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BBEllEH11E 

Ycnemaoe pa3B~TH8 KB8HTOBO~ 3JI8KTPO~HH~MHKH B !947-!95! rr. 6uno BOSMOXHO 6naro~apH paa

pa60TKe MCTO~a TCOPHH BOBMymeHnn. B nocne~yDmK~ nepuo~ 6axH npe~OpHHHTU MHOrO~HCJICHHH8 ITOITNT

KH C03~8TD T80PH~ M830H-HJKnOHHUX H~8HHM. Baaqane npe~nonaranoc~, qTQ MOEH0 0 HCY.O~H H3 OCHOB

Hh!X ypSBHCHHit DC)JI8BOM TeOpHH 0 ITOJiytWTI:. !Jl0pl.!:fllb1 0 OOHCilB8KJIIIH8 npOl{8CCbl C Ci'!JlDHhlY B38lU.IO~eltC'l'llHCM. 

0~H8KO 3TH H8~8X~ H8 onpaB~8JlHCD 0 TSK KSK Ha 3TOM ITYTH llCTaJIH Rerrpeo~OJlHMbl8 Tpy~HOCTH. 

Tax, llOllblTKH pacrrpOCTpSHHTL M8TO~ T80P~H B03MYIII8HHR H8 OITHCSHHe rrpo~eCCOB C CHJILHblU B38H

UO~eitCTBHCY OK838JlHCL Hey~aqHHMH HS-38 60JILllOit KOHCTSHTbl CBRSH, UeTonH Tauua-~aHKOBa He npHBC

JlH K UCJIH, ITOCKOJILKY ~Jlfl HHX He ynaxoCL COanaTD He06XO~HMOrO anropHTMa ~JlH y~aJICHHH paCXO~HMO

CTCit. 

B03HHKJia ~CBOJILHO CJIOXHSH CHTySUHH, KOr~a R83aJIOCL, qTO TeOpHH CHJILHb!X B38HMO~eltCTDHit, 

OCHOB~B8ID1118HCH H8 COBpeueHHh!X rrpe~CT8BJl8HWfl~, 36illn8 B TynHK. 

B 3TKX yC~OBHHX BUeCTO 06~e~ 38A8~W OllW~aHeK rrpo~eCCOB C CKnDHbiM B38MMO~e~CTBH8M 6una ITO

CTaBJieHa 6oJiee CKPOMH8H aa,:naqa ycTSHOBJICHJI!ll C:BH3ef;l: Me~y paSJIHI,IHbiMl:! ilJH3111,18CKHMH ITPOUCCCSMH/I,II/. 

~CCJl8~0li8HHH B 3TOU H8llp8BJI8HHH HCXO~HT JIHWD Jl!3 OCHOBHNX npHH~JI!llOB COBp6MBHHOit KBSHTOBOM T80pHH 

ITOJIH 0 '1'8KHX KSK ROB8PH8HTilOCTL1 YHRTapHOCT:&, npnqHHHOC'l'L H Cll8KTPaJILHb!8 yCJIOBHfl. 3'1'0 ll03BOmlJIO 

OCB060,liHTLCft OT TSKHX HC!JIR3H'li8CKJ'IX ITOHHTHit ICS.K 11 rOJII::Ie 11 qacTHUb1 1 1138Tp3BO~H8fl11 uacca, "aaTpaBoq

Hbl£1:11 38pfl:zt H T • .1{. 

B peayJILT8Te 3THX l!CCJl8;l{OBSHH« y~a3IOCL llOJIY'fHTI> TSK H83biB88Mble ~J.lC1IfJpCHOHHb!8 COOTHOW8HHH 0 

KOTOpHe yCT8H8BJIHli8~T CBR3:& Me~ !JIHSHqeCKH~ B8JIHI,IHH8MH. 

B ll81,18JI:&HhlM nepJI!O,l:l paSBHTHH M8T0~8 ,l:IJI!C~epCHOHilblX COOTHOWeHH« 60JIDW08 BHHMSHH8 6hlnO y,:neJie

HO OpOQCCCy M630H-HYKJIOHHOrO paccenHJI!H/Z?-29/. nHCOepcHOHHbl8 COOTnOillOHHH ~fl 3TOrO nponecca 

MOryT 6HTL HCITOJIL30B8Hbl K8K nJIH llpOBCpKM ~YH,li8M8HT8JI:&HOrO npHH~Hna COBpeMeHHOit TeOpHH - CBO~

CTB8 JlOK8Jl:&HOCTH 1 TSK H ,li3Ifl TIOCTpOeHHH np~6~MM8HHOn CHCT8MN ypaBH8HHit ,llnfl 8MTIJIHTY~N nponecoa. 

B03MOXHOCTL HX ITPHM6H8HHH ,!IJIH llp0B8PKH CilOfl~TB8 3IOKaJILHOCTH BhiT8K86T H3 CJIC,l:lytlllUlX ~BYX 06CTOH

TeJILCTB. 

/1/ !.1.L.Go1dberger, Ph,ys.Rev., 99 (1955) 9''9-985, 

Ill/ M.Gell-MaiUl, M.L,Go1dberger and 1\f.E,Th.rrillll;, Ph,ys.nev., 95 (1954) 1612-1627. 

/27/ M.L.Go1dberger, H.M1yazawa 1 R.Oehme, P:lys.Hev., 99 (1955) 986. 

/28/ R.Oehme 1 Phys.Rev., 100 (1955) 150J. 

/29/ R,Oehme 1 Pbys.Rev., 102 (1956) 1174. 
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Bo-nepBNX, nocrcoJihltY 3TOT npouecc yni yrMll, aHTil3PM11TODD ttllCTh MH pacceHHIHI nncpe,11 n cvmy 

OTJT!ll!BC!toii Teopem:. MOXeT 6b!TL llb!p31![8Ha tte I 83 ITOJIHOC C8ti8HI'I8 paCCBHHJ.lfl, 

Bo-ETOpUX, l(JH! paCCC;-IJ!l1l! EIT8p8,11 }jl1Cfl( pCHOHHLI8 COOTHOlli8HIHJ: He CO~Bplli:UT JltlH36JI10}(38MOii OClJia

CT!f <JHeprl11l, 06a 06CTOHT8JII>CT1J3 npnBOJ(flT ~ TOMy, liTO .1U:ICIT8PCMOHI!bl8 COOTHOJJJeHVIH .llJIH paCCBHHJ.lfl 

.T -M830HOB Ha HJK110f!3X CJ3R3blll3!0T TOJihKO !!86JIJO,Z438Mt.l8 BCJI111HlHLI. liponepKa <lTV!X 900'l'HOilJ8HV!tl MOrJia 

6U .YK333Th H3 ll03MOl!tHh!8 HapymeHIHJ: OCHOBHbD: llpYJHIU!llOB TeOplllll, 8CJIV! 6!>! 6~1JIO JCT3l!OBJI8HO, 'liTO OHll 

f!IG!fll01'Cfl CJiel(CTBIU!Ml1 3Tl1X llpllHQ1!TIOB. B CBH311 C 3TI'IM ll3JKHOC 31!3li8HJII8 npv,o6pCT310T CTpOrJ!Ie ,Z40K3-

33T8JIJ>CTB3 ,Z411CnepCW0HHh!X COOTHOlli6H11t\. flOJI,Yli8Hiol8 ~I{Cr18pC110HH!iX COOTHOWCHI1tl: OCHOBbiB38TCff 1!3 CEOll

CTB3X 8l!aJI11THliUOCTW 3MIIJUlTY.ll pacceHHHH, ROTOpble flBJIHIOTCH, BOOCll[\e rOBOPH 1 06o611{8HHUMI! ilJYHKJ..lJI!flM11 

B CMbJCJie G060JI8Ba-!UBapl..{a/Z/x), YCT8HOBJ!8U11El CBOll:CTB SHaJIHTHlJHOCTi! 3MII.11l1TYll p3CC8f!H11H OpVIBO)IIfJIO 

It PHlty MST8M3Tl1tiCCKJIIX TPJl!HOCTeJ.l., B CBH311 ~ liCM ,11l'iCnepCJI!OliHhl8 COOT!l.OW8H11ff HBKOTOpOe BPCMfl HC 

6wm JIOita33Hhl. 

B I9S6 rOJlY H.ll.EorOJ!JOCloJ1Y.), Olll1P3HC:O 1!8 T60p,l!O o6o6meHHLIX (ilyHKIJ;JI!Jil If TCOpliJIO <fiJHltl.(llli: MHO

rl1X !WMflJI8!\CHhlX nep8M8Hllb!X0 BIICpBb!C pa3pa6JTaJI MCTOl(, IT03ll0Jiff!OU(I{J.i CTpCrO .ztOK33blB3Tl> ~HCTICpCYIOH-

11118 COOTHOI!IeHI:Iff. 8Tl1tl ITJTCU OH ,110lta33Jl .ll;lolC18pCJil011Hil8 COOTH0lll8HJIIH ~Jifl M830H-HYKJIOHHOrO paCC8HHifR. 

!1 p11 <JTOM 111! ClLUIO YC'l'"C\HOBJI8H0 0 "!ITO JIIICII8PCI1 )HHUC COOTHOWC!nlff flBJIHJOTCff CJiel(CTB11CM Jll1llll> 06UU1X 0Pl1li

J..l!IJTIOB COBpCMCHHOI,J TCOpli!V!. !1oCJI8 11CCJie~OB3ll fil ITO OClommnaHI1!0 )IJ.lCITepCJ.IOH!IbiX COOTH0ttl8Hl1rt l(Jlfl MB<IOIJ·• 

HyKJionnoro pacceP.mm D3.lli:HOe 3H3'!8Hl'le np11o6 lCJIH pa60Thl no 11X rrpoBepite. 

B H8CTOHll(CC BpeMH YCT3HOBJl8HO, liTO )111 mepC110HH118 COOTHOttl8H11H )IJIH M830H-li.YKJIOHHOrO pacceH

HJ,lfi H8 TipOTliBOlJC'laT 3KCITCpl1M8HT8JILliLIM ){3HHIIM. )la.Jll>H8arnee 3KCr!GpHMe!ITaJ!l>HOe HCCJI8,110BUHI'Ie !1pOL(8(;

Ca paCC8Hil11ff JT -Me30HO.B l!a HYRJ!OI!8X B 06JI:tCTJ1 60JlbllllH 3Hepr11i1 l,mryT llj:!OJIIITb CB8T Hfi BG3MOJKH08 

CYIT(ElCTBOBfilfVIC 3JI8U8HTBf!HOi1: ,ll;JIIH!b!, flpl:!!~BHCII!1C )IJ.ICITCpCl10l!HLlK COOTHOtt!6Hl1ii !JT -M830HOB H8 HJKJIOU8X 

)(Jlfl TIOJIY1i€H£lfl CII!CTCMbl ITpl16J!l1lOC01lllh!X ypaDH€Hl!il: 6wro paCCMOTP€110 n pa60Taxf30, 3I, 33/. lloJt83UHO, 

'<iTO 3TU ypaBHCHHfl YJ10BJl6TBOp11TCJll>HO Ontl.CU.Si~JO'l' yK838HH08 H:CJl8liV!8 B 06JI8CTII 3U8prllll: fl:O 300-400 ~bH, 

Hapfi,Z4Y C TI!JOl\CCCOM M630H-HJKJIOHHOro pUCC8ffH11H B8lltH08 3HU1i8HHC Mil ITpo:BepK\1 CBOtiCTBa JIOKaJII>HOCT:Il 

MMeeT ITPOUBCC lW!oU!TOHOBCKOrO pacceHHHfl Ha l<JIOIOHax. CJieJlyCT 0TM8T11T:&, liTO n OTJil1liHB O'l' M830!!-

x) 

xx) 

/2/ 
/2a/ 
/3/ 
/4/ 

/30/ 
/3!/ 

/33/ 

QCJo611J,eHJ:IO!i d\ytmt(HC!t M!:l li38!:1BaeM llCI1KI It JU!Hei1Hhlii HerrpephiBI!blit \lJYHKQIWHaJI 

~ lllBapl\3/2&/ 11JIH, qTO O.ll;HO H TO ~8 1 H3 BBe~CHHUX EorOJIID60BblM KJI3CCUX 

(eM., HanpwMep/
3
/), 

H3,1{ ITpocTp<J.HCT:BOM 

C(P,,;~) 

.nmmal( "'a ll.e;,rJ(,'fHUPO;liiiOM C'J,e3,ZJ;e ifi!i!3V!ICO>-TBOpeTmWil B Cl13TTJie, CillA (CCHTfl6pi> 1956 r, ); 

TalVKB pa60TJ' EoroJIJc6oBa, 1·.1e.Z::ll8J\Clla H !lOJIHBaHODa/
4
/, 

G.Jl.CoCioJien, ~,-la'l'BM8TV!tt8CKIHI c6opHIIR J (43) (1936) 39-72. 

L,.'Jchvnrtz, 'l'hcorie du; distribution:., 1-2 1 Paris, 1950 1 1951. 

H.H.EoroJihlboB 11 ],B.Ill11PKOB 1 Y~H 55 (1955) 149-214; 57 (1955) I-92 (I,ll). 

CM. 

H.J-I.:SOI'OJllo6on, Ii.B.Me,11BB;!1Cil H M,K.llOJ:11B3HOB "BonpOCbl TeOpHH .zllfCTICPC110HHhiX COOTHOUI€H111l 11 

rocTCXH3JJ;LlT, MOCKBa (I95B). 

Il.B.C.<o.p,•c;, G,'/n.ked:1. 1 Phys.Rov., 10) (1956) 1877-189(,. 

C,,~',Chew, M,f"G-o1<1bergor, Io',E.J,ow an' Y.Nambu "Application of Jll~persion I1e1r~.tions to 

Low-Energy l·,ieson-Nucleon C>cattering", l'hys.Hev., v.10G (1957) lJJ7-lJ44. 

B.;n.Kymm 11 A.P.<llpemnm, Haytmwe l(O!Ola.l'4bl Bblcweti II!KOJ!bl, If~ I (1958) 71-79. 
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HY~OHHOro pacCeHHMff 1 ~ff KOTOporo ~HCTiepc~OHHNe COOTHOW8HHH He CO~epmaT H8H36Effi~88MO* o6naCTH 

HHUib TipH paCC8HHHH Bnepe~, ~nH.KOMTITOHOBCKCrO paCC8HHHfl OHH He CO~ep~8T ee H npM H8KOTOpHX KO

H81JH!iX nepe;n;81J8X lHtlf!YJI:bCa HYKJIOHY • 1l.CTIOJil>3CB8HH8 3THX COOTHOW8111'1tl ,liJiff omwam!fl TIPOL\8CCa JWMl1TO

HOBCKOrO paCC8HHHH 6RnO paCCMOTPSHO B pa6oiaxf34
t

35f. KaK H B CJiyqae M830H-HYKROHHOrO paCC8HHHH 

3.zt8Cb KoryT 6NTb OOJIY1!8HN npH6JIHm8HHU8 ypaEH8HHfl ~fl 8MnnHTY.ztN KOMITTOH-3WW8KT8, KOTOpWe IT03BOJIH

~T .ztaTn y;n;oBJISTBOPHTen:nay~ Teopnro :n:aaaoro f.BJieHHH. 

B .ztanJ,H8~Ul8~! Me'l'O.zt .lllilCII8pCHOHHbiX COOTfOUI8HHt'i H81l3Jl Tipi'!M8HHTl>CH K HCCJI8;IJ:OB8mllO aeynpyrlllX 

Ilp01(8CCOE. 8.zt8CJ> CJie;ZJ;yeO:C O'l'U8THTL pa60Thl/!E-Ig, 36- 38/, B KOTOPHX C TIOMOIII:&Kl M8TO;l(a ;ltllCTiepcMOHHI:lX 

COOTHOW8HHfi Vl3Y'J:8JIMCI> npoqeCCbl \[JOTOpOliC,'Zl;eHHf :;F -M830HOB Ha HYKJIOH8X. 8TH HCCJI8;li;OB8HIHl ll03BOJIIfJUI 

JJ:8TI> Teop~o~ro WoTopoa;zJ;eHHH B o6JiaCTH aHepr~o~~ JJ:O 300-400 MaB. 

B TIOCJI8;l(YJOmeM M8TO;n: ;n:HcnepCIIlOHHIDC COO~ H01118HIIlil 6WI pacnpOCTp8HeH H8 Ji13yqeHJ.le .BllPTYaJIDHIDC 

np01.j8CCOE/l 5/ • 3TO ;l(8JIO B03M0lii:HOC'l'l> H3Y'!l'!TI HeynpyrM6 llpOIJ.6CCLI C CHJII>Hb!M VI 3Jl6KTpOM8rHI!:TH!:lM 

B33HMO;n:efiCTBH6M. ilpocTefimHM llPOII.8CCOM TUKOIO THIT8 flBJlflCTCfl pO~CHHB ~-M630HOB B 5Jl8KTpOH-HyK

JIOHHNX CTOJIKHOB6HHHX. llpHU8HBHJile ;l(HCnepCHOTHIDC COOTHOW6HHfi It ero H3yqeHKID CM. B pa60Taxf39-4!/. 

B HaC.TOfllll.88 llP8MH paCCMOTpCHII!e T8KVIX llpOIJ.6C COB H8XO,liHTCH B CT8;D;l'!lf paapa60TKI'!. MOlltHO C YJJepeH

HOCT~ID CK838Tl> 1 qTQ M6TOJJ: ;n:HcnepCHOHHbiX COCTHOWeHHfi ll03BOJIHT OTIHC8Tl> H 3TH peUKil.HH. TI03JJ:H68 Me

TO;!t ,llHCll8pCHOHHIDC COOTUOlii8HHil: 6biJI HCI10JIHIOI·8H ,liJiff M3Yt16HJI!H llp0IJ.8CCOB CO CJI86bl!l B38HMO,llelii:CTBH6M 

/42,lt3,52/. 3TH pa60Tbl ,llaJIII B03MOJKIIOCTI> BblfCH~Tl> pR,ll 11PMHII.HilM8JII>HbiX MOMeHTOB B TBOPHII ,!IHCUep

C~OHIIWC COOTIIOIUBI!Htl. B llOCJIB,llll€6 BpeNH MBTC•,ll 6WI pacnpoCTpaHeH 118 J.l3yq:6HIIB Heynpyrnx lipou;ecCOB 

Tlol:li8/44-50/ ( a+.f. ....,. a 1..-c+J ). 8TH ,ll1110ll8pCHOHHbl6 COOTHOrueHHfl 1103BOJIHIOT lfCCJIBZI;OB8Tl> npo

II.BOCbl pOM;ztBHHfl M830HOB B MB30H-HYKJIOHHilX C~'OJIItHOBBHHflX, filoTOPOlK;zJ;BHJI!B ,nByx Yf" -MB30HOB H T.,11. 

/34/ A.H.Ta:sxeJIR;n:ae H B.K.1le;n:HHJIIH 1 ,liAH CCCl' I!9 (!958) 690. 

/35/ M,Gell-Mann, r.'l'.Matthews, Conference at C"ERN, 1958. 

/!6/ A.A.JioryHo:s H E.M.CTenaHo:s, ]AH CCCP ~ IO {!956) 368-370. 

/17/ A.A.JioryHOB 1 Jl.]l.CoJIOBMB If A.H.TaBxeJ:H)l;36 1 Nuclear Physics, 4 (!957) 427-452. 

/18/ E.Corinaldesi 1 Nuevo Cimento, IV (195l·) 1J84, 

/!9/ G.Chew, M.L.Goldberger 1 F.E.Low and Y,Nambu 1 l'hys,Hev., 106 (1957) 1J45-1J55. 

/36/ A.A.JioryHOB, E.M.CTerraHOB 1 A.H.TaBXBJIII.li3B 1 MH CCCP !!2 (1957) 45. 

/37/ A.A.JloryHOB, A.H.TaBX8JIH;zt3e 1 E3TQ 32 I 1957) !393-!403. 

/38/ JI.JI.COJ!OBI>en, Nuclear Physics, 5 (195f·) 256-270. 

/15/ A.A.JioryHOB, ,I!AH CCCP !!7 (!957) 792-"94. 

/39/ A.A.JioryHoB, Jl.JI.Cono:si>eB, B • .n.KyRHH 1 A.P.<llpeHKHn, npenpHHT OlilHlll, P-16! (!958). 

/40/ A.A.JloryHo.:e, JI.J(.CoJIOBI.eB, Hayqnble JJ:OI:Jia;n:bl Bblcwetl. mROJUl (B net~aTH) Nuclear Physics,9 (1958). 

/41/ B.)l.KyRHH, JI.,ll.CononneB, A.P.\IlpeHKHH, Haytmue ;zcoitJia,li.LI Bb!Cmel:!: mKOJIN: (B neqatlit, !958). 

/42/ H.H.EoroJiro6oB 1 C.M.EHJieH:&KHn, A.A.Jior;'HoD, JJ,AH CCCP !!5 (!957) 89!-893. 

/43/ N.N.Bogolubov, s.M.Bilenky, A.A.T,ogun(•v, Nuclear Physics, 5 (1957) JSJ. 

/52/ C.M.EWieH:&KHtl:, xaH;n:FIJJ:81'CKaH ~HccepTau;uH, OVIHM (1958). 

/44/ A.A.JloryHOB 1 nAH CCCP !20 (!958) 50!. 

/45/ A.A.Jlorynon H A.H.TaBX6Jllf;zJ;3e, l(AH CCC:' !20 (!958) 739. 

/46/ A.A.~oryHOB H A.H,T8BX6JIH;l(3e, Nuclear Physics 8 (1958) 374. 

/47/ A.A.Logunov, A.N.Tawchelidse und N.A.''schernikov, 

Zeitscb.rift fUr rraturforschung 1 lJa, ll (1958) 642-644. 

/48/A .A. JlorYJIOB ll A, H. T8BX6JIH;llSe, HayqHble JJ:OltJI8JJ:N: llbiCUiefi WKOJIH, 3 (I 958) ;Nuovo C 1m. (B naqaTH). 
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}{poMe nepet!I1CJI8HHI.JX Bh!lliC pa60T, B KOTOPID IJ8TOJI ,liJ.!CrJepCI10HHblX CODTHOWCH>!~ 6UJI pacnpOCTpaHeH 

Ha lliHPOKHil Kpyr \{ll'!311l!eCI(I1X npoueccoB, CJH.liYCT OTMCTJI!T:b paCiOThl, liCTIOJII>SYJOIIUle ero .Z!JHI OnllC8Hl1fl 

llCKDTOpwc: npoueccon }Jacna.zta/ 53-SS/, 113ytlE HHH CTPYKTYPS IIYKJIOHa/SG, S? /, om:teaHJ.ffl npoueccon C 

yl!aCTl-leM CTP8HHb!X q8CTI'!IJ;/SB-6!/ If T,.zt, .l[eMe M3 Kp8TKOI'O nepetU:tCJIBHl!H npHMCHem!li ;11HCTI8PCI10HHh!X 

COOTHOHieHIIti Blll.llHO, 'ITO l.lflTOJl ;ll;lfCTiepC110HHhX COOTHOlli8HHit HaxO,JtHT BCC 6oJil>Wee H 60JII,mee 1Ipi1MCIIC

Hite n Hay•:reHI111 npoueccon c CI'!JI:&I!biM nsanucztel!cTBJI!eM, CJie.n:yeT no.n:qep!myTI,, <.£TO Kallt;rtoe aonoe pac

nmpemw IA8TOJl8 JU-!CITCPCI'!OHHLIX COOTH01118HI1ii Tpe6yeT CTPOI'OI'O JI!X 060CIIOB8fli1H, TIO-Cyli(CCTBJ lJ;IlCnep

CilOHHLI8 COOTH0lli8HI'lfl .ll:OJ!li!:Hhl .!1DK33blllaTbC.f! )11111 K8l!UI;OrO BHOB:O paCCM8TpOll3881.10rO !lpOL\8CCO., :oxa3Ll

T8o1:0CTBO )illCIT8pCilOHHbiX COClTHOilleHilil OC068HHO H806XO)l;Jli,!Q B TCX CJIY'!8HX 1 KOr;'!.a OHH !l03B0,11'1!0T 7.(3T1 

TCOWXl Taro 11r.11 11Horo rrpouecca. 

CJcc:·aHOEI'JMCfl lWPOT!\0 H3 OmlCaH\1!1'! M8TOtta ]IHCnepCiiOHI!h!X COOTIIOWeHll~. llJifl LIBJietl fiOCTp08H>Hl 

)(l1Cll8pC>IOI!Ill:lX COOTH01ll8Hili1 8M!lJ!Il'l'Y.ll8 npoue~ca ).l81HITCfl ll8 .llBC '!8CTil 1 113 KOTOpl:lX O,l!lla fiBJIHCTCfl :Jj:

Mll.TOBOl1, ;npyrafl GHTilVPMJI!TOlJO~. AllTil:::lPMMTOBa 1l8CTI> 8MfiJlVITY.llhl D CtlJly YCJ!OBIHl YH>:ITUPHOCTll MO!KCT 

6b!T:b p83JIOll'i:CH8 no peaJ!:Ol!hiM COCTOHHIHIM Oll8J8TOpa 3HeprVIJI!-V!MfiyJinco, TOr]la K8K SpMl1TOll8 tJ:8CT1 PQ.<l

naraeTCH JlllW:O [JQ llllpTy<.lJil>I!LIM COCTOHHllHM. 1CXO,l{fl ll3 [JpJUU.\IlfiOB lCOB8p>'l8HTHOCTVl 1 JIO!taJI:OHOC'l'II 01 

cneHTpaJI:otHD:: YCJIOm!li, MOliCIIO YCT8l!OBHTI. CB.I3:& J.IB:tt.IIY 3pMHTOBOl! H 3HTJII3PMHTOBOtl qaCTm.U1 8MT!JH1TYJlbl. 

YcTaHOBJICHIW .'JTOi! CDH311 HllJIHCTCfl CJIOJIHO!i: l8.ll3'tfelt, T81\ K8!\ Tpe6yeT )l;CTa.JII>HOrO H3Y1.!8l!I1H aHaJIIJTIJ

'!CCHHX CEOi1CTB OCi06!l)Cllli1>lX (jiyi!IU.(lllf, ltl 1 K8K IW: JBII!;!IHM Hll:&C, lie Bcer,n;a flBJIH8TCfl B03).!0"":HfiL!, 

,'):cncpCI101!Hhl8 C00TI'I0~8HI1fl (K8R Ubi Bll,teliit) C1Iy:;t8T OCHOBOtl np11 TT01IyqemUJ :!pll6;rm:.;;e:m~X :<F3.B

Htntlfi1 :'lJlf! a!.mmiTY.l.l npoueccolJ, TaKJ.Ie npJ.ICi!lJIXCBHhle ypaEHemm BOJHY.KallT, ec.'!ll '.fU o6c.;;Ee~· pas.10.>;:C

Jme ITO TT01IHOJ1 Cl:CT€1.18 H8 TCX 11Jll'! HHI:lX (jil!3lll!CCKID:. CQCTOfllll!HX. :::'TOT o6pUll OTTP€,118JIH8TCfl l!HTCpji8.':W 

3HeprHi1 II TCMll npoueccaMJ.J, KOTOpHe MU ll3Y'~88M. Tax, ll8TTPI1MCr, Jl;Jifl l13Y1.!eH!lfl npoueccoB HOMTITOH-

31)/!JtlltTa, M€30!!-HYKJIOllllOrO paCCCl1Hl1H 1 ~OTOJ 1 0M,l.\CHllfl 1 B11pTyaJII>!lOrO ~IOTOpOM)l.CHHfl B o6JI::J.CTI1 :ll1Cf!rl1!1 

;!.10 300-400 lbD ;l.IOCT8T0l.JHO J'l€CT:& TOJI"I.KO H;"KJIOH + .:;r· -MC3011Hh!8 COCTOfl!lllfl. MeTO.ll JillCITepCil.OHIIUX 

COOTHOmeHHI1 fi03BOJUJeT ll H8H0:0JIC6 fiOCJIC.l!:OBf TCJI"I>HOJ:I: iflOpMe JipOECCTH H)t6JO TaUM8-]8HlWll8 06 .Y'lCTC 

KOHCl!HOrO tfHCJia rrpO!u!elKYTOl.JHblX COCTOflHll£1 llJ H llCCJie,n:OB8Hl1H IIPOI.lCCCOB C CHJl":OHh!M B3811MO.zt8WCl'BI1CM. 

8Ta ll;l.l6fl B MCTO.zte ).lVICTiepCHOHllliX COOTHOmeHP tl: OK838Jr8C:O nepCJICKTI'IDH0!1, JIOTOUY l.JTO :B HeM Mbl \1M8CM 

).l8Ji0 J!Hill:& C if.JK3H'!CCKI'UHI (a He BltpTyaJI:OHbiUJ) COCTOfiHI1RMlf. 

/49/ A.A.JloryHo:s, C,l.' .. EHJreH:OHHt'. If A.H.T8B)6JIK.zt:3e, HBJliHUe ,!IOKJJ8i\bl BbiCmell: mKOJibl, 3 (I958); 
l:uovo Cir:tento (ll ne<<aTH). 

/50/ A.A.iioryHon ll ~I.T.TollOPOE, Hayq:Hue .l!CK.'Ia.n;u Bblcme~ !JKOJIH (B net~8Tll);lluolear Phys. (B nel.laT>l). 

/53/ r.;.L.Golciberp.er and :;.IJ,'rreiman, Nuovo Cimento, v.rx (1958) 451. 

/54/ M.L. Go1dberr,er and ~;. B.'rreiman, Phys. Rev., 110 (1958) 1175. 

/55/I.!.T,.Goldbereer Rnd .'i,ll,Treirnnn, Phys,'\ev., 111 (1958) )54-361. 

/56/ G.F.Chew, H,KRrp1u,;, S,Gasiorowicz. anl Zachar1a.sen1 Phys.Hev., 110 (1958) 265. 

/57/ J.Bernst.ejn, M.J,.Golbereer, Revs.Mod.Phys., JO (1958) 465, 

/58/ S.Okubo, Prog.'l'heor.Phyo., 19 (1958) D-56. 

/59/ M.K.liOJII'l:UUIIOB, JlAH CCCP !I6 (!957) 943; ,llAH CCCP liB (!958) 679. 

/60/ P.T.Matthew.s and A.~>nlam, l'hys,Rev,, L10 (1958) 565-5b8. 

/6!/l'.T,Matthews and A •. '.>a1am, Phys.Rev., LlO (1958) 569-572. 
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ji\,lleH B38li!MOCBH:3Jt! HB1IeHidi C CJ.IJU>Hb!M B38Ji!MOi:8lJCTBIIJeM B MeTO.D;e ,lll:!CTI8pC~101lHHX COOTHOili€HVlti 

TIPOflBJifleTCfl B TOM, liTO Tip!-! 06pb!B8 p83JlOJ!(eHJ.Ifl ll(1 !lOJIHOl1 ClllCT8M8 Mbl TIOJIY1J8CM Cl'!CTeMy ypaiHJ8lll-lli 

.D;JIH 81illJIJ.ITY.ll npouecCOB, CBfl38HHiiX M8llt,ll,y Co6o£1. ECJI!-1 Mhl nayt~aeM !J:Ill311lJ8Cltll[~ !l)lOl\BCC B H8fWTO)lOM 

l:!HTepBaJie aHeprvrJ.!, TO B :supallteHHJ.t ,liJIH aHTlll3PMH~'OBoi1 t~aCTlll Mbl JJ:OJil!tHbl yqJI!TblBaTl' Jillllllb npol.\eccLI, 

KOTOpHe B03MOllCHbl B 3TOM 11HT8pB8Jie <JHeprnJ.i. T8KI'lt o6pb1B pa3J:!Ollt8Hi'Ifl flO TIOJIHoi'. CIIJCTeMe flBJIHCTCH 

38KOHHhlM, TIOCKOJI:&Ky BhlCUIJ!!8 peaJIDHbJe COCTOf!Hlllfl l 031111K8!0T JIJillll:b np11 3H8Jli'lllHX, CiOJI:bllii1X 3H8pi'IlJIJ DO

para 3'l'Hx npoueccoB. Ho TaK oC5cTO>:!T .zteno TOJI:E.K( c anTJilapMvrTono!l qacTbiO. 3pMI1TOBn t~aCTD aMTIJIJ.l

TY.llhl npoqeCca BblpaMaeTCH qepea .lllllC!lepcHOHHlll1 IIJJTerpan OT 8HTlll8PMlllTOllO~ lJUCTH, a, CJie~OB8TC~L

HO, ,li,8JKe B OC5JI8CTM' He60~billM'X 3HeprMli B Hee ~8102 BKJI8,n l{ll13VI1.!eCKlfe COCTOffHJ1H 0 B03Hli!K810Ullfe np!IJ 

60~:blliM'X aHeprHHX. 06HqHQ IIPtl li!CCJie,1J;OB8Hlflf rrp1161 11lli:CHHblX ypaBHellliJli, TIOJIYtl<leMLIX 113 .lii1CTiepCJ!!OHHblX 

COOTH01J!eHVJI1, llblCOK03HepreTH1.!eCK8fl 06JiaCTI:. rpy6c yqllTb!EaeTCfl BBeneHIIJeM napfJMCTpa o6pe33lllfff. 

T8K0!1 Y1.!8T BblC!lllfX COCTOHHVIli He flllJifleTCH, J<OHetll!O, TIOCJie~Oll8TeJib!lUI.1, OJ1H81W, MO;imO Ha;J,eHTh

Cfl, 1.!TO .li8JlMJeliWllle 3H8Hlffl Ha nyTlll YCT8HOEJieHI1fl Cllfl3el1 M8JIOIY l(lll3Jilti8CKI1MI1 npou;eccaMJ.t Jl03BOJifiT 

BHeCTit HCHOCT:& It B 3TOT, eme M8JIO tl3Y'IeHHh!iJ: llOrpoc. 

B II09Ji8,1J;Hee BP8Mff BOIIPOChl B38HMOCBff31f IIOJIJt!J.tJIVJ ,11;8Jll>Hel1mee pa3BifTIIJe B pa~OT8X qy If ]oyf
62

,G
3

{ 

tiM Y,!laJIOC:b TIOK333T:E., 'ITO Jll3Yll8lllte Pff.ll8 CJIOJKHhlX npoll,eCCOB i.!OllteT ,11;8T:O lllH1}10pM8ll,JiliO 0 IWHT8I\THL!X 

B38liMO.D;et!CTBJI!HX MeMeiiT8pHhiX 'i8CTIU\ (Tare, H8TipHM8p, 113ytleHJ.fe TI)lO!.leCC8 pOJK.zteHJI!H M830HOB B M830H

HYRJIOHHiiX CTOJIKHOBeHI'IHX MOXeT ,!l8T:E. B03MOJKIIOCTD onpe).leJIHT:& KOIICT8HTy KOHT8KTHOro R38llMO,lteiiCTBlllfl 

4-X ITlllOHOll). 

llne11 0 CBfl3ll CJ!OlltHbiX Ill 3JieMeBT8pHb!X npouecc.:on 11 panee BNCK83IJB8JillCl> J!ff;l!OM yt~ellb!X, O,li,H8KO, 

qy H Jloy y:ztaJIOC:b :ztOCT8TOliHO H8r31fll'(HO TIOK338T:b 1 tl:TO KOHT8KTHhl8 B38Jilli!O:ztei:\C'l'BJ!Jfl MOryT .TIIJI:!BeCTI1 K 

TIOHBJieHJtiiO TIOJIIOCa B KOilTIJi8KCHOi1 TIJIOCKOCTJI! J..t. (no:pe:ztatla HMTIYJI:E.Ca) Y llMllJIJI!Tyl'(Ll llpDl.\eCca. npe,ll,fiO

JI0l!t€Hiie 0 CYllleCTBOB8HIIJlll IIOJIJOCB 8MITJillTY;D;hl npoqec:::a TIOK8 eme He .I!Oita:lfllJO. Cl:ztH8KO, HO. llY'.!'IIJ Jll3Yile

HHH 8Ha31HTHli6CKJI!X CBOMCTB 8MnJIHTY;D;hl ITO nepeMeHHJn ~.I. yme HMBIOTCH HeKOTOpble ycnexll. TaK, H8-

0pHMep, B pa60Tef9f 6WI:If YJCCJie,JJ;0118Hbl 8H8JIJIJTll1.!eC't11.e CBOliCTB8 8MTIJIMTyl'(H MC30H···JIYKJIOIIIIOrO pacceH

HI'Ifl, a B pa60Taxf24•26f 8H8XHTHlJ€CKMe CBOll:CTBa 1MITXlllTY.I! BJi!PTY8JibHhlX npouecCOB. B 3TI1X pa6oT8X 

6Wiq ycTaHOBJieHo, liTO aMIIJIHTy,na rrpouecca f!BJIHeT~fl aHaJIHTJ.t1.!eCitoti IDYHKUMell ll.t BHYTPH HeKoToporo 

3JIJIHITC8 (CM. BBe,D;eHHe K I'JI.I). npe,!IITOJIOJKeHJIJe 0 ~y!l1eCTBOB8HHI'I nomoca B IWMnJieKCJIOJ,\ ITJIOCKOCTH 

He npOTHBOpetiYJT S'l'HM pesyJIDTaTaW, ITOCKOJI:E.KY TIOJI OC JI€<li:YJT li!JII1 BHe 3JIJIHTIC8, li!JIJI! Ha era rpaHHUe. 

/62/ G.F.Chew, Conferenoe at CERN, 1958. 

/63/ G,F.Chew and F.E.Low, preprint UCRL-8427 ( .958). 

/9/ H.Lehmann "Analytic properties of scatteri 1g amplitudes as Iunctionfl of momentum 

transfer 11 , pre print (1958). 

/24/ R.Oehme and J.G.Taylor "Proof of dispersio:l relations for the production of pions by real 

and virtual photons and for related proces ;es", preprint (1958). 

/26/ B.C,Rna:ztHMHPOB H A.A.]oryHoB, rrpenpli!HT O~H1, P-260 (I95B); M3BeCTHfl AH CCCP (cepHH MaTe

MaT., .. B rretz8TH), 
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nepb Ha BOITpocax, CBfl33HHUX c ~OK338T€JII:.CtDOM ~~cnepcMOHHMX C00THOW8HH~/?O/. KaK H3B8CTH0 1 Oc

HOBHWM cpe~CTBOM nonyqeHHH ARCITepCHOHHhlX :OOTHOW8HHH flB]!fl8TCH TeopeNa KOWH, ~JIH TIPHM8118HHH KO

TOpoM H€0ClX01ll1MO 3HaT:E, CnOtiCTBU D.HWII1Tll<IH lCTif MaTpM'\IHbiX 3JICMCHTOB B HOMilJI8KCHOti o6JI3CTll. TaK 

K3H M3Tp!111HhiC :'J.lieM8HTIJ HBJlli!OTCH 1 D006!il8 r'JBOpH 1 o606!1!8Hllb!Ml'I llJYHKIJ;HfiYI-! 1 TO T8M C3M!-JM B031!MKD.eT 

33.1!8'13 311aJIIITHqeCJwro llpO,!t0JIJX8HHfl 06o6nt8H'!LIX (jlyHKQJI!Jil. "l!TOCifl TIOf!CHIIJTI. CK833HH08, p3CCM0Tpl1M M0-

1l8JIL C JlllmC11:pOBBHI/b1M HYIOIOH!!b!M llCTO'QHJIIKOM.'
64

•
65

/. B 3TO!! MO.l{8JH! 33II83.llbi83Rl!ll3fl :/. (tJ ~l onepel!taro-
' 

ll\3ll /,.(tJ aJ~ITJII1TJ.llbl npOl(8CC8 pacceHHHfl M8',l0Ha Ha HYKJIOH8X flB]!flJaTCfl o6o6meHHb!UI'! ¢Ylllil{llf!Mif J!Hifi:b 

UllllOrO napaueTpa f , IIplttWM 1l CW'IY yCJIOBilli Tip!iltrHHHOCTI'l: ;{_ (f) 06pamaeTCH E HY3l:b np11 t< 0 1o! 
' i. (t} 06pamaeTCH B HY3ll> ITPJII f) 0, COB«:pmeHHO 0'16Elil,!{HO, trTO IIX ¢'ypi>e-o6p83lil ;: (c) JII £(E) 

JtOTIYCK8JOT 8H8JIJiiTHtr6CK08 ITPO.ltOJillt8HHe C00TB€~TCTBeHH0 B BepXHIOIO Jl!.ll)J B Hll!lltHIORl llOJJYnJIOCHOCTl>, gCJlll 

dCJCTIOJI030EQ.T:&Cll yCJ!OB~'leM CTICKTp3JII>HOCTJii 1 ('OrJiaCHO KOTOpOMY (jiyHKD;lUI /..(E), /"-t,a C0BIT<l,l\8JOT 
/ 

n oOJiaCTJii I El <;U , TO MOJKHO ycTaHoBHTI>, 'lTO c~ecTnyeT e.ztHHaH aHaJIHTJI!'l6CKaA 'IIYHKL\II!.H .f/2-J 

rOJIOMOpljiii8H EO BC8t\. !l.JIOC!\OCTV! KOWJICRCHOrP nep6M6HHOrO ,l 38 J.l.CRJ1Kl'l6HJI!6M JIJ.l.HV!R pa3pe38 

E c~y o6o6~eHHOCTH tPYHKL(IItl. /. (0 
.I 

JIOCTp118HH8H t!JYHK!..lMH / (2/ IIOJUIHOMJ.IH8Jll>HO OrpaHll'18H3 E 06-

nacT~l, r;lle 

1 :t.21 :,. ;; > o 

0603H8'l3H 'lep63 It CTCTI8Hl> MUlltOpi!:pyRJUl8rO I 0JUillOM8 l!l llpllMeHHH T80peMy ]{oml1, TIOJiytraOM l'IHT8l'J'3.H,

H08 TipC)(CT8EJI8Hl1€ i'.(Jlff qiyH!tL(Illl 

1 

m' 

TiepeXO;'{ff Ha B€lll€CTBCHH.Y10 001> 1 11"3 :JToro 11PEi'.tCT811JI€HilJT JICrKo JIOJiyqJI!Tl> ;'!HCnepCHOHH!Je COOTJlOUI8Hilff. 

B il:OfiCTBJilTCJI:&IIOCT'1 IT0.1TOlK8Hil8 3H3'IJIIT6Jll>HO 60JI80 CJiOJU\0 1 Talt IWK M8TIJil<IHhl8 :meMCHThl 3UBl1CflT 

OT MI-!OrJ.IX IICpCM8IIHUX, T8K, H8TIPJI!M8p 1 yJICe E CJiytrae ifJ.YHKL\11l1 J;(x) If :~ (x) , 38P.11CilV~l'iX OT 

O,Z(HOrO 4-B8KT0pa X= (X. ,--1',, · X.,) 11 06p8f.18Rlllli1XCll E HyJIJ, COOTE8TCTB8HHO BHC OII8p8Y.810lll8rO ~ -~ 0 

If 381183.ll;hiB8101118rO X£ 0 CE8TOBIIX KOH,YCOB, Mhl CT8JIKl!IB8eMCfl CO CJI8;llyl0ll\8~ Tpy.ll;HOCTl>IO. 

}IJJH TOrO, 'lT061! i'.(OK838T:& )(J!ICTiepCl10HHbl:;J COOTBOU!CHIUl,E l3TOM CJ!Y'Q88 HC06XO)(l1MO YCT8HOEilTI> 

CBOi1CTB8 8H~JIJ.i'l'.lll.lHOCTil B KOMJ1.110KCHOJit 11JIOCIOCTH E 8M!IJIJ!ITY.ll: 

l(Fx.-rir E.._/""') 
Trx;,/x-

' 

/64/ A.A.JiorynoB, A.H.Ta:axeJIJ.!)l3e, Coo6~eHIH AH rpys.CCP, T.XYill II'> I (195?) 19-24 /I/. 
f65/ A.A.JioryHOB, A.H.TaBXC.IIM;llSe, Coo6meHJill AH rpys.CCP, T.XYm ~ 5 (I957) 533-540 ;n;. 

(O.I) 
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Ho 1'!3 I1plfB€,!1€!tHOrO Bblp8lltCHIHI Blf.ltHO, ll'l'O 3'1'.1 iflYHKD;Ifl'l MOryT 6biT:b H8ll0Cp8,11CTB€HIIO llH8JIJI!Tifl-!eCKJII 

Ilp0,!10JIJIC8Hbl B COOTB€TCTBYIOntHe IIOJIYIIJIOCKOCTll JIHillli IIPJII Heifl1'!3~'l'WCKOM ycJIOlll111 ;«"'~ 0. Bomoe Taro, 

C8MJI! Bl>lpallteHHfl (0,!) onpe;rJ;eJieHbl JlJililli> Ha Y'<·IOTltaX !'I;€HCTBMT€JII>HOJ.i OCI'l 

-= < E <--/" , /' <E<.,.., 

BnepBhl6 Teopew o6 anaJIHTnqeoKoM npO!'I;JJill€IIHI'l o6o6menahlx (~YHKUVIJ.i 6hLTIM ,!IOKaaaabl H.H.Eoromo-

6oBh!M, Cpe!'l;l'l BT!o!X TeopeM B8JICHO€ MeCTO 38Hl1 .!aeT TeopeMa Tima n e""Jt #j ~ IY<"Je 11 • )10K0.33T€JII>CTBO 

3'1'011 T€0pCMhl 0CHOllbiB8€TCH H8 TCOpJ.fio! 06o6me IH!lX rJlYHKLJ;Htl C l!IOITO]ll>30B8HM€M pa3JII'!IlHUlC Cll0C060B rra

paMeTpH33UMI'!. 

TiyCTI> JJ:8Hhl JJ:B€ 0606II\€HHhl€ \{lyHKLI;IUf 7._/x} 11 .<J;"fx) 1 06P811\810illMCCl:l B '!Y.llT> COOTB€TOT'3eHHO BH€ 

sanaa.ll;hiBaiOmero n orrepeJKaiOmero oBeTOB!iX KOH rcoB, TiycT:& lfX rrpeo6pa::loBanlfH Qypi>e :7;-& J , "," 

COBI18.li:8IOT B 06JiaCTJ.f c~ . Tor.l(a CY!I\CCTnyeT WYHKI.J;Hfl '7(.z] KOUJlJleKCHUX rrepeMeHmnc J!= (:t.,~,, :'1!._~) 

rO}[OM0{41H8fl B HCKOTOpOJ.i 06JI8CTH c 1 ll€ill8C eBCHHOC CCllCIIlfe KOTOpOti €0T!o ,( 1 If T3K81l, llTO npH 

BC8X ·BC!I\€CTB€HH11X l = f' li<l C.. 

?'rrJ ~ :fr,J~ fr·J 
llprmef(CU HCOHOJILKO !IlJ>IMepOB KOHHPOTHOro Bhl n'JC1ICm1H 06JlaCTeJ;! !IpH pa3JI!o!IIHHX TIPC/.IllOJlO:r.:CHlfflX 06 

06JI80THX c. , 
I. !lyon C~ eon IIOJIOCa / p•j < 111 , Tor!'l;a {; CCTli OOBOKYfiHOCTli TOllCK 2=j!+(/ , Y.!IOBJICT-

BOpfliO!I\IfX HepaBeHCTBy 

3Ta 06JiaCTI> He .ll;OTIYCKaeT !'1;8Jl:&Hel1wero 8H3JIIH14'ICOJtorO paC!lllfpClll1fl, T.e. HBJlfiCTOH 06JISCT:&JO rmtoMOpW

HOCTl1. 

2. c.. CCT:b BHCillHOCTli rwnep60JIOJil,l(a: 

m .z o 

Tor.l(a C eCTb BCC !IpOCTpaHCTBO :38 l'lC!UI!Oll81l1CM Yli:SJICHHbiX TO"IICK M 3H8JIIfTJolll€0JWli rMHCpiiOEepXHOCTH 

Cne,lloEaTen:r.uo, ,ll;aJI:r:.aetlmee aHaJlMTH1.!eCitoe pa Jm>~penHe nonyqeJmoJ;I o6naCTH ne.aoaMOJICHO. IJoJiee Toro, 

QymtrU'JH :T-(2 J npOJJ:CTamlMS B Bli,ll8: 

( z'-z'-.z'-z'} 
' ' ' J 

C_KOHCilH~M 'Il1CJlOM llJICHOD B oyuMe, B <!TOM rrpeJJ:OTSBJICHHH 

JllllHOMJI!E8Jli>HO orp8HlflJ€Hh!, 

'7: (.i! J - noJIHHOUhl, a ¢tyniUtJHI 
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3. ECl'Ill c. 6CTJ., 06JiaCTl> 

c, -- Yr,f~+<:>~ <I~ < t.. ~ "Y,;;f ... +<£.~,. , f; ~a 

TO U6J!8CTJ., t BCT:& COI!O!{JllHOCT.b TO<ICH: /"" tJ , YJIOBJIBTB0p!HOU\l1X yCJIOEHflM! Jl!160 ~..: > 0, JIJ!l60 llf!H 

j.l.!{, 0 

l' ,!j"(; r, r f) rrpu f > 011 -£.(}) 

yrta3amroii, uo oHa orrpe.n;eJIHeTCfl 6onee 

= 0 ll )H f < 0. B STOll llpHMepe 06JI8CTl> C ~18KTI1qecrm illlfPB 

CJIOlltHlMH YCJI0B!1ffMI1 (CM. HallpHMBp/5/). 8Ta TeopeMa llOMHMO 

CaMOCTOHTB.iTDHOrO t'IHTepeca MOJ!CBT 11rpaTJ., poJI ~ JteMM Ilp!1 paCCMOTPBHIH'l 6onee CJIOl!tHbiX CJiytl8BB. Ycno

Bllfl 3TOJ.l TBOPBML! OTpali:S!OT CBOfiCTB8 JIOK8JII>JDCTJII 1 KOB8p1'18HTHOCTH 11 CIIeKTpaJII>HOCTJ.l. !A8T6~8TH1.!8CKI:!M 

BLljJ3l!iCHMBM CBOil.CTBa CllBKTpaJI:&HOCTH flllJ!HBTCi COBll8)1BmiB ilJYHl<l.IMtl: ~(!') B OCiJiaCTI1 (. 

npl:IBB;rJ;BHHbiB pe3yJII:.T8Tbl IIOSBOJIHIOT .l(OK838T:& TBOpeuy, KOTOpaH llBJif!eTCff OC!!OBHOI'\ npn ,n:OK838-

TBJJI>CTB6 Jl11CIICpCJI!OHHb!X COOTHOIIIBHid-i ,1Vlfl ynp )'!'OrO paccefUII:!fl: tJ:8CT11U. 

TiycT:& ,li8Hbl 4 o606ll(€Hilhl€ \{lyHKL(iHl li€Tbip ~X 4-BBKTOpOB: 

c/-.;f-ii. (.r; J~, --':., x,) ~~ j ~ i, 4 

I!HB8p118HTHhl€ 0THOCI1T€JII>HO rrpeodpa30B8HH}\ 113 H60.lJ;HOpO,liHO!il opTOXpOHHO!il rpyniibl Jlopeuua. TipC,lliiOJIO

llUlM, qTo :3'1'1'! odo6w;emme rf,yHKUin:l y;~~oBJieTBOPfll{lT CJIB;!IYIOII!HM ycJIOJH'lfiM: 

T = 0, eCJIH X, " < x, "" A', "' x, 

~-

-f = 0, ecJin X, • x, mm -<; ;::.. -"v " --
•• = o, BCJIM X, ~ x, HHH -<; "' X, 

T = 0, CCJil1 -X, ; ~ x_, HHH X. "' X, •• 

flpe,liiiOJIOlftlfM )l;aJiee, qTQ HX rrpeoOpasoBaUHfl ~yp:r,e -~ (;:,A,l~,f',) 
OllpC.Zl;8JlCHHblC, O'-!€Bif;JJ;HO, Ha MHoroo6pamm 

(0.2) 

Y.Ii:OBJI€TBOIIHJOT YCJIOEV!flM: 

-;;; c-

!,"'<(.If.,./') ... !:"'<(~J" ~ ecmt H )=- 1, a ·; 

:r -" ecJIH h~ < { ,41 ~~- )"' H ,P/ < (fof i= t,"' ,, 
" 

'1 u ecJII'! (t,,;,!'· (M.,..!' ... /,Dt-1,~< 0 t~j-1', a ol , 



. 12 -

y >1 '#:;..,Y.. 

!IyCTI• V VI l{'o - JII06bie ilJI1KCifpOB8HHhl8 1l!:CJI3 1 ITO)IIli1H8HHb18 HepaB8HCTD8M 

'for.n;a MOlltHO yK838T:& Taltoe .ztOCT8TOlJ:HO 118JI08 ITOJIOlit>IT8JII.HOe tUICJIO .f M ITOCTpOJ1TI:, o6o6meHHYJO 

\IJYHKUHIO 

¢ (l,,2~, ~' ~ ) 

,18UICCTB8HHOt1 ll8P8M8HHOJ1 J CO CBOi.J:CTB8W!: 

-21") B 06Jl(lCTl1 

r;'IC B8!li8CTBCHHhl8 ll8paM8Tpbi 'C' Jll t1"' H838BV.CiiMO npo6eraJOT ripOM8lcy'l'lt>1 

¢ (z,, .. .£,, f)~ 0, 8CJIJ.l 

3) nnH B8Ul8CTB8HHhlX (!,, Jt) 113 MHOr006p83Vlfl (0.2) 1 .ll;JIH KOTOphlX BCJIVJqMHbl 

. ' . "'-,-=A·, t~r, 

y.ztonxeTnoparoT aepa:aeacTBaM (0.3) VI 1 HM88M !IpEl.1ICT8B!l.8HilC Bl!J(D. 

TeopeMa !1 6wra .ztoKaaaaa EoroJII06onw ti"Jll Ll-t , orpaaut~enHhtX ycJiOHllcl.l 

,j~ "'-_!!__;«.t (-s~/'-t) 

(U.3) 

(0.4) 

#+/' 
nan:&Heftmee yconepmeHCTBonaaHe H paaBifTHe Me~o~ Eoronro6ona rronytiMJI n pa6oTe/5/, r)le nepXHHH 

rpaH:r:. MH A~ n c.nyqae uesoH-Hy!UIOHHoro pac :eHHWH Ciwra .!\"OBe)(eHa ,1.10 . ..z,.." • Omtparrc.r, aa peayJII>:ra-

Thl paO:OTbl/5/, BJia.ztl'lMMpOB :r/8/ y:aeJII.I'!IIlJI Bepx !KilO rpaHI> W!H Ll" ,l'!O 2156 (13 npe,n:nOJIOllt811VII'l }f ='Yr ) 
Tioallte B pa6oTe JieMaaa19/ aTa BepXHflH rpamm;.t Citma y:aeJIH'!eHa ,1.10 

' 3 

Cxe.ztyeT aau:eTMTI>, I.!To CiearpaHI'll.!aoe yBeJJ:I'll.!eaJie :aepxaeJ.l rpamu~hl .1_,(_ :a Teopelde n aeno3MOw:Ho. 06 

/5/ H.H.EoroJin6oB l'l B.C.Bxa.ztMMHpo:aa, J.la:a. All CCCP, cepi'!H u:aTeu., II (!958) !5-1+8. 
/8/ B.C.B.na:ztHMHPOB, J.la:a. AH CCCP, cepHfl MaTt:~mT. (B neqant); nperrpimT 01'1Hl1, P-225 (!958). 
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::!TOM CBJ1,lleT8JII>CTByiDT CJJe.rtyHJml'le TIPIIMephl/
6

, )6/: 

I. Teope!.lfl. 'l'l1TIR TeOpeMLl IJ .lVlfl paCCCH ll1ff HYIUIOHOB H3 HYitJIOH3X MOJiWT 6HTD l(OKa;mna Jllllllb ,llJifl 

IIC~Jl13J.l'WCIWI'O COl)THOliiCHIUI M<lCC 

}< > (YT-t)fll 
tJCJJl'! li}JMlillMO'l'b DO lll!l!Millll'lt TOJ!blto CBOiiCTE.I JIOK3]fbHOCTI1 JiJ CilBKTpaJI:bHOCTVI. l1CTIOJI:030MII!18 yCJIOllVIii 

Cl't~MOTPI\11 !JiyrmL(IIJi l'pHl!il Um!C'l', TIOBV!J(I1MOMy H8CKOJibKO pacmllpllT:O 06JJ3CTb 3HflJll1Til'IHOCTJil, 0,Z!H3Jto, 

2, TeopeMa TlliT3 TeOPCJ-~N [] .)IJffl BCJlllll'llll!Oti M830H-llYKliOHHOJ.1: QtyJlltL\l1ll MOJ!teT Clinb ,!101W:l3Wl A•<:~e 

C llel!UJJT_.:lQ]la:meM Cl!OtiCTB GI1Mh!8TJllliiJ JJIIJ!Ilb II] I>! He(j'mBll\lCC'ItOM COOTHOIU8HIH1 M8CC 

" > (--"--1;# 
-vT 

B I9;!7 ro.n;y EpeMepMa!loM, 0Me l'l TeliJID]·OM/6 / 6bl]l npe,zpiOl!:GH .n:pyroil MeTO.ll: ,ll;OJW3·'1'l'CJ;bcTEa Te'JJle!.L 

Tllfla I l'l CC pa3JI>l\l1WX 060eill\8l!I!Lti 11 MO,!IW:.•l1J\f U.l1l\. ll 11X M8TO,ll;8 /10l\838T8JI:OCTllO <'JTOiJ TC0j1Cl.m CIJO)')'CTCli 

I\ rtp.06JIGWJ 118XOJK}L8lllUl 8H3Jn!Til't:JGCI\Oro paC!Il!· pcHMH 06JiaCTGii: CII8Lll1UJIIoHOrO 1Jf1,Zl;a 1 Ha:mmlCMLlX IlQJlY1']ly-

6aM'l1, Tio,11 i.lliR.Jlll.TW!CCltt'M pacrnJi!peJI11CM E (C. oeiJiaCTH C MH rronl1MacM nepece'ICHI'!C o6JJacTeLi I'GJ!G-

MoptiHOCTJ.l llCOX 1•YHY.l\llt\, tWTOpiJt; poryJiffpllLI B C- • 0eiJI3C'l'I> rOJIOJ.Wp(•HOCTJ.l t; :fr:fllltrl,t1Vf J , lWTOf•::l.f~ 

3ll3JH!Tll\Jiill E C , CCTh H31'!60JIJ,IU8.H 06JIO.CTio 1 B KOTOpyro MOlKGT 6b!Tb rtpOJJ;QJ!1ft8H3 \~Yili<LJ,I1fl j' . Ji CJI:Jt!Eif> 

O.l(HDrO H:OMllJICKC!-101'0 iJIJ]l8!.!81!liOrO .liJIH K8J1CJJ;O} 06JI8CTI'l /;' cymeCTEyeT Taltaff i}IJHKL\IIJII _/(~<), \.ITO t-; 
11, c;re.llO.Oa'l'OJihiiO, E(C-)= C. l! CJiyqae rQymr.(llll1: 2-x I'!JHI 6oJiee KOMIIJIC!WHNX nepeMelll!b!x1 :JHO.JlliTI1<lcC-

mr:: B o6JJnc:Tvr C , OI)JJ3CTL R!inJHl'l'VI'!eCKorc paciUV!pem:m HJJJIReTell, B006ll(e roBopH, 6oJJCe umpo;tcli, 

r,1eTO)\ fl0JI:J'1'p,y6 TI03BOJJI1JI YCT3!!0BMT1> ,l11'1i::II8pCl10HHN8 C00THOlll8HI1H ,!IJlfl IJ3CCCHH1ll1 Yf -M0:30Il0il H::J 

uyttJJoHax .llllfl ne pe:/l<'llm .m.myJILCa: 

B IIPIHJUJ.III8 MIOTO.l( 3H3Jil1TV.'I:CCKOrO pacumpeHJiJR li03llOJ!f!eT HCCKOJ!bKO YB8JIJ.f\li1T:D EepXHJO!O rpamruy }J;JTfl 

TICP87t8l.J:M mmyJI:OC8, 0,.'1H::llW, K8K OTM81!1ll0T 8Bropwf24/, CODp8MCiiHblt1. @YllKL\llOH8Jj':bllO-TCOpeTVL'WC«;~tl 
MCTO)X TIOCTpOCHJ.ff! r!HilJII1Tl1\leC1WrO paCillMPGHllH HBJI:iieTCff H8IIp31tTl1tjHbiM, 

B;nmoc :3I!:.t'!8ELH; J~JrH L-;ccneJI:f\IlBHl:!ii aml.JI ·ITWICCFCliiX cnoif:CTB aMJUIV.TY.J:lH rrpm~ecca JiJMeeT JIJHTerpa.'!:o

HOD IljlCJ(C'l'8BJ!Cmie V~OC~'11-]kJJ:lHU-,~al1coHa/IC/, 3TO npe;(CT8BJI8HMe !(3GTCR .JJ;JIR 060611(8HHLIX ri,YHKl{VLi1, 

npeo6pa3U.i1Clln!H 0yf1< l\UTCipHX 00pall1aHJTCR B IJ'.ITb BHe CBOTOBOI'O JWHyCa, a C3MI1 !JJYHIUJ;Mil V.CtiC3aHJT II 

/6/ !f,J,Tircr~'"rmr'mj, £1.Uehme, J.G.'J'aylor, l'l::tys.Hev., 109 (1958) 2178. 

/66/R"Tost, l[d·•;etic,_, l'll:,cr;iCA. Acta, Jl (19:58) 26J-272. 

/IO/l'.J,lly~on, .-!~yc;,!icv., nr1 (1958) 1460-1464. 
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3Ul\3Hll0ti o6JiaCTH TJIJ!Ia 

tl - -r 1' T ~.Z. < /o < Y 1.( + (' 4 
- P{ 

(O.S) 

Vl3JI0lf(J.!M EKP3TIJ;8 CXBMY pacCy)[{,li8H>'li1 .naiiCOW.l. TiycTJ> ~JIYHKIJ;¥m :/(x} MC'I.f8338T EH8 CB8TOBOro KOl!yca. 

Tor,ll;l'l rf:·YHIG.\llfl f (J) npe;ztCT31311M8 B Bl1.1.18 

~ T.r T(1') /(;)= ~\,P..,J.,· ,1,0,1')-

r:[lymcu;Im meCTJi! rrepeM8HHb!X ;' = 1 ).,;:, •••• ·A-) Y:z\OBJ18TBOpfl8T mecTI'!MepHOMy BOJIHOBOMY 

ypaBHCllll!O 

~ T(;J~ 0 
(0.6) 

l~CITOJII>3Yfl 1Ip8,11CT3BJI8Hl18 peUieHI'!fl BOJIHOEOrO ypaB!Ielllffl, ITOJIY'I.f38M npel.tCT3BJICHI1e JIJifl !)JYHKUVIH /(!): 

(C,?) 

r11e ~;HTCT'p!r.flOB3Hl'!8 rrpoJi!3BO.zll1TCfl ITO JII060tl. r pOCTp3!iCTB8HHO !IO,l\06Hoi1 !IOBBPXHOCTVI B ill8CTJIIM8pHOM 

rrpOC'.rpaHCTB8 Jll ;?)(/) - H8'1.f8TH3H I'[IIBUPJIIBHTI 3H t!JYBIU..\l<IH B lli8CTUM8pHOM llpOCTp81!CTB8 

(0,8) 

~ 

!JIFI TOro, l!T06bl Y.l\OBJI8TBOPMTI> ycJIOBl'IKI, '!.fTC _/(!) Ji!CIJ8338T n 06J13CTJil (0.5), Bhl6llp38TCfl n rrpe,li-

CT8BJl8Hl1l1 (0. 7) COOTB8TCTilYfOr\3l1 llpOCTpaH< TB8HHO-!IO,l\06H8fl !IOBCpXHOCTJ:, (113 'l.fliCJia TBK H33hJB38MLrX 

,11D!IyCTliJMbiX rli!I8p60JIOII!}l0B) B illCCTJI!M8pHOM IIJ OCTp3HCTBe • 8TO liPJi!DO,l\!1T K OKOH'-l3T8.TJI>HOMY 11pe!(CT8B-

JI8Hl1Kl 

(0. 9) 

r.z~e o6o61I(eHHafl rDyHKUJI!H /P(It,A~) cocpe.n:oTotena B o6JiaCTI!.: 

D pe,llcTanJTenMe ( 0. 9) B.liHHCTBenno. Cnpnne.n:m no M o6paTnoe yTB8PlKl\8HHe. BcHKaa IDYHKIJ;Im, npe.z.tcTa

BMMaH B Bll.1J:8 (0.9), JI!Cli8388T B 061!8CT~ (Q, 5), 8 88 llpeo6p830B8H\ol8 !IJypne l1C'I.f8338T BH8 CD8TOBOrO 

KOHyCa. ~8)({8 113 Kp3TKOrO 0630pa pa60T 110 Jl1Cil8pCV>OHHHM COOTHOlli8HHHM MH BHJJ:HM, qTQ M8TO,ll ,liJ.!Cil8p

C\o!OHHhlX COOTHOlli8Hl1tl pa3Bl1B88TCfl K8K B H311]3BJICHI111 MX Jlp11M8H8Hl1fl K l13yq8HJI!Kl T8X JI!JTJ.I l1HHX TIPOUCC

COB, T3K l~ B H8ITp3BJI8HHl1 060CHOB3HHA:. 

TIO-CYU18CTBY Mbl ECTymum B IIOELlli 3T8IT pU3Bl1Tl1H M8TO.l(Oll TeOpiUI TIOJIH, ltor.zta npOJI!CXO,lll1T l1HT8H

Cl1BH08 TIPOHl1KHOBCHl18 B T80p8TH1.J.8CKYJO liJit3l11 y M8TOJ!O:B Te0p1111 4JyHKUHi1 MIIOrMX ltoMilJl81\CIIblX nepeMeH

HLIX 11 Teop1111 o6o6mennoJX iJJYHKUJI!t!. Haq8Jlo a"oro aTana c:aHaaHo c pa6oTaMJI! H,!I.Eoromo6ona 11 

o.c.napacroKa/ 68 • 691. 

/68/ N.N.Bogoliubov und o.s.Pa.rasiuk. Acta Mathemo.tica, 97 (1957) 227-266. 
/69/ O.C.ITapacroK, l13B. AH CCCP, cepll!fl M8T8118T. 20 II'! 6 (I956). 
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l'.eJIO S,n:eCb HC TOJII>!W B TOM, qTo6u Hf BCCT\1 CTpOrOCT:O np!i J.ICCJI8].t0ll8Hl111 TCX lillli V.HbiX TlOflprJ

COlJ, XOTfl Y! :JTO CTp8MJIOHII8 HBJIH8TCH CCT8CTBCHHblM 11 l!C06X07111MWM, 8 !Ip8)1(J18 "BCCrO ll 1'0M, <110 60:3 

MCI!OJIL30Jl81Iilff 3Tl1X J:CTO,!(OJ3 H8B03Mma!O l!C '£0JILKO ,'\OH8.38T8.'1LCTBO ,'\llC!IOpCl!OllfU,[X C00T!IOmCH:tii: 11 

CII81tTp3.JILHhlX I!pOi\CT8IJJI8m1n 1 HO I'! !rp8BI1JILl08 I!OHI-IM8!1118 JICU(8 T81torO MOM8HT8 lJ CO'lpeMe!HWd !:tl'L

T01JOi1 JJICHTpo,liMHmnme, Ha" ycTpanel!llC pacxo;ll;JIJMOCTe~ B TeopMl1 J' -MO.TPI'Jl~hl. TmwsaTcJILCTBa .lli-~

cnepcnmmux COOTHOU18Hlllil II CI!8!':Tp8JI!.Hb!X I!Je;1);CT8B318HJ.:t\.\ 683 l1CIIOJ!b30B8HI1fl MCTO,IIOB T80f111JI! !?YHi<:LLI'lii 

MHOI'>lX KOJ.UIJI8ItcHUX nep8M8HHNX 1 a Taltl!l8 TEOP>l>l 0606tn8Hllb!X (_flyiJKQMil Up!i 6JIMJJ:aJ1meM P8CCMO'J:]lCllMl1 

118MUHY8MO Olta3LIB.'l!O'l'Cll JIOJ!(Hb!Mlf. B CBH3l1 C 3Til:M BCHI\08 !!OBOe rrpMM8H8Hl18 ;!(JIJCII8PCJ.l01lllb!X COO'£HOi:JCH11;l 

Tp86yeT I'!X ;1(0T8]1Ll!OI'O paCCMOTp8Hil:fl V! ,l:!OH~ 38T8JIIoCTB8 11<1 6888 3TI1X M8TO;t(OB. 

Burne Mhl oTMettam1 UII1POKilil Kpyr ueynpJrHx npoueccon, KoTopwe MoryT 6h!Tio vtaytte!!hl mrll Y'Ke ~tay

traJOTcn C llOMOU\l>lO !.leTOi];a J{l<1Cli8pClfO!!IlLIX COCTHOU!CHH!l. I{ T8HOMY TllliY IIP0!\8CCOB OTHOCHTCfl ITPOLLCCCI>l 

,:,oTopOR;tt:eHl'IH, TOplr.OaHoro II33lyttemm 11a HY~ Jionax, pol!t;n:eHMH .tr -~resoHoB B a:rwKT!JOH-iiJ'IWOHHux 

CTOJIHHOB8lll1flX, ,'fJOTOp0lil:,l(Cli!18 ;ll;llyx :.f" -M83( HOB, pOllC;ll;81!1'!8 M830H3 D 1.1030!1-HYJVIOI!HliX CTOJIKI!OR8H!1l!X 

Jil T.;ll;. 

IJClCTOfflU3.ff parJoTa llOCDfllllCHB. Oc.iOCl!OH8110l(l J(I1C!ICpCIIOJIIIUX COOTHOU!Afll!ii l!JUl 3Tl1X !If"Ol.\CCCOlJ. Clc

I!OBiJ.bl8 peayJibTaTr.r r;a6o'm ony6JU!IWDaHu n PIJte cTaTei1. BorrpocaM!'I /l01W3<1TCJILcTna .IlL·iCHCfClHJHJ'ln 

C00THOU18lll111 )lJ!ff HeyrrpyrliX IIP01~8CCOE O,ll!!0Ip8M8HHO 3iliii1M3Jli1Cl> '£3WK8 0MC, Te:inop 1 !lO,'JICllHI'XOf.Jll Vl 

Kut6JI. 

IlepcH.n;CM l\ J(p3T!WMY ll3JI0i":CHHIO OCHOBHJX peayJibTBTOD paeiOT<-1. rnc.Ba I IIOCBHUlCll'\ ,IIOK3:1i1'i'CJIL

CTBY Jt!!CIT8!JCl!OilHUX COOTHOlliCHJ1t\ ti;Jifl 6JIOIWILIX 3JI8M8HTOB. B 3TO~i I'JI3B8 MCTO,llOM EOI'Ol'llDCiOE3 C !JC!IO.~~:r,-· 

30B311HCM ll!!TCrp::J.JibHOrO flp8l.(CT3llJI8m1fi [10C1 a-Jl8M3Ha-1Ja\.\COH3 i];UHO i'(OKLl3GTCJir,CTBO T00):-8M Tllllll l l·i f:. 

]!OJW3Ul!!lLte TeopeMH HD.'IflJOTCfl o6o6memwii 1-1 paanlfTileM TeopeM Eoronn6onn. 06o6mcHI'Je TeopeM l1}!CT 

IWK no Jll'!Ill111 YE8JI>1l.f8Hi'!fl 06JIQ.CTII <lf!3m1Tl1'U OCTJ.\ 1 T3K 11 nO Jll11!J.l:J pacumpeHIIfl l1X 1!3 BllJlTY3JI:OH!!8 

npoueccu. 

TeopeMa II paHee 6Wia ;ll;OJ<a3aHa .lll11llL ) Jifl OJJ:IlH31Wllb!X 6030HOB (ynpyroe pacccmme) 11 J.IJIH ncJIIC

cTneHHI:JX 31Ja'18Hl1ll Ll"' , B I rnaBe ITOlW38I o, 'ITO TeopeMa MOY.ICT 6b1Tb 060611\0Ha K3K Ha BllJ.!TY3JJMILlC 

"" ( npOUCCCLI, TaK 11 Ha KOMIIJI8HCHhl8 3H3'18HI-tll u 1 Jl8lKai;I>!C BHYTPM H81WTO['Oro 3JIJIJIJIIC8 C~l. Bl.lC.llCllilC 

H rJI8.B8 I). B I'JlaBe I Ha OCHOB81JJIJI1 OCHOBl Oti TCOpeML! nonyl.f8HO cneUI'18Jil>H08 npe.n;CT3BJI8!1118 ,ZIJ!il CU

TJIJ3pM>!TO.B0!1 tt8C'l.'l1 3Mn..'IIITY;ll;H BMpTy3JI!JHOrO I!p0Q8CC3. fuo !Ip8.1jCT3BJICHI18 IT03BOJ!fi8T YCTD.lWllllT:O 8.l!<l

]111Ttl'18CI\l'i8 CBOtiCTE3 8HTi'13pM11TOBOi1 '13CTJIJ I a:tC no I!8p8M8HHOii 'L 1 T3K 11 110 Ll~. fiOK83<1HO, 'iTO 3H

TJI!8PMIITOB8 'i8CTL HllJIIlCTCH 8H3JIIIT"II'i8CK0!1: ("yHKL\l18li 4 ~ , 8CJII1 .1"' JI8]{V!T BI1YTPI1 ynoMilHYTOI'O BD!We 

:oJimmca. 3To'r pesyJII>'1'3T HBJIHBTCfl o6o6:U8Hl eM pesyJILTaTa JleMaHa Ha .BI'JpTyanL!lhl8 npoueccN. On noa

.BOJIHBT C liOMOII\lo!O p33JIOliCCHJIJH 110 TIOJ!J.IHOM8M ]8Jit3H.ll;p8 OCylJLOCTBJ.IT!J QH3Jli1Tl1'!8C!W8 I!p0,1XOJIIt8HI18 ITO cme 
(rne 6 - yrOJI paCC8HH11fl) 1l H8H36JIIO;ll;38Myl; o6JI8CTL. PaHE.:e 8TOT IIPllCM lfCTIOJl130B8JICfl ,l(Jifl rrpa!CTM

'iElCKI'!X U8JI8t1 1Ip11 IIOJiytl8Hl1JIJ llp1I6J1JIJJ:C8HHWX ;·paDH8HI'1l1, HO H8 6bVI ,li0K333Ho 

f1pCi];CT8BJI8HI'!8 ,l(JIH 3HTJ.:13pMtlTOBOJ;! qac~·rJ J.188T B03MOlPiHOCTb BL!liOJIIII'lTb 8H8Jl>1T>f<!8CKOC !IpO;ll;OJI)KCHlle 

110 nep8M8HHOJ1 't' B o6JI3CT!. cJli13Hil8CKI1X 3H< '181111li H ,l(O<C838Tb ;ll;IIC!IepC!!OHHb18 COOTIIOWBHJIJH ;lJ;]Hl. BJilpTyaJib-
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wu npou;eccoBx). 

R rJiaBe IT ,ll88TCH cnoco6 rrocTpoeHwa npv 'H!HHhlX aMIIJIWTy,n: ,llJIH Heynpyrwx npot(ccc.:oB 'l'MIH1 

a + ~ ~ a 1 + c 1+ c "+ -. c(~), a TafCJ![e IIpOB(l(¥!TCfl ICJ.:!HCM8Tl:lt.J8CHI1iil. 8HQJJI.18 p881\J(L1i1 El':.)J;CJ. 

( tl+& --. a'+c-~./), ilpWHl.\l'!IT IIPiil'I)I!HllOCTJI! )I! JiJ.Il!CM8T)I!1J:8ClCL1ll 8H8Jl¥!3 IT03BOJl:r:IKlT Bh!6pU'l'£ TICj)GM8Hli,)'f~, 

ITO lWTOpOJ1 H806XO;lii1MO paCCM8Tp1lB3TL 8HaJIJ.lTI' '!eCI018 CBOJ.lCTB8, 

B I'Jl8B8 ill )1:8R 06Jl111fl M8TO,ll ITOJIJ'18Hl1fl )J;l'iCITCpCIIOJ!JlbrX COOTllOlU8Hllk ,llJlfl IW,YIIfJJ'l'l'lX llflOL(P.CCO_!: 1'l\

IT8 ( a+t~a 1+C+,/), Eea cym;eCTB8HilbiX V13M8H8HVIii: OH !.IOJK8T Clb!T:b rrpWM8!!CI! W 1\ H0.YI1J.IJ'I'JIIM l1fi0!\8CCilM, 

C0JlCPJll:8ll(l1M (}Q]lblll88 'll1CJIO qaCTI'!l.\. BonpoCH ,D;OIC838T8JILCTB8 JIJI!C1l8j)CI'!OIIHhlX COOTHOlli8Hilll AJIH 8THX H8-

J'TIP:Vl'l1X ITpOl.\8CCOB !IIlJ!HcOTCH CJIOEHH!,m. 

B rraparparjiaX I-3 I'J!BBhl .lJ;8HO ):\OK838T8Jili~'l'l:HJ 11MCIInpCllOHHhlX COOTHOlllC!i'<J.i J(J!!l -.;, ;,,il0I'0 I:·Nii1'0H·-

3:K!eRT3 B CJiyl!aC OTCYTCTBIHI HeHa6Jl!Oi'(381J'Oil O)JiaCTll!. 3TO )(0!\838TeJI:&CT1!0 ocn,JJJU;,."1C'i'C:cl i;lll•i· C<:; -'JCJ·-

iljiiX rtpl1HQ11!18X COBpel.leiJHOtl TeOpi'!l'l - CROJ.iCTB toTHJ.plr8HTHOCTl1, JIOR3JibHOG'i'l1 H CfiCKT;JiUIJ,lfOC'.Nl. 

B '18TBepTOM rtaparpnJhe 3TOti rJIO.Bbl ;1(11110 ~Off33LIT8JILCTEO 7(JIJCllG'fJCl1CJliilLI:X CDOTJiOLJelll1ii B Odi'(Cl·l 

C1Iyt.Ja~ l!8JII1lll'lil !leH86JIIO,D;8eMO!l 06JI8CTifXX) • J)JI I i1IJOB81.\8lll1n 3TOI'O .l(O!W3a'H~JILCTn8 nre;'(ITUJii.~I'88'l'Cf! 
CYD.18QTllOB8H118 ClieL\118JihHOI'O rlpC)(CTUDJICHilfl )(JI l 31l'l'll3f!l.UUOllOl; 'l!8CT!l. HCP:'JTOIJIJM OCHOI:WHUC; .. r 1(1IH Ta

KOro npei1rt0JfO)K8J!l1l1 flB1IHeTCfl H8]JJ1'1l18 8IW.J!Or}l !HCrO npencT<JTI]JCH11ff ,ljl.lll 3lf'l'l1::1jJMWl'O.llOH lJ:aCT\1 Oli.II1Ili

TY:ziLI B>lpTyaJI:&HhiX H!lOL\CCCOB (N!,I § 6). 

B 38KJilO'ICHIIC EhiP3JK8KI 6JJaro.n;apHOCTJ:, 8K3,j8MilltJ J!.H.EoroJIJD6on;y 3<1 J([CJlJ;J,J8 o6C,Yxr,lulll111 j•;lf)Wl'H. 

ii 6Jiaro.napen B.C.BJia~liMilpoBy, C.M"Eli!JICHliKOM;', IT.C.llcaeny, A.H.T:w:xr;JJ'-'n:v; !.: 'l' 'J\,.i!Oj'u;•? 11 

H.A.qepmnCOBy, B COTPYitHil'ICCTB8 c KOTophiMil J:onycreHW HClWTopue pesyJiC,T:h'lcC .~r:': 11 1. '<;;._'.'J':L R 6Jict-

ro)tapeH TaJcte coTpy.rtmmaM Jia6opaTOPilli Teope·~t1l!ecrwH ';)li3HRW 06'1ie;:'[J·iiJehHc:n 1<J·~·~L:.i·,;·'- :J :-~.:lCJl!JIDC: r:ccorc

,n:oBaHMW J( COTPY!tllliUCU! 0T.li;CJia TGOpCT!·;qeCr:oli :i·l3iml-l ;·Ia'l'8M8TI·l1J8CP:OI'C ;lj'r-·;_'-11' ,·~;- 1:1.-1. J:; A.GTC :J!OrJ'J, 

nplll-!l'<M3mllll·,, ytl3CTlie 1l o6CJ'lXIJ:CIUfl.l pa60TIJ. 

X) AH8JIOrl'l'IHhiC .ll;lt!CIICPCiiOHHlAe COOTHOI.U8Hllfl liE 33B>lGl1MO 6tJJI!f J(OK833!1Ll B pa()OTC 0M8 If '!'eii1IOpaf 24/. 
Pe3yJibT3Thl 3TOt! pa60Tbl B H8KOT0Ph!X ITJllR13X OTJll11I3iOTCH OT llOJIY'ICHHh!X ll3Ml1 pe3yJI:bT3TOn. flp!I

'l!lfH8 3TOrO paCXOJ!U(eHl'Jfl 33K.1IIO'I8CTCH B 'J'Q!., 'ITO llMJI! H8ITp8BilJI:bHO BlJ'HICJJOlla 06JI3C't'.h anaJIVI'l'l1'1-

HOCT~ (CM. BBe,neHne K rJiaBe I). 
XX) Bonpochl lJ:l1Cll8pCHOllllhiX COOTHOill8JU!ii: J(Jlfi pE ')l{L(JIIi1 TIITI8 a .. -6' ..,.,/.r • ./HC33Bl1Cl1MO paCCMaTpmm.wr.:l 

pa60T8 Kibble / 67/, JilM 06CYlKJ181IMCh J[,J.1CllepC~OHilhl8 COOTHO!lleHJHI, CO,ZJ:epJK8!llll8 f<GHatiJitO/IdG~t:f!O 
06JiaCTl> :=meprHt!, PBCCMOTp8Hl18 Kibble H8 flB1IfleTCfl llOCJI8)(0BO,TC.IibllUM, TU\{ K8H lielplll(:\ () 

.li;OITY!11eHif8M 0 cym;eCTBOB8Hlii>I 11P8JICT3BJI8HilP. 81!TI'!8PMIITOBO\l tt8CTI'! 8MY Ilp~XOJilolTCfl CJ(GJI8Th U8ff0'J.'O

poe ll8060CHOB3HHOG YTB8pllt.l(eHJ.le 06 o6JiaGTi1 3H3Jli1TII'l!HOCTH (CM. § 4 rJI ,HI). 
/24/R.Oehme and J.G,Tay1or, preprint (1958). 
/67/T.W.B.Kibble, Proc.Roy,Soo., 244 (1958) J55-J76. 



? I\CJlflX paCCIVIjj8:ileln MCTO;'FI /1VICTiepC!!Olll biX C00THOI~0Hilti Tipe.t~CTCIEJ!ilCTCiJ 3CCLl.W. fliTCITGra~1'li!hiM 

.. YCT8HOB1lCHIW .I\l1CflCjlCVIOHI!!.JX GOOTI!O::J8J!l!ll .IJ;Jif :BCJl!:ll1HHI,~X tJ.1CTCi. - "6JIOi\OJl 11
0 bXOiUli:~llX H M8.'i'jli::'II!1le 

,'lJ!Cl.l81!TJ.I CJIOJ:-:HUX llPOU8CCOB. TipOC'£C:im11Hl fl) l1MepaMH MOl'YT IJJJJIHTLCfl 11 6JJO!{l1 11 '>OTOJlVQWll!Hl !! !;O~.lTIT01i

:1JII~OlCT1. CxenaTrPrccr(H orm J1ao6pnJKeHhl HU p>-c. 

y '' 

p r P' 

"Enort'' G oTopo!ri,"\CHV:H rmec':.' o,11rm !3lij)Tya:rc:&mJg f - rtnH!iT, :-r KOr.mTOH-:J:fF~·OKTtl !.!01WT llMCTL ttnli: o;(ll!l 

Bl'ijlTJ'8Jl:&HU;i ltlJ3l!T {PTOpO~i KllQHT npc,:n;nonara;TcH f.CDJ!Ll!LIM), T3!{ ll ;uBa Bl1Vl'JQ!lLitm: i(B8!1'1i3. I'ac

Cl·..!aTpm:J.OI·nre JJWJJO 6JIOI(1l OTJIIl'J.:liOTCH OT !.111Tjllqi!LIX JJ1[)J.i8l!TOB fJC8Jl:bHhlX TIJlOL;CCCOil i:JCTCipOJ:t)(Clillfl li 

KO!.mTOll-;}.;'·:fet(TH f1),8lKJ(8 BCCPO TCM, <!TO BllpT i8Jl:bHLl[~ iJ'UTOH IU!C8T KpOMC f!OfiOpe<!l!Oii, lltJO)(OJlbHJ.Il ll 

Ci .. D.li.'TPHYIJ J\O~AflOHC!!Tll TIOJ!1lpll::l3[{11.ll 0 a TO.Iae ~8!.1 0 liTO 4-·.repHLiil. l1MTIJJ!LC BllPTJD.JlbHOl'O 'l·OTOila OTJ!.I'l\!Cll 

OT H,'{Jlfl ( k.ly'-

M,Y, 'ITO B 8TOM 

U!W 

'ITO (:.yHKI.\Ill1 r, 

0). TIOCJIC)\H88 06CTO!IT8J!:&CTE l (H:BK 8TO J!OJ,n33HO B !!3CTOflU1Ciii !'Jl3ne) flj}llBO)(llT fC TO

CJiyqao B /ll1CflCJiCilO!IlJHC COOT IOUlCHilf! ll:Jlfl 11 6JIOKODhiX 8JI8MCHTOB 11 6Y7J.YT IlXO;'(IlTl> r;'JHH:-

r. ~lr " .l ( ~<"J, fCOTOpcre xnr,o.zTcp I:J:fJOT aneRTpor.tarrmTHJIO CTPYKTYPY nyruroua. 2aJ.teTIH!, 

11 s- TOl..JHO C0Bfl:1J(OCO':' C rJ;<>j!/:!-tliCl]{TO].<:Hm, EG::OJlfllii,IP:l1; B J,!D.TpHqHLiti 3]Je/.1CllT ynpyroro 

npouccca JJICWrpoH-Il,YK.J10Jil!oro po.ccemr;Jfl. ::KI'IT8Jl!!MCHTQJILJIOC onpe.71eJJeHac [flopu-';-'m:Topon ll3 OTI1JTOB 

no ynpyrmw paccef!llll'J 3Jl8JtTPOIIOn Ha H,Yl(JlOll: X 6HJ!O JIClHO lJ pa60Taxf?T/. 

Taft l\Ltlt "0JIO!tl1 11 f!D.'IfllOTCfl COCT8DI:i:J~.U'l 1.!~ CTfl!.!ll W1T]ll1"l!l!h!X ::JJieM8HTOB fJCfl.'lbHbl:Z ,f:IDlltlCCKV..X: rt)lO-

UCCCOB 0 TO l13J'lfCHllC 8'l'l'IX rrpOI.\CCCOB J.IQ:l!8T ;'.11 '.rL H833T>IH':11J.!f.Jii 1.!8TO)( :ZtJIH OnpCJ((~J!CilHfl :)10]1M-'.!8l{T0f!lJOIX 

tlOTO por:l(CHL1H, HBJ!lllOTCfl: 

./' 
-------;I 

' 
--------,, 

p' 
I' 
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,. 
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'3onepWCHJIO OtJ8Bl1;ll;IlO, 'I;!TO UMilJ!HTY.l(bl flp01.(8CCOB :I:OTOpOJI(Z(8HI:!fl 11 HOMflTOJJ-8~tJ.e!tTa HBilfli:}TCll lfUCTHL!l.ll'! 

CJ!Y'Jafll.lJ.l CiJIOHU iJ.'OTOPOl~JJ:GHI1fl :u HOMTITOH-8Ql(JCHT<.. GJIG.llyeT OTM8TI1T:b 0 '!TO .ll11C!lepcv.cHime COOTHOIITBHI:HI 

l1Jifi peaJLbHb!X rrpoqeccoB IDoTopo:~:n;eHI1fl }I KOMflTOll-3t'(xl:eKTa He co.z~ep11taT l(;op~HfaKToprrt.n \i,•JfHI\1\ll~l HYit.'IOHa. 

B H8CTOHlllBii I'JI8B8 M8TO.liOM EoromocJoBa/4 , 'j C ITOI.~Oll\:&10 HHTerpaJI:CHOI'O ITPC.llCTUBJ!Cl!HH 1"lOCTa-J!cMa

Ha-;'IaiJCOHa/ZZ,IO/ .z~aeTCfl ;1l:OK833T8l!:&CTBO .llii!CITE pCIIIOHJ!blX COOTHOIUCHHil ;1!Jlfl 6JIOIWlll:lX 3JI8lJBI!TO:J. 8To 

IT03BOJil!eT pD.CCMOTpGT!> ITPOL\OCCb! C!JC.ltYJO~\BrO BH;:a. 

I o KOMTITOH-:'l(pci;eKT Ha HyK . ."'!OHax jJ 1-J --? j''+ y 1 (reJIJI-MaHH, roJI:&}:ICieprep 11 Twppvmr/II/, Eoro-

mo60B "11. lli!t!pitOB/IZ/, AKI16a H CaTo/13/, JloryHoJ: I'! 'DpeHKiilii/SI/). ;'(JIH .liUHHoro rrpouecca no.pm.!eTphl J; 
11 ~· X) rrpl-lHHMU!OT 3H8'!eHIUI 

1:'"= 0 

' 
BepxHf!fl rpamtua :ztJif! nepe:ztaiJI'l RMnym,ca Lt""' BbltriWJIHGTCH no rpopt~yne (I.I?) 11 pmma: 

2. TopMosHoe 

(JioryHoJ/15/) 

8CJII1 

(.f..Af.,..r}(6ML+fAI_M -r-4/'"') .J. 

#){ ( )(+j'J' I' 

r -.t l~1,.1 , 
' ' 

( 0.2) 

(0.3) 

'l.:" ~ ~ -.l... """, .d... :naeTcfl oome~ {PopMyJio~ (I. I2). Bw.nlcJieHJUI :ztaJII'! c:rre:ztYJOmHe pe symTaTbl. 
7 ·~ 

- I - 2 -3 -4 -5 - 6 - 7 - 8 - 9 -!0 -20 

3,69 -4,30 4,88 5,41 5, 9I 6,40 6,88 7,33 7,77 8,19 I2,23 

X) flo ITOBO;z(y CMblCJIU 0603Ha'I;!8Hlf~i napaMeTpOB ): I'! -c;.° CM. OCHOBIIYJO T80p0My. 



'!:""= 0 
' 

m~ - Macca 3nBKTpoaa. BepxHHH rpaHHU< 

- I9 -

(JloryJco/15/) 

r,::~ BWJI1CJieHa corJiacao WopMpe (I.S). 

CH TID 1IO]A.fYJI8 (0,3). 

0 0,25 0,5 0,75 I,O I,5 2,0 

·~Lf· 3,02 2,84 2,66 2,46 2,25 !,79 1,!5 
~-<' ---- -----------------------------------------------------------

4. ?oTopo)({)leH_ne ueaoaon aa ayimoaax 1 -rJ" ... 1 4-.;r (Jloryaon 11 CTenaHoB/IG/, .'roryaon, 

CoJ!OJJ:ocn 11 TanxeJJI'!i'13e/I?/, KopJI!HaJI:b.zte:;m/!1!/, qy, roJI:&,l'\6eprep, Jloy 11 Hau6yl1 91) 

5, POE.l(8Hil8 .If' -/.!e:)Ol!OB B 3JICHTpOH-H,~OHHbiX CTOJIKHDB8Jll.lliX (J-r -e. -~ /' 1 . .,_ -" ( ;: _ _,- ,'r-

nm/15/, 1'y(llnrl'l, HaM6y 11 BaTarvm/ZI/), 

ecm1 

~·. c ) 

(Hf+Pl/'-;I!JJijJ-r:"l(t -t- yJ: V,..t-c·JM[r.l.#f'?"r ::1.. I 
.l IJH(.lM-,M) N,r'--<:")(.AI.,./l)"{.l{lf'/'} I 

'<:' "4 - 2- ... , {1," ,li;38T ~fl o6qetl (_[iOpMyJiofr (I .!2). BNl.ll1CJl8HIUl Jt:l.J!n c,r,e_c1:':~:--_;1c 'l'' ... ~ 
pcsyn:&TaTbl. 

- I - 2 - 3 - 4 

' Ll .. ~~ 3,73 4,36 4,95 5,5! 

6. Pox;n:em'!e :JJieJtTponHo-no:ntTPOHIIb!X n1p 

J;'-3, K_=.l) 't:;"=~~~ 

' J~'"" ,Z(88TCH i'pOpMyJIOti (0.5). 

0 0,25 0,5 

a:~.. 3,04 2,85 2,65 

- 5 - 6 - 7 - 8 - 9 - IO - ::o 

6,04 6,54 7,03 7,50 7,95 8,39 !2,32 

5'T -1.1830H8MW f+K-tfi+~++-"-

(~J.t.~ 'L"~ 'L" 
' 

0,75 I I,S 2,0 

2,45 2,23 !,83 !,09 

(.P.aryn01/="·/). 

llpOL\8CCbl 2-6 flBJIR!OTCH 

(Y.-,1;-J -~·--c·- ~') 

npocTellml1!Alf npnwpar.m: Heynpyrlfx pemtUJifll. ,r;.nH MC30H-HYitJIOHHoro pacceH

' IIOJIY'I8HH08 3:zt8C:& 3H8'1CHJ1:8 Ll, ... ,. COBIIa:ztaeT CO 3H8'18HI18M 0 IIOJiyriellJ!LlM 
t ~ > J ~ I 
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",-;:.nilllt: ;_; pa6oTel':/ ( ,.r'L·I.\,Y.>:J. r.::). ;; <:.'ly<t:l; IIJUI\C.:C<:OJ; I :1 4 n-Jny•;eHI!liC : ;i·ww,:' 1 .r:;,frr ~ln•H·
H:m t..! ~~, er: RilJ,zp•nr c cnorncTr:r r<y·ot:~I~~.\!1 ::lJI;J 'I : IIIIHMfl, m ''1!1CJIC!i:ILI!.!ll -:lt~e 11 Tc .iJiu J.·r ,r./ /.:,I. 'l'l'o :nc::lt:T-

1"/ Ji]'OiL[:CC.'l ':-, H<J.I:!l'l pe3,YJl:bT3.TLl COlJII-'1}]310'1' C COfiTilC'i'CTJijmJ:lll:.ll1 J!C3.)'Jl:&T:::Ta•m ]J3.60TLI ,_., Jl11U!:b 11]•1! 

-('"> ~4,._.' __ #-t_!' 
' #-,M 

:ip-: :lll'l'!ellllHX '1:'• < 'C: 1 Jl8.1JJ!hT3TL! jn60TUI21 1 l!CnJI!lJn1JI:bllbl 0 IlOC'fOJ!b!·::y npll B£l'!llCJ:CIIl111 

:I <1! ~.:, '.'!e ( l. I 2) m.m, IlO-c:,rmecTB.)', 108 CiL!JIR y ITCIW LTO]':UJ llO:lMOl!CI!OCTb ll •lOJ.!MYJJaX (1. I 0) ( Cl.:, J10]('l

.,.l'f•_,_, :;-·',:'E(' RCIT01.lOI'3T8JibHO:i T80p8W1), ~;OOTTI:TCTHJ'flllllllC :-lll<ll.I8;.!1Jil ,c\~ •• i1pl; '(".c. 'l'/, lip:~C,'(C!llii.le 

'·'·'' .-~,·.-. '" ]"''~'",../241 "V"1'm-o,,,.,.C" C""'C"'' ''""I'"CII""I"'" , , • l- •-V<,'•'-' 1 ''••" '-'-"v•'• .'< "'•'-' 1---j ~·~'--"" ],. n. '' 

PCJ!l-1 ··l:• :;/-'J_. 0yHKU1111 J\,B,C ~~ )Pl Of!JICi'\~.IIPi!l.l rjlOJ.!M,YJiaMI1 (I.S)-(I.IO). JlpH 

!{0.'i8CTEe IIOBO'i flepeMCHHOf: 1.10JK!IO :aECCTil t41 {J 110 ljiO]mync 

MCl'-'Jl,Y llMf!YJILC3MH H3'-IQJJbHOI'O 11 lWilel.IHOI'O IIJ {]JO!!Oll, 

f_,_/{N-'j")ll 

Tor;,a 8HTl~3!JMHTOEa l.IBCTL aMJlJillTY11Li 6y~cT 3113JillTI-1'1CCKCii r;ym:t:n.:~\ "~ _c'cJ fJ , rv.w:.:1,1 ;1rr1r. 

EHYTPV. J.'!.'!i!!!Ca C ~OKYC3Uil ± I II c rp<l!L:'-!ci' 

. ' <k 

!J~ 
Y?(~~-~~-~~-Y :;:{ t, c .:r;"} 

JlO:JTOM,Y OH3 lJO:-!CCT 6b!T:b p33][0:<!\81W B PHJl !~0 TOHliiOM3M JIC:'G)ilJlfi3 OT . .'$:!.0 1-! :JTOT PfUt 6YJ.1AT CXO,llllTbCH 

llll,YTPI1 ::lJI.'JI-InCa (0.6). !C03if;(_i:l-\~l-l8HTLI 3'!0I'i> r 1 .. ~:1 O!lpCJ(CJIH!OTCfl :3li3'-18Hl-lmm 3HTH3pMllTOBOiJ 1.13CTI1 B 

oOnacTl-1, r.rte /t#B I~ 1 , flonyl.le!JHLlli pa,II, n 1.1at:THOCTI1 1 6y.l(eT CXOJ1!1T:&CH n 1(JIH ncex B81ll8C'l'llCII

l!b!X d-t t13 rrpoMeJKyTKa: 

• Ll. -·· • 
Ll.., .... 

3'1'0 06CTOHT8JibCTBO ,ll88T B03MO]l(HOCTL BLlJ!CI31'11'h aHTI1:-JPMI1TOll,Y ti8CTb E H8HaGmO,llil81AOl1 OClJiaCTl-1 0 CO.JJ:Cp

::tC<llll;CtlCR -:3 .JJ:I1CI1CpCl10ITHb!X COOTHOll!OIII'IRX, '-IGPP-3 3lla1.J:CI!JIIn R ~ll13ll'ICCI<OiJ O(iJiaCTI'l. 
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B 118CT0ff!l1CM rm.parpa~e H8MH 6y,1l;CT ,li8HO 7t0K8.38TOJIDCTilO OCHOBHOl\ TCOPCIW, lWTOpaR f!llJ!flCTCH 

0606l!ICHL1:eM >:! p83BWTI'leM COOTBOTCTBYRll!ICW TOO lOMb! Iioromo6ona (fit/ MaTeMaTI'!qeCIWP. .ll;OTIOJIHOE>fe, CM. 

TSKltC/5,6,8/). 

3Ta TCOpeMa TI03BOJ!f!CT YCTLIHOBI1Tb ,lllWTII~pCIIOHHhlO COOTI!OillOHl'IH )IJif! BCCX I!OIJCt.!i'ICJ!CHHhlX Bl~iiJe 

Tip0U8CCOB (CM. pa6on/
14 • 20/), 8 Ta!'ClKC TipJ.UO,ZlJI!T K HO!COTOpb!M 3Jl3J!JI!Tlft!CCKilM CBOliCTBa!.T aUTIJJl'-Ty,.tJ,i 

JtaK ilJyRKIVfJI! ouepr11M w nepe.ztaql'! WMTIYJILca. il1myqaromHeCH npw :noM pesyJr:&Ta'.ru l1PI1BCJJ:Oilbl no nne.n;emm. 

CJJC.l!YCT OTMOTJI!TD, l!TO aHaJII1TJIIl!OC{tl10 CBOflCT:Ia 8MITJIHTY.ztU ,Z(Olta3bi-B8!DTCfl HS OC!IOBC 06lJLOlX TIPlfHLJ,>lliOB 

1Dl8HTOBOJ1 TeopHJII fiOJiff - KOB8PI18HTHOCTJ.I, JIOJ :aJI:&HOCTll W cncwrpaJI:&HL!X ycJJomrtt • 

ilycn.. .ll;8Ubl If 0606ll\8!IHSB ;JlyHKQI1lf 'IOTb!p( X 4-BBKTOpOI! 

11HBap~JaHTHb!C OTHOCHTBJI1HO rrpe06pJ.301l3Illft! Jll: HBO.l(HOPOi'XIIOii opToXpOHl!Oii rpynm~ JlOjiC:JI~a. fif,Cil:!TO.'IO

l!GfM,' l!TO 81'll o6o6ll(CllHbiC a:yH!ti\11ll ;pi,OB.'JeTBOPf JO.r CJIBi(.)'I')IJ(l1M YCJJOBI-HIM: 

7 
" 

~ 0, OCJIJII X, 1GX.r lfJIJ1 x .. ,$ x, 

.7,:, ~ 0, CCJ!ll x, -~ x, l1J!l'l -':; ~ X'y (I. I) 

.r.; ~ 0, BCJlll Y, ~ x, ·~· 
--(,_;6 x, 

cr. ~ o, ecnw X, ~C X, l1JUi. ->:. ~Xy 

Tiycu ,ZlaJiee 11x npeo6paaoBaHI1H ¢yp:&e 

-
{1c)'f(t,+ ·t.JJf (!,,~~ P,) 

OIIPOi'lBJieHHlW, Ol!BBI1,ZlHO, Ha MHOI'Oo6paaim 

cr .n 

y.l(OBJiBTBOPfi!OT YCJIOBI'!ffM! 

BCJ!J<! 

(I.3) 

rum (I.4) 

J;>f, H-~-jf~Ji)'I>O; i=1,.1. 

TiyCTl> ')D- JIJ061l8 iPMKCHpOBaHHI:!B l!JI!CJia, 06JI8,Zllklllll18 TBM CBOHCTBOM, liTO 
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~.~r,,t. (I. 5) 

Torl(a MOJKHO l!OCTpOI:IT:b 06061J1811HJ!O lilYilRIU'IIO ¢12;,2 ... , ... -? > t) B8!l18CTB8HH0!1 IT8p8M8HH0~ t CO 

CEOiicTBat\11: 

I) ¢(2,! · · :t, > -f) rOJIOMOpij'iHa OTHOCJII reJLbHO ~ = ( .S5, :>.Z~,. . . $s-) B H81WTOpOii. 06JI3CTI1 ~ 
06mlCTI> ~-f' 1 f ~ f(#';"'}COli,8p""J.CI1'J! :nee TO'i-tl!l .,2- BVI:li,a: 

(I .6) 

rli,e 't' - mo6oe 'iJilCJIO, Mel!nmee JllJJI1 panHoe Hymo, 11 Llo~: rrpo6eraeT BHyTpCHHOCTb 3Jimmca 

(I. 'I) 

B 'i3CTHOCTJ.l, CCJill BbUIOJIH8HO H8P3E811CTBO ..1.::..-.. < .1:A.< X) 1 TO KO BC8M 06JI3CTitM ~+ !IpHH3li,-

J!eJ'!3T Ll.t 113 liPOM8leyTKa 

' L1.., .... = 

• < .L]L < .Ll.., .. .< 

m-in { Ar-t,o) + .D(t,oJ} 
i>-}. (M+j"'J 

Ll:,,. = m~tlf { J1 (-1, r) - .B (-I, T)] 
i 4- t (#•jM) 

X) 8TO O!I!iT:b liPJI!E8li,8T K 1!8KOTOpb!M orpaH!IlJ:8H}Ifll! H3 1J:I1CJia Ji J ti ~ 
1 

~;:: 

(I. II) 

(!.!2) 

(I.I3) 
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L,, f) , 8CJUI 

3) i(Jifl B8m;8CT1l8Hllb!X (" , A , ) 
,, 1/~) J }/1 ~= MHOI'006p83Hfl (!.2) 1 ~nH KOTOphlX BBJIHqMHhl 

11p11H8,ll)!e!t3T OCiJlUCTI'I ». t '- (f!---,;_"' 1'~8 - L / 1 HM80T MCCTO npe~CT8BJI8HH8 

'}- "'!·,, ,, ,, •' / '· ('-•")'] /Y- 'I-" /11/L,/.1>,~>(/,.,._/.f, ~ 

BCJ!H 

PaccMOTPIIM 6oJiee o6mvril cJiyqat!, KOr.l(a IDYHKIUH'l 

.7fl (r,~ )',) 

J;!tOBJI8TB0pfl!OT BOOM yCJIOBJ.:!f!M OCHOBHOtl: Teoporu KpOMO JCllOBJ.Ifl CK8JiflpHOCTii. 

· BMOCTO Hero 11P8.l!l10Jl0l:CIU!, '!TO TIPJII npec 6p330B3HMJi! }( 113 I'pyrt!Ihl JiopeHI..ta HaUm: !J)JHK[\!HI mmeiiHO 

npeo6paayiDTcf! 

____ L'xTJ = L .4,.,, (.tJ ~"'r~, ..... x,J 
/c,;;J}'&e 

c rroMOll(LIO lJeltoToporo npe;n;cTaBJIOHHfl A ( .¥} :noM rpynrrbl, paa6J.maiOll\8I'OCfl aa 06DI'!HhJe T8H30PHbl8 II 

CIH'IHOpiiLlC rrpC.l(CT8BJI8HJi!fl. i•,lOJKIIO ITOK338Tl>, t TO peayJihT8Thl TCOP8Mbl npeTOpneBaiOT 3)':180:1 CJICJJ;JIO!l.l08 

JIJ3MeHemre. 

l·.~Q]U!O IIOCTPOllT:b lCOH8'<IIYfO CllCT8MY 060C ll18llHhiX \)jyHKr:n:ti1 B81118CTB8HHOl1 nepeMeliHO~ ..t'.,-

HB]lfllJl1\I:IXCf! 3H3JIVITI1'!8CKI1MJI! !}JYJ!KIU1flMI1 KOMIIJIE KCI!IJX nepe!.!eHHIJX ...;, . -? If o6na.zt3JOU1HX CBOiiCTB3MII l 

H 2 (CM. OCHOI>HYJO Teopeuy), IIPI11l:8M JVIH E8U8CTB8HHbiX (A,····-/,) H3 MHOr006pa3>-!H (I.2), ,l(Jifl !WTO

pblX B8Jll'!IIJI!llh! 

ecJIJI! 

2 =n" ' ,, 

OTMeTRM HecKoJI:bKO JlaJKHhlX ,l(JIH npwwxeHdi qacTHbiX cJiy«aeB aToti TeopeJ.ru. 
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I • ITycu 

-;;~L_!!+_,+I ~ 'l/ t;;;,;«" 
.AI+rf.!' 

(1.!4) 

1:1 N~ ":JKcncpMMBHTarrnaoMy oTHomemuo Macc1r lYJUIOHa R Macce Jr-MBBOHa (# = 6,714;« ). To:r;zJ;a 

' J..,,.., "" 0 (CM. paCCYJK,li;BHIIB B KOIII~B § 3) 1'!. 1 CJielOB8TBJI:&H0 1 !IpOMBllCYTOK I13MBHBHJI!fl ,A.t B (I.II) MOlKHO 

33MBHV!Tli 113: 

. ' O<L1<L1..,. • .., 

2, ECJill MV!HHMyl.l lJ (1.12) PB8Jil'!.3YBTCfl D TCliKB -1--./ (#"'/') VI 

,, 
TO DHpalKBlllW )IJIH LJ..,,.~ yrrpomaeTCH Jll npl:lHl:IM8BT CJIB.JJ;YIO!!!Mtl. BHJJ:: 

Ll.z =-M_. 
''"'~. 

+ 

Ji{.lH-.?--J;rJ 

4 (H.,.ri' 

Jl'JIH IIPOl.\BCCOB I-6 ITPIIJ 't"~ .> -.JjiL MJ.IHHMYII B (I. II) IPaKTJI!liBCinl peaJII13YBTCfl Jl TOti!\e 

(1.!5) 

(1.!6) 

(I.I7) 

t = f (#+-/") ll 1 CJIB,ZIOB3TBJI:&Jl0, L!.:...x BblHICJIHBTCfl ITO ifJOpMyJie (I. I?), 8'1'0 !IplfllOJUI!T HaC K 

ifJopMyJiaM (O,l)-(0.5). 

3. ECJilf 

L 
TO Jl8r'KO Bll.ll;BT:b, liTO Ll ... 1,. = 0, iPOpMyJia (I,I2) B 3TOM CJiyqae 3H3lJVJT8JI:bHO yTip01lj38TCH: 

B CJIY1.!38 M830H-HYIQIOHHOrO paCCBHIIIIfl M KOMI!TOH-3iWJeKT8 MI!!HifMyn! ll (I.I8) peaJn'!3yeTCH B Toqxe 

f= j-(M+-f"'-) 1 qTO npli!BO,ll;lfT K tflopMyJiaM (O,I) J11 (0.2). B CJiyqae paBHHX Mace ( #~/f 1 i'=2, 

"1::
0 "")'t..,) MI1HHMYJi ll (I .IB) peammyeTCfl ll TQqKe -f = 1'1i # , qTQ IlpJ.!BO,ll;lfT K 3HaqeHJIIIO Ll~.,.., = .!;41~ 1 

yKa3aHHOMY D padoTe/6/. 
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J(,Oita3D.T8JII.CTEO OCHOBHOii: T80p81!hl OITLipD.CTCfl Ha TeOpeMy o(i UH8.1Il1Tl11J:eCK1lX CEOliCT.B3X ~(!ITil3.l_1J:B.'J.T1-

~et\ I'! orrepe;ttaromeii c:Mmnuy.n; npouecca. Go.n:ep~auweM 3Toro naparpaifla llBJif18TCil -~OKasaTeJlLCTEO ::JTGii 

ECilOJ.!OPaTBJII>HOti TCOpCMbl, npe,l1CT3EJIHlOI[\8tl K ~OMY Ji\8 U CD.MOCTOHTCJII>HUti J.1HTCpCC. 

!Jycn l\8l!Ll ztBC 06061J18HHhl8 QyHKIJ;IH1 ;.r {x.J ' .1J.), GliJI:'l.J.ta!Or]ll8 CJlOHCTllOI\ 

38Il33,llblB3Hiifl 1i OII8p8l!t8lnfl1 COOTB8TCTB8HH0: 

.;r(.!() "'0, eCJIIf X ~ C; ,;;:·rx; ,_a, ecm1 x_..,. o (?..I ) 

~ 

Ilycn, J{pOMe TOro, l1X rrpeo6pa3oBaHifll !Jfypi.e ~ (!') J t= (/v~A) .. A) COBITfl}\Gl~T Il o6;'J3CTJ.l 

(2 .::) 

ITpe.ztrwnaraeM, qro 

Y>' ,;«>0 (2.3) 

-
Torna cymecTByeT aHamiTJ.:tl!ec~tan iPYJIKUlilfl ¢( { J l!8ThlP8X fWMITJicKCHhiX rrepeMeRHhiX 

POJIOMOp@Hafl D 06JiaCTM ~ (y), Pll8 06JI8CTI> ~ (r) 8CTI> COI>OKYIIHOCTI. TOtreK I'( , Yt~OBJ!eTl30[Jfll-1!]1>1.X 
• • yCJIOBHA:M : mr6o 1 > 0, JIJilelo rrpw 1 ~ 0: 

( 1. It r' < ;·+ r M/"-J' , o.- tJ-!< i~-~- J >tl"" {2.4) 

( ? ") cu 

eCJIH 

(Z.o) 

ecJIJil 

r:z:te odosHatieHo 
d= 1-f_,_/'+f/' ft"" #-t,M-j'ji 

TaKOBa 1 liTO ITpH BemecTB~HHMX f lf3 06JiaCTH (2.2), 
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llQ~£.3ATEl!£QIBO 

B pa6oTax 11ocTa M JieMaaa122/ M ,l(at!:coaa/1 )/ aalt~eao HHTerpaJII:.Hoe npe,n;cTannea11e .D;JIH npJII'IMHHoro 

KOMMyTaTopa. TipJIIMBHRH TeopeMy ~a~coaa ~R Ham~ro CJiyqaH, nonyqMM 

{2.7) 

r.n:e o6061!18HHSH ilJYHKL\MH f (II, J/) COCP8.D:OTOTIBH3. B 06JiaCTJII: 

/11./+!iil ,;t (2.8) 

B CI1JIY CBOifCTB (2,1) l]lyHKJ..tJIIM ~(K) VI ,f(K) rJJIOMOpif!Hhl COOTBeTCTBBHHO B 06JiaCTHX: ~>if/ M 

f.. <-If! llMBIOT MBCTO npe;neJI:&HUB COOTHOlliBHJIIH 

J;r;+t1J ~ :fr;J 
~~o, J.>lfl 

{2. 9) 

llpMqeM 1 CTpBMJieHMB It npe;neJiy J.IMBBT MBCTO E CJ!l60M CMblCJIB. 

~ 

1>tmc1IpyeM BB111BCTBBHHNJ.J: BeitTop J J.l pacc·~OTPilM WYHitD;Im 7;(Jc.Jl) M .7,;(x.,j!J HBJlfllOI!IM8Cl1 ro-

JIOMOplf!Hb!Mif i}JyHKD;IIH!.IJII Ko-= l'o+lf• COOTBBTCTBBHW B Bepxaetl M HO:!Xmeli llOJIYllJIOCKOCTif; BBCJ(8HIIhl8 QJyHK

UifJ.l orpaH!ftieHbl llOJIMHOMml HBKOTOpOiit CT8ll8HJ.l hi COOTBBTCTBBHHO ll 06JiaCTHX $, > ~ If f., ~-b-npM Kall

;ZI.OM 'a> 0, !{aK CJJe,llyeT M3 ,IIOK838TBJI:OCT:aa JIBMM>l l paOoTE/23/, CTeneH:& hi M3MOpMpyiO!l1Bro ITOJIIIHOM8 He 

33Bl!CI1T O'l' 1 :If r I a aa:BMCI1T TOJI:&JW OT Tore IUiacca c (I, I;~) • itoTOpouy np11H8,11JIBJKaT qiyHKUl'llt 
~ 

r, 
IIpHHMM8fl BO llHMM3HI18 CBOt1CTB8 (_{lyHKU11iif ~~ (Jr,,jJ M rrpMMBHHfl TeopeMy KOilll1 1 ITOJiyqMM ITpV! j., > 0 

S== o 

( . ' Ko- t'.f'} 

sf 
''/l:(l,)J~/ 

0 !.J f~i.K 
(2.10) 

r;ne 11. - .D:OCT8TO'IHO 60JI:&WOB HaTypaJI:&HOB 'HICJIO (EO BCHKOM CJiyqae He MeHI:.lllBe lHlCJia l)t) 11 ./ - npo-

113BOJII:.HOe ITOJIO~TeJI~HOB qMCJIO. 

YliMTbiiiafl npe.n:cTaBJieHife (2. 7), nocJie uecJI)J![JlllX npeo6paaoBaHMM noJiyqMM lola (2.10) 

:;; (K,J) = 
' (K.-i.t'} :;-,,, ~ 

sf .r 1 t/.,P} 
. (2.11) 

¢ ( K~, Ua > /, .\ •, { j-;J'} = E 1; [ K. -II.-'!.,· VA,l. + (j-H /' ][ ~~~-[}( t- l(i }"y+ (/-if}ylr<-f 

z.~ .t1 
' 

JllaTerpa.n: B (2,II) MOlitHO JIJHTepnpeTttpOBaTI:. K8K JHaqeHYIB \IJYHKD;'I'IOH8Jl8 (060CilUBHHOI1 il.JYHKJ..tJII11) ftJ aa 

rflYHKD;JIIH J.l3 COOTBBTCTBYIOI!Iero KJiacca c (p, f ;4-) (!tpM ,liOCT8'l'QqHQ ()QJII,WOM It ). 

Jlla (2.Il) CJie;nyeT 1 'ITO ({lyiiK~MH Jf (K.,j, ):tOITyCK8BT 8H8JntTMqeCK08 npO):t0Jlllt6HMe K8K TIO KOMITJIBKC-
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Hotl ncpeueHJ!OJ..l k. • , Tal\ J.\ no IJern:ecT:BeHHIH nepeMeHHh!U 1 HLI. IWMflJICKCHLJe 3HatJ:eHHH 1 
-~ 

.7-(A} Ci.VJlCT I'OJIOMOptflH l~ JJ:JIH TCX /( 
' 

, ltJill KOTOpbiX O.ztHOBp8M81!HO 11Mei'J1' MCCTO 

I' I (C } 

1" I u 
nrm ;cex (v, J~) 1>:s oei.-:acrll (2,8) ' : ) 

'J'aK K3K },(- IIPOll3B03lbiiOC flOJIO~ll'l'CJ!bHOe 'llCJIO ll Q(iJIQCTI, (2.12) MOliOTOHHO B03pacTaeT C )'Br;.Cl:'l'~'~llr'·~J 

_,y· , TO B (2.12) MO:'tl\0 IICpCl1TM ){ npel(eJI,' OpU /( ___.. + <><> , TD.KVJM 06p330!.l 1 K 06JI3CTl1 rOJIC>'M!I'~•':():_:T\1 

lil,'fl11Ul)H'l .'T'(K) OTIJOC\tTCfl 1'8 TOIJ:Fnl! K 1 JJ:.lfl IWTOpbiX BhillOJIIIe!IO HepaDeHCTBO 
' 

!lpl! ECCX (N,...l~) l!J OCiJILICTH (2.8). 1·13 JC.IOBI1fl (2.13) HC!lOCpCl(CTIICI-tHO CJJe.llYCT, '1'::0 TOIJ:KJ: 'f' 

1\0':'0P!:..'X 9~ > C, np:H:,!!.1C:t1.T DCi.'!aCTJ: ronou :J:.O~HOCT:l ·:!l:rm-:u.n'! {(K). Tio3':'0MY 1.!~ MO?eM SI'J:-•3!!~1.t::rn '0-1' 

" p3CCI~OTp81il!::' T81'1: k , ;"(.':n KOTO]:'!D:: f ~ 0, 3~!1 IIOClr8l(HV.e I( CO)';Op:aTCii B C]l;r;y (2,_:3) il OC'.::I'lC':';:, 

onpcr,ec.P..eMo:l :>'C.'!OE;;eM: 

IIpJII ECeX (11,~~) 1'!3 o6Jr<.1CTI'I (2.fl). 

lJTo6L! pRCH:Pbl'TL ycJIOBI-le (2.14), npe.n;ITiiJIOJKI-!M JIJHI orrpel(eJICHHOCTJil, v:To -li;;. #+;'1 •f:P. 

lli'IMilH BO BHIIM31U!C (2.8), 38!ll-!illCt.: yc.lJOE!le 2,14) B Bll.llC 

l)lrH_/(H,,Ii!!} < 0 

'II,/~ !r/; ~ t 

r.10 / - nen;:;spu:mafl ~~-,~·;;xn;!H CBov.x apryJWI'TOB. 

j(u.,iiJ~ 

(11.,/ii!) fO _f 

(A li,J:_ (!f/-1:/t)l-1
1

-- {M~'i-Yif+II.J;--ii't 
ii<'l 

t ,I 

' 

I! 
t 

• flpll-
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J!mnm F (_ , C f:. 11 (! (; l1M8iOT COOTDCTCTBCli!IO {p3lli!Cl!Mff 

I. ( . J u ,/( ' -· ~ 0 , 11,,/kl =o. n+~- r 1 t-..11.) - u 

''p::ill'Cf!l!B J!l11il1Jil [ C npeo6pa3yeTCl1 R BM.zty: 

..... 
4t 

(2.!6) 

Bll,':(I:t~ 113 (2.15), liTO 06ll3CTl1 rOJJOI.lOprfl!!OCTI1 B CTyllae ,-;; 0 !1pnHa.zpiB:m:8.r TOJTHCO TC TOq!tJ.l X t )IJIH 

lWTOpUX J;lhlTIOJli!CHLI He OD.l\8l!CTll3 ( 2, I+), ::JH:1illB&11811L'IIhl8 HCpaDC!!CTB3M (2 ,2) • 

0'-!CDll.!(llO, '-!TO BI!YTP11 06JiaCTl'l J. H BHYTP11 U!HllJ.l _rc_ M3RCJ.li.!JI! ~!YHI(IJ;l'll'l .:f He pC31!113YCTCH. 1~3 

(2.2) CJJB.IC'{CT, qTo :JTOT W-l!CCifMYM M0)ff8~' 6hl1':b TOILKO Ha rpa1!!1!(3X 06JT3CTCH TI !1 liT, 

BHyTpll yr-mcr•wn .// F 11 C.Jf tm:·:mn.lyH r;rymt ~1111 _/' HC peaJIM3YCTCH, 1160 TaM OHa JJMHCl\IUJ.; TD.I< 

rw" npancc or JTHHHH AIJ 11 JICBee or JIJ.:IHllT: CIJ :-'YHI\l-\11ll ./ B03pacraer, ro ee MaiWWMYM He l.!O'KeT 

i(OCT!:l'UThCH TaK:-W H BHyTpH Jlll!UIH ._h l\ f!,b • 

_7!0K3llt{lM 0 'ITO B TO'IKBX ,_./ l·l .;{J llaKCllMYM q1y ntlUHl f H8 po3JII13yBTCll • .ll•;itCTBl1'i'Ul:bll01 paCCM8Tpl1B8H 

,'1)lfl onpe.neJICHIIOCTl1 TO'-!KJ' Jf 1 nMCCM B ClUIY (2. ?_) 

0TCJO;rta CJIC.ztYCT, 1.!TO B O!tpeCTHOCTH TQqKJ1 ,/ BCe ';ll;a Hal·i;n:eTCH Jiel'Camee Il 06JI3CTII ffi HaiTpaBllCH1'1e 1 B;ll;OJih 

T-toToporo (f:YHI<I\l1fl J B03pncTneT. 

]\OH3J!C8M T8118p:b 1 1.!TO 13.1\0JI:b Jil1HHlil .rc TI]")OH lll0.z11!3ll !PyHHI-\lUl ./ ITO Ho 110110llillT8Jl:bH3, B TO BpCMfl 

ito.!( BJIOJ!h Jllfl!l11'! t C. 3T3 11p0l13BO.l(H3.ll 0Tpl11.\3TBJI>H3, J(eHCTBilT8Jl:bHO, p8CCM3TPHB8fl 1 H8llpi'!Mep 1 CJiyqan 

Jll1lll1VI FC- ' llMCCM B CllJIY (2.2) 

f (!!. ~-;.-t 



lpF :lTOl\ 1·-fhl !ljll'll!fL1111 BO BHI'!Wl.HllC TOJILKO Te ~~ , !W~Opb!e B CI'!JIY (2.2) J,1;0BJI8T:BOpilL1T ;;epa.Be,;C'~'j,;·; 

V:J CEC:1381lEOrO Bl-I'I'C:\3.8T, qTO lm::cm:yM if:'YI-I{I_.(lnl ./ J.JQ·::cT ,/lOCTlll'3T:&CH JIIJCi.J H:J. J:I:JII'F _4e_ ::;-:: 

rw Jilliiill1 CC- • :!a JI!a!lm Jk m.~eeM 

rTc;:n11/1 CJICJl.YCT 1 qTQ CCJll1 Bl::!nOJIHOHO Hcpa.BCHCTIO 

D, jO'j.;.. f.-::!_ (2.IH) 
t' I fi 

TO M31tclUI,Vl.l '.[r~fl!l(l\11~! J 1(0CTlH'U8TCfl lla Jll1lll'l!1 .~ 11 pO.:JC!i /!;(f'oJ/'---.1) -~~ , ,'lTD B C!1JIJ (.':>.:!:~)) 

np111lO,Il!1T It JCI:OB!lll!J ( 2. 6) • fl pl1llllM3fl. EO Blll'!M3l ;re ( 2. I6), Wl •1!11!l:l1 {It i!OJIJ''Hll.~ 

r; -;.- .J llo If! } I 4t""-· ;~ 
ft )' -+u: 

ECml t ~',7(01lJI8TB0pJICT YCJIOJJJ;IffM (2.2) ji'I, CJl8)!0E3T8Jl:bH0 1 (2.[7)/, TO 

<;J 
4f 

< t- /o - rj~ _,_ r~,li~ < 0 

llo:JTmty, CCJUl JCJIOJme (2.18) l!C BbinOJI!IeHO, TC M3ltCllM:f!.l !_DylllU{Ill! / nen_pepHBHO pcaJil13Y0'J'CH na 

yqacTHC Ct tt _paneu l';(t.,!/1)-f'~. , qTo I c1ury (2.15) npriBO.rtl1T K ycJIOBI-1HM (2,5), 

JrOK31!:8M Terrep:r., liTO llpl1 j,J. =:; 0 118p8B8HC1'B3 (2.5)-(2.6) CJI8.l(YJOT 113 HepaBCHCTB (2.4) \1']:·', .. ;·<, 

TO JKC C.'l.MOe, - 1'!3 H8p3B8Hl5TB (2,2), l!JIH 3Torc .l(OCT3TOqHO 33MBTI'!Tl>, qTo !!BpD.BBHCTBO (2,5) llpll y"'=C 
MOli\BT 6!1Tb 33TII'!C3HO B BH.l(B 

Tmtl'!M o6IJa30!.l JIO:m3n:w, tiTO o6mlCTI> Ci(Y) COJ!CPl~1'!T nee nemecTBBHHLie To11:m (2.2). 

AHaJIOrl1'lHHe p<1CCJlK.l(8Hl1ff (c COUTBC'l'CTDY!Oill1Ml'! ynpO!l(8Hl1fll.m:) IIPI'!BOi'lJIT H TOii JKB CflMOii ocJ][UCTI'i ~ (y) 

,ll)Iff CJiy-t!SH, KOr,l\a .lt ~ "!._"iAA ~J'/' . JOBTOpflfl TIO.l(06HI:!e paccyJK.l(CHilff ,i;J!fl (]-'_'{Hltl\lm f 1 J.lbi 

llPl1Jl8tl K 8.1!3JIJ.1Tl1'18Cltoti ifY!IIU\J!ll'I 7. (K) , rOllei.!OprjJHOiJ B 06JIDCTI-l ~ (J'), Ho, 110 .l(0H9.33HHOMJ, 06JI3C'l'J, 

C.(Y)COllBPBlfT BCC BC!ll8CTBBHHhl8 TOqitw (2,2) IMBC~'B C lfX (KOMllJlCKCHb!ULl.) Ol':pCCTHOCTHMI!. CJICJ(033TC}Ih-

1101 1l KOMfiJIBKCHOI! OKpeCTIIOCTll 06J'l3CTll (2,2) UOCTpOCHHb!C 4iJIIHI{lU'I r{J<j rOl'lOMO]'I~·l:!LI; IIO J'C.!l0Bl110 npl:l 
' 
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BSIUCCTBCHHb!X jJ Jll3 o6:rJ:aCTl1 (2,2) 8TJil r}yHK~llV. COBIIIl.ztaiOT ltaK o6o6meHHNC 11, CJl8)l0ll8TCJIT,JJO, 1l C1JJIY 

JllX I'OJIOIWPIIJHOCTJIJ COBII8.zt810T B }(8Ji{;ll0ii: T01!KC, fllSTOMY rJlYHitll)lll f.(K} _, /"' f_,t:l OIIPCllCJilllOT iJi8ICTI'l

'!8CK!1 OT;HJ' 8H8JIJI!Tl1q8CRYJ'J iflyHK!Ul!O ¢)(Kj, I'OJI ll.I!OPtllliJ:O B 063I8CTM tt 11 COR!W.,Il(llO!ljJ'l0 II PI'! BCI~CCTRfJHHL!X 
~ 

1 1-13 o6JiaCTl1 (2.2) c rtnmu:v.m.m ;r(p). 

Teopef!a i'J.O!\a38H3 TIOJIHOCTbJO, 

0TMCTJilU 0,/IHO IIO.'l83H08 7\JIH !Ipll.JIO:'!t8HJilE CJI li'\CTBl1C 1 yCT8llOBJIOHHOC !IpM ;zl;Of\a30.TCJIT>CTBC ::lTOi1 TI'.:OIJC

B yCJIOBl'!HX TeOpeMhl QiYHKUI:IH ;;;(K)I'OJIO!,OprlHa B KOM.l1Jl8KCHOi1 OKPCCTHOCT<I 06JI8CTI1 (2.2). 

C(:·Op!.~JJII'IponaHHbl~ pesyJII>T8T 6hlJI BIICPDble {CT8HOBJiell H.H.EorOJI!060BLIM c/4 / ~·.·laTeMO.TJIII-!eC!toe .nonoJI

J-!:CllllC 1 TCOpm.m I); B )ISJI:&I-lelirueM 3TOT pcsym,T lT 6Wl 2I.OKU3UH ,n;pyrWMl1 M€TO.ll;3l.llll ll pa6oTaxf22 • 5, 6/, 

3/G/ :rmwro nma :reopmm Ha3BaHLI :reopeMaMw 11 edj-f ~ #..t wuf,te 11 • 

JlOKG38T€JI:&CTDO OCHOBHOJ1 T€Op€Mbl 6y,n;eM II lOBOl.(J.lT:& TIO CXBM€ l.(Oita38T€JI:&CTB8 TCOpOM UJ VI [l B pa-

6oTef5! 1 V!CIIOJI:&3yff IIpV! 3TOM BM8CTO TOOJ)8MN: ! 113/S/ .ll;OfC838HHYJO B § 2 BCIIOMOl'UT€Ji:&llyto TeopeMy, Tipe.ll;

B8p!llT€1I:&HO FCpaTFCO H3J10lltlt!M TY !IUCTl> ;110FCU38T€JI ;CTBa, FCOTOpaff B H€FCOTOpotl CTeUeHM JIOBTOpHeT COOTB€T

CTDYJOI;1Jil€ paCCYliGIBHHff B pa60T€/S/. 

BEW.lJ:Y TpaHCJUIUJI!OflHOii JIIHBapwaHTHOCTI-! o6o 51ll,eHHh!X WYH!tU11i1 .:;;. (x,.~ ... x,)ux MOJKHO paccMaTplman 

K81t 06061UCHf!bl€ !DYHKUIU:I. Tpex 4-B€KTOPOB 1 IIUJiptMep: 

8To npHBO;!IHT Hac K WYHKUHHM 

¢~ (J,,,fo,,j.J) = ~- (r,-x_,, X,-~, x,--t .,.~ -x,.) = q/, (-r,r .. x,.) 

~j (t ,j., f,) ~ .! ' .;:: (t +" '-k f, 'f,-J 'f. -J,) 

l!8XO;znl.M 

~ 

(3.!) 

(3.2) 

(3.3) 

B cwny ycJIOEHli (I.4) w cooTHomeHwl-1 (3,3) rpyammM ~- (;,, . . /,) o6palll,aiOTCH ll Hyn:r, B o6JWCTH, 

j,' < ( ~+?<)' l1JIV! j < 0 
J• 

(3.4) 

T,e, BH€ 6y~YJ11Bl'O CBBTOBOl'O KOHyca. fi03TOMy, a T8Kllt€ H8 OCHOB8HHM JIOpeHD;OBCKOi1 HHB8pM8HTHOCTH 

1\IYHW . .\JIIJ.l ~ BCer.zta MOl!I:HO Bhl6paT:& CHCTeMy K lOP.ztMH3T T3IrnM o6pa30M 1 llT06bl ll8KTOp j; 6UJI paBeH: 

j,~(t,o) (3.5) 
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~ 

B :lTOii C\-iC'!'Ct:e !WOPI~Il!W'.r oelo6•_·\Clm•Je (iyfiltl.\lltl ~ (t,,f~.d-_,) Ciy:n;eM saru!CbiBan B Bltl.rte /;·(fn~,t) .. 
TD.!H!M oGpa30J~ !.lH ITpHXO]~Il'.1 K CllCTCMO qcTIJp•:X 060Cim8HHblX {j}YHl~Ultl~ .{.· (J,,.!J ,_f.) 9-TJI! ITcpeM8HHWX 

J,,j, .Y,. ,;. ,j., 

I) 

06J!a1!3Wl!\llX D Cllny (I.I) (1.5), (l. 1t) l1 (3.I)-(3.5) CJ18i'J;;YI11l(lJ~ll'! CBOi1CTD3~lll! 

2) 

3) 

4) 

./,, 

.1,, 

f.. 
!,, 

/,j - 1.~ ~ 0 .)~•.• 

- -

.. o, 

" o, 

" 0, 

" o, 

.ecJill 

f -·J ~ 0, i""'t,a t CCJII'l i'T- i~ 

~ 

li;· = o, ecm~ f < 

~llKJ.llUI Jij ([,y.,t) 
_, + 

t ll 

" 

8CJII1 .!i .<; 0 :llJ!ll f.. .<; 0 

CCJ!Il y, ,; 0 llJH'I ~ ~ 0 (5.C) 

801!11 J, ~ 0 IIJIJII !. .<; 0 

8CJ111 J ;;:. 0 11Jllo1 !. ;;:. 0 

( .1. -+.1. r; .1. (J .1. ...... ,l 

).d) <j,+ "'~"!' 1,.-tJ<j,+J;'l' (3.7) 

(3,8) 

t~i= t,a. 

" 

' 
(j = 1:,?1) nap (_~iYHlCI\11ii _/;. ,J,t_J):l 1,.1 ,j,fL,t) 

OT!IOCV!'l.'CJI:t.IIO I18p81.!8HHOl'l f, Bb!TIOJIH8Hbl YCJIC ntH! BCITOMOI'8T83li>HOi.1 Toopet!hl. flplUWHlUl 'CTj' 'l'COJ)Ci'Y, ITj:;l-

.11:0!·! J!: '~YHI!:J.lllf!M 

(/) (x.,t,,f) 
j 

j- .z.,~a. (3.1 '') 

lWTOP'JC HD.'IlH:lTCf; !'O.';OIJO!lrf·HT.lhm OTJ-l0Cl1'1'0Jr:&HC K, B 06JWCTI1 ~ (Y,) >1 o606E(CHHblM~ OTHOC11TC.'lbll0 (£J f) 

B Cl1JIY (3.6), (3.8) 11 (3.9) IIOCTP08Hllbl8 c}lJIIRl.\l'lll (3.10) O!lf!T:& Yi:IOBJICTDOPHD'l' YCJ!OlHIHM RCTIC1.10I'D.T8Jl:O-

HOii TeopeMbl no rropcMBHHLIM ft.t. • flpw1.1emm c nona 3TY TeopeMy K 

(/)(K,,K~, f}, I'OJ10M0p(lJHY!O ITO COBOKYIIllOCTJ.l nepeMBHHblX (K,, 1(.) 

IPYllKl.\J.lHM ( 3. IO) I IIOCTPOJ.:!M ~lJHKI..\1J;J 

:13 o6Jiac:rn t: (r,) x &; (J;) l·i o6o6 

UjCIIHYJO OTHOCllTC.'l:&i-!0 (B8!!18CTBCHH0!1) nepeMCJHlOtf f 

(cu., Hanp~:~Mep,/7/ rJI.n), rJJaCHmeJ.l: ecJm ~YHKl.li:IH 
3;118Cb MLI BOCJIOJJ:OSOBaJH'lC:& TeOper.wl1 rnpTarca 

/(2, ..l~J roJioMoPWHa no Ka'lt).toll nepeueH!Iaii 

rtp}! i{JI1KCI1POBaHHb!X OCTaJIJ,Hhtx, TO OHa l'OJIOUCPiima VI llO COllORynHOCTJ.l ncpeM8HllHX (21, .% .. ). 

floJiyqeHHaH iflYllKl.\J.lfl ¢rK"K..,fJ 
(3.8) COBIT8.,11D.8T C iJ.l:J'HKl.\lHI.!All 

BOCllOJI:&3yeMCfl T8llC]lL yCJJOll!JeM JIIHBapnaiJTP.OCTi'l OTHOCl11'8JihHO ilpOCTPBHCTBBHHb!X BPD.lt\8Hl1Ji: li OT[J8-

E8Jll1i:i. B CJ.IJ!Y OTOI'O yCJIOllllf! ~IJHKUiffl (J>(K,,K..J f:) 3D.nl1CI1T OT (K1, I\,.)JII1lllb l!OOpCJJ;CTBOM Ilf!TIIJ nepe-

M8ll/Jb!X: 

BMOCTO HWX MOJJmO BBCCTI1 3KBI:IB8JJeHTHYJC CltcTSMy nepe!JeHHblX rrvno;:wm 

(3.II) 

• - + !' Zs- = (K,~-X~~)- (K1 -K,~. . 



'f3IC lf1'0 

'/' (Ku Kj) 
J'e; (_). fl) fl0Jl~'tt3C'H 

;;~ = t.l.
' 

2 -

.,.l.r) t) 
(3.!2) 

(3.U) 

'l'::J.I"::J,: 06]JU:1::n;, i'\Jif! /IO!m3-:l.TCJII.CTBS OCHOBHOt.l T80]·8Mb! ;J:OCT8T01.JHO B CJIIJIY (1.5) ITO!ta3aT:b, 'ITO K3IW.Bbl 

'i 1 ;n: r:i'-I.lm '111CJHl I , 1:" vr A.~ coor.HcTcTncHHO 1 a rrpoMe":yriWB f ~ u;~ , 'L ~ 0 11 113 3Jimmca 

([.?) llFlii,l\C'i'CH Y.t)T\1 6u 0J(H3 (rCOMriJI8liCH.'Jil) 'i'O'm< (.«;, « ... ) , Yi'10DJ!CTBOPHI:ll'\3ff COOT110tll€l!!1flM 

)~1,-2 

t'. (J;) X ~ (Y,) 

~13 ·(3.14) CJ!8)(J8T, liTO KOMITJI8ltcHhl8 BCl,TOPL ~ = h t-lz 11MCKIT Op~'OrOH3JlbHbl8 E8i118CTECHHbie 

·• . 
!1 Mm1Ml:J8 1!3CT\II! /,I_ "'0, j = 1,2. I10::JTOMY J(JIOBVJH (3.14) !.:!ORJJO nepeni-!C3T:b B BIUI8! 

J 'I 

__,._, __,~ //)"( - ·; 
j . = 0 n _q_ = r i,-+' r't"i 
"' > r, .h 

i=l,.t (3.15) 

l',II;C tl:l1CJ13 fl; 11 J}: , i = 1 12 CJTL R0Cl11!JCbl yrJOB !.18R.D;J COOTBCTCTEJ'I'l!iil!Mil BC1tTOp3ML1 0 J)l01lJ!8TilOPHIO-

W!G COOTI!Olii8111H1M; 

(3.17) 

llCK.Jli'J'-iaH E6Jill1H111LI /j;/ 113 {3.16), C !10!,!0mLIO (3.15) JIOJIY'IMM COOTH0ill8H!-Ie; 

<l. ' '1:' • .._ 

( --';;.,-') 
(3.18) 

BocnOJII>3Y8MCH Terrepi> BCI10MOI'fl.T8Jl:&HOf1 T80PEI!Oi1 H3 § 2. lihlf!CHiiM YCJIOBI1f! 11PllH8,Z(JJeif(HOCTJII I{ 06-

JI:lCTll ( (y) TQI.!eK /( , :{l(OBJI8TBOPfliOU(HX YCJIO:Jl~flM {3.I5), T.e. TOI.!ef< JUf~a: 

(3.19) 

., 
I'J.l8 j - B8~8CTB8HHL!l\ OpTDI'OHIDI:bHE:ii\1 K B8KTOpy ji OpT 1 a ~ - flPOii3BOJI:bll!to'l B8ri8CTB8HHUi1 E8KTOp 
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(3.20) 

l'l3 (!.9) C.'lel(yeT, liTO HCpaBeHCTBa (2.~) ;zJ;llH TO'Ielt (3.!9) BC8r,Z{a Bb!IIO.liHeHU 1 eCJIH 'L"<J'/41--t 

.YCJIOBJ.lH ( 2. 5) ll ( 2. h) IIp!H!YT COOTBCTCTBeJUD llli.ZJ;: 

< 

<I 11 < 

CCJUI 

4f 

'ilYHKlL\1fl If, ( f, 't') I.~OllO'J'OHHO y6WB38T C B03j 8CTam16M 't: • flO:'JTO/.!Y yCJIOBif6 

r #.t·--c· .J. ~ 
nut' (i + ---)- H -t 

4t 

i :;. }(H'l') 

(.lll""/") (Y~.t- 'to} 

4il- ()1+;"'.__/'J").t 
0 

(3.21) 

(3.22) 

(3.23) 

oCI;Cm;qJ.llJ3CT IIOJIO:f':J.J'I'eJihHOCTI> IIQ,~gopenHOrO BJip3lW!Il1fl B (3.21). 0yllKL\l'!fl J/J (t, 't') OTplll.\3TCJILHa 

ll}'l1 BCCX 

l103TOMY orp<lH1l'JCHl1ll cm1sy IW B (3.22) rj)UKT11'1eClni HCT. 

PaccMoTpll'll lJ .9-Mepnou rrpocrpancrne rreplMCHiiblX ( t, "t", 1 J!} 

' If! = t Jt.,__,., + r.l"' 
){,,.. -J';" 

Tplf IIOBCpxHOCTM 

#.1.- 't- '{'" 

4t 

TIO IIOCTpOClll!Tn (c!~. JlCliOMo:raTCJibHJ!(} TeopeMy) <ITJ-1 IIOBCPXHOCTJ.f nepecexaroTCfl ITO o6~Cti Jllf!!11H 1 rrpOCHC'-U1fl 

ItoTopoW Ha mwc:wcTL I /I = 0 ,ll;aeTca ypmmeJ 11eM 

J(OTOpoe npcoeip83J8TCH J( BHll:y: 
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B Cl711Y CK333l!HOI'O YCJIOBJ1il ( 3 • 2I)- ( 3 • 22) MO~ HO TI8 pelll'IC3'l'I> B ~lOpMe 

If!< l"(t,r,<:+-.:':J (3.24) 

l:'zte Henpep:,nmaf! lj)ymw,Jur 'f/ onpe.ztenHeTcn cpc pMynaMI:l (I .I 0}. 

'l'atCI-11.1 o6pa30M, Ha OCHOB3HI'!II (3.20) It l3.24) TIOJIY'lell CJI8.llYIOll.IHti peayn:bT8,T: BCe TO<Utl-1 (3.19), 

,Z1Jlfl KOTOpi:IX 

(3.25) 

IJpH!13..llJI8I'<1T 06JIO.CTI1 I'OJI01lOpiflHOCTI'! ~ (r), 

Tencp:r, Bb!HCHI'!M YCJIOBHfi, KOTOpbre 06CCTiftti'!B3!0T HenycTOTY 06JiaCTJ.f (3,25) npl1 BC8X 'I:"~ 0 H 

f ~ 1- (ff+jt)o .liJIH 3TOI'O HC06XOi'(J.fMO M 1- OCT3TOttHO, l!T06H 6WIM BbiTIOJI!J:CHbl H8p3BCHCTB3 

(3.26) 

1·13 (I. 9) 11 (I.IO) cne71yeT, I.ITO 1PYHKUI'f1I p 1 Y' y6uBmoT c noapacTaHIWM 't' o ]oKamoM, 'ITO Y'L- Y'.~. 

y6hmaeT C B03p3CT3HJ.:I8M 't' • ]IJJ:fl nepBOI'O Bl pa:lteHIH! B (I,IQ) 3TO 01.18Bl1i'(HO, ]JIH BTOpOI'O Bb!pa~CH!Ilfl 

l1MC8M: 

8CJIVI 

TaKil!.' o6p1130M, YCJIOBl!!fl (3,26) MOl!CHO IH peiiHCaT:O B Bl!!,ll8: 

1:!0 3T>l !IOCJICll:HI~C HepaB8HCTI!a 068CII81.1>1B8IOTCl ycJIOBI18M ( 3 o 23) o 

11TaK, ycJIOBWe (3,23) 06€CTI81.1HB38T Hen; CTOTy 06JI8CTJII (3,25), llpllM8lHIM llOJiyl.lel!liLI!'I p83YJI:&TaT 

It TO'!JWM k 1 t Y.ll:OBJI8TBOPRKlRIJIIM COOTH01ll8Ii!llfl!l {3.15). B Cl1JIY (3.25) 3TI~ '.rOttl\11 6YIJ.Yl' I!pl1H3,11JI8JK8T:& 

OCiJlaCTM I'OJIOMOprJlHOCTJII ~ (Y,) t ~ (~) B T(IM CJiyqae, 8CJll1 Oi'J:HOBp8M8HHO J3UTIOJlHCIJLl H8p3[J8HCTB3 

(3.27) 

HepaneHCTBa (I.5) o6ecneqJI!BaJOT HenycToTy Q()JiaCT\ol (3.27). 



• 
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B CUJIY 1\:SJIOllteHIIOI'O K 06JiaCTll I'OJIOMO!\IJUOCTl-1 :i)~ (~YHIU,\IUI ¢ liPI·!.Ha,1VIel!taT Te 3HatteHHfl A~ (rrp!I 

l(3fli!OM '1::":;;; 0), JWTOphle MOI'YT CilJTh Ilpel(C~3BJI8Hhl B BH,lle (3,18) XOT!t Cih! ITPM 0/(HOM Haeiope I.JilCeJI 

)1,- , V,· , 1 1;;, i=t,.l, Y.l\ORJJCTBOPHIOI!\ltX coonw1 CTBenHo ycJIO.BflHM (3.!7) 11 (3.27). ll'l'06bl noJiyttli!Tb 1';:3W11\:I' 

COOTI101'CTny~JUlCli O(\JlQCTB, Ht:OCiXO,I(MMO, OI.JP.JV!;'lHO, ITOJ!O.l'tM~':b B (3.I8) 

(yC,ill·Dllfl (3,!7) IT}lOII :>'1'0~! 6y;IJ.yT llhiiTOJ!He!lhl npu "'- "'0), TaKltM oCipaSOM, Mhl ITpV!XOi'111M JC :J"Ull1f!Cy (!,7). 

,~ortallteM Tenepn, liTO n}:ot.w:oyTOi( (I.I:) npwna;zi]IeJKifT BCeM ammnca!.! (1.7). ;~cHo, 'l'PO BCe!.! :lJI;I!1rr

caM (I. 7) llP!lllil.ll:JI8XtaT B8~CC'l'll8HHhle Ll t 11: rtpOMClltyTH:a 

't' _,; 0 

IIOl~al-:CeM, CJ:TO Mll!llJIIM:fM B rrpaBOil qacT~l (3,21:) 

IH1T:b, '!TO ITpl1 JII060M 

peaJII:l3yeTCll rrpfl 1:' = 0. J(Jrf! ::JTOro .n:ocTaTO'lllO ycc cuw

j/ ~~ .i MOHOTOHUO B03p8CTU!O'r C y6h\B8.1:1l18M 'i::' llpi! j>i.:i;X 

It'.,-; 0, Ho :JTO YTB8p;'lt]\E:H118 nenocpe/lCTBeHHO CJie.ztyeT fl3 {1,8) ll ll3 ycT3HOBJieiiHbJX CllOiiC'i'B (j'j'Bii:lJJtt: .,._, 

y 1:1 r.z_ f"l • 

Ocl:IOBHO.H T601JCMU ;!IO!W.38H8 IIOJIHOCTLIO 

l(Q};aJKCM T8II8pL, qTo BCJIU napaMCTphl f; 
Ta1t !Wit 

u '\·' ' Y.ll:OBJICTBOPHIOT COOTHOW8HI-If!M (1.14), TO ;1 ·- (), 
"'" 

i.m {j(t,T)-Afi,TJ}~ U 

TO ,l(Jnl J_(Olta3aTC.'T:&CTBa JtOC'l'3TO'iHO YCT8HOB'ITL Hepa:aeHCTBO 

{3.29) 

npH lJCeX t > .-f (!!+,JA) I'J /("' ~ 0, HepaB JHCTBO (3.29) 6y).(eT o6ecrreqeHO, ecm:T. Mhl ;r:IO!taJK8M BLI!10J!Hf'-

llfl8 Taltoro HepaBeHC'l'Ba: 

--c.. ~· ~ 
' 4~ . .. ) + f.l.(-t>-r: .. -r:;·J ['f.~.(t,r~,-c"r,"J-1/{t;r..<,,' 

(3.30) 

Dpl'! ;t0K831:1.TCJ11>CTB8 OCHOBHOil TCOpCMbl CibiJIO ycTaHOBJI6HO, qTQ iJ!YHKIU:!fl f' , }V >1 f'.l-p.l. tWHOTOHIJI 

y6LIBa!OT C B03p.'lCTaJH'ICM 't • YCJIOBI'ie -t:',' .::;;J"'L BJ!e'i8T IICOTPil:UaTeJfbHOCT:b \IJYHK!Utl'l p , C.'!8,<'(0ll8Tf1JlLIIO 

JieDafl qaCT:b H8P8lWHC1'Bh (3,30) MOHOTOHHO yeih!B38T C ll03paCT3!ll:T.elil! 'r::, fiOOTOMY 11Cp3B8HCTTIO (3·.30) 

;110CT3TOtlllO YCT3H01lllTh np!i 't' = 0. lio TOrll3 orprutr!ll81U'Ie CHM3y H3 ..-:· 
' 

B (!.14) IIOKaau.BaeT, tiTO 
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1l1JHKJ.Vll1 }t' B1!11HCJU!IOTCH ITO nepE01\ "'3 i~OpMyJI (I. I l). fleTpyi'(l!O IlpOE8p11TD, 11TO q:yi!IW,l:ill Y'l(t,J,'t') 

R03pO.CTD.IDT C BO:::lp3CT3JU.le;J f Ilpi1 paCCM3TpWB38MbiC f l1 'L • TI03TOMY HepaBCHCTBO (3.30) .lOC'l'aT0'4.HO 

2(01{<13aTT> I!pl:i f, ~ i;_ =1 • !fo TOrJta JICB3H 113CTL (3 30) 6yJ:t8T Cloli.!M8Tpl'111HOJ1 i£iJ'i!Kl.l!l8~J 't', • 1! 'S_" • ,'/11H

'l'l!B3fl CBOlic'!IIO 1.10HOTOHHOC'l'l1 ITO 'L:io , 33l{.lll01138M, tJ'l'O H8p3B8HCTBO (3.30) .l(OCTD.TO<J:IJO .l(OJW3U'.'b !Ij)~l 

Y,"'"YJ.."".t_ ~ 0= ,M.t !J ,11-t--,U l -c· ' 'L'= 0 - --,. " <!' ' , ' A--;.. ' 
D!lll ~J'!'IJX 3ll311CHIIHX !18p3M8Tp0B HepaB811C'I'IIO (3.30 nprmcT BHA 

c:upaBi'lCJm.aocr:o ROToporo npoBepneTCH Renocpe.ztcTB( rmo. 

§ 1+. 4!iM!l£_ol!i!!i£I!l!!!'!.Q.l!Q.L~a.Q.!.JL~ lill4l.:!!.m.:LLQ1.Jlil&!!L!:!M!!J!:ll.I2.Q.Q~ 

~~~~~~--~:~~~~ 

BWI!e im paCCMB.TPllBMll TO.tell8 4JM3V.tiCCKJIJ8 npO)jCCCbl, 3MliJIMTY.ll3 !WTOph!X E1!pa;;raJiac:o lMll 118p83 

6JIOH ilJOTOpOlltJ:ICHIHI, MJli'I qepes 6JIOIC IWMTITOR-3~;<1JciCTa. B I.18JlHX 8,liV!HOI'O Om!C£1Hl'lll Y.z!06HO J!DCC.:MOTDCTL 

6JIOK, B KOTOPOM /1B<J. KOHIJ;a HJlJlff!OTC.fi pCaJ[IlHbiMl-! HYHJIOHHh!MH KOH!\3Mi'! (,P"'..,/'~=I'f~) a ,ZUJyrlfe )(113 

IWUI\8- 6030RHHMH, l!Jlll:118M 6030HHbl8 KOHII;hl MOI'YT CiATL IC8K qiOTOIIHhlMl1, '!aK H MC30HH!JMJI! (K~-t",~j~=~), 

fiapaMeTpbl "S 11 \, llpl1H11M8KIT OTPMU8T8JlLl!ble l1 ITOlOlli:V!TeJI:r:.Hhl8 3Ha11Clll1H. AHTH3JlM.HTOBa '!IClCTb 81!.!TJ!:1T,Y

J:Ihl (eM. § 7) pllCCI,<8TpllB88lAOI'O 6JJOI\8 MOE8T 61JfJ:, 3l!IJ.:!C8H8 11 rfJOpMe: 

11oJJc, cooTBCTCTDyYomce HattaJI:&HoMy IWHu;y, o6oaHatiMI qcpea A,JJJ, a KOH81.JHO~ry- '·Wpea f}r.J(J • Toz-c 

~ (xJ IIOJiy11eH BapnnpoBaHiteM no nomo ~6<J , a ~ (J)- no nomo A.,(.yJ. noc:KOJI:OJ!Y MIA 6yAeM paccMaT

.l!l'lBaT:o f[IOTOR!Ib!C M M830llllhl8 KOHI..\hl, IlOJifl t(>e) 1'1 4., (~) MOJ!CHO CIJ>!T8T:b E8li\8C'!BCHHUMM, 8 TO!tl! jf'(>r) .VI 

f~ (J} 3p~!11TOB!:.IMII. B ,1{8HHOM naparpa<jie Mhl Il01C3JICCit, 'ITO B !!eiWTOpoi1 06JiaCTM i'!MliYJI:OCOB )j J _,P,. , 8/l-

TM:JPM!tiTOBa 118CT:b MOlK8T 6h!T:b Ilpe,ll;t;T8llJl8H8 B BI1J:18 1:yMMhl dJYHlili;l:ltl CO CJI8J:IYH111UIMI1 CBoiicTll8MJ.l 38IT83Jttma-

Hllfl: ,,, 
D (x,. . .(,} == o, ecJJil X, ~ ~ I!JIM x, ~ K, 

"' "' D,., (x, __ )(,)==0, eCJIM X, "' ~ llJIIl ~ £ x, 

'" ~~ (x, X,.)= 0, ecn11 x, -" x, l1Jll1 x .. ::; x, 
,,, 

D (x1 J. x,j == 0, eCJII1 " " x, """ X, ~ ~ f• 

TaHoe npe,ll;CT8BJl8HI1e J:laCT B03MOllCHOCTb B ,n:aJII>Hel1rnet BOCfl0JII>30BaT:OCfl OCHOEROil. ~'C0f8MOW 11 YCT8H0Bl'JTI, 

l!eHOTOpble CllOll.CTBa 8H8JIM.TlltJHOCTi'! 8RT>l3PMHTOBO~ 'tlfCTM. BLIBO,ll;fl HYKJJOHHhle onepaTOpbl, Bb1p811r8HH8 (4.1) 

MOlltllO Ilp8J:1CT3BHT:b B BH,lle: 
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(:,-_i·'~(.p' /'II, •!,J4 (-!'-t. ")" 
->-; .t. r, 1 - f. - 11 ~, '! ~h,: .t .!' 

I':le 

/) (x,, X,)-_, (v 

D(~+a, x~+a, ~--a,X,+a/'= j)(x,,x~,x~,x~) 

fla oc!!omnntll ::JToro cno;icTBa Bb!pm~emw (4.2) MOllteT 6blu 3armcaHo B Bl'!,lle: 

.J ( K+~) ~ _!_ ii (t'! !5 (-?,!' -K' I) II,(!) 
"/ ...! ..l J"' 

( 4 •.• ) 

+Jl,r,J}c/,r, ... Ax, 

!!ccJieJ(yell :J<1!Jl-:Cl~MOC'~':S D rt,, /',) OT api:fMCHTOB -1 11 ?, .:'!JJ:n 3TOtl u;eJU1 npeJ1CTilllllJ.I D (-~, 
B '~·Oj)MC: 

x,J ~-X(!- { i!,)D'rx, x,) 

10 
D (x, 

I" D (x,. 

DM(· x, 

1~tlt;4-

X,)= 

••• I /_, (x,) . 
x. J = ( 0 =---- t, • .r-fl) I o > 

r ""~- <:; 'f' (Y, 1 

~,}=-<o/l,.fx;. )~)Jrx,; jo > 
'i 'f' (X.} f."'!' (x,} 

tf - C!ICpa'I'Op ne~e:::Ta!IOB!tll ilH,liCKCOE 3 I! 4, a {. - OflepaTOp nepeCT8HO:SHI1 TOKOD, 

J:a OCJ:OIJ-Jl-11:1~ ( •t.::) CO!lCp!Jelll!O O'leiiJ.U( !0 1 t{TO 8H3o10I'I'!'-<HOC paaC5UCHI'JC >IMCCT IJCCTO 

0
"'(.1} ~(!} 

/,). :-Jo~:aXel-.1 Tl'J<efii,, 1.J.TO .llB l ITOCJIC)lHII!X 'VICH8 (f., ·-/r) ll 0 (!,,. 

BKJI3l((l lJ BJ,Jp:l'tClfi!L' Jt.!lR !5 ( t, J,) • B 3TOM CJICI'KO y6e}.lllT:bCfl Ha npllMepe qlyHKU111l 0 "'{ -r,, . x, J 

D O)( ) .Tfei-tCTlliiTO.)lbHO, pa::JJI:li'Ufl 1!0 TIOJU!Oll CllCTeMe B8KTOPOB COCTOHHJI!ll, !fJYHKitlliO X, ..(, MOJICHO 3amr-

can. n Dl1.11e : 

D 
iJJ ~ 

'x,, x,) = 

( 4 .c) 
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',\OJ~HO IIOK838Tlo 1 'ITO M8TP~l\1Hb18 8JI8MeHThl OT Oil,lpaTOpa :OlJI8KTPOM3I'HHTHOI'O TOX8 paEHhl HYJIJD J~Jlli EUKYYM- · 

HOI'O ll O.l(HO!A030HHOI'O COCTOfiHHJ.l: 

' ' a 

MaTpll\IHhle ;:JJJeMOHTb! OnepaTOpa M630l:IHOI'O TOX8 JSBHbl HyJl!O .I(JIH B8KYJIMHOI'0 1 0.1J;HOM630H!!OI'O l\ .I(3J'M830HHO

I'O COCTOfllilfH; 

0 (4.9R) 

iK,...(, 

<n,K 1 t~rxJJfo > = e < )~K/t~(oJ/o > (4.IO) 

MLI yCieJKJJ;36MCf! B TOM 1 V:TO .B CJ'MM8 (4.8) yqacT ly<OT Jil1lll:& COCTOHH>UI C ;J/11 >Y,J'f lt 1 CJI8,li;OB8'l'6;1ll>l!0 1 

D'" B .z:caroT BKJia.z:t COCTOHHHH C 111myJt:E.COM 

TaRVJM oeipasou 

"' D (p,,. ··-!1 ) = 0, ecnH 

33MCTHM, 'liTO 8Cln! HS\ia.Jli>Hblti 6030HHbll1 HOH8IJ; R:IJifi6TCH (pOTOHHU1! 1 TO f; 
J; = 3. AH8JIOI'WIHbl6 pacc~.I(6Hl1f! MOI'YT 6h!T:E. IipOB8.z:teH1! M .I(Jifl 1JYHRL\HM 

'" D (ft ...... p.J = 0, ecJIH 

(4.II) 

= 21 3 8CJHI t1630HHhlJ.I 1 TO 
-rn 
D (p, •.. 1,!· 

(4.12) 

D cyMMC (4.6) Y.poue Qymtu;l'!J.t 
(J) (r) o''' D (..r,x,,xJ).x,)H D CK,. X,J 1n4eroTCH !J;Jyn~-:r.cm, nony'lleHHh!e 113 

D(,} ~ 
1-l rrepeCT8HOBKO!:l TOHOB H I'IH.Z:C8KCOB 3 I'! 4. 8Tif ([JyHKI(HI'I RM8JOT CJieJIYIOIJU-lli DIU(: 

I 
';'t; (x,) . j 

< o J,Jx,) o > , 
>rex,) o)"{x,) 

Pa3JI8I'8fl lfX TID IIOJIHOii CHCTeMe E81<;TOPOD COCTO !!ll1l-1. 11 yt!:llTHBafl, t!:TO MaTpl-11.!llbl8 31!8!.18HThl OT orrepaTopa 

MC~OHHOI'O TOI-:a pD.DHLl HYJIIO AJ!fl B8HyyuHOI'O, 0;11 IOM830HHOI'O VJ JJ:BYM830HHOI'O COC'rDft!Hl~ 1 a M3TPI-ll1Hhl8 

3JI8M8HThl 3Jl8KTpOM8I'H.HTHOI'O TOK8 paBHhl HJJIIO .l(. lfl ll81tYYMHOI'O 11 O.l(HOM83DHHOI'O COCTOflH11li, IIOJIJ'!Vl!.l: 

- (3) 

P P.. D (!. ! ) = o, ec. 1!1! 'Y" , ... , 
('<.I3) 

·lr) = 0, ec.rw o ... < (" ~)' 
f T If~/ -

3aMCTilM, liTO Jj_ = 3 JJ:Jlfl M830HHOI'O HOHUa VJ ,~ = 2 ;llJifi l]rOTOHHOI'O lWH!.18. JrmThlB8fl pesyJU>T8Tb! 

( 4. II)-( 1f. I3), !lJYHlt!.ll'lfl D MOJKeT Ciun. npe.rccT mJieHa ll BH.lte : 
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(4.14) 

113 (4.14) Mbl nlll.ztllll.(, liTO \IlYHRJ..I,lllfl 0 IIJ·e.n;cTanJieHa B BH.ziS cyu:Ml:.l IPYHRIJ;Hlt co c:eollcT:ea~m aanaa;n:u

B3HI-Ifl, I1PJI!B8,ll8HHhli!H pa!lee. ITOCROJI:&l\y 3TH Ql~-HKIJ;lUl. OTRJI!l!aiOTCfl ;n:pyr OT ;ltpyra nepeCTaHOBKOia J.!lf;ll;BKCOB 

Jl! TOROB 11CCJIB.ll;OBaHIUI 8!!aJIJ.!Tl1ll:8CfCJIIX CBO!iCTB JI!X .BI10JIH8 aHaJIOPI-I't!HO, fi0!3TOMY Mb1 paCCt!OTPJI!M O;ll;HY 1!3 

rmx. 

Harrpi!Mep: 

'lT06hl BOCIIOJIL30;BD.T:&Cfl OCHOBHOJ.t TeOpS!JOft, Ht·OCiXO,Itr!MO K (_{lyHK!.tM-R ~ ,ItOCTPOI!T:& rrpHqJI!.HHbJS 41YI!Kl(IU'! 

~, 7;,., f.,. • BTO llOCTp08HJI!8 JieriW 0CY!II8C~'BJI!T:& 0 8CJIJI! JI!CI10JI1>30B8T:& llPHHLilm npMqJutHOCTJI! B 1~10pt1e 

Il.l:l.Eoromo6o:ea. B !ta't!CCTBe \IlYHKrutli, Y.IIOBJie~'BOPfllOU\HX YCJIOml!O (1.1) OCHOBHOJ:1: TeopCtAh1, MO:.mo B.Jf!Tb! 

~{-t:p <ol 
'); )~ (X,) "t; rx.; I .x,) ~ 

~ 'f/(x .. ) 
o> 

b 'f(K,) 

T rx., . .. x.J~ <ol <iJ.? r~.; \A (x,} I o > .. 
blJ"(x~J r;; A .. Ct:.J 

);!I (x,; r ,; r-"JJ I o 
(5 .I) 

J:: (x,' . x,)-<o I > ?i!f{X,) '5'!'tr,J 

.J.:. (x, . X.)~<ol 'iA (x,) '>Arx,;lo > f~rx,J 'i'4,., {x_,) 

r"e - ) s ' ',;S • 
!l(x!~i s 

' 
!llx) ~i-S 

'?..:;; ()() ''/'lx} 

Tiep:eLJJ.t lfHJJ:ei\C oaHaqaeT aarraa,llblBaHHe HJIM oropel'CeHHe no nepet..~eHHHM (~,~), a B'l'OpoM: HH.J:lCI<C- no 

nepeMeHnLIM (x~,x~J • J"(J!fl Toro, qTo6u noK33l'l'I>, qTo ~YHI<IJ;IUI --it y;zto:rmeTBOPfiJOT ycnotiHfiM {I.3), 

Hal.! H800XO,IIY!MO 6yJ:(eT BOCITOJ!:&30E3TI>Cfl CJ!C.llY ~lllMMM oqeBJ.l;zJ:HblJ.IH TOllt,Z(8CTBaMM: 

t {irx,f,AU<,J] 
p 

• i, (<,) 

'ii"fiK. J 

'>A~<,, 

'OAJx,J 

C VJX ITOMO!II:&m Mbl nony<U1u, Hanpm.tep, ,llJlfl BToporo 11!3 ycJIOBIIJ.t {I.3) 

-i [t; {x,J ' ,1 (r,) ] ( 5.2) 
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J.': (x, ... X,)- J;. (x,. ... X,) ~ i <of h. (x,JA(x,) >'>"'I o > 
b 1f'{x,} 

C TIOMOU(:b!O T80p6Mbl TIOJIHOTbl nepBhltl 11!3 3TJ-IX lUlE HOB MOlK8T 6b!T:b npe;>J;CTUBJIOH B BJIIAB; 

/ . rt;rx,,
1 (o j fY,)/I{x_,]--- o > 

-' ?;y (x,J / . - -/'" ~i,{X,)/ < 0 ), (x) /n I( >( lf1 K /I rx;_} -.---· o > 
--'I' ' ~1/-'(X,} 

:1 ll1'opoil 

fiOCIWJILity MUTp!1'H!hl8 3JIBMCHThl OnepaTOpU M8~10lii!OrO TO.EC3 paBHbl HJ'JIIO ;'IJlfi lla!tj;)'Ul!Oro, OJIHOM830HHOrO Jll 

l(BJ~te30!!HOI'O COCTOHHJilil:, a t!UTpi111.JHhle :OlJieMeHTbl :meR:TpOM8rHI'ITHOrO TOim paB!!bl HJJIIO .l(Jifl BaitYJ'ME!OrO l~ 

OliiiOMe!30il!JOro cocToamrH, Mhl BJI!.l(liM, qTo 1>yp:r,e-o6paa OT nep:Boro '-!JJeHa paBeH Hymo, eCJIJI! J?~<J;~.t 

!Ja coo6pamealfH coxpaaemm ayKJiom-wro sapa:n:a MaTpJI!tmue MeMeHThl onepaTopa HYKJIOHHoro TDrta ArxJ paB

Hhl HYJI!O .JVIfl 6e3HYKJIOHHhiX COCTOflH.U!i1. l.IOJ!(HO IIOtea3aT:&, 1.jTQ M3Tp1-!qHbl~ aJieMellT onepaTopa !](o) paBeH 

HJJI!O Jll }!Jlfl O,llHOHyKJIOHHOro COCTDffHJI!H. TaKJ.lM o:ipa30II ¢yp:&e-o6pa:a BToporo qJieHa paBeH HYJIRJ 1 8CJIV! 

;:_"- < (#+;"")L 

l'lTaH, 

~ 

~ (p,, --}',)- .lC,(t,, (5.3) 

COBepmeHHO 8HUJIOrH1.JHO MO~HO IID.EC838TI:., ~TO: 

-~(J,,. -· }.J-f:(,, ... ;.J A..:< (H"'/'l (5.4) 

C ITOMOll\I:.RJ BTOporO TOlft.Zl:8CTB8 (5,2) MOJiCHO yCie;!(~TbCff B TOM, ~TO: 

~ ~ 

~ (t.,----fJ,}-..::; (t,,.. --J,) = o, e~JIH It_,_< (.tr.,.l"f .. ,1~< .1;"/"t .. (5. 5) 

HaM OCTaJIOCI:. npoBepHTn Bh!TIOJIH8Hlf8 yCJIOBJill-! (1.4). Pa:anaraH llh!pax8Hlo!e ;z;;- ITO IIOJIHO~ CIIJCT8Me COCTOfl-

HJI!J1 BC!tTOpa :H-!eprHW-HJ-.'lllyJII:.Ca, MOJKHO yCie,llJilTDC 1, qTQ (jlyiiHI.\IHf .f He J.l(OBJI€TBOpHIOT YC.liOBillO (I .4) 

Jl!3-38 Ha.JIW:J:Hff O.l(HOHJK.liOHHOrO IIPOMelltyTO"l!HOrO ~OCTOflHJI!H. _lle~CTBUT8JIDHO, 

,~(x,,. 
\l(x.j/ 

y 0 > 
b 1{/(x,) 

(5.6) 

B CMy 38KOH8 coxpaHeHHfl IIYKJIOHHOrO :aapH;l(a B CJMMJ (5.6) MOrY']! BQj/jTJil TOJII:.KO COCTOfiHJ.lff C O.l(HJ.lM 

HYKHOHOM, O~HRM HYKJIOHOU 1-1 O~HJilM M830HOM 11 T,;l(. 
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K.=y;ij.t_,_;<~ , K,;'.;;.. (M+,;"'J'' , ~~ > 0 

JrerKO Dtf:zl6T:h 1 \ITO JitMUyJll>C ITPOM8lltYTO\IIIOI'O CO~TOHEJUI paBSH: 

k,.=-(.P,+,1) 

(5. 7) 

"' (5.8) 

CoBeplllemro oqeBH.ll;H0 1 \ITO .Pyp:r,e-o6paa iJYHRitH 1 ~ (x,. .... x,) He y.n;OBJI8T110PH8T yCJIOBJ.l!O (I.4). 0)(118-

rw, ecJI.H yMHmU'lT:& <llypDe-o6paa 5f: (J:,.. IL Ha BhlpameHHe BM;11a: 

(5. 9) 

TO O,l:lfiOHYJ.tllOHHOe COCTOffHI18 6y.n:eT HCKJIID\18110, a ITOCTp08HH8fl T8KHM OC'ip830M @YHIW,Hff 6y.n;eT Y.ltO:BJI8TBO

Pff'l'b yCJlOBHJO (I.4). B KOOP.z\HH8THOM rrpe:ztC'l'aB;:eHHH 3'1'0 CB8)!8TCfl FC TOMy 1 \ITO Mhl BM8CTO 1JYHIW,I:tl1 

.z:: (.x,, ... .t,} 6y.z~eM paCCiu!aTpi1B8Tb <lJYHKI.J;HIO 

., ' 
'1X ) J ~~ (.x, ... .x,.) 

' 
(5.IO) 

1iTart, H8MH YCT8HOBJI8H0 1 \ITO if!YHKD;HU 

( 5. :r. L) 

J.ll;ODJI8'l'BOPHIOT BC8M YCJIOBIIJHM OCHOBHOtl: T80P8.1.1.bl. CJI8}tOB8T8Jl:&H0 1 .Pyp:&e-06pas [lyHKD;lUl (5.10) M0JIIi8T 

6UTD ITP8.ll;CT8BJI8H Ha OCHOB8111H1 OCHOBHOi'l: T80p811hl U ITpHM8118HHfl A B BH;zt8: 

8CJ!I1 

(f,+~j~ > (.M+.rJ~ " APT}_. .. ~ 0 

CoBepmemro aHaJIOPll\lmlM nyTeM .1l8I'KO noJiytiHTb: 

[ ' ']/)~ '" '\' •. M- (f,•/.1 (t,, .... p,J ~ .L, If · /," 
> ' , 

¢ ,,, 
A (.f,~. 

(5.!2) 

; ( P.;l'r/) 
(5.!3) 

, 
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6CJU! ( )' (,,11 )' M ' 1,+11 :;,. +;" ;-10 T J, 0 ~ o 

(5.I4) 

[ 11'- (!, + ll t] p"'' "' JJ"(,,. ,, J ~ z (' 
~ 

; ('-;&.f) ' 
(S.IS) 

eCJiltl (,P,+f;)t).(Jt"'/'/R /,.-t-/]
0 

>O 

3aMeT11M, tr'l'O B o6JI30TH 1 r;z~;e Hepa:aeHC'l'Ba, BXO ~flll{H6 ll (5.12)-(5.!5) He BhUIOJIHHIOTCfl, iflYHJUUHl paBHbl 

HYJI!O, '1' .e. 

t 8CJUI 

[ . ( '] ~'~'''(. H- t,-~-f,J v p,, .... p,J = 0 

HRM A. + /,, < 0 

[ !1'- (!,+f,!'] p'l r;, /5(0(!, . p,) - 0 

101M 

"" + '"' 

>0 

~., 

[11'- (P.•t,O P.,!l. D (P.,··· /',) = 0 

""" !,,. 7-~0 < 0 

CorJI3CHO OCHOliHOlii T80p6Mhl \{lyHKLI~Ul ¢.(f) ¢ flJ ¢1~J ¢ (1.) f!BJN/OTCfl 3H3JH1TH'Il6CKJI\MH OTI!OCIIT6JI:&HO 
... ) A ; -I ' ..1 

rrepnhlX DHTH nepeM6HHhlX B 06JI8CTI1 ~ 11 o6o6mfHHbiMI1 OTHOCHT6JILHO meCTOfi nepeMeHHOfi. ilOCKOJILKy 8H-

TIHlpMI1TOB3fi qacn. :aupalltaeTCii qepea STR \)iyHim;ni, oaa,rtaK Mbl Ylii1.ZfWIM noallte, TSKllte o6Jia,zJ;aeT HeiWTOpbl

Ml1 3H8JIHTR'l6CKI'!IIlf CBO~CTB3Mi'!o 
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B HaCToameu naparpa~e c nOMO~hiD npe~cT.tBHeHH~ (5.I2)-(5.I6) OyAYT otayqeHH aaanUTHqecxue 

CBOMCTBa 8HTH3pMUTOBOM qacTH riO nepeM6HHOlt ~ (CM. OCHOBHYD TeopeMy) H nepe~aqH HMnYR:&Ca d~ 

3TM Cl10tl:CTB8 HaM riOI!3~06HTCfi ,liJifl ;110K833T8H:& :TBa ,ltHCTiepCHOHHW:: COOTHOmeHHtl:. IlpH TI011Yli:8HIUI ,liRCnep

CHOJ!Hb!X COOTHOlllem~H 00bltll10 TIOJil>SyroTCH Epett'r >BCKOfi CHCT6MC~, a K01'0pofi Cyl.IM8 HUIIYJ!hCOB HYKJIOH8 7J.O 

n nocne peaim"n panaa aymo I+ f'- o • n >STouy B .zta.JII>He«.meu w Oy.zteM pa6oTaTh n sTet.! cncTeMe 

OTcqeT8. ~MTIY11:&CH H3t{a.JibHOrO H KOH8tiHOrO 60~0HOB B 3TOtl: CHCT6Me MOryT 6HTb (eM. § 8) llpe.ztCTSB118HH 

B BR.zte: 

(6.I) 

' ., .,, --c--c 
' ' 

r~e "i. - e.zt:llHHqH!;~It :aeKTop, opToronan:onutt RM1Y1IhCY HYKJIOHa f , a £ - aHeprllla Ooaona. 

3aM6THM, q'J'Q B EpeitTOBCK0!1 Cl1CT8M6 OTC:Z6T3 il~:=~.6.. C TIO.I40l!ll>l0 \IJOpyY11 (6.I) Mlil J.l0llt8M H01JTl1 

CJie.ztyiD~He BNpa~eHHfl ~fl B8JIHtiHH, BX07J.ffmHX B (5.I2)-(5.I6). 

(6.2) 

' 

Ha OCHOB8HHM (6.2) HepaB8HCTB81 BXO.ztHmHe B (5.I2)-(5.I5), MOrYT 6UTP 58TIHC8HU B B~~e: 

£ ~Ec. " E~-YH~+F BUeCTC (!', + !,/":):. (M+/f H /, .. +J:o~O ( 6.3) 

E $~Ec. u £.}cYN~.,.p BMeC'l'C (,t;+;P'.:> (#.,..1' }I A .. +;, .. ;;,.O (6.4) 

E ,; -E. u £ ~ 7/.~{.6.-t-1.6. BMeCTC (/,+J',f"~ (#t;;"/z f, .. + ;,. ,;;o (6.5) 

E ;, E. u E~~JINJ.+t BM8CTC (t,+Al.? ()(+_rl.6. }I ;, .. +A,. ;.o (6.6) 

y,~~ .. .,.,A. £.. = .u)f .,.1"/'.6.-1.6.-; (""t:",.,."t:;.) 

}1Jrff B811\8C'l'B8HHN.X SllaqeHH~ ') ll .C.6. II JJJ.. t JI8JK8~X B 06JI8CTll 8Hru:m:THqHQCTll _0-f (OM. OCHOBHYll 

T8CP8MY) 1 B6JIHIU!H8 E, BCer;tta TI0110JKHT8JIPH3 00STOyY H8p8B8HCTB8 (6.4) B38Hwt0 HCIUIIOti8IDT .ztpjT .ztpy-
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-r.q ....... 
ra. 3To np11Bo~MT K TOMY, 'ITO <.PYHxq>ur D ( /,, . --I',} He ){aeT BKJia){a B rroJIHbiti 1>ypLe-o6pa3 D (It,. ·- jJ,} • 

..... (.l) 

B c•my Toro, qTo Hepa.BeHCTBa (6.6) TaKl!re w· coBMCCTMW, lf!YHKqHH ~f ,f!. D (A,-· .J,) TOJ![e 

ne ;rr;aeT DKJia;rr;a B cflyp:&e-o6pa3 /)(p" · - - . f,). TaKJ M o6pa30M B 1>ypne-o6pa3 D (~,. f'r J :ztaiDT BKJI8Jl 

D ....... ro fl D"' {1) 
JII-IUJI, \PYHKUHVI (p, > •• -It) H "f P,, (J; r .. -/1} • B H8IDell CHCTeMe KOOp.ZO-!HaT npe.n;CT8BJI6HI'Ifl ( 5. I2) 

II {5.14) )':PHl 3TIIX <JlYHK~ti MOryT 611TI, 33In!C3HH B (j)opue: 

CCJ!I-1 E :) £.. 

$ Jl ff'.,_/~ { E -£_...) {, ~Y jJ(rJ(/., .. ·/? J=Z {~- .,(' >1/(,ll~ ){~ 'tf' \, ,-4lJ:;M~Ij'~-{P"E +}(<i+r..}J·B) 

' 
ecnJII E ~ - £;,_ 

3aMeTl'lM, '!To rrepBaa 1'!3 3TI'!X ilJYHKqHti paBHa Hynro B o6nacTw £ < &._, a BTopafl - B o6JJaCTll E > -£"- • 

Tio.zr;cTUBJiflfl B (4-.Ilt) BhlpaJKeHI-Iff .n;Jifl \PY11Kq11il: i5M(~, ... .J.) 11 J''J~Y jJfrJ(Jh···.f',) , Tio.JiytJ:e!rHhle 1~3 
(6.7) 1-1 (6.8), nall;rr;eM: 

~ 

- rvw.p O(t., ;,J ~ 

= ( £-+ E,J-';2; {~~---1..; ~ (#~!< -c;;r:J;,- f.) J;' Mt.+.ljJ:.,_lEYM~f~-+ j (~+T, l) + 
A 

+ (£-£,)-']; ~--- /f_>(I <j/(N~N~-r:;y'"\..>-4-i~ )fl.,_.ljJ:-.lEY#z-..j'.,.f(-r:,+T...)) 
.). l J ,., 

(6. 9) 

flpn FIOJIY'I6HJ.UI (6.9) Yhl IIP6.lii10JIOl!tJI!Jill 7 qTQ £. > f, . 3To npeJtiiOJIOllteHMe He flBJIH8TCff K8Kl1M-JIJI160 )10-, 
TIO.JI!UlTCJI:f,HbiM orpaHHll8liJI!8M7 T8K K81C OHO BWIOJIHH6TI:H ){Jlfl BC8X B81!16CTB6HHbiX 3H81!6HI-IJ.f t:,, ~ ,;;.t., Jl8-

:J~:a!IUlX B 06JiaCTJi! .J~ . Jljr:H D;6Jiflj;l ,l:lRCnepCLIOHHblX COOTHOm8Hifli H806XO;l(lfMO JCT8HOBifTI,, I!TO \PYHKIJ;I-Ifl 

s~ A (E, -r:-,-p) x) HBJIH6TCff aHaJII-lTH'lleCKO.Ii no 't :x) B o6JiaCT0 

., 
liJlfl ucex aHaqeHI'Iti E 1-1 !' , Y.liOBJieTBOPHIO!!!HX YCJIOlliHM: 

------------------ ·--·-------
x) , ~!- 0603Ha'!S6T onepaq!t!Rl CMM14eTPI-l38IU'lH HJU! SHTF CHMM6TPH38Lt;HM IIO B8KTOpy 'i (CU. § 8). 

xx) 't' Illle)leHo cne.n:YJOI!111M o6paaoM: 

• ) .-;_ = ~ + -c .. 

(6.!0) 

(6.II) 



ilBC,U8M CJW.J:IY!Oll\118 0603Ha qemm; 

A 

s~ ~'-~);;____ ~ ~ tit:n: -r,J ~ ;4-~~) 'f::-<-olEP+.ft'~z"f' :f(r," .. -r_.D;} ~ {p) (,J.I2) 

4 (E+£,.JYN.L-r- !"-

( 6.1:3) 

IlO.ZJ:CTaBJlflfl (6.9) B (4.4) II Y"tiliTIJD3fl BBeJI.8HHJ8 BL!lli8 0603H3li8Hilfl 1 IIOJiyqliMX); 

(6.14) 

TaK K3K tDYHKUilJil !j(IJ,T,.d~} flllJll110TCfl KOM611JaU11HMil[pyHKql1li ~(~, .. 2,--,~} li >_f(¥,, -2,--;.l,J 

TO OHI'I 6yl(JT 06JI8JJ:LlT1 CBOijCTBaMI-: {1.6)-(I.I l). 3)18CI> Mil OTM8T>lM lleJtoTOpbt8 :113 H:llX 1 lWTOpbi8 3 J(3JE:

Il8jUICM ll0lltli'10c5HTCfl ,7\Jlfl ,l(OK833T8JI:&CTB8 ,Zl)ICII8 JC1'JOHHb!X COOTHO!lJelll1iil. 

B) r; (j,-c, .1~) - 3H3JlllTIFI8CK!18 \lJyHKJ,Hl1 nepeMel!HOit 'l, peryJiflpHLte B o6:raCTll: 

(!i. IS) 

c) ,f(J,-c,.j~J = 0 l-tJJR J<l#l"-r)".z-~-;.t _ _/(-r,~+r;/J 

J) r; (,'11 T, .1.~ - a\JaJUITI1treCKM8 QyHKL\llM lcpeMeHHOti .,j"' , peryJIHpm~e llHYTPll 3JIJIMilC3 (1. 7). 

l1pl'1 BC'U(8CTBCHHLD: 3HCJ.l!81lllflX j~ llp8}-(CT8BJI8HM ~ (6~!4) Cllp8ll8.ZJ:Jifll30, 8CJHl 

BepXHI'!e rpamm,u 

' ' . .J,.., .. < L] < .1 ........ 

' 4.,..,~ ,ltllll pa3JillliHh!X npouec >OB npltDe~eHU EO BBe,n:eHHJI!. 

x) OyHJ:CL\Mfl A conna,n:aeT c aHTWlPMMTODoh qac"I>IO aMIIJJHTY.ltU B o6JiaCTll £ --3- £,._ • 
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B H8CT0fllti8M naparpa4Je Mhl H8i1,1l8M Bblpa;,<eeHIIIG PIT! 8MII!JI1TY;!Ihl 6!101\8 C ;!IBYMfl Bi1pTy8JJI>HhlMI1 6o30HHL!MH 

KOH~8MH. TIOCKO!JI>KY IIOCTp08HI1e aMII!JHTy~u TOI'O 11!11 IIIHOI'O 6!JOK8 BTIO!JH8 8Ha!JOI'll'!H0 1 Mhl 60!188 no;n;po6HO 

paCCMOTPHM Bb!BO.li aMIIJIHTY~hl ;!VITI 0!JOK8 C 0.11HI1M BH JTya.JILHhlM qJOTOHHb!M ICOHI.J.OM 11 O}ill\IJM pea!li>Hh!M Jl -

M830HHhiM KOHD;OM 1-l yK82C8M Te l:I3M8H8Hl1ff 1 KOTQph!e ie06X0.11HMO C;>J;8!J8TI> 1 '!T06h! OXB8Tl1TI> BC8 paCCl!8TpH

R88MH8 3;!1801> BHPTYa!li>Hble npou;eccbl. 

a ,_,,., 
06oaHarnJM onepaTop norJI01!18HHH Meaoaa qepes J' 1 f-t , a onepaTop 

(-1 ,.., -11(0 

:;JJI8KTPOH8 qepea -1-t (fJ~) 11 -/t. (£) COOTB8TCTBO IHO, MaTpl'l'!Hbltt SJI8M8HT 

nornomeHHH 111 poE;n;eHHH 

uprn[eccr, /+ ~ -+;> 1t-~ ~.lf 1 

MOE8T 6b!TI> 38IIHC8H B BM;n;e: 

r.n:e A! (tf rJ - VIMIIYJII.c 11 cnl'!H HatraJII.Horo (ltoH, ~'!Horo) Hyrurona, a ~, .z: (~ t, -r ') 

cmm Ha'!ru:i:&noro (KoHe'l:Horo) 3!JeKTPOHa, ,, 
ITepenocH onepaTop ~~ uanpa:Bo, a 

.,II((+) 

~ HaJI, ~no, nonyqaeM: 

Cmmophl HOpM>rpoBaHhl TaK, trTo 11 U = I. 

Yl.li1Tb1B8fl CT3.611Jli>HOCTio O;!!HOHYKJIOHHOI'O COCTOffHIUI, MM88M B HI13DJCM no -e npw:lnt~::·:elll11t.: 

D'-- np~ttr>ruHaH IPYHKU11R rpHIJa [poToaa. 

(7 .I) 

- 11MIIYJI:&C 11 

:lO]\CT3BJtnff (7,3) B (7.2) !'! ll8p8CT8B3Ififf OriepaTOp TIOI'Jl0fil8Hl!H r{~)(J) C OllCpaTOpOM f~(,ZJ 0 IIOJiyqi1M: 

(7 .4) 

CTOffll\1111 ll (7 ,4) HHTerpan OT]JltttaeTCfi OT 8H8J!Orlll'n oro l1HT8rpaJia, BXO.llfflil,8rO B M3Tplf'lllhli1 ;~JI81.!CHT ·:lJO

TOpOllQJ;CHI1H Mesona/I? I, .'lltmn TeM, qTO s.n:ecL 

K""=-1»_/ 
~13 Tpe60D3HI'Il1 Tp8HCJlff[(I10HHOti MHBapi-!8HTHOCTI1 3TO~ I:IHTerpaJI ,l:tO!JJKCll C0,)18p1:1:aTI> 

6y;!leM paCCM8TpHB3TI> ITCCB;>J;OBCKTOp .r;. UJt- t KDMIIOJ CHTbl KOTOpO!'O onpe;118JlfllOTCli 

..< _r.-; ,,._,.,_, 
(.I.)' i(p+K -1'-1> ~ ~- r4.t' -e "· '1 ,,:,, 1 

1Jhlp8JiWH118M: 
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BeitTOP 

(7.6) 

MOlKHO Has BaT:& nom:tpmsaJ..U'!eti BPIPTYaJII>Horo il!OTOJJa. HaRoHeu;, Be.ni1'111HY 

(7.7) 

l4bl 6y;neM H33b!B3T:b 8MllJII'!Ty,n;o!i!. BVlpTyan:&HOI'O il!O' '0POJ!C.lt8HI'!R. BaM8TP!M 1 liTO 7' Vl -e Y.li011Jl8TBOPIUOT Tpe6o

B8HV!D rpa,n;HCHTHOfi PlHII8PVl8HTHOCTI'l: 

('T'K)~o (eK)~O. (7.8) 

Hapn)ly C 38U83,l(h!B8101118li 8MllJUI.Ty;ztoli npou;ecca Hlll H806XO:ztHMO BB8CTVl Onepexa!l!llYID 8M11JU1TY.ztY• TaK lite, 

KBK H Anfl 06U'IHOI'O il!OTOpOJ!C.lt8HHH OHB Y03eT 6UCD BBe.zteHa c.ne;n;yll~M o6pa30M: 

( 7. 9) 

.,. 
OnepeMaromaa aMn.nPITy;n;a (eM. rn. W) CBH3BHa c •aTpHqHuu s.neMeHTON oT onepaTopa ~ 

AMlllli'!TJ,n;U (7.6) I'! (7.9) nonyqeHbl ~fl 6.IlJK8 BP!pTyanDHOI'O ~OTOpox,n;eHP!H. n.nH 6JIOKa C ~BYMff 

DI'!PTY8JIDHbiMVl 60sOHHhiMl1 KOHU81ru (6030HHhl8 KOH ~bl MOI'Y'l' 6b!TD K8K M830H~hiYM, T8K Vl tlJOTOIIHhiMP!) 33ll83ALI

D8ID1118fl H onep8lK810lll8fl 8MllJ!HTy;nbl HM810T BH,n; 1 aH UIOI'f!qHhlfii: (7 .6) PI (7. 9) C TOti llHml> pa3HJIJIJ;8!i!., qTO no.ne 

A>'(!-! IIBJIH8TCH aaqaJII>HhiM 6osoamm noneu, a ~(xJ - KOHeqHbJN 6osoHHbiN rro11eM, rrpH'IeM Hurrynr,cbl 

6030HOB p8BHbl: 

('I.IU) 

~fl HCCJI8~0D8H~fl aHSJIMTHqeCKHX CBO~CTB 3MITJIPITy,n;H rrepe~~eY K CITeUH811PROtl. CHCT8M8 KOOp~~HaT, 

B KOTOpotl. cyoa Mt!ITJ1ll';,COB HyKJIOH8 ,liO ll llOCJie pe8KUJIJH paDHa HYJIJO: 

(B.I) 

lolcnonD3YR 3aKOHbl coxpanemm :meprHH u >~unymca H yquTI:lB8H (7.10), no.nyqPIY: 

(8.2) 

4-fl'= -r;~--c;~ } ..-\ = -;1 E.A.-(1-f'LlL-~ .. 

r~e -;_ - ei(HHHT.!Hhlli. BeKTop, opToroHan:&Hw!i!. Bet Topy 1 a E - aneprHH HaqanDHoro HJIH KO!reqHoro 

6030HOB, 

Tiepeli.~OM B WMKTMBHYID 06118CTI>. nnfi STOI'< npe,n;OO.IlOXHM1 'ITO KBa~paTbl 4-X M8PHhiX B8KT0pOB K H J 
paBHhl CJie;n;yromHM 3H8'!8HHffM: 
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"'{ . . 'L <-1 t- ') - 'S 

Eyzr:e~o~ C'll!Tan., llTO .BeKTopb! I< , J 1 f ~ I'' nonpexHewy C.BH38Hb! cooTnomeHHew: 

1<+! ~t•!' 

~1CTIOJII>3YH (8.3) li (8.4), TIOJIY'JII!M 

(8.3) 

(8.4) 

(8.5) 

?aueT>~M, llTO Tip>~ "t' "'0 cflopuyJib! (8.5) CO:RI11ll8llT c ¢\opMyJJallH (8.2). CoBepmcHHO 0'-IelllfJIHo, liTO 

110CKOJI:&Ky "t' <- (t- fl'/,..,~_- 't; 0 
1 TO J ~ > £.1. • 3TO 06CTOHTeJI:&C7BO HBJI!WTCfl O!JeHb lJ8::;[fi!IY 1 T3K K8K 

B 3TOiol CJiy\l"ae 

(8.6) 

:.1CTIOJI:b3YH CBO!l.CTB8 Tp8HCJIHIU10HHO!l. IIHB8pii8UTI !OCTH 1 Bblp8l!6HHH ( 7 • 5) Ill ( 7. 9) MoryT 6b!T:b 38Ili'IC8HL! B 

Bli:zte: 

Hanmnmu, "0 cormlCHO IIPIIHl.\l'lTIY Ilplill"IIHHOCTH 

~· F (x) " <,• 
0, eCJIH X .,; 0 

F.J. I<! .,. = 0, eCJilll X 1'- u 

TaK K8K B (8."1) Y.I!TerpllpOBSHHe Bel[eTCR 110 O::lJISCTil 

ro npll HameM Bb16ope 1:" 

(8.9) 

.... 
H, cne:ztoBaoren:&Ho, ~JYIIKI.II!fl • S :t T ( ~ r) Ciy;zteT allaJilfTilllecxo~ B :sepXHeli noJiynnocKOcTH KounneKc-

HOtl nepe~o~eHHoll. E • 

CrrllliOJI J 1: 0603H81l8eT onep8l.\11KI CHUlle: pHa8l.\ll11 IUIH SHTHCHIAioleTpllaaullll 

"""' AHaJIOrHilHO NOMHO ;110K8a8Tb, liTO ~~ ~ (£,~) HllJIH6TCH 81l8JIII!TillleCKO!l. 

no BeKTopy e 

IIJIOCKOCTH IWIIIIJieKCHOI! nepeMeHHOit £ . MOl!CH< TIOK838T!> 1 1JTO IlpH H8KOTOpbiX YCJIOBtHl.X 

B HIIJICHell TIOJI:Y

SJ'"' • sr-'· 
COBTI8.li;8KlT ;ztpyr C .n;pyr011 H8 H8KOTOpOU Y'Q:8CTl:8 .ztel!CTBi!T8JI:&HO~ OC!d £ . liTOCibl ;110KB.38T:b BTO y-TBepx,ne-



• 
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Illll8, He06XOJtJI!MO JI!CCJ!8l(OB8T:b UODe.zteHHe pa:3HO·:TVI S 7'(£, T} .zt,UI. 38~18CTD81lii!.J'X 3H:14Cd;il7 £ , 

ylJII!ThlnaH, lJTO: 

l /, (J} ';j,Jxj 
= i [ Lj}!, J, (xJ} (' 

>!}: (x) " . ) 
>AJ;! 

HMeeM: 

BLrpa;;ceHHe (8.12) UQJ![HQ paaJIOJ!UIT:b UO UOJIHOn :\o!CTBJAe COC'l'OHHJI!£1 onepaTopa SHepi'tllll-I'IMUYJII>Ca HY"JIOH

HOI'O liJ M830HHOI'O UOJ!efi. 

• " f ~;,-· ...,. - • -iJ(.X+_i(J'-fJ''J~ 
<f~S 1 

/ j~ r: J t,J-:) jp,l > = ~ (kY X, < ;;r' I /,fo) I Jf, ~ >< lf}KA I I,JoJ I l'~f >e .l 

(B.L~) 

I · ( x)).. (')/ \' i /j.- , / · + - . '"-x-~(p+p0x <1:s' l, -z- f T !J >=.L- (kf;.-:~r.. <t~f' I.~Jo)/!11 K.,>(A,K../ f:,foJ/Af >e .: 
• 

Tio.n:cTaBJIHH (8.I3) I'! (8,12) n (8.10) H lmTerJnpyH cnep:ea no .x , a aaTeM no X, , noJiyllv.k;: 

<; 'T ( .'-'J:) = .t,,;£ S < f{ "'/i (oJ I~ i!-f ><n,i(•l I tJ•l I iF> !J (x.•t· -YN.'•(-<•1f') 
' .t,"'' ,J._ h :; 

( i'. I4) 

-kt2.; S <tfs'/ L~(oJ/If}j/_K><hJ/t..K; J;roJ/tJ > f:{K.-f/+..YN.;,._,_(il-1~) 
• 

YllMTb!B8fl ifJOPMYJHl (8.5), lmpal!t8HHe (8.I4) II )peMTOBCKOJ;! CJilCTeMe MOllt8T 6b!TI. aam!CaHO E lii'!){C: 

s r..~ r E, -cJ = .~,r,-z s <tfJ'f .t;J•J; I(J< -•1 >< ,;~--·J; t,r,J /!',' > r; (E -r'N.'-J'~ •'l.+;'J 
• 

(:!.IS) 

< 1: r'/ L~{o) / 11,-.A:; +f/ > < h,-~; + f-/ / j (o) /f'.J > f" (£ r ]/' ,1/.~+A~+e'/ .. -)'•) 
f 

0Tl(8JliHl lJJISH C npmw;nyTOlJHh1M O,llHOHYKJJO!!Hbllil :OCTOHHJ!J81A VI npOBOl!H :meYSHTapHble npeo6pU30BBHWT C 

f -lfJYHKrtl'!flMJ.l, llOJIYllliM! 

rne 

-ki;E /1 + 

"' 
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S 8(,,<:! -It--{: /_J: J' <!';J'/tJo!j-);.cf/"><-A<••f,J•! J,.r.JJ!',J > 

SA(!, r) = /1- -f;J X S <'t;r'j J.J. (o)j).;- ~I, str >-:::. .J.-i-· ~f, s"' / [~ (o)j~, J > 
J' 

(8.18) 

(8.19) 

EcJI!1 C,li8Jl3'l'.D OCl!l'!HOe npe.ztiTOJIOJ!CCHHe, 'I:ITO !.!Clfi.l!Y N Ill #"'JA HCT H>!fC3KI1X CBfl33HHr.OC COCTOflHI!!ti M830H

ilyKJIOHHOii CI1CT8!!.!:.! 1 T,e. 

n >I 

TO i1Jlfl 11t,myJILCOB paCC6>-IB0.T6JHi! 

(8.20) 

O):tl!OHYKJIOHJ!ble ITOJIJOCa ::!: £! Jie:KaT HHJiie l'p3HI1Q:J HenpepblBHOl'O CIIeKTpa £~ , onpe;llBJifleMOti il'OPMY!!Olii 

(8.21) 

i.JT3K 1 H3MI1 YCT3HOBJI6HO, liTO 6CJilo! 

TO 

"'( )' 0 'C'<-! 1-f- -'t;_ 
uf 

S T ( E, -c) 6y;n:eT aaa.JIJIITRlleCitaH liJYHKI.\~eti B BepXHen noJiynJiocrtocTI1 E, a 
·-'· 

J 'T' a-, 'l:"') B HJI!l!t-

Hel1 !IOJiyriJIOCKOCT11 E, C ,11;pyr0ii CTOpOHhl, 6CJH'l BLlllOJIHCHO YCJ!OBUe: 

'"' TO BCCl',ll3 cymeCTByeT H3 ,liBliCTBHTCJILHOii OCIII E OTP630K 
..lv 

, Ji;l !Fl'l'UIJ01\ ,_f 7' (£, L) "l 

S rr (E, "t') COEIT3.:z.t3KIT, 

ut ...lv 
S'T' (E,-<-)~S'T' 0,-r) , :;.., E -C 0 

',' r 
/ <'--/ C: L,.. (8.22) 

C06oj.i (lYHKUIUO 

(8.23) 

QJ!8.'llfTHttOCICY!O DO ECeii ltol.mJiei\CHOii 11J!OCROCT11 ICPCMBHI!Oti 1': sa 11CKJliOtfei!J16M JU'!HJ!It\ paspesa, Jll,Z\Yill,JIIX 

B,Z\OJI:& BCill8CTE8HHOt! OCW, 

, f!-E~ 0 (8.24) 

11 TaRlite 11Memm.ym npocTLie nomoca E TOtucax £ = X£, H BOspaCTaromyro Ha 68CKOl18tiHOCTJl 118 0blCTpee 

110Jilii!OMa CT8118l!M 11. 
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TaH:lH4 o6pa30M t K iJJYRKIJ;l'llol 

MO:ii:HO I!pl'IMBI!l!T:& Teopeuy [Ol!IM 11 l!OJIY'JMTI> CJlB;zi:YJOIIlHB ;z{HCI!GpCHOHHhlB COOTHO!!IGHMR: 

5 T(E,t) ~ 
(£ -E.rj J /(r;r;.t£' 

,bri IE'! ~Fe. (£'-Eo/'"'' :£'-E) 
+ 2 t, (-<J,t:.JE' 

SA(t,r) ( £.- £)"'' 
-~~--~~ -

£ -+ E
1 

E~ ..,. £, 

/ttt;~l.l'f 

( £ 
E, 

E.)""' 
E. 

,lli1Cl!BPCI-!Olll!b16 COOTIIOll!eHI:lff (8o26) llOJIY'JBHbl i8Mll JIH!!I:& .zt,Jlfl iJlHKTH:SHOJt 06Jl8CTI'I 3H8'!6HMi1 't' • 

{ "'( )' • .l "'] 'l <- /71A.X ! f- f- +<; ' I 

(8.25)-

(8.26) 

(8.27) 

'1T06bl UepeliTJ!l OT ¢111KTMBHhiX 3118lJ6Hio!M: '1' K MHTCp6CYID!!I6MY HaC 3HaqeHJo!IO 'L = C, H8M HB06XO;zi:Mll0 

concpmi'!TI:. A.H83U!TMtf6CI\06 IIpO,l'l;OJI:tBHHBo JlnH SWJ.l: 1\CJHI llhl BOCUOJJl•3Y6lllCH rrpe~CT8BJI61HTBM (6,14) U CBO!i

CTFI8.!.UI (6oi5)o ilpe,l.!CT8BJIBI!He (6oi4) )18CT B>3MO:EHOCTI:. )IOKaSaT:& ,l'l;l'ICI!epC11:0HHU6 COOTHO!!IGllllll 11 .ll;11fi Hp.I

HOI'O HaM 3H81!CHioHI 'l = 0, 

B03I:.MBM K8K06-JII160 OTPHUSTGJII:.HOG ~ y.n;oBJieTBOpa~mee ycxo:aHm (8o27), Tor.n;a )IJIII .l'l:8HHOro ~ 

6y,l'l;yT O)IHOBpeMGHHO Bhll!OJIHHTDCH KaK )IIICI!6pC_IOHHble COOTHO!!IGHl'IH ( 8 o 26} 1 TSK 11 npe.ztCTSBJIGHJIJe ( 6 o I l1). 

Do.n;cTa~HH (6.I4) B (8.26), Yhl non~M: 

( £"-£)'~ SS(t;r}(-£ -E.)': \'i'(-< E.)E' 
£~ + r_:; £(.)-£ E. -E ~ r )J, 

' 1'~ ! "'o...-z~.., 
( 9.!) 

me 
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~j"HKUI'If! ¢ ( E, 't") 6y.n;eT OHI1JIHTI'Ili.8C!Wti '-PYHKUMeii J · B 06JiaCTI'l 1 r;zJ;e HH O;!tlfH 113 3H8MCHOTBJT8i1 

( - E" -£ '<' ) 
_, ,.tYN.:+p 

He 06p<JiU<J.8TCf: B llJJII>, T,e. np11 YCJIOBIH! 

;;, ( 't' + £) 1'- 0 
.rVH .. _._/~ -

·,·uc;LUnllJJO 0'181H'l.itll0 1 li.TO JC3l0Bif8 (9.3) Ciy.zteT BC! r,~~;a Bl:ffiOJIH81!0 1 CCJ!It f!OTpeCioBaT:&: 

ilpu nuno;rmemni nepaBeHCTlla (9,4) ¢(£,'f.') Oy.n;eT 1 H3JIHTH'ICCKO~ ifJYHKUHetl no nepeMe:mo~ 

aHaJIHTJI!'IeCIU'!e CBOtl:CTBa QlyHKU~UI ¢(£jt:) llO nepeM! flHOtf It' , TaK K8K r; {jtJ ") HBJIHJOTCH 

r,;yHKI~!lliMI'I 'L B 06JI3CTJ.l: 

' 

( 9.3) 

( 9.4) 

E. PaccMoTpl'lM 

3HaJIIIITI1'Ie CKIIMIIl 

( 9.5) 

TO ljiyHKIU'lfl ¢y £ J 'L) T3!\l!C8 6y11,CT 3HaJIHTWieCKOtl. l, 3'l'Ofi 06JI3CTR 1 8CJIH HH 0,!1\IH Jll3 3H3W3H3T8JIBH 

(9.6) 

B 06JWCT>l (9.5) fiB oOparn;aeTCH B HyJI:n. ECJII'l B R3' CCTBB £, lllhl Bb!CiepeM UClWTOpoe ,llet!CTBliiTBJII>HOe li.HC-

JIO, TO ;'(Jlfl JHJ6hlX lWMilJIBJtCHUX 1:: Vl3 00"JI8CT!ol (9.5 lilt! Oi'U1H ¥13 3H8l,lel!OT8JTel\ He 06p.'l.TM.TCfl B H}'J!L 11 

:JiYHl!il,Jilft ¢(£1 't') 6y)leT 8H8JIJIITHtleCK0!1 ):tJ!fl BCeX 1 OMIIJieKCHWC 1:" Jll3 06Jl8CTI!f ( S', ,. ) , Y'.'"J\1 HCr\eCTBeHll!.JX 

"t' 113 06!lD.CTJII (9.5) 3H8;\IeH8T8IDl (9.6) T8Kl!te lie o6paTHTCfl B HYJLb, ecJa: !:;, -,;:;i)]XlHO C.llCJIYIOl!\HM o6pa-

:lOM: 

(9.7) 

!10 TOK KJJ< 't' 4> 0, a 1 TO Hepm CHCTBO (9. 7) 6y)J,eT BL!n0JIH8H0 1 8CJIJII HOTpe60B8TI>: 

(9.8) 

TaHv::M o6pasoM, rrp11 Ha.IIJle:r;ameM BLJ6ope E., QIJliKD;I'II ¢(£, -r:; 6y,n;eT aHaJIHTV!t~ecxo~ 11 .zvm ::semecTBeHHhiX 

'l l1<J o6nacTr.t {9.5). CyMMIIlpyn peay.n:&TaTbl, non; t~eHHhle Bblllle, MU womeM cKasaTL, trTo ecnvr E., orpa

HMtleHo HepaBeHCTBOM (9.8), TO 11HTerpaJibl (9.2) 01 pe)leJIHIDT WYHK1U1Hl ¢(E,<r:), aHa.i'!JilTiltlecrcYID D o6nacTJII: 

(9. 9) 

' 

~ 

Ho, c :11pyroii cTopoH!ll, nertw y6e)!HTI>Cfl, trTO WyHKI.lilfi S 'r(E, 't') pery;mpHa B o6nacTH: 
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(9.10) 

'l'aKJI!M 06p830M, p83HOCT:& 

(9.!i) 

(9.1?) 

Ho .zpm JJerLCCTBcHHhlX 

8T8 p83HOCT:n corJiaCHO ,!111CTiepCHOHHOMy COOTHCW8JIJIIIO (8.26) flBJlfl8TCl'l fiOJII1HOMOM TIO E: 

B CJ.lJI:',' C1!lU!CTB8ll!IOCTYI illlUJ:l1Tif1IeCKOrO 11p0,!103lllt8mlll 0118 6yJJ,eT TIOJIIfHOMOM TIO E If BO BCei! 06JI3CT!l (9.12). 

CJ!f)JJ.OBaTeJILHo, t[lyHP:l.\Hll A (f, ~ J, 8 (p, c) 1 ~ ( ,-, /'-: EQ) MoryT 6hiTJ> aaaJIJIJTI11:!8CKll npo;r.r;on:KeHLJ na rwHo

'ropyw 06JI8CT:O KOMilJICl(CHb!X 3H81:!8Htl!1: '!" • ~,.fc I!CHO TIOK838TL 0 "'TO 8TU 06JI8CT:& BKJI101:!38T IJ CC6fl llO !Cp8!1-

llCii J.lCpe BC" OCiJI8CT:O 

' 
< * 

J[eiic'rBJIJT8Jlbll0 0 ll03LM8M JII060e 

* 
tt-.. =It' ± {J. 

- ' ' 1 iiCli\811l88 B 06JIUCTJ1 (9.14-). JIJifl l\811l!OrO 't:--f Btl6C-

pe1.1 Et-=Et-ti£1 TaH, .;rro6u < < 
napa -c;.. ) ~ .. Jl8;Jt8ii3 D 06JI8CTll {9.12). iJTO MOl!H-:10 OCYilWCT1H1Tio, 

• 
ecJu~ nbl6paTn E -TaK, 'ITOI'.i~>r BLmonHHJIYICI> yc rronl'lH: 

(9.IS) 

]BI'KO y6eJJ;l1TDCfl, 'l:TO J'CILODJr.fl (9.IS) BL!!IOJ!Hfl OTCH, BCJIM £t 11 £:. Bhl6paHbJ CJICllYKll!UIM o6pa30I.1: 

J I ?" • ( '-• E<H £--·-~'t'-'C~ t-f-}1 >O 
~ >tfE_~ t" 

' 

(9.I6} 

-· HepanCHCTJJa (9.I6) HRKJIB,Zl)>IBaiDT orpaHJ~1i8HJI!l1 Ha 1 CHI13y. 

1'aKIIM o6pa30M, JJ;JIH 1I!060M TOtiKI'J >13 06JiaCTJi! (9.14) 

E 06JI3CTI1 (9.!2). 

• 
)',., 't" "'< 0 :BC8!')13 MOlltHO H8~T>l T3IW8 

• • • 
£-t:. llTO naphl 'C:t H Et: 6yJJ,yT Jiel!:~TJ:> OTCJOJJ;a cJie)lyeT, qTo 4JYHK1.\I'!H A (p, 'l}, 
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8(!,<:) H C, ("<,j,E~) 6ylJ,yT 8H3JIVITHT,!eCKJIIMH IO 'l DO BCei-i 06JI3CTJII (9.14) C D03MOlltHOii: JIJIIHI16ii paa

pe38 ll,IIOJII> D8U\8CTB6HHOtl OCH 'L • Jfio:»tHO HO!t83( T:& 1 tlTO ll .11;8J.ICTBF!T6JI!.HOCTH :noi\ JIHIIH!1 pa3pC33 HCT, 

J.!el1CTlH'IT6JI:hH0 1 Bhl6epeM B8l!ICCTB6HHOC 'lz CJIC,I.t~ J(ll!UIM o6pa30M! 

'(":r. ~ 0 

ll HOJ!Ol~M!I 

E~ = ~ :::t:. iE; ' ! > 0 (9.17) 

f - ~ocTaToqao MaJioe qFicJio. 

T3KM:M o6p030M, tJTO(bl BhlJIOJIHflJU!C:h H6p3DBHCTB8 (9,16) 1 TO napN TOT.l:eK£ 1:"+ 1 •• 
£_ BOli,llyT B 06JiaCTl> (9,12). llOtKOJil>KY B 06JI8CTJ, (9,12) BXO;'lflT Jll T8Itlfe 't:' , y KOTO-

= 0 1 TO B CHJIY HeiTpepUBHOCTV! HMESM! 

lim ¢(E,,oc',)--&m ¢(E,c!c. f,'<;l 
1'-o t<--o 

~lCHOJll>3YH (9.2) ll (9.18) JierKO HOJiyqHTF.> CJJC;ziJIOII(ee llBJ!tHOe COOTHOlliSHMe: 

lim { ¢ ( E,,-r.)- P(E, -r_)} ~ li (ll; rlr• + 1'•<;,-<,) + F, (-H, r 1'1' + ;- • .:, '<',) 
~~o 

ITpiiHHM8H BO BHifUO.lll16 (8.16) ll {6.14), BblP8llCCII'!e (9,19) MOJICHO aam!C8Tl> B ({lopMC! 

!;, [ ¢(E,, ..:.)- IJ)(E_,<:_)j(E_'- E_.') o' S /(E.,.:,)(E:- E/) 
t-o 

(9.18) 

(9.19) 

(9.28) 

C )(pyroW CTOpOHN 1 T8K K8K £.,_, '1:"_.,. VI £., -c'_ lXO)(fiT B 06JI8CTI> (9,12) 1 TO )(Jiff T8H:JIIX nap TOT.18H M0111HO 

BOCIIOJil>30B8Tl>CH BbJpru!eHHHml (8. 7), KOTOph!e B O'XOM CJiyqae I>IMCIOT CYUCJI H np;.l }'-~ ·') CXO.l(HTCH K ilJYHK

lll'lflJ.I J' r zd( f;., -c;_) 1 S ?"' 7~;t:J T8KJIIM o6p830!, HOJIYT.IJilM CJie,I.ty!OII(ee npe.n;C.liJ>liOC C'OOTHOlliBHJile: 

-&., [sfr£.,-r,J- sfrE_,"-J/~ srrE.,-oo;J 
t~Q . 

YM!!Olre.fl ( 9. 21) HS ( £._ l.- £,) II KOI.!CiHHliPYH C ( 9, 20) 1 IIOJiytJMM! 

(9.21) 

(9.22) 

Ho TaK K8It II8pbl TOT.IBK (£ .. , r .. ) H (E- 1 't:'_) JlBlltaT B 06JiaCTl1 (9,12), TO ipyHKUIIH, CTOHmaH B o6eHX 

T.laCTHX COOTHOIDBHHH (9.22), COBIIa.n;aeT C IIOJIIIHCMOM IIO E. 

0603HaqaH 3TOT IIOJffiHOM 1.1epe3 Pr (£} 1 CC OTHOmemte ( 9,22) MOli:HD nepeHJo!CtlTb B BH,I.te: 

-fiM P.. (E.)~ liM {_(E-) (9.23) ,_0 ,~0 
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p->D !"'0 ( 9.24) 

HO 3TO 03H81186T 1 qTO <JiYHlW,HH ~(E) HMltfl~. Cfl HenpepEJBHOlt TipH nepeXO.ll6 'C"' qepC3 B6~6CTB611HYIO OCI>. 

IlOCKOJil>KY e(£) HRm:leTCfl 81181Il~TMq6CKOii !Jp!KIJ..H6lt t" BU11!6 ll H~l£6 B6Ili6CTB6HHO~ OCJil, TO OHa B CHJIY 

(9.24} OCT86TCH aHanHTHIJ:CCKOtt IDYHKUHe« H lftfl TO~eK B6Ili6CTB6HHOlt OCJ11 1 T.e. JIHHJI!H paapeaa OTCYTCTny

eT. CJI6l(OB8T6JIDH0 1 \IJYJIK!UUI ,4(p,-c} Jll If(! -r::) H < (T,j!.E.) HBJIHJOTCfl SH8JIJI!TJI!li6CKMJ.IH no 'C' B OCi118CTH: 

(9.25) 

Jlo 3TO 03HatraeT, trTO B ,11M.C!16pCHOHHIDC COOT! Olll6ll'!.HX (8.26} TIOCJI6;!1HH6 TpH l!JI6H8 HBJif!!OTCH 81!8JIHTJil

qecKHMH i!JYJIKUHHUJ.l !10 't' 11 E B 06JI8CTH: 

l>'.26) 

llOCI\OJIHty \PYHKUIIH ¢ (E, 'C") UH8JIJilTI1t£Ha B Of IJiaCTH { ~. '1) 1 IWTOpaH CO;ztepm'!TCH B OCiJI8CTM ( 9. 26) 1 TO 

BCfl !1p3B8H l!8CT;b ):111CII6pCJWHHllX COOTHOID6HHif (8.26) HBJIH6TCH ·TaKJ!te 8118J!JilTMl!6CJW.ii IJ.lyHKI.U16ti B OCiJIUCTH 

(9. 9), fi03TOMy MU MOJl\BU paCWHPI'ITD OCiJiaC'I!> 0!1p6,!l;61I6lli'Ifl qJyllltll;MI'I S r (£, <t:") T8K 1 '!T06LI OH8 COB-

na.n;aJJa C npanoil IJ:8CT:b!O B0 BCe!1 06JIO.O~rr (9 9). Ho T8K K81\ D 06JI8CT:b (9.9) BXO,!l;HT I'! H60CiXO.ztJI!M8H H8M 

TOtrKa 't' = 0, TO COOTHOW6Hrlfl (8.26) Ciy]!.y" CTipaB6.n;JIHBhl H IIPM 't = 0. 

qT06hl nepeliTH x J!,etlcTBMTeJit.HliM sHaqemtaM E, nonomu E =-£, xa rr ycTpeMMY ~ x aymJ. Tor11a 

.Y'll'Th!B8H, liTO )tJifl pac!llMpeHHOli ifJJ'lfKll;nl'l J' 'f(E, r) J.!M6IOT :U:eCTO CJI6.liY!O!llH6 npe;zt6JI"':>Hbl6 COOTIIO!ti6HJI!H: 

~ _L S7'(E} ..,_ 
~ 

... 
~ j 'J' -'•(E) 

+I; f,(f,E.)£'-
()~'>:~II 

3pMI'ITOB8 I'! 8HTJ.!:JpMI'!TO.Ba l!8CTH 8WIJII'ITY.zthl II JOU6CC8 onpe]!.OJUIIOTCft CJI6,!l;YJOll\l'll!l'l COOTHOW6HMHUH: 

(9.27) 

(9.28) 

(9.29) 

G IIOMOUj:biO (9,28) H (9.29) JI6rKO IIOJ!J'l.JI!TI. lHCII6pCI'!OHHile COOTHOI!l6HHH, CBH3h1B8101l\H6 8pMHTOBy H 8HTJI!-

8pMHTOBY llaC'rH 8Ml!JII'!TYi'thi npon;ecca. 



s D (E)~ .,. 

( 
E. - E )"' sA(,) 

E.. -r £, E. -t- £ 
f 

- SE -

(9.30) 

0'i'jll-II~IJ.TCJI:bl:aa 06JI3CTI> ::mepr11l\. :B J(l1CDCPClWHH11X COOTHOI~€HMflX (9.38) MOY.i€T 6h!TI> l1CKJllc1'-!ert8 7 €CJII'! 

ucnonnsonan CJieli;YIDW.Ce cnoliicTBO cmmeTpt'!K A 

' 4 (E)--/!.,A (-E) 
;t,o<J .u «.~ 

p - onepaTop nepecTaHODKJ.i CTIV!HOBhiX COCTOIT mil HYitJIOH8. 
IS' 
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0A!f~1M 113 tJ!Jlll(3.MC!i'l'8Jl.bHb!X ITp11lW,Iln0Jl C JlJj18M8!/!JOi1 Kll8HTOllOii T80J!I111 l10JIH fiB.iliieTCH !IpH11i.illli l!Jil~-

1.{1lllHOCTI1. H.ll.EorOJl1060B;')' J,ll3Jl0Cb Ci;DOpl(y'JII1J01l8Th 3T01' !IiHIHI~Illl B BVI,l(C HB!tOTOporo fll!HOI'O YCJIOIHHI h8 

MaTp.lll~Y paccenHlm. B J!8CTOHll(8M napai'P8!Jle ~hi li0./1}i06HO OCTUl-JOD:mCH Ha t;'DPMYJIIlpOBKC ITpllH!.iHila rrtJl:111Til

HOCT1<. fTpll :lTO!.l !A!J llOital'\CM, 'ITO l!8PRJIY C l6'L!lfHOU: tjlOpJ50ti ycJIOEVifl ITPil'·HlhHOCTil/
32

/ IAOJ!I:liO )18'L'JJ HCCIWJil· 

RO .llPYPJ!O iflopMy, EliOJ!HC 3KEH1l8JICHTHYJO nep JO~i, llO 6oJiee Y.l!D6Hy!O llpH ITOCTpOCEJU! orrepe;Ka!OJlleii !Ijll;1.{:~li

H0ti 8MJIJI1fTY.l(b!. CJIC.l(J.fi pa60TUM/
3

' 38/ 1 MH IT lBTOpliM f'8.CCJilC/iCIIIHi 0 l<OToplJC 06b111HO )18Jl8JOTCfl ITPiil '~OpiA:VJJ11-
pfJll1W ,YCJJOBilH rrpllqtmHOCTll B 410p1J.e l!.I!.Eor JJJIU60DQ, 

YcJIOBHe llp11q!fHHOCTH 03H8'!JU6T TOT <Dl13Ji'!JCCKM Ql£eB>l;!l;libll1 1'i81tT 1 '!TO BCiHWC COril:.lT>Jf', rqJ0'1C~\dl(QCC 

B CllCTCU€ 1 BJ!llflCT Ha p2.3.Bt!T1JC CMCTCMb! JIJt!WJ B Ciy)tyH(eM It! He MO;i!:CT 0!W3<1TL Bllllf!H!1Jl HQ IlOBC)(CHl·te C:1CTC

Mb! DO DpCMeHa, npe,l(IIIeCTBOBaDUll1C )IB.HHOMy 0( 6bJTJIIKJ. 

rJyCT:b H8!U8 CIICTCM8 COCT011T 113 KB8HTOl 8HHhlX CTlllHOpllOl'O l1 MC:~OHI!Ol'O TIOJltti 11 l'JC:L'h H<l,iJH.:'(J' C 

ffD81lTOD8HH1lMl!l ITOJlHJrn CYlllCCTBJCT BHeliiHl1!J Yl( T011HIHt 6030HHOl'O ITOJIH f" , Torzta 1.!8TpJ.1U,il !J8C(;8flHl1fl J.!rl-

1CCT paCCMCITp11ll8TbCH !WK fJJYHKU:IIOH8JI BHCIUHCI 0 llOJJ.fi f 

B flDHOM DM,ll;€ 1 pJ.CC!AOTpHM CHB.'I8JI8 CJJyqaJ.l:, !· Orl(a BHCIIIH€8 nOJle 'f'(x) MOiiteT 6blTJ:, IIPB.l(CTilBJieHO ll E;iJ1C 

}?(xJ • 

'ffx) ~., If/ (xJ -t- J;' (x J (I. I) 

!lpl1'tel.l ~ (x} OTJII:l'1H8 OT HyJI.fi ll o6JI<lCTI1 , Jiemameti B rrpomJIOM o·.rHOCWrcJIDHO BjleHemr -t , a !'; (.-: J 

O:l'JII'I'.Jll8 OT HJJIH B 06JI3CTF! ~ t KOTOpafl JJ3JlU!T R 6J,ZiYJ!lCM OTJlOCllTCJihHO MOMCi!TO. Bf'C!M;>HM f . !' :J'l'OM 

cnyqae M8Tpl11.(a paccemrl1fl MOJB:BT 6b1Tb sarr11ca '!a B Bl1.ll:C: 

cr .z j 

qTO HBJJHCTCH rJiaffTWll.BCitll (jiopMYJII'lPOEKOlt Ilpl1H J,JIIITa 1Iplo!'lll1HI!OCTI1 B CJiyqae, KOl',lla ~ > C, 
.z~aHee )IB8 CJiyqaH, '!l KOTOPb!X BHemHee ITOJI8 ;?(X} MOlltBT 6h!Tb rrpe.ztCTaEJIBIIO B BJol)IC: 

'! 1(xJ~ P.1rx1-1-f!(xJ 
' ' 

fP"(x ~" P"r:.:; I Y (x 1 _. -.._ / 

(1.3) 

B o60I:!X 3Twx cJryqmrx Bll8tuHMe nonn B o6JiacT : 1 CtHlT!l!OTCfi O,llllllaJWBhl!nl • ~;ocT a llJ!Hfl .Bb!paJKeHHe 

Jierp;o y6e.n;JIITLCfi, IICIIC.lli>3yfl ':BotlcTBO ynwrapHOCT!l ua:rptnlhl paccemnnr, qTo: 

ll.4) 

r 
1'.c, rrpotl:me,wnlfe S(Y"'J,<;('t1

) He sam1c11T LT nouel(emm BHClllHero noJJH lf'fxJ ll o6JiaCTi1 tj . Bcmr 
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OOJIOliG'IT:&: 

(I .5) 

r;z~;e fP(? J - CiecKoHet~HO MMaa :eapMI:U'l:fl (j)yHRUI'Il P(JJ, OTJIJil'lHBfl OT HyJIH B oOJiacu ,} "> t , TO uaT

P»U:a pacceHHHH 

S(rJ~ S(!'!+ 'OS(oJ (I.6) 

+ + 
SIP'JS(!'Q ~f.,. 'i:S(P!Si PJ (I. 7) 

He SBBI'ICHT OT IIOB8,l(6HIUI BH8mH8I'O OOJIH Y' ()() B OCiJIBC'l'l! 

r (-"s +) 
'>p(x) >FI>i S = 

0 npK (I. B) 

(381UlC:b .X"".) 03H81l88T 1 llTO TOQKM X If .J IBM8JI8Hl1 rrpocTp8HCTB8HHo-IIO;zJ;OCiHb!M HHT8PB8JIOM). 

~nee Ub! YBll;zJ;HM, 'lTD YCJIOBI'Ie npi'lqnaaocT~ B Wopue (1.8) y;z~;o6ao ~H nocTpoeHHH san83;zJ;b!BBID~e~ 

aunmn.•y.zthl nponecca. OoCKOJI:&Ky aau B ;zJ;BJII>HeltmeM 6y.n;eT aeoOxo;nHMO nocTpoemw oncpel!laromoH aMI!JiliTY.11b1 

npon;ecca, Mhl IIPHB6;D;8M HHX8 H8CKOJI:bKO ;z~;pyryiD ~opuy 8TOI'O ycJIOBHfl. 

qTOCibl JIOJiyqHTI> YCJIOBH8 np11tmHHOCTH B ;llpj·I'Oll W0pM8 1 141:1 OIIHT:b paCCMOTpi'IM .n:oa CJIY'JBH, B KOTOpbD:: 

:eaewaee none jtJ(x J MO:lteT 6bl'r!> npe]J;CTBBJieP.o n Bll.lle: 

P'(xJ- ~(xJ+f, 1rJ(J ~ P"(J(.= !}6:J-rf"rx; (I.9) 

B OTJH'll·nle OT (!.3) B .1(8HHOM CJIY'!ae IIOJifl' CIJIIJTIJOTCH O,W-IH8KOBIDm B 06JiaCT>I. t,; 
+ 

HRe S (f") $ ('f/) 1 JierKO y6e;I{HT:OCH1 lJTO: 

+ + 
S (f'JS(F'J ~ S {i]'!S (Y{' (I.IO) 

+ 
T.e. rrpoms:ae,lleHJIIe S (lf#JS ('f') He sa:aJIICJ.IT oT no:ae:zteHHff :aHemHero nona PfxJ :a o6JiaCTI1 ~ 

TIOBTDPHH paccyM.:n:eHHH~ aaanorHtJHue (I.~)-(I.? , nonytJHM ycJIOBHe npHtJHHHOCTJIJ :a WopMe/44 •461: 
+ 

b ( ~s S )- 0 npH 
)fi,J 'b'f(y) -

(!.II) 



• 
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]erKO ycT8HOlll:IT:b, 'lTO yCJIOIIlf8 (1.8) CBH38BO C ycJIOB>'I8M (I.Il) CJie.ztyiOU\11111 COOTHO!li811JI!8M: 

7 

> ( >s s) _ J > ( r s J)s 
of'!XJ >.p!JJ -- 'b!'(~J fplxJ 

Bl'O,l\fl onpe,Z(8Jl6Hlf8 6030RHb!X TOKOB j (.(.) Ji! 

' 
+ 

~-iSS£ 
)~(X) 

/~ {x) 

+ >s + rs 
;l(x)=i-S ~-iS-:-
~ ~~(x) b~fxJ 

yCJI0Bl:l8 Upl!<UUiHOCTII (1.8) H (I.!I) MOJCHO ~amtcaT:b ll 1lll.zte: 

'i ~~ (,<J 

); YJ• (x'J 

) If, (x) 

f fj. (x') 

= O, ecJIJII 

= 0, eCJIH 

(I .I2) 

(I.I3) 

(I.I4a) 

(I.l4B) 

COBepmeHHO 01WBH){H0 1 tlTO YCJIOBKe nplltrnHHOC'TH It8K B <PopMe (1.8), T8K l:l ll \IJOpMe (I. II) llMeeT M6CTO 

Jl! B CJiytlae fllepMMOIIHOrO BHemHero ITOJIH. 

B aToM naparpa<Pe MN aanucMcR nocTpoeBHeM sanaa;naBaro~e~ R onepemaro~efi aMnJIHTYJt npo~eccoB, 

KOr;ll;8 ll H8'!a.Jl6 peaKIJ;IU:I IIM66TCH lflepJ.GJOH Jd C',li"HH 60SOH1 a B KOHI~e peaK{\Hl:l - ¢epMI:I.OH 1:1 It - 6030hvB. 

KOH8'lHOrO 6030HOB TJ:epea ~ VI j, 
soau OJtl:!HaKonu. Tor:na MaTpl:I~HNn 

o, ., J,. COOTB6TCTB6HIIO, .IIJIH npOCTO'l'bl 6y.zteM 

sxeMeHT nronecca MomeT 6HT:n aanucaH B BH.zte: 

(2.I) 

8Jt6C:& //, S > o6osaa•.meT 8MI1JIM.TYJtY COCTOHHYfl pacceHB8T6JIH, 8 l:IH.lt6KCI:J cC H 41 1 OTH0Cfflll,H8CH COOT

B8TCTB8HHO K H8'!8JII>HOMY It KOHeqHOMY COCTOfiHUflM, BKJI!OqaiiJT B 0668. :see KB8HTOBble tiHCJIS, X8P8KT6PH3YKl

IIIH6 CI'IC'l'6My, 38 HCKJIIOti6HJIIeM JIJM!lyJII>COB H8tjf1JII>HOrO Jd KOH6tiHllX 6030HOB. !TepeCT8BJiflfl B (2.1) onepaTOp 

pOJ!t,1J;6HHfl ~ (+) (,_J 118 Kpaltuee Jiell06 M6CTO Y yqHTbiB8H CTaC5o:IJII>HOCTl> COCTOHHV!H 

+ 
S/p,s>~ If','> 

flOJIY'iliM 
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OTRyna nocne nepecTaHOBKM onepaTopon norno~eHHfl na KpallHee rrpanoe MecTo HMeeM: 

f.) 

Ha OCHOB8HHH C006paxeHR~ TpaHCRfiUROHHOM HHBilpHa~THOCTH 

I I ~~~~(x) <,,, I ;,,, > 
)l'fr,) . . Sprx.) 

J', .r. 

(2.3) 

BLIP8lKCHlf8 (2, 2) MOlltCT 6blT:b aatiHCilHO B Bl-1)(8! 

j..) (2 .'r) 

no o6naCTlll: 

(2.5) 

(2.6) 

0TC!0.1{8, tipliiHHM8fi BO BIDfM8fil'l8 (I.I3) Jll ltCtiOJI:b::JYff TllKYJO lite T8XHHKy, K8K M f!PV~ .:J!.!BO;l(e (2,4) 1 IlOJIJ'llfM; 

J..) 

. ,·J.x.} I ,.-.A r.J 
</f.r' ,p ;,~.r> 

'>!'rx,J ... 'i:)'?(x.) 
() .Y. '· B 2.7 B8.1{8TCH IIO 06JiaCTM Cornacao (I.I4n) v.HTerpHponaawe 

.f,<O,.X..-:<0~ , X,< 0 (2 .B) 

KaH 06!,JI!HO, 3MllJIIITY.liY tipOJ.tCCCa MOlltHO paa61f'l'J> Hll ,lll!!CIT8PC11l3l!YJO Jll a6cop6TI{BHYIO '!3CTI1. !To.l( a6cop6Tl:!B

HO!J li8CT:b!O Mhl ITOHIIM38Y TY '13CT:b 3Ml!JHITy,~bl ITPOL\8 :ca, B KOTOpYJO .lllllOT BKJI3.ll JIUIDL p8aJILHU8 tipOM8l!CYTOll

l!LI8 COCTOfiHHH. Tor.zta K3K B .ll;JI!CtiepCMBHYIO qaCTl> ll I!OT BKJ!a;l( JIMW:O BMpTy8JI:OHhl8 COCTOHlll1f!. 

C ITO.MOlJI:0/0 lj)yHKI..ll~~ T """ .,. ~HCIT8PCMEH\fl H a6cop6TMBH3fl qaCTM MOrJT 6hlT:O OITp6~8JI8Hhl 
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CJICJJ;J!Oll(VlM oGpa3oM: 

(2. 9) 

,!fmt TIOJIJ''!8H1HI JJ;ltlCIICPCJI!OHHblX COOTHOUI8HI1i-l HC06XOJJ;I1MO IIPOB8CT11 KJI!H8M3THqeCJnflt 3HMJI!3 peaHl.\1111. 

n0.11 Kl1HC1:!3TWI88lt:ll:l 3.H8J!l:30M 1l'>l TIOEHI.ld8li H8:X0f.l(Cl!l/[e He38Bl1CHMh!X l1HB8p!1!8HTOB, iPYHRD;lle:l: ROTOpHX RB

JllieTCH 3.tffiJil1TYi-\8 IIJlOl.\CCCU, a T3.fC)K8 BHGop ncp;MeHHOf.:l. (lirHB3JlM8HTa), 110 KOTOpoti 6y;rr.yT p8CCM8TPL1B3.Tl>CR 

3llaJIJ.:!Tll'lCCKJi!C CBOi1CTB8 3.M!IJIMTy,n:u. BH60p nepe 'l6\IHOtl: 1 OTUOCJI!T81I:&HO KOTOpOit paCCM8Tpi'!B3lOTCR 8H8Jli'ITJI!

tJeClUie CBO~iCTB8 3MllJlMTYJ!U: 1 He06XO,llJI!MO llJlOB0~.1Tl> T8KVIM 06p830M 1 tlT06bl OCT8BUII'IeCH Jo!HB8pJI!3HThl He 33.

BJI!C8Jnl OT 8TOJ1 rrepeM6HHOlt. 

B HacTorrmeM naparpari1e Mbl npoBe;11;eM Kl1HeM 3.TJ.ll!eCRJI!tt aHamm peaKI.UfH a"~.& -" a 1
-<- c +d H8K B o6-

me!.l CJiyliae, TaR Jl! B HeKOTOJlblX B8lmh!X ll3CTHbl:X CJIYli8RX! 

a) CJiyt~ail: O,llHH3.!tOBliX ::meprVI!1. PO.D:I'IB~HXCfl 6osoHoB. 

CornacHO saKoHy coxpaHeHVIH ::meprrm-mmyrri>ca cHC'l'eMbl nMeeu: 

B ;ll;aRDHB~IDeM 6y.n;eM pa60T8TD B CJi!CTBMe OTcqe~~: 

BMBCTO BBKTOpOB BBB.D;BN BBKTOJlbl !l > _, 

• ( I 'I , t1 ~ j· I-f ; 

JlerKO Bltl,llBTI>, l!TO BBKTOp Q fiBJlRBTCH BpBME'HVI IIO,!J;06Hb!Mo ~HHCWpyR 4-MepHbllt KBa,n:paT BBKTOpa 

(3 .I) 

(3.2) 

(3 .3) 

(3.4) 

38KOH coxpaHBHl1H ::meprlll1-11MTiyJJI,C3. l3.!) D B~6p8HHOti Hatrn CllCTeue OTClleTa MOlltBT 6h!TI> 38!IIfC8H B 

BJI!.1l:B: 

(5. 5) 

r,lle In - M8CC8 H8'!1lJI:bHOrO 6030118. 

ClTClO,lla 11001!8 8JIBUBHT8pHblX Bhll!l'ICJIGlllli1 HaxO;ll;IU'! 
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(3.6) 

r)le -e - 8.l(l'll1Wmb!il BBKTOp, oprorOHaJil>HHil BBKTO JY jJ 

(3. 7) 

qepe3 E 1m 0603H<ltl:IUilt HYJICBYIO KOMIIOH8HTY liBKTO Ja () • ,ZI;IJH !IpOCTOTLl Mbl paCCMOTpMM peaiU.\1~1'1, J3 lW

TOphlX pOliJJ:310TCH 6030llhl C O.ll:I1H3KOBb!MVI M3CCaMJII 

I~ ,_. 
I ~ / -

Y1!MT1!Earr (3.4} 11 (3.8) 1 HaXO,I.lHM: 

m" 
' (3.8) 

(3. 9) 

B ,!!8.JII>HeilmeM Mhl 6y.n:eM paCCM3Tpl-!B3TI> CBOt:iCTBfl a !UJHITJ.llJHOCTI1 aMitJIWTY.llhl rrpoo;ecca OT!!OCl\TCJII>HO rrcpe

M8HH0l1 E. [~3-3a OpTOrOHaJII>HOCTI'l BBKTOpOB tl ~I :i CJ!B.liYBT, '!TO BBRTOp A 1 B0061!\B rOBOpH, flBJlflCTCfl -ilJYHKIJ,>IBil ::meprl1l1 E. BW5epeM HanpaBJICHl18 BBKTOpl ,1 T3KMM o6pa30M 1 '!T06h! OH 6h!JI OpTOrOH8.J!eH BCR-

TOpaM J J.l -1.'. • Torna 1'13 YCJ!Olmil (3.9} CJIBJlYBT, 'ITO: 

(3.!0) 

l!lT<m, B BLI6paHHO!i! FiaMYt Cl1CTBM8 OTCqeTa 3MITJIMTY 1!;3 npoo;ecca 6y;n:eT HBJiflT:&Cfl (JJYHHIJ,>ICM nepe!.IBI!HhlX 

, llPI'ltiBM ITpl'l II3MCH8HIIl1 rrepeMBHHOii E BBKTOpa (jJH!tcl'lpOJ33Hbl. BLrme MH npOBBJIM 

KMHBM3TI'l'!8CltL'Ifl: 3HaJU'l3 Cl1ytl3fl 0;1l;L1HaKOBhlX ::meprJ.l~ PO,I.llfBIIIl1XCH 6030HOB ll npeNIOJI01lWHMJ.l, IJ:TO B8KT0p] 
~ ~ 

oprorOHaJieH BeKTOpau 1 II! -e • 3TOT cnyqai1: MHT ;peCeH reM, l.l'l'O c KII!HeMaTI'l'.JCCKOii TOttHI:! 3peHl'lfl Oil 

3KJlJ.lll8JI8HTBH HeyrrpyrOMJ' npo~eccy, B KOTOpOM Yl.l:lCTByraT .ztBa lfJCPMl'IOHa II! ,ll!la 6o:JOT!·'l <I+{;~" f_.. ./. 

]lfJC118pCJ.:IOJHrue COOTHOIIICHJ.:IH )'IJ!l'i ~aHHOro CJIYWH p3CC8HHHH fiBJIHlOTCfl Hal16U,!0'~ rrpOCTb!Ml1. BbllliC Mhl -C).\8Jl8Jnl npCl(T!OJIOl!C8Hll8 1 '!TO B8ItTOp .1 Opl'OrOII3~8H BCJCTOpUM ji !II e • ::,'.rr, ITP87\JIOJIOJK8HYI8 068CI18'!11-

B8JIO H838BII!CHM0CT:& ECKTOpa J OT 8118prl1l1 E. {aK Mbl Yl3l1,/.ll'l1! FJIIY.tC, ll8:JflTil1r.l:l;l··,-·[b E8RT0!13 .1 MO)KCT 

6b!T:b ).\OCT!I!rHyTa 1'1 B 061!18M CJlyqae paCC8Hfll1f[ • .i'IdCTBI1TBJI:&HO, OOqee peDCHll8 BeJ{TOpHIJX: COOTHOIIICH!I!lt 

(3.5) MOJKHO 38mlCaT:& B JW!,l(C: 

(1+f-)j-+-fi( -.!~=c.c_..J_e" 1 (1-l-Jj -+-+;:; 
(3.!!) 

r,l.le ;_, "-, 1/t/! - B33llMHO OpTOrOHaJI:bHLlC 0}.!!1! ni'!H1!8 BBRTOphl (BCKTOp /1 Bb16paH B llJIOCIWCTJil (h.JJ ) 1 

(3.12) 

napaMeTp f , BXO.I(fliJUl!i! B BLlpalf:CHHe (3. !I} 0 MOl~ ;r 6b!T:& onpe)leJICH J.:\3 YCJIOlll-lii ( 3. 9} 

~ _.,.~ t ,l_ 

/Jf<~~-P --yhr 

Ill 
(3.13) 
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n) 06!;\V!ti. cJ!yqail pacceflHI'Ifl. 

ITp11 llCCJIC,l{Oll<lH!m 061!\0I'O CJiy'llafl paccerr; lifl npe]:tCT3BJll18'l'Cii J',II06Ub!M ;I111KCllpO!laT:D rrpOH3EOJillHhiM 

o6pil30M OTHOillCFIIIe 2HCPI'lllfi pOJK,ZI;CHHbiX 6030110"!,/?2/ 

(3,11!) 

r,lle ">' 1 11 >'"- npmnmoJillHble noJIOJmTCJillHb!C 1 !WCJia. Ees orpaHV£l!81HHI o6mHocTvr paccMoTpeHvrH yzto6uo 

IIOJIOJiCl'!Tll 

)J
1Y" = 1 (3.l"J 

BMCC'l'O neRTopon f 1 
11 j" nne;z,;eM BCKTOpii (/ , LJ , onpe,lleJillB l1X CJIB:Z.CYIO!IUI-M oopasoM: 

0 (3, I6) 

ht/J m_.J. - M3CC!rl pmt,!(CliHhiX 6030HOB. 

!Ip}! H31ll8H Db!OOpe BeKTOpOB " 11 A Jier.w y6e,n:HT:OCfl, qTQ O!lll OpTOI'OIISJillHbl l1 '{TO DCKTOp ,1 ( .J."'"()) 

l1BJil1CTCff !IpOCTp3HCTBCHHO-liO.ll:06HhiM, 3 BCKTO J q? - BpCMClill !IO;!I06mm, 

illJn;Cl1!lYfl (ltol~ ll paHee 4-MCpllbli·\ KB~pa? BCKTOpa 

33KOJ! COXp8118Hl1H 3HCpi'I'IJIJ-HMITYJI:&Ca (3,!) B lbl6p3HHOfi H31.lli CliCTeMe OTcqoTa 

caTll E cJieJJ;yiOqeu :SV!)Ie: 

(1-n; 
Y' 

0TCRll(a ll0Cl18 3JieMeHT3pHblX BWU'!CJieH!ft\ H3XO,ll1M: 

(3.!7} 

MOJiiHO 3am:-

(3.!8} 

(3.!9} 

h. n 1;{;1 :B3al1!mo opToronaJilrHI>Ie o:z.tMHif'l[H!rle BeKTOPh! (BeK"rop li nu6pall 11 mrocrcocTif (/,A)), 

a 

(3.20} 
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I: - IIOIIj)C'''ll81.~,)· rr;piBTI2fl IW!ill01!8HT3 IICl~TOpa (J 

!:le!I:ltJ:IlllU (1 l! EJ , DXOl\flmi'le B Bb!pamem'le (3.19), OliP81i8JlfllOTCfl 113 COOTHO:llCI:IV.~ (3.16) l1 (3.18). 

}TJlfl peaKl.liUl ;n:no1!HOI'O KOM!ITOH-:Jifi}JBR'I'a /.,. f ..... .JY+ t' Ft:ltH8lA3TJ.lqeCltl1e (popuymJ (3 .I 9)-(3 .20) cymecT-

BBIIl!O YliPOUl310TCfl ( ! = 0) ll. Ilpl1HI1M8IDT CJI8)1YIOJ:llf1 BH)l: 

m' 
' 

I 
~~ 

>" 

(5.21) 

(3.22) 

]:; R3f!CCTB8 II8pCM8JIHOti, !IO IWTOpoti MLJ J3 .ll;aJIMIB.IlliCM 6p,e1.1 paCCimTp11D3Tb 8H83Il1Tl-!'18CtH!C CBOtiCTE3 

m.m:r:rl1TY:tl;bl peat-:l\111'1, mMlepeJi, nepeMemryTo E c.rre;uyrJI!(J.1M o6paso1.;: 

(3.23) 

ConeprneHHO OtleBV.l(HO, 1.!TO nepeMCHIILJe 

T8JI:&CTB0 1 trTO B pa3JT01~8HIIJ.l :381\TOpOB 

-- ' f!,LI,Y~E H838Bl1Cll!.:hl. BaJliHO OTI.:CTWJ'h CJIC;":J'!Ol~OC 06CTOfl-

~; ""'" ... -o _, ... 
j ·I l' j[Q H3!Ip3BJT8HI1flM .e, I} ll COC'Nl.lJ)JJi'O''\EC H3 /'...,. 

rjmRCII!pOBaHU l1 He 38B1!CflT OT E, a COCT3BJlHIOII\3ff Ha H3Ilp3BJI81JM8 BGRTOpa .l! l1lJ:'i~lC'J'''fl r~:f!!;,:T~l'!Ci1 E. 

rpaH!1l.l8 Mer.t,rty H3CiJIPJ)(88!AOi1: (11MflY.Tll>CJ,J B8!~8,:Tll8Hl!b1 1 :mepr1111 flOJIO"liJIJTGJ:::bHCl) !I H8l:I36JIJOJ(88~Wli oQ

Jl8CTFlMI1 onpe,liBJifleTCH K3K B cny1.1ae a), TaK 11 ; cny1.1ae B) rrepeJ.tCHHOH A cJio;:::y:m:;m.: o6TI3.30B, ccn:t 

ITCp8L\8HHOJt _.) T8KOB8, t!TO 

Y;;.o (3.24) 

TO rnmym;cH B81\BCTBenHu, II 1m m~eeM naOJim.l-laeM,'!O o6JiaCTn, a ecJin 

TO .'IerKO Bl:l}~8T:E. 1 ttTO BGlCTOphl 

Heua6nPJ;n:aeMaR. 

(3.25) , 
.... ; -#/1' -# 

~ , j ll ~ CT3 IOJ3HTCH JWHOJI81\Cl:IE!Mll 1'! 1 CJIB.ll;OII3T8JlhH0 1 06.1I3CT:& -

TIOCROJI:E.lty J flBJlfl8TCR rJ.iYHKUl18ii E 1 !HI MOJli1:M Jiei'J{Q onpe.z:teJU'!TI:. IIOPOI'OB08 3H0.'IeHli8 7 J.l3 yCJIOmlff: 

(3.26) 

TIO.ztCT<lBJlHfl (3.22) B (3.20) I! llPOllOJ(fl IIBKOTOPlil•l 3Jl8M8HT3pHb18 npeo6pa30B3HJ.1H, !lOJlY'!llM! 

(3.27) 
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OTKy.zta noporo:eoe 31IatJ:8lU1B 3H8pl'J.U'! .ztJ[fi .ztBOtl:HOI'O KOMTITOH-3IMJ8KTa pBBHO: 

(3.28) 

c) ltimCMBTMKB (f:·HKTI-IBHOI'O TIPO!.l8CC8. 

/)Jifl p8CCMOTpCHJ.fll 8H8Jn!Tifll8CKI/lX CBO~CTB a.MTIJII1TY;llb! Heynpyroro TIPOI.i8CC8 TI:\J18 tl"' £ - a r ... .:: + .,/ 

HUM HC06XO,ll;l1MO 6y.zteT paCCMOTPCT:C KMHCM8TJIJKY 4J!1KTHBHOI'O npouecca, KOI'.zt8 4-x mmyJII>Cbl ll3CTII!LI onpe-

ZJ:CJieHU GJlC,lly!Ot:U'!MM COOTHOWCHJI!HMM: 

(3.29) 

ft' - HCROTOphlll: napaMeTp, KOTOPJ:dl: 6y.zteT 0IIf8.1l:8JI8H HJI!Jtte, 

BMCCTO IlCp8MCHHblX y' Jo! )J~ 1 CBfi38HHh!X COOTHOW8HJ.:t8M )J 1.JJ 11~f 1 y.zt06HO 11B80Tif H838BMCMMYJO nepeMCH-

HYJO f CJie.llYIOD!HM o6p830M: 

(3.30) 

Ha OCHOB8Hl1ll (3,29) M (3,30) 118ItTOpa .LJ II t( MOI'YT 6HTI> 38IIIIC8Hhl B Blllt8! 

(3.31) 

B .rtaHHOM naparpai{le HaMvr npHHRTb! cne,n;yrom~o~e r6osnatremm: 

(3,32) 

I I 
f, J 'J '! 

(3.33) 

B CI1CT81.!8 OTCtlCTU, r.zte CYJ.!l!B tn.myJII>COB HYRJ OHa JlO rJ fiOCJie peaKIU1Vl paBHa uymo, 3aiWH COXpaHeHMH 

:meprHM H MMUYJI:&Ca CI:!CT8MI:l MOl!CeT Clh!TJ> 33ill'il 8H B BH;zJ:e: 

(3.34) 
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OTKY:z18 TIOCJI6 ::IJieMenTapHblX Bhlt!MCJieHMit H8XO;!IHM' 

(3.37) 

Pearr:&Hhlli CJiytialt pacceHHI1H a+ _J ..... a I_,._ t' + j MOl!teT 6h!T:b flOJIY'J6H H3 TIPB.zlbl:ziYllllo!X \{lOpMyJI 1 BCJnt TIOJJO-

l!rnTL: 

B ;~~annHe~meu npn aHanHse 
(-.... ... ,), r- -.J' r·· -J' J·f ' p-~ ' p -~ R 

H (5.36), nerKo nonytrHTI>: ,, 
(
-~ .... ,JJ_ .,._,_ /) 
~-~ ~ / T < 

(1- i"l'~ f' + 

(3.38) 

OC06eHUOCTeJ.l: 8HTJIJ3p~ 1:\TOBO!l: qaCTJil 8lolnJIHTY.J:lhl H8M H006XO)IIfMO 6yl!,eT Jn>IP<l3HTI> 

nepeMBHHI:lX tV,f~ f, IJ!, ~ ,( • V!CTIOJII>3YH ICI1H8M8TWieC!tlo18 \tJOPMYJihl (5.35) 

(3.39) 

/[Jlfi ;li.8Jil>H6lJillero H8M 6Y.ZJ;8T H806XO;IIMMO Bb16paT:b 't' T8101M 06pa30M, tlT06bl Bb!p8:ff'LBHV18 

+ 

6UJIO MBII:b!lle IIYJlf!, 

[ II.' · P + Jrif >l.f'•M r 
, ~ 1 ck; Jill.( 

8To ycJIOBY!e MOllteT 6h!TI> nepemwano B BM.ztE : 

(3.40) 

(3 .41) 



• 
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q'l'Oo'hl cyqeCTBOBaJia HC!toTOpaH 06JiaCTI> SH8'!eHHlt 't' t nplt KOTOPNX BhlllOJIHIDTOCI> HepaBeHCTBO (3.4!), 

HC06XO.)\HMO }! )(0CT8'l'QqHQ 0 tlTOC.ibl! 

;zvm rroJ!OlKIITeJILHhiX snaqemdl: f vr 

.!"!, If/ 
Jl.t- -~'.t 
• I 

;n.JHI OTPifll,aTeJI:E.HHX 3H81JeHidi f 

(3J4) 
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.B I rJlaBC Ml~ paCCMaTpJI!B3Jll1 peam . .\Jiil~ TI'!II8 :t 'g ··• <'I it- C + d, E !WTOJlhlX H<lJlff.IIJ' c CllJlbllO ll331lt,:o-

!1f'ftCTll:J'!0li(J1MI1 ltaCTI1l(a~m yqacTnymT ilJICKTPOHhl, ~ -MeaomJ 11JIH cJia6o B3aroMO,liCl·;cTBY!O!!ll-le qacTill(LJ. Tipll

t.~t;pnn·t Tfll{JIX TIPOU8CCO:i3 HBJIHIOTCH! 

;ioK0.38B Cyli(CCTB0B3lllf8 ,lll1CTI8PCI101Jl!l::!X COOTJIOill8HI'l; ,liJifl "6JIOi\OB!:!X 3Jir=::eHTOB", Mh! '1'8M C8MtlM llOK8.33Jill 

B03MQJ![Jl0CTI> H3Yli8HI1H HeynpyrMX 1Ip0l\8CCOB Tl!lll3 

f-r..e. •fl+~'+T.) ;,_.e-,'+el.-~-y ~ f'-t-r---1"',_-e++-'!-

it T.,i\, C IIOMOIJ1I>IO J.18TO.Z(3 ;rtllCTI8pC110HHbiX COOTHO!Iltl !1li. _::pyrmm: lliJJIJM8p8MH HCyllpyri1X llf'OUCCCO.!l llll)\3 

at· -i ,. "'I r- 1:" r g{ flllJifllnCH p83KI(Jill1: 

/+X--f'f'' .... x'+:Jr", J+r--f'.P 1+.lf'
1
+Jr", !+r .... /''+r'+Y"" 

Jii T .,ll., B KOTOpblX Y'J8CTBYRlT Cl'lJII>HO B331fM0)!8tiCTJ YIOiil.l18 '!3CTI1li!l 11 J' - KB31lThl. 

B H3CTOHll(8li rJI8B8 IIOJJY'!CHLI .1J."'-Cll8PCJI!Oiil!bl8 COOTHOIUeHJ!Iff ,!IJIH 3TI1X npoueccon. :·.TH C001'HOIIJ8HI1H 

.ll:8fOT B03MOl~HOCTI> J!!CCJie,ll.OBBTli aeynpyr11e npoL\eCCh BH;D;a tl+..(--~' ~/_,.I'+ of C 'T'Oii J::C TIOJIIIOTOil Qnl{C8Hl'fl, 

KB!t If B CJJytJae JIICCJI8;\0BUHHfl !f.8TO;!l;OM ;J:HC!18pCVWHl biX COOTHOU8Ht-!li Heynp;yTllX llpOJTCGCOB Tlr!l18 lj;:OT0p0:7:7i8-

ffl.lff, BllpTyaJtbHOrO rltOTOpOllt)I8HJ!Ifl J1I T .;n. TiepBb18 Ill£ rJ!I Jl M.CCJI8)!0B3HIHI CJIOJ[JlhlX 11])01\fCZ::Oll ,Pt _;r _.,. )' 1~ .n-~ _,..-" , 

,fJ -t J .-.. // + .lf"'+.tr"6wm C)!81!8Hbl C llOMOIIII>lO M8TO;D;8 l!J -Jloy. 0.ztH8KO STOT MBTO.ll: flJlJiilt:';"• · ,, l!CCOilGP!IlCHl!hlM, 

ilOCKOJrDKy OR He Ylll1Tb1B88T )!BJ!Illt8HI-!H IIYKJIOHa. Tior hiTRB yqeCTI> OT,IIG.'i.Y HYitTIOW! (~; i13MK8X 8TOrO M8TO.zta) 

BCTpeqaeTCfl C cep:&e3Hh!l.l 38TPY.ll:H8HJIIBM, llOCK01II>KJ llpl:l 8TOM np11XO.lt11TCl1 pa60T8TI> C MUTfWLllbiMH SJl8MC!!

T8MJ!I HC H8 8HepreTJiltl8CKOlt llOB8PXHOCTJII. l,leTO.ll: ;rii'CllCfJCJIIOHHh!X COOTHOlii8H11l1 B CJiyqae !ln:!KCI1POB81JHOrO 

llYKl'IOH!lOl'O HCTOqHI1K8 .1l;BeT pe3yJI:bT8Thl, 8H8JIOrJilqJ LIC pe3yJII>T8T3M liy-Jloy H IT03BOJlflCT 6e3 Tpy,lJ;a (HpO!.IC 

'reXHifqeCKHX yCJIOJKH8HJill-i) yqeCTI> OT,ll3"tlY HYKJIOHa. 

BonpoC 060CHOB8HJII:i )!JilCITepCROHHI:lX COOTH0Ul8}1Jilt\ JUIH neynpyrHX npon:ecCOJl TI:II18 

ffBJIRBTCH B8CI>MU CJIOlKHbiM. B H3CTOHJ!Ie~ rJIBB8 l.lbl ;ll3,lUfY .ztOK333T8JII>CTl>O ,llt:!Cr!CpCHOHHWC COO'I'HO!ll8Hl1J.I 7\JIH 

npou;eccoB TJI!na r + 1 ~ y' ... y" + 1', .;r + fJ ..... !' '.._.r', y/f , Kor.rta uena6mo)laoMaH o6Jiacrn oTcyrcTnyeT, a 

T3lt)!t8 H8 npHMepe peaKUHH ;' + .Jr _..1
1 -+- x- 1 +Jf" .1l;3;l!HM )IOHaaaTeJil>CTBO ,liHCllCPCl!OI!HHX COOTHOU!BHI!li 11 rrpl'l 

H3JII'ItJHl1 HCH8ClJI~)!38MOt\ 06JIUCTI'i. TipH STOM Mbl C)!8J aeM rrpe.ztiTOJIOl!teHHe 0 cyru;eCTBOB3Hif:ll HBTCOTOpOti TeopeMbl 

06 3H8JIJ!ITllqecKOM IlpO;!!OJilKeH!-'!11 3HTll3pM11TOBOlii IJ3C'IH 3MITJlliTY;!lb!, Il0)!06HOtl T011 1 KOTOpall Clb!Jla )\OK333H3 

nplf lfCCJI8)!0B3HifJil BlfpTyaJII>HHX npon:ecCOB. 
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B § I 11 § 2 .naHHoi:: rnam,J JlaeTcR a.HaJII a aHTJIIapMwTOBOii qacTJII aMnJIIITY.Illl. npouer.ca. Tip11 3T011 n::ma-

ahlnacTcfl, liTO Il 06JI3CTJt! :mepratl /E/ <.E._ (rpaHI1l\3 H8liiJCPH11HOI'O CliBKTpa) II 3HT113pl.mTOE:f <JI}CT:o 

aMnnwryJlJJ Jl3IDT 31\JiaJJ: ,1111:11> OJI;HOHY!t.'IOH;Jbl8 ClCT0f!Hllfl 1 all OCIJiaCT:b /E/ >£; - COCTOflll!1f:!, C04Cp::at:m:e 

K3K HYKJIOlihl, T3K ~I MC30Hhl. !-Ia OCI!OBG.Hl\11 8~ I!X p83JJI:bT3TOll Dbl't!UOJIH8TCli B!UT3J( B l.lllC:lCpC~lOi!Hbll! 11!''1'~1'-

paJI OT oeiJiaCTVl I£ I< E._ DTOT li!Oia,n: HSJH·8TCfl HeiO;.tHOpO;!l;Hl1Y 11Jl8HOI! ;ll:IICITBpCitOHHbiX COOTI!OIU8!!11W. 'lo-

KG.3flHO, 1.!'1'0 H80;liHOPO.ll:Hl,il\ V!8H i'IV.cnepCl-IOHHhX COOTHOilletrni1 f!BJlfl8TCfl CYMMOll liPOH3118.li8H11ti BepmOlHI-101'0 

onepaTopn Ha 4-neprrrnHHHlt orrepaTop. 

B § 3 pacr.MaTpi11131tlTCfl 8!!3JUITI1l.f8CKH8 < BOtiCTBa aaTI3<!;>J;LIMIOI:\CV. 11 onepeJttilltllliCll: aMJIJlllTYU :1 ).(llCTCfl 

CTpO!'OC JJ:OII:a<!8TOJI:&CTBO )lllC!lepcllOlll!lf'.{ COOTl OHICHHH, KOTOpL!C H8 Co.ztepJita~ HCH86JIJ0).(8CI40i1 06.JiaCTJI! ;-lllilp

rllli. B <!TOM c.nytzae ,!i0Kfi38TCJ!:&CTBO )liJCITepCi OHHbiX COOTHOlliCHl'itl CTaHOBil:TCff llpOCTLIM Jl! COC'.:'OilT "1:!3 C.'TC

ll;JIDm;MX OCI!OEHb!X 3TaiTOB. 

BHal!ane c noMom:&ro rrpimmma npl'!tnmnoc~ It cTpOHTcrr 3ana3l.lbiBaK>marr 11 orrepe)!(aK>man aMrmlfTY.1J:hl rrpouec

ca, !ICpDaf! U3 1\0TOphlX CER38H8 C !IpffMbll.l llpC 1\CCCOM, a BTOpaf! - C 06p3THbiM. 8T1t qiyHJtL(IUI Ollp8.llCJieHb! 

,n:Jlff BClliCC1'iJC!lllNX ::JHal.iem'l~ Bl!Cprvn:, Jl8lit8ll\lt:J EbllllC nopora peaKL(Itl1. 8aTCM CTPOffTCH tltJHKl\111'! ¢ ~(/',E) 
ll ¢"' (J>, £), 3H8Jli1TJI!II8C!t*C E ECpXHetl 11 Hlf:l!:!!Cii llOJIYIIJIOCKOCTH E COOTBCTCT:BC!!HO 11 COETIOJt<liO~~!C ,n:pyT 

C ,llpyrOM !!8 HCHOTOpOM yqaCTltc ,n:et!CTBHT8JI:bl Oit OCI1. 8TH l1JYHKL(lUI Ollpe;ll;8Jll110T 8,ll;HHJID 4JyHJtL(~l!O ¢ , aHa-

JIHTM~COY.JIO BO ECCM 

HOli 0011! IE/>£~ 

riJIOC1WCTI1 JWMriJI8KCHOtl f epeM81lllO~ E, ;;,a IICKJIKllleHHCM JIHHifV. pa3pe3a Ha 

Ha 6eperax mJHJiltl: paaJ eaa rrpe,n:e.r:I>Hhle :JHal!CHJI!H IPYHK!V!W ¢"'( f>,EJ !·1 

1(8~iCTBV.T8Jl:b

'/J•(y,£) 

rrp11 j , CTPCtlfllll,81.\Cfl K HJlllO, Cllff33HLI c 381 83)lblll810Il\8ll If onepelta!Olll611 8MriJIHTY.ll3MH COOTl38TCTB8HHO. 

Jrl'!CnepCI:lOIIHIW COOTHUill8HJilH B03HlfH31tlT K8K CJC)ICTBH8 TCOpCMhl KOWJI!, npHM8H8HHO~ K :3TOil 1_)yHKD,l1VI. 

1:10 4 ,JLaH Oeill\H~i M8TO,ll; IIOCTpOCHHH ,!iVIC!Cpcl'.OHllbiX COOTIIO!llCHI1W ,!iJlff peaKL(M!l TJI!na (:t+.C-a 1 
... crcl) 

npl'! HaJIWntl'! HCHu0;;:n,JLaeJ.:oii. oeinaCTIJ <JIJeprwiL Jl.JIH onye,n;eJieH!!oCTI1 Mhl Oy.zteM paccuaTpmaTJJ npow,ecc 

A-t 1 _,.;I_,_ x' ... ;r-'1 • PaccMoTpemie ,1J;pyr11x npoueccon Tnna BllOJIHC aHano-

l'lll<UIO. J·,~C'£0.11 llOJIYt18lll'lfl ,ll;W.:nepCHOHHbiX COOT! OIDCHll:il flB]lf!8TCH 06Il\lfM M M0llt8T 6h!T:b paC!IIJOCTpaHefl Jll Ha 

Go.nee CJ!Ollti!Ne npou;eCCbl paCC8HHI'lfl 1 KOI'.lW B HattaJie peaKL(MI1 1fM88TCH iflepM110H l1 O,ll;JI!H 60<JOH, a ll KOHI~e 

- ilJCplAIIOH Ill fl -6030HOB. BonpOChl llOJiyt!8H:vlfi ,ll;HCll8pCJ.IOHHEDC COOT!!OIIICiill~ .l{Jlfl liPOLl8CCOB Tl'l!Ii1 R+-l---o4
1-+u-A 

paccMaTpJI!BaJIHc:o TaKme n paCioTe It~ /3~ I. 

3Ta pa60Ti1 Ttl!{ llt8, ltaK PI pa6oTI/4 8-5( '/, flBJifleTCfl pa3B:v!TI:lCM M8T0,118 ,ll;HCllepCMH!!blX C00Tl-IOIU8Hidi 

ua. neyrrpyr~re rrpoueccLI m:.zta a+ jj ___..a 1_.. c + d . 0;nH8lto, npli BhiBOl!;8 ,ll;HCnepCHOHHh!X COOT1IOW8Hl1~ 

JVlf! Mllltl.\00 M8CChl B paCIOTC ki.t-tet ,llCJiaeTI fl l!80CiOC!!OB3HIIOC yTB8pE:)leHH8 06 OCiJiaCTll. 8H8JIHTlf1.!110CTll 

BupalKOHl!fl ( 6.2). B C13fl3M C :::JTI:lM pacCYJ:!,ll;8Hl fl 06 3Ha.JIHTI:l1J8CKOM !IpO;ll;OJlli:CHI111 ,ll;l'lCrlepCHOHHLlX COOT80ll!eHiti1 

TCpfl!OT l.IOKa::laTeJ!LHY!O CHJIY (/(.:((.& § 7). 
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§ I· f:~&!!Q~~!!!:HL ... mr;g.f!~I!M!!~Q!.QL~;!Q:!:!:U!!!!!!ln1!:ui!Lll2 
!!Ql!!!Qli_!W.Q!~M!L!H:!l: :!QJ2Q!!_QQQ!Ql!lli1!l 

B H8C'l'OH!118M naparpalJJ8 1 HCTIOJI:&:lyfl CBOtlCTB3 TpaHCJiflll)WHHOI! l'IHB3pll3HTHOCTM, a T3!Uce !I!J8JJ:IIOJI0)!1:8-

iil'!6, l.!TO OIIep8TOp ::mepr~li-MMIIyJII,ca 06JI<1;1138T IIOJ HOJi CHCT8M0!1 B8RTOPOB COCTOHHilM, MU p33JIOJiU'lM 3H'n!

~lpMVJTOBY 1.!3C'l'l> 81illJIHTY.lib! npouecca tl + t -+R 1+ : + tf ITO \{JH3Hl.I8ClU'IM COCTOfU!IHIM, CO.ll:8PJK3~M HyKJIOHbl 

n ueaoHb!, 

Ha OCHOB3HIUI peayJI:&Ta'J!OB rJI.ll § 2 3HTJI!:'lpMI TOEa l.!3CT:& 3Millli1TY.ll:b1 paCCM3TPI1ll88MOrO npouecca MO

:;lCT GLtT:b :mnvrcaHa JJ Bl1f\8: 

,., 
'r (·;~'!"!~ 
o~,w r , 

J'aCCMOTPUM BUpaE8HI'!8 

I 
.u 

!'!3 cpaBH8HJ!lfl (1.3) C (I.I) JICrKO J!H)l8TI> 

Yt.IYITNBO.H paBeHCTBO 

;1 (<) ~-
' 

a TaicJCe cTa1JIIJI:OHOCTI> cocToffHJ.1J.1: I sJ f > J Is~;'> , JierKo non~MTn: 

(I. I) 

(I.Z) 

'b";1_, (...:) (L3) ------- --- /r, s > 
;;·{/) (>r')~~ (:>r"J ' !f>' ,r~ 

(1.4) 

(I.5) 
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' '/ >'A, fxJ J <'/J }',I> = 
'brr~,,~~ .. rx"} , 

+ 

!10,l(C~'8BJ!flfi (I,G) B (I.3) 1i y~nTl:lll8fi (I.4) 1 8HTl1::JPMl1'l'Olla ~aCTio 8MflJII!TYJ(U M0;;\8T 6b!Tb npc,~tCT3D."'~Cfl.'l 

Il CJI8.li:Y!Otl\CI! Dll,ll;e: 

_ r;i'j,;;, /l(t'+j 1
-K.) v,,(R,f'J q;l.(t,•) 

• 
( l, 7) 

(I.8) 

n pv, ITOJiyqeJHUJ (1. 7) 6b!JI\If !1CHOJ!b30ll3HU CBQ!i{ Tll3 TpmiCJ!iil.\110HHOJl 11HB8pH81-ITHOC'L'H !MlTpHtiHJJX 3JICMCHTIJJJ, 

a T8IL'l:8 ITJJ8,ll;flOJ!Olr.GHI!e 1 tiTO OUepaTOJl 8HepNII-l'!MflYJibCa 06li3,):(38T ITOJIHO!! CliCTCMOii ll8KTOPOR Qr)C:T0111IIll1. 

npOBO)\fi I'IHTBrj)JIJlOB8HflC Il (I. 7), f10JI~l1!.;:: 



- 7~ -

or+ ( V,, (n,f'l q;,. (!,n),; (!.~ t.' Yi;,'. (F+ j~')-

- 'i;r (n,rJ V, (~,•! f(!.-J.~YH,'. r;-J'l·)}I.') 

• ~· (•,,,, D,,,, (,, • I'(,.'./.,_ YM.'. (i~ J' J')- 1;r {""'' v,. (,. J rr;. -J. ''- r#:. (/-j'?' )• 

B J-l8CTOJ1jj8M Tiaparpa(:.e Mbl ,Z::B,lllU.I BHBJHl3 8llT'13pMi!TOBOW 1J8C'l'~ 8MllJUfTJ,llbl ,ll;I!OtiHOI'O KOMTITOH-3Ql!IiBltT8 

(I. ;. } ltJifl o6utero cJiytJaH paccemum. (KHHeMaTHKa ':aToro cJiytJaH pacCMOTpeHa n nyHltTe "n" § 3 rJI .n}. 

B 8HT118pM11TOBJ IJ:BCT:b BMTIJUITy;rthl 1t810T BKJiazt l[m3FI1JeCime COCTOflHFifl, co.z::epl!\att~e HyKJIOHfl H MB30IW:. 

PeBJI!.HOCTD 8TJIJX COCTOHIUII1 oCiyCJIOBJieHa HBJH11JIIBM .f -!JiJHKU11W 1 KOTOph!e :Bhlpa::!\ahJT 38KOH COxpaHeHHfi 

3Heprltil1-lfMTIJJI:DCa CJIJCTBMbl, BhJpal!terme ;!tJIH BHTHSpiatTOBOtt tJBCTM BMIIJIMTJ.ll;hl liMCeT CMblCJI JII:Iill:b JJ:Jifl o6JIBCTJIJ 

3Hepr!llt!, I'll.e E ~£, (nopor npou;ecca}. t!ToCh• wc,:Jie;rtoBaTI. o6Jiacn E < Ef , Mhl 6J.I(CM c<mran, "IJ:TO 
~ 

neJiwmuu Q w £ Heaa:BJ1CJ.:!Mbl, IlocJiefl.Hee o6cToHTI:JIDCTBO noanoJuieT paccw:tTp~<waTL Jc;)o;:tcH·.:.· 1vm A 
11 B 06JiaC~H £ < £p 

ITopdt'(CI.L l'GfiCpi:. I~ paCCMOTp81!11JD r- -oco6e 1 il!OCT8H BHTIHJpM>!TOEOi\ •raCTil ;wrr~:;:'r'{i(hi (l. 9). JleJ'lW 

Bl1.1l;CT:G, '-ITO ,IIJHI #.,=If (0,!1HOHJKJID1!Hhle COCTOHHW !} f' -fJ:yHRI.J;liM !H;(-''~T OC06Ci'i:{':..':--· ,)-!!\ 3HaqeHJ<!RX 3Hep-

I'I11l, ,l(BBaCMb!X KOpHHIA}I CJ18.!1Y!Olll.I1X ypaBHeHJ.:!f\: 

IloJiarafl, '-ITO B l11JTCpBaJie )f-' 11.. £ #+)" 

ll38.V.MOA81\CTTIJ.:!8 B Hll3lli8M np!1!6JIHJKBHI111 no -e 

l.:IICRTPOI!: 

0 
(2.1) 

He" CBH38HHb1X COCTOfiHJo!li Jll Y1IIlTb!B8fl <lJI8RTpOW'l.I'lll'!TUOe 

no;cytiMM CJI:e,l(JIOII(Il.C 3H8'ti8HI~H ;!t.'IH rpa!Htl\ Henpepb!BHb!X 
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:!: y" s. = - ;. -f. Yor~l+ r,.,,q_J.I.~._,_ (?''; -Jf- 1.~. 
(2.2) 

2- ( J> 1+ vh) ( =- f· + Yru+-_,Mt+ [(>''.>'"Jii-1I~_,_[(Y'-pqJ1-Jll.-1. 
KaiC BHi'{HO Jl!3 OTJI!X <J!opMyJI rpaHJI!UN HenpepiD!H DC COSKTpO:S 38lUICHT OT :aeRTOpa r; . Mx MJI!HJI!M8JII>IIN6 3Ha-

' £ ........ ""' ~ ( ,- ")' -· :!:Y to. --/· -t- (P+j')+ >'ll-/' -t 
(2.3) 

-TaKHM o6paaoM, .ztJIH JII06hlx aaaqeHI·dl: fl CYII\6 :TBYJJT TaKMe jJJ 4 If ']JI 1 qTQ 

( l = !,2,3) (2.4) 

3'rO o:maqaeT 1 qTo HO. HSKOTOPOM OTpe::nte i'{S!I :TBJI!TSJli>HOtl OCJI! BKJia;zJ; B 8HTH3PMMTOBY qaCTl> MOryT ,I(8B8Tl> 
~.a 

JUiml> O,llHOHyKJIOHHblS UOJIIOC8. BBe.zteM <lJYHKIU'fJI! / •.lv (E)f,~ .... ;J, onpe,ll;SJIJI!B HX CJIS;ey101tUUJ! o6pa30M! 

1 
.2.i 

( 2.5) 

(2.6) 

Ha OCHOBSJUU'! (2.!) H (2.4) 06pam,aeTCfi B Hy:t:r, B JI!HTSPBBJie (-E.)£,_). BBO,ll;fl nepeMSHHhlS a Jl! L1 1 
...d Mv ' 

BNP8lltSHI.Ul ;!!:Jill IJlyHKUI:Iti rr PI / MOmtO : 180HC8Tl> B BR;n:e! 

r"" -· (x,;) ~ -.t . 
I f'j (o) . 

I ' ' < f,I ) /• I > 
~A •. ( ~;!'J >Aj;;~) I,, 

(2.7) 



.. 74 -

.... 
T .... (X,J-} 

1 = f ( Y'+Y'/fl...'"- ( Y'-Y"J·a; + .t: (J! '--Y"' r/r!..J ..,. .t i(JJ'+ phJ (/P ;}.~..,. 4-()1 '+Y"/r1··~M.(J~ J ~ 'lx: 

no~cTaBnHH (2.9) B (2.6), rronyqnu: 

~ 

(2.8) 

(2. 9) 

(2.IO) 

(2.!1) 

Tax K3K BenJIIlHJHhl E H Q rrpe.1\IIOH3rUJOTCH H838BI1~1lMUMH 1 TO, npHMeHHfl npeo6p330BHHHe ¢ypnc, Bb!pm!teHl!!e 

(2,II) MOmHO npe~CT8BHTb B BH~e: 

Y'IJ:HTblBaH, 'IJ:TO 

ecnH 

A (E,i,A,j) o6pamaeTcH B IYJrD B UHTepnane (-Ej,£,.), nony'lllM: 
<• 

/--e i £x. -t iAJ 
0 

(2.I2) 



§ 3 • il!HEHJ!!1:.!QQ!fliL££Q0.£!!!· U!!!!!!·!H:J:l',;Uill_m!Q~!!Q;rQ_ISQM!!!.Q!!::21!~5!!:i:n! 
l:L~.!:!£llS:.llQ.!:!Qmlli!LQQQ!.!!Q!l!5!ll!!ff. 

B JWCTOIT!J18M napr:rpa~Je Mhl JOCejJC,Z~yeM an: JillTWtrecu~:~e C:Bol1cTBa aMTIJIIlTy.l(f·I ;J;BOfrHoro JWMIITOH:- .. ::• .'>·-:a 

11 i'(a.D:J1~.! CTPOI'oe ,notca38T81ILCTBO ]\}!CI!CpCi\OHH!IX COOTH0lli8Hl'lil. .I(Jlfl 06!1\ero CJlyl.J:3fl pacCeHRI1H (IlYllltT "n 11 

§ 3 l'Jr.ll). CJie,I(Je'l' llO,llli8J'!WJ1'D, l!TO MBTO;ll; .:oJta33TeJII:.CT113 l(llC11CpCV!OHHb!X COOT!!Olll8!-ll1ti, V!3JI021:CHilL!l·; li 

::!TOM 1ID.parpa\f1El 0 He Hl3!IHCTCH 06l!1l,M0 l!OCJ{QJILJ:y OH CYlil8CTB8BH0 OCHOll1!B3CTCfl H3 JC.~DE\411 OTC':/TCTB:lfl B 

1(tTCIT8_l)CliOHHbiX COOTHOffiC!lllffX IICH3.6JIKl}(3eMOiJ Q( )f3CTH ::JHeprFtiJ: • 

BBC.ll;OM \(lymtUIUf 

l'JJ;C 

p > 0 • 1- ( + ~ (, = ----- '--'--[ ( ~ ') ] t [ ( 7 
! (~---;;/- f' ) J >.> 1+Y" I (;1/i) 

,._5-+ - onep3illm Cl-1MM8TpJi!3aL\~111 HJIJII 3HT11CV!MMe rpll31Ui:J1l1 flO e . llpll EBC.l{8Hilll ([lyHKUl1l·: ¢'" 1-: 

CTD.IlO.SllJilll C11fl3b M8)1[.!l:Y E !I Q 

-· 
'1!111'181\ B!1CCTll 1( MN ITO)\CTrtllllJill Ub!paJ£18HI-Je ( i.22 rn.ll) 

(5.!) ,, . ' 
!J )( ,I 
- J 

(3. 2) 

(5 .I) 

rDy'-'!CI..\11]1 ¢~ 11 ¢", 6J1aro.zr:apn: 31CCllOH8HU11aJI: HOM:f M!!O}!< .. i'ITCJJKI ex,P(-,p"J") f!BJIHhJTCff aHaJl>1TH!J8C:mMi,l JJ 

BcpxHei\ (!!l1J!LH8t.) IlOJ!YITJ!OCIWCTflX 3Hepr>-~1-l E C<·0Tll8TCTIJCHHO. Ha OCH01IO.HIHI (2.12) CJie.ztyeT, tfTO: 

(l. 5) 

rrpu 

/£/ < E: 0 

¢'(, ~ • £,;J/> 1~J) "1"" X..t: > 0 

¢{E,-',i,-',t! --
¢"( . ~ . ) 1-£ < 0 E,{!_,f••l,! "r 

(l.G) 
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8H[l]n:tTI!t!8Cil:8fl BO DCSii !IJIOCKOCTI! 3HepriUI 38 I!CKJiiOtteHI!SM JU!HJI!~ paapeaa 

-e-::. <hE..::- £1 , £,_. < llfE < <:><:> ) ;;:.,£ = 0 (3.7) 

!IpM S'l'OM 3H3'1SHJI!ff ¢ H8 B6PXllHX 6eperax pa3p83CE paBHH ¢~ 1 aHa JUI;!ilH!X ¢" . 

.tl pa60Te/i!.!J/ ITOJtaaaHo, ttTO ljJyHKI.II!JII Tnna (3.I) noapacTaiOT na 6ecrwHettHOCTI! (IE/~ ..a) HS 6HC'l'pee 

ITOJIUHOMa. 0603H8'1liM ttepea If+! CT6fl8HI> BTOro ITJJIJIIHOMa. Tor_n:a, fiPHMSHJIF! TeopeMy KOmi'! It tiJYHffUJI!Ll; 

r~c E. - ne1~ecTnennuil napaMeTp, npvrt~eM I E.. 1 < • £t rroJiyquM cJieJJ:YJOIJ1Se cooTHomemw: 

.. ,j-"¢r. ' 4 - 4 ¢~ ' - .. . ) (£-Eo} E+t'£, .e~,t,.d~.P)- (E-iO,£y/',AJ]' 

,ki -- (E'-E)(E'- E.)"'' (3.8) 

EJ>Er 
I!HTerpHpOBaHl'!e B (3.8) npoBO,ll;Wl'Cfl ITO Ha6JIIO.ZJ:86MO \ 06JiaCTl!:. Ho TaK KSK iflYHKU:J.!J.f ¢t >1 ¢"onpe,ztCJ!Sllbi 

B H36JIJO,ll;86MOti 06;1J8CTI! Jl! )'IJIH f ::: 0, TO Mb! MOJKS I B Ji!HTerpaJiaX l!O]JOJmT:& .f' ::: 0. Tipll 8TOM conepmeH

HO OtJ:eml.ztHO, QTO rrpaBaH qaCT:O Bblpa'lteHI1fl (3.8) 6, '.zteT aHaJIJ1Tllt[eCIWti ~YHKL\l~eli EO :BCCI1 !Ill0CKOCT11 IWM

HJIBKCHOrD nepeMeHHOrO E 38. HCRJIIOtLeHHeM JIHHI1lil pa:1pesa (3, 7), Ho HS llhiP<J.:l;teHI1fl (3.3} r:rrr;nycr, liTO 

npH J' = 0 rrpanaH qacn onpe.zteJifleT q;,ynK!UliO ¢ r E~ .€, l~ J, o) 

E 3a HCIUIJOtLeHHeM JIHHHli paapeaa (3, 7), 

Ho IJ;IYJ!Kl..\11fl ¢ (E, ll>l:;;. o) OTJinttaeTCH OT ri1; 'l!Krnm 

ut 

S" T (E,<,;,i.) "!"' ;t,.,E > o 

JIVII!l:& MHOJKHTeJIHMW, o6pamaiOU!MMHCfl B HY1li> B TOqKaX 

(3. 9) 

4 

Ilom:JCa .:t £, ! E,. 1 t: EJ onpe,lleJifllOTCfi 11!3 yp8BHem Jil (2,I), KOr,lla CBHS:& Me)!(JJ:Y E If ,f' BOCCTaHOMCll8. 

:!; (Y~YH) -rl,l+H~ E, = IH/-l,l-.l Y"(/1) 

:!; (Y'+P"} r;~-~- H~ E... = m(~-r+b r;J 1 
(3.!0) 
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:!: ("))' .. y~;,;p-...~ +H~ 1; = -1~- m._"" 

rpaHJH\a wmpepb!:mioro cneKTpa ~ orrpe,ll.emrerca H3 (2.3) TaKMM 

y;I(O.llJICTDOpflJIH YCJIOJll-1](): 

~.-o6pasoM, ~To6u rpaHM~ cneKTPOB ~~ 

( [ = 1,2,3) (J,JI) 

Co.aeplll8!JIIO O!I8Bl1).(!!0 1 tJTO yCJ!OB1l8 (2. 7) 6y.n;T Bbl!IOJIH8H0 1 8CJIH E,_ Dbl6paT:b paBHb!M: 

YCJlOB.I'le OTCYTCTBIHI HCH86JIJO,li.88MOtl 06Jl8CTM B ,ll.to!C!I8pCHOHHh!X COOTHOIU8HMflX HIA88T C318).(J!lllUlf1 Bl1)1: 

(3.!3) 

,.., ""' ...,. I 
vTO .'fCJIOBI1C !IaR.'I8l(UB88T H8IWTOpb!e orp8HI1~8 Ulfi H8 B03MOl!tHhl8 3H8'i8HF!fl !IepeMeHHI:DC /, .d , )I , f!O,IlCT81l-

Jiffl1 ll (3.I3) BhiiJ8li8HHH (3,28 rJI.TI) Jll (3.I2) !IOJIY~MM 1 liTO BCJI¥1: 

(3.14) 

TO )'1Jifl Jlto6LIX 3118'1CHM~ yrJIOB MBJIC,Ziy B81tTOP8M f l If j Hatit~;8TCH COOTB8TCTBJIO!ll88 3H81!8Hite p83HOCTif. 

(;o1 1- Y 11}, Jl8lli8lll88 M8lftJ!Y ( Y
1-Y1, If (Y~Y"l 1 IIpH KOTOpOil H8Ha6JIJO,li.88M8fl 06318CT:& OTCyTCTJJyeT. 

' 
:t 1/NinO'lJY~'-{lt.,'//;· (3.15) 

3a!!OTV!M 1 '!TO 8CJill 

(3.16) 

TO Dcer.na CJH\CCTBJCT HeltOTOpLIM lfiiT8p:BaJI ED lMO~IIbiX 3118ti8Hl1W lfl, , np11 H:OTOpbiX HepaneHCTBa (3.14) 

:BhmOJIHfl!OTCII. 

11T8lt 1 :Bbllll8 Mhl YC1'8lf0Bl'JJII1, '!TO ecJIH BtliOJIHeHO YCJlOBH8 (3,!3), TO ilJYHKI.I)fft ..fz c (E_,~,/,i) 
IIBJ!fi8TCII 8H8JlWtVII!eCltCt1 B BepXHet1 VI Hl'!ltmetl: 1031YTI310ClWCTHX E C Jil'JHHe.l:l paapeaa B;ztOJI:& B€l!l8CTB8llHOi1 

oc!1 IE I > Ej \11 npoCThiM1l nonrocaW! :e TOl!Kax :t E, J :t £.,. ) :!: EJ 

(3.!7) 

l'JHTerpaJI:&HYJO TCOPCMY Koum, no.nyl!l1M: 
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(3.I8) 

+ 

(3.19) 

(3.20) 

iJeO,!I;liOPOl.IHbl~ IJ:Jl8H B Bb!p8llt8Hl1H (3.18) J303Hl1K88T 1'!3-38 O,li!IOIIYKJIOHHbJX TIOJHOCOB £i ,JJe:Wllti'IX B o6JiaCTl'l 

}£/<~• B <lJOpMyJI8:X: (3.19) 11 (3.20) OllepaTCpb! v,,, v,.,, v, HBJlfi!OTC!i Q(i~JliHLIMl'l llC['::l\11illUI,:!: Ollepa-

TOp8Ml1 (c O;!tHifM tlJOTOHHbiM H .l!BYMH HYKJIOHHb!Mii BOHU8Mii), 8 onepaTOpbl q;j" , q,J' M T • .ll. 4-Bep-

lllMHHb!Mll ( C ;!tBYMfl tiJOTOHHhltU! l'l ;!tBYMH HyruiOHHhlMI' K011U8Mlll). 

B BblpaJJteHI'll'l (3.18) E npl1HI:IM8CT JII:lllll> KOMTJI8KCHhl8 3H8.\l8Hl'!H. J.1CTIOJIL3Yi! n;J<,,/(CJIDHble COOT!10Ul8Hl1ll: 

s D (E)~ 
I -<,,., 

0 (E) " A (E) 
.. ,.. <'; .. 

.d 
'T (£) £ # ( ~ rr> ,../.(E) £im ~ £-if) . 1 

+ P(EI 
• 

+ ( E.-E F' s,.I2J~Ci,<J} 
E.-tE, E, ~ £ 

(3.2I) 

3pMHTOB8 J.l 3!1TJ.I3PMltTO: 18 "lt8CTH 8MTIJ1HTY.IIU. 38MB TUM, 'ITO Tal~ K8K B ltHTBpBaJie 



' 
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£, ~ £,_ < Ec_ 8HT>I3PMWTOBa \f8C'rb paBH8 HJJtl0 1 TO B (3.2!) lfHTerpifpOJ3aHife qiaRTif\feCKif BG.zteTCfi OT 

Ec. 0TpHL(8TCJr:E-.H8fi o6JiaCTl> rmeprfiti 1l .li;}!C!IOpCi'!OHHbiX COOTHOil18HI>lfiX (3.2!) MOJ;tCT 6b1Th l'ICKJl!Ol.!CIIa 

!IJTGM IICITOJJL30B8HJI!l1 CBOi1CTB8 CJI!l.\M8Tplll1 31!'1 <13 pMWl'OBOI1 1.!8CTH : 

A.,. (E)~-;;,, -{. (-E) 

e, -onep3TOp nepeCT3HOB1Cl'l cmiHOBb!X COCTCilHWii: HYKJIOH3. 

§ 4. Jll£li£££llQllll~Q_£QQiliQmQn~_&[li_liQ!ll£~ll!_n£2YQQQQ~-~-li~ll~llll 
H~H~~~~~~MQtt_Q~H§QIH~HQ~rH~ 

P::tHCC HaMil 6LIJUl !IOJiy"'l:GHbl 11 060CHOB3llbl ;l"LI'!CIT8PCI10f!Hbl8 COOTHOI1IeHJ111 .ztJJR Tex p83KIJ;M.tl TWIT3 

a-+ ..C-> Cl '""c + c/, ll KOTOp!lX H8H36JI!0;1188M1:tR 06X8CTI> (llpM onpe;neJieHHb!X JCJIOBIIJHX) OTCYTCTBYCT. 

B HflG'l'OfliU8!-! naparpaqle l.!bl .U8J.1111,! 06llll-lil ~CTO.ll; ITOCTpoemm .ll;IICITepclolOHHbiX COOTHO!l!CHI:t£1: .ll;JUI pem\IJ;l1li 

Tl'!na a+ ..C....,. a 1 
+ C-+ d llPit H8JIWU111 H8H86JII0]\3 ~MOil 06JiaCTI'l :meprHH. 

a) .~r;cnepc11omme cooTHOIIJeHI:tfl .rpm rJilo!KT~BHoro npouecca. :llyp:r,e-o6paabl aanaa.ztbiDmantero 11 onepe

Enror~oro MaTpllttllhlX ::meMCHTO:a npouecca Jr+ I' --""~ Jl'"' + I' 1 MoryT 6blTI> aanncaHbl :a BM.l1e : 

( 4.1) 

T
,.Jv ... 

(w,Je.,t) JJ~ 
C' 

f.ll;B 06JtaCTl1 J.1!1Terpl:tpOE8HJ.lfl (;.. 11 (.I O!Ip8.ll;8 IfliOTCfl HepaBeHCTB8Ml:t! 

(4.2) 

"'· 1r .X..::'O, 

Jl;m paccMaTpunacJmro paHee (tlll.KTJIIBHoro npou Jcca (rn. IT § 3, nyHKT "c") aTR aMnJIMTY.IIhl npl:tHMtmroT El1.n;: 

., . • 

(4.3) 



- so-

Kor;rta 't' Jl3HBHHCTCfl.B :1IJTepBaJie 'C
1 

<-c-..::: ':'.t x) 

/1,.£/ > 1:/mYru'-m:- e' / ('f.4) 

... 
Jll, CJIB,l'.(OB8T8JlbHO, IPYHHUJIIH s-1' 7' (~,-c) 6{JJ.YT 8H8JIMTJil1-!eCH11Ml1 B BepxEei1 TIOJIYHJIOCIWCT!l KOMf1J!CIW-

H0!1 nepeMSHHOlf t() 1 8 ~ / ....J(L', T-)- B HJI!l!i :!ell: llOllyllJIOCIWCTii. 

-..< ""'· TioKalRB!.I, tiTO QiyHKICUl S 7' I'! S'T' lPBi'.ICTaBJIHIOT O.llHY 11 TY JKe allaJIJIJTlo!tiecHy!O iJJYHKu;mo, T.e. 

liTO rl)yHKD;lHI; 

(4.5) 

f!BJifiBTCfi 8H8Jli1Tii'ti8CKOti @yHK~etl: H8 BCBlt KOMll. IBKCHOi\ llJIOCIWCTJil «1 38 l1CKJIIOl.JBH>feM KOHBtiHoro 'H'ICJia 

TOli:BK H JUIHIHI paape38 H8 )'1;8!1:CTBHT8JlbHOl:t OCJil. J',J!f! 3TOft IJ;CJH! paCCMOTpJIIM IJ83HOCTh: 

llpU BemeCTB8HH!lX 3H8l.ICHllflX A) 

l!oBTOpRJI paccyJIU(emm § I, noJiytii11!: 

SA ( "' -cJ ~ 7r L S ( !/· (•,t'! q;J" (t, ;J "(!'. • ,! "' - -v'.t~,:- (f-17') 
' 

[) ( •,-'! v.,, (!,•) b(;. _ _,J'" - -0i,! + (/- p·) ';r , 
+ V,• (n,;'J q;f,(p,n)i}(/.+e

1
o;- v7f:'. 1/-j'J') 

q;!,{n,f') V,Jt,h) o(;.-.e-
1

ru -Y:il':'f-f'J') 

+ D (n,p'J V. (P,•J '0(; ••. t</.,w--v'lif, (fCttJ 
-l';f" f 

~ln,t'l q';r(t,•J'>(t.-2.l.fw -y'jj_', (l'-jJ') } 

(4.6) 

( 4. ?) 

x) B pa6oTe /(dt.& 
B ~aaao« pa6oTe) 
CTBO 

/35/ C.ll;8JI8HO Y')'B8PlKfi8H18, liTO BJ:Jp8JR:8HJ.!8 (6,2) (8H8JIOrH'IlHOB rmpaW.tllllHO {4,3) 

ff:BJifi8TCff 3H81!UTJ.ll.!eCK0£1 (j)jHKUJI!Bft aJ H 't" B 06JiaCTJ.l 0 r;ne IIMCBT MCCTO H8p8B8H-

8To yTB8p110l;8Hife flBJIH8TCH H80'1,18BH]tH!iU H TpE6ycT Cfi8UI!:8JI:bHOrO RCCJI8;ltOB3Hl1H 1 IIOCKOJJ1HY B YK338H

HOJ.l: 06JraCT>'l HHTerpaJI ( 6, 2) MOlii:ST T8PHTI> CUUCJI, 06JI8CT:& 8H3JU'ITI>II!HOCTI'I Bh!p81K8HWfl ( 6, 2) 118 C3MOM 

.ll;8JI8 Ollp8.ll;81Ifi8TCfl H8p8B8HCTBOM 

.;\.. "' > I [/, _,j I ~ ;<) 
(B ;!.18HHOM npHM8"18HlilJI! Mhl llOJII>3YBMCfl 0603H8'i 8Hl1fll!IH ) . 
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1lcrrOJII>3YH .!UIHCM8TM'JGC!tl4G iPOPMYJihl § 3 IIYHKT 11 0 11 I'JI.!I, JI8!'KO IIOKIJSIJTI> 1 'JTO OC06eHHOCTif [' -4JyHKIU!:il 

B~p~CHMH (4,7) 6ynyT B TO'JKIJX 

(Bep:lOIIfli SH8K (+) COOTB€TCTByeT 5' -qJyHKUiffll! I,lli,Y, a Hlf:tHift1 (-) '?J ...,PyRKIJ;I1flM !I,IY,YI), 

lip!!. #, = )/ OTCIO.zta H8XO;!tJIIU ill8CTI> ITOJIIOCIIB .:! lll1 ~ 1: It',.. J :!: tV_, 1 ItoTOpb!e B03HMK8IOT Jll3 O.ztH0HJ'K110H

l!LlX COCTOHH11Li. rpamnJ;W H€IIp€pb1BHWX cneKTpOB COOT.B€TCTBYIOIJ11fX ,j' -1JYHKUI!!i-t nonyqaiOTCfl M3 (4,8) npJII 

.J/;u+ bl.- '1,.,1.-Jl.-.l't' 

,tdr Y'f'+ 1' 

B€Jllf'JJIIH8 

( 4. 9) 

flEJiflGTCfl HJ.l)t;:H€!-1 rpaHJIIIJ;e!J HGITpepLIBHO!'O CII€KTJ8 BhiP8lK€HJ.:!fl {4. 7) 1 a IIOJIIOC8 O.ztHOHYKJIOHHbiX COCTOflHiflil: 

Jie~aT .zto nenpepuBHoro cneKTpa 

-<' = I,2,3. 

CT,l(GJ!HH B!t.TIIJ;/1 O;!IHOl!JlOIOHHh!X COCTOflHMJ.i, Bb!pa~ ~HJI!6 ;!IJ!H 8HTif8PMl1TOBOil ll8CTM ( 4. 7) MOJ!C.!IO npe;11CT8BtlT:o 

B BJI!lt€: 
3 

JA (t.J;c) ~ Jr I; { J, (t:J b (o-r.J,) - £(c-) b( <H <V,)} + 5'(41, -c) 
,_ f 

.4, r"J ~s /e-:. ,:·; lJ;r (,;,•; v;(~,,·; 

(4.10) 

h (")=S/A'
1
+ "''/0 /!'!'' V:/1 p•j(4.II) 

' ;<: p .. f;l'u' / t~~tl, 

J, ("h5/~-i{ + :.'I!J,:.J,;,•JY1<v"J, ~r~J~s!~C:, + r.J,jvr,;,'JtJ r"'"J 
r A I -J';I" 
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..< ...lv 
Tenepn flCHo, liTO S 7' H S7' }J;CtlcTBHTen:.HO npe}J;CTaBJimoT co6oii: O.llllY Jll Ty JKO aHaJIJIITHliCCKym 

fPYHIW):!IO S7' (4.5), pcrymrpHym n o6nacTvr ?', .V~ 0 c ]lll!U!f!MJII pa3pesa ll;rJ;OJI:& ,L1eEcTBI:lTCJI:&HOJ.1 ocH 

npll - ..., < cu <- IVe If a>._ < &U < <><> 11 TIOJI:ocaw1 nepBoro noprrnKa lJ Tatmax J'tV_., • 

B pa60TO/Z3/ llOK838HO, liTO ¢JHKIJ;l1H TJI!ll8 :4.3) B03p8CT8!0T H8 6CCKOHBliHOCTI1 Tip11 U)--> ..o HB 

6J~CTpee IIOJIHHOMa, 0603H8t!Jiltl qepe3 If. CTBTICH:b IToro TIOJIMHOMa. Tor;na, llPYIMOHfiH TBOpeMy K011111 K 1JYHK

IJ;lUl 

JICI'1W llOJIY'HIT:& CJIB;r(YJOJliHC .ll:J.:!CliBPCJIIOHHbi.C COOTHOI ICHJI!H; 

CJIB}J;YBT OTMBT>JTI,, liTO 3TH COOTHO!IIBHl1H liOJIY'l!CIU H8Mli J!HliiJi. .ll:Jlfl 11MKTI1Bllb!X 3ll8<:CH!lii: ,.l • 

.a) AllaJI?JTllllBCKoe npo.n:mmemm no nepeMemic ti tt:' • qTo6u ocymecTBI'lT:& ,. , 
HHtl 't , JICJit811UfX B 11HTCpB8JIC (~ > ~), K 3H8l.!EHHIO 'L='t;_ =J".!oftJ + m() 

HC06XO}J;lll!O COBCplUHTl> OH8J!HTWlBCKOB npOJ10JIJI:CHl1E no nepCM8HHOit "L , J')IH 

CJIB.ll:YlOJl1Cti TCOpCM01iX): 

IEQTI!MA 

l4.I2) 0'}' 3HBliB-

~ j:CrtJJ:.HUil CJ!jl.!Q.i1.), 

Z!JIR BemecTnei!II11X VJ , '1::' OJ .\(.(11-t:') riJY!Il{IJ;l'H Tr(.J,<C) (onpe,neJiael.mfl m1pniitBHl1CM (h. TO)) MDlll:BT 6HTio 

npC}J;CT8BJ!CHB B BJ1,n8: 

3 

ST(r.J,"'l~Z{ !;+ (~+,"') ~ ~ (;,_,T) j ,_, 

' 

X) 3.z:t8Cl> Mbl lip8,nTIOJiaraeM CYI!1BCTBOBaHHB TBOpCMt 1 llO,l.I06HOil TOii 1 KOTOPBH 611JJ8 )J;O!W.33HB ,)IJ!fl BlipTy8.'Il>

llbiX npoo;eccon. 



a) 

n) 

c) 

(, (f, "') 

~ (f, -c) 
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- oOoeimeHHhre @ya 'l:D;lfM nepeMeHH0!1 F 

- aHamtTJIIIJ:8CI\L18 ~ymw;lill" ncpeMCHHol1: 't' , perymipijh!e B o6JiaC'llf: 

;;1: (f, 'C)"' 0, eCJIH 

0TM8TllM, IJ:TO nepaBeHCTBa (4.17) 3KElfBaJI8HTH ~ CJie,llyiOII(lfM H8P8B8HCTB8M .lVJH (() : 

ttJ < tV~ 
' 

(4.1ii) 

(4,I7) 

(~. ~8) 

I'.ll8 4)~ HBJIHJ~TCH rp8HIU.(8Mll Henpepb!llHNX CITCKT lOB () -¢YHKD;~IJ;i Bblp8Jit8Hlfll ( 4, 7) , BOCTIOJib3Y81lGfl C·~ OJ;-

MyJll1POB8HHOlif TeopeMoi1 l1 TIO.I(CT8BllM ( 4,14) B ( 4. 12), floclle 88MCH!:I neJ)eMeHUNX TIOJiytmM: 

3 

{ sr(tJ,T)-iV(",cJ}ncr,J,'-6.l'J~ Pr~,"'J M 

( lJ .• ZC·) 

(j!,yHiti\!Ul }((r.J,t) flBJIRBTCfl 3H8JIIi!Tilt!CCKOii ~IIYHJ:u;ue!1 (A) ll -c' (Tip!! H3III8M BLI6ope d)o ) B ncpeCCIJ:BHllll 

06JWCTCi1 §flt 1 I',ll8 c .l(8CTCl1 (4,16), 3 o6; 8CTL f- OTIIJC.l(CJ!fJe:rc!I l!epaECHCTBOM 

C .I(pyroll CTOpOHhl, ML< J'CT8.llOEVIJil1 panee, IJ:TO ( 1YHKI.U1fl S' /(Al~ T)pcry3lflpHa E 063l8CTll 

I!/., Ci) I > I!/., J (<J, T)/ (4.22) 

CJIGi'i;OB3TCJI:OHO, cJ.lYIIK!(l1H 



- S.f -

arraJIJ.lTH'!Ha .J nepeceqeHMJ.l ;! /}f.!} ..lt . Ho .ztJifl JJ omecTJJeHHh!X BHaqeHidi "t' , orpaHI:I'IeHH',rx HepaneHCTBOM 

't; .c 'L < 'L'_. 

OHa cornaCHO ,l(llCI18PCJ.lOIIHOMY COOTHOWBHI110 (4.I9) HBJlfiBTCH llO]!JlllOMOM ITO ttl • B CllJTY C)\11l!CTBCHHOCT!l 

8H8JU'ITH1l8CFCOrO IIPOAOJlllreHJ.lfl OHa Cly;t~eT IIOJlliHOMO~ IIO tU M BO I!CeJ-1 oel:rtaCTH aHaJII'!TI11lHOCTI'! ~/lfi'/).,J

CJie.r.tOBaTBJI!>f!00 KOZHIX_kii'!UH8HT1il IIOJ!HHOMa fl(AJ, 't:" I MoryT 6LJTI> 8Ha.JIHTV!'WCKH npO.ztOJ!lWI!bl Ha l!BKOTOpyro 

06JiaCTI> KOMllJICKCHb!X 3H8'l8HJ.lll 'L • ilOl{aE:BM, 'IT l <JTa 06JIIJCTI> BKJIJOtiaBT B CCCif! 06JiaCTI> C . B03I>M8M 

.'!ro6oe '\:"" ± 113 o6JiaCTJ.l ;! , .ztJIH IWToporo ,;.;,. "L + 0 

(4.23) 

]"JIH ,l(811l!OrO 't'+ Bhl68p8M <1).1: CJIB.ztYJOII\HM o6pa30M 

c s 

f10K8lii:81A, t!TO npM 

Jielll:aT o6JiaCTil C 
CornacHo (4.22) 

---+ 

x) 

(1-f.'-J'J'j 
4f' 

T8HOM Bbl6ope tV:!:. TO'!Kl! (4.!;t J 'C':t) llp11H8.ztJI8lK8T nepecetJC:i:,;;,' .f//fi/jJT • -f:+ IIPHIW)l

llO llOCTp08HHlO. f1ponepHM CH813Jia, tJTO, Harrpvu~cp, (UJ+,~:~ 1 .~e:-::~IT ·; 06JIC!C'rV. ,t) . 

06JI8CTI> ~ orrpe,ZCCJ!fi8TCff HepaB )HCTBOM 

(4.26) 

llpliHV!MO,fi BO BHI1!.18HI'!e COOTH0lli8HH8 

x) !AOJitHO no~tasaT:o, I!TO CYII\BCTByeT ueKoTopaH o inacTI. sna-qeHJ.ln rrapaMeTpoB f ~..t,jJ, hf4 1 ITpH KO-

TOPl::!X 
e <-i,~_(jl~Ml)c/,l.F ~ 4l" <-l .. (j~M.t)c/,.l.f 

:11 BM8CT8 C 8THM O;li.HOHYKJIOHHL18 ITOJIIOCa :;ttlJc Jl )X(8T ,ZIO nerrpephlBHOrO CIT8KTpa 4Jc (4.9). KaH l'l3B8CTHO, 

8H3JIOrH~HW8 orpaHHq8f!llfi BO~HMK8IOT H ripll ;zi.O t883T8JII>CTBC ;li.HCITepcMOHHhlX COOTHOW8HMtt ;li.JIH ynpyroro 

pacceamm. 
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l-13 (4.26) llOJIJI.liiM: 

(4.27) 

Jlcrft;O BJ.!,lleTJ>, IJTO HepaBtmCTBO (4.27) J.!MeeT M8CTO Tor;n;a 11 TOJ!:&KO TOr;n;a, KOr,lla 

(4.28) 

liTO cormaaaer c nepBb!M nepanencTBOM (4.25) 

Tmnm oGpa.30M 1 !:lhl TIOita3tJ.JUJ 1 trTO napa :'cJ.._,-r:r) rrpJI!H3.ztJI€JmT o6JI3CTit ,6- Awmorv.I.!J!O Mmmo no-

;:C~J'l':'L, <J~'O ( «-L, -t_.) EO J5. TipoBep:m, \IT: I {til:t, 'l:'z) i; g., B mmy (4.2!) 8TO 03W:lliacT, 1.JTO 

c < t..£' .v, cl.f (4.29) 

Ho TD.I\ r:a.K corJiacno (4.28) 

'"· c > f 
4!, 

HcpaBcncTBo (4.29) Moxmo 331leHMT:& 60Jiee em I:.HuM nepaneHCTBOM 

'ITO Tm(}\CCTBCHIIO B'l'OPOMy H8p3B8HCTBJ (4.25. 

1lT<:J.Jt 1 Mhl ll01t333JI11 1 I.!TO TOI.!Itlf (tJt:)T:;) f i!/Jf/J.J. 0TCJO,ll3 CJie.zr.yeT, 'ITO K03\IJ~l11.li18HTU IIOJillllO

MIJ jJ( r.J_, t) 6yJI,yT 3H31111Tiltr8Citl!MH ITO 'L BO l celi 06JI3CTH 15_. C B03MOJ!tHOJ.I JIV!HI:\Ciil paspeaa B.liOJI:b BCl~C

CT:lCHIIOit OCR 't" , ITOKaJKCM, I.!TO T3Kafl mmm paapeaa H3 C3MOJ.4 ,ll;8JI8 He CJll!8CTBJ8T •. llJHl. aToro 33/.!CTI-!1.1, 

I.!TO B CMJIY Henpepb!BHOCTH ..,f'(ot~, 't) 

-f,·m N'( "'" 'T'" ) (4.30) 
o:; ...... -f"D 

tlCllOJibSYfl (4.20) II {4.30), IIOJIYI.!MM: 

::::: li T(M~, 'C) 

C Jlpyroti CTOpOilll, T3K IWK ( 4)..!", Tz-;) f./) 1 TO H3 OCHOB3HJI!H (4.3) HMeeM.: 
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.{;M I S'T(rJ,;r:,)- S'T("., <'.) j ~ 
d->+ 0 

(4.32) 

:COJ,ICiHUMpyH (4.31) !l (4,32) 1 fiOJiytiliM: 

{,;., { S'T(AJ,,-r+)-JV("'""·)··.fk- { S7'(".,"·)-J/(tJ.,T.)} 
r;-__..+0 ~-+D 

.1.·- !(o,, "'-) 
r-_,.+0 

(lt.38) 

T .e. tiTo o;i:·yHKIJ;Ifff P(IJJ 'C') HenpephlBHa npJil nepe; o.n;e "C' qepea B8ll\8CTBenHyro ocb. IIJa :nora cJie.n:yeT 1 

tiTO mmtHI paspe3a n,uom. BBU\BCTBBHHotl ocH 'L oTcyTcTnyeT Ill aHati!lT P(t.J, -r:) ffBJIHcTcff aHamlTWieCKOJil 

rJ.•YHKl\ltell no ncel1 o6nacTJ1 t_ • PaHee 6wro yc~ aHOBJieHo, tiTO 1JYHitl.\l1H K (R!J t J mmm1TlttiH1l :;; oUJraCTlll 

t/Jg . Tenepb Mb! TIOK333JIII, tiTO BCfl npanafl •aCTb (4.12) TaKJKe flBJ!liCTCH 3ll<lJJl1TH'!eCltoti •IiYHitll;l!!8t1 B 

3TOil o6JiaCTl'J, !3TO 03H31l38T 1 tiTO MLl MOJJC8M paC!M:pllTb o6JiaCTI• OTIPC,li8JI8lll'Il1 1\I,YJP:l_!JD S 7' TaK, 11T06Ll 

OHa COBTI3,ll3Jla C npa:soH ti3CTLIO (4,I2). BO BCI1i 06JI3CTI'l l(}g.- . B <l'l'.\,1 r·'!:i~tr:TL "tlX•J)iltT l' 0Eil'ie!:!l1G 

't: =-t::...,=_~A'c/.''f + ,,;" 1 OTJJ8tl3l0ll\88 peaJILHOMY I pou;eccy %+ / _,. .f f+.Jr'--. ..K'' , . , •:JI8/(0ll3T8JlL;m, .li;HCfiGp-

CVWHIIUC COOTHOUJ8Hllfl (4.12) lfMBIOT MBCTO Joi llp>i 't:='1:',, QnpC,U8Jl)HJ (!W.l( Cl~]L!'fW:;) :Jp!·.:lC':'O.GJ ti3CTb 3MilJIH-

TY.ll;hl paneHCTBOM 

llOJJYtiJoJU i11'lCI1CPCLWHHL!e CODTHO!Il8Hl1fl: 

... 
sr·""(<JL) 

' 

(4.34) 

(4.35) 
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