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§ I. BBE.llilllliE 

0,!1HOli H3 npOCTHX B03MOl!tHOCTeli ytteTa KOpOTKO,!IelicTByiOli!HX OT

TanKHBaTenbH~X CHn B ~eHOMeHonorHtteCKHX HyKnOH-HYKnOHHHX IlOTeH

UMnax i!Bn.fleTC.fl HCIIOJib30BaHI1e MO,!Ienl1 rpaHI1'lHUX ycJIOBHtf (M.f.Y./.1•2/ 

CornaCHO 3TOtf MO,!Ienl1 1 o6naCTb B3ai1MO,!I8!iCTBH.fl ,!18ni1TC.fl Ha BH8WHDD 

("Z.) C.) 11 BHyrpeHHDJl o6nacTI1 ( '(. <C. ) • Bo Bli8WHett o6naCTI1 B36UM0-

,!18tfCTBI18 MOXeT OIII1CbiB6TbCil KaK rrpOCTbiM ~eHOM8HOnOrl1'l8CKI11J IIOT8H

UI1anou /J, 4/, raK 11 donee cnoxH~u, BbiTeKallllli1M H3 ue3oHHOR reop11~5~ 
3!MJeKT KOpOTK0,!18tfCTBYilllli1X Cl1n 1 KOTOpble B rrpHHUHIIe MOryT HMeTb 

B8CbMa cnOl!tHHR xapaKTep, ytti1Tb1BaeTC.fl rryT8M BB8,!18HI1.fl rrpn ~~ C 

He 3aBI1C.flll!ero OT 3Heprl111 rpaH11'lHOrO ycnOBHII ,!ln.fl norapH~MI1tteCKOtf 

rrpoi13BO,!IHOR .IIByxttacrHttHoR BonHosoa ~YHKUHH. Pa.I~Hyc rpaHHttHbiX ycno-

BnR c H 3HatteHHe norapH~MHttecKoR rrpoH3BO.IIHOR ( rrpH '7_ ~ c.. 

.f!Bni!DTC.fl rrapaueTpaMH MO,I~enH, KOTOpHe ,!IOnXHbl orrpe,!len.f!TLCII Ha OCHOBe 

3KCII8pi1M8 I!TanbHHX ,!laHH!:lX. 

3a.MeT11M 1 'ITO IIOT8HUHan C TBep,!IHM KOpOM .fiBJI.fleTCII 4aCTHhll.l cny'la

eu M.r.Y. rrp11 (- c>a 

Mcrronb30BaHHe BHeuaccoBHX .IIByxqacrHttHHX 

BeTCTBYDII!HX M. f .Y. C He 3aB11CIIIJl8li OT 3HeprHH 

t 
I 

-MaTpHU1 COOT

(c BH8WHHU 

IlOT8HUHanoM HnH 6e3 Hero), H8IlOCp8,!1CTBeHHO B TpexttaCTH'lHHX ypaB

H8HH.fiX ~a,!l,!leeBa 161 rrpi1BO.IIHT K orrpe,I~eJieHHbiM TPY.IIHOCT.flu, o6ycnoB

neHHbiM TeM, 'ITO .fl,!lpa 3THX ypaBHeHHli B 3TOM cnyqae H8~pe,!lrOnbMO

Bbl1/?/ H1 cne,!IOBaTenLH0 1 B03HHKaeT BOIIpOC Od O,!IH03Ha'lHOCTH HX 

pemeHHR. Ilocne,!IHee OdCTO.f!TenLCTBO CB.fl3aHO C T8M 1 'lTO B M. f .Y. 

rrpH I-= l"j} n rt. ,!IByxttaCTH'lHble BOnHOBHe ~yHKUI111 rrpH 't. <c. 
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oc:Jpnt'l<HlTCll B Hynb/81 'lTO o3naqaeT HaJIH'lHC B o6nacTI1 'Z:. <C.. 

TBCp~oro KOpa. B pa6oTaX / 9 , 10/ 0UJIO DOKa3aHO,'lTO B CJ!yqae, Kor~ 

1'L'Cp)l.HW KOp )I.C~CTBYCT BO llCCX .D.BYX'lacnl'lHUX napunaJibHUX KOMTIOHCH

rax, YJllBHCHUll il>a)I.)I.CCBa He HMCDT O,li.H031!allllUX pCl!lCH11H n, CJ!C,li.OBa

TCJlbHO, 0:111-1 )I.OJ!li£Hif 6HTb !.!O)I.UcpHUl1pOBaHU. Ha OCHOBC CTICUH<PH'!eCKilX 

CBO!lCTB )l.ByX'la.CTI'I'lHHX t -t.m.TpKU B M. f .Y. 14 nplll YllCTC TBep,noro 

KOpa BO BCCX napuuaJibH!lX KO!lllO!teHTaX B paCiOTC /
10/ 6HJIH TIOJly;.. 

'leHu Mo~ni!mUHponaHHue ypanHeHnil <I>a.n..n.eena, npe.rr.cTaBJiillllllHC co6o}t 

)!.Jill M.I'.Y. Cie3 BlletnHero DOTCHIJ,HaJia UHTCr.[llJibiii1C ypaBHCHHll ,li.J!Sl 

r!lYHKUHH OT O)I.HOil BCKTOpHotl nepCMCHHOH. O~HaJW )!.Jill )I.OCTID.tCHllll 

U~li03Ha'lHOCTH pemeHil~ 3TIIX Y!XlBHCHHil OKa3aJIOCh HCOOXO,li.HMhl!A BDCCTH 

npOH3BUJ!blllfl TpCX'laCTH'lH!ll napaMCTp. JTO 06CTOSlTCJ!bCTBO COBMCCTHO 

C yCJIOBUCM y'leTa TBep.n.oro IWpa BO BCCX .D.DYX'laCTHtiHWX napuHaJ!bH!lX 

KOMTIOHCHTaX npi'IBO)I.UT K TUMy, 'lTU Y!XlRHCHIIISl pa6UTI1 /
10/ SlBJ!SlDTCSl 

CYUCCTliCHilO-MO~CJ!bHilMR Ha TpCX'laCTH'lHOM ypOBHC D OTJ!l1lii1C OT 

ypanHeHnil <l>a.n,neena , KOTopue co.n.epxar TOJibKO ,JJ.BYX'IIacm'lHHe napa

Mcrpu H B KOTOpb!X )I.ByX'laCTll'lHUC B3aRMO)I.CliCTBiilSl IJOryT Y'lHTHBaTbCSI 

)I.JISl KOHC'lHOrO 'lHCJia napUUaJiblli1X BOJIH. 

ll pa6oTaX /ll-14/ Ha OCHOBC MCTO)I.a np1111UiilTIItaJibHO OTJIH'lalll!leroc.ll 
J 

OT MCTO)I.a pa60Tb!/10/, paCCMOTpeHa npoCTeRmail TpCX'laCTH'lHa.ll 3~aqa: 

CLSl3aHHOC COCTO.IIHHC C HYJICBHM DOJIHI1M yrnoBilM llOMeHTOil TpCX 6ec

CD"HUBHX TOX)I.CCTBCHHHX qacTHU B npC,li.DOJ!OXCHHR, 'lTO napHHC B3aHMO

~CHCTBHSl (BKJIDlla.ll TBCp,ll.Hft Kop) HMCilT MCCTO TOJibKO B OTHOCHTeJibHHX 

$- COCTO.IIHitSlX R ODHCb!BallTCSl M.r.Y. 6C3 BHCillHCrO DOTCHUHaJia. 

IlHJIO DOKa.3aH0 1 \ITO B 3TOil CJ!y'lae TpextiaCT:!'lHHe ypanHeHHS! lllpC,Il.HH-

rcpa 11 Pa)I.)ICCDa TO'lHHM oc5pa30U CBO)I..IITCSl K O,li.HoM~PHHM RHTC-

rpanbHHM ypaBHeHHSJM, KOTOphiC ltllCDT O)l,H03Ha'lHb!C pemeHHH H npH 
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BHBO)I.C IWTOphlX ltCTIOJlb3YDTCSl TOJ!bKO rpaHW!IIh!C YCJIOB!HI )I.Jl.fl ~ByX

'laCTII'lHLIX BOJIHOBhlX <flyHKU11H 1 T. e. cpaKT W1CCKVI naJllMCTphl ~BYXtlaCTIF!

HUX B3ai1MO)I.CHCTBIIH. 

JioKa3aHO TaKJKC 1 'lTO HCIIOCpC,ll,CTBCHHO ypaBHCHRC <J?a.n..n,eena ~J!Sl 

Tpex TOJK)l,eCTBCHilh!X Ci030HOB C Yt!CTOM TOJlbKO napHhlX ;{ -B3illll.10-

,ll.e~CTBHlt, O!IHCbiBaCMUX !.~. f .Y. c5e3 BHClliHCro !IOTCHUliaJia, HC lii.!CCT 

O)l,H03Ha'lHOrO pel!leHH.fl. /
14/ 

L-leTO)l,, HCTIOJ!b30BaHHb!H B /Il-14/ ,UJ!Sl DOJIYtiCHHSl O)I.HOMCpHUX 

TpextlaCTI1t!Hh!X ypaBHCH11l1, TaK lltC !'"..aK 11 l\IeTO)l, paCCMOTpCHIISl 3a~a'll1 

~Byx qacTl1U B M.r • y • /4/, OCHO BaH Ha BBC.JJ:CHI11il rpaHHt!HbiX ycJIOB11l1 

,JJ,JI$1 ~BYXtlaCT!Itlllh!X BHCMaCCOBhlX BOJlllUBhlX cPYHKUMi1·yt(Z1 r} : *) 

yt (t, r:)-==- ~ '!.. ~ c.- o-' (I) 

C fz_ ['[_ cf;J'l-J l)]'t=C+O ::: 1[7- 'If(\ -;;JJ~=C+() (2) 

YCJ!Olll1Sl (I) 11 (2) l!OryT CJlyi!tHTb ll!CXO)I.Hh!M MUMCHTO!J )\Jll"l llUJ!yt!CHI1l1 

BHC!JaCCOBOH t- MaTp11UU B !,!. r .Y. c5ea Bl!Cl!lHCrO llOTCIIUllaJia 1 CCJ!ll 

.D:OIIOJ!HliTCJ!bHO liCIIOJ!b30BaTb ~Ba CJ!C)\CTBHl"l 1 DLITC!'"..a!OT!\11C H3 ypaDHC-

HI1Sl Tinnm!"aHHa-ffiBHHrepa )I.Jl.ll 11 HOpHaJibllbiX! TIOTCHU!laJ!OB: 

I) .n;nn nureHUimna V('L} c !WI!Clll!h!M pa~HycoM. ,n:elicTm!n C 

fp('Z.
1

""l) B Oc5JiaCTI1 ?..>C !lMeCT Bl1)\: 

Yf {7.; l} = jo{f't) + i /i i (J~ f3 l) A ~1)('l vi~ (3) 

r.n;e jiJ {X:) h(1.}() 
, 0 X - COOTBCTCTBCHHO Crpep11:t!CCK!1C cjJylllW.llH 

EeccenSJ 11 ranKeJISJ nepnoro pu~a; 

*) J!.anee c5y.n;yT paccMaTpltBaTbCSJ TOJibKO .n;nyx'laCTil'lHLie $~co-
CTORHHSJ, 11 OT.HOCSlll(I1!1CS! K Hl1l.! 11H)l,CKC (. =0 c5y~eT BCJO)Iy 

onycKa.TbCSJ. 
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;•) lli!CUac:cuBal! t -Ma.TpHlla CBl!3aHa C <pypbe-KUUOOI!CHTOit 

Y,fx,i) llUJl!ICHlO£l cjly!IKIUU'I r, ('L/ l} COOTHOIDeHHeM 

-t {1</"' l=} =(-1<..1- &}['If {K.I £} - 1_~)- J (J<- p)]. (4) 

T:upa:::CHtlll (:J) II (4) He {:0)\epl!(aT B flBHOU BH.D:e llOTCt!llWl.Jia, II C'IH

rae-rcll, tJ.To oHn cnpane.JVIHB!l H a cnyqa~ tl.r .Y. 'l'or.n:a 1113 (2) u (J) 

I!CllOCJlCJlCTBCIIHO onpe:IteJIJH~TCSI llO.!!ylmCCOBU.SI t -traTpUUa: 

. ~ .D-Ziic . . 
t,.. /v'i v l- = -- ff [c.O!'fC. - t'Jo{pcJL 
-\ -'" ' /'-~.·c l '· 

(<j) 

a n3 ycnomtll (I) " m.Ipa:IeH>IA (J) H C4) HaxoJtncn mHIHOCTbD BHe

rn<:coaan t -uarpm{a B !!.f~Y. c5e3 nHennero norenuwaJia: 

tc (~JJ l;' == -{;..2.. --z:Jfc.rc..2.ti?.. J~{J<.'l.,J~(p?..j J-

u;u:.c - o·c..fiJ~{Kc-} (;. J11 • I jlJ 
+ c LCtJ!fc. - r 1DLpc'J 

I'- ~c 6 J . ~G) 

llpll'ICM l!Cflull !>:1UBaHa HOpMHpOBKa 

r ,t • ,j f {•J r fl 
t(~<..) 1<.1 ~ r- ,~;, == -;: e 'lm o; 

I'}\Cd- $ - '~'l:Ja paCCC!'ITIUll. 

Ha np:a.tcpc npocreAoeA -rpex<mcTH'!Huii lil..llll.ttll ,cucreMa Tpcx 

TO;:t;ICCTBCHI111X Cio3Gl!OB C napl!t!UII $ -B3<111UOJlC\lCT!Jl.lm.tll) B 

p:J.r}oTaX /II-1:4/ paCCUOTpeRil OCIIOD!l llCTO;lt<l peJ:ICftUll :JTOi 3a)l,U'I11 

r. ~~. r .Y. (>cc:J BHNIHcro noTenwmna. Jror veTo){ nerKo o6oc5ntaeTcH 
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>I MOXeT c5HTb >!CllO;I!b30BaH ~nll 6onee peanbHHX CHCTeU. HI:'!Xe paCCMOT

peHa CHCTeMa Tpex HyKnOHOB C TIOJlHHM Opc5RTanbHUM MOMeHTOM ~=0 

H nonHw H30TOTICIU!HOM T == I/2 B npe.n:noJiollteHHH, 'ITO HyKnoH-HYKJIOH

H&e B3al:'lMO)\eltcTBHll ueHTpanbHH, HMeDT MeCTO (BKnD'Ial! KOp) TOJlbKO 

B OTHOCHTellbHHX $- COCTOl!HI:tliX H OllHCHBaDTCll M.f.Y. C BHelliHUM 

noTeHI.lUaJlOM. YKa3aHHh!e Bh!llie orpaHH'IeHUll ( /.., =0 , UeHTpallbHh!e 

$- B3aUMO.IJ:ei.tCTBHll) He npHHUHllHaJibHH H .n:aDT B03UOlltHOCTb 

Henocpe.D:CTBeHHO HCll0Jlb30BaTb pe3y1lbTaTbl pac50T /I2-I4~ IlOKa3aHo, 

'ITO B 3TOM cnyqae ypaBHeHHll Pa.n:.n:eeBa He HMeDT O)\H03Ha'IHhiX 

pemeHHli,H YCTaHOBJieH BH.IJ: HeO.IJ:H03Ha'l.HOCTH cjlyHKUHi.t Kal!aJIOB, KOTOpblli 

OKa3HBaeTCll He 3aBHCllll!HM OT BllemHero noTeHUHana. HeO.D:H03Ha'l.HOCTII 

cjlyHKUHi.t Ka.HanOB He BJIHliDT Ha npOCTpaHCTBeHHble KOMllOHeHThl TIOJlllb!X 

BOJlHOBb!X cjlyHKUHit CHCTeUbl Tpex HyKnOHOB, KOTOphle, cne.n:oBaTellbHO, 

Onpe.n:enl!DTCll BnOnHe O)\H03Ha'IHO. nnll HeJIOKanbHOrO cjlaKTOpH30BaHHOrO 

BHemHero llOTeHUHana llOJiy'IeHa CHCTeu:a 0)\HOU:epHHX HHTerpanbHhiX 

ypaBHeHHit, HMeDmall O.IJ:H03Ha'IHOe pemeuue U TO'l.Hh!M 06pa30M Y'IHTb!Ba

Dmall rpaHH'l.Hble YCllOBHll (I), (2) c5e3 npHBJle'leHHll ~OllOJlHHTenbHhiX 

napau:eTpOB. BH.D: 3THX ypaBHeHHit He 3aBHCHT OT HeO.D:H03Ha'IHOCTelt 

cpyHKUHi.t KaHanOB, H HX Cne.nyeT paCCMaTp>rBaTb Ka.K U:O.D:HcjJHKaUHD ypaBHe

HHlt <l>a.n:.n:eeBa )\Jill cny'lall napHb!X B3ai!MO.IJ:el!CTBH1t, OTIHCbiB&eMbiX M.f.Y. 

C BHemHUM llOTeHUHaJlOM. 

§ 2. YpaBHeHHSI Pa88eeaa )\Jill CHCTeMH Tpex HYKJIOHOB 

Ilpe.J(TIOJ!OlltHM CHa'laJia, 'ITO B3aHMO.D:ellcTmiSI Mellt.IJ:Y HYKnOHaMII onpe
A 

)\eJiliDTCSI "HOpllaJibHWH" llOTCIIUHanaMH V;·{~) , .n:eltCTBYDll!HMII 

TOJibKO B OTHOCHTe;l!bHilX ~ -COCTOHHIIHX, H TaKHMH, 'ITO UMeDT MeCTO 
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,.,.. 

TpCX4aCTI14HLie ypaBHeH>I.fl <:Ja.n.neeBa. 3aTIHCb TIOTei!llllaJJOB vi ('L) 
B oneparopHoii cpop!.!e no.npa3yMeBaeT npoeKTIIponaHI'Ie B S -cocTO.fl

rme B3ai'Jlw!O)\e!1CTBYIO!lleii napb!, >1!1)\eKC 1 03Ha4aeT COOTBeTCTBel!IIO 

rpnmreTHoe Cj =- 1 ) 1'1 cnHrJJeTHOe ( /=- 2. ) S- coc TOIIHIIR .nnyx 

HyKJJoHoB. J\JJ.H noJJuoro 1130Toncni'!Ha T = I/2 B :JaBllCHMOCTII or 

3Ha4C!Illll TIOJJ!IOfO CTIIIHa S = 3/2 IIJJII $ = I/2 BOJI!IOBai! cpyHYJ.(II.fl 

f {s') cncreMu rpex HYKJJOHOB Ciy.ner I1Men BIIJ\ /I5/: 

t 13
/J-J = (t1 ;r'l- t3 j) X~ (7) 

'f(!f.t) = t_l r- 'f:;_ ·x_Jr' -T tf3 ·x_ir + '1:'4 i11{~ (8) 

f,l\0 i $ -CIIMMeTpii'!Hai! CTIIIHOBa.H cpyHKUIIR; (xj x') , fr: (1 
- COOTBeTCTBeHHO CTIII!IOBble II 1130CTIIIH0Bh!e cpyHKl\1111 7 peaJJII3YIO!JIH~ 

.nnyMepnoe nenpHBOJI.I'IMOe npc.nc m BJJe HHe rpynnbl nepe craH onoK $3II6/. 

!1pOCTpaHCTBeHII11e K01!TIOHeHTH I}:',; TIOJ!Hh!X BOJIIIOBh!X cpyHKUIIti f(tj 
(/ ---\ _. . 

(7) II (8) 3aBHC.fiT OT KOOP.J\II!IaT J!KOClH "(.;_ , fi· ( (, =1,2,3) 

II Bh!paRalOTC.fl 4epe3 0.1\HY <jlyHKUIIJO KaHana '11.. (7.1f) .1\Jl.fl :1 = 3/2 

11 '!epe3 .nne cpyHK!\>111 KaHaJJoB '/1.('l1 f) H 'f'2 ('L1 /') ,l\Jlil$=j/J; 

Yj (t~Jf;)-= Yj (zi) ft} + f d.;;/' [ ~-~(~1)/J_) -r 

+ rrf'z3.~ ~JJL 1. -=-1 2. 
(] .) J 

(9) 

-(:1.12. o) c/_3A. .. -=-jt!t; 3/~.;) :1.; 
ol..jj'- o o);,)- 2 J JJJ

1 (3;4 1.1lf J$-= 11J (IO) 

f3 (f.t)A) == -1_ [ 'l't {'l..z)A}- '11. (_'?.3/AJ}) S =-
3
/1 J (II) 
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{ ..... ""'J Ji {jL-'1} 'ti1 /{ -:. {-i Lf ft_ (Zt;fi)- 'f1..('l?1 ~)-
:);~) 

-fJ..(t,__,ft-)+ 'fz(7.3;/J7)j ;'=3;4 S-== ~~. 
) . J 

B HMTIYJJbCHOM npe.ncraBJJeHIIn cpyHKU>lll KaHa;oB ~· (1!..1 ~ 
y.nonJJeTnop.HIOT ypaBHe!lll.fll! <Pa.n.neena (I'!JJeerc.H n Bll.l\Y S -pacce.H!Il1e 

HeiiTpOHa C I'IMTIY Jib COM r 0 Ha .netirpoHe): 

'/j·{~<; ~) -=-{J11)3 fJ(~<J ;i. l(r-ro)rf'j1 + 

+[7iJ.{K.J_+ "itt-Jr 1 
;; "'JJ'ftift 1')(~ ft/i'tJ ~~ tt~~ f'JJ 
J 

CD) 

r:n.e i { K , f , ~ ) -
t - Ma TpHUh!, 

;; - KOMTIOHeHTa BHeMaCCOllOH )IBYX4aCTH4HOH 

fJ ( Kj - BOJIHOBa.fl <jlyHKUII.fl ,1\eilTpOHa, 

... _J... ...., 
!1-yr+~_) 

~ _. f. -1 3 ., 
t2 = ~ + r~) z.~-==- '1:-ljr-. (I4) 

ECJIII BOCTIOJ!b30BaTbC.fl CB.fl3ol0 ( 4) t - MaTpHUh! C <jlypbe-oeipa30H 

BHeMaCCOBoli )IBYX4aCTH4HOil BOJIHOBoil tPYHKUIIII 'If {'t1 ?:), TO 113 

(13) 1'1 (9) cJie)J.yer cyqecrBeHHoe B nocJie)lyJOmeM paccr.wTpeHIIII 

COOTHOmeHIIe 

jtf.Jl.r_ 'i'J(~f}= {~fip Y4/?-Jt_;.rf'tz-~(IJ!ft +. 

+ L L: a~_Jt/'1 tt1)('L) t:rJ ~-~~ii -gf011+ iiJl. cr5) 
rl i f v ') 

YpaHHeHH.fl ~a.l\)\eeBa (13) MOmHO 3aTIHCaTo B KoOp,l\IIHaTHOM npe,l\CTaBJJe

HHH C HCTIOJ!b30BaHHeM B .fiB HOM Bli)J.8 TIOTeHUIIaJJoB ~ (~). 3Tn 

ypaBHeHH.fl ;II.Jl.fl ~ypoe-o6pa30B TIO nepeMeHHOH ~ HOBHX ~yHKUIIH 
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FJ' ('r..J f) , onpe.n;enileMHx Bblpa:m:enHeu: 

Y/'l,f/=== fJ(_~}J~(fu!}~·f + Fj{Z;,fl}J (16) 

r5yJT,yr cornacno /I7/ >~u:erb BM~ 

L { ~ + l~) 1-1 !J (~1.) ~/::: V; (rzi) Fj (zt, ~j t 

-t- \)j ('Zi) S;· /?.1.} ~)/ 
(17) 

(IS) 

rJT,c 

<..'. (7 Ci .· ~ i. r_ d../1., IJ.JJ..,:z Jl e _; ftt.~ 
,..;; 1.; tJ 4rr .1 ,;;, j"' ! :11. 

J 
.'{~·· /~21 /~) -t- ~·I (rz.~ ~?)]. 

X 

llnH JT,an&ncitncro yJT,odno norenunan V;' (rz.) a (17) npe.n;craBKTh 

B llll]\C 

.. . . '1) 

V J 
'cj,/,, ·I ll lo) 

j l z ~ ~ c. l (_.) - y .q,)(i ( (.. ) 

f)lC 'v
i f_J) lrz.' 
c. l j 

(19) 

-"BHyTpCHHlllt" TIOT8Hl'.MaJI, ,net:!CTBYIO:l\l~l! B 

odJIUCTI! '[._ < C . C1!11Ta8TCH, 'ITO C He 3ilBIIC:!T OT ~ ) , 

\
/ (/} I, ' €}(~ L"J - "niicmnl1i1" noreH!I»an, He paanui1 nynKJ npl! c)C. 

]l.JIII roro, 4TOCl!J TIOJIY'li!Tb ,1\aJibllle CIICTeMy 0]\l!OM~pllb!X IIHTerpaJibHb!X 
\/ cJ} !r : 

ypaBHCHllll, 3i1MC!II!I.I np11CimllK8HHO TIOTCHJl;laJI VR /- ( '-j KOHeqHoA 
~x .... 

cyMMOll !IeJIOK:i;1bllllX !fJa,KTOpH30BilHHbiX TIOT8HilllaJIOB, 'ITO ]\Jill lllllpOKOro 

KJiaCCa TIOT8Hl\IJa,10B BCer_na MOJ::HO C,n:eJiaTb C JIDdOi;\ TO'!HOCThD, eCJIII 
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l 

' 

iJ 

BOCTIOJ!b30Ba.TbCil O,li;HliM >13 XOpOIDO pa3par5oTaHHbiX !!8TO,I\OB rrpllrJJIII:XeH

HOit qaKTOpM3a.Ul'IM ,1\ByxqaCTM'liiOH t -MaTp>!Ubl: 

Ve~ {z} f(zj ~ F Vn
1j/N ]:1 d2' V ;j/(>1 flz ~ 

c 

r,l\e cywa orpanHqena KoneqnHM ql'lcnou cnaraeMHx M 

(;ij (20) 

V/(~J ,1\!lil 
I') 

3a.n;annoro JIOKa!lbHoro noreHI.\IIana Veft: ('Lj rJY.I\YT 113Becrnwm 

ljlyHKUKilMl'l, OT!J>!tjHb!Ml'l OT HY!IH npu '{__)C. • B qacTHOCTM, ,1\!111 
{'/ 

3HaKonocroi!HHoro norenunana Vex11(z.J cornacno 1181 B odnn.crn 
v (') 

'l >C. Bcer,l\a MOJ!(HO nocrpm~Tb nonnyKJ cncreuy cpynKUHi1 fn 1 '('2), 
til j 

oproroHa!lbHLIX c aecoM V.,xt ('L : 

tK> (j/ (;'/ I) 
ft 2J<z. ~xt (rz_J fn 1 (rcJ t;r (zJ=: ~,11 1 

c 
8C!ll! 3TI1 rpyHKl\MM Bb1611paTb B BHJ\8 TIO!IKHOMOB CT8TI8HI1 n . Tor;(a 

TipMd!JI!l!(81!118 (20) Cly,n:eT IIBJIIITbCH CJI8Jl,CTB!I8M TIOJIHOTLI CIICTCUU 
·; ( ·; 

tPYHKlliiH ~fJ ('L) , a Vh J ('lj dy.n;eT MH8Tb Bll,l\ 

( ·; rjJ (;/}( 
\~lfrz)=\lext(rzJ!fn rz). :20 

oruernu, 'ITO a (19) a Ka'JecrEe '/€xl frz) MOJI(HO B3&Th, nanpm.wp, 

3KCTIO!l8Hl\llaJILH11i1 TIOT8Hl\11ilJI, xopomo OTI!IlCblll1l.Kl!liMA S -¢a3!l I! 

pacct~orpe nnull B I 41. 

Pa36neHne ~19) norennnana ~- f'z) n npnCinnxeHne (20) no3BOJIII

KJT (jJOp!.IUJ!bllO 3aTIMCaTb peme!llte ypaBH8HIIil :17) B 811,1\8 

Fj (7.;1/= f '2d<l H/;J(z, 'L~ z9) v/f/(z/ f:J·h~ 1)- , ''') 
I ,L< 

_ <> q·~'}/?. 2a if<fi /a I 
L 11 I t, f1 'I/; 
n 

r.n:e 'L.'l onre~e.1eHo B ,lll), 
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H tj) (~; 't~ r.J- cpyHKU:HII rpHHa ypaBHCHHII (17)' CBI!3aHHall c noTCHUHa-

JI~M vd~7 ('LJ , . . 
!f(iJ('l1 l}~ !t'2.dt' H/1Jf?_;?.j l-) v;'r1-1) 

h 0 (23) 

r:jl(~j-=c F}dz_ V;/jJ(rcJ{Fj('l/f}+ S;·('l,~}]. 
c 

I I fi/( j 
EcJIH c~HTaTb, ~To ~Jill noTeHu;HaJia Vc ~ 

n 
cocTol!HHI, To IPYliKU:HD rpHHa He-' (?.1 ~~ ?::) MoxHo 

(24) 

HOT CBl!3aHH!lX 

3anHCaTb B BH~e 

H
(jj

1
"L 

1 
j-~-iv'z r:ff'C/Z)pfJ'l('l~z) 'L<?J 

cl;'Z;'l- J J 

- i {i f 1l1('Z;l) r.:!/ (-c~ ~) ( / '{_/ vl J ) (25) 

,;;tP t;/( r~e { '(i. ('C;l) , ~ '7,1 2:) - ~Ba JIHHCI!HO-HC3aB~CHMllX peme-

HHI! ypasHeHHII (17) npH S j ("(.;f--)== 0 H Vj{'?../ = V~lf'lJJ HMeDmHe 

B 06JiaCTH "l > C BH~ 

~Y_~JL\ :r;J-=- i0 {'lli) + i fit ~J (v'l; .fi, l) ~ ~1('zvi) ly~ ~· . ) (26) 

f(J+c
1
l)== A~/(?- fi }) (27) 

-t~·m)~-zJ_ 
.D:Jil! nOTCHUHaJia 

t - JlaTpHUa Ha 3HepreTH~CCltOit nosepXHOCTH 

Vetil{?). 
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§ J. Mo,n;eJib rpanwmux ycJIOBHkl B 3a,!la~e Tpcx 

HyKJIO!IOB 

IloJiy'ICIIHUC BNiliC COOTHOIIICHHI! no3BOJIIIIJT B iA. r .Y • TO'IIIUM 06pa-

30M npHsecTJ1 .nsyMepHHe YID.BHCHHII <Pa.n.neesa (I7) K cncreMe o.n:Ho

uepHux HHTerpaJJbHNX YID.BIICHHI1. nnl! 3TOro 6y,neM C'I!1TaTb, Ka.K n 

B pa6oTaX/I 2-IlJ/, 'ITO pe3yJibTaT ,nel1CTBHS! noTCH!~nana v/i/ ('L) 
~~ L. 

Ha .D:BYX'!aCTll'IHyD BOJIHOBYIJ cpyHKUHil 'I?(. (?..1 Z:) OnJ1Cb!BaeTCfl 

rpaHH'IHNMn ycnoBHf!MH (I)-(2). Tor.na H3 Toro cpattra, 'ITO B ~l.r.Y 

6e3 sueumero noTeHJ~Hana .n:syx'laCTH'IHall nonyuaccosa11 f -Marpnna 

HMCCT BnOJIHC onpe,l\CJJCIIHOC 3Ha'l!CHHC (5), CJJC.J!:YCT, 'ITO B M.r.Y. 
{ ') I '} 

6y.n:eT HMeTb onpe.neneHH!ltl cwcn H npoH3Be,neHHe Vc. d ('zj f,l (7.; Z:.): 
. r~ 

~i (Z-/l) ==- Vc_{j/{z.j f Jf ('?.1 zj = 

- i;:zal< J~{K'l.j 6 {jj(K fi: i J = 
--r:- ( C- l I j 

II O 

1. e- L·e. ff r r I. r '( 7 = -- L:l·o (?.-c)+ co 'L- c) .. 
rz. II- ic.-Vi ~'l 'j 

J 
(28) 

C nouombD Bb!paXCHHI (25)~8) !1 ycJIOBHII (l) MOXHO npe,ncTaD~Tb 

(22) B s~o~.n:e, He co.nepxameM IIBH!lM o6pa30M noTeHu~o~anoB Vc(i/ (7..) 1 

KOTOpb!~ 6y.J!:CM Ct!HTaTb, no aHaJIOrHH C padOTO~ /I 9/, cnpaBe,n:JIHB!lM 

II .D:JJII B3atnlO.D:C~CTBHH, OnHCb!BaeM!lX M. r .Y, C BHCIIIHHM noTCHI\HaJIOM 
tfJ vti" f7..J (20): 
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F; ('-; ~~ ~ e(c- ?-J Xj (z_; 't/ + fJ('l- c) i fii h ~iJ('lfit) ~ftt)

- ~{'L- c) '[-S J1(rz1 z~) F J!f~~ (29) 

r.ne (} (x/ == 1.; x > 0 () (x)-=- {j )( < OJ 

V"" 

fj (1/ = £'CJd'L ffj (rz; ?:~) 5;· ('L; ~). 
(JO) 

B COOTHOiliCHI!Il (29) ,l(JU! Bb!ClpaHHOrO CI10COC5a nplldJH!l!t8HHOrO 

¢aKTOpll30Bill!HOrO ITp8,l(CTaBn8HilH (20) BHCiliHero I10T8HUilana tPYHKUilll 

B fj} ('-
1 

2:) H3BeCTHH H cor nacHo (23) H (I) HMCDT BH.l(: 

(JI) 
e z·hz)~ g(z- ~Jf"N H~il(t,t~r)VZ;MJ 
r.ne H GCj) (?.; "L j Z:) onpe.nennercH BHpaxeHilHMn (25 )-(27) 

11 (5). TaKI1M odpa3oM, 3a)la'lla onpe.neneHI1H B M. r .Y. ipyHKUHtl KaHa-

noB (I6) CHCT81!LI Tpex HyKnOHOB, T.e. ¢aKT>l'I8CKil 3a,l(a'lla perueHI1H 

ypaBHCHilti <Jla,l(,l(CCBa (17), CBO,l(llTCil K onpe.neneHI11l H8ll3B8CTHb!X 

.nnyMepH.b!X {pym:nal1 Xj {'l1 6/) ~~ o,nHoMepHb!X {jlyHKUiltl 'ij (~) 
a F ~~)(~} B (29), ,nn>I Korop~:~x HeoOxo.nnMo nonyqnn coorBeT-

crByDuu<~e ypaBHCHHil. B Ka'l!CCTBC TaKOBhlX MOJKHO llCITOnb30BaTb He

nocpe,nCTBCHHO orrpe.neneHilH (30) I! (24), ecnll B HIIX ITO,l(CTaBI!Tb 

Bhlpa:~temur (18) n (16). Cne.nyDml'le ypaBHeHHH Moryr Clb!Tb rrony'lleHbl 

ll3 COOTHOiliCHilil (15), ecnH C'l!llTaTb, 'liTO 3TO COOTHOiliCI!Ile, He 

co.nepJKamee B HBHOM Bl'l.ne norenuHanoB, cnpaBe.nmlBO B M. r .Y. 
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j 
I 

TDrJ\a B cooTBCTCTE:m c ycnr;u:IcH U) 11:1 .:15) cne.nyer: 

f)(c-'l.j J dJLi :ij· ('0 r7 =- o. 
T') 

!IO,l(CTaHODKa B (J2) B!1pa:rcHnlt ~9}, (TG) M (29) ll BB8)\CHllC l!OII!:Y 

cj}yi!KHI'lti fii ('L J /J , onpe.JLCnllcMLIX ClrtlTIIOiliC!UUlln1 

00 

.Aj (z;f/ =: rz ff 1ZJt j(l(t!/Xj{'l; 1/ :T;) 
{} 

I! J,l(OBJICTBOp1Il!ll!lllX rpa!lll'!l!lll! ycJIDBI'!IIM 

ij(z,oj::: fiji~;):=:~ 

np11BO.ll;I!T K ypanHCH;.t.f!M !'l.-r / 

(}(c-zJ{fi;{V/ +Jf,.cljpj ~: g(c-t1.!lj'M14 ~ 
J fft-1/ 
lrz+f t: 

::=- f!IB(c-2) !;-ciJj'/ 'lfdt' {)('l'-c / /j'l<!'i; 
J jl.'l-lf 

' 'I L 
r.ne11 -['' 1··1 _ dl d - •'-• o< J/ tJflfl0)\eJie!ll-! f1 IT), 

I'~ /3 /f<2_z'F 1:2 ""(,1 + £;)2 
2 j 3 j 

[X> 

Pj (7~l1~ '/df'lJj~(fcJ1d;·t + i~1 [r 2Jt;;~lff}K 

~[ilt~t h ~r/z /lj} 'fj(f/- 2_8 ~fz,ztJF111t/]. 
n 

:.J4) 

''37) 

JG) 

YpanHCHI!il ':Jil) 1:nenr 'rOT ~ere BH.ll:, •<To 11 ypaBH~HI1:e pa6on/l:4/ 

.li:Jiil Tpex TO:':J(CCTBCH!lb!X ci030IlOB, !I C ITOI.lO:~bll MeTO,lla, HCnonl.30BaH-
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HOrO B /I 4/, OHI'I uoryT c:lUT:b perueHU aHaJIHTI'I'-IeCKI'I, B Oc:lJiaCTH~>C 

npa.BUe liaCTI'I ypaBHeHHlt (34) OTJ!l'lliHU OT HJJ!ll t 1'1 B 3TOM CJ!ytlae aHaJ!l'I

Tl'llieCKHe pemeHHll llBJ!llDTCll TOliHUMl'l BUpaxeHHllMl'l, CBll3HBaDml!Ml'l 

Xj {'l1/) c Pj('l1 /) (36). lkrroJib3Jll 3TH nupaxeHHll 

l'l COOTHOnieHI'Ill (I6), (I8) 1'1 (29) B onpe~eJ!eHHl!X (24) l'l (30) l'l 

Jlil'ITHBall, liTO B DOCJ!e~HeM 1!3 Hl'IX cornacHO (28) l'IHTerpKpOBaHHe 

no '(: ne BKJ!DliaeT oc:lnacn £ < C , tru nonyqHM o~HouepHue HH-

rerpanonue ypannenl'lll ~Jill if>YHKUHit Yj { ~) H F :/} ( ~/· 
l~K CJie~yeT 1'13 BHniel'!3J!OXeHHOro, rrpH OOJiytleHHH 3Tl'IX ypaBHeHI'IIt 

He BBO~l'ITCll Hl'IKaKHX ~OITOJIHHTeJibHHX TpexliaCTI'IliHHX rrapaMeTpOB l'IJ!l'l 

JCJ!OBI'IIt 1'1 l'ICTIOJ!b3JDTCll J!Hillb ~ByxliaCTI'IliHHe rpaHl'lliHUe yCJ!OBI'Ill (I) 

1'1 (2) 1'1 e~HHCTBeHHOe HerrpHHUHITHaJibHOe rrpl'lc:lJIHXeHHe, CBll3aHHOe 

c ylieToM B (20) KOHeliHoro liHCJia cnaraeuux. ITonyliaeMHe TaKHM o6pa-

30M ypaBHeHHll CJie~yeT paCCMaTpHBaTb KaK MO~Hifll'IUHpOBaHHHC ypaBHe

Hl'lll Pa~eena, TOliHHM 1'1 c:le3MO~eJibHHM Ha TpexliaCTI'IliHOM ypOBHe 

Odpa30M yliHTUBaD!11He ~BJXliaCTI'IliHUe rpaHJilliHUe JCJIOBJI!ll (I) 1'1 (2), 

B 3TOM OTHOniCHHH 3TH ypaBHeHJilll rrpJIIHUl'IITJilaJ!bHO OTJ!HliaDTCll OT 

ypaBHeHHit, KOTOp!le MOfJT dHTb rroJiyqeHH ~JIH Cl'ICTCMU Tpex HYKJ!OHOB 
(rj 

Ha OCHOBe ypaBHeHHlt padOTH/IO/, 3alleTJilll, liTO rrpH V jx{; (z_j =: 0 

B (I9) B COOTBeTCTB!HI' C (34), (36) r5y~T HMeTb MeCTO TOliHHe 

O~HOMCpHHe ypaBHeHJilll ~Jill 'ij (f) • liTO S!BJil!eTCH xapaKTepHO!i 

OCOc:leHHOCTbD TpexliaCTI'Il:IHHX CHCTeM C rrapHHMI'I B3al'IMO~eltCTBHl!MJil, 

OrrHCUBaeMHMH M.r.Y. r5e3 BHemHero ITOTeHUHaJia, 

Jl.Jill ITOJ!Horo onpe~eJieHJilll if>JHKUHfi KaHaJIOB '/;· ('l;_f) 
cornacno (I6), (29) H (33) Heor5xo~HMH pemeHHll ypaBHeHHlt (34) 

B Oc:lJ!aCTI'I /( < C. • B 3TOit Oc:lJ!aCTll rrpaBall liaCTb B (34) paBHa 
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HYJID, ~~ l!BHUC petlctmll YIJUBHeHult (34) cJie~yDruiiM or5pa3oJ.l orrpeJ\CJI!l

nr £PynKuan KaiiaJIOB ~j' ( 'l1 J) 

$;:: 3J2: f/cJ('LJf)~ F(R.}J 

s-= 1/2: r.t'('llfl= F.t (!!.}(R.'--;2 'lJ_/ + Fj t~<J) 

YJ (c/ ('l; f)-:::. Fi (R.} ( !<.~- 2 7'-}- F~ (fl- }J 

f.=: {;~-f ~~-; < c_; 

(JI) 

r.ne f(I<.J, Fi (R.) , F;2 (R.} - npoH3BOJ!bH!le if>ymnum £.. 
TaKUM oc:lpasott, n 1.1. I' .Y. ypasneHJile (!7) -conMecrHo c (I6) nc onpc

.neJISieT O,I\!103Ha'lllhiM odpa30M ipyHKUHH KaHaJIOB Yj ('l; /) , nplltiCM 

KOIIKpernui! nn.n (37) nx Heo.nnosnaliHOCTH B odnacn; R < C He 

sanncnr or BHemnero norenunana H cornacno (9)-(12) npaDo.nnr K 

TOMJ', liTO rrpOCTpaHCTBCHHHe KOL!TIOHeHTLI tfj (t, )J TIOJ!l!L!X IlOJIIIO

IlUX ¢yHKUHlt (7), (8) c:ly.nyr onpe.nenHTDCSI nnonne o.nnosna'lno. 

Jleo~H03HaliHOCTb (37) lllJI!KUli!M KaHaJIOB He dy,l\eT BJ!IWT1 T<ll:l'tC !I lltl 

·:Ju), Bl1,1\ 0,1\HOMepHHX ypaBHCHil~, BblTCKa¥JlllllX H3 COOTHU!Ue!ln~ (?.!J) II n· 
TaK KaK nocne.nHRe ns-sa xapaKrepa tflyHKUnlt V j (t} 11 Jj ('l/l) 
He co~epxar ImrerpHpunaHHR no odnacrn ~ < C 

TierKO yr5e,11,HTbCll Ta!O!(C ,'ITO B iJ. f .Y. ypaBHell11ll <l>a,TI:,I\Cena (IJ) 

B JllU:rryJibCHOM npe.n.crannemm He c:ly.n.yT nMeTb o.nuusHaliHHX pemeun". 

JleltCTBHTeJibHO, cor JiaCHO / 8 , 4/ i -MaTpllUa B 1.!. f .Y, C BHClliHlfiJ 

noTeHU~~OM HMCeT Bll,l\ 

i tjl(~, f,lj= t XI (k;f!l) + t ~) ( KJ f; zt 
(38) 
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r.ne t ~1)( K, Pt l:) onpe.n;eJJ!leTc!l Bhlpro;:emteM 
(~ 

(6), at ~'(~ftl) 
{') 

CB!l3aHa C BHeiUHJ.lM ITOTeHill'!aJJOM V lxt ('l-) H B CJJy'lae l!lCI10Jib30-

naumn npl!l6JJl!lncetm!l (20) npe.n;cTaBn!leT co6oK cyi/JJy 4Ja,KTOpl!l30BaHHhlX 
{') 

'lJJenon, co.nepxam>~x ¢opM4Ja,KTOphl <PYHKUHR V J {"l-} • TaKoR xapaK-
Tep t -MaTpJ.lUbl (38) !103BOJI!IeT I10Ka3aTb, Ka.K 3TO c,neJJaHO 

n 114/ ,nJJH cJiy'lan Tpex 6o3oHoB n Vex£ ('l/= 0 , 'lTD ypaBHeHI'!!I 

(IJ) H~:_Pli.IIY c pemeHJ.l!IMH f;· ( K, ~J 6y,nyT J.lMen TaKl!e pemeHI'l!l 

Bl!l,na tfj(K,tt)= f;·(K1 ~j+ 'tj{K,~J , r;I~e Xj(K,~J -
cjJypbe-o6pa3 OT rrpol!l3Be,l\CHJ.l!l B(c- !?) Ha cpyHKUHI'l 'A·/c/ ('l_;.t/ 
; ) l •,37 • 

B 3aKJIID'IeHl!le an Top nupaxaeT 6Jiaro.napuocTb B. E. EeJineny, 

~I.PcBaJ.l II f.lllyJJbUY 3<. pn,n ITOJJe3HblX ;I\VICKyCCJ.lB. 
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