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0nHCaBKe BH3KGne~amBX ypOBBeA gnep CBH3AHO C BBeAeBBeW nOBHTBA KOnneKTBBBWX 

• MaaAq:acTa'lBhlx COCTO>IBHA cac-reww. OnpeAeneue CTpyi-rypw BonBosoA cjlyHKUBK gnpa, 

K8lt npaBJIJIO, npOBOABTC>I C p8MKaX CXeMW, rAe BBa3a'laCT.Kl{aM COnOCTaBnJIIOTC>I COCTOII-

u, v npeo6pa30BaBH>I C B8JtYYMOM 

no OTBOWeBHIO K cjlepMKeBCKKM onepaTopaM a , nHBeABO 3aBBCSIDiaM 0T onepaTOpOB DOn>l 

ByKnOBOB. TaHoe onBcaBBe HBaaxq:acTKU swawsaeT 6o1Ibmoe 'lHCno soapaJKeBKA. B 'lacTB<r 

CTB, B9AOCTaTKOM TeOpBH SIBn>leTC>I TO 06CTOHTe1IbCTBO, 'ITO COCTO>IBH>I, 0 KOTOpWX mna 

pe'lh BbiiUe ,onBCbiBAIOT uenhiA aacaM61Ib gnep, B nOSTOMy BWBOAW TeopKB He MoryT HC-

noiibaosaTbC>I 6ea nposepKK AnH onBcaHHH paanx'lBA B cneKTpax paaawx gnep. 

lleiib BaCTOIIIUeA pa60Tbl - npocneABTb, BaCKOIIbKO TO'lBO 06W'lBaH TeOpKH Konne KTaB

BWX Ione68BBII nepeAaeT Ha we•eaaH 'laCTOThl I<onneKTBBHhiX Kone6aBall OT gnpa B AAPY• 

nocTa»neHHaH 38Aa'la pemaeTCH nyTeM onpeAeneHH >I KB43B'laCTB'lHbiX COCTO>IBHII KaB C<r 

CTOHHHII, nony'laiOIUHXCH B pe3yiibTaTe npoeKTKpOBaHBH 6apUKROBCKHX cjlyHKUBII H8 npOCTpau

CTBO cjlyBKilHII BylKHoro 'lBCna 'laCTBn. CpeuaHe aaa'leHKH OT onepaTopos no sonHOBbiM cjly HK

IIBHW TaKOrO THna Bbl'lHCniiiOTCH npH llOMOIIlH MeTOU8, p83BHTOrO B pa6oTaX/l •
2 1

, K OTOphlll 

Mbl 6yAeM H83biBaTb yny'liU9HHhiM M9TOUOM U v npeo6paaosaHHH. 

KaK 6wno noKaaaBo B /l •
2 1, yny'lmeHHwll MeTou u,v npeo6pa30B8HBH 3Ha'lBTe iib-

HO BCnpaBnHeT OllHCaHHe CT811HOH8pHb1X COCTOHHHII CBCTeMbl C raMHIIbTOBH8HOM 

H nap 8HaiibcceB- ·G I . s,s 
a ' ·s- a ' s+ 

(1) 

Korua 'lJicno cjlepMHOHOB ae o'leHb senBBO. Bblno noBaaaao TaxJKe, 'ITO XOTH B3 MeaeHHH 

B SHeprHB COCTOHHBII gnep, CBH3aHBble C TO'lBbiM yqeTOM 38KOR8 CoxpaHeHB>I 'lHCna 'l8C

THII, B OCHOBHOM aesenHKH, H3MeHeHHH B CTpOeHBa BOnHOBOA cjlyBKIIHB CHCTeMhl, B03HaKaJO-

x) xx) 
lUBe npH 9TOM, OK83biBaiOTCH B9CbMa CylllecTB9HHbiMH ' • nosTO!.cy 6wno 9CT9CTB9HHbiM 

IIOilbiTaTbC>I peiUHTb 38Ua'ly onpeueneHHH BHlK8AIUBX COCTOHHBII CBCT9Mbl C 06hl'lHbiM B T e O

pHH BOnneKTHBHhiX Kone6aHKII gnep raMBIIbTOHHaHOM 

x) B qaCTHOCTH, npB Bhl'lKCneaBH cpenBHX aaa'leHHII oBa3biBaiOTCH a aa'lHTeiibHhiMH 

nonpaBKH1 CBH3aHHbl9 C H3M9H9HH9M B e nB'lHHbl napaM9TpOB 6 apU BHOBCKOII cjly HKUHH, r e He

pBpyiOIUell KBa3B'laCTB'lHOe COCTOSUlJie. 

xx) 
HanpHMep, pac'leT aa ocaose y n yqmeHHoll T e opBH u,v 

B OAHT B pHUe c ny'l89B K 2-3-Kp8THbiM B3M9H9HBHM BepOIITHOCTH 

3 

npeo6paaosaaa11 npu

{3 -pacnana HU e p. 
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I( 
+ 

H = H - I Q~ Q>.p. xonn nap 2 (2) p. 

rAe Q>.p_ -onepal'Op MyllhTROOnbHOrO MOMeHTa: 

Q = I 
~ i,j 

<il 
A 

q I . > + a. (S) J a i 
J 

e y'leTOM nonpaBOK, KOTOpble AaeT ynyqweHHblli M9TOA u,v npeo6paaoaaHR>L. 

EeTeeTaeaaoe H npocToe peweaae noCTaaneaaoA 38Aa'IR Mo•ao n~RTb, aocnonbao-

/8/ /4/ 
BaBWReb ~pMynRpOBKOII TeOpRH KonneKTRBHbiX KOne6aHHII1 AaHHOft B pa6oTe HnB 

/4/ 
CneAyll , Mbl npeAnonaraeM, " .To xonneKTHBHble xoopARHaTbl onpeAenlllOTCK epeAHHMH 

rAe 'I' (t) 

fJ,.,. (t) =<'I' (t), Q>.p. 'I' (t) > • 

YAOBneTaopKeT ypaaaeaa~ lllpeAHHrepa 

(H 
nap 

-K I 
p. 

fJ,.,. Q>.p. )1' = ; h aY 
at 

(4) 

(5) 

0nHC8HHQ KOnneKTHBHbiX KOne6aHHIIeHeTaMbl eBOARTCH K onpeAeneHH~ 38BHeHMOCTH 9HeprRR 

eaeTeMbl E- .<'l'(t), H 'l'(t) > OT BenR'IRHbl {J p. H {J p. B npeAene MBnbiX 3Ha'leHHft 

9THX napaMeTpOB, a 'laeTOTa KOnneKTHBHbiX KOne6aa&A .... OnpeAenHeTell H3 yenOBHH 

ih a'l' 
at 

e b (U 'fl ( H nap -K I 
p. 

{J Q ) " p. p. (6) 

Peweaae ypaaaeHHH (6) e yenoaaeu eaMoeornaeoaaHHK (4) aweTCH a BRAe paano*e

HHH no eo6eTBeHHbiM ~HKAHHM onepaTopa H 

H nap "'" E v ¢v (7) 

x) 
'ITO npHBOAHT I< AHenepeHOHHOMy ypaBHeHH~ AnSI '18eTOTbl Kone6aHHII MYllhTHOonbHOCTH A p. 

2 I( h~ I 
v 

E v - E e 

(Ev-Eo)~+(hw)~ l< v I Q 
>.p.IO > I~=l. ( 8) 

npa 'IHeneHHOM peweHHB ypaaaeHHH (8) lj>yHKABB rp V H eooTBeTeTBYIOWHe HM 9Hep-

rHB KB83B'IaeTB'IHbiX eOCTOSUIHA onpeAensnoTCSI 06bi'IHO npH OOMOWH MQTOAa u,v 

p83 088 HBII (eM., H80pHMep, 063 0pHy10 pa6oTy/B / ). noaeTaBnHH B (8) B KS'Ie eTBe 

npeo6-

¢ v 

6apLtHHOBeKHe ~HKAHH, n erKO y 6en RTbeB ep8BHeHHeM lj>OpMYn 8 TO*LteeTBeHHOeTH nony 'IHBWe

roCH ypaaHeHHH B ypaBHe HHH a n11 'IBeTOTbl KOne68HHA, HSALteHHOro B /B/ Me TOAOM npa6nH-

* e HHOro BTOpH'<HOrO KBaHTOB8HHH, 0 Lt H8 KO npH6nHlKeHHe, eOCTOHWee B Bb160pe rp V , He eBSI-

3 8HO norH'teeKB e npeanono*eHHe M, nelKBWHM B OCHOBe BbiB'OLta ~pMynbl (8), no Kpal!Hell 

x) 
<l>aKTH'IeeKH H8MH H3y'laeTCII eny'lall, KOrAB BKn8AOM MynbTHnOllh-MYnbTHOOllhHOrO 

aaaaMoaelleTBBB a eaMocornaeoaaaaoe none ~~npa MOlKHO npeHe6pe'lb. Mb! He aeen&ayeM 

npaBOMepHOCTH Lt8HHOrO npennonOlKeHBII, eTSBH eaoell 38118'1ell npocneAHTb 3a BenH'IHHOII 

lj>nyKTyaUHH '!SeTOTbl Kone6aHHA OT HAPS K RLIPY• 

4 

f 
~ 

~ 

Mepe, AnH enyqaa OltTyOonbHbl 

x) 
eH (eM. eTp, 4), 

llna Taro, 'IT06bl HMSTb 

Hb!X xone6aHRll OT HLtpa K IIIII' 

Ka'leeTBe TBKOBbiX npOeKUHH t 

Tpoaoa H npoTOHOB ( N 0 , Z 0 

"' 
B lj>opMyne (9) PA (A= Z&N. 

B BHLie KOHTypaorO HHTerpana 

06X0)1111Ilero BOKpyr TO'IKB Z 
A 

A. - onepaTop 'IRena 'laeTHU 

a lj>yHKUHR ¢ 'v reaepapy~lllHE 

Mynaua: 

¢' 
0 

~HnlBII, reaepgpyiOW8H OCHOI 

¢' 
v - ¢' . , 

ia,JU 

~HKUIIII, reHepapyiOIIllle 'ABy: 

MeTou onpeAeneHIIII nap 

TaM lKe on~~eaaa nponeAypa ! 

( 9), ocaoaana11 aa oneHKe .. 

Henonb30BBHRH OUepaTOpOB I 

I a f 

MeTOA nepeaana ABeT (aeaMn 

I a e N<J<•J ,[- tr ! 
41~ 

+...!. [ ~... 3( 
N _41 

~ 

x) 3TO orpaHB'IeHHe Bb1 

OOHC8HBH B036yli<LteHHblX eoe~ 
OeHOBHOrO eoCTORHBII (aanpBl 

HblX CHCTeM UOK838n, l.ITO T8 

eTpyKTypoll )18lKe B eny'lae n 

ro H napa.· KaK noKaaaao ! 

eTSTO'IHO, 'IT06bl nony'IHTb OJ 
KB83H'I8eTB'iHbiX eoeTOSUIHA B 



Q>.p. 
(2) 

(S) 

npeo6pa3osaHBH. 

MOJKHO Dony'DITb, BOCUOJib3o

!OR B pa6oTe/S/ BnB / 4/ 

oupeaeniiJOTCs cpeaHHMH 

(4) 

(5) 

3neHJIJO 3SBHCBMOCTB SHSpi'BB 

npeaene usnhlx 3HS'leHHA 

onpeaenBeTCH H3 ycnosa11 

(6) 

4) HIIISTCSI B BB.(le pa3nOJKe-

(7) 

x) 
HA MynbTHUOJibHOCTB >. p. 

I ~ = 1. 
( 8) 

COOTBeTCTBytolllBe BM SHep-

:HUH MeTOJlS u,v npeo6-

B (8) B KS'IeCTBS tp V 

TOJKjleCTBeHHOCTH nony 'IRBWe-

/5 / 
•I'O B MSTO.(IOM Dp116nB-

nuee B Bb160pe ¢ V , He CBII

a fj>opuynbr (8), no KpaRseA 

ynbTHDOnh-MYilbTHDOflbHOI'O 

ipe'lb. Mb1 He IICCD6.!lyew 

!pocnellBTb 38 BenH'lBHOi! 

ll 

Mepe, ans cnyqag OltTYUOJibHhiX Kone6aHJIA, paC'lSTOM 'laCTOT KOTOpWX Whl orpaHH'DIB8BaeM

CII x) (eM. CTp. 4). 

nnH TOI'O, 'lT06hl BMSTb B03MOlKHOCTb paCC'lBThiBBTb H3MSHeHJIB 'l8CTOThl KonneitTHB-

¢ V B Bhl6epeM B 

Ka'leCTBe TaltOBhiX npOSKUBH 6SpllHBOBCltHX ~HKUBA Ha npOCTpBHCTBO HylKHOI'O 'DICna ueR

TpOHOB 11 npoTOHOB ( N 0 , Z 0 ) 

1t p 
v "'o 

p ¢' 
z v 

0 
(9) 

B ,POpMYne (9) p A (A= Z6N
0
)- onepaTop npoeKTHpOBBHHII, KOTOpbrll yao6HO npeacTaBBTb 

B BBJlS KOHTypHOI'O HHTerpana 
A 

PA cf 
dz A 

z (10) 
z A+l 

o6XOilSIIIlero BOitpyr TO'lKH Z = 0 B nnOCKOCTB ltOMnneKCHOI'O nepeMSHHOI'O z • nanee .. 
A. - onepsTop 'IRena 'laCTHn (HeRTpOHOB HnH npOToHos), 1tv HOPMHPOBO'lHhiR MHOJKHTenh, 

a ~HKUHB ¢ ~ reHepHpytolllBe KBa3H'laCTH'lHhiS COCTOJIHHII, 381laHhl HHlKSCneaytolllBMB fj>op

MynSMH: 

+ 
u + v a 

s s lH-
a+ ) fo > -
s-

,PyHKUBII, reHepHpyromaB OCHOBHOS COCTO!Ill!le CBCTSMbi C I'SMBnbTOBBaBOM H nspH B 

¢' 
v ¢~ . ' ID,JU 

+ a 
iu 

a: , TI ( u (ij) + v (ij) a+ 
JU s s S+ 

s-/i,j 
a+ ) /o>-s-

(11) 

( 12) 

MeTOA onpe.neneHBs nspaweTpos u,v npaseaeH s ps60Tax
11

•
21

• 

TaM JKe OUBCSBa nponeaypa Bhl'lHCneBBB cpeaHKX 3HaqeHJIA OUepaTOpOB no lfJYBKUBIIM THUS 

(9), OCBOBaBBa!l Ba OUeHXe MSTOAOM nepesans ltOHTypBbiX HHTerpanoB, B03HHita!OIIlBX npB 

BCUOJib30B8BBB ODepaTOpOB DpOOKTBpOBIBBBII B fj>opMe ( 10) • nng HHTerp a na 

I • • f d z 0 (z) e "
41<•> 

MeToa nepessns aseT (scaunTOTB'lecxoe) ps3nOJKSBRe no IN 
I = e "' 41<•J ,f- " I 0 + 

412 0 3 (13) 

+__!_[~ ... 3(0 141 3 -0 0 «ll 1 ) 15 ~ l+ 
N _41 4 ill" 16 412 

------~------------~2____ 2 2 
x) 3TO OI'pSHH'leHHe Bbi3BSBO llOUonBHTSnbHblMB TpyaHOCTIIMH, B03HllltS!OIIlBMH npB 

ODBCSHBB B036ylK!leHBb!X COCTOIIHBll C 'lHCDOM seniority , COBD81la!OIIIBM C seniority 

OCHOBHOI'O COCTOJIHHII (usnpHMep, 0+ COCTOBHRi! 'ISTHQ-'ISTHbiX ll!lep). PscqeT MOilSDb

HbiX CBCTSM DOKS3SD, 'ITO TSKBS B036ylK!lSHHble COCTOIIHBII H e 06DS.(IS!OT KBS3B'lSCTII'IHOA 

CTpyKTypOll JlSlKS B cnyqse npOCTei!wero B3SHMOQeRCTBBB MelK!ly 'ISCTBUS MB, ODBCbiBSeMo

I'O H nspH.• KsK noKs3sBo B /B/, nspHbiX B38HMO!lellcTBHil Tsxoro Tans s npHunane ao
CTSTO'lHO, 'lT06bl nony'lBTb DpSBBnbHy!O BSnB'lBBY B036ylK.(ISHBB B XapSKTep CMSIIIBBSHBB 

KBS3H'lSCTB'IHbiX COCTOIIHHA B Q+ COCTOBBBBX TlllKSnbiX aefj>opwHpOB8HHhiX llllSP• 

5 



rne 

cz, 
D 

fu> CZ, 
( --;;

d z 
0 

d(D) =< __ o 
d% D =•o 

a z o- cennonaSI TO'IKa ojJyaxuaa cJJ (z) , onpenenSieMa" ypanaeHHeM 

cJJ 
1 

( z.) = 0 • 

11cnOnb30BaHH9 <i>opMyn~ (13), rne ponb c!JyHKUHB 
ciJ(z) 

e xrpaeT cpenaee 

(14) 

(15) 

<¢'z1-A ¢'> 
v v. 

noanonSieT cc!JopMynaponaTb napaauxoaay~ aana'ly onpeneneaaa napaMeTpon u, v opyHKUBII 

(9-11) (eM, 1,2), KOTOp~e OK83anOCb B03MO*B~M CBSI38Tb <i>opMynaMH TeOpBB U , V -

npeol5paaonaaaa c napaMeTpaMH e v' Av (xoppenSIIIBOHHaSI ojJyaxuHSI B XHMH'Iecxail nOTeHAHan): 

u• 
l = ~I 1 + 

u 

E 8 - A v 
---;=::=;;====~== l . 
y'e~+ (E 8 -Av)O 

(16) 

llna H369*8HBSI MHOrOKpaTHOro peweHBH BapHaUHOHHOil 38Aa'IB npa onpeAeneBHB '18CTOT~ 

OKTynOnhBblX COCTOHHHII M~ BOCnonb30BanHCb 6nH30CTb~ BenH'IIIB~ KOppenSIIIHOBBOil c!JYBKUBB 

e H XHMB'I9CKOrO nOTeHUHana A B OCBOBBOM H B036y*J]9BB~X COCTOHBBSIX CBCT9M~. 

BcneACTBHe aToro M~ co'lna uenecoo6paaa~w nocnOnbaonaTbCSI npa6na*eHH~M ueTOAOM, 
/7/x) 

noAo6a~M onacaaaoMy B pa6oTe • Bapaauaoaa~e ypanaeHBH Ana ·e v A v noa6ylKlJ.eB-

a~x COCTOSIHBII paanaranaCb no pa3HOCTB 8 e v= ev-e.,. 8Av=A;;AJ' COXpaRSinBCb TOnhKO 

naael!a~e no ll e v , ll A v 'lnea~. 11 cnonbaonaHHe napaauxoaa~x ypanaeHHII AnSI e • B A 0 

noanongeT Bblpa3BTb TaKHM o6paaoM nenB'IHB&I ll e v' SA v , a aMecTe c TeM B aaep

ra~ COCTOHHHSI < B TepMBH8X KOppenSIIIBOBHOil c!JyHKUBH H XHMH'I9CKOrO nOT9HUHana OC-
V xx) 

HOBHOrO COCTOSIHHSI CBCT9M~. 

Aaanora'IH8SI nponeAypa acnoJlbaonanacb npa B~'lacneaaa MaTpH'IB~x aneMeHTOB onepa-

T0p8 MynbTHnOnbHOrO MOM9HT8 Q ~ no npoeKTllpOB8HH~M c!JyHKUHSIM (9-12), llnSI ona-

CaHBSI M9TOAa paCCMOTpHM MaTpH'IH~il aneM9HT OT TOil '18CTB onepaTOpa, KOTOp8SI AeiiCTBy-

eT, Ck8)t(QM, H8 KOOpllHB8Tbi HeATpOBOB 

<¢ 
v 

(D) 

Q I ¢ >- < io I Q >.. I jo'> ( u v + v u ) R 
~ o -... I I I I II 

Mao*BTenh R 
II 

B cny'lae CHCT9M~ N 
0 

aei!Tpoaon BMeeT BRA 

R • 
II 

[ f dz' 

z' No+t 

dz f -
.L:~1!:'"' 

.~ ( u. 

·n (n 2 +v 0 z' 0
) f . . 

( ij) u. + z • v. (ij) v. ) 

dz" 
nN -1 z 0 

n (u 0 (ij) +(z')
2

v 0 

'*"'- t. ~ 8 

x) CM. paau e n 3 •Henpep blbHaH Monenh •. 

xx ) 11,2 / 
CM. npHnO)t{eHB e , a TSK >Ke CCblnKH 

'l 

(17) 

(18) 
( ij)) ] ~ 

(I 

t 
I 

KalKlJ.&IA H3 Tpex HHTe 

sana, npH'19M HCnOnh3Y9TCH 

KB8AH'IaCTH'IH09 H OCHOBH09 

nOJ]HHTerpanbaOe B~pa*eHBo 

llu
8 

=u
5
(ij)-u 

5 
llv 

xo qnea~ aaawero nopSIJlKa 

nponenypa npononaTCSI c no 

peayJlbTaT KOTOp~X BBBAY T 

npa npOBeA9HHH KOHK~ 

MaTH'I9CKaSI nporpaMMa pen 

paMB pa60T~181 • Pewanocb 

1 = 2K 
I, 

B KOTOpOM CyMMHpOBaHBe nJ 

H9iiTpOHOB ( T= 1) B npoT 

MOM9BT8 f ( j j) B paCI 
r 181 

B~e B pa60Te (a B9CbMI 

T~ napaoro saaHMoneiiCTBH! 

HHIO Bbl'IHCn9HHblX H aKCnep 

sneMeHTOB ( G = 0,020 h 

'18CTH'IH~X COCTOSIHHH 

noJKeHHe). 

0 
w 

0 

PeaynbTaT~ B~'IHcnea 

T~ oxTynonba~x xone6aaal! 

2- (pac. 3). Ha pacyaxax 1 

np8BOK H8 npoeXTHpOB8HHe ( 

OKTynOnhHOrO B38HMOAeiiCTE 

no ABYM paana'IBbiM cxeMaM 

c!JopM8UH9il, npa 3TOM, 0AH8 

npBBOJ]HT K pe3KOMY yM9Hb l 

3TO 03Ha'laeT, nO-BBAHMOM) 

AeliCTBHH ayxnoaon, To>Ke A· 

HBH. C8MOCOrnaCOB8HHOrO no. 

cnenoaaTeJlbHOCTb Teopaa, I 

TO'IHOr O B38H M0Jl 9~CTBH H a a 

8DT0phl lfO BH.U HT B H8CTOffill 

TO~ , C npaBe.riiHt Bh:X KB K B flj 

QL:."l ::" :t H"?prH .A , C pB B RHMbiX C 



.... o (14) 

BHeHH9M 

(15) 

urpaeT cpenuee <¢'zA.A ¢'> 
)I )I. 

a napaMeTpos u, v ¢yuxnuA 

10PMY118MB TeOpHB u V -

llHH H XHMB'l9CKBA DOT9HllB8JI): 

(16) 

: npu onpeneneBBR 'laCTOTbl 

'lHBbl XOppeJIH!lHOHBOl! ¢yHKllHB 

leHBbiX COCTOIIHUSIX CHCT9Mbl. 

: g DpHODH~9HHbiM MeTO.[lOM0 

!HSI .[lJlSI ·C )I A )I B030YlKA9B

'I;AJA COXp8HSIJIHCb TODbKO 

:Ublx ypasueHBII nna C • x A 
0 

, a BMeCTe C TeM U aaep-

XUMU'leCKOrO nOTeHilH8Jla OC-

MaTpU'lBb!X aJieMeHTOB onepa-

<!JyBKUUHM (9-12). JlJig ODH-

onepaTopa, KOTopau nellcTsy-

) R 
ll 

(17) 

HA 

(18) 

~ ~ 
'I 

KaJKAhtA u::. Tpex uuTerpanos s ¢opMyne ( 18) oneuusaeTca npu noMOIIlH MeTona nepe-

sana, npu'leM ucnoDh3yeTCSI 6nu3ocTb xoa¢cl>anaeuTOB us ( i j) u u s , onpeneJISIJOIIlHX nsyx-

KBBaH'laCTH'lHoe H OCHOBH09 ~OCTOSIHHe CHCT9Mbl ( CM. <f>opMYDY ( 16)) • Ha OCHOB8HHH aTOrO 

nonuuTerpanbuoe Bblpa~eHHe B ~ucnuTene ¢opMyJibl (18) pa3JiaraeTCa no CTeneuHM 

l) V S = V 
8

( ij)- V S H B OKOH'l8TeJ1bHOM Bb!pa~eHJlH COXp8HSIJOTC H TOJlb-

xo 'lJieHbl HH3mero nopAAKB no aTHM pa3HOCTHM (unu pa3HOCTHM l>C ij , l>Aij ). Onucauuau 

nponenypa npOBO.[lHTCH C nOMOIIlbiO npHHllHDB8JlbHO npOCTb!X 8Dr90p8H'leCXBX ODepauull, 

pe3yDbT8T KOTOpbiX BBB.!lY rpOM03.[lKOCTH OXOH'l8T9DbHbiX Bblp8~9HBA Mbl He DpHBO.[lBMo 

Dpu nposeneHHH xouxpeTHbtx pac'leToB cymeCTBeBHbiM o6pa3oM ucnoDb30sanacb MaTe

MBTH'lecxaa nporp8MM8 pemeHRH .[lHCnepCHOHHOrO yp8BHeHHH THD8 (8), pa3p800T8BH8H 8BTQ

paMH paoOTbl/
8 /. Pewanocb ypasaeuue 

(Hl) 

COCTOSIHBSIM CHCTQMbl 

H9liTpOHOB ( T= 1) H npOTOHOB (r= 2) • MaTpB'lHble aneMeHTbl onepaTopa oxTynoJlbuoro 

MOM9HTa f ( j j) H pacnono~eHBe O.!lHO'laCTH'lBbiX yposilell Te ~e, 'iTO B HCnODb30BaH-

T /8/ /5/ 
Hble B p800Te (u BeCbMa OJIH3KBe K UCnODb30BaHHbiM B paOOTe ). 3Ha'leHHII KOBCTaH-

Tbl Dapuoro B3aHMO.!l9liCTBUSI B3HTbl 83 paOOTb/
21 

U COOTB9TCTBYIOT BaUJiy'lW9MY COBD8.!l9-

BRIO Bbl'lUCJI9HHbiX U SKCnepUM9HTaJlbHb!X 3H8'leHUA napubiX aueprHII Sl.[l9p p9.[lK039M9JlbUbiX 

sneMeHTOB ( G = 0,020 h 
0 

w 
0 

'l8CTU'lHbiX COCTOIIHHll l T ( i,j) 

noJKeKBe). 

0 

G = 0,021 h w 
0 

). MeTon onpeneneBBII aueprull nsyxxsa3u-

• xoa<i>¢unaeuTOB ODHCaH Bbllll9 (eM. TaX~e DpB-

Pe3yJlbTaTbl Bbl'lucneuHII npencTasneubt ua puc. 1-3, rne npuseneubl 3Ha'leBBst 'laCTo-

o 1/3 
Tbl OKTynOJibHbiX KOJ1908RUII B 9.[lUHHU8X bw

0
= 41,6/A TUDa 0- (puc. 1) 1- (pac. 2) U 

2- (pRe. 3). Ha pHcyHxax npuseneHbl TaxJKe pe3yDhTaTbl pac'leTOB 'laCTOTbl 6e3 ~eTa no

npasox H8 npoeKTUpOBaBRe <f>yHI<llUII. 113 puc. 1 B B.!lBO, 'ITO 20% yBeJIH'leRHe KOHCT811Tbl 

OXTynOJlbHOrO B38HMO.!leliCTBHR npUBO.[lHT K XOpOW9MY COBn8.[l&HHIO pe3yDbT8TOB p8C'l9TOB 

no .!lBYM pa3JIH'lHbiM cxeMaM s oonacTu AAep, nanexax OT rpaHHllbl Sl.[lep c ycToll'lllBoll ne

¢opMauueA. Dpu aToM, onuaxo, nnu AAep c MaccoBbiMH 'lBCJiaMB A <160 uam• Bbl~acneaBII 
156 

npHJW.!l!IT K p e3KOMY yllieHbmeBBIO w , a 111111 Gd 'laCTOTa oxa3b!BaeTCH pasuol! uymo. 

3TO 03H8llaeT, 00-BII.O.RMOM-y, 'ITO OKTYDOllhHble qneHhl, OD.CbiB8101UH9 OCT8T0"1Hbl8 B38HMQ-

nellcTI>HR uyxnouos, ToJKe .!lOCTaTO'lHO senuxu, 'lTOObl npBHKMaTb Y'l8CTHe B <f>opMHpOBa-

HUH. C8MOCOrnaCOB8HHOrO nong Sl.!lp8. Qopameuue 'laCTOTbt B HYJlb 03H8'l8eT, XOH9'lHO, ueno

CJie.[lOB8TeJlbH~b TeOpHB, nonOOHOII HCnOJlb30B8HHOII 88MB, B XOTOpOll BJlBnBHe CHJI OCTS

TO'lHOrO B3&HMOneilcTBlfH ua xapaKTep CaMocornacosauuoro n on11 ue y'lKTblsaeT CH. Onuaxo 

8BTOpbl >10 BH.U!IT B H8CTOSilltee Bp9M H B03MOlKHOCTH npOBe )l.eHHH DOCll.9!10B8T eJlbHbiX pacqe-

T Ot{ , C n pa sen nttSb:X K8 K B npe.o.en e MAJJbi:X ~R Cpi'HA KOniiPKTKBHhlX KOne68HBA, TlUC: B !\ npe-

QL-'1:' :tH'?prH$\t CpBBRBMblX C 3Hepruefi' O.BYXKBB3M'l8CTH'IKhTX t:OCl'OSlH MA. 

7 



Ha pHc. 2 a 3 npencTasneaw aaepr•• cocToKHHII 1- H 2-, pacc~HTaHHwe c yqeToM no

npaso~< aa npoeJ<THposaaHe cjlyHJ<nHII • no cxeue, npHHRToll B pa6oTax
15

•
81

• H3 p•cyllltOB 

BHnHo, ~TO COrnaCHe TeOpHH C 3J<CnepHMeHTOM B pe3ynbTaTe OnHCaHHOII MOnH¢Rx~HH TeOpHH 

naJKe Hec~tom.Ko yxynmaeTClil, Onaa~<o J<onB~ecTBO aKcnepHMeHTam.HYX naHHwx cTom. aesen.

KO, ~To rosopHTb o npeHuymecTBe Toll HnB BROil cxeuw Tpynaox). 

npyroll BWBOn, li<OTOpWl! cnenyeT H3 pHC, 2 H 3, COCTOHT B TOM, ~TO MOnH¢RxanHlil 

T90pKH npHBOnHT K cymeCTB9HHOMy crnaJKHBaHH~ KpHBWX 3aBHGHMOCTH ~aCTOTY OT MaCCOBQ-

ro ~acna a nopMJ<osoro aouepa. TOT >Ke acjxpeKT MOlKHO ysan9Tb a aa pac.1 (cu. pacnono-

JKeaae ~aC"'''T s Mpax s6na3H Dy 164 ) • AaanorH~HWe swsonw cnpasennasw H nnlil ·npyrax 
121 

napaMeTpos, xapaKTepa3y~mHX smpa: Tall< , H3 pac~eTos, onHcaaawx B BHnHO, ~TO npOell<-

TKpOBaHHe BOnHOBMX cjlyRKURII Ha npOCTp8HCTBO ~RKCHpOBaHROro ~BCna ~aCTHU npHBOnHT K 

yMeHbmeHHIO ~J<TaUHII B BenH~HHe 3HeprHH nsyXJ<B83H~aCTH~HMX COCTOHHHII B gnpaX 

C pa3HYM ~HCnOM ~8CTBU, no cpaBH9HHIO C Teopaell, onepHpyiOmell Henpoeli<THpOBBHHYMH 

~YRKURRMK, ao y~HTwsa~mell neT ana onao~aCTH~Horo cneJ<Tpa gnep ( TeopHR c •6noli<Hpos. 

Koll•). OnHaito ~•cneaao 3TOT acjMpeKT He o~em. senxJ< a He uenReT xapaitTepa nonylleHawx 

KpHBMX. 

B 3aKn~~eHHe MW swpaJKaeM 6naronapHOCTb COTpynHKitaM rpynnw TeopHH smpa na6o

paTopHH TeopeTH~ecxoll ~H3HitH OH.HH • B oco6e&HOCTH B.f.Conosbesy 3a HHTepec It aamell 

pa60Te H o6cyJKneHHR. 

nPHnO)I(EHHE 

npaseneM ~pMynw nnR SHeprKH B036yJKneHHH COCTOHHHII C seniority 2 CHCTeMM C 

raMHnbTOHHaHOM (2), acnom.3osaHHble npa nposeneHHH 'lJICneaawx pac~eTos. Ha ocaosaHHH 

npa6nKJKeHHOrO MeTona paC~eTa CpenHHX no npoeKTHpOBaHHMM 6apnHHOBCitHM ~YHKIIHHM t OnH
/1,2/ 

C8HHOrO B , HMeeM nnR 3HeprHH OCHOBHOrO COCTOSIHHR CHCTeMM N 0 'iaCTUU 

BMpalKeHHe 

E(C,A,t.N 2
) 

,. I E (1- E.- A ) 
v C 2+ ( E .,-A)] 

2 

(n.1) 

c 

G ( 1+(t.N 2).
1

) 

x) Mbl ae accnenosana, aanpi!Mep, xaK MeHSIIOTCSI oneHKH 'iaCTOTW n~H R3MeHeHHH 
'IHCna nepexonos, npHHHMaeMbiX BO BHHM8KHe, KOTOpoe B COOTBeTCTBBR C/ / CKa3WBaeTCR 
aa pe3ym.TaTax pac'<eTos. 

8 

' 

rne napaMeTpw C , A H t. 

F N ( c • A ) N 
0 

FG(C, A ,t.N
2

) .. 

G ( 

F t.N o ( C, A, t. N 
2

) - t.: 

nnR COCTOSIHHSI C li<B83H~aCTHI 

f 
II 

~ E ( C II • A II • t,. N 

rne HOBYe ItOHCTaHTM c 
II 

'F N ( c II • A II ) - 2 

·Fa < ell • A II • t. N :~ 

F ANo( C 11 ' A 11 ' !'!. 

Ecna napawe xoppensm•H sen. 

uanw, a nnH ax onpeneneHHH 

(~ )8C
11 

+ 
ac 

<~ l .sc,J ; \ 
ac 

( MM He sapbaposam< sen R'IHK 

Ka K ~opuynaM o6w'<HO~ Teo> 

H3 (n.s) aaxonKM 

f'j 



2-, paccq&TaiiBhle c yqeTOM no

/58/ 
pa60Tax ' • Ha pBcynos 

OUHCaRROl! MOaB~~BB TeOpHH 

~T8JibRhlX aaRBhlX CTOllh ReBellll

lROX) • 

IT 8 TOM, qTO MOaH$HKaABH 

IBQBMOCTH qaCTOThl OT MaCCOBQ-

'h H R8 pBc,J ( CM, pacnono-

~onhl cnpasennxshl H nna npyrxx 

121 
C8HHhlX B BBARO, qTo npOeK-

ro qxcna qaCTBA npBBOABT K 

[qRbiX COCTOHRBA 8 smpaX 

"IOUleA Renp09KTBp088RRhlMB 

>a smep (TeopBH c "6noKBpoa. 

A:ei!HeT xapaKTepa nony11eRBhlX 

!M rpynnhl TeOpBH gnpa na6o

:onow.esy aa &RTepec K aameA 

11 A c seniority 2 CHCTeMbl C 

KHblX p a cqeTOB. Ha OCHOBBH HK 

6 8pARHOBCKHM ¢ YHKUH HM, ODB-

:BHH CHCTeMbl N 0 !J8CTBU 

(n.I) 

- 1) 

.H 'IBCTOTbl npH H3 MeBeHHH 

rBeT C TBBH c/5 / CK83h!BaeTCH 

rne napaMeTpbi C , II B 

N 
0 

F 0 (C,II,t.N~) ., 

- I 

onpenengl()TCH &a ycnoa•A 

1- -==E=
0
-=II==-')',...- O • 

yC'4 (E 
0
-11) ~ 

-=~==,.=:= 0 
yC~ + ( E 

0
-N ~ 

nnH COCTOIDUlH C K&aa&qacTHA8MB R8 ABYX p831111qHbiX ypOBHHX HMeeM 

~ 

< II = E ( C II • 1111 ' t. N II 

rne HOBble KOHCTaHThl II t.N 
II 

E 
Eo - 11 11 

II 
OnpeA engiOTC H ypaBHeHH HUH 

F N ( c lj • A,, ) - 2 + I ( 1 
E -II 

0 lj = 0 

-/C 1~+(E 0
-\1) 2 -.1 

F 
0 

= 0 
v C ,: + ( E o- 11 11 ) ~ 

c~ +(E -II)~ 
II II 

0 • 

EcnH nap&ble xoppen>lllBH s enHKH , TO p aaHOCTh 

fj c ij = c ij - c . o il . . - 11 
1) 

(n.2) 

(n.S) 

<n.4) 

Manbi, H AnH HX onp eneneHHSI MOlKHO 8 0CUOnb3 0B8T bCil nHHea}lB3088HHbiMH yp88HeBHHMH 

E -11 
( 1 - a ) - a lj + <~" ) oi\ 11 =2 - I 

,JA 11 

(~ ) OC I ( + (_!!!_c. 
a c iJ" 

v A IJ = I 
a=t,J 

y C \ (Eo - II ) 2 

= f3,, 
v c~ + < E o - " >" 

(n .5 ) 

( Mbl He sapbBposaltl! sen&q Hay UOCKOnhXY ORa CaMa BXOAHT K8K ManaK nonpaB-

xa x ¢opuynaM o6blqaoii TeopHH u, v -npeo6paaosaaBH). 

Ha (n.s) Haxon•M 

t. C II 

a F a F o 
a II --jjC'- {3 II 7flC 

0 

9 



rAe 

6A 
II 

D =(~)(~ 
ac aA 

a FN a.,-ac a Fa 
- {311 --a-c-
D 

-( aFN )(~G) 
aA ac 

a
0

bA- aAbo 

(n.a) 

<n.7) 

AuanorH'IHbiM paanoJKeHHeN no cTeneHHM 8 C ij , 8 A ij eCT9CTBeHHO BOCnOnb30B8TbCH 

H npH Bbi'IHCneHilll p83HOCTB OnpeP.enmomefl 3Hepr11IO B036ylKIJ.eHHH ypoBHH (ij) , 

2 
aE(C,A,6N) 

(lj - l = ac 
[; C II + 

a E ( C , A , 6N ) [; A 

a A 

E.-A 
+I. 
a=l t1 

E • ==='===~---.,-
,jC2+(E.-A 

npHB9A9M OXOH'I8T9nbH09 Bbip8lK9HBe )lnH 3TOA aenB'IHBbl 

l ij -f =I.v c· +<E. -A ) + 
a=l,j 

+ I. 
1 t p ( E • - A )-

e=t . J ,; c• + ( E • - A ) 2 

2 2 

G ( 1 + 6N ) _ C [ l _ ~ 

2 6N2 2G ,;7:(E.-A )2 

3P.eCb 

·Y b A - 8 b 8 a - y a A P = o , Q = __ c _ 

D D 

[; * c 2 I. 
E . - A 

[ C 2 + ( E . - A ) 21 a/2 

·Y = - * C 
2
I. [C 2+(E , -A) 21•;2 

B npenene 

C » E
1
-11, C » E1 - A 

HM9eM 

<II - < 0 = 2 C 

10 

(n.s) 
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P xc. 1. 3HeprHH nepBblX B03 6y>K.n9RHblX OKTYri011bHbiX COCTO .RHili\ C K 11=0- 8 ell,RHBU8X ~ 
Pac'!eT nps K -o,OOI 03 (- -o-- ) , K - 0,00123 (- ). 06oaHa'!eHHR .• 3Hepr~H 
K "~o- cocTOSJHHA: - -o- - no cj>op•qne ConOBbeBa- <l>orenR, --o-- - no .popMyne 
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