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BB8.I{8Hl48 

liCCJI8.I{OBaHH.H UOCJI8.I{HHX JI8T noK838JI14, QTO cy~ecrayer 

ne1aR KJI8CC JiarpaHJ:8BHX reopHl,l XB8HTOB8HHHX noJiel, ;{JI.ff KOTO­

pax rpy.I{HOCTL •3ap.ff.I{a ay.11&• .llJIR nepeHopr.tHpoeaHHoro a3aHMo­

AeacreHa orcyrcrayer. 

3ro B nepByD oqepe.I{L O?HOCH?C.H K K8JIHOpoeoQHHM noJI.HM 

HHra-MUJIC8,B38HMO.I{81,lC?BYDIJtHX co cnHHOpHHMH non.HMH,H K He­

KoropHM MO.ll9Jl.llM 8.I{KHOr~ B38HMO.ll8iOtBH.H, .ll.11.ff Koropax no.I{XO­

.ll.llIJtHM no,llOop~ 11:OHO_TaHr CBS3ea_ (H B14,lla npe,ItctaBJI8HH.il) Yll.8-

erca, c O.llROl,l cropoua,oOecneqHrL HeoOxo.llHMOe oOpacraHHe Mac­

coll npOMeJ:ytOQHHX B8KTopHHX noul ( 38 cqer M8X8HH3M8 XHrrca) 

H ,c .llPYrol cropoHH, oCSecnequ& acHMnroraqecKyD oscCSo.llY .llJI.H 

ecex BXO.ll.ff~HX B38ldMO.I{8RCtBKA. XapaxrepHol ocoOeHHOC?LD ra­

Kl4X teopHI c acHMnrorHqecxol csoCSo.llol aBJiaerc.11 r-0, qro 3ql(pex­

r~BHoe B38KMO.ll8IOtBH8 Ha M8JIHX paocroaHH.ffX yMeH&maetoa 0 

YM8HLW8HH8M paoctoHHHa. 

ii Haotoa~ell .11exnH1 MH nonaraeMoa noxa3ar&, qro e oCSaq­

HHX nepeHOJlMIPOB8HHHX. B3al:IMO,ll8)CtBHHX (c.Oeapa3M8pHoA XOH­

Ct8HToll) i8 no reopHII BO3My~eHKII MOJ:er paaJIH3OB8rt.CJI -,Jtpyroll 

pe1:HJi1 ( raue MareuatHqecn Henporuopeq11e1,1ll), npH 11:oropOM 

aqicI>exueaoe B3814MO,llellornHe Ha ua.rux pacoroBHHax, xax npae1,uo, 

YBIJIKQHBaerca C yM8HL■8HK8M paooroaHKI. llpH 3t(U BOJil3H 11:O­

uyca peaJIH3yerca xoHcl>opMHo-HaeapHaHrHoe pemeHxe. 

H;teH noioCSKa H KOH<popMHol CHMMerpu B38HMO,ll8RCtBH.H Ha 

M8JIHX paocroaHKBX OOHOB8HH Ha npe.I{CT8BJl8HU O CSeccrpyKrypaoc­

rH qacran. IIpeinoJiaraeroa, qro Ha pacoroaHHaX,MHoro MBHL-
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mHX KOMlltOHOBCKOlt ,llnHHH BonHH qacrHu,orcyTCTBYDT KaKK8-nH6o 

xapaKrepHue pa3Mepu. Manue paccroJ1HKII cooraercraynr 06.11acrH 
~,- .. · 

11Bn8HK1t, B Koropolt aenHxH He ronLKo KBa,llpaTH BHemHllX HMnym,-

COB,: HO K B;~ .IIM~y~bCHHe n~pe,ll·a'q14, rax q;~· ~()DO npeHe6,~eq1, , 
: ; ' ' .,... . -,. " . 

MaCC8Ml4 noKOJI. Ilpe,D;nonaraetcJI, IITO B 3tolt 06.11aCTH JIBneHKlt 

reopHJI 14HB8J?HaHTHa OTHOC14T8~bHO Mac111ra_6HHX_ np~o6pa3oBaHHA 

, .t ~ .>- Xµ . . cr.'i) 
ll cneuaan&BHX KoHiopMHHX npeo6p830B8H141t 

.: .: .,,. -.,i 

, 2 

. 'l' +L'eX X ,_.. 
~ f+2C.X+Czxi. • 

: ' ~ . 
BMecre c npeo6pa3oBaHHJIMH rpynnu IlyaHxape 

}. ./· " . . .a; 

)(,,,N _:-7' !? r Q'/"' ~ , 

(1.2) 

(I .J) 

x,M -- I\?;, Xii,, /1~" = -A>0",, cr.4) 
OHH o6pa3yDT I5-napaM8TpHqec1tyn"rpynny;KOHqJOPMHHX npeo6pa3Q-

B_am11t. BMecro cneuHanuux'·xoHqiopMHHx npeo6pa30BaH1.il.t (I .2) 

06HqHO BBO,llHTCJI npeo6pa30BaHHe 14HB8pCl414 ( R_ - npeo6pa3oBaH,148: 

x;·- R,X,' = q · 
.. , ··'-~. X. • ci.5) 

C 'noMOlllbll (I,.~) Moz'Ho ripe,D;craBHti. (I.2) B BH,ll8 npo143B8,ll;8HHJI 

rpex npei'o6~30BaHHlt : 

X_µ : ( R.l{!,J~; 

r,lle • fl - oneparop O,llBHra Ha aei::rop ,.~-. li3. (I.5) HMeeM 
' . ,; . . (. . ,12 

12 x2·= .L.' -e rx- ')2.~ ·· x-,1,; .. 
.· . , x~ ; ~~· . J , ,x"-y2. • (I.6) 

3aMerIDot~ 11ro Kax pacrneHHe, rax JI f!. -npeo6pa30BaH~ero:0xpa­

HJ11Jt yrJIH- Melr,l!y Mt1poalfatH' JIHHH.RMH: . xy':.. = mv , ,; Ho, MeHHnr' 
~- < 
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npocrpaHCtB8HHO-Bpe1,1eHHli8 HHTepaa.11u. B 3TOM CMHOJle MOJ:HO 

roaopHTb 06 Hcqe3HOB8HHl4 M8TpHll8CKHX OBOltOTB npocrpaHCTBa Ha 

MaJIHX pacoTOIIHHJIX, qro H oooraerorayer npe,llllOJIOJ:eHHD 06 OT­

oyroTBr.114 xapaxrepuux pa3Mepoa BHyrpH qaoraq • 

Cy111ecTB8HHo, qro KOHqlOJ)MHaJI Cl4MM8TPHll JIBJIJlaTOJI 3aBe,llO­

MO npH6JIHJ:eHHOlt, r.K. HapymaeTOJI HaJIJ4qHeM Macey qaoTHUo 

0,llHaKo B xa11ecrae nepaoro mara eo1eoraeHHo paccMorperL reo­

pnn, 06.11a,llall11lYll roqHolt OHMMeTpHeH. TaKaJI reopHll onHCHBaeT 

80'1MITTOTJ4qeoxoe llOB8A8HHe qiyHKUHlt rp»Ha B6Jll43H KOHyoa. Cne­

.llYlllllaJI 38,llaqa OOOTOl4T B nepexo,lle K MaCCOBOH oOonollKe. 3,ll80h 

6y,lleT c,lleJiaHa nonurKa qaorHqHo pemHT& nepayn qacrL npoOneMH. 

lfoHqiopMH811 CHMMeTpHll t. KaK H BCJIKall npoorpaHCTBeHao-Bpe­

M8HH8Jl Cl4:',D(eTpl4Jl, onpe,ll8Jl1!8T KHHeMaTHKy reopHK. Ey,llylll4 00B~­

meHHOlt OHMMeTpHelt, oHa HaKJl8,llHBaer Ha raopHD Pll.ll HeTpHBV.aJlh­

HliX orpaHHll8H14lt. ~ocraroqHo yKa3ath, qro B paMKax KOHqlOpMHOA 

KHHer~aTHKl4 y,lla8TCJI onpe,D;eJIHTb O roqHoCThll. ,llO HeCKCJlhKKX KOHC­

TaHr B14,ll nponararopoe H rpexroqeqaux, aepmHH .llO. npHBJieqemrn 

K8KHX-JIK6o ,llHHaMHqeoKHX MOA8Jl80. GTOJlh J:8CTKl48 orpaHHqeHHJI 

A81lT OCHOBaHHe H8,ll8JIThCJI Ha H3B8CTHYll~yHHBepoanhHOCTh B3a14Mr­

,ll8UCTBHII Ha M8JIHX paCCTOJIHKJIX. AHaJIH3 nepeHopM,:poBaHHl»X ,llHHa­

Mt!qecKKX ypaBH8HHlt noKa3HBaer, qro KOH~OJlMH8H C14MM8TPHH pea­

JIH3yeTCJI JIKWh npH onpe,ll8Jl8HHHX 3H81leHl4JIX KOHCT8HT 0B1!3Ko Pai 

.ltHHe .. 1auqecKHX orpaHHll8HK.0 Ha BHCJ11148 qiyHKUHK rpr.rna Oy,lleT pac­

OMOTpeH B pa3,llenax Il-Y. 3TH orpaHHqeHHff Bl»T8KallT ~3 aKOKOM 

reop1414, llCJIH npHM8HHT8JlhHO K KCH~OpMHO" ;HHeMaTHKe. 

H paMKax ,llHH8MHll8CKKX ypaBH8HK~ KOHq!OpMHaJI CKMM8TpHII 

B03HHK88T Ka~ CJ18ACTBHe 68CKOH811HNX nepeHopM~pOBOAo 0118Hh 

B8J:HO IT03TOMy, qro6H ace 6ecKoHeqaue nepeHCJlMKPOBKH, a TaKxe 

• 
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pacxp1m.te aeonpe,lleJieHaocrett O >< oQ (aepeKpHBBD~lt8C/I pac-

xo.ilHMocr1t), B03HHK8D~ltx B npe,»;eJie X :J..- 0 , CIHJilt BliITOJIHe­

H!i Henocpe,llC?B8HHO B ypaBH8HHIIX. TaKa/1 nporpaMMa ~JIR c1tcreM!i 

ypaaaea11tt llia11arepa-iaacoaa npoBe,lleHa o,»;HHM 113 aaropoa B 

/I, 2/ (cM.rane /J/ ). IIep8HOpM1tpoBaHHa11 CldCteMa ypaBHeHHlt, 

noJiytJeHHa/1 B /I ,2
/ , cocraBJI/18? OCHOBY pa3BltB8eMoro 3,lldCL 

00,llXO,»;a. 3aMetJ8?8JILH!iM CBOltC?BOM arott CltCreMH /IBJI/lerc11 ro, 

tJTO npe,»;DOJIOX8Hlte 0°KOH(pOpMHOlt 1tHBap1taHrHocr1t pemeHltR D03BO~ 

JI/18t ,ll1taroHaJI1t30B8?1, ,llltH8MlitJ8CKli8 ypaBH8HltR / 4-
7
/ 11, K8K .MH 

. /6 7/ noxaxeM, nocrpo11r1, 11x pemea11e ' • 

IIepeHopMHpoB'aHHH8 ypaBH8Hl4/I C8Mlt no cee!e He onpe,lleUD?. 

qiyHKUltlt Pp1tHa O,D;H03H8tJHO H ,llOJIU!i Cl!irL ,llOITOJIHeH!i p83JilttJH!iMH 

rpeC!oBaHHaMH axc110111an1t1ecxoro xapaxrepa (cnexrpan1,aocr1,, rio­

JI·o:u1ren1,aocrr,, JI0Kan1,aocr1, 11 r .i.), a rane onpe,lleJieHHHMH 

rpaa1tt1HliM1t yc~oB1tRMH aa Maccosoa noaepxaocr11. IIocne,llH1te He 

rpeC!yDtCR B KOH(pOPMffO-ltHB8p1taaraoa TeopH1t, r,lle lt3B8CteH /IB­

H!iR Bll,ll ,llByx- It rpexroqatJH!iX cpyHKUHI I'p1taa. ITocrpoeHlt8 peme~ 

araa Moxer Clur1, npose,»;eao B ABa·arana. Bo-nepsuisaeoC!xo,»;HMo 

aattr11 oCl~ee pemeaae nepeaopM1tpoaaHHHX ypaaaeaalt. 3ro Cly.Iler 

C,ll8Jl8HO B p83,ll8Jl8 YII. IIo.11ytJ8HH08 pemeHH8 CO,ll8pXltr Hae!op' npo­

lt3BOJILH!iX cpyHKUHI. CJie,llyD~ltlt mar ,llOJIX8H COCTO/ITI, B ,llODDP8.ll8-

JI8HltH 3TltX cpyHKUltit C noMO~LD 8KCHOM reop1t1t IlOJIII, a:raxxe ~~· 

ipe&rltBHOrO yqera 38tp8BOtJHOrO , B38ltMO,ll8ltCTBHll, ·'qacrL HH<pOJlM8;:_ 

UHH O KoTopoM repaerc11 B pe3yJiuate ClecicoHetJH!iX nepeaopt.11tpo::. 

Box. 3ra t1aor1, nporpaMM!i aaxo.ll1tro11· B cra,»;1tK Hccie.ll0Baa1111 11 

B aacroa~ee apewa pemeaa n11m1, qacrHtJHo. 

• 
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u. Koa(flopi.rnue nou B npocrpaacrse M11axoscxoro 

KHH8Marmca KOH(f)OpMHHX nonen onpe,ll8Jl/18?C/I HX rpaac(flopMaUHOHH!i­

Mlt CBORCrBBMH oraoc1treJILHO npeoelpa30BBHHR (I.I-4). Kax It B oC!HtJ­

aott p8JI/ltltBHCrCKOR reop1t1t,,D;JIR BliRCH8HHR BonpocoB KJI8CCltcpltKau1t1t no­

neil, a raxxe OOHOBH!iX CBOitCrB me COCTO/IHHR MO:iHO orpaHHtJHTLC/1 pao­

CMorpea1tet.1 HHcpHHHTe3HMaJILH!iX npeoC!pa30B8HHit. 

reaeparop!i 11acp11a11re3HMaJILH!iX npeoe!pa3osaa1tlt oC!pa3yDr anree!py 

KOHqJOJ)MHOlt rpymra It Y.llOBJI8TBOPIIDT nepecraHOBOtJH!iM cooraomeHHaM 

[ ~y ~'C' J = i 1r; fit/ 1>'f~' #'/~z-J'yz-1-J' l 
[ ~y F}J = i lf Y/ ~ -;/'JJ ~?, 
[ Mr., J<.r] ::= i fJ'v~ k~-cfrf J:J/ )~ 

['~:1>]=- i!j,, (~:zj/= i Kr, 

LF/-. l<d = 2 i[j'rvJ> + Mrv)_; 
Cr; ~J=O, £kr Kv]= OJ L~v~·:DJ~o_ 

(2.I) .· 

3,lleCL ~v It f;, -reaepaTOJ)ll JIOp8HU8BHX Bpa~8HltR It C,D;BHrOB 

( npeoC!pa3oBaau (I.J ,4 »; · K/1- reaepa rop!i crieunaJILH!iX KoHqiop.saux 

npeoC!pa3oaaHHR (I.2) 11 :D · - reaeparop MacmraCIHHX npeoe!pa3oaaa11a. 

HenpHBO,llHM!i8 npe,llCXaBneHHR XJiaCCltcpllUllPYDT0/1 no 3HatJeHlt/lM rpex' 

oneparopos Ka31tM1tpa xoH~oPMHolt rpynnu 
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C2 ;,, i H;uv 'fuv t- K14 P,; - 'Ii I>-i>: 
½;: 7i (~Kft ~~vtju)-/ ~v_pv.I>~v~rr_, 

'Is= K1/f - I/ ~#rvl'1Yflj -t 

+ J {!vf.,v1«,,):_ f~H;-,vPv(-D+6i) f­

(2.Ia) 

+ lj ( ~~Z--~r~z-}~ r/,vf1rv (JJ2+ZiI>-½-2 2)-
- JJ"- l6i.Li'+SO :n2

.,.. 12ti.D+ 36C
2
-l6l.½_JJ-

-2 C .IJ2.. 
2 ,, 

r.l(e ~ = -;f '7-'1'?- 0 ~t. 
rpynna KOHqJOPMHHX npeo6pa30B8HHII H30MOJXPH8 rpynne 5 0 (4,2). 

llMecro .5 0 (4,2) y.1406HO paCCM8TPHB81'L ee Ha~pHBallllij'll 5 ll (2,2), 

HenpHBO.l(i!Ml,18 npe,l{C1'8B.II8HHJI Koropoll H3yQ8Hl,I B /B, 9/_ KparKoe onH­

C8HHe npe.14craB.1IeHHJ.t .l(8HO HH:a:e. 

Ilocxo.nLKY rpynna Ilyaaxape aa.naerca no.l(rpynnoa xoaqiopMHoll 

rpynnu, MOJ[HQ oope.14e.nHrL oneparopH M8CCH H CnHH8 (oneparop1,1 K83H­

MHpa rpynn1,1 •llyasKape). Macca H cnHa, sooo111e r,oaopa, ae RBJiallTCJI 

HHBapHaHraim ~ rpynn1,1 . .5 L( (2,2~. 0.llH8KO ,l(.IIJI Bcex qJH3H'leCKH HH-. 

repecau~ ape.l{cTaB.neaHII Mo:mo rosopHTL oO onpe.l(e.neHHOM cnHae. Mu 
6y.14eM paCCMBl'pHBarL TOJILKO :raKHe ape,l(c:ras.neHHJI (,J!;HCKperaue ce­

praH), KO?OJll,18 CBJl38Hli C npe,itCT8BJI8HHJIMH 

(j~ _,/1-) @ (J2J jL) (2~2) . 
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rpynau JiopeHrta. ll 3X.1X npe,itcl'aBJieHHax cnHH np1rnru.me:r cnex:rp 3Ha­

'leHHII B Ha:repsa.ne 

I;~ -j:i.l ~ s ~ ), +)2. 
Ec.nH 0,l(HO H3 'IHC8.II j,,2 paBHO Hy.nlJ, CUHH llBJille:rca HHBapHaHrOM 

KOHqJOJUHOII rpynnu. 

Ilycu / x,..,.) -6a3Hcaue aeKXopu npocrpaacxaa aenpirno).lIDdoro 

npe,itc:raa.neHHJI B KOOP.J4HH8?HOil peaJIH38ItHH. reaeparopu KOH~OPMHOI 

rpynnu .14eac:rayDT aa npocrpaacrae qiyHKJ:tHlt .f (x) = ◊/'"'/ f > 
H HM81ll' BH.l( 

M. ., = i {x/" q, _,.. x,, 'd=)-,.. i 2._ ,,, 
'j'-' ✓ 1/' , 

p_ =id. r I"',, 

J:> = i ( /l+XI"' ~), 

(2 .3) 

I< =-i(x2 } -2~x.,~ -2Z'Xr)-2i~,_,,L· .; 
~ r ~~ 

r,l(e f -uacmra6Haa pa3MepaocTL, a X, -MarpHrta KoHe'IHopa,n:aoro· 

npe,itc:ras.neHHa rpynnu Jlopearta, .1teilcray1J111aa aa cmmosue Hll,lleKcu 

qiyHKrtHII .f{x). HanpH.\!ep, B c.ny'lae cnHHa 5 = I/2 oaa paeua 

z:I'"'., :=;[~Yu . .l(JIR npe,l{C?8B.II8HHil (2.2) HMeeM /IO/ 

. E~v 2/'v = o/; f/ + .1) 1- ~~ (j~ + _f ~ (2.Ja) · 

~"'•.l'z- z,/"., 2.l'z- ==J' t;i t;;1-.1J-J'iJ~ t;~ ,..!) 
(2.36) 

U3 (2.3) H (2.Ja,6) H8XO,l(HM, '!TO oneparopu i1:a'3HMr!pa (2.la) B 

3THX ape.ztCT8B.II8Hl!llX BlipaZBIJTCll 'lepe3 M/lCillT80Hyio ·pa3M8pHOCTL ~ H 

xaaaroaue 'IHcna rpynnu Jlopeurta /~ J /2. : 

·9 



C2 = (t-2)
2

- '-/+- 21~ 1/~+l}t-2/~ f;~r i), 

t; =-(f-2}{)~ {)tt-i)-;~(}2- ri)i (2.4) 

c't = J f~-2JY_ft'-2J2l),(;>1)+/~(;~-1-.t)-1-!}1 
+ 'I/~ (/+!)J~(;~-t i). 

3HaqeH14H onepa:ropoB Ka311M14pa 14HBap!4aHTHH OTHOC14T6JlbHO 38M8HH 

t--lf-.e, /1. ~1:2-. (2.5) 

OTCDAB CJI6Aye:r, q:ro npeACTBBJl6Hl4H 

rr= fs/,/2)@ (~)2))1) 
· (2.6) 

14 

(I= (¥-0/i-~)1)@ (11-t'J/~;1/2-) 
(2.7) 

3KBl4BaJieHTHH. 

Ea314CHHe B8KTOPH npoc:rpaHCTBa HenpHBO~HMoro IlP6ACTaBJl8Hl4H 

0603Haq,w K8K /e7_; ,X> • Cnl4HOBH8 lr!.HA8KCH BCD~Y ODY11!8HH. IlyCTb 

LJ" fx-1) = ~,) o-I~ I/ - (2.8) 

HHBapHaHTHOe CKaJiapHoe npOl43Be~eHHe 3Tl4X B6KTopoa. OHO M0~8T 6HTb 

JierKo Hali.JleHo 143 (2.3) 14 .IW68T B.11,lt OAHOPOAHOR qiyHKitHK pa3HOCTH 

{x-JI). • Hanpiwep, B npoctellmeM CJiyqae HyJieBOfO cmma, 0-=(t: ~rj, 
2..1-t . 

HMeeM /j(/"""(z) ,.., (z2:,,t .• ttattua az.it ¢yaxnHa L\f'J ,;n paa.11HHHx 

T8H3opHHX IlP8ACTBBJl8HHl 6y~eT noxyqeH B cxe,;y,:,~eM paa,;exe. Ra 

.JO 

I 

I 
I 
J 

\ 

) 

I 

I 
i 

\' 
11 

'.'....I..__ 

HHBapHaHTHOCTH (2.8) OTHOCl4T8JibHO 14H~l4HHT83HMBJibHHX npeo6pa30B8n14R 

(2.3) BHTeKaeT Tan:e, q70 B8KTOPH /r7;x), np14H8AJ16ll:all!l48 pa3HID4 

npeACT8BJI6Hl4SM,opToroHaJibHH (n~pp6Hee CM. pa3A8Jl ill). 

(?<>er/ rr: y > == 0 , ecJIH fT =I=- er.' (2.~) 

CooTHOW8Hl48 OOJIHOTH ~JISI BeKTopOB /<7_; X) 14M88T B.11,lt 

]dxc/y /v, x) Ll:_1 (x-1) <j~ o-J = i (2.8a) 

Ilycu · y?-'~)- KBaHroaaHHoe noJie co cnHHOM $ . UMeeM 

LI(~ Ii) if {x}ll-1/411)= ivr:J f'(IJX-t-Q), (2.IOa) 

r~e T(1f)- MaTpHua xoaeqHoMepaoro JiopeHneacxoro npeo6paaoaaaHa 

c rettepaxopOM ;£" 
11 

, /1 14 0 -napaMe:rpu npeo6paaoaaHHR -;u . 
(I.3,4). llHqil4Hl4T8314M8JlbH8SI qiopua (2.IOa) 80Tb: 

CctrxJ~ ]== i ~ lf'r,;J, 

[ cf (x) Hrv] == i [" f d,1 -Xv,~ t-XrJ </'{1. C
2

-
10

) 

B o6uqaott penaTHBHCTqitoA reopHH, r~e Kl4HeMa:raqecKo3 rpynnoA aBJia­

erca rpynna IIyaHKape, TpaHcqiopM8Ul40HHHe CBOltCTBa IlOJieA 14cqepnHB8-

1lTCS lp0]'.UYJl8Mlr!. (2.10). IlOJISI KJI8CC14tp14Itlr!.PYD'l'CH no 3HaqeH14SIM M8CC!l 

14 cnl4Ha - onepa:ropoa KaaHMHpa rpynnu IIyaHxape. Ilerxo BHAeTh, qxo 

B cnyqae KOHlpOJ)MHHX noJieR·Macca He SIBJISl6TCH 14HBapHaHTOM, T.K. 

iA:D 2 -d:D -2>,. 2 

e pe =e P. 
2 

OTCD~a CJle~yer, qro Jil460 f =0 ~JISI Bcex COCTOHHHlt, JIH6o l\lacca 

14M88T HenpepHBHH! cneKTp. B nepBOM CJiyqae MH 14M88M 6e3M8CCOBH8 no-

II 

f) 



Q 

JISI. CootBetctByD~He npe,llctaBJI8HRSI KOH~OPMHO! rpynnH SIBJISIDtCSI O,ll­

HoBpeMeHHo HenpHBO,llHMHMH np3,llCtanneHHSIM14 rpynnli IIyaHKapa C HyJieBolt 

Maccoll. Bo nropoM c11yqae Ka~oe aenp14BO,lll4Moe ape,llctan11eHHe KOH-

\llopMHolt rpynm co,llepxl4t 6ecKoHeqault aa6op npe,llctaBJI8HHlt rpynau 

ITya1mape co nceul4 uacca.MH B 14HtepBane 

0 < p
2 

< ooJ· (2.II) 

H COCtOSIH14SI f//r(x) /o) ( OHH o6pa3yDT HenpHBO,llHMoe np8,llCT8BJI8HHe , 

CM. iiHie) Moryr HMeTL JID6!ie MaCc!i H3 sroro 14Htepna11a. KaK Bli:re­

Kae:r H3 (2.4), :raKae IlOJISI KJI8CCH¢14Q14pyDtCSI no 3HaqeHHSIM Macmra6-

HOll pasMepaoctl4 cl 14 cnHHa. Ey,lleM ronopHtL, qro no11e P (;y HMe­

er pa3M8PHOCTL c/ ( B 8,llHHHnax M8CCH), 8CJI.14 ero :rpaHcqiopMaQ140H­

HHll saKoH ornoc;,i:reJi.1,ao MacwradHwc npeo6pasonamH! (I.I) HMee:r B.14.ll 

ll ?t) ~ f-K) t/~1
().) = )i cl IF(). x/2 

(2.12) 

HJIH B HH\l)HH14I8314M8JI.bHOlt \llOJJ>18 

[ t/'(x)~J= -t' (c/+Xr ~) t/1(,rJ. 
(2.13) 

. 2 
Ee3M8CCOBb18 IlOJISI, ,llJISI Kotopux P =0, T8KJ:8 Y.llOBJietBOPSIDI rpaac-

\llop.Manl40HHOMy 38KOHy (2.12), QAHaKo H,C pa3M8pHOCtL . ti. npHHHMaer 

\ll14KC;ipOB8HH08,.3HaqeHH8 cl=~ , onp8,ll8JIH8.M08 CilHHa,t 

~ := j+ s; (2.14) 

3ror pesyJILtar IlOJiyqaercsi KaK H3 8H8JIH38 683MaCCOBHX ap8,llCI8BJie­

Hl4lt KoHq;OJ)MHon rpynau, raK .14'143 KaHoHHqecKHX nepec:raaoaoqaux co­

OTHomeHHlt OOJI8lt • .8 CJI_yqae npo.143BOJILHHX KOHqiOpMHWC noJielt co cneKr­

POM .Mace (2.II) pasr.iepHoCIL _Moxer npHHHMaTL JID6bl8 3Haqemu B HH-

repaaJie 

d>~. (2.15) 
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TpaHCqiOJld8Ql40HHHe CBOltCTBa no11elt, Y.llOBJI8IBopaD~HX (2~10) 14 (2.IJ~ 
OtHOCHI8JILHO 14H\llHHHT83HM8JILHHX npeo6p830B8H.14lt (I.2) onpe,ll8JIHDICH 

COOIHomeH.148M 

[ 'f {x} Kl'J=-i (2tlJr t-2,KrX"'~ -
-x2.?-, +2,K>'Z/'") tfif,K). 

(2.16) 

Koaeqa1,1e apeo6pa3oBaHlda (I.2) Hapymanr apHqHHHOCIL·, T_K. OHK CBa-

3HB8DT npoc:rpaHCIB8HHo-BpeMeHHH8 :roqKH, 11exa~Ke BHy:rp.14 H BHe CBe­

:ronoro KoHyca. UcKJIDqeH.148 c_oc:raBJIHDI 6e3M8CCOBb18 IlOJIH C K8HOHHqec­

KOll p83M8J)HOCTLD (2.14). llic _KOMMy:ra:rop (HJIH 8HI14KOMMy:ra:rop) OIJIH­

qea OT Hyna TOJILKO Ha CB8IOBOM KOHyce, Kotopull 14HB8p.148HI8H OTHOC14-

:reJILHO (l.2) • 

0,llHH 143 cnoco6oB o6oltt.14 B03H.14K8DIIIYD 3,ll8CL :rpy,llHOCIL - Bocno­

JIL30B8ILCH 8BKJIHAOBOlt fOJlMYlH1pOBKOll KBaHIOBOll :reop.1414 nona /II/• 

TaKoll llO,llX0,11; HMeer e~e Iii. ,ll0Il.OJIHHI8JILHoe apeliMy:~ec:rno, CBSl38HH08 

C OTHOC.14I8JI.bHOlt apoCtOIOll 8BKJI;~OBOli. KOH\l)Opll!,,Oll rpynnH / 5/ ( rpyn­

OH 50(5,I)) no cpaBH8HHD C KOH[pO]llltHOll rpyanoll npoc:rpaHCIB8 

MHHKoacxoro. 3ro apoannae:rca, B qac:raoc:rK,apH aaanHae :e:oaqiopMHO­

HHBapHaa:rHHX pa3JIOX8HHll ,llJISI BHCm:WC: \lliHKQHlt .Balt:rMaHa H \llyHKQHll 

fp14H8, CM. HHXe. Jlpyraa B03MOllllOCtL COBM8Cil4IL K'oaeqaue KOHq;opM­

Hble apeo6pa3oBaHHa C npHqHHHOCt.bD np8,llJIOX8H8 B 1121, CM.I8KX8/IJ/ 

OHa OCHOB8H8 Ha noc:rpoeH14.14 npHqHHHoll yacpsi,lloqeHHOCI14 B 6ecKcHeqao-
·, 

JIHCIBOM H8KpHIH14 npocrpaHCIB8 ,AHHKOBCKoro, r.ite ,ll8llCIBye:r 68CKO-

HeqaoJI14CIH8SI yHHBepcaJILHaSI HaKpHB8D~aa .KOH<p9JlMHOll rpynnu /I 4 ,r51. 

3ror llO,llXO,ll recHo CBR38H C 8KCROMOll cneK:rpaJILHOCIH 14 6y,lleI e~e 

06cyJr,1taILCSI Hl4J:e. IlpH KOHKp~IH!iX BHqRCJI8Hl4SIX (p83,ll8JIH lli-1) 6y,lle:r 

l4CDOJIL30BaHa 8BKJI/,JJ.OB8 <PoPMYJI14pOBK8 :reopHR. 

·~ 



Ilycn C/;; {x) ·- none, npaoelpa3yllll!8eca no npe,1tc:raBJieHHD 

~:= {cl., s) ,·r,1te s-cmm, H Y.llOBJI8XBOPHlllll88 (2.IO,IJ,16). Pac­

CMo:rpIDA coc:roaHHa 

't;+{,t)/0)_, Y:/r;,;'/!;6,_J/rH :r.,1t., (2.17) 

r.ite / D) - ICoH(llopuao-aHBapHaH:rH!llt Ba1tyyM 

"}>' lo)= Pr /o)=..D lo>= Krtlo) = o .. (2.18) 

1'!HBapHaH:ra1,1e CKaJiaJ)H!le npoH3B8,Jt8Hl4a COCTOllHHR (2.12) oelpa3yll:r Ha­

Clop 4>ya1tnaR BaR:ruaaa: 

(o /'f:ttx,J f/JJrx,JI~ ~/1;,,1,,;~txzJ v:/vJ;t/txrJ/o); ... c2•
19

) 

HaXOZJt8Hl48 3XHX HHBapHaHXHlll: ipyHKitHi - 36,ltaqa ~HHaMHKK. 0,itH.aXO 

PH.Jt OClll!HX CBOACXB coc:roaHHi (2.17) H ~yHKUHi (2.19) Mozer ClH:rb 
' - ,. . ' 

Bl,lllCHeH B paMKaX KHHeMaXHKH. 3aMe:rau, npeZ,ite Boero, qTo coc:roaHHR 

<t/ (x) lo) o6pa3yD:r npo~:rpaHCXBO HenpHBO,JtHMor~ npe,itc:raBneaaa. 

TpaHClpOJJManaoHH!l8 CBoRc:rBa 3THX COCTOSHKR onpe,it8JISDTC! (llopMyJia­

MH (2.10, IJ, 16) ~ (2.18) H COBna,itaDT c 38KOHOM npeoClpa3~B8HHa 

( 2 .J) Cla3HCHl,IX B8KTOPOB / v; X > . Ilo3TOMY npoeKitHK 

<oft.; {,.,)/Cf Xi)= 0 , ecJIK CT F ~~ 
B 0Cl1,1qaoa pena:rHBHCTCICOi :reopHH OHTyanaa CYll!8CTB8HHO HHaa: 

Benop ft11)/iJ) mcee:r· npoexnHH Ha ·coc:roaaa~ c pa3~~~~wH 3Ha~e-
2. .. ' . . : .... ' ': 

HHar~a p , :r.e. npeoelpa3ye:rca no 6ecxoaeqaoll npaMoa cyMMe ae-

npaBo,itl!M1,1x npe,llCXaBJieHHlt rpyDllhl IIya111tape 11, . CJI8,JtOB8X8.lbH:o,' iinpa­

,ll8Jia8TCR .JtHHaM~oR. B xoa(lloiuiioa T~opHH 3TH coc:roaHH.11 uonoc·n11 f·· 

oripe,it8JI8Hhl B pawcax KHH8Ma.THKH. 

;14 

{ 

\ 
' 

I 

! 
I 

( 

\\ 

I 
~ 

1.J 

+ t '\ 
.8 o:rJH!qHe o:r HIDC COCTORHHR ~ (J<J) 'I:; fx2)/0 / npeoClpa3yDTCa 

no 6ecxoaeqaoa npaMoll cyMMe npe.itctaBJieHHlt. Pa3JioZHM 3:r14·coc:roaaaa 

no Beuopa.M / u; X) . CooTHomeHHe noJIHo:r1,1 ,itJia B8KTopoB / t7; x;> 
I' + ) 

B npoc:rpaac:rBe coc:roaHHR If;; (x,} ~ fX2-} / o aMee:r BH.Jt 

L /cr)(rr/=Lfdxdt1 /~x).1r
1
1x-11)(0cr/=I. 

(T (T ~ 't7" (/. c/J , (2.2_0) 

o:rKy,ita 

'f.t ¼,y!;/t:xz)/o )== j_jclz clz'/:J(z/X,Xz.)IJ~
1
(i.!_y/v;z>. (2•21 ) 

IT. .+ ,h + ,In\ 
3.itecb 8 (z IX, X2.)=(i;cr/~{x,),;;l2)19'-. HHBapHaH:rHHe npoeKn1u1 coc-

ToaHHa (2.21) Ha B8KTOP /t7_; Z) . KaK Cly,ll8X noKa38HO B CJI8.llYDlll8M 

pa3,Jt8JI8, HHBapHaHTH!,18 3-:roqeqa1,1e ipyHKitHH onpe,iteJiaD?Ca KOHlpOJ)NHOlt 

cHMMeTpaelt c :roqHocnD ,ito KoHctaHt 116 ,l?/. Ilycn Cft/0 xJ-a3-

Bec:raaa 3-:roqeqaaa ipyHKitHll C ipl4KC14poBaHHOlt HOJA'JIHPOBKOI. IlpoeKnaa 

B v-(zlx, Xz.) uoxer 011Tb 3anacaaa B BH,Jte 

13rr(z/x,xJ-Jl(C7) C fz /x,..r;,), (2.22) 

r.ite .ll(o) onpe,itenae:rca ,itl4HaMHKolt., B1,1qacnaa cKaJiapHoe npoa3Be.ite­

HHe COCTOllHHlt (2.21), DOJIYllWI, yqaT!lBaa (2.8) a (2.9), 

<(o/P,; (x,J I/{; {,(z)i;,,rtx3 } ft:/&,,,}/ o> = 

= L-j)ffr')J;xcj[Cf;/~Xzi}4f'K-;;I) c;/~K~ 
IT . "' . (2.23) 

r.ite JJ(tr.} =-/l(cr}./l(u). · 
'tr 

3~ecb . /1P"' fz) 14. C ~.x,~- .113Bec:rH1,1e qiyaKn.ta, a /¥7- npo143BOJib-

Ha • B: Hell co,itep:IUiTCa BCll ,JtHHaJlHqecKaa 14HipOpuanHa O lpJ'HKitHH 

Balt:ruaaa • ( ~. 23) • • 

,d5 



PIIA ocl11tl1X orpaH!rfll0HHtt Ha qiyHK[lHD jJ (<T) MOXHO DOJiytrn.ri. H3 

8KCHOM KBaHIOBOtt reopHH no1111. 3rH orpaHHqeHHII orHoc11rc11 K cneKrpy 

HenpHBOAIIIMHX npeAcraBJI0HHtt, A8DII!IIX BKJI8A B (2.23). Orclop npeA­

craBJieHHtt npoH3BO,l{HICII H8 OCHOB8Hl1H ABYX rpeclOB8HHtt: 

I) cneKrpaJII.HOCTH, 

. 2) nOJIOXHT8JlI.HOCTH HOpMH. 

YCJIOBH8 cnexrpaJII.HOCIH 03Haqaer, qro B p83JlOE0HHe (2.23) Moryr 

AST!, BKJI8A TOJII.KO T8KH8 npe.l{CTaBJI0HHII KOHqiopMHOtt rpynna, Koropae 

npH pe,ityKl{HH K rpynne IlyaHKape paCD8){8DTCII B npaMyD cywy npeA­

CT8BJI8HHlt nocJie,l{Helt, YAOBJI0IBOPIIDII!IIX (2.II). Ilo.110:a:HrenHocri. Hop­

MH CBOAHTC/1 K rpecloBaHHD yHarapHocr.H npeACTaBJI8H.HI. Ma H8 clyA8M 

np.HBOAHrI. 3)1001, noJIHOil K.118CCHqJHK8rtHH npeACI8BJI0HHI KOHIPOPMHOI 

rpynna(cM., Hanp:i!Mep, /B, 9?. OrMeTHM JIHmi., qro oqeai. HesaaqHreni.­

Haa qacri. npeAcraBJieHHR coBMecrru.ta c yc.110BHeM (2.II). 3ro rax aa-

3HBaeMae AHCKp8~HN8 cepH~ npeAC1'8BJl8HHR. B qacrHOCTH,3Haq11re.11i.aa11 

qacri. npeACT8BJI0HHtt KOHqlOpMHol rpynna cleCKOHeqHOKOKDOH8HTHano 

cnHHy (HeBapoJ:AeHaae npeAcraBJieHHn). 0AHaKo Bee OHH ae YAOBJierso­

panr (2.11) H He ,lt8DI BK.118,l{a B (2.21)· 14 (2.23), qro 3HaqHreJII.HO 

ynpo111aer crpyKTypy pas.lloxeai1a (2.23). 

Apyroe B8XH08 C.110,ltCTBH~· cnexrpaJII.HOCTH cocroHr B TOM / 14 ,15; 

qro B xaqe.crBe .HCTHHHoil rpynm.i C.HMMeTpHH •Teopm,1 HeoclXO,ltlilMO HC­

DOJII.30B8TI, clecK0Heqao.11HcrHyD YHHBepcani.HyD H8KPffB8DUIYD KOHqJOJ)M­

HOR rpynna. Ee npe,itcraBJieHH/1 IIBJIIIDTC/1 MHorosa~qHHMH HJIH clecKoHeq­

H03HaqHHMH npeACI8BJl8HH/IMH KOli<pOJJMHOlt rpynirn. ECJIH xe orpaHHqHTI,·­

C/1 KOHqiopMHott rpynilol, HJI.ll JIOK8JII,HO-ii30MOpq!Hott en rpynnou-5U(2,2) 

(:r.e. OABO- H .ltBY3H8llB!iMH npe,itC1'8BJl0Hi111MH KOH<pOpMH~A- rpynm,1) 1 to· 
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aro BeAeT x aeonpaBA8HHQMY orpaa11qeHHD Ha Macmracluyn pasMepHocri. 

- no.11ea. Yc.110BHe cnexrpani.aocr11 .itonyc:s:aer. B aroM c~yqae· /!8/, nOM~-o 

K8HOHHqeCKHX pasMepHocrel (2.14) TOJII.KO AHCKperaae 3HalleHHII (AJIII ' •. ·. ·. 

..._ 
¾ 
~ 
~ 
,;::, 

"' 

llOJI81t CO CilHHOM S ) c/ = 2 + 5 + n 1 . n - J.l0JI00o B pa.MK8X 
;(._) 

yHHBepcaJII.HOI H8KpHB8D1Il01 KoHqiopMHOI rpynna pa3Mepaoc:ri. npHHHM88T 

JIDclHe ,lt0MCTBHT0JII,HHe saaqea1111; 8 yCJIOBHe yaarapHOCTH, r.e. noJio­

XHreJII.HOCTH HoJr,m, orpaHlillRBaet ax HHrepBa1101.! (2.15) 115
' 

19
/. KaK 

yxe orMeqaJIOCL, HeoclXOARMOCTI, yH.HBepcani.Hon HaKpHB8D1I1ett BHT8K80T 

:raKxe 113 :rpecloBaHHII npHllliHHOCTH. 

B CJiyqae T0H30pHHX npeAC;t'8BJI0Hlilt (2.2) pa3M0pHOCrI. MOX0I npH­

HHMBII. C yqe:roM cneKTP8JII.HOCIH H DOJIOXHI8JILHOCTH JIDclNe 3HaqeHHII 

B Harepsane 1191: 

e ? 2+),~/2. . .. (2-.24) 

3:rH p83M8pHOC:rH ra:s:xe A8D1' BKJIBA B pa3JI0:1:8Hli8 "(2.23). 

OKoHqareJILHHR B8pHaH:r pa3.llOX8HHII (2.23) c yqerQM cneKTpani.­

HoC:rH H no110:a:11re11i.aocri1 ecri.·/15/ (.it1111 npocrora clyAeM cqarari. no­

u f.tlv CK8JIIIPHHMH, T8K qro ), = /~ == t •). 
<of If,;&,) 1/j(~z.) -t/(13) v:/r,,,,)/1/ ~ · .. · . -·c2 25) 

f.,s f- • = 2- L .IJfen s)Jt1xclt1 re h~ ... ·(x/~,X2)7 ,.. .. ' .. 
s e,. f ~ / '-~--~ :J 

-1 · · · e. ".s" · · · · · 
~11✓. _.,._✓. .,· ,·,: (x--:-v) C,,"' .,. ft1/hX'I) L:, .. ,••/ "$ "1•••V,s p' v,·•·Y_r <; J 

rAe jW H _v -reasopaue HHAeKcii, A·,~ »Knnqaer cywy no_ ,itHCKperHan 

paaMepHOCTIIM HJ!li HHTerpaJI no aenpepHBHOMY cneKTpy ( 8CJIR OH ecu) · 

c yqero.\t (2.24) H (2.15) npa · :, =-· 0. 
AaanorKqaoe· paanollteH!4e )IIOJ:HO aanl4~ari. AJIH uacrirnx giyaKrtRR 
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r, 801,c;.ii.illC!.l!.lLl!f CHC'i'Fl'eyi 

i:mepu;;:1z m::c.iJe,nosmmil 
GM6.JIMOTEHA 



BalttMaHa, DPOKJl!l,ltYB8JI DOJIHYlt lia6op (2.20~ M8:l;lty pa3JIHlJHYMH DOJIJIJIH. 

Haopm.sep, 

< o/ 'Ii ff <I; V:, Ps- Io> = 
=;E. (o/t/{ ~ l~>(v;/~ /Vi)(u;_/tfy ft-/o;>. (2.26) 

V,-Vi . .. 

Kalt DOK838HO B /IS/, HM88TCJI )tHCltpetHYI Ha6op pa3MepHoctel.t, 

)t8Dllll4X BKJI!l,lt B (2.25), KotopyR q>HKCHpyetca tpaHCqJOJ)MaqHOHHWIH 

CBOltCTB8MH oo.11ea OTHOCHT8JloHO KOH8QHHX ope~6pa30B8HHI coeqH8JloHO­

ro BH,Jta H3 yHHB8PC8JioHOU HaKpHB81llll8lt KOHq>opMHOlt rpynny. 3toT. 

cnextp ecto 

tn. =2 c/ + fl , f)t8 It -q8JIH8 QHC.118. 

(2.27) 

Pa3M8pHOCTH (2 .• 26) COOTB8TCTByDT npe,JtCTaBiieHH.RM yHHB8PC8JloHOR Ha­

KpYB81llll8J,.1taDl1llU( BltJia)t B pa3JIOJ:8HH8 npSMor.o npoH3B8,Jt8HI.II .ltBYX 

npe,1tctas.1teHHI c pa3Mepaoctoll d. Ha.HenpHBO,Jtl4MYe npe,1tctaB.1teHHa. 

ECJIH orpaHlllJHToC.11 B (2.25) TOJioKO pa3M8PHOCTSMH.(2.27), TO Ul,I no­

JIYlJIDtl o6o6~8HHY8 CB060,JtHY8 DO.Ila, KOtop1,1e q>altTHlJ8CltH paccMotp8HH 

a /IS/. B cnyqae B3a11Ji10.1teltcraynD1HX. no.1tel B pa3.110:a:eHHH (2.25) HMe­

etc.11, noMHMo KHHeMatHtJecx~ro cnenpa (2.27), .1tono.1ta11reJioHHI cnenp 

pa3Mepaocrea, onpe,1te.11aeuax H3 ~H~aMHXH. 

ill. fyHltqll fpHHa CK8JIIPHIIX ll T8H30pHllX no~el 

B 3tOM pa3)t8Jl8 Gy,1tyt paCCMatpHBatoca non B 8BQll)tOBOU opoc­

TpaHCTB8 •. KoHqio}'.NHaa rpyn1:1a-, eB1tJIQosoro npoc.rpaacna eon rpynoa 

.SO (5,I). Kax H B cnyqae rjlynn1,1 $0(4,2), 1:1eopHB0.1tHMHe _ 

npe.itcraaneaxa ltJlaccHqiHqHpyntcs.oo saatJeHHJDf. tpex tJHce.11: 

q- ~ (~;;.,;i)@{~)2--'J') , . r.1te. Az ::-. 1tBa~_tos1,1e tJHCJia rpyo-
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ii 
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DY SO (4) (eauH,Jtoaoll rpynm• JiopeHtta), a . / - pa3Mepaocn. Bu­

tJHCJI~HH.11 6y,1tyr opoae,lleHu )lJI.11 J) -Mepaoro eaKJIH,Jtoaoro npocrpaacr-

aa. 

Ilycn ~(x} H, ~ {xj -- CKaJiapaue noJI.11 B eaK~H,JtoBoM npoc;-, 

paHCTBe. Pacc~otp.i!M q>;HltqHD fpHHa <o I rfJ. {x,) ft?~ (x-z)/ ~ 
I • . . . • 

KaK CJl8,IJ;CTBH8 nyaHKape- HHBapHaHTHOCTH, OH8 ,JtOJilltHa 61,1n qiyHKqHell 

KBa)lpata pa3HOCTH apryMeHTOB: (o/fl,;; (~) ~ (Xz.}/o)= ./(.z7:d 
r.1te z: X- f/. • !4acmra6aaa HHBap.11aHtHocn ,n;aer 

(I .( t/J -1,/. 
.f (.z3;} == <ol ~(x,) ~ {x2J/o )::::(o/1/()) ~/x,)t/h.;tl().)r;/'Kz)llrA)~ 

= f A&z. .{o/f/JJ: {>.x,J ~ ().x,)/o)= A J;-r
d'z_

.f(;.2.z~ . 

orxy,n;a cne,1tyer .. - J,-rlz 
<0 ll/J,t.(x,J t/}.rx2)/o)'rv- (Xt;J ~ 

I 2. • 

:;£ 

(J.I) 

IlpH BYBO,Jte (J.I) .i!CllOJio30BaH 38XOH opeo6pa3oBaHH.11 no.11elt (2.12). 

Bocnon3yeuca tenepo .IIHBapilaHtHocrn oraocuenao cnenHaJio­

HHX XOHqJOpMHYX npeo6pa30BaHHA. 3ro MOJ:110 C)t8Jl8To, paccMorpeB HH­

q>l4Hl4T83lU!8JloHll8 npeo6pa30B8HH.R. U3 (2.18) HMeeM 

0=<0/LKr) f/}rf~J~62}]/o)'-= 

= <o / ffr, 'Q, rxj} f/i fxz) /o) + (o/~fr,)~ ~ ~J #. 
ilO'ACtaBJI.11.11 CD,Jta (2.16), DOJlytJHM )t.ilqxpepeHqil8JioHl,l8 ypaBH8Hl4.11 ,ltB.11 

qiya1tqi1H ( O / <f,; (x,) </,t. ( x2-) / o >_ 
, 2. • 

.Br.lecro 3tl4X ypaaHeHHl:·y,11;06aee paccMotpe:ro R -npeo6pasoBamrn no-

.11ea. 06a cooco6a 3KBHBaJieHTHH,nocxoJioKy 
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k =R.IJ.<I<. r' . . 
TpaHCq>OJ)MBUHOHHHe CBOIC?B8 pa3JIHQHHX IIOJiel O?HOCH?8JILHO R -npe-

o0p830B8HHS paCCMorpeHH B /IJ/. B Q8C?Hocru, ,ll.llfi CK8JISpHoro no11a 

ru.teew 

ti( ,,e) ~(x}L/-7,e)=r-r;J' ~(.ex). 
(J.2) 

BoonoBL30B8BIIIHCL HHB8pHaH?HOC?LI). BBKyy.Ma. ii q>OJNYJI8Mlr1. (J.I, 2) IIO-' . 
11yq.uc 

I ,,4 I · · 
(.t;~.l ( ,K;)J',_ [~{J:;Xz.!Jk/z. = cf;.J ~+~ , 

HJIH, yQH?HBBfi (1.6) 1 

/, . 2. J ,l,!!fl ✓, +J',_ 
l Xv ~ ( x}·) 2. 

(x,2)4. (~t)tl'z. == 

.f;_-J: 
(;/)-y = i . (J.3) 

IloCJI8,llH8e B03MOXHO ?OJILKO B . CJiyqae, 8CJIH 8,-=. ·si. , H 

txt>'' eca J/= ~=ti'; 
<0/10,)~(Xz)/3/= ; (J.4) 

. , ec.11H: J) ~4-; . 
r.ite .#~ - HOPMHpoBOQHaa KoHcraara. 3ror pe3y11Lrar aBxaerca oO~HM 

H cnpaBe.itJIHB .itRS no11e1 n1>0oA reH3opHol crpyxrypu. OH HMeer npoc­

rolt MareMauqecKH!.t cMuc11: cocroaHHa r/;J~J /tf) oOpa3y1>r npocr­

paHcrBo uenpHBO.itRMoro npe.itcraeneHHa, a Bexropu, npHHa.itnexa~He 

pa3Hl:illll npe,llC?8BJI8HHRM, qprorOH8JILHH, cw. (2.9). 3aMetHM, QtO xax­

,llOMY no111> ,e {;<), npeoOpa3yll!lleMyca no npe,llctaBJieHHll (2.6), MOX­

HO conocraa.11rL none ~ {l<}, apeoOpa3ym11eeca no 3KBHBa11eHrHOMy 

npe,llCt8B118HHI) (2.7). Jvia raKHX no11ea HM88M 
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j 
:i 

,t t.x;/o)= ff L1;1v-~J 't--1-7; It:>, . (3.5) 

r,11;e Ll,..61,)- cKaJU1paoe apoit.3Be.iteHHe (2.8) B eBKJIH,lloBoM npocrpaH­

cne. Ua (3.5) c11e.ityer 

~ , ...... (7 ff) ,T 
(o/f/;:ftrt) ~ fx2) /o)~(x,J rr/r7;,{,V = 6 rX~-t2;).I.. (3.5a) 

B Q8C?HOCtH, ,llJIS CKBJispHHX no11eil HMeeM 
ci',/ 

(o/rj,(~}~~J1{x1.J/ry_ ~ d 0;-h). (3.4a) 

3ro He npotHBopeqHt (3.4), IIOCKOJILKy $yHKUHS rp1r1Ha (J.4a) O?JIHQ­

H8 OT ay11a ?OJILKO apH X,=.X2, a COOTH01118Hile (3.3) B 3tOl1 TOQKe 

BHIIOJIHaercs ro:r.itecrBeHRO. HOJlMHPOBKY q>yHKUHlt fpHH8 

J) J' {,, X2. )= (o/ f/j(x;J ~6.,J/o J 21,_J fxt;J=-#~/'.>;Jfl'-<~~3 .6) 

BHOepeu.raK, QtoOH BHIIOJIHSJIOCL paBeHCTBO 
-1 

IJJ'{;c) = .D~-J' {x}. (J.7) 

Herpy,llHO npoBepHtL, QTO 3?0My yCJIOBHll Y.llOBJI8TBOpaer $YHKUH8 
ii 

(.D=4): 

. - fjl _!!!L_ -4 ,11 
.DI' (x)- (fli} 2 T(2-J'J {XJ • 

. t 
PaCCMOTPHM reH30pHHe nona. IIycTL 'l;,---~fx) - CHMMetpHQHHlt 

(3.8) 

OecCJI8,llHH!.t T8li30p C pa3MepHOCTLIJ t • Ero TpaHccprJ)MBUHOHHHe . 
cBoicrBa oraocHreJibHO R -apeo~pa3oBaHHH onpe~eneau cooraomeHH-
eM /!')/ 

ll(,eJ 7 e txJ Ll-~,e) = .· ·.. . j (J.~) 
/"', ··"/4.s (, mt' (I. 
. ' - _!_ n q,,.., ,., 0) ... 9,.,, ,:,_ (x) 1/ v.···.V. ex} 

-ex~°"//'' c//~!J I .S I 
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n 2 Xr Xv 
r.ite fr,-, { x) = °rv - x2. . (3.10) 
HoJ)MHPOB8HHUe cpyHKnun rpnHa HMeDT Bll,ll 

e . 
L\ if_-h) = -;,,✓, ••;l"f.s ,-; ... Is I 

e z. -I' (J.II) 
= ciQJ" IZje) /4:.) ( ~'1 /,r,2) -~;',, (,Y,z_)-~~ 

r e • t'f(r.S) t(...D-f-..t) · .:z:, 
.it 11.s re)= rf';,-e) Tr-=-e.,.s-v, lz :::: 2 . 

~.itec1, no.itpa3yMeeaeTca CHMMerpasanaa no HH.iteKcaM.f"i .. •M~ • 
HopMHPOBK8 cpyHKnHR (3.11) euqacnanacL B 1201. 

PacCMOTPHM cpyHKnHH rpnHa rpex noneR. Ilycn $5,~). ~.yH ~I.J-cKa-, , v;~ :ai 

napHue nona, 

fi ii 13) = <of lfJ; f;r,) fi fx~) ~ u.lJ /1/. 
IlyaHKape H MaCmTa6Haa HHBapHaHTHOCTL ,ll8DT 

r ;; cJJ..J>.i / z. -A3 z -L1.z. 1, ·2. )-LIL 
bj r,.,hifJ) ,,.,,. {AJJ ( X,3 ) {X2-3 • 

Ilp.11MeHaa K (3.13, 14) R. - npeo6pasoeaaue, nonyqHM, 

BaBmHCI, (J.2) u (I.6) 
I 

I I __L J', (. 2. 2)L13 (. 2. 2.)Ll.t / · ._ a.').da. 
{x,z_xf', {X:J~{XJ):t ~,Xz Xz.X.3 c:X, ~ =./J 

Ol'KJ,ll8 

.£1,= J!rJ.;-q 
2 .., 

Ll = J; 1-~-<A Ll = J,-c4-d; 
IL 2. ~ 3 2_ 

BB8,ll8M BCnOMoraTenLHHe cpyHKnHH 

"'°'. fJ' .. I} z.J-f 
liJ f.t; = {'IIJI, rr✓J1 (A'/. 

• 

OHH y~oenereopaDT COOTHomeHHHM 1211 
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(J.IJ) 

(3.14) 

eocnon1,so-

(J.15) 

(3.16) 

I 
I 
' 
I' , I 

I 

\\ 
j 

11 

f dx L1 t (1,x}lS,1. ~ 2 -.K)h r.t.zk) = 
I L. . J 

~ ,,.,._ ,..._ -
=-(lf/i) Ll,-J, ()'2-J)Ll4-i2. f.ro)LlA-c!: f.r,i)~ 

(J.17) 

r.ite J: -tt{ ,-~ = D., 
,__ ,__ _ " . ~ rr4JrfJ;J r'-L\.r6 JLl~ txJ - ¼a rr~-1-J;.} L1J,1 ... .Pa. fxJ, (J.rn) 

,-- . t 
/J.:D-JI (x) = r~-J1)/Tofl-lr} 4- (x}. (:3.1!1) 

~-OJJMYRH (3.16-19) npHB8,ll8HH .itna .:D· -MepHoro 8BKRll,llOBOrO npocr­

paHCTBa, 

/4 = ~-
HoJ)MHPOB8HHyD cpyHKnHD (3.14) y.ito6Ho sanucaTL B cpoJ:Ne 

~ f;~x3) =/ /ltfcf, J1 ~) J(gt~-A) · 
C).20) 

·Ji;:d,.-1,, (x,.z.) L1;.,..t,~ (x,.3) J Jl.-<&-li (x2.J7 
·--r- ~. ~ 

r,IJ;e !/- - xoac:raara ceasu, a AC ( J; hl) -HOJlMHPOBOllHHI won-

TeJu,, HHBapHaHTHHlt OTHOCHT8JlI,HO 38ll8HH J;0
·-.1)-~ • OH 6y,Jt8T 

onpe.l(eneH uza. B HOJJMHPOBKe (3.20) lW88M 

.:p-~~ ~' ~ 
~ {'K1 Xz X!.)) 

r , · -f. ,.., J.J! J 
J d~ JJ J. (!,-x!) ½ rx,1x~~3) = 

I 

(3.21) 

u aaaJiorztiao no apryMeHTaM ih R X 3 • IIpz e1:1q,10nemrnx zcnonL-

3YDTCH qio])Mynu (3 .17, 18) .- Ilpeo6pa~J'oeauue (3 .-21) oooTeetcreyer 
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nepeXO.l(y K no.n11M "J)-8(~) ' npeoelpa3YIJll{HMCII no 3KBHBM8HTHHM 

npe)lC?8BJI8HHJIM, CM. (J.5). . 

AHaJiorHqHo Moryr ClllTb BllqHc.neH!l ~YHKqHH rp.tHa C reH3opoM paH­

ra S • OHH HM8DT BH,ll 

J,71z e ,..,., e . c;, .. ;,Hs (KtX2X3) = (o/<IJ:6,J t/~{,r2) ~-"/'{< (x3J/o)= 
· rr4-'2_+t+ .. s, ;yJ-c{rl'r~ > · 
= r(1,_,.J1.z.,. t+.s k) ' c 2 '/ ~ 2- / 

2- r(,f-~,.t-.s l rrJ1-4'r~~ 
2 -:/ 2- . .> . (J.22) 

A{ (J/'2 t) L1l.+'2-t+~ {x,2).3J:-J2.«'-.s (x,_3),j J2-J,-,t~ {X25). 
z ' ~ ' 2 

{ 

K.1 1x3 · n, 7 
. ;\~ (X,X 2) .. · 1\/fs (X, X2-)- (;,.(edWJ 

1 
r.Ite _x.1 {.X,X2) = 0,.1),H _ ~/"' (J.2J) 

'j'< x_:i. X11..3 , . #c (J,'J;, e) - r,rno:a:.ire.nL: HHBapHaHTH!llt oraoc.ireJibHO 38M8Hll 4 z.-:D-,f.2. 
5 , ~ 

H f ->-:D-t. IlpH BllBO,Ite (J.22) acno.nb3OB8HO coorHomeHHe (J.9) H 

/1-,MJ'f' (x} ).;x (~x,-' RX:z.) = x2
); (x, X2-). 

(J.24) 

HOJll«HPOBKa (3.22) BllC!paHa raK, qroelhl BlrnoJIHJl.nHCb COOTHomeHHII 

r . . {1. J;da t J>-~ cla-' t9 
J <Ix,', .D ,! ~,-x,') -;-r,··-r.s U,1

/z.~} = (;v, .. ~ (A; %z.X.1~ (J.
25

) 

a aaanorHqHo no apryMeHTY · X2 , 

t .· I ft J;J;_ t JJ! ..D-/ x.-x l.r. , ,,z, ]ti~' !J.~ .. ~ V,···Vs {):, -V >1--·-1::/~-"2X3,1= ~-'.Y¼ (,r,~~J(J.26) 

Ilp11 npoaepxe (3.25, 26) acno.nb3yDrCJI qiopr.cyiu,1 (cu. np11.noxeHHe) 
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,I 
:1 
'! 

]dX4f(~-x).3~6[~J3J(~-X}p;,fxxj·••,¾fK9-cne~= 

;, r/4-l+sJ rt1.J ~ X /. ; ,r /4 ;· _CJ.21) 
=(11liJ /(/4-c{Y rd~:vjA-J.1r~:l3Ju,:_~(~3 Llke& ,z . 

{;.;,, (.xzx3)--·A'),_, (h X3)- oe?~ . 

r,l(e er,.,. t{,-~ = .:o, 
H 

]rlx 31, j;-~)L1cJ!Ct'2-.YL1J; (,xJ.-x) · 

[ {/ (j,/lz_X3)··· 1/,.:,_J1/hXJ}-C/?e'd~J = 
;,--/'I // . (J 27 ) 

={w/· rtz>-/,t-s-:£ m-lzJr(1-~)_ Ffl)/1J}j@!L . a 
Tj) ;(:v-J)-.t) 1~-~-..s)/'(¼-~-.v ffc{.,..s)!Ycf~~j 

JJ.-J)(hi} J,4-J£"_c; {x1.3JLt-J_;-s(,.r,J (✓i,;, ()'~K3}-•J,,Z., {xzX3)-c/le{)ij, 

r,l(e J;..cfa +J:s = .n-.s., 
.K I A' .f/" {,x,/!z /2) =Jf,y (,t,-X) /ly (X2-X3). 

IlpHB8,ll8M B 3aKJil)qeHHe e~e ,!(Be ~yHKUHH rpHHa, KoTopue norpe-

ClylJTCJI B ,It8.nbH ellmeM : 

(fl~'~(~)~ fxa.)J}~J/o) =-

= {..ll.t ).;, (,K,X3--)/;IJ,' (,f,_l<..3)"•).;.. Vz~J-c/!e~ + ·. (J.21:i) 

+ 13,~),~ [{--~,frr..(x,J)}i;,{,xzl<.3)···)f,I< ···A~_Jh~J}-c11e~ 

L1<('-da_t«j-s-L (Y,1.) A" ✓,,.~-~-.st!_ (X12). J <¼+d::,--c/, ,-_s-1 (X23), 
~ ~ 2 

r.l(e .111. H 8 1 - npoH3BOJibHhle KoHcTaHm, /4 oaaaqaer nponycK 

HH,ll8KC8. 
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<of ~/y-'s (x,) ~L {x,) J;,,! (xJ) /o) = 2-

./. X /(I '1 .. 7 r;X.J/, J/(.l , I ~2 ]t 
7 {'./i L).Jt,fhX.1)--:~sfxzX.l)-~·L}~c'tK,Xz}11yJ~X,.)-:z; ;fr,~; X2J 

-t :,1 8 /}.>-;, (hX3)•·· ,Af.c ·•);,rx..xJ) ( ~/<~ (,,3),\1 (x,Xz.)-t 

/ \~.! 2 n A'J , 1) -1,f 29) 
t-J/'.c>'2-CX,1,) /\V,( x, X2-)-:-.D o>/~ f;--,.c,.,(~3)).>'(Y,X2./-CJ1ed61 fl)lj; . 

-t- ff,f}2- C [k ;.;, {,t,_~)••.).;1: ··· )f~ ··· ~;s {XzX3) 

(?/'tc>1 (~3}f!re JI.._ (x,3 )-}:;, ~Y2 ?IC~.)- C//t'Q6-/ no;v ;J­
.3d,uk~-~ (,t,.l) J~ .. ~-t/,-t-.s~ (x2..1)3.( .. ~-,ls-S>'2 (x,:J. 

2. 2- 2. 

ITpa auBo,D;e (3.28, 29) acnonhsoaanHcb ¢oJ)Mynu (J.9), (3.24) a 

,~/'' (,y} j'>'J1'(A'2Jf~'Jl'(RXt-l2XJ= /~>' t'At2), 
j'rr{x) jv-;1 (x)= rf J/. . 

IY. Bucmae <pyHKqaa rpaHa 

PaccMoTpHM ¢yHKqHD rpaHa HeltTpanHoro cxanspeoro nons fJ'(x) · 

BX, -MepHOM eaKn~oBOM npocTpaHCTBe: 

G(,XJ1-K.JXy} := (o/rj6;) &frz) f/7(X&) ~611)/0 ). 
( 4.1) 

BBH,D;y nyaHKap8-·HHBap146HTHOCTR OH6 38B14CHT OT meCTl4 nepeMeHHHX 
2. 

)(iK- • U3 H14X MOltHO COCT8BHTI> ,l1;B8 0espa3Al8pHHX B8JIHIJRHH 1 14HBa-

p!4aHTHHX OTHOCl4TenbHO paCT.RXeHH.R 14 R_ -npeo6pa30BSHHS 
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. i 

I 

I 

_l 

2 2 
x,'I X23 

1 = il 2 ) 7, x✓2 X.311 

2 2 
?' = X13 Xz;,. 
?z v2.xZ 

/\/2. 31/ 
(4.2) 

Haa6onee o6malt B~ KOH¢0PMHO-RHBapHaHTHOlt 4-Toqeqeoa.¢yHKqHH eCTb 

,( 2 2 _J ) 
<.r(~J<2X.1Xt) = (X,2 ~;) ;:'{JL ~ Jz.. ~ (4.J) 

r,D;e F ( f.cJ J2)- npoasaonbHa.R ¢yiIKqas. 

.l(Jrn ,D;anbHeamax qenelt y,D;o6Ho nepellTa K o,D;HoqacxaqHo-aenpa'Bo­

,D;JrtMolt qacxa ¢yHKqaa (4.I). BBe,D;eM rpa<pHQ8CKHe 0603H8Q8HH.R: 

~X2 ,\ 7[,;._ == <JI rj(Kt-J f/;,{,k2) ~(Xs)/o /_ (4.4) 
XJ J . 

X, X 

'--(;;Y 
3 

- r;!.(x,xi.x3x'f)...:..z;J'fx,2.)~J'(X.1")- . c4•5) 
~>''( 

Xz_ _ :DJ'(,K,3).DJ'(;Kz.'1)-.DJ(:<,.,,).DJ ~23J 
r,D;e .:IJ,;,(x}- ¢yaxnRs rp,rna (J .8). 

0,D;HOQ8CTHQHO-Henpl4BO)lHM6.R Bepm14Ha onpe,D;eJiaeTC.R K3K 

Xi 'rYXi '12(_ ~· w 
x~xf=fe-~-A Jff "'. (4.6) 

B~yTpeHHHM JIHHR.RM coaocTaansexcs o6paxaas ¢yHxnaa rp14Ha. BepmaHa 

(4.6) MoXeT CIHTb 36ITl4CaHa B T8KOll xe <popMe, KaK (4.J). ITpe.ncTaB­

Jt.R.R npoH3BOJibHYD ¢yaKqHD OT J1. H J2. B BH,lte HHTerpaJia MenJIHHa, . 

HA188.M /IJ/ 

x,yyx.s J' 
~ = (x, i ,x}-,,) . ·. 

X )<'I ( . • . . ~t, c.: (4.7) 
2- . JdQ(c/6 :fk13., -,x-t-J') (x,; X3v <X1!Xz~)~:Xi~! 
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KoHTYP HHTerpHpOB8HHS1 no o(_ ,13 npOXO,ltHT B,ltORb MHHMOA OCH. Ro­
KanbHOCTb, T.e. CHMMeTpHSI qiyHKUHH (4.?) OTHOC~TenbHO nepecraHOBOK 

Koap,llHHaT 

xi-~ x~, (4.8) 

npHBO,llHT K :tp860B8HHll CHMl.f8:tpHH qiyHKUHH :f (~13 IY): 

· .f(cL130): f(j3ot:J'}= f(~ Y;b). 
(4.9) 

iiloXHO nOK838Tb /IJ/, qro qiyHKUHSI ( 4. ?) C ,lt0IlOJIHH:t8JII,HWl orpaHHqe-

HH8M (4.8) Y.ltOBR0TBOpaeT BC8M 8KCHOM8M TeopHH IlOJISI. 

PaCCMOTPHM ~pyroe npe,1tc:taBJ18HHe BepmHHll (4.6), 6JIH3KO8 K 

npe,1tcrasneHHll (2.25) ,ltJIH qiyHKUHA BaATMaHa. OHO MOX8T_61lTL nonyqe­

HO Henocpe,1tCTB8HHO H3_(2.25), qro 6y,1teT o6cy:E,llaTbCSI HHxe. 3,1t8CL 

Mil npHB8,lt8M 8BKJil4AOBCKHR BapHaH? 3Toro p83JIOX8HHSI /5, 201, c~. 

raxxe / 4, 221. KoHqiopMHaa rpynna eBKJIHAonoro npocrpaHcxaa HMeer 

6oJiee npocry11 crpyxrypy. 3ro npoaBJIRerca, HanpHMep, B roM,qro Bce 

ee npe,1tCT8BR8HHS1 KOHeqHoKOMilOH8H7Hll no cnHHY 151. HanOMHHM, qro 

KOH!pOJHHBSI rpynna B nceB,lt08BKJIH,ltOBOM npocrpaHCTB8 HMeer 6ecKoHeq­

HOKOMilOH8H7Hll8 no cnHHy npe,1tcraaneHHS1, K070J)ll8 He B20.ltJIT B (2.23) 

nHmL 6naro,1tapa aKCHOMe cnexrpaJILHocrH. !Irr 
BB8,lt8M HHB8pH8H?Hll8 2- H 3-roqeqHHe cpyHKUHII !Jv(;c) xCr~fx~), 

HOpMHpOB8HHll8 yCJIOBH.IIMH 

11: (;e) == td~ (x}~ ( 4.10) 

tJcr .:i>-J' ,!)er 
C (X,Xz.~)=j/x/iJ;tx,x:Jc (x:~i.X.1), (4.II) 
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Ii 

'I 

J!cr f I. J'J,r 
C {X,X2.X.3) =jtl-X.3 Llc:rtx.1-.X.V Cr.-; x~ xl)j (4.12). 

r,1te fT = It. ..rl. . ~) == ·('t. s) (•.,2-,2- .. .}. ;, 

• • • i -~'. 

<r=&-?ff .,.-i )~l~t; s}. (4.13) . 

CnHHOBH8 Hll,lt8KCll B ( 4.10-12) H BO BC8X ,lt8RbHettmix cpoµ,synax onyn(e-
/d'ir . 

Bil. ffBBllA BH,lt qiyHKUHlt .du- H C ,Jlaercs qioPMynaMH (3.II) H (3;22i 

r .K. BOJlMHPOBKa 2- H· 3-roqeqHHX qiyu1t~1.di fpHila Bll6paHa, -B. c'oorBercT­

BHH C (4.I0-12). BB8,lt8M rpaqiHQ8CKH8 o6o3HaqeHHH 
Jl • l'-J.J" ,.:.. . '. ' x,.. Jl 

~•J<r' )(__1'!,___r< · JN. x,<T r-< · 
C~x~X3)= :vv~~J'>A c~,hX:s)=~xJ!: (4.14) 

f) '' 

~~~ PaccMo.rp14M HH.Terpan •v"."~--.. , qe ~nyrpe~HHM JIHHHRM co-
. -J ·. . . ·. . . .. ' . .. '• . 

nocraB,JIHll?CSI cpyHKUHH -=1v {If) • QqeBH,ltBO, q_ro OH nponopuV.oH8JI8H 'HH-

BapHaH.THOMy CK8JIS1pHOMy; npoH3Be~eJHI) Be'i<ropos /~ x> · 
' . !, . , . ,.-, . :·- •' 

. ~~~ ,,,,,. I > . --'-~----·'-F -- .,,,.,. ....._ X,, ~ ~_,X 2: • 
i 

Kax IlOK838HO B npe,1tH,1ty111eM p83,lt8JI8, B8KTOPH Jv;x>, npHHa~nexa-

111He pa3Hmt npe,1tcTaBJ18HHSIM, oproroHBJILHll, CM. (J.4, 5a): <r,,v,fi,x~:#) 
TOJILltO B CJiyqae' ecnH o-; ; c( HRH er,; 6 ~ . T~HM o!lpa30M,<fiYHKUHH 

( 4.H) Y.ltOBJieTBOPHllT COOTHOmeHHJl OpTOrOHaJILHOCTH, KOTOpoe Mil 3anw-

mell B BH,Jte 

x,; ~~Ji . j_JJ~ J/:xzJ~c£~ LJ~(x,-~)i '4· rs')' ~-- 2 l C cr,(5. I ~ z, ~ 2:f. \.. • 
.!'1 

3,1tec1, 4,.o-;; onpe,1teJieHa coorHomeirneM 
. I 2. 

Z itr. .f t~J = f {c1i), 
"'i I 2-

29 

(4.16a) 



1,~,c() 

r.ite Z. = - 1
-. L f c/t'jl/s /~), (4 16) 

(T 2qt .s ,{-i oO • 

JI-ls(~) - B8COBH8 ~yHKURH. CooIHomeHl48 opioroHaJJLHOCIH qJHKCHpyer 

HOJ)MHpOBOQHHlt MHOJ:HT8JIL /Vs (J:J;_ /) B8pillliH (4.14), CAio (J.22). 

.llutJHOJJeHHe A{£) 14 11{ (J,4.t) npHBe.iteHo B l 20I. EcnH BH6parL 

,f's ft) B. BH,ll8 

fill')= /2 5
(~#)

3
~ J:s--r n.s(t)t?sf::n-~)= 

.s - -3,( m,.~ . _.,> ~.tJIP,-/!'.tJ 
- ¾ 2 (¥_}} rfs) (/'rs-.jp-&-s-:!,t ra-<Jm-1,J, 

(4.17) 

r.ite /1
5 

(t) ,llaerc~ qiopMyJJo« (J.I2), Tb ,ll.1111 ~ (J;t{_t) no.11yqiw 

IVs t4' ;;_ eJ= f «lt-it&-.s_l)!f!t./-ntt_~,_vrrJJi_"~+v 
' -~ 

rr:n-J/t-J,+t-:.r)r~_ 4'+<¼-t-.srfi-1.~f-t-sy-'µ- J;-cft-t'-.s1/_ 
,- 2. 1/1 (/z 2- /J 2- 7' 2.. ~(4.18) 

Pa3JIOX8HH8 Bepml4HH (4.6) 14M88T BH,ll 

XX =-+-;.r(TJ~ ('4.I9) 

8,ll8CL IlO,llpa3yt48B8e?CSI 14HTerpHpOB8Hl48 IlO KOOP.llliHa?aM H OYMMHpoBa­

Hl48 no CITHHOBUM HH,ll8K08M BOJJHl4CTOlt Jll4H1414, Koropolt conocraBJIS18TOSI -~ . 

.L1 (1<) ; L ,ll88ICSI qiopMyJJolt ( 4.16), CYMMHPOB8Hl48 H,lt8T TOJIL-
'<T tr 

KO IlO 'l8THHM 5 BBH,l{y Ci!MM8TpHH ~ 4. 8) j , j?(v-, CIT8K?p8JILH8.11 

</iyHKUHSI. C y'leToM ( 4.15) oHa onpe,ll8JISl8TCII' KaK 

~ == _f)(<7;} ~ (4.20) 

30 ... 

ii 

I 

J1d'er­
Ee CBoltcTBa 38B14CaT OT HopMHpOBKl4 qiyHKq,tll · · Cr~xz.X3) 
MHpOBlt8 ( 4 .10-12) liM8eM 

/J(<r} = _/){trj~ 
~ 

B Hop..;· 

( 4.21) 

T.e. BKJIB.ll 3KBl4BaiI8HTHlilX np8.i{CT8BJl8HHlt (T H tr B (4.19) O,lll4-

H8KOB. 

CoorHomeHHSI (4.15, 20) CTporo oOOCHOB8HH TOJILKO Ha KOHType. 
. d'd'<r 

HHTerpHpoeaHHSI B (4·.16, 19).- IlpH aroM qiyHKqHH C (;c,x._x) IIMBJlT 

• CMHCJI K03q,q)HUll8HTOB futeOma-rop,llaHa 14 oOpaayllT IlOJIHHlt op:roroHaJJL­

HHH HaOop. OHII Mory? OHIL .iroonpe,ll8Jl8HH ,llJISI JIJlOlilX KOMITJl8KCHWf 3Ha­

'l8HH!t t 8H8JIHil4'l8CKl4M OPO.llOJIX8Hl48M C 3toro KoHrypa, 8CJIH 3IO 

.llOilyCK8Jl? aH8JJl4?14~8~Kl4e OBOltCTBa / ( "7 • B .ll8JILHeltmeM 0y,ll8T npe.it­

OOJlaraTLCH, 'lTO B08 coexrpaJJLHH8 qiyHKitHH ~OJ18,ll8JlT rpeOyeMHM14 aaa-

JIH?IIQ8CKl4Ml4 CBOltC?B8Ml4. 

_Pa3JIOlC8HHe, aHa.11orHtJH08 (4.19), MODIO HanHcarL IaKJCe .llJISI B~C-

mu Mpmirn. Hanp!4Mep, 

XX ·- '5°"~. IT. : . -£_ . 
, IT . ·•.· ... · ~ 

(4.22) 
• f,· 

r.ite 

·~· - : . ~-rr... ·i : . =- . . ' ' - ! 
. . (4~23) 

.llJISI cx~iHMoCIR pa~JIOX8HHi (4.22).H806XO,lll4M8 CXO,llHMOCTL HH~erpana, 
/5/ . . . ' , 

fCrX)!: . 

. ,(4.24) 
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, 001r11Ho CXO,ll,RMOCTI,' TaKHX HHT81'.P8JIOB HapymaeTC.R O,ll,HOll8CTHIIHO pa3pe-

38eMHMH rpa(fJaMH, Hanp!Wep, 

~ 
3TH rpaq>H HeoOXO,ll,HMO BHlleCTL H3 BepmHHN (4.22). Ilo 3TOR ze npHIIH­

He Mil paccMaTpHB8JIH O,ll,H0118CTHIIHO-H8npHBO,ll,HNYD BepmHHy (4.6) BMec­

TO qiyHKIJHKR rpHHa ( 4 .5 )'. 

)UIS! ft - TOll811HNX B8plllllH, 143 ICOToplix BNIIT8HH B08 rpaq>N, pa3-

peaaeMH8 no O,ll,HOR JIHHnH, MODO H8fiHC8TI, pa3JIOE8HHe no BC8M apry­

M8HT8M. Hanp.11Mep, 

u =2--_tfu;fli'§) ~-
. U,-(?"i_~ . 

0TM81't114, IIIO B paOoIBX 15 ;2o1 no,ll'poOao HCC118,ll,OB8BH p83JIOZ8-

Bil.R ( 4.19) ii ( 4.22) npHNeHl4ranao K eBICJUl,ll,oBoll reop1rn nou. Mozer 

OK836ILCSI, IIIO B (4.19) HeoOXO.llilMO norpeOoBBIL HeKOTOPNX ,ll,OfiO.IHH­

TeJII,HllX orpaHil118Hillt H8 8HBJ(HIHll8C.Klie CBORCIBB cpyHK'q;rn ..I (er) Mil 

Ha ee 8CHMnTOTHllecKoe noBe,ll,eHHe, IITOOH y,ll,OB.lleTBOPHTL 8KCHOMBM Teo­

PHH ITOJifl B npocTp8HCTB8 ~iHRKOBOKoro. TaxHe orpaHHlleHH.8 B03HHK8iJT 

npH nonHTKe BHBeCTil p83JIOZ8HH8 (4.19) Henocpe,ll,CTB8HHO H3 p83JIOZ8-

HHSI ,ll,.11$1 q>yHK!lHR BaRTMBHB (2.25) H (2.26). KaK OHJ!O noK838HO B paa­

,ll,eJ!e .rr, Baro paaJiozeHile ,ll,anr·aKJia.ll ronLKo .lleRcTBHieJILHHe pa3Mep­

aocrn (CJ18,ll,CIBH8 cneKip8JibHOOTH). Ilpe,ll,ITOJ!OltHM, IIIO 3l'il paauepHoc­

TH HM8DT ,ll,HCKp8THHR cneKTp [== elt . Tor;a .BHpaxeHH~, CToa111ee B 

(2.25) IlO)l 3HBKOM CYM'\!H IlO e , MOZHO npO,ll,OJIE;iII, BB BCD KOMITJl8K-

/} · . /. l,sJ1i,-L cfs 
CHYD nnocKoOTL ,:, , BB8,ll,SI 8HaJ1HT11irecKyD qiyHK!lHD//t,sJ1C /LJ1,s ' 

C nOJ!llC8Mil B ,ll,IICKp8IilHX TOIIK8X e" taK, 'lT001,1 · ' 
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j
t 15 .,. f.J, f. -1 ... , 

'll!/J { _pfe,sJ(c t.J 1r1. C }= JJ(f,,,sJ(c "' ~t! s C , (4.25) 
t,,,f,.. ~s ,., 

a cyMMy no )lHCKpeTHliM pa3MepHOCT.RM f.i npe)lCT8BHib B BH)le HHier-

PBJI8 no KOHTYPY, orHOan111eMy ,ll,eHCTBHI8JlbHYll OCL. EcJIH pa3BepHyTL 

3TOT KOHTyp, IO Mil noJiyllHM P83JIOEem1e; 8HBJIOrHIIH08 ( 4.19). 1!aCTb 

noJIDCOB (4.25) HMeeI KHHeMBIHll8CKoe npoHCXOllOJ,eHHe. 3Io ITOJIDCH B 

C
f.,5 

TOIIK8X (2.27). 0HH ,ll,OJIJ[Jl!l O!lTI, BKJIDtreHH B HopMHpoBKy q>yHKqHil , 

npO,ll,OJIZ8HH!lX Ha BOil KOMnJieKCHyD nJIOCKOCTL • .!{HH8lAHtreCKHe pa3M8p­

HOCTH COOTBeTCTBYDI noJIDC8M <pyHKLtHH .P (~ .s) • EcJIH B cyMMe no 

tH B (2.25) HMeeICSI HenpepBHllR cneKTP, TO OH CBSl38H C BeTB.lleHHfl­

MH q>yHKqHK .J)(t,s) • B TOM c.11y11ae, KOr,ll,B )ll4H8MHqecKHR cneKTp oI­

cyTCIByer, I.e. _f(t,s)=I, IlOJISI st;(~} B (2.25) .flBJl.flDTCSI oOo0-
111eHH!lMH CBOOO,ll,HllMH nOJISIMH, a pa3JIOlieHHe (2.25) nepeXO,ll,14I B COOI­

HomeHHe noJIHOTbl )lJISI HopMHPOB8HHblX· KO:l(AJl,11.lHeHIOB i{J1e0111a-rop,ll,8HB. 

IlO,ll,llepKHeM, IIIO B TaKoR nporpmwe cy111ecTBeHHyD POJ!b HrpaDT 

8KCl40Mll cneKipBJILHO~Il4 R nOJIOXHieJibHOCTH, a TaK:a:e Kpoccm~r-cHM­

MeTpHH. ~ocJie,ll,HSISI H800XO,ll,.IIM8 npH 8H8JIHTHlleCKOM npo,D;OJIZeHl414 qiyHK­

UilR BaiIM8H8 K 8BKJIK,l{OBliM Koop~HHaTaM. IlocJie,ll,oBaTeJII,Hl,IR BHBO,ll, pa3-

JIOZeHHSI (4.19) IpeOyeI YIOIIH8Hl4SI HeK0Top1,1x TexHHtreCKHX ,ll,eiaJieR H 

0y)l8T paCCMOTpea B ,ll,pyroa paOoie. flcHo, O,ll,H8KO, IIIO B T8KOM IlO,ll,XO­

.u;e rpeOyeic.fl· ,ll,OCI8TOqHo OucTpoe yOllBBHHe f ( v) B npaBOH noJiynJioC­

KOCIH no t . 3ro aeoOXO,ll,HMO )lJl.fl nepexo)la K KOHIYPY HHierpHpo­

BBHRSI B (4.16). 
B )l8JILB8RmeM 6y,11;eI npe.1tnonaraILCS1, 'lIO ~yHKqHH .f{tr} He ~~e­

IIT B8TBJieHHR. l{aK CJ18,ll,CIBHe cneKipaJibHOCIK, noJio:a:eHHe HX noJIDCOB 

orpaHH'l8HO YCJIOBHSIMH (2.15) ii (2.24). 
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Ilp8AC1'8B1Il!8T 14HTepec yCT8H0Bl41'L CB.S3L M8!'.AY pa31I0J:8H14SIMl4 

(4.7) 14 (4.19). Tpe60D8Hl48 1I0K81ILH0C1'14 (Mil 6y.]{8M H83HB8TL ero 

KpOCCHHr-Clll0(81'p14eR),KoTopoe 11erKo MOJ:8T 6HTL C~0))MY1Il4P0B8H0 B Bl4-

.]{8 yCJI0BHR (4.8), npHB0.]{141' B c11yqae (4.19) K 14HTerpaJILH!iM ypaBH8-

H14JIM Ha ffu). ~11.S 14X BHB0,]{8 sanHmeM pa3JI0X8Hl48 Bepm14Hll (4.6) 

rpeM.s cnoco6aMH: 

p 2...f(trJ )Y,d_=J_ff") 'e". jfY'J ~/ 
(T A ft\.(4.26) 

BBHAY CHI.IM8Tp1414 ( 4.8) BO BC8X 1'J)8X pa3JIOX8Hl4l!X CTOl41' 0.l{.118 14 1'8 X8 

q,y.llKJlH.S j(P}. licnonsy.s COOTHomeHH8 opToroHaJILH0C1'14, nOJiyqHM 

.,PM~ i ~ .,Pfu-'/ <•.211 
O61I188 pemeHl48 31'HX ypaBH8HHR M0XH0 no11yqHTL • BHP8314B cneKTpanayr, 

q,yHitnHri _JJ (u) qepes cmwetpwrnyll q,yHKJlHll .f ~13 J) , BX0AllllQ'll 

B (4/7). 

B KaqectBe MJillctpanHH npHMe.11e.11H.s (4.7) paccMoTp.w npocteR- • 

man npi1Mep aepmHHH, B KOTOPYD A8Dt BKJI8.l{ tonLKO cxa11.sp.11ue npe.l{­

C1'8B1I8Hl4ll (T = (~ ~ tJ) : 

{

_f)(t) np1r1 .S =0, 
J(cr)= . 

0 npH S-1'"0. 

Pa3JIOJ:8Hl48 (4.19) B 31'0M c11yqae i!M88? B14.l{ 

XX= f<lt _t'rtJ/fa!)f<,-1x,2;,f~-J 
2 -~ !l. 122 ~-h.7.· fa'z [(x,-x/[.x2zfj P3-zJ i1',,-~j . (4.28) 
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Bee HOJ)Ml4p0BO'lHH8 MHOJ:ll.1'81114 38Bll.Cl!IIll48 OT t BK1ID'l8Hll B L)(t!j • , , .F 

1lulll4CJI.s.s HHterpa11 no Z. c noMOIIILD coorHomeHHll 1211 {,t,,:la_+J.;1-J/::::..:i): 

; ;( 1?41f'u.Jrrc1_)ff J:. J Jc1 ;; fl.;; rt/s-Jell rx1sii rx:s-J-
1
':_ 

.=. _, /, :z.)lr-J;-J: /, 2)1,-/,-J /i 2)-f-/2(.X,2)-4 
(2F!}2 ( ~2 (~.3 ctt'z.r l'f 

I •. 

j dot cl; r (-ex) /7r1Jrft7d; )m-J:-(-q~)rlf1t-J-A-;/') 

lr./+J-J-4 (,r,t .x~~) Pit( K,: X{r)/3 . . 
X,r X21 x;., )(z.3 , 

H8X0.l{HM 

(. 
2 2. )-11 

(11.2s)/V f,2 XJr 
{ {i Z 2. • { I r({-r~t31m-Jr«~/3); 

JJ""f r'(-e<)/r~}Jdtj> (I) rY-f) /2(i,-Y2) J 

/i 2 2. )- r,(-/ / 2. 2.)e</. 2. 2)/3 
cl12- XH < X23 Xw. c lr3 X2r • 

3to B~J!Bll:8Hl4e 1r1Meer q,oJ)My (4.7), r.ite q,y.11KnHa f (~A -c,;"13-J) 
coctoHt H3 q11e.11oa, saKJIDll8HHHX B q,aryp.11ue cxo6KH. Ec11H renepL no­

rpe6osa?L ( 4.10), to sro saq,zxc1yet q,yHXnHD p ~Rf tax, llTo6u 

;;cit IJ'ft} rrf-J-.rJrfi-2--J>-() = .II r2-/_ r) 
J r r 2riJ.r2.(I,- iJ c - , 

r.ite .J/ - npoH3B0JILH8ll K0HCT8Hta. J(Ju1 qiyHKURlri £("98 t) noJiyllHM 

:f(oe13 r) = J!rr-~/r-;) r ~o),, 
t.e. B 3tOM c11yqae tpe6oaaHHe xpoccHHr-cHMMerpHH ~11KcapyeT aepmH­

Hy ( 4.28) C TO'IH0C?Lll JtO aoc·toSIHHoro MHOJ:14?811.S. 

YpaBH8Hl4.S (4.27) paccMaTp14B81IHCL raKJ:8 B /l6/. B 3:toa pa6ote, 
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llOMHMO (4.26),HCllOJIL30B8HO oOoO~eHH0eyCJIOBHe yHHTapBoCTH. BMecre 

C pa3JIOX8HHJIMH (4.26) OHO npHBO,ltHT K OecKoHaqaa,,cy BaOopy ypaBHe~ 

HHn )tJIJi pa3Mepaocren H KOHCT8HT CBS13H oneparopoa, COOTB8TCTByll~HX 

llOJIDC8M cpyHKitHH _f(P), Cll.TaKxe p83,lt8JI YID. 

Y. ~yHKitHH rpHHa CllHHopHllX nonen 

3aKoH npeoOpa30B8HHJi CllHHOpHoro llMSI ~ (1<} HM88T BH,lt 

" -L X {j/ /, r I 
{j(1c,} 'f;t(~)l/ (,e)= {Xo/c/1-h_ 1,1 t'l!X/. (5.1) 

~yHKitHJi rpHHa .ltBYX CllHHopHHX nonen paBHa ., 

c; r~-x2J = <o! ~ r~,J Y;; tx2J lo)=.11,,r_;,"+f'z 
. , (5.2) 

r.ite 
" - f 

X-== ~ ~ ,- f' = f' ~ , .#,- - HopM.1poBoqHa11 KOHCT8HTa. ~HK-

cHpyeM ee ycnoBHeM 

-i 
~ (~) = tf,_✓ (x). 

B TaKon HOpMHPOBKe l!MeeM 

(5 .J) 

. ·11 c1 rr<11-fg,J x · , 
(j.t/ {x} =- t(f'1}2. f?-{"-<IJ (,i7Ja4h. = ;f{-J) ~11. (5 .4) 

PaccMorp14M cpyHKitHD rp1o1Ha .itnyx cnHHopHux nonen Jfi(x,), ·J;t lxJ 
· l 2 

H CKanHpHoro (Hirn nceB,ltOCK8JIJipHOro) llOJISI f;,fd : 
✓,tl,t! / ;J7 I,'-. 

r(,t,J.'a~) == <o ff (,K,}~ &2) ~(x.J)JO /. (5.5) 

HaHOonee oO~ee BHpa:a:em1e, coBMecrHMoe c (5.1)., ecn 

36 

,Id. 1 -1 ~ 

C , 2cl Ii Xu y X.n I c1 ,1,-eJ> 
f',lz X.3) = ..l'l(X,D .t,-cl,;_J',-1 1/j'" (J<.,Jj_J c{,-d,ijt . (J<,i) ~ + 

+ B ✓:':jd,+def!l l /X./2-) ,1,-,1,.,.f' /Y/2-) dz-r/,;{' (5.6) 
\'12,I 5"l•t3 :;z.. \"'23 . ~ 

r,11;e J/ H /3 -KOHCTaHTH. B ,lt8JILHeameM MH 0y)t8M cqHTaTL llOJl8 

</J (1,) nceB,-oc1taupaw. Paccuorp:.w o_s- npeoOpa3oBaHHe 

ftx) ~t ~(,K)_, P (x)--~;J;-., f'f,()--~µ). (5.7) 

Hexpy,JtHO npoBepHrL, qro nepBHR qJieH B (5.6) HHB8pH8HT8H O?HOCH­

reJILHO (5.7), a B?opon Her~ B ½'- - HHBapHaHTHOR xeopHH cf>YHKitHSI 

rpHH8 (5.5) ,l{OJID8 CO,lt8pl'8?L 
0

TOJILKO nepBun qneH., 

3aUHm8M HHB8pH8HTBYD cpyHKitHD (5.6) B cpoJ)Me 

c(tl..1' cl,d:z.J'' Cf{~/'-, 
Cr1,1z.X3)-= [; (,r,x2x.::l') -r - (x,X2.X3), (5.8) 

C ~~J' A//_ l'l r.{d+c/.+f ) 
+ (X,'2X3) = /lift( Di D / I l ~ - 2 

Sr1,-c4+J'(x,!i~ J;. 5~-~+J' ~2) .Zt1+r/.-JI (X,2). ( ) ---r -r ~ , 5.9 

Cd, t/4.J' . . , 1 (IJ r/t!+4z_+I .3 . J 
_ (X,X2h) = l ;v'{afda_d// ( ~- ~/ 

SoJ1-c1a-JJ(~z) ~ Lf ~ ~J)LiUi-,1,~0-), (5.10) 
~ L ~ 

r,1;e ;t/(t,: ~ i- aopyHpoaoqamt MHOll'.HTenL, onpe,1te.11eHHHI Hue, a 
,/ A 

S,1 (x) ==-rk2 /'(cl+h)dJc1--~ • (5.II) 

4'yHKnHa ,5d (x) y.1toBJietB~aer cooraomeHHHM 1211 ( cM.xaitxe /IJ,? 
J <Ix $4(0-x)~ (x-x2)LJJ'(x.rx)= 

2. ,. ,__ . (5.12) 
= ('l"fi) .S2_~ {x,;,,) S 2 _4 {X3z)L}2 _J (Xz)., 
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-1 

s'l-d(x)=-r(f-cl)r(cl--/2__) Sq1 (x)., (
5

•
13

) 

__ , rr✓,~yJrfciz+h-) % ~J 
S:::_ (x) Sc1,_ (x} -(fl"j2 r(~+,/2) Ll.(!-a{' _, (5.I4) 

r,ite /Ji@- qiya:a:qHs (3.16) B 4-wepHoM npoo:rpaacne_, .I> =4, 

h ::z2 7 

A / r(J'}/7cl+ f'2) 
,Sci Ix) LlJ' (x)-= (1ll,) 2 /rJ+c/+/2_) ~.,.Jl<'X~(5.I5) 

liCil0JIL3YS (5.12-15), M0ZH0 npoBepHTL, qxo JtJIS qiyHKqHA (5.9, IO) 

cnpaB&JtJIHBH cJie,ityD~He cooxaomeaHa: 
-t dJ.. JJ • ¥-4., ~-> J" 

Jax,' t; r~,x:J~lx,,;z~) = CF (X,X2XJ)_, 

d ti. J' ~_,ti,, r-JL 
Jc1x ..n-; (~-x) c± h)~x) = C_t (X,kz_X3)_, 

(5.16) 

(5.17) 

r,Jte ..DJ(x)- qiyHKqHa rp.l!Ba (3.8). B3JIB 3}!,fHT0B0 oonpueHK8 OT 

(5 .16) noJiyqHM 

J 
I d,/2.J' -J d,, ¥-~_, )' 

- c1 ,X:;. c:t r x-, h',K.J J r;rx1-1==e F r x, Xi .K.3 J. 

3,iteCL 6HJIH KCilOJIL3OB8HH cootaomeHHS 

[0r;cift= ~ [G,1tx>]+(;=~f-xJ.) 
ficd,d2-; ar -t- cd2.d,J' 

LL± (',.KzX3,!J == - !:. (x2-x,x.J). 
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(5.I7a) 

t 
{sr1r{j = ,4rxJ 

~JIB Il0JIHOR 3-xoqeqaoa qiyHKqHK (5.8) li!Meew 

f -J. . d,t1zl . r-4.,'2-/ 
j«X ~ (,,-x) Cf,KxzXJ) = C (~,XzJ3)_,, 

K aaa.11ouqao no apryweuy X 3 • 

BB8JteM rpaqiuqeoKoe o6o3aaqeaHe: 
dd, J' )( I --X.3 J1 . 

C I 2. I Of1 ,----.-

-f (K,Xz ~) =-- -+-~ 1 
X2.~2-. 

(5.18) 

(5.19) 

liCDOJIL3ya o6o3aaqeHH8 (4.14) JtJIJI awnytHpoBaBH0R no 0JtHOMy apry-

cd,<1:f 
.11eny qiyHKqHH _,. , no.11yqw. H3 (5.16, 17) .. 

f- 4 _, rl1-, J> ~1 · . / JI . J,,_J,_,1/-J of ,, J 
C (! X x3 ) = . 1 . C.,.(x,x;lxJ)= ~ (5.20) 

- I 2- t:lz_ ,1 . clz_ • 

HopMHP0BO"IJHlli MH0J:Ht8JIL ;!/(~ t/,_J), BXOJta~d B (5.9, IO), 

.11aexca H3 cooraomeHHa op:roroHaJILHoctH JtJIJI qiyHKqHH 4. 
X /. ,/ Xz I,, / j1 J {/2) ,rl 

~ z= 2 -<13 ~"a.. 0, 6,-x2-)~ 

onpe,ite-

(5 .21) 

f. d, X ~ . (o) r(o) r{'t,'.i 
;,..!...!<X:X)--3 --a. = l_ J?,e, _DI' ~2)1-r;,,r~ tltf;~ 

d, l~, :i , .(5.22) 
2 

' a,,,_; 1,r,; 
3,1;ec1, d ~ A - cmmopase HH,1texcw, J~ t: H t1e ~a.. onpe,1te.11eaw coorHo-r c,,. ., 
11181:lila.llll ·~ 

1 J'"" . (fz) 
2ni 

2
_,~ ft?zJ/fz {rz ff /12.) =:ff~), 
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2ti,:,O (c) 

!. J fi (~) c/t;_ ;; e';i_ f (~) =ff t:)_, 
2,,1 2.-ie,<l . 

r.1te fl ft') H fi (tj - BecoB_He 4JyHKJ:tHl4: 

_ .f' c 1fE42.Jl1:!i-d 
/hf~-7 (Ni) rf~-(}1(/'-72.) ~ (5.23) 

- __!__ 6 /Id /(I/-()_ 
/l'o rd-16 (1/r) r12-<Jr(t'-2J • 

(5·.24) 

HOJlMHPOBOqHHI MHOXHre.111,.;J/(?a{,fpaBeH 

/v(qf tfz!};: I r(1+f r)7__2)m- q~r!)r(:1£:!_~J)~dz;j~ 

r(~J vY- ~-tlzt/,p_t1,;f--~Vp- c/rdz-JlJ z-h 
2-- ~/ 2- /I /' 2- ij_ (5.25) 

IlpH BHqac.11eHHH (5.23-25) HCDOJIL3yDTCSI gJOJNJ.IIH (5.12-15) H (3.17-

19). Aono.11HHT8.IILHHI MHOXHre.111, l/4 B (5.24) noaB.11~erca H3-3a B38-

THSI mnypa no cnHaopHHM HHJteKcaM. Bropoa qneu B (5.21) orcyrcrsyer, 
v c,(✓,_JT 

DOCKOHLKY OH CBJl38H C 05" - H8llBB8pHaHTHOI qacuD_ _ • 3ror 

q.11ea noaBll:rca,, ec.11H sanHcar1, cooruo111euHe oproroua.11uocu ,;.11a 

DO.IIHOI 3-roqeqaoa 4!yHKUHH (5.8). YqHTHB8JI (5.16, 17, 17a), M0:1110 

nepenHcar1, cooruomeHHa opror0Han1,uocra (5.21,22) B 4!opMe 

x, ~~x"f..2 = .l.. J'. J'..fh) J(+-~ 
--'\.....,l ___ ~- 2 -<.tS ~e (_x; h) . 

d' F . I z.. .., (5.26) 

xt cl, x~ r(ltoJ rM <'to/ . _,2 ~-~-'"-= =i folj~ rJ(%iKz)t-rJ~f-'2-4, (l;-xo/. (5.27) 
2. 

B (5.26) cpaoarHBaer Bropoa q.11ea. 

Bse,1teu .1tna ¾-HHBapHaaraoa 4!yHKJ:tHH rpaaa (5.5) oOosaaqeaae 
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~thJ' 
r(,yXz.~)= 

d a:_J1 
...2-.. r 

d, • 
2. 

Koacraary CBS3H onpe,1te.11HM cooraomeaaeu: 
(5.28) r; ~ t/2, I' /J ~tt'z. ell 

{~Xz.X.J} / l-r a, kl(~, 

HJIH, B rpa4JaqecxHX ooosaaqeaHax, 

" /r'r-- t 4 _r-Y,,,Jl 
--~ - q ~ 

~ (7 ~ • (5.29) 

)l.lR B8pmHHH rrx,X;,_)<3), a111nyTHpOB8HHOl:t DO BCeM apryM8HT8M, Haxo­

.J;HM as (5.16, 17, 17a) 
el. J' -I -.f 

Jr1~1 t/x~ tlx} cr¼-x/Jlr,t,'~(\1) ~-(xf-X2)D,1fx.:-~3)= 
", I l. 

= - r Y-t{ > 4'-~, ¥-/' _ ~/,!' (5.30) 
{-"t )(2 X3.) = ~ 

. "2- . 
PaccuorpHM 4-roqeqayD 4,yHKJ:tHD rpuaa c )tBJMSI CDHBOPBliMH nona-

MH : 

(1} 

&- (x,hXJX,,,) == (fl Jf:t(.-r,) r:,r.Kz} <f/J,(.x3)~(~¥)/o > . 
(5.Jl) 

Bse~eM rpa~aqecKoe oOosaaqeaae ~na ee o.1taoqacraqHo-aenpHBo.1tru&oA 
qacru: 

~<= ~/ _ w~~ ~. (5.32) 
,,~ /~ -~~ 

/ 

BepmaHa r; woxer OHrL npe,1tcraueaa B BH)te paanoxeaHa aHano­
rHqao (4.19). liMeeM 

-~,.,. -Lflrr7J -~. cs.3J) 
;r'~ (T 
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B OTJiaqae OT (4.19) B pa3JIOZ8HHe (5.33) ;tl.8D? BKJ18;tl. cnl!H-T8H30pHU8 

npe;r,.CT8BJI8HHSI, H 2._ onpe;r,.eJI8H8 :S:8:S: 
rr 

2-r-iOO 

L = ~ ~ f ~ Mt'//'_, (5.33a) 
er 2Tt / 2-,00 

r;r,.e / = Vt,;~)@ ()2.J/1). 
Pa3JIOZ8HHe (5.33), BOo6•e roBopa, H8HHB8pHaHTHO OTHOCl4T8JI&HO 

¥., -npeo6pa30B8HHa, OOCKOJI&Ky BXO;tl.S~He B Hero 3-ToqeqHH8 qiyu:s:-

ItHH uoryT CMep:ian ¾-HeKHBapHaHTHYD qacr1,. EcJIH c caMoro ua-

qa.1a HCOOJI&30B8T& ~ -HHBapHaHTHYD qacr1, 3-ToqeqHHX 4JYHXItd, TO 

6y;r,.eT HapymeHo yCJIOBH8 (4.21). llpocTeAmHA cnoco6 coxpaHHT& 3TO 

ycJIOBH8 COCTOHT B cne;r,.yD~eM. 3anueM 06.ee pa3.t0X8HH8 (5.33), 

BKJIDqaDll(88 ¾ - Hel,1HB8Pl48H?HH8 qiyHKitl4H. Tor,1;a 

JJ1. (er)= .A (?'J. (5.34) 

B qacTHOCTH, npH i= (h.)O)@(t3-4) 3?0 dy;r,.yT q>yHKitHK (5.8). BBH-

1.Y (5 .18) YCJIOBH8 (5 .34) BHOOJIH8HO. llepel,J;eM Tenep1, :s: ct_;: -HHBa­

p,18H?Holt BepmHH8 r;: 

r; - i. ( r; r J';-/; ~-) (5.35) 

lloc:s:onxy 
~a'J1 

t., C.t; Ys- = -t- c~tYJl 
- ± , r.. _, f -.f 

B pa3J1ozeH;11 (5.33) ocTaHyTca Tcu:s:o ;i;sa qxeHa,t;.C! C_,_ a(C!t_. 
i. -f t". -.t' 

llepe:s:pecTHue qneHu ¼. C. l.:.. H ( C- Cr ac11:.1nqaDTCS1 npa nepexo,-e 1: 

(5.3~). HcnoJ1&3ya (5.16) H (5.17a) H C;tl.8Jl8B 38M8HY nep8M8HHHX . 

<T- CT BO BTOPOM qJl8H8, ao.1yq.1t111, C yqeroM (5.34), BM80X0 .-syx 
f -f 

qJieHOB o.JtHH: 2t;_ {/ Cr • JlonoJIHHreuH1,1A xoajxp111taear 2 i:owneacapy-

eTca COOTB8ICTBYDll(.IIAol BH6opoM coorHo■8WHSI opToroH8JlaHocrH (wuou-
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T8JII, I/2 B npasoa qacTH (5.21) H {5.26)). B p83YJII,T8T8 ;tl.JISI cne:s:­

TP8JII,HOR qiyHKitHH /1 (Q Wl88M 

/JL (er) ~ =- ~w:. ./' -' (5.36) 
v- _✓t . 

r;r,.e ~ - ~- HHBapH8HTHH8 q>yHKitHH. 
d 

Bee CK838HH08 OTHOCH?CSI T8KZ8 HK pa3JIOK8HHD o;r,.HoqacTJ4qHo-

uenpHBO;tl.11MOlt BepmHHl,I C qeTup&MSI cnaHopHw.lH KOHit8MH 

:xa: =+ft fij&rj ~. (5.37) 

B ouaqae oT (5 .33a) CD;tl.8 ~XO.llSI? TeH3opu1,1e npe;r,.CT8BJI8Hl4a j, = j 2 

a /j,-/2../ = I {car.weTpaquue deccne,llHHe T8H3opu H reH3opw,aun­

cHMMeTpaquue no ;r,.ByM HH,lle:s:caw H cHMMeTpHqHue no ocr8JI&HHM). Kax 

H B CJiytJae (5 .33 ), B 3TO pa3JIOZ8Hl48 Boll,llyr" XOUKO ~ -.l!.HBapH8HT-

Hll8 qiyHKitHH C+ , HO 6e3 :s:oaqqiauHeHra 2 • .HMeeM, aHanoraqHo (5.35: , 

f;rL) --? fl/tr) f ( c! /J~L {;. ~J;t;.i:L1:'},if-(5.37a) 

= ?t/ttr} { c/1/t + c_111~1

c_ }. 
<I?yHKitllH C_,_ Iii c_ op:roroHaJII,Hll no c:s:anapHo'l Jil4HHH 

J(,l,~•-fz - 0 --~ - (5.376) 

38 cqeT mnY1)a ao cnHHopum.i HH;t1.e.1CC8M. B ¥s-RHB8paaaraoA reo-

pna, r,lle r = 7 C+ ' BX op oil tJJieH He ,llaer BKJl8,ll8 38 cqeT 

(5.376). llo3TOMY ero Mo:llio onycTar1,, a coorHomeHHe oproroaan&­

aocIK 38IlliC8XI, B ~OPM8 (5.22) HJIH (5.27). 
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CnaxtpaJILHl,18 ~yHKitHH pa3JIOZ8Hd (5.JJ) H (5.J7) ,llOJIZHl,I YJtOB­

Jl8TBOPJITL O,llHOpO,llHWI HHtarpa.llLHHM ypaBH8Hll.llM, 06ecneqHB8DlllllM Epoc-
t~ . 

CHHr-cHMUetpHD BepmHH ,; B r; 'L • B qactHOCTH, ,llJIR BepmHHl,I I; 
ll.M88M, llOJ\IHJ\10 (5 .JJ): 

~r-=- L-4-f,rJ~=Zprr;Ji__.,,. 
--~ r JJ / <T (5.38) - / 

14 

-~=~';ltrJ }>( (5.J9) 

r.1ta £ co,l{ep~r ro.11uo 1te.111,1e sHaqeHaa L~= /~ =j . B c.11yqae 
r /~ ef· 

no.11y1te.111i1X ;· BepmaHa -- J""f aHTHCHMMerpaqHa no apryMeHraN X, , 
,..,"'"~ ........ )(2. 

Xz, CM. (J.22). CneKrpa.llLH!,18 ~yHKitHH B nepBOM HBO BTOPOY pa3-

JIOZ8HHJIX (5 .JB) O,JtHHaKOBl,I B Cl4Jly Cl4MM8rpHH B8J)IIIHHH r; no cxa­

.llJlpHWI KOHitaMo li3 (5.J8) HSXOJlHM 

.P,{v-)~_= ,{,.t, (,r;J~-- (5.40) 

KpoMe roro, cpasHHaaa (5.JB) c (5.J9),i!Meey 

f,_ (u) ~ ~ ,?,fi'(,rj~~ (5.408) 

3,JteCL .f ;_(er') . .;. npoH3BOJILHaa ~yHKitHH. E,JtHBC?B8BH08 orpaHHqea.1e, 
I ' Ha.11araeMoa xpoccaHr-omwerpBaAJecr» orcyrcraae B ~ q.11eH0B c 

no.11y1ta.11wH ;· • Sro nosaonaer paccMatpHBar» (5.40a) xax peme­

HHa ypaaHeBBA (5.40). ,...,,,,,) 
Paccuorpwa p83JIOZ8HH8 BHcmax aepmHH. IIycrL / ,,._ - O,l;HO'IBC 
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A 

~ 
l; 

i1 
I 

\1 

\ 
I 
l 

1! 

1 

rHqHo-HenpHBO,JtHMaa qacTL ~yHKitHH rpHHa, .1M8D1i18R ( n + I) CKa.11ap­

HliX KOHitOB H 2( h'/+ I) cmmopHHX. BepmaHa t,:;(M) no.11yqaetCJI Bl,IIIH­

raHB8J\I acex O,llHOll8CtHllHO-npaao,JtHAllil rpa~OB H3 CBR3HOR ~YHKitHH 
(o/ f7 

rpaaa. Hanp.11A4ep, JtH r;_ = 1 2. HMeey 

, , 

~ ~

- . ,' , 

~- - = -- a. ---t-~--t I - +(5.41) 

,., 

-t '©== 
/~ 

+~,. .... 

r; --
+ ~ -+ ... , 

,, ----
-- I 

, ----

r,l{e ;; - aapmHHa (5.32), a tO'IKH o003HallaDT CHJIIM8TpH38ItHD no Me-

30HHHM JIHHHRU. Pa3JIOX8Hae·raxruc aepmHH MOX8T 6Hth sanacaHo B pa3~ 

.11HqH1,1x ~opMax. Haaao.11ee y.1toOHo .1t.11a .1ta.11»aeAmHx 1te.11ea 3an1,1car» ero 

B BH,218 

~J2n1 
/ ~~ n == 

2. --J M. r. / (5.42) 
{,.,,,) ... = ... (T i-. ... rz: ... ~ ~ .P~ (':[- ,.,.,.,., ~ ,.,.,)_,. o; Ci. ~ u,;,,, q;;,1. "'"' • 

v;-... ~,.,,, 
?j ... i-,.. (m} 

Cnaxrpa.11»Haa ~yHKitHR ,/n n0,ll'IHH8Ha HaOopy HHterpa.llLHHX ypaa-

H8HBi, aHa.11orHIIHl,IX (4.27) H (5.40), 00ecne11HB8DIIIHX CHMM8TPHD aep-

mBHl,I no aprj'118Htalf CKa.11apHHX KOBitOB H aHtHCHMMetpHD no apry111eH­

TaM ~8JUHOBBliX • .l(.u OOOCHOBaBHOCTH pa3JIOX8HHR (5.42) aeoOxo;;HMo 

norpa6oBa:n, CXOJtHMocn HHrerpa.110B 
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' 

I 
! 

ir. 

(5.43) 

C nDOHM qffCJIOM BHyTpeHHHX JIHHHR, TaK qToOu Kal'.,D;aa H3 B8pmHH IW8-

Jia He M8H88 .D.BYX BHemHHX KoHnoB. B cxeneTHOR TeopHa (pa3.11.en IY) 
r~ :raKHe HHTerpanu cxo.11.aTca, nocxon&Ky BepmHHll 11t He co.11.epzaT rpa-

$0B, pacceKaeMUX no OJI.HOR JIHHHH B KaKoM-JIHOO HanpaBJieHHH. B .11.an&­

HeRmeM Oy.11.eT npe.11.ncnaraTbCSI, qro HHrerpanu (5.43) CXO.JtSITCSI T8KZ8 

a B cnyqae :roqHux BepmaH. 3aMerHM, qTo aHanorHqaue aHrerpanu .1tna 

$yHKn1r1a rpaHa OecxoHeqau 3a cqe:r rpa$oB, paccexaeMux no 0.11.HoR na­

HHH. 

YI. Ilep8HOJlMHPOB8HHU8 ypaBHeHHSI H OyTcrpanHaa 

nporpaMMa 

Cneupanaue $yHxnaH p,;"'J , BXO.D.SIJIIH8 B ollntee KOB$OJ)MHO-

r:. {nt} 

14HBapHaHTHoe npe.1tCT8BJieHHe Bucmax BepmHH h- , JtOJl:IHU OUT& onpe-

.1teneau H3 KOHKpeTHOR JtHHaMHQecxoa MO,lleJIH. 3TH $yaxnHH CO,ll8pzaT 

BCD J1.IUl8MJ4qecKyD HH$opManHD O BepmHHax. Haxe lly.Jt8T c.1tenaaa DODllT­

KaK HaRTH 3TH $YHKUHH 143 narpaHXeBUX ypaBHeaan nona. 

. Eon&mHHCTBO $H3HqecKa HHrepecHux narpaaxHaHoB B npe.11.ene ay­

xeBoR Maccu .ll.Onycxaer KOH$OJ)MHYD cw.werpan. UHBapaaHTHOCTbD OTHO­

cuenHo Macmrallaux npeollpa3oBaHHl1 ollna.1taDT Bee naarpanHaau c Oe3-

pa3Mepaon KOHC?8HTOR CBS13H. ECJIH K ToMy xe OTCYTCTBYDT CBS13H C 

npoH3BO.D.HllMH, TO B38HMO.Jt8RCTBH8 OK83UB88TCSI KOH$OJ)MHO-HHBapHaHT­

HUM. B 3TOM cnyqae KOH$OJ)MH8SI HHBapKaHTHOCTL B38HMQA8ICTBHR 80Tb 

cne.11.crBae nyaaxape- a uacmraOaon HHnapaaHTHOCTH/231. 
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Mu lly.1teM paccMa:rpHBaTL ,llBa THna B38HMO.Jt8RCTBHR: 

Av¾''r''f ~ 
r,lle Y" - cnHHopHoe none, 

npocrpaHCTBe, H 
~ 

>.ff/~):, 

(6.I) 

tf- DC8B.JtOCK8J1SpHoe none B 4-MepHOM 

(6.2) 

r,lle <//, ~) 7, -cKanapHue DOU B .I) -M8PHOM npoc:rpaHC?Be. B38HMO­

,ll9RCTBH8 (6.2) paccMo:rpaHo B pa3,llene x. 
IlpH nonurxe nocrpoeHH~ KOH$OPMHO-HHBapHaHTHoro pemeHHSI B 

pauxax o(luqHoA reopHH B03MY1118HHR B03HHKae:r PSI.It :rpy.JtHoc:rel. OHH 

cBa3aHu c Heollxo.1tHMoc:r&n perynapH3anaa rpa$oB ~eRm,caHa, qTo olluq­

ao Be.1teT K HapymeHHD H8 TOJlbKO KOH$opMHoR, HOH MacmTaOHoR CHMM8T• 

paa. Mo:mo ou.1tar&, o.1taaxo, qro crporaa cHMMerpHa paaJIH3yetca .llJISI 

ToqHoro pemeaHa, T.e. cyMMu Boero pa.lla, no xpaRHeR Mapa npa onpe­

.1teneaHux 3HaqeHHSX XOHCT8HTU CBSl3H~ IlpHHnanHaJlbHO raxaa B03MOX­

HOCTa .1tonycTHMa,B qacTHOCTH,a3 aHaHH38 pe3yJI&T8TOB peHopM8JIH3Bna­

OHHOA rpynnu 124 , 251. Ilocrpoeaae taxoro pemeHHa :rpellyer pa3BHTHa 

HOBliX M8TO.JtOB,He CB!l38HHUX C TeopaeR BC3MyllleHHA. lIHxe lly.1taT 0.11.ena. 

Ha DOilllTK8 raxoro nocrpoeHHSI Ha OCHOB8 roqaoA CHCTeMU nepeHopMHpo­

B8HHUX ypaBHeHHA. 

liCXO,llHBSI CHCT8M8 ypaBHeHHI filBHHrepa-JlallcoHa CO.Jt8P:l.ilT He nepe­

HOpMHpoBaHHUe BepmHHU. OHa He Moxer llliTb HCDOJlh30BaHa .ltJIR nocrpoe­

HKa XOH$OpMHO-HHB8PH8HTHOI TeopHH,DOCXOJI&Ky B03Hl4KHOBeHHe CBORCTB 

XOH~OPMBOII CHMM8TPHH CBSl38HO C OecKoHeqHoCTLD nepeHOJ)J,IHpoBOK. He­

ollXOAHMO BHllO.IHTb nepeHOJ)MHpoBKy HCXO.JtHOR CHCT8Mli ypaBHeaan, ne­

pelTH JC npe.1te.1y f4- 0 H pacKpliTb B03Hl4K8DJ11148 npH 3TOM 

aeonpeAueasocra Ox oo (Tax aa31,1eaeu1,1e •nepexpuBan111Heca• 

paCXO,llllMOCTH). 3ra nporp811Ma DPOB8A8B8 Ol;H:IW K3 aBTOPOI A.la pa3-
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I. 

!i 

,I 

JIHQH!lX B38HMOA8iCTBHtt B ;r,21, CM.TaKxe/31 • .IlJIJI B38HMOl8llCTBHJI 

(6.I) CHCT8Ma noJiylleHa B 121 H HM88T Bi1,Jt: 

·-cct = ZL -•( + --<Zr©:: ., (6.3) 

~/::}n . ~;--=-J -~ =~-~: (6.4) 

~f~ = ~~- ~t;;;-r("_ (6.5) ---~ --'~ --~-~, 

Ml ~,: •.• /. II 11 w II I II I 

= r,. , + L ~---if--<6-... --© (6.6) \ . \ p-~. ' ',. 
3HaE L B nocneAH8M ypaBHeHHH o0o3Haqaer cyMMHpoBaHHe no Bcew 

B03MOXHl,IM pa30HeHHJIM ~oHl{OB Ha rpymm K,···Ks H I; ·••lt H CHMMeT­

p.113al{~D no HHM. r;,. 11 re - OlHOQ!lCTHIJHO HenpHBOl'1Mll8 BepmHHll. OHR 

nonyllaDTCJI H3 COOTB8TCTBYD~HX cpyHKQHtt rpHHa B!l4HT8HHeM acex rpa­

qioa,pa3p8388MllX no OlHOtt JIHHHH B K8KOM-JIH0o HanpaBJI8HHH, CM., Ha-

npru.aep, (4.6), (5.32) H (5.41). IIocKoJILKy none </{.('J-nceBAOCKa-

JillpHoe, BepmHH!l /; , BXOlJl~He B IlOCJI8lHee ypaBH8HHe,MoryT 

x) IICKJIDIJ8Hl48 COCT8BJIJl8T pa3M8pHaJI perynnp1438QHJI (paCCMOTpe-

HH8 HHTerpaJioB B npocTpaHCTBe H81{8JIOtt pa3M8pHOCTH J) 1 B KO-

Topoa cpettHMaHOBCKHe HHTerpam,1 KOH8QHH) j It COl:8JI8HHD, OAHa~o, 3T(l 

MeTOlHKa noxa He pa3pa6oTaHa npw,eHHTeJILHO K Cl4CTeMe ypaBHeHHB 

lJIJI cpyHKl{Hl rpHHa B 1{8JIOM. 
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.i!M8TL TOJILKO ll8THOe IJHCJIO XOHQOB. Mu orpaHHt,IHJIHCL noKa ypaBHeHH­

JIMH lJIJI BepJJHH C .J;ByMa qJOJlMHOHllliMH KOHQ8MH. IloJIH8JI CHCT8M8 ypaB­

HeHHR, BKJIDQBD~an BepmHHH C JIDOHM IJHCJIOM qieJ)MHOHHHX JIHHna, npH­

B8l8H8 B pa3l8Jie YI!. 

GMHCJI aepmna Mtt. H R. n B reopHH B03My~eaua Jierxo aunc­

HHTL, npHMeHJIJI K CHCT8M8 (6.J-6) CT8Hl8PTHYD HTepaQHOHHyD npoQe­

lYPY= Mn - cyMMa rpacpoa,ae pa3pe3aeMHX no OAHOR JIHIIHH B none­

petiHOM HanpaaneHHH, R.,. - cyMMa rpacpoa, ae pa3pe3aewx no ABYM 

JIHHHJIM B nonepetiHOM HanpaBJieHHH. 'B tiacTHocTH
1 

AJIJI H,_ H R 1- .HMe­

eM 

'Yw--= 
/~ ~ 

-r / · r r -
-r + ', T % . --~···,(6.7) 

%~
-/ r r --*=: ..,. ', ... + 

_ r r 
-- "'>I. 

J 
(6.8) 

rl8 r - noJIH8R BepmHH8 1 8 JIHHHJIM conOCT8BJIJIDTCJI noJIHH8 qiyHKQHH 

rpuaa, Bepm,1aa I;. ecTL cyMMa rpacpoB, He paccexaeMHX no OAHOR 

JIKHHH B JIDOcr.t Hanpaanemrn. HanpH.VIep, · 

* . %'~1 / xr _,,. = , + ' + 
J ' ••• / r r r r 

. / -- (6.9) 

I!oJiaraJI B nepeHOJ)Mi!pOB8HHOll CACT8M8 Zt =0, Mil nrnytil!M CHC­

T8My OyTCipanaux ypaBH8HHtt, KOiopaa H3Yll8JIBCL MHOrHMH 8BTOPBMH B 

nccne,11;Hae rQAH 116 , 26- 291. B npeAeJI~ z.
1 

=0 3Ta cucreMa Aonyc-

1taeT KOHqiopMHO-~HB8p7.aHIHoe pemeHHe. OHO MOZeT OHTL paaJIH30B8HO 
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s s~e cxeneraux pasnozeHHA rHoa (6.7-9) .itn.R scex sucmn sepmHH 

r;, , M;)-1. J(anee OOCTyupyerca, 11?0 sepmHHa r 14 qiyHKUl414 l'p14-

Ha ~ H ~ , conocrasnaeMH8 BHyrpeHHl4.M Jll/!HHHM, ,lt8D?C.R KoHqiop­

MH0-14HBapimarHHMH opeAcrasneHH.RMR (3.8); (5.4) H (5.29, 9). Ilpn 

3tOM ypasaea~e (6.3) .itJI.ll sepll!HHH / B npe.itene ,t; =0 o!lopa11asa-: 

erca ycnosueM caMocornacoaaHaocrH reop14!4 126 , 271. B-11acraocrH, 

B ·rpexra.w.cHOM npH!lJIHllt8Hl'll'l l'!M88M ,. 

-V:=4. (6.10) 

Ilo.itcraBJIHH CD~a KOHqiopMH0-14HB8p14aHtHH8 BHpaxeHK.R (3.8), (5.4) H 

(5.29, 9), MH OOJIJlll4M OAHO ypaBH8Hl48x) H8 KOHCTaHry CB.R3K Ji K 

x) K COZ8JI8HKD,A8X8 B CK8JI8THOM (rpexrBWIHOM) opK!lJIU8H14K 

!lyrcrpanaaa oporpaMMa qiaxr1411ecKH ae peanHsoaaaa a 126- 291. ~e10 

B roM, 11?0 He YA8B8JIOCo OOJIYIIH?o YK838HHYD C14C?8MY anre!lpa14118CKHX 

ypasaeHKA (oco!lyn rpy,1tHocro cocraua10 ypasaeHHe 6.10), onpe~e1a­

nmHX pa3MepHocro nonea K xoHcraary ssallYo~eacrBHa. llo srol 

np!Nime H ae !lun pemea aonpoc - peaJ1H3yeTcH 

JIH B 3?0M npH!lJIHX8Hl4H KOH4JOPMHO-mlB8Pl48HTH08 pemeHHe AJIH ~aHHOA 

MO,lt8Jll4 B38MIMO,lt8ttCTBl4H (.itJIH 11ero pemeHHH AJIH OOp8,lt8JIH8Ml:lX KOHcraHT 

,ltOJll[HH !lliro ,lt8MCTBl4?8JloH1™14 14 Y.ltOBJI8tBOPHTo yCJIOBl4D 6.11). AaaJIH3 

llPOABl4X8Hl4H B pemeHHH 3TOI 3aAallH H 3HUll8Hl48 KOHCraHr AJIH pa~a 

Mo.itenea !ly.iteT ony!lJIHKosaa B pa!loTe o.itHoro 143 aaropos (E.C.) 14 

B.3aAKHHa. 
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pasMepaocrl4 d H f qiyH,1taMearanaux nonea. ime .itBa cooTHomeHl4H 

Ha / , d- 14 J1 (s 3TOM xe opH!lnH:s:eH1414) AaDT ypaaHeHHH .itJut 

co!lcrseHHoA 3aeprHH. 

B xa11ecTae ypaaaeHHI Ha xoacraH~R cf , c/ H fl MoryT 

!lHTo HCOOJlo30B8HH TaKxe ypaBH8HHH AJIH TOK8 14 T8H30pa 3Hepr1414-lW­

nyJioC8, Y.itOBJl8TBOPHDmHx o!loOmeaHHM T0~8CTBaM Yop,Jta /JO, 32~ 14 

oOo!lmeHH08yCJIOBH8 yHl4TapHOCTl4 / 3I/ (BH8 M8CCOBOR noaepxaocra). 

l{ax noxasaHo B 12911 B paMK8X CK8JI8THOA Teop1414 3UI ypaBH8HHH 3K­

B14B8JI8HTHH ypaBH8Hl4HM ,ltJIH M830HHoro H HyKJIOHHoro nponaraTopos. 

.l(u sHyTpeHaea cornoc·oaaaaocu1 on.icaaaoJ:l same cxeMH cym_ecT­

seaHo, ~To or.iteJioHHe rpaqiu a (~.7-9) He co.itepzar pacxo.itamaxca HH­

rerpanoa. Kax OHJio noxasaao B 1281, ace rpaqiu a (6.7-9), a raKxe 

(6.10) CB000,ltHH OT ynTpaqiH018IOBliX 14 .ilH_qipaxpaCHHX paCXO,ltJ.iMOCTeA, 

8CJIH pa3!48pHOC1'14 d H J' HyJCJIOHHOro H M830H~oro noJle.lt 'f 14 f 

Jl8Z8T B HHTepaane 

¾ <d< ~, 1 < 1-<3. . (6.II). 

Boe ypaBH8HHH, B TOM IIHCJl8 H yCJIOBHe C8MOCornacoBaHHOC1'H 

(5.10), HHB8p148HTHU OTHOCHT8JloHO 3aM8HH 

d- 1/-d, J- f-J' 
' (6.12) 

COOTB81'CIBYD~e.lt nepaxo~y K 3KBHB8JI8HTHID,/J npeACT8BJl8HHJIM. 3ro 03-

Hallaer, 11xo ecJIH xaxHe-To saa11eHHR d H ! HBJHDTCII pemeHHeM 

!lyTcxpanHHX ypaBHeHHA, To 3Ha11eau 4-d 14 4-J Taxxe Oy,1tyT pe-:­

meaHeM. llopMapoBK8 ~yHKUHI (3.8), (5.4) H (5.9) BUOpaHa 1'8K, qTo­

!lH HHB8pH8H1'HOCTo.(6.I2) !lHJI8 HBHOA. 3aM8TIIM, llTO HHT8PB8JI (6.11) 

AJIH .itonyol'.l!Mlil 3H8118H14.lt pa3M8PHOCT81 xaxxe HHB8p148HT8H OTHOCHT8Jlo-

51 



Ho (6.12). CornacHo (5.J), (5.30) H (J.7) 3aMeHa (6.12) coo:rneT­

cTByeT .llBYM cnocot1aM q>OpMym1pOBKl! Teop,rn: B _T8JJMHHax q,yHK[tliH rpHH8 
do'J' f"-✓, t'-d, f'-ef' 

r(x,~zh)' JJHClO B TepMHHaX ar,myTHpOB8HHliX Bepm;m r ( x, X2-X3) • 

B nepeoM CJJyqae BHyTpeHHl!M JJHHl!HM B (6.J-10) conccTaBJJHDTCH oCl-
-.L -L 

paTHli8 qiyHKUHH l'pHHa t;; (x) = (},y-r/~) I! D 1/x) =.:Dr-J'(x), BO 

BTopoM - cpyHKql!H rp11Ha ~IX} H :D1 (1<). Bcn.11.y, 3a l!CKJJDQeHHeM 

pa3.11.enoB IX, X, oy.11.eT 11cncJJL3oBaH nepBuR cnocoo • 

B cne.1tYD1J18M pa3.1tene Mli noxazeM, QTO cHcTeMa (6.J-6) ~onycxa­

er TOQHOe pemeHH8. Ilpe.11.nonozeHHe O KOHq>OJJMHOll l!HB8pH8HTHOCTI! Teo­

PHH no3BOJJH8T HCKJJDQHTL .113 CHCT8Mli BCnoMorareJJLHli8 Beprui!HH R11, 
11 Mn, .11 B OKCHQaieJJLHOM BapHaHTe (cM.(7.15). l! (7.27, 28)) CHC­

TeMa (6.J-6) COCTOHT H3 ypaBHeHHH,CBH3YB8KllJll!X TOJJLKO BepmHHli;;; 

C pu3JJHQHliM QHCJJOM KOHUOB. IlpH BliBO)l.8 3THX ypaBH8HHR CYIJl8CTB8HHo, 

QTO B (6 .J-6) BXO)I.HT O)I.HOQ8CTl!QHO-Henpl!BO)l..llblli8 BepmHHli r,: ' a 

He q,yHKUHH rp11Ha. EcJJH BM8CTO (6.J-6) BOCDOJJL30B8TLCH 8H8JJOrKtiHOH 

CHCT8MOR )tJIH cpyHKUHH fpi!H8 /J/ 1 :To YK838HH8H BHme nporpallO,la H80-

CYIJl8CTBHM8 no TOH npl!Q,IHe, QTO B OTJil!tiHe OT /-;. q,yHKUHI! Ppl!Ha co­

.11epimT rpacpu, pa3pe3aeMHe no O.llHOI JJHHHH. 

0KoHQ8T8JJLH8H CHCTeMa )l.1!8rOH8JJl!3yeTCll p83JJOZ8Hl!8M Tl!na 

(5.42), KOTopoe TaKze npl!M8Hl!MO K Bepml!H8M r: (Ho He K q,yHKUl!­

HM PpHHa!). B pe3yJJLT8T8 OH8 CBO,lll!TCH K anret1p81!Q8CKl!M ypaBH8Hl!HM 

Ha cneKTpanLHHe qiyHKUHH JJh. , xoropHe Moryr Oun nerKo pemeHu. 

M1,1 orpaHHQHMCH CJJJtiaeM m = 0 BepmHH c .llBYMil q>eJJMHOHHHMI! KoHua-

Ml!. 

Yil. CHCT8M8 nepeHopMHpoBaHHHX ypaBHeHHH B KOHq>OpMHO-l!H­

B8pHaHTHOI Teopi!i! 

IlpoHJJJJDCTpi!pyeM 1!3JJOZ8HHYD BHme nporpawy. ~JJH 3TOro B03LM8M· 
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npoctellm11e ypaBaea11a c11ctew 12/. Ilonaraa B (6.J) i!., = O,IDleeu 

--<EX:_-: -er:®-=:, (7.1) 

~-- =- ~--=- ~/ (7.2) 
--~ ---~ ,,J!:.!1---~, 

:BC= --~ + _%. (7.J) 

PacCMOTpl!M B8JJl!Ql!Hy • BBl!,lty KOHqJOPMHOR l!HB8p1!8HT-
~

-
el _,r . 

aocTH oaa nponopnHoHaJILHa B8Jlllll!He· ~dpnpe.1teneaaon B pa3.11.e-. 

JI8 Y: 
~----J . . J' 
~. '\_,,1..-.,-~ == q f(t} ~ .. ; J ✓ . . J, (7.4) 

r,1;e :/ ft') - HO~HPOBOQH8ll qiyHK[ti!H, pa3M8PHOCTI, .t -npoH3BOJILHa. 

Il3 (7.I) cne;i;yer, tiro 

. (7.5) .f (e/) = I. _ ,I 

YMHOZBH ypaeH8Hl48 (7.2) CJieea Ha ~J' 14 HCDOJJJ:,3YH (7.4,5), 

noiyql!M K3B8CTHHH pe3yJJLT8T / 4/._ B8JJl!QHH8 

~

-I 
. 

✓ ·. J- ) 
pacCM8Tp111B88M8H K8K cpyHKUH.fl p83!,18pHOCTH f I l!Meer noJJDC B TOQ-

Ke t' == d • 3ro no3eonaer nepen11can ypaBHeHHe (7 .I) B Bl!,lte 

J' t~--J' 

~;A~ ~J--~e/, (7.6) 

r,11;e. - - tl:fff}/ 
A - / ✓~~::cl. (7.7) 
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IlOACT8BIDA (7.J) B (7.6). Ilpa npo!43BOJlbHOM t ru.4eeM 

S . ,-! 
t~-- 3

_17_~/ 1e~r 
-c,L::-~ - ~:r--~ +- r d 

J ti t ii 7 r r .(7 .B) 
. cl 

B:ropoR t1neH a npeAene 

BKJ18A8 B (7.6). 0tCDA8 

t-cl KOHetieH BBHJtY (6.12) a He ,Jtaer 

cneAye:r, q:ro nepaait t1neH ru.1eer np14 {=d 

noJIDC C :reM xe 3HatieHHeM BHt1era, t!TO l4 JI8B88 tl8CTb. 0KOHtl8T8JlbBO 

Cl4CTBM8 (7.I-J) 380!4CHB88TCH B B!4,Jte OAHoro ypaBHeHHH, CBH3HB8Dlll8-

ro HenocpeACTBBHHO B6plll!4HH r H r; : 
d __ f •~✓ -- ; 

r =A~ r; 
~,1 t-==d .. ; ,1. (7.9) 

Ilpe~cTaBHM B raKoR xe ~Off,18 OCT8JlbHHe ypaaHeHHH CHCTBMW 

(6.J-6). Rs (7.I, 4, 5, 7) !4MeeM npl4 t-d 

t _,I t -~_,; · ,l~/I 
~ d - ~}-'61--d ~ /\ (t-J; -~cl • ( 7 .I 0) 

Yqa:ruaaa 3TO, H3 ypaBHeHHR 

= M,. L- R, .Hr. c~ )M;- ~:::. ~-
.,... ,- -- --

H8XOA!4M 

~

d ~4 -:::. . t' M. : = /\ "le/,) . -- " ':...~1 (7.II) 
t cf f ;d J " • 

Hanaqae llOJIDCa B TOt!Ke e =d y B6Jll4Qi4HH, CTOHDIBI B npaaoll qacu, 

BHTBK88l' !43 ypaBHBHHR (6.4), xoropae MO:EHO Tenepb nepenHC8Tb aaa­

norHtlHO (7.6) B BHJt8 
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~
- ~-" ,;::. =I\~ - N,. L_ 

t~✓ ~ • 
(7.12) 

CJIBAYDlll!Ut 3ran cocToHT a !4CKJ1Dt1eaaa aepm!4H Mn, onpeAenaeMux 

ypaBH8HHSIMH (6.6). H3 (6.6) !4M68M 

~ ~-~f: e ~r= = =--'-.J_ __ M ... --v-M (7.13) 
. , 

r,Jte Ch - COBOKynHOCTb rpa~OB, CtOHDIHX llOA 3H8KOM 2_ B (6.6). 

CornaCHO (7.12) neaaa t!BCTL paaeHCTBa (7.13) !4M881' llOJIDC B TOtlK8 

{=d. Ilpaaaa qacTL coctoar H3 AByx qneaoa, nepauit H3 xotopux 

!4Meet raxoit xe nonDc. BxopoR qnea, xax Ha (7.8),perynapea, no-

CKOJILKY !4RrerpaJIH 

-L_ 
Jl#_ f<-... ~ ···~.-YY- ~ 

.,' ,,. ,,.,, 
,,.,,. 

·(7.14) 

CXO,ltHTCH. PeryJiapaocrL 3Toro QJI8Ha MOX8l' 0Hl'L nerKo oOocHoBaHa B 

CK8Jl8THOI teopHK, r,Jte HHTerpaJIH (7 .14) CXO,JtHl'CR B HHTepaane pa3-

M8PHOCT8U (6.12). B Hamey no,JtXOA8 CXOAl4MOCl'L 3Tl4X !4HterpaJIOB oOec­

net1HB88TCa·xaxxe npe,1tnOJIOX8HH8M O CXOAI4MOC1'H KOH~OJJMHHX pa3JIOX8-

Hllll AJIJI aep1111a r;,_ l4 H,.., CM. (5 .42) H (7 .16). Cy111ecl'B8HH0, t1To 

JID60ll rpa~, BXOAHIIIHA B (7.14),MO:EHO pacceq1, no ABYM JIHHH.RM TaK, 

q,:o K8~HA H3 ABYX nonytieHHWC no,Jtrpa~oB HM88T raKyD xe Cl'pyKl'ypy, 

JCBJ: ll rpa~u, CTOHIIIH8 DOA 3H8KOM 2.. B (6.6). CJIBAOB81'8JILHO_, i!H-
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TerpaJIH (7.14) CXO,D;.RTC.R, ecna BHOOJIH8HO (?.43) a (7.17). 
PerynspaocTL BToporo qneaa a \7.IJ) no3aonseT nepenHcaTL 

ypaaHeHH.R (7.12) B TaKon.,xe qiopye, xax .ll (7.9). 
HMee.1,1 

~-;~ 
'U4-~-~ f=d 

IlOACT8BJl.R.R 3TO B (7.12), nonyqJ4M 

= 'lffe.) t'~.:­
e=cl "7._..,l.-~ 

e _rr-,r,:;y,r~ -©!:. =;1 ~ -\J--~ ( 7 .I5) 

ltoHCT8HT8 /\ Oy,l(eT H8!.t,l(8H8 HHJ:e H3 ypaBH8Hl!lt ,D;JI.R coOcTBeBHOII 

3Heprv.H. 3Ta CJ,1CI8M8 .RBn.R8TC.R OKOHl!8T8JILHHM pe3ynnaroM: OH8 He 

co.n;epu:r acnoMorarenLHblx aepmaa R,,, H ~ • 
YpaBH8Hrut (7.12) H (7.15) MOJ:HO npe.n;c±aBHTL B ,n;pyroa qlO]l!,18, 

acnoJIL3y.R pa3noxeaae una ( 4.22) .n;.11.11 aepmHH /:r H Mn • JLu.11 

aepmaH1,1 Mn. ru.1ee.1,1 

~
- ~-:: -=;E_,,. MnL_, 

- - (T ,,. 
(7 .I6) 

H aaanorl!'IHO ,l(nst r;, • ~I,( M0J:8M rpeOoBaTL CXO,D;l!MOCTI! 3Toro pa3-

JIOJ:8HH.R, r.x. Mn He co.n;epJ:Hr rpaq,oa,paspesae.1,1wc no OAHOII .1urn11a 

B nonepetiHOM aanpaBJI8HKH, .ll HHTerpaJIH 

~ 
-- -"'.. 

(7.17) 
xoaeqa1,1 B cKeneraor.t reop1r111. HcnonLsy.11 (7.~6) H cooraomea~e opro­

roaanLHocr.H, nonyqHM 
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~
- = A . . ~-£;yr =/1 "l£1.J~'J:'t°(7.I8) 
- /\ "u4-- ---~ ;;,-~-er=~ CT= I" , 

r,.e_ <7i- - XB8HTOBH8 qacna Cll14HOpHoro IlOJI.R. AHanor.HtiHble ypaaHe­

BH.R .lt.11.R 1pyaxrt.11r.t rpHHa 01,1nH no.11y'leH1,1 a 1 5/ (~u reopaa ) ft 3) 

n= 'Uv.3.- : rz -(?;Jr} ;1 «])f} 'I' u-=v;, . , (7.19) 

r,-~ B npaaol qacut croHr •. oOpaa ( n + 2) - roqeqHon aepml!ijbl 

)If' = :,(fJJI ~ )v-@f_j~ (7.20) 

onpe.n;e.11sewa coriacHo (4.23). 

Y.n;oOBee, O,ltB8KO, paccMarpHB8TL He qiyHKUiH rpHHa,aaepmHHbl 

f:. , noc1tonKy B 3TOM c.11yqae y.n;aercs no.11aocn11 HCKJID'IHTL .n;ono.11-,. 
HIIT8JILRHe aepllilHbl R .._ H M1-t , B to BpeM.R xax ypaaaeHHe ( 7 .19; 
co.n;epxar ,-ononHHteiLHyD B8JlllHHy (7.20). 

. r:(....j 
PacCMOTPIW OOJIIYD · CHCT8My ypaBH8HKH )lJISI ·BepmHH 1t. C Jil>Ow.& 

1UlCJIOM qieJNllO~Hlil KOHQOB. OHa HNeer B)U 121 

'-@;r:( ... J ;_]2"'1 = ~-. . R(...) : J2hl (7.21) 
. h-L ,--Jn 'CC n ,. ::::=.7,. 

_-.-... '-.;.J ~ 

~J2m= ~-~~. ( .... ~'=-=. --~°'Jn . --~'-:, ,-~-~-:, (7.22) 
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I 
! 

!. ' ,·, 

-'---fl~"'· ,_]2.""' =·---a©· i_r-J ,_)2"'t .... ,. ,--Jn n ' -Jn. (7.23) 
:..._ . ,..._ ., 

~= ~· ~= ~ ~~~· ~ ~ -~ , 
(7.24) 

r7fo)_ r, n (o/= 0 AAfoJ.;. 11A r.ite 1 •. = 1 _ IC. - ten., ,~,,._ 1°1~ . . 
h. n :, h (m/ "'-("') (n-rj "-( ... ) -

B cKe.n erHol reoplUI BepmHHH ;\1,. , , M,, 11 R ,._ , R,. onpe.iteu-

Drca aHa.norHqH~- (6~ 7) H (6.8): R.~'") (WUl -l1-J ) ec;L cyMMa· 

,l(Harpa.\lM,He paapeaaeJWX no ().ltHOI qJ8JlMHOHHOI H 0,l(HOH 6830HHOA (UK 

no .ltBY~ qiepMHOHHWI) Jll4H~~ B nonepeqHoM HanpaBJI8HHH; B8pllHHll M..{-J 

"' M. 
l"Q . K n ecr& cyMMH .itHarpaw,ae paapeaaewwc no o.itHoR .nHHHK B none-

peqHoM HanpaB.neHHKe 
CHcreMy (7.21-24) aeo6xo.itHMo .itonOJIHKT& ypaBHeaasMK .it.ns co6-

CIB8HHOA 3HepnH, 1toropll8 ,l(JISI BamllX_ !l~Jlel! y.itol1HO npe.itcTaBHTb B 

qJOJJ,48 / 2/ 

-.l, . >~~...r,;\. • 

~ (c ~ _:_ ~-~--~, c1.25) 

(n-i =--~----~--, c1.26) 

r.ite {j.. H :J) - qiyHKit.ll.H rpHHa (5.4) H (3.8), roQlt.ll. -03H8Q61)t 8M­

nyranl41) no COOTB8ICIBYD!ll8My KOHey' HH,lt8KC JI.{ 03llaqaer rip0143BO.lt­

HYD no HMnyJI&Cy BHemaero KOH!l8e 
UaHaMHqec1tmaH ypasHeHlilJIMH HBJIHDTCH ypaBHeHHH (7.21, 23, 

26), a (7.22, 24) c11y1:ar on:iie.iteJieHI4eM Bepm1r1a R.;."'J K fi:ntJ. 
25, 

YpaB-

H8HKB (7 .21, 22, 25) onpe,ll8JfStl)? qiepuaoas·oe noJie. OHK crixpaasilr 
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qHCJIO ipepwHOHHllX XOH~OB H pacna.itaD?Cll Ha He3aBHCl!Ml,18 rpynnu, xa­

paxrepH3yeirne onpe,1;0J1eHHI:1M .asaqesHeN m • YpaBHeHIISI (7.23, 24, 

26) onpe.iteJfllDI 6030HH08 no.ne H CBH3HB81)? rpynnu ypaBH8HKA C pa3-

iHMH h1.. • 
("]) "-'("',) 

HcKJIDqaa H3 (7.21-24) .itonouare111,HH8 Bepm14HH Mn , ~ H 

R.("'I, /f1"'1/raK :a:e, KaK H np14 BllB0,](8 (7.15), no11yqID,1 
,._ n 

~c:-=l\"l£4 e~= -
-~~-: e=J -Vj-~- ,. 

(7.27) 
'., 1 

--~= = X· ~ j_ ~= • '!.!:·_JL.--_ t=J' ~=. ~ (7.28) 
"' df/ · ,.... . . 

r.ite /\ =-, dt lt=J' , a q,yax~HH .f(e) onpe,]teJieHa no;;o6HO rte): 

~ ,.., ·erY'c1 
~~~ l :f(L)--'-----"-qf • 

Ocranoc1, aahit KoHcraHTH I\ It A . Ou BJlqHc.nan~ca H3 

ypaBaeaaa .itiH co6crBeaaoa 3HeprHK. 3rH ypaaaeaaa B $oJ)Me (7.25,26) 

onp8A8Jllillt XOHeqHll8 Jf8BH8 qacrH B BH.lt8 pa3HOCTH ,JtByx 6eCKOHeqHoc­

rea B npaBHX qaCTHX. ~ill pacxpurHH 3?01! aeonpe.it8JI8HHOC?H BOCDOAl,-

3yeucH cnooodoM, npe.it.noxeaaw B /JI/: 6y.iteN paccMarpaaar1, npaByD 

qacr:r, (7.25) (H aaa11orHqao (7.26)) xaK npe.iteJI BupaxeHHll 

P. {~-d ·~-cl} lA.J,Yl _ r 't:, - r_RL t;,. 
&~ct -- . . - • 

(7.29) 

HcnoJio~Yll {7.10), H8XO.ltHM 

- I C-.q = // ti.rn (t-c/) { ~ = 
l < ~ t-a ~ -~ 

=A "U4.~_<t e=d ~-~. 

(7 .30) 
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liHTerpaJI B npaBoll qficra B1,JqHCJU18TCll· C llOMOlllbD' q>OJ)MYJJ (5.12-15) 

11 cooTHomeHHi · 

·J~ r~i~LT~ rx,-1;i51a_fJ-x2-J = 
' T(3-J;)T{2-J'a) {X,-X·d L1t1.- {x,K2-} 

.(Y~~-dl) ~ ~.,. "" 
2 

H paBeH f . -.f 
?f r(~-V (~

2
fd) ;- {x,-x2-)., {j (n,X:i). 

IIepexo.ita B (7 .JO) K npe.iteJJy, oKoHqareJI&Ho noJiyqHM 

711 . . -2.JU½ (cf}., _ 
" '~. (7.31) 

~.ite AfdJ- se~osaa qiyHK~;a (5.23). . ,.,, 
AHaJioraqao l!HiiHCJill8TCa' KOHCTa,HTa /\ • PacKp!i1!8fl iieonpe.ite~ 

JI8HHOCTL B npaBOII qacTH .ypaBH8HHll (7.26), noJiyqWif 

A "t.eA.. 
I I t=J' 

·.. . . ! ~i•· 
L~-- :__ (.D -~, 

OTKy,Jta CJI8,ltye:r 
. . j7 ;r = 2,1¼ (d1), ,' 

.r.ite file!'}~ uecrisaa qiyHKitHH (5.24). · 

Ynt. ·PemeHl4e CHcteiiH ypa.'BHElHHII 

·(7.32) 

II011Hali cl4cteMa ypasHeHHII (7 :·27, 28) .itilaroHBJIH3yetca patiJio-

J:eHaeM (5 .42). II01tal'.8){ 3TO Ha npruiepe C!l!CT8Ml,J (7 .15) ,JtJill 
"" ' •• • ·, I < \ • ' • • • - '·• 

uepmHH c .ltBYMll qjePMliOHHUMH 'JiHHHHMH~ CHcrenia (7 .27, '28) ,Moxer 6UTI, 

pemeua aaaJioraQHo. 06111ee pa3no1:eaae (5.42) B cJiyqae uepmHH f: 
m.teer Bli!Jl. 

,-

•',; 60 

, ,,. 

~t J~-~-A~ rT;.r(,,. __ \!::;_fa = ~ p,/c;,;---<r... /VV"-.IVV••·~ • 
(8.I) 

Cnenpanaaa qiyHK~Ha .Pn (~-·-~)onpe.1te11eaa .JtJill pa3Mepaocrell { ··· tn., 
JI8X8IIIHX Ha KOHType HHTerpapoBaHHa B (5.JJa). ITpe,JtllOJiaraeTca, QTO 

oHa MOX8T 6HTI, 8H8JIHTHQ8CKH npOJtOJIXeHa Ha BCD KOMllJI8KCHyD OJIOC­

KOCTL no Kax.itoll nepeM8HHoll, K8K B pa3,Jt8JI8 lY. IloaTOMy COOTHomeHHe 

"3JIMHTOBOCTH11 

'If' * ~) 
..Pn-f"i·•-<7;.) JJn. (er;. ·•·O'j_ , 

(8.2) 

JierKo .ltOK83HB88M08 Ha KOHType HHrerpapoBBHHH, Hl\leer M8CTO JtJlH JID-

6HX KOMllJ18KCHHX pa3M8PHOCT8A. 

Ilo,JtCTBBHM pa3JIOX8HH8 (8.I) B (7.15). yq~l'HB8H 8H8JIHTHqHocr1, 

fn H acnon3y.11 cootaomeHHe oproroHaJILHocra, HBXO.JtHM .1tJia n~ I 

fl (<7i-·• <7;J = 11 Uj._ o,.H (er; <7i:, ... v,;), (8 J) 
. tr=<7.j, j' • 

r.1te ~ - KB8HTOBU8 q;tcJia CllllHOpHoro llOJIII 

o;;= (d,/2,0)@(d, o,h). (8.4) 

.Hcnon3ya (8.2), uoXHo nepenHcan ypaBHeHHR (8.J) B .Jtpyroa qioJ:Ne; 

pit. ("i••• u,;:)=11 '1.fl!,J- JJ1HL {v; , .. o,; <TJ. 
Q'"-'r ( ts.5) 

3~ec1, uyqeT B311T no llOCJI8,llHeNy apryMeH?y. CHCT8M8 (8.J,5) ,llOJIXll8 

OHTI, JlOllOJIHeHa HOJlol~POBOqHYM yCJIOBHeM, BYTeKBDIIIHM H3 (7.9), 
-f 

· ~ ft (u-J =J A . (8.6) 
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I: 

YpaBHeHHJl (8.J, 5) npe.1tcraB11avr codon 6ecKoHeqayv cHcreMy a11re6-
paHqec&wc ypaBHeHHtt, Koropas uo:a:er OurL nerKo pemeaa.Ee peme-

HHe CO,Jt8pXHT 3HaqH78JILHlitt npOH3BOJI (oOCYJ[,Jtaeuull HHEe),nOCKOJILKY B 

ypaBHeHHff B~O.JtHT- He ?OALKO qiyHKI{HH Pn ' HO H HX Buqeru •. 

BBe.iteM aopMHpoBaaayv qiyHKrtHD 
.Pt (cr)-Jc-L /lf_t: (er).-

IIpe.itcraBHM _JJ~(v;"i) B BH.Jte JJ2 (v;i:;.)=fi(v;):f_(<f";/,8(,,;J, r.ite .{ (v;g;J­

npoasBoJILHa. IIo.itcraBJIJlJl ee B ypaBHeHHs (5.1) npa n :I H yq11ru­

Bas (5.2), H8XO,JtHM: 

t -2 
~ ro;o;->= 2 tu;, <7i) = l 11 • 

3ro e.itaacrBeaaoe orpaaaqeHHe Ha Ji (v;_o;_J , aaKJia.JtHBaeMoe ypaBae­

HHJlMH (5.3, 5)~ BBe,JteM HOPMHPOB8HHYD qiyHKI{HD 
~- 4 2 .. . 

JJ:i. ( ViYi) - j' /1 /;_ ( u;_ <7i). 

OKoHqareJILHO IIM68M 

.f2. (o;o;J=jlrfi (t7j)JJ2(t7i_<1z)JJ1 (o;.J. (8.7a) 
IIpe,JtcraBUJl B aaaJiorHqHoll qiopMe KaX,JtyD H3 qiyHKrtHA JJ,. (u;_ •.. i;r,;:) 

- ' ,MOE-H BBO.JtJl .K8lr,Jllil! pas HOBYD npoH3BOJI_LHYD qiyHKI{HD .,1 ... (<7j_ --·CT,._) 

Ho nonyqarL oOJ11ee pemeHHe cHcrew. Oao HMeer Blil.lt 16 , 7/ 

JJn ( "i··· ~} = l /ry ah (v; !lf/JA (v; VZ~L)j .-
_/ h-2 - J -_ i {] fa {crif.1Cf.2 · .. : ft{cr-·- ~?; (8. 7) _ 

r.ite fl ftr .. JJ;J- npOH3BOHLHlie ipyHKI{HH, Y.JtOBJl87BOPJIDJIIH8 yCJIOBHSlM 

'U1- f,_(<T}=i; _f{{v;---l7;k=<y=fik---<T,,}~=''7j,=f, (8.8) 
<1"=~ K ~2. 
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KpoMe roro, JJ1 (<T)JI.oJIJ:Ha )(ocraroqHo Oucrpo yousan npK L-= 
H /~,2 .-(>(J ,JtJIJl CXO.JtHMOC?H ( 8.I), H KaJ:,JtaJI H3 qiyHK!lHll./tJU,-···~Jy.JtoB­

JieTBopJier cooraomeHHD (8.2). 

Pacmdorpiw no.itpoOaee crpyKrypy pemea11s. Rs (8.7) cne.ityer, 

qro KaJ:,llol! BepmHHe ;;: conocraBJiaDTCJl nepBue 11. qiyaxnal!. H3 

Oecxoaeqaoro aaOopa 

/ft (t7j),. JJ2- (~Vi), ... , .fk. (t7i.-• cr..J, ... 
(8.9) 

no OJIBJJ.YD~8My npaauy: KaJ:,Jtoll BHyrpeHHel! JIHHHH B pa3JIOJ:8HHH 

( 8.1) _:eorBercrBy er ipyHKI{KJl fl { u-) , K8:QOII BHyrpeHHBll BepmH­

HB - f2- {v;_ <Ji..) , xaJ:,Jtoll nape sepmHH - JJ3 (q;_ f1i rJi) H r .,Jt. Hanpa­

uep, 

I 'iiz{~Qi) I fJa(<r.u;,) ,.r,, r.li' ~ 

Taxas cr}yxrypa qiyaxnaA _f}n recao cBssaaa c rpeOosaHHBM xpoccHHr• 

CIIMMerpiut. Ecu llOJIOJ:KrL xa.a:yD-JlliiOo qiyHKJ:ll41l //(.frr,---Cf:-) :I, ro 3TO 

aapym11r xpoccl!Hr-cw.werp141l,CM.HHJ:e. IIpe.1tno110:a:HM, qro MH c cai.coro 

aaqau1, ,J;O Il0,J;C78HOBKH B ypaBH8IIJ4Jl, 380HCAJIH 6u pas.10:a:eHIIB (8.I) 

B qJOJIIEI ( 8. 7) H .a:aJ:,JtoA BepmHHe f:. conocraBHJil4 6H CBOi aaOop 
-(n) -(11) -1,.)1_ 

lpJlll:rtllA fi (rr,), /2- '(r,Qi)) ···~ _p,,. (11j···'7i.). Tor.ita,pemHB ypaBHBHHa, 

MH llamJIH 6u, qro ~yHKI{HII fl~ 1 C007B8TCTByD~H8 pa3Hw.& BepmllHaM 

r:. , COBil8,lt8D7: 
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'· I' 
r 

:i 
! 

r,_ _r;. r; r; 
- c•1 0 f-<") . 

_p/>(vj = fi {<1 = f / (ri) = 1. {er)=., ... 
-<" ) - -(.&) /, -{'() f2. (u;u; - f2. c"i'di) = /2 (u;IJi)= .. ... 

P
-(3)/ ) -{'{) 

3 l'fl1i.°-3 = f.s (tr,rfi.<Tj)= ... 

" ' ... ~ ........... " ...... J 

T.e. BCH HHcpopManHSI, CO.lt8PX8lll8HCH B .JtHH8MHqecKHX ypaBH8HHHX,HC­

qepnHB88TCH paBeHCTBOM cpyHKnHR, CTOHlllHX B O.JtHOtl CTpoxe. 

HoPMHPOBOqHHR MHO:UT8JU, uepmHHH r:. y,1to6Ho CBH38rl, C BHqe-

TOM <PYHKnHH JJh {Vi··· <r..} no BCeM apryM8HT8M B ITOJIDC8X lf = C1j , 

COOTB8TCTBYDlllHX cpyH.Jt8M8HT8JILHOMY COHHopHoMy ITOJID. ll3 (8. 7' 8) 

ID488M 

ti.=~ 
cl" - v;z"j 

-h. 
2'eJ"·~ fn(u, ... cr,,_J=-q/1 • 
Ii;~ &7,;~Ui- t7 . 

B o6uqaott pe1IHTl4B14CTCKOR Teop1rn 8H81IOrOM K03<pcpHitH8HTOB Jin HB.IIH"' 

DTCH 3HaqeHHH aepm11H I,,_ Ha M8CCOBOI noBepxHOCTH: nepexo.1t K • 

cneKTpaJILHOlt cjJyHKJ:tHH .,Pn (<r,··· <T,;) 8H8JIOrHqeH cpypLe-npeoOpa30B8HHI), 
. ~ 2. 

8 3HaqeHH8 cT = Vf' -aHaJlor M8CCOBOI noaepxHOCT.11 p -= In. • 

~OJl,IY1IU (8.I) H (8.7,8) 38,Jt8DT 00lll88 KOH¢opMHO-HHB8pll8HTH08 

pemeHHe nepeHOJlMHPOB8HHHX ypaBH8HHi1 illBHHrepa-J(aacoHa • MaKCHM8JIL­

HHlt npoH3BOJ1,.1tOnycKa8MHlt ypaBH8HHHMH, COCTOHT B BO3MOXHOCT.II npo­

H3B01ILHO 38,lt8TL OecKoHeqaHR HaOop cjJyHKrtHtl (8.9), orpaaHqeHHHX 

ypaBHeHHHMH (8.8). 3ToT npol43B01I CBH38H C TeM, qro MH pemaJIH Oec­

KoHeqHyD CHCTeMy sanell1IHDllll4XCR ypaaHeHHR, B KOTOPHX BCH HH<pOJl,18-

nHa O HH3mea BepmHH8 OOJIHOCTLD CO.Jt8PXHTCH B 1ID0oA 143 BHCmHx. J.{Jia 

Toro, qroOH no11yqHTL o.1taosaaqaoe pemeaHe, aeoOxo.1tHMO yxasarL cno-
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coo 38MHK8HHH CHCT6MH. ECT8CTB8HHO OXH,lt8TL, qro 3aMHK8HHe CHCTe­

MH aosHHKaer npH scpcpeKTHBHOM yqeTe sarpaaoqaoro qneaa. IlpHMepoM 

TOMY HBJIHDTCH ypaBH8HHH .ltJISl·C00CTB8HHOR 3HeprHH (.1t1IR HX BHBO.Jt8 

HC001IL30B8HO ypaBH8HH8 21 J"=: r- rR_ ; npH Z.t..; 0 B03Hl4K88T H8-

onpe,l1;8.118HHOCl'L 0KD<>) ' a TaKxe To1:.1tecrua YoJ).lla, CM.p83,Ii8JI IX. 

B oOOHX ciyqaax ~H nonyqaeM H8TpHBH81ILHH8 orpaHJ4qeHHH Ha cneKT~ 

panLHyD cpyHKrtl41l. XoTH TOK H l'8H30P 3HeprHH-.l!MnynLca HrpaDl' B reo­

pH.11 OCOC!iD pon' K8K coxpaHHDlllH8CH B8Jll41U1HU, MOXHO OXH,Jta TL, q:ro 

paccuorpeHHe ,11;pyrHX teH3opHHX noneA (HecoxpaaanD111Xca) TaKxe nosuo­

JIHT .H3BJl8qL ,ll;OITOJIHK:r81ILHYD :HHcpopM8!tHD O s'a:rpau'oqHOM q11eHe. TaXH8 

:reH30pHH8 UH cmra-reH30PHH8 OOJISl CBH38HH C OOJIDC8MH cpymcnHtl p,._ 
no nepeMeHHHM ~ ••• t,._. HanpHMep, 

~,-::.:::. =/\ W ~ (8.10) 
~ o(. CT=~ ,? 

• {oL} • {-')'} ( • ("') jf.CIJ ( .) 
r,11;e ~-:=(t'-c 7 /,;/2 0 ~.,/2 .,// - 8.II 

- KB8HTOBH8 q14cna no11eii 0~ . HeoOXO,JtHMO 003TOMY Oonee Tlll81'8JILHO 

XCC1I8.ltOB8TL HX CBSl3L C cpyH,lt8M8HT81ILHHMH noJIHMH, qro HB1IH8TCH cnox­

HOI 38~aqel_K HaXO,IiHTCH B Cl'8,ltHH HCC1I8,ltOB8HHH. HeKoropHe orpaHH­

qeHHH Ha pa3M8PHOCTH to<: IT01I8H o~ BH78K8DT H3 8KCHOM8?HqeCKHX 

Tp860B8HHtl. IlOJIDCH cpyHK[tHR _.Ph. COOTB8TCTByDT pa3M8pHOCTSlM e , 
,1t8Dll!IW BKna,11; u··pasJtoxea'ite :r.11na (2.25) .1tna qiyHKQHlt Hatt:rMaHa (cM. 

xoaeti pa3,lt8Ra IY). 't{aK noKa3ailo B pa3Jt81I8 n, aKCHOMH cneicrpaJILHOC­

TH H · n0.11onTeJ1Lliocu orpaHHqHBaDT pasMepaocra · -~.,_ ycnoBHHMH 

.,«) . {"") 

t°' ~ 2-t/t "';/2 ~ 
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'i 

: ii 

,i 

i) 

f 

' ,, 
! ; 

I 

HJIH 

-~ > 1 + /~ (""~ ec111-1 /i. == O., 

D .(o<) 

r.ite Coe. H A 2- - xuaH rou1,1e 1tHCJia ( 8.II). 

3aM8tHM, qro KOHCT8HTH. ""' r.roryr (l!,ITL H81.Jt8HJ,1 143 ypaBH8HHI JtJJJI 

co6CTB8HHOI 3HeprHH no.ito6Ho /1 H X . Mono OOK838TL (mot. 

rai1:e /5/), uo 

j'o(.. /\oe =- 2 Jlf {<&)., 
r.ite Jllftr }- uecoeaa ipyHKUIDI, uxo.1u1111aa B (5 .JJa), 

raHT8 CBl1311 DOJIR O,c C 1pya,11,ai.ceHTaiILHHMH llOJIJtMHo 

ca aHaJiorHqHo (5.29): 

~=,~~ 

(8.IJ) 

8 "'"'- KOHC-
0Ha onpe.1te.naer,-

(8.14) 

lis (8.10) npl,1, tt=I i!MeeU 

U1J f,_ /er} :=j-f Jl 'ieJ ff. f rr}::: ,.,9.,,!A_::_ 
rr=",2 , _. cr=",;c p:c .J 

WIH, C y1teTOM (8.13) 14 (7.31), 

m :ft (rrJ = -42. fifPi-2 
<T=CC . )l ~-t c,;;) -' (8.15) 

r.1te o<lo3Haqeao -// (t:Ty,)=~{d). TaKHM 06pas01,1,sa,llati~ o aaxo:&­

.iteHmt <l>YHKUlU~ ..,f.t. ( o)_ , t.e. ea llO/UJCOB H e~etoB B BHX ,CBO,D;IITCR, 

K 38,ltaqe O H8XOQ8HKH pa3M8J)BOC?81 t~ ' -Y.ltOBJl8TBOPRDoiHX,:;' 

(8.12)1 ,H 
0

KOHCT8HT CBR314 f<>< OOJI:81 oc(. _ • . __ . _ -. 
HaHdOJiee OHJILHHM 143 BCeX 8KCl40M8THqecKKX rpe60B8Hl41 allJUeT-

cg xpoCCHHr-cHi•lieTpHa. llriciI;ejbl3ar'tfn:i~-!iA ytiet xpocoHHr-CKMM8fJ)IHI 

rpe<lyeT pa3BHUUl u1,1qHc.1utre,1i.HoU ?8XHl4KH, CBJl38HHOI C HCUOJIL30B8-
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I 

l 

I 

HHeM p83JIOJ:8HHR THna ( 4. 7) • M1,1 orpaHHqlt\!Cl1 3,JteCL ,lt0K838 T8JILCTBOM 

Toro, qro KpOCCHHr-CHMMeTpHH He npoTHBopeqHT 06111eMy pemeHHD 

( 8. 7, 8). PaccMorpHM, HanpHMep, eepm1rny r; . 
X ,.. Xs-

- - I -(T, ~ , ,/ 

r; (x,.l'2 (x3 XvXs-)=L_ ft_(<r,[!i) ,,~x~ • (8.16) 
'f Pi X3 :xy 

CHMMerpHa OtHOCHT8JILHO nepecraHOBKH 

X3 -=Xr 
,lt88T 

. .. .Xs-

'-,y----\_ er,_ /\., ~,r(· ~ ~.r"\.~r(' · 2-- fi f ~"i:)/uvvy---'-'\..= LfY/'frli) u:v;y- -~! a.11) 
cr,Ui I q-Oz_ r - --x 

I . ;" 'f 
.X3 

licnOJIL3YJI COOtHomeHHe optoroHBJILHOC?H, ITOJiyqllM H3 (8.17) 

y,. ("iO..) ~"'- ~ fa<~UiJ~~. (8.18) 

IIo,1tcraBJIHJ1 cn.u;a e1,1paxeHHe ( 8,
0

7a) .ltlrn _1)2 (Cf~) H coxpa111aa Ha 

A (<Ta.) , uo11yqHA1 ypauHeHHe ,1vrn npozsue.1teHza,.P1 (u;)_p~(u,u;_J, 
r,ae 1pyHK1tl(a ft (<Ti) Y,JtOBJieruopaer coorHomeHHD (5.40), Bl:lpaEaD111e11y 

11:poccaHr-c!WMeTpHD uepmHHJ,1 f;_ : 

. qtu;J_~ =2-fi;r~~,---~ _; 
J-J ' ,, ,r 

,, 
(5.40) 

ECJJH llOJIOJ:H?L renepL B ypaBHeHHH (8.18) '1z_ == <7j, (coKpa-rHB npe,1t-

B8pHt8JJLHO 118 ft (<Ji) ), ro eep11e1,1ca X ypaeHeHHII. (5.40). IIpH 

-:3tOM H8.lt0 rectL (8;_8):fi_{<r,-,<Ji') = I. TaKHM o<lp830M,KpOCCHHr- : 
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I 

cHMMerpas corJiacyeTcs c 06111HM BHpazeaHeM (8.7, 8). 

IX. To~eCTBa YoJ)Jl;a 

Pacc:.toTpID,( 011eparop1,1 roKa )~ H reH3opa 3H~prmr1- Hwyxi,ca 

'f;r• .IIx KB8HTOBH8 QHCJl8 q>HKCHpyDrcs 38KOH8MH coxpaH8HHS: 

<1j = (-:n-:1, f2:., 1/2) ~ (n-t,t)~ (9.I) 

<r,- = (:D, :1, 1) = (.n,2-)~ (9.2) 

KaK H JID6oll JIOK6JII,Hi,ill onepaTop, OHH onpe,lleJIRDTCS HHTerpaJII,HliMH 

ypaBH8HHRMH,aHaJiorHQH!iMH (o.10). B qaCTHOCTH,.JlJIS TOKa HM88M 

- ~-{n,.j; - /f. ~ In ,~-.. 
'I '7"::-~ . -- :, 

(9.3)' 

r.1te r -KB8HTOB1i18 QHCJI6 TOKa (~.I). YpaBB8HHS' ,llJISI T8H30pa :mep­

rHH-HMllyJihCa 8H8JIOrHQdl,I (9.3) Croll JIHmI, pa3HHnell, qro B HKX He-

o6XO,lll4MO yqecr1, BKJla,ll KaK HyKJIOHHoro, TaK H Y830HHOro ll0Jl81. 

B paCCMaTpHBa8MOM_ 3,ll8Cl> ll0,llXO,ll8 oneparopH ).., H ~y KMeDT 

oco6oe 3H8Q8HH8: cJ>yHKUHH rpHHa, CO,ll8pza111ae 3TH 011eparopH,Y.JlOBJ1eT­

BOPSDT 0606111eHHHM ro~eCTBaM Yo))J{a 13o1' 1321, rapaHtHPYD•IIM cox­

paHeHHe 38pSJta 14 3HeprHH wmyn1,ca. 

B uenepeHop1rnpoBaHHOII TeopHH ro~eCTB8 Yop.l{a ll0JIYQ8DTCJI 

KaK CJ18,llCTBH8 ,llHHaMHQ8CKHX ypaBBeHHR npH yCJIOBHH, qro llOJIJI Y.JlOB~ 

Jl8TB'opsDT lt6HOHHQ8CKHM nepecraHOBOqHsw coorHomeHl4JIM. C ;ipyroll 

cropoHH,K8HOHHQ8CKH8 11epecr8HOBOQHH8 cooraomeHHJI YOZBO paCCMarpa­

BaTl> ·xax ycJIOBHe corJiacoBaHHocra · r·eopi'iH 1331, ecJIH He3.aBHCHMO 

norpeOoBar:L Bl,lll0JIH8HHJI J1arpaHJr8-BWC H 'rar.iiUIUOHOBHX ypaBH8HHII. 13 

aroM cJiyqae nepecraH0Boqa1,1e cooraomeHHR He cO,llepiar ·car.iH 110 ce-
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(le K8KHX-Jll400 ,ll0ll0JIHKT8Jll,BliX orpaHHqeaHII Ha ~yHKqHH rpua. ~o 

nepeHoJ)l(HpOBKH llOJI81 oOa llO,llXO,ll8 3KBBl8J18HTHH. 

B KOHcl>OJlllBO-HBl8Pll8HTHOI reopi4B cr1ryanu Cjlil8CTB8HHO M8HJl­

erca. KoHii>OJ1'88S Ci!Wi8TpHa B03BHKaer B.pe3yJlhT8T8 OecKOH8QHliX ne­

peHOJ)NHpOBOK, llOJBOCTaD ya11qrozaD~ 3arpasoqH1,1I qxea. Kax CJl8~Ct 

BKe nepeHOJlllllPOBOK, repseTCS BCJI HHq>OJU8nlr!R, 14M8DJ118JICR B lt8HOHH­

q98JtBX nepecraHOIOlJHYX COOTHOll8HBSX. II0CJ18.JJ;H88 npoRBJIS8TCJI Brow, 

qro tOQ8CTB8 Yop,ll8 B8 woryT OWTI,- BHB8,ll8Hl,I H3 oepeHOJ)MHpoBaHHHX 

ypaBH8HHI. WBHHrepa-J1allCOH8 H, CJ18,ll0B8T8Jll,HO, ,JtOJIZHl,I llOCTYJI14_po­

B8fl,CR H838BHCl4MO or HHX. 

YpaBH8HHR (9.J) Be CO,Jt8pz8T HHK8ltOI HH~OJ)ManaH, llOM:;tMO Toro, 

qro COOTBercrByDD1H8 coexrpa.111,a1,1e ~yHKUHH HM8DT llOJIDCl,I C ltB8HTOBH­

YH 11ac.11a.Mli roxa. Hcnonaya aTa ypaBHeHHa, ·asnsD11111eca onpe,uneaaeM 

roxa, a ?8K:18 .. IIH8M.Kll8CKH8 ypaBH8HHR (7.27) H (7.28), llOJl]UM 

ypaBH8BIU, CBS3HB8Dl!l18 rou:a:o B8pmHHl,I C TOKOY 

~

i,., 
·::. = /\ ~

✓;v 

'Le-4. 
fr=Uy, ~. , (9.4) 

~

i,., 
-- - -- --

~ ~~ 11w~~~ 
. - . (9.5) 

KpoM8 Toro, BepmBHH ;;;✓• Y.llOBJl8TBOpJIDT 00001118tlHHM ro~eCTB8M ,= 
Yop.1ta, xorop1,1e w1,1 aan~■eM B cJ>opMe /JO/ 

X ~ i 2...., ~t-J 
~ f: 'ft (x/Y,•··v .. , X,•41...,)==-2.. e, ,J/z-x;)r,: ~;r,.,-f.--X».}. (9 6 ) 
✓ h./ "1 ~I <J" • i -='I ,'f ".J • 

r,-e y, ··)',.. -apryMe~T~ l.t830HHHX JIHH:;tll; x, .. · X2,.,, - apryweHTl,I 

HyEJIOHHHX · JIIIHHll; r;,/,.. - BepmHHa C TOK OM, aMnyrapoBaHH88 no , 
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,..__, (rn} 
BCeM apryMearaM,KpoMe X ; f:,_ .,.. BepmHHa, aMnyrnpoBaHBaSI 

no BC8M apryM8HTaM; e, - sapSl,!I, BXOJI.Slll!Hll B JIHB.IUl Xi. • 
l:lepmH~H C reHsopoM 3f..8,Pr.r,rn-14MilYJU,C6 YAOBJI8TBOJ)HDT_ ypaBH8BH­

JJM, aHaJiorHQHU.\t (9.4, 5). Tolr,l!eCTBl'l Yop}l;a }l;JlSI 3T~ _BepmH~ 6y.ll;yT 

np14B8.ll;8HH. HHXe. 

PaccMoTp14M. COBM8CTHoe p!3meHHe ypaBH8HHI (9.4-6). i~ orpaHH­

QID.ICSI CJiyqae~ BepmHH r";/~ / K,Xi..} H f//(x/X,Xz-f) • Bc_e BHQHC­

.neHHlI 6YJI.YT npHB8JI.8HH A.HSI 4-MepHoro npocrpaHcTBa, .D =4. H!,reeM 

,/ x~~ Al . - ... ,\ 
(; (x/X,h)= ' 6-,.._ 'r · =(oJt!jfx,Jf/jfx2-J//" ~)/0 /= 

.x .. cl ' 

==JI (-j(81-L)~(x,1C)f ~ (x-xz.) 4-¾ (x,2-)-t-
~ ~ IC ,l (9.7) 

-t (cl--/2.)-f(B-:1} Sc1-, (~-Xz),d 1 (x,x)L}.f (Xz-X) )_,.. (x,Xz.}j, 
. ~ IC . 

r.1te S,1 (~).J L\/JH ;I/' {1', ~~} onpeJI.eJieHH q>oJ»,ly,naMH (5.II) H 

(J.16, 23); 8 - npoH3BOJII,HalI KOBCT8Hta. KoHCT8BTa A onpe,1te.ns-· 

eTCSI HS TOlr,1!8CTB8 Yop,lla 

t ¢'.(xlx,x-z.) =-ie[f(,.,x)-1'/;.i:~fl0 (,y-xz.) 

H paBHa 
-f 

.fl= {'17,)e r(c/rh)(r(4-,¾)r(~-d)}. (9.8) 

l:lepm14Hy [;i sanHmeM B B~e 

1 :r l x~,c1, iJ4 . c1, u; , . , er I C (X,h~/)() = , r;' 
1 
-2-J?ifo) ~d (9.9) 

(!/. ;{;J' Xz q ,r ,r d' , 

ua C7j - KBaaroBue QHCJia roxa; c4_ \" d - pas1,1epaocTH cnH-

aopaux noJiell ~ (x) H $1; (x) ; aaax d otloaaa,i:aer a1,my:ranI111 
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r: "'dJ-
110 COOTBeTCTBYDl!leMy apryMeHty, .CM. (5.20, JO). BepmHHa ''j,,µ 

Y.ltOB.B8TBOJ)Her ot1o6~8HHOMy TO:a:,J;8CTBy Yop.-:a . 

" t[JJ . · vV c(7 Ji 
d r (X. lz X3/x) ==--, e [!fx,x)-~£",01(~, h X3) (9~10) /" /r· I • 

H ,1;14H8MHQ8CKOMY ypaBHeHHll 

. /. ct • i r,., 

~
Ir ,,.J - e ~(7r . 

1;-- =-A/ti)~ ~J\-®-d (9.II) d t'-=d ,r , 

xoropoe noJiyqaerca H3 (9.4) npH m=I, tt= o. ITO,llcraBHM (9.9) 

B (9.10). Hcnon3ya cootaomeaHe oproroHaJil>Hocta K yqHTHBas (5.29) 

H (5.20), noJiyllHM _ , d 
' ',('1 . ·)(cl, ~ I 

~(v-) t I~} -;~pt~.(9.12) 
. ~ .. " )( (T z. 

I 

Bropol tinea B npauon qacrH (9.10) ae .1taet BKH~.1ta B (9.12), no~ 

CKORI,Ky ~yHKnHa .l]l·f<r)JtRH Jt81CTBHT8HI,HHX ~ onp8JI.8Jl8Ha EIH8Hl4TH-

ll8CKJIM IIP~0JIX8BH8M O KOHrypa HHTerpHpoBaHHlI 13 (5.JJa), r.ite OH 

paBeH HYJll) B ClUiy COOTHOmttHHSI oproroaanHoCTH. YpaBH8HJ48 (9.12) 

IIOJIHOOTI,JO O~P8.lt8HlI8T cneupauHyll ~yHKit.lUl .fl tu), ecu IIPOH3BO.Jt­

Haa B ieBol qacru ae paBHa ayi11. IlocneJtHee He Bcer.ita Bepao. Pac~ 
' - ., < ' • • ~-: - •• 

CMOTpw,, aanp.m.tep, cnHHOJlHHI BK.naJt B (9.9): 

o- = ( ~ f2.1 o) 0 (t, 0/2.). 
(9.IJ) 

li8HOPMI4POBaHH!le X03ql(p14Itl48HTH KIJet1ma-rop,1taHa B 3TOM cnytiae MOXHO 

npe;tcra1Hr1, B Brl,Jte 
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e✓7 , fyt ~x'f 
~ (x, x2 x) == ~x 2.. cl -

= )(Ital) ~·0~cl)-,.11s3 ui'x,N~1-e-✓(,(-xJLT.e .. a'-~ tx,-kJ+ . 
'j l "". e-, :J ;:'ff' :z_. / 2. 2- -Z (9.14) 

-1-2[1-( t;_4)J (t'+l-3/~✓)j $¥1 (,i;-,; 4+416;-xJi,_~~i~;t,t,xf 
r.ite ~ (t,dJ- HopMHpoBo'IHHa Ko3qlqlilUHeHr, a Fft;#- npoH3BOJILHaa 

cpyHin11a.' Ila (9.14) .14MeeM 

,,x eel.er-. . ..:. , /, ,> , 1 •11 c /, , X /._ ,l X 0L~ r s:~~.z )(j- -21ee-d/1-tt~,J~~/0z.)LJ2f'~cK,XJLJ2-4'S9.15) 

'Pyaxn~.a P ( <'i ti} He ,naer BKna.na B (9.15), a c11e.it0Bare111,eo, H ii ro:s:­

.necrBo Yop,11.a (9.10) 11 (9.12). Taxiw o6paaor.r, ro~ecrBo Yop,l(a on­

pe,neJI.aer Bepm1rny r;i c ro'IHOCTLD ,11.0 npo143BOJILHoR cpyHKU14l1 F(t:,r/) 

B (9.14). Mowo npe,11.craBHTI, 3TOT npo143BOJI HHa'le: noJIOXHTI, B (9.14) 

Fte,clJ~O H 0)1.HOBpeMeHHO ,11.06aBHTL K npasoa 'laC?il (9.9) 'IJieH 

.-.;- I ""r\-.};:,.~f77 
~ j-}" ( rd ~-r---w._,. , 1.de 

. ·. xrr. t (~j::o,.c9.i6) 
:,. 

a .fl (er)~ ~(t,d). B 3ToM cny'lae s paano:s:ea11H B03HHKaD! ,11.Ba Heaa­

BHcRMwc Ha6opa Ko.3((Jqmu11eHros KJie6ma-rop,11.aaa 14 ,11.ae cneKTpaJILHYX 

cpyHKUilH fl/u) 14 // ( uj • To~ecrso Yopia onpe,11.eJI.aer roJILKo cpyHK-

Ul4D 0.(IT") • 
.J./ 
tiaR,neM 3TY cpyHKUHD ,II.JI.ii cnHHopHoro BltJI8)1.a (7.lJ). lio,11.craBJIB.8 

(9.I!:>) 's (9.12) l1 BH'IHCJIJl.8 l1HTerp811 ·s npaBoit 1la-CTil C llOMOIIILD tliop­

MyJI (5.12-15), nony'll4M 
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Al · ·)· 2. · _ 11£_ 1 /IJ r/f- c(-nlt-1',r~ d+cl-J1 .. 
1v,-ft;d)J}•I~;~ =iiii/" tJ/V(a{cto/t ,,-~/1 <~--r/ ·· l - . , 

rr-f:. ~-t_.,.J>; rrc1-~+~1)Alfe7c/~ 
_!_ rr~-2)/'r~rl~#/1-E-~ 
e-c1 rr2- t;."J rr2 ... £;1.)Tr~- eqJ .? 

(9.17) · 

r.ne j{/(~t/rfl).naeTc.a ipop.1yno,a (5.25), /IP =(A>o)~{t;,f:z.). 
PaCCMOTPHM :re11ep1, )I.HH8Ml1'!eCK08 ypaBH8Hile (9.II). llo.D.CT8BJI.8.8 

a Hero (9.9), Ha'1)1.e111 

d '..:.~ /r fxJ / /, · t':. rY""' <7J j -
~cl . . ;1/cl)e~i.J}r?;,,)~c/ • (9.18) 

HcnoJIL3y.a (9. 7) 11 (9.I4 ), noJiyqHM 

/1(tl) ~ { ~ (~cl}fi fe:/~)}-=~(d),. (9.I9a) 

Ff~tl}=-B. (9.196) 

CoorHomeaHe (9.19a) nonyqaerc.a sau11er.1 npoHaso,11.HoR · t or (9.18) 

(npH 3TOM BYna,nanr .'IJieHY, co,11.epllaD114e Mt/} H .8 ), nocJie 'le­

ro ypaBHeHHe (9.I8) CBO)I.HTC.8 K (9.196). 

Cy111'ecrseHHO, '!TO paseec:rso· (9;!98) BYllOJIH.88TC.8 TOJ'.,IleCTBeHHO 

npil JID6YX 3~8'18HK.8X pa3MepHoc:rell cpyil;iaueHT8JILHYX noJieli. B .3TOM 

JierKo y6e,nl4TLC.a, llO,llCT8B14B B (9.19) 131,1pa:a:ee11.a (7~JI), (9~7) 14 

(9.17). TaKHM o6pa30U 1 8,ll.llHCTB8HHOe CJie,11.CTBHe ,ll.HH~H'l8CKl1X ypaBHe­

HHR ecr1, paseHCTBO (9.196). 

x. Td:l',llecrsa Y oJl)l.a s cJiy'lae cKan.apHYX noJiell 

,·c IlyCTL <f.J.; · ~-= aapueaaue CKa~apaue IlOJIR H ,J:j - Hel!rpanbHOe 
I • • -
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noxe B :IJ -MepH011 npocxpaacxae. ~HHaMHqecxae ypaaHeHHll a rpa­

qiaqec1rnx o6o3HatJeHl4llX COBlla,ll81JT C ypaBH8Hl4llM14, Olli4CHB8D!IIID414 M830H­

HYKHOHHOe B381™0,ll8ltCTBl4e. TaK xe,KaK B pa3,ll8He IX, MH paCCMOTPHM 

CoBMeCTHOe pemeHl48 C14CT8MH (9.4 1 6) .l{Hll O,llHOqacr14tJHO-H8llPHBO.llHMOlt 

aepm14HH 
_/ . . d. 
~ • ~ I ~ 

:©:~-~ ~-l~cr "/ 
J' 

=~ I),. (v; ,. . . 
- ~ er .fl 'J' a{ • 

(IO.I) 

3,llecL cnxomHHM xaaaaM conocrauaDrca 3apaxeaaue noirn ~ a ~ , 
1 z. 

nyaxrapaolt mrna,1 - noxe )::.J' ; 2_ ,llaerca qiopMyxon (4.16); 
cr 

rT=(~ s) , r,lle S - cmrn. Haaapaaaraue J-roqeqaue qiyHKql414 

Crcl,J':7;J .l{a.llrca 4JOPMYH8MH (3.22) ll (4.18). 
X,rz. .3 ~ . 

Bepm1rrna r: 1 HOPMRPOBaHHall TO%,Jt8CTBOM YoJ).lla, paBHa 

x,c/_~rir {K3) · . 

~ h cl =- «! / tfJ I,,) t/' J(,,_) J (l°J) Jo> = 

,fi> J , ,/,/.. rrc1 ~ 1.-d-L , A"J , 

= ¥ e r:O:D r(li-1)-f{;!!o (x✓V ;{;l3)1.-1 fo <~.vn-t = 

== 2 e (1iliJ"(1(;..)f1;,-t/)r{cl-/,dJJ-~o-1r✓,cl)4J:.'!,(I0.2) 
r.lle lz = ~ , Y:

1
. - HoPMHpoao11asl! MHoxuexL, onpe,lleuewlt H3 co-

. R_/Ycr. 
oraomeaHa oproroaaxLHocrH .llHll qiyaxqaa ~ ✓ . cl. . 

06I11ee aupaxeaae .llHll aepml4H 
, crdcr. . ,(,rr=(P.s.! ~7-.1"j={.::z>-f,.f) 
C ,I (J,Ji.X.J= ~ . 
/¼ ··-.J'"'s ;r .x-z..el ) .. 

BXO.llllll!l4X B (IO.I), nMyqaerca H3 (3.27) 00,llCraHOBKOlt a{~ ::z::,-t • 

BBO,llll BMecro ./J, H .B, B (J .27) HOBHe HOPM>ipoBoqHue K03<pqi.11ql4eHrH 
. . C¥, . ' • -

Aj~tl) R f(i,t!} I HMeeM 
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.J . , r/~~Mlr/~dci} 
cracr. ~/ 'r,,,; d-f-s} I (- 2 ;// r- 2- 1/ ~--~jfaX, Xi.XJ)=~- (l'c/)1 (ft-~/ r(. ~-r/;:+~r(.f'+f_s-v 

.h {n/-Sr21T.1 ,c;."-,.11K.1· .n~,/ . x, . ·'),,1 
l (:D- 2.. ';l[.L T retlJJ ~(I; X2-)L.:'~ (X~_J<:i) ••)./f/xz.X.i)-Cllet'!j+ 

0 :n-f-t/ =.,Jr_'<;' I ·q_ (,: )1¥1 /. J \ i)(' /4 
r i /.:! + Tfrl',t!}J L<f--~✓/'/'K i.If/lr,c;Kih ··;t1;..,··~s(,<z.l:3}-cio.J) 

-c.11e'&Hj} 3f+rf;:-z ti:J.L1.:D -p+f.s+.?()'z:iM f-d-;_+2 /tfJ .. 
Buq.110J1a.11 np~3B0.llay11 ~ .J or (IO.J), noxyt1HM · 

I')~ rrd'7. 
~ ~~,_-,rs;.,H ~Xz~)=-f}jsf~d) ~-~✓-,._sJ(e-dt-s}• _ 

r/~t/-1-.s, r/1'-t-lf'/+J J 
-r~-~t-.r-J / { -z:-/1 r~ 

2 rr-e-~JJ l717+t-V 

4e+1_-s (x;.JJL1.:n- '1+f:.r t/23}L1~-f_s /4~/ 
(I0.4) 

{~(x2 k.1)···);s62-t.1)'- c.11e'J~J. 

'PyHKilHll t;(f',~) He ,llaer BKH8,l{8 B (I0.4), a CH8.ll0B8renao ,14 B 

roz.itecrao YoJ).lla, Koropoe MH nepenl4lleM aaaxoruqHo (9.I2) B BH,lle/7/ 
, ·. . hV} , )(Jc/, . A".J</, 

/}-rK(cr}j:Jf~ }=-;1 pt-c( 
X2el ., x,cr , .. _x2.d • (I0.5) 

B orUtJll8 or-(9.12) 3,ll8CL orcyrcrayer 'yaoxuexL l B npaaolt qac­

rH (3r~ CBll38HO C pa3HHqHHM BH6opoM·HoPM14POBKH B CHyqae·CllHHOpHHX 
, . . 

H CK8JlllPHHX noxelt). KpOMe roro B (I0.5) BXO,llllT aepmHHH, aMnyrHpo-. . • , I 

aaaaue no aprYJieary X2 • 06e qiopyu 3anHcH 1 (9.12) H (I0.5),3K-

Bi4B8Jl8HTHHo . 
CK 

·Kax, 11 B cxyqae ·cmrHQl)HHX no.11et! 1 'cf>YHKillUI {"a;tt,}ae onpe,11;euer-
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rr;:/tr. 

ca H3 ToJQeCTB YoMa• 0.itHaKo Tenepi. oaa BXO.JlHT B cpyHKUHH C 
1 

f',:y(7.: 

ToJII.Ko npH s ~ f • IIpH S=O aeuqzaa C 7 nOJIHOCTI.D onpe-

,lleJiaeTca KOH(pOJlMHOR Clli~~eTpHetl H paaaa 

c (7'1 c/ I - crr~cl I 
(,rJaX:i) Ir~<:) - - (~X, X,)/ cr=v;., (I0.6) 

er&/ 
r.ite Co;.xix,!,).llae1ca qioJ)MyJiotl (3.22). 

Hatl)teM cneKTpaJII.HYD qiyHKUl4D /:/''( rr) • llilTerpaJI B npaaotl 

tiaCTH (10.5) BlitlHCJI.lleTCH c nOMo~I,I) coorHomeHH.ll (3.27); noJiytiilM 

. j j CV cl, J1 Cd, cl 7 = AJ; (t;{ cl J7) : o/ (>'thj} (,K3 Xzj) (fJ;Pt. 

{ r(X>-cl,+t+J!;r/4- cl,-1_~Jl;r(A- r/,rf-!)rr~-1-+Q/ 
rr~ ,,ft (ecl,rf'} 
r<"~t!J rr1,-.l'-~-vrr1-r~-1r?v-e+t-V c10.1) 

£ rf "'t', J.;r11-,-;_t,-~rr ✓---::,,_!Jr a- ,/'1-,/-"J J 
.--... r- I /jtl', X, <ti 7 

li~n,-J:6,1JL1x,_f+d-.1fx23)L)e-d~6,2}/)/1,6,x3]-•)~(l,~-r.ne J. 
~ ~ ~ ~ 

r.lle · ~(fclJ) .l(ae1ca cpoJNyJioi,t (4.18). 

Ilo,itCTaBJIHH (IO. 4) H (IO. 7) a (I0.5), Hatl)teM 171 .l(JIH fj~(<Tj: 

M l ec1)1 LJ-c,,crv) =-qe ,r ~ r '1 ✓ ti;} , _ __:....1 _ ____,,----,-. 
:,1s ~ 'J;,I ·17' · (.l/li)2/. · (t'-t;1-t-.j)(:p-l-a' +!j} 

[rr.n-c1,+f +J;r(h-c1,~~+-tf)rf1r-c1,+'t_-tf',J rf-d_-;,_~!!) J 
{ r(I,- L~ct_-s)r(h- ✓i?:}r(t+'t__+-Vrf-v- b't__--:; ;-L 
A{ff 4JJ(rr-e+t_~-/4Yfc1,+ff+-!)rf/rif_J'+vra_e-t1:§_10

•
5

) 
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~ = 
J.!HHaMHtiecKoe ypaBH8HH8 .l(JISI aepmHH f H &,/ ecri. 

. d . 
d~-Ir ~ ~ 0 r:~ · = ;1 (d2--) ~ ~~.JY_J____c1 _, (10.9) 

✓ d t'=d2. ~ 

r;;e 11( .J=-3/'-~.2>(.f)' fife/) ,ItaeTCH q>OJNYJIOR ( 4.17). C ytJeroM 

(10.6) H (10.2) ypaaaeHHe (10.9) .itaeT 

/1 (cl ) ~ _h<:'ftss=O) = (IO.IO) 
. . -1 

=-2e (~1J1,( ~ 0 f'q// }/a)la-c1+L}/tf-1,)j · 

B1,m<1CJIHH 'lb.) -0 =~s=O) H3 (10.8), H8XO.l{.II.M, 'lTO (10~10) B!WOJI­
t'=d J,/ 

aaeTca rolf,ltecTaeaao np.11. JIIHlux 3Hat1ea.11.ax pa3Mepttoc1ett c( d H /1 • ,, 
PaCCMOTPHM ypaBHeHHH (9.4) H (9.6) npH /11 =0 H npo.11.3BOJII,­

HOM n.. Toz.iteCTBa Yop.l{a (9.6) ,l(HaroaanH3yv:rca pa3JIOX8H.II.SIMH 
i,-, 

~.;_· = 2-h> ( rrv;_ j -c; .•. 'th-:1. ) 
.... :~ v-;" ~ I 

l r.-- • d r.-- l .,,.,,.. 
er, "i' l~ l2 ... ,:J.:-0. 

', ~ 
(IO.II) 

I 
~'r:--r.-l, 

mt-L I ~l1 l2 .!-~Y"<, = er- z- T ... ·vvu 
- u;z- fn (c-' 1 ... n-:1.)/ ', (10.12) 

<I>yHKUHH p: (rr; T1.--· 0t-1.) CBH3aHa C .,Pn (V,-·••0;)coorHomeHHSIM.11. 

una (5.40a). Ilo.l(Cl8B4HH (IO.II) .11. (10.12) B (~.6), Haxo.l{HM 

,n 



J}~ n (v,-v; J ~ ... 'l:1r.-.t) ;£3 f j!'!r/X3~ } = ✓ -~~x .. va: 
. X3d 

= - e_p,: (Cf;~ ... z:1r.-:1. ) );>-l~x3
cl --,.. 

x,u,- - '--4i, X 2- t1z_ (10.IJ) 

X3d X cl 
+ e _p,: (~_; z; ... ?:,._:t.) fl! _r/ ii 

K,q- ~ X2. ~ • 
BuqHCJIHH l!.HTerpaJihl B npaBoa qacrH paBeHCTBa, MOJCIIO Bhlp83l!.TI, 

h;n (<T<7i;'l;···l:,..L} qepe3 _p;,, (er; 'l:; ... ?:,._L J. 
IloKaxeM, qro aepmHHhl (IO.II), auqHcneHHhle l!.3 (IO.IJ~y.itoaner­

Bopnnr ypaaHeHHHM (9.4) • .l(nn 3roro y.ito6Ho paccMorperL,noMHMO 

(IO.II, 12), ell!e ,itBa pa3noxeHHH, 

~{" ~ = X- Jin-./ (o; 'c,--·'cn-L) 
er, 't' 

~

.' ,.._ / 
... ~~~ -~~--, (10.14) 

I / 

~

,:_ --~ II (~•--Z:_)~l,.,_ I z--,_ •. :'L''r-.f/"Y~ (10.15) 
- ".,?- Dh-L I "L 'V'V\..._}-- - , 

'l:" f' ' ' 

Koropue raKJ:e .itHaroHaJIH3yDr TOlQ8CTBa Yo}).lta : 

' ~3(7: j 
./ln-t (rr; ?:',···~-L) t/ I ~J · = 

x,d x~cr 
. ' X.5d y3d (10.16) 

II dth = e fi../'l;--· '0.-.1) ,AJ-----~ 
J<, d, X 2- <T 

IloAoraBJIHH (10.15) H (10~12) B ,ltl!.H8Ml!.qeoKl!.8 ypaBH8Hl!.H (7.15), Ha-

XO,ltHM 
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f) I II J A (tl/U1 p,. (rr,· i; ... 'c,._1) = fl-L (~ ··· 0.-:t. • 
CT=~ 

(10.17) 

C ,itpyrol! oropoHu, oneKTpanz,Haa qiopMa ypaaHeHHll (9.4) np11. rrt=O 

eorL 

;f (cl} UJ fJ ll (e7jrT,· ?:;--· Z--h-t) = Jln-t (u-:; 2;··· i;,_.t},(I0.18) 
"J=ty ,n 

I 

r.ite ./?;~n (<T) - qiyHK~HH, BXO,JtHJllaH B (10.14). 0Ha IlOJiyqaeTOH llO,lt-

OT8HOBKOa (I0.14) B JieByD qaorz, (9.4), H (IO.II)~a npaByD qaon. 

Hexpy)(HO npoaepHTL renepL_, qxo ypaaHeHHH (10.18) (!!.JIil (9.4)) Bhl­

nonHHDTOH npl!. JID6h!X 3HaqeHHHX. Jl83M8JlHOOT8l! noJiea • .ll.n:H 3Toro ,ltOOTa­

roqHo B3HTL auqer B roqKe (7_i = (c{ o) a npaaol! a Jieaoa qaora pa­

DeHcraa (IO.IJ) H opaBHl!.l'l, pe3yJILT8T o (IO.I7)H(IO.J6). 

PaOOMOTPHM B 38KJIDqeHH8 TOX)(8CTBO Yop,Jta ,ltJIH T8H3opa 3HeprHH-
/ .,.. 

.11.\CnynLoa. !Iyon ~-=<P/'j:,,(x) ~(x,)~f,l-z)J'.'.JfA'/9,To~eol'Bo Yop.ita .itJUI 

3MOytHpOB8HHol! O,ltHoqaoraqHo-Henpl!.BO,ltHMOI BepmHHli 

~

x,cl, 1r,./r) t.,d, r (•} /<.,J, ' ' ,,, (' Kl 

~ 
'I"'" ~ cl. ~/ /',,, '/ 

= C'.7' - --~ -:/1 ·--,..Xi.th Jr- 'ct ,x
2

c1z_ ,,,~ «2.X.l 

. 1, </4 J' (-1.} x, rJ, ,.,., 

X/'V ' ~.L J'(?,:) ~1;,-,,AxY - - ~~ ' 

J 8 / :j.1z j ,J' ,,/ ~ X2. , 

(10.19) 
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IDAeeT BM.It 1291 

( 

x,d, ,.,., x,cl. 
_ JC ,:,: ~v ,t1 Xz. !f 

1

, ~z.~ ~ -~ -' j =['J'fx-x,)~ +}'fX£X)~ t-tif-f)4:l,'t!P-t 
')J X2..'l2. 9t 

+ [ ~ ~)( l~-JJ-1- fzJ ~x 1'tx-.xJ 1-

"J<,c1, (I0.20) 

cl,, -...D "ix (1/.. , 7 ~ x~c/2. 
-t- ~- q_, t1 <X-h)_j ~ • 

r,,:'i )J' 
IIpe,ncTaBHM Bepm~rny ;; B Bil,lte pa3JIOlleHHSI 

=1 d q. ~n:r 'I"" ~ <T r.(' ~ . fr == L Dr (uj -::'~ J , 
0/ J ,J' ~ ~ , C/2,. ' 

(I0.21) 

r.ne o;:.· - KB8HTOB!le qacna TeH3opa 3HeprHH-HMnyJILCa. Ilo,nCT8BJISISI 

(I0,2I) B (I0.20), H8XO,JVIM ,.._-

JC '.(,':_ ~xv,. } f <nl,)'. , .. ,-1(/>tl,tl'tlz, 
- L+ (cr)'d ( ~~ = jc(f/ Ct,r,7) 0:, l...3/.Xz) t-
i; /"" . X:,.efz_ (/ 

. . rrd.1' r, X 7, ti'~ d-JJ Jc r <Tt/,J ?,id,+ 
T Jcj- C!J,t~) c,, C1x~z) + ~ ~Jcf Cr,,7JCqy,(,} (I0.22) 

J! :D X ( rd,)1 c/,)~ . 
+ ;; ~ Jc{/ C Ix; X) C {f lXz}:, 

"- "- cf! 
r.ne d. = ...D-d,, I= _D- • 

I c/, ,)({) 
lIJieH!l J'J-xz} ~:2 

H -§i!2 ~ CJ tx->'z) He ,lt81'.lT BKJI8,lt8 B 

(10.22), K8K H B CJIY'lae (9.12) H (10.5). 
er ~~ 

PacCMOTpHM CK8JIS!pHlill BKJI8.lt B (I0.21). BeJIHqHHa ~-✓ 

onpe;;en.11erc.11 £I!OJMYJIOlt (J .22), eCJIH ITOJIOJ:ATL e Helt CT=- Cf • B OT­

naq11e OT (9.14) Olia onpe,neneaa O,ltHO3Haqeo, R,CJI8,lJ;OB8T8JILHO,CK8JISlp-

''80 

HliR BK~a.n B (I0.22) ae CO.lt8Jl.llHT qJieHOB THna (9.16). 3to :a:e OTHO­

CHTCSI 11 K BeKTopHOMY BKJia,ny er=/~ L) , c1.c.HHJ1:e. llHq11cn.11.11 iieter-

panli B (I0.22), HM88M 17 / .. 

· . . = ,,1= tf..D ~ /1/o /ea{J'),,t/f/t1z_J) i 
Pr(~ s 0/ .:n -.t (7'ljj21, . l½Jt'af_zy f.-'t'--tl2.A-V-~~----,l':--,/2,...J 

-..f 

[ r1l';_~+t}rf-D-~✓z .. .Jr<1+~ .. -tJr~- ✓;_✓,_ 1-..1)/ . 

{ r(11_+1-1iJrf~;!-~(t1-c1,-f+(Jr;:n- 4+'1.0J cro.;3) 
[ _l'j (7t-./i)b>-cl,-l}--j_ ({+fJf'p-E}t/:D (4t(~1;✓,;/t-d;jp-l-t1z!2 

r~e ~ = / ( ~+1-11(/- t'-f,~r!Jff-~-:t!J~- ✓,-{_+a:J a /4 
llOJiyq.181,'Cli 113 ft 36M8HOI ~ :_:!: J" • B COOTB8TCTB>1.M C ( 4.12) HMe-

8M J}koJ '.Rr (2>-e, o). 
Hetpy,nHO npoeepHTb, qro caeKTpaJILH8SI cpyHK[lHSI (10.23) y,noBJieT-

Bop11er .!tl1H8MHqecKm4y ypaBHeHHD. B TeopHH ,A~ ~:,_ij B :D- Mep­

HOM npoctpaHCTBe HMeeM 

f' , -~ T.,, 
d2. ~ /'., =- A(t/4.) ~ (_~<!ZJ__ /' (10.24) 
~ -✓ f'=c/;, J' ~ ? 

UL 2 ~ 

. -1 .:z, - .:D _ / - -M 7, 171);7'...D-d 
r.ite ;1 (d)=:- _2/ fto rel/, /¼ (cl)-v lnJ '/())T!h-e)/rt'-JJ , 
8 q>yHK[lH.11 rpa_Ha B JI8BOI_ qaCTH paB_Ha 

~, =~, :/Z~} f f/4-,!+i}r(d-ij0 4-ict:,~ 
lh1q11cn11.11 "'l.l0- _fr/1,tJ) a3 (10.23), H8XO.ltHM, qro ypaBHeHHe (I0.21/) 

e~d2 <\ 
BliITOJIHSleTCH TO:QeCTBeHHO ,ltJISI JIDClliX 3HatleHHI pa3M8PHOCTeR ~, ~ , o. 

__ 81 



PacCMOTPliM ypaBH8HHe (I0.22) AJIH npo143BOJibHOro cnHHa. Tpex-

c~C!i:'3" 
TO'l8'1H8li cpyBK~Ha (/"tXz.X3} , BKJID'l81Jllt811 6eCCJI8AHliil cioo&eTplit!Hlil,l 

T8H30p q-=(~ s) paHra S t CK8JIHP Cf -=/a{ t?) 14 6ecCJI8AHlilt · 

C14!'4M8TPl!.tJHlilt T8H30P BTOporo paHra t:(i = (,&; 2), 'A88TCli cpopMyJiol,l 

(J.29). IlOJiara11 B (J.29) <(i=cTj, (x.e. ~ =...D ), noJiytJHM Bep-
-,"J. 

mHHY, BXOAH!IIYD B JI8BYD '180Tb (10.22). BUtJl!.CJilill npoH3BOAHYD O'Y. t 
I 

H8XO'Al4M 

0)(3f.!!.~/""Y""X.3C?i, }== d.X3 ccrdcr,_ /x,x2.X.3)= 
0,1. -~~~x .. da. ~ ~ ··;/'<'n,~~. 

2 , - ~ 
= ~ 12 2. 2[, _ ,l,_-t',.s.,.z (.lt3)Ll~'--t:._.,/2-~ lX.z 3 )Jt.-.k5.!L1. (~z) 

>';3 JC2 3 n. 2. 2. 2. 

. { })! (,K,X2)/)j',,fx2.X3)···A; (,rzX3)- C/1ed8!}-t . (I0.25) 

f """Jc::::-j; /, J11X1 (K X3}")~---}.:rx._x.3)-Clle~no.(!Jl 
+ _ B f_.:C-- V"'.c va.. cX,.3 vy,, 2. / 'fC 1 •s J_J_, 

X,1 K. 

rAe fi= L-2;;1 (r/2_-tJ-_::,]/1-1- 2 ,s ~2 (A- l'-?)B., 
""' . , ) , l /, .t'-t/2.-St-2 J C 
B=..J-.11+ (c/2-t+-~ S)B :+ 2{s-L/ ch-~/ ~ 

A, B H C - KOHCT8HTli, BXO'Ali111H8 B (J.29) •. HpH 5~ 2 llO,JtXO'AHIIIHM 

BliOopoM K03qlqll!.~l!.8HTOB A, B 14 C ·MO:EIIO o6paTH~b (I0.2~ B HOJib. 3To 

03H8'188T, tJTO B (10.21) Op.II .5.) 2 npHcyTCTByDT tJJI8HH THna (9.16). 

Mu He OyAeM npHBOA.IITL o:e:oHtJaTeJIL~ux BlitJl!.CJIBHHlt .itJia ./+ It: s) npH 

JID60M 5 , T.K. 3!0 B8A~T It B8CbM8 rpoM03AKHM aupazeHHaM. 
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IlpHJio:reaHe 

BH'll4QJI8HH8 HHTerpaJIOB (J.27) H'{J.27a) 

06o3HatJHM 

3. {,K,. X3; ,xt) = J'cl,x .3t. (,r,-.J3r c;,z.-x)LJ-~ ~-x) 
~ --~,. J. 02. OJ . 

_[).~ (xX3 ) ... ): (xx.1)-c./lec>w 2 ✓ I ./1, .J_, (II.I) 

rAe J; ,,.~ -t-J;. = I>. (II.2) 

IlpH n =0 14M88M 

0 . . /,_ ,.._ /. J i ./., ). A (A'.-.tJ. 
:J(xzX.;l"-) = (f'F) L'.JJ-c/ t~k/.L1,h,f,t;-~ LJA-?' z,(II.J) 

llHTerpaJI (II.I) BlitJlt!CJIJI8TCH C OOIIIODtLD. peKyppeHTHliX cpopMyJI, CBH3H-
,. 

B8Dllllt!X; T8H3opa ~--ft .. pa3Jll4tJHOrO paara. _.llira BHBO'A8 3THX cp~JllllYJI 

paccMorpHM aapaxeHHe 

t-·;;¼ Jd~ L'.11,(x,-x)4'.6'ix).JJ {,r.f,1/ ,A;,<'A'N)··);f&J(II.4) 
x, -"- (x-x,1,-,r A .• 

YtJ14TliBflfi, '!TO ~ · L11,{,l';x)==-.2~ rx-;,;)" LlJ; {x,xj , noJiytJHM 

I 11. )( 11·1 n t;r ) n-f 
"f s;;;:- L n ' .I-fl _ "'> ('..!'/,u"'·"1" _ n J. = ~ - .c. J,. • L-- ~/ . .../4, ,. 
;,M,·•/-f>< , t,: =t 20j ?I~ '.,M,_".i""'x"J"n K={ _ X,3 )"li";,<-l•:/11r 

- 1
11 

}c!x Jr (x,-xJJ~ {xi'14.rxr1 tp),rrx.1J·->A··);f·:f 
2 VJ dt '12, . · :.1 ~ 

r~e .foK osaaqaeT nponycK HHA8Kca~ HcnoJ1LSya $OPMYJIY 
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~' { );,(xx.1)···,,\?,., ... ~" (XX3!}= 2(n-tJ{).;,0x3)··•.A;:,.r,rx3)}-r 

+ 2(n-1} {fft-={,>.~Jxx3)"· A?1: ··· )J,. (x X3J}~ 

+ 2 ).x' .f!:- {x3 ,)I"'_, {. 1x, /,,,x )···1'1" ···),~ .. )t<•d t-
f't<. i;] x;; /\;'1', <" .3 ~ ,, /:. ,, ,,y 

I 0 ;,. X J<, __L -- 2 -,.z cf { ,\__:, ···.Af .. ···A~"'···>./",. J /i.1x)r.. (><,X) J 
S= L .J"«/'s I . 

HaXO.llMM 
fl f,-tn-1. i' = _!_ n l<, n-1, " - J)+2{n-tJ~~,,_J " .. -

J., ,,,u,. .. u,. 2J-.Z ~ 2. ... ,..,,, ... ,.,.,, ~ L X31 ~--f'.-,~ 
./ ., / . I/:='" f ,, ·,c I I / "' / • L K.=1 

-/-\ t. s~,? ... " ... " ... - ]dx3r~X)L1J/xz:-x,tlJ.tx.ixJ 
't fu 7-f;:j{s U,.3 ;u, 7"1< J¾ :,,¼ C', . .~ :J ( Il.5) 

(x:x)z {,f:~, (o3 ) ···>-r-= ··Jip:s .... ).~,Jxx3) j. 
.lllltJHrasi 1fa (II.5) see cne~u, nonytJI4M HCKOM!ie peKJppeHTHhle <;lloPMynu 

.JtnH 6eccne.itHllX rea3opoa (II.I) : 
n 

11
•1 n n-t 

IZ- 1 -~ ~ ';/' '"1 _ J,-,.2(n31~(x~b, "f -
/M.•••/1./n.- 2{d,-tl1.-t\L- -,v"' J_,., ... ,,J;c·•·M P-f1t-f £_ )r ';/4 ... ~ .. ,._. / -, .I .. I y K~I /~·, / _, .I ., / -~ 01 'K.::-/ '.31 / ., / •,::/·•11 

• 2 . L J J.. 1 ';/'- J,+2(n-l) (x3,}t { ;-t 
-~ m IY'sL2fJ;m-J.) "I"' ,J,-ni-1 Xfi _/ /"'fi•).,"'·A··;l'"',..(U.6) 

IloKaxeM, tJTO 3THM coorHomeHHHM Y.llOBJl8TBOpaer B!ipali:eHHe 

,. . . r(l.-~t-1tJ r(cf,) o . 
~--"/"!Xz.X!,X,)= r(l.-,fl) r(J;-tn) J(x2 X3,XJ · 

f /' (Yi,X3)•·•,l' (,x,.x..1)-cfle'Juj ·· (Il.7) 
~ J<'n -' 

0 

r,lle J (X2X~;} ,ll88TCSI 4JOPMYJI011 (Il.J ). 
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.l{JJSI nposepKH ·en. 7) pacci,10rpHM :reH3op 

~--~,, = rr/4-cf;-titJ fief,) j x~J~.t-'fx.z.X.y .. \).x' (Xz.KJ)I , r/4~t1) . 1(4-,.11-) :1. ~ 1/{/l/:_ :,.,-,-,,_ · Y-(II.8) 

· llMee111 
i ... f ~L_' ,._ ~X, '!/, L':-r> ,, u· ,:;- (X.31}µ"J.1t·11 _ ;•-

---;- - ct·. ✓.· " · -:- ·o.-,.2clr-1. L-~ · ·, " = 
di-t-lt-i 2. /<~I )1/,.,_ "/",·•r1<-·")"-/11 ·. / K~J. )<..!/ .:.,.V,··:_,Mk"'~" 

. , . ! : ,,., 
/2.-J,t-11.-1. ~ )'.; /, .. _·) ,._,q ,; .,.. = . .;, L.-.,). "(..tz."'.l/ ~,-•-,,U,:"';/'"1,r. 

·• tf:-,.n-f k=i 1/1, 
,. I • . .· . • . ·• , h..Z , , 

(I. r:.. t . t ] l'-f'' . . 
_L-- ---:::::- O,v = L.x.2. - x."- . J l""',··~"'··A··r .. = cn.9) 

+ ,F,-,.n-1 £._ ,/ ""✓ -<S I..! f2. · 

. 't f f\. / .{ It 

] 

Jt-2 ' 

II : ---- . Q .. · --a:-~ --t A = Kl .J,--0,..,. ;:;n-t 2-. j'l,.,~{x,3 xLZ J.,,-w,.-;,H.,··~--:,M ... 
Ilp14 ~B!iBO.ll8 (Il.9) .icnoni,3oBaHo (Il.2). Butin:raa R3 (II.9) cne.Jtli H no.it­

crasua B '{II.6), n·oJiytJIW, tiro (II.6) y.n;oBJieraopae:rca' :ro:necr·seilHt> • 

. AHaJiorHtJHHM cnoco60111 MOXHO ncnytJliTL qJOJIMYJIY (J.27a). 06o3Ha-

t{ID,I . 

I
,.· ci: ~,& . r ,Z ~ "" 
,M, ··0-f,. == Jc/~ LJJ, 6,--.K)i1);&2xJLt,: ~3-x) 

3 

{ j;, (x,!Xz."3J.·· j/¥1r (x, /xz:X.1)-c.11e?uj_ 
~ (IT.IO) 

r,1;e J;.,.fa.-t'3 = ..D-11., (II.II) 

. . X 1,; (x,/xzx.3) = fr>'(~,-x))y f,/(2 X3). ( II.12) 

PexyppeH?H!i8 qiopMynu HM8D:r BH,ll 
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If fl J l,li.<& = x,~ 2- fr~.J~,,_ + t d ", 7 Jt <t;;,~.,.t -'./{··-/"'" "3 /<. Lx,3 2rt1;1-n-1J :;w~. _l¼••;,-i ... ··;H .. 

- x,;"'" ,1,J,,.,,,c.-,. 1 ?.x']J,,_, J:, J~1-1, "1 -
J'z. ".tf- L x,;_ 2( J',rn-1) 71.., ~-·:/"-. .. ._,M,, 

7 
n-L" 11 11 

2 X 2. ll X, \ .t '"""') I I t:Tt,"2,"J., :1 
~ ~ ~~ a A+ 

D-,. 2 (n-2) J;' ~ "J'<"-/'fs /J,"; 2( J/-1-1t-J) ~ /"'.1"1··:,Al.r,.;:,-,,, 

2 xz. J /J~ J ~ ?_'q lJ ;:,11a..,1.,ti 
-t _p-, 2 {n-2} :2- L- J'I,.. "'!r ..,.';'I"'.,. 2.tt1.i-1t-1J f.!i -,u,..,,•·P.,;·-A~· 

dz IC< S ;f :J l"/2. I ;' 'J . 

(Il.13) 

.U.u s1,1so.1ta (II.D) Kcnonaj'l&rca cooraoaeHKa 

j~ v (~;c} j1Y/W2-(,<h)~/'9¥z(X11.}-2X,: .A) y 2 ,\'));:{,t,Xj 

H 
2 . 2 X 

,.{ . X12. i'Y 11") X,..1 \ t /, ) · 7 J"f (X, /Xz,X.3)-(X-Xz) 2 ~0'2.~ -{K-.t_,)2. /\/f fX.3.X. • 

Mo:mo nposepHrD, qro (3.27a) asiaerca pemeHKeM ypa1aea1l (Il.13). 
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