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B cooTaeTCTBHH c peweHHeM sonHosoro ypasHeHHR A11R noTeH~Ha

nos 3neKTpoMarHHTHoro nonA /aana3Ab1Ba10W.HX noTeH~~ttanos/ none 

B T04Ke Ha61110AeHHR (P) B MOMeHT apeMeHH t onpeAe11ReTCR 3apAAOM 

/pacnono)f{eHHbiM, HanpHMep, a Ha4ane KOOPAHHaT 0/ a npeAwecTaytO

tl\Hj;;j MOMeHT t- rpo/C. 3AeCb rpQ /C- BpeMR pacnpOCTpaHeHHA 3JleK-

TpOMarHHTHOC1 sonHbl OT HCT04HHKa K MecTy Ha6ntOAeHHR I AJlR npocTo

Tbl 6yAeM TaK)f{e nonaraTb, 4TO tp= r PO /c I. HHa4e roaopR, none 

B T04Ke p B MOMeHT BpeMeHH t npeACTaBJlReT co6oH C~epH4eCKYIO 

B011Hy, HCnyW.eHHyiO B MOMeHT t-rp 0 /c aaPRAOM, pacnOJlO)f{eHH~M 

B T04Ke 0. 
KoHeYHo, a cny4ae noKORw,erocR aaPRAa BJlHRHHe aana3Ab!BaHHR 

~aKT~tt4eCKH He cKa3b1BaeTcR. Ha p~ttc.l S' c noMOW.biO cTpenoK npeA

cTasneHo aneKTPOCTaTH4ecKoe none TaKara aapRAa q Ha paccToR

HHH r' OT Hero. np~tt 3TOM, CTPOrO rOBOpR, none, CKameM, B TQ4-

Ke P', OTBe4aeT MOMeHTy t'-r'/c. Ho KOJlb CKOPO 3aPRA nOKOHT

CR, OH 6yAeT 3aH~t~MaTb TO me nonomeHHe 0'1-1 B MOMeHT Ha6ntOAeHHR 

t~,. 

0AHaKO KapT~Ha cyw,eCTBeHHO H3MeHHTCR, eCJlH M~ 6yAeM pac

CMaTpHBaTb TOT )f{e CaMblill npo~eCC paCnpoCTPaHeHHfl nOJlR C T04KH 

apeH~R S -cHcTeMbl, rAe aaPRA AB~ttmeTCR co CKopoCTbiO v. XapaKTep-

X 

/ - ----
PHc.l. 3neKTpHqecKoe none aapaga: aero CHCTeMe noKOH 

8' H B 8-CHCTeMe, rge OH AB~eTCR CO CKOPOCTbW V=0,75 C, 
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H~e oco6eHHOCTH 3TO~ KapTHH~ Hnn~cTpHpyeT p~t~c.1 S. To4Ka 0 
noKa3btsaeT 11aana3AbtBatoutee 11 nono>KeHHe aapR,qa I x = 0, t = 0/. 
YnoM.RHyTa.R c~epH4ecKa.A aonHa, no Ha6nto,qeHI-1RM H3 S-c!-1cTeMbl, npVI
HHMaeT ¢oPMY 311IlHncoHAa apauteHHR. CTpenKH no-npemHeMy Hao6pa
>KatoT BeJlH4HHY H HanpaBJleHHe nOJlfl 8 COOTBeTCTBYIOUIHX T04K8X. 
5onbwa.R OCb 31111Hnca /r.naaHoro ce4eHHR 31111HncoH,qa/ 2a = P1 P7 = 
= 2r'y, rAe y = (l- f3 2) - 112

, f3 = v /c; ManaR OCb 2b = P4 0 4 = 2r~ 
o4 - 1...1eHTP anmmca; 0 H Os- era <boKYCbl, ¢>oKycHoe paccTO.RH~tte 
2f = 2f3ry, 3KC4eHTp~c~TeT :>nn~nca e = f/a = 8 ( fJ = 0, 75, y = 

1,5). KaK BHAHO, 3JleKTPH4eCKOe none HanpaaneHO no HOpMailfiM 
K 3I1I1Hncy. nyHKTHPOM noKaaaHo 113ana3.Qb1Bal01.11ee II paCCTOfiHJ.1e r = 

OP5 /COOTBeTCTBYIOW,ee o~P5/ H 11TenepewHee 11 paCCTOfiHI-'Ie fs = 
Q5P5 , TO eCTb paCCTOfiHHe OT TOI.IKI-1 P5 AO 11o,qHOBpeMeHHoro 11 

nonomeHitlR sapR,qa. 04eBI-1AHo, l.ITO ,qnR ABHmy~eroCR sapR,Qa yme 
r 8 #r , a aeKTOP~~HanpHmeHHOCTH nonH HBnHOTCH nonpocTy npo,Qon
meHHHMH aeKTopoa r 8 • Tol.IKI-1 0 2 -0 4, 0 8 , 0 7 npe,qcTaBnH~T APYrHe 
o,qHoBpeMeHH~e nonomeHitlR sapR,qa. 

KaK MomHo aaKn~4HTb H3 pHc. 1 S, ,qnR ABitlmy~erocR aapH,Qa 3neK
TPH4eCKoe none a HanpaaneHH~ ero ,qa~meH~R no Mepe pacnpocTpa
HeH~R 3neKTPOMarH~THOJ.1 BOJlHbl yMeHbwaeTCR 3Hal.IHTenbHO cna6ee, 
1.1eM ,qnH noKOR~erocH aapR,qa. Hanp~Mep, YMeHbWeH~e ~onR Ha oc~ x 

• Ex Ex Y ,QB~mYll.leroCR gapH,Qa ,QO 3a,QaHHO~ Ben~4~Hbl ? = 7 npo~CXOA~T 

nocne npoXO)f{,QeH~H 3IleKTPOMarH~THOJ.1 -eOnHOJ.1 60JlbWero paCCTORH~R 
OP 7 =(l+fJ)yr' /a AaHHOM np~Mepe OP 7 = 2,b0'P7'/. ~HbiM~ cnoaa
M~, no Mepe pacTa CKopocT~ aapH,qa ,qeJ.1cTa~e sneKTP~l.lecKoro no
JlR a HanpaaneHI-1~ era AB~)f{eH~R ace aoapacTaeT. 

B 3TOJ.1 CBR3~ MomeT B03H~KHYTb aonpoc: 4eMy pasHa sneKTp~-
4eCKOe none a sneKTpoMarH~THOJ.1 aonHe Ha paccToRH~~ r = r' 
/Ha c¢epH4eCKoJ.1 noaepxHOCT~/ OT ,qa~mYll.lerocR aapR,qa? OTaeToM 
Ha Hero CJly)f(~T PHC.2. np~ 3TOM cne,qyeT nO,Q4epKHYTb, 4TO C po
CTOM CKOPOCT~ none a HanpaaneH~~ 11anepe,q 11 pacTeT ~(1 + {3)2y2 
c y4eToM Taro, 4Tof3=1, Er-4·y2 . C APYroH cTopoHbt,aa aapR.QOM 
none, HanpoTHB, YMeHbwaeTcR· ,qo aenH4HHbl Eb-(l-8) 2 y 2 . nosTo
MY cpe,qHee none, ,qeJ.1CTBY~lllee Ha npo6Hbti.1 aapR,Q, pacnono)f{eHHbll1 
a6nH3~ OCH X, COCTaBHT 

E 11 - 2y2 . /1/ 

no HaWeMy MHeHH~, ltlMeHHO 3TOT 3¢¢eKT CJlymltlT OCHOBOJ.1 06bRCHe
HHR Taro, 4TO MHOrHe sneKTPOMarH~THbte npo4eCCbt, npo~CXOARtqHe 

npl-1 B3aHMO,QeJ.1CTBH~ 6biCTpbtX gapH>!<eHHbiX 4aCTVI4 C Bell.leCTBOM, Ta
KHe KaK ynpyroe pacceRHHe, H3ny4eHHe H o6pasoaaHI-1e sneKTpoH
no31-1TPOHHbiX nap, pa3btrpbiBaiOTCH B 6onbwoJ.1 npoCTpaHCTBeHHOJ.1 06-
IlaCTI-1 a,qonb ltlMnYilbCOB 4aCTI-14. An~Ha 3Toi1 o6naCTI-1, oHa Ha3btaaeT
CR ,qn~HOi1 KOrepeHTHOCTI-1 Ill, 6biCTpO paCTeT C POCTOM 3Hepr~~ 4a
CTI-14 HMeHHO 8 COOTBeTCTBHI-1 C ¢opMynoJ.1 /1/. 
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PHc. 2. 3KBH,!J,HCTaHTHoe 

3neKTpHqecKoe none ABH
)Kyrn;erocH aapr.~.o;a I v = 

= 0,75 c/. 

C ,qpyro~ CTOPOHbl, 

no Cy~eCTBYIOL!4V1M npe,q
CTaaneH~fiM none nepe,q 
AB~my~e~CR YaCT~~e~, 

Ha06opoT, C~IlbHO YMeHb
waeTCR. C4~TaeTCA, YTo 
Ha R3btKe CVIJ10BbiX m1HVIi:1 

3neKTPVI4eCKoe none ne
TR~ero aapA,qa MOmHo 
nOilY4VITb VICXOAR 1113 CVI

IlOBbiX IH1HVI~ nOKORll.\ero

CR 3apRAa, npVIBileKaR 
nopeH~eeo coKPall.\eHVIe. 
Era ,qe~CTBV!e c6IlVI3VIT 
IlVIHVIVI no 6oKaM, pa3ABVI

HeT nepe,q aapR,qoM 111 no-
3a,q111 Hero KaK pa3 HaCTOilbKO, '-lT06bl nOilY41-1Tb HY}I{HYIO nilOTHOCTb 

/eM., HanpvtMep/ 21 I. EcnVI )i(e nepea.ecn-1 Ha R3btK CHJlOBbtX IlVIHVI~ 
PVIC,2, TO 04eBVIAHO, 4TO HaVI60IlbWaR VIX nilOTHOCTb 6y,qeT Ha6niO,qaTb
CR B nepe,qHe~ nonyc¢epe, YMeHbWaRCb npaKTV14eCKVI AO HYDR np~ ne

pexoAe K 3aAHe~ nonyc¢epe. 

4TO KacaeTCR /CKaDRPHoro/ nOTeH4~ana AB~~y~eroCR 3aPRAa, TO 

¢~pMyna, COOTBeTCTBY~~aR /1/, 6yAeT HMeTb B~A 

¢II - y /2/ 

CneAyeT TaKme OTMeTHTb, 4TO C~IlbHble B3a~MoAe~CTBI-1fl Ha MailbiX 

pacCTOfiH-"~fiX on~CbiBaiOTCfl noTeH4~anoM, 6Jli-13K~M K KYilOHOBCKOMY. 

no3TOMY YKa3aHHbiC1 3<l>¢leKT AOJUKeH npOFIBJlfiTbCR ~ 8 CJ..1IlbHbiX B3ai-1MQ

AelitcTB~fiX, no KpaC1HeC1 Mepe a 4eHTpanbHbiX coyAapeHJ..1fiX aAPOHOB *. 
Era cneACTs~eM AonmeH 6b1Tb poeT AI11-1Hbl ¢opM1-1POB.aHJ..1fl aAPOHOB 

C yaeJ1~4eH~eM 3Hepr~~. 04eB1-1AHO, 4TO np~ 3TOM COOTBeTCTBeHHO 

AOil}f{HQ paCT~ ~ CaMO apeMfl B3aHMOAe~CTBJ..1fl /AilHTeJlbHOCTb fiAepHO!it 
peaK~~~/. 

*C POCTOM .y BnHRHHe lOKaBOBCKOff 3KCIIOHeHTbl BCe 6onee YMeHb

maeTCH, H IIOTeHQHan CTaHOBHTCH 6nH3KHM K KYnOHOBCKOMy Ha BCe 

6onblliHX paCCTOHHHHX, a II03TOMY H 11 pap;HyC ero p;eti:CTBHH 11 B03pac
TaeT, 
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