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Yrnoawe pacnptmeiieBBII B3ny'leHBII Baa&noaa-'lepeHJtoaa, 
B036Y*48eMoro a cnD48 anexTposaw. c aaepr&el 
170-250 xaB 

0 
Ha .. epeaw yrnoawe paCDp848n8BBII B3ny'18BBII C 4nBHOI BOOBhl 4000A, 

B036)'*48&Moro anexTpoaau& c aaeprael 170, 210, 250 xaB a CnD411BhiX 
MBW8BIIlt TOOWBBOI 4,1 B 7,7 ux ... nonymapaaa yrnoawx pacnpe4eneBBA 
sa otlesx u&mealllt cocTaanua oxono 25 °. a acjlpaxuaoaaa11 nonym&paaa -
COOTB8TCTB8BBC? 16 B 9°. nony'!&Bbl 4j!opuyny, D03BOnliDWB8 )''18C1'b BnBIIBB8 
uaoroxpaTaoro pacceaBBII anexTpoaoa a Dp03pa'laou 4B&nexTpaxe sa yrnoaoe 
pacnpe4eneaae a nonap&381lBD B3ny'leBBll Baaanoaa-'lepesxoaa. Cpaaseaae 
8KCD8pBM8HT8nbBhiX peayn&T8TOB C paCC'IBT8BHhiMB 683 )''18Ta B C )''18TOM 
uaoroxpaTaoro pacceliBBII noxaawaaeT cymecTaessyD pan& nocne4aero 
B toPMBp088BBB B3ny'18BBL 

Pa6oTa BhiDOOB8Ba B na6opaTOpBB B&ITpOBBOA ljiB3BitB OHHH. 

OpeupuT 06toe.aBHeaaoro aBCTaTyTa uapawx accne.aoaaaal. llyiSaa 1978 

Kobzev A.P~, Pafomov W.E., Frank LM. Pl4 - 11688 

Angular Distributions of Vavilov-Cerenkov Radiation 
Induced by 170-250 keV Electrons 

0 

Angular distributions of 4000A radiation induced by 170, 210, 
250 keV electrons in mica targets 4.1 and 7.7 mkm thick were 
measured. Formulae have been obtained which allow to take into 
!account the influence of the multiple scattering of electrons in a 
clear dielectric on the angular distribution and polarization of 
IVavilov-Cerenkov radiation. A comparison of experimental results 
with calculated ones both with and without taking into account the 
mUltiple scattering shows a significant role of the multiple scattering 
in the formation of radiation. 

The Investigation has been performed at the Laboratory of 
!Neutron Physics, JINR. 

Preprint af the Joint Institute for Nuclear Research. Dubna 1978 

C> 1918 06•eiUIB8BBIJI. BBC'I'Bf'T'I' 11/18pBM1C BCC/18/lOIJIID. IJT6u 

BBE.llEHl1E 

HaH6onee xapaKTepHbiM ceolicTBOM HSnyT.J:eHHB BaeHno
ea-l.JepeHKoBa ( HsnyT.J:eHHe C- W) BBnBeTcsr ero aanpaenea
HDCTb flOA yrnoM 8o K CKOpOCTH ABH*ymerocg 38pS1A8o 
QqeBHAHO, 'ITO aTa OC06eHHOCTb fiOSIBnBeTCSI K8K pesynb
T8T KorepeaTaoro cno*eHHB Bona, nocneaoeaTenbHO eos
HHKaromHx B K8~0ti H3 TOT.J:9K TpaeKTOpHH B MOM9HT npo
XO~eHHSI qepe3 aee T.J:8CTHilbie 

KaK H3 npoCTbiX KaT.J:eCTBeHHbiX coo6p~eHHA, ocaoeaa
HhiX Ha HCnonb3DB8HHH npHHIIHfiOB frotireaca, T8K H H3 
KOnHT.J:9CTB9HHOli TeopHH cneayeT, 'ITO npH paBHOMepHOM 
ABH*9HHH T.J:8CTHilbi H8 npSIMOnHHeliHOM YT.J:8CTKe TpaeKTOpHH 
aeorpaHHT.J:eaaoA anHHbi HsnyqeaHe aa6nroaaeTcB Ton&Ko 
noA yrnoM 

e0• arccos (1/,Sn), (1) 

rae n - noKasaTenb npenoMneHHSI cpeAbi, ,S - cKopocT& 
T.J:aCTHII~ B eAHHHIIax cKopocTH ceeTa. Bo ecex apyrHx 
aanpaeneHHBX HsnyqeaHe racHTCB B pesynbTaTe HHTep
!j>epeHIIHH. 

QqeBHAHO T8K*et 'ITO ecnH AnHH8 npSIMOnHHeliHOI'D 
yt.J:8CTK8 TpaeKTOpHH, H8 KOTOpDM T.J:8CTHII8 ABH*9TCSI paB
HOMepHO, T8K HnH HH8T.J:e OI'p8HHT.J:9H8 (aanpHMep, OI'p8HH
T.J:9H8 TonmHHa paAHaTopa), To ocTpasr aanpaeneaaocTb 
H3nyT.J:eHHSI AOn*H8 HCT.J:938Tbe .llnsr OT.J:9Hb TOHKOI'O p8AH8-
TOp8 cymeCTB9HHO T8K*e HanHT.J:He I'p8HHII, H8 KOTOpbiX 
B03HHK8eT npHHIIHflH8nbHO He OTAenHMOe OT H3nyT.J:eHHSI 
C-W nepexoaaoe HSnyT.J:eHHe. TaKoA cnyt.J:ati noapo6ao 

3 



aHanHaHpyeTCH B paooTe/1/ Ha npHMepe cniDaHHOH nnac
THHKH TOnillHHOH 1.04 M K Mo 0TM8'18Hbl cneayiDmHe xapaK
TepHhle OC008HHOCTH: 

a) HeT nopora, npHcymero HanyqeHHID ~-W, 'ITO ecTecT
aeHHo, ecnH npHHHTb BO BHHMBHHe nepexoaHoe Hany'leHHe 
HB 008HX rpaHHUBXJ 

6) nonymHpHHa yrnoBbiX pacnpeaeneHHH aoxoaHT ao 
30-40° npH 3H8pi'HH 3n8KTpOHOB OT 140 ao 250 K 3B; 

a) nono~eHHe MaKCHMyMa B yrnoBoM pacnpeaeneHHH 
OTnH'I88TCH OT ( 1) •. 

BMecTe c TeM peaynbTBTbi xopomo cornacyiDTCH c Bbi
aoaaMH TeopHH H3ny'leHHH '18CTHUbl B TOHKOH nnaCTHHKe12~ 
C yaenH'IeHHeM TonmHHbi paaHaTopa KapTHHa aon~Ha npu
onH~aTbCH K O~HaaeMOH no 3neMeHTapHOH TeOpHH. 

OaHaKo 3TO aepHo nHmb npH ycnoBHH, 'ITO HH MHoro
KpaTHoe paCC8HHHe, HH HOHH38UHOHHhl8 H paaHaUHOHHhle 
noTepH 3H8pi'HH He HapymaiDT npHMOnHHeHHOCTH H paBHO
M8pHOCTH aBH~eHHHo 3TO ycnOBHe ropaaao B oonb-
ill8H CTeneHH BbJnOnHH8TCH ans npOTOHOB, '18M 
ans 3neKTpoHoB. TaK, B paooTax 13 ·4 1 aocTHrHy-
Ta HaHnyqmas HanpaaneHHOCTb Hany'leHHH: .± 14 H 

:!)7 yrnOBbiX MHHYT AnH npoTOHOB C 3HeprHeH 340 H 
658 M 3 B cooTBeTCTBeHHo. 3KcnepHMeHTbi obxnH nocTaBne
Hbi cneUH8nbHO ans TO'IHOI'O H3MepeHHH 3H8pi'HH npoTOHOB 
no yrny ®0 H3 ( 1). 

no-BHaHMOMYt H8HOOnee OCTpaH HanpaBneHHOCTb MO~eT 
obiTb aocTHrHyTa B raaoBbiX qepeHKOBCKHX cqeT'IHKax, 

nOCKOnbKY anHHbl HX ll0CT8TO'IH~ BenHKH 1 a noTepHMH 
3Hepi'HH H p8CC8HHH8M penHTHBHCTCKHX '18CTHU B C~8TOM 

rase Mo~Ho npeHeope'lb. 
fopaaao cno~Hee aeno oocToHT B cnyqae aoaoy~aeHHH 

H3ny'I8HHH C- W 3neKTpOH8MH Cp8BHHTenbHO HeoonbillHX 
3HeprHli B TBepaoM HnH ~HaKoM paaHaTope. · B onbJTax 
n.J\.iJepeHKOB8 C KOMnTOHOBCKHMH 3neKTpOH8MH y -nyqeH 
paaHHt B KOTOpbiX BnepBbJe 3KCnepHM9HT8nbHO npoBepsnacb 
38BHCHMOCTb ( 1) t ny'IOK 3neKTpOHOB HMen 38M8TH08 
yrnoaoe pa3MbiTHe H ,KpoMe Toro, 3neKTpOHbi pacceHBa

nHCb B ~HaKOCTHo 
3Ha'IHTenbHO nyqme ycnoBHH onbiTa obxnH B pa6oTax15 ·61 

rae H3nyqeHHe 't-W B030y~aanocb B TOHKHX MHill8HHX , 
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XOpOWO CQJOKyCHpOB8HHbiM ny'IKOM 3neKTpOHOB1 nonyqaeMbiX 
a ycKopHTene. B paooTe 151 MHWeHH TonmHHoli 20 M K M 
H3 cniDabi H uennoQ>aHa H TonmHHon 60 M K M H3 cTeKna 
ooMoapaHpoaanHcb ny'IKOM 3neKTpoHoB c 3HeprHen 1,9M3B, 
naaaiDmHM noa yrnoM 45 ° K noaepxHocTH MHmeHH;· C 
TO'IHOCTbiD 1° 3KcnepHMeHTanbHbie peayn&T8Tbi cornacoaa
nHcb C 38BHCHMOCTbiD ( 1) anH Tpex Cpea C pa3nH'IHbiMH 
noKaaaTenHMH npenoMneHHH. B paooTe 161 MHWeHb Ha 
cniDahi obxna HaKnoHeHa noa yrnoM 20° K ny'IKY 3nE'KT
poHoB,. 3HeprHH KOTOpbiX H3MeHsnacb B npeaenax 240-
815 K 3 B. HcnonbaoaanHCb MHmeHH TonmHHOH 1, 25 H 
25 M K Mo ABTOpbl OTM8'18IDT cornacHe 3KCnepHM8HTanbHbiX 
peaynbT8TOB ans M8KOHMyMa H3ny'I9HHH C p8C'I9THOH 
BenH'IHHOH ( 1) C TO'IHOCTbiD He xy~e 1° BO BC9M HC
cneaOB8HHOM aHanaaoHe 3HeprHH 3neKTpoHoB sa HCKniD'Ie
HHeM ManhrX 3HeprHli. YrnoBbie pacnpeaeneHHH HMeiDT, 
oaaaKo. aaMeTHYID mHpHHy, 'ITO aBTophr oo'hHCHHIDT He
coaepmeHCTBOM MeToaHKH. YKa3biBaeTcH H Ha B03MO~HYID 
ponb MHOI'OKp8THOI'O pacceHHHH 3neKTpOHOBo 

KaK noKaaaHo B paooTe /1/, peaynbTaThr, nony'leHHbre 

H8 MHill8HH TonmHHOH 1, 25 ~ K M, He MOI'YT npeTeHaOB8Tb 
H8 noaTBep~eHHe 38BHCHMOCTH (1), noCKOnbKy npH 
TaKou TonmHHe paaHaTopa uany'leHHe eme He npHoopeTaeT 
OCTpOH HanpaBneHHOCTHo 

B HameA paooTe H3MepeHbi yrnoBbie pacnpeaeneHHH uany-
o 

qeHHH c anHHaMH aonH 4000 H 5000 A, aoa6y~aeMoro B cmo-
a.llHhiX MHWeHHX TOnlllHHOH 4,1 H 7, 7 M K M. ny'IOK 3neKT
pOHOB. c 3HeprHen 170, 210 H 250 K a B. BO acex cnyqagx 

naaan HOpManbHO K noaepXHOCTH MHill9HHo noK838H01 'ITO 
MHOI'OKp8TH09 pacCe.llHH91 B C8MOM Aene, OK83biB88T 
cymecTaeaaoe BnHHHHe Ha yrnoaoe pacnpeneneHHe Hany
qeHHH. 

3KCnEPHMEHTAnhHA~ TEXHHKA 

YrnoBbie pacnpeneneHHH 6bxnH H3MepeHbi c noM ombiD 
ycTaHOBKH, llOllpOOHO OnHCaHHOH B paooTe/?/, ny'IOK 
aneKTpoaoa oT ycKopHTens Kf-800 oTKnoasncg aa yron 
30 ° c uenbiO npenoTBpaTHTb honaJlaBHe caeTa oT HaKanea-
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Horo KaToaa HCTO'IHHKa aneKTpOHOB B CHCTeMy perHCTpa
UHH HanyqeHHH •. Ha BXOlle B KaMepy (pH c. 1) H3 Henpe
pb!BHoro nyqKa aneKTpOHOB <jJopMHpoaanHCb HMnyn&Cbl 
C fiOMOIUblO llHa<jJparMbl llHSMeTpOM 1, 2 M M H napbl 

~ 
,."' ,."' ,."' 

• 

~ 

Puc. 1. CxeMa KaMephi. 1 - <PoTOYMHO>KHTen&, 2 - MoHo
xpoMaTop1 3 - nonHpDHll1 4 - CBHHUOBaSI 38IUHT8

0 
5 -

KBapueaasr nuHaa, 6 - apama10meecsr aepKano, 7 - Henoa
BH>KHoe aepKano, 8 - TOKOnpHeMHHK 0 9 - MHWeHb

0 
10 -

aua¢parMa 1 11 - MarHHTHaH aneKTpoHHasr nHHaa, 12-
OTKnOHHlOIUHe nnaCTHHhle 

OTKnOHHlOIUHX nnaCTHH1 Ha KOTOphie noaaaanoc& CHHyco
uaan&Hoe Hanpsr>KeHHe '18CTOToi!: 5 M r u. TaKHM o6paaoM, 
uanyqeHue Ha MHWeHH aoa6y>Kaanoc& HMnyn&caMu aneKT
poHoa llnHTen&ROCTblO 2-4 HC. 

6 

Yron Ha6niDlleHHH uaMeHHncsr nyTeM noaopoTa napbi 
>KeCTKO CBH38HHhiX Me>Kay C06oi!: 3epKan BOKpyr OCH1 
nepneHllHKynHpHoi!: nnocKOCTH Ha6n10aeHHS1 H npoxoaHmei!: 
qepea TO'IKY nepeceqeHHH ny'IKOM MHmeHH. Dpu aToM 
uanyqeHue, ucnymeHHoe MHWeH&lO noa yrnoM Ha6niDaeHHH, 
nocne oTpa>KeHHH ero oT nepaoro aepKana BhiBoaunoc& 
ua nnocKocTH Ha6n10aeHHH noa yrnoM 2a (HopManh K 
noaepxHocTH nepaoro aepKana o6paayeT c nnocKoCThlO 
aa6n10aeHHS1 yron a ) •. BTopoe aepKano, pacnono>KeHaoe 
Ha ocu apameHHH n~a yrnoM rp K Hei!:, aanpaanHno 
eanyqeHHe aaon& ocu apameHHH 1 coaMemeHaoi!: c onTH'Iec
Koi!: oc&lO axoaHoro KonnHMaTopHoro o6~eKTHBa MoHoxpo
MaTopa •. ( Yrnhi a H rp CBH38Hhl COOTHOWeHHeM rp =45+ 
+a). B peayn&TaTe B03HHKna B03MD>KHOCTh perecTpupo
BaT& yrnoahle pacnpeaeneHHH yaKHx yqac~KOB cneKTpa, 
BhillenHeMbiX MOHoxpoMaTopoM (fl. A = 100 A) •. 6ea ero 
nepeMemeHHH. 

Depea BXOllHOi!: IUenhlO MOHOXpOMaTOpa HaxoaHnHCb 
TaK>Ke aaanuaaTop nonHpuaauuu H <jJoKycupylOIUaH neaaa. ·· 

Hany'leHHe MHmeHH perucTpupoaanoc& oaaoapeMeHHo 
a aayx Kaaanax, cooTBeTCTDylOIUHX aayM yrnaM aa6niDae
HHi!:. B MOHHTOpHOM KaHane Hany'leHHe BbiBOllHnOCb Ha 
<jJoToyMHO>KHTen& c noMOIUhlO aayx aenoaBH>KHbiX aepKan. 
~OTOyMHO>KHTenH THna 56 nUVP/03 B cneKTpoMeTpHqec
KOM H MOHHTOpHOM KaHanax pa6oTanH B pe>KHMe C'leTa 
<jJoToaoa. 3neKTpoaaasr annapaTypa B o6oux Kaaanax 6hlna 
oaHHaKOBa H COCTOHna H3 TRITOBbiX 6noKOB 1 paapa6oTaH
HbiX B OHRH (puc.-Q). 

HMnynhCbi c aHoaa ~3Y nocne ycuneHHSI u ¢opMHpoaa
HHSI nocTynanu Ha 'cTapT' speMst-aMnnuTyllHoro npeo6-
paaoaaTenst. nnsr aanyCKa KaHana 'cTon' <jJopMHpOBanHCb 
HMfiYnhCbi H3 CHHyCORllan&Horo Hanpst>KeHHSI1 Bbipa6aTbiBa
eMoro reaepaTopoM <jJopMHpoBaTenst HMnyn&coa aneKTpo
HoB. Dpu aToM KaHan 'cTon' He neperpy>Kancst nepuo
au'leCKHMR HMnyn&caMH1 nocKon&Ky 'cTonoBbie' HMnyn&Cbi 
nponycKanuc& 6noKHpylOIUei!: cxeMoi!: TOn&KO nocne noHane
HHH RMnyn&ca B KaHane 'cTapT' • Dony'leHHHbii!: TaKHM 
o6pa30M apeMeHHOA cneKTp ITOKa3biBan CTaTHCTH'IeCKH 
ycpeaHeHaylO 3aBHCHMOCTb aaaep>KKR RCITYCKaeMbiX 
MHWeHhlO ~OTOHOB OTHOCHTenbHO MOMeHTa nonaaaHHSI 
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Puc.2. EnoK-cxeMa KaHana perucTpauuu uanyqeHHH. 

Ha MHWeHb HMnynbca aneKTpoHo,a. B peaynhTaTe ocymecT
BnHnocb paa.neneHHe BbiCsequsaiOmerocg npaKTaqecKu Mrao
BeHHo ( 10 -l4 c) HanyqeHHH t-W H niOMHH9CU9HUHH' C 
6onbWOH .rtnHTenbHOCTbiO BbiCBeqHBaHHH Ha OOHOBBHHH KpH
TepHH .nnHTenbHOCTH, co.nep~amerocH B caMoM onpe.nene
HHH niOMHH9CU9HUHH /S/. 

Hanuque MHoroqucneHHhiX OTpa~aiOmux H npenoMmiiO
mux nosepxHocTea Ha nyTH cBeTa B cneKTpoMeTpaqecKoM 
KaHane o6ycnosuno noHBneaue co6CTBeHHhlX nonHpHaauaoa-

.8 

HhiX xapaKTepHCTRK ycTaHOBKH.- B CBSI3H c aTHM c noMOIIlbiO 
HaKaneHHOH BOnb~paMOBOH HHTH 1 noMemeHHOH B UeHTp 
K8Mepbl H8 MeCTO MHWeHH 1 6binH H3MepeHbl 38BHCHMOCTH 
OTHOCHTenbHOH qyBCTBHTenbHOCTH YCTBHOBKH OT yrna 
aa6niO.rteHHH anSI a~yx aanpasneautl: nongpuaauuu H anHH 
sonH 4000 a 5000 A . Hanyqeaae Tena uunuaapuqecKotl: 
¢opMbi cqHTanocb aenonHpHaoBaHHhiM u uaoTponHbiM no 
a3HMYTYo 

H ecosepweHCTBO IOCTHpoBKH onTHqecKotl: CHCTeMbi B 
cneKTpOMeTpHqeCKOM KaHane npHBeno K nOHBneHHIO 3aBH
CHMOCTH anHHbi sonHhi aa6niO.naeMoro uanyqeHHSI oT yrna 
Ha6niO.rteHHHo C nOMOillbiO pTyTHOH naMITbl 6hinH BbinOnHeHbi 
KanH6poBoqHbi9 H3MepeHHH1 IT03BOnSIIOIIlHe BHeCTH Heo6xo
aHMbi9 nonpaBKH. 

B KaqecTBe Muweau ucnonhaosanucb npuroTosneHHbie 
nyTeM pacmenneHHH nnacTHHKH cniO.rtbi. Tonmuaa ax 
H3MepMacb no noTepHM aaepruit a -qacTHU. CniO_f(!l, KaK 
H3B9CTH0 1 HMaeT CTpyKTypy .ltBYXOCHOrO KPHCTanna H 
xapaKTepuayeTcH rnaBHhlMH noKasaTenHMH npenoMneHHSI 
n1 =1,56; n 2 =1,59; n3 =1,6~

191 . TipuqeM noKaaaTenb npe

noMneHuH paseH n1 B aanpaslleHHH,6nuaKoM K aopMana K 
nnocKoCTH cnatl:aocTu.B aKcnepaMeHTe nyqoK sceraa naaan 
nepneaauKynHpHo nosepxaocTH MHweau. EbrnH BbiiTOnHeHbi 
aae cepHH H3MepeHHtl: npu .ltBYX nono~eHHHX MHW9HH, 
Koraa nnocKoCTb aa6niO.rteHHSI cosnaaana c asyMH rnaBHbi
MH ceqeHHHMH (n1 n2 H n1 llg) OITTHqecKOtl: HHaHKaTpHCbi. 
C ToqHoCTbiO ~1° nono~eHHH MBKCHMYMOB B o60HX 
cnyqagx cosna.nanu. 3To nerKo noHHTh: nocKonhKY yron 
usnyqeHHSI C- W B cn10ae npu scex aHeprHHX aneKTpoHoB 
aesenHK, aanyqeaue ¢opMHpyeTCH s6nuau HanpasneHHH, 
rae noKaaaTenb npenoMneHHSI pasea n 1 . Tio aToH ~e 
npuqaHe B pacqeTax no ¢opMynaM ( 4) H ( 5), CTporo 
roBOpH 1 cnpaseanHBbiM anH H30TponHbiX .ltHaneKTpHKOB1 

Mbi ucnonhaosanu noKaaaTenb npenoMneHHH n = 1 ,56~--
AauaoTponHSI cniOabr ~e cKa3biBanacb H Ha nongpuaa

UHOHHbiX X8p8KTepHCTHK8X1 ITOCKOnbKY uanyqeHHe BCer.na 
aa6n10aanocb noa yrnoM K nosepxaocTH Muweaa H npu 
npenoMneHHH ero aa rpaauue cniOaa - BBKYYM nnocKoCTR 
nong puaauBH o6oux aeo6biKHoeeHHbiX nyqetl: nosopaqusa
nuch, npu6nu~aSICb K nnocKoCTH aa6niOaeHBH. B peaynh-
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TaTe H3Jiy'leHHe OKa3bJB8JIOCb nOJI51pH30B8HHblM TBK )Ke, 

KBK H B H30Tponaoa Cpeae (aJieKTpH'IeCKHHBeKTOp - B 

nJIOCKOCTH Ha6JIIDaeHH51). 

PE3YnbTATbi 

Ha pH c. 3.4 noKa3aHbi yrnOBbie pacnpeaeneHH51 H3Jiy'leHH51 
' 0 C-W J:IJI51 J:tliHHbl BOJIHbl 4000 A H TOJIIIIHH CJIIDJl51HblX 

MHllleHHH 4,1 H 7, 7 M K M nRH Tpex aHeprH51X 3JieKTpOHOB 

(ami J:tJIHHbi BOJIHbi 5000 A peaynhTaTbi aaanorH'IHbi). 

B HaeaJibHOM cnyqae paaaoMepaoro H np51Momraeilaoro 

J:tBH)KeHH51 aneKTpoaoB cneayeT O)KHJ:taTb cy)KeHH51 :_ yrnoaoro 

pacnpeaeneHH51 npH yBeJIH'IeHHH TOIIIIIHHbi MHIII8HHo DoaTOMY 

HHTepecao cpaBHHTb nonyqeHHbie aaecb peaynhTBTbi 

C TeM, 'ITO Ha6JIID):(aliOCb B/1/ npH TOJIIIIHHe MHllleHH 

1,04 ~-iKMo 

B T a 6 n If u e J:IJI51 paanH'IHbiX TOJilllHH MHllleHH H aneprHH 

Ta6mrua 

a, ~e. ~e-. 
MKM rpaJ:t. r p a J:t. 

1,04 39 39 
4,1 24 16 

7,7 26 9 

250 K a B npHBeJ:teHbi: nonyliiHpHHa yrnoaoro pacnpeJ:teneHH51, 

H3MepeHH851 aKcnepHMeHTBJibHO, ~ 8, H J:tl1$paKUifOHH851 

nonyliiHpHHa, paCC'IHT8HH851 J:IJI51 H):(88JibiiOI'O CJiyqa5J OTCyT

CTBH51 pacce51HH51 1 ~8 '. DpH TOJIJUHHe 4, 1 M K M ~ 8 38MeT

HO MeHbllle, qeM npH 1,04 M K M 1 a npH 7, 7 M K M 9KCnepH

M8HT8JlbHO H3MepeHH851 noJiyliiHpHHa BHOBb HeCKOllbKO 

B03paCT8eT. EcJIH ):(JI51 MHllleHH TOJIIUHHOH 1,04. M K M ~ 8 
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w 
Wm 

0,8 

0,6 

0,4 

0,2 

0,8 

Q6 

0,4 

0,2 

0,8 

Q6 

0,4 

0,2 

E=t7oll3B 
--

20 40 60 80 8° 

PHc.3. H opMRpoaagHbie K MaKCHMYMY yrnoBbie pacnpene

neHH51 J:tJI51 >.. =4000 A, a =4, 1 M K M. Cnnolllaoi! KpHBoi! noKaaaH 

pac'leT no ¢opMyne (4), rryHKTHpaoi! - no cpopMyne (5), 

lllTpHx-nyHKTRpHOii - no cpopMyJie ( 2), CTpeJIKOH - npeJIOM

JI8HHbJM yron H3ny'leHH51 C -W . 8KcnepHMeHT8JibHbie TO'IKH 

COOTBeTCTByiDT H31IY'I8HHID, non51pH30B8HHOMY B nnoCKOCTH 

Ha6JIIDU8HH51 (. ), H H3Y'I8HHID, non51pH30B8HHOMY B nepneH

J:IHKY1I51pHOi! nnOCKOCTH (x). 
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"''" 
Q8 I I f I i\1 I I 

0,6 I I II I I 1\ I I 

0.4 I I I I 1 

Q2 

0.8 I I I R l\ I I I 

o.e 
Q4 

Q2 

q8 

0,6 
E=f70KJB 

q4 I .~1 I U I I I 

0,2 

/ 

20 4o 60 so a· 
PHc.4. H opMHpoBaHHhxe K MaKCHMYMY yrnoBbie pacnpene-o . 
neHHH JlllH A =4000 A,a -= 7, 7 M K M. CnnowHoit KpHaoit 

noKa3aH pac'!eT no ~opMyne (4), nyHKTHpHoit - no ~opMy
ne ( 5), mTpHx-nyHKTHpHoit - no ~opMyne ( 2), CTpenKoit -

npellOMlleHHblit yroll H3lly'!eHHH c- W. 3KcnepHMeHTallbHble 

TO'!KH COOTBeTCTBYIDT H3lly'!eHHID1 nonHpH30BaHHOMy B 

nllOCKOCTH Ha6nroneHHSI ( • ) 1 H H3lly"!eHHID1 nOIIHpH30BaH

HOMY B nepneHJlHKyllHpHOit nllOCKOCTH (X). 
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coananaeT c d8 ', To npH 4,1 M K M d8 y)l{e no'!TH Ha 

10° 'llpeBbilllaeT d8 ', H aTo paanH'!He eme yaenH'IHBaeTcH 

npH 71 7 M K M. 06pamaeT Ha ce6H BHHMaHHe T0 1 'ITO 

na)l{e npH TOlliiiHHe, B necHTKH pas npeBhiwaromeit nmmy 

BOIIHhl1 JlH~paKUHOHHaH nonywHpHHa He O'leHb Mana. 

Ha pH c. 3,4' lllTpHx-nyHKTHpHoit KpHBoit noKaaaHhi 

yrnoBbie pacnpeneneHHH1 pacc'IHTaHHhxe a npennono)l{eHHH 

oTcyTCTBHH pacceHHHH. TaKHe pacqeTbi MoryT 6biTb 

BblfiOIIHeHbl llO TO'IHOit ~OpMylle JlllH llllBCTHHKH/2/, KaK 

8TO CJlellBHO B pa6oTe /1/ JlllH TOIIIIIHHbl MHllleHH } 104M K M. 

0JlH8KO JlllH 60llblllHX TOIIIUHH H He O'leHb MallbiX yrnOB 

8 MO)I{HO BOCnOllb30B8TbCH (H Mbl BOCnOllb30BallHCb) IIpH-

61IH)I{eHHOit ~opMynoit, B KoTopoit npeHe6peraeTcH noneM 

'laCTHUbl B BaKyyMe H MHOr'OKpaTHblM OTp8)1{eHHeM OT 

o6eHX rpaHHUo. 4>aKTH'IeCKH OH8 Y'IHTblB8eT IIHlllb none 

'18CTHUbi Ha nyTH B Cpene, a BIIHSIHHe rpaHHU CBeJleHO 

K npellOMlleHHID Ha OJlHOit H3 HHX. B TaKOM cnyqae 111 

4e2{32 cos28sin2e sin2Ci-f<l-f3v'n2-sin28)] 
W=-:y:- 2 • (2) 

17 c (n cos8+yn2-sin28)2 (1-f3y'n2 -sin28')2 

rne e - aapSIJl aneKTpoaa, a- TonmHHa MHllleHH, A -
JlllHHa BOIIHhl H3lly'leHHH B BaKyyMe. 

nerKO BHJleTb, 'ITO JlllH a>>A Bblp8)1{eHHe (2) HMeeT 

M8KCHMYM npH YCIIOBHH 

f3 v' n2 - sin~ = 1 . (3) 

Tiocnenaee B TO'IHOCTH COOTBeTCTayeT yrny H3lly'leHHSI 

C- W ( 1 ) , ao aa6nronaeMoMy a aaKyyMe ( npenoMneHHhiH 

yron Hany'leHHSI C - W ) • 
CpaaHeHHe yrnoBbiX pacnpeneneHHit, pacc':IHTaHHhiX no 

~opMyne (2) (wTpHx-nyHKTHPHhxe KPHBhie), c aKcnepHMeH

TallbHhiMH noKashiBaeT, 'ITO cymecTayeT no Kpaitaeit Mepe 

eme OAHH Hey'ITeHHblit ~BKTOp, npHBOAHlliHit K YlllHpeHHID 

yrnoabiX pacnpeneneHHit. EcTecTaeaao nonycTHTb, 'ITo 

YlllHpeHHe CBH38HO C MHOr'OKpaTHblM paCCeHHHeM aneKTpOHOB. 

TiocKollbKY B peaynbTaTe pacceHHHH TpaeKTOpHH aneKTPOHOB 
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npencTaensnoT co6oit noMaHbie mtHHH, npoH3BOnhHO opneH

THpoeaHHbie OTHOCHTenbHO nepBOHa"!anbHOf'O HanpaeneHHSI 
CKOpOCTeit, KpOMe H3ny"!eHHSI C aneKTpli"!8CKHM B8KTOpOM 
BOnHh! 1 ne)KalUHM B nnOCKOCTH Ha6nJOJl8HHSI1 ITOSIBnsreTCSI 
HenonstpH30BaHHblll KOMITOH8HT H3ny"!eHHSI, Ha pH C, 3,4 
KpeCTHKaMH ITOKa3aHO H3ny"!eHH8 1 nonsrpH30B8HH08 B nnoc
KOCTH, nepneHJlHKynsrpaoit nnocKoCTH aa6nroneHHSI, Oao 
OC06eHHO HHT8HCHBHO Jlnst HaHM8Hblli8H H3 HCCneJlOBaHHbiX 
9Heprlfi1 ( 170 K 9 B) H Han6onbmeii: TOniUHHbi MHlli8HH 
(7,7 MKM); llpH TOniUHH8 Mlflli8HH 1,04 MKM OHO H83Ha

"llfT8nbHO, 
TaKHM o6pa30M, nonsrpnaauHsr H3ny"!eHHsr Ka"leCTBeHHO 

ITOJlTB8p)KJl8eT npeJliTOn0)1{8HHe 0 BnHSIHHH MHOf'OKpaTHOf'O pac

ceSIHHSI Ha XapaKTepHCTHKH Ha6nronaeMOf'O H3ny"!eHHSieKOnH
"!8CTB8HHO MHOf'OKpaTHOe pacceSIHHe M0)1{8T 6b!Tb y"!TeHo,ecnH 
BOCITOnb30BaTbCSI pe3ynbTaTaMH 1 nony"!eHHhiMH OJlHHM H3 
HaC /10/. (Bonpoc 0 npHMeHHMOCTH pe3ynbTaTOB 1101 

K JlaHHoMy cny"!aro o6cy)KJlaeTcSI B Dpnno)KeHHH. TaM )1{8 

Jl8H BhiBOJl paC"!eTHhiX <lJopMyn}, 

YrnoBhie pacnpeneneHHSI H3ny"leHHSI o6eHX nonsrpn3aUHil: 
( cnnOll!Hbie H nyHKTHpHbie KpHBbie Ha pH c.3,4) paCC"!HThiBa

nHCb no <lJopMynaM: 

14 

8e 2 {3 2 c w,, = ,\2 
cos2 e 

X 

(n 2cos8+ yn 2 -sin28') 2 

T T·t 2 
(4) 

xRefdtfdr(2qt(n2-sin28)+ sin 8 
0 0 l+77t•tg 11 r 

] f 
(1+7J t·th 77r)2 ch2 11 r 

'" 
w 

-+-
16e2(3 2c qcos2e 

A2 (cos8+yn2-sin28) 2 

T T·t f 

x Rejt dt [ dr (1 +7J t.th 
11 

r)2 ch ~ r 

X 

(5) 

rae 11 -(1+i)y 
2
tcf3qyn2 -s-inl?9, n2z.1,yn 2-sin2e~o. 

f - exp [ i ~ r (1 - {3 y n 2 - sin 2@) + 

7J + -(7Jr 
4q 

th77r ) sin
2

8 ] . 
1 +7J t. th 77 r n 2- sin2e 

(6) 

3necb q- "leTeepTb cpenHero KeanpaTa yrna MHoro
KpaTHoro paccestHHSI 3a 8JlHHHUY BpeMeHH JlBH)K8HHSI 
aneKTpoaa: 

q- .!...< (} 2 > 
4 ' (7) 

a eenn"!HHa T, onpenensrromasr npenen HHTerpnpoeaansr, eCTb 
npeMsr nponeTa aneKTpoaa "'epe3 nnaCTHHKy: 

T,. a 
c {3 (8) 

Dpn oTcyTcrenn paccesransr ( q =0} <tJopMyna ( 4) ,KaK n 

cneaoeano O)KHJlaTb, nepexonnT B (2), a W ..J... o6pall!aeTcsr 
B Hynb, 

Benn"!HHa q Bhi"!Hcnsrnacb no 9MITHPH"!ecKoil: <tJopMyne 
/11/ Jlnst Han6onee BepOSITHOf'O yrna MHOf'OKpaTHOf'O pacceHHHSI : 

(},\ 
8 
E 

E + 511 • Z V p a 
E + 1022 A ' (9) 

rae E - KHHeTH"!eCKasr aaeprHsr aneKTpoHa B K a B, p 
nnoTHOCTb paccenearomero eemecTea (nnsr cnroJlhi 

2,8 'f'/c M) .~ H A - aToMHbiil: HOMep H Maccoeoe "!Hcno 
paccenea Tensr. 
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llnH CIJIOJlbl, HM9IOIU9H CIJO)KHbiH XHMH'I9CKHH COCT8B 1 

aljJijJeKTHBHbre 3Ha'leHHH Z H A cooTBeTCTBeHHO paBHbi 

11 1 3 H 23. 
npu Bbl'IHCII9HHH q He06XOJlHMO yqeCTb T8K)K9 1 'ITO 

<0 2>- 2ef . (10) 

PeaynbTaTbi Bbi'IecnenuH: cpenuero KBanpaTa yrna 

pacCeHHHH JlllH CIJIOJlbi TOIJIUHHOH 1 M K M npe)lCT8Bil9Hbl 

<~> 
(pad2

} 

0,03 

0,02 

O,Ol 

iOO 

-

i50 200 250 

£ (1<3 8) 

Puc.5. 3aBHCHMOCTb cpenuero KBanpaTa yrna MHoroKpaT

uoro paCC8HHHH 91J9KTpOHOB B CIJIOJlHHOH nnaCTHHKe TOIJ

IUHHOH 1 M K M OT aneprHH aneKTpoH'oB. CnnowaaH KPHBBH -

pac'leT no ljJopMyne (11), nyHKTHpHaH KpHBaH- pac'leT 

no ljJopMyne (9). 

16 

na pH c. 5. TaM )Ke noKaaaHbi peaynbTaTbi pac'leTa no 

ljJopMyne1121 : 

2. 8TTNe 4 Z(Z+1)(1-~ 2) 241,8 ~2 
<(}--;>. -(ln -1--). (11) 

m2c4 ~4 z113(1-~2) 4 

rne m- Macca aneKTpoua, N- 'IHcno aToMoB B Ky6u

'ieCKOM C8HTHMeTpe. 

KaK BHJlHO, o6e aaBHCHMOCTH 1 9MIIHPH'IecKaH H Teope

TH'IeCKAHI npaKTH'I9CKH COBnanaiOT B Jl8HHOM JlHana30He 

3HepraR 31leKTpoaoB. CnenyeT TaK)Ke OTMeTHTb, 'ITO 

KopeHb KaanpaTHbiR H3 cpenuero KBanpaTa yrna pac

ceHHHH B xynweM'cnyqae (a=7,7 MKM; E =170 K3B) 

H9 npeBbiW89T 25 °, T.e. nOIJO)KBHHOe B OCHOBy TeOpHH
1 

npHBOJlHWei\ K ljJopMynaM ( 4) H ( 5) 1 npennono)KeHHe 

0 M81JOCTH OTKIIOHSHHH 31J9KTpOH8 OT nepBOH8'I81lbHOI'O 

HanpaBII9HHH1 BbliiOIJHHeTCH JlOCTaTO'IIIO CTporo. 

PacC'IHTaHHbie no ljJopMynaM ( 4) H (5) yrnoBbre pac

npeneneHHH BIIOIIHe YJlOBII9TBOpHTellbHO cornacyrOTCH 

C 3KCII8pHM9HTOM. 3To 38CT8BIJH9T HHB'Ie HHTepnpeTHpo

B8Tb OTCYTCTBHe OCTj,OR H8Ilp8Bil9HHOCTH H31IY'I8HHH 

B pauuux pa6oTax 
15 • 1 . B o6oHx cny'IaHx BIIHHHHeM 

MHOI'OKpaTHOI'O paCCSHHHHI IIQ-BHJlHMOMy, H91lb3H rrpeae5-

peraTb. B caMoM nenel oueHKa c y'IeToM pacceRHHH 

nonywHpHHbi yrnoBoro pacnpeneneHHH a cpene JlllH a = 
25 M K M H E =814 K a B naeT 3Ha'IeHHe 8 °, a JlllH 

a =20 M K M H E =1 19 M 3 B - 4°. nocne rrpellOMileHHH 

aany'IeHHR na rpaauue cmona - BaKyyM yrnoBhre pacnpe

.CleneHHH eme paCWHpHTCH H CTaHyT Cp8BHHMhiMH C 

3KCnepHM9HT81lbHO H861JIO)l8BWHMHCH B pa6oTaX 15 •61 . 

noiJO)K9HHe )1{9 MaKCHMyMa B YI'IIOBbiX pacnpeneneHHHX, 

paCC'IHT8HHhiX no ljJOpMyne ( 4) 1 K8K BHJlHO Ha pH C .3
1
4

1 

H8 H9CKOilbKO rpa)lyCOB M0)1{9T OTIJH'I8TbCH OT yrlla 

H31IY'I9HHH 0- W B BaKyyMe. 3To ycTaHaBIJHB89T npenen 

TO'IHOCTH, C KOTOpOR )lllH 3119KTpOHOB C 3HeprHeH B 

COTHH K 3 B BhliiOIIHH9TCH 38BHCHMOCTb ( 1). 
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TIPl1flO)f(EHl1E 

nnst HCCnetlOBBHHSI BnHHHHSI MHOr'OKpaTHOr'O paccestHHSI Ha 
uanyqeaue Baaunoaa-l..JepeHKOBa aocnonbayeMCH (a KaqecTBe 

HCXOtlHbiX) peaynbT8T8MH OtlHOr'O H3 8BTOpOB, a HMeHHO, 

clJopMynaMH (25.58) H (27 .59) pa60Tbl/ 101 . 0HH OOHCbi

BBIDT yrnoaoe pacnpeneneHHe HHTeHCHBHOCTH H3ny'leHHSI 

B BaKyyM BOnH, nonstpH30B8HHbiX B nnOCKOCTH pacnpOCTpa

HeHHSI H B nepneHtlHKynstpHO~ nnOCKOCTH, npH tlBH*eHHH 

38PH*eHHO~ '18CTHUbl H3 BBKyyMa B H30Tp00Hbl~ clJeppo
tlHSneKTpHK. TiepexonHbiM uany'leHHeM 6yneM npeae6pe
raTb B COOTBeTCTBHe C '!eM OT6pOCHM B (27.58) qneH, 

06H38HHbl~ tlBH*eHHID '18CTHUbl B BBKyyMe, H HHTepclJepeH

UHOH.llbifi qneH ( nepBbl~ H BTOpO~ qneHbl B clJurypHbiX 

CKo6Kax). B peaynbTaTe 6yneM HMeTb cneKTpanbHhte 

nnOTHOCTH aaepr'HH uanyqeHHSI BOnH, nonHpH30B8HHbiX 

B nnocKOCTH pacnpocTpaHeHHH H B nepneHtlHKynstpaofi 

nnocKOCTH, aa enHHHUY Tenecaoro yrna: 

,. 

e2 w2f3. 2 2 co~® x 

w II'"" 2 . 2nill n w TT c 1£ cos 8 + y l fL- S10 u 

T T-t 
x Re l dt J dr 

77~0S771t 
p2 ch ~ r. sin 2711 t 

X 

x(2i Imy' lfL-sin
2

8 sin2S + 77 1ct~1t lEft-Bin~ I sin2a + 

Y£fL-sin28 P €fL-sin8 

+ !9_ 1£ fL- sin 281· tg71 1 t) x 
711 

x exp[...!L. ~in., (71r- ~ctg71 1t-th71r)+ 4q lfL-S10 8 p 

712t 
+ i w r (1 + f3 y £ fL - sin2 8) - --L-], 

2q 

( n.l) 

W cu..L .. _4e 2w2 {J 2q I (ll2cos 28 

n rr 2c lfLCOS8+VlfL- sin2 f) 12 
T T-t 711 X 

ReJdtddr p2ch2qr.sin71l 

. 28 711 
x exp [ .!L sm fil.a( 71 r- -ctg71 t-th71 r) + 

4q lfL-S P 1 (n.2) 

. 2 
+ i w r (1 + f3 y£-fL---sm-. """2-f)') _ .2..1!_] 

2q . 

rne f) - yron BonaoBoro BeKTopa c HOpManbiD K rpaauue 
paanena, aanpaBneaao~ B aaKyyM ( f)< rr I 2); £ H fL -
tlHSneKTpH'IeCKBH H M8r'HHTH8H npOHHUBeMOCTH Cpetlbt; 

q - qeTBepTb cpenaero KaanpaTa yrna MHoroKpaTaoro 
paccestHHH, OTHeceaaoro K enuauue apeMeHH; T - apeMst 

tlBH*eHHH OT rpaHHUbl paanena tlO BHeaanHOH OCTBHOBKH 

a cpene, e - aapHtl qacTHUhi, w - Kpyroaast 'lacToTa 
H3nyqaeMbiX BOnH, {3 - OTHOllleHHe CKOpOCTH '18CTHUbl 
K CKOpOCTH CBeTa B BBKyyMe, 

11 1 • y4wf3q Im VlfL- sin2 8. 77=-v2iw{3Qy£fL-Sin~. 

.(n,31) 
p - 71 th 71 r + 77

1 
ctg 771 t , 

npu'leM 

lm£~0. ImfL ~o. lmy£fL -sin28;::0. (n.4) 

3anaqa COCTOHT B BbiHCHeHHH B03MO*HOCTH npHMeHeHHSI 
(n.l) H (n.2) K cnyqaiD tlBH*eHHSI '18CTHUbl H3 cpetlbl 

B BBKyyM. Mo*eT nH 6biTb nonyqea aanne*BlllHH peaynb

TaT nyTeM npocTo~ aaMeHbi f3 aa -{3? EcnH na, TO npH 

KBKHX ycnoaaHX? BnH*B~lllee paccMoTpeaue noKaabtBaeT, 

'ITO npH Han&'IBH nornomeHBH BOnH - He MO*eT, nOCKOnb
KY BMeCTO 3KCOOHeHUBanbHO 38TYXBID1Ilero C pOCTOM t 
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~eRa fiOll 3H8K8MH HHTerpanOB B03HHKaeT 9KCUOHeHUH8nh
BO B03pacTaiOmeii: •meH. 3To DpHBO):{HT K 9KCDOHeHUH8nh
BOMy B03paCT8HHIO peaynhT8TOB HHTerpHpOBaHHg C pOCTOM 
T. '"ITO csaaeTenhcTayeT o HeKoppeKTHOCTH TaKoii: aaMeHhi. 
Ecnu Hapgay c nocneaHeii: nepeii:Tu, HanpuMep, K KOMnneK
cHo-conpg>KeHBOMy Bblpa>KeHHIO, TO Mbi ua6e>KHM noganeHug 
SKCUOBeBUH8nhHO B03p8CTBIOmHX qneHOB, O):{H8KO H 9TOT 
B8pB8BT He MO>KeT ):{8Th peaynhT8TOB 1 COOTBeTCTByiOmBX 
nepexouy K peanuayiOmeMycg Ha aKcnepuMeHTe cnyqa10. 
HeiicTBBTenbuo, pacnpeaeneHue aepogTHbiX TpaeKTopuii: 
'"18CTBUbl DpH BhineTe H3 p8):{H8TOpa pa3Mb!TO MHOrOKpaT-
HhiM paccegHueM, a TO apeMg KaK t!JopManhHag aaMeHa 
P Ba -/1 ocTaangeT tPHKCHpoaaHHhiM HanpaaneHue 
llBB>Ke~HH aneKTpoHa Ha rpaHuue paaaena. 3To cymecTBeH
uo llnH nongpaaauaa. HanpuMep, B Kpaii:HeM cnyqae He
npoapa'"IHoro P8llH8TOpa (eMy COOTBeTCTBYIOT ):{OCT8TO'IHO 
60JILmae aHa'leHag T ) oHa He MO>KeT, oqeauaHo, He 
38BBCeTb OT ero TonmHHhl; B TO BpeMg K8K t!JopMynhi 
no YfiOMHHyTOH npH'IBHe He ):{BlOT T8KOii: 38BHCHMOCTH. 

Auanoru'IHaH cuTyauug B03HHKaeT u a cnyqae npoapaq-

uoii cpeaw, HO ODTH'IeCKH MeHee nnOTHOii:, 'leM BBKYYM 
( f ,.,_ < 1), s o6nacTu nonHoro oTpa>KeHug aonH a aaKyyMe 

(8> arcsinyEp. ). rae KBaapaTHhie KOPHH B t!JopMynax 
DpBHBM8IOT MHBMhie 3H8'1eHug. 

B paccMaTpuaaeMoM aKcnepuMeHTe Mhi uMeeM aeno 
C npoapa'"IHOB B ODTH'IeCKH 6onee nnOTHOH cpeaoii:, 'leM 
B8K.YYM ( Ep.> 1), Korua t!JopMynhi (n.l) H (n.2) aHaquTenh
Bo ynpomaiOTCH H anSI acex yrnoa (0<8<77/2) npHHHMaiOT 
cneayiOmBii sua: 

w e~w 2p2 2cos
29 

lift) II"" 7T c I 
(£COS8+y£p.- sin2 8 )2 

X 

T T-t 
xRe JdtJdr[2qt(£p.-sin28)+ sin

2
8 

0 0 1+7]t•th 71 r 

(n.5) 

1 r 
2 • 

(1+77t.thr) ch 2 77r 

20 

8 2w2[2 4qfL 2 cos 2® 
w = 2 ~ 

nw..J.. "2c (fL cos®+ V £ fL -sin ® 
X 

T T-t f ~ • 
x Re J tdtJ dr (1 +'I'/ t. th'l'/ r )2 ch 2'1'/r 

(n.6) 

rae 

7]• y2iw{3Qyt:p.- sin2®. 

f ... exp [ iw r (1 + f3 y £11 - sin2® + 

+ ...!L_(.,.,.r-~ 
{n.7) 

4q 1+'1'/t.th7]r 
) ] . 

.Ung aanhHeihuero cymecTaeHHO OTMeTHTh, 'ITO rpyn
noaag CKOpOCTh aneKTpOMarHHTHbiX BOnH B t!JeppoauaneKT
PHKe a npuHuune Mo>KeT 6biTh oTpuuaTenhHOii:, Koraa 

£>0, fl<O, y£p.-sin2®<0, (n.8) 

H 'ITO oaH03H8'1HbiM cneacTaueM ypaaHeHuii: MaKcaenna 
B TaKHX cnyqagx gangeTcg uanyqeHue Baaunoaa-YepeHKOBa 
DO):{ TYDbiM yrnOM K CKOpOCTH '18CTHUbl (cMJlO/· ). 
0Ho KaK paa u onHCbiBaeTcg t!JopMynaMu (n.5) H (n.6). 
J1a He38BHCHMOCTH B38HMO):{eii:CTBHg aneKTpOMarHHTHhiX 
BOnH C aapg>KeHHOH qaCTHUeii: H K09tPlPHUHeHTOB npenoMne
HHg aonH Ha rpaHaue paaaena OT aHaKa rpynnosoii: CKopoc-
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TH cnenyeT KOnHqecTB8HH8H TO*A8CTB8HHOCTb ABYX ~H-
3HqeCKH pa3HbiX cnyqaea: 1) OTpHU8TenbHOH rpynnoaoA 
CKOpOCTH H 2) nonO*HT8nbHOH rpynnOBOH CKOpOCTH C 
H3MeHeHHbiM aanpaaneHH8M ABH*eHHH qaCTHUhlo B COOTBeT-
CTBHH C STHM npH 3aMeHe {3 Ha -{3 nepeXOA OT OTpH-
UaTenbHOH rpynnoaoA CKOpOCTH K nonO*HTenbHOH (npH 
Tex *e 3HaqeHHHX If I H \p.\ ) He npHBOAHT K KonuqecT-
aeHHOMY H3MeHeHH10 ( n.5) H ( n.B) • 0TC10A8 HCHO, qTQ 
aaMeHa f3 aa -{3 naeT npaaHnbHhre peaynbTaThr, HecMoT
P£ Ha T0 1 qTO OHH HBnHJOTCH, K8K Mbl BHAenH Bblllle, 
npenenhHbiMH (npH nepexone oT nornoma10meA cpenbr K 
a6con10THO npoapaqHoA ) HeKoppeKTHbiXo 3TOT BbiBOA 
nOAKpennHeTCH H TeM1 qTO H3MeHeHHe 3H8K8 CKOpOCTH 
H onHoapeMeHHhrA nepexon K KOMnneKCHo-conpH*eHHbiM 
Bbipa)KeHHHM npHBOAHT 1 MHHYH ynoMHHYTylO HeKoppeKTHOCTb, 
a npenene a6conJOTHO npoapaqHoA cpenbr K TeM *e Ko
nnqecTaeHHO peaynbTaTaM. 

06paTHM BHHM8HHe H8 8KBHBaneHTHOCTb ycpeAH8HHH 
HHTeHCHBHOCTH H3nyqeHHH BOnH paanuqHbiX nonHpH38UHH 
no BCeM B03MO*HbiM TpaeKTOpHHM OTHOCHTenbHO Haqanl-. 
HOrO HanpaaneHHH ABH*eHHH H ycpenHeHHH OTHOCHTenh
HO peanuayJOmerocSl HanpaaneHHSl llBH*eHHSl qacTHUbi a 
KOHUe nyTH npH ~OpManbHOM H3MeHeHHH 3H8K8 CKOpOCTH 
qacrauhr, ecnu npeHe6pe% ee 11oneM a aaKyyMe. HalliH 
BblBOilbl 6a3Hpy10TCSl Ha yTBeP*AeHHH TaKOH SKBHBaneHT
HOCTH. B HHTepecyJOIIleM HaC cnyqae ( 11 =1) OKOHqaTenb
Hhie pe3ynbTaTbl aanHCbiBaJOTCSl B BHile ~OpMyn (4) H (5) 
TeKCTa, 

BnHHHHe MHoroKpaTHoro pacceSlHHSl Ha uanyqeaue 
Baaunoaa-l.JepeHKoaa anepBbre paccMaTpuaanocb a pa6o
Te I 13/. TaM 6brno BbrqucneHo yrnoaoe pacnpelleneHHe 
HHTeHCHBHOCTH H3nyqeHHSl C ToqHOCTb~ llO nepaoro 
nopgaKa no cpellHeMy KBallpaTy yrna MHoroKpaTHoro pac
ceSlHHSl B noKa3aTene COOTBeTCTByJOIIleA SKCnOHeHTblo C 
STOA TOqHQCTblO llBYKP8THbi8 HHTerpanbi, . BXOilSllllHe B 
(n.5) H (n.B), MoryT 6hiTb CBelleHbl K OllHOKpaTHbiM 1 

qTo 3HaquTenbHO ynpocruno 6br aallaqy Konuqecreeaaoro 
HCCnellOB8HHSl H BMeCTe C TeM BbiSIBHnO 6bi npellenbl 
npHMeHHMOCTH nOilXOila. 0K83biBaeTCSl1 qTO TaKoe ynpome-
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HHe B03MO*HO npH CnHlliKOM *eCTKHX orpaHHqeHHHX Ha 
eenuquay cpellHero KBallpara yrna MHoroKpaTHoro pac
ceSlHHSl e pallHaTope, qro Hac He YllOBneTeopSleT. Mbr ae 
6ylleM 31l8Cb Ha STOM OCTaHaBnHB8TbCHo 

«PopMynhr ( 4) H (5) onucbrBaJOT uanyqeHHe Baeunoea
LJepHHKOBa npH KOHeqHOM npo6ere qaCTHUbi B C}Jelleo 
TaKoA cnyqaA peanuayeTCSl npH nponeTe qacTHUhi qepea 
nnaCTHHKY• 01lHaKO npH STOM HMeeTCH T8K*e nepeXOAHOe 
uanyqeHue, a ~anyqeHne Baeunoea-l.JepeHKOBa ucnbrTbraaeT 
MHoroKparaoe orpa*eHHe oT cTeHOK nnacTHHKH. B HaCTOH
meA pa6ore Mhi HMeeM neno c TeMH cnyqaSJMH, KOrlla no
cnenaee aecymecreeHHO, a uanyqeaue Baeunoea-l.JepeHKo
ea ropaano HHTeHCHBHee nepexonHoro, T.e. Korna MO*Ho 

nonb30BaTbCSl ~OpMynaMH (4) H (5), 
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