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061qM xapaKTepHcrmca pa.6ow 

AK:cya.nnHOCTI, TeMli, Hsyt;eHHe a,npoH-a,npOHHliX, a,npoH-.il,ll;epHl:lX H 
.il,D;epHO-.il,ll;epHliX coy,napeHHil npll EliCOKHX 8Heprll.i!X llMeeT BaJKHoe 8Ha
'l8HHe ,n;m paspa6oTKll ,IJ;IlHaMll'leCKllX ll cpeHOMeHOJIOrH'leCKllX npe,ncra:e
JieHHli O CBOHCT:eax peaKUllll C yt;aCTHeM CHJll>HOB8aI1Mo,nettcTBYRXUllX 'lac
Tl1U, Cpe,ll;Il 8TllX peaKUllll npoueCCli ynpyroro pacce.iIHH.il a,npOHOB ll 
.il,ll;ep 8aHllMaIOT oco6oe MeCTOH B CHJIY MHor.ix npH'l,lH .ilBJill!OTC.il (pH8H
'leCKH BH,IJ;eJieHlillMll; B 'laCTHOCTH, aMTIJIIIITY.m. ynpyroro a,npoH-a.npoH
HOro pacce.i!HH.il :enepe.n npe.ncTa:eMIOT co6on Ha1160Jiee npocTHe o6'beK
TH ,IJ;Jill npo:eepKll MO,nenen B3allMO,IJ;eilcTBH.il npll BliCOKllX 8HeprHRX. AHa
Jilll3 ynpyrnx ,ll;Ilcppa.Ru.ioHlillX a,npoH-.il,ll;epHl:lx H R.nepHo-.il,ll;epHh!x npouec
co:e OTKpHEaeT ,IJ;OTIOJIHHTeJinHlie B08MOl!!HOCTH ,lJ;Jl.il H3yt;eHM a,npOHHb!X. 
aMTIJIIIITY,IJ; paccMHll.il npll ll3EeCTHHX 06mHX xapaKTepllCTHKax .il,ll;epHOil 
CTPYKTYPH, llccJie.no:eaHHH EHCOK08HepreTH'leCKHX .il,ll;epHl:lX E3allMO,nen
CTEHll C 60JII,UJHMH nepe,na'laMll llMnym,ca Il03BOJill!OT IlOJIY'lHTI, YHI1K8JII,
HY!O llHcpOpMaUHID O npoCTpaHCTBeHHO-BpeMeHHb!X 8aKOHOMepHOCT.i!X a,npoH
HYKJIOHHl:lX CTOJIKHOBeHHll H MexaHH3Me paCCe.i!HM 6HcTpliX 'laCTHU Ha 
H,D;paX, 

0.nHHM H3 HaH6onee cyruecr:eeHHHX cne,ncTEHil npHHU;Jno:e JIOKaJII>
Holi KBaHTOBOH Teopllll IlOJill .ilBJill!OT~ CBOilCTBa KpOCCHHr-cllMMeTpllll 
H anaJIHTH'lHOCTll a,npOHHb!X aMilJIIIITY.zr' I/. Mo.neJIIII. OCHOBamrue Ha no
cTpoeHllll aHaJIHTll'l8CKllX napaMeTpllsauHli aMilJIFITy,IJ; C YtJ8TOM Kpocmmr-
CllMMeTpllll, ,naroT B08MOJIUIOCTI, OilllCaHM 8KcnepllMeHTaJIDHHX ,na.HHHX no 
a,npoH-npoTOHHDMY paccemIHID :enepe,n :e rnHpOKOM ,n11anas0He aHeprlltt. 
.fuilI YCTaHOBJieHH.il CE.il8ll MelK,lly aMilJIIIITY,IJ;aMll pacce.i!HH.il Me80HOB ll 6a
pHOHOE Ha HyKJIOHaX He06XO,IJ;llMO IlpllEJie"!JI, npe,nnoJio~eHH.il o CllMMeTpllll 
E8aHMO,IJ;eHCTEHll ll CTPYKTYPe a,npOHOE. IlepEHe pa60TH E 8TOM Hanpa:e-
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Jiemm npnBeJm R ~opr.,yJmpOBRe 8,IUIHTHBHO! RBapKOBO! Mo.neJm; O.n:HaRO 

,naHHYe SRcnepHMeHTa CBE,IteTen.cTByJ:)T o 3Ha'IJHTeJll,HHX (-20%),0TKJIO

HeHMX OT a,JUtBTHBHOCTn H SU (3)-CHMMeTpBH B a.npoH-npoTOHHOM pac

cemmn • .Ium Ka11ecTBeHHoro aHa.JIH3a no.no6~x OTKJioHem npe,nnara

Jmc1, TpentOMllOHeHTHHe pe,ItlleBCRHe Mo.neJm 
21, OCHOBaHHH8 Ha npe,llllO

JIOlleHWIX o Me:xrumsMe nepepaccesnmsi: f -pe.nzeo:ea n noMepoHa. IloJI

Hoe ROJm'IJecTBeHHoe onncaHHe sKcnepnMeHTOB no ynpyror.,y a.npoH-npo

TOHHOMY paccemmD :enepe.n Tpe6yeT nam,He:lhnero pa3BHTM MO,n8Jll,HHX 

npe,ncTaBJiem O 3aBHCHMOCTll aMnzHTY.n OT SHeprnn ll KBaHTOBHX 'IJll-

ceJI a.zt.POHOB. 
IlepcneRTHBHOCTI, HCil0Jll,30BaHM ynpyrnx JJ,I(epHHX np~eCCOB ,ItJIII 

H3Y'IJ8HM a.zt.POH-HYKJIOHHHX aMilJIRTY.n o6ycJIOBJieHa B03MOll!HOCTbD mtT8p

npeTai:nm MHOro11acTM'IJHHX acneKTOB B3aHMO,D;e!cTBM Ha OCHOB8 nn~paR

Ill!OHHO! Teopm/3/. Ilpn pac11eTax aMn.nnry.n JJ.I(epH0-JI.JlepHoro paccesr

HM B paMKax STO! Teopnn o6H'IJHO npHBJieRaDTCJI ~TO,Itll "xecTRoro" 

HaJieT8.111!8rO JJ,I(pa H "onn11ecRoro" np:H6Jmlle~ , npHBO,ItlllllH8 R 

Y.D:OBJieTBOpHTeJll>HHM pe~rTaTaM ,MIi llOXHHX cetJeHn!. 0nHQRO .ItJIII 
aHaJm3a sRcnepHMeHTOB no paccemnrn JierRHX JJ.I(ep B 06.nacTn · ,IJ;H-

~paltltHOHHOR CTPYKTYPH npe,D;CTaB!HeTCH Heo6xo,n;maw: npnMeHeHH8 TO'II

HUX pe3YJll>TQTOB T80pHH MHOroRpaTHoro paccesnmsi:, IlOCROJibRY HCil0.lll,-

30B8lllt8 npn6JIHX8HHl:lX MeTO.D:OB MOlleT npHBeCTH R CYllleCTB8HHHM 

(-!00%) Heonpe,neJieHHOCTHM B OKp8CTHOCTll n:H~pa.RUHOHHOro MHHIDo!YMa• 

BsCOR08HepreTH'IJ8CRH8 Heynpyrne,JJ,I(epHHe peaRUHH C 60JII,DIHMH 

npo.n:oJIDBHMH nepe,na11aMH nMnynca, sanpemeHHHMH KmteMaTHKoit,6n:eap

HHX a.n:poH-HYKJIOHBHX CTOJIRHOBeHn!, npHB!eKallT BHHMaHHe R aRTY~ 

HO! np06JieMe BHacHeHM MexaHH5Ma ROJIJieRTnBHHX B3al!MO,ne!CTBH!/G/ 

6HCTpHX a.zt.POHOB c HYKJIOHaMH ~- CJie.n:yeT oTMeTHTb, 'IJTO aBJieHHa 

npo,nOJIDH!lX nepe.n:a11 m.mynca MOryT 6HTb 'IJQCTH'IJHO o6ycJIOBJieHH H3-

BeCTHHMH nponeccaMH KBQ3HCB060.n:HOro pe.cceaHM C Y1J8TOM ~p,IH

,nBH:&eHIDI !JYKJIOHOB n nocJie.n:oBaTeJIDHHX nepepaccesIHH! 6HcTpHX 11ac

rnn B st1tpax. IlOSTOMY npe.n:cTa:e.na:eT HeCOMHeHHE,t! HHTepec aHaJIH3 no

.n:o6HHX np~ecco:e B paMKax Mo.n:eJiett noTeHilHaJn,HO! Teopnn, .n:onycRa

DlllitX llOCJI8,D;OBaTeJIDH08 ,D;HlmMH'IJ8CROe paCCMOTpeHl'!e c:eoitcTB a.MII!HTY,IJ; 

MRoro11acTl!l1JHHX peaRQH!. 
0CHOBHott geJIDD HaOTOlIIIIeit pa6om aBJilieTCJI HCOJie.n:o:eaHHe MO

,D;8Jll,BliX npn6JIH:&elin! .ItJIII 6HHapHHX aMIIJIBTY.D: a.zt.POH-npoTOHHOro pao
cesuma :enepe.n:, .D:B~paRUHOHHHX npoueccoB c YlJaCTHeM JierKHx JJ,I(ep n 
aMllJIHTY.D: MHOro11acTH1JHHX BsaHMo.n:e!OTBml: 0 60JIDDIHMH nepe.n:a'IJaMH HM

IIYJIDCa B pa.COeaHHH Ha CBH3aHHHX COCTOHHHHX 'IJaCTHQ npn BHCORHX 

sHeprnax. ' 
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HaytJHaJI HOBH3Ha H npa.KTlltJ8CR8JI U8HHOCTb. B .nncceprauirn IIOJJY

'leHa HOEaJI aHaJIHTH'lJ8CRM napru,,eTpH3aUIDI rumJIHTy,n a.npoH-npOTOHHOro 

pacceJIHHI! Enepe.n, Il03EOJU:IKl.UM 8.I{HHHM o6pa30M onncaTb COEp8M8Hilli8 

3Rcnepl-lMCHTaJibHHe .naHHHe no ITOJIHHM C8'18HIDIM H .Il8HCTBJ-IT8JII,!U,JM qac-

TRM aMnn1-1ry.n 1Trp , K:t.p , pp , pp -B3am.w.nei1:cTEHii B mHpoROM ,n.11a-

na3oHe :rnepr.11i1. Bnepwe paccMoTpeHa TO'lJHo pemaeMM o.nHoMepHM 

Mo,nem, Tpex'laCTH'lJHoro paccemrnR, B paMRax 1toropofi npoueccH nuco

R03HepreTH'lJ8CRoro paccesrHHJI Ha 180° Ha CBJI3aHHOM COCTORHHH He MO

ryT 6HTI, CE8,ll8Hll R coy.napemuo C RBa3:HCE060.I{HOH tJacrnueii MHID8HU. 

Ho:eofi RBJIHeTcJI npe.nnolKeHHM E .nnccepraunn MOJJ:8Jib .nmppaRUHOHHoro 

pacceRHIDI tJaCTHU C BliyTpeHHHMH CTeneHJIMU CB060,nH • .nonycRalOIHM 

npouecc11 npo.noJibHHX nepe.natJ RMITyJibca 'lacTHUaM Mnmeun, sanpemeH

HHe RHHeMaTHROM 6vmapimx CTOJIK!IOll8HHii. TO'lJH08 pernemrn MO.D:CJIH no-

3BOJIHJIO ycraHOEUTI, 06JiaCTI, npllM8HHMOCTH rJiay6epoEcRoro npn6JIUJKe

HJJ:R C Y'l8TOM IIOCJie.noBaTeJibHOCTH nepepacceimnfi. 

BnepBH8 ITOJJY'1!8HO aHaJIHTU'lJ8CROe npe.ncTaBJI811He H npoB8,llCH!1 

oueHRH xapaRTepucrnR aMnJIHry.n ynpyroro I/He d -pacceJIHHR E 06-
JiacT11 3Heprl1i1: 5 I'::ili/HYRJIOH; EU'IJHCJiellli nncW>epeHunaJibHHe C8'18Hllfl 

ynpyrnx n 1rnaanynpyrnx npoueccoB ''lie - 'We -Esa:0Mo.neilcTEHR .IlJIH 

nepe,ll8.'I HMITyJibCa ft/ :S 0,2 (1'::ilJ/c)2 • 3TU peayJibTaTU 6h!JIU HCIIOJII,-

30BaHH npH aHaJIH38 H ITJiaHHpoBaHHU 3RCIT8pHM8HTOE Ha CllHXpoq:a30TpO

He omrn no paccem1mo JI,nep 4 He Ha npOTOHHHX H J!)lepHHX MHlll8HRX. 

Anpo6agnR pa60TH. OcHOEHUe p83YJibTaTH .nnccepraunH .I{ORJia,ll,b!

EaJIHCI, na ceM,mapax Jiac5opaTopnn reopeTn'lecRoii qmamrn n Jia6oparo

pnn E11coR11x sueprvifi mum. 
!Iy6Jllmau1rn. ITo MaTepnaJiaM .nncceprau11n ony6JIHROEauo mecr1, 

crareii. 

06'.beM pa6om, .UnccepTaUHR COCTOHT ll3 EE8.D:eJU'IJI, Tpex rnaE, 

3aRJI!O'lJ81111JI u npHJIOlK8HHR, co.nepl!UIT 99 CTpa!IHU MallIHHOITHCHOro TeR

cra, I2 pncyHROB 11 6n6JIHorpaqJH'lJ8CJ{l1ll CIT:HCOR JIHTepaTypH 1-13 I02 
Ha3EUI111tl. 

Go,gepJKaune pa6oTH 

no EP.8.r(8HHH .naH RpaTRHll o630p COEp8M8HHOro COCTOJIHHJI Rpyra 

npo6ncM, paccMaTpnEaeMHX E .nncceprau11u, H ccpopMJnnpoBaHH ocHoE

HHe nanpa:eneHHR pa6om. 
JJ nepEOH rna:ee H3ytJaJOTCJI EOilpOCH OIIHCaHHR EhJCOR03HepreTH'lJeC

RHX npoueccoE ynpyroro a,upoH-rrpoToHHoro pacceJimm :enepe.n Ha ocuo-
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Be aHamrna o6IUll~ cBoficTB aMllJIHTY.It paccesrnmi: (Kpocc:1mr-c11mier_pm1, 

.zteiiCTBHTSJII,HOCTll, aHaJil!Tll'lHOCTH), RpaTRO o6cyl!!,llaeMllX B §I, n oco-. 

6eHHocreii pnMaHOBOit rroEepXHOCTH aMllJillTY.It RaR qJyHRUllii' Fl,P(,;) Be

Jill"lllHH v = 1-:: c M - Macca npOTOHa). PaCCMOTpeHO BJIHSIHHe He

ynpir11x S , u -RaHaJII,HHX npou;eccoB Ha xapaRTep CHHryJISipHOCTll 

F fl(v) B 6ecRpHe"lHO y.ztaJieHHOfi TO'lRS ROMnJieRCHOtt JI -nJIOCROCTll. 

Ilocpe.ztCTBOM BBe.zteHHSI YHllqJOpMll8YDI1Sit rrepeMeHHOii W(v) = Jares in.-£ 
B §2 y"!HT!l'EaeTcsi:6ecROHS"!HOJillCTHaSI CTpyRrypa pHMaHOBOfi noEepXHOCTH 

phP(v) , o6yCJIOBJISHHaSI crymeHHSM TO"!SR BSTEJISHllSI npH V➔ 00 • IIo

Ra8aHO, "!TD rrpe.ztnonom.eH11e o MepoMopcpHOCTll Fhfc1.J(lll) E nnocROCTH w 
B CO"!eTaHill! ·c RpOCCllHI'-CllMMSTpllefi ll YCJIOEHSM .ztefiCTEl!TSJII,HOCTll 

lllBapu;a noaBOJISIST ipopMaJII,HO onpe.zteJillTI,- 11RBa8HJIORaJII,HHS" ]tllcnepcH

OHHHS cooTHorneHHSI .ItJISI c11MMeTpttaoBammx 1rnf6HH8.l\Hii FiP{aJ) = FhfvJ± 
phPr-v) , HOpMHpOBaHHHX ycJIOBl!eM Im. h ~ cY/ft ro;!f npH Im V=-0. 

B §3 MSpOMOpqlHOCTI, qlyHRUllii F}P(w) HCnOJII,8yeTCSI .ItJISI nocTpo

SHHSI aHaJil!Tll"!SCROii napaMeTpl!aaIJ;lll! aMnJillTY.It paccesi:HM Bnepe.n: B Ell

.n:e pSI.ItOE ,llllpHXJie, CXO.ItlllllllXCSI B BepXHefi IIOJIYIIJIOCROCTH Ilr!. w .. ,n..r,,;?; f: 
hp Oy± r:t) G: (w) == 4 c; exp(lf3; w). (I) 

J 
CBOfiCTEa .zteiicTBHTSJI!,HOCTll H RpOCCHHI'-CllMMSTpllll B yRaaaHHofi 

o6nacTll H8MSH8Hl!SI w COOTBSTCTBYJOT paESHCTBY 

hp¼' _ hp ,,. 
~ (w) = + Ii (-w¥_}, (_2) 

W± I (~)±)"' r~)±. 
8RBl!BaJISHTHOMY yCJIOBHIO .ItJISI BSJill"lHH Cj Bll.zta l Cj / == + C_;. 
Y"leT COOTHOIIlSHilfi RBapROBOit MO]tSJill C HapymeHHSM a,JLUllTHBHOCTll ll 

SU (3)-Cl!MSTpllll/2/ npl!BO]tllT R B08MOllLHOCTll COBMSCTHOro aaam1aa 

noBe.zteHM noJIHHX cetJeHHfi j(± p , K.±p , pp , pp -Baal!MO.zteficTBllii 

B 8aBHCllMOCTll QT 8Heprttll Ha OCHOBe B!l'pam.eID!fi (I-2), OllHC!l'Ba!ClllHX 

qJll8ll"!SCRlle aMUJillTY.ItU Ha UpSIMOfi R£ 'W== j: , IJn W :Z, f. Ilocne orrpe

.n:eneHM napaMeTpoB c/")± , Pi C:t) B 1popMyJiax (I) 11a .n.aHHHX no °tot 
nonytJeHH npe)lcRaaaHM .ItJISI .zteficTBHTen1,HHx tJacTefi FhP(i,) , Haxo

wuuHecsi: B xopomeM cornac11H ·c 11aMepeH11SIMll BeJilltJHH dhp = 
Re Fhf>(v)/J1n Fhf>(v) B aKcnep11°MeHTax no f'P , .17p -paccesi:HHIO. 

YcTaHOBJISHO, "!TO .ItJISI napaMeTpll8aIJ;llll (I) B ROMnJISRCHOii w-nnoc

KOCTH BSCI,Ma TO"!HO BHilOJIHlIIOTCSI ]tllcnepcllOHHHe npaBl!Jra CYMM npll 

ROHS"!HHX 8HeprMX, OilTl!MaJII,HHM o6pa30M Y"lHTHBaJOIUlle BRJia.zt HH8R0-

8HepreTll"lSCROit o6JiaCTll. 
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Bropasi: rnaEa ,ll,IICCSpTau;Irn ITOCBSI!USHa llCCJie)loBaHJIIO ,n:mppa!(UUOIIIIO

ro ynpyroro H RBasuynpyroro pacceFJmm SI,nep I/He Ha npoTOHHNX,.neii

TpOHHHX 11 remieBt:X MUllJSHRX. IIo.zt06HHe ilpou;eccu npe,n:ocTaBJISIIOT .n:onoJI

Hl!TeJihHYIO l!HlpOpMaIUIJO O napaMeTpaX aMilllllTY.It pN -BaaUMO)lSHCTBim, 

.ItJISI KOTOpHX .IIaHHHe 3RcnepuMeHTOE 110 PP , pd -paccesmmo npn 

3HeprHSIX 2, 5+5 fs.t.i T_oe6yJOT )laJII,Heihnero YTO"!HSHHH. C USJihRJ orrpe.n:e

JISHUH 3TilX rrapaMerpOB IIO)lp06HO aHaJIH8llpyIOTCSI sqxpeRTbl I! 061iacrn 

rrepe.nalJ HMilYJinCa J&/ ~ 0,2 (I'sil/c)2 , )lOCTYIIHOii .ItJISI nsy'-leIUISI Ha co

EpeMeHHUX 3KcnepllMSHTaJihHHX ycTaHOERax. 

TI §I paCCMarpnEaJOTCSI TO'!Illie pesyJII,TaTH .nmppaKUHDHIIOM reop1rn 

/ 7/ MH aMnnnry.n: yrrpyroro 111/ep -paccesrnm, B 061iacrn 1mrepqiepeH

mrn KYJIOHOECRoro ll CllJI!,HOrO E3aHMO)l8MCTBllll O,OOI (l'ou/c)2.s-t ~ 
o,or (foi;/c) 2 • Ha OCHCiBe 3THX peayJII,TaTOB llCCJIS)lOEaHO EJIHSIH11e 

aqxpeRTOE nporoH-HYKJIOHIIHX nepepaccesi:uuii, rrponcxo.n:srntux MelK,Jly aR

raMll RYJIOHOBCRoro ll Cl1JlhIJOro B8al!MO)leiicTB.IIB, ua .n:mixiiepeHu;uaJihHOe 

cetJeHHe 1; Hep -paccesi:mm B yKaaaHHOM o6nacru. Ilmmsano, "!To 

EH60p o6meii OTHOCUTSJII,HOii ll)a8H aMil~TY.It RYJIOHOBCROro 11 smepuoro 

paCCill!Hl1J'.l EHOCUT Heoupe,n:eJISHIIOCTI, - 0, &-I%, 11 J'.IBJifIOTCfI onpcrn.naml!lM 

rrpn aIIaJIU38 cymeCTBYl()[!tuX 8RCnepm.1eHTaJihHHX ,naHHhlX, u11e1un11x xupaR

TSPHYIO norpeuJHOCTI, ~3%. Hcxo,zm Im 3TUX ,llaHHHX onpe.n:eJISHhl 3Ha'-le

HUSI BeJIH"lUHH d..pN= I& FpNIImFp,,v n rrapaMeTpa nairnoHa bp1v JVJJI 

pN" -aMnnury.zt npn 3Hepr1mx 2, 7+G fsll, ROTopue xopomo cornacy10r- . 

csi: c peayJihTaTaMH nsMepeHnii «pN , DptV E omnax no pp , pd -
pacceSIHlllO. 

B CJIS,lzy!UU}IX ,n:BYX naparpaipax rrpOBOl(UTCH a!IaJill3 aMITmtry,n: 

yupyroro 4lle d -Bsamrn.n:ettcTEHSI B paMRax .nncppam1nmmofi Teopnn. 

IlpH o6meM pacCMOTpeHUU ( §2) IlOJIY'-ISHO aHaJIUTll'lSCROe npe.n:crairnemte 
4 ... 

.ItJISI. aMilJIHTY~ F'i/./ed (t) : . _ pN . t/'J . ~, 
;=, li-)=_ip exp(-iR.2),fJ:: (A4)1(-c5tot:(1-tcl.p,v] Jo!t1Sd(.i.)x 
If/led a'ff 16 'L;,;=o,{ I/JT6p¥ / 2 

(i" 1,2, ... /?) t, + (3) 
~ /' i ,,& 0, 4 ;/: 0 ~ /'j 

xexn(-- .if.2c1{+2c1Ai'+c22q':, -I-. 4Jl'Sd(iJ~ (- o/:,:{l-iolp,,;)Jr~c1_,51exp{-_ ql.\] 
r L(t:. .I .=! {/Ii} 4'.JlbpN Ltc11 -:J 

r.n:e p - nMrryJinc SI.npa 
4/le E na6oparopHofi c11cTeMe; !fl= H ; 

,._,.± ,1.t•+,1,· • ,, n4,,_ ,,·-1+flJR..'2·. 
I 'J =- I 'J - I J-1- l( , vi = . JI J , vi J - -2/, , 

J=1 · pN 
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'< 2 +- 1/ +z. -2, . Lf ,..:- " + 
cJ, = _!_ ~ b;N/'J +-/?.,lfY -/'J /, c _..i L l.JL .• c _.:f.. .._- ffi · 

Vi c;... , 12.- . .::i· • 22- ~ .:i·' 
41,}N J=-1 :;lj .!!6pNJ=t 'I Z61w·✓=I 'J 

<l ~ c11 c22 - c.;;:_ 
Sd (tf) - qiopr,q>a:KTOp ,neiiTpOHa; BeJIH'll1Ha R. =I,37 PM CEII3aHa 

co cpe.nHe:KEa.npaTl1'lllliM pa,IO'lyCOM "lie COOTHOUJeHl1eM R.. = i/I <2~.>~ 
BupameH11e (3) He co.nepm11T KaK11X-JIH60 rrpe.nrrono~eH11ii OTHoc11TeJibHO 

BDnHOEOli tYHRU1111 .neiiTpoHa 11 B .UMbHeiimeM rrp11MeIDieTCR .UJ!lI EH'll1C

Jiemm ~o~d, ol = l<.e. F/It«- F n rrapaMeTpa HaRJIOHa .nmpiJepeHu11aJII,"

HHX cetJeH11t1 {Z}lfJleot B 06JiacT11 /ti~ 0,09 (raD/c)
2

, r.ne .no

cTaTotJHo orpaHl1'll1TbCR 11CITOJib30BaHl1eM B (3)1130TporrHoro qi9pM(paKTO

pa $ 0 (if) • IIpo11sBe.ne11N TaK~e pactJem ,IO'l<NiepeHu11aJibllliX cetJeH11li 

REas11ynpyroro rrpouecca c pasBaJIOM "lie. , RBJIRIWterocR qioHOM rrp11 

113MepeHl1RX, npOBO.JJl1MllX MeTO.UOM crre:KTpOMeTpHpOEaHl1R tJaCTHU OT,natJH. 

Ka:K 113BeCTHcl8/, RBa,npyrrDJibHM .neqiopMaul1R .neiiTpOHa rrp11BO,IO'IT 

K CYUleCTBeHHUM H3MeHeHl1RM CTPYRTYPH ;: B OKpeCTHOCTl1 MHHHMY-

Ma .UJIR pr/ -pacceRHl1R Ha HenoJIRpl130BaHHOli MHUJeHFI. IlOCROJibRY MllHl1-

MYM .I{l1<NiepeHU11aJibHOro cetJeHFIR qllecl -BsaFIMO,neiicTBFIR pacnoJiara

eTCR np11 3HatJFITeJibHO MeHblllHX 3HatJeHl1RX Jr:/ ' BJil'lRHl'le Ilpl'lMec11 2-
BOJillli B OCHOBHOM COCTORHHH .neiiTpOHa Ha BeJil'l'll1HY ( ff) "kuf RBJIR

eTCR cyinecTBeHHO 60Jiee CJia6HM. Jimr oueHRl1 8TOro BJil'lRHAA B §3 no-

JIY'leHO npe,nCTaBJieH11e ( $) l/f<.2d , OCHOEaHHOe Ha ytJeTe B (3) 

KBa,npyTIOJibHOro .neiiTpOHHoro qJOpM(paKTOpa S2 (if) , 
.A 

Set ff) "So (tf)-S2 (if)[3 (~~)~ }:) (4) 

~ 

r.ne S - oneparop cnFIHa .nettrpoHa. IIoKasaHo, tJTo np11 aHeprAAx 

2, 5+5 raB/ey1rnoH l'lCilOJib30BaHl'le q>OpMqiaRT~ B El1.Ue ( 4) Ilpl'lEO.UHT 

R He3HatJHTeJibHOMY (~30%) B03paCTaHl'lIO. (-a$) '<Ju.er E OKpecTHOCTH 

MBHm.,yMa; acN>eKTH 2 -BDJIHH He npeBllUJalOT ~5% B 06.nacTH /t/.f; 
0,09 (raB/c)2 • IlDJIY'lellli ouemrn IlOJIO~eHl1il MlilHl1MyMa 11 BTOpll'lHOro 

MaKCl1MYMa B .U11q>paKUl10HHOli CTPYRType. 

B §4 npoBe.neHH BH'll1CJieHl1R cyMMapllliX .UFicN>epeHUl1aJibllliX cetJe-

Hl1li ynpyroro 11 RBas11ynpyroro pacceRHFIR R,nep "He. Ha reJil'leBoii 

M11meH11 npll /ti~ 0,2 (ran;c>2. IIoKasaHo·, tJTo B o6JiacTFI /t/ z o,r 
(raB/c)c pesyJibTSTH ,IO'lqlpaRUl10HHOli reop1111 HaXO,ILlITCR B xopomeM co

OTEeTCTEl111 C 11MeKIIU'IMl1CR 8KCnepl1MeHTaJibHHMl1 .naHHHMl1. 

6 

,J 
t.i 
I 

·~. 

;~ 

B TpeTb8li rnaEe paccMaTpl1EaIOTCR EOilpOCH l1CCJI6.UOEaHl1R np116Jll'l

meHl1li REa311CE060,nHOro coy.napeHl1R 11 nocne.noEaTeJibllliX nepepacceR

Hl1fi, npHMeIDieMHX .UM Oill1CaHAA npoueccoB C 60JiblilllMl1 npo.nOJibllliMH 

nepe,natJaMH 11MTIYJibCa _B BHCOR08HepreTI1tJeCKOM paccrurn1111 Ha CBR3aH

lillX CDCTORHHRX tJaCT11U. AHaJI113 o~o6eHHOCTeii aMTIJillTY.U no.noelHHX pe

a:K[lllli npoBO.U11TCR Ha OCHOBe Mo.neJiett IlOTeHU11allbHOil reop1111, B RDTO

pHX MHorotJaCTl1'lHM .Ul1HaMl1Ra O,nH03HatJHO onpe.neJIReTCR noTeHu11ana

Ml1 61mapllliX B3aHMo.neficTBllli. 

B §I npoEe.neHo 11ccJie.noBaH11e npoueccoB pacceRHnR 6HcTpux tJac

T11U Ha rso 0 E TO'lHO pemaeMOil O,nHOMepHott TpeX'laCTl1'lHOfi MO.UeJil1 C 

raMl1JlbTOHl1aHOM B11.na 

1 J (0 )i H~ -;:;- ,;... ~x· -?J',,5(x1-Xz)+7/2,{x3-x1)1Yj2(~-'0, (5) 
c:.m. J={ J 

r.ne Xi - Koop,IO'!Hara J -n tJacr11uu; /Jjj(XrXj):: !tiJ., lfo(x:rXJ) . 
( 

tf-, +co _ 
faMl1JlbTOHl1aH 5) .nonyc:Kaer HeTp11Bl1Mblllie npoueccH B3al1MO.Ue11CTBl1R 

tJaCTHU!l 3 co CBR3aHllliM COCTORHl1eM E TIO.UCl1CTeMe {12}. Onpe.neJieHH 

TO'llllie 3HatJeHl1R BepORTHOCTl1 ynpyroro ITPOl.\ecca l1 nnornocni DCpOi!T

!IOCTl1 pacceR1111R C!ucrpon qacTl1l.\hl 3 11a 1,;o0 
c pa:rnanou 1.rnllle1111, 

dw _ §. si11,.30fli.3p /G fi 1:._/16 .r.:.;2Y2.1-J
1

f 
ctp - .Jr (clt.3 (3-Cos3B)(clz.3fi+~3o)'l. Dn L"K lVt;. P +rK+2£J J , (6) 

r.ne K = ( 2(J!.- t))"h. ; f!o,P - HatJ~Jibllliii 11 ROHetJHHn 11M-

nyJIMH tJaCTl1UH 3 COOTBeTCTEeHHO; C. = h-1 lfo7q - :mepr11R CER311 

E no.nc11cTeMe {12) ; /3 = a.rsh.1[; co.s 0 = {2t:)-
1
{ /;Ip+ V K~ ZE). 

B npe.neJie Po ... oo .IUIJI duI nonytJeHo acnMITTOTl1'leOKOe Bupame-
ctp 

c/ZJ ,.._ l/ plv;:i;i 
dp (po-,=) - ":ii (p 2 +nt€)2... 

Hl1e 

YcTaHOEJieHo, '!TD np116Jll'l~eH11e KEa311CBOClO,nHOro coy.napeHAA, npl1EO,ILll-

1uee R TIJIOTHOCTl1 BepORTHOCTl1 ~(111€/l2.(p 2+ME)-2 , He Il03EOJIReT on11-

caTb-pacceRHl1e B 06Jiacr11 p >>vme·. 0.nHOBpeMeHHoe Bsa11Mo.neficr

B11e C 06e11un tJaCT11UaM11 Ml11lleH11, orrpe.neJIRDnee E )laHHOfi MO.UeJill OT

KJIOHeHl1R OT RBa311CE060,nHOro np116JI11~eHM, COOTEeTCTByeT ,IO'l~paKU1111 

na,na!Oluen EOJillli B TIJIOCROCTl1 OTHOCl1TeJibllliX ROOp.U11HaT Ha CTPYRTYPe, 

o6pasoEaHHOli noTeHtll1aJiaMl1 i§, ' ~.2 • 

ll §2 E rpeXMep110M cnytJae aHaJil'ls11pyercR MexaHl13M nepe.natJ11 

npo.UOJibHOro l'lMTIYJibCa O,lll!Oli 113 tJaCTl1U CB~3aHHoro COCTORHl1R 3a 

C'leT pacceRHl1R 6HcTpofi tJaCTl1UH Ha 60Jibllll1e yrJIH. PaccMOTpeHl1e 
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IlpDED.IUITCR 

pacceJrnmi: 
Ha ocHoEe pasJioJK.emiti reop1rn JJarcoaa/B/ .IUUI Marpmn,r 

T'= i:1 +i; , r.e. nrepaunomrux pemeHnfi ypaE1Iem1n 

1:, = i:1 + t1 Gi'.2 • 

't2 = t:2. + t:.z G 7:1, (7) 

B RDTDpux tj {j = 1, 2) RBJI!IIOTCR .lIBYXtJaCTlltlHHMll MUTp11uru.m pacce

JIHJ,JR EHe imepreTll'JeCRDH IlDEepXHocr.11; BemltJlllill ti Y.IlOEJJ8TEOp!!
IOT ypaPH8HllRM 

ti == V"j3 + V°j.3 Gtj ., j=t,2. (8) 

r.n.e Vj3 -noreHUllaJlli 61mapH11x EsanMD,n.eficrB11ir, G - rpextJac-

TlltJHhlir nponararop, onpe,n.eJIJieMuii raM.11JI1ron11anoM cEo6o.nnoro .IlBlllK.e-
HllR K0 = -- Z. - , 1 3 o )2 

. 2,n j:{ ("iJilj G = lim 1 . 

J1Jm pell!CHllR CllCT8MH (7) Ell.Ila e-.+-O E-Ko+/€.. 

f°= {t1+t2.)+('tfG-tz -1-taGt1)+(i,GtzGt1 •t
2
Gt1Gtz)t.~9) 

Eh!RCHeHa c Tpyr, rypa oco6eHHOC Tell, o6ycJIOEJI8HHHX cmrry JIJIPHDCTRMll 

(). , E D6JiaCTll 60JI1lilllX yrJIOE pacceRmm 6ucrpofi tJaCTll!UJ. Ilpu 3TOM 

YCTaHDEJI8HO, 'lTD ERJia.Illl E rpextJaCTlltJHYIO MaTplley pacceRHilR THna 

{ l:,Gt2 + t2 Gt-1 ) , o6ycJIOEJieHHUe aMTIJIHTy,llaMll 6mrapHUx coy.uape-

Hll1l: EHe 3HeprerntJeCROll IlDBepXHOCTH, He ROMTI8HCHpyIOTCR B YRa3aHHOi1 

OCJJiaCTH El1Clll11Mll 'lJI8HaMJil llTepaunDHHoro pa3JIOlK.CHlilR (9). Ilp0.113B0,ll0-

Hhl OU8HRll Il0,ll06HUX BRJia,llOB .IlJilI MO,neJUI, CDOTB8TCTEYiarretl 61mapH11M 

TIDTeH1~11a.JiaM rnna 
11

TB8P.Ill1X. ccpep", B KllH8MaTHtJCCRD!1 06JiaCTl1, sanpe

lU0HHD!1 .IlJilI REasncBo6o,llHoro pacceRHllR 6ucrpofi tJaCTllUU Ha D.llHDll ll3 

'laCTHU Mlllil8Hll. Iloim3aHo,_ 'lTO y-ger 110CJI8,llDBaTeJI1HHX nepepacceRmrn, 

onpe.neJIJieMUX .IlEYX'laCTll'lHl1Mll aMITJillTy.llaMl1 Ha :rnepreTll'l8CROii IlOBepx

HOCTl1, RBJIJI8TCR He,n.ocrarotJiillM .IlJilI OllHCaHllR npoueccoB C 60JI11!J.11Mll 
IlpO,llOJ11IillMll rrepe,lla'laMll HMHyJI1Ca. 

B §3 paCCMOTpelll TO'lHD pemaeMM MO.ll8JI1 .Ill1cppaRUllOHHOro pac

CeRHllR tJacrnu, 06Jia,llaBJ[l.11X BHyTIJ8HHllMll CTeneH.l!Mll CB060.Illl, Ha .lIBYX

tJaCTll'lHOM CBR3a.HHOM COCTDRmrn. //fo~eJio onpe.neJIJieTCR no T8Hf(11aJiarvm 
E3allMO,ll8MCTEllR BH,IJ,a 

Vj~-= -ipj3 Cj3 6(!x7-~J-a.) ., j=- f,Z. (IO) 

8 

( PJJ - DTHocureJI1H11il llMnyJI1c tJacr11u no.nc11creMH {j3} , 0:J 
oneparopu B npocrpaHCTEe BeyrpenHux cocrORH11il -gacruu), ll .norrymm

er npoueccu c nepe,natJeil npo.noJI1Horo nMrryJI1ca tJacrnuaM MHmenH, sa

npemeHH!le RllH8MaTl1ROil: nOCJI8,UOBaTeJI11illX ,nByXtJaCTlltJHUX coy.napem1fi 

B .Ill1tppaRUllOHHOil: 06JiaCTll, ITOJJY'l8H!l aHaJil1Tll'l8CRlle npe,ncraBJI8HlilR pe

W8Hllfi ypaBH8Hl1il: (8) C TIOT8HUllaJia.Mll (IO) B npe,lleJie PJ3~i, Hau.neH-

Irue BHpallleHM ,nJIJI .nBYXtJacr11'lHHX aMnlillry.n l.,1 11cnoJI1sy10rcR .IlJill 

nocrpoeHM TO'lHOrD pemeHllR ypaBHeHl1fi BaTCOHa (7) MeTO.llOM 11repa

u11fi. B pesym,rare ycrn11onJie110, tJTO B .nrumoit Mo,neJill pasJJolKeH11e (9) 

co.neplltllT ROHetJHOe ~llCJIO ~JiaraeMHx, 'lTO Il03BOJIJieT npe,ncTaBl1T1 MaT-

pney TpeXtJaCTlltJHoro pacceJIHllR z' B amUil1Tll'l8CROit tpOpMe. Ha 

OCHOBe TO'lHOro pemeHl1~ llCCJI8,llOBaHa o6JiaCTb npHMeHHMOCT' rJiay6e

pOBCRDro np116Jllllll8H11R C ytJeTOM nopR.nKa nepepacCeRHl1fi/IO; noKasa

HO, 'lTO OTRJIOH8Hl1R OT aroro npn6.JllllK.8Hl1R mm6oJiee cymecTB0Hlill .I{JI!I 

.nepe,na'l l1MnyJI1ca, cpaBHl1MHX C o6paTHDfi B8Jill'll1HDil pa.neyca o6JiaCTl1 

611HapHoro B38.11MO.IleficTBl1R (B CllCTeMe e,nl1ffl!U -/i_.:: 1 ) • 
B IlPllJIOllleHllll npllBe.neIW ITDJIY'l8Hlille ac11MnTOTl1tJ8CRlle npe,ncTaB

JI8Hll.lI pemeHllH YpaBHeHllit (8) .IlJill 611HapIWX aMnJillry,ll BHe aHeprern

tJ8CROit noBepXHOCTli, onpe,neJIJieMHX nOT8HUJ1aJiaMll B3al1MO,neil:CTBl1R Tll

na "TBep.IlllX C(pep". 

OcHOBHHe pesyJI1TaTH, nomeHH!le B n11ccepraW1n 

I, IIocTpOeHa a.HaJillTlltJ8CRM napaMeTpll38.URJI aJ.lllJlllTY.l\ a.npoH

npOTOHHOro pacCeRHl1R Bnepe.n Ha OCHOBe rnnoT83H D M8pOMOpcpHOCTll 

8.MTIJIHTY.Il RaR qJyHROllit YHl1tpOpM113YIOmeil nepeMeHHofi. IlpoBe.neH COBM8CT

Hblil aHamrn noJIIWX cetJeH11fi Jl±p, K/p, pp, pp -Bsa11MO,llei1cTBllfi 

B 06JiaCTl1 8Hepr11n I) ,t. IO r3B, IIo.nytJelill npe.nc1tasaH11R .nJIJI B8JIH'lllH 

d;,t = R.R.. F"P(tJ) /J,.JhP(v) , · xopowo cornacy1001HeCR c .naHIWM11 no pp , 
Ji p -paCCeRHlllO, 

• 2. liCXO,nf{ l:13 ,IJ,aHHl:lX 8RCnepl:IM8HTa no "llep -B3allMO,neiicTBlllO 

onpe.Il~JieIW 3HatJeHlll! napaMerpoB aMnJillry,n p/V -pacceRHllH np11 

SHeprRIIX 2, 7f5 r3B, 
3, ITOJIY'l8HD aHaJillTl1'l8CROe. npe,llCTaBJI8Hl18 .nJIJI aMITJIHTY.ll ,nll(ppaR

OllOHHOro "fie o/ -pacceRHM ll ,nn(lJ(pepeHUl1aJ11HblX cetJeH11il: (!1{)1t1uc1 
C y-geTOM KBa,ICpynOJI1HDro MOM8HTa .n.enrpoHa. IloRa3a.HD, tJTO BJillRHl1e 

~ -BOJilill Ha B8Jil:l~l:IHy ii COCTaBJIJieT -30% B 0RpeCTHOCTl1 

MllHli!MYMa ll He npeBHmaer~5% B 06JiaCTll /ti~ 0,09 (I'3B/ c) 2• Ilp0l13-

Be,llelill oueHRll t'.J: .,_ , ol. = l<.tl. F , napaMeTpa HaRJIOHa, IlOJIOlK8Hl1it 
• 0 • In,,F 
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wmnMyMa H ET.Opll'lHoro MaY.CUMYMa (~~) 'IHed 
2, ~5 J'3Ji/ 1r.vrrnoH. 

rrpll 3Heprmi:x 

4. HccJJe.nonaHo rroBe.neH11e ce11em1il ynpyroro u ItEas11ynpyroro 

I/He- ~He -pacceirnmi: np:n /ti~ 0,2 (f3ll/ci. Pesym,TaThl pac11eroB 

xopOlllO cornacyJOTCJJ: C cymccTEYJO!UllMll :mcrrepl'IMCHTaJJI,HHMll ,naHHUMH 

JIJJR /i-/:::. O,l (f3ii/c) 2 • 

5. Il prumax rrpe,nJI01K8HHOll TO'lHO pemaeMoii O,UHOMepHoit MO;IIemi, 

orrpe,neJJfieMOii rroTeHUllaJiaMll HYJI8EOro pa.m1yca ,neiJ:CTEll.fI, ycTaHOEJie

HO, 'lTO JXlCC8.fIHile 6blCTp,!X 'laCTllU ua 180° He MOllteT 6uTI, omrnauo 

ua ocuone rrpe)lcTaEJiem1li o coy,napemrn c REas110Eo60.nuoii 'lacrnuei1 

MllllJCHll, 

6. PaCCMOTpeHa crpyRTypa pa3JJOlK8Hlli1 reopllli BaTCOHa ,UJJR aM

ITJJllTy)l JXlCCCHHIIH 'laCTHU WCOROH :=mepnrn C 60JfbillllMll rrepe,natJaMH 

HMITYJibCa. ITorta3afiO, 'lTO TpeXtJaCTil'-lHHe aMITJIIITY.IU1 pacceHHIIH Ha RO~ 

HC'lHUe YPJ!bl co.neplKaT BRJia)l 61mapHUX aMITID1Ty,U EHe ::rnepreTH'l8CROi1 

ITOHCpXHOCTU, 

7. ITpew1olKeHa TO'lHO pewaeMM TpeXMepHM MO,UCJib .nmppaRUIIOH

HOro paccemum 'lacrm:.{ c BttyTpe11m1M11 cTerreHm~ll cEo6o.nu, 11 RoTopoli 

E03MOlKJUJ /IEJiemm rrpo.noJibHl1X nepe,na'l m~rryirbCa. Ha OCHOEe IIOJJY'lell

HOPO pememm .UJJ/I aMITJil!Ty)l TpeX'laCTll'lHoro E3aJ,:!MO)l8HCTEIIH l!CCJIC

,noEaHa TO'lHOCTb rnay6ep0Ec1rnro rrp116mrnwmm c y11eToM nocne.noIJa

renbHocr11 rrepepacceHHHli. 
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