
~ 

C '° 
OBE>El{IBERBYH HHCfflYT QEPHYI' IOOIEJOBUIH 

JaOoparopaa ftO'peTa'lt.CS0I ..... 

B.r. Co•1Mt 

OttEPAtlD 3.IPHlOBOro eotrtmm&IH I OTPADIBUI 
lIPOCTPABCDA I Jl'tlEHH 

!958 r. 

V 



OBb'.E)lHHEHHbffl HHCffl'?YT .ff}tEPHHX MCCnEJtOBAimtl 

na6oparopna 1eoper1qecxon ~H3XKK 

Bofo CoXOBlie!3 

OITEPAUHH 3APHJtOBoro COITPHIEHHH H OTPAIEimH 
IIPOCTPAHCTBA H . BPEMEHH 

Wh.e;m11;:::i-Ci,:-· lit;~1~1;;:;1 
2I)lepm,1x llCC,1t:JlOUairnil 

6115.JlVlOTEKA 

!958 ro 



B ! e ,g e H 11: eTW 

OTKpbtTrul. HecoxpaaearUJ. tteTHOCTH .· p B CJia6bIX B3~m.rn.n;efiCTBmIX. 

H B CB!I3H c· 3THM HCCJie,n;onamrn pa3JUftrn1,1x acMMlAe!pHll, _Heodxo,n;HMOCTI, 

CHCT8t!aTYi3ar(Jrn: HOBbIX. '-laCIMit, a TaK)lte pa3BUTil8 Teopm-t )(MCnepc:~!OH-

. HbIX COOTHOmemtn H .Teopl'!H .· peaKUidi . C It01U!pLrn0!8.BHHMM 'll8.CTP!UaMH 

ycHJIHM!rtBirnMaijne ,K npeo.6pa3oBaHJUIM _oTpa.xemmo .nJisr ·,n;a1u,11e~mero MC~ 

CJI8,!(0Bamrn BTHX npodJleM nyricHO 3HaTb llOBe.n;eHttf# onepe,TO!)OB TIOJISI,. 

BeitT0p0B COCT01IHHSI7 ,!(IHaMHtI8CKMX nepeMeHHbIX rJ. H m.m.7t11ty,n; nepexo.n;a 

npH onepau11nx 3apn.n;oBoro conpsxeHHft C • npocTpalICTBeHIIOrO OT-

p paiteHHSI , , OTpa:remrn BpeMeHH T< , IL npH HX BC.8B03MOJB:HhlX .KOMCSM-

HaJ.~~SIX O Heo dxo,n;vtMO TaKJ!te . paCCUOTpeTI, !)e,3)IfPUibI8 TJ!ribI narpam1maROB 

B3a~rn:o,n;ei1CTB~UI V! TpaHC!pOpMaUMOHHbie CBOtiCT~a ,onepaTOpOB TIO.JI!!, 11P14-

ro,n;HbIX ,n.1ui ormcamur IIOBHX 3JIEn,1e111apnux,1tiacrm:~o . 0,n;It~KO l1:3JIOJB:eHxe -- -

BOnpocoB 9 CB!I3aHHbtX C npeo6pa.30BaH:vrm.m OTpaJKemur ne SIBJUI8TCSI 

C11CT8MaTPitieCKI1M'. H IIOJIHID.lo OHO pa36pocaHO TIO MHOrMM CTaTI:iSIM, B KO.., 

TOpbtX K TOMY xe npHM8H.H!)TCR pa3)IJ1tIHble. onpe,n;enemuI OCHOBHHX onepa-

rt~tl O !Iccne~OBaHHe ,ice pa31Uf<IH1IX THTIOB JiarpaII~HaHOB B3aHM0,!(8HCTBHSl 

VI . CBOfiCTB BOl!HOBhlX <pymntlitllg npLiro,n;miix )J,JIR orrncamuI 3JieMeH•TapHbIX 

ttaCTI-Hh orpaHHttv1BaJIOCI, .IU111Ub H3yqe1rneM l!X ~30TOIIl1:tJ8CKOt1 CTPYKTypbt. 

UeJII>IO HaCTOSinten pa60TEit 1IBJUI8TC1I ·cHCTeMaTHtre CKOe _ H3JIOitemrn . 
none,n;earrsr onepaTopoB 11 <PYHKUHfi npH onepanm1x ~, , C , T-

-_ H 'l1x IWM6HuanrrHx P-T , P"C ·_ , 'Cr' , ptCT , a TaKxe 1tcc11e~o-

Ba1111e Jia.rpaIDilUlllOB B3aUMO,n;etiCTBJISI H CBOMC+B BOJIHOBHX· q)y1rnnnn, IIP1'I

ro,n;m,rx ,n;mr on:vtcamur dap11ouon H Me30HOB o 

Miit CtpOpMyJIHpyeM 061!lH8 Tpe6oBamm, KOTOpble .D;OJIJKHhI· BbIIIOJIHRTI:iCJJ 

npH npeo6pasoBaHlIRX oTpa!Cemrn:, no,n;po6Ho npoBe.n;e:u 11:ccJie,n;oBamie 

O)J,HOfi=.ItBYX H3 3TMX · 0 rrepau:vrt1_ ~ yKa1.teM cneumpMKy° OC TaJII,Hoifi
1

0 Onpe)J.e

JieH~e npeo6pa30BaHI1M, TIOBe)J,eirne one:p3. l'OpOB nonen, BeKTOpOB COCTOSI

mdt M ,n;MHaJ,mqecKHX nepeMemu,rx npe.i(cranm.r .B,. BM~e Ta6JIHqH o )tanee 

JiarpamiHaHM CHJII,HOro B3al1:l.iO)J,8MCTBMSI pa3)J,8Jll1M. Ha ,n;Ba K.ltacca, 
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l'!CCJie,ItyeM HX oco6e11HOCTH0 Haii,n;elf Tpe.Hcc)o})ManHOHHHe CBOfiCTBa 

; B0JIH0BbtX q,yn1tn1n, OCTaBJrm:mtHX KHBapHSHfHWllt C00TB8TCTB3'1'l!tHe JiarpattQ 

. mtaH1J: Yc:raH0!H4M, UKHe Ml!HftMaJI!>Hlfe CBe,n;eRHSI 0 cpa.30INX WIOJIHf8JISIX. 

npeodpasyromcxcR oneparopoB 6apHOHHoro u Meaoauoro noHen aeo6xo-
U/lJ M_.;.:., 

, 
.1tHM0 3Hari, .tr.JIil onpe.1teia:emm Jie.rpaanaHa .1x Baa1n.w,1tettcx1wsr o HccJie,n;yeM 

Tamie JiarpaHmra.H B3amJ:o,n;eitctBHSI 6apH0H0B K U830H0B, KIBaplaHTHOit 

T0Jil,K0 OTHOCH\8.11.HO onei-tnll ·r • 
PaccMO'tJ)eHH8 moe orpa111:nu.1 ll0JISIMlf CllHHa 0) I/2 H 3JI8RTpo

MarHMTHbIMo 

BBe,Itelf CJI8.ItYJOntHe 0603Ha'lJeHHJI: 

: MeTpHttecntt reHaop ~µV : <j µv =--o· , ec,m p. * ·JY ,_ 

aulu-~--a·,==~o.,.~-o ~1rpetzeCK1te;HH)t8KCbt ·rrptrHHMaJOT 3HatzeHHH OT I ,n;o 4, 
(!:1111 tH, ~..,sv CJJ · · . . 

JiaTHHCKH$.,,OT I )tO 3o CKa.1!1IPH0e npoH31J8,lt8H■e onpe.n:emm ?aK~ 
. 3 

_ A}l Bp = At, 6~ - ~-• .Ak. B.k' 
,, k--1 . 

3Ha'lJRH T + * 
' ' 

o6o~HatJaJO! onepanHX Tpa1cnOHHPOB8.HHSI, 

apMHTOBOro H · KOJ.mJieKCHOro conpSIX8liKSI • 

X p. - ICoop,nmnaTa, x"' ~ t , fi =-C::: r , m 
1 

_,-,., 

p .. nettrop aneprHH m.myJI1,ca 
V· 

Jp.. - aeKrop 3JieKTpHttecxoro · T0Ka 

-fJ ~ - B8KX0p CilHHa 

- M8.CCU qacTHtt, 

Q. - orrepa.Top aapa,1.ta (pasHocr1, uex,Ity rmcJIOM tJacTHq H aHTH'QaCTHU) 

,~K=~dwt<), li,:~) Xs--:z¥,ltX3't'f1 ~=-L(tt'tstr<) 6t-Lv=½·(t1--t!v-iv?1 . .d) 
T . 'T i T t J "! -i I \ XJ. -:_ ti > t § = - l 3 1 t lj =: '(tf ' 

~ - B8KTO}) , CO CTOSIHHA'.' 

f - ·onepa?op JI~6oro noJin, 
(t) f - IT0JI0DTeJI»lI0 H 0TpHr~aTe.U,H0-

tJaCTOTHUe tJaCTH ero, 

Au~ onepa;op aneKTpoMarHHTHoro noJin r . / 

E} - JIIO()Ofi OIIepaTOp IlOJIJI CITvtHa O 1 

7-:.~. - ··-- ,--;;:i-- -- ~.:.o, ~-=-------;;' 
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' ' ~ .. orreparopu 110.mr cmima oi .. . , 

S - cI>a,sonHe ,.mou:re,m npeo6pasy10Illf7xe1 t103011n1.,1x no11eni Ji": (:c? ) 
I JT~ 

• one~top Jf ... Me3ounoro nomI, n~crt~eB,n;oneRTOp, rr 3 = Jr
0
> 

K-=-(~1
} .. onepaTop K :"" 1,1e301moro noJut, ,r3ocn111top uepnoro po,n;a, 

. 2 - (+) (-) - (+) (-) . (+) (+> 
npMtieu k', - k 1 1- k 1 , k' 2 - ~ 2 f- I-<~ · , r it K 1 > H 2 

+ o . G' c-J 
OilXCUBal>T ucnycmnue I-< H K -M830H0B, a i<, l Ke - OitJ!Clllel)f 

~o ~ 
nornomemte K H k' -:ue30H0B ( I-< 0 

... &HTX 1-<
0 

C, ue3oH) 
- + 

~ , t+J = 'o/ t 4 - oneparopu no JUI cnHHa I/2 ~ 

1, - cpe.30BUe }!H0ll!T8JIH npeo6pa3yIOlltHXC11 nonen CilHHa I/2 j 

t - cPa,30BI,I8 JlHOxr4TeJIH 6apHOHOB TIO OTHOm81U1IO K tpa.30BIDA MHODT8JISIU 

HYKJIOHao 

N -=-(~)- oneparo~ KJXJIOHHoro no.1m, HsocmnIOp nepBoro po,tta, 

I\ - onepa.Top /\ ... runepoHa, usocKa1urp; 

(,-,o) 
2::: ~- - oneparop 

.--, .___. - rvtnepona, usocnHHop BToporo po,n;a 

, ~e,uoop 
>- - rnnepona, H3once,,n;oeMJISip 

t>-. - :r.tarpunbl nsoTonHttec1to:ro cmtHae linoop11aHTH 113 mocmmopoB 

nepBoro Pl BTOporo po.ita .Hl.1810T ~BH,n; (3 t 2 1<*) HJffl ( w T't 2 3) • 
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,.__Q 6!YU~_,.!ill,J!.QJ:c8 H!!!. 

Mnl liCXOJT.!iU!· 113 HeOC>XO).(l!MOCTH (:JJ8/(YrQl!{MX OCHOBHHX rIOJIOl'.ni:amn: 

a) l'UlBapBHI'IIOCTU Jia!'pll.HimetHOB, ypa.nnemt« .D;BU~em,m H T oTio OTHO= 

cwreJH,HO COC>CTB8HHUX npeotJpa30Bamin Jiope!titas, 6} CY!!t0CTB0.08.HHR 

CBS13U cmrna U ~-raT1WT1tKM, B) llOKaJILHOCTH ypaBlWHt1H IlOJIR, r~ aHT~= 

1co1.n.ryTaTmBHOcTn ~J1:ne1tta-ruqec1rn: .. ,.nesa.Bvtcm.mx crrvrnopHhIX none no ]a.nee 9 

.lVIH Toro' qTo6bI ll(;ltJrJO'l1!1'.T~ Bee 1:i:ce'D){Otp:V!Sl'.P-!8CKI-H? BeJn~tmrn,r -:ti&!Ia 

HYJie:aoff trne prH11 M -r {'no nee )1mra1.utt1~m~Jrn rrepe1:remn..re, r~:aa.u;p:LJ tW-l1HJ= 

sani,rcsttr(m?. or onepa1opon c OJ.(?HUiKOBnrm1: apr;y11xeHTa1.m 9 xe,1t ire rttu~ 

B ?I ~ 6y.n;eM sarrncuBaTb B tpOpMe HOpMa.JilaIU!X npolirnBe.tteHni-10 3a:rlE-l:tlllM9 

ttro no}( 3ua1w:u uop;,ra,u,noro npom.1Be,neHua Bee do3oHnue oneparopn1 

KO?.OJYTMpIOT' a cpepimomme = 8.HTlrn:ow..ty:rnpyro'!' 0 IT01.n,3y!MCH np6.!{CTli.BJie= 

HH8M B3BHll0.1tefiornnn. 

Ccpopuy.nnpyeM YOJWBLUI ,_ KOTOpi.1a }l;OJm.HU Bh!TIOJ'IH.JIT1,CH npti npone.l(e= 

runr TpauccpopuauHn · P , .c , T w KX 1eo1rchnre.1u,n o OHtt RBJUIIO'r"" 

en .u;ocrrarot.tHEMW, HO He ueo6xo,n;m:mn.m .. Onu no3Bo1uuo1 0.1.tnormatiuo ff 

npocTo uanrn noBe;temte pa3JIHtIHllX onepa:.copmix 1mpa.zes-rnrtt rrpm paccMa,_. 

TptrnaeMLix npeodpa30BaIIMJIXo 

Ycnonnn 3TH cne~yr~nei 
IO I11map11aHTl!OCTL ypaBnemIJ1 .1.vm onepaTOpOB ITOJIR ~ 

(CJ -/J-2
)8 =0 

I i) , + 
\-Ltµ 8.Xi-t 

ti A ~o 
~ 

r'n)Y Cx )::O) ~J(.x>(Lcfi _]_ .. _+ rn)=o ,.,. a,x u. 
' 

2o HHBapHaHTHOCTb nepecTaHOBOqHux COOTHomeHHff~ 

[ f L") > j + (~ )] :.: = Df Cx - ~ L 

(I) 

(2) 

(3) 

(4) 



3o. Bl:InOJIH8HH,e onepaTOpHHX .coor.Home,Hmii2. ,Il;JISI- KBaHTOBaHIUJX BOJIHO..i. . . . ... ' . . . .. ., ·•·· .. . ... . .._ .. . . . 

BHX·_ j10Jiet1, n0Jtyqenu1i1x, . :s:aK :cJie.n;9TBI1JI;, rpa.nueHTHoro npeo6pas,oBamrn _ 

,_, nepBoro. po.n:a: .. H np_~9~pasoB~mu1-_ ; Tp~~tqnsrr.tntt, npoc1pa.ncr1~~? 7':; Bpe~emt: 

(6) 

r.ne 
. . 

3auennr,. 'qTO TOJII:,KO' TaKHe B3aHMO;tet:iCTB11'.JI ,MMerot· ~-1~;0:~ K0T0pHe 
; 

coxpaHSIIOT HHBapH?,HTHhtMH ypaBH8lU1SI ,n;Jisr B8KTOpa COCTOSIHHSI IlPH ncex .· 

.. paccMarp1rnaem,1x npeo6pasoBamuixo 

(8) 

Onpe.n;emn.t ocnoB1me rrpeo6pa3oBamrn:_. Tipeo dpa3oia.H-trn1!P- coc'ioHT . _________ .. I I 

B OTpaJKeHHH rrpocTpaHCTB8HHUX K00p;tHHaT, T.9 • ..,,'{K i-...,xk' ':i.4 =i.11 ' 
... '• . . ' .· 

npMtteM qacTHr.ta nepexo.n;uT B tJacnruy, no3rouy Q ':-: Q o IIpeodpaso= 
I I · 

BaHHe T COCTOHT B 0Tpaxemu1 BpeueHH, T.e. x~< -= .xl{ , J,~ = -.X4 , . : 
I 

rrputteu ttacnu~a nepexo.n;11r B ttacTHitY, nosrouy Q = Q .• Orrepaniut 3apsr-

.n;oBoro corrpsr~eHnH npeodpa3yeT t.ta.CTHUY B aHTHtJaCTHUY, Il03T0MY npeo6-. 

pasoBa.mrn C. onpe.n;eJISieTCSI raK: 
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IIpeodpa30BaHHSI onepa.TOpHUX. npe.•nn npa onepaIUUIX PT t PC 
t CT ' PCT uono Hat!TH, RaK IIJ!ft nocJte)t0Ba'l'eJU,H0r.o 

u 
n~OB8)tlHHH OCHO~BIIX onepannn, TftK nyteM onpe~neHHS 3THX onepa~H,~ 
• He3aBHCHMoro uaxo~ennn npe~6pa,3oBaax~. Onpe.n:eneHHSI ncex onepa-

il . 
ruttt ,ItaftH BtCT01ane a TadJlHitY I. 3a.M9THM, 

. onepattHtt aBHCIT <!la,30!He llHODT8JIH 1_ 
noJ1ett. 

ttTO OT nopsr.n:Ka npOBe,n;eHHSI 
npeo6pa3YIOJJtHXCSI CllHlIOp!mt 

IIpm npoBe.n:eBHH npeodpa3onamdt uw npocJie,n:mi noBe,n;emrn cJie,I(yromux 

.ttHHaUHtl8CKJ4X nepe11eHHHX: B8KTOpa 3HeprHH - 1umyJII,Ca Pp , B8KT0pa 

TOK& j p. . , B8KT0pa cn,rna. SK H · 3apSI.n:a Q • BHnHmeu SIBHble Blit'pe.

xeon HX ,n:na cBodOlHSx nonen. 
. · IIo~e · cmtHa uy.111»: · · * + 
· .. ·· P ~ rd;:[. ( ae* ~ ;. a$] a_e )- ( ~-.ae _ 

-~ 1 · ~P.f-l axp. oJ£-, ax"·. o)(p. · ~f-t\ ~llv a.xv a~v 
. . -112 e~8)}! (9) 

* ._ . . . ( * a e _ 9 a_e )·.• 
Jp. ~ l. ijr,r · · 8 a.xµ a:xµ • 

(IO) 

* • J + ( * ae ae 8:: L d.x: 8 - - 9 --·)' . . . a~~ a~~• (II) 

none cn11Ra I/2 

· .. ·J 3 1- ay . a~ . l 
·Pp. ::: d ..x: y ~" a.xi-" - a.)(,..._ l~ yr 

. . 
(I2) 

-
Jp. =,. ½-' Yr lt-1: '.,,:.~i{I3) 

5 ,/= ½ J d 
3
X ; 4' + (i t.., ( s ~ K ) 'i' : (I4) 



(IS) 

(I7)· 

RaK H3B8CTttO, JIJO()Oft onepaTOp llOJUI { (X) MOX0T 6:bl'.Tl> peJUITHBHCTCKH

HHBapHaHTHhlM cnoco<Sou pa36HT Ha IlOJIOllCHT8JII>HO 1' OTP11'.llaTeJIJ>BO 1.JaCTOT= 

Hhte 1.JaCTH 

Ma npocne.n;HM npeo6pa30BaHHSI nOJI01.tHTeJIMIO JI OTpHqaTeJII>HO=tlaCTOTHhIX 

tiacren .nPI'I Bcex onepau1u1x (cTOJI6en IY ra6JII-U~h1 I)e 3aueTHM, .tJTO 

ypaBHeHHn ,D;JISI onepaTOpOB CB060.n;Horo IlOJISI CllHHa I/2 B npocTpaHCTBe 

HMTIYJinCOB Hli8IDT CJie.n;yromHH BH.n;: 

( rn -.- X fl ~< fA) ½/ .i; ( K ) = o, ( m - KP- K ""-) ly <- \ K ) ':; o > 

(I8) 

PaCCMOTPHM npeodpa30BaHllR onepaTOpOB UOJIH, B8RTOpOB COCTOSIHHH 
-

H .ItMHaM11qe CKHX nepeMeuH11x npn onepauv.nx p , T 

CT , PCT • Onpe.n;eJieHue onepau11:n v1 ycJioBHR 

Gl , P T; PC·· , .. 

ll03BOJIRIOT naV.TH 

npeo 6pa30BaH11SI 3TMX B0JIP!tiJ!H, He nOJIJ,3YSICJ. HltKaKHMH .n;onoJIH11'.T8JII,Hm.rn: 

npe,ItnonoxeH11:11Mmo M11 no.n;poduo npoAeM0Hcrp11pyeu 3To na onepamrn: 

npocTpaHCTB8HHOro OTpaxeHMSI p O l{JIR OCT6.JI:bllhtX onepal'(HM yKa'1teM 

TOJI:&KO cneumpMKY Kax,n;oJii H3 HHXo Pe3ym,TaTbI npone.n;emrn Bcex npe.o6pa""' 

soBamin sanHmeu B BH,n;e Ta6JI11~1:,1 Io B cTon6ue I .n;a.n;MM o dosHattemut 
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one par~vrH 9 B CT on6ne IT = onpe;n:e Jtemrn HX o 

I I' • 
Onepaiv-rn Io OHa onpe.zteJ!eHa. TaK: xK.:::--:x:K' 

1 
X11 =: i.~- J:I 

Q' =Q O .nn.H rtpOCTOTiil cqHTaeM9 41'0 OTpaxe1me rrpOMCXO,Y;UT o·rnoc11, .. 

TeJil:,HO Ha.t!aJia ltOOp~HIIaT o ITOJib-3Y.fIC!) (6) H6.XOr"!l;H1,f npeo6pa30Ba!H/.te 
t 

p,,t , a HU8HHO ~ 

) I 

il?w ==-- PK t pli - ~' 
(I9) 

. . " I' .. 

U3 COOTIIOI1Ie1mn _ (5) CJie,ny;eT, tITO -f nep.,exo,!(:rtT B f , .1-1-- B 
t- ( +) . .i I ( f- ) . .f h '4-,) . JZ 4- , h' I 

/ 9 a f "'. nepexo,1utT n T = · . Li r "- B r t-•. · o ITpeo6pa~30= 

na1rne IlOJIOZttT0JIMIO !it OTpm~aTCJlhIIO qacTOTHl:IX ttacren onepaTOpOB 

. TIOJUJ 3arrncrmae?.J B CTOJIOI~O IY Tac5JIHJ~bl I 0 

BeKTOp COCTORmrn ~ - npn TTpeodpa30BaHtU1 p rrepexo,!(nT B r.}
1
, 

onpe,neJiemte BaKyyMa (8) He MeHH8TC1I., 

11:s-Q'=Q cne.nyeT, qTo J:(X)~Jl/(-;;1 ~'1) Ha oeHeB·amrn 
; 

ypaBHeHtHi Ma.KCBeJIJia llOJI:rmeM 

I ♦ I ♦ 

A k ( .x);; - Ai( ( -)( I )(i, L A,., (.x) -=A tr~-)(, J{ V) 

...;,. ; - --, 
H ;;: H E ::=:- E 

} " 

Ilpeo6pa:3000,mu1 one:rn TopoB nJieKTpOMarHuTuoro no.mt npocy1nmpyeM 

B CTOJIC>rte Y Ta6JUU\bI Io 

(2Q) 

(2I) 

UMeIOTC!l )(Ba copra . qacTm~ cmu1a O ' BOJIIIOBliie cpyHKI.tUM KOTOpux 

npM onepau1rn P Be.nyx ce6SI TaK: 
I tp ;;. -e· 
I 

<P· ~-cp' (22) 

Mb! BBe.rteM ,I(0TI0JIHMTeJU,Hble 'o603HatteHI1SI X H ~ )!..Tm BO]UIODbIX cpymCiltdi 

ttaCTIIIt cm,rna Hy111:,, ttro_6ra OT J11tttar:o none.n;eHMe MX npJi1 ,n:pyrnx onepartMJIXo 

L u 
\: .1 
I' 
,1 
! 

- ..._; 
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lTpeo6pa30?3aHHR 6030HJU,IX B0JIH0BNX 4>YlUCIUilf ia,n;m, B CT0JI6ne YI 

?a6JIHl{Lt Io 
IIpn onepartHR P orrepaxopu CIIHHOpHoro no,m npeodpa3YJOTCSI Tait~ 

4 

-- I '# + _,.. ,· . 
¼J(.X);;1plt' (-_xl_;{,_,)5pd4. 

13 nepectal0B0tlHHX COOTHOIEHHff cne.-yet, '!H 

(23) 

MaTplinY Sp=:- ({4 HaX0,ltHM 143 YCJI0BBlt illBaPftHTH0CTK II.PK P ypa111e'-' · 

mdt _(3)o TaK Kalt cmtHOpl:l S?BJiJlllTCS .ItBY3HatIJIHUII npe,1tCT8.l3JteHH1UA:1 rpyno _ .. 

m,1 JiopeHT~. I103TOMY .ltBYXKp&THOe npm..1eHelfflt onepatµtK P ?lOllter npH= · 

Bf:CTH It H3UIHtHHI) 3HB.JCA cuuaopa, I103TOMY' MOXeT npHHHMaTJ, CJieJ(yt>= 

~He 3HatleHHH~ 

n -:: + 1 Lp J 

(24) 
r i 

HsBeCTH0 13, 4' 5 ' 'ITO B0JUI0Bhle cpyHKIXHH Bcex qacTHit M0ryT npMHa,n"'° .. 

nee.Tl> K O.D;HOMY . H3 i KJiaCCOB ~ MJJH K KJiaccy. ft= t ,1 . . HJUt ' K KJW.CCY½~:.t't:; 

3aMeTHM )ta.nee, qTo qeTHOCTi TOJU,KO Tex qacrmn, K0?opue norJIOl!laDTCSI · 
, : ; . ,,. . 

HJUt HcnycKaIOTCSI npH B3aHM0,nencTBHIX :uoxeT cSbtT:& onpe.n;eJieHa 6e30TH0~ .·. · 
• . G • 

CHTeJI:wIO ( HJJH IIO ornomemuo K qeTH0MY BaKyy11y) • tJaCTHitH cmrna 

I/2 BO Bcex B3aHM0JteitcTBHSIX BCTpettalOTCS? nonapHo, noaToMy T0JII,K0 

0TH0CMtf:JU,HaSI tJ8Tll0CTI, HX m.1eeT (pll3HtJ8CK:tdt CMHCJio TaKHM o6pa30M, 

np11 onepauum 

U{HM 06pa30M 

orreparopu cnHHOpHoro nonsr npeo6pa3yroTcH cne~yro~ 



.... IO w 

·rrpeo6pa3onana, oneparopoB cmrnopuoro noJISI sa.tmm1,1 B 01·0.i·jYIC® YII 

a ceoruome:me :ueiI,lty ua:rp:n:~ru.m ! cToJH.Srte 11 8 iat1.11w1tu I" 

3saa ~1:euu npeodpa,soBtiD~ orrepa.1opo1 no.n:ett 9 na:xoJtmK none,ttfn!Me 

.nmw.Jnr•recxrrz nepeuemu,rx npm onepe.U.lirM Po rron1,:sy!!c~ (9)t (II)~ (I2) 9 
Q 

(I5), (I6) npoBepneK npaas.11•11ocT1> npeo6~.:Joaan~Pw Q , a Ha ocaoBaG) 

HHM (IO), (!3), (I4), (I7) •x~f'JtZM npeo6p&3ClfU1MR JfA w ~\:, Cl P~, .... 

3Yltlt?atU :iarntc:Eima.er.r' B CTOl6~c 9-TadWAt(H · I e 

lis r ' tf M 1.ID.'I'PJ!lt IJ ( s' r}~ ' rs Kp. ' Oµ\I ?.tOl!HO 

COCTtl!UtTt, Ilf!TI, 6nmtHtHllh1X ~opu 

,...... ~-- . -- .. . ·---

~ Lt' ) lt' ts ~; 1 -½-' t ,-.. ½-' 1 't' ls t µ ½' > 't' cr f-1 v 
I

t' 
(26) 

l!Todu ne pa.cmrnHBaTJ. npeo6pa30BaH1rn OT,IJ;e.1u:.m,1x cocta!:11111.,~rxs pacc:r,wT ... · 

pti1r npe·o opasoBamur c.,'re.n;ymmix BYpaxeHl!tt: 

Y Li-> 1 lf1 tsY) ½J tµ·½'Af-A-) 

- - . a 
t,J.y' V \iJA l,J V \( l,J.~ 
r O 5 6 p. r IL ) l d '5 d /-' T a.x 

' ' ' .. ~ 

d - Ly==--- I Y t,.,. a~,,\ 
iJAµ 

) ti, o f'-l\Y Y a;-; (27) 

Te 6t1Jit,rnelHHe KOl,{611nan:x1a, 1:0Top1.-rn npeodpa.3yroTcn npx )(auoll orrel'ar~vm 

: xax crta.rrfip nor.teCTIM B Jieiym ttacT:o. c:to.n6qa x~ a Tt 9 B;o1·opoo npeod= 

syrorcn ·1ca!{ ncenAocm)mp 1 1ro npa.Byro tract~ ·ra6.mr1tu I() ITcrne,1i,emt1 n.w_. 

paxe1irirn (27) rrpvr pa31mtJau:r. one~rcn.ax ,n;acT B031\rn,urnc1:1 npocro noJtyt1aT:r.· 

JiarpaHJ:Ct18.Hlil •KaK :cpexBepUU!INX' Tait M tieTuptxseplrillIHbIX B3a:tn.W,f\8itC'I'BHn 0 

I I 

QneESiiUSI 4• Oa _onpe.n:eJieHa TaK: .Xu ~ Xu. , .X~ = -.X~ , 

Q' =-Q Ii noiJ•.na tta:rnam~e B11rHepoBc1toro orpa'1Cemu1 BpeueHll6 
o 

!lo~ onepan•ert OT:pei.DBIU{ B~l.teHH MI,I llOHHMaeM Ta:rtyro onepa:r~nro, KOTOpaSI 

npeBpantae! !OJIHOBYD <pYHKqmo u B B0JIHOByro 4JYHKqi~·aKyro,. 1:.IT0 



_, 
ino6ofi -a1wrrep111JeHr, npone..v;emm!t 10 BpQM.I · c H&,n; I< ~u .n;acT _ 

rot jtte p~sy;u,ra:r, qxb n- sKcmll)K1•1tr-10· Bpeiur -i-t 
mreM .'1J o Toe. npu·onepe.~11 ol'pru~n• BJ.)IMtlirn uemrnTcsl'iiahpaB=··, .. 

Jie1z,re 1peMeHHott oc•, no ue npome_._ a 6y.Q-.i1ir~< · · -·' · 
, Ooopan1ur orpal:temu1 npeueua ae-'.ueaT ~Tl' B:iJirottena i odntyr., 

cxeuy ymr:rapnux np8o6pasonauno J{elcTBRl?tJIJtno~ e·cmr onpe'AeJittTI> ·· · · 

npeot1~30BaHH8 ,o~er~:ropon ITOIJI KB tpetk>BaHnH WHBa.!8U'THOCTM 'OTIO• 

CMT8JII.tJIO T- · ypaB!IHHfi ,n;BmJ:emrsr, · TO M:b! npx,n;eM Ji: npoTUBOl)etUHO :y,!.e• 

npn npeo6pasonamrn: .uarp_amiruaHOB 01060.1\HWx ·noJielL, '.Eenit arpanDaJI · 

. C!oCSo,n;noro 6030~Horo IlOJISI OOTa!IeTCI ,, MHBapHaHTHWJ tfilOCHTSJII:,110 .. 

onepa!llnt T, To Jiarpam1maH cno6o,n;aoro cpepMHOHHoro noJisr 1'!3MeHHT 

3HaKo 

.I{Jm nocJie.ztoBate1n,noro BKmotteurrsr onepau;o otpaxeHHH :speuem1 

T nfnnHrep 7 npe,TVImm:JI pacmrpnTI> ICJiapc npeo6paaoBan•llo OH IWlCCl!OT• 
, . ' . ~· ~ . - - . . 

peJI npeo6pasonam-re, nepeBo.n;11mee BIKrop .cocroMHJUI -~- , _ .13 Bexrop 
* COCTOSIHHSI ~ , T .e e 

,(28) 

MaTpH'tIHbltl 3]18M8HT nepexo.n:a (1 --~ & npn npeo6pasoBaHMK (28) Be,n:er 

t.J* I.} 1.1 1 -l1,)'-;4c 
( ra A· B If>):: ( ra RA, BR re, ) =-

~ (!t!~*{ RABR-r Yi )=(~t /(RBR-y(RAR-•iTJ!t'~ >: 
. 

(29). 
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T.o o · npe~6pa30Bau1e (28) npuBo,n;11r J<: a1rnepc1u1 Bcex one pa:ropoB9 ·a 

aro · .n;a.eT. ·aeoCixo,r;;m.me M3JftHem·te 3HaKa np11 npeoCSpa3oBan~u, narpa.u•9.= 

H~ CI060,I;HOrO cpepuCHHCrO TIOJISI o One~ltllH UHBepc.ff~i onpe.r{e"Jflt'!CSf ~3E8 

Bee oneparo1mse B&pa:cemit1 .n;onEHH -q1ra.r1,cn cnpaBa uaJieBv, Buectf> 

061-rcm~ro. 11Te1ma 6.1e1e. HanpaBOo 

BM8CTO 011epann1 miBepCitUI MOdO IJICC?e_l'P1iafi9 raa 3'To -c.n;ea.1 
B1rHep -6.1

1 
J(pyryw, i11i.1mHeiluym cttepUD 9. a m111no,. onepat:11• 1to1m.1tiK= 

caoro conpirxen~ :(cu. 8 ,9). ~-
. , l . . t . , 

11pOliJIJIIDCtpKpyeu HeoCbtO.!{ifMOC'l'i i1!J0B8J8IIUI nwl3epc:vnr OlUJ&tOpOI 

. HA CJI8)J;YID!Jt8},1 . npin~pe 2 " ·PaCCMOtpMM KOJ.!MYfUIIO!lHot CO(O'tl!Ollt3HJli 

~ · at- · r+ ll'· · 
L~ vv ~iii;-= r ,\ R1}; c 6) · 

rtpll_. r. ,X ~. :H3MeHrieT 3Il~&o _ no IYCIClU.UiilltJ'. one par op ITOJI:fl BXO,ll;t1f 

B ode· qacrir · paneHc:tBa 9 . TO ;i:nn eDxpaHems1 (6) ueodxo~11uo i~ ttlOGII 
. . " . . . ,~ ; .. 

r\ T0Xe W~Hi!XO 3HaK~ t!TO HtlO31i0,XB0 9 Tate ULK Bm:,prmI BaKyy\!a 

onpe)teJieHa paBuon uyJin o 3·ro nrx,xHDopeinie }rnqe;,:.me:r ~ ec;za onepanrur T. 
. . . ' 

COilpOBO:R,n;aeTCSI 11rnepcirnil ont~T-OPOB 0 

! 

BBH,11;y toro~ ql'o G ;:; 0 u ueo6XOJttilla mniepcirn I! omepaTopoB, 

TO .. M3 (5) cJie.1.tyerr, t1To npH T Ka~M onepaTop no1ts f 
nepexo,n;HT B 3PMlJJ:?OBCKT4 . COitpa:;eHHHti ~ • fl o6pa:1'HO O ITO!!ORHl'e,i:bHO 

H OTP~UaTeJI»HO=~aCTOTH~e ~aCTM npeo6pasyIDtCH TaKg 

. .D ( ft- 1,j . ¼-(,,-) ~ 
T --?-- f > 

-·~ 

!
' (""~} ' . [) -t (_¥)'' 

-•-- ~- ~-- . 
. . '. \': ~ 

onpe)le11e1n:e BaKyyua coxpaHnt:rcn o · 

MO,tHO IlOKa3aT:C 9 . qro npn onepa~mt'f l ... onepaTOpbl 't 
npeoCSpasyIOTCSI l'aK: 

(30) 

--·.·; w 
' .. -r 

-~ 
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I II I/I 1Y :Y ' 
YI YU Ylll IX X 

~C ~ BeKmop 
~ OnpeaeneHu cocmoJJHURI jr:ti '+r±J 
~ . 1t' J 
c::5 

R/J 
CnuH 0 

IP, <P:, X, ~ 
cnuH ½ 

<p, fP op ,ts pf' 

lp , S1r 

l5unuHeuHate KOMOUHGl/UU 
npl100f)OJyHJ{LJU0Cfl, KGK 

1 

cKanFp "(7cefJiloc:Har;5lp 

1 

p x;=-XK 
(=IJ I x~ =X4 

a'= a 
X~=Xx 

T l X~ =-X4 

a'=a 

C 

I I 

Xt'=Xf 

Q'd:-Q 

PT Xµ=-Xµ 
1~w~ Q'= Q 

X~=-XK 

PC I X4 =X~ 

Q'=-Q 

X~ =XK 

CTI X~=-X* 

Q'=-Q 

, ,~CTI x~ ~:.xfl 

(=SR~· Q =-Q 

'fl-'t1' 
UH!Jepcuu 

Hem 

/(±)_/(~' 
f +(:!:}-:-/4{±)' 

n;rxJ=-R,c r-x.xq.J 
fl~(X)=f/" (-X,X4) 
H'=H 
£' =-£ 

lfJ'.= cp 
q:,' '=-ct, 
X~ == X 
·(';-~ 

I 

l.f''(xJ =7pl,/·f'(-x,xtJ I (4 01< oi, =-'tK I P;=-P"';P4=P11l o/1.f' 

fii'rxJ-?;ijj(-x,x"}f4 I 0405 011 =-'ts IJ;=-]K;]~=fq. 

T/P = ±t unu ±l . I 046Ko4 = 61( s:=sK 
I I .n 

- - a 
'+'/,-/fRp ;'f'(pl.JI oxµ 
_ anti. 
9'6µv 9-' axv ' 

iji OS <t' 

iiits{µ(f)Rµ 
- ·w_g__ 
<f'ls Op ' lJXp 

2 

lt1-l/ HI I jr+J_/1-r-r fl~(xJ=-RK~x,-xtJ 
. , R4(X)=f14(X~-X4) 

uH!JepcuR I Jr-J_J+f+J' R' = -H 

'P'Y=,.r 
<P' =-ct,* 
X' =-X * 

"f''{x)=r;TQ·'(,1 ij}(i,-X4} 12-1
{; S? =cp 

fii'{X)=r;r*'+'(x,-x")Ql* 

Q=o,l3; '/rQ:=1 

g-tyT Q =Y 
05 - 05 

P,r =-PK;{)., =;--4 
- f 

Jk=-J":J~=:h 

iji l.f' ; ij} K fl '+' Rt.J 

o/osofl 't'Rt' 

. - {j 

-cpKslfl;'+'of''f'oxp l 3 
tJ 

ft.I --ljl' 

UH6epcuu 
Hem 

£'= t 

f(+)-r+(+)'I !(x)~-Rf'(x) 

1r-1 _ 1-1-r-J' H = -H 
I £-1 -=-£ 

't'-'t',,, I 1r+1_f+r-1 R;rxJ ==fltJ(-xJ 

uHf;epcufl I / r-1 -f +r+;' 1z: = -R 
£ =-£ 

f == ~* 

. <p'.= 'f' ff 

cp~'=ct,* 

x:f =-x• 
I 

. (=-(· 
tp' ='I'* 
q:,' ... cp* 

X' =-)C' 
r-:=-t• 

I ~ . 
I 

f./ltxJ-'lc c-tcp(xJ 

cprxJ--'l: "'rx)c 

C•12l,.; ,Zc,Z;=1 

l.fltx) • 1/PT<;r'<P (-x) 

i:p'( X) •'/;, 'IJ(-x)Q 

Q•!,!.1,; 'ltJr'/:r=J 

g-t6TQ:-.:-(jl( 
I( . 

c-1;c =-aµ 
c·fyT c=i 

05. 5 

c-'o;c=-61( 

5~ =-SI( 

p; =PfJ 

lµ =-JI-' 

s; =SK 

P;=Pfl 

~r'o; 2 ~rf' I J; ~ J,q 
s; =-S" 

- tJflt!. 
lf'6flv <fl fJ Xv 

[jJ 9-' ; fji as f/1 

<Paµ Cflflp _Q_ 

ij}ls(fl <fl tJXp 
- '" iJflfL. I.JIOpv -r oxy_ 

ij)ls op It-' ox!' 

- Id a 
41'tµ, axfl 

iiit,K,,'l'flf' 

- l.f' i} 
I.fl i:fi, t;JJ S [jJ J';1 I.;/ iJ Xu 

- iL ,-
ifiaµY'Rµ; '+'(s'tµ9'(Jxµ (jit.s~J.J 'ii Rf' 

aRfl_ 
96fN yJ tlXv 

4 

5 

I..J1-LJ!' f''+i_f+r+l 
uHfJepcuu f r-1 -J +r-/ 

Hem 

,q;rxJ=fl,r{-x,x"J 
fl; (X) ==-1/4 (-X, >t1t) 

R'=-R 

'P' = 'f * o/rxJ='/pcC-,f/ii(~x,xi,J P;=-l{;PJ,=a, 9'+'; fiJoµ l/lflp 
,+. I _ ..+.If 

'+'I --- .-11 it r-- c•f T I I -x~, =-X* I.Jl,x)=~PC 'fl-x,xiJC'(l/ . Of C=-if lx=fx;1'+=f4 (po5ofl'·l'Rf1 

- wa 
lflt/-t1;lf'J'p,'8~.t11 6 

iilts~,, '+1 aif' £'=£ t'.'-= t:* C·;v". n n*-J S' =S ,-;;5 ,., tlRM.. '"> , 0201+ 1 ,Pc·,pc - K K ..,, flV Y- tJXv 

R;rxJ=A,dx.-x"J 'P' = 'f' 
I - - I 

<f'tx)~'lrcS-'9'(x,-X4) s~14s:-K" P;=-P1e,P4=P4 <#9', fiitfl(p -11;; I '-Ills'+' 'tl-'f/#' I f(+)-fr-i' 
UH08pCu.Rj J+fil_f+f-)1 

A11('X) =-Rt,(X,-X11) ct> I =-ct, 
R' =R X';= X 

-,(. - ,i-r::- s s;rl(s-il( r'- . '"" -Y' X)--'lrc"fiX,-Xt,) · 5-1
65

S=-fs JK..:]x,]4--.'4 <f'op'f'flfl 
- a 
'-flls6f1 '-floxfl I 7 

-, - . ,' £ = -£ .. ~ ,=-~ 

l;1 -- 'ti~' I 1r+J _Jr-J' flp{X) =-Rµ(-x) 

uHoepcuRkfr-J __ fr+J 1 ·~·=R 
£'=£ 

Ta6nuLJa I 

,.,,, = 'f' 

. ct,'.= 4> 
X~=X 
·f =~ 

S"'K,K/K3 ;'7rc=!funutl s·'6xS=+61< s:=-Str ~6/-1 l.f' 3f;-_ ;:pas K t/1-' fl I-' . 

lf'(xJ-'7fs9'(-xJ = P~== Pf' '?_l/1; iii/s 'I!_ 
_ _ ts 1µ1s -df' , '11(µ4' ox ;t;J[µl/lRµ 
9'

1

(x)='7"'f./l{-X)o5 y 6. y =-6 lµ =-]fl ~'/ t 1.i!'_a;t;JK,o, ~Ru 
os 'Kos K . , Y.5 'fl lfxfian.'51' ,. 

? =±t u,,.u ±l sl(=-SK 'i'6r" <fl '"Fxt-

K cmambe Br. ci:111ofJpe6a. OnepaL1uu 3apR8o!Jo20 conpR>KeHuR u. 
ompa>1<ei-lu>1 · npocmpaHcmoa u fJpeMeHu. 

8 



(3I) 

npnqeM !:°/[,. Q" t p. : . t $1 "(, ts ~ ~ 5/·e-Q i , 3alferHII, QTO 

q>a.30BHe 1moxHTeJIR ti.,_ :orpaHH'lleHhI,T0JibK0 o.ztHHU ycJioBJieu iri*r~, ~ 
' IIpeot1pa~oBaHHSJ oneparopoB no.neia, Be.KTopoB cocro,nndt H, .ztHHa

MHtrecKl!Xc nepeMeHHhlX npH onepanm1 y np11ne,1teHbl B crpoJte 3 ·Tat1mtttH.Io. 

Onepaqmi · C paccMoTpeaa BO ·uaorHx padoTax :t [I ,2,IO,II] , a 

onepanHst PT , Ha3naHHasf c11acb:i1u 0l'pa:1eH1eM (WR) , no.npodao HCCJie~ 

,n:oBaHa B . [~] a . . 

Oneparuf.¥P TC ; B psr,ne pa6or [3 ,5, 7,r2J Ha3HBallT onepanHelt 

· OTl)!zemur BpeMeHH,· aro CBSI3aHo c re11,. qro npH onepan•• orpa•aiu, 

BpeMeHM paCCUaTpHBaJICSI CJiytfatf, KOr,lta OitepaTOp no.na f nep&XO}tH'.f 

B f' H H~ :n;enfncn 'aIJa,lJH3. ITOB8.It8HHH 38.pH)ta Q . o· mBJIHrep : -H . BeJIJJ 

-~CCMaTpHBaJIH · TC , KaR onepaqHR>, ,ltOno.nHSIDDtYB> P JtO npeo6pa.30B8.HIR· 

COCfoTB8HHOlt rpymihI JiopeHnao 

. OnepanHSI PC Ha3BaHa ]au,1tay [IJ] _KOM6H.HHpO_BaHHOlt HH13epcKelL, 

HHTepec· K 3TOti onepanHH CBSI3aH e· OTKpLITHeM HecoxpaHeHJU{ \l8THOCTH" B 

c11a6Hx Bsamio.1tettcr~1rnx H npe,11;.11oxesHeM TI3,r4] o HirnapHaHTHOCTH. OTHO• 

cwre,n,Ho PC cna<11irx B3am,o.zte.llcTBHR. B{IS] 6iirM · stircmaem rwno·Te38 

· od ofSnteM Tpet1oBaHMH HHBapuaHTHocra TOJibK0 otaoc11re.1•Ho PC .-,u, 
. () 

. BC8X B3aHMO,n;eHCTBHfle -

'onepanHSI PCT no,11;pOdHO paCCMOTpeH~ B I2,r51 o_ OTH0CHT8JIJ,H0 

npeodpaaoBaHHif ·PCT ITayJIH, r2], Jm,ItpcouT161 H JtpyrHM [y ,I2] .Jt0U31.H8 
. ' ·., . . ~ . . , . 

reopeua O TOM, ttTO mHpOKHit KJiacc reopidt. no.na, HHBapHe.HTHHX OTHO~ 

CHTe.n:r,HO · co6CTB8HHNX npeo~pa30BaHldt JiopeHila, TaRze HHBapHe.HTeH 
. . . . ~ . . 

0TH0CHT8JI»H0 npOM3B8)t~HHSJ npeoc1pa.30BaHHI! PCTo Sta ret~'.iHOCHT 

Ra3BaHue .reopeuu ITayu~Jm.ttepca o 
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Jr1rpap1.mau1i1Q.!3f¼i!.rn,1~ltcq;111:n I4'. BOIHOBHe UHJtlli'IJ 6~mJ.~HQ} 

-~ lll3~W 

PaCCIIOTPIU{ B(l~'-CHHe uinw a.rpaaxnaIIOB D3tJJUfO)'.(eMC'l'Bm,i M 

CBOliCTBa BOJIHOBbIX ffHKitMll s, npwrO,l;lIHX . ,nJI.fI onncanvrn t1apii0HOB (R:fKJIOltH 
. ' 

/\. , . }°" ... H. Z s::s rm1epOl1il) fl ).ie$OHOB ( J1 Pi R<::>Me30HH) o 

curaeHs, 'ITQ . CilMH Jr H K=?,!f}3080B pa.Ben HYJms a. crrmu d~p.KOli!OB 

.I/2o .. 
0 

l30'fOIUftI(!CKa.fI CT-pyKTypa JTar:r:e,HXI-!aHa CIM!SiiH~ro B~~OO)t@tiC?'BWI 

lli30R0B m· dapMOHOB 9 npe,nno',icemmn B i:rrf 9 na160Jiee l!e'tKO f;®@pttyftpO.:.> 

,.BaHa CaJI8.1.t01~ rIB] .,· 3TOM MaT'eMaTiP-IeCKOJI q)OpMyJUrpOBK:tI CX®Mb! relfJis;, . 
. . . ... . .. .. . . . ' . 

liaHHa r9 ~Ii 6y~eM npvr,nepnBati.C$\' D .namIOM pa.OoTe·o 3e.,1m~m,r9 .'t1TO ... 

ec.111! . pacc:uaTp1rnae1.me tJacT1frtu .rrpwlia~neJ!\at K O;tHouy li roMy Jr® M30TO..;, 
• ., .4 • ' • ' • _.) 

TTHll~CKCH!Y . MyJil,Tl'lil!IeTys, TO MX BOJIHOBh!e cpyHKIUUl npM :ecex rtp®06pa30-

BaHHSX ,Be,ny? ce6SI CXO,ItHblM odpa3i0Mo 

JiarpaHjJaamf cuJI:&Horo B3aHMo.n;eficr1nu1 pa:s).teJIHM Ha ·.Jtaa KJiacca20 
o 

R nepB(n.ry KAaccy OTHeceM ,Bsa1u..to.n;enci11rn 9 co.1;epm~e xorsr. 61:iI o.n;uy. - . . .. ., . ,, ' . . . ' 

BepnHy II r.ne ~PMHOH ae ueHi!e? HM 0.l(!IOM 1113 CBOHX OCH<OBH!!,JX .xapaK- . 

. tepHCTRK: },18.CCB. 9 3JI8K_TptftieCKHti 3apst.n;S> CTJ.aHIOCTl>e 3Tll.l 3JieKtpmtarHlfT..,. 
•, ,,, ' . 

HEie. B3allMO;te!1cTJrn:s,r 9 B3am.w.n;encTBIUf JT =M®30HOB C HjfKJIOIIaMJl i ,J; 
' . ' ·.1-. .. . 

Me30HOB C [ c., r~nepoiiaMJI l'I Jr -Me30HOB C ;; =rJmepoHaMH 0 

Ro BTOpOMY KJJaCCY OTHeceM B3aHMO.n;efieT!HB~ co.n;epxa~vre TO.bKO TaK11e 
. ,. - ,.' . ; . ' . 

Depm1rn~9. ,r.ne ~ep1.mo"H o6srnaTeJU,HO HSMeHsret o,nay J.i3 CBOMX OCHOBitbIX 
. , 

xapaKTepHCTMK: Macca9 3JI8ltTpmtteCKnJ1 3apn.n:, CTpaHHOCT!,o. 3TO B3altMO~ 

.neMCTBMR .r; =Me30H0B. C I M t = rnnepoHaMH9 a Tattl!Ce Bee 

B3aHMo,nencTB11.fI R-1.le30HOB C . 6apMOHa'MU 0 

Bm1e 61i1n11 BBe,neHw · BOJXHOBoie cpynKttm1 tJacTVLr( cmma Hyni, \f 9 

)(. , l"A, ', } It B CT0~6ne YI ?a6Jmr(bI 'I ,naHbl rrpeo6pa30BaHHSI llXo 

Pa.cCMOTpHM pa.3JUPrn~e .narpaunaHbl B3a.HMO,n;e HCTBI1H i IUIBap~aHTHhle OTHO

cnre JU,HO . p .. 9 C f / . p 'KOTOphle CO,ItepEaT '/ .9 :( .. ' q, ' ~ o 

CqwtaeM , qro cmmopu 'i1 n 

MHOXHTeJUW:M \p ' ~,-c ' 

l'I 1t1 ;:_ o6Jia,ItaIOT O)J;HHaKOW:lMM <pa.30BWffl 

h 
LT • 

f 
-l 
~ 
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Jiarpam1rnam.1 B3t:UtMO,Iteltcnna nep1oro KJiacca .PII one I»J.?OP()I 

. lf' t )( t tp t S (.rtJUI Jll)OC!OT& ucmu.t/J,10 Me:kpa. ... x, 

L~ =~lflf'i-'lfo (32) 

-· oX.o 
L x = tx 'i1 ( p. 41 a x 

' . p, 

. Lcp=~<P~(5Yo4'o+tq,Y(5t,,Y ::; 

a :zr.1ur ~ 0 . 1toi!tno HaitTH T_o.111:,Ko '1et1itpexBepmm1aoe, saamro.ttt¥cnHe ~ ·_·· 
! 

HanpHMep, BH)r.a i 

L ~ '-' ~ ~ IJ-' t 5 t fA ljJ A fA t o • ~--~----
.. ·.· · . . (35) 

Hirn:aKHe npeo·cspasoBa~Hsr_ He CBO,IVIT .11arpa.Hxwam, (32)-(35) .npyr 1t 

,11;pyry, II03T0JAY cne,ItyeT pas.1mqaT1> nomr, onHCHBaewe onepa,Tope.u11 

i • X. ' cp ' ~ , • 
.n:.na JJarpaH:maHOB, OTH8C8HH&X KO BTOpch1y itJl8.0Cy; xapaitTepHO . 

HaJmttHe, K~~JA:e Odh!'tlHHX 'l.718HOB, B3aHMO,It8tlCTBHff BH,l8. L ( 4', 0 lt12 0 - . 

~- ½-'? 0 Y, e ) . JlarpaHJtHaHlit BTOporo x.nacca, OilHC1itBa1>mHe 

B3aHUO,IteMCTBHSI CS030HOB tp , A , cp 9 . ~ C (flepmioHaMB'v,H. 

½12 sannmeu B c.11e:zr.yro~eu BHie: 

- - * . . . -· ' cJ lf. 
L1=~f(Y,Y2lfl+½J2lr,lf )+Lf~(Y,l,-...Lre a..xp-

* . 
. - ,r . alf ·) 
~ Y2 tp. Y1 a.x~ i 

(:36) 

Lx = l~iii, 'r2X - ½J2 Y, /)+f"( Y, li,c Y2 ~:,... + (37) 

- ax*. 
+¼12 tµ Y, a,){i-A-), 
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* . (- - ~) P - acp - orp \ 
Lcp:: ~cp Y, is'r1¢ + 4'2. ls Y, cP +-rr:p(ly, 6s lµ a.x,-,. + Y2 (5 t,... trl a;--·) I (JB) 

. ~ 

. . * . 
L .• - - * o ,- at ·.. 2~ ) 

t::: t9r (t.! y· l,1 ~ - l,1. Y. LI} ) i-l 4'~ ! I.J 'l 'I LI -·-' - Id 'I Y 1,1 --· (39) 
r c T,us,2, T?C,,) T,<; 1 ! ; T,Q50µlc? '";"\ T20SOJ.t•1 a!v J 
•• l · . 0~" µ. . .A ,-l 

B 3T0M CJrytlae 38.MeHa 1i_-....... -I, tr';~ ' X. >- lf ' 9x--~lf H fx-;.--jtp 
Q 

llpHB0,ltPI1' (37) K BH,ny (36), a aaueua 1f~:- '-~ -c,, t,12 , .~ _,... c.p , 
,~ I':. - ·" ~ rP , /~ - >--· / t, npHBojnr (39) .. It BH,ny (38) o TaKHM oc5pa30U9 

nreel'CSJ T0JI:&K0 ,nBa THIT8. .11arpaux11:aH0B .BToporo pO,I(Sl, a I1M8HHO 9 

(36) .pr. C:~8), _nptttteM, THn ~.samw,nenc;mr.a orrpe,n;e;rn:eTcn. noBe,I(emreM 
• ,, • • ~ • ' • • ' • • • •: ••.a ; •• •. V '• • • • ' , 

onepatopa 6oso1rnoro II0JIJf npn c • Onepa:ropu 6o30HHbIX no.nan, 

BXO.ltSirtMe B Jiarpammaau B3aMMO,n;etlCTBMSI Bl'Oporo KJtaccaj MOmIO pa3= 

JIIl!llaT:& T0JI:&K0 no 0TII0meHffIO. K onepartnn Po 

RaK II0Ka.Saf,t0 B [ II] ,H. KaK Bri,ll;H0 lt3 Ta6Jm:ql,I I .rpe 6oBam,:e 
' . ' 

JtHBapMaHrHoCTl1 'OTHOCJ:i~e ]I.bHO C . 38.ll~l!{aeT ItOMc5rmaqMD CKaJIHpHOti H Be It= 

Topirnn . CBSI3eti ,n;JUI CKaJlS!pHbtX tiaCTHI~~ Ho 3TO nepHO tOJI!>RO ,Il;JISI B3aHMO= 

)teltcTBHti nepBo:r;g Kmcca, :,n;JIJt nsa.m.10.uencr1;ml nr9poro rtJiac~a 9 KaK BH).l;= 

HO H3 (36-); BO~?AQJitH8.--K(?M6mrailI1S qKaJISipHoff u BeKTOpHOtl CBR3eHQ 

· Pa·pCJ.rnTpm.ff ?IJ , Ka.KMUPI, cnoticTnauu ocsj!a.,na,Jr B0JIH0Bble cpymtqmr 9 

npuro,n;H~e ,nJIR, prI11caHHn JT :0: I< -Me30HOB u ooprtoHon ~ npi,: onepar~n= 

SIX P , C , T a 11:x 1tow'.111Ha1u1nx, ec;m npw 0T11x npeodpa30BaHJutx 

,ItOmitHH. ocTaBaT:&cn HHBapHaHTHhIMH narpau1maHbI (36)-(39) 9 a TaK~e ~I,. T 
Jiarpam1maHM npoqecco13. pacna,na .~

0 
-,.. 2 i( , K .. --; 2 Jr ·, ~l · ~ 3~-:-: o t. 

IlpH ·onepaitHax P, TC, PCT, T, · C onepaTopO rrpeo6pasyercsr Ta.JC: 

8
1

=dpe) e'=oTCe) 0
1

::0pcre, 
I :#( e = o ·e -

T > 

IlpHtteu 8 p : i f ) 8 TC = ! 1 J 

e':. r k 
Oc 0 , 

dpcr =- i Jr Jr*=· 1 J . ... ) 

(40)' 

Jc de*= f 0 
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Jticcrie,n;yeu, KaKHe ycJIODlrn ·Ha s Hll.KJia,i(IiIBaJOT ycJIOBl1SI RHBapMaH

THOCTit Jiar:pamimanoB npM P, C, · T e :}i!~l 3KCIIepMUeHTa M3B0CTHO, tno 
rff ,.,.. 1 2 o --ii> 

o !p - 1 , a 3qJCpercnrn1rntt narpamrman e ~.17 (HE) · , omrnu-

Ba10111un nporiecc 

ecJrn c,/r; -· -11 

0 

JT - ll ' 
~iT 

HHBapitaHTOH OTHOCHT0JII>HO, 1
" C, T 

,r· 
, di :: -1 • TaKMM O 6pa3OM q, , oc :: I 

., 
nBnneTcn oneparopou 

113 i-rnnapuaHTHOCTU OTHOCl1T0JibHO T Jiarpamumua 
~- 0 · .-Y 0 

C(KJT Jr t:11 JiJi) . 
. K 

omrn1,rna10utero pacrm,n K ·-- tJ, , cJie,n;yeT, tJTO Dr== t. f • BB11,n;y xoro, 
K - . . . ·'K 

tJTO 5TC ·= :t ! , TO 0Tc10;i;a cJie]\yer t ttTO J 
0 

-::. t / • Tait KaK nee 

CUJI:&m,re B3lU1MO,lW tiCTBHR f( -Me30HOB OTHOCRTCR I< B30.mrn~eflCTBl1SIM 

BToporo 101acca, no3'I'ouy onepaTopoH K t'f( -Me3oHuoro nom1 uoiteT 6!:irTI> 

MJIM lf HJIH (p , D 3aBMCHMOCTH OT npocrpaHCTB0HHOn qeTHOCTH 

Paccuo·rpm,t TpaHcqJopuanuomme cBoi1cTBa one paropoB HYKJIOIIHoro 

' 
S -nmeponHttx 110Jiei1., Tipeo 6paseBamre 011eparopon 

,n;aHbI B CTOJI6~e YTI Ta6nHI~bI IO. Ha mrnapitaHTHOCTU, npl-! P, TC, PCT J 

Jiarpamriranon (36)-(39), cne,nyeT, tJTO orreparopbI Bcex 6ap110Huux nonen 

,noJtF-CHb! npmml-(JieEaT:& IC O)J;HOMY 113 ,nByx RJiaCCOB! l1JIYI K KJiaccy 1_:: t'l 
IUU! It KJie.ccy · 1.= ± L e Us I1HBapL1aHTHOCTH (36), (38) OTHOCHT8JII:,HO 

• e 
orrepan11n T vI C cJie,P;yeT 9 'tI'.l.'O cpa.30BHe 1rno,r:HeTmt 7. r, ~l-c Bcex 6ap11-

onon uoryr OTJIHQaTLCR ,n;pyr OT ,npyra JIHillb 3HaKOM, tJTO HaXO,ICHTCR B 

cor Jiactrn c npe,rcno110Y.Cemrnm-1 B '.22~ e . YcJIOBHMCII onpe,rceJinTJ, rpa.30BHe 

1:rno✓.c11TeJiu /\ . ' r.. .. M. 2 rnnepoHOB no OTHOmeHMKl IC ql8.30BHM MHO-

<. MTeJI.RM nyKJiona, 0603uatnur nx trepes E ,£ MOICeT npmrnuar1, snaqemrn 

./ i§ .;t.I o IToc1w;n,Ky np~ one paumi PCT oneparopLI t~~ · n. 6111nrneiim-,1e KoM6H-
:::s O - . 

>~ ~ Hanm,t tr'i., 0 '¥L . . . OCTaFJTCR H8H3U0HHhIM.t ' TO- OTCIO,r,;a CJie)l;yeT' tITO 
~ Ul 

·:.:s; C f I\ .--- ,--,· ·tLD Cpfr -:::· · ,J.l;Jl.fI . · , > 11 ~ ..;..ru11epOHOBo 
~ 

Pacm.rnrpaM Jiarpam:man nsamrn,rcelicTBI1.FI Me3orron n 6apnouoB u 

orrpe,nemm Itarnte HIUIHMaJil,HHe CBe,TI,eHUR O (pa30BbtX MHOJitMTeJI.HX npeo6pa.
u .. ticf'7 

3y1nmnxcsr BOJIHODhIX qJyHKI\Mtt I1pH P, C, T ueo6xo,!(m.ro 3Ha!f-b AJIJI 
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JJ.JIF. q,~uo;uaimoro onpe~t.11e1nu'.I ~Toro Jiarpa1nw.t1&0 24lfllfi!J.t . .tie.rpc.H<-> 

i.tttaH B3aM1r◊,n;ei1C!Bl:I 1111,Ite ~ J(tl.HHOM B (rs] , Ht eo~epi.ttlll{IM rr:e.)J.flf}BT¢.

Hb!X tIJieHOB, a W.!itUIOi 

-. ). ). 

L (J( ) ~ ~ 
1 

: N (J< ) d"s 1: JT · ( .x > N C-X L +-
• . Q • 

- A " ~A ;.. 
+ ~2: A:!~::lfs'lft(:.X)~ .:{,x,) -t L ex >Ks If (-X) /\ex): + 

• I I ,u 
S.3 .,.. " >-'' - >,. " " + 2f T1 ("t t .,:-t ) : L (J{) a 5 /T (J< ) '[ (..x ) : ➔-

- >. A 
+ ~~: 2 (.x>t5 J; JT (-X)S (.X) +· 

- * -+~
5

: N(J<)J.<{J()/\(.X)+I-< (J<)A(.)()N(J<.): + 

_ >. ).. -A * A . 
+ tr:N(J<rt·k'(.X)L (.X)+L (.X)K (.J<)1: N{-X): t-

d6 . 

+ ~ 
1 

: Z (..x) t 2 
K *<_)() /\ (..X) + /\ ( _.X) k' T t 

2 
S (~ ) + 

.. - . . ~ ),. ~ }. - }. T .>- e ( 40) 
+:~8-. 3(J<)t L K (.X)L (.X)-i-[ (~)~<(.x)tt :;(.x), 

BBM.ItY Toro, t.lTO ¢) ffBJinercsr BOJIHOBOtl tpyHK~ltti .Jr -M03OHa, 

TO BPI.It B3aHMO,n;ei1cTBHt! ~. , ~ 3 , . ~ i., O,ItHO3HatJHO onpe,D;eJieH, 

B3aMMO,ItetlCTDMSI :h'Ce 9 z,' ~5 H 9 7 B ( 40) Hamrna.Hb! npo1rnBOJIJ,HLIU 
. ' . . /I r: 

o6pasou. BM.It qJieHa ~?, 3aB1rn11:T OT npoMsne,ttemur E p f. p , ,n;m1 
/\ Er. I 

Bblpa)lt0HHSI 1 JtaHHOrO B (40) f., p · p : • ]BH,n;y Toro, qTQ Bbipa-

:xcemrn ~ 2 npHHa,nJienT K B3a11Ii.rn,n;eltcTmu1:u BToporo KJiacca, TO 3Hal.Je-
" r ·" r 

HHe Be11HqHH · ( f.c £ c ) R ( E. r £ r) He HYlKHO. EcJm 
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A t:· .. 
Cp; £ p :=: '."". 1 > • mo 
. . - .>. A - >. .\ . 

. L2=~2 /\(-X)JT (-X)L (X)+1: JT(--X)/\(-X): 

· Bsa.e'Huo.n;elf cTBHe . ~ 2 . onpe,1;eJ1aeT T&ae orsome■lie Txno1 •••~•lt
crsun ~5 JI 96 ' g7 • 18 • l{elCTNT8JliRO, 13UUO,J,;elt-

Cl'BH8 ~ s I (40) 13RTO npoH310JliHW ogpa30lf, OHO onpe,J,;8JIR8.TCR 

npOH3B8Jt8HHeU E ~ 6 PK . ' B CJy~e· ( 40) ( £; s ; ) :: 1 • 
· ' /\ t A rk' 

·Ho IlOCKOJiiKY H3BeCTeH ( C p t, p ) ■ ( £ p Op ) t TO 

B3aHMO.n;encTBH8 ~6 . 110JJHOC1'1tl> OI1pe,JteJI,tHO. Eca H3B8CTHli 

-cc; -E;)'-.. •·CE; 8;) '1'03Hat18BR8 E~-~. OJtB_03Hatuio 

onpe,1teJiaeT B3aHUO.n;encTBHSI H ~ 8 • B c.11yt1ae (40) c; :: 1 • 

. .. . ·TaKHM :c>C1pasou .. .n;JIR. OJtH03Hatmoro onpe~ JI~HHR. Jl8.rpaux1aaa . 

CHJU,Horo ~. B3aHU0)t8itCTBIUI 68.pH0H0B H Me30H0B ij806XO)tHU0 3H8.Tl, 

CJI8.D;YIOJitH8 ,-. Be JIHtlHHH; . 

, .. ,3&{8THU, tlT0 Ha 0CH0BaHHH ,rarpaHxHaHa B3aHU0,JteltCTBHSl (40) 

.B [ 2~1 noJ1yt1eHa IlOJIHaSI CHCTeUa YP3,BH8HHff. ,ltJUI <.l>YHKitHtf rpHHa 

CSapHOHOB H J.{8301IOB. 

CJie.n;yR rHnOTeae, BH.D;BHHyron B [rs].' }»l,CCUOTpHU CHJIDtme 

B3amio.n;ettcl'BHR HHBapHaHTHiite OTHOCHT8JU,HO T • Kalt goxasauo B [24] t 

narre,HXHaHY B3aHMO~encTBHH Broporo KJfaCCa co.n;epmT qJleHH He HH!a

PH8HTHU8 0TH0CHT8Jil>H0 onepa~HH P. Ha OCHOB8HHH [!5,241 MOXHO 

cKasar», qro narpa,axHaHH B3auuo.n;encxBHR nepBoro K.na.cca 6e3 rpa.

.n;HeHTHHx tlJl8ltOB, HHBapHa!ITHLte OTHOCHTe Jll>HO T, BCJ1e.l(Cl'BH8 rpedo

BaHHR rpa..n;HeHTHOll H H30TOnHqecKOtt HHMpHaH?HOCTen, SIBJUll>TCR TaKxe 

.HHBapHaHTHw.m OTHOCHT8JI:&HO onepa.rtHH P. 
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]!.JUI CHJibHb!X B3a:tn.ro.n;e!icTIJlfi BTOporo KJiacca HMeeTCSI T0JibK0 o.n;m1 

B1il,lt Mrpam1maHa B3alUO,n;ellCTBRJI, JUIBapltaHTH'ri~Q;O'lHOCftTeJU,lIO 
1f , 

• 'C : • /;-,~:tt"' ;•• •/ • 

a HtleHH0 (.n;JUI npocT9Tb1 onycKaeu tmeH~ C· r~~eHTHOtl CBSI3~): 

L (= ·~1 { Y, (s tr; cj, + 't'2d's o/,''P*J + Lg;{Y, <ra ¢ - ~2 Y, cp*L · (112) 

.T ~It.,', B3a'MMO.n;e.rtcTBHe .BM)Ca 
; 

., " Ji!, .. . -·-

. · L 2 = ~ ll jlf, Y2 ljl + ev: 'r, 'P*} ~i ~~ l ~. ls 't\ tp- {j,2 Xs 't', ~*r 
(~:3) 

··· . I I 

npHBO)l;HTCR i~(42) sa1,teuon·1~-L·cp
1 
~n~ir >·~rr.~:-~f 0 

3a?,ie1'ID.t, '4TO .na.rpaHXH8.HbI nepBoro kJiacca,, HnDaprraHTHble OTHOCltT8Jil>ll0 
. --· -~ ~ 

,I ·;·· 

T, r,y.n;i.rr pa3JmtIHiitMH · ·.nnsr onepa.TopoB ~-- H' •< cp • 
, _,i) ,BBH,Iiy Toro,, tITO ·H3itctHO . s; ,ItJISI 0Il8p8.TO!)OB Jr ..:_M030HHOrO 

. r r. . 
no.rrii;. ripvttt"ei!' u;- '. ::: ..: i .. ~ TO q,iieiiu 'JiarpaHXHaHa,' B3aHM0)(8MCTBHSI 

:ue30HOB 1-I oapH0H0B, 0THeceHHble K nepnouy KJI~ccy; :..noJIH0CTbIO onpe.n;e-
•·f ··•:· ·-

neHhlo JJIH B3aHMO~encTBHn · xe BTopor~ KJiacca EM88TCR TO~I:iKO O,ItHH 

BM~ qneHOB~ a mAeHHO (42),· mmapHaHTHbIX OTHOCHTeJI1>HO TO TaKHM 

o6pa30M M30TOTIH'll8CK~ HHBapMaHTHhlfi Jiarpa,H'-iltaH B3aHMO~encTBHR 00.pMOJIOB 

n uesoHOBi · HHBapH~HTHHtf OTl!OCHTeJI:r:;no ·T, n6JiHocr1,10 onpe.n;e Jien. 3TOT 

J1arpa.HttHii,- no.riyqenHutt· B .[r5,ra, 24J, 3an11meu B c.n:e~ynmeu.Bu.ne: 

. - /I ,\ . 
L (X): ~ 

1 
: NJ5 t JT N. + 

. , 
·, 

.. .. - . . .\ ) 1 - A .. >. . . - · J. >. - ,\ . >-+ ~,2 : /\ t rn 1f [ + I._ d 5 JT I\ - + l ~ i : A JT E ~ ·[ TT /\ : + 
. ..,_;: 

- 93 ' X A1
· )I."· . - )I .. •. >. I ),,. II 

+ 21 T-i (t t 1: ) L t 5 JT t: . + 

. ', .:::::. ··, . : >, ' ,\ . 
+Q ,_ y'T" .--, 

<14'~05\., JT ~: + 

*- . I - *-
-\-- ~5 : NW/\ +J-< AN. +L95 : ~ktS'/\-1< At5 N + 
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