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Bl!e,lle HMe 

llpB paCCUO!peHBB npo6neuu B38MUO,ll6HCTBMfl ITM-Me30HOB C H,llp8MM BU,ll6-

RflXl! ,llB6 06R8CTM 3H6 prBH! 06Jl8C!r:b CiOJibWHX 3HeprMtl ( 'f.1 ?-_ j raB), r,lle 

ITPHU6HMM8 !60PHfl ,llB~p8Rl.IHOHHOro paCC6flHMfl, M o6naOTb (3.3) pe30H8HC8 11 

HHZ6,r,lle ITPHU6HHUOC!b 3TOtl T60pHH He 060CHOB8Ha. B ITOCR6WiM6 rO,llU 

ITJII-fl,ll6pH06 paCC6HHM6 ll OCinacTH (3.3) pe30H8HC8 H HHlK6 HIIT6HCHBHO HC-

/1 C./ 
cne,lloBanocb reopenqecKB (cu:., HanpHu:ep, ' ). 0){HOI H3 ocHOBHbJX l.I6Jietl aTHX 

MCCJ!6,llOB8HBi1 flBJ!fl6TCfl ITOJ!Y116HH6 HH~OpMSI.IMH 0 llOBe,lleHHH Ma!pl'll.lhl .J/JY
CTORHHOB6HHH BH6 3HepreTH116CHOi1 ITOB6pXHOCTH H BhJHCH6HHe BOITpoca 0 TOM, 

B KaHOtl CT6IT6HH T8H8ll MHrp0pM8!.1Hfl UOJK6T 6un llOJiylleHa. KaK ITOH838J!O 

HCCJ!6,ll0ll8Hl'l6 /Z/, npoBe,lleHHOe U6TO,llOU OITTHIIeCKOrO llOT6Hl.IH8J!8 B npH-

6JIHZ6HMH O,ltHHOIIHOrO (HorepeH!HOrO) paCC6HHHH, 3qXfi6KT OTXO,lla Ma!pl'll.lhJ 

C!OJIHHOB6HHfl OT 3Hepr6TH116CKOtl ll0B6PXHOCTH MSCKMpyeTCfl qJOpMrpaHTOPOM 

fl,llpS, HO!Ophltl 06U11HO p8CC11HTUB86TCfl npHCiJ!HlKeHHO ll onpe].leJieHHOtl MO,ll6J!H 

fl,llpa. !I03TOily Hall npe,ltCTaBJill6TCll 1 4T 0 HHci>Opllal.IHI) 0 ITOBe,lleHHH 

USTPHI.Ihl 1roW-CTOJ!KHOB6HHfl BHe 3HepreTH11eCKOi1 llOB6pxHOCTH l.leJ!6C006paaHee 

ITOJIYIIHU Ha 0CHOB6 H3)'116HHll pacC6flHMll YJ - M63 OHOB 118 ,ll6 i1TpOH6 MeTO,llOM 

ypaBH6HHtl <Pa,ll,ll66Ba, HO!Opue CO,ll6plKaT H6ITOCp6,llCTH6HHO MSTPMI.IY s;.j_ CTOJIH

HOB6HMfl BH6 3HepreTH116CHOtl ITOB6pxHOCTH. Kpoue 3TOro, TSHOtl llO,llXO,ll ll03-

BOJ!H! llOJ!yiiBTb CB6,ll6Hl'!H 0 ITOB6,ll6HHH BH63HepreTH116CKOtl ITOB6pXHOCTl'l H 

IISTPHI.Ibl J{J{- CTOJ!HH OBeHHll. 

B ,llSHHOtl pa6ore paccMaTpHaaeTcH aa].laqa ;,J, pacceHHMfl npM 

3H6prHHX rr; ~ 300 M3B B npeHe6peJJt6HHH llPOI.I6CCalfH ITOrJIOIJI6HHll ITHOHOB. 

3 



8Ta 38A8Q8 HBnaeTCR aaAaqeU Tpex Ten, H HOTOpOU ilpHM6HH~ ypaBH6HHR 

<ll8M66B8. lila-a a HanHQHR pe aoH8HC8 B ,9TJY • B3aHMO,lJ;61tCTBHH B paccuaTpMB86UO£l 

OClnacTM SHeprMH penaTMBMCTCHSR HMHeUaTMHa AOnJKHS ClbiT:D yqT6H8 B aaAaqe 

paCC6RHMR H6 TOJI])HO B6JIH3l'l (3,3) peaOH8HC8,HO M llpl'l uanb!X SHeprl'IHX. 

Ha BSXHOCTL yqeTa peJIRTHBHCTCROit HMH6U8TMHH B a8A8Q6 llH-R,D;epHOrO pac-
12,31 

C6HHHH B oClnaCTM (3.3) peaOH8HC8 ClbinO OClpa~eHO BHHU8HH6 B pR,ll6 paCloT. 

TaHMu o6paaou BCTaeT Bonpoc o nocneAoBaTen:r,Hou yqeTe penaTMBMcTc

HOU HMH6M8TMHM np~ paCCMOTp6HHH Ufd- paCC6HHMR B paUHSX ypaBH6HMU ~8A
Ae6B8.0,D;Hl'IM ¥13 B03UO~HbiX nyTe« perueHMR STO« 38A8QZ HBnR6TCfl HCll0JI])30Ba

HM6 penRTHBMCTCHHX ypaBHeHHU Tpex Q8CTH~ 1 llOHyQ6HHbiX B HBaaMITOT6H~Han:r,

HOM no~o,D;e, aaqano Horoporo Clbino nono~eHo B pa6oTe I 4 I. PenaTMBMCT

cHaH aaAaqa Tpex Ten B pauHax KBaaMnoTeH~an:oHoro no~o,D;a paccuaTpHBa

nac:r, B PRAe pa6oT 15• 6•7 •81. H.11xe Ubi Bocnom.ayeuca l{lopuynl'lpOBRolil pena

TMBHCTCKo« rpexqacTHQHOiil 3a,D;aQH,,AaHHOU B paCloTax I 7 I, RoTopaa Hau 

llP6ACTaBna6TCR Hal'JClOJI66 OnHSHOiil K HepeJIRTHBl'lCTCHOUY llO,ll;XO,ll;y 38,ll;8QH , 

Jlcnon:r,ayeuouy Haul'l ,1.\JIR .Jrd- pacceaHMH B npeAbiAylllelil paCloTe I 9 I 
B ASHHOiil paCloTe rpexqacTHQHbie ' penaTHBHCTCHM ypaBHeHHH ,D;JIR aa,D;aQM 

Jrd- paCC6RHMR 38lli'IC8Hbl ll npe.LJ,CT8BJI6Hl'JM llOJIHOrO UOM6HT8 l1 M30Clll'IH8 CI1-

CT6Mhl. B UO,D;enl'l cenapaCleJibHOrO B38HUO,lJ;61i!CTBl1R 3TH ypaBH6Hl'lfl CBe,D;eHbi K 

CI1CT6U6 O,lJ;HOMepHb!X MHTerpaJI:&HbiX ypaBH6Hl'lil ,ll;Jifl nap~l'ISJII>Hb!X 8Ml11U1TYA ne

peXO;l(OB, qepe3 Koropbie BbipaxeHbl ceqeHH!I ynpyroro pacces~HR nH-Mesoua aa 

,D;elilrpoHe w ceqeHHR pacceRHMR c pasBanoM ,D;elilrpoHa H nepesap!l,ll;KH. 

I. TPRXlJACTI/JlHib!R PEJIHTV!BlllCTCKiilR YPABHRHiilH 

.llJ!H 'J! d- P ACCRHHiilH 

HH~e UU BOCll0Jib3yeMCH OCHOBHUMl'l COOTHOW6HWHMW ,ll;JIR peJIHTl'IBl'ICTUEOJ:l 

aa~aqH Tpex CleccrrwHoB~ qacrH~,noJlyqeaHHMH B pa6oraxf71, HOTopue Ubi 

38lll'IW6N B i{lopue,HaHClOJiee ClJil'J3HOii! H HepeJia!l'IBl'ICTCROn i{JOpMyJIMPOBKe.YpaB-

4 

HeHMH ,D;nR USTPM~ ll6p6XO,ll;OB B npe,D;ITOJIOX6HMl'l 0 napHOU xapaRTepe B38l'IUO

,D;eltC!BI1H HUeD! BHA 

"" .3 "--
21JL (<i',)::~ -~L)~~l (IP.,)+ t: a -ctx.) ~('Po Jl% (Vi,) 21 K.L (Cf>o), 

'""Ci) 3- <- ,... {I) 
Vo~C'f>o)::{h(lo)t 0 cr;_('f>o)60 (1],)2JJG~.- (to), 

K=l 

r,D;e 'P0 - aHeprMa cHcTeuw. 

(I. I) 

(!.2) 

BBO,ll;H HOOp,D;l'IHS!bi HK06H (B STOlt paCloTe Ubi llOJIL3yeuca CHCTeUOlt 

eAeHH~ h=c=l) 

p, -+ ii -+ PIG = 0 
I 

[i - ,.,~~ •"7J{5;. 
rJI(.- ~m.,K 

-. "" mc!PJ 1Pf£) -(fr?J tr0K- )fl __ -t _ Gj) 
a,.. m t m ~ m - f\ - f, r , ;; I< 

l'l COOTB6TCTBYD~He Cl83l'ICHbie BeKTOpa COCTOHHHH 

'~"~>. =/pK.~qJ6=- tp~~~~l<. ' 
YAOBJienopHDil(He ycJIOBMlnt oproaopwHpOBKH H noJIHOTH 

< ..... , ..... , _, ..... > 9- -t; _. <t--;...., 
L ~I(~~- 'PJ" 7~- :: (J ~0~ -p.;.:)cJ(r~ -q~.-_), 

S 'PJ"4>~-dp;l(dqL <pJLq, I= 1 , 
JtJIH onepatopoB GJfil:,Y H t (Ci/,) :s a!rou 6aal'lce HNeeu 

(1.3) 

(1.4) 

(1.5) 

(1.6) 

--./-,../1/i ('U.)! --o- ". ::: (1(~:-fi.:)d(q~-~L) 
(~/Ii eto o t:;,,/lrJi. .2 ~ ..,. -=- ~ , ~ , (1.7) 
L I• r· I• r t.<.H9t)WJ!(OJW~:fp,) 0t10-wd~J-~1f?;)-L0~!pJ<:fl 

< f.>;k. q: I cf,r r 'ibJt f.; I( q: >~- -=Q 01.4~--: -~J ~ ( ($~ (01( J ~/t , cr. s) 
~ (j) --

~ 'i61-= ) 0 -w~cq~.-) 
r,lle 'TZ (~( Bt. 'f>DL- iff)- YAOBnenopaD! HBSBHITOTeHul'lam.Houy ypaBH6Hl'lll Bl!,lla 
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r- .... ~, .... " c-- ...,. m -u-
'' rZ' {)"·'I' 'f)~~ (O."f.,c/f~/P" f3K. ... r. -t ( Vt. ("'.J.< I<.JI( 1 "" ~- ~~ ' 

~~~~P:Ki~c. 'PJ:::: V" (0~ ~ ... /Pc.q;,)+ Js '1; !(i"Jwxcp;J/foti0-,,3'f.,";-'i:f){iJ (!.9) 

~ByxqacTillqHaH MaTpill~a pacceHHillfl JX napN qacTilll.\ o6NqHo sa~aeTcH 
fn I ~ .... 

B ClilCT6116 !.\• M. 3TOTI napN, TI03TOMy l~..rf,;K.p...cjrp0/iU CJie~yeT CB6CTM'l H 

T8HOM MBTPilll.\6• ~Jlfl 3TOro Ha OCHOB6 JiopeHn-npeo6pa30B8HMTI BU6CTO HOOp

~illHaT {iK. BBO~HTCH 1
7 I OTHOCillTeJI:oHNe Hoop;zuma~w ~/( B cMcTeue n. 

"'· JK -napbl : - .. ~ 
__, __. a~. l - P~.- Gj~.- -- .. .. 

K::. '-'"- _!!::__ 0 ( ) - ::= JK. ( L.J j} qJ f. ftJ~rqJ v PJ t<Urf'$)HJ"Cf~<>tv%""rp) Y r. f3 ' (I. IO) 

r-~e JY 4 .... .... ,,l! ....... --.1 
,.;;J.<(P)" [~l{JJJ-t WIC.lfc~ - lf3+P~r.J 

= ~ ~ I ~/( ) + 1.0.t I~" )J :: _J;J~ ( ~) . 

IlpJIJ 3TOM lP830BNTI 06:&eM npe o6pasyeTCfl CJIMYKlll\MII oc5pa30II : 

di$K - d~l( 
- r. - ' u~iR>Jw(tp,) ~ •• c~<.~l) 

(I. II) 

a-~ ~ ~ ~~cr...~~I((Q,~")Iq.~.tv,Jv .... ) _ }Jf~~~J'i~-8){ 
( Q.):: . I ::_[,01'6 W.t (O.c) ~ __, j 

J"" Jr. oY -f"d( r· 1 • "'I) v ~" 11) ,-J 
(I. I2) 

B HOBNX IT6p6M6HHNX 7,_ -MBTPJIJL\Y MOJI(HO npe~CT8BI'TL B Bill~e 
r-- ... r-- ., ~ G) -.) .... (j) f ~ .... ?1 cr; ) 

J.T.(iilp._, ·\j) cp)=.Q(Q,"G~ lo)'fr.lQJtQ~,<ji,)O~,-lG"JKfL- c (I.I3) .z l 1-;;• J"-' o t. 1.. t. I" I' I' r f' 

(aHaJiorJIJqHo ill ~JIR \{ ), r~e G/. (~"-C{L Yb) orrpe~eJieHo H3 ycJIOBMH 

r-fl ... ~ lj) 

a~.- 'qJ" q, lr.:~) J --- (I.I4) 
'(' ~ .... l(j) ... ,, 't: ! 0 ~ ~ jJ~19JK ~<) /0 ~110 -"?ii0J -'V)t. !{t)_j ~ (<j{ )d - W)1JI<)-Wx_ (9.?

1
<) 

6 

[

tf[t 
3,Jt6CL ~('il.'J:: - Pf[t "r" 

Of<-< 

tf>/ )0 ' 

1(\0 ~ 
~i=- L Cfo-~qrr.J2_ r;/ . 

·(I. IS) 

Tor,~~;a 

~I -1/GJI)I"f. -,-r-'7>'-r -1 
__. ,Cl\.t)- V. -r-.. .">t ~ 'Vi: 19;-<<fJ"1'- 1 19J4"i ~.) ~t-11 Ht,l<. QJ/C 1 I"~ - (~JICQJ,,ft,:.!-1- (.){Q .< • 

"I" r· t r "fc1:.'Jt~O-Lf,rcr;:r-~-'kJr{JJ r,) (I.I6) 

. 3To ypaBH6HMe rrpH fi[•: E~_- , r~e E~..- aHeprJIJH J!( - rrapbl B cillcTeMe 

n. u., HBJIHeTcH ypaBHeHilleM Jl>JnnuaHa - IllBillHrepa c peJIHTillBillcToHotl Hill

HeMaTHHOM ~Jlfl 38~aqM ~Byx qaCTJIJL\ B CillCT6M6 !.\• M. MM6HHO Ha OCHOB6 Ta

HOrO ypaBH6Hillfl OITpe~eJIHJ18CL MaTpH~a ;,,;1_ CTOJIHHOB8Inlfl BHe<JHepreTillqec-

HOM ITOB6PXHOCTill B pa6oTax1IO,III. TaR qT0,3HaR peW6Hille 3TOM sa~aqJIJ 
T .... /- f= 77 i!' - r;:;. 1 <1JIC~Ji<)'<-), UOlltHO orrpe~eJIHTD IL(J;18M/V· M3 COOTHOWE!Hillfl (I.I4) C 

yqeTOM (I.I5) llOJiyqaeM 

('\.( ....... 
a~ ~J<~~'ld= 

[ 

-.z I I 

L q, + j.JK. c~J]I L~ T I L'i/,-w,l~~,J~ r~J ~ 1t 
r;---:-[ W(G )w. r6 ) npu 
v ;>J._rq> Cf>o-w~.c~~h (1: + Jb. (rJJ v IJI<. ""Yj( 

a/o i~> ) 

[
Lft.

1
+_h,I9)Jr fw,tf)-~o t lq~.'•J!,.J ... '1J) 4 . ~-_ 1lt Gl~ (I.I7) 

--====-:--;:::;:====";;:===~::--;:::::==-:;- u:(; ( ?Ji<.J "0c· YJj f)P'-1 I" <a • 
{ ~" (q) 1/~,t-fw._cqtJ-'l'oJ't (-4;.1~) J 

Cne~yeT OTM6TillTL 0 qTO (jiyHH~.IlR Qt. ( I.I7) COBlla~aeT C T04HOCTLIO ~0 
MHOlltillT6Jlfl (U;Jt~.)f.).~ c tf·YHHL\ill6tl a(.' BB6,11;6HHOtt B pa6oTe 1 7 I' TOJI:OHO TIPill 

'P~..-'>0 • tPyHHflillfl a.t~fr,_~)l71 TIPill~\Dno~pa3yMeBa6TCfl TllHO\Illte,HaH 

ill Tipill Cj}L'l. ;>0, ill ll03TOMy CTaHOBl~TCR HOJ.lTI1JeHCHOti B OCJJiaCTill JIJ3MCI!E~Hillfl 1.~ 
1 

<;)2 0 (j)! 0 f r~e 1~.-< ,donee TOrO,TOqHa I," ~JIH ~Toll c:''YJIHI.l¥111 RllJIReTcH TO'lHOtl 

B6TBJieHJIJfl, qTo llp.llBO~~lT II llORBJICIIIllO y '7;_ -MBTP.Ill.\bl ~OllOJIHJIJT6Jl:OHOti 0C0-

06HHOCTJIJ ITO CP"JBII6HJIJIO C ~ ,HaH 3TO BI:~HO JIJ3 r!'OPMY1Jbi (I.I3) .l{poMe 

T oro, ~Byxq aCT :1YH afl 1'(1J8Tp!:l.la oy ;n,e T 00Jia~a TlJ )IOITOJIH:lT CJI:OHOti HOMTIJie H C-
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HOCUI> B 06JISC!nl 1!2 
.< 0 1 II 0! opaf! npMB6,116! H He<lJe3H'l6CHHU peayJil>'f8!811 

B !pexqacTH'lHHX ypeHeHHflx Ma-aa MHTerpMpoaaHHfl no 1•. 
r-

BBe,lleHHSfl HSIIH <lJyHHI:tMfl q_. (1.17) ,lletlcUH!6Jil>B8 H HenpepbiBBS no 

Beet! 06118CTH >13116HeKHfl q~ , a UaTplU."(a 7i, , onpe,lleJieHHSII ypaBH8BH811 

(1.16) H8 06JI8,1188! ,IIODOJIHM!8JlbHOtl IIOIIDJI811CHOCTbll,11811 <lJyHII~fl 0! ~2 
I I 

llpOUe !Oro, HU88! npaBMJI:bHH« HepeJIHTHBHCTCKMR np8,118Jlo 

~COOJI:b3Yfl COOTHOW6HHfl (1.4,5) H paB6HCTBO 

.... ~ 'dJrtJ.,. ~~ ~~ 
J-c x-a>-:: 1 ~{ o t 1 (><)- j<aiJ , (1.18) 

MOJIHO llOH838Tb 1 liTO 

H 

u> I G, 'P-~. o \ _ T~cr;" 1/Je/ Cf->I-J( '~,-cpJ ftif.<L rtJ lttiix,- 5.:d~,o,.~3 
• rJ'' r'. n t'G- ... I ,. I' r (I.19) 

~<1)' w/( ~~ t fi.)w~c~, f:J wJr:J , 
r.o- -, (51 

.... , ... //~ Q\- t (qJ"1') ~-1 - ..r.-:.,. 
~ PJK q~. f?;t r'it- '':; [fJ )~;._(~) (9JA: -o/Jc)V(9l- -1L) (1.20) 

EcP.M suecToUtj£(Q,0)Htl 0 c(Pc)aaecTH HOBble onepaTopu nepexoAa cornacHo ~opwynaw 
r (1.21) r f P~1Jf} /5?2~ (~)/ ~Xql >~=~I q:~ ~/~Jfuifj2(;, ~~:r;i~•i1fJiw~(r~l6{(i;,,iYb)1 

(!.22) 
I ~ ,--..' ~ -. -+' _,. ~ 'V!) ~9/ (~' ~/!J~ q f)r--;;;-:r; .- r (j'J J 

2: ~A~qt/.?loLir?:Jif?;~o/ui :.11,/9)/(r{ • yt<.tftjcPO~ r)Krc;fJtt ll;D I/A{1rL){f{ljJfo1l'O I 

Tor.z~a wosHo noJiy'lHTD ypaBHSHHR .IIJIR Cf)trPo) H BblpaxteHH6 .IIJlfl P0c.fl/i,) 
...... -; (f7 2 

B nepeYeHHHX 1;• q, , HO!OpHe BHP8l!t6Hbl qepe3 11 (~ ) • 

llpHM6HHM nonyqeHHble BHme COOTHOmeHHH K 3~aqej/o{-paCC6HHMH. lnR 

STOrO HB83Hll0!6HqH8XbHHe ,IIByx'laC!H'lHb16 H TP6X'l8C!H'lHbl8 MS!PHUH nepexo

AS 6y,II6U C'lHTSTb onepaTOpSMH B CllHH-H30CllHBOBOII npOCTp8HC!B6 1 8 CB060~

Hyll <lJYHHUH~ rpHHS-He 38BHCH~e« OT CllHH-H30CllHBOBbiX nepeM6HHHXo 

llpHHHUSfl BO BHHM8HH6 TOlt,II6CTB6HHOC!b HyHJIOHOB (qaCTHUH 2,3),!pex-

8 

'laCTH'lHH6 MaTpMUH nepeXO~a cne~yeT CHMM6TpM3HpOBaTb. BBO~R onepaTOpH 

8HTHCCM116TpH38UHM 

(j) (j) t - I (1- R ) - 'P t 1,3 ~ 1,.) -i .23 - .13 

r.z~e ~~- onepaTop nepecTaHOBHM qacT>~u 2 H 3,nonyqaeu I 9 I 
("V ("'-'(\,.<'--- G) 

'Gs 2/Jl 'Ji-!1:::: ~.3 ~ 6n21(1•3 >1 11.3 ' . 
,.... (j) "-l ,-, r- (,) <~ (j) f'--- rv ,._... rp 

Zb.J>! 1.2,!1-:::. Go ~~ f 1J t:;o ~_, ~~ IM- ~.3 ~Go 2J!l•3J1 .2:) 

( I.23) 

( I.24) 

(}) (V ~-1 (;; !':"> r- ,.._. <V 0 r. '. (j) n"-G) 

':i3 Vol 11.3 =: G() '2~ ... !:z~ ~-Go 2{g r-5 !1 12.3 + P, Go /23 ~~I Yp_3) ( 1.25) 

r.z~e 
r- "' rJ 

243+3)1 ~ 2~ 1 - fj.3 21.31 (I.26) 

lla OCHOB6 <lJOpMyJI (!.24), (1.6,7,9,II- 13 ) M (!.!9 - 21 ) ypaBHeHHR 

,IIJIR MSTPHU nepexo~a MO~HO npHB6CTH H BHAY 

'P 2J ~r --~, __. - Gl (/) 
23 /l(qt3~t'?t3~J;fo) 1!?-3-=-

- r~ 2 ~, _, ...... ~ -t. ..,d~'' 4. ~,, dn'"diJ"bl r;.---r; ,~!i) 10 

-J 13 11((/13 ~~ 1 ~"' Cfe i~)G~l~' i)·l~l-~) '!; (q;;,q;:~") ?~:t .12 lA12::t 
1 

fl'~o),1!5 
r(~ lti.O·w~,~~·)·t01<~) 

(I .27) 

9 ~-'I .... ... Gl (/) 7 ... _. - ~ (i).(j) ' ~ (q?l - -· ''7 
~CNH (~q~~:)~' jYo)/13=--<. St {} ~ 'i<~ i,ll' ~-3 L) 1 )-W/~t_,)- u-V1z1J + 

t \9" ( ..,...,. -~~ -~~ _/~,, /_.t ~" ~ _, d -:'wt ofr_.'llf?. 2J. {• ... ;; .. - ~"' (;') 
JLJ/ ~qqBqrJr)C1~zP91 ~~1 -1rJ'f;(9z'ij::.. ~·} q~~,z q, ~3 ,/(z.q/fu9r;foJ7_~3 

fr'f} ;-ti.O- w.l r if,_; J _ ~0 c r;·k, > 
( .3 (23· 

~ ~"" '1 f q, 1ll'*/:.df..t~r. q:) ~'~· ~ qr1 dJ;~r: """'" ~-;,q;,q;,o/f!" . . r!'l1 J•d)-~rr;It )-W cd'/) 
r--- - • (,) (• I (31 

QL(q.5tCfflo);;>/- -·•qt. ;;.-4-((!~_.,) (\.-. . 

o ( -4/f ~ c~l-1f.'1J'~':: I,s r-ffi-~5·: 1'~·~1a.lf~~Fc~-s3, (~~-~IJ 
~ 1 ~ o - - ~~'~· 1 "'! 1~) 0.L cf+~) ·c 1.2s) 
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,..._-\ -\(i) -..... ... -(() 

Ql.(~~·Cft. ro) 2 - - .... ~7'1- Ql( Z3 'lo) - ~ ~ ""'.tLJ -
(5 ({l GC(>) 21 (~3,qz,~~·- (

9 
CJ:'r. Ji;rl~2.)~' ~~~-fo)-

1 1f.3 II G l 3! <> -

~ c (a (f_)c;rLC{a,- 53 ' 1$ J~-~Cf.'J t (fi CJ/Jtfz;kl~,-11. (I.29) 
- J ~· r.3' f'L '-0.3 c ~ .. 'fzJ J 23 r2~ t' -(CJJ, tif,;"2r~) 

3anHmeu o!H ypaBH6HHH B ITP6AC!8BR6HHH ITORHOrO MOM8H!8 H H30CITHH8 

CHC!6U~. ~RH o!OrO BB6A6M COO!B6!C!By~~H8 6a3HCH~e ~yHHqHM 

<q~A~ ldt.~fl\.jJ~».r~" <~"qlliii;.L,)~~.r~1=~fJI(iiU~)4_,rtivrJ<.JY~ (J;t,.J.Jn.r>t_ •(!.30) 

KO!Op~e Op!OHOpUMpOBSH~ ITO YCROBM~ 

5 f~iJ"h7rYJf~:i~7dj:Kd~J,~(f,_f~';~~~J~~7~ "~~~.,~~.r'~~% ~.r'~»v- • 

AIOJEHO TIOKaa.au /
9/, 'ITO npJll 3,::-~=J', lz =-~="C 

(I.3I) 

£ /1 A , -'\ II 

l3 < q2J ft I 0/ j <f"b Tf>(;r ~ "' J ""! { ~Jf, /o(Ji .:tm.::, ~ ~ 

P,3 ~~~~I ~iJI"fb 7r>;71 ,._ Joiz <'if~_,~~~ j ,;~.r~1 
(!.32) 

r,lle 

J' L.,-}f---{"1'f.rJt-t1JdK 
Jc{::~l) -:; 

MaTpJll~ IT8P6XO,llOB 'lepaa C06C!B6HHY6 ~YHKUHH UOU6H!OB (!.3) UOEHO 

ttp8,llCT8BJll!b B BH,lle 

~ '2J ... , -->1 ~ ~'P'\Ci'l 
23 ,, 19"£J ~~ ; q,Jql'v 123 = 

(I .33) 

_ }7 ~-Jot,' 0/:;;r I ', /, . (j) 1-fot,;-~"t8'1 t.'L.J: \.j, -.!!....h..~,. 
-LJ - 2- 01" CCfe3q,~)Cfr-31,t><1 Jr;,)-t.-u1,,1,~~~1j,-~'"..:r'ra~> >{,'\'<'lJ ~"T 

-----l!t~---t:> (j) 

Z<zr3)Ji~' ~z'; 1z3 ~Ji'l'o) I Q3:: (!.34) 

)I ~ ~.r I I ~±e "t(J.} -~J.>_}.(. ~ b' /\ 
::: Ll ~~~)1 (9;JrQ"'t 1ili-;,P,~J'('o)2 .... .,'13tf't ~~ ':7zt"f; ":J.r~F~~.>' "S"{ :;.:r ' ('2. ,... I ,Y .T 

~ ~ ... Jr~,'-<f,J r,-/>/!"r ( r. 35) 

(q~-~) Tt (q;.~J,-n~)~o(~;r T '~~ (~~qP';~~f.-..f <f,,W"~il;,7:r1~ <>t~.r~ ... ~> 

10 

J 

J 

I 
I 

( 11 ~opuyna (!.35) Y'ITaHo, 'I!O B paccuaTpHBaeuoM cnyqae ~ ~~) • 

~CIT0Rb8YH ~opuy~ (1.33), (!.35), ypaBH6HHR (!.27) MOXHO llpHB6C!H 

K CHCT8M8 ,llByuapHYX HHTarpanLHYX ypaBH6HHU ,llRH nap~aRhHYX SIIITRHTy,ll. 

~1IH !OrO,'I!06y CB6CTH HX H OAHOU6pHOUy BH,lly, paCCIIOTpHM cenapa66RbH08 

npe~C!8BR6HH6 ,llRH KB83HITOT6H~H8ROB. ~RH nap~H8RhHOU Ma!rpH~H JV~f-CTORH
HOB6Hl'IH Hueeu 

d.
1
't] 1.r.' rfi~l' ( 1 .t,'J,'Ji' 2 

Tp, '' I Gil \N {~z:.Y! )gt, Uft51/-J 
I ({)0./)- > 

L1 
L1 r2.! 113 i I Jt)f>;!J, '.:r,' tr (Vi,'Jj (1.36) 

r.z~e 

A~.Ji" "'2J . g~'"' (~, ~'!8; 1¥_,1, rfrF'f..' ~/¥Pi l"f W!]" it."'-f j "j'I~'J· ~,r'f.,H->, ','f., I (!.37) 

0=0 J;:o;- ' Jl Ha-aa roro, 'I!O 0, } 

..... ;r • v '!!') nl."i ( ~ ·'i''J ' 
~~'(q;, ;,. '1. J~ 3/}! o~tz' !Vi Cf")-

r~" r 1; q,, , - of!~""' If ell'' J ( !.38) 

r~e 

c0~~v;[1(f;J = ;~;>;~- :p· ~l ~.;; . f? 

j ?i~.z 'ff3• ~ J!}~ {131 1 J c/ ,..J
0 

. (I.39) 
f3'~. (31 f(r)•IO-c-1 (~31)-'-1C~,) 

B arou cnyqae ypaBH8HHH .llRH nap~HanLHYX aunnHTY.ll aa,lla'IH ;rei- pac

ceHHJlJR ITpHMy! BH,ll 

"J . rt_2d1! VY T:" (;) z,' .:;:T- CilJ~ r 
,, WI'¥/;IJ,i.J,/o) ::- c/. ' v,,_ rr:f,"J 'f.z.~;1c r)t.p;( ,l f?t3Jl {r:ft"L;r:1·q·fo) I 

r t l . oLJ' ' f6l)J ) 
1 

(I .40) 
J.:r 

rnJJ' - :JJ 1 ,.,.. r.'11::/f 7:. ( ~ 7. '" ,'f'oJ 1/,~·'r(GI:ll,j{j,<>j-'PJ)=)t<J, (G1~i"1·~·?;,J,2L·!);"'rrf.,_.rj':;o7')1t' " 11 f•L 
('- ,; ' f ) ) _ 11 , "f; 

1
,-1) 0 ,.

1 
'j;• 

1 , x, ::2~'• 4 1 [ r;r~'~)J 
L J 

JT. ( I Jr '- 'J 
- I /( (r ' ':x:(1) 1~ ·p_. .""c>'N I ', -i'fl 

cL' h J2 j'>fz,~tt!io) l.iJ-' r! ffl, 3, 1 (Q~::;,, C/,><(.'1
0

) 
z jl) l , [ 'fCYJ jj f1'- r 1 • 
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Mcnom.ayH (!.20) 11 npe,llcTaBJillll CZ1 ('jJ) aHanorHtJHO (1.33) 11 (1.24), 

MO~HO llOJIJ'l11Th B~pa~eHI16 ,llJlll COOTB6TCTBJDIII11X napUI18JlhH~ 8YllJl11TJ,ll 

pacceHHI1ll; _1.'.7',;p' 

wJ;r ' / 1. -tJJ jc'-j,'-9,1 1- rA~'..:r', l 8c; c~~Yf_J r.:,.rct-;, -.rv 
/01 tq,3~ICY'.r;qt«l To)- qr-o<{<f'ift,' IC(,~ r: )-t .,gfi.",J,l(rP,~ ff (1,0(', -'jt"f,lc)+ 

(1.51) 
~ i :J .r. ~ I I , - 1 (' (1 ,t 1ft Jr r , 

r,_,):>t1 1J"''J~ [li Yz :l/1 7 __!__0 ("'0.. ·.1,1 ~J h
0

, rQ· '1. · 'J '!> )v + u .. 1 2 J '----' :t ,:, , z, t .J ... r~'3 
1

, , , ·rz o. 
o( f .:;- ·1" ,;;;~,;t . I 

f~ ~2 '()_ ,,.,._ 
X. f'l: '{''v 

o2)'t-\-7,1fr'll'1J ~•3!1 19fc/?j1,~;1.?J, 

r,lle ;:J 1 fl:'-'c~'q'·cL'Ql= h 2~ I J rt 02 

(1.52) 

-Q't.,·i'z•), 1,-?,'-l~ JO,C1~,lf.z ~) 'Jiq,;- ?•;) ::r, ~ ~ 
- r' ~r q rcr,~ ~;~ 1 1~'l 1;~ 81, (~3! ~

2

)f ~,1~'~ ::c.J '{ ~}1i~-'1' e, !'X)d'f.., 

np11qih• 9t3 , 93u '~/1/y2 :x' M /(j,r~;~zx).llaJOTCH 4Jopuynaw11 (1.47, 1.48). 

2. CB%'Hl1H [Jrd, • PACCBH!UtH 

+ B npeHe6peJKeHHI1 norJI0!116HHew npH aaaHMO,lleRctBHH f/i --MeaoHoa c 

.ll6RTpOHOM B 06Jiacn SHepr1111 ;;,. ~ 300 MaE ll03!.10lKHhl CJI6,llJIOI.IU'I6 npouec-

c~: ynpyroe pacceHHMe, pacceHHHe c paa:sanou .ll6RTpoHa 11 nepeaapH.zlKa 

(JT"!.+d ) 

..;71!. ., d-) ) n • pt JT = , 

{ (~~) ~ JrO , 

(2.Ia) 

(2.16) 

(2.!B) 

Bb1paai1M cetJeHHll STI1X npouecco:s qepea napUJ1aJihHhle aunJIHTJ.llhl nepe

xo,llo:s,onpe,lleJieHHhiX 113 ypaBH6HI1R (!.38), nJlll 3TOrO ll0Cll0111>3J6MCH llbl

paJK6HHllMI1 ,llJlll BMllJI11TJ,ll~ nepeXO,lla 1 npi1B6,ll6HHHill1 B paOOTe/7( H COOTHO-

14 

W61'1i!6M 

~ ~ ... )r::-
lP (Q ) - Jt3 ll(uq, ~· 11'\q '} t (] ) 
l-d P3, - r- _, __. r, ~ - ---<?~ -'1? 2> a, ( qnq,·to)~z(iu>'-'.J~'1tJ) ' 

(2.2) 

a TaRxe ~opuyna1111 (I.2I, 1.22, I.II). B peayJ!bTaTa ~Jill C6lJ6HI1ll ynpy-

roro paccaHHI1ll, pacceHHI1ll c paaBanou .llBRrpoHa 11 nepeaapH,llKi! nonyqaau: 

4 l 
(9. .11 ) ~ (,) (j) I MQ/ Lcp, ... , - cp J 2 d --; 

o/611 ::: 't9i ~ ( lo-10 ) ~!~,'!EcJr1,! If!~, q! o> 11 , 
(2.3) 

d ,--. - (~Jr )C.,CJ ( rp' -1') /'l'lol I 'f (Q! ($1. Q 'f )12 cJc;:~ off (2 .4) 
""o,- 7_9'. o, o. fiG)l 01 Fl'' I' o'j ?;g'i}'J' 

.1 a ,, J · 123 r'· 
r~e aunnKTJ~hl T,, :11 T;.,, cBHaaHbl c onepaTopoM nepexo,lla 2~, 11 2~, 
CJI6,llJIOIIII1M o6pa30M : 

~ 1 (~; ~ 'li) = J lf~ (~~) d1~~1;3 ~jH(~~ q: j ~" ~,1U~sdi> :£ifr_), ( 2.5) 

- - ~ r W ~ -o" I - 1 
_,. J /) ) (j) d(f U I~ ) 'fo 1 ~~~q{; i,!b)= .J {i'I.F-::,.!Iot (~'" q, .i rtz;;t' ,c. 'P> . b -d. !:zJ .(2.6) 

r,-,' 'l.9l - .cRopocu na~aiOI!Iero ni!oHa , Cf'rv 11 ·tc, · -aHepri'IH ClolcTeM~ :s Ha-

tJaJihHOW M KOH6lJHOU COCTOllHHllX 

'lb = f ~ (~/) T W 1 I ~I) > 

tfbj = ~~3~~~2V" ":~(~), 
-i Ed tj,i+'"F1d f r?l ):: ~ . ,.,. "'G _ ~ , (}/- , r' 

u I t' fdtq,>w,lif.J 

(2.7) 

EOJIBOllyJO ~HKUi!IO ~eRtpOHa MOEHO npe~cTaBKTh B BH~e 

IV - r> rr/'<J~d:;;, - ,., ,. > lo~lq~) = G :r La rq?_.) 1 ~.:;, I L.dPd ~q ri"!Jd > !~ f";r, 
t,,c.~ 

(2.8) 

r,lla pa,lli18JlhHBH lJ8CTh ~aeTCll llhlPBlK6HHeM 

- h~7cr 
~}tt:.Je!Jol _ id :}td. rq,); 
4 (9i~) - Md- •J1 '9r 3 )-c~'Cjr3J ( 2_. 9) 

lip11qey, 6CRi! HyKJIOH-HyKJIOHH~H HBa31'IllOT6HU118Jl He 38BHCI1T OT aHeprHi!, 

JCJI0ll116 HOPYi!pOBKI'I pa,lli1BJihHOH llOJIHOllOH lflYHKUI'II'I 11M6eT lll1,ll 
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[., ( 2 cl + f,d~d.:f:i 'N ~ .701 1 
~o0,2. Jq~.3 ~'1>~Lc;l (~3/rj_Lc) (~,)=: . 

(2.!0) 

!Acnom,ayH paaJioxeHI1e ·(I.33) 11 aHaJIOr:I.ItJHoe paaJIOlKeH.IIe .n.AA iffl>f32101 <'!1~3 
,li.JIH ycpe,li.HeHH~ no HBIJBJI»H~U 11 npocyUUI1POBBHH~U no KOH61JH~U COC!Ofl

Hl1HII C61J6HI1~ peaKI.V'1~(2.! a,6,B),Ha OCHOB8 (2.3-6) nOJiytJ811(4Aofi~=Jj~~OJ 
(2.II) 

l .t~dt~' + -
IJ.:n ) 4 , /"1\;J Vfd 'tft _r-7 ) ITT !!J -I - er--r)/ ,c: ?f2 

< dfi~"f'· >" 1!ll J'('ib-16) Edt~'> E/1tJ1j:g 111 (~;no~;q,I!D~;V~ 1 rq,~'oe,;. ~ lt~Tc,!tir1,9,~ 

r.n.e yrJIOBSH !JaG!» onpe,li.6JIH8!Cfl B~p8ll8HI18U 
(2.!2) 

~Iq;q,) '= 3/4;;)1~(-1)2~+~'-(i -e ff'S'~~'ee:(~ ~00(£ 0'7{ e,~ooJ~>J!~ ~ H:::; ~- cq~)) 

<d 
/>'S:' 'f 2 J-' of, .... , 

6p<1j4:- >=-6 < d!Q I />-= (Ur) "(9) _(j) ).Jid Md 1z3 r, 
ct•;r.• Of on.-- (} 0/ lo - J( 

?, I UJ f,J {~) r~cr:3 ~,') 
(2.!3) 

1LOC 
J,i ~:rr.:~'il 

[fJ/lft'5 

(9 ' ' ' l + YJ :;r 
· ot <q;!o~:iq~) To, ~~~~q/~',S/~'o~;~JUJ~}IbJ~, ccr:,r;(,Lt'A7J'o~;~,A10g'fo>t 

+ i ~~1 ~1~~; ~A' E,' 1 f;~, 110~/6 )T:,~' ~~~'~; ~ f.t' ~~o~';1J10f'#,j) 
M 

. j,l I 
<dGnepej· >-:. w <o/\501 ' 7 , (2.I4) 

r,lie 

~:: (~"' 8 1 .~") _ ~ r c-r>lf Sz5 191S '~'I~~~~ €' <~ ~oo leo><~~e,'oole'o> x. 
~OL 2.) fl' I - '>(I• )3!. (__.) 1 I I 

v •
71 Lee'L e t1'~' 1 "'t 

1-
1 1 

, I ) E; e ~ 1 s.:rJ/ L. 7 ) e;] 5" ~ G(-1) '<ee'-~~,[L4'>~ 
X: < i., ~ 00 I L D) < e e 0 0 I L o; e I e't ?'3' I , J \ [.1 t..; t; j L L. ~· 5,1 J "'c '''f{'e' 

. '• ry_ " y_ r3') (2.15) 
"Yeme.1q,J e,.,/91 1 

unL 'rn ) '£-=.2.$/+Y+J-+L;+ r.; +e,'·~~6u. 
TaHl111 o6paaou, B uo~eJI.II cenapa6eJI»Horo Baa»MO,lie~c!BHfl u~ noJiytJH-

JIH CHC!6My O,li.H0118pH~ MH!erpaJI»H~ ypaBH6HH~ (1.40) ,li.Jlfl nap~H8J!DH~ 
m:xr -m) rp.'!i7 -r..) 

Ma!rpM~ nepexo.n.a 'tr 1r,~1 ':~,~ /0 , H 'r:l•J-''(9cl.zj11"'1 10 . • 8!a c.llc!eMa 

16 

ypaBH6Hl1tl nocne;n.oBaTen»no ytJH!biBaeT pepr~TI'IBI1CTCHYJO HvlHeMaTI1HY 11 11Me

eT npaBI1JI»HbiM HepeJiflTl1BI1CTCK11M npe;n.eJI, !.8. nepexO,ll.l1! B COO!B6TCTByiD

llU'I8 H8p6JIRTl1BI'ICTCKI'I6 ypaBH6Hl1fl / 9/ npl1 p'i'm -4 0 ; 3HBH pelll6HI1fl 
c 

ypaBH6H11tl (I.40),no ~opMyne (I.51) MO~HO onpe,ll.eJII1Tb l1 aMnlll'l!y;n.y nepe-

XO,li.B I + (23)_,1 t 2 t 3. A ce'!eHI1R ynpyroro pacceRHI1R nHoHa Ha 

.n.eMtpoHe, pacceHHI1H c paaBanoM .n.eBTpoHa 11 nepeaapH;ZJ.HI1 onpe.n.eJieHbl co

OTB6TCTB6HHO no WOPMYJI8M (2.1!) l1 (2.!3,!4) tJepea napUI18ll»Hbl8 BMnJil1-
rp l!O' IT', [T 

Ty,ll.~ 'If 11 1(2+a>i 

B saKllD'16HHe npi1HOCI1M 6Jiaro.n.apHOCT» A.H. KBl1HHXI1,11;3e H 

A.A. XenamBHAH 38 MHOrOIJI1CJl6HH~6 06C~,li.6Hl1rl BOnpOCOB1 CBH38HH~ C 

HB83l1nOT6HUI18J!DHbiMI1 ypaBH6HI1HMI'I. AB!Opbl 6naro.n.apH! T8H~e B.K. ]yK»R

HOBB 11 IO.A. ll!ep6aKOB8 38 06C~,li.6HHH peayJID!BTOB pa60!bl. 
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