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B sacTOIIIIlell pa60Te B3Y'IB9TCSI TO'IJIOCTh pac'leToB passosecaoA nelj>opMansa S!Jlep, 

B KOTOpbiX upo6Bbl8 ljlyDUBB, 8DUpOKCHMBpy!O!IlB9 cjlyHXUBJO OCBOBHOro COCTOSIHHl'l, He o6-

D8)1SJOT spamaTen&Jiol caMweTpBell. TaiHe q.ynn•• acnoru.ayJOTCSI npa paccMOTpeHBH ao-
/1/,/2/ 

npoca 0 necjlopM4)1BB TSilK9DbiX SIJI9p (eM., B4UpRMep, ) DO OTHOW9HBIO K KOTOpbiM 

5 9Ct.M8 TpyJIBO upB M8.1111TD onepanBIO npoeXTBpOBBBKJl ljJy 8)1811 JIB COCTOHHB9 C <j>HKCHpOBBH

RbiM Mowei!ToM KGnR'IecTsa n azlKeBHS<. H&lKe upeeneabl onemca, ocaosaRRbte Ra npR6na

lK9BBOM Y'feTe npoe~:l'KpOBBHIU! ljlyJlK I(Hi!, UOK83biBBIOIIlll90 'ITO BOCCT4HOBJI9HB9 Bp8IIIBT9Db

BOII CBMM8TpHR BODHOBbiX cjlyHIUlKli '·'0 >!':9T 38M9THO 113M9BBTh T90p9TII'I9CXH9 npellCK838-

BBSI 1[81[ OTHOCIIT&nkiiO napaMeTpOB pBBHOBCCHOII Jl91j>opMB)IBH Sl)l9p (B '18CTHOCTH 1npeBecTH 

I[ B3M9H9HBIO B .OnpeneneBBR UepeXO)IHOII o6naCTR OT c¢ep11'19CKRX X lle4>0p M HpOBBHHbiM 

SIJIP8M) 1 T4K B ABBRble 0 lj>opM& B rny6Ba e MHBRMYMB :3HeprBB. 

liDS! 0Tb1Cli:8BRSI lKerulBWbiX upB6nBlK9BBbiX BblpalK9BBI paCCMOTpiiM lj>opM4nbHoe 

p83DOlK9BB9 cjlyiiDUDI, 4UupOKCBMBpYIOIII91l BonHOB710 ljlyJIJ[DBJO SIJipa, no TO'IIIb!M C06CTB9 HHbiM 

ljlyJDt)IBSIM CBCTo8Mbl ( raWRllbTOBII811 Sl)lpa H C'IRT86W B3B6CTHbiM) 

(3AeCb 1,11 - KB811T0Bbl9 'IBC1la MOMei!Ta J<ODH'I9CTBB ABBlK9HBJl B c.n.M. SIJlPB; a - npo-

'IH6 KBBIITOBb16 'IBCDB1 ltBpali:T6pR3YIOIIlB9 COCTOSIBB8 SIJipa '1'
1
• WI a ). 

npennono)!(BM, 'ITO B raMBn&TOHH8B6 SIJIP8 H MOJKBO BblJienBTh qacTb, OfiHC hiB810-

my10 Bpameue, T.e. 'ITO onepaT op H up6)1CTBBIIM B BSI)Ie: 

(2) 

ling TO'IllbiX C06CTB9BRbiX 3BB'I9BBA 9BeprHif SIJIP8 M0)!(B0 upH :3TOM H8DRC8Tb BblpBlK9HBe 

2 
b 

2 J (I, a) 
(3) 

Co6cTae BBbl e ljlyaKnRH onepaTopa H 0 BbiJlOlKJIBHbl no aaa'leBBSIM XBBHTOBbiX 'lace n 

II II • ODBCL!BBIOT CBOIICTBB s nyTpeHBero )IBBlKBBBSI &yKDOBOB " Sl)lpax. npR6nH}I{9 HHble 

BbtpalKeHHa nna aax MoryT 6b1Tb nony'leabl sapbHposaaaeM cpeJ:taero aaa'leHRR gaeprRH 

3 



( = < "' • 110 'P > ~ ~ p Ea 
1,a J,a 

(4) 

( p = ~ I C t,)< :a 12 ) • 
I,a M 

KOTOpoe OT niPHl '='TC}{ OT CpC.rtHero E = < ~ ·. 11 'I' > , p accMaTpl!eaeMoro o6b1'<HO, HO aen11-

'HillY 

2 
h ~2 

=< 'V,_...,.. I'!' >= 
2 J 2 

= ~ h 1(1+ 1) 

t,a ~.a 21(1, a ) 

!\E = E-< 
(5) 

(oj•op M yi1a u n nucaHa ann 'le TH O-'leTHoro nApa, ocuoeuoe cocTOliHRe KOToporo o6naAaeT 

MOMCHTO M J = I) I! B npellllOliOlKeHHH, 'ITO <'1', i 'I' >= 0 

npeaCTill3lleHHb1 X HH lKe , H8 Apyrae CliY'lBH TpHBH8llbHO), 

; o6o6meuue peayn&TBTOB , 

B L1pall<eaue llliSJ I'> E onpeAenReT auepratO, KOTopytO cneAyeT aaTpaTHTb, '<T06bt 

o6pa30DBTb BOliHOBOl! 11BK9T, OllHC blDBIOWBll OpHeHTRpOBBHHOe COCTO!IHRe HApa, 3Ta 9Hep-

rliSJ CKOBllhlD89TCSI H3 9 HeprHH BpameHHSI HAPB B COCTOliRHSIX C pB3HbiMR 3BB'l9HRliMB M<>-

M9HTB KonuqecTea ADH lKeHHSJ I , sa KOTOpbtX o6paaoeauo cocTOliRHe "P • BenR'lHBa 

a TOll a ueprHH cymeCTBeHHO 3BBHCIIT OT ll9cjJOpMBURR RAPB H 3BB'l9BHR MOM9BTOB RHepnRB 

pOTBU110HHb1X nonoc, a noaToMy onpeAene uue napaMeTpoe BOJIHoeoA cjJyoKnRR B&yTPeouero 

llDIIlK9HH!I &yKliOHOB HB OCBOBBHHH BBpHBilBOBBOrO ypaeueuus SEc 0 MolKeT oxa3BTbCSI 

HeTOqHblM. 

ITpocTytO oueotty uns 

cjJyHKUHH ljl , npHfiliHlK9HHO 

t.E MOlKHO 110ny'IHTb, eCliH npeA110JIOlKHTb, 'ITO BOliROBblO 

011HCb1B81011lHe BOJIHOBYIO cjJyHKURJO AecjJOpMRpOB8RROrO l!Apa., 

T8K0Bbl 0 'ITO BCe 3Ba'leHHSI J(l,a) , BXOASilllRe B cjJopMyny (5), paBHhl MOM9BTY RR9p!IRl'! 

ocHoeuoA pOTauuoauoll nOJioCbt 10 • HobtMR cnoeaMB, Mhl npeAuonaraeM, 'ITO eon.so

eoll naKeT, OllHCbiBBIOlllHA AecjJopMHpOBBBBoe H OpHeBTHpOB8BH09 SlllpO, BKlllO'l89T Be 0'19Bb 

6on&woe qucno poTauuooah!X cocTosuaA oAUoii-ABYX pOTauuoaoblx nonoc. TorAa ljiopMYna 

x) 
(5) MOlKeT 6btTb nepenacaua B BUlle 

I'>E -
2 

h 

2 Jo 
< 'I' ~ 2 'I' > • (6) 

3Ta B9liH'lHH8 MOlKeT !ShiTb CBR38B8 C nonpaBKOII, B03HHlt8JOlll911 IIpR npoerrapOB8BRR 

BOliHOBbiX cjJyHKUHA Ha COCTOSIHHSI C cjJHKCHpOB8HBbiMB 3Ba'leBBRMR KBBBTOBhiX 'lBCell I , M 

ITpa cuenaHHhiX npeAnonolKeuasx OTROCHTellbuo cjJyHitiiRR II' , npoearapoeas11e sa cocToSI-

HHe C MOM9HTOM I AaeT BbtpalKesue AliR aueprua 

I Ea Pt,a h2 I (I+ 1) E,- a + (7) 
I p 2 J 0 a t,a 

x) /3/ 
3TOT peayllbTBT enonue auanoru'leR nony'leHROMY e pa!Sore AliR oueuxu 

9~9KTB npoe~Hp0B8HHSI fiapllHHOBCKHX cjJyHKUBII BB COCTOSIHRR C cjJRKCHpOBBHBhiM 'lHCliOM 

'IBCTIIU, 

4 

t 

Een.s p1,a " p
1 

p~ (I) , I 

BHllMif I BltnJO'laiOT OAR. 

B 9TOM Cny'lae TY lKe eem 

BB COCTOSIHRO C MOM9BTOM 

<l>op~ \8} ll03BOJI51 

ITycTb cj!ymmus ' COOTB• 

aero· ABHlK9RBR &yltliOROB, 

cjlopMYna Hsrnaca 

(Anll IIpOCTOThl o 6oaua'leua: 

OTHOCHTellbHO OCR X ) , rA 

RblX COCTO!IHRli CHCT9Mhl ( I 

nOJIBOTb1 cl>yBKnoA I 0 > H I 
6ollbme nonoeBHbt aue prua 

JleliCTBHT9llbBO: 

I'>E 

OueuKy eenaqasy I'> E All : 

Cny'!BSI, KOrAB BOliHOBBR cjJy 

OllHO'l8CTH'IROrO onepaTOpa 

liSITOpa 

A 

H
0
= ~ H1 

1= 1 

.. 
2 

H1 = .....E.L+ 
:m. 

3cl>cl>eKTHBHbll! M e TOll Bb1'1HCJ 

BeelleM o6bt'lHh19 o6oaoa'<e t 

• 

w. 

2 
w = 

y 

CU Z= 



(4) 

.aeMoro o6ht'fno, nn Aenu-

(5) 

:ue xoroporo o6n aAaeT 

6o6mesue peayn&raros , 

lAyer 38Tp8THTb, 'IT06bl 

CTOSIHBe SJApa, 3ra suep-

p83HbiMH 3B8'19HHSIMB Mo

TOSIHH9 'I' • Bena'!HBa 

qeBHSI MOM9HTOB HHepnHR 

BOil ¢YHKilHH BsyTpeHHero 

S E = 0 MolkeT oJta3aTbca 

;nonolkHTb1 'ITO BOnBOBhl8 

Ae¢opMHpOB8BBOrO 11Apa, 

paaubl MOMeBTy suepnBJr 

nnonaraeM, 'ITO aoruro-

SJApo, sKnJO'IaeT ue o'leBb 

:x nonoc. Torna cjiopMYna 

(6) 

.10mei! npu npoerrspoaaunn 

1 JtsaBToshiX 'IRCen I , II 

poearapoaauae HB cocroa-

(7) 

ISOTe/S/ nn11 onesltn 

¢axcnpoaasswM 'IHCnoM 

Ecrur p
1
,a .. p

1 
p~ (I) , npR'IeM ; p 1,a •1 , T,e. ecna cocTOSUIRll c pa3BWMR aaa'le

BIIliMI! I Bltni0'1810T OllHBAitOBYIO npi!M8Cb BB)'Tp&BBIIX aoa!SylKA&BBA, TO 

~ 

E
1 

_ h I (I+ 1) 

2Jo 
l • 

B sroM cny'lae TY lke sens:uury nonpasJtH l'i E MOlkHO nOnY'IHTb1 npOOitTHpyll ljlyHKilHIO 'I' 

88 COCTOSIHHe C MOMeHTOM • Bhi'IBcnss E - E0 • 

cl>opMJ"'!S t!l) ll03BQnSI8T cn&llYIOIIlHM o6pa30M Oll&HKTb s4xi>eltT np08XTHpOB8BHSI CBH3y, 

nycTb ljlyBitllHSI " COOTBeTCTByeT BBBny'IW8MY p83A&n&BHIO Bp811l8BBSI SJApa H BgyTpes-

B&ro· ABBlkeBRSI syJtnouoa. TorAa AnSI MOMeBTa Hsepnss SJApa MOlkeT 6b!Tb ucnon&3osasa 

<I><>PMYna Hsrnaca 

(8) 

(Anll npOCTOTbl o603HB'IeBHi! paCCM8TpHB88TCll Bp811l9HB9 BltCHBnbHO CHMMOTpH'IHOrO SJApB 

OTHOCHTenbltO OCH X ) , rAe < 01= '!' • , 8 ly>( Ey) ua6op asyrpesuux aoa6ylkAeH-

BbiX cocrosmall CHCTeMhl (x ax ssepras) nonsbli! BMeCTe c IO> • Hcnon&aya csoi!craa 

nonBOTbi ¢ yHKnHi! IO> 11 lr> a cpaassaaa ¢opMYnbi (5) a (8), nerxo BHAeTb, 'ITO l'iE 

6on&me nonOBHHbl sseprHH B036ylkA9HHSI nepaoro COCTOBHHSI B (8), 

,llellCTBHT9nbHO: 

I I <0 I I X I y> I 

!'J.E = _21 _r-.... ,......----• ....,....,n~~ 
I l<lll Ix l·r > I" 
y Ey-E 

(9) 

Oueaxy sensqssy l'i E AnSI TSVKenbiX llllep MOlkHO nony'IHTb npH llOMOIIlH p8C'I9TOB AnSI 

Cny'IASI, KOrAa BOnHOB8SI ljlyHKDHll SJApa 'I' annpOitCHMHpyeTCSI C06CTB9HHOil ¢ysKDHei! 

OAHO'IBCTH'IHOrO OnepaTOpa H0 c noresuHanoM aHH3HTponsoro rapMOHH'!ecKoro ocuun-

nSJTopa 

A 

H
0

= I H1 
1=1 

... ~ !II 2 
Hla:::....f.L+ mcux:z2+~y2+ mw•z 

1m 2 I 2 I -2- I (tO) 

/4/ 
3¢<l>eKTIIBHblil M9TOII Bbi 'HICneHHSI Cp91!HHX .ttn!l T8KOll ¢YHKUHH npeAnO)K8H B pa60Te , 

BaeAeM o6hi'IHbie o6oaua'!essH nn11 napaMeTpOB Ae¢opMauaa I> 

• 

2 
w = 

y 

2 
wo (I>) 

1--}1> ros(y+ "/3) 

w:(l>) 

1+ 4-s rosy 

5 

y 

(11) 



n plPJeM "' <o>=~ 0 _ ~ o~-12.. 0a>- 11s 
0 0 3 '0 • 

CTaUHOHflpHble COCTOHHIHI CHCT8Mbi 

w= 
0 

41 Mae . 
AT~ a 

A qacTnu B paccMaTpi!BaeMoll MonenH onpe-

.o.ensnOTCH A aaaeCTHbiMU KBSHTOBbiMII qHcnaMu n n ' , 8 OCHOBHOe COCTOHHHe 

X8p8KTep H3yeTCSI COOTHOllleH HSIMH 

N xw X N w 
y = N z W z' 

rae 
N1 = I ( n

1 
+ ~ ) , 

(A) 

y 

(12) 

3 CyMMHpOB8HH9 npOBOQHTCSI no BCeM S 'IBCTIIUBM, l.htcna N1 onpenenSilOT 9Hepr11 10 CHCTeMbl 

c r aMJtnbTOHHBHOM H0 , paBHYIO h l: N1 w1 , KOTopaSI, TBKlfM o6paaoM, He aaaHCUT 
I = 1 

B n e p BOM np1161IUlK9HHH OT 0 II y , 

B e nH'lliHB MOMeHTB HHepUHH, COOTBeTCTBYlOlUBSI BpameHHlO OT HOCHTellbHO OCH X ' B 

paCCMBTpHBSeMOM Clly'lae pBBHB 

J x = ( 1 + .l..o ) l•l 
3 rs 

(13) 
A 

(x) ~ 2 
JTB= I m ( y1 + z 1 ) 

I= 1 

u aaanorH'IHble ¢opMynbi cnpaaennRBb1 nn11 

( C TO'IHOCTblO )10 '!lie HOB Q ( /J 1 
) 

J y B J z • n1111 nonpa BKH K aHeprHH HM99M 

b ~ 1 . . . 2 AE= ___ o_ S (cosy+--s•ny+_J_.Scosys•ny+ ·SSin y). 
2 -./3 ..f3 (141 

B qacTHOCTH, nn>l cny'IBSI axcuallbaoll CHMMeTpHn ( Y = 0) BMee!l.< 

A E - h .':o - ··---y- s ' (14') 

OTXyna BH)lHO, 'ITO ll9p8B9HCTBO, YUOMHH8BW99CSI Bb!WB, B p8CCM8Tp11B89MOM Cnyqae 

npeapamaeTCII B paseacTao c TO'IHOCTbJO no qnenoa O(ll
2

) 

XapaxTBp nony'lenab1X oneaox no!ICHSDOT puc. 1-6. Ha paccMoTpeHHII nepBbiX nayx 

pHCYHXOB BH)l!JO, 'ITO Y'IBT CIIMMeTpHII ¢YHKUHH YM9HbW89T SHeprHJO CHCTeMbl TBM 60llbW9, 

'1 9 M fSOllbwe ne¢opMBUIISI Sl)lpa: nonpBBKB .B03paCTB9T C pOCTOM (j , B npH ¢uKCHpOBBH-

HOM lJ OHB YB91IH'IHBB9TCH npH nepexone OT 8XCH81IbllQ-CHMM9TpH'IHOA ¢opMb! K ¢opMe 6e3 

axcuallbHoll CHMMeTpHH. TaxHM o6paaoM, cpaBHIIBBH peayllbT8Tbl pac'!eTos, nponenaaHbiX 

6 

1 
l 

.I 

15e3 y'leTQ CBOllCTB CHMMBTpH 

XpBHBHHe MOMeHT B y'ITeHO TC 

Horo >~npa ne¢opMauuu (no 

CHMMeTpHH ¢YHKUHH , 15yneT n 

no p8C'IeT8M 15e3 yqeT8 CHM1 

¢opMHpOB8HHOe COCTOSIHllG He 

B b1BOn, Bo BCSIKOM Clly'!ae yq 

paBHOBeCHOA ne¢opM8UHH, 

nepeXOQSI K 06CylKQeHH~ 

BblpalKenull u nonpasoK A E 

npOXCUMHPYlOlUIIMll S!Bp8 B pe 

aaeMCSI o!Scy lKneaneM S!Qep c 

TO'IHOrO B38HMOQ9l\CTBHSI '18C 

raMU1IbTOHH8H CSMOCOrliBCOBE 

IIHepUHM CHCT9Mbl He3BBHCHMI 

30K K J TB • noaTOMy ll8M ~ 

cpenaee onpenenHeTCH TonbK• 

eTCH Reii3M9HR OJ! B BCBMnT01 
~~ ~ 

f B f; '1119HOB, npa BC!IXOM 

CTBHSI QOlllKHO 6b1Tb MBHblllBJ\ 

He SJBnReTCSI cymeCTB9HllhiM. 

XH C 60llblllllMH 3HB'IeHHSIMH 

HO H3MeHSITb CpB)lllHB napaME 

TaxnM o6paaoM, ecTb ( 

nepena9T MacwTa6 nonpaaox 

cornacoaauaoro nonH S!Qep. J 

BOCn01Ib3yeMCH H3B9CTHOJ! ¢c 

CaRRe BpBWBT91lbHb!X CB OllCTI 

OT1Ill'I89TCSI OT COOTBBTCTByK 

'!119M M.HOlKHTellSI ( u 1 v 1 
- '\ 

qacTuua- nbipKa aaepruell ( 6o 

06a aTH ¢axTopa yMeHbwaK 

poll cnpaaennueo paanolKenae 

<0\~ 2 \0> 



Ms8. 

, <a TpHoaeMolt MOnenll onp8-

, B OC HOBHOe COCTOSJHHe 

(12) 

)np eaenSIIOT s a e prHIO CHCTBM bi 

!IM 0 6 p830M, H e 3 8 BHC IIT 

lO OTHOCHTenbHO OCH X • 8 

(13) 

111 nonp88KH K 311eprHH IIM88M 

(14) 

18811< 

(14') 

:CM8Tpi!B88MOM Cnyqae 

)8CCMOTp8HKSl nepBbiX .li8YX 

teprHJO CHCT8Mbl TBM 60JibW8, 

IM 8 , 8 Upll <jJHKCHpOBBH

'PH'IHOll «l>opMbl lC ¢opMe 683 

rbl pac'!eTo8, npoa8naHHblX 

1 
·f 

) 

l593 y'IBTll CDOllCT8 CIIMMeTpHH <jlyHKUIIII, C 15one8 CJIOlKHblMII paC'I8T8MII, 8 KOTOpblX CQ-

XpBH8 HII8 MOM8HT8 y'ITBHO TO'IHO, M OlKHO YT88plK.!l8Tb CJ18.liY!OW88: H8JIH'III8 y onp8,!18JI811-

H oro n u p a a e<jlop MaUIIII (no 8 HnH no Y ), ycTeHoaneaHoe B pac'!eTex 15ea y'leTa 

CIIMMeTpHII ¢YHKUHn, 6yaeT nouTaep>Kue ao p a c'!eTBMII c y'leToM s Toli cuMMeTpHII, Ecn11 

n o p a c'!eTaM 6 e a y'leTa CIIMMeTpllll u e <jlopMBUIIII OTCyTCTBy8T, ao 6apbep n e pexoua 8 ae

¢ op M HpOBBHHo e COCTO!IHllS H8BBJIIIK, TO )' 'IBT CIIMMeTpiiB <jlyHKUIIII M OlKBT 113M8HIITb 9TOT 

8 hlBOU, 80 BCIIKOM cnyqa e y'leT CII M MeTpllll npHBOUHT K yaenH'I8 HH!O napaMeTp08 

pa8H08e caoll u e¢opMauun, 

• y 

nepeXOUII K 06Cy>KU8HIIl0 MBCWTa6a s<jl¢eKTOB 06CyUl!M COOTBBTCT8118 nony'leHHblX 

Bblp 8>K8HIIll II n o np880K /':! E , KOTOpbte MOrYT B03HHKHYTb npB pa60Te C <jlyHKUIIIIMII, an

/1/ 
npoKCBMHPY!OWH MH !IUPB 8 peanbHblX pac'!eTax ( CM, , aanpuMep ) • HH>Ke Mbl orpaHH'IH-

aae MC II o6cy>KUBHH8 M !IUBP C 8KCII8nbHOH CII M M8Tp118H, 0CT88118 8HB'IBJie BOnpoc Y'IBTB OCT8-

" 6 ~e 2 
•• ·e~. TO'IHOrO B38 HMO,li8.,CTBIIII 'IB CTIIU, 0 C Y UHM p83YnbT8Tbl 888,!18111111 'IJI8H08 n B 

raMHJibTOHBBH CBM OC o r n aC 0 88HHOrO n on ll, H388CTHO, 'ITO peaynbTBT paC'IeTB MOMBHTB 

llH8 pUIIB CIICT8Mbl H83 8 B IICHMblX 'IBC THU u e 'IYBCT8HT8JI8H K xapaKTepy non11 II 8C 8 rna 15nH-
~2 

30K K JT8. noa TOM y !IBM AOCT8 TO'I HO o6cy,li11Tb B3M8118HHe cpenHero <0\ J I 0> • 3To 

c p e a uee Ollp8,!18JIIIBTCII TOJibKO <jlyHKUHell OCU08HOrO COCTOIIIIHII \0> , 8 llOCJI8,liHIIII OCTB-

eTC Sl II81!3M81IHOJ! 8 BCHMllTOTH'IBCKOM ( n pH 60JibWHX 8 ) npHI5JIHlK8HHH npH 8KJI!O'I8HHH 
.2 ~ 

f II fS' 'IJIBUOB. npH 8C!IKOM 8 B3811MO,ll8ll-

CTBHSl ll,On>KHO 6hiTb MSHblliHM, '19M Jf3MeHSHHe MOM9BT8 HHepUHH J a, cne.nosaTellbHo, 

He Sl8JlSl8TCSl CYWBCTBBIIllbiM. llnSI TlllKBJiblX !IUBp, B KOTOpblX HyKnOHbl 381!0JIH!ll01' o60JIO'I

Itll C 60JibWI!MH 31IB'IBHHS!MII op611T8JibHOrO MOM81IT~, CI!HII HY1tJIOII08 He ,liOJilKBH CYW8CT88H

HO H3MBHHTb cpenRRe napaM8Tpbt, noao6ahte <0 I 1
2

1 0> • 

TaxnM o6paaoM, ecTb ocJIOBBHIISI C'IIITaTb, 'ITO ¢opMyna {14) aocTaTO'IHO B8pao 

nep8naeT MacwTa6 nonpaeoK 11 npa 15on8e p8anbJiblX npeanono>KeHHHX o xapaKTepe caMo-

COrJiaCOBBHHOrO UOJIII !IU8p, llnll TOrO, 'IT06bl 0U8HHTb 3 .p¢8KT B3811MO,lleliCTBIIII '18CTIIU, 

e ocnonbayeMC!I H3B8CTaoll ¢opMynoll TeopBH 'napHbiX Koppen!!Uull', aaewell xopomee onH

C aHHe Bp8W8T8JibHblX CBOliCTB !IU8p . Cornacao STOll TeOpHH, MOMBHT HHepUHH !IUP8 

2 

I<; I J I i> I 
___ • ____ (u

1
v -v

1
u,) 

E - E 1 ' 
lj 0 

lj 
(15) 

OTJIH'I88TCS! OT COOTBeTCTBy!OW8ll <jlopMyJibl ,!IJIS! CHCTBMbl H838BHCIIMbiX '18CTIIU ( 1) HBJIII-

'I lleM M HOlKHT8JIII ( u 1 Vj - Yj Uj )
2 

8 'IHCJIHTene B (2) 38M8UOll 3 HepriiH COCTOS!HHII 

•t aCTHUB-.llblpKa 3 Heprael! ( 60Jibwell) COOTB8TCT8yl0Wero .liBYXK883H'I8CTH'IHOro COCTOS!HBII, 

06a 3TH ¢aKTo p a yM8HbW8IOT 3RB 'I8HHe J • Ha B8JIII'IHJIY <0 I i 8
1 0> , an11 KOTo-

poll cnpaee aniiBO paano>KeJiae 

.2 
<0\1 I 0> = 2 I 

lj 

(16) 

7 



neiiCTB)"BT nawb nepablll B3 nep.e'lucneaabtX 4JaxTopoa, a noaTOMY OTaoweaae 61!: E ~ 
nonlKHO yaenH'IHTbCll B pe3)"UbTaTe 38M9Bbt cnsTepoacxoro neTepMHHaaTa cjJyaxuuell Ba~~ 
lliiH8. 

Kax noKa3aao a btwe, B38HMonellcTaue B)"Knoaoa yaenaqaaae1 nonpaaxy x aaepraa. 

Hcao TaxlKe, 'ITO ponb ocTaTO'IBbi X a3aaMonelkTaull nonlKaa aropacTaTb c yMeHbweaaeM 

necjJOpM8llHH Hll9p ()"lK8 B CHU)" B03p8CT8BHll CT9ll9Bll BblpOlKllBBHH OllHO'I8CTH'lHbiX COCTOSI-

aall). DpocTyiO oueuKy acjJ<jlexTa MOlKHO nony'IHTb, paccMOTpea ponb ocTaTO'IHbiX B3BHMo

nelicTBIIII a cacTeMe c caMocornacoaauubtM noneM (10). npennonaraR, 'ITO napuhre xop

penHllHH CM9WHB810T TOnbKO COCTOHHHH
1

npBH8llU9lK8WH9 llBYM 6nBlKaliWHM K llOBBpXHOCTH 

<jlepMH ypOBHHM ( MHOrOKp8T HO BblpOlKll9HHb!M), llOny'IHM 

6E> j c2 -1 ( h ;:, o_E_ ) 2 

2 

1 .:: [ 1 + ( 

h~ofj Jl+( ~ )2 

2 h W 0 fi 

2C 
~ 

h W 0 fi 

2 ·3/ :;1 
) l 

PacCM8TpHB89M8H CHCT9M8 nanexa OT peanbHbiX Mep, OllHBKO MOlKHO H8ll9HTbCH, 'ITO 

(17) 

p83)"MHbiii Bbt6op BenB'IHHbl KOppenHUBOHHOli cPYHKllHII C llBCT npaBHnbHYIO Benii'IHHY arj>-

cjJeKTB, KpuTepaeM nnH Bbt6opa M OlKeT cnyJKHTb axcnepHMeHTanbaoe 3Ha'leuue MOMBHTa 

uaepuaa xaxoro-na6o Mpa, paaaoaecaaH necjJopMBllBH xoToporo l!3BeCTaa . Tax nnH w182 

fi
0

= 0,22 , 1 IJ-TB = 1/3 • Benaquaa C O , H8li)leHB8H nOllCTBHOBKOII B (17) 1 /ha=1/3, 

p8BH8 C= 0,114 b ~ 0 , 'ITO HBXOllHTCH B XOp01119M CornaCHH C Bbi'lHCneHHHMH, npHB9ll9HHbiMH 

nnH aToro Hnpa (eM. , aanpHMep/
51 

). Jlng nonpaaxu K aueprua B a ToM cnyqae nonyqa eM 

6 E 18 2 w = I ,24 Maa, 'ITO ua 30% 6onbwe pe3)" nbTaTa, nonyqeaaoro no cjJopMyne ( 14') . 

Dpu yMeHbWeHHH fi , cornacao cjJopMyne ( 17), 6 E CTpeMRTCH K xoaeqaoi! aenu-

quae, 'ITO CBH3auo c o6paweaueM a B)"llb Bbtpa JKeBHH ( 15) nnH MOMeuTa naepuuu. Cywec-r-

aeHHhre OTKnOH9HHR OT OU9HOK, npHB9.ll9HHhiX BbiWe, .O,flSl ~ E a, B qaCTHOCTll, Hapyme-

HHB Hep 8B9HCTB8 (9), MOlKHO OlKR)l8Tb npH CTOnb MBnbiX necjJOpM8llRHX, Korna 3H8'19HH9 

MOM9HT8 HH9pllHH no cjJopMyne (15) He YllOBll9T30pHeT yCnOBHIO 8llH868TH'IHOCTH Bp81119-

HHH. Dpu xapaxTepHoll nnH caepxTexyqeJ! Monemt Hnpa aaaucuMoCTH 1 = fi HapyilleHae 

8.J,H868THl.IHOCTH HBCTynaeT OllH8KO nHlllb npH CTOnh MBnbiX 3H8'J9HHSIX 8 , KOrll,8 KB8.0p8-

TH'IHbl9 cjJnyxTyBllHH 9TOii BenH'II!Hbl 3H8'1HT9llbHO npeBOCXOll.I!T ee p 8 BHOB9CH09 3H8'19HMe, 

XapaKTep nony'I9HHbiX HaMil OU9HOK MOlKHO BHll9Tb H3 puc. 7 • <l> opMyna J1nH 6E 

nony'leHHBH 6e3 y'leTa n apHbiX KOppe llSIUIIIi, HBHO H9TO'IH8 npH MBnbiX 3H8'19HHSIX fj C 

11pyroil CTOpOHbt, nonpaaxa, nony'leHHBH c y'leToM Koppensmall (cjJopMyna (17) ), Mo>KeT 

paccMaTpRBBTbCH TOnbK O xax 11BIOIIIBH nop2110K senii'IHHbi acjJcjJexTa. T o'IHBH 3BBIICIIMOCTb 

6E OT fi MOlK9T 6bJTb YCTBHOBneHa ni!Illb nyTeM TPYllOOMKIIX paC'leTOB. '-IT06bt npOJ19MOH-

8 

1 

CTpnpOB8Tb q ynCTUI!TenbHOCTb i)[l 

cpaaHen:ue aKa u:n oTeHUltanhHJ.IX nc 

nonpaBKII ua npoeKTnpoaaaac ( r:1o 

npu6nH>K9HHbl H yqeT CHMMeT p lUI l;;y 
194 

n o 0,43 Maa ( Os ) u yaenu'!HE 

rjlopMaunu. HaTepecao npocnenan 

cjJyHKllHH npn Man btX fi • B ctm: 

HbiMH KoppenSIUHHMH 38BHCHMOCTl 

Cll8ll B OKpecTHOCTH M8Ub1X fj 

B)"UH CT8TH'l9CKOI! necjJopMBUHel\, 

OCHOBBHHH upHB9ll8HHbiX pe3ynbTl 

B 3BKUIO'IBHIIe pa60Tbi as· 

MPH na6opaTOpHII TeopeTH'I9CI 

1. Preston. Phys. Lett. 13, 2 

2. D.R..Bes, z. Szymanski. N 

3. S.G.Nll.sson. Nucl. Phys. ! 

4. H.J.Lipkin. Phys. Re-v. 10~ 

5. E.M. Baa.' , 11.H. Maxallnoa. 11: 



oTOMY OTHOWBHBe 6E = t 2f 2 

l eTepMuuauTa cPYRKnuea Ba~~ 

!HaaeT nonpaeKy K aHepruu. 

B03p8CT8Th C yMeHbWOIIBOM 

•)f{!l&HH!l O.llli0'18CTB'IHb!X COCTO!l

ee pOJlb OCT8TO'!Rb!X B3BHMo-

3.1lTIOnar aH, 'ITO napHble Kop-

6na)f{a l\wnM K noaepxuocTu 

( 17) 

:> MOlKHO HB.Il8!!TbCH, 'ITO 

:T npaBHJlbByiO Be1lB'IHHy a<jJ

.1IhHOe 3HB'I:f8HH9 MOMeHTB 

0 ll3B8CTHa. TaK llJlH wl82 

IIOACT8HOBKOli B (17}Jfha~lf3, 
Bbi t{HCn e HHSTMH, npHBe !le HHbi M H 

·uu B aTOM cny'lae nony'ISeM 

reuuoro no <jlopMyne (1 4 ' ) . 

•p eMHTCSI K KOH9 tiHOif aenH-

• MOMenTa HHepuuH. C ymecT

u, B t{BCTHOCTH, Hapywe 

>pMBU HSIX, KOI".ll.B 3 H B. 'lfe HH O 

:10 B!llla6aTH'IHOCTH epame-

-<OCTH J ~ /5 uapyweuue 

'leHn!!X 8 ' Kor na Kaanp a 

~ e paaaoaecHoe aaaqe ane . 

c 

HC, 7 . <l> op Myna !lJlH 6E 

MBJlbiX 3H8'1eHHHX O 

(<jlopMyna (17) ), M 0 }1{9 T 

Ta , To'!Ha!I 3BBHCI!MOCTb 

)BC'IeToa. '-1To6br nponeMon-

, I 

CTp11pOB8 Tb 'IYBCT!liiTGJlbHOCTb p llC'I<l TOil K 06Cy>K!l8 <l \! !.IM a !)J<: GK TBM till p>!C, 3-6 npliBO!l<l l!O 

cpumrenue aKnnn oTenunanbKhiX nonep x HOCTe ii , u o.~y'leHH I.I X no naH!lb!M pa6oTL/ 
11 

c y'leT OM 

nonpaBKH na upoeKTnponauno ( <:JopMyna ( 14)) u 6 ea nee . B o ecex npl!no n e nnt.IX npuMepll X 

npu6n11"'eHHbifl y'leT CIIMMeTpuu <)JyHKUHU Bbi3b!llaeT nosmneuue y neljlopMaun•r c 6apbepoM 
194 

n o 0,43 Mas ( Os ) 11 ysenH'II!BaeT 3Hll'lenue 5 , cooTneTCTBYIOiuee paBHoaecuoll ne-

Ij>opMauuu. YiuTepeCHO npocne!lHTb 38BI1CHMOCTb nonpaBKH HB npOCTpBIICTBOHH)'IO CHMMeTpii!C 

<jJynKUHH npu M81lb!X o • B cuny n epanencTBa (9) a nnpax c xopowo Bblpa>t< e RHbiMK nap

HbiMH KOppe1lSIUHHMI! 38BHCHMOCTb aneprHH CHCTeMbl OT ne<jJOpMaUHH MO>KOT HM<!Tb p e3Knil 

CDB.Il B OKpecTHOCTH M8Jlb!X 0 • OoaTOMY TBKHe H!lp8 .llOJllKHbl o 6naa8Tb OTJllt'IHOH OT 

eynH cTaTR'!eCKoli ne<jlopMauuell. OnnaKo cnenan. oueux.y aeni!'IIIHbi aToll ne(;opMauuu ua 

OCHOB8HHH !lpHBO!lOHIIblX pe3y1lbT8TOB neB03MO)f{H0. 

B 3aKnJO'Ienue p a 60Thi aBTOpbi ablpalKaiOT 6naronapuocn. coTpyAHHKaM rpynnhi Teopuu 

!lllpa lla6opaTopuu TeopeTR'!ec xoll <jJH3RKH OH.HH. 
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0,1 0,2 x,l 
P ac, 1. CnnOWHble llliHHH - 1<p11Bhl9 O.llHHAI<OBOA BenH"':H.IIld 6-E (Mea). n,.llln'IIJI-

HA.II llHBH.II - !tpBBA.II, rne B911B'Ill.Ha 6,£ MAII:CBMilllbHA B OOil.!!plnllt I<OOp-
.llBIUITAX y , lJ , 

¥ 
60. 

f( 

Jo• 

0 qt q2 ,.3 J' 

Puc, 2. 3aBHCBMOCTh yru y0 (ll) , Dp11 I<OTOpOM B9n."':K11~ 6. E MU:CJIM~U. 

10 

Hf 
110 

f,'fl 

\ 

Puc. 3. 3~taanoT• 
saeprug 

(cxeMa 
SI<BHOOTE 

H3 suepr 

'vJ 

f, 

Puc. 4. 3xaanoTea 
saepras n • 

(cxeMa 1) 
aKBHnOTeB: 

H3 saeprH 



~,I 
lllhl AE (MeB). fi;rUT~ 
:aMam.sa B DOIU!p.KHX a:oop-

-------
1J3 J' 

anJ[>[Ksa 

o,£f \ ~ 

3.,19 

Puc. 3. 3JtBHDQTeuuuaJibHbie Kpusble suepruu .RApa s Mas. MuunMa/IhuaSI 
suepras nonoJKeua pasuoll uymo. CDJIOWHbie nuuaa - aa pa60Tb/ 1 I 
( CX8M8 1) • fiyuKTHpllbi9 nUHUH nony'leHbi nyTeM DOCTpOOHHH HOBbiX 
sJtsHnOTeunaa/IhubiX KpHBbiX, KOTOpbie nony'laiOTCSI npu Bbi'IHTasuu AE 
H3 988\)rUII, COOTBeTCTBYIOinUX cnnOWHbiM nHHHSIMo 

w182. 

o,o~ 

2,>1z,o f,26 'l3o o, vo 

Puc. 4. 3JtsunoTesuuaJibHbie KpUBbie s sepruu Bnpa B M s s. M uaa Man bRa'J! / 
sseprsSI nonoJKeua pasuoll uyn10. CnnowHbie nusaa - ua p a 60Tbl 

I' 

( CX8M& 1) • fiyHKTUpHbl8 nUHUU nony'I9 Hbl DyT8M DOCTpOe HHSI HOBbl X 
sKBHDOTeRilR&nbllhiX KpRBbiX, KOTOpbie nony'la iOTCSI npa Bbi'IHTBHHH AE 
H3 sseprall, COOTB9TCTBYIOWHX cnnOWRblM nHRHSIM. 



Osfl'( 

o,:z.f 

~05" 

, ~ 
qJ tf' 

' I I / 
z,~ ~16 ~11 q~.f ~~' 0,,0 

P Hc. 5. 3JtBHITOTennHa11bH&I e KpHBble &Hepraa Sl.l!pa a Mss. M H HHMa 11hna '}
1

; 
saepra.11 uono)keaa pasaoll HYnJO. Cnnowable n.IIHHH - H3 pai50T&I 

( CX8M8 1) • nyHJtTHpHble nHHBB ITOJiy'I8Hbl ITyT8M ITOCTp08HHSI HOBbiX 

3 KBBITOTeHilH811bHbiX KpHBbiX1 KOTOpble ITOJiy'IBIOTC.II ItpH B bi'IHT8HHI! 6-E 
H3 &HeprHI\ 1 COOTBeTCTBYIOIIlBX CITnOWHbiM llHHH.IIM. 

12 

---·-

Os 1
: 

0,'1) 

f,2f 

2,01 

PHc. 6. 3KBHITOTeHu. 

3HeprH!I ITOJ 

(cxeMa 1) . 
9KBHnOTeBUI 

H3 3HeprHll.1 

t£(,uA) 
I 

1,'1 

1,2. 

1,0 

08 ~ -- ---;.:-·--
I / • 

I 
0,6 ~ i 

; 

'·'L 0,2 . 

J: 
Pnc. 7. 3aBHCHMOCTh 

nocTpoeaa n• 
lliTp11X-ITYHK1 

TOl.IHOM npoe 



o,ro 

.pa a Man. Mnnl!MSilbHSSJ 
11 Bble llRBHH - ll3 paiSOTbi 

;I DyTeM DOCTpOOHHSI ItOnbiX 

~'l8IOTCSI DpR Bbl'lHT8HHll 6.E 
M nKBHSlM. 

05
190 

2.,0'; 

Pnc. 6. 3KBHnoTennnanbHhie Kpnawe anepran Slllpa B Man. MnnnMaJibHaSfl/ 
anepr HSI nono>KeHa pannoA nymo. CnnoWHbie J!HRHH - na pa6oTbi 

~8 

o,lf 

0,2 

( CX8M8 I}. nyHKTHpHbl8 JIHRRR nony'teHbl nyTeM DOCTpoeHHSI HOBbiX 
aKBHn OT8HUH81lbHbiX KpHBbiX, KOT0pb18 nOilY't810TCSI npH Bbl'tl!T8Hllll 6.E 
ll3 aHeprn A, COOTneTCTnyiOWl!X CnllOWHbiM llHHliSIM. 

.. ---,-;,;--~-----------

I 

/ 
I 
i 
i 

Q2 0,3 

Puc. 7. 3asl!CHMOCTb 6.E OT napaMeTpa ne¢ opM8UHll l5 Cnnow naSI KpHnaSI 

nocTpoena no ¢opMYne (14). nynKTHpHaSI KpHnaR- no ¢opMyne (17). 
lliTpnx-nyHKTHpHaSI KpunaSI - npeanonaraeMwA xon aemi'!HHhi 6.E npu 
TOttHOM npoeKTHpOB8HlHI H8 COCTOSil:IRe C eyneBbiM MOMeHTOM KO/IH'qeC TB8 

JlBH>K9HHSJ. 
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