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I. B B E l( E H H E 

• !IOJIHaJI KBaHIOBalI :re~)·HII B3aHllO.D;ellcIBHll 3Jl8ll8HTapHUX qac:rnu JtOJI:tHa BKJil'.lqa:rr, 11 rpaBH

Tai.HOHHUe B3aHJlO.D;ellCTBHJI. IIonUTXH noc:rpoeHHII KBaHTOBOll :reopHH TJiroteHHII HJleDT 60JibmyD 
( I-32) . 

HCTOPHD , HOH JtO CHX nop OHa e~e .D;aJiexa OT 3aBepmeHIIJI. B palllCaX reoMeTp11qecxoro 

no.D;XO.D;a 3llHm:rellHa, xor,D;a THrOTeH11e OTOZ.D;eCIBJIJieTCII C MeTpHxoll npocTpaHCTBa-BpeweHH, B03Hll

xae:r npHHUHnHaJibHO TPYJtHM npo6Jiella XBaHTOBaHHII 3TOll Jl8TPHKH. lpyroll, :reopeTIIKO-noJieBoll 

nO.D;XOJt (a,25 ,32- 3~ 3aKJIDQa8TCJI B TOil, QTO rpaBHTallHOHHOe none paccMaTpHBae:rca Ha TeX ze 

OCHOBaHHHX, QTO H' JtPYrHe noJIII: 3JI8XTPOllarHHTHOe , Me30HHOe 11 ·:r.,D;.; HHUllH CJIOBaMH, :reop111I 

Taro:ren11JI 3llHmTellHa Tpax:ryeTCJI xax peJISTHBHCTCKM :reopHII T8H30pHoro noJIJI. O,JtHaKO paHee 

IICXO,ltHUe ypaBHeHHII JtJIII rpB.BHTa!lHOHHoro nOJIII 6paJIHCb H3 reoJleTpHqecxoll reopH1!,3llHm:rellHa, 

q:ro paccllaTJ)HBaJIOCb xax He.D;oc:ra:rox :r~ope:rHxo-noJieBoro no.D;xo.ita. B nac:roa~ee BpeMH B (37) 

Ca!lH YP8.BH8HHII 3llnm:rellHa BUBe.D;eHU B paMKaX noneBoro, nJiocxoro no.D;XO,Jta (na OCHOBe cnllHOBOro 

npHH!lHna) 6e3 o6pa~eHIIII K PHMaHOBOll reOJleTpHH, H, :raXHll o6pa30M, 3TOI nOJtXOJt noJiyqllJI npB.BO 

Ha ca~OCTOIITeJibHOe cy~eCIBOBaHHe. Tpy.D;HOCTII KBaHTOBaHIIII npH TaKOM no,JtXOJte HOCJIT cxopee 

T8XHHQecx11ll xapax:rep (3TH TPYJtHOCTH CBOllCTBeHHU Taxxe H reoMeTp11qecXOMY no,Jtxo;iy).Bo-nep

BHX, YPB.BHeHHII'3llHmTellaa 3HaQHT8JlbHO 6onee HeJIHnellHH, qe11 YP8.BH8HHJI 3JI8KTPOJtHHal!HKH II 

M830HIIUX :reopHll.cBo-BTbpux, ypaBneHIIH 3llHmTellHa H3-3a 06~exo2apHaHTHOCTII HOCIII oco6ull 

xapax:rep H He nOJIHOCTbD onpe,JteJIIIDT TeH30p 9~• ; cpe,D;H HHX q\a.KTl!QeCKH HeT ypaBHeHHll JtllH

zeHHII )tJIJI BeJIHql!Hll -aJ\grv , 011a OCTae:rcJI COBepmeHHO np01!3BOJibllOll. OTCYTCTBlle TaKl!X YPB.B

HeHllll ue n03B0JIII8T IIHTepnpeTHpOBaTb COOTB8TCTBYD~e noJieBHe nepeMeHHue Ha MeXaH11qecKOM 

II3UKe conpa:teHHHX KOOp.D;IIHaT H HMnYJibCOB. 3THM o6~1ICHJIDTCH TPYJtHOCTII c KBallTOBaHlleM no xa

HOHllqecxoll cxeMe. !Io,JtqepxHeM, QTO no cy~ec:rBy c11:rya!lH1I :raxaa xe,xax B MaKcBeJIJIOBcxoll 3Jiex

rpOJt1!HaMHKe: Bexrop-noreHi.HaJI Ar 38.BIICHT or xaJI116po2x11 11 ue noJIHOCTbD onpe.itenaerca ypaB

HeHHIIMII JtBH!:eHIIII. 

lJIH o6XO.D;a TPYJtHOCTell np116eraDT K aJibTCpHaTHBHHll npoueJtYpall XBaHTOBaHIIII: KBaHTOBaHHe 

Ha II3UKe B8JI11q11H, HHBapllaHTHHX OTHOCIIT8JlbHO o6~eKOBapllaHTHHX npeo6pa30BaHHll ( 9,2!) , KBaH

TOBaHHe npH nouo~ ¢ellHMa!!OBCKOro MeTO,Jta HHTerpaJia no nyTIIll (IO,II) 'mBHHr;pOB~xoro Ba

p~au110HHOro npHHUHna l12,r3,24)H T.Jt. 0.itHaKO npH 3TOM TPYJtHOCTH ue 1,1cqe3aDT, a npOIIBaJI

DTCII B .D;pyroll ¢opue .129)rro3TOJlY B8.J:HOe 3HaQelllle HMeer MO,JtH¢11Ka1lH1I HCXO,ltHHX ypaBHCHHll 

:reopHH TJiro:reHHJI nepe.D; KBaHTOBaHHCM. Hanp11Mep, lHpaxl 17Jnp11.D;M yprumeHHIIM reop11H ¢opuy, 

auaJiorHqllyD ypaBHeHIIIIM 3Jiexrpo.D;IIH8!.IIIKH B KMH6pOBKe H3JiyqeHHII. K CO:taJICHHD,3,JtCCb repae:rcH 

IIBHalI xonapHaHTHOCTb TeOpHH. 

lpyroll nyu - 3TO M0Jtll¢Hxauim ypanHeHHll B JtYXC ¢opuyJIHPOBKH <l?epMH-I'ynru B KBaHTOBOll 

3JieKTPOJtHHaMHxe. D 3JleKTPOJtHH&ll!Ke 3TOT no,JtXOJt noJiyqHJI HaH60Jibmee pacnpocTpaHeHHe, :rax xax 

B Hell coqeTaDTCII npoc:rora H IIBHaH KOBap11aHTHOCTb :reopHH. !IOqTH cpa3y :ire BCJie.D; 3a 3JieKTPO

lf)cu~, Hanpl!Mep, CT8T1>D !10A.Map1cona, Suppl.Progr.Theor.Phys., Extra Number,85 ~I965). 
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AIIHallllXOa I'ynta np11ueHHJ1 3IOI MeTOA II X Ieop1111 IllroteHHll B npeACiaBJieHHII B3aHMOAeacIBIIH(8) 

. (cY.IaRZe (27) ). 3IOI nyth CHHllaeI IPY.ltHOCIH, CBH3aHHHe C OCOOIDL xapaxtepoM YpaBHeHHll II 

·np0113BOJIUOCUD OJ'91'v, II AeJiaet BCe CteneHH CBOOO,ll,ll llOJ!ll gJ"' paBHonpaB!lllllll II llOAAaDIItHllllCH 

ltBaHIOBaHHD. 

B HaCIOJ!lllea CiaThe teopeIHKO-llOJ18Ball ~opyYJIIIPOBKa I'ynTH B teopllll THrOI8HHH paccwtpll

BaeTCH B ABYX npeACTaBJieHllHX: ·B raa3enOeproBCKOM (n.2 ll 3) ll B IlP8ACTaBJI8Hllll B3aHJLOAeact

Bllll (n.4). Ilpll 3IOM paccvatpunaetca ~eJioe OJtHOnap!llletpllqecxoe ceueactBO B03Mozwx ~PKYJIH

poBOK KBaHIOBOa teopHll IllroteHHH, OIJ!HqaDIItHXCll,BHOOpOM teH30pa rpanuta~OHHOro IlOJIH. rrocJie 

HaJIOZeHHll COOTBeTCIBYDIIU<IX AOllOJIHHTeJihllllX ycJIOBHlt Ha BeKTOPH COCTOllHHa Bee 3TH teopHH 3~ex

IHBHO 3KBllBaJI8HT!lll, I.e. 0YAYI npHBOAHih K OAHHM H teM ze pe3yJihTatai.i, Hanpuuep, npu pac

qetax C nOJ.IO~hD 5 - WTPHIOl. 0)UlaKO npH KOHKpet!lllX pacqetax 3~eKTOB HHOrAa YA00Hee IlOJlh

~OBathCll OJtHOa ¢opyYJIHpOBKOa, a llHOrAa - Apyroa. <ropyYJillpOBKa I'ynm - OAUH qactwa cxyqaa 

3TOro c~ueactBa.OtMeTllM, qto ceveactBO npurO,lU!HX AJ!ll KBaHTOBaHllll Teop11a BHAeJieno 113 Ooxee 

m11poxoa ,l\Byxnapauei:p11qecxon COBOKYllHOCTII KJiaccHqecKHX teOpHa C pa3JillqHHMH JIHHeaHID.IH AOllOJI

HHieJihHHMH ycJIOBHHllll, yxa3auHoa B paOote (37). B n.2 np11 oOcyueH1111 raR3eHOeproBcxor~ npeA

CTaBJieHHH 113 WAff~ll~ponaHHoro ypanneHHll AJIH S"~ :s rynToncxou Bap11aHte teop11:11 noxyqeHo 

ypaBHeHlile ABllZeHl!l! AJ!ll BeJIHqllHH o,.grv , KOTOpaH teneph yze He HBJil!eTCll npOll3BOJlhHOil. 3IO 

ypanneHBe HBJIHetca HeJ111HeaHIDL, qto noxoze Ha cHtya~D B teop:11u .Hllra-MHJ1J1ca (33) (cu.rrpuJio

zeHlile I) H OTJIHqaeTCH OT 3JlextpO»tHaMHKH, rAe BeJIHqHHa 'atJ..J'no~HHl!eTCll_CBOOOAffOKY YpaBHe

HHD laJiaMOepa. Buecte C Tex OT!leqeHa IPYAHOCih C HaJIOZeHlle!l AOilOJIHHTellhHOro YCJIOBHll Ha 

BeKTOPH COCIOl!Hllll B raa3eHdeproBCKOM npeACTaBJ!eHHH. 

B npeACTaBJ!eHHll B3alll(OAeacTBlll! (n.4) nocJie nonyqeHHH nepecTaHOBoqHHx COOTl!OmeHllil ll 

nponaraTopa AaH llOJIHHn aHaJIH3 AOilOJil!llTellhHOro ycJIOBllll Allll BeKTOPOB COCTOllHHll H c¢OPKYJIH

poBaH npocToa pe~enT noctpoeHHll JIDdHX OJtHO- H 1111ororpaBllTOH!lllX COCTOl!HHil, YAOBJieTBOpllDIIU<IX 

AOilOJll!HTeJihHOKY YCJIOBHD, a Taxze ~3aqecxax COCTOHHHlt. !IyieM aHaJIB3a llaTpHqHHX 3JieMeHTOB 

. ~ - vaTpHIOl uezAY COCTOl!HllHllll, YAOBJieTBOPllDIItHMH AOllOJIHHT8JlhHOMY YCJIOBHD, IlPOAe!lOHCTPHPO

BaHo, qto H3JiyqathCll H norxomaThCll voryT TOJ!hKO ABa THna rpaBllTOHOB: co cnllpaJihHOCTllllll +2 

ll - 2. _Tell CB.IIID( AaHO acqepnHBaDmee oOocuoBaHlle Toro, qTO nopoe AOilOJll!HieUHOe YCJIOBHe, 

KOTopoe aaua.iurnaJI I'ym:a, HBUetca ueuyzHlll[.(Cu.Taxze (27) ). B nn. 4 11 5 S- WIPll~a 3a-. 

Ill!CaHa B ~pue, COOTBeTCIBYDmea £ - MaTpn~e ~ KMHdpOBKe ll3JiyqeHHl! B KBaHIOBOil 3JleKTPO

AHHaMHKe. 

IlpoBeAeHHHil al!MH3 noxa3HBaet TeCHOe CXOACTBO KBaHTOBOil TeOpHH rpanHTa~OHHoro noJill 

C KBaHTOBOR 3Jl8KIPOAffHaMHKOil (cv.;Hanpauep, Od3op (39) ). 

4 

2. Teopua TllrOTeHllll B rail3eHOeproBCKOM npe8CiaBJieHHII 

I. Mu OyAeM npHAepunathca He reouetpaqecxon, a noxeno-teopetuqecxoa toqxu 3peHua. 

B noJieBOM llOAXOAe CllJIH taroteHllH l!HtepnpetllpyDICll He xax pe3yJihTat·BcKpllBJ!eHllll npocTpau-
• CTBa-BpexeHH, a KaR pe3yJihTaT AeilCTBllll rpaBBTa~Ol!HOro IlOJIH, BHCiynaDmero HapanHe C APY-

fllllll IlOJ!lll!ll, ·B xaqectBe llCXOAHOrO JiarpaJ!%JlaHa teOpllll B noJieBOM llOAXOAe I'ynTa 18) OpaJI ro

TOBllil JiarpaHDaa B3 reo11etp11qecxoa Teop11B 3aHmTeaHa :11 pacxJia,ll,llBaJI ero B PIIA no cteneHH!l 
I'" l..1'" a,t. , rAe ct - rpaBIIT~Ol!HM KOHCTal!Ta CBll3H, a "} - rpaBHT!lWIOHHOe noJie. Rouctau-

~ ~ ~ 
ta OL CBH3aHa c noctosHHoR k B 3aKOHe HhDTOHa cootHomem1e11 a.."-=-~•l:Jdc. , a l:) = 

= a.-•(9)'" -)).t'v) , rAe ~f<Y - "11:etpBqecx~a teH30p" C BeCOM p =-l, B (37) dllJIO noKa3auo, 

qi:o JiarpaHZllaH IeOpHH IllrOieHllll 3ilumtellBa MOZHO BHBeCTH, He odpamasch. x apryxeutru,: 3llBmtea

Ha, a npHMo B pauax nnocxoro npocTpaHCTBa, IlpB 3TOM ecteCTBeBBIIM oOpa3oM nonyqaetca, qto 

OH ecth aecxoueqwa PllA no rpaBHTaUHOHHOll ROHCTaHTe a. 'CYUJmPYDIItHaca R 

C/J _ 2_ r.vf1r· t-'r,J. rJ.rl"\ 
~ - a,'L 9 \! r"-ivr, - i,-v J.v,J (I) 

AJlll CaMOAeilCTBllll rpaBllT~OHHOro llOJIII HK APYfllM ll3BeCT!lllM BllpazeHlll!MAJIH B3allMOAellCTBllll 

rpaBHTaUIIOHHOrO nOJill C APYfllllll nOJlllllll, 

IlpH odcyzAeHllll HaM OyAeT YA06HO paCCMB.Tpl!BaTh JiarpaHZHaH B tepwHax teH30POB if" 
. ~ 

c pa3JlllqHHl!ll necalll! p 

rv _f.. rv 
'lr = '! ~ f 1 ~ r = Det l\ ~r \\ ' (2) 

rAe ~· = gt' , (YnOMHHaBmllllCll BHme teH30p 

rpaBHTa~OHHoe noJie npeActaBJIHeTca Benuq11Hao 

HlleM 

9 'I'"= 9/.,.V ). llH dyAeM n0Apa3yy:enan, qTo 
t. ,.,, t"' nr , KOIOp!le CBH3aHH C C}p COOTHOme-

f'-" .. i_)'\I <!" = or,,+a..n.\> (3) 

B HBHOM BHAe Jiarpa_HDaH (I) 3anHCllBaeTCll qepe3 a!"' xax l€) - . . ~\> 
''£ _j_ r io.t'" J.t, 'o .l.v \b}' 1+\> ~\/ n 

. - a_'l.l2 <Ip ''i\.4r o..,<hc1-f'+(!\>d.f> r'h Ov'ip - H9..1>or'¼\, OvLn-<_\-1' + 
H4p+'b'p'l vr,. \(~ \}· ill_ ·c (4

) 
+ 40H1>)9- <Jt @ren'!rJ\.0v ~~pJ ~; :WH\') p#-\} · 

lJIH llOJIYqel!lll! BHpazeBllll (4) B (I) dHJIO IlOACTaBJieBo -r:v B BHAe 

f}. =1-a'>-y('o 'Cl -o \ _P_(°b).. 'I-. '>-~ ~\n 
J'V 2. "I' ~r-'hrv+ v4rrr Y'¼P.r'9+4(j+'l\')~V0r+"&.l"ov-<,h gprv•tiU\~1'~5) 

i,3Ta 3anl1Ch H8HaMHoro CJ!OlltHea 3allllCH odmero JiarpauuaHa AJ!ll CBOdOAHOro rpaBHTaUHOH
HOro noJ!l!, npllBeAeHuon B Ilp11J!Ollt8HIIH 2 K CTane (37) • lfoKJinqllteUHliil cxyqaa p =- I/2, 
tpeOyDll(Jla cne~aJihHOro aHaJill3a, OOCYZAaJICll Ilepecoy (40) , 
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Boo6~e rOBOpa, CHWeTpHqHoe TeB30pBoe OOlle ~v OOHCUBaeT COBB 2, COBB I H JtBa COHBa o. 
0.JtHaXO COIIH I, BeCYIIlllll OTpHnatellbHYil 3HeprBil 11 0,11;1IH 113 COIIBOB O o6e3Bpe%HBaDTCS sa cqeT 

IIHBapHaBTHOC?H xarpaHXllaHa ~d4x_9: OTBOCUellbHO opeo6paSOBaBllll . . 

i.-1'4" v \.~. ,;:: \.6 (- """t<O---,. ,t-'1_6'11 r.,. ,6t }-'11 ',.6,il'") 
~ n.~ =or): +av" +put'~'" +Cl..\..06 /\ n.1'+06" ~l'+po6 /\ nl> -" u6nl' (6) 

HUI B tepwrnax t!r' 
'b" 1 r =: (l.~6>!4<1-;" + 06 \" 9-;6 + \>06 )..

5 'lr -}..6 05<Jr) ', (6I) 

rle )..t' - COBepmeBHO Op0113BOllbHH8 ¢YBK~H. B OOJleBOM OOlXOle 3TH opeo6pa30B8.IIHS ~Mell? 

CWCJI xax116pOBOqHl,IX.Opeo6pasoBaHHll, aHaxoruqHl,lll CWCllY XMH6pOBQqHHX opeo6pa30B8.llllll B XBaB

TOBOll axex:rpO,ltl!HaKHXe. (4I) 

2. ixa o6cyz.iteHHS XBaHTOBaHHS rpaBHTa~ouuoro OOJIS B rall3eH6eprOBCEOM-OPelCTaBlleHHH 

o6paTm,ca x cxyqru, p = - I, 1or,11a xarpaHnaa (4) saouc1maeTca ua116oxee opocto :· 

';f_, = ~~ {i 9"'\,r'·"c\ga1.11-+gclf>'\.g"-"ov~~}'+ ~ ~~"~rtn~)~Jn~) 1 · (7) 

Rs Hero IIDDO ooxyqHTb ypaBHeHHe B ¢opxe IlanaoeTpy 

□ .I"' ,,. ...,. )..v '"). '"). t4\ ~ "" "" . )..~ a.~ t;;I ~ -vl'V)-.~ -OvV>,_~ :+o.,..vU},.Ofg =z~j-W 

rle ®t" - c11we:rpuqu1,1ll :reHSOP 3HeprHII -llllllYllbCa Bcexooxell, BEJll)qaa rpaBHTa~OHHOe 

po6HHll BliBOl ypaBHeHIIS II SBHHII BIil e,.V K0%HO HallTH B IlpllllO%eHIIII 3 X paelOTe (
37

) ). 

pasuaH (7) H ypaBHeH11e (8) IIHBapHaHTHli OTHOCl!TellbHO opeoelpasOBaBHll 

(8) 

(ool

~r-

c*llv '\J \}-' c;: C. (,.,: vl..,_6 ·,}"1,.6v\ (,q.,t•v)· 
0 'J =(),:~ +Ovl'I. -ojW()6):; -\-Q\86~ l} +061\ ~, J-0.05~-X l1 • (9) 

Ilpll pacqe:rax Cl1mae:r YlOClHO HM0%11Tb ~a ~.t'" COBMec:rm,:oe C ypaBHeHlleM (8) YCllOBl!e ie-lOHlepa

-Jla.Hqoca-~xa, (42- 44), :rax q:ro ypaBBeu11e (8) 3aM8HIITCS CHCT8MOII 
'L 

□ " "'" = £!::... e J 2 t'" , (IO) 

'o at"'=O t';, . ' (II) 

B teopHH C ypaBH8H118M (IO) OllllC l0IlOJIBHT8llbHOe YCllOBll8 (II) ocTae:rca IIHBapllaTBOCTb_ OTBOCH

tellbBO opeoelpa30BaHHll (9), HO :roiiuo co Cll8lYillllllM orpaH11qeHll8M Ha ¢YHEn1111 }f: 

o).!"+o..o?>6~V6=0 (Im ~f
6 ofo6'>!=0 ). 

O:rwe:i:1111, q:ro cpelH pemeBHII ypaaHeHl!a (I2) uwee:rca Be saa11c11111ee OT 1)5'
6 

pemeHHe 

(12) 

).I"= c.l'-' 4- wt< v x" (c.1-<::::. C.ol'\.\,t ) w" r -=-W}< V ::, C.0•1.st) > (I3) 
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npH XO?OpOM npeoelpa30BaHIIS (9) COBila,llallT C npeoelpaSOBaHIIJDra BeOJtHOp0,1tl!Ol! rpynnu nopel!lla.x) 

B cxyqae aan11c11 ypil.BBemtll ~a rpaauaill!OHnoro noJia B ¢opue (IO),(II) lll!lll!llle c:reoemt 

CBOCl0,11;1,1 yc:rpaJ!SiltCa COBMeCTHO xar.nelpOBOqttmm npeorlpa30BaHl!SMII (9) H YCllOBH81! le-lOHAepa-

naaqoca~xa (II). • 

3. KsaaTOBa&11e ooxa ~f\/ uouo ocy111ec:rBIITb tellll 2te coocoelai.m, q:ro II axexTpoMar.Ellt

Boe noxe; EcJIH ·-HCXOlHTb 1!3 xarpaH%11a!la (I), to B03BHXBYT TPYJtHOC:rn C 3aBIICloll!OCTbD c:reneBell 

CBOCl0,11;1,1 mr OT lPYra,,:raKl!e xe, xax B ll&tCBellJIOBCXOll ¢opue 3lI8XTp0lHuam!XH. E.JIBHC:CB_eHHHll 

B03ll0%llllll SlSCb BUXOA - ¢0PJ.IYDPOBXa teopHI! B ¢op11e, aaaxor11qnoll 3Jiex:rpoll!HaMIIXe B XaJIH

ClpOBXe usxyqeB1111, H :reu crumu otxas o:r aBHollxoBapxaaxnociu~) Iloa:rouy w nolllell no lPY

rowy oy:i:11. 

B XBaBTOBOll 3xex:rpo,11;11BBJ111Xe Q(ll,lqHO OTlaDT npe,1J;110qTeBHe SBBO XOBapllaHTBOll ¢op:uyJIHpOB

xe ~epllll, l!COOJlbSy~ell ypaBBeBHe lalla.Melepa • .AllMOrll'IHO 3:COMY, 3l8Cb YAOClHO OOJIODTb B OCBO

BY ypaBBeBHe (IO), a, TOqBee roBopa, Bexo:ropyD ero llOlH¢HltanHil. Ilplll!O BCilOllb30BaTb YPaBBe

BBe (IO) H8.lil,3S, :rax xai: l,118 Hero,nO-BlllHMOMY,Hellb3S IlOlOClpaTb narpaH:naa. I!pH BHClope HO-
. . n•) 

BOro xarpamt11asa H YpaBBemia ClyAeK PYXOBOACnlOBaTbCS Cll8lYillltllMII cooelpaxeHIISl,!11. a) HOBM 

xarpaueBa IlllOIBOCTb lOJl%Ha OTJIHqaTbCS 07 (7) qxeHOM, xo:ropull ycxpaaan 61,1 B ll8B0ll qac:rH 

(8) Bee qJ1eHI1, xpoue oepBoro. Cl) IlpH 3?011 l,OilYC:CIIMO IlOJIBJieHl!e B ypaBHElBIIII HOBHX qJieHOB 

B3allMOAellctBlla, COA8p%allll!X XOl!ClllHaIUIIl l)t' ,""' • 3:rm,: ope,1J;1JOJI0%8BII/DI YAOBJleTBOpae:r Bllc!Op 

HOBOll narpaHXeBOll OJIO:CBOCTII B Bll)te 

':f:,' = ;i, -o..-.2.01'9JJ.ov~v~ (I4) 

rle :;e_ - OJIOTBOC:Cb _(7). 3:rot xarpammaH ,11ae:r ypaBBeHHe, Be COBDB.J1aD111ee c (IO), OJtHaXO 

O!J111qaD111eeca o:r Hero TOllbXO Ba qJleHH, XOTOpue oelpaJ118JJTCII B HYJib op11-yqeTe YCJIOBIIS le-ioBAe

pa-Jla.Hqoca~xa (II), 

□ ~t'"' = r ®tw- ~ l,j<A.Co.1-or,qf>"+ovor,g".l)-'brv \i'oJ1 ~'¥\!> +(r~v)1= 

= ~t 0~" - <l. \"~o.i.'ov, q f>\I - a.\ v! oloi!' g ~r + ct 01" O{vocl. '"'"J -
(I5) 

.:..0 11.L'~n ttf-'1 __ .1_'b. 1) ttcl\!'o ,-\I" (I5I) 
J. :I J u f> :J 2. .t'" J,. ~ '{ :J • 

B 3THX BllpaJ:eBIISX ®rv - Clll!l.leTpll'!HHll teB30p 3Heprl!ll-llllllYllbCa, COOTBeTCIBYillltBll nepBOEa

qaxuoll xarpaneBoll oxoTBocm (7), €)~11 - c11111rn:rputiH11ll :i:ensop anepru11-1111oyJibca, cooue:i:-

li)cp. (44) § 93 H oelcyz.iteHl!e npOIISBOllbHOCffl a.,. ;t-" B Ilp:aJI02teHHII I X paeloTe (37} • 

u)Taxoll IlOlXOA pa3BIIBM i11pax B (r7). 

Hli)Cp. aHMOfll'!Hlle paccy%l8HIIS B np1111eH8HIIII X DOJID liBra-lblllJICa B·Ilpllll0%SHIIH I. 
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CTBYDlltl!ll noBoll narpaHxeaon nlloTnocTH (14)*l 
JiarpanxeBa llllOTHOCTb . ;£,' (14), a, Clle,1\0BaTelloHO, ll YPaBReHl!e (15) HRBapHanTRH 

OTROCllTelloHO npeoOpa30Ba!lHll (9~ IOllbll'O npH YCJIOBHH, qTQ )!' nO,ll;'IHRel!li ypaanenun 

□~ +a.\.f-l"o,t~r,~ + 'i 0J.\J."~f'i +ov'>t)-';06~60J..\J:"=O (16) 

narpanlD!an (14) H ypaanen11e (15) no~a3yueaaDT ;IU1Hallll1lecKyD nesaanczuocTL Bcex cTenenen 
rv 1.t"' CBOOO~ nOllH 1> . OTCD,lla HCHO, qTo HMOllt8Hlle na onepaIOpH ~ ,1\0llOJIHl!IellLHOro ycno-

BllH B ~opue (II) npOil!BOpeqnao.Cl!Iyannn B 3IOY OTnomeHllll Taxan xe, l\'al\' B 3ll81\'TPO;IU!HaMlll\'e. 

0,JU!aito B OIJll!qll8 OI 3ll811'IpOHaW'Jl\'ll, B l\'OIOpoll o.t'kt'nO,ll;'lllHHeTCH CB000,11HOMY ypaBHeHIID 14 no

Touy MOllteT OHIL pasOllTO Ra nOJIO%HT8llLHO- ll 0Tp!4IW,TellLHO-qacTOTHHe qacTH ,·s,11ecL BeJ114qnna 

'c)f 9!'" nO,Jl;llllRH8TCH CllOlltHOyY H8lll!H8llHOJ.IY .ypaBH8HllD 

Dor gr~= -a. aJ.(~J..f'of'o¥CJ"v)-o.t qcl.11-o~'(ff> (17) 

llllll 

o,i._(~d..f'a~o'i9i") =-tov(.o.1.9cl.f>o)'g"11-) . (171) 

q:roOu npeapaIHIL ,ItaHHYD :reopnD B 31\'Bl!BMeHT nepaonaqanLHOll (3llRmiel!BOBCl\'Oll), HY%HO nano-

• lltl!Tl, ,11onOJ1Hl!IellLHOe YCllOBlle na Bel\'TOPU COCTOHHHl"*) MOSHO Oul!O Ou nonu:raTLCH no B.IIMOrllll 

0 3llex:rpO;IU!HaMllll'Oll BUOpa:rL 3TO YCllOBl!e B ~opue 

<l'Llo.,.9rv\tn-) = o, (18) 

0,11Rall'o B rall3enOeproacxou npe,11c:raanenHH aRaJIH3 ero sa:rpy,11H11Tellen ll ne l!CKJinqeno; qTo ono 

npOillBOpeql!T ypaBH8Hl!D (17). 

lllH npOH3BOJILHOro necHMMetpHqnoro :rensopnoro nolln o,11Hoapeuennue nepeCTB.IIOBOqHJle 

COOTHOmennn ,1\0lllltHll BHOllpa:rLCH B Bll,lle 

[\t.r"ll<-), Il),.1(~)1=-~r-,..~vy.tCF-·0 G--=Ljo), c19) 

r~e TI'K'- "11Mnync", 1-anoHl!qecK~ conpHllteHBLlll II', nollD ( •Koop,llllBa~•) It. >,y • Ilplluennn K noJ!D 
)YpaBBeHl!e (15) Jlerqe acero BUBeCTH c nouomLD TOllt,118C?Ba ,llllS ;f, ll3 paOOTll ('.37) 

. (~pMylla (Il.32) ). 0:rMeIHM, qTo aHTllCHYMetpllqHllli qJieH + I/4 05tv\f,f>+ I/4(Xl'o0t6y-)C.Y;\t~ 
B npaaon qac:rl! (II.32) (B 3IOll ~pyYJie on·onraOoqRo CTOHT c npoTHBOnOJIOXHLIM 3HaKOY) npH ne
pef60,11e K Jlarpannany ;£,

1 
38.l,leHHeTCH na 4;-1>6 M~i,6 + t(t'a6-e;-'J(.136 {~ r,11e M~y,6 ll 

t: .I' - OTBeq_aDlltl!e ';fl :rensop IlllOTHOCTll uouen:ra l\'OJlllqecTaa ,1\Bl!llteHl!H H ll'aHOHlfCleCl\'lll! 
Tensop 3Heprnll l!Mllynca. 

**)Tax, ecllH paccua:rpHBan ½t'" !\'all' l\'llacc11qecxoe nolle, TO nanoxenHe ycJIOBHH (II) 
,11eJ1ae:r ,11annun aap11aRT :reopHH 31\'BHBanen:rnuu nepaonaqanLnouy. 
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H .11' mmym.cy CHlllleTp!l3YDllll!e µpoexnnonHUe onepatopu Bll,lla ~ ~.l'J<''&vv' + Ot'v' '5vl'~ ,3a-

n11cUBaeu nepeciaROBOqnue COOTHOmea11a, l\'OIOpHe ,1\0JIXHH BHllOJIHHTb Jl,1H Cl!Weipl!qnoro TeH30P
noro nolla 

[9t<v~), TI,i1)}= 1:~.t':'bv~+SrgOv~b~-1) ~o"'"·~).(20) • 

li3 narpat!l[l!ana·(I4)·,lllU! xanoHl!qecxH conpneanoro HIIIIYllLca nueeu*) 

n r.\_ 'b~ =-:4:._(_f.4 i_~4rf- -1 c--4T"'f>\ -if'5h ~l' c;::Lt:.\ v).\(21) 
.,._~-J-1- Si\9}.y c,..'L\;: >-s+ 2. >- n+ ~Ofl"f')+a. ~}..uvq +u~ovg ). 

O:rue:rlll.l, q:ro 8Clll! ,1\0ilOllllllTelll,HHll qJleH B (14) 3aJ.18HllIL Ha - Cl.'i. dr<:r·\}v<:Jf'J.. · 
npllHHTL llarpanxeay nllOTHOCIL 

';i,"-= ~ -a.2. 0rf.i.i\9f".1.. 1 

To HJ!qero ne H3MeHl!tcn, Kpoi.ie Bil,lta lll!IlYllLca Il"'i(,.) , xoropul! :renepL Oy,11e:r paaen 

'b';L" 
n>-s~1=- '8,\g).J =- ~1(:-r~ +½stry~+lo;-r;.i)+e1-2.~~9¥"+ar,M). 

, I.e • 

(!41) 

(211) 

B npe,11ene caoOo,11Horo cJiyqan s:ro aupa:a:eHHe cymec:raenno npome, qeu aupa:i.enne (21) (cu.n.5). 

3,npyrae ¢opMjllllpOBKH TeOpHH 

B CBH3ll C MHorooOpaslleU B03MOXHUX (3KBHBMeHIHUX) WOPM 38.!lllCll JiarpaHlltllaHa B TeOpHll 

rpa.311:rannH MOl[J!O npe,llllou:rb H ,11pyrHe naPHan:ru l\'Dan:roaaHnol! reop1111, nooOme roaopn, ne31\'BH

Danen:rnue no sanHCH YPaBHeHllA, HO CTaHOBnmnecs 3KBllBaJieH:rHlllll! 3~eRillBJIO noclle Hal!OXeHIIH 

no,11X0,11Hmero ,1\0nOllHl!IeJILHOro yCllOBllH na Be!C:ropu ~H3llqecll'l!X COCTOHHlll!. qTOOLI OXBail!Il, no B03-

MOXROCTH OoJiee mnpOKllll Kllacc :reopnll,o:r Belll!ql!H '!-)"V C l!X J1arpaHJD1anou (4) MOXHO nepen

Tll lC BeJil!qHHaM, Ro:ropue HBJIHDICH :uaTpHqHUl!ll 3lleuen:r!'mi Uaipllm,I ui;"" B npOll3BOJILHOR CTe-
neHl! n. (37) · 

11 <if \In= ll\,v +cuth.,." \\ J 
I'~ . 1i 

11 '¼r \\ = \\'6.r" + O..Yl n..l"v\\ ' 
I (22) 

Tax q:ro 

al'-" <;: · k -\-n- 'i.1 1 Ci-\'\)<J-2.t1..) !.1 1 1 "r = u.t'"+Q r+ ~a.: n.,r'J>-n.)..v + ~, ct n.J''l-.n.),.~tl.yv+ (23) 

*'rr o c Ko nxy ~~ ~ r r" 1 '°vr· f> -i "'"'f") 't.ovs~,=-a.1 \..- "1+ru,._ f\!'+°"i"oy '>.p, • 
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' ,' -\ 

clrrv = Q\ 'ii"'" +o..n."-.i.r,\r"ii:)t"= 

-'ti a.'h, - -\+VL 'l1 \ \Ht\.)(·H~11,) ~1 -I 1 
- .t'" - t'" + -tt=«n,rl-l'l.).v- b\ . o..: n...r-,_n.>--y"-5v+ ... (24) 

Ilepexo.1t K nepe].(eHil!ll,( \\ ~t l\"' no3BOJIJ!e:r oXBau:n, c&!lle pa3Hooelpa:iil!le cJiy,raH. Hanpmiep, 

npll I\.= I, . 'p = 0 ,3TO I\ 4-"vt- o(luq,HJllt KOHTpaBapllaHTH!llt 11:e:rpi1~eCKHlt TeH3op; npll n = I, 

13 -I a:ro \I ~ Y-"\\ = \\ ~~ \\ - qa.c:ro 11cno1£ayelllllt (B :r011: qacJle H Hallll Bame) ue,:pH11e-

CKDI TeH30P C Becou r-r; npl'I I'\.. -I, 'p = 0 IIYeeu II 4-r.vl\ - oeluqault !tOBapKaHT-
' 4 

Hlllt 1,1e:rp1Ne~1t11l! TeH3op; np11 · n.. = 1/2 J 'p = O Hllee1,1 \\'¼""\\"ii" -"Kopem," 113 ue:rp11qe-

c1toro TeR30pa, .ltOTOpul! HrpaeT BaltHYD POJ!b npH OOl'ICaHKH B3a.HILO,JteltcTBHlt ·CllHHOpOB (45) *i T.,Jt, 

IlO,JtCT~llY B (4) pa3noxeHH8 (23) ll (24) ll 

I}· = i +a.lt.1 + f (1t~ ~n-1'.0 + f{~ -:nt h-1 h.'l. + ln.'lh.~ + ... r . '>J 
H'f' . . 

a-'9..lH'l.!');... 1 _ a...u+r) n,. -t- o..,~+p)'l.f'\{ + ~n.(Wl~) lt.. 1_ 
01' - 2-(Hip) 1 ~(_i+it-Y- L i -\+p lLJ 

a:'U+1>)"'r1_:!> r 1-1-'l.p 1_ 1. ~ 'I.. C:\+'Lp)'L'h, 1+ ... 
- iis(1+2.p).,,. LJL1 +on.. 1+\' n.1 •½. + n: (j+p)9.. ~ 

Tor,Jta ,JtJIH JiarpaHxeBOlt nJIOTHOCTH nOJIY'{J!I,( pa3JIOXeHHe 

(25) 

~ = ~o +a..~1 +o.?-!;G:1.+.•" = 

=r..:.:1-0 1'.. 'o 1t +o n. :a 1 ~--x 1_ <"). 1_ 1.+Ap+~e'l. 1 '). l L ~ t' J.r, .I" .l.f, !' d-f, \>n,.i.r;- i+!l\' vt'nfVuvrl1. + 4(H'lf)q_ '?\ .. n.1ut'n.1r 

.f ~ - a.(i+p) h. + ct(t+p)'L [1< + 'ln..0+~\>) l,. ·1} + l ?-(1+'l_p) 1 s l\ur)'l. 1 -1+ r 1. 

_+ ~ {Lkt')iJ,.~ -nol1'-"''l\.'6t>) )(i o"lt:.1.r -o.r\,"-~ + 

+ ~~ip t. 11.orh:l'vOvh..2. -l-\-11.,')'ot' (_lt'-,_h->-0l)vh,~ + 
+ i.+'Lip+~t r1.. ~ 1 - .- . ....,._ 1. \,;'>. 1~ 1 L _ ~ 1 1 + 
_ 'l..li+'lpJ2.. \._l\..t'"u.l'n. 1 -nu_,n.!.)uvll-1J 1-' i.(!H.~') n.1...5 

*)3aJmHY,TOr B!l~eHHe ,JtJ!l! JiarpaHUauarpaBUIII1,llOHHOrO llOU B 3:1:01,1 CJ!y,tae KOXHO HaltTH 

y UeJ1J1epa B ] 46 ~· r,Jte HCil0Jlb3Y1TC~ Te:rpa.itil!lR <jlopll!UIH3K ®Xa B .ltP• TeTpaJtll COOTBeTCTBYDT 

KOpHD- ll i" \\ t. ,13 paelow \45/ • 

IO 

+ Q'.tl[ 
1
t1.h!-0r(lt.J.t lt.¥'o"-&~ + -t~n. (1t}')\lt.)\vOvh..c1.~ + h-r~Jl.,_)''1..)~')1~ of'1tJ.t'-O.t'h.~ 

+F~n.1tt-Jivk-.1.f, + 
1
~~0,.Qi..1.'6"-'(~1~r~.1.s ks;)-1.ov,(1t.J.6 lt.6.r')1-

-~[n.~ ".\ t ...,. "- _C1-"-)n.o r"- "- \-,. :\i _, Ci,-11,)(-1-'ln-)?> r1i. 1t i. 'o :h.1+ 
Wlp ~ u,. n..t'vvv "b Li r\! .t'),. >-vJUv '1.. . b .t'~ r}. }.~•'j'V) \) :3 
1+1te+'!>p'Lf.ili: 1 1 1 1.--,.1. n..'l.0.1·,.1 

+ 4 (l+'lpJ" l ~ ll.rn..;o.t'n.~ - n..n.._rvO_rl\.9..Uvl1.-1 + T urn.'lyfn.'L + 

+ ~;_I'\.. "-t->-h."v<>t-l1ovk~11 + 0 lo!') 
(26) 

3,JteCb h.1 = h,.t't' , h.'.t = ~.t'" h-v.t' l'I T.,Jt. Pa3yMee:rca, 1!ll MOrJill 3an11ca:n, Jiarpamrnau 

II B 3a.LIKHYTOlt <jlopMe. 0,JtHa!to 3an119b B Bl'l,Jte pa:3JIOlieHlrn Cly,lleT YJtOClHa II B :JTOM n. 11 Hl'IXe, 

npz oelcYJi:.1te111111 npe,JtcTaBJiemrn B3a11Mo.1teltcTBl'll!. 

TiarpaHXl'l8l! Tenepb l'IHBapHaHTen OTHOCl'ITeJ!b!IO npeo6pa30B8l!llll Tl!na 

<o*li.f" = 'c:)f')_V + Ov)..t'- + f'S_t'V'c)~}\G + yYJ!bTHilJlllKaTllBll!ale IJJl8llbl, (27) 

r,Jte yYJ!bTl'IIlJIHKaTl'IBHJie qJ!eHll, BOOClll(e roBopa, HCJll'IHellm,1 no IlOJID "-.rv (CM. ,uanp11Mep, CJiytJall 

It. = I/2, \) = 0 B (37) ). TOJibKO np11 \1., = I II l't =-I OHl'I CTanoBHTCl! Jlll!lellHHMII; np11 

Y\.= I - MO 38.KOH npeo6pa30Ba.HH8 "xou:rpaBapHaHTHOro TeH30pa" (c BeCOM) (6), a npl'I Y\.=-I 

- 3aKOH npeoelpa30BaHl'l8 "!tOBapHaHTHOro TeH30pa" 

'b* h.fl'" ==or\"+ o)! + P<c,t)>6\6 -ct.~.rt°h.~6V + ovt"-t)<6+poi'1\..\'r"+t~\\,.r}28) 

Kax Mono 3aKJ1D1111n 1'13 rJI.5 paelo:ru (37) , B xJiacc11qecxoM cJ1yqae ua xex.11oe noJie h,r" 
c /lll'IKCIIPOBaHHllIDI V\.. 11 13 MOlIHO HaJIOXl'ITb JIIIHellHoe ,llOOOJIHll:reJibHOe YCJIOBl!e 

'or li.t'" + \'\.r:1 0 ... "-rt< = 0 . (29) 

qaCTO l'ICTIOJ!b3yeMoe n' TeOplll'I TaroTeHllH YCJIOBlle (II) - J!llillb O,llHO 113 MHOrllX B03MOXH!IX. OHO 

COOTBeTCTByeT ~= I, r= -I. Ilpll nepeXO,Jte OT ,l\aH!lliX n, 11 \" K ,llpyrllM yCJJOBlle (29) 

Cly,JteT cTaHOBHTLCH HeJIBHellH!lll. 

0Ka3UBae:rca, He Bee 3TH ¢opllll 3aTIIICl'I JiarpaHXl'laHa YJt06Hll ,llJIH nepexo.11a K KBaHTOBOlt 

TeOpl'III. Mll oelcy,lll'IM 3TOT nonpoc Ha YPOBHe CBOClO,JtHOro YPB.BHeHl'll! TeM 60J1ee, q:ro ,JtJIH yc:rpaHeHHH 

Ii 



TPY.JtROCTelt C nepeCTaHOBOqmnm COOTHOmeHKlDIII B llDJtl!l¢HKa!UIH H)'][,JtaeTCS TOXbKO onepa?op CB06o~

HOro ypaJrneHHS. 

CBo6o;n:Has qacTb narpaHnaaa (26) ecTb Ha.H6onee o6Illl'llt narpa=aa ~s cB060,llloro nons 

h,fV (37) • Ona ;n:aeT ypaaaeHHe 

oh. ... "-oro•kJv-ll_,1.l'h-.. y+ 1~:.fJ~ .. .;l);:<>6h.>.6+0.:0.,.h)- :t+-Ltp+-~pY.s oh =0 C3oS 
, ' J r , , ·'} 'l (!+9..p)t. .rv t • 

Ecnx npHHSTb ;u:ononHDTenLHoe ycnoBHe 

,..\,\,.v +qovh.1 =0 ' (3!) 

to, llCKXMaJI C ero. ITOl!OlllbD O)'h..J.,/ 1113 ypaBHeHll!a (30), IlpllXOJtl!l)I K YpaBHeHl!D 

I ( 1_ l+p\ L \<i_-1-p)'\ t.+itp+'3:,t] h_ = Q 
D n,rv + \.: '\ +- l+'11'-ProvVl1 - L H'lp + 9-.(1+!1..pf -s.,-\V □ 1 l (32) 

xoiopoe y:e ae mueeT oco6oro xapaxtepa. Ans HOBoro ypanuemts tpe6yeics 3aHOBO aaltTH narpax

zHaH. 0,ll;llaKO ne CyllleCTBYeT EarpaHDaHa, KOTOpHlt npHBOJtl!ln 6H K qHeBy OrOvh-1 B.;PaBHeHHH. 

Stora BeXb3S ~06HTbCS HHKaKHl.!H l!O,tH¢HKanHsl!H ypaBHeHHS (32)~). Jiarpa.n:eBa ¢opuyn11pOBKa 

B031!0%Ha TOnbKO npH 

- - .i±..e 
1 - 'LU+'l.p') (33) 

n.p+1 YcnoBHe (33) H3 o6cy:uaeuoro 1tnacca TeopHlt c q= 9..n. (c11.(29) ) B~eueT o,1Utonap8lleTpa-

qecxoe ceuettcrno, B KOTopou napaueTpu l'l- 11 I' CBS3aHH ypanHe1me"' 

'l. n.pt. + 'l.(M1)p +(i-lH~ = 0 , l'L-tO) 1 +'LI' +o (34) 

H :lf> 
••'-• 1,, , .. ~ - -\ + 9-\'+~p'l. • Ka.:s;u:a.s H3 TeopHl! 3Toro C81(8ltCTBa. ;u:onycxaeT KBB.HTOBYD ¢opuy-
XHpOBKY, a.HanorHqnyD ¢opuyllllpOBKe Pepi.m B 3X8KTPOJtl!IHa.JmKe. KaK qa.cTHHl! cnyqa.lt 3,teCb co;u:ep

ll:l!TCS BapHa.HT TeOpllH, o6cyx,i:;eHH!.Jl! B n.2 ( ·p ~I, YL = I). 

liTax, na.rpa.H%J!laH cne;u:yer vo;u:a¢HW4POBaTb cne;D:YDlltHll o6pa.3ou ! 

'£ r = '<f_ - (of h, f" - i.(-\~1p )°v h. 1) 1 l (35) 

r;u:e ';£- Jiarpa.HxeBa nnoTHOCTb (26) c I'\,= - ~ ~+9..\ .'t. • HOBHl! narpa!!DaH l!HBapHa.HTeB OTHO
+ \'+ \' 

CHTenbHO npeoOpa30BaHHlt (27) TOXbKO npH no;u:xo;u:sJllJIX orpaHgqeHHSX na ~ •. 

*)HanOl!HHII, qxo HHor;u:a ypaaaeIDie uo:ei He HlleTb xa.rpaauaaa. 0,1Uta.xo, 6y;u:yqH npeoOpa.3o
BaHo K ,11;pyrol!, npHqeu 3KBHBMeHTHOl! ¢opue, o6pereT Jiarpanxwaa. Tax, ypa.BHettHe (30) UOXHO 
npeo6pa.3opa.Tf K ;u:pyrol!Y (Oonee y;u:06ao11Y c ToqxH :1peaHs ero a.HMH3a.) BH;D:Y (cu.yp&BHeHHe 
(rr.ra) B 137 ) ), no;u: KOTOpHlt npHHitl!IlHMbHO Henb3S RaltTl! na.rpa.HDa.B. llyTeu npeo6pa30Ba!U!S 
3Toro YPaBHeHHS K ¢opue (3Cl), y;u:aeTCH RaltTH ;u:ns Bero narpa.H:eBy IlEOTHOCTb. 
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0.JtROBpeueHHHe nepecTaHOBOqH!le COOTHomeHHS 6y;n:yT lll!eTb Bll,t (20) c K!IHOHHqecKH COI 

psxeHHHU HunyXbCOll 

~'-i.! 
Ilt-v""- 'o-;) 1t, = 

i, Jw 
(36, 

- ~ <£. 11 r0 1i .i±.L 1 1 i r: 1 j±L 1 1 1+r '.o 1 <37; 
-- 't.o,,n.l'" t- -".t' L ,._ >..v- i.Q+2f?>vn,.1+ '1VL0>..lt~J'-!l..{J+'l.p)°.r"-~- ,+~ps.t'" '1 1= 

,-(11' 
-=- ~.ih: ~ 1o 1i. -~"t>l1-l O r.: 1_ _j±p___, 1_ 7 i±.t '1i 1i (3aJ 

1> o.,l)'"" 0 h.t'" + '1 t' ~ ~ ).\/ i.(!+'lf>) II 1J + '.4V0>--l\.,>-r 9..(lapf.rl\,1r 1+94> 'orv ·" i' 

r,11;e npH nepexo;u:e x nocne;n:Heuy Bupa.:eHHD 11cnonb30Ba.Ho 3a.11eqa.n11e o 3!11(eHe noneBHX nepe11em 

B (37) (cTp. 189 ). BHpa.:eHHe ;u;ns OCTa.Bmeltcs npOH3BO,tHOl! ~ cu. BHme B llpHl[eqa.nHH Ra 

cip. 7. 

Ana coorneTCTBllS C xeopHelt 3l!HmTeltHa. Ha BeKTOPH COCTOSHHS B 3THX TeOpHSX cne;n:yer He 

na.ra.Tb no;u:xo;n:sllllle ;u:ononHHTenbHHe ycnOBHS. EcteCTBeHHO HMOJ:HTb ycnOBHe, BH,tenSDJllee $H3ll~ 

CKHe BeKTOPH COCTOSHHS, B ¢op11e 

0,tHa.KO 

Bonpoc 

<g \or 1tl'" - ~tt~}vl1- I a.>= o 
H3-3a. Toro, qTo ypanHelllle ;u:ns BeJIHqHnH Oth..t'" - tt~5°v lt,1 

o HenpoTHDOpeqHBOCTH YCXOBHS (39) octaeTcs·otKpHTHM. 

4. llpe8CTa.BneHHe B3B.Hl!08el!CTBHH 

(39) 

He snnsercs cBo6o;n:E 

Il npe,tcTa.BneHHH B3aHuo;n:el!CTBHH W pa6orael( co CB060,tHHUH noJisl!H, ypa.BH8HHH.;n:ns KOTC 

BHBO,tHTCS H3 CB060,tHOl! qa.cTH JiarpauHaHa (35) 

Lf __ .i._ 0 \t, ,--,. I H~~+1p2- 0 I :0 I 
clvo - !l. r J.f' 0 r n.J.f' + 4 (:1~1.p)'L rl\,1 rn.1. + (40) 

+ cno6o;n:HHe na.rpaHxHa.HH ;u:pyrHx nonelt : 

B (40) OT6pomeHa HeCyllleCTBeHHa.s ,tl!BepreHitHS, a CB060,tHHe IlOJIS o6o3na.qa.DTCS CBeTnw mpl!q>

TOM. 

f}:, - ua.Tpm~a. B npe;u:cxa.BneHl!H B3a.H11o;n:el!cTBHS uozeT 6un nocrpoeHa. cornacno reopeuE 

H3noxeHHOl! B KHHre Yue,t3B.Bll ( 47) • 3ra Teopeua. COCTOHT B cne;n:yD!lleM: 

I) 5 - uarpHna. IIOllteT 6b!Tb 31lITHCa.Ha. Ka.K " 1' * - 3KCilOHCHTa." 

S = 1" e_)(\> [ 1-~ ct
4 

x 'i:ie!, (c<.)1 (4IJ 

IJ 



0,lU!OBpeMeHHUe nepecTaHonoqHue COOTHomeHHII 6y;r;yT HM6Tb BH'A (20) c KaHOHHqecKH con

paxeHHUY HYnYAbCOM 

"b'i.! 
Ilr•""- <o-;) 1t, = ,. r• 

(36) 

~· . . 

=- ~l£. .ih: <o r0 lt _j±L0 1i, l '& r.: 1i, -~ :k 1 fil. '"a 1i (38) <iio,,1/' () h.ru -1- 'tr~ ~ }.V 1_(l+9f) V lj + ",V(b)< )..l' 9-_(\H-.pfJ-' 1r '\-\-'l4> 'b!,\V /1 i' 

r'Ae npu nepexo'Ae K nocAeAneuy nupaJteHHD HcnoAbsonano sa11eqaHHe o saveHe noAenux nepeuennux 

n 137) (ctp. !89 ). BupaJteHHe 'AAS OCTanmenca npoHSBO'AHOll ;;f_, CM. nume B IlpHueqaHHH Ha 

CTp. 7. 

~All COOTBeTCTBH/1 c TeOpHell 3llHmTellHa Ha BeKTOPll COCTOSHH/1 B 3THX Teopuax CAe;r;yeT Ha

AaraTb OO'AXO'Alll!llle 'AOOOAHHTeAbHUe YCAOBHII. EcTeCTBeHHO HMOll:HTb ycnonHe, BU'AenaDmee ¢H311qe

CKHe neKTOPll COCTOSHHH, B ¢opue 

<e \or 1t-"v - ~tt9-.r) oJL1- I a..)= O (39) 

O'AHaKo H3-sa roro, qTo ypanHeHHe 'AAII neAHqHHU "tlt'" - Ui~S°" 1"1 ne aiiAHeTcH cno60'AHUM, 

nonpoc o Hen~OTHBOpeq11nOCTII YCAOBHII (39) OCTaeTCll'OTI<pllTUM. 

B npe'ACTaBAen1111 B3allMO'A6llC'IBIIII Jill paOotaeM co CB060'AHllMII IlOAIIUII, ypanneHH/1 'AAH KOTOpux 

BUBO'AHTCH 113 CB060'AH0ll qacTH Aarpanx11ana (35) 

(40) 

+ cno60'AHUe AarpamrnaHu 'APYr11x noAen : 

B (40) OTOpomeHa necymecTnennaH 'AIIBepreni:zyia, a CB060'AHUe IlOAII 0603HaqaDTCII CBeTAUY mpH¢

TOM. 

$ - 11atpH1<a B IlPC'ACTaBA6HIIII B3allMO'AellC'IBHII MOll:eT 6U:rb nocrpoeHa corAaCl!O Teopeue, 

H3AOll:eHHOll B RHllre YMe'A3aBU (47) • 3Ia TeopeMa COCTOHT B CAe'AYDmeu: 

I) ,S - uarp1111a uoxeT dun san11cana KaK • 'f * - 3RcnoHenra" 

IJ 



r,1te 

2) ~~'!, - narpal!DlaI! B3al!llO,JtettcTBKR B npe,1tCiaBJ1eHKK B3aKll0,1teltcIBKR, no ~opue OH 

IOI xe, qio s ralt3eH6eproscKoll npe,1tciasJ1eHKH, O;rtl!aKO c 3aueHolt s Heu Kax,1toro ralt3eH6epros

CKoro onepaiopa nona Ha IaKolt xe s npe,1tciasneHHK B3aHKo,1teltctsKa • .Hll!ll,llt BHJt ~~~cJie)!YeI 

K3 (35) HD 60Jiee npl!lLO H3 (26) C I\..= - 1~:::+~f'~ 
';;f_ .Q.'::, = ct. ~lh.r~ + a..2.. !i.2._ (}t.yvJ + ... (42) 

EcieCIBeHHO CD,Jta ,ltOUHH 6HTb ,1to6asJ1eHH BKJ!a,Jtli scex noxen, B3al!llO,JtettcIBYDllUIX c rpaBKTa

UKOHHHll, 

3) T* 03HaqaeI, so-nepsux, qro s Kaqecne cnapmiaHlltt Oepytca ~YHKUHH rpHHa csoOo,1t -

HHX noJielt. 

4) Bo-stopux, T~ 03Haqaet, qTo npoK3BOJtHHe, ,1tettctsosasmHe s :i:i~ Ha noJia, s $ -
WTpHUe CJle,JtyeT nOHHWTb CHIIBOJIHqecKK K npKueHSTb DX IOJlbKO nocne pa3JIOXeHHH no}(_ npo

D3Be,lteHHHK K ~YHKUKHK rpKHa KJIH K onepaIOP8JI noJia, CTOHII\llll no,Jt 3HaKOll j,{ - npOH3Be,JteHKH, 

lJIS HCKJIDqeHKH H3 IeOpHH JIHmHKX cTeneHett csoOo,JtH*) BeKIOpH COCTOHHHH B-npe,1tcTasJ1eHHH 

B3aHUO,JtettcIBHH ,ltOJIXIIH 6HTb no~HHeHH ,JtOnOJIH!4TeJlbHOUJ YCJIOBKD 

0t'½,t" - iZ!~p)ovh.~+ ~ =0 ' (43) 

r,Jte 3HaK nJIDC 03HaqaeI, qio 6epeTCH noJIOXKTeJlbHO-qacTOIHaa qaCTb CToamero B CKOOKaX one-

paropa. 3TO ,ltOnOJIHHTeJlbHOe yCJIOBHe cosepmeHHO aHaJiornquo YCJIOBKD Ilopeuna--41ep!,lll-!'ynTH B 

3JleKTp0,llHHa!,ll!Ke H npH r = -I COBna,JiaeI C YCJIOBHell !'yntH (B),ltJIH rpaBHtaUKOHHOrO TIOJIH B 

npe,1tctasJ1eHHK B3aHUO,JtettcTBKS, 

4.r. Cso60,1tHOe rpasHtawiouuoe none 

H3 narpaHxeson nnotHOCtH (40) ,llJ!a nona h.rv cne)!Yet ypasHeHHe 

I _ -\-\-~p +1.p'l. <:: L =0 
On.1'" i.(j+9..pY· l}t"On,1 . (44) 

narpal!DlaH (40~ypasHeHHe (44) n ,JtOnOJl!lllteJ!bHOe YCJIOBKe (43) HHBapnaHTHH OTHOCHTeJlbHO 

npeo6pa3osaHHlt 

c* kt" = or\" +"o)l' + r'S r.:O.s \6 (45) 

npH YCJIOBHll, qTo ~YHKUHll )!" orpaHH'!eHH YCJIOBHell 

□ X=O (46) 

,;j A 3aO,JtHO H COCTOSHlllt C OIPHnateJibHOlt ueTpHKOlt. 
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'~: 

,j'. 

TaKn o0pa3oll, JIHmHBe cieneHK CB000,JtH YCipaHSDICS cosueCIHO KaJIB6posoqHIDCI npeo6pa30BaHBJ!lOI 

D ,ltOilOJl!!HieJlbl!Inl YCJIOBDell, 

4,2, Ilepctanosoq!ll,le coOTHomeHHa, 
• 

lJia c~etpll'lnoro IeH3opnoro noJia 'n,.t'v o,JtHospeueHHRe nepect8.l!OBoqHue cooTHomeHlla 

,1tOJIX!ll,l lllllen BK.Jl (20) c ooueuolt Tau ~ f'" Ha tL.rv 

[h.rv'1-\TI>-y('a')l= i ~~)-~v1+'Er~'bv~'&(t-"i) C_xo=<Jo), (47) 

H3 Jiarpaueson UJIOtHOCIH (40) ,D;JIS KauooqecKn conpaxeHuoro Hll!IYJlbCa nueeu 

_ ~ ~o _ 0 h, Hip +i.e'l 1 
Il.i-.~ - - 'Sd4 h.,-.s - it ;,-~ - i(Hlp )'l. '1i>-y0 -4 Y\..1 • 

I 
(47) 

Ilocne no,11ctaHOBKH 3toro HllllYJlbCa B nepectaHOBOq!ll,le COOtHOmeHHH (47) oqesH,ltHHll oOpa30ll 

nonyqaeu nepectaHosoqnue cootHomeHHa 

[h-rJr-);o,,k>-/'!)1 = tCsr"-bv~+"ii14~'S..,~-0+2.\'+11>~'i.}'"'b}.~'E(x--;;;)' (48) 

(xo=~) 
IlOCKOJlbKY J.!l,l paccuatpusaeu CBOOO)U!Oe none, TO 3Tll nepectanosoq1rae COOTHOmeHUH nerKO pacnpo-

ctpanHDtCH Ha JIDCille speueaa )(o H <j,, 

[h.l"_,(_,c.) ,o,. h.~-yl~)l = i ~t}.1)\1~ -\-l>t~iv-,...-(j-1-'l.~+'l-~'l)brvbi-.~D(t-';!,) l (49) 

r,D;e 

1)(_,<.-';\) = ;.~y, ~Ji,~ e.i\'X f.~o) <i; (l,'i.J (50) 

4,3. nponaratop rpasKtoHa 

Kalt ynoUKHaJIOCb s!lllle, s KaqecTBe nponaratopa cxe,JtYet 6pan o6patHHtt onepaTop (~YHKUIID 

rpuna) ypasHeHlla, t.e. pemeHHe seo,1t11opo,1t11oro ypasseHHH 

1(5 'f> 'l+'lp+i~'l% t '\ r. '\-"- (c ~ '\ ' )< ) □--n.:)'"-b"Y + r-v,bv..,._- (i+9..\'f !"' "'!l''i,6--C~-'!-/ - T~,r6£,V'C + r~'t,v<5/D ~-<a- ' 5I 

OtcD,Jta ,llJI! nponaratopa (cnapusaHKH) uueeu 
• y--"1 

G.r,'l•/1--ia') = h,r.,Q()h-,._sl'i) =-Wr..,._'b"S+~.ryl)v}--~it+~\'~)'b.\'"'b"'~ De. ~-'j,) (52) 
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r.11e 
-i.k(.,(--a) 

,..._ r. ) - --l (' J"k -~---
uc. v- -~ - ~-ir)" j k'L -i~ 

4.4. CocToaHHSJ, Y/J;OBJieTBOPIIDIIJile /J;OilOJIHJl!TeJILHOIIY YCJIOBHD 

PemeHJlle YPallHeHHR (44) 06!l'IH!llt o6pa30K pacxJia;n;JlBaeTCSI no IlJIOCXllll BOJIHaJ.! 

\,, (.) ( K' f r,•) i.b + a- -1.k)(.1 
"t'" ~ = J ~~)"2..\:.o t_Yr\..k e. +'(!'"' ~)e. .J 

( k)(=k:1...-k,.Y-,.,=12x-L)(.o 7 k.=\IZ\) 

(53) 

(54) 

r.11e '\.-., H -x:_, - onepa:ropu yn111.1:roz:en1111 11 poz:.11en1111, Y.itOB.lleTBOPIIDll!lle nepecTaHoBo•rnouy 

coo:rnomen11n 

[ 'ii"" ~t), y+c_;n 1 = ~ ~r"'b" ~ +'&.t'Yl)"').. - U-t'J.r+9-l'<t)o,.v'b}-~ 0 (;-ct) . (55) 

AllaJlll3HPYII nepec:raHOBoqnoe COOTHomeHHe (55)lJierxo npHttTH x BllBO.ltY, q:ro Me:rpHxa rJl!JIL6epTo

Ba npoc:rpanc:rna cocToanutt neonpe.11enenna11, no.1100no :rouy xax 3:ro 1,1:uee:r :uec:ro B 3JiexTpOJt11Ha

lll!Ke (cM,nanp. (39) ). 3:ro Il03BOJISJe:r onpe,1teJIJl!TL BaKYY• ':l!o ·.xax 

~I"' '\tJo =: 0 7 ~.+ 1;, =0 .. (56) 

~nnonn11:reJILHoe ycJIOBHe (43) B k- npe.itc:raBJieHHH aan»cUBae:rca B BH.ite 

( kt- 'ii'" - ~Z+"tr) k_,," !'J-')'~ =0' (57) 

r.ite ~ - JID6oe qJH3Hqecxoe coc:ro11n11e. 

Paccuo:rp11u npo113BOJILHoe o.11noqacTHqnoe coc:roan»e 

'\.!::'. = )',-3 '\:3 ~o ' (58) 

r.11e ~~~ - neonepa:ropH!le xo3qi¢HmienTu, no.itJI~:&:8.ll!lle onpe.11enen11n. Ilo.11c:raBJI1111 cocTORHHe (58) 

B. (57) H HCilOJlb3YII nepecTaHOBOqH!le coo:rnomeHUSI (55), BllRCHSJeu, qTo K03qlqlHW!eHTU )tOJ!l[llll 

Y.ltOBJie:rBOpRTL YCJIOBHD 

"-drv + ~ k.vs>r~ =0 (59) 

Y.ito6no, BBe.1111 HOBUe qlyHKUIIH 

I - f 
~I"' -~l"v+ Tot'"~}-)..=0 ' 

(60) 
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npeo0pa30BaTL 3TO YCJIOBHe K YCJIOBHD Hopenua 

krf~v =0 . (61) 
t1) ~) k 1!T061l pa3pemH:rL 3:rO YCJIOBlle 1BBe,1te1t 6a3llC e,. ,, ~J' , l'L .t' H r t BKJID'l!Ultllltt llllIIYJILC 

\c.t' B xaqecne o,11;noro 113 opTOB, 

kl')=O· 
1 

"'e..(._i)=O > e_'-i)e..l})=~,:) (i,~=i/!.)) k..t=0 
1 

l'l.i.=-i · (62) 

RcnOJib3Y! COOTHomenue IlOJIBOTll )I.JIii 3Toro 6a3HCa 

± ~~)e.~) + ~\c.)(h,1tv+k.,¾.r)+k"kv - b 
1.-=-I (j\.k)'L - .t'" 

(_tc~=o) , (63) 

, 
MN KOZ:eK npe,1tCTaBllTL CaJWtt 0611Uttt CHwe:rpRBlltt :renaop ~ t'"' xax 

:1.. . 'l.G (.') r:) kyle.(,) 
o 1 =, J.i>e_Ci)r,?1

0
1 "(P)+L. n. e.' +I\. e_'-1 ) "Iii!' + 

)f" ~ " ,/ ~).. J),.J"'i i=I .I' " V t n.k i, \=I • 

~ ' . I~) I (i) I. I (:\) +' l1c. e.l•) ' l•>) '-' vt,..hre.l'. + ""h~ey + 
/- ~)' " +Kve_J' I,. 1.\'L 
t. =I \ll,1'-J 

+ ("- k +-I'\. k '\ (_n.k.) l,.. ~~, \'\.y + k.,.. y~sky + lit- vtv k o' 1. + 
r " v rJ ~k)"' Cl\.k)i. )-..)i-.si:.s-

+ ~~;" [l,._~~~\c~ + t(n.k')lc.,..y~yn.~ + (n.k)'L \'\.},S~~1t.s 1 (64) 

1IT06H OTCD,lla nonyqHTL pemenue (6!), .11oc:ra:roqno HCilOBL30BaTL YCXOBHe (6!) B npaBott ~aCTH. 

PemeIDie uuee:r BH.11 

0 t _ ( e_t•)e.l'I.), n t•)~(J.)\_rf_1) 0 1 i'l.)+1 fe.(1) 11 (1) e.l'L\lt)\(e.l'\1 }-•~ e..(.~ 
0
1 "Li)\+ 

Jf\/ - ~ r " T'C.y r) }-.))..~ ~ "'f'\.:'.!4"-V - r VJ\,'.)..)}-~~~ - ),.. l1'f") 

+ J_(Q.u\,_t•)+e.l .. \l .. ))( Q..u, 0 1 /')+e.t')
0

1 ('..l'l.)\+· 
2... \:' r " t- "'" '-'. ,.. i l--~ ~ " i }-s s ) 

2. li) l") I C.-i) ~ 
-\- ~lk.t'e." +kve.; Y'->-~>--re.S' + k.r-lv (n.~~~"n.S • 

1-=1 n.k ~\c.)2.. , (65) 
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Tax1111 odpa3O11, YCJlOB118 Jiopea~ (6I) UCXJlmlUJIO Bee qJleHH, eo~ep:itaBmue n.~ U l'\.,v , H 1 
cJ1e~oBa:renao,w nonyqun 6 pemeaull 3:roro yeJ1OB1I.a: e.;)~t.) +e.~'\2.t) t.!.;•)e~) _ e_<J.)~~'I.) 

k,_eS)+k.,e.~) J ~r~t.)+kv'!t), k,.kv u e.~)~•)+11.; ... )~~) • Bee oau,' xpo11e noc.nf,1t11ero~ 

Y~OBJle:rBop.aD:r eBepx (6I) ye.noBHD 

• I 
~rr=O (66) 

n no:rovy o,1t11OBpe11eaao .1111J1.aD:rca pemel!ltmm (59). B cnyqae p = 0 3:ro :rax n JtJI.!I noene.1t11ero 

pemeau.a. Ilpu oe:ra.nLHHX p HyzeH AOUOJll!lt:reJILHHII aHMB3.·IlOAC:r8.BHJI B Jl8BOII qacm (65) ~]v 
qepe3 ~}'V u e»epae11 HHAeKeH f II v • Tor.i.a nonyq11J1 coo:raomeaue 

(j+2.p) ~}..}.. = t, e..~i.) ~:~Q..~i\ (67) 

11 :renepL BH)tllO B3 (65), q:ro 6-e pemeHHe n11ee:r »IIJI:*) 

{.I) t,) +et,.\/,.) __ 1'_-s...," 
-t.,t' lv .I' v -\+~\' J (68) 

H:ra~, AOUOJIHH:reJILHoe ycno»ne (43) HJIH (57) 3anpe:runo coc:ro.!IHu.a, nopozAaewe onepa

:rop8.llll 

II.._ '6 + e_ l•) 
J rv \J 

I\." l. + n l't) 
J r-v "-V n.t- "b;v k_, H + \11...t' '61-11 11.v J 

xo:ropue e:rpo.a:rc.a c no11O111LD »ex:ropa l'\.r • JLononHH:re.nbaoe yc.no»11e (43) unu (57) pa3pemae:r 

:ronuo coc:ro.aHH.a '\I:'. , nopouaeime 6-D onepa:ropa1111 o,. v-\- BHAa 
· JJ V QfV 

I) e. t•1 "'i' + e. l•) - et'-)" + "lt.) e.. l•) v + e,t1.) • (69) 
t' t" v t ar-v"-v • _r •rv v , 

2) "- " + el•) k v + e. t'-) 
\' Orv V ) t4 ar\/ V 

k '( + \:. Q Cl) V + /•) + e.. C.t.) V + Q (t.) 
t' rv v ) t' 't"' V f Otw V . 

(70) 

CBollc:r»a 3THX rpynn onepa:ropoB c.neAYDIJllle: 

a)~ onepa:ropu rpynnu 2) xowy:rupyn:r co »cellH onepa:ropami (69), (70): cain1 c codon 

H co CBOIIJIII 3pllll'.TOBC!tll conp.azeHHUMll, APYr C APYrou II 3PIIIITOBC!tll conpaxeHHHIJII It HIIM, aaxo

He~, ltOJIJIYTHPYDT co BCeUH onepa:ropaMH rpynnH I) 11 3PIDl?OBCKH conpaxeHHlll,!11 It HIIM. 3:ro 

.nerxo npOBep11u C IlOJIOlllLD nepec:raTIOBO'IHHX COOTHO_meHHlt (55). MOJ:11O cxa3aTl>, t!IO onepa:rop!l 

rpynnH 2) pado:ran:r xax c. - t1HcJ1a B npoc:rpaac:rae, nopouae11ou »cel!ll onepa:roprum I) 11 2). 

EJiaroAapa :i:rovy, 

*)IlO)ttlepxHell, t!TO HCKJIDtla:rL 3AeCL '1>rv c IlOIIOJllbD coo:rHomeHHR IlOJIHOT!l (62) H8BllrOAHO. 
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d) COCIO.!lllll.!1, COA8PlCalllH8 B QHCJle onepa:ropOB poueHH.!I XOT.!I du OAUH :raxoll onepa:rop, 

odJlaAaD:r ay.ne»oll BOPJIOII. 'JLellc:r»lll:reJILHO_,B CltM.!lpHOJI npOll3B8AeH_llB ¥+¥ ero JIOJ:HO decnpe

n.a:rc:r»eHBO, xax c - q11eJ1O, nepe11ee:ru:rL x :rovy »axyyvy,.B np1111eaeu1111 x xo:ropovy oa e 

yqe:rou yeJIOBB.!I (56) .i.ae:r o. •. 
e) TOJIL~O eoe:ro.!IBB.!I I) odJlaAaD:r ltOBet!HOII Bop11O11 B IIKeD:r ¢ll311tl8CKIIII ellllc.n: OHD 

nopouaDT•;lBa BO3KoJ:BUe eoc:ro.!IBll.a eBodoASoro rpaBu:roaa. 

IHoroqae:rzqHUe eoe:rO.!IHll.!1 -~ , eOA8PJ:al!!He JIDdoe qnexo rpaBIITOBOB, taxze e:rpoa:rc.a 

ny:re11 lf,e2C:rBU.!1 Ba BaltYYII X 3:rHJIII mee:rLD onepa:ropaim. TOJILKO :raxue eOCTO.!IHH.!1 pa3pemae:r 

YCJIOBlle (43). ~:ru coe:rO.!IHll.!I :raxxe OdJiaAaD:r HYJl8BOII Bopuoll, ee.nH COAepxa:r xo:r.a dH O;ItHH 
onepa:rop (70). 

Coc:roaaz.a, nopoJ;AaeJ1Ue onepa:ropa1111 (70) w euoxeu o6oeHoBaHHo nc1tJ1Dt1H:rb 113 pace110:r

peau :rox&xo :ror~a, xorAa y6eJt]l11c.a, q:ro ua:rpr!qlllle axe11eHtH $ - w:rpu~ 11exAY .nndlll!II 

ABYllll eoc:ro.aHIISIIH, H3 xo:ropsx xo:r.a 6H OAHO :raxoe, odpaJllaDTC.!I B HYJlb. 

4.5. S-ua:r~ 

Hav·ylf,O6Ho $ - w:rp11ey B npeAcXaBJ1en1111 B3aBJIOAelleIBB.!I (4I) npeACT8.BIIIb B HOPllaJIL

HOII 1pop11e, q:ro BCerAa 11O:EHO eAenan. l\aJiee, Hae dylf,y'!. HHTepeCOBaTL TOJlbltO ua'!.pll'.t!Hlle 3Jle-

118H:rll ueJ:AY coe:rO.!IHIIR!.11!, YAOBJl8TBOP.!1Dlllll!.II! yeJIOBIID (43) (IIJIH (57) ) 

('½!! ,S ¥/) = f_ \,h, ···\A"-"-\<l'<}, ... ~J.'j.-. )ch, ... ~J1:;,. ·· · 
"',"""o 

. "Kr,v, ... J-'"V" G, ···"-n., '.}, ·--~ .. ) 1:, ... 1:.,."'). 

(½\,: h.f',v,(J(;) ···h.r,.v,.lr-"-) ·,: 4'(1,)···~(lj...,) ~C.-q ---~ (e..,): · ·· 1-ii.J · (7I) . 

3A8Cb IlOApa3y11e»ae:re.a, q:ro, xpoue rpaBIIIa~OHHOro UOJIR h.,.v, xeop11.a on11eHBae:r enHHOP

JIOe no.ne 41 G<) H xn6ue APYrue noJIR. Ko31p1pHIU1eHTHHe lj)yHXIUIH "K r,v, ···.t-' "v,., 
c:rpoa:rea (B COOTBeTCIBHH e BlldpaHHHH B3aHUOlf,e2c:rB11e11) H3 nponara:ropoB Bcex no.nell, BltJll)qa.!I 

rpaBH:raIUIOHHOe. 

BcJieAC:rBlle HHBapHaHTHOCTH $ - xa:rpu~ B npeACT8.BJl8HHII B3a1111olf,elleTBll.!I o:raoeu:reJILBO 

npeo6pa3OBaBHII ( 45) ltO3ipipHIUieH?HHe ipyBKltl!B Kr,v,-•· )',Vi ... 0 I·••)( i ... ) YAOB.ne:rBOpan:r· yc.no
Bll!l 

~ 1( ( y.. •• •l(. •••• '\ = - J:.. 'o 1/ { 'I< ••• y., •••• ) 
1))(.il'i /'1V1•••_t\,V;_·••\!:I 1. J 'l_ '.\)(.i.V•1'.f-'1V1 ·••J"t' ... \2 I 1. ,. (72) 
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(¢yax~1t 1( Cll!.Cle:rp:.r•nm no xa:,l(oll nape lllll,ltexcon _1-1, v, ) . B S - ua:rp.ine (7I) onepa-

:ropu k.t'"6') HUeD:r n;u; (54). Bxo,1UIJit3e B lt.r.(x) onepa:ropu po7Jtemia '6;" 11 ym111-

:ro%ellllH \ "uo:mo 3an1tca:rb n 6a3nce (62). Ilo ¢oFJYJie (64),nepnoll ;JtJill JIDOux c1t!.!Ye:rp1tqmn: . r 
:ren3opon c l~=O , n, 1tcnoJih3YH cnepx :roro coo:rnome1me noino:ru (63) , uo:no npe.T(c:ra.-

Bl!U '6rv llZ) B Bl!,l(e 

\ (~) = ( e,_ (•).l<t) + i 1) ~l<t)) ~~•\. ~ l't) + j_ ( e_ (11e_<.1)_/t\(")){e.('1v ,,(1) ,,('l)v ,,(~"!\+ 
I'" I..: r " v r " '>-~ y 1.. '-.:: r • r .., \'::" •>-f·J - "->- O),.f-~ J 

1 ( 'l. (_i) c.1) \( • i. 1-.l) en \ 
+ T ~ et' e._, +~'iirvJ\_~ e." '<.,,.9e.? - i~il'~>-'l\} +-

~ ~ I l-i) . . / .. I.') V l 1J k <.,) ~ 
+ ...,- (, li.J 0 Li)) l'.1-'6}..je..Y +Ii, l'\-k el•))~lt. l'\>,.a>,y S + ,-.'6,...yC.y + 

,{- 0-rQ.:v +\'\.V'"_l' I. \_l'-J-' V V )" (, L !. 
~-=\ ... 1\.1<.. '-"-i.<.) 

+fhb + l'lrk.r+1tv~\k,._~,._31'l£ +(1' '5 +It.\\ + lttkv+nv½v\ \i..,_'(,.,.yk';? + 
\!'. rv 1-'\.k. ") VL\L \.::t.. I'" r V 1-\.~ ") (__tl.k)~ 

. + k k k'),. '°&'),.s k.y + 'I.. l~k.) h '6>,.y "-y +~lt-)'L l'ly ~}.s n.s -
r" ~k)'1 

__ \>_ f \'b + Ci-i.1t.)(..kr•'-v+kvnr:) +krkv 1'( 
i.(1+:lp) L l"" l 1t.k) i. >-.'>,. (73) 

To11no :ra.xoe :e pa3JioxeHue nepHo ;JtJIH '6:"((). EcIDI xaxoll-H6o lfJien co,l(ep:n:r Be:a::rop kl' 
(11JI1t k.., ) 11,nanp!O!ep, lll1ee:r Bl!Jt kt' tfv , r,lle "\S"\/ - JIDClott Bex:rop, :ro B CIV!Y cBottcwa 

(72) 1t03iW!llltil8HTHHX ¢YRXItl!tt J.111110:eu npoll3Bec:rll 3al!BHY 

l,-tr v - - -t" ~t'" (k:u) . (74) 

Ha 3:rou ocnonanlll! '( !'"("£) n $ - 11a:rp1111e (7I) 11ouo 3a.Hen11n Ha 

"6 (~)->, fe_u)l'l)+Q.l•),,l<t))~t•)v 0~) + ,\ ft(1)_i1) e.<-t),,(t)\(e.~), .. C;<.1)_Q_~'l)v el'l)\ 
I'"'- ~ t' " V 'r >- ~"Y~Y T~I' v- r "-V )'-:" o>-j f "0)-3 '3) 

+tr t "-t' e.~~) +r'b)( t 12.r\ Q.9) - -"-'6 \ + t_rl\. e.l...i) 4-Vlv"-~i)). k>,. '('Me.~+ 
\1-=.1 1 1'1~10:1 >-J , \+'1..~ 'f..>-.) i-=-1\'.: I' v l'l.k 

+ I l'l. "- - .t. b \ \:...,_'bi\(\' 
~ t' V t !'") (l'\.\L)'t 

(75) 

ll :ro ::i:e. o:rnocnca: x '(;~" (.~). Tenepb B S - m:rpune (7I) ocmmtch :ronxo onepa:rops (69) 

H (70). B :raxott cn:ryaltllu onepa:ropu (70) ne,l(j':r•ce6s xax c.- qzcJia. u npn ,l(ettc:rna• na 

20 

Daxy)')I B ¥;, ·ca ecJIB _3:ro onepa:ropu,noc:rpoenme H3. o~ , to na na.xyyv B Y!~ ) ,1tan:r 

RYJli.Il03tOv:y UODO ,l(aJlee npOB3BBCtil 3al!eny 

'6 rt) ....., re. l•) l<t) + Q. t•) Q_ l'l)) Q. (i) . e. lt:)+ 1 r_nl(!'.\C•)_e~1'.),,l<1.)\(p~•)., (Jc..,) !l-)v l~76)· 
rv\. \.: \' V V r }..'6),.~ ~ ~ \/ J''-v}V;j,..o}.f""Y-}.. 1),.ni 

lJia CIDlll8?PJlqRott ll llllBD~ett 6oJiee npJnLOll 4)a3ll'IBC1tilll_cimcJI 3MBCH BBe,l(ell ItHXJIHqecxmtt Cla31!C 

,,(H) _ e.g) +iei\-1.) 
'<-.t' - ,Ji" ) 

Ha 3:rov a3sxe ::iavena (76) o3naqae:r 

(.-'!.) 

e. .r 
"(1) • "lt.) 
"'t -\""r 

Ji" 

·1 r12) ,- l"') l"') (.-11<) k,M) rv \. ~ L-. "-t' e.v e.,._ '6 }..~ e:y 
"':+'l.,-1 

H:rax, B £> - 1111:rpllite (7I), B Ji - npOll3B8,llBRJlllX, llll Bilpa!!e 38Jl8Blltb onepa:ropu 

(54) na onepa:rops 

(77) 

(78) 

h."L ()(\_ (_. xe ~ e.l""\'--1.«)f e..~)v Q.~_~Q..iky.+Q.8'<)v+e~),,-ib1·' (79) 
_l'l,l\!')-y~ :, L__ t' V l. .,._ I}..~ y },. G'f..y7 \C.-

. {bt) ilea M~-'l,+1 . 

xo:roi:ue OUllCHBaDT p0Z,1(8Blle B ynll'ltOEBHllB CBOClOJt!!HX rpan111tOROB co cn111paJibROCtHlm t0Jlb1t0 +2 

illll'I - 2. R:rax, ilCXO,llll il3 B!ipaJ:8Rilll ;Jt.!Ill $ - lla:CPill!S (4I), ilJIH BHPaEBRHll, CtOl111tero U8%,l(j' 

OClXJia,iutBJUI B (7I), Jill IlOCJie yqeta ,l(OUOJIRilt8JlbHOro ycJIOBilll (43). npilXO,l(ilU 1t HOBO!! B03lroSHOtt 

3MllCil $ _: Katplll!S 

$ = L \ Ai, ... ct1'1t) J'!1 ·· · ~ J'!,.. \ h 1 ... ~ch .... ··· 
M

1
Vl:0 

.. k t"•v1 ... !U."""" (_x1 ... ""-, ~1 ... i ~?, ... 1, t><}. 

h.;,"1(_'1(1) ... h-~"v"(_l("'):: lll ('J,) .. -~l<j- ... )lV c.~1'l ... ~ l1c..,): · · · (80 

t±'i) lil) . 
ltOKClill!a!IIIB e.)' e.,, B (79) xapanepll3YDT COCTOllRlllll co cnupa11bROCTlOOI ,:. 2. 

To, q:ro 5 - ua:rpuna UPilBO,ltJITCll 1t BIIIAY (ao),11JIJIDc:rpnpye:r 1113Bec:rHlili ¢ax:r, q:ro 1113JIY1fa:rbCll 

ll norJI011ta:rbCll 110ry:r tOJlbXO 2 cop:ra CB060,l(HHX rpa!!iltOHOB: co cnupaJibBOCtllD ,:. 2. 

Ilocxonxy onepa:ropu (70) u 3PJllltOBCXll conpn:eR!llie x nuu xowy:rupyD:r c S - va:rp~nett 

(80), :ro,ecu aa11aJihnoe 1:i!i HJllll xone11soe ¥ 7 coc:rosmua coAep:m:r xo:ra Clu O,l(HR onepa:rop 

una (70), ua:rpu11mli :i11euen:r ('\!!~ ,$ ¥ .. ) 0Clpa11tae:rca B o. Ilo:i:rouy B xaqecne HalfaJib

llHX u xoueqnux coc,:oautt ¥i 111 1{~ cJie,l(j'e:r 6pan coc:roanu, nopouaewe :roJiuo onepa:ropaJ111 
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(69), nx~ B 1t11xJ!Ullecxou Oaszce coctomma, nopo:,1taeime onepatopaim 

C.H.) +- (.H.) 
e.)\ '6°),.y C.y 11 

(:-'l.) +- (:-9.) 

e.,._ ~)-~ e~ ·' (BI) 

aanpuuep, 

~~+'l.)cr)x~ (r) e.f \"K)1.!!o ) ~-1-&~~iz)t+tl-e~ (~-1-t\,) '6+-c.,o e. c.-1-i\<f))¥0 
(82) 

H Tol• C XDO!lll qHCXOK rpaBHTOHOB B COOIBeICIB8HHO oneparopoB (BI). TaxHe COCTOlll!IIS ODHCU

BaDT rpaBHTOBU TOX&XO co cnupax&HOCTSD .!. 2. 

Hsxoseuaaa cHeya1t11a conepmeuua auaxomqua Toi, xotopaa meer xecTo B sxexrpOlBBaJl!lxe 

~ep)1111-l'ynm (39). 

III,t 3leC& nonyruo noxasaxu, qTO npH IlOCX8lOBareX&HOK aHMHSe Be BOSBHXaer BHXaKll 

:iarpylBeBBI C ,BexzqHBOI y)-.)1. ' XOTOpue OOCyslaJIBC:I, l'ynrol (a). Hllxaxoro lOilOXHllrex&BOro 

ycxonua JUIS srol nexzqHHH ue rpeOyerca. Oaa BmiaJtaer caim. cooon. K raxowy se saxaDqeBBD 
npHmex Der (27lu:i ~pyrHx cooOpaseHl!R. . 

5. :rtami.Oponxa H3JI}'ll8BHS 

$ - xarpH~a B ~opxe (80) coornercrayer B xnauronol :ixeXTPOlBBaxHXe 5 - xarpu~e 

B XMHOpoBxe zsgyqeuua. CoornercrnHe Oyler noxwx, ecxH nolXOMil!HK oOpasox npeoOpasonaT& 

nponararopu (52), HS xoropux cocranxew xos4xl>z1t11eurwe ~YBXltllB 1r,v,•·· • Jxa sroro 

B WP&e-oOpase nponararopa (52) 

SI')- 'o"Y + ct. r~ 'bv)I. - (l+'lp +<J.,r-i)ot"o,._1 
-- k.t. -if_ . 

xox6HBa1t11a St-'J.. 'i." 3 + 'b.t'J 'i>v}.-~+2.y+t.y't)~r);>-tnpeoopa:iyerca: nytex saJleuu xa:uoro CHKBOm 
Kpoaexepa no COOTHOmeBBD DOXBOTU 

L
i Li) li) \Ji- +U":k)Vtr1(k_,-t(I-\IL)I\.J _ c-

it .Q. + ..::;_..:.__;___:...;=..-.-----'----=- - n. \\ - 0 11 (o") 
. .t' V I.~ I,. L')'- f' V .t' ) u., 
~~l ~ +\!"-~ 

BepHOIIY npH XDOUX k_'L ~). HCMJlllM renep& B03BB1tllllle nexropu k C noxo~&D 38Jl8BU (74), 
noayqaex, uo nponaratop G- .I'",.,._ '.i' (52) nepexolBr B 

~)CooruomeBBe noauoru (63) cnpanelXHBO rox&xo npH K2=0. 
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--~ _( J."lc.~k{1.-~){~ ~ ( e.1.i)Q.ti..) J}) e.<.j) + i{tllile.dit,'i' - ,,li)G.)Q_U)Q.~)\ + 
1litt',(. ) k.'--i~ ~\: t' ,._ " Y r ... , " ,._ ... .,. e._, }. v ) 

. ) • ii)-\ 

+ k_t.:ll\.~)'L [- f (1+r)l\v~i-y + "i-")i)',y+¾l'L;bt'"-1\,..\t>,.'t,vy-"-v~"b.t''h l\l'V\ibv),.-1'\..\/lt.l'br~ 

- l.:.f- . · (!t 11. ·-Ls '\r. I' '\ 1 
[lL+<t!,ll)t.)2- I' V 2.. t'" J 0->-."-y -To,-,} 5 ' 

.----, (84) 

Bupase~He B nepnon crpoxe ecn nponaratop h:rv(.y.) ¾ ('.}) nonel!eqwx rpa.Bnouon co cm1pan-
. f 1,· 

uocT&D .!,2• B uev ijexecooOpa:iuo oOpano BCXXDqur& nextopu· e.. c noxo~&n ~ootuomeua nox-

uom (83). H ecau .npH arox BuOpan n._f<=-{o,o,c1i\ JUia: aroro nponararopa noayqn 

r;:;:--1 . ik.(l<-'.}) 
h.rv~'> ~,._~(1) =(¥.,1' h.~.,Ct-)~s~YlI.) = - \ )" ( !i.l \t. . 

2-~ilt- ) -1.£., 

l
(,:, k .. kt,(1; k..k-u r~ k.i,.,k.~~ k. k) (,;, k....,k~(c: ~.kN'\ nr« j<="', 
~ ... l - ~'l-J~l'l'L- f'I. J +~M't.- !'I.--; bn.c ~i -t"'"-~)~tt.-~J "=n.., "'"'e., 

~ ~ f='L,(,.4 

0 uaaqe (85) 

Hs BHpaseuug (84) BH~o,qTO TOX&XO nponaraTop nonepeqHUx XBaHrOB COAepxHr peM&HUI UOXDC 

npH K2=0. 3Ta curyalt]lg mxaa se,xax B sxeXTPOlBHaiotXe (cp. 39 ). Or B3XBIIIHe BUCOXOR CHB

ryaapBOCTB B nocxeABeK qgeue (84) MOSHO usOanHr&ca c DOKO~LD saxeHU 

(bi.f l"-1-11.v - -t~rv) - t [k.'L+(.i-t.k.)'l.)0r-v+(kr+(l:..ii)"-r1[kv+lk.~n,'1 J (86) 

cxe~D~eR HS (74). Torla npHXO.Jtlf)[ B $ - xarpH~e x saJleue 

Gr ,.,._y C!,-'j-) _,, \.t.~"~) h.~
3
('}) - ~1tt)" ~cl"k e.-i.k. lx-'} ~ . 

. f_(1-p'l.)hr:_,'b,._I' - ~rl'lv-~~l'"')(l'l,._1\.1'-~~"~-l'lt'i,t>,.bvcnv\l\.ybl'~-VlvVlt,.On-l'ltl\~bv). +-
l . k 't +~k.)t. 

+ [1- <ii + (k,_ + (\<.n.)11.,:)lk..+(!u.)n01r I' b (k.}. 4 (l11.)l'l~(\c.l'-t(b,)l'lf) 1 l 
2.. t"" · k.'-+~\c.)!. L'-- >-y + · k.£..+(l\\:.)2.. j (87) 

BuOepex renep& l'l..t'=-{.o,oJo,i111 nunoxuu uurerpHponauua: BO nopoR H rpenel ctpoxax (87)~ 

Torla (87) npenpanrca B 
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Gr","Y0--ta-) ~ ~~..,Cl'-)h-~~(_d) +i £;(,c .. -'i-o) 'fir. ~ii'-'il . 

. [u-p'l.)~rv 't,>-.~- (_vi.rV1.v- f>t !:,-~0-,_111.,- P-;_'l. 81--~-V1.rV1.>-.'bvv- l'lvl'l.yb)').-l'\.v111.l, tirY- \-'l.r"-~Sv't-.1 

- .i.. -s (JC. -<.¥,'[..E.. 'o + 'i>.,,..'o.,~~ .... 1r.r.._'il + b).t-o,~?"t is er-~) ' (871) 
l. 'J ~ t-" t.. l1.. >,.3 t:.. J , 

r,ite n-,-: i.ol',_ 
1 

a UO UOBTOpl!DlllllKCl! JiaTllHC!tl!J[ llH.)le1tca11 Be.)18TC.H CYJD[l!pO~Hlile OT I .)10 '.3. 

B!NlilCJleH~l! B UOCJleJ[.!lell qJieHe llOZHO .)IOBeCTlil .)10 ltOBna C UOKOIJl,bD ¢oPIIYJI 

b.-1 o(i(-·~n =-~,...., -, 
7>1 )'--';\ 

,-2. C' /:-' .... ) ~ ,i"\Z -tk(?:-,f' u o\:f.-"- = -e ,5) _ ='l.l➔ -->\ d 12.4 - -.,,_ X -ia 

up11qe11 B UOCJie.)IHen ipOpxyJie llBTerpaJI B3.HT B cr.mcJie TeOpllH 0606111,eBRHX qiyHRIOill (CK. 

(88 

(89) 

(48) ). 

H31p0pv:yJ1n (871) Teuep& Bll.lUiO, qTo B npene6pezeBHH o6KeBo» '.3-11epno nouepeql!llllll.rpa»HTOBaKB 

uponaraTOP Ba 60J1bll!BX pacCTO.HBlll!X Be)leT ce6.H ltalt HbDTOHOBC!tllll'noTeB]lllaJI.~) tJJieH B·uocJie)IBen 

CTpoxe (871) ,JlaeT nonpaBXy, Be.)IYIIIJ'D ce6.H xax \ °t-'-J c; a npn \=',/:Oe111,e H KSR°S (ii' -.:1) • 
$ - Jra.TPH®. B qi0pve (80) c nponaraTOpaKll B qiopve (87) ecTr. S - »atpnna B RMll6-

poBxe B3JiyqeHB.H. 3:a $ - »aTpnna COOTB8TCTBY8T UO.)IXOJIY X XBaHTOBOll TeopHB Tl!rOTeBHl!, xo

TOpwt pa3BBBaJI )!npa:e: B (I7) • 0J[.!laXO m:e:a.a qiopl[!'Jll!POBXa Bey.)IOClBa, tax xax B Ben !tOBapuau:r-

BOCTb He .RBJI.H8TC.H .HBBon, no.)l'lepxuyTon. 

6. 3a:e:JinqnenBne 3aKeqaHJI_.H_ 

IlpH 1p0pv:yJ1llpOBXe 11:BaBTOBOll TeOplilH rpaBHTa]lllll B npe.)ICTaBJieBHH B3aHKO.)leltcTBH.H 11H HHr.)le 

Be HCU0Jlb30BMB .HBBRll BB.JI JiarpaBZHaua B3alilJ[O.)lellcTBll.H, !ii UOTOJIY UplilCYTCTBHe .)lpyrnx UOJien 

Be BBOCBT HH!taRHX ll3Jl8BBHl!ll B OCllllJ'D cxev:y. Hy.tHO TOJlbltO UOKBlilTb, q:ro B qaCTH JiarpaJ!iHaua, 

OTHOC.llllleRCl! X APYrD UOJI.HK, JtJI.H rpaBlltanuouuoro UOJll! .)IOJIZBa COClJID.)laTbC.H CBl!3b ('.34) KeZ.)ly 

It- B \' • B3aDO.)leRCTBH.H rpaBHTanuouuoro UOJI.H npB I\,= I B npOH3BOJlbBOJ[ P C BenopBRIIII, 

;1)lIDCloUHTBO, qro nocJie.)IHl!ll qJieB B (84) corJiaCBO qiapxyJie (90) Be.)leT ceel.R Rall: Ix---!\ . 
To, qTo ·B03KOZBR pa:unqBne qiopw nponaraTopa,cB.H3aBO c Tell, qTo oii Be BaelJ1D,l!;ae11a.a BeJll!qHBa, 

a JIHmb 0,l!;Ba B3 COCTaBBUX qacTeR ~ - ll8.TPHl1H• 
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CUBBOPl!llllll B CXM.Hpl!llllll UOJll!IIH 06Cyz.)laDTC.H B rJI.4 paelOTH (37) • Ta» ze ocy111,ecTBJI.HeTC.H 

nepexo)l X npOll3BOJlbBOlcy' I'\, (rx.5), 0 XOTOpov rOBOPHJIOCb BHme B n.'.3. )!eTMbBRR aBMH3 

B3aBJ[0.)182CTBHll rpaBHTa]lllOlll!Oro UOJI.H co CUHBOPBHK B pavxax, OTBeqaDIIlllX UOJleBOIIY UO.)IXOJIY 

ex. B (45) • ' 

B CUHBopuon 3Jl8XTPOAHBa»HXe JiarpaBDau B3a.HJ[O.)lellcTBll.H B npe.)ICTaBJleHHH B3al!KO.)lellcTBH.H 

np.HKO Cle3.BC.HXOll. nepecTpOltXH llOZeT ClHTb cnaelzeu CllKBOJIOJ[ .N - npOll3Be.)leHH.H. 3TO ne Tait 
(49) . 

JtJI.H cxa.11.Hpnon a11ex:rpOJlllBaKBXH, AJil! teopllll Hura-L!HJIJica (cK. ) 14 1 no-BH,Jtlll»OKY, JtJil! Teo-

pu Tl!ro:ren11a. Ilo-BHAllKOKY, B nocJ1eJ1Hen, xax n B Teopna Hura-L!HJIJica, B xaqectBe JiarpaBD

aua B3aDO,l!;eltcTBlll! ,J1ouuo ClHT& npzs.aTo 11:Jiaccnqecxoe BHpazeHBe (taxoe, xax B n.'.3). Bonpoc 

0 nopl!.)IXe pacnoJIOZ8Hlll! onepaTopoB B ~q,..,_ll pacctaHOB!te CllllllOJIOB ){ - npOll3B8)t8Hll.H CJIO

zen, *)HOB npnun11ne xozeT 6HT& pemen Tax ze, xax B (49) , T.e. nyteK anaJlll3a yCJIOBllR 

npHqllHBOCTll ll YHllTapBOCTll ~ - »atpllJ1H. 

B 3TOB CBl!314 3aBe.)IOllll HenpaBHJlbBO YTBepz,l!;eHlle I'yUTH B (8 ) , qTo ~il'!.DP.HIIO KOZHO 

cua6JlllT& cmnoJiox N -·npoH3Be.)leHHl! a qro rpaBH:ta]lllOBHa.H coelctBenua.a 3Heprz.a onpe,l!;e

JI.HeTca qJieBOJ[ J J~K d4;I't. 1 ~) ';f, i (_~) • Ha CaKOJ[ .)18Jle B Hee Cle3yCJIOBHO BBeceT BXJla.)I 

uen s J4x ';f; i. Cf) • 1103:roey 3aRJl~qeBlle I'yn:ru O . XBa,Jtpa:ruquon paCXOAHKOCTll COClCTBeBHOB 

auepraz ue SBJI.aetca oxonqaTeJI&Hw. Ona KozeT oxa3aT&ca Jl8,Ze Jiorapn~ecxon. 

Il.l!,llJIOzeuHe I 

Ilpn XBaHTOBaBllll 6e3KaCCOBOro UOJll! Hara YllJlJICa 11H CTaJIXHBaeuca C 3aTPYJIH8Hlll!J[ll, 3Ha

ll:OlllDllll ll3 3Jl8XTPOAHHaKBXR (c11. n.2),ll~TaK ze KaK R Ta»loxa3HBaeTC.H ue11ecooelpa3HHK Blol,l!;O

ll3J[eHllTb llCXO.)IBOe YPaBBeBne ll Jiarpaman. BvecTe C TeK CHTYaltlll! C noJie» jj)jra-L!HJIJlca CloJiee 

CJioua n BeCLlla noxoza na TY, xoTopaa 11Kee:r Kec:ro B teopnH rpa»zta!lllll• IloJie jj)jra-L!HJIJICa 

JlOZeT .)IJll! Bae CJlyzllTb llO,l!;8JlbDlll U03TOIIY 11H xpa:rxo OCTaHOBllKCl! Ha BOnpoce npeoelpa30BaBlll! 

ypaBHeHHn ll JlarpaHZHaua C nenD npncnocoelHTb HX Ml! XBaHTOBa.Hlll!. 

]arpaUDaH ll ypa.BH8Hlle .)IBllZ8Hlll! .)IJll! CaKO.)lellcTBlll! Bex:ropHHX no11en B T80PllH llllra-lll!JIJICa 

D8DT Bil.JI 

'£ :c-* (..;. G-~. c ~i., =Cr~~ -CJvg; -Jijkei~}) , 
(Il.I) 

'I, • ,. 

'ov (."\' =- ~.t' ( • ~ r . 'b';l nk. J,, r i 11k. "b'i., ) 
~S'=-clo..,)k.'bo £J Ov =- iik~rv'-'v =,:-,,;, 

r V O~r 

(Il.2) 

~)pa3yveeTca, JID6oe BupazeHHe 110:no pa3JIOXH:r& no .N- npo113B8J18Hll.HK, no Tpeelyet 
BHl!CH8Hlll! BOnpoc O qiopve nepBouaqaJI&Horo BHpazeHHl!. 
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JiarpaHJ:BaB a ypa;ineaBe unaapBanrau oraocure.11Lao npeo<lpa30BaHHn 

1,0~ --... "" •J..· dg k. <ii "r = 0r" ..... ~i"-" r (Il.3) 

(qiyaxwrn ),.'I. coaepmeano npo113ao.11i.nu) , xoropue o<le3apeDB!Ulr creneai. cao<loµ noxs «; 
cooraercrayDlltYD cnuay o. 3an11meu ypaaaea11e no,Itpo<laee : 

oQ~-'1rovSi-J..qic_"~.,(i~~~) =-ji . r . (n.4) 

HeO<lXO~Kall UO,ltH!pHKaI!lf.lf ypaBBeHl!H COCTOH! B or<lpacmian1111 'l!JleHa '())'o.,a: , rax '1!%0 B Ka-

qecrae aoaoro ypa.iineHIIH )Ill npllHlluaeu 

□ Q~ -cl-~J·k.'ovceJ~~)==-j; cn.5) 
no<laa.11eH11e B x.11accuqecxou cxy;qae .1tono.11nBre.11Laoro yc.110BHH 

--o,.Q~ =0 
c,Ite.llMO <lH Taxyl) reopHD q>aKTH'l!eCKH 3KBHBMearaon HCXO~on, nocxoxi.xy HCXO~aa reopHH 

ocraaxs.11a Be.llH'l!HHY o,.~; coaepmeano npoH3Boxi.aol! (cu. 41 ). nxa aoaoro ypaaneHl!H 

rpe<lyeTca 3anoao ·au<lpari. .11arpa1t1Ceay n.11ornocri.. B_xaqecrae ranoaoA MOEHO npl!Hl!Ti 

:t.
1 = l£ - i ~",; a.,8.,\ (Il,7) 

KBanroBaBHe reopHH C TaKOl!-.11arpa1t1CeBOI! ll.llOTHOCTLD He Bli3HBaer HHKaKHX rpy~ocTel!. 

Jiarpaaxuaa (Il.7) H ypaaaeaue (Il.5) (a raxxe ~ono.11aurexi.aoe !CJIOBHe (Il.6) ) HHBap11auraa 

OTHOCHTeJILHO npeo<lpa30BaHHI! (Il.3); HO TOJl!,KO C if>YHKI!HHMII "'I. 'DD~HHeaamm ypaaaeBHD 
. . k 

□ }..,. +cl~ ilL'":lt )...l ~r =0 .' en.a) 
3,Iteci., B qacraocru, BH~o, qro uueerca pemeHl!e >.. '\.= C..ol½t- , coo:raerc~BYD!llee a3oron11qe

cxol! HHBapuaraocrH. H3 3tol! HBBapBaaraocrH cne~eT, qro B aoaol! reopuu coxpaaaerca rox 

• ('I. 

~ ::: 
t' 

J... 'b c..l' ~ k. · i. , n j n k. 
"l11..'barGt "=J.t'-"'-..:;k<o"~"~.t' 

· ri IlepeXO,ItH B ypaBBeBBH (Il,5) K !OKY Jt' . ; no.11yqaeu 

n i J.... nl nlc. ·ri 
Cl 10 t - •ik. ~" 0"'-'.t' = -Jr 

lBBepreHitHH 3roro ypaaaeaua 

□or~; + J.,ik..or~AJ. g~ =O 
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(Il,9) 

(II.IO) 

(II.II) 

ecri; ypai!HeBBe nneau JtXH BeH'l!BBH 'o.t'g; . B nepaoaaqaxi.aol! reopuu oaa ocraaaJiaci. co
nepmeaao npo113ao1i.aol!, a renepi. no~aaaerca ~OBO!iBO c.110:r11ouy aeuael!aouy ypaaaeuD, B 

.uaccll'l!ecxol! reopu )Ill xorJIB C!H B3HU 'bt'8;CF,o) H 04 Or~: (F,o) . paBHIOOI BYJID 

Breu Ca)IHK rapannpoaari. ux paaencrao ayxD Bcer,Ita. Pe3y.11i.rupyn111aH reopBa C!asa <la axau

BMearn~·nepaonaqasi.aol!. B xaanronox cnyqae ecrecneaao naxouri. aa q>H3ll'l!ecx•e cocrosua 
YC!OBBe runa YCJIOBBH ~epo 

<Q, \ 0 t'Q; la.)= o . (Il,!2) 

OJtEaxo B or!ll'l!Be or a.11exrpOJtBBaJ111KII uexauBxa pa<lora a~oro yc.11oaBa ae,Itocraroquo acaa, •• 
no-BB,ItBUouy,oao .1taze npomaopequr ypaaaeaxD (Il,II). B reopuu rsroreBBa w craJIKBBaexcs 
C TO'l!BO raxol! ze CBtySI!Hel!. 

Ilpunoxeuue 2, Orpaauqenua1 aax.11a,mmae)l!le B caoC!opox cny,zae AOno.11aure.11i.11W 

yc.11onueu (x.11accuqecxaa reopaa) 

I _ .:!±.L_ O h, =. 0 
'())'I\.)'". 9..(\+'Lp) t/ I (Il,!3) 

Ec.11H nepel!ru B 10my.11i.cuoe npe~cranxeaxe 

1 • = ( J"k k (k.\ec-i.b h..rv ) J'-" -) k_'L::Q (Il.I4) 

ro JtXH 1-,rv yc.110B11e (II.D) Kono pa3pe11111ri. B nonnon aira.11oru11 c rex, xax B n.4,4 )Ill pa3-

pemau .1tono.11Bxtenaoe yc.11onue (59) lt.llH fr" . 3rllll nyreu no.11yqaeu ocl111ee pemeBHe ~ono.11au
re.11i.noro YCJIOBHH B Bll,lle 

h., =:r~t\lt.)+l\t!-))e?)i ~Ct.)+ -1 (,,u)l)-e.l"-)el't))f,,Ci)1 oC.•)_Q.~)l e,_lt.)\...L 
J"' \.:r " ,J r >-n.,>-1 Y T\.."-r" r " \."-).. n.)..y'--Y ),.. .,.,x Y J, 

"\ (, t•)i' (1) l1.)1 l~) ..!±.t_ 'i" ) + ~ ~~)~~•)+ e.t)~) -(1+r)£t"'}_'-._Q..>- l\.>---ye_j + e.)\ . ~>---yf.5' -:- I+~ f\.)-..)... 

2. l (i.) I ~ ,-, ) + ~ (k i/') + k ,/i)) h..),. >,..l".Q.Y + ~ ( I'\.).. h..>,. lt.
0 

+ ~ h.],..).. (n.15) tr r v v r 11\..k. ~k.yt- \'.: Y , i.(!+2f) , 

KaJIBC!poBO'l!BHe npeo<lpa3oBaBHa (45) ll03BOJIHDT 3ali:8Hl!U KOKC!HBam111 kr'\)" + k, '\Jr 
r.lle 'll'r npoB3Bonuall nexrop, aa - \> orw (k-tr) • 3ro cpa3y :a:e ,Itaer B03uonocri. o<lparxn 
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B uyJI:i. 'IJiem nocxe.ituell c:rpon (II,I5) , a c Y'le:z:011 coo:ruomemm noJiuom (63)• 'IJieus nopoll 

c:rpoxa. Taxa11 0Cipa3011, noJie "-rv peaJI:i.ao 0CiJia,1tae:r JtBYJ(JI c:reneumm cBoCloJtS, npe,11;c:raBJ1eB

wnm B nepnoll c:rpoxe, 

H:rax, XO:Z:JI q>oPJlall!.BO pemeHBJI JtODOJIBB:Z:eJILBOro YCJIOBBJI B uacCB'leCJtPII. ltBaB:Z:OBOII 

CJIY'iae BSrJIJl,ltll:Z: pa3Jlll•IHO, 0,l(BaXO cjJB3ll'j:eCXBII CIISCJI IIX 0,l(BB ... :ro:r :a:e. 

Pyxonxc& nocTynHna B H3ltaTen&CKHA oT..a:e.n 

12 anpens 1968 r. 
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