe
MAKCUMAAbHA, eCaU PA3HOCMb X00a 08YX 601K, 6030YHcOAOULUX
KonebaHus 8 amoll mouke, pa6HA Yeaomy Hucay OLUH BOAH:

Ad = kL, (8.14)

rne k=0, 1, 2, ....

Yenosue MUHUMYMOB. IlycTh Tenmeps Ha orpe3dke Ad ykJja-
JLIBaeTCs MOJOBUHA AJUHBLI BOJHBEI, OUEeBUIHO, UTO IIPHU ITOM
BTOpasi BOJIHA OTCTAET OT IIePBOM Ha IIOJOBHMHY Hepuoga. Pas-
HOCTH (ha3 OKa3BIBAETCA PABHOH T, T. e. Konebanusa OyayT mpo-
HCXOAUTH B IporuBodase. B pesyapraTe CJA0KeHUA 3TUX KOJie-
6aHUH aMILIUTYAa Pe3yIbTUPYIOINX KoebaHuil paBHA HYJIIO,
T. €. B paccMaTpuBaeMoii Touke Kojebanuii Het (puc. 8.46). To
JKe caMoe IIPOM30MIeT, eCJu Ha OTpe3Ke YKJIAaZbIBaercs Jioboe
HEYETHOE UKCJIO IOJYBOJIH.

Amnaumyda Konebanuil vacmuy cpedvl 6 OaHHOI mouke
MUHUMAJbHA, ecAu pa3nHocme xoda 08yx 60J1H, 6030Yyxic0aio-
wux Konebanus 8 samoil mouke, pa6HA HEYEeMHOMY YUCAY NO-
AYBOAH:

Ad = i(2k+1)—721, (8.15)
rnek=0,1, 2, ....

Puc. 8.46
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Ecnu passOCTs X0za dy — d; i,
IPpUHIMAaeT IIPOMEXXYTOYHOE 3Ha-

YyeHUe MeXIY A 1 5 TO ¥ aMILJIUTY-

Ja pPe3yIbTUDPYIOINX KoJebaHuii
OPUHUMAET HEKOTOPOe IPOMEIKY-
TOYHOE 3HAUEHUE MEeKAY VABOSHHOIT
aAaMIOJUTYHOA u HyJgeM. Ho Ba)kmHo
TO, YTO aMIUIATyZa KoyebaHuii B
10001 TOYKe He MEHAETCH C Tedye-
HueM BpeMenu. Ha moBepxmocTHn
BOJbI BO3HUKAET OIIpe/ieJIeHHOe, He-  Puc. 8.47

U3MEeHHOE BO BpeMEeHHU pacrpejeie-

HHE aMILTUTY [ KonebaHMil, KOTOpOe HAa3hIBAIOT MHTEeP(epeHu-
oHHoM kapTtuHoi. Ha pucyuke 8.47 morasaua dororpadus
MHTePPEPEHITMOHHON KapTUHBI AJisl ABYX KPYTOBBIX BOJH OT
IBYX HCTOYHUKOB (UepHEIe KPYKKHU). Beble y4acTKH B cpenHeit
yactu (pororpaddu COOTBETCTBYIOT MAKCHUMyMaM KoJeO0aHWi,
a TeMHBbIE — MHHHMYMAaM.

Korepentable Boausl. [[J1s 00pasoBaHusa yCTONINBOI HHTED-
dhepeHINOHHON KapTUHBI HeOOXOAUMO, UTOOBI UCTNOYHUKU B0JH
umenu 0OUHAKOBYI0 YaCcmMomy u pa3nocms (a3 ux Korebanuil
Obla1a NOCMOAHHOIL.

McTOYHNKM, COOTBETCTBYIOIIME 9THM JABYM YCJIOBHAM, HA-
3BIBAIOTCS KOTepeHTHBIMHU!. KorepeHTHBIMH HA3BIBAIOT M CO3-
AaHHBIE MMH BOJHBI. TOJBKO IIPU CIOKEHUH KOTepPEeHTHBIX
BOJH o0pasyeTca ycToMumBasi MHTep(depeHIMOHHAaS KapTHHA.

Ecnu xe pasHocTs a3 KoaebaHUR MCTOUHIKOB HEe OCTAETCs
MOCTOAHHOM, TO B J1000# TOUKEe Ccpejbl PasHOCTL (a3 Kouaeba-
HUH, BO3OYKIaeMbIX NBYMs BOJHAMU, OyJeT MEHATHCH C Teue-
HHUeM BpeMeHU. [losTomy amuiauryna pesyJbTHPYIOMUX KoOJe-
faBuil ¢ TedeHMEM BpeMeHH OyAeT HeIpPepbIBHO H3MEHATHCS.
B pesysnbrare MakKCUMyMEBI M MUHUMYMBI HepeMeOIaloOTCA B ITPO-
CTPAHCTBE, U HHTeDP(ePeHNNOHHAA KAPTUHA PAa3MbIBACTCH.

Pacnpenenenne speprum npu uatepdepenumuu. Boannl nice-
cyT sHepruwo. Uro Ke ¢ 3TOM sHeprued HPOUCXOAUT IIpPH I'a-

IIeHuH BOJH ApyT Apyrom? MoKeT OBITB, OHa IIPEBPAIACTCS
B ZApyrue Gpopmei, ¥ B MUHUMYMax WHTePQEPEHIIMONHOH 1Kap-
THUHBI BhIlesgeTcsa Tenao? Huuero mozo6uoro!

Hannune MuHMMYyMa B AaHHOH TOUKE MHTEPRpepeImonnoi
KapTHUHBI O3HAYAET, YTO DHEPTHUsA CIofa He HOCTYIACT COBCCM.
BeseacTBue uHTEDhEPEHIINT MIPOUCXOIUT IEPEpPAciipeLeJICHUe
9Hepruu B nIpoctpaHcTBe. OHA He pacupenessieresi paBiHoMepHO
IO BCEM HacTHHAaM CpPelbl, a KOHIEHTPUDPYETC s B MAaKCHMyMax

3a C4eT TOr'o, YTO B MUHUMYMbBI HE IIOCTVYIIACT BOBCE,

1 OT JaTHHCKOrO cjoBa cohaereus — B3aUMOCHIBAHIBII.
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O6HapyxeHre nHTePGEPEHIIMOHHON KaPTUHEBI JOKa3bIBaeT,
yro MBI HAOJI0ZaeM BOJHOBOI mpoliecc. BoaHBEI MOTYT racHUTh
JPYT APYra, a CTAJKHBAIOIMecA YaCTHIbl HUKOT/a He YHUYTO-
JKAIOT OPYT Apyra neaukoM. HMHTep)epupyioT TOJBKO Kore-
peHTHEBIE (COTJIACOBaHHBIE) BOJHEL.

1. KakMe BONHbI Ha3bIBAIOT KOTePEeHTHbIMKU?

? 2. Yro Ha3biBaloT MHTepdhepeHumeit?
)

§ 68 HHTEP®EPEHIITHA CBETA

Ecau cBeT mpeacTasisieT co00il IIOTOK BOJNH, TO AOJKHO Ha-
GaiofaTbes ABeHne uHTepdepeHnnu cBera. OAHAKO MOJYIUTD
rHTephepPEeHIIMOHHYI0 KapTUHY (YepefoBaHUE MaKCUMYMOB H
MHHUMYMOB OCBEIII€HHOCTH) C IIOMOIIBIO ABYX He3aBHCHMBIX
MCTOYHUKOB CBeTa, HAIpHMep ABYX 3JIEKTPHUYECKUX JIaMIIO-
yeK, HEBO3MOMKHO. BKJoueHUe ellle OJHOW JIAMIIOYKH JIHIIb
VBEJIMUYKUBAET OCBEL€HHOCTH IIOBEPXHOCTH, HO HE CO3/aeT Yepe-
NOBAHMA MUHMMYMOB M MaKCHMYMOB OCBEILIEHHOCTH.

BpisicHUM, B UeM IIPUUYHHA 3TONO U IPU KaKWUX YCJIOBHUAX
MOJKHO HabjamogaTh MHTep(hepeHIInIo cBeTa.

VciioBHe KOTepeHTHOCTH CBeTOBBIX BOJH. IIpuumHa orcyT-
CTBUS HHTepdepeHINOHHO! KADTUHBI B OIIBLITE C ABYMSA JIAMIIOY-
KaM¥ B TOM, UTO CBETOBbIE BOJIHBI, M3J/IydaeMble HE3aBUCUMBIMH
HCTOUHHKAaMM, He COTJIACOBaHbI APYT ¢ ApyroM. Jljia noaydeHns
’Ke YCTOHUMBON MHTEp(hEePEeHIIMOHHOW KapTUHBI HYKHBI COrJIa-
coBagHble BOJHBI. OHM AOJXKHBI UMeTh OJMHAKOBBIE IJIMHBI
BOJIH M TIOCTOSTHHYIO BO BpeMeHHM PasHOCTb (a3 B 1000 TOUKe
npocrpaHcTBa. HamoMHHM, YTO TaKue COIJIaCOBAHHBIE BOJIHBI
¢ OAMHAKOBBIMH AJMHAMH BOJH U IIOCTOSHHON DPasHOCTBIO (a3
Ha3bIBAIOTCS KOTepPEeHTHbIMU.

IlouTy TOYHOTO PaBEHCTBA AJIMH BOJIH OT ABYX MUCTOYHHNKOB
n06UThCA HeTPYAHO. I8 3TOro JOCTATOYHO KUCIIOJIB30BAThE XO-
pomue cBeTOPHUIBTPHI, IPOMyCKAaKIIUe CBeT B OUYeHb Y3KOM
vHTepBaje AJuH BOJH. Ho HEBO3MOMHO OCYLIECTBUTH ITOCTOMAH-
cTBO pasHoCTH (a3 OT ABYX HE3ABHCHMBIX HCTOYHHUKOB. ATOMBEI
MCTOUYHUKOB U3JIyUaloT CBET He3aBUCUMO APyl OT APYyTa OTAe/b-
HBIMU «OOpBIBKAMH» (IlyraMu) CHHYCOUJAIBHBIX BOJH, HMEK-
1ME 0GBIYHO AJIMHY OK0JI0 MeTpa. VI Takue IyTH BOJH OT 060MX
HCTOYHUKOB HajaraloTed Apyr Ha apyra. B peayabrarte aMnin-
Ty A KoJleGaHui B 1I060# TOUKEe IPOCTPAHCTBA X20TUYHO MEH -
*Iest ¢O BpeMeHeM B 3aBHCUMOCTH OT TOTO, KaK B JaHHBIN MO-
MCIT BPCMEHHM IyTH BOJIH OT PA3JIUYHBIX MUCTOYHHUKOB CABUHYTEI
OTHOCHTENBHO APYT Apyra no dase. BOIHEBI OT pa3InYHBIX HCTOY-
HITKOR CBOTA HEKO2ePeHmMHbL U3-3a TOT0, YTO PA3HOCTH (as BOJIH
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HOHnr Tomac (1773—1829) —
aHIMMICKMIM YYEHbIN C HEOBBIKHOBEHHOM LUMPOTOM Ha-

YUHBIX WHTEPECOB M MHOrOrpPaHHOCTLIO AapPOBaHMM.
OpHOBPEMEHHO M3BECTHBIM BPa4 M (IM3MK C OTPOM-
HOW MHTYMLMEN, aCTPOHOM U MEXaHMK, MEeTanaypr
erunTonor, oM3MONOr M NOMAMINOT, TaNaHTIMBLIA MY-
3bIKAHT M gae cnocobHbii rMmHacT. [nasHoimK ero
3aCnyramm sBRALOTCA OTKPbITHE uHTEPhepeHumn cBe-
Ta (BBEN B hU3MKY TEPMUH «MHTEPdEpEHUM») U 06b-
SICHEHWE SIBNeHWs AMPPaKLMM HA OCHOBE BOMHOBOW
Teopuu. [NepBbim H3mepun [ANMHY CBETOBOW BOIHbI.

He ocraercd mocTogHHOI!. Hukakoi#l ycTOMYMBOM KaprTuHbl
¢ ompezesieHHBIM pacupefiesleHNeM MaKCUMYyMOB U MUHUMYMOB
OCBEIeHHOCTH B IIPOCTPAHCTBe He HabuiodaeTcs.

Hurepdepenuus B TOHKUX IIeHKax. TeM He MeHee HHTCP-
depeHIUIO CBeTa yjaaercs HaOmoAaTh. XOTd ee W HabJO4a1
o4eHb ZABHO, HO TOJBbKO He NMPUAABAJHA 3TOMY 3HAYECHUSA.

Bbl TOKe MHOI'O pas BUIEJH UHTepPPEePEeHIUOHHYIO KaprTu-
HY, KOIZa B JETCTBE PasBJEKAJIHCh HYCKAHWEM MBLIBHBIX I1Y-
3pIpeil mau HabaoAany 3a pajyXHBIM IEePEIUBOM I[BETOB TOIi-
KOH IJeHKM KepocuHa Jub60 HedTH Ha MOBEPXHOCTH BO/IbI.
«MBLIBHBIA NY3LIPb, BUTAA B BO3AYyXEe... 3aMHraeTCA BCCMH
OTTEHKAMH I[BETOB, IMPUCYIIUMH OKDPYKAIOIIUM IIpeaAMeTaM.
MBLIBHBIA IIYy3bIPh, IOXKAJIYH, cCAMOe M3LICKAHHOE YYJA0 IIPUPO-
ael» (Mapk Tsen). UmenHo uHTepdepeHIUsS cBeTa Jenacrt
MBLJILHBIM HY3BIPH CTOJIb JOCTOMHBIM BOCXUIIEHUS.

Anrnntickuii yuenniit Tomac IOHT mepBeIM HmpuuIC K
FeHMAJbHOH MBICJIHM O BO3MOMKHOCTU OOBACHEHHUS LIBETOB TOH-
KNX ILJIeHOK cJyoxkeHHeM BoJaH 1 u 2 (puc. 8.48), oasa i Ko-
Topeix (1) oTpaskaeTcs OT HApPyXHOHN IIOBEPXHOCTH I1NCHKMN,
a apyrada (2) — or BHyTpeHHeil. IIpu aToM mpoucxoanT umep
peperyus c8emosvlx 60/H — CIOMKEHHE OBYX BOJIH, BCICJCT-
BHe KOTOporo HabiiogaeTcs yCTOHYMBaAA BO BpeMeHu 1KapritHa
VCUJIeHUA MJIH 0CJabieHNs Pe3yAbTUPYIOIIUX CBETOBLIX KOJle-
faHuil B pasAMUHBIX TOYKaX IpocTpaHcTBa. Pesyuanrar nirep-
depennunu (ycuaeHue MaM ocaabieHne pe3yabTHPYIONX KoJIe-
6aHunil) 3aBUCHUT OT yIJja NageHUs CBeTa Ha MJeHKY, ¢¢ TOJIIN-
HEBEI ¥ AJUHBI BOJIHBI CBETA. Y CHJIEHHUE CBeTa 11PoitioiijieT B TOM
caydae, €CJU IPeJoMJIeHHasI BOJHA 2 OTCTAHCT OT OTPAIKEHHON
BoJiHBI ! Ha LeJoe uMcao AJAWH BOAH. Eciin sce wropas BOJHA
OTCTAHET OT MePBOM HA MOJOBUHY AJUHBI BONILI 1L HA HEYET-
HOe YMCJO0 IOJYBOJH, TO Ipousoiifer ocanbhicine cnera.

1I/ICKJIIO‘IEHH9 COCTABJISIIOT KBAHTOBLIE HCTOUMHLIIKLL ¢HeTn Jlasepbl, cO-

3gaHHbIEe B 1960 r.
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e KorepenTHocTh BOJIH; OTpaMeH-
. HBIX OT HAPYKHOU M BHYTPEHHEH

% OBEPXHOCTEH IIJIeHKUH, BO3ZHHKAET

1 U3-34 TOTO, UTO OHU SIBJIAIOTCS YAC-

2 TSAMU OJHOTO U TOTO K€ CBETOBOTO

nydka. Ilyr BoH oT KaXX/10ro usiay-
4aI0lIlero aToMa pas3feIdeTCA IJACH-
KO Ha JBa IIyra, a 3aTeM 5TH 4acTH
CBOJATCA BMecTe ¥ HHTEePEePUPYIOT.

IOur nmonsan Taxkike, uTO pasam-

Puc. 8.48 4yHre B IIBeTe CBABAHO C pasJaudleM

B JJIVHE BOJIHBI (MJIU YACTOTE CBETO-
BBIX BOJH). CBETOBBIM Ny4YKAM PAa3JHUYHOIO I[BETA COOTBETCT-
BYIOT BOJIHEL C PA3HOM AJIMHON BOJIHEI A. 11 B3auMMHOTO ycue-
HYA BOJH, OTJIMYAKINUXCSA IPYT OT APYTra JJIHAHOU BOJIHSI (YIJILI
najleHud MpearnosaraioTca OQUHAKOBEIMH), TpebyeTcsa pasimd-
Had TonnuHA IieHKu. ClefoBaTe/IbHO, €CIU IITeHKa IMeeT He-
OJMHAKOBYIO TOJIIMHY, TO IPH OCBEICHUM ee OeJIBIM CBETOM
LOJDXHBI IOABUTHCA PA3IUUYHEIE IIBETA.

Koasma Herorona. IIpocras uaTepdepeHIIMOHHAsA KaPTHHA
BO3HUKAET B TOHKOM IIPOCJIOHKe BO3AyXa MeXKAY CTeKJISHHOM
ILTACTUHON U MOJIOXKEHHOH HA Hee IJIOCKOBBINYKJION INH30i1, cihe-
DPUYECKasd MOBEPXHOCTL KOTOPOH MMeeT GOJNBUION paguyc KpH-
BU3HBL. ITa HHTePDEPeHINOHHAA KapTUHA NMeeT BUI KOHIIEH-
TPHYECKHX KOJell, NOJYUUBINHUX HasBaHWe kKoJen HoioTroHa.

BoseMuTe NIIOCKOBBINYKJIYIO JUH3Y € MaJoll KDPUBU3HOMH
chepHUIECKOIl HOBEPXHOCTH M MOJIOKHUTE €€ BBIIIYKJIOCTHIO BHIS
Ha CTEeKJAHHYIO IIIACTHHY. BHMUMAaTeNnbHO pasTisabIBas ILJIO-
CKYI0 HOBEPXHOCTH JHH3bI (Jydllle yepes Jymy), Bbl oGHapy-
JKHTe B MecTe COIPUKOCHOBEHHWS JUH3bl M ILIACTUHBI TeMHOE
NATHO M BOKPYI' HETO COBOKYIIHOCTH MAJIEHBKHUX PaLyKHBIX
koJer (cMm. puc. III, I Ha nBeTHOM BKIelKe). DTO U €CTh KOJb-
pa Hriorona. Heroron HabIona M UCCIeZOBAJ UX HE TOJAbKO B
Gesiom cBeTe, HO U IIPU OCBELIEHUY JHUH3BLI OJZHOIBETHBIM (MO-
HOXpoMaTH4decKuM) nydxkoMm. OKasasoch, YTO pagdychl KOJIell
OZHOTO U TOTO XK€ MOPAZKOBOI'O HOMEPa YBEJNWUYHBAIOTCA IIPHU
mepexojie oT (PHUOJIETOBOTO KOHIA CHEKTPa K KPACHOMY; Kpac-
Hbl€ KOJbIla HWMEIT MaKCHUMAJLHBIM pazuyc. PaccrogHusa
MEXIYy COCEeJHHMMU KOJbIAMHM YMEHBINIAIOTCA C yBeJudeHmeM
ux paguycos (cm. puc. III, 2, 3 Ha uBeTHOM BKIeilke).

Y 10BJIETBOPUTENBHO O0BACHUTE, NOYEMY BO3HUKAIOT KOJb-
1a, HeroTon He cmor. ¥V aajiocs ato I0ary. Ilpocaenum 3a xomom
Cro paccyxaeauii. B ux ocHOBe JIEXKUT IIPEAIMOTIOKEHIE O TOM,
UTO CBeT — 3TO BOJHBI. PaccMmorpum ciaydail, Korjga BOJHA
ONPE/IeJIEHHON AJUHBI BOJIHBI TAafaeT HOYTH NMePIeHAUKYIIPHO
Ha 1JIOCKOBBIITYKJAYIO TUHBY (puc. 8.49), Bonna 1 noaBasercs
B pesysibTaTe OTpakKeHU S OT BBINTYKJIOM MOBEPXHOCTHU JMH3BI HA

204

I'pa’uIle cpeli CTeKJIO — BO3AYX, 2 1
a BoaHa 2 — B pe3yJbTaTte oTpa-
JKeHUA OT IJIACTUHBI HAa TpPaHHU-
e cpel BOBAYX — CTEKJO. ITHU
BOJIHBI KOTE€PEHTHBI: OHU UMEIOT
OIMHAKOBYIO JJVHY BOJHBI U T10- N
CTOAHHYIO pasHocTh $as, KoTo-
pas BO3HHKAET H3-3a TOTO, UTO
BOJIHA 2 mpoxoauT OGoabiini
nyTh, ueM BoaHa I. Ecau Bropass  puc. 8.49

BOJIH& OTCTAET OT IIEPBOH Ha lie-

J0€e YWCJO0 AJWH BOJIH, TO, CKJAAILIBASCH, BOJHBI YCUIUBAIOT

-~

ADPYT ApYyTa. §

Hanopotus, ecau BTOpas BoJHA OTCTaeT OT IepBOM Ha He-
YeTHOEe YMCIIO IIOJYBOJH, TOo KoJeDaHnsa, BHI3BAHHLIE UMHU, Oy-
AYT DPOMCXOAUTH B IPOTHURBOIOJIOMHBIX ()a3ax, U BOJHLI [10ra-

csIT APYr apyra.
Ecau usBecten pajmyc KpuBu3Hbl R BBRIIYKJION ITOBEPXHO-

CTH JIMH3bI, TO MOMHO BLI'IMCIINTL, HA KAKNX PacCTOAHHAX OT

TOYKH COINPHUKOCHOBEHUSI JIMNBLI CO CTEKJISHHON MIJaCTUHOH
PasHOCTH XO[Aa TAKOBLI, UTO BOJILI OMPEeIeI€HHON JAUHBI BOJI-
HBL A, TACAT APYT APYTa. DU paccToAllUa U ABJIAIOTCA paguyca-
MU TeMHBIX KoJelnl Heorona. Bejgh MMHAM TOCTOAHHON TOJIIIH-
HBI BO3AYUIHOU TTPOCIONHKN 1PC/ICTARISAIOT CO00 OKPYIKHOCTH.
HN3mepuB paguycsl KoJieil, MOMKHO BLIYHCANTE AJXHBI BOJIH.

Jdanua cBeroBol BoJubl. 13 pesysbraTe M3MepPeHHIE OBLIO
YCTAHOBJIEHO, UTO AJIA Kpaciuoro cera A =8 - 1077 M, a gas
duonerooro — Ay =4 - 10 " m. Jliuibl BOJIH, COOTBETCTBYIO-
e APYTUM I[BETAM CHeKTpd, HPHIUMAIT IPOMEIKYTOUHbIE
smauenud. [[aa moboro npera jJJuia CBCTOBOM BOJHBI OYeHB
maga. IlosgcumM 3TO0 Ha npocrom pnmepe. IpeacraBeTe cebe
CPeSHIO MOPCKYIO BOJHY AJIHHON BOJIHLI B HECKOJIBKO METPOB,
KOTOpasd YBeIHUYMJIACH HACTOJLKO, YTO 3aHAJMA Bech ATJaM-
THUYECKUH OKeaH oT OeperoB Amepuru 0 Epponst. [{nnHa cBe-
TOBOH BOJIHBI, YBEJIMYEHHOW B TOH K¢ LIPONOPIUMA JUIUTE HEHA-
MHOTO OPeBBICHJIA OBI IMUPUHY HTON CTPaHIibI.

fABnenne mHTEPpOEPEHITUU HC TOJNLKO JIOKASLIBACT HATUUHE
y CBeTa BOJIHOBBIX CBOMCTB, HO M 1103BOJISICT W3MEDHATh AJIUHY
BoJaHbI. I[Tomo6HO TOMY KakK BBICOT 3BYKi OHPCHACHSETCS ero
YAaCTOTOH, IIBET CBEeTa OHPEAEesIAeTcs HacToTol KoJIeOAHNT U
IJIMHOM BOJHBI.

B npupoze HeT HUKAKHX KPACOK, ¢CTh JIWIIL BOJTHBI PA3HbIX

JJIMH BOJIH. I'1a3 — CJIOKHBIA GusuuccKkuil npubdop, coocoOHbBIN
OOHAPYKUBATHh pasjUdre B I[BETE, KOTOPOMY COOTBETCTBYET
BecbMa HeaHauuTeabHad (0koxo 10 ° cMm) pasHuna B AmHAX CBE-
TOBBIX BOJIH. MHTEpECHO, UTO BOJBIIMHCTBO XXUBOTHBIX HE CIIO-
cobHBI pasanyaTh 1iBeTa. OHMU Beeraa BUAAT YePHO-0eayI0 KapTu-
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ny. He paszauuaror 1isera Taxxe
JaTbTOHUKY — JIIOOU, CTPasalo-
—_— Iiue BETOBOM CJIEITOTOM.
ﬂ‘[lN“ “‘ﬂ\m Ilpu nepexoje cBeTa u3 Of-
HOM cpeibl B JApPYryw AJIHUHA
BOJIHBI UBMEHAETCA. ITO MOIKHO
YBUZETHh. 3AaHOJHHM BOLOM MJU
ADYToil IPO3pavHOH KUAKOCTHIO C IIOKAa3aTeseM IpeJoMIeHnd
n BO3ZYHIHYIO IIPOCJIOUKY MEMIy JIMH30U M IJIacTHHOH. Pa-
AUyCHl HHTeP(hEePEeHIMOHHBIX KOJell YMeHbIIIaTCsd.,

Ilouemy aro mpomcxoamr? MbI 3HaeM, UTO IpHU Tepexoie
cBeTa M3 BaKyyMa B KaKyIO-HHOYIL Cpeay CKOPOCTL cBera
yMeHbIIaeTcs B n pasd. Tak Kak v = AV, TO IPH 3TOM LOJXKHA
YMEHBHINTLCA B 1 pasd Jubo vacrora v, Aubo AJAUHA BOJHEI A.
Ho paguyce! kosen 3aBucAT OT JJIMHBI BOJHEI, ClenoBaTeabHO,
KOr[a cBeT BXOJUT B CPeAy, UBMEHSIeTCA B N Pa3 MMeHHO AJIHu-
Ha BOJIHBI, 4 He YacToTa.

HuTtepdepenuna 3jieKTpoOMaraMHTHLIX BOJH. B onbiTax ¢ re-
HepaTtopoM CBY morkHO HabimogaTh HHTEPGEPEHIIUIO 3JIeKTPo-
MarHuTHBIX BOJH (paxmoBoiH) (cm. § 54).

T'eHeparop m mpueMHUK DPACHoONararT APYr IIPOTUB ApYyra
(puc. 8.50). SaTeM HDOAHOCAT CHU3Y METAJIMYCCKYIO TLJIACTAHY
B F'OPHU3OHTAJIBHOM TI0J0KeHuH. [locTenenno moguumast ILIacTH-
HY, 00Hapy:KUBAIOT MOOUYEpeAHOe OciabIeHue 1 YCUIeHNe 3ByKa.

fIBneHMe obbAcCHAeTCA caenyoiuM oOpasoM. YacTh BOJIHEL
M3 pyllopa TeHepaTopa mnonajaeT HENOCPEeICTBEHHO B IIPUEM-
HBIH pynop. [pyrasa ’ke ee 4acThb OTpaskaeTcsa OT MeTaIHde-
CKOM IacTWHBI. MeHsisg pacmoJio)KeHue IJIaCTUHBI, Mbl H3Me-
HAEM Pas3HOCTh X0Ja NpAMOIl U OTpa’kKeHHOI BoJH. Benegcrsue
9TOTO BOJHBI JUOO yCHIMBAIOT, JubO 0CaabiaAT APYyr Apyra
B 3aBUCHMOCTH OT TOTO, PaBHA PA3HOCTL XO[a LEJIOMY UUCIY
JJUH BOJH UJIU HEUETHOMY YHMCJIY TIOJIYBOJIH.

Puc. 8.50

HaGaogerne naTepdepeHIINN CBeTa JOKA3bIBAET, UTO CBET
IIpY PACIPOCTPAHEHUH [IPOABJISAET BOJIHOBLIe cBOMcTBa. MHTED-
(hepeHUNOHHEBIE ONBITH MO3BOJSAIOT U3MEePHUTh AJAMHY CBETOBOM
BOJIHEI: OHa odYeHbL Mana — or 4+ 1077 50 8 - 1077 M.

1. Kak nonyy4atoT KorepeHTHble CBETOBble BOMHbI}
? 2. B yem cocrtouT siBneHue MHTepdepeHummn ceetal
L 3. C KaKoM (hM3MYECKOH XaPaKTE@PUCTUKONW CBETOBLIX BOMH CBA3aHO

pasnmuune B yBeTe?

4. Nocne yaapa KaMHeM MO NPO3PAYHOMY AbAY BO3HUKAIOT TPELMHbI,
nepenuBaloWMecs BCemH LBeTamM pafyru. Moyemy?

5. Anuxa BONHbI CBeTa B BOJe YMeHbWAeTca B n pa3 (n — nokasatens
NpenoMneHms BOAblI OTHOCHTENbHO BO3AYyxa). O3Ha4YaeT fiu 3710, 4TO
HLIPANbLULMK NOA BOAOM HE MOYKET BUAEThL OKPYMAIoWMe NpeamMeThbl
B €CTeCTBEHHOM cBeTe!

§ 69 HEKOTOPLIE TIPUMEHEHUA HHTEPO®EPEHIINHA

IIpuMesenuA MHTEpPEPEHIUN OUEHb BAaMKHBI M OOIIUPHBI.
CyIIecTBYIOT CIelMaJbHble IPUOOPEl — HMHTEP(HEPOMETPHI,
nmeficTBHE KOTOPBHIX OCHOBAHO Ha ABJeHUN uHTephepernunu. Ha-
3HaYeHMe UX MOYKeT ObITh Pa3INUYHbIM: TOUHOE U3MEePeHHe IJINH
CBETOBBIX BOJH, IOKa3aTeNld MpeJOMJIeHUA ra3oB U APYyTUX Be-
mecTB. UMerorcs nuTepdepoMerphbl CIeNUANBLHOIO HasHAYCHU .
Mgl ocTaHOBUMCSH Ha ABYX NPUMEHEHUAX MHTepPepeHInd.
IIposepka KauecTBa 06paGoTKku moBepxHocTeil. C MoMoIbIO
vHTep(hepeHI NN MOKHO OLEHUTH Ka4yeCcTBO 06paboTKM MMOBEPX-
HOCTH MBIeJINA C TOUHOCTBIO 0 '/, AJUHLI BOJHBL, T. €. C TOU-
HocThIo 0 1076 cM. st 3TOro HYKHO CO3AATH TOHKYIO KJIUHO-
BUJHYIO IPOCJOHKY BO3AyXa Me’KAy II0BEDXHOCTBIO oOpaslia
¥ OUeHb IJIafKol 3TATOHHON niaacTuHol. Torna HepOBHOCTH IO~
BepXHOCTH paszMepoM o 107% cm BBI3OBYT 3aMeTHbBIe HCKPHBJIE-
HUA NHTePEPEeHIIUOHHBIX [I0JI0C, 00pa3yIoIUXCcA IIPU OTpaXKe-
HUH CBeTa OT NPOBEPAEMOU MOBEPXHOCTH M HMKHeH IpaHM.
IIpocsernenue ontukn. OOBEKTUBH (POTOANINAPATOB M KHU-
HOIIPOEKTOPOB, IEPHCKOIBI IOABOAHBIX JONOK M DasjiMyHbIE
IpyrHue OINTHYEeCKWE YCTPOMCTBA COCTOAT U3 GOJBIIOTO YHCA
ONTHUECKUX CTEKOJ — JHUH3, npusM u ap. Ilpoxonsa uyepes raxue
VCTPOHCTBA, CBET OTPAYKAETCsA OT MHOI'MX IMOBepxXHocTel. Yucemo
OTPAKAOIUX MOBEPXHOCTEH B COBPeMeHHBIX (PoTOOOBEKTUBAX
npesbiniaer 10, a B meprUCcKoOIAaX IMOJBOAHBIX JOAOK HOXOMHUT /IO
40. TIpu najeHuy cBeTa MePIEeHIUKYIAPHO MOBEPXHOCTU JOJIA
OTPa’KEHHOM OT Hee sHepTUU cocTaBigeT 5—9% oT Bcelt sHep-
run. ITosToMy CKBO3b 1Ipubop yacTo mpoxoaut scero 10—20%
IOCTYIIAIOIIEro B Hero cBeta. B pe3ysibraTe 3TOr0 OCBEIIEHHOCTD
usobpakenus mnosgydaercsa cuaaboir. Kpome rtoro, yxyamaercs
KagecTBO n30o0paxenusa. HacTs CBETOBOIO IIy4YKa IIOCJE MHOTO-
KPAaTHOTO OTPasKEeHUA OT BHYTPEHHHUX IIOBEPXHOCTEM BCe XKe
IIPOXOOUT 4Yepes OMTHUUEeCKUI Npudop, HO PACCEHBAETCS U yiKe
He y4acTBYyeT B CO3JaHUHU YeTKOro usobpakenns. Ha pororpa-
(puuecKuX N300paKeHUAX II0 9TOH IIpUYMHE 06pas3yeTcs «Byasib».
Il yeTpaHeHUA STHUX HEIPUATHBIX IOCJE[CTBUU OTParKeHus
cBeTa OT MOBEPXHOCTEeH ONTHYEeCKHX CTEeKOJ HaJ0 YMEeHBIIUTH
OJII0 OTpa)aeMoll sHeprum cpeta. Ilonyuaemoe ¢ 110MOINBIO
npubopa nzobparkeHrue CTAHOBUTCH IPHU 3TOM sip4e, 1POCBeTd-
erca. OTcoza U IPOUCXOAUT TEPMUH NpOCBeMACIHUC ONMUKU.
ITpocBeTsieHue ONTHKY OCHOBAHO HA ABJIEHUM MHTep(depeH-
muu. Ha MoBEpXHOCTH ONITHUYECKOT'O CTEKJIA, HAIIpUMED JIUHBHI,
HAHOCAT TOHKYIO IJIEHKY C IIoKasarejeM IpeJoMJeHus n,,
MEeHBIIUM IOKa3aTess IPeJOMJIeHUsa cTekaa n,. Jjda 1pocToTel
pPaccMOTPUM CJydaldl HOPMaJIbBHOTO IIaJeHUs CBeTa Ha ILJIEHKY.
Ilns ynpollleHusi NOHMMaHHUA Ha pucyHke 8.51 mokasan
XOL JIyda, Mafaloliero Ha IMOBEPXHOCTDH pasjesa 1oj HebOJb-
UM YIJIOM O, OJHAKO BCe BBIUMCIEHHUA AenaeMm aaa o = 0.
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ol1 2 Passocts x07a cBeToBBIX BOH [ u 2
(cMm. pmc. 8.51), oTpaeHHBIX OT BepPX-
Hell M HUKHeH [NOBEePXHOCTEH ILJIeHKH,
paBHa YJBOEHHOU TOJI{HHE MJIEHKU 2A4.
Janraa BOJHSBI A, B IJICHKE MEHBILE IJI-
\ HBI BOJIHBI A B BaKyyMe B 71, pas:

ne Jlna roro uTobnl Boaubl 1 u 2 ociab-
JAMN APYT ApYyra, PasHOCTb XOAa HOJIK-
Ha OBbITE paBHA HOJIOBUHE IJIUHBLI BOJHBI
Puc. 8.51 B IIJIEHKeE:

}\'I‘I )\'
2 2n,°

Ecam aMmouryasl 06erx OTpa)keHHBIX BOJH OJMHAKOBBI
WK OYeHb OJIM3KHU APYT K APYIY, TO raiueHue ceera OyaeT IoJj-
HbIM. YToO6bI mOOUTHCA 9TOT0, MOAOUPAIOT COOTBETCTBYIOIMUM
o0pa3oM IOKasaTesb IPEeIOMJICHUA ILJIEHKH, TaK KaK UHTEH-
CUBHOCTB OTPa>K€HHOI'0 CBETA ONpeAessieTcs OTHOIIEHHEM KO-
20PHUNEHTOB IIpeJIOMJIeHUS JABYX TPAHUUAIIUX Cpe.

Ha nun3y npu 0OOBIYHBIX VCJAOBUAX IajzaeT Oelblll cBerT.
Bripasxkenue (8.16) nmoxaseiBaer, uro Tpefyemas TOJIIMHA
IJIeHKHW 3aBHUCUT OT AJIMHBLI BOJMHEI. [Io9TOMY OCyIIeCTBUTE ra-
IIeHHre OTPaskeHHBIX BOJH BCEX YACTOT HEBO3MOXKHO. Tomimuny
OJeHKH IIoA0uparoT Tak, YTOOLI ZOOUTHLCA IIOJHOTO TallleH’S
Opyd HOPDMaJbHOM IAJleHUW [OJs JAJUH BOJH CpefHeld YacTu
CIIeKTpa (3eseHbIl user, A, =~ 5,5 - 107° cm). Ona gomxHa GBITH
paBHA 4YeTBEPTHU JJHUHBLI BOJIHBI B ILJIeHKE:

A,
4n -’

Orpaxenue cBera [Id KpPallHUX YYACTKOB CcIIeKTpa —
KpacHOTO M (puoseToBOT0 — GyHEeT HECKOJbKO MeHbuiuM. Ilo-
9TOMY OO0BEKTMB C IIPOCBETJIEHHON OITUKOM B OTPaKeHHOM
CBeTe UMeeT CHPEHEBBIH OTTEHOK.

Ceitgac Jla)ke MPOCThIe JlerieBble (hOTOANIIAPATEI CHaGKeHEbI
IIPOCBETJIEHHON ONTHUKOM.

2h =

(8.16)

lamenue cBeTa cBeTOM He O3HAUAET NIPEBPAIEeHUE CBETOBOM
oHeprum B gpyrue ¢opmbl. Kak 1 npu narepdepeHny MexaHu-
UeCKHMX BOJIH, TallleHWe BOJH APYr APYIoM B AaHHON olisacTu
IHPOCTPAHCTBA 0O3HAUAET, UTO CBETOBASA SHEPTUS CIOfa IIPOCTO He
nocrynaet. I'ammenne oTpaskeHHBIX BOJH Y 0G'beKTHBOB C IIPO-
CRETICHHOW ONTHKOM HPUBOJUT K TOMY, UTO BECh CBET IPOXO-
AT CKBO3L O0'BEKTHUB.
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§ 70 IUOPAKINS MEXAHAYECKHX BOJIH

Hepeaxo BOJIHa BCTpedyaeT Ha CBOEM IYTH Hebosbime (110
CPaBHEHMIO C [JIVHOH BOJHBI) NPENATCTBUA, KOTOPbIE OHA CIIO-
cobHa ormbarh. Korma pasMepsl MPeNsTCTBAN MaJjbl, BOJHBIL,
ormnbasg Kpas NPEnATCTBUI, CMBIKAIOTCA 34 HUMH. Tax, mMop-
CcKMe BOJIHBI CBOGOAHO OTM6alOT BBHICTYLAIONIMIN M3 BOABI Ka-
MEeHBb, eCJIU ero pa3Mepsl MeHbIlle [JIWHBI BOJHBL UM CPABHU-
MbI ¢ Hel. 3a KaMHeM BOJHBI PACIPOCTPAHAIOTCA TaK, Kak
ecsii GBI ero He 6HLI0 coBceM. TOUHO TaK Ke BOJHA OT GpOoIieH-
HOTO B IIPYJ KaMHA orubaer Topualiui 13 BOABI IPYTUK. Toab-
KO 3a ITpemsATCTBHEM OOJBIIOro 110 CPAaBHEHUIO C OJINHOH BOJI-
HBI pasMepa (60JBIION KaMeHb Ha PHUCYHKE 8.52) obpasyercs
«TeHb»: BOJHBI 32 HEro He NPOHMUKAIOT.

Croco6HOCTHI0O OrubaTh INpenATcTBHAA 00JaJal0T B 3BYKO-
gBIe BOJHBI. BBEI MOKeTe CIAbIIIATH CUTHAJ MAIIWHBI 34 YIVIOM
noMa, KOrJa camoil MallVMHEbI He BUAHO. B jecy AepeBbi 3ac/i0-
HaoT Bairux ToBapuireii. IToObl WX He MOTEPATH WJIN HE I10-
TEpATLCA CaMOMY, Bbl HaYuHaeTe KpUYaTh. 3BYKOBBLI€ BOJHBI
B OTJIMYME OT ¢BeTa CBODOAHO OormbaioT CTBOJIBI JI€EPEBLEB U AO-
HOCAT Baml rojoc 10 rtopapuiiei. OTKIOHeHWE OT IIPAMOJIN-
HeHHOro pacHpocTpaHeHns BOJH, WJIH orubaHime BOJHAMH IIpe-
HATCTBU — HashipaeTcs aupparuueit’. Judpaxnusa npucyia
M06OMY BOJHOBOMY IPOUECCY, TAK e KaK U HHTepPdepeHIn.
Ilpu gudpakuuy MPOUCXOAUT HCKPHUBJIEHUE BOJIHOBBIX IIO-
BEPXHOCTEeH y Kpaes OpenATCTBUH.

Mudpakius BOJIH NPOABIAETCA 0OCOGEHHO OTUETINBO B CIY-
yafx, KOrJa pasMepbl NPENATCTBAN MeHbIIe AJIMHBI BOJHBI
WM CPAaBHUMEI ¢ Hell.

Sipenme mUMPAKIMM BOJH HA IMOBEPXHOCTH BOABI MOXKHO
HabMI0qaTh, eCaH, HalpUMep, NMOCTABUTH Ha IYTH BOJH SKPaH
¢ YB8KOH IIeJNbIo, PasMepbl KOTOPOW MeHbIe IJIMHB! BOJHBI
(puc. 8.53). B aTOM OmBITE XOPOII0 OBIBAET BUAHO, ITO 38 9KPA-
HOM pAacCIPOCTPAHSETCA KPyronasi BOJHA, KaK ecaIu OBl B OT-
BEpPCTHH 9KPaHa HAXOAUJIOCH KO-
Jebiionteecsi Te€JIO0 — HMCTOYHHK
postH. Cornacuo npuranuny I'ioi-
reHca TaK ¥ JOJIMKHO ObITH. BTo-
pUUHBIEe NCTOUHUKH B Y3KOH I11e-
JIM PACIIOJIATAIOTCA CTONh OJIM3KO
IpYyr K OPYyry, YTO MX MOXMHO
paccMaTpUBaTh KakK OJUH TOYeH-
HBI!I UCTOYHUK.

Ecnu »Ke pas3Mephl IIeJIH Be-
JUKW II0 CPABHEHWIO C AJIUHOM  pyc 8.52

1 Or narusckoro cuaosa difractus — pasjIoMaHHBIN.
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Puc. 8.53

Puc. 8.54

HUS B %
i OJTHOBOU ITOBEPXHOCTH, B Pe3YJIbTATe Yero BOJIHA YACTHY-
POHUKAEeT U B IPOCTPAHCTBO 34 9K pPaHOM.

IIpuunun Toltrenca TIO3BOJIAET IIOHST
AUT audpakuua. Bropuunbie BosiHb
MU Cpelbl, IPOHUKAIOT 3a Kpas npen;{
'O Ha IIYTU PaCIPOCTPAHEHUS BOJIHLL.

b, IIoYeMy IIpoucxo-
HCIIyCKaeMble y4dacrka-
TCTBUA, PACHOJOKEHHO-

? 1. Npusegute nNpumepsl Anpakumm BonH, He YNOMSAIHYTbIE B TeKCTe.

2. NMpu KaKux ycnosusx audbpakums son nposiensercs oco6eHHo or-

® YyeTnueo!

§71 AADPAKIIUA CBETA

oo Ecgm CBeT LIpeACTaBseT cO60M BOTHOBON mpolecc, To Ha-
b éaTya PI:IeHTepQ);)peHuHeH AOJKHA Habmogarsed u audparknus
. Ab TUMPPaKIIuSI — oruban
L He BOJHAMU KpaeB I
omera. Be pensr-
o ngz; . np(x;)cyma J:060My BOJHOBOMY aBMkeHmio. Ho Ha
AUMDPaKIUIO cBeTa HeJer : i
KO, TAK KAK BOJIHBI
HAIOTCA OT NPAMOJMHENH , orrinte
OI'0 pacIpoCTpaHeHUsA H
YIJIBL TOJIBKO HA IPEIATCT C coamr
T BHUAX, pasMephl KOTODBI
C AJIWHON BOJIHBI, a AJ 7 e Mt o e
, VHa CBETOBOII BOJHL
3HaeM, OYeHb MaJa. v T B A
I .
- p;g}}frc(;;agagormnn LIy90K cBeTa Yepes MaleHbKOe OTBep-
s JIOAATE HAPpYHIeHNe 3aK0H 7
a IPAMOJINHeHH
pacupocTpaHeHUs cBeTa: o
! CBeTJIOEe MATHO Ha 9Kpa
P g PaHe IPOTHUB OT-
pgﬁff%ﬁi m\gz'rlbs g%ﬂbmne PasmMepsl, YeM pasMepsl IyuKa
a. r. T. ¥Our, or % :
. T. KPBIBITUN UHTEep(E
IIAI0 CBeTa, IOCTaBHI K e o
JaCCUYECKHUH OmbIT
(puc. 8.55). B men % oon AL
. 8.55). PO3PavHON IMIMpPMe OH IIPO %
‘ KOJoJ O0yJaaBKO
/\BA MaJIEHBKUX OTBEpCTHs B b . H
u C Ha HeGOoJbIIOM
/APYT OT mpyra. 3Tu OTBep v caetoniin
A . CTHA OCBEIAJINCH Y3KUM
IY1KOM, IPOMIEIINM Yepe roft tm.
3 MaJioe oTBepcTUe A B %
Me. Ume 7| Ao
ve. (.”e;mo 9Ta JeTanb, 10 KOTOPOH OYeHBb TPYLHO OBLIO ,110/15—
! I.'I,‘) TO BpeMsd, pelIusia ycmeX OIIBITA. Hurepdepupyior
Il TOILKO KOTepeHTHBIe BONMHLl. Bosuukimasg B COOTBETCTBUU
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¢ npuununom [rofrerca chepuye-

cKas BOJHA OT oTBepcTusa A Bo30y- maE S——
smaana B orBepetuax B u C xore- A

peHTHEIe KoJsiebaHuA. BeiencrBue

gudpaxnun ot orBepctuit B u C

BBIXOAMJAM JBAa CBETOBBIX KOHYCA,

KOTOpbIE YACTHYHO IePeKphIBa-

Juck. B pesyabraTe HHTepdepeH-

WU 3THX ABYX CBETOBBIX BOJH Ha

JKpaHe MOABJAJNCH Yepeayroliue-

¢s1 CBeTJIble ¥ TeMHEBIE TI0JIOCHL. 3a-

KpBIBAsg OJHO U3 oTBepcTuit, HOHT

obHaApYKWI, UYTO HHTephepeHiiu-

OHHBIE TIOJOCH ucuesanu. ViMmernHno AR SENEEN  SSE—
¢ TIOMOIIBIO ATOTO OIIBLITA BIEPBLIE
Hurom 6L HU3MepeHbl JJINHBI
BOJIH, COOTBETCTBYIOIIHE CBETOBBIM
Jy4aM pas3HOro IIBeTa, IIpudeMm
BeChMa TOYHO.

Teopusa ®penens. Mccnenosa-
HHe audpakimuu ObLIO 3aBEepPIIEHO
B paborax O. ®peHeusa. PpeHens
He TOJbKO 0OoJjiee NeTajbHO HCCle-
0BaJ pas3iuyHble ciydau JU(ppaK-
MM Ha OIBITEe, HO M paspaboran
KOJUYEeCTBEHHYIO Teopuio JudpaK-

LMY, TO3BOJISIONLYI0 B mpuHImme PHC 833
paccunTtath ZUGPAKINOHHYIO Kap-
TUHY, BOSHUKAIOIIYIO IIPU OTMGAHNH CBETOM JIFOOBIX NPEIATCTBHM.
W™ e 66110 BIIepBhIe 00bACHEHO IPAMOJMHEAHOe PaCcIIpocTpa-
HeHMe cBeTa B OJHOPOJHOII cpeje HA OCHOBe BOJTHOBOM TEOPHUM.
dtux ycunexos @®penesb AobumiacdA, OOBeAUHUB TPUHIUN
Tioiirenca ¢ nxeeil HHTepPepeHINY BTOPUYHBIX BOJH. Cornacuo
nnee MpeHens kancdas MmouiKa 601HO6020 JPOHMA AGIAA-
emcsa UCMOYHUKOM 6MOPULHBLX 60/LH, NPUYEM 6C€ GMO-
puunble UCMOYHUKU KOZePeHmHbL (NPUHYUN Twieenca
Dpenens).

HOusa Toro 4To0Bl BBEIYMCIUTH AMIUIUTYAY CBETOBOI1 BOJIHBI
B m1060f TOUKE IIPOCTPAHCTBA, HAJO MBICJIEHHO OKPYXHTh UC-
TOYHUK CBera 3aMKHYTOH mnoBepxHocThio. HuTepdepenHuns
BOJH OT BTOPDMUYHBIX HMCTOYHHUKOB, PACIOJOMKEHHDLIX Ha JTOH
[IOBEPXHOCTH, OIpeJeaseT aMIUIUTYAy B PaccMaTpuBaeMou
TOYKe IIPOCTPaHCTBA.

Taxue pacueTs! TO3BOJUIHN HOHATh, KAKHM 0OPa30M CBeT OT
TOUEUHOTO UCTOUYHHMKA S, HcHycKapmero chepriueckiie BOJIHEL,
HOCTHraeT MPOM3BOABHON TOUKM B mpocrpancrsa (puc. 8.56).
Ecam paccMOTpeT: BTOPHUYHBIE HCTOYHHKH Ha chepudeckoi
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®PpeHens Orioctex (1788—1827) —

paHLy3cKUit husuK. 3anoun ocHOBLI BONHOBOM
onvtukn. [Lononxus npuHumn Mosirenca maeen uHTep-
PepeHLM BTOPUUHBIX BOMH, paspaboran KosmuecTaeH-
HYO Teoputo audpakumm. Ha ocHose 3Ttoro nNEUMHLMNG
0B BACHUN 3aKOHbBI r€OMEeTPHUECKON ONTHKM, B 4acT-
HOCTU NPAMONMHENHBIN XapaKkTep pacnpocTpaHeHus
¢BeTa 8 oaHopoaHok cpene. Cospan npubmoKeHHoI
METOA pacyeTa AMPPAKUMOHHOM KaPTHHBLI, OCHOBaH-
Hblit HA Pa3AEeneHu BONHOBOM MOBEPXHOCTH HA 30HBI.

Briepsbie pokasan nonepeurocTs ceeTosbix BOMH.

BOJIHOBOM ITOBEDXHOCTH pagmycom R, TO pes3yabTaT uHTep(de-
PEHIINU BTOPHIHEIX BOJH OT BTHX UCTOYHHKOB B TOuKe B oka-
SbIBACTCH TAKUM, KaK €CJIU Obl JINIIL BTOPUYHDIE HCTOIHITKI Ha
MaJIOM ChepUYECKOM CerMeHTe ab HOCBHLIAIN CBET B TOUYKYy B.
Bropuunere BonubI, ncnymennbre UCTOYHUKAMH, PACIOJI0MKEH-
HBIMM HA OCTAJIBHOX 4YaCTHU IIOBEPXHOCTU, TACHT APYyT Apyra B
besynbrare uHTepdepennuu. Ilosromy Bce IIPOUCXOAUT TaK,

KaK ecau Ol cBeT pPacipocTpananica BLoabL npamoi SB, T. e.
IPAMOJIUHEHHO.

Ha ocmoBe sroit Teopuu DpeHenb AZOKA3AJ OPAMOJIHHEH-

HOCTh PaCHPOCTPAHEHUSs cBeTa u paccMOTpes KoJnYecTBeHHO
AUDPAKIIUIO HA PABIMYHOTO PoJia IpenATCTBUAX.
Andpakouonnsie KaPTHHBEI OT PAINMYHBIX HPENATCTBMIL.
Pacuerrnr, cnenannrie DpeHeseM, TOJTHOCTHIO GBLIN IIOATBEPMK-
ACHBI oKciepumMeHToM. M3-3a TOro 4To giuHA cBeTOROIH BOJIHbBI
OYeHb MaJa, yroj OTKJOHEHUsI CBeTa OT HalpaBJIEHUS TPIMO-
JIMHEUHOTO PACHPOCTPaHeHUs HeBesinK. Ilosromy s orver-
JIABOTO HAOMIOAEHUA AUDpAKIUM HYXHO JH00 HCIOJIB30BATEH
O4Y€Hb MaleHbKWe IMPEUATCTBUA, JIHO0 He pacmojiaraThk sSKpan
AaTeKo oT mpensatcTBuii. IIpu paccrosHuyu MeMXJYy IIpenAaTrcT-
BUEM ¥ JKPaHOM MHOpPAAKa MeTpa PasMepBl IPEnsTCTBUSA He
AOJKHBI IPEBBIIATE COTHIX AOJeil muinumerpa. Ecin sxe pac-
CTOAHUE N0 9KPaHa NOCTUTAET COTEeH METPOB MJU HECKOJbLKUX
KHJIOMETPOB, TO AUMPAKIINIO MOMKHO HabJI0gaTh HA TpemATcT-
BUAX pasMepaM¥W B HECKOJIBKO CAHTHMETPOB U Ja’Xe MeTDOB.

Ha pucyuxe 8.57, a-—6 cxema-
TUYHO IIOKA3aHbI JUQPAKIIUOHHDBIE

R KapTUHBI OT Da3JIMYHBIX IIPEIIsiT-
_ a CTBHI: @ — OT TOHKOI IIPOBOJIOY-
) g KHU; 0 — OT KDPYIJIOTO OTBEPCTHS;

S

6 — OT KPYTIJIOT0 3KpaHa.
BmecTo TeHm or mposomouku
BUJAHBI CBETJIbl€ M TeMHBIE II0JIO-
Puc. 8.56 Chl; B II€HTDe AUPPaKIIUOHHOI
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Puc. 8.57

KapTHHLI OT OTBEPCTHUSA HOABJIAETCS 'EeMHoe OATHO, orc(;))gﬁ;il({):
HOe CBeTJIBIMM U TEMHBIMM KOJIbIIaMH ; B IeHTPe TeHH, a}():aMa
BaHHOI KPYIJIBIM DKPAaHOM, BUJHO CBETJIOE IIHTHI)IHIKO&;MH
TeHb OKPYXeHa TeMHBIMH KOHIIEHTPUYECKUMU Konbé aH.n N
JIro6onbITHRIN cayuail npousolea Ha 3acefaHnu Pp CT;’;_
ckoit akageMuu Hayk B 1818 r. Oqun I/IEIS/I gtégHTb;x:{ 'II‘IOpII:II?;'l(;OpHH
Ha 3acefaHun, odpaTnj BHUMAaH 5
g?;::{ziﬂ BI:ITeI?aIOT daxTbl, ABHO npOTHBopeqamneH:zIEa;(I);vg
cMmbicay. Tak, npu onpegesieHHBIX p:f;a;p;z)( ol;rgfé);:;nxa ope-
X DAcCCTOAHUAX OT OTBEp
ille:fl{e}l){;{;; B III)GHTpe CRETJIOrO IIATHA AOJKHO HaonnTb?vil T;amoréc;e:
HOATHBINIKO. A 33 MaJeHbBKHM HeNPO3padYyHbBIM ,uncrco;ﬂ/,l ta0bo-
pOT, MOJIXKHO HAXOAUTHLCH CBETJIOE IIATHO B IIEHTPe 're:a 3}{‘cnep1/1-
BO Ke OBLJI0 yAUBJIeHNE YUEeHBIX, Korja IIOCTaBJIeH'HbI
MEHTHI JOKA3aJI1, UTO TaK U eCTh Ha CAMOM JeJIe: . Boo
I'paEMUBl NPHMEHHMMOCTH reOMeTPpHYeCKOH OmIT X é v
dusHUeCKHe TEOPUH o'rpamalozl nponc%zglﬂgélgz ;Hn%p:gyﬁ Jbo-
Imecchl JHUIIL OpubnmierHo. Has o v Serre
bl OmpezesieHHbLIE I'PDAHWIIEI €e IIPUMEHUMOCTH.
J};I:Ialigﬁmeﬂalu)‘bl; KOHKPETHOM ciIydae JaHHYIO Teopglz ;111{1/;1 :ae:r;
3aBUCUT He TOJBKO OT TOH TOYHOCTH, }co'ropglo o erI enBac
9Ta TEOPUS, HO M OT TOr0, KaKas TOUHOCTE TPe yercs rIp 143 eure-
HUM TON WY WHOH mpakTtudeckoi 3agauu. I'paHUIls p})c o~
MOCTH TEOPUH MOYKHO YCTAHOBHUTE JIMIIb IIOCJIE TOTO, Kami)el;pm
Gorana GoJiee 001asa Teopusa, OXBATHIBAKOIIAA Te e A !{ec}coi/’;
Bce aTu 061111e MOJ0KEeHNA OTHOCATCA U KUI‘eOMeTpI/I‘ Ko
ONTHKEe. DTa TeopUdA ABIAETCA NPUOIMIKEHHOH. Omna ne(,rlrdo o
Ha 0O0BACHUTL, HAIIpUMeD, ABJICHUA I/IHTeszepeHlmfli;I ;mfm-
dpaxnun cBera. Bosee obmeld u 60.1366 TOYHOH Teopue A
eTcs BoJgimoBad ontmka. CormacHo ell, 3aKOH npumo‘{n‘n;{qecmoﬁ
pPACIPOCTPAHEHUs CBeTa M APYyrue 3aKOHBI TeoMeTp

IUOHHON KapTH-
1 Mamenss auaMeTp OTBEDPCTHS, MOMKHO B IEHTPe JAuppaKiy ] afm
HBI IIOJAYYHUTh U CBETJIOE IATHO, OKPYXKEHHOE TEMHBIMU U CBOT/ILIMH KOJIbL .
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OITMKH BLITIOIHAITCA HOCTATOYHO TOYHO JIUIIL B TOM CiIydae,
€CJIN DASMepBl IPENIATCTBUN Ha IyTH PACTIPOCTDAHEHHUS CBeTa
MILO20 Oonbue ONUHBL c8emo8oil 601HbL. Ho COBEPIIEHHO TOY-
10 OHU He BBINTOJHAIOTCA HUKOTZA.

HeiicTBre onrtumuyeckux IpU6GOPOB ONMUCHIBAETCS 3aKOHAMU
reOMeTPUYeCKON ONTUKHU. COrIacHO STHM 3aKOHAM MOYKHO pas-
JIMHATh C IIOMOINBI0O MUKPOCKOIA CKOJIb YIOJHO MaJIble AeTaan
00BeKTa; C IOMOIILIO TEIECKOIIA MOKHO YCTAHOBUTH CYIIECTBO-
BaHue ABYX 3Be3[] NpPU JMIO0BIX MAJBIX YIJIOBHIX DPACCTOAHIMIX
Mexy HUMU. OOHAKO B AeHCTBUTEIBHOCTH HTO He TaK, ¥ JUIIb
BOJIHOBafA TEOPUs CBeTa IMO3BOJAET pazobpaTbecs B IPUYKUHAX
npefiesia paspemiamomeldl CrocCoGHOCTH ONTUYECKUX npHubopoBs.

Paspemarman croco6roctn MHUKPOCKOIIa M TeJeCKOHa.
Bosnnosas mpupona ceera mamaraer npenes Ha BO3MOXKHOCTD
Das3Iu4vaTh geTaJMu IIpeAMeTda WJIM OYeHb MeJKue IIpeaMeThI
IpY UX HAGIIOAEHUH C IOMOIILI0 MUKDPOCKOTIA. Hudbpaxkousa me
TIO3BOIAET NMOJYUYUTH OTUETIMBBIE U300PAKEeHNA MEJTKIX npen-
METOB, TaK KaK CBET PacCIpPOCTPaHAETCA He CTPOrO LpPAMOJIH-
HeTHO, a orubaer npegmers!. M3-3a 5Toro U300paKeHUA MTOTyYa-
IOTCsI PABMBITBIMU. ITO IPOUCXOJUT, KOTAA JHHeHHbIE pasmepsl
IpeIMeTOB MEeHbIIe JJIUHBI CBETOBOM BOJIHEI.

Oudpakiusa taxske Hajaraer mpeZiesl Ha paspelIaroIiyio
CIIOCOOHOCTE TeJsieckomna. Besencraue AUPPAKINY BOJH y Kpasd
OIIpaBbl O0'BbEKTHBa M300parkKeHHeM 8Be3ABl OygeT He TOUKa,
4 CHCTeMa CBETJIBIX M TeMHBIX Kosel. Ecau gBe 3Beansr Haxo-
AATCA HA MAJIOM YTJIOBOM DACCTOAHWM APYT OT APYra, TO BTU
KOJIbIIA HajaralTcA APYT Ha APYra, U ras He MOYKET pasJmn-
UUTh, HMMEIOTCS JIM [Be CBETAIIMECS TOYKM MJIH OXHA. IIpe-

ACJIBHOE YIJIOBOE PACCTOAHME MEXKAY CBeTSAIINMMUCH TOUKaMH,
[IPM KOTOPOM MX MOXKHO Pas3jINyYaTh, ONPEeIeIAeTCs OTHOIICHH-
€M JJIMHBI BOJHEI K ANAaMeTPy 00'beKTUBA.

ITOT IpUMep TMOKA3bIBAET, YTO C AudpaKknuell IPUXOIUTCA
CUHUTATBCA BCETAA, IPU JIOObIX NPEIATCTBUAX. Ko IIPH OYEeHDL
THIaTeIbHLIX HaOMIOLeHUAX HeJIb3d npeHeOperaTs U B ciayyae

OPenATCTBUN, Pa3Mepbl KOTOPBIX 3HAUHUTEIBHO OoJsblre, yem
AJNHA BOJIHEL.

Hudpakxnus ceera omnpegpenser IPaHUNLI IPUMEHHMOCTU
reoMeTpuuecKoil ontuku. OruGanue cBeTOM HpEeNnAaTCTBUN Ha-
JlaraeT Ipefesl Ha paspellarllyl0 CHOCOOHOCTb BaiKHEeMIIMX
OITHYECKUX WHCTPYMEHTOB — TeJIeCKOIA W MUKPOCKOTA.

1. Kakoe sBnenue nasbiBaercs amcppakument
. Moyemy amcbpakumio mexammueckux Bonw Habnioaate nerye, yem
Ampakumio ceertal
3. Novemy ¢ nomouyblo MHKPOCKONA HeNb3sa yBMAEeTL aTOM!?

4. B Kaux cnyvanx npubnmixeHHo CNpaseanMBbl 3aKOHbI FeoOMeTPHYe-
CKOM ONTHUKK!?
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§ 72 NTHPPAKITNOHHAA PEIIETKA

. o-
Ha sBienud ARQPAKIIMN OCHOBAHO YCTPOHUCTBO OITHUYECK
ro nmpubopa — AUGMPAKIUOHHOU DEIleTKH. Soit coBoKyI-
JIudpakuuoHHas pelierka MPeJCcTaBiIder Cco ,HHX i
HOCTH 0OJIBIIIOTO UUCJIa OUEeHb Y3KUX m;g)en},{ pasnenlgﬂpemeTKy
. Xopoury »
esxyTKamu (puc. 8. I
OPO3PAYHBIMH IIPOM ¢ VIO pettrenicy
10 crHenuaJTbHON AEJIUT ,
M3TOTOBJIAIOT C MOMOIID TRROM Aty
% KJIAHHYIO IJIACTHHY @ap
HBI, HaHOCAIleH Ha CTe wie
mT’pI/IXI/I. Ypeyio MITPUXOB AOXOAUT O Hecx(ij(l)laxggoq*bgg:mm
; XOB ITPEBBINIAET .
1 mMm; o0liee YHCJIO WITPU )
M pelieTw,
HOBble OTIIEUATKHN C TAKO
B M3TOTOBJEHUU >KeJaTHh i
CTeKJIAHHBIMY IIJACTHHAMU.
3a)Karbie MeXXay OByMHA . Hanys
afoT Tak Ha3blBaeMBbIe OTD
UMY KadecTBaMu 00J1ax 5 eI
ol depenymolnuecs y ,
IpeCTaBIISIIOT cO0
D s Pacceuparlinue CBET
cenBaroinye ero. Pa
oTpasKallre cBeT U pac mer
I_II'II‘)pI/IXI/I HAHOCSITCA pe3lloM Ha OTULIN(OBAHHYIO METasJIHN
CKYIO IIJIACTHUHY. 3 o
yECJII/I [IMpUHA TTPO3PATHBIX MieneRt (Hin OTpamamTuIig: ((;/1 e
emy
HA HENPO3pauHBIX IIPOM
moJioc) paBHA @, W LIUPU yricos (i
paccenBaIIUX CBET M0JI0C) PaBHA b, To BenuuuHA d c;KuHOH_
3LIBAETCS MepuoaoM pemeTku. OGBIYHO IEPHUOL nudp
% 10 MmKM. )
HOH pelieTKu MOpALKa i e
PI;CCMOTpI/IM 5JIeMEeHTaAPHYIO Te%p;xéc; un@pam;x;gg;;ﬂ £O_
aer
eTKy (pwuc. 8. man
merkn. Ilycte Ha pelln I Jan Mo
TOPUYHBIE U
JIHA AJIMHOU BOJHLI A.
HOXPOMAaTUUYECKaA BO TOPHHELe MO
ple B IIeJsAX, cCOo3jaroT b
HUKH, PacloJIOKeHH ro HEL
nsam. Haligem y
uecsd IO BCeM HalpasJeH
D o OTOPON % bl YCUJAUBAIOT APYT
e OT IeJiedl BOJIHEBL Y
BUe, IIpU KOTOPOM HIYII 10T APYT
aCIPOCTPAHSION]
UM, HaIPUMeD, BOJIHEI, P
AT . oy PaszHocTh X008 MeXAY
eJs1eMOM YTJIOM 0.
B HANIPABJIEHUH, OIIPEN I AN
ux meJeil paBHa 4JI
BOJIHAMH OT KpaeB COCelH e
Ecsu Ha 2TOM OTpe3Ke YKJaAbIBaeTCs Iejloe YUCJIO NJIUH BOJIH,

|

i

Puc. 8.58 Puc. 8.59
uc. 8.
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TO BOJ 7 '
o mo. };};13 OT BCEX IMesien, CKJIaAbIBAACE, OyAyT YCHINBATD Apyr
ADyr: .AB S’Iili)le(?)fFOJCIlLI-I-I/IRa llé\l/[BC MOYKHO HANTHU ANMHY KaTera AC:
= = a sin @. Makcumymebl 6y :
T HabJI
YIJIOM @, B COOTBETCTBUH C YCIOBUEM Y onaTRes Hon

dsin @ = +EA, 7 (8.17)

rie BeJH =
gi HymHt({)HI?;ek 0, 1, 2, ... ompegexser OPAJOK CHIEKTpa
Bop 17'1‘1, B BUAY, 4TO DU BBINOJHEHHUU YCJIOBHA (CM
IﬂwmneyOT H )) ycunusawmoT Apyr APyra He TOJBbKO BOJIHBI
e I/z};cH};/Ix (cm. puc. 8.60) kpaes 1reagei, HO u BOJIj
y CeéxX JAPYIrHX TOUYeK 7 %
B / meaenn. Kamgoit Tou
Hﬂrlrftgig;l genn COOTBETCTBYeT TOYKA BO BTODOH Iieju HaxI(c)e
a paccroaHuu d oT 11 % ; i
epBOI TouKu. [lo
HOCTBH XOJa HUCIYI[eHH : oK o
BIX 3TUMH TOUYKAMM B
TOPUYHE
paBé{a kA, n 9TH BOJIHBI B3AIMHO YCHJIUBAIOTCS P o
axpai i(;ug:;con ITOMeU[a0T cOOUPAIOINYIO JUH3Y U 3a Hell
YCHOM DPACCTOSAHUM OT JI v-
nH3kL. JIluuasa ¢
eT JIy4YH, UAyIIue map 2o To
aJllIeJIbHO, B OLHOI %
er , TO4YKe. B 210l TOU-
YPHI;II)OHCXOAHT CJI0KEeHVEe BOJH M WX B3AWMHOE YCUJICHIE
J’[o;{ceH(I[/)I’e i;;c;chézTBopmomne yeaoBumo (8.17), onpegensizor no:
3BIBAEMBIX IVIABHBIX
Hoponme Ta 3 MaKCHMYMOB Ha dKpaHe
ApTUHOM, IOJy4YaeMoii :
B pesyJabTaTe nu
CBeTa, B caydae qudppa 7 e ppa
KUMOHHON PeIeTKH H
abnmopae -
T8 AAaeTCA U
?TI;I ﬁ:;g;;;MKaanHa U OT OTHAeJbHBIX IIesieit. I/IHTeHCI/IB'IZ-IIO
OB B HeH MeHbIIe ‘
oo, UHTEHCUBHOCTH IJIABHLIX
Tak kKax mo
JIOKEeHUE MaKCHMYMOB
Kpo
COOTBETCTBYIOWIEro £ = 0) 3 (epome HEL T peren.
o eToTBYIon / aBUCHT OT AJIUHBI BOJHEI, TO PEIIeT-
ka pa €T beJIbIN CBeT B cleKkTp (cMm. puc. IV, I Ha LIBETHOM
. ) ’
o }cg[,e cn6eR'rpr BTODPOTO U TPEThEro NMOPAAKOB HMepPeKphIBa-
o pac.no M O0JIBIIIE A, TE€M JajbliIe OT LEeHTPaJBLHOTO MaKCUMY-
o bact JIaTaeTCA TOT X UHOM MaKcuMyM, COOTBETCTBYIOITII
KamﬂOszm:He BOJNHEI (cM. puc. IV, 2, 3 ua IIBETHOM BKJEHKe)
o 'g;ry }ﬁ:eﬂnfo k cooTBercTByeTr cBOit HOPALOK cneKTpa'
KCUMYMaMH PAaCIOJION :
€Hbl MUHHUM
ImeHHoCcTH. Yem Gosbnr 7 eaK0 oten
. € 4HCJIO0 1mieneii, Tem 6
e , 0Jiee Pe3Ko ouep-
e ;; Jivgamcnéqymm H TeM boJlee ITUPOKUMMU MUHUMYMaMu oiipn
Hel. UBeToBas sHeprus
nazamIias Ha pe
pacupezenseTcs emo Ta 66 A
K, 4TO OOJIbIIIas ee U
Ha MaKCUMYMBEI, a B 00 ranaOr Homnan
, JIACTH MUHUMYM
TeJNIbHAA YaCTh SHEPTHH. YNOR monaRact mesnawm-
Cn 7
. Toolelc;;gl:o AUGPaKIIMOHHON PeIeTKH MOMKHO IIPOBOANTE
U3MEepeHUs AJUHBI BOJI
Hel. Eciu nepu
iK1 13BECTeH, TO oIpezeJie o 2 oo,
H¥e IJINHbI BOJIHBI CBO
e 11ane OUTCA K U3Mepe-
ll:\l/lll.:I: (f), COOTBETCTBYIOIIIET'0 HATIPABJICHUIO HA MaKCI/IMSE)M
: €CHUIIBI BMeCTe ¢ Ip ;
OMEXYTKAMHU Mex
l . argve LA £ o H
IheacranisHiorT coboit rpy6yio ANPPaKITNOHHYIO peme%lri’cy I/i'IIVIoI/f
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TOMY, €CJM MOCMOTPeTh, MPHUINYPHBIINCH, HA APKUHA HCTOY-
HUK CBeTa, TO MOYKHO OOHADYKUTh DPafxyKHbIE L(BETa. Beabrit
cBeT pasjaraeTcs B CIEKTD IpU AUPPAKNHUU BOKDYT PECHHUIL.
JlasepHBIN AUCK ¢ 6OPO3AKAMHU, IPOXOAATUMH OJM3KO APYT OT
Apyra, mojo0eH OTpaskaTeNbHOU IUPPAKIIUOHHOM pelieTKe.
Ecau BbI IOCMOTPHUTE Ha OTPA KeHHBIM MM CBET OT dJIeKTpude-
CKOH JTaMIIOUKH, TO 00HAPY/KUTE pa3joxeHve CBeTa B CIEKTP.
MoskHO HAGIIOAATH HECKOJbKO CIEKTPOB, COOTBETCTBYIOIUX
pasHbIM 3HaueHMAM k. KapruHa OygeT OdYeHb UETKOM, €CJu
cBeT OT JAMIOUKHM mazaeT Ha IIACTUHKY II0J OOJBIIHUM yTJIOM.

MHOYKECTBO Y3KHX IreJieil Ha HeOOoJbIUOM PACCTOAHUN APYT
OT ApyTa 06pasyeT 3aMedaTe bHbI ontTudecKui rnipubop — Au-
PppakIHOHHYIO pelleTKy. Peillerka pasjaraer CBeT B CIEKTD
1 DO3BOJSET OYeHb TOUHO M3MepATh JJINHLI CBETOBBIX BOJH.

1. 3aBMCHMT M NOAOHEHHE MAKCUMYMOB OCBELLEHHOCTH, CcO3AaBaeMbix

? AM(PPaKLMOHHON PEWETKOH, OT YMcna wenen!
® 2. Yro BLI YBHAHTE, NOCMOTPEB HA 3NEKTPHYECKYIO IAMMOYKY CKBO3b

nTMybe nepo!
3. Yem OTAMHAIOTCA CNEKTPLI, NONyHaeMmble C NOMOILLIO NPH3MBI, OT

IntpakuyroHHbIx cnexkTpos!

[HOIEPEYHOCTH CBETOBBIX BOJIH.
§73  [OJIAPUBALIUS CBETA

fIpienns MHTepdhepeHn Uy u Jrudpakuui He OCTaBAAI0T CO-
MHEHHHI B TOM, HUTO pAaCIpOCTPAHAOIIUKUCA CBeT obnazaer
cBoticTBaMy BoJH. Ho Kakux BOJH — IPOJOJBHBIX MM IIOIIE-
peuHbix?

OauresnbHOE BpeMA OCHOBATCIA BOJIHOBOU OIITH
u DpeHesb CUUTATIN CBETOBbIE BOJIHBI TPONOJIBHBIMHU, T. €. 10~
NOGHBIMY 3BYKOBBIM BOTHaM. B T0 BpeMsA CBETOBBIE BOJIHBI pac-
CMATPUBAINCL KaK yIpPyrue BOJHBL B (UDpe, 3AIO0IHAIONEM
IPOCTPAHCTBO ¥ IPOHUKAIOLLEM BHYTPD BCEX TeJl. Taxue BOJI-
HBI, Ka3aJ0Ch, He MOIJIN OBITh [I0NI€PEeYHBIMH, TAK KaK Ioneped-
Hble BOJHBI, B COOTBETCTBU U ¢ BO33PEHUAMH TOrO BpeMeHU, MO-
I'yT CYII[eCTBOBATH TOJABKO B TBEPAOM TeJe. Ho kak moryr TeJjia
nBUraThbcA B TBepAoM sdupe, He BCTpedas CONPOTHBJIEHUA?
Benpb adup He AOJIPKEH IpensiTeTBOBATh ABUKEHNIO Tell. B mpo-
THBHOM CJiy4dae He BbBITIOJIHAJICS ObL 3aKOH uHepnoun.

OfHAKO IOCTEIIeHHO HAKAILIMBAJIOCH Bee DOJIbIIe 1 GoJbIie
SKCIEePUMEHTANbHBIX (AKTOB, KOTOpbIe HHKAK He yAaBaJoCh
HCTOJNKOBATh, CUMTAA CBETOBbIC BOJHBI ITPOAOJABHBIMU.

OnpITHI ¢ TypMaJauHOM. PaccMorpum o poOHO OJUH U3 Ta-
KWUX 3KCIePUMEHTOB, OUY€Hb IPOCTOH 1 apdperTHBIH. ITO OIBIT C
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KpHUCTalLIaMU TypMaJjuHa (Ipo-
SPAYHBIMU KPHUCTAJIAMU 3eJe-
HOH OKpackm).
\ Kpucrann rypmanunma npm-
HaAJeXUT K YNCIAY TaK Ha3bl-
BaeMBIX OJHOOCHBIX KPUCTAaJ-
J0B. BOo3bMeM NpPAMOYToIBHYIO
Puc. 8.60 NIACTHUHY TYPMaJINHA, BEIPE3aH-
HYIO TakuM o6pasoM, UTOGHBI
OHAa U3 ee IrpaHel ObI
e Ja mapaJi-
Hﬂalg}r{; HO;I/IH Kpucrasnia. Ecan HanpasuTe HopManbHO Ha TaII)CYIO
V4YOK CBeTa OT 3JIeKTpHuye %
CKOH JTaMIIbl MU CO
TO BpallleHue IJIACTHHEI ‘ommn
BOKDPYT IIy4YKa HUKAKOTO
UHTEHCUBHOCTH CBeTa, II o Barsonon
, IPOLIeALIero uepes Hee, H
(puc. 8.60). Moxno noxy et mo
. MaTh, YTO CBET TOJLKO U
TJIOTHJICA B TypMaJUHe o oxpacky.
U npuobpen seJseH
e B 1 OBATYI0O OKpacky.
IO, KakeTcd, U He IIpou
sourno. Ho ato me Tak
CBe;OBaﬂ BOJIHA IIDOSIBUJIA HOBBIE CBOM CBOMCTBA. '
BI/ITBTﬁ ;IOOI;;;Ie CBONCTBA IIPOABJAIOTCH, €CJIH IIyUOK CBETA 3aCTa-
4epe3 BTOPOM TOYHO TaKoOii
W Ke KpucTasa -
MaJ % .
nHa (puc. 8.61, a), napanienbrbIl nepsomy. Ilpu oangg—

KOBO HANPABJICHHBIX OCAX KPH-
CTaJlJIOB ONATL HUYEro MHTepec-

HOTO HE€ IIPOUCXOJUT: IIPOCTO

g. CBETOBOH NyYOK emie 6Gojee oc-
' JabaseTcs 3a CYET MOIJIOL[eHUS

BO BTOpOM kpucramie. Ho ecnn
BTOPOH KPHCTAJJ Bpalarhb, OC-
TABJIAS TEPBBIN HENOABUIKHBLIM
(puc. 8.61, 6), To obmapy:xuTca

YAUBUTEILHOE ABJICHNIE — Tallle-
Hue ceera. 1o mepe yBenmuenus
yrjia MeXay ocAMH HHTEeHCHUB-
&» HOCTb CBeTa yMeHbItaercd. U Ko-
I'Zla OCH NePUeHAUKYIAPHBI APYT
OPYTYy, CBET He ITPOXOLUT COBCEM

(puc. 8.61, 8). O weaukoM mo-

TJIOIIAETCA BTOPHIM KPUCTAJIIOM.

Kak 970 MOxHO 06bACHUTD?
ITontepeyHoCTH CBETOBBIX BOJIH.

W3 ommcaHHBIX BBIIIIE OOBITOB
~ CJIenyIOT ABa BEIBOAA: 80-NepabLy,
CBeTOBaA BOJIHA, UAYHIASA OT HC-
TOYHHMKA& CBETA, HOJHOCTHIO CHM-

MeTPpUYHA OTHOCUTEIHLHO HAIIPAB-
JIEHUS pacupocTpaHeHWA (Ipu
BPaIlleHUN KPUCTAJLIA BOKPYT JIy-

a)

6)

1)
Puc. 8.61
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4ya B IIePBOM OINBITE MHTEHCHBHOCTE HE MEeHAJIACD); 80-6MOPbLX,
BOJIHA, BBLINIE/IIAS U3 TePBOr0 KPHUCTAJLIa, He 061ataer oceBoOi
cuMMerpueil (B 3aBICHMOCTH OT IIOBOPOTa BTOPOrO KpHUCTAJLIa
OTHOCHTEIbHO JIyda WHTEHCUBHOCTH IIPOLIEJIIETo CBeTa U3Me-
HSETCS).

IIpososbHBIE BOJIHEI 06Ja1af0T mostHoit cuMMeTrpueit o OT-
HOLIEHMIO K HAMNPABJIEHIIO PACIPOCTPaHEHHA (K0Je0aHus Mpo-
UCXOOAT BAOJL 3TOrO HaIpPaBJeHWdA, U OHO FABJAETCA OCBIO
cumMerpuu BoaHBI). [ToaTOMy OOBSACHUTE ONBIT C BPALIEHHEM
BTOpOH NIJIACTHUHBI, CUYMUTAsS CBETOBYIO BOJIHY IPOAONABLHOMN, He-

BO3MOXKHO.
IlosHOEe 0OBbACHEHMe ONbITa MOXXHO IIOJNYyYHTh, caesaB aBa

MIPEeAIoJIOKeHN .

IlepBoe MPeANOIOKEeHNe OTHOCUTCA K CAMOMY CBETY. Csem —
nonepeyHas 6oarna. B majawomemM OT 0OBIYHOI'O MCTOYHHUKA IYY-
Ke CBeTOBBLIX BOJIH IIPOMCXOAAT KOJieOaHUsI BCEBOZMOIKHBIX Ha-
npapiaeHuil, TePIEHIUKYJISPHBIX HATIPABJIEHUIO PACTIPOCTPAHE-
Hus BoJH (puc. 8.62).

CorjiacHO STOMY IIPEAIOIO0XEHUIO CBETOBASA BOJHA obiana-
eT OCeBOl cuMMeTpueil, ABJIAACH B TO XKe BPeMdA TIOIepPevHO.
BoJiHBI, HAIIPUMED, Ha TIOBEPXHOCTH BOABI TAKOM cuMMeTpuei
He 0061a7al0T, TaK Kak KoJeOaHWsA YacTUI] BOAbL HPOUCXOAAT
TOJBKO B BEPTUKAJIBHON IJIOCKOCTH.

CeeToBOli IIOTOK, B KOTOpOM KojebaHWs LPOHCXONAT IO
BCceM HaIpaBJIeHUAM, NePIeHIUKYIAPHBIM HANPaBIEHUIO pac-
[IPOCTPAHeHUs BOJIH, HA3blBAETCH €CTeCTBEHHBIM CBETOM. Ta-
KOe HagBaHUe ONpPaBAAaHHO, TAK KaK B OOBIYHBIX YCJIOBHAX
HCTOUHUKM CBETA M3JIydaloT TaKoi HOTOK. JlaHHOe IIPeAroJIo-
sxeHIe O6bICHSET pesyNbTaT [epBOro ombiTa. Bpamenue Kpu-
cTajjia TypMajJunHAa He MeHAeT WHTEHCHBHOCTDH IPOLIENIIEro
cBeTa, IOTOMY UTO Majarollas BoJHa obianaer 0CeBO¥ CUMMeT-
puel (HecMOTpsA Ha TO, UTO OHA norepevyHad).

Bropoe mpeAnosoKeHue OTHOCUTCA HE K CBETOBOU BOJIHE,
a k xpucranay. Kpucmaan mypmaiuna obaadaem cnocoOHO-
CcMmblo Nponyckamos ceéemosvie 60J1HbL C KOe6aHUAMU, NPOUC-

A

Puc. 8.62 Puc. 8.63
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xo0awumu 6 00HOIL onpedesennoil naockocmu (mnockocts P
Ha pucyuke 8.63). Takoil creT HasnIBaeTcs HOJAPU30BAHHBIM
gg}fl;oi(())qﬂee, TIOCKONOJAPHUIOBAHHBIM B OTJIMYHE OT €CTeCT-
Domnoro ;;i;r.a, KOTODBIH MOJKeT ObITh HA3BAH TAKMKe HEeIOJIs-

ITO TPeANoNoKeHNe IOMHOCTHIO OGBICHIET pe3yabTaThl
izol;oro onelTa. M3 mepBOro KpHCTANIa BBIXOMUT ILIOCKOIO-
Me)p;c ﬂso?;naﬂ BOJIH%. Ilpm ckpemeHHBIX KpHCTALIAX (yron

v ocamu 90°) oHa He IPOXOAUT CKBO3b BTODPO¥ Kpu-
CTaJLI. Ecau ocu kpucranios cocraBasgior MeX Ay cob0oi HeKo-
TOPBIM YTOJI, OTJIUYHBIA 0T 90°, TO MPOXOAAT KoMeGaHMS, aM-
[UIATYla  KOTOPBIX PpABHA MPOEKIUM AMILTUTYIbI BO.,TIHI:I
UpOWIeNmeNn Yepe3 NepBBIN KPHUCTAJI, Ha HANpaBJeHUe ocr;
BTOPOT'O KPHCTAJIA.

Urak, kpucrann Typmanwra mpeodpasyeT ecTecTBeHHBIH
CBET B ILJIOCKOIIOJIAPUZOBAHHBIN.

Mexanuueckas mMomesp ONBITOB ¢ Typmaaunaom. Herpyauo
HTOCTPOUTHL NPOCTYIO HATJIAAHYIO MEXaHMYECKYIO MOI(eJIby ac-
CMaTpUBAEMOro sBJeHUA. MOXKHO IIOIy4uTh MOIepeyHyo 113)031-
HY B PESMHOBOM IIHYDE TaK, 4TOOBI KOJIeGaHUA ObICTPO MeHAML
CBO€ HallpaBJIEHHE B IIPOCTPAHCTBE. ITO aHAJOT eCTECTBeHHOH
lcgie'romzn BoJIHBL. IIpomycTum reneps muyp ckBo3b Y3KHNH aepe-
Hpg}};};;l;l{ If;lu;llflcl I/(I}ch(f:B 8.64). U3 Konebanuil BCeBOZMOMKHBIX Ha-
HDaPTeMuE AKX bIAesIAeT» KoJaebaHuA B OQHON ompeeseH-
HOl IIocK - 11039TOMY U3 AMUKA BBIXOAUT MOJAPUIOBAHHASN
2o - LCJIM Ha ee IyTH HMeeTcHd ellle TOYHO TAKOH e AIUK

HOBEPHYTHIM OTHOCHUTEJLHO Ilepeoro Ha 90°, To xonebauu ’
CKBO3b Hero He IpoxonAaT. BosHa menukom I‘aCI’/ITCH g

Ilonsipouns1. He Tonbko Kpuctammb Tpra.TII/IHa' CIIOCOOHBI
I10JIAPpN30BaTh cBeT. TakuMm ke cBolicTBOM, HapuMmep, obaaga-
TOT TaK Ha3BIBaeMblie MOJAAPOuAbl. Ilonspons Hpe,Z[CTa];JIﬂeT co-
(?on TOHKYIO (0,1 MM) mJIeHKY KpHCTALIOB repamaTtuTa, HaHe-
CCHHYIO Ha LEeNIyJOHA WJIU CTeKIAHHYIO HJIaC”I‘I/IHR
(., TONAPOUAOM MOMKHO IIPOBECTH T€ JKE€ OIBITHI, YTO M C Kpg-
crajinom rypmanuHa. Ilpeumyinectso monsapousos B ToM, uTo
MOXKHO  ITOTy4aTh OONbIINe [OBEPXHOCTH, Hom{pnsyf(; ue
cuner. K l{e,HOCT%TKaM TIOJISIPOUJIOB OTHOCUTCS (bnoneTOBLIﬁmo'r—
TCHOK, KOTOPBIH OHU LPHUAAIOT GEJIOMY CBETy.
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IIpaMbIMK OOBITAMHU JOKa3aHO, UTO CBETOBAasi BOJTHA ABJIA-
eTCcA ITONepedYHoil. B mMonApH30BaHHON CBeTOBOI BoJHE KoJeda-
HUS IPOUCXONAT B CTPOTO OIpeAeNeHHOM — [IONepeviHOM Ha-

npaBJIeHUH.

?

Yem OTNMHAETCS €CTECTBEHHLIN CBET OT NOASPU3OBaHHOrO!

[OITEPEYHOCTH CBETOBBIX BOJIH
§74 ¥ DIEKTPOMATHHTHAS TEOPHS CBETA

DeKTPOMATHUTHAs Teopusd cBeTa OepeT Ha4aso OT pabot
Maxcsesiia.

B ocHOBe BJIEKTPOMATHUTHOU TEOPHUM CBETa JIEHKUT (QaKT
COBITAIeHNSI CKOPOCTHU CBeTa CO CKOPOCTBIO PACIPOCTPAHEHNU:
3JEKTPOMATHUTHBIX BOJIH.

W3 Teopun MaKcBessia cleJi0Baji0, 4TO dJIEKTPOMArHuTHLIC
BOJIHBI #BASIOTCA Tolepeunbimu. K TOMy BpeMeHHM IIOmepet-
HOCTB CBETOBBIX BOJIH yaKe Obljia JOKa3aHa dKCIePUMEHTATIBHO.
Ilosromy MaxcBesn 000CHOBAHHO CUUTAN IIOIEPEYHOCTD 3JIEK-
TPOMATHUTHEIX BOJIH eIlle OJJHUM BayKHBIM J0Ka3aTelbCTBOM
CIpaBeJITBOCTH JJIEKTPOMATHUTHON TEOPHU CBETA.

Ilocie Toro xak ['epn sKCIepUMEHTAJIbHO IIOJYYHII JJIEK-
TPOMATHUTHEIE BOJHBLI U H3MEPHJI UX CKOPOCTH, SJIEKTPOMAr-
HUTHAS Teopusl cBera ObLia BIePBble 9KCIIEPUMEHTATBHO IO~
TBep:KA€HA. DBBLIO HOKA3aHO, YTO DJIEKTPOMAIHUTHBIE BOJHBI
HpU PACIPOCTPAHEHUHU NPOABJIAIOT TE Ke CcBOIICTBA, UTO U CBe-
TOBBLIE: OTPAKEHUE, IIPeJIOMJIeHUe, WHTep(epeHunio, moaapu-
sanuio ¥ ap. (cm. § 54). B xonne XIX B. OLLJI0O OKOHYATEIBHO
YCTAHOBJEHO, 9TO CBETOBbIE BOJIHBI BO30YXIAIOTCA IBUMKYIIIU-
MUCH B aTOMAaxX 3apAKeHHLIMU YacTULaMHU.

C npH3HAHWEM DJEeKTPOMATHUTHOM TEOPHMM CBETa IOCTEIeH-
HO MCYe3J iy BCe 3aTPYAHEHUS, CBA3AHHBIE C HEOOXOANMOCThLIO
BBEeJEHUA TMIIOTETUYECKOH cpexbl — adupa, KOTOPHBIHA NPUXO-
IUJIOCHh PACCMATPUBATE KaK TBEPAOE TEJO. CgreTOBBIE BOJTHBI —
5TO He MeXaHIYeCKMe BOJIHBI B 0cO60 BCEIPOHUKAIOIIEH cpe-
ne — sdupe, a 3JIEKTPOMArHUTHBIE BOJHBL. DaeKTpOMArHUT-
Hble IpOIecChl MOAYNHAIOTCA HE 3aKOHAM MEXaHMKH, a 3aKO0-

HAM DJIEKTPOMATHeTH3Ma. JTH 3aKOHBI U OBLIM YCTAHOBJIEHBI
B OKOHUATeJNbHOH popMe MakcBeaioM.

> -

B 3/IeKTPOMArHuTHON BOJIHE BEKTODLI E n B neprneaguky-
JIAPHEL APYT APYry. B ecTecTBEeHHOM CBeTe KoseGaHusA HAIpPA-
-3 >

JKEHHOCTH E 3JIEKTPUYECKOTO [I0JIA ¥ MATHUTHOH MHAYKIAU B
IPOMCXOAAT IO BCEM HAIIPABJICHUAM, NePHEeHAUKYIAPHBIM Ha-
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Brruuradg mo4JeHHO U3 IIePBOT'0 paBeHCTBA BTOpoOE, IIojJaydaeM
d2 — d? = 2h,d,

IPABJICHIIO DACIIDOCTPaHEeHUsI BOJHBEI. Ecam ceer mosspuso-

— >
Ban, TO KojaebaHWA BeKTOpoB E m B HPOHCXOAAT He 1O BCeM
HAIIDABJIEHUAM, & B IBYX OIpPEAEJEeHHBIX IJOCKOCTIX. DIek-

120 8% ¢
TPOMATHUTHAA BOJHA, N300paskeHHas Ha pucyHKe 7.1, aBis- (d, + dy) (dy, — dy) = 2h,d.
erTesa IOJAPU30BAHHOIN. Tak xax d < D, to d, + d, = 2D. CyefioBaTeibHoO,
Bosnukaer ecrecrBeHHBIN Bompoc: ecan pedys uaer o Ha- aK ’ hd
IpaBJIeHNH KOJeOaHUI B CBETOBOH BONHE, T0, COBCTBEHHO I'O- d,—d, = R
— — D
BOp#A, KoebaHHA KaKoro BeKTopa — E wmam B — mMerorcs .
B BUAY? CllenuasbHO IOCTABIEHHBIE ONBITHL JOKABATIH, YTO HA VyureiBad, uto dy, — d; = kA, MOXKeM 3amucaTh:
CeTHaTKy rjasa uId GOoTO3IMYJIbCUIO TefCTBYeT 2JIeKTPpUYecKoe h,d
1I0JIe CBETOBOM BOJIHBI. B cBA3H ¢ 3TUM 3a HanpaBJIeHHe KoJe- kL = D
O6aHMi B CBeTOBOM BOJIHE HMPUHATO HamnpapJ/ieHUe BEKTOpa Ha- . i MOJTOCHI OT LLeHT-
npsoKeHHOCTYH B BJIEKTPUUYECKOTO I10JIA. Orcrofia HAXOAUM paccToAHMe k-l CBOTION
KpaHa:
pa SKp _ kAD
OTKpBITHE BJEKTPOMATHUTHOI TEOPpUU CBeTa — OJHO U3 w g
HEMHOTUX OTKPBITHHU, CAEJaHHBIX HA KOHUMKEe mepa, T. €. Teo- .
beTuveckKu. PaccTogHne Me)XJy COCeIHUMH II0JIOCaMM PaBHO.
Bceobmiee npusnanue anexTpomarauTHas TEOPUsA IMOJIYUN- A= h o~ AD
718, OAHAKO, JINIIL HOCJEe CBOETO KCIEPUMEHTATLHOTO IIOJ- LR k d
TBEPIKICHUS. Orciona
dAh

A= ~ 5,6 - 107 (cm).

2. Ha nudppakiuoHHYIO PEINeTKY, MMEeIOIyIo 500 IlITpI/I)i(;B Ha
1 MM, Dajgaer IJIOCKAas MOHOXPOMATUUECKas BOJIHA (A=5-10" cm).

! IIPUMEPHI PEIIEHUST 3AJAY

i crekTpa K, KOTOPBIA MOYKHO Ha-
1. B ommte Hura mo AU(PPaKIUI CBETOBBLIX BOJH PACCTOSHME OnpegenuTe HANGOIBIIAN nopﬁ;{}(l):lcn que§ Ha,pemeTKy
THO M maje .
mMexAy menamu d = 0,07 MM, a paccrosiHme oT ABOHHON IeNM 10 61101aTh TIPH HOPMAIbHO 1 Cinet
Bye€ =
axpana D = 2 m. IIpn ocBemennn upubopa 3eJeHBIM CBETOM paccros- Pemenue. MakcumanibHOMy £ COOTBe;CT ¥y

HUEe MeXIy COCeIHUMW CBETJILIMU }II/I(I)paKHI/IOHHI)IMI/I IIoJ10CcaMm OKa-

av (8.17)]. Cnemzosarennsio, B = — = 4.
3anock pasHbIM Ak = 16 MM. Onpejesure JIHHY BOJHBL. [cm. dopmyny (8.17)] A

Pemenue. B mexoropoit Toure C sxpana (puc. 8.65) 6y- . .
; | S,
aeT HabIIaaThCA MAaKCHMYM OCBELI€HHOCTH, e€CJI BBINOJHEHO VIIPASKHEHUE 10
yCJIOBHTE
dy —dy = kA, 1. JIBa KOrepeHTHBIX Hc'roqﬁmca7sl u S, ucnyec-
rne k=0, 1, 2, ... — 11eJibie KaJOT CBeT ¢ JIJIUHOM BOJHBL A = 5+ 107" M. I;Ic;rcz)qgm:an
C qucaa. HaxoqsiTCsA APYT OT Apyra Ha paccroanuu d = 0,3 cM.
YHU-
Hpumenum reopemy ITuda- DKpaH PACIOJNIOMKeH HA PACCTOAHUN 9 M OTXICTO -
! ropa K tpeyroabHukamM S;CE nu koB. Uro Oyzer HaOMIOAATBCA B Toqrce? DKP
> dz i S,CB: (puc. 8.66): cBerj0€ MATHO UJIKX TEMHOE!
.S| E 2 9 P . MEIOLLY 0
! d 2. Ha 1udpakiuOHHYIO PENIeTKY, W 3
n¢ L S — di = D* + (hk + —) , nepuoa d = 1,2 - 107 cM, nagaer o HOPMAIH MOHO-
i D B 2 xpoMaTHdecKas BonHA. OIEHMTE AJIMHY BOsHbI A, A
{=D? d eCIIM YTOJ MEKIY CIEKTPAMH BTODOTO H TPCTLOI( (e
di=D*+|h, - —|. _ 9030 Puc. 8.66
Puc. 8.65 nopsangKros A
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KPATKHE UTOI'U I'JIABBI 8

CkopocTh CBETa B BAKyyMe ONIpejeseHa S5KCIePHMEHTANb-
Ho. OHa npumepHo paBHa 300 000 xkm/c. Bo Becex cpeaax
CKODPOCTh CBEeTa MEHBIIE, YeM B BaKyyMe.

IIpesoMienHue cBeTa Ha rpaHuIeE ABYX cpel 06YCIOBIEHO
U3MEeHeHNeM CKOPOCTH IIDH Ilepexofie CBeTa W3 OHOM cpejbl
B Npyryio. OTHOCHTEJNBHBIN [TOKasaTesNlb UPeJOMICHHUS ABYX
cpej paBeH o6paTHOMY OTHOIIEHHIO CKOPOCTell CBeTa B 3TUX
cpenax.

IInpoxoe npumMeHeHMe HMEOT JWH3BI — IPO3PAUHBIE Te-
Jia, OTPaHUYEHHBIE C(PEPHUUYECKUMU MOBEPXHOCTAMH.
OcHoBHasi (hopMysa JMH3BI CBA3BIBAaeT ee (DOKyCHOE pac-
croaHue F (paccTosHme OT JAMH3BI A0 (POKyca), PaceTos-
HUe d OT mpeaMeTa 4O JIMH3bI U PACCTOSAHNE [ OT JIHH3BI o
u3obparKkenns:

Benvwuwunn F, f u d B 970l opMysie MOTYT GBITH KAK II0JTO-
JKUATEJIBHBIMU, TAK M OTPHUIIATENbHBIMHU: IMOJIOMKUTENLHBIE
S8HAYEHUA COOTBETCTBYIOT HeMCTBUTENBHBIM (DOKYCY, H30-
OpakeHHIO W NpeaMeTy, a OTPUIATENbHbIE — MHEUMBIM.

ITokasaTens mperoOMJIEHUS CBETa, KAK BIIEPBBIE YCTAaHOBUJI
HrroToH, 3aBMCHT OT ero mgera. IlBer ke omnpegmendgercs
4acToTod Kosebanutt (Mau JIMHOMN cBeTOBOM BOJNHEI). 3aBu-
CHMOCTH IIOKa3aTeJs IPeJOMJIEHUs CBeTa OT YaCTOTHI KoJle-
GaHWIT Has3BIBAETCA AMCIEpCHeii. Hucnepcuss npmroauT K
TOMY, 4YTO IIpU3Ma paasaraer Gejbld cBeT B cumekTp. Cko-
POCTEL CBeTa M AJMHA BOJIHBI YMEHBIIAIOTCS OPH Iepexone
U3 BaKyyMa B cpeay. YacTora KosneGaHuit npu 9T0M OCTaeT-
CcA HEeM3MEeHHOH.

CBeTOBBIE BOJIHBEI OAMHAKOBOM JJIMHBI BOJIHBI, HMeoIue
IOCTOAHHYIO BO BpPEMEHU DAa3HOCTHL (a3, Ha3bIBAIOTCH Kore-
peHTHBIMU. IIpM HaNOMKEHMM KOTepPeHTHLIX BOJH APYr HAa
Apyra HabiaofaeTca uHTepdepeHnns cBera. BoaHbl yemwiu-
BAOT MJIM OCJIAGJIAIOT APYT APYra B 3aBUCUMOCTH OT PA3HO-
¢TH xXoja mexay HuMH. KorepeHTHble BoJIHBI 06pasyorcs,
HanpuMep, NPHU OTPaKEHUH CBETOBBIX BOJH OT ABYX IIO-
BepXHOCTe! TOHKOH mrenku. Tak xax pasHocTs Pas Kose-
Garuil MHTepPEPUDYIOIINX BONH BABHCUT HE TONBKO OT
TOIIMIUHBI IJIEHKHA, HO ¥ OT JJIMHBI BOJHEI, TO IIPU OCBellle-
HHUU IJIEHKHU GelbIM CBETOM 00pasyeTcs IBeTHAasd uHTEephe-
PEeHIMOHHAA KapTuHAa.

CpetoBBIe BONHBI OrubalOT TPENATCTBUS, CPABHUMBIE IO
pasMepaM ¢ AJIMHON CBETOBOM BOJIHBI. ITO AUPPaAKIUA CBe-
rTa. Tak Kak AJIMHA CBETOBOH BOJHBLI OYEHDL MAasa (mopsaaka
10 " cm), To Habuwnenuve nudpaxuuu csera 3aTPY/AHEHO

10

U TpebyeT cHOeluaNbHBIX Mpucrnocodsennii. Jundpariuda
cBeTa HaJjaraeT IIpefes Ha paspelnIaiollyi CIIOCOOGHOCTH
MHUKPOCKOIIA M TeJIeCKOIa.

3aKOHBI TI'€OMETPHUYECKON ONTUKU BBIIOJIHSIIOTCH MPH
YCAOBUU, YTO pasMephl HPEendATCTBUIH Ha IIYTH CBETOBBIX
BOJIH MHOTO GOJibIlle AJIMHBLI BOJHBI.

Ha aBiaeEwu amdpakiuy OCHOBaHO YCTPOUCTBO Au(pakr-
OHUOHHOW PEeIIeTKHU: COBOKYIIHOCTH GOJBLILIOr0 YHCJA OJ)U-
HAKOBBIX INejeil, pas3dejeHHbIX Y3KUMHU IIPOMEXXYTKAMH.
3HaueHUsA YIJIOB (§, ONpeNeNAIINX HANPABJIEHUA Ha JU-
(hpPaKIMOHHEIE MAaKCHMYMbI CIIEKTPA, IIOJY4aeMOro C Io-
MOIIIBIO PEIIeTKH, HAXOAAT M3 paBeHCTBa d sin ¢ = kA, rae
kE=0,1, 2, ..., ad — uepuos peHieTKHu.

Pemerka passaraet 6esiblii ¢cBET B CHEKTP; C €€ IIOMOMIBIO
MOM{HO U3MEPsATh JJIUHBLI CBETOBHIX BOJIH.

CBeroBble BOJIHBI I[IOIEpPeYHEBI. JTO [AOKA3aHO JHKCIEPU-
MEHTAJNbHO MPU HaOJIOJeHUU MPOXOKACHUS CBeTa uepes
aHM30TPONHBIE Cpennl — Kpucraaasl. CeeroBas _BOJIHA,
B KOTOPOU KoJe6aHUA IPOUCXOAAT B OIPeAeeHHON mroc-
KOCTH, Ha3LIBAETCA MOJAPU30BaHHOM. CBeT, co3aBaeMblii
OOBIUHBIMH HCTOYHMKAMU (€CTEeCTBEHHEIH CBeT), He MOJIA-
pusopan. Konebanusi B C¢BeTOBOU BOJIHE HPOUCKOAAT o
BCEM HAIIPABJAEHUSIM B ILJIOCKOCTH, IEPIEeHIUKYJIAPHOU
HANIPABJIEHUIO €€ PacIpPOCTDAHEHUA.

CorylacHo 3JeKTPOMArHUTHON TEOPUH, CBET IPEACTABIAET
coboif MOTIEPEYHYI) 3JIEKTPOMATHHTHYIO BOJIHY. JKCIEpH-
MEHTAJbHOE [AOKA3aTeIbCTBO IIONEPEYHOCTH CBETOBBIX
BOJIH SABUJIOCH Ba)XKHBIM 3TalloM B HNPH3HAHWU CIIPaBEAJIH-
BOCTH 3JEeKTPOMATHHUTHON TEOPHUU CBETA.

I'masa 9. 9JEMEHTBHI TEOPNH

OTHOCHUTEJIBHOCTH

C pasBuTHEeM 3JIEKTPOJAMHAMUKHN WBMEHUJIUCH Tpel-
CTaBJIEHUSA O IPOCTPAHCTBE M BPEMEHH.

CoryiacHO KJacCHUYeCKHM IIPEACTABJIEHUAM O TpPO-
CTPAHCTBE M BpeMEHHN , CYUTABIIINMCSA HA IPOTAMKEHHN
BEKOB He3BIOJeMBIMM, IBHJKEHVE He OKA3bIBaeT HU-
KaKoro BIMAHNS Ha TedeHHNe BpeMeHH (BpeMs abco-
JIIOTHO), 4 NUHEHHbIe padMepbl JIOOOTO Tejla He 3aBU-
CAT OT TOTO, MOKOUTCH TEJO HJIH JABUKeETCH (JUIMHA
abcomaroTHA). ) )
CnenuasybHasg TEOPHUsS OTHOCUTENBHOCTH JUHHIITEeH-
Ha -— 9TO HOBOE YUYeHUe O IIPOCTPAHCTBC W BPEMeHU,
OpHUINeAIlee HA CMEeHY CTaPhIM (KJIACCHUCCKUM) IIpej-
CTABJIEHUAM,
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_ 3AKOHBI 9JEKTPOJUHAMHKH
75y MPHHIMN OTHOCHTEJIHHOCTH

ITpMHIMI OTHOCUTEJIHFHOCTH B MEXaHUKE U 3JIeKTPOAMHAMMH-
ke. Ilocioe Toro kax Bo Bropoii nojgosuHe XIX B. Makceessom
ObLIU C(POPMYJINPOBAHEI OCHOBHBIE 3aKOHBI 3JCKTPOAUHAMUKH,
BO3HUK BOOPOC: PACIIPOCTPAHAETCA JU IPUHIUIL OTHOCUTEIbHO-
CTHU, COpaBeJJIUBBLIA AJI5 MeXaHWUECKUX ABJEHHU, M Ha dJeK-
TPOMATHUTHBIE ABeHUA? VIHBIMU cJI0BaMU, IPOTEKAIOT JIN SJIeK-
TPOMATrHUTHBIE MPOIECCHI (B3auMOeiicTBHE 3apsAf0B U TOKOB,
pacIpocTpaHeHNe SJIEKTPOMATHUTHBIX BOJH U T. J.) OOIUHAKOBO
BO BCeX MHEPIMAJILHBIX crucrteMax orcyera? Wau, 6bITH MOMKeT,
paBHOMEPHOE HPAMOJHUHENHOe JBUMKEHNe, He BJIUSA HA MeXa-
HUYeCcKHe ABJCHUS, OKa3blBaeT HEKOTOpoe Bo3zeiicTBHE Ha
JEKTPOMATHUTHBIE ITPOIECCHI?

Yro6bl OTBETUTH HA 3TYU BOIPOCHI, HYXKHO OBIIO BBISCHHUTD,
MEHSIOTCA JH OCHOBHBIE 3aKOHBI BJIeKTPOAMHAMUKY IIPU Iepe-
XOjle OT OJHON MHEPIUAIBHON CUCTEeMEBI OTCUeTa K JPYroi, uiau
sKe, momo6HO 3akonam HpiOoTOHa, OHM OCTAIOTCSA HEM3MEHHBI-
Mu. TOJABKO B HmOCHEeAHEM cJIyuae MOXXHO OTOPOCUTH COMHEHUA
B CIPaBeAJNBOCTH MPUHIINIA OTHOCUTENTBHOCTH IIPUMEHUTEh-
HO K 3JIeKTPOMArHHUTHBIM I[IpOIleccaM M DPAcCMaTpPUBaTh ITOT
OPUHIIUN KaK OOIIUN 3aK0H IPHPOAHI.

3aKOHEl 3JIeKTPOIUHAMUKN CJIOKHBI, ¥ CTPOroe pellleHue
aToH 3amauyu — HeJlerkoe jgeno. OJHAKO yiKe IIPOCThIe coodpa-
JKeHUS, Kasajoch Obl, HO3BOJAIOT HANTH NPABUJIbHBIN OTBET.
CorsiacHO 3aKOHaM 3JIeKTPOJAMHAMHUKU CKOPOCTH pacipocTpa-
HeHHs 3JJeKTPOMATHMUTHBLIX BOJH B BaKyyMe OJMHAaKOBa IIO
BCeM HaIlpaBleHHsAM u pasHa ¢ = 3 - 108 m/c. Ho B coorser-
CTBHM C 3aKOHOM CJIOMKEeHHMs CKopocTeii mexaHumku HpioToHa
CKOPOCTE MOKET OBITH paBHA CKOPOCTH CBETA TOJBKO B OTHOM
ua3bpaHHOMN cucTeMe orcuera. B 1100011 Ipyroi cucreMe orcye-
Ta, IBMIKYIEHCA IO OTHOIIEHWIO K 3TOH m3bpaHHOM cucTeMe
OTCUeTa CO CKOPOCTBIO U, CKOPOCTH CBeTa JO0JKHA yiKe OBbITh
paBHA ¢ — 0. DTO 03HAUAET, UTO €CJU CIPABEIJIUB OOBIYHBINR 3a-
KOH CJIOKEHHs CKOPOCTel, TO IPHU Nepexoje OT OJHOM MHEePIN-
AJILHOM CHCTEMBI OTCUEeTa K APYI'oil 3aKOHBI dJIeKTPOINHAMUKN
TOMTKHBI MEHATHCA TaK, YTOOBLI B 3TOI HOBOI cucTeMe OTCYeTa
CKODOCTDL CBeTa yyKe Oblla paBHA He ¢, a ¢ — D.

Taxum ob6pasoM, OOHAPYKUJINCH ONpeJejeHHble HPOTHUBO-
peunsa MexxIy 3JeKTpoauHaMuKoi n mexanuxkoit HeloToHa, 3a-
KOHBI KOTOPOM COTJIACYIOTCHA C IPUHIIMIIOM OTHOCHUTEILHOCTH.
BosHUKIIME TPYAHOCTH IBITANNCH NIPEOAoJeTh TPeMs DPa3jud-
nLiMH crrocobaMu.
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Ilepsobiit cnocob: OOBABUTH HECOCTOATEJBHBIM IIPUHIIUI
OTHOCHTEJILHOCTH B IPUMEHEHUHN K 3JIeKTPOMATHUTHBLIM ABJIE-
HHUAM. OTY TOUYKY 3PEeHUS pas3nesss BeJUKUU ToJUIaHIACKUHN
(pU3HUK, OCHOBATEIL 2JeKTpoHHOIN Teopuu X. JIopeHI1[. Inex-
TPOMATHUTHEBIE SABJeHUA erie co BpemeH Papazesa paccmarpu-
BaJHCh KaK IIPOIECCHI, MPOUCXOAAIue B 0C0B0I, BCEIPOHU-
Kamllei cpeie, 3al0JHAIOIIEN Bce MPOCTPAHCTBO, — MUPOBOM
apupe. UHepumanbHasa cHucTeMa OTCUETA, IMOKOAIIASCA OTHO-
CUTEJNIbHO 3(upa, — sT0o coraacuo Jlopeumy ocobas, mpeuMy-
IIeCTBEHHAA CHCTEeMa OTcYeTa. B Hell 3aKOHLI 3JIeKTPOAUHAMMU-
K1 MaxcBeiia copaBeinBbl U HamnboJee HPOCTHI o Gopme.
JIuius B 3TOH cHcTeMe OTcueTa CKOPOCTh CBeTa B BaKyyMe OIU-
HAKOBA II0 BCEM HAIIPABJIEHUSIM.

Bmopoli cnoco6: cuntath HEUPABUJILHBIMU YDaBHEHUS
MaxcBesia ¥ OBITATBCA U3MEHUTH MX TAKHM 00pasoM, YTOOLI
OHU IIpH Tepexofie OT OJHOW HMHePIHAJBHOH CHCTeMBI OTCYeTa
K Apyroit (B COOTBETCTBUU ¢ 00bIUHBIMHY, KJIACCUIECKUMHU TIPES-
CTABJICHUAMM O IPOCTPAHCTBC U BPEeMEHM) He MeHsauchb. Ta-
Kas TOUbITKAa, B YacTHOCTU, Oblsia npeanpuHaTa I'. epuem. ITo
Tepny, spup DOAHOCTHIO yBICKaeTCs ABUXKYITUMHCA TeJIaMH
U IIO9TOMY 3JEeKTPOMATHUTHBIE sBJIEHUA IPOTEKAIOT OOUHAKO-
BO HE3aBHCUMO OT TOr0, MOKOWUTCHA TEJIO UaM ABu:KeTcs. I[lpun-
LM OTHOCUTEJIBLHOCTH OCTAETCS ClIPpABEIJINBLIM.

Haxkonen, mpemuil cnoco6: orkasaTbCs OT KJIACCHYECKUX
IIpeacTaBJIeHnil O IIPoCTPaHCcTBe U BpeMeHH, ¢ TeM UTOOHBI coXpa-
HUTh KaK OPUHIUI OTHOCUTEJIBLHOCTH, TAK M 3aKOHBI Makc-
BeJuia. OTo HauboJiee PEBOJIIOIIUOHHBINA NYThH, HO0 OH O3HAUYAET
nepecMoTp B QU3WKe CaAMBIX TJIYOOKUX, OCHOBHBIX ITpPEJCTaB-
genuii. C gaHHON TOYKH 3PEHHS OKA3BIBAIOTCA HETOUYHBIMU
HE YPABHEHHUS 3JIEKTPOMATHUTHOI'O ITOJS, a8 3aKOHBI MEXaHUKU
HrrotoHa, corJgacymoliuecsi CO CTAPBIMH OPEACTABJICHHUSIMU
O IIPOCTPAHCTBE 1 BpeMenn. M3aMeHATh HY)XHO 3aKOHBI MEXaHU-
KU, a He 3aKOHBI sJIeKTpouHaMuku Makcsesia.

ExvHcTBEHHO IIPaBUALHBIM OKAa3aJjcs MMEHHO TPeTHui cio-
co6. ITocaemoBaTenbHO pa3BUBasg ero, A. QU HIITEHH Tpu-
el ¥ HOBBLIM IIPEACTABJICHHUSAM O IPOCTPAHCTBE M BpeMcHH.
IepBbie ABa NyTH, KAaK OKAa3aJIOCh, OIIPOBEPTAIOTCA 3KCIICPU-
MEHTOM.

Touka apenus JlopeHua, COrJIacHO KOTOPOI JOJKHA CYIIe-
CTBOBATH M30paHHAS CHCTEMAa OTCUEeTa, CBA3AHHAS ¢ MHUPOBbLIM
adupoM, TpeOBIBAOIIUM B abCOJIIOTHOM ITOKOe, ObLLii Olpo-

BEPrHYTAa OPAMBIMH OIBLITAMU.

Ecau 6b1 ckopocTts cBera 6bL1a paBHa 300 000 km/¢ TOJIBKO
B CHCTEMEe OTCUeTa, CBA3aHHOW C¢ apupom, To, M3MCPsA CKO-
POCTB CBETA B IMIPOMU3BOJBHON MHEPIIUATLIION ¢HeTCME OTCUYeTa,
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SitHwitenH Anbbepr (1879—1955) —-

Benmkmi pusuk XX 8. Cospan HoBoe yuyeHue O npo-
CTPAaHCTBE M BPEMEHW — CNEUManbHYr TEOPHIO OT-
HocuTenbHocTH, OBobLas 3Ty Teopuio Ana HemHep-
UManbHbIX cucTem ofcdeta, paspabortan obuyio
TEOPMIO OTHOCHTENBHOCTH, NPEACTABASIOLLYI0 coBoM
COBPEMEHHYIO Teopuio TaroTedus. Bnepsbie seen
npeacrasneHue o 4YacTuuax csera — poroHax. Ero
pabota no Teopun BpOyHOBCKOrO ABMKEHNA NpUuBEna
K OKOHYaTenbHok nobefe MoneKkynfpHo-KuHeTuue-

CKOM Teopu CTPOEHUa BeLeCcTBd.

MOJKHO OBLJIO OBl OOHADPYKUTH JABUIKEHUNE dTOH CHCTEMBI OTCUEe-
Ta IO OTHOIIEHUIO K 9QUPY U OUPENEeJUTh CKOPOCTh 3TOr0 JBHU-
sxeaud. ITogoOHO TOMY KaKk B cuCcTeMe OTcUeTa, ABUIKYIIeics
OTHOCHTEJILHO BO3AyXa, BO3HUKAET BeTep, DU ABIXKEHUM IIO
OTHOLICHUIO K a(upy (ecau, KOHEUHO, 3UD CYIIeCTBYeT) HOJI-
sKeH ObITh OOHapysKeH «d>hupHLIHA Berep». OubiT o obHApPYXKe-
HUIO «3pUPHOTO BeTpa» ObLI mocrasieH B 1881 r. amepukras-
ckuMu ydeHbIMH A. Ma#fikxeasrcomom um J. Mopau 1o
ujee, BeICKasaHHOM 3a 12 jer mo atoro MakcpesmnoM.

B sToM omnbiTe cpaBHMBAJIACH CKOPOCTH CBETA B HAIIPABJIEHUH
IBMKCHUA 3eMJIM ¥ B NEePIeHANKYJIAPHOM HanpaBreHun. Wa-
MepeHUA NPOBOIHUINCH OYEHDb TOYHO C IIOMOINBIO CIIeIHaJABHOI'0
npubopa — mHTepdepomerpa MaiikenbcoHa. IKCIEPHMEHTHI
CTABUNHKCHL B pPasHoe BpeMs CYTOK M PABJIUUYHBIE BpeMeHa roja.
Ho sBcerza moayuajicsa OTpUIlATeJAbHBIN pe3yJabTaT: ABUIKEHUHA
3eMJIN [0 OTHOIIECHNIO K 9UpPY O0HAPYKUTh HEe YAAJIOCH.

Taxum 06pazoM, ujaed O CYIIECTBOBaHUU NPEMMYIIECTBEH-
HOHM cHCTEeMBI OTCYeTa He BBIAEDIKAayia OIBITHOM IIPOBEPKH.
B c¢BoI0 0uepean, 3TO O3HAYAJO, YTO HUKAKOHM 0coboit cpeasl —
«CBETOHOCHOTO 3dupa», ¢ KOTOpodl MOXKHO ObLI0 OBI CBA3ATH
TAKYIO IMPEUMYIIECTBeHHYIO CHCTEMY OTCYeTa, He CYyHlecTByeT.

ITpm noneiTkax I'eplta ¥3MeHHMTHL 3AKOHE!I 3JIeKTPOAUHAMU-
k1 Makcseiia BBISICHHJIOCh, YTO HOBBIE YDAaBHEHUSA HECIIOCO6-
Hbl OO'BACHUTL PAA HabnogaemMsIx akToB. Tak, coriaacHo Teo-
pun lepila ABMIKYIIasgca BOAA LOJIKHA IIOJHOCTBHIO YyBJEKaTh
3a co6Goil pacImpoCcTpaHAIOITUACA B HeH CBeT, TaK KaK OHAa yBJe-
KaeT 3(pup, B KOTOPOM cBeT pacrnpocrpansercd. OnbIT ke Io-
Kasajg, 4YTO B AefCTBUTEJIBHOCTHU TO He TaK.

CoraacoBaTsb OPHMHIOWII OTHOCUTEJBHOCTHU C JJIEKTPOJUHAa-
MuKoil MaKcBesa 0Kasajoch BO3MOMKHBIM, TOJIBKO OTKA3aB-
HINCH OT KJIaCCHYeCKUX IIpe,U;CTaBJIeHI/Iﬁ O IIPOCTPAHCTBE 1 Bpe-
MCHH, COTTaCHO KOTOPbLIM DacCTOAHHUA W TEeUCeHMEe BPDeMeHU He
3aBHUCHT OT CHCTEMBI OTCUeTa.
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§ 76 MMOCTYJIATHI! TEOPUH OTHOCUTEJBHOCTH

B ocHOBe Teopnu OTHOCHTEIBLHOCTH JIEXKAT JABa MOocCTyJjaTa.

1. Bce npoueccovl 6 npupode npomexarom 00UHAKO60
60 6Cex UHEPUUALbHBbLX cucmemax omciema.

IJTO 03HAYAET, YTO BO BCEX MHEPIMAJbHBIX CUCTEMaX OTCUe-
ta (PUIMUYECKNEe 3aKOHLI MMEIT OTMHAKOBYIO (GopMy. Takum
00pasoM, IIPUHIIMII OTHOCUTEJLHOCTH KJIACCHMUYEeCcKOil MexaHU-
KH PACIPOCTPAHAETCS Ha BCe IMPOIEeCcChl B IPUpPoAe, B TOM YHC-
Je ¥ HA 3JIEKTPOMATrHUTHBIE.

2. Crxopocmb ceema 6 éaxyyme o0uHAKOEA 60 6cex
UHEePUUANLBHBLX CUCMEMAX OMcHYema u He 3a6ucum HU
om cKopocmu UCMOYHUKA, HU OM CKOPOCMU RPUEMHU-
K4 c8emo60z20 CUzZHANA.

CxopocTh cBeTa 3aHMMaeT, TAKUM oO6pasom, ocodoe ImoJIo-
sxeHHue. BoJsiee Toro, KakKk BbITE€KAaeT M3 IIOCTYJIATOB TEOPUHU OT-
HOCUTEJNBHOCTH, CKOPOCTh CBeTa B BAKYyMe SABJIAETCA Mak-
CUMAJLHO BO3MOXKHOM CKOPOCTHIO Iepeaadyyd B3amMOJeNCTBUN
B IIpUpO/eE.

Oas Toro arobnl cHOpMyTUPOBATE TOCTYAATHL TEOPUU OTHO-
CUTEJILHOCTHU, HYyXHa Oulja OoJblilad Hay4YHas CMeJIOCTD,
TaK KaK OHM HMPOTHBOPCUHJIU KJACCHUUYECKUM HPEACTABICHUAM
0 IIPOCTPAHCTBE U BPEMCIIU.

B camom jese, pouycruM, 94TO B MOMEHT BpeMeHH, Korja
HavajJa KOOPAMHAT MHCPIUAJBHBIX CHCTEM OTcdeTa K_)n K,
IBUAKYIIAXCA OTHOCHTCINLHO JAPYT APYra ¢o CKOPOCTBHIO U, COB-
nazaioT, B Hadajie KOOpP/IMHAT MPOUCXOAUT KPATKOBPEMeHHAas
BCIIBIIIIKA CBETA. 3a BPeMsl [ CUCTEMBI OTCYETa CMECTATC OTHO-

CUTEIBLHO JPYT APYyra lia paccrosaue vt, a cepruyecKas BOJHO-
Bas MOBEPXHOCTHL Oyzer mmers paguyce vt (puc. 9.1). Cucremsl
orcueta K u K, paBHOIIPaBHBbI,

¥ CKOPOCTH CBETAa OAMHAKOBA B
TON W APYro#l cucreme orcucra.
CiaengoBaTeJbHO, € TOYKU 3pe-
HuA HaOIIOMATeNAs, CBA3AHHOIO
¢ cucrtemoil orcuera K, neurp
cdepsl OyAeT HAXOAUTHCA B TOM-
Ke O, a ¢ TOUKH 3peHnA HaOJI10-
JaTeis, CBA3AHHOTO C CHUCTEMON
orcuetra K;, — B Touke O,. llo
BeJb He MOXKeT OJHa U Ta e
cepruecKas IOBEPXHOCTE UMETH  Puc. 9.1

=<7

X

1 TTocTtynat B GU3UYECKON TEOPUMN BLINOJHACT TY JKC POJiL, UTO H aKCHOMAa
B MaremaTrTuxe. 9’1‘0 — OCHOBHOE€ MOJIOJKCIHTNE, KOTOPHOe He MOXKeT 6bITI> JIoTH-
4ecKM AoKasaHo. B dmsuxe nocrynar ecrs peaysibrar 0006LIeHUA ONBITHBIX
daxToB.
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nenrpnl 8 rodkax O u O. ITO IBHOE IPOTHBOPEUYHE BBITEKAET
133 paceysKIeHuH, OCHOBAHHBIX Ha IOCTYJIATaX TEOPHUH OTHOCH-
TCJLHOCTH.

Kak MbI BUOAUM, MMEETCHA HPOTHUBOPEUYHE ¢ KJIACCUYECKUMU
HpeACTAaBIEHUSIMHA O IPOCTPAHCTBE WM BPeMeHHU, KOTOPbIE HPHU
DOJIBITHX CKOPOCTAX ABHXKEHUA Hecrnpaseaausbl. Onmaxko cama
TEOPUSA OTHOCUTEJIBHOCTH HE COAEPIKUT IIPOTUBOPEUNl U ABJIA-
ercss abCONMIOTHO JOTHYHOM.

1. Kakne YTBEpXXAeHHs nexxar B OCHOBe TeOpuH OTHOCMTENbHOCTH!
’ 2. B uem oramumne nepBoro nocrynata Teopun OTHOCUTEABHOCTHM OT
® npuHUMNEG OTHOCHTENLHOCTH B mexaHuke!

§ 77 OTHOCHTEJBHOCTDL OTHOBPEMEHHOCTH

o Hauasa XX B. HUKTO HE COMHeBaJIcs, YTO BpeMdA abco-
JIOTHO. [IBa CcOBBLITHA, ONHOBPEMEHHBIE AJA KuUTeneit 3emiau,
OJHOBPEMEHHBI I JKUTeJeH JTI00M KOCMHUYeCKON IMUBUIN3A-
uuu. CozgaHue TEOPUM OTHOCUTENHLHOCTH NPUBEJSO K BBLIBOLY
0 TOM, YTO 3TO HE TaK.

ITpuunHOM HECOCTOATENBHOCTH KJACCHYECKUX IIpeAcTaBJIe-
HUH 0 NPOCTPAHCTBE ¥ BPEMEHU ABJAETCS HEITPABUJIBHOE TPE-
OJIOYKEeHEe O BOSMOKHOCTY MI'HOBEHHOI Tepejadyy B3auMogeli-
CTBUHM ¥ CHTHAJOB U3 OAHOI TOYKU IIPOCTPAHCTBA B APYIVIO.
CyiecTBOBaHME NpelebHOM KOHEUHOM CKODPOCTH Nepenavn
B3aMMOJEeNCTBUI BhI3bIBAeT HEOOX0AUMOCTh INTy0OOKOIro H3MeHe-
HUsl IPUBBIYHLIX IIPEACTaBJeHUI O IIPOCTPAHCTBE U BPEMEHH,
OCHOBAHHEIX Ha IoBcegHeBHOM ombiTe. IlpeacraBiaenue 06 abco-
JIIOTHOM BPEMEHH, KOTOpPOe TeueT pa3 M HaBCerja 3aJaHHBIM
TEMIIOM COBEPIIEHHO He3aBHUCHUMO OT MaTepUU U ee OBUKeHHHA,
OKa3bIBAETCA HEIIPABUJIBHBIM.

Ecam ponycTuTh BO3MOMXHOCTE MI'HOBEHHOT'O pacIpocTpaHe-
HUSI CUTHAJOB, TO YTBEP'KIEHHE, UTO COOBLITHA B ABYX IIPOCT-
PaHCTBEHHO pas3fesIeHHBbIX TOUKaX A u B npousomnim ogHOBpe-
MEeHHO, O0yzerT MMeTb aGCOJMIOTHBIN CMBICT. MOMXHO TOMECTHUTH
B TOYKU A 1 B yachl 11 CHHXPOHU3HUPOBATH UX C HOMOII[BIO MT'HO-
BEHHBIX CUTHAJOB. EC/IU TaKOHM CUTHAJ OTHPABJIEH U3 TOUKU A,
HanpuMep, B 0 4 45 MUH 1 OH B 9TOT ’Ke MOMEHT BpeMeHH II0 Ya-
caM B mpuilies B TOUKY B, T0O, 3HAUYNT, Yachl IIOKA3bIBAIOT OfH-
HaKOBOE BpeM#, T. €. HAYT CUHXPOHHO. Ecau sKe Takoro cosna-
JICHUsI HeT, TO 4Yacbl MOMKHO CHHXPOHM3UPOBATH, MOABELSA
BIlepeJ Te 4achl, KOTOPbIe HOKA3LIBAIOT MEHbIIlee BpeMs B MO-
MeUT OTIPABJIEHUS CUTHAJA.

Jlwobble cobBITUS, HAIPUMED OBa yAapa MOJHUM, OTHOBpe-
MEeHHbI, €CJIM OHYU IPOUCXOLAT IIPU OAWHAKOBBEIX NMOKABAHUAX
('llHX[)()HI/ISI/IpOBaHHBIX qacoB.
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Tonsko pacmojsaras B TOUKax A U B CHHXpPOHU3UPOBaHHbIE
4achl, MOKHO CYIHUTH O TOM, IPOU3OIIIN JU ABAa KaKMX-JIub0
COOBITUSA B 5TUX TOUKAX OJHOBPEMeHHO niu HeT. Ho Kak MOx-
HO CHHXPOHH3UPOBATHL Yachl, HaXOAAIIMeCs HAa HEKOTOPOM
paccTOAHUHU APYT OT APYra, ecjUd CKOPOCTH PacIpOCTPAHEHUS
CUT'HAJIOB He OeCKOHEeUYHO BeJuKa?

1A cHHXpPOHU3AIUH YaCOB €CTECTBEHHO HCIOJIb30BATH CBe-
TOBbIE MJIMA BOOOIIE 9JIEKTPOMATHUTHBIE CUTHAJBI, TAK KaK CKO-
pPOCTh 3JIEKTPOMATHUTHBIX BOJIH B BaKyyMe fABIAETCA CTPOro
onpepeJeHHONR, IIOCTOAHHOM BEJUUYUHOIL.

WNMenHO 53TOT cIoco6 UCTHONB3YIOT AJIA IPOBEPKU YaCOB IO
paauno. Curmansl BpeMeHH MMO3BOJAIOT CHHXPOHU3UPOBATH
BaIlld Yachl ¢ TOUHBIMU JTAJOHHBIMM dacaMM. 3Has pPaccros-
HYe OT PaguOCTAHLHUU A0 J0Ma, MOYXHO BBIUYMCJIUTHL IIOIPaBKY
Ha 3anasAblBaHWe cUTHAajJa. JTa IIOoIpaBKa, KOHEYHO, OYEHb
MaJia. B moBcefHEBHOMN »KU3HU OHa He UI'DAeT CKOJIBKO-HUOYIh
3aMeTHOUN poau. Ho mpu OrpOMHBIX KOCMUUYECKUX DACCTOAHU-
AX OHA MOYKET OKas3aThCs BeCchbMa CYILIECTBEHHOM.

Paccmorpum 1moapodHee IPOCTON METOJ, CUHXPOHU3AIUU
YacoB, He TPeOyoIuil HUKAKUX BuIunciaeHui. [Jonyctum, uro
KOCMOHABT XO4YeT y3HaTh, OMMHAKOBO JU UAYT 4Yackl A u B,
VCTAHOBJIEHHbIE Ha TPOTHUBOIOJIOXKHBIX KOHIIAX KOCMWYECKOTO0
Kopabaa. [[1a sToro ¢ IMOMOIILI0 BMCTOYHMKA, HEIOABUXKHOTO
OTHOCHUTEJILHO Kopabsis M pAacIoJIOKEeHHOTO B €ero cepeiuHe,
KOCMOHABT LPOU3BOAUT BCHOBIIMIKY cBeTa. CBET OJHOBPEMEHHO
IOCTUTAET TeX W APYyTruX dacoB. Eciy MOKasaHUA 4acoB B 3TOT
MOMEHT OAMHAKOBBI, TO Yachl UAYT CHHXPOHHO.

Ho Tak 6yaer squiire B cucreme orcdera K, CBA3aHHOM € KO-
pabnem. B cucreme ke orcuera K, OTHOCUTEJIBHO KOTOPOWA KO-
pabJapb ABUMKETC, HoJoxkeHue uaoe. Hacwl Ha Hocy kopabisa
YAAJSAIOTCA OT TOT'O MecTa, rje NHpPoU30IIJIa BCIbIIIIKA ¢BeTa Uc-

TouHnKa (Touka ¢ xoopauHaroi OC), u, urodbl JOCTUTHYTH 4a-
CcOB A, CBeT JOJIXKEeH MPeoyojeTh paccTosHue, OoJibillee ITOJIOBU-
HBI IINHBLI Kopabas (puc. 9.2). Hauporus, yacsl B Ha KOopMe

npubIMIKAIOTCA K MECTY BCHBIIIKH, W 11YTh CBCTOBOTO CUTHAIA
MeHbIIe IIOJIOBUHEI AJHUHEI Kopabas. (Ha pucyuke 9.2, a Koop-
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Puc. 9.2
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AMHATBI X W X; COBHNAJAalOT B MOMEHT BCHBIIIKH; HA PHCYH-
ke 9.2, 6 IOKasaHO IOJOMKEHHWEe CHUCTeM OTCUeTa B MOMEHT,
Korjga cBeT gocturaet yacoB B.) Ilosromy Habarogarens, HaXo-
aamuica B cucreMe K, cesaer BLIBOJ: CUTHAJNBL JOCTHLAIOT
TeX U APYTUX YacoB He OJHOBPEMEHHO.

IBa m100BIX CcOOBITHS B TOYKax A m B, OJHOBpeMeHHBbIe
B cucreMe orcuera K, Heomnospemennn: B cucreme K. Ho co-
PJIACHO IIPUHIIMIIY OTHOCHTeJbHOCTH cuctemsl K, u K cosep-
IIeHHO paBHONpPaBHbI. Hu oHOM 13 3TUX cUcTEM OTCUeTa HEJhb-
34 orpare npepmodrenue. IloaTromy MB!I BHIHYKIAEHEBI IIPHATH
K BaKJIYEHHUIO, YTO O00HOBPEMEHHOCMb NPOCMPAHCIEEHHO
pasfenennbix cobbumuil omuocumenvna. lIpuauHoii oTHOCH-
TEeJIbHOCTH OJHOBPEMEHHOCTH ABJSETCSHA, KAk Mbl BUJMUM, KOHEY-
HOCTb CKODOCTH PACIPOCTPAHEHUS CUTHAJIOB.

HMMeHHO B OTHOCUTEIBHOCTH OJHOBPEMEHHOCTH KPOETCH pe-
IIeHWe IapajoKca co ChepUUYeCKHMHU CBETOBLIMY CHIHAJaMU,
0 KOTOpoM 1Lna peuk B § 76. CBerT OQHOBpEMEHHO NOCTHTAET
TOYEK c(hepHrUeCKOl IOBEPXHOCTH C IIEHTPOM B TOUKe () TOJIBKO
C TOYKM 3pPeHHUs HabIoaTessa, HAXOLAErocAd B MOKOe OTHO-
cuTenbHo cucTeMsl K. C TOUKM Ke 3peHus HaGIONaTeNd, CB-
3aHHOTO € cucTeMO#l K, cBeT ZOCTHUTraeT 3TUX TOUYEK B Pa3HbIe
MOMEHTHI BPEMEHH.

Pasymeercs, cripaBeJinBO u 06paTHOe: ¢ TOUKHU 3PeHUS Ha-
6mromarensa B cucreme orcdera K cBeT AOCTUraeT TOYEK IIO-
BepxHOCTHU chephl ¢ eHTPOM B Touke O, B pasiuYHbBIE MOMEH-
ThI BPEMEHM, a He OJHOBPEMEHHO, KaK 3TO IIPEeACTABISETCH
HabsrogaTenl0 B cucreme orcuera K.

Orcrona ciaenyer BBIBOJ, YTO HUKAKOTO IIapajoKca B AeHcCT-
BUTEJNbHOCTH HET.

OnHOBPEMEHHOCTH . COOBITUI OTHOCUTeNbHA. IlpeicTaBUTH
cebe 9TO HATJIAAHO, «II0YYBCTBOBATEL», MbI HE B COCTOSHUA U3-3a
TOT'O, UTO CKOPOCTh CBETa MHOTO (50JIbIIIE TeX CKOPOCTeH, C KOTO-
PBIMU TIPUBBIKJIN ABUTAThHCSI MBbI.

? Kakue cobbiTMs HAa3LIBAIOTCS ORHOBPEMEHHbIMMU!

OCHOBHBLIE CJIEACTBHA U3 ITOCTYJATOB
§78  TEOPHUM OTHOCHTEJHHOCTH

W3 mocTynaToB TeopuM OTHOCHTENBHOCTH BBITEKAET P
moKHeHmux ciaeacreuii. [lepeuncianm ux, He OCTAHABIUBAACH
i1 ODOCHOBAHUM STHUX CJELCTBUU.

OrnocuredpHOCTs paccTosHuil. PaccTrosinue MesxJy NByMs
TO'UKAMMW TeJIa He sABJdeTcs abCOoMIOTHON BEJIMYMHOI, a 3aBU-
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CUT OT CKOPOCTH ABUKEHUA TeJla OTHOCUTENBHO NJaHHOU cucre-
MBI OTCYETA.

O6o3nayuM uepes [, ZIUHY CTePKHA B cucreme orcdera K,
OTHOCHUTEJIbHO KOTOPOH cTeprkelb nokources. Torga ainwua [ aro-
ro CTep:kHa B cucreMe orcuyera K,, oTHOCHTENBHO KOTOPOH
CTEePKEeHb IBHUIKETCHA CO CKOPOCTHIO U, olpeAesidercs (opmyaoit

2
[ = 1(,\/1 - Z—z (9.1)

Kax Buamo m3 aroit ¢popmyssl, [ < l,. B aTtomMm cocrour rak
Ha3biBaeMOe PeJATHBHCTCKOE COKpalleHue pa3MepoB JIBHIKY-
Ierocsa TeJsa.

OTHOCHTEJIBHOCTL IPOMCIKYTKOB BpeMeHU. IIlycTs mHTED-
BAJI BPEMEHM MEXKIy /BYMsl COOBITHUSIMHU, OPOMCXOAAIIMMU

B OOHOM ¥ TOM Ke TOUKe MUCPILUAIbLHOM cucTeMbl orcuera K,
paBeH T,. OTUMH COOBITHIMM, HAIIPUMED, MOTYT OBITH ABa yaAa-
pa Merporoma B K-cucreme, OTCUYUTHIBAIOIIETO CEKYHIBIL.
Torma mHTEpBAT T MEMY TeMH K€ COOBITHAMU B CHCTEME
orcuera K, IBIIKYIIENCH OTHOCUTEIBHO cHcTeMbl K CO cKOpO-
CTBIO U, paBeH:
T JI— (9.2)

QOueBuAHO, YTO T > T,. B HTOM COCTOUT peastTTHBHCTCKHUH
3(pperT 3aMeNJIeHUSI BPeMCHHW B JIBIIKYIIIUXCS CUCTEMAaxX OTCUeTa:

ABHIKYIIHMECHA Yachl «THKAIOT» MeJJIeHHee, YeM IIOKOAIINecsHd.
Ecanm v < ¢, to B opmynax (9.1) u (9.2) moxHO npened-
2
, U -
peyb BEJINYHHOU — . Torpa [ [, 1 T= 13 T. €. PeJATUBUCT-
C
CKOe COKpallleHHe pPAa3Mepon TeJia v 3aMeAJieHne BPEeMEHU
B IBHIKYIIUXCS CHCTEMAX OTCUCTA MOXHO He YUYUTHIBATH.

PenaruBucrekuin 3akon cjoxxenus ckopocteit. Hoseim pe-
JATUBUCTCKUAM IIPEACTABJICIINAM O [IPOCTPAHCTBE U BpPeMeHU
COOTBETCTBYET HOBBIM 3aKOH CJIOMKeHUA cKopocteii. OueBHUIHO,
4TO KJIACCHUECKHH 3aKOH CJOXKEHHS CKOPOCTEeH He MOXKeTr
OBITL CIPABEIJIMBBIM, TaK KaK OH IIPOTHBOPEUYHUT YTBEPXKIe-
HYIO O IOCTOSHCTBE CKOPOCTH CBeTa B BaKyyMe.

Eciu noesn ABuMIKeTCs ¢O CKOPOCTBIO U M B BaroHe B Ha-
OpaBIeHUN [OBUIKEHUS Toe3/|a paclpocTpaHAeTCcd CBeTOBad
BOJIHA, TO €€ CKOPOCTEL OTHOCHTEJILHO 3eMJIN MOJIKHA ObITh PABHA
ONATL-TAKH ¢, & He U + ¢. HOBLIl 3aKOH CIOKeHUS CKOpOCTeil
B JOJIKEeH HPUBOIUTHL K TpebyemMomy pes3yiabTarty.

Mpu1 zanuinemM sTOT 3aKOH CJOXKEHHSA CKOPOCTEH IJA YacT-
HOI'0O CJy4asi, KOT/la TeJIO ABUXKeTCsI BAOJEL ocHu X CHCTEMEI oT-
cuera K,, KoTOpasi, B CBOIO oUepe/b, ABUMKETCHA CO CKOPOCTBIO U
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OTHOCHUTEJNBHO CHCTEMBI OTCYe-
ta K. Ilpruyem B mpollecce ABU-
- MeHnA KoopAnHaTHEIEe ocu OX u
@— 0OX, Bce BpemMsA COBHAAAIOT, a KO-
opaunatHeie ocu OY u OY,, OZ
u OZ, ocrarorcs napajllelbHbIMA

<y

° % X X (uele3).
O603HAYNM CKOPOCTEH TeJia OT-
z  z HOCHTEJbHO CHCTEeMBI oTcueTa K,
Puc. 9.3 yepea U;, a CKOPOCTb 3TOTO Ke

Tejla OTHOCUTEJLHO cuctemMbl K
uepes Uy. Torza penATHBHCTCKUI 3aKOH CIOMKEHHA CKOPOCTeil
Oymer MMeTb BHUI:

v+ v
02: —Ul-l)—. (9.3)
1+ <

[

uY
Ecmu v < ¢ n vy € ¢, TO uieHOM ey B 3HaMeHaTeJle MOXXHO

npeHeOpeds, ¥ BMECTO BhIparkeHus (9.3) IONyYnM IPUBBIYHBIH
HaM KJIACCHYeCKUH 3aKOH CJIOKEeHHUSA CKOPOCTEeH:

Uy = Uy + V.
IIpu v, = ¢ CKOpOCTH U, TaKXKe paBHA ¢ — B COOTBETCTBHU
CO BTOPBLIM IIOCTYJIaTOM TEOPHUM OTHOCUTEJIbHOCTH. J[elicTBU-
TeJIbHO,

c+v ¢+

Uy = =c c.
cv c+v

3aMeyaTebHBIM CBOMCTBOM PEJIATUBUCTCKOIO 3aKOHA CJIO-
XKEHUS CKOPOCTeN ABJAETCA TO, UTO IIPU JIIOOBIX CKOPOCTSAX U,
U1 U (KOHEYHO, He GOMBIINX ) pe3yJbTUPYIOUIas CKOPOCTh U,
He IIPEeBBIIIAeT C.

s mnocrysaToB TEOPHH OTHOCHUTENBHOCTH CcJefyeT, dUTo
IJIWHA Tejia, IPOMEXYTOK BDEMEHH MEXXAY ABYMS COOBITUAMU
3aBHUCAT OT BLIOPAHHOM CHCTEMBI OTCUYETa, T. €. ABJIAIOTCH OT-
HOCUTEJIbHBIMMH.

PeJIHTI/IBHCTSRI/Iﬁ 3aKOH CJIOXEHHUA CKOpOCTeHl mepexoiuT
B KJIACCUYECKHH Iipu v << C.

1. MpK KaKMX CKOPOCTAX ABMIKEHUS PENSTHBHCTCKMIA 3aKOH CROMKEHHS
? CKOPOCTEH NepexoaMT B KnaccHyeckmi (3akoH Nanunes)}
L4 2. B yem NPUHRMNMANBLHOE OTNHYME CKOPOCTH CBETA OT CKOPOCTENH ABH-
weHns ten!
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§79 SJIEMEHTHI PEJATUBUCTCKON NTUHAMUKH

C HOBLIMY HPOCTPAHCTBEHHO-BPEMEHHBIMHY IIPeACcTaBIeHU -
MU He COIJIacyoTCs IPH OOJbIINX CKOPOCTAX ABUMKEHUS U 3a-
KOHBI MexaHnKn HploToHa. JIMinb Ipu MajbiX CKOPOCTAX ABU-
JKeHUs, KOrja CIPaBeAJIUBBI KJACCHUYeCKHe IIpeACTaBJIeHUs
O IPOCTPAHCTBE WM BpeMeHM, Bropoi 3axkoH HriorToHa (ypasHe-
HYe IBUMKEeHHUA) k

m=2Y_F (9.4)
At
He MeHseT cBoed (OpMBI Npu 1epexoqe OT OJHOM MHePIIUAIb-
HOH cHCTeMBl OTCUYETa K APYro# (BBINTOJHAETCA IPUHIIUAI OTHO-
CUTEJIBHOCTH).

Ho npu 60abIIMX CKOPOCTSIX JABUMKEHUSA 3TOT 3aKOH B CBOeH
06BruHO (KJIaccuueckoi) Gopme HecnpapegauB. OgHAKO BBe-
JeHHbIe B JUHAMUKE OCHOBHDbIE MTOHATUA: S9HePrud, UMIIYJIbC —
HUMeIOT TOT e (PU3UYeCKHil CMBICT, JHUIIb HOHATHE MACCHI B
KJIACCUYECKOH MeXaHMKe OTJIMUaeTca OT IOHATHUA MAacChH B pe-
JSATUBUCTCKOY JUHaAMUKeE.

B npupoje CyIECTBYIOT YACTHUIIBI, CKOPOCTE KOTOPHIX paB-
Ha CKOPOCTH cBeTa. ITo JoTOHBl ¥ PA3JIHYHOTO THIA HeHTpu-
HO. Macca aTmx "acTulr, pasHa HyJa. OHE He MOryT OBITH 3a-
MeAJIeHbl UaM ycKopeHbl. [losroMy BO BceX HHePHMANBHBLIX
cucTeMax OTcHeTa X MMIYJLC U 9HEepPrusi He paBHBI HyJ0. Ta-
KHe 4aCcTHIlbl Ha3bIBAIOTCs 0€3MacCCOBBIMH.

DHeprus 1 UMITYJbC TAKHUX YaCTUI CBA3aHBI COOTHOIIEHUAMU

E=pc n E?-p%*2=0. (9.5)

3TU COOTHOIIEHUA IKCIEepPUMEHTAJbHO IOATBEPXKIEHDI.

OpHako A GOIBIIKHCTBA HaCTUL Macca ABJIAeTCA OOHON 13
BayKHEHIINX XapaKTepUCTUK. JTU YacTHUIBI HA3LIBAIOTCSA Mac-
coBbIMH. CKOPOCTH TAKUX YacTHIl U < C.

MaccoBasa yacTuiia obsazaer cOOCTBEHHOH dHepruem:

E = mc (9.6)

CornacHo 2710l (opmyJe Teyno obGiajgaer sHeprueill u Ipu
CKOPOCTU, PABHOM HYJIO -— dHeprued IMoKos.

9To 3aMeUaTeJbHbBIN pe3yabTaT. JI1000e meno yice moabKo
6razodaps parxmy ceoezo cyusecmeosanus obradaem IHepzu-
eil, Komopas NPonopyuUoHAlbHA €20 Macce m.

IIpu npespalieHusX 3JeMeHTaPHBIX YacTHIl, ob6ragaioniux
Maccoil noxkos m # 0, B uacTuisl, y KoTopelx m = 0, ux sHep-
rus nokosd E, meJuKkoM npeBpalllaeTcad B KUHETUUECKYIO dHEP-
rUI0 BHOBBL O0pAa30BABIIMXCH 4YaCTHUIl. IJTOT (DaKT SBJAETCHA
HanboJlee OYEBUIHBIM SKCIIePUMEHTAIbHBIM J0KA3aTelbCTBOM
CYII[eCTBOBAHUA dHEPIHU IOKOH.
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Bo Bcex HHEePpIHaJbHBIX CHCTEMAaX OTcCUeTa I/IMHYJILC qacTH-
IIbl 1 €€ DHEePrmda CBA3aHbl COOTHOIIIEHUEeM:

E? — p?c? = m2ct. 9.7)

Tax kax BeJJUYHHBI M U ¢ He MEHAIOTCA HPU IIepeXxofe OT
OJIHO# CHCTEMBI OTCUeTa K ADYIoi, To, ClIefoBaTeJbHO, He Me-
HAeTcA U 3HadeHue E? — p2c?,

Bripaxxenue (9.7) npeobpasyercs B ypasHenue (9.5) mpwu
m = 0, ciegoBaTesbHO, OHO CIPABEIJINBO TAKMKe U JJA Oeamac-
coBbIx yactuil. ®opmyrna (9.7) aBaserca PpyHIaMeHTATLHBIM
COOTHOILIEHUEM DEJIATHBUCTCKON MEXaHMKH.

JHeprusa YacTUILI BHIPA’KaeTCs Yepes ee UMITYJILC CIeIyIo-
M 00pa3oM:

E = p%c? + m3ct. (9.8)

HUcnonpaya dopmyny (9.8), a Takxke yUIMTHIBAA, UTO HM-
MYyJbC YACTHUIILI IPOMOPIIMOHAJNIEH €€ CKOPOCTH U dHEPIHH, II0-
JydyaeM BbLIPDAMKEHUA A UMIYJIbCA W dHEPIUU YACTHILBI:

— muv
P =7 9.9)
v
-z
. me?
E = — (9.10)
v
1 ——

IIpu v < ¢ MBI TOJyYUM BBIDAXKeHWe [Ad HMIyJbca B
KJIaCCHYECKOM MeXaHHKe: P = Mmu.

Muosxkurens (peaamusucmcKuil MHOMNUMEAD )

IIPA MaJbIX CKOPOCTAX MOMHO Hp006pa30BaTB:
1 v?
~ 1+ PR
o2 2¢

ITopcTaBuB 3To BBEIpaskenme B dopmyay (9.10) u nmoayuum

2
E = mc2+m2v ) (9.11)

tlocnenuee ciaraeMoe — 9TO BBIpaskKeHme A KHHETHUYe-
CKOW DHEePTHUM B KJIACCUYECKOW MexXaHUKe.

llepsoe ciaraemoe B ¢dopmyiae (9.11) — sTo coberBeHHAsE
oHeprins YacTUuILbI.

136

PelaTUBUCTCKAA DHEPIrUd €CTb CyMMa COOCTBEHHOU 3Hep-
MM YACTHIBI U PeJATHBHCTCKOM KMHETHUeCKOl osHepruu K :

E=mc*+E,. (9.12)

W3 ypasrenuit (9.10) u (9.12) moayumm BBIpa)KeHue JJId
PEIATUBHCTCKON KMHeTHUeCKON 3Hepruu MaCCOBOH HaCTUILbI
1 2
EKZ —1—'*—1 mce-. (9.13)
UZ
1--=
c
3amMeTrM, 4TO €CJH U — ¢, TO E, — 00, 94TO HEBO3MOXKHO.
ATo 03HAaUAET, UTO CKOPOCTH MACCOBOM YacTHIIBI BCerja MeHb-
IIIe CKOPOCTH CBeTa.

Macca yactunsl u3 dpopmyias (9.8) umeer BUA:

m= %,/Ez - p%c?. (9.14)

c

Ecam vacTuila ITOKOUTCH, TO M = Eh

O6paTuM BHMMAaHHE Ha TO, UTO TAaK KaK IMOLKOPEHHOE BHI-
paxxenne B popmyJe (9.14) He 3aBUCUT OT BBIOOPA CUCTEMEI OT-
cueTa, TO Macca YacTHUIlbi HE 3aBUCHUT OT ee JBUYKEHUA U OCTa-
eTcsd OJHOH M TOM »Ke BeJIUUYNHONW BO BCEX HHEPHHUANBHBIX
cyucTeMax oTcdyeTa.

Ipusnun coorsercTBusi. 3aKOHBI AuHaMuUKU HploroHa u
KJIacCHUecKue IPEeACTABISHUA O IIPOCTPAHCTBE K BpeMEeHHN MOJK-
HO paccMaTpPHBATh KaK YACTHBINA CJIydali PeIATHUBACTCKUX 3aKO-
HOB [PU CKOPOCTAX JBUKEHUA, MHOTC MEHBLIINX CKOPOCTH CBETa.

9To mnposABIeHve TAaK HA3bIBAEMOr0 NPHMHUMIIA COOTBET-
CTBUA, COTJIACHO KOTOpOMY Jiio6asa Teopus, NPeTEeHAYIOMad HA
Bosiee TIy60OKOe OIHMCAHMe SABJIeHUH U Ha 6oJee HMIMPOKYIO cde-
py HIPHMeHWMOCTH, YeM cTapas, JOJKHa BKJKYAThH IOCJHe/|-
HIOIO KaK IIpedeJbHBIN ciyuaii.

IIpuHOMII COOTBETCTBMA BIIEpBhIe ObLI CchOPMYJSIHPOBAH
Hunscom BopoM NpuMeHUTENHLHO K CBA3M KBAHTOBOM M KJac-
CHYECKOil Teopuii.

MMOyabc 4acTUIbl U ee 9HEPTUA 3aBUCAT OT BbhIOOpa cueTe-
MEI OTCUETa, Macca ke BCerJa OCTaeTcs MOcTOAHHOM. lIpu cro-
POCTHX MHOI'O0 MEHBIIHX CKOPOCTH CBETA PEIATHBUCTCIKNC BbI-
pasKeHUs A UMIYJIbCA U SHEPIHHU HMEePEXOAT B BLIPNIKCHUA
KJIACCHMUYeCKOl MexaHWKM (IPMHIIUII COOTBETCTBHUSL).

1. KakMe BenMuMHbl HE U3IMEHSIOTCA NPM Nepexope OT ORHOM MHep-
? LHaNbHOM CUCTEMbI OTCHETa K APYTon!
® 2. Kakue HacTHibi MOTYT ABHFaThCsl CO CKOPOCTLIO CBeTal

3. B yem COCTOMT NPHHLMI COOTBETCTBHA!
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YIIPAJKHEHHE 11

1. C Touxku speHus "Halaogarens, HaXOAsAILIErOCA B ABMIKYINEM-
cs moesme, yAaphl MOJHUM B 3eMJ0 B Touke A (Bmepenu moesia) U B
touke B (Iosazy moesza) NpoOU3OULIN OxHOBpeMenHo., Kakaa mMosHus
yAapu/ia B 3eMJI0 PaHbllle ¢ TOUKHN 3peHus Habiaoqaressa, HAXOAAIe-
rocs Ha semue?

2. DIeKTPOH, YCKODEHHBIN 3JIeKTPHYEeCKUM IIoJeM, Ipuodperaer
CKOpOCTh, IIPM KOTODO# €ro mnosHad SHEPrudA PaBHA YABOEHHOH dHEp-
ruy mokod. UeMy paBHA YCKODAINAS PASHOCTH HOTEHIMATOB?

3. Moxker Ju 3JeKTPOH B Kakoi-iubo cpele ABUTAThCA CO CKO-
POCTBIO, IIPEeBBINIANOIEl CKOPOCTh CBeTa B NaHHON cpene?

KPATKHUE UTOI'H I'IABBI 9

1. CnenmanbHasg TEOPHS OTHOCHUTENBHOCTH JWHINTEeHHA OCHO-
BBIBAETCS HA ABYX HOCTYJIaTax.
TIpUHIIMI OTHOCHUTEJBHOCTHA — TJABHBIA IIOCTYJAT 3TOU
Teopuu. OH rJacuT: BCe IPOLECCHl B IPUPOJE IIPOTEKAIOT
OIVHAKOBO BO BCEX HMHEPIHAJBHBLIX CHUCTEMaXxX OTCUeTa.

2. CorylacHO BTOPOMY IIOCTYJaTy CKOPOCTB CBe€Ta B BaKyyMe
OAMHAKOBA AJA BCeX MHEpIMaJbHBIX cucTeM orTcdera. OHa
He 3aBHUCHUT HM OT CKOPOCTH HMCTOYHHKA, HU OT CKOPOCTHU
IpUeMHHKa CBETOBOI'O CHUTHAJA.

3. Teopus OTHOCHUTEJIBLHOCTH NPEACTAaBIAET COO0OH HOBOE ydue-
HIe 0 IIPOCTPAHCTBE UM BPpeMeHU, IpuiieJlnee Ha CMeHY cTa-
PBIM KJacCUUYeCKHMM mnpeacraBieHusam. CorigacHo Teopuu
OTHOCHUTEJLHOCTH, IIOHATUSA OJHOBPEMEHHOCTH COOBITUH,
pPACCTOAHMA M MPOMEXYTKU BPeMeHH ABJAITCA He abco-
JIIOTHBIMH, & OTHOCUTeJbHbIMH. OHU 3aBHCAT OT BBEIGOpA
cucTeMbl OTCUYeTa.

4. W3 TeopuuM OTHOCUTEJIBHOCTU BHITEKAET, UTO CKOPOCTH CBe-
Ta B BaKyyMe ABISAETCA MaKCUMAaJbHO BO3MOMKHOHN CKODPO-
CTBIO Ilepelaun B3auMOJeHCTBUY B IPUPOAE.
Coornomenne E? — p?c? = E2 BuinonHsdeTcsa BO BCeX HHeD-
IIMAJbHBIX CHCTEMAaX OTCUeTa.

5. OCHOBHOM 33aKOH PENATHBUCTCKON AMHAMUKI MOMHO 3anu-
caTb B TOH ke (opMe, UTO ¥ BTOPO¥ 3akoH HrrooToHA:

—— = F, HO =,
At ’ p
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6. BaxmefmuMm AJ8 AJepHON GUIMKM X QUUKU dJIeMEHTap-
HBIX YACTHUL, CAEACTBHEM TEOPUM OTHOCHUTEJIBHOCTH ABJIAET-
cA BBIBOJ O CBA3H MEXIY Maccoil u sHeprueil. dueprua E
resa (MAM CHUCTEMBI) TeJl paBHa Macce, YMHOKeHHON Ha
KBaApaT CKOPOCTH CBeTa:

E = mc?.
Yacruna o61anaeT sHeprueil 1 IpH CKOPOCTH PABHON HYJIIO.

7. TIpu CKOPOCTSAX ABMMKEHMS, MHOTO MEHBILIUX CKOPOCTH CBETA,
crnpaBeIMBhI KJIaCCHUYeCKMe NPeACTABIEeHNS O IPOCTPAHCT-
Be ¥ BpeMeHM U 3aKOHBI MexaHWKH HbioToHA. OT1o nposAsBe-
Hue o6lero NPUHIUIIA COOTBETCTBUSA PUINIECKUX TeopHi.

Taasa 10. H3JIYYEHUE U CHHERTPbBI

§ 80 BUABI U3JIYYEHUN. NICTOYHUKH CBETA

CBeT — 9TO IIOTOK 2J1€KTPOMATHUTHBIX BOJH C AJUHOM BOJI-
HEI 4 - 1007—8 - 1077 M. JneKTpOMarsuTHbIEC BOJHBI U3/Iy4AI0T-
¢S IPKU YCKOPEHHOM [BUKEHNY 3aPAKeHHBIX HacTHII. dtu 3a-
psKeHHBIe YACTHIBI BXOJAT B COCTAB aTOMOB, M3 KOTOPBIX
cocTouT BewecTBo. Ho, He 3HAsA, KAK yCTPOEH aTOM, HUYETO
IOCTOBEPHOTO O MEXaHM3Me M3JIYyUYeHUA CKa3aTb HEJb3H. fAcHo
JIUIb, YTO BHYTPHU aTOMa HeT CBETa TaK e, KaK B CTPYHE POsA-
75 HeT 3ByKa. IIo06HO CTPYHe, HAYMHAIOLEH 3BYYaTh TOIBKO
mocje yAapa MOJOTOYKA, ATOMBI MOT'YT «POXKAATh» CBET TOJb-
KO IIOCTe UX BO30OYKIeHUS.

Jas mozo wmobbl amom HAYAL U3AYLAMmb, emy Heobxodu-
Mo nepedambv onpedeeHHYI0 dHepZul. WManyuasi, aToM Tepser
HOJIyYeHHYIO DHEPruio M JJIA HEeNPEePHIBHOTO CBEHUEHMSA Bellle-
cTBa HeoOGXOQUM IPUTOK SHEPIrMU K €r0 aToMaM HU3BHE.

Temmosoe unaaydenue. HaubGosee mpocTodl U pacmpocrpa-
HeHHBIM BUA M3JIyHYEHUs — 3TO TEIJIOBOe M3JydeHUe, Ipn KO-
TOpPOM IIOTEPH ATOMAaMU DHEPTHH Ha H3JIyUeHHe CBeTa KOMIICH-
CUPYIOTCA 3a CYeT DHEPIUY TEeILJIOBOTO JBMIKEHHS aTOMOR (1u1n
MOJIEKYJI) MB3JIydaloliero Teja. TeniioBoe H3ayveHue DTO

naiyJyeHne HArpeTsX Tej. deM BEINIE TeMIepaTypa weian, TeMm
6BICTpee ABIIKYTCA B HEM aTOMEL. IIpu cTOXKHOBCUIIN HbICT-
pBIX aTOMOB (MJIM MOJIEKYJ) APYT € APYTOM HACTEH HX 1€
yeCKOil sHepruy uaetr Ha BOSGy&R,&GHIer ATOMOB, KOTOpLI¢ 3areM
M3JIy4arT CBET U TEPeXOoiAT B HEeBO3OYKACHIOC CoCTONHUe.
TermI0BLIMM HMCTOUHHKAMH MBJIYUEHHUA HRBISIOTCH, HANDU-
Mep, CosiHIle ¥ OOBIYHAS JIAMIIA HAKAJMUBAHIN. Jlamiin oueHsb
yIOOHBIN, HO MAJOSKOHOMMYHBIH meTounni cnern. Jlunin 0KO-
510 12% Beeil SHePrAHM, BBLAEIAEMOM B HINTH JIAMILL IICKTDH-
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qeCKMM TOKOM, IpeoGpaayerca B sHepruio cpera. Haxomen,
TerIOBBIM HCTOUHMKOM CBeTa ABJAseTcA Takke Iiamia. Kpy-
OMHKY ca)kyl (He YCIIeBITHE CrOPeTh YaCTHUIIHI TOILJINBA) PACKa-
JIATOTCA 34 CUeT SHePruH, BBIZEIAIONIeiica IMpH CTOPaHuM TOI-
JAuBa, N UCOYCKAaIOT CBET.

DIeKTPOTIOMMHECHeHIMA. DHeprus, HeoOXoAuMas aToMam
[JIsT M3JyYeHHA CBeTa, MOMKeT IOCTyNnaTh U 13 HeTeIJIOBbIX Hc-
rounukoB. [Ipu paspaAie B razax sIeKTPHUECKOe IoJe coobia-
eT BJIEKTPOHAM GOJBITYI0 KMHETHUECKYIo 9Hepruio. BricTprie
3JIEKTPOHBI MCIIBITHIBAIOT HEYNpPyrue coyAapeHusa ¢ aToMaMu.
YacTh KMHETHYECKON 9HEPrUH DJEKTPOHOB MJeT Ha BO30yxae-
HUe aTOMOB. Bo30y)JeHHBIe aTOMBI OTHAIOT YHEPrUIO B BUIE
CBETOBBIX BOJIH. B peayJbTare sTOI'C paspdAl B ra3e COIPOBOXK-
naerTcsa cBeYeHUEeM. JTO 3TeKTPOJSIOMHUHECHCHIINS.

CeBepHOe CHUSAHHE — TOXKe IIPOsBJeHHNE 3JJIEKTPOJIOMHUHEC-
mernun. IIOTOKY 3apsXKeHHbIX YacTUIl, uciyckaeMbix ComHIeM,
3aXBATHIBAIOTCA MATHUTHBIM mojeM 3emin. OHI BO30YKAAIOT Y
MAarHUTHBIX IOJIOCOB 3eMJIH aTOMbLI BEPXHHUX CJIOeB aTMmocde-
pBl, M3-3a YEro 9TU CJIOY CBETATCH. SIBeHNe 3/IeKTPONTIOMIHEC-
[eHIIUHN HCIOJb3yeTcA B TPYyOKax AJs PeKJaMHBIX HaJITUCeH.

KartoxomomuHecuenunsi. CBeuenne TBepPJBIX TeJ, BbI3BaH-
HOoe OoM6apAMPOBKON MX DJIEKTPOHAMU, HA3HIBAIOT KAaTOXOJIIO-
MuHecHeHnMen. Brarogapa KaTogoJIOMAHECHEHIIMN CBETATCH
9KpaHbl 3JEKTPOHHO-JIyIeBhIX TPYOOK TeIeBH30pa.

XemuaoMmuHecHeHIMSA. [Ipy HEKOTOPBIX XMMHUUYECKHMX pe-
AKNUAX, UAYIIMX C BblJeleHieM SHepruH, 9acTh 9TOM 9HePrun
HeToCPeACTBeHHO PACXOAYyeTCH Ha U3TyuyeHue ceera. MCTOUHUK
CcBEeTa OCTAETCS XOJIOAHBIM (OH MMeeT TEeMIEepPaTypy OKDYKalo-
meii cpeast). ITO sIBJEeHNE HA3BIBAETCH XEeMHIIOMHAHECIeHITHEeH .
TTouTH Ka>kabli M3 Bac, BEPOATHO, 3HAKOM ¢ HUM. JleToM B jecy
MOJKHO HOYBIO YBHJETh HaceKkoMoe — cBeriauka. Ha Ttene
y HEero «TOPHUT» MaJeHbKUH 3eeHbli «(DOHAPHK». Bui He 0003k-
sKeTe ImaJbleB, IoifiMas cBeTiAYKa. CBeTaAleecs NATHBIIIKO HA
ero CIMHKe UMeeT IIOUTH Ty »Ke TeMIIEPaTypy, UTO ¥ OKPYIKAaIo-
it Bo3ayx. CBOMCTBOM CBETUTHCA 00J1a4a10T U APYyrHe XKUBbIe
opranmsambi: 6aKTepun, HaceKOMble, MHOTHE puIOBI, OOUTAIOIITHE
na Goabpinoit rayouue. HepegKo cBeTATCA B TEMHOTE KYCOHUKH
THHUIONIETO Jepesa.

doromomuHecnennug. Ilagaromuil Ha BEIeCTBO CBeT Hac-
THYHO OTPa’KaeTcd ¥ YACTUYHO MOTrJIONaeTcs. JHEePrus MoTJio-
1[aeMOTO cBeTa B GOIBIINHCTBE CIyuaeB BbI3bIBaeT JIUIIb HATrpe-
panue Tes. OTHAKO HEKOTODbHIE Tejla CaMU HAYUHAIOT CBETUTHCA
HeIIOCPeACTBEeHHO HOJ AeHCTBHeM HaJalolllero Ha HUX H3ayde-
nus. Dro u ectb poTomoMunecHennusa. Cser Bo30yKAAET ATO-
MbI BelllecTBa (yBeJMUUBaeT UX BHYTPEHHIOIO DHEpPruio), 1 mo-
cJie HTOTO OHM BbhIcBeumBaroTca camu. Hampumep, ceeTdAlrecsa
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Baeunos Ceprei MBaHosuy (1891—1951) —
COBETCKMI (PU3MK, TOCYRAPCTBEHHbIG M ObLiecTBeH-
b pestens, npesuaedt AHCCCP s 1945—1951 rr.
OCHOBHbIE HayuHblE TPYAbI MOCBALLEHD! (HM3HHECKOM
onTHKe, U B NEPBYIo ouyepenb POTOMOMHMHECUEHLIAN.
Mop ero pykosoacTeom 6eina paspaboTtaHa TexHo-
NOrHst U3rOTOBNEHMS NAMI AHEBHOrO CBETa M PasBuT
METOS, NIOMUHECLEHTHOTO aHarnM3a xMMnu4ecKoro co-
cTaea Bewects. [og ero pykosoacTteom I'l. A. Hepen-
Kos oTKpbin B 1934 r. usny4eHue cpeTa 3NeKTPOHa-
MM, BBMIKYULMMHUCA B CPERE CO CKOPOCTHLIO, NPEBbi-
WatoLLei CKOPOCTh CBETA B ITON Cpene.

KpacKy, KOTOPHIMHU TOKPLIBAIOT €JIOYHbIE UTPYIIKY, N3TYIatoT
¢BeT IocJie uX obJIydenus.

Wsnyuaemelil pu GOTONTOMUHECIEHIIMN CBET MMeEeT, KaK
IIpaBUJIO, OOJBIIYIO AJUHY BOJHBI, Y€M CBET, BO30YKAAIOIITAT
cBeYeHMe. DTO MOKHO HAGJI0JATh 3KcIepuMeHTanbHO. Ecan
HAIIPABUTH Ha cocyl ¢ (MI1I00PEeCIenHOM (opranuiyecKuil Kpacu-
TeJIb) CBETOBOM IMyUOK, IIPOITYIeHHBIN Yepes ¢dhuoIeTOBBIN CBeE-
TOQUABTP, TO 9Ta >KUIKOCTHL HAUWHAET CBETUTBHCA 3€JeHO-
SKEJITBIM CBETOM, T. €. CBeTOM ¢ GoJIblilell JJIMHOW BOJHBI, YeM
y (HHOJIETOBOTO CBETA.

fipnenue (HOTOJIOMUHECIHEHIIMM IIUPOKO MCIOJIb3yeTcd B
sammax aHesHoro csera. Coserckuii ¢puaux C. . Basunos
[PeAJIOMUI TIOKPbIBATH BHYTPEHHIOIO IIOBEPXHOCTH paspsagHOH
TpYyOKH BEIlleCTBAMU, CIIOCOOHBIMU APKO CBETUTECH MOA AercT-
BMEM KOPOTKOBOJIHOBOTO U3JIyJEHHs ra3oBOTO paspsaza. Jlam-
OBl JHEBHOT'O cBeTa Npumepiio B 3—4 pasa DKOHOMHUYHEe O6GBIY-
HBIX JIAMII HaKaJuBaHusl.

M3 nepeumcIeHHBIX OCHOBULIX BUIOB u3ny4vYeHH camoe
pacinpocTpaHeHHOe — TCHJIOBOC UBJIYTCHIS.

1. KaKne MCTOYHMKM CBeTa Bbl 3HaeTe!

? 2. Kakue BMAb! M3NyYeHMH AEHCTBOBAnNM Ha 8aC B Nnpowegiune cyTiem!
)

§ 81 CIIEKTPBI 1 CIIEKTPAJILHbIE ATITIAPATBI

Pacnpegeledue sHepruy B cnextpe. Hu ofuH u3 MCTOYHHU-
KOB He AaeT MOHOXPOMAMUYeCKozo céema, T. €. cBeTa CTpOro
oIpefieIeHHON JJIMHBI BOoJHBI. B sTOM Hac yOemgaoT ONBITHI
[0 Pa3JIO’KeHUIO CBeTa B CIIEeKTP ¢ MOMOMIBLIO MPU3MBI, a TAKKE
OMLITHL II0 MHTephepeHun U AnppaKkIun.
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Ta sHeprus, KoTOpyi HeceT ¢ c000il cBeT OT MCTOYHUKA,
onpeneJeHHBIM 00pas3oM pacipezesieHa IO BOJHAM BCeX IJIUH
BOJIH (MJIM YaCcTOTaM), BXOAAILIMM B COCTAB CBETOBOTO IIYYKA.
IInoTHOCTE IIOTOKA BJIEKTPOMATHUTHOIO M3JIyYeHUSA, MU HH-
TeHCHBHOCTDL I, KaK m3BecTHO us § 50, ompezensercsa sHepru-
el AW, npuxogpsieica Ha Bce 4acTOThI. [Jisg XapaKTepUCTUKH
pacipeesieHUs U3JIYyUYeHUdA 10 YacTOTAM HYXKHO BBECTH HOBYIO
BeJIUYNHY: UHMEHCUBHOCMb, NPUXOOAUYIOCA HA eOUHUYHBLI
uHmepseas wacmom. ATy BEJUUYUHY HA3BLIBAIOT CNEKTpaJbHOI
ILJIOTHOCTBIO NMOTOKa u3ayuenus. O6ozmauum ee uepes 1(Vv).
Torza MHTEHCUBHOCTD M3JIYUEHHUHA, IPUXOIALNAACA HA HeGOIb-
uIo#l CcHneKTpaJbHBLIMT uHTepBaa Av, pasua I (v)Av. Cymmupys
nomoOHbIe BBIDAXKEHNS II0 BCEM YACTOTAM CIIEKTPAa, MBI IMOJY-
YUM IUIOTHOCTh IIOTOKA M3JIyueHHS I.

CHeKTpanbHYIO I[JIOTHOCTH IIOTOKA M3JYUEHUS Ha PA3HBIX
4acToTaX MOMKHO HANTH 3KCIEepUMEHTaJdbHO. /st 3TOro Hamo
C IIOMOIIBIO NPU3MBI IIOJIYUYUTh CHEKTP MU3JIYUYEHUs, HAIlpUMep
9IEeKTPUYECKON AYTH, M H3MEPUTH IIJIOTHOCTL IIOTOKA U3JIyde-
HUSA, IPUXOAANIETOCA Ha HeOOJbIINE CIIeKTPalbHble HHTEPBA-
ALl NIUPUHOMK AV,

3puTeNbHO OIEHUTh (NPUOJIH3UTEILHO) paclpenejeHne
9HePruM HeJb3dA, TAK KaK IJas obJiaiaer nu3buparelbHO 4yBCT-
BHUTEJBHOCTBIO K CBETY: MAKCHUMYM €I'0 UYyBCTBUTEJIBbHOCTH JIie-
SKHUT B KeJITO-3eJleHOH obacTu criekTpa. JIydiile BCero BOCIIOIb-
30BaThCsI CBOMCTBOM OYEHL YEPHOI'0 TeJa IIOYTH IIOJHOCTHIO
IOTJIOIIaTh CBET BCEX JJIMH BOJH. IIpM 5TOM sHeprusd majayue-
HHUA (T. e. ¢cBeTa) BBEI3BIBAET HarpeBaHme rteja. Ilosromy mocra-
TOYHO M3MEPHUTH TeMIIepaTypy Tesia U 110 Hell CyAUTh O KOJIU-
YecTBe MOIJIONIEHHOHN B eJMHUIY BPEMEHHN JHEepruu.

ITo pesyapTaTaM TaKUX OIBITOB MOMHO MOCTPOUTH KPUBYIO
3aBUCUMOCTH CIIEKTPAJBHOH IJOTHOCTA MHTEHCHUBHOCTHU H3JY-
dyeHusd oT dyacToThl (pmc. 10.1). Dra KpuBaA macT HaArJISIHOE
npeAcTaBieHVe O pacIpelleIeHUW JSHEpPTUN B 8uiuUMOil 4acTH
CIeKTpa 3JeKTPUUYECKON TYI'H.

CnexTpansHbele anmapatel. i TOYHBIX HCCJIeIOBAHUN
CIIEKTPOB TaKHe IIPOCThIE IIPUCIOCOOJeHNA, KaK y3Kasd IeNb,
OTPaHUYUBAIOIIAS CBETOBOM IIYUYOK, MJIKM HPHU3Ma, YiKe HeZoCTa-
TouHbI. HeobOxoauMel npuGOPEI, Aaloliue YeTKHUHA CIIeKTp, T. €.
I(v) npubopsl, XOPOIIO pasze Isiolue
BOJIHBI PA3JINYHOM AJUHEI 1 He J10-
IIycKaroniye (1JaIn IoYTH He JoIyc-
Kaloline) IepeKphIBAHNA OTHe/Ib-
HBIX YYacTKOB creKrTpa. Taxume
npubopsl HA3BIBAIOT CHEKTPAJb-
Ve vV HBIMM ammapatamMu. WX ocHOB-

HOW YacThIO ABJAETCA MpU3MA
Puc. 10.1 unu sudparuoHHAaA DeIleTKa.

Av
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L1

Puc. 10.2

PaccmoTpuM, HAIPUMEP, CXeMy YCTPOMCTBA NPU3MEHHOIV
creKTpasbHoro amnmapara (puc. 10.2). Hccremyemoe wnaiyue-
HUe [IOCTYIaeT BHAYAJE B UacTh Npubopa, Ha3LIBAEMYIO KOALU-
mamopon. Konnumarop npeacrabigeT coboit Tpy6y, HA OZHOM
KOHIle KOTOpPOHl MMeeTcH INNpMa C Y3KOH INeabio, a Ha APY-
rom — cobupawinas aunza L1. Iless HaxoguTcsa Ha (POKYC-
HOM DACCTOSHUHU OT JHUH3BI. II09TOMY PacXOJANIMICA CBETOBOM
IIyYOK, HONAAAIOININN Ha JUH3Y U3 IIeJd, BEIXOOUT M3 Hee Ia-
pasIeJbHBIM OYYKOM X IajaeT Ha npusmy P.

Tax KaK pasHbIM YAaCTOTAM COOTBETCTBYIOT PA3JIUYHBIE I1O-
KaszaTeJ U IPEJIOMJIEHUSA, TO U3 IIPU3MBI BHIXOJAT IIapajlielib-
Hble IIYYKH, He COBIajaiolmiye 1o Hanpasienuno. OHM magaroT
uHa auH3y L2. Ha $OoKyCcHOM paccTOSHUM OT 9TOM JMH3BI pacIio-
jlaraeTcs SKpaH — MATOBOE CTEKJIO WM (OTOILIACTHMHKA. JIWH-
3a L2 doxycupyeT mapajuiesbHble IYYKH Jiydell Ha JKpase,
¥ BMECTO OIHOT'0 M300pa)KeHMs [IEJU MOIydaeTcs Iesbli Pl
usobpaxxeunii. Kakzro#l uacrore (TouHee, Y3KOMY CIEKTDAJIb-
HOMY HHTepBajy) COOTBeTCTByeT cBoe m3obpaskeHue. Bce atu
n3o6pakeHus BMecTe U 06pa3yloT CHEKTP.

OnwmcaHHBII IIpubop HasbiBaercsi cnexmpozpagom. Ecan
BMECTO BTOPOM JIMH3BI U JKpaHa HCIOJb3YeTCA 3PUTEeNbHAA
Tpy0Oa AJIA BU3YaJbHOrO HabUIIO/€HUSA CIIEKTPOB, TO IpUbOp Ha-
3nIBaeTcHa cnexkmpockonom. Ilpusmel n Apyrue getajyd CHeKT-
PAJLHEIX aNIapaToB HBIOTOBJIAIOTCA HE TOJbBKO M3 CTeKJa.
BmMmecTO cTrexJgaa IPHEMEHAKT U TaKkue [Ipo3padyHble MaTepuaJbl,
KaK KBapll, KAMeHHadA COJb U Jp.

Bonl 03HAKOMUJINCEH C HOBOIl BeJMYMHON — CHEKTPAJbHOHN
JIOTHOCTHIO MHTEHCUBHOCTH HU3JIy4YeHHUs, a TaKe ¢ yCTPOH-
cTBOM clieKTporpada.

1. YTO HAl0 M3MEHHTb B CNEKTPANLHOM annapare, ecnM BMeCTO Mpus-
‘) Mbl HCIONb30BaTh AMPAKUMOHHYIO pelleTky!
® 2. Kak 3aBMCHT HHTEHCHMBHOCTb M3NYYEHMS OT YacTOThbl B BHAHMOM YacTH
cnekrpal
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§ 82 BU/ibl CIIEKTPOB

CHeKTpajbHBIH COCTAB M3JIYUYEHUA BEIIECTB BeChMa Pa3HO-
obpasen. Ho, HecMoTpA Ha 9TO, BCE CICKTPLI, KAK IIOKa3bIBaeT
OIIBIT, MOJKHO Pas3feNuTh HA TPHU THUIIA.

HenpepsiBabie cniekTphi. COMHEUHBIN CNEKTP WJIKA CHEKTP
AYroBoro (poHaApPA ABJAETCA HENPEPBIBHBIM. JTO 03HAYAET, UTO
B CIEKTpe NPeACTaBJIeHBI BOJHBI BCeX JJIMH BOJH. B crekrpe
HeT Das3pbIBOB, U Ha JKpaHe cHeKTporpada MOKHO BULETH
CIUIOUIHYIO DA3HOIIBETHYIO moJocy (cm. puc. V, I Ha uBerHOR
BKJIeHiKe).

Pacnpepenernue sHepruu mo yactoram, T. €. cHeKTpaJbHAA
IJIOTHOCTh MHTEHCHUBHOCTH M3JIYUYEHUA, IJIs PA3HBIX TeJ pas-
auuHo. HanmpuMmep, Tesio ¢ oueHb YePHOHU MOBEPXHOCTBIO M3JY-
4aeT 3JIeKTPOMarHUTHBIE BOJHBI BCE€X YACTOT, HO KPUBAS 3aBU-
CHMOCTH CIIEKTPAJIBHOMN IJIOTHOCTY WHTEHCUBHOCTU HM3JTYUCHHUS
OT YaCTOThl UMeeT MAKCHMyM IIDH OIpeesIeHHOI yacTore V.
(puc. 10.3). DHeprus usaydeHud, IPUXOAAIIASICT HA OUeHb Ma-
asle (v — 0) m oueH®s Gosbiime (V — 00) 4aCTOThI, HUUYTOMKHO
mana. Ilpw TOBBIIIEHWH TeMIepaTyphl TeJda MaKCHUMYM CIEK-
TPAJBHON MJIOTHOCTU H3JIYYEHUA CMEIaeTCd B CTOPOHY KODOT-
KWX BOJIH.

HenpepriBHbie (MM COJIOWIHBIE) CIEKTPHI, KAK ITOKAa3bIBa-
eT OIIBIT, Jal0T TeJsa, HaXOoAAIIWecA B TBEPAOM MM >KUIKOM
COCTOAHMHK, 8 TaxKxe CHUJIBLHO CXKaThle rasbl. [asa monyuyedHua
HEIIPEepPBLIBHOTO COEeKTPAa HYKHO HAarpeTh TeJO A0 BBEICOKOU TeM-
neparypsi.

XapaKkTep HeIPepBhIBHOTO COEKTPA U caM (PAKT ero cymjecT-
BOBaHUA He TOJBKO ONPEAEeNAIOTCA CBOHCTBAMHU OTACILHBIX H3-
JydarliuX aTOMOB, HO U B CHJIBHOH CTeIIeHM 3aBUCAT OT B3aU-
MoOAeliCTBUA aTOMOB JAPYI' ¢ APYIOM,

HenpepreiBHBIL CIEKTP JaeT TaKyKe BBHICOKOTEMIEpAaTypHAas
naasMa. JJeKTPOMATHHTHBIE BOJIHBI M3MYyYaloTcd ILIasMOi B
OCHOBHOM IIDU CTOJKHOBEHHSAX JJEKTPOHOB C MOHAMH.

JluHeliuaTeie cueKkTpsl. BHeceM B GiiefHOe MaaMsA rasoBoii
TOpeJIKM KycOo4deK aclecTa, CMOUEHHBIN pPacTBOPOM OOBIKHO-
BeHHOU noBapeHHoi comu. Ilpm
HaOMIOZeHNU NJaMeHU B CIeK-
TPOCKON yBUAMM, Kak Ha QoHe
eIBa Pa3JINYNMOTO HellPePhIBHO-
: . ro cHeKTpa ILJIaMeHH BCHbIX-
! 2 HeT ApKas KeJTasg JUHUA (CM.
| puc. V, 2 Ha 1BeTHOM BKJIeHKe).
LT ITY KeJITYIO JIUHUIO Tal0T APkl
S HaTpusd, KOTOpbie 06pasyoTcs

IPH pacllellJIeHUN MOJEKYJ II0-
Puc. 103 BapeHHO! conu B miaamMeHu. Ha
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BETHOII BKJelike npusegeHnr (V)

TaK)Ke CIeKTPhLI BOJOPOJa U re-

ausa. Kamxapili 13 COEeKTPOB —

9TO YACTOKOJ IBETHBIX JHHUU

pasJauuHON APKOCTH, pasieseH- -
HBIX IHIHPOKHUMHY TEMHBIMU I10JI0- 0

camu. Takme creKTphl HA3BIBA-  Puc. 10.4

oTca auHeduateiMu. Hanuupe

JIuHeHYaTOro cieKTpa 03Had4aeT, YTO BEelleCTBO HM3JIy4YaeT CBEeT
TOJNBKO BIIOJIHE ONpeJeNIeHHbIX AJIUH BOJH (TOYHee, B OIpene-
JIEHHBIX OUeHb Y3KHX CIeKTPaJbHbIX WHTepBanax). Ha pucyn-
ke 10.4 mokasaHO IpHUMepHOe paclpejejieHne CIeKTPaJbHOU
IJIOTHOCTY MHTEHCHUBHOCTH U3JYUEHUS B INHeHYaTOM CIEKTpe.
Kaxxgasa JUHUA IMeeT KOHeUHYIO IUPHUHY.

Juneiiuamuie cnexmpsl Q0T BCe BeIllecTBa B rasoobpas-
HOM aToMapHOM (HO He MOJIeKYJISPHOM) COCTOAHMH. B aToMm
clIydae CBEeT WM3JYyJamT AaToMbl, KOTODEIE IPaKTHYECKH He
B3aUMOEHCTBYIOT APYI' ¢ JIPYyroM. JTO caMbIi QyHIaMeHTaIb-
HBIlI, OCHOBHOUM THI CTIEKTPORB.

H30nuposanmbie amomul Usyiaom ceem cmpozo onpede-
JeHHbLX OAUH BOJIH.

O6bIYHO s HAOJMI0CHUS JIMHEHYATBIX CHeKTDOB MCIIOJIb-

<

3YIOT CBEUEHME MAPOB BCIHCCTBA B IJIAMEHM WM CBEYEHUE ra-
30BOTO paspsaga B TpyOKe, 1HallONHEHHON HCCAeAyeMbIM ra3oM.

IIpu yBeaWUeHHM 1JIOTHOCTH ATOMAPHOTO rasa OTAelbHbIe
CHeKTPAabHBIE JIUHUU DaCIlIMPAIOTCS, ¥, HAKOHEL, IDH OYeHb
6OJIBIIIOM CIKATHUH rasa, KOIYIA B3aUMOJeMcTBHE aTOMOB CTaHO-
BUTCS CYILIECTBEHHBIM, 'I'M JIMHUN IIePeKpPhIBAIOT APYr APYyra,
00pasys HEIPEPBIBHBIH ClLICKT.

Tloaocateie cmextpbl. [losocarslil ciekTp COCTOUT U3 OT-
eIBHBIX II0JIOC, Pa3fesicHibIX TeMILIMU HpoMesxyTKamHu. C mo-
MOIIBIO O4YeHb Xopoliero CICIKTPAJILHOTO anmnapara MOMLHO
OGHAPYKUTE, YTO KaJasl [OJIOCn 1peJeTaBisieT coboit coBO-
KYIHOCTE GOJIBIIOTO YHCIA OUCH TCCHO PACTOJOMKEeHHBIX JIH-
Huii. B oTyiuye oT IMHENYATHIX CHHCKTPOB IHOJ0CATHIE CeKTPBI
06pas3yioTca He aTOMaMHU, a4 MOJCKYJIaMU, He CBASAHHBIMU HJIH
¢J1ab0 CBA3AHHBIMU APYT C JPYFOM.

Hns HaGIIOAeHUS MOJIEKYJISIDHLIX CIICKTPOB TaK 2Ke, KaxK ¥

NA HaOIIOgeHUA JUHeWYaTLlX CHCKTPOB, HCIOJB3YIOT CBede-
HMe I1apoB BEIecTBa B IJIaMeHW UJlu cBedeHHe ra30BOro paspsazaa.

CrexTpsl noraomenus. Bee Benecrsa, aTOMBI KOTOPHIX Ha-
XOOATCH B BO3OYIKAEHHOM COCTOSHUM, H3JIYYAIOT CBETOBBIE
BOJIHBI. DHepPTHUA 3TUX BOJH ONpe/ieIeHHBIM 00pasoM pacipeje-
JIeHa IO AJIMHAaM BOJIH. Ilorjolinenue cBeTa BeIleCTBOM TaKKe
3aBHCUT OT AJUHBLI BONHLI. Tak, KpacHOe CTEKJIO IIPOIIyCKAaeT
BOJIHBI, COOTBETCTBYIOIIME KpacHomy cBery (A = 8. 107° cm),
¥ IOrJIOIIaeT BCE OCTANbHEBIE.
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lican npomyckats GeJiblil CBET CKBO3b XOJOLHBIH, He M3JIY-
HAlOIMEA ras, To Ha (DOHEe HeIPEePBLIBHOTO CIEKTPa MCTOUHHUKA
MOABJIAIOTCA TeMHble JuHUHN (cM. puc. V, 5—8 Ha nBeTHOIl
srJieike). I'as morsomaer sanbosee MHTEHCHBHO CBET UMEHHO
Tex JJIMH BOJIH, KOTOPbIE OH caM HMCIYCKAeT B CUJIbHO HATPETOM
cocroaunu. TemHBIe JUHUU HA (OHE HEIPEePLIBHOIO CIIEK-

TPa — 9TO JUHHUH HNOTJIOMIEHU, 00pas3yollue B COBOKYIIHOCTH
CIIeKTP MOTJIONIEHH T,

CyIlecTBYIOT HeIpepbIBHLIE, JHHEHYATBIe M [OJ0CATHIE CIeK-
TPBl U3JYYEHUA W CTOJBKO Xe BUJOB CIIEKTPOB IIOTJIOIEHUA.

1. flBnseTcs N CNEKTP Namnbi HAKANMBAHWS HeNPepPbIBHbIM!
? 2. B yem rnagHoOe OTIMYME NMHEHYATBIX CMEKTPOB OT HeNpPepbIBHbIX
Ld M nonocarbix!

§ 83 CIHEKTPAJIbBHBIN AHAJIN3

JluneliuaTele CIEKTPHI UMEIOT GOJBITOE 3HAUYEHUE, IOTOMY
YTO MX CTPYKTYDA TEeCHO CBA3aHA CO CTPOEHUEM aToMa.

I'naBHOe CBOMCTBO JIMHENYATHIX CIIEKTPOB B TOM, UTO OIUHbL
801K (UL HACMOMbL) JUHEULAMO20 CNEKMPA 6eULeCMEd 3a-
6UCAM MOALKO OM CE0UCME AamoMo8 3moz0 8euLecmea, Ho Co-
6EPDULEHHO He 3asucam om cnocoba 8030YHOeHUL C8eHeHUS
amomose. AToMbl 1:000r0 XUMIYECKOT0 JIEMEHTA JAI0T CIIEKTD,
He IIOXO0KHUY Ha CIeKTPhI BCeX APYTuX 3JIeMeHTOB: OHU CIIOCO0-
HBI M3JIy4aTh CTPOTO OIIpe/le/IeHHBIA HAGOD JJIMH BOJIH.

Ha sToM 1 ocHOBaH CIEKTPAJNBHBIA AHAJIM3 — METOJ OIIpe-
AeJeHUs XUMUUECKOr0 COCTaBa BeIl[eCTBA MO ero CIeKTpy. Ilo-
KOGHO OTHeYaTKaM IAaJbIeB y JIOAeH, JuHeifldaTbie CIEKTDPHI
Pas3JIUYHBIX 3JIEMEHTOB MMEIOT HEIOBTOPUMYIO0 MHIUBHIYAJIh-
HOCTB.UHGHOBTOpI/IMOCTb Y30DOB Ha KOXKe IMaJblla IOMOT&€eT 4ac-
TO HAWTH MOpecTynHMKA. TOYHO Tak Ke Giaarojgapsa UHAUBU-
AYaJIbHOCTHA CHEKTPOB MMeeTCs BO3ZMOMKHOCTBL OIpPeJeINThb, U3
KaKHUX 3JIEMEHTOB COCTOHUT TeJsio. C MOMOIIBIO CHEKTPAIBHOTO
aHaJIKN3a MOXKHO OOHADYKUTh JaHHEIN 3/IeMeHT B COCTABE CJI0MK-
HOTO BelllecTBa, eCJHU Jaxe ero macca He npessimaer 10710 v, Do
OUeHb YYBCTBUTEJbHEII METOJ.

KosnngecTBeHHBIII aHAAM3 COCTaBa BeLIECTBA IIO €r0 CIEK-
TPY 3aTPyAHEH, TaK KaK APKOCTb CIHEKTPAIbHBIX JIMHNII 3aBU-
CUT HE TOJBKO OT MACCHI BEIeCTBa, HO W OT cIrocoba Bo3byxK-
/leHus cBeveHMs. Tak, IpM HUSKUX TeMIepaTypax MHOTIHE
ClleKTpaJIbHble JIMHUM BOOOIe He moaBisiorcsa. OaHako mpu
COONMOeHUN CTAHZAPTHBIX YCIOBUN BO3OYKIEHUS CBEUEHUS
MOKHO MPOBOAUTE M KOJHUYECTBEHHBIN (4 He TOJNLKO KauecT-
BCHILI) CTIEeKTPAJIBHBIN aHaN3.
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B HacToAmee BpeMs OfIpeiesieHbl CIIeKTPhI BCEX aTOMOB U CO-
cTasJieHbl TA0MUIBI CIeKTPoB. C NOMOINBIO CIEKTPAJILHOIO aHa-
13a GBI OTKPBITHI MHOTHE HOBbIE 9JIeMEeHTBI: pyOu/inii, 1esni
M Ap. OJeMeHTaM 4acTo JaBajil Ha3BaHUS B COOTBETCTBUU C I1Be-
TOM HauboJee MHTEHCUBHBIX JIMHUI UX CIEeKTpoB. Pybuauil gaert
TeMHO-KpacHbIe, pyGuHoBble tuduu. CI0BO yesuil 03Ha4aeT «He-
fecHO-TOIy00#» . DTO IBET OCHOBHBIX JMHUN CHEKTPA Le3ud.

MMeHHO ¢ IOMOIIBIO CHeKTPAJBHOIO aHAIN3a y3HaNIM XU-
muyeckuii cocraB ComHnma u ssesa. [Ipyrue MeToAsl aHaIU3a
3/ech BOOOIIEe HEBO3MOXKHbI. OKa3aJa0oCh, YTO 3BE3ABI COCTOAT
U3 TeX JKe caMbIX XMMHUYEeCKIHX HJEeMeHTOB, KOTOpble UMeIOTCH

u Ha Semue. JIo60mBITHO, 'YTo I'eJIUE cHadala OTKPBLIU Ha
ConHlle 1 JUIIB 3aTeM B armochepe 3emian. Haspanue aroro
3JIeMEHTa HATIOMHHAEeT 00 UCTOpUH ero OTKDPBITUSA: CIOBO 2eAUll
03HAYAET «COJTHEUHBIN».

Biarogapsa cpaBHUTEeLHOI [IPOCTOTE W YHUBEPCAJBHOCTU
CIIEKTPAJIBLHEIN aHAINS ABJINCTC OCHOBHBIM METOAOM KOHTPOJIA
cocTaBa BeIlecTBa B MCTJLIYpPUriu, MalIMHOCTPOEHUH, aTOM-
Ho#l nuaycTpur. C [OMOlILIO CHICKTPAJBHOTO aHAIU3a Oonpese-
JSAIOT XEMHUYECKHUH cocTan py/i 11 MUHEPaJoB.

CocraB CHOMXKHDBIX, I'lablhim 00pa30M OPraHUYECKHX, CMe-
ceil aHANMSUPYETCs 110 HX MOJICKYJISPHBIM CIIEKTPAM.

CHeKTpaJbHBIM ailaiits MONCO TPOBOAUTH He TOJIBKO IIO
CIIEKTPaM HCIIyCKAaHUsl, 110 11 110 CHeKTPaM norjomenus. Umes-
HO JUHUM morJoiietust B clicikrpe ConHna 1 38e3]1 IO3BOJIAIOT
HceaefoBaTh XUMMUUeCKMil coctan Hrux HeGeCHBIX Tesl. SIpKo
cBeTAlaaAcs moBepxHocTh Connia pomocpepa — naer He-
npepuIBHBIHM crexkTp. Cosncunasn armocpepa IorjomaeT n3obu-
paTesbHO ¢BeT OT GoTocdephl, o HPHBOAUT K IMOABJIEHUIO JIN-
HUI TOTJIOIIeHUA Ha PoHe nenpephigloro ciuektpa gorocdeps.

Ho u cama atmocdepa Cosnni iy aer ceer. Bo Bpems cout-
HEYHBIX 3aTMeHMii, KOraa cojieunniil ek 3akpolt JIyHOH, Ipo-
HCXOAUT «obpaliesue» Junuii cnewrpa. Ha Mecre inHuit norsio-
MEHNA B COTHEUHOM CIIEKTPEe BCULIXHBAIOT JTUHAYN U3JTydeHUA.

B actpodmsuke moj cieKkTpaiLHLIM d11aJM30M IOHUMAIOT HE
TOJIBKO OIpefesieHNe XUMUUeCKOIo COCTARA 3B8e3]l, Ta30BbIX 00-
JAKOB U T. A., HO U METOIBI HAXONICHILH 11O CHIEKTPAM MHOI'MX
IPYTUX (GU3UUECKUX XAPAKTEPUCTHK DTHX 00beKTOB: TeMIIepa-
TYpBI, ZABJEHUS, CKOPOCTH ABUMCHII, MAIHHTHON NMHAYKITHY.

PaspaboTaHo MHOTO CIIOCODOB OlIPCAC/ICHU COCTaBA OKPY-
skaromux Hac tesi. Ho cocras 3Be3/| M NaJIaKTHK MOYXKHO Y3HATh
TOJBLKO C IIOMOIIBIO CIIEKTPAIBHOIO aHaJIn3a.

1. Kakue onepauuH HYXHO NPoAenaTh ¢ KPynMUen BeujecTsa, 4106b1
‘? Y3HaTh ee XMMMHUYECKMH COCTaB np# NOMOLUHM CNEKTPabHOTO aHanm3a!l
® 2. Yto onpepensior N0 AMHMAM MOTNOWEHMS B CONHEYHOM CneKTpe:

cocrae atmocdepbl COnHUA MAK >ke cocTae ero rnybuHHbIX cnoes!
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HHOPAKPACHOE U YJbTPA®HUOJIETOBOE
$84  y3yrydEHUSA

Hudpakpacnoe nsayuyenune. IJIeKTPOMarHUTHOE U3JIyUeHUe
¢ gacToTaM® B amanazoHe oT 3 - 101! 1o 3,75 - 104 'y HaseBa-
erca uapakpacasiM naayueruneMm. Ero ucnyckaer srrodoe Harpe-
TOE TeJIO Ta’Ke B TOM cjJydae, KOT[a OHO He cBeTuTcsA. Hanpumep,
faTapes OTOILJIEHWS B KBapTuUpe HCOYyCKalT HHppPaKpacHbIe
BOJIHBI, BBIBBIBAIOIIIME 3aMETHOE HarpeBaHve OKPYKaIOIUX TeJ.
ITosromy mubpPaKpacHbIe BOJIHEBI YACTO HA3LIBAIOT MEnJOGblMIL.

He BocmpmuMMaemble Tyia30M MH(ppPAKpacHBIE BOJHBI MMe-
IOT AJWUHBI BOJIH, NPEBBIIAIOINNE TIUHY BOJHBI KPACHOTO CBe-
ra (gnnHa BoMHLL A = 780 uM — 1 mm). MakcumMyM sHeEpruu
U3JIYYEeHUS JIEKTPUUeCKON AYTH U JaMIIbI HaKaJUBAHUSA OPH-
XOAUTCA Ha MHPpaKpacHbIe JTYYH.

NudpakpacHoe maiydyeHHe MPUMEHSAIOT JJA CYIHKHW JIAKO-
KPACOUYHBIX TOKPBITUHM, OBomieHd, GpykToB u T. n. CosmaHsl
npubOpBI, B KOTOPBHIX HE BUAMMOE TJa3oM HH(MPaKpacHOe H30-
OpakeHue o0bexkTa mpeobOpasyerca B BuamMoe. YI3rorosiis-
0TCA OMHOKJIN U ONTHUYECKHWEe NPUILEJIbI, TO3BOJIAIONINE BUIETh
B TEMHOTE.

YasTpaduoneroBoe nM3jaydeHHe. JJIEKTPOMATHUTHOE H3JY-
YeHHe ¢ YaCTOTaMM B xmamnasoHe ot 8 - 10 1o 8 - 10'® I'y ma-
3bIBaeTCA YyAbTPpa(UOJNETOBBIM H3JydyeHHeM (JJMHA BOJIHEI
A =10—380 uM).

O60HapPYXUTHh YJBTPAMHONETOBOES HIJIAYyUYEeHHE MOXKHO C IIO-
MOII{bI0 9KpPaHa, MOKPBITOTO JIOMUHECIIUPYIOITUM BEII[eCTBOM.
IJKpaH HAaUMHAET CBETUTHCA B TOW YACTH, HA KOTOPYIO HaJaioT
Jy4u, Jexxainue 3a (HHUoJeTOBON 06JaCThIO CIIEKTPA.

YasrpadpuoneroBoe usiydeHHe OTINYAETCH BBICOKOU XU-
MUYECKOM aKTHBHOCTBIO. [IOBBINIEHHYIO YYBCTBUTEJIBHOCTH K
VIbTPAPHUOJIETOBOMY U3JIYUCHHUIO UMeeT POoToaMyabcuda. B aTom
MOKHO yOeIUTHCA, CIPOEITUPOBAB CIIEKTP B 3aTEMHEHHOM TIOMe-
mieHun Ha porodymary. Iocse nposiBenus Oymara nmouepHeeTr
3a p1OJIETOBBIM KOHIIOM CIIEKTpAa CHUJIbHEe, YeM B 00J1aCTH BUAH-
MOTO CHeKTpa.

YasTpadmoseToBbie JYUYU He BHI3LIBAIOT 3PUTENbHBIX obpa-
30B: OHM HEeBUAWMBI. Ho JeHicTBHe HX Ha CeTUATKY TJia3a U KO-
JKY BEJIMKO U PaspyIINTesbHo. YJaAbTpadHuosieTOBOEe U3JIyUeHUe
CosHIta HEAOCTATOUYHO TOTJIOIAETCSA BEPXHUMHU CIOAMU aTMO-
cepst. IToaToMy BHICOKO B ropax HeJb3s O0CTaBaThCA AJIHTENb-
Hoe BpeMsA 0e3 ofeXIbl U 6e3 TeMHBIX OUYKOB. CTeKJIAHHBIE
O'KHW, TIPO3pauHble AJIA BUAWUMOTO CIEKTPa, 3alIUOIAIOT TJasa
or yapTpadUoJIeTOBOIO U3JAYYEeHN, TaK KaK CTeKJIO CHUJIbHO T10-
o eT yibrpaduosieToBbie Jy4u.

BupoueM, B ManbIX A03aX YABTPA(QUOJIETOBBIEC JYUU OKAa3bI-
BatorT 1eJebHoe geficreue. Y MepeHHoe nHpeOblBaHMe HA COJTHILE
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10JIe3HO, OCOGeHHO B IOHOM BO3pacTe: yabTpaduoieTOBBIE
JIyY¥ CIIOCOGCTBYIOT POCTY M yKpeluieHuio opranusma. Kpome
OpAMOro JeHceTBus Ha TKaHu KoxXu (oOpasoBanue 3aliuTHOTO
NArMEeHTa — 3arapa, sutamuba D,), yabrpaduosieToBble JNyIn
OKasbIBAIOT BJIWAHNE HA NEeHTPaJbHYIO HEPBHYIO CUCTEMY, CTH-
MYJIUPYSA DsIf, BayKHBIX JKHU3HEHHbIX (QPYHKIMI B Oopranmsme.

YneTpaduosieToBbie JYUM OKashIBAIOT TaKKe OaKTePUIUJL-
Hoe ge¥icTBue. OHu y6uBaioT 60JIe3HETBOPHBIE DAKTEPUU M HC-
MOJIB3YIOTCA C 3TOM LEeJbI0 B MeJUIINHE.

Harperoe Teno mecnyckaer nmpenMyIIeCTBEeHHO HH(@ppaKpac-
HO€ M3JIYyYEeHUe ¢ AINHAMHA BOJIH, IPEBLINIAIOINUMHA JJINHBL BOJIH
BUAVMOTO W3jydeHus. YJbrpaduoieroBoe uailydeHne — 060-
Jiee KOPOTKOBOJIHOBOE 1 00J1a/1aeT BEICOKOM XMMUYECKON aKTUB-
HOCTBIO.

1. Mouemy conHeunbii cBeT, NPOIUEAWMNH CKBO3b OKOHHOE CTEKNOo, He
‘? Bbi3biBaeT 3arapa’l
o 2. M3BecTeH nu Bam KaKOH-NHMOO MCTOUHMK YNbTPA(PMONETOBOrO H3ny-

Yyeuusa?!

§ 85 PEHTI'EHOBCKHE JYUH

Pentresosckoe nanyuenve — 910 UBJAYUEHHE ¢ 4acTOTAMHU
B AuamnasdoHe or 3 - 10'% 50 3 - 1020 I'm.
OTKpEITHe peHTrenoBCeKkux Jyded. PeHTreHOBCKHE JIydld

OBLIM OTKPBITHL B 1895 1. nemMenkum GUSHKOM BuAbresasmom
PeuTtrenom. Perrren ymes uablomarb, 3aMedyaTb HOBOE
TaM, T'Zl€ MHOPHE y4YeHbLIC /0 Hero fie 0OHapyKUBaJu HHUYETO

IPUMEYATENBLHOr0. JTOT 0CoOLIIT jap TOMOI eMy CeJIaTh 3aMe-
4aTeJbhHOE OTKPLITHE.

PeHtren Bunbrenbm (1845—1923) —

Hemeurnin usnk, obHapyxueiumi B 1895 r. kopoT-
KOBONHOBOE 3NEKTPOMArHUTHOE U3JTyHYEHHE — PEHT-
reHoBckMe nyun. OTKpbiTHE PEHTTEHOBCKMX nyuen
OK&3aN0 OrPOMHOe BNUsiHME Ha BCe nocneaytouee
pPassuTHE DU3MKM, B HACTHOCTH NPUBENO K OTKPLITHIO
pafMoaKkTMBHOCTH. Emy 6bina npucyxaeHa nepsas
Hobenesckas npemus no dumsmke. Cnocobersosan
6bICTPOMY PACMPOCTPAHEHUIO MPAKTUHECKOro NPU-
MEHEHUs CBOEro oTKpbiTHs B meanumHe. KoncTpyk-
UMR CO3AAHHON MM NEpPBON PEHTIEHOBCKOW Tpy6Ku

AN NONYYEHUst PEHTreHOBCKUX NyYei NOYTH HE n3me-
HUNAach A0 HACTOALLEro BpEeMEHHU.
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B xonme XIX B. Bceobiiee BHUMake GU3MKOB OPUBJIEK I'a-
30BBIM paspsaj IpU MaJIoM AaBiieHUH. IIpM 9TUX YCIOBUAX B
razopaspajgHoil TpyOKe CO3ZABAJNCh IIOTOKHM OYEHBb OBLICTPBIX
3JeKTPOHOB. B TO BpeMs mX Ha3BIBAJIMW KATOAHBIMM JIYYAMH.
Ilpupona rakux Jyueli eile He ObLJIA C JOCTOBEPHOCTHIO yCTAa-
HOBJIeHa. I3BecTHO OBLIO JAUINL, UTO OHU HepyT HAyalo HA Ka-
TOJe TPYOKH.

3aHABIINCL WCCAENOBAHHEM KATOAHBIX Jy4deill, Penrtren
CKOpPO 3aMeTWJI, YTO (POTOIIACTUHKA BOJIM3U paspAamHoil TpyO-
KM OKa3bIBajJach 3aCBeUeHHOU ja’ke B TOM cJiyuae, KOrja OHa
Obly1a 3aBepHYTa B dyepHy0 Oymary. Ilocie aToro emy yaaioch
HabaogaTh elle OZHO OYEHb HOpAa3uUBIliee ero sABIeHHe. By-
Ma’KHBIM dKpaH, CMOYEHHBIH pPACTBOPOM ILJIATMHOCHHEPOIHU-
cToro 0apus, HAUWHAJ CBETUTHCH, €CJIM UM 00epTHIBAJIACH Pa3-
panHaa TpyOka. Ilpuuem xorga PeHTren mepixas pyKy MexIy
TPYOKOH M SKpaHOM, TO Ha dKpaHe ObLIM BUAHLI TEMHBIE TeHU
KocTelt Ha (oHe foJiee CBETJIBIX OYePTAHUH BCeHl KUCTU PYKH.

Yuensld noHAJM, 4TO Opu pabore paspAIHOH TPYOKU BO3HU-
KaeT KaKoe-TO HeH3BeCTHOe PaHee CUJIbHO IIPOHUKAIOIIee H3Jy-
gyeHne. OH HagBaJj ero X-jyyamu. BrocieacTsuu 3a 3TuM U3JIy-
YeHUeM OPOYHO YKPEINJCS TePMUH «PEHTIeHOBCKUE JIYUMr».

Pentres o6Hapy»XKWJI, YTO HOBOE U3JIYyUYEHHE IIOABJIAIOCH
B TOM MecCTe, I'Jle KaTOAHbIe JY4H (IIOTOKU OBICTPBLIX 3JIEKTPO-
HOB) CTaJIKMBAJINCh CO CTEKJAHHOM CTeHKOoH TpyOku. B stom
MeCTe CTeKJIO CBETHJIOCH 3eJIeHOBATBIM CBETOM.

Tlocnemyromue OmbITHI HOKA3adH, YTO X-IYUM BOSHHUKAIOT
IPpU TOPMOXKEHHUHU OGBICTPBLIX 3J€KTPOHOB JIOOBIM IIPENATCTBH-
€M, B YACTHOCTY MeTaJJIUUYeCKHMH 3JeKTPOSAMHU.

CaoiicTBa peHTreHOBCKUX myueit. JIyun, oTKpeIrTeie PerTre-
HOM, feilicTBoBasn Ha (HOTOILIACTHHKY, BBI3LIBAJINA MOHU3AILUIO
BO3/[lyXa, HO 3aMeTHHIM 00pa3oM He OTPaKaJINCh OT KaKUX-JIH-
00 BeIlecTB U He MCIBITHIBAIN MPEIOMICHUA. DICKTPOMATHUT-
HOe I0JIe He OKAa3bIBAJI0O HUKAKOI'O BAUAHHUS HA HaIpaBjeHHe
UX pacupOCTPaHEHUS.

Cpasy ke BOBHHUKJIO NPEANOJNOKEHUEe, YTO PEHTTeHOBCKUE
JYy4YHd — 3TO 3JIEKTPOMATHUTHEIE BOJIHLI, KOTOPBIE U3JIYyUaIOTCS
OpU PE3KOM TODMOMKEHHH 3JIEKTPOHOB. BoJbiias INMpPOHMKAIO-
LIaA CIIOCOOHOCTH PEHTTEeHOBCKUX JyUel M IIpoune UX ocobeH-
HOCTHU CBA3BIBAJIUCH C MaJo¥ AamHOI BosHBI. Ho sTa rumoresa
HyXKJajlachk B AOKA3aTeNbCTBaX, U JOKAa3aTeIbCTBA ObIIN TOJIY-
yeHbI ciiycTd 15 Jer mocae cmeptu PenTrena.

Andpaknuag peHTTeHOBCKHX Jyueil. Eciu peHTreHOBCKOe
HiJydeHue IIpeAcTaBiisieT co00il aJIeKTPOMarHuTHbIe BOJIHELL, TO
01O JIOJKHO OOHAPYXKHUBATh AUGPPAKIUI0 — SBJIEHUE, IPHUCY-
nee BeeMm BugaM BoJH. CHauvasla NMPONYCKAJNM PEHTTEHOBCKUE
JyuH vepes O4eHb y3KHe IeJIM B CBUHIIOBBLIX IIACTMHKAX, HO
HITICrO 1TOXO0XKEro Ha ZUdpaknuio o0HAPYKUTH HE YAABAIOCh.
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Hemenxuit pusux Makc Jlays IIpenIoNoKuI, 4YTO AJIUHA BOJI-
Hbl PEHTTeHOBCKMX JydeH CAMIIKOM Maja, JJA TOro 4YTOOBI
MOJKHO OBLIO OOHAPYKUTH ZUDPAKIINIO OTUX BOJH HA UCKYCCT-
BEHHO CO3JAHHBLIX NPEnsiTCTBUAX. Beadb Hesbadsa caenarh L€
pasmepom 1078 cM, MOCKOJIBKY TAKOBBI PasMepbl caMUX aTo-
MOB. A uUTO, eclH PEHTreHOBCKHE JyUN HMET HPUMEPHO Ta-
Kylo ke anuHy BosaHbl? Torjma ocraeTcss eJUHCTBEHHAA BO3-
MOYKHOCTH — HMCIIOJNB30BATE KpHUCTAibl. OHU IOPEACTaBIAAIOT
co60ii yHOopAAOUYEeHHbIE CTPYKTYPHI, I'/le PACCTOAHUS MEeXKIY OT-
NeJbHBIME ATOMAMHM II0 HOPHAAKY BeJINYNHBI PaBHBI pasMepaM
caMux aTomoB, T. €. 1078 cm. Kpucrasi ¢ ero nepuogudecKoi
CTPYKTYPOIl M €CTh TO €CTeCTBEHHOe YyCTPOUWCTBO, KOTOpPOe He-
u36e)KHO JOJYKHO BBIZBATH 3aMETHYIO AUMPAKIIMIO BOJH, eCJIun
UX IJUHA BOJHBI OMTM3KAa K pa3MepaM aToMOB.

U Bor y3Kuii my4oK PEHTreHOBCKUX Jiydeil ObLI HampaByeH
Ha KPHUCTAJJI, 32 KOTOPBIM pacroJyarajiack ¢oTomniacTunka. Pe-
3YIBTAT HOJHOCTHIO COTIACOBAJICA C CAMBIMY ONITUMUCTUYECKH-
mu oxxkugaauavu! Hapsaay ¢ 60JbIINM LeHTPaJIbHBIM IATHOM,
KOTOpO€e JaBajIi JyUH, paclpPOCTPAHAIOINUECHA 10 IPAMOi, BO3-
HUKJINA PeryJsApHO PACIOJOXKeHHble HeGoJbllne MNATHBINIKKI
BOKDYT LleHTpaibHoro rsatea (puc. 10.5). Iloasienune sTuX NAT-
HEIIIIEK MOJKHO ObIN0O OOBACHUTL TOJBKO NUMpaKIUEH peHTre-
HOBCKHX Jydel Ha yrnopAJoYeHHON CTPYKType KprcTaJiia.

HccnenoBaHue JU(PPAKIIMOHHON KapPTUHBL O3BOJINJIO OIIpe-
NeJUTh NJIWHY BOJHbI DEHTTeHOBCKHUX Jsydeil. OHa oKasasach
MeHbIIle AJHUHBLI BOJIHbl YJILTPA(OUOJIETOBOTO M3JIYYEeHUA U IO
MOPALKY BeIWYMHBLI Oblja paBHA pasMepaMm aroMma.

IIpuMeHeHHE PeHTreHOBCKHMX Jyded. PeHTreHOBCKHUE JIyUU
IINPOKO HCIOJB3YIOT Ha IIPAaKTHKE.

B MeIWIIMHE OHU NPUMEHSIOTCA JJIA IIOCTAHOBKH NPaBUJIb-
HOTO Auar"Hosa 3afojieBaHusl, a TaK)Ke JJA JIeUeHUsT PaKOBBIX
3ab0JIeBaHUM,

.
. .
. « @ e, .
° °
o *
° . .
. ° ° .
o o
° .
.
Puc. 10.5 Puc. 10.6
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[lorsiomene pPeHTreHOBCKUX Jy4Yeill NpPOnmOpIMOHAJIBHO
HnaoTHoCcTU BemjecTBa. IlosToMy ¢ mOMONIBIO PEeHTTeHOBCKUX
Jly'ed MOYKHO IOJy4daTh Gororpaduu BHYTPEHHUX OPraHOB de-
soseka. Ha stux dororpadumax Xopomro pasamduMbl KOCTH
ckeneta (puc. 10.6) u MecTa mepepokIeHWH MATKHX TKAHEH.

Becbma o61UIpDHEI IPUMEHEHUS DEHTTeHOBCKUX JIydeil B Ha-
VUYHBIX uccaenopannax. Ilo gudpakuuonuoii KapTuHe, xaBae-
MO PEHTTE€HOBCKHUMM JIyYaMM IPH HX IPOXOKIEHUH CKBO3b
KPHCTAJIIBI, YAAeTCA yCTAHOBUTD MOPATOK PACIIOJIOMKEHUA aTO-
MOB B IIPOCTPAaHCTBe — CTPYKTYDPY Kpucraios. CreraTe 3To
AJI HEOPTaHWYECKUX KPUCTAJJIMUECKNX BEIIECTB OKA3aJI0Ch He
O4YeHb CJ0XKHBIM. Ho ¢ nmomMompio peHTreHOCTPYKTYpHOIO aHa-
JAu3a MOMKHO pacmIu@poOBaTh TaKiKe CTPOEHHE CJIOXKHeHIIIUX
OPTaHMYeCKHX COEJHMHEHNH, B ToM uncJe 6enkos. B yacTrOCTH,
ObLia ompefeNeHa CTPYKTYpPa MOJIEKYJBI IeéMOTJI00MHA, COLep-
JKalmel JecsATKY TEICAY aTOMOB.

9TH NOCTUKEHHUA CTAJM BO3MOXKHBI 0Jarojaps TOMY, 4YTO
JJHHA BOJHBI PEHTT€HOBCKUX JYyUYeH OUeHEL MaJa, UMEHHO II0-
9TOMY YAANOCH «YBUAETb» MOJIEKYJISAPHbBIE CTPYKTYPHL, 4 IMEH-
HO: IOJIYYUTH JUPPAKNUOHHYIO KAPTHUHY, C IIOMOIILI KOTOPO
HocJjie ee PacIuu(pPPOBKN MOKHO BOCCTAHOBUTH XapakKTep IIpo-
CTPaHCTBEHHOI'O PACTIOJIOMKEHHUS aTOMOB.

W3 apyrux upuMeHEeHHH DEHTTE€HOBCKHX Jydell OTMETHM
elle PEHTIeHOBCKYIO Ode(eKmocKonui — MeTon obHapyxe-
HUA PAKOBHMH B OTJIMBKAaX, TPEIWH B PeJbCax, IPOBEPKH Kade-
CTBA CBAPHBIX IIBOB MU T. A. PeHTreHoBckas medexTocKomns
OCHOBaHA HA M3MEHEHHH IMIOIVION[EeHHUS PEHTTEeHOBCKHUX JIydell
B H3JEJVMHK NPH HAJWYAUA B HEM NOJOCTeH HIU WHOPOLHBIX
BHJIIOUEHUH,

Y CTpPOiCTBO PEHTreHOBCKOH Tpy6Gkmu. B HacTosmee Bpems
I TIOJIyYeHU s PEeHTT€HOBCKUX JIyyel paspaboTaHbl BechbMa Co-
BepIIeHHbIE YCTPOMUCTBA, HA3bIBa€Mble PEHTIEHOBCKMMH TPYO-
KaMH.

Ha pucysxe 10.7 msobparkeHa yOpoIeHHAs cXema 3JeK-
TPOHHOU peHTTeHOBCKOH TpyOru. Karox I npexncrasiaseT coboit
BOJIB(PAMOBYIO CHHpaib, MCIHYCKAIOI[YI0 3JEKTPOHBI 33 CUET
TePMO2JIEeKTPORHON smuccuu. Huamuap 3 doxycupyer mo-

TOK 3JeKTPOHOB, KOTOPLIE 3aTeM
2 COyAapAITCA C MeTAJIHuYeCKHM
anexTpoaoM (amozmom) 2. Ilpu
9TOM MOABJSAIOTCA PEHTIeHOB-
cxue gdydn. Hanpsixkenue memxay
aHOJZOM U KaTOJOM JOCTHUTAET He-
CKOJIBKUX [JeCATKOB KHUJIOBOJLT.
B Tpybre cosmaerca rayGormit
BAKyyM; JlaBJI€eHUE I'aza B HEil He
Puc. 10.7 npesbimaer 107 mm pr. cr.

1 3
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B MOIHEIX PEeHTTEeHOBCKHMX TPYOKax aHOJ oXJa)KIaercs
POTOUHON BOJOHN, TAK KaK IIPU TOPMOYKEHHUH BJIECKTPOHOB BBI-
geasgercs OOJIBIIOE KOJAUYECTBO TEILIOTHI. B mosesnoe usayde-
HUe IpeBpallaercs JUIIL OKOJIO 3% BHEePruu 3JEeKTPOHOB.

Tamma-ayuu. Ilo cBouM cBoicTBaAM Y-Jy4Md O4YEHH CUJIBHO
HATIOMHHAIOT DEHTTeHOBCKHE, HO TOJBKO MX IPOHWKAIOIAA
CIIOCOGHOCTE TOPa3fo GoJblle, UeM y PEHTTEHOBCKMX JIyveH.
DTO HABOAMJIO HA MBICAb, YTO Y-JIy4H IPEJACTaBIAT coGOU
3JIEKTPOMArHUTHBIE BOJHLI. Bce COMHEEHA B 9TOM OTHAJIM I10-
¢Jie TOTO, KakK ObLIa o6Hapy»keHa ANMPPAKIUA Y-Tydeld Ha Kpu-
crTajIax ¥ M3MepeHa uX Jinila BoaHBL. OHa OKazamach OUeHb
masnoiit — ot 1078 o 107! cm.

Ha mxaJje 3JIeKTPOMArHUTHBIX BOJH Y-JIyYU CJHEAYIOT HEIO-
CpeACTBEHHO 3a peHTreHoBCKUMuU., CKOPOCTD PACIIPOCTPAHEHU A
y-JIydei Takas jKe, KaK y BCeX DJIEKTPOMATHUTHBIX BOJIH, —
orxosno 300 000 xkm/c.

PeHTreHOBCKOE H3JIyYeHUE IHUPOKO HUCIIOJIbL3YeTCA B MeJM-
n¥uHe, IJS Hay4HBIX UcchienoBannii. PerTrenosckue TYUH, KK
7 Y-M3JydeHNe — DHJICKTPOMATHUTHBIE BOJHBI C MAaJION JJIMHOM
BOJIHBI.

1. Kak ycTpoeHa peHTrenoBckas Tpybka!l
? 2. MNMouyemy TPYRHO MIrOTOBUTL PEHTTEHOBCKUH MHKPpOCKOn!
[

§ 86 IIKAJA SJEKTPOMATHUTHBIX BOJIH

MbI 3HaeM, UTO IJIVHA 3TeKTPOMATHUTHLIX BOJH OBIBaeT Ca-
Mo# pasanunoii: or 10° M (pagmosonunl) go 107° M (pentre-
HoBCcKue Jyun). CBeT cocTapisgeT HUYTOXKHYIO JaCTh UIXPOKOTO
CIIeKTpa 3JIEKTPOMATHUTHBIX BOJH. IIpu u3ydyeHUH 9TOU MaJoi
YACTH CHEeKTPa OBbLIM OTKPBITHI APYIHe HU3JIYyUYeHHs C HeoObI'-
HBIMU CBOHCTBaMH.

Ha ¢opsamax nsobparkeHa IIOJHAA KA dJIeKTPOMArHWT-
HBIX BOJIH € YKa3aHWEM IJWH BOJH ¥ YaCTOT PA3JHYHBIX W3y-
HeHU, a TaAK)Ke yCTpPoiicTBa, ¢ HOMOUIBIO KOTOPLIX ITOJIYUQIOT
3JIeKTPOMATHUTHBIE BONHBL PA3HBIX AMAINa30HOB YaCTOT.

IIpUHATO BBIAENSTH: HU3KOYACMOMHOE USAYHUeHUC, PAIUO
U3LyueHue, UHGPAKPACHble AYy4u, 8UOUMbBLL c8em. yabmpd
Quosemosvie LYiu, PEHMIZEHOBCKUE AYHU U Y-USNYHCHUC.

TIpUHIMIIKAABHOTO PA3IUYAA MEKAY OTASILHLIMIT H3JIyye-
HUAMY HeT. Bece OHU npeacTaBiaAl0T coboil snerrpomarnnrubie
BOJIHBI, IIOPOMAaeMble 3apPAMKEHHBIMMA YaCcTULAMIL. ()()Il;lpyHCI:I-
BAIOTCA JJIEKTPOMATHUTHBIE BOJHBI B OCHOBHOM 110 UX JEH-
CTBUIO HA 3apdMKeHHbIe YacTHIbl. B BaKyyme DICKTPOMAIHAT-
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noe wajyveHne J0O00U NAMHBI BOJIHBl PACIPOCTPAHAETCH CO
cropoereio 300 000 km/c. I'paHuIbl MeKIY OTAEABHBIME 06-
MACTAMA HIKAJBI U3JIyYeHUH BeCchbMAa YCJIOBHEL.

VanyyeHNsA pasJUUYHBLIX IJIWH BOJH OTJIHYAIOTCS IpPYyT OT
/Ipyra mo crocobam ux MoIydeHHUs (U3NydeHHe AaHTEHHBI, Tell-
JI0BOE WBJIyYeHHe, HIJIYUYEHWe TPU TOPMOKEHMH OBICTPBIX
OJIEKTPOHOB # AP.) ¥ METOLAM DPEerHCTPAIMH.

Bce nepeuncieHHble BUABI 5JI€KTPOMATHUTHOTO UBIIYYCHUS
IOPOKJAIOTCA TAKKE KOCMUYECKHMMHU OO'BEKTAMHU U YCIENIHO
UCCIEeNYIOTCA C IOMOINBIO DAaKeT, HCKYCCTBEHHBIX CIIYTHU-
KOB 3eMJIM ¥ KOCMUYeCKHX Kopabieit. B IepBYIO oUuepenb 3TO
OTHOCHUTCH K PEHTTEHOBCKOMY U Y-H3JyUeHHAM, CUILHO NOTJIO-
maeMbpIM aTMocdepoil. Ilo mMepe ymMeHbIIeHUs AIUHBI BOJHBI
KOLUtecmeen nble PA3IAULUA 8 ONUHAX BOLH NPUBOOAM K cy-
UeCMBEHHBIM KAYECMECHHbIM PAZNULUAM.

Wsnyuenus pasaudnoii NIMHBI BOJIHBI OUYEHD CHIBHO OTIIH-
Ya0TCA APYT OT Apyra II0 HOIJIOINeHNIo UX BemecTBoM. Kopor-
KOBOJIHOBBIE M3JIyYeHUs (DEHTTeHOBCKOEe M OCOOEHHO Y-JIydn)
noranomarrcesa ciaabo. Hempospaunbie 718 BOJIH ONTHYECKOro
AualiasoHa BeIlecTBa NMPO3PAUHBl AJIA dTHX U3JIYUeHUIH.

Koadpdunmenr orpaskeHnsa 51eKTPOMarHUTHBIX BOJH TaK-
K€ 3aBUCUT OT AJUHBI BOJHBI.

JinHA 97eKTPOMATHUTHBIX BOJH HU3MEHSETCH B OIUPOKOM
nuanasoHe. HeszaBrncumo oT mamubl BOJIHBI BCe 3JIEKTPOMAr-
HUTHBIE BOJIHBI 00JIafal0T ONUHAKOBBIMHY CBOMCTRBAMIA. Cymecr-
BeHHBle DPAa3JUUYNA HAOIIOHAIOTCA IpPU B3aUMONEeHCTBHHU C Be-

IECTBOM: KO3((MHUIIUEHTHI IOTVIOIEHUA U OTPAKEHUSA 3aBUCAT
OT OJIWHBI BOJHBI.

1. Kakumu cnocobammu perncrpupylotcs paaMoBonHbil M3nyyveHus
? ONTUHECKOro AManazoHa! peHTreHoBCKMe nyun!
e 2. Yem pasnMyaloTCs BUALI 3NEKTPOMArHMTHbIX M3NYYEeHMM NPM MX B3au-

MOJIeHCTBMM C BelecTEOM!

KPATKHE UHTOT'HA I'JIABBI 10

1. Csmer U3ay4daeTcsa 3apAXKEHHbIMUA YaCTUILAMMU — JJIEKTPOHA-
MM, ABHIKYIIIMMHCHA B aToMax. lI.JIﬂ TOTO 49TOOBI 4TOM MOT
HU3Jay4aTh, OH AOJXKEH INOJIYUYUTDL SHEPruio MN3BHe.

2. HawubGosnee pacmpocTpaHeHBI TEIJIOBBIE MCTOUHMKK CBETA:
CouHlle, BTeKTPHUYECKHe JIaMITbl HAKAINBAHWUSA, TIJAMS 1 Ap.
Basknefinas xapakTepucTHKa MBIyUeHUA — pacupenene-
HII€ ero sHePIUH II0 YacTOTaM WJIM AJMHAM BOJH. JTO pac-
npenesieHre XapaKTepHU3yeTCs CHeKTPaJbHON NIJIOTHOCTBIO
MHTEHCUBHOCTHY HU3JYUYECHHUS.
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10.

11.

CreKTpbl H3JIYy4YEHUS HCCIELYIOTCA € IIOMOINbIO CIIEKT-
paabHBIX annaparoB. OCHOBHEIM 3JIEMEHTOM CIeKTpPaJIbHO-
ro amnmapaTa SBJseTCA NpuaMa niIu JudpaklMoHHAA pe-
[eTKa.

WNsnydyeHue, uCycKkaeMoe TBeDJALIMH U KUIKUMU TCJIAMU,
a TaKyke BBICOKOTEMIepaTypHOU ILIa3Moil, uMeeT Herpe-
PBIBHBIM CIIEKTP. B HelpepbIBHOM CIEKTDE IIPeACTAaBJICHBI
¢ pasauYHON MHTEHCUBHOCTHIO BCE JJUHbI BOJH.

Wanyuenue, HCIIyCKaeMOe BEIIECTBOM B ra3oo0pasHoM aTo-
MapHOM COCTOAHHHU, UMeeT JUHeHdYaThll CIEKTP. I[nfmm
BOJIH JHMHEMUYaTOro CIEKTPa 3aBUCAT TOJBKO OT CBOHCTB
aTOMOB BellleCTBa U He 3aBHCAT OT CIOCOO0B BOSQy?KI[eHHH
atomoB. Ha sTOoM (haKTe OCHOBAH CIIeKTPAJbHBIN aHANU3.

CnexTp u3JIydeHUs MOJEKYJ COCTOUT M3 OTAENBHBIX IO-
Joc, pasfeleHHBIX TeMHBIMH nOpoMe:xxkyTkamu. Takoi
CIIEKTP Ha3bIBAETCS II0JIOCATBIM.

ITorsonieHue cBeTa BEIeCTBOM 3aBUCUT OT LJIMHBI BOJHSI.
Bemectso Haubosiee MHTEHCUBHO IIOIVIOIIAET CBET KaK pas
Tex [JHMH BOJH, Ha KOTOPBLIX OHO MHTEHCHUBHO HCIIYCKaer
SHEPIrUIo B CUJIBHO HarperoM cocrosgauu. Ilo auamam mno-
IJIOUIeHUA OIlpefeNdorT xumudeckuit cocras CoaHIa u
3Be3].

CBeT — 3TO BJIEKTPOMATHUTHEIE BOJIHBI € AJUHAMHU BOJIH
or4-107 go 8 - 1077 m. Uanyuenue ¢ AIuHAMH BOJH, IIpe-
BBIIAOL{MMY JJINHY BOJHBI KpacHoro ceera (A= 8- 107" m),
HaseIBaOT HH(pparkpacHbiM. VHpakpacHble Jy4M HCIYC-
Kaer J1000e HarpeToe TeJO.

DJIeKTPOMArHUTHBIE BOJIHBI € JIMHAMH BOJH, MEHBIINMU
4 . 1077 M, Ha3BIBAIOT YALTPAMDUONETOBBIMUA. ITHU JIyUU OT-
JAUYAIOTCH OOJIBIION XMMHU4YECKOU aKTHUBHOCTBIO.

JIavuHBl BOJIH PEHTTEHOBCKHUX JIy4ed IOPAAKA paszmMepon
aToMOB. PeHTreHOBCKHE JYUM BO3HUKAIOT IHNPH pPC3KOM
TOPMOJKEHUH 3JIEKTPOHOB, NPOILIEAIINX YCKOPSIOICe Hi
npsaXeHyue B HECKOJBKO KUJIOBOJBT. ITH JIydH caado 110
[JIOIATCA BelilecTBOM. WX HCHOAB3YIOT B MC/LHILITIIC
(pPEeHTreHOAMATHOCTUKA U DPEHTreHOTepalHuA), B TCXHIKEe

(peuTreHonedeKTOCKONINSA) U B HAYUHBIX MCCJIC/IOBIHIISIX.
IITxasia 3IeKTPOMArHUTHBIX BOJH IIPOCTUPAETCs OT JUITIH-
HBIX paguoBoiH (A > 1 KM) mo y-aydeit (A <“1 0 ' m). ek
TPOMaArHMTHBIE BOJHBI C pa3JII/I‘IHOI7I OJIUHOM BOJIILE YCIIOB-
HO JeJIAT Ha AUaIa30Hbl I10 PAa3HbIM IIDHU3HAKAM (cnocody
HMOJIVUeHus, CIOoco0y perucrpanuy, XapaKrTepy B3aliMo-
IeHCTBUSA C BeIlecTBOM). Pas3inuua B JIJIHIIAX BOJLH HpIBO-
AAT K CYIIeCTBEHHBIM Ka4Ye€CTBCHHbLIM [):Iil.!lllﬂ‘llHIM. KopoTt-
KOBOJIHOBOE M3JIVUEHME OOHAPYIKHBACT CROICTBA 1aCTUIL.
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KBAHTOBAS ®U3HUKA

Bennuaiimas peBomonus B GHUBMKe COBNAla ¢ HAYAIOM
XX B. ITonbITEM OOGBACHUTE HAGIIOZAEMELIC HA OIBITAX (cMm.
puc. 10.3) 3aKOHOMEPHOCTH pacupefieJleHHs HEPTUU B CIeK-
TPaxX TEIJIOBOTO UBJNYYeHUA (3JIeKTPOMArHUTHOIO UBIYUEHUS
HarpeToro Teja) OKa3aTuch HECOCTOATEIbHBIME. MHOIOKPATHO
IpPOBepeHHBIe 3aKOHBI 3JIeKTpoMarHeTusMa MaKcBe Ia HeoMK -
MaHHO «3abacToBanu», KOrfa WX MONBITANNCH IPHMEHHUTH K
npo6iieMe W3MYyYeHUs BeIeCTBOM KOPOTKHX 3JIEKTPOMATHUT-
HBIX BOJIH. Y 5T0 6BLIO TeM 6oJiee yAUBUTEIBHO, YTO DTH BAKO-
HBI IPEBOCXOAHO ONMUCHIBAIH U3NYUYEHUE PAAMOBOJIH AHTCHHON
U YTO B CBOC BpeMs CaMO CYIECTBOBAHWE HJIeKTPOMAIHMUTHBIX
BOJIH OBLIO TIPEICKAa3aHO HAa OCHOBE STUX 3aKOHOB.

CorsacHo Teopum Makxcsesia, KoJebiomuecs sJleKTpude-
CKI€ 3apAABI UCIIYCKAIOT 3JIEKTPOMArHuTHLIE BOTHBI. Torna ua-
JAYUYE€HNEe HAarPETHIX TeJ MOMKET OLITH OOBACHEHO KOJeOaHUAMHT
SIeKTPUYECKUX 3apAJOB B MOJIEKYJax BemiecTsa. Ilpu aTom
ILTTOTHOCTDh M3JIYYaeMOM 9HEePruH J0JIPKHA VBEJIUYNBATHCH C Yac-
TOTOH. OZHAKO OIBIT HOKA3BIBAET, YTO IIPH GOMBIIUX YACTOTAX
ILJIOTHOCTH 9HEPTHH CTAHOBUTCS MaJIOH, O 4eM CBU/IeTeJbCTBYET
XapaxKTep CIeKTPa 9JIeKTPOMATHUTHOTO M3IyIeHHU .

B mouckax BeIXO/@ M3 9TOrO MPOTHBOPEUHUHA MeX Iy Teopu-
el ¥ omblTOM HeMenkui ¢pusuk Marec IInaHk opeanoo-
U, YTO aTOMBI HCIIYCKAIOT 3JIEKTPOMATHUTHYIO BHEPIHI0 He
HENPEPLIBHO, & OTAENBHBIMM [ODIUAMHM — KBAHTAMH. DHep-
rus E xaxpoll mopuuu npaMo NIpONOPIMOHANBLHA YACTOTE V
MBJIyYEeHUA:

E = hv.

Koaddunuenr nponopumonansaoctu h IIOJIVIN HasBaHUe
nocrogaHou Ilananka.

ITpeanonoxkenne [Inanka dparTrvecKkn 03HAYaJIo, YTO 3aK0-
HBl KJIACCHYECKOM (PU3MKU COBEPIIEHHO HEIPHUMEHHUMEBl K SB-
JEHUAM MHKPOMHDA.

Paspa6orannas IInaHKOM Teopus TeIIOBOrO UBJIYYEHUA
IIPEBOCXOJHO COTJIACOBRIBAJIACDH C dKcHepuMeHTOM. Il0 M3aBecT-
HOMY #3 OIIBITA PaCIpefeIeHUI0 SHEPTHU O YacToTaM ObBLIo
otipeaesieHO 3HavYeHue nocroaHHoM Ilmamka. Omo oxasaioch
O4YeHbL MaJIbIM:

h=6,63-103% Ix - c.
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Mnank Makc (1858—1947) —

BENMKMIM HEMEeUKMH (PM3MK-TEOPEeTHK, OCHOBaTenb
KBaHTOBOW TEOPUM — COBPEMEHHON TEOPHH ABMIKE-
HUSl, B3AMMOAEHCTBUS M B3aUMHbIX NPEBPAELLEHNN MUK~
pockonuyeckux yactuy,. B 1900 r. 8 paborte no uccne- ’W
D,OBaHUIO PABHOBECHOIO TENROBOrO M3MNyYeHHs Bnep- :

Bble MPEAnonoXKuA, YTO 3Heprus ocuqnnatTopa (cmc- i
TEeMBbI, COBEPLUAIOLLEN rapmoHMHecKne Konebanms)
NPUHUMAEET AUCKPETHbIE 3HAYEHMA, NPOMNOPLMOHANb-
Hble YacToTe KonebaHui; M3ny4aercs IreKTpoMmar-
HUTHas 3HEPr1A OCLUMMSTOPOM OTAENbHBIMU NOPLUAMH,
Bonbwoit Bknag, BHEC B PA3BUTME TEPMOSMHAMUKMU.

ITocie OTKPBITUA Ilnaska mavamna pasdBuBaTbHCA HOBasA, Ca-
Mafa COBpeMeHHad u I‘JIyﬁOKaH dusmueckad TeoOpud — KBaAHTO-
Bad Teopud. PassuTue ee ue 3aBEPIIICHO U IIO Ceén HEHb.

IInank yKasaJg myTh BBIXOJA M3 TPYLHOCTEH, C KOTOPBHIMU
CTOJIKHYJIACH TEOPUS TEIJIoBOro nanydenusa. Ho sToT ycnex 651
obecrieyeH I€HOW OTKAa3a OT 3aKOHOB KJACCUYECKOH (UBUKH
HPAMEHUTENTHHO K MUKPOCKOMUYIECKUM CHCTEMAM H U3JIYUeHHUIO.

I'maa 11. CBETOBBIE KBAHTbDI

KBauToBbhiM 3aKOHAM IIOAUYMNHAECTCA IIOBEJEHHNEe BCEeX
MHKPOYaCTHUII. Ho BII€PBhI€ KBAHTOBEIE CBOMCTBA M-
Tepuu ObLn 06HapymeHbl HMEHHO IIpH: HccliegoBa-
HHAMY HU3JIYUYEeHUA U IIOIJIOIIIEHUuA CBeTAa.

§ 87 DPOTOIDPDPERT

B pasButum npejacraBieHUH 0 IPUPOJEe CBeTa BaYKHbII Liiar
ObLI chesiaH TIPpU U3YUYEHHU OJHOI'O 3aMedaTeJbHOI'o ABJICHUA,
orxkpeiToro I'. I'epileM ¥ TIaTeJbHO HCCJAEAOBAHHOI'O BBLIAAIO-
mpMedA pycckuMm dpusmkom Anexcanapom 'puropsesuuem C T o-
JeTOoBEIM. fABnedue 3T0 HNOJYUYUJIO HasBaHue poroxdderra.

DorToaddeKT — 3TO BHIPBIBAHUE AJIEKTPOHOB W3 BelllecTBa
ol AeHCTBUEM cBeTa.

Ha6monenue doroacddexra. J[ns odbuapyenusa dotoad-
¢deKTa HA OIBITE MOMKHO UCIHOJIBIOBATHL WICKTPOMETP € IIPUCOoe-
OUHEHHOU K HeMYy IITMHKOBOU nsacrmHoi (puc. 11.1). Ecan 3a-
PANUTDH MJIACTUHY IIOJOXKUATEJILHO, TO e¢ OCBellleHle, HaIpuMep
3JIEKTPUYECKOM yroi, He BAUACT HA ObICTPOTY Pa3pAgKHA dIEK-
TpoMeTpa. Ho eciim niacTUHY 3apAAMTH OTPHILATEIBHO, TO CBe-
TOBOM IYYOK OT AYTH paspsasKaeT 3JIEKTPOMETP OYeHb OBICTDO.
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Croneros AnekcaHpp puropbesmy (1839—1896) —
PYCCKuH dm3mk. Mccnenosanue poToadpgpexta npu-
HECNno emMy MUPOBYIO M3BeCcTHOCTb. [okasan TaKke
BO3MOXHOCTh NpumeHeHus dporosddekTa Ha npakx-
TiKe. B pokTopcko# pucceptaumm «Mccnegosarus
O hyHKLIMM HaMarHMYEHHs MATKOrO XKenesa» paspa-
6oTan metop uccneposarms HepPpPOMarHeTMKOB M
YCTAHOBHI BMJL KPMBOM HamarHmuyenus. It1a pabota
LUMPOKO MCMONb30BaNack Ha NPAKTUKE MPU KOHCTPYH-
POBaHWM 3NEKTPUUECKMX MaLLMH. Bbin MHMLMATOpOM
cospaHua PU3MHECKOro MHCTUTYTa NP MOCKOBCKOM
yHMBEpCUTETE.

O0GbACHUTE 5TO MOKHO TakK. CBeT BBIPLIBAET JJIEKTPOHBI
C IIOBEPXHOCTH ILTACTHUHBI. ECiM NmjacTuHAa 3apsieHa OTPHUILA-
TEJIbHO, BJICKTPOHBI OTTAJIKHBAIOTCA OT Hee, U 3JIeKTPOMETD
paspaxaercd. IIpu nonoxUTENbHOM JKe 3apAje IJIACTHAHEI BbI-
PBaHHBIE CBETOM 3JIEKTPOHBI MPUTATUBAIOTCA K [IJIACTHHE U CHO-
Ba ocefgarmorT Ha Heil. IloaTomy 3apsap sjmekrpoMmerpa B 3TOM
ciydae He U3MEHSeTCH.

OnHako, KOIZia Ha UYTH CBETA IOCTABJICHO OOBIKHOBEHHOE
CTEKJIO, OTPHLATEIbHO 3apAKeHHAas ILIACTUHA yiKe He TepsdeT
JIEKTPOHEBI, KaKoBa Obl HA ObLJIa MHTEHCUBHOCTD M3nydeHus. Tax
KaK U3BECTHO, YTO CTeKJIO TOIJIoNiaeT yabTpaduosieToBble JIydH,
TO U3 3TOT'0 OIBITA MOYKHO 3aKJIKYNTh: UMEHHO YILTPa(uoIeTo-
BBIM y4YACTOK CIEKTpa BbI3bIBaeT GoTosddexT. DTOT IPOCTOH
(haxT HeIb3s OOBACHUTH HA OCHOBE BOJTHOBOM Teopuu cBeTa. Bexn
HEMOHATHO, II0YeMYy CBETOBbBIE BOJIHBI MAJOH YaCTOThI HE MOTYT
BBIPBIBATE BJIEKTPOHBI, €CJIH JaXKe aMILIATYAa BOJIHBI BeJINKA 1,
CJIe[OBATeNbHO, BeJINKa CHJa, /JeHCcTBYIIlas Ha 3JIeKTPOHEBI.

3axonsl doroaddexra. [[ias1 Toro 4To6bI TOAYYUTH O HOTO-
a¢derTe Gostee MOJIHOE IPEACTABHEHNE, HYSKHO ObIJIO BHIACHUTS,
OT 4ero 3aBHCHT YHCJIO BBIPBAHHBIX CBETOM C IIOBEPXHOCTH Be-
IEeCTBA 3JIEKTPOHOB ((DOTOIJIEKTPOHOB) M UEM OIIPeLeasaeTCsa UX
CKOPOCTB UJIM KUHETUYeCKasi sHep-
rud. C sTofl Henpio OLLAIKU IIPOAOJI-
JKEHBI 9KCIIEPUMEHTAJIbHbIE HCCJIe-
JOBAaHUS.

B crexknsigHBIN 6ajsIOH, W3 KO-
TOPOTO BBIKAYaH BO3AYX, TIOMeIIa-
I0TCA ABa dJaexTpoaa (pume. 11.2).
BayTps 6ansona Ha OOUH U3 3JEK-
TPOLOB IIOCTYIIAET CBET Yepes KBap-
1eBO€ OKOIIIKO, ITPO3pavyHoe He TOJIb-
KO AJIg BUAWMOIO CBETA4, HO U OJIs
Puc. 11.1 yabTpadroaeTOBOTO N3iyuenusa. Ha
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JJIEKTPOBI NIOlaeTCA HATPsi:KeHUe,
KOTOpOe MOXKHO MEHATH C IIOMO-
IbIO TOTEHIMOMETPA U U3MepSATh N
BOJBbTMETpPOM. K ocBeraeMomy
ANEKTPOAY TPUCOELUHAETCA OT-
puLaTeabHbIN mosoc OaTtapen. 1lox
IefcTBHEeM CBeTa 3TOT 3JEKTPOJ -
WCIYCKAeT 3JeKTPOHBI, KOTOPBIE - -
OpHY ABMKEHUU B BJIEKTPUYECKOM
noje 06pPasyoT SIEKTPUUEeCKUN
ToK. IIpm Manabplx HANIPAMEHUAX
He BCe BbIPBaHHBIE CBETOM 3JIEK-
TPOHBI AOCTUTAIOT APYIOTO IJIEK-
Tpoza. Ecau, He MEHAA HHTEHCUB- ||_ - _||

HOCTH HBJYYEHWUsI, YBEJUINBATH |

pPasHOCTL ITOTeHIUANOB MEXAY  pyc. 14.2

JJIIEKTPOJaMM, TO CHJIA TOKA BO3-

pacraer. IIpu HeKOTOPOM HANPAKEHUN OHA AOCTHI'aeT MAKCH-
MaJILHOI'O 3HAYEHWs, IMOCJe Yero IepecTaeT - yBeJIUUNBATHCH
(puc. 11.3). MakcumanbHOe 3HaUeHUe CUIbl TOKa I, HasbiBaeTcs
TOKOM HachimeHusd. Cuia TOKa HaCHIIIEHUA OIIpeJiesideTcs Yuc-
JIOM 3JIEKTPOHOB, HCIIyCKAeMBbIX 3a 1 ¢ ocBelljaeMBbIM BJIEKTPOAOM.

WUsmMeHsaa B 3TOM ONBIT€ MHTEHCUBHOCTb M3JIyUEHHA, yAa-
JIOChL VCTAHOBUTH, UYTO UUCJO 3JEKTDPOHOB, BBIDBIBAEMBIX CBe-
TOM C IOBEPXHOCTH MeTaJljla 3a 1 ¢, IPAMO HPONOPIUOHATBHO
MOTJIONAaeMOH 3a 9TO BpPEeMs 9HEepPTHUU CBETOBOU BOJIHBI.

Ha ocHOBaHUUM pPe3yJILTATOB 9TOTO ONBITA MOXXKHO chopMysiu-
poBaTh mepBhli 3aKkoH doToadderTta: gomomorx HacviueHU
nPAMO NPONOPUUOHATLEH NAJAIOWEMY C6emo80MY nomoxy.

Teneps OCTAHOBUMCSI HA M3MEPEHUUN KWHETUYEeCKOU 3Hep-
run (MU CKOPOCTHU) 3aeKTpoHoB. U3 rpadura, npuBefeHHOro
Ha pucyHke 11.3, BuiHo, uTo cuaa poTOTOKA OTIANUHA OT HYIA
U IpH HYJAEBOM HAIPSKeHUU. ITO O3HAYaeT, UTO HACTh Bbl-
PBaHHBIX CBETOM 3JIEKTPOHOB JOCTUTaeT MpaBoro (cM. pue. 11.2)
3JeKTPOAa M IPU OTCYTCTBUU HanpsskeHusa. Bciu uaMeHHTH
MOJIAPHOCTH OaTapeu, TO CUJIA TOKA YMEHBIIUTCA, U IPH HEKO-
TopoM HanpsaskeHuu U, obpaTHOU
MOJAPHOCTH OHA CTAaHET PABHOH
HYJ00. 9TO 3HAYUT, YTO BIEKTPH-
YyecKoe MoJie TOPMO3UT BBIPBAaH-
HbIe 9JIEKTPOHBI JO HOJHOU ocTa-
HOBKM, a 3aTeM BO3BpalllaeT UX
HaA 3JEKTPOX.

3anep:kuBaloUiee HanpsxKe-
aue U, 3aBUCHT OT MaKCHMAaJb-
HOM KUHETUUYECKOM SHEPruy, KO-
TOPYIO UMEIOT BbIPBAHHBIE CBETOM  Puc. 11.3

(=i J

U, 0
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snerrpousl, Uamepasa sagep:KuBaloiiee HANPSAXKeHUe U IIpUMe-
15 TEOpEeMY O KUHETHUeCKOHW sHepruu (cM. yueOHUK (DUBUKHU
ans 10 kiaacea), MOYKHO HAWTH MAaKCUMAaJIbHOEe 3HAUYEHMNe KUHe-
TUUYECKOM 3HEPruu 3JEeKTPOHOB:

2
mzv = elU,.

IIpu ©3MeHeHNM MHTEHCUBHOCTH cBeTa (IIJIOTHOCTH IIOTOKA
W3NyUYeHUsA) 3aflep’KUBalollee HaOpsiKeHHEe, KaK IoKa3anu
OUBLITEI, HE MeHsAeTCsd. 3HAYHUT, He MeHJeTcs KuHeTudecKas
3Heprud JeKTPOoHOB. C TOUKHU 3peHUdA BOJIHOBOW TEOPHUHU CBETA
9TOT aKT HellOHATeH. Beab, ueM 6osbiile MHTEHCHUBHOCTD CBe-
Ta, TeM GONBIIINE CUJILI JeHCTBYIOT HA 3JEKTPOHBI CO CTOPOHBI
3JEeKTPOMATHHTHOTO MOJISI CBETOBOI BOJHLI W TeM O06JablIias
JHeprusd, Kasajgoch ObI, JOJKHA IepelaBaTbhbCd dJIeKTPOHAM.

Ha ombiTax 66110 00HAPYIKEHO, YTO KUHETHUYECKAA JHEPIUd
BBIPBIBAEMEIX CBETOM 3JIEKTPOHOB 3aBUCUT TOJBKO OT UaCTOTHI
cBeTa.

Bropoii 3axoH (poToadderra: maxcumanvHas KUHeMmuie-
cKas IHepzua JOMOINEeKMPOHOE LUHEUHRO pacmem ¢ wac-
momoil ceéema U He 3A6UCUM OM €20 UHMEHCUSHOCMU.

Ecau yacTroTa cBeTa MeHBIIE OIpeJeJIeHHOH IJA JaHHOTO
BellleCTBa MUHUMAJIbHOM YacTOThl V., TO doroadderra He
HOPOUCXOIHUT.

Baxousl dorosdderra npocTsl 110 popme. Ho 3aBmecnMocTs
KHUHETUYECKON 9HEPrHM BBIPBAHHBIX CBETOM BJIEKTPOHOB OT
YacTOTHI cBeTa Tpedyer OO bICHEHU.

1. Yemy paBHa nocrosiHHas Mnanka!l

? 2. B 4em COCTOAT OCHOBHblE 3aKoHbI poToadderral
®

§ 88 TEOPHUS ©OTOIDPDEKRTA

Bce nonpiTKu 00BACHUTE ABJeHHe (PoTodd(deKTa Ha OCHOBE
3aKOHOB 3dJeKTpoAuHaAMuUKN MaKcBesaa, COrJacHO KOTODBIM
CBeT — 9TO 3JIEKTPOMArHUTHAS BOJIHA, HeNIPEPBIBHO pacnpene-
JIeHHAadA B IIPOCTPAHCTBE, OKasaluch 6espesyabraTrabiMu,. Heasb-
34 ObLJIO MOHATL, II0OUEMY dHeprud (hoTo3aJIeKTPOHOB OIpeesis-
eTCsI TOJIBKO YacTOTOM cBeTa U II0Y4eMy JHUIITh IPU AOCTATOYHO
MaJiofl AJuHe BOJHBI CBET BBIPHIBAET dJIEKTPOHEL.

O6bsicHenue GporosdderTta 6110 farno B 1905 r. Diumreii-
HOM, pas3BUBIIUM uieH IliawkKa O NPEepBHIBUCTOM HCIYCKaAHUHU
cBeTa. B 3KCIepUMEHTANbHBIX 3aKoHaxXx ¢oTosdderra IUH-
mTeitH yBuzesn ybeguTeNbHOE JOKa3aTeJbCTBO TOI'O, UTO c8em
umeem npepLLBUCMYI0 CMPYKmMypy U nozaouiaemcs omdenb-
HblMU NOPpUUAMU.
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OHeprua E Ka)XIo# HOPIHUK U3JIYUeHUA B HOJTHOM COOTBET-
cTBUHU ¢ runoTreson Ilnanka mpomopiiuoHaJibHA 4YacToTe:

E = hv, (11.1)

rae h — moctossHHasA Ilnanka.

W3 Toro, 4ro cBeT M3JydaeTcs IOPIIUSIMI, elle He BhITeKa-
eT BBIBOJIA O IPEPBIBUCTOCTH CTPYKTYPHL caMoro cBera. Benp n
MUHEPaJLHYIO BOAY IPOAAI0T B OYTHIIKAX, HO OTCIOfA He cle-
AyeT, 4TO BOAA COCTOUT M3 HENEJUMBIX UacTeH.

JIume asneHme oroaddexTa mokasanao, 4To ceem umeem
npepovieucmyo CmMpPYKmMypy: U3AYYEHHAs NOPuUsl C8emoeoil
snepeuu E = hv coxpanaem c6010 uH0u6UudyarvHocmos U 6 0anb-
neitwem. IIoraoTUTHLCA MOXKET TOJIBKO BCSA IOPHUA IIeJIMKOM.

Kuneruueckyio sHepruio GOTODJIEKTPOHA MOXKHO HalTH,
NPUMEHHB 3aKOH COXPaHeHUs dHepruu. JHeprud NOpIUHU CBe-
Ta hv ujzeTr Ha coBeplleHue padomsl 8bix00a A u Ha coobleHne
3JIEKTPOHY KHMHETHUYECKOU SHEePI'uu.

CiegoBaTeabHO,

2
hv = A + ’”2” . (11.2)

Pa6Gora BBIXO/A — 3TO MHUHHMAaJbHAf JHEPTUsA, KOTOPYIO
Ha[0 COOOIIUTE 2JIeKTPOHY, YTOOBI OH MOKUHYJI METAJJI. ¥ PaB-
Henwue (11.2) o6bsicaserT ocHOBHBIE (haKThI, Kacamoujuecsa oro-
sdpdexTra. UHTEHCUBHOCTH CBeTa, 10 JWHINTEHHY, IIPOIOPIIHO-
HaJIbHA UHCJYy KBaHTOB (IOpIMH) 3HEpruu AV B CBETOBOM
Ny4Ke ¥ IMO3TOMY OIpeesisieT YHUCJHO 3JIeKTPOHOB, BEIPBAHHBIX
n3 MeTasna. CKOpOCTh e 3JeKTPOHOB U coraacHo dopmyJie
(11.2) ompegensiercss TOJLKO 4acTOTOM cBeTa V M paboToil BI-
xoza A, 3aBUCALIER OT THIIA METAaJJIa U COCTOAHUA €ro Io-
BepxHOCTH. OT MHTEHCUBHOCTH CBETA CKOPOCTH He 3aBHUCHUT.

Huna xaskzporo BeilecTBa (oroadpdekT Habnwpaercs IUIID
B TOM cJIy4dae, €CJIX 4acTOoTa v esera bosiniae HEKOTOPOTO MUHU -
MAaJILHOTO 3HAYEeHUA V- Bejb, 1rodnl BLIpBaTh 3JIEKTPOH M3
MeTaJja jJaxke 0e3 coOOIIeHHsi eMy KUHCTHUYECKON SHepruu,
HYsKHO COBEPIIUTH pPadoTy Bbixojsa A. CienoBaTesibHO, 3HEDP-
I KBAaHTA LOJIXKHA ObITH OoJiblie H1rou paboTsi:

hv > A.

IIpenenbHyI0 YacToTy V,,;, U UPeNeJbHYIO IJUHY BOJHBI
Amax HASBIBAIOT KpacHOM rpanunuei ¢orosddexra. Onu BLIpa-

JKaAnTCd Tax.
A h
y S W

vmin = —}7’ max Kp A 2

(11.3)

rae Apax (Ag,) — MaKcUMaJibHAA JUIMHA BOJHEL, IPU KOTOPO# ¢o-
ToaddeKT emfe Habnogaercda. JTO Ha3BaHUe IOABUIOCH 110 aHa-
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JIOTUN CO CBETOBLIMM BOJIHAMU, TAK KAK MaKCUMalhLHad AJIMHA
BOJIHBI BUAUMOTI'O CBETA COOTBETCTBYET KPACHOMY IIBETY.

Pafora BRIXOZa A 3aBHCHUT OT poja BemlecTBa. I[losToMy U
npefeabHAS YacTOTa V., (dorosdhderra (KpacHas TIpaHUIA)
IS pasHBIX BELIECTB PAa3jNyHa.

Tperuit 3axon ¢oroacdderra: dna xamdozo sewecmaa
cywecmeyem MAKCUMALLHAR fauna 601HbBL, NPU KOMO-
poii. gpomosppexm ewe nabriwodaemca. Ilpu 66avuux
daunax 6anH pomoadpexma nem.

st UMHKA KPACHOH I'paHMIle COOTBETCTBYET JJIMHA BOJIHBI
Mnax = 3,7 + 1077 M (yasTpaduoneToBoe H3TyUEeHME).

MeHHO 5TUM OOBACHAETCS OIBIT IO IIpeKpaleHduio (oTo-
3cbc13ercm C MIOMOIIBIO CTEKJAHHON NJIACTHHKM, 3allep’KUBaio-
el yaprpaduoseroBsle gyun. Pafora BeIXOZA Yy amIOMUHUA
Wiu JKejiesa Goabllie, YeM Y IIMHKA. ¥ IIEJOYHBIX METAJJIOB
paboTa BBIXOZAA, HAIIPOTUB, MEHbINE, & JIMHA BOJHBL Ay,,, CO-
OTBETCTBYIOIAs KpacHOM rpauune, doxpie. Tak, nna Harpuda
Amax = 6,8 - 1077 m.

Ilonpaydacek ypaBHenueM Jinmreiina (11.2), mosxkHEO HalTH
nocrosuayio Ilnauka h. 118 5TOro HyXHO 5KCIIepUMEHTAJbHO
onpefeJUTh YacTOTy CBeTa V, paboTy BeIXOAa A U M3MepUTh
KUHEeTHUYecKyIo sHepruio gporoanektpoHoB. [logobunie namepe-
HUS ¥ pacueTh garoT h = 6,63 - 10734 I:x - c. Tourno Takoe ke
3HadeHue 6bLI0 HalieHo M caMum IlmaHKOM mpu Teoperuue-
CKOM M3YUYeHWH COBEPIIeHHO IPYroro SBJIEHUS — TEIJIOBOTO
nzayuenns. CoBnageHye 3HaYeHU# nocrodHHoH Ilmanxa, mo-
JIVIeHHBIX Pa3JNYHBIMU METOJaMH, JOIOJIHHUTEIHbHO NOJATBEp-
JKaeT IPABUJALHOCTH IIPEAIIOJIOKEeHUA O IPePHIBUCTOM XapaK-
Tepe M3JIYyUEHUs U IOIVIOUIEHUS CBeTa BellleCTBOM.

Vpasmenue SunmTeiina (11.2), HecMOTpPA Ha ero Kaxy-
LIYVIOCA IPOCTOTY, OOBACHAET OCHOBHBIE 3aKOHOMEpPHOCTH (o-
roadderTa. IAHIITEHH ObLT yaocToeH HobesreBckoit mpeMun 3a
paGoTel mo Teopuu GoTodhderTa.

1. Kakme chakTh! CBMAETENbCTBYIOT O HanMuMM Yy CBETa KOPNYCKYnsap-
? HbIX CBOMCTB!
® 2. Y10 taKoe KpacHas rpaHuua dorosdderral

§ 89 DOTOHDI

B coBpemenHoil ¢pusuke POTOH paccMaTpuUBaeTcsa KaK OJHA
13 BJIeMeHTapHBIX YacTHIL.

JHeprus ¥ uMnyasc doroHa. Ilpn nconyckaHuy 1 norJjounie-
My cBerT BerZeT celGsa IOAOOHO TOTOKY YAaCTUI] ¢ sHeprueit
I2 = hv, 3aBucAIle or yacTtoTel. [lopiiusa cBeta okasajach He-
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OYKUMAHHO OYeHb [TOXO0XKeil Ha TO, YTO NMPUHATO HASKIBATH HaC-
tumeit. CBoiicTsa cBeTa, OOHAPY’KMBaeMbIe [IDY €ro U3/1y1eHnn
¥ TOrJIOINEHNH, HA3BAJIH KOPIYCKYJIAPHBIMH. Cama »Ke CBeTO-
Baf YacTHIa 6618 HasBaHa (POTOHOM, WIK KBAHTOM JJIEKTPO-
MArHHTHOTO M3JAy4YeHMHA.

doron, noxobHO vacTulle, obaanaer onpenesieHHON mopuHu-
et smeprum hv. JHepruio (HOTOHA YACTO BHIPAXAIOT HE *epes
YacTOTy V, & uepe3 IUKJINYECKYI0 4acToTy 0 = 2nv. Ilpu atom
B (hopmyse AJA BHeprum (GQOTOHA B KaIeCTBE K03 Ui MeHTa
[IPOIIOPLIMOHANBHOCTY BMECTO BEJUIHHBI h UCIOJB3YIOT BeJlu-

upHy h = o (umTaeTcs: all ¢ 4epTOi), PaBHYIO, 10 COBPEMEH-
7

HBIM OaHHEIM, 7 = 1,0545726 10734 I - ¢ (mocieaHue 1Ba 3HA-
Ka oIpeleseHsl ¢ TOUHOCTBIO 10 +40). Torza sneprus (poToHa

BBEIpAYKAETCA TaK!:
E=hv=ho. (11.4)

CoracHO TEOPUU OTHOCHTEJIBbHOCTH SHEPrus Bceria cBasana
¢ maccoit coorHouleHueM E = me?. Tak Kak sHeprus (GoToHa
paBHa AV, TO, CI€OBATENBHO, €10 Macca M IMONydaeTeH paBHOM

m= (11.5)

C2
V dorona HeT COOCTBEHHOU MAacChl, OH He CyIeCTBYeT B CO-
CTOSHMY TIOKOS W NPHU POKAEHUHM Cpady HMeeT CKOPOCTb .
Macca, onpefenseMas GOpMyJIOn (11.5), — oTO Macca ABMNKY
mteroca ¢otona. Ilo WBBECTHOH Macce M CKOpOCTH (doronn
MOXKHO HANTM ero MMIyJbC:

HanpasieHue HIMIOyJabca POTOHA COBIIALAET C HaIpapacs
eM CBEeTOBOTI'O JydYa.

Yem GoJbIIe UYACTOTA V, TeM Oonbllle SHEPTUs £ n am
nyasc p GoToOHa M TeM OTUYeTJIHBee IPOABIAIOTCH KOpHyey
JApHbIe CBOMCTBa CBeTa. M3-3a Toro uro mocrosiHHast llinin
Maja, sHeprud HOTOHOB BUAMMOIO U3JIyIeHHA Kpaitie nenmn
yuTenbHa. OOTOHBI, COOTBETCTBYIOIHUE 3€JEHOMY CRCTY, nimd
tor sHepruio 4 - 10719 k.

Tem He MeHee, B CBOUX 3aMedaTeJIbHBIX OIILITAX ol B
BHJIOB YCTAHOBHUJ, YTO yejloBeUECKUH T1JIas, sror ORI
U3 «IpHGOPOB», CIIOCOBEH PEArHPOBATD HA PARIIIIIC eneiiteil
HocTell, n3MepsaeMoe eIMHUYHBIMHA KBaHTamMu.

KOpIIyCRyJISIpHO-BOJIHOBOﬁ aAyanusMm. SAKOHLE Venionoro
unanydeHusi 1 GoToadPerTa MOKHO OO BSICHUTE TONI0 1L OC 0=
Be TIpeACTABIEHNIA, COTJIACHO KOTOPOMY CBCT O OOl 1AC-
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THI-(hoTOHOB. OXHEAKO ABIEHUA UHTeP(PEepeHIINT 1 Audpakiium
cBeTa CBHJETEJILCTBYIOT M O BOJHOBBIX CBOIcTBax cmBera. Cmer
obnasaer, TaKUM 00pa3oM, CBOeOGpasHbIM dyaauzmom (GBoICT-
BEHHOCTHI0) cBOMCTB. IIpu pacnpocTpaHeHuy cBeTa IIPOSBIISIOT-
CA €ro BOJIHOBBIE CBOMCTBA, a IPU B3aMMOJEHCTBUU C BelllecT-
BOM (M3JIy4eHHH H IOIVIOLIEHWH) — KOPHYCKYJISApPHBIE. DTO,
KOHEYHO, CTPaHHO W HEIIDUBBLIYHO, TAK KAK 4aCTHIIA U BOJIHA a6-
COJIOTHO pa3HEbIe pu3nvecKue 00beKThl. MBI He HMeeM BO3MOMK -
HOCTH IIPEACTABJIATL cebe HATIAMHO B IOJHOM Mepe IpPOoIecChl
B MUKPOMMPE, TAK KaK OHU COBEPIIEHHO OTJIUYHBI OT TeX MakK-
POCKONUYECKNUX SABJIEHUM, KOTOPBIE JIIOAU HAGIIOAAJM Ha IPO-
TAXKEHUY MHUJLJIMOHORB JIET M OCHOBHBIE 3aKOHLI KOTOPBIX OBLIN
chopmysaupoBaHbl K KoHiy XIX B.

I'mmoTesa ge Bpoitns. Ecau ¢ 2IeKTPOMATHUTHBIM IIOJEM
AIHATENBHOE BPEMS CBA3LIBATIOCH IPEACTABJICHHE O MATEpHUH,
HeIIPpePBIBHO pacupejeIeHHOR B IIPOCTPAHCTBE, TO SJIEKTPOHHI,
HanpoTWUB, NPENCTABJANNCE KAaK HEKOTOPEHIE KPOXOTHBIE KO-
MOYKH MaTepuu. ITO HOAYEPKHUBAIOCH yiKe CAaMUM Ha3BaHUEM
«JaCTHULA», IMOCTOAHHO IPHUCYTCTBYIOIIMM PSAOM CO CJIOBOM
«DJIEKTPOH» .

He nomyckaem sy MBI 37eCh OMUOKHU, 0OPATHOMH TOMH, KOTO-
pasa 6bL1a caesnaHa co cBetoM? MoskeT OBITH, BIEKTPOH U apy-
rue 4acTUIBI 00JIAJAI0T TAKIKEe M BOJHOBBIMM CBOMcTBamu. Ta-
KYI0 HeOOBbIYHYI0 MBICJIb BBICKasad B 1923 r. ¢paHIy3cKuii
yuennil JIyu ne Bpoiiasb.

IlpeanonoxuB, 4TO C JBUIKEHUEM YaCTHUIl CBA3AHO PACIIPO-
CTpaHeHMe HEKOTODBIX BOJH, Ae Bpoiins cymen maiitu maiuny
BOJIHBI 9TUX BOJH. CBA3b AIMHBI BOJHBI C UMIYJIBCOM YACTUILBI
OKasajlaCh TOYHO TaKOH Ke, Kak u y (oroHos (cMm. ¢opmy-
ay (11.6)). Ecan pauey BOJHBI 0603HAUUTEL Yepe3 A, a WM-
MyJabC — Yepe3 p, TO

A=, (11.7)
D

dra 3HameHHUTas (opmysa ge Bpoias — omxHA W3 OCHOB-
HBIX B QUBHKEe MUKPOMHPA.

IIpencrasanrrele ge BpoiiseM BOJHOBBLIE CBOMCTBA YACTHIL
BIIOCJEACTBMU OBLIM OOGHAPYMEHBLI BJKCHepHMeHTATIbHO. Ha-
Giroflanach, B 4acTHOCTH, AU(DPAKIMA DIEKTPOHOB U APYTHUX
9acTHIl Ha KpucTramiax. B sTux ciaydasax mosyuanachk KapTu-
Ha, MOAO0HAA TOH, KOTOpasd XapakKTepHa IJd PEeHTTeHOBCKUX
Jyued, TIpUYeM CIpaBelInBOCTb Gopmynsl ae Bpoitas (11.7)
Oblia JoKasaHa SKCIEPUMMEHTAJJIbHO.

9TH HeOOBIYHBbIE CBOMCTBA MUKPOOOHEKTOB OINMUCHLIBAIOTCS
C TIOMOIIBI0 KBAHTOBOH MEXaHHUKH — COBDEMEHHOM TeopHHU
NBHOKeHUA MuUKpodacTul. Mexauuka HrioToHa 37ech B 60Jib-
ILIMHCTBE CJIyYaeB HeIPUMeHUMA.
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@oTOH — 3JIeMeHTapHas 4acTULA, He HMelollas Macchl Io-
KOSl M 9JIEKTPHUUECKOro 3apaja, Ho objajparolias dHepTuen U
MMIIYJAbCOM. OTO KBAHT SJEKTPOMarHUTHOrO IOJA, KOTOpoe
OCYILECTBIIAET B3aUMOJENCTBHIE MEXKAY 3aPAKEHHBIMI YaCTH-
namu. IlorjomjeHuve W u3JIyUYeHHe 3JIEKTPOMATHUTHOM JHED-
MMM OTAEJbHBIMY HOPIUAMHN — IIPOABJICHHE KOPIYCKYJIAPHBIX
CBOHCTB 2JIEKTPOMATrHUTHOIO MOJIA. 3

KopnycKkyiapHO-BOJHOBOM AyasnsM — obliee CBOMCTBO Ma-~
Tepuu, MPOsABJAOIIeecd HA MUKDPOCKOIIMYECKOM yPOBHE.

1. KaK onpefenMTs 3HEPrHIO, MACCy M MMMYNbLC (POTOHA, 3HaA YacToTy
? CBETOBOM BOMHbLI!
L 2. Y70 NOHHMAETCS 1O, CNOBAMM KOPMy CKYTSPHO-BONIHOBOA Ayanu3m?

§ 90 NPUMEHEHUE ®OTOIDPPEKTA

OrkpriTue Qorosdpderra nMesao O4YeHb OosbIIoe 3HAUYEHUE
s 6osnee TuyGOKOro TMOHWMMaHUs IpuUpoAsl cBera. Ho LeH-
HOCThL HAyKHW COCTOMT He TOJBKO B TOM, UTO OHA BREIACHAET
CJ0KHOEe U MHOToo0pasHoe CTpoeHUe OKPY Kalolliero Hac Mupa,
HO ¥ B TOM, UTO OHAa JaeT HaM B DYKH CPeICTBa, UCHOJIb3YH KO-
TOpble MOYKHO COBEPIIEHCTBOBATH IPOM3BOACTBO, YJIY4HLUIATH
yCJIOBUA MaTePUATBHOM M KYJBTYDHOH >KM3HHU ObIIecTsa.

C nomombio PoTosdderTa «3aroBOPUIIO» KWUHO, CTAJNA BO3-
MOKHON Iepejiaua ABWKYIIUXCH H300pakeHUil (TejeBuie-
uue). IlpuMenenue (HPOTOIIEKTPOHHBIX HPUOOPOB IIO3BOJIMIO
cO3JaTh CTAHKH, KOTOpbIe 0e3 y4acTHs YeJIOBeKa W3TOTOBJAIOT
AeTalIu 10 3aJaHHBIM YePTEKAM. OCHOBaHan Ha doToaddek-
Te TpubOPHI KOHTPOJIHUPYIOT PAsMepbl U3JIeJINH JIydine yejgose-
Ka, BOBpeMs BKJAIOYAIOT Y BLIKJIIOUAKT MAastKK U YJIVMYHOE 0OCcBe-
nieHue u T. II.

Bce 3TO OKAa3aJIOCh BO3MOXHLIM 01a10-

JapA u306peTeHUI0 OCOOBIX VCTPOHcTB
omoanemernmos, B KOTOPBIX HHCPIUsI CBe-
Ta YyIOpaBiIAeT 3HePruedl DSICKTPUHCCKOro

TOKa MJau npeobpasyerca B Hee.
Bakyymunie dorosanementol. Conpemeti-
HBIT BAKYYMHBIT QOTOIEMEHT IPEJCTABIIsH-
eT coBGOoH CTeKJISAHHYIO KOJIOY, YaCTh BHY TPCH-
He#l IOBEPXHOCTH KOTOPOH IIOKpPbITA TOH-
KUM CJIOeM MeTajia ¢ Majioi paboToit BLIX0-
na (puc. 11.4). 9o xarox 1. Yepes ripospad-
HOE OKOIIIKO CBET IPOHUKAET BHYTPh KOAOBI.
B ee mexTpe pacroJyokeHa [IPOBOJIOYHAS
et WIN OAUCK — aHon 2, KOTOPBIW Ciy- Puc. 11.4
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AT JULsE YJIABIMBAHUSA (POTOIIEKTPOHOB. AHOI NIPUCOETUHSIOT
I HONMOMUTENbHOMY HoIocy GaTapeu. PoTO3JIeMeHTHl pearu-
PylOT HA BUNUMOE U3JIyYeHHe U JaXke Ha HHPPaKPaCHBIe JyYH.

[Ipu nonananum cBera Ha Katon dorossemMenTa B eI BO3-
HUKAaeT 2JEeKTPUYECKUH TOK, KOTOPBLIM BKJIKOYAET MM BbIKJIIO-
uaer pese. Kombunanus gorosseMenTa ¢ pesie Ho3BoOIAET KOH-
CTPYMPOBATh MHOYKECTBO PA3JIUUYHBIX «BUIASIIIUX» aBTOMATOB.
OZHUM M3 HUX SABIAETCH aBTOMAT B meTpo. OH cpabaTbIBaer
(BBLABUraeT meperopoLKy) IPH IIePECeUeH CBETOBOIO IyJKa,
€CJIH IIpeABApUTENbHO He IIPONYI[eHa KapTOo4Ka.

ITogmo6ubIe aBTOMATHI MOTYT npegoTBpamiaTh aBapuu. Ha
3aBojie (DOTODJIEMEHT MOYTU MTHOBEHHO OCTAHABIMBAET MOIII-
HBIH IIpecc, ecIN PyKa JeIOBeKa OKAa3bIBAeTCH B ONACHON 30He.

C momomeio GoT03/IeMEHTOB BOCIIPOUZBOAUTCH 3BYK, 3aIlH-
CaHHBIN HA KMHOILJIEHKE.

IMoxynporoaHuKOBBIe (HOTOIIEMEHTEI. Kpome pacemorpesn-
HOro B 9TO# riaBe ¢doroaddeKTa, HA3BIBAEMOro 60Jee IIOJIHO
BHEULHUM POmOoIpPermom, LINPOKO IPUMEHICTCA U TAK HA3bI-
BaeMblil 6HYymMpeHHuil Pomoapgpexm B noJsynposogaukax. Ha
9TOM fABJIEHNM OCHOBAHO YCTPOMCTBO (DOTOPE3UCTOPOB — IMpPUOO-
DOB, COIIPOTUBJIEHHNE KOTOPBIX 3aBUCHUT OT OCBEILIleHHOCTH. Kpome
TOr'0, CKOHCTPYHPOBAHBI NMOJIYIIPOBOAHUKOBEIE (DOTOBIEMEHTHI,
cozpawinue IJC u HemocpeACTBEHHO npeodpasyioniye sHepIruio
H3Ty4eHNs B SHePIruio sJIeKTpudeckoro Toxa. IJIC, nassisaemasn
B flannom ciyuae (orod[lC, BosHUKaeT B 06JacTH p—7n-riepexona
ABYX HOAYHNPOBOJHUKOB IPU OOJYUEHUN 3TOH 06JIACTH CBETOM.

Ilon meticTBHEM cBeTa 06pas3yIOTCsA 1apbI 3JIEKTPOH — ABIP-
Ka. B obiactu p—n-nepexosa cyimecrsyer DJIEKTPHUYECKOe HoJie.
ITO IT0JIe 3ACTABJIAET HEOCHOBHBIE HOCUTEJIH IOJIYIIPOBOLHUKOB
[IepeMeIaTbCA Jepe3 KOHTaKT. JBIDKM U3 MOJyHIpOBOZHUKA
71-THIla IePEeMeIaloTCA B NOJAYIPOBOAHUK P-THUIIA, & 3J€KTPOHBI
U3 MOJTYIPOBOAHUKA P-TUIA — B 06J1ACTH 7-TUIA, YTO IIPHBO-
ANUT K HAKOILJICHHIO OCHOBHBIX HOCHTeJIeH B ITOJyIIPOBOLHUKAX 71-
u p-TuIoB. B pesynsrare moreHuman moixynposogHuKa p-Tuna
YBEJIUYIUBACTCH, a N-TUIIA YMEHBIIAeTCHA. JTO MPOUCXOAMUT IO
T€X IIODP, IIOKA TOK HEOCHOBHBLIX

Crer HOcHUTeNell yepes p-—n-mepexos He
CPaBHJAETCA C TOKOM OCHOBHBIX
HOCHUTEJIell 4Yepes JdTOT JKe Iepe-
n p xo4. Mexny mosynpoBOmHUKAMYU
YCTaHaBJIMBaeTCA pPa3HOCTL II0-
I TeHIMaNoB, paBHasd Gorod]IC.
l Ecam samxkHYTH nens uyepes
R I BHEIIHIOIO HATPY3KY, TO B ILenu
—{} HOHAEeT TOK, OIpexeIgeMbIil pas-
-~ HOCTBIO TOKOB HEOCHOBHBIX U OC-
Puc. 11.5 HOBHBIX HOCUTeJeH uepes p—ri-me-
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pexong (pmec. 11.5). Cuna Toxa

3aBUCUT OT MHTEHCHMBHOCTH Ila-

Jamolllero CBETa M COIIPOTUBJeE-

HHUA Harpysku R. @oTos/1eMeHThI

¢ p—n-nepexonoMm cospaioT 1C

nopagka 1—2 B. Mx Brixoguasa

MOIIHOCTL JOCTHUraeT COTeH BaTT HH

opu KoadpdunueHTe II0Je3HOTO

neticteusa #o 20%.
doTo3IeMEeHTEI MAajJoil MOILL-

HOCTH UCHOJB3YIOTCHA, Hanpumep, CosHeuHbIe

B QorosrcnoHomerpax. OcobenHo Garapeu

MINPOKO MPUMEHSAIOTCA IOJIYIIPO-

BOJHUKOBEIE (POTO3JIEMEHTHl IPU

M3TOTOBJIEHUN COJIHEUYHBIX Oara-

peii, ycTaHaBIMBAaeMBIX Ha KOC-

MHYecKnx Kopabasax (puc. 11.6).

K cosxanenunio, moka raxme dara-

peu AOBOJBLHO NOPOTHU.

igzse

Puc. 11.6

IITupoKo NPUMEHSIOTCA BaKyyMHBIE M TOJYIPOBOJHUKO-
Bble (POTO3IEeMeHTHI, KoTopsle cosznaior dhoTodC.

§91 ITABJIEHHE CBETA

MaxcBeJJs Ha OCHOBE 3JIEKTPOMAarHuTHON TeOpHUHU CBeTA mpe-
CKasaJl, 4To CBET NOJIKeH OKa3bIBaTh AaBJIeHNUe Ha TIPeNATCTBU.
Ilox meifcTBHEM BJIEKTPUIECKOrO IOJIA BOJHEI, Na/aiolien
HA MOBEPXHOCTEL TeJia, HAIIPHMMEp MeTajLia, CBOOOAHBIN dJIeK-

TPOH [BUIKETCA B CTODPOHY, IPOTHBOIIOJIOMHYIO BEKTOPY K
(pmc. 11.7). Ha pBuskyliuiicd 2JIEKTPOH AEHUCTBYeT CHJA Jlo-
—>

penna F, mampaBileHHasi B CTOPOHY DacnpocTpaHeHus Bonu't?l.
CyMMapHas cuJja, JeHCTBYIOMIAad Ha 3JIEKTPOHBI IIOBEPXHOCTH
MeTalja, ¥ OIpelessieT CHIy CBEeTOBOTO JABJIEHH.

IIna noKasaTebCTBA CIPABEAJMBOCTH Teopuu Makcsedt-
Jia OBLIO BAXKHO M3MEPUTH JaBJeHUEe
cBeTa. MHoOrue ydyeHsble IIBITAJIHCH 3TO
clesaTh, HO 06e3ycHelrHo, TaK KakK
CcBeTOBOE JaBJeHue OueHb Majio. B ap- c ,
KUHJ COJHEUHBIH IeHb HA ITOBEPXHOCTH BET k
niomaneo 1 M2 geficrByeT cuia, pas- A
Has Bcero juib 4 - 1076 H. Bl’IepBbI? B
NaBJleHMe CcBeTa H3MepHJ DPYCCKHUU
¢usuk I[lerp Hukosaeeuu JleGenen
B 1900 r. Puc. 11.7
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Nebenes Metp Hukonaeemu (1866—1912) —
PYCCKMH DU3MK, BNepsble M3IMEPUBLUMI [ABNEHWE
CBETa Ha TBepgble Tena u rasel. 3T pPaboTbi KOAK-
4yecTseHHO nogTeepaunu Teopmio Makceenna. Ctpe-
MSICb HaHTH HOBbIE IKCNEPUMEHTaNbHBIE AOKa3aTenb-
CTBA INEKTPOMArHMTHOM TEOPMM CBeTa, Monyuun
INEKTPOMArHUTHbIE BOMHLI MWUNIMMETPOBON ANMHbI
BOMNHb! M uccneposan sce ux ceorctea. Cozpan nepeyro
8 Poccun domsmueckyro wkony. Ero yueHukamum 6binu
MHOTHe BbIJAOWMECH COBETCKME yueHbie. Mms Slebe-
£eBa HocUT chnamnueckmit mucTuTyT AH CCCP ((DPUAH).

IIpuGop JlebeneBa cocToAN U3 OUYEHDb JIEIKOTO CTePIKEHBKA
Ha TOHKOU CTEeKJSAHHOM HHTH, 0 KPAasgM KOTOPOrO OBbLIMA IIPH-
KJIeeHBI JIeTKMe KpbLIblIKU (puc. 11.8). Becs npubop mome-
miaJica B COCYJ, OTKyJAa ObLI BeIKavaH Bo3ayx. CeBeT majajn Ha
KPBIIBIIIKY, PACHOJIOMEHHbIE 110 OAHY CTOPOHY OT CTePIKEeHb-
Ka. O 3HaueHWM JaBJIEHUS MOXKHO GBLIO CYAMTHL IO YIJIy 3a-
KPYyYUBaHUA HUTH. TPYAHOCTH TOYHOTO M3MEPEHHA JaBIeHUA
cBeTa OBLIM CBA3AHBI C HEBO3MOYKHOCTBIO BBIKAYATH M3 COCYAA
BeCh BO3AyX (ABHIKeHMNE MOJIEKYJ BO3/yxa, BLI3BAHHOE HeOIH-
HAKOBBIM HArPEBOM KPBUIBIIIEK W CTEHOK COCYAa, HPUBOMHT
K BOSHHKHOBEHMIO [OMNOJHUTEJIbHBIX BPAIAaOIINX MOMEHTORB).
Kpome Toro, Ha 3akpy4ymBaHWe HUTH BJAUSAET HEOLUHAKOBBIM
HarpeB CTOPOH KPBUILIIIEK (CTOPOHA, OOpalieHHadA K MCTOYHU-
Ky cBeTa, HarpeBaeTCs CHJIbHEEe, YeM HPOTHBOIOJIOMKHASL CTO-
pona). MonekyJibl, oTpakaruiuecs oT 0ojee HarpeToil cTopo-
HBI, OepeJaroT KPbLILINIKY GONBLIMHA MMIYJIbC,
4eM MOJEKYJbl, OTpa’KamIluecss OT MeHee Ha-
IpeTo# CTOPOHEI.

JleGeneB cymes npeomoseTh BCe 3TU TPYLHO-
CTH, HECMOTPS HA HUSKUH ypOBeHL TOTJaIllHeil
9KCIIEPUMEHTANbHONA TEXHUKHU, B3AB OUeHb O0OJIh-
mI0# CoCcyx M OYeHb TOHKHE KPBLIBLIIIKN. B KOH-
1le KOHIIOB CYIIeCTBOBAHHE CBETOBOTO HaBJAeHUS
Ha TBepAble Teja ObLIO JOKA3aHO, M OHO OBLIO0 13-
mepeHno. IToryueHHOEe 3HAYEHHME COBIAJIO C mpe]-
cKasaHHBIM MakceesoMm. Brnocaegcrsuu mocie
Tpex JeT paborel JlebenmeBy ymamoch ocyiile-
CTBUTE ellle 0ojee TOHKHUI 3KCIEePUMEHT: U3Me-
PUTH laBJieHUe CBeTa Ha rasbl.

IlosBIeHUe KBAHTOBOI TEOPHH CBeTa II03BO-
JamjI0 6oJiee IPOCTO OOBACHHATE IPHUUYHHY CBETO-
BOro gasjaeHusaA. POOTOHBI, MOMOOHO UYACTHIIAM
BeIlleCTBa, MMEIOIIUM MACCy HOKOs, 06J1aIaror
umMnyjabcoM. Ilpu morioleHnu HUX TEJIOM OHH

mepefaloT eMy CBOM mmmyabc. CoriacHo 3aKOHY COXPaHEHNUHA
UMIYJIbCAa MMITYJILC TEea CTAHOBUTCI DABHBIM UMIYJIBLCY HO-
raonieHEHBIX (oTOHOB. [109TOMY IOKOSIIEECHs TeNO0 NPUXOANT
B nBukeHHMe. VsMeHedwme mMMIyJbCa Tejia O3Ha4aeT COrJIacHO
BTOpPOMY 3aKoHy HpbroTOHa, 4TO Ha TeJO JeNCTBYeT CHJa.
OubiTel JlebeneBa MOKHO paccMaTpUBAaThL KaK 9KCIEepUMEH-
TATbHOE JOKA3aTeJIBCTBO TOTO, YTO (POTOHBI 00IANAIOT UMITYTECOM.
XoT#A ¢CBETOBOE AaBjeHHe OYeHb Majo B OOBIUHBIX YCJIOBH-
X, ero JefcTBHE TeM He MeHee MOYKeT OKa3aThCs CyIeCTBEH-
HBIM. BHYTpH 3Be3[ Ipu TCMIepaType B HECKOJBKO NEeCATKOB
MMWJIJIMOHOB KeJbBMHOB JaBJIeHUE BIEeKTPOMArHUTHOTO HU3JIyde-
HUA TOJKHO HOCTHUraTh rpoMajiHbIX 3HAaueHUH. CHJIBI CBETOBO-
o AaBJeHUs HApPAAY C I'PDABUTAIIMOHHBIMH CHJIaM#H HIrpaioT
3HAYUTEJLHYIO POJIb BO BIIYTPH3BE3JHBIX IIpolieccax.

Hapsienne cBeTa COMIACHO 3JeKTPOAUHAMUKE Maxcgesina
BOBHUKAET u3-3a Aelicrnus cuisl JlopeHna Ha 3JeKTPOHBI Cpe-
ABl, KoJieOymoiuecs 110j AeACTBHEM BJIEKTPUYECKOro IOoJIA
BJIEKTPOMArHUTHOW BoJibl. C TOUKM 3DEHUS KBAHTOBOU TeO-
pHUH AaBjieHWe MOsipJisiered B pe3yJsibTaTe Iepefadu Tely HM-
HyJjibCcoB (POTOHOB 1IpH WX NOIVIOIIEHHUH.

XUMUYECKOL JTEMCTBHE CBETA.
§92  @oTOIrPA®UNI

OTAeabHBIC MOJICICYJILI HOTJIOMIAIT CBETOBYIO 9HEPIUIo IIOP-
OuAMHE — KBaHTamu hv. BB ciydae BUOAUMOTO | yJasTpaduolie-
TOBOTO M3JAYUEHUH HTa HHCPIUs JOCTATOMHA /sl pacIlelIeHus
MHOTHUX MOJIEKYJ. B orom npospiasgercs XMMUYecKoe NeUCTBUE
cBera. .

JIro60e mpeBpaleHue MOJICKYJ ¢CTh XMMUYeCKHN ITPOILece.
qaCTO mocJsie pacimersie Husi MOJICKYJl CBCTOM HAUYpuHaeTcd 1e-
Jasd UeNoYKa XMMHMUYEeCKMX HPeBPAlICHMd. BrinBeTasue TKa-
Hell Ha COJIHIle W ofpasoBalne sarapa 3TO IPUMEDPBl XUMHU-
geCKOTO0 MTeNCTBHSA CBeTa. .

Baxgefiimue XuUMHUYeECKWCe peaKiluy 1104 JeUCTBHUEM CBeTa

NPOUCXOMAAT B 3€JEeHBIX JIMCTLIX JICPEBBEB U TpaBe, B UIJIAX
XBOM, BO MHOTI'MX MHKpOOpraiunsMax. B 3ejleHOM JHCTe IIOJ
neiicreueM COJHIIA OCYHIECTBIAIOTCSH NPOIECCHI, HeoO0X0oauMbIe
A EusHM Ha Semne. OHHE galoT AaM He TOJBKO IHUITY, HO U
KHCJIOPOL AJIA AbIXaHUSA. .

JIucThsA MOTJIOHIAIOT U3 BO3/IyXa yrIeKHUCIbIY Ia3 ¥ paciien-
JISIOT €r0 MOJICKYJILI HA COCTABHBIE UACTH: YIJiepod U KUCIOPOX.
ITpoHCXOAUT 3TO, KAK YCTAHOBUJI PYCCKH# OHOJIOT KinmenT
ApkrajnpeBnd TuMupsdeB, B MOJEKyJax XJopoduiia IHOA
neticTBMEM KPACHBIX JIyuell COTHEUHOTO CIIEKTPA. IIpuctpauBas
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K yrJepoJHOH LellouKe aTOMBI APYTHUX 3JeMeHTOB, H3BJeKae-
MBLIX KOPHAMM M3 3€MJIM, DACTEHUSA CTPOAT MOJEKYJIBI GEJIKOB,
KHPOB U YTJIEBOJOB.

Bce aro mpomcxomuT 3a cueT SHEPrUM COJHEUHBIX Jydel.
llpryem 3aece 0coGeHHO BayKHa He TOJIBKO caMa 3HeprusA, HO
1 Ta opMa, B KOTOpOi oHa moctymnaer. PoTtocunTes (Taxk Ha-
3bIBAIOT 9TOT IPOIIECC) MOMKET NPOTEKATh TOJBKO IOX AeicTBHI-
€M CBeTa ONpeJeJIEeHHOI'O CIIEKTPAJTLHOI'O COCTaBA.

MexaHnuaM thorocuHTe3a ellle He BHIACHEH A0 KoHia. Korga
3TO MPOM30HZET, AJIA YeJOBeUEeCTBa, BOBMOYKHO, HACTYIUT HOBasd
apa. Benxku u gpyrue ciokHbBIe OprasdYecKe BeI[eCTBa MOYKHO
Oyaer nonyuaTh Ha HabpUKax MO roaybsIM HEGOCBOLOM.

XuMuuecKoe JeficTBIE CBeTA JIEXKUT B OCHOBe hoTorpadui.

HO].I ACHUCTBHEM CBE€T& IPOUCXOAAT XUMHUUYECKNE PeaKlUH,
OIIpefesAI0INIe KU3Hb Ha 3eMJIe.

YIIPAYKHEHUE 12

1. Hapucyiite rpaduk 3aBHCHMOCTH KHHETUYECKOMH sHeprrum Qo-
TOBJIEKTPOHOB OT 4acTOThl cBeTa. Kak ¢ momouwbio Takoro rpadgmea
OIIpelesINTh NMOCTOAHHYI0 [lnanka?

2. OmpegnenuTe abCOMIOTHBIN TOKA3aTeNh IIPEJIOMJIEHHS CPEAHI,
B KOTOpO# cBeT ¢ aHeprueil Gorona E = 4,4 - 107!° Il umeer aauny
BOJHEL A = 3,0 - 1077 M.

3. Ompegenure sHepruio GOTOHA, COOTBETCTBYIOILYIO AJIMHE BOJ-
Hel A= 5,0 - 1077 m.

4. Onpepfenure AJIMHY BOJHBI A CBeTa, KOTOPHIM OCBEIAETCH IO-
BEPXHOCTh METAJJIA, €CJIH (OTOBNEKTPOHbI HMEIT KUHEeTHYECKYIO

- -20
sHepruio W, = 4,5 - 107" II>x, a paora BhIX0na 9JeKTPOHA M3 MeTaJl-
ja pasHa A = 7,6 - 10717 .

KPATKHUE UTOT'H I'VIABBI 11

1. B mauane XX B. 3apoAusiach KBaHTOBAS TEOPHUS — TEOPUS
JABHIKEHUA U B3aMMOAEHCTBUA 3JIeMEHTAPHEIX YACTHUI[ U CO-
CTOAIINX M3 HUX CHCTEM.

2. Insa o0'bACHEHNS 3aKOHOMEPHOCTEH TelIOBOrO U3Iy4eHHUs
M. IlnaHK OPeAIIOIOMXKMI, YTO ATOMBI UCITYCKAIOT BJIEKTPO-
MarHuTHYIO 9HEPIUIO He HEINPEepbIBHO, & OTAeJbHBIMHU IIOD-
HUAMH — KBAaHTAMH. OHePrud KaKAON TaxkoW [OPIUH
ompepeinsiercsa GopMyJIoi

E=hv,

, — -34
ruie h=6,63-10 Jox - ¢ — mocrosimraa Ilnamka; v —
YACTOTA CBETOBOM BOJHEI.
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3. IlornomaeTcd 3JeKTPOMArHUTHAA JHEPrHA TaKe OTAesb-
HLIMM TOPIUAMHE. DTO MOATBEPIKAAETCA ABJIeHNEM POTOdd-
dexTa (BHIPHIBAHIE 3JIEKTPOHOB U3 BellleCTBa IOA geficTBUeM
cBeTa). YucCJI0 BHIPBAHHBLIX 3JI€KTPOHOB NPOIOPUMOHAIBHO
MHTEHCHUBHOCTH U3JIYUEeHNUA, & KUHETNYEeCKasa S9HePTrud dJIeK-
TPOHOB OIIpeJeJNsieTCHd TOJBKO YacTOTON CBera. Coraacuo
IpeACcTaBIeHUAM OWHIITeHHA IOTJOLUeHHAS MOPIUs dHED-
ruu AV UeT Ha coBepleHue paGoTHI BBIXoJa A IO BHIPHIBA-
HUIO 9JIEKTPOHA U3 MeTaJlja X Ha coobIeHre eMy KUHeT1e-
CKOU 2Heprum:

muv?

hV:A+—2—'.

Ecnu wacToTa cBeTa MeHbIIIe HEKOTOPOTrO €€ MUHUMAJNBHOI'O
A

3Ha4YeHU A, COOTBETCTBYIOIETO pa60're BBIXOJA V < Vi, = 71-,

to poroaddexT He HabIOAALTCA.

4. Tlpu Many4YeHUU U IOTJIOUIEHUU CBET IPOABISAET KOPHYCKY-
nsapHbie cBoiicTBa. CBeroBas YacTHIA HA3bIBAETCA KBaH-
TOM cBeTa WU (POTOHOM. JHepruf (PoToOHA OIpenessaercs
dopmyioi

E=hv="Hh0,

h
rae h = o = 1,05- 103 Ik - ¢; 0 — UMKJIMYECKAd dacToTa.

h
HNmnyabce p GOTOHA BRIYHCIAETCA 1O opMmyJe p = R

5. B mporecce pacnpocTpaHeHHA CBeT IIPOABJIAET BOJHOBBIC
cBoiicTBa (ABJEHUA MHTeP(QEPEeHIINHN U JUDPaKIUN).

6. CeeT ofiamaeT AYaIM3MOM (ZBOMCTBEHHOCTBHIO) CBOICTB.
BnocieactTsuu ObLIO YyCTAHOBJIEHO CYILeCTBOBAHNE KOPITyC-
KyJISIPHO-BOJIHOBOI'O 1yalu3Ma y BCEX 3IeMeHTaPHBIX YaCTHI.

7. PoroadpdeKT MIUPOKO UCHOIb3yeTCHA B TEXHUKE. C noMOIIBIO
crenMaJbHbIX TpUu6OPOB — (POTODJIEMEHTOB — JHEPTrUdA CBe-
T4 YIpaBjfeT 9Heprueil aJeKTPUIeCKOro ToKa WIH Ipespa-
maercd B Hee. DOTOIIEMEHTH! IIPUMEHSAOTCA B PA3TUIHBIX
«BUAAMIUX» aBToMarax. Ha ABjieHuu goroadherTa OCHOBA-
HO yCTPOICTBO COJHEUHBIX Oartapei.

8. CorsacHo Teopun MakcBeJIa cBeT OKa3blBAeT JaBjleHNe Ha
npenaArcTBus. JaBieHne 3T0 o4eHb mMajo. OHO OBLJIO BIIEP-
Bole oGHapyxeHno u uamepeno I1. H. JleGeneBrim.

9. ITorsomieHUe CBETa BEI[ECTBOM COIPOBOXAeTCa XHUMUYe-
CKUM [IelicTBUEM CBeTa. B 3eJIeHbIX JINCTBAX pacTeHHR U BO
MHOTHX MHUKDOOPraHM3Max BarKHellIne XUMUYeCKHUe peax-
LY TPOUCXOAAT IO NeHCTBUEM CBeTa. VrieKUuCabl# ras no-
riomiaeTca u3 armocdepsl JUCTHAMHN U pacIielyifAeTcs Ha
yrjepon u Kuciopoz. B srom sakjouaeTrcs mpouece doto-
CHUHTe3Aa.
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I'maa 12. ATOMHAS ®HU3UKA

OTKpBITHE CJIOKHOTO CTPOEHHUSA aToMa — BayKHel-
IIMHA 3Tal CTAHOBJEHMS COBPEMEHHOH (uU3MKH, Ha-
JOXKMBHIHI OTIEYATOK HA BCe ee nalbHelIee pasBU-
THe. B npomecce co3gaHUA KOJUUYECTBEHHON Teopun
CTPOEHHS aTOMAa, HO3BOJAUBIIEH 00'bACHUTDb ATOMHBIE
CIIEKTPBI, OBLIM OTKPBLITHI HOBbIE 3aKOHBI NBUMKEHUA
MHKDPOUYACTUL, — 3aKOHBI KBAHTOBOH MEXaHUKMU.

§ 93 CTPOEHHME ATOMA. OIIbITbl PESEP®OPIA

Monmeas Tomcorna. He cpasy ydyeHble NpHLUIM K IPABUJIb-
HBIM NIPEACTABJIEHUAM O cTpoeHnHu aToma. [lepBast Mmozesb aTromMa
Obla mpepdJokeHa aHrauickum ¢pusuxkom k. k. Tomco-
HOM, OTKPHIBIIUM 3yieKTpoH. Ilo mbicniu Tomcona, moJioxu-
TeJBLHBIN 3aps/l aTOMAa 3aHUMAaeT Bech 00'beM aToMa 1 paciipese-
JIeH B 9TOM oObeMe ¢ ITOCTOSSTHHOM ILIOTHOCTBIO. IIpocreiinmii
aToM — aToOM BOIOpOAa -— HpeJCcTaBJIsAeT COOOM IOJIOMKUTEIb-
HO 3apsKeHHbIH map paguycoM okoso 1078 cm, BEyTPH KOTOPO-
TO HAXOAUTCS 3JIEKTPOH. ¥ 0oJiee CI0KHBIX ATOMOB B ITOJIOMK M-
TEJBbHO 3aPAKEHHOM IIape HaXOAUTCSI HECKOJILKO 5JI€KTDPOHOB,
TaK YTO aTOM MOA00EeH KeKCY, B KOTOPOM POJIb U3IOMHHOK BBI-
TOJHAIOT 9JIEKTPOHBL.

Opuako Momesnb aroma ToMcoHa OKasajiachk B IIOJHOM IIPO-
THUBOPEUYHUH C H3BECTHHBIMM YK€ K TOMY BDPEeMeHH CBOMCTBaAMU
aTroMa, rNIaBHBIM U3 KOTOPBIX ABJSIETCA YCmoiliusocmb.

OnsiTel Pesepdopaa. Macca 571eKTPOHOB B HECKOJBKO ThI-
cAY pas MeHbIIe Macchkl aToMoB. TaK KaK aToM B IieJIOM HeH-
TpaJjieH, TO, CJIeJOBaTEJIbHO, OCHOBHASA Macca aroMa IPUXOIUT-
cs Ha ero NOJOYKUTEJBHO 3aDAKEeHHYIO YacCTh.

Iis oKCcHepUMEeHTaJAbHOIrO HCCIefOBaHUS paclipefeeHUs
TOJOXUTEJbLHOTO 3apsjia, a 3HAYHUT, M MAacchl BHYTPH aroMa
Ipuecr Pesepdopa mpeanoxun B 1906 r. npuMeHUTH 30H-
IUpOBaHHE ATOMAa C MOMOIULIO O-HACTHUI,. ITU YaCTHIILI BO3HU-
KaloT IPH pacuajie pagus U HEKOTODBIX ADPYTUX sjIeMeHToB. Ux
macca npumepso B 8000 pas Gosabilie Macchl 2JIeKTPOHA, a MO-
JOXKUTEJBHBIN 3apAZ paBeH IO MOAYJAK YABOEHHOMY 3apsaiy
3JEeKTPOHAa. JTO HEe UTO MHOE, KaK IIOJHOCTHI0O MOHUSHPOBAH-
Hble aTOMBI resqus. CKOpPOCTE (-4acTHUI] OUeHb BeJIUKA: OHA CO-
craBaseT 1/15 ckopoctu cBeTta.

Irumu yactunamu Pesepdopa GomOapaupoBajl aTOMBI TH-
KeJbIX 3JIeMeHTOB. JJIeKTPOHBI BCJIECTBHE CBOEH MaJjioil Mac-
cbl HE MOI'YT 3aMETHO U3MEHUTH TPaeKTOPHIO O-YACTHUILELI, IIO-
JWO6HO TOMY KaK KaMyllIeK B HeCKOJLKO JeCSTKOB I'DAMMOB
(PU CTOJTKHOBEHUH C AaBTOMOOMIEM He MOXKET 3SHAUNTEJIbHO M3-
MCHHMTH €r0 CKOPOCTS.
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Pesepdoppa dpHect (1871—1937) —

BENUKMI aHINWIACKMIA hu3unK, ypokenel, Hosok 3e-
naHpum. CBOMMM IKCNEPHMEHTANBHBIMH OTKPbLITHAMK
301N OCHOBLI COBPEMEHHOIO YHeHUS O CTPOEHUN
aTtoma u pagmoaxkTueHocTu. Mepebim uccneposan co-
CTaB M3NyYeHMa PAJMOAKTMBHbIX Beutects. OTKpbIn
aToOMHOE AAPO W BNEPBbIE OCYLLECTBMIT MCKYCCTBEH-
HOe npespalueHue aTomHbix saep. Bce nocrasnen-
HbIE UM OMbITbI HOCUNM (DYHAAMEHTaNbHLIM XapaKTep,
OTNMYANMCH UCKMIOUMTENBHOM NPOCTOTON M ACHOCTBIO,

Paccesrue (13MeHEeHUEe HAIIPABJIEHUSA JBIMKEHHUA) O-HaCTHIL
MOJKeT BBI3BATH TOJBKO [0OJIOKUTEJBHO 3apAsKeHHas 4YacThb
aroma. Takum o6pa3oM, MO PacCEesTHUIO ((-4aCTUI] MOKHO OIIpe-
JeIUTL XapaKTep paclhpejelieHUA MOJO0KHUTENbHOr0 3apana u
Maccel BHyTpHU aroMa. Cxema onsitoB Pesepdoppa noxasaHa
Ha pucyHgke 12.1.

PagnoakTUBHBIA Ipenapar, HanpuMep paani, IOMeIaJcA
BHYTPHM CBHHIIOBOTO TMJIMH/pa [, BAOJIb KOTOPOro ObLI BBI-
cBepJeH y3kmil rkaHai. llyvwok o-uyacTui M3 KaHaja magaja Ha
ToHKYIO Qoaery 2 us ucciesyemoro marepuaia (30J0T0, MeAb
u 1up.). ocae paccesiHust ((-UaCTHIEI NONAJAJIHA HA IOJAYIDO-
3pavyHBIi 3KpaH 3, NOKPBLITHIA cyibhuaoM nuHKa. CTONKHOBE-
HUe KaXIol 4acTUILbl ¢ YKPAHOM COINPOBOYKAANOCH BCUBIITKON
cBeTa (CHMHTHILIALMER), KOTOPYIO MOXHO OBLIO HAOJIOZATH B
muKpockon 4. Becws npubop pasmeriancs B cocyle, H3 KOTOPO-
ro ObIJI OTKAYaH BO3AYX.

IIpu xopouieM BakyyMe BiyTpH 11pH60Opa B OTCYTCTBHE (O~
TH Ha SKpaHe BOZHUKAJ CBeTJIbI KPYKOK, COCTOAIIMNA M3 CIIVH-
TUAANNAEH, BHISBAHHBIX TOHKUM IIyuykom o-uactui. Ho koraa
Ha IYTH Oy4Ka IOMeNanu (hobry, -4ACTHIBI H3-38 PACCEAHUA
pacIpezie/IAJInCh HA 9KPaHe 110 KPYXKKY OoJblIell IIoniagu.

Momudunupys sKCIIepUMEeHTANBHYIO YCTaHOBKY, Pesepdopz
NONBITANCA OGHAPYXHUTh OTKJIOHEHHE (-4ACTHII Ha OOJbIINE
yrael. s 2Toro oM OKPYKKUI (QOJBIY CHUHTHILIAIMOHBIMMA
JKPpAHAMH M OUPEREJUJ YMUCJO BCHOBIIIEK Ha KajKJOM 3KpaHe.
CoBepIIeHHO HEOKHMAAHHO OKAa3aJloCh, YTO HeOGOJBIIOe YHUCJIIO
o-yacTHL (IPUMEpPHO OJHA W3 JBYX ThICAY) OTKJIOHMJIOCH HA
yraet, Goabmme 90°. ITospnee Pesepdops mnpusHajicsa, 4YTO,
IPeJJIOXUB CBOMM YYE€HHKAaM IIPDOBECTH JKCIEPUMEHT Mo Ha-
GJII0/IEHHIO 32 pacCesTHUEM (l-dac-

TUI Ha O0JbIIHEe yIJbl, OH CaM
He BEPHUJI B IIOJIOJKUTEJILHBIH pe- a
3yJAbTAT. «ITO IOUTHU CTOJb XKe
HeBepOsITHO, — roBopua Pesep- 1 2 3 4
dopa, — xKakK ecam OBl BBl BBI-  Puc. 12.1
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crpesinnn 15-a0MMOBBIM CHapsAAOM B KYCOK TOHKOM 6GyMmarw,
Q4 CHAPAJ BO3BPATH/ICA Obl K BAM M HAHEC BAM yap».

B camoMm fese, IpegBUIETE 3TOT Pe3yaAbTAT HA OCHOBE MOJe-
21 TomcoHa 6b1510 Henb3a. Ilpu pacipenesieHuN 110 BceMy aTOMY
[10JIOKHUTENbHBIN 3apAL He MOMKET CO3JaTh JOCTATOYHO CHJIbHOE
JIEKTPUYECKOE I10JIe, CIIOCOGHOe OTOPOCUTEL O-YaCTHILY Hasal.
MakcumanbHaA CHJia OTTAIKUBAHUA MOMeT OBITH OIIpejeJieHa
no saxkony Kynaona:

Fo. = kqﬂj‘—f, (12.1)
rae ¢, — 3apAj O-YacTHIBI; ¢ — MOJOKHUTEIbHEBI 3apan aToMa;
R — ero paamnyc; kB — K03(pOUIMEHT NPONOPIMOHAIBHOCTH.
HanpsaXeHHOCTb 3IeKTPUYECKOro 10JIA PABHOMEPHO 3apfAKeH-
HOTO LIapa MaKCHMAJbHA HA NOBEPXHOCTH IIapa 1 yOLIBaeT A0
HYJA 110 Mepe NPpubInKeHus K 1eHTpy. Ilo3ToMy YeM MeHbIIe
paguyc R, TeM GoJibllle CUJIa, OTTAJIKUBAIOHIAA (-UACTUIIHI.

Omnpenenenne pazmMepos aTOMHOTO Axpa. Pesepdop nous,
UTO Q-4aCTHUIlA MOTIa OBITH OTOpOIIIeHa HA3AM JUIIEL B TOM CJIV-
4yae, eCJIM MOJIOXKUTEJbHBIN 3apAl aTOMAa U ero Macca CKOHIIeH-
TPUPOBaHBL B OYEeHE MaJIoi o6iactu npocrtpancrea. Tark Pesep-
thopA mpuies K MBICIH O CYLUIECTBOBAHUHN AMOMH020 0pa —
mena MaablX pa3mepos, 8 KOMOPOM CKOHUEHMPUPOBAHbL NOY-
Mu 6cA MaACCa U 8eCb NOLOHUMELbHYLIL 3apad amoma.

Ha pucynke 12.2 mokasaHBl TPAEKTOPUM (-YACTHII, IIPOJIe-
TAIUX HA PA3JIMYHBIX PACCTOAHUAX OT SAApA.

IloacunTEIBAA YHUCIO (-UACTUI], PACCEAHHBIX Ha PA3JINYHbBIe
yrasl, Pesepdops cMor omneHuTh pasmepsl agpa. Okasaiocs,
49TO AAPO uMeeT guamerp nopsiaxa 10712—1071% cm (y pasHbIX
sigep nuaMeTpsl pa3auuHsbl). Pasmep e camoro atoma 1078 cm,
T. €. B 10—100 TeIcAY pas mpessiuiaeT pazMepsl dapa. Brro-
CJIEACTBHY YAAJOCH ONPEeAeauTh ¥ 3apaAn siapa. Ilpu yeiosuu,
YTO 3apAj dJeKTPOHA IIPUHAT 3a eQUHUILY, 3apAL A4pa B TOU-
HOCTH PaBe€H HOMEepY AAHHOTO XMMHUECKOTO 3JIeMEHTA B IepHO-
audeckoi cucreme . M. Menneneena.

IInanerapuasa momens aroma. Ha ocHOBe cBOUX ONBITOB Pe-
3epdopA cosnar nIaHeTapHyIo MOZeJIb aromMa. B rieHTpe aroma pac-
IOJIOYKEHO MOJIOXKUTENIBHO 3apHAKeHHOe AP0, B KOTOPOM COCPeso-
TO4YeHa [IOYTH BCA Macca aroma. B nesom aTom metitpasen. ITosromy
YHICJIO BHYTPUATOMHBIX 2JIEKTPOHOB, KAK U 3aps/ AApa, paBHO Io-

PAOKOBOMY HOMEDY dJIEMeHTAa B IIepHOMUte-
cKoit cucreme. ACHO, UTO MOKOHUTHCA BJIEK-

¥ TPOHBI BHYTPH aTOMa He MOI'YT, TAK KaK OHU
9 ynaau 6el Ha sapo. OHM OBMIKYTCA BOKDYT
9 s1Ipa, TOoJ00HO TOMY KaK IIaHeTh 00paIjaoTca

BoKpYT Comuna. Taxoit xapakrep IBHMXeHUS
9JIGKTPOHOB OIpPefeNAeTCs ACHCTBHEM KYJIO-
Puc. 12.2 HOBCKUX CHMJI IIPUTSIXKEHUA CO CTOPOHBI AApA.
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B aTome BomoOpOIa BOKPYT AApa obpaliaercs .
BCEro JIUIIb OAWH 3JIeKTPOH. S1Opo aToMa BOJO- // ,\/
pojia MMeeT IIOJOMKUTEJNLHBIN 3apsal, PaBHBIN /
0 MOZYJIO 3apAAy SJEeKTPOHA, U Maccy, Ipu-
mepro B 1836,1 pasa 6OyBIIYyI0 MacCChI 3J€K- /
TpoHA. OTO AAPO ObLIO HA3BAHO IPOTOHOM U
CTAJI0 PacCMaTpUBATBCA KAaK 3JeMeHTapHad L
gacTuia. Pasmep aroma BoLopoda — 39TO paiw-
yc op6GuTEI ero ajexTpoHa (puc. 12.3).

IIpocTtas m HaraAAHasA JiaHeTapHAfd MOJeJb aToMa HMeeT
IpsIMOE BKCHepUMeHTalsHOoe obocHoBaHuMe. OHa KakeTcs co-
BEPIIIEHHO HeoOX0anMOoi st 00 bACHEHUSA ONIBITOB II0 paccenBa-
Huwo o-yactul,. Ho Ha ocHoBe 51O MOJeNN HeJdb3dA O0BACHV
(aKT CyIIeCTBOBAHUA aToMa, €ro yCTOHUMBOCTE. Belb ABHKe-
HHe 2JeKTPOHOB II0 op6uraM IPOUCXOIUT C YCKOPeHueM, IIpH-
YyeM BecbMa HeMAaJbIM. ¥YCKOPEHHO IBMIKYINWHCA 3apaj IIOo
3aKOHAM 3JIeKTpoauHaMuKu MakcBesia OOJIYKEeH H3JIy4aThb
JIEKTPOMATHUTHBIE BOJHBI C YaCTOTOM, PABHOH 4acToTe ero 00-
palleHns BOKPYr aapa. ManydeHHe cOIpoBOXIaeTcd IoTepeil
anepruu. TepdAas sHEPruio, 3JeKTPOHBI JOJMKHEBI IPHOIHHKATHCA
K AIpY, NMOoAZOGHO TOMY KaK CIOYTHHK IPHOIM)KaeTcda K 3eMJie
IIPHA TOPMOJKEHUHN B BePXHUX cyoAx aTMocdepsl. Kak mokassl-
BAIOT CTPOTHME pacueThl, OCHOBAHHble Ha MexaHuke HploToHa
U sJeKTpoauHaMuKe MaKcBesia, 9JIeKTPOH 3a HAUTOXKHO Ma-
noe Bpemsa (mopanxa 1078 ¢) nomxen ynacrs Ha sifpo. AToM RoJI-
JKEeH IPEeKPATHTL CBOE CYIeCTBOBAHUE.

B peifictBuTespbHOCTH HHUUEro mogo0HOTO He IIPOUCXOMAHUT.
ATOMBI YCTOMYUBEI X B HEBO3OYKAEHHOM COCTOAHUMN MOTYT Cy-
11eCTBOBATh HEOTPAHUYEHHO JOJITO, COBEPIIEHHO He H3aydas
SJIEKTPOMArHUTHBIE BOJIHBI.

He cornacymouuiicss ¢ OIBLITOM BBIBOJ, 0 Heu3GerxHOM rudenu
aToMa BCJeACTBUE TIOTePH DHEPruy Ha M3JIyUYeH!e — 3TO pe-
3yJbTAT IPUMEHEeHUA 3aKOHOB KJACCHYECKON (MU3UKHU K sBJIC-
HHUAM, IPOUCXOAANINM BHyTpu atoma. OTcioa ciaenyer, 4To K Ta-
KHUM SABJIEHHAM 38KOHBI KJIacCUUeCKOH QUBNKYU HEIIPUMEHUMhI.

Puc. 12.3

Pesepdops cosman mIaHeTapHyIO MOJEIb aTOMa: SJIEKTPOHDI
o6palanTesa BOKPYT Aapa, Togo0HO TOMY KaK ILIaHeThbi 00patiia-
otcsA BoKpyr CouHila. 9Ta MOAEJID IIPOCTa, 000CHOBANA DKCIIC-
PUMEHTAJBHO, HO He [O3BOJIAET OOBACHUTD YCTOMUMBOCTL ATOM:L.

3aMEeTHOTO BAMAHMA HA paccedHmue (-yacTuy!

. Movemy c-4acTMubl He MornM b1 paccenBaTbcs Ha Gonblume yrnbl,
ecnm 661 NONOKKUTENBHBI 3apPAA aTOMaA Obin pacnpeaeneH Mo Bcemy
ero obvemy!?

3. Moyemy NnNaHeTapHas MORENb ATOMAa He COrNacyerTcsl C 3aKOHAMM

Knaccnueckon dr3nkm!

? 1. Mo4eMmy OTPHLATENLHO 3aPMHEHHDbIE HYACTHUbl ATOMA HE OKA3bIBAIOT

hd 2
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§ 94 KBAHTOBBIE IHOCTYJIATBI BOPA.
v MOJEJIE ATOMA BOJOPOJA 110 BOPY

Brixons U3 KpaifiHe 3aTPYUAHUTEIBHOTO [OJOKEHAS B TEOPUH
aroma 6pur Hadinen B 1913 r. garckum dpusukom Hunbcom Bo-
poM Ha OyTd NajdbHeHNIero pasBUTHS KBAHTOBBIX IPEACTAB-
JeHu# O TIpolieccaxXx B IPUPOjIe.

SDUHIUTEHH OUEeHMBAJ HpOAeJaHHYI BopoM paboTy «Kak
BBICIHYI) MY3bIKa/ibHOCTL B 00JaCTH MBICJU », BCETJa €ro mopa-
skapmyno. OCHOBBIBAsCH Ha Pa3pPO3HEHHBIX ONBITHHIX (aKTax,
Bop 6xarogaps reHuansHON WHTYUIUY IPABUILEO IPeAYTatas
HYTE Pa3BUTUSA TEOPUN aTOMA.

Hocrynarer Bopa. Ilocnegosarensmoit reopun aroma Bop,
0JHAKO, He paspaboran. OH B BIJe IOCTYJIaTOB CHOPMYIHUPOBAT
OCHOBHBIE IIOJIOKEeHuA HOROM Teopuu. IIpruem M 3aKOHBI KJac-
cuuecKoll GUBMKM He OTBepraiuch uMm Oezorosopouno. Hogswie
HOCTYJiaThl, CKOpee, Hajarajiu JUlllb HEKOTOPbIe OIpAHUYEeHUS
Ha paccMaTpUBaeMble KJIAaCCUUYECKOH QPUBUKON ABUIKEHUA,

Yenmex Teopuu Bopa 6bl1 TeM He MeHee IIOPA3UTENBHBIM,
¥ BCeM YYEHBIM CTaJI0 ACHO, YTO Bop Hallles IpaBuUJIbLHLIA OYTH
pasBUTUS TEOPUH. ITOT IIYTh HPUBEJ BIOCJEACTBUN K CO3/a-
HUIO CTPOMHOH TeOopuM JABUMKEHUA MUKPOYACTHUI — KBAHTOBOH
MEeXaHUKH.

Ilepsviit nocmynam Bopa rTiacur: cyuiecmeyrom o0co-
Oble, CMAHUUOHAPHBbLE COCMMOAHUA AMOMA, HAX00ACH
8 KOmopblLx Amom He u3ayiaem IHepzuro, npu amom
INeKMpPonrbL 8 amome deuxcymca ¢ ykopenuem. Kaxcdomy
CMAYUOHAPHOMY COCMOAHUIO cooméemcméyem onpe-
denennan snepaua E.

Cornacuo emopomy nocmyanamy Bopa uzayuenue ceema
npoucxodum npu nepexode amoma u3 CMAyUOHAPHOZO
cocmoanun ¢ 6orvwed snepzuei E, 6 cmayuonaproe co-
cmoanue ¢ menvwel nepzuei E,. Inepzua uznywenno-
20 ¢pomona PA6HA PAZHOCMU IHEPIUL CMAYUOHAPHBLX
cocmosHut:

W, =E, - E,. (12.2)
OTCIO,Z[& HaCTOTY U3JAYy4YeHMA MOXXHO BBLIPDA3UThL TaK:
_E,~E, E, E

Vien ——‘};— 7— 7. (12.3)

Cornacao teopuu Bopa sHeprus sjeKTpoHa B aToMe BOJO-

poJia, HaXOAAIErocsa Ha N-M SHEPreTHYeCKOM ypOBHe, paBHA:
B - Eme* 1
=TTy
2 n
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Bop Hunec (1885—1962) —

BenuKuMi4 BaTckmin busmnk. Cozgan nepeyro KBAHTOBYHO
TEOPMIO aTOMA M 3aTEM NPUHAN Camoe aKTHBHOE yya-
cTHe B pa3spaboTKke OCHOB KBaHTOBOMH mexaHuku. Ha-
PSAAY € 3THMm BHEC BONbLLON BKNAA B TEOPMIO 3TOMHO-
ro sgpa v agepHbix peakuud. B yactHocTu, pasewn
TEOPHIO fEeneHus aTOMHbIX ARep, B NpoLecce KoTo-
poro BblgenseTcs orpomHas sHeprus. B KoneHrarene
co3pan 60nbLUYIO MHTEPHALMOHAMBHYIO LLIKOMY hr3K-
KOB M MHOMO cpenan Anfs Pa3seuTMs COTPYAHMYECTBA
mexany husmMKamm Bcero Mmpa. AKTMBHO y4YacTBoBan
8 6opbbe NPOTHB aTOMHOM Yrpo3bl Yenose4yecTBy.

IIpu morsoiieHNYM CBETAa aTOM IIEPEXOJHUT U3 CTAIMOHAPHO-
T'O COCTOSTHUSA C MEHbIIIE 9Heprueil B CTAIlHOHADHOE COCTOSHNE
¢ GosbIlreil sHeprueii.

Bropoit nmoctynar, Takyke KakK H IEPBLIHA, IIPOTHBOPEYUT
ajieKTpoauHaMuKe MaKcBesja, TaK Kak COTJIACHO 3TOMY IIO-
CTYJIATY YACTOTa M3JyUYeHUs CBeTa CBHUAETEJILCTBYET He 00 oco-
GeHHOCTAX ABUKEHUA 2JIEKTPOHA, a JUIIHh 00 UBMEeHEeHUH dHep-
THUH aToMa.

Cpou moctyaatsl Bop npumeHun AJ8 IOCTPOEHUS TEOPUH
npocreiilieil aTOMHO#E CHCTEMBI — aToMa Bogopona. OcHOBHadA
3ajiaya COCTOAJIa B HAXOMIEHHH YacTOT 3JeKTPOMarHmMTHBIX
BOJIH, U3JIy4aeMbIX BOZOPOAOM. ITH YaCTOTHI MOYKHO HAUTH Ha
OCHOBE BTOPOTO ITOCTYJIaTa M PaBuUJia olpeAeJeHU CTallHOHAD-
HBIX 3HAYEHUH 9HEePrHU aToMa. JTO IPaBUIo (Tak HasblBaeMoe
IpaBUJIO KBAHTOBaHUs) Bopy onATH-TaKH IPHUIIJIOCH IIOCTYJIN-
POBATH.

Mogeas aTroma Bogopona nmo bopy. Mcnonb3ys 3aKOHBI Me-
xaguKku HpIOTOHA M MpaBMJIO KBAHTOBAHUSA, HA OCHOBE KOTO-
poro omnpenenAOTCsSs BO3MOXKHBIE CTAIlMOHADHBLIE COCTOAHUA
aToMa, DBop cMOT' BEBEIYHCJIHNTE pPagUyCchl OpOUT 3JIeKTpPoHA
U SHEPruiu CTAIlMOHAPHBIX COCTOAHHWH aToMa. MMHHMAaJLHBIA
pagunyc opOHUTHI oIpeneadeT pasmepsl aroma. Ha pucynke 12.4
3HAUEHNUS SHEPTU# CTAIIMOHADHBIX COCTOSHHUIN (B 3JCKTPOH-
BOJILTAX!) OTJIO}KEHBLI HAa BEPTHUKAJLHOM OCH.

Bropoit nmoctysnar Bopa mo3BojigeT BBIUKUCIHUTH 110 U3BECT-
HBIM 3HAUYEHUAM SHEPTHil CTAIMOHAPHBIX COCTOSHUH UaCTOTHI
H3JIyYeHUl aToMa BOJAOpOAA.

1B arommuolt GHU3HUKe 9HEPTHIO IPHUHATO BBIPAXKAThH B NIEKTPOHBOJbTAX
(coxpamienno 3B). 1 3B paBeH sHeprum, npuodOpeTAeMOil DIEKTPOHOM IIPH
OPOXOIKAEHUU UM pasHocTh moreHuuanmoB 1 B: 1 3B =1,6 - 10 x.
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EA Teopusi Bopa npuBoauT K KO-
0 JIMYECTBEHHOMY COTJIACHUIO C 9KC-
IepUMEHTOM AJIS 3HAYeHUH 9TUX

-0,54 9B n=>5 o
~0.85 5B n—4 4acToT. Bce 4acTOTHI M3IYyUYeHHN
~1,513B n—3 A@TOMa BOJOPOJA COCTABJIAIT B
CcBOel COBOKYIHOCTH PAJ cepui,

~3.405B n—g Kaxlas N3 KOTOPBIX 0Gpasyercs
’ Cepus IIpH [lepexojiaxX aToMa B OJHO U3
Banpmepa DHEPreTUYECKUX COCTOAHMU CO

BCEX BEPXHUX 9HEPreTUUeCKUX
cOCTOAHMUN (cocTOAHUMN ¢ 6OJab-
uieil sgeprueit).

Ilepexoasl B nmepBoe BO30OYK-
meHHoe cocTosiHue (Ha BTOpPOU
SHepreTUYeCKUN ypOBeHb) C BEPX-
HUX ypOBHell o0pasyoT cepuw
-13,6 5B n=1 Baabmepa. Ha pucyuke 12.4 atn
nepexoibl M300pa’KeHbl CTpeJI-
kamu. KpacHas, 3eseHas U JBe
CHHNE JHUHUU B BHAMMOM 4acTu
cIeKTpa Bogopoza (cMm. puc. V, 3 Ha 1LBETHOH BKJeiiKe) COOT-
BETCTBVIOT IT€pexXomam

Puc. 12.4

E3 - Ez, E4 i Ez, E5 - Ez, E6 ad Ez.

HanHaa cepus HasBaHa 110 UMEHU IIBEHIIAPCKOI'O YUUTEJNA
M. Baasmepa, KoTopsiii emfe B 1885 r. Ha OCHOBe BKCIIEpUMEH-
TAJBHBLIX JAHHBIX BBIBEJ IIPOCTYIO GOPMYJyY AJdA OHpefesieHNs
4acTOT BUAMMOM YacTH CIEeKTPa BOJAOPOZAA.

IHoraomenue ceera. Ilorsomnenne cBeTa — Ipolece, o6paT-
HBEII U3IydYeHuo. ATOM, IIOIVIOIAS CBeT, HePEXOLUT U3 HUBIIHNX
JHEPreTHYeCKUX COCTOAHWN B Bhlcmime. lIpm aTomM OH morJo-
miaeT M3JIyuyeHHe TOM »Ke caMo¥ 4acTOThI, KOTOPYIO U3JIy4daer,
nepexofsa U3 BLICIINX 9HEepPreTUYeCKUX COCTOAHUN B HUIIINE.

Ha ocsHOBe ABYX IOCTYJIATOB ¥ NpaBUJa KBAHTOBAHUA
Bop omnpegennn paguyc aToMa BoJopoja 1 9HePruu cTalloHap-
HBIX COCTOSHUI atoMa. OTO IO3BOJMJIO BLIYKMCIUTHL YacTOTHI

n3JiydaeMBbIX U IIOIVIOIIIaeMbIX AaTOMOM 2JIEKTPOMArHUTHBIX
BOJIH.

1. B YeM 3aKMOYAIOTCS NPOTMBOPEYMS MewAy noctynatamum bopa
M 33KOHaAMM KNACCHMHMECKOM MEeXaHMKM M KIACCHMYEeCKOM BNeKTPOAM-
HaMHKH?

2. Kakoe u3nyvyenne HabniofaeTcsi NpM Nepexojiax 3AeKTPOHa B aTo-
Me BOOPOAA HA BTOPOMN 3HEPreTHYeCcKMi ypoBeHs!
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TPY THOCTH TEOPHU BOPA.
§95  KBAHTOBAS MEXAHHKA

Hauboabiuit ycrex Teopusa Bopa uMesa B npuMeHeHUU
K aToMy BOJOPOZAA, AJIA KOTOPOTO OKAa3aJ0Ch BO3MONHBIM I10-
CTPOUTH KOJUUYECTBEHHYIO TEOPHUIO CIIEKTpA.

Oxraxo paszpaboTaTh KOJMUECTBEHHYIO TEOPUIO JJIS CIACAYI0-
IET0 3a BOAOPOJOM aTOMa rejins Ha OCHOBe DOPOBCKUX IIpeji-
cTaBJIeHUH He yrasoch. OTHOCUTEJBLHO aToMa Trejiud u Oojee
CJIOMKHBIX aTOMOB Teopusa Bopa no3Boissa Aenars JUIIL Ka-
JecTBeHHBIE (XOTA 1 OUEHL Ba'KHBIE) BAKJII0YeHUA.

Oto u HeyausuTeNbHO. Beap Teopus Bopa ABigercd 1m0JI0-
BUHYATOMH, BHyTPeHHe IpoTuBopeunioii. C 0gHOI CTOPOHEL, IIpU
paspaboTKe TeOPUU aToMa BOAOPOLA UCIOIb30BAJIUCH IPUBLIY-
HBlIe 3aKOHBI MexXaHHMKHN HbIOTOHA M JaBHO M3BECTHBIA 3aKOH
KyJioHa, a ¢ Apyroil ~— BBOIWJINCH KBAHTOBBIE ITOCTYJIATHI, HUKAK
He cBsA3aHHbIe ¢ MexaHMKoHi HbploTOHA 1 aslekTpoanHaMuKkol Make-
peJiia. BBegeHUe B PM3HMKY KBAHTOBBIX NpeAcTaBieHUll Tpedo-
BAJIO PAIUKAJbHON nepepaboTKY KaK MeXaHUKHU, TaK U 3JeKTPO-
IVHAMHBKU. JTa nepepaboTka Obljia OCYILIeCTBJIEHA B Ha4aJje BTO-
poii yeTBepTu XX B., KOoT/Aa OBLJIN CO3JaHEI HOBble PU3UUECKUE
TEOPHUHU: KBAHTOBAS MEXaHMKAa U KBAHTOBAS DJIEKTPOANHAMUKA.

IToctynarer Bopa oxasajiuchk COBEPIIEHHO NPABUIBHBIMU.
Ho onu paccMaTpuBaivCh yiKe He Kak IOCTYJAThl, a KaK CJej-
CTBUA OCHOBHBIX IIPUHITUIIOB 3TUX Teopui. IlpaBuio se KBaHTo-
BaHuA Bopa, KaK BBISCHMJIOCH, IPUMEHHMO AAJIEKO He BCer/ja.

IIpencraBaerue 00 OlpeAesIEHHBIX OPOMTAX, MO KOTOPBIM
IBUKETCSA DJIEKTPOH B arome Bopa, 0Ka3ajJoch BechMa YCJIOB-

HBIM. Ha caMoM Jejie ABU)KeHUe 3JIeKTPOHa B ATOMC HMeeT
OUYeHb MAJIO OOIIIEero ¢ ABMKCHUCM FlageT 110 opOuram. licam ob
aToOM BOJOPOJA B HAMHUILICM CI'O HHEPreTHUCCKOM COCTOSIHUA
MOXHO 0bLIO cdoTorpadpupoBarh ¢ GOJLIIOH BHJICPIKKOU, TO
MBI YBUJEJH ObI 06JIAKO € IlepemMennoii mtorinocersio. Bonpuyo
4acTh BPEMEHHM BJEeKTPOH HaXOJWTCi 1a Olpe/le/IeHHOM pac-
CTOSIHMH OT AApa. ITO PACCTOSIHUC MONKHO IIPUHATE 3a rpyboe
nogobue paguyca op6uTsl. Pororpadmst aToMa COBCEM He IM0XO0-
nuia 65l Ha IPUBLIYHBIA pUCYHOK COJICUHON CHCTEMBI, & CKO-
pee HalloMKHAaJIa GBI PACIIILIBYATOC 111110, IOTyYeHHOe IpH ¢o-

Torpa@upoBaHuu 6a60UKY, MOPXAIOULCH OKOJIO oHAPA.

B HacTodAIee BpeM ¢ IIOMOTbI0) KBAHTOBOM MEeXaHUKU MO -
HO OTBETHTL IPaKTHUECKH HAa J00I BOIPOC, OTHOCAILMICA K
CTPOEHUIO K CBOMCTBAM JIEKTPOHHbIX 000JI0ueK aTroMoB. Ho Ko-
JUYECTBEHHAA TeOPUs OKAa3LIBaeTcs BeChbMa CJA0MKHON, U MBI ee
paccMaTpuBath He OyaeM. C KauecTBeHHBIM OIMMMCAHWEM JJIEK-
TPOHHBLIX 060JI0YEK aTOMOB BhI IO3HAKOMUJINCH B KyPCce XUMHUA.
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§ 96 JIABEPbBI!

[la Bopoc 0 TOM, UTO TaKoe Jla3ep, akaleMUuK H. T. Bacos
orsedaa Tak: «Jlazep — 3TO yCTPOHCTBO, B KOTOPOM sHEPIhd,
HAIpUMED TeIJIOBas, XHUMHYECKasa, dJeKTpudecKad, npeobpa-
syercd B YHEPTHI0 BIEKTPOMATHUTHOTO IMOJA — Jla3epHBIN
ayu. Ilpu TakoM mpeobpasoBaHUM YacTh dHEPTUN Hens3bexHO
TepseTcsa, HO BasKHO TO, YTO IIOJIyUeHHas B pedyjbrare Jasep-
Hadg sHeprus obsanaer 0ojlee BBICOKUMM KadeCTBOM. KaudecTBoO
JIa3epHOU DHEPTUU OlIpelessaeTcs ee BLICOKOH ROHueHTpaHHeﬁ
¥ BO3MOSKHOCTBIO Ilepe/lauyll Ha 3HAUUTETbLHOe pacCcTosgHMe. Jla-
3epHBII Jyd MOKHO CPOKYCHPOBaTh B KPOXOTHOE MATHBIIIKO
ouamMeTpoM IIOpALKa AJIHUHBI CBETOBOM BOJHBI YW MOJYYHUTH
INJOTHOCTH JHEPTHUM, IIPEeBBIIHAIOIINYIO YKe Ha cer‘OJJ;HHHlHI/Iﬁ
OeHb NJOTHOCTH JHEPIHHU sJIEPHOro B3pblBa. C nomompIo Ja-
36PHOTO M3JAYyUeHHs YiKe yJajloch [NOCTUYMB CaMBbIX BBICOKHUX
3HAUEHUH TeMIepaTypbl, AaBJEHUs, MATrHATHONW WHAYKIHUH.
HaxoHell, gasepHbiit Jyd sIBJdeTCa CaAMbIM €eMKHM HOCHUTEJIEM
uE@OpPMAIINY W B 9TOM POJIM — IPUHIIUIIHAILHO HOBBIM CPEA-
CTBOM ee mepegaur 1 06pabOTKU».

Huayuuposannoe uziaydenune. B 1917 r. SiiHmITeitH Tpea-
cKasaJ BO3SMOMKHOCTE TaK HA3LIBAEMOI0 UHOYUUPOBAHHOZO
(BBIHYKACHHOTO) MBJIyUEeHHA cBeTa atroMamu. llox uHIyLHpoO-
BAHHBIM M3JIyUeHHeM [IOHMMAaeTCsd U3JIydeHue BO3OYRAEHHBIX
ATOMOB TIOI AeHcTBUEM Majalollero Ha HUX cBeTa. XapaKTep-
HOII 0COBEHHOCTHIO 3TOT0 HM3JAYyUYEeHHUS ABISETCH TO, 4YTO BO3-
HUKIIAas OPU MHIYIUPOBAHHOM M3Jy4YeHHH CBETOBas BOJIHA He
OTJNYAEeTCS OT BOJHBI, IIaJAAloliell Ha aToM, HU yacToTOHM, HU
daszoii, HU ToJspU3anHell; TaKUM oOpas3om, Iajgaolias U u3-
JYYEHHAS BOJHBI ABJIAIOTCA KOT€PEHTHBIMHU.

Ha s3piKe KBAaHTOBOH TeOpWUHM BBIHYXJAEHHOe u3JIyUeHHe
Oo3HAUYAaeT Iepexo/i aToMa U3 BBHICIIIETO BHEPreTHYeCKOoTo COCTOMA-
HHUA B HHU3IIee, HO He CAMOIIPOM3BOJIbHBIN, KAK IIPU OOBITHOM
n3JIyYeHnN, a IIepexo] NoJ BIUAHUEM BHEIIHETro BO3eHACTBHUA.

Jlazepot. Eue B 1940 r. cosercxkuit ¢usur B. A. Padpu-
KaHT yKa3ajd Ha BO3MOYKHOCTB HMCIIOJIbL30BaHHA SBJIeHNA BbI-
HYMXAEHHOTO WM3JIYyYeHHA [JIA YCUICHUsS 3SJIEKTPOMarHuTHBIX
BonH. B 1954 r. coserckue yuensre H. I'. Bacos u A. M. IIpo-
XOPOB M HE3aBHCHUMO OT HUX aMePHKaHCKUK (PU3UK Y. Taync
UCIIONBL30OBAJIN #ABJEHWEe HWHIVIIMPOBAHHOIC H3JAydYeHMA AJIA
CO3laHUA MUKPOBOJIHOBOTO TreHepaTopa pPaguoBOJIH C JJIMHOM
BoJEbL A = 1,27 cMm. 3a paspaboTKy HOBOI'O IIPMHIIMIIA T€HEDA-
nnu u yennerus paguosonn H. T'. Bacosy u A. M. IIpoXopo-

1 N o

CaioBo aasep oBpa30oBAHO COYETaHYeM NePBbIX GYKB CJIOB aHTJIMHCKOTO
mpascennss «Light Amplification by Stimulated Emission of Radiation»
(«yeILIene ¢peTa nNpy HOMOIM MHAYIIHPOBAHHOTO M3JIYIeHHH» ).
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By B 1959 r. 6b1a IpHCYXAeHa JIeHHHCKAaA TTPeMU. B 1963 r.
H. T. Bacos, A. M. IIpoxopos u Y. Taync ObuIH yAOCTOCHBI
HoGeneBckoii nmpeMun.

B 1960 r. 8 CIITA 6bLI CO37aH TEPBLIH Jla3ep — KBAHTORLIN
reHepaTop 3JeKTPOMATHHMTHBIX BOJIH B BUAMMOM [MALIAZOHC
cIeKTpa.

CpoiicTBa Jja3epHOr0 M3aydeHus. JlasepHble HCTOUHMICH
cBeTa 06JIagaloT PAAOM CYIIECTBEHHLIX IIPEUMYIIeCTB 10 cpaB-
HEHHWIO ¢ IPYIMMH HCTOYHUKAMU CBETa.

1. Jlazsepsl cOCOGHBI CO3/laBaTh IIYUKM CBETa C OYEHb Ma-
JIBIM YTJIOM pacxXoXJeHusa (0KO0JI0 107 pax). Ha Jlyae raxoii
V40K, HCIyIIeHHBIH ¢ 3eMiu, AaeT IATHO JUaMeTpoM 3 KM.

2. Cmer naszepa oOmanzaer HMCKJIOUNTEJIbHOA MOHOXpOMA-
THYHOCTHIO. B orsimuue oT OOBIUHBIX MCTOYHUKOB CBETa, ATOMBI
KOTOPBIX H3JIydyaloT CBeT HE3aBUCHMMO ADPYr OT JIpyTra, B Jase-
pax aToMblI M3JNYJaloOT CBEeT coryiacopanHo. IloaToMy dasa BOJI-
HBI He MCIBLITHIBAET HeperyJspHBIX H3MeHeHMN.

3. Jlasepsl ABIASIIOTCA CAMBIMH MOI(HBIMU HCTOUYHUKAMU
cBera. B y3KOM HMHTepBaje CIeKTpa KPaTKOBPEMEHHO (B Te-
yeHMe MPOMEXXYTKa BPEMEHM NIPOAOJIKUTENBHOCTBIO NMOPAAKA
107'3 ¢) y HeKOTOPBIX TUIIOB J1a3ePOB AOCTUIaeTCA MOIIHOCTD U3-
aydenus 1017 Br/cM2, B TO BpeM#a KaK MOIIHOCTb H3JIyUeHUA
Conana pasHa TOJdBKO 7 - 10° Br/cMm?, ipruyeM CyMMAapHO IO
BceMy creKTpy. Ha y3Kuii sxe HHTepBas AL = 1078 cm (muupuna
CTIeKTpaIbHOW JIMHUM Jasepa) mpuxoautcd y ComHIa Beero
0,2 Br/cm?. HanpsKeHHOCTD JIeKTPHIECKOTO TOJIA B 3JIEKTPO-
MATHUTHOI BOJIHE, M3JydaeMol JjiazepoM, IpPeBbIIIaeT HanpH-
JKeHHOCTB IT0JIA BHYTPU aToMa.

IIpunnun gedcTsusa Ja3epos. B 06BIYHBIX YCJHAOBUAX GOJIb-
[IMHCTBO ATOMOB HaXOAWTCSI B HU3IIEM JHEPreTUIecKoM CO-
croguaun. IlosToMy OpHM HU3KHX TeMIlepaTypax BelliecTsBa He
CBETATCH.

HpI/I HpOXOQK]IeHI/II/I 3JIeKTp()M2]I‘[ll/l'l‘ll()l'/.l BOJTHLI CKBO3bh Be-
I1ecTBO €€ BHepI‘Hﬂ norJjomaeTcs. 3a cuer Il()l‘][()I]L(‘,HH()I./'l aep-

I'MY BOJHBL 4acTh ATOMOB BO30Oy K jaeTcsi, T. €. 11CPEXOJUT B 00-
Jlee BEICOKOE aHepreTudeckoe cocroguue. [Ipn Hrom y creToBoro
Iy4YKa OTHHMAEeTCs 9HEPTUSA, PABHAI PA3HOCTH DHCPIHI MEXKAY
yposusamu 2 u I:
hV - E2 - El‘
Ha pucyske 12.5, @ cxemMaTW4ecKH Npe/CTaBjlciibl HEBO3-
Gy KIeHHBII aTOM U 9JIEKTPOMATHUTHAA BOJIHA 1B BUAE OTPE3Ka

CHHYCOHU/BI. DIEeKTPOH HAXOJUTCA Ha HIIKHEM ypOBHE. Ha pu-
cyHke 12.5, 6 uzobpasKex BO36GYKACHHBINA aTOM, 1TOIJIOTABINTNAHT
sHepruo. Bo36y KAEHHEBI aTOM MOXKET OTAATL CBOX HHEPTUIO
COCeIHMM ATOMAM HPY CTOTKHOBEHMH HJIM MCIYCTUTH (POTOH.
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Tenepr mpexcTasum cefe, YTO KAKHM-JIHUO60 CIIOCOGOM MBI
BO30y AN GONBLIYIO UACTE ATOMOB cpeabl. Torga Npu TpoXoXK-
NEeHUU 4Yepe3 BelllecTBO 3JeKTPOMATHUTHON BOJHBI C YACTOTOH

E - E
v = 2 1
h

ara BosHa 6yieT He 0cabaAATLCA, a, HAIPOTUB, YCUJINBATBECH 34
cueT MHAYUIUPOBAHHOrO u3aydyenus. [lon ee BoszeticTBreM aTo-
MBI COIVIACOBAHHO INIE€PEXONAT B HHUBIIHE SHepTeTUUYeCKUe CO-
CTOAHUS, U3Jy4das BOJIHBI, COBIAJAIOLIVE IO YacTore u (hase
¢ magatomeil BonHoi. Ha pucynke 12.6, a usobpaseHnnl Bo3-
Oy:KIOeHHBIM aTOM W BOJIHa, a Ha pucyHKe 12.6, 6 cxemaruye-
CKH ITOKa3aHO, 9YTO aTOM IIE€PEIe) B OCHOBHOE COCTOSHME, a BOJI-
Ha YCHJIHJIACh.

TpexyposHeBas cucrema. CyuiecTBYIOT pa3IUUHble METObI
MOJYYeHUA CpeAbl ¢ BO3DYKIEHHBIMU COCTOSHHAMU ATOMOB.
B py6uHOBOM sasepe Ui 9TOr0 MCHOJb3YETCH CIEINAJTbHASA
MOIHAA JamMna. ATOMBI BO3OYIKJAIOTCS 34 CUeT IIOTJIOLIEHUS
cBera.

Ho nByx ypoBHeit sHepruu ajis paboThl a3epa HELOCTATOU-
HO. Kaxum 6b1 MOIIHBIM HM OBIJI CBET JIAMIIBI, YHCJIO BO3OYK-
MEeHHBIX ATOMOB He GyJer GoJblile yncia HeBo30y K IeHHBIX. Bean
CBeT OJHOBPEMEeHHO M B0O30y:KJaeT aTOMBI, U BLIBBIBAET B HUX
UHIYUHUPOBAHHBIE IIePeXOJbl ¢ BEPXHEro YPOBHS HA HUXKHWIH.

Beixon 6511 HaliieH B UCNIOJIb30BAHUY TPEX DHEPTETHYECKHUX
ypoBHe# (oblilee YMCJIO ypOBHEH Bcerjga BEJIHMKO, HO pPedb HAET
0 «paboraromux» yposHax). Ha pucyuke 12.7 uzo6parkeHs! Tpu
9HEepreTUYeCKUX ypoBHA. CyIlecTBEHHO, YTO B OTCYTCTBUE
BHEIIIHET'0 BO3JeNCTBUA BpeMs, B TeUeHHE KOTOpPOro aTOMHASA
cucTeMa HaXOJUTCS B pasjauy-
HBIX DHEPreTUYeCKUX COCTOSHUAX
(¢«BpeMs )KU3HU» ), HEOAUHAKOBO.
Ha ypoBHe 3 cucrema «:xuser»
ouyeHb MaJsio, mopsaaka 1078 ¢, mo-
cJjie 4ero caMoIIPOU3BOJILHO IIepe-
A = 694 um XOAUT B cocToAHME 2 6e3 uaayye-
HHASA cBeTa. (JHeprusa mpu 3TOM
repefaeTcs KPUCTAJLIMYECKON pe-
127 merke.) «BpemMsa »Ku3HH» B CO-

E, 1=10"%¢

——— T = ()72

E,

crosuuu 2 B 100 000 paa GoJbllle, T. €. cocTaBisAeT okoso 107 c.
Ilepexon ua cocrosauua 2 B cocroanue I nox AefdcrsiueM BHEII-
Hell 3JIeKTPOMATHUTHOM BOJIHEI COIIPOBOMIAETCH HIJTyUEHUEM.
DT0 ucHoJab3yeTca B jadepax. ITocsie BCOBIIIKY MOIIHOM JIAMIIBI
cucreMa IIepexoJUT B COCTOAHNE J U CIYCTS IMIPOMEKYTOK Bpe-
MeHn okoiao 1078 ¢ okasniBaeTcss B coCcTOsHMM 2, B KOTOPOM
«KUBET» CPaBHUTEJLHO goaro. Takum obpasoMm M cospaercs
«IIepeHacCeIeHHOCTh» BO36YKIEHHOTO YPOBHA 2 MO CPABHEHUIO
¢ HeBO3OY KJeHHBIM YPOBHEM 1.

Heobxonumble sHepreTHYeCKUe YPOBHM HMMEIOTCA B KpDU-
crannax pyOuna. PyOMH — dTO KpacHBIH KpPHUCTAJJI OKCHIA
amromuana Al,O; ¢ npumecbio aroMoB xpoma (oxoso 0,05%).
VIMeHHO YPOBHM MOHOB XpoMa B KpucTasuie obranaioT Tpebye-
MBIMHY CBOWCTBAMM.

YcrpoiictBo py6uHoBOro aasepa. s kpucranna pybuna us-
TOTOBJIAIOT CTEPEHb C IJIOCKOIapayielbHBIMU TopuaMu. I'a-
sopaspajHas JaMmma, uMmenwas ¢Gopmy cnupanu (puc. 12.8),
maeT cuHe-3edeHbll cBer. KpaTkoBpeMeHHBIN WMIYJIBC TOKA OT
faTapen KOHJEHCATOPOB €eMKOCTBIO B HECKOJBKO THICAY MUKDPO-
dapas BEI3BIBAET APKYIO BCUBIIIKY JaMibl. CIIycTs Majioe BpeMs
SHepreTHYeCKUi ypoBeHb 2 CTAHOBUTCH <«I1€PEHACEJIEHHBIM».
B pesyJbTraTe caMOIPOU3BOJLHBIX IIepexofoB 2 — | HAaUMHAKIOT
M3JIyYaThCA BOJHBI BCEBO3MOXKHBIX HampasjieHuil. Te us Hux,
KOTOpBI€ UAYT IOJ YIJIOM K OCH KPHUCTAJINa, BBIXOASAT U3 HEro
1 He UTPAIOT B AalbHEHIINX npolleccax HuKaKoi poau. Ho Bo-
HAa, UAYIIad BAOJL OCH KDHCTAJJIa, MHOTOKPATHO OTPAKAETCHA
ot ero Topuos. OHa BLI3BIBAET UHAYIIMPOBAHHOE H3JIYUEeHHUE BO3-
OVKAEHHLIX MOHOB XpoMa U OBICTPO YCHUJIHUBAETCH.

OnuH U3 TOPLOB pyOMHOBOTO CTEPXKHS AeJ1aioT 36 PKAJbHBIM,
a Ipyroil — MoJyNnpo3padyHbIM. HYepes IOJTynpo3pavHblil TOPeL]
BBIXOAMUT MOIIHBINM KPATKOBPEMEHHBIN (AJUTEeIbHOCTHIO OKOJIO
COTHM MUKPOCEKYVH]) MMITyJIbC KPACHOTO CBeTa, 00Jafaroinui
TeMH (PeHOMEHAJbLHBIMU CBOMCTBAMHU, O KOTOPBIX GBLIO paccka-
3aHO B HauaJje maparpada.

BoJsina aBaAeTcsa KOTrepeHTHOM, TAK KaK BCe aTOMBI H3JIy4a-
IOT COTJIaCOBAHHO, M OUYEHBb MOIIIHOM, TaK KaK NpU HHAYLHPO-
BAHHOM HM3JIVUEeHHU BCJA 3alaCceHHAs 9HEPrus BbiAeNAeTCA 3a
OYeHb MaJioe BpeMd.

J{pyrue TMIBI Ja3epoB. PyOMHOBEIN J1a3ep, ¢ KOTOPBIM MbI
03HAKOMMJINCH, paboTaeT B UMNYJILCHOM pexkume. CyllecTBy-
IOT TAKXKe J1a3ePhl HEIPEePbIBHOT'O
gelcTBUA.

B rasoBbIX Jia3epax 3TOT0 TH- (o mw =w
na pabounM BellleCTBOM SABJIAETCA
ras. AToMbl pabouero BelllecTBa C/\_/ l\
BO30VKIAIOTCH  3JIEKTPUUECKUM
paspsiioM. Puc. 12.8
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I[IpuMeHAOTCA ¥ MOJNYIPOBOAHUKOBLIE Ja3ephbl HEIPEpPLIB-
Horo gericreus. OHU CO3maHBI BIEepBLIE B Halllel cTpade. B Hux
SHEPrusd AJISI U3JIYIUSHUS 3aUMCTBYETCA OT 9JIEKTPUUECKOTO TOKA.

CosmaHbl OUeHb MOIIHEIE Ta30JMHAMUYECKE JIasdephl Hellpe-
PBIBHOIO AEMCTBHA HA COTHU KuiosaTT. B aTux nasepax «uepe-
HACEeJIEHHOCTL» BEePXHUX JHEPreTHUYECKUX YPOBHEH BO3HUKAET
NpU paciIUpeHUN U aanalbaTHOM OXJIaKAEHHH CBePX3BYKOBBIX
ra3oBbIX MOTOKOB, HATPETHIX [0 HECKOJBbKHUX THICAY KEeJIbBHUHOB.

IIpumenenne JjaseporB. OueHb NEePCIEKTUBHO NPUMEHEHUE
JIa3ePHOro JIy4a AJIA CBA3U, 0COOEHHO B KOCMUYECKOM MIPOCTPAH-
CTBe, I'/le HeT IOTJIOIHAIOIHIX C¢BeT 0011aKoB. Jlazephsl UCIOIL3Y-
IOTCA AJIA 3alllICH U XpaHeHus WHGpopMAIUH (J1a3epHBIE IUCKH).
OrpoMHas MOILHOCTD JIA3€PHOTO JIyUYa UCIOJb3YeTCA JJIA UCIa-
PEeHHMA PasIUYHBIX MATEPHAJIOB B BAKyyMe, JAJA CBAPKH U T. 1.
C nomoIpio ayua Jjiasdepa NPOBOAAT XUPYPrHUUYecKHUe Omepalum:
HATIpUMeEp, <«IPHUBAPUBAIOT» OTCJOMBIIYIOCA OT TJa3HOTO JHA
CeTYaTKy; IIOMOTAIOT YeJIOBEKY IOJyYaTh 00 LeMHEEIe U306pasKe-
HUA OPEIMETOB, MCIIOJIbL3Ys KOTepeHTHOCTH JIa3epHOro Jyda.

Jlaseps! MO3BOJIUINA CO3AATH CBETOJIOKATOP, C IIOMOIILIO KO-
TOPOTr0 PACCTOAHUA A0 IIPEIMETOB U3MEPSIOTCA C TOUYHOCTHIO
IO HEeCKOJbKHX MWJIIMMeTPOB. Takad TOYHOCTL HeAOCTYIIHA
AJA PajguoJIOKATOPOB.

Bosby:xaaa Ja3epHBIM U3AYYeHMEM ATOMBI WA MOJEKYJIE,
MOKHO BBI3BATH MEKAY HUMHM XUMHUYECKHNE PeaKIIuH, KOTOPhIe
B OOBIYHBIX YCJIOBUAX HE MAYT.

IlepcieKTUBHBIM MOXKeT OBITH MCIIOJB30BAHUE MOIIHBIX JIa-
3epHBIX JIyUell AJIsT OCYHIECTBICHUS YIPABIAEMON TepMosagep-
HOH peaKIuuU.

B HacTosAlllee BpeMs J1a3ephl HACTOJILKO IITUPOKO HUCIOJIb3Y-
I0TCH, YTO MEPEUYUCIUATE BCe O0JACTH UX NMPUMEHEHUA He IIpef-
CTaBJIAETCHA BO3MOYKHBIM.

Cosnanue Jj1a3epoB — IIPHMEDP TOT'O, KaK pasBuTHe GHyHIaMEH-
TAJBbHOH HAYKN (KBAHTOBOYW TEOPHUH) NPUBOAUT K TMTaHTCKOMY
IPOTPECCY B CAMBIX Pa3JIMUHBIX OOJIACTAX TEXHUKH U TEXHOJIOTHH.

1. Yem oTNMYAETCH M3Ny4YeHHe nasepa OT M3NyYeHMs Namnbl HaKamM-
? BaHuA!
® 2. MepeuncnuTe OCHOBHLIE NPMMEHEHHMS NAa3epPOoB.
> YIIPAXKXHEHHE 13

1. Omnpegenure CKOPOCTb U U YCKODPEHHUE d 3JIEKTPOHA Ha MepBOi
2

6opoBCKOi1 opbuTe, pajuyc KOTOPO#l onpeseseTcs GOpMyJIon ry = e
me

()QI'I'IVI.2

Kn?

rae m M e — Macca ¥ 3apaf] sJeKTpoHa; E=9 -1

2. Onpegenute JJIMHY BOJIHBI CBETA, UCITYCKAEMOT0 aTOMOM BOJO-
poja NpH ero Iepexoje W3 CTAMOHAPHOI'O COCTOAHUSA ¢ dHepruei
E,=-0,85 5B (k = 4) B cocrosdHue C sueprueit E, = —-8,4 3B (n = 2).

KPATKHE UTOI'M I'IABBI 12

1. Peszepdopa, wucciaeays paccedHHe O-9aCTUI[ Bel(eCTBOM,
VCTaHOBMJI CYINECTBOBaHME aTOMHOro sazapa. llosomxurens-
HBIH 3apAJ U IOYTH BCS Macca aTOMAa COCPeJOTOYEHEL B aTOM-
HOM siIpe, pasMep Koroporo cocrasiser 10'2— 107! cm.
(310 B 10—100 THICAY pa3 MeHbIIe pazMepa aToMa.) 3apsA
ATOMHOTO AJpa PaBeH IOPAJKOBOMY HOMepPY dJIeMeHTa B IIe-
puoauueckoi cucreme snemenTos Jl. . Menzeneesa, yMHO-
JKeHHOMY Ha MO YJIb 3apsifa sjieKTpoHa. flipom aTromMa BOXO-
poza ABJSETCH IPOTOH.

2. Ha ocHoBe cBoumxX OmneIToB Pe3depdophi IpeaIOKUI ILJaHe-
TAPHYIO MOJENh aToMa. DJIEKTPOHEI B 3TOI Mogeau obpatia-
IOTCs BOKPYT ANpa, H000HO TOMY KaK IJIaHeThbl o0paiaioT-
ca Bokpyr Cosnna. OnHaEKO TAKOW aTOM COTJIaCHO 3aKOHAM
KJIACCUUYECKOH (PU3UKHI He MOKeT ObITh YCTOWIUBLIM. JJIeK-
TPOHBI JOJKHBI M3JIYyYaTh, TePAs HEPTUIo, ¥ IajaTh Ha
aapo. B mefCTBATENHHOCTH K€ BCe aTOMbI YCTOWUMBBHI.

3. BeIXOx U3 5THUX OpoTHBOpeunii 6611 HalleH Bopom Ha IyTH
naspHeHIero pasBATHUs KBaHTOBOI Teopum. OcHOBY Teo-
puu Bopa cocrapigioT ABa IOCTyJaTa.

Ilepsoiii mocryaar Bopa raacur: aTeMHasl CHCTeMa MOYKET
HAXOZUTBCA TOJBKO B OCOOBIX, CTAIIWOHAPHEIX, WJIH KBaH-
TOBBIX, COCTOAHUSAX, KAMAOMY M3 KOTOPHIX COOTBETCTBYET
onpenejeHHas sHeprusa K ; B CTAIMOHAPDHOM COCTOAHUH
aToOM He H3JIydaer.
CorsacHo BTOPpOoMY nocrynaty Bopa msiaydenne MJIN IIOTJIO-
MeHHe cBeTa IIPOUCXOAMT IPH IIepexoc/ie aroMa K3 OLHOTO
CTAIMOHAPHOTO COCTOSHUSA B Apyroe. JHePrus uaJy4YeHHOTo
WJIM TIOTJIOIeHHOro (GOTOHA paBHA PA3HOCTHU BHEPruil cra-
IMOHAPHBIX COCTOAHUIM:

h,,=E, - E,.
IIpu usnyuenun GoToHA £ > n, IPHU IOTJIOIEHUN K < N.

4. Teopusa Bopa gana npaBuJbHBIE 3HAYECHUA JJIsl BCEX TaCTOT
JUHeYaTOTO CIIeKTpa M3JydeHUs Bojgoponxa. Kpome roro,
OHA IO3BOJMJIA TEOPeTHUECKM BBIUMCINTE PaIuyCc aroma
BOZOpPOIA.

Oprako Teopus Bopa He ObLIa JIOTUYECKH IIOCTIE/I0BATENE-
Hoit. Ha ee ocHOBe He yaajnoch paspaboTaTh KOJMYECTBEH-
HYIO TEOpHIO 6oJiee CIOMKHBIX aTOMOB (aToMa rejud U Op.).
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Bsegenne KBaHTOBBIX HpeAcTaBieHUN TpeboBaAIO PAANKAIE-
HOI'0 IMMepecMOTpPa MeXaHWKHM M 3JIEKTPOAUHAMHUKU, UTO U
ob110 ocyirtectBaeHo B 20-x rr. XX croserusi. Beina co3znana
KBAHTOBAA MEeXaHMKa U KBAHTOBAA SJIEKTPONUHAMUKA.

.CJI

Ha ocHOBe KBAHTOBOM TEOPUHU UIJIYyUeHUS OBLIU IOCTPOEHBI
KBAHTOBbIC I'eHEePATOPLI PAAUOBOJH U KBAHTOBEIE T€HEPATO-
pBI BUAHMMOTO cBeTa — Jiasepsl. Jlazephl co31a10T KOTepPeHT-
HOe U3JyYeHHE OUeHb OOJIBIIOH MOLIHOCTH.

WUszinyuenne ja3epoB OUeHb IMHUPOKO IIPUMEHAETCH B Dpas-
JUYHBIX O0JIACTAX HAYKUW U TEXHUKH.

I'maBa 13. ®U3UKA ATOMHOI'O AAPA

Bripaxkenus amomHoe sdpo U 34eMeHMAPHblEe Yac-
Mmuybl yKe HeOJHOKPATHO YIIOMWHAJINCH. Bl 3Hae-
Te, 4YTO aTOM COCTOUT M3 sAApa W 3jaeKTpoHoB. CamMo
aTOMHO€ #AJAPO COCTOUT M3 3JIEMEHTAPHBIX YACTHIL,
HeUTPOHOB U HPOTOHOB. Pasnes GU3HKU, B KOTOPOM
UcclIeAyeTcs CTPOeHUe M MpeBpallleHre AaTOMHBIX
sgep, HA3hlBaeTCsA AAepPHON (PpU3HUKOIA.
IlepBoHaUYanbHO pasfesieHUsA Ha sAePHYI0 (GU3UKY
U PU3UKY 2JIeMEeHTAPHBIX YacTull He 6biyio. C MHOTO-
ofpasneM MMpa 3JIEeMEHTAPHBIX dYacTUll (MUSUKU
CTOJIKHYJIUCH IIPU U3YYEHUU SOEPHBIX IIPOIECCOB.
Brigenenue GU3MKN 9JIEMEHTAPHBIX YaCTHUIL B CAMO-
CTOATENbHYIO 00JI4CTh UCCACAOBAHUSA IIPOUBOIILIO0 OKO-
g0 1950 r. CerofHA CYIIECTBYIOT JBA CAMOCTOSTEb-
HBIX pasjesia QU3NUKHU: coleprKaHue OTHOTO U3 HUX
coCTaBJIsIeT U3YyUYeHNe aTOMHBIX ANep, a coAep:KaHue
IPYyroro — uU3ydyeHWe IIPUPOAbI, CBOMCTB X B3aNM-
HBIX ITpeBpalleHuil sJeMeHTapHbIX YaCTHII.

METOAbI HABJIOAEHUA U PETUCTPAIIMHA

§97  3JIEMEHTAPHBIX YACTHI]

Brauane osHakoMuMcs ¢ ycTpoucTBaMu, Osarogaps KOTO-
pPBIM BO3HUKJA M HAYaJa pa3BUBaTbCcsA (PM3UKa aTOMHOTIO spa
M 3JIEMEHTAPHBIX YacTUIl. ITO yCTPOMCTBaA AJid perucTpanuu
M M3YyUYEHUS CTOJKHOBEHMH M B3aUMHBIX IIPDEBPAIeHUl siep
1 DJIeMEHTapHBIX YacTHUIl. MIMeHHO OHM HAIOT JIOIAM HE00XO-
JAHMYI0 THQOpPMAIIUIO 0 MUKPOMUPE.

Ilpunoun geiicTBMA NPpUOOPOB AJA PErncTpanyu 3JeMeH-
TapHbLIX HacTHIl. JIto60e yCTpoiicTBO, PErUCTPUPYVIOIIEe 3JIeMeH-
TAPHLIC YAaCTUILI UIW ABUKYIHUECS aTOMHBIE AApa, HNoJo0HO
SAPIKCHHOMY PYIKBIO C B3BeIeHHBIM KypKoM. HeGoabIioe ycu-
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Jne MpUA HAXKATHU HA CIIyCKOBOM KPIOUOK PYXKbs BBIZBIBAET (-
(exT, He CPABHUMbIHN C 3aTpadyeHHBIM YCUINEM, — BBICTDEJL.

Perucrpupylounuii npubop — 910 00Jilee UJIU MeHee CIOXK-
Hasd MAKPOCKOINUYECKas CUCTeMa, KOTOpasd MOXKeT HAXOJUThCA
B HeycroilumBoMm coctodguuu. IIpu HeGONBIIOM BO3MYILEHUU,
BBI3BAHHOM MpoJieTeBIel yacTHuIlell, Ha4dUHAETCA mpoliece Iie-
pexofja CUCTEeMBI B HOBOe, 0oJiee yCTOIUMBOE COCTOAHHE. ITOT
Ipollecc W IO3BOJIAET PETUCTPUPOBaThH YyacTuny. B Hacrosamee
BpeMsA KCIONb3YETCA MHOMXECTBO Pa3IHMUYHBIX METOJOB PErucT-
parnuu 4yacTuil.

B 3aBucCHMOCTH OT IleJie 9KCIepHMeHTa M YCJIOBHH, B KO-
TOPBIX OH IPOBOJAUTCS, IPUMEHAIOTCSA Te WU UHbIE PErucTpi-
pyIoLIue yeTpoicTBa, OTJINYaloNuecs APYyT OT ApyTra II0 OCHOB-
HBIM XapaKTepucCTHUKaM.

Tasopaspaguerit cueruuk Ieiirepa. Cueruux Ieiirepa —
OJVH U3 BAXKHENIINX IIPpUG0OPOB AJIA aBTOMAaTHYECKOrO IIoAcYe-
Ta YaCTHII.

Cuerunk (puc. 13.1) cocToUT U3 CTEKJIAHHON TPYOKH, ITO-
KPBITOI M3HYTPU METAJJIMYECKUM cJoeM (KaToA), U TOHKOM
MeTalINYecKON HHUTH, HUAYINe# BAOJb Ocu TPYyOKH (aHon).
TpybKa 3amosiHseTcsa ra3oM, o0bIuHO aprouoMm. [lelicTsue cuert-
UMKa OCHOBAHO HA YAAPHON MOHU3aIUMN. 3apsKeHHad YaCTHUILA
(3J1eKTpOH, O-4acTUIa U T. A.), IpoJeTas B rase, OTPhIBAET OT
aTOMOB 2JICKTPOHBL ¥ CO3aeT MOJOKUTEJIbHbIe MOHEl 1 CBOOO -
Hble 3JIEKTPOHBI. JJeKTPUUeCKoe IIoJie MeXAYy aHOJLOM M KaTo-
oM (K HUM M[OZBOAWUTCSA BBICOKOE HAaNIpAMKEHNEe) YyCKopAeT
3JEeKTPOHBI A0 JSHEeprui, IMPU KOTOPHIX HAaUWHaeTCd yAapHas
HoHuzauud. Bo3sHMKaer JaBUHA MOHOB, U TOK Uepe3 CYeTUHK
pe3ko Boapacraer. [Ipu 9ToM Ha HarpysodHoM pesucrope R o6-
pasdyercd HMIIYJIbC HaANIpAHCHNSA, KO'I‘()prf/i nojiaercs B pervucT-
pupyioiijee yCTPOHCTBO.

ITsta TOTO UTOOBI CUETUUK MOT PErMCTPUPOBATHL CJeLYIOIYI0
IIOIABIIYIO B HEI'O YACTHUILY, JABUHHBIN pasps/i Heo0X0JUMO I10-
racuThb. JTO IIPOUCXOLUT ABTO-
MaruuecKd. Tak Kak B MOMEHT
MOSABJCHUS HWMIyJbCa TOKAa IIa-
JeHVe HaOps:KeHUsd Ha Harpy-

CrexssinHas Tpybka

304HOM pesucrtope R Beauxo, To A\
HAIIpAKEeHWe MeXIYy aHOAOM U / \
KaToAOM PE3KO YMEHbIITaeTCsS — KaTton Anon
HACTOJILKO, UYTO PaspdAl IpeKpa- -
nljaercsd. K perucrpu-

Cuerunr Iefirepa mpuMeHS- pyomemMy R
eTcs B OCHOBHOM [JIA PEerucTpa- ycTpoiicTBy |__ _ll__
MU 3JeKTPOHOB U Y-KBAHTOB
(poToHOB GOJILIIOH PHEPTHH). Puc. 13.1
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B HacTosiiee BpeMs CO3JaHbl CUETUYUKH, pa60Talomne Ha
MUBbIX IPUHIAOAX.

Kamepa BuabcoHa. C4eTUNKHU IO3BOJIAIOT JUIIL PETACTPH-
poBaTh GAKT IPOXOMKACHNA Yepes HUX YaCTULbI U QUKCHPOBATD
HEKOTOpHIE ee XapaKTepucTuku. B kamepe e Buibcona, cosgan-
moit B 1912 r., 6pIcTpasd 3apsaKeHHAd YACTHUILA OCTABJACT CJIe,
KOTOPBLIM MOXKHO HabOJ0JATh HEIIOCPEeACTBEHHO MM cdororpa-
¢dupoBaTh. ITOT NPHGOP MOXKHO HA3BaThb OKHOM B MUKPOMHP,
T. €. MUP BJIeMEHTAPHBIX YACTHUI] ¥ COCTOSIIUX U3 HUX CUCTEM.

Ipunnun aeiicTBus Kamepbl BuibcoHa OCHOBAH HA KOH-
DEeHCAIIMH IePeHACHIIEHHOro apa Ha MOHaX ¢ obpasoBaHHeM
KameJeK BOAbl. DTHU HOHEI CO3AAE€T BJOJb CBOEH TPaeKTOPHUU
IBIDKYINAACA 3apAKeHHas JacThIla.

Kamepa BusbcoHa mpeicTaBiseT co0oi repMeTHYeCKH 3a-
KPBITHIHA COCYZ, 3aII0JTHEHHEBINA IaDaMU BOJBI MY CIIUPTA, OIma-
KuME K Hacbumenumoo (puc. 13.2). IIpm pesxkom ONyCKaHWHU
OPIIHA, BHI3BAHHOM yMeHBbIIeHHEM [aBJeHUA IION HUM, 11ap B
KaMepe aguabaTHO pacmupsercsa. BeiejcTBue 3TOrO Mpoucxo-
JHT OXJIaKeHHe, ¥ I1ap CTAHOBUTCH IHePEHACHIIIEHHBIM. ITO —
HEYCTOMUMBOE COCTOAHME IIapa: OH JIErKO KOHJeHCupyeTcd,
ecJIM B COCYZe MOABIAIOTCA HEHTDPHl KoHAeHcanuu. IleHTpamMu
KOHIeHCALMH CTAHOBATCA MOHBI, KOTOphIe o6pasyeT B paboueM
[IpOCTpaHCTBe KaMephl IpoJeTeBmias uacruia. Ecau gacruna
IPOHUKAET B KaMepy cpasy HocJje paclIMpeHusaA napa, To Ha ee
OYTH NOABJAIOTC KaleJIbKM BOABI. ITH KaleJdbKH 006pasyioT
BHAMMBIH cJef IpoJeTesineil vacTunsl — Tpek (puc. 13.3). 3a-
TeM KaMepa BO3BPAIlAeTCs B HCXOJHOE COCTOAHUE, U MOHbBI yAa-
JNAIOTCA 3JeKTPpUYEecKUM IojeM. B 3asBucuMocTu OT pasMepoB
KaMephl BpeMs BOCCTAHOBJIeHUA paGouero pexxuMa Bapbupyer-

¢ OT HECKOJBbKMX CEKYHJ A0 HecHdAT-

CrexnanHas KOB MUHYT.
nJaacTHHA I/IH(I)OpMaH,I/IH, KOTOPYIO AalT Tpe-
\ KU B KaMmepe BuibscoHa, 3HAYUTEJIBHO

forade Tol, KOTOPYIO MOI'YT JaTh
cueTunky. Ilo IauHe TPeKa MOMXHO
OIpefeNnuTh 9HEPIHI0 YAaCTHUIBI, A IO
qucJay KallejieK Ha eJUHHUIY [INHBI
Tpeka — ee cKopocTb. Uem ajnHHee
‘ TPEeK YacTuunl, TeM 60Jibllle ee dHep-
Y rus. A uem GojbIre KamnejeK BOLBI 00-
Mopmens pasyeTcs Ha eAMHHILY AJHUHBI TDEKa,
TeM MeHbINe ee CKOPOCThb. JacTHIIhI
¢ GOJILIIIHAM 3apAJOM OCTABJIAIOT TPEK
6oabllleil TOJIUHBI.

Cogercrue dusuxu I1. JI. Kanmuna
u [i. B. Cko0egbnplH IPEeANOKAIN
Puc. 13.2 noMelnaTh Kamepy Busibcona B OLHO-

BerTuUabL
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Puc. 13.3 Puc. 13.4

pOLHOE MarHuTHOe Ioje. MarHuTHOe II0JIe JeHCTByeT Ha JBH-
SKYIIYIOCA 3apPSMKeHHYIO YacTHUIy € OIIpeJeJIeHHOH cuiIoi (cu-
jgoir Jloperniia). 9Ta cuJa HMCKPUBJIAET TPACKTOPHUIO YACTHUIIHI,
He MBMEHSs MOJyJasl ee cKopocTH. Tpek mmeer TeM GOJIbINYIO
KPUBU3HY, deM 0oJIblile 3apsa/ YacTHI(BI 1 UeM MeHbIe ee Mac-
ca. ITo xpuBU3HE TPeKa MOXXHO ONIpefie IUTh OTHOIIEHUE 3aps-
a 4acTUIILl K ee Macce. Eciam u3BecTHA OJHA W3 3TUX BeEJIH-
YMH, TO MOYKHO BEIYMCINTEL Apyryo. Hanpwumep, mo sapany
YacTUIlbl ¥ KPUBU3HE €€ TPeKa MOXXHO HallTu Maccy 4JacTHIIbI.

ITyssipskoBasi kamepa. B 1952 r. aMepuKaHCKHAM YUEHBIM
II. TanefizepoM OBLIO IPENJIOMKEHO HCIOJIH30BATEH NJA 00HADY-
JKeHUA TPEKOB 4acCTHUIl IIeperperyo KUAKoCcTh. B Taxkoil wuj-
KOCTH Ha moHax (UeHTpax mapoo0pasoBaHuA), 00pa3yOIIUXCcs
TP ABHIKEHUH OBICTPON 3apAKeHHOH YaCTHILBI, HOABJIAIOTCH
Oy3BIPBKH TIapa, HAlolive BUAUMBIHA Tpek. Kameps! xaHHOTO
THOa OBIJTM HA3BAHLI NY3bIPLKOBLIMU.

B uCcX0QHOM COCTOAHHUM KUAKOCTH B KaMepe HaXOANTCA O]
BBICOKUM JAaBJeHUEeM, IPeIOXPAaHSIONNM ee OT 3aKUIIaHu#A, He-
CMOTPA HA TO, YTO TeMIepaTypa JKUJKOCTH HECKOJIbKO BbIIe
TeMIepaTyphsl KUMeHus 11pu armochepHoM naBnenun. Ilpn pes-
KOM IIOHMIKEHHUM JaBJCHHUS >XKHUJKOCTL OKalbiBaercs leperpe-
TOH, ¥ B TeUeHMe HEeOOJILIIIOTO BPEMEHU OHA Oy)NeT HAXOAUTHCA

B HEYCTOWYMBOM COCTOAHNU. 3apsKCHHLIC 4acTHIBI, [IPOJIe-
Tawiue ITMEHHO B ATO BPEMS, BLI3LIBAIOT 1nOsIBJIeHHEe TPEKOB,
COCTOAIUX M3 IMY3BIPbKOB napa (puc. 13.4). B KauecTBe xux-

KOCTH MCIOJbL3YIOTCA TJIABHBLIM 00pa3oM JKUJIKHUHA BOJOPOX
u nponas. JIUTENBHOCTH pabouero 1UKJIA 11y3bIPEKOBOU Kame-
pul HeBestmka — okouo 0,1 c.

IIpenmyInecTBO NYy3bIPLKOBON KaMepbi lepe)] KaMmepoi Buib-
CcOHa 06VCJIOBJEHO GOJBIIE MIOTHOCTHIO pabodero BellecTBAa.
TIpo6eru uacTHI] BCJIENCTBHE ITOIO OKA3bIBAIOTCA JOCTATOYHO
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KOPOTKHMMHU, W YaCTHIBI Aake GONBIINX DHEPruil 3acTpeBaioT
B KaMepe. JTO IIO3BOJIAET HAGIIOJATH CePHIO OCAEI0BATEIb-
HBIX NpPeBPAIlleHU YACTUIIbI X BHI3bIBAEMbIE €10 PeaKI[UH.

Tpexu B kamepe BuibcoHa 1 my3BIPHPKOBOI KaMepe — OXMH
U3 IJIaBHBIX HCTOYHHUKOB MHQMODPMAIIMK O MOBeZeHUHW U CBOM-
CTBax YacTHII.

Habnionenue ciefoB 9/€MEHTAPHBIX YACTHI, IPOU3BOIHT
CHJIBHOE BIIeYaTJIEHNe, CO3/aeT OIIYIIeHUEe HeIOCPeJCTBEHHOTO
COIIPHKOCHOBEHUA C MHKDPOMHDOM.

Meroa Toscrocaoiinbix dorosmyascuit. s perucrpaiuu
YacTHI, HapAAY ¢ KaMepaMu BuybcoHa v ny3LIpbKOBBIME KaMe-
baM¥u IPUMEHAIOTCSA TOJCTOCHAOHHbIE PoTodMyabcun. Mouusu-
pymoliee JelCTBUE OBICTPBIX 3aPSAMKEHHBIX YACTHI, HA OMYJIBCUIO
(POTOIIACTHHKY IO3BOJIIIO (DPAHILY3CKOMY dusury A. Bekke-
peJto OTKPBITE B 1896 1. panuoakrtusHocts. MeTon poTosmMyis-
cuu ObLI pasBUT coBeTckUMM (usukamu JI. B. MpsicoBCcKUM,
I'. B. ¥ nanoseim u 1p.

DOTOSMYJIBCUS COAEPIKUT BOJIBIN0E KOJIUYECTRO MUKPOCKO-
[IMYEeCKUX KDUCTANIUKOB Opomuza cepebpa. Broicrtpas saps-
JKEHHas 4acTula, IIPOHMU3BIBAA KPHUCTAJJINK, OTPHIBAET 3JEK-
TPOHBI OT OTAEJbHBIX aTOMOB O6poma. Ilerouka TaKux KpuCTa-
JINKOB 00pasyeT CKpbITOe u3obpakeHue. IIpu npossreruU
B 9TUX KPUCTAJINKaX BOCCTAHABJAMBAETCHA METAINYECKOE ce-
pe6po u 1emouka sepeH cepebpa obpasyer TPEeK YacCTHUILBI
(puc. 13.5). Tlo anmHe WM TONMIIMHE TPEKa MOMKHO OIEHUTH
SHEPruio U Maccy 4YacTUIIHI.

N3-3a Gompuioil mioTHOCTH (BDOTOSMYIBLCHH TPEeKH IOJyda-
IOTCA O4YeHb KOPOTKuUMHU (Hmopanka 102 cm gns a-wactumn, uc-
IIyCKAaeMbIX PaJUOAKTHBHBIMY dJIEMEHTAMM), HO IIPHU (oTorpa-
(bupoBaHUY WX MOMKHO YBEJIHUYUTH.

IIpenmyniecTBo hoTOOMYIBCHIE B TOM, YTO BpEeMS 3KCIIO3U-
IVH MOXKeT ObITh CKOJIb YIOZHO OGOJIBIINM. DTO IIO3BOJILET pe-
F'ACTPUPOBaTh pefKue ABJeHUs. BaxkHo u TO, uro Grarogaps
00aBIION TOPMO3AIe CHOCOBHOCTH $OTOIMYIBCUN YBEAUUU-
BaeTCA YMCIO HaOIIOJaeMBIX HMHTEDECHBIX DeakNuil Mery
YaCTUIAMU U AJPAMHA.

Mgz1 pacckasaau JajeKo He 0 BceX IPUOopax, perucTpupylo-
IINX 3JeMeHTapHble yacTunbl. CoBpeMenHbIe 1pUOOPL A 06-
HapYKeHUA PeJIKO BCTPEYAIOMUXCSI U KOPOTKOMKHUBYI[UX Yac-
THUI, OUEeHb CJA0KHLI. B X CO3MaHVY MPUHUMAIOT yUacTHe COTHHA
JYoeH.

1. MOMHO N¥ C NOMOLLIO KaMepbl BunbcoHa pervcTpMposarTb He3aps-
) YEeHHble YacTMLbI!
® 2. Kakne npeumyuiectea Mmeer ny3blpbKOBas Kamepa MO CPABHEHHIO

¢ Kamepo# BunbcoHa!l

§ 98 OTKPBITHE PATMOAKTHBHOCTH

HecTabunpHOCTh aTOMOB OblIa OTKpPBITAa B KOHIEe XIX B.
Cnycrsa moJBeKa IIOCTPOMJIM IIepBBIN ANepPHBIH peaKTop.

OrkpeITHE paAduoaKmueéHocmu — ABJIEHHSA, [TOKa3bIBa0-
1IEero CJIOKHBIH COCTAB ATOMHOTO sApa, — MIPOU3OULIO Oaaro-
JapsA CUACTJUBOMI caydaiiHOCTH. PeHTreHOBCKME Jy4H, KAK BbI
NOMHWTE, BIIepBble OBIJIM IOJYYEHBl MPH CTOTKHOBEHHAX
OLICTPBLIX BJIEKTPOHOB CO CTEKJSTHHON CTeHKOH paspAqHOun
Tpy6xn. ONHOBPEMEHHO HABJII0[AI0Ch CBeUeHKe CTeHOK TPYyO-
K. BekKepeJb HoAroe BpeMs KCCHe0BaJl IOLOOHOE sBJIe-
HUe — CBeYeHHe BelleCTB, OOJIYUeHHBIX COJHEUYHBIM CBETOM.
K Takmm BemectBaM OTHOCATCH, B HYaCTHOCTH, COJHM ypaHa,
¢ KOTOPLIMM DKCII€PUMEHTHPOBAJ yUeHBIH.

Y BoT y HEro BO3HUK BOIIPOC: He IIOABJAIOTCA JU TocIe 00-
JYUYEeHHsi COJIeM ypaHa HapaAy ¢ BUAUMBIM CBETOM M PEHTIC-
HOoBcKUe ay4un! Bekkepesnb 3aBepHY/I (POTONIACTUHKY B ILIOT-
HYI0O 4epHYyIo OyMary, IOJIOMKUJ CBePXY KPYIMHKHN yPaHOBOH
CoJIM W BBLICTABHJ Ha APKUI coJHeuHBIN cBer. Ilocise 1ipo-
ABJIeHUs (POTOILIACTUHKA IOYepHeNa Ha TeX ydacTKax, I
gexxkasna coab. ClemoBaTesibHO, YPAH CO3aBaJ KAKOe-TO U3y
4YeHHe, KOTOpoe, II0J00HO PEeHTTeHOBCKOMY, IIPOHU3LIBACT He
IIpo3padHble Teaa u peficryer Ha poTomracTuHEKy. Bexkepear
IyMaJ, YTO 3TO M3JIyUeHHEe BOSHUKAET IOJ BIHUAHMEM COJlen-
HBIX JydeH.

Ho omHaxasl, B (deBpase 1896 r., mpoBecTH ouepeiioi
OIBIT €My He yAajJoch M3-3a 00JauHON moroanl. bekepens
y6past IIaCTHHKY B LUK CTOJA, IOJOMXUB HA HCC CHEPXY MEJL-
HBI¥ KpecT, MOKPBITBIA COJIBLIO ypaHa. IIpomm_n Ha  BCSHCHA
ciaydail QOTOMJIACTHHKY ABa JHA CIYCTA, O ODHAPYIKILL HA
Hell modepHeHue B GopmMe OTUETIUBOA TEHH KpeeTa. D10 03la-
Yaj0, 4TO COAU YPAHA CAMORPOUIBOJLIO, 05 KAKUX-JUO0
B8HEWLHUX BJUAHUIL, co3daom Kaxkoe-mo tsiaygicnue. Haua-
JAuch MHTEHCUBHBIE ucciaefoBapusa. Kouneuno, ne O6yiabL 3ToH
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Cknogoscran-Kiopu Mapus (1867—1934) —
br3nK 1 xumuk. Pogunacs e lMonblue, B cembe y4nte-
ns, pabotana o MpaHuum. MNepeas eHwmHa-Npo-
peccop Mapmmckoro ynusepcureta. CoBmecTHo ¢
myxem 1. Kiopy oTkpebina Hosele pagyoakTHeHbie
3M@MEHTbI MOMOHMM 1 PAafiMi 1 UCCIEHOBANA UX CBON-
crea. Paspaborana knaccuueckuii meton o6pabotin
M 8HaNM3a ypaHOBbIX PYA, Ha NPOTSKEHUM paga neT
MCCNeAoBana CBOWCTBE PaAMOAKTUBHBIX MU3MYHEHHH,
X BEHCTBHE HA XMBbIE KneTku u T. 4. [lsaae nony-
vana Hobenesckyro npemuio No dusmuke u xummm.

CHACTJINBONA CAYy4alHOCTH, PAfUOAKTHUBHBLIC SBJICHUS BCE pas-
HO ObLIM OBI OTKPBITHI, HO, BOSMOYKHO, 3HAYUTEHHO IOZKE.

Bexope Bekkepess o6Hapysku, uTo U3JIy4eHUe YPAaHOBLIX
COoJIell MOHUBUPYET BO3AYX, MOAOGHO PEHTIeHOBCKIM Jydam,
¥ paspAxaer ajieKTpocKon. McnpoGosas pasiaMuHble XEMHUe-
CKHe COeINHEHUA ypaHa, OH yCTAHOBUJ OYEHb BAXKHBIH (PaKT:
UHTEHCHBHOCThL MBJIYYEHUS OIlIpeessiercss TOJbKO KOJuue-
CTBOM ypaHa B Ipenapare U COBEPIIEHHO He 3aBHCHUT OT TOrO,
B KaKue coeIuHeHUs OH BXoauT. CrenoBaTeabHO, 9TO CBOMCTBO
HIPUCYIIle HE COeANHeHUAM, & XUMUYECKOMY 3JIEMEHTY YpaHy,
ero aToMaM.

EcrecTBeHHO OBLIO TOmbBITATHECSH 00HADYXKUTDL, He 00J1araioT
JIH CIIOCOGHOCTBIO K CAMOTPOU3BONBHOMY U3JIYYeHHIO Ipyrue
XUMUYECKIe 3JJEeMEeHTHI, Kpome ypana. B 1898 r. Mapus
Craomoecrkasn-Kiopu Bo ®Opannuu u ApyTUe yueHbIe OT-
KDBLIN H3JIydYeHUe mopus. B narxpHeilneM riaBHblE YCHIUA
B IIOMCKaX HOBBIX 3JIEMEHTOB OBbLIHM HpeANpUHATH Mapueit
Cxronosckoii-Kiopn u ee myxem Hrepom Kiopu. Cucremaru-
deCKoe HCCAeJOBaHMe DY), COAePKAINNX yPaH U TOPUI, II03BO-
JIAI0O UM BBIJICJIUTH HOBBIM, HeH3BECTHBINA paHee XUMHUYECKHI
ONIEMEHT — TOLOHUL, HASBAHHBIHN TaK B 4eCTh POAMHLI Mapuun
Crnogosckoii-Kropu — MHoapmu.

Haxonen, GbLT OTKDHIT ellle OIUH SJIEMEHT, JaloIMuil OYeHs
HHTEHCHBHOE uznydeHnue. KEro wassanu paduem (1. e. nyum-
cTeiM). CamMoO JKe sBJleHWEe CAMOIPOU3BOJILHOIO U3JIYyUYEeHU T
6bL10 HasBaHO cympyramu KIOpH paaMoakTHBHOCTBIO.

Panuit mmeer oTHOCUTENBHYIO aTOMHYIO MAacCy, PaBHYIO
226, v sanuMaeT B TabanIe . . Menpesneesa KJIETKY IOA HO-
mepom 88. Ifo orkpsitTua Kiopu sra KiIeTKa nycroBana. Ilo
CBOMM XMMUYECKHM CBOUCTBAM DAaAWl IPUHANIEKNT K L[eJI0U-
HO-3eMeJIbHBIM JJIeMEHTAaM.

Brniocnencreuu 6B110 ycTaHOBIEHO, UTO BCe XMMUYECKHe

OJIEMEHTEI C IIOPAAKOBBIM HOMepOM GoJiee 83 ABAAIOTCA PafMO-
AKTUBHBIMU.
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PaguoaKTHBHOCTBIO HA3LIBAETCH CIIOCOOGHOCTHL HECTaOWJIb-
HBIX sifep IIpPeBpamiaThcsa B APyrue sAjpa, OPpU 3TOM IIPO-
HecC NPEeBPAIEHUA CONPOBOMKIAETCA HCIYCKAHUEM pajand-
HBIX YacTHII.

B konume XIX B. 6bl1a OTKPBITA PAAUOAKTUBHOCTE. Psia xu-
MHIUYECKMX 3JEeMEHTOB CAMOIIPOHU3BONBHO CO3JaeT PasJIMvHbIe

N3JyUeHUA.

§ 99 AJIb®DA-, BETA- © TAMMA-U3JY4YEHUS

IIocsie OTKPBITHA PAJIMOAKTUBHEIX 5J1€MEHTOB HA4Yaln0Ch UC-
cienoBaHVe (PUBUIECKON pUpo/bl nx uanydenus. Kpome Bek-
Kepeada u cynpyros Kiopu, sTum BaHAICH Pesepdopz. )

KraccuuecKuit OITbIT, MTO3BOJUBIITNI 00HADYKUTD CIOMHBIN
COCTaB PaJHMOAKTHUBHOrO UBJIYyUeHHs, COCTOSAN B CJEAYIOIIEeM.
IIpenapaTr pagus nomMemiajiyd Ha AHO Y3KOIO KaHAaka Bchycrce
ceunna. [IpoTus Kanaza HaAXOAUNACH doromnactunka. Ha BuI-
XOOUBIIIEee U3 KaHaJsia u3JyueHne JefCTBOBAJIO CUIbHOE MarHuT-
HOe 110JIe, JUHWU WHAYKIMH KOTOPOro NepIleHIuKYIADHBI Ty4y
(puc. 13.6). Bca ycraHOBKa pasmelanach B BaKyyMe.

B oTcyTcTBME MArHUTHOIO IT0JIA Ha (OTOIIACTHHKE II0C]Ie
TIPOABIEHUA OOHAPYKUBAJIOCH OJIHO TEMHOE IIAATHO TOYHO HAIPO-
TUB KaHaJa. B MarEuTHOM IIOJie IIYYOK PaclIafaicsa Ha TPH IIydKa.
IIBe cocTaBisIOllNEe IEePBUYHOTO IOTOKA OTKJIOHAIKUCH B IPO-
THBOIIOJIOKHEIE CTOPOHBLI. JTO YKAa3bIBAJIO HA HaJIW4yue y 3THX
W3JYYEeHNH 3JIeKTPUUECKUX 3ap#AN0B NPOTHBONONOKHBIX 3HAa-
KoB. Ilpm 3TOM oTpuUHATEJbLHBIN
KOMIIOHEHT H3Jy4YeHUuA OTKJIO-
HAJCSI MarHUTHBIM II0JIEM TOpas-
0 CHJbHEE, 4YeM IIOJIOMKUTEIb-
Helii. TpeThsa cocTasiadgwIIad CO-
BCEM HE OTKJIOHAJACH MATHUTHBIM
nosieM. IToI0KUTETHHO 3apAKEH-
HBII KOMIIOHEHT TIOJy4Ynd Ha3Ba-
HHe alb(a-ryuei, OTPpUIATE]Ib-
HO 3apAXKeHHBbIA — 6eTa-nyqe1.7.I
1 HeUNTpaNbHBIN -— ramMmma-JjyueHn
(o-nmyuwm, B-myqun, y-nyum).

BTI/I TP BHOA uaJiyueinns
OUeHDb CHUJIBHO paB.Hl/l‘[}ll()'l‘(‘,ﬂ 1o
IIPOHMKAIOMIEH CIIOCOOHOCTH, T. .
10 TOMY, HACKOJILKO UHTEHCUBHO
OHHU IOIVIOLIAIOTCHA PA3JIUYHbIMU
BemecTsamu. HauMeHbIIEN 11PO-

Puc. 13.6

293




HMKaoIell crmocobHocThI0 o6namaiorT o-ayuu. Cioit Gymarm
ToJIUHON okono 0,1 MM ans HuX yyKe HempospaudeH. Ecau
[IDUKPEITE OTBEPCTUE B CBUHIOBOM IJIACTHUHKE JUCTOYKOM 0Y-
Mard, TO Ha (POTOIJIACTUHKE He O0HAPYKUTCSA HSATHA, COOTBET-
CTBYIOILIETO O-U3JYUEHUIO.

T'opasno mMeHbIe IOTJIOLIAIOTCS HPU MPOXOMIEHUH dYepes
BemecTBO B-1yun. AJIOMUHNEBAS IIJIACTHHKA TTOJHOCTBIO X 3a-
Jep:KuBaeT TOJBKO IIPU TOJNIIMHE B HECKOJIBKO MUJIJIMMETPOB.
HaunGoseie#l nIpoHUKA0ILER CIIOCOOHOCTBIO 061a4aI0T Y-AyUu.

HHTEeHCUBHOCTD TIOIJIOIIEHUA Y-ydeil YCUIUBAETCH C yBe-
JUYEeHWEM ATOMHOI'0O HOMepa BellecTBa-mHorjaotTurens. Ho u
CJIOH CBMHIIA TOJIMUHOM B 1 cM He sABIAercs A HAX Helpe-
ofoamuMoil nperpagoii. Ilpu npoxoskaenuun y-nydeii uepes rTa-
KO# CJIOH CBMHIA UX MHTEHCUBHOCTH OCJa0eBaeT JUIIL BABOE.

Pusuyeckas Npupoaa -, B- u y-sryueii, O4eBUIHO, pas3InyHA.

Famma-syun. ITo cBOMM CBOMCTBAM Y-TyYH OUYeHBb CHJIBHO
HAaIOMHHAIOT DEHTTeHOBCKHUE, HO TOJBKO HX MNPOHMKAIOIAs
CIIOCOGHOCTE ropasjgo 6oJIblle, UeM Yy DPeHTIeHOBCKHUX JIydeid.
ITO HaABOJWUJIO HA MBICJIb, YTO Y-IYUYM INPEACTABJSIOT COGOi
9JIE€KTPOMarHMTHbie BOJHLI. Bece coMHenus B atoM oTmanm mo-
cJe TOro, Kak Oblia o0HapyskeHa Judparnusa y-iydedl Ha Kpu-
cTajjiaX M M3MepeHa UX AJuHA BoaHLI. OHa OKasajgach OYEHbD
maso#r — ot 1078 10 107! cm.

Ha mxane a/1eKTPOMATHUTHBIX BOJH Y-IyUM HEIIOCPEACT-
BEHHO CJIEAYIOT 3a PEeHTreHOBCKUMU. CKODPOCTH pacmpocTpaHe-
HUSA y Y-Iydyedl Takas Ke, KaK y BCeX dIeKTPOMACHUTHBIX
BOJIH, — okoJo 300 000 km/c.

Bera-myuu. C camoro Havana o- u B-Jyud paccMaTpuBa-
JINCh KaK TOTOKM 3apsyKeHHBIX dacTuil. Ilpomie Bcero 6buL10
SKCIIEPUMEHTHPOBATE € [-Iy4aMy, TaKk KaK OHHU CUJIbHee OT-
KJIOHAKTCA KaK B MArHUTHOM, TaK U B 3JIEKTPUUECKOM IIOJIE.

OcHoBHas 3azaua SKCIEPUMEHTATOPOB COCTOSIA B ONPEAE-
JeHUUN 3apsafa u Maccsl yactul. Ilpu mceienoBaHmy OTKJIOHE-
HUSA B-4acTHI] B 3J€KTPUYECKUX ¥ MATrHUTHBIX HOJSX OBLIO
YCTaHOBJIEHO, YTO OHHU IIPEJCTABIAIOT cO00H He 4TO MHOE, KaK
9IeKTPOHBI, ABMMKYINIHWECA CO CKOPOCTSIMHU, OUeHb OJU3KUMU
K ckopocTH cBeTa. CyllleCTBEHHO, YTO CKODPOCTH B-dacTHII, HC-
NIYIeHHBIX KaKUM-IK00 PaZHOaKTUBHBIM 3JIeMEeHTOM, HEOMH-
HaKOBBI. BeTpeuaroTcsa 4acTHUEB ¢ CAMBIMU Pa3/IMYHBIMHU CKO-
pOCTAMHU. JTO U TPUBOAUT K PACIIMPEHUIO NYYKa P-4acTHIL
B MarsvTHOM noJje (cM. puc. 13.6).

Ansda-vyactunsr. TpyzaHee GbLIO BBISCHUTH IPUPOAY O-4aC-
THI, TAK KaK OHU cjabee OTKJIOHAIOTCA MAIHUTHBIM U DJEK-
TpudecKnM nonasamu. OKOHYATENIBHO 3Ty 3aZladyy yAajgoch pe-
nners Pesepgopay. On n3aMepuiI OTHOIICHYE 3aPAAA ¢ YACTHIbI
€ ¢ Macce m 110 OTKJIOHEHUWIO B MarHuTHOM moJie. OHO okasa-
JOCH IPUMEPHO B 2 pa3a MeHbIIe, 4eM y IPOTOHA — sJpa aTo-
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Ma Bozopoja. 3apsaj IIpoToHa pa-
BeH 3JIEeMEHTapHOMY, a ero macca
OUeHb OJM3KA K ATOMHOH ejuHMILE
maccer!l. CiaemoBaTenbHO, Yy (L-uac-
THUIIBI Ha ONMH 3JIEMEHTAapHLIN 3a-
pAN OPUXOAUTCH Macca, panHas
IBYM aTOMHBIM €JUHHIIAM MACCHI.

Ho sapsan o-gacTULBL U ¢e Macca
oCTaBajiUCh, TEM He MEHee, Heuad-
BecTHBIMU. ClemoBajo H3MCPHUTHh

au6Go sapsan, aubo Maccy O-'LacTH- I

upl. C nmoasaenuem cuerunica l'eii-

repa cTajJo BO3MOMKHBIM [1pOIe U

TOYHee HU3MepUTh 3apsin. CiBosb

OUeHb TOHKOE OKOIIIKO (L-1u¢THILbI .
MOT'YT TIPOHHKATL BHYTPL CHETUH- ﬂ

Ka U PerucTpupoBaThHC 1M,

Pesepdopa nomecritn i 11yTH ‘ll\
o-gacTUI cdeTduk lelirepin, Koto- | Lontimiion..|| BN
PRI UB3MEPAJT GUCIIO Hac iy, Henye Puc. 13.7
KaBIIUXcd pa,[I,I/I()ill(,’l‘lllllll.lM pe
mapaToM 3a olpejenetitos npemst. Jdarem on HOCTaBUI/IJI Ha MeCTO
cYeTUMKAa MEeTaJIJUIeciKiti tpnuimmiyip, COCAMHEeHHBIN ¢ YYBCTBU-
TeIbHBIM dJeKkTpoMerpom (puce. 13.7). DuekTpomerpom Pesep-
dopa m3MepAN 3apsajL ¢ T, HCHYHeHHBX ICTOTHUKOM
BHYTPP UJIMHAPA 34 TAKOC 7 RpeMsi (PaJHOaKTUBHOCTh MHO-
T'MX BelleCTB NOUYTH HC MCHICTCH €O np(*M(‘,HOM). 3uaa cymMmmMmap-
HBIA 3apAL O-HacTUIL U X Y1CHo, I’v;u‘p(hn!_)/[ olpeaesnj OTHO-
IieHgye PTUX BeJUUYUH, T. C. dapsi)i oJiHon (-4aCTHUILBI. Jror
3apsdA] OKasaJjcd PaBHBIM JIBYM ICMOHTHPHDBIM.

TaxuM 00pa3oM, OH YCTaHOBILL, 170 Y (-HACTUIBl Ha KaX-
B M3 ABYX JIEMEHTAPHbLIX 30psijlon 1PHXOJAUTCA IBE aTOM-
HBIe eJUHHUIIBI MacCChI. Cﬂ(!j[()lm'l'(xu|.||(), Hna JiBa :)JIeMeHTapHLIi(
3apAga MPUXOAUTCA YEThIPE ATOMHBLIC €JUTHILL MaCChl. Takoii
XKe 3apﬂn nu TaRyIO JKe OTHOCH e LHYIO HATOMHYIO Mmaccy nmMeer
AApOo reaud. W3 sToro cuaepyer, qrro o vdacraita — 9TO AAPO
aToma rejaus.

He Z0BOJABCTBYACHE JOCTHUIHYTHIM DC3YILTATOM, Pesepdopn
3aTeM eme HpﬂMbIMI/I OIIBITaAMMU jl()l(illh‘l.”,"'I'l'() Hp ])il/Ll/I()élKTI/IB~
HOM O.-pacrajge 06pasyercsa UMCHIo Peditin, CoOnpast o-HacTUILBI
BHYTPHU CIIEIIMAJIBHOIO pe3epnyapia i LPOTHIKCHHHA HECKOJIb-
KHUX JHEH, OH C HOMOILIBIO CICICTPAILIONO anaisa ybennics B
TOM, UTO B cOCye HaKamIupacres reanil (iaiglas o-dacTuna
3axXBaThIBaAJa ABa 3JEKTPOHAaA U lIpespanuiach B aTom rejauns).

I Aromuas eNMHMUTIA Macchl (a. ¢. M.} pasua 1/12 macesl aroma yriaepoaa;

1a. e M = 1,66057 - 10727 kr.
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[Ipn pagmoaxkTuBHOM pacmaze BOZHHKAIOT O-Tyum (anpa

aroMa reius), B-syun (31€KTPOHBI) M Y-Ty4Id (KOpPOTKOBOJIHO-
BO€ 3JIEKTPOMAarHUTHOE H3JYUYeHUe).

Mouemy BLISCHUTE NMPUPOAY O-Nyvel OKa3anoch ropasgo CNoHee,
Yem B cnyvae (-nyuent
)

§ 100 PATMOAKTHBHLIE IIPEBPAIIEHHUS

910 Ke MPOMCXOINT ¢ BEIecTBOM IPH PAAMOAKTHBHOM HB-
Jgydennu? OTBETUTH HA BTOT BOHPOC B Hadase XX B. GbLIO
OYeHb He IIPOCTO. YoKe B caMOM Hadajle WCCJIeJOBAHUH Pafmo-
aKTUBHOCTHA OGHAPY’KHJIOCH MHOTO CTPAHHOI'O M HEOGBLIYHOTO.

Bo-nepsvix, yauBuTenbHbIM 6BLIO HOCTOSHCTBO, C KOTOPBLIM
PanHOAKTUBHbIC JJIEMEHTHl YDPaH, TOPHUH M paguil UCIYCKAIOT
usnydyeHusa. Ha npoTsixeHMM CYTOK, MeCANeB M gake JeT
MHTEHCHUBHOCTD U3JIyYCHUH 3aMeTHO He N3MeHAJachk. Ha Hee He
OKa3bIBAJIM HUKAKOT'O BJIMWAHHUA TaKue OOBIYHBIE BO3JeHCTBUSA,
KaK HarpesaHue u yBeJIWYeHUE JaBjleHusA. XUMUUIECKUe peak-
IIHY, B KOTOPBIE BCTYNAIY PAAWOAKTUBHEIE BEII[ECTBA, TAKIKe He
BJIANY HAa MHTEHCHUBHOCTDL U3JIyYeHUH.

Bo-emopbix, ouens CKOPO MoOCTe OTKPBITHA PAAMOAKTHBHO-
CTH BBIICHHJIOCH, YTO PAANOAKTUBHOCTL COIPOBOXKIAETCH BhI-
Aesennem sHeprun. Ilbep Kiopu nomectun amnyny ¢ xjaopugom
pazusi B KasopuMerp. B nem norsomanucs o-, B- u y-r1yun, u 3a
CHeT MX DHEPrUHU Kajopumerp Harpesaics. Kiopu onpemennn
4TO paaui Maccou 1 r Beiiesiger 3a 1 4 sHepruro, IpEMepHO paBZ
Hywo 582 JIxx. U rakasa sHeprus BbliesseTcs HeIpepLIBHO HA
OPOTAXKEHUU MHOTUX JeT!

Orkyna xe Gepercsa sHeprus, Ha BblgeJeHUe KOTODOU He
OKa3bIBAIOT HUKAKOI'O BJIMSAHUS BCE U3BECTHBLIE BO3AeHcTBUA?
Io-BuaumoMy, npH PaAHOAKTHBHOCTH BEIECTBO MCHBITHIBAET
KaKue-TO riay0OKHe H3MEeHEHWs, COBEpPIIEeHHO OTJIMYHBIE OT
OOBIYHBIX XMMUUYECKUX MpeBpaIfeHuii. BeLro CIeJIaHO TPeIIo-
JI0KEeHHe, UTO MIpeBpaIe s MpeTepleBaT camMu atoMbt. Celi-
9ac 9Ta MBIC/Ib He MOSKeT BBI3BATh 0COBOro YAUBJIEHUA, TaK KaK
0 Hell pe0EHOK MOJKeT YCJIBIIATE ellle paHbIe, YeM Hay4YHUTCA
guraTk. Ho B mauame XX B. oma Kasanace panTacTmueckoit
1 HyKHa Ob1y1a 60JIBINAs CMEIOCTD, YTOGBI PEUINTHCS Bmcxasa'rf:
ee. B To BpeMA TOJBKO YTO OBLIN IOJIYYEHBI OeccropHble A0KAa-
3aTeJIbCTBA CYLleCTBOBaHUA aToMoB. Uaess Ilemokpura o6 aTo-
MUCTHYECKOM CTPOEHUHU BeIeCTBA HAKOHEI[ BOCTOPYKECTBOBA-
Jla. 1 BOT OUTH cpasy ke BCIeH 3a 8TUM HEM3MEeHHOCTH ATOMOB
CTABUTCA IIOJ COMHEHUeE.

He 6yazem pacckaswiBaTh Hogpo6HO 0 Tex SKCIIepUMEeHTAax,
KOTOpble NMPUBEJU B KOHIE KOHIOB K IOJHOM yBEepeHHOCTH
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B TOM, YTO IPH PAIHOAKTHUBHOM DacHale HPOUCXOJUT HerodKa
mocJjiefOBaTeNbHBIX IpeBpaIiennii aroMoB. OCTaHOBUMCH TOJIb-
KO Ha CaMbIX IIepBBIX ONbITax, HauaTeix Pesepdopaom u mpo-
IOJIKEeHHBIX UM COBMECTHO ¢ aHrinicKkuM xuMuxkom @. Coanu.

Pesepdopa o6HADPYKHUI, UTO AKTHBHOCTb TODWs, oOnpere-
ageMad KakK YMCI0 O-4aCTHI[, MCIYCKAaeMbIX B €JUHHIY BpeMe-
HHM, OCTAeTcd HeU3MeHHOM B 3aKkpriToii ammyJse. Ecanu ke npe-
napaT oO0AyBaeTcs JAasKe OUYeHb cJIa0BIMM IIOTOKAMHU BO3AyXa,
TO AKTHBHOCTH TOPUSA CHJIBHO yMeHBUIIAeTCA. YUeHBIA IpeAIo-
JIOKUJI, YTO OOHOBPEMEHHO C O-UaCTUIAMK TOPHUH MCIYyCKaer
KaKoi-TO paAMoaKTUBHBIN ras.

OTcaceIBas BO3AYyX W3 aMITyJibl, colepikamieidl Topuit, Pe-
3ephopJ BHIAEAWJ PAAUOAKTUBHBIA Irad M HCCJAELOBal €Tro
HOHHU3UPYIOUYID crocobHOoCTh. OKaszaloch, YTO AKTHBHOCTH
9TOro rasa (B OTJIMUYME OT AKTHBHOCTH TOPHS, ypaHa M Daius)
0YeHb OLICTPO yOBIBaeT co BpeMeHeM. Kaxy0 MEUHYTY aKTHUB-
HOCTh yOBIBaeT BABOE, U 4Yepe3 AeCATh MUHYT OHa CTAHOBHUTCH
npakTuuecKu paBHOH Hyno. Coaam uCCIeNoBAl XUMHUYECKHe
CBOMCTBA 3TOrO I'a3a M YCTAHOBUJI, UTO OH He BCTYIIaeT HU B Ka-
KHe peakiuu, T. €. sIBJseTCs NHePTHLIM razoM. Brociexncrsunu
aTOT ras ObLI HA3BAH PAJOHOM M IMOMEIeH B IIePUOAUYECKOH
cucreme JI. 1. MenaeneeBa 1oj HOPALKOBBIM HOMepoMm 86.

IlpeBpalileHus UCTIBITHIBAIN U JPyTHUe PAJUOAKTUBHBIE dJIe-
MEeHTBI: ypaH, aKTHHUM, paguii. O6IuH BBIBOJ, KOTODPBIi CHe-
naJu yueHble, 6bLT TouHO chopmynuposal Pesepdopmom: «ATto-
Mbl P&AMOAKTUBHOTO BellieCTBa IIOJABEPIKEHbI CIIOHTAHHBIM!
BHUIOMBMEHEHUsAM. B KayKJbiii MOMeHT HeGoIpIIas JacTh o1e-
o YMCJIa ATOMOB CTAHOBHUTCA HEYCTOMUYMBON M B3PHIBOOOPA3HO
pacmagaerca. B nosasasiioeM GONBIIMHCTBE CIydyaeB BbIOpa-
CbIBaeTCA C OIPOMHON CKOPOCTBIO OCKOJOK aToMa — (-4acTH-
ma. B HEKOTOpBIX APYTHX CJIYYasX B3PBLIB COMPOBOXKAAETCH
BHIOPACEIBAHMEM OBLICTPOTO 3JIEKTPOHA U IIOABJIEHHEM Jiyded,
06Iafal0INX, MOLO0HO PEHTIEeHOBCKUM JIydaM, OOJbIIOH Mpo-
HUKAIOMe! CHocOOHOCTHIO U HA3BIBAEMBIX Y-H3JIyUYeHNEM.

B0 06HAPYKEHO, UTO B pe3yJibTaTe ATOMHOTO IPEBPAIeHNA
06pasyeTcs BEIeCTBO COBEPIIEHHO HOBOT'O B4, IOJHOCTHIO OT-
JIMYHOE [0 CBOUM (PUIMYECKUM M XUMHUYECKHM CBOMCTBAM OT
MepBOHAYAJBHOIO BeIecTBa. JTO HOBOE BelecTBO, OHAKO,
caMo TaK:e HeyCTOWYMBO M HCIIbLITLIBaeT IpeBpalleHne ¢ uc-
IIYCKAHNEM XapaKTEPHOT'O PaguoiaKTURHOTO U3JIyuenmnsaz,

TakuM 06pPasoM, TOYHO YCTAHOBJIEHO, UTO ATOMbI HEKOTO-
PBIX 5JIEMEHTOB IOABEPXKEHBI CMOHTAHHOMY Pacrajy, COIpoBO-
SKIAONeMYCHA U3IYUeHUEM DHEPI'MHU B KOJIIMYeCTBAX, OTPOMHBIX
II0 CPABHEHUIO C BHEPTHUEH, 0CBOOOMAONICHC IPH OOBIYHBIX
MOJIEKYJISIPHBIX BUJOM3MEHEHUAX » .

107 naruHCKOTO CIOBa Spontaneus - CaMOIpPOUBBOTLHBIA.
Zg neHCTBUTENLHOCTH MOTYT 06pas0o8bIBATLCI W cTAOUILHBIE ALPA.
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locsie Toro Kax OBLIO OTKPBITO ATOMHOE AIPO, CPa3y e
CTJI0 ACHO, YTO MMEHHO OHO IIpeTepIIeBAeT M3MEHEHUA IIPU
pa/IMOAKTUBHEIX IIPeBpalleHusx. Bejab (-4acTHUIl BOOOIe HeT
B8 DJIEKTPOHHOM 000JI0YKe, & yMEeHbIlleHWe YHCIa 3JIeKTPOHOB
00OIOUKH Ha eJUHUILY IIPeBpalljaeT aToM B MOH, 4 He B HOBBI
XUMUYECKUN ajleMeHT. BrIOpoc ke ajiekTpoHa U3 Anpa MeHSIeT
sapazn Aapa (yBeJIUYUBAET €ro) Ha eJUHAILY.

Hrar, paduoaxkmuenocmuv npedcmasnsem coboit camonpo-
U3601bHOE npeapaujenue o0nux a0ep 8 dpyzue, conpogoxcdae-
MO€ UCNYCKAHUEM PA3AULHbLX LACMULY.

IIpaBuno cmemenuns. IIpespalnmeHns sgep NOTUUHSAIOTCS
TaK Ha3bIBAEMOMY IIDABHJIY CMeIeHHs, CPOPMYJIUPOBAHHOMY
Brepsele Coxau: npu o-pacnade a0po mepsem noLoHcUMelb-
Hblll 3apad 2e u macca ezo ybvieaem NPUMEPHO HA 4emblpe
amomHuble eduHuubL maccvl. B pesyavmame snemenm cmeusa-
emcs HQ 08e KAEMKU K HAYALY nepuoduueckoil cucmemvl.
CuMBOIHYECKN 5TO MOXKHO 3allCaTh TakK:

YX - MY + 4He.

3neck aeMeHT 0603HAYACTCH, KAK U B XMMUM, OGIIeIPHUHSA-
THIMW CHUMBOJIAMU: 3apsAj AApa 3alNCHIBAETCSA B BHAE WHIEKCA
cjleBa BHU3Y Y CHUMBOJA4, a aTOMHAs Macca — B BHUJe MHIeKCcA
caeBa BBepxXy y cuMmsosia. Hampumep, Bomopon ob6osHauaeTcs
cumBosom tH. Jlust oi-4acTuIbl, SBAAIOMENHCH SAPOM aTOMA re-
aus, npuMersaeTcsa obosuadenue $He u r. a. Ilpu B-pacuaze us
fApa BBLIETAET JJIEKTPOH. B peaysnbTare 3apsjs AApa yBeJIHUUM-
BaeTcA Ha eJUHUIY, a Macca OCTAeTCA MOUYTH HEeU3MeHHOM:

M M 0 0g
72X = 7Y + Ge+ {v,.

3zecy _Je obosnauaer saexTpon: ungexc 0 BBepXy o3HAUAeT,
YTO MAacca ero O4eHb MaJja II0 CPaBHEHUIO ¢ aTOMHOHN efMHU-
ueit Maccel, V, — 9JIeKTPOHHOE aHTMHEHTPUHO — HeHTpajibHas
JacTulla ¢ OYeHb MaJIol (BO3MOXKHO, HYJIeBOH) Maccoii, yHocs-
masa npu B-pacunaje uacth sHeprum. O6pasoBaHUeM aHTUHEIi-
TPUHO CONIPOBOXAaeTcd B-pacuaz Joboro sapa 1 B ypaBHEHUAX
COOTBETCTBYIOLMX PeaKiIUil 3Ty YACTHUILY YaCcTO He YKA3BIBAIOT.

ITocne B-pacnada anemenm cmewaemces Ha o0ny KaemKy
Oauixce K KOHUY nepuoduyeckoil cucmembl. 'aMMa-usrydenue
He CONPOBOXKAAeTCA H3MEHEeHNEeM 3apANa; Macca e sSIpa MeHs-
eTCsA HUUYTOXKHO MAJIO.

CorylacHO NpaBMJIy CMELIEHUS DU PaTUOAKTUBHOM pacla-
/le COXpPaHAeTCA CYMMAPHBIHA 3JIeKTPUYECKUH 3apAL W IPUOIH-
MEHHO COXPAaHAEeTCA OTHOCUTEJNbHAA aTOMHAA Macca sigep.

Bosuukmiune npu pazmoakTHBHOM pacliaze HOBble sSpa MO-
ryT ObITh TaKKe PAAMOaKTHUBHBI M HCHOLITBIBATH AaJjbHeHIIne
LpeBpalesns.
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IIpu pasMoOaKTHBHOM paclnajie IPOUCXOAMT UpeBpalleHune
ATOMHBIX AJEP.

Kakue M3 M3BECTHbIX BamM 3aKOHOB COXPaHEeHMs BLINOMHAIOTCA NPH pa-

? RMOAKTMBHOM pacnape!
]

3AKOH PATMOAKTUBHOTO PACIIAJIA.
§101  pEpHOM MOJYPACIIAJA

PaguoaxkTuBHBIH pacnay IIOZYNHAETCHA CTATHCTHYECKOMY
sakoHy. Pesepdopa, uccrie/ys npeBpalieHua PaJHUOaKTUBHbBIX
BeIlecTB, YCTAHOBUJI OIIBITHBIM IIyTeM, UTO HX AaKTHUBHOCTD
y6piBaeT ¢ Teuenuem BpemeHU. 06 3TOM I'OBOPHJIOCH B MIPE/bI-
nyimem naparpade. Tak, aKTUBHOCTD pafoHa yOeIBaeT B 2 pasa
yke duepesd 1 MuUH. AKTUBHOCTH TaKHUX DJIEMEHTOB, KaK ypaH,
TOPHUH U paguii, Toxke yObIBAET CO BpeMeHeM, HO ropasjio mej-
JenHee. 1A KaI0ro pajuoaKTUBHOIO BellleCTBa CYII[eCTBYeT
onpeneJeHHBIN MHTEPBAJ BPEMeHU, Ha IPOTAXKEHHU KOTOPOTO
aKTHUBHOCTH yObLIBaeT B 2 pasa. ITOT HHTepBaj HOCUT Ha3BaHHe
nepuod noaypacnada. Illepunox noaypacnaga T — aTo Bpemd,
B TeUeHME KOTOPOI'o PacllafiaeTcsa MOJIOBMHA Ha4albHOI'O YHCa
PagnoaKTHBHKLIX ATOMOB.

Coag akTMBHOCTH, T. €. YHCJIa PACHaZlOB B CEKYHAY, B 3aBH-
CHUMOCTH OT BPCMEHHU JIJisi OJHOTO U3 PaJNOaKTHUBHBIX IIperapa-
TOoB u3obpasken na pucynke 13.8. Ilepuoa nmonypacmnazna aToro
BelljecTBa paBeH D cyT.

BriBemeM Telleph MareMaTHUYeCKYIo (opMy 3aKOHA Dajguo-
aKTHBHOIO pacia/ia. [lyeTh 4uciao paJjuoaKTHBHBIX aTOMOB B

HavYaIBLHBIN MoMclT speMmenn (¢ = 0) paBHo N,,. Torza 1o ucre-

0
YeHWHW IMepHoAa loJiypaciiaga 3To 4Yuciao OyneT paBHO 5
CnycTs elrie OOWH TAKOH K¢ MHTEPBAJ BPeMeHH 9TO YHMCJO CTa-

HET PaBHBIM:

A
1Ny _No N 800
2 2 4 2 ]
ITo HACTeUeHUuu BpemMcHu '© 600 |
t=nT, T. e. CIIyCTA N IEePUOJOB ﬁ' |
nonypacoaza 71, pazuoaktTui g
: 400 —
HBLIX aTOMOB OCTaHETCH: z
1 g
N=No g %200 1
IlockoabKy | ]
- L e —
t 0 10 20 30 ¢cyr
nEe Puc. 13.8
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TO

_L :
N=N,-2T. (13.1)

JTO U eCTh OCHOBHOH 3aKOH pPafiMOaKTHBHOro pacmaga. Ilo dop-
myJe (13.1) MOKHO HaliTH YMCJIO HepacHaBIIMXCH Axep B JI0-
001 MOMEHT BpeMeHH.

Ilepnon mosypacmajza — OCHOBHAA BEJIMYMHA, ONPELEIIAIO-
as CKOpOCTh PaAHMOAKTUBHOIO pacrnaga. YeM MeHbITe IEPHOX
[osypacrajna, TeM MeHblIe BpEMEHHU «XKMBYT» AApa, TeM GbICT-
pee npoucxoAuT pacnai. Ilna pasHBIX BelnecTs MEpPUoJ MOJy-
pacnaza umMeeT CHJIBHO Dasiaudaioliyecs 3HaueHus. Tak, nepuos
noxypacnasa ypaua %33 U paset 4,5 maps ner. IMeHHO 1109TOMY
AKTHBHOCTDb YPaHa Ha IPOTSAKEHNN HECKOJbKUX JIeT 3aMeTHO He
mensercd. Ilepuon mosypacnana pagns 3HAYHTENBHO MEHbIIIE —
oH pased 1600 ser. ITosToOMy aKTUBHOCTEL pafusA 3HAUUTEIHHO
GosbIre aKTHBHOCTH ypaHa. ECTh paJjMoaKTHUBHBIE 3IeMeHTbHI
¢ IepHOJOM IIOJIypacuasa B MUJLIMOHHbBIE JOIM CeKVHIBI.

YT0o6b1, monb3ysaces ¢gopmynoit (13.1), onpemenuts epuoy,
nmonypacnajga, HaLo 3HATH YHCJIO aTOMOB N, B HAUATBHBII MO-
MEHT BPEMEHH M YHCJIO HepacnaBIIMXca aTtoMoB N cmycrs
ollpeJeleHHBIII UHTepBaJ BPpeMeHH f.

Cam 3aKOH PaZiMOAKTHBHOIO pacmaja ZoBOJBHO mpoct. Ho
(bnfnqecxnn CMBICJI 3TOI'0 3aKOHA VACHUTEL cebe HeJerko.
HeiicTBUTeIbHO, COTJIACHO 3TOMY 3aKOHY 3a J060i UHTEepBaJa
BPeMeHH pacnafaercsa 00Ha u ma e 00N UMEIONIUXCH aTo-
MOB (3a IepUOA moJypacnaja [oJOBMHA aTOMOB). SHAYHUT, C Te-
YeHHeM BPEMEHH CKOPOCTh paclaja HHUCKOJBKO He MeHgeTrca?

Paduoaxmusenvie adpa «ne cmaperom». Taxk, Anpa pajoHa,
BOSHMKAIOIME TIPU paclaje pajus, NPeTepleBalT pajroak-
THUBHBIM DACcIaf KaK cpa3dy e IOoCJe CBOero 06pa3oBaHMUs, TAK U
cnycra 10 mun mocure aroro. Pacnaz so6oro aToMHOro sigpa —
9TO, TAK CKa3aTh, HE «CMEPTh OT CTAPOCTH », & «HECUACTHBII CIIy-
qau» B €ro XKUBHU. [l7A paIMoaKTHBHBIX siZiep He CYIeCTBYeT
[OHATHA Bo3pacTa. MoKHO ONpemenuTh JINLIb UX cpedHee ape-
MA HUSHU T,

Bpema CYIIECTBOBAHUSA OTAENbHBIX sJ€P MOXeT BapbUPO-
BaTbCA OT HOJIEH CEKYHABI 10 MIUJLIUAPIOB JieT. ATOM ypaHa, Ha-
IpUMEP, MOXKET CIIOKOUHO IIPOJIEKATE B 3€MJIe MUJLIHNADABI JIET
U BHE3aIIHO B30PBATHCH, TOTJAa KaK €ro coceau 6JIaromoaydHo
IPOJIOJIIKAIOT OCTABATHCA B IIPeKHEM cocTosHuu. CpenHee Bpe-
M3l JKM3HM T — OTO IIPOCTO CpefHee apudpMeTndecKoe BpeMeHH!
MU3HU AOCTATOYHO OOJBIIOrO KOJHMYECTBA ATOMOB JAHHOIO
suga. OHO IPAMO NMPONOPIUOHANBLHO NEPHUOAY IOJIypaclaja.
llpeackasaTs, Koraa NponsoHAeT pacnax sapa JaHHOTO aToMa,
11CBO3MOXKHO. CMBIC MMEIOT TOJBKO YTBEDKAEHUSA O IOBee-
ItMK B cpeHeM GOJIBIION COBOKYIHOCTH ATOMOB. 3aKOH pajuo-
AKTUBHOrO pacnaja oIpenessier cpednee 4ucao Adep amomos,
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pacHafaloIiuXca 3a OIpees e b nHTepsan spemenu. Ho Bee-
rIa UMeloTca HensbesKHble OTKJIOHEHUA OT CPe/(Hero 3HaYeHus,
¥, yeM MeHbIlle KOJIWYECTBO PAAVOAKTUBHEIX AleD B ipeliapare,
TeM GOoJIbIIIe STU OTKJIOHEHUA. S3aKOH PAAMOAKTUBHOI'O paciajia
ABJAETCA CMAMUCTMULECKUM 3AKOHOM.

ToBOPHUTHL 00 OIpeRe/IeHHOM 3aK0He PAJHOAKTUBHOIO pacHa-
4 OJIs MaJoro YMCJIAa AJepP ATOMOB He HMeeT CMBICIA. JTOT 3a-
KOH CIIPaBeIJIUB B OCHOBHOM /|15 GOJIBLIOrO KOJIUYECTBA YaCTHUIL.

CueTYMK perHcTpupyeT [-4acTHibl PagMOaKTMBHOrO Nnpenapara oveHb
? Manoi MHTEHCHBHOCTM. MTPOHCXOAAT NH cpabaTbiBaHMs CYETYMKA Yepes
i OJMHAKOBbIE MHTEPBanbi BpeMeHu!

§ 102 H30TOIIbI

H3syueHue ABIeHUS PAAUOAKTUBHOCTH IIPUBEJIO K BAXKHOMY
OTKPBITHIO: OblIa BBISICHEHA IIPUPOJA ATOMHBIX fAnep.

B pesyabTare HaO/JI0JeHIS OTPOMHOrO YMCIa PaJHOAKTHB-
HBIX IpeBpAIlleHuil NOCTeIeHHO OOHAPYYKHJIOCH, YTO CYIIecT-
BYIOT BeIllECTBa, TOX/ECTBEHHbIE 110 CBOMM XUMUUYECKHAM CBOIi-
CTBaM, HO HMeloIe COBEPIIeHHO pa3iHYHbe PaAilOaKTUBHBIE
cBoiicTBa (T. e. pacmagaroiiuecs Io-pasHomy). Mx Hukak He
yIaBajoCh Pa3[JeJUTh HYA OFHHUM M3 M3BECTHBIX XMMHYECKUX
crocobos. Ha orom ocuopammu Coaau B 1911 r. BRICKasan
IIpeANnoJIOKeHe O BO3MOYKHOCTU CYIIECTBOBAHUA 3JIEMEHTOB C
ONMHAKOBLIMU XMMHUECKUMHU CBOICTBAMM, HO DPA3MMYIAIONIAX-
¢, B YaCTHOCTH, CBOeli DaJMOaKTHBHOCTBLIO. OTH JJIEMEHTEI
HYKHO IIOMEIIAThL B OJIHY U TY 3Ke KJIeTKY NeproOgUYEeCcKON cHC-
remul 1. 1. Mengeneesa. Coaan Ha3Baja NX H30TONAMH (t. e.
3aHUMAIOIMUMHU OJUHAKORBLIE MecTa).

Ipeanomoxkernne Coun 110JyIAI0 GrecTsinee IOATBepIe-
HUe U TIyBOKoe TOJKOBAHUEC 0/l CIIYCTs, KOTAA Iox. Hx. Tom-
COH IPOBEJI TOYHBIE U3MCPCHNI MACChl MOHOB HEOHa MeTOJ0M

OTKJIOHEHHS WX B BJEKTPMUCCKOM M MarHutTHOM moaax. O
OGHAPYUJ, UTO HEOH Hpejcrasiisict codoil cMech JBYX BHIOB
aTOMOB. BOJIBIIAA YacTh UX UMCCT OTHOCUTEIHHYIO Maccy, PaB-
uHyio 20. Ho cyujecTByeT He3HatnrCJIbHAS 4aCTh ATOMOB C OTHO-
CUTEeJIBLHON aTOMHOI Maccoi 22. B pesysibrare OTHOCUTEIbHAA
aToMHag Macca cMecu Obima npuusita pasaoii 20,2. Arombl,
obamarolnine OJHUMHI M TEMU K€ XMMHUECKHMM CBOMCTBAMH,
pasaudanuchk maccoit. Oba BMUAa aTOMOB HEOHA, €CTECTBEHHO,

3aHUMAIOT OXHO U TO Ke MecTo B Tabaune /[, M. Mengeneesa u,
CJIefOBATeJIbHO, SIBJAIOTCS U30TONaMu. Takum obpasom, I30TO-
THI MOTYT Pa3jiMdaTbCd He TOJBKO CBOHMHU PaJiUMOaAKTHBHBIMU
cBOMCTBAMH, HO 4 Maccoi. UMeHHO HOYTOMY y M30TOIOB 3api-
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Abl ATOMHBIX sJlep OAMHAKOBBI, a 3HAYUT, YUCJIO 3JeKTPOHOB
B 000JI0YKAX aTOMOB M, CJI€IOBATEIHLHO, XUMMUECKHE CBOMCTRA
M30TONIOB OAMHAKOBbI. Ho maccer sgep pasnuumsl. Ilpunuem
A/Ipa MOTYT OBITE KaK PAJANOAKTUBHBIMU, TAK U CTAGUIbHBIMU.
Passnune cBOMCTB pasiloaKTHBHBIX M30TONOB CBH34HO C TEM,
UTO UX fApa UMEIOT PAa3JINYHYI0 MACCy.

B nacTosIee BpeMs yCTaHOBIEHO CYIIECTBOBAHIE H3OTOIOR
Yy BCEX XMMHUYECKUX djeMeHTOB. HeKkoTopbie sneMeHTH MMEOT
TOJIBKO HeCTabuIbHBIE (T. €. PaAMOaKTUBHBIE) U30TOMBI. M30TO-
IIBI €CTE Y CAMOTO THMKEJIOT0 U3 CYIIECTBYIOUINX B IIPHPOLE dJjIe-
MEHTOB — ypaHa (OTHOCHTeJbHBlE aTOMHble Macchl 238, 235
M [p.) ¥ y CAMOTO JIErKOr0 — BOZOPOZAA (OTHOCHUTEIHHBIE ATOM-
Hble Maccsl 1, 2, 3).

Oco6enHO MHTEpPECHBI U3OTOIBI BOLOPOA, TAK KAK OHU paa-
JIRYAKOTCA 10 Macce B 2 m 3 pasa. Ma30oTonm ¢ OTHOCHTEND-
HOI aTOMHOM Maccoll 2 HasblBaeTCs geiitepuem. OH crabGuien
(T. e. HE PagMOAKTHBEH) U BXOANT B KAYECTBe HEGOILIION npu-
mecu (1 : 4500) B o6b1unblii Bogopox. Ilpu coenuHeHmn aeliTe-
pudA ¢ KHUCIOPOAOM obpasyeTcs TaK Ha3bIBAEMAS TAKEIAT BO-
Aa. Ee dbusuueckue cBoificTBa 3aMETHO OTIMYAIOTCH OT CBOMCTE
0o6biuHOi Bozel. IIpum HopMmMaTbHOM aTMocepHOM [OaBJEHUH
ona Kunur npu 101,2 °C u samepsaer npu 3,8 °C.

Hsoron Bopopoaa ¢ aToMHON Maccoit 3 HasbIBaeTCs TPUTHEM.
O=m B-paguoakTuBeH, u ero mepUoOA nmoJsypacunajza oxkoJso 12 mger.

CymecTBoBaHMe N30TOIIOB JOKA3BIBALT, UTO 3apsAn aTOMHOTO
fAApa oIIpefiesigeT He BCe CBOICTBA aTOMAa, a JIMIIL ero XUMHUYe-
CKMe CBOMCTBA U Te (UBMUECKHe CBOHCTBA, KOTOPHIE 3aBUCAT OT
nepudepun 3J1eKTPOHHOR 060JI0YKM, HATIPHMED pa3Mepsl aTo-
Ma. Macca sxe aToMa ¥ ero pafHoaK THBHbIE CBOICTBA He oupene-
JIAIOTCA NOPAAKOBEIM HOMepoM B Tabiune [[. M. Menneieera.

ITpumeuaTenpHO, YTO DU TOYHOM M3MEDPEHWUU OTHOCHTEIh-
HBIX ATOMHBIX MACC H30TOIOB BBIACHUJIOCH, YTO OHM GJIH3KM
K IIeJIBIM YHCJIaM. A BOT ATOMHBIE MACChl XUMHUYECKIX DJIeMeH-
TOB MHOT/Ia CUJIBHO OTJINYAIOTCA OT 1eJIbIX unces. Tak, OTHOCH-
TeabHas aTOMHAs Macca XJopa paBHa 35,5. 9To 3HAYWAT, 4TO
B €CT€CTBEHHOM COCTOAHUU XMMUYECKH YUCTOE BEIeCTBO IIpes-
CTaBJsAeT COGOH cMech HM30TONOB B PA3JUYHBIX MPOIOPIHAX.
HenouncrenHoCTs (IPUOIMIKEHHAR) OTHOCHTENBHBIX ATOMHBIX
MacCcC M30TOIOB OYeHb BAXKHA [JIA BEIACHEHUS CTPOSHUS aTOMHO-
ro ssapa.

Bce xumuueckue 9JIEMEHTHhI UMEIOT M30TOIIbI. Bapﬁam aTom-
HBIX ANeP M30TONOB OAMHAKOBEI, HO MACCHI AAep pas3yIndHbIL.

CyuwecTtsyioT nu M30TONbI Y 6apHs, OTHOCHTENbHAS BaTOMHAR MACCa KO-
? Toporo 137,34}
®
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§ 103 OTKPBLITHE HEHTPOHA

BaykHeIInM »STAanoM B Pa3BUTUM (PUIUKU ATOMHOTO ALDa
6BIJIO OTKpBITHE HelTpoHa B 1932 r.

HckyccTBeHHOe NpeBpallileHHe aTOMHBIX aacp. Bnepsoie
B MCTOPUHU YeJOBEYeCTBA HUCKYCCTBEHHOe IpeBpalcuune snep
ocymecTtsuna Pesepdopa B 1919 r. 9ro GuLi0 yaxe He cayuannoe
OTKPBITHE.

Tak Kak AJPO BecbMa YCTOMYMBO, U HU BLICOKHE TeMIiepa-
TypBbl, HU JABJIEHUA, HU DJIEKTPOMATHUTHBIE HIOJA He BBI3bIBA-
JOT IpeBpAIlleHns 3JIEMEHTOB U He BIUAIT Ha CKOPOCTH PajiNo-
aKTHBHOIO pacmana, 1o Pesepdophd NPEAIIONIOKHUI, YTO [JIA
paspyllleHusi win npeobpa3oBaHMA snpa HYXKHA OUeHb 60111)“—
mas aHeprus. Haunbosiee NOAXOAANIMMY HOCUTEAAMH GOJIBIION
SHEPruM B TO BpeMs OBLIM O-UaCTUIlLI, BhLIETAIOIKXe U3 flep
IpHM pPagvOaKTHUBHOM paclale. Soa.

IlepspIM sigpoOM, IIOJIBepI‘IHI/IM&H HCKYCCTBEHHOMY IIpeolp
30BaHMIO, 6bLI0 AApo aToma azora ‘7 N. BombGapaupysa asor o-yac-
TUIaMu GOJIBINOH SHEepruu, NCIyCKaeMbIMU pajgueM, Pesepdopz
0oGHAPYXUJ MOsIBJIEHUE IIPOTOHOB — #A/IeP aToMa BOAOPOJa.

B nepBBIX OOBITAX PErHCTPAIUA IPOTOHOB MPOBOANIACE Me-
TOZXOM CLHMHTMJLIANMI', ¥ UX Pe3yJIbTATHI He ObLIN JOCTATOYHO
ybeaquTeNbHBIMH U HageKHbIMHU. Ho cycTs HeCKOJIBKO JIeT Ipe-
BpallleHue a30Ta yAajock Habao1aTh B kKamepe BusbcoHa. Ilpu-
MepHO ofiHa o-uacTuila Ha Kaxasle 50 000 o-yactuy, uCOyIeH-
HBIX PaJMOaKTHBHBLIM IIpeapaToM B KaMmepe, 3aXBaTbIBaeTcs
AIpOM a30Ta, 4TO ¥ IPUBOAUT K HCIYCKAHWIO IPOTOHA. prf
aTOM SApPO a30Ta MpeBpallaeTca B AAPO M30TONA KHCJIOpOJa:

17 1
UN + jHe — 1[0 + {H.

Ha pucyske 13.9 nokasana ogHa u3 ¢orTorpaduil 3T0oro npo-
necca. CijeBa BUAHA XapakTepHad «BUJIKAa» — pPasBeTBJIEHUE
rpexa. JKUpHBIA cile[ MPUHAAIEKUT AAPY KUCJIOPOJA, a TOH-
kuit — nporony. OcraibHBIe (-HACTHIIBI He [peTepleBaloT
CTOJIKHOBEHUII ¢ AApPAMU, U HUX TPEKH
npamoauHeiHsl. pyrumm ucciaemosare-
AaMu ObLIy obOHapy»KeHBI IIpeBpallleHusa
oA BAMSHUEM (-4acTHIl sajxep ¢ropa,
HaTpus, AJIOMHUHHUSA U OP., COIPOBOMK-
narolecs NCIyCKaHeM IIpOoToHoB. fapa
TSOKEJIBbIX JJIEMEHTOB, HAXOAALIUXCA B
KOHIe TIEPUOANYECKON CHUCTeMbl, HE WC-

OBITBIBAIY HIpeBpalteHnil. OueBHAHO, N3-3a  Puc. 13.9
1CHI/IHTI/IJI.TIf{U,I/IH — BCHNDLIIKA, HPOHCXOJidas I1py NOTIAJJAHUHM 49aCTHIL
Ha IIOBEPXHOCTH, TOKPBITYIO CJlOeM CHCILITANLITONO BeleeTsa, HaupuMep CJao-

eM cyabduia IUHKAE.
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Yonmo-Kiopu hpepepmk (1900—1958) —_

chpaHLLY 3CKMI yUeHbIN 1 NPOrpeccusHbii obuiecTseH-
Hbi pesTens. COBMECTHO ¢ eHoW MpeH oTKpbin
B 1934 r. UCKYCCTBEHHYIO PafMOaKTMBHOCTL. bonb-
LIOE 3HaueHWe AN OTKPbITUS HEMTPOHOB WMENM pa-
6o7bi cynpyros Kiopu No muccnenosaHuio usnyyeHms
6epunnmna nop, aercTBHEM -yacThL,. C COTPYAHWKAMH
8 1939 r. Bnepsbie onpeaenvn CPeRHEe YMCno Hen-
TPOHOB, BBINETAOWMX NPH AeNEeHWM SApa aToma ypa-
Ha, W NOKAa3an MPMHLMIMANBHYIO BO3MOMHOCTb Lemn-

HOM SAEpHON peakuun ¢ 0CBOBOKAEHHMEM IHEPIHM.

6OJIBIIIOTO DJIEKTPUUYECKOrO (TOJOXKUTENIBHOI0) 3apAAa O.-4acTu-
11a He MOTIJIa IpMOJM3UTLCA K AAPY BILIOTHYIO.

OrkpeiTHe HelTpona. B 1932 r. mpousouno BaskHenIIee
A Bceil agepHON dm3uku cobbiTHe: ydeHukom Pesepdopzna
aurnauiickuMm dusukom I, Hegsurkom OBLI OTKPBIT HEMPOH.

Hpu 6ombapaupoBKe OepUIINA O-4aCTUIAMW IPOTOHEI HE
noapaannuchk. Ho 06HapyXXHUJIOCh KaKOe-TO CHIbLHO MPOHHUKAIO-
Iee H3JydeHHne, COCOOHOe IIpeofoeTh TaKyIo Iperpany, Kak
CcBHHIOBag IacTuHa toamuuoil 10—20 cm. Briio cpenamno
IIPeJIIOIOMKEeH)E, YTO ITO Y-JIyUH OOJBIION SHEPrum.

Upen HKoano-Kiopu (mour Ma-

puu u Ilsepa Kopu) u ee My

: Ppegepuk Honuo-Krropu obra-

PY KWK, UTO €ClAH Ha IIYTH U3JIyde-

/ o - vacTumer  BAA, ob6pasymierocs npu 6ombap-

JIUpOBKe GepHiing o-4acTHIAMM,
HOCTABUTH NMapa@UHOBYIO IIJIACTHU-

HY, TO HOHU3HUPYIOM{as CIIOCOOHOCTh

STOr0 M3JYyUYeHUS Pe3KO YBeJIUUH-

paerca. OHu cipaBeAJINBO HIPeEAIIO-

9 JIOKHJIM, UTO U3JIyYeHUe BEIOUBaeT
. u3 mapadrHOBON ILIaCTUHBI IPO-
TOHBI, UMeRIHecsa B H0JIBIIOM KO-
Tapadun JUYecTBE B TAKOM BOJOPOACOJED-
skameM BeigectBe. C IIOMOINBIO Ka-

) I ! \ \ Mepel BuancoHa (cxeMa ONBITa
I npusegeHa Ha pucyHke 13.10) cyn-
IIporomnst pyru Hommo-Kiopu obmapy:xuiIu

l & 3TH OPOTOHBI M IO ANuHe npodera

Bepunnui

olleHuau mx sHepruio. Ilo ux pan-
HBIM, €CJIM IPOTOHBI YCKOPAJINUCH B
pesyJIbTaTe CTOAKHOBEHUS C Y-KBaH-
TaMU, TO SHEPTrus DTUX KBAHTOB
IOJKHA Obljia OBITH OTPOMHON —
Puc. 13.10 orkoio 55 MaB.

Kamepa Bunncona
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Yeasuk HaOAoO#an B kamepe BuincoHa Tpeku ajiep as3ora,
HCIBITABIINX CTOJKHOBEHUE ¢ GepuiimesbiMm uaaydenunem. Ilo
ero oneHKe, SHEPrus Y-KBAHTOB, CIOCOGHBIX COOOLATHL sipaM
a30Ta CKOPOCTb, KOTOpasa O0HAPYKHBAJIACh B 9TUX HaOJIOAeHU-
ax, mokHa ObLIa coctaBaATh 90 MaB. Ananoruusslie xe Ha-
GaoneHus B KamMepe BHJbCOHA TPEKOB Afep aproHa IpUBEJN
K BBIBOLY, YTO 9HEPTHA OTUX TUIMOTETHYECKHX Y-KBAHTOB
noiskHa cocTaBaATs 150 MsB. Takmm o6pasoM, cuuTam, HTO
Anpa IPHUXOAT B J[BIJKEHHE B De3yjbrare CTOJKHOBEHMH
¢ 6e3MaCCOBBIMHM YACTUIIAMHE, MCCIeAOBATEJAN IIPUIILIN K ABHO-
My IPOTHBOPEUHUIO: OXHH U T€ Ke Y-KBaHTH! 06safaln pasiny-
HOM sHepruei.

Crajo OYeBHAHBIM, UTO IPEAIIOJI0KEHNEe 00 U3IyIeHUN oe-
pUILIVEeM Y-KBAHTOB, T. €. 6€3MaCCOBBIX JACTHIL, HECOCTOATEIb-
Ho. W3 Gepuiuims moj AelicTBUeM O-4acTHI] BBLIETAKOT Ka-
KHe-TO [OCTATOYHO TsXKeJble dYacTUlbl. Beab TOJBKO IIpHU
CTOJIKHOBEHHMHU C THMKEJbIMH YaCTHUIIaMHX IIPOTOHBI MM sApa
a30Ta M aproHa MOTJIM IOJYYHTb Ty GOJIBINYIO 9HEPTrHuio, KOTO-
pas HabaoAaxach Ha onbiTe. IIOCKONBKY 9TH YaCTHILBI objana-
Jiu GOJIBIIION MPOHHMKAIeil ClIOCOOHOCTHIO U HETIOCPEACTBEHHO
He MOHUBHPOBAJIHU ras, TO, CJEA0BATE]bHO, OHU ObLIN JIeKTPH-
yecku HeliTpaJbHBIMH. Benp 3apsasKeHHas YacTHUILA CHJIBHO
B3aMMOAENCTBYET C BeIeCTBOM H II03TOMYy OBICTPO TepsAer
CBOIO 3HEPrumo.

Hosas yacTtuiia 6biia HassaHa Heiimpornom. CyliecTBoBaHue
ee mpeAcKasbiBas Pesepdopa Gomnee uem 3a 10 seT 10 ONbITOB
Yeznsuka. I1lo sHepruyn ¥ UMOYJbCY sA€p, CTATKHBAOINAXCH
¢ HeHATpoHaMHU, Oblia olpejejieHa Macca 3THUX HOBBIX YaCTHIL.
Oma oKas3ajaach 4yTh OOJIBbIIIE MACCHI IIPOTOHA — 1838,6 osuek-
TpoHHOI Macchl BMecro 1836,1 nna nporoHa. BeLIo yeTanOBIe-
HO B MTOTE, YTO IIPH MOUAJAHUU O-4aCTHI] B AApa OGepuiLimsa
OPOUCXOAUT CIEAYIONAA PCAKIIHS:

9 ERS PR 12¢v 4. 1
iBe + 3He > 5C + on.
31ecs })n— CHMMBOJ HCHUTPOHN; €I'0 3apsijy paBeH HYJIO,
a OTHOCHUTeJIbHAd Macca — IIpUuMepHo e mHnie.
HeATpoH — HecTabWJIBHAA “acTH1 CBODOJHBI HEWTPOH
3a BpeMs OKOJIO 15 MHH pacnajacrtes Ha 1IPOTOH, JJIEKTPOH

¥ HeHTpHHO — 0e3MacCOBYIO HelTpasibiylo HaCcTHILY.

DieMeHTapHAS YaCTHUIA — HEWTpOH -~ He UMeeT dJIeKTpH-
yeckoro 3sapsia. Macca HeiiTpoHa OoJibilie MaccChl I1IPOTOHA
IIPUMEpHO Ha 2,5 8JIeKTPOHHOU MacChbi.

O6bSCHHTE, NOYEMY NPHM LEHTPANbHOM CTONIKHOBEHMM C NPOTOHOM
’ HeMTPOH MepefRaeT eMy BCIO IHEPrHIO, @ NPH CTOMKHOBEHWH C SAPOM
hd a30Ta — TOMNbKO ee 4acCThb.
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i CTPOEHHE ATOMHOTIO AIPA.
5104 G IEPHBIE CHJIBI

Cpasy e nocie Toro, Kak B onbiTax YeABUKA GBLI OTKPBIT
HeHTPOH, coBeTckuil dusuk II. [I. IBaHeHKO U HeMeIKUil yue-
Hbii B. Tefizen6epr 8 1932 r. npefyiosKuau TpOTOHHO-HEHTPOH-
HYI0 MogeJsb Aapa. OHa Gplla HOATBEPXKAeHA IMOCIeLYIOI[IMH
HCCIeJOBAHUAMY SINEPHBIX MpPeBpAllleHUN U B HACTOsIIEe Bpe-
M5 SIBJIAETCA OOIEeNPU3HAHHOI,

ITporonHO-HeWTPOHHAA MOIeab Aapa. COrIacHO IPOTOHHO-
HEUTPOHHOHI MOJEeJH AApPA COCTOAT U3 dJAeMeHTAaPHBIX YACTHI]
ABYX BHUJOB — IIPOTOHOB M HEHMTPOHOB.

Tax xak B IeTOM aTOM 3JeKTPUUYECKH HeHTpaIeH, a 3apan
IIPOTOHA PaBeH MOAYIIO 3apAAa 9JIeKTPOHA, TO YUCJIO IPOTOHOB
B AZipe PABHO YUCIY 3JeKTPOHOB B aTOMHOHR oBosouke. Ciemo-
BaTeJIbHO, YMCJIO IPOTOHOB B fAAIPEe PABHO ATOMHOMY HOMeEPY
aJIeMeHTa Z B IepUuoJuuecKoil cucreme saemenTos [I. M. Men-
neJjieeBa.

CymMmy umcia TpoTOHOB Z u uucsia HefiTpoHOB N B siape Ha-
3BIBAIOT MACCOBBIM YHMCJIOM U 0603HAaUYaoT OyKBOH A:

A=Z+N. (13.2)

Macce! npoToHa U HEHTpPOHA GJIM3KU APYT K APYTY, U KaxkK-
fad M3 HUX IPUMEePHO PaBHA aTOMHOM efuMHUIle Macchi. Mac-
Ca BJIEKTPOHOB B aTOMe MHOT'O MeHbIIle MACCHI ero gapa. 11osTo-
MYy MacCOBO€ YMCJO AAPa PAaBHO OKPYIJIEHHOH A0 IeJIoro YHCaa
OTHOCHUTENbHON aTOMHOM mMacce ajaeMeHTa. MaccoBble umMcia
MOT'YT OBITH OIIpeje/ieHBbl IIyTeM UPUOIMKEHHOTO U3MepeHHs
Maccel sAep npubopami, He OOGJANAIOIMIMMU BBICOKOM TOY-
HOCTBIO.

H3zoronel npenctaBasiioT coboil Aapa ¢ OTHUM W TeM XKe
3HaYeHWeM Z, HO C Pa3JINYHBEIMMA MACCOBBIMU HHcJIaMHU A, T. e,
C Pas/IMYHBLIMHU YUCIaMHU HEHTpPOHOB N.

Anepusre cuael. Tax Kak Anpa BecbMa yCTOHYUBEI, TO IPO-
TOHBI ¥ HEUTPOHBI JOJLEKHBI YAEP:KUBATHCA BHYTPH AAPaA KaKU-
MH-TO CHJIaMHU, NIPpUYeM OYEeHb GOJBIIAMH. YTO 3TO 34 CHJIBI?
Cpasy MOHO CKasaTh, UTO 3TO He TPaBUTAIMOHHBIE CHJIbI, KO-
TOpbIe CAUIIKOM cJadble. ¥ CTONUMBOCTE A/pa He MOYKET ObITh
00BACHEeHA TaK’Ke BJIEKTPOMATHUTHLIMM CHUJIAMH, TAK KAK Me-
IKAY ONHOMMEHHO 3apAXEHHBIMH IPDOTOHAMU NeHCTBYeT JJIeK-
TpU4decKoe OTTaJKHWBaHue. A HeHTPOHBI He UMEIOT dJEeKTpuYe-
CKOTO 3apsana.

3HAUUT, MEKAY ARCPHBIMU YACTUIIAMU — IIPOTOHAMM U HEHUT-
poHaMu (MX HaA3BIBAIOT HYKJIOHAMU) — AeHCTBYIOT 0cobble cu-
Jibl, HA3bIBaeMble IMePHBIMH CHJIAMU.
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KakoBbl OCHOBHBIE CBOMCTBA AAePHBIX cni? SnepHbie cuibl
npumepHo B 100 pas IpeBBHINIAIOT dJEKTPpHUYECKHEe (KYJIOHOB-
CKHe) CHJIBL. OTO cCaMble MOIIHBIEe CUJIbI U3 BCEX CYIeCTBYIOIINX
B npupoje. IlosToMy B3anMOJeHCTBUA AAEPHBIX YacCTHI| 1aCTO
HA3BIBAIOT CULbHbIMU 83aumodeiicmeuimu.

CuibpHbIe B3aMMOIEHCTBUA IIPOABJAIOTCA HE TOJbBKO BO
B3AUMOZEHCTBUAX HYKJIOHOB B siipe. OTO OCOOBIM TUII B3aMMO-
geficTBui, mpucyuiuil OOJBIIHHCTBY 3JIeMEHTAPHBIX YaCTHIL
HapAAy € 3JeKTPOMATHUTHBIMU B3aMMOAENUCTBUAMMU.

Ilpyrasa BaskHas 0COOEHHOCTh SJEPHBIX CHJI — KX KOPOTKO-
neficTBHe. DJIEKTPOMATHMTHBIE CHJIBI CPABHMUTEJIBHO MEAJIEHHO
ocsiabeBalOT C yBeIWUYEHVMEM DACCTOSHUA. SlmepHble CHJBI 3A-
MeTHO HPOSABJHIOTCH JUIIL HA PACCTOAHMUAX, PABHBIX Da3Me-
pam azpa (107'2—10713 em), uro mokasauam ysxe onbiThl Pesep-
(OpZa IO PACCEAHHIO O-UaCTHUI] AaTOMHBIMHU sxpamu. HnepHere
cuJabl — 3TO, TAK CKa3aTh, «6OraThIpPh C OUeHb KOPOTKHUMH DY-
KaMu». 3aKOHUEHHAA KOJMYECTBEHHAH TeOPUA ANEPHBIX CHJI
moKa elne He paspaboraHa. 3HauWTeJIbHBbIE yCIeXW B ee pas-
paboTKe OBLIM JOCTUTHYTHI COBCEM HEJaBHO — B IIOCJIeJHHUE
10—15 ser.

fnpa aTOMOB COCTOAT U3 IPOTOHOB M HEHTPOHOB. ITH Uac-
TUIBl YAEPIKUBAKTCA B fpe ANePHBLIMU CUJIAMH.

?

Kakogbl rnasHbie 0COHEHHOCTH aaepHbiX cun!

§ 105 OHEPI'US CBA3H ATOMHBIX AJEP

BasxHeHIIIVIO pOJib BO BCceH AfepHON (PU3KMKe UrpaeT IHOHA-
THe SHEPTHHU CBA3M A[pa. JHEPrusi CBA3U IO3BOJIAET O0bsic-
HUTH YCTOMUMBOCTH sJ€p, BBIACHUTH, KaKHe IIPOIECCHl BEyT
K BBIAEJEHHIO saepHoii sHeprmu. HyKJIOHEI B siape IIPOYHO
yIAepKUBAIOTCA AAepHbIMU cuitaMu. JIas Toro 4Tobbl yAAIUTH
HYKJIOH U3 f7pa, HAJ0 COBEPIINTH JOBOJIBHO GONBLIYIO PaboTy,
T. €. COOOIIUATEH AAPY 3HAUUTEJbHYHK 3HEPIUIO.

Ilox PHepruey CBA3M AAPA [IOHHUMAIOT Ty SHEPrUio, KOTO-
pas HeoOXoAuMa AJIA IOJHOTO pacilelyieHus sapa Ha oTAelb-
Hble HyKJIOHEL. Ha OCHOBe 3aKOHA COXPAHEHUA HEPTUHM MOXMKHO
TaKIKe YTBEDPMKAATh, UTO IHEPZUS C8A3U A0PA PABHA MOU IHep-
2uu, Komopasa vldessemcs npu 00pa306aHuL A0pa us omaoes-
HbLX HOC MU,

DHeprus CBA3KM ATOMHBIX saep odeHb Bennka. Ho kak ee
OIpeReJauTs?

B HacTosdAImlee BpeMs PACCUUTATH JHEPTUIO CBA3H TEODETH-
yecKH, MOX06HO TOMY KaK 9TO MOYKHO cJellaTh A4 3JIeKTPOHOB
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B aToMe, He yaeTcdA. BEINOIHUTE COOTBETCTBYIOINME PACUETHI
MOYKHO, JINIIb IIPMMEHAS COOTHOLIeHHe OJUHINTeHHA MEeXAY
Macco#l U SHepruei:

E = mc2. (13.3)

Tounenimue usMepeHUs Mace ALeP NOKA3bIBAIOT, UTO MACCA
nokos adpa M, ecez0a meHbvwie cymMMbL MACC 8XOOAUUX 6 €20
COCMA8 NPOMOHOE U HeMmPOHO8:

M,<Zm,+ Nm,. (13.4)
CymecTByeT, xak TOBOPAT, de(EeKT Macc: PasHOCTb MACC
AM =Zm,+ Nm, - M,

noJiouTesbHa. B uactHOCTH, Ns resust macca sigpa Ha 0,75%
MeHbIlIe CYMMBI Mace JBYX IIPOTOHOB U IBYX HeliTpoHoB. Coor-
BETCTBEHHO [JI TeJIds B KOJMYECTBE BellleCTBA OOUH MOJb
AM = 0,03 r.

YMeHnbpIIenue Macchl npy 00Pa3OBAHUU AAPA U3 HYKJIOHOB
O03HAYaeT, YTO LPHU 3TOM YMEHLIIAETCH DHEPIUA DTOH CHCTEeMbI
HYKJIOHOB Ha 3HA4YeHHe dHepruu csssu K :

E,=AMc*=(Zm,+ Nm, - M,) c. (13.5)

Ho xyna npu sTom mcuesaror sueprus E_, u macca AM?

IIpu obpasoBanuu sAapa U3 YacTHUI] HOCAETHUE 3a CUET AeH-
CTBUA AAEPHbIX CHUI HA MAJBIX PACCTOAHUAX YCTPEMJISIOTCH C
OTPOMHBIM YCKOpeHUEM APYT K Apyry. Usayuaemble Ipu 5TOM

CB

Y-KBaHTBI Kak pas obranaior sneprueil E ., u maccoit AM = —
¢

JHEPrus CBA3HM —— BTO IHEPrusi, KOTOPAasA BBIAEIAETCH IIPU
0o0pa3oBaHNH Allpa U3 OTAENbHBLIX UACTHII, © COOTBETCTBEHHO
9TO Ta dHEPrus, KOTOpasa HeoOXoAHMa AJs PacCIielJeHus Aapa
Ha COCTAaBJAIIINE ero JacTUILbL.

O ToM, KaK BeJIMKa 9HEPTUsA CBA3H, MOYKHO CYAUTH IO TAKO-
My npuMepy: ob6pasoBaHue 4 I rejius COIIPOBOKAETCS BbIIEJIE-
HHEeM TaKoOil XXe dHepruHu, 4TO U IPHU cropanud 1,5——2 Barouos
KaMeHHOTrO yIJid.

Basknyo umrdopManuo o cBOMCTBAX Afep COAEPKUT 3aBU-
CUMOCTb YOdenbHOoll dHepzul 843U OT MACCOBOTO umcja A.

Y nenbHo# 3Heprueil CBA3M HA3BIBAIOT DHEPTHUIO CBA3H, IIPHU-
XOAAIIYIOCA HA ONUH HYKJIOH sfpa. Ee ompegenswor skcuepu-
meHTanbpHO. M3 pucynka 13.11 xopomro BUAHO, YTO, He CUMTAA
CaMbIX JIETKUX fJep, yAelbHas DHEPrUs CBA3U NPHMEpPHO MO-
crosAHHA U paBHa 8 MaB/HyKI0H. OTMETHM, YTO S3HEPTUA CBAZH
JIEKTPOHA U A7pa B aTOME BOAOPO/a, PABHAS SHEPIUH MOHUBA-
Mu, IOYTH B MUJIINOH Pa3 MeHbIle 9TOTO 3HAUYeHMA. KpuBas
Ha pucyHke 13.11 umeeT c1a6o BIpaKeHHBIN MakcuMyM. Maxk-
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CHMAJIBHYIO YAETbHYIO 2Hepruio ¢BaA3u (8,6 MaB/HyKJIOH) uMe-
IOT 2JIEMEHTHI ¢ MaccoBBIME uncyamu ot 50 mo 60, T. e. Keaeso
U GJN3KMe K HeMY 10 HNOPAAKOBOMY HOMeEDY dJeMeHTHI. flapa
3THUX HJIEeMeHTOB HauboJiee YCTOMYUBEI.

V ramesbIX Afep yleJbHAS JHEPrusa CBA3M YMeHbINaeTcHd
3a cyeT BO3pacTamonieil ¢ yBeianueHUeM Z KYJOHOBCKOU dHep-
FUH OTTAJIKUBAHHUA NpoToHOB. KyJIOHOBCKUE CHJBI CTPEMSATCH

pasopBaThb AAPO.

YacTHubl B Afpe CHJIBLHO CBsI3alibl JIPYT ¢ IPYTOM. JHEpPrus
CBA3M YACTHUI] OIpeneaercs 1o JedeKrTy macc.

1. UYTo Ha3bIBAIOT IHEPIrHMeH CBA3M sapa!
? 2. Mouemy sApPO menu Honee YCTOMYHBO, YeMm SAPO ypaHa!
]

§ 106 SNEPHBIE PEAKIINH

AToMHBIe fApa IpHA B3aUMOAEHCTBMsIX WCIILITBIBAIOT IIpe-
BpallleHus. ITHU IPEBPAIEHUs COIPOBOMKAAIOTCH yBEJIUIEHHU-
eM WJIM YMeHbHIEHMEeM KWHEeTHYECKOU 3Hepruyu yuyacTBYIOMIUX

B HHX YacTHII.
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Jl1epHBIMM peaKUMAMM HA3BIBAIOT WU3MEHEHHUS ATOMHBIX
A/\Cp LIDU B3AUMOJENCTBUM UX C 3JI€MEHTADHBEIMHE YaCTUIAMU
Wi apyr ¢ apyrom. C npumepamMu sAAepHBIX pearkiuil BB
yre osHaxomMuiucek B § 103. fnepubie pearkuuu OPOUCKOIAT
KOr'Zla 4aCTUIbl BIVIOTHYIO NPUGIMIKAIOTCA K AAPY U HOHa/:[aZ
10T B cdepy neHcTBUs sigepHBIX cui. OnHOMMEHHO 3apAKeH-
HbI€ JaCTUIBI OTTAJKHMBAIOTCA APYT OT gpyra. ITostomy cGu-
KEHNE IIOTONKUTENbHO 3aPAKEHHBIX YaCTHUI ¢ sapaMu (wau
FAep APYr C APYTOM) BO3MOXKHO, €CJIHM 9TUM YacTHLAM (WJIu
AApaM) coolbIleHa NOCTATOYHO GOJIBINAA KHHETHUECKAS 9HEp-
Tud. JTa SHEepPrus CooblIaeTCas MPOTOHAM, anpaM nefitepus —
AGUTPOHAM, O-4acTUIAM ¥ APYruUM 0ojiee TSKeTBIM AApaM C
HOMOIIBIO YCKOPHTeJeH.

s ocymecTBieHNS ARePHBIX peaxkuuii Takoit MmeTo/ ropas-
Ao adexTUBHEE, YeM MCIONL3OBAHME fAIEp rejiisd, UCIycKae-
MBIX DAaIMOaKTUBHBIMU dJIeMeHTaMu. Bo-nepavix, ¢ moMompio
YCKODHUTEJIEN YaCTUIIAM MOKET ObITH COOOIIeHa SHePI U IOPS/-
ka 10° MsB, 7. e. ropaszao Gonbmias TOH, KOTOPYIO HUMEIOT ((-4ac-
THIOE (MaKcuMaabHo 9 MbaB). Bo-emopvix, M0OXHO MCHOIB3O-
BaTh IDOTOHEL, KOTOPBIE B IpOIlecce PAIHOAKTHBHOIO paclana
He IOABJIAIOTCA (9TO 1esecoobpasHo IOTOMY, YTO 3apsAl IpoTo-
HOB BABOE MEHbIIE 3apALA 0-YaCTHI, U [IOITOMY AeicTBYIOman
Ha HUX CHJIa OTTATKUBAHNA CO CTOPOHBI ALEP TOXe B 2 pasa
MeHbIle). B-mpembux, MOXHO YCKOPUTE Axpa bosiee TAMKeIbIe
yeM Apa rejaus. ’

ITeppasa sinepuas peaxkuusa ma OBICTDBIX TpPOTOHAX 6bBLIA
ocymecTtsiena B 1932 r. Ypanocs pacmenuts auTuii ma aBe
O-9aCTHUIIEL:

jLi+ {H — iHe + He.

Kax Bummo ms ¢ororpadpum rtperor B Kamepe Buakcona
(puc. 13.122, Afpa reJusd pas3jeTaloTCA B DPa3HBIE CTOPOHBI
BAOJIE ONHON NPAMOM COIJIACHO 3aKOHY COXPAHEHUA MMIIYJIbCA
(MMIIyJIbC IPOTOHA MHOTO MeHbIe HMITYyJIbCa BO3SHUKAIOIINX
(X-4acTHIl; Ha (poTorpaduy TPEeKH IPOTOHOB He BUIHBI).

E)Hepre'rnqgcmnﬁ BBIXOQ ANEPHBIX peakuMii. B onucaunoii
BBIIIE A/NCPHON DEAaKIHMM KHHETHYeCKas BHEPIHA ABYX obpa-
SYIOIIUXCA A/leD reusA OKasanach 60JIbIle KUHETUYeCKOH 9Hep-
Iy BCTYIUBIIETO B PeaKIUI0 NporoHa Ha 7,3 MsB. IIpespa-
HMi€Hne fAxep CONPOBOXKAAETCA HU3MEHEeHWEeM WX BHYTpPeHHeN
9Hepruu (sHeprus cBs3u). B pac-
CMOTPEHHO! PeakIuu yaeJbHas
OHePIruA CBA3U B AIApPAX TeIus
Gonbile ynenbHON sHeprum CBA-
31 B aape autud. [Tosromy uacts
BHYTDEHHEH DSHEPruu sapa Ju-
TUSA IIpeBpalllaeTcsa B KUHeTHYe-
CKYIO 5HEPrHI0 Pa3jeTalon|uXCcs
Puc. 13.12 -4acTuIl.

310

V3meHeHHe sHeprum CBA3H sifiep O3Ha4aeT, UYTO cCyMMapHas
PHepPrus IOKOA YYaCTBYIOIIMX B PeaKIMAX AJep M YAaCTHL[ He
ocTaeTcsi HeM3MeHHOH. Beip oHeprusa mokos sapa M,c® co-
riiacEo dopmyde (13.5) HemocpeACTBEHHO BBIpaKaercs udepes
DHEPruIo CBA3U. B COOTBETCTBHHU € 3aKOHOM COXPaHeHUs dHep-
MU U3MEeHeHUe KUHeMUYeCKol IHepzuu 8 npouyecce s0epHoil
PeaKyulu pasHO U3BMEHEHUI JHepZUlU NOKOA Yiacmeyruux
8 peaxyuu sadep u 4acmuy.

OHepreTHYeCKUM BBIXOJOM SLIePHOIl peaKnuM Ha3bIBAeTCs
Pa3HOCTH SHEPruil MOKOoA Alep W YaCTHUI[ 4O PeaKkIuu M I10cJe
peaxnuu. CoriacHo BBHIMIECKAZAHHOMY 9HEPreTH4YeCKUH BBIXO0/L
ANEePHOH PpeaKIUM paBeH TaKyKe N3MEHeHHUIO KHUHeTHYECKOH
SHEPIUM YACTHUII, YIACTBYIOIINX B PEaKIlUH.

Ecam cymMapHas KMHeTHYeCKasd DHEPTUA silep U YacTHIl I10-
cJle peakiuy GoJabIile, YeM JO PeaKIIUH, TO I'OBOPAT O BbLAese-
HUU SHePruu. B IIPOTHBHOM cliydae PeaKIMA UAEeT ¢ MOTJIOoLIe-
HUeM oJHepruu. HMMeHHO Takad peaknuA OPOHMCXOAWT UPHU
fombapaupoBKe asora (-uacrumamu (cm. § 103). Hacts kune-
THuecKoH sHepruu (mpumepso 1,2 - 108 aB) nepexozur B mpo-
1ecce 9TOH peaxkIMU BO BHYTPEHHIOI JHEPTHIO BHOBbL 00paso-
BaBIIIETOCH AAPA.

Brizensomaiaca OpH AAEPHBIX PEaKIIMAX 9HEPIUusa MOXKET
65ITh OrpoMHOI. HO MCnoIb30BaTh €e IPU CTOJKHOBEHUAX YCKO-
PeHHBIX JacTu, (UJIHU sifep) ¢ HENOABUXHBIMHU AAPAMU MUIIEHHU
OPAaKTHYECKH Hesb3si. Benb 60sbIIasg 4acTh YCKOPEHHBIX 4Yac-
TUI] IPOJeTaeT MUMO SAep MUINeHN, He BHI3LIBAA DEaKIIUIO.

finepHble peaknuu Ha HeldTpoHax. OTKpPBEITHE HEWTpPOHA
OBLJI0O IIOBOPOTHLIM IIYHKTOM B HMCCJIE€NOBAHHM AACPHBIX PeaK-
nuii. Tak KaK Hel'TpoHbB! He UMEIOT 3apsifa, TO OHH OecHperndr-
CTBEHHO IPOHHKAIOT B ATOMHBIE AJPa U BEI3BIBAIOT UX M3MEHe-
Hug. Hanpumep, HaOiojjaercs cieqyionas peaklusd:

27 1 24 4
AL+ §n > {iNa + ;He.

Beawkuil UTAIbAHCKUK (Pusuk JHPpUKO DepMU IepBLIM

HaYaJ U3yYaTh PEaKIuM, Bbl3biBacmbie HeiiTpoHaMu. OH oOHAa-
PYKII, 4TO ANEPHBIE IPEBpalleins 0DYCIOBIEHB He TOJIBKO
OBICTPBIMU, HO U Me[JIeHHbIMU Helrponamu. [pudem st men-
JIeHHbIe HeUTPOHBI OKA3BIBAIOTCSH B OOJILITMHCTBE CIyYaeR axe
ropasno 6osee adPekTUBHBIMU, YeM Onicrpbie. TosTomy ObICT-
pble HeUTPOHBI meaecoodpasHo IIpPe/BAPHTEILHO 3AMC/UIATH.,

BaMmenjgeHue HEMTPOHOB O TEILJIOBBIX CKODOCTCH IIPOMCXOAUT
B OOBIKHOBEHHOM Boze. ITOT 3dderrT oibsicHseTest TeM, 4YTo
B BOJE COJEPKUTCHA OOJBIIOe UHCIO si/ICh BOJAOPOAA — IIPO-
TOHOB, Macca KOTOPBIX IIOUTU paBHaA Macce neitrponos. Creno-
BaTeJbHO, HEHTPOHBI IOCJE COYAAapPeHUI JBHUIKYTCH CO CKOPO-
CTBHIO TeILJIOBOIO ABMiKeHUsi. [IpM [eHTpaJlbHOM COYyAapeHuu
HeHTPOHA C NOKOAIMMCSI IPOTOHOM OH 1ieJINKOM Iepefaet po-
TOHY CBOIO KMHETHYECKYIO 3HEpruio.
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Peaknuwm, B KoTOpBIE BCTYNAIOT aTOMHEBIE AApa, OYEHD pas-
HOOOpasHEl. HelTpOHLI He OTTAIKUBAIOTCS AAPaAMHU U IIO3TOMY
0c06eHHO 2()PeKTHBHO BHISBIBAIOT IPEBPAILCHUA anep.

1. O6wnscHuTe, Mcnonb3ys pucyHok 13.11, nouYemy Npu SAEPHOH peaKLiMm
? JLi+ JH— 4He + JHe 3Heprus Me nornowgaercs, a BbijensieTcA.
® 2. YTO Ha3bIBAIOT SHEPreTHYECKHM BLIXOAOM ALEPHON peaKLmm}

3. B yem rnasHOe OTNMuUME SAEPHBIX PeaKuMii Ha HEHTPOHAX OT apep-
HbIX PEaKLMi, BbI3bIBAEMbIX 3aPSHKEHHBIMM YacTHLaMM}

§ 107 JEJIEHHUE SAIOEP YPAHA

JeInThCs Ha YACTH MOTYT TOJIBKO S[pa HEKOTODBIX THMKe-
JbIX dnementoB. Ilpm nememmm szep MCHycKaoTCA gBA-TPH
HEUTpPOHAa U Y-iyuu. OAHOBPEMEHHO BBIAEISeTCH GOJNbIIAS
9HEpIru-.

OtkpbrTe genenns ypana. [leenue agep ypana 66110 OTKPBI-
T0o B 1938 r. Hemenkumu yuensiMu O. Tamom u @, Il v pacec-
MaHoM. OHu ycTaHoBMIM, YTO IIpU 6OM6GAPAUPOBKE ypaHa
HEUTPOHAMM BO3HUKAIOT dJeMeHTHI CPemHel dacTu nepuogu-
YeCKOU CUCTeMBI: Gapuil, KpUIToH u ap. OxHAKO IpPaBUJLHOE
HCTOJIKOBaHME DTOro (haKTa UMEHHO KaK AeJleHUA ALpPa ypaHa,
3aXBaTUBIIEro HEUTPOH, OLIIOC AaHo B Hauajge 1939 1. auTIumii-
CkuM busukom O. PpunieM COBMECTHO C aBCTPUIACKUM (DH-
sukoM JI. MefiTHepomM.

3axBaT HeATpoHA HapyITdeT cTabuaIbHOCTD aapa. dapo Bos-
GykaaeTca U CTAHOBUTCA HEYCTOWYUBBIM, UTO NPUBOIUT K €ro
ACJIEHUIO Ha OCKOJIKHU. [lesieHne Anpa BO3MOKHO IIOTOMY, YTO
Macca IOKOS TsMKeNOoro Anpa 06o0Jiblle CYMMBI MACC MMOKOS
OCKOJIKOB, BOBHMKAIOIIUX IPU AesleHnu. [loaToMy mpoucxomut
BbIJIeJIEHVIE DHEDPINY, DKBUBAJIEHTHON yMeHbIIEHUIO MAaCChl IIO-
KOsI, COIIPOBOMJAIOILIEMY HeJIeHue.

BosmoHOCTE HesleHUs TAMETBIX SIep MOMKHO TAKiKe 00b-
SICHUTD C ITIOMOIIBIO IpPadKa 3aBUCUMOCTH YAEILHON sHepruu
CBA3K OT MaccoBoro uucaa A (cm. puc. 13.11). Vaeabnas sHep-
U CBA3HU AJlep aTOMOB 3JIEMEHTOB, 3aHUMAIOIINUX B IePHUOAUYE-
CKOH cucTeMe mocaeguaue Mecra (A =~ 200), npumepro Ha 1 MaB
MeHbIIIe y/ieJIbHOW 9HEePIUH CBABH B SAPAaX 2JIeMEHTOB, HAXO/Ls-
IMUXCA B CepefirHe Ilepuoandeckoi cucremsl (A ~ 100). ITosTto-
My nponecc neJleHus TAMKeNbIX Alep Ha alpa SJIeMeHTOB cpef-
Hell 4acTH MEePUOAMYECKON CHCTEMBI ABJISETCS SHEPreTHYecKU
BbIrOLHBIM. CHCTeMa IOcje [esIeHHS MePeXOAUT B COCTOSHME
¢ MUHHUMAJIbHOU BHYTpPeHHe#l sHeprueii. Benb, uem 6oabIme
OHepTusa CBA3M ALpa, TeM 00JIbIIasa DHePTrUs JOLKHA BEIAEIATD-
¢#1 11D BOSHUKHOBEHHUM SApa U, CAEJOBATEIBHO, TEM MEHDLIIIe
BUHYTPeHHAs dHeprusa o6pasoBasillelics BHOBh CHCTEMEL.
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Ilpn penenun simpa sHeprus
CBA3U, INPUXOAANIASACA HA KaK-
ABINl HYKJIOH, YBeJHMYMBAETCS Ha
1 MsB u ofmas BbIjegdmonascs
9Heprus JOJKHA OBITh OTPOMHOM —
nopsaka 200 MsB. Hu npu Kakoi
APYyro# AfepHOH peaKIuu (He ¢Bs-
3aHHOU C JeJeHHeM) CTOJb 00Jib-
HINX YHEPrui He BBLIJEJIAETCH.

HemocpezcTeernnbie m3MepeHus
9HEPIruM, BBIAEJIAIONENcH 1pu ge-
JeHuu sapa ypasa 233U, nojreep-
AN OPUBENEHHBIE COOODIKCHUA  pyc. 13.13
u panam 3HaueHue ~200 MoB. [Ipu-

geM O0abITAA YacTh 9T0H onepruu (168 MsB) npuxogurcsa Ha
KMHEeTUUIECKYIO 9HepTHIo ockoakoB. Ha pucynke 13.13 BBI BU-
JUTe TPEKH OCKOJIKOR JIC/IIEI0CA YypaHa B KaMepe BuiascoHa.

Beigensromasncs 1pu JICACHUNA SApa SHEPrusa UMeeT 3JIeK-
TPOCTaTHUYECKOe, a HEe sCpHOe NPOUCXOXKAeHNEe. BoIbIias K-
HeTUYeCKAsA HHEPrHsl, KOTOPYK HMEIOT OCKOJKH, BO3HUKAET
BCJEACTBUE UX KYJOHORCKOIO OTTATKUBAHUSA.

Mexanuam aenenns siipa. [Iporecc gesreHusa aTOMHOrO Sapa
MOXXHO OOBACHUTH Hil 0CHOBE KaneJbHO# Mogenn aapa. Coriac-
HO 9TOH MOJEeNH CI'ycrok HYKJIOHOB HAallOMUHaeT KaOeJbKy 3a-
pAMKeHHON sxuaxkocrn (puc. 13.14, a). fAnepuble cuiabl MexIy

HYKJIOHAMHU SABJAIOTCH KOPOTKONEHCTBYIOIINMHU, MOLOBHO CH-
JaM, AeHCTBYIOIMUM MCK/ly MOJeKyJaMu Kuaxoctu. Hapary

¢ OONBIIMMHU CHUJIAMU HJICIKTPOCTA-
THYECKOTO OTTAJNKHUBAII MY
IIPOTOHAMU, CTPEMAIIHMHC S PA30-
pPBaTh AAPO Ha YacCTH, JNCHCTBYIOT
eie OOMBINTHE SAAEPHBIC CHIILI [IPU-

TAXKEHUA. ITU CHUJIBL YACPHLHBALOT
AOpPO OT pacnaja.

Anpo ypana-235 umeer gpopmy
miapa. IlorsoTus AUIMHUE HelTpO,
OHO BO30YXKJaeTcA M HAYUHACT -
¢dhopMHpOBaTLCS, HIPUOOPETAA BLITs-
HYTYy10 hopmy (puc. 13.14, 6). Anpo
Oynmer pacTArmBaTbCH A0 TeX IOp,
TIOKa CUJBI OTTAJKUBAHUA MEX Y
TMOJIOBUHKAMH BBITAHYTOI'O SAApPA
He HAYHYT NpeobafaTes Haj CUJja-
MU IPUTHMKEHUsI, TeHCTBYIOIHMHU
B nepemnieiike (puc. 13.14, g). Ilo-
cJle 3TOI'0 OHO pa3phiBaeTcA Ha IBe
gactu (puc. 13.14, 2). Ilog meitcr-  Puc. 13.14
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BUCM KYJIOHOBCKHX CHJI OTTATKUBAHUA BTH OCKOJIKM pasjiera-
I0TCSI CO CKOPOCThIO, paBHOU 1/30 cropocTu csera.

Hcenyckanne HeHTPOHOB B mpouecce meneHusa. OyHpaMeH-
TANbHBIN (DAKT ANEPHOTO JeJIeHUs — MUCIYyCKaHMUe B IIpPOIec-
ce nejieHUA ABYX-Tpex HelTpoHoB. Mmenno Gaaromaps sTomy
0Ka3aJIoCh BOZMOYKHBIM IPAKTHUECKOE UCTTOJIb30BAHUE BHYTPH-
AJNEPHOU SHEPTUH.

HouaTh, MOYeMy IPOUCXOAUT HUCIyCKaHWe CBOOONHBIX Heli-
TPOHOB, MOXXHO UCXOAd U3 CJeAVIOIMuX coobparennii. U3sect-
HO, YTO OTHOIIEeHNEe YUCJIA HeHTPOHOB K YHCJY IIPOTOHOB B CTa-
OMIBHBIX AApPaxX BO3pacTaeT ¢ MOBLINIEHHEM aTOMHOI'O HOMepa.
IToaToMy y BOSHUKAIOMIMX MIPU JeJIEHUH OCKOJIKOB OTHOCUTEIb-
HO€ YMCHO HeHTPOHOB OKA3bIBAETCA OOJNBINNM, YeM BTO JOIyC-
TUMO AJA sJep aTOMOB, HaxXOASAIIUXCS B cepeAuHe TaBJIHUIBI
MenneneeBa. B pesyiabraTe HeCKOJBKO HeHTPOHOB OCBOGOKIA-
eTCsA B IIpollecce JejieHUs. VX sHeprusi uMeeT pasiuyHbIe 3HA-
YeHHA — OT HECKOJbKHUX MUJIIUOHOB 3JIEKTPOH-BOJBLT A0 CO-
BCEM MAaJbIX, OMM3KUX K HYJIIO.

Henenune o6LIYHO IIPONUCXOAUT HA OCKOJKH, MACCHI KOTOPBIX
OTJIMYaloTCA npuMepHo B 1,5 pasa. OCKOJKM 3TH CHJIBHO pa-
AVNOAKTHUBHEI, TAK KaK CONEeDKaT U30LITOUHOE KOJIUUYeCTBO Hell-
TPOHOB. B pesyibTaTe cepum IocienoBaTeJbHBIX [-pacmazos
B KOHIle KOHIIOB IOJIYYalOTCA CTabuabHbIE U30TOIHI.

B zakmodyenue oTMeTHM, UTO CYI[ECTBYeT TaKKe CIIOHTAH-
HOe neaeHue snep ypaHa. OHO OBLIO OTKPHITO COBETCKUMHU (PU-
sukamu I'. H. ®nepossim u K. A, Ilerpxxaxom B 1940 r. Ile-
puoj moJiypacnajga Ajif CIOHTAHHOTO HejeHnd paseH 10!6 jer.
JTo B ABa MUJIMOHA pa3 0ojiblne Mepuo/a IoJypacnaga IpH
O-pacnaze ypasa.

Peaxkuus pmemenusi sigep CONPOBOMKIAETCS BbIeJIeHUEM
DHEPrUH.

§ 108 IEITHBIE SJEPHBIE PEAKIIUM

ITpu nenenun axpa ypaHa 0CBOGOKAAIOTCA ABA-TPH HeHTPO-
Ha. JTO IIO3BOJSAET OCYIECTBAATH LEIHYI0 PEaKINI0 JeleHUA
ypaua.

JI1060if 13 HeHTPOHOB, BBHIIETAIOUIMX W3 sApa B Ipollecce
JleieHust, MOMKeT, B CBOIO oUepelb, BHI3BATD JeJEHUEe COCEeAHEro
NJipa, KOTOPOe TakKyKe HCIyCcKaeT HEeHTPOHLI, CIOCOOHBLIEe BEI-
3BaTH NaJdbHeWIllee meneHue. B pesyapTare UmcIo TeNAINXCA
silep o4eHb OBICTPO yBeJIMUYMBAeTCHA. BO3HUKAET IenHasa peax-
st SimepHoil menHoi peakuuel Ha3LIBAETCS PEAKIIUA, B KO-
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TOPOM 4YacTHIbl, BBI3bIBalOIIUe ee (HEHUTPOHBI), 00pa3yiOTCH
KaK TPOAYKTHI 9TOH pPeaxIiuu.

IMennas peaxkiius COITPOBOXKAAETCS BbiJeJIEHUEM OTpPOMHOIT
sHepruu. llpu geneHUM KaKAOrO AApPa BBIAENAETCA HHEPIrus
okoJio 200 M»sB. Ilpu noaHoM ke JejieHUUM BCeX sALEp, MMelo-
muxca B 1 r ypana, Beifensercs sHeprua 2,3 - 104 kBt - u. D1o
SKBUBAJICEHTHO DHEPIrUM, [OJIy4aeMOU IIPU CTOPAHHUU 3 T yIis
unum 2,5 T HedpTHU.

Ho anst ocyurecTBIeHUA IeNHONW PeaKIUM HEJIb3sS HCIOJb-
30BaTh JO0BIe Anpa, Aeasinuecs ToJ BIUSHUEM HeHTPOHOB.
B cuny psaga mpuuMH M3 AOep, BCTPEUAIOIIUXCA B IPHUPOe,
MIPUTOAHLL JIHIL SIApa M30TOIa ypaHa C MAacCOBBIM YUCIOM
235, 1. e. 25U.

Hsoronsl ypana. EcTecTBeHHBIH ypaH COCTOUT B OCHOBHOM
us nByx maoronos: 235U um 2 U. Ho msoron 233U cocrasaser
Bcero 1/140 gomto ot Goslee pacnpocTpaHeHHoro uzorona 235 U.

Snpa 253U pensrcs mon BAUsSHNEM KaK ObICTPBIX, TAK U MeJ-

JIeHHBIX HeUTPOHOB. flapa »xe 235U MoryT genurTbes JUILb O],
BJIMAHNEM HEUTPOHOB ¢ 9Heprueul 6osiee 1 MaB. Takyio sHepruwo
uMeroT npuMepuo 60% HeATPOHOB, HOABAAIOOIUXCS IPH Aese-
Hur. OZHAKO IPUMEPHO JUIIb OAUH HEHTPOH U3 IISATH IIPOU3BO-
nut genenue 255 U. OcTajbHble HEHTPOHBI 3aXBATHIBAIOTCSH 3TUM
M30TOIIOM, He IIPOU3BO/IA NejleHnsi. B pe3yabTare 1enHasa peak-
IUA C UCHOJb30BAHUEM UMCTOTO u3orona 253 U HEBOBMOKHA.
Koadduunenr pasmHOKeHMS HEHTPOHOB. [lna TeueHus
HeNHON peaKIilMu HET HeOOXOAMMOCTH, YTOOBI KaK AL HeMTPOH
00a3aTeJIbHO BBEI3BIBAJI JlesieHue aapa. HeobxoamMo JUIIE, YTO-

6B1 cpegHee YKCJIO OCBOOOIKAEHHBIX HEITPOHOB B IaHHOI Macce

ypaHa He YMeHBIIAJIOCh ¢ TeueHnueM BPpeMeHH.

ITO ycJaoBHe OyAer BLIIOJHCHO, eCJIU Koadguuuernm pas-
MHOMCEHUSL HellmpoHos k Gosbiie wiu pases eguauiie. Koad-
(pUMIUMEeHTOM Pa3MHOMKEHHMA HEHTPOHOR Ha3bIBAIOT OTHOLIEHUE
YypcJia HEHTPOHOB B KAKOM-JIU0O « TOKOJICHHH» K YHUCJTY HEHUTPO-
HOB IPEJIIECTBYIOIIETO «IIOKOJeH s . 110/ C(MCHOHN «ITOKOJIEeHTH »
HOHMMAIOT JeJIeHue fAlep, IPU KOTOPOM HOINIONTAIOTCH HeUTPO-
HBI CTAPOTO «MOKOJEHUA» U POXKAAITCS HOBLIC HECHTPOHDI.

Ecau k 2 1, To unca0 HEATPOHOB YBCJAMUIIBACTCS ¢ TCUEHU-
eM BPEMEHHU HJIN OCTAETCSH IIOCTOSTHHBLIM, W ICIIHAs peakliusd
uget. Ilpu k£ < 1 uncio HEHTPOHOB yOBIBACT H [CIIHAS PDEAKIIASA
HEBO3MOJKHA.

Koaddunuent pasMHOKEHUS ONpeiessicrest HeTblpbMs (Pak-
TaAMH:

1) 3axBaTOM MeAJEHHBIX HEHUTPOHOB sigpamu “35U ¢ mocie-
AVIOIIAM JeJleHHeM M 3aXBATOM OBICTPBIX HEUTPOHOB AApamMu
280U n 2B U rTaroke ¢ HOCIEAYIOLUM AeJIeHUEM;
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2) 3aXBaTOM HEHTPOHOB AApaMU ypaHa 0e3 JeJTeHUsd;

3) 3axBaTOM HEeHTPOHOB HPOAYKTAMH AeJeHUA, 3aMeRJIuTe-
geM (0 HEM CKa3aHO MAJbIie) 1 KOHCTPYKTHUBHBIMH 3J€MEHTA-
MM YCTAHOBKH;

4) BHIJIETOM HEHUTPOHOB U3 HEJISIIErOocHd BeIlllecTBa HAPYKY.

JInitie mOepBBIN IIPOIECC COIIPOBOMNKIAETCA YBeJIHUYEHHUEM
yuciaa HeATPoHOB (B OCHOBHOM 3a cuer aesnenus 253U). Bee
OCTaJbHBIC IPUBOAAT K NX yObLIu. llennasa peakius B YHCTOM
usorone 235U HeBO3MOKHA, TaK KaK B 9TOM ciaydae k < 1 (uuc-
JIO HeHTPOHOB, TMOTJONIAEMBIX AApaMu 0Oe3 JejieHUA, OOJbIle
YucJia HEeHTPOHOB, BHOBB 00pa3yloOiuXxcs 3a cuyeT [geJIeHUs
anep).

s cranMoHAPHOro TEYeHWs IeITHOW peaKnuu Koaddu-
IIUEHT PasdMHOMKEHUs HeATPOHOB JOJKeH ObITh paBeH exu-
HHIe. ITO PABEHCTBO HEOOXOAUMO HOAJEPyKUBATH C OOJBIIION
TOYHOCTHIO. ¥YiKe npu £ = 1,01 mouyru MrHOBEHHO NIPOU30HAET
B3DHIB,.

O6pa3osanue nayrouusn. Ba)kHoe 3HaueHUe UMeeT He BBI-
3LIBAIONIUY JeJeHUs 3aXBAT HeHTPOHOB AApPaMM M30TOIIA ypa-
Ha 238U. Ilocne saxBaTa oGpasyercs PafMOAKTUBHBLIA H30TOI
289U c¢ mepumomom mnoaypacunaza 23 muH. Pacmax mpoucxo-
AUT C UCIYCKAaHMWEM 3JIEKTPOHA M aHTHHEUTPHUHO (cM. c. 298)
¥ BOBHUKHOBEHUEM TIepPBOTO TPAHCYPAHOBOTO 3JIeMeHTa — Hen-
MmyHUuA:

73U — 23INp + e + JV,.

Henryuuii B-painoaKTUBEH ¢ HepPHOAOM IIOJYypACIaja OKO-
JIO ABYX nHel. B mpoliecce pacmaza HenTyHUA obpasyercs cie-
AVIOMKYA TPAHCYPAHOBBIN 3JIEMEHT — NJAYMOHUIL:

239 239 0 (13
s Np — “5iPu+ Je+ gv,.

IInyroHuit oTHOCHTEJABLHO cTabUJIeH, TaK KakK ero Iepuo mo-
Jaypacnafa BeJuK — mopagka 24 000 ner. Bamueiiiiee cBoii-
CTBO TLIYTOHHUS COCTOUT B TOM, 4YTO OH HEJUTCHA II0J BAUAHUEM
MeJJIeHHBIX HEATPOHOB, Tak ke Kak u usoron 235 U. IToaTomy
¢ ITOMOIIILIO IJIYTOHUA TaKyKe MOXKeT OBITH OCYIIIEeCTBJIEHA IIeIl-
Hasdg peakinsi, KOTOPasaA CONPOBOXKAAETCHA BhIJeJeHUEM IpoMaj-
HOH SHEpPruu.

IMenHas peaknus qeJeHUS BOZMOMKHA 0Jarogaps ToMy, 4TO
upu JIeJIeHUW sifep McIycKaeTcd ABa-TpU HeHTpoHa. Bombimasa
YACTh BBIAENAEMON JHEPTUY NPUXOAUTCA HA KUHETUYECKYIO
JHEPruio OCKOJIKOB HeJAIINXCS Smep.

1. OT 4ero 3aBMCHT KO3(MHLMEHT Pa3MHOIKEHHS] HEHTPOHOB!
? 2. Kakue M30TONbI ypaHa MCMONL3YIOTCA ANS OCYLLECTBACHMS LEnHON

e AAePHON peaKymm!

316

§ 109 AJEPHBLIA PEAKTOP

SAaepHbIM peakTOPOM Ha3bIBa- MenneHHbIN HCHTPOH

eTcsA yCTPOMCTBO, B KOTOPOM OCY-

IIEeCTBJISIETCA yIIpaBjadeMad peak- 235
NS JeSIeHus sAgep. chonox/ U \Ocm(mom
Anpa ypana, ocobeHHO sapa }#\
235 R

usotona 33U, Haubosee addex-
TUBHO 3aXBaTHIBAIOT MeJJIEHHbIE

- 3aMeIJINTENE
HeUTpOHbI. BepOATHOCTEL 3axBara PN
Me[JIeHHBLIX HeHTPOHOB C IIOCJe- MenieHHbIE HEUTPOHE!
OVIOIIUM JleIeHueM Afep B COTHU
paa b6oiabinte, uem OwnICTpPHIX. [lo-
3TOMY B ANEpPHBLIX peaKkTopax, pa-
GoTaroIuX Ha €CTeCTBEHHOM ypa-
He, HCHOJIB3VIOTCA 3aMeJIuTelNu
HENTPOHOB IJId MOBBIIIEHUS KO-
s¢hdunneHTa pPa3sMHOXKEHUS HeH-
TpouoB. [Ipoieccrl B AlepHOM pe-
aKTope cxeMaTuUuecKu musobpake-
Hbl Ha pucyuke 13.15.

OcHoBHBIE 2JIeMEeHTHI AAEPHOTO
peaxTopa. Ha pucynke 13.16 npu-
BeEeHA CXeMa »HepreTHYecKon
YCTAHOBKHY C SIIEPHBIM PEAKTOPOM.

OCHOBHBIMHU 3JIeMEHTaMHU SANEePHOTO peakTopa SABJIAIOTCH:
agepHoe ropiouee (53U, *3Pun ap.), sameninresnb HeTPOHOB
(Tsxxenas wan obbIuHAasi BoJa, TpaduT U ApP.), TEILJIOHOCUTENIb
IJA BBIBOJA dHepruu, obpaayioleiica npu pabore peaKTopa
(Boza, KUAKHUHM HATPUHN U /IP.), U YCTPOWCTBO JJsl PeryJupoBa-
HHUS CKOPOCTH peakmuu (BROJUMBIE B pabodyee MPOCTPAHCTBO
peaKTopa CTEepKHH, coleprialnne KaamMui wam 6op — Belre-
CTBa, KOTOPBIE XOPOIIO HOrNONa1oT eirpounl). CHapy»XH peak-

BricTpbie HEATPOHBI
1 1 1

S |\\

OCKOJIOK I \chonox

\ BricTpeie HEHTPOHBI
i t \

3amenaurenb

/oA

Puc. 13.15

TenmnonOoCUTENL Iap Typouna Denepartop

AnepHoe ropiouee
¥ 3aMeNJINTEND

F oot
Sosad |8 a%a ]
"o}

Perynupyroimue é
./4

CTEPIKHU ~_F
7

=

1oH13

pamuamun Bona  Kougemcarop

3amura oT / /

OrpaxaTtens ITaporeneparop

Puc. 13.16
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tepmu IHpuko (1901—1954) —

BENUKUIM MUTANbAHCKMIM (PM3MK, BHECLIMN 6GOonbuon
BKMaA, B PasBUTME COBPEMEHHON TEOPETHHECKON W
3KCNepuMeHTansHou usukn. B 1938 r. amurpupo-
san 8 CULIA. OpHospemenHo ¢ [upakom cospan
KBAHTOBYIO CTaTMCTUHECKYIO TEOPUIO INEKTPOHOB M
apyrux  dactmy, (ctatuctuka Bepmu — Oupaka).
Paspaboran KonMueCTBEHHYIO TEOPUIO p-pacnafa —
NPOTOTHI COBPEMEHHOW KBAHTOBOM TEOPHMH B3aMMO-
LeNcTBMs anemeHTapHbix Yactmy,. Cpenan psg dyH-
AAMEHTANbHLIX OTKPBITMI B HEMTPOHHOM husmKe.
Mon ero pykosoacteom 8 1942 r. snepsble Hbina
OCYWEeCTBIIeHa YNPaBnsemas sAepPHas peakuma.

TOP OKPY’KAIOT 3AIUTHOU 000JOUKON, 3afeprKuBaioieil y-us-
aydeHue u HelTpoubl. O00ONMOUKY HeiaioT U3 0eToHA C Keyes-
HBIM 3aII0JHUTEIEeM.

Jlyaumum saMelHTeNIeM SBASIETCA maxcenas eoda (cM.
§ 102). O6prunas BoJa caMa 3aXBaThIBAET HEUTPOHEI U IIpeBpa-
IIaeTCA B TAXKeNAYI0 BoAY. XOPOUIUM 3aMeIJINTEeJieM CUNTAETCA
TaKxe rpaur, AApa KOTOPOTO He MOTVIOLIAI0OT HEeHTPOHEI.

Kputnueckan macca. Koadpdpuument pasmaOKeHHS kB MO-
JKET CTATh PABHBIM eJUHNIE JUIIb DU YCIAOBUH, YTO PasMephl
peaKTopa u COOTBETCTBEHHO Macca VpaHa IIPeBbLIIIAT HEKOTO-
pble KpUTHYECKUe 3HaUeHUsA. KpuTHUecKkol Maccol Ha3blBaloT
HauMeHbIUYIO MacCy AeJsIerocs BellecTsa, IpU KOTOPO ele
MOJKeT IIPOTeKaThb LelHas sAJCPHAd PeaKkIlnd.

[Ipu ManbIX pasMepax CJAHUIKOM BEJIMKa YTedKa HeHATPOHOB
yepes3 HOBEePXHOCTL aKTUBHOMN 30HBI peakTopa (06beM, B KOTO-
POM DAacIoJIaraloTCs CTEPXKHU C YPAHOM).

C yBenuueHHEM pasMepOB CUCTEMbI YHCJIO Aep, YIACTBYIO-
IMUX B JeJIeHUM, PacTeT MNPOHOPIHMOHAJLHO OB'BEMY, & UHCJIIO
HEUTPOHOB, TePSAEMBbIX BCJIEACTEUE YTEeUKH, yBEeJIHUYHBAETCS
IPONOPIMOHANLHO IJIOIIAAN TOBepXHOCTH. I103TOMY, VBEIHIH-
Bad pasMepbl CHCTEMBI, MOYKHO JOCTHUYDL 3HAYEHUA Koadduiiu-
eHTa pasMHOXeHuA k = 1. Cucrema OGyner UMeTh KPUTHUECKUE
pa3Mephl, eClIi YHUCJI0 HeHTPOHOB, MOTePAHHLIX BCJIEACTBUE 3a-
XBaTa ¥ yTe4YKH, PABHO YHCJIy HEHTPOHOB, MOJYYEHHBIX B PO-
Iecce geneHnA. Kpurudeckue pasMepsl U COOTBETCTBEHHO KPH-
THYECKAs Macca OIPefeNAIOTCA THUIIOM SAePHOT0 I'OPIOYEro,
3aMe[JINTeNaeM U KOHCTPYKTHUBHBIMY OCOOCHHOCTAMHU PEarkTopa.

Hnsa uwmcroro (6e3 samexmnurtenst) ypana 233U, mmerorero
(popmy mapa, KpuTUdecKaa Macca npuMepHo pasta 50 kr. Ilpnu
5TOM PpaJinyc IIapa paBeH IIPUMEPHO 9 cM (ypaH oueHs THMXKeI0e
BemtecTBo). Ilpumenasa saMeanuTen HeHTPOHOB M OTPAMKAIO-
MY HeUTPOHBL 000JIOUKY U3 6ePUILINSA, YAAJIOCH CHUSUTE KPH-
THYecKyo macey no 250 r.
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Kypuyaroe Mropb Bacunbesmuy (1903—1960) —
COBETCKMU (DU3MK M OPraHM3aTop HayuHbIX uccne-
posanui, Tpuxael Iepon Coumanuctudeckoro Tpy-
fa. B 1943 r. Bosrnaensan HayuHble paboTbl, cBf3aH-
Hble C aTomHoM npobnemoi. oy ero pykosoa-
cteom 6Ebinu cospaHbl nepebid B EBpone aTomHbik
peaktop (1946) u nepsas coBetckas atomHas Bom-
6a (1949). PaHHne paboTbl OTHOCATCA K MccnepoBa-
HMIO CEerHETO3NEKTPUKOB, SOEPHbIX PEaKkuuH, Bbl-
3bIBAEMbIX HEHTPOHAMM, MCKYCCTBEHHON pPagmMoax-
TuBHOCTH. OTKPbIN CyULeCTBOBaHHE BO30YMBEHHbIX
COCTOsHUK AAEP C OTHOCHMTENbHO HOMbLIMM «Bpeme-
HEM KHM3HM».

YupaBsjeHre pPeakTOPOM OCYHIECTBAAETCS IIPU  [TOMOILIH
cTep)KHel, cofepiKaIux KaasMui uiau 6op. IIpu BuIABUHYTHIX
U3 aKTHBHOI 30HBI PeaKTOpa CTEeP:KHAX k > 1, a IpHU HOJTHOCTHIO
BABHHYTBIX CTePXKHAX k < 1. BaBuras crepKHUA BHYTPb aKTHUB-
HOIl 30HBI, MOXHO B JII000H MOMEHT BPeMeHU IPHOCTAHOBUTH
pa3BUTUE IEITHOW peaknuu. YIpaBJeHWe SAAePHBIMH PeaKkTo-
paM¥ OCYIIECTBJIAETCA AUCTAHIIMOHHO ¢ nomolnbio IBM.

PeakTopsl Ha ObicTpBIX HelTpoHaX. [TocTpoeHbl peakTopsI,
paboraroiiue 0e3 3aMeINUTeasA Ha ObICTPBIX HedTpoHax. Tax
KaK BepOsSTHOCTH JIeJeHUs, BEI3BAHHOTO OBICTPLIMU HEUTPOHA-
MU, MaJja, TO TaKHe pPeakTopbl He MOTyT paboTarTh Ha ecTecT-
BEHHOM ypaHe.

Peaknuo MOMKHO NOAJEPIKUBATE JHUIIL B 000ralljeHHOU cMe-
cu, cogeperaleil He Medee 15% wusoroma 235 U. IIpenmyniecTso
peaxkTopoB Ha OBICTPBIX HedTpPOHAX B TOM, 4TO HPH UX padbore
ofpasyeTrca 3HAUUTEIbHOE KOTUTECTBO IIYTOHNS, KOTOPKIi 3a-

TeéM MOMHO HCIIOJIB30BATHL B KavecTBe si/IEPHOTIO TOIMJIHMBA. It
PeaKTODPBI HA3bIBAIOTCHA pDCAKMOPDAMU-PDASISMHONUTMCHANIMU, TAK
KaK OHM BOCIIPOM3BOIAT JleJisilHiics MaTepitas. Crpodres pe-
AKTOPBI C KOIPPuyuenmom socnpouscodcmaa jo 1,5, Jro sna-
YUT, YTO B PEAKTOpe npu gejenuu 1 kr usorona “ii U nosyuaer-
ca po 1,5 Kr mayrouusa. B o6bIluHbIX pearcropax konpuiiHedT
BocmpousBoactea 0,6—0,7.

IlepBbie AmepHbie peakKTopbl. Brepouie i1enmnast sijgepHas
pearumnAa geneHus ypaua Obuia ocyriecrnicua i CHIA konnek-
THUBOM YUYEHBIX TOJ PYKOBOACTBOM JHpUKO (e pwmu B j1exad-
pe 1942 r.

B namreii crpane nepBbIE AZEPHBIN peakTop ObLI 3allyileH
25 pmexabps 1946 T. KOMIEKTHBOM (PU3IMKOB, KOTOPLIA BO3-

TJIABJASAJ HaIl 3aMedaTesJbHbIN ydennld WMropsr Bacunpesuu
KypuaTos. B HacTodallee BpeMs co3maHbl pasjidyHble THUIIBI
PeakTopoOB, OTIUYAIOIINXCSA APYT OT APYTla Kak I10 MOIIHOCTH,
TAK ¥ MO CBOEMY HA3HAUYEHUIO.
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B apepHBIX peakTOpax, KPOMe ANEPHOrO MOPIOYEro, HMeIoT-
¢A 3aMelJINTeJIb HeTPOHOB U yOPAaBJAIOIIME CTep:KHU. Buije-
JsgeMas 9HePTUus OTBOLUTCA TEILJIOHOCHATEJIEeM.

1. Yro Tarkoe xpurHyeckan maccal
? 2. Ans 4ero B aTOMHOM PEAKTOPE MCNOML3YETCH 3aMefNIMTens HeMH-
® TpoHoB!

§ 110 TEPMOAIEPHBIE PEAKIIUH

Macca nokos aapa ypaHa 60JbIIIe CYMMBI MACC TIOKOS OCKOJI-
KOB, Ha KOTODBIe gesurcd aapo. s Jerkux auep gexo o6cTouT
Kax pas Haobopot. Tak, Mmacca MOKOs AApa Tejiid 3HAUUTEIBLHO
MEHBIIIe CYMMBI MacC IOKOH JIBYX SIIED TAKEJI0ro BOJOPOAa, Ha
KOTODBIEe MOKHO Pa3AeJIUTh SAPO Ielund.

9TO 03HAYAET, YTO IPY CHAUSAHUM JIEMKUX SJep Macca NOKOA
YMEeHBINAETCH U, CJIEJOBATENBHO, AOJIKHA BBIAEIATHLCA 3HAYM-
TenbHAdA 9Heprua. Ilogob6HOro posa peakKnmuu CANAHUA JEeTKHUX
siiep MOTYT NPOTEKAaTh TOJBKO IIPU OYEeHL BBICOKMX TeMmIiepa-
Typax. IlosroMy OHM Ha3BIBAOTCH TEPMOSICPHBIMHU.

TepMosimepHbIe PeAKIHHM — 3TO PEAKIINU CANAHUSA JErKuxX
sAiiep IPU O4YEHH BBICOKOU TeMIepatrype.

Hna cananusa agep HeoOXOAWMO, YTOOBI OHU COIMBUINCH
Ha paccrosaHue 0koxo 1072 ¢m, T. e. uTOOBI OHM Tonanu B coe-
Py Ae#cTBUA AZEPHBIX CHJI. 3TOMY COJIHMMKEHUIO HPENATCTBYET
KYJOHOBCKOE OTTAJIKHBaHUE Alep, KOTOpOoe MOXKeT GhITh mpe-
OZIOJIEHO JHIIE 3a cueT 0OJbINOH KMHeTUYEeCKON 3HEePTrHuu Tel-
JIOBOT'O MBUIKEHUA sjlep.

JHeprus, KOTopad BBIAENAETCA IIPU TEPMOAAECPHBIX peak-
LHAX B pacyeTe HAa OAUH HYKJIOH, IIPEBBINIAET YASABHYIO SHED-
I'UI0, BBIAEIAIOMYIOCA IPHU IeNHBIX PeaKIUAX JeJIeHus sgep.
Tak, Opum cIMAHUM THMKEJIOTO BOAOPOIA — JeiiTepus — co
CBEPXTAYKEIBIM M30TOIIOM BOAOPOAA — TPUTHUEM — BBIJEJAET-
ca okoso 3,5 MsB va ogun myksaox. IIpu geneHun ke ypasa
BHIlenAeTcsa npuMepHo 1 MoB sHeprun Ha OZUH HYKJIOH.

TepmosagepHBIe PEAKIUN UTPAIOT GOJIBIIYIO POJIb B DBOJIIO-
nuu BeenerHoii. duHeprusa usnyuenua CoJHIA 1 3Be3] UMeeT
TepMosepHoe IpoucxosxaeHue. Ilo coBpeMeHHBIM IpejcTaB-
JeHUAM, Ha PaHHEW CcTajiuM DPasBUTHUS 3Be3a B OCHOBHOM CO-
CTOUT U3 Bogopoaa. TeMilepaTypa BHYTPH 3Be3bl CTONEL BeJIU-
Ka, UTO B Hell NPOTEKAaIoT PeaKIUM CIAUAHUA fAAep BOLOpoja
¢ obpasoBaHMeM Teand. 3aTeM IIPU CAUSHUM AJep rejaus obpa-
aylorest 1 bosiee TAMKeJIble 3JIeMEHTHI.
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TepmosazepHble peakiMu HUTPAIOT PEINAIONIYI0 POJb B 3BO-
JIOIHUHA XUMUYECKOTO COCTaBa BellecTBa BOo Bcesennoii. Bcee
3TH peaKIIu¥ COIIPOBOKAAIOTCS BHIJE€HUEM dHepPruu, obecie-
UMBAIONIeN M3JIyUYeHUEe CBETa 3Be3JlaMM Ha NPOTANKEHUU MUJI-
JINapJOB JIET.

OcyiecrBiieHre yIIPaBAsieMbiX TEPMOAAECPHBIX PeAKIIUIA HA
3eMJile CyJIUT UeJIOBEYeCTBY HOBBII, NPAKTHUYECKH Heucdeplae-
MbI¥ HCTOYHUK sHeprun. Haubosree IepecreKTHBHOMN B 9TOM OT-
HOIIEHUUW peaKHuel HBISETCS pPeaKIUa CAUAHUSA AeUTepus
C TPUTHUEM:

2H+ 3H — iHe + 2n.

B sroit peakun Bouigensiercsa sueprusa 17,6 MaB. ITockouab-
Ky TPUTHA B IPUPOJAE HET, OH JOJKEH BLIPAOATHIBATLCS B Ca-
MOM TEPMOAAEPHOM peaKkTope W3 JUTHUA.

JKOHOMHUUYECKH BBIT'OJHAS PeakIud, KaK IOKa3bIBAIOT pac-
4eThbl, MOMKET HATH TOJILKO NMPU HAarpeBaHWU pearupyoIinX Be-
MIECTB A0 TEeMIEPATYpPbl HOPAJKA COTEeH MUJIJIHOHOB KeJILBUH
upu GoJibioi miorHoetH Bemectsa (1014—101 gactum B 1 em3).
Takue TemmepaTypbl MOTYT ObITH B IPHUHIIUIIE JOCTUTHYTHI Y-
TeM CO3JaHHUA B IJIa3Me MOIIHBIX 3JIeKTPUUYECKUX PA3PAI0B.
OcHOBHAaf TPYAHOCTH HA 9TOM [IYTH COCTOUT B TOM, YTOOBI yAep-
JKaTh IJIA3MY CTOJIb BBICOKOH TeMIIEPATYPHI BHYTPU YCTAHOBKU
B treueHue 0,1—1 c.

Hukakue creHKM U3 BellecTBa 37eCh He IOLATCH, TaK Kax
IPH CTOJbL BBICOKOM TEMIepaType OHHM Cpasy e IMPeBPATATCS
B nnap. EAMHCTBEHHO BO3BMOXKHBIM ABJISIETCA METOM VACPHKAHUS
BBICOKOTEMIIEPATYPHOU MMJIa3MbI B OTPAHUYEHHOM o6beMe ¢ Io-
MOIIBIK OUYE€Hbh CHJIBHLIX MATHUTHLIX [oJei. OJHakKo 10 cux
IOp PelIUTh 3Ty 3ajady He YAaJoCh W3-3a HeyCTOWUMBOCTH
naasmbl. HeycrofiuuBocTnh HpusoguT K nuPys3un 4acTu 3aps-

SKEHHBIX YaCTHI CKBO3b MarHuTHLIC CTCHKH.

s yMeHBIIEHMSA HEOIHOPOHOCTH MarinuTHOrO MONdA,
MPUBOAAIIEH K M3MEHEHHIO KOHPUIYPAILUU 1LIASMCHHOIO CTOJI-
0a ¥ COOTBETCTBEHHO K €ro HeyCcTOHUMBOCTH, aKaACMHAKAMH
A. . Caxaposbim u . E. Tammom Ouiia upejnoixkena gpopma
MJIa3MEHHOT0 cToJI0a B BHIE TOPA, KOTOPAsl HCHOJAL3YETCH Ha
yCTaHOBKe, HadsIBaemMoil «Toxamak».

Ha sTo0i1 ycranoBke yaayoch IMOJNYUMTL IL1a3My TeMIepa-
typoit 1,3 - 107 K. Ograko npobieMa e¢ yjeprKaHUs elje He
pelieHa.

ITomumMoO sHEPreTHUECKOTO IPEenMyIec T, IPY TePMOAIep-

HBIX pPeaKIUAX He 00pasyrTcd pPagloOaKTUBIbIE OTXOLbI, T. €.
He HaJ0 pellaTh Npo0JieMbl 3arpA3HEeHUs] OKPYIKaIoIell cpeabl.

B nacrosmee BpeMsi cymiecTByeT YBEPEHHOCTH B TOM, 4TO
paHo WX MO3ZHO TEePMOAJEepHbIe PeaKkTopbl OYAyT CO3AaHBI.
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Ydensle Hamell cTpaHbl AOCTUIIU GOJIBIIUX YCIIEXOB B CO3M4-
HUM yIPaBJIAE€MbIX TePMOALEPHBIX peakuii. 3Ty paboTsl ObIIN
Ha4yaThl IOJ, PYKOBOACTBOM akKajgeMukos JI. A. Apumumosuya
u M. A. JleoHTOBNYA U IIPOJOJIKAIOTCA UX YUCHUKaAMMU.

IToxa ke ymaJioCh OCYIIECTBUTE JIUIIL HEYNPaABAAEeMYIO pe-
aKyuw CUHTEe3a B3PHIBHOTO THUIA B BOAOPOAHON (MM TepMo-
AgepHOi) 6oMOe.

OcyiiecTBIEHNE VYHOPABAAEMBIX TEPMOSAEPHBIX pearkiui
CIIOCOOHO PEeITNTh YHEPTeTHYEeCKYI0 HpobiieMy 4YeJIOBEYeCTBAa.
HeynpaBnsemsble TepMOAepHEIE PEAKIIUKU B BOAOPOLHBIX GOM-
0axX MOT'YT YeJOBEUECTBO YHUUYTOMKHUTD.

1. Moyemy peaxuMs CNMAHMA NErkMX SAep NPOMCXOAMT TOMBKO MPM
? OYEeHb BbICOKMX Temneparypax!
® 2. Kak OGBACHHTB C TOYKM 3PEHMA 3AKOHA COXPAHEHMS IHEPIHM, YTO

3HePrMA BbIAENNETCH KaK NPM [JeneHMu TSHKENbIX sfep, Tak M npu
CAMSHMK nerkux spep!

§ 111 TPUMEHEHUE AJAEPHOH SHEPTUHU

IlpuMmenenve anepHOHM SHepPruu s IIpeoOPA30BaHUA ee
B 3JIeKTPHUUYECKYIO BIIePBbIe OBIJIO OCYIIIECTBJIEHO B HAIIIel cTpa-
He B 1954 r. B r. O6HuHCKe ObLJIa BBeJeHA B AeiicTBUe IIepBas
aromHada anekTpocranuusa (AIJC) momiHocTeio 5000 KBT. JHeEp-
TUdA, BBIJEJNAOIIAACA B ANEPHOM peaxKTope, HCIOJb30BaJAaCh
AJA TIpeBpaIeHus BOABI B Nap, KOTOPBIM Bpalljajl 3aTeM CBS-
3aHHYIO C TeHepaTopoM TypOuHy.

PasButue agepuoit suepreruku. Ilo Takomy ke IPpUHIUIY
JeMICTBYIOT BBeJeHHBIE B sKciyaranuio HoeBoBopoHe:kcKas,
Jleunurpaackasa, Kypcras, Koasckaa u apyrue AJC. Peaxto-
PBI 2TUX cTaHUU} uMeroT MomiHocTe 500—1000 MBr.

AToMHSBIE 9JIEKTPOCTAHIUT CTPOATCS IIPEXKIE BCEro B €BpO-
nedfickoii 4acTu CcTpaHbl. ITO CBA3AHO ¢ npeumylecTsamu ADC
IO CPABHEHUIO C TEIJIOBEIMU 3JIEKTPOCTAHIIUAMMU, PAbOTAOILA-
MU Ha& OpTaHUYeCcKOM ToluiuBe. SlpepHble peakTopbl He IOTPe6-
JAI0T AePUNUTHOTO OPraHUYECKOTO TOIJIMBA U HE 3arpyKaroT
IIepeBO3KaAMHU YIVISI >KeJIE3HONOPOIKHBIH TpaHCIOPT. ATOMHLIe
9JEeKTPOCTAHIIUY He NOTPeOIAI0T aTMoCchepHBIH KUCIOPO 1 He
3aCOPAIOT cpely 3010 U mpoayKTamu cropauus. OpHaxko pas-
menterne ADC B rycroHace/JeHHBIX 00JacTsAX TauT B cebe 1o-
TEHIIUAJBHYIO yIpo3y.

B peakTopax Ha TenJoBBIX (T. €. MEAJEHHBIX) HEATPOHAX
ypaH ucnoJib3dyerca gummb Ha 1—2% . Iloxxnoe ucnoanzoBanue
ypata JOCTHUTaeTCs B peakTopax Ha OBICTPLIX HEMTPOHAX, B KO-
TOpLIX obecieYUBAETCA TaKKe BOCIIPOM3BOACTBO HOBOTO Anep-
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HOro ropioduero B Buje nayroHusa. B 1980 r. ma Benosipckoit
A3C cocTosicsa nycK mepBOTO B MUpE PEaKTOpa Ha GBICTPHIX
HelTpoHax MoIlHOCThIO 600 MBT.

SnepHO¥T SHepreTHKe, KaK M MHOTMM JAPYIHM OTPACIAM
IPOMBINIJIEHHOCTY, IIPUCYIIIN BPeIHbIe UJIM OMAcHbIe (DAKTOPHI
BO3JeHCTBUA Ha OKpYy:KawIiyio cpeny. Hambosabumiyio moreH-
IUaJbHYIO OIMACHOCTH INPEACTABJSET PATHOAKTHBHOE 3arpss-
HeHue. CiroxKHBIe TIPOOJIEeMbl BOZHMKAIOT C 3aXOPOHEHUEM pa-
IVOAKTUBHBIX OTXOZOB U JIEMOHTAYXEM OTCIYXKHUBIIUX CBOM
CPOK AaTOMHBIX 3JIeKTpocraHuuii. CpPoK HUX CayXObl OKOJO
20 Jser, mocJie Yero BOCCTAHOBJIEHUE CTAHIIMM M3-38 MHOT'OJIET-
HEero BO3AEHCTBUA paArallii Ha MAaTePHUATIbl KOHCTPYKIIUI He-
BO3MOJKHO.

AIJC mpoeKTHPYeETCsA ¢ pacyeToM HA MaKCUMAaJAbHYIO 6e30-
[IACHOCTH IIePCOHAaJa cCTAHUUHK U HaceaeHud. ONBIT dKCILIyaTa-
nuu ASC BO BceM Mupe 10Kas3bIBaeTr, 4To Guocdepa HaLerxHO
3alUIleHa OT paJWallMOHHOTO BO3IEHCTBUA NPEIIPUATHUNR
ANePHO! SHEPreTUKHW B HOPMAJLHOM PEXMUME SKCILIYATAIMH,
Onnako B3pHIB UeTBepTOro peaKTopa Ha YepHoOwviibcKol AJC
IIOKAa3ajl, YTO PHCK paspylleHudA AaKTHUBHOK 30HBI peaxkTopa
M3-3a OIITHUOOK ITepCcoHaNa U IIPOCYETOB B KOHCTPYKIIUY PeaKTo-
POB OCTaeTcs pPeaJbHOCTBHIO, IIO3TOMY IPUHUMAKIOTCA CTPOXKAM-
Ire Mepbl JJIsi CHHYKEHUSA 3TOT0 PUCKA.

fnepHBle peakTOpPhl YCTAHABIMBAIOTCH TAKMKe HA aTOMHBIX
TOABONHBIX JIOJAKAX U JEJOKOJaX.

SAnmepHoe opy:xue. Heynpasiasiemas 1ennas peakxius ¢ 60JIb-
IINM KO3(MPUIIUEeHTOM YRBeJNUeHUd HeHTPOHOB OCYILleCTBJISAeT-
cs B aTOMHOUW 6oMmbe.

Jli1s Toro 4rToOBl MPOHCXOAHIIO TTOUTH MI'HOBEHHOE BBLAEJIe-

HUe 3Hepruu (B3PBIB), PCAKIIUS JIOJPKHA UIATA Ha OBICTPBIX
HeWTpoHax (6e3 mpumencuunsi samepnuresnei). BapblBUaTeIM
BEI[eCTBOM CJIYKHUT duCThId ypan ‘iU wan mayromuint 29 Pu.

YT106BI MOT TPOUBOUTH B3PLIB, PASMCPDLI JICJAILErOCA MaTe-
puajga OOJXKHBI [IPEBBIIIATH KPUTHUCCKHC. IJTO LOCTUrAETCS
aubo myrem OBICTPOTO COENUHEHUs! JIBYX KYCKOB JICJSAIerocs
Marepuaja ¢ AOKPUTHUYECKUMU paszMepamii, Jinbo 2Ke 3a cyer
PE3KOTr0 CXKATUA OLHOTO KYCKAa A0 pPasMCpoB, [PU KOTOPBIX
yTeuka HeHTPOHOB 4Yepesd MOBEPXHOCTH 111/IACT HACTOJILKO, UTO
pasMephl KycKa OKasbIBaloTCa HaAKpuTHucckumu. To u gpyroe
OCYHIECTBJASAETCA C MOMOIIBIO OOLIYHLIX B3PLIBUATHIX BEIECTB.

ITpu B3pBIBE aTOMHOM GOMOBI TeMIIEpaTypa AOCTUTAET JecsaT-
KOB MMJIIMOHOB KeJbBUH. l1IpM Takoil BbICOKOI TeMIeparype
OYeHb Pe3KO MOBBIIIaeTC AaBIeHNe 1 06pasyercs MOIIHAA B3PhIB-
Haa BoJHA. OJHOBPEeMEHHO BO3HHMKAaeT MOIHOE H3JyYeHWUe.
ITpoayKThI 1eTHON peakIiuy NPU B3PLIBE ATOMHON GOMOBI CUJIL-
HO pPaJHOaKTUBHLI U ONACHBI AJIA YKU3HU >KUBLIX OPradn3MoB.
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Artomubie 6oM66r mpumeruan CIIA B koHue Bropoii mupo-
Boil BoiHEI IpoTuB fAmonuu. B 1945 r. 66111 cOPOLIEHBI ATOM-
uble 0oMOBI Ha ANOHCKHe ropoga Xupocuma m Haracakm.

B TepMosazepHO# (BOJOPOAHOI) GoMOe IJIA HHUIUUDOBAHNAA
peakIMy CHHTE3a NCIO0JIb3yeTcsl B3PbIB aTOMHOM 60MObI, IIOMe-
IeHHOH BHYTPH TepMOAAEpPHOMH.

HeTpuBuaibHBIM PeIlIeHUEM OKa3aJI0Ch TO, UTO B3PHIB ATOM-
HOII 60MOBI HMCIIOJIB3YeTCA He AJS MMOBBLIIIEHUsA TeMIepaTyphl,
a JJId CUJABHEHIIIero CokaTusa TePMOSIEePHOTO TOILINBA M3JIyde-
HUeM, 00pas3yoIIuMcA [IPU B3pbIBe aTOMHOM 60MOBI.

B mamreif crpaHe OCHOBHbIE W[V CO3JaHUA TePMOANEPHOR
60MO6bBI GBLIN BHIABUHYTHL Imocie Beaukoi OredecTBeHHOM BOM-
upl A, JI. CaxapoBbIM.

C cosmaHMeM SIepHOTO opy»kusA 1nobera B BOMHe crajla He-
BOBMOKHOI. AnepHas BoiiHA cTOCOOHA IIPUBECTH YEJI0BEIECTBO
K rubesu, MOSTOMY HapoJbl BCEro Mupa HACTOHYMBO 6OpPIOTCA
3a 3anpellleHne SIIePHOTO OPYHHUI.

[IOJIYYEHUE PATAOAKTUBHBIX H30TOIIOB
§112  y yx NPUMEHEHME

B aToMHOM HHAYCTPUM BCEBO3PACTAIOINYIO IEHHOCTL IJIA
4eJIOBEUEeCTBA IIPEJCTABJSIOT PAIUOAKTUBHLIE M30TONHI.

DemMeHTHI, He cymecTBylomue B npupoae. C IIOMOINBIO
AfEPHBIX PEAKIMI MOXKHO IIOJYYUTH PAgUOAKTUBHBIE H30TO-
bl BCEX XMMUUECKUX dJeMEHTOB, BCTPEYAKINUXCsA B IPUPOAE
TOJABKO B CTAOMJBLHOM COCTOSAHHMH. DJeMEeHTHI [I0J HOMepaMu
43, 61, 85 u 87 BooOOmIe He NMEIOT CTAOMJIBHBIX H30TOIOB
¥ BIEpPBble MOJIy4YeHbl ncKyccrseHHo. Tak, HanpuMep, dJIeMeHT
¢ MOPALKOBBIM HOMepoM Z = 43, Ha3BaHHBIN TeXHeIUeM, UMe-
eT caMbIHl JOJTOKUBYIIHI HM30TOIl C IEepHOJAOM MOoJypacrana
OKOJIO MUJITHOHA JIET.

C noMomIbIO AIEPHBLIX PEAKIUH MOJYyUYEeHBI TaKKe MPAHC-
ypaHosbvle dnemernmot. O HEIITYHUHN U IUIYTOHUY BB Y¥Ke 3HAae-
rTe. KpoMe HUX, OJYYEHHI eIlle CJIeAYIOIINe 3JIeMEeHThI: amepu-
yuii (Z = 95), wiopuit (Z = 96), 6epravii (Z = 97), karupoprui
(Z = 98), sttnwmeiinuii (Z = 99), gepmuii (Z = 100), mendeae-
suir (Z = 101), nobeauii (Z = 102), noypencuir (Z = 103), pe-
seppopouii (Z = 104), dyonuir (Z = 105), cubopzuir (Z = 106),
oopuir (Z = 107), xaccuir (Z = 108), meiumnepuir (Z = 109),
2 TaKske dJeMeHTHI moj HoMmepamu 110, 111 n 112, He umero-
e (I0Ka ObLIeIpU3HAHHBIX HA3BAHUM. JJIEMEHTHI, HAUWHAA
¢ nomepa 104, BoepBble CUHTE3UPOBAHEIL MO0 B IIOJIMOCKOBHON
Jlybue, nmu6o B I'epmaHuum.
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Meuenbie aToMbl. B HacTosiiee BpeMs KaK B HAYKe, TAK U B
IIPOU3BOJICTBE BCce 0oJiee MIUPOKO HMCHOMB3YIOTCA PASHOAKTUB-
Hble UM30TONHl PAa3JIMUHBIX XUMWUYECKUX ajeMeHToB. Hamnboin-
niee IPUMeHEHUE UMeeT METOJ MEeUEHbLX AMOMO8.

Meton ocHOBaH Ha TOM, UTO XHMHUUYECKHE CBOMCTBA pajuo-
AKTHBHBIX H30TOIOB HE OTJUYAIOTCA OT CBOMCTB HepajHoaK-
TUBHBIX M30TOIIOB TEX JKE IJIEMEHTOB.

O6Hapy)KUTHh PafHOaKTUBHBIE N30TOIBI MOYKHO OUYE€HL IIPO-
CTO — IO UX MBJIy4YeHUI0. PaioaKTUBHOCTE ABJSETCHA CBOEOD-
pasHOl MeTKOil, ¢ MOMOIIBI0 KOTOPOW MOMKHO IPOCIEAUTL 3a
oBeJleHNeM 3JeMeHTa NPU PAa3IMYHBIX XUMHUUYECKUX pPeariiu-
AX U QU3NUYECKUX IIPEeBpallleHusAX BellnecTB. MeTon MedeHLIX
aToOMOB CTajJl OAHUM N3 HauboJiee AEHCTBEHHBIX METOAOB IIPU
pellleHNN MHOTOUYMCJIEeHHBLIX npobieM 6mosoruu, GU3noIoTuu,
MeIUHHHBI U T. [I.

PagnoakTUBHBIE HM30TONBI — HCTOYHHUKM H3aydyeHuii. Pa-
AVO0AaKTHUBHBIE M30TOIBI HIMPOKO MIPUMEHSAIOTCS B HAYKE, Me/H-
IHWHe U TeXHUKEe KaK KOMIIAKTHbIE MCTOYHMKHU Y-siyueit. [nas-
HBEIM 06pa3oM HCIOJB3yerTcss PaguoaKTHUBHBIM KobGaabr $9CO.

Ilonyuenue paguoaKTUBHBIX M30TONOB. 1loayuaroT pagmo-
aKTHBHBIE M30TOIIBI B @TOMHLIX PEAKTOPax W HA YCKOPUTEIAX
2JEeMEeHTapHBIX YacTUll. B HacTosAlee BpeMs IIPOM3BOACTBOM
M30TONOB 3aHATa OOJBINIAA OTPACIHb TPOMBINIJICHHOCTH.

PangnoaxkTuBHBIE H30TOUBI B GHOIOrHM M Meaummnue, Oquum
u3 HanboJee BBIAAIOIUXCA UCCASOBAHNN, IPOBEAEHHBIX C I10-
MOIIIBI0 MeYeHBIX aTOMOB, SBUJIOCH HCCJIeloBaHMEe oOMeHa Be-
IIeCTB B OPraHM3MaX. DBIJIO A0KAa3aHOo, UTO 32 CPABHHUTEJILHO
HeDOJIBIIIOE BpeMsl OPTaHU3M IOJBEepPraeTcsa IIO4YTH MOJTHOMY 00-
HOBJMeHNIO., Clarawmiue €ro aToMbl 3aMEHAIOTCA HOBBIMH.

JInmb Kexe30, KaK [OKA3AJH OIBITLI 110 M30TOMHOMY HC-
CJeOBAHUIO KPOBM, ABJISCTCH UCKJIOUEHUEM U3 9TOrO IpPaBH-

aa. JKexezo BXoOUT B coctas remorgo0UHa KPAcHBIX KPOBA-
HBIX ImapukoB. [Ipm BBesenuun B NUUY PaAZHOAKTUBHLIX
aTOMOB XKeJje3a ggFe OLLIIO OOHAPYHCHO, YTO ONHM MTOYTH HE [10-
CTyIIawT B KPOBb. TOJII)RO B TOM CJIy'Hae, KOIJIA 3a11acChl 2KeJies3a
B OpPraHuM3Me HNCCAKAIOT, KeJe30 HAUHHACT VCBAMBATHCSI opra-
HHU3MOM.

Ecsm He cymmecTByeT HOCTATOUHO JOJIIG SKHUBYIIHX PASUO-
AKTUBHBIX HM30TOIIOB, KAaK, HANPUME]P, Yy KHCJIOPOJAA U a3oTa,
MEHAIT HM30TOIHLEIA coOcTaB craduibiinix iementros. Taxk,
Jo0aBieHNEM K KHUCJIOPOAY M3OBITKA uzorona '‘HO ObLto yera-

HOBJIEHO, YTO CBOOOIHBIN KHCJIODPOX, BBIICJSIOUIMACA IIpU (Po-
TOCHHTE3€, HepPBOHAUAJIBHO BXOJUJ B COCTAB BOJIbI, a He yrJje-
KHCJIOTO Tasa.

PagmoakTuBHBIE M30TONBI HPUMEHSIOTCA B MeJUIIAHE KaK
AJIA TIOCTAaHOBKY AWAaTrHO3a, TaK U AJIs TepaleBTUUYeCKUX Ilejeii.
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PanmoakTUBHBIA HATPHUM, BBOAUMBLIA B HeOOJBIIUX KOJHU-
yecTBaX B KPOBb, MCIIOJB3YETCS s HMCCIELOBAHUA KPOBOOO-
paleHuns.

Hox MHTEHCHMBHO OTJIaTaeTcsa B ILIIUTOBUAHON Keje3e, 0CO-
OenHo npu 6asenosoil 6osesnu. Habmozasa ¢ mOMOIIBIO CHET-
YHKa 34 OTJIOMKeHMeM PaJMOAKTHBHOIO MOLAa, MOXHO OBICTPO
HOCTABUTEL IUATHO3. BoibIiiiue 036l PAZUOAKTUBHOTO HOAA BBI-
3BIBAIOT YACTHUHOE paspyllieHWe aHOMAJIBHO Pa3BUBAIOIIUXCH
TKaHel, 1 I03TOMY PAaJAMOAKTUBHBIN MOJ WMCIOJL3YIOT OJS Je-
yeHusa 0asenqoBoil 6ojie3Hu].

HMHTeHCHBHOE Y-U3ayUYeHNe K0OaabTa UCHOIAB3yeTC A [IPH Je-
YeHNHM PaKOBBIX 3afoseBaumii (K00ajlbTOBas MYIIKAa).

PaguoaKTUBHBIE M30TOIBI B IpPOMbBINLIeHHOCTH. He MeHee
ofmupHa 00JacThb IPUMEHEHHs PaZUuOoaKTHBHBIX H30TOIOB B
npombinuieHHOCTH. OAHUM U3 IPUMEPOB MOXKeT CAYXKUTH CIIO-
co6 KOHTPOJS M3HOCA TOPIIHEBLIX KoJIell B ABUTATEJNAX BHYT-
pennero cropanusi. O6ayJasd TOPIIHEBOE KOJbLO HeUTPOHAMH,
BBI3BIBAIOT B HEM silepHbIE PeaKIIUU U AeJaloT er'o PaguoaKTUB-
ubiM. Ilpu pabore aBuraresia YaCTHYKU MaTepuaJja KoJbla IO-
najaioT B cMa3ounoe macigo. Meecaenysi ypoBeHb PaJHOAKTHUBHO-
CTH MacJja NocJie OIpeesIeHHOTo BpeMeHU paboThl ABUraTesid,
onpeseasaoT U3HOC KOJbIla.

PazmoakTUBHEBIE M30TOILI HO3BOJAIOT CYAUTH 0 AUdpdy3uu
MeTaJLJIOB, Ipolleccax B JOMEHHBIX meuax u T. A. Moniaoe y-us-
JydeHHe pajguoOaKTUBHBIX IPENaparToB UCIOJAb3YIOT AJIA HUCCe-
IOBAHMsI BHYTPEHHEW CTPYKTYPHI METAJNJINYEeCKHX OTJIHNBOK
C LeJIbI0 ODHAapyKeHUs1 B HUX JAe(deKTOB.

PagnoaKTHBHEIE H30TOIbI B CEJIbCKOM X03siicTBe. Bee 6osee
IIUPOKOEe IIPHMEeHeHUe IOAYYAIT PaguoaKTHUBHBbIE W30TOIBI
B ceJIbCKOM xo3aicTBe. O6yueHne ceMsIH pacTeHUH (XJIoITdar-
HHUKAa, KaIlyCcThl, peAuca U Ap.) HeboAbIINMY J03aMHU Y-JIyUuel OT
PaINOAKTHBHBLIX IPEIapaToB IPUBOLUT K 3aMeTHOMY HOBBILIIE-
HUIO YPOXKANHOCTH.

Boubpmmue 70351 paguaiuy BBI3LIBAIOT MYTallUU y pacTe-
HHUH¥ M MUKPOOPIaHM3MOB, YTO B OTHEJBLHBIX CJIydasgX IIPHUBO-
AUT K IIOABJIEHUIO MYTAHTOB C HOBBIMM I[€HHBIMU CBOMCTBaAMH
(pagnocenerkuusi). Tak BBIBe/IEHBI II€HHBIE CODPTA HIIEHUUEI,
dacoan U Apyrux KYJBTYD, a TaKKe IIOJy4YeHbl BBICOKOIIPO-
JIYKTUBHBIE MHKPOOPraHnN3Mbl, IPUMeEHsSeMble B IIDOU3BOJCTBE
aHTHOMOTHKOB. 'aMMa-u3ayueHUe PaJMOaKTHBHBIX H30TOIOB
HCIONb3yeTcsd TaKiKe AJsA O60pPbOLI ¢ BpeIHLIMU HACEKOMBIMU
U [JIsT KOHCepBAIIMY MUIEBBLIX IIPOAYKTOB.

IITupoKkoe mpuMeHeHNe MOJYYNJIN MeueHble aTOMbI B arpo-
rexuuke. Hanmpumep, urobsl BHISICHUTH, Kaxoe U3 (HocOpHBIX
yJ00peHnii Jydille YyCBanBaeTCA pacTeHueM, IIOMEYAIOT pa3any-
1bIC YA00peHna paguoakTuBHbIM ocdopom 32P. Ucenenys sa-
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TeM PacTeHUsA Ha PAAUOAKTHUBHOCTE, MOMKHO ONPeNeNTb KOJIU-
YeCTBO YCBOEHHOro mMu ¢ocdopa 13 pasHBIX COPTOB yaobpeHH .

PaagnoakTuBHBIEe H30TONBI B apxeojorunu. MHTepecHoe NIpu-
MeHeHHe [IJIA OIpele/ieHUs BO3PACTA APEBHUX IIpeAMeTOB Opra-
HUYECKOT0 NPOUCXOXKIeHUA (JepeBa, APEeBEeCHOr0 yIria, TKaHeH
4 T. A.) DOJAYYUJ METOJ PaJuOaKTHUBHOTO yIviepoda. B pacTenu-
AX BCerja uMeeTcs [(-pajuMOaKTHBHBEIN mM30TOm yriepoaa '&C
¢ nepuogom nmoaypacnaza T = 5700 ser. Ou o6pasyercsa B aTMO-
cepe 3emuu B HeGONBINIOM KoJMYecTBe M3 a30Ta IOJ neilcr-
BUeM HeWTpoHOB. IlocrenHue ke BOSHUKAIOT 3a CUET SAJePHBIX
pPeaxuuil, BEI3BAHHBIX OBICTPBIMM YaCTHLAMU, KOTOPEIE IIOCTY-
maT B aTMochepy U3 KocMoca (KocMUYecKHne Jydn).

Coenunasachs ¢ KUCIOPOAOM, 9TOT U30TOM YIJepoxa obpasy-
€T YIJIeKHUCJIBIH ras, IorJIoliaeMblll paCTeHUAMM, 4 depe3d HUX
¥ KUBOTHBIMU. OZUH IpaMM yriepoga u3 o0pasmoB MOJIOZOTO
Jieca UCIIyCKaeT OKOJIO HATHAAIIATU B-4acTHIl B CeKYHAY.

Ilocne rubGenu opraHu3Ma IIONOJHEHHUE €ro paAMOaKTHB-
HBIM YIJIEPOAOM IIpeKpallaercs. MMemwlieeca ke KOJHMYECTBO
9TOro M30TONa yObIBaeT 3a cUeT paamoakTusHocTu. Onpenensas
IIPOIEHTHOE COoLeprKanne paJUOaKTUBHOrO YIJIEPOLAa B OPTaHU-
YEeCKMX OCTATKaX, MOXKHO OIIPEeJUTh UX BO3PACT, eC/IH OH Je-
skutT B npegenax or 1000 go 50 000 u gaxe mo 100 000 jer.
TakuM MeTOZOM Y3HAIOT BO3PACT erMIeTCKHX MYMHI, ocTart-
KOB JOUCTOPUYECKHX KOCTPOB U T. X.

Pa,ZII/IoaKTI/IBHBIe H30TOIBl IIUPOKO IIPHMMEHAITCS B buo-
Joruvd, MeauIlMHe, IPOMBIIIIJEHHOCTH, CeJILCKOM XO03sHcTBe
1 naXXe B apxeoJiornu.

? Y10 TaKoe pafMOaKTHBHbIE H3OTOMbI M KAK MX MCNONb3yloT!

BHOJIOTUYECKOE JIEMCTBHE

5113 pATHOAKRTHBHBIX H3JIYUEHIHN
I/ISJIyquI/Iﬁ PAIHOAKTHUBHLIX BCHICCTH OKABLIBAKT OYeHb
CHJIBHOE BO3JercTBUEe Ha Bee KUBLIC oprannambl. Jlaxe cpas-
HUTEJBHO cjraboe M3JiydeHUe, KOTOPoe HPU 1HoJHOM [OTJIOIe-
HHUM HOOBBIIIAET TeMueparypy rtena s ua 0,001 °C, mapy-
HIaeT *KUBHEeAEATEJbHOCTL KJICTOK.
JHKuBas KieTKa — 970 oL MCXAHWI3M, He CIIOCOOHBIH

MPOLOJIKATD HOPMAJIBHYIO JCSITCILHOCTD AaXd{e 1IPYA MAaJBbIX II0-
BPEXICHUAX OTAEJbHBIX €ro yuacTkoB. Mexjy TeM u caabble
UBJIYYEHUs CIIOCOOHBI HAHECTN KJIETKAM CYUleCTBeHHbIE [TOBpe-
JKAEHUSA ¥ BBI3BATh omacHble saboJsieBanus (JiyueBasd 60Je3HD).
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Ilpu 6oJabIION MHTEHCHBHOCTH M3JIYUYECHUA KUBble OPTraHU3MBbL
normbaror. ONacHOCTs UBIYUYEeHUN ycyry0jseTcsa TeM, UTO OHU
e BBI3HIBAIOT HUKAKNUX OOJIeBBIX OMIYIIIEHHWH Aake IPHU cMep-
TeJbHBIX A03aX.

MexanusM OHMOJOrMYECKOTO HOeHCTBUA WU3JIYyUEeHUS, Iopa-
JKalomero o0bEKTHI, ellle HeaocTaTouHo usyder. Ho sAcHo, uro
OHO CBOAMTCS K MOHUIAIMY ATOMOB M MOJIEKYJ ¥ 9TO IPUBOJHUT
K USMEeHEHMIO UX XuMuuecKoil akTuBHOoCcTU. Haubosee uyBCTBU-
TeJIbHBI K UBJIYUYCHHAM SAAPA KJIETOK, 0OCO0OeHHO KJIeTOK, KOTO-
pblie GpicTpo menarca. [losTomy B mepByIO ouepenb HU3NAYyUYEHUA
MOPaXaloT KOCTHLIM MO3r, H3-3a Yero HapyIlrnaeTcd Imporecc 06-
pasoBauusa KpoBu. [{asee HacTynaer nopaskeHue KJIeTOK NuMe-
BApUTEJABHOTO TPAKTa U APYTMX OPTaHOB.

CuspHOe BIMAHHE OKasbIBaeT O0JIyueHUe Ha HaCJIeACTBEH-
HOCTh, IOPAaskas I'edbl B XxpoMocoMax. B GoyIbIIIMHCTBE CIydaeB
9TO BJIMWSAHUE ABJISETCA HeOIATONPUATHBIM.

ObsydyeHne »XUBLIX OPradM3MOB MOXKET OKAa3bhIBaTh U OIpe-
JeJIeHHYIO OJIb3y. BpicTpopasMHOXKaIoNieca KJIETKH B 3JI0Ka-
YeCTBEeHHLIX (PAKOBBIX) OIYXOJAX 00Jiee UyBCTBUTEIbHBI K 00-
JYYeHN0, 4yeM HopMmaabHble. Ha 5TOM OCHOBaHO IOjfaBIeHUE
PaKoOBO# OMyXOJaU Y-JIyYaM¥ pPajMOaKTHUBHBIX IIpelapaToB, KO-
TOpBIE AJIA 3TOH meau 6osee adppeKTUBHBI, UEM DeHTFeHOBCKHE
Jy4YHn.

Mosa uanyuennsn. BoageiicTBre N3 yueHHH Ha JKUBbIE Opra-
HHU3MBI XapaKTepusyerca 0030l usayierus. IlorionmenHo# 10-
30 M3JydeHHsI Has3bIBAETCHA OTHOIIEHHE IIOIJIOINEeHHOH 3Hep-
ruu E nonumsupymoinero msiayuyeHus K Macce m o0gydaeMoro

BelllecTBAa:
E

D= o (13.6)
B CU 1moriomeHHy0 H03y HU3JYUYeHUs BbIPAXKAIOT B 2PIsAX
(coxpamenuno: I'p). 1 I'p pasen nozrouwiennoil dose usnyienus,
npu Komopoit 061yLeHHOMY 8ewecmey maccoii 1 Kr nepedaem-
cA aHepzus uoHusupyouwezo usayienus 1 Jx:
1Tp=12%,
KT
EcrecTBennsnlit poH pagumanuu (KocMUUecKue Jy4H, paguo-
AKTHUBHOCTE OKPYKalolleil cpeabl M UeJIOBEUECKOTO Tesa) Co-
cTaBisAeT 3a IOl o3y usIydeHusa okosao 2 - 1073 I'p na gesoBe-
Ka. MexayHapogHas KOMMCCHSA IO pagHalMOHHOR 3aluTe
YCTAHOBUMJIA OJIA JIUIL, PpaboTaloIUX ¢ M3JIyUeHUeM, IpegeabHo
jJomycTuMylo 3a rog goay 0,05 I'p. Hosa usayaenua 3—10 I'p,
NoJIy4YeHHAs 3a KOPOTKOe BpeMsi, cMepTeJbHa.
Pentren. Ha mpakTuke INIMPOKO HCIIONAL3YETCS BHECUCTEM-
nag eJUHULA SKCIHO3UIMOHHOM 03Bl M3JIYUYEHUSI — DEHMZIEH

328

(coxpamienno: P). Ora equHUIa ABJIAETCA MePOd MOHNZUDYIO-
mell crocOGHOCTH DPEeHTreHOBCKOTO U raMmma-usayuenuii. Jlosa
M3JyYeHUA paBHa ofHOMY peHTreHy (1 P), eciu B 1 em® cyxoro
Bosayxa npu Temneparype 0 °C u masnenun 760 MM pT. CT. 006-
pasyeTcs CTOJIBKO MOHOB, UTO MX CyMMAapHBIN 3apAJ KaKAOTO
sHaka B otaenbHoctu paBer 3 - 1071 Ku. Ilpu sTom nosyuaer-
csa npumepso 2 - 10° nap monos. Uucno o6pasyomuxcsa HOHOB
CBABAHO C TOIJIONIAEeMOI BelecTBOM SHepruei. B mpaxrtude-
CKOM [03MMEeTPHUM MOYKHO cuuTaTh 1 P mpuMepHO S9KBUBAJICHT-
HBIM TIOTJIOIIeHHOH Aose masayuenusa 0,01 I'p.

XapakTep BO3AEMCTBUSA N3JYydUEHUs 3aBHCHUT He TOJBKO OT
03Bl TIOTJIOIIEHHOTO M3JIyueHUs, HO U OT ero Bupa. Pasnmune
GHOJJOTMUECKOTO BO3AEHCTBIA BUAOB U3JIYUYEHNUA XapaKkTepuay-
eTca Koappuyuenmom Kavecmaa k. 3a eAMHALY IPUHAMAETCS
K02 MUIIEeHT KauecTBa PEHTIeHOBCKOTO U raMMa-U3JydeHust.

Camoe 60bIIIoe 3HaUeHne Koo prIrneHTa KauecTBa y d-4ac-
tun (B = 20), 0-lyuH SABJIAOTCA CAMBIMH ONACHBIMH, TaK KaK
BLIZLIBAIOT caMble GOJIbIIIME PA3PYIIEHUA MKHUBBIX KJIETOK.

1A OmeHKW AeACTBUA H3JIyHUeHUs] Ha KUBBIe OPTaHM3MEI
BBOAUTCA cIelMajbHas BeIW4YUHA — 9KBHBaJeHTHad /034 I10-
TIOIIEHHOT0 M3Jy4YeHHust. JTO IpOou3BejleHne JO3bl TIOTJIOIeH-
HOTO HM3JIy4YeHUA Ha Kod(PUIIMEeHT KadecTBa:

H=D-E.

EauEnna SKBUBaJIEHTHOR O3Bl — 3u8epm (38). 1 3B —
sxeusaieHmHuas 003a, npu Komopoi do3a nozaoWeHH0e0 2am-
ma-usayienus pasna 1 I'p.

MaxcuMaJbHOe 3HAUEeHIE 3KBUBAJNCHTHOM O3B, HOCJE KO-
TOPOro HPOUCXOAUT IOpa’keHHe OPraHU3Ma, BbIpaKarolleecsd
B HAPYIIEHWH JeJleHUs KJIeTKH Min 00pa3oBaHMM HOBBIX KJe-
TokK, 0,5 3B.

CpenHee 3HAUeHUE 9KBUBATEHTHOM JI03bI IIOTJIOIIEHHOTO 13-
JIyUeHHA 3a cHeT eCTeCTBeHHOro pajuaIuoOHHOro oHa (xocMmu-
yecKue JyYU, PAJHOAKTUBHbIE U30TONbI 3€MHOW KOPBI K T. I.)
cocraBiseT 2 M3B B I'OJ.

3amura OpragusMoB ot usaydenusa. [Ipu pabore ¢ JIIOOBIM
KCTOUHUKOM pajuanuu (pajuioaKTUBHBIE M30TOIBI, PeaKTOPBI
H Ip.) Heo0XOAMMO IPUHUMAaTh Mephl I10 paguannoOHHON 3aIH-
Te BCeX JII0Jell, MOTYIIHUX IOMACTb B 30HY AeHCTBUSA N3y IeHHA.

CaMbIil IPOCTOM METOZ 3aIllUThl — ITO yjajieHue IIepCoHa-
Jia OT MCTOYHHUKA H3JIYUeHHs HA JOCTATOUHO DOJIbII0OE pacCTodA-
Hue. Jlaxxe 6e3 ydueTa IIOTJIOIIEHUs B BO3JYXe MHTEHCUBHOCTH
paguanum yOblBaeT 00paTHO IPONOPUHMOHANLHO KBajpaTy pac-
CTOSHUA OT MCTOUYHUKA. [103TOMY aMITyJibl ¢ PAAUOAKTHBHBIMHA
mgpemaparaMu He ciaexyeT Gpatk pykamu. Hajgo mosb3oBaThCs
CIeUAaIbHBIMU MUINAMA € JIUHHONH DYYKOM.
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B rex cnyuasx, Korga ymajeHue OT MCTOYHMKA H3JIydeHUs
Ha J0OCTATOYHO GOJIBIIIOE PACCTOAHIE HEBO3ZMOKHO, JJIA 3ALUTHI
OT U3y4eHNA HCIOJb3YIOT IPerpagbl U3 MOrJIOLIAIONINX MaTe-
pHAJIOB.

Haubosee cioxHa 3aImra oT Y-Tydeil U HeHTPOHOB H3-3a
ux GOJIBLION HPOHUKAIOINell CIIOCOGHOCTH. Jlyumum norjgoTu-
TeJleM Y-JIyueil ABJIsAeTCA CBHHeL. Me/JleHHbIe HeHTPOHBI XOPO-
o morjomiaioTcsi 60poM M KaAMueM. BeICTpele HeHTDPOHBL
IpelBapUTeIbHO 3aMeIJIAIOTCA ¢ MOMOLIbI0 rpaduTa.

Ilocne aBapum mHa YepHoGbLILCKON ADC Mexgyuapon-
HBIM areHTCTBOM NO aToMHOU sHepruum (MAT'ATI) mo mpes-
JIOXKEeHHIO HAallledl CTPaHBl IPUHATHL PEKOMEHJAINY IO JONOJ-
HUTEJbHBIM MepaM 0e30IaCHOCTH 9HEePreTUYecKuX PeaKTOPOB.

XgléiHOBJIeHbI Gosiee cTporme peryiaMeHThl paboT IepcoHasa

Asapus Ha YepHoObinbckoit ADC nokasaja OTPOMHYIO OIIac-
HOCTh PaJVOAKTUBHBIX U3JydyeHUi. Bee MOOM MOMKHBI UMETH
InpejcraBieHue o6 2TOM OMACHOCTHM M Mepax 3alllUThl OT Hee.

1. Yto Takoe fo3a M3nyveHus!?
? 2. Yemy (B peHTreHax) paBeH ecrecTBeHHbIi hOH pagnaumm?
L4 3. Yemy (B peHTreHax) paBHa npegefibHO aonycrumas 3a rop go3sa

M3NyYeHMs ANS nuy, PaboTaloWMX C PaAMOAKTHBHBIMM nNpena-
patamnul

YIIPAGKHEHUE 14

1. B pesynwraTe mocienoBaTennHO CepuH PagHMOaKTUBHEIX pac-
238 :
nanos ypau “5;U npespanjaerca B cBuren 235Pb. CKonbKo o- 1 B-mpe-
BpallleHuI OH IIPH 3TOM HCIBITHIBaeT?

2. Ilepuoz mosypacmazna papus T = 1600 ner. Yepes Kaxoe Bpe-
M#A YMCJIO aTOMOB yMEHBIIUTCA B 4 pasa?

3. B0 CKOJBKO pas yMeHBIIUTCA UHUCIO ATOMOB OJHOTO U3 U30TO-
noB pajgona 3a 1,91 cyr.? Ilepuos moaypacmnafa sTOTO M30TOMA pazno-
wa T = 3,82 cyr.

4. Ilonwpayschk NepHOTUMYECKOH CHCTEMON HIeMEHTOR . U. Me=n-
AeJeeBa, onpeienTe UHUCIO IIPOTOHOB M YMCJIO HEeHTPOHOB B AApax
aromoB ¢rTopa, aprosa, 6poMa, mes3usd U 30J0TA.

5. Yemy paBHa 3HEPrHS CBASU SAAPA THAMKEIOTO BOZOpOJA — [eli-
TpoHa? ATOMHasi Macca sapa JAeHTpona my = 2,01355 a. e. M, nporo-
Ha m, = 1,00728 a. e. m, HeHATpOHA m, = 1,00866 a. e. m; macca ato-
Ma yriepoga me = 1,995 - 10726 kr.

6. 11
) H‘;’)m8 GombapaupoBke sAxep 6opa 1B mporomamm monyuaercs
epuainii (Be. Kakoe eme sapo ofpasyercs mpu aroil peakuuu?
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7. B pesyabrare gejeHus Afpa ypata 33U, 3aXBaTUBIIEro HEHTPOH,
obpasyiorca anpa 6apus '42Ba n kpunrona jKr, a rakoke Tpu cBoGOA-
HBIX HeHTpOHA. Y/eJbHas PHEPrUA CBA3M Axep Gapus 8,38 MaB/ay-
KJIOH, KpUIITOHA 8,55 MaB/HykJOH 1 ypaHa 7,59 MaB/HykJioH. Yemy
paBHA SHEPrus, BIAEJNAONMIAACA LPU JeJeHUH OJHOTO AApa ypaHa?

KPATKHE UTOI'H I'JIABBI 13

1. B snepHo# dpusnKe U3ydaOTCH CTPYKTypa ¥ IPeBPaIeHUsA
spep. 1A perucTpanuu 1 U3yUeHus CTOJKHOBEHHH U B3a-
MMHBIX [IpPeBpaIleHnii aTOMHBIX AJep 4 3JeMeHTapHBIX Jac-
THI[ HMCIIOJB3YIOT cIenuajibHble ycrpoiictBa. K mx umciay
oTHOCsITCA cueTuMK leiirepa, xamepa BujascoHa, my3bIpb-
KoBad Kamepa, (POoTOSMYJIbCUH.

2. B xonue XIX B. A. Bekkepesb OTKPBLI ABJEHNE DaJUOaK-
TUBHOCTH. PajHOaKTUBHOCTE — SBJIEHME CAMOIIPOHU3BOJIb-
HOTO TpeBpallleHusi OAHUX Afep B ApPyrue, COIPOBOMAAIO-
meecAd HUCIOYCKAHHMEM DPasJINYHBIX dacTull. Takue Xumude-
CKUe 2JIeMeHThl, KaK ypaH, TOpU# u Zp., CAMOIPOM3BOJIBHO
(6e3 BHEIITHUX BO3JeHCTBUH) U3/IyUaIOT O-, B- u y-ryun. Illpu-
poZia 3TUX Jy4yed pasjInyuHa: Y-JIy4d — 3TO 3JIEKTPOMAarHuT-
Hble BOJIHBI MaJsioii mimHbI BOAHBI (1071°—1071% M), B-my-
YM — BTO IOTOK DJACKTPOHOB, a (-JIy4H NPeACTaBJIAIOT CO-
001 IIOTOK AAeP ATOMOB I'eJus.

3. D. Pesepdops yCTaHOBWJ, YTO PaJHMOAKTUBHBIA Dacmaf
€CcTh CaAMOIPOM3BOJIbHOE TIpeBpallleHue aTOMHBIX AAep, COo-
IPOBOKAAIONIeeCH HCIycKaHUeM pasiaudHeix wacrun,. Co-
rJIaCHO 3aKOHY paJMOaKTHBHOIO paclnaza Ajgsd KaIoro
paioOaKTHBHOTO BellecTBa CYIIECTBYeT ONpPeAeTeHHBIN
WHTEepBaJ BPEMEHH, Ha IPOTAMNKEHUU KOTOPOTO ero aKTHUB-
HOCTHh yOBIBAeT B JABa pasa. ITOT MHTEPBaJ BPEeMEHH Ha-
3BIBAIOT [IEPHOAOM ToJypacuaza. B 3aBUCHMOCTH OT Beille-
CTBa IIepHoJ TIoJypaciaza MeHsAeTcA B IIMPOKUX IIpejesax:
OT MMJIJIMAPAOB JIET A0 HOJeH CEeKYHJbI.

4. Pesepdopn Brepsble IIPOHM3BeN HCKYCCTBEHHOE IIpeBpalle-
HHMe aTOMHBIX Afep, 6oMO0apaAupys UX O-4acTHUIIAMHU, UCIYC-
KaeMBbIMHU pafguoaKTUBHEIMU BelifecTBamu. . HYensuk c mo-
MOIIBIO HOJOGHBIX OMBITOB OTKPBLI HOBYIO 3JIEMEHTapHYIO
yacTHULy — HEWTpPOH. 3apAx HelTpoHA paBeH HYJIIO, a Mac-
ca IpUMepHO paBHA Macce IPOTOHA (IUIIb HE3HAYUTENbHO
IIpeBHIIIAA ee).

5. B. Ietizenbepr u [I. /. IBaHeHKO NIPEAJIOXKUIN NPOTOH-
HO-HEHTPOHHYIO MoJeab aToMHoro sapa. CorsacHo sTou
MOJeJIN AAPO COCTOMT U3 IPOTOHOB U HeWTpoHOB. Maccosoe
uuCcIo AApa A paBHO CyMMe 9YHMCJa IPOTOHOB Z M 4HUCTIA
HeliTpoHOB N:

A=2Z+ N.
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10.

11.

12.

13.
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SInpa ¢ omHEM U TEM 2Ke YMCIIOM IIPOTOHOR Z, HO C PasHBIM
YHCJIOM HEHTPOHOB N HASHIBAIOTCA W30TOmaMu. X XuUMH-
JeCKHe CBOIICTBA TOXKIECTBEHHEI.

ITpoToHE! U HEHTPOHBI yAEPHKUBAIOTCA BHYTPU A1pa MOIIl-
HBIMH KOPOTKOAEHCTBYIOIIUMU CHJIAMH. DTH CHJIBI HA3LI-
BalOTCA SANEPHBIMH.

Bakueliiuum nna Bceit ANEePHON (DU3KUKM SABISETCS HOHA-
TH€ SHePTuHu CBA3U. JHeprusa cBasu E,, paBHA TOH 3Hep-
TUH, KOTOPYI0 HEOGXONWMO 3aTPATUTH, YTOBEI PACIENUTD
AAPO Ha COCTABJIAKIUE €r0 HYKJOHBI. JHEPTrus CBA3H

JANEPp B MUJLJIMOHBI pa3 IipeBbINIaeT SHEPIruIio HMOHH3aIlU
aToMOB.

UsmeHeHudA sAxep npyu UX B3aUMOIEHCTBUI APYT C IPpYyroM
(u1u ¢ BTeMeHTAPHBIMY YaCTUIAMM) HAZLIBAIOT AJEePHBIMU
peaknuamu. lIpn AxepHBIX peaKIUAX MPOMCXOXUT BhIfe-
JeHUe UJY NOIJIOINeHUe JHEepPruu.

BoasmmHCTBO sijepHBIX peakmuit HabJIONAETCS IIPU CTOJK-
HOBEHUU s/1ep C 3apAKEHHBIMU 3JI€EMEHTAPHBIMH HYaCTHIIA-
M MM IETKUMU anpaMu 6onbnioit sHeprun. Takyro sHep-
TUI0 OHM HPHUOOPETAIOT B YCKOPUTENSAX JJeMEeHTAPHBIX
JacTull Uy HOHOB. HelTpOHEI He oTTaNIKMBalOTCA AxpaMu

U II09TOMY MOTYT BBISBIBATD AflePHBIE PeaKIIUK IIPU HeGOIb-
MIUX SHEPTUAX.

flnpa ypama, 1opua M APYTHX TSMKEIbIX BIEMEHTOB CIIO-
COOHBI AENUTHCH HOA BJIUSHUIEM HEHATPOHOB. IIpu atom BEI-
Aengercs sHeprus nopaaka 200 MasB. Ilpu nenenun azxpa
HCIyCKAeTCA NBa-TPU HENTPOHA. ITO MO3BOJIAET OCYIIECT-
BUTH YyIDPABAAEMYIO LUCIHYIO PeaKIMIO B AEPHEIX PEaKTo-
pax. Heynpagnsemas peaknus neneHus AZep UCHOJb3yeT-
cA B aTOMHBIX Gombax.

ITpu CTONKHOBEHUAX JIETKUE AAPA MOI'YT CAMBATHCS C BbI-
AesenneM oHepruu. Taxkue AnepHBIE PEAKIUU MOTYT IIPO-
XOMUTE TOJIBKO IPH BBICOKHX TeMIIepaTypax U IMO3TOMY
HasbIBAIOTCsS TEPMOAZIEPHBIMU. 3a CUET TEPMOSEPHEIX pe-
axnuit CosHIle 1 3Be3[bl BBLAEIAIOT SHEPTUIO HA IpoTHAXKe-
HUAN MIJLIRAPAOB JeT. OCyIecTBUTh yIPABIAEMYIO TEPMO-
AREPHYIO PeaKNuIo IOKa He yAaeTcs.

B mameit crpare 6bl1a mocTpoena mepBas B MUpe aTOMHAad
9JIEKTPOCTAHINA. PasBUBAaeTCA CTPOUTETLCTBO MOILHBIX
aTOMHBIX dyieKTpocTannuii. Ilocne aBapuu na YepHOOHLIL-
ckoil ADC NPUHATHI JOIOIHUTENbHBIE MephI 110 6e301IacHo-
CTU ATOMHBIX PEaKTOPOB.

PaamoaKTUBHbBIE U30TONLI, TOJYIAEMBIE C MOMOIIBIO AMEP-
HEIX PEAKTOPOB M YCKOPWTENel YacTHUIl, HaXOAAT IpHUMe-

HEHVEe B HayKe, MeJUIINHE, CeJICKOM XO3dAMHCTBe u Ipo-
MBIIIJIEeHHOCTH.

14. PagroaKTHBHBIE H3JAYYEHUS [PEACTABISIOT OOJBIIYIO
ONACHOCTDL AJIA YKHUBBIX opranusmoB. IIpm pabore ¢ HUMH
Heo6xoauMo npuberartp K CIENHaJbLHBIM MepaM 3alluThI.

I'nmasa 14. 9JIEMEHTAPHBIE YACTHIIbI

B 37011 ri1aBe peus IOWIET O YaCTHUIAX, KOTOPHBIE HeJlb-
3 paslleJIuTh M U3 KOTOPHIX IIOCTPOEHA BCA MATEPHU.

TPH 9TAIIA B PA3BUTHH ®UIUKH
§114  5IEMEHTAPHBLIX YACTHII

Brl yxe Goiee mny mMeHee 3HAKOMEI ¢ 3J€KTPOHOM, GOTO-
HOM, HNPOTOHOM ¥ HelTpoHoM. Ho 4To ’Xe TaKoe sjieMeHTapHAaA
yacTura?

3’1‘1:11 nepebii. OT sjekTpoHa A0 mo3uTpoHa: 1897—1932 rr.
(Daemenmaprovie wacmuyvt — «amomuvl Hemoxpuma» Ha 60-
aee 2aAYyboKoM Yposiie.) 3

Korga rpeuecknii pusuk [leMOKpUT Ha3BaJ IpocTeilIne He-
pacujieHHMBIe galice YACTHUIBI aToMaMH (CJI0BO amom, HaIoOM-
HUM, O3HAYAeT «HeJleJMMBIH»), TO eMy, BEepPOATHO, BCe MIpen-
CTaBJSANOCH B NPUHIIUIIE He OUYeHb CJIOKHBIM. Pazanunble
npeaMeTEsl, PACTEeHUS, )KUBOTHBIE COCTOSAT U3 HeJEeJIMMBIX , HEN3-
MeHHBIX dacTull. IIpespaiieans, HabaogaeMble B MUpe, — 3TO
mpocTas MmepecTaHoBKa aToMOB. Bee B Mupe Teder, Bce U3MeHA-
eTcs, KPpOMe CaMHUX aTOMOB, KOTODbIE OCTAIOTCA HeH3MEeHHBIMU.

Ho B xoumne XIX B. ObLJIO OTKPBITO CJIOXKHOE CTPOEHUE aTo-
MOB U 0BLJ BEIAEJIEeH 2JIeKTPOH KaK COCTaBHAS 4acThb aToMa. 3a-
TeM, ye B XX B., OBLJIM OTKPBITHI IPOTOH ¥ HEUTPOH — YacCTH-
IBI, BXOLAIUE B cOCTaB aroMHOro aapa. [lormagany Ha Bce aTH
YacTHUIBLI CMOTPEJIN TOYHO TaK, KaK JleMOKPDUT CMOTpeJ Ha aTo-
MBbI: UX CUHTAJH HeleNuMbIMUA U HeM3MeHHbIMU IePBOHAYAJIb-
HEIMH CYIJHOCTAMHM, OCHOBHBIMHU KUDIWYNKAMH MUPO3RAHUA.

dran Bropoii. OT mosuTpoHa a0 KBapkos: 1932—1964 rr.
(Bce anemenmaphbie wacmuynl npespaujaiomes 0pyz 6 dpyza.)
Curyanmusa HOPUBJIEKATEIbHON siCHOCTH AJMIach Hejgoaro. Bce
0OKa3aJ0Ch HAMHOTO CJOMHee: KAK BBISICHUJIOCH, HEU3MEHHBIX
JacTHI| HeT coBceM. B camom ciiose iemenmapHas 3aKIovaer-
cd ABOAKUI cMmbIca. C ogHOW C¢TOPOHBI, 9JIeMeHTaPHBIN — JTO
camMo coBoii pagymeromuiics, npocreiimuii. C Apyroi cTOpoHskI,
TIOZ 3J€MEHTaPHBIM MOHUMAETCH HeUTO (pyHIAMEHTATLHOE, Je-
sKalliee B OCHOBE Belle (MMEeHHO B HTOM CMbIC/Ie ceidac U Ha3bI-
BAIOT CY6AmMOMHbLE HACMUYbL DJIeMEeHTAPHBIMU).

Cuurarh U3BECTHLIE cefuac djieMeHTapHble YaCTUILLb] HOI[OﬁU-
HBIMH HEH3MeHHLIM aTroMaM [leMoKpuTa MelllaeT cJaeAyHOIUNI
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upocroi ¢part. Hu ogra us gactuu "e 6eccmeprra. BoapmuH-
CTBO YaCTUIL, Ha3LIBaeMbIX CeHuac 9jIeMeHTAPHBLIMU, He MOXKET
IIPOKUTEL OoJiee ABYX MUIJITHMOHHBIX [JOJiell CeKyHIBI, fgake
B OTCYTCTBME Kakoro-yjnbo BosaeiicrBua mssHe. CBOBGOIHBIH
HEUTPOH (HEHUTPOH, HAXOLAIIUICA BHE aTOMHOTO siipa) KUBET
B cpegHeM 15 MuH.

Jlume yacTunel Gomown, sneKmpor, NPOMOH U HeillmpuHo
COXpaHAIN Obl CBOI0O HEM3MEHHOCTD, €CIAM OBl KasKIasd M3 HUX
Obly1a OfHA B IeJIOM MHpE (HEHTPUHO JIMIIEHO JIeKTPUYECKOTO
3apsifia, ¥ €ro macca IMoKo#, MO-BUANMOMY, PaBHA HYJIO).

Ho y a5eKTPOHOB M HPOTOHOB UMEIOTCH OIAacHEHIIue CO-
OpaTbsl — NO3UMPOHbL 1 AHMUNPOMOHbL, NIPHA CTOJKHOBEHHUU
C KOTOPHIMH IIPOMCXOJLWUT B3aUMHOE YHUUTOXKeHWe 3THUX Yac-
TUI, 1 00pa3oBaHue HOBBIX.

DoTOH, UCHYIMEHHBIN HACTOJBLHON JaMIOH, JKUBET He 6O-
see 1078 c. 9o To BpeMsa, KOTOpPOE eMy HYKHO, UTOBBI JOCTHYD
CTPaHUILI KHUTH U IIOTJIOTUTLCA OyMAaroi.

JInme HeHTPUHO MOYTH GECCMEPTHBI, TaK KAK OHHU YDPE3BHI-
yaiiHO cy1abo B3auMMOZEHCTBYIOT ¢ ApyruMu uyactunamu. OngHa-
KO M HEHTPHUHO THOHYT IIPU CTOJKHOBEHUM C ZPYTUMH YaCTH-
LaMM, XOTA TaKUe CTOJKHOBEHUS CIYUAIOTCA KPailHe perKo.

Hrak, B BEUHOM CTPEMJIEHUM K OTHICKAHHIO HEM3MEHHOTO
B HallleM M3MEHYMBOM MHpe yUeHBIe OKas3aJHuCh HEe Ha «Ipa-
HUTHOM OCHOBAHUM», a4 HA «3bIOKOM IIecKe».

Bce anemenmapnble wacmuysl npespawaromca dpyz
6 dpyza, u 3mu 63aumHble NPe6PAWEHUL — 2TLAEHBLU
daxm ux cyujecmeosaHuA.

IIpeBpalieHus sJIeMeHTAPHBLIX YACTHUI ydeHble HaOIIOZANIH
IpU CTOJKHOBEHUAX YacTHUIl] BbIcOKUX suepruii. IIpesncrasie-
HUSA O HEU3MEHHOCTH 3JEeMEeHTAPHBIX YACTUI[ OKA3aJIUCh HEeCco-
crosaTelbHBIMKA. Ho maesa o6 MX Hepas/oKUMOCTH COXDaHH-
Jack. JIeMeHTapHbIe YACTHUIIEI yxe jJajee HeLeJUMbl, HO OHHU
HeHcUepnaeMbl 10 CBOUM cBoiicTreaM. BoTr uTo 3acTaBiadeT Tak
AyMaTh.

IlycTe y Hac BOBHUKJIO €CTECTBEHHOEe »KelaHWe HCCIeo-
BaTh, COCTOUT JIM, HAIpUMep, BIAEKTPOH U3 KaKux-Iubo Apy-
rux cybanemenmapHsuix yacmuy. YTo HYMKHO CHeJaTh s
TOT'O, YTOOBI IIONBITATECA PACUIEHUTH 3JeKTPoH? MOXHO IpH-
AyMaTh TOJBKO OAUH CIOC00. ITO TOT XKe crmocob, K KOTOpOMY
npuberaer pebeHOK, eciayM OH XOUeT y3HATh, YTO HAXOMHUTCS
BHYTPH ILIACTMACCOBOI UTPDYIIKH, — CUJILHBIN yaap.

Pasymeercs, mo 3JIeKTDOHY HeNb3A VIAPUTH MOJIOTKOM.
11 3TOTO MOXXHO BOCIIONIB30BATHCHA APYTUM 3JIEKTPOHOM, JIe-
TAIIAM C OTPOMHOM CKOPOCTBIO, MJIN KaKOH-T1u60 MHOH IBUXKY-
ureiica ¢ 0OJBINOH CKODOCTHIO 3JeMeHTapHOIl yacTuIreil.

CospeMeHHBIE YCKODPUTENH COOOIAOT 3apAKEHHBIM YacTH-
1laM CKOPOCTH, O4YeHb OJIM3KUe K CKOPOCTU CBeTa.
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Yo e MPOUCKXOANUT IPH CTOJIIKHO- Y
BeHMM 4YaCTHUI[ CBEPXBBLICOKOI 3Hep- PR 4
run? OHHM OTHIONE He APOOSTCA Ha
He4To TaKoe, YTO MOMKHO OBLI0 OBl Ha-
3BaTh UX cocTaBHBIMU udactamu. Her,
OHU POXKIAOT HOBBIE YACTHIbI U3 UNUC-
Jla TexX, KOTOphIe yyKe PUIyPUPYIOT B
CIIHCKE 3JIeMEeHTapHEIX uacTui. Yem
GoJibllle SHEPTHUA CTAJIKHUBAIOINXCH
4acTull, TeM OoJiblllee KOJHUUYECTBO
yacTull popaerca. llpu aTom BO3-
MOJKHO IIOABJIEHHE YacTHull ¢ bosbmei
Maccoi, 4eM CTAJKHBAIIuecs YacTH-
uel. I'J1aBHOE, YTO HAZO OTMETUTH, —
5TO TO, YTO BCEr/[a BLIMOJHAETCH SAKOH COXPaHEHUA DHEPTrUH.

Ha pucymxe 14.1 BBl BHAUTE pPe3yJbTAT CTOJKHOBEHUA
agpa yriepoxa, uMesinero sHepruio 60 miapn aB (skupHas
BepXHAA JUHHA), ¢ AAPOM cepebpa doroamyascun. Sapo pac-
KaJbIBaeTCsd Ha OCKOJIKHY, PasJieTalolluecs B PasHble CTOPOHEL.
O HOBPEMEHHO POYKJaeTCcsA MHOI'O HOBBIX BJIeMEeHTAapHBIX dac-
Tun, — nuoHoB. IlogoOHble peaKIuy IPU CTONKHOBEHUAX pe-
JATHBUCTCKUX sAAep, IOJYYEHHBIX B YCKODUTeJe, BIIEPBEIE
B MUpe OCYIIeCTBJeHBI B 1a60paTopnu BRICOKUX sHepruil O6b-
eIUHEeHHOTO MHCTUTYTA AAEPHBIX wnccaenoBanmit B 1. [ly6He
moji pyxosoacTBoM akagemuka A. M. Banauna. Jlumennsie
3JIEKTPOHHOM 060/JI0YKY Apa ObLIN MOJYyYeHbl MyTeM HMOHHU3A-
XM aTOMOB yIrJepoja JIa3epPHBIM JIY4OM.

Bo3M0KHO, KOHEUYHO, YTO IPU CTOJTKHOBEHHAX YACTHIL C He-
JOCTYHHONI IMoKa HaMm oHeprueil 6yayT posKgaTbcA M KaKHUe-TO
HOBHIe, ellle HeM3BeCTHbIe yacTuIsl. Ho cyTH mesa 3To He usMe-
HUT. PoxKIaeMble IIPU CTOJKHOBEHUSIX HOBbIE YACTUIBI HUKAK
HeJIL3SA PacCMATPHBATDL KaK COCTaBHbIE YACTH YACTHIL- « POAUTE-
Jaeit». Beab «gouepHUE» YACTHUILBI, €CJIH X YCKOPUTH, MOTYT, He
U3MEeHUB CBOE€# IIpUPOABI, OPOAUTL, B CBOIO OdepeAb, IpHU
CTOJIKHOBEHMAX CPA3y HECKOJHBKO TAKUX Ke B TOYHOCTH dYac-
TUL, KAKUMH ObIJIM UX «POLUTETN», Aa elle U MHOXXeCTBO ApPY-
TUX YacTHUll.

Nrax, no COBpeMEHHBIM IIPEeJCTAaBJEHHUAM, dJeMeHTapHbIe
4acTHILI — 9TO IMEePBUYHBIE, HEPA3JOXKHUMBble Jajlee YaCTHILBI,
U3 KOTOPBLIX IocTpoeHa Bca MmaTtepusi. OJHAKO HeIEJHUMOCTH
BJIEeMEeHTAPHBLIX YACTUI[ He 03HAUYAEeT, YTO Y HHUX OTCYyTCTBYeT
BHYTPEHHAA CTPYKTYypA.

Iran Tperuii. OT runoresst 0 KkBapkax (1964 r.) 7o HamUX
nHel. (BoabWURCMB0 3NEeMEHMAPHLLX HACMUY UMEEN CJOM-
Hylo cmpyxkmypy.) B 60-e IT. BOSHUKJIN COMHEHUA B TOM, YTO
BCe UACTUILI, HAa3biBaeMble ceffuac 3JIeMeHTAapHBLIMU, [OJIHO-
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CTBIO OIPaBABIBAIOT 3TO HasBaHue. OCHOBaHUE AJIA COMHEHNI
IPOCTOe: 3TUX YACTHUI[ OUEHb MHOTrO. . i

OTKphITHE HOBOI B7IeMEHTAPHOM YaCTUIBI BCETAa COCTABJLA-
JIO U CeHYac CoCTaBJAeT BhIAaOmuiica TpuyMd Hayku. Ho yiKe
AOBOJIBHO [NaBHO K KayKJOMy oOuepefHOMYy TpuyMdy Hagaia
OpUMeINNBaThCA NoJA GecnokoiictBa. Tpuymbbl CTaIM CIEHO-
BaTh OYKBAJBHO APYT 34 APYIOM.

Brina oTKpeITA Tpymnma Tak HasbIBAEMBIX CMPAHHbLLX ac-
THI: K-ME30HOB U THMIEPOHOB C MACCAMH, IPEBBIIIAIAMHI
Maccy HYKJIOHOB. B 70-e rr. ¥ mum npubaBuiacs Goublias
Ipynma YacTHI ¢ elfe GOJBIINME MaccaMy, Ha3BaHHBIX 04apo-
BAHHBIMU.

Kpome TOro, 6BLIM OTKPHITHI KOPOTKOKUBYIHE YACTUII | -
¢ BpeMeHeM »Ku3HU nopaaka 107221023 ¢, 9ru wacTuns: 6611H
Ha3BaHBI PE30HAHCAMU, U UX YUCJIO IEePEeBAJINIO 3a ABECTH. ‘

Bor rorga-ro (8 1964 r.) M. I'esii-Marsom u JI:x. I[Beiirom f
OblIa IPEeAJIOKeHa MOAEJb, COTJIACHO KOTODO¥M BCe YaCTHUILHI, ‘
y4acTBYyIOIle B CHUJBLHBIX (SJ€DHBIX) B3aMMOJEHCTBUSAX, —
a0poHb. — TOCTPOEHEI U3 Gojee MyHAAMEHTANBHBIX (MK mep-

BUYHEIX) YaCTHI — Keapxos. ‘ Puc. I. Cxema pasnoxeHust 6ej10ro csera ¢ noMoIbio Mpu3MBsl,
% 5 2 \ PaznuuHbIM L[BETAM COOTBETCTBYIOT PA3INYHBIC THHBL
RBapRH IR 'up06HHH ANSKTRILAsR. 200A +§e B E BonH. Hukakoit onpegeneHHol IMHbBI BOJHBI 6e10My

2 % HE COOTBETCTBYET.
—ge. ITpoToHEI U HEHTPOHBI COCTOAT U3 TPEX KBAPKOB. i RC T ¢ Y

B HacToslee BpeMA B peanbHOCTH KBAPKOB HHUKTO HE CO- .
MHEBAeTCs, XOTA B CBOGOJHOM COCTOAHUY OHM He 06HADPYIKEHBI
U, BEPOATHO, He OyayT oOHapy:KeHBI HUKOTAa. CyIecTBOBaHME
KBAPDKOB JOKA3BIBAIOT ONLITHI II0 PACCESHUIO DJICKTPOHOB
O4YeHb BBICOKOW 3HEPruM Ha IIPOTOHAX M HeHTpoHax. Uwmeso \
Pa3IMYHBIX KBAaPKOB DaBHO Iectu. KBapKku, HACKOJIBKO ceii-
Jac W3BECTHO, JIMINEHBI BHYTPEHHEH CTPYKTYpHl M B 5TOM
CMBICJI€ MOTYT CYMTATHCA MCTUHHO 3JIEMEHTAPHBIMH.

Jlerkme 4YacTuuBI, HE YYACTRYIOI[ME B CUJIBLHBIX B3aMMO-
AEUCTBUAX, HASLIBAIOTCH Jenmohamu. VX ToKe mecTs, Kak
¥ KBapKOB (9JIEKTPOH, TPU BHAA HeHTPHUHO U eIle ABE YACTH-
OBl — MIOOH U Tay-JENTOH C MACCaMU, 3HAUNTEIHHO GOJIbIIIMEA
MAacChI 3JIEKTPOHA).

15 =33

RBapRH W JIEIITOHBI — HWCTUHHO 9JIEMEeHTapHbI€ YaCTHIIEI.

§ 115 OTKPBITHE IIO3BUTPOHA. AHTUYACTHIIHI u

i Puc. I1. Pa3noxeHue 1 CUHTE3 6EJI0ro CBeTa ¢ OMOIIBIO TIPU3M.

CyiecTBoBaHNe ABOMHUKA 9J€KTPOHA — IIO3UTPOHA — ObI-
JIO IIPENCKA3aHO TeOPeTHYeCKU aHrJuicKuM Qusuxom II. Iu-
paxkom B 1931 r.
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Puc. V. CriexTpbl uctyckauusi: 1 — CIUIOIIHON; 2— HATD:
3—Bonopozna; 4—reaust. CrieKTpbl MOMIONIE
5 — CONTHeYHbI; 6 — HaTpust; 7— BONOPONa;
&—renus. .

Puc. VII, ®ororpadms siapa
Puc. VI. I1aTHO 1 rpaHy/istiust KoMersl Fasres.
Ha ConHie.

Puc. VIII. Komera I'ayunes.

Puc. IX. ConHeyHast KOpoHa M NpoTydepaHell
BO BPEMSI MOJTHOTO COTHEYHOTO 3aTMEHMSI.




Puc. X. [lnanerapuast TyMaHHOCTb
Konwrieo6pasznas
B co3Be3nuu Jlupa.

Puc. XI. Crir
Bono:

Puc. XII. CnupansHas rajaktuka CoMﬁpepyo,f
BUAUMAas ¢ pebpa. .

H

Puc. XIII. CoHEeIHBIA CIIEKTP.

[loTok raza
JOU CBEPXTUTAHT

YepHas abipa | .

PeHTreHOBCKOE U3JTyUeHUe

Puc. XV. TecHas gBoiiHast cucteMa ¢ YepHOMU JbIPOi
B co3Be3nuu Jleoens.




Puc. XVI. Paguoranakruka
IlentaBp A.

Puc. XIX. TymanHocTs A}mpoM

OzxHOBpEMEHHO OH IpPeACKAasal, YTO IPHU BCTPeUe MO3UTPO-
Ha C 9JIEKTPOHOM 00€ YaCTHUIbI NOJIMKHBI UCLE3HYMb, TIOPOLUB
(doToHEl Gonbimol sHeprum. MookerT mpoTeKaTh ¥ OOPATHHIH
IIPOIIECC — poJcdeHue dNeKmpoOHHO-NOZUMPOHHOL napvl, Ha-
OpuMep Opu CTOJIKHOBEHHMHM (POTOHA [JOCTATOUYHO OOJIBIITON
sHepruu (ero macca JOJKHA GbITH GOJIBIIE CYMMBI MACC TIOKOSA
POKIAIOMIMXCA YaCTHUIL) C AAPOM.

Cnycrsa nBa roga mo3uTpoH 6611 OGHAPYIKEH ¢ TOMOIIBIO Ka-
Mepsl BusibcoHa, moMerneHHoON B MaruuTHoe none. Hampasie-
HHYe NCKPUBJIECHUA TPEKa YACTHUIbI YKASLIBAJIO 3HAK ee 3apsa/a.
ITo paguycy KpMBHUBHBI M SHEPIUM YACTUILI GLIJIO ONpeNeTeHo
OTHOIIIeHNE ee 3apaga K Macce. OHO OKa3aNOCH 110 MOAYIIO Ta-

KHUM e, KaK 1 y asekTpona. Ha pucynke 14.2 il sugure nep-
ByI0 GoTorpaduio, HOKa3aBIIYIO CYIIECTBOBAHME IOBUTPOHA.
Yacruna aBuramach CHU3y BBEPX M, MPOM/ASA CBUHIOBYIO ILIa-
CTHHKY, IOTEpsAJa YacTh cBoeil sHepruu. Ma-sa sroro xpusus-
Ha TPaeKTOPUU YBEJIUUYUJIACE.

ITpomecc poskpeHusAs mapbl SIEKTPOH — MOGUTPOH Y-KBAH-
TOM B CBUHI[OBOM IJIACTHMHKE IIOKasaH Ha (ororpaduu, npuse-
IeHHOW Ha pucyHke 14.3. B kamepe Buancona, maxopsineiics

B MarEuTHOM IIOJIe, IIapa OCTaBJIAET XapaKTepHLIil cjien B Buxe
ABYDOTON BUJIKU.

HcuesHoBeHue (AHHUZUNAYUA) ONHUAX YACTHIL W NMOABICHIE
APYTHX IPU PeaKIUaX MeXAY dJIeMEHTAPHBIMI YACTUILAMMU SIB-
JISIeTCS MMEHHO MpeBpalieHNeM, a He HPOCTO BOSHUKHOBEHUeM
HOBOHl KOMOMHAIIMM COCTABHLIX uacTei
crapbeix gactui. Ocobenno uarasano o6-
HApyXHBaeTCA OTO IPU AHHMIMIAIINN
napel 3JEKTPOH — Io3urTpon. O6e uac-
TUIIBI 06JIaZa0T OIIpeeieHHolt Maccoit B
COCTOSTHMU ITOKOS M 9JIEKTPHUCCKUMHU 3a-
pAxamu. PoTOHEI e, KOTOPLIE IIPU BTOM
POKIAIOTCA, HE UMEIOT 3apAL0B U He 006-
JIaflaloT MAaccol IIOKOMA, TAK KAK He MOI'yT
CYIIEeCTBOBATH B COCTOSAHUM [TOKOS.

Puc. 14.2 Puc. 14.3




B cBoe BpeMs OTKPBITHE POMACHUSA U AHHUTHISINN 3JICK-
TPOHHO-TIOBUTPOHHBIX Iap BBI3BAJIO HACTOAILYIO CEHCAIHIO
B HayKe. [0 TOTO HUKTO He IIPEAIIoJaraj, 4To 3JeKTPOH, CTa-
peillIasA u3 9acTHIl, BAXKHEHIIUH CTPOUTENbHBI MaTepHas aTo-
MOB, MOJKET OKa3aThCs He BeUHBIM. BnocaencTsun ABOHHUKY —
AHTUYACTUIEI — OBLIN HaWAEHbI Y BCEX YACTUIL. AHTHYACTUIBI
IPOTUBONOCTABJISIOTCA YacTHUIlAaM HMMEHHO IOTOMY, YTO IIpHU
BCTpeYe J000M YacTUIBI €¢ COOTBETCTBYIONIEH aHTUYACTHIIEH
IPOUCXOAUT MX aHHuUrmiaAuuA. O0e wacTUILI MCUYE3A0T, IIpe-
BpAaIlasgch B KBAHTHI U3JNYYEHUA UIU JPyrue YacTUIIBI.

CpaBHUTENBEHO HEJABHO OOHADYKEHBI AHMUNLPOMOH U AHMU-
HellmpoH. INeKTPUUEeCKUH 3apsAj aHTUNPOTOHA OTPUIATEJIEH.

Cetiuac XOpOIIO M3BECTHO, YTO POKAEHUE ITaphl HACM UYL —
anmuyacmuya 1 uX aHHUTHJIANNA He COCTABJIAIT MOHOIIOJINHT
3JeKTPOHOB U TO3UTPOHOB.

ATOMBI, Apa KOTOPBIX COCTOAT M3 AHTHHYKJIOHOB, a 060-
JO0YKa — M3 II0O3UTPOHOB, 00pas3yioT anmusewecmeo. B 1969 r.
B Halllell cTpaHe ObLJI BIEPBLIE HOJVUEH AHMUZEAUTL.

Ilpr amHMTMIAIIME aHTHUBEINECTBA C BEINeCTBOM YHEpPrUsd
IIOKOS NIPEBPAIaeTCsa B KUHeTHYIECKYIO 9HEPIruio 00pasyIoNIIx-
cA Y-KBAHTOB.

JHeprua IMOKOA — CAMBIH I'DaHAMO3HBLIA M KOHIEHTPHDO-
BaHHBIA pesepByap sHepruu Bo Bcesnenuoii. I TorsKo npu aH-
HUTHIALYAN OHA MOJHOCTBIO BBICBOOOXKAAETCA, IpPeBpPAIlasch
B Ipyrue BuAbl 3Heprun. [losToMy auTUBEIIeCTBO — caMBbIii cO-
BEPIIECHHBI MCTOYHUK JHEPTHH, CaMoOe KaJOpHUiiHOe «TopIo-
uee». B cocroaHuM 1u GyfieT 4e10Be4ecTBO KOTAA-IuG0 3TO «I'0-
piouee» HMCIOJIB3OBATH, ceHYAC CKa3aTh TPYLHO.

MosxHO HaZeATHCA, YTO HeJaJeKO TO BpeMs, Korga 6ymer
pellleHa OCHOBHAas 3ajada (DUBWKU OJIEMEHTAPHBLIX YaCTHIL
u Bcedl (usumKu Boobie. Byper mosayden crnekTp macc aJie-
MEHTaPHBIX YACTUIL ¥ OyJeT BhISACHEHO, YeM OIpeHeAI0TCH BHa-
YeHUA JTEKTPHUYECKOr0 3apana ¥ APYIAX KOHCTAHT B3aWMO-
AeHCTBUSA.

1. B 4eMm pasnuuue Tpex 3TanoB Pa3eMTHA (U3IMKM 3NEMEHTAPHBLIX
? qactuuy!
® 2. 3neKTPOH — caman Merkasi M3 3apsXKeHHbIX YacTul. Kakol u3 ua-

BECTHbIX BAM 33KOHOB COXPaHeHHA 3anpellaer npeepalyeHMe neK-
TPOHa B (POTOHBI MK HEHTPHHO!

3. Nepeuncnute Bce cTabHNbHbIE 3NE@MEHTAPHLIE YaCTHUbI.

4. KakoBa 4acTOTa Y-KBaHTOB, BO3HWKAIOWMX NMPH aHHMIUAALMM Mef-
NEHHO ABMXYLMUXCA IMEKTPOHA M NO3HTPOHa!

5. MOXXHO nM B Ny3LIPLKOBOH Kamepe HabmogaTh TpeK 3apsKeHHON
4acTHUBLI C BpemeHeMm >mn3un 1077 c?

6. Yo taKoe KBapk!

KPATKHE UTOI't I'JIABBI 14

aﬂeMeHTapHI:Ie JYacTUibl — 3TO IIePBHYHBIC, HEPA3JTOXKU-
MbIe JgaJjiee 4aCTHIIbI, U3 KOTOPBIX ITIOCTPOE€HA BCA MaTepud.
SJIeMeHTapHLIe JaCTHUIIbl HE OCTAIOTCA HEHM3MEHHDbIMH.

Bce saemenTapHbIe 4aCTHUIIBI CIOCOOHEBI IIPEBPANIIATHCS JIPYT
B Apyra, ¥ 5TH B3aUMHbIe ITPEBPAIlleHHus — TJIaBHBIH (PpaKT
HX CYIIeCTBOBAaHUA.

BonbpMInHCTBO 3JIeMeHTAPHBIX YaCTHUI HeCTaOUIBHO H I1Ipe-
BpallfaeTcsi CAaMOIIPOHU3BOJIBHO ¢ TeUeHHUeM BPEMEHHU B IpYy U
YacTHUIbI; UCKJIOYEHNE cOCTAaBIAAT OTOH, 3JEKTPOH, 11PO-
TOH M HeHATPUHO.

Bce yacTunnsl mMeroT ABOMHMKOB — aHTHYACTUIbI. Hanpu-
Mep, II0 OTHONIEHUIO K 3JeKTPOHY aHTUUACTHUIIEH ABJIAETC s
mo3uTpoH., HacTuna M aHTHYACTHIIA HMEOT OJAMHAKOBLIC
Macchl, a WX 3apAalbl IIPOTHBOIOJOXHEI IO 3HaKy. [Ipu
CTOJIKHOBEHWY YACTHIILI C AHTUYACTUIIEH OHY ncues3aioT (aH-
HUTMUJIHPYIOT), IpeBpallasich B JPyTrUe YacTUIhI. AHHUTU-
JANMASA ITO3UTPOHA U 9JIEKTPOHA COMPOBOIKAAETCA POKIAEHU-
eM ABYX (MJIH TpexX) raMMa-KBaHTOB.

Yucua0 OTKPBITHIX 3JIeMEeHTaPHBIX YacTuIl B 70-e rr. cocTaBu-
JIO HECKOJIbKO mecsaTKoB. Kpome Toro, obHapy:KeHO Oojiee
ABYXCOT KOPOTKOXXUBYIUUX YACTUI[ — PE30HAHCOB (CO Bpe-
MeHeM Xu3HU nopaaka 10722 ¢). B cBa3u ¢ 3TuM OGbLIA BhI-
CcKasaHa I'UioTes3a, COrIaCHO KOTOPOM BCe CHJIBHO B3aMMO-
IefcTBYIOIE 3JeMeHTapHbIe YaCTUIBI TOCTPOEHHBI U3 HoJiee
dyHIZAMEHTAJAbHLIX YaCcTUH — KBapKOB.

Kpapxu 6b1yiu 00HADYKEHBI BHYTPH IIPOTOHOB M HEATPOHOR
npu HAGIIOEHNY PACCETHUA DJIEKTPOHOB U HEHTPUHO 60JI1-
HINX 9HEpruil Ha HyKJoHaX. OAHaKo B CBOOOIHOM COCTOSI

HUU KBADKY He HaeHbl, W, [I0-BUANMOMY, PaCilieiuTh 1y

KJIOHBI U [PYTHe YaCTHIBI HA KBAPKH HEBO3MOMKHO, TAK il
CHJIBI B3aMMOAENCTBUA KBAPKOB He YOBIBAIOT, a, HATIPOTI I,
yBeJIMYUBAIOTCS M0 Mepe yAaJleHUsa UX APYT OT Apyra.
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ACTPOHOMUA

B stom pasnmene mwbi nadyunm crpoenune CoJHeUYHOI cUcTe-
MBI, 3aKOHBI, ONHCHIBAIOILINE ABUMKEHUE ILIaHEeT, IIPOSBICHHUA
IPAaBUTAIIMOHHOTO B3aMMOJEHCTBUA B CUCTEME SeMIs — Jlywua,
¢dusudeckue croiictea Conuna u 3Be3]. Ucnosbaysa uspecrunie
SaKOHBI (PUBUKHM, 3aTJIAHEM B Helpa 3Be3, o0CyAuM UX KU3HD
U CMepTh. ¥3HAeM, 4YTO OCTAHETCHA IociIe cMmepTtu Cognia u 6o-
Jleé MacCCHBHBIX 3Bes3A. M3ydeHMe Mmpa TanakTUK ITO3BOJIAT
HaM ys3HaTh, Kak ycrpoeH Mueunsrii ITyts u rane o6pasyiorcs
3Be3fbl. MBI mocMoTpuM, Kak Habiaomaemoe KpacHoe cMere-
HUE B CIIEKTPaxX raJJakKTHUK yKasblBaeT Ha pacmupeHue Beesen-
HOM B IeJIOM W 4YTO HabiozaeMoe PEJTUKTOBOE H3IyUYeHHe,
salrosnHswNIee BClo Beenennyio, ykassiBaeT Ha TO, uTO B npo-
maom Bceesenmas 612 He TOJIBKO IIJIOTHOH, HO M ropsdei.
YBUIuM, Kak 3HaHHe 3aKOHOB HeGeCHOM MEeXaHUKH IIO3BOJSET
CMOJeJINPOBaThk ABMIKEHHEe He TOJbKO ILIAHET, HO U UCKYCCT-
BEHHBIX He0eCHBIX TeJl.

I'nasa 15. COJIHEYHAS CUCTEMA

U3 Texcra 9T0i riaBel MBI Y3HAEM, UTO CJIOMKHBIC BU-
AUMBbIe IIeT/leoOpasHble ABUIKEHUS ILIAHeT cpean
3Be31 OOBACHAIOTCS [BUXKEHMEeM SeMAM U ILIaHeT
BOKPYr CouHIla. Y3HaeM, 4YTO CJIOMHBIMH xXapakxkTep
ABmyxeHua JIymel BOKpyr 3Semam um BeMmian BOKpPYrI
Conana obwsacuser cmeny JAYHHBIX (a3, ABJIeHUE
IPUJINBOB U OTJIMBOB, 4 TAKXKe 3aKOHOMEPHOCTY COJI-
HEYHBIX U JIYHHBIX 3aTMeHUi. Usyuyum cocras Co-
HEYHON CHUCTEMBEI.

§ 116 BHUIAWUMBIE IBUKEHUS HEBECHBIX TEJI

TemHOI HOUBIO MBI MOXKEM VBUAETH HA HeGe OKOIO 2 500 3Be3x
(C y4eTOM HEeBUIMMOTO MOTyIIApHSA 5000), xoTopkle oTaMualoTCA
o 6ecky u usery. Karxercs, 4ro oHu NpUKpenyeHbl K Hebec-
HO¥ cdepe u BMecTe ¢ Heil o6pammaoTcs BOKDYT 3emuu. YTobuI
OPHEHTUPOBATHCA CPeAM HUX, HeGo pasbuiau Ha 88 cosseaamii.
Bo II B. mo u. . T'unnapx pasgennn 3Be3Abl 10 OJIeCKy Ha 3Be3[-
Hbl€ BE/IMUNHEI, CaMble APKUE OH OTHEC K 3Be3/iaM IIepPBOIH Besu-
yuHBL (1™), a camsle cabule, efBa BUAMMEBIE HEBOOPYKEeHHBIM
riasom, — K 6™. B cosBeanuu 3Be3npr 0603HAYAIOTCH rpedecKu-
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MU OYyKBaMH, HEKOTOpPHIE CaMbIe
APKHe 3Be3/Ibl UMEIOT COOCTBEHHBIE
Ha3BaHuda. Tak, IlomapHas 3Bes-
ga — o Majyoit MeaBennisl umeeT
6aeck 2™. Camas ApKasa 3Be3ja ce-
BepHOro Heba Bera — o JIupsl ume-
et O6Jeck oKoJo 0™,

Ocoboe mMecTo cpeu co3Bes3nuii
3apuMann 12 30AMaKaJbHBIX CO-
3Be3/Uil, Yepe3 KOTOPLIE [IPOXOJUT
rogmyHbeIA IyTh COMHIIA — IKJIMI-
Ttuka. Tak, B mapre CoyiHLIEe NBH-
JKeTcd 10 co3Be3auio Puib, B Mae —  Puc. 15.1
Tenviia, B aBrycre — JIsBa, B HO-
a6pe — Ckopumona.

B Hacrosee BpeMs I OPHMEHTAIMU CPEAM 3BE3] acTpo-
HOMBI HCHOJB3YIOT PAa3JUYHBIE CHUCTEMBI HeGEeCHBIX KOOpIH-
HaT. OJHAa W3 HUX — 9KBATOPHAJBHAA CHCTEMa KOODAWHAT
(puc. 15.1). B ee ocHOBe JeKUT HeGECHBII 5KBATOP — IIPOEK-
IusA 3eMHOI'O SKBaTOpa Ha HeGecHYIO cdepy.

IKINITHKA U 9KBATOP IIEPECEKAIOTCH B IBYX TOUKAX: BECEH-
Hero (Y) u oceHHero (=) paBHOJEHCTBUA.

Touka BeceHHEro PaBHOIAEHCTBHUS HAXOAUTCA B CO3BE3IUU
Pr16b1, 1 0HA CIIYKUT HAYATBHOMN TOYKOH’, OT KOTOPOM B HATIPaB-
JIEHHHX IIPOTUB YACOBOH CTPEJIKM OTCUUTHIBAETCS KOOPAMHATA
npAaMoe BOCXOXKJAEHHEe, KOTOPYIO OOBIYHO 0003HA4YawT OyK-
BOIl 0. ITa KOOPAMHATA SBJIAETCH aHAJOTOM JOJATOTHI B reorpa-
pudecKkux KoopaMHATAX. B acTpoHOMUM IPUHATO IpsiMOe BOC-
X0 eHNe U3MePATh B YaCOBOM Mepe, a He B rpagycuoi. Ilpu
3TOM HCXOAAT M3 TOTO, UTO IOJHAA OKDPYKHOCTb COCTABJISIET
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24 4. Bropasi KoopauHATA CBETHIA & — CKJIOHEHHMEe. — SBJIAET-
Ci aHaJIOroM IIMPOTHI, ee U3MEePAT B rpagycHOi mepe. Tak,
3Be3fa Anbramp (o Opsa) UMeeT KOOPAMHATHI O, = 19"48"18¢,
CKJIOHeHUe 0 = +8°44’. 3mepennsre KOODAMHATHI 3Be3[ XPAHAT
B KaTajorax, o HUM CTPOAT 3Be3THbIE KapThl (pIC. 15.2), xo-
TOPBIE HCIIOJNB3YIOT ACTPOHOMEI IIPU MOMCKE HY)KHBIX CBETHUI.

Bsaumnoe pacnonosxenne 3Besn ma meGe He MeHAeTCA, OHHI
COBEPMIAIOT CYTOYHOE BpallleHWe BMecCTe ¢ HebecHOId chepoi.
Ilnmanersl HapA#y ¢ cyTOYHBIM BpaIleHMEeM COBePIUAIOT Meji-
JIEHHOE ABMI)KEHUEe CPeAV 3Be3], ONpAaBAbLIBas CBOE HABBAHIE
(planetas B mepesozme ¢ rpeueckoro — Oay:xpatoas ssesga).

BuauMmseiii nyTe miamer Ha Hebe nersieobpaseH. Paszmepsr
OUUCBIBAEMBIX ILJIAHETAMH IeTeJb pasiauuHel. Ha pucys-
ke 15.3 mokasanmo Buaumoe netieo0pasHoe ABHIKeHUE Mapca,
KoTopoe gjuTca 79 nmeii.

HauGomee mpocro Bupumoe aBmkeHme miamer u Connna
OLUCBHIBAETCA B CHCTeMe OTCUeTa, cBaA3aHHOM ¢ Cosxnmem. Ta-
KOM IOAXO0J MOJYyIN/I HasdBaHUe reJIHOLeHTPHYECKOM CHCTEeMBI
Mupa ¥ OBII TOPEAJIOKeH MNOJbCKHM acrpoHomom Hukomaem
Konepuuxom (1473—1543).

B aT0i1 cucreme cyTounoe npu-
JKeHVe HebGecHOro cBoja o0bACHA-
7 69 ) eTCsA BpallleHueM 3eMJHU BOKDPYT
* 3. * o o ocHu, rogudHoe asmxeHue CoJiH-

642 Ila 10 SKJUITHKE — ABUIKEHMEeM
7 3emnan Boxkpyr CosHIA, a oOmu-
ChIBA€MbLIe ILTAHETAMH ITeTINA —
CIOXKeHneM JBIKeHHIl 3eMan u
niaaHer (cM. puc. 15.3). Boxpyr
3eMJIM ABHIKETCA TOJIBKO Jyua.
Konepuuk paccumran paccros-
HuA naaner g0 ConHna.

B acTponomuu cpennee paceros-
Hue ot 3eman 1o CoJHIIA IPUHATO
33 eAUHHUIY PACCTOAHUA U HAa3bI-
BaeTCA ACTPOHOMHYECKOH eJHHHU-
meit (a.e.), la.e.=150-10° k.
Tax, Mepkypuit HaxoauTcs: ot Sem-
Jn Ha paccrogaauu 0,39 a. e., a Ca-
TYPH — Ha paccrosiauu 9,54 a. e.

B anTuuHBIE BpeMeHa u BILIOTH
no Komepruka monaranu, uyrto B
nenrpe Bcenennoil pacmonmosxena
3eMuid U Bce HebeCHEBIE Tea obpa-
MAaTCA IO CJIOKHBIM TPaeKTO-
ODO'HTa apc® PUAM BOKDYr Hee. JTa CHCTeMa

MHUpa Ha3bIBAETCA TeOLeHTpHYe-
Puc. 15.3 CKOH cHCTeMO# Mupa.

Buaumas nersns

3BesnHoe
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Jloka3areabCTBO JBHMKEHHA
3emuam Bokpyr ComHua m ompe-
JelleHHe PACCTOIHUI A0 3Be3n.
Ecau 3emas obpaimaercsa BOKPYT
ConHita, To 6;1U3KHE 3BE3ABI JOJIK-
HBbI IEPUOAUYECKY CMEIaThCA Ha
done Gonee najexkux 3Be3m. ITO
cMeleHHe Has3LIBAeTCHA mHapaj-
JAKTHYECKHM, a YyI'oJ T, IOX KO-
TOPBIM CO 3Be3AbI BUJEH Damuyc
3eMHO¥ opOuThI, HA3LIBAETCA Ha-
pamnaxcom. Kax BUAHO U3 PHCYH-  Puc. 15.4
kKa 15.4, paccTosHMe A0 3BE3IBL

a, ay _ a - 206 265

4 144
sSinw® npa.u T

Tark kKaK mapajjaakc 3Be3J MaJj, Mbl 3aMeHHJIHU CHHYC MaJoro
yIjia CaMHM YIJIOM, BBIDAXKEHHBIM B PaJMaHHON Mepe, a 3a-
TeM Hepenraw OT paguaHHOH Mephl K I'pPajycHOil, ydTd, 4TO
1 pag = 206 265"”. B acTpoHOMUYN NPUHATO U3MEPATH PacCTOA-
HUe 10 3Be3f B napcexax (IIK).

1 ok = 206 265 - a, = 206 265 - 150 - 10% xm = 3 - 10'3 kM.

Urak, ecau mapajjiakC M3MepATh B YIJIOBBIX CEeKYHJAX,
a paccTosiHHe J0 3Be3gbl — B IIapceKax, TO CBA3BI0 MEXAY
HUMH OyAeT PaBeHCTBO
r = 1 15. 1)

Toasko Bo BTOpoii nojoBuHe XIX B. yaajock U3MEPUTE Ha-
Pa/IaKChl ¥ PACCTOAHHA /O 383l U TeM CAMbIM HOATBEP/AHTEH
Teopuio Kornepuuka "Habawgeruamu. Tak, 6J114ma1z1,1’11aa K ‘HHM
3Besga o llemTaBpa umeert HapaJIJIaK0131'C=O,751 , TO3TOMY
paccrosinue 10 Hee r= 1,33 nk =4 - 10*° kM.

s onpemenenus IOJOMKEHNA 3BE3], UCNOAbL3YIOTCA Hebec-
Hble SKBATOPHAJBbHBIE KoOpAuHATHI. CIIOMKHOE IeTiIeodpiaisHoe
IBUJKEHHE ILIaHeT OOBJCHAETCA ABMIKEHHEM 3eMau U u.uzmve'r
Bokpyr CoisHIla, a HabaoeHne TOTUYHOTO Iapalakea v sBesp
He TOJbKO IMOATBep:Kuaer obpamieHue 3emau Boxpyr ConHia,
HO ¥ MHO3BOJAET ONPeNeJsATh PACCTOAHHSA OO HHUX.

1. Yro Ha3biBaeTcH HeGeCHbIM 3KBaTOpOM}
? 2. Yrto Takoe 3KNMNTHKa!l
® 3. Yem OTNHYALTCH FEOLEHTPHYECKAA CHCTEMA MHPA OT renHOoLEeHTPH-

Yeckoi!
4. Yvo Takoe napcex!

343




§ 117 3AKOHBI IBUKEHUSA IIJIAHET

B xoume XVI B. garckuii acrporom U. Kemnep, usyuas
ABIDKEHME ITIAHeT, OTKPBLI TPH 3aKOHA WX ABMKeHHs. Ha
OCHOBaHUHU 3THX 3aKOHOB U. HroToH BhIBEN thopmyy ans zako-
Ha BCEMHDHOTO TATOTeHUA. B pambHeiimenm, HUCIIONIB3YA 38KO0-
Hbl MexaHuku, . HeoTon pemmun sagauy ABYX TeJl — BBIBEJ
SaKOHBI, IT0 KOTOPBIM OZJHO TeJIO ABUXKETCH B IIOJIe TATOTEHUS
Apyroro rena. OH IOJTyuns Tpu 0000IIeHHEIX 3aK0HA Kemnepa.

Ilepesiii 3axon Kenaepa. ITod deticmeuem cunwe npums-
HceHUA 00HO Hebechoe meno deéusrcemen 6 nore mazome-
HUR dpYy2020 nebecroz0 mena no 00HOMY U3 KOHUYeCcKuX
cewenuu — kpyzy, aanuncy, napabone unu zunep6one
(puc. 15.5).

Ilmamersr aBuMxyTCS BOKPYr CoJHHA N0 3IIMOTHYECKON
opbute (puc. 15.6). Bamxaiimas k Conuny rouka op6uTEI Ha-
SBIBAETCA IEPHTeNHeM, caMasd Jajlexkas — adenuem. JIuung,
CoequEsAOIas KaKy-Iu00 TOUKY 3JIIAMCA C dboxycom, HaA3BI-
BaeTca papuyc-BekTopom. OTHOIIEHME pPaCCTOAHUS Mexay ¢o-
KycamMu K GouabInoil ocu (K HanboJbIIeMy AUaMeTpy) Has3bIBa-
€TCHA IKCUEHTPHCUTETOM €. DJIJIUIIC TeM CHJILHEee BBITAHYT, YeM
Gouibitie ero skcueHTpUcUTeT. Bosbias OJIyOCH BJIJINICA @ —
CpefHee paccrogHue miaHersl a0 CosHIa.

ITo snnunTuveckum op6uTam ABHJKYTCA U KOMETBI M acTe-
pounsl. ¥ okpyskHocTH e = 0, y annunca 0 < e < 1, y napa6o-
Jel e =1, y runep6ons e > 1 (cm. puc. 15.5).

HdBmxeHne ecTecTBeHHBIX U HCKYCCTBEHHBIX CIIYTHHKOB BO-
KDYT ILTaHET, ABUKEHNE OJTHOH 3BE3/bI BOKPYT APYIro# B ABOIl-
HOH CHCTEME TaKiKe IOAYUHIIOTCS 9TOMY IIEPBOMY 0006IIIeHHO-
My 3axkony Kemuepa.

Bropoii 3akon Kemuaepa. Kaxcdasn niranema odeuxicem-
CA mak, Ymo paduyc-eeKkmop naanemuwr 3a paeénvie npo-
MeHYMmKU 6pemenu onucviéaem pachbre naowadu.

IInasera npoxogur IIyTE OT TOYKKX A 10 A’ u or B no B’
(puc. 15.7) 3a ogmo u TO XK€ BpeMsi. [Jpyrumu ciaosamu, miamera
ABHKETCsA OBICTPEe BCEro B MEepUTeIuH, a MeJlJIeHHee BCero —

OprJKHoc'rLg »
| 6*,} - HenTp smmumnca
il () = -
] '06‘ = 2
! (] o) N
: ‘Qy = F2 =
s S|
J < g
DJLIHIICHI 2 = @
i ) & \Coxxue ¢ Cpennee &
; 2 g paccrosane / <
i 2 = ILJIAHETHL
] % or Conuua’(a)
!
Puc. 15.5 Puc. 15.6
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KOrja HaXoQuTCA Ha HanbGoJIbIieM
yananenuu (B abenun). Takum o6- A
pasom, Bropoil szaxkoH Kemmepa B
oIpenessieT CKOPOCTb IBUKEHHA
niaHerbel. OHA TeMm 0oJIbIlIe, UeM
miaaHeta 6amxe K Coanmy. Tax,
CKOpOCTH KoMeThI lajiiesa B mepu-
requy paBHa 55 KM/c, a B adheauu  puc. 15.7
0,9 xm/c. 5
Tpernii 3axon Kennepa. Ky6 6onbuoi noayocu op6umut
mena, denennubli Ha K6adpam nepuoda ezo o6pausenun
U HA CYMMY MACC Men, eCmov 6eLULUHA NOCMOAHHAR.
Ecniu T — nepwop o6pallieHHA OXHOTIO TeJa BOKPYT APYTO-
r'o Teja Ha CPeJHEM DPACCTOAHUH a, TO TPeTHH 0600IeHHbIH 3a-
koH Kensepa sanucsiBaeTcsa Kak

a®/[T? (M, + M,)] = G/4n? (15.2)

roe M; u M, — Macchl NPUTATUBAIOIUXCA ABYX Tel, a G —
rpaBUTAIlMOHHAA mocToAHHAA. [na ConHeuHol cucTeMbl Mac-
ca Comnnma My = M, >» M, maccsl n1000# IJIaHETHl, W TOTAA

a®/T? = GM /42, (15.3)

IIpaBass uyacTh ypaBHEHHA — INOCTOSHHASA I BCEX Tel
ConHeuHOIl CHCTEMBI, UTO U YTBEPXKAAeT TpeTuil 3akon Keme-
pa, MOJYyYeHHBIN YYeHBIM M3 HAGJIIOZeHUH.

Tperuit o6o6mennblil 3akoH Kerepa mossoJsiser ompeje-
JIATh MACCHI IJIAHET M0 ABMKEHHMIO MX COYTHHKOB, 8 MAaCCHI
ABOMHBIX 3Be3J — [0 3JIEMEHTAM HX OpOHT.

!

B

b

[ABu>keHne IIIaHET 1 APYIUX HeGecHBIX Tea BOKpyr CosHIA
noJ JefCTBHEM CHJBI TATOTEHUS HPOUCXOAUT II0 TPEM 3aKO-
naMm Kennepa. 9Tu 3aK0HBI MO3BOMAIOT PACCUMTLIBATE IIOJI0MKE-
HHA ILIaHeT U ONPeleJaTh UX MAacChl II0 ABMKEHUIO CIIYTHUKOB

BOKDYT' HHX.

1. Nepeumucnmnre OCHOBHbIE 3NEMEHTbI INNMNTHYECKOH OPOHTLI NNaHeTLL.
‘) 2. Kak cBsizaHbi nepuofibl 06paLLeHMs NNAHET C MX CPeHMMM PACCTON-
A Husimu go Connuyal

3. Cchopmynupyitre nepsbiit 06061eHHbIM 3aKon Kennepa.

4. 3anmwmre Tpetui 0606wWweHHbIN 3akoH Kennepa.

§ 118 CHCTEMA 3EMJIA — JIYHA

Bupumoe asmxenue Jlynni. Jlyna — Gmpxaiimee x 3em-
Jie HeGeCHOe TeJI0 M ee¢ ecTeCcTBeHHBIN COyTHUK. JIyHa genaer
OfuH 000pOT BOKPYT 3eMJiH 3a 27,3 CYT. ¥ C TAKKAM >Ke [IepPHO-
JOM BpalllaeTCcsa BOKDPYI' CBOEH OCH, IOITOMY C 3eMJH BUIHO
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Conneunsre nyun TOJBKO OLHO e€e IoJyIIapue.

O6parHyio cTopory JIyHEI BIep-
Bble yZaJoCh YBUIAETL TOJBKO
7 oxtabps 1959 r., xorma co-
Q BEeTCKAas aBTOMaTHUYeCKAsd CTaH-
uua «JIyra-3» obaerena Jlymy
u cororpadupoBana ee obpar-
HYIO CTOPOHY, IepeJaB CHUMKU

Q O Ha 3eMuIio.
Bugumoe nepemernenue Jly-
G G HBl TPOMCXOAUT HEpaBHOMED-
Q HO, noToMy uTto JIyHa gBuKeTCH
B IIPOCTPAHCTBE II0 3JLINIITHYe-
CKO¥ opbure, B 05HOM U3 GOKY-
COB KOTOPOI HAXOJUTCA IEHTP
Puc. 15.8 demau. Boaswas noayocs ayH-
HOH opbutsl a = 384 400 xm =
= 60,3R; (Rg — paguyc 3emnu), sxcuenrpucurer e = 0,055.

Jlyna, nono6uo 3emie, npeacTasiser coboil TeMHBIH HeIlpo-
BPaYHBIN I1ap, CBETSIHH OTPAMKEHHBIM COJHEYHLIM CBETOM.
CosHue Bcerma ocBeljaeT NPUMEDPHO IIOJOBHHY 3TOTO miapa,
Apyras IIoJIOBHHA ocTaeTcsa Temuoi. Ho Tak xak k S3eMiie 06bIK-
HOBEHHO GbIBAIOT OOpPAIeHbl X 9aCTh CBETJION0 BUAMMOTO IIOJY-
rapus, ¥ 4aCTh HEOCBELIEHHOro, T0 JIyHa 601bII1yIO YacTs Bpe-
MEHM KaKeTCd HaM HemoJHoii. Pasnuuaior ueTsipe oCcHOBHEBIE
(assr JIyHBI: HOBONTyHHeE, HIepBas YeTBEPTH, MOJHOJIYHHE U TIO-
CIeIHAA YeTBEPTh.

Ha pucynxe 15.8 mokasamsl mososkenus JIyHBI OTHOCH-
TeabHO 3emau u CONHUA IJIA PAa3IMYHBIX (as.

HuTepBan BpeMeHU MeXAY ABYMS I10CJIe0BATEIbHBIMY HO-
BOJIYHUSAMH, paBHbIA 29,5 CyT., MOJSyYNU) Ha3BaHUE CHHOOMYE-
ckuil mecan (nmepuog). CuHOOUUECKUH MeCAIl JIeKUT B OCHOBE
JIYHHOTO KaJIeHgaps.

Conneunsle u iyHHsie 3aTMenus. [lepuonuuecku Jlyna yac-
THYHO WJIK IOJHOCTBIO 3acioHseT CoJIHIle — Takoe SABJICHHE
Ha3bIBAETCS COMHEYHBIM 3aTMEHHEM, OHO MOKeT IIPOM30ITH BO
BpeMa HoBosyHu#. Korza Jlyna monazgaer B Tens ey, Hacry-
I1aeT AyHHOe 3aTMeHHe, KOTOPOe MOXKeT HACTYIMTh BO BpeMs
NOJTHOIYHUH. BenencrBue HakIOHA IyHHON OPOUTH K 9KJIUAIITH-
Ke 9TH ABJIEHUSA IPOUCXOAAT He KaKIbIA MecdAl, a 3HAYUTEIBLHO
pexxe. Ha mpoTsaxeHNn KajJeHAapHOTO roja OPOUCXOAAT OT 2
0 5 COJIHEUHBIX 3aTMeHHH u ot O 10 3 JIYHHBIX 3aTMEHUIA.

Ewe npeBHue BaBUJIOHAHE 3aMeTHJIM, YTO BCEe 3aTMEHHUS
OBTOPAIOTCA B TOM XK€ IIOpALKe IPHMEpHO depe3 18 ner m
11 gueit. 3TOT MEPUOA y APeBHUX BAaBUIOHAH HA3LIBAJICH OUK-
som Capoca (B mepeBojie ¢ erHIeTCKOTO capoc — TOBTOpeHUE),
UM [TOJB30BAJUCE ANA IPeICcKa3aHull 3aTMeHMI.

Hosonyuue

IlepBas yeTBepTs
Tperss ueTrepTH

HMonnonyune
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IpnnuBuble aBideHus. llox Orus .
JefCTBMEM JIYHHOTO IIPUTSNE- ¢ =
HUA BOoAHaaA oO0oJouKa 3SeMJu 5,
IIPUHUMAET CJIErKa BLITAHYTYIO B A B
B cTopony JIyHbI (4 IpOTHBOMIO-  *—* Ee —_— -
JOKHYIO cTOpoHY) dhopmy. Tam, & X\ S /
rae JlyHa BbIlle BCETO HAZ To- s
DU3OHTOM U TAe HHMKE BCEro = D

mox TOPUBOHTOM, OyAEeT IIpu- Orans
auB. Ha Bocxoe u 3axole  Puc. 15.9
Jlyapr OygyT HabamogaTbCcsa OT-
aussl (puc. 15.9). HeiicrBurennno, oamxraimas k JlyHe Tou-
Ka A OyjeT MCHLITBEIBATE OOJbIlee IpuTaKeHue K Jlyue, dem
neurp 3emau E u Toyka C (9T CHJIBI OTMEUYEHBI CHHUM
nBerom). Pasauiia cusi mMexay toukaMu A u E HasbIBaeTcs
INPUJINBHOM CHJIOH (OTMedeHa UepPHOH CTpeJIKOi), M OHa Ha-
npasJiea ot eHtpa 3emuun K Jlyse. B Toure B npunuBHasa
CHJIa HAIIPABJIEHA B IPOTUBOMOJJIOMKHYIO CTOPOHY OoT JIyHEI, a B
rourkax C u D npunuBHAs cuja HanopaBjeHa K IIEHTPY 3eMJHn.
Taxkum o6pasoM, BoJA IOX AeficTBUEM IIPUJIUBHOMN CHJIbI OyaeT
orrekarsk u3 C u D (orsuB) u cobuparsca B A u B (Upuiaus).

Bo BpeMsa nNpuaMBOB yPOBEHE BOILI IIJIABHO HapacTaeT, JO-
cTurasd HamboJbUIEI0 3HAUEHUA, & 3aTeM ITOCTEIEeHHO CHUMKAa-
eTcsl [0 HU3IIEero ypoBHs. BesencTBue BpalleHus 3eMJIu IpH-
JIMBHBIE BBICTYIIBI 00pPa3yoTCs B KAMKIBIN CaeNyIOIUA MOMEHT
YK€ B HOBBIX TOYKAX 3eMHOH MOBEPXHOCTH. MaKCHMyMBbl
HOABLEMOB BOJBLI YEPEAYIOTCSA Hepe3 olpelelieHHbIe IIPOMEXKYT-
KM BpemeHu, Onuskue K 12 v 26 muu. Takum o6pasom, B Kax-
JIoOM MecCTe OKeaHCKoro Oepera 3a 24 u 52 MuH OBIBAIOT [Ba
NpuaAMBa U ABa oTjauBa. MaKcuMmaJsbHbIe IPUIWUBBHL OBIBAIOT,
Korga JlyHa HaxoguTcs BBIIEe BCEI'O HaJ I'OPU3OHTOM U HMWIKE
BCero I1oJ ropusouToMm. VM3-3a nBuskenns JIVHB BOKPYT 3eMJiu
JlyHa OpoOXOZUT BHIIIE BCETO HAJ TOPH30HTOM KaK pas vepe:s
24 4y 52 MuH. 9TO YKa3LIBAeT HA B3aUMOCBA3b MeXay JlyHoi
¥ npuiauBamu. [efcTBATENBLHO, IBJIeHNE IPUINBOB BhI3biBaOT-
ca mpuTAkenueM JIyHBI.

CousHne, Kak 1 JlyHa, Taxske BeIdbIBaeT npuansbl. Heemor-
pdA Ha GOJIBIIYIO YIAJEHHOCTh OT 3eMJM, Ho baarojapst 60Jib-

mroii macce CoJiHIIA NIPUJINBBI, KOTOPBIE OHO BBI3LIBACT, BCEIO
B 2,5 pasa MeHblIle JYHHbBIX.

Bo BpeMs MOMHONYHUN ¥ HOBOJIYHUI JYHHLIC H COJILC'UHDLE
OPUIMBBL CKJAALIBAOTCS W HAOIIOZAKTCS camble OoJiblIne
npunnsbl. Hanporus, xorga JlyHa B uepnoit ian nociaegHeit
4eTBEePTH, BO BpeMsA JYHHOrO MNpuiauBa OyjleT COJHEeYHBIA
oraus; paeiicreue Coanna sBblunuTaercs w3 jeicreus JlyHsl,
¥ OPUJIUBEI OLIBAIOT CYIIECTBEHHO MCHBLHIMMMU.
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Jlyna neumsxercst BOKpyr 3eMJI O 3JLIHOTHYECKO opbure.
CM?H& JYHHBIX (pa3 onpenesnaeTca U3MeHEHUEM BHU/A OCBEIIEH-
HOM cTOpoHE! JlyHbl. [IBH:kennem JIyHsl BOKpyT SeMuu obbsc-
HAIOTCS JIYHHBIE€ M COJIHEUHbIe 3aTMeHUA. SIBJIeHUe IIPUJINBOB

U OTJUBOB OOYCJIOBJIEHO NPUTAKEHUEM JIyHBI M GONBIIMMU
pasMepaMmy 3eMJId.

OU3HYECKASA ITPUPOJA IIJIAHET

S119  y MAJBIX TEJ COJHEYHOMN CHCTEMBI

ITo coBpemennbM AaHHBIM, BOKpyr CojHIA OGpamIamTCH
BOCeMBb KDYIHBLIX INAPOOOPa3HBIX TeJ, HAa3bIBAeMbIX ILJIAHETA-
mu (puc. 15.10). Hapany ¢ miasetaMu B ux COYTHUKaMH BO-
Kpyr CosiHna 06paIaTCs MIaHeTh-KAPINKH, THICAYH MAJIbIX
IJIaHeT, Ha3bIBAEMBIX ACTEPOMAAMMU, a4 TaKKe KOMETHI U uac-
THYKY OblIn. Macca Connna B 740 pas npeBbrmaer Maccy Bcex
n1aHer, GJIarofaps 3TOMY OHO CBOMM CHJIBHBIM I'DABUTAIIMOH-
HBIM IIOJIEM yJePXKUBAET IJIaHeThl K 0KoJo cebsa. [ToBepxHOCTE
Cosnna Harpera 10 Temnepatypsr oxosxo 6000 K, HOTOMY OHO
u3aydaeT COOCTBEHHBIH CBeT, a IJIAHeTH ocBemaloTcs CoOJrH-
eM M CBETAT OTPAXKEHHBLIM CBETOM.

Ilnaners! Bpamaroresa Bokpyr CoaHIIA B TOM ke HaIpagJe-
HUH, 4T0 ¥ COJHIle BOKPYT cBOel ocH, M yaameHs! or CoaHIa

Paccroanue mraner or Cosuna (8 MIH KM)

€2 0 / Mepkypnii

Puc. 15.10
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B caeaywomieMm nopanxe: Meprypuit, Benepa, 3emas, Mape,
IOnurep, Carypn, ¥Ypan, Hentys (mo coBpemMenHbIM JidHHBIM
IlnyTon oTHocsaT K mniaaHeraM-kKapiaukam). llo ¢usuueckum
XapaKTepUCTUKAM UX 00BbeIUHAIOT B ABe TPYIUIILI, pasrpaHn-
YeHHBbIC B IIPOCTPAHCTBE MOACOM acTePONAOB.

IImanersl 3emHol rpynnsbl. [InasneTsl, ABHAKYIMCCH BUYTPY

nosaca acrepounoB (Meprypwuii, Beuepa, 3emusa u Mape), 1pu-
HAJJIeXKAT K 3€eMHOM rpynme, TaKk KaKk MMEIT MHOI'O o0Hero.
Bce sTtu miaamernl, HeOOABINIHME IO pa3MepaM U Macce (camas
KpyInHad ¥3 HUX — 3eMJsd), HUMEIOT TBEPAYIO MOBEPXNOCTH,
CPABHUTEIBHO BBICOKYIO CPEIHIOI IIJIOTHOCTE, OJIU3KYIO K 11J10T-
Hoctu Bemum (5,5 r/cm?®), u obragaroT aTMochepamu (Kpome
Mepkypusi). Ilmamersl 3eMHOI I'DYIIIBL COCTOAT M3 TAHCILIX
XUMHAYECKHUX 3JTEeMEHTOB.

Hanmune armocdepsl, cofeprraiieil HapAAy ¢ APYTUMMU ['a-
3aMM YIrJIeKHMCJABINA ras3, IPUBeJ0 K TOMY, YTO Ha IMOBEPXHOCTU
Benepnl 1 3emnu geficTByeT HaPDHUKOBBIHA 3(hderT. YTiIeKHUCblii
ras, a y 3eMJIZ U BOASAHLIE Iaphl, IPOIYCKAIOT COJHEUHKIN CBeT,
KOTODBIN HarpeBaeT IoBepXxHOCTL U armMocdepy. Harperaa nmo-
BEPXHOCTH HCIIyCKaeT uHbpaKkpacHble Jy4HU, HO 3TH JIy4Un yrIJjie-
KMCIBII ras He MponycKaeT HAPYXKY B KOCMHUUYeCcKOe IIPOCTPaH-
CTBO M MOBEPXHOCTH He OXJaKjaercs. Temyo cramimBaeTcs
y mosepxHoctu. Tak, remiiepatrypa HoBepxHOCTH BeHepn: co-
crasasaer nouru 500 °C. A ecau 661 aTMochepa 3eMJId He coaep-
JKajla YIUIEKUMCJIBIH ra3, TO TeMIlepaTypa Ha ee HOBEPXHOCTH
obLia 661 Ha 40° HuKe cyiecTByiomeii. Tak uTo 6e3 mapHUKOBO-
ro atdexta 3emia 6bpL1a ObI HOKPHITA JBAOM.

IInanersr-ruranTel. IlmameTsl, ABHIKYIIUECH 34 KOJBIIOM
acTeponuAOB, 00OPA3yIOT rPYNNY NJIAHET-TUTAHTOB, BO3TJIABJAC-
myio IOnurepom — caMoil KPYIHOH M MAaCCHBHOUN ILIaHeTO
Conneunoii cucrembl. K a10it rpynme orHocAaTesa Takske Carypi,
Ypar u Henryn. Oum 006gazar0T 3HAUYUTEJNBHBIMHU pPasMcpa
MU, MaJIOH ¢peaHei MIOTHOCTHIO (6oabiias maoTHOCTh y Henrry
Ha — 1,66 r/cm®, camas wmanas y Carypra — 0,7 ir/em?),
OBICTPBIM BPAIleHUEM, ITPOTAKEeHHBIMHY reJIeBO-BOJOPO/LHLIMN
armocdepaMu ¢ HeOONBINIUM COAEPKAHUEM aMMHBaKa U MeTalla
H, IO-BUAUMOMY, HEe UMEIOT TBEPAOU moBepxHocTH. [linancro-
TUTAHTBI COCTOAT M3 JETKUX XUMHUECKHUX BJIEMEHTOH, B OCHORB-

HOM BOZOpoaa u rejusi. [IIaHeThI-TUTaHTBI OKPYCH LI KOJI LI~
MM, COCTOAIIMMH M3 MEJKHX TBEPABLIX udacTHll. Bokpyr rua-
HeT-TUTaHTOB 00paIamTcsa SeCcATKHU COYTHRKOB.

Tonsxo y MepKypua u BeHepbl OTCYTCTBYIOT ClLIYTHUKH,

Kpynssle cnyTHuky (Takme, Kax Jlyna y demaun unn Twran
y CarypHa) uMeroT mapoobpasuyio Gopmy, a mescne (kak ®o-
6oc u Heiimoc y Mapca) — HempaBHIIbliY10 (hOpMY, CBOUCTBEH-
HYI0 OOJIBIIUHCTBY aCTEPOHUIOB.
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Actepounsr. B nauane XIX . Mex Ay opbutamu Mapca u
IOmurepa 6vinm o6HApY:ReHbI 3Be31006pABHEIE Teja — acTe-
POHMIBI, KOTOPble NBUTraINUCh BOKDPYr ConHNAa Ha PacCTOSHUAX
2,3——?,3 a. e. ASTeponan — HebGoabImMe 6echopmenHrle Tea,
CaMbIM KDYNHBIA M3 HUX — Ilepepa — mmeer B IIONePEeYHUKe
0K0J0 950 kM. Cefiuac uasectTHo HECKOJILKO TBICSY aCTEPOULOB
HEKOTODBIE M3 HUX UMEIOT OPGUTHI, Hepecekaromume opoury BeMi
au. Obmas macca Bcex actepoumos HeboJIbIIAA, CYUIEeCTRBeHHO
MeHBIIIe MACCHI JIIOO0OH IIJIaHeTshl.

Komerst. 9Tu HebecHbIe cBeTHIa IOJYYMJIN CBO€ HAa3BaHUE
OT I'DEYecKOro CJOBa KOMEmac — XBOCTATasl, LIIH KocMaras,
3Besfa. flpkue KoMeTsl mosBAAIOTCS CPaBHMTEJIBHO PeaKo,
B CpenHeM onHa KoMmera 3a 10—15 mer. Crabeie sxe mo Oecry
KOMETEI IIOABIAIOTCA YaCTO (Ha GoTorpaduax 3Be3nHOro HeGa
€XXeTrONHO 00HADYXKHUBAIOT HECKOIbKO KoMmer).

BonsmurcTBO KOMeT BxogsT B coctas Hamer ConHeuHOI
cucremel. Ilox meiicTBueM mpursikenus ConHua oHHM, Kak u
IJIaHEeTsl, 00pamawTcsa BOKPYT HETo 1o BBITSAHYTBIM JJIJIHIITH-
YecKuM opbutam (puc. 15.11). Camoix U3BECTHOI KOMETOM siB-
nferca xomera I'annea (puc. VIII usernoii BKJIeHKH), Ha3BaH-
Has Tak B YecTb [EDPBOTO HCCJeZOBATEJS KOMET, KOTODBIH
[PEACKAasam [IoABIEHUEe 3TON KOMeTs. OHA IBHIKETCS 1O OUeHb
BLITAHYTOH 3JUIMHNTUIECKON opOuTe (@ = 18 a. e. u e = 0,967).
B mepurenmunm oma c6amkaercs ¢ ConHuem g0 paccrosuus
0,59 a. e. (saxoauT BHyTPHL opbutsl Benepsl), a B adenun yna-
Jaaerca go 35,3 a. e. 3a op6bury Henrtysua. ITocnenuuit pas
Komera noABuJIachk B 1986 r. B MmomenT ee OPOXOXAEeHUA BOJIN-
8u ConHna nns ee M3YYeHHA Obli OCYILIeCTBJIEH IIOJIET YeThI-
PE€X KOCMUIECKUX amnapaTos, JBa M3 KOTOPHIX — «Bera-1» u

«Bera-2».

Acrteponasl

dororpadupoBaHue saApa KOMeTsl ['ajjest COBeTCKUMH KOC-
MHAYECKUMH CTAHIUAMU C PpacCcTOAHHUSI okoso 8000 kM mo-
Kas3ajJgo0, 4TO OHO MMeeT HeNpPaBUJIBHYIO (popMy ¢ pasMepaMu
16 x18 %8 k™ (puc. VII usernoii Bkaeiixu). B cac/yoninii pas
ee MoxHO Oyner yeugetrs B 2062 roay.

Ha 6onbminx paccroauuax ot CoMHIA KOMeThl 1 PeCTABAA-
JOT COOOH rbIOLI TBEPAOrO BELECTBA M3 JbAA, 3aCThLIBINMX Pa-
30B W I[EIJIH, BMOPOXXEHHBIX YaCTHUI[ METEOPHOI'O BeICCTBA.
IIpr mpubnmexkenuu ¥ COJHILY JieJ] HAUMHAET TAATL M HCIIa-
PATBbCA, BOKPYT AApa KOMEThI, HAaYaJbHbIe pasMepnl KOTOPOro

He IIPeBBINIAIOT AeCATKOB KMJIIOMETPOB, 00pasyeTcsa IPOTs eI -
Has 0600uKa — Koma. [lox meiicTBMEM JaBJIEHUS COJIHEUHOI'O
CBeTa U COJHEYHOI'0 BETPA YaCThb Ia30B KOMBI OTTAJKUBACTCS
B CTOPOHY, IPOTHUBOIOJIOXKHYIO COJHIY, 06pasysa XBOCT KOMC-
Tel. Maccsl KoMeT oleHuBarorca B 1015—1018 gr,

B xoHIe KOHIIOB KOMeTa TepseT BeIieCTBO M paciagaercs
Ha 4acTH.

Merteopsr n mereopursbl. MeTeopbl (0T I'DEYECKOro CJIOBA
Mmemeopoc — NapAUIUU B BO3JlyXe) — 3TO BCHOBIXUBAIOIHE B
3eMHOII aTMmocdepe Menbuailinive TBepAble YACTHUIILI, KOTOPbIE
BTOPralOTCA B Hee M3BHE C OTDOMHOHN cKopocThio. MeTeopnl
YacTO HAa3bIBAIOT NAJAINUMK 3Be3aMil. B MeXXHOJIaHeTHOM
OPOCTPAHCTBE XAaOTUYHO ABHXKETCA C Pa3JIMUYHBLIMU CKOPOCTH-
MM MHOMKECTBO TaKWUX dYacTuil. Macchl HOZABJAIONIEr0 HUX
OOJILIIINHCTBA NU3MEPAIOTCS AECATBIMU U THICAYHBIMHU AOJIAMH
rpamMMa, B PeJKUX CAy4YyasdXx — HeCKOJbKUMH rpaMmMamu. Ecium
B atMoc(epy BJIeTaeT yacTHUIia CO CKOPOCThIO cBhiie 30 Km/c,
TO H3-3a TPEHUS O BO3AYX OHA OBICTPO PACKAJISAETCH, BCIHBIXU-
BaeT U MOpoXkgaeT Mmeteop. YeM OoJbille Macca ¥ CKOPOCTL UG-
THIbI, TeM spYe MeTeOpHAas BCIIBINIKAa. B cpeameMm o Bcemy
HeOy 3a 1 u moaBiaATCA 5—6 APKUX METeopos.

IToMmumo OTAEeNBHBIX METEOPHBIX uYacTHl, Bokpyr Cosnia

ABHMKYTCA IeJible UX POM, HAa3bIBA€MBIE METEOPHBLIMM ITOTOKA-
mMu. OHM HDOPOKIAEHBlI PACHAZAIOIIUMUCA UJU VIKC PACIaBITN-
Muca koMeraMu. Kakapiii MeTeopHBII poit o6patiaeTes soKpyr
COJIHIIa C IIOCTOSAHHBIM IIEPUOAOM, PABHBIM 1LICPHOJLY OOpalleiins
HOpOAUBLIEH €r0 KOMETBI, ¥ MHOTHE U3 HHX B ONpeJeiacHible
OHU roja BcTpedaroTes ¢ demJieid. B oru jiun uneno Mercopos
3HAQUYUTEJIBHO BO3PACTACT, & CCJH MCTCOPHLIT PO KOMIAKTHBLIUI,
TO HAOJIIOZAIOTCH METCOPHLIC, MM SRE3JIHLIC, JH0MH, KoI'aa
B OOHOM! Orpatinmueiiiioil oomactin neda 3a oJlHy Mty Ty BCHUbIXH-
BalOT COTHU METCOPOR,

Muorue mercophbie norokn s ¢ comeramu. Tak, me-
TEOPHBIN MOTOK, MCXOJAIIMI 113 cossesanst Opuona (Opuorn-
Ibl), CBABAH ¢ KOMeTou 'ajuiest, a MeTcopublii HOTOK AHZpOMe-
HHJABL — C paclaBiecs KoMmeroi bBusinl.
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IloMuMo NBLIM, B MeXIJIAHETHOM IIPOCTPAaHCTRE ABUMKETCS
MHOYKECTBO TBEDJABIX TeJ pa3MepaMH OT CAHTHUMETDPOE O Je-
CATKOB MeTpOB. IIpu masennyu Ha 3emMiIr0 OHM IOJNyYAIOT HA3BA-
HHE MEeTeOPHTOR.

ITo xnmuueckoMy cocTaBy METEODHTHI IIOADPA3NEISIOT Ha
TPH I'PYONBI: KaMeHHble, KeJe30KaMeHHEIe U keJjesdble. Ca-
MBI KPYNHBIA eje3Hbiil Mereopur — [06a — maiimen Ha
Teppuropuu Hamubuu: on umeer pasmepnr 3x3x1 M, a mac-
cy — 60 T.

Ha mecre majenus KpynHbIX MeTeOpUTOB 06pasyloTcs Me-
TEOPUTHBIE KPATepPhl 3HAYMTENbHBIX pasMepoB. Takme Kpare-
psl obHapysxenbl B Apmsone (CHIA), Kanage, Ha Taiimeipe
(Poccusa) u B apyrux mecrax. ¥ ApH30HCKOTO MEeTEeOPHUTHOrO
kpatepa aumamerp 1207 m, rny6uma 174 M, a BmicoTa OKDpY-
JKarilero ero Bajga cocraeiaseT or 40 xo 50 m.

Ha npyrux miasHeTax m MX CIHYTHUKAX TaKiKe obHapyKeHbl
KpaTepbl METEOPUTHOTO IPOUCXOxaeHud. Kpymabie meTeopu-
TBI MOTYT 06Pa30BaTh KpaTepsl AUAMETPOM B HECKOJIBKO JECSHT-
KOB KHJIOMETPOB.

Bokpyr Conmna ofpamarorcsa ABe PPYNObI GOIBINKX ILIA-
HEeT: IJIaHeThl 3€MHOU I'DYNIBI, IOXOKHe Ha SeMJIo, U IIaHe-
TBI-THTAHTHI, OXoxue Ha lOmutep. Mexay opburamm Mapca
u IOnurepa pacrosoxkeH moAc acTepougos. KomeTsr IBUIKYTCA
BOKPYr CoJHIIa 110 OYEeHb BHITAHYTHIM OpOHUTAM, IpU JIBUMKE-
HuM BOm3u CoJIHIIA y KOMeThI 06pasyeTcs XBOCT.

1. MnaHeTbl KAKOM rPYNNBI COCTOAT B OCHOBHOM M3 NErKMX XHMMYECKMX
? anemeHToB (Bogopopaa M renus)?

® . Moyemy Temneparypa nosBepxHOCTH BeHepbl cTons BhicoKas?

. Yro Takoe actepoupbi!

- Nouemy Ha Gonbumx paccroaHusax oT CONHLA Y KOMET HeT XBOCTOB!
. Yem oTnMuaoTCa meTeopbl OT meTeopuToR!?

(S I PV S )

KPATKHE UTOTH I'JIABEI 15

1. Buaumble OBUKEHUS TLIAHET JIEFKO OMMCHLIBAIOTCH B IeJIHO-
LIEeHTPUYECKO! cHCTeMe KOOPAMHAT.

2. JiBmxeHne IJIaHET U WX COYTHUKOB MOAUYUHAETCH 3aKOHAM
Kenunepa.

3. IlnaneTsl pasfgenAOTCs Ha JBe IPYIIIBI, KOTODBI€ CHJIBHO
OTJIMYAIOTCA II0 CBOMM (HU3MYECKUM XaPAKTEePHCTUKAM:
MJIAHETHl 3eMHOM I'DYINbl ¥ IJaHEeTHI-TUTAHTDI.

4. 1IpuauBbLI ¥ OTJHBBL OGBACHAITCH IPABUTALIMOHHLIM B3aH-
mMoJledicTRHEM Mexay 3emieit u JIyHoil.
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I'naBa 16. COJIHLIE U 3BE3/bI

B 3r0i#1 raaBe wmer paccmoTpuM crpoenue CosHna
U 3Be3l, a TaKKe UX OCHOBHBIE XapaKTepPUCTHKH.

§ 120 COJIHIIE

OcHosHEle xapaxtepuctukn Connna. ConHie — v onna
13 6eCUMCIeHHOr0 MHOMXECTBA 3Be3I, CYHIECTBYIOIIIUX B IIPHPO-
ne. Brarogaps 6ausoctu Seman K CourHIy MBI UMeeM BO3MOK-
HOCTE U3y4aTh NPOUCXOAAIINE Ha HEM IPOLECChl M 110 HUM cy-
AUTB 00 AaHAJIOTUYHLIX NPOIECCax B 3Be3/laX, HEMOCPEACTBEHHO
He BUANMMBIX H3-33 KOJOCCAIBHOI'O UX yAAJCHHUS.

IMapoo6pasroe ConHile mpexcTaBIAeTCA HAM CBeTAINMCS
AuckoM. Bunumas moBepxmocTs CONHIA HAsbIBaeTCs doro-
ctepoii, ee paguyc cumraercs paguycom Cosnmna. Ha cpea-
HeM paccroaruu oT CoaHna go Semiau (ap =1 a. e.), yrox, nox
KOTOPBIM BUZEH paamyc (dorocdepnr 6 = 16’, HO3TOMY JNHHEH-
HBl paguyc Conrna R, = Ay -sinB=1,5-10% km - 0,00465 =
= 700 000 kM, uro B 109 pas OPEBBINIAET PATUYC SeMJIIH.

Macca Connna omnpenensercs o ABIKEHMIO 3eMJIM BOKPYT
Conrna u Tperremy 060011{eHHOMY 3aKOHY Kemnnepa, cornacuo
KoTopoMy (ecsu npeHebpeuys Maccoil ILTAHETHI IO CPaBHEHUIO
¢ maccoit Comnna M)

_ @ -4n?  (1,5-10'"m) - 4. (3,14)

= " — . 30
°T TGT? T 6,67-107.3,2- 1070 ~ 2 107 xr.

B ar0it bopmyse a = a,, G = 6,67 - 101! M3/kr - ¢ — rpaBura-
LunonHad nocroanHas, T = T, = 365,25 cyr. — nepuon obpa-
meHusa 3eMan BoKkpyr Counmna. Tak xak 1 cyT. = 1440 mun =
=86 400 ¢, To T, = 365,25 - 86 400 = 3,2.107 c.

YCKOpeHHe CBOGOAHOTO maieHHs HAa nosepxHoctTu Connia

B 28 pas Goabme, ueM Ha MOBEPXHOCTH 3eMJIM, U pPABHO
274 m/c?.

Ha dotorpadpuuecknx cammrax CosHIIa 9acToO BUIHLI Tem-
HbI€ IIATHA, BO3HUKAIOI(UE B ero ¢orocdepe. Ecin B revenne
HECKOJIPKUX JHE! CIeUTh 3a HATHAMH, TO MOXKIIO 3AMETHUTD
HX TepeMeIleHre, YTO YKa3bIBAET Ha BPALICHHE Cosnnua Bo-
Kpyr ocu. Takue HabuogeHUsT MoOKa3anu, uro Coustttie Bpama-
€TCA He KaK TBepAoe teno. Ilepuox ero obparers BOKDYI' OCH
BOIU3M 9KBaTopa cocrapisier 25 cyT., a BOUM3KM HoJI0CA —
30 cyT. JIuneiinas CROpoceThL Bpanenns Connna na JKBaTOpe
cocraBJjsteT 2 Km/c.

I/IsMepeHHe OCB(EIH,(?HH()(T'I'H, KOTOPYIO) coanaer COJ’IHHG Ha

3emile, IMOKA3aJ0, 4TO Ha 3CMHYIO 1HOBEPXHOCTh IIOIIAABIO
B 1 M2, DPaCIIOJIO}KEHHYIO HePHEeHAUKYJIAPHO K COJHEYHBIM ay-
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1am, execeKyHAHO mnoctymaer or CosjHna sHeprus, paBHas
1370 [[ix. OTa BeawMuMHA NIOJYUMJIA HASBAHHUE COTHEUHON no-
croaunoit E;, = 1,37 kBr/m2. Ilo meit HETPYAHO paCCUUTATH
ceeTuMocTh ConmHna L, WA MOIHOCTH COMHEYHOTO uaJjayue-
HUs — sHeprumwo, usnyvyaemyto Conaxnem 3a 1 ¢ co Bceil ero ro-
BEPXHOCTH. [[J1 3TOTO ZOCTATOUHO YMHOMKHUTE COJIHEYHVIO TI0-
CTOAHHYIO HA IIJIOIIaJb TIOBEPXHOCTH Chephbl, B IMEHTPe KOTOPOi
Haxoaurcs CosHme, pajuyc KOTOpOH paBeH DACCTOSHUIO OT
3emau no Connna ay = 1,5 - 10! m. Tak kak ILJIOIIA b IOBEPX-
HOCTH c(epbl paguycom a, paBHa S = 4nR?, rae 7t = 3,14, To
cBerTumocTh CoaHIa

Lo=SE;=4-3,14(1,5 - 10" m)? - 1,37 - 10° Br/um? =
=4 - 102 Br.

Ha nonto 3emam mpuxoguTcs Bcero Jiwiiib OJHA ABYXCOT-
MUIXAPAHAA [0JIA dHEePruu, manaydaemont CosHIEM, HO U ee
AOCTATOYHO AJA paciBeTa M MHOT000DA3HA KM3HK Ha HaIlel
jiaHere.

Cyauts o remueparype Conaua (u 3B€3[) MBI MOXKEeM TOJbKO
0 ero (ux) ua;aydenuio. CoJHIe ABIAETCH MCTOUHIKOM usjayde-
HHUS PAsJUYIHBIX AUH BOJH — OT JJIHMHHOBOJHOBOTO PALHO- 10
KOPOTKOBOJIHOBOT'O DEHTT€HOBCKOI'O M raMMa-maaydeHus. Ha
pucynxe XIII uBeTHOH BKJIEHKH HDOKAazau HabogaeMsbrit
ciexTp CosHIIA B BUAMMOM AMAaNa3oHe IJIUH BOJIH, NOJIyUeHH I
C nomoipo criekrporpada. Ha nem mur Bugum, uto Ha doue He-
IIPEPLIBHOTO CIIeKTpa (IIBeTHAs paAyra) BUAHBI JUHHU TIOTJIO-
OIeHUA Pa3IudHbIX XUMHYECKUX DJIeMEHTOR.

Ilo manuuuio cneKTpasbHBIX JHHUH aCTPOHOMBI OIIpeseIs-
0T XuMHu4ecKuit cocraB Connna. OKasanocs, uTo Conuue nou-
TH Ha 71% cocrour ua Bomopona, 27% cocTaBiger reanii, Ha
OCTaJIbHbIE XMMHUYECKHE JJIEMEHTHI NPUXOIUTCA OKoJ0o 2%
Macchl.

ACTPOHOMBI IIpEAIIONATAIOT, YTO usaydenue Conanma 6ams-
KO 110 CBOMM XapaKTePUCTHKAM K M3JTYYeHHIO abCOTIOTHO dep-
HOTO TeJsa, 3aKOHBI HUBJIYUYEHUA KOTOPOTO XOPOIIO H3BECTHHI.

Cornacno saxony Buna piauHa BOJIHBI, Ha KOTODPYIO IIpUXO-

AUTCA MAKCUMYM HW3JIyYeHUs] HATPETOro Teja A, , CBA3aHA
¢ remuepatypoii T dopmyoi
2,9-.1073
)\‘max = T (161)

HKenrerii uer CotHIA yKa3bIBAET HA TO, YHTO MAaKCHMYM €TI0
U3JIydeHUA [IPUXOAUTCA Ha IJWHY BOJHBI A, = 4,8 - 1077 M,
¢J1efoBaTelbHO, TeMuepaTypa ConHIa HOIKHA 6BITH

21 3 -3 td -8
7o 2.9:10% 2910

= 6000 K.

Mok 4,8-107

HApyro# MeTox OIEHKM TeMIepaTypbl OCHOBAH HA 3aKOHE
Credana — Boapumana, KOTOPBI TIACHT: MOULHOCMb usny-
HeHUR ¢ Keadpamnoz0 mempa noéepxnocmu abconIOMHO
“epHOZO mena i npOnoOPYUOHANLbHA YemEepmMoll cmenenu
ez0 abconromuod memnepamypo. T, T. e.

i =oT* Br/m?, (16.2)
rae 6 = 5,67 - 108 Br/(m? - K) — mocrosiHHAs Besinunna. Tax
KaK NJoMIaJAb COJHeYHON moBepxXHOCTH S = 4nR?, 10 cBeTn-
mocTs CosmHna

Ly = iS = cT*4nR2 = 4 - 106 Br. (16.3)
Orcioma cirexgyer, 4To TeMiepaTypa COMHEUHOM doTochepnr
L
T, = 4|————. IlogcraBnssa B 3Ty QOpPMYJay YKa3aHHBIEe BbIIIe
c4n R§

3Ha4YeHUd, noayumm, 4to T = 5800 K, uro mMano oramuaerca
OT Pe3yJbTaTa, INOJYUYeHHOTo o 3aKoHy Buna. O6eruro cpen-
HIOI0 TeMIIePaTypy COJHeuHOH (oTochepnl CUUTAIOT OJIU3KOI
K 6000 K.

Crpoenue comneunoit armocdepsi. Bece Bugb manyuennii,
KOTOpEIE MBI BocpuHMMaeM or Cosisna, o6pa3yioTcs B ero ca-
MBIX BEPXHHUX CJIOAX, B aTrMochepe. CaMbliil ray6oKuit U IoT-
HBII €04 aTmMochepsl — doTocdepa — UMeeT TOJIUHY OKO-
70 200 KM, IIOTHOCTE BerecTBa B Hell cocTaBaser 1075 kr/m3,
9UTO 3HAUYUTEJbHO MEHbIIle IJIOTHOCTH 3eMHON atmochdepni. He-
CMOTPA Ha MaJoe 3HAYeHUe TOJIIUHEI U IJIOTHOCTH, (oTocde-
pa Helpo3payHa AJA BCeX BUAOB HU3IYUEHUH, 00pa3yIoNmImxcs
B Gonee ray6okmux ciosix ConHIIA, ITOBTOMY MBI HE MOMKEM 3a-
TJIAHYTH B ero noxdorocdepHble CJIOH.

B ¢dorocthepe Bmama sepHucTasm CTPYKTypa, HOJYUHBIIAS
Ha3BaHUe rpaHyaaumu (puc. VI Ha nBeTHOI BKielike). Xapak-
TePHBIe YIJIOBbIE pa3Mephl I'DaHyJI, HAIOMUHAIWOIIUX 10 BU/Y
PHCOBBIE 3€pHA, COCTAaBAAIT 1—2’, HO JUHeNHBIe UX pasMepbl
JOCTUT'AIOT THICAY U Gosiee KuyioMmeTpos. Habiomenusa mokasn-
BAIOT, UTO I'PAHYIANNA HAXOAUTCH B HEIPEPBIBHOM JBUKCHU U
n usMeHeHun. I'panyns KuUByT or 5 1o 10 MMH, a HOTOM Ha UX

MecTe NOABJAKIOTCI HOBBIe. B meHTpe Gosiee sSApKoil u ropsiueit
HaCTH I'PanyJibl NPOUCXOAUT MOABEM U3-TI0J doTochephl fomee
ropsA4ero BelecTBa M oIlyckaHue nof gorocdepy Oosice TeMHO-

I'o 1 XOJOAHOI0 BEIeCTBa, OKaMIAIONIero rpanyay. CKopocrts
nogbeMa U OIMYCKAHUMA rasa cocraBiser okono 1 km/c, a pas-
HUOA MEXAY TeMUepaTypoi ropsitiero u XoJo/lHOrO BeIlecTBa
6nmska k 300 K. Takum obpasom, rpanyiusinus na CoxHie
YKa3blBaeT Ha TO, UTO 3Heprusi B Qorocdepy Mnmocrymaer u3
Gosiee rmy6oKMX ¥ ropsiunx cioes COJHIA 11yTeM KOHBEKIINH.
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Ha sipkom dore dorochepsr HabrogamoTes TEeMHBbIe IIATHA.
la pucynke VI mBeTHO# BKJIEHKM NOKasaH y4acTOK dorocoe-
Pbl ¢ TATHOM. PagMeps! COJTHEUHBIX IATEH MOTYT IIPEBBLIMIATD
10 000 xm! Takue KpymHble mATHA XOpOWIO BUJHBI Jaxke He-
BOOPY>KEHHBIM I'1a30oM (KOHEYHO, TOJBKO CKBO3b TEMHBIH CBe-
TOPUIBTD).

Ha done ocienurensuo spkoit dorocdepsl IATHO KaKkeTcHa
HaM 4YepHbIM. OZHAKO U3MEePeHHA IIOKA3aIH, YTO SAPKOCTD M-
TeH B 5—10 pa3 MeHblLIe IPKOCTH OKPY KAMOIEi dorocepsnr,
a UX pealbHBIA IBET — KPACHOBATEIH. 110 aTUM nu3MepeHUusaAM
0Kas3aJoch, YTO TeMIlepaTtypa nsateH okoso 4000 K.

HaGaronenns nokasaau Haluyme CHILHOTO MATrHHTHOIO
1077 B NATHAX. B HEKOTODHIX IATHaX MarHUTHAA MHAYKIUSA
npocruraer 0,5 Tx, B To BpeMs Kak B cpefHeM B dorochepe ona
cocrasiaer 10°4—107° Ti.

Ha pucynke IX mserHoil BKJIefiKM moKazama dororpadusn
Connna, mosydeHHasi BO BpPeMs IIOJHOTO COJTHEYHOTO 3aTMe-
HusA. Ha cHuMKe XOpolIoO BHJHA BHEITHAS YacTh COJHEYHOMN
arMocdepsl — KOPOHA, UMeIOLad BUJ JYUHUCTOTO KeMUYIKHO-
I'o CUAHNS, APKOCTh KOTOPOTO B MMJLIHMOH Pa3 MeHbIIe APKO-
¢t Qorocheprt. ComHeuHAA KOPOHA IIPOCIEKUBAETCA 4O PAC-
CTOSIHUI B JlecATs u Oosiee paamycos CouHIA.

Conmeunas KopoHa Harpera mo TeMIIepaTypsl oxoJio 2 - 10° K.
ITpu rako¥i TeMmepaType BeIIECTBO KOPOHBI IIPEACTABISAET CO-
G0i1 MOMHOCTHIO HOHUB30BAHHYIO ILIASMY, M3JIy4dalolyio B PeHT-
TeHOBCKOM juanaszone. W neficTBUTENbHO, IPH HAGIIOACHUAX
B PEHTIe€HOBCKHE TEJIECKOIIBI, KOTOPLIE YCTAHOBJICHBI HA KOCMII-
YEeCKUX AaCTPOHOMHYECKHX 00CepBAaTOPUSAX 3a HpeeslaMHU 3eM-
HOM aTMoc(epsl, COTHEeYHAS KOPOHA IPEJCTABJAETCS B MOJIHOMN
Kpace, B TO BpeMd Kak 11osepxsoctsk Conuna (porocdepa) mpak-
TUYEeCKY He BHUIHA.

Bo BpeMs noJIHBIX COMHEYHBIX 3aTMEHHUH Ha kparw CosHia,
BO BHYTPEHHHUX CJIOAX COJHEYHON KODOHBI, HaGIIOAAIOTCA MPO-
TyGepaHUbl — CTPYH TOPAYErO Bel[ecTBa, MMEIOL[ie BUJ BbI-
CTynoB u ¢poHTaHOB. HeKOTODEIe U3 HUX — CHOKOMHHBIE IPOTY-
GepaHubl — B TeueHHe MHOTUX YACOB BHUCAT HAJ CONHEUHOMN
IIOBEPXHOCTRIO, APYTUE — Ipynmuenvie (B3PHIBHEIE) — BHe-
3aITHO C OrPOMHOH CKODPOCTBIO B3JIETAIOT HAJ IOBEPXHOCTHIO,
OBICTPO MOAHWMAIOTCH A0 BBICOTHI B JECATKH U A€ COTHU ThI-
cAY KUJIOMETPOB U TaK Ke ObICTPO IamaloT BHUS.

W3 xopoHs! B MeXKILIaHETHOE IPOCTPAHCTBO UCTEKAEeT Henpe-
PBIBHBIM IOTOK YacTHI (IPOTOHOB, ANep TeJNs, UOHOB, BJIeK-
TPOHOB), HA3BIBAEMBII COMHEYHBIM BeTPOM. YaCTHUILI COMHEeU-
HOTO BeTpa MOKHUAAIOT COJTHEYHYIO KOPOHY €O CKOPOCTBIO OKOJIO
800 kM/c, MO3TOMY COJTHEUHOE OPUTAMKEHHE He MOXKeT UX yaep-
warh. BOnusu 3eMaM CKOPOCTH COJNHEUHOTO BeTpa JOCTUraeT
500 1km/c.
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ConneuHan akTHBHOCTE. KOIUYECTBO COTHEUHBIX MIATEH Me-
HseTcsa ¢ nepuojgoM okosio 11 sier. Ha pucyrxe 16.1 mokasano
HabmonaeMoe U3MeHeHHe umciaa OaTeH Ha CoJHIE ¢ HadaJa
XVII B. Korpa HabGaogaerca MaKCUMAJIbHOE YHCJO ISATEH, TO
TOBODSAT 0 MAKCHUMyMe COJIHEeUHOH aKTUBHOCTH. B roabl Mmakcu-
MyMa COJIHEYHOUH AaKTHBHOCTH 3HAUYHTEJIHBHO BO3PACTAET YUCJO
MOIHBIX TIPOTYGEePaHIIEB, B TAKT C COJHEUYHOH aKTHUBHOCTBLIO
MeHseTcA 1 PopMa CONHEeUHOH Kopoukl. OMHNM U3 caMbIX 3HA-
YUTEJLHBLIX IPOABIEHNN COJHEUHOH AaKTUBHOCTH ABJIAIOTCS COJI-
HeYHBbIe BCILIIIIKN, BO BpeMA KOTOPBIX BHIJEIAETCA KOJIOCCATh-
Has DHEPIrusi — B TeUEHHE JeCATKA MUHYT BHIJEJAETCA JHep-
rusa go 10%°x. Ha6rioqeHus co COYTHUKOB YCTAHOBUJIM, UTO
BO BPEMS COJIHEUHBIX BCIBIIIEK IPOMCXOANT PE3KOoe YBeIHIeHUe
VABTPA(UOIETOBOTO U3NYUEHNA, IOABJISIETCA MOLIHOE PeHTTe-
HOBCKOE U raMma-usjaydeHne. JaTduku GbICTPBIX 3apsAKeHHBIX
YaCTHIL, YCTAHOBJEHHbIe HA MCKYCCTBEHHBIX CIIYTHUKAX, [IOKA-
3aJI¥, YTO IIPHU MOIIHBIX COJHEUHBIX BCIBINIKAX B MEKIJIaHET-
HO€ NIPOCTPAHCTBO BEIOPACHIBAIOTCSA C O'POMHLIMHI CKOPOCTAMH,
uHorzaa poxogamumu 10 100 000 km/c, MEpHansl 4acTHIL, 06J1a-
Jaimux 60IBIIONH KNHETUYECKOH sHeprueil U MOJIyUHBIINX HA-
3BaHHE COJHEYHBIX KOCMHYeCKuX ayueit. 1Ix ocHOBHOI cocTas ---
filpa aTOMOB BOJOPOJA, TelINA, a TAKKe 3JeKTPOHBI.

Benpimiku u gpyrue mpOsSBIeHHA COJTHEUHOH AKTHBHOCTH
OKa3BIBAIOT 3HAYUTEJbHOE BIUAHHNE HAa (PUIMUYECKHE YCJAOBUS
B 3€MHOM aTMoc(epe 1 OKOJO3EMHOM KOCMHYECKOM IIPOCTPI -
CTBe M, K&K CJeACTBUe, Ha OHMOJOrHMUecKHNe SABIECHUS.

AcTpoHOMBI He TOJIBKO B3Becuau COJHIIE, HO M UIMCPHIM

TeMIIepaTypy ero rroBepxXHOCTU U CBETUMOCTbD. Haszemunie 11 xoce-
MHAYECKHE UCCTIeJOBaAHUA II0O3BOJINIAU N3YUYHUTH COJTHCUHYI) A'TMO-
cepy U OOHADY)KUTDH HPOABJEHUS COTHEUHON aKTHBHOCTH,
1. Kakylo ocBeujeHHOCTs co3gaeT ConHie Ha NOBepXHOCTH 3emnu
? (conneyHas nocTosHuasn)?
hd 2. Y710 yKa3biBaeT Ha Cyl|eCTBOBaHME KOHBeKuMM BHYTpn ConHuyal

3. Yemy paBeH NepPHOR CONHEUHOM aKTHBHOCTH M KaK OHa ceba npo-
asaser?!
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§ 121 OCHOBHBIE XAPAKTEPUCTHUKH 3BE3]]

HuarpaMma «CIEKTP — CBeTHMOCTb». Kax 1 Counure, 38es-
ABI OCBEIAIOT 3eMJII0, HO M3-3a4 OTPDOMHOIO PACCTOSIHUSA 10 HUX
OCBEIEHHOCTh, KOTOPYIO OHU CO3JAl0T HA 3eMJie, Ha MHOTO II0-
PAOKOB MeHbIle coJHeuHOH. ITo aTofl npuymHe M BOZHHUKAIOT
TeXHUYEeCKHEe NPO6GIeMBl DM H3MEPEHHAX OCBEIEHHOCTH OT
3Be31. ACTPOHOMBI CTDOAT T'MTAHTCKHE TeIECKONbI, UTOGBI
YIOoBUTE ci1abble n3nyueHns 3Bes3n. Yem Gosbiie AnaMerp o6b-
€KTHBA TeJeCKoIa, TeM OoJee ciabrle 3Be3bI MOMKHO € UX TIOMO-
B0 uccaenoBaTh. Msmepernus mokasanu, urto, nanpumep, Ilo-
JIIpHASA 3Be3Ja CO3JaeT OCBEIleHHOCTh Ha MOBEPXHOCTH SeMJun
E =3,8.10"°Br/m2, uro B 370 MJIDZ Pa3 MeHbIle OCBEILeHHO-
cTH, co3naBaemoit Conunem. PaccTroanue 1o ITonsipaoii 3Be3BI
cocrapager 200 nx, uau oxomno 650 cB. et (r = 6 - 108 m). ITo-
3TOMY cBeTHMOCTH llonspHoii sBe3abl Ly = 4nrlE =4 - 3,14 x
x(6-10'8 m)2 - 3,810 Br/m? = 9,1 - 102° Br = 4600 L. Kak
BUAVM, HECMOTPSA HA MaJyI0 BUAUMYIO IPKOCTB 3TOH 3Be3/bl, ee
cBeTuMocTh B 4600 pas mpeBbilnaeT COMHEUHYIO.

Nsmepenusa noxasauu, 4To Cpegu 3Be3[ BCTPEUAIOTCH BBe3-
ABL B COTHHM TBICSAY pas Gosiee MolHble, yem CoMHIe, U 3Be3BI CO
CBETHMMOCTAMHU B NECATKHU THICAY Pa3 MeHbIIUMHU, deM y CosHIa.

Hsmeperusa TeMIepaTyp [OBeDPXHOCTH 3Be3] IOKA3AMH, UTO
TeMneparypa IIOBEPXHOCTH 3Be3Ibl OHPEeJAeT ee BUIUMBIH
LBET K HaJU4YMe CIEeKTPAJbHBIX JUHUN HOTJIOINMEHUA TeX MU
HHBIX XMUMHUYECKUX 3JIEMEHTOB B ee crexkrpe. Tak, Cupuye cus-
eT 0eJbIM IIBETOM U ero remmeparypa papaa moutu 10 000 K.
3Beana Berensreiize (o0 Opuona) umeer KPAacHBIN IIBET U TeM-
Iepatypy mosepxHocTu okoso 3000 K. Connue »xenroro mse-
Ta nmeer remueparypy 6000 K. ITo remmeparype, mo nsery u
BUAY CIEKTpa BCe 3Be3/bl Pa3OU/IM Ha CHEeKTPaJbHBIe KJIACCHI,
KoTopble oGosHaualorcs Oyxksamu O, B, A, F, G, K, M. Crexk-
TPpaJbHaAdA KJIACCUPUKALUA 3Be3]| IIPUBeJeHa HUKe B Tabimiie.

Nmeercsa emre ogma mHTepecHas CBA3L MEMKIY CIIEKTPAJb-
HBIM KJIACCOM 3B€3[bl ¥ €€ CBEeTHMOCTBHIO, KOTOPas IIPEeNCTaB-
JIIeTCA B BHJe JuarpaMmel (puc. 16.2) «CueKTp — cBeTHMOCTH
(8 ceetumocTax CosHma)» (ee elie HA3BIBAIOT duazpammoil
TI'epywinpynea—Peccena B 4ectb AByX acTpoOHOMOB — 9. Tepir-
munpyHra u I'. Peccena, nmocrpousmux ee). Ha JjuarpaMme 4er-
KO BBIAEJAIOTCA YeThIPe I'PYINEl 3BE3J.

I'maBnas mocaemoBarensHocTs. Ha Hee jgoxarcs napamer-
puI bosbIIMHCTBA 3Be3]. K 3Besgam riraBHOM miocieoBaTerbHO-
¢ru orHocuTcea u Hamle Conune. IlnoTHOCTH 3Be3] ryiaBHOI HO-
CJICI0BATEJILHOCTHA CPABHUMBI C COJHEYHOH MJIOTHOCTBIO.

Kpacusie rurantet. K 3T0il rpynme B OCHOBHOM OTHOCATCS
SBCH/ILI KPACHOTO IBETA C PAANYCaMU, B JECATKY pas3 IPeBbIIIAI0-
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MeHbIlle IJIOTHOCTH BO3JyXa. o
Bensie kapauku. 1o rpym-

na 3Be3J B OCHOBHOM 0eJioro

IIBETA CO CBETUMOCTSIMM B COT- Puc.16.2

HHU U TBICAYY Pa3 MeHbIIle COJI-

HeYHON. OHM DACIIOJIOXKEHBI CJeBa BHU3Y AMArpaMMbl. DTH

3Be3bl UMEIOT PAJUYCh]l IOUTH B CTO PAa3 MeHbIIIe COIHEUHOI'O U

II0 pasMepaM CpPaBHUMEI ¢ IIaHeramu. IIpumepom 6esoro xap-

JHUKa cayRuT 3Besfia Cupuyc B — coyruuk Cupuyca. Ilpu mac-

ce, IIOYTH PABHOI COJTHEYHOH, 1 pasmepe, B 2,5 pasa Goubliem,

4eM pasMep 3eMJIH, 5Ta 3Be3Za MMEEeT TMTAHTCKYIO CPeRHION

IUIOTHOCTH — p = 3 - 108 kr/Mm3.

IIUMK COJIHEYHBIN, HAIIpUMep & e %

sBesfa ApkTyp (0. Bosomaca), e & g

paguyc KOTOpOii IIpeBBIIIAET g E % 5

COJIHeUHBIN B 25 pas, a cBeTu- [, | — , :

MocTh — B 140 pas.

Csepxruranrsl. 910 3geagpr  10°[ Caepxruranrnt

CO CBETHMOCTSIMY, B JECATKHU U 2, ——

COTHH TBICAY Pa3 IIPeBBIIIAIO- N

UMK COJHeuHyIo. Pagumycer 107 % s,

STUX 3B€3J B COTHU PA3 IIPEBBI- %oe

masor paguyc Conuna. K cepx- ’8%

CUPaHTaM KDACHOTO I[BETA OT- Lk %,

Hocurcsa Berennreiize (o0 Opuo- % /

Ha). IIpu macce npumepHO B

15 pas Gosabllle cosHeYHOMH ee Connue

UYC IPEBHIIAET COTHEUHbIN )

ﬁzﬁTi Bp1000 pas. Cpepuaa 10 *I' Beste xapauin

IIJIOTHOCTBD 3TOH 3BEBABI CO- 28 8 o o o i

crasiser Bcero 2 + 107! xr/m3, S 2 8 8 § g ¢

470 Gosee uem B 1 000 000 paz 107 N 4 ® & 8 oo
B A F G K M

CnekTpanbHBIN KIacc

CnexTpanpHad Kraccuduranmus 3sesq

CrexTpannHbIi Temmnepa- I
Kaace IiBer Typa (K) Hpumepsnr snesn
(0] Tony6oit 30 000 Bennarpuke
(v Opuona)
B Beno-rony6oix 20 000 P(!l‘y.u (a0 Jlbna) |
A Beanrnit 10 000 Cupnye
F Henro-6enniit 8000 | Asranp (1 Opaa)
G HKearTorit 6000 ) Connnge
K OpansxeBoli 5000 Anbjpebapan
(a Teanna)
Kpacubtii 3500 Berennreise
(0 Opuona)
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170661 TOHATH, YeM OOBbACHAIOTCA HAGIIOAaeMble OTIMYUS
SBC3/ PasHBIX T'DYIN, BCIIOMHHM CBA3b MEXIY CBETHMOCTBIO,
TCMIEPATYpPO W pafuycoM 3Be3fbl, KOTOPYIO MBI MCIIOIb30BA-
JIM A1A onpefesnenna Temuepartypsl Connna (popmya (16.3)).

CpaBHuUM JBe 3Be3ABl CHEKTPaJIbHOTO KJacca K, ogua —
riaBHOM mnocaenosatensroctu (I'TI), apyras — KDacHBIN Tru-
raoT (KI'). ¥V vux ogmmakopas Temuneparypa — 7 = 4500 K,
a CBETHMOCTH OTJIMYAIOTCA B THICAYY pas:

2

1
L}CI‘ - RKI‘ RKT — LRI‘ 2 ~ 1000 ~ 30
LTH RFH ’ RI‘I'I LI‘H ’

T. €. KpaCHBIe THTI'aHTEl B AECATKHU pas Gosblie 10 pasMepam,
HeM 3Be3Abl I'VIABHOM MOCJIeLOBATEIbHOCTH.

Maccer 3Be3n ynanoch U3MEPUTH TOJNBKO y 3Be3X, BXOAs-
IUX B COCTAB ABOUHBIX cucTeM. VI OHU onpegensiiuch 1o Oa-
pameTpaM OpGUT 3Be3N U IePUOAY UX 06PAIIeHUA BOKPYT ApyT
APYyTa C UCIIOJIE30BAHMEM TPEThero 0006IeHHOTO 3aKoHa Kerr-
snepa. OKazanock, YTO MACCHI BCEX 3BE3J JI€KAT B nupezeaax

0,05M, < M < 100M,,

IIJIH 3Be3] TJaBHOU II0CJIeOBATEJILHOCTU HMEETCHA CBA3b
MeXOy Maccoi 3Be31bl ¥ €€ CBETHMOCTHIO: 4YeM OO0JIbIIle Macca
3Be3Anl, TeM OoJIbIlle ee CBeTHUMOCTS.

4
B M
L= L@[M ) . (16.4)

O]

Tak, sBesga cuekTpanbHOro Kiacca B mmeer Maccy OKOJO
M ~20M; n ee ceerumocts nouru 8 100 000 pas Gosbire co-
HEeYHOM.

Hcrounux sueprum Coanuma n ssesn. Ilo coBpemeHHBIM
[IPEACTaBJIEHUAM, HCTOYHUKOM BHEPIUH, NOAJEPIKUBAIOIINAM
nanydenus CoslHIA U 3Be3[, CIYXKHT ANePHAH SHEPTUA, KOTO-
Pas BbIAEJIAETCA IPH TEPMOANEPHBIX PeaKnUuAX 06pa3soBaHUA
(cuHTeE3a) ANEp ATOMOB TeTUA U3 AAED ATOMOB Bogopoza. Ilpu
PEaKINY CUHTe3a U3 YeThIPeX AZep aTOMOB BOAODOAA (YeThIpex
IIPOTOHOB) 06PasdyeTcs AAPO aTOMa I'eJaus, IIPH 9TOM BBIIedeT-
ca sHeprua AE = 4,8 - 1072 JI;x, HasoiBaeMmas JHepruei cpsa-
3H, NIB€ SJIEMEHTapHbIe YaCTUIbI HeHTPHHO U ABa IO3UTDPOHA
(4H — He + 2e* + 2v + AE).

Jlisi mpoTekaHus AAEPHBIX PeaKIuil HeOGXoAMMa TeMmepa-
TYPpa Bblllle HECKONBPKUX MUJIJINOHOB KeJbBHHOB, IPU KOTOPOH
yHacTBYIOIINE B PeaKU IIPOTOHBI ¢ OAMHAKOBLIMHU 3apAAaMU
eMorynu Obl MOJYYHTH ZOCTATOYHYIO BHEPIHIO AJIA B3aMMHOLO
CONNIKeHUS, TIPEOJOJeHUSA DJEKTPUUECKHUX CHJI OTTAIKMHBA-
ItH31 1 CIUAHNA B OTHO HOBOe sApo. B pesysasTaTe Tepmosizep-
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HBIX PeaKUMil cHHTe3a M3 BoJopoxa maccoii 1 kr obpasyercs
reauit maccoit 0,99 kr, Aedext macc Am = 0,01 Kr u Beigesd-
eTcd sHeprua q = Amc?2 =9 - 10 Jx.

Tenmeps MOXHO OIEHUTBH, HA CKOJBKO BPEMEHH XBaTUT y
Conrua 3anacos Bogopona, 4To6hI noaAepKUBaThH HabaogaeMoe
ceeyenue CoNHIIA, T. €. BpeMs KU3HHI Connna. 3anac sgepHOi
oHeprun E =M,q=2-10%.9.10"=1,8- 10" /. Eciu
IOAEJINUTL 3TOT 3alac AAePHON 9HEPruu Ha cBeTumocrh COJIH-
na Ly, ToO MBI NOJYYUM BpeMs >KU3HU CousHna:

Moq  1,8-10% I
L,  4-10%Br

Ecan yuecrs, uro ConHme cocroMT mo KpaliHeli mepe Ha
70% wu3 BOZOpPOAA W ANEPHBIE pPEAKIIHH OPOTEKAIOT TOJbLKO
B LIEHTDE, B COTHEYHOM AJpe, MAcCa KOTOPOTO COCTABIIET OKO-
a0 0,1M, u rae TeMmeparypa JOCTATOYHO BBICOKAS IULSL 11PO-
TEKaHUA TEPMOALEPHBIX DPeaKIui, To Bpems »xusHum CoHLa
u 3Be3q, nmoxoxux Ha Cosmne, cocraBur t, ~ 10'° ger. Conn-
€, I10 COBPEMEHHBIM JAHHLIM, CYIECTBYET yiKe OKOJIO 5 MDA
JIeT, TAK 4YTO €My ellfe KUTh U JKHUTh)

TepmosniepHble peakIuy CHHTE3a Teaust U3 BOAOPOJA SABJIA-
IOTCA HCTOYHMKOM DHEPIMU 3Be3]] IJIABHON I1OCIELOBATEb-
HOCTH.

to= L = =4,5-10%¢c=1,5- 10" ser.
Lo

Onpenenesve creKTpos, BeTa, TeMIepaTyphl, CBeTHMOCTH
M MacC 3Be3]| IIO3BOJMJN KJIacCU(DUIUPOBATE HX 10 CIIEK-
TPaJbHBIM KJacCaM U OOHAPY>KUTH CBA3b MEeXAY CHeKTpPaJib-
HBIM KJIACCOM ¥ CBETHMMOCTBIO 3Be3], a TaKMKe CBA3D MeXay Ux
MAaccod M CBETUMOCTBIO.

1. ﬂepequcnure OCHOBHbIE rPyNNbI 3834, KOTOpPbIe BbIAENAIOT Ha gMa-
? rpPaMmme «CneKTpP -— CBeTHMOCTbY.
Ld 2. Yem oTnmuatoTcs 3Be€3Mlbl OQHOrO CNEKTPaNbHOroO KNAcca, HO npm-

Haanexawue pasHeim rpynmam!

BHYTPEHHEE CTPOEHHUE COJIHIIA

5122y 3BE3 TJIABHOM TOCJENOBATE/LIIOCTH
Crpoenue Comnna. Mol He MOKeM HeIOCPe/ICTHCHHO 3aras-
HYyTh BHYTPb CONHIIA, IO9TOMY IIpeACTaBICHHUE O OO BHYTpPEH-
HEM CTpoeHunu IIoJIiydyaeM TOJIBKO Ha OCHOBEe TCOPEeTUUYECKOTIO
aHaJIN34a, UCTIOJNB3Y s Haubosee obLHe 3aKOULI (DUBHKH U TAKIe
xapakTepuctuku ColHINA, KAK Macca, pajimyc, CBeTUMOCT.
CosHne He pacIIpseTCS M He CIKMMACTCSH, OHO HAXOAUTCS

B I'MDOCTATHYECKOM DABHOBECUM, TaAK KAK CUJIe TPABUTALUH,
cTpemAmeiicss cxare CosiHUe, NpeusircTByeT CHJIA TasoBOTO
laBJeHVd U3HYTpH.
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PacueTsl MOKa3bIBAIOT, YTO AJISA HOALEPKAHUS TUAPOCTATH-
YEeCKOTO DaBHOBeCHUA TeMIepaTypa B meHTpe CojHiia JOKHA
6brTh npumepro 15 - 10° K. Ha paccroauuwm 0,7R, Temnepary-
pa nagaer xo mopsaaxa 10° K. IlnoTHOCTH BelllecTBa B Il€HTPE
Cosnna oxono 1,5 - 10° kr/m?, uto B 6omee wem B 100 pas
BBIIIE €r0 CpefHei IJIOTHOCTH.

TepMmosizepHBIEe DeaKIUU ITPOTEKAIOT B UEHTPaANbHON 06Ja-
ctu CosHIla paguycoMm, npumMepuao pasHuIM 0,3R,. Dra o6aacTs
[OJIy4uJia Ha3BaHue gapa. BHe aapa TemmepaTypa HeJ0CTATOY-
Ha JJIsl IPOTEKAHWA TEPMOSAAEPHBIX PEeaKIlUil.

SHeprus, BuIJeMuBIIasAcA B sape CoaHIla, HepeHOCUTCS HAa-
PYY, K HOBEPXHOCTH, IBYMSA CIIOCOOAMHU: JYUUCTHIM 1 KOHBEK-
THBHBIM IIepeHOcaM#. B mepBOM ciaydae sHeprus IepeHOCHUTCH
H3Jy4YeHHeM; BO BTOPOM — IIPDM MeXaHWYEeCKHUX ABUKEHUSAX Ha-
I'PeTHIX MAacC BeliecTna.

JIy4uucThIi IepeHoC 9SHEPTUH IPOUCXOAUT B AAPE I0 PACCTOA-
Hu¥ (0,6—0,7) R, ot umeHrpa CoiHia, gajee K IOBEPXHOCTH
SHeprud NepeHOCHTCH KoHBeKime#. IIposABiieHMe KOHBEKITMH
HabaogaeTcd B BUAe rpanyaanuu B porochepe. [lomuoe Bpemsa,
KOTOpoe TpebyeTcs DHEePruul, BBIAENUBIIEHCA B sAApe, 4YTOOLI
JOCTUTHYTh IToBepxHocTH COJIHIIA, cocTaBiser okoyo 10 man
jaeT. Tak 4TO TOT CBET U TEILNIO, KOTOPLIE COIPEBAIOT 1 OCBEIIAIOT
HaIy 3eMJII0 CeroHs, ObLIU BRIPAGOTaHLI B TEPMOSAAEPHEIX pe-
axnuax B nentrpe Connna 10 MJIH JeT Hazaxn.

Korseuno, acTpoHOMBI HINYT CIOCOOBLI 3arJSHYTHE BHYTDB
ConHIla ¥ TIPOBEPUTHL TEOPETHUUYECKUE IPEeACTABIEHUA O €ro
ctpoeHun. Ha sToM myTH uM Ha HDOMONIb IIPUINLIU (PU3UKH,
u3yyaplive 3JeMeHTapHble YacTuitbl. lesgo B TOM, YTO HmpH
TepMOALEPHBIX PeaKIIMAX CHHTe3a rejius U3 BOAOPOAA HAPALY
C BBIZEJEHUEM DHEPIUU INIPOUCKOAUT POMXKIACHUE 3IJIEeMEeHTap-
HBIX 4YacTHI — HeliTpmHO. B oTiiMuMe oT mMayyeHUs HelTpu-
HO IIPaKTHYeCKU He 3aJepP:KUBaeTCs BellleCTBOM. BosHUKasa
B Hezpax CoJIHIIA M PACIpPOCTPAHSAACH CO CKOPOCTHIO, BIU3KOI
K CKOPOCTH CBeTa, OHM dYepe3d 2 ¢ IOKHAAIOT IIOBEPXHOCTH
Cosrana u uepesd 8 muH gocruraior 3emau. ias uabaone-
HU# COJHEUHBLIX HEHUTPHHO OBLI IIOCTPOEH CHelUaJbHBIN Hell-
TPUHHBIN TeJeCKON, KOTODPLIM B TeUeHWE MHOTOJETHUX HabJIIo-
JeHuil M 3aperucTpUPOBA OKHAAEMBIN IIOTOK HEeHTPUHO OT
Conrma. 3t HAGMIOLEHUS OKOHUYATENBHO MOATBEPAWJIH IIPa-
BMJIBHOCTh HAIIUX TEOPEeTHUYECKUX Mozeed crpoenus CosHIA
KakK 3Be3Jbl. IlosToMy MBI B IOJHO¥ Mepe MOMKEM MCIIOJb-
30BaTh IMOJIyUYEHHBIe De3yJbTaThl IONsl paspaboTkm Mozesei
/pyrux 3ee3n. [pyrue 3Be3Zbl INIABHOM IIOCJEJOBATEJILHOCTH
110 CTPOEHMNIO0 BO MHOroM moxoxxku ma CosHile.

KpacHbie ruranTel # csepxrurautel. OTiauuynuTe bHOR oOCO-
OCHIOCTBIO 9TUX 3BE3J ABJAAETCS OTCYTCTBYE AZePHBIX PearIiuii
B CAMOM IeHTPe, HeCMOTpPsI Ha BBICOKHE TeMIepaTypsl. dxep-
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Hbl€e peaKIMH IPOTEKAIT B TOHKUX CJIOSAX BOKDPYT IIJIOTHOTIO

OeHTpanbHOro aapa. Tak Kak TeMuepartypa 33036 YMEHBIIACT-
CA K IIOBEPXHOCTH, TO B KAKIOM CJIO€ UJACT ONPeCeHHbII THIT
TePMOANEPHBIX peakunuil. B caMBIX BHelIHUX ciosiX sijipa, rae
TeMIepaTypa cocraBiaseT okosao 15 - 10° K, us sojopoja obpa-
3yercs resinii; ray6oake, rie TeMIeparypa BeIIUe, U3 I'CJis ofpa-
3yeTcs yrjiepon; Jajiee U3 yriaepofla — KHUCJHOPOJ, U B CaAMBIX
IJIyGOKHUX CJIOSAX Y OYeHb MACCHUBHBIX 3BE3[ IIPH TEPMO/ICPHBIX

peaknuAax obpasyercs xeaes3o. Bosee TAMe bl XUMHUCCKUE
3JIeMEHTHl 00Pa30BLIBATHECA C BBIJAEJICHUEM 3HEPIHU He MOI'YT.
HaoGopor mx o6GpasoBanue TpeGyeT saTparhi sHeprum. Mrax,
B KPACHBIX THTaHTAX U CBEPXTUTAHTAX (POPMUPYIOTCH CJIOEBbLIO
MCTOYHUKHU 9HEePIrum U o0pasyercsa GOJBIIMHCTBO XUMHUUYECKUX
9JIEMEHTOB BILIOTH 0 aTOMOB jKeJesa.

Beanle kapauku. Oty 3Be3Ibl GbLIM Ha3BAHBI GEJIBIMH Kap-
JIMKaMH, TAK KaK CHavaJa CpeJu HUX OblIN OGHADYKeHBI 3Be3-
Abl 6eJIOTO LBeTa, a 3HAUNTEIBHO MO3Ke — KEITOro ¥ APYrhX
1BeTOB. Pagmepnl ux HeOOIbIINe, BCErO JUIIL THICAYM U JECHT-
KU TBICAY KUJIOMETPOB, T. €. CDABHUMEBIE C pa3dMepaMy 3eMJIn.
Ho ux maccer 61usku k macce CoNHIa, U TOSTOMY UX CPeLHAA
IUVIOTHOCTh COTHU KHMJOIPDAMMOB B KyOHYECKOM CaHTHMeETDe.
[IpumepoM TaKoOM! 3Be3ABI CAYKUT CIIYTHUK Cupuyca, o6o3ua-
4aeMbIfl 00b1uHO Kax Cupuyc B. ¥V aroit 3Be3qn! crieKTpasbHOro
kaacca A ¢ remneparypoit 9000 K auamerp nums B 2,5 pasa
OpeBRIIAET AUaMeTp 3eMJIH, & MAacca PaBHA COJIHeYHOMH, Tak
9TO CPeRHAA ILIOTHOCTH npeBbiitaer 100 kr/cmd.

Ilynbcapsl u HelirpoHHBIe 3Be3abl. B 1967 r. acTpoHOMEI
C TIOMOIIBIO DPAAMOTENECKOIIOB OOHADPY KUJIHM VAHUBHTEIbLHBIE
PaIHOUCTOYHUKHM, KOTOPble HCOYCKAJIH IEPUOIUIECKHE WM-
IyJbChl PAJUOUBIYUCHUA. ITH O0'BEKTHI MOJYYMIN Ha3BAHUE
nyascapsl. llepuonbl MMIYIBCOB NMyJIBLCAPOB, KOTOPBIX ceifdac
u3BecTHO cBeille 400, 3aKI0UEHBI B IIPEJesaX OT HECKONbKNX
cekyHJ 10 0,001 c. Yausaama BeICOKAS CTAGUIBHOCTD OoBTOpEe-
HUA UMIYJIbCOB; TAK, IEePBBIH OTKPBITHIN Myabcap, KOTODLIH
oGosnauaerca Kak PSR 1919, pacnosoeHHBIH B HEIIPUMETHOM
cospegaun Jlmcmukwm, umen mepmon T = 1,33 730 110 168 ¢
(puc. 16.3). Beicokas cTabUIBHOCTD IePUOAA, OCTYITHAS TOTh-
KO IIPU MBMEPEeHNH COBPEMEHHBIMU ATOMHBIMH YacamMu, 3acTa-
BHAJIa BHaYaje NPeAIIOJOXKUTH, YTO ACTPOHOMbLI HUMEIOT JeJI0
C CUTHaJIaMM, IIOCHLIAeMBLIMY BHE3E€MHBIMHU ILMBUJIN3AIMAMH.
B KOHIIe KOHIIOB GBLIO ZOKA3aHO, YTO ABACHUEC 11YJILCAIMA BO3-

HUKAaeT B pe3yJabTaTe OBICTPOrO BpaleHUs HeHTPOHHBIX 3Be3l,
TprYeM IMepPUOL CJIeNOBAHUA HMIIYJILCOB PABCH 11€pUOLY Bpallle-
HUSA HEUTPOHHON 3Be31bl.

9TH HeOOBIUHBIE 3BE3bl UMEIOT PAJUYChl 0K010 10 KM 1 Mac-

Chl, CPABHUMBIE C cOJIHeUHOH. [lyoTHOCTE HEATPOHHOM 3Be3bI
(aunTacTudeckas u pasHa 2 - 10'7 kr/m?. Ona cpaBamMa ¢ TLIOT-
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HUmnynscet myabcapa
T=1,337¢

Puc. 16.3

HOCTBIO BEIleCTBa B AApax aToMoB. I1pu Taxkoil mioTHOCTH Be-
IIeCTBO 3Be3Jbl COCTOUT M3 IIJIOTHO YHAKOBAHHBLIX HEHTPOHOB.
IIo aT0lf mpHUYMHe TaKWe 3BE3JbI NOJYUNIN HA3BAHNE HEUTPOH-
HBIX 3Be3.

Yepnbie aeipnl. B xonme XVIII B. usBecTHBIA acTPOHOM H
matemaruk Il. Jlansiac (1749—1827) nmpuses mpocTele, OCHO-
BaHHBIE Ha TeOopUU TATOTeHUsA HbIOTOHA paccyKIAeHUs, KOTO-
phle NO3BOJIMIN NPEACKa3aTh CYILIeCTBOBAHNE HEOOBIYHEBIX 00'h-
€KTOB, IIONYUMBIIUX Ha3BaHWe 4YepHbIe AbIphl. M3secTHO, UTO
JJIs OPeodoJieHus IPUTAXKeHUA HebecHoro Tena maccoit M u
paguycoM R HyXHa BTOopas kKocMmmuueckKas (mapaboiamueckas)
2GM o

Rz ITpu MeHBIIE#l CKOPOCTH TeEJNO CTAHET
CIOYTHUKOM HebGeCHOTO Teja, IPH U = U, OHO HAaBCerAa MOKHHET
He0ecHOe TeJO M HUKOIAA He BepHercda K Hemy. Jaa Seman
vy = 11,2 kM/c, Ha nmosepxHocTu CoiuHna v, =617 km/c. Ha
IIOBEPXHOCTH HEHTPOHHOI 3Be3qbl MAacCCOW, paBHOM Macce
Connna, u paguycom okono 10 kM v, = 170 000 kM/c u co-
craBisgeT Bcero okoso 0,6 ckopoctu cBeta. Kak Buguo us ¢op-
MyJBl, OpH pajuyce HebecHOro Tesa, paBHOM R =2GM/c?,
BTOpasA KOCMHYeCKas CKOPOCTH OyAeT paBHA CKOPOCTH CBeTta
¢ =300 000 xkm/c. IIpu emre MeHBIINX pasMepax BTOpas Koc-
Mu4YecKas CKOPOCTb OyJeT IIpeBBINNIaTh CKOPOCTHL cBera. Ilo
STOM NpPUYUHE Jake CBET He CMOKeT HOKHMHYTH Takoe HebecHoe
TeJIO0 U JaTh HHMOPMAIIHUIO O IIPOIeccax, MPOUCXOMANINX HA ero
IOBEPXHOCTH, HAM — JAaJIEKUM Hal/IIofaTeaM.

Ecnau Takme 06beKTHI BO BceleHHOM CyIIeCTBYIOT, TO OHU
ABJAIOTCA Kak ObI JBIDAMH, Ky/Ja BCe IPOBAJIMBAETCH U OTKYIA
Hu4Yero He Beixoaur. IloaToMy B coBpemeHHOIT juTepaType 3a
HUMHK YKODEHWJOCHh TAKOe HasBaHME — YepPHBIEC ALIPHL.

B HacToamiee BpeMsa o0HApPYIKeHBI YepHBIE ABIPBEI B COCTABE
JIBOMHEBIX 3Be3OTHLIX cucTteM. Tak, B cossesguu Jlebengs Habuio-

CKOPOCTh U, =
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laeTcA TeCHas JBOWHAA CHCTEMA, OAHA W3 3BC3JL, Hi3/YIaoNas

BUIUMBIH CBeT, — OOBIYHAA 3BE3Ja CHEeKTPANLIONo Kiacca B,
Apyrad — HeBHAMMAS 3Be3Za MAaJoro pasMepi n3JIyuaer
PEHTTeHOBCKMYE JYy4YHM M HMeeT Maccy oxkoso 10M . Dra nesu-
AuMasa 3Be3/ja NPEeACTaBIIAET COO0M YEPHYIO ABIPY ¢ DA3MCpAMI
ok0s0 30 KM. PeHTreHOBCKOE MBJIyUEHME HUCIYCKACT He ¢aMa
Y€pHasdA ABIPa, a HATPETHIA [0 HECKOJIBKHUX MHUJUJIMOHOB IPajly-
COB AMICK, BPAITAIOUIUHACA BOKPYT YEPHOM ABIPBL. DTOT JHCK CO-
CTOMT M3 BelleCTBa, KOTOPOe YePHAs ABIPA CBOUM T UOTCIHEM

BEITATHUBaET U3 IPKOU 3Be3an! (puc. XV Ha IBETHON BKJICiTiKe).

Teopetnueckue mnpejcraBIeHHA O BHYTPEHHEM CTPOCH N
3Be3]| IVIABHOU I10CIEH0BATEIBHOCTH ObLJIN TOATBEPIKIEHb! 11]s1-
MBIMHU HAGIIOAEHUAMY IIOTOKOB HEHTPUHO U3 COMHEUHOTO 51/[pi.

B HeKOTOpPBIX ABOMHBIX 3BE3JHBIX CHUCTEMAX o0HapyKeHbLI
YepHbI€ ALIPHI.

1. Kakue npoueccs! TennonpoBogHOCTH NEPEHOCAT 3HEPTHIO OT LLeHT-
? pa ConHua Hapyxy!?
® 2. Kaxme peaKumu CNYKAT MCTOUHMKOM 3Heprun ConHua u 3pe3n!

w

. Kak ycTpoeH KpacHbiit ruranT?
4. Y7o Takoe nynscapsi!

IBOJIOIIUA 3BE3/;:
$123  poskAEHME, JKH3Hb U CMEPTH 3BE3]T

B Maneunom IlyTu Ha6a0Aa0TCA rasonbliesble o6aaxka. He-
KOTOpBIe W3 HHUX HACTOJLKO ILJIOTHBIE, UTO HAYMHAIOT CHKU-
MaTbCA NOJ JeHCTBHEeM COBCTBeHHOro Tarorenus. Ilo mepe
CXKaTHUA IUIOTHOCTDL U TeMIlepaTypa 00/aKa NOBBIIIAETCH, ¥ OHO
HaypHaeT OOMJIBHO HBIyYaTh B HH(MPAKPACHOM AUANa3OHe
cuexrpa. Ha aroil craguu c:katusa o6IaKo MONYUYNIO HA3BAHHIE
nporo3Be3na. Korga remmeparypa B Hempax mpoTosBesibl Io-
BBIIIAETCA A0 HECKOJBKUX MUJIJIMOHOB KeJbLBUHOB, B HHX HAa-
YUHAIOTCA TepMOAAEPHBIE DPeaKIMM IIPeBPallleHUs BOZOPOA
B TeJMIl M IPOTO3BE3Ja NPEBPAIAeTCA B OGLIYHYIO 3Be3ny
TJIaBHOM MOCJen0BaTelbHOCTH. IIpofo/KUTe TBHOCTD IpeGhIBa-
HUA 3Be3]] Ha IJIABHOU IOCJIEJOBATEJIBHOCTH OIpEemessiercs
MOIIHOCTBIO HM3JYYEHUA 3Be3Jbl (CBETUMOCTBIO) UM 3alacaMu
SAATEPHON SHEepruu.

ITocne BeITOpaHUA BOLOPOAA B HeApaxX 3BE3/bI OHA Pa3iyBa-
€TCA M CTAHOBUTCHA KPACHBIM THIMaHTOM HJH CBEPXI'MIAHTOM
B 3aBUCUMOCTH OT MACCHI.

Pasnysmasica 06o0uKa 3Be3Abl HEGOJBIIOH MACCHI yIKe
cy1a0 IPUTATUBAETCH ee ANPOM U, TOCTEIeHHO YIAMfifch OT
Hero, o0pasyer IIaHETAPHYIO TYMaHHOCTh (puc. X Ha [{BETHOM
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nivieiike). Ilocyie oKOHYATEIBHOTO pacceAHUA OBGOJIOUKH OCTa-
€TCH JIMIITL TopAYee AApO 3Be3Ibl — Oeablil kapauk. OT 3Bes-
Jbl Tuna CoJHITa OCTaHeTCA YIJIePOAHBIN 0elbli KapJHuK.

JBOJIIOIUSA MAaCCUBHBIX 3Be3J] IIPOUCXOAUT Gosee OypHO.
B koHue cBoell :KH3HE TaKasA 3Be3/[a MOXKET B3OPBATLCA CBEPX-
HOBOW 3Be3M0H, a ee AAPO, PE3KO CIKABINUCH, NPEBPATHUTHCA
B CBEPXMJOTHBIH OO0BEKT — HENTPOHHYIO 3Be3Iy HJIM JaKe B
JepHyIo ABIpY. CoOpoienHass 060J04Ka, oboraileHHAd TejideM
U APYTUMU TAMKEJILIMH 3JeMeHTaMu, 00pa3oBaBIINMUCH B Hel-
pax 3Be3AbI, PACCEMBAETCSA B IPOCTPAHCTBE U CIAYKUT MaTepHa-
JoM AaA (OPMHPOBAHUS 3Be3][ HOBOTO IOKOJIeHUs. B uacTHO-
CTH, €CTh OCHOBAHUS IoJIararts, uTo CosIHIle — 3Be3xa BTOPOro
IOKOJIEHUS.

B mpomecce sBOMIOIMY HIPOTO3BE3[a IEPEXOAUT HA CTALHIO
3BE3JbI TJIABHOU IIOCJIEJ0BATENIbHOCTH, HCUYEPIaB BOJOPOL B
SAApe, CTAHOBUTCHA KPACHBIM THUTAHTOM. 3Besasl tuma Cosauia
cTaHoOBATCA 0€JBIMM KapIMKAMM, a 3Be3IbI C OOJIbIIIUMH Mac-
CaMu B3PLIBAIOTCA U CTAHOBATCA JUO0 HEHATPOHHBLIMH 3Be31a-
MU, Tu00 YepHBLIMU OBIPDAMH.

1. HYem onpepensiercsl Bpems MM3HM 38e34bl FNABHONH NOCNEeAOBaTeNb-
? HOCTH!

L] 2. Yem npeanonoxutensHo craHet ConHue B KOHLe CBOeH 3BOmMOLMM}
. Yro vakoe cBepxHoBas 3sespal

4. UYro MOMeT OCTaThCH B KOHUE 3BONIOLMM MACCHBHOM 3Be3fbi!

w

KPATKHE UTOI'K TJIABBI 16

1. Ha Connue Halniofaerca aKTHBHOCTb, KOTOpPAs MMeeT
OAMHHANUATAJIECTHUN IUKJI U BINAET HA YKU3HEHHBIE IIPO-
mecchkl Ha 3eMJie.

2. 3Besarl — pacKajeHHbIE Ta3oBble LIAPHI, OTJMYAIOLINECS
I[BETOM, MAacCOH, CBETUMOCTLI0O M PASUyCOM. 3Be3abl IO HX
CHeKTPaM ¥ IBeTy pasbUBAaIOTCA HA CHEKTPAJbHEIE KJIACCHI.
Habmogaercs cBA3b MeXKAY CBETUMOCTBIO B CIIEKTPOM 3Be3]].

3. Conmme — Gamxaifilias K HaM 3Be3fa TJIABHOH IIOCJIENO-
BaTEeJBbHOCTH CIEeKTPaJbHOro kJjacca (, €ro CBeTHMOCTb
L, =4 102 B, macca M = 2 - 10%° xr, Temneparypa 1mo-
Bepxuoctu T, = 6000 K.

4. Wcrounukom sueprum CoJHIIA ¥ 3Be3H IVIAaBHOM IOCHEZOBa-
TEJBHOCTH SABIAIOTCA TEPMOsAEPHbIC PEaKIMU CHUHTe3a re-
JIA U3 BOLOPOJA, IIPOTEKAIONINE B [[eHTPE 3BE3ALI IPU TeM-
nepartypax csbimre 10 K.

ITo mepe HcuepmaHus BOLOPOJA B LIEHTPE AP0 3BE3bI COKU-
MaeTcsa, a ob0JIOUKa pacCHINPAETCa B OXJIaXKIAeTCH — 3Bed-
/\d 11€PEeXOJUT B KPaCHBIM M'MTaHT MM CBEPXTHTAHT.

5. B panpmeiimem sBesga tuma CoaHua cOpocUT 0060JI0UKy

u OygeT Habao4aThCA MIaHETAPDHAA TYMallliOCTh, a HA Mec-
T€ 3Be3Jbl OCTaHeTCA OeJIBIA KapJauK.

MaccuBHBIe 3Be31bI 9BOIOLUOHUPYIOT OBICTPCC, B3PbIBAACE
B KOHIle KU3HU B BHJE CBEPXHOBOH 3Be3abl. llocne B3ppiBa
MOJKeT o0pas3oBaThCsA GO HEHTPOHHAA 3Be3ia (1yJbeap),

aubo yepHad IbIpAa.

I'mara 17. CTPOEHHUWE BCEJIEHHOM

Mureunsrit IIyte — Hama TamakTHKa IIpeacTaBssicT
co00¥ THTaHTCKYIO CHUPAJBHYIO TATaKTUKY, 3al10J1-
HEeHHYIO 3Be3laMU, 3BEe3JHLIMHU CKOILTEHUAMH, ra3om
¥ OBLIBIO. BMecTe ¢ ApyruMu rajakTUKaMu OHA s1B-
JfAeTCsa OfHUM M3 KpynHeHmux obpasosanmii Bcee-
JIEHHOW. Y3HaeM, KaKue BBIBOALL O IIPOIIJIOM, Ha-
crodAmeM U Oypyilem BuauMoil BceleHHOH MOMKHO
cAeIaTh, UCCIEAYS TaJaKTUKH.

§ 124 MJIEYHBIA IYTh — HAIIIA TAJAKTHEKA

ITpu HabaroeHUAX 3Be3HOr0 Heba BAa U OT KPYIIHBIX [OPO-
ZOB Ha HeM B 6e3JTyHHYIO HOUb XOPOIIIO BUAHA IIUPOKAA CBETS-
masca nojgoca — Mueunsit [IyTe. CBoe HaszBanme MJeunbiii
ITyre mosyuns ot npeBHerpeueckux mudos. CoracHO OZHOMY
n3 HuxX Maeunerii IlyTs — 3T0 MOJIOKO, KOTOpOe 6YATO GBI MJIa-
nerven, I'eprkysiec mposumi, Korjga ero KOpMMJIa GOTMHS Tepa.
HecTeuTensHo, 6esecas mosoca Miaeunoro Ilyru HanomMunaer
nposnroe Mojoko. I'. N'anmieit B wonme 1610 r., mabaonas
Muneunsrii ITyTh B TeeCKON, YCTAHOBHI, YTO OH COCTOUT M3 KO-
J0CCaNbHOTO MHOMKECTBa OUeHb CJIa0bIX 3BEe3J; ero 3Be3fHsl
CTPYKTYPa XOPOILIO BUAHA Xake B OOBIYHBIN OMHOKJID.

Mueunniit IlyTh TAHETCS CepebGPHUCTOH IIOJIOCOM IO OHOMM
NOoJIyIIapusaM, 3aMbIKasAChk B 3Be3AHOEe KoJbLo. Habmmoacuus
YCTRHOBHJIM, YTO BC€ 3Be3AbI 00pa3yIOT OTPOMHYIO 3Be3JHYIO

cucreMy, HaspaHHylo IamakTukoit (0T rpedeckoro ciona ca
AAKMUKOC — MOJOYHBIH), IOJABISIONEe OOMBIINHCTBO 3RO
KOTOpO# cocpenoroueno B Maeunom Ilyru. CosHeunast cucere-
Ma BXOAUT B cocraB [ajakTuKH.

Or cossespusa JleGens mo cossesgusa Ilenrtanpa Mucunbrii
IIyTe BRINIAZUT pasaABOeHHBIM. OTCYTCTBHE 3BCH| B TOMHOMN
yacTu Miueuroro IlyTu o6BsACHAETCA HANMUMCM PABPEHCCHHON
TEMHO! NBLIEBOH M TadoBOM MaTepuu, KOHILCHTPUPYIONIecs
B IIPOCTPAHCTBE K TAJAKTHYECKOU I1JIOCKOCTH. JTa MaTepns

uoryiouaeT u ocyaabiser cBeT AAeKUX 3Bei3/L.
I'as u nbute B lManakTuke pacnpeseselbl 0UeHb HEOTHOPOL-
HO. IToMHMO paspeskeHHBIX NBLIEBLIX 06JIAKOB, HAGIIOZAIOTCH
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[JoTHBIe TeMHBIe ofJaka ITBLIN. Korma 2Ty ILIOTHbBIE obnaxka
OCBeIeHbI APKUMY 3Be3[JaMU, OHU OTPAXKAIOT UX CBET, M TOorza
Mbl BUIUM OMPAHCAMENbHble MYMAHHOCTU, KAk TE, YTO BUIHBL
B cxorrennH 38esn Ilnesasl. Eciu 0K0JIO ra30NBLIEBOTO obiaka
uMeeTcs Topsuas 3Be3sia, TO OHA Bo3by:KAaeT cBedueHue rasa,
¥ TOTZA MBI BUAMM OUPPY3HYI0 MYMAHHOCTLb, IIpAUMepoOM KOTO-
poit cayxkutr TyMaHHOCTDH Opuona (puc. XVII BHa HBETHOM
BKJEHKe).

IIpumepom AuDGPY3HBEIX TyMaHHOCTEH ocoboro Tuma Ciuy-
JKAT nJaHemapHbie MYMAHHOCMU, HA3BaHHBIE TAK IIO TOMY
Kax OHM BBITJAALAT B TEJECKON — MOX0XXKHe Ha IIJaHeTHLIE
aucKH. SIpKUM IpUMePOM [IIaHeTapHOM TYMaHHOCTHU ABJAETCH
TYMaHHOCTB KonbieobpasHasa B CO3BE3JAHU JIupwr (puc. X Ha
uBeTHOH BKJelike). B meHTpE raxoil pacHiupsm onencsa TyMaH-
HOCTM HAXOAWTCS 3Be3ja Oenblii KapjuK, KOTOpasd CBOUIM
yasTpadQUOTETOBBIM H3IyIeHHEeM Bo30yXJaeT cBedeHHe cOPO-
imenHOl obosiouku. IlnanerapHasg TYMAnHOCTE — «TIOCTe JHUHA
BBIIOX» yMHUpAalIlei 3Be3Abl TUIA HAIIEro ConHua.

HccnenoBaHus pacupejieleHus 3Besll, rasa M MbLIH MOKa-
sasm, yro Ham Mieunwidl IIyTe — TajlakTUuKa TpelcTaBjdAeT
coBoil TLIOCKYIO CHCTEMY, MMEOIIYIO CIHUDPAIbHYIO CTPYKTYDY
(puc. XIV na npeTHOI BRJelike). B FasakTuKe OKOJIO 100 mapa
3pess. CpefiHee DacCTOAHHE MeKAy 3BesjfaMu B TanakTukKe
okoo b cB. ser. Ho B nenrpe l'aakTuku, B €€ AADE ILJIOTHOCTD
3Bes/ 3HAYNTEJbHO BhIIIE M PACCTOAHUA MEKIY 3Be3aMHU B COT-
HYM pa3 MeHbpllle, YeM CpelHee. Iearp lanaxTuky, KOTODBIH
pacIIOJIOKeH B CO3BEe3IUU Crpelbla, CKPBIT OT HAC GOTBIINM
KOJIMUECTBOM rasa W MBLIH, IOTJOLIAIONAX CBET 3BES. Ho
B MHGPAKPACHOM AUAla30He, U3JIyueHne KOTOPOTO ras U ILLIb
OTJIOMIAIOT ILIOXO0, AAPO ['aJaKTHKKM BHAHO XODOIIO.

Mp! HaxoguMcsa BHYTpu [ajakTHKM, ITO9TOMY HAM TPYAHO
[IpeJCTABATH €e BHEIIHWH BUI, HO BO BceesleEHOU eCTh MHOTO
APYTMX [OXOMKUX TajJaKTUK U IO HAM MBI MOJKEM CYAUTh O Ha-
mem Mnaeunom Ilyru. Ha pucyHKax XI u XII Ha uBeTHOHR
BEJIeHiKe NpEeACTaBJIeHbl CHUpajbHAs TaJIaKTUKA BogoropoT
u ranaxktura Com6pepo, BupuMas C pebpa. TemHas Imonoca
06ycJIOBJIeHa HAJUYMEM rasa U IbLIN, KOTODBIE KOHILLEHTPUPY-
JOTCSE B IIOCKOCTH TAJTaKTHKHX, KaK 1 B Maeunom IlyTn.

TamakTura spamaercs. ConHIle, HAXOASIEECA Ha paccros-
puu oxoyio 8 knk (26 000 cs. jer) OT IEeHTpa TamakTuru, 00-
pamaerca co CKOPOCTHIO OKOJO 220 xM/c BOKpyr uenTtpa ['a-
JaKTHUKH, coBepliad OJANH oBopoT MOYTH 33 200 mMJaH JerT.
BryTtpu opouthl ConHIla COCPeSOTOYCHA MaTepus Macco OKO-
10 101! M, a monHas Macca I'alaKTHKK OollecHUBaeTCsa B He-

CKOJIBKO COTEH MWJIINApA0B COJNHEYHBIX Macce.

B Hacrodiiee BpeMs ACTPOHOMEI TIIATEIbHO WIYIAIOT
nentp Hamreit 'alakTWKH. ViMeHHO ero cBoicTBa, IIPOIECCHI,

368

B HEM
B el gggncxoaﬂmne, OIIPeneJIAT CTPYKTYPY Bceit Iajak-
ueHTI.)a I‘anj':}c:?eHHﬂ 3a ABHKE€HWEM OTJAeJIbHBIX 3Be3J OKOJIO
WKW IIOKAa3aJIk, YTO Ta I
M, B HeOOJIBIIT o)
C pasMepaMH, CpaBHU ¢ ; ot onoee:
MBIMU C pazmepamu C %
ep OJIHEYHOU CHCTe-
Bul,ugzgp;g({TOqua HEBUAVMAaA MaTePUs, Macca KOTOPOl mpe-
IIIeCTBOBaHle/I(,ecy COJI'HI_Ia B 2 MJH pas. 9TO yKa3blBaeT HA cy-
Epomary B IeHTpe anakTHKu MacCUBHON YepHO ABIPEI
ROCMquCRHBesﬂ’ rasa M neliaw, Hama lamakruxa :zanom{ena;
ocnm aJIeMI/I Jy9amu (PeIATUBHCTCKUMHA YaCTUIAMU) — npo
» YIEKTPOHAMH U AAPAMHU & i
ATOMOB IPYTUX X
3JIEMEHTOB, KOTOpBIE PN
ABHMKYTCA CO CKOPOCT
SAMU, OJIU:
prene g , BKUMHA K
Tom}; Icng ceera. Ilog meiicTBHeM MarHMTHOrO IOJI KOoTopoe
>
rosme HI()) ?;f;maﬂ Bcio 'anakTHKy, KOCMUYecKHe Jiyuu ABUra
TAHHBIM TPaeKTOPUAM i
Paon 10 32 pPusaM, He nokugad lajakTuk
TCKUE 3JIEKTPOHLI KOC 5
i MUYEeCKUX Jy4del :
B MarguTHOM IIOJie, U3 o pantonm
» H3JIYYAIOT PAJANOBOJHEI, I
B Mar . 9TO paguousayye-
CTPOHOMBI MCCIEAYIOT C IOMOIIBIO PAAUOTEIECKONOR, Xsy-

Mer
porta g;::f?éﬁq‘?o cepebpucraa noaoca Miaeuyroro Iyrn
OW TUTaHTCKYIO CIUPAa
BHYIO TAJIaKTH x
mpene KY, 4TO
CnpﬁTaﬁzmb CKDBIBAIOT OT HAC IeHTpP MJieuHoro HYTIZ ’ rue
CROHHeHnﬁmaFc‘anHaﬁ depHas ObIPA U BCE 3BE3MLI, SBBS,,L[HI)IE;
» Ta3 U IbLIB 00paIaloTCA BOKPYT BTOTO IEHTpa

1. Z
? C xaro# ckopocTbio obpalyaertcs Connye BOKpPYr yeHtpa lanakrmun?

2. 4
! TO HaXOAUTCA B LeHTpe MneyvHoro MyTu?

§125 TAJAKTHKHU

B 20-xr
)X p;.}li}i ij_[ Ifbmo YCTaHOBJIEHO, UTO OO'LEKTHI, HA3bI-
OTHYECKUMM U CIIUPAJ
BHBIMU TYM: -
CTAMH, HAXOASTCA 3a 11 3 N Bnon
pexenamu uHanreit M'ana
KTUKHY U AB -
Cs1 CAMOCTOATEILHBIMI s
3Be3OHBIMHU CHCTEeMaMU ¢
i —— TaJIQKTHUKAa-
ol ;AHoﬁngggTixoimﬁmx B HUX 3BE€3J OHW He YCTYNAaloT Hallei
Me). isydenue cTpoenn
A TaJaKTHK, UX
JeJIeHre 1 JBUKEeHUe B ’ nane.
OPOCTPAHCTBE MMEET pe
HUe 15 TOHMMAaHusg 3a ol uacT aGonaG.
e KOHOB 3BOJIIOIIUU BCell yacT
MOH¥ HaMHu BcesieHHOIT. : eH e Habmonae:
Uu
o ;Jllgc Iz‘(é)l;llaKTHR, AOCTYNHBIX HaOMIOAEHUAM B KpYIIHEeHR
BI, JOCTUIAET AECATKOB ,
munanapnos. H
Ha UCKJIIOUUTEJIbHOEe MH 3) ' Sommmn.
- Oorooopas3ue BHeUuIHero
A8 ue: ) °TO BUA, OOJBIIINH-
ATAKTUK BCE e MOMHO O0beIUHUTD B HeCKO.H,bKO OCHOB-

HBEIX TU .
IIOB: aajunmuyeckue, cnupaJibHble, HenpasuJibHbie
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K saaunTuuecKMM rajgakTHKaM OTHOCATCA Te, KOTODHIE
UMEIOT BU/l KPYTOB UJIH DJJIHUICOB. MIX APKOCTH IJIABHO YMEHb-
IIaeTcA OT eHTPa K nepudepun. Hukakoil BHyTpeHHEH CTPYK-
TYDHI Y 9THUX raJlakTuk HeT. Habirogennsa nokasseIBaoT, YTO 9TH
ralakTUKM He BpalllaloTCs, B HUX OYeHb MaJIo ras3a W MBLIN.
Macchl caMbIX KPYIHBIX JIMOTHYECKUX TAJTAKTUK JOCTUTAIOT
1013 M.

CnupajpHBIe rajJaKTUKU COCTOAT M3 AApA M HECKOJBKUX
CIIMPANbHBIX PYKABOB, MJM BeTBeH. ¥ OGBIUHBIX CIIMPAJLHBIX
rajJaKTUK 3TH BETBU OTXOAAT HEIIOCPEACTBEHHO OT Axpa. ¥ ne-
peceieHHbIX CIUPATIBHBIX TAJaKTHUK SAOPO IlepeceKaeTcs II0
AUaMeTpy IIOIIePeYHOM I10JI0cOoil — mepeMbluKoil (6apom). Or
KOHI[OB 3TOW MepeMBbIYKN M HAUYWHAIOTCA CIIMpaJbHBIE BETBH.
Tak, ogna u3 OnmikadmIuX K HaM 3Be3JHBIX CHCTEM, TyMAaH-
HOCTb AHJIpPOMEIBI, SABJISETCS CIUPATBLHON TaJlaKTUKOH, a ra-
sakTuKa NGC1300 — cnupanbHas rajakTuka ¢ HepeMbIUKOM
(puc. XIX, XVIII Ha userHo# BKJeiike). CUMTAIOT, YTO HaIa
FanakTuka noxXoska Ha TYMAaHHOCTH AHAPOME/HI.

CrnupasnbHbBle rajakTUKK BpaIlaloTCA, B HUX MHOT'O rasa
¥ ObLJIN, KOTOPBIE KOHIIEHTPUPYIOTCA K ILIOCKOCTH TaJaKTUKHI
B CIMPAJBHBIX PYKaBaX, B HUX MHOTO MOJIOJBIX TOPAYUX 3BE3]
CIeKTPaNbHbBIX KjaccoB O u B. Jtu 3Be3abl BO3OYKIAIOT CBe-
deHue AUPQOY3HBIX Taz30BBIX TYMaHHOCTell, pazbpocaHHBIX
BMeCTe C MBbLICBBIMM 0OJaKaMH BJOJL CIHPAILHBEIX BeTBeEH.
Ob6usnne rasoBbIX IBLIEBbIX 06JAKOB M IPUCYTCTBUE B HUX TO-
JayObIX 3Be3]| CHeKTPaIbHbIX KaaccoB O u B rosopsr o6 akTus-
HBIX Ipoleccax 3Be3foo0pasoBaHUsA, NPOUCXOAAIINX B CIIH-
DaJBHBIX DPYKaBaX OdTHX TalaKTUK. Maccbl CHOHUpaJbHBIX
raJakTuk cocrasisior ot 10'° no 102 M.

K menpaBuipHBIM rajakTuKaM OTHOCATCA Te, ¥ KOTOPBIX
OTCYTCTBYEeT YeTKO BBIDAXKeHHOe AAPO U He o0HaApy’KeHa Bpa-
uiaTeabHad cuMMeTpusa. [IpuMepaMu HeNpaBUIBHBIX rajIaKTUK
cayaxat Boabmoe Maremnanoso O6uaako u Manoe Maremriano-
Bo O651aK0 — camble GIM3KMe K HAM FaJaKTHKH, BUAMMbIE He-
BOODYKEHHBLIM IJIadOM B IOXKHOM Ooayuiapum Heba, BOIM3HT
Muneunoro IlyTu. 9T ABe raJlakKTHUKU ABISIOTCA COYTHUKAMU
Hamelt TamakTuru.

CrnenmuajJbHBIH KJAcC TAJaKTHK IPEACTABIAIOT B83AUMO-
deticmeyiowue rasakTuku. OGBIYHO 5TO ABOMHBIE FAJAKTUKH,
MEYKAY KOTODPBIMHM HabII0atoTCA CBETJble MepeMBIUKI, «XBOC-
TBI» W T. I.

AKTHBHBIE TAJIJAKTHKH M KBa3apbl. B A7pax HEKOTOPHIX ra-
JAKTUK IIPOUCXOAAT OYPHBIE IPOIECChl, TaKUe TaJlaKTUKM I10-
JYYAIA Ha3BaHME AKTUBHBIX TalakTuK. Tak, B rajlakTuke
M87 B cosBesnuu JleBbl Hab0naeTCs APKUIT BLIGPOC BelllecTBa
co cropocTeio 0K010 3000 KM/c, Macca sToro Beibpoca CocTaB-
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nser npuMepso 10° M. 9Ta rarakTUKa 0Kasajlachb MOI[HBIM
MCTOYHMKOM PajUOU3IYUYeHUS,

Pagnonabaogenus ralakTui 110Kasanau, 4To 00JILIITHCTBO
M3 HUX ABAAIOTCHA CJAAOBIMKH HCTOYHUKAMH DPAZUOU3JIYyUYeHUd,
OCHOBHAA [IOJIsI UX HMBJIYVUEHUS TIPUXOJHUTCA HA CBeT 3Be3[ ra-
JakTuKu. OQHAKO CYUIECTBYIOT TaKue rajJJakTHUKU, PaJuoON3Iy-
YeHHe KOTOPBIX He TOJLKO CPABHUMO, HO ¥ 3HAUUTENBHO IIpe-
BBILIAET UX OIITUYECKOE H3JIYUeHNe. JTH TaJaKTUKU IOJYyUINIIU
HasBaHue paduozanraxmukx. Ha pucynke XVI nBeTHO# BKJIeit-
KU mokaszaHa dororpadusd ogfHOA 13 MOIIHEHINNX pajuoraiak-
tuk enrasp A. Ha dororpaduu BULHO, YTO rajlaKkTHUKAa Iiepe-
ceueHa MOINHOM I10JI0CO# IOIJIOMIAIOIIEro BeIllecTBa.

Amnajaus cBOHCTB pafoON3JIyIEeHHUS II0Ka3bIBaeT, YTO OHO BbI-
3pIBaeTcA o0JIaKaMHM ropsadeil IJas3Mbl, BEIOPONIEHHON U3 AApa
rajakTuku. ObJaaka ropAadei miIasMbl ZBUMKYTCS CO CKOPOCTHIO,
OJHM3KO0N K CKOPOCTH CBeTa.

Eue 607ee MOIDHBIMM HCTOUHHKAMY PAJUOU3JIYUYEHUA AB-
JISIIOTCA KBa3apsl, II0JIHOE HA3BaHNE KOTOPBIX — KBa3U3Be3[-
Hele (moutu 3Be3znoobpasHble) paguoucTouHmKH. IIpumepom
TAKOTO MCTOUYHHUKA ABJsSeTCs OamKaimuil ¥ Ham Kpasap C273
B cossesauu JleBnl. Ero ceerumocts gocruraer 1012 L. Creru-
MOCTH OOJIBINMHCTBA KBa3apoOB B AECATKH W COTHU pas IPeBbI-
HIAXOT CBETMMOCTH OOBIYHBIX TajJaKTUK. KBasapbl ABIAOTCH
TaKyKe MONHBIMU HCTOUHHUKAMU HHPPaKpPaCHOTO, PEHTTEeHOB-
CKOro M raMMa-mM3JyueHusi. A BOT pasMepbl KBasapoB OKa3a-
JIUCh HEOOJIBIITUMH, OKOJIO 1 a. e., T. €. BCErO JUIIL B JIECATKHA
pas Goasbiite pasmepoB ConHeuHoOH cucteMbl. THiarejlbHBIE HC-
ClellOBAHMA II0KA3aJIM, UYTO KBasapbl IIPEACTABIAIOT coboil
aKTHUBHBIE fApa TaJaKTHK, CTPYKTYpa KOTOPBIX IIOKa HeJOo-
CTYIIHA COBPEeMeHHOI TexHWKe HabroneHni.

Ilo coBpeMeHHBIM IpEACTABIEHUAM, B fApaX TalaKTUK,
KaK ¥ B Ajpe Hamed [alakTuUKKM, HAXOASTCS MaCCUBHBIE Uep-
Hble AbIpbl. IToaToMy HambGoJee pas3paboTaHHON MOJENbI0 KBa-
3apa ABJIAETCS MOJeNb ¢ MACCUBHOI YepDHOU NBLIPOI, pacloJio-
JKEeHHOM B IIeHTpPe OrpefeseHHOTO THUIA TaJIaKTHK C BBICOKOH
3Be3JHOM IJIOTHOCTHIO. [JJTMTeNbHOe M MOIJHOE 3HEProBhiJese-
HHE MOMKeT ObITH ITOJIHOCTHIO OO'BACHEHO BhINaJeHUeM Bellle-
CTBa FaJaKTHUKY Ha YEePHYIO ALIpYy. Macca TAKOU uepHO ABIPHI
cocraBisger okoso 102 M., a ee paguyc 3 - 10® km. Haxonsace
B II€HTpPE raJaKTUKH C BBLICOKOHM 3BE3HOM IIJIOTHOCTBHIO, TaKasd
yepHadA AbIpa MOXKeT 3aXBaThIBATH IleJbie 3Be3Abl. lia obecne-
yeHnsa Habso/aeMolil CBeTHMOCTH KBa3apoB JOCTATOUHO, UTO-
Obl uepHas IbIpa 3aXBaTbIBaja XOTA OBl OJHY 3Be3Ly B I'OA.
IIpy BBICOKMX IJIOTHOCTSIX 3BE3J B SiApAX raJaKTHUK TaKHe Jac-
Thie 3aXBaTbl 3Be3]] UePHOU IBIPOU BIIOJHE peajbHBI.
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B 0OBIYHBIX TamaKTHKAaX HJIOTHOCTH 3Be3 B siApe HeBeJIU-
ICi, TI0STOMY TaKMe 3aXBaThl 3Be3 PEKH, U MBI He BHAUM IIDO-
JABJIEHUH GONBINON AKTUBHOCTH Y OGBIYHBIX TaIaKTHK.

Cronenus rajaxkTuk. Ussecrro, uto nmamerp mameii I'a-
JAKTUKM focTuraeT mouru 30 kmk (100 000 cs. jer), AraMerp
ranakTuku Aanpomens: (M31) — 40 knk. Paccrosinme oT HacC 1o
TYM8HHOCTU AHAPOMEEI COCTABIsSIET 670 KK (2 maH cB. jger),
CJI€A0BATENbHO, IPEBBIINAET AMAMETPBI KPYIOHBIX TaJaKTUK
moutu B 20 pas. Cpeznnee sxe paccrosnne MeXAy 3Be3JaMU IIPHU-
MEpHO Takoe ke, kak mexay Connnem u 3Besnoit o Ilenras-
pa, T. e. okoso 275 000 a. e., u GojabIe umunamerpa CosaHila
(1,5 - 10° kM = 0,01 a. e.) nupumepro B 27,5 Man pas. Taxum
00pa3oM, raJakTUKHM BHAYUTEIHHO TECHEee CONMMXKEHbI B IIPO-
CTPAHCTBe, YeM 3Be3Jbl MEXAY COOOII.

Cucremaruyeckue nccaenosagus pacopejeseHNnsa ralakTHK
0 HeGy MOKAa3a/M, YTO HADAAY C OTAENbHBIMH rajJjakTUKaMu
HabIIOAaI0OTCA CKOIIEHUS TAaJaKTHK. Tak, nmama Tanakrtuka,
TYMaHHOCTL AHApoMearl, Boabiroe m Masoe Marennanossl
Obnana m ellle HECKOMBKO B3Be3JHBIX cucreM o0pazyior Mecm-
HY0 2pynny, B KOTOPYIO BXOAAT 35 ranakTuk. lagaxtuxu Me-
CTHOHN TPYIIBI CBA3AHBI OGIIUM TATOTEHHEM U ABHIKYTCS BO-
KDYT OOLIero UeHTpa Mace.

Ceftuac ussectHo okoso 4000 cromIeHn raJakKTHUK, B KOTO-
PBIX HACUUTBIBAIOTCS COTHH U THICAYH 3Be3/IHBIX cucTeM. B cpen-
HeM AuaMeTph! CKomIeHuM 6ius3ku K 8 Mk (26 muH cB. Jer).
OnHuM M3 HAUGONBIINX SABNAETCH CKOILICHUE TajJJakTUK B CO-
3Besaanu Bosocer Bepornurku. Qwno HaxXonuTcA Ha PaCCTOSHWH
okoJio 70 Mux or Hac. B aToM Goratom CKoOIIeHIY HAaCUHUTLIBA-
erca oxono 40 000 ranakTuk.

Ham Maeunsrit ITyrs Bmecre ¢ MecTaOH rpynnoi rajakTHK
PACIIOIOKEH HA OKPauHe CKOILIEHHA IalaKTUK, IEeHTD KOTOpO-
ro HAXOAUTCA B cosBesaum Jllena.

KpacHoe cmemenue B CHIeKTPax rajJaKTHK M 3aK0H Xal66-
Jga. CBeT rajakTHUK B OCHOBHOM npeacraBasger coboil cymmap-
HBIA CBeT MWJIJIMAPAOB 3BE3[] W rasa. s nsyyenus pusuue-
CKMX CBOUCTB TallaKTUK aCTPOHOMBI HCIIOJIb3YIOT METOAbI
CIIEKTPAJIBLHOIO aHAJIH3a CBeTa.

HabmoneHns noKassIBAIOT, YTO JTHHUN B CIIEKTDax BCEeX M3-
BECTHBIX rafaKTHK CMEINeHbl K KPACHOMY KOHIY CIeKTpa. DTo
sBJIeHue ObLTO HA3BAHO KPACHBIM CMEIIeHHeM. IIpu stom oTHO-
I€HUe CMEIeHN: CIEeKTPAIbHOR auHUE AL = A — A, K AauHe
BOJIHBI A, OKA3aJI0Ch AJA BCeX JIUHMUH OAMHAKOBEIM B CIIEKTpe
AL A= Ay
Ao Ao
/VTUHA BOJTHBI CIIEKTPAJbHOM JIMHNY, HABII01aeMOIi B aaboparo-
PHIL, XapaKkTepHu3yeT KPACHOE CMellleHHe.

ManHOoM ranakTuku. OTHOUIeHUe 2 = » TAe Ay —
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ObmenpuHATasA B HACTOANIEE BPEeMA MHTEPIPETAIUA 3TOTO
ABNeHNA cBsa3aHa ¢ sdderrom [omsepa, COraacHoO KOTOpOMY
CcMellleHNe CIIeKTPaIbHbIX JUHUIN BHI3BAHO ABMKeHHeM (yLaJie-
HUEeM) HU3JIydaloIiero o6bekra (Talak THKH) CO CKOPOCTBIO U TI0
HamnpasBJIeHHIO oT Habmonarens. [Ipu masibix KpacHBIX cMmere-
HUAX (2 < 1) ckopocTh 00beKTa MOXKeT ObiTh HalAeHAa 1Mo (dop-
myae Homgepa:

v=cT=c2, (17.1)
0
rge ¢ = 3 - 10° KM/c — CKOpOCTB CBeTa. }

Ilocsie TOro Kak IO KPACHOMY CMeIeHMIO OLIIKM Halge-
HBI PACCTOSAHUSA JI0 TANAKTHUK, M3BECTHBIN acrpouoMm . Xab6ia
YCTAHOBHJI MHTEPECHYIO0 3aBUCHMOCTH, HA3BAHHYIO 3AKOHOM
Xa66na: ckopocmu ydanenus zanaxmuk éo3pacmaiom
npAMO NPONOPUUOHALBLHO PACCMOAHUIO 00 HUX:

v=Hr. (17.2)

B aToit hopmyne kosddunmeHT DpomopuuoHaIbHOCTH H Ha-
3bpIBaeTcA NocTossHHON Xab6sa. Ee unciioBoe sHayeHne 3aBUCUT
OoT BEIOPAHHBIX eqUHUI n3MepeHus. Eciu B 3akoHe Xab66s1a cKo-
POCTBH BBIpa)keHa B KHUJIOMETPax B CEKYHAY, a PACCTOAHHEe -—
B MeramapceKax, ToO nocroaHaad Xabbua H = 75 km/(c - Mnk).

Wcnonwssysa sakon Xabbmna, yaraeTca U3MEPUTL PACCTOSHUA
JO TaJaKTUK [0 UX KPAaCHOMY CMeNIeHUIO.

Tak, camblii 01u3KuM K HaM KBasap 3C273 mmeer Kpactoe
cvemenue 2z = 0,158. 910 o3mauaer, 4YTO OH VIAJHAETCHA OT
HAac CO CKopocThio U =cz =3 - 10% - 0,158 = 47 400 (xkm/c). U3
3axoHa Xab0usa cienyer, 4TO paccToAHHe Ao Hero r= v/l =
=632 Mok = 2 MJpJ CB. JerT.

Camble GoJabpliime O00BEKTHI BO BceJeHHOH — rajakTuiu
MIpefCTABIAIOT COO0I THTaHTCKUE 3Be3HbIe OCTPOBA, ITOXOMNHEe
u He noxoxkue Ha Ham Mueunstil [Iyre. Ilo cexrpam rana-
THK YCTAHOBUJHN, YTO OHU pasdberamTcd OT HAC CO CKOPOCTHLIO,
NPONOPIHUOHANBHON PACCTOAHHUIO N0 TFAJAKTUKH.

1. Nepeyucnure OCHOBHLIE THMbI FranaKTMK
? 2. Yro TaKoe KpacHoe cmelyenune!l
® 3. C nomoublo Kakoro 3hpeKta OBBLACHAIOT KpacHoe CMmelleHne

B CNEKTpax ranakrux}
4. Cchopmynupyire 3akon Xab6na.

§ 126 CTPOEHHUE H 9BOJIIOILIHUSI BCEJIEHHOMR

Hayxka, uayuaroiias crpoeunc 1 osoniolnio Beenenuoit, Ha-
3bIBAETCH KOCMOJIOTrHeH (()‘l‘ I'PCHCCKHUX CJIOB KOCMOC — MHup,
Bcenennaa u sococ —— yuenme).
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B(zm,moe SHAYEHUe NJIs1 Pa3BUTHUA COBPEMEHHBIX IIPENCTAB-
JICHUI O CTPOEHUH U pa3BUTUM Beenennoit umeer obijas Teopus
OTHOCUTETBPHOCTH, co3faHHAaA A. JitHmreiinom (1879— 1955).
Ona o6o6maer Teopuio TaToTennsa HpioToOHA HA GONBIITE MACCE
BEIIIeCTBA ¥ CKOPOCTH €0 JBHXKEHUA, CPABHUMbBIE CO CKOPOCTHIO
cBera. [lefCTBUTENEHO, B raJaKTHKAX COCPEIOTOUEHA KOJIOC-
caJbHas Macca BelllecTBa, & CKOPOCTH JaJdeKUX FaJakTUK 1 KBa-
3apOB CPaBHUMEL CO CKOPOCTBIO cBeTa. CornacHo obuieit reopun
OTHOCI/ITQJIBHOCTE/I, IPaBUTAMOHHOE B3aMMOJelCTBUE Nepena-
€TCA C KOHEYHOU CKODOCTBHIO, PABHOM CKOopocTH cseta. (B Teo-
pun HplOTOHA cuMTaeTcsi, 9YTO rpaBUTALMOHHOE B3auMogecT-
BHe IepenaeTcs MIHOBEHHO.)

O6mas Teopusas OTHOCUTENILHOCTH HaKJIaJbIBaeT OmpeneseH-
Hble OTPAHWYEHUsA Ha TIeOMeTPUYecKHe CBOMCTBAa MpOCTPAH-
CTBa, KOTOPOE y)Ke HeJNb3fA CUUTaTh eBKJAMAOBHIM. CorsiacHo
9TON Teopuu, ABMXKEHHEe MU pacipejesleHMe MAaTe€PUU B IIPO-
CTPAHCTBE HENb3sd DPACCMAaTPHUBATH B OTPBIBE OT reoMeTpHUe-
CKUX CBOHCTB IIDOCTPAHCTBA M BPEeMEeHH.

Pacmupsiromasaca Beesennas. Bmepsrie kocMmostornuecKkyio
Mozesb BeenenHoil B paMkax ofgeit TEOPHN OTHOCHUTEJIbHOCTU
paccMoTpen coBeTCKUi MareMaTuk A. ®puaman. OH moxasan,
4TO0 Bcenennast, OJHOPOMHO 3aONHEeHHAN BeleCTBOM, JOJKHA
ObITE HECTAIIMOHADHON, M MCXO4S U3 3TOTO OGBACHUI HabJI10-
AAeMyI0 KapTUHY pa3beranus rataktuk. OH IOKAa3aJl, 4To B 3a-
BUCHMOCTH OT CPeJiHe! ILJIOTHOCTH BelecTsa BceleHHas 10IK-
Ha JubO pacHIupsAThCA, JU60 CHKUMATLCH. IIpu pacmupernun
Bcesiennoit ckopocts pas6eranns raJakTHK HOMKHA GbITH npo-
TIOPIMOHAJIBHA DACCTOAHUIO A0 HUX — BBIBOJA, KOTODBIH ITOJ-
TBepAUI Xab6s OTKPBITHEM KDPACHOTO CMEIeHUS B crleKTpax
rajaKkTHUK.

Kpurnueckoe 3nauenue miaorHOCTH Bemectsa, or KOTOPOH
3aBHCHUT XapaKTep ero JABUIKEHUS:

3H?

= (17.8)

pxp

rage G — rpaBUTAIMOHHASA TOCTOAHHAA, a H — HOCTOAHHAS
Xab6sa.

ITomusa, uro 1 ok = 3,08 - 103 kM u nostomy 1 Mnk =
= 3,08 - 10'° k™, maitzem H = 2,4 . 10718 ¢1, Torza corjacuHo
(hopmyste (17.3) KpuTHuecKas MJIOTHOCTH BeIllecTBAa:

3(2,4- 107181y
8-3,14- 6,67 - 10-11 o3/ (xr - c2)

p}cp = =102 KP/M3,

1IN

Prp = 10729 r/cm3,

Ecau cpenusasa naorHocTs BeeneHHOU 60MbIIIe KPUTUUYECKOU
(P > pyp)» TO B Oynymiem pacmupenue BeeseHHOH CMEHHUTCS
caTueM, a npa cpejHen IIJIOTHOCTH, PaBHOM HJIW MEHBIIEU
KPHATHYECKOH (P < Py,), PACHIMPEHME HE [IPEKPATUTCH.

Cpenusasa IJIOTHOCTH BelllecTBa, COCPELOTOYEHHas B BUIE
3Be3] B rajaKTHKaX, paBHa npubiausutensHo 2 - 10 30 kr/cm3,
4TO MOYTH B 5 pa3 MeHbIIe KPUTHUYECKOH.

Ho genares BeIBOABI 0 OeckoHedyHOM pacuiupeHun Bceenes-
HOM [I0KA IpeMXJeBPeMeHHO, TAK KaK HEeKOTOpble aCTPOHOMBEL
BBEICKA3bIBAIOT IIPEAIIOJIOXKEHNEe O CYIIeCTBOBAHMN B rajaKTH-
KaX BeIecTBa, KOTOPoe IOKa elne He o6HADYXKeHO. ITa «CKPHI-
Tadg MAcCa» MOMKET U3MEHHTH OleHKY IPUHATOH cefivyac cpen-
Hel IIOTHOCTHM BelrjectBa BO Bceenewnmnoii. IlosTomy TounOTrO
oTBeTa Ha BoIpoc o GyayineM BcesieHHOH B Hacrosllee BpeMs
He uMeeTcCsd.

Panunyc BceeneHHO# JIETKO OIEHWTL € IIOMOINBIO 3aKOHA
Xab6na. Tak Kax MaxcuMaJbHasg CKOPOCTb He MOJXKET IIPEBHI-
maTh CKOPOCTH CBeTa, TO MaKCHUMaJbHOEe paccToaHue R, 1o Ko-
TOPOTO MBI MOXKeM HabJuogaTh HebecHbIe Teja, COOTBETCTBYET
ckopocTH pasberaHus rajJakTHK v =c = 3 - 10° km/c, oTKyaa
c _ 3-10°km/c

R= H = 75w/ M)

nm R=1,24 . 1026 .
BospacTt Beeaennoiti. Ecau HabnofeHus IOKa He ITO3BOJIA-
IOT HaM C OIIPeAeSIeHHOCTBIO CKA3aTh O XapaxTepe OyAYIIEro
paciupeHus BceesleHHOH, TO OUEHUTH, KOTQAa B MIPOMIJIOM 3TO
pacinupeHre HavaJoch, MOMKHO C IOMOINBIO 3akoHa Xabbma.
IleficTBUTENIbLHO, ecyiy HabJgogaemMas HAMHM TajJaKTUKa yIaJis-
eTCs CO CKOPOCTBIO U M ceMuac mocjie «Hadaja» pacliupeHnsd
HAXOAUTCA HA PACCTOAHHMN 7 OT 3eMJU, TO CBOe yAAJIeHHue oHa
Hayajla B MOMEHT
ro 1 1

=4.10% Mok = 1,3 - 10!° ¢B. Jer,

t=l=l = =__ - -0,42-10%8c =13 10° ger.
v Hr H 2,4-1018c!

9T paccy:KIAeHUA NPUMEHUMBI s Ji000# ramakTuku. Takum
o6pasoM, 0K0JI0 13 MJpK JieT Has3ajJ Bce BeIlleCTBO MeTarayak-
TUKY OBIJO COCPEeZOTOUEHO B HeOOJIBHIOM O00beMe U IJIOTHOCTH
BellecTBa OBIJIa HACTOJBKO BBICOKOM, YTO HU TaJIAKTUK, HU
3Be37 He cyliecTBoBajo. [loka He sicHBI HU (UIHUYECKUE IIPO-
Hecchbl, NPOTEKAaBIMe 10 3TOTO CBEPXILJIOTHOTO COCTOSHIS Be-
IecTBa, HW NPUUYUHBI, BBEI3BABININE paciiupeHue BceineHHOMH.
fAcuo oxHO, UTO CO BpeMeHEeM pacUINpeHUe IIPUBEJI0 K 3Ha-
YUTEJILHOMY YMEHBIIIeHUIO IIJIOTHOCTU BEIIleCTBA U Ha OIpeje-
JeHHOM 3Talle PacIlUPEeHUA CTaau (POPMUPOBATHCA raJaKTUKHU
U 3BE3JLL.
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Hekoropeie Bugst B Ha0nrogaeMoMm pasberanuu raJakTHK
AHAJIOTHIO C Da3JIeTOM BeIiecTBa BO BpeMsA B3PLIBA, IIO3TOMY
OllICaHHaA TeOpUuA pacmupeHus BeereHHO noJIy4uJia Ha3Ba-
Hue Teopun Boasworo B3pwiBa, a Bpems# (13 muppg Jer), mpo-
mejlree ¢ HavaJa 3TOTO B3PHIBA, HABLIBAIOT 8o3pacmom Bce-
JACHHOIL.

Mopgens «ropsiueit Beenenuoiis., B 1968 r. 6w110 obHapy-
JKCHO H3Jy4YeHUE, KOTOPOe He CBA3AHO HU C OIHUM W3BeCT-
HBIM HCTOYHUKOM panuousiaydenus. OHO WIeT o Bcex CTOPOH
1 1I0X0xXe Ha u3nydeHue abCOJIOTHO YepHOTro Texa. DTo MUK-
DOBOJIHOBOE W3Ny4YeHHe HWMeeT MaKCHMyM Ha OJI1HE BOJHBI
Amax = 1 MM, uro, coriacmo 3aKOHY cMmemleHVs Bumaa, coor-
BETCTBYyeT TeMneparype usiaydennus 2,7 K. B IPOIIJIOM, HA PaH-
HUX aranax spouiouuu Beenennoit, maornocrs u TeMIleparypa
9TOTO M3NYYeHUHA OBLIN CYLIECTBEHHO BbIIe. Takum obpasom,
B IIPOILJIOM He TOJBbKO IIJIOTHOCTD, HO U TeMIepaTypa BelllecTBa
OLLIM OYEeHb BBLICOKMMU. Tax, manpumep, xorma Bo3pacTt Bce-
JIEHHOI OBLIJI BCETO HECKOJIBbKO CEeKYHJ, TeMIepaTypa BellecTsa
U M3TYyYeHUdA Oblia JECATKYU U COTHU MUJLINOHOB KeJIbBUHOB.
Koneuno, Hu 0 kakux ramaxkTuxax u 3Be3/laX B 3TOT NIEPUOJ
TOBODUTE He mpuxoxutca. OHU o6paszoBasuCh 3HAYUTENLHO
Ho3MHee, KOorja TeMIepaTypa M MOJOTHOCTE BeIlleCTBa CTaJu
Hmxe. Taxk xax wHabiogaemoe MHKDPOBOJIHOBOE W3JIydeHHe C
Temiepatrypoit 2,7 K ceszano ¢ TOPAYHUM BEIleCTBOM HA PAHHUX
oTamnax spononun Beesennoil, To nsnyuenue NOJIy4YUJIO Ha3Ba-
HUE PENHKTOBOTO (OCTABUIETOCH OT HPOMLIBIX 9II0X), a MOAEJb
bacmiupamwoleiica BeesenHoll HasbiBaioT MOJEJBI0 «ropsayet
Bceenennoii» .

KPATKHE UTOTH I'JIABBI 17

1. Mneunsrii IIyrs — lanaxktuxa — pagosas cnupaabHas ra-
JIAKTHKA, COCTOAIAA U3 COTEH MMJLIMAPIOB 3Be3] U uMelo-
mas B nomnepedyHnke oxkoso 30 Kk (oxoso 100 000 CBeTO-
BBIX JIeT).

2. Counne HaxoquTCcd Ha PacCTOAHNYU OKOJIO 8 KIIK OT IeHTpa
Tanaktukn, B KOTOPOM, IO COBPEMEHHBIM IIPEACTABICHU-
AM, HaXOAUTCA MACCHBHAs YepHAasd ABIPA MAaccoii, IpeBbI-
masomieit 5 - 108 M.

3. Hapany co COVDAJBHBIMY TaJaKTHKAMU CYLIECTBYIOT
S/UIMITAYECKUE U HeIIPABUJIbHBIE TAJAKTUKIH.
CnupanesHbie ragaxTugy BpaIllaloTCA, ¥ B HUX MHOTrO rasa,
HIBLIM U MOJIOABIX TOPSAYUX 3Be3J.

INIUNOTAYECKYUE TAMaKTHKH He BPAIAIOTCA, B HUX OTCYTCT-
BYIOT ra3 U IbLIb, ¥ OHH COCTOAT B OCHOBHOM U3 CTaphIxX
3Be3g.
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4. B cmexTpax ramakTmk HaGaOgaeTCH Kpacyoe cMelleHne
CHEeKTPaJNbHBIX JIMHUM, YTO yKa3bIBACT HAa WX Y/JICHHE OT

Hac. CKOpOCTh yajeHus M PACCTOSHUE A0 IAJAICTHIKH CBA-
3aHBI 3aKOHOM Xab6jga: v = Hr.

5. Habuiomaemoe pasberanye ramakTHE OGBICIICTC PaCIin-
peruem Bcenernnoii. Bpemsa npumepno 13 MJAD/| Jer 1O3-
pacT Bcenennoit, a paguyc Beesrennoit npuMepno 1000 Mmc:
HabsloneHre penmwKTOBOrO UBJIyYeHUSA C TeMICPaTY PO

T = 2,7 K ykaspIBaeT Ha TO, 4TO B opouwtoM Beeaenase
ObljIa He TOJBKO IJIOTHOMH, HO U ropsiuen.

! IIPUMEPBI PEHIEHUSA 3ATAY

1. Onpenenure maccy IOnurepa o aBu:kreHUIO ero cyTHUKA o,
ecsin CIyTHUK ofpainaetcs BOKpPyr IOmurepa mo Kpyrosoi opbure i
paccrossun a = 422 - 10® xM, ¢ nepuogom T = 1,769 cyr.

Pemenue. M3 Tperbero o6o6umieHHOoro saxoma Kere-

4n’a?
pa (15.3), monaras My,=M, > M, = M,,,, umeem My, =

GT?’

rorga M, = 1,9 - 1027 kr.

2. Bo CKOIBKO Das 3Be3fla CBEPXIHMTAHT €O CBETUMOCTBIO B
10 600 L, Goxneie, yeM 3Besga riIaBHOM HOCIeLOBATEIBHOCTU, €CJiH
HX TeMIIepaTypsl OAWHAKOBBI 4 paBHBI 5800 K?

Pemenne. 3Be3sa riaasuoi OCJIeJOBATEILHOCTH C Jali-
HO#l TeMnepaTtypoit — Cosnne. Tax xakx L = 6 T44nR2, o or-
HOIIIEHUE PaJuycoB

R
R

L
Cr _ cr — 100.
L

T Iyl

YIIPAJKHEHHE 15

1. Ompegenure Maccy Mapca mo ABMIKEHHIO ero criryrimca Jlei-
MoOcCa, cpeflHee PAcCTOAHHE KOTOPOro L0 ILIAHETHI a = 23 000 km, ne-
puofg obpamenus 1,26 cyr.

2. Bo BpeMs BEeNHKOTO IIPOTHBOCTOSHUSA Mapea, <o on eonm-
3uiacA ¢ SeMmueit Ha paccroanue 0,4 a. e., M3MEPEHHLIT Yool jiuta-
meTp Mapca 6511 pasen 23", Onpegennre JTUHEHH LI Jutamerp Mapea.

3. Korga 3emus (4 AHBapA) HAXOAMTCA B HCpHICHIL, Costnne
ABHIKETCS 1O HeOy ¢ YIIOBOM CKOpocThio 617 1 cyricn, o niost, Ko-
raa 3emaa B adenuu, — 57’ B CYTKH. Oupenenrre acenenrpucnrer
3eMHO¥ OpOUTHI.

4. Bo BpeMs BCOBIINIKK Ha Coanne 6nUI0 BLIGPOIICHO 06JaKO0
n1asMEel €0 cKopocThbio 1000 KM/c. 3a Kakoe Bpemst 6O6AAKO IJIa3MBbI,
ABUT'aACh C MOCTOSHHOU CKOPOCTHIO, AOCTUI'NCT BeMIIH?
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SHAYEHHUE ®U3UKHU :
IJI51 OBbSICHEHUS MUPA B PA3BUTUSA
ITPOU3BOOUTEJJBHBIX CHJI OBIIECTBA

§ 127 EJUHAS ®H3UYECKAS KAPTUHA MHUPA

Hrak, uzyueHne mIKOJBHOrO Kypca (PU3UKU BAMM 3aKOHUe-
HO. B Goubmieilt viim MeHbIel cTemeHn KasKABIA M3 Bac Hpuoob-
MMUIJICA K DPe3yapTaTaM TOH OTPOMHOHI paGOTHI IO H3YYEHUIO
PasJn4IHBIX (POPM ABMIKEHHA MATEPHH, CTPOEHUS W CBOIICTB
MaTepHaJbHbIX TeJ, KOTopas Oblla IIpoJesaHa Ha IIPOTSIKe-
HUU MHOTHX BEKOB YYE€HBLIMH BCcero Mupa. ®PU3MKa 3HAKOMUT
Hac ¢ Hauboslee OOIIMMU 3aKOHAMY IPUPO/LL, YIIPaBISIONTAMU
TeUeHUeM IIPOIECCOE B OKPY’KaIIleM Hac MHUpe ¥ BO Beelen-
HOM B ITeJIOM.

Henrr GUBNKM 3aKII0UAETCH B OTBICKAHUH o0Imux 3aKo-
HOB TIPUPOABI U B O0BbACHEHUH KOHKDPETHBIX IPOLECCOB HA UX
ocrose. ITo mepe npogsukenus k aToii wenu nepe], VYeHBIMH
[IOCTETIEHHO BBIPUCOBBIBAIACH BETMYECTBEHHAS U CIIOMHAL Kap-
TAHA eJUHCTBA Npupoabl. Mup mpeacraBaser cobGoil He COBO-
KYIHOCTE Pa3PO3HEHHBbIX, HE3aBUCHMBIX ADPYI OT APYyTra COGbI-
TUH, a pa3HOOGpa3Hble B MHOTOUYMCICHHbBIe NPOABJIEHUSA OLHOT'O
LeJsioro.

Mexanuyeckas kapTuHa Mupa. MHOTHe MOKOJEHUS yue-
HBIX TIOpaKajla U IPOAOKAET MOPAXKATh BeJMUYCCTBeHHAS
¥ IeJbHas KapTHHA MHPa, KoTopas ObLIa co3fjaHa Ha OCHOBE
mexaHuKku Heorona. Corsacrmo HeioToHY Bech MHP COCTOMT
«M3 TBePABIX, BECOMBIX, HEIIPOHUI{AEMBIX, MTOABMKHEIX UaC-
TUIL». ITH «IIePBUYHBIE YACTUIBI aBCOIIOTHO TBEPJbl: OHU He-
u3MepuMo GoJiee TBEPABI, UeM TeJsa, KOTOPble U3 HHUX COCTOST,
HAaCTOJMBKO TBEPJAbI, UTO OHM HUKOTJA He M3HANTUBAIOTCA M He
pasbuparoTca BApe6esrus. OTIMYAIOTCA OHU APYyT OT #Apyra
rIaBHBIM 00pa3oM KOJWUYECTBEeHHO, CBOMMHU MaccaMu. Bee 6o-
raTcTBO, BCe KaUYeCTBEHHOEe MHOroo6pasue MUPa — BTO PE3YJIb-
TaT Pa3JUYMil B ABMXKEHHU YacTHL. BHYTDEHHSSA CyIIHOCTE
YaCTHUI[ OCTAETCA HAa BTOPOM ILJIaHe.

OcHoBanmeMm [y TaKOH eqUHON KapTUHBI MEDPa DOCHY K
BCEOOBEMIIONUI XapakTep OTKPBITHIX HBIOTOHOM B3aKOHOB
/ABWDKEHUS TeJl. TUM B3aKOHAM C YAWBUTEIBHOH TOYHOCTBIO
HOTIMHAIOTCA KaK I'poOMajHble HeGecHBIE Tela, TaK U MeJbuyaii-
lne IeCINHKK, TOHNMBIe BeTpoM. M naske Betep — nBmoxeHne
HCBHJIMMBIX I'VIA30M YaCTHUIL[ BO3AYXA — IIOUUHSIETCHA TeM Ke
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saKoHaM. Ha npoTsameHHH H0JIFOT0 BpeMeHU YyUYeHBle ObLIN
YBEpPeHBbI, YTO eJUHCTBEHHBIMH QPYHAAMEeHTAlbHBIMU 3aKOHAMU
HPHUPOABI ABJIAIOTCA 3&KOHbI MexaHUKH Heworonma. ®panmys-
CKMI yueHBIH JlarpaH; cumTasn, 4To «HET 4YeJIOBEKA CUACTJIH-
Bee Hbl0TOHA: «...Be[lb TOJIBKO OJHAMX/JBI OLHOMY YEJIOBEKY Cy-
JKJEHO IIOCTPOUTH KapTUHY MHPAa».

Onsako mpocras MexaHHUYeCKas KapTHHA MUPa OKasajlach
HecocToATenbHOU. Ilpm wmccnegoBaHMM  3IEKTPOMATHUTHBIX
IPOIeCCOB BBIACHUJIIOCH, YTO OHU He IMOAYUHAKTCA MeXaHUKe
Herorona. [Jox. MakcBesa OTKPBLI HOBBIH TUN DYHAAMEHTAND-
HBIX B3aKOHOB, KOTOPEIE He CBOAATCA K MexaHuke HpioTo-
Ha, — 5TO 3aKOHBI IIOBEJEHUS IJTEKTPOMAIHHUTHOIO IIOJIS.

JJIeKTPOMATHMTHAA KapTuHa Mupa. B Mmexamuxe HpioTo-
Ha IIPEAIIOJarajoCh, YTO TeJla HEIOCPEACTBEHHO 4epe3 IIyCTO-
Ty [EeUCTBYIOT APYr Ha Jpyra W STH B3aUMOJeHCTBUA OCY-
IIeCTBIAOTCA MIHOBEHHO (Teopusa JajabHoueiicTsusa). Ilocie
CO3aHUA IJEKTPOAUHAMUKHY IIPEJCTABICHUA O CHUJIAX CYIIecT-
BEHHO U3MEHUIUCH. Kask/noe na B3auMOZeiCTBYOIIUX TeJ CO-
37laeT JIEKTPOMArHMTHOE II0Jie, KOTOPOe ¢ KOHEYHOH CKOopo-
CTBIO PAacCIpOCTPaHAeTCA B INPOCTPAHCTBEe. B3amMmoneiicTBue
OCYILIECTBJIACTCA ITOCPEACTBOM 3TOro moJdA (Teopus OJIM3KO-
JeHCcTBUS).

OJIEKTPOMATHUTHBIE CHJbI YPE3BBHIYANHO ITUPOKO pacipo-
cTpaHeHdl B npupoge. OHN AelCTBYIOT B aTOMHOM sApe, aToMe,
MOJIEKYJIE€, MEMAY OTAeJIbHBIMH MOJIEKYJAMM B MAaKpPOCKOIIH-
YeCKHX TeJjlaX. ITO IMIPOHUCXOAUT IIOTOMY, YTO B COCTAB BCEX
aTOMOB BXOAAT 3JIEKTPHUYECKH 3apAMKeHHbIe YacTHIbI. efi-
CTBHE€ BJIEKTPOMATHUTHBIX CHJ OOHApy:KHBaeTcad M HA OYeHb
MaJbiX (A4pO), ¥ HA KOCMHYECKUX (9JIEKTPOMATHHUTHOE H3JY-
YeHUe 3Be3]]) PACCTOAHUAX.

PassurHe 2NeKTPOAMHAMMKMN IIPUBEJIO K OONBITKAM II0-
CTPOUTDL eOUHYI INEKMPOMAZHUMHYIO Kapmuny mupa. Bee
COOBITHSI B MHDE IO 39TOW KapTHHe YIIPABJIAIOTCH 3aKOHAMH
9JIEKTPOMArHUTHBIX B3auMMOAeHCTBUH.

KynpMuHanuy sjIeKTPOMArHUTHAS KapTHHA MUPA JOCTHT-
Ja Tocjie CO3JaHuA CHeIINaJbHOM TEeOPUHM OTHOCHUTEIBLHOCTH.
Bouro nouATo GyHAaMeHTaNIBHOE 3HAYEHNE KOHEYHOCTH CKOPO-
CTH DacHpoCTpaHeHHA B5JIeKTPOMATHUTHBLIX B3auMOAelCTBIIL,
CO3aHO HOBOE y4YeHMe O IIDOCTPAHCTBE M BPEMEHW, HalJeHHI
PeJATUBUCTCKYE YPABHEHUS ABV)KEHUSA, 3aMEeHAOIIe ypaBHe-
HuA HeloToHA IIpM GONBIINX CKOPOCTSAX.

Ecnu BO BpemeHa paciBeTa MeXaHMYECKOH KapTHUHBI MUpa
AeJIaINCh HONBLITKY CBECTH 3JIEKTPOMATHHUTHBLIC SBJICHUA K Me-
XaHUYeCKUM mpoleccaM B 0coboil cpene (muposom sdupe),
TO Telephb yiKe CTPEMUJIUCh, HA00OPOT, BLIBECTU 3aKOHBI IBH-
SKEeHUS 4YacCTUIl U3 3JIEKTPOMATHHUTHOU Teopuu. YacTumsl Be-
IIIeCTBa IBITAJNCh PACCMATPUBATL KAK «CLYCTKH» 3JIEKTpPO-
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MArHUTHOrO mojs. OJHaKO CBeCTH BCe MPOIECCHI B IIPHUPOAE
K DJeKTPOMArHUTHBIM He YIAaJIOCh. ¥ PABHEHUS IBMXKEHUA dac-
TUL, ¥ 3aKOH IPaBUTAIMOHHOTO B3aMMOJAENCTBUA HE MOTYT
ObITE BBIBEEHBI U3 TEOPUH 3JIEKTPOMATHUTHOTO Hojas. Kpome
TOrO, OBLIM OTKDPBITHI JIEKTPUYECCKHA HeNTPaJIbHbIe YACTUIIH 1
HOBBIe THUIBI B3auMogercTBuii. IIpupoma oxkasanachk ciaoKHee,
4eM IIpeAloJiarajy BHavaje: HU eAUHBIN 3aK0H ABUKEeHUA, HU
€IWHCTBEHHAA CUJa He CIOCOOHBI OXBATHUTh BCEro MHOroobpa-
3Us IPOIlECCOB B MHUpe.

Enuncreo cTpoennst Matepun. Mup upesBuiuaiiHO pa3Ho06-
paseH. Ho xak 9To HM yIUBUTENBHO, BEIIECTBO 3BE3[ TOYHO Ta-
KOe€ K€, KaK U BeIlecTBO, U3 KOTOPOTO COCTOUT 3eMJA. ATOMBEI,
M3 KOTOPBIX COCTOAT Bce Tejia BceleHHOU, cOBepIIeHHO OAH-
HaKOBbI. J{UBEIE OPraHMU3MBI COCTOAT M3 TEX Ke ATOMOB, UTO
U HEe)KUBbLIE.

Bce aTomMBl MMeEOT OJUHAKOBYIO CTPYKTYPY ¥ IIOCTPOEHBI
U3 3JIEMEHTAPHBIX YacTHUI TPEX BUAOB. ¥ HHUX €CTh AApa U3
OPOTOHOB M HEHTPOHOB, OKPYJKeHHBIE aJIeKTpoHaMu. Sfapa
¥ 3JIEKTPOHBl B3aHMOJEUCTBYIOT APYT € APYrOM IIOCPEACTBOM
SJIEKTPOMArHUTHOTO MOJs, KBAHTAMU KOTOPOI'O SABJISIOTCA (O-
TOHBI.

BzaumogeiicTBue ke MeXKAY NOPOTOHAMU H HeHTPOHAMH
B AJpe OCYIIECTBAAIT B OCHOBHOM T€ Me30HBI, KOTOPhIE IIpej-
CTaBJAIOT CODOH KBaHTHI fepHOro noiasi. Ilpm pacuaze Heil-
TPOHOB NIOABJAITCA HeiiTpuHO. Kpome toro, oTkprulTo MHOTrO
APYyrux sjJeMeHTapHBIX uyactuii. Ho ToJbKo npu B3aumogeii-
CTBHHM YaCTUI OUYeHDb 0OJIBIINX dHEPTrUil OHM HAUMHAIOT UTPATh
3aMETHVIO POJb.

B nmeproit nonoBure XX B. GBLI OTKPLIT GyHIaMEeHTAIbHBIH
daxr: 8ce snemenmaprbvie Hacmuybl cnocobHbL NPEBPAULAMb-
ca dpyz e dpyea.

B 70-e rr. 0b1JI0 yCTAHOBJIEHO, YTO BCe CHJIBLHO B3amMoneii-
CTBYIOI[M€ YAaCTHUIBI COCTOAT M3 CY03JIEMEHTAPHBIX YACTUI[ —
KBapKoOB IIeCTU BUAOB. VICTHHHO 3JeMeHTAPHBIMH YacTULAMU
ABJAAIOTCSA JIEITOHLI W KBapKH.

Ilocne OTKpBITHA 2JeMEeHTAPHBIX YACTHUI| U UX IIpeBpalle-
HUH Ha IePBBIN IJIAH eJUHOM KapTUHBI MUDA BRICTYITIIO eOuH-
CmMeE0 6 CMPOeHUU Mamepuil.

B ocHOBe 3TOro eANHCTBA JIEKHUT MATEPHAILHOCTD BCEX aJIe-
MEHTAPHBIX YacTUll. Pasauunsie anemenmaphnvie wacmuibl —
ITO PA3AUYHbLE KOHKDEeMHbLE GOPMbL CYULeCme08aHUL MaA-
mepuu.

Cospemennas dusnyeckas kapTuna mupa. Exuacrso Mmupa
He HMCUYepHLIBaeTCHa eIUHCTBOM cTpoeHUs Marepun. OHO npoas-
JeTCA M B 3aKOHAX JBUIKEHUS YaCTWUIl, M B 3aKOHAX UX B3aHl-

MOJCHCTBUS.
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Hecmorpst wa yjauBarTcinioce pasnoofpasyde B3aUMOLEH-
CTBHH TeJ JAPYL € APYIOM, B IIPUPOJE, 110 COBPCMEHHBIM TaH-
HBIM, UMEIOTCH JIMIODb YEeTbIPC TUIIQ CUJIL. ITo spacunmayuoHHble
CUAbL, IACKMPOMAZHUMHDBLE, sICPIHBIC U CAAObIC 3AUMO0ellL-
cmeug. llocaegane NPOABAAIOTCA INIABHLIM 00pa3OM DU IIpe-
BpallleHUAX BJIeMeHTapHBIX YacTUIl Apyr B japyra. C npossie-

HUEM BCeX YeThIpeX THUIIOB CHJI MbI BCTpedaeMcsl B Oesrpanmd-
HbIX npocropax BceneHHOI, B J100BIX Tejiax Ha 3cemac (B ToM
qucje U B JKUBBIX OPraHu3Max), B aToMax M aTOMHLIX sjipax,
P BCEX IPEBPATEHHUAX 3JeMeHTAPHBIX YaCTHUII.

PeBonronuoHHoOe M3MeHEeHHE KJIACCUUECKUX TIPECTaBJIEHUIH
o ¢usnyeckoll KapTUHe MHpa NOPOHU3OILIO0 IIOCJE OTKPbITHS
KBaHTOBBIX CBOHCTB MaTepuu. C HodgBjgeHHEM KBAHTOBOH (hH-
3UKU, OIKCHIBaIOIe! ABMIKeHNEe MUKDPOUYACTUL, HAYaJHd BbIPU-
COBBIBATHCS HOBBHIE DJIEMEHTHI €NMHOUA (PU3MUECKOH KapTHUHBI
Mupa.

Pasnenenrie marepuu Ha BeIllecTBO, WMEION[ee€ NIPEPBIB-
HOe CTPOeHHE, U HENPEPBLIBHOE II0JEe IOTEePAS0 abGCOMIOTHBIM
cmbicy. KakgoMy TOJO COOTBETCTBYIOT KBAHTBHI 3TOTO IOJA:
3JIEKTPOMATHUTHOMY OO0 — (POTOHBI, AEPHOMY — ME30HBI,
a Ha Oosee riy0OKOM YPOBHE — TJIIOOHBI, OCYHIECTBJIAIONINE
B3aMMOJeICTBIE KBAPKOB.

B cBoio ouepens, Bce dacTUIlb 00J1aai0T BOJIHOBBIMH CBOMCT-
BamMu. KopnyCKYyASAPHO-BOTHOBOH AyalM3M IIPUCYI BceM (Hop-
MaM MaTepum.

Onucanne, Ka3ajoch ObI, BBAUMONCKJIIOYUAIONINKX KOPIIYCKY-
JSAPHBIX ¥ BOJHOBBIX CBOMCTB B paMKaXxX OJHOM TeOPHUHU OKasa-
JIOCh BO3MOKHBIM OJjarozapda TOMY, YTO 3aKOHBI JABHIKEHUS
Bcex 0e3 HCKJIUYEeHUS MUKDPOUYACTHUL, HOCAT CTATUCTHYECKU
(BePOATHOCTHBIN) Xapakrep. 3TOT QaKT AejlaeT HEBO3MOKHBIM
O HO3HAUHOE IIPeJCKa3aHue TOT0 UAU UHOrO IIOBEJEHUSA MUK-
pPoOGHEKTOB.

IIpuHNUIIEI KBAHTOBOR TEOPHMHN ABJISAIOTCH COBEPIIEHHO 00-
IUMH, TPUMEHWUMBIMA AJS ONHUCAHUSA ABUIKEHUS BCeX Uac-
TUIL[, B3aUMOJEMCTBUUA MeMXAy HUMH U MX B3aNMHBIX IIpeBpa-
IeHn.

Hrak, coBpeMennasa (pu3uKa, HECOMHEHHO, JEMOHCTPUPYET
HaM 4epThl eJUHCTBA Npupoasl. Ho Bce Ke MHOTOTO, GBITH MO-
JKeT, Jaske caMy (PU3NUECKYIO CYTh eJWHCTBa MUpa BBIACHUTH
IIoKa elre He yOaJioCh.

HewusBecTHO, nouemMy CYIIECTBYET CTOJb MHOTO Pa3JUUHBIX
3JIeMeHTapHEBIX YaCTHUIl, IOUEeMY OHM MMEIT Te MJIU WHbIe 3Ha-
YeHMS MAacchl, 3apfAfa U APYrux xapaKTepucTuk. o cux mop
BCe BTU BeJIMYUHBI OIIPeJelISI0TCH DKCIIePUMEHTAJBHO.

Onmaxko Bce OTUYETIWBEE BBIPUCOBBIBAETCS CBA3h MEKIAY
pPa3iNYHBIMUA THUIIAMH B3aUMOJEHCTBUI. IJEeKTPOMArHUTHBIE
U cinabble BzauMozelcTBUA yixke 00be/IMHEHBI B PaMKax OZHOMN
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reopuu. BrlsicHeHa CTPYyKTypa GOJBIIMHCTBA 3JIEMEeHTAPHBIX
aCTHuIl.

«3[1eCh CKPBITHI CTOJIb I'TyOOKHE TAHHbBI U CTOJIH BO3BLIIICH-
HbI€ MBICIH, UTO, HECMOTPS HA CTapaHWA COTEH OCTPOyMHeli-
WX MBICTUTeNEH, TPYAUBIIUXCA B TeUeHHWE THICAY JIET, elle
He ynajlock NIPOHUKHYTH B HUX, H PaZOCTh TBOPUECKMX MCKA-
HUW ¥ OTKPBITHH BCE ellle IPOJOKAET CYHI[eCTBOBATB». DTH
CJIOBA, CKasaHHBIe asmjeeM TpH ¢ TMOJOBUHON CTOJETHH Ha-
3all, HUCKOJIBKO He ycTapeiu.

Hayunoe wmupoBosspenme. PDyHgamMeHTAILHBIE 3aKOHBI,
yCTaHaBJIHBaeMble B (DM3UKe, IO CBOEH CJIOMKHOCTH M OONIHO-
CTH HAMHOI'O IIPEBOCXOAAT Te (PaKThl, ¢ KOTOPBIX HAUMHAETCH
uccaesoBaHye JIO0ObIX saBaeHUit. Ho OHH CTOID XKe JAOCTOBEPHBI
U O0bEKTUBHBI, KaK M 3HAHHS O IIPOCTBIX ABJEHUAX, HADMIIO-
AaeMBbIX HEIIOCPEeACTBEHHO. OTHU 3aKOHBI He HAPYINAIOTCH HUKO-
raa, HU [IPH KaKWX YCJIOBHAX.

Bce Gonbiiee n Gosblree umcsio sroxeit OCO3HAIOT, UYTO 00'L-
€KTHBHbIE 3aKOHBI, KOTOPBHIM CJEAyeT IPUPOZa, HCKJIKUa-
IOT YyJZieca, a MO3HAHHE STUX 3aKOHOB IIO3BOJIUT YeJI0BEUYECTBY
BBIXKUTD.

JJABOPATOPHBIE PABOTHI'

1. HABJIOJAEHHUE JIENCTBHSA MATHHUTHOIO IIOJIE HA TOK

Obopydosarue: NPOBOJIOYHBIA MOTOK, LITATUB, MCTOUHUK
[MOCTOSAHHOI'O TOKA, PEOCTaT, KJIOU, COeJUHUTEbHEIE IIPOBOJA,
AyroodpasHblii MArHur.

ITodzomosera k npogedenuio pabomo.

IlogBecbTe IPOBOJIOYHBIM MOTOK K IITATUBY, MOACOEAUHUTE
€ro K MCTOYHMKY TOKa IOCJeJOBATEJILHO C PEOCTATOM M KJIIO-
yoMm. IIpenBapuTesBHO KUY AOKEH ObIThH PA3OMKHYT, IBH-
JKOK peocTaTa yCTaHOBJIEH Ha MaKCHUMAaJbHOE COIIPOTHUBJICHHE.

ITposedenue axcnepumenma

1. IlogHecuTe K BHUCSLIEMY MOTKY MATrHUT H, 3aMbIKas
KJIIOU, IPOHabMogaiiTe NIBUMKEHHNE MOTKA.

2. Brifepute HECKOJIBbKO XapaKTePHBIX BAPHAHTOB OTHOCH-
TeJbHOTO PACIIONIOMKEeHUs MOTKa M MAarbuTa M 3apucyiiTe ux,
yKa3aB HalopaBjJeHHe MarHWUTHOI'O II0JIf, HAalIpaBJIeHHEe TOKa
¥ npezlojiaraeMoe ABMIKEHNE MOTKA OTHOCHUTEJIbHO MArHUTA.

3. IlpoBepbTe Ha OmBITE NPABUJILHOCTEL IIPEAIIONOKEHMI
0 XapakTepe M HAIIPDABJIEHUU ABUIKEHUS MOTKA.

2. U3YYEHHE ABJEHUSA 3JIEKTPOMATHHUTHON HHAYKI{UHA

Obopydosarnue: MUAINAMIIEDMETD, HCTOUHHUK IUTAHUA, Ka-
TYIIKM C CepAeYHHUKaMU, IYyrooO0pasHbIfi MarHWUT, BBLIKJIO-
JaTelb KHOIOYHBINA, COeAWHHUTENbHBLIE IIPOBOAA, MAarsuTHAA
cTpesika (KOMIIac), peocrar.

ITodeomosrka k nposederuto pabomot

1. BceraBpTe B O4HY M3 KaTyIlIeK JKeJIe3HbIH CepAeYHNK, 3a-
Kpenus ero raixoil. IloAxIOUNTE 9Ty KaTYIIKY 4Yepes MMJI-
JMaMIEpMeTp, PeoCTaT U KJI0Y K UCTOUHUKY HNUTAHUA., 3aMK-
HUTE KJIOY M C [OMOIIBID MATHUTHOH CTpeaku (Komiaca)
OIpefiesIUTe PACIOJOMEHWE MATHHUTHBIX IOJIOCOB KATYIIKH
c TOKOM. 3adUKCUDYHTe, B KAKYIO CTOPOHY OTKJIOHAETCS IpHU
3TOM CTpeJIKa MUJIJIHaMIiepMerpa. B ganpueiiiiieM Ipy BBINOJ-
HeHUM paboThl MOKHO OyAeT CYAHUTH O PACTIOJIOMKEHUN MATHUT-
HBEIX ITOJIIOCOB KATYIIKK C TOKOM II0 HAIIPABJIEHHUIO OTKJIOHEHUA
CTPEeJIKM MUJIIHaMIepMeTpa.

1I/IHCprxmm K JabopaTopHbiM paforam cocrasieHbl A. B. Hoaumxum
u A. 3. CusakoseiM npy yuactuu 10. M. uka u I'. T'. Hukudoposa.
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2. OTKJII0YMTE OT NN PeoCTAT U KJIIOY, 3aMKHUTE MUJLIH-
aMIIepMeTp Ha KaTYyUIKy, COXPAHUB [OPALOK COeNUHEHUS WX
KJIEeMM.

IIposedenue axcnepumenma

1. IlpucTaBhTe CEPAEYHUK K OZHOMY M3 MOJIOCOB OyTo-
00pasHOro MarHWTa M BABWHLTE BHYTPb KATYIIKH, aHabaogaa
OTHOBPEMEHHO 34 CTPEJKOH MHJIMamMIepMeTpa.

2. HoBropure HabGMOEHNUE, BLIABUIAS CEepIeyYHUK U3 Ka-
TYIIKY, & TAK)Ke MeHssd I10JII0Ca MarHuTa.

3. BapmucyiiTe cXeMy ONbLITAa U IPOBEPHTE BLITIOTHEHME upa-
Buwiia JleHna B KaskaoM ciydae.

4. PacnojiosxuTte BTODPYIO KarylKy pAJOM ¢ [IepBOHM Tak,
4TOOBI X OCH COBIIAJAJIH.

5. BcraBbre B 00e KATYIIKK JKeIe3HbIe CepIeYHUKHU U NPHU-
COeIMHNTE BTOPYIO KATYUIKY UYepes BBIKJIIOUATENDL K MCTOYHM-
Ky IIUTaHUA.

6. SaMbIKad M pasMbIKad KJI0Y, HaGIOAalTe OTKIOHCHUE
CTPEJIKY MUJLJIMaMiepMeTpa.

7. 3apucy#Te cXeMy OIBITA U IPOBEPhTE BHITOJHEHUE npa-
BHJa JleHna.

3. ONIPEANEJEHUE YCKOPEHUA CBOBOHOIO INTAJAEHUA
IIPH JIOMOIIH MAATHHKA

Obopydosanue: achl ¢ CeKyHIHOI CTPEIKO, U3MEPUTEb-
Has JIeHTa ¢ morpemHyocTeio A, = 0,5 ¢M, mapuk ¢ oTBepcTuem,
HUTh, MTATHB ¢ MYMDTOH M KOJIBIIOM.

Ilodeomosra k nposedenuto paGomor

JJisi m3MepeHus YCKOPeHus CBOGOLHOrO MadeHus NIpUMEeHs-
I0TCA Pa3HOOOpa3HbIe TPABUMETDEI, B YACTHOCTH MASTHUKOBBIE
npubopsl. C UX IIOMOIIBIO yAaeTcs M3MEPHTH YCKOpPeHHUe CBO-
GopHOro mnameHus ¢ abCONIOTHOH IIOIPEIIHOCTHIO HOpAKa
1075 m/c?.

B pa6ore ucmonbsyercs mpocredmiuii MASTHHK — MIapuK
Ha HuTH. I[Ipu Manbix pasmMepax IIapuka Mo CPaBHEHUIO ¢ M-
HOM HUTHU U HeGOJbIIUX OTKJIOHEHUIX OT HOJIOKEHUS paBHOBe-
CUA IIePMOA KoJiebaHuil paBeH MepuoAy KoIeGaHuili MaTeMaTH-

l
4ecKoro MaATHukKa 7T = 2x E IIJIH YBeJIMYEHNA TOYHOCTU

U3MEPeHUA Iepuofa HYXHO H3MePHTh BpeMs { JOCTATOUHO

GoJibitoro umesa N HONHBIX KONe6aHUil MasTHHKA. Torza me-
t

puong T = N U YyCKOpeHue cBOOOIHOIO IaZeHUsS MOMKeT OLITH

IN?

Bbiuvcsieno 1o gopmyse g = 4?2 ol
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IIposedenue axcnepumenma

1. YcramoBuTe Ha Kpaio cToja wWTAaTHUB. Y ero BepxHe-
IO KOHIla YKPeNuTe C IIOMOIBLI0 My(®THI KOJBIIO ¥ MOABECHTE
K HeMy apuk Ha HuTH. lllapuk goisKeH BUceTb Ha paccTosi-
Huu 1—2 cMm ot moua.

2. UawmepeTe neHTON ANVMHY | MagTHHKA (LIMHA MasSTHUKA
AoxHa 6piTh He Menee 50 cm).

3. Bosbynure Kome6aHuA MaSTHWUKA, OTKJIOHUB HIapHuK
B CTOPOHY Ha 5—8 ¢M u OTIyCTHB ero.

4. UsMephTe B HECKOJBKHX DKCIEPUMEHTAX BpeMmsa t 50 Ko-

Wt t+t+ ..

snebaHuit MasATHUKA ¥ BBIYHCIHTE lept &
n

o , The

7 — YHCJO ONBITOB II0 M3MEPEHUIO BPEeMEeHU.
5. Beiuuciure cpegHIO aGCOTIOTHYIO HOTPEIIHOCTh U3Me-
PeHusI BpeMeHU
]tl_ tcpl + Itz— tcpl + |t3_ tcp' + ..
n

At =

cp

¥ pe3yJbTaThl 3aHecHUTe B TaGauIly.

Homep
ONBITA

1

i, ¢ t,c At, ¢ At , ¢ I, m

2

6. Boruncianre yckopenue cBOGOLHOTO ITALEHUS IO topmyne

2
» IN

5

cp

7. OnpesennTe OTHOCUTETBHYIO OrPEIIHOCTH M3MepeHus
BPEeMEHH €.

8. OmnpegennTe OTHOCHTETLHYIO MOIPELIHOCTD H3MepEeHUus

8ep = 4n

l
AJNMHBI MasATHHUKA €, = - 3Hauenue Al cKIagbpIBaeTCs U3 IIO-

IPEIIHOCTY MepPHOM JIEHTHl M IIOTPELIHOCTH OTCYeTa, PABHOM
IIOJIOBMIHE IEHBI NeJIeHUA JEeHTBI: Al = Al + Al ...
9. BBIUMCINTE OTHOCHTETBHYIO HOTPEIIHOCTD H3MePeHusa g
o gpopmyse
g, =¢ + 2¢, + 2¢,,
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YUYUTBIBAA, YTO IOTPEINHOCTHIO OKPYIJIEHUSA T MOXKHO TpeHes-
peus, ecnu T = 3,14; TakKe MOYKHO npeHeOpeddb €, eCJH OHA
B 4 pasza (u 6osee) Mensbire 2¢,.

10. Ompegenure Ag = €,8., ¥ BAIIUIINTE Pe3yJIbTAT U3MeEpe-
HUA B BUIe

gcp_Agggggcp*'Ag-

VY6eauTecs B JOCTOBEPHOCTH U3MEPEHUIT U [TPOBEPHTE IPHHAL-
JIEAKHOCTh HM3BECTHOTO 3HAUYEHUA g IOJYYCHHOMY HHTEpPBAJY.

4. U3MEPEHHE NIOKA3ATEJA NIPEJOMJEHUS CTEKJIA

O6opydosanue, neobxodumvie usmepernus. B pabore msme-
pAeTcA NOKAa3aTeJdb HNDPEJOMIECHUS CTEeKJSHHON IIJIACTHUHBI,
nMemomet popmy rpanenuu. Ha oguy us mapanienbHBIX rpa-
Hell MJIACTHHBI HAKJIOHHO K Hed HAIPaBJAIOT Y3KHUI CBETOBON
ny4yok. Ilpoxonsa uepes miacTUHy, 3TOT IIYYOK CBETA MCIBITHI-
BaeT ABYKpaTHOe IpejiomMJeHue. VICTOUHMKOM CBeTa CIYMKUT
SJIEKTPHUYECKAs JIAMIIOUKA, HOAKJIIOUEHHAS Yepe3d KUY K Ka-
KOMY-11060 MCTOUYHHKY TOKa. CBETOBOM} IIYYOK CO3JAETCH C I10-
MOIIBIO METAJINYECKOr0 9KpaHa ¢ Ieabo. IIpu sToM mupuHa
Iy4YKa MOKeT MEHATBCA 34 CYeT MSMEHEHHA PACCTOSAHUSA Me-
KJAY DKPAHOM M JIAMIIOYKOIL.

ITokasaTenp NMpEJOMJIEHUS CTEKJA OTHOCHTEIBHO BO3AYXa
onpeznesnserca mo dopmye

rjge O — yroJ NajeHudA IydKa CBeTa HA IpaHb NJIACTHHBI (U3
BO3AyXa B CTEKJIO); B — yros npejoMIeHMs CBETOBOTO IydYKa
B CTEKJIE.

i1 ompesmeneHNsA OTHOLIEHWS, CTOAIETO B NPABON YACTH
¢dopmysisl, mocTymaioT ciaegyomuM obpasom. Ilepen Tem Kak
HaIPaBUThL HA IJIACTHMHY CBETOBOH IIYYOK, €e pacHolaramT Ha
CTOJIe Ha JIUCTe MUJUIMMETPOBOH Oymaru (uiu Jucre 6ymMaru B
KJIETKY) TaK, YTOOBI OJjHA U3 ee HapasijieJbHBIX rpaHeil coBma-
Jia ¢ IIpeABapUTEJIbHO OTMeUYeHHOo Junueil na 6ymare. dra jau-
HHUA YKaXXeT PaHUIy Daszesia cpel BO3LYX — CTeKJ0. TOHKO
OYMHEHHBIM KapaHAAIIIOM IIPOBOAAT JUHUIO BAOJL BTOPOH IIa-
paJlJIeJbHON rpaHu. 3Ta JUHUA U300parkaeT TPAHUILY pasiesa
cpen crexkJio — Bo3Ayx. Ilocste aroro, He cmemiad MIACTHHBI,
Ha ee IIEPBYIO NapajJeJIbHYIO I'DaHb HAIIPABJIAIOT Y3KUI cBEeTO-
BOM IYYOK MOJ KAKMM-JIK00 yrioM K rpasu. Bross magamomero
Ha IUTACTHHY U BBIINEIIEro U3 Hee CBETOBBIX NYYKOB TOHKO OYH-
HeHHBIM KapaHJaIioM cTaBAT Touku I, 2, 3 u 4 (puc. 18.1).
IMocne aroro MaMmoOUYKy BBIKJIIOUAIOT, IJIACTHMHY CHHMAIOT M C
TOMOIIBIO JIMHEAKH IPOYePUYMBAIOT BXOAAIIWII, BBIXOIAIIMI
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Puc. 18.1 Puc. 18.2

¥ mpeJoMJeHHBIH ayum (puc. 18.2). Yepes Touxy B rpanu-
OBl pasjgesa cpes BO3AYX — CTEKJI0 IIPOBOAAT MNEPIEHIUKY-
JISIPp K rpaHulle, OTMeYaioT Ikl MaeHns O U IpejoMiaeHns 3.
Ianee ¢ TOMOIIBIO NUPKYJIA IPOBOLAT OKPYKHOCTD C IEHTPOM
B TO4UKe B U CTpoAT OpAMOYTroJibHbIE TpeyroabHuKku ABE u CBD.

Tak xak sino = —j—ﬁ, sinf = %g u AB = BC, To dopmyna
UL olipelesieHusa IIOKa3aTesd TIPeJOMJIEHHSA CTeKJa Ipumer
BUJ,

AE

W o

Haunabl o1peskoB AE u DC usMepsaOT 00 MHJLITHMETPOBOIL
Gymare MM ¢ IOMOIIGIO JuHEHKH. IIpu aToM B 060uX caydasx
MHCTPYMEHTAJBHYIO IIOTPEIIHOCTb MOXKHO CUHMTATH pPABHOM
1 mm. IlorpemHocTs OTCYETA HAAO B3ATH TaKMKe PaBHON 1 MM
[J1f y4eTa HETOYHOCTH B PACHOJIOMEHHUH JUHENKM OTHOCHTE b
HO Kpafd CBETOBOrO IIYYKa.

MakcuMaIbHYIO OTHOCHUTEJIBHYIO MOTPEelIHOCTh € HM3Mepe-
HHSA II0Ka3aTessl IPEJOMJIEHUA ONPEeAeNsIoT no popmye

= AAE ADC
" AE  DC’
MaxkxcumanbHas abCOJNIOTHAS IOTPEIIHOCThL OIpejesseTca
no dopmysae

n (18.1)

An = ng €.

(3necy n,, — npubauxeHHOe 3HAYEHME IIOKA3ATENIA IIPEIOM-
JIeHus, onpegensdgemoe 1o Gopmye (18.1).)

OxoHuaTeNbHBIH pE3yJIbTAT N3MEPEHHA MOKasaTejas Ipe-
JIOMJIEHUS B3AIIUCHLIBAETCH TaK:

n=n,*An.
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llodzomoexa k nposedenui padomot

1. IToproroBbTe GiaHK OoT4YeTa ¢ TaGAHMIEN JJIA 3aTHCH pe-
3yJILTATOB M3MEPEHUM M BBIUHCIIEHMWI.

Hsmepeno Beruucaeno

AE, MM DC, mm Ny AAE, mm | ADC, mm e, % An

2. TlopkmI0YNTEe JAMOOYKY depes3 BBIKIOUYATEIb K HCTOU-
HUKY ToKa. C IOMOIIBIO 3KpaHa C IIeNbio IOJYYUTe TOHKHI
CBETOBOI IYYOK.

IIposedenue skcnepumenma, obpabomia pe3yrbmamos

u3meperuil

1. WiamepbTe mOKa3aTe b INPEIOMJIEHUS CTEKJA OTHOCH-
TeJBHO BO3AYXaA IIPU KaKOM-HHOYy[Ab yIJie NMajieHusA. Pe3yibTar
U3MEPEeHNs SalUIINTe C YIeTOM BBIUUCJICHHEIX IIOTPEeNTHOCTEH,

2. IloBTOopuTE TO K€ LPHU APYTOM yrJe HajeHWs.

3. CpaBHHuTe pe3yJbTaThl, NOJYyUYEeHHEIE IO GOPMYIaM

Ny — Any <ny < ny,, + An,,
Nonp = Ny < Ny < Ny, + An,,.

4. CpenaiiTe BBIBOJ O 3aBHUCHUMOCTH (MJIH HE3aBUCUMOCTH)
HoKas3aTe/li IpeJIOMJIEHUs OT yriaa nagesusd. (Merog cpaBHe-
HUA pe3yJIbTATOB N3MEPEeHNU M3JI0KEeH BO BBeJeHUM K Jabopa-
TOPHBEIM paGoram B yuebHuke dusurm aia X Kiacca.)

KoanrTpoasuwit Boumpoc

HTo0bI ompeseTUTh IOKA3aTeb NPeJOMISHHS CTEKJIa, KO-
CTATOYHO M3MEPUTH TPAHCIIOPTUPOM YIJAbL O ¥ [} U BBIYUCIATH
OTHOIIIEHME UX CHHYCOB. Kaxko#l u3 MeTo/0B ollpefesIeHUS TIO-
KasaTeJasa IIPeJIOMJIeHUA NPEAIOUYTHTEIbHEe: 3TOT UAH UCIIONh-
30BaHHBIH B pabore?

5. ONPEJEJIEHHUE OIITUYECKOM CHJIBI
N ®OKYCHOTO PACCTOAHHUSA COBHPAIONIEMN JIMH3LI

Ob6opydosanue: nuHeiKa, ABa NPAMOYTOJBHBIX TPEYIOIb-
HHUKA, AAMHHOPOKYCHas coOmparoinas JAWH3a, JaMIOYKa HAa
MOACTaBKE C KOJIIAYKOM, UCTOYHUK TOKA, BBLIKJIIUATEJH, CO-
eJUHUTEeJbHbIE IPOBOJA, SKPaH, HAIIPABJIAIOIIAA peiika.

Ilodzomoera Kk nposedenuio pabomot

IIpocreiimuii cioco6 MaMepeHUA ONTUYECKOM CHJIBI U do-
KyCHOT'O PACCTOAHUSA JIMH3bl OCHOBAH Ha MCIIOJIb30BAHUH (HOp-
MYyJEl JIMH3BI

+ . (18.2)

Q=
~h | =
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B xauecTBe nmpesMeTa UCIONAB3YETCA CBeTAIIAACS paccedH-
HBIM CBETOM OyKBa B KOJIMAYKe OCBETHUTENsd. llelicTBUTelbHOE
n3obpakeHue 3TOM OGYKBHI MIOJYYAIOT HA SKpaHe.

ITposedenue sxcnepumenma

1. Cobepure aeKTPHUUYECKYIO I€1lb, IOAKJIIOYUB JAMIOUKY
K HCTOYHHKY TOKA Yepe3d BHIKIIYATENb.

2. ITocTaBbTe JIaMMIOYKY HaA Kpal CTOJa, a 9KPaH — y ApPY-
roro Kpasa. Mexay HUMH NIOMECTHUTE JHUH3Y, BKJIOUHUTE JaM-
MOYKY U mepeABUTraiitTe JIMH3Y BIOJL DeiKU, IHOKAa Ha sKpaHe
He OyZeT IIOJIYYeHO Pe3Koe M300parkeHUe cBeTAIleicsa GYKBBI.

Hnsi yMeHbIIeHWSA NOTPENTIHOCTH H3MEpeHHil, CBABAHHON
C HacTPOUNKOH Ha PEeBKOCTh, IeJecOO00pasHO IOJYYNTH YMEHb-
meHHoe (M, CJeJOBaTeNbHO, Oojee ApKoe) U3obpakeHNUe.

3. Usmepsbre paccrosuus d u f, o6paTuB BHUMaHUe HA He-
00X0ANMOCTD TIIATEJNBLHOTO OTCUYETa PACCTOSHWUI.

IIpu HemaMeHHOM d HOBTODUTE ONBIT HECKOJBLKO pasd, KaiK-
IbIA pas 3aHOBO IIOJyYas PesKoe H3oOpakeHme. Brrumcaure
fepr Deps Fep. PesynbraTsl msmepeHuil pacCcTOSHUN (B MUJLIHA-
MeTpax) 3aHecuTe B Tabauiy.

Homep

e £,10°m | f,,10°m | 4,10° m | D, antp F,m

4. AOCOMIOTHYIO NOrpelniHocTh AD M3MepeHNA ONTHYeCKOi

A1 A2

CHUJIBL JIMH3BI MOYKHO BBIYHUCJUTH MO ¢dopmyse AD = d—2 + ;2—

rae A; u A, — aGCONIOTHBIE HMOTIPEIIHOCTH B usdMepesuu d u f.

Ilpu onpenenernuu A; u A, cefyetr uMeTh B BUAY, UTO U3Me-

peHue paccToaAHUHE d U f He MOMKeT ObITh IIPOBEJEHO C HOrpell-
HOCTBIO, MEHBINEH IMOJOBMHBI TOJMIUHEELI JHUH3LL A.

Tak KakK ONBITHI MPOBOASATCS NPU HEHU3MEeHHOM d, TO

s

h
A; = —. Ilorpemtrocts uaMepernusa [ Gymer GoJbllle U3-3a He-

2
h
TOYHOCTH HACTPOMKU Ha PE3KOCTH IPUMEPHO ellje Ha 3 IToaro-
h h
MyA,=—+—=h.
V8253573
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5. HsmepbTe TONIGUHY JHH-
3el h (puc. 18.3) u BeIUMCIAUTE
AD no dopmyse

h h
AD = — + —.
2d2 f2

6. 3anuiuuTe pesyaepTaT B
¢dopme
Puc. 18.3 D

AD <D< D,, + AD.

cp

6. USBMEPEHME JJHWHBI CBETOBOM BOJIHBI

Obopydosanue, neobxodumvie usmeperus. B pabore mis
OIIpelieJIeHUs JJINHBLI CBETOBOM BOJIHBI HCIIOJb3yeTcs AuPpakx-
IIMOHHAA DeIlIeTKa C IEePHUOAOM 1%6 MM HUJIH 50 MM (mepuon
VKasaH Ha pemeTke). OHa ABISAETCA OCHOBHOM YaCThIO U3MEPH-
TeJIbHOIl yCTaHOBKHM, NOKasaHHO Ha pucyHke 18.4. Pemer-
Ka | ycraHaBiIuBaeTcA B Jepokareie 2, KOTOPBIH IPUKpEIJIeH
Kk KoHIy juHelku 3. Ha nmHeiike ke pacmosaraeTcs depHBIH
9KpaH 4 ¢ Yy3KOH BepTHKAJbHOM IeNabio 5 mocpeiuHe. DKpaH
MOJKeT IepeMellaThbCAd BAOJb JUHEMKM, YTO IIO3BOJIAET U3ME-
HATH PACCTOAHWE MEXJy HHUM U Ju(GpPaKiMOHHOM peIIeTKOo.
Ha sxpaHe u JIuHeliKe UMEIOTCA MHJIJIUMETPOBEIE IITKaJbl. Bes
YCTaHOBKa KPEOWTCs Ha LITATHBE 6.

Eciy cMOTpPeTh CKBO3b pPEIETKY U IpOpe3b Ha HCTOYHUK
cBera (JaMIy HAKaJMBaHUA HJM CBedy), TO Ha uepHOM (oHe
9KpaHa MOXKHO Haba0HaTh 110 00e
CTOPOHBI OT IIeJu AUPPaKIHMOH-
Hble CIeKTphl 1-ro, 2-r0 U T. A.
IIOPAAKOB.

JauHa BOJHBI A ompezeaseT-
cs 1o opMmyie

4 5

dsin@
A= I,
k

rge d — nepuoj pellerkn; B —
HOpANOK CIEeKTpa; ¢ — yroJ,
IIoJ, KOTOPBIM HabJgiogaeTcsa Mak-
CHIMYM CBeTa COOTBETCTBYIOIIETO
BeTa.

ITockoabKy yrael, mog KOTO-
PBEIMH HaGIIOAAIOTCA MaKCUMYMBbI
1-ro 1 2-ro IOpPAOKOB, He IPEBbI-
Puc. 18.4 maiT 5°, MOXXHO BMECTO CHHY-
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COB yIJIOB HCIIOJIB30BAaTh UX TaH- Maxcumym
rexncel. VI3 pucynka 18.5 sugho, cBeTa

4To
b
tgop = 2

S

Paccrosnue a OTCUMTHIBAIOT
o JUHeHKe OT PEIeTKH [0 9K-
paHa, paccTosHue b — mo uIKa-
Jie 9KpaHa OT LIeJH A0 BhIOpaH-
HO! JIMHUHU CHEKTPAa. IKpan

OxonuarenpHas gopmyna gisa P 18.5
OmpeieIeHUs JJIMHBI BOJIHBI Me-
er BHUJ,

&
=gUULTTHTETHE
(o]
3
=
®

A =2
ka

B aroit paboTe morpeurHocTs M3MepeHUA AIKH BOJH He Ole-
HMBAaeTCA U3-3a HEKOTOPOIl HeonpeAejgeHHOCTH Buibopa cepenu-
HBI YaCTH CIIEKTpa JaHHOTO IIBeTAa.

ITodzomosexa k nposedenuio pabomot

1. IloxgroroBbTe 61aHK OTUeTa ¢ TAGIAMIEH AJA 3allHCU pe-
3yJbBTATOB U3MEPEHUUA M BLIYUCIICHMI.

2. CoGepuTe U3MEPUTEIBHYIO YCTAHOBKY, YCTAHOBUTE B3KPaH
Ha paccrogHnu 50 cM OT pelleTKH.

3. T'nana ckBo3b AUGPAKIMOHHYIO PEINETKY U IUeJb B 3Kpa-
He Ha HNCTOYHWK CBeTa U IlepeMeljas PelIeTKY B JepxarteJe,
YCTaHOBUTE ee TaK, YTOObI JU(PAKINOHHbIE CLIEKTPLI PACIOJIA-
TaJINCh MapaJlyIeIbHO IIKAaJie sKpaHa.

ITposedenue arxcnepumenma, obpabomka pe3yabmamos

uamepernuii

1. BrraucauTe AJMHY BOJHBI KPACHOIO IBETA B CIEKTpe
1-ro mopanka cupaBa M cjieBa OT IeJH B DKpaHe, OIpeldeIuTe
cpejiHee 3HAUeHUE PE3YJILTATOB M3MEpPEHUA.

2, IlponenafiTe TO Ke AJiA (PHOJETOBOrO I[BETA.

3. CpaBuuTEe NOJYYEHHBIE PE3yJLTATHI ¢ AJIMHAMH BOJIH
KpacHOro u (pHoJIeTOBOTO I1BeTa Ha puc. V, I I{BeTHOI BKJIEHKH.

KoHTpoabusléi Bompoc
Yem oramuaerca IUDPAKIHMOHHBIN CHEKTP OT AUCIIEPCH-
OHHOro0?

7. HABJIOJAEHHUE CIIJIONTHOTO ® JUHEUYATOIO CIIEKTPOB

O6opydosanue: TPOEKIMOHHBIM Aammapar, CHOeKTpajbHbIe
TPYOKM ¢ BOZOPOZOM, HEOHOM WJIH TeJINE€M, BBICOKOBOJbLTHBIM
UHAYKTOP, HWCTOYHUK NHTAHUA, I[UTATHUB, COeIUHHTEIbLHBIE
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poBoza (3Tu NPUOOPHI ABIAIOTCA OGLIMMU AJIA BCETO KJacca),
CTeKJAHHAA IUIACTMHA CO CKOIMIeHHLIMY TPDAHSAMHM (BBEIZAETCS
KaXKAoMYy).

IIposedenue sxcnepumenma

1. Pacnoyo:xuTe IJIACTHHY FOPU3OHTAIBHO HEPEX IIA30M.
CkBO3B rpaHm, cocTaBJaAlomue yroa 45°, mabmrogaiire CBETJYIO
BEPTHKAJBHYIO IIOJIOCKY Ha 3KpaHe — u300paskeHue pasaBHIK-
HOH II1esI IIPOEKIIMOHHOTO aIIapara.

2. Brlgesnre OCHOBHBIE I[BeTA NOJYYEHHOTO CIJIOIIHOTO
CIeKTpa M 3allMIINTe UX B HaOGII0aeMOil IoCc/Ie10BaTEILHOCTH.

3. IomTopuTe OHBIT, paccMaTpUBasA MOJOCKY dYepe3 I'DaHH,
obpasymomue yroa 60°. 3anuiunTe pasauyuus B BUAE CIEKTPOB.

4. HabmopaiitTe suHeiiuaTble CIEKTPHI BOLOPOAA, TeJIHA
WY HEOHa, PACCMAaTPUBAA CBETHAIINECS CIIeKTPaJibHbIEe TPYOKHT
CKBO3b TI'DAHU CTEKJISHHON IJIACTHHBI. 3anuHIuTe HaubOoJIee
ApKYe JHUHUU CIEKTPOB.

OTBETBHI K YIIPAJKHEHUAM

Yupaxnaenne 1. 3. 1,2 - 1072 Ix. 4. 0,57 mm; 3,6 - 10 ¢ c.

Yupaxuenne 2. 4. 0,2 A. 5. 0,15 B. 6.0,1 I'u; 0,75 Tk,
7.1,2 Tx.

Yupaxnaenne 3. 1. ~15,8 H/m. 2. =20 c. 8. 0,4 m. 4. =9 paxn/c;
3,2- 1072 ITx. 5. 19,2 xm/u.

Ynpaxnenne 4. 1. 5. 107 IIx. 2. =1,26 - 10 ¢. 3. Or ~16 no
10 mT'u. 4. =0,63 B. 5. =0,28 A.

Yupaxnenane 5. 1. Ilpociofikm Mexzy MIacTHHAME JOJISKHBI
OLITH MePHEeHANKYJIAPHE OCH Baia. 3. MOKHO, HaOpuMep, HaMOTaTh
TTOBepPX OAHOH U3 OOMOTOK [JONONHUTENLHYIO OOMOTKY C W3BECTHBIM
IHCJIOM BUTKOB U M3MEPUTh HANIPSKEHNEe HA ee KOHIAX IPH Iogade
Ha APYryoo oOMOTKY M3BECTHOTC HAIDAKEHHUs. 4. Tpauchopmarop
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