
OlinE,L(IIHEHHhl.H HHCTIITYT Jl,L(EPHhIX HCCJIE,L(OBAHIIH 

U,L- 1 i IIIAHXAT,[t;EHOB 
Elmypa,zmeH f arrnMa,ueHOBII'I 

2-2000-8 

Ha npaBax p)'Konncn 
Y,L(K 530.145 

3<l><l>EKThl PA,[t;HAUHOHHhIX TIOTIPABOK B TIPOUECCAX 
HA JIETITOHHhIX KOJIJIAH,[t;EP AX I1 PACTIA,[t;E MIOOHA 

Cner.urnrrhHOCTb: 01.04.02 - Teopern:~eCKa5l q>II3IIKa 

ABTOpecpepaT ,n11cceprn111111 Ha C011CKaHl1e yqeHOH CTeneHH 

KaH,n11,naTa cp11311KO-MaTeMaTH'leCKl1X HayK 

.LJ,y6tta 2000 



Pa6oTa BbIII0JIHeHa B J1a6opaTopmI TeopeTH:'Iecrmi'I q)II3IIKH 

IIM. H.H. Eoromo6ona O61,e.zurneHHoro IIHCTHTyTa H,uepHbIX 

nccJie,uonaHIIII 

Hay<rHbIII pyr<ono.unTeJih: 

.U0KT0p qlII3III(O-MaTeMaTH'IeCI(IIX HayK 

0 qlIIUHaJihHbie 0IIII0HCHTbI: 

.U0KT0p q)II3III(0-1IaTeMaTH'ICCKHX HayK 

.U0I(T0p (j_}II3IIIW-Ma TC!IH1 TII'Iecrmx HayK 

rrpoq1cccop 

3.A. Kypaen 

C.E. fepacnMon 

(JIT<D 0115111) 

P.H. <DaycTOn 

(HCK PAH) 

Be.uymee Ha_rrno-ncc.rrc.uonaTc.rrhcKoe y,rpC)I(Ll:emre: 

Harrno-rrccrrcnonaTeJihCKHfr IIHCTIITYT H.UepHoi'r cprnmm JVIocKoncrwro 

rocy.uapcTDCHHoro YHIIIl<'J)CIITCTa HM. Ivl.I3. JioMOHOCODa 

3amrITa C0CT0IITCH " " ______ 2000 r. 

Ha 3ace.uamm crrcurra.TimnponaHHoro ConeTa K-047.01.01 rro a.upccy: 

141980, lly6mt iviocrmncrwi'r o6n., JIT<D 0115111. 

'C .llIICCCpTaUIIPrI Mmrrno 0'3HaK01fIIThCH B 6n6JIIIOTCKC 0115111. 

AnTopecpcpaT pa3ocrraH " __ " ________ 2000 r. 

V ~/! YtJeHhIII ccr,:peTaph crreunamnnponamwro ConcTa - , .. , -

IrnH.UII.UaT !pII'3IIKO-!IIaT('l\la.TII'ICCKIIX nayK . <Dc.uonm 

~ 

06mrur xapaKTepHCTHKa pa60TbI 

.IInccepTaurrn nocnHmeHa uccJie.uonamno 3<p<peKTOB pa.uuauuoH

HhIX rrorrpaB0K B _pH.ue npoueccon B3aIIMO,UeHCTBIIH 3JieMeHTapHhlX qa

CTIIU. Pac<reThI npono,uIIJIIICh n paMKax xopomo cero.umr o6ocHonaH

Hoi'r CTaH,uapTHoi'r Mo.uemI. Pa.uuan;IIOHHhle nonpanKII Bhl'IIICJIHJIIICh 

aHaJIIITII'!eCIGI B nepnoM II BT0p0M ~opH.n;KaX Te0pIIII B03MYill.eHIIH. 

Haii.ueH pH.U 3<p<peKTOB, IIMCIOIIUIX HeTpIImiaJibHhlC CJIC.UCTBIIH .UJIH 

pac•rcTon cc•rcHm1 MCT0.U0M CTPYKTYPHhlX <pYHKIIIIII. 

AKTyaJibHOCTh rrpooJieMbl. Ilpn II3BJie'ICHIIII q)II3II'IC

CKOII IIH<popMa:UIIII 0 B3aIIMO.UCIICTBIIII 3JICMeHTapHhlX <raCTII:U HC06-

X0.UIIMO 3HaHJIC pa,uIIa:UIIOHHhlX nonpaBOK. B' HaCTOfilIICC BpCMH 3TO 

oco6CHHO aKTyaJihHO B CBH3II C BTIC'IaTJIHIOIIUIM pOCTOM TO'IHOCTII 

np0BC.UCHIIH 3KCIICpIIMCHTOB. O'ICBII.UHO, 'ITO IICKJIIO'ICHIIC II3 paccMO

Tpcmrn MO,UCJicit, aJibTCpHaTIIBHhlX CTaH.uapTHOH, M02KCT 6hlTb 0CHO

naHO JIIIJlII, Ha npc:UII31IOHHOM aHaJIII3e TIOJIY'ICHHhlX Ha CYill.CCTBYIO

Ill.IIX ycTaHOBKax 3KCIICpIIMCHTaJibHhlX .uaHHhlX. 

IloMIIMO KOJIII'ICCTBCHHOro II3MCHeHIIH 3Ha<reHIIII Ha6JIIO,UaCMbIX 

mKII.UaCMhIX BCJIII'IIIH pa.uuan;IIOHHbIC nonpaBKII rrpIIBO.UHT I{ HOBhlM 

3qlqlCKTaM, OTCYTCTBYIOill.IIM B 6opHOBCKOM npn6JIII2KCHIIII. .Ilucccp

Ta:u1rn TIOCBHill.eHa IICCJie,uonaHIIIO TaKIIX 3<p<pCKTOB B pH.UC rrpo:ucccon, 

II3J'IaCMbIX Ha conpCMCHHhlX ycTaHOBKax. Kpyr paccMaTpIIBaCMbIX 

npo6JICM B nepny10 O'ICPC.Uh onpC.UCJIHJICH Tpc6onaHIIHMII 3KCIICpIIMCH

Ta TOpOB K T0'IHOCTII TCOpCTII'ICCKII rrpe.ucKa3bIBaCMhlX -BCJIII'IIIH .UJIH 

Ha6JIIO.UaCMbIX xapaKTCpIICTIIK. Pe3yJihTaThl )KC HaXO.UHT,KOHKpCTH0C 

BOTIJIOill.CHIIC n pH.UC rrpaKTII'ICCKIIX IICCJIC.UOBaHIIH. 

IlpoBC.UCHHOC IICCJIC.UOBaHIIC IIMCJIO CJie,u;yromH~ :u;eJIH: 

• IlpoaHaJIII3IIpOBaTb pa.uua:uuoHHhlC rrorrpaBKII K CC'ICHIIIO <pO

HOBoro rrpo:uccca, u.uyIUcro n paMKax CTaH.uapTHoii Mo.UCJIII, K 

6C3HCIITpIIHHOH MO.UC pa.uIIa:UIIOHHoro pacrra.ua MIO0Ha, KOTOphlii 

npc,ucKa3hlBaCTCH pa3JIII'IHhlMII MO.UCJIHMII BCJIIIKOro o6nC.UIIHC

HIIH, cyrrcpCIIMMCTpII'IHhlMII MO.UCJIHMII, a TaK2KC HeKOTOphlMII 
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II3 pacnrnpeHIIII CTaH.n:apTHOII Mo.n:eJuI, c uerrhIO BhUICHemrn He-

06xom:1MoCTII y-<IeTa KBaHTOBhIX 3q>q>CKTOB Il O.[(HOIICTJieBOM rrpII-

6JIII2KCHIII:I rrpl:I liIHTeprrpeTaUIIII .n:aHHhIX rrpeUII3IIOHHhIX 3KCrre

pIIMCHTOB no OUCHKe OTHOCIITCJihHhIX Bep05.1THOCTefr pa3JIWIHhIX 

KaHaJIOB pacrra.n:a. 

• C TO"CJKII 3peHirn coBpeMeHHhIX rrpe.n:cTaBJICHIIH IIccrre.n:oBaTh 3q>

q>eKThI Y'ICTa pa.n:naUIIOHHhIX KBaHTOB03JICI{Tpo.n:nHaMII'ICCirnX 

norrpaBOK B accouIIaTIIBHOM pmK.[(CHIUI xnrrc-603oHa I:I q>OTOHa 

Ha MIOOH-aHTIIMIOOHHhIX KOJIJiarmepax B6JIII3II rropora pmK.n:e

HII5.I BhIIIIeyKa3aHHOM CKaJI5.1pHOII -qacTIIUhI .[(JI5.I 6orree TO"CJHOro 

orrpe.n:erremrn xapaKTepa noBe.n:eHH5.I ce•IeHII5.I B mmrrorroporonm1: 

o6rracnr. 

• Orrpe.n:emITh pa.n:IIaUI:IOHHhIC rronpaBKII BO BTOpOM rrop5.1.[(KC Te

opIIII B03MJIU:CHIIII K .[(IIq>q>epeHUIIaJihHOMY CC"CJCHIIIO rrpouecca 

3JICKTpOH-II03IITpOHHOro pacce5.IHII5.I Ha 60JihIIIIIe yrJihI KaK Il 

~IIHeMaTIIKC C )KCCTKIIM q>OTOHOM, TaIOKe II3JIJ"9:CHHhIM Ha 60Jih

IIIIIe yrJihI, TaK II Il KOJIJIIIHeapHOII KIIHCMaTIIKe, C UCJihIO IIOilhI

IIICHII5.I TO"CJHOCTII OUCHKII OCHOBHOII xapaKTepIICTIIKII conpeMeH

HhIX KOJIJiaH.n:epon - CBCTIIMOCTII. 

• IIpoBeCTII IIOCJIC.[(OBaTCJihHOe Bhl"CJIICJICHIIC B Be.n:ymeM H crre.n:y

lOIUCM 3a Be.n:ym:H:M rrorapIIq>MH:"9:CCKIIX npn6JIH:)I(eHirnX Bima.n:a B 

ce"CJeHH:e ynpyroro Ea6a-pacce5.IHH5.I Ha 6oJihIIIIIe yrJihI B .n:Byxne

TJICBOM npn6mrnceHIIII, "CITO TaK)Ke Heo6XO.[(IIMO mm HOpMIIpomrn 

npoueccon, Imymnx Ha KOJIJiaH.n:epax. 

Hay-CJHa.H HOBM3Ha pa60Thl 3aKJIIO"CJaeTc5.I n crre.n:y10meM: 

1. B paMKax CTaH.n:apTHOH Mo.n:errn 3JICKTpocrra6oro B3aIIMo.n:e11:

CTBII5.I npoBe.n:eH aHaJIH:3 BKJia.[(OB pa.n:HaUIIOHHhIX nonpaBOK Il 

'q>OHOBhIH npouecc, HMIITIIPYIOIUIIH 6e3HCHTp1rnHhIH pa.n:IIaUIIOH

HhIM pacna.n: MIOOHa. Haii.n:eHHoe 3Ha"CJeHIIe nonpaBKII K rnnp1rne 

pacna.n:a OI<:a3aJiaCh Ha TpII nop5.1.n:Ka BhIIIIe nepo5.1THOCTII II3J'-Ia

CMOH MO.[(hl pacna.n:a, "CITO y1<:a3bIBaeT Ha Heo6xo.n:IIMOCTh y"CJeTa 
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1rnaHTOilhIX neTJICBhIX 3q>q>CKTOB npII rrpoBe.[(CHIIII aHaJIII3a .n:aH

HhIX rrrraHnpyeMhIX BhICOKOTO"CJHhIX 3KcrrepIIMCHTOB, HanpaBJICH

HhIX Ha 06m,1py1KCHIIC II3J"9:aCMOII HCCTaH.n:apTHOII MO.[(hl pacna.n:a 

MIOOHa. ITOii:a3aHo, "CITO .[(JI5.I IIIIIpIIHhI 3TOro rrpouecca B paccMO

TpeHHOII o6JiaCTliI q>a30Boro rrpocTpaHCTBa HCB03MO)KHO rrpe.n:

CTaBJICHIIC -qepe3 CTpJKTYPHhIC q>JHKUIIII lI CC"CJCHIIC )KCCTKOro 

rro.n:npouecca B cTaH.n:apTHOII q>opMe. 

2. B paMKax 1rnaHTOBOII 3JICKTpO.[(IIHaMIIKII oupe.n:eJICHhl 0.[(HOIIC

T JICBhIC pa.n:naunoHHhie rrorrpaBKII K upoueccy accounaTIIBHoro 

pmi:memrn xnrrc-6o3oHa B aHHIIrIIJI5.IUIIII µp uapu c y-qeTOM Be

.n:ymnx norapnq>MII"CJCCKIIX nonpaBOK BhICIIIIIX nop5.1.[(KOB TCOpIIII 

B03MJIU:CHIIM nocpe.n:cTBOM q>opMaJIII3Ma cTpJKTYPHhIX q>JHK

UIIH. IlpIIBC.[(CHHhIC "9:IICJICHHhIC OUCHKII yKa3bIBaIOT Ha Heo6-

XO.[(IIMOCTh J"CJCTa 1rnaHTOB03JICKTpO~IIHaMII"9:CCKIIX rroupaBOK B 

paccMOTpeHHOII 3HepreTII"9:eCKOH o6JiaCTII B6JIII3II rropora po-

2K.[(eHII5.I xurrc-6030Ha. IloMIIMO 3Toro OTMe"CJeHo, "CITO npnMe

HIITeJihHO K .n:aHHOMY npoueccy HCCIIHrJieTHhie CTpJKTYPHhle 

q>JHKUIIII q>epMlIOHa He OIIIICh!BaIOTC5.I ypaBHeHII5.IMII 3BOJIIOUIIII 

.[(JI5.I onepa:ropoB TBIICTa .[(Ba, a, IIO-BII.[(IIMOMY, BX0.[(5.IT B CIICTeMy 

ypaBHeHIIll .[(JI5.I orrepaTopoB TBIICTa TpII. 

3. BrrepBue B aHamITII"CJecKOH q>opMe Haii.n:eHhI Henn.n:IIpyromIIe 

mma.n:hI B ce"CJeHIIe KaJIII6poBO"CJHoro rrpouecca pamrnunoHHoro 

3JieKTpOH-II03IITpOHHOro pacce5.IHII5.1 C l'l3JIJ"9:eHIICM ,UOliIOJIHII

TCJihHOro )KCCTKOrO q>OTOHa B KIIHCMaTIIKe, Kor.n:a nee KOHe"CJ

Hhle -qaCTIIUhI JieT5.IT Ha 6oJihIIIIIe yrJihI. IloKa3aHo, "CITO npe.n:

CTaBJieHIIe ce-qemrn .n:aHHoro npouecca n q>opMe ce"CJeHII5.I npo

uecca llpenrra-5IHa He peaJIII3JeTC5.I B CIIJIY npIICJTCTBII5.I He

q>aKTOpII3JeMhIX BKJia.[(OB B norrpaBKY B ne.n:ymeM rrorapIIq>MII.: 

"9:eCKOM rrpII6JIJiI)l(eHIIII. IIpo,n:eMOHCTpnpoBaHa Heo6xo,n:IIMOCTh 

y-qeTa HeBe.n:ym:H:X JiorapIIq>MH:"9:CCKIIX BKJia.[(OB BO BTOpOM IIO

p5.1.[(Ke TeOpliIII B03MymeHIIlI .[(JI5.I .[(OCTII2KeHII.H Heo6XO.[(liIMOll T0"CJ

HOCTII TeopeTII"CJeCKIIX npe.n:cKa3aHIIlI. 
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4. IlpOBe,n:eHo aKTyam,Hoe mm KOJIJia11,n:epoB JI3II 1/2 II Me3oH

HhlX qia6pnK, TaKnx KaK DA<I>NE, BEPS; Bhr-cincnemre BKJia

llOB pamiaIIIIOHHbIX rrorrpaBOK K ce-cieHIIIO rrponecca pamiaIIIIOH
Horo Ba6a-pacce5IHm[ Ha 6oJibillIIe yrJihI rrpII pa3JIII"9:HhIX rrn

HeMaTII"CJeCKIIX orpaHII"CJeHirnx Ha lI3JIJ"CJeHne )KeCTKoro qJOTOHa. 
1Im1 cny-cia.a lI3JIJ"CJeHirn )KeCTKoro qJOTOHa KOJIJIIIHeapHO HaT_IaJib

HOMy 3JieKTpoHy ( II03IITpoHy) BhUIBJieHo orrpe,n:eJieHHOe HeCOOT

BeTCTBIIe mKn,n:aeMoiI qiopMhI CTPYKTypHoiI qiyHKIIIUI c qiarnn
-ciecrnr pacc-cinTaHHoiI. 

5. B paMKax CHCTeMaTn-ciecKoro aHaJIII3a BKJia,n:oB pa,n:IIaIIIIOHHhIX 

rrorrpaBoK B rrponecc yrrpyroro 3JiernpoH-II03HTpOHHoro pacce5I

Hirn Ha 60Jihilllle yrJihI BrrepBhie nony-cieHbI aHaJIHTH"CJeCKIIe DhI
pa.1KeHH5I llJI5I HeIWTOpbIX BKJia,n:oB B ,n:nqiqiepeHIIIIaJihHOe ce•re

HIIe ,n:aHHoro nponecca B ,n:ByxrreTJieBoM npn6JIII.1KeHmI. IloKa-

3aHo coKpameHIIe Bcex BKJia,n:oB, co,n:ep.1KamIIX Be,n:ymIIe nora
pIIqJMhI D "CJeTBepTOH CTeIIeHII, a TaK)Ke "CJaCTll"CJHOe COKpamem:re 

norapIIqJMOB B TpeTheiI cTerremr. BKna,n:hr, co,n:ep.1Kamne Hap51,n:y 

C 60JihillIIM JiorapHqJMOM rrapaMeTp, COOTBeTCTBJIOIIIIIH rropory 

pa3pemeHII.H no 3HeprIIII perIIcTpIIpyeMbIX "CJaCTIIII, paHee D JIII
TepaType He rrpIIBOlllIJIIICb. IIony-cieHa qJOpMa rrorrpaBKII, O)I(l[

,n:aeMa5I OT BKJia,n:a OCTaJibHhIX llBYXIIeTJieBbIX mrnrpaMM <PeiIH
MaHa. 

IIpaKTMqecKa.JI u;eHHOCTb llIICCepTaIIIIII orrpe,n:eJI5IeTC.H B 
rrepByro o-ciepe,n:h TeM, "CJTo IIccne,n:oBaHII.H Bcex rrponeccoB opneHTnpo

BaHhl Ha COBpeMeHHhle 3KCIIepHMeHTaJibHhie rrporpaMMhl. 3HaHire IIO

rrpaBKII K mIIp1rne nponecca, IIMIITHpyromero 6e1HeiITp1rnHhIH pa,n:ua
IIHOHHhIH pacrra,n: MIOOHa, Heo6xo,n:IIMO llJI5I 6oJiee TO"CJHoro II3DJie-ciemrn 

113 3KCilepIIMeHTaJibHhIX ,n:aHHhIX DeJIII"CJIIHbI OTHOCIITeJibHOH nep05IT

HOCTII, .n:aHHOH HecTaH,n:apTHOH MOllbI pacrra,n:a. y TO"CJHeHIIe IIOBe,n:emrn 
ce-cieHH.H KaK B6JIII3II rropora acconIIaTIIBHoro pmK,n:eHII.H XIIrrc-6030Ha 
B MIOOH-aHTHMIOOHHOH aHHIIrIIJI.HIIIIII, TaK II B o6JiaCTII TaK Ha3hIBa
eMoro pa,n:IIaIIIIOHHoro XBOCTa II03BOJI5IT rrpOBOllIITb IIOIICK ,n:aHHhIX 
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co6hrTn1r 6oJIC'C yncpeHHo, T.K. pacc•mTaHHhre rrorrpaBim, B pacc11,rn

TprmaeuoM mrnrra10He :=rneprm1, no rrop5IllKY neJIWIIIHhI ropa3,n:o cy
IIR'CTDeHHce 3.lI('KTpoc.rra6bIX BKJia,n:on. Pacc..._mTaHHbie DKJia,n:bI rrorrpa

DOK nToporo nop5I,n:Ka K Ba6a-pacce5IHIIIO Ha 6oJihmne yrrrhr rrpnMeH5I

K)TC5I Ha JI3II 1/2 n l\1e10HHhIX qia6pm.:ax Tirna DA<I>NE, BEPS rrpn 
rrpeUII3IIOHHOl\I II3Mepcmm cneTIIMOCTII ycTaHOBOK, "CJTO 3a-ciacTyro rro-

1DO.TI5IeT mrnp5IM.VIO Yl\IeHbIIIIITh ornn6Ky II3Mepemrn p5I,n:a II3BJICKae
MhIX II3 OIIhITa qJII3IIqccKIIX napaMeTpon. IloMIIMO BhIIIICITepeqncJieH

HhIX rrpaKTIPICCKIIX rrpIIJIO.iKCHIIII, rrorryqeHHbie pc1yJihTaTbl Il03DO
.TI5IK)T C.UCJiaTb orrp<',n:eJIPHHbie DhIDOllhI O CDOIICTDC qiaKTOpinyeMOCTII 

cc1IeHIIII rrpoucccon c 6orrec c.TIO.iKHOII CTPYKTypofr )KeCTKoro 6rroKa. 

HonhIC MeTO.UhI II IIO.UXOllhI, pa3DIITbie D JllICCCpTaIIIIII, MoryT 6bITh 
HCIIOJih30DaHbl D DhiqncrreHII5IX pa,n:uaurrnHHhIX rronpaBOK K .upyrnM 

nponeccaM D3aIIMOllCifCTD~rn 'IaCTIIU, B 'IaCTHOCTII n.n:ymnM B rrnaHTO
DOII xpol\,IO,n:IIHal\mKc. 

Arrpo6au;I:rn: pa6oTbI. 
OcHODHhre pe1y.rrhTaThI mrccepTau1rn ,n:orma,n:hmamrch n 06-

cy.1K,n:arrnch Ha ceMrmapax Jia6opaTopnn TeopenrqecKor1 qJII3IIKII 

IIM. H.H. Boro.rrro6ona OlI5IlI, Ha XI MC2KllyHapo,n:Hor1 KoHqiepeHumr 

"IIpo6.rreMbI rrnaHTonorr Teopmr rromr" (Ily6Ha, 1998), a TaIGK<' Ha ce

Mrrnapax qJH3II'ICCKIIX oT,n:e.rremn1: ymrnepcnTeTa r. KoMo (lITamrn), 
IlC'Tep6yprcKoro HHCTIITyTa 51,n:epHoi'r qJH3IIKII IIM. B.II. KoHcTaHTII

HOBa (raTqJma) II lIHCTIITyTa 51,n:epHOH qJII3IIKII (Honocn6upcK). 

Ily6JIMKall;IIM. Ilo MaTcpna.rraM ,n:nccepTaumr orry6mmonaHo 
ceMh pa6oT [1--7]. 

CTpyKTypa M o6'beM pa60Tbl. IlnccepTaurrn cocTonT m 
Ilne,n:emrn, IT5ITII rrran n 3a1m10qeHII5I. Pa6oTa co,n:C'p)l.;:IIT 105 cTpa
HIIUhI, DKJIIO'Ia5I 11 pucyHK0B n 6u6.rrnorpaqinqccri::m1 CIIIICOK .TIIIT<'pa
TYPhI II3 91 Ha3namr:u:. 

5 



Co.n:ep)KaHMe paooThI 

Bo BBe.n;eHMM oqepqeH Kpyr uccrre.n:yeMhlX rrpo6rreM, KpaTKo 

cqiopMyrrupoBaHhl IICIIOJib3YeMhle MeTO.Uhl, rrp1rne.neHhl OCHODHbie rro

JIO)KeHIU.I, BbIHOClIMhle Ha 3arIUITY II II3JlfftKeHa CTPYKTypa .n:uccepTa

U:IIII. 

B nepBoii r JiaBe .nuccepTau:nu paccMoTpeH rrpou:ecc pa.n:na

u:uoHHoro pacrra.n:a MIOOHa D KIIHeMaTim:e, IIMIITIIpy10rn:er'.1 ero 6e3HeII

TpIIHHYIO MO.UY, 1arrpern:eHHYIO B paMKax CTaH,napTHOH Mo,n:erru, Ho 

pa3pemeHHYIO B HeKoTophlx ee pacmupeHIIHX. 3ToT rrpou:ecc rrpe.n:

cTaBJIHeTCH Ba:iKHhlM He TOJibKO .nrrH nccrre.noBaHirn CTaH,napTHOII MO

.n:erru caMOH no ce6e, HO B TO )Ke BpeMH ,UJIH IICKJIJOqeHIIH KaK ee 

orrpe.nerreHHbIX pacmIIpeHIIH, TaK II Mo.n:erre:ii nerrnKoro o6oemrnemrn 

II pa3JIIIqHhlX cyrrepCIIMMeTpIIqHhlX MO,UIIqJIIKaU:IIH. ToqHoe 3HaHIIe 

pa.n:IIaU:IIOHHhlX rrorrpaBOK B 3TOH 3a,n:aqe HBJIHeTCH pema10rn:IIM, IIO

CKOJibKY OTHOCIITeJibHaH BepoHTHOCTb IICCJie,n:yeMOH Ha 3KCrrepIIMeHTe 

6e3HeHTpIIHHOII MO.Ubl Ha TpII rropH,n:Ka MeHbille BKJia,n:a pa.n:IIaU:IIOH

HhlX rrorrpaBOK. IloKa3aHO, qTo .ZI:JIH IlIIIpIIHhl 3TOro rrpou:ecca B pac

CMOTpeHHOH o6JiaCTII qia30Boro rrpocTpaHCTBa HeB03MO)KH0 rrpe,ncTa

BJieHIIe _ qepe3 CTPYKTypHbie qiyHKU:IIII II ceqeHIIe )KCCTKOro rro.n:rrpo

u:ecca D CTaH.napTHOH qiopMe. 

Co.n:ep:iKaHI1e 3TOH rrraBhl orry6rrnKoBaHo B pa6oTe [1]. 

Bo BTOpoii r JiaBe ,n:IIccepTaU:IIII IICCJie,nyeTCH rrpou:ecc aCCOU:II

aTIIBHOrO po:;K,n:eHIIH XIIrrc-6o30Ha II qJOTOHa rrpII B3aIIMO,UeHCTBII5IX 

MIOOH-aHTIIMIOOHHhlX rryqKoB Ha KOJIJia:ii.nepax, C03.ZI:aHIIe KOTOpbIX 

rrrraHIIpyeTCH B 6mnKa:iimeM 6y.nyrn:eM. B paccMoTpeHHOH 3HepreTII

qecKo:ii o6rracTII n6rrII3II rropora pmK.neHIIH XIIrrc-6o3oHa .noMIIHIIpy-

10rn:i1:ii BKJia,n: B rrorrpaDKY ,naIOT KBaHTOB03JieKTpo,n:IIHaMIIqecKIIe 34)

qieKThl, B TO BpeMH KaK 3JieKTpocrra6ble rro,n:aBJieHhl B OKOJIOIIoporoBOil 

o6rracTII po:iK,n:eHIIH ,n:Byx W-6o3oHoB. 3.n:ecb rrpnMeHeHIIe arrrrapaTa 

cTpyKTypHbIX qiyHKU:IIH o6ecrreqIIBaeT 6orree ToqHoe orrncaHIIe Mexa

HII3Ma peaKU:IIII II MeTo.na IIOIICKa pe30HaHCa ( XIIrrc-6o3oHa) no TaK 

Ha3hlBaeMoMy paJua11iuo1t1toMy XBocmy crreKTpa TopM03Horo II3rryqe

HIIH. 
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Co.n:ep:ilrnHIIC BTOpOII rrraBhl orry6JIIIKOBaHo B pa6oTe [2]. 

Hccrre.n:onaHIIIO qiaKTopII3aU:IIII Heyrrpyrux rrpou:eccoB TIIrra 2 ➔ 3 
Ha rrpnMepe pa.n:uau:IIOHHOro 3JieKTpOH-II03IITpOHHOro pacceHHIIH Ha 

6orrbmne yrrri,r rrocBHrn:eHhl 3 II 4 rrraBbI. <l>aKTOpII3aU:IIH, T .e. rrpe.n:

cTaBrrem1e ceqeHnII B BII,n:e cBepToK ceqemrn 2KecTKoro rro.nrrpou:ecca co 

CTPYKTYPHbIMII 4JYHKU:II5IMII, OIIIICbIBaIOrn:IIMII MHrKyIO CTa,n:IIIO rrpo

u:ecca, 6bma IIccrre,n:oBaHa II ,noKa3aHa JIIIIlib .UJIH .1KeCTKIIX rro.nrrpo

u:eccoB TIIrra 2 ➔ 2. IleTaJibHhlH pacqeT pa,n:IIaU:IIOHHhlX rrorrpaBOK 

K ceqeHIIIO rrpou:ecca Heyrrpyroro 3JieKTpoH-II03IITpOHHoro pacceHHirn 

n KIIHeMaTim:e, rrnr.na BCe TPII KOHeqHbie qacTIIU:hl JieTHT Ha 6oJib

IlIIIe yrJibI B CIICTeMe u:eHTpa Mace, Bbl5IBIIJI HeB03M02KHOCTb rrpe.ncTa

BJieHirn ceqeHIIH rrpou:ecca B <lJopMe ceqeHIIH rrpou:ecca Ilperrrra-5.1:Ha. 

O,n:HOH II3 rrpnqIIH 3TOMY BII.ZI:IIMO 5IBJIHeTC5! 60Jibillee qIICJIO He3aBIICII

MbIX IGIHeMaTIIqecKIIX IIHBapIIaHTOB, a IIMeHHO IIHTb, OIIIICbIBaIOlll:IIX 

rro.n:rrpou:ecc 2 ➔ 3, qeM B crryqae rro.nrrpou:ecca 2 ➔ 2, B KOTopoM 

rro.no6HbIX IIHBapnaHTOB ,n:Ba. IlpyrIIM Ba:iKHhlM acrreKTOM HBJIHeTcH 

,n:Ba.1K,n:hlrrorapnqiMnqecKaH rrpnpo.na 3KCKJII03IIBHoro ceqemrn 2 ➔ 3 
Ha 60JibillIIC yrrrhl. 

B TpeTbeii: r JiaBe .n:nccepTaU:IIII II3yqeHa qiaKTOpII3aU:IIH He

yrrpyrIIX rrpou:eccoB B3aIIMO,UeHCTBII5! qacTIIU: rrpII BhlCOKIIX 3HeprIIHX 

Ha rrpIIMepe pa,n:IIaU:IIOHHoro 3JICKTpOH-II03IITpOHHOro pacceHHIIH Ha 

6oJibIDIIe yrrrhl. TeopeTIIKOB03Myrn:eHqecKoe paccMOTpeHIIe BhlHBIIJIO 

HeTpIIBIIaJibHOCTb CTPYKTYPhl rrorrpaBKII B CMbICJie HCCOOTBCTCTBIIH ee 

qiopMbI O)KII,UaHIIHM no peHOpMrpyrrrre. IloTepH CBOHCTBa qiaKTOpII-

3JCMOCTII ceqeHIIH 06cy2K,naeTCH C II031IU:IIH TOqHoro aHaJIIITIIqecKoro 

paCCM?TPCHIIH. 3HaqnMOCTb HeJIII.ZI:IIpy10rn:ero BKJia,na IIJIJIIOCTpIIpy

eTCH qncrreHHhlMII OU:CHKaMII. 

Co.nep)KaHne TpeTbCII rJiaBhl orry6JIIIKOBaHO B pa6oTe [3]. 

B 1:JeTBepTOM r JiaBe BrrepBhle BhlqIIcrreHhl Bo BTopoM rro

pH.n:Ke Teopnn B03Myrn:eHIIH pa.n:IIaIJ:IIOHHhle rrorrpaBKII K_ Ea6a-'

pacceHHIIIO C II3JiyqeHIIeM 2KeCTKOro qJOTOHa Ha MaJible yrrrhl ITO OT

HOilICHIIIO K rrerrTOHHOMY rryqKy. IlaHHaH KIIHeMaTIIKa o6ecrreqIIBaeT 
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OCHOBHOH BKJia,U B ce'-IeHIIe B paccMaTpimaeMOM rrop5I.UKC. KaK II B 

crryqae pacce5IHII5I )KeCTKOro qJOTOHa Ha 6oJihillIIe yrJihI IIMCeT MeCTO, 

B HeKOTOpOM CMhICJie, HapymeHIIe TeopeMhI O qiaKTOpII3aUIIII, Bhipa-

3IIBmeec5I B MO.UIIq>IIIm111rn 51.z:i:pa cTpyKTypHoi'r q>yHKUIIII no nTopoM 

rrop5I,n:Ke. B TO )Ke npeM5I Heo6xo,UIIMO OTMeTIITh, qTo B m1mrpyIO

rueM rrorapuqiM11qecKoM rrpn6mrn..:emm: qia1nop1na111rn MaccoBhIX cuH

ryrr5IpHocTei'I (nhl,uerrem1e Bhlpa2Kemrn .UJI5I ceqeHII5I B mnmeM rrpn-

6mnKemu1) nee 2Ke Ha6mo.uaeTc5I, HecMoTp5I Ha rrpIIcyTcTBHe oupe.ue

JieHHhIX BKJia,UOB, Ha rrepBhIH B3rJI5I.U HapymaIOIUIIX o:arn:.uaeMyIO no 

peHopMrpyrrrre cTpyKTYPY rrorrpaBKII, Ho, KaK rroKa3hmaeT aHamn, 

OKa3hIBaIOIUIIX BJIII5IHIIe JIIIillh B crre,uyIOIUeM 3a JIII.UHPYIOIUIIM rrpn-

6JIII)Kemrn. 
B KorrmrneapHoH o6rracTII rrpe.urrorrararroch, qTo :iKecTKIIII qioToH 

.UBIDKeTC5I BHYTPII Y3KOro KOHyca C yrJIOM pacTBOpa 200 (1 >> Bo >> 
me/ r=;) c ochIO B HarrpanJieHIIII o,n:Hoi'I II3 HaqaJihHhIX IIJIH ,ueTeKTIIpye

MhIX KOHeqHhIX qacTIIU ( r=; eCTh 3HeprII5I HaqaJihHhIX rryqKoB). Heo6xo

.UIIMO OTMeTIITh, qTO B 3TOII o6JiaCTII ceqeHIIe B ne.uyrueM upn6JIII)Ke

HIIII MmKeT 6hITh rrpe,ucTanrreHo B qiopMe ceqeHII5I rrpouecca .Ilperrrra-

5IHa, qTo n rrpIIHUIIIIe o6'h5ICHIIMO, T .K. n KOJIJIIIHeapHOH o6JiaCTII 

B KaqeCTBe )KeCTKIIX uo.urrpoueccoB BhICTynaIOT rrpouecChI 1rnaHTO

BOH 3JieKTpo.u1rnaMIIKII Tnrra 2 ➔ 2 (Ea6a-pacce5IHIIe, KOMIITOHOBCKoe 

pacce5IHIIe, .unyx1rnaHTOBa5I aHHIIrIIJI5IUII5I II rrpouecc 1 + 1 ➔ e + + e-), 
,UJI5I KOTOphIX TeopeMa O qiaKTOpII3aUIIII ce'-IeHII5I co6CTBeHHO II 6h!Jia 

,um,;:a3aHa. TeM He MeHee, .UJI5I rnyqaeMoro rrpouecca B crryqae KIIHe

MaTIIKII C II3JiyqeHIIeM )KeCTKOro qJOTOHa KOJIJIIIHeapHO HaqaJihHOMY 

rrerrToHy, IIMeeT MecTo orrpe.uerreHHa5I MO.UIIq>rm:aIJII5I 51,upa cTpyKTYP~ 

HOH IPYHKUIIII. 
Co.uep2Kam1e '-IeTBepToii rrraBhI orry6mrn:onaHo B pa6oTax [4,5]. 

B IUITOM r JiaBe 11ccrre.uonaH BKrra.u pa.uuauIIoHHhIX rrorrpanoK 

K ceqeHIIIO (1rna311)yrrpyroro Ea6a-pacce5IHII5I B .unyxrreTrren.oM rrpn-

6mnKem1n. B oTJIIIque OT crryqa51 pacce51mrn rrerrTOHOB Ha MaJihie 

yrrrhI, r.ue TipncyTcTnne Marroro rrapaMeTpa, yrrra pacce5Imrn, cyrue

CTBeHHO o6rrerqaeT aHaJIII3, B ,uaHHOH KIIHCMaTIIqecKOH IIOCTaHOBKe 

Heo6xo,n:IIMO yqnTi,IBaTh .UOIIOJIHIITeJihHO 6oJihillOe '-IIICJIO .unarpaMM 
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<Peiim.ramt. l:IcrroJih3Y5I II3BCCTHhie B JIUTepaType Bhipa2KeHirn .UJI5I 

qiopMq>aKTopon. orrepaTopon TIOJI5Iprnauuu nar,;:yy11a B .unyxTieTJieBOM 

IIpII6.JimKeHim II IIHTerpaJIOB TIO BIIpTyaJihHOMy IIMIIYJihCY B 6m.::c

.UIIarpal\IM(' IIOJIY'IPHhI BKJia.UhI Bcex, 3a IICKJIIOqeHIIeM nnyx, KJiaCCOB 

panuauIIoHHhIX TiorrpanoK. Heorrpe.ueJieHHhIMII ocTamrch rrorrpamm, 

COOTBPTCTDYIOIUIIe nnyxrreTJICBhIM 6m,;:c-nnarpaMMaM 3IIIWHaJihHOro 

II .uerwpuponaHHoro TIITIOB. .II1rn naHHoro Tipouecca rrpe.n:cTaBrrem1e 

n''ICHII5I, c y,reToM pa.n:naunoHHhIX rronpaBoK, B qiopMe ceqemrn npo

lJ('cca .Ilpemrn-5IHa IIMeeT MeCTO, '-ITO HaXOL(lITC5I B COOTBCTCTBIIII C 

TPOJWMOII O DhI,n:CJICHIIII MaCCOBhIX CIIHryrr5IpHOCTeI1. IIorry<-ICHhI aHa

.TIIITIPICCK!I(' Dhipa:iKCHII5I D ne.n:yrueM II CJie,n:yrorueM 3a ne.uyrunM Jiora

lHiqJMIPICCKOl\I rrpII6mrn,;:emrnx, IIpII'-ICM orrpe.n:eJieHHa5I 'IaCTh BKJiaL(OB, 

CD5I3aHHa5I c rrapaMeTpOM· o6pe3amrn TIO 3Hepnrn corrponmK.uaroruero 

1rnr1wro II3.TI}"-IPHH5I, paHee D JIIITepaType He rrpIIBOL(IIJiaCh. IIoKa3aHo 

rroJIHoe coKparuemre nenyrunx rrorapnq>MII'-!ecr-;:ux rrorrpaBoK ( 'ICTBep

Tofr CTCIICHII) DO DTOpOM TIOp5IL(Ke Teopmi BO3Myruemn1, a TaKiKe co

Kparuemre 'IaCTII DKJiaL(OB TpeThefr CTCTICHII, II IIOJIY'ICHO Tipenc1,;:a3a

HIIC L(JI5I qiopMhI TIOIIpamar, mrm.uaeMOII OT BKJia.n:a OCTaBIIIIIXC5I .n:nyx
IICTJICBhIX .n:uarpaMM <PeIIHMaHa. 

Co.n:ep2Kamre TI5ITOII rJiaBhI orry6muwnaHo n pa6oTe·[6]. B aHamr

TII'IeCKIIX pac'IeTax Tpex ITOCJICL(HIIX rrran IIHTCHCIIBHO IICITOJih3OBa
JiaCh Ta6mrua IIHTerpaJioB [7]. 

B 3aKJIIO"tJeHIIH no.n:po6Ho 06cy2K.n:a10Tc5I ocHoBHhie pe3yJih

TaThI pa6oThI II YITOMIIHaIOTC5I 3KCTiepnMeHTaJihHhle nporpaMMhl, IIC

Il0Jlh3YIOIUIIC (um1 B KOTOphlx B 6y.n:yrueM MoryT 6h!Th IICIIOJih30BaHhI) 
IIOJIY'-ICHHhIC TeopeTII'ICCKIIe npencKa3aHirn. 

OcHOBHhie pe3yJihTaThI .n;nccepTa:u;n11, BhlH0CHMhie 

Ha 3all.J;HTy: 

1. II pone.n:eH aHamn KDaHTODO3JICKTpo.n:1rnaMJI'-ICCIGIX pa.n:uaunoHHhIX 

rronpanoK K mup1rne qioHonoro Tipouecca, IIMIITnpyroruero pa.n:na1111-

0HHhIH 6e3HCIITpIIHHhIII pacrra.n:a MIOOHa, II ITOJI}"-ICHO HODOe 3Ha'ICHIIe 
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.UJUI pe3yJihTIIpy10ru:ei'r nonpaBKII. qlICJieHHhie ouemm npIIBO.U.SIT K 1a

KJII0'1eHIIIO Ba:iKHOCTII BhI'lIICJieHHOro BKJia.ua Hapa.uy C nonpaBKa:MII 
6orree BhICOKoro nop.H.UKa MaJIOCTII no MaJihIM napaMeTpaM 1a.ua'-rn, 

HO B HII3IIIeM npII6JIII:iKeHHII no KOHCTaHTe CB51'3II 3JieKTpoMarHIIT

HOro B3aIIMo.ueficTBII.H. KpoMe Toro, BhrnBJieHo oTcyTcTBIIe CBOIICTDa 

<paKTop1nyeMocrn 6opHOBCK011 CTPYKTYPhI n Be.uyru:nx rrorapn<pMH
t:J:ecKIIX DKJia,UOB B Bhipa:;KeHIUI ,UJI.H cet:J:eHJ:rn C yt:J:eTOM BhI'llICJieHHOII 

nonpaBKII. PacCMOTpeHIIe .uaHHOII 1a.uat:J:II 6hIJIO IIHIIUIIIIponaHO npe

:iK,Ue Bcero nrram1py10IUIIMIIC.H n PSI (illBe11uap1rn) n BNL (Coe.u1rneH
Hhie illTaThI) 3KCnepnMeHTaMII, r.ue 6y.ueT .UOCTiffHYTO cyru:ecTBeHHOe 
yrryt:J:IIIeHIIe TO"IHOCTII II3Mepemrn OTHOCIITeJihHOll Bepo.HTHOCTII npo

uecca pa.uIIaunoHHoro pacna.ua MIOOHa. 
2. Ilorryt:J:eHa rrnaHTOBO3JieKTpO,UIIHaMII'leCI(a5I O,UHOneTJieBa.H pa.uu

aunoHHa.H nonpamrn K cet:J:eHIIIO aHHIIrIIJI.HUIIII MIOOH-aHTIIMIOOHHOll 

naphl B xurrc-60'30H II lpOTOH C yt:J:eTOM Be.uyru:IIx rrorapII<pMIIt:J:e

CKIIX nonpaBOK BhICIIIIIX nop.H,UKOB nocpe.UCTBOM <popMamnMa CTpyK

TypHhIX <pyHKUIIII. IlpoBe.ueHHhie t:J:IICJieHHhie · oueHKII yr<a3hIBaIOT 

Ha Heo6XO,UIIMOCTh yt:J:eTa KBaHTODO3JieKTpO,UIIHaMII'leCKIIX nonpa

BOK B pacCMOTpCHHOIL 3HepreTIIt:J:eCKOH o6JiaCTII B6mnu nopora po

:iK,UeHII.H xnrrc-6030Ha, "ITO Ba:iKHO ,UJI.H ycneIIIHOro ocyru:eCTBJieHII.H 

3KCnepIIMeHTaJihHhlX nporpaMM, nJiaHIIpyeMhIX Ha 6y.uyIUIIX MIOOH

aHTIIMIOOHHhIX KOJIJia11.uepax II HanpanJieHHhIX, B 'lIICJie 3a,Uat:J: nepBoro 

npnopIITeTa, Ha DO3MO:iKHOe OTKphITIIe XIIrrc-6o30Ha II nocrre.uy10ru:ee 
II3yt:J:eHIIe ero CBOHCTD. 

3. B aHaJIIITIIt:J:ecKoi'r <popMe HaiI.ueHhI rrn.unpy10ru:ne II HeJIII,nnpy10-

IUIIe BKJia.UhI B cet:J:eHne KaJIII6poBOt:J:Horo npouecca pa.uIIaUIIOHHoro 

3JieKTpoH-nO3IITpOHHOro pacce.HHII.H C II3Jiyt:J:eHIIeM .uonoJIHIITeJihHOro 
:;r-.ecTKOro lpOTOHa B KIIHeMaTIIKe C KOHet:J:HhIMII t:J:aCTIIUaMII, JieT.Hru:IIMII 

Ha 6oJihIIIIIe yrrrhl. Ilp1it:J:eM BKrra.u crre.uyIOIUIIX 3a JIII.UIIPYIOIUIIMII 
crraraeMhlX paHee B JIIITepaType He npnBo.urmca. IloKa3aHo, "ITO npe.u

cTaBrremre cet:J:eHII.H .uaHHoro rrpouecca t:J:epe3 cTpyKTypHhle <pyHKUIIII 

He peaJIII3yeTC5I B CIIJIY npIICYTCTBII.H He<paKTOpII3yeMhlX BKJia,UOB B 

nonpaBKY B Be.uyru:eM rrorapn<pMII'leCKOM npn6JIII:iKeHIIII, T .e. TO'lHhlH 

aHaJIIITII'leCKIIH pact:J:eT Bhl.HBIIJI onpe.uerreHHoro po.ua HapyIIIeHIIe Te-
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ope.t-Ihl O <paKToprnaunn MaCCODhIX c1rnryrr.HpHOCTeH B cet:J:eHirnx B3aII

Mo.uefrcTDIIII 3.TICMCHTapHhIX t:J:aCTIIU npn DhICOKIIX 3Hepnrnx. Ilpo.ue
'.\IOHCTpIIpOBc:tHa Heo6xo.uir110cTh yt:J:eTa HeBe.uyru:nx rrorapn<pMIIt:J:ecrmx 

DKJia,UOD DO Il'I:OJ)01I nop.H,UKe Teopmr BO31\ryru:emrfI .UJI.H .UOCTII:iKemrn 

Hco6xo.um,rnfr TO'IHOCTII TeopeTnt:J:ecKnx npe.uc:r-:a3aHni'r. Eorree Toro, 

npIIDC,UCHHhH' 'IIIC.TICHHhie oueHKII Herrorapn<pMIIt:J:ecr..:011: nonpaBKII B 

C'paDHCHIIII C Jiorapntpl\III'ICCKOII yKa3hIBaIOT Ha He06XO.UIIMOCTh yt:J:eTa 
II('J)DhIX D onpPll('JR'HHhIX 06.TiaCT.HX <pa30Boro npocTpaHCTBa. 

4. B n:nnnpyK>ru:cM n cJienyK>ru:eM 1a mrnnpy10ru:nM .rrorapn<pMIIt:J:e
cKo:r,1 npn6mI:iKPHII5IX nO.TIJ'-ICHhI mrna,Uhl DToporo nop.H,UKa Teopmr BO3-

Myru:cHIIII n ce•IPHIIe npouecca pannaunoHHoro Ea6a pacceamrn n KOJI

mrneapHOII KIIHCMaTim:c ( C II3JIYt:J:emreM :iKeCTKoro lpOTOHa Ha Ma.Tihle 

yr.TihI). C nOMOll:hIO MC_Tona pa36IIeHII5I <pa30Boro 06ne1rn Ha KOJI
mmeapHyIO n IIOJIYKO.TI.TIIIHeapHyIO KHHeMaTWICCKIIC o6JiaCTII noJiy

'ICHhI mrna,Uhl D nenyru:eM II C.TIC.UyIOru:eM 3a ne.uyru:IIM .TiorapII<pMII'le

CKIIX npn6.TIH:iKL'HII5IX D DhIIIICyKa3aHHOII· KIIHeMaTiui::e, 06ecnet:J:IIDaIO
ru:ef1 OCHODHYIO nonpam,;:y K CC'-ICHIIIO. Ilpe.ucTaBJieHHOC Dh!pa)KCHIIe 

,U.TI.H .UII<p<pepcHuua.TihHOro CC'-IeHirn C y'-IeTOM nonpaBOK, CB5I3c:lHHhIX 

C II3.TIY'-ICHIICM BIIpTya.TihHOro II M.HrKoro pea.TihHoro lpOTOHOD, no3DO

.TI5ICT cne.TiaTh DhIBO.U O DhIIIOnHeHirn TeopeMhl O <paKTop1nau1m JIIIIIIh D 
onpeneJieHHOII CTeneHII, T.K. O:iKII.UaeMa.H <popMa CTpyKTypHOII <pymi::

UIIII He COOTDCTCTDyeT <paKTII'IeCKII paCC'lIITaHHOII. TaKIIM o6pa30M, 

TaIDKe KaK n n cnyt:J:ae npouecca c pacce.HHII.HM ncex t:J:aCTIIU Ha 60.Tih
IIIIIe yrJihI, Dhl.HD.TieHo onpeneneHHOe pacxmK,UCHIIe Me)I,;:.uy CTPYKTypof1 

pannaunoHHOII nonpaBKII, paCC'-IIITaHHOII TO'IHO, II nonpaBKII, nony
'IeHHOII MCTO,UOM CTpyKTypHhIX <pyHKUIIII. 

5. B paMKax cIIcTeMaTII'-Iecr,;:oro aHamna mrnanon pannaunoHHhlX no
npanoK n npouecc ynpyroro 3JieKTpoH-no3nTpOHHoro pacceamrn Ha 

6onhIIIIIe yr.TihI BnepDhie norryt:J:eHhI aHaJIIITII'-IeCKIIe Bhipa)I\'.eHirn .una 
HeKOTOphIX mrna.uon D .UII<p<pepeHunaJihHOC CC'-IeHIIe D .UByxneTJICDOM 
npn6nII)KeHIIII. IlpoaHaJIII3IIpoBaHhI DCCDO3MO)I\'.Hhie mrnanhl DO DTO

poM nop.H,UKe Teoprrn DO3Myru:eHIIH 3a IICKJIIO"ICHIIeM .unyxneTJIC'DhlX 
601,;:c-rpa<pon TaK Ha3hlDaeMoro nermpnpoBaHHoro u 3IIKOHaJihHoro TII

noB. Ilor<a3aHo cOKparu:em1e Bcex mma.uoB, conep2Karu:nx Be.uyru:ne rro-
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rapnq>Mhl B 'IeTBepTOII CTenemI, a TaK~Ke 'IaCTII'-IHOe COKpamemie .TIO

rapIIqJMOB TpeThei'i cTenemi. B1ma,n:h1, co.n:ep:11:..:amue BMecTe c 60.Tih
IIIIIM JiorapIIq>MOM napaMeTp, COOTBeTCTBYIOlll:IIII nopory pa3peIIIe

HIHI no 3Heprrm perucTpupyeMhIX 'IaCTIIU, paHee B mITepaType He 

np1rno.n:nm1ch. IloJiy'IeHa qiopMa nonpamrn, m1nmaeMa5I OT mma.n:a 
OCTaJibHhIX .n:nyxneTJieBbIX .n:uarpaMM <Pen:HMaHa. PacC'IIITaHHhIC IIO

npaBKII nToporo nop5I,n:Ka K Ea6a-pacce5IHIIIO II03BOJI5IT ( onocpe.n:o

BaHo) YMCHhIIllITh OIIIII6Ky II3MepeHII5I 6oJihIIIIIHCTBa II3BJieirneMhlX H3 

OilhITa 4JII3II'Iec1mx napaMeTpOB 'Iepe3 npeUII3IIOHHhIC II3Mepemrn cne

TIIMOCTII KOJIJian:.n:epHbIX ycTaHOBOK. 
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