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0ayqeHHe npoQeCCOB CHJII>Horo B38HMO'AeficTBHH qaCTHQ npH 

BllCOKHX aHeprHHX npe'ACT8BJIHeT coooit o;ziHy 1,13 QeHTpaJII>HblX 

npoOJieM qmaHKH aJieMeHT8PHhlX Q8CTHU cerO'AHHlllHero 'AHH. 

TeopeTHlleCKHti qJJH'A8MeHT 'AJIH 11HTepnpeT8IlHH Ha0JIIO'A8l0ll\HXCH 

38KOHOMepHOCTett npoueccoB CUJII>Horo B38UMO'AeticTBHH COCTaBJIHDT 

OOntHe npHHUHilll KBaHTOBOR TeOpHH IlOJISI H JJ;OKaaaHHhle Ha nx 

OCHOBe 'AHCnepcnoHHHe COOTHOllieHHH 'AJIH 8MilJIHTY'A pacceHHUH. 

Oco6eHHO IlJIO'AOTBOPHYIO pon:c np1 11ayqemrn B38UMO'AeiicTBHH 

Q8CTHQ BblCOKHX aHepr11« nrpaeT BBe'AeHiwe B OCHOBOilOJIBra10m11x . 

paOOT8X R.H. EoroJIIOQOB8 no Teop1111 'Al1CnepcnoHHHX COOTHOWeHHH/I/ 

npe'ACT8BJieH11e 06 8MllJil1TJ'Ae pacceHHUH KaK e'AHHOH aHaJIHTHQeCKOtt 

qiyHKQHH cnoHX nepeMeHHhlX ( aHeprnn, nepeJJ;.at1H nMnyn:cca, Mace). 

MMeHHO 8T8 KOHQ0IlQHH, Bllpa~a10maH B8~Hoe Tpe6oBaHne . 

B38HMOCBH3H Me~'AY paaJIHllHhlMl1 qJH3HQ0CKHMH npoueccaMH, HBJIHeTCH 

KpaeyroJII>HllM K8MHeM 6OJII>llll1HCTBa 113 paaBl1B8IOIJIHXCH B H8CTOH1J1ee 

BpeMH TeopeTHQeCKHX 11 ql0HOM0HOJIOr11qecK11X IlO'AXO'AO~ K on11ca~1110 

CHJII>HllX B38HMO'A0tiCTBHH np11 BhlCOKHX 8Hepr11Hx. Ha1160JII>lllee paa

BHTUe 3'AeCI> IlOJIYQHJIH CJie'AyIOIJ\He IlO'AXO'All: JJ;HcnepCHOHHlle COOT

HomeHHH 11 'AHCnepcHOHH!le npaBUJI8 cyMM, 8CH~llTOTl1QeCKHH IlO'AXO'A, 

qieHOMeHOJIOrnt1ecK11e pe'A~eBCKHti 11 8HKOH8JII>Hblit IlO'AXO'Ahl, KB83HilO

TeHQl18JII,HllH IlO'AXO'A 11 'AP•/Z/. 

HacTOHll\8H 'AHCcepTaQHH IlOCBHIJ\eHa 'A8JII>Hei!lileMy paaBHTHIO 

KB83HilOTeHQl18JII>Horo MeTO'Aa B KB8HTOBOH Teop1111 IlOJIH H np11MeHe~ 

HHIO 8Toro MeTO'A8 K Teop1111 CHJII>HHX B3811MO'AeficTBHH npw BllCOKHX 

aHepr1,rnx. 
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KB83HilOTeHU118JII,Hblll MeTOl{, npe,n;JiollteHHblll HeCKOJI!,KO JieT 

H838l{ A.A• JloryHOBbll! 11 A.H. TaBXeJil1l{3e/3/, OilllpaeTCH Ha qJ8KT 

cyll(eCTBOB8Hl1H TOlIHblX TpexMepHblX KB8311IIOTeHU118JII,HblX ypaBHeH1di, 

OilllCblB8l011(11X Cl1CTeMy l{BYX B3811MO,n;ettCTBYJOll(llX qacT11U B KB8HTOBOil 

Teop1111 IlOJIH C IlOMOll(I,JO Ol{HOBpeMeHHOtt BOJIHOBOU <l>YHKU1111. KaK 

113BeCTHO,B paMK8X KB8311IlOTeHUH8JI!,HOro no,n;xo,n;a noJiyq11Jia pa3pe

rnett11e Ol{Ha 113 np11HU11Il118JII,Hb1X Tpy,n;HOCTett MHOrOBpeMeHHOro KO

BapMaHTHoro qiopM8Jll13Ma EeTe-COJIIll1Tepa np11 IlOCT8HOBKe npo6-

JieMbl l{BYX TeJI, CBH38HH8H C OTCYTCTBHeM nocJiel{OBaTeJibHOtt 

qi113~qecKoll l1HTepnpeTau1111 nepeMBHHon OTHOCl1TeJibHOro BpeMeHH 

l{EyX qacTMU. 

Bb!BOl{ Tpe:X11epHHX KB83MilOTeHU118JlbHWC ypaBHeH11ll OCHOBbl

BaeTCH Jil1ill!, Ha O611(11X CEOllCTBaX l{BYXBpeMeHHblX <l>YHKU11ll I'p11Ha 

Cl1CTeMbl ll8CT11U B KB8HTOI3Oll Teop1111 IlOJIH. MCKJIJ0qea11e 11 Heqi11311qec-1 

Koll" nepeMeHHOll OTHOCl1TCJI!,~Oro BpeMeHH qac~MU B KB83MilOTeH

U118JI!,HOM no.n::i::o.n:e Ilp11BOl{MT K IlOHBJieHMIO HeJIOK8JII,HOCTM, KOM

nJieKCHOCTl1 11 saepreT11tieCKOH 38BMCMMOCTl1 KB8311IlOTeHU118Jia, 

ooycJIOBJieHHblX peJIHTl1Bl1CTCKMMM 3cpq>eKT8Ml1 38Il83l{blB8HMfl 11 Ha

JIMtil1eM Heynpyr11x KaHaJIOB B? B38MMO,n;ettcTBl111 l{ByX qacTHU. 

Balltttyro 11ttqiopMau11ro o cTpyKType ,n;ByxtiacT11tIHoro KBa311noTeH

u11aJia y,n;aeTCH 113BJietII, 113 aHaJil1T11tieCK11X CBOHCTB 8MilJil1TYl{b1 pac

ceirnMH. B pa6oTax13 , 4/ OblJIO IlOK838HO, B ll8CTHOCTl1, K8K,110-

IlOJII,3YH ,n;11cnepc11OHHble COOTHOllieHl1H no nepe,n;aqe 11MilYJI1Ca, MOlltHO 

IlOCTPOl1TI, JIOK8JII,HblH KB83MilOTeHU118JI, BOCilpO113BOl{Hll(l1H Ha Macco

BOll IlOBepXHOCTl1 8MilJIMTy,n;y pacceHHMH l{BYX ll8CT11U B BHl{e PHl{a 

Teop1111 BO3Myll(eHl1H. KB8311IlOTeHU118Jl!,HOe ypaBHeH11e C IlOCTpoeHHblM 

4 

T8Kl1M o6p83OM JIOK8JI!,ijl,IM KB8311IlOTeHU118JIOM ,n;aeT acpq>eKT11BHblH 

MeTOl{ cyMMl1POB8Hl1H ,n;11arpaMM Teop11M B03Myll(eH11ll/5 , 6/, IlO3BO

JIHJOIJ(l1l1, B np11au11ne, 11CCJiel{OB8TI, :rnepreT11tiecK11ll cneKTP CBH38H

HblX 11 pe30HaHCHblX COCTOHH11ll l{ByX qacT11ul7 /. 

B TO llte-BpeMH Bee IlOilblTKl1 BblXOl{8 38 paMKl1 38l{8ll11 l{BYX 

TeJI B paMK8X KB8311IlOTeHUl18JII,HOro ·no,n;xo,n;a, Hanp11Mep, np11 

nocTpoea1111 Beprn11HHblX q>yHKU11ll TOKOB cocTaBHHX tiaCTHU 11 cBH

aattttwc COCTOHHHll, Oill1CblB810ll(l1X B3811MOl{ellcTBl1fl MHoroqacT11qHHX 

Cl1CTeM C BHelliHl1Ml1 IlOJIHMH 11 ,n;pyr11M11 qaCT11U8Ml1, CT8JIKl1B8JOTCH 

c npMHU11Il118JII,HOH npo6JieMoll peJIHTl1Bl1CTCKM-KOBap11aHTHoro O6O6-

ll(eHHH KB8311IlOTeHU118JlbHblX ypaBHeHHM l{JIH Ol{HOBpeMeHHblX BOJIHO

BliX <l>YHKUHM. 

PerneH11e 8TOll npo6JICMbl OblJIO l{8HO B pa6oTaxl8-II/. Ilo,n;

xo,n;, P83Bl1B88MblH B H8CTOHIJ(ell ,n;11ccep~au11n, OCHOB8H Ha 0606-

ll(eHMM Ol{HOBpeMeHHoro OIll1C8Hl1H B KB8HTOBOH Teop1111 IlOJIH 11 

IlO3BOJIHeT CTPOl1TI, peJIHTl1Bl1CTCKl1-KOB8Pl18HTHble KB8311IlOTeHU118JII,• 

Hble ypaBHeHl1H l{JIH Cl1CTeM B3811Mo,n;eilCTBYIOl1(11X 'tl8CT11U C npo11a

BOJII,Hb1Ml1 M8CC8Ml1 11 Cill1H8Ml1. 

IlepBaH 11HB8p118HTH8H qJOPMYJIMPOBKa KB8311IlOTeHU118JII,HOro 

YP8BHeHHH, 11CilOJib3YJOl1(8H npocTp8HCTBO JlooaqeBCKoro B Ka'tleCT

Be npocTp8HCTB8 OTHOCl1TeJibHblX 11MilYJibCOB 'tl8CTHU, OblJia l{8H8 

·B pa6oTel12/. 

PeJIHT11Bl1CTCKH-KOB8Pl18HTHble KB8311IlOTeHUM8JI!,Hble ypaBHe

HMH 11 aa~aqa IlOCTpoeHMH BeplliHHHblX <l>YHKUHit TOKOB CBH88HHblX 

qacTHU B ~B8HTOBOll 3JieKTPOl{MH8MMKe 11CCJie.n;oB8Jll1C!, ~ paooTe/~3/ 

B padOTe /I4/113yqaJIHCI, peJIHTHBl1CTCKl1-
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-KOB8PJII8HTHble ypaBH8HJIIH KB83JIIITOT8HUJII8JII,HOro TJIIITa C AOITOJI

HJIIT8JII,Hh!MJII ycJIOBIIIHMJII MapKOBa-KlKaB&15 •16( o6JI8A8!01QJII8 CBOil

CTBOM noKaJII,HOCTJII JII YAOBJI8TBOPH!OIQJ118. YCJIOBJII!O yHJIITapHOCTJII~ 

HOBhlti KOB8PJII8HTHl1H Bh!BOA KB83UITOTBHUJII8JII,HOro ypaBH8HJIIH AJIH 

OAHOBpeMeHHOti BOJIHOBOil <.PYHKUJIIJII ABYX lI8CTUU OblJI A8H B H8A8B

Heti pa6oTel17/. HaytieHHble B AJIICCepTaUHJII ypaBH8HUH COCT8B

JIH!OT OCHOBY AJIH pa3BJIITUH KB83HITOT8HUJII8JII,HOll Teop.11.11 pacceHHHfl 

tiaCTHU BhlCOKHX SHepr.11ll. B03HHK8!01Q8H npu STOM 38A8lI8 ITOCTpoe

HHH JIOK8JII,HOro KB83JIIITOT8HU~18JI8 ABYX CHJII,HOB38JIIMOA8HCTBYIOIQUX 

tiaCT"U 11P8ACT8BJifl8T co6otl. OAHY .113 !J!YHA8M8HT8JII,Hb!X rrpoOJieM 

KB8HTOBOtl. Teop.11u ITOJIH. 

B OTJIUtIHe OT Teop.11.11 co CJia6otl. CBH3I,IO, rAe cymecTByeT 

peryJIHpHhlll M8TOA rrocTpoeHHH JIOK8JII,HOro KB83HITOT8HUU8JI8 C 

110M0Il(l,IO Teopu.11 B03MYIQBHUtl., B CJiytiae CHJII,Hh!X B38JIIMOA8tl.CTBUll 

rrpuXOAUTCfl HCITQJII,30B8TI, orrpeAeJieHHyIO SMl1HPUlI8CKyIO HH!J!OPM8UJIIIO 

0 rrpoueccax ABYXlI8CTUlIHOrO pacceHHHH B paMK8X 06Il(JIIX orpaHH

tI8HHtl., HaJiaraeMh!X ycJIOBUflMH. aHaJIHTUtIHOCTU U yHUTapHOCTU. 

BeAYll\YlO POJII, 3ABCI, MOlK8T curpaTI, UA8fl rJI8AKOCTH, Bl1ABH

HYT8H B pa6oTe/18/ H 1103BOJIUBill8fl A8TI, KatieCTB8HHOe o6~HCHe- . 

HHe ueJiouy PHAY Ha6nIOA88MhlX aaKoHoMepHocTeti rrpoueccoB B3811IMO

. Aei1cTBHH tiaCTIIIU rrp.11 Bh!COKIIIX aHepnmxl 19- 21/. 

AH8JIH3 rllll10T8311 rJiaAK· GTH Ha OCHOBe YCJIOBHH YHHT8PHOCTH 

AJIH 8MITJIJIITYAbl ABYXtI8CTJIItIHOro pacceHHHH 6!1JI A8H B p~6oTel22/. 

B H8CTOHil(etl. AHccepT8UJIIl1 COA8PlKHTCfl 11011h!TK8 TeopeTHtieCKOtl. JIIH

TepnpeTaUJIIJII JII o60CHOB8HUH CBOtl.CTBa rJI8AKOCTJII JIOK8JII,HOro KB83JII

ITOT8HUJII8JI8 C pa3JIHlIHl1X TOlI8K speHJIIfl, T8KJIIX,K8K npHHUJIIIl 8BTO-
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MOA8JII,HOCTJII/23 •24{ MeTOA KorepeHTHblX COCTOHHJIIti/25 ,26/ 

H npJ116JIUlK8HJ1Ie rrpHMOJIHHetl.HblX rryTell B paMKax M0TOAOB !J!YHKUJIIO

H8JII,HOro JIIHTerpJ1IpOB8HUH B KB8HTOBOtl Teoplfri ITOJIH/27- 29/. 

·J{J1IccepTaUJ1IH COCTOHT JII3 BBBASHJIIH, Tpex P83A0JIOB ( Ce.MJII 

rJiaB) JII 38KJI!OtI0HJIIH • .l{JIH y:zioCiCTBa tITemrn K8lK):lblti JII3 CBH38HHb!X . . 
M0lK:zlY co6oJO P83):!8JIOB CH86JK0H OT):!BJII,HblM BB0A0HJII0M H OJIIOmw-

rpaqmeil. 

IlepB11tt paaAeJI :zi.11ccepTaUJ1IJ11 ( rJiaBbl I III 2) nocBHil(eH pe

JIHTJ1IBHCTCKH-KoBapJ1IaHTHOMy 06001Q0HJIIIO KB83JIIITOT0HUJII8JII,Hh!X ypaB

H0HHtt AJIH lI8CTJIIU C pa3JIHlIHb!MU CITUH8MJII 11 M8CC8MU, a TaKli!e 

npoOJieMe 110CTP00HJIIH AHH8MHlI0CKJIIX MOM0HTOB JIOK8JII,Hb!X TOKOB 

COCT8BHb!X lI8CTJIIU H CBH38HHb!X COCTOHHl!H • 

Pa3BJIIB80Mb!H H8MH ITOAXO):l Bnepm,ie Cih!Jl H3JIOlK0H B pa6oTe/.IO; 

11 Bec1>Ma 6JIH30K MeTo:ziy, 11crroJI1>syeM0My B pa6oTa;/13/ .IIJIH 

cnytiaH CJI860CBH38HHb!X CUCT0M lI8CTJIIU B KB8HTOBOA 3JI0KTP0.11JIIHa

MJIIKe. IloHCHJIIM OCHOBHYIO H,110!0 peJIHTHBJIICTCKJII-KOBapuaHTHOro 

06061QeHHH KB83HITOT0HUH8JII,HOro ypaBH0HUH Ha npocTeArueM npttMepe 

ABYX 6eccnHHOBb!X lI8CTJIIU. 

B TP8:z!HUHOHHOM lI0TblpeXMepHOM MHOrOBpeMel!HOM q>opM8JIH3M0 

CHcTeua ,11Byx tiaCT11U onttcuBaerc.H a11n1mry,n:on Eere-CoJimITepa 

Xp ( i) , r:zie P= ~ t !;z - rroJIHhli1 H 'f_ =j {;;-fi) - OTHOCHTSJil>Hhlll 

11MITYJil>Cbl lI8CTl1U. TPYAHOCTH, npttcymue STOMy 110):!XOAY,XOporno 

JII3B0CTHb!. 0TM8THM 3):!0CI, cneuuaJII,HO TO o6CTOHT0JII,CTBO, lITO 

onucaHJIIe BHYTPSHHero ):!BJIIlK0HIIH B CJIICT0M0 lI8CTUU C ITOMOil\l>IO 

nepe11eHHOH f )' He flBJIH0TCH OAH03H8tIHb!M. 
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Jllo6aR no;ncTaHOBKa BH;na: 

ft- ..., tf;<
1 
= iJI + :J · f;u, (I) 

tte 1rn1.1ettmomaR KoMuyTau110ttHhlX cooTttomeHHti ['l;u, Xy] = ?J/v• r;ne 
, I 

Xv= {x,-x.2)v , npm:o;n~iT K nepeMeHHoh ~ , n paBHotl Mepe npe-

TeH;nyrometi Ha OTIHCBHHe BHyTpeHnero 'l1.BHE8HHH B CHCTeMe ;nnyx 

qacTnu/301. 
0;nH03H8'1HOe peJiflTHBHCTCIH1-KOBapl18HTHOe onncattne BHyT

peuttero 'l1.DHE8HHH B CHCTeMe 'l1.BYX qacTHU MOEeT ~hlTLocymecTBJie

' HO C IIOl.!Ofi1LIO nepeMCl!l!OH ~, onpe.zteJieHHOH COOTHOlll8Hl1HMH 

p· 
<t. = c/, .!2! ,/- 1111 
'1' vP2 / .: p 2. > 0 (2a) 

?.11 =0 (26) 

H OCT8!0ll18HCH HHBapHaHTHOH npH TIO,ltCT8HOBKaX (I)*). 
0CHOBH8H H;nen pa3BHB88MOro H8MH TIO,ItXo;na COCTOHT B 

onpe;neJiemm peJIHTllllHCTCIWH BOJIIIOBOll qiyHKUHH Cl1CT8Mhl '18CTHU C 

npOH3BOJILllhlM IlOJillhlM 1.WMCHTOM p C. TIOMOfi1LIO COOTHO!ll8Hl1H 

oO 

lfp (t) = jdo1. Yp (CK·Jz + 7i) 
-oo 

(3) 

B c.u.u. BOJIHOB8H iPYHKUI1fl ?!::-, onpe;neJineTCH TpexMepHhIM 
P=O. 

qiypLe-o6pa30M O,ItHOBpeMeHHOA aMITJIHTY'l1.hl EcTe-COJIIIHTepa, rrpntJeM 
➔ ' 

B 3TOll CHCTeMe 1fo = () , 7[ - conna;naeT C npocTpaHCTBel!HhlM 

x)YCJIOBHH THI!a (26) HCITOJIL30B8JlHCL B paHHHX Teopl1fiX COCT8B

Hh!X tJacTHU M.A. MapKOBhlM 11 II. 10Kanoi1, BB11;ny 'l!ero Mhl Ciy;neM _ 

Ha3hJB8TL Bem1qllHhl 'Ji H 7T; - nepeMeHHh!Ml1 MapKOEa-lOKaBhlo 

8, 

I 
l 

~ 

) 

OTHOCHTeJILHhlM HMTIYJILCOM .ztBYX 'l!aCTHU. TaKHM o6pa30M, Bhlpa

xeHHC (3) ;naeT peJIHTHBHCTCKH-KOB8PH8HTHOe oooomenHe o;nHOBpe-. 
M6HHOll BOJIHOBOtl 4JYHKUHH CHCT8MU '11.BYX B38HMO,It8HCTBYJ0ll1HX 

qacTMU B KB8HTOBOH TeopHH IlOJIH. 

Ha OCHOBaKHH a,on H,J;8H B ~HccepTaUHH noxa3h!BaeT-

CH' l!TO CHCTeMa ABYX 6eccnHHOBhlX '18CTMU C Maccatm m, H 1'1,2 

MOXeT OhlTL OITMC8H8 peJIHTHBHCTCKH-KOB8PM8HTHhlM KB88MilOT8H

UH8JILHhlM ypaBHeHHeM BH,Ita 

[P!: {t<J1+w,_)e}¼p (11) = t<J,+-"'.t.j-v,; 6;1Tj ?1/,{7:} {tf,rV,., 
..241~2. ,, (4) 

r;ne {Jt)p: o/q./{/;f) - 1-IHBapHaHTHhlii TpexMepHhlit aneMeHT 

OO:beMaj w; = 'f»,,l-71~ • KB88HilOT8HUMaJI Yp 6, r;,J ' JIBJIJIIJl!!HilCII 

HHTerpaJILHhlM onepaTopoM B npocTpancTne P7r =R-,': () , onpe.zte

JIHeTCH qepe3 KOB8PH8HTHYJO ";nByxBp8M8HHYJ0 11 qJYHKUHD I'pHH8 

'/1.BYX 'll8CTHU: 
-0 

§;6,:n)= fl./l~ t?p Cftt-1i'✓·"/.1-1i) (5) 
-o0 

COOTHOIIleHH8M 

V== ~2· f' -{ 

-I r,.-1} 
~ ' (6) 

,..,,,-/ 
BenHl!HHa C -ecTL onepaTop o6paTHoii qiyHKUHH I'pHHa, T.e. 

f ~{,/-,*). [4 {11/Ti) (tl11')1> = Ip (rrL7!), (7) 

r'JJ.e 
00 

Op ("If)= })o1, /'{ot,t-1a) 
_.,., 

(8) 
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. ecn, HHBap11aHTHaJ1 J' - qiyHKUirn. 06061I1emrn aToro no,nxo,na 

Ha cnyqafi CilHHOBblX qacTHU BCTpeqaeTCJ1 C Pl1,llOM ,nononHHTenh

HblX npo6neu. KopeHh B08HHKaIDII1HX 3,nech TPY.llHOCTefi CBJ13aH 

C npHCYTCTBHeM TaK Ha3blB88M~ 11 H3RHll!HHX11 nepeueHHHX npH 

KOBapHaHTHOM omrnaHHH CilHHOBblX qacTI-IIl. tJacTHblM npol1BR8HHeM • 
3THX Tpy,nHOCTefi J1Bnl18TCJ1 OTCYTCTBHC onepaTopa o6paTHOfi qiyHK-. __ , 
UHH rpHHa ,nByx CBOClO,llHHX CilHHOBHX qacTHil (? O , onpe,neneH

Horo Ha npocTpaHCTBe Bcex cnHHopoB BToporo paHra13I/. 

I 

rnaBHaH 11,ne11 pasBHBaeuoro B ,nnccepTaUHH MeTo,na saKnID

qaeTcfl B Heo6XO,llHMOCTH nepexo,na npH onpe,neneHHH O,llHOBpeMeH

HOfi cl>YHKUHH JI.BYX CilllHOBblX Q8CTHU K 6onee Y3KOMY IlOJI.IIPOCTP8HCT-

BY CilHHOPOB, HMeIDII1eMy CTPYKTYPY npocTp8HCTB8 8CHMilTOTHqec

KHX COCTOJ1HHfi B COOTBeTCTByJOII1efi 38,naqe O pacceJ1HHH. IlpH 

3TOM,B OTnHqne OT pa60T/I3, 3r/,Mbl coxpaHHeM CHMMeTpmo OTHO

CHTenhHO saMeHH sHaKa nonHofi aHeprRR qacTHU £ ➔ -E , qTo 

Il03BOnHeT ]I.8Th OJI.HOBpeMeHHOe OilHC8HHe CHCTeMJ,I JI.BYX CilHIIOBblX 

qacTHU, COBM8CTHMOe C Tpe6oBaHHeM penHTHBHCTCKOtt KOB8PH8HT

HOCTH OTHOCHTenhHO IlORHOfi rpynnbl ]opeHua. CBJ13D penHTl-1.BHCT

CKOfi BORHOBOfi ¢YHKilHH ,llByx qacTHU co CilHHOM I/2 C aunnHTy

]I.Ofi EeTe-CoRnHTepa onpe,neRHeTcH Bblpa~eHHeu: 
oO 

?Ip {7i) = I/ P • Tp {1r) · po< 'Yp r«# t-n), 
r,ne - oO 

/". (,}. ) ,,: (1,).) 
't::)-l'M,+&J,+'i'•1i (.'M,2.+cv~-')'.71 . 
lpl1i - , 

Y-2tJ;{h1,+w,) . Vo24J.i{*:i. +-a1a..) 

(9) 

(IO) 

-KoBapHaHTHoe 06061I1eHne npeo6pasoBaHHH ~on,nn-BoTxayseHa 

]I.RH JI.BYX QaCTHU, 

IJ 

' J 

) 

,1 / [ /: /,) ) /. (z.) I 7 
np =2 · lrc1·J1 ·cY- 11)J; 

p 
'h- --v;;;. (II) 

(+) 
npoeKUHOHHHfi onepaTop Ha npocTpaHCTBO CilHHOPOB ~p BToporo 

paHra, y,noBReTBOPHDilll-1.X ycROBHJO 

(, ('~) ¥p = {~,(~JP) tip . 
(I2) 

B ]I.HCCepTaUHH Hafi,neHO peRflTHBHCTCKH-KOBapnaHTHOe KBa3HilO

TeHUHanhHOe ypaBHCHHe, KOTopouy YJI.OBRCTBOpHeT BORHOB8H 

cl>YHKUHJ1 .llBYX CilHHOBblX qacTHU (9): 

[ ri· > J r; -f+ . )' · P- t,0, -w 2. ¥p {71) _= J Vp (7T, n.J ¥p {7,) {..t77)P 
(I3) 

~/2i H 

OnepaTop KBa3HilOTeHUHaRa y onpe,neRHCTCH Bblpa~eHHeM 

THna .(6) , B KOTOPOM BCC BeRHQHHbl 38JI.8Hbl Ha no,nnpocTpaHCTBe 

CilHHOPOB l/,,
1
/+) • 

.UaRee B JI.HCcepTau,rn pacCM8TPHB8RlTCH penJ1THBHCTKO-KOB8PH8HT

H11e KB83HilOTCHilH8RhHble ypaBHCHHJ1 JI.RH 8MilRHTYJI.b1 pacceHHHH 

Tp {-,'; 11) • IlOK838HO, qTo Ha 11 M8CCOBOfi 11 IlOBCPXHOCTH, r.ne 

s = f> 2 ::::·(1111,2..-7!2.+("'12,~712-) 2.. 

f={1f~7i)'l.: 
(I4) 

'l. I 2. '1r='!i, 

BCRHqHHa Tp 6,/ 1i) COBIIa,llaeT C (_p}l3HQCCKOil aMnnHTYJI.OH pacceJ1-

HHH T(s, t) 11 y,nonneTnopHeT ycJIOBHID yH11TapHocT11. 

II 



B saKJinqeHHH nepBott rJiaBli ,l\aeTCH o6o6mettHe onncaHHoro 

no,l\XO,l\a Ha cny1rnn cucTeM N - qacTHU c npoHaBon1,mum 

uaccaun 11 cmrnaMn. 

Bo BTOpon rJiaBe 11syqaeTcH npo6JieMa IlOCTpoeHHH JIOKaJII>HWC 

TOKOB COCT8BHWC Q8CTHU H CBH88HHliX COCTOHHHfi B KB8HTOBOfi 

Teop.1rn noJIH. B ocHoBe paamrnaeuoro a,l\ec1, no,l(XO,l\a Jielltl1T 

npe,l\CT8BJieH11e BepmHHHWC <l>YHKUHll TOKOB CBfl88HHliX COCTOflHHfi 

.l\BYX qacTHU B CJie,l\yiomeM BH,l\e: 

.· (P,f JJ (P) / P,« > = fa,11tJp1 ~tr)p· ~,(,i) &:ii~l;7i) ~(IS) 
,1 ; 

r,l\e ll-,. ,J {!i)- peJIHTHBHCTCK8fl BOJIHOBafl q>yHKUHfl .l\BYX qacTHU 
'"" ,..._, 

c IlOJIHliM MOMeHTOM p 11 Ha6opoM KBBHTOBli~ QHCeJI ~, fo3jJe,J 
Bepm11uttun onepaTop. ITocTpoeu11e Bepm11uuo~o onepaTopa 

B o6meM cJiy1rne npe,l\cTaBJrne'T co6ott Bec1,ua CJIOlltHYJO aa,l\aqy. 

B ,l\HCcepT81\HH paapa6OT8H MeTO,l\ IlOCTpoeHHfl ,l\HH8MHQeCKHX 

MOMeHTOB TOKOB CHCTeMli .l\BYX qacTHU. 0CHOBH8fl H,l(efl MeTO,l\a 

38KJIJOqaeTCfl B qJOPMYJIHPOBKe KB83HilOTeHUH8Jll,HOro ypaBHeHHH, 

OilllCliBBJOmero ,l\Be qacTHUli ~ npHCYTCTBHH CJia6oMeHHJOmHXCH 

BHemuHx noJiett. 

B JIHHettuoM np:116m1:1KeHHH no· BHemtteuy noJIJO A {x)= tic +-'fa)fk-1: •• 
' ,l\JIH C.l\BHra ::rneprirn cucTeMH .l\BYX qacTHl\ noJiyqetto Bupalltemrn 

d'~ = ]i{G', k)A{/!..)dll, (I6) 

r,l\e 

12 

~ 

• ('i ,A -. 

:JJ, 1t.J ~/ J ¢rttJ r~ i?t: 1:.J lf«J ~r' ..or' 
.(I7) 

- 6CTI, npOH3BO,l\HmaH <l>YHKUHH ,l\HH8MHQeCKHX MOMeHTOB. BeJIH-,.._ 
QHHa ,~"{/{;; k.) onpe,l\eJIHeTcH qepea qiyHKUHID rp11Ha .l\BYX qac-

THU Blipallt6HHeM 

_, ,,,,--....._. 

,'"\; o21 ·? cf~ rre, t/1~· K) = 1 . $ AtlJ. 
-11 

c/4:o (I8) 

8,l\ec1, onepaUHH ,,......, o6oauaqaeT nepeXO.l\ K .l\BYXBpeMeHHOMY 

onncaHHJO B CHCTeMe EpettTa: 

P+-P I /' -) 
o;P= - = l r;' 0 ' 

' .)_. (I9) 

I 
r,l\e P 11 P - . IlOJIHlie MOMeHTli CHCTeMli qacTHU B H8Q8JII,

/ 

HOM H KouequoM cocTORHHHX; k == P- P • :D.Huau.11qecK.11e MOMeHTE 

TOKOB onpe,l(eJIHJOTCfl Bal)lHllUUIMH IlOJIHOil: SHepr.11.11 CHCTeMbl Q8CTHU 

no napaMeTpaM Bttemttero noJIH. 

IlpHBe,l(eM B K8QeCTBe np.11Mepa Bb!palKeHHe ,l\Jlfl 8KCH8JlI,HOfi 

KOHCTBHTli CHCT6Mli .l\BYX CilllHOBblX Q8CTHU paBHb!X Mace B npe

He6pellteHHU sqiqieKT8MU B38HMO,l(eticTBllfl MOllt.zlY Q8CTHU8MH: 

/) (.. r; ~ r; (,} (,) (z) 6> 7 --') 
<-fSi2 = J ?f q_➔J L ~~.:}; f- ~<. . ~ _j. 4-q:) ~ ' 
r,11e 

?'If [ . • { rr'f) } 4 = "iv ~ +-fr ?u (lit+ tv1J ,· 
1 

~ = 11111+?' . 

IJ 

(20) 

(2I) 



I· 

H /4'i,. - npoll3BOJIDH8H aapH;ztOB8H MaTpHqa. 

BupaxeHHe (20) MOXeT 6HTD HCilOJID3OB8HO npH H8XOX;zte

HHH peJIHTHBHCTCKHX nonpaBOK K 8KCH8JIDHOtt KOHCT8HTe ;ztByx'· 

CTIHHOBUX qacT~/32 •331. 
B KOHqe BTOpoll rJI8Bll ;ztaeTCH cpaBHeHHe.peayJIDT8TOB, 

IlOJiyqeHHHX B .l{HCcepTaqHH .l{JIH HyJieBUX MOMeHTOB HJIH aapH;ztOB 

BeKTOPHUX H 8KCH8JIDHHX TOKOB .ltBYX CTIHHOBUX qacTHq, C pe-

ayJIDT8T8MH aJireOpu ToKoB S0{3),X. S U[3) ~ cHcTeue II fe= 00 11
• 

IloK83UBaeTCH, B qacTHOCTH, qTo aapH;ztll BeKTOPH~H aKCHanDHWC 

TOKOB ;ztByx CBOClO.l{HllX CTIHHOBllX qacTHq (KB8PROB) B CHCTeue 

"~=CC II onpe;zteJIHJOTCH BUpaxeliHm.m: 

t7 ' . n < r alt f r,J (t-Jj ➔ 
-c;,~ -<J ~ Jx') = J ¥ti£:} ;l'i. f ~~ If rt) "-t (22a) 

/)_-, 00 ~ 
'C 

( r.. ,JI I[, (,) ,/P /,} (z._) /2.) 7 
-6·111 1( fA0 1r > =-J 2/-tfJL :lt/.: '-1 -1-- ;;~ • ( _;l/tf') 4c220) 
~➔~~ . ' 

r;zte 

./' (!, 1.-) ?1,f [ {er-'/) /. tj' i )) 
'1 = -- O";e ± - (_/ :t - J 

'1±'f-i ?l-1 '111 +IV1 ·(23) 

H y,n;oBReTBOP..HIOT. aJire6pe .f {) (3) X Svr//41. 
Bo BTOPOM paa;zteJie .l{HCcepTaqHH paaBHBaeTCH KB83HTIOTeH-

qH8JIDH8H TeopHH pacceHHHH qacTHq BllCOKHX aaeprHtt. B OCHOBe 

paaBHBaeMOH TeopHH JieZHT rHTIOTeaa O CylljeCTBOB8HHH rJia;ztRoro 

JIOK8JIDHOro RB83HilOTeHqHaJia/IS/: 

14 

-~ 

'lt 

. .., ... 
?'j, r 

Vcs,r) = f Jf e · Vrs) tz.) ~ t=-22. 
J 

(24) 

y~OBJieTBOp.HDlljeroc.H TpeOOBaHH.Hi12o, 2r, 35;: 

A. V {s, r) - rna;ztKaH, He c1rnry;rnpHaH qiyHRqHH r 
xapaRT0pH3YDllJ8.HC.H onpe,n;eJieHHID.! 3cp¢0KTHBHHM 

pa;ztHYCOM. 

B. Jrn V {s,r)) 0 , ;zvrn Bcex BelljecTBeHHllX r- , B cooTBeTcT-

BHH C YCJIOBHeU YHHT8pHOCTH . 

0a YCJIOBHH TIOJIOXHT0JIDHOll onpe;zteJieHHOCTH WUIMOR qacTH JIOR8JIDHOro 

KB88HTIOTeHqHaJia CJI0'AY8T peJIHTHBHCTCROe COOTHOW6HHe YHHTapHOCTH 

.l{JIH .ltBYXllSCTHqHoti 8UIUIHTY.ltli pacceHHHH: 

Jm T = 1 r:r -1- 9 
.:i. 

r;zte . -1-

J =fl·k V:.12 ~ o 

(25) 

(26) 

eCTb BKJia;zt :acex HeynpyrHX KaHano:a,n.12-HeROTOpllti HHTerpaJibHUti 

onepaTop/141. rHnOTesa rna;ztROCTll JIOR8JIDHOro RB88HilOT8~HaJia 

IlPHBO.l{HT K pH;zty B8CDM8 :aaEHUX q>HSHqecKHX CJI8.l{CTBHtt: .l{Hq>paK

qHoHHOMY xapaKTepy pacceHHHH npH M8JIUX nepe;ztaHHUX HMilYJIDCax, 

attKOHSJibHOR CTPYKType 8MilJIHTY.ltll pacceHHHH Ha M8JIH8 yrnu H 

6ucTpouy 8KCilOHeHqH8JIDHOMY Il8.l{8HHJO 8MilJIHTY.lt pacceHHHH B o6Jiac

TH OOJIDWHX nepe;ztaq llMilYJibCa/18/. 

Ha OCHOBe ycJIOBll.H rJIB.,ltKOCTH B rnaae J ,n;aH, B QSCTHOCTH, 

IlOCJI8.l{OB8T8JibHl:lti BUBO){ peJIHTHBHCTCKoro 8ffKOH8JIDHOro pasnozeHHH 

. 811TIJrn:Ty;ztH pacceHHHH B O6JI8C!H S_,, co , -f - fUl:C / 36/: 

I ..., t . f•) ➔,l I T (,) - z '\ 
t (.s, A.t:) = T [S., "'-' ) + .2/p · (r, Ll.1 ./ +... (27) 

15 



r.ne •➔➔ ao 

c,J .2,· EJ ?f,.1.t - j()"'~,tJtJi 
Tr.r,1_/J= (';& Jt e . (1 - e-- )-

(?8) 

ecTI:, attROH8J[bHOe npHClJIHllteHHe .ll;JIH 8MilJIHTy,n1,1 pacceHHHH, H 
•➔➔ ~ 

0.' '> • Ef ?f•~Jcof. .2 - jtr~,r'J,lrl 1/ -,1. ~I 2 ➔2 -ao 1 · 

T r.s, 41.) =f;;(;; . J f e ~ 00 Ji- 3 tl'ft,i-)+j il?,:~.J--2e - (29) 

' ~ ~ 

:n ., r- /fT(t,t'JJi, - J lT(t,:r)Plr )\ 7 
- -,.1 lr; vl-l e -ao - e -- 'J , 
rite .i . . -a➔ . J. 

icr1(}"1=_£~~,;-tt,-e')Jr'-[[?i ,,,.ft,,r'JJrj. (30) 

BeJIHqHH8 ,r B /POPMYJIBX (28-30) CBH88H8 C KB88HilOTeHQH8JIOM COOT

HomeHHeM V {.r, t-) = J.,pE, ll{ r) • HattiteHbl ycJIOBHH npHMeHHMOCTH 

,naHHoro paSJIOllteHHH H YK838Hbl ~H8HqecRHe CJie,nCTBHH, K KOTOPblM 

npHBO.ll;~T yqeT nonpaBOK K attKOH8JI»HOMY npH6JIHllteHillO B CJiyqae 

~HCTO MHHMblX KB83HilOTeHQH8JIOB. 

naJiee npOH3BO.ll;HTCH yqeT OClMeHHblX CHJI BO B38HMO.ll;eitCTBHH 

.ll;ByX qacTHQ, HrpammHX B8lltHyD POJI» npa OilHC8HHH pacceHHHH H888l{ 

qacTHQ BblCOKHX 3HeprHttl37 •38/. 0MeH B BH,ny OilliC8HHe npoQeCCOB 

KBa3H,nByxqacTHqHoro Tlina,Mbl c¢opuynapoBaJIH MHOrOKOHaJibHOe 0606-

meHHe KB83HilOTeHQli8JI»Horo ypaBHeHHH/35 , 401. 

Oco6bltt liHTepec npe,nCT8BJIHeT npo6JieMa HayqeHHH CllliHOBblX 

s~eRTOB npH pacceHHHH qacTHQ BblCOKHX SHeprHtt. C 8TOtt QeJI»D 

B ,naccepT8Qlili p83BHT MeTo,n H8XOlltiteHHH 8CHMilTOTHqecKH ToqHl,IX 

pemeHHil KB83HilOTeHQH8JI»HblX ypaBHeHHtt .ll;JIH qacTHQ co cn~HOM, 

npHMeHHMblit, B qacTHOCTH, H ,nJIH ypaBHeHHil THil8 nHp8K8/39/. 

B KaqecTBe npHMepa pacCM8TpHBaeTCH IlliOH-HYKJIOHH8H CHCTeMa, 

16 

i 

l r 
'! 
/: 

( 

I 
l 

.:( 

l I 
l 

'i 

BOJIHOB8H ~YHKQHH KOTOpott y,noBJieTBOpHeT KB88HllOTeHQH8JI»HOMY 

ypaBHeHHD BH,na135/: 

{P E-(;:£"-,.11 ){t+ nr:tJ }lf{;;J= (<]~fat,.V{E;1,t)f(t'_:}<3r) 
rite ~=lp~fz; ~ = YNlrfL ; f' a M - Maccu naoHa a HYK

JioHa, £ - IlOJIH8H 3HeprliH B CHCTeMe QeHTpa uacc. 

B CJiyqae rJia,nKHX KB88HilOTeHQH8JIOB B npe,neJie BblCOKliX 3Hepratt ll 

~HKCliPOB8HHblX nepei1aq liMllYJI»Ca aunJIHTy,na IlpliHliMBeT Bll.ll; attKO

H8JI»Horo npe,nCT8BJieHHH C ~838Mli, HMemmHMli H8JIHHettHy~ 38BliCliMOCTl 

OT KB88liilOTeHQH8JI8. 0TMeqeHHble Bblme peayJI»T8Tbl HBJIHDTCH B 

.ll;OCT8TQqHott Mepe OCllllHMil: H He 38BUCHT OT KOHKpeTHOtt ~opMbl JIO

K8JI»Horo rJia,nKoro KB88HilOTeHQHaJia. EoJiee ,neTBJI»HYD HH~OpMaQillO 

0 IlOBe,neHHH aCHMilTOTHqecKHX pemeHHil_KB83HilOTeHQH8JI»Horo ypaB

HeHHH MOlltHO noJiyqHT» ,nnH CJiyqaH MHHMoro JIOK8JI»Horo KB83HilOTeH-

UHaJia rayccoBCKoro THna -H 

V 
3 -~ 

{$,r) = ,./s: {-!) v.z, e ;q~ J (32) 

HCCJI8l{OB8HHD KOToporo B l{HCCepTaQHH y,neJieHo oco6oe MeCTO. 

. PaCCMOTpeHHe rayccOBCRIX KB88HilOTeHQH8JIOB npe,ncTaBJIHeT HHTe-. 
pee C .ll;BYX ToqeR apeHHH. Bo-nepBblX, raycCOBCRHtt KB88HilOT8HQH8JI 

THna (32) npe,ncTBBJIHeT co6ott npocTeilmHtt npHMep rJia,nxoro JIOKaJI»

aoro KB83liilOTeHQH8JI8, HMemmero KOHeqHbltt pa,nHyc .nettCTBHH, H 

IlOTOMY H8XO]J;HT IlPHMeHeHHe IlPll xaqecTBeHHOM 8H8JIH3e ~KcnepHMeH

T8JI»HblX .ll;8HHblX O pacceHHHll qaCTHQ BblCOKHX 8Heprllit (n.0. EJIO

XHHQeB/4I/). Bo-BTOPblX, KB83HilOTeHQH8JI rayccoBCKoro THna noa

BOJIHeT H8H6oJiee IlOJIHblM oOpaaoM HCCJie]J;OB8T» MeTO,nbl pemeHHH KB83H-

IlOTeHQli8JI»HblX ypaBHeHHtt B 8CHMilTOTHqecKott o6JI8CTli BblCOKHX 

saeprHtt. 
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IloJiy'lleHHHe peayJI:E,T8Tbl HCilOJll>8YIJTCH aaTell B rJiaBe. 4 

~JIH K8'116CTB6HHOro 8H8JIH88 OCHOBllliX 8KCnepu11eHT8JII,HblX ~aHHblX 

0 npoueccax 'ABYX'll8CTHqHoro H KB88H'ABYX'll8CTHqHoro pacceHH,~H 

Ha M8Jible H 60JII>WHe yrJibl npH BblCOKllX aHeprllHX. 

B qacTHOCTH 1 npH 8H8JIH8e ynpyroro /> p- pacceHHHH CiblJIH 

HCilOJII,80B8Hbl peayJII>T8Tbl 'AJIH IlOJIHOro C6'118llHH B88HUO'AencTBHH H 

napaueTpa naKJIOHa ~Hq>paKUHOHHoro mma·: 

rl"+o.t = s.,,4. I {x) 

A ;_ J re, Atr] _ 
-df c df -/=O -

)( 

~tt. I~! I(!). 
IrxJ o· ! 

(33) 

3'A8CI, 

I (x) = £., {x) + ~ X -1- 'Y j 
X= 411'j 

~ J (311) 

r'Ae £, {x) - qiyHKUHH HHTerpaJII>Horo J1orapHq>ua, r= t'✓ >-1-7 .. - noc

TOHHHaH 8ttJiepa. 

IloK686HO, 'IITO IlPH YCJIOBHH pocTa napaueTpa i::t, CBH86HHOro C 

aqiqieKTHBHblM pa~HYCOM B88HMO'A8itCTBliH, IlOJIHOe C8'116HH8 (j'fo,f CTpe 

MHTCH K CBOeuy 8CHMilTOTH'll8CKOMY 8H8'116HHD CHHay/2,561 • 
.l{HqiqiepeHUH8JII,HOe ceqeHHe pacceHHHH B 06Jl6CTH U8JlblX yr-

JIOB: . · ill1/n t ,2. 

tier ..& -</ ~ _€_ (- ~" #) 11 
/ 

df = 7'!1~ Ir,{: t,,J't/ ~ I (35) 

06Jla'AaeT PH'AOM 'AHq>paKUHOHllh: ~ MHHHLIYMOB, IlOJIOlleHHfl KOTOPWC 
' CTpeu.arca K HYJID C poCTOM napaueTpa H8KJIOH8 tl. • 

B OCiJiaCTH CiOJII,WHX yrJIOB pacceHHHH 'AHq>qiepeHUH8JII,HOe ceqe

HHe xapaKTepuayeTCH CiblCTpblM SKCilOH8HUH8JII,HblU Il8'A8HH8M C poCTO 

nepe~aqH HMnyJII>ca: -.2 f 71 ll '/. t-

J. 2. da
d.fl 

- { !'') 1- . e ; 

I8 

t. 
'l = - t (36) 

CpaBH8HH8 C 9KCnepHM8HT8JII,HblMH 'A8HHblMH IlOK88HB88T, 'IITO npHCi

JIHX8HHO qHcro MHHirai rJI~KHR rayCCOBCKHR KBa3Hnorenuuan Il03BO

JIH8T npaBHJII>HO nepe'AaTI> OCilllYD KapTHHY ynpyroro pacceHHHH 

'116CTHU BblCOKHX sneprHtt Ha YaJible H CiOJII,WHe yrJIH. AHaJiorHqHbltt 

BblBO'A CJl8'AY8T H8 8H6JIH86 npouecCOB f h - pacceHHHH H688'A, 

p0X'A8HWI HSOCiap B pp- CTOJIKHOB8HHHX H npouecca nepeaapH'AKH 

11),.. 11°11 • 

TpeTHtt p68'A8JI 'AHCC8PT8UHH IlOCBHmeu HCCJl8~0B6HHD npoCiJICMH 

rJIB'AKOCTH JIOK6JII,HOrO KB88HilOT8HUHaJla H pasBHTmo npHOJIHX8HHWC 

M8TOAOB HayqeHHH acHUilTOTH'll6CKOrO IlOB8'A8HHH 8MilJIHTY'A B KB6H

TOBO! T60PHH IlOJIH. 

B rJIBBe 5 IlO'APOCiHD 8H6JIHSHPY6TCH COA8PE8HH8 rHilOT88bl 0 

rJI6AKOCTH JIOK8JII>HOrO KB68HilOT8HUH8JI6 Hee CBH8I, C OCHOBHblU~ 

8KCil8PHM8HT6JII,HblMH 86KOHOM8PHOCTHMH npoueccoB B86HMOAeitCTBHH 

'116CTHU npH BHCOKHX aHeprHHX. 8TOT 6H6JIHS YK88blB6eT, B qacTHOC

TH, Ha BosuozHyn CJIOEHYD, npoTHZCHHY~ CTPYKTYPY aAPOHOB,. xa

paKTepHaynmYJ)cH KOH8'11Hb1UH 3cpql8KTiiBHHMli paaMepaW!. Ha OCHOBe 

8BPHCTHqecKoro IlP8ACT8BJI8HHH O IlPOTHE8HHHX '118CTHUaX A8H8 qiop

MYJIHPOBKa npHHUHila 8BTOMO'A8JII,HOCTH, Il08BOJIHDmero C nouomI>D 

ueTO'AOB TeopHH paauepHOCTett 6'AHHblM o6paaou OilHC8TI, aCHMilTOTH-

qecKoe noBeAeH~e ceqeHun npoueccoB CHJII>Horo, aneKTpouar-

HHTHoro H CJiaCioro B88HMO'A8itCTBHtt 8'APOHOB B IlP8'A8Jie 8KCTP8M8JII,

HO BHCOKHX aHepru«/23 , 241_ 
B OCHOBe npHHUHlla 8BTOMO'A8JII,HOCTH 'AJIH CJly'llaH CHJII,HHX 

B88HMO'A8!CTBHtt Jl8EHT IlP6'AllOJIOE8HHe O TOM, 'IITO npH CTOJIKHOB6HHH 

'ABYX 8'APOHOB C OOJII,WH:IIH HMllYJII,C8UH ( 1-'> Cl0 J B CHCT8M8 UCHTpa uacc 

IlPO'AOJII,Hble paauepbl '118CTHU 6J1arO'A8PH JIOP8HU8BCKOMY COKpameHHD 

19 



crpeMHTCH; K HYJID,H,B OTJIHqHe OT nonepeqHJiX paauepoB,CTa

HOBHTCH Hecy~ecTB8HHllMH IlPH 8H8JIHSe paauepHOCTen. 

0TMeqeaHoe IlOB8A8HH8 HBXOAHTCH B T8CHOll BH8JIOrHH C 88-

KOHOMepHOCTHMH npoueccoB IlJIOCKoro BSPllB8 B rHAPOAHH8H.mte, 

OTKYAS H 6WI aaHUCTBOB8H TCPMHH ·11 aBTOMOA8Jil>HOe IlOB8A8HH811
/
4~/ 

TaKHM o6pasoM, aCHMilTO~H~ecxoe IlOBCACHHe BUilJIHTYA H 

ceqeHHll npoueccoB CHJil>HOrO B88HMO'A8llCTBHH xapaKTepHayeTCH on

P8'A8Jl8HHllllH uacmTa6HW.!H COOTHOmeHHHlfH IlPH npeo6paaOB8HHHX 

Il0'A06HH HMilYJihCOB qacTHU, yqacTByD~llX B pea~HH/24/ 

~-;l·~ 
Po....,. ;::l ·Po 
.. ➔ (37) 

➔I e ➔ '1 ' 
r'Ae F!.,_ + -n,~1 • Cy~eCTBCHHID4 MOM8HTOM IlO'AXO'AB HBJIH8TCH HCilOU-

.2 Pr2- ~ 
30B8llll8 o6o6~eHHOro pasuepnoro 8H8JIH88 C 'ABYMH HeaaBHCHMHMH 

illK8JI8Mll AJIHH L H T : B~OJil> H. nepneH'AHKYJIHPHO . OCH CTOJIK-

HOBCHHH qacTHU BllCOKHX aaeprnn. 

K q}ICJIY HaH6oJiee HHTepeCHllX pesyJihT8TOB npHHUHil8 8BTOMO

'AeJihHOCTH OTHOCHTCH IlOCTOHHCTBO IlOJIHHX ceqeHHll B88l!MO'A8ilCTBHH 

qacTHU BllCOKHX SHeprHll, cy~eCTBOBSHHe npe~CJIOB ~ngxpepeHUHSJih-

HblX ceqeHHtt ynpyroro pacceHHHH: 

.tiu d<T = I {f) / 
S➔ cD elf (38) 
+-~~. ➔ 

H npouecca poltACHHH Bhl'AeJiennon qacTHUl:il c 11unyJI1,cou •P 
.flm PQ • '/! = :f { !.r ~ A) 

/:+GO P<P E ..L • 

Pi/c / ~ -1>'"w:.c . (39) 

CooTHomeHHH (38-39) o6uquo paccMaTpHBaDTCH KSK CJICACTBHH 
- /43/. 

MO'A8JIH IlPCACJihHOtt ~paruellTSUHH H napTOllHOll MO~CJIH. B KOHU8 

rJIBBll 5 OTMeqaeTCH npH6JilllltCHHllll xapaKTep npHHUHil8 8BTOM0~8Jlh

HOCTH H YK88llBaIOTCH paMKH ero npHMeHmroCTH. OTMCTHM B STOll CBH-
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SH He~aBlillD pa60Ty/44/~ r~e HS o6gHX Tpe60B8HHll YHHTapHOCTH 

H 8H8JIHTHqHQCTH HCCJie~yeTCH POJil>, "MHrKHX11 qacTHU, POllt~eHHllX B 

npoueccax CTOJIKHOBCHHH qacTHU BllCOKl!X aaeprHll, ll YCT8H8BJIH

B8DTCH onpeACJICHHhle uacmTa6nue COOTHomeHHH 8BTOMO~CJil>HOro THna. 

B rJiaBe 6 pa3Bl!B88TCH M8TO~ KOrepeHTHllX COCTOHHllll B 3a~a

qax CHJil>HOro B88l!MO'A8llCTBHH qacTH~ npll BllCOKllX aaeprHHX. B oc

HOBC npeAJIOllteHHOtt SA8Cb Mo~eJIH ·JielltHT npe~CT8BJICHH8 06 a~pone 

K8K CJIOlltHOtt Cl!CTeMe C MHOrHMH BHyTpeHHl!Ull cTeneHHMll CB060~ll. 

Ilpe'AilOJiaraeTCH, qTo COCTOHHllfi 8APOHOB B npoueccax CHJil>Horo B38-

HMO'A8«CTBHH npH BllCOKHX aaeprHHX HUCDT KorepeHTHyD IlPHPOAY H 

MoryT 6HTl> 0Ill!C8Hll B npocTettmeu CJiyqae Korep8HTHNMH BOJIHOBNMH 

~YHK~HHMH 4-uepaoro peJIHTHBHCTCKoro ocUHJIJIHTopa/
25 ,26/ 

- 7f'•(X+f])) 
e . / o > = I¥" {x > > .. (40) 

3'A8Cl> + 
])p = ~µ+-tiµ 

[ti.µJi./]=-Jpv; ~I()>= o; (41) 

Hf - ecTb paauepnun napaMeTp. 

.. B ~8A8BHHX pa6oTax145 , 46/ HACH M8TO'Aa KOrepeHTHllX COCTOH

Hlltt noJiyqHJia TeopeTHqecKyD l!HTepnpeTa~HD B paMKaX AHHaMHqecxott 

MOACJIH COCT8BHllX qacTHU ll M0~8JIH CHJil>HOtt CBHSH B KB8HTOBOll Teopl!P 

IlOJIH. 

BalltHNM peayJil>TSTOM MOA8Jlll KorepeHTHllX COCTOHHHtt HBJIH8TCH rayc

COBCKHtt xapaKTep ~ByXtlaCTHqaoro ROK8Jll>Horo KB8SHilOT8HUHSJia. 

HattAeHa peaJIHS8Ul!H MO'A8JIH KorepeHTHllX COCTOHHHtt B TCPMHHaX 

BTopnqao-KB8HTOBaHHOrO 6030HHOrO IlOJifi (~JIH nonepeqHUX CTene

aen CB060AN): 
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. Cli = j dl f (i') · K,· c;.{~); 
KP (~2) 

,'.,. X,:f. ; 

r;zie + [~c~'J) ~ {~')j = KP tf'{~-:_,t'); 
-:> 

j ~ K,' ~'/ I (~Jj :. l,'j (43) 

PeayJILTaTOM STOfi peaJIH38UHH HBJIHeTCH nyaccOHOBCKHn 38KOH paqnpe

;zteJieHHH BTOpYqHHX qacTHU, po~;zteHHlilX B npoueccax CTOJIKHOBeHHH ;ztBYX 

qaCTHU BHCOKHX SHeprHM, co cpe;ztHett MHO~eCTBeHHOCTLJO, nponopUHOH8JIL

HOtt KBB,l(pary HMI1yJI1ca nepe)(aqtt,a rams:e "roqeirno-no)(oOHoe"HJIH aB-

TOMo;zteJILHoe noBe;zteHHe noJIHOro ;ztH(WJepeHUH8JILHOro ceqeHHH ;ztHWP8K

UHOHHott ;ztHCCOUH8UHH. 

B KOHUe mecTott rJiaBH paccMaTpHBaeTcH aa;ziaqa waKTOpHaaUHH 

;ziyaJILHI,IX /;j,.MnJIHTy;zt pacceHHHH B TepMHH8X KorepeHTHhlX BOJIHOBhlX WYHK

UHtt (40)/47-5□/. 

IlOCJI6;ztHHH,ce;ztLM8H rJiaBa ;ztHccepTaUHH nOCBHmeHa npHMeHeHHID Me

TO;ztOB WYHKUHOH8JILHOro HHTerpttpOB8HHH K HayqeHHIO 8CHMilTOTHqecKoro 

noBe;zteHHH aMnJIHTY;zt pacceHHHH H8 npm.,epe npocTHX MO;zteJiett K:B8HTOB.Ott 

TeopHH nOJIH. 

C STott U6JILID B ;ztHccepT8UliH pa3BHT M6TO;zt npe;ztCT8BJI6HHH 8MilJIH

Ty;zt pacceHHHH B BH;zt~ KOHTHHYP~LHhlX HHTerpaJIOB no nyTHM qacTHU/511. 
CorJiaCHO paOOTau/52/,cTpOHTCH ~YHKUHH I'pHH~ )(BYX HyKnOHOB,B3aHMO

;ziettCTByIDmHX CO CK8JIHpHliM M63OHHI,IM noJieM, B WOPM6 

. • 2 00 ir, (P, ~IHV+/~ (1 !...., ;) 
{;(l,,'f, ;~1~) = , jJr;,,/f.2. e . 

0 

J 
?X, (f,-9,J+,'x.l {f.a-:?L) 

· Jx,JxJ. e • j[J1>1,J/~[IJ1.2.}/2., G , 
(44) 

r;zie 
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1jjtp(:1; t-1~) . 
. t I. 6 = {upjf lJ d' ~}· e · So reJ 

tff f"" 0 

'J ct.)/} ij'? r -, o JI is RS If - o >' i'r)p/s 
[oJJ Jo = tf'J) e J J'))e 

(45) 

(46) 

- sJieueHT "oO1>eMa" npocrpaHCTEa qeT1,1pexuepHHX BemecneHHhlX WYHK

UHfl ~(s), onpe;zteJieHHhlX B HHTepBaJie 0~ 5 ~ r; So (9') - M8TPHU8 pac

ceHHHH, ycpe;ztH6HH8H no HYKJIOHHOMy BaKyyuy B npHCYTCTBHH BHemHero 

nOJIH tf. 

AlinJIHTy;zta pacceHHHH JtBYX HYKJIOHOB, onpe;zteJI6HH8H K8K Bliqer 

~YHKUHH rpHHa B ~H3HqecKHX no]IJ)cax, COOTB6TCTBJIDmHx BH6WHHM HYK

JIOHBM, IlpHBO;ztHTCH K BH;zty: 

F r .... (i) • r <,o r2J 
. {,:9,;f>_,_ f,J = j [J°>':I · C O,,e;,1>1,) J[l'J/2-.l · G [f2 'iz.l >'J 
' ~ r ,;,~-A ~ r I - lt'J ?.J'~: :1,·1; 

-~;dx~. ~.2 •1tl1e ., 
' 0 

(47) 

rite 
~{t) -,j/2/I>;l/2_ 
(:, = e -.z e ~ ' / 

for /,2_, 

(48) 

Ll ::: fa,- 'I, = '12. - P 2. • 

8;ztec1 HCilOJIL3OB8Hli oOO3HaqeHHH 

I tr 

~;, = .2.J)q-f ,I 'ii ]) (x,1<2 f-J ';/ fl>.J~) ; f"' I, 2./ 
(49) 

if, I JI f ' J • ]) ==f,1'?., 'JJ1,l>{x,x2/-1:J, 'Z)7✓ -JA2 Z>J2).J l:Z. o o (50) 
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r]le J> (x, K2-/p) eCTl, IlOJIH8.f:I qiyHKUHH I'pHHa MeSOHHOro IlOJIH B ~ . "" 
npHcyTCTBHH BHemHHX HCTotJHHKOB 'le= JJ( l/x+lf!(~4}+2ft(~(-4J-1ifYe} . 

_.,., t -~ 
IlpH BllBO]le npe]ICTBBJieHHH (47) BO8HHK8eT BeCl>M8 ~J!OlltHaH 

npo6JieMa nepeHopMHPOBKH. B ]IHCcepTBUHH IlOK88llB8eTCH, tJTO nepeHop

MHPOBKB MBCCll H onepaTopa IlOJIH HYKJIOHOB MOXeT OllTl> ocym.ecTBJieHa 

nyTeM COOTBeTCTBYJOl!leit peryJIHpH88UHH 11 Heco6cT!leHHl,IX11 qiyHKUHOH8Jil>HllX 

HHTerpaJIOB B qiopMyJie (47). 

l!aJiee npoHSBO;IIHTCH oooOm,eHHe ]IJIH CJIYtJB.f:I MO]leJIH CK8JIHPHHX 

HYKJIOHOB, B88HMO]leitcTBYJOlllHX O HeitTpBJil>HllM BeKTopHUM noJieM, a T8Kllte 

~Jl.f:I CioJiee· CJIOJKHHX npoueccoB, YtJHTl,IB81llI\HX POllt]leHHe npoHSBOJll>HOro 

tJHCJia BTOPHtJHllX MeSOHOB B ?TOJIKHOBeHH.f:IX ;IIBYX HYKJIOHOB. 

Hait]leHHlle KOHTHHY8JI1,Hl,le npe;IICT8BJieHHH 8MilJIHTY;Il pacceHHHH 

HCilOJil>SYIJTCH aaTeM KaK HCXO;I\Hllit nyHKT ;IIJIH paaBHTHH npH6JIHE6HHllX 

MeTO;IIOB H3YtJ6HHfl 8CHMilTOTHtJ6CKOro IlOBe]leHH.f:I nponeccOB CTOJIKHOBe- • 

HHH ;IIBYX HYKJIOHOB npH BllCOKHX SHeprH.f:IX. • 

B ]IHCcepTaUHH ]18eTCH qiopMyJIHPOBKa npH6JIHllteHHH npHMOJIHHeitHHX 

nyTen, OCHOB8HHOrO H8 ytJeTe B KOHTHHJBJil>HllX npe,ItCTaBJleHIDDC: 8MilJIHTY;Il 

pacceHHH.f:I BKJI8]18 nyTeit tJBCTHU, HBHClOJiee OJIH8KO npHOJIHlltBIOlllHXC.f:I K 

lUIBCCHtJeCKHM/53 ,54/. 8TOT MeTO]l HBJIH6TC.f:I o6o6meHH6M npH6JIHlK6HH.f:I 

_K;J<,j =on , paaBHToro B paooTax E.M. Eap6a!lloBa, E.C. '1>pa;IIKHHB 

H ;IlpyrHX npH HSytJeHHH npoOJieMH HH<ppaKpaCHllX 8CHMilTOTHK B KBBHTOBOit 

SJieKTPO'AHHBMHKe/55/. 

CqiopMyJIHPOBBHHOe npH6JIHllt6HHe HCilOJil>3Y6TCH aaTeM npH HCCJie

;IIOBBHHH O]IHOtt 113 HHTepectteitmHX npo6JieM TeopHH CHJil>HllX B88HMO]lettcTBHH ., 
a HMeHHO BOnpoca O cnpaBe]IJIHBOCTH aitKOHBJil>Horo rrpHOJIHJKeHHfl npH onH

CBHHH pacce.f:IHH.f:I qacTHU BllCOKHX atteprHtt B KBBHTOBott TeOpHH IlOJIH. 

BBH'AY tJp63BlltJallHOll CJIOXHOCTH Borrpoca 3]16Cl, ecTeCTBeHHO orpaHHtJHTl>C.f:I 
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paccuorpeHHeM B rrpeHe6peteHHH sqxpeKTaMYI ITOJIHpH38UHH BaKyyMa H 

BKJI8]18MH 38MKHYTHX HYKJIOHHllX rreTeJil>. 

B paMKBX ]18HHllX np116JIHlK6HHH IlOK83HBaeTC.f:I, tJTO aMITJIHTy]la 

pacce.f:IHH.f:I 'ABYX HYKJIOHOB npH llllCOKHX 8Heprl1.f:IX .II! qJHKCl1POB8HHllX rrepe

]18tI8X HMITYJll>Ca orrpe]leJI.f:16TC.f:I cyMMOH KB88HITOT6HUl18Jil>HllX rpaqioB II! 

J,IM88T 8HKOH8Jll>HYJO CTPYKTYPY• 

CooTB6TCTBYJOllll1H JIOK8Jll>HllH KB88HITOT6HUl18Jl B OTCYTCTBHH pa;IIH8-

UHOHHl,IX nonpaBOK K pacce.f:IHHIO ;IIBYX HYKJIOHOB .f:IBJI.f:16TC.f:I BemecTBeHHl,IM H. 

HM68T qiopMy JOK8BCKOro B88HMO;Il6HCTBH.f:I C KOHCT8HT011, 88BHC.f:llllen 

B oomeM CJiyqae OT 8Hepr1111. IloK88llB86TCfl, tJTO ytreT pa;Ill18UHOHHHX 

aqiqieKTOB rrpHB?;IIHT K rJIB;IIKOMY KoMnJieKCHOMY KBaa1moTenu11any. 

,llanee HCCJie]lyeTC.f:I 8CllMTITOTHtJeCKOe noBe]leHHe cetJeHH11 Heynpy

rHX npoueccoB. Hatt;IleHHHe peayJil>T8TH H8XO]l.f:ITC.f:I B C00TB6TCTBHH C 

npe;IICK888HHeM npHHUHTI8 8BTOMO]l8Jll>HOCTH H MO]l8JIH KorepeHTHllX coc-

TO.f:IIIHH. 

PeayJil>T8Tl,I ]IHCCepTaUHH ]IOKJI8]lllB8JIHCl, Ha BC6COI08HHX II! M6JK;IIYH8-

po;IlllllX KOHqJepeHUH.f:IX no qJH3HKe aJieMeHTapHllX tJ8CTHU H Bl,ICOKHX 8Hep

r11n. OcHOBHOe CO;Il6PJK8HHe ]IHCCepTaUHH ~ny6JIHKOB8110 B pa60Taxl
8-II 9 

20,21,24-29,35-40;47-53/. 
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