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Bsenenze 

3KcrrepIDAeH'1'aRLHoe H3y~eHlle @H3HK¥! '1'ID4enUX KDapKOHllen CTaBHT 

3a.n;a1fY 0eHoMeHOnOI'H~eCKOI'O OITHCaHIDI lIX pa crranon ua JIerKHe ue30Hli. 

KaK H3DeC'1'HO, <PoHOMeHOROIWI '1'JDKeJIlDC KBaPKOlICB ocuonana aa llCpCJIR

THBHC'1'CICOil: nOTeHIJ;IlaJILHOll xnapxosoa Mo,neml TO BpCr;1i1 KaK xcrv. B 

100e pe3011bl OITHCl:IDalO'1'GJI l\HpaJILHliMH COOHOl,I8HO,'IOI'1l'lCCICllMll JIaI'paIL\CUaHa
/2/ A 

Ml:l • 

,llaIUla.ll paocra IIOCIlltlUelI8 nornrrxe OCJohc,runiliTL IlOTCmlllaJILHYJO 1.10,IJ,CJlh 

C lillpaJIL!l1IJ.1JII JIaI'palL\illaHaM!I. 

Tro;(eJIIDf KBapKOIlHll npe.n;CTaBJLlteT coook nonoponononoouua 8'1'01.1, 

ld eCTeCTB9HHO JlICIlMb30Ba'1'L)J)IJl IlOC'l'pOOIUUl :I -MLlTpHlJU D38YH,10,l(cilcT-

BAA 8IlaJIOI'HJO C K3,IJ;. B K3,IJ; cnoierp orno.rsnoro UTOl,Ja BU'{JIICJLIOOT !ICKJIlr 

1flITeJILIl0 B pil,nll81i;lWlIHoi! MnHOpODICO n n CI1C1'01,10 IlOKOH. TaK JUlIC WCPl.nI· 

onu D aTO/,le IWXO)I,l1TCH nne I.1DCCODoH lIOlJ(:pXIlOC'1'l1, P03YJIM'a'l'U DI1'UlCJIO

HUH cnorerpa mruapaairrnu TOJlhlCO O'J'1I0C,ITI)JlJ,IIO COIlf,TC:C1'IlLIX JWJIlIOpODO'I

I1IDC H pel\nnmCTClillX npOOCipD30TlaJIJIIH (o'rKjlffl'IDC (:Ulu Iuilacuocprou 11 

l/uYJlI1 73 ). O(;OCIlOnmHlO ,/U1urpmm.'lI10ii 'J'OXIII1ICl1 PI1JUWJI;HOlUIOii !CWHlCJDOll

/ 34 len C I'[lyIlIlOil :l'I'HX OOnr,ICC'l'flI,lX IJpooiipa:10IlIlIIHn (iLUIO ,/\1JIIO B paCloTax ,5~ 
B PBMKaJl. "MnHRMalILHOI'O N.9To.na JmUIl'I'OIlIIiHIH IClIJH1Ci[lOllO'lJlr.lX 

'I'COPH~l C JlJJllliC.1 /)l) lUI:11 11 or,l ypullllo!Um /'IIYCC[I (	 YP;IIlIIllIl\1J[ lin IlP0/.lI:IlfIYIO 
J

1(()~lllOIlOIlTY IClIJIWipOllO'lII01'O IIOJIJl JI. ~ 7 .l-; 7 -c, 1. '11" -1l!'OI1:mOJll.-· 

Ilull IlPllM(J11l1llOJI;()ciIlU~\ nOlC'rop _.. oc}, ICIlIIII'l'OI1lIlInJl). 

/l 'l'/llCOM "Wl1ll1l,UIJlbllOf,I" I\DUlI'!'onIllUlH MOlUrn'j'CJl eMIH:JI IIOIU1'1'I1tl [(I,IJII1C)

POliO III loll HIIIIIJ Pllllll'J'1l0enl 11 pOJlJ[1'}llIHo'rn ICO i\ lCOlll! Pl1ll1JTIlOCTU. !eJlJlHrI po-
nouuur U1II1I1PHIIII'I'J[OCTI, '1'\lOOYll'!'(:Jl Ill! 0'1' c:p",J\lInX (JUIIC [I M01'O)l() J[,npnICll), 

II 0'1' CIIf,fi1X Ijnl:IH'IIiCICl1X 110 pO l.\1IIIII IlX , ICO'I'OPI/O dJ,YIIIClU!OIIlIJU,1I0 :llIl1H()J['I' O'J' 

I1CXO)lllllX 1I0Jloll. ()r1I/'l1Il1ll Ilpll()(jl~I:10IIIIII\IJl JloplllIIVI !1eXO,JT.JlILX IlOJIIIIl OOO'/' 

IU)'l'C'I'IIYI'YI' IIJUJoI1PI!:IOIIIIII~UIM JI0l'0IlIVI Ijlll:III'lllnlCI1X 110l'llr~OlllllIX, COIIJUlllOJlt

,l\IIlHUII,l ,llOilllJlIlI1'I'IIJI "1I1lr~ :Iqll~ IIC'I'~11I1\1IM IClIJIWi IIIIIII)' IIIIn1 110III JIIO'I'OM. Y'111'1' 

:1'l'IlX IlOllllIJ()'I'Oll IIOIlII'I'/llIllllJlIllIllll'l' (/III Ylhlllilli NIII1'\!'lr,1M '}ltll~~II~:Y pnJlJl'l'I1· 

1l1l1l'I'OlWIO ICOlllI pll/tI 1'1'11 , H)'I'[, ICIIIC TVUKlJIlJOVMlUl,HOIlHOU UllolloTlIO " • I 'nJIH'I'1l 

IHII:'I'IlIC'1I1 ItflllliPIlIIII'I'I\OIl'l'I, It/lit 'IKIJlMlI :IIIiIllIlH .Il(J(I'l'IIl'/IIl'I'IIJ1 Jllll1l1, OlqK',/\IlJIIIII 

IIllM IIllrlO\!OM IHJlI ICIUIII'I'11IIIII1IIJl ~,. , II :lllllllII1lMOIl'I'll 0'1' l'I~llIll\lIl1lX ,YOJIO 

IIUtI 111l1:ll1'11l1l1Cofl :III)III 'ILl • II 'fllll'I'1I0Ilonl, ,/I,IIJI OIlHlIllIlllJl 1l11J1:I/lllIlIlX 1I001'(llilmll 

DII!, ICII/III'I'OIIIIII11II IlIlllllplll1'I'1iJ1 'I'IIIC, 'l'I'onil Ic,.YJIOl\olII 1It1III 1I0JIIl 'f110'I'I1IUI ,I~ml 

:f 1"lJlllllI, IIWlIl'I'lJ 1I lI'I'OMIJM ( II IIIKI'I'I1I1I1IJM IlJY'" II I pllJIJI'I'IlIH!O'J'IIIU1n :III1COIi 

.JlIllIllilptHlIl fjll_ M.: llil 1I111lIlJlllJlll'I'IIJ1 II; ).
'I 

)l,J1II 11:1I1l1MO,llll "0'1' 1I'yI'MII,IlJ( /I'I'OMO II, Ico'I'II pllil II 1111 0 1111/ UJ'I' IlJl /11lJI0 IClIJII,IIIIMU 

IIIUIJIMIl, I'IlJIII'I'llllllll'I'IlIUIII 1(\IIIUPIlIIII'I'I\IHI'I'I, ,1I;IHI'I'III'OIl'I'OIl '1"IJIl>ICO II 'I'OM IIJly'IOll, 

--'·-'1"' h n l. 
tl,q"~(,: I,;' 
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eCJHI OCb KBaHTOBaHlffi nOpaJ1JIeJI:bHa BeKTOpy' Ol1epaTOpa ,nH(~peHlnrpOBaH.wr 

61lJIORaJI:bHOrO nOJIH no nOJIHo~i .KOop,nHHaTe 7'1,8/. 
KaK HSBeCTHO. Bce oc)mHnpmurrl:le MeTO,lJ.li KB8HTOBaHIDl: KaJll!6pOBOq

BUX TeopHM opHeHTHpOB8HU Ha omrcaHlIe S -M8TPlfilJ:1 C aCHMnTOTUqCCKM

I·ill'! COCTO.fllUHll,m cDo6onmrx '!aOTIIU. 0600111CHHC :;)TIDe lACTO,ll;OB lIa CMsaH

Hl:le COCTO.flllllH B Ke;:: BBe,ll;CImC YKaS8llIlUX Bl:lIlIe ,ll;onOJIIllITeJI:bHUX 

npHHmmOD (r.rnID!MaJIbBOrO KBaHTOBaHIDl: H BI:l6opa OCli KBaHTOBaHIDl:). 

0606ma.ff nOTCliUllaJIbHYl'::l !.!O)leJI:b oneKTpoCltomm KB8PltOHlICB Ha O!mca

IDle nx BSanMO,ll;eitcTBWl. MLl 6y)lCl~ liCnOJI:bSOBaTb ID4eHHO STli npmunml:l, 

MeHM TOJIbKO K,YJIOHOBCIGtK nOTeHlUraJI Ha cyuury KYJIOHOBOKOro H paCTymero 

(OC~oPHoro) nOTeHUlIaJIOB. 

Pa60Ta COCTonT ns CJIe.IlYJOl!1l!X paS)leJIOB. B pas)leJIe I UCXO,lll! lIS 

qeTl:lpeXKBapKoBoro BSam,!o)leitcTBWl nQJIYqelW ScIxp3KTHBHoe 6MOKaJI:bHOe 

.n;e}icTBHe :If ypaBHellllH .1J;3ilcoHa - IIhmnrepa H BeTe - CoJI!mTepa. B pas,ll;e

JIe 2 paccr,11lTpl1BaeTC.ff Cnel{Tp KBaplwB B Mesolle, a B paS,ll;eJIe 3 BI:me.n;eHI:l 

TpeXl.mpHl:le peJI.ffTHD1!CTCKHC ypaBHeHIDl: W1.ff MBSOHOB. B pas,ll;eJIe 4 npoBo

,lJ;lfTC.ff KBaHTOBaIDle OMOKaJI:WIUX nOJIeit, :If B pas,ll;eJIe 5 onpe,ll;eJI.ffeTC.ff IDC 

HOPIAlIPOBKa. B pas,ll;eJIe 6 npe)lCTaBJIeHI:l MaTpwnrue 3JIeMeHTll BSaHMO,ll;eH

CTBWl MeSOHOB II KOHOTaHT8 paona.na !mOHa. B pas,ll;eJIe '1 o6cyx-,;o;aeTCR: 

nepexo.n; 6MOKaJIbHUX JI8rpaHmtaHOB B JIOKaJI:bIWe KHpaJIblwe JIarpa~aHU. 

T. OT KBaPKOB It UeSOHal.1 

UIi 6Y,ll;eM UCXO.In!Tl> us oJIe.nyIilJlero S(~.rl1BHOro .n;eii:cTBWI, cO,ll;ep

iKalllero qeTl:lpeXKBaPI~OBOe BSaHf.lO,ll;e:li:cTBHe 9 

s~ =Sd+:;e{ r(:c)[d~:rx) + Lex1Cj(X) 
(I) 

-1 (d"rtqf,f)f;(Xll(rxiij Q(;l:)f.fJJ.
)(}.<f f',.!1 ~ ",,)i'I'!:.~. 


rI-l. 

aneCb 4-t9t.. = (- ~;;;-+ m. ) - onepaTOp .lUIpaK8 CBo6o.IJ:HUX KBapKOB 

C TOKOBI:lMH ~AaccaMH m. =4iaJ(m.~"",.-.,m."'IJ; d- H J3 o60SHa

qalOT ,nHpaKOBcrore aporiJaTHI:le lfH.lteKCll KBapKOB; L (:e) -JIOKaJIbl:Udi: BHem

mrn onepaTOp (HanpIDAep, JIenToHHl:lii: TOK); a K' - "MI'HOBeHHOe" Bsalll,tQ

,ll;eil:cTBHe (R;IU10) C OChlO KBaHTOBaHIDl: l'l, : 
K7 /~ 1 _/<.' 'i-"x'j-y'!fi ll{x.il yll ~(: iii_

"",/1p..t..(·;1- ,."",//>.JA l:.l/ -0""" Vl .Io.r"'''~ 01 X/j 

(2)
.L It N_ ".,1 Y"-J1 ':./ -YI'I1

x,l' ~ :rtf-X" I X..f - ~I' l 'X'rIJOji - (I',Jj; 1- J:r -0 if') 

r,ll;e V (-:xl) - CYI.lMB KY,O,OBCKOro ll: paCTymero OC

JJ;WIJI.ffTopIloro) nOTOUJ:ljii8JIOB 6, T.e. 

v(r) -,. J(- ~t + V. 'f'~ ) ".. '= jx.l/, (3) 

d.. t - H Yo -napaMeTpli.,lJ,JIJr pacCUOTpeHIDl: UOSOHOB HaM .n;OCTa-

TOquO orpallll'IHTbCR: UBeTOCHHrJIeTHOil '!aOTblO .ff,ll;pa K"l (nOSTOMY B (3) 
YQTeH diaKTOP, 06YCJIOBJI6HH1:lii: OHHrJIeTIWM 'IJIeHOM p8SJIOlKeHJi.ff B UBeTOBOi,1 

~ 1. ?t 

npocTpaHCTBe, 7j .A:, ~GoI,) "- *' I ). 
OTMeTID4, 'ITO ,ll;eACTBHe (1) 0 'mOTO KYJIOnOBCKilM nOTeHL1»aJIOU cL~/r 

CJIe.IlYeT HS m (Hm'I KSJt), eCJlli B paSJIOlKOHID'l rJIlOOHHoro (qioTolllioro) no

JI.ff Ha BpeMeHHYIO (JI.=-'7,J) :Ii nonepe~ (.1.1.) KOMIIOHeHTll BMeCTO jfl) 
l!OnOJIb3~B8Tb r.JCOJiAeCKOe pemeHHe ypaBHeIllUI CBSIS:I'l (I'aYOC8) ll: nOJIO

iIUlTb ./I =0 • 
HaH60JIee ,ll;eTaJIbHO qeTlipeXKB8pKOBoe BSaHMO,ll;eilcTBHe C paCTynm:l.1 

nOTeHL1»~oi B CJIYllB6 '1,. = (T,O,O,O) 6wro paCCMOTpeHO B He,ll;8BllllX 

pa60Tax 6, r,ll;e nQJIY1:!:eHl:l CneKTpll JIerKHX KBaPKOB H Me30HOB npH HY

JIeBWC TOKOBUX f&'lCC8X KBaPKOB, ml) = O. O,ll;HaKO aBTopa~t STIDe pa60T 

He y,ll;8JIOC:b KoppeKTHO pernMTb npo6JIet~ peJI.ffTKBHSaUllH B~OB!lX Wy~ 

OBSIS8HHHX COCTO~~. 

,lJ,JIJr pe,.1I.lITHBl:lOTCKOro OIllW8HJi.ff cneKTpa lIIeSOHOB H IDe BSaIDIlO,ll;eficT

BIDi npmlleIDlM K ,nefiOTBHlO (I) H3JIOllteHHllH BO BBe,ll;eHID'l npKHUlIn B1l6opa 

OCIl KBaHTOBaHl1ft (??/f) ,IT,.Jl'Ji B~OBOii ¢YHKlllill CBSIsaHItoro COCTO.ffHIDl: no 

"HanpaBJI6mm" onepaTopa ,ll;HqxpepeHlllIPOBaHJi.ff no nOJIHoil Koop;!tHHaTe /'1,8/ 
X{¥j.KOOP.InlliaTll KOHOTl:ITyeHTHWC 1:!:aCTHU - X.r'J , 

1,. II (t ~J)' (4) 

neiicTBHe (I) C nOMOlllbIO T~eCTBeHHOrO npeo6pasoBaHH.ff Kexsn.np8, 

HCnOJI:bsYlOlllero 6:w:coK8JI:bHl:le nOJIH 10 ('r,~) (mmeaPHsYIOOtHe qeTllpexqep

MIlOHHoe BS8HMO.n;e~cTBHe), nOCJIe KBaHTOBaHIDl: no CfJeP~AlIOHHHM nOJI.l!M 

npmnn.11leT B:H,IJ; /10/ 

S~[rm]:Hc rf(~[KY-1n) -i Ti en[G~: +m~LJ] , (5) 

• 
I',ll;e Tf' 03HalUleT HHTerPHpo:aaHHe no HenpeplmHblM nepeMBHHlllII H cYMl.mpoBa

lllIe no .IniCKpeTlWM lfH.lteKC8M. YCJIOBHe 3KCTpeMYI.1B ,IT,.Jl'Ji STOro ,ll;eitoTBWl.

ot.,./(;rn '" 0 nPH 7tl'" g COBna.n8eT C ypaBHeHHelil .IlJIiiCOH8 - III:BJmrepa 

W1.ff MBCCOBOro onepaTOpa KBaPKa 2: : 

2 3 

http:3KCTpeMYI.1B
http:npeo6pasoBaHH.ff
http:ll;HqxpepeHlllIPOBaHJi.ff
http:OIllW8HJi.ff
http:p8SJIOlKeHJi.ff
http:paona.na
http:onpe,ll;eJI.ffeTC.ff
http:lJ;lfTC.ff
http:paccr,11lTpl1BaeTC.ff
http:0606ma.ff
http:MeTO,lJ.li
http:nH(~peHlnrpOBaH.wr


0L (tx - :1) = mffX-jf) -I- i K"Irx-:t) c4. (r-;j) , (6) 

r;J:8 ~;t{I_';f) ~-£.;rE/{"1h gtx-/f) . 3ToypaBHeHHe onpeneaaer crrexrp 
KBapKOB n, B qaCTHOCTH, crrOHTaHHoe HapyweHHe ~P.8nbHOfi CIDmdeTpHH 
(B03Hl1KHoB8HMe .lL\'lHaMWieCKOfi M8CCII y KBaPKOB) 67. 

Pa3no~eHMe ~eMCTBKR (5) B oKpecTHOCTM KnaCCMQeCKOro pemeHME(L:) 
ITO ~mYKTyaunm~ (?7}'.7,n-L:) /101 onpe~eJIJIeT CBOOO,nHoe ~eficTBMe 

Sdf1rd= 1: {{m,'{KY-fm) +i h(dr m)j (7) 

H /l8iicTBM8, omscunaoue e B3aID,1O,n8HcTBHe OIlJlOKUJlbHIlX noae a, 

00 '7f-1 n 00 ?1-~ 

t~'J [mj=-UJ;z:-(t/ Tr (d~ m) :!'-.Nr'Z (-f) -r;..!p ~ (H) 
.d ",j ?'Z 

[')If) ItOJIH 

(J(T,:f) ~ fd"t tiT (X, t) In '(l./fJ I 

J.,. p" '1 ttfir.. J.T" rj>(:r.,.r,JrJ5f:r.J;). ., ¢ /r; :r~) ( \) 

II I\!l.ltll II11 JT)lJI YJtOC),;'I'IlIl. [·111 IIOJIOJKHJHI ~J.ltf)C], L (r)= 0 • 

f1UpWlIlWl ('7) 110 'TTl' Iltl.ll('T I{ Il,JlItOPOJI)IOI"'Y ypaaneium DOTO -CO!l

11I11'llpll 11 "JIl1()'I'IIVI'lllor~" IIpl11U1Vliill,IIIIH 1111 lIflPIILHlIltYKl I!WIII<Iill]() 

CIUI:'lIl1l111I'1l I,OC'I'Ol\llllIl 

.1/' ,1ft' /' I. ' . IC, (:~r) "'1 (YJJ Jr,( I, {J (J I,)~.,/I.!.) (" («, ,1) , (r0) 
' 4• (41, 

1(11'1'I,pyli' 1I11./l1> pIlCI;i'iIiI'I'pllllil'I'I, ':llIIMI'I:'I'Il" I: yplllillOllll11'M (e). 

;~. 1:II I'!{'I'P 1(1111\,1(011 II MI"ItHI': 

I '; I' ;<:Mll'I'PI1M .Y I '1111111'1111" .11.: ,11<:1111: I lilIH'III,,'PIl (r.) II ~Hml.YJI!,<:IIIlM 

III" ":'1'1"111 1:'1'1111 ,11,.1111 IUIfIiIIUl (Ii) 

/ (.J A') fj~ • J I 1ft' I • (II)111,:) I (; (~V (It ~ Jrf ' ('1 (1)rf" ' 
().) , ''OJ 

"./111 ( ,( ,".,,' II ') I )V(t ') /,/ I' (I Vii', {'If V fti t•r (' '1'f/, r.r-), 

Pa36HBaJI nepeMeHHYKl HRTsrpHpoBaHllJl B (II) ua IIpO,ll;OJlbHYD H nonepesayn 

'lBCTH lJ)" '" (r~ lj-L) M oepa JUiTerpaJI no,,9' c yqeTOM 

.A = . ti:. d 3 
t .L r;-;;J? «: ~ (1'!l'')/. 9= 

~ (RJ~ "().:I) ()4)3' \.if 1(11 I 11' - 91.' (12) 

HeTpy,ll;HO YB~eTb, 'ITO MBCCOBII~ onepaTOp 3aBMCHT TOJlbKO OT nonepelffilIX 

KMITynbcoB H ero MOZHO npe,ll;CTaBMTb B BH,ll;S 

<)" (]' = L {J~fjin.tlJ (ll)~Cb:fft./J27- h! (13)
L. 'O)(I) C(t» Le: rr..) l' /K ,t

~.L (.L ~ ,)rne k./' - e.JtHHl'l'lHldl: BSKTOp )..I'!J> = OJ • Tor.n8 q,yHKmm I'pVlH8 
ssapsa d,.., nooae nO,ll;CT8HOBKH (13) nPMHRIM:leT BM 

1..
d (tt~ tJ = a- - £:(1)

1;..) , --r I..~) 
(14) 

.rr 9' 
j,f ~_ -r >: 1\-7r1 

=-~th Z-~./, E.../{)+ f- t'f j ')t.; r(J, 
IIX1J!J(R - UnyTXoH3jtlJCh llno)l6ll1J onoparop 't'Rllrt MB't'PHIUJ npooopu30UUII IDl
 

soua IIII
 

.\0) (1) .~ {}/X'f {I(/'t./,;- flf (v» 
R IIJKl(JK1ll'OltllUA OIWjJO't'OP 

rp.,( -I. (I -{g>-.) ( 1(',) 1\ t C~!f . i(§TI/, 
/(O'l'IIPIW Y.IV.l1lJIll'rnOllllXl't' (]O()1'II0IlltllIKJ{M 

I II:? to \~ II) (1'1),\'./~) -.~. t'O/'
't ., (p ~ p 'f' 'I' 

;1. # A ( AI Al -AI I\,;\~ () ( [II) 

I 
II pn:I,yJII.'I'U'I'II 'l'II!{olt IlpOl1J1Hypil Jl)UI () 1: YJlllIlIlIIIIVlIl (II) INIOIIlIJltlO'l't111 

111\ t1i'ltl'I'llM,y .VIJ/I1I1I11tnlll 1111 l\f.. I ( r') (/,J k') 

~ 



Er<o;(P).1inrfj.J(Aj= 711(:) +lftt:Y(J.~fJ.)ti7l~{~~ (19) 

{ E"JI/)(j)Jrto/~J =/kj + 1[~~Y(i:1)(pr)0J!ff./f? (20) 

B CllCT8MO rrOKOH, r~o P? = (1,0,0,0), 3T~ ypaBHOHHH COBrra~anT C 

ypaBHOHlliIMM pacoru /6/, J!,JIR KOTOpwe OWUl rrOJIytroHhI tIHCJIOHHHe peiuenaa 
B cJrytrae OCIm.ilJIHTopHoro rrOTOHImaJIa npa m0 '" 0, rrIlliBO.IVI!llMe K ClIOH

TaHHOMY BOSHllRHOBeHHro k~CCHI KBapKoB. PeweH~O ypaBHeHHll (19)n (20) 
~JIH OCImJrJIHTOpHOro rrOTOHU»aJra C HOHyJIOBHMH TOKOBHMll '~CcaMn KBap

KOB ( m010) C llcrrOJrbSOBalmOl,1 lIllCJrOHHIDC MOTO~OB (\WIH rrOJtytroHhI B pa
(\0'1'0 /12/, r.n;o noxaaano , xro )J,JJ.II 60JIb~X 1409 CC m: ~ V,,'I' a<@eKT 

cnosreanoro HapywoHllH CTaH.OB~TCJI H03ar~OTHbIM (CM. pao , I). (BKJrlO'J:eHno 

KyJIOHOBCKoro IIOTOHlllWJIa BO)IOT It l1epoH.OpMHpOnKO TOKOBOH MaCChi xsapxa) • 

3.	 TpoxMepllOO pOJJ5ITl1IlMCTCIDl «onapaanrnoe ypanHeHno ~ 
KDapKOHllil 

PaCCMOTpHlvl YP1)B!WIIlle DOTe - COJIIIllTOpa (10), zcropoe B ID,mYJIbC

HOM IIPOCTpa Hcrno aa:Il1CUBa CT CH B CJlO.n;yJOU10M nn,ne: 

C(fJ/l) == - i (rJi4'V,/'~~.LIJ;t/{~(<f + f.1jr (JJ/?)~ (1- l. !j>J7'iz I)
(01) 'l (Ai) r- (., L( ,.., ·CJ', lfi;.ll r '!lip , 

3'1'0 ypaBHeHl'W 
01'JI>!ll!lO'l'CH or OOUl{JIlU lei IlI1(jOpUM OeM JUlUll'rOnUllllil (4). I1paBaH 'WCT}, 

ypUlJllOllllJl (:GIl 1l0CJW llH'J'I~I'PIlP()II11IlWI 110 IIP0.l\OJlbli 011 KOMJIOHOHTe (1-'1') 
'1-11MlIYJll,Cll ~J' o.(1~~j II 11(;1l0JII,:101l11l1IfJl 1()()PM,YJIIl (I4) IlpMHMMaoT Bll,ll 

JJ~f~1'(~.[f' 1)C/'Jf~)r:....,('t 1) ~c Iv (P/'fJ(Y) CI/rP/r() == 

-: f,}~(~)[ ;1; s;!,/,!~~r;I'fJ).\~,/i!A_:: 
t, r{J j(pl' {. f -+ 

A1',t\:..j,,)~;,/'l'/{/).\;./tpJ);1,;/\1 ,JI 

f ,(~') , IH/J ' n' -'((/'11 1 

1'.1(0 
/ "l, O~ ! f I') ,/ .fl) 1Illlllllll\o1Jl YI'"IIiIOIII1'1 (;:1I).

1I1I1l OIlOI~I'I'01' 1 L1MflCI 'I' IllI,ll 

i I' .I /;;i.'Y(~/1I)(t,I, 

fl 

(22) 

'111'1'111'1'11)11, 

BBe~eM KoaapMaHTHym TpeXMepHym BOJIHOByro ~YHKUHID COJlITMTepa 

~ (~) .{ 'D(O') (9J.1:J') (g) ~') (9J.1~) I	 (23) 

}! K HeH rrpMMOHMM rrpoue.n;ypy "pa3~eBaHMH" ( C nouomsn oneparopoa (15)). 

(24)f ~(1.L) = s;«lj;{1J ,s;,/'PJ, 
(RaK OY~OT B~O HMJKe, ara nponerrypa rrpMBO~T K SHa~TeJIbHl:IM yrrpo

mOHRHM). B pe3YJIbTaTe rrO~CTaHOBKM (22)-(24) B (21) rrOJlY~M peJIHTH

BMCTCKM-KOBapM8HTHoe TpeXMepHoe ypaBHeH~e Ha W, 

[ET{1J-li7(1{:~(1)1t'+[E;('J+(i70-!J'~(~)Ii;) = 
(25) 

::: -i [s:.;((/),k(i')jY;flJls;/PJJ;;'fp!l. 
(YpuDllelllf8 (2G) OTJlVl'11l8TCH 0'1' IUIIJCCa KDtJJl'Il101'(ll!l(M8J1bHlDC ypaDlJ8HHW I 3{. 
[\r.'rpYJUIO Bn,nOTb, 'iTO COOCTDflHHWl :m8'IOHll5I YIlfJmIOH~.fI (25) (CIlOKTp 

J{llaPKOIUWB) y,uOBJItJTDOpfiJO'l' peJLI'l'J1ill1CTCKOM,Y ~IUI{oJlY JU1CJ~e9CID1 

JCJP /1,. (qJ 1 z: M;) D OTJIl'l'UW 0'1' P03YJlhTfI'NJD PfJOOTti (j • 

"l'n3J\OTflR" IPYIII{lG!J1 ~ H I:My (J7), (Ill), (23)-(25) y)\ClBJ!flTIlOllil 

0'1' TOJK,l\OOTBY 

1\; 'Ii (rlJ;1: ~'- DoC>	 '/I;(,;;rc-fP' ~(t/)	 (:Ge) 

H MOJl(O'l' OUT I> PII:lJIOJ!WIIIJ 110 Y 'MllTpJ,lIJilM 

(~'I)Y/ f,jc, tJi ,rfJ' ~'I /1'J! +t./~ '('Ij J k N.j,~~ 

1'.Il0L,f.) 1I00IV(Oll!C1lJlllp (I. II oJIY'1I11l lI,yJlOllolt MlIO{Hl O'I'OY'I'o'('nYOT). II 

.A!,;', OO)(OII1tlH'(' JlUI('I'0I'. IlIHlll/lJI H OIClIJIJlJl (11!HI)(OJII,IIWI KOMlIllIJOIlTU). 

C;JIlI)(yO'I' O'I'Mn'!'HTI, , '['('0 OOOTIIUTOTIlYIXIIOO [~H1JIOJKOIIJrlO )I,IIH OJ\1l1'oll 1,YlllU\lI\o1 

('I/I,,) IIIH'JUlJl,HT )l,OllllJll,1l0 OJI 01lU111M , 0j0l1tlllliO )1,1111 OJIY'1I11t '''~' '" ~J' f' • 

H IIO/l'I'(;My IlnY)\MlIM'1'nJl 1.110, 'ITO II jl"rto'I'O (il liwnl )(OIlYU\1I1111 OlllMrtKJrl: 

1/f1J10Ily1'fIlllt 01'l'Yl('rYllll (Aft , 1/) \'I (AI., , • ) ; Yl,lIUlIIetll4Jl 1111 No' 
IIOJIY'/llll1A IIUIII~,"l\IIl.1I0. Yl'llllJlOIlMlI (211) IIOOJIII lIoJ(o'l'IlllolIlU1 (:1.'1) o IlO,lU1T III1 

r II llJlllJ(yUIU1M Yllfllll/nlHl.IlM 111, I H;\I l • II ml'IToMII 1I011ll/l-n 

( t t ; , o.o..». 
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.s -MaTpliIJ,a CymecTByeT, eCJIli aCllMTITOTU'leCIQiJe COCTOIDlHR cTa6J1JIbML LJ ({) ~[~ - i(t\)A(b)+GCl;~;r+- B(;~f.iLU JJ 
Hbl, T. e. He paCI18.I¥lIOTC.fi, xorna HeT HlIKaKOro "B03MymeHWl". 

.. {"'-(;; " ''':lJkR (28)
M",,;t{(Lj ~ [r -It. (AJtb) C1:l1~)+ B(~4~ + 

"e e A A e e i . 4. ey, < .: \,7) e
 
+C~4by+-C~l(b)- 4a/th)- B(dJ!3/b)+c- t (G6)A-(a)+ qa)A(o/J)M(~) •
 1

3.ueCb BBe.ueHll 0603H8QemHi 

Ala) (~~~~) =: Clil) (I/)C(a/{) + (AI. :'1)Sta) {lj.f(dJ ('J, 

B:d)(k~,~) =-~~Sca/,)C(d)O')- i~ S(a)(ll)c(d){() 

C:d)(i:~) =- k~~: E'dk t(a)(~) tU) ({); 

S(d/'1): J.in[ 'fJ~J!ft.J) C(d) fr/)'" eM[¥!l 
AId) (/;.J."lJ = ~ B ;~) (/.-'" 7/ =- 0 = C~<J) (i J

" ,i), 
(aHaJIOrl1'UW9 BliP8JK9Hll.fI aauacuaaorca C 11H,l~9KCOM (h)). 
HOT PY,/\IIO rJliI,/lOTI" 'iTO ,Y pnunoruto ('!II) Il Iq)()J\OJIfl MllJIlDC TOKOIllLX MllCC 

ItnapIWIl (rm'; -00 0) ~IW)WI' cOC,C'1'1l01l1l00 :lIlll'Wnlilo ML = 0, TWC IW/\ 

u :l'l'nM cny'lfHl ,ypIlIlIlOII~1() (:'.::) GrJ]JIIII,IVIIl'I' C YllllBllOIII1flM JllIUCOlin - JilIn111--

J'l!pll (jll). ,j,JYIII\l\HJl I I ouucuuno-r l'OJl.110'I'0Yllollclrn!.\ ()O:JOIl 

Lf 
) /0 -1 

.1't'!l r;>ry') (;:~» 

'". "0 
l

I 

1',Il" f ICOII()'!'IIII'!'1J I'1I:1r11l)1I1')(:'I'~ :1I11ll'1'lm. OIIPII,lIIlJIJlIIM/IH ~:t .yeJIOIHUl 

1f(1i'IiU"Hllll~ (:11). (I;JI",1~YI"I' ll'I't.1'!'I'WI'I" '1'I'1I '1IIlll("'P MII:IOIIOII, l!oJly'lllIIIIUn
/(',/

II pOlill'I'1l ',!'10;""'I' ')/j'I'I, 11"1'''11 'l'IIJll.l(O ,II)IJl 11~1I1111 11 1l1'1I I'tl,ll.I1I1JII,IIIlX 1111:1 

1".Yil\,lll'lIL1~' 11I111,IW IlIll'lll.YICII:ti'IIfIIIX IIII/Wiolc). 

1. 1(11/111'1'11111111111' OIIJIIII(tlJll,IIIn IfIlJIOn 

()IIHe/llm" 1I:IIIUM".lllln':'I'llllll .lllIln\IX '1/1<1'1'111\ oll.Y"I'I<I'I'IIJIJlIl'I'<1J1 II I'IIMICIIX 

'IMII'MlIJIL1:IMII ,\' MII'I'lllllUI. 1\ IWIIII'I'Ollon 'I'1l01'11~ II,YlIl"Il'I'lIy"'I' IlIlpll,II,IlJlllIIIIIJlI 

1!IJl:JIII,I~IIII1I'1'IlJ'I"I'''I'I'I, 11I1<:'I'I""'II~lIl Mtl'I'l'll'1I111X tlJII'MIlII'I',111 ,~ MII'I'I'~IIUl: 
1I1111'lilJI(\ 1111'111 lI,/il "'1'1' "111.11('1'1' lI'II11'JIII'I'lln"11I1IICl!K 'l'I'II'~11JII,llIlX I:O':"'IIIIIIL1~I, II I 
:HlT"", I\Al.IT~Hl'1II1i11 llJI\1MIlIITI4 lI11l/IH'I,IlllU MU.,llY "'I'~MM U()Il'I'UJlH~J1M~dJ1\OilMIl'l' 

lilhl Blf.ueJIU BlIIII8, 'ITO cTa6uJIbHOCTb U peJI.fiTllBJ1CTCKa.fi soaapaanr

HOCTb 8CllMl1TOTllqeCKRX COCTO.fiHUH 06eCI1e1illBaIOTC.fi 0I1pe.u8JIOHHW~ BblOOPOM 

oca Bp9!l49HR "?.I' .)];JIB: CB060,UHIDC I10JIell OCh Bpel.l8Hll Il8paJIJIeJIl>Iia I10JIHD

My uMrryJIbcy ( B I1poTHBHOM CJIy'lae "aTOM" U IIOTeHlJliI8JI, 06pa3YlOIJnlH 

"aTOM", .uBIDICYTC.fi B paaase cropoau) • 
.lJ,ir.fi BsaliMo.ueHCTBYIOIJnlX OO:JIOK8JIhHILX TIoJIeli m (r,/I) ,1 -r.1aTpUIJ,a 

CTaOH.JIbH8 II peJI.fiTUBUCTCIQiJ KOBapuaHTHa, ocml OCb RpeMeHH "?I' I1apaJI
JIeJIbHB BeKTopy oncparopa ,IJ)lrIxDepeIllJlilPOB8HJ1H TIO TIOJIHOrl IWOp,IJ)l1l8TO 

('YI,. -1.". ;X = -e: . Tor.ua KBaHTOB8Hlloe OJ1JIOKaJIbHOO [JOJIe IIpe,n:CTaBJm-
I, ~ M~ 

eTCH B Bu.ue CJIe,nylOlllero paSJIOjKeHHfi HO ottcpa'ropau por..,neHlm Ct" (~J II 
YIl}!'lTOJKeHll.fi o.~)(!J» : 

m(:r.q1ocm'(x ~)=2: (ciS2
H 

(!!rf e·'I l 
if) , H J( j(JiJY (3U) 

.[f>'!!'}; (.1'/'1') a~'i~) e,!J>xf,.'(1)/-1) a~/!p1-t: 

, " 1(") cl }jp 1"'>3: -;J I' (,4)/ -')
,ml, (,lo C .3( H '" -.----=-,,, .., , ('vH C' ,,'P f 11" • f ",'J '1 

(~~)~ v,}W ~ 
H 

IHlI:J<)IIVlH YPilllllUlIVlH (:GIl ,T1)1J[ "1I'I'OI.1lJ" C IWlIll'l'Olllll.1VI '(VIIIJllIMI1 I{ 

DIll: pn'I'opl4 POil\l~OI/~H VI yl/VI'I1'O)WIIlll1 IIO,l\,IIlIIJliln'r;)[ CJIO,/\,YItHI\HI,1 ICOI1MYTLI-

l\HnIIlIW,1 G!JOTI/OIIII:JI~JlM: 

( f' , ~ ,r(1 ~t)(rpJ, a:~)('}>-'O')/ ()" ..' !' ( '1' ,'P" 
--/ 

), 
( :II ) 

a/Or'!''') r/'}(.¢·')I -()
/ lot I ,,' 'I 

Clltl'I'lIllllllll lI'I',I(IlJll'(IIII'1i ":I'I'III'~/i" /1 LlJILI UII)')'''1111 "II'I'III,I!JII" rl, ' ... .11-.. 
IIllp",1I"JII[III'I'<:Jl, I{l1!( IInll'IIII1, ,1(utlti'l'1I\1"11 'JI'"II1,'j'lll'tl pll),\,lll'IIL1J1 Iltl 1I111(Y,YM 

a"'r·lJ/,,) /11';'>- a:,"(~p''r . (/::: ('f~)/{I\; III,!;;)' 9~>0 

-, J 
'I If.. .

• 
( :i:':~ )

'J.. , 

~I. IIIlJ!MlllltlillUI IIIlJlllollIlX Ill.YIII(JI~1n 

I'OJIH'I'II 11111 1'1'11I(,YIII III I I'M~I II IIIIC,Y IIIIJIII"lIllK 'il,YII/CWltl '111I1:1I11111'4X 'H)lI'J'IIIUI11tl 

1111l"',1l"Jn1M tlll/Wol',l'III" 'I'OM,Y. 1(IIiC :,'1'<1 .il"JIII"'I'11I1 II .JI'"\1J,1""llI"1 WI,Y'UIIi. III:; 

I '11M" 1'. ,11)111 1"'"'.11)1111 1I I'0 1111,1111 ~ ,)0 IJII'"lll,lI.II'lfil .1I!'lt!l'l'II\I"r~ ,\:.J(p) /1' : 
~IHIIIIH ,nlJC11l11 1l:1I111MIIJIIIllll'l'lHliJ KtlK "WL/IlIIJ lluaMYUlulIl1lJ" 

II 0' 



Sd{¢) '" ifdf:r[(~¢/: 'l7l~J~ ff"~ jP(g>j :lJ-(fil)!P{(J')~ 

¢(~ ~ Jd".:e e ''9x ¢(xX ,fl)-j'(!P) -c [!P:l_7J')~-, 
pa3RO*8HMe no onepaTopaM POX\n8HMR Ii yHM~To*eHMR (31) llMeeT BM~ 

r1J (.""I fel. g!!' 1. it i !PJC, '> - i [J1X. () ;jr -"'/ ~ e a M 
/7i,' e /) -r.''''j'= 

{Jl;J~ jllu..~ , loTJ
) 

+ VI:!}./ I 

~ <2) ;;: &7J? (!p.-w)2)(9 ) ~ -L to ~ Jit;. mt 
' 

:J.,~C£) J.U) ) . 

IIO,IlCTaHOBK<1 pU3Ro*eIlHJI (30) B ,nei1.cTBH8 ('I) 11 HCnM1>30B8HHe (POPMYJI 

(22) • (23). (24). (2G) 11 (27) ilPllBO,IlRT K CJl8;J;ylOlllHM DUpaJl(81lIiHM HOpMllPOD

KY[ ,IT)I.fl BOJIHOBUX <!JYHI\lI}'fU ~ • L VI N 

(j:3 ){;,It sf);: tr(l~ !k(,jA:tfuffJ -11~ Y:/1)~: clffj}= II' 
M f 1.1.. I ; l! (;l4) 
_c .~~ [I., (~J)1./,1) i- /, (1'),({ (~.lJJ 110

I1L ().j,) 

(:J!) ) 'itJ~~ [N:'(~)A(~J A{'(~) ~;~1J)z: I,-I 

c. fvlll'1'(lVl'lIIWI :IJlt~I!II)II'I'11 <)HJIOIClIJlhlll.IX IIOJllifl 

11ll11'pWIIIWI :IJltIMIIII'I'1I flllJIOIOlJII,llIlX 1I0JIII'" Y,I\O(\110 :1(1""1:11'1'1, 11 'l'IIJlMHIlIlK 

1Il,YIIIUtlm 1)(T,:!) (eM. (\J). ,I1,J1Jl KO'I'OJXIIl PII:IJIOlllllflllll 110 OIlIlI~I'I'O[~IM 
POlKJ\lIllllJl 11 'yIlI1'I1'Olllllllllll llMOO'1' IIll,l\ 

(J(T.,'lJ o(X-,1) <,~ (/\?,.Jt~ (I"". 
'JX 

'"" 
,"X ().. .... / (:110)

I ~ ,Y • 

. (' (/:,)('~)1)Jqy'l) f (' (/,,(~"'),1~t!'/r),J 
allllll" if)" 11 1"" . II11JIOlKl1'l'IIJI i.uo "IIIU'I'lI'I'!II1J1 ~, O'I'plll~I'I'llJI""0 '1I1l1'I'II'I' 

IlUH I(OMi'IOIl(jIl'I'll~ f' IJ!.YIIIO(UH, Illlll'I'11I1'l'1l'I'Il'ykJ1ILlll "'I'I'OlW" 'I (l:lIC'I""llIlil 

tIY IIII '1f1ll'1'111l (II) II (II»): 
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PH(J/{) ::: G'i./f-f 1)I: (:;/1; '" 

'? J. l' ) ? (I.-'/J 'Jl) {= r' f -'t(~-I1H)A+ '/tff'l1- rt: (E..+/V!N 11- t f/II+ :t- (~J 
J(..)' Er•J{1;-r7

- t-i'i E;4/~J+'f'J>T 1"-,'1. (I)'. I (37) 

~H(:Jf~) '" d1:
t 

(1--;)[:(9/1/:::. ) 

l' J -' 'j>" .. (;J 9' 
J.=l(1)/{E.. -I1,,)/i- ¥1.(JA+ rt: (Er 7-11,,),,1.,. '6{..,7A--~·f 

r.) Z- E(,Jif/+ f- tJ'-t.·f t(Qf'-')-19 + .!}-t'~J'7~ -~J. 
MCnOR1>3YH onpe~eReHMe 8r~TY~ CMCTerAU CBH3aHHUX COCTOHHHll (32 )11 

paaaoxenae (36) • HOTPY,1UlO HaMTM MaTpH~blii 3JleMeHT. nanpnnep , 1,I8iiULY 

BaKyyMoM H COCTOHHIieM rn, "arouon'". 

< --.. ..... /. ("i(") I > . ~ c;-~{ 7> )/-I/J>. ;.. 'I H.9.. II ~ ~ 0 z: - L- (Jli) 0 E fA. 2 

i. ·f 

- {[J[c~MJ'J~r} .a:(~, ...,ijJ:) ; 
-1 'f 

rrto uJ '" ('1', -+- MH' )
J d J' 

(...)!i cl) " c, 5d.~ '"" ...i- n:,W., (~I I) ,JJ '( 'J"" , '" ( ')" L.. "" 'f!rl,tJ1 VVI
JJ, '"'/'1...(1) , (., 

•if> II., ((f>, / fJ _ r!'.,~1h. \ f/!, HI) (1: /0 _(g; f fIf, ~ 9~) \ , ..
 
;. ii, ", l,. r J J,.~ a,lI. J r .. Q ')
 

(311) 

. ,1."'. ('P.. lo( 'I? I • ~f? , (P.] r..~J.,.)\\
f''J;'",,~ .. r ~ • , oJ '), 

IJllPIVKOI~lllI ,11.1111 (1).Yllltlll1ll j'PIlI/II 1l1l1l:III1I1I1IK (llll!'I'IIJlIII1H 1l1l1"1,l~OJJlIIIl) II J~lno· 
'I'll I lUI; 

0/( 1'))ull',") )'( l£~?f.i)/:f!LtJ, '~.'(1Yf,')(:rr'!L!~) (:j\l) 
.:'... ' ' H' (!t~ /;~. ,'r))./')" (1'..//4, It»)"J,. . 

1I111~lll{flllllJl (:ll,) .. (:m) MIIJt\IIfl 110 IIOJI 1,11011/1'1'1, ,II,IIJI 11011'1'1100111111 ItlUIII'\'fIIiOll '1'1111

P~lI1 IIn.!I" II '1'l1pMllIIIIK 1I1111:1I11II1ILK 1I0ll1'WIIII1lL 

()lqll',1lIlJI~M IWIIO'l'IIlI'I'Y JIIIII'I'OIlIlO!'l pliO III1,11i I 1l~1l1l11 . 1J:IIHlMO,I\,'Ilr:'1'I; 
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BHe nesoaa 0 JlerrTOHRl:lM TOKOM. OilllClffiaeMIDiI JIOKaJII:.RID,[ oneparopox L(%'), 
onpeneaaerca no.nOTaHoBKoit '1Tl'~ 7)'J'+L B (7) H HMeeT BIm 

r/II.J , ('". ~ ~ ~ 
v.L -== V M T.,.. )d~frl.r.. dl~d!1. 

• TY"I-~lJ(r/r~J G-~ ('XL-"~)UJtfdf.J~-l..)d LVI-Ttl. 
(40) 

£til d TOol d' :J 
Tor.na. rro.nCT8BJlIDI 3TO nupaaeaae B JIeBylO 'laOTb ypaBHeHIDI .IJ.]L<I MaTpH'l-

Horo 3JleMeHTa pacrra.na 

~(J.J --, • " ~l'? ) -}- -t J' IJ 
/.eV/iVL /7i.&>."c.~) 0 (!"Pr-'J:. (J¥) (,w,) f;<]J C-J1 (41) • 

(nne -? - MaTpwIHuj,j 3JI8l.18I1T xerrrounoro TOKa. YlvIHoiKeHHull H8 

G-~ ~ o, / IF' ), II l1CI10JIb3YJI (38). nOJIy'lHM 

J .J. 

f; = ~Ak (~) St,';uff1J , (42)ra:-) L JNT - (dN) 

C JIOMOUll,lO 3TOI'0 IlLlPl];KI~IIHJ[ 1,10l,U10 TlIPH\CJll1'fh I<OHC'l'DTl'fY JIOIITOllHOro paCIlI1

.na rraoira F" C 113IlCC'I'T1IlJII1 pellJ(~llJilmAl1(Lt~ 1;'f. ) .i; (,j ; '1(,.1.).
 
ypaBHouHe H0IN>iPOBKll (:34) IlOl.:JlO JlO).l.CTaHOBKH B Hero
 

B KaqeOTBO upaonaaeanor-o peweHllH (B npe)leJIO JlerKllX
 

KBapKOB) I'OJI,Il.CTOYHODCKOR MO,Ilhl (29) (L i ~l~ .S~tl-'f, IF) .naeT
 

F 7;; . ][OJlC'rlIllJIJUI IJ ll[lIlBylU 'II1C'I'b YPHllTlOJHlJI (2'1)
 

NT L,.t(/J r- [:2 E r1') -i7 LI (A') (43) 

l'OJl,llu'rOYIlO]JUI<OO pUlIlIlIlVlll (/. I C' ) ~ ) VI IICIlOJIl.:lyJl ypnllllollVlll JlnllcOlllI -


IIITllllll'O po
 

E Sttl!(f1 1) • 1110 t i i SiHf((t '),
 

IIIIXO,llJ!lM lIpHl1J1IUIUlIIlIlH) plIIIIllIIIIIl ,I1,11J1 I, (m.. ~ f»), 

J "1 .J m:
L,(1)' '/,(1') (4tl )

M, I~
 

'1'01',1111 1'1:1 (:14) Ilpn I .' J I" U ,. I;' IIOJly'II'1M
 

I ~ ., J 
f. I"'! ( '1!.l ).'J tV,. ( ,/ " .'\( 'n I('(Ie: )-¥ 

(.lilY ", N1.
 

IIII'I'P.Y.lUIII :lllMll'!'II'I'I" '1'1'11 JlllIIIlJl 'Illo'rlo PUIIIlIIO'I'IUI 1I01l11l1,iVln'I' ( 0 '1'0'1

Iloll!'I'I,lo .110 :11111101l II 11I11(y'yMllIlI~ "pll,II"UM JIIII'I(VlX 1111/l)lllllll
 

u 

,( ~~):: & M -{ r-f£tr[d-,I~)-Gl7lf<f~~-it\{ fi.:J:Jtn Y>{1':J 

B pe3YJIbT8Te HMeeM HCROMoe llli3K03HepreTll'ieCKOe COOTHOlllelIHe Me](,IlJl 

F7T H zlf f>. 
'- J (46)- :1 m" ( i? tf>= F.". NT . 

7. Irn3K03HepreTHQeCKllll I1pe~eJI 6U~OKBJIhHHX JIarpaHMHaHOn 

KaK MIl BH.neJIH, B npaneae HH3KIDC :l!leprHil peuieune ypaBHeHl'lJI COJI

I1HTepa onpenenaerca rOJI~CTOYHOBCKO}l Mo.noil L~(~1-?,C-iltff fj// 4 . ECJIH 

yxccrt., 'ITO n 3TOM npenene pcuenne ypaBllellHR .llaiicona - IIllmllrepa 

HM80T a CHlIII1TOTllKY 167 ift,-j ~ F . TO nerpyJIHO BH.neTb, 'ITO rrpe
.neJIbHl:lM 3HaqeHl1eM BepllfrIHHol1 <DYHKJJHII R UMrrYJlhCHQ[;! llpOCTpaHCTBe 6y.neT 

rrpOCTO !IO!lCTaIlTa. B KOOp,IUIHaTTlOM I1po,nCTaBJIellID'! COOTBeTCTBYlOum~i 1l113

lC03HOprOTll'WCKllM upe.nen OllJIOKaJIMlOrO nOJUl TOrJl;~ m~eeT nH)~ 

~-'(") 

qn'(Y"J)A. d (X-r'f) , 
( 47) 

<frO'1' npe)ICJI (47) 1l031!]I[IlIWT 'rtlKIIW, I: eJlll I[ pll,llllOJlOJ!i.l1'rh, 'ITO II)I

po [,(),l'O - GOJlffil'l'C pa flBJIIlCTen d - I[JyH(1I1,lo1lli1, K('f- :1)~ t/"r '/0-:1) • 
llMI: 1I110 'I'll KO\.! 1I0'1'1l1!I1Vl11J1 '10'1'11poXII~) PIAl10I!HO.l'O 1l:1!IliMO,110 ioic'r llllJI OILI! IIt;XO)I

II!lfl IIPJilOJIlliIWIIWH,' Il 1I0pIIOn l!lOPMYJlVlpOllIW IL~,j CllOII'['l1l1j0I'O lIqP'ylIllJlI.llJ1 ICI1
If' I'll

P:lJIf'I!Ol\ CHrAMOTpm1. CylllllC'l'nyel' WIOJIliJC'I'1l0 Jlm'IJpll'j'.YPI1 '. ,l',Ilf) 

,IIOICII:JllIIO. ,{']'o ;,- --OOPIJ:IIIIJt-I 1I0'['OIlIIl1l1J1 1I0,1(1l'I' IC IUlpIIJIl.11I111 I'WJlIOL1IJIIOJlIJl'J1

'InClmln JlII]'PIl/l)o\.llIll1l1M • (VI:lY'(IlIIViIl JlI)]'ICl1X nn:lollllll t: IoIr)IIOJIl.:I01lflllllltM d-
--lJtjl~\:1I101'1l 1I01'IlIIlI,lolIlJIIi II 1I1l1l10M 111J,IT,XO,111l pOJIJI'l'HllWllllIYHl [1I1CCMO'I'PIlIiO 1\ 

PII(J()'I'IJ 11/1/). 

'1'lll<HM lJ(\plI:IOM. IIP0,lIOJI ('1'1), OO¥CJIOIIJII!lIIIII\.! JI<:HMJI'I'O'nllloll IJOJIIIOIIIIX 

111.Y111Cll,loIll ICllIlPllolIVlOl1 ( II III) 1lll1l0pOM rJ -fl(l[III:IlilJl'(l IIO'I'OIlII}IIIJIIl), 'l'i1IUKfI 

IIPIII10)IJI'I' IC ImpIIJII.lIW~ Ir''1lflMIIIIIIJIOl'II'llllll<Hl~ JIIII'11I111IKVlIIIIIII,I • 

:~IIVIIiI'II)III'1) 

l'Il:I.YJII'I'II'I'IIM pIlII','I'11 1I11./1I11)'I'CII 1"',1111'1'11111':1:111.1111 11>1'I'''lIllIIlIJII.lI<,L1 r·.I0,ll"MI 

11 1l00(111111IlUll ."' 1111 flIIII':111111" 1i:IIIIH,lO.lII,(j':'I'IIIIII 111':\'1111111. 

JVIII "''':'1'1'''''111'11 1'10.11.11,1111 ".Ill'IIIII'1I '11111<:1111"11 <:11111('1'[111 11 11'1I111MO)lllfh:'j'JlIIII 

1\l111I1I1I11I111111 1111 ""XII,Il"JIII 11:' JlI IJlJIII I 'VIII 'I'IIJIIII}I'II'II 1(11111'111111"11 111I,IIOIUIIIII,II!11I111I 

IW 11'I'1I11,Y. 1I1111'''IIIIIIIMIJr,',Y II ICIJl. IlllIl'j'I""III"" 1"',1111'1'111111<1'1'111(" 111I11I1J!VlIIII'I'IIII,t 

,\" MII'I'I,\,II/l ,11,J11I IIIHII\ll1'I'II'I'I''111II1U1X IIIIJI:lli1III1IX 111111'1'11111111" (1\'1'111\11111) II 

J(:i)l 'I'I "Jil.YI1'I' 11<1111',111,:1111111111111 111"'111111111111 "1,1IlI1l1Mll.llloIl,>I',," IClIIIII'I'1I111I1I1111 (0: 

'"I1IIJ1.\ 1"1111111111111,,1 .YIU1IJrI'1I11111 11I1 111'I1MIIIIII'y11i I\IIMIIIIIIIIII'I''y .1. - '~( ,of ) 11 11111"' 

,llOJIIIIlIIOI"j 1I1ll1111"l (111101 ICIIIlH'1'OI~IIlI1Jl "lr' 
I:' 



"MmrnM8JI:bHoe" KB8HTOBaHlW He80eJIeBOM TeOplm (KX,U ...... ) OhIJIO 
4,5/. KX,U Hl/Hnpose.neao B paOOT8X / no cpasnemeo C OOU'lHOH 00PMY

~POBROH B pa,lJ;HaDHOHHOH R8JIMoponRe (ocHoBaHHoH Ha MeTo.n;e RB8HTOBaHMR 

,W1paR8) MOJKeT conepzaer. .n;orrOJIHllTeJI:bHYIO qm31'l'lecKYIO IDl0OpMaDHIO: 

1) ReHopMl'lpyeM!ie peiuenaa ypanneaaa I'aycca (xoropae Be.n:yT R IDliPpa

RpaCH01~ .n;oorrpe.n;eJIeHl'110 KyJIOHOBCRoro rrOTeHDHaJIa (T.e. R B03IlliRHOBe

H1'lIO pacT~ero rrOTeHDHaJIa); 2) TOrrOJIOr.l'l'leCROe BlIpo~elllie qm31'l'IeCKl'lX 

rrepeMeHHux (KoTopoe Be.n;eT K Mexallli3MY KOH!PafuuJeHTa - .n;9CTPyKTHBHO~ 

1'l1lTeIXiJepeHDH1'! !Pa3 TOIIOJIOr.l'l'leCKOrO BUpOJK.n;eIlliR 5,19/. 

B HacTo~eil paooTe, no cymecTBy, OUJI paCCMOTpeH H1'l3lUllH rropa

.n;OR KX.ITwm. rro nonepexaua rJIIOOHHW4 noJI.flM ( ,AJ.) C YR83aHHHM B1lIIle 

.n;oOITpe.n;eJIeHl'lOM KyJIOHOBCKoro nOTeHDHaJIa B IDl~paKpaCROil OOJIaCTl'l. 

Onncaaae rJI!~o, B K.X.lIwm jP1'l rex JKe npezutonoxeaaax OUJIO 
c.n;eJIaHO B paooTe 20 (CM. Tal~e /9 ). r.n;e rr0R83aHO, 'ITO TO'lHOe peme-

HMe ypannenna na CIIeKTp rJIJOOHon B pacryuteu rrOTeHDHaJIe rrpl'lBO,lJ;HT It ,lJ;H

H8MIi'l9CKOA MaCCO rJIJOOWl M MO;J;l'lqmDHPYCT (I>oPMYJrY 8CHMITTOTl{'lOCROll CBO

60JUl ,UJI.fl MaJIhlX nepcnannux HMlIYJr:bCOB. B p03YJI:bTaTO xero 311xPc1tTHBHHff 

KBapK-rJIIOOIl1l8H KOllCT81ITO CIlH3R CTmIOIlI'lT('.Il MIlJIoli, a OOh('ilU1ll BaKyyM 

- CTaORJILlIhlM. 

3TH P03YJIbT<lTU 1I0:lHOJlJI]O'!' IIfJ,n:OJITI,CJI lIB MllJIOCTh pa;J;l'l[JJJ;I'lOHHUX 11011

pauok K pOJIJITHBRCTCKOii J[OTOI1lU'!fJJ!J,1l0ll MO,I\OJIH, OIlliCOllIIOL! D CTOTl>f1. 
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AA.U II ")~"'IoII~U~ (~Vol V, _ JUl Mull, 
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B 3aKrrlO'leHlle aBTOpu OJIaro.n;aPHT n.B. BOJIKOBa, B.r. Ka,lJ;illUeBCKOro, 

A.A.	 XeJIaillBl'lJIll 3a rrJIo.n;oTBopHue ;J;I'lcKYCCflI'l. 
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