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-I. BBEJl-EHHE_ 

r.r~- B H8CTOHJJ{eti CT8Tiie 6Y'JJ.YT .1rny11aTiiCH B:38.lfMO'JJ.eiiiCTBHH 
, ' 

HeiiiTpaJI~Horo CHMMeTpHIIHO~O -TeH30pH~rb,; IIOJIH' h-.,..11 ( h.f-'11 ~ "'-v J-l) 1 OllH-
- ' ) - -

CblB8!0ll18rO.CllHH 2: XOTH B38IDlO'JJ.eiiiCTBHH IIOJieiii C BblCillHMH' CllHHaMH 

_, o6cy;~aJIHCI, He 0'/1.HH pas ( CM/
2 ,J/ H l.l;~THpyeMyJO T8M JIHTe,paTypy), · 

3'/1.eCI, ID!eIOTCH HeHCCJie'JJ.OB8HHble B03MOlltHOCTH, KOTOpble MOryT npHBO-

- .ztHTii K HeOlltH'/1.8HHblM peaym,TaTaM. 8To. noKaaa.Jio,·,-Hanpm.iep, .11ccJie'JJ.O;.. 

-~aHHe B3aHMO'JJ.eiiicTBHiii B~KTOP~hlX noJieiii- co. cmrnoM. I / 4,s/. O~aa~:_-- _ 

• JIOCI»,'IITO .ll:CIIOJII,30B8HHe llOHHTHlI CII.ll:H8 B3a.ll:MO'JJ.eiiicTBYIOtitero IIOJlH/6/ 3£) 

H npHHl.l;.ll:II8 orpaHHlleHHH llOJieiii .110 CllHHY Be,lleT K CYJ!(eHHIO Kiiacca :1303-
/ - ' \ - ' / ' . . 

MOlltHhlX BaaHMO'JJ.etlcTBMiii H K' :ShlTeKaIOntHM OTCIO;l{~ ,1la11eKo :H'JJ.YlllHM cne'JJ.CT".'"- '. 

BHHM._ TaK, ]3 _cJiyqae oi{Horo .6e3M8CCOBOrO- BeKTopiIOro llOJIH co _CllH".'" 
' ! . ,_ ' " . - ' 

. HOM I ,(6ea cmrna O) Mbl_ 
1

0,1{H03H811HO llPHWJIH K ~JieKTPO'JJ..ll:HaMMKe Mait-

crneima, 13 CJIYll88 Tpex BeKTOpHhlX llOReii CO CIIHHOM _! 7 .K H30T011H- - ._· ~-
- ' . . . ~· . ' . ' 

qecKott .l'IHB8pH8HTHOCTH .Ii TeOpMH HHra-MHJIJI~a H T .;n;. -

• EcTeCTBeHHO llpHMeHHTl> llPHHn;HII .orpaHHlleHHH 110 CllHHY HK B38-

- .ll:MO;n;ettcTBHHM llOJiei-1 c 6oJiee BblCOKHM - CllHHOM. EcJm TeOpHH HetiTpaJII,-

-Horo BeKTOpHoro 11ojrn co CIIHHOM I OK838JI8CI, - T8KOi1 _ <l>YH'JJ.8MeHT8Jll>HOtt 

TeOpHett K8K_ aJieKTPO'JJ..l'IH8Mmm, _TO tITO c5y.neT iipe,1lCT8BJilITI» _ co6oiii ' 

- : TeOpHH B88HM0,1letiCTBYIOI11ero TeH30pHoro IIOJiH co CIIHHOM 2? 

- ; Hc9JI0,1lylI STOT BOIIpoc, Mbl Ilp.ll:X0,1lm.f K_ ypaBHeIUIHM, '. KOTOpble - COB-

- rra'JJ.~~~ c ypanHeH~miu _ 8iiHwTetiHa /I/ 'JJ.JIH rpaBHTa~~~HHoro rr~.riH~ H) · 
. ~ . . . . -

\ . ' - . -

•:f) IlOHlITHe CIIHH8 l33811M0,1{eiiicTBy!Olllero IIOJIH . 6UJI~ _BBe;n;eHO ]3 /
6/ . 

' •• , I . •. > • •" • " ..._ 

_ K8K 0606ll{eHMe llOHHTHfl CIIHH8 0,1{HOll8CT.l'IIIHhlX COCTOHHHiii H CBOOO]{HOro 

IIOJIH~ IloJie HY..) rrepeHoCMT crrHH 5 , ecJI.li OTJiu11eH OT HY11H MaTp.1111-

- Hhlii a11eMeHT- (olf(x)\<t\,) , r.1le <D,:.;.; BeKTop cocToHliMH c noJI

HhlM cmrnou &: •. 

- • 
1 
H)

1 

KpaTKOe cooCin{eHMe O pe3yJIIiT8T8X H8CTOH&(et! paoOTLI CM. B / 7 / _-
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I.2. K Teopm1 TeHsopHoro ,nollH o6pam.ammr, H80J:tHOKpaTHO B CBHSH 

C ,Teopzeit THroTemrn. EWIO HSB8CTHO ( 011. t Hanpm.i:ep /Bf'),· llTO 'AJIH , 

11:cKJI1J'lleH111H oTpzuaiem,IWX aHeprzii ypaBseHHH .ItBHJB:eHHH 'AJIH no11H 
- . ' . 

,lt01Illtllli C>UTJ, COBMeCTHU C yc11oimeM JlopeHua (llTO KaK pas H OSHallaeT. 

~rpami~eH~e ea cnHH ·no~H). I'ynTa /B,9/B oco6eHHO t1eTitoit q,opu:e · 
<~ - . - I. ' 

no,ltqepKIIIBWI, qTo ypaBHeHHH 8itHmTeitua, 6YAYtIH pacc11a.Tp1.rnaew,f KaK •. 

noJI~BHe. ypa1:1HeHHH _ B · Il1IOCKOM npocTpa~cTBe*),. ~art pas 06qia.It81JT HY'11t.;.. 

Hoii;iiaTeJlaTHlleCKOU CTPYKTypoit. OH paS7>HCHH1I, llTO ypaBHeHHfl 8itHmTeR-
. - ,-

Ha KaK-no11eBue ypaBHElHHH HBJIHJOTCH cyuteCTB8HHO ue11HHei1H1,1MH z· qTo . . . 

He1IHHeiiHOCTJ, CBH3aHa C TeM, llTO HCTOqHHKOM rpaBHT8UHOHHoro IlOJIH 

CllYlltHT T8HSOp aHeprHH-IIIMfiYJil>Ca Bcex noneit, BK1Illll8fi rpaBHT8UHOHHoe. 
. ' - . ' . ' - ' 

. 01{H8KO • OCTaBaJiaC:b H8YAOB118TBOpeHHOCTl> B H8YM8HHH BblBElC,~H:ypaBH8-- , . 
• ' • ,'. ·• - ./ .• I" 

HHH 8iiHmTeiiHa B IlJIOCKOM npocTpaHcTBe., Tait, o6cyllt,lt8fl npo H KOHTpa . 

. IlOJieBOI'O noitxoia, THppHHr /IS/ YK8SUB81I K8K Ha OAHH HS ;Byx,He-' ,· 
• I . 

'AOCT8TKOB STOrO nOAXOAa, llTO ore9pHH IlOJIH He ,lt88T KJIJOll.a_ }5. IlOCTpO-

. 8HHJO-- HemrneiiHUX. ypaBHeHHii. 8iiHm~~i1Ha, llTO ,ltJIH 8TOrO 0(51,1tIHO aneJIJI,H'"'.' 

PYDT K pHMaHOBOii ~eoMeTpHH. 

' '-

1 *) o coBi.lecTHMocTH ycnoBHH Jiop_eHua c ypaBneHHHMH 8i1HmTeiiHa 
CMJ~O-I3/. IlOnHTKH Il1IOCKOii T~aKTOBKH ypaBHeHHit

1

8i1Hll1Teftua,BOCXO
AHT K PoseHy/14/ H IIananeTpyl 21. CyuteCTBeHHbliirrporpecc B aToM 
uarrpaDJleHHH~ oco<5eHHO B CBHSH C-KBaHTOBaHHeM no TeopHH B03MJnie-. 
HHii, 'AOCTHrHyT I'ynToii/8, 9/. KB8HTOB8HHe B STOM acrreKTe TaIOKe 
paccMaTpirnam1 <PeiiHMaH/IS/ H ]lltaCT /I6/. AHaJIHSHPYH ,ltHarpaMW <PeiiH
MaHa .. B npz6mmemm cna6oro IIOJIH, 3axapoB. /I? I n J.(JltacT 716/ rroKaaa

JIH, llTO BHPTYMl>HHe rp~BHTOHU nepeHocHT CIIHllli 2 HO, HO He I. 
Xopomee qJHSHlleCKOe o6cy-JltieHHe OCHOBllliX ~HKTOB Il01IeBoro IlO;nJCO'Aa 

_MOlitHO HaiiTH y T111ppHHra /I8/ H Ii11aAMeHal 9/. 

4, 

' 

.., 

'·, 

B_HaCTOHm.eii CTS.~l>e Wit BOCIIOllHH8M 8TOT npo6eft H A8eM IIORHHii 

BUBO.It YP8BH8HHil 81lHlllTei1Ha B Il1IOCKOM IIpOCTpaHCTB·e co BCeMll, me He"'!" 

J1HHe£iHOC~rui1f *i HCXO,ltH H3 IIPHHUHna ~rpaHHll8HHfl T8HSOpHor~ Il~J1H 
no· cmrny .-.• · _:· 

. r: .• 

IlpzcicynaH·K-HccneAoBrurnD, w He cTaBHJIH ce6e ue~l>D BNBecTH 

HM8HHO ypaBH8HHH8ii~iu~ei1Ha. Hae ff()OCTO HHTepeCOB8J1H Bce·BOSMOlltHble 

Teopz11· O,ltHoro TeHSOpHoro IlOJIH, He onHCUB8IDIItero CilHH I. IlpM,3TOM 

. AJIH c5ea~accoBoro TemiopHoro IIOJIH Wit O,ltHOSHaqHo (. B ripe,1t~OJIOlKCHHH, 

~MHHU~~;OCTH BS8HM0,1teMCTBMli1) IIOJ1yqae14 ypaBH;liHH S~mettHa.-

B: CT8TJ,e H8li1AeHbl Ta~e ypaBHeHHH .ltJ1H.M8CCMBHoro TeH30pHoro IIOJ1fl.-

I.3~ _ Booc5IIte roBopH, · CHMMe_TpMtIHoe TeHsopH?e node hfv onMc~.:. · 

- BaeT CIIHH. 2, CIIMH , I M ·ABa crrnaa O B1 0Ho oni-icHBMo- 61,i' Ton1,1rn 
. ' -

- OIIHH 2, ecJIH ()bl C06J1ID,1taJil1CJ, ,1t0IlOJIHHTe~I:,Hble YCJIOBMH 

·l'.l't 1. orh,rv -0 (I) 

m.~ krl4 0 ( ·, , (2) 

~ m, - Mac;a Il0J1H h,.t'" ) He TOJ1l>KO _B CB060,1tHOl!_ cny~ae, HO M' npz 

HaJIHlIHM BSaH~~.IteilcTBHH /G/ • Oc5a YCJ10B'!_H 'AO.UHU CJ1e,ltOB8TI:, 1m YP~B- • 

·HeHMii ,1tB.Hl!temm HJ111 He np'oTliBOpeqlfTJ, HM._ B CJ1ytiae "c5eSM8CCOBOro .IIO.:

J1H <\.h..rv M h.J'J' ioJUIHbl ()l,ITI:, COB6pllleHHO -rrpo11sBoJ1J,Hhi, ni/ ypaime~ ' 

HH!1 'ABHlK~HllH Ha HUX He 'AOJilKH0° BOSHHK8TI:, 1IHK8KHX orp_aH11t1eii11ii. 

' . ' ' - ' ,, 
Mu orpaHHlll1MCfl IICCJI8,1lOB8HH8M MHIIHM8JIJ,Hl,!X B33UlJ:0,1leiicTBHl1~ 

B BeKTOPHb!X Teopmuc IJHHMMM:&HOCTJ, CCTeCTB8HHb!M o6paSOM 03Hatia.na 

c5espasuepHOCTl> KOHCT;HT CBH3H -- 141.· Bo • Ba;i1iioliettc;B1rnx Tci~sop~o;o 
- / . - ' -" - ' 

· · -- . H), He,1laBHo Teopm:1 c5eauaccoBwc t1acT.1-u{ co crr11nau11 I ii 2 o(jcyx-
-,1laJiac1, ,ll paMKax z - MaTpl'ltJHOro qJOIJM8J11ISMa H Teop1m BOSMyIIte11~1ii 
,Bai-iHClepl'.OM l 2

D,
2
If. 0,1tHa1to, nuTaHci. BhlBecTII ypamiemrn 3iiHlllTetl:na, 

) . / ~ / : 

OH IlOI{a He np0,1tBHHYJ1Cfl 'A8Jll>lll8 IIpHC5mrncemrn CJia6oro IlOJIH. 

JBE) Paae5ueHiie It._,.." H.a t1acT11 c orrpe{\e~eHilllM CIIIIHOM CM. B 
Ilpnnol!(emm I. - - · 
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noJIH cYllteCTBeHHl:lU o6paaou yqacTBYIOT KOHCTaHTl:l CBH3lll paauepHOCTlll 

CMI *). B;3TOM cJiyqae MH 6y.n;eM Ha3~BaTl> B38HMo.n;e»CTBHe M~HHMMI,HbiM; 

ecJIH OH~ co.n;epiltHT HeHYJie1me KOHCTaHTl:l c:13Han p~a1JepHocT:u c:uI H -

TOHI,KO Te KOHCTaii;u CB!13H .n;pyrll!X pa3L!epHOCTe~, nptipa_BHHBaHll!C 

HYJIIO ItOTOpl:l; npnneno 6~ K o6pameHHIO B HO]lI,' ltoHCTOHT CBH3J/! pa:31,rnp

~~CTH CMI (T. e.K IlOJIHOIIY BliKJIIOtleHHIO B38HMO~etiCTBlrn). 
. - . 

·· AHanH~ TeopHti, B 1c0Topmc o.n;nonpeueirno nunoJUieHH o6a .n;orron

HHTen:&HHX ycnoBHH (I) H (2) DCCI>Ma aaTpy.n;m-1TeneH; . Tmt ItaK OHR .He· 

noniiocTI>IO HeaaBHCHW. Ilo.n; MURHHCM no6oll,IX BUt1Hcne11Hi-l y. uac 
C1IOlltMOCI> BneqaT1I8IIH8, tlTO B par.max UH!ltfMQJII,IiUX B3aJiMO,ll;ei1C'l'llHii • 

TaKHX T80pH£i H8T. 

B 3TOii CBH3H 11H nocTaBH1IH ce6e 3a.n;aqy HCti:eprraTI, B_ce T80p1,rn: -

T8H30pHoro IlOJill, B I<OTOPNX co61rn.n;aeTCH O,ll;HO HaHC5onee o6~ee mmeli- , 

Hoe YCJIO:BHe - o6o6~eHHOe YCJIOBHC rMI>6epTa.:._JiopeHU8 

m1.(o,J1,rv'+ ~o"h,rf(J. 0' 
.,.,.·,' 

(3) 

r.n;e '\ - npOH3BO.JII,HOC 1!HC1IO. 9TO YCJIOBHe UCK1IIOqaeT cmui I II 'O'AHH 

H3 CilHHOB o, HO ocTaBJIHCT .n;pyroii cmm o,. H B STOLi CMliC1IC OHO ne 
' ' / ' - , 

Jiyqme H He XJiiCC llHCTOro ycnOBHH J!opeHua. Cmm I . 00!138TC.JII,HO .n;on:... 

llteH 61:lTI> 1-1c1t111Dt1eH,. TaK KUK aHaK aHeprHH .n;nH crnrna I npoTHnonono- . 

llt8H 3HaKy aaeprHH ;llJIH CilHHOB 2 Ho. 3a.MeTHM, qTo'ycJIOBHe,KOTOpoe 

HCKJIIOtlaJIO ()H T01II>KO CIIHH I, ()HJIO ()l:l He1IOK81II>Hl:lM, H UH ero .He pac- · 

cMaTp1rnae11. 

3£) Mu ~01II>3yeMCH CHCTeuoli e;zi;mmu, .B KOT~pO!i h, = C = I. 
B 3TOii CHCTClle 6030HHl:le II01Ifi HUelOT paauepHOCTI> cu-1, a <IiCpMUOHHl:18 
Cu.-3/ 2 

1 TaK qTo, -HanpH1Iep, 130 B3alU.IO,ll;Cl1CTBUlt . t CJ/'{;f'O.,/f h.,rv 
KO~CTaHTa CB!l8H f HUeeir paauepHOCTI, cu1• 

G 

i . 

I 
t!, 

1 

\ 

-:- ""\ 

I.4._ B pas.n;ene 2 pa3Bl'IBaeTCH oC5~Hii no.n;xo.n; K pemeHHIO IlOCTaB-

neHHOii saitatm: Tpe-60:saHHe, · liTOC5H ypaBHeHHll ;ztBlifllteri.1r1a 6u111-1 co:BMecTHl:l 
. ·,, , . . "' " .· .. . . ~•I . . • 

.. .., C ycno:BHeM I'HnI>6epTa-JiopeHua (3) 1 ~ BH~ru«aeTCH -Ha !18bIK8 :sapHaUHOH-
, . : . . ·. - \ . . . , , 

Haro npHHUJ,ma, H, Hai!.n;eHH TOllt;ll8CTBa, KOTOPW ;zJ;01IlltHa y;zi;o:BJieT:BOpfiTI, 
' · /22/ 

JiarpaHllCeBa IDIOTHOCTI>. 03 ST~ TOllt,ZteCTB IIO BTOpOH-TeopeMe 9.HeTep ·. 
I • •• • .•• • • . . , 

cne.n;yeT, llTO necI> narpaHEHali, sa HcKmoiieHHeM uacconoro qneHa no-

1IH h-,-.v . t _.n;om1teH ()~;r, HH138pHaHTea OTHOCHTe1II>HO HeitoTopoii rpynm,1 

Ka1IH6po:BoqHNX npeo!5paa0138HHi,i Bcex B88IDlO~eiicTBYIO~XIl01Iett. 0 Ilepe-
~ ' \ ' ' , 

liHCRHH BC~ B03MOll£HHe rpYnnH npeo!5pa3013aHHii· (pa.s.n;eJi 3),.1!l:l_88ItJIIO-
. .-. ' .,. . " \ ··, .~- -,,. / 

qaeu ( cu~ Ta1tJ1Ce pas;zi;en 6), liTo cpartTw:iecrtH cy~ecTBye;r TOXI>rto g;zi;Ha / · 

Tarta:H rpynna. 3aMeli~TeJI:&H_o, t1To· aia rpyima qiopMaJII>Ho co~;a;zi;aeT c 

... rpynnoii 061Ite1toBap1-1aHT~ npeo6pasonaHR.i1 B puuaaonoii · feoMeTpHH! 
' • \ / • , - • • • • • ' >' ~ ~ ~ 

Yxe OTCIO.n;a. MOJltHO nplilttTH .K Bbl:BO]lY, .llTO_ ypaBHeHHH TeopHH 6.esuacco:Bo.-
' I " . - ; / ':- I 

ro TeHsopHoro nonn .n;omcHl:I . co:Bna;zi;a·Tr, c ypan'Hemunm 8ttHmTeiiHa .ztJIH 

rpaBHT8I{lllif~ 

HecuoTpH Ha 3To, B pas,iie11e 4 narpamirnaH ;zi;nH 6esuaccoBoro., TeH"."' 

sopHoro nonn, :Bsanuo.n;eiicTBYJOlitero c ;zi;pyrrum nonHM.H, 13occTaH0Bnen 

B HBHOM 13H;lle nyT_eM peruemrn COOTBeTCTBYIOillHX TOllt,1l8CT13~ EcTeCT:BeHHo,·_ . . . 

liTO npH STOM. MH 8BTOMaTHli8CKH nplilXO,llHM K npan1maM pmiaHOBOtt. reo-' -
. · , ' . ,. 

'MeTpmt , H K narpaHlltHaHy. TeOpHll 9iiHmTeliHa • 
, I 

-0CilOJII>3013aHlife TOJlt,lleCT:B ;ll1IH nonytzeHl'!H JiarpaHlltHaHa IIpHMeHH-'_ 

nocii paaee Hiirou H fl.11n11c01/23/ 11 YTRHMott ) 24/ n. cJiyqae neKTOPIIHX. 

·IlOJieii. 0,1lH8KO n~;zi;qepKHeu, .llTO H;llCHHO H_ TeXHHqecKH Ham IIOWCOA CY7-

ll(eCTBeHHO OTJIHqaeTCH OT ·no;zi;xo;zi;a fIHra-M1m11ca, pacnpocTpaHeHHOro 

· . Ha TeopHIO rpa_BHTau,rn YT~m1.on/24l, K:11661101' 1251 H Epo}lCKHu:, Jllna

H~irno H COKOJIHKOM / 26/ • rJiaBHHe OT~H'llHH 13· TOIi,• liTO I) y Hae -~~yn- · 
. ' - . 

na npeo6paaonam1ii He nocTynupy:eTca, a :BHBO:zlHTCH KaK cpe,itCTBO o6ec-
, ' \ • : ,. '' - . •: ,'s ' ' ' C. ' -...·• ' • 

ne1IHB81D1Itee Bbil1011HeHHe CilllHOBO_ro YCJIOBHH ,llJIH _TeH30pHoro _IlOJIH, 

7. ' 



/ . 

· 2) npH · HaxoJK;z:temm 11arpamurn11a y Hae He BOaHirnaeT Heo]tHoaHatIHOCTeii, 
··• j ' . 

Tar\ KaK Mbl HCC1Ie:£lYeM Baa,,nrn;z:teitcTBlie mJeHHO TeHaopHoro nomt, · 3) w 
- • ' < '( ' 

OXBaTllBaeM ceytiaH, TeH3OpHOr~- IlOJIH K8K C HyJieBoii, T8K H C HCHy1IeBoii 

uaccru.m. 

BH;z:t ~oaMO%HWC MaccoBwc qJieHoB ;z:t1IH h.,._, onpe;z:tenHeTCH B paa;z:te- _ 
' -i ' 

11e ~ IIPH IlOMOIItH TOllt;z:teCTB, "H T8KliM o6pa3OM, ypaBHCHHH 8iiHWTeiiaa 

~6o6m,aJOTmt Ha ·cnyqait MaCCHBHOro TeH3OpHoro ·nomt. IlpH 8T_OM II01IyqaeT

CH He o~~H, ~ ue11_oe ceuei1CTBO B03~0litHbIX MaCCOBbIX qneHOB. Bee OHH' 

·Hapylila!OT. "o6m.eKOBapH8HTHOCTI, 11 Teopirn H npHHitHil 8KBHBa1IeHTHOCTH, 

_HO paB8HCTBO HHepTHOitMaccu H Maccu, onpe;zte1IHIOI!leti B38H~O;&eiicTBHe, 

OCTaeTCH.•. 
-

. Paa;zte1I 7 IlOCBHllleH o6cyx;z:teHHIO no1IytieHHbIX peayJII>T8TOB H 

cpaBiiemrn no11eBO.,;TeopeTHtiemrnro H reoueTp11qec1toro no;&xo;&oB K 
• I ' 

Teop1rn THroTemm 8itHwTei1Ha. 

2: TOlltAeCTBa,cBHSaHHUe C yc1IOBHeM r11nI>6epTa-P.opeHua 

2.I. KaK ()l,IJIO CK838HO BO BBe;&emrn, lW 6y;zteM HCitaTI, Teopmi, 

B KOTdpux ~1IH CHMMeTpHtIHoro TeHaopHo_ro nona k~~ 1 BllilOJIHHeTCH 

· TOJII>Ko O;&HO cnHHOBoe yc11OBHe -~ o6o6m.eHHoe ycnoBHe I'HnI>6epTa-Jlo

pe~ua (3). , Ilpu aiou TeHaopHo~ no11~ oy;&eT 6nHcuBaTI> cnHH 2 H cmrn 

0, · a CilHH I H ;z:tpyron_ CilHH O 6y):lyT HCKJIIOtieHJ,I (cM.IlpHJIOlKCHHe I). 

Mu 6y;z:\eM pa6oTaTI> B narpam1teBoM ¢opManHaile. IlocTa:imeHHYIO · 

aa;z:taqy MOl!tHO 6!::IJIO 6u ·pewaT:& T6M lite 'nyTeM, tITO H B CJiytme BeKTOpHl,IX 

· nonen B / 4/*l B ;&aHHOM cJiyqae aToT no;z:tXo; cTaHOBHTCH HacToJII>KO . 

rpOM03;l\KHM, tITO ero IIpaitTH\l6CKH HCBO3MOJltHO peanH3OB8TI>. IloaTOJIY > 

. Mb! IlpHL!0HHeM. a]ieci; 6oJiee_ npoCTOM H a;l\3KB8THblll 38,1laqe MeTO.I{,. paa-

. - !l.) T.e. Henocpe;z:tCTBeHHO BHilHCUBaH B narpammaHe Bee llHCJIHM!le 

Baam.10.I{eitCTBHH c· Heon:pe;z:teJiemruuu l\OHCT8HTaUH CBH3U H IlO.I{6HpaH me . 
'TaK·, "llTo6u. y~oBJICTBOpH~oc:o' ycJIOBHe (3). 

l 
.-

-:--
'/ 

8 

BHTllit B / 5/ Ha npm.mpe_,BeKTOpHWC noJieii. MeTOA OCHOBaH Ha HCIIOJII>-

3OB8HHH TOllt,1leCTB AJIH JiarpaHlltHaHa, BHTeKallntHX H3 YCJIOBHH I'Hn6epTa

Jlo~eHua, c npHBneqeHHeM BTopoit Teopew·a.HeTep/
221. 

_, 

Pacm,19_Tp:m.i Baam.mp;elicTBHe TeHaopHoro noJIH c CaMHM co6oii 

( 11 C8:UO.I{eiiCTBHe 11 ), C B6KTOpHUM e,.. , CIIHHOpHm! <.p- H CKaJ_IHpHUM _ <;Y 
j a 

nonm,m: 

£ =~(h..t'" ,11,_h,.t'" ,o~fh,l'"'~f,o"e,r, '\I!, o"' ~, <f ,ov<f). (~) 
B 11arpa1D1teBy IIJIOTHOCTI,~ ,1lJIH YAO6CTBa BBe,1leHU BTOpue IlpOH3BO,1l

HHe TeHaOpHoro IlOJIH. ~TO6H He HM6TI, p;ena nopo3HI, co pIIHHOpaMH 

~ H 4' ,MH BBO,1lHM cmmop YABOeHHOtt paauepHOCTH 

( 4'+4'c \ 

~ = ~\i.(IJ/-4'~)/ , 
¥=-¥c-i __ 

Ilop;qepKHeM, tITO BCD):ly ll HaCTOHm,ett CTaTI>e TCpMHHH 11 CK8JIHpHoe", 
. ' 

"cmmopHoe" H 11 TeH80pHoe" IlOJIH IlOHHMalOTCH B cwc.ne cneL(HaJII,HOii 

TeopHH OTHOCHTeJII>HOCTH. MH pa6oTaeu B npocTpaHCTBe MHHKOBCKoro 

C MHHMHMH BpeMeHHblMU K00p]{HH8T8MH H MeTpHqecKH1.l TeH3OpOM ~J"' • 

2.2. Ilpe.I{CTal!HM narpaHllteBy IIJIOTHOCTI, B BH;lte 

:£ = ;f/ - ~ \'n.
1 (kJA"h--"" +q krr hv1 (5) 

9 



2.3 .• Tmit,necTBO · (8) MOlltElT <5hlTI> .BblpaxeHo · Ha HSlllte Bap1,1au110H-
. -.. . ' ~ ,.. 

Horo_npHHUllil8. 9TO HeTpy,nHO ycMOTpeTl> HS ero CTPYKTyphl. TaKafi 

_-BapHau~oHHafi qiopuyn~p~BKa 6y,neT Bec1>Ma BaxHa B ,naJI1>HeHmeM.: 
. . I 

Ey,neM Bap1>HpOB8Tl> ~ aa·cneuHaJil>HOM RJiacce BapzauHi *) 

s•h. ,;,= O/i + Ov }t + p~r,o• )>• +(A";,.,V "': /l!r';,"'\~~ h 0,, ., < 13 > 

- i*~ =Je:>~o ~+ Bs~ >!a "\g · · - cr4> 
· . f- · :\.2 f' 11 i: . f:V . f..} V , 

·· .. <o*1±1-(cs~9f,~~-+ Cf,>to~~-, 
-<o~-Cj_= (D·s~o~+D1£Xo~(j', · .. · -~ . ·. . _ (I6) 

(!5) 

• f I" - . 
r;te}; - coBepll!eHH0 np0H3B0JibHaH 6e3P.a3r,iepnan 4:-BeKTopnan qiyHKUHSI, 

a 1-. =A-1\, B=B-B., c =C-C, · .15=D-D .Tcr.na TOX~eCTBO · . 

(8) 03HaqaeT,qTo. ' ·· 

.. ( c_'l<.(£)1 , !.( Ji -..f flff ft c;:· L \· 
. ) Ji~ 0 o1....,:::. -tn.:ja XI\ VL,rv\n,t4" .4- ~Uf"n,d-J..)• (I7) 

C y~eTOM m,.n~ CJt. (9) TOllt,1l~CTBO (!7) MOlltHO aarmcaTl> Kalt 

. ~d•l( b' ;i';~ m'Jl'f r+~~r.1-~[r~~.t +(~~-a,_'X+ i~~ ... 1~¾JIBl 
) . 

.lla.nee, npHHHl!afi ~o BHHM8HHe .coOTHOlll6HHe_ (~) H .BH.U ila~Ha~HH • ·h.r.,(I3i 
.·BblpaxaeM qiyH;zlaMeHT8Jll>HOe TOJUeCTBO (8) Henocpe]J.CTB6HHO ti:epe3 IlOJI-

, ' • ' ' , , ,c ; 

HH¾ narpamirnaH 

~d~~ i>t;t,:5 ~ 2,m~J cl4x(h,r~+'\ir"kfJo,~" .. · (I9) . 

'. 3£) lihil IlOJI1>3yeMCH CIDlll01IOl.!' b* /27 / ', _ti:TO<5H IlO~ti:epKHYT1> 1 ti:TO 
BapHaUHH JIOK8Jll>Hhle, T.e. ·npOH3B0,1lHTCfi B 0,1lHO¾ CHCTeMe OTCti:eTa. 

,. -~ - - __. -

r 

!2 

' 

:"·· 

~~ t \. ·. 

i 
' 

TaKHM oCipaaoM, ecmt w XOTIDI, ti:T0<5H BHilOJIHHJIOCl> ycJIOBHe I'rut1>6epTa

JiopeH1.ta (3) ]J.JIH h._,.., , ;o. TOrAa Bap~~UHH nonHoro narpaHJCHaHa AOJIJC_Ha 

TOllt,1l6CTB6HHO paBHHTl>CH HeKoTopouy onpeAeJieHHOMY BHpazeHHJO,_a He 

eymo, R8R B qnyti:ae', 'KOrAa lW AO<5HB8eMCH HHB8pH8HTHOCTH. 06paTHO, . 

B JIIO(lO¾ T'eopHH C '. rrc.:j:: Q , B KOTOpOil -JiarpawtH8H Y.1lOBJieTBOpHeT TOllt,1le-
, 

CTBY ( !9), o<5ecneti:eHo ·.BblilOJIH6HHe Tpe(5yeirnro YCJIOBHH rHJI1>6epTa-Jio-

peHua (3) • .Z{encTBHTeJI1>Ho, KOrAa Bee nonH no.nqHHeHH ypaBHeHHHY an.ne

pa, TO JieBaH ti:aCTl> {!9) oCipantaeTCH B HYJll> H8-3a CT8UHOH8pHOCTH .nett

CTBHH, a Tor.na, nonaraa B npaBot:i qacTH )\" (x) = bvr'b4'2c-~) · , no

nyqae11 {3). 

BuecTe C T8M TOX,1l6CTBO (I9) eCTl> YCJIOBHe HHBapH8HTHOCTH Teo-. 
. . . , " 

PHH OTHOCHT8JlbHO npeoopa3OB8HHil (I3)-(I6) CA qacTHoro BHAa,r.noB-

JI6TBOpHl0l!lHMH ypaBH6HHJO OJ"°)\" +o)f.+ 2.qi!";o6)._E> =0 • IlpH q =F- f, 
pemeiiHe HBJIH8TCH IO-napaueTpHti:eCKHM: )..,J = c" +w"J.\,c.1-' (c." = Co~..S-t ? 

w" r=-w""" = coM~. IlpH 4 = - ¼ pewem1e oKassBaeTcH Cionee m11-
. ·· 1v ·di"~" poKnu,rs..:napaMeTpHti:ecKHM: >.11 =c."+c..)".rxl-'+(?,x"-2 ct x"xf\+ X X 

( B = C.ol'\.,t , · df-' = C:.O"-~tJ, . 

.Z{anee, npH m.= 0 8TO TOXAeCTBO ec~,yCJIOBHe HHB8PH8HTHOCTH 

npH JIJ0<5blX ).V. B 8TOM c~yti:ae (I3)-(I6) CYTl> K81IH<5poBOti:HHe npeo<5-

pa8OB8HHH, IlP8AH83Hati:eHHHe ,1lJlfi HCKJIJOti:eHHH cnHHa ! y <5esMaccoBoro 

TeHsopHoro nonH, - aHanor 1tanH6poioti:HblX npeo<5paaoBaHHil B aneKTpo-, . 

AHHaMHKe H TeopHH flHra'.'.".MHJIJica •. 

IloAqepKHeM oon1>mym O6ntHOCT1> TOE]J.eCTB,(!7) H (I9): OHH. He 

38BH~HT OT KOHKpeTHoro BU,na (9)~(12) onepaTopoB (}(,,°fr:, 1:, 
H 0 H He H8:U:6HHJIHC1>- 6H npH 111060M o<5o61!leHHH nocne.nHmc.· 

Y1taxe11 Ha CXOACTBO TOlltA6CTBa (!9) c To:.r.necTBOU, rapaHTHPYJ:lIIUlM 

!3. 



13HIIOJIH8~He YCJI013HH, Jiopeana ,ll;JIH 138KTOPHHX none£11E) ( /S/, ~puyJia ., 
' ' ' , -

(II) ) • · oueTHM, qTo Toz.n;ecTllO (I9) 13 npHmume 11ozeT CJIYZHT:& uc-
. . 

X0.1tHlill nyHKTOII (13M8CTO (8) ) ,JtJI_H nocTpoeHHH Teopmr T8H30pHOI'O 

. noJIH c ycJI013Heu l'HJI:&CiepTa-JI~peana. 

2.4. E111.e 0,ll;HH _THll TOlt.1t8CT13, noHa.n;oCiHTCH Hall, Koria W npHCTY

IlHJI K HBX0lr,1t8HHD H13HOI'O 13H,ll;a JiarpaHJ:HaHa. 'HMeHHO, W Ciy.n;e11 paape

maT:& TOZ)l8CT130 

. bll-~=-2,wc.1(.h.rv+'\CS_t(llh,f~QJ-1 +o,,.X!' (2Q) 

c HeKoTopw - X!_. Toz.1tecTBO · (2~) rapaHTHpyeT BHnonaeHHe Toz;ite

CTBa (I9),a, cne;itoBaTeJI:&ao,·H (8).' Ha (4) H BHJta BapHaUHil (I3)-(I6) 

CJie'A3'eT, 'qTO TOllC.1teCTBO (20) co.n;eplltHT npOH3B~JI:&HHit iieKTOP >t'(t,) . H 
' ' 

_ero npOH3BOJtHHe JtO 3-n ,BKJilm!TeJI:&HO. EJiaI'OASPH BTOlfY (20) BKBHBa-

JISHTHO CHCTeMe -4-x TOllt.1teCTB, .· yxe -He C0,1{e·pllt8Dl~ )t . HM8J!HO 8TH 

_.qeTupe T011J{eCTBa Ciy'A3'~ oCicyllt]{aT:&Cij B pa3,1{8JI8 4 BBH'AY TOI'O,, 'qTO 

_ OHH _· CYl!lBCTBeHHo · npoute Toz,n;ecTBa ( 8): B HWC <l>YHKUHOHaJI:&Hble npmrn

BOJtHble · (THna s~~ ' . ) He .n:ml>qiepeHUHPYDTCH no y.1'- • 
~ j4V . . 

2.5. B ,?{aJII>Heilmeu W CYDl8CTB8HHO BOCilOJI:&3yeucH 1.reM, 'qTO Iij)H 

. vrt, ~ 0 narpa~JB:HBH 5 d"x ~' c~t = ;elm.=~ HHBapHaHTeH' OTHOCHTSJI:&HO 

·KaJIH6pOBO'qHb!X'IlP806pa30BaHH~ (I3)-(I6) • 

. " . 

1e) ,, MOlltHO BHCKa3aT:& TaKZEl odll{~e YTB8PlltA8HHe: ,ll;JIH BHilOJIHeHHH 

YCJIOBHH Jlopeana _ O,r,ljr, .. •,t's.=·Q _ , 8CJIH g,}",···}'t~ - ·cmtMeTpHqHoe 

TeH30pHoe none, JiarpammaH COOTB8TCTBYJ011teii TeopHH ;llOJI2:8H y;itOBJieT-

BOpHT:& TOJQ8CTBY fJ\x~*£ =..;.;$Yrt
2 jcl"x ~J',-'·'.j.AsO~,~~t.·"J4s> : 

r,n;e AJ"£"J's - llpOH3BOJiiHHH _ CHW.!eTpHqHJ:dl: T8~30p _ ( S - I)-I'O paH-

, ra, a no]{ Ba:i;m:anuen nonH <!r,·. •rs. -no]{paa~eBaeTcH __ 

i*~ - - a A + -· + 0 , + uyJI:&°T1t1IJIHKaTHllHHe 
j"1'"J'& - J"'.1 J-"t.'."J'(& - ••• }".s"J41'"1&-'i 'qJI8Hl:lo ·. 

To;EAeCTBO Q'q8Bli)tHl,Ul oCipaaou ,UOJ{Hif)mvipyeTCH B\ cnyqae cmrn-TeHaopHUX 

IlOJieit,H806XOJ{HMHX ,ll;JIH-OilHCaHHH IlOJI]UeJIHX CITHHOB, a TaIU:e B cnyqae, 
. ' 

Kor,n;a HeT CIUU,{8Tpl.rn no TeH3opm,w HH,ll;eKCBII. Ilepexo.n: K ,yCJIOBHHM Tlma .,- ~ 
l'HJI:&CiepTa-JiopeHna Tp1rn1mneH. g_ · · 

I 

j 

\ 
' \• 
,I 

I 

-~-
TOlE,1t8CTl30 (8) COCTOHT q>aKTHqecKH HS qeTHpex TOJt,1l8CTl3 

( r ~ I,2,3,4), KOTOpUX J{OCTaToqHo ;llJIH HCKnJOtieHHH qeTl:lpex CTerr~

Heit CBOCiO;itbl (CnHHOB I HO). IloaTOyY·W npeJtilOJIOJtIDl, qTQ HeT HHKaKWC 
/ - ~ - -

APYI'HX TOlltAeCTB •. orpaHH'tlHBaJOl!{WC CTeneHH CBOCiO,n;bl TeH30PHOI'O nonH. 
.. ,.; 

To;EAeCTBO' {8) ripH' m= _ 0 ecT:& TOllt,1{8CTBO _TOI'O THrra, KOTOpHli qmcy- -

pHpyeT BO BTopoit TeopeMe· 9.HeTep./22/. Tor.Ila no Teopeue HeTep H3 
:t. ' 

CYl!l8CTBOBaHHH TOl!]t8CTl3 MOlltHO CHOBa npHitTH K BbIBO'AY 06 HHBapHaHT-

HOCTH, a H8 TOI'O, qTO TOir.iteCTB 4 ( i> = I, 2, 3 t 4) H TOJI:&KO 4, CJI8-:

'A3'8T, qTo BapHaitHH ;itOJilltHH oCipaso:suBaT~ rpynny *l B TaKott nocTaHOB

Ke Borrpoca ocTaeTCH _TOJI:&'Ko BHHCHHT:& orpaH11qeHHH Ha onepaTops, A , 
A , B , · B ... , , npH· KOTopux 'B~pHaLtHH (I3)-(I6) 6y'A3'T o6paaoBH

BaT:&. rpynny, H cettqac w K BTOMY rrepexo.n;mi. 

3. rpynrru BapHaqHtt 

IIOHCK B03UOXHUX rpynn BapHaUHit 6y]{8T npoH3l30,1lHT:&CH B paKKax 

npHHUHITa MHHHMaJI:&HOCTH, KOTOpbltt B rrpHMeHeHmr-K BapHal{Hfill !W IlOHH

Maeu KaK TpeCioBamrn, tiTOCibl npeoCipa30BaHHH He co.n:ePJB:aJIH KOHCTSHT 

C pa3M8pHOCT:&IO .Bl:lllle: qeM cu1• 

0Ka3l:lBaeTCH, t!TO ,1lJIH Kallt,ll;OI'O IlOJIH HMeeTCH TOJlbKO O]tHH BH,1l 

l303MOlltHUX Bap!ial{Hi1, ecJIH Tpe60B8Tb COCiJII0,1leHHH rpymIOBOI'O ycnOillrn 

H JiopeHn - HHBapHaHTHOCTH. 9TO BalltHOe YTBepx.iiemrn ,1lOKS3b!BaeTCH 

nyTeM, anre6paHtiecrrnx Bbll!HCJI8HHi1. He HHTepecyJOlllHtiCH rrpoBepROtl ,1lO

Ka3aTeJI:&CTBa t!HTaTeJI:& MOllteT o6paTHT:&CH npHMO K oCicyiueHHIO B rr.3.5. 

3.I. rpyrrrrH BapnaqHtt T8H30pHoro IlOJUI 

3.I.I. HatIHeM c 11:ccne]loBaHHH YCJIOBHli, npH KOTOpblX,BapHaLtHH 

(!3) o6paayroT rpynny. Ha11Cionee o6utHit Bi.1l Ma~p_Hl{ ~ H A.· , coc-

1e) ECJIH Cibl BapHanuu He o6pa30BllBSJIH rpynny, TO npH IlOMOl!lH 

CKoCioqHott onepa111iH JIH MOlltHO cil-lJIO du nonyqHT:& ilOBl-le TOllt]leCTBa BOn
peKu npe]{nono:m:emm. 

IS 



TO.lllllllX . ~3 ~ KOHC:Ta.HT. ·paauepHOCTH CMI; . CJI8,I(;DDmil:' . 

i A!~,6J' ci.1_(b;f~Vt;b~-J>vf) 8c;>.+(b~fs~6+<&~6cs"~f>~~1 + 
. ~ . - ~ 

; e lbS'6 cv't.+ cs~<tcsv~'o}-f + C z t>6f ~r~~,J~+~r~<s"~ +. ' . 

+ b~l'~'6b)')s+i)'6 'o,~ ~ + d s/'.~1'6 \.~ + 9>,--c O r0 + 

. +~<2.~r).1>vy+'b~~~v~b6t + ~ t S 1411 ~~'l; ~~s + 

. + ~~,E r•p• + btlv~p.+S •• ~l'~j'T +'o./-•"P~ 
• • • I , 

(2I) 

/\ HMeeT Ty' xe· CTPYKTYPY. He BHilllC},IBaSJ OT,I(SJIJ,HyD 'cpopuyJiy, Mll 6y,I(eM 

CtJllTaTI>, tJTO '1.A. 3anHCl,IBaSTCSI corJiaCHO. (2I) ·c'. 3a~eHaMH · ex.~ a!,_ , 
0 'tJJ . .· · / 
0....,, \) ' ••• 'a~<a- ... 

HHOr,I(a HaM 6y,I(eT YA06HO IlOJIJ,30BaTJ,CSJ MaTplltJHOil 3ailHCJ,D, 06~8,I(H-

HHR h.,,, B cxo,6eu. lo .:.n h, \ .. I ' . . . 
. . "'-1!-

npnqeu ria.pa HH,I(SKCOB cl._~ nom1uaeTCJI ImK 0,I(HH MaTpHtJHllil HH,I(SKC. 

, · Tor,I(a· (I3) 3annmeTc.11 Kopoqe 
·' ' 

<o*h = lJ_fE.o'c,>l+(A.f£.o£,}..Y +Wf.><o~~; (22) 

r,n;e. 

( -U f~)fv b~P 'b"~ + <&~~" s + p ~r" 0s-£ • (23) 

'Ilpeo6p~30BaH~SI ,h, '6y,n;yT o6pa30BIIBaTl> rpynny, eCJIH BHilOJIHSISTCSI 

coo:rHomemrn:, c:rpyKTypu Coqiyca_ JIM , . . 

(<o~~<&~L -~;1-i{J~ . it,~~J .. (24) . 

16 

I 
\! 

r,n;e ~:. h., b!._h- " it"h.. cy:r1, Bap11anHH (I3) 111111 (22) c 

qlyHKUHeit Ar , C HSKOTOpoil ,n;pyron q>yHKUH£Ht °A\ H co"CK060tJHOil" 
· 'l r · ,r qiyHKUHen A,K ·, noc:rpoeHHOll H3 A1 H /\9. 

Ilo.I(cTa:sJi!M: (22.) ·B (24) • B peayJiuaTe noJiytJHM cooTHome1me, • 
.• "• 

KOTopoe co,n;epxHT tJJISHU ,n;:eyx nmoB, c Ii,' · ll 6e3 I,_ • 3TH tJJISHbl 
":·· 

cJie,n;yeT CpaBHHBaT:b O.T,I(SJII,HO' tJTO AaeT ,!(Ba COOTHOmeHHSJ: 

(A!
6

'06'>!1. + W
0 >-.fo~ ptr, o\!'t~ ~(A: 6 06Ai + AJ'6 >!9. o~Brl.j?,Of!>A~= 

6 . . . 

=.1J P o6>lc.~ c25) 

[ k.f'6 9 11.f'b I' 11,ckf, ,L Aclf> e, 1' 
I"\ a6xi.. + t-\ >-1. 06 , t\ .0~);2. + . _ )\2. 'b,1,. n. = 

(A. ,f6 '\ S' · f\ p6 · J' '\ I = ~ Oo/\c."+t"\ Acw:.06)Y\., (26) 

J'-t IIo,n;c:raHOBKa (2I) 11 (23) B (25) noKa3HBaeT, tJTo X C.K. ,n;omma 11uen . 

Bll)t 

,r- -v,y)... ( '". \. f ,..., ~ ,.l'\ . "u,=C~ \_.l'l.1..0x/\1.. -1:<J..U)../\i.)-

= (:-a,+c')(xtoyAi~}soy>.~); c'(~{ or\i ->.{ or>-t)+ 
+ [pc'+Ct,+4p)e'] 0~ orA.{->.~ of~~) 

(27.) · 

·. (271 ) 

H YCTaHaBJIHBaeT HSKOTOpHe CBS13M Mlllt,ll;Y KOHCTaHTaMH CC, .(s , • • • 7r'- , 
a! , g' , . . . i' , KOTOpble MH mme 06'be,I(HHMM co CJIS,I(CTBH.11~ 

H3 (26). 

AliaJ1orHt1Ho, cpaBHHBaSJ B (26) HeaaBHCHJrue c:rpyxTyp1,1 (HJIH no~

CTaBJI.11.11 . A -i. H ~ ,._ B Bll,n;e KOHCTaHTH' JIHHSifHOil H KBa.n;paTHtJHOll 

IPYIIKUHil _xf' ), TlpllXO,JtHM K COOTHOl!ICHHSIM 

:.. 

I? 

1 . 

. I 

,-



' 

' ', • i. ' ' ' 

. [/i!-f>. f\"~]=c.J.,~S ,Hf> ~c"~-J.j!, ~fS 
. . \ ., . f "· . n: , 
K~· t\"{b · c.1.,--i'b W", 

y ·• , . 

K" I\~ - fl..."" K-s 
TR'\~''i,) + [f(s, f\"r-1 =0 

·, 

(28) .· 

(29) 

(30) 

(3I) 

noictaBJUUI CDJta t\ ~ /\ ·. B cpoPJ,(e (2I), HaxO.JUill itoliom.Ho . . . . 

woro ypaBHeHHtt. 3TH ypru3HeHHn: BMe(?Te c ypaBHemun.m, no11yqe~Hm,ni' . 

·, H3 (25),. 110:mo CBeCTH K CHCTe11e · . . . . .· . 

' · i' II . l 
.• a! =C.: =ct-:- 1=~ =0, 
a.c=cte1 -:-t.e.' de1,=0, 

. , . 'i . ,. I , f .. 
.. 6=le1.+c')p,+~+itp)e , € .-a.+c, 

. ~Tc:)A ~ i~((j..\.c+id)--:-.0 1 

\ 

.. ·>d1 + ~.J(_CL+CA-tcl) = 0 ) 

(Cl.+c)t +i<i(~.+~u) =, o, ·, 
f'-- 1 e' 

1 
(H4r)e1 0 , e:' (~-1:H)=O, (J2) -

CHCT~Jm ypaB~eBH~ (32) n,~e~ 7 pem;llHJt, _npHBe~eHHHX B Ta6Jim~e ,I •. 

3TIUI cellH BapHaBTaJI C00TBeTCTBYllT '>t« : 

BapHaHT. . . 

, r ,tc"-= -d.~i.or>l;.-x{ o1~) . 

· · " r ... r · · " · · f ") 
2 "" = c.. ~~1. of~2. -:>·~~o/'x-1.• 

3,4,5,6, 7 ""C,tC.-,0 

IB 

-~ 

(33) 

(34) 

· (35) 

i 

2 

3 

1' 

4 

5 

6 

7 

Ta6JIH~ I. PemeHHR CHCTe!.W ypaBHeHHn (32) 

ex. s e' . C. d , e e' :f :J-' p 

a.(J>«.-d) -ex.cl -cl1 
JID6oe. He3aB. ct.+~cl -a. 0 HesaB 2.a."'4cl 0 !l.a.+4d 0 

~(e£-d} -eel -d2. 
0 c:.+1cl C :resaB 1He3B.B. 

2.t+~ci 
0 2.c+4cf 

o· nrodoe 

0 0 0 O· 0 0 0 0 . 0 nndoe •. 

, 0 0 0 0 -"f 0 ' 0 HesaB. 0 JIDdoe 
/ ' 

!. 

0 0 0. 0 0 0 , 0 He3aB. 0 JIE>doe 
',· 

0 -4~+1~t 0 ci . 0 .:..ii, 
I nD6oe 0 He3aB. 0 

\ 

0 0 0. 0 0 -2.+ -2¥ He3aB. He3aB P=-L 
2, 

·'t-· 
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3.I.2. Ha"-1{eHHU8 B8pH8HTll rpynn uoryT 6UTD ynpom.eHH H qacTHq~ 
, .. 

HO CB8A8Hll APYr K Apyry 38M8H811H _,nepeueHHh!X llOJIH. 

[' B BapHaHTax I H.2 npeo6pa3oBaHHH 3anHCHB81lTCH 
- _--. : l 

I) o*h.t-v~or~+o..,~t\+f>of'~0')\
6+0..~6}(h,0"'+ooh"~r6-)to6\,,~0+ -

I~ , , ' ' ~ , ' . . , . 
I 

i +~ 5!~\~hr,+a~~i* "•,--"-'<"f 4d~rlr+o/)lt,,-2f :4d ~J-'11.'>f h-n < 36 J 

t : : . 2f~hJ•v='br)\"+ov~)' + ·~i]4;b6\~ +c.~?\6h,6v+o11'>.6k;6+A606h.r~ + 
! . . .... •:<, . . 
· .. ·+ c~~1)16~h.'4ic18r~sth~r-~!4d@t')'{+ci~~h.n- ic.::c11>~~6~

6h,y.r · (37) . 

. B (36) H (37) npH noifom.H 3aMe~ . . . 

'. 
Ii 

ti 
11 

H 
Ir rt 
l! , 

t t 

I 
) 

11 
Ii 
ii 

:1 

if 

' '. ; 

~ h,r11=:=<.j~v+u.~~v<fsi1, ,'. ~~11=h-~v-:+4t.t,~~vh.Yf (38) 

- C U.= l H u..=: , COOTB6TCTB6HHQ, IIOllHO HCKJil)qHTD KOHCTSHTY ct • 
. ,4; 4C, . . . 

-IlpHBeAeHHHe BapHaHTH. IH 2 3!,inHmyTcH 

<o*.,~t~~;\"+l>v}t+ Pi,r~~)..6+ . _. - -_ - :. . -· I 
·': - - + o.. ':c> ~"\.t6+o }f~" +ho· fL"'"- )\60 h!~ (36 > 

_ . ·. . • ~ 6 - r ... IS. . p r 6 n.,P - - G •P) 

I-~ 'i,*h,;:r~ 'ot'h"+o-J:"' t ~1i~:<,6\~+ . I 

+c. (9r).6 h.P6" to.,~(>lirr6+p.1>f)f~rv +,X6o6~p~~. {37r) 

'qT06H paa;n:HqaTD T6H3OpHUe '.noJIH, ,npeodp~3Ylllll.H6CH no {36:c) H 

- (371)~ MH B nepBOII c;n:yqae immel4 HHA6KCH CBep:xy~ Kpoue TO~O, w 

CH86AHJJ:H Il?JIH HHA6KCOM p~ KOTOpHii xapaK-:repHayeT npe'o6paaoBaHH8 _ 

C KOHCTSHTOit p. 

EcnH BBeCTH B6JIHqHHY' 

· J-4" . , 1411 - · 
<Ar -:--'l>JA"+a.~P , __ 

(39) 

/ 

""' 

,20 

· II 

-' 

I 

. ,. I ., 
TO npeoqpa30Bamrn (36 ) 3anzmeTcit em.e xopot1e 

~* a!~= a.fo -)tci~" +_-_ 1> h-Jaf"0+--po' }..6r1-'',J -)\6 a ,a.J'.v\ . '(40) a p - ~ 6 op , 6 <r p - 6 crp 6 ~ap ) . 

A.HaJiorzq~°.' ]J,JUI B8JlHtlH.HH iPJ'"~1>J"..,+c.h-rr" H3 (37
1

) ~Jie]J,yeT -

b" i p;~ . c:. ~1< >-:.cap..,+ C,},6'¼pJ'6 + ~ il,f 'llrt-<+ A 6 06 '¼ P.I'~ , . C 4 r l 
IlpH C=-ci.. 3axoii ( 41) ecTI> 3aKOH rrpeoe5pa3oBaHHJI 3JieueHTOB uaTpn~ 

IUI, 'oe5paTHoUx MaTpHue \\ <a~" \l .... 3ro _ 3~a:H~, ~To Bap~aHT 2 CBO-:

]J,HTCJI K BapHaHTY 1 (nyTeM oe5pameHHlI Ma.TPHUH) H II03TOMY He Tpee5yeT. 

OT]J,eJI1,Horo paccuoTpeHHir. J{aJiee, npH. p +-- \ , .. e5e3 orpaHHtleHHsi ,· 

06111.HOCTH -MO%HO paccuaTp:HBaTL TOJibKO BeJIHqHHH· - ?{'' ·- ~!"" , npe

oe5pa3YIDUOl8ClI corJiaCHO 

'i,* cal"" = a.~~A'J a/'6 + o6'N"_t6V -}..6 06 9/") -~ 
. . . 

B Ca.MOM ]J,eJie, OT B8JIHqHHH ?("'. LtOJ!tHO B~er]J,a, B8PHYTLCJI K 

c noMoll{M> 3a.ueiiu 

,(42) 

a,}Av 
<TP -

-%j4v = e1,1:' ~\/ 
. p Oo 'lr . ~·('a-

0
=~~tJ\W~II). 

1 
-(43) 

3~_0 rrpeoe5pa30BaHH8 oelpaTHMO npH BC8X . f , Kpoue .· p =- t -. 
CJiyqai:i p=-1 6y]J,eT paccr.mTpeH 'oT]J,eJII,HO. · 

Oe5pa.niaeT Ha cedir BHHLtaH1'1e, qTo ( 42) • COBna.n;aeT c 3aKOHOM lfH~HHW

T83HMaJII>Horo npeoe5pa3oBaHHJI qiyHiau:eHTam,Horo TeH:30pa B pHMaHoBoit .. 

reoMeTplfH (B qiopue JIOKa.Jil,HUX B.apHaUHti, c~~- / 27( H 1281 , _cTp.323). 

BeJIH'lltHH ta-~.., H . ~p~~ npeo6pa.3yDTcir, ImK KOHTpa- H KOBapHa~T:-, 

·- HHii TeH3opu BToporo pa.Hra c BEicou B puuaHQBOti. reoueTpi-rn. 
'/ . 
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I · : 

/ 

" 

: ...._· 

3.I.3. Ilepe«ieu TenepL _x o6eyx,JteHHD APYrHx BapHaHTOB.,HaqHeM 

e BapHaHTOB 3-6: 
. . ,· 

3) fl'h-f" 'orA~+o)f+~<o}'\"o6A6 
: (44) 

,, -0 'i>*l,,rv=orf +o.)'t +pSJ'Vod~G ~-45-CSf~ft h.ys+f ~_rv06~s-h,,r. ( 45), 

5)- B"~,.v' Or~"+o..,)t +):>Srv~<SA6 +! ~r"~6A
6 kJ'f ,· / (46) 

I 

~ ·f>*h.rv ::'c}~)."+,o~)t +pof)E,~6 ~!!f~+Ltp)oo>th-.rv-
.:.. itC.0'4'>."+o.,,">r)h-,s,--\~f 6r~6A6h.rf . (Lf7) 

BBapHaHTax 4 -·6 MOJtHO nepettTHK ROBIDA nepe~eHHHM.IlOJIJI, KOTOpHe . . ~ ' / 

6y~~ npeo6~3~B!lBaTLeJI TaKJte Kalt h,r.11 . B: BapHaHTe 3. 
· BapHaHT 4. eBOAHTea x 3 saueHoti 

_h-f4" ➔ lJ~v . h;;v,+f\w(h,~~t~1). (48) 

, e o6paTHHM npeo6pa.30BaH~eM BH,Jta 

h,fV - lf J'-V•~ t 1)~._,(yi ~ - i q>J) .. (481) 

r,Jte_ h-1.=k~/' ,·h.,:=;h-fvh..1'w •., H aHaJiorHqHo_;tJIJI <f· 

Bap:r,mHT 5 nepexo;tHT .:a 3 noeJie sru.rnHH . \_ , . . ', 

~I';➔ %•. It.I'~ - 8\ br,[Uhc(i+!tf>)t,_(1.i 1.~~~~]- (49) 

.o6paTHoe npeo6pasoBaHHe• BIJrJIJIART. 
. , ' 

hsw ·. ~r"·~½ir~~!l.f~1 +(1.~ip)[11e)(rG_2:!~]3 ... (~9
1

) 

, ' , 

~axo,Heu, BapHaHT 6 eBO)tHTeJI K 3 e IlOYOll{I,D npeo6pa30BaHl1JI 

h.' -+lO · · h.14., · 1 s [ Ath.i • r,,. ~o .. 1+1 · · · ].c ) 
t'" ·., JJ,\V i-~·H1.~ -1Gf "°tt-~th.i-:- ~+~,U'l. (j+i 50 \ 

2i I 

, , 

e o6paTHHM npeo6pasoBaHHeu· 

hrv= 'Q Pl G~¼~99. {~,v- if br\(f 1+iflJ1-
. . i.+2.r, "'I' Hit> - r . . . l . 1 

. · · ' - t1.-i.10~~l~!i;:-)-2.~ 1J 
(501). 

3TH saYeHu He xoppeKTHH TOJILKO_ npn HeRJIDtlHTeJILHOM.3HaqeHHH p=-t . ' . . .. 
BapHaHT 7 

7) i>*h._rv=Or~"+o)!'-1 ~}';o6h6-if~rt+ovA~)~i~ ·. 

-2s'(>tc>r+>"'o0h.1 +J <o)'\/1>6A6h.1. + t' 6rv\6o6h,:l (5I) 

e eauoro HaqaJia eooTBeTeTByeT - p = - l. Bee BapHaHTH npn 'P =- .1. 
. ,· 2 ·. 2 

He npe,l\eTaBJIJIDT HHTepeea. MueHHO, xm( 6y,l\eT noxasaHo npH .o6eyx-

AeHHH_ ypaBHemrn ,l\BHJlteHHSI _B· pa3;teJie 6, npH p =-:-. ! . HeJI~.s.it :_ 

noeTpOHTL A_ruite eBo6o;tnoro ypaBHeIIHSI, 1rnTOpoe 6u onneuBaJIO _enHH 2. 

. BapHaHT 3) eeTL qaeTHllil. eJiytrait BaplialITa I. npH <X.::= Q , 

· 11 nonoizy eoo':rneTeTBYDlllHe Ba.pnarum APYI'HX noJiell, JiarpamimaH l'I x.n. 
', 

MOryT 6HTL_ IlOJiyqe~U IlYTCM npe;teJII.HOrO nepeXO,Jta <l,-+ Q • EeJill 

He BHXO,l\HTL 3a PaYKH YHHHJ,{a.JII,HHX BSaHMO.I{eileTBl'lll, B 3TOM BapliaHTe 
< ' • • l 

IlOJiytraeTeSI TOJILKO xeopHJI eB060,l\HOrOTeH30pHoro rIOJISI (pas,I{.6). 

3.I.4. ll:TaK, Mil Bll.l(HM, qTO OeTaeTeJI HeeJie,l(OBaTI, TOJihKO .. rpynny 

Bap_HaUHii ~" {36!) (BapHaHT I) . .n~sr BapHaUHil (36!) xapa~T~pHO,trTO 

np11 qaeTHOM BH6ope , , 

a.XJ\=co~ (52) 
' 
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,,,. 

.(36.I) ;~Tb 
·, 

npOCTO npeoclpa30J3a1Ilie JIOpem~c>Ba C,Il;Bl1Ta, a ,npH 

· a,}.f .. ' ~f(V 'J.v J U>~v -6:J" ;" = Co11st.) 
(52I) 

- • ,>/ 

(36I) COBna,ItaeT · c JIOpeHUOBCKIDD! Bpa11teHHm.m. IDrnapHaHTHOCTb ·o THOCH-

TeJILHO 3THX. npeoclpa3oBaHHll cBH3aHa c coxpaHeHHeM 3HeprHH-HWIYJI&ca 

·H uouemra K_OJIHtieCTBa .n;Bmcemrn: B cHcTe),{e B3~Mo,n;eilcTB~~x noneil 

coxpaHHlDTCH 'TOJibKO nonmrn 3HeprHH.;.mmym,c H MOJ.leHT KOJIHtJeCTBa ,Il;BH-
! ' ' / ., 

:m:eHHH.· Il03XOMY npH HCCJie,IJ;OBaHHlfBH,IJ;a BapHa.I{Hit ,IJ;JIH ,n;pyrnx noneii. . . . . 

· -JJH ,n;onxHu 6y,n;eu B xax.n;ou cnyqae :rpe6oBaTi., tJToclu · npU' Ct.x<==c.o~ H · 

. a..'l' = :w"' v y.V ·. 3 TH BaplfaUHH. COBna,n;aJIH ·no' BH,IJ;Y C JiopeHnOBUMH C,Il;BH

ratm H Bpa11teHHHMH, COOTBeTCTBeHHO. 

3_.2. rpynnu napHal{Hil cxanHpaoro nonH 

rpynna npeo6pa3~BaHHtl (IJ) - (I6) .eCTI:, e,n;HHM rpynna, KOTopasr 
, - ,\ 

,n;aeT TOX,IieCTBO (8) H TOJibKO ero. ,UpyrHMH CJIOBatm, :Bee IIOJIH ,JJ;OJiltHU ... / • 
' . . . • . 's- . . . ·. . '. • - ·. / 

npeo6pa30BUBaTbCH no npe,n;cTanneHHlD o.n;Holl H Toil :m:e rpynnu, T.e. 
', ·; . ·, ,-., .·' ' . \ . ' 

pe3yJibTaT CK060tJHOH'OnepauHH JIH ,IiJIH JIJD6oro nOJIH.,Il;OJIXeH 6UTb npe,n;-
f I . • . ' . . . . . . - . . ,.,. . , 

CTaBHJl B BH,Iie 11peo6pa30BaHHH C O,IiHOit H TOR xe A CK. (yxe Hai1,n;eH::; 

HOil ,Il;JIH TeH30pHOrO IlOJIH). 

Ha11d0Ree 0611tee npeo6pa30BaHHe cKanHpHoro ·nonsi c KoHcTaHTaMH '\. 

pa3),{epHOCTH CM 3MHCI:lBaeTCH 
\'. 

~*'f . ·s~y'X'J_ + ~'!:,Y.or"f. 
· ·A.HanH3HpyH cooTHomemrn cxpyxrypu 

fil ~"" b}t- ~* , . . . * 
~ >-,_ X1.- >-1°"A,_/tg ='bxc.K-<.g 
, . . ~ 

· B no,n;JieJW.llleM paccuoxpemrn BapHaHTe I c ·ACK. 

B03MOltHOCTPI 
* . 'I ·y 1> tg~ :=- a.x :of~s + 5~,~ <J5 , 

~* . ' 
u <:Y=O. 
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-~·--"--.-- - ---- -------- - - -------= 

(53) 

n 

(54)' 

( ~3) HaxO.I{HM ){Be 

·---~---

. (55) 

(5~) 

. . ..... ~ 
PemeHHe (56) ox6pacuBaeu, KaK Heconna,n;aD11tee npu .I\ (52).c npeo6-

- pa.3oBaHHHMH C,IJ;BHra H Bp~eHHi! CKaJIHpHoro IIOJIH (cu. n.3.I.4.). 

B ocTaBmeMCH pemeHHH-(55) MOZHO orpaHHtIHTbCS 3HatJeHHeM s =() 

H paccMaTp1rnaT~ ~OJl:&KO,. <j>_ ;a <.fo . C 3aKOHOJ.t I}Pe06pa30Bamrn 

i*c.g =-a.:><o.r~ . (57) 

. : 
IIepeXO.I{ OT. \fj K <.g_ MOZHO ocyll!eCTBHTb C IIOMOII!blD 3aMeHU 

. $ 

s 
tg$ = %:O-c; . (58) 

3.3. !'J?Ynnu napHaUHH BeKTOpHoro IIOJIS. 

0611taH ~opw napHal{Hll BeKTOpHoro noJIH, co,n;epz8.JltliX KOHCTa.HTI:l 

pa3MepHOCTH CM, ecTb 

b*S~ =k odx66J\+k' >fo6Sf\+ ta6'>r~6 + e' >r16~6 + --: 

+ m o?f1€6+-hl' A6of~6~€. J"">-.fG,o,..A" By+ h! A~ 0~ sf) . ., (59) 

CHOBa pa3pemaH COOTBeTCTByDmee COOTHOmeHHe CTPYKTypu c x:K (33), 

HaXO.I{HM, tJTO MHTepecyDmHe Hae napHaUHM MOryT HMeTb BH,Ii 

lf «1c.t' ==-lc.<>5).6 ekt':..:. a,.°)\6 <\Sk.r ~ a., ?,r\6 g k:6 

i*~t =ko6~6«{ ~ a.>.6 <>6g.M"- + a. o6}rg: 
b~ gr= k. 06)..

6 Sr -a..X6
, o6Sr 

'b*g}' = 0. 

(60) 

(6!) 

(62) 

(p3) 

Pememrn (62) u (63)'cJie,ItyeT UCKJll!JtllITb, T8.K KaK O~H HC nepeXO.I{ST 
' . B ·JiopeunoBCinte C,ItBUrll If Bpru:teIUI.II BeKTOpHoro. noJIS nPII qacTHOU Bb!-

' Oope ).._V B BifA8. (52). -
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_, 

, I 

I. B Aa.JibHellmeu CYllt8CTB8HHYD pOJib 6YJJ:'JT HrpaTb TOJILKO npeo6pa-

'" 

30BaHH.SI (60) 11 (~I). tITo6u,pa3JIH'IJaTi. ux~ MU BO BT~pou CJiytJae IlH

meu y _B8KTOpHoro IlOJISI HHA8KC CBepxy:. Tax, 3am1caHHU8 (60) H (6I) 

06HapY]C~BaDT HenocpeACTB8HHOe CXOACTBO C 3aKOHaMH npeo6pa3oBaHHSI 
'1 ' ; ' • , ·,. 

, , B pmlaHOBOll reoueTplfH AJISI 

Becou. 

KO- H KOHTpaBapHaHTHHX B8KTOPOB C 

Bo BCeX npeo6pa30BaHHSI~ k UOZHO C'IJHTaTL paBHUM HYJID, T.K. 

UOXHO npoH3B8CTH 38.MeHy nepeMeHHUX BH,l{a 
I k 

-~1c.r == <a~B~ C64) 

~r "- G.,.) . )lapl!allllH .... ( 61) . ·;:. rpeo~DT O~A••i,HO ro ....... ' 

TaK KaK 3aMeHa nepeMeHHUX IlOJISI .e = <At gV , nepeBOAHT (6I) B 

(60) •. 

.'.3.4. rpynna BapHaIU1n cnHHopimro noJISI 

.. I 

BUBOA rpyim BapHaD;HH ,l{JISI CilHHOpHoro nOJISI SIDJISI8TCSI CYllt8CTB8HHO . 

6onee ~~;AHOn 38.,ItatJen. OH 6UJI ,l{aH mi.:MH B '/2.9/ • He ~OBTOpSISI, ,,. , 

xpaTifo cqiopuynnpyeM ·. pe3yJILTaTu. Pa3pemaa cooTHomeHHe crpyxxypu _ 
, . . . . , '; 

r S* ~* ~* ~~). C::* . • . ) . 
\ )11 0~1. """'. 0)\-1. o"i 4'_- o~e" <f . ( 65 

r - .. ~ . 
( c A eic. . ( 3~) ) npu ycno~1m, tJ~o i,._ 4' nepex~.ICIIT D nopeHo;oB.:.. 

cxoe npeo6pa3oBaHne cmmopa npit ~ (52), ~ .ICOKa3aim·B /29/ 

'IJTO rpynna BapHao;nn cri1rnop~oro n~JISI 3anwcuB~eTcsi ·*) 

&it-~ =-:-a.>lo.r'P ·F"f .~rA'V+t!V) 6v~ ~- (66) 

*)O'IJ8BH,l{HO, 'IJTO llCilOJIL3yeu:iiii Hatm cmmop Y.ICB08HHOii pa3uep-
HOCTII ¥ ripeo6pa3yexc~ no 3TOMY ,re 3aKOHy ~ ' ' 

, 26 

\ 

.. ~ :.:.:.......::;==----::-.:. -

., 

B (66) 6v;, =-i..(1"'"~::-0r--.,J · lY/lf,.,+'6/6.r=2brv), 
00 . 

t!'" = L.._ cx..M+n. ctnn. o,.m).t46 (o6)l +oy){>)(.\,t'i~ (67) 

wi,\'\.=,O< " t"" 
r.11e (k"")~6=h!"6s.h,6~C5!L ... h.,6m-i.6 , a h! =\ip=O· 

K03qlqJHIU18HTU cl't\\'\. sa~aDTCSI npOH3B0)1SIII{ell <pyHKIU18ll 

1 ~1+x· -fl+'j o0 h\ 11, 

G,(r-,~") = 2 fi+x J1+Y. = L Cmn.X ~ • (68) 
1+X - 1+';1 m n:=O 

I 

BapHaD;HH cnHHOpa (66) cymecTB8HHO OTJIH'IJaDTCSI OT BapHaD;H~ yxe 
. . \ 

paCCMOTpeHHHX noJieii C U8JIUM CflHHOM (T8H30pa(361), CKaJISipa (55)' H 

B8KTOpa (60) ). nna CilHHOpa XapaKT8pHa H81IHHeHHOCTb 3aKOHa npe~ 
. }\V 

o6pa3oBaHHSI no nOJID ~ • Ha SI3HKe pmre.HOBOii reoueTpllll 3TO 03Ha-

qaeT, 'IJTO cnHHOpu npeo6pasyDTCSI no H81IHB8RHOMY npe8CTaBJI8HHD 

rpynnu o61I{eKoBapHaHTHUX npeo6pa3onam1n~ 

IlpHBe,l{e'u 811{8 TaKllte H8KOTOpHe nOJI83HUe qJOPMYJIU. C n01.1omLD ·c 68) 

:u:o:z:Ho npe.11cxa:Iiwn MaTpnny /j._ = II ~,,.v I\· B y,no6Hoii napa.MeTpHtJecxon 

qiopue 
C>O 

-1 r -2 "(.r. ,..., ;_r:'t. 
A= T: j de e.. L't, J\+J\ ]_ e. , (69) 

. 0 

rAe /\ =.l\od,..)-\!-\\ , a 't.=\\"tli"\\ 8CTL JJaTpHD;a C 31I8M8HTaull 

't~"=b +j_a..kt'" + ... + i ll-1.) •·{i-l'l.+9 cx..tt;(h."')>'"+ -~~= 
f" 2. ' h.. \ ' 

= ( ~1.+ct.kJr" = ( hY4

v' c~~n~v10 (70) 

Ente ' 1\1'"),. *) 
o.n:Ho npe,ICcTaBJieHHe .ICJISI u 

t:!). ·-
0 

).. f, ( ,{'" i 'l.f'>.. _ £> "r_t'" "r. y);\ 
- 6- \ 1> efr, CS~'-!!> ) (7I) 

··) , 'b 't.v>. 
"' llpu B!:I'IJHCJieHUH rrpOU3BO)J;HOii_ <o . d-\!> 

qiopwJJIY ( -e"t. ~ 
b"t.=CX..jd1: e. Sh, e-r't. 

Y;t06HO HCnOJIL30BaTb 

0 
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YKax,eM 38.KOH npeoCSpa30Bamrn: B8JIHtIHHH "t. 

'~~ ~-~'x?JJ7, + t 1,G,f\~+'l..isJ~«/\-?)~+i~'t (72) 

(THJII>,IJ;a 03HaqaeT TpaHCDOHHPOBaHHe). 

B 1291 ;i;aeTCSJ Tax:a:e 3aKOH npeoCSpa30BaHHSJ CTIHHOpOB C Beco.:u. ' ., 

3.5. OCScyx;i;eHHe Hait;i;eHHHX rpynn 

HTaK, ,Il;OKa3aHo, tJTO e~HCTBeHHO B03MOlltHHMH (B pawrax npHHitHna 

MHHHMaJII>HOcTn H C TOtJHOCTI>D ,Il;O 38.MeH noJieBHX nepeueHHHX) npeoCSpaso-
' ' ' . ' 

BaHHSJMH, oCSecnetJHBaD)lU1MH HCKJIDtJeHHe cnHHa I y ieH30p~oro TIOJISJ, 

SJBJISJDTCSJ npeoCSpa30BaHHSJ Te~30pHoro TIOJISJ (361)(CBO,Il;HMHe K (42) ), . 
. ' ·' . (' . . 

CKaJISJpHoro TIOJISJ (55), BeKTOpHoro TIOJISJ (60) H CTIHHOpHoro TIOJISJ (66). 
' • 1-

_Ror;i;a TeH30pHoe noJie He HMeeT uaccu, TeopHSI HHBapHaHTHa OTHOCHTeJII>-
, . ' 

HO _3THX npeoCSpa30BaHHii, HOH~ SJBJISJDTCSJ KaJIHCSpOBOtJHHMH npP.oCSpa3oBa-

HHSJ:uH, no;i;oCSHHMH·KaJIHCSpoBOtJHHM. npeoCSpa30BaHHSJM B 3JI8KTpO,Il;HHaMHKe. 
' . ' 

Ra.K H B 3JieKTp0,Il;HHaMHKe, OHH npOH3BO,Il;SJTCSJ B O,Il;HOll H To« xe CHCTe-

Me OTCtieTa H. HMeDT TO 1xe Ha~HatJeHHe /3□/ • . 3a.MetJaTeJII>HO, tJTO 

' BM~cTe c TeM 3TH xaJIHCSpoBOtJHHe npeoCSpasoBaHHSJ ~opuMI>HO coBn~aDT 
, ' 

C npeoCSpa30BaHHSJMH ~eHsopa, CK~Jisrpa, BeKTOpa H cnHHOpa pHMaHOBOii 

reoueTpHH. l103TOMY MH MOllteM cpasy HCD~JII,30BaTI> npaBHJia ~MaHOBOii 

reoueTpl!H 1{npHllTH K BHBO]G', tJTO YPaBHeHHSJ ,Il;JISJ CSesuaccoBoro TeH-

30pHoro noJISJ coBna;i;am c ypaBHe1rnJIMH reop1rn rpaBHTanHH 3l!HmTeiiHa. 

Ha 3TOM MOJltHO CIHJIO CSu OKOHtJHTI, oCScyx;i;eHHe TeOpHH CSesuaccoBoro -

TeHsopHoro nonsr. O;i;HaKo CSy;i;eT noytJHTeJII>Ho, saxpuB rnasa Ha cymecr-· 

BoBaHHe pHJ,taHOBOM reoueTpHH, Henocpe;i;cTBeHHO BoccTaHOBHTI> narpaH-
_, 

:XHa.H C IlOMomI>D TOE,Il;eC·TBa (20). qro :a:e KaCaeTCSJ MaCCHBHOrO TeH30p-

Horo IlOJISJ, TO BOCCTaHOBJieHHe MaCCOBHX tJJieHOB TOJII,KO H MOEeT CIHTI> 

ocymecTBJieHo Ha OCHOBe TOllt,ll;eCTBa (20). 
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4. BoccTaHOBJieHHe narpaHuaHa B :reop1m 6esimccoBoro TeHsopHoro 

!!21!! 
• 

4~1- Hcno~~3YSI'Tox;i;ecTBO (20) H TIOJIYtl8HHHe BapHaitJ,IH nonen, 

uoxHo HattTm·narpaHxHaH.H nonyTHO npHiiTH x.npaBHJIWl THna xex,xoTo-· 

pue npnueHSJDTCSJ B pHMa~OBOll reoueTpHH npH nocTpoeHHH HHBapHaHTOB 

H.r.n. OxoHtiaTeJII>HHll pesynuaT SJCeH (cu. xoHen npe.nu;zymero pas

;i;ena)~ O,Il;Haxo DOJIYtl8HHe JiarpaHDaHa 113 TOZJt8CTB ocoCSeHHO SJCHO .' 

noxasHBaeT, tIT0 yp~HeHHSJ 3iiHmTellHa, ;i;eiicTBHT8JII>H0, uoryT 6HTI, 

BHB8,Il;8HH B pauxax DJIOCKOronpocrpaHCTBa 6e3 xaxoro 6H·TO HH CSHJIO 

npHBJI8t18HHSJ IlOHSJTHii pHMaH0B0ii reo:ueTpHH. 

IlpH pa3pememur T0JB:,Il;8CTBa MH DOJII>3Y8MCH cnocoCSoM, aHaJIOrHtI

mm TOM}', KOTOphlii npHM8HHJIH .HHr H MHJIJIC 1231. 11 YTHHMa 1241 ,Il;JIH 

Hax0JB:,I1;8HHSJ JiarpaHDaHa B8KTOpHHX noJieii npH 3~aHHHX Tpaiic¢opua

ItJ,IOHHHX CBOllCTBaX. 

4.2. nJISJ 683MaCCOBOii tiaCTH JiarpaBDaHa 

TOE,Il;8CTBO (20) npHHHuaeT BH,II; 

;;G
11 

= ~ \ m=O 1 

b* ;;l" = or X'y. (73) 

HJIH B. pasBepHyTOll ¢opue 
II II l;.J)II 

'?,*;L' = ~!;G~'h!"' + b '£, <ova!'" + ~-c,&.J b* ai-v + 
'b (l_ l"V cf '8 a__l4V (I" ')\ ~ a_,f'W cf))\ y 

d d,~ a,~y 

+ 's~·1)~i +'i,:JS' i*g + s~" ~*¥ + ~~ ~v,\+ 
b8r '.r - ~gr," Y.," ~~ 'S¥,). ' 

,, LP" J-i 
+ 1:,';;[; S"co + ~ol...J b*cg =o X (731) 

b <f J ~<.g,>- ;;. '.r •· , 

r;i;e HH;i;excu nocJie sanJITOii oCSosHat1anr. npoH3Bo;i;nue, Hanpm4ep, 
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81 ) . ./. '"ov-€r ,' a Baplfa.~lf nonen .n;oJJXHu Clu:r:i. B3Hl'll B Blf,IJ;e (_42), 

(57), (60),( ck= O): lf (66). B (73I) BXo.n;n H0lf3Bec:rHaJI BeK-
x."J,C . I"' 

:ropHaa ~YHKIUiH .• OHa .n;onxHa ClHTh nocrpoeHa H3 nonen lf X , 
lf nplf ee onpe,IJ;eJieHHlf MU Cly,IJ;eM OlllfpaThCJJ Ha TpeelOBaHlfe HenpOTHBO

peqHBOCl'lf C lfHBapHaHTHOCThD Ol'HOCHTeJihHO HeO,D;HOpO.n;Hoil rpynnu 
Jiopemta. 

LP" TpaHCJIJJltlfOHHaJI HHBapHaHTHOCTh 03Haqaer, qro ~ He 3aBlfCHT 
JIBHO o:r X ' T.e. qro 

( i~' s~' -~:;£,' ~ Gb~1 

~:£;' ~ ~ J.~ + ~ d-j!, ot+ s d.j!, c)6c)t" 0 'fp, + ~ + S'ls .,. ~'.t' ofe.,(,+ 
~- · ~it <t,6t: J J... ',J..,i.; 

+( ~ ';L. II + i_.;t' Q ~ ¥· + c~ ~ + b ';;C' ~\o (0 . o. UJ'' (74) \.t~ ~1l/1~ t}uJ' 0~ · S ~;i- T-j J'J - Jc,L.;j• 

113 HHBapHaHTHOCTlfOl'HOCHTeJihHO npeoelpa3oBaHHil O.l{HOpO.n;Hoil 
_rpynnu Jiopem:ta cne.n;yer 

(~ '£' ~~I '. b ;£;' ' \ J..~ ~ ~ J.r,. 
2_\); ~•l' + 'o 1';~(\ +, S 'f ;hQ6C):) rs + \, i~; 0_,. 'f + 

S~
11 c~ ~ 'b-~ \ b';;l:;1 

+ 2- S~cl.;s,6 OJ'06·'a-.l~ + ~ (s~ + 3" gy /t Q't:)Br + s s.L,f,:-o,.Sd. + 

+(~~• + 'b ~
1

() '.i_6 1:1! + ~ ~ 0 ¥ + 
i 1!' 'ii lf jt -c) 4 s~ s 1±', s> r 
~~( .. 

+. blO or<g - (JA-p) = o. 
J '~ 

(75) 
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4.3. IlpHc:ry~11 reneph x Hccne.n;oBaHlfD :ro~ecTBa (73I)~ IIocxoJih_. 

xy :uu npe.n;nonarae11, qro B narp~1umaH He BXO.l{HT npOH3Bo.n;me rionen 

Beme BTopoil, a BapHaitHH c~.n;epza:r npOH3BO,D;Hlle , ~~ . He BUme nepBOil, 

TO TOz,iteCTBO (73I) co.n;epu:r/ npOH3BO,D;Hlle >l' He BI:mle J-ro nOpJJJtKa~ 

. Il037'~~. cnei~TBHH H3 TOz,iteCTBa (731) Cly.n;y:r Hcqepn~ll no.n;c:raHOB-

xon B (_731) ''>t('!. )'· B BH)te . 

. Act(_,{)= <ot 
"J\<A(:f.) = ~J. xl-' ; y 

· AJ.f;;..) = s.i. x~x" 
. . f 

(76), 

(77) 

(78) 

. -X-'1-) = 46~ x.~ ,i:~· x)\ (79) 

C q>HKCHpoBaHHlDDil .HH)teXCam'I f, ]'-' , v , )\ • TaxHM oelpa30M, TOJ:~ 

,JteCTBO (73I) 3RBHBMeHTHO qeTupeM TOZ,D;eCTBaJl, nonyqa~MW llO)t(?_Ta~ 
. ~ 

HOBKOii (76) - (79) u yze He CO)tep:s:allUD,l A • ,PacCMOTpHll HX no 
" ~ . ' 

oq_epe.J{H_. 

I) JleBas' qaCTI, TOJ:)teCTBa, COOTB_eTCTBYDD!ero BHClopy (76), ~, . 

:roqHOCThD ~o KHODT8~8 COBlla)taeT c neBoR qacThD TOJ;)teCTBa (74), 
BHpa.sa.J>D!ero TpaHCJIHQHOHHYD HHBapHaHTHOC7'1,. OTCD)ta cne,1tyeT, qro 
-v'/" • ' . ' JI . . . 

.f';:. -=f:=. Q , Tax Ka.It, HHaqe o
1
/£~ = 0 H narpaHEHaH He MOr Clll ClHTh. 

~YHRitHeR nonen. IIpomBopequg ae Oy,1te:r, ecnu BHClparh 

xr ~ ~ a.">t ~'. cao) 

2) Tor~a :roz_itecTBo, coo:r~eTCTBYDD1ee (77), _3anumerca 

(
~';£,'' i~' · 'h~' · · '\ J. (~';;f},'. · l,~' ~\ c1. 

2 .-& ~j~ +_ <z> -~~; 1>~ +. i ~~1: o 6oy ca: ~. ~\S ~~~ + 2 s <a~~:~/S ,~-
_( 'S ~• ~ ~• '\ ~'£);' . ~~n ·.. ~ '£._'.; .. · . . , . 

\:~gt' +Sf>r;;:0 ':)gf_ SSJ. €~,f~ s~~(J,f~ ~'\!!,MY!,f + ',. 
. . (· LO,,· ' LJJ" ~~ ,,. •. , ·~ . F (BI) +..1.... ~ J...> ~ . ... , · . ;i_~~'tr"l _ . ~ II . .• ... 

Lt.~'!! +i'll',~o:t 6n~+~t'"t li'c}Y~o'6cl ~=-1}r~ .•. 
. 3I . 

'· 



II 

AHTHCHWeTpHqHaJI qacTb (SI) COBna;i;aeT c TOX,IteCTBOM (75), BHpa

lltaDll!lfM HHBap~aHTHOCTb OTHOCHTeJlbHO O,ItHOpO,ItHOit rpynnu Jiopem~a, H 

uu BH.ItHM, qTo ,ItOilOJIHHTeJIMiux MO,IUt!pHI<aQHit x_'.'}{ (80) He Tpe-

6yeTcSI. *) 

CH~eTpHqHaSI qaCTb TOJJt,IJ;eCTBa (SI) CJIYltHT nepBHM HOBHM orpaHH

qeHHeM Ha JlarpammaH. B ueJIOM TOJIC,lteCTBO (SI) 03HaqaeT HHBaplmHT-

_ HOCTb_ OTHOCHTeJlbHO npeo6pa30BaHHti IlOJleii C 

AJ'A- = w~" x" (tv\\" = Co~st) 1 (82) 

T. e. .lfHBap1:taHTHOCTb OTHOC.HTeJlbHO IlOJIHOH JIHHeilHOil rpyimu G-L(4t 
co,Itepxamen B xaqecTBe no.nrpynnu OAHOPOAHYD rpynny Jiopenua 

(~'\, =- w-v .r1). 3~eTHM, qTo yxe B pau1<ax G-L ( 4) B03HHKaDT TeH

sopu C BepXH.lfM.11 H HHJIHHLill HH,IteKCaMH H npH yimoxeHHH TeH30pOB TOJlbKO 
I • 

CBepTHBaIIHe nepXHHX .lfH,JteKCOB C HHJltHlUdll CHOBa ,Itaer TeH30p. Hanpnuep, 

cxrump B C:,, l(4) npeo6pasyeTcSI no saxoHy • 

b* <-g =-: wf 6 X:6 of~ , (83). 

a BeKTopu Br, H B~ - corJ1acHo · . 

b* gr =-w.1'6x.6osgr_4 Bf 
b*6r = -0~ 6 )(6 ]f g~+ w~ P gr, 

*)IlpH o6cyx,JteH.lfH BapHaUHii B pa3,IteJle 3 6UJIH OTBeprHyTH 3aKOHll 

,BH,Ita <n~,.=-a.:,loys,., '& .. ~=-CL ~~o.l''lt H BH,lta se,_,..=0, ~=0 , 
<o"'~ = 0 • O_HH npOT.lfBOpeq.lfBH: B nepBOM CJiyqae .nomteH 6HJI 6u coxpa

HSITDCSI Cil.lfHOBHii MOMeHT ~T,IteJlbHOro IlOJISI, BO BTOpOM - :rneprm( H 

.lfMilYJlbC H IlOJIHHti MOMeHT KOJIHqecTBa ,nB.lfllteH.lfSI, qTo HeB03MOXHO np~ 

B3aHMO,ItetiCTB.lfH. Ha SI31.tKe TOllt,IteCTB HCilOJI_b30Bamrn TaKHX "HenpaBHJlb

HUX~ saKOHOB 03HaqaJio 6e, HanpHMep, OTCYTCTBHe B aHTHCHWeTpHqnon 

qaCTH (8I) qJieHOB B.11,Ita 

·'/'b ~· . ~~' \ - 'b;f:.," s ;;(;,'/ \. 
. \'tit.(+ SB.,1,,1:0;,/(t\°'Y~r-~~j'~f) H,JIII (~':f + S 1-l!;t-'\) ~ 6.l'_,.:\i' 
l{OTOpue crum -no ce6e HYJID He paBHH .11 -He MOryT '6UTb CKOMileHCHPOB8.HU · 

ltaKIDl-JI.1160, BU6opou x•t'. Tor,n;a B03IIIIKJIO 6U RBHOEl npOTiiBOpeqHe C 
T0:3:)tCCTBOM (75). 
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TaK qTO cBepTKa 

HHSI 'at'" 
B,. gt' .ecn CKaJISip. HcnoJI13YSI, 3a1rnH npeo6pa30Ba-

'tt 'lJ-t'~. . ~ c.,:/ ~ '>'-6 Of c(" + W)'{y ~j'V + W" 5' 11"5' ' 

HeTPY.ltHO ~H.It~Tb, qTO ~~"iv npeo6pa;yeTCSI I<aK ~f , T. e. c IlOMO!llblO 

~,t"' 11 ~r" uox~o no.14mrnaT~ H onyi:xar1 HH.IteKcu. 

Ilo,1tqep1me11 ell(e pas, qxo w nee BpeWI paccuaTpHBaeu TeH30IJH 

cneUHaJibHOtt reopHH OTHOCHTO~bHOCTH, a BepXHHe H HHXHHe HH,IteKCll 

xapanepm3yDT llX tpaeccpop:i.taUHOHHHe CBOiicTBa OTHOCHT8Jlbll0 KaJIH-

6pOBOqHHX npeo 6pasonan~R G- LC 4) ( a 0Tc10.1ta l1 oTHOCP!TeJihHO od-

ll.lPIX KaJIP16POBOqHUX. npeo6paSOBaH11n, Hatt.iteHHllX B pa3,ItOJie 3 11 <pop-;, . 
/ ' ' . ', 

uaJibHO coBiia,ItaDll!lfX c 06meK0BapP1aHTHHLill npeo6pasoBaHmnm). 

JI.Mee, nplf npeo6pasoBamrnx C,--L(4) 1 cornacHo (73) 11 (80), 
c:. * LP II - f_ 6 .":\ LP /I + w f Jfl 
0 oL.:) -- W ~X U5'_~. p.;l...;i, 

T.e. JiarpaIDJ:eBa IlJIOTHOCTb npeo6pasyeTCH He KaK CKaJIHP (83). 
' . ' . Ll)fll 

Y.it06HO nepetiTH R IlJIOTHOCT.11 d.J 

:£ 111 = ~,,-~i , (84} 

KOTOpafi HMeeT 3aKOH npeo6pa30BaHHH CKaJISipa. 

Haxonen, HHTepecno oTMeTHTb, qro yxe noJIHaSI JIHHeiiHaSI rpynna 

Tpe6yex neJIHHettHoro saxoea npeo6pasoBaHHSI cmrnopa (66). 

Ilepett,IteM K Tper1euy'H qernepTOMY T0%,ItOCTBa.M. 

3) IlO,ItCTaBJISISI (78) B (73I) HaXO,IUtM rpex1e ;ox.necTBO ' . 
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/ 

// . . -

2. ~~.[ ~~v +4 Cf,~' af-v - '5;;CI' a.Lf>.:.. b~' € + -
'o W,r.1. . S° a_ ,S'J.. <J ,6 b n6-~ o, 5' ~ g f 

, J - ,, o,~6 .. : er'"" , :r," +~ ;,¥' f6rv +2'"t..t.l" ! 't::61r~"f + (J.l++v)sO. cas) - ~,r' <A- ~ 
4) qeTBepToe TOZJteCTBO, OTBeqaJJ~ee (79), saIIHCHBaeTcH. .,, . 

' ~~ c,JAL=-0 (86) 
L-.ia . .fcL er ,' . 

. <J,")\ 

-r;lle cyoa 6epeTcH no Bce11nepecTaii:oBK811 HB;?texcoB f,",h • 

4.4. JlJIH HS:BJieqeHHH cne;llCTBHH HS TpeTDero ~ qeTBepToro TOI:~ 
l I / ' • > ., • 

;lleCTB Y:zl06HO nepeit!TH K nepe11eHHiiD1, . BH;ll KOTOPlil no;ztCKS8ll:BaeTCH Teo-. ' 

pueH TaroTeHHH SiHDITeHHa, 

'i, 

Jt<" }'\/ 1). y.v r>- . -t >.6(i ll. ~ --i. a_ \ ·~. -,3 ':· ~'A= - 14v=Ti ,~.t406v+u"i~6-uG"dJ4,, 

. ' {., t,...f >--Yr . .~) .. ' . ' 
- " 1 . I'" - lt'v~\ · ' · f _ f 't f . 

o~'t"'f' - S' - v'I -Y.f Y~v>- -1>hr/4V + T;.v ~)I.,. 
e,.t'"}. - l.t411>- f'°>-" , 

' - ' 
: . , ). 

gv~~~, o,.B"- v,Jv. o,.«"-r.f"Vg)\' 

-~ - ~ ) 1>~4'~ Vr'i' = tbr-rr4) 4', -

r. _.i,_ .L~D a, . _, . ...:., -•. ··1 '(6 . *~) 
.t' - 41. 't L v\!>o~~ + 't: ~£ of''tt-"C 't. G'-s;l ' . 

. ff-~ , o)(lf ~o~~-- (S7) 

'• 
/ 

3!) --{J"'v}.l oaaaqaeT dywy no Bceu nepeciaHC>BKaM . J-'VX. 

H) Cu/291. 't.-:~f. - :meueHTl:l 11aTpmtH, oCipaTHOi1 K l\11'vll 
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O,lUiaKO nps110H nepexo~ K 3THU riepe11eHHIDL B TOX~eCTBaX (85) 

H (86) cJioxen. B1:1ro~Hee nps110Basn Jiarpanuan xax qiyHKIUlD 3THX 

HOBHX mpe11eHHl:lX ~ 

(./)II_ u,''(, '"'" r). AJ' ·, OJ' " n '\J ~ ;\ (88) 
ob -ol..J \.'1d , . ~"' . ,,.,('1, ,o l"v>., Oy, V_,..t>y, <\), rlt', '-f, r~} 

. H B 3THX TepMHHaX 3aHOBO-IlOJiy,IHTb TpeTbe H qeTBepTOe TOJt~eCTBa. 

Hcnon1,syeu Tenep1, Bap1minni. noneit ( 42), (57), ( 60) ( c R=O) H ( 66) 

H BHTeKaDlllHe H3 HHX BapHaIUIH HOBl:lX BeJIHqHH 

* ). .('-9 n>- f T")\ ,P ~)I. ,>.. ri f ): \ 
1, ½'"=-~Oyl_t1v+X,11,...,+J\,"Lrr-"'~lrv+ ,r") 

>- (,<J ,r>- . ,.I' ,r-,.., / ,P ,r).. P y>- _ 
~1ryr-"6 =-a.\x o1 1.f"6+ 1'_,.t' 1. pv6+ /\'" 1.y_r6 +">i,6 -Y."r· 

>. y· 5' 1 r.~ Y ,-, >- f r,A '>- :.\ -X,v tt-v6+X,J"6 pv+X,v&l_r~+~,~" _s,6+-x,,_. .... ~ · 

_ r~ 1 · r · /J ) b* Vr~v=-4oy'vr~v+><,-" Vpgv+N,v V,.o1 

cs* Vr'l£ =-a.[ >J'ofvf~ ~>!,~Vy ~-t~,y~&P)5s~ VJ-4 Y1 
CS* o,-~ -:- -~(!~?°r\.j +>!,r0 vtg) .. 

(89) 

Tor~a qeTnepToe Tox~ecTBP sanHmeTcs 

er,~// = 0 (90) 
~A,.,.,6 

d 
H, CJie~oBaTeJibHO, JiarpaHXHaH ;;{; 3aBHCHT OT BTOpHX npOH3BO~HHX 
aJA" B>- . . <f TOJil,KO qepe3 .14v6 • C yqeTOU 3TOrO TOJlC~ecTBa, B3alleH 

TpeT1,ero .TOJlC~eCTBa, HaXO)U{U 
S;f,I' __ 
<or"··=O, 

II J"" 
T.e. :;f:, He Ba.BHCHT Ta.:n:e H OT 

(91) 

rr~ . 
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4.5. Hrax, w npHmJIH x CJie,JtyDJltHM,BHBO,ll8l(: 

a) IlpH KaJIH6poBoqmlX npeo6pa30BaHilSIX·JiarpaJI:z:eBa tmOTHOCTI, 

npuo6peraer 4- ,1tHBepreuI0110 

b * :£,,, = - a. a (5 (>/ ;i;') . ( 

(92) 

Oua np~,1tcTaBHMa B BH.Jte (84), r,1te ,;;f;/1 npeo6pa3yercJ1 xax cira.nJtp (57). 

, 6) ~PH nocrpoemrn .;l,
1

'

1 

,Jton:z:uo co6J1D,1tancJ1 npaBHJIO o CBepTUBa

HHH BepxHHX H·HH:Z:UHX HH,lleRCOB. 

B) ECJIH 06WlHlle npOH3BO)Ullle 38lleHHTI, 1KOB8PH8HTHHMi(cK.(87) ), 
. . . >- r 

TO JiarpaH1:_eBa. nJIOTHOCTI, He 6y,1teT JIBHO 3aBHcen OT r..,..,, H Ay.vX 

~II= ~II (o/V, ~v),., eV·? vf'ev '~) v~ 11?, <.g ,'o_r~ • 
(93) 

,XOTJI 3TH orpaJI11qeHHJI oqeu1, :z:ecTRHe, HO OHH e~~ He sairpenJIJIDT OROH- ' 

qaTeJILHO JiarpaJI:z:HaHa. IlpHBJieqey ,llOnOJlHHTeJILHO C006pa.zeuHJI IlpOCTOTH: 

no:rpe6yeu, q:ro6u ypaBHeHHJJ .JtBH:Z:eHHJI 6unu ue·Bume BToporo nopJJ,Jtira_ 

H q:ro6u B npe,1teJie q,-0 narpaJizHaH nepexo,JtHJI B cywy cBo6o,l{HHX nar~ 

paHJ:HaJIOB ){JI.fl nonen h.t"', gv ·, 1:t' H ~ • .• Tor,lla .l{JISI ;;£" nony

qae:rcJJ Bnonae onpe,1teneuuoe BupazeHH~ 

;t"=J-~a"vR,· -.i.a>-s>a~'tr, r _ 111.2. a~s,g B -l a,'- o }"' A d' a r)l. 6 ry't" 2. <r x p 

-1 '7...,..., ( °G'o~ Vr't' - (fl vj'·'lS">. 4' 1-M ~ 4-' -
,( ),. .,..2, . :l _j_ 

.-T~ <Ja,.,foy':f-T~W J 'ao 2, ' 
(94) 

~ . . 
r.zte R.r4v= BJ'~" -"TeH3op PHtztzH11 , a l="~v =Vr.€..,-'vvg](= 

=or« ... -()~ gJ' • • Mu 3,lleCI, He BHllHCHBaJIH HerpaBHTaURomme B3aHMO,lleR

CTBHJI. IDc Jieriro nO,llRJIDqHTL. 
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Ba:atHO OTMeTHTii, tITO nocTpOeHHHlt ·JiarpaHJCHaH COOTBeTCTBY8T 

. npHBURIJY IIHHHMMiiHOCTH,.~q,o~:uymipoBaHHOyY BO BBe}J.emrn. XOTH OH 
. . J',V 

q>aKTHtI8CKH np~,llCT8BJIH8T co6010 68CKOH8~Htt pH,ll no CT~neHHY \,_; 

H co}J.eplltHT K~Hco:ra~TH 'paa11epnocu ul" c JinCSW:. HeoTpHUaTe11IiHHII n.. , 

HO B.Ce ST~ KOHCT8HTH Wl~DT_ BH,ll ex!" H npHpaBHHBSHHe uymo JII060tt 

H8 HWC npHBO}J.HT K noJIHO:uy BHRJIIOtI8HHIO B88HMO}J.eltcTBIDt. 

4.6. IIepelt}J.eM Tenepii K ypaBHeHHHM ;itBHzemm. 06pa.THM BHHMamrn, 
. . C 

. ' 
tITO B (94) BXO,llHT T8HSOpHoe none c 8aKOHOM npeo6p880B8HHH (42), 
COOTB6TCTBYIOlllHM 11Becy" p=O~ IlpH_ 06cyz,1teHHHM8CCOBl::lX tIJI8HOB B 

paa}J.ene 5 nae 6y}J.yT HH7epecoBaTii neHyJieBue aHatreHHH·Beca p. 

licnOJII,80B8HH8 uenyJieBoro Beca p MOllteT 61:lTI, Y}J.06HO ll npH nt= o. 
rv y.v . . 

HanpHuep, qacTo npHM8HHIOT BeJIHtIHHY ~ = '!-, C B8COM p=:-I, ,llJIH 

KOTopo~ 663 IlpOTHBope~HH c ypaBH8HHHMH 9ltHmTeltua MOXHO HSJIOaHTI, 

JIHHel!Hoe }J.OnOJIHHTeJIIiHOe ycJIOBHe ()j-\ c~,t"~ _0- 'at'~~ = O / 8- 13/. 

r qToCS~ nepeltTH K JII06ouy p ,llOCTaToqHo B .;i;
11
npOH8B8CTH SaMeHy° 

. 'P 

~" == 'a-p - ~C!+2.t>) ~.., ( ~p = .1>~t 11 ~~v 10, (95) 

oCSpaTHyD K ( 43). CHMBOJIH KpHCTOq>g]8JIH qepes Cl.. }4V aarmmyTCH 
. . , ' d'p 

. r~~ = ~ ~~6(b;<a,p6v+o..,9rpj-\6-06ir.f'\0+ 
., ' . 

(96) 

+ p ('b )..C) +i"'o :XG '}) \ n . 
l\~+1p)~" f' t' v-9rp 9rpyv 6) U'\- <3-p, 

R ~~ .. 
a Y." CTpOllTCH ll8 .1-_,.\V o6uqHHM o6paaoM. 

Ms BapHauuo1moro npHBuHna CJie}J.yeT, tITO ypaBH8HHH, ,llBD8HHH 

}J.lIH T8HSOpHoro IIOJIH ~t" (f ={::. - i_) 88Illl~l:lBaJ>T-. 
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c~) -

_.f±.1{ 2,(, p+:i. ~ 1 

'a-o 2. _ - a.t0,~v- !l(:!+ip) 'A--1.w R;J-
_j_( 0_

6
1; c- E -,.:La_ a>-1a_6i:- r- r::- '\ 111¼ " ~ XJP.€~ 

2. \cf 1
Jta "'t' zt <f}4v-cr <r r)\~'s>'o/-2~~0v-2.(!+1p)~J4v4 ~Y 

. \ . 
.-(_p+'l. }._p ~ b°'t:f\1~ -~ ·;\ 

._ \SQ+~) ~J-'V"C -i s9rj(v)" lV1fxV,4' .... 4' Vf 0>-.4';-

~ "" . . 
1 -1 o"l! 'bs, -1 n l.n.--- ")\ M - _ 

- 4 't.Lt, b ~~v ~~~b-6 't 't.&evf~ ~"sY>. T ;- !l.(J;.~p) %.t4v~4'-

_i~ ~~- ~ ~ ½€ ~ 2. } ,~Ovl!J .t(~) \Jrrv~ 0,.'j01'f + 41'i.+2P)\Jr~v'l''I' =O, · (97) 

( 1:).;_ , ) r,.,-c>-- ;\ -r~ 6)\-
rAe Vj' "( 4'¥5'{).4' =of~ ((/'lS°'5'6"'l\1}+ f6 "(; 4J)fs~>.<.\'= 

=~"(Vf 4'·'6'5 ¥,-.~+-4' 'lSs- t>>-. V.r~J • JlJIH xpaTxocTH ypaBHeHHe (9?) 
aamrnaHo qepea 9->'v "===< i~" , a K · ~" 11oxH6 BepHyTI>CH c nouonu,10 

; , (95). PaayMeeTCH, ypaBH6HHe (9?) M0.ll:H0 IlPHBeCTH K BilHmTellHOBCKOJ.IY 

BVflJ.Y/I/~ . 

. *) IlpH BapDHPOBaHHH YIJ.06H0 HCil0JID80BSTD BUllHC1I8HHH 81J.1J.HHI'TOHa 

( /
3
r;, § 58), corJlaCHO K0T0pUM /J.JIH Il0JIH '3'"'"= '3-~: -t. D orcyrcrBHe 

11.pyrmc IlOJlell ~;:-o>-~~" +o~j'~~: = ~ !1.R.)',/" - . 
;J . . J,). 0 ;;,,>-9 

Ilepexo11. K npOH3BOJIDH0My p ocy~eCTBJIH6TCH C Il0M0IIU,10 C00THomeHHH 

s:t: 'b ~
11 

S ~II (rr,';f.," Cj, ';!;' ~~I~ 'z>'3.lf 
s aJtV -o~ s 11JIV +o~of Sa J4V \.~ aJ.P,-o~sai~ + ()AO.f ~9,J." ~) So...r-v J 

c:rr or,>. <J"p,>-1 -J J,~ ,>-f ap 

, . . -~<J,1.1" 1>1.1.~ 'S'3,I.\!>. 
KOTOp~e J1er1to IJ.OK838TD, HCil0JID3YH ~opuym,1 o>.-sa:'lv=s11i~ ,~= 

c:>- ~~.i.\!' . op,), a,r ""3p,),. _ , = 06 S !l""' , cnpaBe.zlmrnue Bcer11.a, Kor11.a H0B!:le nepeMeHHble He 
38BHCHT 'oT Ilp0H3B0IJ.HUX CTapux. 
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✓• 

R ~.:Lee n ·= _ _g:q, 
t'-" 2. -crrv I'\., - "t It'" \ (98) 

I 

6't '!. i . _ 1 ). Y 6't . · 1. '>-f . ·' 
r11.e - , _ _ _. ~ 

'Tr"='!· Fr!>~i::+~_~,.S":- ll.. ~r4v~2. <! ~ G.6F'1t+m: 'a ~~~.r + 
-t (. - . ,-.y c, CS'Z->-.1~;,.- -- -- - ';\ --

+ :t ,~~" "C: - ~ '6 '}/";:~'¥ Y,.,._ Vy'-!/ - ~ "('>-!JI J'~ 
" _, °'b'tr,j ~S' -_, /,. 1:x- ~ _.:,_ 

+ _T,.1-~ b rv £.o1.'lS,~6rz; "t6-c Vr \..'t lV~s~"l\'J + _M~~"4'~ + 
~ . ' (J. • . 

. -i /, )I ' ·4. -;\ 
+ "br~ ·~v~ - "[ ~r~\.~ S'l)). <foS'~ +r <g tg), (99) , 

113 ypaBH8HHH (98) BI'IIJ.H0, 'IT0" HCil0JID3yeuaH HSMH K0HCTSHTa CBH3H a. . 
' ' ' 

CBH88Ha C K0HCT8HT0it 8itHlllT8t:iHa oCl, CO0THOW8HH8M - O...'J.,= 4ae., ~~ c~e- · 

11.0BaTe1IDH0, c rpaBHT8WfOHHOit nocToHHH0li k B aaKoHe HDJOToHa cooi~ 

Howe~He~ a..'--= 32:r.: k. 811.ecD Ilp0HB:JIH8TCH 0IJ.HO H3 IJ.OCTOHHC;B. IlO:JieBoro 
. ' / . . 

no;l(X0;l(a: aHaK rp~BHTSUHOHHot:i K0HCTaHTU le. ( MH 'c!e--) aBT0M~THlleCKH 
' • - f ,- ' , • 

0K83NBaeTCH 1 Il0JI0l!CHTe1IDHliM,H, CJ181J.OBaTe1IDHO, CHJIU .THrOT8HH.il lJ.OJIJltHI,I . , 

c5l:lTD CHJISLIH, IlpHTmit8HHH ./!8/ • -

lifHTepecHaH aanHcD ypaBHeHH.il 11.na TeH_s;pHoro noJIH ~-"'"'= %~~--t , } · 
no.ztqepKHBSIOll{aH aHaJlormo C. ypaBH8IUUWH MaKCB8JIJia, ClU1Ia npe11.noJ1teHa 

IlananeTpy/I2/ _ . , 

0 '3"f -0~6 q6f -ofo6Cjj-46 + ~~f060). ~}.6 = f e.t'f 1 UOO) .. 

r11.e' 0 - ,,CHMMeTp~'IHhlit coxpaH.il!Ol!lHitCH ( ot' efS' :=0)- TeHa~p sHepr~H -} 

· - HMilYJIDCa 'ncex Il0Jleli, BKJIJO'lafi rpaBHT8UUOHH0e. 8Ta ~opMa ypaBH8HHfl 

HBJIH8TCH C:JI8;1(CTBH8M T0lltlJ.8CTD8 

-IUM 'L ) . 'I.' -~ r _l_ J( · ~ ti ~1 . · ~f _ 6_p _ }'.\6 - 1'6 <!~ R:f 2_ by R., + ~ 1' i -!l.[□~ :Oro6<3 ~Of6q · -+b~~~>-t ~+ 
'-- ~- \ ' ' 

--- i 

a,2- l\ Ov9.. . ~ (,'ti- - 6 f o ts\ a..t (Sz ~2 ~It 
+~o,t(~+8o6Mj"ylG+ 'it \t o6tf-,-X. 6 ,t-\/:-~\S -<>o~rr 

vl/ci;re ~~ \(c . I J.r,~~" - \ , . . . . . . r ' . , rA 
+ 16\..W -'oo CS"x'.,;:}~rr+ 2'1- _b if}' 0 lL/f, {IOI), : 
• 1 - 39 · , 

,, 

"I 

,-



r;l{e MJ-'plo= ~r-~0s,cs"\-~P~~6 - TemJOp uo1,rnHTa KOJIHqecTBa ABHJB:eHHH, 

~ t.6s, - KaHOHHqecKHH TeH3Op aHeprHH~HMIIYJII>Ca., TOE,"l{eCTBO (IOI) ' 

eCTI, CJie,"l{CTBHe TOlltAeCTB ;l{JIH narpaHEHaHa (cK~IlpHJIOEeHHe 3). 

I 
, 4. 7. EJ;le pas no;l{qepKHeM, qTo JiarpammaH H ypaBHeHHH ABmte,mrn, 

o KoTopwc mna pe~ :e aTOLl paa,"l{eJie,.cJ/aKTHqecKH npe;l{cTaBJIHIOT codott 

- _ C5ecKoHeqHue PHAll no cTeneHHJil a. h"" /s,9 I.- STH Pff.ltll He oC5pu:eaIOTCH 

B. '0TJIHtme OT ;l{pyrHX ,H8BeCTHWC noJieB!lX TeopHtt. qTOC5H no11yq.11TI> HBHYIO 
. : . . , )'AV 

aanHcI> 11arpaHEHaHa H ypa:eHe1rnl,i ABHEeHHH qepea noJie h;r , , cJie;l{yeT 

' IlO'ACTa:BHTl> B HHX 

1""' c-· . I_ J,>.V ip =Of'\v+a..n.p-, (!02) 

~Pl""==\4V_; a.~;+a:h.'p,.~;.- ··· (reoueTpmrncirnH nporpeccHH), (I03)
1 

~r=1~a.h.1+ 'f (~-h.tj+ 't (\i~-?>h.,h.9.+2.h~~ (F,~6h~h.1+ 

r,"l{e h,1:::;~d.: p , 
L _ I J..i;,1.i;c!. , 
n.2. - Y\.p t'Cp 

· . (I04) 
+ ~h,ih,~ + ?:>h.\-6\,.J, 

H T.;l{. 

5. tAa_CCH]lH_Q_e __ ~eH:3O].HOe IlOJie 

5.I. Tenepl> oe5paTHMCH K IlOCTpoeHHIO TeopHii ~acmrnHoro T8H8Op

Horo IlOJIH. qTOOl:l He BCTYilHTl> B npOTliBOpeqHe C Jiopem.t-HHBap.t1aH'l'HO

CTI>IO, :e TOllt,1{8CTBe (20)' CJie,"l{yeT IlOJIOJltHTl> 

r =-a.'>t'~ 
' (IDS) 

TaK qTo OHO aanmneTCH 

. cs~;;e, =-2m2.(h.1;"+qir~~)o.,..~ -a.or(>!' .;t;)_: (I06) 

4C 

I' 

. . . -
3,"l{eCI> BO8MOlltHO' cy_l!leCTB8HHO8, o6oC5meHHe, a HK8HHO. B paMKax.·cnHHOBOro-

,, : ·-' . . ' . . ~ . 
. . ·- .. . . 

np1rnnHna MOJtHO B3H'l'l> B KaqeCT:Be HCX~;l{HOro_ TOllt;l{eC'l'Bll .. 

. • &" .1, "' ~ .2, m-•~ ~• (fl:"{}+ ~ 'ii]".fl'Y( lt/~0/--c a. 0/f .)'.'.), (IO?) 

r'Ae ft'" ._ npoHaBOJll>HaH cpymui1rn OT \i"/, 'AQIIYCKaromaH oe5pame,HHe. 'B · . 

caMOJ,l ;1{8JI8, ~ UOllteM npH~HTl> rv aa HOBYIO IlOJl8BYIO nepeMeHny10, H 

" . 
'A11fl ti" H8 TOllt,7:l8CTBa (IO?) (cpaBHH paaAeJI ,2) C318'AY8'1'. JIHH8HH08 ;1{0-, · 

. noJIHHTeJII>HOe ycnoBHe, · orpaHHqHBaIOl!lee · cnHH; 
' • - I . • , 

m,~~rf'4" +q°~v~~t'J . Q: ._. (IOB) 

KOTOpoe B. TepMHHaX ~; HM8JIO C5u :eeCI>U~ H81IHHeitHy10 CTPYKTYPY• 

/ IlO'A h,r B (I06) MU IlO'AJ{aayue:eaJIH no11eBy10 nepeMeHIIYIO,. ItOTOpaH . 

Bapl>lipyeTmi" no 31HHeiiHOMY aaKOHY {36) (HHH (37)) •· IlOHflTHO, qTQ 
, t"I . . .. · · . ' . - . .. . . ·. ' I 

none t I C5y'AeT Bap1>11poBaTI>CH, BOOC51!le roBOPR, no H811HH8HHOMY aa-
. , . .., I 

R·oHy.,_TeM caMUM,nepexO'AH' K 'l'Ollt'A8C'l'BY {IO?), Im OXB~Tl:1B88M WHpOKliH 

K318CC H8JIHHe~HUX B8pHaUlllio 

Paao61>eM narpaHllt8B~ Il31O'l'HOCTI> .Ha 'AB8 ,qaCTH 

·. ...p - 1..P'' , !t LP 
-,~ -cJ...., +.we oV'"'., {I09) 

1....P" ' ' ., ' ' ' 
r;l{e d..:J -"6eauaccoBaH11 qacTI>, He coAepllta!!laH napaueTpa rrc. 11 'rrosTOMY, 

, RaK IIOKaaaHO B paa,"l{eJie _ 4, YAOBJieTBOpRJ0l!\afi TOllt'A8CTBY {~2) ,a m,'-~~ ,,· 

-":u:accoBl:1il 11 q11eH TeH3OpHoro 110.llfi. B Cll11Y (92),(IO?) H (Id9) £m, 
' ., . 

YAOB118TBOpfl8'1' TO~'A8CJBY 

~"~m ,-iG~~ ~'\if\~Ff)'orx' - ~or(t.¼~ .~' (IIO) 

l~I 

, ' 

'\~ 



MacCOBbln l!JieH~m. MOllteT HMeTD CJIOEHYIO KOHCTPYKUMIO H, KpoMe qJieHa,. 

Blx,lleJieHHoro B (5), MOllteT BRJI!Ol!8TD B ce6H H APYrHe BblpaxeHHR. 0A

H8KO MU npeAilOJI~llt~, l!TO ~""' 38BHCHT TOJIDRO OT , ir(HJIH, l!TO TO 

Jite cmme OT h_r HJIH ,t~\/ ) , HO He 38BHCl1T OT ApyrHX IlOJieil H OT 

.. npOH3BOAHUX TeH30pHoro IlOJIR 

·,.. ~m=~mcir). 
TorAa. TOXAeCTBO (lIOJ 6yAeT 8KBI,rnaneHTHO ABYM TOlltAeCTBaM~ IlepBOEi 

· H3 · HHX ( ~OOTBeTCTBYIOII1ee f =C.01\St) npOCTO BblpalltaeT .. TpaHCJIRQHOHHYJO 

· ·llHBapnaHTHOCTD. BTOpoe, no~ytiaiome~cR npn . f iol.f X t'\ , mieeT BHA 

c, 'b~m. J4d.. . · \'.: ~~rtt. '-f> 0/1 N ~ ·_e"V\ · 
,£.Q,s fJ... <lr + a..p·0.rr ~ J.f> % == - .(.0- +.~~rr:r ) -

'¼r . · .<Ar r · CIII) 

, . :~a,b.1-'.r~m.• ·,· 

CBopal!UBaR B (III).HHACRCbl 
\ 

3YJIDTaT, HCKJIIOl!aeu B (III) 

· (III) CBOAHTCR K 

~ H, J . H HCil0JlD3Y~ IlOJiyl!eHHHii. p~t~'!t cJ-t,. Ilocne aToro TOlltACCTBO •' 
~r . -or . . .... : .. · 

2.a. ~~si. + 1.:2..p 'lrl'"~"'--2~rr..ff''+ ;&';[~\l~JcrI2J · 
H AaJiee K 

'o( ~ Q 10!~))··· _l_ a.1l1!1p) bncl.f> fl_ f~J..+~b. l/~] cn
2
I). 

.. \:'. ttt <JP · a. 21P "af <!Pf>l~ i(\+2.p) l<l - • 
' : 

8To TOlll:AeCTBO onpeAe~HeT ~1'4 B 11100011 Teop1,rn TeH30pHoro nom1, B .. · 

KOTOpon BNilOJIHeHO 'AOilOJIHllTeJIDHOe YCJIOBHe (~08). ~HKQHJO +~"(i1) 
MOlll:HO Bb16paTD MHOrHUll cnoco6aMH. MN OCTaHOBHMCH Ha cnenHaJIDHon 

' / 
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' 

'· 

_," 

c])opue !l"" · 
y.\l :\ ( I 11,j'V s \ 

fr ='i<i.\.<A'p · ,-: rvJ ,· (II3) 

"-t'" ' . , . \\ JI."\\"" I , 0 "" ~ • • 
rAe 'kr - a~e~e~Tu ~aTp11uu . (!-p , np1r11eu _ ~p ;=or,v'· . 
8Ta c])opMa OXBaTNBaeT paHee BCTpeqaBmReCH IlOJieBble nepeYeHHUe: 

cJ"-' L~V. ·· : . OW L - ·· rt'" i.(~t'" -~-'\ 
Tp = n;f . , npH n,= 1., 'J" f = "'pr,v npH Wl,.=•I H . J"r. =]L\....'t,;r -:-o'f'\J} 

_ npH ~ = f , rAe 'Lr 80TD ,meueHTU MaTpHUbl \\ ~l"\\-V2.. , . 
' "KopeHD_". HS, iv=(£'"' KaK Mbl __ BHA~JIH B pa3Ae11e 3.'4,. i-lrpaJI B8lKHYIO· 

· poJID npz H3yqeHHH cmrnopoB. IloAcTaBJIRR. (II3) B_ (II2I), nonyq~eu 
·. . -( . '1 . ·, ' ,·. . . ' 

't, ( ~ a_ ,.6~1r)\ - ..:. ..L a, l(!~ f ~ t''J. (n.-1) r4v . , .· ,• 
. ~ '"-ar '} n.<Lifp L %r ir ·--~ ::- . ·.-. 

• . 1 .·· .' (II4) 
1g-f> '5 t'" M,.J., ·. 1+4q 1> rv · ] 

. + 2.{l+~ <A-r ~fr"~r .· - -1+~ ~r '¼P~j -

siro ypaBHeHH~ 'JierKO HHTe~p11~yeTOR_, KOrAa i&~ip)-i~+1P)~ 'li.e. 

KOrAa ' 
n-p+:1.. 

9=~ . ill.,\'\,, 
, (II5) ,-

:B 8TOM c11yqae HaXOAllY 
- i 

.·, ~-rrt = C %; __,;!l.(1:_:\-ip ___ ~_ -t r' tL'('6 r, / 1 . -~L.f¼P -:~LQ_+ip)tJ,+i15 ·. 
·KoHcTaHTyC MOlltHO onpeA~JIHTD H3 Tpe6oBaHHH, l!To6u npn_ 

·:COBUti qneH 6un_ KBaAp~THl!eH n~ Jr . _8TO AaeT *) C, . -
, . , . I 

TaKHY o6pa3oM, Mhl nonytiaeM ceMetiCTBO MaCCOBHX l!1IeHOB . . 

. *) C HC~OJ!D30BaHHe~ pa3JIOJ!temm . · 

a..= O uac-
2.(1.+!t.pl ; 

Yl,(1.2. • 

-t .. Q • 

Cl. - 2.(.H1p) - i _ a.. L · CC- f.1 i. .,. f.,, ~ T , 
OIi · · - i{j+if)Ti.-\- &(:t+ip"fl!~ +~•~i\>/!1.j-

"'.° ¼S:3p; &; .i-6,i,(!+lj,)fJ"~ + i~+'l\>tt~ 
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~ :t.m = .. ':i: {-2E!+1J>)11-;$!.p, -t <(pu+ H0+2p)~n~ . 

=-,.~+~~;' +!~i+2~~h:n-0+~ +6$-2#.\f 8n.~+iptt} (IIG) 

. .· .J.,J.; . :tt.r, ~ . J..~ fY 'rrl- +0(07), ·. .. -
r.ne .h=fp ',f2.=fr Yr ,, j-~=5-r fr fr . YpaBHemte' 

,nBHRemm ,nJIH JJaccoBoro TemiopHoro noJIH aarmllleTCH 
' ,; .·. 'L . - 1 . . . . 

:Jiqy (97) + ..!!L [Ci. !t~H.p) a_ - - a_(.n.-i.)J•"'l- O 
· . rux..2. or aPY." -err J- · (II?) 

·r.ne Jiqy (97) oaHat1aeT 11JieBaH qacTI> ypaBHeHHH (97)". 

YcJIOBHe I'HJII>6epTa-1opeH~a, BblTeKruo~ee 'Ha ypaBHeHHH (II?), c 

yt1eTOM' ( IIS) npHHHMaeT. BIii){ 

m,ifo· -:\tv+ t\.p~i.~-- rJ-l.t-'\=o· HJIH wt,/0 ctt'._,+ n.p+i. 0 a_"'~_-·n (IIS.) 
--~t' P 1.n, ·. yTr ) , . \ t'cip ~\'\, V"3p-)7{~ . · ,.· . ~ 

Ilpu , p =/=- n.+2. (t:1 -=/= - .L) 
, - !l.tt- ' .l\ 

sTo ycJioBie MOllteT 6blTI> CBe;iteHo K 

' YCJIOBHIO JlopeH~a /, 

m.t. ar-tC," o 
J.{JIH STOro CJie;ityeT np~naBeCTII aaMe~y nepeMeHHblX IIOJIH 

' 
f' t"' = .L 1'"1 + np +i ~ 1.n 

r' -rp ~"' r"rr 
' ' ' . ~ ,~ 
CornacHo onpe.nenemuo :tr , 11 fr' , ( II3) H ( II9), mreeM. 

i'it¼ r ~ or)\.., + Ov>t + pbrvo6>f + MyJII>THilJIHKaTRBIILIC qJieHbl. 

'o*~ t'-~ = ~rA" + Ov'>t +p'S. vot$t + eyJI:&Tl:iITJIIDtaTllBHble ~qJieI!bI r . r 
(paayueeTcH, APYrHe). , 

I 

r.ne 

bl =2. h+ \1.+.i '- i'\;+. {-~ j2. 1.1_ 
r / r 2.tt. 2_n1. 
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/(II9) 

(I20) 

I-; 

I 

B S_THX HOllliX. nepeMeHHHX narpa1me1ly IlllOTHOCTI> H .· ypaBHeHHH 

;itl!HllteHH·~ MOlltHO oc;aB~T; B ·\POpMe (94), (II6) H (II7), no.riaraH ~a~ 
· n.y.v .:_ ~ , · · Lt4v ~ b . r1 J . , 14v np+i. b J! 11} 
-~\> -u~~~~~Tp - ~v+n. ..... Lt r'. -i[(1+~n.+21 ~"'Jp' . ; 

. .. ~ . . . ·. . . . . . (II9I) . 

a.!'°" i + o..t" +. 1..:.n, ·o.;5-r~ ,t~v + (-t-n.)(1-~n.) cx,>¥,'~ff-9.'Y + :.~-., 
() p ._·. r.., . p ,· • 2. r r - 6 r r r 

:· , , 

TaKHM .o6paaou, w Ha~JIH ;zpIH MaCCHBHOro TeiisopHoro IlOJIH ,nByx-

napaMeTpHt1ecKoe ceMeliCTBO He8KBH1laJleHTHHX-TeOpHii, xapaKTepHayeMblX 
· . ·. ' . •., ~·· ·, lt,'V 

SHat1eHHeM , napaMeTpOB p1 H tt, •• B KSJKjlOi1 TaKOii -TeOpllH mme .f p' 

ecTJ~ cynepno311UHH CiliiHa 2 C Maccoli tr(. H CnHHa· 0 C Maccoll nt0= ' . 
~m.~-i~;- BTO' llH;&HO HS _cBO~O;&HOro ypa~HeHHH '.nJIH COCTaBJIHIOJneli 

IIOJIH CO CJIHHOM O . , 
• '. I r 

i.+p rlJ4V ·+Wti.{IJ,IV =0· 
-1+2..p' □J"p• ~) . J"~I (.o), , 

( CM. IlpWiollteHHe 2). OTCIO]{a CJie.nyeT, tlTO. SHatieHHH p1 3aKJIIOqeHH B 

. npe]{eJiax - 2 ~ p' <. .:. I (1rna11e uacca cxaiHpHoii COCT8BJIHIOII\Cli IlOJIH 
1f;," 6a~a 6a'irnHMoli):. l cny11ae -B~aHuo;neiicTBHH npH '1.t->·.!' npe]{eJIH

1
, 

CTaHO~HTCH 60Jiee ysKH~H, Ta~ KaK HS. (!20) CJle;ityeT; ·· tlTO /). ;_ t\.~!i ~. 
' . I , .• 

, IlpH' p =.;.I MaCCH COCTaBJIHIO:(HX co CIIHHOM O H 2 COBila]{ailT, a npH 

ylleJIH~eHHH p' ;no-. f uacca CKaJIHPHOii COCTal!JIIDO~eli MOHOTOHHO 

y6HBa8T ;no HYJIH, He ';!tOCTHraH HHlltHe'1 rpami. Ha1116onee HHTepeceit 

. CJiy~alii_ p1 =-:2 ( B03MOlltliliit npH n,2.' l ) , 1l K~TOpOM H::inyq~eMH~ qac- . 

THUbl O6na;na1>T ,TOJII>KO CllHHOM 2 ( TaKJ:e KaK H 6eaMaCCO1llle rpa1!11TOm~). 

OcTaef~H o6cy;nHTI> c.nyqa_lii '\ = n.i::L _, = ~ ¾ ·' Kor;na ycJIOBHe 
. . . . 

, I'HJII>6epTa::..iiopemia (II8)_ HeJII>SH cBeCTH K ycnoBHD JlopeHua. B aToM 
. I 
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~\/ 
CJlyqae IlOJle :fr HLl88T KOLIIlOH8HTll co CilHHOLI 2 H uaccoii m, H co 

CilHHOLI O H,HyJleBoll MaCCOH (cu.IlpHJIOZ8HHe 2). ]106OIIUTHO, '!{TO He

CLIOTPH Ha HaJIHqHe MaCCOBWC qneHOB TeH8OpHoro H BCex ,1tpyrHX rroneii, 

npH 9 =·- !. < H TOJII,KO npH q = - I> TeOpHH HHBapHaHTHa OT-, 
. 4 · 4 f 

HOCHTeJII>HO I5-:-napaMeTpHqecKoii ICOHg)OpMHOii rpynpu c~ (cM.BH,1l A 
B n.2.3). HanoLmHM, t1To npH ncex ocTan:r,Hmc @opuax uacconoro qneHa 

TensopHbro nonH, Teop1m ,1tomirna Clb!TI> HHBapHaHTHOii JIHm:r, OTHOCHTeJl:&

HO HCO,1l~OPO,1lHOli rpynnu ]opeHua. 

TaKHLI o6pa3OM, npHHUHil orpaHHqeHHH ,rro cm1ey ,itJl!l MaCCHBHO-
' 

ro TeH80pHoro IlOJl!l ,1taeT UCJlllH Ha6op TeopHli, B TO BpeMH KaK ,1lJIH, 
, I ,/' , 

6e3148C(?OBOro ~eH3OpHoro . ~OJI!l .nonyqHJiaCI, O,1lHa e,1tHHCTB8HHa!l Teopirn -

TeOpHH 8iiHmTellHa. YpaBHeHHe (II7) OTJIHqaeTC!l OT ypaBHeHH!l 8i1HmTell

Ha C KOC!JOJIOrHqecKH~ tlJleHOM /I/ IlOCJie,itHHM .tmenoM B JieBoii tiaCTH. 

8Ta ,1lo6aBKa HapymaeT O611teKOBap11aHTHOOaI, TeopHH ,H npHHUlm 8KBHBaJICH

THOCTH. BuecTe C TeM paBeHCTBO'HHepTHOii H "rpannTaunoHHoii" Mace ,. 
OCTaeTCfl ]3 CHJie. 

EcTeCTBeHHO, 'l{TO B 8THX TeOpHHX CT8THqecKHH IlOTCHUHaJI IlO,itO-
/ 

•6eH noTeHUHaJIY IOicanu, a He KynoHa, B.TO BpeMH KaK KOCUOJ10rHt1eCKHii 

'l{JleH He ,11aeT pememiii C IDKaHCKHll noBe,lleHHeil. B npirnunne ., TaKHe Teo-

PHH uoryT 6HTI> uonesHH, ecJIH rpaBHTOH 06~a,1taeT uac_con {~oneq~o, 

oqeHI, uan~ii), H .itJIH on~camm KaKux-m16O ,11pyrHX T!li:teJIUx qacTHU · 
I • 

CO Cill'IHOM 2, eCJIH OHH cy~CCTnyIOT. 
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, 6. HecoCTOHTeJII,HOCTI, napitaHTOB 'HerpaBHTaUHOHHOrQ THil~ 

B, paa,1tene 3, o6cyirJtaH B03LIOlltmie nHJtH :eapHauidl T8H80pHoro IlOJIH, 

. w rio~asami, ~To nee. oHH. npH p. 'f - l :ec·e oHH c:eoiHT~~ -K rpaBHTa-;- - · 

UHOHHOJAY :eapHanh· I H K ero npe.it~JII>HOMY cnyqa10 npH a.=0, -T.e • 

ic :eapHaHTY 3. rpaBHTaUHOHHblii napHaHT 6HJI .no,1tpo6HO HCCJI~,itOnaH Bblme. 
- ' " -- . . 

OcTaeTcH npoaHaJIH8Hpo:eaTI> oco6Hll (.ztJIH :ecex napirnHTOn) ceytialf 
-. - 'I - . .· ·. ·• .'r . . ' 

p =. '.'" '2' H :eapHaHT 3 (a,= 0 ) , c p f .,.. '2' • 

. . . . .. ·, - I 
6.I.,Oco6Hii CJlyqaiti> = -z 

HaHCSoiree OdlIUlli BH.it_ yp~BH8HHH_,1lJIH T8H30pHOro_ IlOJl!l CJ18,1lYIOll\H!:. 

'cL O t\,j.\V + ~ ~ r1)6n,6V+ 0J}6~;~)+ ~1)J4V~~f ~~f+ i, 0r0)l~ + 
,. " '. '. ·,~ , 

, , 

+e,b
14
,,0l\:t- MacconHe IL nemmeltHHe qnem(,== o. . (I2I) 

B cooTBeTcTnHH o Hac-roantHII no,1tXo,1toM/npH m.= O ypanHeHze (I2I) AOJillt-. : - . ' . 

HO CSblTI> · HHBapHaHTHbILI OTHOOHTeJII,HO paccMaTpHnaeMblX npeoCSpaao:eaHH'1 •. · ., 
\ ' . .. ~ . '~ / . ' . . . ' ; . ~- .. 

IlO8TOMY BO BO!IKOM CJIYqae H8OCSXO,1lmiO, qTOC>bl'qaCTI, ypa:eneHHH, JIHHeil-

,: HaH ,rro BTOpblLI npOH3BO~~M h,t'Y ()bJ:Jla HHBapH8HTH8 OTHOC:HT8~I,HO llHCi'O 

aw:tHTHBHOro npeoCSpasonaHHH 

~~h.J""=?Jr>t+~~>!' +'p'1).rv1'6'A6., 
' , I ' ' :· • j 

{!22) 

He8aBHCHLIO OT _nH,ita yYJII>THllJIHKaTHBHOH qacTH npe96pa30BaHHH., HeTpy,it.;,; 

no npo:eept1T~, qTo, npH p = - ½ TaKa~ HH~apHaHTHO.cTI> J1irnellHHX qJ1eHoB 

,nosuoEHa TOJII>KO ·Tor.ita, .KorAa cl= J!, ·~•-_)( =' O. Tor.ita 8TO ypaBHeHze He " ' ' \' ,' 

co,1tepiu1T oCS11tenpttHHToil mmeTzqecKott qacTH no.it cmm 2, H, n nyqme11 . ' ' 

cnyqae, IIOllteT _ O~HCHBaTI, TOJII>KO CK8JIHPHO8 -n~Jie h-'1 •• TeM cruwu ,1lOKa-:

aano, qTO nee napHaHTbl. npH p = - 1. He npe,1tCTaBJIHIOT ltHTepeca H ,1lOJIZ-. ' < 2 - ·', , 
Hbl 6HTI, OTCSpomeHH. -.. 
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6.2. BapH8HT 3 

KaK Y)Ke OTMeti:aJ1oc1,, BapHaHT 3 _MollteT CililTl> noJ1yti:eH Ha rpaBH- . 

TaUHOHHoro BapHaHTa I nepexo;ztoM K npe,1teJ1y' <J..-.> O • IlpH nepexo;zte 

' a..- 0 B (94) :ace B38l'IMO;zteiiCTBHH BlilKJIIOll:810TCH, a ll:l'ICTO rpaBHT8UHOH

H8H. ll:8C~l, (94) nepeXO.I{l'IT B HaHCiOJlee oCintHli J18rp8Hl!tl18H ,ltJIH Cl30Ci0,1tHOrO 

6eauacc.~Boro ieH30pHOro noJIH ( IlpHJIOlll:eHHe 2). Ilp11 <X.. = 0 TOlll:;zteCTBO 

(III) npl'IB0,1tl1T K CB0,60,ltHbIM M8CCOBlilM ll:JleHaM ·• vlTaK, Bapl'I8HTY 3 OTBe:- · 

ll:8IOT CBOCiO;ztH~e ypaBHeHHH, a Ml'IHl'IM8Jll>HbIX B38HMO;ztelicTBl'Iii HeT. 

B C8MOM ;ztene, IlOIIbIT8eMCH IlOCTPOl'ITI, B3811MO,iteitcTBl'IH. IIpH STOM, 

aa . HCKJIIOll:eHHeM IlOJIH h, rv ' npeo6paay10iuerocH no 38KOHY ( 44) ~ OCT8JII,

Hbie n6JIH ·l.j ' 6~ 11 4'. MOEHO Cll:MT8TI, Henpeo6paay101U11MHCH. (Hanprr

Mep' XOTH OCintaH qiopMa BapHaUHH CK8JIHpHoro IlOJIH eCTI, i cg= s 06'/\6 ~ -, 
HO 3~!-feHOH_ nepeMeHHbIX IlOJIH _ tg ~ tg_' = e,<t:> t :t.Q-\-2.p>h,~ ~. ~Olll:HO !CBe.;.• 

CTM B8PH8UHIO K Hynm: 'S i..gI -0 • Tamu.m Jlte aaMeHaMH MOllCHO oCipaTHTI, 

B HYJII>. H 13apHau1,m noJieii €.f'\ H f ) . IloaTouy B HHBapHaHTHHe iaamao-, 

;zteiACTBHH IlOJie h,rv MOllteT BXO)lHTl, TO,JII,KO ti:epea HHB8pH8HTbl, IlOCTPO~H

Hble uenHKOM Ha h,I"": • · TaK:r.ie BaaHMo)lei!cTBHH, HanpHMep, S tg(j f.i.m.½ R= 
[ 

P+2. . L ] . cx. ... o 
== f ':Y':9 - !tU+2p) D h..,.t' + OrOv n.,rv ' C O;!lHOH CTOpOHhl, CO)lePJ!ta_T 

KOHCT8HTbI CBH3H paauepHOCTM Bblllle, ti:eM cu, H CJie)lOBaTeJII>HO, He . Hl3JIH-

IOTCH MMHH~8JII,HHMH, a, C ;!lpyrott CTOpOHbI, B006nt~, IlO-BH.I{HMOMY, Hl3JIHIOT-

CH qJHKTHBHblMH. _\' 

/ 
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7. 8 AK R ~-q EH H·E 

8£iwnTeiiH:•no;ytiwi_ c·BOH 3HalleHHTHe ypaBH6HHH 1rnyia:HTeJII,OO no . 
- / • y • -- • , -~ • ~ • ' ' ~ 

, KpacoTe, CTpOJ;iHOCTH H JIOrHKe KeTO;!lO:U:, BBO;!lH C ca11oro Hati:aJia ·. IlOCTY.;. 

naT-,o6nteKoBap~aH~Hoc~H H pH11aH~Bi KeTpmey : dl-~ ~)wdx~ dxv 
/ j .. • • • • ' • • • , ~ 

,; H HCilO~l>3YH IlOHHTHH pHM8HOBOH reoMeTpHH K8K reoueTpHH qJH3HqecKoro· 

:r,,mpa npH H8Jil'Ill:liH THroTeHHH. YpaBHemrn SiiHlllTeiiHa Yll:HTbIB8lOT . 3akOH 

.. paBeHCTB8 HHepTHOiA H rpaBHT8UHO~HOH Mace~ ripHHUHn SKBHBaiieHTHOCTH 
I ,\ ' • 

H B Hepen~THBHCTCKOM npe;!le~e nepexo,itHT B ypaB~eHHH TeopHH THro-

TeHHH liI>IOTOHa. 
'-

, 's~11eti:aTeJil>HO, ll:TO H B IlJIOCKOM npocTp8HCTBe:..BpeM.eHH eCTI, npPIH.:. 

uun, KOTOpHii Be;!leT K · ypaBHeHH.!DI SitHmTeiiHa. c me Hem-rneitHoii cTpyKTY..:. 
' -

pon,· __ • CilPIHOBHii npHHUPIIl. 

lru. He pacc11aip1rnaJIH cneUPiaJII>HO ypaBHeHPIH ;!lBHJB:eHHH _MaTepHaJII,-: 

HOH TOll:KH'B none THroTeHHH, HO PI OHH,oti:eBH)lHO;CoBna;ztalDT C 8HH!llTeii~ 

HOBCKHMli; Cl!060,l(H8.HMaTepHaJII>H8H ll:8CTHU8 C KOOp.ltHHaTaUH xm-H_Mac.:._ 

coli tn OilHCHBaeTCH l3 cneUHBJil>HOH ·TeopHH -OTHOCHTeJII,HOCTH narpaHJJtHa

HOM 1281 L .. -m.) ~.:. dX,'4cl~ , r;!le XLt= -i. t, • IlpHBKJIIOti:eHHH 

B3aHMO)leitcTl3PIH' c rpaBHTaUHOHHHM .noJ1eM ]{OJil!tHO co6nIO;!l~TI>CH cnHHO

B,oe .ycnoBHe. Tor]la npa1nma, H3JIOJKeHHHe B .P83,1lene 4, ,Be)lyT K o6me-. 

· · npHHHTOMY narpaHJIH8HY ll:8CTHUH B none THroTeHHH 

L ... -»i-~ ~-~~"dx.rdxv_> 
8To: JmpaJKeHHe ,l(OJIEHO 6HTI, ]t06aBneHO K narpamrnaey L = 

' = 5d(x.¼"(x) c ;£;'(x) (94). 
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IlOCKOJII,KY ypaBHeHHH ;ztBIDlt6Hl,IH ;ztJIH nonen H qacTnl.( B IlJIOCKOll 

npoc-rpaHCTBe COBna;ztaJOT C 8ilHmTeiiiHOBCKHWI, TO OHH ;ztonycKaiOT nepe

XO;zt K allHmTeiiiHOBCKOMY reoueTpHqecKouy HCTOJIKOBaHHIO. B aToiii CBHaH, 

KaK no;ztpo6uo H qeTKO npoaHaJIH8HpOBaJI THppHHr /IS{ o6a IlO;ztXO;zta OKa-

8liB8IOTCH 8KBHBaJieHTHhlllH. 

HecKOTpH Ha paaJIHl!He B HHTepnpeTal.(HH npocTpaHCTBa-npeMeHH B 

TeopeTmto-noJieBOM H reoKeTpHqecKOM no;ztXO;ztax, o6a OHH ;ztaIOT O;ztHHaKo

BHe rrpe;ztcKaaaHHH Ha6JIIO;ztaeMHX aqi(peKTOB (cM./IB,I9/)~ B CaMOM ~ene, 

pacqeT o~"JlOHeHHH CBeTa H.npenecCHH nepereJIHH Meph-ypHH B TepMHHaX 

IlJIOCKOro rrpocTpaHCTBa npa aa;ztaHHHX ypaBHeHHHX ;ztBHliteHHH Irnqey He 

oTnaqaeTcH OT o6h!qHoro (B TOM BH.ite,Ha~pHMep, KaK aio HSJioxeHo B/32/) 

Xopomo HaBecTHO TaKllte, qTo npaBHJI:r.Hoe aHairnmrn KpacHoro m.i:entemrn 

MOlltHO nonyqHTI, npHMO Ha OCHOBe 3aKOHa coxpaHeHHH 8HeprHH. 

TaKHM o6pasoM, CTapHiii no;ztxo;zt," HCilOJlh8YIOIItHH IlOHHTHH aaKOHOB 

coxpaHeHHH CHJI H nonen (B TOM qncne H rpaBHTanHom10ro), oKaah!BaeT

cH npHeMJieMWi B,TeopHH THrOT8HHH, Hapw C opHrHHaJI:r.HUM no;ztXO;ztOM 

3ttHmTeitHa, B KOTOpm.i THrOTemie CBe,l{eHO K HCKPHBJieHHIO npocTpaHCTBa-

. BpeMeHri. CHJihl THrOTeH~H ;zteilCTBYIOT Ha MaTepHaJI:r.Hhle qaCTHl.(li TSKHM 

o6paaou, qTo 8TH qacTUl.(H ].{BlllltYTCH no TpaeKTOplrnM, KOTOpb!e HBJIH

IOTCH reo,l{eaHqecmurn 'B COOTBeTCTBYIOnteM pHMaHOBOM IlpOCTpaHCTBe. B 

noJieBOM no;ztXO,l{e pacnpocTpaHeHHOe CTpeMJieHHe C,l{eJiaTI, nee nOJIH paBHO

npaBHbIMH ocyri(ecTBJIHeTCH rryTeM CBe;zteHHH rpaBHTaI.UWHHoro IlOJIH B paHr 

o6blqHb!X noneit, a He rryTeu reoueTpHaanHH ncex noneiii B ;ztononHeHne K 

rpaBttTal.(110HHOMJ. 

BMecTe C Tel.I OTM6THM, qTo nOCICOJl!,Ity B OCHOBe Hamero HCCJie;ztOBa-. 

HHH nexan narpamteB iPopuamrnu, To nonenoti uo;ztXO.ll TPY.itHo pacnpocTpa

m1T:r, Ha ocicy:.t,l{eHHe KOCMOHOrHqecKRX npo6Jieu. 

1.-,·1 
::>u 

~ 

IloneBoiii no;ztxo.it o6HapyxHnaeT rny6oKyJO aHanorHIO B_ npapo;zte 

ypanHeHHfi 8iiiHlllT8i1Ha li MaitCB83IJia ( a TaKllte ypaBHeHHli flHra - MlfJIJICa): . - •, 

Bee· OHR uoryT 6blTI,. Bb!Be;zteHhl H8 CIIHHO~o:r:_o IlPHHl.(Hmi. 8Ta aHaJIOrlIH 

IlpOCTHpaeTCH ;ztOBO~I,HO-;ztaJieKO. Tait, XOpOWO H8B8CTH0 1 qTo BO BCeX . ,· 

' 8THX ypaBHeHHHX HCTOqHHKaMH cnyxaT HeKOTOpble coxpaHHIOntHeCH T8H30- \ 

phi: coxpaHHIOntHeCH BeKTOPHhle TOKH B ypaBHeHHHX MaKCBeJIJia H HHra-M1m-
l • ' 

JICa H coxpaHHIOntRiiiCH Te_H30p 8HeprHH-HMrryJI:r,ca B ypaBH8HHHX 8ilHlllT8itHa 
' • ' . • • I 

(cM. aanuc:r, nocne;ztHHX B wopMe IlananeTpy (IOO)). nanee, ;ztna ncex 

8THX Teoputt bpaKTepHa ymrnepcaJII>HocT:r, KOHCTaHT CBH~H. HaKoHe~, 

ypaBH6HHH MaKCBeJina, flHra-MHJIJICa H 8ttHmTeiiiHa HHB8pHaHTHbl OTHOCl1-. . 

TeJII>HO COOTB6TCTBYIOlllllX rpynn KanH6pOBOqHblX .~peo6paaonaHHtt, orpaHi-

qHB8IOIIIHX IlOJIH no cnmiy. B 8TOM CMblCJie TeHaopHoe none 6JIHl![e. K noJIIO 

·HHra-MHJinca, noCKOJII,KY OHO npeo6paayeTCH He Ton:r,~o aMHTHEHO ,Ho 

H MYJII>THilJIHKaTHBHO. neno B TOM, qTo 8JieKTpOMarHHTHOe none HeHeceT 

aapH;zta, B TO Bpeirn KaK none _HHra-Mimnca o6na;ztaeT - HaoTon11qecKHM 

CIIHHOM, a T6H30pHoe none HeceT 8HeprHIO H HMrryn:r,c • 

B 8JieKTpO;ztHHaM11Ke qacTO OKa8h!BaeTCH y;zto6Hb!M aaKpenHTI, KaJIH6~ 

POBKY C IIOMOIIt!,JO ycJIOBHH JiopeHn~ ot'AJ.\-0 ( JIOpeHI~OBa ia~H6poB~a). 

AHanorHqH0-3TOMY B TeopHH TaroTeHHH MOJKHO saKpenHTI> KanH6poBKY c 

no.MOntI,IO ycJIOBHH rnJII,6epTa-JiopeHna drh.r'+ q,_ o.)J'{=O .• IlpH 

mo6oM 9 I - i OHO MOl!teT 6b!TI, CB8,ll6HO K YCJIOBHIO.JlopeHl.(8- at'~"= a. 
IlpH' q = -: z IlOJiyqaeTCH e111e O;ztHa B03MOiKH8fl WOpMa Jll1HeliHOr_o ;ztOITOnHH~ 

T6JII,HOro YCJIOBHH, aaKpenJIHIOlllero KaJIH6ponKy TOnI>KO c TOqHOOThIO ;ztO . ) , . ,., 

npeo6pa80B8HH.M 15-napaMeTpHqecKoU KO~WOP.MHOit r'pynllbl. Ilo1rn TO HJIH 

HHO~ ;ztonoJIHUTen:r,Hoe ycJIOBHe He HaJIOliteHo, rpaBliTOHhl co CilHHOM I 

npHCYTCT_BYIOT I HO He BJIHHIOT Ha ;ztHHaMHKY, TaK K8K COOTBeTCTBYIOntHe 

KOUnOHeHT~ 1,J.\V He onpe)teJIHIOTCH ypaBHeHHHMH ,1{Blillt8HHH H OCT8JOTCH 

·coBepmeHHO npoHSBOJII>HblMH. Hano~eHae .itononHHTeJI:r,Horo ycnoBHH non-
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HOCTJ:,ID HCKnIOqaeT rpaBHTOHbl co cnHHOM I HS T80pHH. HHTepecHO OTMe

THTJ:,, qTo npH reoMeTpHqecKOM nO)UCO)t8 ycnOBH8 ot'h!'~ = 0, HnH, UO 

TO l!t8 CaMOe, Or ~t4v = 0 /I0-I3/ HHT8HCHBHO HCnom,aoBanoc:r, (J;OKOM/I3/ 

)tnfl saicpem1eHHll rapMOHHqecKHX, KOOp_itHHaTHHX CHCTeM. 

rynTa/8,9/ H (J;eiiHM8H /IS/ npo_iteMOHCTpHpOBanH, qTo ToqKa spe

HHll Ha ypaBH8HHH 9i1HWT8i1Ha KaK Ha H81IHHei1HHe ypaBH8HHfi TeopHH nonn 

B rrpocTpaHCTBe MHHKOBCKOro HB1Ill8TCH B8CJ:,Ma nno.itOTBOpHOi1 ARll KBaH~ 

TOBaHHH · H BHqHcneHHH arfi\IJeKTOB no ,.TeopHH BOSMYll\8HHi1. ECT8CTB8HHO, , 

qTo npH 8TOM ycnOBHe JlopeHna HaK1Ia)tHBa8TCll Ha BeKTOpbl COCTOHHH!l/9 ,Iqi 

(KaK H B aneKTPO.itHHaM~e). IlonyqeHHbl6 TeopHH MaCCHBHOro TeHsopa -

no1Ill 1IIDOOllblTHbl TeM, qTo B HHX OCTaeTCH cnpaB6)t1IHBblM paBeHCTBO HH.epT

HOii H 11 Tlll!tenoi111 MaCCH (IlOCK01IJ:,Ky .iteiiCTBH6 )t1IH MaTeplia1II,HOi1 qaCTHnl:l 
' 

no-npelltHeuy sanHCblB88TCll B wopMe (123)), B TO Bp8MH KaK npHHnHil 

8KBHBa1!8HTHOCTH HapywaeTCll. 8TO CBH3aHO C T8M,,qTo XOTH MaCCOBble 

q]I8Hbl .itnH TeHsopHoro nonH H 'noxolltH Ha KOCMonorHqecKHi1 qneH 9i1HwTei1-

Ha, HO OTnHqaIOTCH OT Hero H HapywaIDT 11 00ll\8KOBapHaHTHOCTJ:, 11 • 

HaKOHen,oTM8THM, qTo HS npoBe_iteHHoro B H8CTOHll\8li paooT~ aHa-

1IH3a BblTeKaeT cne)tyIOll\86 YTB8Pllt.lt8HHe. TpeooBaHHe;qTOObl BSaHMO.iteiicT

BHH none ii h, J"" ' el", «f' Ill ~ ( onpe.iteneHHl:lX no HX TpaHcwopManHOHHW 

CBOHCTBaM OTHOCHTen:r,Ho H80)tHOPO.ltHOii rpynilbl JlopeHna) OH1IH COBM8CTHbl 

c )tOilORHHTen:r,HHM YC1IOBHeM (3), npHBO.ltHT K HHBap~aHTHOCTH TeopHH 

OTHOCHT811I,HO H·eo.itHOpO)tHOi1 rpynm. JlopeHna, a B cnyqae a = .,;, I -,. . ~ 4 
OTHOCHTen:r,Ho ~onee WHPOKoi1,KOHWOPMHOii rpynilhl. ~pyrHMH CROBaMH, 

YCROBHe (3) nopOllt_itaeT saKOHl:l coxpaH8Hl1ll IlORfilJX 4-m.myn:r,ca H MOM8HTa 

KOnHqecTBa )tBHllt8HHH,aHanorHqHo TOMy, KaK ycnOBHe JlopeHua B TeopHH 

BeKTOpH.Hx ·noneii nopollt_itaeT saKOHH .coxpattemrn a1ieKTpuqecKoro sapfl.lta, 

HSOTQnHqecKoro cnHHa H T._it. / 4, 51. 
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B saK1IIOq8HHe aBTOPH-Bhlpa~aIDT rnyooKyID npH3HaTemHOCTJ:, 
, ' • ~ < i " • '. , . ,.,, . ~ 

E.H. Baii:yeBy, I.I.A. MapKOBYH fl.A. Cuopo_itHHCKOMY aa none3H08 
/ 

oocyx,i;;eHJ,Ie H ueHHble. saueqaHHH. • 

ii~~iio:iteaHe I. Co;neplltaHHe TeHsopHo·ro nonH h.,.,, no cnHHY 

;tl.1IH T~~30pHOrO . II01IH. h,j(~, KOTOpOe )t1Ifl· 0011\HOCTH He npe_itil01Iara- · 

• 8TCH _CHMM8Tp!IItIHlUI, onepaTop KBa](paTa CnHHa &'- , nocTpoeHHhli1. o6uq~ 

· HHM 06p~ao11 (cM.Hanp:iu.sep, 13 , 61 ), ID1eeT BH.lt 

. '' (s1),;:~i,v,-i!.-4<or.~,bf.~",_-2i,..~tbV.Vt.+2S14N~J(1~;- ~ [<oJ<,~:0~~"1. + 
' ' / ' 

' ' +~ o1+b -"oo+i :o~·~~ •0 -j,·-i -0 ·:o·l _ cn~r), 
, _h,vt t'• ~i. J-t,"1 ]'11 v\ ' J'-1"\. r, Vt. J-li)'L.v, "t. , '1/jlJ'l. ,t\1 rtj . '. 

KoBapHaHTHOe paanollteH~e no~H h-,..\/ 'Ha KOMIIOH8HTl:l co CnHHaMH 2, I l1 0 , 
' -

·aamrnHBaeTcH 

- . · · lt.) ti> 1_(01 fpl'l.) pCi) -6C.0) '\ L · 
:h,r"=h:fl"+~""+n,j"V =\.:!: y.v,>,.y + 1-'"~"V+r~","J') 1'-\y 

ch.2)·_ 

r.ite . . 
. (.9.) .• C?,t-2.);1 1 r . i 'b . ~ Q . 4 1> :o ·a :o . . 
P 2Lt . ~6),~<of,"• .r1"1:~ Y.,"2. .tt1"17"-'&rittf_v,v2.+ 02. Jt, ~t. '\vi.-

. :.... .. ~.J<o · o o +i- :-o :o +~ :o :1> +i· :0:0-2.I~ O:o +i :o:ii '\\\n.3) · , □ L, 1'4,", j\t. v,._ ~t'l'L }'1 "• }\,\/1 }"t. ", r~, ,t', Vt. "S"'\: r114t v, Vt "•"tf-1 .1"Y.l5 ' - ,' , 
' . - . ' ,• ' ,• • • ~ . 

, ' , 

' 

pc,;- (sl~(,)51 =j_} 'b ~· -b,. b -= ~o O 1) ~ + 
.' ;..._~ i:L }"'~1 f't.V\. ~i-'1 t't"\ 0 1 ~· :t't -J, "1 , 

'+ ~ ~~,"Jr~"L+1>¥1'JJrp..,,+~~~~J4~V1 +1>J¼V~J4~t,J3 
(.a) C$t-Q$t:....2,) = .1.J<; , , _!j_ ' '. ,_ 

P_ - ,. "2. , ~ "\!J',.f'\~\l;v'l.+ ot ~,,.-1'~~vPv2. 
-- ~ ,~ ~~.;;ov:0"1~ bv,v~r~~)) , . , 

'{~-; __,.., 

(Il.4) 

(II.5) 



OnepaTop p~)YAOBneTB~pHeT ycnoBHHM,(I) H (2) M, o0paTHo, B np11ue

HeHHH K non10, Y'AOBneTBOpHIO~euy 8THM ycnoBHHU, pCt)eCTn e"/1.HHHL{a. 

IlpOH3BOnhHOe none h,f~ (I6 KOMilOH8HT) W8KTHqecKH OnMCblB88T 

CilMH 2 (5, ICOMilOHeHT),, TPH crnrna I (9 KOMilOHeHT) H "/1.Ba CnMHa a. 
B cooTBeTc.TBHH c aTHM onepaTOp 1? (1.) npettcTaBHM B BHAe cyMMH Tpex 

B3am.lHO~pToroHaJinHHX·npoeICl{UOHHHX onepaTopoB: 

p'C•)=iiJ~l'v}J'A,,+'&l',v~)';ov,- ~ :Ol'/ll';a,A,, + ~ ...... v~} · 
p•(t) = i { 'i>l',~,'6,.,v,: ~ (sl'I\ oj',o~.--\.~r:ovJ -~ ,-v~ 1 . 

. ·p'-'(i.)_ 1 . 1 ~ ~ A.· ~ ~ ,. '• . ( \ l 
. . . . .- 2.0 l o}',ll1uJ"t"2.- u_,..1.v,u}{,u\11- "1-Vt} .S 

(Il.4I) 

(Il.~Il) -

(IT.4Ill) . 

AHanbrHqHo onepaTo/pto) npe"/1.CTaBH~ B BHAe cyw.n,1 "11.B:/x npoeKl{HOHHHX 
. ' . 

onepaTopoB, HanpHMep, BHAa 

p'to) 1 {u+q)b11,141--0~4q) ~~J4~J(~ ~~
1
v,_ crr.s1) 

P V(o) _ .if_ db' . t ' + ~ O '.o 1> ~ - . -
. - -3 l ., J-'1}11 v,'\/2. 0 1 r, flt v, Y2, • 

· · - .. iJ i · _;;_·4 ·~ · \}· . en. srr) . . ·. .· □ \ J',}-':Ov:Ovi. . q v,v~rfir'-) . ' . 
OnepaTop (n.s1) noAorHaH IT0"/1. ycJioBHe I'HJin6epTa-JiopeHua (3), a -

pi'(o) 7" p<.o)_ p'(•) .· • B 11PH1,!eH8HHH K. CHMMeTpH~HOMY non10, h/lV;..h,;r' 
P~ ·pmOO - . · 

H AaIOT HOJih, If II08TOMY OHP OnMCHBaeT AeCHTh CT.erreHeif CB0-

60"/1.bl! cnHH 2., CIIHH, L,H ABa CnMHa a. HaKc>Hell,, B npH~e~eHHH K cHMMeT

pHq~ouy ~OJIIO, Y"/1.0~JieTBOpHIOll{eMy YCJIOBYilO I'min6epTa-JiopeHI{a (3), · 
P (.1.) · • · pl(o) ·p~) , . p· (.o) ·p· I(!,) • · , • 

= I- , =. O H; · = 0, T.e. B aToM cJiyqae none 

OITlICHBaeT CilHH 2 If crurn a. 
- . . . 

PoJin YCJIOBUH I'llJin6epTa-JiopeHI{a HarJIHAHO HJI,1IOCTPHPY8TCH 

54 

B p-rrpe"/1.CTaBJieHHH. J(JI_H t..,.vCr) C. p;<Q MOl!CHO nepetiTH B "mrnTeuy 

IIOKOH11 , B KOTOpon p ; {_ o,o,o, ipJ. B 8TOi.t CHCTeMe ycnOBHe (3) 3a

IlHCb!BaeTCH KaK 

~ ~-
l 4 ~ =: .o · ,- . (1+q) h"" + °' h-u.=O (Il.6) 

. ,,,.;,,, ~ ,.,.., ""-I 

H ~3 CIWHOB 2, I~O H o, 11pe.ztcTaBJIHeMHX h,'\k-11>,~h,tt '_h-ltk., h,Lt't 

M hit,, ocTaIOTCH TomKo cmm 2 11 o~HH cnHH a. 
~ . -

,1113 (Il.4!) BH"/1.HO, q,TO CilHH I onpe;eJIHeTCH BenHqHHOi.t 01), .. rv 
B CJiyqae 6e3MaCCOBOro IIOJIH Mbl Tpe6yeM npOH3BOJihHOCTh 8TO~ BeJIHqHHN. 

llp0"/1.eMOHCTpHp;eM Ha qaCTHOM CJiyqae p =-I,' qTo 11peoc5pa;oBinrne (361), 

"lJ.8ilCTBHTeJl1>HO H3~eHHeTOrnrv npoH3BOJihHh!M o6pd80M. JllMeeM 

0~~14"-1r~r~+□~ +a..or~6th.,f,->to6h-()\I)+ ... (IT.?) 

T?nep:L., npe"/1.CTaBJIHH "I: =X~o)+~o)+~~t)+ · · · t Mhl. MO~eM Il0"/1.qHHHTh 

'v v 
"(1) ) )\(.2.), "• ypaBHeHHHM 

□A"(~)+CLOr\?o'xc.o)h,J"6-~0.,06h..dJ=O? □)\"c_,.)+ ···=O, ... (Il~B) 

V - . 
IlpH 8TOM~(o) OCTaeTCH COBepwcmHO npoll3BOJIDHOH qiyHKl{Hei.t, qTo H roBO-

pHT O npoH8BOJinHOCTH 01'4 h.1"" • 
OTMeTHM,qTo C0"/1.8plltaHHe TeH30pHoro 110JIH no Cl1HHY 06cyllt"11.anocn 

TaIOKe B /I7,331_ 

IlpHJIOl!CeHHe 2. YpaBH8HHH J(JIH CB060JlHOro TeH30pHoro IlOJIH 

B CJiyqae CB060"/1.HOrO TeH30pHoro 110JIH1 He OIIHCNBalO~ero CilHH !, 

6.e3MaccoBaH qacTn JiarpammaHa "/1.0nlltHa 6b!Tn HHBapuaHTHa OTHocHTeJinHO 

~eoGpa3oBamdi ( 44) ( BapHaHT 3), a uynnTHilJIHKaTHBHI,Ie rrpeo6pa~oBamrn 

ne.ztonycunm. Tmtoil narpammaH MH noJiyqm.1, ecna B q11:cTo rpamtTaUM

OHHOH qaCTH (94) ycTpeMIU.l KOHCTaHTY CBfI3H a.. K HYJilO. C TOqHOCTnlO 

AO 4-AHBepreHUHH OH 3anHCUBaeTCH 
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"'--:Lo\t ]h, ~L 't'I\.. _l+P'"),L ~·h, 2.+4p+.~ei.~h,'"ll.'- c ) 
cOo- 2_ }. }'\\/}. _t<V+ t'n,J-'"i.'AV 1+7~VJ-'T\,~'t'UV i+ -4(1+2.p)'l. U). i..,V>.rl,1. _fl.9 

8TO BblpaxeHHe MOEHO 6Hno 6bl TaIOKe HailTH, 38llHCblB8H H8H6onee oo

ll{Hti narpauHaH CB060,1tHoro rronH C Heorrpe,1teJieHHblMH K08W@HUHeHTaMH 

H' onpe.ztenHH rrocne.ztHHe H8 Tpe6oBaHHH HHBapHaHTHOCTH OTHOCHTenbHO 

(44) ( c TOqHOCTblO_]tO 4-.ztHBepreHUHH). 0TMeTHM, qTo 8aMeHa nepeMeHHHX 

nonH· 

h.rv ~ <:ft<,,= h-,.w + i0hp) bf),.'i. , (TI. IO) 

npHBO,ItHT B fTT.?) K 38MeHe p Ha 'p O ~pyrHMH cnOBaMH, npH m= 0 

Bee narpaHEH8Hbl.B O,ItHonapaMeTpHqecKOM ceMellCTBe (IT.9) 8KBHBaneHTHbl, 

H BCer.zta 6e3 noTepH 0611{HOCTH MOEHO paccMaTpHB8T1, KaKoil-nH60 O]tHH 

H8 HHX, HarrpHMep, C p = o. 
MaccOBble tzneHbl ]tOJIEHbl 6b!T1, YCTpoeHbl TaK, qT06bl H8 ypaBHeHHil 

]tBUeHHH 'cne.ztoBano YCJIOBHe rHJib6epTa-]opeHua'(3). TOE,1t6CTBO (I09) 

npH CL= 0 CB6,1t6TCH K 

2. i~: + ~~~~~-4 \~:, s -2. (h.rr+qSrs\,_~ (p+'- ~.crr.u) 
TOE,IteCTBO (Il.II) HMeeT pemeHHe 

LP -i I 2_~-p ~2, 
..uwc=- Tn,2- 4 (!+2p) 1. • (Il.I2) 

PacCMOTPHM B03HHK8IOll{H6 B08MOEHOCTH • 

a) q = - ¾ (cnyqail oco6oro ycnoBHH I'HnboepTa-]opeHua). 

c.p _ -{ I -t h,i 
cum: - - "'i'n.2 + T 1. • 

(Il.13) 

]arpam1maHbl C paanHtIHblMH p SKBlfBaneHTHbl, TaK K8K aaueHoil (Il • I0) 

OHH CBO,ItHTCH ,1tpyr K ,1tpyry. Olin OIIHCblB8IOT none co CIIHHOM 2 H 1.1accoii 

m. H none co cnHHOM OH HyneBoil Maccoti. 
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· 6) Cnytzali q ~ - ¼ nyTeM aaMem,1 h.~., +q &r.,h,1.~ h14v cBo.ztHT• 

CH K cnyqaJO ycnoBHH ]opeuua (q.= 0). Tor.zta 

'-P _· -i h, +· p h,f 
°"->we: - 2 2- 4 (1+2p) . , (Il.I4) 

· B, STOM cnytiae napaMeT_P p 13 ':i:,=!eo+m'-;grff. TOE,1t6CTBeHeH C napaMeTp011 
I . . . . . . . 

p .B Paa.ztene 5. ,]arpamtH8Hbl STOro 0,1tHOIIapaMeTpHtI6CKOrO ceuefiCTBa 

HeSKBHB~eHTHhl · H rrpH aaMeH~ (Il.·IO) He cBO.ztHTCH .ztpyr ~ .ztpyry: :£.C.1t,p)= 
. =.;£('f,p)+ P-P mies; • KaJK,Itbl¾ H3 HHX Oill!Cb!BaeT cyneprr03HUHIO cmrna 2 . 

Lt(1Hp) . · , . 
H cmrna O, npHtzeu Macca CllHHa O onpe.ztenHeTCH napaMeTpOM p. 

B) IlpH p =-2 narpammaH ;l.,0+m..9.;£,trr. c::. :i,trt (Il.14) 6y,1teT ollH-
. ' ·, . . ' 

Cb!BE1T1, TOJI1,KO CIIHH 2, TaK KaK H3 ypaBH6HHil ;l{BHJKeHHH B STOM CJiytzae 

, cne.ztYIOT o6a yc:no:sHH ( I) H (2). Ec1rn HCX0,1tHT1> HS (Il.I2) H nonoJ1CHT1> 

TaM q = - p + 2 , TO 110JiyqHTCfl UeJioe .0,1tHOilap8146TpHqecK08 C6Ll8H-
2(I+2p) ·· . . 

CTBO ( SKBHB8316HTHblX) narpaHlltH8HOB, OllHCblBalOll{HX qHCTUH CllHH 2, 

qiaKTHqecKH CB0,1tHLl08 C IIOMOll{1,IO 3a:v1eH nepeMeHHblX nonH K O){HOIIY na~ 

PB:IDKHaHy ceMeiicT::sa (TI.I4) c p = - 2., CooTBeTcT:syIOmHtt uacco:suit tIJieH· 

- aani,m'eTcH 

<.P -1 h, 1+P+et h,9. 
C>Um, =-2 i + 2.(1+2.1>) i, 

'(Il.I5). 

YpaBH6HHH ilmrn:emrn B. cnyqaflX a) - B) HM610T BH;l{, 

oh.~-o,.oyh-_pv-OvOph-~p+ 11.toP lb~110~6h,)\6 +o_,.ovh.1.)-
"-P r "' -

4 

COOTB6TCTB6HH01 

(Il.I6a) 
; 

'l+Lte+!>p!.~ □' 11 'l.~ ~ P L h 0 - -1(1+2.p)'i ~v tl.1 - tn. tl.J\11 + h1: Orv , ~{1+2,p) ( 1 = • 
1+\)+pi 

, (Il. I6C5) 

CBepTUB~H HO J"V , nonyqaeM 

- ~+P oh. + 2. 1 (l+ip? :1. 1+2.p :oJrh.xp + m: 

. I .~ 57 

(1..4-2.pY, 

0 

-1 
1+2_p· I "-1.=0. 
_£_ 
(1+ip)1-

(IT.I6B) 

, (Il.I7a) 

(Il.I76; -

(Il~I7:s) 



I 

' , Tenepr, IlpHC>aBHM K (II.I6) IlOMHOJt6HHOe Ha lb"" ypa~HeHHe (Il.I7). ' 

□.h.~.,-o,.Cl1h..r~-:-o"of~ry+'o~..,o~J'~p+lt¥~?)1,~-~""□h:~- . ·. 
. t . ) . . (IT. I8a) i . , 

- m,. h.-'4"+ m; 'br~) O ~ h{ · 0 • 
p+1 

1(1+2.' 

(Il. I86) . ' 
i 

(IT.I8BL . 

B3HB ,l{H~~preHUHIO OT (Il~IB),_nonyqaeM 

m.,. (3~h.fv-_ ~ l>)t~_=O 

m_'1 () ,J\. }'V, -0 

. "'-' ~J< "1..- U!:ip) "·h,~ -o . 
YpaBHemw ;(IT.I9) B coqeTaHIDI c (IT.I?) .naeT 

·□ h-1.==0, 
:t.+p- L 'LI, Q 
-t+ip□ n..1+m tl,1 = l 

ti 'L~· h. -0 nt l'l,~=Q 7 tr(; Ur 'J"V-;-

(~.I9a) 

(IT. I96) f 

(IT.I9B), 

(IT.20a) 

(Il.206) 

(ff.20B) · 

COOTHOWeHHH (Il.I9a) H (IT.I96) CYTI, Te ;zt0Il0JIHHT8JII,HH8 YCJIOBHH,HC-

XO,l{H H3 KOTOphlX T80pHfI CTpOHnacr,._ COOTHOW8HHfI (Il.20B) UOKa3HBalOT, ' --

qTo TeopHH B) ,neUcTBHTenr,Ho·ormcHBaeT qncTHii crwH 2. 
> 

· BeJrnqHHa h.~ qiaRTHqecKH npe,ncTaDJifieT xounoHeHTY • noJIH , h.
1
.v . . 

co cmmou O (cu: (IT.51) ). Ha (Il.20a) Bll,l{HO, llTO B CJiyqae a) KOM-. 

IlOH8HTa CO cmrnou O Ot5Jia,naeT Maccoll rrlo = 0. COOTHOlileHHe (Il.206) 

noKoaHBaeT, qTo B c11yqa6 6) cmrny O cooTBeTcTByeT ,;acca m =m_~-~~ .. . ··~ ~ 
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/_ 

H \no:3TOMY K8llt,l{OMY napaMeTpy P, 3~KJ1ioqeHHOMY B npe,neJiax -2 ~ p < 
- l, cooTBeTCTByeT CBOfI Macca cKanapHoii KOM;oHeHTu. 

2 ,• 
' 

EcTeCTBeHHO, qTo IlOJII,3YfICI, rrpoeKUHOHHHMH onepaTopaMH (IlpHJIO-

llteHHe I);· y~~BHElH~fI ;ztBID!temm err. I6) MOEHO ~peBpaTHr',!> B ypaBH8HlifI ' 

,l{BHllt8HHfI ;ztJIH KOMIIOHeHT h.'4" C onpe,1.teneHHUl{ CITHHOM: 

' .. . .\ 

(o-m.i)h, i~ =O . ",I (.i) •. ·t(· · 1)L·(.o) 0 
, rrc. 2. .n...t-'.., = 0 , : D - m..o n.f'" . . '· 

. . • . . 2. L (.o) - Q· , 
. . . . ' ' YY'to _ n..,.. ... - . 

• J I, 

{Il.2Ia,6) 

{Il.2IB) 

YpaEH8HHe {Il.IBB) ,7.tJIH qHcToro CllHHa 2 npH p = - 2· 6b!JIO npliB8,IteHO 

HaM!f B /G) •. Bee' O;ztH;iiapaMeTpHq~cKoe ceueiiCTB_O CBO()OP,HWC ypaBH8HH~ 

,1.tJIH qHcToro _CllHHa 2 HCCJie;noBaHO HaTOM / 34/. CBo6o;nHble ypaBHeHHR ;!lJlH 

T8H30pHOrO llOJifI C T8Mli l!JIH UHf:UUl: ~OllOJIHl!T8JII,HUMli yCJIOBlifIMH . Oc5cy;,c,1.ta- . 
I.. • . . . 
~JIHCh TaKJKe PHBepcoM /33/. 

IlpliJIOXeHHe 3. TOEA8CTBa AJIR JiarpaHJB:HaHa,He COAepxasero 

BTopux npOH3BOAHHX 

. B narpaHllteBy-llJIOTHOCTI, (94) BXO;ztHT BTOpHe npoH3B0,1.tHble OT 

·- rpaBl'!Tal.{HOHHOro IlOJifI. llyTeM HHTerpHpOBaHHl! no qacTHM OT HHX MOJKHO 

H30aBHTI,CfI H npe;ncTaBl1Th·_;narpaUJB:eBy IIJIOTHOCTh' B BH,Ite / 35/ 

-~ ,; ~<} + qJieHbl 1'!3 (94) i co;nep:m:amHe ;npyrHe no1rn, 

~i ~t 'j~"(rl4~t~-I'r:4~J. 
V . 

r;ne at'"=c1."' • IlpH KaJIH6pOBOqff0M npeo6pasoBaHHH' (40) c p = - I 
J <>p=-L 

;!lJIH Bapll8UIUI ;;l ·Haxo.nmJ . . 

1 (11.22) 

b":L=-a..oJ.(t~) + -~ -ocl,[i,"(~!;·-b~ <J!~)l (Il.23) 
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0Tcm;zi;a. BH;n;Ho, qTo ecnH 6H c cauoro ~aqana CTaBMaCD s~aq~ HanTH 

. ~narpaHlltHaH 6e3 BTOPWC npoH3BO]lHWC,:To 6HnO 6H Tpy;n;Ho no;zi;o6pan 

iyzHyD ;n;HBepreHUHID B {73). 

nonaraH B (Il.23) ·'lt p;BHhlll 1>.Lf, l)cL.f X.~ H 'b.i..r x."'x.\ 
. . ' 

nonyqaeu 'TpH TOllt;n;ecTBa, HcqepnHBaID~He npH OTCYTCTBHH BTopwc npOH3~ 

. BO]lHhl~ Bee orpaH.11qe.HHH Ha :£ , •.. , . , '. _ . . 
( b!f, --~~ \ . J., lb'£ i;e. \ 8 (_'64;£ i~ \ . 
\ i ~.i."+'5~~=o19,/' +\:ie.,_ +'6&.,.,-e.0tJ IL,j> +~~ +~~,~<>~Y,p+ ' . c~·- 'b~ ) - . 

+ 'i>~ + b~,;o;J<g,,f =~.r~_ (Il.24) 

al'c; I;£ aclJ" + ~ ;e, 9J.~.-or/c;;~ ncl~ + b~ aJ..~- .'S'c£ · aJ.I'-~ "-\CS rt<lf J ~ al~ ,6 · f\.'6 acl\l' -.i . ~ aJ.\!> J_,<S ~ a4 J,.f _ , 
. 'J . .. J,. . 'J . J:,6 . .J,tt 

·(~~ S-;i:: ,s· s~ ·g . ;, (<o~ . ~.;e. \l. ..tr,~~l- \1,r' 
- sgr +<i)S,-,'t'c>;/ y- ~B"-,r ~~f+Lf\$~ + ~'\i,"t;°;}~si1"+2:-c ~~~oi~,;-

'b~ . ' S-.'£ ~ . J4 (../) 
- <ii¥. Y, 0 - I::'. ,o· cg,f =-,b 5' d-J (Il.25). 

'"' J o :J,r . . . . 

Cl 'n~ · J."' - b.f'{ i~ Lf,...:. ~!£. n . l, ~~ rt:. · O cl,.b'Lf>l \ .· . 
.1.. ~ <J~~ q _ f s- 9~ 9 , '5Br,./'f + 4 b¥,r~r~ + .c.. t; _ s <a-r:. 5l".y Y+ 

.-
' . 

·. + (t'~v)-a \ ( 'L __ :a.f-4" -i~ a''x '--i" aJ4>-\~ 
. a.:~ J,_p fJ,x 'r.J,>.}· . (Il.26) . 

OTMeTHM, 'll:TO )1:3 TOllt)'.lecTB {Il.24'-Il.26) oqe:riH;n;Hb!M o6paaoM one-

. l.lYIDT TOlK;zteCTl38. ]lnH qHCT(} rpaBHTaUHOHHOti qacTH · narpamimaHa :e:,; • ·. • 
. B qacTHOCTH,. (Il~25) ;l(aeT TOlK]l8CTBO, KOTOpoe c yqeTOM COOTHOW€lHHii 
· · · - ~~ ·i · s~ · · . · . 

O;l(HOpO,llHOCTH / 3I/ S'J";1 f°=-.i>i-, ~q~=2_~S, , eCTD TOR-· 

: ]l8CTBO Tonis.eHa/36/ -,"( . 

¢',<;f,st aJ.tt ~ ~!tt aJ.r - .L b~9r aJ.t!- =0. 
. CS acl.r -:, Saclf ·J,6 2. Sa"'!!- J ,y · 
. J J,6 . . J,r (Il.27) 
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TonueH nonyqHn ero nyTeM Henocpe.ztcTBeHHWC BHqHcneHHn, a TiananeT-, 

py/I2/ yKaaan, qTO er~·MOXHO Hait~H H8 coo6pal!teHHit HHBapHaHTHO

CTH. 

Ha TO~;l(ElCTB, (Il.24)-(Il.26) MOlKHO ·:illiIB8CTH Ba.itHHe TOX]l8CTBa_ · 

· ,.ztmI s~epHaHa' rpaBlfT8UUOHHOro nonH. C IlOMo~·ro {Il.25) HaXO;l(HM 

· TOJitA8CTBO 

. ' 
t'c1.(~ d ~~ ~ -< ~\{ J.~(',b;l -o ·i~-:\

~ \:~~'t- 6 i~~/- T f ~ \t .. ~.i.r, ~ CS'11;)= 

=-.i.ttt-o ('b<:L. at'J._j_~l4 i':£ ·_aJ.~+ ~('i,~ + ~~o \~ .. _· 
. 2.- r ,b'tt'-r J 2- r 'b""-f> J ') . 2. ,~e ss 6 6) r ·· 

. . , 'J -,6 J-,6 · r, · 'r> , 

, _i_(i';L +~~ :c)~resfM+2. -cfV' ~1!'" (5 \'i • 
~ \~~ ~~)6 o/\'. , . . ~ q.l'r r.Jj I' 

. f ' . 
; r;l(e t; f - KaHOHHtJeCKHit TeH3Op SHepruH-HMnynDca BC8X none it: 

~ V 'b!i. t . ~~ ~ 
tr=-L Sf ,y+o.r°"'· 

f . ,r 

(Il.28) 

(Il.29) . 

° Cy~Hpo.BaHHe B (Il.29) npoBo,nHTCH no 11ceu nonffi4 914~ ~.r ,1.f. H ~ • 

Ilpe;llCTaBUM t~ B npaBOit qacTH (II.28) B BH;n;e T (tt;,+t~)+ 
+ ~~~-t~). IlonycyMMY nepeBhlpa3HM C IlOMO~ID npHeMa EenHHiJ)aHTe (CM. 

. 121) qepea 011weTpHqHblll TeHsop,aHeprHH-HMnymca*) • 
I • 

@ =.!Jttt+~\+.Lo "I__(~'t. ~ 1-+ ~~-~ -:) cn.3o> 
.. Y.f 'i ~r · ,-~ 2 6 :S- \'.:~t>t°' 0 r S:f-,~ 6r-t/, 1 

*) BXO;l(H~e B (Il.29) CilUHOBble MaTpHI.{bl cyTD: ,llnH ~ -.nonH 

$ 6;= 0, ]lnH B,... '7' nonH (s6 f)J-'"=-i.~t'~<ovf"Of"p't,.6) , ;l(n!l 1i!" - nonH 
s· - i-5, - _ t Iv ..;. _ <::::

6
-"\ H, HaKOHeu, .ztnH cmrneTpHqHoro TeHsop-. ,y-:- 2. .. y- 2 \116 0, ·O yl . _ 

Horo nonH (s,, - _Cl.~ 15 
6

<;:: · _ <::. ~ .\c:-
. J'lt4,J-1i.,v,vt - L .. \: J", Uv,9 oJ",f Ov,6/ ot4'-"'- • 
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IloJiypasHocT:r; rrpe,7:tcTaBHM tJ:epes AHBepremimo TeHsopa .1.10MeHTa KOJIHtJ:ecT-
• . I ~ 

Ba ~Bl1llt8HHH 

. -
M 

1 
~:...,tt~+xi't; +~L ~~ $.rrt=-xl"@16+xS'@fG 

N 6 _ . ~- . 7 o J:,6 _ _ _ (I1.3I) 

1/lcrrom,syH ,7:tanee TOJKJ:teCTBO (Il.26Y, rrpeo6pasye11 (11.28) K oKoHtJ:aTe.nii-

HOit qiop~e_ _ _ 

J(~('b~ -o £'~ ~ ~ 1 ~~ . J.t-('b'£ - o ~~\= · 1· 

q b "JJ.f - 5 S '3;f) 2. f q. \S ~J.r, ·· 6 Sq;:/.~ 
- -i ~ . -- , -t 'o L n ~6 - 9ps $ 6>:] 1 M . 
=~2.~rr+a:- 6L9,6-9,r~- ,r+ ~rq," +"2j"""o6 s~,6+ 

, ,. r.,v-,. J..6 · ~~ .,_&\ -1.fs~ · · b~ ~ -1 ('o!l · · 'b<£\l ..1..~~.,Jl \,,r c · ·: · ·)·• · · 
. - ~it"~ ~c,~ ... -x V6"s,J~2"\$&r -?6'6~~;tri\~Y~o6SY~/~r:t'"r· '6~~6l3/ :I., TI.32 _ .· 

. . . - . 

B _C111.IY CTatiHOH_apH~CTl1. ,7:teiiiCTBl1H ,SitJiepHaHhl B Jl8BOit H rrpa~Oit 

·tJ:acTHX (TI.32) ·06pa~a10TCH-B HYJIL, H c11.uM~TpMtJ:HaH tJ:acTi (Il.32). cpa-

sy JKe _ilaeT ypaBHeHHH ]:tBIDlteHHH . rpaBl1Tl;lUHOHHOro IlOJIH B. qiopMe IlarraneT'."" 

PY (I_DO). AHTHCHMMeTpHtJ:HaH tJ:aCTI, (!1~32)" paBHa HY1.110 BCJI8}:tCTBH~ saKO ... 

HOB coxpaHeHHH ,SHepr.Irn-HMrryJII,Ca l1 MOM8HTa KOJUI\l8CTBa ,ilBHlltemrn. 

ZlnH tJ:H_CTo rpa~-HTaunoHHoit tJ:acTH narpamit;ia~a ~'¼- cornacHo 9)(,7:t~rnr.;.. 

- TOHY /
31

/ ( § 58/) Irueeu ¥~; -06 }~1, = - ~.t R,_,.f. ' H H~ TOllt,ile-
. ( . ) . ( ) 9 9 ,,s- ·~tt . \ CTB 11.28 H Il.32 H8X0,7U1M ,ilJIH Te1rnopa .:mHmTeilHa -

, , - ,_ -- . l' 

_ J,J al"'-n . _ <-I' n \,. ~ 1.. t:" _ O ['o::et aLt'-Lb~ ~~,. aJil= (II. 3_ 3) 
' a.t \'J "-.t.s Oy "'-Y 2 r '6~ nd-f --.,. 2. f a.l.f> J ) . . ' 

. ~ J~ 
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_ -< 0 .1- -t "). (,..rf r6 6f ~ · 6~ 1 .· ·. ➔ lv~· 6 tt'":\.-<i\ 
=~I t'f'<l.?-u1,6 :--q,~-~>~+ot'fq

1
).)+2i"m,.ft'\6+~ u6't~-,c; u6l;j/,(Il.34)_ 

• • , I ~ , 

I',7:te ~; '.~t'1." m:,·t4\6 cyTii KaHOHHtJ:8CKHit H CHMMeTplillHblit T8H30p_bl 

aaeprHH-HllllYJII>Ca H T8H30p LIOM8HTa_KOJillll8CTBa 'ABHllt8HHH O,ilHOro rpaBH

. TaUltlOHHOro' IlOJIH. 0TM8THM, .llTO (Il.33) COOTB8TCTByeT C:OOTHOmemm, 

-IlOJ1Yll8HH~l4Y TOJIJ.l8HOM/36/. 

B saKJIEtJ:8HHe ,ilJIH IlOJIHOTbl IlPHB8'A8M HBHblR BH'A KaHOHHlI8CKOro 

· T8Hl30pa SHeprHH-HMrryJII>Ca 

~ _ 2, fr, l'd.l~ rt f ,.cl~) [ t'd.r- r-1g 'lf'- . · .. -1'~ -at¥;_ , . · 
tr:- a.i ~ci~"J,t ~1..1.f, ~,, +c~ r.t,-~ ,,f 4€.,/.f,¥'6--r,f~u;t ~~slg-~+ 

, +;, 't~(~)".,_~,,--q;,ryJ..~)+ '3r~':V,c1..Cf,Ji:l+s~~ . (TI.35) 

H CHWeTpHqHoro T8H30pa 3HeprHH-HMilYJibCa 

.. -9 ~j_f~r ad.\!,(l -<o 'S '\o?> at4" r :)4!(1 · ~. ~ , . f>i 
'. r.r o..tL \'--J \ Jf'f .,_,. %) cL. _f-J +\-:, :Jfr,~0r"-0yt)'oo1-."0"9 · '+ 

,-> fL ix{ffr,"'IC -z..rf'r,l,+r~,.:,-c\· 0 ... f,l t~T"'.(T")" · .. +9 gff'q , J.."'IC~£j!jZ_-.J clt.lxY .l.~lJ.:•(}+Lgf~q q _lr,~llt 
· · f..?4_ l""'~ r"' s:,r. J..r_t\· QT""'~,.., ..i.\ · "~ J..p \!> r..L." ,.\ · · + ~ (.l.<i.~ ..c.r -.{, e..d- ~')t. +.L' ~~.Lrc(./-q ~r~1."'\!>.- f'" 1 J..¥>/+. · .. 
. +~~ ~L,.(r,b ri'f T"'1rtS' f 't r:'ii'\l 1 r"q, . r .. ~:...~ .· , ·, __ t - 1Lyl.f,~ -1c1.,-.L~b + J..~ f-~J + ~ ~ ltv ~\f""""""fJ,(TI.J6) 

r.l(e T_rv ;i;aeTC~ qiopuyno« (99)-, 0TM8THM, qTo B BNpa:rem1~ (II.3_6) 

y11reHbl ype.BHeHHSI ,ll;BUJttemrn, u qTo OHO cJie;i;yeT TaKxe H3 TO)[,ll;ecT:aa 
• - • ' • ¥ \ " • 

I 

(Il.J2) • 
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