
1 

~-J-0 

OftbBAMHBHHbiM 
MHCTMTYT 
RABPHbiX 

MCC~BAOBaHMM 

AYftHa 

P2-89-20 

E.C.fony6JITHHKOBa~ B.H.KammKHH, BJl.IUMOHHH* 

KYMYURTHBHhiA 3CW>EKT 8 nPOUECCE 
MHO>KECTBEHHOfO PO)I(JlEHHfl AllPOHOB 
HAflllPAX 

HanpaaneHo a ''Journal of Modern Physics A" 

*HHCTHTYT ~3HKH B~COKHX 3HeprH~, A11Ma-ATa 

1989 



I. !lBe)leHlle 

HHTepec K HSY~BHHID B38HM0~8~CTBH~ ~8CTHU BHCOKHX 8H8prH! C ~

paMH B SHBqaTe~:&HO! Mepe o6ycnoBn8H ITPKHO»ITH8RDHOn BOSMO~OCTDID HC

llOJI:&30BB.IDUi YlX B K8ti9CTB9 11aHaJrn38TOpa" rrpOCTpaHCTB9HHO-Bp9M9HHOrO paa

pa3BHTIDl IIpOU9CC8 MHOJK9CTB9HHOrO p0Jit,I1;8H1'UI a.upOHOB ... !0/KHO OJ!Ul,U8Tb, 't!TO 

paapemaiDmaH CITOC06HOCT:& KnBPHOrO aHBXH38TOpa OK8~9TCH BHlliB B peaK-

J:J;WIX t X8p8KTBpHOTH.KH KOTOpl:lX 3H8'tfliT9Jl&HO OTJm't!8RJTCJI OT COOTB8TCTBYIO

~ xapaxTepocTHK i1Xff B88HMOi1eRcTBnft c Oi1HXM HYKilOHOM. K ~cny TaKKX 

peaK~I OTHOCHTCH npoueccu, conpoa~a~eca'po~eHHeM a~oaa B o6~ac
TH W9SOBOro npoCTp8HCTB8, aanpemeHHO! KHH8MaTHKO! CTOXKHOBSHHR ti8CTH

I:iji CO CB060,ItHI:lM lfYMOHOM. 3Tn 8,1U)OHH H83f:lB8K>T IcyM,YJIJI.THBliHMll, TBK KaK 

HX o6pa30B8HB8 CBa38HO C ROHU6HTpa~e~ KMTIYR:&CB, nepenaHHOro OT ~X 

B 60Jiee HYMOHOB sr.npa, H8 O,mtOA poJI,II;SIDIOA '118CTHUB. 

B peayn:&TaTe MHOroHBTHHX zccne~oBaHH! KYMYJIJI.THBHoro a~KTB Ha
RonneH OdillHpH~ 3RCIT8PHMBHT8~DHHft MaT8pH8~ K BHHBneHH OCHOBHHe 38RO

HOM9pHOCTH (JHHB9POaHDHOOTD H8KHOHOB BRRmD3BBHHX OIT9KTpoB, ~eMHSR 

A-aaBROMMOoT" M T.~.). 

MH noK8Jit8M, 'tiTO doJt:&maa '!BOT:& Ha mn Henoope,noTBeHHo CJie,DyeT Ba 

OBMHX odmax npe,noTaaneHBI o MeXBHHaMe rrpoueooa MHomeoTBeHHoro po~eHHH 

8~0HOB B MOMBT CRYMHT:& e~e 0~ no,nTBe~eHHeM 8THX npe,noTSBneHBft • 

.flam 8HaJlll8, OCHOBHM H)19Jl KOToporo 6wta C(j)ojlMYJlli!JOBaHa B pa6c>-

T/U: 6y)1eT O!IIIP8Tb0Jl Ha IIPIII!JITYHl MHOI'JIMH 8BT0p8MH Kllj)THay MHOJ!t9CT- . 

BeHHODO po~eHEJI B a)1pOH-8)1pOHHHX M a~poH~epHHX B38HM0)19ftCTBHJIX, 

,norryCltallflYD, 'iTO: 
- II!JO!lOCC o6pa80B8HEJl '!8CTHI1 II!JOXO)jHT '!epaa CTa,JOlJJ (j)opMHpoBaHIIJl 

IlpOM8JcyTO'<I!HX !IJIPOHHHX KOMII8YH)1-CHCT9M (KC) , MI'IIOBOHHOM)I. pacna.ll)l KO

TOpHX ITpellf{TOTBYJlT UB8THH8 OMH; 

- BpaMH llti!SHH KC ~ocTaTo'<l!o i1Xff nx BIIXO)la na H)1ep; 

- ~ ODBCBHBH pacna,na KC MOMHO HCITon:&30B8T:& CT8THCTHKQ-T8PM0-

~8MR'i9CKH9 M9TO~. 

B IlpaM9H8Hll9 K OIDIC811J!J) HYM)IJ!JlTHBHOro a@)eKTa T81<!1Jl Kllj)TI!J!8 6wta 

H83BBH8 "ropsrqe!" CXeMO:A: npon,ecca. 3THM T9pMm{OM Mil 6y,neM IIQn:&30BBT:&

OJl H B )18HHOA pa6oTe. 

IT. YHHBepcaH:&HOCT:& H8Kn0HB HHKnD3HBHOrO CTI9KTpa 

ITpe~pHTe!lbHO Heo6xo~ c)le!laT» aaMe'!SHHe MeT0)1H'!ecKOro xapax

Tepa, CBR3llHH09 C BHdOpoM OKeliJmHroBOft nepeMeHHOA, niH!JOKO HCIIOJ!b3Y8MOR 

B peJIHTZBHCTOKOA ~epooa ~SHKe. 

ITpn CHOT9M8TB38!1BH 9KOII9paM9HTQJlbHHx )1HHHHX B K8'!8CTBe MapH B ~-

30BOM npocTpaBcTBe, xapaKTePftayJJ!Ieft y~aJieHl!e nepeMeHHHX '!SCTII!lli oT o6-

!lacTB, paapemeHHOR KHIIOM!lTHKOA 8,1ijlOH-JIYMOHHHX CTOJIKHOBem, HCIIOJ!b8y-

8TCJI xyMyJIJITHBH09 't[HCJIO X 
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x~ f_ Ein£,-p<np,Cos8•'12(mi-m1
2)•mm2 . m E.n-m-E;-m2 (2.!) 

r,n;e Ein , ptn_ saepl'HSI JI m.myJII.C nep:mrtmo:M:, E, , pi - .E\,YMYJIR'mBHO! 
'UICTHD;H:; mi -MaCCS UOOJIB.IU!e:A:, 8 - YIW! ee BWIBTS B JI860paTOp1lOft CRo-
TBMe, m-MBcca HYMOHa, m2 .PSBHB aymo rm11 -m), mx+, m IT.PH poa;,n;e-
mm K,YMy-JI.HTltBHHX 'if , K +, J(- H Ji COOTBBTOTBBHHO • 

B nepBOM UPJ<6Jmli<elllll! B8Jili'D!I!Y X MOlKIIO paccMaTPIIB8TD KBK Ml!IDIMIIli~
IIY'J MaCey Mlllii8Hl!, BHP8l18Hl!YID B 9/tiiHHllliX MaCCH IIYKllOHa. 

ITPH 60llhruol Ha~~Hol aHepr.n x co~eT o nepeMeHHOI CBeToBo
ro \)ipoHTa: 

o<= (E;-p;Cose)jm. 
Ilpll X > f lf8CTBI.T,8 " i 11 OlJHTSBTCJI 1\V'MYJUITKBHOI. 

(2.2) 

ITepe~eM Tenep~ Henoope.z~oTBeHHo K \liOJ>MYmtpoBKe 11 I!HTepnpeTaJlllll 
npo6l!eMH. 

lllllpoKOe OKCil9Pl'MeHT8lll>H09 IICCll9,IIO~e KYMYllllTIIBHOro O\lillieKT8 BI<R:
BWIO YHIIB8P08ll~ 38KOHOMePHOOTI> (cM/2 •3/ II CCWIKII B III!X) - 38BI!OII
MOCTD :BRBapHaHTHO!'O CB't!BlUJJI OT 1\YMYJI.fiTHBHOI'O tm:OJIB X MOXBT 6HT:& np9,n;-
OT8BJIBH8 B BH,Ite 

(2.3) 
IIPH aTOM noKasaTeJII:o HBMOHB a.KCIIOHBHTH X 0 ~ O,I4 npa.I(TH1iBOKH HB 

38BliOBT OT COpTS K;YMYJIHTlmHOrO a,IU>OHS .. i" , yrJIS 81"0 BHJIBTS 8 , nep.
BJI'IHOI aHepr.n Ein (np11 E'n.,6 .;- 8 I'sB), a TaKJte OT MeecH J'Oipe-MIIIIIeHB 
(.IIlll! Ope,IIlii!X II TIIESJ[IiX Jl;llep). 

QqeBli.J];Ho, liTo pox.n;emre B.lU>OHa ~ i ", odJJ:a.n:BD~tero IcyMyJIJi'rliBliHM uc
JIOM X , CTSHOBliTCSI BOSMOJKlWM, BOJIB KOJJlJ'IlBCTBO Y'mOTBYliiU'iX HYMOHOB 
>ou>a Y.IIOBIISTBOJ><ST HepaBeHCTBY nz~I"'' r.z~e I:x: - l19JIIISI 'UICTI> 'II!Clla x + 1 • Cn:e;n;oBBTeJIDHo, ceT.feHHe Taxoro npou,eoca MO&eT 6HTD npe;n;cTaMe-
Ho B B~e cyMMH: 

E ct3a;,'d J =" Wen). Fen) 'P ,ft. A t , (2, 4) 

r.z~e wArn) - ce,.eHI!e peaKJlllll 0 Y'UIO'I'J!OI( n HYKllOHOll, Fi (n) -liiiBII.PHHTHHI 
OIISII'rp &.lijlOHOJI OOjlT8 " i ", OOP88}'DIIIIXOII ll T8KOI peaKIIJD, l!apueHI!e 
(2.4) JDW~:eTOJt oOHoBOII no.z~aBJIJD~I~ero 60JILIIIIII!OTB8 MO,I~Mell KYIIYllll'l'I!B1Ioro 
J>Ol\IIOIIHJI &.lijlOHOB • 

roJli!'IIISI cxeMa oT~eOTBJllieT F/"J oo oneKTpa!Gt 'UIOT1!11, oopasYJilllllC
oH I!PJ< P80Il8.!16 OT8'1'J!OTII'I60KOI KC. 8 wAtn) - 0 oe,.eHIIJIMII ee o6paSOB8l!HJI. 

HBze MH paOCMOTpaM OCHOBHHe KSqecTB8HHH9 cxe;n;oTBHR TSKOro 0'1'~90T
Bli8Hl!H. Jl>ta: UpoOTOTH IIX HSJIOKSIIHJI orp8HII'II!I4CJt Ha I!OPBO!I STOlle H81160JI88 
I!O.I~PC6Ho IISY,.eHllol OM8CTJ.J> nepllll'mlDC aHepml E in IlOpll;liKB ro I'sB. 
B aTOM CllY'Uie ro!J!<'i81l cxeMa KYJIYJIHTZBHOro npol16coa npS.I~nOJiaraeT o6paao
BIIlllle O.IIHOI OHOTSMH, BKlll)'i8JJI(81 fl IIYiti!OHOB JOipe MIIIIIeiiK, B KOTOpol K 
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MOMeHTY pacrra~a ycTaHaBHHBaeTCH r~o6anbHOe CTBTHCTH~ecKoe paBHOBeo
HOe (MHKIJOKaHOHffq90KOe) paonpa~e~eHRe. 

§ 2.!. J!HBapHaHTHOOn H8MOH8 oneK·rpa (2.3) OTHOOHT9~hHO yr~a 
BWieTa ~poHa 

llpH~eHHaH HHBBjlli<BHTHOOTh H8MOH8 OlleKTpa RYMY~THBHHX ~poHOB 

(2,3) OTHOOIIT9~hHO yr~a JIX BW!eTa 8 JIBJ!l'!9TOJI Tpi!BIIB~hiiHM Me~OTBII

eM ro~eft CXeMH y~e B C8MOM rrpoCTOM H ~CTO HCITQnb3J9MoM 99 B8PH8HT8, 
~onyOI<BBl!leM nsoTpommll paona~ KC. ,llelloTBHTMhHO, yro~ Be BWieTa ~
TIIBIIOTOKoll 'ISOTIIIJ)i B OIIOTeMe noKOJI KC, .l(BlllKYI!IeiiOJI co oxopoonRl p , 
0Bff98H 0 ~a6opaTOpHHM yr~OM 8 OOOTHOI!IeHHeM 

Case- f3 
Cos() c"" f - f3 case ' (2.5) 

B KOTOpoe He BXO.n;HT X :wni HMITYJI:&O- K'.VMYJIHTHBHOA ~80TH~. CaMS 38 BeJm-
1:.fi!H8 X C XOpomeft TO'UIOOT:&IO onpe;n;eJIHBTOJl aHeprne1t ~80TH:ml B CBOT9M9 
ITOKOH KC COOTHOW8HH9M 

X"'- n:rR: n ( Ec I Ecmax), 

KOTopoe He aaBHOHT oT yrJia B. 
(2.6) 

Cne~oBBTeJibHO, OTOYTCTBHe aaBHOBMOCTH orreKTpoB ~CTHU OT Be ITPH
BO~T K npn6~eHHOI! H998BIIOJIMOOTII HHBBPHBHTHHX oeqeHJ!II (2,3) OT 8 • 
TaKIIM o6pasoM, ns npe,IVIOJIOJteHJIJI o6 li!SOTIJOUHOM paon~e KC Me~eT IIH

BBPHBHTHOOT» (bopMbl (2,3) OTHOOIITMhl!O 8 , qTO OOOTBeTOTJ!YeT 3KOnepn

M8H'cy'. 
Cn8.ztY8T OTMeTHTb, O.ItHSRO, liTO BTOpoe CJI8~0TBH8 paOCMOTpeHHOI'O npo

OTelmero BapH8HT8 - np1!6~eHHOe paBeHOTBO B6COJIRlTHHX Be~ HHBBPJ!

BHTHHX oeqeHJ!II 06pa90BBHJIJI KYMY~THBHHX ~poHOB llO~ pasHHMI! yr~aMII, 

npe~OTBMBHHHX I<!IK @rHKillll! nepBmHHOII X , - 3KCll9PJIM9HTOM He llO~TBejlll<

;n;aeTOJI. HeTpy;ItHo y6e,IJ;HT:&OJ{ -B- TOM, no aTo rrpoTnope'q}Je npmmeoeao c ca
Moro aa~a rpy6ooThRl npooTellmero BapHaHTa H I!MeeT IIOKYOOTBeHHHA xa

paKTep. 

nei!OTBIITMhHO, H9p9~ BHOI<!I9HB89M09 yTBe~eHI!e,qTO r0Pff"BH OXe

Mll B O~OMBOTBpaOM ll~9HIIH 9KBHBM9HTH8 llpa,IVIOJIOJteHHRl 06 HSOTpoU

HO pacna;n;a~eMCH HOTO~Re, OCHOBBHO H8 H8.UO.P83YM8HHH. 3TO YTB8~8HH8 
onpaBe;r.>!J!Bo ~Illl> = Kpai!He M!lJIOBepoHTHoro MYqaa OTOJIKHOBeHJIJI Ha~:&

HHX ~HoB o ny~eBHM npllue~hHHM napaMeTpoM. B ~elloTBI!TMhl!OOTH ae 

UPJ! 00pa30BaHIIII 9~01! KC B OTOJIKHOBeHIIII lliJOTOHOB llOMe-, KBK npa

~0, nPJ!o6peTaeT H~ Yr~oBoll MOMeHT: 
[ "" 2Pc.u.v i - 2m ptn i 

PP 1i o - 'li{s o. (2.?) 
Qqe~O, liTO 3TO 06CTOHT9JI:&OTBO npHBe~eT K 3H8l!HTBX:&HOft 8HH30T

ponllll. Q6cy~ STOT BOlliJOO II0~06Hee • 

ITPII IIMllY~Me ~BTBBl!lero npoToHa P1n=IO I'aB/ o 11 ope~eM a®<>KTHB

HOM napaMeTpe y,llapa 8 noiJI!,lU<B "'I (jr.l Be~a Lpp noiJI!,lU<B "'20. B 
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CJry'<ae KYMYJL<ITIIBHoll peaK!1IDl, KOr.!(a B o6paao:samm KC Y'<8CTBYJOT n KYK
-cnJ noHoB, ope~ Ben~a Lpp M~eT_HecKonbKO yBen~T~cH: 

-rnJ nm P'n i .r: - (2 8) 
Lpp ~ 1i{Sii o = vn Lpp • 

r.!(e Vsn ~ ~Zmn[in+(n2d)mz' 
3HaK paB8HCTBa B (2,8) COOTBOTCTBYOT CKY'I8ID, KOr.!(a BC8 n KYKITD

HOB H8XO~TCH HS O~OH llpgMO~, ITa~8RbHOft OCR CTOHRHOBSHHff. 
Ms (2,8) CJ[S.!(YeT, '<TO B npe.!(e~ax aKcnepnMeHTSX);HO Hsy'<eHHoft o6-

JiacTH X ( n = 2 ~ 4 ) ]!BMeH8HH8 BeJ!l!'DIHH lpA HO !IpeBHill8eT 50 %, C 
y~eTOM XS npaBRX BBKTOpHOro ano&eHHH MOMSHTOB npH cnyqaiHOM pacnono
EBHHH HYKHOHOB B TinOCKOCTH ITPHnen:&-HOro napaMeTpa B3M9HBHH8 COCTa~eT 
B8JIH'IH8Y OKOJIO 20 %. 

O'IeBI!.lliiO, '<TO KYMYJL<ITI!llH!lH '<8CTHI1B, YHOCJIIIl!IH 6CJr);myro '<aCT); aHep
:rmt: KC, yHOCHT H 3HS'tiHTeJI:&-HYJO 'tffi.CT:b ee MOMBHTS • B nepBOM npB6mmBHHH 

HOnyCRBHH8 roPK"ell CHCT8M02 KY1\IYJIHTHBH02 '<80~ MOXOT paCCMaTpHBaTD
CH RBK 98.!(8'<8 .!(syX T8JI: .KYl\IYJIHTHBHWI 'I8CTHI1B H OCT8TOK KG, o6pasyro
llil!liCH !!PH ee HCnyCRBIIIm. BaJKHel!!m!M RB'I8CTB8HIIUM CJ[O,!(CTBH8M T8KOJI &ap-

. THHI:l .fiBJ'IJISTC.II B03MOXHOCT:D paa,neJiemm: IISpeMeHHHX "m.m:yJI:bC - yl'OJI", T ~ e • 
~KTOPHBBIIIIH BaBHCHMOCTel! r;'"'B (2.4) OT napeMeHHUX Pc (HMnyJI);C qac
T~ B CHCT9Me !IOKOH KC ) H Be : 

FtnJ rp e ) "' cp-'"' r e > · ftn) r l. (2.9) ( c • c t c c Pc 
IIocKOJI:DKY c xopomea TOl!HOCT:DD BeJIKtn~Ha Pc aaBHCBT TOJI:bKO oT x , 

8 Be- TCJfJ>KO OT 8 (OM, (2,6) H (2.5), TO HB (2,9) Henocpe,!(CTB8HHO 
CJ[8,!(y9T \flaKTOpH98!111H 38BHCHMCCT8ft F. em OT X H 8 : 

' 
F/"'rx,B)"" cp;'"'<e)· f,'"' rx J. (2.IO) 

H~e 60HbmOrQ yr~OBoro MOMBHTa U03BonH6T HCUOHbBOBaTb ~ 

O!leHKH ({l;'"'l9c )KBaBHKITaccry~e BHpaJ!SHHH :JW1. KBa.!(peT& MO.!(YJIH yrJIQ-
BO! '~~BOTH BOJIHOBOft ~ M630Ha, YHOCSDilBI'O MOMBHT i. : 

r.!(e 

IYL0(8,JI'"' f/2'ii 2 SinBC np"ln-e,I•C'' (2.II) 

I Y.o ( B, "'n l 12 
"'- Ll 2'11: (2. I2l 

L ,;;, L-Cn) 
pA . (2. I3) 

3HaK peBeHcT:sa B (2.I3) cooTBeTCTeyeT cnyqaro, Kor.t(a KYMYJIHTI!BJiaH qac

nna YHOCHT BBC:O yr~OBOI MOMBHT KC. OdpaTBM BHHMalm6 Ha TO, liTO corJiaC
HO (2.!I) ,(2,I2) yrJIOBOS pecnpe,ttMeHHe 06R&pyliO!B89T B8BHCHMOCTJ> CT L 
Jimiib B6Jm:sH Be ~ ?t. ,IIaJiee, KB.K MH yxe ydeli;W!l1Ic:&, L ~nJ npu n .. 2 ..;- 4 
CJ[860 38BilCHT OT n, I!OSTOl\IY B ITBpBOM npi'!6JmzeHHH MClll!O ITCJfOJU!TJ> 

cp("'rec)"" I(J,cLJ(Bc)"' IY •• re~JI'. (2.I4) 

' ' 
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Ilo~cTaBJirui (2.I4) ll (2.!0) B (2.4), nOJIY'DIM 

Ed' 6 1dp 3 (B,x)<>< 1Yr
0

CeJizi. WA<n>·f;'n>rx). (2.I5) 
nz.Ix 

lis (2.I5) CJia.n;yeT, 'ITO IIHB9pP!BHT!IIi9 ce'!eHM o6paaoB8HM KYMYJJ5!-
TII1lHIDC 'laCTllr( WOKTOPIISYRlTCJ.! B rrepeMellJ!Wt X ll e . 9To COOTBeTCTBY
eT pesy~DTaTaM Ha6~~eHl!~ 21, l!ao6paxeHHHX Ha plio. Ia: ce'<eHl!ff o6pa-
soBaHl!H KYMi/MTl!BHHX 1T -MeaoHOB IIO~ paSHHMll yr~aMl! e npe~-

CT8BnHIDT 0060~ nap~6HDHH8 n~e C 0~ H TBM Ee H8KHOHOM. 

AHanna/2/ MH ~OIT~ pesy~hT9Ta.mf 3!, IIpe~CT8~9HHHMll B TOM 
!:e mute H8 .PHC. 1(6-e) , B3 KOTOpl:IX CJie.u:yeT, '!!TO BBJIBl00!8 ttpacrueDJI9Hllir 11 

.At !J r.t~ 
l ,. ~· . ,,. 
t _, • so• ., ,. 

\\ .. 
.... -
~. \\ ~- ' . ' \\ "!>.• 
~, 

\ ~ -· • \ r 
Ill • •• 

" ,. 
, 
ti 
,. , 
,.. 

e 9 ~s 
S" c-1'1"' 

.. • • 90"' 

PI !J/i8 
•• .. ,,,. 

·-~· .\ 
\\ 
\\ 

)I ~ 
' I t, 

If)' .. ,qe !!TaB 
• II" X - /61"' 

id \\ • -goo 

" \' \\ 
id 

-~ /() 

.r ~ iJ 
B \ 
' .. 

PI !lr.B 

li . /( . • -1~1· 
\ ·-!10' 

Ill ~\ II 

e "\t\\ ' 

t6' 9 

I 

Pl!c.I. !lpl!MepH ~aKTOpl!SamffH HHBapHaHTHoro ceqeHllff no nepeMeHHHM 
X 1! (I B J1POJ19CC8X p + A - h,KYM + X, 
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npaKTH'qBCRH HB 38BHCHT OT paaMepOB ~-MHill8Hn H COXpBHHBTCR TB~ 
ITPM rrepexo~e K k -MeacHaM. 

TaRHM o6paaoM, rop.q'qaJI cxeMB, y~THBamtaH Ha.iilftme y KC yrJioBoro 
MOMBHT81 TipaBO~T K HHBBPMBHTHOCTH H8KnOH8 CTIBRTpa RYMY~THBHHX ~HOB 
OTHOCHTBJlbHO yrJia 8 H Ra1IBCTBeHHO 06'h.IICH.Il9T H~B "paCIItBIIJIBHIDI" 08-

~BHHJi ITO BB~B B 38BHCHMOCTH OT 3H81I8HBH 3TOrO yrJia. K0~1IBCTBBH
Hht8 OUSHKH MH IIpoBB;llBM B paa,neJie lY. 

§ 2.2. llHBapHBHTHOCTo HBKHOHB CITSKTpa (2.3) OTHOCHTB~oHO COpTa 

J<YMymiTIDll!liX BiijlOHOB 

C91IBHHH o6p830B8HHH TBX H~ HHHX ~HOB orrpe;n;e~CR CT8THCTH
ti9CKID.m B808MB' OOOTBBTCTBJ'KII(HX ItaHWIOB peaKUIDJ • BllpBJKe_HWI .u;IH CTB'l!HC
T~BCKHX O~BHOK_ OTHOlliBHKli C81IBHMfi MH TIO~HM ~ HBr~HOCTH B ITpH6nz· 
*BHHH nsoTponHo pacnanruomerocR ncT01IHHKa.EoJiee o6mee paccMOTpeHHe rrpH
Be~eT K TBM ~e peayJIDT8TaM. 

Hcxo~e nocunKH npe;n;cTaBneHHoro HR3a cnooo6a n~eHEH cooTHo
meHHI ~ Kat19CTB9HHOrO COCTBBB ~CTHU B rJia~ 1l8pT8X COOTB6TCTBY-
9T B!DlOIJ:Y, H9JIOllteHHOMy B o6aopa 6/. 0)l!!aKO II 6; ,llOIIYCKa~OCo, '!TO 

3H9prRH BHHBTammHX qacTHU MHoro MBHDme ITO~O~ 3H8prHH CBCTBMH. B ~aH
HOM crry~ae 3TO JCHOB'HB 38BB~OMO HB BHITORHHBTCH, T8K KaK KYMYRRTHBH8.R 
~8CTnua YHOCHT 6oxee ITOXOBKHH KHHBMBTH~BCKH ~OCTJITHOJ;t el 3H8prHH CHC
TBMH. 

MH rrony~ COOTBBTCTBY~B BHpa~eHHH, He ITORD3YRCD 3TBM cymecT
BBHHO ynpo~a~ Ba,llaqy rrpH6~HHBM. 

Jl Ka'!8CTBe ll]li!MBpa paccMOTpJ11M OTHOillBHliSI k+/'ii , r/7l H p/'ll • KaK 

H ~J/, orp8JUPW'MCH YliBTOM .1liDlib H8H60Jiee BBpo.KTHOro KBH8R8 06p830Ba

HHH 8~HB, Tpe6ynmero H8HM8HhWHX 38Tp8T 8HB.PrHH ITpJI BHITOHHBHHH BCBX 
38KOHOB COXpaHBHRH, BRJm'liBJI C0Xp8H8Hll8 CTp8HHOCTH, 8 TBR!te SJIBRTplPIBC
KOrO H 6BPHOHHOro 38PfmOB. B COOTBBTCTBHH C 9THM orpBHJitlBHHBM k"', k-, 
p H '1r pol!!JlamCJI B nape c A., k• , p H J<YKHOHOM (npoTOHOM .II>l1I 1r -

HeiTpoHOM ,IIjml 1(+ -M830H8) COOTBBTCTBBHHO. 
CTBTHCTHliBCKHB BBCS KBHBROB o6pa30BBHRH B,IWOHB 11 i "( K•, K- 1 fi 1 

'ii ) c 60JIDIIIRM sHalleHHeM x 'H ero naprHepa "n" ( 11,; K•, p , II ) , o6-
pasymnacsr IT.PH pacrra,n;e CBOTBMN C MBCOO! M , CO.IJ;Bp!tBII:(BJ;t n HYRJIOHOB, 
npe~OTBBHM B Bnne 

ctp;,u = ji.u dp; ( E;)d.Pu ( Eui}J (M-E; - Eu). (2.I6) 
3,n;ec:& 9 i, U - BJiYTpeHHHe CTBTHCTH'CIBCKBB BBOB ( i , U ) -napH,p(M-E;-E11) 

-CTBTHCTHliBOKKe BBCB CHOTBM - OCTSTKOB, pacna,n;a~CH HB ITHOHH B HYR
~OHH c CYMMBPHolt aHepi'I!lt M-E;-£ u ( Bee aHepi'III! orrp8,lleJIJmTCJI B cHoTa -

Me rroKo.R: paona.u;aRJitef.!:c.R KC),d.Pun/Ei<UJ)- CTBTHCTHliBCKHe Beca tta.CTHU "i " 
H "U "· 

d .Puu> = ( 2'11' f' Y d 'P; tu! . (2. I?) 
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,lJ,7m rro.rryqemur mutm03EBHoro orreKTpa Ha6Jno.naeMo:t\: 't18CTED;E:l " i " 

Heodxo~ rrponsBecTR nHTerpnpoBaHRe ITO KMITY~Dcy HeperncTpnpyeMo~ 

118. CTHilb[ tl' u II : 

dCJ:Ji ~ rz'l(r"V'Ji,u P/ d pJ P~ dPu.? (M-E,- Eu J. (2.I8l 

B pesy~DTaTe OTHomeHl'l>< BllXO.IIOB 'IBCTliU i " / : (i/jJ ITPH pacrume cl!c

TBMhl c Maceo~ M ITpllodpeTBIJT Bli.II 

(i/")= ii.u Jp~dPuP(M-E;-Eu). (2.!9) 
I ~i.~ Jp:ap.p(M- E· -£~) 

CT8.THCTlA8ClGI:R: BSC ,IJ;OMl!lJ:RpynQ6~0 KBHBJI8, B KOTOpoM CHCT8M8 pac-
IIamieTCJt TOJI:DKO H8 IIHOHH H Bome,nume B ee COCT8B HYMOH&, M<m8T 6btT:D 

npe,nCT8BX8H B Ba,IJ;e IIpoH8B8,IJ;8HEH CT8TECTE't16CKKX BSCOB pa~ nap 

ITO,liCliCTeM: (1f lN) 

j(M)=f ' (E,•Eu):P(M-E,-Eu) = (2.20) 

-p'"·l"J(Ej+E~) ·pU4-Ei-E11 ). 

S,llecb .P(1f,tt.) -CT8Tli0Tli'!8CIQIJI BBC ITO,liCliCTBM!i ITliOHOB It t HYMOHOB 0 

CYMMBPHOJI eHepr~tell ~,odpasy~eJIC>l npJt pacrume ITO .IIOMJtHHpy~eMY RBHa

HY· Ilpn STOM t- dapl!OHHHII 38!>M ITO,IICIICTBM!i: { = 0 ITPJI i, j = K-,ji, 
l=Irrpni,j =K•,w, 

l!crrMDay>r cTBTliOTll'iecKOe orrpe,lleJieHRe · eHTpOITIIII/7 I 11 cBOIICTBo 
m tNJ 

ee 8AAIITIIBHOCTil, CT8Tli0Tli'!80JQIJI BeC .P ' (f;'f;,)MOJIHO rrpe;IICTBBIITD B 

Bll,lle (11,tN) 
p . CE;•Eu)=exp[S(E 1•Eull•exp[S(E,)•SIEuJ1. (2.2!) 

BHp!WlJI,P(M-Ei~)- E uc-.) C rrOMOIIII>Il (2,20) II ITO;IICT81Wm peay~DTBT B 

(2, !9), 8 T81Qt9 BOCITMD30B8BIUI!Cb (2,2!) II BHOBD CBOIICTBOM B.MIITliBHOC

Tll eHTpoiTIIII, llpiiXO;IIIIM K M8,1J3D119MY BHpalleHill) ;11M ( if/ ) 

(if·)= fu e"E,-t,J fP~dPue-31tul (2.22) 
'/ p,, ~ Jp: dpv e-scc, J 

3aiTIImBM BHpa><eHI!e ;11M 9HTpoiTIIII B T9pMO;III!HaMII'i9CKOM rrpndJ!DeHIIIl 

S(£.-E.)o:: ErE;. "(£ ) Eu-!& 
' I T ' 0 u ~ T (2.23) 

S,llecb }f N - XltMITOTBH!111eJI eyMOHa,B nepBOM llpHMIIlKeHIII! Mb1 rrMaraeM )1.- = m 
H p = 0 ~ OCTaH:DHHX ~aCTKU. . 

O'iBBlWIO, 'iTO 3H9prllll ITO,IICIICT9M, p8BHHe p83HOCTII 9Heprllll 'IBOTIIU 

Ei - E; npn 38J18HHOM O;IIIIHBKOBOM SHa'ieHIII! X , a T8Kit9 9H9pl'lllll4 ~ -m, 
£, - m ·II EK., £ P, OTHOClllllJ!MC>l K HeperJtOTPJIPY9MHM 'IBCTliUSM, 

Jm11JDJTC>l MeJIHMII no cpaBHeHill) c aaeprnell Tepr.rocTaTa M • IloeTOMY B 

(2,23) YMOBIIB llpi!MeHIIMOCTll TepMO;IIIIHBMH'i9CKOrQ rrpndXR&eHII>l BHITMHBHO, 

ITO~'tlepKHeM, 'tlTO 8TO YCXOBHe aaBe,IJ;OMO He BHllarrHHSTQK ~ IIO,IJ;CHC-
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TSM C aHepruel 1 paBHOI 8HBprnmM CBMRX RYMYXHTHBHHX ~aCTHU, cpaBHHMHM 
c M ~ OT~a cne~eT aenpaBoMepaocTD npKMeHeHRff TepMO~MHKH Herroc
pe~cTBeHHo H oiTHcaHRID cneKTpoB RYMY~RBHHX ~aCTKU, 

B COOTBBTCTBHH C (2.20) H orrpe~e~BHHBM (2.21) B (2.23) T -T6MIT9-
paTypa pao-:rra,na CHCTSM!l B .D;OMmmPYJOOlSM K8H8JI8, B ROTOpoM R3JIY'l!aiOTCJI 
TO~DKO DHOHH U Bome~e B COCT8B KC HyKHOHH. ilOCKOJIDRY B mnpoROM HH
TepBa~e rrep~ sHeprna cpe~ ~KTHBHaH TeMITepaTypa B RaHa~e 
MHOJKeCTBBHHoro po:ar,nemm npaKTH'IBCKH ITOOTOHHHB B 6Jm3Ka R MaC08 'l'r -Me
SOHB B (2.23), Mil ITOJJel'89M T• 1117( • 

fip~CTBBnflfl (2.23) B (2.22) H HCITO~bSYH H9p9~THBHCTCK06 rrpH6HR
XBIDie ,Wm: OimCBHIDI TmKSJII:lX HeHa6.1IIO,II;aeMRX 'tffi:CTHD;, IIOJIYtiHM CJIS.IIYIIIIOre 
B!ipBllteHIDr ~ BeJ!H'<III! ( ; I j ) : m, _ m +mx, 

'/ _ #Jr•A £<:_-E•'( m, )3/z - T x x • ·e - e , jK+K- m~r+ 

! 
9x+Jt £.,c-Ex+ ( m, )3/2 -m, -m x • 'ii - - 0--e -.,.-- --;n- e -.,...- , 
(f'iitl 

~ jpp £~-E,o -m/r ph- #'ill( . e e , 
- IrK' £~-£,.-( 111"') -mK•/r X/1i~ -- · e m e o fu 

(2.24) 

(2.25) 

(2.26) 

(2.27) 

B!ip8llt9nrx (2,24), (2.25) ITOJIIIOCTb!D COBITa~aJDT C BRpalltBHl<IIMH ( I8) H (I9) 
pa6oTR II, Ha ocnoBe KOTOPRX 6~ ,naHR TePMO.IIHHaMH'!eCKHe OI19HKH sTHX 
oTHomeHd. 

llpH o~aKoBHX aHa'!BHHRX KYMY~TBBHoro ~ana ~ rroKaaaTBHH nep
BHX SKCITOHBHT B (2.24)-(2.27) MQEHO ITPH6~P~O rrpe,nCTSBHTb .B BH,lle 

I '"'(-• -z z z ,/ .r.r T In> A In> ( ) (E,-fj) "'-XII 111noj-mn,i'l11;-fi1;)!2Pn -XII 
0 

ioj 2.28 
anec:D m, -Macca KYMYJIHTHBHOfi lffi.CTHliji, m:.,,-W!HHMaJI:&HaJI Maces OCT8TK8 
CHCTew, RSJIYtmBIIlefi KYMYJIJITHBHyJo lffi.CTBizy (Hanpm~ep, mzK•"' 2m • m" , 
111z- • 4m II T.,li~.IIpa Bl£BO,ll9 (2.28) HCITMD30B8HO ITPHMHllt9HH9 (2.6)X), 

p Ha pac. 2 ITPHBB.IIBHR SHS'!BHIDI A ,I"} rrpH E'n =9 rsB ~ OTHOmeana 
(2,24)- (2,27) ITpH K =2 ~ 4 • !Is pnc'. 2 -0, 'ITO BBJ!H'IIIHii Atj 
npaKTII'!eCKH He aaBHMT OT .K: B ,nMbHellmeM Mil 6y,neM ITO>ID30BSTDCH 
Cpe,ItHl!MH HX 3H8l'.l8HJVIMH < Aij>, KOTO.PHM COOTB8TCTBYK>T IIp.qMlie JI:HJUm H8 
pHC. 2, 

,llaJiee, "pa60l'.l8H" 30H8 .X npH ){8HHOM n 38KJIIO'I'.l8H8 B HHTepBaJie 0,6::!!: 
:f. X ~ 0,9, UOC.KOJIJ,lcy II.PH M8H:Onmx 3H8tiP.HIDIX X~nJ ){OMHIUipyeT, KB.K 

rrpaBMo,(n-o-lt, a rrpH 60>IblllliX -(n+r) -It 'IJIBHR cyMM!I (2.4). Ec~ 
aHatreHWI x~,, B (2.28) saMeim:T:o cpe;mm:A )J)lff "pa6oqe:A" soHH Be.1IlPmHofi 

i<ljj/!7 llpll BR'll!CJIOHHH OTJ!Oll!BHHA K'/7l H K'/r ,li8HH08 rrpH6JIHJKeHHe He 1!0-
ITO~D30BSJJOCD; paC'!BT B/J/ rrpoae,neH ~ yrJJB 8 = 90°, 

8 



XR = 0, 75, TO CBH38HHH8 C TSKOtt 88M~HOI HSTO~OCTH B ODeHK8 OTHO
meHHA (2,24)-(2.27) He IlpaBaCRT ~ 20 %, ± 8 %, ±60 % H ± 30 % COOT
B8TCTB8HH0. 8TH HSTO~OCTH cymecT~SHHO M8HbiUe ITOrpemHOCTSI 3KCITBPR

MBHT8 ITO OU6HKB odcy~aeMbOC OTHOIUSmrit H H8 BI:DCO,n;R:T 38 paMIW TO:ti TOl!
HOCTH, HB KOTOpyiD MOXST rrpeTe~OB8Th MO~enn. TI08TOMY HHM8 B paCl!8T8X 
B9ITQnh80BSHO IIpad~eHHe 

c11 :exp [(E,-~J/T]c:. exp [o. 75< A ij >) o (2.29) 
O'!eB~O, qTo B STOM rrpe6~eHHH OTHOID9HRH (2o24)-(2,27) He 3BBHCRT 
OT n , T.e. 38BHCHMOCT:b cyMMH (2.4) OT COpTS KYMYJLSITBBHOrO a,upoHa 

MOXBT dUTh rrpe~CT8BH8H8 IIOCTOHHHHM, BHH8C8HHHM 38 3H8K CYMMH W8KTOpoM 
(ij i) : 

8TO ITOHHOCTbiD COOTBSTCTBYST H8~88MOMY CBOttCTBY YHHB8pC8~bHOCTH BH
~a cne&Tpe (2,3) ~ HYMY~THBHHX ~HoB 6eaoTHOOHTe~~Ho HEX coPTY. 

Bonpoo o KO~eoTBeHHOM cpaBHeHHH OTHomeHHll ( i j /) B paMJ<aX rope
~e! exaM& c axcrrepHMeHTOM M& paccMoTpHM ocodo, B pa3~e~e IY. 

§ 2,3, llHBaPHBHTHOOT~ HBKnOHB OIIeRTpa OTHOOHTe~~HO 8TOMHOro 
BOOB smpa 

!IpooTpaHoTBeHHo-BpeMeHHoe peaBHTHe KC rrpoxo~n )!;Be OT!l)lllll, Ha nap
BoA - ~8MH'I90KOJI OTB~ o6peayeTCR OHOT9M8 OT~KHYBmEXCR HYKnOHOB, 
OBII3.BHHaX nB9THaMH 

0 

OM8MHo B MY'IB9 p9BKI1l!ll HB >I.JIP8X HMBHHO HB STOll 
CTS~ HYKnOHH, OOCTS~e KC, OIT0006HH B38HM0~8IOTBOB8Tb 0 ~rHMH 
HYKnOHBMH ~ RBK 8~08 ne~oe, TO BOTh KonHSKTRBHO. 

PaaBHTKe ~OOHITBTHBHHX nponBOOOB B KC rrpeBpemaeT ee Ha BTopoA eTa
~ B OTBTHOTBl!SCRYD CBCT8MY 1 BCITHTHBaDmYID KB83RKn80CBl!BCK08 p8CmHpe

HJie. B 6~~mHHOTBe MY'!aeB o6peaymCR H He BXO,!Ii!JIII!e B KC ~pyn!ll!e 
KOMITOHeHTH npo~RTOB peaKI1l!ll. KaK OTMe'leHo B /8/, paomHpeHJie KC, a 
T!UilKO SKpeHJipOBKB nB9THHX 0111!301! BHOB~ 06pa3YJ<lQIIMHOH 9 f -IIBpaMH I! 

r~HSMH ~enaeT H8B03M03HHM HSKOnHSHHB B rrocne~~ CTQnKROBSHHKX 
BHYTpaHHell aHeprHH KC, onooo6HoA rrepepacnpe~e~r~cH Ha o~ ~·HHYD 
qacTHIJY • 

~9~0BBT9~~o, HBKOM9H1I9 3H9prHH, H906XO~OJI ~ o6pa30BBH1IH KY
MYMTHBIIOI! 'IBOTKil)l,~OJilK!IO 38B9pmHT~CR HB ~BMH'I9CKO! OT!l)lllll paSBHTHH 
KC. Ee npo~OJIZIITM~HOOTK· 'l"c oooTBeTOTByeT ope,llHJM ,11111!118 peaBHTHH ~o
OHITB~ IlpoQSOOOB: 

(2.3I) 

8T MSCTO H6p8B6HCTBO 

L, "' '-NN • (2o32) 
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r,11e "iNN - Ope,IIHOO MeJKHYMO!lli09 paOOTOJlHJIO B HJIPO. liS (2.3) OJ!O,IIYOT, 

'<TO ,lllLJI opa)11!Hx n TmKeJI!iX !l,llep L, « Z A ( 'Z A - p3,llllyo !l,llpe), To 

eon rrpoueoo @opM!lpoBaHI!Jl: KC B KYMYJIJITIIBIIOM HBHaJie pea= o6Jia,llaeT 

CBO~CTBOM ~ORaH:bHOCTH. Q~e~OB8T8HbHO, Vf~n) ~OnyCKBST W8RTOPH38UKD 
BR,lla w;·•, R(AJ.wn. B pesyJihTaTe if>aRTOP RCA)' 6Y,IIY'<R BH!IOOOH-

IINM sa SHaR OYMM!i B (2.4), He OHBS!iB89T BlliiHI!IIR HB @<JPMY 09'<8HRI! (2.3). 

§ 2.4. IIHB8pH8HTHOCTh H8MOHa CIIOKTpa (2.3) OTHOCHTOJ!hfiO 

rrepBH'<HOI! aHeprHH 

CTporo roBOpll, o6cylii!I9HR9 HHB8PR8HTHOCTR @QpMH (2.3) OTHOCHTOJI:&

HO fin Tpe6yeT BHXO.Ita 38 rrpe,rteJll:l O,II;HOM80T8p!lOI'O ~~HWI .n;.7Lfi BlfYT

palllial! CTPYKTYPH KC. 0,!1H8KO, HBR IIOHBSaHo HaMH B /!O,II/, B OJIY'<80 BH

OOKHX aHep~ OT8THCTH~8CKaH MO,It8HD pacn~a KC, ,ItOTIOHH8HH8H Y~8TOM 
ITpo,IIOJihfiOro KOJIJIOKTHBHOro ,lllliDit9lU!JI B HOI! (KC, CO,IIOpliUllllrui ,liB8 H 60Jiaa 
MaCTepo:s, BHCTpOOHH!iX ITO 6HCTpoTa), ITpHBO,IIHT K npn6JllllKaHHOMY BHITOJIHO

HI!Rl ij:eliHMaHOBCROro CRallm!Hra. IloaTOMY C xopomall TO'<HOOThlO @opMBfj'(~)B 
(2.4) He saBHCHT OT aHeprHH IIPH E'"~ IO raB. CJia,IIOB8TOJihHO, ,lllLJI HH:Ba

PH8H'I'HOCTH (2.I) OTHOCHTSJI:&HO [in ;zJ;OCT8TOl!H0 1 l!T06H wcnJ He 38BHC8-
miOT£in. 

~e 0 MH0&8CTB8HHOM ~eHHH CB~BTBJIDCTay~ 0 TOM, ~TO Bepo
HTHOCTD peanE38URH KonH8KTHBHOI'O B38HMO,It8ICTBHH He JB8~Ba8TCH C 
poCTOM Ein t T.e. H6p8BSHCTB0 (2.32) COXpaHJIBTC.fi. S'ro 06CTMT9JI:&CTBO 

H8.KJl8,IJ;EiB88T orpaHH't!8HH9 H8 38BHCHMOCT:O Tc OT {S : 8TB Bemttnm.B .IJ;OJDK

H8 y6llB8Th C poOTOM fS HB M8,IVI8HH88 t 'qSM 

T, "' T. I {S' . (2.33) 
C ,11pyrol! cTopoHH, 60Jiae 6HoTpoe y6HBaHRa T, c pocroM IS rrpH:Ba

JI.o 6H R HapymeHIDJ COOTH011I8HM HBOITpe;n;eJieHHOCTe:A "8HBPI'lVI - BpeMH". 
IloaTOMY HS (2.3!) H (2.33) CJIO,IIYOT 

Lc ::=(T./fi)~ "'T, pinj{S"' canst ( Ein), (2.34) 

T.e. ope~ ~a KOnJI.BRTHBHOVO B38HMO;n;BICTBBH HB 8BBHCBT OT Ein, ~o, 
RBR OTMB~BHO BlilliB, RBXKBTCK ;D;OCTSTO~ yaHOBBBM ~ HHBSpHaHTHOCTH 
(2.3) OTHOOHTOJILHO fin • 

TaKHM o6paaoM, aRcnepBMeHTaHhHO ycTaHOBnBHHSH yHHBepcanhHOCTh qop
MH (2.!) HHKnlOSHBH!iX CITOKTpoB ~JIHTHBHIIX 8,llpoHOB OTHOOHTeJILHO yr~a 

8 , copra a,llpoHB.i:MBccoBoro '<RCJia A !l,llpe MHliiOHR H H8'18JlhHO!I aHapi'IIII 

£inH8ITOCpe;n;cTB8HHO BHTBRBBT H8 RB~BCTBBHHHX ITpe;D;CTBBnBHHI ropaqe:A CXB
MH H H9 Tpa6yeT ,lllLJI CBOero O&hHOHOHHH HHKaKHX ,IIOIIOJIHRTeJihHHX llOOTpoaHHI!. 

m. "06'LBMHl:lA" xapaRTep A -samWBMOCTH HHB8.PBBHTHHX C9'18HBI 

K '<HOJIY caMHX o6~ paayJihT8TOB aRcnap&MaHTaJI>Roro HOCJIO,IIO:saHHH 

KYMYJISITHBHHX peaKmdt OTHoCHTCJI :a BHBO.ll o TOM, liTO A -aaBHcmmcT:D mmap:a
aHTH!iX caqeHRll liBIIHOTOil "o&LeMHoll" ( E d't5 I d p' ~ A 1 

). 
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OtreBH,IT.HO, liTO JIORaJibHHit xapaKT9p B38HMO.D;e:ticTmm: llpiiBO;u;HT K Od~eM-
HOit 38BHCBMOCTH OT A , BCJrn: SKpaiDipytOiltill.1H CBO:tiCTBB.MH Cpe.J:U:l, B KOTO-
pol! IIIJOT9K89T peaKITW<, MOli!IIO llpel!e6peu, IIPJ! paCCMOTpelllm STliX CBOJ!CTB 
Heo6xo~ y'MTHBaTh oco6el!l!OCTh KHH9MaTHKR po~eHHK .acTHn non 6onu
lllliMII yrJiaMH (8 > 90°) B Jia6opaTOpHoJI CHCT9Me: rpBHHIJ,ll nOCTYIIHOJI STHM 
qaCTH~ 06JIBCTH W030BOro IIpoCTpaHOTBB, C00TB9TCTJJY~9 BSBHMOII9l!pT
BliD HaJI9T8111(91'0 8,IUX)H8 C O)tHHM, ,ItBJ'M1! H T • .n;. HYMOH8MH H.Iij)a, H9 liYBCT
BHT9Jl&HH K BeJll!1mH.e .n;OJIH rrepmrtmo:B. aHepnm E in, 38TR@119}UlO:B. HS oO
paaOBaHHe KC, n lliHIJOIDLX npeneJiax HaMeHeHHH aToll nOJIH II21. B cnpanen
JIHBOCTH 3TOro YTB9pll\ll9HHH HeTpynno y69llHTbCII, HCllOJib3YH H9IIOCpenOT-
B9l!l!O onpeneJieHHH(2.1) H (2.2) 1\YMYJiliTHBHoro ~ana x • BJ!aronap_q 
YK83Bl!l!OJI OC069l!l!OCTH llpH BH!WI39 aKpaHHpyRIJ1liX CBOliCTB Cpenn onenyeT 
BCITGnD30BaTb B~ ITOTSPD 3H9pruH. 

~el!OTBHT9JihHO, 0 yqeTOM COCTSBHOJ! CTPYKTYP~ anpoHS ITBKR9HH9 HaJie
Ta~el! qaCTHIJ,ll B llJIOTHOJ! Hll9PHOJI cpene ITPJ!HHTO pacCMSTPJ!BaTh KBK IIOTOK 
SHepnm, rrepeROcHMO:ti 99 II8pTOH8MH. HMBHHO 3TOT ITOTOK, 8 H9 Il9.PBJ:AHWI 
'tlaCTBIJa, HC't1938~, CTPQI'O I'OBOpR:, llpH IIBPBOM JKe B8aHMO,n;ei:CTBBH CO 
cpenoll, n~eH paCCMBTPHBaThCII KBK IIOT9HUH8Jih~ HHHIIa8TOp p98KUHH, 
CJ:re.n;OBaT9Jt:&HO, BOIIpoo 06 9RpaHHpoBK6 BO BXO,ItHOM RBH8JI9 peaKD;Hl'I CBO,ItHT
CH K aa.n;a-qe 0 ~CCRnSUKR STOI'O ITOTORa. 

CJ:reAYBT pa&HH118Tb ~9 B03MOZHOCTH ~ ,ItHCCBITS~ llOTOKa SHeprHH~ 
Onna H3 HliX npenCT8BJili9T Co60JI ~6JI9HH9 IIOTOKB Ha IIRB8MHq9CKH H938-
BHC~9 COCTS~e, ~raH - 3&TpaT~ 3H9PrHH HB B036Y~8HH8 cpenn. 

MexaHHSM ~6JI8HHH IIOTOKa MOZ8T peaJIH30BaThQH CJieny~ 06paaoM. 
CocTa~e nepB~oro a~Ha oMs~ MeW co6oll I\B9~ Oliii!BMH, 
~0 H onpe~6~9T CITOC06HOCTD 8~H8 BSSHMO~BICTBOBBTD C MHmBHbD KSK 

. !19JI08. CTOJI!tHOB9Hil9 3THX COCT8BJiliRIJ1liX CO Cpenoll IIPJIBOIIBT K IJOCTY liX 
OTHOCHTenbHOVO HMDY~:Oca, a ane~OB8T6~DHO, H a~KTHBHOI MBCCH CBCT6-
Ml:l, KOTOJJYD OHB B COBO.KYIDlOCTB ITpe,IJ;OTSBJI.mJT. Ha6HTOK 3TOI MaCOH Ha;D; 
MB.CCOD: ITOKO.f.l IT6p&rniOI tiSCTHllbt, JtBJIJIR:C:O 3H6pi'Hel B036y~eHHR: CHCTBMH, 
pewmsyeTCII B ~emm nononHHTeJIDIIIiX ~ lj -nap, axpaHHPYR11111X nep
BI!qJ!~e naeTo~e aa~. B peayJI:r.TaTo nae~e cMH ~ OTnM»HilMH 
3n9MBHT8MH ITOTOK8 paspHBBDTCR, H OH YTpa~eT CITOC06HOCT:O B98HMO,IJ;BI
CTBOBBTh 0 H;YKJIOHilMII J1IIP8 KBK ll8JI09. 

SKPBHHPY~BH cnoco6HOCTh nal!l!oro cnoco6a IIHCCHIIBUHH onpeneJIHeTCH 
cpennell IIJIHHOJI ~6JI8HHH IIOTOK8 Ld , ~ ee rpy6oll OIJ,9HKH BOCIICJihSY-
9MCII COOTHOW9HH9M, BHBJIOrH'lllliM OOOTHOWe!UIRl (2,3!): 

L .r.r---:r t <3.rJ d o:Tc~r;;-r, 
rna fF = pin/m,- - JlOpeH~KTOp IIOTOKB, B mF - ero a@jeKTHBHWI 
Macca. B (3.!), KBK R B (2.3!), 'l:c - cpennee npem paaBRTHH IIHCCHIIB
TJIBHOro npouecca B B036y~el!l!OJI CHCT8Me, CMBBHHOJI IlB8THIIMH CHJIBMH, 
B COOTB8TOTBHH 0 (2,33) 
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Tc "'T, I a mF, (3.2) 

r,lle IJmF- SHepi'IIJI BOs6yll!,!lel!IIH llOTOJ<S. l!O,liCT8BJLIIH (3.2) B (3.!), llOJIY

'll!M 
Ld"' T0 · P 1nlmF · Ll mF. 

CpaBJmB8JI (3.3) C (2.34), llpHXO.IIIIM K COOTHOill8HIID 

s 
Ld "'Lc mFIJmF • 

(3.3) 

(3.4) 

Cpa~ ,liHRHa ~ccnnaTRBHHX npo~ccoB ~ KC Y.IIOBneTBopaeT Hepa

BOHCTBY (2.32): Lc <'iNN "' 2 ~ 2,5 q>.1,11 no MO,lleJII>HliM o~HKSM BMeeT Be

JIII'<IIHY t.c "" I q.., 18 ,!2/. Cpe,liHee sHa'ieJme iJ mF HeB8Jli!KO n He sa

BHCZT OT ITBpBH~O~ 8HeprHH, 0 ~eM CBaABTB~hCTBYST 8~RT ~py~ei 

qecTHUI< II i!>eiiHMaHOBCKIIl!: CKel!JIJrnr B 06JI8CTH \jiparMeHT8!1Wl. l!O p83JlllqJIHM 

oneH.KaM t Am F ~ 0. 5 -;- I. 0 reB. IIo.u;cTSBJ.I.HSI OU6HKH l..c H Am F B 

(3.4), HSXO.IIIIM, qro llPII E in >.> I0 I'aB B8Jlii'<IIH8 t.d npeBWIIaeT pas-

Mapa HJlBp. CJre,II;OB8TBJl:DH0 1 )ij)06JIBHH9 IIOTO.Ka IIpol!lCXO,IO!T, K8K IIpBBHJIO, 

BHB ~ H He 8KpaHHpyeT KOHHBRTHBHOB B38KMO,IJ;9!CTBH6. 

Tenepi> COBCeM Kp8TKO 06 8KpaJmpYEJllel CllOC06HOCTH llOTepJ> aHeprl!ll 

H8 BOa6yll!,!leJme Cpe,liH (T.e. H,l\1)8). l!O p8SJ!H'I!WM O~HKSM,HX Ope~ Be

Jlll'<lll!8 nopJI,liKe coTeH MaB/q>.~. IIPII E 1n"' IO I'aB sHepreTI!qecKI!e nOTePII 

TaKoro MaCillTa6a He Mor.yT a&paJmpoBaTI> npo~cc \liOPMHpoBSHIIH KC, cnoco6-

Holl BcnycTI!T.I> KYMYJIJITJIBHYXl qecTI!tzy no.II 60JIDilli!MII yrJiailll ( 8 L .,._ 90°) B 

JI860paTOPHOI CIICTeMe. 

l!poBe,lleHHHI! B / 8 ,!3,!4/ 8H8Jlll8 SKpaJmpyDili!X \liBKTOpoB BO BXO,liHOM 

H BHXO~OM K8HaH8X peaK~ C~BTSH:DCTBYBT 06 HX MBXOCTH B T8~6HUXH 

K B88KMHOMY COKp8IlleHI!Xl. 

T8KmM odpasOM, cnadoe BHHKKHB 8Kp8HHpoBOK H JlOKanhHOCT:D KORXBRTRB

HOro BsaBMO,llellcTBHR npBBO,liHT.K o&beMBol A -aaBHCBMOOTII ceqeJml o6pa

aoB8HIIH KYMYJIKTHBHHX 8.IIPOHOB. 

IY. 06!llHe CJIO.IICTBHR ropaqel cxeMB 11 ~ecTBeHHHe xepaKTepBCTIIKI! 

KYMYJIKTBBHHX pe8Kllllll 

Bo8MOJIHOCTH IICITOJII.SOB8HIIH C8MBX o6JllHx CJie,liCTBBI BS npe,llllOJIOZOHIIH 

o .IIOMBHBPYil!lell pOJIH ropaqel\ cXeMB B npOII8CCe o6pasoB8HIIH KYMYJIJITBB

HHX 8.IIPOHOB He Orp8Jm'ii!B81lTOJI BHTepnpeTBIJjtell YJmBepCaJII.HOCTB \liOpMB 

IIIU<Jl))31!BHHX ClleKTpoB (2.3). lllme MB 06CY.IIIIM BHTeKell!lBe BS 8THX 

OHB,IJ;CTBBI KOXB~BCTBeHHHB 38KOHOMBpHOCTH npo~cca. 

§ 4.1. K onpe,lleJieHHID yrJioooll saBBCHMOOTII BHBBPI!BHTHHX ce'ieHBll 

Hs p:e:c. I BK,ItH.o, llTO BeJIB"DHa "pacnteiiJieHHH" Me.&,I(,Y Ha6JI.J:l,ztaeMHMH 

BHB8PIIBHTIIHMit CO'iel!IIHMH, COOTBeTCTBYil!lBMB 81 = !68° I! 82 = 9o0, ITOpJI,li

Ke ro. CorJiaoHo (2. !5) aTo pao111eiTJieHHe B ropaqell cxeMe onpe,lleJIKeTOJI 
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OTHOllleiDieM 

I YI ,0 ( e t ) lz 
I Yr., 0 < e. l I z 

( 4. I) 

IIP>I £in = IO raB II n = 2,3 cpe)OlJlll CI<OPOCTh KC COCTSBJ!IIeT f3 
= 0,8 , CJie)lOB8T9JilJIO, OOrJISCHO (2,5) yr;ry 8 = !68° COOTB8TCTBy

OT Be "'I80°. a yr;ry B = oo•coOTBOTCTBYeT Be = !44°. Y'ii!TIIBai{ 
STO COOTBeTCTBI!e, 0 IIOMOI!Il>l!l (2,5), (2.!2) II (4.!) IIOJry'IBeM 

E
in d 3

G(I68;xJ /E d'rS(go;xJ ""1r L Sinf44'"'2l. ctp3 /• dp3 . (4.2) 

1!3 3J<CII8j)J!MeHTaJilJ!Ol! Ol16HRI! OTHOWOHI!I{ (4,2) (- rof2/J HBXO)li!M, 
tiTo a\fXPeKTHBHoe sHal!eHHe yrJioBoro MOMeHTa, -yHocHMOro KYMYJLfiTHBHHM :J 
-MeBoHoM, l'TC ,5, 8To He npoTI!Bope'ii!T OIISHRBM (2. 7), {2. I3) rro ropi!
'Iel cxeMe. 

PasyMeeTcl!, BH]lBlKeHJII{ (2.II) I!! (2,I2), OTpallt!U! o6nzyl!l saROHoMep
HocT:&, He MoryT rrpeTeH.ItOBBTD Ha .:zteTBJI:&Hoe ormcaiDie yrJioBl:lX pacnpe.n;e
JieHI!!ll. IIOCJI9)lOB8TeJihHHl! Y'<OT BMB,llOB RBHSJIOB 0 p93JIII'iHIOO! 3H8'<9lll!liMII 

L II J!X HHT9PWepaHl11!!1! MOMOT IIPI!!BOCTI! I< ITOI!BJI8HIIl!l CYI!l9CTB9HHHX 
IIOIIp8BOK, a T8RX9 ~KTOB TOHI<Ol! CTpyKTypH B STJ!X pacrrpe)leJIBHBI!X. 

OTMeT>lM Tane, 'iTO lj'JoPMBJihHO B!ipallt9HI!!e (2.7) COJlBPI!!HT saBI!cH
MOoT:& Lpp OT £in Bli,Il;B Lpp- VEtn • OTo, O,ItHBKO, He OSHBlla
eT, 'iTO OTHomeHI!e (4.I) )lOJIEHO I!CIT!iTliB8Th aaaJiorJ!qHHJI poeT c yBeJIIIqe
HBSM £in , T8K KBK IIpH BHCOKJ:lX 8HSPI'WIX OHO onpe.zteJI.R:eTCR yrJIOBHM 
MOMeHTOM OSMOl! Me)lJIBHHOJ! IIO)lCI!!OTBM!i KC, COOTS~ Jlllmh )lOJII!l IICJIHO
I'O yrJioBOro MOMeHT8 CTOJIKHOBSHWI. 

Bo-nepBbiX, o pooTOM Ein paoTeT 'q}IOJIO no.:ztOHCTeM H oooTBeTOTBYJI}
mal! )lCJIH YMBHhl!laOTCI!, 'iTO B rrepBOM !Ipii6J!ExeHHH CT86l!JIIISIIpyeT OTHOme
HJ!e (4.I). 

Bo-BTOpHX, CT8di!JIII38l11!11 (4.!) Ma!OT CIIOCOdCTBOBSTh II H8JIII'il!9 RPJI
TII'iOCJ<Ol! (MaRCI!MaJ!hHOJ!) BeJII!'ii!H!i yrJIOBOro MOMOHTB L Kp , IIpJ[ ROTOpoJ! 
saXBaT HYRJIOHoB B e~l!l KC eme BosMOESH, 8ToT ~RT )lJII{ HepeJII{TH
BI!cTcRI!X S)lpoHHHX ROMIIBYHJl-CI!CTeM, odpasyl!ll!li!XCI! B paaK!lWDC CJIIIi{HJii{ 
J!,I19p, d!iJI ,llBBHO rrpe,llCI<838H/!5/, 8 38T8M II OdHapy;EBH 9RCII9pi!M9HT8JI:&HO. 

§ 4,2, 0THOI!l8HI!I{ BHXO)lOB J<YMYJII{TJ!BH!ll< B)lpoHOB, 8 TBI<Ee IIX 
CIISI<Tp!i 

]J.nR: IIOJrY'i9HJ!i{ 'ii!CJIBHHHX 8H8'i9HI!J! OTH01ll8HJ!l! (2.24)-(2.2?) HBOd
XO,m!MO paOOMOTpeTD BOIIpoC 0 BeyTp9f(IDIX CTaTHOTJi'li9CKHX B9Cax : • !IOO
ROJihJ<Y HaC DHTepeoyl!lT Jlllmh OTHOCI!TeJihHH9 B8poi!THOOTJ! pa3JIII'IHHX RBHS
JIOB J<YMYJII{Tl!BHOl! p98Rl1J!J!. M!i ,llOJilitH!i 0!19HIITD TCJihi<O 1!3M9H8HI!I{ BHYTPSH
Hero CT8THCTEl!SCROro B90B IIPH rrepexo~e OT KaHB~8R KaHany.ITpHMSM BO 
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.:81-m:Ma.HH€ H TO, 'ITO IcyMYJU!TKBHafi "tJ:aOTHl\8. yHOCHT 3Ha"tJ:HTeJI:bJIYIO ,Il;OJIIO. :mep
rHM CHCTeMli!, CITOC06HOfi IIOi-l:TH Ha pOiK,I1;8IDI€ l!aCTYIU (XR:::: 0, 7 + 0,8) .IIos
TOMy' 'IHOJIO 11' -M980HOB ,1l;8HHOI'O 3H8Ra, o6pa3yiOOUDCCH IIPH pacna;u;a CHCT6-
MU, OTB81'CTB8HHOi! -38 KYMyJIHTHBHI:dt aqxpe.KT t ITOpsi,IUCB 6,Dl!HHIJ;El. 

Y~THBaH CK838HHOe, no~araeM OTHOCHT8~l>HH! B8C RaHa~a o6pa30Ba
HII.'! K,YMyJIJITll1li!Oro '7T -M930Ha B rrape 0 HeJ!TpOHOM (MI!IDIMaJII>llliM SaTpe
TaM aHepi'IIll oooTBeTOTBYeT npeBj)9!qeHl!e p +X- 7r "• N • X') peBHHM e.n;mm-
116. 

PaooMOTP>JM KaHaJI odpasoBaHII.'! K• -MesoHa B rrape o tl, (MIIHI!MaJII>
HHM saTpaTaM aHepi'IIll oooTBeTOTBY9T rrpeBpal!leHI!e p• X- K"•tl, • X'). Iloo
KOJID.KY, rro rrpe,IUIOJIOlteHHIO, n1r+ ::::: I , To aaMeHa 1t + Ha K + He Hs-
MeHHT cTaTHCTHlleoKHI Bee cBcTeMEl. SaMaHa JKe /'1 Ha Aa , npu:eo~ 
K YM8H:DIII8Hm0 'IDICJI8 Hei!TpoHOB B ClJCT8M8 H8 e,znumuy t H3M8HJt9T BO BHYT
p8HH9M cTaTHOTHttecROM Bece KBHaJia 1l.,. N q)aRTop, BCK1IIltta1CIIUIA TOJK,IJ;ecT
BeHHHe KOJ$<!'ypelllll!, OdpasyeMH9 nepeoTaHOBKOi! HeliTpoHOB, ECJIH B KaHa
Jl9 (7l'N) 9TOT <P8KTOP peB9H ffnNf , TO B KaHaJie (K"J1 0 ) .OH paBeH 
I I ( n N - f) ! , T. a. oTHOCIITeJII>HHll Be o RaHaJia ( 1< • 11, ) paBeH n N • Be-

Jmtnma n 11 onpe;u;eJIHeTCJI oooTHomemreM n N 91 ~ .,. 1 , r.ne " x "-1.Wo-
n.o H:yKJIOHOB R,IWS, y'l!BCTBYIOOtBX -B KOJIJieKTHBHOM asaHMo.n;elcTmm, a " f " 
- ,IJ;OITOJnmT9JIJJHldt H91TpoH, BOSHHKim!l HS IT.POTOHS. T-8KHM Odpa80M, fK*I\ ~ 
Z f • f "' 2. + 2,3 IIPB K a 2,3, 

,llaJ.lee 0'119BB,Il;HO, ~0 j K + K- = f , T8K KaK ITOJIBH9HH9 B CHOT9-
Me K ... K.- ·II8pll He H3M9M9T ee BlfYTpemml CT8THCT1{119010II Bee. 

PaooMOTP>JM KaHaJI poll!,llei!IIJI p B rrape o p • Ilpll nepexo.11e K He
M!J OT KaH8JI8 (11* N ) IIOJIBJI.R:9TC.Ii WSKTOP "4" H3-38 HaJilllDVI OIDIHOB y 

p II p II <PaKTop(f1p +f) -f sa O'l9T IIOKJD:J'ISHII.'! TOJI,li80TB9HIIHX npo-, 
TOHOB. IIPB 8TOM f1p = ~ + ( (e,n;mm~ OOOTB9TOTBY9T Y'l9TY 119p!!ll'il!Oro 
npoToHa). Clie.JIOBaTeJII>Ho, jpJS = n~•f = j -;-I ITPB K = 2,3. B paoqe-
Tax MH rrOJiaraeM j plf = I. 'P 

IIO.JIOTaJIOBKa IIOJIY'l8HIIHX TaKJIM odpeaOM B9JII!'<IIII fiJ B (2,24)-
(2,2?) II03BOJlf!9T IIpoBO.JIIITI> 'IHCJI9HHH9 Ol18HKII OTHOIII9Jml! BHXO.JIOB K,YMy"Jiii
THBHHX a,iwoHOB pa8HOI'O COPTS • QonoOTSBJI9HH9 9THX BeJ.OilmH C HMeDIPD~it-· 
01! SKOIT9P>JM9HTaJibHHMJI .JiaHIIHMJI /IS/ ITO OTHOW9HIIJIM K•/'il II K•jK", a 
Talt1<e peayJII>TaTH pao'<eTa oTHOI!IeHldl ,...-;w 11 pI K- npJIBe.JieHo Ha 
p11o. 3. 3emTpHXoBaHHHe odJiaoTII .119MOHOTPBPYDT HeTO'il!OOTII TeopeTI!'<eCKIIX 
0116HOR, odyCJioBJieHHHX rrplldJ!JI!teHHeM (2.23). KaK llii.IIHO 113 PBO• 3, roPJI
'l!BJI CX9M8 Y.IJ;OM9TBOpBT9JIJ,HO OIIHCtmaeT HM91XItB9CJI .ztaHHHe • 

Ha OOiiOBe ITOJIY'<eHHHX B9Jlll'lllll )I,Jll! oTHomeJml! (;I j ) 11 WoP"'YJIH 
(2.30) MOEHO npeodpaSOBaTI> 113B90THH9 113 aROII9pHM9HTafS/ 09'l9HRa po&
lt9Hl1Jl 1r -MesoHoB B cetteHM poJK.IJ;eHBJI K +, K - -Me30HoB H BHTmipo
TOHOB. PesyJII>TSTH T8ROro npeodpaSOBaHIIJI IIP9.JIOTaBJieHH Ha pliO, 4 KpRBH-
MB. On conocTaBl'IeRH c ZMel}JPJMHc.a: axcnepm.teH;~.fi:I ,ItS.HHHMK no ce'lle
RRRM odpasoaaHaH K~esoHoEf~/ R BHTRnpOTOHaa' 171.Pesy~TaTH pac'lleTa 
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Y.Il.ODJIBTBOpMTeJThHO B0Cnp0H3DO.Il,HT 3KCTIB})IDJI8HT, liTO y6e,IJ;liT8JThHO CBMBTeJII,

CTBYBT B TIO~sy rop~ero HCTOl!HKKa RyMY~THBHHX a.IJ.pOHOB. 

B 38KHIDll8HH8 c~e~aeM 38M8~HH8 ITO TIOBO~ ~Te~DHOA ~CRYCCHH 

OTHOCHTS~DHO TOro, TQJ!J3;8CTB8lUUl Jm M8XBHH3Mll 06paaoBBHRR: J.eyMJfli.IrrJ!B

HHX M830HOB H TipoTOHOB. B COOTBeTCTBHn C ~OrHKOA H3~0X9HHOI BHID8 

KBPTIIHII 0111l1UIM BllXO.ll KYMYMTI!BHHX rrpoTOHOB. )liisi OTHOmeHM ( P/'1!) He

TPY.JlHO rr~qzT~ ( B cncTeMe rroKoH KC): 

( Pl7r) "" exp ( £"'- ~e •m ) . (4.3) 

/5/ 
Toi')la c rroMo~IO (4. 3) n .uaHHliX no crreKTpaM '7r -MeSOHOB rr~'llleM 

CITeKTp J<YMYMTHBHHX IlpoTOHOB IlO.Jl yr~OM 90°( B STOM ~'189 CileKTp He 

S8BI!CIIT OT BeJIII'Dffili yrJIOBOro MOM9HT8 KC) , IISOdpaxeHH!lll H8 PliO. 4 e 

CllnOWHOM ~HHeli.PMc.4e CB~BTB~CTBYBT 06 Y.IJ.OBnBTBO})HTeJThHOM cor~aCKH 

C ~mcnepMMBHTOM. · 

Kai< OJie.uyeT ns padoT/18 • 191, cBO:IICTBO YHHBepc~ocTR Hai<JioHa 

crreKTpoB pacrrpocTpaHHeTCH H Ha rrpoTOHH. )liisi HHX TaKllte KMeeT MecTo WSK

TOPIJ98111lH S8BIICIIMOOTII HHB8PIJ8HTHHX Ce'<eHH:II OT rrepeMeHHJiX X I! 8 • 0)l-
d'6 ··; g!JL . 

H8KO OTHOIDeHHe f dr(:r,I6D' E dp> (:X:,90") MHOroKpaTHO rrpeBWJ!aeT COOTBeT-

CTey'Kil{88 OTHOmeHHe ,If,11H M830HOB. Bo3MOD8 OJIS.ICt'JlmM HHT8pnpeT8D:Wl BTO

ro WSKTa. BeJII!'<I!Ha I.7t "'5 (eM. (4.2)) cy!ll9CTBeHHo MaHme sHa'<eHM 

ZKc (eM. 0!11lHKH (2.?), (2.8)).IIo-Bll,li;IIMOMY, rrepa.uaqa B CIIOTeMe yrJio

BOro MOM8HT8 OT ne~oro TipoTOH8 K BHOB:D ~eHHol l{8CTH~ CHXDHO 

no.u;aBHeaa. OTo npe.u;cTaBl!HeTCSI HaM Bnomte ecTecTBeHHHM. HHaa mrryaUKH 

BosHBRSeT npH BHXeTe npoToHoB, xor.u;a r~6oxoe nepepacnpe.u;eneHHe yr

JIOBoro MOMeHT8 He TpadyeTCH, 8 ,l\1IJI 0!11lHKII OTHOWBHM (4.1) MOlOIO IIC

IlOJib30BaTh MaKCHMSJI:DHoe sHa"tleHHe L KC • OTo llpHBO.u;HT K BeJIH'tJIDJ.e no

pH.llKB 50 100, '<TO dJII!SKO K H8d~a9MO:II B9JII!'<HH9. 

TaKIIM odpasoM, B o'<eH~ rpydoM ITPIJC\m'leHIIII roJlH'UUI OXBMS .uoeyoftB

eT oor.IIIIOOBIIHIIa .ll8HH1iX no BllXO.JlY KYMYJIJl'l'IIBHHX npoTOHOB II vesoHoB • He

KOTopoe paSJIII'<IIe B SBBRCIIMOCTII ceqeHHJI odpaSOB!l!IIIH '7r II p OT A MO

""T dHT~ OOyOJIOMeHO BI<JI8,118MII OT .JlPYI'IIX MeXaHH9MOB / 20 ,2I/ • :ieJI8T9JI~
HO npo.u;on.BT:& TeopeTH~ecxoe BSylleHHe aTOro Bonpoca. 

Y. 8aKJIIO'<eHHe 

HTax. KYMYXHTHBHHI ~RT HBXKeTCH ecTecTBeHHHM ane~CTBHeM pas
BIITIIH rrp0!1eooa MHOJ<eOTBeHHoro pol!,lleHM 8,11p0HOB B H.Jl9PHOM B91JleOTB9. Bllllle 

MH y6e~Ch B TOM, ~0 He BHXO.u;H 88 paMKH npe~CTQBHeHBI H M8TO~OB, illH

p0KO BCITOJIDayeMl:lX ,Iii1ISI ormcaHM npo:uecca MHOJKeCTBeHHoro polt,Itemm. MOllt

Ho O~OHIIT~ OCHO~e OBOIOTB8 JcyMyJIHTHBHHX peaK!11ll - YH1IB9pcaJI~HOOT~ 

HBKnoHa crreKTpoB 2 •3/ II o&beMHYD A- SBBIICIIMOCT~ oe'<eHIIA. OK8s8Jioo~ 
TSKZe B03MOZHHM YCT8HOBHT:D H RQXKq8CTB8HBH8 OOOTHOmBHBH Me~ ce~eHBH

MB Odp8SOB8HM 'lllCTIIIT paSHOrO COPTS ITO)( paSHHMII yr~aMII, Ha pasHHX H.Jl-
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3To, O.ItHD:KO, o::ma'I:89T, 't!TO C0~9p1'.talltMCH B II9p9"tJUCJI9HHCIX S8I";OHQ
M8pHOCT.fiX B~op.1D.IU1Jl 0 MSY.fl-HH3U8 npouecca MHOJK9CTB8l~Horo p0JK.I1;_8Irn'R 
,UOC'l'YIJHa IIpH COOTD9TCTByt00{9i.i IIOCT8HOB1\8 31\CITSPI1M9.IIT8 H IIpH HCCJI8.IJ:0-
BaHHH HSI\YMYJUITBBHUX pemnmfi. Tan, Hanpr-!Mep, Tm.mepaTypa I~C, ee yrJicr. 
EO:i1: MOM9HT, a TaNKe- xapai\T9p pacnpe,neJISHHfl 3TOrO MOMSHTG. MB1K,UY ITpo
.ITYI{Ta.MB pacna.na ICC, Mory'l.' dEl'l'h nafi,ne~ru npu acCJie;n:oromnJ npouecca 
MHOJKeCTBSHHoro pOJK,n;emHI B pp -cTo.mmoBeHM.ax. Msy-qenne sTore rrponec
ca B ,ll;OtUUrnpyroii{SM I\8HDJI9 pA -B3BJfMO):t8fiCTBHH II03BOJI..f!9T OII9HHT:O HSKo
TOpi:le napaM9TpH era npOC'l'p8HCTB8HHO-Bp8M9HHOrO paSBHT~Ur: BpeMFI 8.,1WD
HP.'38UIU~ (MHHUM8JII:oH08, T8K liaK paCII~It f!POl1CXO.IQ"fT BHS IJ,IWa) 381\0HOMSp
HOCTH npe.npa.CIIB.nHDrO paClllHpSfrn.fl l{cJ22/,. M8ClllT86 M8RCHM8JI:OHOi1 BeJIHW
Jru L,. (eM. ( 4.2)) ll T .,ll. llpll aToM npem.fY111ecTBa l!cnOJitaoBaHI!!I oTHo
cMTSJThHO pe,Itl\oro RYMJJIHTHBHOrO naHa.n:a peaKI.I.HH COCTOJIT Jrnlli:& B BOSMOJK
HOCTH BlU(8JI8HaH 06'h8RT8 - CT8TMCTHll8CIWM CHCT8MH - B 60JI89- ""m'CTOM 
Bll,lle" (BFJia,ll KaJ!aJH>B {liparMeHTa!U!H cenapHpyeTC!I !l,llpou) ll B 6oJiee pea
Koii liYBCTBHTeJI:&HOCTH H86Jncul;aeMHX xapa.KT8pHCTHl\ R OC068HHOCTHM paSBH
TBH nponecca. IIoCJie.ItHIDI cHrpaJia HSMaJIOBruitHJIO pOJI:o B peweHHH, HB.npHMep, 
BOITpOCa 0 CT8IT9HH ICOJIJI8l\THBMSmmH BSaHMO,Itefi.CTBBH peJI.HTHBE'CTCitHX a,n; .... 
pOHOB C !!,llpaMI!/23/. 

13?JJ8CT8 C TSM HHKJIIOOHBHI::l:f.i Cl!8RTp KJ'MY.IDITHBHUX llaCTHD; MOJKST CO,ll8~ 
lKaT1 J1 TaRYBJ JIH))OpMB1li'JRl,ll3jlJI9'!1l<OTOpyro Jl3 ,llpyrl!X npopeCCOB H9JI13JJ. 
0,IJ;H8.KO .14JIR STOro H906Xo.n;HMQ. p9WHT:&, l\8ROfi BapHaHT 1WJJJI91{THBHOI'O B3aD-
MO)l9iiCTBE'J:I B pa!JJR8X ropsrqea_ CX9MH J\OMHIDJpyeT. 

Tru\, aanpnMep,Mo,n;eJI:& "co6npaima"120• S, IZ/ CMSiiBaeT Ha.MoH crrei\T

pa B a6COJIIOTHy-10 HOpMHpOBr<y C8't!8HPIH o6pa30BaHHR I~YMYJIHTBBHHX B,Iij)OHOB 
C napaM8TpaMB paSB~THR TipOD;8CC8 MHOJK8CTB8HHOrO p~eHER Ha ero p8HH8~ 
CT8,lJ;lHJ-,1\0TOpaH 0R83HBa9TCP.: p831\0 BI:l,Il;MEI.HHO:H. JC.liOBH9M perumsa:mm; ROJI
JI9I\i'HBHOI'O B3i\Hf1-0.n;eiicTBB.fl BHYTPH Mruroro npocTpaHCi'BeHHO-BpeMeHHOro 
l!HTepBana. B 181 ,llaHH aHaJIJITJiqecKHe BHpaJKeH!l!l = Wf:'l B (2.4), B 
ROTOpHe B l\8li8CTB9 napaM8TpOB BXO,ItJIT BMH't!HH8 'Z:;, , onpe,IteJmm{aH 
Cp9,llH99 BpeM!! pa3BJITJI!! ,llHCCHITaTHBilHX npOUSCCOB B !(C- ~ (CM. (2. 38)) J!: 
~ - C8'1!8Iill8 ,TaROro B3ruJMO,IJ;8RCTBi!H C HJl\JIOHOM, fl0M91!{9HHWJJ B HJJ;9p-

:ayKI CpS.Izy, ITpH ROTOpOM B03IDU\aiOT UB8TH1I9 CHJIH, CflOC06Hble YBJI9'1!:& 8TOT 
eyMoH """ ueJioe. GpaBHSHHe (2.4) c aKcnepHMeHTOM noaBoJI!IeT ycTl!I!O -
BI!T1 3Ha'!9Hil!! 3TJIX napaMeTpOB: q;o,;. 2 raB (fM/c; O"o "'- ID ..yi2/. 
GorJiaCHO (2.34) B9JIJI'nlH9 Z';,"' 2 I'aB {liM/c COOTBSTCTBYST cpe,llii!!Sr ,li1II!I!!l 
ipaSBBTBH .ztHcmmaTPJBHHX npoD;eccoB Lc :::::::.. I {j)u. MaJiocT:& L, rro cpaBHe

HilRJ c a@ieRTJIBHOii :wnmol! L a'f''f' "" ra; J"T"- onpe,lleJI!IST "JIOI<aJib
HOCT:&11 I\OJIJI81\THBHOrO BS8HMO,IJ;eii:CTBRSI. 
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IPB.ETHtiSCKH ~ - S'l'O BpBMf! BOS6YJf\n9IDUJ KX,Il. - BaRYYMa, B pesyJII:o-

T8T8 KOTOporo ,D;HIIB.MlftiSCIUtti 06'b8RT - UBBTHa.fl CTpyHa np8Bp8II{a9TCfl B 

KB83lH\JI8CCHTi9CI\U p8CIIrnpmoo!YIOCH CT8TBCTH'tl90RYJO Cl10TBMY. MOJKHO OJIIJII'MT:&, 

'tlTO 3T8 BSJ!BtmHa HatmeT CBOB 06'DJ'ICH8Ifil8 B dy.IlYlllB:ti TSOpE'B B031mHHOBe

HlUI CTO'XaCTH'tlHOCTH B KBaHTOB8HHl:IX IIOJI.f!X flHra-MHJIJICa. BeJIH'IMH8 lKS ~ , 

TIO-BanHMOMy,~O~Ha B03HHKHYTb B TSOpHH, CIIOCOdHO:ti OITHCHB8T:& RBXSHBH 

Ha CTHK8 KXn don:&mMX paCCTOHHH~ H CllnOlliHHX ope~. 

Jl;pyry10 BOSMO.lRHOCTb OCYIQ9CTBJI9HlHI 1\0JJJISKTHBHOrO B38HMO,D;S:tiCTBHH 

Jip9)(CTBBJIJI9T lj;JIYHTYBUI!OHHHli M9J<a!"l3M .!\. r!.MOlU!IIIl9B!l/2 S/, llp9,llJIOlK9HHHli 

EM ~ HHTeprrpeTanHH nponecca KB83Hyiip~oro BHdHB8HHH ,n;e:tiTpOHOB B3 

~ep npB rrpOM9lKyTO~HHX 9H9prEHX. Eme B / 2 G/ MH 06CYJK)(anm 9TY B09MOlK

nocT:& B CBH3B C aaqaBruH~mCH B TO BpSMH HCCJIB,D;OBaHHRME KYMY~TEBHO:tl 

peaKUHB npB Bl:ICOKEX 3H8prBHX. ne:ttCTBBTQrrbHO,rop~aH KC,cnocodHaR H3-

J'Ij"IHTb Kj'MyJISITEBHHi! a.npoH, MOJKST o6pa30BaT:bCSI npB B32EMO,IJ;8iiCTBBH HaJie

Ta~eii ~aCTHua C ~KTy8UE9ii ~OTHOCTH ~nepHoro B9~9CTBB,CO,I1;9pmam9it 

;n;BB. B 6oJiee JIYK1IOHOB. Pa3Bl'lTPie rrpouecca no ropJP~eit cxeMe HCKJIRJ!IaeT 

saBMCBMOCTo ero xapaHT9pMCTHK OT CTp~<TypHOR lj;yHHUHH lj;JIYKTYBUI!B.He-

w.(hJ 

nocpe)(CTBeHHHll pac~eT ce~eHMll B (2,4) no Teopnn \PJ!yl<Tyannl! , = 
,. I •r.-.J / 

~ CS,t~A•( 'tJ t. ) /n! C ycTBHOBJI9HHHM ll,II,EJroXMan9BHM pa)(MyCOM 

~YHTY8.11llB Zf"' 2 j; /m,- ""- 0,43 qu, npHBO)(MT H B9JII!~HBM,COBlla

)l;aKlltPIM C TOliHOCT:blO ,llO H8Cyn:t9CTB8HHOrO qJaKTOp8 ~ 2 C p93YJIDT8T&fl1 pac

tiSTa IIO MO,II;e.JIPI 11C06Pip8HHH11 
• JieriiO BH,It8TD, liTO BTOT B8pH8HT, B OTJDIJlJllJ9 

pT rrpe:t:tH.It,yUlero, He co,n:epllt.HT cBo6o,nHl:lX napaMeTpoB, cne~necintx HMSH

ao ~ npouecca I<YJ.-tyJUITHBHoro po~enusr a,IIJ)oHOB. CJte,noBaTeJX:LHo, o6'I:Jic

arur KYMYJISITHBHI:dl B~8IiT,3TOT BapHSHT He npHBO,llBT I< K8li8CTB8HHO HOBOi\. 

~~OpMBIU!H, ,li;OflYCRasi IIpH 8TOH B03MOJKHOCT:b ITO,llTB9p!t.t(8ImR HJDIJ YTOliH8HBR 

!iH8~9HMil nap""!9TJlOB B COBp9M9HHHX KB!lpKOBHX M0)(9Jl!IX \l)Jiyi<TyBUI!l! Hi(9!>

~0R n.oTHOCTH/2?/, 

()uSHI\8 OTHC'CHT8JI:bHOrO BRJI8,IJ.8 B 1\j'My.J!.fiTHBtnltl 9:Wl8ET .n;Byx YJ<83a.HHHX 

BapHSHTOB ocymeCTBJI8HHR KO~SKTHBHOrO B38EMO,ll8ncTBHH B paMKaX ropRlleA 

CXSMH Tpe6yeT nanDHeHmJIJX BCCJIS,II;OBaHHll. 
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