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A.A. nor-yHOB 



TeMOl! LlHCCepT8UHH !IBJI!leTc!I nony,1e1me LlHCnepCHOHHhlX COOTHOllJeHHll LlJI!I 

npoueccoa TopM03Horo H3Jiy'leHH!I sneK.TPOHOB H pO>KLleHH!I sneKTpOHHo-:-no3HTpoH

HblX nap q:lOTOHaMH Ha HYKJIOH8X H npHMeleHHe HX LlJI!I npoaepKH KBaHTOBOl! 

sneKTpOL!HHSMHKH Ha MaJib!X paCCTO!IHH!IX. 

B nepaol! rnaae MeTOLXOM H.H.Soromo6oaa nony'leHhl .!lHCnepcHOHHhie cooT

no111eHH!I LlJI!I B EpTyam,noro KOMnTon-s<pcpeKTa, 061,e.!lHH!IIOIUero B ce6e o6a Bblllle 

H83BaHHblX npouecca • .[ln11 npouecca TOpM03HOr'O Hsny'leHH!I aneKTpOHa Ha HYKJIO

ne e+ JV- e+ /v.+ f MaTpH'IHblll SJieMeHT s -MaTpHUhlt COOTBeT;~BYIOIU-~ 

Lll!arpaMMe 1, MO>K8T 6b!Tb sanHcaH B BHLte: 

k ( l., l} H ~ ('><.,"ii} - 4x HMnyn1,c1,1 peanbnoro H BHpTyan1,Horo q:ioTonoa, 

Po- 4-x HMnyJibCbl HYKJIOHa B KO_He'IHOM H Ha'l8JibHOM COCTO!IHllSIX, ~- H-~. 

- SHeprH!I /)8/rJieKTpoHa B H8'18JlbHOM -~ ~,°.~_e'IH_'3M COCTO!IHH!lj' fn. - M\~~r~ttx

Tp0H8, C - aexTop non11pHsauHH peanbaoro cj:,oTona, C - BeKTop 'non11pHaa-

rLte 

p H 

UHH' BHpTyaJibHOr0 qJOTOHa. M aTpH'IHbll! 3JI8M8HT npouecca p0>KL!8HH!I nap cpOTO-

HOM na HYKJIOHe nony'IHTC!I Ha /I/ saMenol! K - 'Je • 

p. 

L{HarpaMMa I. 

AMnJIHTyLla BHpTyaJibHoro KOMnTon-acj:,cj:,eKTa 

IUHM o6paaoM: 

re: 
onpeLtM!l8TC!I CJI8LlYIO-
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r·= e"'te T,.'e. /2/ 

J.-fccnenoaaHHe SHS11HTH'l8CKHX CBOliCTB SMil11HTyn npoueccoB r /11 TeM 

CBMhIM, J:l0KS3ST811bCTBO cymecTBOBaHH!I nHcnepCHOHHblX COOTHOU18HH1i/ naHO B 

paooTax A.A.noryHoaa
11 

H B.C BnanHMHpoaa II A.A.noryHoaa
21• 

B nepBhIX naparpacpax nHccepTSUHH /§§ 1-4/ nony'leHbl J:lHCnepCHOHHhie 

COOTHOW8HH!I /a 6paliTOBCKOli CHCTeMe KOOp.r:tHHaTI, CBSOhIBSIOIUH8 -peanbHYIO H 

MHHMYIO 'ISCTH aMnnHTYJ:lbl BllpTyanbHOro KOMnToH-acpcpeKTS· B. nan&HeliweM 

paccM0TpeH11e npoaeneHo n1111 npouecca TopM03Horo H3ny'leHH!I, TaK KaK nepexon 

K npoueccy po)K,a.eH1111 nap nony'laeTc!I npocToli 3aMeHoli HMnyn&coa pean&Horo H 

BHpTyan&Horo }' -KBSHTOB. noKa3aHo, 'ITO nn11 Hccnenyell:{bIX npoueccoa He-

Ha6n10naeMa!I o15nacT& OTCYTCTByeT nmt HHTepaana HMnyn&coa { p / 
Moro 113 HepaB8HCTBa 

, onpenen11e-

(1-11)111 < 
J.H1n~ + h1/- ,e (t-4)1Pf 

! VM,.+p'-
/3/ 

,xJ. -
rne ,:\ :: ~ 'Ip& , f' ~· HMnyn&c OTJ:(S'IH HYK1IOHa 0 M -Macca HyKnoHa, 

m# -Macca fr -Me30HS. B cny'lae pem1;Horo KOMnToH-acpcpeKTa ( ~.t= o) 
Bhlpa)KeHHe /3/ nepexo.a.HT B Bhipa)KeHHe cnenyrolljero BHna: 

IPI < 
J. lNni,,. + 111.K" 

i(M + t1,ix) 
" 

'ITO cor11acyeTc'11 C pe3yn&TSTSMH H.H. Boron1015oaa 11 _Ll.B.illHpKoaa
31• 

.LloKa3SHO, /cM. 4/ 'ITO HeO.r:tHOPOJ:lHblll qneH paccMaTp1JBS8Mb!X nHcnepc_HOHHblX 

COOTHOrueHHli conep)KHT cpopM!pSKTOphI, 3SBIIC!IIUHe 11HWb OT OJ:lHOli nepeMeHHOli. 

TaKHe, cpopM!pSKTOpbl J:(1111 OTpHuaTellbHblX 3HS'leHHli apryMeHTa /aTo COOTBeTCTByeT 

npoueccy TOpM03HOrO H311Y'l8HH!1/ Dblnll HccnenoBSRhI .B pa15oTaX XocpcTanTepa 
4~ 

B § 5 nony'leHa CTpyKTypa aMnnHTYJ:lbI BHpTyan&aoro KOMilTOH-acpcpeKTa 

AMnnHTYJ:lY r· MO)KHO npencTaBHTb B Bline: 

Tc_ f" e Tc _ 
- {. .,e - Q

I ($} (t} 

w {p J ti e,I;._ st ~ /4d, 1~ R .,,, w r,.1, 
t.•t, •.•. ). • 

r 

/4/ 
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rne w(pJ II W (po) - CnHHOpbI 1 OilHCblBSIOIUll8 HYK110H 1 
Q~ - H8KOT0pbl8 

CK811!1pRbl8 cpyHKUHH, 3SBHC!IIUH8- T011bKO OT CK811!1pHblX npOH3BeneHHli 4-x 11M

ny-n&COB, 

t,,,,..1 
.'· , l 1

' ... k ~hol. u ·":J 1tf cpaKTOpb1 0 

aBTOMSTH'l8CKII y'IHTb!BSIOIUH8 ycnoBH!I rpanHeHTHOli IIRBSpHaTHOCTH,. 

~(,) ,, 
R~,-::: J:i. r,- ·, 

(l} 

t., = r,r'" ·, 
c,, k 

R.zf .., f .. ,-, -

R:~ = r" i, 

J.f 

,,<u 
11.J,f 

R
(}J 

"-f' 

= x.,_y,; 

xol kf; 

'X.i. Xp. 

J,f3 '18Tb!pHanuaTH CTpyKTYP /4/ n11e OKS3b!BSIOTC!I nHH81iH0-3SBIICIIMblMH. 

TaKHM o15prooM, aMnn11Tyna BHpTyan&Horo KoMnToH-acpcpeKTa T' conep)KHT 

naeHa.r:tuaT& aeaaBHCHMhIX CTPYKTYP R • , ynoaneTaop1110mHx Tpel5oaaHHHM pen11-

THBHcTcKoli HHBSpHSHTHOCTH, rpanHeHTHOli HHBSpHaHTHOCTH H ycnoBH!IM THna 

TeopeMbl ' crossing Symmetry ': 

f\~ t QR. /5/ 

,., 
2 

npH nepexone K pean&HOMY KOMilTOH-acpcpeKTY nf- =(J/ 'leTb!pe CTPYKTypbl ODPSIUSIOTC!I 

B HynH H nn11 pean&HOro KOMilTOH-acpcpeKTa ocTaeTC!I BO_C8Mb H83SBIICIIMblX. CTpYK

TYP• 3ToT peayn&TaT cornacyeTC!I c proyn&TaToM ·pa6oThl P11Tyca 
51 

B noc11enHHX naparpa~ax nepooli rnaBbI /§§ 6-7/ 11ccneno..ialih1 aHanHTH-

'!eCKH8 CBOliCTBS nope11u-1rnaap11aHTHhIX Koadidm~11eHTOB 

nepcHOHHb!e COOTHOWeHH!I nn11 cpH3H'l8CKIIX aMnnHTY J:l 

Mace. 

Q, H nony'leHhl n11c-

f1 K B cHcTeMe ueHTpa 

npenno,~araeTC!I , 'ITO aMnnHTyna re y6hIBSeT Ha _15ecKoHe'!HOCTH He 
I Q . 

Menne1111ee 'leM -;z; • A11anH3Hpy11 noaeneHHe KOacpcpHUH8HTOB i B nnocKOCTII 

KOMnneKCHbIX l:o 
nepeMeHHOli ko 

, nonytraM, tJTO ace OHH SIBJlSllOTCSI aaanHTHqecKHMH qJyHKUHSIMH 
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T·aKHM o6pll30M, n11cnepCHOHHbl8 COOTHOllJ8HlllI MoryT 61,1Tb H81IIIC8Hbl .unlI 

ecex penlITIIBIICTCKH-IIHBapllaHTHhlX K0Scpq:>DUll8HTOB Q, / nnSI onaoro . 113 nee-

11anuaT11 KOS(p(pllUIIE;HTOB Q, n11cnepCIIOHHhl8 COOTHOllJ8HlllI IlllllJYTClI C O~HIIM 

libl'IHT8Hll8MI. nepexon OT 6pal!TOBCKOll CIICT8Mbl K CIICT8M8 U8HTpa Mace coeep-

' llJ88TClI Tenepb llpOCTbIM nepexonoM OT nepeM8HHblX B onHol! CIICT8M8 KOopn1111aT 

K II8p8M8HHhIM B npyroJ! CIICT8M8 KOOpnHHaT. Oepexon OT n11crrepCIIOHHblX COOT

HOllJ8Hlll! nnlI KOS(p(pllUll8HTOB Q,. B CIICT8M8 U8HTpa Mace .K n11cnepCIIOHHblM 

cooTHOllJ8HlllIM nnlI cp11311qecK11x aMnn11Tyn MI( a Toll me c11cTeMe MO>KHO 

ocyllJeCTBIITb, 11cnonb3YlI cnenyIOllJll8 pa3nO>K8HIISI: 

11 l1. 

Tc= f QR. :a i, MKfl /6/ 

- H838BIIC11Mbl8 Tp8XM8pHbI8 CTpyKTypbI B CIICT8M8 U8HTpa Mace. rne fl 
113 COOTHOllJ8Hll!I /6/ nony'IaeM, 'ITO 

nepeM8HHbIX: W - nonaoll s11epr1111 11 

R=L(.1?.; ' ~ ,. 
ase- yrna 

f k - ll3B8CTHb18 cjiyHKUIIII 

pacceSIHlllI peanbaoro 

J' -KBaHTa OTHOCIIT8IlbHO nej)Bll'IHOro HanpaeneHHlI nanemrn sneKTpoaa. 

MaTp11ua nc."R == II C,.,r' t Hy>KH8lI nnlI uony'IeHlllI n11cnepc110HHblX 

COOT!{OllJ8Hllll HaxonllTClI 113 p8llJ8HlllI CIICT8Mbl M" =[.Q,f, •. 11cnonb3YSI nanee 
i • 

COOTHOllJ8HII e 

[_ tcrj = dv, 
nony'IaeM 113 n11crrepCIIDHHb: COOTHOllJ8Hlll! nm, _Q n11cnepc110HHbl8 COOTHo-

llJ8HH!I nnH cp11311qeCK11x aMrrn11Tyn MK ~ c11cTeMe ueaTpa Mace. 3TH cooTHOllJ';

HHH MoryT 6b!Tb IICnOilb30BaHbI nnH nanbH8llllJIIX npaKTll'I8CKIIX np11nO)K8HHll. 

OCHOBHbl8 p83YilbT8TbI, conep>K8llJll8Cll B uepBol! rnaee, ony6nHKOB8Hbl 

B pa6oTe
61• 

B rnaee II 3aHoeo npoeenea pac'teT 113eecTHhIX BeTe-ral!TnepoeCK11x 

C8'I8Hllll TOpM OOH Oro 113IlY'I8Hml II po>KneHHll nap, HO Y>K 8 C Jl'~TOM cpopMcpaKTo

poe, aHOM8IlbHOro MarHIITHoro MOM8HTa II oTnS'III HYKnOH0B 
7•81 • ll11cpcpepe11u11-

anbH08 C8'I8Hll8 T0pM03Horo 1131Iy'IeHHll, nony'i8HH08 B n11ccepTau1111, ycnOBHMCll 

o6o3HS'taTb d6"r. a 0Tn11q11e oT 15eTe-ral!TnepoecKoro ce'IeHHlI d6G.-r.-. B ·11113-

- 7 -

lll8M no 8Il8KTpll'I8CKOMY 38pHnY e np116n11>K8HHII M8TOn nHCII8pC110HHblX COOTHO

lll8Hllil1 rrpHM8H8HHblll K 6eTe-ra11TnepOBCKIIM .q11arpaMM8M - CM. n11arpaMMbI 2a 

II 26 - TpHB11anbHblM o6pa30M np11eon11T K M8Tpll'IHblM aneM8HT8M COOTB8TCTBYIOllJHX 

rrpoueccoB, 381IIIC8HHblX no TOOPIIII B03MyllJ8Hllll C y'I8TOM q>OpM!p8KTO!)OB. Coeep-

wasr e do-r. npenenbHblll nepexon: a/ M-00 , 61 C'IIITS!I HYKilOH TO't8'IHb!M

0 

/T.e. nonarall qiopM-q>aKTOpbI paBHhIMH en111111ne/ 11 e/ nonara!I aaoManbHhrll 

MO>KHO 113 nony'I8HHhlX B pa60T8 qiop-
MarHHTHbil! MOM8HT HyKnOH8 paBHblM aynro, 

Myn n11# ep8HU118llbHOr0 C8'!8Hll!I nony'IHTb 6eTe-ral!TnepOBCKH8 qiopM )UlhI. 

k k. 

it, 

p 
p, 

f. 

lo. 2t 

Bn11l!Hll8 CTpyKTypbl HYKil0H8 Ha npouecchl TopM03HOrO 113IlY'I8Hll!I H po>Kne-
9/ . 

HIil! nap 6hln0 paCCMOTpeHO 
TaK>Ke ilRTnoebIM • OnHaKO ero paccMOTpeHH8 npo-

eeneHO nm< yrnoe 80 , ynoBn8TBOplllOllJIIX ycnoBHllM 

rne 

t M 
0. << m 

IIMIIYilbC aneKTpOHa, 

Jq/ >>.M , 

_ 80 - yron Me>KnY 

171 

J< -KBSHT0M II rranaIOllJIIM /if/ 
sneKTpOHOM. YcnoBll!I /7 / orpaHll'IIIBSIOT paccMOTp8Hll8 eorrpoca 9H8prHllMII 'ISCTIIU 

-~ 10 Bae II yrnaMH 0. ~ 5° /e aT0M cnyqae OK83bIBa8TCll nocTaTO'IHhlM orpa

Hll'IIITbCll ~ n11arpaMMOll 211. B § 9 11ccnenoBaHO. en111rn11e cpopMq>SKTOPOB, 

8HOM8IlbHOro MarHIITHOro MOM8HT8 II oTnS'III HYKil0Ha HS ce'feHH8 paccMaTp11eae-
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MbIX npoueccos. 'Ecmr qiopM-cpaKTOpbI :1;_ • COOTSeTCTSYIOIUHe pacnpeneneHHIO 

sneKTpH'leCKOro 3apHna ( .T,) H pacnpeneneHHIO aHOMS~HOI"O MaI"HHTHOI"O MOMeH

Ta {Ji) , pasH~, TO nonHoe Sbipa>KeHHe, HanpHMep, ,!llIH nuqiqiepeHuHallbHOI"O ce

'!eHHH TOpM03HOI"O H3nyqeHHH MO>KeT 6bITb 38llHCaHO s sune: 

d6'r. = T~{Mf-l11)[Jfir (I+,,"/ + M.:.doE (!+ o/'.t 1-1::.t fl /8/ 

rne Jfi1 H JoE COOTSeTCTBYIOT HeKOTOpbIM '!aCTHM nuqiqiepeH11Ha1IbHOI"O ce'le-

HIUI, ;" aHoMallbHbii! MaI"HHTHbnl MOMeHT HyKIIOHa, Sbipa>KeHHbll! S HnepHblX 

enHHHuax, a ~ - 8HepI"HH HyKIIOHa s KOHe'IHOM COCTOHirnH. 

:F .t 
H3MeHHeTcH s npenenax [0,1] , nosTOMY qiopMqJaKTOp yMeHblllaeT . .t 

ce'!eHHe TOpM03HOI"O H31IY'leHHH /xoHe'IHO, KpoMe cnyqag ;: = 11. ·npHCyTCTSHe 
\ 

MaI"HHTHOI"O MOMeHTa ysenH'IHBaeT nuqicpepeHuHan&_Hoe ce'!eHHe TOpM03HOI"O H3-

ny'leHHH, BIIHHHHe OT,!la'IH HYKIIOHa Ha ceqeuHe '40>KHO onpenenHTb nyTeM cpasue

HH>r d6'7, c Jo,.-r. ,· npensapHTen&HO nonarag _,;U" 0 H .r,=Ji:-1. s J(jr. , 0Ka-

3alIOCb, '!TO oTnaqa nepepacnpene1rneT ceqeuHe, T.e. s onuol! o6nacTH yrnos 

ysenH'IIIBaeT, a S npyrol! - yMeHbWaeT .ceqeu11e do r. no cpasHeHHIO C Be're-

rai!TnepoBCKIIM /cpasueH11e nposeneuo np11 suepr1111 nanaromero snexTpoHa · 
. ' . 

~ 500 Mas II suepr11H qioToua ,;:: 250 Mas/, B 0611acT11 ManbIX nepena'I 

m,rny111,ca H s 0611acT11 ManbIX yrnos sen11'!11Ha HE- M !.➔ O II Sb1pa>KeHHe /8/ 

nepexon11T s cnenyromee: 

/npll aTOM 

dor %7!1.,J~H . 
.t 

~ - :f. I. BKIIS.!lbl, nponop11110HallbHbie .,;"" 

TTpll yselIH'leHIIII YI"IIOS II aHepr11l! nanaIOIIlllX 'laCTlln 

" 
1 OK83blBSIOTCSI ManhIMU. 

/'!To cooTseTcTsyeT, 

S00611Je I"OOOpH, ysemr'leHHIO nepena'I· IIMny111,cos/ BKIIan, nporropUIIOHallbHbli! aHO-

Man&HOMY MaI"HIITHOMY MOMeHTy J S03pacTaeT, a 

.11 60111,mol! auepr1111 n8,!larom11x aneKTpOHOB / 

rnaBHbIM. 

Ilpll OOIIbWIIX yrnax (~ 11.0°) 
~ 500 Mas/ OH cTaHOBIITCH 

B n11ccepTaUHII IICCII '1/lOBaH xon 113MeHeHHH ce'!eHH!I dor. c yMeu1,weH11-

eM aHEpI"IIII TOpM03HOI"O J' -xsaHTa, 

- 9 -

B § 10 nposeneuo 11HTerp11poaau11e ., n11qicpepeH1111a11bHOI"O ceqeu1111 

II 0 113 Tpex (.,, e, o.J I 

- yron Me>KnY aexTopaMII 7j II 

dGr. , 
0o - yron 

It • ., -
nonyqeuuoro s § 3, no nayM yrnaM 

Me>KnY sexTopaM11 'ij. 11 k () 
yron Me>KnY BeKTopaMH [k•f.J 11 [k, 9] I. Taxoe 11HTerp11poaaH11e npuson11T 

K cpopMyne, conep>Ka11Jel! 3aB11.CHMOCTb TOIIbKO OT O.!lHOI"O yrna, '!TO 3Ha'IHT.enb"HO 

HHTerp11poaau11e, npoaeneHHoe nocne 

J, = r.t , OKa3alIOCb 
ynpo11IaeT cpaBHeHHe C 8Kcnep11MeHTOM. 

I- I • In .. j • ... '!. II /q/-'E- w::;,.; ,II ,!llIH cnyqag 3aMeHbl G(e.) = /,Hr. d.;Jo 
TeXHll'leCKII OOCbMa CIIO>KHOi! onepan11el!, a Bbipa>KeHlle 

10/ o'leHb rpoM03.!lKHM Auanor)l'IHOe np1161111JKeHHOe 11uTerp11poaau11e 

· 11/ 

qJOpMynbI 

BeTe-ral!Tnepa npoaen Xoyr s· Hl48 r. 

CoaepwaH s 6(&.) npenen&Hbli! nepexon (M-- •/"o, 1;=:F,.~1) 
II cpaSHIIBSH nony'leHHYIO npll aTOM cpopMYIIY 'C cpopM ynol! Xoyra, MO>KHO oneHIITb 

113.-aa npu61111>KeHHOI"O 11HTerp11posa-
norpewHocTb s nocnenuel!, no11yqaI011IYIOCH 

HIIH no () • 0Ha OKa3SIISCb ,!lOBOIIbHO Manoi!. 

nnH oueHKH BIIIIHHIIH qJOpMqJaKTOpOBt aHOMallbHOI"O MaI"HIITHOI"O MOMeHTa ll 
6(9,) 

OT,!la'III Ha IIHTerpSIIbHOe 
ce'!eH11e 6b!IIO npoaeneuo cpaaHeH11e ce'leHIIH 

c ce'leHll8M s~.-r.(o.) = fJ6,_.r.d~ ,19 
6"(80) 

TTpll aTOM OTHOWeHlle los.-r.(&.) 

IUIIM o6pa30M /nnH 

e. 
100 

20° 

30° 

ao0 

!I!:! 
G,,r.(O,) 

1.3930 

1.5092 

1.2474 

o.6057 

'!o = 0,54 H 

0. 

00° 

120° 

150° 

o , e· l- 10° 

nony'leHHbIM XoyroM, 

KaK cpyHKUIIH yrna o. MeHHeTCH cnenyro7 

If.= 0,25 - a en1rn11uax k = C• M" 1' 

aenHttHHS 

b(e.) 

6r,r.{O,) 

0.4040 

0,4770 

0,9505. 

6 (0,) -P b&.-r. (fl,} 1 TSK "!TO 
B IIHTepaane yrnos 
y>Ke itpH e. = 5° p83Hllna Me>Kny HIIMII ue npeBbllllaeT 3%. TaKHM o6pa30M, 

I: 

,!llIH a,KcnepuMeHTallbHOI"O o6Hapy>KeHIIH SIIHHHHH cpopMqiaKTOpa npll aHepI"IIHX 

aneKTpOH.OB- ,-., 500 Mas Heo6xonHMO MepHTb ce'leH~e (i (o.J i.aK qiyHKUIIIO 
e. 

0 . 
.!llIH_YI"IIOB > 5 , 
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MeTonoM nncnepCHOHHblX COOTHOIU0HHI!, B onHOHYKIIOHHOM 

np11611H:>K8HHH, Bbl'!HC/10.Hbl nonpaBKH K naqicpepeHUHanhHOMY ce'leHHIO dor. C yqe

B rnaBe ill 

TOM cpopMqiaKTOpOB HYKIIOHa H npHBeneHbl oueHKH nonpaBOK B onHOM030HHOM 

12 13/ 
np116_11H:>K8HHH H oueHKH nonpaBOK Bb!CIUero no e nop~.axa ' • 

nonpaBKH K dor. , Bbl'lHC/10HHble B nnccepTaUHH, CK/lanb!BaIOTCSI H3 Tpex 

'lacTei!: nepBasi 'laCTh cooTaeTCTByeT .qHqiqiepeHuHanhHOMY ce'leHHIO t/f_,., , npo

Hcxonmne~y OT naarpaMMbl 1 H B3SITOMY B onHOHy-K/IOHHOM npH6/IH:>K0HHH; BTo

pasr 'laCTh COOTBeTCTByeT HHT0pqiepeHuKOHHOMy naqiqiepeHuHa/lhHOMY ce'leHKIO "'' ' 
• . I 

TpeThll 'laCTh COOTB.eTCTByeT onHOilKORHOMY BKnany. 

Pac'leTbl nonpaBOK do,., a df::, 6blml'. npoBen 0Hbl TaK:>Ke BeprOM H naHn-

14/ 
HepoM • OnHaKO aBTOpbl 11eo60CHOBaHHO BB0/IK xoqicTanTepoBCKKe qiopMcpaK-

TOpbl B qiel!HMaHOBCKHe nHarpaMMbl a HHTepecoBaJIBCh /IHlllh np11611H:>K8HHbIM 

HHTerpallhHbIM BK/lanoM TOpMOOHoro aal1y'leHHll B KOHKypapyIOIUHI! npouecc po:>Kne-

HKSI Ji -MeaoHa e+ I{ - e+ /II+ if . B ll 11 .U~Ta/lhHO HCC11enosaH BK/Ian 

onHo~ylUIOHHOro npa6/IK:>KeH~ll • .QaqiqiepeH11aa,11hH08 C0'l0HH0 B onHOHy-K/IOHHOM 

npH6/IK:>K8HHK Mo:>KeT 6&ITh aanHC8HO B' BHne: 

.QnH yrnoa 

c BKnai::tOM Ao 

doN "'Ao+l'A, .. /'.tA.._ ... J'3 Al/YAv 
y 

~ 90° BKnan f ),iA, OKaa&maeTcH MMhlM no cpaBHeHKIO 

a COCTaB/llleT ~ 2% OT Cy-MMbl BKnanoB dor +tf6,.,+J,,, 

BKnan Ao aMeeT ocTp&11! MaKcKMYM, B o6nacTH yrnoB .., <= 0 a 

npeBhlwa10mHI! dfr. npa 30°, npHMepHo, Ha nllTh nopsrnKoB, C yae

/lH'leHHeM· -I MaKCHMYM noBO/lhHO 6b!CTpo y6&maeT. nollB/10HH/~ 3Toro OCTporo 

6-:::: e. 
0 ::::: 0 • ., 

A I • I . V 
MaKCKMy-Ma cBH3aHo c TeM, 'lTO o ~ ~ , a OT naqa ?•- f / 

HB/IHeTCH 6bICTpoMeHHIOu.iel!cH qJYHKUHel! yrnoB B 0611aCTH of-z O H 0-:i e. t 

.QeTa/lhHOe paccMOTpeHHe M8KCHMy-Ma nOK83b!BaeT, 'lTO OH COCTOHT K3 nByx 

MaKCKMYMOB. npa yMellhweHHH ·aaqanbHOI! 3HeprHH aneKTpOHa BK/18J]. onHOHYKIIOH

HOro '.Jll0H8 y-M0Hhlll80TCSI, yMeHbIU80TCll H BbICOTa MaKCHMyMa. 3To nonTBep:>Kne

HO p8C'IeT8MH, npoaeneHHblMH nns 3H0pI'IIH nanaKJLU0I'O 3/10KTPOHa 'l:.=Q,54 /0.14/ 

H aHeprHH· cpoToHa f<. =0,25 10,071. Bhlno acc11enosa110 noBeneHHe MaKCHMyMa 

c HaMeHeHHeM a11epr11H f -KB8HT8, J:13 paC'I0TOB, npoBeJJ.eHHblX JJ./IH cnyqag 

k.. = 0,25; 0.I5; 0,05 C/leJJ.yeT, 'ITO MaKCKMYM cHa'Ia/18 'f. = 0,54 H 

y6bIB80T /npH k. = 0,15/, a aaTeM Ha'IHHaeT B03P8CTaTh / i.,:: 0,025/. 
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OnHaKO npH Bcex 3H0prHHX J].BOl!HOI! M8KCHMYM HM00T CHMMeTpH'IHYIO qiopMy • 

KpHBbl0 J].Hqlcp0-
.QnH JJ.eTanbHOro 11cc11eJJ.0BaHHH BKnana df> ..r 

'f.. = o:54 
pe11uaa11hHhlX ce,re11el! nnH cnyqag 

6bl/lH no/lY,10Hbl 

H t, = 0,25. 

npe 3TOM, KaK H npeJJ.IlO/laI'8/10Cb1 BK/Ian 
do,., oKa3a/lCH Ma/lb!M no cpaa-

aeHHIO C ' df>r. B o6nacTH Ma/lblX yrnoB H cpaBHHMblM C do7, B o6nacTH 6onb-

wHX yrnoa, 
V • 

B 0611acTH yrnoa 

.npe11e6peraTh aenbaH, 

> 90° BK/Ian ~ ~'A; cTaHOBHTCH 3H8'IHT0/lhHblM H HM ,.,, 

8 M8KCHMyMe oue11Ka norpeIUHOCTH, npHBeneHH8H Bbllll0 

.ll.HTCSla 

I~ 2%/,He ro-

B § 12 paCC'IHT8H BK/Ian d6", • .QaqicpepeHuHa/lbHOe ce'IeHHe do:, MO:>KeT 

6bITb npeJJ.CTaaneHO B BHJJ.e: 

c/Q,:: 60 ... /A&, +14.tB,+/lBJ 

B HHTepqiepeHUHOHHOM q11e11e aenb3H orpaHH'IHTbCH aKnaJJ.OM B. , a aeo6xo

nHMO yqecTh II BKnan /,1 B, . BenH'IHHa 4, aoo6me roaopH, oKaab!BaeTcH a11aqe-

Te11hHol! H, HanpHMep, nriH yrnoB f,. o, () "'30° H 0oA ao
0 

J].OCTHraeT 

20% OT do;,.,:. BKnan ~ 8, npHM0pHO Ha nopHJJ.OK M0Hblll0 BK/lana 8., 
/aa HCKIIIO'I0HH0M TO'IeK MaKCHMyMal. npe 60/lblllHX yrnax BK/18J].bl Bo H /" B, 

CT8HOBHTCH cpaBHHMblMH, 0wH6Ka, BHOCHM8H B cyMMY ceq'eaHi! dor +,If"'+ .If:,. 
eC/IH B do:,. oT6poCHTh 'I/leHbli nponopUHOHa/lbHb!e BTOpOI! H Tp0Tbel! CTeneHHM 

aaoMa/lhHOI'O MaI'HHTHOI'O MOM0HTa, OK83HBaeTCll < 1 % IHCK/IIO'IaH TO'IKH MaK-

CHMyMal. TaKHM o6paaoM, BenH'IHH~ d(r. •,,. .16,,,. dli"' paccqHTaaa nnsr yrnoB 

~ 90° H aaeprHI! aneKTpOHOB ~ 500 M3B C omH6Koll ~ 3%. 

B § 1.3 J].aHa npH6/IH:>KeHHaH oueHKa onHOilHOHHOI'O BKnana. EcnH ycnOBHe 

YHHTapHOCTH ,S'+ ,s':: f. aanec!lTb B onHOM030HHOM np11611H:>K8HHH, TO aarH3pMH-. 

TOBY 'laCTh aMn/lHTYJJ.bl BHpTyanhHOI'O KOMilTOH-3cpcpeKTa MO:>KHO Bb!pa3HTb qepea 

aMn/lHTYJJ.bl peanbHOI'O H BHpTya/lbHOI'O cj:,oTopo:>KneHHH 7f -Me30HOB •. B npeJJ.e-

ne Manb!X 3Ha'IeHHI! ?l"- BHpTya/lbHblil KoMnToH-acpqieKT MO>KHO. paccMa~pHBaT_b 

611H3KHM K peanbHOMY, CpaBHHBaH aaTeM Be/lH'lHHY ceqeHHH OJ].HOHYKIIOHHOI'O 

BK/laJ].a npH 
e "' 60 ( ,j: 0) CO 3Ha'IeHHHMH C0'10HHH KOMilTOHOBCKOI'O pacceg-

HHR r, -KB8HTOB) HS HyKnoHax, BbJtlHCneaHoro B .OllHOUHOHHOM npu6nn>KeHHH 

nnH TeX :>Ke yr/10B O ' MO:>KHO nonyqHTb Tpe6yeMyIO OU0HKY, 
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.Uns1 yrna eo,. e- 30° BKna]l OJlHOIIHOHHOI'O co CTOllHllll MeHbWe BKna]la 

OJlHOHyKnOHHOI'O •meHa, .UnH yrna eG : (} ,. 60° BKna]l OJlHOilllOHHOI'O COCTOll-

HHH npH5nH3HTenbHO B 5-6 paa 5onbwe .BKnaJla OJlHOHyKnOHHOI'O COCTOllHHll, 

.UnH yrna (JG : 0 : 90° BKna]l OJlHOilHOHHOI'O COCTOllHHll np115nH3HTenb

HO B 15 pa3 5om,we BKna]la 0JlHOHyKnOHHOI'O •meHa, 

npeJlnonaraeTCll, '!TO nony<teHHhI0 OU0HKH, OTHOCllWH0Cll K peanbHOMY 

KOMilTOH-acpcpeKTY, cnpaBeJlnHBbl H Jlnll BHpTyanbHOI'O KOMilTOH-acpcpeKTa, KOI'Jla 

/0-Bo/i: 5° /TorJla ?C"- JlOCTaTO'!HO Manoi, 

B § 14 npHB0Jl0Hbl oueHKH paJlHauHOHHbllt nonpaBOK K TOpM03HOMy Hanyqe-
. 15/ 

HHIO H no~paBKH Ha JlBOllHoe TOpM03HOe H3ny<teHHe, B3HTbl0 H3 pa5oT ¢OMHHa • 

CyMMapHblil BKna]l 8THX nonpaBOK ]lnll paccMaTplIBaeMhllt B JlHCcepTaUHH 8Hepr11ll 

He npeBblWaeT HeCKOnbKl!X npoueHTOB, 

B ... 3aKnroqeHHH" 

JlllHaMIIKH Ha Mant,IX 

paccMaTpHaaeTcll aonpoc O npoaepKe KBaHTOBOll aneKTpo

paCCTO!IHllllX a JlYXe .IIJlel\ .Upenna
161 

a paccMaTpllBaeMbllt 

npoueccax
12

•
13I

• M eTOJl JlllC!lepCHOHHbllt COOTHOWeHHll noaaon11n paCC'!IIT aTb 

rronpaBKH do,, , J 6:, H oueHHTb BKnaJl OJlHOIIIIOHHOI'O COCTOllHHll a do r. 
B peaynbTaTe TeopeTH'!eCKoe Bblpa>KeH11e Jlnll ce'!eHHll llOJlC'!HTSHO C JlOCTaTO'!HOil . 
CTen0HblO TO'!HOCTH JlnH peweHHll aorrpoca O npoaepKe KBaHTOBOll aneKTpOJlHHaMHKH, 

Pac'!eT noKa3b!BaeT, '!TO Jln!I cnyqall '!o ., 0,54, t., "0,25, ,9.,36' H &.=26° 

H a npeAnono>KeHHH, '!TO 06ma11 rrorpewHocTb /norpeWHOCTb B pacqeTe TeopeTH'!e-

CKHX cpopM yn H 9KcrrepHMeHTanbHbl0 OWH5KHI paBHa 20% 
-13 

HaMHKa npoaeplleTCll JlO paccTOllHHll ~ 013• 10 CM, 

KBaHTOBall aneKTpOJlH-

'· 

C pOCTOM aHeprHH na]la10mero aneKTpoHa JlO I Baa H aHeprHH TopM03Horo 

r-KBaHTa JlO 500 Maa llOJl TeMH >Ke yrnaMI! H c Toll >Ke OWH5Koll, '!TO II B 

np11ae]leHHOM Bb!W0 npHMepe J KBaHTOBYIO aneKTpOJlHHaMHKy M O>KHO npoaepl!Tb 
-14 

JlO .pacCTOHHHl\ ~ 0,7• 10 CM, 0JlHaxo, B 8TOM cnyqae Tpe5yeTCll 5onee 

TO'!Hblll p:ac'!eT OJlHOnHOHHOI'O COCTOHHHH H norrpaBOK BblCwero no e IIOpR,llK8. 

0CHOBHbze peaynbTaTbl' COJl0p>KamHec11 · B JlHCCepTaUHII, orry5nHKOBaHbl 
678101213 

B pa5oTax_ • • • • • H <tacTH'!HO JlOno>KeHhl Ha Bceco10aHoll Me>Kayaoacxoll 

KOHcpepeHUHH no KBaHTOBOil TeopHH rronel! H TeopHH aneMeHTapHblX. '!aCTIIU /2-6 

OKT116p11 1958 r,, Y>KropOJl/ H Me>KAYHHP'JJlHOII KHeBcKoll KOHcpepeHuHH no cpH3H

Ke BblCOKIIX 8HeprHI!, HIOnb 1959 r. 
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