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I'PYilil~ 0 IlPE.llCTABJIEH0H rFYilil 

I. OCHOBH~E IlOHHT0H li3 TEOPlili rPYilil 

§ I. OnpeAeJ1ett11e rpynn 

rpynnoll aaa1,rnaeTCl! BCl!KOe MHOlEeCTBO G 8JleMeHTOB, B KOTOpOII onpe,lleJJeHa rpyrrnoBall 

onepawill, Ha3llBSeMal! TaKlEe rpynnOBllU ,l(el!CTBHeM llJ!ll rpynrrOBllM YMHOJEeaneu, cTaBl!~aH B COOT

BeTCTBHe JCalE,l(Ol! nape 8Jlell~HTOB 0v H ,t 1!3 MHOlEeCTBa 6 He!COTOplll! 8JJeMeHT 1!3 6 • 
0603Haqae1,1ull qepe3 o.fr, npnqe1,1 aTa rpynnoBaH onepawin y,llOBJJeTBOpHeT cJJe,llylDlllllM aJCcl!ouau: 

I. Accou11aTHBHOCTr.: ,l(JIH mo6blX ,rpex 8JleMeHTOB 0v • ,-fr Ii C 1!3 6 l!MeeT MeCTO 

COOTHO!lleHne 

\°",&) C "' ( -G-c) j 

2. Cy~eCTBOBaHne JJeBoll eMHl!UH! cy~eCTByeT TaJCOll 8JleMeHT .e • 'ITO 

.ztJJll JJJ06oro aJJeMeHTa a, H3 6 • 
(',G\, = GI, 

3, Cy~ecTBOBaHne JJeBoro o6paTaoro: ,llJIH JJJ06oro aJJeMeHTa a, H3 6 cymecTByeT Ta-

!COi! 3JleMeHT ~-i., 'ITO 

""_._,;1, = e . 

MOlEHO IIOKaaaTr, ( CM,/I,2/J 'ITO JJeBaH e,llHHHUa l!BJ!HeTCH Ta!CJEe npaBOll e,l(IIHHUell: a.e =-
I i. 

,:;\; , I! JJeBllll o6paTHllll 3JlelleHT HBJ!HeTCH O)IHOBpelleHH_Q I! rrpaBllll oopaTHNM: Gt,<l, - = ~- , 

EcJII! MHOlEeCTBO 6 KOHe'IHO, T.e. CO.zteplEHT ICOHe'IHOe 'Il!CJIO 3JJeMeHTOB, TO rpynna 6 
H83llBaeTCH KOHe'IHOll I! 'IHCJIO 3JleMeHTOB rpynnu Ha3NBaeTCH ee IIOpH)IKOII, B npOTl!~~OM CJJyqae 

rpynna 6 H83llBaeTCH OeCKOHe'IHOl!. 

ECJJH ,llJIH JllD6blX 3JlelleHTOB a, I! ,-fr ll3 rpyrrrrll 6 BlllIOJIHHeTCH paBeHCTBO a,{;.= ,6.~ , 

TO rpyrrrra aaauBaeTCH ICOIIMyTaTHBHOl! HJIII a6eJJeBoll. B 3TOM CJJyqae BMeCTO rrponaBe,lleHHH ct,{;-

n11meTCH CYMMa a,+ ¾ , rpynnoBaH onepalll!H H83llBaeTCH CJIOlEeHl!eM, o6paTHllll 8JieMeHT 

o6o3Ha'IaeTCH qepe3 - a.!' , a eMHH'IHNll aJJeMeHT - qepea O. 

ITp111,1epu 

- i. 
C,\, 

I. COBOICYIIHOCT!, BCeX nepecTaHOBOK V\, UeJJllX 'Il!CeJJ I,2, ... Vv 06pa3yeT rpynny,' 

rrp11qe1,1, ecJJH },. ll 2}:,, 0003H8'IallT He!COTOpHe nepecTaHOBitH, TO IIP01!3Be;zteHl!eM }"- ~ 

HBJJHeTCH nepecTaHOBKa, ICOTOpaH IIOJJyqaeTCH, eCJJI! CHa'IaJJa nponaBeCTll nepecTaHOBKY !}-:,, 

a 3aTeM nepecTaHOBKY i}"- • 3Ta rpynna KOHe'IHa II aaauBaeTCH rpynnoll nepecTaHOBOIC RJJH 

CHMMeTpnqecKoll rpynnoll, Ee nopn;zioJC paBeH rt, ! . , 
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2. CoBoeynHOeTl> Beex AelleTBUT!Jll>HHX queen o6pasyeT KOIIIIYT8TUBHYIO rpynny, npuqe11 

-rpynnoBOll onepawiell eJiyiKIIT o6uqHOe eJIOEeH11_e queen. Mil r0Bopu11 npu STOii, qTo AelleTBUTen

Hlle-lll!eJ!a o6paBYIOT rpynny OTHOeHTeJII,HO enoxeHHH. AHanoruqHo, BeKTOpli B rt, -11epHOII BeK

TOpHOII npoeTpaHeTBB 06paay11JT.KOMMyTaTHBHYIO rpynny OTHOeUTeJII,HO BeKTOPHOrO eJIOE8HHH. Co

BOKYilHOeTI, Beex TpaHeJ!H!Ulll B Yl,- uepHOII BeKTOPHOM npoeTpaHeTBe 

:,co( -} :x:..,. "- ;Jt,i + a,o( (I) 

,TaKJKe o6pasyeT KOIIIIYT~TUBHyri rpynny, npuqeu npousBeAeHHell ~Byx TpaHeJIHl\llll Ha BeKTOPll G\,o( 

l1 ~ -. HBJIHeTeH TpaHel!Hl\llH•Ha BeKTOP ((.,(·+ ¾ . 
-3. COBOKyilHOeU Beex OpTOrOHaJil>HHX Bell!eeTB8HHliX 1!8Tpl1U Vl, 1- V\.', T.e. l!aTpHU O C. 

Bell!eeTBCHHUl!l! SJieMeHTalill 0.,( r , -1. :!, " , r ,:!, .,; , YAOBJieTBOPHIOlll,l!l!l! yeJIOBHIO 

T 

Oo(P Or 1 = 0.,_i; O"t ,,, 
T 

0 0 - "' "'~ r,,. OJ>"' OJ',, ::: ~i I 
(2) 

HJIH B·l!aTpllqHOII BIIAe: 

OOT ·oT·o "' 1, cz'> 

rAe. 1 - eAHHUqHaH 11aTp11ua, oOpaayeT rpynny OTHoeuTeJII,HO y11HoxeH11H 11aTp11u, TaK KaK eeJIH 

0:1. II 02 - OpToroHaJil>Hlie uaTpllUli, TO npOIIBBeAeHlle O,,_ oz II oOpaTHlie 11aTpllUli o,,_-~ 
o- :I. Ta!Olte, opTOroHalll>Hll. 3Ta rpynna HaBUBaeTeH OpTOrOHaJII,HOll rpynnoll O (n,) • z . 

Paee110Tp1111 Tenepl> eBHBl> 11exAY rpynnoll O(~) 11 rpynnoll Bpall!eHull B HeK0Topo11 Bell!eeT-
- - E - _, - E jleHHOM tt. - 11epHOII eBKJIH/IOBOI! npoeTpaHeTBe •, IlyeTI, IJC II -:J- - 'AB8 BeKTOpa B 

e KOMilOHeHTaMH x.,( · H ~cl 
1 

DI~ i,~,---- YI,• Hx CK8JIHpHOe npOIIBBeAeHHe onpe,1eJIHeTCH COOT-

HOmeHHeM 

,....,, ->) 
\_~·'} x..._ 'j"' 

a AJIUHa Be~Topa i; no onpe11eneHUIO paBHa 

II x:_ll•·=a {ui.;;) = r::;:: 

(3) 

(4) 

Bpall!eHue11 B npocTpaaeTBe E- HasuBaeTCH JI11J6oe JIHHellHoe npeo6pasoBaH11e BeKTopoB sToro 

npocTpaHCTBa 

I 
'JC ,_,, :JC, 

d,, d, 
(5) o.,(J x, /1 

11 

KOTOpOe coxpaHHeT 'AJ!HHli BeKTOpOB 11, CJieAOBaTeJ!I,HO, coxpaHHeT CKaJIHp!ll,le np0113B8'A6BUH JIJ06liX 

., 
8 

AByx BeKTopoB. 3TII Bpall!eHUH o6pasyRiT rpynny, np11qe11 npousBeAeHue11 th_ [h. ABYX Bpall\eHIIII 

}"- 11 :J~ HBJ!HeTeH Bpall\eHue, KOTOpOe nonyqaeTeH B pesyJil>T8Te nocne110BaTeJ!l>HOra ~ell

CTBHH Bpall!eHull zh, II {},,_ • MoJKHO noKasan (ev/3/) t qT0° 11aTpH'iHlie 3JielleHTl,I Q Bpall!eHUH 

( )-- - '>> r . (5) Y'AOBJieTBOpHIOT yeJIO~U~ 2 (IIJIH (2 , T.e. npe11eTaBJIHIOT eo6oll uaTpU'iHUe SJ!eMeHTl,I op--

ToroHanHUX 11aTpUU."ECJIH -Q~ II Q,i - M8TpUUU'Bpall!eHUll jL II !}:,_ , TO 1!8TpHIJ,ell Bpall\eHUH 

jL J., HBJiaeTeH npouaBe11eH11e O., O.z • TaKIIM o6pasoM, rpynna Bpall!e1m1 B Bell!e~TBeHHOM n

-11epH011 npoeTpaHeTBe OTOJKAeeTBJIHeTCH e opToroHaJil>HOll rpynnoll O ( n.). 
4. CoBOKynHOeTI, YHl1TapHUX uaTpl!l~ VL ,._ rt, , T.e. 1!8Tpuu e KOMilJ!eKeH!ll!U 3JleMeHTal!U 

u ' 1. ~ ol, ' II ~ n, t Y/IOBJieTBOPHIOll\HMl'I yeJIOBUJO . J,J J 

-t-u IA, t ,, 
J.f' r 

HJ!U B MaTpU'iHOI! BUAe: 

"" u+ uot; u.,.f',,, .<p u~ 1 

U¼-t:"' u+u,, ,,_ I 

* 
U1o( Ur,. s:IJ' ) (6) 

I 
(6 ) 

o6paayeT rpynny OTHOel!TenHO YIIBOXeHUH 11aTplll1, TaK KaK eeJIH l!aTPl1Uli u1. U U,,_YHIITapHu, 

U -:1. -:I. u 1J ' 
TO YHUTapHU II o6paTH!le , U II npousBeAeHUe 1. Vvn • 3Ta rpynna H831lBaeTCH 

:I. z -
yH11TapHoll rpynnoll '\A, ( w). 

PaecMOTpllll Tenepb eBH3I, UeXAY rpynnoll U,(111)u rpynnoll JIHHellHUX npeo6pa30BaH11ll B 

KOl!nJieKCHOM Yl,- 11epHOI! BeKTOpHOM npocTpaHCTBe E B KOTOpOM CKaJIHPHOe npOU3B8/18H~e 
~ -> 

'ABYX BeKTOpOB 'X II } C KOMilOHeHTal!l! x..,( l1 ;J., , 1. ~ o( ~ rt, onpeAeJIHeTCH CJI8'AYIO-

ll!l1M o6pasou: .,, 
* (-) _.,) (-? -->) 

-:x,. d' : :x:.., ;1 .. =,, 'j-. 'JC 

-'I 
a Hopua BeKTopa x paBHa 

II ~) II "" ~ tx' · x:~ :, V I x., I 
:I; 

ll1Hellttue npeo6pasoBaHUH B AaHHOM'ROMnJieKeHOM npocTpaHCTBe 

, 
x,,, -7 'X,o( u"'J' x,, 

(7) 

(8) 

(9) 

COXpaHHIOll\118 HOpuy (8) u, ene110BaTeJil>HO, CKal!HpHOe npo11sBeAeH11e (7), BupaxaDTCH YHllTapHlll!l! 

~aTp01181!11 (011131). 0Hu 06paay10T rpynny yH11TapHHX npeo6pasoBaH11ll UJIH yHUTapHyD rpynny U(l'lt)• 
5. CoBOKYITHOCTI, Beex HeBlipOX/leHHUX JIHHeMHllX npeo6paaoBaHIIH ( c HeHyJieB!lMII onpeAeJIII

TeJIH!.111) B ROMilJieKeHOU n- uepHOM BeKTOpHOM npoeTpaHCTBe 

x...i. -, ')C: "" A"', 9',J, (IO) 

9 

/ 



T.e. 'COBOeynHOC'rI> BCex HeCOC>CTBeHHblX 11aTpHI{ l'l, "n, I }lJlll KOTOpb!X cymeCTBYllT oeipaTHble, 

oeipaayeT rpynny, Ha:faBae11yll 0/lHOPO/lHOi'l mrneil.HOi'l rpynnol1 G L (t1. i 
6. YHHIIO/lYJillPHble lll!Heil.Hble npeoeipasoBaHHH B KOllnJieKCHOII n- 11epHOII BeKTOpHOII npoc

TpaHCTBe, T.e. npeoeipaaoBaHHH BH/la (IO) c onpe/leJll!TeJie11, paBHblll I, HJIH, qTo TO ze cauoe, 

llaTpH~ A C 8/lHHHqHl,III onpe/lelll!TeJiell 

Ae.t A :1. / (II) 
oeipaeyllT rpynny, TaK KaK 

J,.,t ( At. A,.,) = (~ .. t- A1..) ( J._,t A .. ) 
. . - 1 

4._t(A _1..) = ~et- A) . 

OHa ttas1,1BaeTCll YHHIIO/lYJillpHoil. rpynnol1 -5 L (11, l 
7. YHHTapHble YHHIIO/lYJIHPHble npeoeipaaoBaHHH B KOIIMeKCHOII rl,- 11epHOII BeKTOpHOII npocT-

> \< 

paHCTBe Hllll, qTO. TO ze ca11oe, YHHTapHble YHHIIO/lYJIHPHUe 118TPH~ l'l, 1s 11, 

U/U,,, lA,lA/= l ..let U, -=- i 
(12) 

oeipaayIDT TaK Haa1,1Bae11yD·yHHT8pHyll YHHMO/lYJIHPHYll rpynny SL~ (n,) • 
a. B BemecTBeHHOII qeTblpeX11epHOII npocTpaHCTBe MHHKOBCKOro co CK8JIHPHblll npOH3B8/lOHHell 

( ;2. :~r) ,, :t.J ,e.( ~ ,. 

rile \ 1. .,. =- J = 9 

d""'t =- -1. ' "~ t~ ~,2.,3 

0 ,( + J 
,1 Hop11ol1_ \\ -;: I\ 'onpe/leJIHellOH COOTHOmeHHell 

. 2, 

11 i? II ( 
_., __ .,) 
X. !lC 

m1Heil·H1,1e npeoeipasoBaHHll 

I 
:,c, ... -) x..,_ 

Q X X 
d"'f ;. j I 

A x~, el.J . J' 

(13) 

(14) 

(15) 

U6) 

coxpaHllllllllle HOPIIY (I~) H ,cJie/lOBaTeJIDHO, CKaJIHPHOe npOH3B8/l8HHe (I3), oeipaayllT rpynny. 

oTa rpyn;a ttaab!BaeTCH O/lHOPO/lHOil rpynnol1 ]opeHl{a. EcJUI 06oattaqH11 qepes /\ 11aTpHey npeo6-

paaoBaHHll (16), a qepes E:, - MaTpHey C 3JI8118HTallH (14), TO HS ycJIOBHll coxpaHeHH.H CKaJillpHo-. 

ro !IJ)OH3B8/l8HHll (13) CJI8_/lYeT, qTO I\. YiiOBJieTBOPlleT COOTHOWeHllll: 

IO 

I 

'\ 

'T 

. I\ -c; l\ 6 
(17) 

~aCCIIOTPHII C>OJiee OC>llllle npeoeipaao~aHHH npocTpaHCTBa MRHltOBCXOro 

I 
T.,,( _., "-a<. G\,.( + I\.,( J> x,, (IS) . 

KaZ/lOC TaKOe npeoeipaaoBaHHe, OC>03Haqa1JmeeCH qepes {"',A.\ J ecTL KOIIC>HHa~H 0/lHOpO/l

HOro npeoC>pasoBaHHH AopeHl{a (16) H TpaHCJIH~H (I). 3TH npeo6paaOB8HHH oeipasyT TaK H83bl-
' / . . 

Bae11yn HeOMOPOilHYll rpynny ~ope~l{a HJUI rpynny ITyaHKape. MOZHO npoBepHTD, qTO rpynnoBaH 

onepa~.H ilJIH 3TOl1 rpynllbl /l88TCH npaBHJIOII 

1 lli.. "I. ~ { a.,., "~ \ ~ l a.I.+ \_ 4
.t , )\1. A.t ~ (19) 

a o6paTHiil1 K { a., Ai aJie11eHT paBeH 

{o.,J\~-1= {-
_l.. 

J\. ev, A-1 j 
(20) 

II 



,,, 

§ 2. Ilorpynnll 

· 1 MH01:"ecTBO Ii :meueHTOB HeKOTopolt rpynllll 6 Haai.1BaeTCH no,11rpy11no1t rpynl!ll 6 , ecJJH 

OHO cauo eCTD rpynna B c11ny Toro xe rpynnoBoro yuHo&eHIIH, KOTopoe ,11eltcTByeT B rpynne 0 . 
QqeBJf.lU!O, qTO ,!lnli Toro qTOC51l IIHOllteCTBO H HBJIMOCl, no,11rpynnoli rpynllll 6 , HeOC5XO,lll!IIO 11 

:ziocTaTD'IHO, 'ITOC51l HapH,ny c miC5H1111' mi:,11H axe11eHTa1111' «.. 11 4 H co,11epil:ano TaKxe npo11aBe,11eH11e 
., 1- p-1. -

.... -v-11 oC5paTHllli ~- (IIJIII ..-11 ). C111.1BOJ1l!'IBCKll llbl IIIIIDBII~. 

«Ar E- H ,.;- .. C H ,{,- ◄ E- tt 
I 

-.Hnll 

HH::. H 
I 

t-\-~=-H. 
Ilp1111epll 

-t.C.i\l,l "' E: H -f. E- H 
~ 

I. Caua rpynna G II no,11rpynna rpynilll G , COCTOHlll8.li 118 0,llHOro e,lll!Hll'IHOrO aneueHTa 

(, 'liBllliDTCli TPIIBl!allDHlll(II no,11rpynna1111 rpynnll 6. 
2. rpynna ~enHx '!Ileen npe,11cTaBJ1HeT coC5oli no,11rpynny rpynnu ABltCTBIITellDHllX '!Ileen. 

3. rpynna Bpa~eHl!lt BOKpyr HBKOTOpoli OCH liBJIHBTCli no,11rpyn1101t rpynilll Bpa~eHHli B Tpex-

11epHOM npocTpaHCTBe. 

4. PaCCIIOTPIIII OPTOrOHMDHlle ( IIJJH YHIITapHlle) npeoC5paaoBaHl!li B Be~eCTBeHHOII (KOIIIIJIBK

CHOII) V\,- 11epH011,BBKTOpHOII npocTpaHCTBe co CKallHPHllll npo11aBeAeHIIBII (3) (llllll (7),cOOTBeT

CTBeHHO), OCTaBllliD~e Hel!SlleHHllllll IlOCJIBAHlle Yl,-»i'KOMilOHeHT JIDC5oro BeKTOpa, T,e. opToro

HallLH!le (yHIITapttlle) MaTpll® Bl!,lla: 

~ 
! 0 Q •..• 0 ; 9 9 · .. · l)' 
: 0 . ', O· _g, ___ !_~g_--_-___ o U,"!· :o----- C) 

0 ,. · 0' 1. ., .. - - - - - - ' - - -
o' 1. llllll 9·-····'?:"-1. 

, I ••• Q • I 
;, •, · I I (l: 1- ·~ : : . -i. 

( ) 
O· I 

SlleMeHTll O.,t u.,.L t KOTOPllX paBHll I, ecJJH "'"" 9 :>- ..,_ , 11 paBHll HYJID, eCllll .i. f f 11 

O.lll!H 11a IIHABKCOB C5onme m, • 3TH npeoC5paaoBaHHH oC5paayDT rpynny O (m.)(11JJH U, ( "")) 

opToroHallDHllX (yHIITapHllX) npeoC5paaOBSHlll1 B m- 11epHOII npocTpaHCTBe,- nopOllt,lleHHOII, 

nepBlll(II m C5aallCHllllll BBKTOpal(II. rpynna O ( ""') (llllll U (in-)> JIBlllieTCJI no,11rpynnolt rpynilll 

O ( ~ (llnll 'LL < r11) >. AHaJIOrll'IH~, rpynna Bpa~eHl!lt B eBKJlll,llOBOII TpeXMepHOII npocTpa!I-

CTBe l!BJIJIBTCH no,11rpynnolt O,llHOPOAHOlt rpynilll iopea~a. 

I2 

'§ 3. IlpH11oe-npo11aBBABH11e 

Ilycn aa,11aHJ,I ABB rpynilll 61. ii 6::, • Pacc110Tp1111 IIHOlltBCTBO 6 ' oC5paaoBaHHOe 
\ . . - . - , 

napa1111 .l x:1.' ·:x:..:i, \ , r,11e x._ ~: 61., x,., E:- 0.t. I'' BBeABll·B G rpynnoByD onepa1zym, 

onpBABllHBMY.D CllBAYD~M ocipaaou: -ec:nu l :x .. , <><-1, } - E- 6 , { -:i-.. , ~-1. \ E- (-, , . 

_ T~ nonaraeu { x .. , oc.i,· \{ _:t .. , ~,.,) "- . { i._')J._, "'>-;'.!,,J. O'!BBIIMO, '!TO { x._,_ :x:.z H -:, .. , :1.,} ~ 6. 
MHOlltBCTBO 6 c STOit rpynnOBOlt-onepa~elt YAOBJIBTBOPHBT BCell SKCIIOllall onpe,llellBHllli rpynn, 

. np11qe11 e,lll!Hll'IH!,111 ane11eHTOJ.1 rpynnll ; G cnylltl!T napa { ~ .. , -e.i, \ , r,11e -e ._ 11· ,_-ez ~ -eA!!HH'I-:: 

Hile allBIIBHTll rpynn G .. 11 .0z , cooT~eTCTBBliHo, a ane11BHT011 B ·G , oC5paTHllll K l x .. ,. ;,, J, 
l!Blll!BTCli napa { :x::~ :x:~-·;· 3Ta rpyrina 0 Ha31lBaeTCll npl!llllll np0118BBABHll811 rp~nn 6:1. -• 

, III G,,,''ii oC5oaHa'!aeTCH 'lepea G .. © &, • 
- 2, 

. Pacc110Tp111t TBIIBPD_ABe no,11rpynilll rpynlill G , oC5paaoBaHHlle aJiellBHTallll B11,11a f x._, e"' ~ 
11 1 e._, X:i, \ ·, r,11e- X-1- npo(5eraeT ane11eHTll Bcelt rpynllll G .. ,_ a -x.i. - Bcelt rpynlill 0-?, • 
3TII no,11rpynm,1 uoryT C5u•u oTox,11ecTBJ1BBll c rpynna1111 G-1- III q

1 
cooTBeTCTBeHHO. Ilo onpBAellB

Hllil npo11aBBABHllll B rpynne G Jill 11uee11 

t x:, '°" H~1., X-2,')"' l x._, x~ J ~ l <~, "'.i. H x,., £:i,) • 
3TO 03Ha'laeT, '!TO 8Jl6~8HT!l rpynllll E,~ , pacc11a'l'pl!BaBllll8 KaK oJIBllBHTll rpynllll tJ , KOII

J.l:fTllpyilT c ane11BttTalll! 11a 62 1 
pacc11~Tp11Baew1111 TaKze KaK :rneu.eHTl:l .rpynilll 6 . 

llp1111epll· 

I. IlyCTD E.., 11 E2 - ~ - 11BpHoe 11 11- - MBpHoe BBKTOPH!le npo·cTpaacTBa. Pacc11oi-
- I i- z - ~? 

p1111 TenepD (,i._ +11,_)- 1tepHoe BeKTopHoe npocTpaacTBO -E , Kas,llllll BBKTOP oc KOToporo 
-,--, - ___,, E -~OlltBT C51lTD npBACTaBJIBH 0/lH03Ha'!HO B Bll,118 C:fllllll 'JCj. + x~ , r,!IB 'JC,j_, np11Ha}ll18lltl!T _., • ~ , 

3To npocTpaHCTBO E HaablBaBTCH npH1101t cyu11olt npoc;pattCTB E.._ 11 E 2, , a E. ,..· 11 E :(, 
aaablBailTCH no,11npocTpaacTBallll npocTpaHCTBa E . Pacc110Tp1111 B E · lll!HBl1Hlle npeoC5paaoBa

HHH A, ocTaBJIHD~e 11HBap11aHTHllllll no,11npocTpaHcTBa E-1- 11 E2 , ·T.e. TaKIIB lll!Hel1Hlle - _ 

npBoC5paaoBa~IIH, KO TO pile nBpeBOAl!T Kallt.llllli BeKTOP ~ ( :i?,.) npocTpaHCTBa E .. ( E 2 }a BeK- • 
- -11 (.....,,) , Top x. '- ::1:. .i. · a Toro EB npocTpaHCTBa. Kax,11oe TaKoe npBoC5paaoBaH11e npe,11cTaBJ1l!eT coeiolt 

napy HeaaBIICHllllX npBoC5paaoBaH11lt A,_ 11 Az B E,_ 11 [ 2 , ·cooTBeTCTBBHH0111 llll 

IIIIIDBll A :: { A .. , A:,, ) '. np11qe11 nopMOK ocymB_CTBJIB_HIIH npBoC5pasoBaHlll1 A_,__ 11 _ ~:i, He 

cy~ecTBeHeH. Ecnu A= { A._, A.,~ , B =- { .6._, i3.t. j , TO A'p ~ i A._ B,.., A~ S.z J • 
Ecn11 npeoC5paaoBaHIIH B Eel- 11 E.z oC5paayroT rpynnll 61- 11 6,. , cooTBeTCTBeHHO, TO 

MHOZBCTBO Bcex pacc1taTp11IBaewx npB0CipaaoBaa11l1 .B E l!Blll!eTCll rpynnolt 91. @ G;i, 
3JIBlleHTll BIII,lla j A 1 l (11nu { I A l ) HBlll!DTCH npeoC5paaoBaHIIHIIII B · E, l 1-' J I ~) \ ' -.&.,. 

(11J111 E:i, ). IlosTOJlY rpynilll_ 0 .. 11 Gz 1toryT C5HTI> OTos,11ecTBJ1BHll c no,11rpynna1111 rpynlill _ 

G , oeipasoBaHHllllll sneuirn:ra1111 B11,11a { A ,.
1 

l ~ 11 , { I, A-.i. J , cooTBBTCTBBHHO. -

IJ 

'· 
, I 

'-., 



ECJII! 0,.. H q .flB1ll!l'.lTCl! YHIITapHID!II YHIIII0/1Y11.f!PHIOOI rpyrrrrau s u (n.._) H s u (r1.-t,) / 
Harrp1111ep, aJ1e11earu rpymra 0"" SU (n._) © S U(n.,,) T8.!Clte .f!Bll.fll'.lTC.fl ymn:apH1,t11H yH1u10-

,UJIS!pl!IOO{ rrpeo6pa30BaHIIHIIH B E • 3To oaHa•meT, uo rpyrrrra S U(n._) © S U(r1.~) 
_HBJ1.11eTcH rro.11rpyrrrroll rpyrrITH S U(n1..+ ,.,_~ . 

2.JJycTJ, 38.ll8HO ·(yt,L,c.ttz,):- 11epHoe BBKTOpH01t rrpocTpaHCTBO:,Kallt,l!hlil B~KTOp -;;! KO-

Toporo l!lle~T \'l,i.,c.11..t KOJ.!IlOHBHT xoC._o<,._ , Hy11epyl'.l!IIIIXC.fl rrapalll! HH.llBKCOB o(i.. , ~ , 

<1. ~ · o< ._ ~ 11.:1- , 1.. !. ~ "- n.:i. • JllrnellHoe rrpeo6paaoBaHli:e B a-ro11 rrpocTpaHCTBe H11eeT 

Bl!,ll! 

x.c,.o1.1 -, , 
::t.o<,oC.z Ad.._,;.,_, J< t~ -:it.\l .. J.t (2I) 

_YHHT8PHlie rrpeo6paaOB8HHll 141181'.lT 11aTp11qHue 3JIBIIBHTH ~l 
d,d.., M(. t Y.llOBJIBTBOp.111011\118 YC110BHJIJ, 

u 
· ol,o<,, r· r.: 

* u ,. 1., r, r.i 
* 

- l;L u -- r,r., .c, o1.t. J·J•J, 1.: -
o, 
"._¥._ S' .c.., 11".z (22) 

3TH yH11TapHue-rrpeo6paaoBaHHH o6paayDT-rpyrrrry U(ri1..llnJ. PaCCIIOTpHII TerrepD JIHHBllHHe 

rrpeo6paaoBaHll.fl Cilelll!aUHOrO Bll.118 C llaTpl!qHHJ.!11 31Je11eHTIDll'l, 

u, ;= 
o1,a.,_1 J< f'--

(1) u "• , .. (.t) 

u.c .. r,.,; (23) 

(~) •U) 
r.11e 

.l!BCRH 

u H u - YHHTapHlie 118TPIIW' It._,<. rt,_ H ~ i< 11:z I COOTBBTCTBBHHO/ IIJII! CIIIIBOJIII-

u,,. I 
(23 ) 

IlpOH3BB.llBHIIBII .llBYX rrpeo6pa30B8HHll 

paaoBaHHe C IISTp11uell 

u'•>® u<~. 
u,,_ u'•)0 u':i) (4} (-t) I 

H V~ V @ V HB1Jl!eTc.11 rrpeoCi-

\ IA, V ) "• "'•• HL u 
c1,c12, .. ~ 

H.llll CIIIIB01!11'1BCRH 

(u'•) y<'~ 
o(.._y, 

v,..~, t•rL U
<•) (.t) 

=, 'IA ",r, c1, 'b',. 

( uc•> v'1) 
' o1,p ... 

v<f 
r,t· 

V <'-J 
fJ', 

(24) 

\A,, V ( u c,~ lA'.'1) ( v<•>@ v r .. ,) ~ ( it> v'•)) ® ( u fa) v '-t; . c24 > 

I4 

3TO COOTHOmeBHB IlOKS3HBaeT, qTO rpyrrrra rrpeo6pa30BaHHll Bll/18 (23) (HJII! (23
1
)) HB1lll8TC.fl 

rrpl!llIDI rrpol!aBe11eB11e11 \A. ( ".:) © U. (,.,__.) rpynn l,{(~) ¥ l{ (11.,.,) , o6paaoBaHH~i YHH-
. ,i(i) u<:f . . . 1 
TapHWII rrpeo6pa30BSHHIIIAII VL_, · _II • TaK KaK npeo6paaoBaHllll BH/18 (23) ( 111111 (23 }) 

'.flB1llll'.lTCH qacTHlillll c11yqaH1111.YHHT8PllliX rrpeo6paaOBSHl!ll B {tt.._~~.z)- 11epHOII rrpocTpaHCTBe, y~OB-. 

neTBOPHllIIIIIX (22), ;o pacc11aTpHBae11oe rrpHMoe rrpoHsBe11eHl!e U,(n._)© U (n..i,)HB11HeTcH rro11-

rpynrroll rpynnH U(tti,<11..zJ. 3:ne~eHTli rpyrrn uc~ .. )11 U(n..,)oTOlE/lBCTBJIHIOTCH C a11e11eHTSWI 

BH/18 it?'@ 1 II 1@ u<.tJr~yrrnH U(rt ... )© U.(11z.), KOTOpue KOIIIIYTIIPYIDT 11pyr C 11pyro11 •. 

3 • .0.llHHII H3 OCHOBHHX saKOHOB ~1!3IIRH HBJIHBTCH IlPHH[lHil pellHTHBIICTCKOll HHBap11aHTHOCTH, 

cor11aCHO KOTopo11y 1!1'.l6aH ~11311qecKaH TeOpHH /lOJIEHa 6HTD IIHBapHaHTHOil OTHOCHTBJIDHO rrpeo6pa30-

B8HHi rpynnH JopeHua ';;[_ C 118TPHU811H A , Y/lOBJIBTBOpllllll!IIWl yc110BHl'.l (I7). C 11pyroll CTO

pOHli, /ll!H TeopeTHqecKoro OilllCSHHH CBOllCTB CIIIIIIBTpl!H Sllel!eHTapHHX qaCTIIU rr~e11rro11ara1DT, qTo 

_1tpo11e IlpOCTpaHCTBBHHO-Bp8118HHliX /ll!H811HqecRHX BC1!11ql!H, CBH3aHHliX C IlpOCTpaHCTBOII-BpellBH811 

(aHeprHH - HIIIlY11DC, CilllH, IIOIIBHT IIIIIlYJIDCa H T.11.)~ COCTOHHIIH CHCTell·3:ne~eHTapHliX qacTHU 

xapaKTep1!3YIDTCll Ta!Clt~ 1111pyr1111H KBaHTOBHIIH qac;na11H II Be11HqHHaMH, CBH3aHHlil!H C BHYTP8HHHIIH 

CBOllCTDSIIH qacTH~ ( 1!30TOilllqecKHll Cill!H, rHrrepaapll/1 H T.11.), np14qe11 coxpaHeHl!e STHX Be1111qHH 

CBH38HO c IIHBap11aHTHOCTblD -reop11H OTHOCl!TellDHO He1t0Topoll rpyrrnu BHYTPBHHell cl!1111e-rp1111 S·. 
,TaRHII 06paao11, Ha B8KTOPH COCTOHHIIH CHCT8J.! a11e11eHTapHliX qacTHU /lBHCTBYIDT .llBe"rpyrrilli 

npeo6paaOBSHHll: rpyrrrra RopeHua 'J.. H rpyrrrra BHyTpeHHell CIIIIIIBTPIIH ·s • ECJIH rrpeo6pa30BaHl!H 

1!3 3THX rp~nn KOIIJ.!YTIIPYllT·, TO OHi! BIIBCTe o6pa3yl'.lT rpynrry ;;f @ s 

/ 

I5 
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- § 4. 11HB8pll8HTHH8 IlO~rpyrrnbl ll ¢aKTOJcrpynllll 

IlycTI> aa,11aHa He1to1:opal! rpynna 6 11 ee no,11rpynna H.' ·. Pacc1101:piiv MH~lltecuo aneMeH-. 

TOB Bll,l\a 'X,~ , r.11e :,c - }11)601! qillKCllpOBaHHbll! :rne11eaT rpynllbl G , a Cl, npo6e-

, r_aeT a~a'!eHllll Bceil no,11rpynllbl · H • 3To IIHOlltecTBO 06oaHaq1111 'lep8a x H II HaaoB8II ero 

neBblll c11elltHblll Knacco11 aneveHTa x no no,11rpy~ne H . EcXI! x., 11 ';j-- - paan11'!Hble ane11eH-:

Tbl rpynllbl. 0 , T~ neBble c11esHble Maccbl :,c, H ii . J /-i X1160 He 1111eDT 06llll!X ane11eHTOB, 

n11cio nonHOCTl>D coBrra,11aDT. AHairnr11'!HO onpe,11enJ1eTcJ1 npaBNil cMeSHbll! 1macc H x. TaK JtaK -

,e, H- He =- H , TO caMa no,11rpynna H ecu c11ezH!ll! Mace. IlpaBble II JleBi.e, c11emrne 

~a~ci., BOo6~e roBOPH, OTlll!'laDTCll. OHi! coBna,11aDT W:ll l!D6oro ane11eHTa :x: E- H, ecn11 no,11-

rpynna H y,110BJieTBOp!IeT ycJ10B1110 :x: H,,, H x. llJill x H x- 1 = J-/ ,lllIH mo6oro x E- G • 8Jie11eHT 

'JCO.,'.ll',-• Haai.Bae11 conpHllteHHhlll K ';', 3l18M8HTOM. 11TaK, ,l\Jlll Toro, 'IT06i. l18Bll8 ll npaB!le 

c11elltHUe KJiacc!l ~o no,11rpynne H c0Bnai111, Heo6xo,l\llMO·ll ,11ocTaTO'IHO, 'IT,o6i. ,l\Jlll JID6o~o .., E- rl. 
G . 4. ' 

ll 'X. €;- conpHllt8HHUll K a, 3JielleHT '.ta,:,:,· TaKllte l!BJ!Hl!OCI, (51, HeKOTOplill 3Jl8118HTOM no,11-

rpynllbl H .. TaKaH no,11rpynna Haai.BaeTCH 11HBap11anTHOl!:no,11rpynnoi1'11lll! HopuaJII>Hllll ,11en11Tene11. 
, , 

B'KOMllyTaTllBHOll rpynne Jtallt,l\aH no,1rpynna HBJ!lleTCll llHBapllaHTHOll no,11rpynnoll. 
• ' I • 

-PaccMOTpllll Tenepf IIH0llt8C~BO, ane11eHTaID1 KOToporo fiBXllDTCH ClleJKH!le Maccll·rpynllbl 6 
no llHBap11aHTHOll no,11rpynne H • Eclll! A ,,, "" H H B " ,g_ H - ,11Ba c1teJ1CHllX 

Mac ca, ~o ilx npoHaBe,11eH11eu A B llBXHeTCH ci11elltHUli Mace · o. r\ · ,<,, H "' ~-t- H , a o6paT-
, . . . _ i, -:1, . . 

Hlill K A llBXl!eTCll CllellCHUll Mace A .;, ( ev·H) "" "'-i r/ • 3TO 03Ha'!a8T, uo Cllelltlli.e 

KJiacci. rpynni. 6 no llHBap11anTHoli no,11rpynn8 H o6pa3yDT rpynnY., Ha3i.Bae11y1J waKTop

.rpynnol! G/1--1 rpynllbl ? no llHBap11aHTHOll no,1rpynne H . Ca1ta llHBap11aHTHaH no,iirpyn

na H KaK c118lltH!ll! KJiacc HBXH8TCH e,l\l!Hll'IH!lll ane11eHTOM aToll qiaKTop-rpynilll. 

.!l.fil!.m_ 

M!l pacc110Tpem1 B npl!ll8pe 8 113 § I _H80,llHOpO,llHYD ·rpynny ·JlopeH11a, 'ane11eHTallll KOTOpOll 

l!BXHIOTCH npeo6pa3oBaHllH 

I - }. -x..,_ -7 x'- - a..;,+ '\;.P'X-J 

3Tii npeo6paaoBaHHll 06oaHa'!ae11 '1epe3 { "-, /\) • TpaHCXHlll!OHH!le npeo6pa30Baa11ll, 

I 
.· -,:.J., _., ~J, ::,,_ O..;. t :,:,." 

OC5paayDT IlO,llrpynny H80,l\HOp0,llHOli rpyllllbl JlopeH{1a i'1 Oc503Ha'laDTCH qepe3 { ~
1 
1 J . IlyCTI, { ,C.

1 
/•J

XDC50i! :ineMeHT Heo,llHopo,l\Holl _ rpynnll JlopeH11a. Pacc110Tp11u conpHieHHi.11 ane11eHT · Jt, ~~ 1 ~ Ii l t,Aj-;. :1. 

MN 1'1118811, cornacao qiop11yna11 (!9) ll (20), 

1i,-~)t<>.,Ij{-t,rJt= {-t+A.,,_,"-~{-A~,,,ft \ = {-t+A-.->..K'-&, l\A:
1

} 

{A~1l} 

I6 

!1TaK, np806paaoBaH11e \,f,.,,\\iO.:IJJ..c,J\f1., corrpmKeHHOe K TpaHCXHlll!ll {<1., I J , HBJIHeTCH 

TaKllt8 TpaHCXHIU!ell, ll TpaHCJllllll!OHHaH no,11rpynna l!BXH8TCH llHBap11aHTHOll rpynnoll. 

§'5. roMOMOp¢11a11., ll30MOPW113U. ll aBTOMop¢113M 

IIycTI> aa,11aHu ,lll!e rpynru,[ G1. ll 6
1 

• Ecn11 cymecTByeT coOTB8TCTBlle 11ex,l\y an811eH-

TallH rpynni. 6,._ 11 aneu~HTa1111 rpynllbl G2, , TO· 111! r0Bopll11, '!TO cy_111ecTBy8T oToC5pallCe-

Hlle. 0,1\HOll rpynru,[ B ,1pyryD. 'Eclll!' Hanp1111ep, B COOT.t18:rCTBl'IM C KaJK,lll,11 :rneM8HTOJ.I x._ f 9 ;1. 

cy~8CTByeT e,l\llHCTBeHHUll Sll8MeHT :x.,_ <c G.i , KOTOpllll Mbl oC5oaHa'!aeM qepea f( x ... ) 

.,,_;,, :f-( 0::1,) , TO ronop1111, '!TO cy111ecTByeT O.l\H03Ha'IHOe OT06paJKeH118 f rpynn!l G._ 
B rpynny Gi . STo OAH03Ha'IH08 OTOC5pallC8Hlle f Ha3!lBaeu ro1.1011opqiH!lM oT06paxeHHe11 

l!Jlll ro11011opqi11aL1011 rpynnll 01. B rpynny _ 6,, , 8Clll! OHO coxpamrnT rpynnoByD onep~!1lllD, 

-T.e. Y.llOBJleTBOpll8T ycnOBllD 

tC": J) ,,,. :f(,c,) fc1) ) f(ic~ f(,:) - L 

rpynni. 0i.. ll 0:i. HaS!lBaDTCll ro11011opqiHllllll. 

B3a1111HO O,l\H03Ha'IHOe rOIIOMOpqiHOe o:roC5palK8Hll8 O,llHOll rpynnll B ,1pyry1J Ha3!lB88TCl! 1130-

MOpqiHWII OTOC5paJKeH11e11 lllll! ll30MOPWll3J.IOII, a 8Tll rpynni. Ha3blBaDTCll ll30MOpqiHblMll. C rpynnoBoll 

TO'IKII apeHllH Bee 11ao11opqiai.e rpynllbl IIOJKHO C'lllTaTI> O,l\l!HaKOB!lllll. M3011opqi11a11 rpynllbl G 
B cec5H HaSNBaeTCll aBTOuopqi1!3MOII. Ilp1111epo11 aBTOMOPWll3lla HBJIHeTCl! OT06pallCeHlle Bll~a: 

'X, -7 t (:>.) ::, 
- 1. 

<>.. X "-
J 

r:zte GI, - H8KOT0pllll 8ll8118HT 113 0 . ABT0110pqill3Mll TaKOro Tllna Ha3b1BaDTCH BHYTP8HHl!J.lll. 

Pacc110Tp1111 ro110Mopqi11a11 rpynnu & B rpynny G.z 
1. . 

:x:,._....,, X.%.= :f-(:,;,.._). 

B 3TOII rOMOU03qill3M8 C,l\llHl!'!Hbll! ane11eHT ~,._ rpynllbl 

e.%. rpynilll. 0., 
6:1, npeBpa~a8TCll B e,lUIHll'IHllll aneMCHT 

i-(-e,_) =, .e,,i_ I 

TaK Kalt 

x._.e.:t~ {(x.,1 4,(4:,) = f(x,_e._) =~(ex,-)= x.,_ 

;ztllll nDC51lX x._:c f("-.. ). MHOJK8CTBO K anell8HTOB ';j:j.. Ha rpynllbl GJ. · , npeBpa111aDlll.l!XCH_ 

B ea. npll ,l\aHHOII rOIIOMOpqill311C 

:f(°'.j,.)" e,._, "j, ~ K 1 

HaaNBae:rcH H,llpo11 ro1.1011opqiHa11a. llycn J,., E: K ll "'1. - JIDc5oll aJieMeHT 113 G,. • Tor,11a 
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)-

x._ 'l ,: - 1.- TaKJ[e np11ilaMelKwr K , TaK KaK Ji ~ - . 

1(,;c, 1· :t,'J ~(~.)-) (;1,) 4' (,,,,-·) 1( "•) .e.,_ f(x,_f .C:,., • 

ilHaJior11'lHO MOlKHO np0Bep11Tb, 'lTO, eCJill J '- 11 r._ np11Ha,llllelltaT K , To 1;J._ i,_ 11 

Ta1txe np11Ha)lJiexaT K • 11TaK, HilPD roM011opgi11a11a HBJIHeTCH IIHBap11aHTHOll no;11rpynnol1. 

ITpl!Mep 

C:i. 
"j L 

B § l 11u.paCCMOTpen11 O)lHOpO/lHYIO rpynny JopeHua 'i, 3llelleHTaW!,JtOTOpol1 

.. HB?HIOTCJ! npeo_6paaoBai!l!H B Bell(eCTB.eHBOll: 'leTupeXMepHOII n~OCTpaHCTBe. MIIH!tOBCR?rO, OCTaBJiffll-

IJl,IIJe IIHBapllaHTHOl1 KBa)lpaTl!'lHYRl qiopMy (13). ConocTaBIIJII Jtallt;!IOMY 'leTupeX!.!epHOMY BeKTOPY ~<>( 

MaTpviey 2,-,. 2 ,. 
1' 

X "- x,.-i;.,_ (25) 

I 

.... 
npeo6paaoBaHIIII Be~Topa, ~o1 , :r.e. 11aTpl'l~ x·, ~11eDT Bll/1! 

.l(JIH npeo6paaoBaH11ll Jopem:1a 

" :X:.--'I 
Al 

:,c. = 
--,;t _,,, !l, 

'X. ~ :x. 

J..,t ;_' = J.., t- ( A ;_ A +) 

A ~.A+ .. 

, T.e. J,.t;_'; J.,,t-,t 

J._ t A kt ;_ J,t A~ 

I . .t " 
-1 .. t- A- I J,.t- X. 

O:rcJOAa cneAJeT, 'lTO Al!ll npeo6paaoBaH11li Jopemia · 

,J .. t Al = :L 

(30) 
' . 

•. c ;11pyroll cTopoau, 

7· 

Tait Kalt B npeo6paaoBaH11e (30) BXO)IHT O;!IHOBpelleHHO 

qi~ay 11aTp11~ A Tait, 'lTOOu 

A II A+, TO Bcer11a 11oxao Bhl6pan, 

r;11e J.,, t' A = d.. . 
I · (31) 

(
1. 0 

-r. ~ 0 1. ) / Z: '- a ( 

0 ~ \ 

1- 0 l I 
Z-2..:. (: -~ ) I 'C~,,, (~ _?j__ ). (26) 

,., 
HeTPYAHO np0Bep11n, 'lTO 

A+ 
X x , ecJIII oc~ - BemecTBBHHUll BeKTOp. Ma COOTHOmeHIIH 

Sf ( .:,,,,t:t) ~ 2 s-;
1 ,., 

Clle)lyeT,,'lTO JtOMITOHBHTU BeKTOpa x.,_ BUpaxaDTCH qepea 11aTp11ey x· CJie)lyIOIJl,llJM 06paao11 

a JtBa)lpaT BeKTOpa -.x..,_ paBeH 

-7Z 
X 

r-~ 
\"'-' x'.') = 

t . ( .A \) 
x"' ~ ,; st -:;,,_ x 1 

-r..'- - :r:1 .\ x,_'-- ,:.!>"' = J.et- ~ 

!I06oe J111Hellaoe·npeo6paaoBaH11Je BeKTopa x.,_ , T.e. 11aTp11~ x / 1111eeT Bl!JI! 

" "' 'X _,, :JC = A .,.. B 
:X:. l 

{27) 

{28) 

(29) 

r11e A 11 ,13 - npo11aBoJI1,aue MaTpl!~ 2" 2 • Mu 6y;11e1.1 ·pacc11aTp11JBan BemecTBeHHue npeo6-
. '/ 

pa30BaHIIJH, )lllH KOTOpux ltOMITOHeHTU x.,( Be111ecTBeHHU, ecJIII x,. Be111ecTBeHHU, T.e. 
7\( I\/ A+ I\ 
oc + ,: oc ' eCJIII X.. = .:t • C /lpyroll CTOPOHU, MU l'!MeeM 

A'+ ll. t "+ AT 
X = y X :::= 

&+;. A.,. 

,,CpaBHIIBaH ITOJIY'lBHHOe BupalKeHlle c (29),1111ee11 B =- A+ • HTalt, BemecTBeHHUe Jll!HellHUe 

18 

, TaKl!II 06paao11, Cyll!eCTByeT COOTBBTCTB~e llelltAJ O;!IHOPOAHUMH npeo6peaoBaHl!HMH JlopeHua l'l •yHlll!O-

JIYl!HpHmlll 11aTp111:1a11H ~" 2 , np11qe11 ;nBe 11a-rp;11:\U ± A COOTBeTCTBYDT OAffOIIY H -roJ.ty lite npeo6-

paaoBaHHD Jopen1:1a. EcJIII MaTpllua11 A .. ~ A,. CQOTB,eTCTBYDT npeo6paaoBaHl!ll !opea1:1a A,. 14 l\~, 
TO 11aTpl41:\e A, A.cooTBeTCTByeT npeo6paaoBaHl4e nopeaua l\ /\ . .l(ellcT:el'!Tenso, nycn .~ ~ ~ ~ 

'):,' = A~"'' x."::,,. A,_ x.' ;\, t\. ~ 
Tor;11a 

Al 

~= 
+ 

A,.,;_ A-,. A// A 
:c. = ,. 

I + 
;_ A. =c A, At. ; A:+ A,~= (,4. A✓ ~ {A.A.,): 

'lTO II Tpe6oBaJIOCJ; ~Olta3aTDe TaKl!M 06paao11, CYll!eCTByeT ro1101.1opqil4311 rpynnu 

O)IHOpO)IHyD rpynny !opea1:1a, np11qe1,1 H;llpO rOMOIIOpqJIIJ3lla COCTOIIJT 1!3 IIBYX 11aTplll:\ 

OqeBll;!IHO, 'lTO 8TO ll;llpO 

Kalt Ml! llOOOll MaTpll~ 

HBJIHeTCH )ll'!CKpeTHOll llHBapl'!aHTHoa no;11rpynnol1 rpynnu 

A E- SL(2) 

A(±I)A_i, ==(±I) 

SL(2,) B 

+I 14-1. 
SL (2,),. Tait 

ro11011opqiable HenpepUBHUe rpynnu naauBaDTCll IlOKallbHO IIJ30110pqlHhlll14, eclll! lLllPO ro110MOP41143lla 

HBllHeTca MC1tpe-rnoa no;11rpynnol1. HTa1t, rpynna nopett1:1a II rpynna SL(2)xo~anHo 14ao11o~ttu. 

TpeX11epnue Bpall!eHIIH npe;11cTaBilHDT co6ol1 cneUHanaue npeo6pasoBaHHH !opea1:1a, ocTaBJIHDIJl,IIJe 
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- ': 

1 H8113lleHl!lillll BpelleH!We K0ll!IOH8HTl,I Jlll6WC BeKTOPOB: -x.: ~ ~. .- OHi! o6paayllT rpynrry Bpa

uteHl!i! - no.ll.rpyrrny rpy11111,1 RopeHua. IloxaEeM npex.ll.e Bcero, QTO ecJlll, yH11Yo~xapHaR MaTp11~a 

A B (30) yHl!TapHa, TO coOTBeTCTBYllutee el npeo6pas0Bam1e Ropeaua RBJIReTca BpanieHl!ell, 

neilcTBl!TeJI»Ho, corxacao (27), (26) 11 (30), uu l!MeeM 

" x 0 ~ ½_Stx, 
/ t AT A- " 

!le.~:,_ l:r ~ '°' i sf A ~ A = -t s~ ,c 

· EcJlll uaTp11ua A yH11Tapila, A+ A =- I , To :r.~ ~ i s~ ;_ 

Baxoc» .l{OKasan. Tenep» noKaEell, uo yH11110.l{yJIRpHaR 11aTp11ua A 
~ x. , qTO II Tpe6o. 

'COOTBeTCTBYIDutaa Bpaute• 

,Hllll, yHl!Tapli'a. 0Tll8TIIII rrpex.l{e BCero, QTO Jill60e BpauteH11e B TpexMepHOll rrpOCTpaHCTBe llOXeT 

6uu 11peACTaBJ1euo B BIi.lie npo11:rne.ll.eH11a Tpex crreU11aJI»HblX BpameH11i!: Bpa111eH11a Ha yrox 'f-i 

0~'f .. ~-tit) BOKpyr OCII o'l; ' BpauteHl!ff Ha yroJI & ( 0 !. It~ 7i:) BOKpyr OCII o:,:' 
11 BpauteHllff Ha yroJI 'f1.. (o 4 'f• !.. '-11 ) BOKpyr OCII Ol: • YrJ!bl c,,., 0- 11 <f~ 

Ha3blBalJTCff yrxallll Si!Jiepa; OHi! llOJIHQCTbll xapaKTep11sy1J~ .ll.aHHOe BpauteH11e. PaccuoTpllM npellt.l{e 

BCero BpauteHlle Ha yroJI , 'f BOKpyr OCII O l: 

IlpOB8pllll, qTO OHO 

,c.'1. ;a. :Cf.. lO ~ <t -t :X:..t. S, ;._, <f 

~•,_~ - x._,.;.,'f -1 X:,_<.oS'f I 

:1:\, ~ ,r_~ I 

~: -=- x. 
COOTBeTCTByeT llaTp11ue 

A :, 
'f 

(:~ C) 

-!.:! 
,e. .,_, ) 

nei!crB11TeJibHO, corxaCHO COOTHOmeHl!ll (30), l(l,I l!Meeu 

( 
"-:+ "''~ 

I I 
x."' + l :x .L 

:A:.-f - •. "'.t = '·') I I 
,:. • ..,. % .} 

(

:'{ ~~~)·( :C
0

-tx~ X
1
-,x~ )(Jl..-!f 

X._. -t i X2.,. _ ~c - 'X:!, 0 

( 

,·y ) ' ~o--t ~l. .e. (_ t, 4 _ i r,..) 

-•''f 
.Q.. (.t1 + l::x:'1,,) .x.. - Xj · 

OTCIJ,l{B l(l,I IIOJiyq11M (32), AHaJior11qHO Bpa111eH11e lia yroJI t} BOKpyr OCII O :C 

) 'X.~ ~ l:1 , 

:x.'.1.':;.. X.,_t..oS,&- + .x.~~e-, 

~\": - ,c.,_ ~ fj- -t ,:.':, '1.o~O-' 

X.~ -:=... !to 

20 

(32) 

(33) 

0 

!:f_., 
-e .... 

(34) 

I 

C00TB6TCTBYeT yaTpllue 

A& (

• 0- • • e-) 
. 

c.s ~ . • s ... 'i" • 

~su..,.!:. eqs.t ,, ~ (35) 

TBK .Ka(K :,~~y:.aBHB~ffto:.' J' ('"$ !. ~ s.;.,.±. 
• "l " ' .t, !t .1 

I " I I I .=- • • f. 
,:.4-t, 4,C.:t, 2:'.o-X.~ ... s ....... 'i. tt,~t )( 

~.-1 "!>. ~- •' "'~)- / "'
5:t -• s;.,f) 

X.+<Xt., ,C.-,:~ \.i\i.,i; "'Si 

( 

x • .., x~c.~11- -x,.~.:... & 

::. :x:,+.i(x,_c.$0-+,c~,.:..,if) 

,c1 - , ( "" <oS 0- .+ >:~ •.:... 0--) ), . 

Xo- ('t.'Jw.s&-- 'l.t.~a-) 

BUTeKallT COOTHOmeHllff (34). Mb! llOKasaJlll, qTO np0113Be.l{eHlle Bpa111eH11A COOTBeTCTByeT npo11sBe.l{e

Hllll,IIBTPIIU, xapaKTep11sy~llll!X·B~Blll8HllffJBXO.l{ffllll!e B .l{aHHOe npOIISBe.ll.8HHe. MTaK, .ll,llff llp0113BOJib-

HOrO BpauteHl!ff C yrJiallll Si!Jiepa 'f V 1)- II 'r,t t COOTBeTCTBYlllll8ff e11y MaTp11ua 2, X 2, 

paBHa 

A{~,&'f,\ = A'fi--Ae,.. Aq,_ I 

·. r.l{e A.,; 11 A~ .l{allTCR B (33) 11 (35), Tax xaK STII llaTPIIUbl ya11TapHbl, TO MaTp11ua A1 e. l'· 
\ " l~ ~ 

:aBJIRllutaRCff 11po11aBe.l{eH11e11 Tpex yHIITBPHblX MaTp11u, TaKXe YHIIT8pHa, 'lTO II Tpe6oBaJIOCb ,l{OKaaau • 

TaKIIM 06paso11, cy111ecTByeT COOTBeTCTBHe 11ez~ BpauteHll!Dlll B TpeX11ePHOll rrpoCTPBHCTBe 

ll·YHllllO~JiffPHblllll YHIITapHblllll MaTpllUBllll Zx ,2 ,·np11qe11 Ka.Jt,l{OllY Bpautellllll COOTBeTCTBYllT 

. ABe 11aTp11u1,1 ~A. MHaqe roBopB, cy~eCTByeT roY0Mop\l/11a11 yH11-rapHoi! yHIIMO~JIBpBoi! rpyn-

~ s \) (.2 ) B rpyrrny BpauteHl!i! B TpeXllepHOll npOCTpaHCTB.e O ( 3) • np11'lell R.l{pO rOllOllOpg/llSlla 

COCTOIIT 113 ABYX IIBTPIIU "I' I II ~ I 
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II. I'PYIIIll:l Jll'I H AJII'EEP!l Jllf 

§ I. Tono.110I'l!qecK11e rpYnllli. Ko11naKTHHe a HexoxnaKTHHe rt>Y!!l!!! 

B B8CTOH~eH naparpa~e BB8A6H HeKO!OpHe IlOHH!HH, KOTOpae H8H noHaA06HTCH B MllHebeH. 

OnpeAeJJJ111 npeZJ!.e Bcero Tono.11oraqecKHe npocTpaHCTBa. Tono.11oruqecK11u npocTpaBCTBOII uaa1.me.'eTc11 

.llll60e IIHOJ:6CTBO E S.ll6H6HTOB 1 B KOTOpOII BHA6.ll6Ha CHCT6118 IlOAHHO:ll6CH 1 Ha8HBae111il O!tp6CT

HOCTIIJIH H YAOB.ll6TBOPHllllU!X C.ll6AYllllJ,llll 8.KCHOHaH: 

I. Ka&AaH TOqKa -x npocTpaucTBa E npa!!aAnelll!T HeKOTopoll 01CpecTHOCTH ll (oc) sToll 

TO'!ICH. 

2._BCHICOe Il0AMHO:ll6CTBO, COAepaa~ee OICpeCTHOCT. U(~)To'lU, HB.llHeTCH ,aae OKpecTHOCTim 

STOii T011KIII. 

3. IIepeceqeHHe!I:) KOH6'lHOro UC.Ila OKp6CTHOCTell !OqKJI 'lC ecn Taae Oltp.eCTHOCTl, STOii 

TOqKII. 

4. OKpecTHOCTD U,(00) ,oqICr.i 'JC eCTD T8Klt6 OKpecTHOCTD AOCTaToquo (!JmSitBX K X TO

qeg } , ne:sallJ,llX B_ He1C0Topoll 01tpecTuo'cu V ( :x.) Tci'lltll :ic 

1Ipu11epo11 ,ono.11oraqec1toro npocTpaHCTBa HB.llHeTCH ri- 11epuoe Bex,opuoe npocTpaucTBO. B 
' 

IC!l.'160TBe oltpeCTHOCTH !OUII X 11O:IHO BH6pau IIHO:iteCTBO TOqeK mapa C HeKOTopw paAHYCOII R 
H ttenpo11 x , ,.e. 11HoxecTBO ToqeK ~ , YAOB.lleTBOpHll._X ycnOBlUl ll -:;: - i ff f R 

Tono.11orHqec1toe npocTpaHCTBO uaaHBaeTCH KOllnaKTHHll, eon KaXAaH IlOC.lleAOBaTe.llDHOCTD ero 

TO'leK- COA6P:EIIT no;nnoc~eAOBaTe.llDHOCTD, CXOM!Q'llC~ IC H8KOTOpoll TOq~e s,oro npoc,paHCTBa, T.e. 

Kallt.llOe 0,llCICOHe'lHOe IIHOXeCTBO ero ,oqeJt 06.11a;naeT npe;nenHoll TO'llCO_II. MHOlleCTBO M B HeKo

Topou Tono.11or11qecxo11 npocTpauCTBO E HaaHBaeTCH xounaKTHHH B E ( B ce6e), ecn Kax;naa 

noc.11e;noBaTe.11.HOCTD ToqelC STOro HHOHeCTBa_COAepDT IlOAilOC.lleAOB8T6.IIDHOCTD, CXOAHJ!Q'llCH IC He-. 

ICOTopoll. TO'lKe npocTpauctBa E ( 11HoxecTBa fV\ ) '. IIpo11.11JIECTpHpye1/ STO onpeAe.lleH11e ua 

npOCTHX npHuepax.-~ellCTBHTeJI.HaH 'IHCJIOBaH npllllaH H6ROIIIl8KTHa, TalC ICaJC CYleCTByeT OeCKOHeq~8H 

He CXOM~8HCH nocJieAOBaTeJI.HOCTD TO'leK, Hanpu11ep, 

Hao6opoT, KalltAHll orpaHll'l6HHHll. IIHTepB8.ll ~ l. oc -4 -{,-

'l:j.. =--- i, x .. ; t, .. ')C_, =- rt, I 

Ha STOii npa11oll-KOUila1CTeH. ~ell-

CTBl!TeJII,HO. nyCTD '.:t._ • !:I:._ ' ••• 

Pa3A6JIHII 3TOT HHTepBaJI Ha ABe qacTH 

x.., ·- 6ecxoueqHoe IIHOllteCTBO TO'leK Ha STOii HHTepBaJie.·· 

". I. "'- ~ c II c. I. "' {.-{,. • TorAa no Kpal!Hell · 11epe 

0,IUlH 118 nocJieAHIIX co;nepJKHT 6ecxoueqHoe 'lHCJIO TO'leK AaHHOro IIHOXeCTBa. 8TOT HOBHll IIHTepB8.ll 
. ' 

CHOBa paa;neJIHII Ha AB6 qacTH H OPOAOJI:18.ell STC1fnponecc. MH Bll)Ulll, 'lTO cy~eCTByeT TaKaH TO'lK8 

Xo , qTO JII06ol! HHTepBaJI, co;nep:sallJ,lll! STY TO'lKY, COA6Plltl!T 6eCKOHeuoe 'IHCJIO TO'lelC Aa_HHOI'O 

IIHOll6CTBa. BTO oauaqaeT, qTo :X-o HBJIHeTCH npeAeJI.HOl! TOqxoll 6eCICOHeqHoro IIHOX6CTB8 Toqex 

:i:._ , :x:,_, , • • • , -x...,, • • • , qTO H Tpe6oBaJioc. AOKaaaT •• AHaJIOI'H'lHO IIOlltHO noKaaa,.,, qTo 

.lf)067>e)UlHeH11e11 ABYX HHoxecTB A II B, HBJIHeTcH lll!OllecTBO C, KallAHII sJie11eHT KOToporo np11HaA
JieJ1C11T, no xpal!Hell 11epe, OAH011y Ha 11HoxecTB A II r,, a nepeceqeu11e11 A II f, HBJIHeTca HHO
aecTBO, COCJ.0Hlll6eca 118 0611111x sJielleHTOB IIHOllteCTB A H f, • 
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B 11,- 11epao11 eBKJIII_AOBOII npocTpaHCTBe Jill6oe orpaH11qeHBOe IIHOHeCTBO, T.e~ IIHOEeCTBO TO'lex,. 

a6cO.llllTH!l6 SHaqeHHH. KOOpAl!HaT x"' ICOTOp!IX He npeBOCXOAHT HeKOTOporo 'IHCJia , I x,. / ~ /11 , 
KOIIIlSKTHO. Tax, HanpH11ep, c~epH II mapu C KOHe'lHHIIH pa;nKyCaul! HBJIHllTCH ICOIIIlaKTH!IUH Xl!OXecr-

B TpexuepBOII eBIC.llll]lOBOII npocTpaHCTBe,a r11nepOOJIOHAH HBJIHllTCH HeKOIIIlSKTHli!llll IIHOEeCT-BB.Llll , . 

BallH• 

' 1Iepel!A611 Teneph K onepe;neJI6HIID TOOOJIOI'll'!eCKOII rpynllli. IIycT. sa;nauo llHOllt~CTBO 6 ~ 
YJlOBXeTBOPHm:t88 BC611 rpynnOB!ill axc11011a11 (cu.§ I, I'JlaB!I I). EcJIH 8TO IIHOE6CTBO 6 
HB.IIH6TCH _O;nHOBpe11eHHO TOOOJIOI'H'l6CKIIII npocTpauCTBOII, npaqeu rpynnoBaH CTPYKTypa rpynna 6 
corJiacyerca c TOilOJIOI'H'!ecKoll CTPYKTypon· npocTpaHcTBa G , TO G uaauBaeTca TonoJior11qec

KOll · H~- Henpep11BHOII ~pynnol!. EoJiee TOqHo, 11HoxecTBO G HaaHBae,ca TonoJIOI'H'!ecxol! 11n 

uenpepLIBHO~ rpynnol!, ecu 

I. G eCTh rpynna; 

.2. G ecn TonoJioraqec1toe npocTpaHcTBo; 

3. rpynnoBaH II TonoJior11qecxaH cTpyxTyp~, G corJiacyDTCH, a aueHao, ecJIH oc a Jf-

- 8JI6116HTH 6 • TO AnH JID6ol! oxpecTHOCTlf VY npoaaBeAeHHH ':t-:J CYlll6CTByllT TaKHe OKpeCT

HOCTII X a Y aneMeHTOB -x-" !J;CoorBercueuo,qTo 11ax.t-XH)}t- '/B!ITeKaeT: :x.y. E- W, 

11 AJIH JIXJ6oll oxpeCTHOCTH l::. aJie11eHTa ::c. ·"- cy111ecuyeT Taxaa oxpecwocn X sJieueu,a ~, 

uo Ha :,c, e- X B!ITexaeT ,c·• E' l. . Kopoqe roi:mpa, npo11aBeAeHHe :>c d" HBJIHeTCH 

HenpepuBHOII ~YHK!lllell OT ::c. H d , a ::c. - '-- HB.llHeTCH Henpep!IBHOII qiyHKitHell OT oc 

ECJIH TOOOJIOraqecKaH rpyuna, pacc11aTpHBaeuaH KaK TOOOJIOrH'lecxoe npocTpaHCTBO, HBlllleTCH 

KOllnaKTH!ill npocTpaHCTBOII, TO ee HaauBae11 KOMilaKTHOl! rpynnoll.. B npOTIIBOilOJIOllHOII CJiyqae G 
eCTh HeK011naKTHaH rpynna. 

facc110Tp1111 HeKOTOpue npa11epu. ~el!CTBIITeJihHSH 'IHCJIOBaa npa11aa P.BJIHeTCH KOllllyTaTIIBHOll 

Hexo11naKTHOl! rpynnol!. rpynna IlOBOpOTOB BOKpyr ~HKCHpoBaHHOl! OCH K011naKTHa, TaK KaK JCall)IHl! 

OOBOpOT :xapaxTepaayeTCH YI'JIOII 'f t aaaqes11e KOTOporo JielDlT B HHTepBaJie O ~ 'f ~ .:Zit i 

-T.e. B Ko11na1tTHOII IIHOXeCTBe. rpynna BpalllePJ!l! B TpexuepHOII SBKJIJ!AOBOII npOCTpaHCTBe K011nax

THa, Tax KaK Kall;noe Bpa~eHHe xapaKTep11ayeTCH TP611H BellleCTBeHHHHII qacJiallH, Hanp1111ep, yr-

Jia1111 BliJiepa 'I',. , ()- , <f~ , a 8TII YI'JI!I IIOllHO paccl!aTpHBa~h KaK KOOp,IUlHaT!I TO'l6K B 

·orpaHaqeHHOII IIHOEeCTBe TpeXllepHOI'O npocTpaHCTBa, T.e. B KOIIOaKTHOII l!HOXeCTBe. Hao60poT, 

rp~nna RopeHtta Hexo11naKTHa. ~el!CTBHT8.IIDHO, paCCIIOTpHII, Hanp1111ep, r11rrep60JIOHA ""'~ 

'.:to':. ,r,,1. re/. ':<.: ~ 1. • B npeo6pasoBaHHH RopeHtta KaH]laH TO'!Ka 8TOI'O I'Hilep60JIOH;na nepeXO)UlT B 

ero ApyryD TO'lKy, npaqe11 AJIH JI1>6ol! napu TO'l8K OAHOll. IlOJIOCTH 3TOI'O r11rrep60JIOH]la cy~eCTByer 

npeo6paaoBaHHe RopeHtta, nepeBO)IH~ee OAHY TO'IKY B .llpyryD. Bu6epe11 Ha HeKOTOpoD· IlOJI~CTH 

3roro rxnepOOJIOllAa 6eCKOH8'lHYD IlOCJI8AOBaTeJIJ,HOCTL roqex x,, XL, • •• :c,.,, ••• , yxo-

.llHlllYID B OecxoHe'!HOCTh. 06oaHa11H11 qepea A,., npeoOpaaoBaHae JlopeHita, nepeBOAH~ee :eepma-

Hy Xo ,ll;aHHOll IlOJIOCTX B TO'IKY x,._, n~ l, '-,_) ••• Mu a11ee11 6ecxoHeqayD IlOCJie;noBaTe.llhHOCTD 
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~-

npeo6paSOBSHHlrl lopeH~a. TaK KSK noclleAOBaTelll>HOCTl, TOqeK :x:~ He CXOMTCH, TO HS noc

lleAOBaTelll>HOCTH npeo6pasoBaHHlrl lopeH~a• .A~ uen1,sa BblAeXHTl> cxoAHl!lYDCH noAnocneA0BaTen1,-

HOCT1>. 
B sau10qeHlle STOrO naparp_aqia 1W yKalltell e!lle Ha OAHY HS oco6eHHOCTelrl KOllnaKTH!il rpynn 

no cpaBHeHHD C HeKOMilSKTHlill:H rpynnallH.-IlycTl> sa~aHa HeKOTopaH orpaHHqeHHSH qiyHKll)!H Ha 

rpynne t-(} ) I j E- G} H nyCTl, cy!lleCTByeT HHTerpax STOlrl qiyHKll)!H no BCelrl rpynne 

J ~ J t ( 3') JJ-
G. 

EcnH npH Bcex d•E- 6 HueeT uecTO paBeHcTBO 

)~(t)~ =· s .f(t,g) "-J 
6 

~]-HM:)-'} 1 G . 
(36) 

~ 
TO 1,!bl roBOpllll, qTO Ha. rpynne 6 ycTaHOBlleHO HHBapHaHTHOe HHTerpHpOBaHHe. B KaqeCTBe 

npocToro npuuepa pacCMOTPHll rpynny IlOBOP~TOB BOKpyr ipHKCHpOBSHHOlrl OCH. KaJt;zullrl aneveHT 

rpynnu xapaKTepuayeTCH Be!lleCTBeHHhlll qucno11: i - yrnou noBopoTa, npuqeu yrnu 'f H o/+~n 

COOTBeTCTBYIOT OAHOMY H TOVY lite nOBOPOTy. KalltAaH qiyHKll)!H Ha rpynne HllllHeTCH_ TOl'AS nepHOM-

qeCKOlrl qiyHKll)!elrl OT If C nepHOAOll .t7t ; EcllH :t. 1,1, }- 060SHaqa10T nOBOpOTbl Ha yr.!IH <r; 
H ~ ' COOTBeTCTBeHHO, TO 3.a-- HBl!He.TCH BPS!lleHHell Ha yron 'fo+ 'f • B ASHHOll cny-

qae paBeHCTBO (36) HlleeT BllA: 
.ur 

~ 'Y<'{) i1 ~ 
0 

4.r,-

~ 1('fi-f.) .If 

TaK KSK 4< « ~ - orpaHHqeHHSH nepHOMqecmi.a iYHKll)!H -c n~pHO]J,OM :uc , TO STO paBeHCTBO 

BblnOllHHeTCH SBTOllSTHqecKH. HTaK, Al!H ASHHOl'O cnyqaH HHBSpHSHTHblll'llHTerpHpOBSHHeM HBllHeTCH 

06uq11oe ~HTerpHpOBSHHe no yrny nOBOPOTa <f OT O AO .t 7C · • MOlltHO no Kasa Tl>, qTO Al!H 

rpynnu'TpexuepHbIX BPS!lleHHlrl.HHBapHaHTHbllrl HHTerpan no rpynne HlleeT BHA: 
J.rr .trr 'If 

~ f(i) ~ "- 1 Ati.._ ).A'f.t J f( '¥ .. , e-, 'f.,) ,...,ue I . 
rAe & 'h. - yrnu 3i'inepa ( c11:/4,5/ ). 

~i,. 

BOSBPS!llSeMCH Tenep1, K 06!1lelrl qiopuyne (36). Ecxa rpynna 0 KOllilSKTHa, TO STOT HHBSpHaHT· 

Hhllrl ~HTerpan cy!lleCTByeT Al!H_JJ.106olrl orpaHaqeHHOlrl \liYHK!ll!H Ha·rpynne ( 011:.161), B. OTxaqHe OT 

HeKovnaKTH!il rpynn, Al!H KOTOpblX Taxoro HHBapHSHTHOrO•HHTerpana orpaHHqenaolrl qiyHKll)!H 

HS rpynne He cy!lleCTByeT. HHEe llbl noKalltell, qTO HS cy~eCTBOBSHHH HHBapHaHTHOro HHTerpHpO-

BSHHH_Ha rpynne BblTeKaeT yaHTapHOCTl> npeACTSBlleHHlrl KOllnaKTH!il rpynn. 
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B npe.lUlAYlllHX naparpaqiax llbl pacc11:0TpeJJ.H pasJJ.HqHue npH11:epu aenpepuBH!il (H.IIll Tononol'H-

. qec~x) rpynn. Bee aTH rpynnu HBllHDTCH rpynnallH Au. HenpepW!HaH rpynna 0 HasuBaeTCH rpyn

nolrl AH,·ecJJ.H xax.lllllrl ee ane11:eHT 11:oEeT 6HT1>-aaAaH npH novollll! KOHeqHoro qucna napaKeTpoB. B 

'ASJJ.l,Hellmell 6yAell paCCMSTPHBSTl, TOJJ.l>KO Be!lleCTBeHHble napSlleTpbl. MHHHMSlll>HOe qucno HeSaBHCH

llllX napaueTpOB, He06XOAffllblX Al!H xapaKTepHCTHKH SJJ.elleHTgB rpynnu AH 0 'HSSblBaeTCH no

pH,llKOll HlllI pas11:epHOCTl>D rpynilbl e • AH npH HsyqeHHH STHX rpynn 38AaeT HX SJJ.eMeHTbl B 

BHAe ~peo6pa30BRl!HR B KOHeqH011:epHOll npocTpaHCTBe. AAO noKasan, qTo Al!H llD6olrl rpynilhl AH 

cy!lleCTByeT HSOllOPif/HSH elrl rpynna npeo6paBOBaH.lllrl B HeKOTOpOM BeKTOpHOM npocTpaHCTBe ( cu.I:/) 
IlOSTOMY PSAH npoCTOTH B ASXl>BelrlmeM rpynilbl AH 6yAell paccKaTpHBSTl, KSK rpynilbl npeo6paBOBa

BHlrl B BeKTOpHHX npocTpaBCTBax. HHaqe l'OBOPH, 6yAell npe)!IIOJJ.al'STl>, qTO KSE,lllilrl SllelleBT rpyn

llbl AH npeACTSBllHeT co6olrl onepaTOP, AelrlcTBYDllllllrl B HeKOTOPOll BeKTOpBOll npOCTpaHCTBe. 3TOT 

onepaTOP SSBHCHT OT Be!lleCTBeHHblX napaKeTpOB ~L ~--· 1 .... H 060BHaqaeTCH qepes 
IZ 

3- ~ T ( ~...... k ) . (37) 

IlapalleTpbl, BXOAHl!llle B MHHHMSlll,HOe qHCJJ.O BeSaBHCHllblX He06XOMlllil napaMeTpOB, BSBblBSDTCH 

Cy!lleCTBeHHhlllH. Mu BCerAa 6yAell npeAilOllaraTl>, qfO napaueTpbl rpynnbl AH cy!lleCTBeHHH. EcJJ.H 

STO TSK, TO pasJlliqHHM SHaqeHHHll napSlleTpOB B 06l!SCTHX H31l8B8HHH STHX napaueTpOB COOTBeT-

CTBYDT pasJJ.Hquue SJJ.eMeHTbl rpynilbl H qffCJJ.O m, B (37) PaBHO pas11:epHOCTH rpynnH. Ubl 6yAell 

Bbl6HpaTl> napaKeTpbl TaK, qfo6bl BYJJ.8Bblll suaqeHHHM Bcex napaueTpOB COOTBeTCTBOBSX eMBHqBbllrl 

sneueHT rpynilbl 

e=- T (010, ... o). (38) 

Ecxa B npocTpaBCTBe, B KOTOPOll 'AelrlCTBYDT onepaTOpbl 'T (t, ·-·· ~-)rpynilbl E, • BBeAell 

HeKOTOpbllrl 6asuc, TO KSllt,lUllr! onepaT,pp T(~.., .... s ... )BupazaeTCH -HeKOTopolt MaTpH~elrl. EcJJ.H Bee IIST

pHqHue SlleMeHTbl ri:r n._, , .. S,.,,) 8THX OllepaTOpOB AH!P\liepeB~pyeKbl no napaKeTpall ~.; 1 TO llbl 

roBopuu, qTo onepaTOPH T ( ~~, ... -S,,.,),llllqiqiepeHUHpyeKH. IlpeAnonaraeu, qTo Bee onepaTopu 

T ( \,.., .... s_) paccuaTpHBae11:olrl rpymlli Jiu 6 .lUl!P\liepeu~pyew. Bo llHOrHX cnyqaHX 

STO Tpe60BSHHe BblilOllHHeTCH SBTOllSTHqecKH. Hanp1111ep, TSK HSSW!aewe llOKSXl>HO CBH3Hble KOll

naKTHble rpynnu AH BcerAa M\liiflepeHll)!pye~8/. 
<ff<~ ..... ~ ... ) T ( \ 

PaccKOTPHll Tenep1, qaCTHble npOIISBOAUble 
O 

l;.. onepaTOpOB ~ .. , .... s..., ) 
rpynnu AH 0 no napaueTpau 1;.., , BBHTHe B TOqKe 

4 

~.~ ~ .. : ... ~ .. =:. 0 , T.e. npu eM-

HHqHOM 8JJ.eMeHTe,H IlOllOXllll 
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A. = J-;- o TU., ... f.., J 1 · 
_,, N -~• . ~.~,L"" ~~ .. ""0 

3Tll onepaTopu Ha3HBaDTCH llH~llHllT83llllaJll>HWIII onepaTopallll l!Jll! reuepaTOpaW! rpynna Jllt 

(39) 

6. 
rpynna JlH .paa11epuocTll Wl, 06J1aAaeT m reuepaTopallll._ 

B KaqeCTBe npllllepa paCCIIOTplill rpynny TpelOlepuux BpameHlllt. Kax~lt SJlelleHT STOit rpynnu 

npeACTaBJIHeTCH B BliAe opToroHaJlbHOlt IIBTPllUli 3 X 3 • 3aBllCHl!lelt OT Tpex napa11eTpOB. B11ec

TO_yrJ10B 31tllepa 11N BU6epe11 STll napa11eTpli CJleAYDlltllll 06paao11. KalltAOIIY_ BpameHllD conocTaBllll 

Be.KTOP, uanpaBJleHHHlt no nOJIOlKl!TeJlbHOIIY uai:rpaBJleHliD OCll noBOPOTa ll paBHHlt yrlly noBOpOTa 

no a6COJIDTHOlt BeJll!qHHe. TaKOlt BeKTOP nOJIHOCTbD xapaKTepllayeT AaHHOe BpameHlle. IlpoeKJUlll ~L. 

\~ ll ~3 3Toro BeKTopa Ha OCll KOOPAHHaT 6yAell BH6llpaTb B KaqecTBe cymecTBeHHHX napa-

11erpoB Bpameu111t. HTaK, Kall,llOe BpameHlle npeACTaBJIHeTCH 11aTpmie1t 3 .x. 3 T ( ~ .. , ~.,, ~3 ) 

HaltAell Tenepb reHepaTopu X . rpynnu TpeX11epuux BpameHHlt. H11ee11 ., 

xi.a,. ~ dr<~ .. , o, CJ> / 
A,· 0~ 

L ~ = O 

J 

npllqe11 T ( ~ 1., 0 1 o) lll!JIHeTcH 11aTpm,elt Bpal!leHl!H ua yroJI 
1 

{ "- BOKpyr ocll O :>!; t KOTOpaH, 

COrJIBCHO COOTHOmeID!HII (34), paBHa 

i o 9 ) 
0 «>s~._ s..;,~._ 

9 - 5 ..;.. t "'•~, 
T(5 .. , a) = ( 0 I 

OTCDAa CJleAYeT, qTO 

( 

0 <) 0 ) 

x~ ~ ~ \ : :i ~ 
AuaJrornuo T(o,~tr 6) 11 1(0 , 0 ,/~) HBJIHDTCH Bpameulll!llll B01£pyr ocelt 

'COOTBeTCTBeHHO, ua yrm J~ ll ~3 , ll llli 11»ee11 

X =o 
.3 

..L x,.::, ~ O O 0 
A, (-

0 ~ 

I 0 

O 0 ~) 

(40) 

O;J ll Oi; 

(40 
1
) 

( 

0 0 - i ) 

... { 0 0 

HeTPYAHO npoBepl!Tbt q-ro reuepaTopu x~ rpynnu BpameHlllt yAOBJleTBOPHDT CJ18AYDlltllll KOllyYTa-

JUIOHHHII COOTH0fil8HIIHII 

. [ x .. , xi] = x. Xt.- X.,_Xi."' ;. x~, [Xt., X_J,, ,. xi., [X3,XJ= •· x~' (41) 
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,.e. L><-., X'i J ~- k E.:j'-)(~ / 

rAe f.,if<. - nOJIHOCTbD BHTllClllll!8TPllqHalt T8H30p Tpenero paHra. 

(41) 

BeJll!qHHY [ X, 1 X; J uaaHBae11 

1to1111y-raTopo11 onepa-ropoB _: X;. 11 • Xj 
Tait 1ta1t rpynna

0

TpeX11epl!l,IX BpameuHlt II rpynna Sl,,{,(%,)noKaJibHO l!ao11o~uu, a 11exAY reue-

paTopallll JIOKaJlbHO ll30110~HHX rpy~n- cymecTByeT B3al!IIHO OAH03Haquoe COOTBeTCTBlle, TO _MR 

ycTaHOBJl8Hlll! KOIIIIYTBJUIOHHHX COOTHOmeID!lt reHepaTOPOB rpynna Bpameulllt IIOlltHO pacc11aTpllBSTb 

BIIBCTO STOit rpynnu rpynny S Ll (2). ,llJlll onpeAeneHIIH reuepaTopoB nD6olt rpynnu S U,( ri.) 
AOCTaToqao pacc110TpeTb sne11euTH aTolt rpynna c 6ecKouequo 11aJ1W111 auaqeHllHIIII napa11eTpoB.· 

TaK !taK uyneBHII auaqeHIIHII napa11eTpOB COOTBeTCTByeT 8AHHllqHaH 11aTp11qa 1 t TO B nepBOII 

nopHAKe no 11anw napa11eTpa11 S.;, w ll11ee11 

T ("~ .. , ... s..:) = I + ~ ~..: X ., , (42) 

rAe A. :, .i. o T ( S.., .. -5,J l . 
" . 0~ v ~ $,~ $.~ .. .,J.., ::: o 

Ha ycnoBllll YHllTapuocTH 11aTpllq T ( ~ ._, • •· L,) 
,..,., ... -t- ) I To., ... ~ ... ) I (t, . .J.)f (t, ... f,.,) T ( L, .- L, "' 

cneAYeT, qTo AJ!H JID6olt yuHTapuolt rpynnu t,l(vt,) 

(I-.:t x:) (I+•~;Xi)"' I+, ~i ( Xi- X/) ~ I. 

DTCDAa nonyqaeu 

)(~ :=. X;, ' • (43) 

T,e. reHepaTOPli x~ YHllTapuoR rpynna 

nopH~Ke no ~~ onpeAe1114TBJlb 11aTp11qu 

u (n,) llBJIHDTCH aplll!TOBlilll! 11aTp11qaW1. B nepBOII 

T ( 5._, ... ~-) ' onpeAeJIHellOlt wopuynolt (42) / 

paBeH 

.t .. t T(~.,--- ~-) = -1.. +·i \: sr X., 

Ecim 1.1aTp11qa T(t ... ~ ... ) yu11110AYJ1Hpua, TO w H11ee11 

sv x ... =- 0 

HTaK, reHepaTOPH YHlillOAYllllPHOlt rpynnu IIIIBDT mnypu paBHlie HYJID ll reuepaTopu rpynnu 

(44) 
S llCn) 
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llllJlllDTC!I 8PIIIITOJlWLII 11aTp11ua1111 C BYJ18Jllilllll mnypa1111 • .llJill rpynill,l 5 u (:i.) 8TII reBepaTOp!I 

llllJlllDTCH 8PIIIITOB!IIIII 11aTp11ua1111 Z~:l C HYJI8B!IIIII mnypa1111. Cym:ecTBYDT TPII H83!1BIIC.IUllie 11aT

p11ui,1, YAOllJl8TBOpHDllllle 8TIIII YCJIOBIIHII. 3To - llaTPIIU!>I Ilayllll 

E,~ - (: ~ ) (
0 -A, ) 

G;_- _,.· ~ I 6;= <: ~i-) 
HTaK, rpynna SU(2) aaBIICIIT OT Tpex napa11eTpoB. HeTpy}Ulo npoBepHTb, qTo 8TH reHepaTopu 

rpynIT!I .S U, (z.) , A8Jl8HH!Ie Ha 2 ,YAOBJieTBOp!IDT TaK1111 Jte KOllllyTaUHOHH!Ill COOTHOmeHIIHII, qTo 
11 reHepaTopu rpynnu Bpam:eH11H 

[ o..; 1!i._] - ..., E.. ~ 
.Z 

1 

1,, - -'JA-- T (4I ) 

M!I noKasaJIH, qTo :Mll rpynIT!I Bpam:eH111,l IIJIII rpynIT!I s U(z) KOL!llyTaTOp!I AByx reHepaTOpOB 

HBJIHDTCH JlllB8HH!IIIII K011611HaUHHllll Bcex reHepaTopoB rpynnu. TaKoe CBOHCTBO 1111eeTCll II P.Jlll Jlll

Cloll rpynIT!I J111. IlycTb 6- rpynna JIii paa11epHOCT11 wt. 11 X . , , ,,_ 4, t., · · · ..,__ -ee reHe

paTopu. Torp,a KOMllYTaTOp!I [ X;., \J JlDCl!IX AByx reHepaTOpOB !IBJI;DTC!I JIIIHeffH!IIIII KOHClllHaUH-
HMII Bcex reHepaTOPOB 

[ X; I )(i J =, 

k c .. X,,_ ,.J T< 

~ 
rp,e 

llTO 
(iJ. - ITOCTO!IHBble, BaS!IBae11ue CTpyKTypHblMII KOHCTaHTa1111. c~; aBTIICllll118TpllqH!I OTHOCIIT8Jlbll0 P,Byx Hll:EIIHX IIHP,8KCOB 

{ 

c.j 
a 113 TOEA8CTBa HKOOII 

c.i 
F· J 

{45) 

Ha B!IpaEeBllll (45) CJieAYeT, 

(46) 

[ x .. ) \i, x{,. J] -+ l xiJ x'-, x.-JJ + [ x'-- [x.-, xi J] = o·· 
(47) 

noJiyqaeu cooTHOmeH11e 

.., .{ WI .I'. "'1 ,(, 

c.:,t cit ... C;.r, c1; ... cu ci = () . (48) 

CTpyKTYPH!Ie KOHCTaHT!I KaEAOK rpynITl,l JIii OAHOSHallHO onpeA8JIHDTCll CTpyKTypoa P,aHHOR 

rpynnu. OClpaTHO, OHII Taia:e IlOJlHOCTbD xapaKTepuayDT P,aBeyJO rpynny C TOqBOCTbD AO JIOKaJ!bHO
{ 

ro ll80IIOpqi11a11a, a 11118HHO, AJill KaEp,01,l CIICTell!I ITOCTO!IBH!IX c.: , YAOBJieTBOPllDlllllX (46) II 

J 
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(48) i:ym:ecTJJyeT rpynna JIii 0_. ' CTpyKTYPHllllH KOHCTaHTa1111· .KOTopol,l CJIYEST AaHHlile noc-
' .{.._ ;,. I •• .. -t._ 

TOHHl!lI8 C..:. • JIDClall rpynna 6' co CTPYKTYPHllllll KOHCTaHTallll r... . ,JIOK8JlbHO !!80110ptJ)-: ' 

Ha rpynne & ( ITop,poClHO 011/9 ,IO/). J 

' § 3. Allre6pu JIH 

Pacc110Tp111,1 Tenepi'cB!ISb ·11eE.ny.rpynna11a JIH II TaK HaS!IBaew1111 aJ1reClpa1111 JIH. ITycTb 

-a~p,aHO 11HoxecTBO. L; ·0ClJ1a;11aDm:ee ClleAYDID,llllll cBoi!cTBa1111: 

I. EcJIII "A II Y !JCTb aJ1e11eHT~ • L , TO cyu11a· X + Y 11 ~poaaBeAeHlle A,- X c JIJOOW 

Bem:ecTBeHHW. (KOllnJieKCHW) llHCJIOD A. TaKllte np11Hap,J1eEaT L. ~c10p,a cJieAYeT, llTO ecJIH 

x~, .. .. x_ - 8J1e11eHTlil L I TO. JIDClall J111Hel!Hall_K01i611Ha[llll1 [lL~ X.,;, C Bem:_ecTBeHHWI'• 

( Ko11ITJ1eKCHlilllll) K08\MJH~e11Ta1111 ..\..: TaKllte eon aJ1e11eHT L •.= ' 
.2. Cym:ecwyeT HeKoTopall onepaUHa, KOTopa!I cocTaBJilleT KalltAOl! nape aJ1e11eHTOB X II Y. _ 

1111oxecTBa L onpep,eJieHH!II! aJiell~l!T. Toro ze IIHOEecTBa, 0CloaHaqae11!Ili qepea · )( • Y a 

HaalilBaelllilH npo11aBe·p,eH11e11 aJ1e11eHTOB 5<- 11 Y' 
3. llpo11sBeP,eH11l1 aJielleHTOB II npo11aBeP,eHHll 8J18118HTOB Ha llHCJla J\ YAOBJleTBOpllllT 

yCJIO.Bllllll 
(-\ ... X,. )- '/:.. X; '/ '.t X,_· y ~- Y.(x,+ x,_) =- y. ~.._ + '/· X,_ J 

c1.('f-·Y)== (o(/\)_• Y ~ )(_.(<(Y) 

TaKoe IIHOEeCTBO L aas!IBaeTCll aJire6po~ Hap, noJ1e11 Bem:ecTBe~H!IX 

COOTBeTCTBeBBO) qHcen. ECJIII Kpo11e aKCHOII I - 3 npOHBBeP,8Hllll allre6pu 

Taltlte COOTHOM8HIIHK 

'f.: y -t- y. X = o i 

X·CY-_~)+ 'f Ct-t<) 

TO OHa HaS!IBaeTCll aJire6poi JIH. 

+ l:.·(X·Y) 

(11J111 K011nneKCHhlX,. 

L YAOBJieTBOpHDT, · 

('t9) 

=o 
j (50) 

M!I 6yp,e11'pacc11aTpHBaTb JlllWb ROHeqHollepH!Ie aJireClp!I J111 • .l!Jlll Kazp,ol! KOH8llHOMepHOH aJire6-

PlI JIH cym:ecTByeT TaKall cacTe11a n11Hel!Ho HesaB11ca111,1x aJ1e11eHTOB X . , i. = ~, z, · •. ""' , 
. ' • , 4, /. 

aaa!Illae11a!I 6as11co& a;o~ aJireClplil, qTo xax,lllilt ee SJ1e11eHT !IBJIHe!Cll JI11aeaHoH R?KCl11Ha1111eH aJ1e-

11eaTOB X; , ... =- -t., i, . .. ""', m. Has!IllaeTcll·pas11epHOCTbil p,aHHO~ aJireCipu JIii. Ha 

aKc11011 I - 3 CJleAYeT, qTO npOH8Bep,eH11e JIDClblX ABYX 6aBIICH!IX 8Jl8118HTOB X;·H_ xj 1111eeT 

Bl!p,: 

'A._-. )(JI = 
{, 

c .. i -X~ 1 (SI) 
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; t < ~ :}; -

t 

,1 
,I 

r -

!i 

i 

f·-

/ 

-r,_ 
np11qe11 Mlt aJire6p~ JI;i CTPYKTypHUe KO~cTaHTH Ci Y.llOBJieTBOPllllT ycJIOBl!ltlf (46) 11 (48), 

BHTeKalllltl!II 113 (49) 11 (50). AJire6pa ]!11 Ha3blBaeTCll KOlflfyTaTIIBHOll, ecJIII. X· Y =- O ,llJill 

;rn6olfnap~ )( 11 '/ _. 

Ilp1111epo11 aJire<lpH Jll! HBJIHeTcll aJire6pa, 6aa11c KOTopo1t-cocT011T ua Tpex 11aTp11~ IlayJI11 6'".._, 

S,i; ~ 6j I np11qe11 np0113Be,lleHHe .llBYX 8Jl6116HTOB (5"..: 11_ OJ 8TOII anre6p!,[ JlH onpe,ll6Jlll6TC!t KaK 

KOllliyTaTOp .llBYX 11aTpll~ OA II 01} 

oA • S'i ;,_ [ 0..:; 6)]· 

-'Boo6111e roBopH, reHepaTOP!,[ rpynnH JI;i o6paayDT aJire6py h, B KOTopoli npo11aBe,lleH11e11 aJie11eu-

-TOB aJire6pH llBJI~eTCH KOllllyTaTOp reuepaTOpOB. B ,llaJibHetame» B Kal!eCTBe IlpOHSBe,lleHHH X• Y 
8Jl6118HTOB anr-e6pH Jlu 6y,llell Il0Jlb80B8Ti>Cll o603H8l!eHl!ell KOllyYTaTopa [x, YJ. AJire6pa, .lI;i , 

(reuepaTOpOB) rpynnH ]!11 IlOJIHOCTbll onpe,lleJIH6TCH 8TOll rpynnoll. 06paTHO, aJll'e6pa .lI;i rpynnH 

JI11 onpe,lleJIHeT 3TY rpynny O,llH03H8l!HO C TOl!HOCTbll )10 JIOKaJlbHOrO ~30110l)W113lla. 

AHaJiorallll IlO,llrpynnu II IIHBap11aHTHOl! ITO,llrprnnl,[ B.aJire6pe HBJIHllTCH'IlO,llaJire6pa_ll ll,ll6SJI. 

EcJI11 B aJll'e6pe JI;i L . cy111ecTByeT MHOJ11:eCTBO L aJieueHTOB, KOTopoe ca110 HBJilleTcH anre6poll
1 

\ . I -

h, TO aTo 11HoxecTBO Ha3!,[BaeTcH·no.llaJire6poll L anre6pu JI;i -L. OHO 1111eeT cJie,llylll!lee 

cBollcTBo: Mll JI116olt nap!,[ aJie11eHTOB · XE- L1
11 Ye- L' npo11aBe,lleHHe [X, Yj npHHa,llJie,,. 

( - I 
uT L ~ [ x, Y J (: L . C11MBOJIHT1ec1t11 w nume11 

[ L', L: J C L 
I 

EcJIII N - TaKaH no,llanre6pa anre6p!,[ Jiu L , TITO MH JID6Ia · X E- N II Y E- L npo11aBe,lleH11e . 

[ ;<. 
1 
y J E- N 

1 
11JI11 c1111BOJI11T1ec1t11: 

[ N, L]- C N J 

TO N uaablBaeTCH 11;zieaJI011 aJll'e6pu Jiu L . 
Cy111ecTByeT TecHall cBHab'. 11eJ11:.llY no,llrpynnoll rpynnH JIM II no,llaJire6polt anre6pu h, ,,a TaK

xe .lleJll:.llY HHBap11aHTHolt· no.llrpynnol! H H,lleano11. EcJIII G ecu rpynna JI;i II L ecu ee anre6-
, , , ,!:,.' , L 

pa Jiu, TO aJll'e6pa Ls. no;zirpynnu v HBJilleTcll no,llaJll'e<lpoij anre6pJ,1 Jiu , a aJll'e6pa Jiu 
, ', - \ 

11HBap11aHTHoli no,llrpy= 'H HBJIHeTcH 11,i,;eano11 aJire6p!,[ JI;i · L (no,llpo6Ho c11/II ,IZ/). 

Hall014Hl!ll 1 ~TO rpynna-HaaUBaeTCH·IlpQCTOll, eCJIII OHa,He 1111eeT HHBapHaHTHOll llO,llrpyn~, 

OTilll!HOlt OT caMOlt rpynnu~ aa·HCKJllll!eHl!ell ,lll!CKpeTHHX IIHBapHaHTHHX IlO.llrpynn)II HS3W!aeTCll 

llOJiynpocToll, ecJIII OHa He Hll_eeT KOllllYT8TIIBHOll (He,lll!CKpeTHOll) HHBapHaHTHOll IlO,llrpynnu. !JI

re6pa_ JIH HS3HBaeTCll npOCTOll, ecJIII OHa He'H11eeT H,lleaJia, OTJil!l!HOro OT ca11oa aJire6pH II Ha-
- , - , ' 
3HBSeTcll'noJiynpocToll, ecJIII OHa He 1111eeT KOIIJIYTSTHBHOrO 11,lleana. Anre6pa Jiu npoCTOll rpy= 

30 

J!Jt npocTa,·a anre6pa Jui noJiynpocTOll rpynnu JlH noJiynpocTa. 

nycn aa;ziaHa HeKOTOpa!t rpynna Jlll G KOHel!Holl paa11epuocT11 Wt,, reHepaf<>pu xo

Topolt 06paay11T aJire6py Jlll L TOlt 1:e paa11epuocT11. Ecn B 11Jire6pe L cy111ecTBYllT xo11-

11YTIIPYDl!ll!e aJielleHTH, TO 8TII 8Jl~lleHTH o6paayllT KOllllyTaTIIBHYll Il0,ll!1Jlre6py.aJll'e6ps JIJ:· ~ • 

MaKCHYaJibHYll xo11MyTaT11lrny11 no,llaJire6py K aJll'e<lpl,[ Jlll L uaab1Bae11 no,llaJll'e6poll KapTaBa 11JI

re6p!,[ JIii L , H odoasaqae11 qepes · ti,., 6aal!CH!,[6 3JielleHT!,[ 8TOl! IlO,llaJll'e(lp!,[ KapTasa. 

l,111ee11 ,· 

[ tt · tt • 1 - o .-,J· = 1-,z, - ,.,, J J - ' 
,!. 

Paa11epuocu t no.llaJll'e6pu KapTaHa 11Jire6pu Jiu L uaablBil.eTCll paHr011 anre<lpH Jlll L 11JI11 

pauro11 rpynnu ]!11 G , aJire6poll Jlll KOTOpolii HBJilleTCll 11Jire6pa .1lH L • 
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m. IIPE.l\CTABJIEHl1H l'PYIIII JIB 

§ I. Orrpe.11eJ1eHxe rrpe,;crB.l!J1eHl!ll rp:yrrrr~ JlJ{ 

Ilycr» E -·HeKoTopoe BeKTOpHoe rrpocTpaHCTBO, aJ1e11eHTli KOToporo o6o3Ha1U111 qepea :;;? 

ll Ha30Bell BeKTOpaMll B ;!18HHOII rrpocTpaHCTBe. Eclil! BBe;llell HeKOTOpbll! 6aaHC, COCTOHil\llll ll3 
-1 -, ➔ -, 

JlllHellH<?c He3aBllCllllWC BeKTOpOB .ei. , e-t •• ~ , ..ett, •• • , , TO :rrn6oll BeKTOP :X: MOllteT 

·6blT» rrpe)ICTaBJ!eH B Bll;lle: -X :a. X, e! o( o( • 

_,., . 
BeKTOP X IJOJIHOCT»D orrpe;11eJ1HeTCH~CBOl1Kll KOIIIJOHeHTaKll X:.c• Pacc110Tpllll Jil!Hel!Hoe npeo6-

pa30B8Hlle R npocTpaHcTBa E • Ilpll aT011 npeo6paaoBaHllll BeKTop ~ npeBpall\8.eTCH B ~ ' 
_, _,, R-, 

I 
Ko11noHeHTbl ?vo(BeKTOpa 

?C, ~')> X :=.. :X. • 

➔, 
X, BblpalltaDTCH Jll!HellHO qepes KOIIIJOHeHTbl ?CJBeKTOpa 

' ?C,.( :,. R.,cf xf 

-> 
X 

11 R~ HaaHBaeT~H 11aTplln;ell npeo6paaoBaH11H R • Ilpeo6paaoBaHHe R TaKlle H83b1Bae11 Jll!Helil

Hlill otepa,opo11 B npocTpaHCTBe E . By;11e11 roBOPllT», qTo aa;11a~o npe;11cTaBJ1eH11e R 

}-'l RCt) (52) 

E , ecJIII Kauo11y ane11eHTY } ~ 6 conocTaB

E · raK, qTo npo11aBe;11eHllD a:rre11eHTO~ rpynnH 6 
(a6cTpaKTHOII) rp;nnH GB npocTpaHCTBe 

n~eTCH npeo6paaOBaHl!e R(:r) npocTpaHCTBa 

.coOTBeTCTByer npo11sBe;11eH11e npeo6paaoBaH111!, T.e. 

R ct .. ) fZ CJJ ·,,_ IZ (,,. 1,J J 
(53) 

!!JIii B 11aTp11qHOII Bll;lle: 

R(3.),, R~~) =- R.(3, ~.1.).la (53 ) J Jo 
0Tcn;11a cneAYeT, qTo e;11l!H11qH011y ane11eHTY e· coorBeTCTByeT e)ll!HllqHulil onepaTOP I (Tos

;11ecTBeHHOe npeo6paaoBaH11e) 

R(0):,. I (54) 

TaK KaK 

32 

R<,,)RC~)=·· R(e~,,)~ R(~,) ,1 

-1 • a o6paTHOIIY 3Jl8116HTY } COOTBBTCTByeT o6paTHOe npeo6paaoBaHl!e 

_1 

R-(i) R.(r,.)1 (55) 

T8K KaK 

R (J-) I\ C~,) ~ fZ{t-~t ).:c ~(~)=- I 

l1Ha'le roB':PH• eclill cy111ecrByer ro110110J)W11s11 rpynnH G B rpynny R npeo6pa:,oBaHl!ll npocr:

paHCTBa C. , ro R HaaHBaercll npe;11cTaB:r1eHHe11 rpynllli G • EcJIII rpynna G 11so11owHa rpyime 

R, TO npe;11cTaBneH11e R HaauBaerca TO~Hw. IlpocTall );fpynna 06na;11a~T lillm» TO'lHliKII npe;11-

cTaBJ1eHl!Hllll, TaK KaK H'APO ro110110J)Wl18lla COCTOHT TOJl»KO ll3 e)ll!HllqHoro 3Jl8lleHTa. EcJlll 

aa;11aHo npe;11craBJ1eH11e R rpyn~ tJ B npocTpaHcTBe E , ;o roBopl!II TaKlle, 'lTO rrpocTpaHCTBO 

E rrpeo6paayeTCll no npe;11cTaBJ1eHHD R rpynllli 6 • 
l1pH11epb1 

I. PaCCKOTpllll rpynny TpaHCJIHD;llll B Tpex11epHOll npocTpaHCTBe. Kax;11aH TpaHCJ!llW,:H xapaK

TepllsyeTCH BeKTOpo11 nepeaoca "rr!. Ilycr» E HeKOTOpoe Ko11nneKcHoe npocTpaBCTBo, ll Ka.Jt

;!IOI! TpaHCJIHW,:H Ha 
.:ti' qllCJIO .e t r;11e 

BeKTop ;:;:. conocTaBHII orreparop y11HollteH11H BeKropoB l!S E Ha KOIIIlJIBKCBOe 

f- HeKOTOpbilil ~l!KCl!pOB8HBblll TpeX11epBbilil BBKTOp. Tor;11a npol!SBe;lleBIID 'ABYX 

TpaCJIHD;lll! it!_ 
.:i'(~ .. ~) 

➔ c-t -} 
II 't,l, ' T.e. TpaCJIHD;llll 't._ + 't,1, 

~r~ .i.:-' .t.'~ 
t COOTBBTCTBYBT onepaTOP YMHOllteHl!H Ha 
~r~ 

e = ..e ·.e."= .e • e L , T.e. npo11sBe;11eH11e onepaTopoB, 
➔ ➔ COOTBeTCTBYDlllHX TpaHCJ!llW,:HII 'l,t. II 't-t • Mbi nonyqae11, TaKH11 06paao11, npe;11craBJ1eHHe 

rpynIJH TpaCJIHD;llll. 

2. ECJ!ll 3JleMeBTbl rpynllli 6 HBJIHDTCH,npeo6paaoBaHl!Hllll B B8KOTOpo11 npocTpaHCTBe, TO 

COOTB8TCTBll8 
~ _., R~) =- }-

Ta!Clle ;11aer BeKoropoe npe;11cTaBJ1eH11e rpyrrnH 6 . 3ro npe;11cTaBJ1eH11e rpynllli G c0Bna;11aer c 

rpynnolil 0 ( cymecTBYDT, KOH8'lHO, II ;llpyrlle npe;!ICTaBJieBllH, Be COBIJ8;!18.Dlll!l8 C 6 ). 
3. Ecllll BCHK011y ane11eHTY rpynllbl 6 conocTaBl!II e;llllHll'lHHII orrepaTop B npocTpaHCTBe E 

} -> I.., 
To llbl nony,iae11 e;lll!Hl!qHoe rrpe;11cTaBJ1eH11e rpynIJH· 6 . 

0Tll8Tllll, qTO B O;!IHOII ll TOIi lite npocTpaHCTBe E. 11oryT cymecTBOBaT» paSJ!ll'lHble npe;11-

CT8BJ1eH11H O;!IHOlil ll TOlil lite rpynnbl. 0;!1HaKO He Bee npe;!ICTaBJ!eHlla cy111ecTBeHHO OTJ!ll'laDTCH. Cy

meCTBYDT npe;11cTaBJ1eH11H, KO?Opue 11b1 HaaHBae11 3KBIIBaJ!eHTHblllll. 0Hl! He OTJ!llqaDTCH cy111ecTBeHHO J 
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,,.. 

I! l!X llOlltllO OTOllCll,6CTBl!TD. EKBHBSHeHTHHe npell,CTSBJleHl!H onpell,eHHDTCH CHe;lcyDl!lllll 06paso11. 

l!ycTD sa11,aHo HeKoTopoe npe11,cTaBHeH11e R rpynnu 6 B npOcTpaHCTBe f , np11 KOTopou KallC-

11,011.y aHelleHTY j-- coOTBeTCTByeT onepaTop R ( ~). Pacc110Tp1111 TenepD HOBHe onepaTOpH 

R1
(~),,,_ A-~RC5)A

1 (56) 

r11,e A - HeKOTOpHll onepaTop B npocTpaHCTBe E • Mli Hllee11 

R
1

(}._) R' (3-.t,) ,,_ A-~ fZ-<~ A A 1 

R (}..,) A ==-

A-
1 

IZ(3J fZ(i .. ) A = 
--1 . 

A R(1:g-.r.> A == P-.' (~. ;;-... )/ 

T.e. COOTB6TCTBHe 

} -? p,_' Cy) 
I I 

11,aeT HOBoe npe11,cTaBJ1eH11e R. rpynnu G B · E • Ilpe11,cTaueH11H R H R , cBHSaHHHe cooT-

HomeH11e11 (56), HSSHBaDTCH 8KBHBSB6HTHHIIH. B 11,anHeltmeu 8KBl!BaHeHTHHe npell,CTSBJleHl!H paaJIH

qan He 6y11,e11. 

§ 2. YHHTapHHe npeACTSBH6HHH 

l!yCTD npocTpaHCTBoE HBJIHeTCH rllllD6epTOBWI npocTpaHCTBOII, T.e. KallCll,OH nape BeKTOPOB 

i! H j npocTpaHCTBa f cooTBeTCTByeT xo11nJ1eKcHoe 'lllcHo, HasuBae11oe CKaHHPHHII npo11s

Be11,eHHe11 (-;!. 'i-), yll,OB]l6TBOpHD~ee YCHOBl!Hl! 

... 
(

--'J _.,) c--, ➔) 'X.•";j- = d'.x, ) ((~+ ~~),;) 

H 

( ;;_.,_ fl}) ( .,._, -..:, ) 
A.x. ~ =,, 

(
-? _,,) -? --'>) 
:X:1• ~ + ( x.,,. 'j 

( ➔ -~) A x. -:;-. 

(57) 

(58) 
11,HH Hn6oro KOl!nHeKCHoro 'll!CHa j\ • Ilpeo6pasoBaHHe R B 8TOM npocTpaHCTBe Ha3i,rnaeTCH 

yHl!TapHWI, ecJIII OHO He lleHHBT CKanapHoe npOH3B6ll,6HHe HD60ll napbl BeKTOPOB, T.e. ecmi 11,]lfl 
--'> -~ 

]IJ(J60ll nap1,1 BeKTOPOB ~ H d' BHil0JIHH6TCH YCHOBl!e 

(F-~- R;j)=- ( _., -~) "-· d . 
(59) 

3TO onpell,eHeHHe YHHTapHHX npeo6pa3oBaHl!ll B CJ!ytrae KOHe'lHOl!epuoro npocTpaHCTBa COBna11,aeT 

.C onpell,eHeHH611, 11,aHHblll B n. ! J §I• 

J4 

onpe11,eJll!ll TenepD YHl!TapHoe npe11,cTaBHeHHe rpynnu. llycTD rl!HD6epTOBo npocTpaHcTBO E 
npeo6paayeTCH no npe11,cTaBHeHHD R rpynnu 0 . Ec]II! Bee onepaTopH R(a) aToro npe11,cTaBHe

HIIH yHl!TapHbl, TO OHO Ha3blBaeTCH YHl!TapHHll npe11,cTaBHeH11e11 •• 1!0KallCe11, 'lTO 11,]IH JIIJ60ll KOl!llaKT

HOll rpynnH Kalltll,Oe ee npe11,cTaBHelill:_e 8KBl!BaJleHTHO HeKOTOpouy YHl!TapHOllY IlPell.CTaMeHl!IJ. ]lo

K83aTeJIDCTB0 8Toro YTBeplltll,eHH_l! OCHOBHBR6TCH Ha TOIi, 'lTO 11,Jll! K011naKTHOll rpynnH l!OllCHO BBeCTH 

1!HBap11aHTHCB l!HTerpHpOBaH11e. 

IloKallCell npelEll,e Bcero, uo ecHl!·._onepaTopu R (3-) HeyH11Tapuu OTHOCHTeJIDHO sa11,aHuoro 
➔ ➔). 

cKaJIHpHOro npo_llSBell,eHl!H ( 'X. • d° , TO llOlltHO BBeCTH TaKoe HOBOe CKSHHPHOe npOll8B6ll,eHl!e 

( 'i.1 • j- ) ' , <rTO OTHOCl!TenHo a Toro CKBHHpHoro npo11aBe11,eHHH Bee onepaTopu R (}) yH11Tap

HH, T.e. 
I 

( R(:}') ~ · R Cr) ~ / =- (~-?). 

OTMeTIIII npelEll,e Bcero, 'lTO 11,Jll! ]IIJ60ll napbl BeKTOpOB 
➔ oc -11 "j- B6JIH'll!Ha 

:f-{i)::,. (R(~~;t. R(~)i) 
HBJIHeTca HeKOTopoll orpaH11<reHHoll ~YH!t1'Hell Ha rpynne G , ll,JIH xo11naKTHoll rpynnu 

cy~eCTByeT HHBap11aHTHHll HHTerpaJI ( Cl!. ~PIIYHY (36)) 

~ f(.fv)..tfi- =- ) f(!:Cv) .,(-t',," 

G C;, 
r11,e .1- JIIJ6oll aHelleHT rpynnH G . l!OHOlltllll 

f :f{t,r)Jft_/ 
G 

(i?. 5F )
1 
= j ( R(t,) ~- rzc~J;') ct-fv 

(60) 

6 

(6!) 

HeTpyll,Ho npoBepHU, 'lTO (:i:. ;;'.')9yll,OBJleTBOPHeT COOTHOmeHlllll! (57) Iii (58), T.e. Yll.OBHeTBOpHeT 

YCJIOBl!Hll l1,JlH CKallHPHOrO np01!8Bell,eHIIH. Ilo OTHOmeHIIIJ K 8TOIIY CKaHHPHOIIY np01!3Bell,eHIID BCe 

onepaTopa Re,.} yHHTapH!il, Tait KaK corJiaCHO (36) II (6!) llH u11ee11 

(RCJ)~- R<,>il= t(RWR(,-)t; R(-r,,)R(:>->i) ,l{i, 

J(R(t-3-)x'. R(t.:;,)}),u,, '"' ) (R({.,)~- R(~)j)~, = (x:'.JJ< 
(, 6 ._,, 

T.e. YCHOBl!e YHIITapHOCTI! (60) BHilOHHHeTCH. IlyCTD TenePD ~~ - HeKOTOpblll 6aa11c, opTOHOp-

lllilPOBSHHHll OTHOCIIT8HDH0 CTaporo CKSHHpHoro np0113B6ll,eHl!l! 

a 
-"I I 
e." - 6aa11c, 

(
--, -7 ) 
.e..(. er, = S""'J J 

opTOHOpllllpoBaHHHll OTHOCl!TeHDHO HOBOro CKSBHPHOrO np01!3Bell,eHl!H 

( ➔' "') I ('"' e.o(. et = oo<.f> 
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060SHatn111 qepea A onepaTop, nepeBO.l\l!ll\1111 e: ➔'. 
B .e..,, • 

f 

A~ 
-, 

= -eo<. 

-, EcIDI .....,, 
x..,_ ~.,. -x.= 

-) 

~ .. -e-.,_ 
_., 
~ 

_,, TO A-, 'X,.,_ ~;. X. = 

_,, 
A-:J ;_ "J-.,. -e.o1 J 

11, cJie,l\OBaTeJibHO, 

I 
(A;;. A?) x.,< "} ,<. ( -;;?. ; ) ,J 

l!Jlll 
I 

(~,·~) = ( A-\2. A-
1
;) • 

IloJIOlltllll Tenepb 
R' Ci):::, A_._ Rt0) A 

Ha COOTHOmeHIIII (62 1
) (60) 11 (62) cJie;n,yeT, '!TO 
) 

(R1(:i,);:. R'Cr)d')"' (A-'-Rcj)A~-A-
1

R(;r)A;}) =-

' ( RC~)A~- fl..~) It j) = (A~- Al) 
I 

(- -) ) :x.ef/J 

(62) 

I 
(62 ) 

I 
T.e. Bee onepaTopH R (3-) yH11TapHH OTHOCIITeJibHO cTaporo cKaJI11p11oro npo11aBe.11e111111. TaK1111 

06paao11, Kallt,l\Oe npe,llCTaBJieHlle K011naKTHOI! rpynnH 3KBIIB8.JleHTHO YHIITapHOIIY npe,llCTaBJieHIID. 

IlOSTOIIY B ,l\aJ!bHellme11 ,llnll K011naKTHOII rpynnH J11 W:l 11oze11 orpaHll'!IITbCll Jlllmb YHIITapHHIIII npe.11-

CTaBJieHl!llllll. 

§ 3. Henpi!BOJ!IIIIHe npeACTaBJieHl!ll 

IlycTb aa.11aHo HeKOTopoe npe.11cTaBJieH11e R rpynnH E, B npocTpaHCTBe E II [1. 
- HeKOTOpoe no.11npocTpaHCTBO npocTpaHCTBa E , T.e. HeKOT~poe 11HozecTBO aJie11eHTOB 113 E 

➔ -
KOTopoe ca110 l!BJil!eTCll npocTpaHCTB011. B npeo6paaoBaHIIII R (}) BeKTOP -x 113 l::1. npeBpa-

lI(aeTCll B BeKT~P R(,-) -;:, KOTOPHII np11Ha,llneUT E , HO 11ozeT II He np1111aMelt8.Tb E-;1.. • 
EcIDI BeKTOPH RC~,) "it np11Ha,l\Jie1taT E1. np11 mo6HX X: 11a E.:1. 11 JID6HX npeo6pasoBaHlll!X 

R. (~) , T.e. ecJIII BO Bcex npeo6pasoBaHl!l!X RC3--)BeKTOPH 11s E:t. npeBpall\8.DTCl! B BeKTOPH 

aToro ze no.11npocTpaHCTBa, TO r0Bop1111, '!TO E'- l!BJI11eTc11 IIHBap11aHTHHII no.11npocTpaHCTBOII 

npe.11cTaBJieH1111 R. • Ilpe.11cTaBJieH11e R B npocTpaHCTBe E HasHBaeTCl! np11Bo,l\1111H11, 

ecJIII cyll(eCTByeT HeTpi!Bl!allHOe no.11npOCTpaHCTBO E1. , IIHBap11aHTHOe OTHOCIITellHO ,l\aH-

.36 

11oro npe,llCTaBJieHllllo ECJIII TaKoro HeTpi!BilaJ!bHOrO HHBap11aHTHOro no.11npocTpaHCTBa He Cyll(eCTByeT, 

TO nP.e.l\CTaBJieHHe HaSHBaeTCl! Henpl!BO.l\llllHII, , 

IlyCTb R- BeKOTOpoe npi!BO,l\lll!Oe npe.11cTaBJleH11e rpynnH b B npocTpaBCTBe f: , E,._- Hexo-. 

Topoe IIHBap11aHTHOe no.11npocTpaHCTBO npe.11cTaBJieH1111 R ·, a Ez- opToroHaJibHOe .11onoJIHeH11e*J 

K E • Ilo1taxe11, '!TO ecn11._npe.11cTaBJieH11e. R yHHTapHo, TO E2, Taiixe HBJil!eTc11 IIHBap1iaHTHH11 
1. ➔ . 

no.11npocTpaHCTBOII, ,llel!CTBIITeJ!bHO, nycu "1- (:- t '- t ¾ . & E.t • Tax KaK £:f. l!BJil!eTCH 

1111Bap11aHTHHII 110.11npocTpaHCTBOII, TO_ R<iTt.x: ,,_ R.~-•),x:' Taiae npllH8M8llJIT £;1.. H 

11H a11ee11 

(Rctr L x: . ~ ) = o 

Tait KaK npeACTBBJieHlle R YHIITapHo, TO 

( izc3'r \: . i,. ) ;, (1u,1-)R<rJ1-;:. t<.~)Xi) = (~. ij--~>X:):::, o. 
/ 

➔ E RC. ) _, . _., E 
.l!TaK, ecJIH X.t, t- 2. , TO 3'. :t.t OpTOrOHaJieH JIJ06oliy BeKTOpy :ic, c :1. MB 

JID6oro R Ca,) , T.e. R<g-) x.:i, €:- S )IJI11 mi6oro R (;J ) • Te11 cauw .1101tasaHo, '!TO 

, Ez 11BJI11eTc11 IIHBap11aHTHH11 no.1111pocTpaHCTB011. B .11aH.H011 cJiy'!ae npocTpaHCTBO E pacll(eilJI11eT-· 

ca Ha ABa opToroHallbHHX IIHBap11aHTHHX 110.11npocTpaHCTBa E1. H E~. EcJI11 npe.11cTaBJieH1111 _R:f. 
11 R,., 1 IIH/JSUIIPYellhle npe.11cTaBJieB11e11 R B noAOpoc~paHCTBax ,E-L H E"-, co'oTBeTCTBeH-

Ho, 11p11BOA11MH,. T~ OBI! CHOBa pacll(eilJI11DT_cirl B peayJIMiaTe npe.11c!raB_JieB11e. R pacll(ennireTcir . 

Ha H811PHBO,l\llllH8 npeACT8BJl8HIIH B opTOrOHBJ!bH!il 00,llllpOCTpaHCTBax, IlpHBO,l\111108 npe,l\CTBBJieHHe, · 

,pac~enJI11e11oe Ba Henpl!BO.l\l!We npe,llCT8BJ!eHH11, Ha3HBaeTCH BIIOJIHe npi!BOAllll!,III• He BCHKOe npi!BO

)U!JIOe npe,llCT8BJieHHe BIIOJIBe npi!BOJIIIIIO, HO npHBO,lU!IIOe YBIITapHOe npe,llCT8BJieBlle BIJOJIBe npi!BO,l\11110. 

.llJIB_ KOllllaKTHOII rpyllllH h KaZAOe npe,llCTBBJieHlle 3KBIIBaJI8HTHO YHIITapHOMY, ·T.e. BIIOJIBe 

IlPHBO,l\llllOlly npe,llCT8BJieHHD. MOllHO noKa38Tb TaKze, '!TO IIPIIBO,l\llllHe 11pe.11cT8BJieHIIH JID6ol! nony

npocTolt rpynlJH h BilOJIHe,npi!BOAIIIIH (c11.f13f) • .llJI!! 3TIIX CJiyqaeB AOCT8TO'!BO HSY'll!Th Benp11-

BOJIIIIIHe npe,llCT8BJl8HHB. 
. . 

~ 
IloKal!tell Tenepb, '!TO Henp11BO,l\llllHe YHIITapHHe np_e,l\CT8BJieHIIH KOHe'!HOllepHH, IlycTI, e 

-eA11Bll'!BHI! BeKTOP B npocTpaHCTBe E , npeo6p~syDII(e11cir no· YHHTapH011y Henp11BOA11M011Y ~ 
npe.11cTaBJie~HD , R rpynnH 6 . Tor.na B c11ny YHIITapHOCTII npeoC>pasoBaHal! R ( ~) · 

~>corJiacHo 011pe.11eJieB11m opToroHaJibHoro .11onoJIHeH1111 C
2 

Top ;;; 11a E 11oxeT 6HTb. npe.11cT·aBJieH OABOSBa'!HO 
II _,, _,, (--, cct ) 

:l:-:1. 1 'l::i. opTorOHaJihBH, T,e. :x:.,. x.,., = 0 
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,,, 

\;. 

-11Rei>e111 ,;_ v c fZC;r)'t- R-~)'2) = vc~,. ~ J = 11 :i! ,1 = 1. 

TaK1111 06paao11, ·oTo6pall[eHHe 

} -", 
P-.C:r) z:> 

l!1!JllleTcH oT06paxeHHe11 rpynlll,I G :u e,JUIHli'lHYJl ci:pepy npocTpaucua _ E _ ~ Tait 1ta1t rpynna 

1to11naKTHa , TO 11uozecT:uo :uenopo:u Rc,-)e' Taue_ 1to11naKTHO. B l!IYH~OHam.Ho11 auaID1ae no!tJi

~aHo;· ~TO JID6oe KOIIIlaKTHOe IIHOll:liCTBO Ha e,JUIHll'rnOJI Cljlepe l'l!JI1>6epTOBa npo_cTp!IHCTBa co.11ep- -

lll!!Cll ii . KOHe'lHO~epHOII npOCTpa!!C!Be. c ,11pyroJI CTOPOHH, HS HenpHBO)U!IIOCff 'npe;!!.CTaBJI~!ll,!ll . R 
c1Ie7IYeT, uo E co:una.11aeT c npocTpaucT~o11, nopox,i;elllllill xoue'lHllll MHOlltecTBOII :ueKTopo:u 

-R( t) t · , --r.e. co:una.11aeT c 11uozecT:uo11 :uce:x mrnel1HH:X KOM6HHalUIJI JIIJHel1uo ~eaa:uHCH~ 

BBKTOpOB, cpe.111J BeKTOpOB R ( ;)-) e' 1 npH'lell 'lliCJIO 8TIJ:X mrnel1HO Heaa:BIICHIIUX BeKTOpOB KOH8'lli'O • 

Ta!G!M 06paao11, npo·cTpaHCTBO · E • Kouequo11epuo. . · . . · · 

Mil ro:uopHlIH, ~To npocTpaucTEo, npeo6paayDll!eecH ·no -uenpliB0.11lillOIIJ' npe,11cTall1Ie~HD R ~ 
nopollt,1!aeTcii llHOXeCTBOII BeKTOPOB R (:>_) ~ ,1!Jlll :uc_e:x R c,-r H HeKOT~poro BeKTOpa ~ • OcTa

HOBHllCll Tenep:r. 6oJiee no.11po6HO Ha STOil CBOliCTBe HenplJBO)U!llllX npe,ZICTaBlieHHlt. IlycT:r. aaAB,HO 

npe.11cTallJleHHe · R rpynlll,I G B npocTpaHCTB~ f .11 f,;_2 HHBap!iau~uoe no,1!llpoc-rpaHcTBO, 
0 

npeo6paayDll!ee~H no HenpHBOMIIOIIJ' npe.11cTaBJiemrn · R:1. , HH;a,;IU!PYe11oe npeJ1CTall~el!.l!e11 R 
EcJll!l w aHae11 HeKOTOPHJI :ueKTOp i!: no,1!llpocTpaucTBa R1, to llbl llOXell noc.TpOHT:r. BTO no:11-

,, ' . --, . . ' 

npoc-rpaucTBO c1Ie.11Yllll!IJII 06paao11. 'cua'la1Ia :11ellcT:uye11 Ha oc.. iiceo· onepaTopaw. · R (:r) .11a npe,1,, 

cTa:u.lieHHH R . 11H UOlIYt!IIM Tor.11~ MHox~cT:uo :ue1tTopo:u R Ci) x?. 8a;e11 06paay~11. Bee :uoa!lOlltl!He '. · 

mrneJllllie KOll6HHSIU!H BBKTOpOB HS !!Toro IIHOll:BCTBa. Mll IIOlIY'll!II Ta!Glll nyTell U0,1!llpOCTpaHCTBO, ' 

HHBHp!iaHTHOe OTHOCHTell:r.HO npe.11cTaB1Iel!J!ll R t npuqe11 8TO no,11npOCTpaHCTBO He IIOX_eT pac".' 

na)laT:r.Cll Ha ;Z1Ba·op-roroHaJI:r.HID(.IIHBapHaHTHHX_no:11npocTpaHcTBa, TaK Kalt OHO_ nopoz:11aeTCH 11B0..; 

JKeCTBOII BeKTOpOB RC.,,)x', KaJKJll,!l1 .118 KOTOPHX IlOliy'laeTCll 148 . X llp!i UOIIOll!H ,HeKOTOporo npeo6pas 

:uaHH; R(}) • . - _ · , . . , 
HenpHBO)U!lllle npe,1!CT8BJieHHll 06lla,1!~~)H.11011 cnetlll(!IIJ'leCKH:X CBOi!CTB, O'A]!O .118 ltOTOp!iX aa_K-, 

mJ'laeTCll :u Clie.11YDJlleJI Jielllle illypa: Ecmt npe)ICTHBJiell.l!e R rpynllll . 6 :u npocTpaHCTBe ', E' 
HenpRBO)U!lfO,. TO n6ol1 onepaTOp A :u npOcTpaHC~Be E , ICOIIIIYT~PYDllllJll co BCellll 'on~paTOpa~ 

lfH R { i) , Kpa-reu e)U!HH'lHOIIY onepa-ropy. Huaqe ro~opH 
1

.11a , 

lP-<;r), A) :::, 0 

,1!lill :uce:x {\(t) Clle.11YeT, 'lTO 
. \ \ 

(63) 
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·' 

kl., ~ (64) 

]{o1taxell aTY lIBIIIIY. KaK H 1IJJ6olt onepaTop B K01111JieKcuo11 npoc-rpaucue E , onepaTop A-
~ ,~ . - _., I 

HJl88T; no Kpaltuelt L!~pe, O,JUIH co6cTBBHHIDI BeKTOP ':it. , COOTlleTCTBYDllll!lt co6CTB8HHOIIY SBa..; 

I A ,. 

qe!!l!D ]\ 

( CK•/I4f). IlycT:r. 

Tor.11a .JVIH JID6oro 

·A~ . • 'X. .... J,_;Z 

E:1. - no.11npoc-rpaucTBO, cocTOHJllee .11a TaKHx co6cTBBHllliX BeKTopOB 

i" E- E ,_ .11 1ID6oro R (a,) 

AR(~)~~ R(,-) A~= R.(;y) J\.? = A. IZ(,-)x."/ 

. (65) 

~:~. •' 

;,, ·c ,.e. R(r) X,' TaKZe npHHa,1!llel!IHT '-:1- • JdTa.It, E:1,HB:nJleTCll HHBapHaBTHIDl no,JJ.npoc-rpaHCTBOlf. 

B cu:ry Henp11Bo.111{110CTH npe.11cTaBlleHHH R a To· noJ1npocTpaucTBO E :1. coBna.11aeT. c npocTpaa

CTBOII E • noaTOIIY paBeHcTBO (65) BunollHHeTCH ·MR JIDCioro BeKTopa ~ lis E , T.e.' 

oneparop A 1111eeT BH,JJ. (64),•'lTO H ·TpeeioBalloci .11oxaaaT:r.. 

.!!_HTJU,18 , 

; 

§ 4. iHffillHIT63Jllll~HHe onepaTopa, ConpHZ8HKH8 X XO.!!.T~ar 

npeACTaBJieBill. fipOH8Be;euHe npencTSBll8HltJI 

Pacc110TpHll npe,JJ.cTaBJieHHe R rpy~nH Jiu 0 B npocTpaucue f . OnepaTOPH R (~) 
saBHCHT OT cym:ecTBeHHHX napaiieTpOB s , . . . t,., , :xapaxTepKBYDIIQIX aJieMeBTH :}- rpynllll G , 111 

, 0603Ha'laIOTCll qepea R ( s._, ,; . t.,) . Jds \ooTHOmeHd (38) .II (54) cne]l,lfeT, qTO HlflIBBIDl saa

qeHK!!lf napalleTpOB t: cooTBeTcTByeT e,llllll.lI'lHHII onepaTOP :u E -

R(•, o1 .. o) ::. I ,) 

a np11 6eaKOHeqHO IIBJlllX 8BB'leHHllX napalleTP?B ~~ 

(66) 

Rt~ .. ,·-· ~~ ~ 1 -t ~ ~i 
~. o RU._,'.:~ •. ) \ , 

,t J 9; , . ~ ~ fL ~,. = $_.,.:,, 0 
u . ' 

OnepaTopu 

Y. = 
J 

J_ 
A, 

, R (t, .. -
0~. 

\ J 
~-l \;,. ,i.,,. (67) 

BasuBaDTCH HH(!IHHHTeSHMaJ!l>HHII.II onepaToprom npe,JJ.cTaBJieHHH R. Ha roK011opqiHs11a rpynnu & 

11 rpynlll,I R npeo6pas0Bau11il R(j--) cJielJYeT, q-ro HH41HBHT~SHlfaJI:r.Hue onepaTOPll 1; lfJIOBlleTBOpll-
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DT Ta!tllll se KOK11yTal\llOHHIDI cooTaomel!Hll!l (45), uo ll reaepa:ropu rpynIIl,I Jiu G, 

l '/. Y · 1 = ... , t 
x c .. Y1. · "J- ... 

B qac:raocTz, HHipl!HHe2H11am,H!le onepaTopu K;, 
1 

~" 1, •· - t 1coo:r:seTcTBym11111e reaepaTOP8ll 

llOArpynllll KapTaHa ( CM. n. 3 rllaBH Il),·KOllllYTHpym 

(68) 

H . ... 

\ 1 K- K·]=-L ... I i 
0 .-, j "'- 1, .t, . . . f, 

. (69) _ 

B npe,lU:IAYQell naparpaipe Wy1ta3aJIII KeTOA 1 npM nOKOi!(r{ KOTOporo 11N IIOXell Ha!!TU· UHBapMaH'l'

HOe noAnpocT'paHc:r°no E:1- , npeo6pasyDm;eeca no HeiJp11BOA1!11ouy npeAcTa:eneH11D, ucxOAH 11a Hexo

Toporo BaAaH~oro BeKTOpa 8TOrO noAnpocTpaHCTBB. TaK KaK" KaEAOe KOHeqHoe"npeo6pa80BaHUe 

8KBHBalleHTHO 6ecKOHeqHOl·noclleAOBaTellDH0CTH 6ecKOHeqHo KaJ!WC npeo6paaoBaHHll BllAa (66), 

KOTOpHe nOllHO~TDD onpeAellHDTCH HBiplll!l4T88HllanDHHUII onepa:ropallll y., TO noAnpocTpa!ICTBO E~ . . . 
llO::HO nocTpOHTD, nOllD3YHCD TOllKO UHipllHHTe3HKaJU,HllHll onepaTopallll~ T.e. npl!K8HHH ClleAYD!ll,l(A 

- - E np11e11. llyCTD 'JC - HeKOTOp!il! SaAaHHHll BeKTOp B noAnpocTpaHCTBe ... ' npeo6paayDm;eHCH no 

aenpl!BO,l\l!IIOIIY npeACTaBJleHl!ll rpyllIIl,I 6 • ,llellcTBye11 Ha 8TOT BeKTOp :ic BCemt HH!plll!H

Te3llll~XDHllllH onepaTopaw Y.., , aaTeu Ha noJryqeaHue Be.KTopu CHOBa Ae!!cTByeu Bcewi onepaTopa~ 

WI Y;, / H npOAOJllltaell 8TOT npo~ecc AO TeX nop, noKa He Bee HOB!le BeKTOPll Bupa:KaDTCll J!lllHeA

HO qepes noJryqeHH!le paHDme B8KTOpu.· Ha 8Toro uaKCHManDHOro IIHBapHaHTHOrQ HHOXeCTBa Bll

AeJIHII CHCTeKy Jll!BellBO B~3aBHCllltllX BeKTOPOB, qepea KOTOpue BUpa:KallTCll JDIHeiiBO BCe OCT8.l!l>llll6 

Be1tTopu. 0Ba 11B2111eTc11 6aauco11 noAnpocTpaacua E;1. • 
B npeAUA1m;e11 naparpaipe llll AOKaaallil lle1111y mypa, yuep:itAa.DII\YD, qTo B npocTpaacTBe E , 

npeo6paay10m;e11c11 no aenp11Bo,iu111011y npeACTaBJieHl!D R rpynnu 6 , llD6oli onepaTop A , KOK-

11yT11pym11111ll co Bce1111 npeo6paaoBaHllllllll R(}), xpa2ea 8Al!Hl!Ue. HeTPYAHO ~oKaaaTD, qTo 

ecJIII onepaTop A Ko1111yT11pyeT co Bce1111 11H1pHB11Tea1111aJ1DH!DIB onepaTopalll!l Y~ AaHaHoro upeA

cTaBJ1eH1111, TO OH K01111yT11pyeT co BCelll!l_npeo6paaoBaHHllllll R(.})• HTaK, J1e11My.mypa 11000 c~op~ 

11yJ1HpoBan ClleAYDll!l111 06paao11: B npocTpaHCTBe E , npeo6paayDm;e11c11 no xenpuo,uxo.uy npe,1;

cTaBneB11D · rpynnu .lli1 6 'l!D6oll onepaTop, KOIIIIYTl!PYDll!l1ll co' BCellll IIHipllBIITeBl!llallDHIDlll 

onepaTopa1111 AaHHOrO npeACTaBlleHHH, KpaTeB eAl!HHue. 

PaCCIIOTPHM TenepD pasJll!qH!le npeACTaBlleHllH, CBH3aH!llle C AaHHllM npeACTaBlleHHeH 

H11e101IU1e TaKyD ae pas11epHOCTD, qTo ll R , HO He sKBllBalleHTlllle npeACTaBlleHHD ~ 

COOTBeTCTBlle (52) 
~--, Red") 

HBllHeTCH HeKOTOpw.t npeACTaBlleHlleK rpynllll G 'TO COOTBeTCTBHe· 

J _., R SJ)* 

40 

R II 

• EcJ!lll 

{JO) 

• I 

rAe R(iJ- 11aTp11~a, KOKillleKcHo·•conp11:11teH&a11 1K R(:,,), 11BJ1HeTc11 TaKllte npeACTaBlleB11e11 rpy_n-

llll G , KaK aTo aeTpyA&o np0Bep11u. STo npeACTaBJ1eB11e HaaUBaeTc11 conp11xeHHW K R 
R* • npeACTaBlle&11e11 u 06oauaqaeTc11 qepea • ll0Kaxe11 TenepD, qTo Bap11AY c OT06pa:11teH11eu (52) 

11 (70) COOTB8TCTBHe 

T 7' 
5:_-,, R er~). "'" [R r1r1.1 (71) 

11BlllleTc11 Taxae npeACTaBlleB11e11 rpynllll G • J{ellcTBl!TellDHO, nollolltllll 

T 

R (}) ::,_ R (fi..) (72) 

Mil 1111ee11 

R (~ .. ) R (i.,)::, 
"T 

R (a,:•) 
r 

R (~;•) = 
'T' 

[ R (:J-;') R (;;1
)] 

'r 'T' • 
=- R ( ~-;-'~/) = R(ci~i~rJ.) = R(,h.~~) I 

qTQ H Tpe6yeTCll AOJtaBaTDo STO npeACTaBlleHl!e aaauBaeTCll KOHTparpaAl!eHTHllll K 
lleH11e11 R • 

R npeAcTaB-

OT11eT11111 qTo AXIi YHIITapHl,IX npeAcTaBlleaul! ~HTparpaAl!eBTHoe K R npeACTaBlleHHe · R 
coBnaAaeT c conpm1teHHH11 K R npeACTaBJ1eB11e11 R • J{eiiCTBl!TeXDBO, TaK Ka& Bee onepaTopu R(:J,-) 
YHl!TapHll 

-t-

R(3-') =-
- i.. R.(g,) =- R(;,--j..); 

TO 
-Ir 

R Ci) = 
'i' 

R(}-.. ) 

BBeAeBl!e KOHTparpaAl!eHTHllX npeACTaBlleHIIII noaBOlll!eT o6paaoBaTD IIHBap11a&Tll rpynn. llyCTD ...., 
x - BeKTop c Ko11n0He&Ta11P1 :,c.c , npeo6paayDllll!l!c11 no npe.ztcTaBlleBIID R rpynnu 6 , a 

} - BeKTop c Ko11noHeHTa11P1 1J-.i. , npeo6paayD11!11llc11 no npeAcTaBlleHIID R , npne11 R 
110:iteT 6UTD BeyBHTapaw. UH u11ee» 

0TCDM IlOllyqae11 

I 
x.,_ =- R C:,-),(r x, 'if';"' ifc,--J.1,:1".r,"" R( -•) }J- • 

J r" , 
I I 

'\{, :t, -

o"' "' -
t{. R(,i-•) 1\(4) x 1 o~ o f"- o .. 0 -

=- i-t-- R(e.) x,-
dp J1 

= 'j_,.xp} 

T.e. cy1111a J'" :t A llBlll!eTCH HHBSpllaHTOII. 
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Ecn11 6ecKOHeqHO ManuM 3H8QeHl!HM nap8.!.!eTpOB COOTBeTCTByeT npeo6pa3OB8Hl!e (66) IUIH 

npe,llcTaBneHl!H R , TO MH npe,llcTaBneH1rn R uu 11Meeu 

R(~., ... ~ .. ) = 
'T' 

1 _,: ~. y, 
;, i (?3) 

C ,llpyron cTopoau, ecn11 O6oaaaq11u qepea Yi 11a~11H11Tes11uan:i,aue onepaTopu npe.l\CTaBneH11H R, 
TO 

R tt, .. $..,) ,, I + ~ 5i ~· (74) 

CpaBHl!BSH (?3) 11 (?4), nonyQl!M 

- '1' y, ,,.- Y. ,., /~ . (75) 

PaccMOTPl!M, H8KQHeU, npO1!3Be,l\eHl!e ,l\Byx npe,llCTaBnea11n. IlpO1!8B8,l\8Hl!H H8CKOXl>Kl!X npe,ll

CTaBneu11n onpeAenHllTCH attanor11quo. IlycTl> R._ 11 _..,R.,,,- . .l\Ba npe,llcTaBnettl!H rpynnu 6 B 

E - ➔ npocTpaacTBax Ei. 11 2 paauepaocT11 YL"- 11 n.i. J cooTBeTCTBeaao, a e.,1 11 f, - 6aa11-

cu B 3Tl!X npocTpaHCTBax, PaCCMOTpl!M npocTpaHCTBO E paauepHOCTI! YL'- x 11~ 1 6aa11c KOTO-
➔ .,..., ➔ E poro o6paayeTcH 11a npo11aBeAea11n e.,_ © f~ . KaxAUn BeKTOp :x:. B aTou npocTpaHCTBe 

l!MeeT Bl!,l\: 

_., 
:,c "' 

_,, e: (i) ft, :x..,_~ .. 
-, 
ea(~ x.1.p (?6) 

-::-, -') 

nanee, nycTl> BeKTOpY e~ 11 f. npeo6paayDTCH cne,l\yDl!\IIM o6paaou B npeo6pasoBaH1111X 

R. (~) 11 R,. (}) npocTpaHCTB E._ i fi., , cOOTBeTcTBeaao, 

R._ C3-) e:_ = e:' = R._ (~-),,,,_ eJI , 
_,, __,, n -, 

R,., C~) t "' h ,,,_ r-,. er \,k +~ , 
Tor,l\a KOMilOH6HTli ::c.,_ I! ::1, B6KTOPOB 'i! 
ao, npeo6paayDTCH cne,llylllllllM o6pasou 

'JC: :=,. R,_ ( :i)"" J> ;c.,, I 

I R ( ' 
nencTB11Ten:i,ao, uu 11ueeu 

Jo1 =- . ,. tfl,,. t "irJ> / _, 
'JC = 
.....,, 
~ ? 

R" ( ,-) x' =- Rs.()) xd. e; = 

R,. C~) f = P-,._ <i .' J..1 f: 
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"~\l.,~-· tt:L/ 

(??) 
....... ,.t, ... 11,~ 

I!. I B Ei. I! f~ , cooTBeTCTBeH-

-<=- ◄, L, ... n.,J 

,I,"-•, z., ... l'l~. 

I ....., 
'X..._ e...,_ = 

__,,, I 

d-<fo1;:. 
-oc.,_ R .. J,-\., ef' 
_, 

';Jo1-- R,.c,-)"'"' fJ' 
., 

(?8) 



CpaBHHBaH 8TO BHpa~eHlle C onpeAeneHl!eK 
-')/ I~ 

X = :,cf e f> / 

uu nonyqaeu cooTHomeHne (78), Mu noKazeu Tenep», qTo ecnn cooTHomeHIIH (78) onpeAenHDT 

npeAcTaBneHIIH R._ 11 R~ B f,. 11 E.:i, , TO OHi! Tam1te onpeAenHK>T HeKoTopoe npe,i\cTaBneHJie 

RE 
-? -,-~ 

B • }lellCTBIITen»HO, B npeoClpaaoBaHllllX (77) BeKTOP ed.,; = -e ... © fp. _,, r r 

npeBpal!laeTCH B BeKTOP .e~t , KOTopull M!l 0603Haqm1 qepe3 R (;}) e;.P 

11n11 

(79) 

0TCDAa cneAyeT, qTO KOKilOHeHTU x BeKTOpa 
ol~ 

-? 
:,c 1,13 E npeo6pa3yDTCH cne,zcyDl!lHK o6pa-

SOK: 

(80) 

0TaK, uaTp1,1qHue aneKeHTU npeoClpasoBaHHH R (J)cBH3aHu c uaTpnqHuu1,1 aneueHTau11 npeo6paso

BaHHll R, (a,) H R.t ~ cooTHomeHneu 

R<o) -
("'r-,)l 'ff) 

P-, Cg) f2..._ (r)11 r 
dJ J 

(81) 

Ilycu it 1,1 ~-nEClue aneueHTU 113 G • 03 cooTHomeHHH (81) cne,zcyeT, qTo 

:::. 

0TaK, COOTBeTCTBJ,18 

HBnHeTCH npeACTaBneHHeK rpynnu G, • OHO Ha3UBaeTCH npOH3BeAeHlleM npeACTaBneHllll RL 
" R,. • 

COOTHOmeHHe (81) Il03BOnHeT JCTaHOBIIT» CBH3» KeZAY HHWHHIITe311Man»HWH onepaTOpaMH y-A. 
n y<•J .. y<•1 R R npeACTaBneHHH I"\ "IIH~IIHHTes1,1uan»HUMII onepaTopaKH k n "'- npeACTaBneHRll ,." ~· 
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ltJI11 6eCROHeqHo 11a1IWc 3HaqeHHl! napa11eTpOB 

R._ U .. , ... 5 .. J 
ol.j 

R.t 0., .. · !..,,) 
r• 

H. CJie,llOBaTeJII,BO 

"' 

"" 

s:, >' + ~ ~ -k (/4,.c( ) 
ff + ~ 5 ( y<z)) 
9 . -k, .f.. tf J 

l R (t, ... J., >] c" r> c"'" > = t, ~,~ + .. ,-r.. l <•> y(•J d J 
~1 ( yr.. )p• -+ ( '- ~>' j • J (82) 

HJIH B;llaTpHqBOII BH,lle: 

RU~, ... J .. ) = I -jc[IMy<•J 
-+ • 1-r,_ ® k -+ 

y<•) 1(•)1 
*@ ) . 

(82
1

) 

CpaBBHB8H C onpe,lleJieBHe11 

fZ (f,,··· t..,) =, I+,;'- \ ) 

11u no.nyqaeM 

y _ r<•)© 1c,._> y(i) i<L) 
f,_ - it + If<. © ." (83) 

(,) y(~) 
3,llec:& 1 HBJIHeTCH e;zurnHqmn1 onepaTopo11 B npocTpaHcTBe E.., , 11 onepaTopu 1., . .lleM-

<•) . " 
CTBYDT TOJI:&KO Ba nepBHI! IIB,lleKc, a y_ - Ha BTopol!. 0Tll8THM, qTo npOH3B8,ll8Hlle Beilpl!BO,llll-

-k 
wx npe,llCTaBJieHl!l!, BOo6me rOBOPH, npHBO.llHMO. OHO IIOllteT 6blTI, paaJIOZBHO Ba HenpHBO.lll!We npe,ll-

CTaBJIBBIIH, eCJIII OHO BIIOJIHe npHBO,llHUO. 3TH paaJIOllteHHH 6y.nyT pacc110TpeBl,( B ,llaJI:&Heffmeu B KOH
KpeTHblX CJiyqaruc • 

.llJIH npOCTOTbl npH 
onpe,lleJieHHH npoaaBe,lleBHH npe,llCTaBJIBHHI! w npe,llnOJIOZHJIH, qTo 6aaaCHble 

~ ~ 

BBKTOpbl HJIBDT BH,ll npOH3Be,lleHHl! -e~ © f, . B .llel!CTBHTeJI:&BOCTH BeT He06XO,lll!UOCTH B 3TOl! 

cnelll!aJiaaalll!u npocTpaHCTBa E • Boo6me roBopa, MH onpe,lleJieBaa npoaaBe.lleHaa npe.llCTaBJieBHl! 
-'l 

,llOCTaTOqHo BBeCTI! Henocpe,llCTBBHHO 6aauc e~, , npeo6paayD11t11Mca no aaKOHY (79). 
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rJ. I'PYll!IA $ IA,(.._) ll EE llPEllCTABJIEHMH 

§ I. I'eHepaTOpli rpynns SU(~)ll ee OCHOBBlie npeACTaBJIBHllf! 

B KaqecTBe npnMepa npnueneHHH o6mel! Teopua, uanozennoll B npe.llff.llYlltllX naparpawax, 

JI!,( paccMOTpHII r.pynny S Ll_ (.,,) Ms ,llOKalltell PH.ll 06lltl!X YTBepllt,llBHHll ,llJIII YHHTapHSX YHHIIO,!i;YlIIIPHliX 

rpynn, KOTops11a 6y,lle11 noJI:&30BaT:&cH npu aayqeHHH cm111eTpul! SIA (l-) , SU<,)," S l{(i;~ a TaKllte 

cm111eTpal! S LW a U.(l,,6). · 

llOCIIOTPHM npellt,lle Bcero, OT CKOJI:&KHX BemecTBeHHSX napa11eTpOB aaBHCHT 3JielleBTS_rpynns 

SU.(,,,~ HanOIIHHII I qTo .113 YCJIOBHI! 

.t~ t Lt ( ~ .. , ... ~., ) = 1. 

)lJIII 11aTpH!tli ~Us.,··· $-, ) , 6.eCKOHeqHO 6Jn!3KOl! K e.llHH.1111e 

v\(J., ... -~ ... ) ~ I + ·t. ~,,_ 
cne.nyeT, qTo mnyps reHepaTopoB X f<. paBHS HYJID 

a HB ycJIOBHII YHHTapHOCTH 
SpXr,.= 0 ; 

(84) 

r 
L1 {l., ··· f.,) U. (f,, ... I .. ) = I 

CJie.nyeT, qTO JlaTp.llJ:tli xk 3pMIITOBff 

x;.,. xt (85) 

(cu. (43) H (44), § 2, n). Kaiua11 KOJIIIJIBKCHal! 1,1aTpa11a n,. )11'1, HlleeT f!,..t KOIIIIJIBKCHSX 113T

paqHl,(X 3JlelleHTOB, T.e. 33BHCHT OT 211-.tBemeCTBeHHffX napa11eTpOB. YcJIOBHe 3PMHTOBOCTH (85) 
~ 2 . 

BKBHBaJIBBTHO 11, ypaBHBHllllll .II y11eH:&maeT qucJio He3aBHCHIIUX 11aTpu11 ,llO rt. • TaK KaK wnyp 

3PIIHTOBOl! 11aTPH!tli ,llel!cTBHTeJieH, TO ycJIOBHe (84) ,llaeT 0,llHO HOBOe ypaBHeHHe H qaCJIO He3aBHCHIISX 

llliX 11aTp1111, Y.llOBJieTBOpHDlltllX YCJIOBHHJI (84) .11 (85), paBHO Yl,t- ·:I. • llTaK, pasMepHOCT:& >1t 

rpynilff S I,{_ (fll) paBna 

m.,.11/-:1.. 
(86) 

Ml! rt .. 1, ; , G us HMee11 1v1:,. ~, 8 , ~ S" 
1 

cooTBeTCTBeHHO. 

PaCCIIOTPHII Tenep:& HeKOTOpble OCHOBHSe nenpaBO,llHIISe npe,llCTaBJIBHHll rpyIIIlli s u. (n.). llpe,ll

CTaBJieHHe C HaHM8Hbmel! paa11epHOCT:&D llBJll!BTCII 0,llHOllepnoe npe,llcTaBJieHae, B KOTOpOII BCell 

llJie11enTa11 d° : U, COOTBeTCTByeT yMHOZeHHe Ha I: 
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'1J-\, ➔ 1. 

H, cneAOBaTenbBO, BCe HB~BHTe3HllaJlbHUe onepaTopu Pa.BBU synn: 

Y, - 0 • t, - (87) 

HeTPYMO noKaaaTb, qTO OMHII H3 eenpHBO.lUlllWC npeACTaBneHHI! C HaHlleHbmell paa11epBOCTblO, 

OTnHqeoll OT I, HBnHeTCH npeACTaBneeue 

~➔~ 
B Aaeao11 cnyqae ca11a rpynna .SU.(11-)pacc11aTpHBaeTcH ltBK ee.npeACTaBneeHe. 3To· npeACTBllne

·eHe H83WlaeTCH <PYHAalleHTanbBW npeACTaBJieHHell. Ero HH~HHTeau11anbHble onepaTOpbl.COBna

AaIOT c reeepaTopa1111 rpynll!l 

\"' X-r... (88) 

~pyrHM aenpMBO.lUIMblll npeACTaBneHHell C'HaHM8Hbmel! paa11epHOCTblO, OTJ!llqHol! OT I, HBnHeTCH 

KOHTparpa.l!,lleHTHOe K ~YHAalleHTanbHOIIY npeACTaBneHHe, COBnal).aIOll(ee C conpeXeHHUII, HH~HHH

Te3HManbHUe onepaTopu KOToporo paBHU: 

y~::. x{r. -:: -
,. 

)<.~. (89) 

YcnoBHMCH Tenepb 06 o6oaeaqeHHHX. EaaHceue BeKTOpu B npocTpaecTBe E1., npeo6paay»-
➔"' . ll(eMCH no ~YHAaMeBTanbBOMY npeACTaBneHHIO, 0603Haqffll qepea t ., "" ,,,,.. tt. B npeo6paaoBa-

--t. . . -:ti 
HHH '\A, BeKTOp t ,( npeBpall(aeTCH il HeKOTOpul! BeKTOP e e( 

---,/,< lJ ➔"' e ,,. vv e · 

_,, 
ilyCTb "I' - BeKTOp B E1. c Ko11noHeHTaMJ1 'If'~ 

-t -'le( 

Y= t -( 

U, e:r r 

~, 1' 
Torl),a B npeo6p830B8HHH VI, OH npeBpalll8eTCH.B BeKTOp 'l.j' C K011noHeBT8.lllt 

1r: ... uc,(r Yr · 

(90) 

(9I) _ 

I 

'If~ 

(92) 

B .ztanbHel!me11 BeKTopu B npocTpaHCTBe E1, npeo6paayJOll(e11cs no ~YHAa11eHTanbH011y npeACTaBhe

HHD ,6yl).ell Ha3UB8U KOBapH8HTHUl!II Cl!HHOP811ll nepBoro paHra. MTaK, Ko11nOHeHTU KOB8PH8HTHUX" 

cnHHOpOB nepBoro paHra npeo6paayJOTCH no aaKOHY (92). 
AHanorHqHo, B npocTpaHCTEe ·f_ , npeo6paayJOll(ellCH no npeACTaBneHHIO, KOHTparpaAHeHTHOIIY 

1. 
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§ &1AZ£EhS?SD.-

K ~}'l!AaMeB_:,8nbBOIIY npeACT8BneBHD, BU6epe11 HeKOTopul! 6a3HC 

:seKTOPOB ·,e.o( Hll88T BH'A: 
-tr 11,.....,, 
co( .. w .e.-< 

-r -'I 

'llJo< ef -o1. 

r -JieKOTOpUII BeKTOP R3 f ~ C KOlmOBeBT81AM 
_, 
w_.:.· ;;v-<"i! , - l o(> 

Ecllil 

To·no aeaJ1orHH c (92) Wl H11ee11 
-~ t 'lf u~,( 

I 
_,., 
4' 

* -r : u"'f' 1f =-

1f 

~ • ilpeo6paaoBaHRe 

(93) 

(94) 

(95) 

nepBoro paera. MTaK, KOMilOHeHTU 

aaKOHY (95). 
BeKTopu :s E ~ eaau:sae11 KOHTpaBapHaHTHUIIH cmrnopal!H 

KOHTpaBapHaHTHUX Clll\HOp0B nepBOrO -paera npeo6pa3yIOTCH no 

§ 2. CllHHOOU :sucmHX paero:s 
llepel!l).811 Tenepb K HayqeHHIO npocTpaHCTB, npeo6paayJOutHXCH no npel).CiaBneHHHII, HBnHIO-

DtJIIICH npous:seAeHHHIIH ~yHlJ.8118HTaJlbHUX npel).CTaBneHHl! H KOHTparpa;ll,lleHTHUX K ~YHA8118HT8nb

HOIIY npeAcTa:sneeul!,. Pacc110TpH11 npellt.lle Bcero npocTpaeCTBO Et , npeo6paay101llee no ·npeA

cTaBnemrn 'I,{,© U.©-··· @ 1.l ·, HBnHIDlll611YCH npo11aBel).eHll6ll f" <PYHlJ.8MeHT8nbHUX npel1,cTaB

neH111!. 'lA,;. Ea3HCHUe BeKTOPU -;:--.. ··· --r B STOii npocTp8HCTB6 npeo6paayIOTCH cnelJ.YIOUIHII 

06paao11 

_,,,.: J. al f ➔,<, ... -<r _ IA; U . 
.e, .... f "' VI, (, - t.. .... _r,,,.1.,. .. 

u ~r•-·~ 
~~ J 

(96) 

-> 

no aeanorHH C 38KOH011 (79) ;ll,l!H npOH3Bel).eHHll J).Byx npelJ.CTaBneHHtt. Ilp0113BOnhHUI! BeKTOP 
1j'f'-

B Ej H11eeT BHA: 

-1f t" 
'I'. 1.,( ..... o(j 

"'•·- .Ci . 

(97) 

Ko11noHeHTU 'tt'. , ·npeo6paay1>TCH . no aaKOHY 
"'··-- "'; (98) 

'lV I - ll u -. . . 1,{_ 'If,- .. 
I,<,"'-,( - "'•t• ..... ~.. .c,..r, .p, Pr 

!CHIC 8TO H8TPYAB0 npo:sepHtb. BeKTOPll B ~... C KOllnOHeHTalll! BHl).8 1j' ,< ,( H83HB8IOTCH I •·-· ,.. 

KOBapHaHTHUlll! Clll!HOpallll t'." ro paHra. MTaK, ICOIIIlOHeHTH KOBapHaHTHUX CllHHOpOB r- -ro 

paara npeo6paay1>TCll K8K npOHBBeAeHHll t ·KOMnOHeHT KOB8P118HTHUX CnHHOPOB nepBoro paera. 

AHanorH'IHO 6aauceue :seKTOPH e:"... .... oC B npocTpaHCTBe E.;: , npeo6paayrollleMCH 
-t ♦ ,t f" I 

no npel1,CT8BneHHIO 'I,\,@ \,,l$--·© t{, , 11:nHJOll(ellyCH npOH3Bel).eHHell r- KOHTparpal1,HeHTHllX 

K ~YH'A8116HT8HbHOIIY npeACTaBneHHII 'U, , npeo6paayIOTCH cneAYllll1,IIII 06paao11: 
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;_,,1 
e. ' -q •••• .,(r - u,r.;: 

,(, ... ,( ::, 

r-
,... ... . -) 

Ur··· u,._o(L ... uf>t.!.f. ep..p.--- Pr- I 
-:>-a KOMl10HeHTbl 7f "•··· ,(,., 

BeKTOpa lt'f' -'1ft = ,,, ....... ,(,... 
-'t 

~.< •... oft 

(99) 

(IOO) 
11peo6paayDTCH 110 88KOHy 

I 1t ,(, .. ,l.r- ~ 
-t * ~ ... f,P.·- tr- r,B,- 8 + -I 

u""~· u..,,~,L··· !,{_-<r-rr- 11' =' I rr Ur, • .-···· utl;'IOI) 
STII BeKTOpbl H88blBBDTCH KOHTpaBap11aHTHbllll! Cl111Hopalll! r-- ro paHra. HTaK, COOTHomeHue (IOI) 

HBl!HeTCH 88KOHOM 11peo6paaoBaHIIH KOMl10HeHT KOHTpBBapHaHTHblX CDIIHOPOB r-- ro PBHra. 

AnanorH\IHO .llllH 11pocTpancTBa Et 1 , 11peoopasyD!lleroc11 110 11pe,llcTaBlleH11D 

U 
.. ,1-

(i) .... ©U© U@ .. :. ©U 

------------ ..____,__ 
uu uueeu 6aauc f! ,c• ·• .o1.,.. 

P• ·· · P1 
to 

, llpll\181( 

1'-1 ..... .c,._ "'r u .(?, -f··- h -
KOMl10HeHTbl BeKTOpa 

u L-tt,.c.... 'r-.,(,.. 

--. 1f,.., "'-
11peo6paayDTCH 110 88KOHy 

P•·· P, 
'If"•·· ,(r-

Lt 

"I 

,, 
... ,. U,..,. -') r, ... r,._ 

0 ~ , P1 .,_ ... r, 

;: oe ••• ol.f" 

f• · .. t, 

(I02) 

(I03) 

I h A ... "" ·•· •• s::, , .. ·-11 U, lA_ U I,{ 
~ ,<, ..... r- "' 1._r,. · · · "-r-yj p .. r. · · · p1 ~, 1f' r,_ ___ 1r,-. (I04) 

STII BeKTOpu H88blB8DTCH CMemaHHbllll! Cl1HHOpa1111,xoBapuaHTHbllll! 1" paa II KOHTpaBap11aHTHU111! 1 
paa. TaK KaK K8X,lllilt Cl111HOp 110l!HOCTDD 011pe,llel!HeTCH CBOHIGI KOMl10HeHTBMH, TO B .llMDHelt

meM .lll!H xapaxTepHCTIIKH CDIIHopoB, T.e. BeKTOpoB B 11pocxpaHCTBax Tuna Et-
1 

, 6y,lleM 
'!JI '•·- ft 110llD80B8TDCH HX KOMl10HeHTBMH l · • 

B aaKnD\len11e aToro 11aparpawa ;~~~~bTpuu Tp11 c11e!lHMDHliX CDl!Hopa Bucmux panroB: clil!
Hop BToporo panra B E ii'. c KOMl10HeHTaw 

H Cl11!H0pbl ~- ro paHra B 

... 
'If p ... 

E... HI!H 

s"' f ) 
E"ii. C KOMl10H8HTBIGI 

(IOS) 

11' -==-d. ,s_.-. t:1....., E.i,_ •.• o<.,, (I06) 
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'l.f «,.. ... .;, .c.., ... °'"" 
e. • ) (IO? ) 

ci ..... cl.-, 
r.11e E ,,_ 1:.1., •• , "• =. ·o , ecl!H .l!BB ( lll!H 6onme) IIH,lleKca o(..: , d.i-- coBna~a.DT1 :. 

I. eCJil1 (d.,_ r/.J. •••• <I...,) HBJIHeTCH 'leTHOll 11epecTaHOBKOlt ( i, :., . . . I'\,),::: -I' eCJIII ( ol._ ol-t ••• "'"') 

l!Bl!HeTCH He\leTHOlt 11epecTaHOBKOlt. STOT Cl!HHOP H88blBaeM 110JIHOCTDD an~l!Cl!Ml(eTpll\lHW TeHSOpOM 

rt.- ro paara. .!lJIH c1111aopa (IQSLB c11ny ycJIOBIIH U,U, "';, I 1,11,1 HMeeu aaKoH· npeo6paaoBaHHH 

I,( 

0 ::: 
~ 

* -/ 
IA, U, 'b 

fb .1.-, f 
::. li 

91 
+ 

~lt-< ;:,. ( u. u,+) 
~o\ 

s"' 
~ 

a ,llllfl Cl!HHOpOB (106) II (IO?) B CIIJIY YCJIOBHH c:le.t- U, =- 1.. Mb1 l!KeeM 

, 
e.,(._ ... "~ t(_ · u_ E.,_ a 

J...,r,••• ~Wlt"1 J"s.••· f"' 
J .. t- u,. 1:.:, ... <I..,. 

II 
... ii' i 

, 1 . 11 P• ··· r" 
Vv .. VI. e 

• .. t• oL.... ~-
t'"'····"- .... =-

Jet' U.,.. E. o(, ••• o<, 

E"•··. o(~ ) 

f. ...... ,( ~ 

TaKIIM o6paaou, KOMl10H8HTbl Cl!HHOPOB (IDS), (I06) H (IO?) He M8HHDTCl! 11PM Bcex npeo6pa-

80BaHIIHX rpy11l!bl S l,l(n,). Haaqe roBOPH, STII Cl111H0pbl HBlll!DTCl! HHBapllaHTBMII rpynllli S \,( (>t,) • 

E " _..., ....,....... .... ➔ . " E 
Clll1 Ov08H81JIIM qepea .t. r , e. H -'!.o(, ••. o/~ v8811C B npOCTpaHCTBaX :I.L 1 

E,,. H fri:" 
1 

cooTBeTCTB_eaao, TO BeKTopu B STIIX npocTpaHCTBax c Ko1111oneHTaw (IOS), (106) 

II (107) l!MeDT BIi.Ji 

_,, 
~ = 

eL, 

....., 
Et ::: 

....., .. 
e 

"' 
....., t. 
-C2. + .... • 

.....,..., 
+ e ... 

-,j..t ... n., ➔ .t..fJ ••. f1,,, ➔.t.3,f~--11.. 
.e -.e +e 

_,,, _,, ......,, 

) 

.e. 4..t ~ .,. 'I., - .e .t1 ~--· ,i.. -+ -e - • 
.13-( ....... 

I 
(IDS ) 

(!06
1

) 

(IO?') 

3TH BBKTOpli HBJ!HDTCl! 6aa11cau11 0,llHOIIBPHliX no.11npocTpaHCTB, IIHBap11aHTHblX OTHOCHTelIDHO rpy11-

llbl S \A.(n,), T.e. HBlIHDTCH 6aa11caM11 11pOCTpaHCTB, npeo6paayDIIUlXCH no ee 0,llHOl(epHblM npe.11cTaB

lleHHllM. 

·§ 3. He11p11BOJ!llllble npeACTaBJieHl!ll 

Pacc110TpeHHHe B npe,llbl,llymeu 11aparpa~e npe~CTBBJ!8Hllll, l!Blll!DIIUleCH 11po11aBe,lleHl!HMII WYH.lla

MeHTalIDHUX II KOHTparpa,lUl:eHTHblX Ill( npe~CT8Bl!eH11lt, 11p11BO,lll!Mbl. TaK KaK 8TH npe,llCTaBJ!eHl!H 

HBlIHDTCH 11po11sBe,lleHIIHIGI YHl!TapHWC 11pe~cTaBJieH11ll, TO OHR YHl!TapHU H, CJie,llOBaTelIDHO, Bl!Ol!He 

llPIIBO,lijl'.1(1,1 (CM.§ 3,m). Te11epD saMMeMCH paaJIO~eHHel( 8TIIX 11pe,llCTaBJI8Hl!lt Ha Heilpl!BO,lll!We. 
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Ha'll!e11 c npocToro np1111epa npe,11cTaBJieH1111 '!l© U, B npocTpaucTBe f ~ c 6aa11co11 ~ "i',_oc,t 

BeKTOPH B STOii npocTpaBCTBe l!BJll!DTCll KOBap11aBTBlillll CllllBOpa1111 BTOporo pa!ll'a •. lia npOH3BOJll,-

uoro cnuuopa 'If,, o6paaye• ClllllleTpHquui! 11 aBTHClllllleTpllquai! CllllHOpa c HOllllOBeBT8.IIH 
'- L· 

'lf{-<.<(,\ ,. ± ( 11'.c,.c._ + 1!',c._,1._).1 (I08) 

11'(.r,o<,,J :,. ½- \ 'f.1,.c,. - 11'.c._D(,) • - (I09) 

B cooTBeTcTBHH c aT1111 npocTpaucTBo Ez paaJiaraeTc11 ua .!IBa 
1\.(.,, ... ,) 6aa11ca KOTOpl,IX o6paayDTCl! --l,- BeHTOp8.IIH 

" no,11npocTpaucTBa fz 11 E°" ... 

II n.(n.-:1.1 
z 

' 

-rrh-"'d 

BeKTOpallll 

-> [oc,or._J 
.'1, :,. 

COOTBeTCTBeBBO. lm6oi! Benop B 

) ~ ( 'Z"'-"• -..';. ) 1 ii, + ... , 

-:;M1-d1..,. 

D(, -f c(.,_ 

<(. ~ <(,. 

(-),( 

r-v - -e ~ L 
,r." -e ,c,(,. --"" o() 

E; 1111eeT BHA J 

- ')' :r; -Jj.i.,t.,_} } .., "" 
\ :: /..., %o1.oc.,_ II, = L £,c,c e + 

"tl_..t ce --? 

!_ L P (i"'•"• + t"',.« .. ) '{i ,c,,c._ • 
ol4) ".t. 

EcJIH 06oasau11 qepea y:,d.,_ KOllllOBeBT~ t B HCXO,!IBOII 6aauce ":l t:f.,_otL , TO 

f,, L l" 7" .. "',. 
:.., "◄ ciC.t, 

J.J.,._ 

CpaBHl!B8ll (IIO) C (III), 11H noxyqae11 

I(,::. 'J(,l. 

"· ) "J.. 1 
;po(..c,_ 

> •r• L.f 
"'r.C2,rJ,;: oC,.o{l, :=: ~ 11(,.CL 

(I08') 

(I09
1

) 

{IIO) 

(III) 

T.e. 
) J 'f.: <l>d,_,(, I °"• { ,,(,_ > 

".t.."• ,(.._,J.,._ 1f = 1 . TaKH11 06paao11, BeKTopa B E,. llBJil!DTCll c111111etpuquU1111 Clllluo-

pSllll. Auanor11quo BeHTopa B E; 11BJ111DTC11 auT11cu1111eTpuqua1111 cnuuop8.IIH. Tau uau JID6oi! 

I I E" E"-BeHTOp BH,lla (108 ) OpTorouaneB JID6011y BeHTOpy BH,lla (I09 ), TO no,11npocTpaucTBa -t, H :i, 

oprOBaJIDHli. DBH l!BJll!DTCll IIBBap11aHTHUIIH no,11npOCTpaBCTBa11H. ~ei!CTBHTeJIDHO, B8TPYAHO npoBe

PHTD, qTo B Jil)6011 npeo6pa30B8HHII 'U,@ vl., ClllllleTpHquui! CllllHOp BTOporo paura npeBpam,aeTCl! 
. . ~ 

B CllMMeTp11quull CTIHHOp BTOporo paura T.e. BeHTOp ll3 no;zinpocTpaucTBa E2, npeBpaJllaeTCll B BeHTOP 

HS 3TOro no,11npocTpaucTBa,u aaanor11qao aHTHCHMlleTpHqaai! CTIHHOp npeBpaJllaeTCll B 8HTHCHlllleTp11q-
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aail CllllHOP, T.e. no,11npocTpaHCTBO 1::: npeBpaJllaeTCll B ce611. IIOKHO nouaaau Taue, . 

qTO OHM npeo6paayDTCll no aenpHBOA!llllill npe,!ICT8BJl8HHllll; ~ouaaaTeJIDCTBO STOro YTB8PK.!18Hllll 

UOXJIO npoBeCTll CJieAYDlllllll 06paao11. Ba6epe11 Jib6ae ,!IBS 6aaHCHl,IX BeKTOpa, uanpH11ep, BHM 

(!08
1
). C no1101llDD KOHKP~TH~ Bapaxeaull 11aTp11u Yi , llBJil!DlllllXCll HH~HHHTea1111aJI»Blillll one

paTOPallll AaHBOrO npeACTaBJieHHll (Clio (83)), llli IIOKell llOHa3aT» 1 qTO CYllleCTByeT TaK8.l! noc-

Jie,!IOBSTeJIDBOCTlo HH~llHHTea1111aJU,Hl,IX onepaTopoB Y, 'f,. ... Y, ... ,- qTO B peaynuaTe ·,11elCTBIIB 
; > JI.,_/ "'.i' .. .. 

3THX onepaTopoB Ha OAIIH HS Bli6paHHHX BeKTOpOB llli nonyqae11 BeKTOp, nponopugOBal!DHliil BTO-

po111. Te11 caw11 uenp11BOA!IIIOCT:& npe,11cTaBJ1eu11i! B E: 11 E;- ,11ouaaasa (cp. c 11eTo,11011 . 

nocTpOeBllll BenpH~O,llllllliX npe,11cTaBJieu11il,H3JIOXeHBl:!II B m, § 4), 
TaKHII 06paao11, l!D60i! KOBapHaBTBliil CTIHBOp BTOporo paura paanaraeTCll Ba c111111eTpHql!Hll 

H aBTHCHIOleTp11quai! KOBap11aHTHlie CnHBOpli 

1f,. ~ .. -=-- 11'{.c,,1,. \ -+ 'I' [o<, o<,,J J (II2) 

06paayD111He HenpHBO,lllllllie npeACTSBJieBHll. ~ 

Pacc110TpH11 Tenep» npe,11cTaBJieB11e '!At~ U, B npocTpaucTBe ELt c 6aa11co11 "t/ . 
BeKTOpli B 3TOK npocTpaBCTBe BBJIBDTCll CnHHOpa1111 BTOporo paHra C KOKllOB8BTallll r.' • Iloua-· 

,( ,( ? 
Sell DpeQe BCero, UO CYJllla 1f'o!. llBBapMaBTBa OTBOCHT8Jll,BO BCeX npeo6pa30BaBHfl U@ U • 

leilcTBHTeJI»Bo, cornacuo (104), 1111ee11 

,. ~ r 
111 r _ I,,{, U tv 
l ~ -: o<J ,~ I '( 

,~ .,, r + f" 
"IV - u u 1f' - U, u 11' -1.;. - Jt o(f . K - .,_,, o,< i -

( 
-t- ) \ ..-- ,( 

U,t{; - 01f' -,.t 1r r - ., y - r.. J 

qTo ll Tpe6yeTCH ,!10Ha38T». 0TCD,lla CJieAYeT, B qaCTBOCTH, qTo ecJIH CllllHOp up 1111eeT 
I,< ~ 

mnyp paBBHil BYJID, TO 3TO CBoncTBO HBBap11aHTBO OTBOCHTeJI»BO Bcex npeo6pa30BaBHil U,@ U 

PacCMOTpHII.Tenep» llpOH3B0llDBlin CllHBOp 1f! II paaJIOlltllll ero Ha ,!IBe qaCTH, nepBall 113 

KoTopax 11ueeT uyJieBoil mnyp, a BTopa11 nponopuuouan»ua ,f! 

1f ~ ~ ( 
p i /) '() 'l',.--; o.,,_ 'Zf'r 

1 f> r 
-+ -S.,_"lJ';r 

n-
(II3) 

p 
B npeAU.z1Yllle11 naparpa~e 11a noKaaaJIH, qTo cn11uop S~ 11BJ111eTc11 RBBap11asro11. 

3011, CilHHOpa C uyneBIDI mnypOII 1{ p - .i. b: '"'y II CTIIIBOpli .!. r f \I'~ 
I\ ~ .,.. ly t\.- oC I• 

TaKH11 o6pa-

• KpaTuae cn11uopy f!, 

SI 



o6pasylll'r IIHBap11aHTHHe llOAnpoeTpaHeTBa B E~i· 3TH noAnpceTpaHeTBa opTOrOHaJl1>Hl,(, TaK KSK 

eKSJillpHoe npo11sBeAeH11e o~ Ha npo11sBOJI1»H!ilt elll!HOP I; paBHO mnypy SToro en11Hopa 

P -c l ,( s- o( cf, t :, ,( . 
Ilpll IlOIIOIItll yxaaaHHOro BHme 11eTOAa IIOJKHO noKaaaTI», qTo elll!HOPH e HyJieBHII mnypo11 o6paayDT 

Henp11BO,l(IIW8 npeAeTaBJieHHl!. TaKHII 06paso11, ~op11yJia (II3) l!BJil!eTel! paaJioxeHHell npOH3BOJII»

HOro Cill!HOpa 1r: Ha HenpHB0,!(1111!,(e. Ilep:Bb!ll elll!HOp B aTOll ~OpllyJie H11eeT t1,"--1. KOIIUOHeHT, 

a BTOpoll l!BJil!eTel! l!HBapllaHTOII. 
"'OTIISTHII, qTo HHBapHaHTHOeTI» cy11111:1 yo( 

~aKTa: EeJIII 1( f, ... ~1 - e11emaHHlil! eUl!HOp 

Q paa KOHTpaB~P~~;:i;HHll, TO cyw11a -u,-<P.-·· ro(1 

HBJilleTcH qaeTH~ eJiyqae11 cJie;ny1>~ero o6~ero 

( ~ +, )- ro paHra J 1'- paa KOBapMaHTHHlt II 

HBJ!HeTeH e11emaHH!,(II eMHOpOII ( ,..-t 'J - ~) -ro 
I I-<'\,_--· t 

t- :I. pas KOBapl!aHTHHII H ~- :I. paa KOHTpaBapl!aHTHIDI. lloKaaaTeJII»eTBO SToro 
o( 

paura, 

Baxuoro YTBepllt,ll,eHHll He OTJ!l!qaeTel! OT AOKaaaTeJII»CTBa IIHBap11aHTHOeTI! eyMIIJ:1 ,,.o( 
'PacellOTpllll TenepI» eUl!HOp!,[ Bl,lelllllX pauroB. Ha J!D6oro KOBap11aHTHOro eUl!HOpa, Hanp1111ep, 

f' - ro paura I IIOlKHO o6paaOBaTI» IlOJIHOeTI»ll e111111eTpzqugl1 elll!HOP 'If lo(~ .... «,.'r KOTOplill 

l!BJ!HeTel! HenpllBO,l(lllll,111. AHaJioruquo, eeJIII t-~ "1,, , TO IIOEHO o6paSOBSTI» Ta!Cllte IlOJIHOeTI»D 

aHTIICHll118TPllqH!,(l! eill!HOP "fl« •.... o1,-.J• KOTOpHl! TaKlle Henp11BOMII. TaK KaK ,llJIH IlOJIHOeTI»ll 

aHTlleHll118TpHqHoro enHHOpa Bee IIHAeKel,( AOJ!lltH!,( 6HTI, paaHHIIII, TO, He ey~eeTByeT IlOJ!HOeTI»D 

aHT11e111111eTp11qHoro eill!HOpa paHra f") n, • CHIIJleTpl!qH!,(ll ellJIHOP r--·ro paHra HlleeT 

..!.., 11,(11,H)." .(11,+t-:1.) He8aBl!elllll:1X KOIIUOHeHT, a aHTHCIIVlleTpllqH!,(ll enHHOp -f\, -ro paHra 
·/"• I . 

. 1111eeT ..L, n,(11,-:!.):--· (l'L--!s+:1.) KOIIIlOH8HT. Kpoue eill!HOPOB 11'1 _, 1•11· '\'[.c, ... o() t· , tol._ ... "',-.J ,., 
ey~eCTBYllT TaK~e II Apyr11e eill!HOPH, e111111eTpl180BSHHHe no HeKOTOPHII napaK HHAeKeOB II aaTell 

SHTlfClflllleTplfSOBaHHHe no APYrllll napa11. 3Tlf Cill!HOPH xapaKTep11aymTeH TSK HaSHBaeWIIH exe

llSlllf IDHra, eoAepxa~IIH l,.JleTKH 1 ·up11qe11 aHT11e111111eTp11qHH11 IIHAeKea11 eOOTBeTeTBYllT KJieTKH, 

pacnOJIOEeHHHe B O,lU!OII eTOJI6ue, a e111111eTpl!30BSHHHII l!HAeKeaK - KJieTKH B OAHOll eTpoxe. TaK, 

Hanp1111ep, JID6ol! KOBapllaHTHHll enl!HOP TpeTI»ero paura 11'o1.prllOEeT 6liTI» npeACTSBJieH B Bl!Ae 

ey1111g qeTHpex CJieAyD~X HenpHBO,l(IIMHX Clll!HOpo»: IlOJIHOeTI»D ea1111eTp11qH!,(ll enHHOp 

1t' l.1.p} "' ~ ( 11'.ipr -t- 1f f"lf -i- it,,,,_.;. 'f'JJ--< -r 1r ,.-<t -t- 'lf-<5t) ' (II4) 

nOJIHOeTI»ll SHTHelflflleTpllqH!,[l! enHHOp· 

1l'[c<pr]"' 1 ( 'l'.{~f- ~f,<t ;- ~~r"" - "tr,~ + 'lf'r-,,,t- 'If .{rt)} (IIS) 

enHHOp, e111111eTplf80Blf_HHHl! no <"- II r II SSTell aHTIIClllllleTpH30BSHHHll no , f II 4 

11,o(ttP'J "' i ( 1{ ,1pr + 'It f"(J' - 1t'o(l} - 'If 'fo1r) (II6) 
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ll enHII_OP,elfKlleTpll80BSHH!ilt no ~ II 't II saTell aHTlfel!l!lleTpl!30BSHHlill no o( II P 

1ft.i.t~11};:,, t (:,(tr'+ 'lf'"'-rr - ttr,o11· - 'l'l"l'"'). 
,nelleTBHTeJII,HO;~~TPYJ1J!O BHAeTI», qTO 

11'.(pr-::,. 1t'l.,(p ... ~ t 'll't-<p'J + 'l'l-<[~~ 5J + 1t(-<lifl • 

OT11eTHII, qTO enMHOpli {II6) II {II7) YAOBJ!eTBOPHllT TOllt)l.eeTBY BIIAa 

11't~ir)a-) + '4' lw-i-<J + ir ltt\fl = 
0 

• 

HenpHBOAIIIIUe enMHOPH (II4)- (II7)-xapaKTepB3YDTell eJie,llYll~IIH 

(ill]!) m· Hr1 ~ 

exe11a1111 IJHra 

{II?) 

{IIB} 

(II9} 

1JHCJ!SIIXKOIIIlOHeHT paBllli+,"'(l'l-+l)(t1-1-,i,)_, 17n.(~-4)(t1-;),¾""(11,t-i) B tn.(n.~-.1.) • 
AHaJIOrHqHO nD60ll KOBapHaHTHHll elll!HOP p.--ro paHra paanaraeTell B cy1111y HenpllBO;ll.l!MliX enMHO

poB, e111111eTpll~OBaHHl:IX B aHTHeHlllleTpHaOBaHHliX no onpeAeJieHHWol cxewa11 IJHra. 

Mil paec110Tpellll KOBapuaHTH!,(e CDIIHOPH• IlpM nouo~ noJIHOeTI»D aHTBClfMlleTpllqBOrO enMHOpa 

AJIH JID6wt KOHTparpa,l(lleHTHl:IX H euemaHHliX enMHOPOB IIOlltBO BBeeTB 

TaK, Hanp1111ep KOHTpaBapllaHTHlill enMBOP 'lfc( SKBlf

enMHOPY 5-ro paura 

~ -ro paHra f.,e~-·- cl.., 

3KBMBaJieHTHHe MIi KOBapHaHTHli8 enMHOpH. 

BaJieHTeH noJIHOeTI»D aHTlfClllleTplfqHOIIY KOBapuaHTHOIIY 

'i 

1t'r.c~rrfl := f.o1r,1r,~ 1f j 

TaK KaK npollaBeAeHBH f., , .,,,r o6paayDT eill!HOP 7-ro paHra, 6 pas KOBap11aHTHUll B O;ll,l!B 
"'fJ't•tv l paa KOHTpaBapaauTHHll, a ey1111apoBaHHe no,~ I!l)eBpamaeT ero B KoBap11aHTBHll enMHOP 5-ro paura, 

Auanor11qHID111eTOAOII MOSHO onycKaTI» Bee Bepxuue l!HAeKeH JID601'0 CllllHOpa II npeBpamaTI» ero 

B KOBapHaHTHHll enMHOP- )l.JIH :xapaxTepICTUI noeJieAHero IIOXHO noJII»SOBaTI»eH exe11on IJHra. HTaK, 

Bee enHHOPH xapaKTepM8yJ)TCH IlOJIHOeTI»D exeualllf IJHra. 
KaK 6liJIO yKB.aaHO, He cy~eeTByeT noJIHOeTI»ll aHTlfClflllleTplfqHOrO enHHOpa paHra t -, n, • 

8To·oauaqaeT, qTO KaEAHll eTOJI6en B exe11e Dura eoAeplEl!T He 60J11»me n, Kl!eToK. Eonee Toro, 

nOJIHOCTI»ll aHTBClflll!eTpi!qH!,(ll CillfHOP 1'1,-1'0 paHra l!BJ!l!eTeH lfHBapuaHTOII, TaK qTO IIX IIOlKHO 

He paccMaTPMBaTI». !,ITaK, KaEAHll eTOJI6en ipaKTUqeeKII coAeplll!T Be 60JII»me n. - 1.. 1tJ1e?o1t, 

T • e. cxe11a IOara coAepl!IHT He 60JI1»me n. - 1. cTpOK, KallQJ.SH 113 KOTOPliX 11oxeT COAep:ataTI» 

JII060e queJIO KJ1eTOK. 1iHCJ!a !ClleTOK B 3THX eTpOKaX A .. 1 "-i 1 ••• A,._,,_nonHOCTI»D onpeAe

Jll!DT COOTBeTCTByD~ee Henp11BOMII08 npe~cTaBJlel!l{e. !,IHaqe roBOPH, KaIAOe Henpl!BO)IHIIOe npeA-
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CT8B1!eHl!e xapa1CTep1rnyeTCH 11, - ::I. 1(6JIIDG! 'lllC1!alll! A-1, , At. , • • • .,\.,,_ L , HBJ!HDIItl!lll!CH 

-'ll!CJialll! KJieTOIC B n.- i. CTpoKax B C00TBeTCTBYlll!llel1 cxeue IJHra. Bo IIHOr11x CJIY'l81DC 31CBIIBa-

' JieHTl!l,le Clll!HOPH T11'na yo( II ti'i.c,.-,t] t nanp1111ep, ipll3li'l6C!Cl! H631CBliB81IeHTHU. Tor.zta 

He06XO,lU!MO paCCIIOTPeTD OT,ll61IDH0 Bepxnae li Hl!ZHHe IIH,ll61CCH)l! .zt1IH xapaKTepl!CTl!ICl! Cill!HOpoB 

HYZHO BB6CTI! .ztBe CX611H IJl!I'a, 0.ztHy .lt1Ill BepXHl!X l!H,ll61CCOB, a .ztpyrylll ,ll]!H Hlllll!HXo qro6u 06pa-

30B8TD H6Ilpl!BO,lU!IIHe npe.ztCT8BJI6Hl!ll H806XO,lU!llO TaKZe Bli'leCTD mnypu no BCell napau l!H.zteKCOB, 
CO.ztepZBIItl!ll 0,lU!H BepxHl!l1 II 0,lU!H Hl!XHl!l1 IIH.zteKcu. 

B aa1CJID'leH11e oT11eT11u, 'lTO rpynna SL{(l\.t)KounaKTHa. C1Ie.ztoBaTe1I»Ho, Bee ee npe.ztcraB1Ie

Hl!H llOXHO C_'ll!TBU YHl!TapHUUII. OHi! Bll01!He npl!BO,lU!IIH II pacna.ztaJJTCH Ha Heilpl!BO,lU!IIHe npe.zt

CT8B1!6Hllll, a nOC1!6,llHl!e KOHe'lHOllepHu. Ilp11 IlOIIOIItl! 1!31IOXeHHOro Buwe lleTO.zta IIH l!C'lepnuBaeu Bee 
Boa110ZHue Henp11Bo,lU!11ue npe.ztcTaB1IeH11H rpynnu S Ll (iv). 
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rnABA 11 
rPYIIIIA S l,{(2) R R30TOJmllECIW! IDIB!PR.AHTHOCTI, 

I. HEIIP.l!BOJUIJ,!lIB IIPEJ(CTABJIEHIIB rPYJillH St{ (2) 

§ I. rpYnna Bpa11eull B COCTOJIBHll C onp8,Jj8.18B1!),IIIJI IIJ)ll8BT!UOI 

B ltBaBTOBOII 11exaBB1t8 npe,l!IO.laraercs, qro npH Bp811teBBSX npocrpaBCTBa,BOJIBOBHe 

<!>YBJtllllH COCTOl!llllll <!>ll3Hq8Cltl!X cucre11 npeoOpa3YJ)TCll no BenpHBO,IUUllill npe,1;craB.l8BHllll rpynlll,l 

BPSlll8BBII. 0003Ba'IJDI qepe3 'J _; JJB<!>HBHT83HllaJIJ,1!1,18 oneparopu, COOTB8TCTBYJlllllll8 reBeparopa11 . 

A~ rpynlll,l Bp~eBHII, Onp8,1;8Jll!Clll,II( <!>OpXfJlallH (40) H (40•) B rJlaBe L :R3 HBBapH-

aBTBOCTB BOJ!BOBOro ypaBBeBHll OTBOCHT8JILBO rpynlll,I BPBDt8Bi!II CJ!e~er, qro rllJOl.ll,TOBHaB H 
ltOl(l(yTHpyer co BC811H D<!>HBHT83Jll[aJlhBllllll oneparOp8llH 'J~ 

[H,'f;J=o. 
C.1e,1;onarenBO, 3TJI lll!lja:BHT83 Bl(6.ll,1!1,18 oneparOphl BhlpllZB.llT C0Xp8lllll)IIIH8Cll <!>ll3Bqecue B8.ll!Q

Bhl. OBK Ba3hlBB.llTCll oneparopBllll yr.ro»oro 11011eBr/i-

OneparOphl yrJOBOro 11011eBra YA0B.18TB0plll)T ltOIOIJTIIIlllOB~ COOTHOmeHHJ!l( 

Ct, 'J,J = ~ t,.'i ~ 'JI<. 

(c11.r.1any I, <!>OPIIY.IY (41•) ). :R3 3TIIX COOTHOBeull c.1e,1;yer, qro nOJIIHI 110118BT 

---,.t. ~ ~ 'J'l. 
') ::,. '.J, 1: '.1.t -t .!, 

ltOl(l(JTBpyer co BC811H 'J: 
l ;;;,i:J ~ 0 

Cor.racBO .181(1(8 ll!ypa (c11.r.1aBy I, n.m, § 4), ,Jl;.111 lt8Z,J;Oro BenpHBO,Jl;Jll[OrO npe,J;CTaBJl8BHll 
-::f J. 

oneparop J xpareB e,J;BBnue, r.e. lllleer onpe,1;eJ1eBBOe coOcraeBBoe 3Baqeaue. ID!aqe rono-

ps, COCTOl!HHll C onpe,1;eJ18BBhlllH yrJIOBhlllH 11011811.Tdllll npeoOpa3YJ)TCll no BenpHBO)UUllill npe,J;CTaBJI8-

BBllll rpynlll,l BP!llll8BBII. TB.It ltalt :pynna BP!llll811.~II H rpynna $ U.(2) JIOltaJ!hll.0 H30110p!pBLI 

(c11.r.1any l, n.I, § 5), ro rpynny BP!llll811.HII B ,J;aJ!hB8llme11 oy;e11 OTOZ,lt8CTB.llln C rpynnoll 

SU. (2). 

Pacc11orpu reneph 11.exoropue o011tae cnol!cr»a 11.enpaBOJUDlh!X npe,11cran.1eHHII rpynlll1 S \,{(2). 

llii,1;e1tchl CnHII.Opo» oo 0311.aqo qepe3 · "' , $ • • • • . TB.It RB.It 1tezJ0,11! u,:exc 110:a:er npBll.ll!llarh 

TOllltO ,J;Ba 311.aqeBBll , a.., j_, =I,2, TO 8,Jl;BBCTB8BBhllD! 8llTJICBl(l(8Tpllqah111B CnHBOpalOI llBJIIIJ)TCll 
' ~& 

aBTIICl!lOl8Tpll'1Bhle CilllBOpH Broporo pa11.ra E ll f "--' • JlJtll y;;OOcrna llh1 BHOepe11 3Tll 
.). 

CnllBOpH rax, 'ITOOH t =- t¼ • Hanpllllep, llh1 II0J:811 no.11onu 
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£..(f~ -t~l.:::. 
f,1,i." - f.,U 

Herpy,1;11.0 npo»epxrh c.1e.'Ql)111ee coor11.ome&me 
·~ . A-. 

, E, f.·.'c. = t<4 f.. 
c;,"' 

C 

<L. 
(I) 

(2) 

CnHBOpH 
f ..I, II E"-' n03B0JIJll)T no,J;HBKan IIJIH onycltalh BJl.,Jl;8ltC~ CilllBOpOB • 

Y!i oee11, 11.anpoep, 
.( 

'f .._ = E."4 "t' I 
~ 

r. e. ltOII.TpaBapllaBTBhlll CUllBOp 1 
<I 

'I. ~'fl, tr=- t. ,, ) 

31tBIIBaJ18BT8II. ltOBapHaBTII.OIIJ CUHII.Opy 

ruuo Cilllll.Ophl 1t'"" H 'If , CBll3aBhl COOTBOBeHlll!llB 

i "-' =-

C. ~ - E, o.C U-
f_ 'IJ, ff, -- I c, O "c.- I ,& I -1> 

(3) 

yq ; !HaJIO-

(4) 
~ 

Ecu 1f ,t lllleer 11.yJ1e»ol! anyp; ro t/',. ~ CBl(l(etpneB. JlelctBllten11.o, ecu 'f; = o , 

ro couac&o (2) 11H Dee11 
,,.,(. ,:. 

e. '"-' 1f' M. = e e. ....... 'l" e 
to.. C. (' ,l C. C 

- t t 1f' = - •IJ 'f ;::_ - ,Z,. C. ""- 0 / 

""-' <--' I 

a pane11.crno HY.Ill np0113Be,1;e11.a11 

'f..t. • 1f, , ro . ,. 'If' 1 =c 

f. ...( f ~ 0311.aqasr, qro 

€. ,..._-.,.<A = o I 

Y,..c ~ 'f .4ct. OOpar11.o, ecn 

t.e. tt1 Deer &yJieBOl! anyp. Krax, .. 11.enpno,Jl;Bllhlll cJ001erpaqBh!II CilllHOp ·1f l«L) no.lBOCThD 

HBHBaJ1eBre11. c11e111aaHOIIJ cilllBopy 11'. l c JI.Y.IBBHII anypo11. l t, ... ,, \ 
Pacc11orpu reneph JIDOoll 11.enpHBOJtJOlhll! c11emaaBhll! cUHBop 1t l ~ , ,Jl;Jlll xoro-"• · ·. "I") 

poro mnyphl no nceK napa11 HJ1.,J1;exco» 11.- • 

l' •·c.C· .-la\ .... "J·• J-t• ' 

J. i paBBH 11.YJID 

0 (5) 

'4' l 11•· -- Q.A•-, .. "•'+ ,.- q I"~ 
Onycxas Bee BepxBHe HJl.,Jl;eltCH C nOIIO!llhD_ E...c ' llh1 no.ryqae:u: ltOBapllaBTBhll CUllll.Op- paara j<-·t~ 

l ,,. .. ,, ! 
t - l".... £ C ' 'It J j ) c,.-t1 <1,. 'It- - , • '\ 1 l~··· 'If" 

{ t,... .t, t 
npzqe11 H3 cHl(l(erpzq11.ocrH CilllBOpa 1{' l ~ no »epxJl.1!)( 1111,J1;e1tca11 H no BIIJ:IIU 

'I,-. - ·"(') 
lll!Jt81tC811 c.re,J;yer CBl(l(8Tpll'l_ll0CTJ, CnHBOpa (6) DO Bce11 ~eltC8.II qt. · · -- 'If'- H no BC811 

(6) 

c; ,.; 1J, A •,. "1'- :::_ 
f. • '.', .. -'/· c, Q .... ~. ' 

~ ·1·"· c,1. ,,· .. 

1m.11exca11 c-1. .... c. • rroxaze11 reneph, uo cilllll.op (6) cB1111erp•qe11. raae ouocuren&o nape-
' C. q • 

craaoBu .111t1011 naphl HJ1.,J1;exco» a.,. • ci • Jlellcrnxren&o, yimo:a:as ero Ba E J • • c111- , 

npys no c-,f • o.,.: , w no.tyqp, corJ1acBo (2) • (5), 

. !'•--·-';·--· ~,l 
e•;-'i ... f~" ' i~ .... 11.· ... qd 
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- fct..& -·· r": • ,e . 
J 

i~---"J'···', ~ . 
\'" -it h---"~·-·"'r) = 0 

T8XIDI o<lpll30K, ecn BCe lllnypH (5) PaBHll HYJID, TO ltOBapH!lll?Hllll CmtHOp "(6) CHJ(J(8Tp11qeH no 

O?HO118HIII) ltO BceK nepec:raHOBJtal( Bcex IIB,J;81tCOB: 

': t • E,. ' . c;_.,.,... 1 1 
/ 4, ... t1 j 

1t{'4.---<1,..J r i q._ ___ qr- c, .. • c1 J 
CmtBOp 'j' 1 t, .. . -'1 j 

tq. ... "I"~ :raae KOZBO BHpaaxu· qepe3 'If' { "•· _ "r- ,.. .. . c'I J 
l C- ,, j ,.. .. '1 c, 'I.J. 

1t l I::. f ... f. tlq, ... q,.. Ct.··•t7 J 

(7) 

(8) 
q,_ .. {il"} , 

Ta.DIii o<lpll3ox, Bee aenpuo,Ull!le npe,1;cTauemu1 rpyn1111 SU (2) Kory:r Clan paccxo:rpem 

ltax ltOBapBaHTHll8 Clllllle:rpll'IB!i8 Cm!HOp!i 'f' f q._ •••• ll._} • 

Kalt <l!i.1O IlO1t83aHO B ritaBe I (cK. n. If, § 3), CHJ(J(8TPll'IHll8 JtOBapllaH?Hli8 CIIRBOJl,I 

KOZHO IIOJIY'IH:U. ny:reK CBKK8?pH3~ npOB3BOJ11,Hwt Clll!HOpOB C ltOll!lOBeHTaKH 1f' 'I._ •• __ 'I.~ 

.ausm111KXc.a BexropellH B npoc:rpaHcue E'I:. , npeo<lp83YJl1118Kc.a-no npe.1tc:rauemm U..@U@---· 

.. -·@ t{. Tax xax JID(lol! Bex:rop B E"'- uee:r BB.Jt ~ 
~ ~ _.:p.q:l..---C\~ 

. 11' ~ 11''1._ .......... .e.. 

r.ite ~'\. .. • <I,._ - op:rOHOpwpOBaHlllill <l83HC B E,._ , TO C!Dlllerpll'IHU8 CIIIIIHOp!i .aBism:rc.a 
..! 

Bex:ropBJm B no.1tnpoc:rpaHcne E ,,_, c (la311cox 

ue L 
P("•-·· a.._1 

- lq._ ... Q.,,j 
-Ii:, -=:: 

L 
P(, .. -<t ... ) 

-.:, ":1...--- Q,,c_ 
.e 

l! z . e!"-.. --· o.~ 11 
I 

P(«._ .• tt ... ) I 
O<lO3Ha'lae:r C;rKKBpOBaHBe no BC8K nepec:raHOBltaK ltl!J;8JtCOB 

3Jl8K8H:rli BH¢HHH?83BllaJILHwt onepaTOpOB 

(9) 

~--- o..._. 

'J..;, , B IICXO~OK PacCKO?pllll :renepL Ka:rpH'IHli8 
➔ ....... Q,._ 

<lll3HC8 .e.. . 1(1,l 1!11:88¥ 
"- ( S'; ) ~ _ .. b<1.__g.._ I L b,.._, .... ~",.,-'.~, :.,/'\.:.&, , .. {-.. (IO) 
.:=- ◄ ( :J-) . :::. 

\_: ... (<1,.--'l.._)(C, ..• C.._) 
r,Jte ~ -HH¢HIUl:re3HKaltLHlie onepa:ropu ¢YH.JtaKeH:raitLHOro 11pe,JtCTaBJ18HHS, :r.e. reHepa:ro-.,_ 
pu rpymm S U. (2) (c11:,r.11a2y I, ¢opK:,m (82) 11 (83~. Tax xax 6'..; He 1tOKK:,?11pYJ):r , 

:ro :roJt&xo O.ltl!H H3 BHX lll(ee:r ,JtHarOHanHUII Bll.lt, B Jtaqecne ,1tBaro11anHoro onepa:ropa w BH<lB-

paell: c;'l 

cr-,_ =- (: : ) ~= ( ~ -•' ) , o I ~3 ~ ( ~ -01) (II) 

5b 

Tor,;a onepa:rop :J-> ,ltBarOH~eH. ,Jtonyc:rHK, no ~ llll,ltexcoB cpe.ltll ""- . . • ".,_ paBHli I, 

a --r.- , OCtaJILHHX paBHli 2. Tor,1;a 113 (IO) 11 (II) W no.11yqaeK 

l:I~Jc'\,--0.1.)(.C, .. - ,(~> = ( 1 - ,,_~,) ~-~~ --- -; .. ~ , .. 
B qacuoc:rx, BKeeK . 1 ~- _,, ! q._ ••• <1"-j 

r-j--7l"L···a.,,..}_ (-- :.=j_) e.. . .°', .e, · - ~ ,_ I (12) 
. l .... --- " ~ 

r,1;e ~ - 'IBC.110 IIH,Jt8ltCOB, pB.BHHX I. Tax Jtax npll ,llaHHOK 't Bex:ropli ~ "- J 

noJIHOC:rLJl xap6lt:repll3j'Jl?C.a 'lltCl!OK llll,Jt8ltCOB paBHliX I (11.nt 2), TO coo:rHomeue (I2) ll01tll31iBa-
. ~ ..! 

e:r, qro Jta:11,1,;OKY co<lcneHBOKY sHa'leBIIIJl oJ 3 coo:rne:rcnyeT e,JOmcrBeHHlilt nenop B E.'t, 
B npoc:rpal!c:rne E,: onepa:rop 'J, ID(eeT ,,_ -t- L co<lc:rneHHHX 3Ba'leH11II: 

'j,= - ~ I -t+ .LI .. - . ~ -!. I ~ 

E
k . ~ . • 

l'!Tait, pa3llepHOCTL ,., paBHa lz..-t L , !IOJIOZIIK ;} "- °i: , lblcJIO -;f Ha311Bae:rcll nOJI!IID( ~o-

xeBTOK COCTOl!BBll, xapaitTep11syexoro ,J;aHHID( Henpl!BO,JOtl(!l)( npe,l;CTaBJl8Bll8K• ,JtJIR ,llaHBOrO j 
onepa:rop :l~ 11~ee:r .½·.-ti cotlcueHBli~ a11aqeH11II, 

-f, -f+I ---- t -1.., d'° > l / -t'-t:\4.-•-~~) 

IlpB IIOKOIIUI (IO) II (II) 1(1,l J(QZ8K noxasa:rL, q:ro ,l;JIR JID<lOro ~ 
--;, .t t t • · ) -" !~ ·· - o.,.__j (IJ) 'J -::, ~L ... 't~)-=.. 3(1-r( -e., 

§ 2. Hexoropue CilllBOPli Hll3mllX paHrOB 

B xaqec:rBe np11KepoB paccxo:rpBK Hexo:ropue clll!HOPH 1111sm11x pal!l'oB, xapait:rep11syD11111e 
• ◄ .}__ . ~ . 
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I) i=- L , CoCTORHl!e C i=-r Olll!CliBae:rca CilllHOpOK "f" l!JIH 3KBl!BaHTeBTHliK 8MY 
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➔ L 
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O:rJ1e:r11111 ,. 'l:ro 11aipun11:res11J1a.J1LHue onepa:ropu 'J.: xon:rpaBap11aa:rHoro npeJtc:raBJieH11.11 

3aHU C IIH~IIHll:resru,:a.Jll,Hl,IJIII onepa:rOp81ffl 6';.· ¢YJ!JtaJ1eH:raJ1:bB:OrO npe,J;c?aBJ18HIIJI 
'( q_ 

Y-. :L -coo:ruomeu11eJ1 -- ( 
0

.- ) ' 

'J."'" (E) 
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(cJ1.rJ1aBy I, ~OPJIYJIY (751) ). Ilos:roKy JIU IIJl88JI (I7) 
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J, -f ... " ± t.t 
,i:ro Ha:xO)tll:rc.11 B cornac1111 c (I6). 

-,...,, .1- _l 
j}t,= - ... }:L J 

(IB) 

CB.II-

2) ;r =I. Coc:ro.11HH.11 C 1, =I JIOXHO Oill!CUBa?I. np11 nOKOIJtH Clllll(e:rp11'1HOro ltOBap11aa:r-
o -s>.._,t 

Horo CIIHHOpa B:roporo paara "fi /.tJ. j . !Iyc:rL -<!. - C!as11c B npoc:rpaacne 
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:f i. I ~ +-◄ - -f- .1... I 1- :t_ 

6U 

c...::..::,----------

Z3 ¢0PJIY.llll )tl!S l[J!~IIHll?83llllWILlllil onepa:ropOB np0113B8,ll;8Hltll ,ll;Byx npe.ztC?aBJl8HHll (c11.rJ1aBy I, 

¢0PKYJlll (82) • (83»• ¢0PJIY.llll l~s im~mtH:re3Hll8JILHllX onepa:ropoB xoH:rpaBap1111J1:raoro npe,J;c:raBJ1e-
r-r _..._ 

HHS (I7) 11H BllJtlll,l, q:ro o/;, ,11ellc:rB7D:r Ha f ,( CJI8,ll;yDIItllll odp830ll: • 

- _.,"' ( to'." ) _,,,1 ( to: )T -:;,'I -

J"': f (, ,,_ -;; /~ f .e - -;: G~ f ,& 1 (23) 
➔ 1 -7~ 

J; ( f1;t~ )~ OJ 
B 11ac:rHoc:r11: 

....,, 1 

:J~ L . 
_,, f 

t.u 
4~ -,:i. 

J~f1-~-f:L- (24) 

t 
-4 .., 

-"11 .-"/ .f1_,{.t 

~ J_ / -f o ;:: ~ .t 
. ·~ ....-;, ~.2.. 

f_ = f 1-

Il.!3?01,lY nOJIOXl!ll 

(25) 

:co noJ1y'lllll: 

EcJIII npe,11C?aBH?L 3:rH CDl!HOpll B B]Ue Jla:rpHJlll ~ _., _ l"": "f1..) 
'\y - -u, 1 '- / 

l.1_ 'lf' L 

--') ( o ,/ ) -? c~ 0 ) _., f-t=- oo. I to·= ~-:v If_= 
0'10Bll,ll;HO, '1?0 JtJIS BC8X 3?11X CIIIIHOpOB IIIl}'pll paBHll Hy.Ill): "f: = 

(
0 -~ ·) -1.._y. 

0 • 

(26) 

~ 
Kag 113B8C:rH0 1 CIIl'IHOpll tri.J. \ It 1j' t cBsaaa11 coo:raomeuSJ1H (4). Taz:,Hanpoep, 

-'I -.:>l.u.~ 
CIIIIHOPY €.+ = "- ( t/'1A :.r II 0CTMLH!l8 "l'a...e. .o) 
CIJl!HOp C ltOllnOH8H?8Klt 1f' ~ =~, r; =0 JtJIII "-12 IIJIII 

AHanorH'IHO, cn11Hopy ~ =- ~lo.\ ( 'tu.~ J,1 1""' k,, oc:raJILlllie 
1 1 ~ ...L 'U,'I c11emamml! CIDIHOp C XOJIIIOH8H?8llH "1'1 = - 6, I 'If .t, = f.i. t / ,(; 

eoo:rBe:rc:rBye:r cJ1e■aJ1HHI 
_g-1, . --9'1._ 

l I, :r. e. COIIHOp f ~ • 
o/'«,< =0) coone:rc:rsye:r 

=0, ecJIH "f°' , :r.e. 
_., _., ,. ,__ -? 

CIIl'IHOp - f 
O 

, a cmmopy "--_ coo:r:se:rcnye:r - f- . TaxHll oOpaaoK, oee:r 11ec:ro 

cooue:rc:rBHe 
....:, 

"'--,. 
~ 

'="' .:j'.+ 
_,, -::'1 ..,_ e-'>-f 0 0 

"c::"1 z =-.f--; (27) 

11 coo:raomeH11s (20) H (24) cornac7D:rcs. Ome:rHJ1, 11:ro ,tJIH nonyqens HenpnoJtll)llll npe.ztc:raBne

Hlll! c 083HC8lll! (2I) 14 (25) llOXHO :raxxe npHJIBHH:rL ll8?0Jt, yxa311J!lllill B § 4, m,rJiaBH I. Tait, 
' ' ~'1..1... 

Hanp11J1ep, 11H sapanee 3Haell, q:ro 12.. SBJIJ!e:rcs 8JtHRC?B8HHllJI ltOBapHllll?Hlill CJillHOpOll 

:sroporo pBHra c.. :l~ ~ +I. OH ,J;onea npmta,u:exau aexo:ropoJIY aenp11:s0Jt!D(o11y npe.ztc:raB.tBHD. 

)lenc:r:syH Ha a:ro:r cmmop mti:,011:re311llMLH!illll onepa:ropaJ1J1 :1..: aecx0J1Lxo pas, w 1101:e11 

nOJiy'lll?L Bee oc:raJILHlle CnHHOpu B ,llaHHOJI HenpHBOJtll)(OJI np8,ll;CTaB.t8l!HJI. )lellc:r:s11:reJ1LHO, 0010-

XIIIL 

'J -t =- -t l 'J, -t , J ,_ ) , 
11 coo:rBe:rc:rBeHHO 

6',.. =- ;:_ ( .,. + • ",._ ) =-

COr JiacHO (I9), HJl88ll 

J ... 4< 

- e.. = 
-"'Id· _,,.:_,t.. 
e.. -t ~ 

/ 

:t ~. 4. \ J< - ' :J,._) I 

(:~)I ~ = ~ (,.. - ~ ~,_);. ( / :)-

J_ ( ~-'1 + ~11-) 

6I 

...:,,t.t_ 
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r.e. noJiyqaell Bee CJIIIBOpB (2I). AHMOrHqHo, e,!!l!HCTBeHHUM cxemaHHBll CnHHOpOll c 
_ry~ J>"' -+ ::I... 

J1BJIJ1ercJ1 -t ,_ , H, corJiacHo (23), w l!lleeM 
---9,t -?J. ~ 1 -"JL -91) --".t 

'J_ f J.. := L. -f <.. I 'J_ ( f... - f-... = - J.. :f 1. 

r.e. noJiyqaeM Bee cnHHopa (25). 

3) j ;::. 3/2. cocromm:R c ;} "- l llOXl!O xapaxrep1130BaTi C IIOl,IOllliD KOBap1taHrBoro 

Clllll,lerpKqHoro CnHHopa rpeuero paHra "I' t ....,_ < \ lllJilll cMemaHHoro CnKHOpa 

BBW! mrrypwm. B nepBOl[ c.11yqae COCTOJIHKJI C 38,ll;aH!IIU[ coc5crBeHmll[ 3Ha'!eHHel[ 

JIJIDTCJI CJie.itYDllll!ll 06pa3ol[: 

-.e.-,..i. 
_,,la« j -:J,f..f-1 

-e.. ~ .e.. 

::, 

-'1 
::c .e .. L 

- l◄•.tj f c-.,11.t .....,~.t1 -=,.t.1,,J ,,_ = ,r,; e.. +.e.. +e. J 
,_ 

---4 

~-i. ::. 
.,__ 

~ {w\ J._ (e! ◄ .U-t z.t1.4..-t- ~-U~ .e... = ~ I 

-"7 

-e.._1_ ::. 
:I.-

- t"-"-5 - ,._.._,__ 
e.. = ..e., 

_} 

a BO BrOpOll CJly'lae 
-:, ti ::. 

-:, H 

f ,_ / 

<: 
1/'l"--' ~ C ByJie-

J~ onpe,11;e-

(28) 

,._ 
-7 

f .. .L ,._ * (;;\-1~.t~ 1:11

) I (29) . 

--") 

f-i 
.J_ ( ➔ "-1 ➔ 1-t. ~ ...... ) 

('5 .fi. -t-f-:t..-:f...%.. I 

-"'1 

t-1 . J.. 

-,u. 
f 1.. • 

KoKnoaearu CnKBopoB (28) H (29) DOJIY'laDTeJI aenocpe.itcrBeBHO 113 3TlllX ljiopKyJI. Herpy,ltHO YBK-

.iter,, qro KOllIIOBeBtB 

It 

'r a.'i. CfilllBOpOB (29) YJtOB.llerBOpJ!Dr YCJIOBKJD[ 

"t'c.. = "r ,"-
""' -<>G\ 

q 
'ro..(, 

q 

'Zf'~ G\ 
0 

Orllerl!ll, '!TO Bee CllHBOpB B (28) 1t (29) llOryr imu DOJiyqeHB 113 

,Jtel!CrBlt/1 Ba 3TH CDHHOPB oneparopoll J _ BeCKOJIUO -pa3. 

Hanpltl[ep, w ltl[eeK 

:J -'I ,f~ 

- f .1-

-9.t1 --911- -'?1-1 

f,_--t.h_-f1..1 
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_., 
<. .!. 

.,__ 

-7 

KJ!lll f..!.. nyrell .,__ 

'1 (1 !.i ..q~.t ....,,11) 
ol_ -r ,_ -1- t J... - f a 

7''--l -?-t1 

T ,._ -f-1· 

( 
_..;.r. ....,.i.1 ....,1 .... ) 

= J.. 4,_- t"< -f,--1 I 

-7.1..t. --, ~.f.. 

-rf..__ - f-1 
__,.,. 1:t -,.t.1 

f < -f,, 

J ( _,,,.:. -?!..~ .->71.t \ - \ t J.. ti,, } 1,J -

...,..._"- ......,.t..i. ...,-t.t. ...... :u. 
f L - t ~ - f 4.. -=- - '>J <L 

4) J- ~2. ECJilll D0Jll,30Bar,ca KOBaplll!IIITHBll C]lll[l[etpKWBll CDKBOpOll qerBeproro.paara 

'\' t d ~<t \ ' ro cocrOBBBJI e onpe;n:eJleBIIBlffl J!> ODKCUBaDTCB CJIIIBOpalllt 

--7 
-'!... 

++ 

...q 

..e.k 

-7 -
..l!..o -_., 
~ ,,.. 

-e_ __ -=-

_,, -l••·· j _.., .... 
L =-- L I 

s \ ~ (-1••.I.. ➔ 1◄ !.1 -{.(_,f,f -;,.(.-t•1) 
_., I 1<1-( ) _ _ -'... -t .,__ ,j- ~ ,t- "-
.e.. - :L ) 

l,11-t.t.J ~ (_,,,1.t-t __.,,1(,1J.. ;!.t11J..-t ~~~.ti+ e:,',t1!.1+-°2-l-lH) 
7i': =:. .r. e -r"- ~ /; 

,, --9:L.(-1.t. -~1) 
-;; HI.HJ= _i_ ( ii!~.t..t'--t" '2 .(-f.t'--t ..e -t ..e. / 

.,__ 

_., l,o . .t.t.} 
e.- ::. 

_..__.t..t."
/2.. J 

(30) 

a ecxH fiQJ!l,30Bar,ca cKemaBBID[ CIIRBOpOK'C ByJl8BUlllll IIIIIYPaKlll 

wt'"\ 
\ 1~~ "- t. ,,. E."' t "tt"" ""f j ) 

to coctoJ!BlllB c onpe,1texeamnm J) xapaxrepll37DTCJ1 cDHBOpalllll 

-.::, __::,H 

t - ~ 
-t"'t - .%.1. ' ....=, ,t\ ~ -1.-\ --9 .t.1 ~ ·U .. ) 

1 =- .L l"-- -t" "' .... - ,,_ ,.,.. - .... ~ 1 
·1..- '- ... , .t.t -,. ~.I. __,, .t.f --, .t:.(. ) ~f ..L(,e;'1_-zu._-::,.t.-.t!.. .q-LHk""-.t..L ) 

o"" lb a ◄ 1.t.LJ... _.,1.t. __,,'-1) 
-7 --.:, J..L -=, t .Jl.... 
f '-- J.._ (~ ' -t" <- .l.1 - H - 1 ~ / . f- - .1. ,.t. (3I) 
-"I ....,,,.t.-'. 

f . ..e -- =- ,,t,,t _.,, 

EcJllll ,1te1tcnyex 'J _ aa ~ +-t- .._ f.H aecxonxo p83, ro w DOJIY'laell Bee eIIRaopu (30) lll 

(3I), 
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§ 3. ]leJtrop1,1, ren3opa • c111:n-ren3op1,1 

B np8,ll;liJcylllell r.la.Be Mil 1!3Y'IH.!H CBJ131, lie~ rpynnoll Bp811(8HHII It rpynnoll 5 L( (2). Ta¥ 

nOJt83aH0 1 11ro eca npe,1;cra.BD .n,Cioll rpexKepHHII eeJtrop x.~ e Bll,lle llarp1tilf,I 2x2 
A A 

:;,:_ =:. ::X:. _,; 0;_ I St K .:::: o 
1 

ro Bplll!leHHll rpexKepnoro npocrpaHcrea cooreercreyer cxe,1;Yl)~ee npeoeipa3oea1nte KarpJl!lU,I 
--\ ~I IA .._ t,{ + 
X-:><lC=V\~ I 

JIii ..., + -.,,. _.. 
I! A ~I _ 1,{ Ix., U,,, :::, 'l{,,, 'l{, 

1 
'J:._Q1,1 

,c_'\,,( ~ _tt.,C - q._ a..4' .-c. ~ -- "1',& --

" 

..., 
~ 

(cK.rxaey I, n.I, § 5). 3ro 03na11aer, 11ro no ornomelD!D Jt rpynne 5 t/(2) 
ercs ltalt Cll8maHB!lll CIIHB0p 

x"-' npe0Cipa3y-

~ I G 
1/' "- -:, 'Y' "-

,,& 
Oeiparno, ecn npe,1;craBHll Cll8118HB!lll CIIl:H0p C HYJl8BHll lllllyp0ll 'f'" B BH,Jt8 

l(_ , ,e' 
.,.4, u. '" / 1f.., (32) 

- t _j_ ( CS.·) " V.· 
'If' "- -=, 6- • <\ A / (33) 

r,1;e (o.J ! = (,s;) ..._,e - Karpll'!Bll8 3Jl8K8H?H lla?pJIIU !IayJIJII, ro Dpll BpaJ18HJIIJIX V.· 
npeoCip83yDrcs JtaJt JtOKnonenr1,1 rpexKepnoro eeJtropa. 3ror eeJtrop no.11yqaercs 113 'f f np11 
Il0K0~H ¢0plly.lH J 

v,_. "" /i (~ .. )I,,"' 7(- .._ = ,;;. sf ( 1/' c,.) . (34) 

TaJtHK 0Cipa30K, CI1HBop1,1 eroporo paHra rpyn111,1 SU (2) 3ltB!IBaJI8HrBll rpexKepl!lill eenopaK, 

Dpll'leM ara CBH3I, ,1;aercJ1 ¢0plolyJlaKH (33) H (34). qHCJl8HBllll lt03if$111J118Hr ~ Il0HBJIHercs 

3a c11er YCJI0BHJI H0pKHp0BltH 

V.· v .. = 1r; r; = 1 C tr 1f) · 
H3 coornomemll (33) H (34) Jill ll0X8ll HallrH CBJl3I, ll8Z,Jty rax H83HBaell!lll ltaK0HK'18Cltm( 

_,.., r-=, -=J -4 -.::, ',-? 

6a3IICOM (25) f ... , fo, -f- H ,Jteltaproew Cl83HCbK f,,._ , fer H f.c B rpeXllepB0ll npo

crpaHcree. J!Jis J: llll Deel! 

Y;,: t__(ir.-);"' 1i( 0 ,)u) v~=- ;-;_ I Y;r 
r.e. 

AllaJI0rlllQHO 

-7 

t.. = 
- -~ ... -t- ,<' -t;;y ·. 

fi" 

-7 

j- = 
- -=;, 4-,. - ----h 

G: 

~ -7 

fa-:_ :ft 
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_k 

fi. 
vi, =co, 

(35) 

(35
1
) 

,,._.t .,_.( ... ~ 
-PaCCllOTpllll renepi. CIIl:B0p qereeproro paara 1f' ,,_ J C HYlI8Bl,ll(JII IIIIlypEUIII 'f" .j = ·'If~,& -=- 0 

-

srot CllJIIB0p K0Xet (l1,1ri. npe,1r;cta.BlI8B B BIIJi;e 

.,_.e ((;'·)"' (5')" T. 'If' c.~ = \:, c. j ,t "} J l"' \ 
r,11;e T.:i -t8H30p B_ tpexllepH0ll npoctpflJIC?Be. J{JIJI nenpllB0Jlllll0ro CllllBOpa "f l <.<f ~ 
C HYJI8B1,1llll mnypaim Mil l!ll88K npe,1;craBJI8HH8 

't{' lo..t. ~ = l- [ ( <5";): c~J.,,11° + ( ~.-)," (rs;j)J -1-C ~ J.i._"' ( 6J)c"+ ( 5c (c~-f J '°G-t:,c36) 
1 c{ ~ rJ · 0 

rAe N -Jt03qxpHJU18H't H0pKi!p0B!tH. Tall: ltalt 

~ [ (l!',):(°J·)~ -t- (a.·):(~): J T.i -l"' ~ -1t t"-J. ~ -

; [ ( 6j'6;•)1 + ( 6". 6'·).(',J T· 3- ~-' 
' J ~ J = N J 

r .. = O I .·•H 

Fq "' 
to paeencTB0 HYJIJl mnypa '1t' \ ... .i. J 03na11aer, 11to I ,J° H1Leer ayneeol! mnyp 

rr_,_. =-- o • 
'T . Ilpe,l;CTaBJIII( AJ B BH,Jte D0JIYCYKMH CJlllll(8'tplll'IH0ro H aHTHCHW8tpll'IH0r0 't8B30p0B 

~ T:i =- 1 ( Ti~jj + 'l~:fJ ). 
Tall: JtaJt I U ": J paeen ny.n, aBt0llat1111ecJt1t, to 

-, 
0 • ri f.,..: ~ 

HetpyJi;Ho BJl,leti., 11ro ft .. 'jJ Be ,ll;M't BltJle.ita B (36). H3 ycJI0BIIJI H0plmpOBltll 

{., .. q l••J 

Cll8,Jty8't 1 'l'tO 

H 0ClpatH0 

/\f =-f. HTalt 

l .,_ ,e j 
-tt l,,q"' 

Tl•J°~l•~j} '=' '4 1~4 i 1, t•~J 

1 .... ' ' "'J-~ l(")c: (6j),1+(&.)e {Gj).i, li,-f~' 

T . ~ C. -I 1"-'J 
lli ~ :. 'i: (a;•).._ ( ~) -' 'l{-' 1 c.l. j 

(37) 

(38) 

(39) 

l~~ 
TaJtHI( oClp8301(, cmm0p!i "-\' 1c..l. '.s C BYJ18Bl,l)(H mnypallH 3JtBllBall8H'tBl,I Tp8Xl(8pHWl CllW8Tpll'I· 

Bl,11.! I8B30p!lll BT0poro pBBra C BYJ18BWl mnyp0ll r f -<j j . .AllaJIOrH'IHO H8npHBO,ltlU(lie 

CllllH0PH paara 2t' tt il4•·-- "t) \ c ayxeewn1 mnyp81lH (5) 3JtBHBaJiea:rm rpex1LepB1,11L cllWerp1111-
,1.,_ - - f.f, 

HllK 't8H30paM paara t ;;. I • C ByJieBl,l)IH mnypaMII .. -- tr n-, 

I l ' · · . t - 0 • !Ji.---j---· a---}, j -
(40J 
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. PaccxoTpl!II, Hax0He11, HenpnBo.uxue CilllHopu HeqeTHoro pairra, 1r
1
.,, \ e 

HanpBKep. IlOJIOXBK 

n oe!pauo 
l£~)i" 1 'I C. 

(i.. c ~-),, r -{41, } I 

~ 

1t' {41, i -==- o, 

(4!) 

e 

"/'{--' j = 

Bem'llll?a (fl) e, npeoC!pasyeTcH xax TpexxepH!ill Beuop OTHOCltT8JO.Ho 11HJtexca ...; 11 xax 

Clllt!IOp OTHOCBTenHo IIHJtexca ,,(, • Alla.11or11qHo Bee Henp11BO,JJ;1D1Ue Clll!HOpu HeqeTHoro paara 

"f 1'<--· ct'\ 3XBltBWieHTl!ii Tax H83!iBae.MliJl CIIBH-TeH30pax 

J..__ ( 6',) e ( i.-) 
(i... .._ e 

(42) 

h-•-<l1vt\ 
I ( ) 4 •~ R, . . - - (o,,• .. -l~~--- ~,) t - .t. 17.t. ,._ ),,_ ( O:· )"i-

r 'r 
le, ... c,- \ 

'It 
1 ...... - "r-'} 1(43) 

!c.---c,~ 
11' 1<1,-- ~r' 3 ~ L t ... (. c "'r) ~ 0-t, -,,1), -, .. i 

.rc,,-·-<rJ 
no OTHOllellltJ> x IIH.itexcmr .:.__ ... .:1 ~l•~---.: JJ HBRH8TCH Tpexxep!Wx Cll'lll(eTPlt'IIllix 
T8H3opox C HYJI8Bii.llll lllllyp8llll f' · .C 

( R-s , . . ) 
l .._ ·- J ... J' ... ,•, ) ' = o 

Kpoxe Toro, lll3 YCJIOBB/l (5) CJ18,JJ;yeT COOTHOmeHae 

,JJ;JI/l Jll)C!oro 

( o..:) ( Ri. . . ~) = 
\~'.4.1 1• ... ,,(<. .... ,) '\ 

1.. , "".s r 
0 

(45) 

§ 4, l'83JIOXeH~_e 
0113BegeHlt/l H8IIpnDVJJilll!DC npegCTaBJieH1tll Ha Henp1tBO.ltlfl.!lie, 

l{oagsBlnxeHTii K.lree!ma-rop8aaa 

B § ! 11H H3Y'IHJilt H8IlpltBO)tl{Ja,ce npe.n;CTaBJI~HH/l rpynnu 

Henp1tBO.lti!lllix npe.n;cTaBJieH1tl1, BOOC!~e rOBOpH, /lBJIJJiJTc/l np1tBO,ll;lt)(!i)( npe.n;cTaBJieHHex. 3a!!Jl:exca 

TenepL P83JIOXeHH8)( 3THX Ilp0lt3Be,JJ;eHltll Ha HenpHBO,ll;lt)(!ie npe.n;CTaBJieHH/l, IljrCTL .lt8liii ,JJ;Ba Henp11-

S U(2). IIpo11sBe.iteuHe .itByx 

.,,..,,, "''"" ..,,..,., '",,,., w ""',. , "'" '""'""""" "'"''"""' '""'"'" r ts. ___ , I 
H 'fl n , ~ , 0HH 0UHC!iBlll)T COCTO/lHH/l C )(O)(8HTW(H ,{ ~ _.i:. ..,._ ,1 #. = _j__ , r 
PaccxoTpb npOH3Be.n;eullla ..,,._ ..• "'\ ) (It. ,... J .:L 

i . l i -{..,_ ... "'r- H ~ .. -- · 1 J - 1f'k---~j) 11' 1~L--- ~i J (46) 
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OHB npeo<lp83ymTC/l no npe.n;CTaBJieHKD, HBJISlll~exyca npOB3Be,JJ;eHxex uenpmBO,JJ;IDlliX npe.n;cTaBJienl, 

no JtOTOpHll npeo<lp83ymTCll 1V l n ~ II 1\ \ I,._.. . , .. \ , CnKHOp 4? 1 n n ~ J -, 1 J 
. I lQ• .•• ~t) I) l~._ ... ~J- >l "'<.··· "'\ 

cl!lll[etp·aqeH no BC8)( lllll,ll;8ECllll. '¼_ •• ·- "', X no BCB)( lllHJl8ltCllll -<.._ ---- .(,, • P83,11;8JIIDI: 

ero Ba .Jtll8 qacn, ,nep11aa H3 JtOTOpil% CIDllleTpaqua OTHOC:11T8.11I,BO nepecTal!Ollll Xl!Jle1tcOB . 

~ ....._ A,i. , a Biopas aHTm:cxweTp11qaa OTBocxTenuo u01 nepecTaHOBXK. Tor,JJ;a nepBaa qacn ,._ . . 

nOJIHOCTLD CillD[8TpllqBa no BC8)( 1lll,1(e1tcllll o.,._, · · · "'t-1 e .. 1 • • • • • ,t 1 , Tax JtaX 

aKTIICl!IDleTpH'IB!ill cmmop 31tBHBW18HT8H CJtall/lpy, :i:o 110 uopol qacn 8BTllCl/lllll8Tplll'IB!i8 J!BJt8JtCH 

<\.~ B ,£,i.- xoxHo He paccxatpl111an. ll:Haqe roBopa, llTOpaa qacn HBJil!eTca cmmopox pSlll'a 

Y-t 4 - tl ~ 1 A , l , , \ , CB)()(8Tplll'IHl,I)( no 11cex imJt8JtCllll a.._ • - -- ~"' ll 
I (~1--·'1',.e,1.----~'\) I, 

no 11cex li!l!Jt81tcex .t,._ ... - t.'1 • 3TO't cmmop, B cBOD oqepeJt&, onan xoxeT C!un npeJtCTaBJU\B 

B BH,Jte cl')llm nouocnD ciooreTpll'l!loro CllHHOpa paara ft i - ~ 11 cmmopa Bll,J;a 

tf tll-,--· H (, ... ('\) . I!pO.JtD.ltlas aTo:r npo11ecc, Jill noJ1Yqae11 uaxoueu._· .P83JIOXeBlle npo113-

B8.JtBHBll_ t46) B CYKKy CB)()(8Tplll'li!iix CIIKBOpDB CJI8,ll;YJ)IIIHX pa!U'OB: 1' + , , t t , - 1t, 

t-t'\- It · · · ~. r-t1--¾(ecJIB t ">J- 1 ) !UH t-t-1- .1.t,, (ecu 1 ~ 'J'-)• T~IDI: oe!p8:_ 

3Oll, np0H3B8,JJ;8Bll8 ,JtByx npe,JtcTaBJleHlllt, xapaxt8plll3)'Dl(IIX COCTOJIIIJlll! C )(O)(8BTllllH J:1- ,, j,.; , 
pa3JI6l'a8TC/l Ha uenplllBO,lCH)(lie np8JlCTaBJl8Bll/l, COOU8TCTBYJ)IIIB8 xoxe1m11,1 :f· -t i'-- , ;1; -tj~ -.1./ 

11~ - f,.. ! . 3TO - H3B8CTHOe npaBHJIO CJI0J:8Hlll/l 110ll8Ht0B B JtBaHTOllOI xexa-

HllJte. • 

OC!oauaqllf qepea "t! <lll3HCH!il BeJtTOp C 13 = W) B npOCTP11;'ICTB8, npeo~pa3YJ)ll811C!I ,..i . ( . ) _,,a... -, Ji. 
no npe.n;cTaueuHD c " ,,, -1 ,1 -t- 1 , a auaJior11quo JlJlll <- 11 .e.. ,., • TorJta . . o a ,,,!- ,._ 
npOlt3Be,JJ;8BH8 7Z t- °:! Ji. )(OJ:8T C!un npe,JJ;CTaBJieBO JI Blt,Jl;e JIIIHel!BOlt JtOWllH8,IIJ!H cmmopoB 

~ ,r.~ Wit. 

'iz; ~ , npnqex H3 ~opxyJlli )Ul/l IIH~IIHBTe311118Jll,llliX onepa:ropOll npOH3ll8Jl8Hllll .ll;Byx np8JlCTaBJl8-
""' 

Hllll (cx.~opxyJiy (83) 11 rJiaBe I) C.118)1y8T, qTO WI -:.. ""'d ""L , ll'.Talt, &Bell 

~

. f2.. 
-? ,1'L -"t ~~ 
& 0 ~ - . 

ct"'. ;::J-a~..,._ 3.t. .... ,.. ,., (47) 

Talt !ta.it Cnl!BOpH 

OC!pa:ruym ~PKYJ!Y 

,,.,,._. 'mL • 1':::./j:-3;.1 • 
-;:, ;:)i ' -;;, 3.,_ It e! J OpTOBOp)(lllpOBaH!i, TO w o:eell Twa:e 

ffit. "'.t.. ,.,, 

1 C 1°""' __,,j, ...,.,a-,. 
.-:<) L--- . . .e.. .e.. 
R- 3' -- 3, .,,,,, ,,._ ...,,._ '»It ,..,..,.,,_ (48) 
f:: ,.,,-t,.,.t==.... . 

KD3¢$!I11!8HTH C, ,,; ,._ ; w, Ha31iBlll>TCl! JtO3~8BTalllll CJIOXBBX/l KOll8BtOB llJllll JtO3!Mlllllll8B-
,, ',1. l.. 

Twm KJiee!ma-rop,JJ;aira.. nx cBol!cna 113yqeH!i no.n;poe!uo 11 I-4 

67 



IT. H30TO!IlNECKM! IIHBAPRAHTHOCTb CID!bllHX B3AHMOJ!EilCTBHil 

§ I. H3oro111tqecue xynrHVJI~ru 

3xcnepl!lleHr8JI1>ime HCCJie,lOB8l!HH ~eplllil: CHJI npHBeJIH X rnnore3e O 3ap~OBOH He3aBHCH

H0C?H 11,11;epaoro B3al!KD.iteHcrBxs xez;ity nporoaaim H ueHrpouaim, odod~eHHeH xoropoH SBJiaerca 

rH1IOre3a Od H30?01J11tlecxoH HHBapxaH?HOC?H CHJ!l,Jllil B3aJOIO,leHc?BHH OapHOIIOB H He30HOB. 

B reopaH H30ronzqecxoH HHBapxaHrHocr11 npe.itnoJiaraercs, qro xeso!lll H OapHOllll odpasYDr H3Dro

m,;qecue xynuMeru, 0111tcuBaewe aenpHBD,lllllWIIK npe.itcraBJieaHmm rpymm 5 U(2), pacc11atpH

Bae110H XaJt rpynna Bp81!(eanH B aexoropo11 (aepewn.aox) rpex11epao11 i!30T.OllHqecxox npocrpaucrBe, 

lfH4>HHue311118JI1>BHe onepatopu I. ..: = I,2,3 aux npMcraBJI8HHH, YJtOBJienopSimtH8 xox-
• I. 

Ky?alll!OHHHII cooruomeuH.f!II 

l1'.:, Tj J .,_ ~- L'jr,._ T-r._ / 
uas11BaeM oneparopaMH H30romiqecxoro cmma. )Ll[s xax)J;oro aenpno,!Ull,(oro npe.itcT.aBJI8HHS, r. 8. 

-~ J. T.l. T,~ ~a xez.itoro 113oro1J11118cxoro Mynr11Mera, 0118parop T "°- T.1. -t ,_ ;- - ~ xpateu 

e,JUIBHl!e - ,_ T :o.. T (T-t-4) l 
. ' 

r.ite I - e.itl!Hlll!HHH oneparop. T uasuBaercs 113oron11t1ecKl!II cmiuox .itaHuoro Myn?111IJiera. 

IJacrH!Ul B D,llHDH HSOT.01IHq8cxo11 MyU?111IJiere HKenr p83HH8 aapa,ll;H III paccxarpHB!ll>rcs xax 

pasJIHqHlle cocroauxs o,1t110H H roH ze qacrH!lH, coorBercrB~He pasJIHqm11 coOcrBeHHHII 3aaq8-

Hl'IIIM oneparopa T} • Ilp8.1tnOJiaraercs .itaJie8, uo T..: xoHMyrHpYDr c oneparopllllll yr.a:oBoro 

llD11eara J,.; , a raue c oneparop8llll, Bupaza11~H11H JtPyrHe coxpaHl!l)]IIHeca Be.a:H'llll!ll, xapaJtT.8-

PH3YlllllHe Cl!Jll,HO B38JIJLO,leHCrBYlllllH8 qacT.HllH, aanpoep, OapHOHHOe q11cJ10 .B , CT.paHHOC?I, 

s H r • .it. Tor.ita Bee qacrH!Ul B OJtHOK HSoronHqecxox MyJILXHnJI8Xe HKenr OJtl!II H ror ze 

Clll!H 

xax aro 

:J , 0,lHO H T.0 Z8 OapHOHHOe 'IHCJIO _f> , OJtHY H T.Y ze CT.paHHOC?l, $ H T.. ,l. , 

cne.ityeT. H3 Jiexw lllypa (cM.rJiaey I, 11.m, § 3 H § 4). Saps.it XBXJtOH xoxnouearu 

Hsoro1J11qecxoro MynT.HMera CBasaa c 

renJI-Maaaa-!IHma:HJW 

T} 

Q_,:,_ T} -t-

r.ite Y - rHn8psapa.1t 

'f-=c_ &;- s 

Ill JtPyrHMH XBaHT.OBHIIK tlHCJlaMH lf>OpMyJIOH 

y 
.,_ 

Paccxo1.pHM aexoropue H30romiqecxHe MynT.Hn.lleru. HYKJIOHH (nporoa H H8llrpoa) odpasYDr 

H30T.01IHqecXHll .JIY(lJier ( T.= f). BOJIHOB!l8 (jlyHxrom HYKJIOHOB paccMOrpHII Kalt XOBapHaHT.HHH 

H30T.01IHqecnH CIJIIHOp H odoaaatlHK qepe3 Na. • Tor.ita lW lllJLeex 
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t"- l ~ )@ 1\' I rt.'°- ( : ~©"I' 
(49) 

r,118 t H ~ .. no.lime BD.llHDBHe 4>yuxnllllll nporoua Ill ueupoua, a "/' -npocrpaac1.eeu-

aas B0JIH0Ball 4>yuxnus. B Jtalll>H8Hm811 y,lOdHO BMeCT.0 (49) nonsOBarbCS ,11pyroH 3aI!IICbl> 

; N~ Ct) . (50) 

nocxonxy BOJIHOBM (jlyHXIIHS ayXJIOHa paccMarpHBaeT.cs xax xonapH_aHT.HllH 1!30T.Olll!qecxHll cmrnop 

fl! ... , T.0 conpszeHHaH (~paxOBCKll) BOJIHOBaJl lf>yHK!!HH HBJIS8ICS xourpanapHaHIHlll4 H30I01ll'l-
~o. 

q8CU:M cmmopoM H 00o3uat1ae1.ca qep83 /If • Ya H1188M 1.or,11a 

(1 o)©1t t ~ 
., = ( D 1-')01t1 (5I) 

um coxpaJ118HO, no a11anormi c (50), 
N :::- ( t ~) · (52) 

JlJIS ,IIYOJ18ra xacX!l,IIHHX runepoaon, uanpl!llep, llll mi:eeM aaanorHtlHH8 nupaJ:8HHH. lJro xacae1.cs 

,11;pyrm:x nmepoaoB, ro 'l\ -rHn8pOB anJISe:cs usoro1J11qecXH11 cxaupox ( T -: o ) , , 1.. e. 

8rO BDJIBOBaH lf>YHJtllllH H8 JL8Bse1.ca npH 113oron11q8c1tm:x BpaJll8BHHX, a I -rH118pOll!i oOpasYDt 

u:io1.orntt1ecxuH 1.punneT. ( T -=- :L ). EcJIH pacc11arp>1BaU BOJIHOBYD qiyuxllHn aroro T.pHIIJl8T.a 

xax xoBapl!aHT.mll cHW!eT.pHt1HHH cnHBOP nroporo paara, 1.0 mt881l 

cz=-t-) : J.{i)'l\'I l_z:•)<J..""\z:+_,t=<.?=•).t. - OJ 

J.I.. 

l T•) _ It•) = J_ It) 't' (2:"°) - \i::•) = o J 
" ,.,_ - \.'. ) J.< (J... I 1{ · u. (53) 

I 'l:-) _ ~ c-. ,, (_2:; = (2). = (Tj, 
\..: U. - - 1C;1 • I 1-'- ~• 1 

0 I 

r,118 "{ 

(53) l(l,I 

- npocT.paHCT.B8HBaJl BOJIHDBaJl if>yaXlIHH• B ,llaJibB8HmeM ll0 aaanori!M C (50) BK8CT.0 

nOJib3y8MCS coxpaI118HHOl! 3amtCbl>_ 

{ 1) :> 

\_ H 

:_r+ 
I 

(1_) c' 
\ ,:/.J. 

L - J ( I) - r-r). = 
\ 1,:/. - \ :t-f 

L Z 0 

(i_ 
(54) 

EcJil! ze nOJII,30Ba?bCS Cl(8maH!!Hli ll30IOI!Ht18CKHM Clll!HOpOII BT.Oporo pa11ra ,lJ!S OllHCaHl!S T.pH-

J!J!8T.a L -rHnepoaon, 1.0 w,i De8M 

c~+): ,:_i.€1't I (!+),
1=li;:~ cz:J; = O) 
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I Lo) 1_ .L (i) '4 u-•) ~~ - i.. f) "f' (_Tj1 = rz:•) -t -
\.. ,-y,_ I ~ fi_ I ~ -_,)~- 0 / 

~ 

lJ)_,_:=- i ~ 't I p: j \ __ (j-) 1 
"- (-z-j ~ o 

• ,/~ 1 
(55) 

HRH COKpanteHHO, no 8JlaJIOrHH c_(50), 

( ~ L- f-

) L ::::: :;r- L• (56) -
v,::, 

Kalt OUHO IT0Ka.38JIO B n.I, § 3, JtHR OITIICSJIHR TpHnHeTa Kil KOXeM ITOJlh30BaThCR Taae Tpex

uepHUM BeKIOpox, CBR38JIHUM co cuem8JIHl,IM cnHHOpOM BTOporo paHra COOTHOmeHHRMH (33) H (34). 
Tor.1ta nuecro (55) Hueeu: 

( ::r+) ~ ...i... © "I' (z-+) = L 0 '4 ( z:1) ==- o 
"' vi I d' f1._ I -ac I 

( J°_) = (2::) "'- o ( T)_ ~ J... ~ i / 
\ ._ J 1 

-lo- (57) 

lZ-)._~ -f=;..<i>1r1 
1
I~~=-~ 0'!f1 (zj-la--~o, 

lrnll COKpanteHHO 

~- Z _; ;zf_2:- Z = 2'°. 
;f_ X .::, V,::.. / ef - G. / ~ (58) 

OruerHM, qro 3TH ¢opuym RBJIRDTCR COKpanteHHOA 3anHChD cooruomeHHA (57) Hue C0Bfia,lt8DT 

c ¢opuyH8l.lH (35) H(!35r), CBR3UB8D~HKII pasJIHquue OasHcu. lls JtlJ.IIHUX ¢opuyJI Jt)IR BOJIHOBOA 
~YHKUHH TPHITHeia Z, ~rHnepouon xoxuo ITOHJqHTh aHMorxquue ¢0PIIYJIU JtJIR conpaeuuon 

BOJIHOBOA ¢YHKUl!H, _38lleHRR Bepxu11e HH,JteKcu Ha Hl!XHl!e H Odparuo. Tax, He.t!pHM8P, no aJIMO-
r1111 c (56) KU HMeeu 

IIpHBe.1teM e~e 

z.- ) . 
- z:-· 

v,:;,-
¢opuym Jt)IR OapHOHHUX pesOHaHCOB C T = ½- . 

'j_ :.- ex 
r,. 

z:1- (59) 

EcJIH pacCKB.Tpl!BaTh BOJIHOBJD 
¢YHKUHD 3TOro MJJlhTHITHeTa Kalt KOBapHaHTBUH CHlllleTpHqiuA H30TOIJHqecxna CllHHOp Tperhero 
paara, ro lW HMeex (B coxpanteuaou Bl!Jte) 
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l6J, .. = 
6 + + (l) - (.1.) - (.Ll) ~ ..L tl + 

I HJ... - l.t• - ~•1 1-5 .I 

. 
~)n.1.. =- 4-

~)1.t.t? . (.t-.\;.,_ cc 

(..fl) - .1_.!).= 
,I .U.1 - g (60) 

lJIR ue30HHUX MJJlhTHWieTOB HMeDTCH B roqBOCTH raKHe xe ¢opuyJIU. 

( /(t) ~ ( K- ) 
J(-;.. ¥· I I<'. =- k- . I 

HanpHMep, ,JUIH K-Me30HOB: 

(6I) 

H ,JtJIR 1{-K830HOB: 

( 

$ 1[-t ) ( 7r -Vi... a ~-
7("" _ n• 7C =-- -).(62) 

7i -- / - 71""" = z• - -r.t.. Y.::.-
BOJIIIOBUe ¢YBKJUIH qacTHU B_ll30TOIIHqecxHX KyJlhTHITJl8T8X KeHHDTCH npB npeo0pll30Bal!Hl!X 

l!30TOnHqecxoH rpynnu. PaccxorpHK cnellJIMhHOe BBXB08 npeoOpa30BaHHe, C00TB8TCTBJDlll88 

MatpHD;e E ,,_ ( _: <lo ) 

IlpH 3TOK npeoOpasOBaHHH CIIHHOp (50) JtJIH HyxJIOHa nepexOJtHT B 

E ( t ) = ( -~) 

r.e. 

t- -1 
.,_, I 1/1., ➔ - t-

a xatpHua (56) Jt.JIH L -rHnepOBOB nepexo,10tt B 

r.e. 

( 

T- z-t ( 
f_ ';- - 2: ) t -t =-

y--v 

'.i:•~ - :Z::" I 
~T- - ~/ 

_;r:_ - 1:-,,-. .. 

-~+ :z--
7v 

:i:- ➔ - 2:-+ 

.nu .Jtllyrlll'. uynn1IJ1e:ro2 KU 11ueex raJtXe aHaJ10rHqu1,1e nepexo~: 

r:o• -:., .3- r.,-
r.,. 

.... I 
.., ___, - ,._,. 

), 

l'-f-➔ K" f( + ~ 
I<" - -

/lo-~ IC l-<--7 - K• 
I 

) 
I 
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(63) 

I 
(63) 

(631
') 



,r• • ,-7-'1i:J r,r--t.....-i - '7f
/ 

"++ " - " - - A.,.+ 
u ➔ w./D- } 

'Ti-~ -7[+ 

fl .. _,,_ L\. />4...-;,l!.+ 
I 

K r.,11. HsoronKqecxM KHBapKaHrHocrb rpeOyer, qrOOH uarpKqHHe aJielleHrH Bcex npoqeccoB par.

ceanua K pacnB,l!a OHJIK HHBapKaHrHHUH oraocKreJlbHO Bcex npeoOpasoBaHKH HSoroimqecxoH rpyn

IIH, KB qacrnocrK, oraocHrenao npeoOpasoBaHKH BJ!J!;a (63), (63I) H (63n). lllleapHaHrHOCrb 

oraocxreJibHO arax qacrHHX npeoOpasOBaHHU H83HBe.erca sapll,B;OBOff cHWerpKeU. PaccuarpKeae

uoe cnemtaJU,HOe npeoOpaaoeaaHe rpynmi SU.(2) coorBercreyer Hexoropouy Bp81ltemm e rpex

uepaou K30ronKqecxou npocrpaacree. ll3 (58) H (63I) cJ1e,11yer, qro B ,11aaao11 npeoOpasoBaHHK 

l,,_ _,, - z "- I Z:J- ➔ 1.;;, Zz!- - - Z-t,.. 
(64) 

lfrax, pacc11arpHeae11oe npeoopa:ioBaJ1He 3apa,11oeo2 clUlllerpKH coorencreyer Bp!llll8JUII) Ha yroJI -n: 

eoxpyr eropoa ocx e HSoronHqecxou npocrpaucree. 

IlpK K3yqeHHK npoqecCOB B36llllO,lleflcrBHH ll830HOB K OapKOHOB BO W!OrlOC CJlyqaax y,1100ao 

xJ1accHqiKqKpoearb cocroaID!a CKcre11 qacruq no noJIHHll K30ronxqecxllll cnKHBll aru cocroaaKa. 

ll3oronHqecxue B0JIHOBH8 qiyaxqo cocroaHHfl CHCT81l qacrHq C onpe,11eJ18HHHllH H30TOnHqecKIDlH 

CnHHallH oOsqao Hllemr onpe,11eJ1eaane ceoacrea cl'!llllerpuu no oraomeaHE x nepecraaoexe ,11eyx 

OJtHHaxoeux qacnq, npuqe11 o,11KHaxoeulllf qacruqa1111 cqnamrca pasu1qaue qacrKnu B OAHOJ.1 

HSoronHqecxou lfYJIDTHrutere. K Ta.ltKM qacruqBll npHlleHaerca oOoOII(eam,ta npKaqun IlayJIH, corJiac

HO xoropoxy nOJIHHe BOHHOBHe qiyaxquK CKCT81l He ll8Hl!DTCH npu nepecraBOB!t8 ,l!Byx 0,IOU!aitOBHX 

0030HOB K llBHH1lT 3H8lt npK nepecraHOBK8 ,l!Byx 0,llKHaitOBHX ijlepllHOHOB. 

§ 2. HsorOnHq8CK8J! HHBapK8l!rHOC?b Jiarpel!ltKaHa B3&040~encrm!fl 

MN npe,llnOJiar8JIK, qro B0JIH0BH8 qiyaxmiu ll830HOB K OapHOHOB npeo0p83ymrca no HenpKBO

,llllllllll npexcraeJ1eHKHll KSoronHqecxon rpynnu S l{(2). ll3oromtqecxaa KHBapuaaruocn rpeOyer, 

qroou JiarpaHXKall CKJ!Dl!HX B3aKllO,llettcreun OUH KHBapKaHTHHll OTHOCK?8Jll,HO Bcex npeoOpasoea

HKU usororurqecxon rpynIIH. 3ro npueo)Utr x pa)IJ orp8l!HqeaKl! aa xoacraaru ceasK cunHo 

B3aKMo,11encreymll(lOC qacruq. 

PaccuorpKll uexoropue npl!llepu. TpexJIKHettHHfl J1arpaHZKaH B3aKMO,lleRcreKa 1[-ue3oaa c 

HyxHOH8.IIH HBJlaerca JIKHBRHOR ltOll0KHe.qH8D npOH3B8,ll8HHff BK,lla 
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N ... f. /V " 'If A 

Rax 113eecrao, JVIH roro, 
cyiompoearb no·xas,11on nape eepxallX 

e,lU!lcreeaH!Ul peapuaarou aeJlaerca 

. 
qroOH oOpaaoeatb uaeapuaarH l!3 arux npol!3B8.ll8HHR aeoOxo,)!,l,!llO 

It HKZHllX HH,l\8ltCOBo Tax lt8lt 1f: ,:::, <> , ro 

Htait, Jie.rpe:HJ:KaH 

'N°' ts- f'J, 
.e 

'1f "' 

'it fJ -B3aHll0,ll811CrBH8 \Ul88t BK,ll 

...f - i 'Ji q, 
- ... r. ,e 
JV !, N, ri " I 

c7')T fl/ fl/ - 0-rr. fvN 

npuqeu )Via y,1toOcrsa B (65) OHJI ese,11ea xoa~ll,HeHr 

14epHHII se1trop 7C; 
,a 

'7( A. C 

(C14.qiOpllYJlhl (33) It (34)), !Ol8814 

,C 
,L ( r .• J G\ 

ii-

(l. 

?[.; 

BHp6Xe.l! 
-' 

7f q 

(65) 

qepe3 rpex-

(66) 

;J. . _ .. ti N z; r!, N. 7C~-
't( "'"' - tJ-rr.tvrJ (67) 

no,11craeJ1aa e (65) cl!l4110p!i (50) m (52) 1t 14arpucy (62), noiyqaeM 

i,eN a ·~>SN [ "- rr,~ ,< < (L,;,;. /' n• •(f'i-t · "T;• yj_fll) 
.A.HaJ1oruqHo, ,11;.u B3tuUl0.1tel!crsmR Z Ntv , K 'Z-N H K.A. N w J01ee11 Jiarpa.!!XHe.!lli 

j_ = A. d' N ... Y, N.._ '} ::: A<\.. 
2"'N . z{llt.J l a2"'N 

-I -.e-a. 
J.. Pf\/ = .:u}~r..N lZ 1, t,, rv ... 

N r5'" J\f [) 

-t- 9-. C • 

(69) 

- ltt \( 1.. t· Y. N 
- tJ k~ A • 5"" 

-t ,. c. . I (70) 

i \(.~N = ~- tl'-l'-rJ 
I"" r~ flJ.._ t- _,.c. 

(7I) 

-::. 
,t''} ~?-.N }( J\ Y-y 'N .-\" 7• c. 
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PB.CCKOrpR renepb 

aamm np0113Be,D;eHHH r11na 
~~ :::'., -B3Wl](O,ll;eHcu11a. llarp811J£11aH mieer Blf,1( JllmeHHOH ltOKC!11-

J!.u roro 11roe!1,1 oClp83osau IIHBap11aHr1,1 113 :mor npo113Be,J1;eH111t HeoClxo)tlLICo Y}llloz11u 

E "'..C 11 3are• npocyiomposau no a. 1t --C • 1w Hllee•, raxHK oe!p83DK: 

-Tc:' I< A~ ... J· 

i 11-A.3 = '} KA:?, J\ Os- E,._ KA f a.-l ..,.. ,i..c:. 

HX Ha 

Tax xax KarpH'IHHe aieKeHm KarpHUbl 
C.118,ll;YJ)~l!ll oClp830K: 

rot. paBHH ... f. ,.,e 
' 

(72) 
ro KDZHO nepen11carb (72) 

j_ KA;;, 
T -

-•.'j I<,\.'.;'., I<, L.z. A a_;- ~ + ,i.. c. 

ABaior1111Ho, .JtJia B3aHKO,ll;ellcnu _/(LE w l!KeeK: (73) 

i 1<-Z;;; = 
~... -'c. 

fi.1KI~ Z-, 4, e ... K,. t: +:,...c. 

,T ~ y>:' 
- .A.• <L I/ z L-. 'l::. Os- L.J + ,,_. C. 

(74) 
- dl( . .'Z:E "" .t ..... "' 

Ec.1111 BKecro BOJIHOBOH ~YHRlllllf K-KeSOHOB,BBecr11 BOJIHOBj'D ~YHR!IID> 

ro (72), (73) 11 (74) KDZ!!o nepemicarb B BJll.lte: 

..., 
K -Ke30HOB 1 

j~ ::_ L} k"'In, 3 -t ~"'. 

(73 ) 
I(. i\;::'., 'v:A2' " 

~..-:--- "71 = •·}~ ~ K l\ a;. hi -t ~. ;I "'"~ II 

-;::;-~L,<\y = 
-f ~ _ • fi. "'-~ ...- /( " 0 > ~"- --f- 9-. C ' (74 ) d--1<-1:.;:::j - 01<,-;:j __ 

• I°:' "'>" • -C• 'Y, ,!j + 7"• C • ◄ ';rK'!:"t:.J ".::::.-" ◄ ~ 

J!.11a B3Wl](O,D;eHcn11a r11na Ti Z::, 1t z _:: ;3 l!l{e1>rca BHpaxeH11a, aHaJ1or11'111lie (65), (67), 

(68) I! (69). 'Iro xacaerca B3Wl](O,D;eHcu11n z AA , r, ". I , Z z:, 'l, 11 -rr ~ L , ro 

Herpy,Jl;Ho npouep11rb, 11ro c.11e,J1;~11e .11arp811J£118.!ra HBJIHI>rca e,D;HHcrBeH!llllllf .11arpB.11Xwaaaim:, 
BHOOJIHHD~IDII! 1130rOmtqecxYD IIHBapHaH?HOC?b: 

iv.,.._= 'J: 'l AY., 1\ 
7.l'-"- J 

J-11,\r,~ 
--'> 

'} 11 ,\ 2'- 'll 2 I,.<>.. 6, t\ -t 'J-• C. 
(75) 

-:::: .: .}11" 1. 7(.- z .... r,, l\ -t .,_. c. (76) 
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Lz-i-1. = 
. I,°'r, z:" . Z: - -
·~n- I,,' ,, <I z = .. :izz.z: .: ~Z·;t J 

~ 'i ,( 

;J. 1i1:2! 
- ,:VJ._tj_, ~, /J.- b 7\ C 
- d -v 1:'I. ., " c. " • 

i} 'Tf,_ ~ c'J· ,r,.. :2-., Ys- 2;· '7f'R I 

npwqeK ,It.la no.11yqeHHX Broporo paBeHc?Ba B (78) ,D;ocraroqHo nonsoearbca ~OpKJTXOH 

r.- zi "- ~ ~ · + . .- Ei {<. z f<. 

11 C00?H011!8HHIIIIII rKOa (66) ,ll;JIH J: ~ I! 'if q , 

(77) 

(78) 

- ( e 
OrKerlOI, '1?0 H3 rpex COHHOpOB I." , L • H '«'1-_ KOJ:HO oClp830Ban JtBa HHBapKaHra - ' ~ . ._.._ ~ C ~t <-

~, t, 7("' ""' 1'.. l ,,,..._ 
10 C. .A ,6 'le. 

0,ll;H6lt0 OHK OtX/ft'l8JltCH ronxo 3Hrut0K, J!eHcrBHteJlbHD: 

-q ~ e --'">"- "-
2: , z. , 1f T 2: C- -'1{" c. =: 

0 '- ~ '!' -Ii 

j_, 2,· z. 'li.(,,,.[('t,·)"' (7:J),t ('t )"' + 
,1(i d & C F- "-

( 't,·(' ( 'ti)/ ( 'r,,-)c 'I. } "" 

1 ~' 
- 2-._· '>" 1G.. {../ "'"- [ (z:J)c ~ ( '4)/· ( 'tk},,_" T, ( <t.)e ,(, ( ~1 ti. ('f.f<., ),. c.] -.c 

0/ 

rax xax 'C'. "t . -t 't ' 'r. - ~.'_) · a ,., • a - o 
I 5f T{<. :=,O 

lt,i) .. l ( -r,-)<, C\. ('t~) ... e + ( t,).,_ t ( 'l:/J q (r#-;,,: <:= 5/' [ ( ~- L,' + 'C,• 7i) ¼.J :::::c O. 

§ 8. Haoromiqecxaa IIHBapllaHtHOCU II pacn8,l0,l pe30HaHCOB 

, H3 IIHBapHaH!HOC?K xarpaHJ:HaHa cxe.11yer KHBap1taHrHOC?b KarpH'IHl,IX 3X8KBH?0B BCBX 

npoueccoB pacn11Jta, pacceallJla • pos,D;eH1111 11acr•u B cHJlbHHX B3aHKO,D;eHcreKl!X 1B e1,1rexaer 

PH.lt COO?HOmeHKH K8ll:JIJ{ aKIIXHry,ll;8.lll( npoueccOB pacna,Jl;a, pacceHHHH H pOZ,ll;eHKH 11acr11u B O,ll;HOK 

113oroll1lqecxoK KJ'Xbr11nxere. B HacroR111eK naparpaqie w paccKorp11x Hexorop1,1e cxe,D;cre11a, 

B1,1re1t8Jlll!H8 ll3 113oron11qecxon HHBap11aarHocr11 ,ll;JIH npoueccoB pacna,1ta qacr1tu c Ha11ueHbllllll,!I! 

H30!0lllt'l8CRHKH CllltHaMII, Tax Ra!t Bae IIHtepecyr,r ?OXbRO C00?H011!8HIIH'K8ll:,ll;y 8llIIJIH?Y,ll;8.l(I! p83-

Xll'IHl,IX npoueccoB c yqacr11eK qacrau 113 O,ll;Horo II roro se 113ororniqecxoro Ky.11brHn.11era, a 

He CaKH ar11 aKOJll!ry,ll;l,I, row xosex orpaHH'IXtbca 113y11eHHeK 113oron11qecxon crpyxryp1,1 aKMH

ry,D; npoueccOB, Hrax, B ',laJibHeHmeK CnHHOBaa ctpyxrypa KarpK'IHWC axexeHrDB npoueccoB pacna

,D;a H pacceaHHH HBHO BHllltCHBa!bCH He C!y,D;et, 

PaccxorpHK cHa'laJia pacnaJt Ke3DHa c T == 0 , HanpHKep, f O -KBSOHa, Ha ;,;Ba 
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7[-K830Da. POX,l{81>I11ll8CJ11/-1(830ll!l JJlleDr pa:ill!le HKDyJIJ,CH II 0003Da'181>?CJI qepe3 7!(f,J H 'lf(1.:J• 
EcJIH 113oromt<1ecxas HDBapHaaruocr& BHnoJiusercs, ro Ka:rp11<1HHH aJieKea:r paccKarp11BaeKoro pac

na.n;a ID(eer Bll.lt: 

Mf°-,.1.11 0-1 - " 
=- Jf 7C ,(q,) 'll ... (1-2_) = 

(79) 
d :f O [ rir+(q,)~('1.t.) t r(1,)1{1-('11.)-t- 7i-r.,,)"iiy'f~ J 

0?CD,Jta CJl8,llYer, 'ITO Bepos:rHOCTb pacna.n;a Ha 7t+ c IDfllYJlbCOI( ~1... H 'l(- c Hl(DyJIJ,COl( 

,~ paBHa BeposrHocr11 pacna.n;a ua '7<. -t- c HKnyJI&COK 'l.t. H 7r - c 'mmyJI&COK <f :1... , a raxxe 

paBHa Bepo11rHocr11 pacna.n;a Ha .itBa 7[
0

, O,J,;HH l!3 xoropwc HKeer JJllOYJlbC 11.. , a .i,;pyroll -

unyJI&c ~.t • H:rrut, Bepo11:rHocn pacnBJta Ha rt+ H 7c:- B CYKKe B JtBa p83a Oonme 

Bepos:rHocrH pacna.n;aHa ;,;aa 'IT 0 
: 

( 0 t- -J vi/ f->'IC 'IL 
2. 

VV(f°- .. t1r•) (80) 
,-..J 

Ilp11 113Y'l8HHII pacnll)ta f O 

-K830Ha Ha napy /(, /( y;,;oC!HO paccKar~Ban BOJIHOBYD 

ipyaxql!D K-K830Ha xax XOBapllaDTllllH ClllrHOp I<." , a BOJIHOBYD ipyuxql!D f<, -1(830Ha xax _ 
---~ - "1 

xonpaBap:11aum,1H crraHop J<. • .l(JI11 conpn:eHll!lX ipyuxqHll w lllleeK ror;,;a CIIHHOpH K"' 11 /<..._, 

Tax xax 1,~ Ke30H HKeer C. -<1erHocn +I, ro Karp11'1H11.H 3JieKeHr pacnll)ta aroro Ke30Ha 

Ha napy )( IZ , Y.ltOBJ18TBOpJ1DD1HII 1130TOmt•iecxoll J1HBap11aurHOCIH H C -HHBap11auruoc:rx, 
oeer Bl!,l{ 

Mf__,, 
Tax xax 

H CJl8,l{OBa:reJlbuO, 

KK ,::_ 3-f I I('(~ .. ) R ... c, .. ) 1-

K= 

TO H3 (8I) CJl8,Jtye:r B!lpaxeu11e 

( :: ) J 

\z = (? ~• ) I 

\Z = 
-;;_, 

K 

lz"' C1,) K.._ ( 1j_) j-
( K- Jz·) 

f IC ) 
~ ' R'· / 

(8I) 

M f ~ ,i<'. 0 tf [ I<' 4.J 1<- r,, J , l<·r1,) v-r,,J, JZ•r1,J 1<-r,.J, ;•(,,) ';:·r,. J"i 
Hrax, aepo~uocn pacna.n;a f ·- K830Ha Ha napy I< -i-,c paaHa aepo11ruoc:rH pacna.n;a Ha 

napy WI£.• w(f"--, v.-r-1<-) - 1 

- - I 

w ( V--, /G. ~ ) (83) 
. k.+ 8CJII! npeueClpeq& Pa.3HOCILD Kacc -H }< ·-1(830HOB. Alla~OrH'IHO, ,ll;JIJI pacna,!l;a 
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,...., •· 
'f · -Keaoua ua napy l'- K w 1DLeell 

M ~ ,,. <y 'l [ K"' ~.) JZ .. c,,_) - J<."C,LJ R,.. (1.) 1 
1-71'-K O • ~ (84) 

=- 11·'1-[YfC1,Jll-(1,.)+ J<.·r,,.Jrr,,9- f<. ... (.j,_J f{1,) - ~•c;,,_J°f•t:i~ J 

- I • OrcD,Jta noJiy<1aell :r axxe 
rax xax " -ll830H ID[eer (, -'fl8THOCTb 

w ( '{:.. !(.' 1-<) 
.1. (85) 

w ( 1 --'I r-· ;z. ) 
' 1' 

PaccKo:rp& renep1> pacnM I( -Ke30Ha c T=V2 Ha 
1C - H K-ll830HH. LIil Hll88ll 

KatpH'IH!ll 3Jl8ll8Hr _.,. 
M"-'-'11(.-.. = J-''l'(t 

~ } l-;F y.o 

-,C, ,t 

.Jt.- /(,. 

1/-t -r x- ¥_t ft-*" -t-~· (/(• /(.-tt - /l" K~•) J (86) 

noaroKy BeposrHOCTI! pacn!l,la CBS3aBH COOTHOmeHHSKH 

w·( llH'--'1 ~•-rr-t)-;::. W ( 1,/0..- Jl"u-)-= too • 

, .nv(1/-t....., 1£1-11•) ==- :t_Vlf(l<---" /<.T<~. 
(87) 

•t ,, .. ,0 

B 'laCTHOCTH, JltllpHHll p830HaBC0B j(. H 'I'- paBHl,I ll8Z){Y coClol!, xax I! ,l{OJlXIIO Clan. 

AllaJ!OrllUYD rexumty raxxe llOXHO np:lllleHltTb It B3Y'l8HKD pac-na,JtOB ll830HOB C T=I. B ,D;a.H

c -l!HBapHaHTHOCTb. lJIJI 3THX l(830HOB 3ap11,l{OB08 conpmteHH8 
HOil CJiyqae CYDt8CTB8HH0 yqecTb 

C, onpe,11;eJ1serc11 cJ1e,llYDIIIHK 00p830ll:. 

C, q t-' ,:. :I: 'IV ~ 
"( 4 I Cl. 

npll'18ll 3HaxH ::!:- BH<IHp81lTCS O)ll!HaltOBO ,J;JIS BC8X qacuq B O,l{HOll JlYJlbTHM8T8. lJIS -n'!. l'I 

A; -Keaouoa C -<1eruocn paBHa +I, a. C -<1erHocn 5° -Keaona paaHa - I. 

Il03TOllY W Hl(88ll: 

e, 'liq· c-' -' -
( 

'Ii "- / 

'I I ! 
C { A1..) c-::. ( A.1.).,. I 

" 

_, (, 

CS~ C :: - f a. - (88) 

B § 2 w noJiytraJIH rox,1;ecTBO , C. C. - '\ <;",,, -
1: r. -;r"--+2 l-c.'ii.._={} 

.. ,b C, i 

Al!aJIOrl!'IHO: ,e,-c. - .. ( .,_-;:;:;:-,C _c.(,J t. -n;h (~,) 'lte, '11..) -t 54 ll c. (•fr) IC,._ '11.. = 0 

IlpH IlOllOIIIH 3TOrO :ro:s;,;ecTBa nerpy,JtKO yBH,11;8Tb, 'flTO uarpH'IHlll 3Jl8U8HT pacna,D;a ~ -ueaoua 
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Ha JtBa lf-lle30Ha 

1\1\ ~_., "11'l\ =-

_1::
(i 

_c( -.t 
;r ! ; -it« ,,) '1(.. C1.1..) = 

r.f- L '11'"(.i.) 1t' r,0-~ <1,_> ',;•(,,) J 
-t ..J::. • L 'i+ r'I,) 'I(- (~.z..) - '1{ .. r~~J 'n-('f,) J 

fi._ $ 
-+ J::: "- [7i=-(,,) rt•{,,_) - 7r•('l-t) r.•(1,) J 

f.i_ .) 
HHBapH_aHTeH OTHoc11TeJU,HO npeoOpa30BMH11 38Jl/l,D;OBOro conplllCeHH11 C 
CJieJIYJ)~He cooTuomeHH11 M8:IJtY Bepo11THOCT.llllll pacn!IJla 

(89) 

• H:rax, w HMeex 

w c~+ - '7f+-r.1) = w (s---:·1'7•·-rr•) c.. W{y •._,,..,,,. 7r) I 

W( 1° - .1r..,) = 0 
(90) 

0TM8THM, '!TO JIJIJI JlaHHoro pacn!IJla C -HHBap11MTHOcri, npHBOJIHr x TaxHM :a:e orpaHH'leHHIII(, 

'ITO H oOoOmeHHHff npHH!ll!O ITayJia. AHMorH'IHa/1 CHTYWU!II Taicre lll4eeT MecTo MS pacn!IJla 

/t,_ -Me30Ha. Tax, HaJJPHMep, H3 oooomeHHoro npl!HIUfna ITayJI11 HJIH H3 C -HHBapHaHTHOCTH 

H M30TOllH,iecxon l!HBapHMrHOCTH CJie,1tyeT, ,i:ro pacn~ A,2_ -lle3oHa Ha JIBa li-xe3oua 

3anpemeH. J!Jlll pacnaJia /+J. -xe30Ha Ha napy /<- /(. l!lleeM llarpH'IHHII 3JiexeHT 

MA_,_ ➔ K jz = ;} (A,_)(,~ l K"(1 ◄) i<,J'f1.)-+- /<.~f,d K,J,J J 
= ;r A/ [JZ+r,.) 'f•~~+ ,Z-+q,._7/Zor,,)J 

-t- } A-; [ /c {,,<) j(.• (1,-J -+ f<--(1..J J-<· {yJ J 

+ -/I !t-L" l r- + {;.J ic r,.z..J - 7<" r,~ ; . r1,._J (9I) 

0:rCDJta BHTexanT coOTBomeHHa 

+ f<+ {7,._) Jc(1~- I<'~ {7.t_) !<· (7-!,) J 
W( A/- !(+ 1(0

) = W(A,._- _., 4C t) = 
.2.. w ( A-,.'- j(-t 1') = .t w (A-.t

0

-'r w 0) (92) 

OTxe:rHM, ,i:ro Ba ow:re BallJID,1tai:,:rc11 He K
0 

t.<. W- Me30HH, a t: H r: -1.1e301rn. 
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IlOJICTl!BJI/111 B (BI), (84) H (9!),BHpa:ceHM/1 

11• = I<' - fl~ r = K~~f.(;_ 
~ ~ I . ' r;:_ ~ 

nosy,iaex 

J< •(1,) ,Z· c,,._) -+ r-r,. 1 K • r,..J,,. i,c; c 'I•) 1<: r1._J -t /(.~ r1,J t;_<'i,J, 

v.· c,.) f- r.i .... J - r- Gi,J ~·r,,__J"' K~r,.J r;_c1 .. J - 1<~J1.J r;_r1J. 
< 

• A-. 3ro 03Ha'laeT, ,iro B pacn!IJlex f -xe30Ha H :. -11e3oua Bcer,1ta HallJ!D,1t61lrc11 nap1,1 
11• P i,• 1,• J<" ,,•· 
~ 1- K 1- 11 r-J. r-.,__ , a B pacna,1te '-f -ue3 OHa HallJ!D,1tai:JTCII ronxo nap1,1 :1- I"-.t. • 

PaCO!IJl 'f -11e30Ba Ha ,1tBa 1i'.-1o1e30Ha 3anpe111eH. 

Pacc110Tpo renepb pacnll,ll;l,I OapHOHl!lil pe30BaHCOB. J{JI11 pacnMa 
r-i• .., - ranepoua c 

T~I/2 Ha ~ -ranepoH H 7( -xe30H w l!lleeK TaxHe :m:e coo:rHomeBl!I/I, '!TO H JtJIII pacna,1ta 

f( ... -Me30Ha Ha /( H 'IT ·-He30HH (85) 11 (86), a HM8HBO 

( =·· ~-w ,;:_, -> ,;:_, 7r+ J =- W( ,._ ~- ) Z -:, ~ Tl- ::::-

(93) 

( ~"D -=-· ·) W("'l4;:. =- ") .t_'vlf,_,-;,>-Jll =.2. .._,~~-rr J 

-Ir 
a ,1tJI11 pacn!IJla Y -rHnepoH Ha 7C -xe30B n Z -ranepoH H3 xarpH'IHOro 3JleHeBTa 

z.._ Vlr,,(_<:. ~., F"I ' 

M1 i:., z,. = ;J-- c..... .1... 7(-' = - ;J- L" 'J , n c:.. :::: 

__j:_ 7i+ (1° 1•+_ 2:- Y"'
0

) + .J::-;c<(z• /'-- :r+ Yt;,) 
a (i. 

-i- ~ 7(° ( z- J*- - ::u "J • .,. ) 
Mli OOJ!Y'laeH C00THOm8IDIJ! ~ 

w(/'~ z.•11:1-)-= w('/'~ z:+7r•) = w( y..,:- z+'l[) 

) 
'"''(J.,_ --.-o - ) W( J.,,_ z-rt.) 

= wl/'~7 z- rr+ ==- •v - ,?- n / = - / . 

(94) 

(95) . 

PaccxoTpHU, uaxoHeit, pacn!IJl pe30HaHCa L) C Tm 3/2 Ba 7f -M830H H HY!tJIOB• 

Mil HMee11 
-/-td Li 

MA •'- = J- II"' 7( t~ 'C ~ 
4 rr11 _ 

IlOJU,3y11cb BHpa:ceHHIIIGI: JIJIII /II"' If 111,_,_<t Blipa:ceHHell THila (54) Mil 1C f..&cJ, w 

(96) 
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DOJfyqael( 

T.e. 

MA.--1 /J-rr "' 
-- A++ '1-( - \ .+ d rc:•r JJ. -t- ~ fiv,f+n+"n, I /'j r; / 

+ J:_ ('{i. v YI, + x- F) /1. 0 

f? 
+ g-n:~.,1-

/ 

w (ti.} -1 t- 7i +) :,_ ? w C 4 +-;, n. TT+) = 1 w (ti -I:_;, t- ll:) 

(97) 

~ } w ( AO -7 r- 'l[-) = ±- w ( !). O .-:/ It, '1[) ;::_ t\/ ( i1 --,, ,._ 7t -J • 
(98) 

§ 4. 1!3otoDH:,iec1t8J! l!RBap111811THoc:r1, allllJIHT:y.g pacce11H1111 

P83Bl!TyD BHme CDHHOPHJD T8XHIIIXY Dpl!K8HIUI Tenepi, 

IIIHBapH8.ll?H0CTIII B npo~eccax pacce11H11111 111 pOX)l8HHII 

.llY·ynpyroro pacce11H111111f~Kea0Ha Ha HYKJfOHe. 

X 1113yqeH111D CJf8,l(CTBHll 11130TODHqecxoll 

qacT111~. PaccKOTpo npex)le Bcero aKILlllllty

OHa IIBJf118TCII IIIHBapH811THOll XOJLdK11~111e11 Dp01113Be-,ll8Hlllll B~a 

Ill 

~;(~,.,) 7{; f'l,) /11,._(t.,__) N+Cr ... ) 
ll3 3TIIX npOlll3B8,ll8HHll KOJ:HO Oclpa30BaT1, Tpi! HHBapH811Ta, a IIIK8HHO: 

~: r, .. ) T(: r,k) ivc <} .. ) N. q--,) 

~ l- °'< ., -1- '( - .. \, N ( t ... ) 'TC.,_ '\z.) -rr, C1u - 'TC., 1-1...) n., c,.t.JJ N,_ ( p .. ) 
BHpaJ:eH11111, CO,ll8pXllJJt1118 E. .._.( , CBO)(IITCII X 3?1111( KIIBapHaHTaK, ?6.K Xrut f ~.(, 'lf.6 c fed. = -
0.l(HB.KO B CHJfY TOX)l8CTBa 

- e C, - C 
-n.,,_ (q.t..) ~·(q,) -t-- 'If,. ( 'l•) 1i-6 (,j,_J = 

t -u:,_. c,,._) -rc.i· (,jt-) ( -c..: z.i C. <. ,-,., ,,._) - s 
+ '-; \.~ "'- - " 'll_, (,.t.) 7f.' (1,) 

- b. ~ .i. ( '\.t.) 7fd.' <11.-),1 - ... " 
?Onxo )(Ba 1113 HIIX IIBJIIID?CII He3aBHCHllHl(III, TexxK Oclp830ll, aKnJfHTy,lla pacce11H1111 1f-11e30Ha 
Ha HYXJfOHe IIIK88T Bl!)( 

M°l!N ➔ 'Tf N ::,. A.,_ -'I ( 4 -c.( ( ) 'Tl' q.t.)'1{"('1<-) N td Ne t• 
(99) 

bU 

7( ~ ~. 

+ A,._ iV""(t._) [ -n/°('l,) 'ff/(,,) - 11 .. '(q,J -n_/ c9 .. ) J Ne ( t-•-J 
. 'I 

ECJII! Bll8CTO CDHHOpa 1f nOJU,30B8UCII Tp8Xll8pHllll B8XT0p01l ?[~• , TO llH 1111(881( ' . . 

M,fN..,<rJV ,,. } ;t·c, .. J 7;J·<,iJ NfrJ~t:.-,'t;\ Ai. ... ['C.~ -ciJAJ N(t.J<Ioo) 

Ilpl! 1113yq0HHH COOTHOm8Hl!ll n0p0!peCTHOll Cl{)ll(8TpHH allnJfl!TY.ll B8Cblla y)(OclHO nO~I,30BaTI,Ca 

(IOO), O~HaxO npH 8llaJl1!38 3XCn8p1!118HTaJII,HHX ~aHIIHX BO l(HOrllX CJlyqa.JlX H80clXO,lll!IIO nocTpO

l!Tb aKDJfl!TY.llH pacC811HHII B COCTOSHH.IIX C Onp8,ll8Jf8BHHllH nOJfHllllH J/!30TODl!q8CXIIIKH CDl!Halllll, 

)J,Jtll 3T0ll U8JJJ/! KOXHO Ta.ia:e DplllK8HHTI, CDl!HOpHYD T8XHHey, leKCTBHT8Jfl,HO, l!3 np01113B8,ll8HJl!ll 

BOJfHOBHX cpYffXll,llll qacTHU B HaqaJlI,HOI( COCTOIIHHI! 7(.1, .. ( ~ ... ) NC. ( 1' 1,) KOfiO oclpa3 OBatl, 

BOJIBOBHe cpyaxil,111! c T = -} H T = 7 . Tax, Hanpo0p, )(Jfll oclpa30BaH111a BOJJHO

soll cpYff!tll,IIH c T = 't ,llOcTaToqHo CYJlllHPOBan no <1. H e , a )(.Ila no.lfyti0H11111 BOJll!OBOll 

iwax~ c i-::. l w )(O.l!DH cHaqaJla Cl!l(l(8Tp11130Ban 3TH npOH3B8,ll8HHII no o,, H c H 

3aTell BHq8Ctl, mnyp l!3 noeyq8HHOro BHP8X8HHa. 0,l(H8lt0 Ha 3T01( 111,1 He cly,llell DO)lpOclHO OCTa

HaBJfHBaTl,CII. 

li3 oclm0ll H30TOnHqecxoK CTpyxTypH (99) KOXHO DOJfyqJ!Tl, BHp8X8HHII aKMHTY.ll XOHXP8THHX 

npon0ccoB, PaccKOTpl!II, Hanpoep, npon0cc 

+ 
-n++ t- - -n+1- t 

Tax xax )(JIii npo:roaa N-1. -::. 1,1 /If,_= o , a AJIII '1t -11e3 OH a 

0CTMI,HH8 XOKnOH8HTH paBHH HyJID, ?0 1113 (99) 

Al!aJIOrlllqHO 

M (-ntt- -7 -nT i) = 

M ("-1'- -'I n-t) = 

M ( ,..-t -? 1r""") = 

w noJJyqaex 

A-A, .. · L 

A. -t A-~/ 

- fi. ,A.J.. 

,t_ -::1. 
?f~ =I, ~.t =I, 

(IOI) 

(I02) . 

(I03) 

AliMHTY.llH ,llpyrHX npon0ccOB noeyqaDtCa 1113 (IOI) - (I03) npH noxom111 3apll,ll0B0ll CHllll8!pHJ/!, 

li!c1tJlDqaa H8H3B8CTHHe npOH3BOJU,HH8 ipyH!tll,IIH A!L. 111 41.. , w no.lfyqaeK cootaom0H111e 110:s,lly 

eMMHTY.llallH tp0x paccKaTpH~aewx nponeccon 

Mlri+t ➔ 'll'+t) - fv\(1'-t ➔ n-1-0"" fi..M(n-t--:,7r
0

:J·cI04) 

0TCD,lla CJl8,llY8T, qro ceqeHHa 3Tl!X nponeccoB ,llOJfltHH Y.llOBJl8TBOpaT1, HepaeeHCTBall rpeyrOJll,Hl!Ka 

THna 

,~➔'lt+t) V l>{!l}-:1t}? 1 ~ V .ta(r.f'~T<o•) (I05) 

~ Vo£nr, ➔ .,(,,t-J + r o('Tf--r- ..;, 1rr-J . 

BI 



~ 

B 06.11acu 60.11:1,IIIllX :meprHII H llMJa yr.110B ceqeHl!e nepe3apH)tXII: s ( -uf- ➔ 17°,.,}olien xiuo 

no CpaBH8HHD C ynpyrl!J[H C81i8HHJIJII!. TOr.ita llOZHO UOJIOZl!r!, It,_ =- o I! UO.llylil!u npl!6J11!3H

reJl!,HOe paBeHcuo ceqeHl!lt ynpyroro pacceaHHJI 7t + ...._ 'lt--lCe30HOB aa nporoae. 

l.11J1 roro q:z:o6u no.11y'llln cooraomeHl!a lleZ.JtY al(IJJ[ury.it811H HJIH ceqeHHJIJII! npoueccoB 
rxna 11: -t N 7 /l.t 2 

.itoc:ra:roqao B xoaeqaux cocroaaHsa: npoueccoB B (IOI) - (!03) 3aKeaHn r- ...., µ. +, ,._ -~ I{ 
0 n:t.,o _,, 2:±,~ .. 

B xaqecrBe Broporo nplUlepa paccKorpxK pacceaHKe K-Ke30Ha Ha syuoae. i!:3 npOH3Be,1teHHH 
BO.llHOBl,IX if>YHXUH 3:Z:l!X li8C:Z:BJl KOZHO 06p830Bar:1, TpK J!HBapxa&ra : ' 

. -~ 
k"' ( , .. ) I\J q.__) N ( t'-) N, ( t-j..) / 
-,._ - .t 
/<-. (1,_) I\ (11.) N (,f''-) N,,_ ( 1'1.), 

0.itHwtO lI3 COOrHomeHBa 

l<"c,._y IC, (11-) N~(t,.·) NJ. (b) 1:-'-l c,.c. 

-'-I .( ., ' ., 
t. . t,.c. "' ..: ~" b " + ~ c r q 

C.ll8,Jtyer, liro ?OJl!,JtO .itBa lI3 lll!X HBJIJID:Z:CH H83aBHCl!Mll)[JI. Hrwt, W lllleelC: 

M. (KN ➔ 1<.N) ~ 4 :i.. iZ"(1J..) f(,. ('It..) iv' ( 1''-) N, ( f:r..) 
-.... -(. 

-+ A~ I< C1 .. ) /<-< (1,_) N (1' .. ) N,. ( f-,...). 
Herpy~o ,1toxa3ar:1, c.11e.itYJ)l!(ee ro:1,1tecrBo 

(!06) 

b'I b; ==fl (t~);(z,.); + b;b, .. J .t, . 

O:rcn.ita cJie.itye:r, q:z:o BTOpo11 Ii.Ilea B (!06) xo:Ho nepenHcar:1, B BJl.lte 

~ A, l K· c,,) < •).' K, c ,~ > ii'Cr,J C•.J.; N, !t-J 

Hrwt, 11:11 lllieex 

+ K'I(, .. ) 1<. ... r1 .. J N.c(~,.J tJ, ft1-J_) 

M(K,N ~KN)== 

+ 

SL 
6,t 

k(.,, .. ) K('\1-) N(t .. ) NCt,.,-) 
- - ( (I07) k (1d z..- /((~1.) N(r, .. ) '<; N t1.) I 

r.11e ;1.- H i.l. npocro CBH3am c A._ H A -t • Ha 06111e11 crpyxTypu (I06) w n~.11Y'iaelC 
c.11e.itYJl111He BHpa:eHHa .llJIH allnJ!Hry.it xoaxper!WX npoueccoB 
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M(K+t:'7 ll.fr-) :=. A,--t AJ., 

Tv\(i:'t --'I ¥-'1--) =- A._, 

M (l(ot .... 1<t ... ) =- AJ_. 

(!08) 

(!09) 

(IIO) 

TaitHl( o6p830ll, allllJfH?Y,J0,1 paccllaTpHBa8111iX·npo~eccoB y,1tOBA8TBOpanr co~~HOM8H}ll) 

M (\I.+ t _.,. f!. + t) = M ( "} -, /l .t) -t ~ ( I< t ➔ I< °tij . (III) 

!Ip• 6oiiuHX 3aepn.ex .H llama yrAax ceqeaHe G( Kt__.. K.-r,,,,) olieH!.. ll8JIO, Tor.ita lI3 no.11y11eH

HIIX cooT11omeHHH cAe.ityer paBe11cTBo ce11eHHl! pacceamrn )(+_ H · I<. 0- lle3011a Ha npo:roHe. 

EcAH B. (!08) - (!IO) 3llll8HIDI )(+ ➔ t , j( ~ n, , TO W UOJly'IIDI COOTHOmeHHll ,ltAll allMH-

rp, paccemraa HYJt.llOHa 11a syuo11e. 

Ila H3Y'IIIJII! no.itp06HO .llBa-rpH npJlll(epa. H3!0ll8HHHII Kero.it KOZHO np1D18IIK?!, E .11n6HlC npo

ueccall pacnMa, pacceamta K po:.11eHH11 11acuu B cu:1,HWC B3mDlO.itellcrBHsa:. 

§ 5. _fz -1i8TJ!OC'r!. 

IlpH 3apH)tOBOK conpaeBHH HCTKHHO Helt?p8J!I,HH8 li8CTHllH nepeXO,ltHT B ce6a, a HX BOJIHOBl,!8 

if>YHJtllHH .11ado He xe1111nTca, J1Hdo K8BJ!Dr 311ax. B nepBox cJ1yliae roBDpHll, 11:ro qacrHua ueer · 

C -11eTHOcT:1, +I, a BO nopox C -qer11ocu liSCTHllH paBHa - I. Tax &ax 3apuesme qacu

llH nepexo,1taT B CBOH al!THliacTHllH, TO ,JtJlll aux liacTH~ aen3a BB8CTH noaa:rze C -11erHOCTH. 

JJIH '18CTKll, xoropue Bll8CT8 C aH?Hli8C?Hll8lllt BXO,ltHT B O,ltllll K roT lie H30TOUH'l8CEHII KYJl!.TH

ruier, ~o:Ho 0606111Hu aro no~u11e, a ueHHO BBecTI!: Tax Ha3HBa8llYJ) G -lieTaocn. 

Pacc1lOTpHK, Hanp1D1ep·, 'TT -Ke30H. B C -npeo6paaoBaHHH w 1D1eell 

,u+ - '1C -
I 

·"It-_,. n-+ 
J 

7[0-;, 7l° O 

B § ! 11:11 paccxorpe.llH Cn8IlHaJI!,BOe H30TOnHli8CJt08 npeo6p830BaHHe - 3apH)tOByn clllllle?pHn, B 

xoTopox -rt+ --<1 -'lt- 7t-- - 'lr:+-

' 
"Tt"o-;,-'"l't"o • 

Kox6KHHpya C -npeo6pasOBaHKe H 3apll,ltOByn clllllle:rp:im, w no.11yqaex 

30BaHHe, B xoropo:1,1 'I\.+-;, - rrc-t-, --re--;, - -r.:- , 7r 0
......;, ~·'IT• • 
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H:rax Bee 1t-.11es0Hli l!BJIIID:rcn coOcneHHlllGI coc:rol!HH/!.1111 G, -npeoelpa30BaH11a. Coo:rBe:rc:rBYIJ-
, 

mee co·Clc:rneHHOe 3HatieH11e paBHO - ! I! H83!1Bae:rcn G, -tie:rHOC:rI,I) lle30Ha. Alr8J!Orl!tiHO, 

~ -MesoH 1111ee:r G -'lewoc:r:i, +I , a 6 - tJeTHOCTH «>-.._ 'f -lle30HOB paBH1,1 

- I. C -HHBap11an:rHocT1> 11 1130:ro1111t1ecKan HHBap11aHTHOcu npHBO,lll!:r K HOB01ty 3rutOHy 

coxpaHeH11s - coxpaneH11e G -'le:rHoct11 1 KOTop1111 oqeHJ, t1ac:ro ITplllleHse:rcn np11113yt1eH1111 

npaB11JI o:relopa B nponeccex c11JI1>Hl1X_ B3aHllO,llel!c:rB111!. Tax, Hanp11.11ep, coxpaHeH11e G -t1e:rHo-

cT11 3anpemaeT pacna.iti,c f -Me3oHoB Ha :rpl! 1t-1te3oHa, a. :raue c.u 11 '-f -1te3oao5 aa 

.I!Ba lT-uesoHa. B 3rutJlllt1eH11e OT11e:rl!M, no onpe,lleJieHHUIII! G-tieTHOCT/ilGr OClJia.D;aD:r He :r~Ko 

.11es0Hli, Ho II c11cTe1,11,1 t1act11n, CO,llepzllJltxe O,llHOBpe.11eaao t1act11nu 113 HeKotoporo .llyJIJ,tHl!Jle:ra 

I! 1!X aH?H'lac:rJ1n, Hanp11.11ep, Cl!CTew HYKJIOH-aH:rHHyKJIOH • .llnn nponeccoB B3al!.IIO,llel!c:rBH/! TaP:IIX 

c11c:reM coxpaHeH11e 6 -tie:rnocu .Ilae:r PH.II flPaBl!JI o:relopa. 0.I!Haxo Ha 3:ro.11 nO,llpoelao oc:ra
HaBJil!Ba:r1>cJI llll He Cly,lle.11. 

r.Ile 

r.Ile 

ill. H30TOIIlllJECKJIB CBOilCTBA 3Y.F.RTPOMAI'IDITHHX B3AHMOJLERCTBHil 

§ I. 3Jiejt:rpoMarHl!L11Ull ?OK 

HarpaH:ruaH aJieK:rpo.11arH11:r11UX B3aHMO,llel!c:rBHA .IIJIH Bcex noJiel! llllee:r BKJt 

;[ - .. .,_ A,._ J ... 
Jl.. ~- I JA 

J - 3Jleit:rpouarHHTIIUA :roit .3:rl!X flOJiel! • .lvIH HYKJIOHa llll l!Meel( ..,,.. 

:t ... = ""r-r. 1t 
"f; - noJieBon onepa:rop npo:roHa. EcJI11 BBecu onepa:rop HYKJIOHHoro noJis 

TO llll l!Mee.11 N= ( ;: ) 

J~ 
..,,. = .L-o N N .)A J.. + .t 7ir z. rv . .,___ _,,,._ " 

3:ro COO:rHomeH11e 03Hat1ae:r, '1%0 3Jieit:rpo.11ara11:rH11A·Toit .IlJIH HYKJIOHa COCTOl!T 113 .I!Byx 'lacten, 

nepBan tiac:ri, HHBap11aH:rHa o:rHoc11:ren1,Ho 1!3otonuqecitol! rpyrmu, a B:ropan tJac:r1,·HBJise:rcJI 

:rpeuen ito.11noHeH:ron aeito:roporo 1!30:romiqecKoro BeKTopa. (Tax &ax N N, suse:rc11 

(II2) 

-... · ... -... ~ cmi:Hopou B:roporo paHra, 11 corJiacHo (34) N (t,) .. t,f(. HBJ!l!e:rcJI :rpemepHaM BeK:ropoK). 

3:rl!ll CBOl!C?Bau OClJia.D;aD:r :raxxe I! Jlllei!le ,llpyr11e Clapl!OHJ,[ 11 M830Hli. Taitl!ll oelpaso.11, 3Jieit:rpO
l(arH11:rH1il! ?Olt .IlJIJ! Cl!JIJ,HOB3aHMO,lleffc:rnYIIJ!tl!X 'lacT11n llllee:r BII.Il: 

J z_ 
...,.. - .i. 

J.. ( JO+ .... l1-),1 
(II3) 
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r.Ile J ,/J -H30T011lt'l8CJtl111! Clta.llllp 1 a 
JA 

l 
j - :rpe:ri,s itoac:ran:ra aexo:roporo 1!3o:romtqec-
~ . 

itoro BeK:ropa. H3ocit8Jlspml! TO& lll(ee:r 0 -'le:rHoc:r:i. - I, a 0 -t1e:rHocu ll30Beit:ropaoro . 
:roita paBHa +I, Kalt a:ro He:rpy,llHo np0Bep11u. l(ellc:rB11TeJIJ,HO ,llllJ! 113ocxaJ1spaoro -:roita G -npe-. . I 

0Clpas0Ban11e coBna,llae:r· c · .C -npeoelpasoBaH11eu, :rax xax oa HBJiae:rcJI 1!30:ro111tt1eCJtl111( citaJIH-

po.11, a ( -qe;Hoc:ri, Beit:ropHoro :roita paBHa - I. q:ro itacae:rcs ll30BeK:rOpHoro :roxa, :ro 

B 3apH,llOBOll Clllllle:rp1111 OH MeHse:r ?Rax, :rax xax 3apl!,ll0Bal! CK.lllle:rpl!J! l!BJl/!8TC/! BpeI!leintell 

Ha yroJI 'lL BO&pyr nopolt oc11 B 1130:ro!Ill~ecxoM :rpex.11epH0.11 npoc:rpancne. 

§ 2. ~op.11--<jiax:ropu II aKMKTY,Jlihl 3Jieit:rpouarHKTHllX npogeccoB 

Paccwo:rp11.11 :renep» aJ1eit:rpo.11arH11:rH11e nponeccu CHJIJ,HO B3al!ll0,1tel!c:rBYIJ~HX qac:rKn, .11atpK'l

nue aJieweH:ru xo:ropux nponopn110HaJibH1,1 .11a:rpK'IHl,IM 3JieMeH:raK aJieit:rpo.11arnK:rHoro :roita 

( A-I 'J.,... .i. I f;, ) 
r.ite I A-) K I e, ) -coc:roanHn cKcte.11 Cli!JU,HO B3611l(0,1tel!c:rBYD11ll!X t1ac:r11~. Ilp11.11epaw :raxl!X 

npo~eccoB HBJIIID:rcJI nponeccu paccel!Hl!ll aJieit:rpoHOB Ha HYltJ!OBe 1 qio:ropo:r,1teH11e, aJiei:rpopo:r)le

HHe, a :rax:re nponeccu PaJU'lanHOHH!lX_pacna,llOB M830HOB II ClapHOHOB C l!CflYCltaH1!81( O,llHOrO 

q>O?OHa. Tax !tax Cl!JlbH!le B3al!ll0,Jt81!C:rBI!/! 1130T0nl!'l8CJtl11 IIHBapKaH?Hll, :ro 14a:rp11'1Hlle 3JI8148H:rli 

:roita J < OClJia,llallT TaJtl111(1! :re :rpaHCq>OpMalll!OHllllllll CBOltC:rBalll!, ~:ro II Call a:ro':r :rox. 3:ro 
...... ~< 

03Ha'lae:r, 'ITO lt8X,ll;lill .11a:rpll'IH!ll! 3JleMeH:r :roxa, a/ l!BJI/!8TC/! Cyl!llOI! ,llByx 'IJl8BOB, nepBlil! 
.,,. i..) 

113 ito:ropux(J;) ae.11eHne:rca np11 1130:ronuqecxmc npeocipas~BaRHHX, a B:ropol! ( ;i./aBJise:rcs 

:rpe:r»el! ltOMnOH8HTO!I Heito:roporo Jl30TOflllqecitoro B8KTOpa. 3:rH :rpancq>OpMaJlllOHl!l,le CBOl!CTBa 

IlpHBO)tHT lt Pll.JlY 3ltCnep11.11eBTaJl1,HllX CJI8,ltCTBHll. 

B itatJec:rBe np11.11epa pacc.110:rp11.11 .11a:rpKqnue aJieMeH:ru :roita J ~ .11eX,lly coc:ronHKl!IO! ..... 
ClapKOBOB, HanplDlep,HYJtJIOHOB. I!OCltOJIJ,ltY Bae l!BtepecyD:r :ronxo Jl30T0nH'l8CltH8 COO:rHomeintH, 

:ro MOXHO He pacc.11a:rpHBa:r:i. CnHHOBYIJ c:rpyit:rypy. TOr,lla .111,1 11.11ee.11 

( ,,d :J" \N) = Fo f'JN J 

zNl'J-1. IN':>~ fi.. Nt~N 

(II4) 

(II5) 

CJie,JtOBaT8JIJ,HO, q>Op.liq?alt:rOpli (3ll8ltTPl!'l8CJtHe H MarHH?l!lle) npo:roHa K Hel!:rpoHa Blip8XallTC/! 

qepe3 ,llBa H83aBIICl!WX qiopug,ax:ropa: ll30Cltal!HpH1,11! II 1130Be1t:rOpHlll! q>Opllqlax:ropu 

t _ j_ ( F 0 -i-- f 1. ) 

f - J.. / ' 

p" ==-- "t ( fo- F/ 
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(II6) 

(II7) 



B Al!!iHOll CJiyqae H30T00Hqecxaa HHBapHaHTHOCTb He Aaer HHltaJtl!X HOBIDC CJieACTBHI!. OJtHaxo 

AeJIO O<lCTOHT cosce:11 HHaqe npH H3yqeHHH q>Opllq)ax:ropos qaCTHit C BUCml!llH H30TOnHqecxl!IGI 

CnHHallH, J{el!crs11reJibH0 0 MIi llaTpHqHIDC 3Jiellea:ros ::r H J 1. ll8llt,lly COCTOl!HHRMH L -rnne-
poaa MU HMee:11 

(:Z../. 'J"/ Z.) :== 

(2:.1 'Ji.IL/ :o 

.r ..,. 

F. I" 2:. ,c, 
fl, ... / 

Fi. r_ °' ( 't~) < Z. £ 
.f, 0. C 

(II8) 

(II9) ~op:11qiaxropu qacTHit L .,. , 

Fr..,. 
L

0 

H L - supaxaDrc11 qepe3 

}(F 0

-t-f1.), 
F

0 

H F :i.. cJieAy1mulll o<lpwo:11: 

rz• ::. ~ F 0 

i: I 

F ,:- ~ -r( F
0

- F :J 
(I20) 

-(I2I) 

(I22) 
(aarurn tj>Op:11qianopos 3apueaHIDC qacTHit Bll<lMp!lllTCII no 3Haey 3ap11Aa), O:rcDAa nOJIYqae:11 coo:rao
meaHe :11exAY qiop:11qiaxropaMH I. -rHnepoaos: 

i:+ 
F -

B·qacTHOCTH, llarHHTHUe ll0M8HTU 

z- - :!:'° 

F = ~ ' (I23) 

L -rHnepoHos CBR3aHH coo:raomeaHe:11 BHAa (I23) 

I J'- :i: + - ..A z- =- 1/ ::!: o (I23 ) 

AflaJIOrHqHHII ll8TOA :rruae MOXHO npueHHTb It H3yqeHHD allOJIHTYA qio:ropOXA8HHI!, ){JIii npo-
neccos qio:ropOXAeHHII 7( -M830Ha Ha HY!tJIOHe MU Hllee:11: 

. A -<\ - , l:irN\ J 0

/N) = o N 'lf.,. N, J 

{" Nl J 1. IN) ""' A 1l t (t J <\ NC. N 
1. A ~" C 

(I24) 

+ A. fJ 'JC ( 't~ I - 'l:~) Tt I (I25) - .. ( - " C. ( " - C ) V 
-<. .. ~ .. ,6 C 
-<\ C 

0Tll8THM, q:ro H3 npOH3B8A8HHI! N 7f G N ,,l llOXHO O<lpa30Ban :raue Tpeun ltOll<lHHanKD 
C :rpe<lyewo TpaacqiopKattHOHHUllH CBOl!c:rsaMH, ·a HMeHHO: 

~"\ ( -, ( <. ( <. - cj • / N 'If,. '<.,)6 -t Z-~),. 7r
4 

/Ve 

0Aaaxo 3:ro:r qJieH Bupaxae:rc11 qepe3 ABa H83aBKCHMUX qJieHa B (I25), AllaJiorHqaaa CHTYailJIH 

ue.11a :11e,c:ro npH H3yq8HHH pacce11HH11 1C. -:11e3oaa Ha Hyuoae. TaxHM o<lpwo:11, alln.11H:ryAa 

qio:ropollt,lleHH11 7t -ll830Ha Ha HYltJIOHe Hllee:r CJ18AYDIIIYD H30TOnxqecxYD c:rpyx:rypy: 

--l I I ) 11 M(rjr...,,"1fN) -...I --a.,... N Ao-r.-+A1,.{"t.,:,'td+AJ..[-r.~r~JJ1r26) 

b6 

lb AaHHOI! 06111el! c:rpyx:rypu llOXHO llOJIYqH:rb BUp8XeHHI! AJIII allMHTYA 1tOH1tpe:rHblX nponeccos. 

1W HKee:11 

t-\ \ ~ t _., 1l_o ') "' ~ A. k vi'A,_ 

. M ( 't ·~ '11:' "') "'"' A. -t- .t. A.%.. I 

Mlo"' __,, 'lt".~) ~ - ii A. -tvi..A1.. 1 

M ( r\'} _, 'lt-i) 'V A-.- J....A-J.. 

OTCDAa no.11yqae:11 cooTaomeHHe . 

MU, ➔ 'fl1'"') + M( r., __,,,,.-r-) = VJ_ ( M(Yi ➔ 'lt·r) -\ M (.r-., ➔ 7t 0 11)) 
Pacc:110:rp:illl, HaJtOHen, pa,1ui:ait110HHUII pacna,D; <lapHOHa C T=3/2 Ha <lapHOH c 

aanpuep, 
/j. -- f,/,t-'o 

.AllMHTYAa IUl88T. BRA: 

i"\ti.-.,1110 -::. } ,v .. b ... t.c.. 
,( 

( 'C~)-1 t 
ecf 

(I27) 

(I28) 

(I29) 

(I30) 

(I3I) 

T" .L 
~ ' 

(I32) 

rAe N " H /j,J,c. - so.11aosue qiya1tit11H, ,11aa11He B § I. ,lll!11 1toH1tpe:raux nponeccos HMee:11 

MC~~- 1r-) = ~ ,r 1 

M(6°-J .,,r)= ~ 0 . 
(I33) 

l'l:rax: 
. 

w(~+___,,t~) = w_ ( /j 0-77 h r) . 
3TO COOTHOmeaHe Ta.Jae MOXHO nony~HTb ll3 3apRA0B01! Cl!IOleTpHH;YtmTUBal! :ro, qro ?OJlbltO 

H30se1t:ropau1t...:ro1t ,11aeT BltJla,D;. 

§ 3. HapymeHHe H30TOnHqecxol! HHBapHaHTHOCTH 3J181tTpo:11arHHTHUll 

B38.llll0,1!.8l!CTBH8ll 

Tax Kalt aJiex:rpo»arHHTHUI! TOK ae HHBapuaa:rea OTH0CHT8JlbHO ll30TOnHqec1tHX,npeo<lpa30Ba

HHI!, :ro PMH8llll0HHUe nonpaBKH ,D;OJIXHli npHB8CTH It HapymeHHD H30TOnHqec1tol! HHBapHaH?HOCTH 

CHllbHIIX B3aHMO,D;8l!C'tBHI!, PaCCMOTpHM, HanpHMep, BltJlll,ll; OT PMHattHOHHUX nonpaBO!t BTOporo 

nop/!Alta It allilJIKTYAaM nponeccOB CHJlbHIIX B3aHMOA8llc:rsHII, COOTB8TCTBYDIIIH8 llaTpHqHae 3J18ll8HTli 

co,11epxa:r npo113seAeHHe AByx anexrpoMarHHTIIJ,IX :roxos 

;-( :1°(.c)~ J~CK)J( :rr,J T :1·raJ). 
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:1. 
Tait Krut J npeoOpa3yerca Kalt 1130TOlll!qecKHII Bexrop, ro 113 npaBHJla c.11ozeBHR xoxeura 

(ell.I,§ 4) c.11e,11yer, qro 3TH xarpHqHl,18 3Jl8ll8B:rH COCTOHT 113 rpex qacrell, O,IIHa 113 XOTOplil 

ecn HBBapHau, a ,11pyrHe npeo0pa3YJ>TCB xax xoKnoaeBru c T} =0 K30TOUHqecKoro Bexropa 

(T=I) H H30TOlll!qecKoro Clll[l[8TpHqHOrO T8B30pa BTOporo paura C HJJ18Bllll mnypox (T=2). 
B qaCTHOCTH, 3Jl8KTpOMarBHTB08 B3a.HliO,llellcTBH8 npHBO)OlT X pacll!8M8BIID Kacc qacrH!l B O,IIHOK 

H30TOUHqecKOll yYJl1,THM8Te, H 113 JKa38.IIRUX rpauc~OPKailJIOHHUX CBOIICTB P8,11H8.IIHOHBUX nonpa

BOX KOZHO noxyq11r& COOTHOmeHHH xez,11y p83HOCTIIllll Kacc qacrun B Kalt,IIOK yYJl1,THM8T8. 

Pacexorpo Ooxee no,11poOHO axexrpoxarHHTHOe pacll!enxeaue uace qacrHn. Mu npe,11no.11ozmi:, 

qro npK OT~:yTeTBKK 3X8KTpOKarHKTHOro .B381DlOJlelleTB:IIS (a raue cxaOux B38lDI0,118lle:rBHII) ua6eu 
\ 

Beex qacrHn B O,IIHOll K30TOUHq8eKOM yYJl&THM8T8 eOBUa,118.llI. !IpH BXJIDqeHHH 3Jl8KTpOKarBHTHOro 

B3aHKO,llelleTBHJI npouexO,lOIT nepeHOpKHpOBKa Maceu 3a eqer 3Jl8XTpOMarHHTHOro B3aHKOJlelleTBHJI. 

H3 1130tOnHqeeKHX CBOlleTB a.11exrpoxarHHTHOrO TOKa e.11e,11yer, qro ,1100aexa K xaceOBOMy q,11eay 

B .11arp8.l!ZH8.118 1 B03HKXimll!M 3a eqer nepeHOpMHpOBKH Mace I COCTOJIT H3 rpex qacrell C p83J1Hq

HUMK rpauc~OPMailJIOHl!liKH eBOIICtBaMH. IlepBM qacr& JIBJIJl8tea IIBBapH8.IITOll It BKJ!D'la8TCH B nepBO•. 

Ha'lan&HYJ) Macey, 0,IIHBaKOBYJ) ,IIJIH eeex qaeTHn B Xa:&:,IIOM ilyX&IHUJl8Te, a ,11pyrHe npeoOpaaYJ)TCJI 

Kalt xo11noaearu e T} = o H30TOnxqeexHX Bexropa H rea3opa. R:rax, BO Bropo11 nopH,11xe no 

3Jl8XTPOKBrBKTHOKY B3al!IIO,llelleTBHD xaceu ecex qacr1tn B Xa:&:,IIOM H30TOUHqecxox MJJl&THMere 

BUp8Z8.llTCH qepe3 Tplt H8113BeeTHUe XOHCt8JITU. Il03TOMy ,IIJIH MJJl&THM8TOB C T '?, 1 CYll!8eTBy

DT eOOTHOmeHHS xez,11y xacCaMlt HX KOMUOB8HT. 

B xaqecriie npuxepa paccxorpHM OapHOHHUII H30tonuqeexHA xy.11uu~er e T,,,, i 
Maceoeull q.11ea B ·.11arp8.IIZHa11e oeer Bl!,ll; i . · 

-1...t.d -' --!•w''J (t ~ -l-{"-..... , 
J.~"' M~ "I' 11' l._.,,•) + QL .( -c~) ... 1t 1t f-',J. j + t.\-t ~) ... (z~) .. "t "ti&Jt.j. 

OreD,lla MU no.11yqaex ,IIJIJI Mace OapltOBBUX pe30HaHCOB b,. ' Hanpuep, BUpazeHHJI (,13q j 

MA .. ., == ,ll. .. q' -1 <l,t 

M1,t =- N 0 +it:1 _ 1..ct.i_ 
~ :t. ~ ~ 

M11 o ..::. No - .i "1. - l.. '1.-t ..., ~ 

M/}- :0. MO - <\ L T q.t 

C.1e,11oearenao I pa3HOetH Mace 3THX qacun eBHaallli eooraomeHH8ll 

MA...,. - MA- ._,_ j ( ~ 6t - M,10) 
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(I35) 

(I36) 

(I37) 

(I38) 

(I39) 

IY. R30TOIIWIECK!IB CBOllCTBA CJIAEHX B3ARMO)lEil.CTBRll . 
B8XT.Q;E.BOrO roxa H 1130T01ll!qec.xHe eBOIIQTBa TOKa C /1 S ~o 

§ r. coxpaBeHHe 

B yHHBepeM&HOII Y- A reop11H e.11a6wc 

ll!aH eoxpauaD~HM crpauHoer& nponeeeax e.11a6wc B38.IIK0,11eV.cTBHII 

JU(eer BHJl 1., 1, 6 . e J 

B38.IUI0,!18l!etBHII qacr& JIBrp8llXHaHa, cooreereTBJD

Oapi!OHOB H M830HOB.e .11enTOH8llH, 

J. M:::. o =- ~ a_,... .Y- 4 r· '. ' 

r,11e ,i: -.11enTOHHUII TOX, av J - eyMMa B8KT0pHoro 'II aKCHaJl&HOrO TOKOB C'IIJl&HO 
/J_,,. '1 ..rli A ,-, V .f. 

roaHKO,D;el!eTByDlllilX qacTHn al H .J , np11qeM a) H H30B8KT0pHaH qacr& 'J .,... .,.»- J>- ...>' 

a.1exrpoxerHHTHOrO roxa (II3) JIBJIJIDTeJI pa3lli!'IHUMH KOKnOHBHTBllH O,IIHOrO H roro xe H30T0U'II-

qecxoro Bexropa • • £, 'I 

v.r.. = l~J ~ ( z. ) " 
(I40) 

a JIH8HH0l t~ = lv_,,_)~ c ~~> 
" -' '\ v)+ ( ).c , :t =- (V.>A)~ (~-i-),1 (1; = \{. q (1:_)~ ,(I4I) 

Tax KaK H30B8XTOpHHII (H H30CXaJlllpHUII) uexrpo11arHJ1TH1,III TOK eoxp8llJ18TCH1 TO BeXTOpHllll TOX 

CJla01il B3aHll0,D;811eTBHII e /j, <; :::. I'.? raue eoxp8llR8Tell 
~V' "'o'J~ 0 • 
~-=- ~ -'ox.,,._ 'ox_.,_ -

OrCDAa eJ1e,11;yer, qro B8Xt0pHaH KOBCtaHra coxpaBBDlllilX erpaHHOeT& Clla0HX B3aHK0,l811CTBIIIII 

c!Ul,BO B3aKll0,1tel!cTBYJ)lllKX qacun ae no,11Bepraerca nepenopopoBxe 3a eqeT cuuwc B3aHM0-

.11;e1tcTBKII. Tex CBJIUll o0~JICHJl8teJI paeeHCTBO nepeaopMKpOBaHHHX (r.e. HallllD,llaewx) B8KT0pHHX 

xoHcT8llT ~ -pacna,lla aellrpoHa-11 pacnaJla / -11e3ona B npe,11no.11ozeH1t'II oO JHKBepcan&

uoctH aenepeaop:impoBaHBUX xoneraHT e.11aOux roaHM0,11elletBHII. Haa'le roeopa,-Bexropnaa xoacrau

ra t -pacna.11a H811TpOHa paeaa yHl1B8PCa.11&HOII ~enepenopKHpOBaHHOII KOHCtaHTe 6 

runore3a o coxpaueH1t'II Bexropnoro roxa , Y_;,...., npHBO)OlT K pec&xa BaxHl,Ill K HHrepecHUK 

cie,11erBHBM. Tax, nanpHMep, 113 eoxpaaeHHH eexropHoro roxa V "' cJ1e,11yer, qro xarp11'1H1,III .r 
3.11exenr 3roro roxa ,11.11a ~ -pacna,lla aellrpoHa HKeer raxoll ze Bi!,11, qro II xarpHqHl,III 3xexeHT 

3Jl8KtpOMerHHTBOrO roxa J e. M8Z,IIJ COCTOJIHHJIMH npoTOHOB ll!JIH aellrpOHOB. 0H 3aBHCKT OT .JIBJX 
.r 

qiop111paxTOpOB f ·' 
1 

,: :. ~ 
1 

! , np'11'18M ~OpM~aKTOp f ~ eoOTB8TCTBJ8T 3ll8KTpH'18eKHM ... r 1.- t·"' 
~opx~a1tropa11 ft•"', a ~op~axrop f: , aHaJ!OrH'll!llll xarHKTl!llll qiopxqiaxropall f.., , 

L .t. , f 
Ba3HBaerca ~opx~ropox c.11aOoro xarHeTH3Ka. Tax xax f'. paeHH eoonercTBYJ)lllHM H3BeK:i:op-... 
HHM 3Jl8XTpOMarHHtHHK qiopl!lj)axropax, a noc.11e,11HH8 eBH3aHll C qiopxqia1tTOp8llH npotOHa H HelltpOHa 

89 



C00:rB0118~lDOI (II6) K (I!7), ro llll DeeK: -

P ff F"" f,. = .: - 4 • (I42) 

PacCKO:t})IDI renepi Karpll'!KHe 3Jl8K8Bnl :tOltOB 'J O 

I V ,. KeZJIY cocroJil!Hmm '7( -xe-
JA J" 

30BOB. lfH ID(88K 

L••t\ 'J.,. 0 I -rt)=- tt o -_ q ,I 
'7T4'«.._, (I43) 

l'.'.'lt \ ~ .. I Tl>== tr i- 7T q ( 't" ·) <. 'tr ,e 
-I -4.o. C (!44) 

0:tCllJla ClleJ!Yer, 11:ro xarpH'IBHII uexear uexrpoxaraa:ruoro roxa ,x.tJI 7f -xes oaa paBea 

(-rrl, J__...~ I'll>::,_ fl ,jfo ':rr= '1f: + ft~ 7r''i (Y:'>}/ 'lfr.j 
- - = 1 i ';r,;:,,,f ( -lf\tt j 7 7fa 710 lf-

0 

-t- x- rr- ( If'!- ff-~ J }I45) 

a KarpH'IBl,III uexear roxa t ,x.tJI J:I -pacna.ita 7f" - xeaoaa paBeB 

<'1(1 :J_/ /7() .= it~~: (-r;-1-)... r. 'lfc ,( -

~ ,L c- - ) 7f_ t\- 'fl"O 'If - - 'If_+ 770 • 

(I46) 

Tax lt8.IC 'lf
0 -K830B JIUJI8:tCJI HC:tl!HHO aell:tp8.i!I,HOll 11ac:rnne11,ro H3 (!45) CJieJIY8:t, 'l:tO 

ttP = o • T8.ICIIK oelpasox, iI!OPKIP8.IC:tOp J> -pacna.ita 7l -xesoHa tt r CBll3aH c 

lilt 3Jl8lt:tpOKarHH:tHHIIII iI!Opllip8.IC:t0p8.IIH -tt-e : 

t\"p ::: vi tt-e 
(!47) 

Tax 1tax xoacraara p -pacna.ita 7l -Kesoaa paBaa npOH3B8~HHll ymiBBpcaJII,HOI! 

ltOBC:tallnl G Ha iliDPKilitll::tOp ft r npll HyJIBBOII nepe,lta'le, a npx Hyll8BOI! nepeJta'le 
,t -

t\ =I, ro xoacraara ~ -pacna.ita 7C -xesoaa pa11aa ri. G . 

llH H3Y'IXJIH aexo:rop1,1e cJ1e.1tcrBaJI, Jll,(:t8lt6JllJIH8 as HSO:ronnecxax caol!cra aexropaoro roxa 

V • llro xacaercJI axcx=aoro rox_a J A , ro B aac:r0.11111ee apeKJI npe.1tno.1~8Jlr, uo oa 
~ ~ 

raae JIBJIJie:rcJI xoxnoaearoa aexoroporo noro11K11ecxor0 aexropa. Krax, JIJIJI n0J1aoro :roxa 

CJladHX B3axKOJ18ACrBXII C A $ =0 J W ID(88K: 
J" 

r j ).f. (<t-t) 1 
'--"'<1. 'J J.,.._ ' Jt = ( 1-.,.),,_ (i-_)1. (!48) 

JL 

3:ra r11noresa,.C10.1ee c~BaJI 11ex ranoresa o coxpaaean Bexropaoro roxa, xoxer CIH:ri npoBepe

aa B ael!:rpllBBHX 3ltCU8pltl(8Brax. Tax, aanpoep, X3 see BH:t81taer plIJI C00:tB01181il!I! K81CJIY 

C8'18BXlllDI nponeccOB p01C,11;8BIIJI ~-K830Ba npa C:t0.IICBOB8BIIH aellrpHBO H aarHHellrpHBO C BYltJIO

BIIMH. MarpH'IHH8 3Jl8K8B:tH 3:tHX nponeccoB HK8Jl:t BH,lt: 
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t,.\("t,1 ➔ ,C1il-l),. ~ -;.t(H-fs-)"· ,(-,rN\ 'J.,.I N:'; 1 

M(~tJ -:=J (-t"l!\I}= ~ .;-~(H•s-).,. ,(-rr N\ :J:1 N) 

rJle L-nNl J.,..I N) ;· (."irN\ t{ .. ): IN) ('t+ )~ I 

I__" N l (.J.,..J:1 f'J) (-r:_)2 l-nN' 'j_,,.+I N)= 
Z3 H30:t011K'18Clt011 HHBapRall:tBOC:tK CHJlbHllX 53810(0J181!C:tBKII cJie,ltyer, 11:ro 

.. \ ( ) .e ) A - 't ( ' -c. ('t·) {_,.N ~ IN ::. 1f (, 'L,) N Ne. .,. .,,.,,_ ./' "' 
,t- i N :< L 1t '(-c,·) c._ (t,) " ~CJ N.. .r .. " .. -" c.J 

no aaanorKH c (99) • (!25). OTCD.lta noJ1y11aeK .ltJIB 1tosxpeTHHX npoueccoB 

M ( "t - -t-11~ t) =~IA !,_(.\k rs-)"'- ( A.,.- i) ' 
~cv~ ➔ [-rr-t,.,) =~~(H~)~\ ~ -t- t.) I 
M(-Jn --'7 .Cnot) =t"- ((H~)4.\ (-6. ~) J 

M(~l'I -'I ,(-47{-n J =%~t(A+r~)v- ( A-.,.- fJ.,..) I 

l'-'P't -'1 i t1l-r) =-t~~c"+~J.,. ( A-.>'-+~) I 

M0'f"7 {+~•",) =fr ;;-J;.( <+t;)~ (- r.~). 

(!49) 

(I4r) 

(!50) 

(I5I) 

(!52) 

(!53) 

(!5!'
1
) 

' (!52) 

I 
(!53) 

OTKerlDI, 11:ro xarpaqBHe 3J1exear1,1 J1enrossoro TO:ita .ltJIB npoueccoB c ael!rpHBO • c a11r1-

aeltrpaao :.: ?:,_ c H- o,.-) 4A. 1 iv= ;r: ( -t-t a<,') v-

aooe1111e o!l!Kqan:rca. OHR paBHH xew coClol! nplll ay.reaox 3aa11esa11 nepe.Jta'ill Jl)(nyn.ca J1enroaoa. 

Te.xml oClpa30K, W peex CJ18,ltyDl!lll8 COOTBOmeBJIJI ,ltJIJI J111~peBIUt8JlbllllX ce11esit11 nplll ay.11eaoll 

nepe.1taqe Jl)(nynca J1enros0B: 

°Ct.., .c~+ t) )~ ➔ 
x,// { l 

= 
o (r.,, ➔ _,e-l-1(._")/ 

-'I '7 

t/1 '-.i 
(I54) 
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s-(1'"'- _, ,Cit"'w) ! = G (vr- ➔ ,t-t'.R;-,) /: 
➔ -7 , --,, J I 
fc./( ~, x -11 ~l. (!54 ) 

s{i1.., _, i~ol") 1-7 =- -,,,rt· ➔ l+n•"') (-" It -, If 
I· -f<.,/(~ . f<.,/1 fit (!54) 

13 (I5I) - (!53) lll,I no11yqae11 Hepru1eueTea TpeyronuHxa MB eoOTBeTeTBYJlm11X npoueeeoe 
npH JID6ux 3Haqe&HIIX nepe~aqH 

[{i;-c~~ ➔ r,r+tJ - v-~-c~-... _-➔ t••~) I < V,~(,~➔ l•·r _ 
!:: {6(vi+lrif') + c(vYL~l1T~) 

H T.~. AHMOrHqHl,le eOOTHOmel!Hs: ml8DT 11eeTO Taue 

(!55) 

H ~JIB eOOTB8TeTBYJlmHX npoueeeoe e 8.IITH-
H8llTpHHO 

I ~-(~-,,-_-;,Akw) -~+n-,J I ~ {-1_o(l/.-1 ~+,r•.,,~ I 

!:- I/ o( 'v.,, -7 J +n-.. ) + V o('it- ➔ -i n-t') (I55 ) 
HeTpy)tl!O YBM,lteTL, q:ro TaKH8 ze eoo:raomeHHS:, q:ro H (!54) - (I55I), Taxze IIOZHO no11yqH:rL 

us: npoueeeoe napuoro po~eHHB K -11e3oaa H L - rHnepoaa npH eTO11uoeeaHH Hell:rpH

Ho HJIH 8.IITHHell:rpHHO e syx11oua1111. Jurs no11yqeBHS: 3THX eOOTHOmeHHll ~OeTa:roquo B XOH8'1!1WX 

eoeTOS:HH.IIX pacellOTp8HHl,IX npoueeeOB 3all8HHU r- ➔ "~ ... ➔ /< ~ 11; -t, 0 - L.. "'/ 0 

HanpH11ep, B11eeTO (!54) 111,1 H11ee11 :renepL 

o( "t -> ,C ),t.-t Z' "') ,_,,, '""" = er ( y'., -'I f-t- J<.
0 Lj(~~/,-, 

(!56) {.,/f *t A '(/f{.t, 
H T.~. ,Jl11s: npoueeeoe po~eHHs: 1<-11eaoaa H ,,-rHnepoaa enp e~JIHBO eoo:raomeuHe 

lf(i1n. -> ),-J..}<.-l')l£11~ = 0(1, _,, JfA.K·)/~11~ . (!57) 

B11eeTo e11ozuwc aepaeese:re THna (!55) lll,I nonyqIDl npoeme eooTuomeHHs: , ee11H pace11OTpH11 

poz~euHe 7i' -11830Ha H syx11osa B pe3OHaHeHOK eoeTOBHHH e T=3/2. B ~8.IIBOII e11yqae llU 

Bee KaTpHqsue 3118118HTH BHpazae11 qepe3 o~y H8H3BeeTBYJ) 8lln11HTY~ ( enzsoeas: eTpyx:rypa 
se pace11aTpHBaeTes) 

( 'C,·) ~ ( Cl I ( i) : I N > =- A 
.14 

- ,.Ge.! '\ 

" N E ( 't,) I , 
Ll .I c" .., 

,Jl11s xosxpeTHl,IX npoueeeoe lll,I H11ee11 

( 6-H l J.,,. I 1 > ~ - ( .1- I 1/ i "'> ~ 
< 6{- I Jr \ " )-=- - (__ ~o I Jr i" I'> == 

A 
.J"- I 

*~ 
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(!58) 

(!59) 

(!60) 

•• cxe~oBa:renso, 0 ( ,, r- -'I 1,-b. +..) =- ~ ir( ~,,, _, .r11-t) 
J (I6I) . 

ol :;-.,, -'7 1.-+ /!.-) ::: ?> G"" ( '; 1" ➔ J!.+ !);OJ . 
(I6II) 

Tax xax eo eeex pace11OTpeu= npoueecax H3O:ronzqeeitHll enzs xoueqsoro r.oeTOBBHS: noxyqaeT

eB e11OJ:e1me11 H3OTOnHqecxoro enzsa saqaJU,BOrO eoe:ros:HHB C e~HHU811 (no npa.BH11a.ll e11ozeHHS: 

110118HT0B), TO roeopHK, qTO 3TH npoueeeu y~OB118TBOpl!J:T npaBMY L'iT=I. 

B 38ltJll)qesHe OTll8THII, qTO B8KTOpHHII H axeHMLBllll TOltH O6118,lllll)T onpeieJI8HllllllH 

G- qeTHOe:raKH; Tax, HanpH11ep, ~11s: BeKTOpHoro :roxa nyuona 111,1 H11ee11 
C'. ' T i _T - TN ~ 

-,N r 'C. fV --7 - N c- t. 'C,- C N "" - N r 'C'; --.,,.. . ,... .,,. 
- (i-r:-,. i. 'C~T '[',_./V = "'iir._ -r:.- N 

3ieeL If :t 
o<lo3saqaeT 3apl!,ll;OBYJl eH1111e:rpHD 1 B xoTopoll N-➔ -• t:,. fll (ex. (63)). AHanonqno 

rvr N _s ,,. 
~ '~ - ' Nl N ~ - N'(../if. 

§ 2.' H3OTOnHqe_eltli_e eBOlleTBa TOXa_e 65,- :!' :1. 

,Jl11S: npoueceoe c11a6ux B38XIIO~elleTBHll eH11hHOB3aHIIOAelle:rByD1111!X qacTHU C 11enTOBaLIH, 

B Ko:ropux eTpausocu 11eas:eTcs, npeino11aroo:r, q:ro coo:ree:reTBYDmas: qacn Jiarp8BltH8Jla 

Hllee:r B~ .t G . .e, J. = --- -1, s -+ ,, C. 
AS f o fi 0.r .J'-

B 3TOII 11arp8llZHaH8 s -TOK eHJl!,HOB3aHIIOAelle:rByDmHX qacTHU, npeo6pa3ynmHlles: npH 
.r 

H3OTOnHqeeitHX npeo6p63OBaHHS:X xax xo11nOB8HTa H3OTOnHqeeKOrO CnHHOpa H 118BBDmHll eTpaHBOeTL 

eHe:reKH qaeTHU Ha B8JIHqHHY,' paBBYD e~BHUe no a6eOJIDTHOIIY snaqeHHD. 3AeeL TOK $ onpe~e-.r 
Jis:e:rea e IOquoeTLD ~o KYJILIHnJllllta:tHBBOII KOBCTaHIH. Ilpe~nOJIODK, q:ro B pace11a:rpzaae111,1x npo-

ueeeax :rpeTLl! xo11noses:ra K3OIOnxqecKoro enzsa CKCTelll,I eHllLHOB3al!MOA811CTBYD1111!X qacIKU, a 

Taxze ee nOJIHllll H3OTOnHqeeKHll cnHH, 118HHDTea Ha Be11HqHHY, paBBYD ½ no a<leOJIDTBOIIY 3Ha

qesHD. IloeKOJILXY no same11y onpeAe118HHD 11en:rOHBllll TOK nepeBO~T HellTpHHO B o:rpHua:reALBHII 11en

IOB, TO eeu }'lleHLmae:r 3apl!,ll; 11enTOHOB Ha 8AKHHUY,- TO T_OK sj ~O11Z8B yae11HUU 3apl!A eHe:re11 

eHJa.BOB3aHKOAelle:reyDll!,HX qaenu na e~HBHnY, :r.e. 6.G:. i. Ha ljlop11yJW re1111-Masua-HHmanw 

cJie~ye:r, uo yeJIOBHaJ~s\:1,l1rT,I= i HM~=- i. e11eKy-r 3a eo<loll AS.:a La .,1i=- f · MH 

uee11, :raxo Odpa3OII, npaBHJIO 6.G_-:. ~$ • 

Ye11OBHe /j, i:. t O3saqae:r, q:ro :rpeTLH KOKnOHeHia K3OTOnHqecKoro 
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cmtBa c11c:reim c11Jil>HOB3aJilLOJ1ei!cTBYDll!l!X 'lac'ffl!1 peJIH'lllBae:rcs Ha + 1 , :r.e. £ "'- .r 
npeoOpasyetcll 1tax onepa:rop poz,1;eHKJ1 11ac:r~ c T ~ ¼_ H T; "" 1 HJ1H onepa:rop 

ymtno:reBHll 11acTH!lb1 c T "- 'i. 11 T ~ = - i . O:rc1>,11;a c.11e,J;ye:r, 11:ro lla:rp11'l!mle a.1e11enH 

BHJ{a 
( A- I S_.._ \ B ) 

JIJ!ll JIDO!IX coc:rosaHII c&c:re11 CIIJll>HOB3aJUlO.JtellcTBYD~X '!ac1'll!l I A) H / 6) npeo0p83y-D:rcs 

Jt8X 1!30T0Ill!'l!ec1t111! Cili!HOp C T= t H T, ::o - } • :l:ro :rpaac~OpKa.I\KOBBOe CBOIICTBO Ka:rpll'lll!HX 

3JleMeB:rOB :roxa ~ npOBOJIIIT It PJIJIY coo:raomea111! ue:r_Q" BepollTBOCTllMII pacnll,ll;OB, a :rwa:e 

MeX,10' ceqea11J1K11 p0:1,1!811HS c:rpaHH!IX 'lacTHll B aell:rpi!BH!IX OnH:ra:x. 

Pacc110:rp11K .11en:roaHHe pacna,111,1 K -11eaoaoB~ 

o0p83ye:rcs xax xo11noaea:ra cnHBOpa c T = 1.. H ,._ 

/._ 'T( I <; -t I 1<. > = B ~ q Kq_ .,,. . .r -1. 

O:rc1>Jta.no.JIY'laeK JI.Ill! xoaxpe:rHllX npo11eccoB 

Tax xax ua:rp11'!HHII aJieuea:r 

T~ = -z , :ro KH ID1ee11 

-+ 
S npe-
.r 

(!62) 

uci,+ 1J..-t-.,,.) _ S!- ~r(1-tfs-)..,.(7i 0 1 sr+\ K+/"' b ~r.(hrs-)~-+.=-s 
n " - ,, - {i.. -"" •'i r~ .,... / 

. V"'- (!63) 

t-\(1<.0 
_, 1f\1c) = ~ «r.(~t~)., (?(~( S// 1<

0 )== ~«!'.:C ◄ t- i;.)v. i / 
(!64) 

T.e. 

M ( j(+_,, .,,,-tff°) = ~ f/1 ( /<~ ,,,1 _,.Tl-)· (I65) 

,..._, -r 
Tax 1tait pacn8Jt I(. 0 

-:> 9 +) -t Tt:.- aanpe11tea B c11J1y npaB11J1a /'l S =: -6~, :ro .ltJlll pacnll,ll;OB 

K~- 11 k: - 11eaoaoa KH 11Kee11 aKil.llHTYJtI,1 

M ( 1<.: 1. _., ., J -t x-) ~ } J-1 ( t< ·-'I y r,c) 
(!66) 

H:rax, BepOllTBOCTH .11en:rOBHllX pacna,JtOB /(: 11ea0Ha H /< :-Ke30BOB CBS3aHH co~:raomeHHeK ~' . 

w( ~f- _., .:;J+r. 0
) = W( l<.D-') 

4,1. v ,.( +7C_). 
(I67) 

Al!MOrll'IBO 

w ( I<-=-, 1,rn•) _,, w ( I<,:.,_ _,, :;-,,r"Kj 
(!68) .• 

:J:r11 coo:raomeH111l Bltec:re c C P -HHBap11aa:raocn1> Jtllll:r 

W(!(t--'} .,.f,.n°) = W( K-_,, ~-.CJt•)= ~ W(l<:,1. ➔ -;l_;-, (I69) 

vr 1r+ ) 
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COOTBOmeBB8 :rana (I65) :rax:ie oee:r KBCTO JI.Ill! .11en:rOBBHX pacn~OB E.i -r11nep0Ba 

;:, ➔ L + ).--t ':; • B aux npo11ecca:x :rox 5 ,11;ae:r B1t.118Jt. CJ1e,11;0Ba:reJ1I,BO, KH ,11;ouBH pac.._,,.. 

cuo:rpe:r~ 11a:rpB'IBHII a1ewea:r a:roro :roxa 

,('.1..1 \J 5) = 
C z:. .. 

I L 

r=> 
J.-J,._ 

OTCD.J;a nOJ!Y'laeK 

:r.e. 

L 1 t I s r ( ;3 ·) = Cr 

(r·I Sr\ ::i-) = 'k Cr, 

(I70) 

(I7I) 

(I72) 

(I73) f'\ (;,;• -4 ,l-~ 1:1-) =- -r£ MC;:,--=, [v -X
0

) 

npoeuo :renep~ npe,ll;.IIO:a:eBBYJl rxno:reay oo KSo:ronaqecxnx cBollcTBa:x: :roxoB Sf" • Sr..,_ 
It 113y11eBllll npo11eccOB p0%JteBHJI r11nepOHOB npll CT0JI!tBOB8BllH aHTHHett:rpKBO C ByitJIOBOK. B ~aH-

BOK CJIY'llae f:;. S:::: - :1. , H 8llIIJIIITYJIH pacc11a:rp11Bae11HX np0!l8CCOB COJ!epxa:r 11a:rpll'IBHII 

3.11e11ea:r · :ro1ta <;\, + 11e:r.it1 coc:rosBHSMII ayuoaa H rxnepoHa. Hanp1111ep 

(r-1 S/( ti) = A/- l-~ J\/, . (I74). 

x~s xonJCpe:rma: npo11eccoB KH H11ee11: 

M f ~r..., 1"°r.0
) = E!- -;;;-?;_(H 'r) ..,.. j_ A-

\ I (i. µ. .r1 

M ( ~"' _., ,(+z-)"' _§_-;;-~<-Hr,)"'· ,4 ..r . 
I vi.. 

(I75) 

(I76) 

H:rax, KH HKeeu coo:raomeue 

(I77) o( t t _,, i -t 2:-·) = ;- o( ~'i-, ..... t + z-). 
Al!a.110r11'11B08 coo:ruomeBlle :rax:re '1!]488TCJI ,llJIS ce'!eHllll po:r,11;eB11ll OapHOH!IHX pe30Ha.BC0B C ·y =I, 

T=I ,,-( ,.., J..-t ...,+o) ,1 ( ,-., -t ~) 
C) ,y't ~ J = Tb ~ .. --"I 1. y - . 

(I77') 

O:r11e:ro, '!TO BO BC8X paccuo:rpelll!HX npo11ecca:x ll30TOnH'leC1t11H CilllB !tOHe'!BOro coc:rOSHHll 

OTJIH'laeTCJI o:r 1130TOnH'leC1tOrO cnaaa Ba'IBJ!l>HDrO COCTOJIIIHJI ua .J.... • BHpaxas 3:ro:r ~ax:r, 
. ~ 

KH rOBOpIDI, q:rO OBH y,ll;OBJle:rBOpl!DT npaBIIJIY {:j r::::: j_ • 
;2... 
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§ 3. zso:roim:qec1t11e CBOIICTBa HenenTOHl!lil: cna.OIIX B31lHllO,JtellcTBHII 

c bS t_ 0 

no 8l!MOrllH c npaBMBlm D. T =I H D T =-½- Mll nemoHHIIX npoi:xeccoB cna.OIIX B31lHll0-

,11;ellcu1.11 c b> 5 =0 H /.flSl=I B Henen:roHHWC npoi:xeccax ID(ee:r 11ec:ro :raue npaBMO 

/;:, T =- .i , cor,racHO KO:opo1q qac:ra narplll!Zllaua cna.OIIX B38l!IIO,Jtellcu!!II, conpimeH111,H1 ,11;pyr 

,11;pyry (B CHny 3p!.!l!TOBOCTH narplll!ZllaHa) H H COOTBeTCTBYJ)IIIHe HenenTOHHlill npoi:xeccall, npe

oCSp83YJ)TCll Kax K011noaeam H30TOIIl'!qecltHlt CIIl'IHOpOB c T = ½- H ~,,_ <t.}: 
T> ==-- ,i" }f.11.F. npoi:xeccoB c 6.5 = ::L H T~ ~ - } ,11;n11 npoi:xeccoB c }, .S =-I. li3 3:roro 

npe,11;nonoxeHHll BHTeKaJJT paanHquue COOTHOmeHHll 118%.JIY aMnnHTY,JtallH HenenTOHHIIX pacn8,l{OB 

CTpall!WX %CTHIX• 

B npoi:xecce pacna,11;a K-11eaoua 

K - .2. -rr 
KOHeqwe COCTOl!HHll 11ory:r HMen TOnhKO T=O HnH I, B cany npaimna /:, T"" ; • 0,JtHaKO ,ll;Ba 

Il-11ea0Ha HalCO,Jtl!TCll B S -COCTOllHHH,H npoc:rpaHCTBeHHM ~YHK111!ll CHIQleTpHqHa. Cne,11;oaa-

:renl,HO, H30TOIIl'!qecKM BOnHOBM ~YHKIXHll CHCtelolll ,ll;BYJC Il-11830HOB taia:e cmo,;e:rpHqHa, Kalt 3TO 

cne,11;ye:r H3 oCSoCS~euuoro npHHIXHna Ilayna. 

He:rpy,ll;HO BH,Jte:1,, q:ro 

n:1(1<c) 7f;(,h.) = Tt; ('I,_) 7f ! (q.__). 
C ,11;pyroll CTOpOHH, B n. n, § 2 H § 3 w nonyqMH TOX,JteCTBO 

" -' ._ 'l( e C Jc. Ti, ( 'j._,) 'if C ('f.,._) ('t° ,) "- ,: - ffl, "f.__) 7f C (11-) '[, ~ 
3TH COOTHOmeHM 03HaqaJJ:r, q:ro H30TOIIl'!qecKM BOnHOBall ~YHKIO;Jll COCTOl!HHll C T=O CHllll8TpHqua, 

a COCTOllHHll C T=I - al!THCIOO!eTpHqua. TaxHM OCSpaao11, B pacna,11;e K ~ ~'TT KOHeqme COCTOll

HHll ,11;onxuu HMen T=O H, cne,11;0Ba:reni,uo
1 
pacn8,lt I(+- '7f,1- 1f• aanpellleH. Tax Kalt B 

pacna,11;e K-11eaoua P;S, =-I :ro j), TJ = -i-:} , H 11a:rpHqHHII 3ne11eHT noro pacna,lla · 

npeoCSpasye:rcll Kalt Hao:romtqecKHII clil'!Hop c T ... 1:- , ,; ""-; 
(.1-ri! cl\ 1<. > = A. x,.Y1 .. ) n! c1,.) K~ 

~ A [ r r1 .. ):ir,(,2.) ; r,+r1,_) w- r'l.1.)~ 1r~{1.:.J irl'if ,) j K • . 
(I?B) 

.ARanorH•rnoe BHpaxeHae ID(ee:rc11 :raia:e ,11;n11 pacna,11;a }( -11ea0Ha. TaKHM oCSpa3011, B cru:y 

npaBua /:!, T ~ l , ,11;onxuu eunonu11nc11 coo:rHomemt11 

. + ± ) w ( K-___,, -n: ;,r- 0 

0 (I'i9) 

W( l<.~ ~ n+n-J / 
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w l i: - ~-r.
0

) 

~ (!<-: -7 7r-l--,r-J 
=-. 

,,f -.:'1__ (IBO) 

Pacc110:rpmi: · :renepi, pacna,IUl ranepoaoB. )tna 3TllX npoi:xeccoB /j. > =I, !IX 11a:rpaq111,1e 

3ne11eHTH npeoCSp83yDTCll Kalt cm,rnopu C T ,._ i , r~ .=. ~ , Hanpm.:ep, ua:rp~quue :rnei.:eBTli 

pacna,ii;oB '/\ -rHnepoua, ·:::., -ranepoua H J2 --nmepoaa Hl(e1>t BH,Jt: 

1 .Jj/\)- A ~.t 'iv' A = A(n-t- .... .Lnan)A 
l.... 1i IVJ " - "- (i. . / (IBI) 

~ ':ic"- J\ 3 .,, B ?\ L! .... 'ITo r:;o + 7(- ;:;) 

{ril\lil~ ') 1- .... \.fi / 

C ~.t.. '::'"- - C (--:;;: ~ - =-) r')-l'li: ;s \ i-\ Q-) =- -n-..... a-./ n =- ,it- '-J - ./i. no...., .l"" . 

H:rax, Hl(81JT »ec:ro coo:raomeHHll 

M ( ~ -"I t n- ) :=: _fi. M ( ,.\ ""'7 n 7l 
0

) J 

M ( ~- - "'Tr) = {i /Ji Ci:/'~ A-rr°) / 

l"\(n-- 3°1c) =-vi. M(Q-....,, 5rc
0

) 

, J 

(IBI') 

I/ 

(IBI) 

(I82) 

cre2') 

If 

(I82 ) 

:r.e. BepOl!THOCTH pacna,ii;OB Ha 'lt--11e30H B,ll;BOe CSoni,me Bepo11:rHOCTeli pacna,D;OB Ha 

T[ 0 -11eaoa, a Bee· KOppenl!IXHOHHHe 3~KTH O,ll;HHaKOBH ,Jtnll BCex pacna,JtOB Kax,ll;Oil qac:rHJ:lU. 

Al!aJIOrll'IHO, llaTpHqHHli 3n8K8HT pacna,D;a 'f -rHnepOHa paB8H 

-'-- a. z ' -., - ' Z.,!_ 
(""'~ i.\ I.) - A!I.- fv -n:.6 " -r A-,l {'I ~ -' J (I83) 

T - a. :iaBHCIIT o:r ,11;eyx np0113BOllHHX KOHCTaHT A:1- H A-.2.. , Tax xax B cMy tO%,ll;ecTBa 

' ., <!, "> e C, r "~ ,t ., . 
~ L-" -1"' L-.., 71", := ~ 'b ... '11: .._ z:,e, 

(ru1Mor11quoe :roxAeCTBO nonyqeao B n.Il, § 4 npH HayqeHHH pacce11HHll 

ayxnoue) :rpen11 BO3KOXHM c:rpyK:rypa N"' L. e ~ ~ nHHellHO Bupa:a:ae:rc11 
" 4 

7C -»e30Ha Ha 

qepea ABe ,11;pyrHe. J{n11 KOHKpe:r111,1x nponeccoB 111,1 Hl(ee»: 

M ( 2:,f.-., t rro) == t A-:z._ I (I84) 
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M(z.+-"').,77+)::: 

M p::-,-y n 11-) = 
A1- + A-~ I 

A1.. 

lf:rax, K8XJlY 8KIIJIHtY.lt!IIIK pacn8,l!OB L -r1mepoua Hl(88T Kec:ro coo:ruomelli!e 

(IB5) 

(IB6) 

M (z ~ n'li'+) - fot(Z➔ ,, ·,r-) ::.. ~~ /1,1 c~+➔ f' 7r 0
) • (187) 

B 3aEJIJJqeu11e )11,1 c.iteJiaeu ue1to:ropue 3aJ.ceq8J!JlS no nOBOJlY npasua /!l T ""- f B HBJien:rOHIIHX 

pacna,llax ue30HOB II r1mepo11os. Ecmr Jiarpammau cmicsux sau1mo,lleMcrs11ll mreer BIi.It npo11ase.1teHl!J1 
3apJl=eHHllX TOKOB 

.§._(•,{ S)(·l )+ ~ "' '{i. a ..... + J,.+ ,.. t..,. + l + s ..... 
ro qac:rr. .11arpaHXH8J!a, oneqaJJlllaJI aa H8Jl8IlTOHHH8 pacn8,llll Oapl!OHOB 11 11830HOB, paBHa 

_,, G (J.s+ S 'J 7 ) 
O'J:::::. fi. rr-+ r r · , 

.l{Jla roro q:roOH 00'1',JICHIIT& npaBHJlO /), T .._ } ; H800X0,1Ulll0 )tO<laBl!Tl, .It 'of. np01l3B8-

,lt8Hll8 Hell:rpaJil,HHX TO!tOB. JlellCTBIIT8Jll,HO, eCJill J ll S -TO.ltll V-,4 , o0p830B8J!lll,18 113 

BOJIHOBHX IPYH1t!1llllt- , .,, II )\ , Hanp1111ep, ro /" r . 
I I c_l ~ -;1, = _:::z_ -,, ~(,t-t r,-) ,., . .A a;,_(,1+ as) t,.. -t =>· e. 

~ I I., 
!IpHl(eH11J1 npeoopa:iosrume ~11pna, )11,1 uoxe11 nepellll:ca:r1,__ -i;(, B B11.ltB 

--t , ::::. ~ -ty (Hrs-) j . AO: ( -1+ a, J n.. -,. tJ-• r. 
I cf- fi.. :,,,-

Ee/Ill lt -J_ )tO<las11:r1, e111e uea, nponOp!1110HaJD.HHll np0113B8,lt81111J) aeKTpaJiI,HHX TO.ltOB 

II f"' 'Y . 
-J_ :: ~ Vt-L!,,.(HOs-)ti. Ti(-1+~)n -t ~.c. 

TO 11H llll88K: 

r '1 G
1 

{ ;--j_ -t ;f_ ::: (i f~(H~)t +-;;i(H~).-, 11 t(-1-t~)t1 +9.c:. 
(188) 

!IOc1tOJII,1ty CyKKa B CKOO.lte B npasoll qacr• (188) Jll3J!Jl8TCJI 1130TOllll:qecltllll CXa.Jlllpo11, ro 
..,, ..flt 
.f- + rf-- npeoOp83yerc11 np11 1130:rollll:qec:a:HX npeoOp830BaHRJIX xax BOJIHOBM ~YH.lt!11111 uell:rpo-

Ha, :r. e. !tax ll30%0Ill!qecx11II Cill!HOp. TaltlUl o0p830M, B paKitax :reoplllt 083 aeK:rpa .. UllllX %0.ltOB 

Ill,( H8 IIOX8K O(l'f,J!CHIITl, IlpaBIIJIO /J. r.,,_ ½• BC/Ill H8 np8,1tilOJIOXHTI, 1ta:a:H8-Hl!Oy,1t1, Cil8!111aJil,HH8 

,l{IIH8Kllq8Cltll8 110,Jt8JIII , 
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r JI AB A Ill 

fPYlllIA S l,\j;);i KJIACC.ll¢11KAIUlH 3JIEMEHTAPH!lX lJACTl!Il B YHHTAPHOJ Cl!MMETP.lll! 

i3Be,!l;€Hl!e 

B reop1111 113oronll'!ecxoll 11HBap11aereocr11 3J1e11eerapH11e qacTl!llH odpa3yDT 11soron11qecx11e 

11yur11nJ1eTH, OITl!CHBlllllltlleCR eenpl!BO)tl!Mllllll npe,JtcTaBJI8HIIRIIII 1!30TOITl!'l8CKOll rpynne S l,\,. (.2), 
BeKTOfH COCTOS!HIIJI qacr11u B HeKOTOPOII ll30TOITl!qecKOII 11yJ1hTIIITJ1ere RBJIS!DTCR COdCTB8Blllilll! B8K

ropa1111 O.JtHOro 113 rpex 11e¢ea11re31111aJ1hH11X oneparopoa ,Jtaauoro npe,JtctaBJ1ea11R, B itaqecrse 3roro 

oneparopa 11H BHdJaJIH T, . l!rax, qacr1111e c Ja3BH1111 3apst,Jta1111 B .Jtaaeo11 11yJ1u11nJ1ere xapaue

p113yi:ircR COOTB8TCTB)'lllltllllll codcraeH!flllll 3HaQeHHRIIII 0.JtHOro V.3 IIH¢KH11Te31111aJ1hHHX oneparopoa • 

Haaqe rooopst, OJlHO 113 KBaHTOBHX q11ceJ1, xapaxrep11syi:i11111x aJ1e11eerapeee qacTl!llll - aapR.Jt CBJl

aae c O.JtHm, 113 reeeparopoB rpynoo c111111erp1111, Kax 11sBecrao, a QHCJIO xBaeroa1,1x q11ceJ1,onpe.Jte

J111D11111x .JtaeeyD qacr11uy 11J111 c11creiiy qacr11u, xpo11e 3apst.Jta, BXO.JtHT ra.xxe r11nep3apst.Jt, dapxoa-

. eoe Ql!CJIO ll ,ltpyr11e B8JIKQl!llli, EcrecrBeBHHII odod111eu11e11 1!30TOITl!QeCKOll IIHBapllaHTHOCTII J!BJUieTCJ! 

reopKR Cllll](erp1111, B xoropon xaz,1;1,11l MyJ1hTKnJ1er 11oxer co.Jtep:rarh qacrJ!Ul,I c paallli1111 aapst,Jtaw11, 

1130TOITl!QeC!tl!Mll CITIIH!UIHII r11nepsapst,Jta1111. TaxM rpynna CHJllleTpllll .JtOJ!Da 11118Tb Hexo:op1,1n re

Heparop, CBJl3aeeen c r11nep3apst.JtOII, Tax itaK ara BeJ111q11Ha .JtJIJ! xaQon qacTl!IlH x11eer BITOJIBe 

onpe,JteJieHHOe 3eaqeH'11e, TO COOTBeTCTByD~ll oneJaTOP Y, ,Jtl!aroHa}lhH!iff B11ecre C 'f,, .ltOJIXeH 

xo1111y:rnp0Ban c T3 • Tax1111 oCSpaso11, ecrecrBeHH1111 ocsoCS111eH11e11 113oron11qecxon cllllllerp1111 n

JIRercn c111111erp11R aexoropon rpynn11, 1111eD11tell ,JtBa xo1111Yr11pyi:i11111x reaeparopa, O.JtHH 113 xorop11x 

1/OXeT 00Tb OTO:QeCTBJleH C ~ , a ,ltpyron CBJl3aH C nnep3apJ1,ltOII, C Jtpyron cropoBH, HOBM 

rpynna c111111erp1111 .JtOJIXHa co.up.ran 113oron11'1ecxyD rpynny S L,l(21)xax noJtrpynny, ecJI~ xau1,11l 

1130TOITll'lecx111l yYJlhTl!IlJleT ITOJIHOCThll JleXl!T B Hexoropo11 IIYJlhTl!IlJleTe HOBOll c111111erp1111.Tax1111 

oCSpa3011, rpynna :wcmell c111111erp1111, OCSOCSlltllll11tell 1130TOITIIQ8CKyD IIHBapllaHTBOCTh, JlOJIXHa YJlOBJleT

BOPffl'h JlBYII YCJIOBIIJIII! 

I) oaa RBMerc11 rpynnoll BTOporo paera, 

2) oea co,Jtepnr no.Jtrpynny S lA. (2,) . 

0.Jteoll 113 rax11x rpynn oxa31,1saercst rpynna ya11rapeoll c111111erp1111 S U(~l 11Hor11e npe,llcxa3a- , 

HHS! K0TOp01l CSHJIK IlO.JtTBepll'.,lteHH 3KCil8pHMeHTOII, UeJihD 3TOff rnas1,1 J!BJIReTC/1 113yQ8Hlle OdlltHX 

csollcTB rpynn1,1 S Lll~) 11 ee npe,Jtcrauee11n.lloJ1yqeaH11e pe3yJ1nam 3atell np1111ee11Drc11 x H3Y

qeHl!ll KJlaCCH~HKaUIIH 3J1e11esrape1,1x qacrxn. B nocJie,JtyD~HX rJJaBaX CSY,:YT paCCllOTpeHll 31tcnepH

uearaJ1hHHe CJle,JtCTBKR YHIITaPROff c111111erp1111 B npoueccax CIIJlhllHX, 348KTPOMarHRTBIIX II c.naCSHX 

B3allllO,JtellCTBllff, 
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I. rPYIIIIA S \,(..(~!! EE llPE.l\CTABJIEH!!H 

§. I. reueparopH rpynn1,1 S t..tU,) 
Rax (hi!IO nolt83aHO B rJa.ee I, n,IY, § I, reseparopallll rpynilll $ ll(11,)11BlllllTCII "1,~- i. 3p1111-

%0BHX KaTPKU 11,;<V\.. C ByleBHIDI mnypallll, Jt,111 rpynilll S Lt(;Jraue reeeparopa 1.1oryt dYU BHCSP,.-

!U cxe.JtyDllt'IIII odp113oK: 
0 

( 
0 

-• o ) ( 1- o 
O 

_\ 

X _ 1 () 0 /1.1, "- < t!J 1 !, :,. o O o / / 
( 

0 i ) \ , o A O -,( 0 } · 

I\._ - .J o o / o o D 

.h. ,,_ ( ~ : ! ) As-~ (; ; -0
•• ) ii, = ( ~ ~ ;' ) 1ttJ 

If ,<oo I .,o o I 

{ ~ ( : : ~.- ) Ar =,;. (:: ~ ~) . 
f D ,' D I 1} 

Os• 1,1;ouerBOp1111r Cl8,JtyD.IDl ltOIIIQ"lllIIHOBBl,IK cooreomeBHIIK: 
(2) [-\,,\j]= i,f.-~J\« · 

Crpp;r:,pme 1toscraaru J•J"-. noJ1aocn11 a11lcJllll{e!p11qau no oraollllHl!ll 1t nepicraaon:au 11H-

1.e1tcOB• Saa'IBBJIII aesaBBClDlllX OTJIJABUX OT By.lJI ltOBCTaBT Jik paBBll 

f,.t~: ~, f,,,, " fJJr, = f~r " f w, " f••" " f,q- = 
.f_ f_ ~ • 

j_ 
.t. I 

,",, = T'rt := T 
KollllYTIIIIBOHBll8 COOTHOIIBBll8 (2) DOJBOCTH onpe,118JIIIIT CTPYJtT:,PY rpynnu. B ,JtaJlh118IIB8K B&I 

IlOJlllJtOdl!TCII ta:ae CJl81.yDJIIJl8 COOT!l01118HIIL!I ,JtJl.11 t,lll.Tplllt A• 
sf"0,;Ai)'° :t,b,'{I (3) 

{ A-.:, '\i- J"' ,._.t.:{.,._ A.,._ + ; ('} , (4) 
DOJIBOCTLII CIDlll8TPll'IJIU OTBOCHT8JihB0 nepeCTaBOBOlt E!,118!tCOB, Cpei• BBX 

r,Jte ltOBCtaBTH .;t,'j-f<.. 
1183aBHCJllllllllll aeHyJeBHIOI O!ta3UBallTCII 

) < -1,. .. ,:. -l~., = 
j_ 

-f,",-= J 1-~ =- - J,ff, J .L 
~ "'-••r = -1.ue = ..\;~, = - -lrr, 

◄ 

J..~tt• = .\kt=,- J.'-4r = ,,\.tn = ,,\~~""" ,,\~,, = _,,\!>'4 = - J.,H,. ~ 
BHCSop reueparopoB B Bl\lte Ka.TPll!ll (I) y.1;0CSeB rel.I, qro 3TH Ka.TpJIIIU aBaJIOrll'IJIU Ka.TPl!ltaJI 

ft;, )lJIJ! rpynilll S IA(..t) 11 npH H3yqeamd>asJll'IHlll no.Jtrpynn S Ll(.2)rpynnu SU.(;) cpaay u.i,;ao, 

xa:ue Ka.%Pllltll It xaltl!II no,JtrpynnaK OTBOCIITCII. B 1.asBOlol BUdOpe -\ H "'s itOIOIYTHPYIJT R c1111aa

l!H c 1tBaaroBH1111 'lll!Cllal.lR qacr111t: sapstJtOK H rl!llep3ap111.0K. Hetpy;JtBO pl1Jt8U 1 no -\_, .\ H A1:, 
oCSpa3yD'f aueCSpy lIH rpynnH St.t(,t), ll ,1tan11Si!lleK at11 reseparopH CSp;J% oro:r,,;ecruem c re

aeparopaJ.111 113oronll'lecxo1t rpynilll. Tor.ita ,\~ c1111saB c sap.11.JtOK, a B~opoll ;iumroaanmll one

parop A
8 

cs113as c rl!IlepaapllJlOK. IIp11 H3J'l8Hlm- 113oronzqec1t0II HBBaPJmBTBOCTH 11aor.21a y.1;odao 

BlleCTO OJ.- H 6'.t Il01h30B8.UCII 6 ± , no aB8.llOrD C 3TIDl 11H IlOJIOZIDl 

IOI 



-t, = .A, ic i fit. 

-t., 

q t ,, A,. ± , J.., 

.L 

Mu l!Yeew :ror;a;a llXl1,11,1y:rau11oall!le coo:rl!omeuwi 

Vt: 
/ 

,h-1= .At 
:u I -1:,:c ~LC t-A~, 

,,, "1- = e,,'- = ..L A1 
LO L 

(~) 

r.ite 
[ I •] O [-t.,. ·/;,,,]"" ±d_-ti:1:., l-t.i '-1±.j,,_:t_o(;·'-lt ""-t.., ~J.. :::. / A./ I- ' l l,, • V-~J- -t_ o(b,t>-+ c-, 9 "'-, ..... - .... -/ - ,~ 

((,) 

J/ =- C: ) ,. ~/ ~ ( t ) I d.t= ( i ) . 
t '""' ,.:,- JJ tr 

Ilpe.itc:raBHM 3Ba'ICH1'1J! :t d., , ± .1-., , ,,._ "'-, ,ll;ByYepuwnr Beit?OpaMK C ltOIIIIOHeH:rlU[Jt ± al,,._ , 

<t) 

AL .,.. t;- <o\ 'LP"-

± d.,_ It ±. "'-. Ha OCH 0-'CH JtOIIIIOBeH:ra.im ±: d..t , ±. ,l..t H ±. ~ Ha OCH o;J-, coo:r-

Be?c?BeHHO. llLt nOJ1j'llae1f :ra1t l!a3HBaeMyD ltOpHeByD ,ll;Jtarpai.n,, rpynDH 5 IA.(;), a Be1t:rop,1 C MB
llHIIH ltOMnOHeB:raw Ba31iBaeM ltOpl!JlJIH 

~ 

-J.t 

\1·· 
_?\ 

_d..,. 

tt 

Ilp11 11ayqeHHJ1 nao:ronl!'lecxoll llllBapmamoc:ra ll!i BIUBll, 11:ro cpe,11;1I ·lt30:ron1I11ec1t11x npeollpaao

BW!ltl! 3apa;a;oBaa CIIJl!.!e:rpHH, COO:rBe:rc:rByD•aa: cneuZJll,HOJIY npeollpi.aoBBHlll> C ldaTPltlleR 

E:: C,_ \) J 

Hrpae:r ocollyr, pon. AllaJ1oro11 a:roro npeollpaaoBaau B rp,nne SU..(~) J1BJIJ!ercJ1 npeollpaaoBaHl!e 
c uarpKJlell 

Et- :::: ( 

0 ! 0 ) 
- { " 0 

0 0 0 • 

Kpoye 1\ , 11ono BBecu .J;Ba .l(pyrn npeollpaao»aau OO,l(Olluoro r1ma, a u11eaHo 

( 

0 0 :i 
t,., ::. 0 ,{ 0 

-< d lJ ) I 
E.., (

i_oo) 
O O { 

() -~ 0 

B arnx npeollpaaoBaH1IJ1x reaepa:ropu tt , tt:t H v-±. rpynw S L( (3) :rpaac1poplll!pyt>:rcJ1 c)Je;a;y1>11u!II 
ollpaao11: 

t.-t -f,,, E;'-= - -{;,+ -• 
Et tl t Et "' - '11-r J 
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-1 
Etc v-,. tt «1: (9) 

I -~ •.· f -< 
f.._ "t, :!:. t.;. ~ - 'I}-:;: J f._ « ± .. = - q :f J 

< -l _, E 1-t f -< - t :t. 
l.._,. t.. t"" = - u :i , .,,.. :t.. b, -

a ,l(.tll oneparopoB -t...,'- II f..'-ll!i o:eew:: 

t..,._ o-.._ £.-. = -1, :;: 
J 

t..,_ ...,.-t. i;" ~ - ,,..:;:. 
) 

(j) 

( ~ .. ) 

I -1 f. c~., 
t., t,, tt-< " _ l,, I tic .,.._ fe ::. -t / / 

~- 1 ,-1 ~ .!.(t. -'0t.·) t,. l,.._ ~1= -i. (i;"<.-t- t..,._) ( ◄ -9 
,~ .,, '"" - J._ , ~ J r..., J 

f:.,·~,f,.,-•= t(l,,-t-Y'Jt.,,__), f.,~Li:
1

= f(~t,,,~l...,-). (,t;J 

I'pynna S '-ll~) noJiuocu11 onpe.le.lJ!e:rca CBOlDOI reHepi.ropalll!. Coouo■elUU! (8) - (I'.3) noJta31,1-

B1111t, 11:ro osa no.taoc:rWI onpueuercs: 38Jl;a&Ell tpex resepi.:ropoa t:t: • t.,_ no,l(rpynw SU.(.t} 
It ,l(KCJtperBJiX npeollpaaOBalU!ll, COOrBHC:l:Byt)IIKX 18:1:PKilaM f,- K t.,,.. Cwc1 3:1:11% ,l(IICJtperHHX 

npeollpaaomad llp;et H3ytleH no;a;poCIHO B § 6. llpH a?OJI llp;ew: n0ll30BaUCS: JtOl,IJlytallllOBl!IIJIH 

C00TB0HHIIJIJIII J18ll'Jl1 1<-; H f.-t- , • f..._ B t.~ . , , 

[£..;,.tt-]= ~1.r/.;\, (o<~¾) I [li,;f.._Jo--t.(•:•e,. (,,(; {k:, [f,,; t.,.J~-.to(_.<>-~ (o(k.,.£..4-)/1/t) 
:IDB B8Jtt0pB0JI BII,l(e 

-? -';> (_.,t .... ) f .... J _,, c- --;") 
[ ,t,, I Zt- J.:= - .t.J. t 1:..,. ,I. {, I (.. .e.,/ f..._ -= - .t ,( .. E.., .t.. ... ~ I 

-;, _, _,, ' i-e., t..J«-.tl-"t., (7~.e,J.(4-'tj 

§ 2. Hem>aBOJ:Jllllle npexcm.uern rpynn1,1 S U. ( ;) · 

Teopu npe,l(c:raueH1tl! rpynDH S 1,l_(11,) llHJ1a •s10:a:eaa B nepBOI rmBe, n,IY. Ilp1I11eue11 

renep:& 3:rH peayntam It rp,nne SU..l3). Cnuopme ll,leJtCl,l odoaaa11ae11 npe_3 "-' r It :r.,11;. 

Tait italt ltall'J(Hlt llll,1t8EC nplIHJ!Jlae:r tp11 B11a'leH1I.11, to He ,c:,a;ecuye:r DOJl!OCUII aHUCIIIIJletplI'IHOro 
1 

cnuopa pi.ara 1lon11e 3, a no1aocrW1 aauclllllle:rpa'IHHe cnBHopu :rpeuero :i;aara tot fl' a l ""~ 1~, 
J1Blll!ll?cJ1 1IH»ap11anaJ111, 11H llp;ew BHCIIIPl,U au cnuopu :rax, 11:roll1,1 tu~" f. -=- i. llp• no110.-

/ 

3?1IX cn1111opOB w:ono npeBpaltl,r:& Jtall'.J:yt) mpy aH?HCIIMlle?plI'IHHX B8pXH11% IH,1(8JtCOB B HltDd 

HH,l(CEC 11 JtaJ'.,ll;yt> napy aH:rlCIIJIJIB?pJ111HHX HJ!ZHJIX ltHJ(8JtCOB B BePXHd IIH,ll;8EC 
l p rJ ;. .,. ~ r 'lJ, ( , ) f"" E.,(.~r 1Y ; -zr = t. i 'ltrJ .,,- . 

3:ro oaua11aer, 11:ro Bee eenpaB0,l(m11e npe.l(craB1eau rpymra SU.(;) JIODO paccKa:rpna:r:i. xait 

cnaHOpH, CHIQl8TpHqlllie no BC8JI BepXHIIJI HH;a;8ECaM II no BC8JI Hl!Xlll!JI 1IH,D;e1tcaw: B IIMCE.IIe H7J1e

Jll,18 111II7PH. HenpaBO;a;IJloe npe;a;c:raBJ1ea1Ie, coo:raercn)'ll11ee cnuHopy c f BepnlllllI c11J111e:rp:l!'!Hllllll 

llH.l!e1tcaJ11I H 1 HDHHllll cmoi:e:rpll'IHKJIII IIH.ltHCalDI, olloaeaqo npea D ( 1, 1). Tait, aanpo:ep, 

D(i, o) coorae:rcu,e:r 1tOBaplI8.H:rHOMf cnoopy pi.ara 1 , a D l•,t) - xoarpaaapearHo:u:y 

Cilli!HOPY pi.ara t . 
IlO.lC'IHtael! 'IIICJIO H83aBHCIIJll1X :SOIIIIOHeB? JtOBapBa!rHOro cnoopa pi.Bra \ .ECJIJI Jtaz.l(HI 

HH)le1tc npHHl!l!al 61,1 :ronxo .IIBa amuau, ro 'll!CJIO aeaaBIICBll!iX JtOIIIIOHeH:r aroro cnuopa 61,1.110 

61,1 _paBHO ,-t L, Jtait aro 1IJ1ee:r 11ecro ,l(.tll rpynm S U.(-1) (c11.r.mB7 n,n.I, § I). B .l(elilcu•

:reuaoc:rJI, Jtall;l1;Sll 11ue1tc npHHIDlll.e:r rplI aaa11eu11J1. PaccJ10rpl!ll :renepi. :ronxo :re JtOIIIIOHeHrH, 

10'.3" 



I I 
)t.lJI JtO:rOp!lX '\ 11BJte1tCOB_ llPl!HIW&):r 3Hl.l.'l8HIIH I 1!1 2, a 'I-'\ oc:ra.nwx P'LBl!li '.3. 'll!c.110 :ra1t1tx 

I I 

1toimoae11:r pasHo it i • Tax Krut 'I llellJie:rca o:r HYJIJI .ltO 1 , :ro 'lHc.110 scex 1toimoneH:r Cl!l04e:r
.P1![1jHOro 1tosapima:rHoro cnl!IBopa :ianra 1 pasHo 

N('\, •),,, i (\'r•) = ~t-.t) 
,':o L 

A.aa.11or.ll'lHo, 'lHc.110 HeaasacHl!llx ltOUI!oHeH:r CHllllerpH'lHoro 1tOH:rpasapHaHraoro cnl!IHopa panra r-
pasHo ( (t-1,)(t,-i-.t} 

N o,t) = --:;_ 
Paccvo:rpllll tenep~ , •... , ... 
lllil! "\' I 

r/.., ...• o1, 
cvemaHBlil! cnuop panra r-+ 1 , 1 paa 1tosaplmlltl!lll! 11 f paa 1tOHtpasap11anr
• 'oo:.10 1tOll!IOHeHr :raxoro cnoopa 011.110 011 JaBBo 

N(,,o)x N{ 0,j')= -}('\+•){,-i-.t) (t-i-•)(rt-.t.), 8CJIH Bee llD:,Pll 

f<··· 7f. .. Pr 
i ,,(, __ lf ... .. , 

O!lJ!J! Oil 11po11aBOnl!HJlH, Ta1t Kalt 1111e:110 :rax.llX mnypos paBHO 'll!lc.11y 1towoaear eve•aHHoro 

P>Hra f'-+7--t, (1-1) paa xo:eap1taH:rHoro 11 <ti) paa xoH:rpasapmHrHoro, :r.e.pasao 

1'!(1-11 0) x. N(o, ~- ◄ )-=- _¾- 1C1-r-•)r-(tt- ◄ )/, 
:ro · .it.u uenp1BO.ltllllllro enaHopa :ianra f t-1 , see llllyp!l xo:roporo pasBli HYJID, w 11veeM 

enimopa 

; 'f /1-tt) f-( f-H) . 
YCJIOBJil!, H:rax, 'lHCJIO He3aBKCHllllX KOllOOHeH:r BenpHBO)tlD!Oro Clle!llaHHOro enHHopa, ' pas ltOBap.1ta11:r
Horo a j" paa KOHrpampimuuoro, pasHo 

N(i,t)"*(i+•)(,+l..)(t-i-•)(ft.tJ_- }1(f-t4)f>('f'+9 = t (~-i-•)<1-t1)(t,+'1-t-:), 
Tax, 11anp1D1ep, 

N(~,o) = ~, 
HH~RHH:reslliraJu.B!le 

N(•,1)=: °F J N(,11)-= f1 N(~10): 10; N(b1'i)c: :fo, N(,,:..):c.J.f. 

onep..:ropll npe)tcraueHHJl 1 eoo:rse:rcuYDlillfe reHepa:ropaJL -t:t, l{:t ·, v,,11 -f. .. • 
1 oclosaa11aeJ.1 11epi3 T:t , l.(t., Yr II tt..:, cooree:re:rseHHo, a HH~HH11:resHMaJI~l!lle oneparop11, coo:r-

se:rc:rsYDo-e reaepa:ropav --l-,- 11epea J\, . )IJia 1tosapHaH:raoro en11Hopa nepsoro JaHra ' .., 

(A.)"~= l..t.J.: a .lt.lJI 1t0arpasapaaaraoro CnHHopa 11epsoro ,18Hra p 1 

l A.),( = (:.\.- J,1~ ~ _ u/ \,"' - ,i\.. \.,_ . 
rro.11~3)'liCb ~PllYJl&a! ,!;Jill llH~HHHrea~.HllX onepa:ropos llPOit3Be)teHHI npe)tC?aBJ!eHHI, )taHIIW,Qf 

ii r.11ase I ( c:u:. (82) • (8'.3) ), w ll0:te11 no.ir,un Bll}laZeHu 1t11rpmrareaHlla.l!u11x onepa:ropos 

,;u aooro npe,;c:raueHHa. Ee.111 s npocrpaaerB~ f
1
f, npeoclpa.3YD•evca ~o npe,11;cras~eHm 

U,@ ... <1.? u@ !-f. .. <i>--~® ~ t- J 

----------- t--1..,, ol, ... "'1 1 
Bllclepey oproaopllHpoB&BHllll 1183Hc .e. , :ro )tel!erBHe /\. Ha 3!11 senoPi Bllpa:ata.e:r-

j,-·· r1-- ~ ca ll>oP.llf.101 · 
1 

IU4 

. ... 
}. ~J...--ol, . --;- (JI,·) 
I\. l!- ==- /-. • , 

,, t•·- ~t-- ""' ol._;..,_ 

_J. ... ,I. /,1. cl. e.. ... c.-" ,._ A..-t-4 ·- , 

t·--- f'!'-

t-

I. (JI.~) ' 
-t.:• • J·r~ 

-4 ... , ...... , • ,(11';) 
<. I _r,.-~r---s~ f>u,···J; 

Tait Kalt renepa:rop!l .{,.,..:_ .itmarOHaJibBli 1 :ro coo:rsere:rsyzn11He H~HHHresm.iam.H!le onepa:rop!l 

:ra1txe )tllarOHaJl;Hll, 0003Ha'l!411-'lllCJIO KOBapHaH:rHIIX ltll,lJ;eltCOB, J;RBHIIX I,2 H '.3, 11epe3 q(,), 1(.tJ 
Jt '\('>), eoo:rse:rerseHHo, a 'll!l~JIO 1t0!1:rpa.sap11aH:rH11X HH.ite1tcos - 11ep11s ti•),_ ~(J.) 11 t{;), 
Tor.ita H3 ~OPJJYJIII (I6) It KOHKpe:rHoro Bl!)ta :ua.rpl!ll' A,. Herpy,ltHO YB1l,118?b, 11ro.Oa311eH1lll 

4 -

H..: 

senop c ,11;aHH1110t 11zcna10t 11uexcos, J:aBHIIX I,2 11 '.3, coo:rse:rc:rsye:r cJ1eJC'l)•m cocle:rseHJ!llM 

sHa'leHwrll onepa:ropoB H..:: 
➔"'•---~ 

tt,i: .e._ t•· -- lt "' { tL ,<,)- tl•)J-i l'\(~- r-1LlJ j t ;:-.-~ ~ ) (I7) 

=- ) j_ l ~(•)-t(•U-r i. l1<'-)-t(i)1 - L !1<})~(',) l((IB) l ,.~ - 110 J "6 '_JJ 
. __,,J.,.-ol, 

H.t .e..r---- Pt' 

A.aaJtorll'l!llle eoo:rHomeHHJ1 :raue l!llleD:r yeero ,ltJ1ll ·xaaonlt'lee&oro OasHea HenpHBO)t!DlllX npe,11;c:ras

Jte!ld, 

Cocle:rseHHlle 3Ha11eaW1 onepa:ropos H~ llll dy,i,;eM paccMa:rpHBa:r. ita1t 1tOllllOHeH:r11 ,11;syirepwx 

se1ttopos, Ko:rop11e Haa11sae11 secaMH. Hsoclpa.zaJ1 a:rx BeKTopu na rp~KKe, llll noJiy'laeM raK Ha

susael,cyl) seeosyi> ,11;HarpaJ.111y. Tor,11;a Oa3acH11e se1trop11 e ne&oropau secou BllpaJ:aD:rea o,11;no1 

?O'l!tOI! Ha seeos011.,11;11arpauw. llo MIIOrHX CJlyqaJIX l!ICOOJII,301!8.HHe secOBOI! )t1!8.rpaUllll 0Ka31lBae:r

eJI sec.:ua. y,i,;oclHHl(, 

IlpOH3B8,11;8Hlte ,ltBJX 118UPHB0,11;14l111X npe,;c:rasJleHKll, BOOO•e rol!Opa, npKB0,11;11110 H pas.1arae:rcJ1 

Ha HenpHBO.it!DIHe npe,11;c:raBJieHW1. PaecMO:rpilDl He1to:rop!le npmrep11, Kalt ll3Bee:rllo, uOol! npoza

_BOlll!illl euemaHmlt enoop BH~ 'If} , npeoOpasyi>•1tllea no npe,1;e:rasxenm 3©3, paaJ1ara~:rca 

Ha CYJOIY :imsapmaa:rHoro crumopa, nponopa110aa.11uoro 'b/ , H aenp11B0,1t11voro enlll!op:i. e ay.1eB11:u: 

11nypo:u: ( ex.r.msy I, n.IY, ~opuyiy (II'.3) ) ' 

r/ ,, ts;~ " ~ +- c, l -t ~ ! " ~) 
14H HKeeM, :ra1tHll 00paa011, sa1tOH 

'>~~ -= ~ (if 8 
Hlllt 

1)(4
1
0)@ J>{o

1 
4) = D(o 1o) G') D(~, 1.) . 

Een .ltJIJI no.lly'leHu HenpHBO,ll;llll!lX cnxHopoB 113 npoassonnoro c11emaHHoro cn1tllOJa s:roporo 

pa.ara cne,11;ye:r BH'leC:rh 11nyp !UK oOpaaosat» mnyp, :ro )tJIJI llOJ11q8lll!JI HenpaBO)tHllllX enHHOpOB 

H3 npOH3B0JlhBOro XOBapRaH:rHoro UH ltOB:rpasapl!fillrHoro CHHHOJa HeOdXO)tl!IMO c11we:rpll30Batb 

l![JIH aHtKCIIMJle:rpH30Ba:rb HH)t81tCH 

11'"' p ,, 'I!' to( t ~ -t 11' [-< f J ±(11,1~-t 1/r,,,t-)-t ±('l/"'f-: '1/fbl-). 
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Tax xax aa:mclll!lleTpH11HHtt x0Bap11anrwn cn11aop Btoporo paara 3KBl!Baxearea xoarpaeapKaBTBOJl1 

cnHHopy nepeoro :i;aara ( cu.cooraomeaxa (I5)), ro orCD.ita no.1Y'1aeu 3axon JJIHOZeBHa npe.it

craexenKJ! 

XV?= 6@3 
l!XI! 

N~,.)@ 1)(1,,) -= P<.t,•) @ J>(., 1.). 
A1111J1or wrno 

~@'> ==- T <B .3 
IIXII 

0(o
1 
I) ID D{o

1 
~) = D{o,.2_) (E) D{◄,o) · 

Ilpne~eu e111e aecxoJU,xo iflopuyx, mropue w uozeu no.1y,nm, raxllll ze uero,1tou: 

6@j = f@ {O , 

D(.1,0)@ W1, o) = PC◄, I) (f) j)(3,o) 1 
6® 3 :. F@ Jo, 

1)(,,L)@ 0{o1 i) = P{1, 1) ff) D{o1 3j 
1 

t&> l = 1@ f't0-'-t, 

.P(:.,o)® O{o1.2.)= D{o1o)tt> i){111)GJ(~,~)
1 

f{f)g = fa~f® fG) (O EE) (D If) :q 

D(i,d® P(1, (} = Pt0
,,) ePc.,,)© Pf11') ®v(,.Je N•,;J(f) .N~,:) 

iO &>,to "' 1 tP I'([) J..f © (tf 

P(~,o) @ P{ •d) :::. J){o,o) (i) Y(1, 1) (i;) fl(~,.!..) (i) j) (3, 3). 
§ 3. Hexoroj)l,[e Clll!HOPU Bll3m11X ffi_HI'OB 

ll!3Y'll!ll renepL no,1tpo6no nexoroJHe npocrenm11e aenp11e0,1t1D1Ue npe,1tcrae.1ea11H. Hexoropue B3 

3Tl!X npe,1tcrae.1ea11n 6'J}I.yr l!CDOJU,30BaHH e Jlll.XLaenmeu. no ~YHAauear8JILBOuy npe,1tcmexea1111 D(~o) 
E -~ npeodpa3yerca rpenrepaoe JWKDxexcaoe npocrpaacreo i c da311cou ~ , "- • I,2,3. 

Bexropu B 3Tou npocrpanctee HB.laDrca xoeap11aaTHHM11 cnl!HopaMI! nepeoro paara c XOl.!IIOBeBra

KI! 1/'~. IiaJ:~un 6a311cnun eexrop cooreercrByer aexoropouy eecy. Ilpe~craBUH ar11 B8XTOp!,l 1111. 

eecoeon ,1t11arpawe, w 111,1eeu --e.'-

-.!. 
L 

~~ 

.....:, t-4 
_q_} ~ 
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t 

-e. < 

-e.,._ 

( \\, );_l,:;. (.-: ):\ 
It._ 1(i; . 

( 
tt, ) -'I ( 0 • ) -'I 

l+._ <~== * e 11
- c~J) H3 3TOII ,ltl!l:1('~ ;:y (I')' ~;O 

t-t ._, 1u~ 
AltaJ10rlt'lBO, .11_u·xoarparP1Jt1!8BTBOro x ~yiuau:enraJ1LBOllY npe.itcraexenl!H - xoarpa~p11aHTRoro 

Clll!BOpa nepBoro paara MU Hllll8K·B8COByII ,Jtl!arpallllY t~ 
~.~ 

-7~ :J y.... , 
:c,,;;,.: I ) '11 

-p 
• 1 ~ 

JI COO'fB8TCTByil~8 ypaB118BJIIJI ft ( i ) ( #, ) ( "' ) ( ) 

( 
tt, )-7 (-t. )-7 ( · ) -;., _ -.!. e' -4,,.. J.. e

7 
. ~ 

t{.,_ .e., = -.&, e, J th. ,.- 1.v,, ;t. J tt._ ~ f,, !> 

PaccwrpHK renepL npe,1tCrae1eaxe P (.t, o) • KaaoB1111ecx111t 6aa11:c aroro npe.xcraBxenl!H no-

J1Y'138TC& 113 da3J!Ca 1,,., npe.xcraBJl8Hllll 'Lt<&> u. nyreK cl!llKeTpK3aUHH HH,lteKCOB: 
_,,.,L.,., -"f>-< 

s ~ .e. r-1-e 
-->ltl.(>) 

e. = II ~-'f+ Z~({ 
_,,,1..,,, --=, l"'-P} 

I/Irax, B BCXO,ltHOK da3BC8 .e. r 118CU da3KCRHX B8K?Op0B e npe.xcraBXeRIIH 
D<~, .. ) 

111'8Dt CJ18,ltJl)lllll8 1111ayJieBH8 XOM1IOH8HTH: 

-1~ _,, l◄◄, '1!' = 1. J 1 = e. ◄ 4 
- .:t. ....,, l~.t \ . 'IJ, ,, - --b ) f = e. • If'-= "f,,H - l.t. 

_,, -;, {.U.) '\J, - 1. :f .:: . ..e 1,U - A 

-4,. -~ {oj . 1ti.- 7t31 = rz: f.,. = .e.. • 7 

j ,,. 

➔ s;- °e:t.t3j : 't~-:. 'll!,.2. =- ~ I 

t -=-

c~~) 

_,, l !> 3 J 'lj, :..1 f (; = .e, 1!>3 

13 o6llll!X ~PJIYll (I7) H (IB) cpasy BB,JtRO, ltlWlK co6c:r5eaauu 3aa.11eHMM onepaiopoa tt..: coor-
BercTByIJ'f an: BeKiopu. Yu Meu, raxl!ll odp830K, BecoByIJ .x11arpawy · 

If/7 



,.:, 

f 

r.,,._ 

..... r L 
v;; 

....;, 

r 
I ( _. ::::,,r:;;; ) I ' ;, 

·1.tr r,._ 1 ~1 j_ 

...-?' f J,_~ 
I; 

q:ro6H nOJIJ"lHl'i coo:rBe:rcl'BYJl~He peayn:ram .JtM npe,11c:raueB1JJ1 ,D(o,~), )lOc:ra:roqao aaueBHl'i 

BHZBHe H~e!tCH Ba BePXBl!e l! 06pa:rBO I l! 113BSIU 3Haltll B8COB Bcex 6aaHCBHX Be!ttOp0B. 

B ,llalliBellmeK 61,lteM qac:ro nonsOBanc11 npe,llc:rauea11e11 D (~, 1) 1 no xo:ropowy npeo6paaye:r-
~ ~ 

ca c11emaamll cnxaop noporo paara 1f ~ c x_r.11eBH1t mnypou 11 .... = o • Kax uaBecrao, np011a-

BOJ1iBHII Cll8DlaBBHII CDHBOP Bl'Oporo paara ~ ~ paa11arae:rCS1 B CYJIJ'Y cnuaopa C HfJl8BHll mnypo11 

l! HBBapltllXl'BOrO cnUBopa, nponop~l!O!lalliBOrO ~, 

J. ( ,;. ~ .,_ ;r) 1. ~,,,_ r r"" rt-}\t.r + ~ f rJ 
t ~ ' 

Coone:rcneaao, npoc:rpaacno E Li" c 6aa11co11 -;z ~ , npeo6paayn111eeca no npe,11c:raBJI8BIII) U..@ 
U.,. 1 pauarae:rca Ba ,llBa op:roroaaJILHHX no,11npoc:rpaacna. :lI11Bap11:aBtll!ill cneop ~ npH-

BflJ!l8JJl:r O,IIBOKepBOMy UO,llDpOCl'paBCl'BY C 6a3HCO1l 
- .,L (.... ..., ,,_ _.,' ) ' 1 'b.,( - ..,_ r~ f; .e.,-t"J..+e.!> ~ ~ l"e.f' 

B HCXO,llBOll 6aa11ce 3l'Ol' Benop oee:r Cle,IIJl)~e BeByJieBHe It01lDOB8Hl'H: 

1 .t. ,_ L 
1t'1 = 1t ,..= 1f,- v,; (22) 

lia3HCBHe B81ttOPH BO B?OpOll UO,IIDpOCl'paBCtBe, npeo6pa3Yl)Jq81lC8 no lll)8,llCl'aBJl8BIII) J) (~, 1) ,op:ro
_,, ,I. 

rOHaJIJ,BH B81tl'Opy (22). QqeB!gtBO 1 q:ro 683HCBH8 B8It:rOpH ,e. f' C "-fr 1,ltOBl8tBOpJ!lll' 3%0111 

ycJIOBIID. q11c110 aux BenopoB paBBO mecu •. l!Ba ocraumx Hl,18Dr Bil,ll .1111aelllmx xolllioalll(I! 
-"1 ...,, .... , ' 

BexropoB ,e, • , .e. ,,_ 11 ,,_ ~ • 3:rll ItOWIIBaIUll'l ,IIOJIZBH 6Hn BH6paBH mx, UO6H OBll 6HJIK 

. op:roroaanmnm Bex:ropy (22) J aopopoBalU!llMH u op:roroaa111>H!lJ01 J.PYr It ,11pyry. 3:rlll( yc.11OB11J11t 

Y,lJ;OBJle?BOpaDl' C/18.ltyl!IIIH8 ltOK6HBa~HH: 
A --"1 __,,,,_) -'-(..e. -e. ._ J fi._ • 

Tax1111 o6pa3OK1 6a3HCH B npoc:rpaacne D(~, 1) irono BH6pan B Bll.ll:e 
~ 1 , c·..,. ..,,. ·) .., ~ ..., • ..., .. .., , 2 , -1- (e! 1 +-;, .._ ~e9, I 
"1... I.' (I_ "'• - ct.,_ , e , / ,,_ ~ , e ~ I e • / ,,_ I 116' , .l. - 1/ . 

~ c-?1 ..., ,,_ ..., 3) (6 .,_ ' + "- ,,_ - :i,,,_ !> 

B HCXO,IIHOM 6a3l!Ce 3l'll B8Xl'Ol)li 1!118Dl' CJ18JQ'll1i1H8 HeByJleBHe ltOllDOBeBm 
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--'>1. t .. _., ◄ ~, 
.e, ,.. ·•"- ::: ,L J 

-, • J_ 
-'I.I_ f = _,,' 

~ f -"' _..L) 
ti.\-e.,-"-'-
_..,t 
,,_ ~ f " 

-;>lt -:-"1 t "- e. ~ 
➔., ..,,.t, f ,e <'.. '.:> 

-7 _,,' -t' = '1.' '1 

1t! = (,_ I 

'l\'i, .,_ i' 
'\~ = i. I 

) 
1ti..=.1) 

I 't!>=-i_, 

t _J_ 
"h" ii: 

-J -7 ~' . .t. - ~ t"'::: ,e,,__ . ,.,, - -1 

.L 
_., 1 -'> Z. -, ') 4 - ~ _j__ ., ' .I_ 

(.u) 

f(= '16 (e.,+eJ..--l"'1 : tt,"'1\L- 16 I -.,"'-n; • 
Ha OCBOBe ~opMyl (17) II (18) ae:rpy~HO Hal!l'II Beca 3l'KX sex:ropoB. B peay11,:ra:re 11H KK881l Clle

H,~ 
.JtYDllllD uecoByD ,11zarpalllly 

➔• 

_p;~ -~ )kb L ,!., ~t, 
~ . . 

;..,, 

-r" 
Pacc11O:rp11L1

1 
naxoaeu, npucmueBze .P(;,o 1 , 6auc 1to:roporo coc:roz:r K3 uex:ropos 

z. -:t""Pr 
~ l.,(,p r \ = _P_G<Lf-'r)~--

L. -'>-<J"Y /( 
// p( .. ~r) e 

B l!CXO~BOll 6aaHC8-3l'll B8lt%OPH lU[8Dl' c1&~YJ)~ll8 H8By/leBHe B:01lDOB8Hl'J,I: 

➔~ ~11,1~ 1t :!. '! = ,e 4.u= ) 
-'? _., l.t••\ •· , 11 .L -f L : e., 'l\'.!.H = ,-1.t~ " ML= 6 J 

....,, _.,-~.u, \ ,. - ,,. - L 4~ = e. ) "\'UA = 1,(1.t_- l ◄,U- 13" 
.-::; -1=1 1 ~ = e. J 

-"I .... \<•'>) 
f: - .:;.t,}\ 
t == ~1mj p- = e. 

fl :::: ~ l~~!>~ 
f = '2 {w,j 

"t,._,_.l,,:. i / .L 
Cl\'11~ = '\Hf = \1 ◄ - '0 
"f'.t1~=- 'lfu.~= "f1~L= "!~,,_-= 
y .u.~ ~ li~J.. = 11 ,u. = :1f-

, :i 
'tf'1~~ C ,,~, :_ ,,,1 <, ~ 

'lf.t~~ ~ ),.t'> = 1tH.t. = 7f 
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.L 
"l'~.t, "' "t.t1 ~ = rz 
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-'1 t4° =- -;: tm t 11}~, -=- j_ . 

' BecoBaa .1timrpaiom ,1;1uHoro npe,;craBJieHIIJ! oeer Bl!Jl 
.(,,__ 

J'J ,~ 

-7 

_,, 
t· 

l:1 

::...,, 

f" 
f•· -4'-~ 

qrOdbl DOJly<lK%i C00%B8%C%ByD~e pesyJ1ira:1,1 ,JtJIJI 1Ipe,1tcraBJ18HIIJ! o(~~ ,JtOcraroqHO 38.l(eHari 

BepXHae as,1texcw Ha smae a odparso, a weHari ssax BBCOB Bcex dasacBHx BexropoB. 

OrwerJ0,1, q:o ,JtJIJI uocrpoeHaa paccworpeH!DiX HelipHBO,Jtl!Ml,IX Dpe,1tcraBJ1eHllll KOZ!IO IlPHMBHH?i 

wero;;, H3JJoxeswlt B r.mBe I ( cw.n.m,§ 4 ). Paccirorpllll, Haupawep, npexcrauesae J)(◄, ◄) • 
➔◄ 

OQeB11,JtHo, no da3KCHWII! Benop .e. '- B npocrpascne Fj.;:: upasa,;J!exar arowy upe.11craueHim. 

R114Jllllare3HMaJU,H1,1e oneparopw A. J!aHHoro npe,1tcraBJ!eHIIJl woryr uepeBecra aror Bexrop B ocraJJi-
~ ' 

HWB BH?Opbl (23) ltJll[ ICC Jlmtelll!l,le EOMdKHallllH. l!eltcr:auenHo 
I 

M!t 1Dl88M 

T .... ◄ ... • .., .{ 'T' c~· -~ -t J - .t e" .{ _e..~.= .e..,.-c..~, - -1 ,1.._ - J.. I 

V ...,t 
- e. 1 =-

-9} 

12., i..J 
r.-r ~} ~~ 
l+e,= -e.~ J 

1 -,~ l.,l_? .l -= -e .,__ I 'T' - s -?'J 
_e.1.-=-<-i.. 

"""" _,.1 -,~ u.t -e,1 = "--,-.e.? 

-'>..I.. 
11H DOJ!yqaew Bee Benopw e. P c .t'f f. l{.l!a BeuopoB c .i= f? 

--9 ◄ -9.t ~ ◄ _.,.,. 
e....__.cz..t, .e.,-.e.~-

as Hll IIDZ!IO Odpasoaan JtBe ;;pyrllle oproroHaJiiBHe EOM<lHHa!IKH, 
~" -"I -t.. .ca... .. -e...t. 

IDl8eM ,JtBe EOMdHHallHH 

a HMeHHO 

-:;, ~ ~ ,f _., ~ ~ ( -=t --f ~ ~ --!1 ') ~:-.e..!t - 1:(-e.._sz..i..)=: L e..,t+e.....t._ ~<..., . 
~UKK odpasow, Bee da3HCHHe Bex:ropw (23) IlOJiy<lel!l,l. 

§ 4. IIo,rrpynnw S U.(;2 

rpynna SU(~)co.ii:epxa:r :rpa pa3JIJl1!l!l,IX no,1trpynm1 S l\(-9 • Ka.l;ltaa 113 HHX ocraBJ1Ser IIH

iapaas:rHHx O.JtHB as rpex <lasHCHl,IX BexropoB rpenepHoro npocrpaHc:rBa, B EO:ropow .1teltc:rByDr 

llO 

I 
i 
I ......... 

Bee npeodpa30BaHHJ1 rpynnw S'L1.(1/ .,Herp1,1tHO y:aK,Jten, · qro reHeparo:iawa O,llHOII a3 :aux no.1t

rpynn HB.lll!Drca -ti- a t-3 • 3:y no,Jtrpynny ea.sHBaew T-no,1trpynno11. l!pyrHMa no,JtI'pynnawu 

S 'IA.(.t) HBJ1Ji1>rca no,1trpynnw c reHeparopaMH 

tl t. , '-'-~ = ! ( A' -t ~ A, ) (25) 

a 

'1)-t. I V} =- fr (-A3-r r,; A'l) . (26) 

Hx HasaBO.eM U..- no,1trpynno11 a_V - no,1trpynno11, coonercneHHO. KaZ,Jtoe HenpHBO.JtlUlOe npe,1t

craBJ1eHHe rpynru.t S l\ (3) co,1tep:o:r pa.sJ1H11Hble HenpHB0,1tlOlble npe,JtcraBJleHlllH o,1tso11 l113 arax no,1t

rpynn, nplll'!eM Henpl!BO,D;Hll!le npe,D;CtaBJieHlllS O,llHOII! no,JtrpynnH He COBna,Jt!lllr C nenpHBO.ltHM!lMH npe,1t

craB.1eHaawt ,;pyrax. 

reaeparop t.,_= ½ J.
1 

xo1,111yrapyer co BCeKH reHeparopawa T-no,1trpynnH. CJ!e,itOBareJ1n0, B 

ltU,ll;OM HenpKBO.ltlUlOY npe,JtcraBJieHaa T-no.Jti'pynnH HH¢mtHre3Hl,!8.JliWII! oneparo_p_ tt.,_ = ; J\
3 

xpareH 

e,lO!HHlle. }!naqe roBopn, Bee cocronHHH O,llHOro T-yynranJ1era coorBercrByDr O,D;BOMY I! roxy xe 

codcrBeHHOJlY 3HaqeHl!ll oneparopa rt.t HJIH oneparopa 

-..,+ ~ tt-.,_= 
I "'- (; ~ f\, (27) 

Al!aJioraqHo, oneparop 

~ ,i+ ~tt 1/\ i_°)\ 
'-/ ""' , ,. - -;;: .I..~ :;:- } - ,.~ y .~ . 

(28) 

xo1o114yrapyer c reneparo:iaYH U - no,D;rpynnw, a 

.,.. (u..LJ.-1.-J--.i.(\_l.'J\ 't = - Tl◄ -t- ,r. "J ,.,__ - ,._ ' J.G I 
' •> (29) 

xowyrapye:r c reneparopa.i.m V - no,1trpynnw. l,1IJl !tU,ll;oro HenplllBO.ltl!Moro npe,1tc:raBJ1eHKJ1 U.-no,Jt

rpynnw ( aJIH \J - no,1trpynnw ) '/..._ ( ua 'f,,.) HKeer BilOJIHe onpe,D;eJJeHHOe sHaqeHHe. 

PaccMorpHM pacmenxemie Beitoropax HenplllBOAHMHX npe,D;craBJ1eHl!lt rpynru.t S l,\(}) Ha HenpKBO.ltlll• 

we npe,1tcraBJ1eBu el! uo,1trpynn S l,U.1). HaqHew c ¢YRJ{aYenram,Horo npe,D;craBJI8HHl! c ClaalllCOY 
-, -'I ~ , J I --", ➔_, 

.e.. • , e., l1l e. • Tax EU """ H ""~ ,1teltcrByDr ronxo sa .e H "- .., -
➔ !.-" ~ I ...q.t_ 

t -q L ~l ,f; _..:...i,__ ;l,_-t i; ll.-4 s:::. ,z.◄ t",, ~ c:. --£. 
_e -c: .J2. 1 ,t-L - J ,- L I ~ I 

_,, -l> 
t,i: ";t~ =c -h.,e:~ = o I 

ro ~• I! e..,_ odpaayDr senpl!BO,;KMOe npe.1tcraBJ1eHHe T - no,D;rpynnH. Sro - ¢YH.ltaYenraJiiHOe 
➔ 

npe,1tcraBJieHKe rpynru.t SU(.1.) • Bexrop e} aBJiaerca Claal!cOM O,ltHOMepHoro npeActaBJleHaa.HHaqe 

roBopa, npe.1craBJ1eHae !}(4, 0 ) pacmenJIRe:rca Ha T- CillllBOp (CT - CUl!HOK ½ ) C dll3HCOM 
_,,, --'? .t -"; ll 
(1, l1l e. a T - CEa.l!RP -e ( c T - cn11HOM o ). AHaJ1ormno, OHO pacmennaercn na IA- cmmop. 

,, ' ➔• ➔ ., --;,.t_ ., 
( C 1,\- CnHHOM i ) C 003KCOM e H e} 11 IA. - CJtaJISp -e ( C Ut-CilJIIHOM O ) HJIK Ha 

\J _ cnaHop ( c V- cnHHOY f) c da311co1t -;.1. H ~' I! V - c:ttaJJap -:::~ ( c V- cnHHOl4 o ), 

Herpy,JtHO BK,lleti, q:ro 

Ill 



-t; t. ,j -44,.,t "-t_.,, t. ~, 
'f ~•1 "' -.;- e. I "- = - ) "- / 

""'....,.,., .l -:..",'J '/~~J.. - - .!. ;:.t... 
/ .,_ "- > I - } / (30) 

~--:,,t' { ...... .t,!> y,,.~,( .t. -?':!... 
'fe.'"'-Je J "-- :-3""-- • 

l.llJI npe.1tcmBJ1eB11J1 D(0 ,l-)11H ll)(eeK taxoe•ze pacmenJeHHe. B ,1taBBOK c1yt1ae a11axx B npaBHX 

qacTHX (30) CJle,llyeT 3&1eBHTb Ba o6pa?Blle. 

l!R H3ytl8Bl!H pac11teDJ18BHA lHCllll!X npe,JtcraBJieBHA B8Cblla YJt06BO ll0Jlb30BaTbCH CJl8,lt)'lllltll)( Ke

TO,JtOll. Bli6epeu xaxoA-BH6y,Jtb 6a3BCBllA Bexrop, 'xoropun Dplllla,JtJieZHT onpe,1teJ1eBHOyY BeDpHBO,JtHllO

KY npe,1tcraBJ1eHim Bexoropon DO.ltl'pynmt. Tax xax 1m~BHKT83l!Jl8.!J,Hll8 oneparopu aron no,ltI'pynDH 

nepeBOAfiT 3TOT Bexrop B OCTa!bBH8 6aaBcBHe B8XTOIH ,JtaHBOrO npe,JtcraueBllJI HJIH HX XOWHB~KH, 

ro .itU nonyt1eHlUI Oaazca aroro npe.itcraueBM ,1tocraroqgo no.1tencrBOBar» ·ea BH6paHBHA Bexrop 

BC8Mll HH~IIIIH?e:nn.fl.!bHllllH oneparopaKH pacc:uarpHBaeKOA DO,ltI'pynDH. IlpoBJUIICTPHPyell 3TOT Kero.-; 

Ha npll)(epe npe,1tcraueH11J1 D( ~, 1) • PaccKorpHll Benop "i"1 , coonercrByDll!lll! a:eaqeHBfill ~"' :L 

11 y\_ 0. ECJIII 3TOT Be:s::rop H8 DpBBa,Jt!eltBT onpe,1te!8HHOMY HenpHBOJUDIOllY npe.itcraueHBD, TO OH 

l!Keer Bll,lt CYKKH ,JtByx BJIH B8CK0JbltBX BexropoB, DpBHa,Jt.&eltBJIIBX paarzqHHK HeDpBBO,JtBKHll npe,Jt-
- ~ 

craueHHfill. Bee DOCJI8,JtBH8 Bexropu )tOJIXBLI Oun co6cneBBllllK B8JtT0pWIK OllllparopoB T} K Y 
,..., -'II ➔ 1 yt-01 ➔ 1 

C 0,ltHBKH II reo ze co6c?BeBl!llKB 3gaqeHHRKB B CBJIY yCIOBBA }"-~= .__J. B "-i=O. 0,1tsaxo "--.t. 

HBU8TC.fl 8,JtBBCTBeBBHll BeJtTOpOll co 3BaqeHIIHMll ~-=. ~ B Y~o • CJ1e,1tOBa?elbHO, OH ,ltOJllteH npx

Ha,ll;Jl8llaTb onpe,1teJ1eBHOMy HenpHB0,1t11Mouy npe,1tcraBJ1eHBD. J!encrByeK renep» Ha aror Bexrop BCeKB 

oneparopaK11 T± 11 ~ • Mu noJ1yt1aeM ror,Jta Oaazc npe,1tcraBJeHM c T,,_ :l, Y t= o 
t- ~1 4 ➔ -I -,-t.) _,,-l 

'f,,:!.,'f::::0 <t-._, J:'('-,-"-,_, ,"'IL 
--.1 r.t. -t-

ABanOrzqHO, B3 e ~ DOJ1yt1aeu T-CDBBOp C T"' t B y "' f_ 

'f 1 i, --'> 1 -'> L 
-=- -, y "' ;L -e. ~ , "'- ~) 

;_ ~ 
a Ba ~'- no1yt1aeu ,1tpyrol! T-cnBHOp 

'T':1- 'it-:-i. 
:i.' 

-·} -~ 
"".t.1"--1-

IlOCJ18,ltHIIA Bexrop B (23) 

t- ~ (-"{ -:,.7. -"') 
'f~ 0 I y :: 0 - '--,+e.,,_-.2."-1 

(i t, 
HBJIHercs T-cxaupou c T:::o, y := o • 

(3I) 

(3I ') 

II 
('.3I ) 

It/ 
( 3I ) 

AHanorzqHo, npe.itcraBJ1eH11e J)(4, f) pac11teirnsercs Ha l,( - yYJ1UllllJ1e?ll BJIR V - KyJIUBDJle

ru cne.1tYI1lltHM o6pa30K: 

tl-=- i, '("'c 0 

I,\~ .i 'f "= L. 
J. I 

" t,l,,, 1 '/ == - i 
J_ ' 

U""-o, y"-.:o 

_,,, 
J_ C' __,,, ) _,,, 

e. ~ } vi,_ '-,- "-, I .... 
_., 1 -? ~ 
e. I e. '-. / ... (32) 
-,,,i, ~.t 
e!> r e. 1- } 

~ c7• __,,, ➔ .. J Y6 e.,+ej-.te...t_) 

Il2 

V=- t, Y.,.=- o 

, Y= .L' '(= .L 
~ 

V-:-1,y:-i.: ,_ . 

V-= o1 Y"= o 

_,,,. 
e. . ~ I _.,,. 
,,_•I 
_,, 1 
e. 

~ / 

J__ 

16 

.L ( ...... ➔ '.) 
(i ..... - " ~ 

-'>' 
--9' 
L ,t I 

e ,_ / 

➔• e ,,_ I (33) 

(

-?1 _,,, ➔ 1) 
" ,. + e J - .t "- • 

Pacc1,1orpBK, Ha!tOHet\, npucraBJl8HHe 9(;, 0). Ma llll88M cJie.itYDIJllle T-KyJII,tl!DJl8Tll, 2'-llYll

rBDJl8Tll ll V - JlY!UIIIIJl8Tll: ; 
-" l• ◄ - \ _., \•U\ ;:d◄ .U \ -t i ,.,., \ 

Tac i, -/'= .i_ ~ 
T==- L, -,r:-,c O : 

. ~ 

T--- i' 'I = -L 
,_ t, 

T:co, Y =-.t' 

t,l., i I y"::_ L 

u..;: 1-, y~ o 

tl= ¼:, y'":, - i_ 

'Lt ::c O I 'f"'= - .J_ 

"""' 1, 'f"==- L ,_ 
y.,. 1.' '( ... :::: 0 

... 4 
v,,},Y=-
V::::.o, 'f ... =-.t 

§ 5. J!gn.eTB!lQ. 

IIZ.- ,;> C.. I 
-" i .. ,, J -? ,,,.,J 
<.. I e. I 
__,, 1,n! _,,, l.t~>) 
e.. ' e. I 

~ i.t.U\
1 

I 

I 

-4/'H) 
I 

--9 t H, ~ -9 l ◄•~J --9 IO!>) ➔ {l>>t 
e. I "- J "- I .e. 
-1 / ◄ ,.tJ -9 iH.t~ -? fH.tj / 
e ' e... , e. 
-7 t1,uJ --9 1,u \ J 
JI_ I e 

e 

;2 l.t.t.t~ 
) 

_,, t.tu \ -, l.tHJ ➔ { .H, i _., ~ ,H t 
.e.. ,e.. ,e. ,<- ' 
_,, \.t.t◄\ ➔ Hld ->t,>•) 
L J e_ . / /l.. 

➔ l.t«~ ➔ iH•t 
1 

(.. "-

~ ~ ... ~ 
~a30B8.HHJI 

(34) 

(35) 

(36) 

B § I 6HJl0 UOXB3aHo, qro aa.itaHBe T-no,1trpyn111,1 K ,ltBCJtpeTHSX npeo6paaoBaHHI!:, COOTB8T

CTBYIIJl!BX wrpllllaM f.._ 14 t.,. t 3ltBllB8.Jl8HTHO 3a,JtaHHD BCeA rpynnH $ U(3) • Allanoraqao,rpynna 

s tt(~ DOJIHOCUII onpe,1tenercs 3a,ltaBB81l I,{ - no,1trpynnH K ,ltBCJtpeTHSX npeo6pa30BaHHH 4' t.,, 

BJIH aa,1tan11eK V - noJtl'pynDH B ,1tBc1tpermx npeo6pa30B8.HBA f:., , f.,.._. 'tlro6u mu1caan c111c1 

3TBX ,ltBC!tpeTHllX npeo6paaOBaHBH, KH 6y,JteM D0ll30Bat~C.fl COOtHOmeHMMH (I4), BJIK B BelttOpHOM 

BB,lte - (I/). Ilycu E,., , £;. • ~- npeodpaaoBaHIIJI B npocrpascnax HenpHBO.itllWX npe,1tcWB

J1eHIIA, coonerCTBYDlll1!8 npeodpaaosaauK ftr, E ... • t,>. rpynnll SU(~). llii H118ell ror.ita cne.itYD

~•e KOllMYTanHOHHll8 COOTHOmeHllJI 
Kelr,ll;y atl!KB oneparopallB E~~ E.._ x f.,_· B 11H~BHBreaBYaJ1bHHllB 

one:i;aropaMB H..,: 
L tt, Ee J ., - .t,,t Et(,< ft~) 

1 
ltt,•, E,. J = -¼ .. F ... &~ tt-J-), L ft, ~}-.t/tJ,(tf,;)) I 

BJI• B B8JtT0pHOll BJl,ll;8 __,, _,, _,, -" (..,. : ~ [-7 ➔ c·➔ j I Ci~ t ~ J c-.0-"~ ~ (:;? -/t) / L fr, E.._ J=- ,lc,l.• E.. ,1_~ /t / J +f-1 S,] =- .l.Z • E: "-" {t • (37 ) 

PaccKotpll)( nnep~ peay,11uar ,1teAcnu npeo6paaoBaHBA Ei: , F,. H F.,_ Ha· co6cueHBHe Be

:nopH It;/ oneparopoB H,:. 3,1tec~ -t-,: - co6cr118RBH8 aeqeHu ft. Ma BMeell 

ID 



rurn -it.: I t,: > = e...- ! '· > 
ttle.,'r- r'1e..-> 

I 

(38) 

(38') 
Tor_.a 11a (YT ) noJ1yqaeM, 111mp111,1ep, 

-.:, -i" ➔ -=:) ~ --r- ➔ ~ ttF.,.!e.~>= Ft;-'.if\11.-1 ·-.t.o(•G:-(.ittt/1~-> ~ ct-.e./e..)-u Ec--(.c.'t-e..)f~.> 

r.e~ 
=o u:-.1.tt-(;zt-~)j Eto /t.,> 

(39) 

--Z1 

tt fd (,> "" [ t - .( 1" ("2t-4_,,) j Et- /-t.,> 
. ~ . 

Tax11M OC!paaoM, ecJIK IC,;> - coC!crBeHBHII sexrop oneparopa tt , coonercny1n11:1111 coC!crseH-..,.,, 
HOJlY aHaqeHJm -t,.; , ro Et-/ t) ecri. raxxe coC!crseHHHII Bexrop aroro oneparopa c coC!crseH-

7 """(-,"") ➔ .t (-- ..,.,) -IIHM aaaqeHHeM -t..-.t,(t- ,1. t- .e;_ • Tax :a:ax .t t = :L , ro ol t- e, pasHo npoe1t111111 sexropa ~ 
➔t -c? ➔ :ic➔t- :'?\ 

Ha cl.. • CJie.itoBarenHo, Be1tropa -t-: K 2'-.U. ,t. ,e, / HlleDr O.ltHy II ry ll8 npoe1tnHD Ha oc:i., 

nepneHJr;l'IKYJIJIPHyD K ""J':, a nx 11poe1t1111H aa "';;tt: B:lleDr nporusonoJionae aaaxn. Oun nepexo.itsr 

,ltpyr B ,llpyra npn orpaxemm owocnrenHo npo1011 .4-l, nepne11,1r;n1tyJJ1pao11 x ,< • lll,i aaxJIDqaeM, --'>t-

raxHll 0Gpaao11, uo ecJIH BSoC!paann Beuopa cocro.11a11JI 1-t.,,) nocpe,llcrBoM BecoBHx Bexropos -, E 
,f,; , ro 11peoC!i:aaomH11e t- .t1BJI.11erc.11 orpaxeHHell oraocnreJ1:&HO npnrol! At;, nepneH,lluyJ1.11pao11 ..... t" 

x ol • Al!aJiorH'IUO, · w HlleeM coorHOmeHl'l.11 

ti' f~lV> "" Lr'- .,_7. c.1• t'JJ f.Je..-> ' 
_.q -l' ➔,, 

tfF.,lt,'7~ [1:-u• (ae·-t:)_jE;,.{t.,), 

I 
(39 ) 

(39
11

) 

03HM8llll!l'le, uo s_ H Ev .11B.11.111>rc.11 orpaxeHH.lllll! oruocueJI:&HO npawx ./j.,._ B .1,,., nepneH,llny-
""" --Jl .II P Hli X K c/.." 11 r1-·, coorsercrseaao. 

.11-t-

..:, 
-ol" 

I>.,.. 

Tpn paccwrpeame no.llrpynm,1 S lt(.t) MO no paccuarp11Ban 
MK rpynU!i BPall!8HHII B rpeXMep

Bo s:ropo11 r.1ase ( n.n, §I) w noxaaa-
HliX npocrpaacrsax T-cn11aa, LL Clll!Ha II V - cnnHa. 

J111, q:ro Et .t1BJ1.11e~c.11 epa11teaueM Ha- yroJI 7l Boxpyr sropo11 0011 B rpeXMepaoM npoc:rpaacrse 

II4 

T-cmma. :i:ro npeoe!paaore.He maaBaeM T - aapn.itosolt c11Werp11e11. AuaJior11quo, £:. H E,,J1:eJ1.111>:r

c~ ~pe.JleHl!.1111:H ua yro11 7t 1,oxpyr s:ropax ocelt B :rpeX:llepwx npoCTi:auc:r:eax U.- cni!Ba x V..i:nH
lla, coo,:rse:rc:rBeHHO. !Ix 118.31iBaeK L( - aap.11,llOBOII Cl!l!lle:rpuelt II V - aap.11,llOBOll Cl!lllle:rp11elt. 

KpoKe· :rpex J8CCKO:rpeH!lllX 3ap.t!,l0B1iX Clllll,le:l:pHll CYJIJ!C:l:Bye:r e~e O,lHO ,lllC1tpe:ruoe npeoe!paab-... 
Banie: o:rpaxellxe·o:riiocue.11:i.Ho Raqa.11a xoop,ll!Ha:r Ha secoBolt ,ltl!arpawe~· :l:ro o:rpaxeuue uaaa1a

eK R - npeoe!paaosamtell, B R - npeollpaao:eauuu seca .Bcex Benopo:e coc:roaul'llt vel!Jll):r aaax 
~ ~· . .. . 

-t.--'7 - .t- JI'! xax,u;oe npe,lc:raBJieal!e oepeXO.ll!:I: B CBoe :S:Oll:rparpa,llxes:ruoe: 

V-Y(t,,).,_ H,, 1) 1 
(40) 

a:..., ... , ... ""I -. t•··- ~r-1, ~ = 1 .ct.. 't I = 1.: _ t• · · - ~j l J., - - - it, 1 

EcJII! ff1, :ro npe,J;c:ra:e.11enl!e P(1,t) nepexo,ln np11 R.- npeoe!paaosau~11 B .itpyroe npe,;c:ra:e

J1eu11e Nt,1), u :ronxo npe,1;c:a11.11eBJ1.11 :rl!IIB. D(1,'l) nepexo,ll.11:r B cee!.11. QqeB11;o;uo, q:ro R-:-npe

oe!paaosau.re Be 1IBJ1.11e:rc.11 ueweu:roM rpynmi SL{ (3} , B :ro spe1,1.11 xax aap.11,llo:eae Clll,O,!e:rpHH sxo

~:r B rpynny SU.(;), 

Il,' KllACCl!:HKAI{Rll :llIEMEHTAP!!HI liACTHU H PE30HAHCOB B YH:llTA:PHOR CIDi!!IE'fi'IDI 

§ I, YB11:rapHH~ HY.11:&:rJ!llJl~~ij . 

Ilpl'IJleBl!ll no_~ellwe · pesy.11:i.:ra:ra x nayqelll!ll uacc~11KaUl!K a.11e11enapllliX qac:run II peaouau

coB, Ila noc:rynpyeM, 11:ro a.11e14eu:rapBHe qac:rHIUI II pesomscu 0C!paay1>:r yux:rap11He JlY11:&ntnJ1em_, · 

onHcasaewe uc npuBO.ll!WllH npe,ic:ras.11eul'l.llllll rpynna S U,(~ ). ,llaJ!ee npe,1;no11araeM, uo reuepa

:ropa rpynmi S U.4) XOllJlY:rupyD:r c rempa:ropalll! o,11uopo.itHoii rpynim llopeuna, a :raxxe c, o:rp~e-
. . ' 

~l'l.llllll 11poc:rpauc:r:ea - speMeHH. Tor,11a, B cuy J1el!l,IJ,I ll!Jpa ( CM,rJ1a:ey I, n.m, § 4 ), Bee qac-

. :l:l!llH B 0,llBOll ya,;:rapHOll iqn:run.1e:re l!ll8D:t O,ll;HH8.lt0BHe -CUHB H '18:1:HOCU. rpynna 5 U.t3}co~ep:n:r 

:rpa llOJlrpynm,i S U,(..i). 0,lna ·us s:rux no,11;rpynn, a l!ll8HBO T-no,1;rpynna, C!y,i;e:r paccMo:rpesa xaic 

l!30:l:OU1!'18Cxa.11.rpynna. BI,§ 4 C!HJIO 113yqeHO pac11tenJ1eUHe HeltO:l:Op,IX yuu:rapBHX JlY.ll:&:l:IIUJl8:rOB 

118. 1lYJ!Uli!IIJl8:l:H ee UO,l;l'!)J'llUH s ~- B qac:rHOC:ru, giopuyJIH (JI ) - (JI 
1
'.) H (34) D0Ka3HB~:r, 

xa1t11e uao:ronnqecoe 11YJ1:&:r11Uxe:ra co,11;epm:rc.11 B ynu:rapHOll ox:ryn.11e:re ( :r.e. B,n!)e.lc:raB.11eHl!B 

. Dl~1 1))n B yaurapaOll ,llexyn.11e:re ( r.e. B npe,1;c:ras.11eHl'll! DC~, 0) ). t" . 

PaccMo:rpHll cmqaxa yau:rapwlt ox:ryn.11e:r. OH coc:ron:r 11a uao:ronzqecxoro rpKm1e:ra c 'f = o, 
t ' t" ' . 

.llByx 1130:ronl!'le_cKl'lx .ity(!.11e:ro:e c 'f ;. f: :L B uao:ronnqecxoro c11urxe:ra c y = o • C ,lpyrolt c:ro-
. ' ~ 

_pol!l,I, C)'JleC:rByD:r BOCell:& nceB,lOCKa.11.ll!)HliX lle30BOB B :oocen C!apBOHOB co CUHBOll H qe:rHOCUD i, 
oC!pa3yDll(UX :raK11e ze 11ao:ron11qecue JzyJII,:rmi11era: 
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1,, ... , ~=-Q 

T~ .L I y,, :L 
).., 

T"- .i. I y,,_ - L ,_ . 

T"" o, y = o 

ic"'/7( .. 

k', )(.' 
~ I<' I K 

... 

... 

I;"' I. • 
I -,/ r I ,v ,/ 

,::,O ':'"-
-., I ..J / 

A 

C1e.ii;oea:re.11oao, ec:rec:raeHHO npe.ii;no.11oxK:ro, c.11e.ii;ya re.11.11-Maiiay II Heway, qro 3?K Me3ow K 3r11 
. ~ 

Oap.l!OBH oOpaaYDr YB11:rapHlie ouynJierli. JIM nu yYJIUlll!Jieroa '/ = Y. O.ii;aaito 3ro Bllle ae 03Ha-

'l 

qaer; qfQ K~HHH:re3l!ira .. UHHI! onepa:rop y-t: .llO;er Oli:tb 0?0:Q;BCrBJ!eH C Oneparopo1.1 r.1IOep3apa.ii;a 

Y .ii;u 'iwi!oro My.11or11n.11e:ra. J{ellcreueJino, AJia Hemroporo HenpKao,iu!l.!oro npe.ii;ctaBJ1eH11a, Ha

Oplll,lep, ipYHAB.lleH:rB.J!oHoro npe.ii;c:raueH.l!JI yt II Y Moryr Olin caaaaBH cJieAYJllllHM oOpaaoM: 

Y.z..,!1--1: ... ~I, 
r.ii;e I - BJlHB11qHlii! oneparop, a ,a., H ~ - KOHcraHrH. 

J.!H :rpeOyeM, qroOli qacrllitli H aa:rJ111acrilllH npeoOpaaoBHBB.J!Kco no BBnpKBOJ!l!JiliJI' npe.ii;craBJteBHJ1M, 

KOH:rparp!l.JlKBBrB!ill J!PYI' K JlPyry. Tor.ita JlJ!JI llpe,llCraBJIBHl!JI, K0Brparp13Jt11eauoro K ipYBJla.MBBraJio-
BOyY, Mil lllleBM 

..., 

rJ!e I - BJtKHll'IBH2 oneparop J!JIJI paccMarp11aaeMoro npe.ii;craBJteBW!, 

Ilycn renepo ">:_ K Y2., - oneparop!i r11IIep3apJIJla J!JIJI JtByx n~Jtcrauena2. 
, 

Y= 
__, ,., 

c,.,;Jt_,g.r 
I 

~1: 
1 -{,, 1;) T' 

craeJieHW!, J1BJ1JIDJ11eroca npoxaee.ii;eBHex 3?HX npe.ii;craeJieH.1tilfneparop rxnepaapaJ!a l!lleer BHJ! 
Tor.ii;a .l!JIJI npe.it-

y.,,. 'f..tJJ I.r. ~ 1
1

@ ""%_ • 

H!!aqe roeopa, oneparopn rKnepaapaJ!a J!JIJI npo.1!3Be.ii;eBHII npe.ii;craeneHHII onpeJtBJIJIDTCJI rax xe Kalt 

HB1pHB11reaHManwe oneparo~ npo.1!3Be,l!eBal! · npe.iicraBJtenall ( _ CM,naey I, lPOPllYJia (83)) .B qacrHo
cr11, .l!J1JI npe,J!craueawi D (~. , ) w ne eM 

' ~ 

i_"f 

'I=- ( ... tb-t-J.I)@i'. + T.0:>(o.?-1.r.)= o..(1t:®T-1-:LtVjt)=a.Y: 

Aira.Jioruuo MD%l!O noxaaan, qro )(M npe,1tcraenen;11 P(t, 1) c 1 ~ /"' onepa:rop rHnep3apa)(a 
npono~11oaaJieB HB1p11n11re3HMa.110Houy oneparopy Y 

'I= .,__ Yt:-. , 
3ro COO'.tHomemte B JtBIICTBJITBJloHOCTJI l!Meer MBCTO ,JtJIJI YHIITapHoro OKTynJiera,ecJIH ""= :1.. • TaKIIM 

' + 06pa3oy, BCJlll W rpeOyeM, qrOOli BOCBMo OCBBJ!OCKaJiapwx ~e30HOB ll BOCBMo OapHOHOB :1:- oel-

pa30BliBaJ1H yauapBHe yYJIUl!IIJ!B?li, ro ,ll;JIJI ipYH,l(aMeHraJioHOro H KOHrparpa,JtKBH?Horo K HeMy 

n~e,l!c:raa.11ea111! rHnepaapa.i,; Y casaaH co B:ropaM .itxaroaaJioBHM reHeparopoM coorHo~eHllJIMH 

y = 'ft--t.-'I 
II 

coorae:rcraeBao, '(-:. '?-1.1 

II6 

} 

(41) 
I 

(4I ) 

... 

1l?0°0ll onpe.ii;e.1111n KOHC?any ,t,:'' HeOOXOJlllllO pacCYO?pe:ri, npe.itc?aBJI8Hl!Jl D(1,r) C , f r· 
llH 1Wee1t :ror.ii;a: 

y.,. - y~ -r-' (1- r) I~. (42) 

B qacrnoc u, JlJIJI · yauapaoro .iteKynJiera i .. ; , Jc--= 0 

. ~ r' 'f-=- 'f + ~.( • 
. 't 

YaHrapll!ll! ,ll8Kyn.11er CO,!!ep:nr_ CJ!e;J1}101JlH8 H30tOUllqecKl!e yYJIUllllJierli ( CM. (34) ): T .. } H '/ =- i; 
t- f '. ·· t t · 

"( =- i H 'f-= o , T == - 11 'f "'-1. , T =- o 11 'f =.-1... C Jtpyrol! cropol!li,, Cj'lllecnYJ)r Oa-
j__ + 

p1tOB!lble peaoaaacli co cnHBOY II qe:i:aocnD ½" , KO?Op!ie Moryr Olin oro:r.itecraJieBli c rpeMB 

Haoronll'lecKHllll 11y.iu1m.11e:ral.lll c. T =-1, i. 11 f H3 .i,;exyn.1lera. 3:ro h - peaonaBc c T~f, '/::. i, 
f" - peaoaaac c T::: i H 1= o , :; .. - peaonaHc c T-= :i H /"- - 1. • EcJIH 3U pe3oeaHcH oo-

.J.. . -t-
pa3YJl? yaHrapHH2 .itexynJier, ro Jt.llJI noro yYJIUl!nJie:ra w 1111eeM raae Y= Y • O:rcD.i,;a cxe,l!yer,, 

qro .t=.o. Kpo11e roro, ;JIOJIJ:BH CYJll8C?B0BaU H8EO?Op!il! OapKOH C T=- O, "II '!w-2. 3'1'0 - 1ie.itaBHO 

oe!aapy:a:eaau2 ..Q-- nnepon." 
~ + 

Taitlll,I oOpaaOM, K.11accaqnntanlt.1! H3Becrl!liX ncee,11;ocxaJ1J1pHHx Meaoaoe HJIH Oap11oaoB T B 

YJIUapno2 CHJll(erp11K rpeOyer, 11:rDOli rHOepaapJIJl '/ 6n.11 ceaaaB c H11q>HHHro3ltl6JIHHM oneparo

po11 'IT, cooraomeHl!BM (42) , r.i,;e ,f,.. - npoH3BOJIJ,RaJI XOBCTaBra.EcJIK <SapHOHBHe pe30BaHCli 2.. + 
~ 

oC!pa.aymr yax:rapl!lill ,1;eKynJ1er, :ro -&= o , 11 ,l;Jlll m<Ssx npe.itc:raBJleH11II HH~HHl'IT83JlllliJloRRI! onepa
...,-t-

rop, aBJIJlerca oneparopoM rllllepaapJ1,1J;a. 

Paccwrp!IM renepi, npoaasonalill yYJio?HnJie:r. lb ipopuy.11 (18) H (27) cJie.i,;ye:r, qro <Saa11cBHII 

B8K?Op t ·•··· .i., OOHCHBaer cocrOJlBKe C rHI1epaapa,1;0M, Pl,BHlill ~ 1 L 1(1)- "'•)J-t [ ,11.J- fo(,l J-.t[1M-rc~ t·--- tt ✓ l I', J. J -

, ;;; .i, ... .,., -=- 1-{ l,{,L-M•J]+ [,c .. J- M,.11 -.t[1W- w~>1f "1:'•-- c4,) 
t•--- ~t' ., '/ I. 1· :J 1· f•···tr J 

ue1(1J, 1(1) H 1(9- qzcJia KOaap11aarBHx l!BJtexcoa, paBHHX l, 2 11 3, cooue-rcneaao, a fV• f'(i)i f-OJ
· q11cJ1a KOB:rpaaapzarmu lll!,l!BKCOB. TaK KB.K ,l!JIJI Jta.JOtOro yYJ1Ul!IIJ18ta CYl'llll 1(1)-t ,c1.)-t1(~)"" 1 ll 

t{•}tt(J.J-rrf~J~,., UOJ!BOCUD onpe,JteJieBH, ?0 1(1) yaeJ111qHsaercJ1 na BJlllBHllY, Banp1111ep, 8CJ1ll<j(~)ywn-

maerca na e,l!HHKl1Y• lb ipopyYllll (43) c.11e.ityer, uo rorAa, r11nep3apa,11 yaeJ11l'11taaerc11 aa eJtHBKl1Y• 

Il03?0MY B K8.:r,J;OII yanapHOl( yYJllo'?llllllere 'I npHHIOOle? YaKCIDlB./loH08 amiieBHe, eCJIII 1(1Jt1(t)=1, 

'\N=-• , t(-1)=+- , t(•JttV--)= o, Sro va:s:c11va.J1uoe aaaqea11e pi.BRO 

I - .'.L+.::±:.-· '1--~ - } ; 
Al!aJIOrll'IIHO, MllHlllllUI,HOe 3JaUHHe y...:.,. pa.BHO 

'f~ = - Ct-i- ~). 
R:rax, B JtaZJtOM yYJ1~r11UJ1ere r11nepaapaJt npe1111aer aaaqelll[II 

!, .. Iv '---t-<lv • .l.~-+1 , J.-1,-t'! 
- ";J.!..+- I - -~ -t ,_/ -I-'- - ~ I ~ 

' !> !> !, 
IlepenoeM 'I_,._ B BH,J;e 

'/...._-,_ ::: 1+ ¼ ( r-,) 
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011eB11JtBO, no rmep3apll,1; np11umre.er qeJ101111cuuwe 31E.'leBl!JI, ronxo ecJ111 ~-1'"' ~rv, r.ite 

"' - qe.me 1111cJ1a. Bee 11acrH11ll B yYJIUHIIJierax c t-1 f '"' 11ue1Jr .itpo<laue r11nep3apa,10i 11, 

cJie.itoBarenao, Jtpo<lwe 3apR,11;u. B 11acraocr11, 11acrl!llll B 11111rapuox rp11n.11ere, OCYD1ecrua1J111eu 

~yH,!;wi:eurau,uoe npe.J;craBJ1eH11e, 11uenr r:111ep3apa,lll ;- , t , -; 11 3apa.ltll ; , -; , -} , 

coone:i:cneuuo. 

B 3a:S:Jlll'l8H118 oruer11u, 11ro JtU onxcauli!J! o:s:rynJiera miorxa p;o<luo 

BB8C%ll BOCillHKePBHff Be:s:rop 0~ 

.I.. 
Bxec:ro cnmiopa. 1f' c 

f 
I-. 't I-.= 0 

J.. l -)"-
'Ill - r. (A. 0~ 
I p - I'- ]' 

(44) 

Tor.1ta·113 ( J) noJIY<!aeu o<lparuoe cooruomeu11e 

0;::. .L 11',( (:, ~ 
fi.. r /\.,) .,( = k sr ~A) . (45) 

§ 2. llyJIUHIIJl8?ll OOJ[l'VYlIO $ 1\. (.t) II JIKC!CpeTW8 npeodp8.3Cl~ll.!!.X,, 

KasJlun Jl!11?ap1Wff yYJIUBUJie:r co.itep:nr p63JIJABUe KyU:rllllJlem no.itrpynn SU. (.t. ). Pac111en.1e

u11e yu11:rapwx ox:rynJie:ra II Jt8EyIIJie:ra ua lll30:ronmecue 11,YJII,:t1n.11erH, :r~e.Kj'n:r11n.re:ru T-no.it

rpyIIIl!l, 6liJIO ,ltaHO B § I. 

, 0:s:rynJie:r <lapl!OHOB i + , uanpuep, COJtBPJ:ll? C.18JtJlllllHB H30%0UH'l8CU8 IQ'l!U'IUIJll!%H 
/fl . 

( CK. (JI) - (JI)) 
.. -11 z· .L( .... ..,,.i.) z- ➔ .t T .. t,Y:::O ~~1t...t, =r,_"'•-~L I =="-i) 

" ' --i',f ~t. T~ "i I y,. 1. ,ft,~ <t.} / ,,, "' .... } ' 

• I • ~~ c:t"" - ~! r~-,1:=-1.: ~== e.,_,•--.1 - ) 

,_ ..L c-1 ..... " ➔ 'J ) T=o, y,,_o: A= f; e,+c.,.-.tc., } (46 

a .ite:s:ynJie:r CO,ltepur CJIBJtyl)IIIHB l!30%0UH'l8CP8 Kj'Jli?HUJl8:tll ( CK. (34)) 
- 1 y , •->+ ..,,,,,,\ •+ ~l«t.} Ao_ e'{1uj ,-_ z {~HJ 
l ~ -, ~ :L : LJ ~ ~ I Ll .:::.. I u - / .il - / 

J_ · •+ _., lH}.! y'"• - {1.t ~~ .., .. - _,, {.tH,! 
T:c 1, Y-.. O : 'I '= .<. I ::: <t. 1 1 "' " 1 

♦ -,, l◄H} -:,•- ..,, {.t"} T !. y 1: ::,•= C. I...,="" J 

~,_, ~- - ...,in~J (47) 
) :. 0 I y-,_ - .1_ I fJ. ~ ~ • 

0:ruerHK, uo ll!l JtOJIJ:Hll BBec:rx 3BaE KHBYC nepeJt :::,- , :rax :s:aK B :reop1111 1!30T0Ill!'18CJC0l! l!B-
1'::' 0 -:f-

BapHaHTHOC?H ll!l ycJIOBUHCi paccua:rpuau .., H .., :s:ax EOJolIIOJIBH:tll :s:ompl!aJl?HOro cn11uopa 
_,:;;,,t ,:,,0 -,,.t,. o-
"" ~ w / At ;:, "" / 

a B ~pKyJie (46) coc:roaHIIJI c 'J',, i , y,, - i. 

CUIIBOpa 

RBJI.IIJ>rca xowoueu:raux xou:rpaBap11anruoro -~ 
r.e. _., 

.e.,_, 
_,., "='• 
-t. : 'V 

~ ... ~ 7 ... ~ 

~ --9,l -::,-
~=- -e..-=- -.1 

ll8 

R3 ~PKYJl (46) 1 (47 ) )IOJ:HO UO.IY'lllU EOllllOHBHT!l COl!HOpi, OOllCllBallm;ero itaEJD-HHCly.iti qacuny. 
o ◄ L .z, ,L . 

Tax ire.npuep, ,ltJIJl "f.. ll!l ll1188K 'I'.,~ fi , 11'.t, - 17../BCe ocraJU,Hll8 :S:Ol,lll0118B:tll paBHll BYJill, a, 

e,ll;ll11cneuuon uelcy'JieBoff :s:owoue1non cnl!Bopa, on11cul!allm;ero nporou, aeJiaerca 'f/ ~ :L • Ruor.ita 

y,1todHO npeAcraBllll ox:ryn.ter dapHOBOB B BllJ{B Hl.:rpJ!llll 

. ( f TX z;+ t ) 
' ., A• £ z:- _;_ T- V\. 

JI :. f;,. ... 
~- .,. _.!,._"' 

-W ..., fil' 

(48) 

no auaJIOrHH C npe.itcraBJI8Bll8K H30TOOH'l8CXIIX rpl!lllleTOB B Bll.llB uarpim 2x2 • lutJI o:s:rynJie:ra 

ncel!,ll;OCJtaJll!Plll1X Jre30HOB W m.ieeK raxym :re Ka%PllltY 

( 

~.,.L 
r;, ft, 

,r- - ~· -t _t. /( • 

~ " 
- K- p - ½'l 

p::. 

-.r+ J<,: 

)· (49) 

Tait ]t!l,lt yYJii%HOJ18Tll qacrzq K au:rH'laCTlllt OUHCllBallTCH KOHrparpaJtll8H?Bllllll Jtpyr K APrrY npeJt-

craBJIBHHRKK, :ro JtU au:r116apl!OBOB w m,eeK im.rpimy _ .,._ 
ri:. 4 ,..,, ~ rJ 

r,J Z+ - io ". -:-o B= 't,_T7f.., 
.-.J ,v 1.......,1 

r,, 

)- (50) 

( 

~- >'.· r'- - :::,-

r >v -- " 

PaccKO:rpl!K renep~ paclll8nJ1ea11e yt111mpaoro oxryn.11era 11 .itexynJiera ua KyJiirHnJieru IA,.. 11 V -cn11-

uoB.OxrynJier pacm;enlll!BTCJl corJW.cBO ~pllj'.llall (32) ll (JJ). ll!J! ll)J;8H?i!4mlitallllll 6a3KCHllX B8XTOpOB 

JQ'JIUHU.IB?OB t,l _ cnl!Ha. H V - cnxua B aux ~pyY.11ax ueo<lXOJt;KO xoK6Hl!8J1Hll 

.L ( ➔ f -;,1 _,.,) 

H 

J.-(-9' ~ ~) (1. e.,-c.~ 
- <..,+.c.J-.ie..i.._ 

" l (-->,t __,., --7 1) 
.r: \. (. .t - ~ I .. ~ • 
_Lr-;,.!. -;:1) -fr. e.,_t-e. _ ,te • 

,.t.. ,,, 

B!lpa3H:ri 11epe3 <la311cime Bexropa (JI)-CJI) 113oronK'lecx11x KYJ1ir11nJieroe, r.e. 11epe3 ~H3l!'lec
◄ -t 

JtHe Be:s:ropa coc:roHBIISI 11ac:rxq. J,IJ,i ID1eex Jtllll oxrynJiera 6ap11ouoB ~ , aanpHMeP, 

.i. c-?1 -,'I) j__ r r.. •,-"'>"" J.. 

.L c.,,, .,,, 1 ..., ~J 
'!4-t"~~-.t.£.,t,.::::. 

(j, 

fl " + J.. 

fi r.0-
J.. 

l. " J.. 

j__ (-t. ..., 'I) 
YL ",_-"- ~ = 

_i_z:• -1- ~ A. 
J.. L I 

◄ c_.,., --"'I ➔ 1) fiz,•_L\,. 
---;: .2.. 

(5I) 

(i, ...... -t-"'-::, - .t"-, '"' 

ll3 cooruo11ea1ff (32), (JJ), (46) H (51) w noJIY11aex CBR3i 11e:r,lly 11YllTH11J1e:ra!,lll T-cmma, 11.-cnn

ua II V - cnHBa, co.itep:raJl!IOIIICJl B o:s::rynxere 6ap11ouoB } t- : 
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u.~ t., y"::;. (I, 
!. .. u.~,._,'/-,,i: 

t.t~ 1. I Y"=- :...!.; 
.J. 

U-: o, 'f~ o, 

V=i, y"'=- o 

v ... 1
1 

y":: .t. ,._ ., 
V-:: i I 'f:: - -1 

V-o y'"- o 
- I -

1..1:" -r,, >-.. ~-f" , J_ ~L I-~ I 
z.+ ,, • 

I ._, J 

tv I 1,- I 

~ z• -.ix . 
.J. J.. ) 

"-, _!r•+fi>.. ~-
,._ J.. I 

z~ - ~- J 

f.. zr 
I I I - 'I i;o_ ;: A_ 

Pac11en.11eiru ouyn.11era ·oap11011oa ·±--t ea 111.11:r.rEI.11erR r-cn1111a, Zl- cmma 11 

11300pa311r:1, rpaJnecu Dpll IIOIIOlJIK B8COBHX ,ll;ll8l'paio, CJ!8JU'l)Jlllll odpasox: 

y-ti A-1: y"t A-. 

(52) 

(5.'.3) 

V- cmma KOZ!!o 

.,. 

"'l( 
y Th.,. 

I l( t- ~· ;( I X z+ .:1- ~ z--
X . 

z:- .Lz• 
->-

X I )( ~· C'- .., 
w 

z-+ .,. .1. +~A - -lI +f;... .., .. ,. .., ➔ 

~ 1, !'h -t>- 1'- 1,f.J -fix.°_!;,... 'I, ~ ... 
z. ... 

X )( )(. X r- n, z_+ t 

A11a.11ornao, ,Jt.1111 O_Etyn.11era DCeB,J;OCJtaJl!PHHX K830ROB Ill IDl88K B8COBH8 .lOlarJ)allJlll 
ye + r y .... 

,..-
IC'.' 

)( 

'I. 
K-

x K+ 

.... 
1 

)( i· 

'r:o 
)(. 

,-+ 

r, 1(-
!!tr• ,. 

)( 
n:-

a pac~en.11eau ,J;81Q'IIJiera H30dp11Ja11rcs c.11e,1;yi, 
• yt:: . 

~- I A+ ++ ~-
A .n- e· )( 

)( )( 

" " 
)--y"- r•o y"+ e•-
' ".. l(.r._'I .. .,. 

X f: - . l.J 

.!l" 
y•-

I20 

fr'+ft 

~:b 

)( -,,+ 

,,_ 
K• 

)(, 
k+ U~ i· 

BeCOBlll,lll .Jtlllll'plUOUUa[: 
Y" 

4++ y~ n-
" " " 

y•• A+ u~ 
xA• 

A-

JC 
I X ,r-'l( 

_J_ 

,. f-~r':.~., · 
)(. 

,c+ 
,, 

'( 

~·- I 

e;tto 

/t:" 

)( 

I<-+-

y•-

" 
y•• 40 

)( ,1+ 

t,++ 

)l .,. V. 
I(. 3 

)l 
4-

Y, 
I , I 

B :ita%,l!OII seco1101t ,1tll8l'pawe 11actl!llH!_ .11e:m1111e Ha O,!!;HOII • roll Ee rop113ona.111,1101t np111,1ott, irp11-

... ,exa.r O,!!;HOIIY II 2:0IIY Ee IIYll:J:HD.llery coonercuyr1111ett DO»"PynDH 5 U.(.2) • 
11- . 

Pacc1,10rpl4ll, aaxoHe~, ,1;11cxperHHe npeoe!pasol!B.11W1 E..,. , f.._ , I?.,... 11H noxasan, uo B 

T _ 3aps,1;osoll c11werplllt Et- :sexropH cocrosa1111 11ac:r~ npeoe!pasynrca c.11e,1;yi,JIUD( 0C!pa301,1: 
-.t:. - - ..;-o zo C"• c- .,- r,::, • l. \. 

..,.,, l'\,' J t'I,, ➔ .;... t ' ~ ,...-9 - ""- ... / &,... ➔ - J ~ ➔ - 1,,,1 I L.I _., ..., I I'\ _,, '''J 
t •· ¼ • • _. • .,- ,,- K" 

• 11• v+•• ,r -'7 - 11:+ 1 Tl-?-"! j(. --" I ,._ ➔ / ')-" 'J 
11.+-7 f. I r- ➔ - " ' (. L J 

➔ -1- • Ac AT •,. . +- "• i• -,,,h .,.♦- -,,4>_. -:,f-".Q- -( ) 
b.H_7 !J..-,b-➔ -6+ ,A ➔-A,u-7 ;". 1 'I _,,_'f-t, Y ➔-'// ....,_,.,.,,..., ➔- .... , ➔.!2.54_ 

Al!aJ10rl1'1HO, DPll l,{_ - sap!,lOBOff Clll,11,181:pllll fi 

-r."'-f,°, ;:: ➔ _,:t-, t~ :::-,~z· .. 1A)~-(tz:• ... ~"-),"'_,,z, ,:-;._.,_,__,l1>·-1,._) ➔ (-{r.~i),), 

1(-'<➔ (· } f· ➔ -"II+, V-.,lc. ....,-1<-+ ,(;:11• .. ~•J ➔-(i1i·+ 12), K'➔ .,,-i .. -➔- ll'A ~1i·- ½?) ➔ ( t 11
"- t1)/ 

. + .. .,.._ "· •••• __, ... _,•- ,. •• - 11-(55) 
+-+ - Q- +-t ,/ ,;;-• ~- y /l.l:-9- i:, y ➔-Y L\-9.J J ➔-'-", ,.,....,,.,./ /J-,n., ➔ -A,_.,_..,,.., __ , I I I 

a np11 V - saps,1;0:solt C11J11,1e:rp11x 

_ - rz• ( 1~• ~) ( 4,-•fi:) ..-+ z+ (" • L) (fi • ':) ,:----,-i:;,i ➔ ~-,"-t-->-'-',-i ..... :i:,._ __ -:i_'-+;t_A ,r-- ➔ <- 1 ➔-r, ,:_r-,.,_A ➔ ;::Z-+_i).. 
~ / 

,t_7_l{~ J,C-,n, K~- K' 1 (-fro"-, ~z)➔ -(-f1r"-i-- ~z) 1 )(..._,,,,,j T+-;,- K: ( 111°-1-fz) .:,, ('I 1r"-1-f2) 
_ _ _ II'_ r.-•• -·- •- D .,,.t• •• .,.o A'f- v•t- ♦ -t + (56) 

/1 ➔ fl, fl .., _ A) 'f -7 - ;_, / '-' _, 'J J fi - - '-' I 1/ ➔ -Y ) ,._, --, J J 'J ➔ - ,1, J 

A++_, t,.+f 

!lH noga3aJlll, 11:ro sr11 npeoe!paso:sallll! llBJIHD:rcs o:rpazeHll!llH o:rRoc11reJ1:i.Ho npawx, nepnell.lllltY-
-' ! -, -l,., 

JIJ!Pl!HX It ltOPH!M J. , c/." II d. • Ha cooue:rcTByDIIIIIX B8COBHX ;itllllrpaJIJ,laJ: ORK !BJ!J!D%Cll 
' t- y'"'- '/..,. . 

orpaxeHwnm ouocnellHO ocell op.i,;11Har Y , H , coone:rcneHHO. 

q:ro 1tacaercn R - npeoC!paso:saHM, ro oao nepe:so,1tx:r npe,1tc:ra:sJ1ea11e P(~r•), eanpu11ep, B 

npe.11c:raBJ1eue D( •, ~ , :r.e. nepeso.i,;u yuumpimll .i,;exym1e:r C!apuoHmix pe3omaco:s ± + B He~ 

xo:rOIJill •conpaze&HH!t9 ,1;e1tynJ1e:r, co,1;epEaJllllll mxHe ze 11so:ronl!'lecne 11YlltJD1.11er1,1, 112:0 H 0C!a11-

DHII .i,;exym1er, HO c ollpa:cmum rl!Ilep3ap!,la11H, Ta1t0ro 11YJ1UHD.11em .i,;o cxx nop em:e Re 01,1.110 oe!

eapyxeao, Tux 1ta1t R. - irpeoe!paso:saa11e nprnp11D1aer :sepxu11e HH,1;exc1,1 B HHZHBe H oe!pa:rao, ro 
I+ -

oxrynJie:rH C!apzoROB-;: :11 ncee,1;oc:tta.11apa1,1x 1,1esOROB irpeodpasyD:rcs cJ1e,1tyD111llll 0C!paso1,1: 

.;.. -\ ll o. ~ R~r R -=zr, Dd-, 
R:ll.l. fl--\ __ ?fl.. v! ,1z"'l=l'l"'l== 1.. 

~ lf P, <r 
(57) 

Or1,1erl!ll, uo llB30BIIHe xyJ1nHn.11e:r1,1, ODHCH:saewe Dpe,Jtc:rae.11eH1111KH P( 1, t') c 1=t•· nepe-
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XO,l;l!r B ce6a llPII sapa.-;0B01( conpa:teHHH. rax, ,l;J!JI ouy11.1e:ra IIC8B)t0CJtalJ!pl!!,IX H830HOB ll!l 

IDl88ll: 

t.e. 
,r-4-&7{'-, 'Tt•~7t°'/ 

C p"'- c-' 
r, 

,,_ ... = K, "·- i<·, z ~ 2 • 

p~ 
d-

a ,B;JIJI 01t:ryn.1e:ra B81t:ropmx ll830H0B H.IH 1(830HOB !l,+ 

.,_ _, v r 
eve=- cJ../ r 

c,.T.,1.C-1-
f -

rf 
.,( 

(58) 

I 
(58) 

AHa.1or1Nm1e 3a1tom.t npeo6pa3om.Elll! no:ronR11ec1tHx iqn:rnnJ1e:roa 61,1.1111 pacc11:orpeHH B r.1aae n 
(ipopxy.1a (88) ). :SapHOHWII 01t:ryn.1e:r, W.IIPHllBP, npeo6pa3ye:rca C.IB.J:Jll!IID 06pa301u 

.,, .., ~ r 
C B I' C = /j -< , (58 ) 

r.e. nepexo,1;11:r B Mynrnn.1er aHrnacri%Il. 

Coo:rHODl8Hl!J! (~) - (581) 1101ta3HBaDr, qro ,1;.11a M830HHHX :w,n:r1111Jte:roa 11oc.1e,1;oaa:renaoe 

ocyJ11ecnJ1eH11e I!.. - npeo6pa3oBaRD B C - npeo6pa3oaaB11a 11epeao,1;n 1tl1Z,UJ> qacn:qy B ce6a. 
I 

::Jro 1tox61rn!!poaa1rnoe npeo6paao&u11e o6o3Bau11 11epe3 9' = R.C.. Ma H11ee11 :ror,1;a: 

~, P.,_ ~H. - G r-< -~, v"'- G'-~ 6 v.1. 
t - fr r, ·r Zv r, 

I I . 

/,,G/::. /,t-/= 1... 

(59) 

I I tP LV 

BeJ1R11HHy 2 6 
Ra311Ba8M 6 - 11erxocr:r.» 11acr1111t. Om auae:rca odo611teBHex noHarim G -11ilr-
. / 

HOCrH B :reop11B ll30:J:Ollll'l8CltOII 1IHBap1taH:rROCU. Co:r:paaeBxe G - 11il:rBoc:r11 ~er BOBOe npaBHJIO 

o:r6opa B 11po11eccax B3ll.llMD,1;elc:rBi!ll 11ac:rmi. ra1t,RA11pDep, .1:u Be1t:ropHoro xe3oHa, JIB.IJIJ>ll(ero

~a YBH:rapmx cxBr.teroM, (;,
1
- 11il:rBocr:r. coBna.itae:r c C- 11ilrxoc:ru, :r.e. paeHa - I, 11oc1ton1ty 

BOJIHoaaa IPYB!tltl!Jl a:roro Me30Ha .Jre Mel!Jle:r SHaita np111 R- o:rpaireH11111. 3:ror Ke30H He uo::ce:r pac

la,B;a:r»ca m .1:aa 11ceBJtoc1taJUipmx Ke3oBa ( 111J1111 ,1;aa ee1t:ropme 11e3oxa) 1113 O,B;Boro 11 :roro ::ce 

>1t:ryn.1e:ra; :ra1t :a:a1t G'- 11ilrBoc:r» c11c:rew .B:B,X 11acrHI1 H3 O,B;Horo M830BBOro 01t:ryn.1e:ra paBBa 
• I. 

§ .'.3. llaccoBaa cfJopwn:a II cuemuaane 

ECJIB 7HH:rap1taa CHKMe:rp11a BHIIOJ!l!Jle:rca :rO'IBO, :ro 11acrll!lH B lttU'J!OK 7HH:rapaoy uyn:rnnJte:re 

;oam Den o,1;ay 11 :ry :re Macey. C.11e,1;oaa:renao, HaJllll!He paaRmtH mcc 11ac:rllll B 7HB:rapHHX 

yn:rH11J1e:rax oam11ae:r, uo YBnapllW! CHIIHe:rpu mpymae:rca B c11nmx B3axico;i:eJlc:raxax.Qqe

H.itHo, 11:ro H3yqeHHe YBHrapHOJI CHJll[8:rp1111 Hllee:r CWCJI, :ronxo. 8CJIH aapymaJ>~ee CHlllle:rpHll 

aamro,1;e11c:raze ,1;oc:ra:ro11ao c.1a60 no cpaBHeBHeu c OCBOBHHK Baamro;i:eJlc:rBHeM, B xo:ropox co

e:rpu BHIIO.l!Bae:rca :rowo. Rra:a:, w npe,1;no.11eraex, 11:ro .narpaHnaa CBlllll,IX Baamro,1;eRc:re1111, 

IUipmrep, coc:ron 113 ,J;Byx 11ac:rell, nepBaa 113 1to:roP1x BBBapmu:rua o:rHOcJ11:renuo rpymm SU.(~, 

I22 

a a:ropaa qacr:r., H8BHBaPHaHrHM •·ouocz:reuHo rpyn1111 S 1.t(3), .1:ail:r lla.llHe Blt.Jla,J!J,I BO Bee Ka:rpH11-

we 3J1euea:r11 ;i:uarpal(I[ cxnmx B3B.l!I.IO,ll;ellc:rBHII. K a:roll Bropoll 11ac:r11 npmieaaeM :reopBJ> B03:lq

~eHHll H orpaBH'IHBaeucx nepBW llpBdJll!X8BHel.l. OqeBH,B;HO\ 11:ro %0.lliKO B 3:rou c.1yqae 7HllrapHaa 

cJ11we:rpu KO:re:r .itaMn pea.ume c.1e;i:crau. 

Ilocicorplll,I renep», :&aKIIM ycJIOBHSK ;i:oHua y;n;oBJJerBopxu qacn J1arpaBoaaa, uapymaJ>11taa 

yBxrapBYJ> cllll!.le:rpHD. Ta:a: 1t8.lt rH11epaapJ1,1t coxpaHxerca, :ro ara 11ac:r» ;i:0J1na ~Hr» HBBapHaH:rHOII 

O:rBOCl'lr8JliRO Ita.llJ116pOBO'IHIIX npeo6pa30BaHJlllt BOJIHOBHX 'PYBK!lHll 
•· ... y ,\I, 

"f ➔ .Q. l / 

r.e. ,ll;O.IJ:Ha 6u:r» codctBeHBOll jyR1t11111e11 onepa:ropa rnnep3apa;i:a Y, coo:rse:rc:rByD!llell co6crBeB-

BOKY 3Ba118Bl!lJl, paBHOMy ByJIJl • .]la.1ee, H30tolllN8CKM IIRBap111aB:rHOCU rpe6ye:r, 11ro6u ara 11acn 

JiarpaBDaHa dam J1130:ronnecxm.1 11Haap111aarou. llmuutanl!!D( H811pHBO,ll;ltWK npe,zi:c:raB.lel!llleic rpyn;. 

1111 S U.{_9, co;i:ep:Eal!ll!K 11so:ronnecx11ll CHHue:r c uy.1eB11x rH11ep3apa,1;ou, xi!ue:rca ox:ry11.1e:r. 

l:rax, ec.1J11 im npe,J;IIOJIOZ!lll1 11ro mpymaJ>11taa c111MMe:rpl!Jl 11ac:r» na.rpaB:ruaua npeo6pa3ye:rca no 

Bexo:ropoxy B03J.IOJ:BOMy npe,1;c:raBJ18BBI) C KHBIIJ.IMLHHK 'IIIIC.1101,1 K0l[IIOHeR:r, :ro OHa ,ll;O,llma 611n 

!tOIIIIOReHrOII C 'J',,_o I Y.::. 0 llBKO:roporo ouynJ1era, B § I du.10 noxaaaBo, 11:ro ,ll;JIJI OIIHCaHHS 

OK:ryn.lle:ra BJl!C:rO CIIJ!ROpa r; KOJ:BO DOll30BaUCH BOCil(Bl[epHIIK Belt:rOpOK Q; 

O·"- ~ 'lJ'';(A;)~- -!r.5{'-('f'A.,). 
. Hf. ~ r.t r r.t. 

l!a qiopxy.11 (;,I) - (.'.31 ) c.11e,1;ye:r, 11:ro xo11110BeH:ra c 'l'"'o, Y:co ou711J1e:ra coorae:rcraye:r BOCLlll!-

icepBOlLY B81t:ropy 

O· -
~ - 0 I ,·!,. r-1 09 = .1... 

EcJ1H :re :renep» Bocew, xoKnoReB:r ox:r7111e:ra npe,ll;ctaBD B Bl!Jte KatpH!lll :rnna (48) - (50), ro 

XOKnOBea:ra c T:co , Y:::. o ,1;aerca qiopuy.11011 
1.. ( ) .L ., (,\ ) ~ 0,==- fi,sp "tAy =- ,r,_ "tr, I,;_ 

Hapymea111e Cl!lllle:rpHH llpHBO,B;H:r It pac111enJteHl!Jl xacc 11acrH!l B YHH:rapmx xyn:r111nJ1e:rax. C.1e

,ll;OBa:reJ1LR01 mccOBHJI 11.18B B inrpaHJ:HaBe co,1;ep112:r qac:rL, He l!IIBapHaB:rBYJ> 0%BOCl[!8.liHO rpyn

n11 SU())- B nepBOK nopa.ue no eapyma1u11eicy CIOOle:rpHD B3alllllO;i:ellcrBHll am qacn nJiae:rcx. :a:011-

noaeB:roll c T::.o, Y:::o He1to:roporo ox:r711J1e:ra. Ta11:,aanpllllep, mccoma 11.teB B llarpauuaBe 6a-

PHOBBOro 110.la HKee:r 0611tllR BH.lt 

J_M 
-,1. (' _.,_ ~ ),, 

M B B + Q:!. .B B,,,, ( .i\., + "r"" s,, .,_ 
-~ ,i( )' ".t Bi- B .f' J\ 1 ;. • (60) 

IlepB!lll 11.18H B (60) JIBJ!ae:rca HHBap11aa:roic, a ,B;Ba DOCJl8,B;BIIIX 1!Jl8Ha SB.IJIJl!CH ltOIIIIOReH:ral[H ox

:ryn.1er0B. HeHBBapl!allrRM 11acr» JlarpaBJ:HaRa coc:ro11:r Jll3 ,ll;B,X R83aBHCHIIHX 1!.118ROB, :rax 1t8.lt 

npOH3Be,B;eBHe ;i:Byx 11pe,J;c:raBJ1eBHII D(i, 1) co,1;epn:r ,ll;Ba npe . .1:c:raB.lleBl!JI P(~, 1) . Ha ip0puy.J111 (60) 

1m ico:rex BHpa3HU :waccu 11ac:rit1t 11epe3 :rp11 1t0Hcrau:r1,1 M
0

, .:i._ 11 l!.t, 11 c.1e,1;oaa:renuo, 110-

.11yqu:r» coo:raomeBl!JI xe:r.ity mccrum 11acrmt. 0,ll;ua:a:o ,B;.llI a:roll 1teJ111 60.1ee y;n;o6ao no.lL30Ba:rLca 

I2J 



,i,;pyrm Bi!paxeszeu, aEBHBaJies:rBLtJL (60), a HKesso 
-,J, r - ~ .i. 

;l__/J. ~ °' ~ t b .,_ + -t & .,_ & , -t-

-.1.. } 
cf>!>f,-'- {60

1
) 

Itosc:raam Q1 ,.t II c B a:roll qiopiiy.11e BHpaElll:rc.11 .11me11Bo 11epe3 M0 , q1 H 'l-t .non::iyac1, ua:r

PH!lell (48) .ltJIJl __B 1rt :rpascnoB1rtpoBa1111011 m:rp1rt11e11 .itJ111 B, w UOJIY'!aeu 113 ~PKfllll (60 ) cJ1e

.ltYIJl!l1rte Bi!paXel!llJ! .ltJIJl IIB.CC 11ac:rJlll: 

M,.,,"" 
f\-ls--=;v 

"+ C 

"-t ,t I 

Mr~ o. , 

MA .,,_ <H ¼ (-'-t c) 
0:rCD,i,;a cJie,i,;ye:r, 11:ro uaccH dapH0110B ,i,;oJinH 1,1toB11e:rBop.11:r1, coo:raome!!IID, no.11yqeBBOKJ reJI.11-llas-

BOil 
;M~""" Mz- ,,-_.t..(M,.,,-t Me) , 

xo:ropoe xopomo cor.nacye:rc.11 c om:roJL ( 4.535 M3B H 4.518 M3B ). 

A!!aJIOrll'l!!O, MaCCOB!lll 'IJleR B .narpaaxuaae ll8EyIIJle:ra dapnOBOB HJLee:r BJU; 

J.. -"tr -~.,,~ 
M ~ "'· J) p .,_r ,, -i- ,e. D D ~.i P • 

MaccH 11ac:rH!l BHpa:ram:rc.11 11epea " n ,e clle.ityDJllllll odpa30u: 

"'.A -: '\ 
Myt : "--t } ,(, 

1111~~:o,. ... ;-~l,, .., ~ 

M.!l..-: o..+ t 
0:rCDlla noJiyqaeu npaBuo HH:repBaJIOB 

1-\• - MA "" M ;• - M ::: .. 
Mn.- _ ,\f et 

(61) 

(62) 

(63) 

IlepBoe paBeac:rBo xopomo cormcye:rc.11 c axcnepmres:raJIJ.BLtwt ,i,;aBll!l)[I[ ( 147 KaB H 145 lbB), a 

H3 noporo UOJIJIO npe,ltCEa3aU lll.CCY !2- - rillleposa "'k-· l.676 M3B, uo dHJIO UOJtTBep:Qel!O 
~l 

OUH?01£ ( Mn.- • l.675 llaB). 

MaccoBHe coo:raomeBJJ.11 .llJl.11 JLeaOB?B :raia:e 1,10xao noJ1yq11:r1, aaa.11orH11so. Ilocxo11,xy 1arpaaxza

HH ue30HBLIX nonen COJtep:ra:r .IIBRO XBa,tpa:r :ire.cc, :ro B llaHBOJL cJiyqaJ llll DeeJL coo:rsomea11.11 

ue;r,ii;y EBaJlPa:raJLa uacc. Tax1 aanp1wep, JtJIJI oxrynJie:ra nceBJtOCxaJiapmx xesosoB uaccoml! 'IJI8I! 

B .narpasnaae llllee:r Biu;: 

t- p .,,_ p ~ 
wi., r ,J... -t-t.., = 

RJIH 

f-.... -:. 
-,1.. ~ 

~ V11 PJ--t-

-J.. r, . T t ,,_ r 
o.._ f f ,,,,o.,) + «.t 1 r P (1'.,),,_ r ~ ~ 

!> "'- -.t.. ) -(;°f f .;--cP,.P,;..... .,_ !, ✓ 

RBaJtpa:rl,[ JlaCC 1£e30HOB paBJ!I,[ 
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(64) 

(?,4') 

,.~,,...,,,,...-

~ 

l. 
'I'\,\ "'C A,t C. 

WI!.,_, =. 0. ~ .e 
l'-

"'1 L -:. 0. 
11 

"'2 = <H t (l-f-c} • 
Tu xax K - 11esos S1BJ1.11e:rc.11 al!:rll'lac:rBitell no o:raomeam> x K-ue30!!Y, :ro zx wccH paBHH, 

:r.e. c~.f. • He:rpy;r;ao Y511.1te:r1,, 11:ro M!l.CCEI nceBJtOCJtaJI.IIPHHX Jl830BOB'CB.1138HH COO:rHOme!!H8Jl 
. .t .t 

.It..,~... !)..,l + .., ,r ' (65) 

corlll!.C)'l1'JDICJI c Oll!itOJl c TO'IHOCUD · ~ ( 976 (Mn)2 z 923 ( ll3B)2 ) 
Ecu ,;u :rpex pi.cc¥o:rpeamx Jlll'lrapmx xynnm.1e:roB :uaccol!lle cf>oPIIYJII,[ xopomo cormcyD:rca 

C om:rox, to .lt.llJI Beit:rop111,1x ll830BOB l'I Jl830BOB :l -t Cl'lty~IIJI COBC8Jl 14Ba.ll·. ,llonyc:rl!ll, uo 
. r 

J1S11ec:r1D,1e 1ex:ropme xeaom S JI · K JIB.IJID:rca XOKnORel!:ralll4 ox:ryni1e:ra. 3:ro:r ox:rynJie:r .ltOJlltea 

co,;epmn l!exo:rop,111 z30.:ronJ1t1ecul! cnl!rJie:r c Y=. 0 , odo3aa11aewll qepe3 'f O, uacca xo:r·oporo 
,_ J., 

onpe,;eue:rca 11epes ""'f JI .,., ,_ .. ciiopxy.11011 .t 

'WJL - .i[1t1t!1.•_,.,,'-J =- ry~-1Mr'). r - ~ " ! 
Bxec:ro a:roro 11830Ba Ba OnHre l!adJIJl,JtaJIJ!CJ, ,llBa UO.llOdBHX Jl030J!aw K 'f C IBCCaD m,., .. 783 MsB 

JI '117r 1020 Jl3B. 0'1eBll,l;BO,· 'ITO lllllt8.Jt0II 113 3:rHX Jl830BOB B8JIJ,3.11 BHdpaU B Ea'leCTB8 'J• • 
CU1}BH o:rxe:rX.11, 11:ro a:ro:r ciiaJt:r JLOXHO Od'liJICRlt:rJ. CJ18.ltYDJtll{l( Odp!.30)[. Hapa,i,;y C oxrynJie:rOJL 

· • "'• 0 0 BIJtt0p1D,iX Jl830HOB f , I( , I( H r CJ1118CUyet l!HOTOp!lll 11e1t:rOpB1il! Jle30H w , SIBJI.IIDJllltl!C.11 

J11)1:rapl!l,lll CJl&rJle:rO)[. Ecu yaJ1rap!!W1 ClUllle:rpu BHUOJIB.llerc.11 TO'l!!O, :ro 118.:rPH'IBl,[I! aieJLeHr 

S - 11!.tPHllll uex,i,;y coc:ro.11l!J1.11101 'f 0 
• «>

0
,i,;o.ueii: <San paBBLtll l!ym. Ilocxonxy B Jtel!cnzren1,

soc:rH yax:rap!!as cmore:rpu zpymae:rc.11, :ro a:ro:r :im.:rp1tqBHI a.11e1Les:r o:r.11z11ae:rca o:r ayJl.11. HJ!aqe 

r0110pa, B·pesyn:ra:re sapyael!JIJI yaz:rapaoll clUllle:rpim B03JLo:a:ea nepeXO.ll <(«!c-, "" 0

B CHJIJ,BHX 

B3aDO,i,;elcrBux. JIJiarpaJ111a. aroro nepexo,i,;a uee:r :raxoll xe BH.ll, 11:ro H ,;1rtarp1DLMa codc:rBeB!!OI! 
' £ 

aaeprn ue30l!OB, onpe~e11Dl111aa onepa:rop xea,i,;pa:ra xacc m ue30BOB. 3:ro oaua11ae:r, q:ro ae-

,i,;nro~mll :ua:rpll'IHHII 3Jleuea:r ~ co" \ Jrc1.I i1oneparopa m-t oulf!lae:rc.11 o:r RyJIJl. CJieJtoBa-
• . m.t teJIJ,!!O, COCTO.lll!BSI W It J - M830BOB Be .IIBJIIDlfC.11 co<ScueRl!l,l)[I[ coc:rO.IIRR.111114 onepa:ropa . 

• l!e xory:r dan ifi113H'lecltJl)[l[.h3H'lecEl41lll ,;ouBLt dH:rJ. coc:roou, odoam11aewe 11epe3 w H 'f , 
.t 

,i,;u xo:ropsx ae,11;erosa.n.Jll,[e :im.:rpll'lme s.aexea:rH onepa:ropa m .pa11BL1 syJID. BoJll!OBHe cliYl!KllHR 

a:ru coc:rOSIBJII! llB.IJ!lltC.11 op:roaoplll!pOBaHHlllllt JIW18l!!!Jl)[I[ XOWltB&UU!llll BOJIBOBHX cliJl!Xllllll ,,_,. H 'J 0 

~= u.,s&f+A..:,.~wo (66) 
0 A 0 

«>= - 5w, ~ 'f + (.05.r w .• 
'l!M.t • . 0 

no onpe,;ues:llll onepa:ropa .11" xea,i,;pam wee q - 111 w - JL830HOB pi.BR!l cpe,i,;HD 3sa11eau.llll ,_ ) , 

onepa:ropa ,rt B coo:rBe:rc:rByJ>lltHX coc:ro.11aH11x 
O 

( ..ti w•) 
,._ / •,11(,"4'(•) """L• =- Lw ?'1( • ,.,, f = "'-'f I / "' 

J.au:orJNao 
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..,t= Lr\ rtti. I(;, 1 m':.= zw\ ?ft..t.! "'/ .• 

Ilo.itc:raBua B noc.11e)O!ue 11a:rpll'IHHe 3J1e11eam BHpaZel!llll (66) H B coo:raome1ue 

.( 'f ! m, .l.\ ... / "' z..,\ ,,,,_ "-{ (> - o ,1 

W nollyqllll !pH ypaBH8BlllJI 

r.ite 

L'°" t. ·'- .<L L • C-
C.OS \T w, ff -t S\M V ffl O + .t~ 0- U>S~ 0 

.( 

""r / 
1• "' 1-

. i:,. .. ,.,, • 
51.M 't7 ~f• -f U§. u '"<co - .t~ & '-6)./1- rT"' :. .,,.,t_ ' 

+ -s...;. tr u.S -&- ( ... ::,. - "'~•) == o I l t<>st.-~ - si.!" -6) b1"' 

s'f"' ~ l(I ?tt~ ..,•>-= z .,,• I 1tt'-/ 1·> · 

(67) 

(68) 

(69) 

Pem8JI 3!H ypaBHeHIUI, lllal llOZell onpe,1te.11n:i. :CPH H8ll3B8C:CHHX BellH'IHHH: ..,~. , t4S 6- H bj.., • 

B 'laC:CHOC:CH, ,ll;JIJI yr Jla c11em11BaB1U1 ff llOJIY'laell 
"'- t. .(_ J.w, - ... y- .., ..., r t. .• 

Wlj-""'"' 
. Cos:.~ "" • J ~ ~ 'ry I Jf-C/ • (70) 

Ilocxo.11:i.xy 11e%,ll;y coc:roaBMllH ox:ryn.11e:ra B CHHr.11e:ra npozcxo.itz:r c11emBBaBHe
1

z 3:CB pesyll:i.:ram 

BCer.ita 6y.itell paccw:rpasa:r:i. O,ll;HOBpelleHHO, ':co llY rOBOpllll, '!:CO OHB odpasyD:r HOBWA llYlllo:Cllll.118:C 

- BOHynlle:C. 

l!H ll830HOB J._ + llllee:r 11ec:ro :raEM ze CK:CyaillUI. Ha OOY:re H3B8C:rBO CY1118C!BOBaBue .iteu-

!H ll830BOB 1_-t C llaCCallB 'WI,;= I:310 143B ( A-:.,.,. ll830B ), 'II') ,= 1430 Ll3B, Wl..,I al250 ll3B 
J I I'- I 

( ,t-»e30B ) B wi1' .. 1520 143B ( f - ll830H). Kait B B c.a:yqae 11830HOB 1-, Hll <,) - 11830B, Bll 

i - 11e30H ae.11:i.3a pacc110:rper:i. xax xo11noaeara oxryn.a:era. 3.itec:i., no-BH,JtllllOllY, mue npozcxo, 
.itHr npouecc c11emKBaau, B w Bllee11 BOHynller 11e30BOB 2+. Yro.11 c11emBBaBlilJI ~ onpe,1teJ1J1erca 

COO:CBOmeHBell Bl!,lla (70) 

I 
c..:; .1.&- = 

-'. .( t. I 

J.,,.,,_,_ - ""'f'- ...... 
~ ,. """r' - ... ,,/ 

I 
,{ ... , ~ 

'f • 
1 L .t. .( J ;- .lt,,..,/< 1 - "Mi (70) 

I 
O:rcD.ita no.11yqae11 6- ::::Jf O

• O:r1,1e:r1W, 'lro He6onmoe pasaor.11acHe c ow1011 B c.11yqae nceB,Jtocxa-

JlJIPHHX 11830HOB JIOJ[J!O 06'!,J'iCHK:CL, npe,1tnollar8JI Clla6oe Cll8mBBaHH8 11e~y x- H r - ll830Hallll. 

Pacc110:rpllll, BaROHeU, 6apBOBHH8 pe30HaHCH co CllHHOII ll '18:CHOCUD ;; - • B HaCTOUtee BpeW{ 

H3B8C:CBO CyJllec:rBOBaHBe 'le:r1,1pex mxux pe30llflHCOB 

T:01 '/-=- 0 

T=i_, 'I"- i. 
1=- i / )'.::, - .i. 

T,,..t-, Y=- 0 

!,I " 1520 1.13.B 

Ii. 1512 li3B 

!,I• l820.J,13B 

II. 1660 M3B. 
. . , I ~ I . I 

3:rH pe30HaHC!il He.1fL3a BRJID'IHU B O.JtBII YJ!HtapHlilA onynlle:r /\, N 1 .:, 1 L , :ra1t itaR BX 

llaCCH He y;Jt0Bll8:CBOpaD:r ~PJIY.18 (61) 

126 

H\.' ~' M1. =- ~ ( MN' + M -::,' ) . 
Ee.Ill :rpu 113 yxasaaHHX .. P830BaHCOB npBHa,J;.lem:r 3:COllf ox:ryn.ne:ry, :ro ll3 JaCCOBOA ~p11ym IIOZHO 

onpe~e.1H:r:i.·iaccy 'le:rBeproro. lilw IDl'.eeu c.11eAyDl!lBe c.11yqau: 
. .. .. 

I) MN, • 1512 llaB, M/lr • 1520 113B; Nz' • 1660 llaB. TorAa Me,'• 1598 llae. 

.. 2) M,i • 1512 ll3e, ;;.~1.' .. 1660 13B, ~e' • 1820 MaB. Tor.ita f,A."1. 1668 llaB. 

3) M,_/ • 1512 lln, f'A,-!= 1520 M3B, M~'• 1820 il3B. Tor.ita Mz:.'• 2!04 143B. 

Bo311ozeH c.1yqaa, xor.1ta BaPH.ltY c pacc:w:a:rpusaellllll ox:ryn.11e:ro11 dapHOHBWX pe30HaHCOB 1; - cy-
. · II / fl ., 

111ecnye:r :raue YJ!BmpHHII cm1r.11e:r 1' u 11ell',lty coc:roaBHl!IIB A II A npoucxo.itzr c11e11BsaBue • 
I I I 

B ,ltaHBOII CJiyqae !pH llOClle,ltHHX pe30HaBca npHHa.i,;H:m:r onyn.11e:ry ( N , Z, t ::, ) , a pe30HaHC 
. I 

c T:o, 'f::.o, Iii -1520 J.'3B aBJiae:rca cynepno3zuuea pe3oaaaca J\ c 111ccoa MA'" 1668 ll3B B 
V • 

CHHrJie:ra A. Macca ,1tpyr~ro cynepnD3BUHOHHOro coc:roaHM, op:roroHa.11:i.Horo E coc:roaaHD pesoHas-

. ca c lllCCOA 14 • 1520 ll3B, IIOEa HeB3B8CtHa. 

B 3aEJID'l8HB8 npuBe.itell OCIJIIYI) lllCCOBj'Jl q>OPllYllY OEy(lo, cnpaeeAJIIIBj'Jl AM BC8X YJ!U:CapHlilX 

JIY.IUIIDlletOB: 

All dap!IOHOB H 

JtJ[j! 11830HOB. 

fv',. M. + ,,.y+ t [T(T•t-1)- f'-J 
.,.,.t.:,. m_'-+"' Y +-' [T{T+-1.)- :.t..J 

m. 110,llElll, KBAPKOB C JU'6Bmllll4. SAPlUWii H M0JJ;EJIH YHHTAPH0R CIDl!lETPH EE3 

JlP0J3HllX 3AP,IJJl0B. 

§I. Jr.!o.uen:i. C :rpB11.11e:ro11 v:µa11ea:ranj!liX 'lac:C.!!!l, 

Jlo Hacroa111ero epeireau 611.10 c,;eJiaHo 1moro no1111:rox noc:rpo11:ri 110.iten a.1e1111H:rapmx qac:r111t, e 

xo:ropwx 11e3om B 11Borue B3 6apBOBOB HB.a:aD:CC.11 coc:raBBWllll c11c:re1111Jm, odpaaoBal!l!lilllH 113 C10.1ee 

q>yH.ltall8H:CaJtl,HHX 'laC:rlllt. Tax, aanpoep, W6PIIH ll Hill' 11,1.JtBBHy.lJ! a..e11 0 :COIi, '!:CO JC- 11830Hlil 110-

ry:r dw:r:i. pacc110:rpeHH xa11: coc:raBBHe cuc:rew nap l!JIC.IOR-aH:rllH}'lt.lOB. Caita:ra, llapJWe,011:yn 11 

.ltP, pa3BHBIUH CUllY hp11B-Hara B noc:rpOllllH IIOA8n, B E0:COp0A 113 :rpiix q>JQ;aJleHra.UHlilX qactlllt 

t , rv ,· >,. o6pa3yD:rca Bee 11830HH u oc:ra.ume dap110m1. Ec.111 :oee:r Kec:ro nouoe BHPOJ'JteHH 

11e~ :rpellH 4>yQ;a11eHmnmom 'lac:rJIU8,llB t , "", }\, :ro 110,;e.u. caxam-llapxoBa-OxJJ!J! :raue 

od.11a.i,;ae:r Clllllle:rpnea rpynmi St,(_(;), Henocpe,1tc:rBeHHlilll c.1e,1tc:rne1,1 11:0:ropolt auae:rca c~ecno

:&aHBe nceB,JtOCEallapHlilX H B8R:C0pHHX Cl!l!rlle:roB B ox:rynxe:roB, EaE a:ro 0!118:CBJIH CaJiu,lb:eAa II 

.ltP• Pa3Bl!Ila 11ell',lty 3:COR IIO,lt81iD R :rax IB3HBa8111111.BOClollllll8PBlilll uy:reK •re.11.1-llaHBa B Hee»aHa 

I'i!l 



3aJtJlll11ae:rca B :roll, uo B nepsolt llo,11;eJ1H 6ap110111,1 t , "", /1. o6pa3yJJ:r :rpmIJ1e:r, a so B:ropoll 

3:CZ 6apHOlll,I Bllec:re C llllUll OCreJ!I,lll,lllH ll3BeC:rll!,illH llapHO!iUOI :r+. 2:0
, . ::i:-, 3., 3- o6pa3yJJ:r 

Olt:l:JIJJl8%, 

Ilepelt,ll;ell :renepi, Jt noc:rpoemm llOJteJIH coc:raB111,1x 11ac:rllll, npe,11;J101teBBOlt reJIJI-L!aBBOll H 

UBellroll, B JtO:ropolt llllee:r llec:ro BOCl>lll!llepHM YJIK:rapHax CIUll,lerpu reJ1J1-l!a.Baa B Hee»aaa,O:r

uerllll npe:1,11;e Bcero, 11ro if>YJ1,D;8.l.!eH:raJ11,111,1e 11acrxqu ,D;OJIEHH 06pa30BUsa:r1, JlY.IILrBnJ1e:r, npeo6pa-

3yJJlltllllCa no if>j'll,ll;aM:eBraJILBOJlY npe,11;craBJiemro, :r,e. ollpasyJJr rp1m.11e:r. Jle.110 B roll, 11:ro BCl!JtOe 

aenp11so,11;moe npe,11;craBJ1eH11e rpymn,i Stl(~llo:a:er lluri, noJiy11eao c.11e,11;yJJDtID,1 llero,11;oll: c.11e,11;yeT B1ta11a-

11e oOpa30BaTI, npoH3B8,ll;8BHe q IJlYH,D;alleHTMI,BHX npe,ii;cTaBJl8Bllll 11 1'- npe,D;CTaBJ1eH11ll,KOHTparpa,D;BeHT-

ll!,IX lt if>j'll,ll;all8BffiJII,HOllY, 11 aarell pa3.110DU 3?0 npOll3Be,It8Hlle aa Be!!pllBO,ll;BllH8, TaJtlD( nytell llH 

~OJ.ell UOJIYIIIUL, B qac:raocu, npe,11;craB.18Hll8 Pf,; f) , C .Jtpyroll c:ropo111,1, ecJIII if>j'll,ll;alleBran

B!le 11ac:rltllH ollpasyJJr if>j'll,ll;allearauwll iq.11u11n1er, r.e. npeo6pa3yJJrc11 no if>YB,Jtairearanaouy 

npe,1tcraB.1eBllll, ro BOJIHOBal! if>YJlltllllll CIIC?eJra '\ if>YJ1JtaM8BraJ1LIIHX qac:rJ!ll II f IIX aar:m:11ac:r11q 

npeo6pasyerca DO npe.itcraB11eBBll, co,11;epza111eyYcll B npo1t3Be,11;eHBH 'I if>YB.Ita.JLeHmJILHllX H t-1toa:rpa

rpBJt11ea:r111,1x Jt if>YJl,ll;al!eRraJ11,aouy npe,1tcraBJ1eHl'III, Orcn,1;a CJ1e,1tyer, uo B raitoll cJ1yqae BC111toe 

HenpBBO,ll;llllOe npe,1;craB1!eBHe llOJ:BO peaJIB30Bari, B Bl!,1;8 BOJIBOBOII if>ymt~HII CBC?8ll if>YB,JtalleB:ran

llHX 11acr1111 B 11X aHrK'laC:l:l!Il, 3rx if>YB,JtaWB?WII,111,18 qactllllH 6y,11;eu Ba3HBari, JtBapitallKH 0603Ba

qan 1!8pe3 t"f , T,_1 -\;~ no aaa.llOrBl'I C rt I'\. t A. B llO,Jt8JIJiI CaJtar&-MaPJtOBa-01tj'llll, 1taJt llYJIO 

noxa3aHo B n,Il, § I, oaH IDleDr aapll.ltY } , -t , -.1. 1t r1mep3apll,l;H ;- , ~ , - :!:.. , coor-
. ., .3 ., .!> 

Berc:::B8BBO, Ilpe,11;no.10:a:Hll, 11:ro IIX cnBB paBeB :£ , 
PaccuorpHll reDep1, cocroxau c1tc:rell xsapx-aHrHKBaplt, Bollaosae if>yBJt~Hll 3:1:IIX cxcrell o6pa

syJJr npe,11;craB1ea1te P(A10)@ Pl•, ~) , xo:ropoe pasJ1araerc11 ua BenpllBOJ!HllHe npe,1tcraBJ1eau 

0(•,•) 11 O(i,A), C.11e,11;0Bare.uao, CHBr1!ers·m oxryn.11era nceB,D;OCJtaJUIPHYX H BeKrop111,1x l!e30BOB 

llOEHo.c111trar1, coc:raB111,1llH Cl'lcrellallH mp xsapK-aaruxsapx. Orllerllll, 11ro _ara BOa1o10:a:aocr1, 

orOll;l!;eCrB118Hllll DC8B,Jt0CitallllPB!lX B Be1trOp1!!1X ll830BOB He IIBJ111erc11·eJt11HCrBeHHOII, a ronxo 

Dpocrellmen. Il0ll3JIICI, g,opuyJlallB :rl!Ila (46) Jt.lla nceB,JtOCitaJlllpl!!IX Jle30HOB, Hat1pllllep,Herpy,11;HO 

no11yq11n c11e.1tYJIJJtHe coonercrsu: ~ ("' t, ) 
i' (t t ) •__, J-(t t-1- -c.,i,..), 7[-➔ tt "' I 

"I(- ,Vj I 1f G._ r. ~ ~ ~) 
+ (i:t) t:•...., ((,i~}, JC-7 (-l-1i1,.), /<'.•_,,(-1-.,,i-,._ (7l) 

I< -? i\ t I ""'- ) 1 (" "- . ...;. ) -, 7f ( :j;f- i-t -t '.( f,. - '- t-,.. l;-,,._ I x- (ij -1:-/tf-t t-~t~ +t,-. f..,._ 

011eB:1UBO, qro OK~ynller llapltOHOB Heii,aa pacc11arpHm:r1, xax CBC:rellbl 1tBap1t-aH:rHJtBapK,JlJ111 

roro 11ro611 HallrK cocraeme c11crew, xoropie lloryr llari, oro:l,ltecre.11ess c arlll,[l{ dapaos:alllt, 

pacc110:rpw_ npeJ:,JJ;e Beere ,1tu:ynnr llapHOHBHX pe3oHascoB, so11aoeae if>YBltllllll xoropax npeo6pa-

3yJJrca no npe.ii;crasJ1eHl!ID ~(~,.) • 0:rllerHll, 11:ro npocTellmltll 11ero.itoll noc:rpoeau npe.1tc:raBJ1eau 

}(;,o) llBJlllerc11 Cllllll8TPH38.ltllll !!p0ll3Be,1;8BIIL!I rpex if>YB.Jtall8HffiUB!lX npe.ii:c:rasJleHIIII, C.11e,1tOBa-
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reiLHo, Dpocrellll!Hl,IH coc:rasRHllH CllcreuavH, xoropHe voryt 6ur1, orol[)tecrslleHH c 6apaoBBHllll 

pe3osaBCal!ll 11a ,11;exyn1era, 11s11aD:rca cacrew rpex xsa.pKoB, DPHl!ell YJIHTapsue BOnHoeue 

il>YBltllHI! 3TIIX CHcreu. nDJIHOCUD Clllllle?PHIIHH OTHOCHrenLHO DepecTaBOBOR ltBapltOB, Ilocxo.111,xy 

6apHOBl!lile_pe30HaHCY HOCll:r llapHOHHOe q11cno, paBHOe e.itHH1!118, ro 6apaOHROe lll'ICRO ltBaPJta 

pasHo -t· . Tenepi, w iroJ:eu OJtH03!Ial!HO ouenu Ha BOnpoc, JtaKlllla cacrellall11 lloryr 6un 

6apao111,1 113 OKrynmna, DHH ,D;OJIZ!IH llun c11c:rell&111 Tpex JtBapKOB, ra~ xait li!X 6ap110RHoe 11ac.110. 

paBao e.1tHHl!l1e,KaJt assecno, 113 npo1t3BeJteHM :rpex qiYJ1,ItaveuaJ11,111,1x npe.itcraB.11eHHII 1o101tHO o6pa-

30Ba:ri, senpHBOJtHllOe Dpe,11;c:rae.11eHHe nyrell CHllllerpaaauxu no nepsouy l'I Bropolly Hll,lteJtcau, aa

DpmLep1a 3arel! aHr11cHWe:rpx3aitK1t no BropoJlY H rperLeJlY HB.IteKca», I.hi noJ1yqaell :ror,11;a cnmHop 
.t. 'lfto{P~TJ, 31tBHBaJleH:rHHll CDHHOpy 'lj' f C Hy11emn1 mnypoll, 

TaKHll odpaaoll, llY ~'OJ:ell no11yqar1, ox:rynJ1e:r H3 npOH3Be,D;eHM :rpex if>YHJtal!ea:rani,BHx ~pe,11;

c:rasnea11ll nyreu CHllllerpH3aUHH DO·O,ItHOll nape Hll,lt8RCOB K aH?l'ICIDQlerpH3aqaa DO ,11;pyroR.lfua11e 

roBopa, 6apuo111,1 K3 oxryn11era.raJt:a:e J1BJIJtDrc11 cacre»allH rpex xsapKoB, np1111ell JHH:rapHue BOJI

HOBHe il>YBltltllH 3rHX c11creu CHIIJ!e:rplll!HH orHOCH?8UHO Depec:raBOBOK 0,D;HOII napi.l KBaPKOB H 

aHrHCHlllle:rpHIIJIH DO ,11;pyroR nape. 

ECJlll KBapKH CYIJl8C?3YJ1r, ro HX llaCCH He J.!Ory:r 6H?I, l!BRLme t mccH HyKJIOHa, IlOCKOJII,

KY B :raROll CJiy11ae HyltJIOHH 6HJ!lt dH H8CTMHJII,llllllll H pacna,B;a1111c1, llH aa rpH 1tBapJta.Ksap1tit llO

ryr poJ:,Ita:r1,c11 Bl,!eCre C IIX aHrH11ac:rmiau11 B npoueecax C?OJlltHOBeHM ll830BOB H 6apHOBOB C · 

nporoaoll DpK ,1toc:raro11Ho 60111,moll aaepr1ta, a :raJt:a:e B aHHlll"IUIIIUllll nap npo:roa-aa:rnnporoH, )lo 

ca Dop OBH e~e ae llYJIH o6sapyzeHH, 3ror if>aKr llOJ:Bo o6'LllcHl'lrL, ecnH npe,11;no11arar1,, 11ro·i.rac

ca JtBapxoB BeJIIIKH, a 0:1:HOCHreJII,BO 18JIH8 31Bll8Bl'IH MaCC llapuOHOB H ll830HOB odycnosneHY rev, 

11:ro 3BeprHII CBB311 arHX CllCTeM 60.111,ll!ait, 0,ll;HaJtO ocrae:rCll BenOHll?HYM, no11eJlY JtO CHX DOp He 

6HJIH odHapyzem ,11;pyr11e cocraBHHe c1tcrew c ,»;poll!llll!H sap11,1taw, eanp11?.1ep, c11c:rew ;i;Byx xaap

ROB, JtByJC ;itBapJtOB H aHrHKBapJta H :r.,»;., MaCCH ltO:l:OIHX :raue uoryt 6HU nDpl!,ll;Ka !!ace 6ap1to

HOB H ll830BOB, 

B 3altJll)11eaae orueTHll, '!To, no Kpallaell vepe, O.JtHH H3 :rpex xBapKOB ,1.tonxea 6ur1, crallan1,

l!lll!, Il03%0JlY ecn1t KBaPKH .lt8IIC:rB1t:re11LHO CYIJleCrByJJr, ro OHH JtOJIEHY poll;ll;a:ri,CJI npH CT011JtHOBe

Hllll qacrHU BllCOKHX 3HeprHII B ltOClll!l!eCJtl!X Jiy11ax C ffY!tJIOHallH B a:r1,1ocqiepe.no11oxH:reume CTa-

6IIRI,Jllle ltBa.PltK :llJIH aH:rllltBaPKH llOry:r 3aXBanrnan a:rol!HHe 3Jle1trpOHH H o6pa30BHBaU CBJrnaH

Jllie CHcreim 3Jlexrpoa-1tBapx ( aHrKRBapJt) c ;,;pollmnra OTpHua:renHHIIH 3apl!,ll;aim, IlocxoJ1uy no

,11;odsae Cl!CTew cmllHRLHH, ro OHl'I JIH!lO HaKannHBBDrc11 co BpelleHeu, Jlit!lO 3aXBarHB8ll?CH no.110- · 

EJ1reJ11>HHllH l!OHaJ41! B a:rvocq;epe, 11anpllll8p, 11 ollpa3Yllr BKec:re c armm HOHal!ll Hell:rpl.Jl1>111,1e uo

J1eKyJ111, TaKHe c11crew l!OJ:BO llH.110 00 OdHapyun np11 nDMOJl(H paanHIIHHX if>ll3l!'leCKl'!X H Xlllllll!ec

ltBX lle?O,JtO B, 
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§2, !.!0.1t8Jlll C 11erup1,W1 my!9lal18Hffi.Ul!!lllll 11ac:rl!!.lallll, 

Ilona:rae11ca :renep1, noc:rpo11:r1, MOJteJ111 ya11:rapB01t Cl!MlLe:rpMM 6e3 ~dl!lilX 3apH,J;OB, !l!JI 3:roro 

HaDOIIJ!l!ll npe:r;i;e BCero ~11311'18CXll8 :rpedoBaBl'!JI, 113 1to:ropux BH:re1taet CyJ!t8C%BOBaHll8 11ac:r111t C 

JtPOdll!illll 3apsAaUI! 11 runep3apSIJ(aMII, B n.Il, § I W D0Ita3Mll, 11:ro 0%0:IJ{8C%BJl8Hll8 BOC1,IIJOtOIIDO

H8BtHHX ce11encn dap11oaoB ( N
1 

1., 'ti., :::, ) 11 11e30HOB ( K-, K , '1( , z ) c ymi::rapm1111 ouynJie

:raMK np11BOJtll:r 1t cJieJtynDteyY coo:raomeal!ll Me:IJtY onepa:ropoM rl!llepsapaJta Y Jt.llJI ~YHJt&1eHmJI1>

aoro· npeJtc:raBJieawr II reaepa:ropoM st t" rpynna S Ll.(3) 
. d C 1 

'I= d -+ -' 

a J(JISI !tOH:rparpaJ(KeHtHOro It HeMy npeJ(ctaBJI8HM 

y,. 'i-t - 1. 1 / 
rJ(e. /,, - np0l!3BOJII,HaH !tOHCtana. 

( 1, ) 
,-t=- . 'h -y~ 

~ (1) 'l ) 
d't-=- - . '--y';) /, 

Ma MOJCeM BHdpau 3ty xoBc:rany ~ :ra1t, 11:roda 3apS1JtH II nmepsaPHJtli ~YBJta11enaumx 11ac:r1111 

6aJI11 neJ1Hllll• 3:ro 03aa11ae:r, B 11ac:raoc:ru, 11:ro 01t:rynJie:r Me30HOB 110JCH0 paccmtp11eat1, itax cuc

:rew 1teapita II aB:rHxBapxa c neJIHMH 3apaJtaM11. Ec,m xe w eDte :rpedye11, 11:roda 113B8Ctl!lile 6a

p110BHHe P830Baaca daJIH Cl!Ct8Mallll :rpex 1tBap1toB, %0 tOrJ(a ltOBCtaata J-oda3a:reJil>HO paBIIO. Hy

JJD, 'ltO Dpl!BOJ(llt lt JtPOdBaM SBa118Bl!HM 3apaJ(OB 1tBap1tOB, TaxlDI odp,.3011, J(JIJI toro, 11%061,1 no

ctpOIIU 110,!(8.111, des JtpOdBHX sapaJ(OB, J(Octat011HO CBOdOJ(Jltl,CSI 0% DOCJI8J(ll8ro tpedOBaHJ[JI, 

"He:rpyJtBO Bl!J(eU, 11%0 sapaJ(H 1tBap1tOB paBl!lil ! I IIIJIH O tOJll,ItO B J(Byl: c.11yqaax, xorJ(a. 

.-t~ t H -4:. -} ' talt Kalt J(JIH 1tBap1tOB .!.-t ~ J 
l ~ ,t, ,. 

~:. T}-t ~ ~ -ik-:r. 4 L 
,,__ - ; -t--.:, 

B OdOIIX 3%HX CJIY'!aJIX OittynJieru II Cl!Hr.118:rH 11830BOB 11oryt clan pace o:rpel!lil Kalt CHCtew 

1tBapx-aBtll1tBap1t. IlOC!tOJII,Jty 113 OJ(BIIX 3tHX ltBaP!tOB-B8JU,3H noc:rpo11:r1, dapllOl!lil 11 6apl!OBB!l8 pe-

30HaBCH, :ro B Ita118CtB8 ~YBJt&l8HtaJ11,BOlt 11ac:r11111,1 H806XOJ(KIIO BB8Ctll HapHJtY C 3%IDI tpl!DJI8t011 

1tBap1tOB, no !Cpali!Belt vepe, ell{e OJ(KB ItBapx. 3%0% ltBaP!t Od031B11KII 11epe3 i, H dyJ(ell C11Kta%I, 

ero ya11tapB1lli cuarJ1etOM, 1.1H 1D1eeM, taltl!M odpaso11, coc:ra.sBYJ) 110JteJ11> c 11emp1>WI ~yB,1;&1eB

mJ11,BHMll 11ac:r1111a111! CO CDIIBOII t I tpll Jll3 !tOtOpllX 06pa3ytl% YJ111%apl!lillt :rpl!DJ18% tf' 1 -I;,. 1 -/;;At 

a 11eneptHII J SIBJIH8tCSI ya11mpl!lilll CllBrJl8tOM. IlpeJ(UOJlOJCKII, 11%0 sapa.r; H r1111epaapa.it Cl!Br!et

HOro 1tBapxa J JaBHa BYJJD, Tor,11;a 113eectHHe 6ap11ol!lil ( N , Z , A , !=,) MOryt clan pacc110:r

peH1,1 xax c11c:rew, coc:roall{11e 113 :rpunJie:raoro 1teap1ta, tpl!DJietBoro aHtllltBapita x c11ar.11e:ruoro 

1tBap1ta, %.e. COC%0Slll{ll8 113 OittynJietBOro M8301B II Cl!BrJl8%HOro xeapxa. EapHOBHOe 11HCJIO ltBap-

!tOB :rOrJ(a paBHO 8J(l!Hlllt8, 

lia1t dHJIO no1tasauo, 1tBap1t11 HMen:r 3apaJta ! I II O, eCJIH --'c·.T 11.1111 1."'- }" ·• EcJIH 

w coxpaHS1e1,1 Jtauuoe Bame onpeJteJieH11e rH1JepaapaJta· 

'f-=-/-ttI 1 

DO 

- f 

:ro B II8pBOM CJlyqae 1tBap1t11.,ir, t., t t,).. IDl8D:r rllnep3apH,J;H ~ t C t lJ t a BO B:r0p011 

CJIY11ae llX r1tI1ep3apa,1tH P,.BHH -I, -I, - 2, coo:r1erc:reeaBo. EcJIH 11:e w xo:ro, 11:ro61,1 rimep-

sapS1Jt1,1.1tBap1tOB IIO aclcoJID:rHOYy 3Ha118Bl!ll He npeBOfXO,Jt!Ull 8,JtllH~Y, :ro BO s:ropou cJiyqae He

OdX0,!(11110 BB8Ctll HOB08 ltBaH:rosoe 111!CJIO i: ·, p!,BHOe - I ,JtJ!II :rpunJie:rHHX 1tBap1tOB, aanpHMep. 

IIOJIOJCKII JJ;aJiee· Y= -i=-i-;tt--t ,g-r. 

'ror;;a tp1i111.11enae :ItBapu_ lllleD:r r1111ep3apaJtH o, O, - I , a 38.PSIJt Q P,.BeH 

- Q.::. f}t 1-¥ 
3:ra lfiopuy.m nplllleunia :ra.JtJCe H x cHBr.ie:raoyY xeap1ty ./, , ecJIH JJ;JIJI a:rolt 11ac:r11na i:"' o . 

'ra&HII 06pa301,1, B nepBOH cJiyqae x2apu H11e1J:r cJie.itYIJlil!e aapa.r;a, rmep3apH,J;a 11 1130:ronlit1jec1t11e 

Clllillll,I ' I (x y T, T 

ii" i- -f- .i. ~. ' 
1- J., -:t" 

t"' 0 1- - J.. J.... 
:t.. ~ 

-l-/1. 0 0 0 0 
) 0 0 0 0 

CBSl3aB!llfe »e:IJ{y coclol ifi<>puyJIOI 

tx~ r,T I (72) 

Bo- B:ropou 18 CJiy'lae uapHJ(y C B3B8Ctlllllll ltBaHtOBHllll qllCJiallK CYl(8C%Bye:r e•i O,JtBO B0808 

1tBaH%OJI08 11JICJIO t: t CU3aBBOe C oc:r8Jll,HHMH ifi<>puyJIOII 

0. =- T~-1- Y-t t (7'J) - I ,!, 

ll 3i!a11eBU 3rHX ltBaB:rOBHX 11HCIIJI .ltJISI nap1tOB pnm 

Q 'f i:- T~ T 
-tt 0 0 -i. .,..L ..L 

.t :t.. 
t., -1... 0 -.i _j_ J_ ,._ 

.t.. 
t11. -:L -1 -1- 0 0 

.J 0 0 0 0 0 

Ho1oe ltBall%0B08 1HCJIO f: ma1,1sae11 cynep3apa.itoH. II0c1t0nxy ~ ' T, H 'f CO%paBJIIJ%CJ11 %0 

cynepsapa.it i:: co:r:pwu1erca. O:r11e:rmc, uo I nep1ou. CJIY'lae 110:no mxze BBecu Boeoe 11:eas

:r01oe 'lltCJIO 1:: , ouma1n11ee Clllll'HTIIHI 11:eap1t 0% :rp11n.11ermx. EcJIH YHH!apllWI CHIIMe:rpu BH

IIOJIHJl8TCS crporo, :ro aio uosoe 11:Bau:roeoe 111lCJIO :raJtJCe coxpaue:rca, :rax xax :ror.ita nepexoJt 

\ ~, .J sanpe11es. C ;;pyroll c:ropom, 11000 npe.r;no.aarau, uo nepexo;; -t,.. e ..6 .11BJ1S1etc.11 np:1-

11001 aapymeau yim:rapl!OI cmme:rpn B JIJl6UX npo~eccax CKBHHX B38llJIOJtelcnHll • . B ,JtaHHOH 

DI 



c.11y,iae cymecrByeT recHM CBH3D MeJO!Y H8COXJ:aH8Hll8M HOBOro JtBaHTOBOro qxcJia 'l:: ll oopyme

Hll8M YHlltapHOI! Cl!lllle:rpllll. 

Ilepell,D;eM :renepD K H3y,ieHl!D CTPYKTypll 11830BOB. B 060llX paccuaTpl!Baewx MOJteJIHX Jt8Bl!TD 

H3B8CTllliX nceBJtOCKaJIHpllliX M830HOB, HailPHMep, uoryT 6HTD o:ro:r,i,;ec:rBJleHH C ·coc:rOHH'llHMll CHCT811 

KBapx-aHTHKBapK TaKl!I.! :ie 06pa3011, q:ro H B IIOJtMH C :rpmI.11e:ro11 KBaPKOB C ,11;po6HHMH sapHJtaMH 

( c11.(7I) ). JlpyrHMB COCTOHHBHIIK CHCT811 KBapK-e.JITKJtBapx HBKHIITCH (1',-6 )1 (~.I ) 1 (t;. 4 ) 

('.!'lp, (lb"), (.;iA ), ( ~ 6 ). Ecnu HX cnll!B H qi!:rsocn paBHH 0-, TO w miee11 e!lli! cem 

nceB,ll;OCKaMpHHX 11830BOB: ,ll;Ba YHHTapllliX TpmIJ1e:ra I! OJtl!B yunapBHII CBHUeT. BB8Jt811 CKe.ltYJ)Dl;He 

0603uaqeB11H: ~ ) ~ ( ~&,) 
E -4 ('t.4), <,_,, (i\) I -r:- C:_ i-" I~-'> : /\ / 

';;: _,, ( ~ ,4) I Z -7 (t" 4) / $;° -7 ( i,A -d) • (74) 

B nepBOII M0Jt8JIB ll!X ltBaBTOBHe q11cJia paBBH 

6! y T) T 
f. 0 0 0 0 

G'" 1. -i. +L .L 
L .t.. 

,"C O 1. _l l 

f o i" "i" 
0 0 e, 

a BO BTopol! MH B11ee11: 1 61 '/ i:. 1; T 

E. O C, O O 0 

G' 0 () - ,., -ti A 
J. ]_ 

Z: -~ 0 -1 -.! .L 
.1. .,_ 

S -~ -i -1 o 
0 

7 ,,. 
.AHanorJ4qBO I xpo11e Jt8BHTII H3B8CTHHX B8KTOpH1,1X Me30BOB Jill HM8811 B8JtTOPllli8 11830BH t.. , 6", 

• • . . r 
'I: 11 S c mxlllMll :ie 1tBaBTOBHMH q14c.11au11, q:ro I! nceB,J,;ocxanspBHe 11e30llli e , ti, , z, ~ • 

* 1r ,..,. -0 
B nepBOI! M0,11;8JII! KBaHTOBH8 qJlcJia · 6" I! 'r ]:aBBH COOTB8TCTByDIIIIIK ltBaHTOBHM q11cJ1aM /< Ill /<. • 

0HJll .MOryT 6HU o:ro:&:,11;eCTBJl8HH c ><: - M830BaMI! ( l<!f - pe30HaBC C II .. 725 Mail), eCJII! no

CJl8.ltHl!e 1111811T cmiii. 11 'liiTHOC U 1-• Bo BTOpol! :ie II0,11;8JII! TPl!IlJl8Tlllie M83011li o , r, 6 1 6" "", ... . 
-;:.. , b l!M81JT OTJl~HHe OT HYM cynep3apHJtH. 0HB Be MOryT pacna.,11;ancs Ba 1!3B8CTBH8 M830HH 

no CHJIDHHM B3aHMOJtel!CTBHHM, ,11;a:ie 8CJII! BX ill.CCH JtOCTaroqBO B8Jllllllo Il03TOIIY B8KOTOJ;li8 B3 BBX 

MOryT J;llCDa,D,l.TDCH TOJll,KO IlO CJla6Hll B3al!ll0,11;8l!CTBHllll, 8CJII! B Il0CJl8,ll;J!HX cynep3al)J!Jt Re coxpa

HH8TCH, ll ORI! HM8DT BpelleHa D3HI! IIOPJ!,ll;Jta BpeieB U3Hll j( H '1(- Jl830ROB. 

CocrOHHl!H CllCT8M XBapxOB H aHTHKBapxoa, KOTOIJ,18 uoryT 6HTD OTO:r,lt8CTBJl8HH C H3B8CTHHMI! 

6apHOBalil! 11 6ap110HHHMH pe30BaHCaMi!, Taue MOXHO no·cTpOHU aHallOrl{qHO. Ha 3TOII Re 61,1tex 

132 

octaBaBlll!BaTDCH. 0:ruerHM TOJIDKO Ba:Wll ¢aKT, q:ro BO a:ropol! MO,ll;IJIH cymec:rByn:r 6apH0BH c 

OTll~HHMI! OT HYKH cynep3api(1taMH. Hexoropae 143 3:rHX 6apl!OHOB Jli!60 c:rallHllHH, JIH60 :i:acn11,11;a

DTCH T0JIDJt0 no cna6HM B3aHMO,ll;el!c:rBl!HII. 

B paccv.arpHBaewx l,[0,11;8JIHX C qerHpDMH KBapltalli! DOJIH08 BHp0l(,lt8Hll8 no.Tpi!II ltBapKaM t;, t;.,, 
t ~ DpHBOJtl!T It. yl!l!TapHOI! Cll!l0,!8Tpllll! CHUBHX B3Allll0Jt8IICTBllll. EcJIII :ie HM88?CH IlOJl!IOe BHJ;Z)l.e

Rl!e no· BCeJl• qerupeu· Jt!la.pJtaK, ?O HMe8T MeCTO 60J1ee BHCOXM CHMJl8TpM - ClllQl8Tpl!H 5 !,!JV 

TapmRa Ill TenJll!lla, MaKH, Xapa, BJUl,ll;HMl!PCKOro Ill AP• 

§ 3. Mo!eJIH c H8CK0JIDltllMII Tp11nxera:u:H KBap!tO] 

· Tpy,i;ROC?D c Jtp06BHJlll sapa,11;a1,111 11 dapi!OHHHMII qgcJiaJll! MOXHO mue npeo)tOJl8tD, 8CJIJ! npe,11;

noJiarau, qTO :3JlelleHTapHHe qacT11nH 06pi3yD?CH H3 R8C:S:0JlbJtllX rplUIJletOB cj>yHJtaK8HtaUHHX qac

tl!ll- 0,11;aa H3 1,10,11;eJ1el! m1toro :r~a llHJia npe.JtllOXeHa lllBBHrepou. B no~ w,;enH cymecTByDT ,11;sa 

¢yHJtl!Jl8HTAUBHX TpllDJ18ta:ljlep11110Bl!hll! tpl!Dl18T r~ C 3al)J!JtaMH - I, 0, 0 I! 6ap1!0BHl,l:U: qJ!CJIOII I, 

I! 6030Bl!hll! Tpi!nl!eT <f~ c 38.PH.ltalffl -I, o, 0 Ill 6ap110Hl!hlll qHCJIOM 2. H3BeCTHHe 6ap1!0Hl,I 

tor,11;a 1,1oryr 6HtD OTOlE,lt8CtBJl8HH C COCTOHHl!H:U:11 Cl!Ct8M y:r~~ , a 113B8CTl!hl8 M830BH - CJ!Cte-
,..,,. ~p , 4-+ 

)l!U(' 'fr 'f,.. J!Jlll <t y,A • QqeBH.JtBO, qTO B JtJUIHO:U: CJiy,iae BaPHJtY c OKTynJletaMH 6apl!OHOB ,: , 

DC8BJtOCK8.JlapHHX H BeKrOpBHX 1!030BOB )tOJIXHH cymectBOBaTD COO?B8TCTByD~H8 CBHrlleru. B qacr

H0Ctll,Jt0ll8R cymecTBOBAU )t8BUHl! 6apl!OR C Jf;:: :i \ T::,o 1 'f=o I IQ=. o • 

B l,IOJt8Jllll lllBHRrepa HMeercH raue B8KO:ropoe H0B08 COXJ;llRHD!ll88Ca KBaBTOBOe qHCJIO,OTJIHqaD~ee 

¢YH.itaM8RtaUl!hl8 ¢epMHOH fol. Ill 6030H 'f~ I! CBJ!3aBHOe C OCTaJ!Dllhl!.IH KBaH?OBHMII q11cJ1aJ,1II ¢op:u:y

JIOI! TllllfL (73). HapHJtY C 1!3B8C?HHW! qact;inaMH, AM KOTOpHX 3TO HOBOe JtBaBTOBOe q11CJIO paBHO 

HJJII), cYJ119crsyDr Taue MJllDTHDJierH, JtJIH :s:oropax noc.11e.1tuee He JaBHO Hylll). HeKoropae qacrHUH 

B arHX 1,[JJIDtlUIJierax CTAdHnBH, no KPAl!Hell :u:epe, OTHOCJ!T8JIDH0 CJ!JIDHHX Ill 3JieKtpO:llll.rHll?ROrO 

B3aHll0,11;811CT Bl!I!. 

JlpyrHMI! MO,lleJIHMI! 683 .JtpOdHHX 38.PH.JtOB HBJIHIJTCH 1,10Jt8JIII C TpeMH ¢ya.itaMeBraJIDHHMH rp11niera-

MI! co cnBHOM "i' • IlOJtOdHHe cxew 6HJII! npe.it.110J:8HJ,I EoroJllJdOBHM II .ltP• II Hau6y. 0603Haq111,1 <PYH

JtaM8HtaJlhHJ,18 qacTIIIUl qepe3 'r~ 1 ~ol. Ill ),1.. 1 ~ a .I,213. Ilpe.itnOJIOlEl!M1 qro HX 1!30TOill!qecKl!8 

cn11BH T , 3apua ~ • rr.inep3apH.1tH 1 m 6apHOHHHe q11cJ1a j, JaBlll,I 

G.. y B T, T 

1, {. -I A ._ l L 
L L 

,1 - l .L 

'\L 0 ~ .l .l 

'\, 0 0 -1 0 0 

c., i 0 ,1 
,., i l 

L 1_ 

"'.t 0 0 -1 _! J. 
.1 L 

<-, 0 -i -1 0 0 

A, 0 0 -\ ~i A 
L 1-

AL -t 0 -\ _1 
J-l. ,_ 

-..\ .1, -i. -i. ~ 0 
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BBe;;eu el!le 0,l!;BO XBaBTOBOe tll{CJIO t ' paBHOe O ,l!;JIJI 1,1.. I + I ,l!;JIJ! 'Co( I! - I ,ll;JIH ,Jo( .Tor;;a 

( ) 
~;.. ~.1.. 

llll8t:..' l(ec:ro ~puyJia 73 • B :nol! llO,ll;eJII! M830!1li oro:r;;ec:rBJIJ!llTCJI C Cl!CT8Wl(I! ~ j , 'l 't,1.. 

H 1"' ,Jc/.. I no WlaJ!OrHH C 1(0).8.111,ll C 0,ll;Hl!I( TPHnJlerOI( (. Cl(. (7I) ), a tlap110!lli f :i + ll tla

pHOBllU8 pe30HaBCH -}- ... - C Cl!CT81(aJIII rpex cpy1u:a1.18BraJll,BiiX tiaCTl!q ( 1,1.. 'C) •l,y-). IlpH 3TOJ.! YBll

rapwe qacrl! BOJIHOBHX lpj'l!lt~l!ll 3tl!X Cl!CtBJ.! OtlJiaJiaDt :raKHMI! ze CBOJICTBalll! Cl!l(l(eTpHH OTHOCl!

reJll,HO nepecranoBox cpyn;;B.Menran1,mx tiacr~, tiro I! a uo,i.eJII! c rpHnneroM xaapxoa c ;;potlRHl.!l! 

aapa:;;aMI! H oapHOBl!l,IU 'll!C40J.I (cu.§ I). Hnatie roaopa:, BOJIBOBaa: lpj'l!lt~Ha: ;;exyn.11era CHMM8TPl!'l-

na ornocue.11no nepecranoaox 11n,i.excoa ti , 'tp , 1>1, a BO.IIHOBBJI iliYH~.11!1 oxrymrera noJ1yqaer

ca: nyrel( CHl(l(e:rpHa~HH no o;;noll nape Hn,i.excoa H aa.rel( anrHcHMJ.1erpl!3a~1111 no ;;pyroJ1.0tlo3na

qHJ.1 qepea Q
0 

, Y., uarp!U!H sapa:;;a H rHnepsapa:,i.a xaapxoa a l(O,i.en11 c o;;Hl!I.! rp11nJ1e:rou, a ~ 

y
1 

, & .. , 'I._ , 6<~ , 'i, - ?,6tp~H sapa:,i.a II nnepsap11,i.a cpyn.JJ;auenra.111,mx tiacr11q B pac-

cua:rpHBael(off uoJJ;enH. Mil 11weu coo:rnomeBHll 

IIoa:rouy 

tQ, ~ lxo + 

&~,,. a. -t 

Q,6""- Q,-

L 
~ I 

.i 
;, 
t. 
~ I 

Y, "' Yo+ f 
y,._ "'- Y .. - .i I 

? 
y,d ::. ¼ - _j_ 

.? 

tQ -t lx-t.-t- ~,4"' ~ Ix. J , 
y'\ t y'l f y,J -=- .; y . 

Orc».i.a cne;;ye:r, no CHcrew ( 1~ '<-f> <>-y) lllleD:r raxHe ii:e sapll,ll;H II rHnepsaps,i.H, uo a coo:r

ae:rcrayol!lll8 CKCT8W xaapxoB C ;;potlm!.111 sapa:;;aMH I! tlapHOH!lliM 'lllC.IIOM B MO,i.enH C 0,l!;HIIIL TPl!Il

neTOJ.!. HeTpy,i.HO yaiu;eT1,, '!TO tlapHOHROe 'll!CJIO II 1!30TOnH'leCKl!e cnHHU COOTB8TCTBYl)l!ll!X cmcreu 

,i.ayx uo;;enea raue paam. Tax1nanpllllep, a uo;;exH c o;;al!I.! rplll!.11eTOM w Hl(ee1.1 cne.i.yol!lee 

OToz;;ecTBJ1eBHe ( f i, t: t.) 
ll+ .. _::.(ijtit-f), Q-::. (i-}.i-/\-1:-r-\ y+- ~ 1:-,+,i-J,,++ri-r-r+ Art; 

11 T.,11;., a B uo;;e.1111 c Tpel(JI TpllllJ1eT&m 

t/ =. (,. "• J1) / fC-::, C,~ 't' .&~) y t= ,L (,, 'l~ ..1., + ~· '(~ .!1 +- t, "'• ') 
I 6 . J 

I! T.,i.. 

B paccuaTp11aae1.10J1 cxeue c Tpel(JI cpyn;;aMeHraJ11,mlll! TpHnJleTaMH noxHoe aupo~eHHe no tiac-

Tl!qal( B ltaJ:AOI( Tpl!mleTe npl!BO.J.l!T It ynHTapaoa Clll(l(8TPl!H l!JII! TO'IHee - ClllLMeTpl!l! S l{(y@ 

S t,H .,) (ii) 5 Lt (;) , a no.11Hoe BHpoz;;eBHe no aceM ;;eaa:rH qacT~aM cooTaeTcTByeT CHMlleTpH11 

.s U.(j)• IIocJ1e.J.Bell., nO-BIQJ;l!llOKY, He CYJl!8CTByer, Hill ona aapymaeTCJI B8C1,L!a Cl!JloBO, Tax xax 

a npoTll:BBOI( c.11yqae CYJlt8CTBoaa.11H Ou 11acrHI1H c neHYJl8BHMI! cynepsap11;;aMH i: c uaccaMI! no

PJIJtita wee tlapHOBOB H 1.1esoaoa, npneu 3TH tiacr1111u c l f o ,i.0J1:E!nl <lHJill tlu polr,llauca a 

nape npl! CTO.ll!tBOBeHl!I! HYJtJIOBOB ll uesoHOB .i.ocraTO'IBO BHCO!tl!X 3Beprl!"· 
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PacCl(OTpl!U, Raxoae~, 1(0,11;8JII, C ABYl.!JI TPllllJl8Tal(I!. io1 I! .:A CO Cnl!HOI( 1- , npe,11;.IIO:teHHyD 

BaxpH, Hya:ro11 H Baa XoBOI(. B aToJ1.uo,11;eJ111 cymecuyeT raue aoooe coxpaasllmeeca xaaiiToBOe 

'll!CJIO i:: • KBaHTOBUe 'll!CJ!a i:,yn;;aueHTaUBUX qacTmt paaBU 

~ 'I r ,, T~ T 
l. 

l . 
1 ... .l l. 

j, . 1. ~ I- !L 
~ _.l j_ 

0 i !,_ ~ '-- .L 
1.z. "~ ~ 

0 -!.'.-
J,. ,t 0 0 ,, 

~ 
~ 

'!.i 1- -!. !t. 1 .,_ L j. 

' ~ L !L 

'l..z. 0 -!... !L 1 
-.!. !-

~ ' t. :_ 

~ 1- 1 !L '\ 0 
7 ' 

0 

HeTpy,1tno npoaepl!To, '!TO a aTOJI cxeue 1(8301!1,l 11oryr <luT1, OTOlt,l!;eCTBJlellli c cocToa:Bl!HMH 

c11cTe¥ ~"~ HJ!ll ;;:-"-'t.f' , a tlapHO~ H dapHOBBUe pesoaaHCU - c11creu ':t:'\lp1t'• 
Ha OCROBe afolt 1!0).8JIII Baxp:z, HyHT H Ba.H XoB .npe,ll;JIO:El!JIH CIUlllJl81tTll'l8CltyD ClllDl8Tpl!ll s,.,r~;, 
tlo.11ee·mHpoxyo, '181( yn11TapHaa: cl!MMeTpHa. 
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CTpyMHHCKHl 1 

\ I'JIABA lY 

Ylll1TAPHAf! CID.!METP!ffi If Cl1JII,JlHE B3AlfMOJ!EiiCTBiffi 
I. TPEXJillHEfilillE JIArPAHlKl!AHll If TPEX'IACTWU!HE BEPllIUHH . 

§ l. TpexnHHBHHHe narpaHXHaHH B3811MOneilQT~H~ 

B TBOPHH_ H30TOnHqecKOH HHBapHaHTHOCTH CYlllBCTBYIDT COOTHOillBHl!l! MBXAY KOHCTaHTaM~ CBH3H 

AllH qacTHU B OAHHX H Tex ~e H30T0llHq8CRHX MY»DTHllllBTax. Hanp11Mep, BCB KOHCTaHThl CBH3H :JC -

MB30HOB C HyKllOHaJ.IH BupaxaJOTCH qepea OAHy npOH3B0llDHYID KOHCT8HTY, H narpaHXH8H B38l!MOABHCT

BHR Ji - MB30HOB c HyKllOHaMH mieeT BHA (cu.rnaBy rr, ~OpMynhl (65) H (67) ): 

-I .... <l "" -N ~ Al • (I, • N ~- N 
c/..11NI'{,, .,,11,d'ltNN 7t.,t IV.._= "o7<Ntv1v,.; ~ ' 

AHanoruqHO, B yHHTapHoli CIIMMBTPHH KOHCT8HThl CBH3H A»R BCBX qaCTHU B OAHHX H Tex xe YHHTap-

llhlX uynDTHlllleTax CBR38Hhl MBXAY co6ott. B KaqBCTBe npmiepa pacCMOTpllM TPBXllHHBHHOe B38HMOABH

CTBHB OKTynneTa·nceBAOCKanapwx UB80HOB C OKTynneTOU 6apHOHOB 112+ •. 8TOT narpaHXH8H 'RBllRBT

CR HHBapHaHTHOll llHHeliHOH KOM6HHaUHBH npOH3BBABHHll THna 
._o( "( 'l: 

B~ 1s- .BI. p s 

rAe 8 - ronHOBal! g)yHKUHH 6apuoHoB, B -conp~eHHaa K B ronttoBaH ~yHKUHll, a P - Bon

HOBaa g)yHKUHR nceB;llOCKallHPHhlX MB30HOB. KaK H3BeCTHO, Alli! o6pa30B8HHl! HHBapHaHTOB H3 3THX 

npOH3Be;zieHHff HB06XOAHMO npOBBCTH cyuuHpOB8HHB no BCBM napaM BBpXHHX H HHXHHX Hll,llBKCOB. He

TPY.ltl!O YBUAeTD, qTo cy~BCTBYJOT ABa paanHqJlhlX cnococ5a CyMMHPOBaHHH, B peaymTaTe ROTOPHX no-

nyqaeK llB8 'HB.38Bl!CHMhlX HHBapHaHTa o< i , 
-B.1. 'I. BP Pi ±- Br "i B P . 

~ , "I. o( 7' 5" ~ .,( 

TaRHM o6paaou,.B YHHTapHOH CHMMBTPHH Tpexn11Henwn narpaHXll8H B3811MOABHCTBHR ORTynneTa nceB-

llOCKanRpHhlX MB30l!OB C OKTynneTOM 6apl!OHOB 112+ 38BHCHT OT AByx npOH3BO»DHhlX KOHCTaHT H l!MB

BT BHll 

j_ P~f, ;: i_ F [B~ t B,( - B°'r. J3~J p' + i. 11 fBtr 13"+ if'rlJ 0 " fi,} r s- 1 p • -t ·.i. . fi J l 1 s , , s- 1 1.o( • 
(1.) 

KaK H3BBCTH0 1 MR ?llHCaHl!l! OKTynnBTOB ncell,l(OCRaJIRPl!liX MBSOHOB H 6apuOHOB l/2T MOllCHO 
'o( a( 

llOll30B8TDCl! BOCDMHMBPHWm BBRTOpal.lH B-... H P , -i. = 1,2, ••• a, B11ecTo cnuaopoB B 11· P,, .., f I 

(CK.rnaBy m, ~PMYJ!hl (44) H (45)) 

~ .C ) (¼ I .( ( )f 
P.;. = fi, pp (A. J. I I\~ vi ~p A.; o( j P

o( ~ o( p 
~"•'-(A;) . r 11 r ,. I 

o( 1 ,( 
13~: ff(A~), B..: 

TorAa T]l8Ui1Helm narpaHXHaH B3aHMOAeliCTBHR KOXHO nepenHC8TD CllBAYIDIIUlll o6paaou: 

t _ i. '\..F B. 3's- f\ P, Sb (r ,l. A.J 1) 
V&& - 1t a .. o ,., r. L .. , J' "l~ 

T * JJ> :s. )'5" ~ p{c; sr ( P-i, ·\J "~) . 
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TaK KaK 

-[ J..· A·)-~, J - .t..'.;j';ift_ A.f,,, , {A.;,\} "" .t,,l'j°fv A{<,+ * S"'J , Sr-"-: .Ai=~sj 
TO JIU 1111ee11 

sr-(lA:,,\J Ai)= Jt_;_f,.-1,. 
OrcD.Zta nonyqae11 J 

sf ( t-l;, '\ \ .A~J = .It- ..tr-

i. -
l'B.B -

F - D -

- 6 fi"- B. ~- Bj .P"'- + ;. er J.i-"- B. "tr; Bit" f-1<. • (2) 

Hanoua1111, 'lTO 11s ,tByx TpeX11epawc BeKTOpoB rpynnu SU.(2) IIOlltHO o6pasoBaTI> O,111a BeKTOP 

nyTell BeKTOpHoro YJIHOllteHl!ll_ C KOa\W)111111eHra1111 e,=ijlc. 

- LA" s]..: = t.i"'- A-i 1',t,_ • 
B cny-qae Boci111111epHHX BeKTopoB rpynnu·SU(3) m 1111ee11_11aoe nonozeaHe: 11s ,tByx Boci111111epl!liX 

BeKropoB A~ 1,1 Bj 11OlltHO o<5paaoBan ,tBa BOC~lll!11epl!liX :rieKropa ,tByilll cnoco<5auw, B KOTopwc Hc-

noniaymcl'l K08\T!qiw11wears :f-.:J-l 11nw cl..-i'- · 

[A){ a J; = :f::i·"'- Aj- B * , [Ax l J: = cJ.i{,_ Ai B1,. · 
B COOTBeTCTBl!l! c HaaBaHlilll,lli KOSqiqilIIll!6B~ BeKTopaoro yuaoxeHlill nepBHA Tlin CBHS!i B (2) Ha-

3HBaeTCH rwno11 F , a :riropoA - r11no11 1) • 
B Teopr,m l!SOTOlll!'leCKO_A IIBBapl!aHTBOCTl! Tpexnl!aeaaua narpaHDaa Bsaw11O,1elCTBl!H nceB;AO-

. '. ' 

CKanHpHllX 11eSOHOB C (5apHOHalll! I/2+ CO;ll8plltHT I2 aesaBHClllllil 'lneHOB H,~ne,tOBaTenao, I2 npo-

HBBoniHWC KOHCTaBT (011. rnaBy rr, n.rr, § 2). B JBl!Tapaol CHlllleTplll! 8TH KOHCTaHTH BHPBJtaMCH 

-qepes ;l!Be HaSBHCHJIHe KOHCTaHTH 5 l! ~J)B (I) HD _<2). 11TO6H llliATII 8TH BupaJ:6BHH, ;llOOTaTO'l-

B" I). " ao no,tcTaBHTI> B. (I} 11arpm:ua1 -, v 1,1 p , ,1aaa11e B rnaBe m~ n.rr, § .2: 

6' i ..\ B .., I/ r~ A o"' r 3 - r/ 8" -=" ' '.t -::, ,=--n I.(=- .(+(8" 1.) B ... =- .. , ,=__.=-.e. """) 
. .P" ... ..!.. '3" p~ - I< P" - I-<"= .e-..1, K P~ 1 

!" - ~ i , 
Ilony-q1,111 ror,1a: 

,f, = ](i ... " 2 ' 1 ... - ... / !, - ' 

J_ -
!'l'>f> -

F .. _..( "'-
~{i J 1T;._ 1, J1..,4 + ;, ( p F) 

{i. a- -a/ rr ._ M o.. t;. tic 

+~ ( D F) u a ... 3/ 
-rrc::i""°v"'" 

Cl. -~ [!~-./ 
+ ~ D 

eJ 
1T: l -X r5' 2:.: ... ~: r, ,, ] 

. ,ri" D '"' L. ,( ;_ ( F p) -" v .r -+-"'.Vio ( L,40, " - ~'13 ~3'+3' C N o,-1v,. (3) 

_;_ ( F- D) :::, "o"' ..;•f'i q_ l> A_'/ Jo... 
+ .t~ ;o -o / 2 ..J ,:r-' ~ VT " t , 
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~ ( p F-) -" ~-' ;_ ( p ) ~ - .I. 
+ fi ,1" - 3' K, "l.," 'f, ;::, + l'i• 6 - 6 F- l< .. ~" ¾- 2: °' 

ct ~ (j'p-t OF) K .. N.t. fr l; + ~ (J p+ a') 0- i:." x r✓. (i " , l 

;_ ( f 0) K At. ""' -- ;0+3-· ~ ,-..J 

1.13 
. ( f ~ 

- .±-. ~3+g,P) K"3r. 1\ 
,.:(j .. , . 

_;, ( F O ~ -, )'. i. ( f o ) ~ +(,; ~d -a, K.._N ,A + - ;,1 -a--_ l<"A3: /II_ 
.t ? l~ ~ " 

CpaBBHBaH 8TO BUpalKeHHe C onpe,1eneHHllllll 11:OHCTaHT B TeopH_H li3Ol'OHll'leCKO!l IIHBapHaHTHOCTH 
. . F- D 

(011.rnaBy II, n.Il, § 2), ~s nony'lHII BUpaJKeHHH nocne,tHHX KOHCTaBT -qepea d 1,1 ,1 

1 ( 0 F-) 
},rNIJ::. L 3' - J I }'if3!, =-

~ ( p F-) 
;:- o' +.J / 

~ ( r P) J_( FD) (4) 

~'2_/'IN""-1.~ 7;)'-+t I J2::1$ = .t~ "a- -3- J 

F 

~zr_ :a ff :J-
0 

}-n:1::;:: J I / 

j-lM = -ff 6 
1) ...L. p 

:}11 'Z.>.. 
~ 

66 I I 

~ ( p / 
}k.'I.N = -; d t- J / d'J<.I.:! "'-

~ \ p F) ,:- d -a, I 

if ~AN "' 
j_ ( F D) 
1~ ?a -a- , d' - _.i_ ('J F f)) . 

1(.,\5 - .t~ 'J + 0 . 

!HanOrH'lHO, ;llnll TpeXJIHHeAHoro BBaHIIO,tellCTBHH OKTynneTa H CHBr~eTa BeitTOpHWC uesOHPB C 

OKTynneTOJI 6apnOHOB 1;2+ 1111ee11 

;i_ }!_ F [ -~ ,1 -o< ~ J T 
v P, & = ii f BT ~ Sr - S ~ ~ f> 1 ( "r ),( 

+ ~ f O 
[ B! is;+ i; ~ s~ J Ct): 

(5) 

+.i:...-ts 1""1 sP ..,o 
ii, p.,...,1- .r J 
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rAB (v,.); ll ~ - BOnHOBHB <JiYHKUIIII. OKTynneTa II CIIHrneTa BBKTOPHUX MB80HOB, 0TCll,lla 
.4 • 

nonyqaeM, yq11TUBaH CMBfilllBaHIIB COCTOHHllA 'f - It QJ_ MB30HOB, 

q, - .!.( p F) 
Ofl'lN - l/ f - 4 I 

;i,.,,-,,. '°ii,c.ose-f\~/.;_tl (3(+f°), 

}~NN ::~s.;,&(- ~ o,S-&-~fFt-fp)/ 
F 

}JI.I. "' .:f- I 

q, "'.lus e- l ~-II.&.;. I} f P 
ow~:r ,._ 1 r; / 

t"'"" "'7f c.os&f s-+-v-}-'~• f D / 

3-,tw"' ±Cr~:fF) 
.L /, F I)) 

J'-• i'rJ "' .d~ ,~1 - f 

Q_ - .L(·fp F-) 
df~ 3 - !., ,t f I 

·tt 4 · f.s ~ , ( F n) 
c1"';:~ "' fi. c.oS& -~ $.., ~ ~f -f • I 

'l,H ~ ..!..s.;,e-f~-+ j_ us ♦--c~,F-fo) 
O'f • ., fi J.t3 r J 

• 0 (6) 

1r:z:""" ~ f , 
'I.- .i. · "f s .~ .( D 01zz,, ii,,... -+- rr cos ♦ T I 

}TM= 7f $.;. "f-ftc.os#f-P J 

}1<-~I~= -i-(f
9-f/ J 

J"-"A~ = -;~ (~fF-t-f :J. 
PaCCMOTPIIM, HaKOHBU, cneACTBHH R -IIHBapHaHTHOCTll narpaHEllaHa B8alll(OABACTBllH, TaK KaK 

6~ BBKTOPHHB IIB80HH 118 OKTynneTa 11oryT pacnaAaTDCH Ha ABa ncBBAOCKaJIHPHUX: MB80Ha, TO llX 

qeTHOCTD paBHa +I. CnBAOBaTBilDHO, npa R. -oTpaXBHHll llX BOilHOBHB <liYH~llll npeo6paaymca cne-

AYllll(IIM o6paaoM: " _4 p 
RV~ R. ,,. - V.1. 

c ApyroA cTopOH!l, rrpa R - oTpaxeHHH 611nuHeAl!lie xo116eau11u BOilHOBUX <JiYHKUal! B rrarpalll£BaHE! 

(5) npeo6pasyDTCH CnBAYllllll!M o6pa3011 

r -o( ~ -r "' ) _ 4 

It \B~~B~:t. ~,t. Sf R -== (
-i t -p i ) 

± Br,tBo1:cB.._~Br . 

11 
OTCIOAa cneAyeT, qTo narpaHxHaH (5) R -l!HBapaaHTBH, TOnDKO ecrra ! = o. AHarrorHl!ao, B 

I J F O . 
saBllClll.lOCTH oT 6, -qeTHOCTH nceBAOCKallffPH!lX 11esoHOB OAHa aa KOHCTaHT :J H d B (I) paBHa 

HynJJ, ecna 3TOT narpaHXl!aH llHBapl!aHTBH OTHOCllTBilDHO R_ ~rrpeo6pa30BaHl4fl, OllllT noxaauBaeT,qTo 
p 

o6e 3TI! ICOHCTaHTU oTnl!qllli OT HYJIH, npHl!BII j ~.F ~ ± , STO OBHaqaeT, llO-BIIJ!HllOIQ', qTO B 

'ABACTBl!TBnDHOCTI! R -llHBapl!aHTHOCTD He 1111eeT IIBCTa. ~pyrllll aprYJ,(BHTOII B IlOilDBY 3Toro aaltlIJr 

qeHl!ff HBMBTCH TO, qTo R -llHBapuaHTHOCT» Tpe6yeT, Hanpl!Mep, CYJ!lBCTBOBaHl!H conpiuteHHOro AB-· 

KynneTa Dco,3) BIIBCTe C 'ABKynneTOII 6ap110HHHX peaoiiaucoB f) (3,0), TaK KaK OAHH HS BTIIIX 

11yn»TanneToB rrepexo'Al!T B Apyroli npn R ~npeo6pa30BaHHB, a Taxoro conpueHaoro 'ABKynJieTa AO 

cux nop e~e ue 6uno o6uapyxeao, 
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· ·. ~ § 2. C~oT;om~Hl!lJ ~Bllt,ll;Y KOHCTaHTSMII :pa~na~oB pe30.ua~COB 
_•_•, __ T < ~ "~- • .-<.., --• ' •: ,.,,. S /, C • ·••• •• •/_•~ .,-' .,...• \ ,_. ::.• • -,.~ 

';Ilpl!IIBHIIM Tenep» paaBHllll B ·IlPMll.ltYJ!lBII rraparpaipe IIBTO'A IC 1!3yt!BHl'lll COOTHOmBHl!A Mellt,lly 

: • iip~CT~HT~ pacria'AOB ue;o~~ I! ~apl'l~H!WX. ~80HSHCO~. ' ;acc110Tp1!~ cuaqarra pacniAH Bexropiioro 

. MB30~a 'w0 
t HBilHD~erO;H 'yiiaTapllllll CHHrJI~T6~~ H; 'A~a IlCBB'AOC~HPHUX.J.IB30H~ ~; OKTy~era •• 

.· - '... . . ' . , . . _, \. 

.lfaTpaq~ull • a;eueHT, l'l~Bapl!aHTHbtl! OTHOCl!TB.lII,HO ~p;nllll S IA.(3), • llM~eT. CJIBAYJJIItYB). yu11iapHyJJ. OTPYK..;. 
·Typy•;••'· '_ ::."'.:...-.'. ·. • .•··: .. ·<,•: .. , .·· _·: ·,_, .. , 

• .· Mw;➔:rv ='> ·f:''~~r;c~./v!<,~r=· f w•(rJS{[ PC1,:J 'f(,,Jj\ c1>. 
'/.. . 

',rAB ' ·, I! - 111, -· l'lllllYil»CII _nceBAOCK8MPHHX·IIB80HOB, 

npJsapH~OBOll·C~;~HXeHl!I! (; 3TOT ua;pltqHIIff ane11e~T-l16HHBT aHaK, 'TaK KBR.·.· 
• , -~ . _, , _ _ .-·_ O ·, . - ~ - · . • • o(. -1 '' p ~ · , . 

C ..,. C "' - ·"' . · ,. ·. ·C. .p c ... '= P J 

. - .. . .r, . - .·· "' 
(c~.rJiaBy' m, ri,II/§ 2)._ ci;e,.llOBaTeJI»HO, TpB60B8HI!~ ~irnapl!~H;l'HOC~_l'I 5 -~aTPt:UII OTHOC!!TBHD?O sa-

PHAOBOro conpHllteHl!H, T
1
.e . .' coxpaueHl!e C-qeT~ocin,' aanpe~aei pacn!l,ll B8.KTOpiioro Cl!H,:rReTa w~ 

· Ha ABS nc~B'AOCKaJlHPH!lX 11eaoaa, TaKOli lite .aanpeT AaeT: ~-P36o;~He CTaTl!CT,llKI! ~oae: no;Hal! BOHH.0· 
\ . ;.·. : ,, ' .· ; ·'· - - . ·'. - - . , ' . ,"',_ ,-",-- _.,- . ·: - , . 
Baa·<j)yHKUllH O]lllHSKOB!,!X 6030HOB'.caweTpa~a O!l'HOCl!TenDHO nepecraHOBOK_.8Tl!X qacx11u. Tax. IC8K Alll: 

.. ~ 

IlCBB,ltOCKanHPHillC MeBOHa~ pOllt,llallJl{l!XCH B. paCil!l,ll~ BBKTOPHOro 1188~Ha, HaXO'AHTCH ~, f' -cci'CTOHHHI!, ; 
~: < f- • - ' '. -·, - " ' • • ,- / ..• _· , ' 

'npOCTpaHCTBel!HBH 'lac T:& HX 'BOJIHOB?ll <j)yHK!ll!l'I .aHTHCIIIII.IBTP~~a OTHOCHTellDHO ~e pecTaHOBKI! nCBB'AO-' 

· ~xanapuwc MB30HOB, TO YHl!TapmiH qacn BOilHOBOll <liYHKllHI! AOJDB:Ha 6uu· TBltll!B aHTHCIOOlBTPHl!Hdll~C 

"'..\1pyrol! CTOpo~. yHl!Ta~aa q:a~n-(7) MaTpl!~Ol'O 8Il~IIBHTa-~cn!l]la· w 0
~ p_,. p:cn~e';p~qHa' o;-. 

iioc~i~n;Ho, nepe~TJHO~Kll. nceBAOCKan~pHmc 11e';~HOB ( 5 r [ Pc'l:)W,LiJ::-5r [PC,,.) P(,.)]> B .ripo_T,l!BOp~~l!ll 

. C BUBOAOII' 0 TOll;-qTo YHllTapHaH llacn_ BOnHOBOl! <JiYHKUHll aHTllCl!IIMBTPllqHa. TaKl!M 06pa80l11 Tpeooiia 
., S C --- < - / ' •' i ' j • ., ~ ,. : • ,• 

, Hl!B -CTaTl!CTllKH·Boae Talt!l!B aanpe~aeT pacna,ziu Cll!Hrll~Ta ~· Ha' .iiBa IlCBll,11C:cxairnpH!lX 11eioaa:: ,· · 

.· -~ _½w~..;~P~"oc•:,·. ~-,(8)·,. </,:>_, 

, Auanorwrno, 1!3. c~ -l!HBapl!aHTHOCTI! llllll · 118. Tpe6oBaH!)'.fl CTaTllCTllKH Bose: cne'AyeT, • qTO B pacn,!l,lle '. 

OKTynneTa B8KT0Jl!IUX: .IIB80HOB Ha 'ABa llCBB'AOCKMHPl!blX 11e~0Ha 113 ORTYilHBTa 'AaBT imn~A TOn»KO CBl!83 

T;na • F- , -~ xoucTa~ka .CBl!81'1 ;una • D paBHa H
0

YllD, T.~·. · _ ·-.. 
_,. ,, , ' · ... ' . / :'· .~ -·. ,/• 

· M,;➔ Vi,·;== . }_Y:Ct)f i5Jc1/P,/ c,,:) :-: P.,_"(i,,) r; (1,)j··. 
• . I ., . ' . . • ., . • . (9) ·:;_,· 

= l sy {.v(~)[Pc,,) P(~1.).:: 'fc1,.)}<1,)J}Y· :- _ 
11ell!AY f- .u "'

0
-:- 'ues~Hal!I!, ·uu rroiiyqae11 OTCIOAa KO!!CTaaTu CBH811 ~rr~ KOH-Yql!TUBSH c1.1eml!BaHlle 

. , I 
ICPBTH!lX pacnaAOB 

' : }fi➔ ,,:.,r·• ·= ~: 

'\' 

,. ,},+➔ "l = : 0 / - (IO) 

• ' .... 4 . . . 
·., 

rAe fr· - yrorr:. 
.-:- }K"'+:., f(-t,r~"' 7f :}-~ . 
'1"' -c11eml!BaHHH._TaK11M 

J }'f_: f(" ~-~ /t ~l~ ,:J:: 1 , • 

o6paaou, • B; yHiiTapuoa clOOleTpau KOHCTaH:ru .13aa11110AelicT-
• ' , - I ' -· ' - / r . 

Bl'IH 'AnH pacrr!l,llOB 'B8KTOPH!lX IIB80HOB Ha nape IlCBBAOCitaJIHPHHX IIB30HOB CBH:iaHH COOTHOmBHllBII 
'- . - . ·, I . •• , .. 

• --.,_<.· . -....: 
·/ ' 

·-~, . ~ ; 

'j-J";; ,r+ ,r'o , ~ I'-:..~ J(. 1" ,r • 

. ·--~, 
}'f_:,f(;K ___ =- :L:.-;; ,." .. · 

· ffC:.sll-
~ J 

(II) 

' • \ I_ 

?/-~ ;+2 ... -_, 
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.: \ I,_' 
<', 

~-:-.., 
, ..... /, 

,/ ;, 
,', ,. \ . 

1, 

_,_, 
".•: .': • • 'L :_~~--- •" ~ - •• ,, ~ ::-: • rf • -: • '• • I , • • 1 :.- J~\• .: • \ 

. COOTHOmeiurn 118lK.l!Y KOHCTaHT8J!H np0!\8CCOB B (I0)0 HKOHCTaHTaull ,l!pyri4x mieiilll,l!aeJWX paima,l!OB MOllti!O'' . .i' .·' ·1 
noJiy,i11;; ~3 '.113o"Ton11'!ec~oll, 11H~a~iiai;HOCTH.'.Ec;11 ·Jic~a Be~; '!ai:Tll!I B ,o.l!;o11·yal!;a;Ho11·, ~ynTIIIlJieT~ • . i 
Cillllll Cill O,l!~~aR1Blnll!, TO ;3 COOTHOmeHl!lt (II). llll IlOlly'!I!~ Cia:cpas~ COOT~O~eHHlLIIElllt,l!Y ll8p0l!T;OCT!!-·; • 

' , ., .. ' , . . _.: . ' .. - .::,:- /·;· .' ,- .· _\- .. ·: - '., ~,- ·;· ...... '.-. ''...•~-: 
·.1111·COOTBeTCTBYllllllHX 'pacna,l!OB. 0,l!HaKO 113-3a,HapymeHII!! c111111eTp1!1! 11accu '!aCTl!l\ B ltaJl!,l!Oll,IIYlILTIIIllle-

·;e :He 'paimll ll~JIJlY rioeioil, ii~He.ooxo.iim.io y,1ecn pa8HIIIQ'K~He11aTll'leCKl!X qiaKTOp0B ll ll~PallteH~H~. ll~PO:-:' ':,: I 
.• : ' ' . • • ' " ' - ' • J - '-c '. ' • . •, .: • '. 

· l!THOCTell. 'B CJie,l!ylll!llell naparpaqie_ ~y,l!yr.'no~y'!eHll CO_OTHOmeHl!l! 11eli,l!Y l!ep0HTHOCT!!III4 B npe,l!Il0;110llt8HIIII • 

·o To~/'ITO .l!llll ROHCTaHT CB!!3ii 111Je10T 11ecTo cooTHome1111!!,' l!uTe1taD!ll11e 113' ya11TapHoll c111111eTp1111. 
, . - . - . ' '. -. - -, . . . . . - ' ·1 

' B OTJil!'llle OT, IICTIIIIHO HellTpal!LlillX BeRTOPHllX 11e30H0ll -l!CTIIHHO HellTpaJIL!ible 11e3om,r 2+ · 1111eiiT . · 

·,.C •_, '!eTHocn\:r) IloaToi.iy C-11HB~p11aa;Hocn He 3anpe!llaeT .pacna,l!ll 11e30~~ 2+ ,' ~llllleroc·l! yttl!TapHlll!· 

--: 1 

;;. ·- , ; ' ' • .·_ • 

0

1 • - 1
0

·" - · ,,. · . · · ·' · · :..,_ · 'r :· · \ , 

_ 1 . ~11Hrlle;o11 ~ oCio3Ha'!aJO!llero.~l! qepe3, w, ., :Ha ,l!Ba .nceB.l!OCRB:JIHpHux 11e3_oaa 1!3 OKTYim,eTa~ 3T11 pac- ·. " 

na,l!H,Ta!Olte He 3anpe!lleID! ,TpeCiol!aH~ell cTaT11CTIIK11-Eo3e, nocKOJILKy poli,l!aDIIllleC!! nceB,l!OCRalll!PHlle 11e- • • · 

;~Hll H~O,l!!!;Cl! ~- D·-cocTO!!HIII!;· II ~pocTpaH,CT~eHH~il qacn ilOJIHOl!Oll IPYHR!llll'I .ii~yx-·nceB,l!OCRall!!pM . 

-: ~~30HOB: cJci11eTpH'!Ha; MaTpll'!Hlltt 8ll;lleH; pa~c~aTp11Bae1mx pacna,l!OB PI11eeT,_cire;1tyDeyD YHIITapHyD CTpyK• ~ ;_ 
-- • .. • ,. - > < • - ,,:._ .... 

, ·. TYPY.: , - M,,. · j:: .::r ..... 'i&srLP(1,).}(1,)J.· 
(I2) 

V 

.,,.,. •, . _ - '."'~=-'PP. . : 
1 

· ·· ·, ~. __ . ·.· 

. qTo· 1tacaeTCl! pacna,l!OB .ORTynJieTa .lle30HOll 2+, Ha' nap1,1 ncel!,l!OCRIU!l!PHllX 11830HOB 113 OKTyn.ireTa, TO 113 
'• • , , .:· .\ •. '·. :, •, . , I ·. . ' ..... ' , . . , • • 

·c-l!HBap11aHfHOCTII IIJill'll3 TpeCiOBaHIIH CTaTIICTIIRll'B03e Clle,l!yeT, 'ITO'TOJILRO·cB!!BL'Tl!Ila -D,;1taeT 

BRJia.l!• . . .• ·, . T- "-' , [ .:.:r -~ , -r -(J ~] . . " 

• .. :,MT-;PP, =. f- ~(t) P ... (~) P)' c1L) .+ P,J1£) Pr C,,) ,• : . 

·,, , .. •··~' (-~~lTCr),[P(1,) P(11r~:P<1l),f<,.JJJ • (I3)~ _ ·• /~ 
- , 1 , ' • " • -, • I I I I _ 

KaR II ll_'rllaBe m, '!aCTll!\ll Ha OKTynJieTa lle30HOB 2+ ,OCi03Ha'!l!II '!epe3 j ''' K ' K l'I '1 ° ,a 
' I fo · , . 1 f . . , '' . · . . ' · f. ;"· . · -' · ' 

' c1rnmaHalie' cocTOl!Hlll! 'J 1 11 ~. - 11epea - 'f 11. tu. Y11_HT1na~ CKem11:eaal!e ll8li.l!Y 'f 0.'.a, cu 
O

, H3' (I2) 11 
, ' . ' ·,, . ' -- ' . - . ~:. . . . -. - ~ _·,.. .· 1' ·, ' ,_ 

· -(I3) nonyq1111 :eupaJKeH11!! KOHCTaH~ CJl!!3H KOHKpeTaux pacna)(Oll '!epea ,:,. H f · · 

' . -:. ~flK+i•" f<'. ',·.' '·, i!.> + =fFf . . . , . - \ . - , , , s ~,.. l , .~~ . . J 

. · },/+➔ K",r+ " +,: '. I. , , , \ ;}~•~_; i+ =- - 1-·_f '/ c ·, •• 

,,, ·: ·.r;:. ,- .. ·,, .·,· .2. ,-u-,,. '(I4) 
'}'· +-" r'c''f_to)~-,Js..,& 1 ,q, ·::.~fsi..~+c4.use..-· 

- T-:9 n_~ ,:.. . ' '!, - i . . : , · . 'a~::"".~"~ ' : ~ . ' ' / If I I" ' 

. <LI + --·-k ft.os& .:..1s.:.e: .· 'l 'v+,.,-- '_.!. .l.s.:.e +'1.us" . , 

."y ➔ I<!<,- __ }'· ,° .t,•<1"'-.rr_-fi: .. ~,- /I 

, . ._,__,·<!. I : . ··::--, ff, .fi.o•_& -3s,.. 6 I., .· :J ... '.-,,1t --=:, •.":- {f fsc.. t;+ !J""se../ 

I, 

- , ' If 'f..,. 2Z. . ~. '~ . ' ' ,;; ' .. ' . ' . . ' ·, ', ' ' ' . ' . 
.. , r,l!e Ir - yroJI c11em1rnan11H 11eJK.l!Y . 'f "'.·II .., - 11eaoHauPI. Taltl!ll 0Cipa3011, llll" H11ee11 . cJie,l!yDIIllle cooT-:- ,_ • 

~Ofil8HJ,l!!,~8JK,i; ~OHCTaH-;a1111.-pacna,l!0~'11e8:0HOll i Ha~,l!Ba n~eB,~06RaJiilpHirx: 11830Ha . . 
• r, - • / - ' ' 

" ·1:. \ 

_q.,' . ._. -- ' _·. ,..___ ' \ ·• ' . -.~. -:1:· 
. 0f+➔·wK•'· }f~rr' . 1 1+ ,, •• J/+ I<+:" :i.:J-:-:.i:r 'J_ (IS) . , . l. i< ➔ .. ,,+, . , ➔ z , 3 .• -'' . . 

3<1., + q,, ' ~ Jt·,._;> · .. , !,.tt. ·: ~ q.•, . ;,_.J,.,i;·, '·/ _ (I6) 
:·O'f~n O'f ➔.n•~-- d'f-"_l<-,./C J ~..;'.,,i O..,➔"•1r ··. ·(I.,. ➔ /<./< j 

, I • . ' 7. , • ,, ' 

·,: J~~;+; l.t; :I ,-~~n+,,-:r·~ l 1.,,~t1-f~-1r~'~2z_ t:5-- JI?) 
,:- •-r,. ' • /' 

,' 
,,.. 

, . 142. 

·, 

--

. ._ 
'··' 

',\ 

· .1. .t I ~I -t 'I .t, 
la-.,r_..,,+,,-/ -t IJ,.,'.,,,,+,,-1 == l{•k"r' + t ... ·➔ K"irl + ~ 3-j~,,_+'i<J,crn) 

' ,,, .r:.. 
ae C'IIITa1i' 113,0TOill!'leCKl!X COOTHOmeaHll. B '!aCTHOII CJiy'lae I ROr,l!a C.o S .,. "' Vt 

I 
llll 11Mee11 · eo 

,l!Ba npOCTllX COOTH0fil6HH!!: 

}.,'.;n•n- }'f'➔ 1<•1<- => - {;, J (~9) 

"'"'' .. ~•
11 "-:r..: ... tl::: -it j1+..,,1<"'1<0 :=: i,(~~,•,r--:r'f~t.t )-<20> 

Ha COOTHOmeHHll (IS) - (20) llOlltHO IlOJiy'!IITL COOTHomeHHl! 118:1,l!y llepO!!THOCT!!IIII pacna,l!a, y'!IIT!i 

'pa3Hll!IY tpa30l!llX 06~e11ol! pa3Jil!'!HllX pacna,l!OB. 

Me30Hll 2+ 11ory'.L' paCna,1!8.TLC!! H'a nceB,l!OCKalll!PHllll II ll8RTOpHllll 11830Hll. H;3 C-l!Hl!apl!aHTHC 

H IIHBapl!aHTHOCTII OTHOCl!TeJII>HO rpynilll SU(3) cJieiyeT, '!TO 11aTpil'IH!le aJie11enTll aTIIX pacna,l!c 

paBHll: 

M -
· T➔ YP -

M.,~➔ wop = 0 / 

M,,;._,,vp 

'MT-, w
0
£ 

: 0 / 

=- 0 ·/ 

,.( L _., -t -~ --IJ 
j-Tp v,.( P1 - V1 Pol 

(21) 

(22) 

(23) 

(24) 

B _ ,l!aHHOU Clly'!,ae KOHCTaHTll l!Sal!IIO)tellcTl!IIH ,l!J!H Bcex pacna,l!Oll BllpaliaIOTCH '!epe3 0,l!Hy np 

BQJIT,HYD KOHCTallTy 

}-j~➔ fn'. u d' 
~f• ➔ wn•= 0 

(. 

:}1<-''➔ 1<*+ir• =- 6-}: ' 
}K'•_,, i,."w =- ff,.;, ~3-' I 

:,.1~-, tz ==- o 

:1-f .... 'fn•,,. o 

q_, ... "" 
OK•-, I'- J' 

:J{,.K ... l,,, 

! 
(i, j- I 

I 
fJ_ c,,i 0- I 

:J, 

4. I + -
"1 ➔ f n =:_ 0 I 4-1 :::: 0 

0 1"" "'2 

(25) 

TaKl!II 
:}c.'->.f+n-

o6pa30U1 llll 1!118811 
0 / ,-.. , ➔ "'t =- 0 

CJie,l!yDIIllle COOTHOmeHI!!! lleli,l!y ROHCTaHTau11 pacna,l!Oll 11830ll0ll 2+,Ha l!I 

TOPHllll H IlC8ll,l!OCKall!!pHllll 11830Hll 

~!'"" ➔ 1-trr•· :}K~➔ 1<•+ 11• q, , ~ • 'I.. ' + • q I Ki - -
Of<•➔ ft.y•. OK•➔ f(<u • dT~ I< -

, • ..!.. • 1.. fr.$..:,~ • fi c,,sri', (26) 
"' • .'I, • 2, ~ • ,I. 

He C'll!Tal! 1130TOilll'!eCKl!X COOTHOmea11ll. 0Tll8Tl!II, '!TO paBellCTl!O HYlllll pl!,l!a ROHCTaHT ll (25) all; 

cJie,l!CTB11eu coxpaHea11a_ G -'leTHOCT11. 

Pacc110Tp11u TenepL pacna,l!ll ,l!eRynJieTa Ciapl!OHHllX pe30HaHCOl! 3/2+ Ha ORTynJieT Ciapl!OHOll] 

14 OKTynJieT ncel!,l!OCRalll!Pl!lllC 11830HOB. Ma_TIJH'!Hlle aJielleHTll 8TIIX pacna,l!OB 1111eRJT CJie,l!ylll!llYIO YHl!l 

CTPYRTypy: 

MIH&P ~ 
--< -r J3 P D pH' 

} f • ,("(ff f. (27) 
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nna KOHCTaHT CBH311 KOHKpeTlfilX•nponeccoB Mil nueeu C TOqHOCTnID ,llO 3HaKa 

:J-t,.+ .. ....,, ,..,, .. =:. _} .ry•+__,, /1.'ff-t R 

I 
) -,;; d'" J 

(28) 
~ I 

}l ... -;, -r.+,r•"' " ,- / }3•0 _. ~--fl .. :::. ~ J-
T,e, 

4.-++ +: cry•-t , +: }. •-t .,....- : q_~Ao ,,~+::: i: 1;=::;=- :-J; •(29) cJp,...,rn. ---9/\11' y -9~7T• Cf:;; .r:,,,.,,,r ,z. ,, ,., 

OcTaRnHNe COOTHOmeHIIH uex.11y KOHCTaHTau11 Ha6nl0,llaeuux pacna,llOB HMHDTC!rCJie,llCTBIIHUII 1130TOilll-

qecKol! IIHBapllaHTHOCTII; 

B npe.11u.11ymel! rJiaBe Ull o6cy,ll11JIII B03MOXHOCTn cymeCTBOBaHIIH O.KTynJieTa 6apllOHH!lX pe30HaHCOB 

3/2-
I ~r i' ~/ · N, 1-, ✓\, .::, • MaTp11qH!le sJieueHTN paCll8,llOB STOro OKTyMeTa Ha OKTynneT 6apllOHOB 

1;2+ 11 OKTyMeT nceB,llOCKaJIHPHllX ue30HOB co.11epxaT ,llBe IlPOll3BORnlille KOHCTaHTll: 
-,.( -"(" ,p -,.(-~ ,,. 

Me,'-9f?P =- i:Ji. Pt&,,_ 1'1- -+ :}.i, Pr r,,. E,o1 • (30) 
. .,( Id, 

IlO,llCTll.Mllll B-(30) uaTPl!Ill>I r;_,' Bt II. 6 r, .11a1mue B rnaBe m (n.Il,§ 2), l,lll uoxeu nonyql!Tr> 

COOTHOmeHllJI Uellt,lly_KOHCTaHT8UH KOHKpeTHUX nponeccoB: 

<Lt "- q.,, =-'\.1, 
.:r:i;+__,,,1.11-1- o,.,~z.-'1(.- o,., ... "Z 

:}~~ ~-'11'+ .::. } ' ,., l. +_,,f' K• / 

~z~_,1-K0 =- Jr,'➔ ,._n,-t ) 

} (31) 

(32) 

(33) 

(34) 
1 t'➔ n ,h '➔ " ,.c ,,_ 

ECJIII cymecTByeT 6ap110HH!lil CIIHrJieT. ;<' , TO KOHCTaHT!l CBH311 ooex pacna,JlOB SToro 6apllOHa Ha 

6ap110H.l/2+ ll nceB,llOCKaJiffPHml ueaoH pa»Hll uex.11y co6ol! 

}.>:~ ~..-n- -=:. d'_,.:1
.,... t-K- :::. },._,;__, Az (35) 

§ 3, CoOTHOmeHl!H uexny BepOHTHOCTHUII 

nJ!H Toro, qTo61l IlOJiyqllTn COOTHOmeHIIH Uellt,lly BePOHTHOCTHUII pacna,JlOB, aHaTn·COOTHOmeHIIH 

uex.11y KOHCTaHTaull He ,llOCTaTOqHo, IlOCKOJIDKY KIIHeUaT11qecK11e \llaKTOpll B BupaxeHIIHX nepOHTHOCTeil 

aaBIICHT OT uacc qacTIIIl, a qaCTllllll B K8.ll:,llOU YHRTapHOU·uyJinTIIIlJieTe B .11eilCTBIIT8J!DHOCTII IIUeDT 

paaH1,1e liaccu, 11Haqe rOBO·PH, .llJIH 1tallt,lloro Tima pacna,Jla Heo6xo.11111m 111,1eTn BupaxeH11e BepoHTHOCTII 

qepea KOHCTaHTY CBH311 11 uaccu pacna,JlaDmel!cH II pollt,llaDm11XCH
0

'l8CTIIIl, 

Mu uoxeu no1taaaTn, trTO 1mTp11qHue sJieueHTll M n· nepoHTHOCTll W TIIITOB· pacna.11a, paccuoT

peH!illX B npe.11ll.llymeu naparpa\lle, 11UeDT Bll,ll: 

Pacnat!_ C-> O-i- o-
M,, 3-,.J,,:.. 'It:,. <i(1,._J cf(,,.) ~(1) 

r.11e 'f ( ,.-) II F - BOJIHOB!le \IIYHKilllll II IIUITyJ!nCll ncen.11001taJIHPHllX Ue30HOB, '}.Cr) II , - BOR

HOBaH \IIYHKilllll II IIUITyJ!nC BeKTOpHoro ueaoHa; 
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! 

\ 

""" 
r.11e M -·uacca BeKTOpHoro ueaoHa; 

\ ,'.. , 

\3:t __,, 3 . 
-·- -t I -k I , (36) 
bTvM _, 

ni.- uaccu•rrcen.11oc1taJIHpHllX ue30HOB; -h- - TpexuepHllll 

IIMnyJinC pollt,llaIDmHXCH qaCTIIIl B CIICTeue neHT~pa_u_a_c_c_:~--,----
. 1---1 r>. V • L ( L .. L ~ "' ~ ~- 1, "', + "'~ + "'• - "'A ) • 

Pacrra.11 2+ - o- + o- M ,1, _ M '+ T' ) 
M,,, :},c,.-'l•J c,,-1.1..\ '{<'I,) f<, .. > JA•Ct, 

r.11e i:. ( 1~) - BOJIHOBal! \IIYHKilllll Me3oHa ;+ C llllnyJinCO; t 
w "'- j__ ~J . \ :r ! ., 

irn M.I.. I -) 
(37) 

r.11e M - uacca ueaoHa 2+, 

uacc. 

,f,._ - TpexuepHHll 11unyJinC pOllt,llaDraRXCH qaCTllq B CIICTeue neHTpa 

Pacna~ 1- + o-

r.11e ~,Jt} • 
M 

V.r1,)n 
·;i-: ~ .... .I' c,,-"·t t• "v.;c,.) r<tL) rr; .. Ct) C,,-, .. )~ , 

y(1L}- BOJIHOB!le WYHKilllll 11eaoHOB 2+, C II o- c mmymcalll! f , 71 11 1< , 
COOTBeTCTBeHHO; 

.t. -t I__,, 1 • 
"" t}-;\ I {i_ I (38) W= 

-> 
r;.e M , "'• 11 "'l,1, - 11accu 11eaoHOB 2+, I- 11 o-, cooTBeTCTBeHHo, ~ - TpexuepHNll 1111nyJinc 

pox.11aromHXCH qacTnn B CIICTeue neHTpa 11acc. 

!'_acna,Jl 3/2+ ~ I/2+ + o-
M "'- }.: Z:(t1 ) ~(t-,_) ~.if(,)/ 

r.11e '>-Ct-,), "'(t._J,i re,)- BOJIHOB!le \llyHKilllll 6apllOHOB 3/2+, 1;2+ 11 ue30Ha 0~ c IIM-

nyJI_nCaMll t• , 1)_11 , , COOTBeTCTBerrno; 

[l M<'!___l"ltlt__ _ .. ,,t J vvc,_ Ii'!~ 
M" / (39) 

• ➔ 

£ 
'-It 7t 

r.11e M, , "'1.t, 11 m, - 11accu 6ap110HOB 3/2+, 1;2+ 11 ueaoHa o-, COOTBeTCTBeHHO," t - Tpexuep-

HHil IIMllYJ!nC pOllt,llaDmllXCH qaCTIIIl B CIICTeMe neHTpa uac·c. 

Pacrra.11.3/2---, 1;2+ + 0~ 
M ,,_ }.: -" Ctt) r, <(,.Ct~) i,. f<,) 1 

w =- r,.f· L(N.~ ML)'--- ... "-J 1:;: 1 ': :Jtn: . M -t 
3.11ecn ncnoJinaonaHU Taru1e xe o603HaqeHIIH, Ka,; 11 B npe.11u.11ymeu cJiyqae, 

(40) 

; Ha OCHOBe wopuyJI .llJ!ll BepOHTHOCTeil (36) - ( 40) MH UOEell noJiyq11u, COOTHOmeHlll! ueQy Be- -

POHTHOCTHMII pacna,llOB, paCCMOTpeH!llilC B IlPMll.llymeu naparpa\lle, B npe,lll!OJ!OllteHllll O TOM, qT.O ,llJ!H 

KOHCTaHT CBH311 11!.!eJOT uecTO COOTHOmeHIIH, HBJ!HDml!eCH CJie,llCTBIIHUII YHIITapHoil CIIUUeTplll!. 0TUeT~, 

TITO B cnyqae, KOr,lla ,llJ!ll 0,llHOil qaCTIIIll>I cymeCTBYDT paaH!le 1130TOilllqecKl!e KaHaJIH pacna.11a, Heo6-

XO,llllUO CJIOEIITr, BepOHTHOCTII BCeX.COOTBSTCTByDmllX pacna,llOB, Hanp11uep, ITO onpe.11eJieHIIIO 

w (y*....,, :r 'ii) ::, w(/-+--"1 'i.'!°rr•) -,.. W( •/+-: T."ir"') :< 
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"' 

;: W (y•:.,, z+1t-) + w(_:·./➔ :z.. 0

r. 0
) +-W( y"~ z-1r··1·). 

IloJiy,leH1rue cooTHomeHllH 11es;11y :eepOHTHOCTl!llll. ,111!1 qe:rnpex nep:ewc -T11no:e pacna;zia llaHH :e Tacimruax 

I-IY~ B Taci/!llue y ;ziaHH COOTHOmeHllll 11ellt,lly :eepOl!THOCTlll,IH pacn~OB 3/2- - I/2+ + ·o- B CJiyqae, 

Kor;zia OKTy~JieT ciapHOHOB 3/z-. COCTOHT HS 'l~CT!IU N(I5I2), 1
1
(1660), . A'(I668), ~

1
(!820), a 

II , -

J\ (!520) llBJIHeTCll CHHr116TOII, B Taci1111ue YI ;ziaHH COOTHOmeHHl! Ll6llt,lly :eepol!THOCTlll,IH pacna;zio:e 

:,/2- ---tl/2+ + o- :e ,1pyro11 cJiyqae, Kor;zia OKTylllleT ocip,.aym N(I5I2), ~
1
(!660), ,\

1
(1520) a 

/ .' . 
~ (1598) • .llllll cpaBH6Hilll B 5'.lllX Taci1!l!Uax yKaaaHH TaDe 3KCnepHll6HTaJII,HHe ,1aH1me. 

l'-~~a I 

0THOm6Hlle B6p0BTHOCT8ll TeopeTH'l6CKOe llKcnepH11eHTa11:r,-
,. npe;zicKaa a.Rae HOe 3Ha'l6Hlle 

. vv (' .... 'll't,) 
0 

w (.f-;, .t.n ) 
I 

• J 

, W (K*➔ IC1t.) o, .tS o,Jtf t 01 03 

w (! ➔ a.) -· 

-W(<( _, 1<.'i<}_ o, 02,,Z o, 0:,3 :to, 00 8 
w u ~- A.If) 

T.l!cil!!!!.a Jl 

_0THOmeHH6 :eepOl!THOCTell TeopeTltlleCKOe BKcne pueH:rau,-
npe;zicxaaaHae H06 3Ha'leHH8 

W((-~ ,rt) 
w ( ,' _, 1<1r) 

A1 ·n , o, 13 :t o,s-

W (K'-, Kz) o,.tr < ::t 
w ( •' _,; 1<,'it) 

vv ( K'-, l<1r) - t, s- 6 ± s-
W(q' .... 1<1<) ' 

w(,'-, .t,r) + i, 'w(..-.'➔ .t-rr) 

w('f'~.t.t) +~1 ,tW(...'➔ .tz); 1j-
. 

w ('f'+t11) + ~,'! W(w'➔ -2'11) 

w('f':-> Kie) ... S-," W(.,'➔ Ki<J.,-,,.r.W( i,t 
,{~KK) 
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.,· 

I 

Taci1111ga Ill 

0THOmeHll6 B8p0l!THOCTell TeopeT1111ec&oe Bxcnepm.ieH:raJII,-
8Ha'l6Hlle Hoe BHa'leHae· 

Y'I( K_'.:.., k.,.,.'lf) ~ 
, 

W($'➔ y,r) 
o, 3f o, 6~ -t. 0 1-3 

w(K'-> K f) o, HS- 01 .1.,0 :t o,"'J 
: . v,/ ( / ..... f7f) 

w(K 1 ➔ wl<} 

W(/--"gw) 
o, O 3 S- o,-t :t. o,ot 

w ~ ,,. .... I<~ 1<) ✓ ' 

w (!'➔ f1T) 
o, 00 3 t 

Taci11una IY 

0THOmeHll~ :eepOHTHOCTell Teope:ra11ecxoe Bxcnepa11eHm.n:r,-
3Ha'leHl!e Hoe .BHa'leHue 

W(Y~ I-re} 

w (11 -, rv11) o1 ott3 0
1 

O.t- _:t. ~OJ_ 

W (Y•➔ A'IT.) o, 3j'"S" 
W'(t> ➔ /1/rr) 

o1 i+±o,or 

·W(3"- S'!T) 
. 

'w (t. ➔ N-rr) 
o, os· o, 06 t ",oz 

Ta(jll_H!!,a--1 

0THOmeHHe BepOHTHOCTe~ TeopeTH'leCKOe BKcriepmueBTaJII,-
3Ba'leHHe HOe 3Ha'leHl!e 

W(J(-,1.'lf) 
-~, 5'". 

W ( 'I- 1➔ Mr) 

· W(A'-> Az) o, 0 q .t 3 
wr-x.'➔ A:,,-) 
vv(c,'➔ h) 

w ( l-' ;,N R') 1, 3 .t O,tlt:. o,~f 

\N'(;l 1➔ Z.K) o1 ~o 6 01 0 i'O± a1 c>9t -. 
W ( N''-, rl'll) 

we~·-- ~i<) lU 
W( N' -,t,/(,) 

W ( A"-> NK) J o,s J o,H·1: o,ot 
· W ( A'' '"7 Z- rr ) 
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T_a6mrm.._YI 

0THOmeHHe BepOl!THOCTeil TeopeuqecKoe Sxcnepl!lleHTaJir,-
BHa'!eHlie Hoe aHa'!eHJl!e 

W( r.'-? Ai) 
W (A'--> 2:11) 3,t 0/ 3 0 ;!:. 01 O'f 

w (~' _. ~7<) 
2., tf 

w ( -z.'-, NK) 

§ 4. CJiellCTBl!lf coxp:meH1111 U.-cmrna II V -cmrna 

rpynna Yffl!TaPHoil c11M11eTp1111 co.n;eJ)lltl!T TPI! no,n;rpynnu SU.(2), KOTopue 11U Ha3BaJII! rpynnaMI! 

T -cn11Ha,. U--cn11Ha II V -CIIl!Ha (cM.rl!aBy ill; n.I, § 4). Tpe60BaH11e coxpaHeHl!ll T-cmrna, 

T.e. l!HBap11aHTHOCT1> OT~OC11Tel!1>Ho T -no,n;rpymru, np11Bo.n;11T K PHAY 11aoTOIIl!'!ecK11X coOTHomeH!!l! 11ellt-· 

,n;y ~MIIlIIITy.zi;a1111 npoueCCOB pacna,n;a, paccel!Hllll I! poll(,lleHl!ll '!aCTIIU, AHal!Orl!'!HO, COXpaHeHl!e u~CIIl!H8 

l!llll V-cn11Ha ,lJ;OllllCHO np11BeCTII K HOBW COOTHOineHIIHM,He COBIIB,ll;aDlltllll co Clle;ztCTBl!l!lll! 1130TOIIB'!ecxott· 

l!HBap11aHTHOCTII. Paay11eeTc11, '!TO BC; COOTHOmeHl!ll, HBlIHDilll!eCH Clle,n;CTBl!HMII coxpaaeHIIH~1'-cn11Ha, 

IA.-cnl!Ha Hllll V _-cnl!aa, ,n;olllltHU dm~ noJiyqeHu npl! no11om11 paaB11Toro rume MeTo;zia, 0:ztHaKo np11 

1!3y'!8Hl!l! KOHKpe1HUX npoueccoB l!HOr,n;a ,lJ;OCTaTO'!HO paCCIIOTpeTl> Cl!e~CTBl!H COXpaHeHll~ i{-C!Il!Ha 

l!l!H V -cn11Ha, B TaKOM cJiyqae Y.1lD6ao paccMoTpeTl> BOl!HoBue ~YH~1111 qaCTl!U KaK cn11Hopu · /,(-no;zi-

rpynnu l!lll! V -no,n;rpynnu 11 rp11MeH11n TexH11ey rpynnu SL((2), Tax, aaIIPl!Mep, MU 11Mee11 cJie,n;ynml!e 

lA -;ziy6JieTu 
{+ ) ( 1( ... ) 

( K~ ' K° K .. 

c U.. = 1/2 11 U- TPl!l!JieT \.!. 7l" ... §.. ~) 
C 2, .l, \ 

K-
c U,= I, no aHaJiorH11 c 1' -;ziy6_JieT~~ ,,,_..) 

oT • I/2 , T ~pme,~ ( ,'• ) ' ( ,. ( ;: ) 

c 1' = I. Ha coxpeneHl!H T -cn11Ha (BepHee ll3 1' -aapH.n;oBoil Cl!WeTpl!ll) BmexaeT cJie,1J;yDIJ1ee cooT:-, 
HOllleHl!e MeJK;zty KOIICTaHTaMI! CBH31! ,l(llll pacna,n;OB I<, -Me3011a Ha /{_ ll TC -lle30HU 

}K'o_.; K-tn- =- }K,+➔ K•1&+ 
AHaJiorl!'!110, B Clll!Y coxpaHeHl!ll U.-cmrna (Bepaee 113 U-3apH.n;OBOil Cl!MMeTpl!l!) 111.1ee11: 

}K°'•..,, ,.+ K" =- :J--1'+....., K• 1<+ 
flol!y'!aeM, TaKl!II o6pe30M, 0,l(HO 113 COOTHOmeHl!il {15), • 

B rJiaBe fil (CM. II.I, § I) MU IIOKaSllJII!, '!TO 3a,l(aHl!e 1!30TOIIll'!eCKOil no;zirpymru ll ;ztByx ,lJ;l!CKpeT-

HUX npeo6paaoBaH11il - U.-3apH.n;oBoil Cl!llMeTpl!ll ll V -aapa;ztoBoll CllMlleTplll! nol!HOCTl>D aKB11Bal!e11THO 

'3a,n;a11Hro rpynnu SU.(3) B ueJIOM. 8To 0311aqaeT, '!TO ;ztllll 11ayqeH11H CJie.n;cTBl!il YHl!TapHoil Cl!MMeTplll! 
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,lJ;OCTaTO'!HO l!CXO,l(l!Tl> 113 1!30TOIIl!'!ecro1x COOTHOWCHll}i II ItO BCeM 3Tl!IJ COOTHOlll811l!lll.l np~!.!eHl!Tl> 

IA. -aapmi;oByD Cl!!IJ.!eTpl!D l! V -aapH.n;OBYD Cl!MMBTPl!IO, ;-JTOT MeTO;zt, BOo6me rOBOpH, Be~l>Ma rpm.11 

3.l(OK, TaK KaK U. -aapH,n;OBall II V -3apH;ztOBal! c"ruweTpl!ll 061111110 ~pe;apamaroT (!IH3ll'!ec1me (~aCil!D

,n;aeMUe) npo_ueccu n· 11e~na11qecK11e (Heiia6JI10;ziaeuue) .npoueccu, B KOTopux JI1160 · nee Ha'!aJil>Hue '!ac

TIIUU HBl!Hr'o-rcH cTpaHHL!M_l! qacTm1aM11 (:ztllfl pacceHHl!H), JI1160 uacca pacna,n;aromellca qacTmiu 11en1,me . 

CYJ.!Mhl 11acc poJK;ztaIOl!ll!XCH.'!aCTIIU (;ztlll! pacna,n;a). 0.n;HaKO ;ztllfl 113Y'!8HIIH HeKOTOpux KO!IItpeTHHX npo

ueccoB 3TOT UBTO.ll IIO)!(eT, OKa3aTl>CH BeCl>!Ja y,llo6m,111, TaK, uanp1111ep, Mb! anaeu l!SOTOilll'!eCKOe COOi 

ttome1111e 

j-K~-, K.-+n_ ~ j--K'+➔ 1<"-rc+ • 

flp11 IA.,-sapH;ztOBOil CIIMMeTplll! (c TOqHOCTDll ,n;o SHaKa BOlIHOBOH WYHKUl!l!) 

v 10 '- K-t· /{,- ·n• ➔ ·K" 1<'+➔ 1<.'- K 0 ➔ -n-
"'➔ $ I __,, I I I 

l! STO COOTHOmeHl!e npeBp~aeTCH B 

:J'g!:.., l<°K 0 " jK'-_,, ,r,·K• 
flol!yqaeu, TaKl!M o6pa30M, O,lJ;HO l!3 COOTHomeH!!l! B (15). 

II. AMIIJH!TY.llH IIPOUECCOB PACCEllIDIJ.! H POWID!H 'lACTHU 

§ I. YH11TapuaH CTPYKTypa aMIIlll!TY,l( npoueccoB pacceHHl!H II polltAe

Hl!H '!aCTl!U B Cl!l!l>HhlX B3al!MOAeijCTBHHX 

,.., 
..... - 1<· 

/ 

I 

Mu IlOKaSaJil!, '!TO B T80PMI! YHHTapHOtt Cl!MIIBTpl!H KOHCTaHThl CBHSII ;ztlll! pacna,n;OB '!aCTIIU B 

Kall(,llOM YHl!TapHOII IIYJil>TIIIIl!BTB CBH3aHU HBKOTOphllll! COOTH0lll8Hl!HMI!, AHal!Orl!'!HO, 113 TPOOOBaHIIH 

llHBapllaHTHOCTH S -MaTPllUhl OTHOCIITBlll,HO npeo6pa3oBaH11ll rpynnu YHIITapHoil Cl!MMeTp~l! S Li.(3) 

BhlTeKaDT pasJil!'lllble COOTHOmeHl!ll Mell(,lly aMIIlll!Ty,lJ;aMI! npoueccoB pacceHHl!ll ll POllt:ztB,Hl!H '!aCTIIU B 

Ol!Xl>Hb!X B3al!llO;zteilcTBl!l!X, Tenep1, MU 1!3y'!lnl one.n;cTBl!H YHl!TapHott Cl!MMeTpl!II B HeKOTOpb!X TaKl!X 

npoueccax. 

PaccuoTp.111( npellt,n;e Boero npoueccu T11na 

, ' P+ B ➔ P+ B, (.I.) 

rite p II p' - YHHap111,1e OKTyIIl!eTU nceB,lJ;OCKaJIHpHUX 11830HOB, a B ll B / - YHl!TapHue OKTYII-

neT,li 6apl!OHOB I/2+. 0603Ha'!IIM 11epe3 1 II 1' 4-IIMIIYlll>Chl Ha'!aJil>HOro H KOHe'!HOro 11830HOB~ qe-
/ ' I. 

pes t I! t - 4-.lll(IIyXl>CU Ha'lSlll,HOro l! KOHB'!HOro 6apl!OHOB, IA.,( t } II 1,(,(f}- npOCTpaHCTBeH-

HUe 'lSCTI! BOJIHOBhlX ~YHKUllil 6apaoHOB (V.Xl! KOpoqe ~ npocTpaHCTB8HHlle BOl!HOBble ~Yll~l!II 6apao-

p.. '" B.. B'" · HOB), p ' p p ' f> H p - YHl!TapHue '!aCTH BOlll!OBUX ~YHKLtl!tt (l!lll! YHHTapHUe BOl!HO-

Blie ~YHKUl!H) KB30HOB H 6apl!OHOB, COOTBeTCTB8HHO. KaK HSBBCTHO, Ma?pll'!Hblil alleMBl!T npouecca 

(I) co,n;epzHT ;ztBe He3aBl!Cl!IIUe OIIl!HOBhlB CTPYKTyphl .. 
r .. :: :..:(f J '"'Cr) , r:,. :..: Ct')..- G ... (r)' (4!) 

rite Q ~ ½ (1 + ,' ) • qTO KacaeTCH YHl!Tapuoil OTPYKTYPhl, TO B MaTpll'!Hhlil ane11euT npouecca 

(I) itO.lllEll!,I mco,n;11T1> l!HBap11aHTHhte OTHOCl!TenHo rpynnu Stl(3) JI11Hell111,1e K011611Hau1111 npo113Be;zie-

HHil 1(.c p'Y_ BE p~ 
p ( f, >' 
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Mlil aHaeu, qTO AJ!l! o6pa30BaHHH llHBapnaHTDB H3 TSKIIX nponaBeAeHHlt Heo6XOAl!IIO npoBeCTll Cyullll

no Bceu napau HlllKHllX I! Bepx!!HX HMeKCOB. EcJIH yHHTapHNe BOJIHOBUe ¢YHKW!ll OKTynneTa 
nape llHAeKCOB ll3 paanzqHIIX uaTpllU 03Ha-poBanne 

npeACTSBll!.I B BHAe uaTPHU 3 x 3, TO cyuunpoBaHHe no 

qaeT yuHOJKeHHe 3THX uaTpllU p '/ "( 
. A, ~, ,,_ ( A B) ,,( ' 

a Cyl!l(l!POBaHl!e no nape HMeKCOB H3 OAHOlt uaTpnnu ~aeT mnyp 3TOll uaTPHU!il 

(AB):·,,. st(AB) . 
nponaBeAeHHlt qeTupex BOJIHOBiilX ¢yHKUHlt•qeTiilP8X paccuaTpHBaelllilX OK-

HeTpYAHO YBHAeTI,, qTO H3 
TynneTOB UOJKHO o6paaOBaTD ~eBHTD cneAYDmnx HHBapnaHTOB 

si--(s'o)5t(PP) ,.srUi'P
1

):.r-CBP), sl"(l~'p)sl"(eif)/ 

(42) 
s
1 

(°B'Br'r) ,· .s 1 (s'1H°.f'J, 5r(ss'r'r) 1 

Sr- (P>f>1ff), srv cp;'p'1>P), s, (fpr,P) 
MozeT cnyqHTWH, qTO He BCe 3Tn·nHBapl!aHT!il HBnHDTCH ueaaBHCll!.IWIH. J{.nH Toro qT06Ii1 onpeAe

.Jll!TD qzcno H838BHCll!.IIIX l!HBapzaHTOB,Mll nocMOTPHII npeJKAe BCero, KaKl!8 uenpHB0Al!Ulil8 npeACTaB

neHl!H COAepxaTCH B npo1!3BeA8Hlll! BOJIHOB!lX ¢yHKUHlt qaCTHU B uaqanDHOM llnH B KOHeqHOU COCTOH-
a..i ·pr Hllll. lia npoll3B8A8Hlllt ),/~ f UOJKHO o6paaoBaTD cneAyDmne HenpHBOAHUiile npeACTaBJI8HHH: 

) 
. . 11." oP I nHBapnaHT v~ .1-,,\ - nyTeM cyuunpoBSHHH no_Bceu napau BepxHero I! HHJKHero HMeK-

COBi 
2) AB8 OKTynJieTa ~ nyTeU ~yuunpoBaHHH no KSXAOlt B03MOlKHOlt nape nH.JieKCOB z·BWlllTaHHH 

mnypa: r Bo( p9 - .i ~" B pP 
p <{·. ,( r r 

I\ Pr-} s1 Y>f r. j 
J ~ 1 } t ~ ·~ D L6-,J 

{ p1J 3) AeKynJieT D,(r1 "' l., .. $ 

cnuueTpnaaunn no BepxHHM nMeKcau 

- nyTeY cn1111eTpnaaW1H no HHJKHl!ll l!H~excau H aHTH-

X L.-.11 ~ 1, ... pr + 
\ pr) 9 1 

8-pr _ p/ p" ;_ .1,rp• 
1 J 'I t '¥ p 

ll BlilqHTaHHH mnypa 
(G'JJ [ 6)J 1 / • - [1:1) b... (1:1J 

·luJ 
- ~: }(,!-er} -

f {t:i'JJ .. 
b:r )< i"'f I i Dtrri"' Xl,ri--;:\litX{u\ + rX{t_p} 

4) conpnxeHHHlt AeKynJieT - nyTeM CllMUeTPH3aUllll no BepxHll!.I l!HA0KCaM, 8.HTl!CllUUBTPH3aUIDI 

no HlllKHll!.I HMBKCaM.1! BlilqHTaHHH mnypa; 
5).27-nneT H i1A - nyTeu cnuueTp11aau1111 no BepxHm.i l!HAexcaii II no HRJKHIDI HMBKCBll 

{.if I ,( ~ "- p . "- p 1)" II.~ " . 
v{rt\:, BT p~ + I\. p1 + v,, -r { + v. pt 

I! BlilqRTaHl!H mnypa ) 
Hl - yl"tl - .i (r.,_ yl-cfl 3-< V l'tfl + a~ V tu! + S'~ yl""I . 

tltn\- ln\ r, 1 f,:q+ ~ t-.:r\ .r l"'\ ~ !1:.r -
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B xaqeCTBe 'ABYX HeaaBIICIIM!ilX OKTynneTOB {A06HO B!i16paTD CRYMeTpl!qHyD II aHTP!Cl!YMeTpRquym.: 

611Haun11 · B~ pP e/ p"- - .!- b.,. BP p' 
~ 1+ 1 r ; 7f f ~ 

e,"- PP r/ p"-
P Y - 1 f 

CHMMeTpnqruilt OKTynneT o6o~Haqnu qepea 8--6 , a aHT11c11weTpzqH!illl - qei:iea 8" • TaKHu o_6: 

BOnHOBaH WYHKUl'!H CIICTeMU B HaqairDHOM COCTOHHIIII HBJIH8TCH cyneP.n03P!Ullelt CJIBAYDIIUIX·HenpRBI 

npeAcTaBneH11ll: i; 8~ , 8.._ , ID, io, 27 (cu.TaKJKe riiaBy m, n.I, § 2). BoJIHOBaH WYHKUl'!H 

TeMU B KOHeqHoM COCTOHHl!II T8Kllte l!MeeT aHaJiornqruill Bl!A. li~ l!HBapRaHTHOCfR OTHOCl!T8XDH0 l 

$ l,{(3) cxe~eT, qTo uaTpl'lqHblll 3Jl01,18HT S -uaTpnnu pa.Bea HYXD, eCJIR HaqaJIDHOB R KOHeqH< 
. . . 

TOHHIIH npzHaAJielltaT paallll'lHUM Henpl!BO~l!MW npeACTaBneHiIHM rpynnlil Sl,{(3). BTo oaaaqaeT, 

OTXl!qHiil OT HYJIH TOJIDKO UaTpzqH!ile ane1,1eHT!il.BOCDUII CJIBAYDmHX nepeXOAOB:· 
1 -:" i / g_. -) 8,., - 8._ _, g._ / 84 . ..., 8'-. 

o •- f (0 -, (0 I {O -, io / lf- -;, J.j- • 
Oo.. 9 ,& 1 ' 

TaKi!M o6paaou, cy~eCTBYDT BOCeMD HeaaBl!Cl!MlilX YHl!TapH!ilX aunJIRTYA, HHBapRaHTHiilX OTHOCRTel 

rpynlllil S U(3), qepes KOTopue Bupaxamcn a1111nRTYAiil Bcex npoueccoB Tmna (I). 3To oaaatia.E . ' . 
qTo cpeAR AeBHTR l!HBapnaHTH!llC YHHTapH!lX aunJIRTY'A (42) TOJIDKO Boceu» HBJIHETCH aeaaBnc11111, 

. ' . 
R OHi! YAOBJl8TBOPHIOT HeKOTOpouy TOllt,l(eCTBY. 3TO TOllt,1(0CTBO BC~rAa UOlltHO ~u6pau Tax~ qT06b 

6Ii1JIO nOJIHOCTDD CRUUBTpl!qHUM no OTHOmeHl!E K nepeCTal!OBKaM Bcex OKTynxeTO.B •. TorAa OHO CO.li 

lKRT HBHO KOU6RHaumn CTPYKTyp (42), Cl!UMBTPll'lHlle OTHOCIITeJIDHO nepecTaHOBOK BC8X.OKTynne~ 

CymeCTBYDT ABe TaKl!e H85SBl!Cll!.llil8 KOM6lllial!Rll: cyuua Tpex. nepBiilX aMilllllTYA'll (42) H cyuua. 

TR nocJieAHRX. licKOuoe TOllt,l(eCTBO Rl,IBBT BRA: . . _, . _;·11 

• C\, [.rr--(°B'i,) 51 (r'p) + sf"(f/p') ~r--(P,P)-t ~(" (BP) 5f"(H )J"'. 

= -G..[s ( fsr'v) +;,._(¥;'£Hp') +s.f" (eJ'p'p) +s/"(55'pp') .(43) .. 
- I I _, / ) (-, _, J 

. + sf' ( B P BP -t 5{" 5 PI, P). J 
rAe a, R ,{,- - HBKOTOplile KOHCTaHTbl, npRqey 6ea KOHKpeTHOro paCCMOTpeHl!H H8JID3H l!CKJIDqllTD _..,... ,( _,,,_ ·. 
qall, KOrAa OAHa na Hl!X paBHa uynn. IIpe~CTaBHM uaTPl!lllil B ..i \ B , P , P B Bit 

.,_ l ,i. -'"' - ~ . ) .,_ - ..t f (_ f, .,_ p r -',< f , f' _, 
B&= or- (A..-),, ..6.·, B •"' -;;-(k B; P ~?. A.,)f . .-, P ,.,- _i_(A:)".p .. 

r rl. r . r ,.,_ P - / f ,.,_ 1 (.[. . f' " 
(cu.rxaBy m, n.II, § I). lia (43) uu noxyqaeu: . .. . · · 

"' [ st(A,Aj) ~\".(,\1<1't) + sr--( A;¼)~ C\·A.t) + sf" (A,A.t) sf"(AjA'-) J~ 
::o ,{,. l s1 (>-.\ "-1c ".L) + sr (A.-A/'.L "'") + .s, (Ai A.-~ A~) _ • . <44> 

. +,.,,(1\A;A,.A"-) + ;i"(A,A~A;A~) :t- !,t(A:A,.A;AdJ • 
'iT06bl onpeAennn o., I!. ,g., , Ubl paccuoTPl!M qacTHiillt cnyqall, xor~a i, ~ i "' 1< ~ l~3. Tor.it, 

BlilpaJKeHIIH B CKOCiKaX B OCiOHX qaCTHX COOTHOlllBHl!H (44) paBHll 12, I! W nonyqaei.f I2ct-= !2 .f:. 
a.:. ,I',.. ' 

· TaKl!U o6pasou, uex~y ABBHTDD aunxY.TYAaMI! (42) cymecTByeT T0llt,1(8CTBO 

151 



. ,· 

C11MMe:rp1r•rnull OK:rynJJe:r 06oaHaq11M 1<epea 8-6 , a aHTIICIIMMe:rp~HHll - 1<eJ)ea 8._ • TaKl!M 06paao11,. 

BOHHOBaH ~YHKUIIH Cl!CTeMH B HaqaRbHOM COCTOHHIIII HBJJHeTCH cynepno311q11ell CJJe;D.yDm11JC·Henp11BO,llHl!l,IX 

npe;D,c:raBJJeH11ll: I, s; , 8~, IO, fii, 27 (cM.:raKllte rJJaBy m, n.I, §.2). BoJJHOBaa WYHKUIIH c11c~ 

:rew B KOHeqHQM COCTOHHIIII :raKEe l!Mee:r aHaJJor11qlllill Bll;D.. 0~ IIHBapl!aHTHOCTII OTHOCIITBJJbHO rpynllll 

$ U.(3) CJJB'AYeT, q:ro 11a:rp11qHull SJJ8118HT S -ua:rp11uu paBeH HyJJD, eCJJII .HaqaJJbHOe I! KOHeqHoe c~c-· 

TOHHIIH np11Ha;D.JJeEaT paaJJ~HHM Henp11Bo;D.1111w npe;D.c:raBJJeHHHM rpynnu SL{(3)._8To osHaqae:r,·'<TO 

OTJJl!qHl,I OT HYJJH TOJlbKO ua:rp11qHHe 8Jl8118HTH BOCbMII CJJe;D.yDmllX nepeXO;D.OB: 

1_ -') i I 8_. _:_? _'J_. 1 S._ '"7 8.._ / 84 ➔ g._ • . 

3-. ➔ f,4, 10 -, ~O I 'jo _, :fo I lf- _, .t.j-- • 

TaKl!M o6pasoM, cymec:rBym BOC811I, He3aBIICIIMHX ymi:rapHHX allilJIIITY'A, IIHBapl!aHTHHX OTHOCIIT8JlbHO

rpynnu S U{3), qepes Ko:ropue BHpa.lltamca a1111JJIITY'AH Bcex npoueccoB :r1ma (I), S:ro osHa1<ae:r, 

q:ro cpe;D.11 ;D.eBHTII IIHBap11aHTHbllC yHl!TapHHX al!IlJJIITY;D. (42) TOllbKO BOC8llb HBJJHETCH H83aBl!Clllllilm, . . 
II ·OHi! y;D.OBJJSTBOPHDT HeKOTOpOMY TOl!,lleCTBy. 9TO TOJl!,ll8CTBO BC~r;D.a IIOMHO·~u6paTb TaK, qT06H OHO 

6HJJO IlOJJHOCTbD c111111eTp11qHIDI no OTHOmeHl!E K nepecTaHOBKall BC8X·OKTynJJeTOB. Tor;D,a OHO CO;D,ep-

EIIT HBHO K011611Hau1111 CTpyKTyp·(42), Cl!MlleTp~HHe OTHOCl!T8JJ»HO nepeCTaHOBOK BCex OKTynaeTOB. 

CymeCTBYRJT ;D,Be TaKl!e HeaaBl!CIIIIHe K01!6!1Haq1111: CYJll!a :rpex. nepBHX avnJll!Ty;D.· B ( 42) I! CyMlla .mec-

TII nocJJe;D.HIIJC. HCKOIIOe TOJ!,lXec;rno l!Mee:r B~,~=, , _, . _,-1, 
· G\, [.rr-(e;'e,).s\'" Cf P) +· SI" (Ji, P }~I" (r,P)-t !>{"(BP) 5{'-'(B~,>J = 

~ i [s c s'sh) + st" Cti;rr') +sr- (ei'r'r) +.sr(t>tHr') (43), 

- ' . +sr(°B'r'1,f)+>r-(tp1,p)J; 
r;D.e 1:1, 11 _.(,.. - HeKOTOpue KOHCTaHTH, np111<e11 6e3 KOHKpeTHOro pacc110:rpemia HeJlb3H l!CKJJRJq11n c11y-

o( -'-< ,( _,.,_ . 
qall, KOr;D.a O;D.Ha 113 HIIJC paBHa HYJJD. Ilpe;D.CTB.llllll 11a:rp11qu B , B , P , P B Bll,l!e 

' fl 6 6 . f 
- ,A - A ) .,_ - .,_ l / .L r -',< r 1 , _, 
(, •"' -;;;-(A; B, P,,. r. LA,)f P.·, P ,.,= -(A;)"".p .. 

r 11- f' . I f 1J.. I (L (' ,.. 
Ha (43) 111,1 noJJyqae11: . 

B;~ ~ (J-.-); .B:, 
·· (c11.rJJaBy m, n.rr, § 1) • 

.., [ s~(A,·,\j)$r-C\J.,) + sr-(A:4) '1' C\·A-t) + sf" (,\•".t) 'l"(t\;A1..)J~ 

'° :t-L~,(>-..-\A,1,._A.t)+s,-.(J,.-\A,._Af<.) + s1(,\A:A..A~) · (44) 

. +_~1(,\A,-A.tAf<.J-+- ~r,--(A,A<--AiA~)+ .sr(A.-A.t1\A"-)J, 
'!Todu onpe;D.eJJ11n "" 11.·-?, , 111,1 pacclioipl!M qacTHHll cJJyqall, Kor;D,a i. = f ,, II=- t~.3. Tor;D.a 

BHpallteHl!H B CKOCl!mx B 060IIX 1<aCTHX ,cOOTHOIIl8HIIH (44) paB!!H 12, II 1W ITOJJyqaei.i I2~= I2 ~ 

"'"" -t-. 
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stC{6)s,,,(P1

P) + sr--Cs'r')'l"(M) + s,-, (B
1

P) ~r--ceJ'J
s,O'BP1P) + sr0,1BPP') + '1' (&s'tr) -t >tut pp') 

+ 5{'-· ( f p' IH) -t s r, ( &' P 13 P') 1 
(45) 

ll B Ka'leCTBe He3am1c;,1.iux llHBap11aHTHblX Ylll!TapHl1x a11!1JI!ITYJI !.!OlKHO BWlpaTI, CJielIYIOiltlle 

'1'\, s,-, (B'r,) ~r-( p'v), 'T'~ ~r- ( tp') ~r (f> P) , T~ sr C&'P) s1 (5 P'J1 
T',,, s (ssr'r),'J's-_,,_ ~,--(1r5pp') 'T; s,,_(B°&''i>'r), 46 

,., I ') I ( _,_, c-• -') ( ) rt= s,.-(1,"g PP I T,, sr- B PBP)- sr- 5PBP • · 

OTJJeTlll!, '!TO l!Pll ll3Y'leHIIII COOTHOme1rnti MelK.l(Y aM!IJIIITY.l(a!.lll lIDO!ieCCOB B lIPIIHlilllle MOlitHO He 3a-

60TIITI,Cll O TOlJ, CKOJII,KQ 8.lll!Jll!TYJI l!BJ!l!IOTCll Ha3aBIICllllbl!.111, II pa6oTaTI, C Jllllllllllllll aM!IJIIITY.l(al!ll. 

~eJIO B TOM, '!TO K03q\,~lllilleHTbl 3TIIX aM!IJIIITYJI BCer]la MOlltllO Bupa311TL Jllll!eti110 qepes OCTaJ!bllblC, 

II filU:'JIIUYJih' l1P0li€CCOB c_o]lepirar /!BIIO H€KOTOpue KOM611Halil1ll Bcex aTl!X K03qiqJlllil1€11TOB, :raK '!TO 

_'lllCJIO 3(jxpCKil1BIIUX 11€3aBl1CIIMHX K03,jxpl14l1E,11TOB paBHO 'lllCJIY IIC3aBIICIIWX aMIIJIIITYlI-• 

Tenen1, MOll!HO vxe 11arr11caT1, oc5mee Bblpairnu11e 11aTp11t111oro aJielleHTa rrpoqecca (I). 8ToT 11aT

p11t111blti 8JieMel!T C0.1(0J)ll!IIT Clllll!OBble HesaBl!Cl!Mble aM!IJ!llTY.l(bl (41) 11 YHllTapHue He3aBIICIIMble_alll!Jlll-

(46), T.e. 1114eeT Bil.I( · 

' .t . M = L L r. T.., F _t (.J, +) 
_i: •=I i=-' J- .., I 

Ty]lbl 

(47) 

f _i (;1,-l;- )- 16 qJYIIKlillH OT IIHBap11aHTHblX rrepe11eHHblX 
A L •c ') ,t 

• .h - ( f' -t 1). I ·t: - r-- f'" 
r]le 

Pacc11~p11M Terrep1, t1acTHblti cnyt1an, KOr.l(a rrpouecc (I) HBJIHeTCH yrrpyrl!II rrpoqecco11 B TOM 

Cllll,lCJie, t1:ro B H BI 
l!BJIHIOTCl! O.l(Hl!M 11 Tell ze 6ap11011nw OKTynneToM, a P H P'- O.ztHllll II Tell 

- I I . ~ 

l!te OKTY!IJieTOII rrceB,l(OCKMllPllblX Me30HOB ! B"' /:, , p "'- p • B 8TOM CJiyqae Mbl HJ.1ee11 lIPOlieCC pac-_ 

ceau1111 

P+ B -;, p + 13 I 

KOTOpblll rreoexO]lllT B ce611 np11 OTPaJKeH1111 B.pe11e1111 T , H 113 llHBap11aHTHOCTH OTHOC11TeJII,HO T -
rrpeo6oa30BaHl!ll BblTeKaIOT He~O-TOpble orpaH!!'leHllll Ha lIPOll3BOJII,Hble (jiyHKlillK- 0 i- (,i, i-) • OTlleTIIII, 

'ITO ·rrpH r -npeo6pa30BaHHH Ha'laJII,Hble t1aC;lllibl rrpeBpSJllaIOTCl!; KOHe'IHble H o6paTHO. Il08TOIIY YJ!ll

TapHble BOJJHOBhle qiyHKlillH rrpeoc5ooaymca.cJieJIYIOI,tllll 06paao11 np11 T -rrpeo6pasoBaHIIH: " -r _.,_ r - " _,,, _., pf 
B~-, B.,, B, ➔ B-<,, r,, ➔ P-<, PP ➔ « 

Hati.l(eM Terrep1, COOTBeTCTBYIO!lille rrpeo6pa30BaHHll He3aBl1CllllblX HHBap11aHTHblX aMllJJHTY~ Bll]la (46) C 

p/,,. _e, , • p' =- p • Mu· HMeeu, Harrp11Mep, 

_ _ _ ~ - t r "- -< ~ _r - r _ "' p .,_ _ • 
st(BP BP)::- B.,_ P, f>r Pr -;, f>f P.,. B~ Po<= E>s- Pr Br P-< 

= Sf" (~ p ~ p) I 

st-(BPBP) -, s,--('p;fp,p) 
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. a 
OrcD)ta cJie]lye:r, t1ro rrpH T ~rrpeo6pasoBa1111_&mn11ryJia T ue11S1e:r 3Hwt. Auano~11t1Ho, uoz~o rroK 

saTL, '!TO.Bee nepBble ceuL aM!IJIHTY.zt B (46) llHBap11aHTHbl OTHOCIITeJILHO ·oTpaiteHllll Bpe11eH11;. "Ta 

np11. T . .:rrpeodpaaoBaHHH • .. r.: _, ,,..,, .. = 1,2, ... 7 
,,.,,, . .:..,,-Tl (48) 

.l\Jlll TOrO ~ 'IT06~ HaHTll rrpeoc5pa30BaHHll CilllHOBblX llHBapl!aHTHblX ·a11nJillTY]l (41) OTl.!6Tllll !Ipe: 
- 'T'. _,,, ./ 

:ite BCero, '!TO lIPH I -npeo6paaoBaHHl1 KOHet1l!al1 qaCTlllia C mmyJILCOII f 11 lIOJIHPll3alillell 't-
. _,,j I ' • 

rrpeBpall\aBTCH B Ha'laJII,HYIO 'laCTlley C llllllyJILCOll -t H rronap113alillell - 't- t II odpaTHO, MOlltH 
-:-t' ' , I . 

!10Ka3aTI,, '!TO BOJIHOBall \PYHKlilll! 6apHOHa 1/2+ C llllrr,jJII,COM - f 11 lIOJillpH3aqllel! - 't. ·BblpaiKae_T 

aHTl!JlllHellHO qepea BOJIHOBy10'qiyHKlilllO STOil xe qac:rlllibl _C HllllyJILCOII 
7"11 I, 
f II rron11pHaa411en 1:. cne· 

.l(YIO!IIIIM 06paao11: 
-9') «-_.,, (- t -= 

- ,T 
~ u "\.1Cr'J I 

r]le 1,-L - ym1rapua11 11aTp111ta, y.l(OBJI6TBOPHIO!liall COOTIIOmeH!lllM 
'I' -,,'l'u-l V . 

I,{, = - IA, J I,{~ "'. <j.· • 

AHaJIOrll'IHO, Mbl_llllee~> T 

I ~ .. (- f):, "\.(rJ u,-i.r,, 

(49) 

(50) 

X) )!OKaXeM COOTHOmel!l!ll ( 49) 11 (50). C.l(eJiae1,1 COOTB8TCTBYIO!IIll8 rrpeo6pa30BaHllll ypaBHeHHll .l{J!pa1 

(.: ~ + "") .._ Cf ) ~ (.: l h ~ -t t r J + "V <{Ct J"~ 0 
• 

Mu 1111ee11: "' T _ ,. T -, 
U:(F)(.:F+"1):: a I (•) .. -t"") .,_(f) :::::_o i 

,- T "' ) 11 -("),-1,(, (.:p-t ..,) ';,(-,.) "' (,,--t,_. VI. <-t f = o IT 

a~ (,f-t"') u ii:CfJ'., (· [1-,.r~- Fr J+ ... ) r,. t,{ -;;-(,-) =, 0 

8TO 03Hat1aeT, '!TO . T 

'(,. l,( ;;-(f) ., .,_ (- f) . 
8TO COOTH01116Hlle ·110JIHO :ralCl!te rreperrHCaTI, B Bll]le ,, ,, 

. '-1-(-"f')" Y,. 1,{ Y/ «(f-') ::: _ l{ "-Cf) • 
)!anee, rryCTI, 

r. '-'- "'- 't. I.\ •. ! A:. ~./ , 

r.l(e 
7., >"r r;_o; 

. ~..-z~"" 
- orrepaTOP llp08Klillll ClIHHa "Ha OCll Of , Tor.zta, l!OCKOJII,KY 

-t ~ ,. 2: T z, D "- ~ / l~ .. " I 
T -,TyT vTy T 

" L . - 1l •.t "· -- ,. l.t -
II\.~-•~ :a -

r,_r,_ r. ~ M 
'-,_" 

J. t{ 
-.3 I • 
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RTax, cn11HOBble rum:7IHTY.llb! (4!) npeodpa3yDTCH cneAYIJlllllM odpa301.1 npa T -npeodpa30Ba~aa: 

1'.(r').._(f") -;, ~(f"}TU.-''f~.Y,.«.<lq.'}r.:::. -:..(t')"'(f"), -
" r ·• ·( ➔ "")Y i,l-;.;:- ? 1 

~ ( ') , Q ... Ct) - ..._ CrJ 1,1 r,. ,. r., G?\ - rr Q " c,-t "'f , -\ ;: AA(t-/" _.• Q. :V:-(f') :::: .:.(.,-') '~ .._ (t-j I 

T~e. r. _ r
J J' (SI) 

TaK KaK, MaTPllliHb!ll 3JJ8M8Hi' (47) HHBapaaHTeH OTHOCIIT8JJI,HO 'I' -npeoopa30BaHllll, TO HS rpaHC{f>op

!lallllOHHb!X CB0!1CTB (5!) H (48) ~e3aBHCIIJ!.lb!X CnllHOBb!X H YHHTapHb!X aMilJJHTY.ll ~- H r,: CJJe,llyeT, 

'iTO ,l\Be l'l>YHKIIIIH F/ (-', t-) paBira HYJJJO. _TaKl!M odpasou, ,llJJll ynpyr11x npo11eccoB roJJr,xo ce1.1r, 
, :I.. rt 

l!HBapl!aHTHb!X YHIITapHb!X aMTIJJIITY.ll 7' - ,llaJOT BKJJa,ll . -

p:J (.d, -f-) = 0 
I , -

(52) 

06~ee Bb!p!lll[eHae·1.1arp11-qHoro aJJeMeHra npo11ecca 

I I 
B◄ + 8.t ➔ 6 1.. + 8.t. cm 

r,11e B,: 11 6~ - OKTynJJeru 6ap110HoB, Ta!Olte MOlltHO noJJy-q11rr, aHaJJor11'illb!!.I 11ero;zio1.1. 06oaHa"filll( 

J. .. I. ( O,o( ((}-' ,f 
-qepea (_Bt.) ' (8,.) ' ~ l! 1:t ) YHIITapHb!e BOJJHOBble {f>yHKl\llll, Tor;zia, no aHaJJOPl'lll 

~ p p f ' • 
C ( 46) I.lb! 1111ee11 cJJe;ziy!Ollllle HeaaBl!Cl!Mble yHl!TapHb!e al!IIJIIITY;llb! 

7'': s;((61-) ,,-,(&~ D.t.), rt,, sr--(B.
1

&:)s,.(6,6,.)1 T; ~r-(S:5,.)sr <'i;.5i); 
• .., -I s- -, _, ~' ( _, _, ) 

ff1.,s~(&,6,&.t6,.),7 =-~f(p,,e,,~,.,;._)
1

1:.-::sp 6,5,i,.._B.t 1 (S3) · 
-I .../ -K (-'-:, Q 6) (-1 -1) r'""" sr c 8, 6, ,,,.t. e,.t), , .. s r s, b.t v, J -;-- s,, IS, 6,. ,;, s~ . 

ECJJII 6ap1!0Hbl B npo11ecce10D 111.1enr Cnl!H 11 'i8THOCT!, r;2+, TO cy~eCTBYDT Boceur, Cill!HOBb!X HeSaBII-

Cl!Mb!X a!.lnJJHTy;zi 
rt.~ ";;:(f'~7 .. (tt) .. (t'J 44 (1•) / r;_ "- «(f>~)..:£. .._(t._) :;-(t:) ◄ ~ "'\(t,), 

~:, :U:(~~J ... (tL) «(t:J .- ~ .. (t·J, ~ ". :;;:(t~) • P._,"(tL) «Ct~) "'-(t')- I 

rs-;,. ... (t>~J',,.(tt-J u(t',) ~ u.(t,), T;;"' ..-(ti.).: P. rs-"'(t ... )"(t;J.: P._r.. "<t•J,CS4) 

pt :: «(t~ 1 Yy u.(t._] 44 (t:) • ~ rr '-'( t-J.1 ,r, ~ -z; (f) i P., u,-""(t,.) "(7~) Yr., ( t,) I 
ro ,..• • ,.. r • 

... ) ~ ... "' "-, u. .... 
♦ 

.._ u._..._ I 

tl 'l.~ ,,!,._.,, - I.
3 

IA.< ::. .... Lt ... :_ 

T.e. Z 
3 

( r~ Iii. :..: ,: ) = _ t ( r. u_ .. ,: ) : 

3To OSHa-qaer, 'iTO 

1, u.-T 
I+ '"'""' -

u. 
-t 

!54 

- • I 

~ 1 

r;zie .P._: Ht,1-f/,J• l?t: 1=Ct;1- r;). Marp~Hblll_ 3JlS!.18HT npo11ecca (]I) 11Meer o6Iltllll Bll;ll 

"' '1'4r.-1.) M ,, z.. L.. r. r. (,.1,-t-
i JI.. - .~, J"1 iJ 4 

f-.: , (,.1,-t-) -- l'l>YHK!IIIII OT IIHBap11aHTHb!X nepeueHHb!X 
. . .{ 

4-:,. - (t•-t fL): h- ( f• - f-':J • 

(55) 

r,11e 

B -qacrHou cJJy-qa~, xor;zia 8, =- f< , &.t ~ P,~ , r.e. B c.ny-qae ynpyroro p~cceHH1111, 111 

Bap11aHi'HOCT!, Oi'HOCIIT8JJbHO orpallteHl!ll BpeueHII ~aeT H8KOTOpb!e orpaH11qeHl!ll Ha F~ 1 
(,,~). KaK 

6uJJo noxasaHo,- np11 'T' -npeodpasoBa,111111 

.,.._ r·, ,.,,.1,,., ... .,-, 
r' -, - r.r . (56) 

.,.. --1 

U a,. IA "' ·ts-- 1 

IlOCKOJJr,Ky A f ~~ p 
it ( • P, ri J u ::: - .. ,· rs- 1 

TO CnllHOBble al!IIJJl!Ty;llbl npeo6paay~TC!! CJJ8;l!YIO~IIM 06paao11 npll 7' -npeo6pa30BaHl!II 

r; -;, r i ' i =- .., ~, ... £ 
(57) 

'J ..,, - fj· I I"' 'f, s. 
Marpll'iHb!ll 3JJe!.leHT (55) ;ll0Jlllt8H 6urr, IIHBap11aHTHhl!.! OTlfOCl!TeJJI,HO npeo6pa30BaHllll (56) .11 (57_). OTC 

;zia cJJe;ziyer, -qro 

F.. ~ (-&, -I:) :::: 0 (58) 

eCJJl'l }"' 7,8, .(,: I,2, ••• 711 j= I, .•• 6, A,: 8. TaKIIII o6pa.SOM, MaTpll'iHb!ll aJJe!.leHT ynpyrorc 

pacce11H11H oxrymneroB 6ap110HoB I/2+ 111.1eer 06~11n B·11;zi ,,. ' . . 
M _ L · l. r. T' f/ (,.1,-1:-) + 1- S· 'T', ~.1- (,.1,-t:) , cs9) 

JI: - .::: 1 i"- 1 J' , j:-1,f 

np11-qeU•B yH11rapHb!X avnJJIITy;ziax T~ Mb! IlOJJOlltl!M s;:,. B._, s;.,,_ s.t·, ECJJII lite dapllOHb! B Ha-qa:71r,-

HOII H KOHe'iHOII COCTOl!Hlll!X l!BJJll~TCl! O;lll!HaKOBbl!.111 -qacr11ua1111, TO !.laTpll'iHb!ll 3JJ8M8HT ~OJlllteH 6h!Tr, 

c1111Me:rp11-qHbl!.I OTHOCIIJTeJJr,Ho nepecraHOBKII Bs.. ~ B.t , S. ~ B.i._ , t• ,,. t._ , t; k!' ~k -• Orcn;zia no 

JJy-qaeu 

F} (,4,1:)"" f..:" (-',-t) . (60) 

-Kpoue roro, 113 rpe60BaH11l!'CTai'IICTIIKII ~epull Bb!T8KalOT HeKOTOpb!e CBOitCTBa Cll!.1118Tp1111 

OTHOCl!i'8JJI,HO saveHbl t Ha 4-l , .{ 
~ "' - ( t• - t L ) • 

O;ziHaKO, Ha 3TOM OCTaHaBJJ11Barr,c11 !.!!,I He 6y;zie1.1. 

Paccuorp1111 renepr, npo11eccu aHHIIPIIJJl!llllll nap 6ap110H-aHT116ap110H 

B.,.5...., P+P', a,o 

F/ (,.,-t) 

, ·- I 
r;zie ~ H 8 - OKTynJJeTbl 6api!OHOB r;2+ II IIX aHr11qacr1111, a p II p - OKTynJJeTbl nceB;l!OCKalll!P 

I - ~ I , 

Hb!X !.16SOHOB. OdosHa'il!!.I /epea f II j 4-1111nyJJI,Cb! 6ap110Ha II aHT1!6api!OHa, a -qepes 'j 11 ,-4-1111-

nyJJI,Cb! MeSOHOB £ 11 P • KaK II B cny-qae npo11ecca (I), CYll\8CTBYDT ;z{B8 HesaBl!Cl!Mbl8 cnl!HOBb!e 
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81lilJil!Ty,tll " r. ~ v:crJ ... c,), r,_,: .;(-,..'). a "Ct>/ (61> 

r,te ~:,. :£ ( ,- , 1 
) , 11 BOC6!,II, H838llllCl!MlllC ym1T8PH!,!X 81!IJJIIITY;zt, KOTOp!le llOXHO B!l6pan CJie-

;ztYlllltllll o6pa301l l _ ~- _, ~ 
r\. $r (&o} $r ( Pf

1
) ,_; = Jt,~BP)st(s p' )_- ~~,C~} 't (6 P) / 

1\. \t0P)s/'(6r')+sr(IH >~rCH)/ T: 'r [ll6(PP-P r)J, 
[ 

_, -i l ~ c--' _,_>J (62> 
1 ~= ~t &~Ur'..- ri>)J, , = 5r 1H, rr- r P • / 

'rt-= sr[B'i;(rF~r'f)J / T'
1
= ~r [&rsr'- B°?'sp J 

l.laTpll\!Hllil sJieueaT npoqecca (I[) · l!MeeT o6mllil m,t . ~ i . . . r ... J- . 
. M:m: = j; .• ~~ i T F,: (..i, v) 1 (63) 

npll\!ell B K8\!eCTBe IIHB8p1!8HTHllX nepeueHHhIX y,to6HO B!l6parI, CJie,tyDII(lle 

..ic- Ct ... t'J~ ,.,, -l;Cr-f}(1-{)·, 
Tpe60B8Hl!e l!Hl38Pll8HTHOCTII S -ll8TPll!lll OTHOCIIT8JI!,HO 38PMOBOro conpl!llteHl!fl npllllO,tl!T It aeKOTO-

Pllll orpaHll\!8Hllflll H8 ~.,. ( ..i, V) . }lellcTBl!TeJII,HO' np11 C. -npe o6pa30ll8HIIII 6ap110Ha C l!MnyJII,-
....,' ' ', 

COil t npeBpamaeTCH B 8HT1!6apHOH C Tell xe llllnyJII,CCM II o6paTH0,·8 ll630H C YHIIT8PHOll BOJIHOBOil 

ipyHK!ll!ell P; npeBpamaeTCJ! B ueaoa c BOJIHOBoll IPYHK!lllell P! 'II :r.,t. 

a." _s~ P ~., , p" , pP 1-< , a 
Vp ➔- a<. 1 Bp ➔ &,c 1 ~ --> -< 1 P, ➔ Pr 

noaTouy yHIIT8pHb!e 81lnJil!Ty,tll (62) npeo6pa3yIDTCH CJ!e,tylllltllM o6pa30M ~ 

T..:-? T4 

I ·..: = l,3,5,7,8 

r· _, _ r( i = 2,4,6 • 

' 
(64) 

'ITO K8C88TCH Cill!HOBllX aunJI11Ty,t ( 61), T_O C -npeo6pa30Baa11e np11BO,tl!T K 3aueae t ..., r-' 11 113-

M8H8HIIIJ· 3H8K8 Kall[,toi! 8l!IIJIIITY;llll, T8K K8K 6ap110H no,t\!IIHH8TCH CT8TIICTIIKe ~eplll!, HTaK, 

v(t') ... (t') _. _ v('f")"(f), .f(f),Q«Ct-)-) _ v(r),a'-'-Cr,'). 

IloJII>SYHQI> cociTHOmea11f!ll11 __ r l _
1 

. '\ T 

..... (t')= C"'i.f) , v(r-)~ c. ""(t)J' 

r,lle C: -11aTpima aapll,lloBoro conpHxea11H 
. T T C c-•r,..c-=-- r.,.. ·, c ::.- , 

Mil Bll,tllll, qTo np11 C ~npeo6pas0Baa1111 cn11a0Bue aunJIIITY.llll (61) npeo6pa3yDTCH cJie,tyIDIItllll o6pasou 

r ...... r r. _. - r. . (65) "- ._ I ~ ..., 

0Tll8Tllll, \!TO np11 3TOM nepeueHH8H ~ He_MeHHeTCH, HO nepeueHH8H Y M8HH6T SHaK: 

~i. (-',") _., F.·' (.J,-") · (66) 

Hs (64) - (66) CJie,tyeT, \!TO uaTp11qH!li! aJielleHT (63) MOXeT 6!lTI, IIHB8pll8HTlll,lll OTHOCIITeJII,HO 

06pa30Ba~11H TOJII>KO ec.JI11 ipyHK!\1111 • F~ i(.l,_;)y,toBJI~TBOPH~T cJ1e;llyrolltllll ycJIOBl!Hll 

f l'() ft(,_) t=I,.,=l,3,5,7,8 
,,-" C • N,V ,1.lJIH , 

• , ' . j= 2, i = 2,4,6, 

F. i(..i,-")== _ F/(J,11hJ1H{i= 2, ~ = 1,3,5,7,B, • / J= l, ., = 2,4,6. 

(67) 
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I 
ECJIII 11e30H!l. p II p !!Bll!!HJTCH O,tHIDJ II Tell xe OKTynJ!eTOI! nceB,llOCK3Jl!!PH11X ueSOHOB, TO B 

c11J1y cTBTIICTHKl!.Eose 11aTpll\!Hllll sJieueHT (63) 11ai'ap118HTeH OTHOCl!TeJII>HO nepecTSHOBKII ,tByx ue-
• , P"' ~ 

30HOB, T.e; 0.THOCIITeJII,HO 38.l!~Hl,l , ~, · '. ('. ~ pr,· TaK K8K npa 3TOll nj:llo6pa30B8HIIII 

T • ( )'+4 T' 
--? - i / (68) 

rj --> (-~ri'+' s· J (69) 

11 ~ -7 - 1) , TO IPYHK!\1111 f,J (..i, v) ,tOlllitHb! y,tOBJieTBOP!!TI, ycJIOBl!Hll 
. ·-t. . 

f/(.,,-~),, c-,r a- F..J(J,"J. _(70) 

C p8BHIIB8fl C ( 67) / llll IlOJIY\!llll . , . 

f/(J,~ = o' (71) 

TaKIIU o6pa301lfno aH8J!OrHll'CO CJiyqaeM ynpyroro pacceHHI!!! M830H8 Ha. 6ap11oae, ll8TPll\!Hl,lll SJI81l8HT. 

8HHllrl!Jlfll\llH ·nap11 6ap110H-!3-HTll6ap110H H8 napy nceB,tOCK8JIHPHllX ueSOHOB 113 o;ziaoro II Toro ~e.oK

TynJieTa 3aBIICIIT OT ceu11 YHIITapHhIX 8MnJil!Ty,t. 

PaCCMOTPIIM, H8KOH8!\, pox,11ea11e ,teeynJieTa 6apl!OHHllX pe30H8HCOB 3;2+11p11 CTOJIKHOB8HIIII OK

TynJ!eTa nceB,tOCK8JI!!pHllX M830HOB c OKTynJieTOM 6apll0HOB I/2+ 

P+ B -:> P'+ D . I (Ii) 

B ,l8HH01l CJiyqae 1!3 yHHT8PHhIX BOJIHOBh!X WYBK!lllil qacTim llOXHO 06paSOB8TI>_meCTI, IIHB8pll8HTHhIX 

aunJI11ry,t: 
- {otp) -'1 , .- r,,<- -¾-.pl -'Y .- . • 

r\. p lnJ p., I\. p J' , J "- f) l nJ p" Sf> p , 1 

T'= Di-~, P,. s· r'" r: 15 1"'r, P1
13• r' • 

(72) [Yf] ,<. • f' I lrfJ " P • / 

r,= pt"r1 grp'•p..- r~ pl~r, BT p'..- p' 
lY(J " • f I - LnJ .. . J " I 

- lo1~j 
D l rr] ::.. 

tr. ... 0 l;,t., i . 

MOJl[HO nOK838TI,, \!TO cpe,tl! STIIX YHl!TapHhIX 8MilJIIITY,t TOJ!I,KO \!8Tllpe f!BllflllTCH He38Bl!CIIM~H. 0,tHa

KO · aa STOil OCT8H8ll/lllB8TI,Cfl Mil He 6y,teu, nocKOJII,KY B IlPIIH!\l!Ile UOXHO pa60T8TI, C Jll!lllHllllll aunJI11-

Ty,tau11, K8K 3TO 61lJIO OTueqeiio Bllme np11 11syqeHIIII ue30H-:-6ap110HHOro pacCeHHIIH. MaTpll\!Hllil SJieMeH_T 

npoqecca cm l!llee~ Bl. ' • . 

~ r r· F;(-' -t-' M~ " L.- . j .. · ' '/ 1 
(73) 

'"' r=·•. . . 
r;zie YHIIT8pH!le 81.ml!IITY,tll T"'i(alll,l B (72), a Cill!HOBlle 81lnJll!Ty,tll r. Bhlp8ll[81JTCH qepes npocT-. t . .. . . 
paHCTBeHHlle BOJIHOBhle ipyHK!\1111 6ap110Ha l/2+ Lt ( t) 11 6ap110HHoro pesoaauca · ~ ( f'/Clle,tyDntllll 

06pa3011 .r,. ~ 

r~= 
S,tec1, qepe a i 

·S . .Ct'Hi-,'tr5""«Ct) , G.: ~Cf>(1 ... 1Jr, ... c,..J, 
.· . . ~ •' ~ A' (74) 

~(r)C1-·0,.. r,..: 7 "'CtJ, r't,,, «;..er) (1t 1'!.. ~ .-~ '-'C;J . 
. I 

II , 
1 

0603H8\!8HJTCH 4-HMilYJII>Cll J.1830HOB p II p • 
B 38KJIHJ\!8Hl!e 0Tll6TIIM, \!TO aaaJIOrll\!Hl,lll MeTO,tOM T810Ke M0%HO noJiy\!IITI,_M8Tp11qHlle SJielleHT!l 

npoqeCCOB pollt,Z{eHl!ll BeKTOpHllX Me30_HOB 11 6apHOHHhIX pesoaaHCOB 
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P-t S ➔ V-t f, I Cl} 

&-t e, - ~ -t J) J err.> 
&-t-8 --., V-t 1$ J (ZJI) 

P-t i, ___,, V-t !) • CEIi) 

§ 2. COOTHOmeHIUI uel!!l!i ai!OJJHT;'{ll8UH IlQQgeccoB 

Hs 06IllllX BhlpaxeHHll MaTpMqHhlX ane~eHTOB paCCIIOTpeHHhllC nponeccoB pacceHHHH, aHHHrMnHUHH H 

pol!t,l!eHHH qacTHU IIOXHO nonyqMTb COOTHOmeHHH Mellt,lly ceqeHHHMH KOHKpeTl!blX nponecCOB, Ilepel!.l(e11 Te

nepb K BhlBO'AY 3THX COOTHOmeHHll. 

PaCCUOTPHM npex'Ae BCero nponeccu ueaoH-6apMOHHOrO pacceHHHH • .i(JIH HayqeHHH COOTHOmeHHll, 

11eE'AY MX ceqeHHHMH 'AOCTaToqao paCCIIOTp0Tb yHHTapHyD CTPYKTypy. Mu uuee11 TOr'Aa 118TpuqHull ane-

ll~T t · 

M1 = ~. r· A-..- .. , (75) 

r'Ae A~ - @YHKUHH OT npocTpaacTBeHHO-Bpe11eHHHX nepeueaaux (1111ny1IbCOB, nonapHaanull H T.'A,), 

Aun1IHTY'AU Kallt,lloro KOHKpeTHOro nponecca BhlpaXaDTCH qepea 3TH Cellb HeaaBHCllllhllC npOHBBOllHhllC 

@yHKUHll A . • TaK, aanpHMep, 'A1IH nponecca 
,., + .. 

'lr+,... ➔ T't-f" 
T01!hK0 'ABe YffHTapHUe allll1IHTY'AU OT1!HqHhl,OT HY1IH 

r•;::, rr =- ~, 

IlOCKOlley B 'A8Hl!OII C1!yqae T01!I,KO cne'AYD!llHe MaTpuqaue s11e11eHTU uaTpMn 8 7S ' p M p OTnHq-
' / I 

Hhl OT HY1IH 
-1 a.' B ,,_ I)'" a. ,_ 

P. (=-
- 1 
p .( -=- L. 

Mu H11ee11 TaKH11 06paso11 

M ( 1i ..., .. -, 1r+ t') ::: .4. + Ar · 

AaanorHqHhle Bhlpa~eHl1'l!I Taxxe IIOXHO nonyqHTb 'A1IH ailOJJHTY'A.OCTallHUX nponeccoB. Kos~HUH8HThl 

npH npoHaBom.HbOC @YHKUHHX A,. -At'AaHU B Ta611une Yll • .zt;na Y'A06cna mecTo -JC H - ~- B 

11aTpunax 6apHOHOB u11eaoaoB 11u ,nHme11 K- a,~-:-. 

Ta611Hga W 

ljoJI! Ilponecc 
Tj. T.i T' T" yr r' rt-

nn 

£ :1. :L 

!. i 1,. 

3 -l- ..L 
'Ii, 11:i: 

lt • rt fr 
f i. -t. ,t. :L 

{ i '1.- 1... :L 

f t t' ! i 
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!i. 
1! 
" ,, ,, 

r~ 
nn 

3 

9 

40 

H 

u. 
H 

lit 
15" 

~6 

1t 
18 

1, 
:i.o 

.ti 

lt 

2,~ ,,,, 
u 
.u, 
tt 

Ilponecc 

. «· .. , ·-)· i<· .. t-
. K0 • K+ ... I _.., -~"""·.,,.. 

K-+ I -"I j<'+rv 
• '., ..... + 

'1t ➔ t -9: ,... --t .L 

7t-+ t- -7 1<+ .. r.
lt-+ t -"I K'+!~ 

1t: + t- -, K"-t /\ 

K -t t" 
~-tr

➔ 'lt-+ :[+ 

__. ir++r-

r•r
K'+r

-, 11,• .. 1..· 

- 7(•-,. A 
K-+ f -,, 1{'+ :r• 
K-., f'" 
Ktr, 
~-tr- -, 
K~tf" _,, 

K: t I :t ,t ➔ 
1<·+ t'- ...., 
1(,-r- _,, 

-, 

➔ 

r + i:.· 
11"-i- A 
t.,. >,,. 

11'-t- .l:-1' 

z + r. + 
K"-t- :':." 

}'.t-t ~· 

Jc!,.;;-

r 
i 

• TL 

:I. 

i 

i 

£ 

i 

:I. 

i. 

T' 

i 

1-

1. 

i. 

i. 

r 

1-

.L ~-
.!.. 
l'6 

- _!_ 
V, 

-.L 
3 

·if¼ 3 

T' 
-1. 

:L 

-A. 

~ 
J... 
t'.6 
1-
~ 
.t~ 
..!.. 
.t\'j 
.L 
6 
.L 
fi, 
.L 

"' 

T' 

-~ 
"' 

~ 
3 

T' 

-.i 

~ 

',..L 
vf 

_J.. 
3 

Ba aaaqeHHll Koa@@anueHTOB npa A- , 'A8HHhllC B·Ta611111te Yll, HBTPY'AHO nonyqaTb cne'AYDlllH' 
' ~ 

COOTHOmeHHH lleX'AY 8Mll1!HTY'AaJIH paccuaTpHBaeuux,npogeccoB 

1-\ (n"'r ➔ ntr) - M (11p ➔ ,,-1") :o, VL M (n}...,, 'ff"r,,) I 

'-\(K~t ➔ K1~)- M(1'0

~ ... l<'I") = M(K 0t .... (( 1w)
1 

M.(°K•r--..,~\)- M(l<r-,!(1)::: - M(K-~ ➔ ,Z• .. ),, 
_ M(11-tr_.,1<trt)-,t1(11-t ➔ J(1 :r}, ~Ml,rr-7)(•,::•) 

M (Kt ➔ 11• z-t)- M Ct<t ... ,-•z-),. n MCK·r-d•r·)= l'TM(K°·r- _, -r,~ r .. ) 
M ( K "t ➔ '1f + ,\) Q fi. M ( l<j,- ➔ 7i' A. ) I 

M(1<t ➔ 11-P)+ M(t.-1 -? 1r-1I-)= 1:M(1<--,, ... 11•z•) 
(
~ . I 

M K"t ➔/1.'.::") + M (Kt- ➔ 1<
0

~•) = M(l<"j1. ... (<1
~-) 

M (K•t ... K-tj}- M(ir"', ➔ 'll""j)"' M(-rr} ➔ t<+z.+) 
M (K} ➔ Kr J - M (11l ... 11-rJ =, Mc"} ➔ 11-z:.+) 
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(76) 

(77) 

(78) 

(79) 

(BO) 

(BI) 

(82) 

(83) 

'(84) 

(85) · 



M(1ci- ➔ ,r-f'r-),,_ M(l<-} ➔• "·~·) 1 (86) 

~ ('lfl _, /<' I) ::,.. M ( K° J'- ➔ f('3•) J (87) 

iI M(Tt ➔ i<'A) - r'i M (fi, ➔ /(•z:o) =.! [M (iq .. -, T'Z-)- M (K~ ➔ !<' .. )]; (88) 

Vc 1-\ (K·r 'II.,. )-fi M ( ~,--'l ,n·)" J.. [ M(11} ➔ I<~£;- r., (i., ➔ J(t.,,) J 
1 

(89) 

fiM(kr-,rr•A)t-r'i M(nl ➔ ,r• .. ) ",l1(K}-,v•z:·J-:- M(Kj.., i<- ... J I (90) 

fl,\ ( K-t ➔ z A) - ~ M(i/f' ➔ z:r•)" 'M(1(f ➔ J(•::;•) + (j M(K}-, ,r+ A )-(91) 

\ 

DT11eT1111, qTO cpe,i11 COOTHOmeHHli (76) - (91) Bocem, nepBhDC MOZHO nonyqllTL TOnI>KO 113 ll30TOnHqec~ 

KOM llHBSpllSHTHOCTll, a OCTMLHNe HMHIDTCH HOBIDlll cne}lCTBllHMH YHIITSPHOM c111111eTp1111. Ecn11 W Tpe~! 

Ciye11; qTOCiii S -11aTp11qa CiWia llHBapllSHTHOM OTHOCl!Te~HO R -npeoeipa30BSHl!H, TO nonyq1111 e11te 

HeKoTopi.e ,ipyr11e cooTHOmeHHH. 0,iHaKO 11i. He Ciy,ie11 npe,inonaraTL R -l!HBaPllSHTHOCTL 1 nocKOnbKY 

~ -npeoCipa30BSHlle He np11Ha,inez11T rpynne c; t(,(3). I! B ,ieltCTBl!TenLHOCTll R -l!HBSpllSHTHOCTL 

ae 1111eeT 11ecTa, KSK aTo Ciuno OT11eqea~. 

Ilo aHanorlll! c nonyqeHHlillll cooTHomeHllHIIH 11ez~ a11nn11Ty,iaMJ1 11esoa-Ciapl!OHHOro pacceHH~H, 

,ina npoqeccoB Ciap110H-Ciap110HHoro pacceHHl!H II SHT11Ciap110H-Ciap110HHoro pacceHHl!H 11u 1111ee11 cooT

HomeHllH 

M (;;-t ➔ p,:-) "' M c~-r- ➔ "'- .::;o) I (92) 

M (2:-f---;, I'r) =- M (~f" ➔ :;•r) 1 ·. . {93) 

M(tt ➔ fj) ::,. _M (ztl' _,,1:tt) ;- M(Ztt ➔ t zt) I (94) 

M (rt ➔ rr) "- M (~}7" ~}) - M (3t ➔ r-z.+) (95) 

M(f t-> r-i-J ::. M (fr--~ z·) (96) 

II T.}l. 
Pacc11oxp1111 TenepL aHHlll'KAHln'lll napu Oapl!ria-aaxJ10ap11oa B,noxoe aa }(Ba nceB,llOCXaJIJ!l)IWX 

I -> _,,1 . · I _L ( •)/ I) ' 
11es0Ha. B )laHHOII cnyqae t•" f"•, f"" t- ~~ , x.e. f'-" t , ""., r--r- l'f· 1 =- 0 

• 

Tax KSK HeqeTHlie WYHKqllll OT Y }lOJ!ll[HN oCipamaTLCH B HynL np11 V = o, TO TOnI>KO qeTH!ie WYHlt!Ulll 

· f:. ~( A, 1/ B IISTpll'IH.011 ane11eHTe (63) 11oryT )lSBaTL BKna,l. Bonee, Toro, ,lnH CiapllOHa II aHTl!t5a-

PllOHS B llOKOe BOnHOB!ie WYHKqllll "1f") JI -rr(;J 1111e~ ~ll}l ( a ) 

' . IA,~ ( 0 ) ; "'""' C 1,(, :::. 6;. '{ . I 
r,lle 'f - }lByuepwil Clll!HOP, ll V«.:, 0 1 T.e. nepBaa CnHHOBSH aunn11Ty)la .paBHa eynD. TaKl!U 

0Cipaao11 MaTpll'!Hlie aneueHm aHH11r11nnq1111 nap.Ciap110H-aHT11Ciap110H B. noKoe Ha napu nceB,llOCKanHPH!lX· 

11eaoHOB aaBHCHT TOnLKO OT Tpex qeTHNX WYIIK11111l F ."' ( .1,, o ) , a 11ueuao , ft 1.,. o), F "(, 0 ) 111 
.t . , , . A, t l.i,. If ' 

f, (.J, o)• COOTB8TCTByDl!llll8 K09WWllqlleHTli }laHli B TSCiJ!llU8 Ylll. . 

I60 

Taein11g,a Ylll 

~ T:i. • · T 4 1' nn 

I. · t + f" -> it.f -,.x-· o -i o 
2 ,., .. 11-. t -t t' _, K + I\,., 1. -1. 1. 
3• . ,.,,t -t ""' -~ . I<' -t K" o o :1. · 
4 . I "-+ • ◄ ◄ • l\ .. ,i.. -;, " + 1{ 0 -- ~ 

,., I !(" ~ 
s. )\ -t t- -7 .,. l ,!. _ L T . 
6. i:'t .. f" _,, /t-tt rr.- ~ o :1. 

7. I·-t t -7 !r/-tn+ -L a o 

8. ft -t t" -7 k
0 

+ 2 o o {f., 
9. 3°., f -:7 K.,-t K" 1. o o 

OT11eT1111, qTo B TaOJllllU' YJll He Ciiinll BMmeHli npoqecci. 

f+ t _., :-n•J t-z I z+1t•/ 

;;;'+'r ➔ rr"+i I E·.,.r- ➔ Y-,.+K" / 

KOTopi.e aanpeme~ .nl!Cio coxpaaeH11e11 C - 11 £:.. qeTHocTeM, n1160 coxpaaeH11e11 6 - ;i P
qeTaocTett JI TpeCiOBaH11e11 CTSTIICTJIKJI ·Bose. He paCCIISTPIIIBaD'.rCH Ta.Kllte nponecci., a11nn11Ty

)la11 KOTOPhlX onpe,llSAHDTCH qepes a111In11Ty,llli npoueccoB B TSCiJ111ue Ylll npll llOIIOJllll Jll30TOilll

qecxllX cooTHomead. 

Rs saaqea11M Koaww11q11eHTOB, ~SHHNX B Taein11ue Ylll, nonyqaeu cne,iyDJlllle cooTHomeH11H 

uex,iy aunn11Ty,ia1111 pacc11aTp11Baema: nponeccoB 

JI T.)l. 

M(ft ➔ £'·1<·) ~ ff: M(i' .. t' ➔ I<~() I 

M ( f-t ➔ K+'lft):,. M ( ~\ _;, K .. J<•) I 

M(ft-, K''i<-)= M(fp-,nrtn·)-t r,,t(i'"t _,, r-111 -) 

M(ft ➔ KtK-): ½ M(fr ➔ K•K•)+ M('X; ➔ ltz\ 
M (r\ ➔ K1'r.-) = M(f·t ➔ f£.trrt) -t;__M(F11 ➔ !(·iZ·) 

(97) 

(98) 

(99) 

(IOO) 

(IOI) 

KaK CiWio noKaaaao, ·al!IInl!Ty,ii. nponeccoB pollt,lleHllH CiapllOHHh!X peaoHaHCOB 3/2+ np11 

CTOnKHOBeHllll nceB}lOCKanHpHh!X 11830HOB C npOTOHOII BiipaXaDT ' tteT!ipe 113 meCTll npOIIISBOnL

Hh!X WYHKqHli A;,oT npocTpaHCTBeHHO-Bpe11eHHhDC rrepe11eHHh!X. 0,llHaKo 110XHO Tane pacc110T

peu Bee mecu WYHKn111li A · 11 nomaoBaTLCH 11aTp11qHU11 ane11eHTOM ' .. . 
. Mn =-

L T~A . 
.:: • "' I 

(102) 

r,lle T• onpe,ienHDTCH B (72). KoawwJ11111eHTli np11 A-~11J! Kal!lllOro nponecca ,iaai. B Ta6JI11-, .... 
qe IX. 
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Ta6_l!llJia IX 

-rl T-1. T' T" Ts- T' 

•· ..L -t • Ll + V3 i'j I. :n. .... t- ➔ 7t .. 
~ 

-.!.. 4 + 
ff t'.," 2. x-1 t -7 'I!--,. t> _ 

~ 
- .L , 

-,( -t t- ➔ '1!-t + t, -1-3. 
• .i.-·.t. -t 4. lt--tt -9 'IP • ..,. t:,• 

- fi, (i; fl, 

-.!.. :..L s. 'Jt- .. r -~ t -+ t.,. 0 
lU ~~ 

, t,.+ + ..L ( - j_ 6. 1C .. -t r - 1t + 'Ii 'vi l"i: 
n• -t t- -, L -t t:, + + ..L . .i -.L -..L 7. 

fi, rc V£ I'{, 
8. • K+ 6 .. .L .L l< .. t -? -t 

Vf ~ - I<- b + .L , .L 9. Kt t ~, .,. 
V, fj • • t,. -t+ 

-!. -:L IO. K-it .....:; K .. 
II. K'-tt -, K--t•A: ... -!. -:L 
!2. K- - y'-t ' . -• -,_L "'"t -, 7t-t ~- fi Vi .. ·+ A -L -..L !3. x .. +t- _,,_ K + y 

iJ ~ vf· --14. IC•t- -, _,.. .... ,/- -.L -.L 

l<t -t" y•- ~ ~ IS. lt--t t -7 '!'..L -.i. 
K- •o ~ ..L 

fi 
...!.. 16. ·t -, ,r• .. '/· -.L - 1.Y} 2.(j 1.'3 t(j 

.L _·j__ - . •o -.!. ..L 17. 
~

1 t-, _. l: '/•• " ~ ,:- J.___ ~ t I8 . K'•t _, 71-1'1 ii (6 
..L ..L .r.o .L !9 • 1C -t t -, I<.+ Y 

" Yi .L 
t'G ~ • /t- ..L J... 

~ 20 • 1<·+ t ➔. 'If -t rr: . fl: (i. .L ...L -ti. .L. 2! •. ~ + t ➔ 2 + ~~:+ ..... ~rz: ~- -in. T 
.!.. - .i.. • 22 • K-1 t ➔ Jl'+::, ~ t} n - -t :i .,0 

~ * -.L 23 • K•+ t - Jt; + _, l'i iS 
_24 - + -::!-·- _.!.. _J.._ •. - - K• t -, 1£. -t v 

~ 11 

OTCIJ,lla noJiyV:aeu C00TH0meHHH 

~ r-\(,ij-- ➔ 11:•ti-) ,._ M(f", ➔ 7t+l),. M (JCr, ➔ 11-l+) .. M(Kj- ➔ 1<"'~•)1 (!03) 
. L - . 

I t ' )IL \ • L L -t M(Kt ➔ l('A-1-t ·d f-'\(-.-tt ➔ ,tr JI ::/M(-nt ... ,,•.ct+)/-d IM(Tt~21f .. }l.<I04) 

Al!aJioruq1WU ueTo~ uozno Tane np11ueHHTD K uayg:eHHD awmny~ npo~eccoB poJUeHHH 

:iieicTopHb!X_Me30H0B npu CT0JIKH0BeHHH nceB,lt0CKaJillplillX uea0H0B C np0T0HOM. Mu 1111,1eeM, B qacT-

H0CTH, C00TH0meHHll_ 
M(ll-+t_; 1t•t)=- M(,r•r ➔ ft)-+ M(n+,-. ➔ 1t+.2+)1 

tu\ (It'""" Y:.,_r} ,,,_ M (11t -,ft)-+ M(l(t ➔ f It)/ 

!62 

(IOS) 

(IU6) 

' I 

.!. 
f,, 

M(.;---t .... ( tt) ~- M (l(t-> •/ y"-) ~ M (K-t..,. f /+),, M(1<~ .. i/~'-,), ) (IU7) 

.... 11 * • IL lM(l(.tl..,~ i,,++) -t~IM(v'"t_.((")'+ = •t o + \J, (!08) 
. . . . 1"'1(.,,+J"__,,,•h+t)l-+~1Mllt ➔ 1 f). ... ) • 

Haxoae~, np11Be~eu cooTHomeHHll 1,1ez~y aunJIHT~a.Mll npo~eccoB poJUeHHll X-1,1eaoaa, llBJillIDmerocll 

yHHTapHl,ll,I CHHrJieT0M 

M l"t ➔ x,,.) :.· "k M(!(.t ... xr·) - ff f-\(i<l _. ><>-) · cro9) 

§ 3. CoxpaHeH111e LI,- -cn11aa ll V -cn111Ha 

Kax III B cJiy,Iae TpexqacT111qllhlX Bepm111a, 1,1aor111e 1113 noJiyqeHHb!X cooTHOmea111n MElllt~Y rumJIHTYna-

1,1111 paccel!Hllll aBJillIDTCll cJie~CTBllllMH JIH60 coxpaaeHHll ll-cnuaa HJIH V -cn111aa, JIH60 U.-aapMCn 

B0ll HJIH V -aapllnoBoll cmnieTpmt ( lA.-~o~rpynna u V-no~rpynna 6uJIH paccMoTpeHH B l'JiaBe 

Ill, n.I, § 4). Ilo:noMy oa1111,1oryT 6un BHB~eHH 6ea 111ay,IeHHll o6men cT.py1tTyp1,1 uaTpJ,!qHbllC aJieMeH

TOB nyTeu npllJ.!eaeHllll .JI1160 TeXHHltll rpymru S l,{(2), JI11160 n111cxpeTl!b!X npeo6paaoBaHHll L(- sapll-

noBOll HJIH V -aapMOB0ll CHMMeTpHll. 
i'.(ellcTBl!TeJII>H0, npm1ea1111 K npol\eccau 1<; J': -, 11t+ l - ll n." + r- ➔ f(:.- z- caaqaJia npe-

06paa0Ba11111e V -aapll~0B0ll c11UMeTp11111, aaTell npeo6paaoBaHue IA -aapMOBOJ.1 c111uueTp111i1 111 o:rpa-

:111;ea111e Bpe11ea111, Tax xaK np111 V-aapMOBOJ.1 c111MMeTp11111 c ToqHOCTI>D ~o _ aaaxa BOJIHOBb!X WYH~MJ.1 

~-~ 'It- I 7{+ c> /(+ I f $ 1:;+ •, !:)"- 1,-

(Cllel'J;taBy Ill, n.II, § 2), TO 3TH npo~eccu nepexo~HT B npo~eccu 

1L1" !t -:, !(, .... ~- Ill JC+ L .. -4 7l .. + z- ' 
C00TBeTCTBeHH0. i'.(aJiee, np111· ~ -aapM0B0ll ClllllleTplllH C T0qHOCTI>D ~o sHalta BOJIHOBb!X WYH~ml 

K
-tk-9 1(- 7C-= I<" n:+c>·f<· I-t- ,,.. -.:,-- t,,,· I· 1 1 ~,.., J 

(c1,1.rJiaBy Ill, n.II, § 2), 11 nocJiena111e npo!leccu nepexo~llT B 

K".i- ~· -;, ,c,. ,._ ...., K+.,. :s· - K'-t- t J 

cooTBeTCTBeaao. B cHJIY 'f -HHBapuaHTHOCTH aM!IJIHTynu sTllX npo~eccoB paBHH aunJIHTy~au cooT-

BBTCTBYJOOUIX o6paT!WX npo~eccoB ~ • -, • I<' ,I,,. I<.. -:, • 
K~-t: t- -:-' J< +_ ::, 14, ,-t I ➔ + ..., ' 

C00TBeTCTBeBH0. TaltllM o6pa301J 1113 111HBa-p111aTHOCTel.1 0TH0CHTBJ!EHO npeo6pa30BaHHJ.1 V-sapMOBOJ.1 

Clll!lleTpllH, U,-aapMOBOJ.1 clOOleTp1414 Ill 0TpaZeHHll Bpe11eHH BHTeKaDT COOTHOmeHIDi (86) Ill (87) 
M ( Kt- .... ,r• 2) => M (l<t, _, K• ~•)/ 
M. (ict ➔ t<+z-)=- M ( 1::'j--..;, /(:•s•). 

OTMeTHM, irro CO0TBeTCTByDmllX COOTHOmeHHll ~Jlll aJll!JlHTY'A po~eHHll BeKTOPHWC 1,1e30HOB ae CYIIt8CT-

_ByeT, TaK KaK B ST0M CJiy,Iae HeJII>3ll ll0JII>30BaTI>CH T -HHBapuaHTHOCTI>D, 

Ilp1111eHHM TenepD K npo~eccau 

~, ..., r-t,.rj t-1- t ➔ r--t t J f-t t-
,..., 

➔. ~- ... Z/ 

npeo6paaoBaHHe IA,_ aapM0B0/;\ Clll,llleTpllH.· l!0CKOJII>KY npH STOI.I npeo6pasOBaHJ,!J,I 
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s· ~ r I I,1' c9 3 • J ,:-k-"> n, I 

To 3TH npoueccN npeBpamaDTCH B npoueccN 

~- :::,0 t--t,.,, -:> -.J -t- t'\, 
n..-t ~-➔ n+ 3-- ~- 3- ~ ';i_ --t YL 

TaKJ!M 06paso11, ll_ -38Pfl.llOB8H CIIMMeTPIIH ,1(8eT COOTHOmeH11e 

M ('z-1 ...,. y1- I-).,,_ M (Z} -;, n. 3:) , 

IA. -sapMOBaH II T -sapfl.llOBaH Cl!llMeTp1111 np11BO~HT K COOTHomeHIID 

M (z-t-,, It) = M (;z•, ➔ ~·r; I 

a l-l.-sapH,llOB8H II r - 38pH,l(OB8H c111111eTp1111 BlleCTe C T -IIHBapllaHTHOCTI,D .1(8DT CO.OTHOmeHlle 

M (ft ➔ r- r-) = ~ (Ft ➔ ~- :z:J . 
rronyqae11 CHOBa COOTHOmeHIIH (92), (93) 11 (96). 

IToKal!Cell TenepI>, qTo COOTHOmeHIIH (84) 11 (85) HMHIOTCH cne,l(CTBIIHMII COXpaHeHIIH V-c~11Ha. 

Ecn11 pacc11aTp11BaTI> qacTIIUli KaK Ko11notteHThl V -11ynI>T11nneTOB, TO llhl 1111eeT cne,llyDm11e V-.lly6-

K"" ) ( 'IC-) neTh! 

(-~T ) ( _ 'lj-t I . /<-

no attanor1111 c Tc t yreT7 ( ~: ) • 

Ms coxpaHeHIIH T -cn11Ha IIH nonyq11n11 coOTHomett11e 

M(1<+, ➔ l<+j}" l'-\(JC'r- ➔ l<•;)--t- M(1<'t__. f<.,,.,.). 
(c11.rnaBy IT, n.rr, § 4). Attanor11•rno, 11s coxpatteH11H V -cmma BHTeKaJOT coOTHomett11H 

r,1(1'-} ➔ l'-tr) =:. M(Tltr: ➔ ..,,trJ + M(irtr- ➔ /(.tz.?/ 
M(-rr-f-"'t)"" M(Kr--.1<;)-M(1<r- ➔ rr-:[ ). 

Mhl nonyqae11 CHOBa COOTHOmeHIIH (84) 11 (85), a TaIOKe COOTHOmeHIIH 11e~,lly aMilRIITy.1(81111 pollt,Z(eHIIH 

B8KTOPHblX lle30HOB (105) II (106). 

Ecn11 Tenep1, pacc11aTp11Ban pacceHHlle qacTIIU B V -,lly6neTe 

(!r+)' 
TO no attanor1111 c H30Ton11qecK1111 cooTHomeH11e11 

M(tt ➔ tt)., M(Rt ➔ "-j) -t M ("'t ➔ t") 
Mhl nonyqae11 

M(tt-?ti):,. M(z'"t ➔ zt;)-t M(1f ➔tz,, 
a ecn11 pacc11aTp11Ban paccel!H11e qacT11u B V -,11yelne:rax 

:ro Mhl 1111ee11 
( - ~+ ) 1 ( ;= ) / 

M(!}.,. Tf) =- M(~-t-., ::-t)- M(~f ➔ i:-2:+). 
Taru111 oopaso11, COOTHOfilSHIIH (94) II (95) TaIOKe HBRHDTCH cne,llCTBlleM cox,aHeHIIH V -cn11tta; 
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j 
~ ,·,, 

PaCCMOTpllll Tenep1, poQeHIIS 6apKOHHh!X peaoHaHCOB 3/2+. 1w 3HaeM, qTo <5apllOHHHe pe-

30H8HChl ti, -/-, ~•-11 U"-r11nepoH oopaayDT V -1.1ynn:a11JieT c Y -cn11HOM V =3/2. HalfOM

HIIM, qTo MH 1111ee11 cne,llyDm11e V -.lly6neTH 
( ;~). (_\. ) , . c~: ) , 

Cne.1(0BaTen1,Ho,.coxpaHeH11e V -cn11tta np11BO.llllT K cooTHOmeH11H11 MeQy aunn11Ty,llaM11 npoueccoB 

/< t • -.,,.-1" r- ➔ -t- y / 
, T .,,, ~-

K"+ t -;> /l- + ~ I 

ir"-1-t ~- ,r++ t:,." 

-· *" K -t t .,, ..-+ 1- y 

no aHaJiorn c TeM, qTo coxpattett11e T -cn11Ha npllBO.llllT K cooTHomeHIIHM MeX.llY aMnnHTY.llaMII npo-

11eccoB 

K,.+ ::::• ➔ R+t:i""+ 

k'+ ~--...,, /<--t-.1~"' 
J 

I<++.:· ➔ V-+t:.+ 

v• ~• ~ A• 1'+...., ---;:>f'+,J.J. 

3.l(eCI, l!lleeTCH COOTBeTCTBlle A.. y•-

( 1: - ~~-· Ii+)+ ( A- ) 

( ~· ) ( t ) ( K' ) ( ,rt' ) .( i<')· ( .,.)·· :::· H -z• · , · ~-- ··l=:3> --!(,+ · · , · f<• -~., /c · 

Mo~o noKaBaTI>, qTO COOTHOmeHHH (I03) · 

) *) ( • t-) AA( - v+.,1-) * M(11--r, -'> n-t h- ::. M (1•+ .. 'fl· y - "" M 11} ➔ ft. Y/ = r• /<.f- ➔" " 

B ,llelicTB11TeRI>HOCT11 HMHIDTCH cne,llCTBIIHMII coxpatteHHH V -cn11Ha. AHanor11qtto, B cany coxpaHe-

HIIH V -cn11Ha l!lleIDT 11ecTo paBeHCTBa ,, ,..,, t_ _ it+ ,, ") 
~ M(,·t-~ ,.,,~-)::: M(K.l-'I , ➔ y-J,,_ M (11}➔ /< "j)::, M(I<,,._..,, {(.. ~ • 

§ 4. CpaBHeH11e HeKOTOpb!X COOTHOmeHllli uex~y ceqeHlll!MII c OilblTOM 

113 nonyqeHHh!X B § 2 COOTHOmeHllli iiex,lly aMMIITy]l8MH BHTeKaeT. Pfl.ll paBeHCTB II HepaBeHCTB 

TpeyronI>HHKa ueiit;ziy ceqeH11H1111, a Tage uex,lly nonHp11sa1111HM11 II pasJlll'IHHx npoueccax. TaK, Han

PIIMep, lllleDT MeCTO paBeHCTBa Mellt,lly ceqeHHHllll 
_) ( • uo~•) 

6"(1<} ➔ .,, .. ,: . ::, 0 I</_,, I'-.;../; 
(IIO) 

s("'f ➔ K+z-),, o(K't-> /<·•::,•), (III) 

a Tage Mex,lly Il0RHPll38UIIHMII B COOTBeTCTBYDJitllX npoueccax. Ms (84) 11 (85) nonyqaeM HepaBeHCT· 

Ba TpeyrORI>HIIKa ---

IV0(11'r-H'r} -~"'t> ( ~ Vo(•'t., /<tz•J J ·(II2) 

/V6111-.,~T1w- y;;:-(l<}T"r' I ~ V 0(1<f-711-zt) 
(II3) 
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qTO KacaeTCl! ceqeH11li poJQeHIIH 6apllOHHhlX peSOHaHCOB,TO MU 1111ee11 COOTHOmeHIIH 

1- 6"(,r} _,, .,,+1:,-) ; {,(Kr-> 'fl• 'J") = 6" ('"} ➔ f<t-/•-y.:: C (1')--;, I<'":!') I 

o(K}.;, K'Att) + ;0(1,-'t--> l<''J".f-)"'- G(-.-:y.,_,.,.•t,H)+ ;G ( .. ·r- -zt,!-t). 

(II4) 

(I_I5) 

EcJrn 6u Cl!IIM8Tp11!! BWJOJIHHJiaCI> CTPOI'O _II 11accu qaCTIII( B KaJQOM YHIITapHOII 11yJII>TIUJJieTe 

6HJIII 6bl paBHli, TO MOlitHO 6h!ll0 6u cpi.sy cpaBHRU c OilhlTOM noJiy'leHHlle COOTHOmeHIIH MelK;lly :zlllW

IJ)epem:i11a1JI>HhlMII ce'leHIIHIIII npll O;llllHaKOBUX 3Ha'l8HIIJDC 4 II t IIJIII COOT!lomeHJ!H M8llt:zlY ITOJ!Hblllll 

ceqeHHHIIII npu O;llllHaKOBHX SHa'leHill!X A • 0;11HaKO, ITOCKOJII,Ry 11accu 'laCTIII( B Kallt;llOM YHIITapHOM 

MyJII>Tl!ITJieTe B _;11eliCTBIITeJII>HOCTII He paBHll Me)Qy co6oli, TO CYJll8CTByIOT TaKHe SHa'leHilH A , J1e

;7.am11e ii: w11awi:ecKoli 06JiaCT11 0;11Horo npoqecca (oKoJio nopora) 11 B Hel])11s11'lecKOli 06JiacT11 ;11pyroro. 

Bo tts6elltaH11e 3TOli TPY:zlHOCTil B J(a'leCTBe nepeMeHHOli, np11 O;llllHaKOBUX SHa'leHl!HX KOTOpoli cpaBHII

BaIOTCH ceqeH1iH, 11u MOllteM Bu6pan pasHOCTii Q = E- L i,t, , r;11e E - noJIHaH aHepr11H B c11cTe

Me qeHTpa Mace, a L""'-- cy1111a M~cc pollt,llaroll(IIXCH qacTIII(. 0TMeTIIM, qTo np11 MaJIIJX aHepr11l!X KII

HeMaTu'lecKl!e IIHOlltl!TeJiil B Ce'leHlll!X paaJill'lHllX npoqeCCOB pasJill'lHhl, IT03TOIIY 113 COOTHOmeHllli Mellt

:zlY aMITJIIITy;llaMII noJiy'laIOTCl! ne COOTHOmeHIIH M8llt;lly ce'leHIIHMII, a Me)Qy OTHOmeHllllMII ceqeHllli Ha 

3Ha'leHl!HX 3TllX MHOlltl!TeJieli. llHaqe rOBOPH, nonyqeHHhle COOTHOmeHIIH CJie;11yeT cpaBHl!TI, He C axc

nep1111eHTaJII,H!,JMll aHa'leHIIHMII ceqeHllli, a C HeKOTOpIJl!II 1111cnpaBJieHHllMil11 SHa'leHllllMll ce'leHllli, 

PaCCMOTPIIM npellt,lle BCero COOTHOmeHIIH (!IO) ll (III). Ilpll MaJIUX aHepr11HX npoueccu B JieBIJX ,. 
qacTHX npoXO;llHT qepes pe30HaHC (6apl!OHHllli peaoHaHC Y ;11aeT EKJia;11), a ceqeHIIH npoueccoB B 

npaB!JJC 'laCTHX oqeHI> MaJiu. 8;11ecI> HapymeHl!e c111111eTp1111 CYJlleCTBeHHO. ECJIII 6u CIIMMeTpllH BIJITOJ!Hl!... 
JiacI> cTporo, TO 6ap11onHuli peaoHaHc Y 11or 6u ;11aBaTI> BKJia;11 no nee npoueccu, 11 ce'leHllll npo-

qeccon B npanux qaCTl!X COOTHOmeHllli (IIO) II (III) TaKllte npOXO;lll!JIII 6u qepes pe30HaHc. 

Ha PIIC. (Ia) npe;llCTaBJieHH ;llaHHhle, OTHOCl!ll(lleCH K HePaBeHCTBY (IIJ). 

•••HrO . j 16°t 1/'i , •~~»'·•,.,~,~ l 
K"p-K"p f 
,r•p-r-p ½ 

120 

i1i'111 I , 

80 f H Hf 
40 t f f 

! I I 
0 o., 0.2 o.3 o.• o.s o.s 0.1 Q.l ,t} I 2 3 4 G..lr~t) 

A, r 
P11c.I-. 

O'leBll;llHO, 'lTO B pacc11aTp11nae11oli 06JiaCTll aHepr1111 3TO HepaBeHCTBO BWIOJIHHeTCl!, Ilpll 60JII>ml!X 

aHepr11HX ( Q. ~ I raB) ce'leH11e npouecca K~ t .... ~-+ I.+ BecI>11a uano. Eel!!! npeHe6pe'lI> a Tl!)( 

ceqeH11eu, TO MU 1111eeu np116Jil!llteHHOe paneHCTBO 

0 (l(j-'1 J<.-f") ,,, 0 (1!-j ➔ ,..-tJ . 
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CooTBeTCTBYI011!118 aKcnep11MeHTaJII>Hhl8 ;llaHHhle npe;llCTaB.JJeHhl Ha p11c. (IO)• IlOCKOJII,Ry ce'leH11e 

6"( ,tr- ➔ I(.+ :z:+) IJ)aKTll'l8CKll ;llOCTaTO'lHO MaJIO np11 BCex Cx_ , TO MU 111,eeM TalOite np116mu\e1moe 

paB8HCTB0 • 
.s(l<+t ➔ f(ttJ "'- 6"(11'-tf ➔ 'lr1-f") I 

J(OTOPOe He J'!ill!OJIHl!eTCll np11 ua= aaeprl!HX, r;11e 6ap110HH1Jli peaoHaHC 11 ·H ;llaeT BKJ18,ll B ceqea11e 

f:i ( .,.+1' -> 1l+'f"). 3Ha'leHl!ll ceqeHHl! COOTBeTCTBYDlltllX npouecCOB ;llaHll aa p11c. (2a) 11 (20) • 

,,,'-. 

r 2,or 
lZO~ 

I 
r 

'"'r 
··~~ 

[ 
tC•Of" 

~: ,/ ♦- +. 
i /t . 

20~~ 

0"(11';-T•JI 

.-111•,-11•,1- J 

t I 

~ naQ1'01 aLr~e.) 
0., 

K!~-k•p t 
1201-

,r+p-,r'p f 
(a) . f 

80f- I I 
40f- J I 

I
i I I 

I I I J 
2 3 4 a..cr,r,J 

P11c.2 r-
01'118Tllll, 'lTO eCJIII 6u Cl!llll8Tpllll BWIOJIHl!JlaCI, crporo II Maccu qaCTl!U B O;llHOII IIYJII>TRDJieTe 6b!JIII 6u 

paB!lll ,:ro pesoHaac b. ++ ;itaB!IJI 6u BKJia,lt B ceqea11e E> ( .,..-1-1'""' 1<+z+). 
Ma COOTHomeHHl! (84) ·J,j (85) 118:E,l!Y all!lJIJtTy;llallll IIOZIIO DOJIJ'll,lTI, np11 nouomR OITTR'l8CKOH TeopeMH 

Ta!Olte cne;11yDmRe cooraomeHHll MeJKAY nonlllilll11 ceqeHH!D(R ynpyrwc npoueccoB 11 ;it111])1J)epeHU11!1JII>HH1111 ce

qeHl!lillR HeynpyrllX npo~eCCOB npH HyJieBOK aaa'leHIIII nepe;lla'lll HMDYJII>Ca 

1 °-fot" ("'+r-J - ·b-tot (1<.,.,..) 1 ~ v~,11 "'"("', .. 1< .. Z:>t 
-tf- t.::, 0 

) (II6) 

16""-tat <-rot) - 0 -t.t t 1ct) I ~ V<,.,,. "-"cl<t ➔ "'-:i:.+J I. 
-tf-- i:::: 0 

(II?) 

3;itec:r. 111ecTHO BlilD11CaT:r. ,..·8.!tJlte 11aororuiqecxoe cooraomeaHe 

/ ~t ("'t> - but (11-tJ { ~ Y11r ,t1,(,,j,.,,-.""'} l 
.lit- -f:::: 0 

(II8) 

Cornacao HUBD!ltl!)(CH ;itaH!llill( np11 6oJII>mllX aaeprH!!X 

0-(..t (,,,-t)- "-i..t (1<tt'J ~ (J+:to,r;) ... .C 

6"M (tr-t)- ont (!<}) "' (&to, s-) ...,, 

G"tot (-rr-f") - o -i,,t (..,+f') ~ ( ~ :t o, ') ,.,,t, J 

a ceqeal!H aeynpyrwc npoueccoB npH ayneBol! nepe;11aqe HUnyn:r.ca noxa ae11aBecTHlil, 

PaCCMO!Pllll renepI> cooraomeHIIH Mellt;!IY ce'leHlll!IIR pollt,lleHIIH 6apllOHHllX peaoHaHCOB (II4) 11 (II5), 

Ha p11c.3 npe;llCTaBJieHlil ;11aHHue, OfH0ClllltH8CH K paBeHC!Ba»: (II4). 
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8.0 

. i L 
• ¾ o(_,,.-•P-~.,,.•) 
o O(K-+ p--. v,•-• .,,~ J 

7.0 4 6'(1T-+p--.'lj•- ♦ K+) 

6.0 

i1 

l a o(K-+p--. a--+K+) 

5.0 

4.0 I t l t t 3.0 

2.0 

1.0 f t 0 ..... .. . . 
0 .I .2 .3 .4 .5 .6 .7 .8 .9 ( 1.0.e.l' 1.2 

Pl!c.3. -G.. r~ 
B o6JiaCTI! SHepr1111, r.11e.i13MepeHH COOTBBTCTByxmuie CB'lBHilll, }o(,i'r--;,.,,•.11-) ii 6"(K"f- ➔ '11'-ty•-) ... ) ( - ,,~,, .. J Ilpi16JI1!3i1TBJII>HO paBH11 IIBllt,lly C060li, HO CilJII>HO OTJlil'lallTCH OT ~( 11-1" ➔ K1 Y ;ii 6"' f<. f ➔ " -' • 

MoxeT 6UTI, STO o6yCJIOBJIBHO.CYll!BCTBOB8.Hilell HBKOTOphlX peaoHaHCHhlJCCOCTOl!Hllli CilCTBII n+A- ii n''J~: 
EcJiil 11acc11 'Tl - l! K-MeaoHOB ooJiil 611 paBHH, a Taltllle 11acc1,1 A- , Y,.._ll $•-, TO sTil ~aoHaHc11 

K
+v•- t ~,.._ 

uorJiil 611 .11a_BaTI, BKJia,ll Ta!Olle B npo11eccu C pollt,llBHilBll .1 ii K ::, , COOTBBTCTBBHHO. llTO 

KacaeTCl! COOTHOlllBHilll (II5),. TO B pauKaX oml!60K SKCnepl!IIBHTa OHO BliilOJIHHBTCll (c11.pllc.(4) ). 

- 6(1<• p _,.,..K, . 
-- 6(.-•p -rr♦ .. , 

____ ,~.,•p -Pr·.,,; 
' • .. ,•I -·-··7 ,r p-Y ~ 

30 
·•t 

•of- 1/1 \ 
I . IT~ 

\ ·1 \ 

·~r1 I __ \_ \ 
rt ·., \. 

:. , "" r 
l
'l _, ___ .J.,l::=c-.-i-~+-.--.1 ) r ,- . t 

o o~ •.o i.:, Gl(r~&)2.0 

P11c.4. 
Ha OCHOBB IlOJiyl!BHHHX peayJII>TaTOB IIH 11o~e11 3aKJ!ll1!l!TI,, l!TO B o6JiaCTl! SHeprilil, r.11e ce11e-

Hilll npo11eccoB npOXO)ll!T pe30HaHcH, COOTHOll!BHilll IIBX,lly CB'lBHilllllll, noJiyqBHHHB B ;vi11TapHOli Cilll-

11eTpi111, He corJiaCyllTCl! C SKCnepl!lleHTaJII>HHllil )laHHblllil. 3)1eCI.
0

HapymeH11e CllllllBTPilll ilrpaeT B~

HYll pOJII,. ITosTOIIY STil CJie,llCTBlll! YHl!TapHOli CllllllBTPllll CJ!B,llYBT npOBBPilTI, npil )IOCTaTOl!HO 60JII,

moli SHeprilil, r,lle peaoHaHCHble COCTO!!Hilll )lallT HBCYll!BCTBeHHHB BKJia,llU. K COXaJIBHilll, B HaCTOllfilBB 

Bpe1111 ce11eHi111 Heynpyrl!X npo11eccoB np11 6oJII>mllX :rneprill!X eme He 6!iJlll 11s11epeHH c· .11ocTaT011Holi 

TOl!HOCTI>ll • .l{Jrlt-'AaJII,Helimeli npOBBPKil YHilTapHoli Cl!lllleTpllil STOT npo6eJI )IO~eH 6HTI, aanOJIHeH. 

OTMeTllll, l!TO He06XO,llllllO_i13llepi1TI, He TOJII,KO IlOJIHHe Ce'lBHllll HeynpyrllX npo11eccoB, HO Taue ii 

,llilqii.1JepeH11ilaJII,Hble ce11eHilll STllX npo11eccoB npil HyJIBBOII yrJie BUJIBTa '1!aCTi1!1. ECJ!il COOTHOll!BHilH, 

IlOJiyl!eHHHe·B YffilTapHOli Ci11C11eTpll11, He 6y)lyT BHilOJ!Hl!TI>Cll )laJite npil 60JII,JllllX SHeprilllX, TO SKCne

PilMBHTaJII.Hble )laHHb!B TaKXB Il03BOJillllT cy,llilTI, 0 TOIi, )10 KaKon CTenBHll CllllllBTPilll HapymaeTCH. 

,l6& 
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,1 ~ 
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r JI A B A Y 

3JIEKTPOllAI'lllmlliE H CJIABHE B3AIDIO.l!IDICTBID! B YHHTAPHO.ll Cmm:TPIDl 

I. 3JIBKTPOMAI'HHTH!:lE B3.AIDdO.lIEilCTBID! 

§ I. 3xexrpovarHHrirul! rox B :yaarapHol! cmo1erpaa 

Ka.x H3BecrHo, B reopuH H3oronaqecxol! HHBapHaHrHocra npeinoxaraercH, qro 3nexrpo

irarHHraal! rox cHXLHOB31ll!l{O.l(el!crBYJJll!l!X qacrun l!lleer BK.ll 

rie J 0 

.r 

J ._ 
f :. 

i..('Jo +'Ji.) 
~ ...r J'- / 

J1BXJ1ercJ1 HHBapHaarou H3oronaqecxol! rpyn~a, a :i i. 
...,,. JIB.ll!l8TCJI Tp8TLel! 

(I) 

XOll!IOHearol! aexoroporo H3oronaqecxoro Bexropa VA 
.r-

.i, = I,2,3, 

,e .J i. 
.r .,,_ VJ -

f - (~): ( 't'}) 
. q (2) 

Tax xax 3TH TOKH ·He M8H!IDT ranep3ap!l,ll CHCTell qacTHO, ro OHH HHBapHaHTHH OTHOCHT8.llLHO 

MXKdpOBOqHHX npeodpa30BaHHI! BO.iIHOBHX ¢YHKOHl! 
io..Y 

'f-;;, .{)__ 11', 
rie Y - oneparop ranep3apaia. HHaqe rOBOp!I, OHH JIB.iIJIDTCJI COdCTB8Hl!llllll ¢YRXOH!IMH 

oneparopa Y c HyneBmc~ codcrBeHHIDm 3HaqeHH!IMH. Ecxu xe· CyllleCTBYIJ? eme lPYrHe co

xpaHJ1DmaecJ1 xaaaroBue qHcna, Hanpl!llep, cynep3ap!l,ll l::, (cM~rnaay m, n.m, §§ 2 H 3), 
,.., () . r--t 1. 

ro ,l(,ll!I roxoB v H .J 3TH KBaHrOBlle qgcna Tane paBHH HYJID. !IOCXOXLKY oxry-
·J-A . JA 

nner npe;:;craBnHer coOol! ynarapirull My.iILTHnner c aam1eaLll!IDI qgcxou XOll!IOHeHT, xoropua co-

;:;epxar H30ronaqecxHl! cxanHp H H3oronuqecnl! Bexrop c HyneBw ranep3ap!l.ll;OM (a Taxxe cy

nep3apH.ll;OM H np.), ro ecrecrBeaaw ododmeaaeu asoronaqecKHX cBol!cTB :ixexrpoiraraaraoro 

rom HB.iIHercH npe;:;nono:1temie o TOil, qro rou J O 

H J 1. npHH~e:mr o;:;aouy 11 
o( _,,.. _,,.. .,. 

roMy xe yHHrapaoYy oxryn.iieTy l_ i ) r • J(nH om1caHHJ1 oxrynnera Buecro cmrnopa lt) 
llOXHO Il0.iIL30BarLCJI BOCLMHMepHOI! BeJlllqHHOl! · f 

r.l(e wrpH!lll 

ia ys 
.r 

KOMIJOHea:rolt C 

rnaBe m). 

V"-=-
.r 

.I\,~ ,llaaa B rnaBe 

JIB.iIHercH XOMIJOHeHrOl! 

y = o, T = I, 

(V~); CA~): I 
(3) 

m, n.I, § I (cM.rxaay m, ¢opuym (44) 11 (45) ). Tor

:JTOro oxrynxeTa c T = Y = O, a V '· llBJIJ!e:rcH · 

T _r- II/ 
,, = O (cp.c ¢opuyxium (I), (31) H (JI ) B 
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rro:iTouy aame npeltllonoxeaae npHBO,llHT·X TOJlY, qTo axex:rpoiraI'll!ITllllll TOX. 
.. ~ g 

eTC!I uaellaoll xoudaaanzelt xolll!OHeHT V II Y OXTYIIJ!era V " ( 

.... 
~ !ll!H-

l .r,2, ••• 8): 
.e .r!, /' I .r 

j = 0.. 'J -t- 1. .;) 
..r ..,.. ..r ,I 

rie a. H /2 - aexoTopae xoacTaHTH, od111He ,JIJI!I Bcex qacTHO. 

.l(.iIJI TOrO qTOdH onpeienHTL XOHCTaJITH "'- H /4 'UH paCCKOTplUl rox 
2 I 

lD[eJIT 3apa,11;U -:;, - -:;, ,l(X!I cBodo.l(HHX xaapxoB. Tax xax uapxn 

TO TOX :J .e. paBeH .,.. 
tr, -t...., J t}\ 

'1.. .!.. 1P1.1 '11' i. -~r 'I). 1. -} 1 '11-

J~ 
J" 

-!, 

rie 'If,( 

"!.,.. -:. !> \ _,,,_ ... - .3 "f .,. 1-t - > 11' ...... \!) / 
. "-

- BOJIHOBHe ¢YRXllltH uapxoB. C lPyrolt CTOpoau, cnHHop ( V) ;n;nH 
.r. J 

CBOdO,l(HllX XBapXOB paBeH 

l'l)/ 
IIOaTOJlY ,ll;.iIJI CBOdO){l!HX XBapXOB 

-"-t 
't .,. '4' f' 

;;J-<:'. Bspallt8.8TCJI qepe3 
..r 

~~~ lt)~ ( x):· 

• o( 

·( 'l ) f cne,l(YJ:Jml!ll odpa30ll: 

J 

ue J\-<:'. 
. 9 ' 2 

- iaaroaanLHa!I iraTpHOa c ;:;uaroaaxLmnm axelleHTalm -:;• - !, - J. Herpyi-

no npoBepHrL cooraomeaue 

A'\. .L >.. + ~ Ar 
fl ~ ~ V.!, 

OrcD,Jta nonyqaeM o.. = ~ H .J. • ½'13" • rrocxouxy an xoacraaTa !IB.iI!IDTC!I odmmm .ll;.iI!I 

acex qacT11n, TO w 3axnDqaeu, qTo axexTpoKarHHTHHII TOX B ygmTapaol! cHllllerpHH HYeeT 

BH,l( 

J R. 
__,,.. 

.i.(Vj 1-V 9 ) ,,_..,..-i-,Jo'-::: 
"' ~,, ~ [ C>-~): + ~ (Ag): j ( V~J; 

. (4) . 

B rRaBe m (n.I, § 4 n n.rr, § 2) duxo paccxoTpeao pa3noxeaue yHHTapHHX uynLrH

nne:roB B uyn&:mnneru no,Jtrpynn T - cnuaa, U.- cmma u V - cnaaa. B qacr

aocru, dano noxa3aHo, qro V - cuarneTaMH HB.iI!IDTC!I xoMdHHaitHm 

zo+kA • J_ 1 
/ 7[ + Y? I $ 0 +7t'fo / 

a oprorOHaJILHUe X HKM XOMdHHaOKl'I 

I.0- {; j\ "o - ~ l f- ~'f 
.., 

} I 
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SBJISD?CS KOUJIOBeBrBJm.C V3 = 0 

qro a.11exrpoimruarB11H rox (4) 

V - rpan.11eroB. Ta.Kiili xe 06paao1111ono noxaaar:r,, 

:J .ct= 
JA 

.L 
:z.. 

sB.11sercs caur.11ero11 no~rpynnu 

[ "/"~ + 

V - cmi:ua. 

J_ 
~ 

~g J 
~OpJlYllY (4) 11ono nepenucar:r, B 60.11ee y~o6u011 lllS npHKeueuan BH~e. Im HKee11 or-

CD,Jta: 

J ~-.,,.. - 3:-(11),f - 4 (~)~_ 1- (~), .. 
!I ..... ... / ~ !::, !, 

!IOCK0.11:&Ky lV ) .J.. 

-(~f-(v>x.,.. J 

y~oBJieuops~r yc.110BHD ~V ..... ) : :: o , ro 11ono 3all8BHr:& 

ua ( ~) <1. • CllelOBareuuo, · 

( V~): J -(_ -..,,.. -
(5) 

§ 2. 3.11exrpoimruuruue Bepll!l!HB 

1Ipe~o.11oxeuue o r011, qro a.11exrpoimrauruun rox sB.11aercs xounoaeuron yaHrapaoro 

oxryn.11era npHBOlHr x pH~ axcnepa11eura.11:&HO np0Bepse11BX c.11elC?BHU. Paccuorplilll uexoro-

pue aa uax. Tax, aanpHUep, uarpaqBUH a.11e11ear oxryn.11eruoro roxa 

crosBHSIIH oxryn.11era 6apaoaoB f+· HUeer·ooDtHH BIil 
('{J ;" 11e~ co-

<'.t" ( v. >r Ir->+' fr•J! ~<t•!f. F(l<1 ., •(t,) ~- •(t·) f,_ F(~v 
(

- .1. r ~r .J.) ) . v . o t 
1\,,&f ~ eir Br + ( u:(tJ.)~ i..(t .. J{ r~') +-; ftLJ~;- «rJ·~. 

f D(f<~ l (i;~r f y;r 11/- ~ ~: p;; (I;>~) :. J .f' pr">1 7 

(6) 

rle M - uacca 6apaoaoB, a -f.,_~ 1 .... L - t~ • 
V )

.. .t_. 

IIo~craBJiss B BupaxeBHe uarplfllBOro ueueara l c,,. uarpa!ll,I f> 
- o( 

H _P:, f , 
~auBUe B r.11aee m (cu. n.II, § 2), w n0.11yqae111 L ~ 

{ .. t, .. )0.,..:..crs-) 1:c~1:)-t "C't"-) 6r:~ l,\<t .. J f/<t<~)) < td J.,. At I ii) = 

( t 1 -\- ~+ r+ 
">-~- -;;:; ,::,- ) 

-L-L.-i-.JhJ 

rn 

+ l ";(t.1-) 0:. "<f~) -L-0 
(~--1-) + ~ (r._) 6-:;:~ M.(t<-) ) [ t ft·-: nl'\, 

_.!. AA + Lz+I-1- ,t- .1 "1"0 2:' 0 -t .1 I- z.- .! 3,.. :::,· E0 
-4- .i e-:::;-

~ ? !, !, ~ .3 

+ t ( r A + A 2:0 ) J . 
TalCllll( 00paa011, ~OpKqlaxrOpB 6apHOBOB H ~Opll\llaKtOpB a.11exrpo11arBHrHOro 

BupaxaDrcs qepea ~opllqlaxropu rHIIa f H D c.11e~JIIIW o6paaou, 

1 f' (f<'-\, ! F (,1<.t) -+ l f _P (~ ':) t ." (f<.'-1 _ _ ~ I/{ I<'-) 
.) · / 1..- / ? • / ' / - ~ J / 

(7) 

l. ,\ -. nepexo~a 

f,::;- (.f<') • f-F (i) - -; ,f .° (~~) / ,;F'o ( ~ J:. - ~ f/ (.f<-j/ 

:f..I~ (f<'-)"' f.~(l<~-t {-f/(~:J I fr(,f?c.)"" -f/"(f/j- _f-f/ (-e_t (
8

) 

.f z:o(DL) 1 D j A .tA A p( '-) Z/1( t,1 f f D(~·t.\ 1• ~,r}-f• (I< J f, (t ./,, - ~t.· (< I i.,; -6,J = (i T• /. 

Orcmxa cielYer, B qacraoc:ra, q:ro uarsa:rBBe 11011esru OapuosoB cesaaBU coo:raomeaalll!B 

.__;,.,.. " __,,i.,. z-t J (9) 

,..,,.,.,,_ :,. ...Ar- J (IO) ,., 

v4.,_ ::: -.2...Y-z.• ,,. ....,.M 'r:!. ==- flJ>- 1\ I (II) ,._, 

ae cqa:raa uaoronaqecxoro cooraomeaus KeXJtY uarBHrlllilm 110xearrum 1: - rHIIeposoB. 

B clflly coxpaaeBHs aapsla Bee a.11exrpaqecue ~opllqlax:ropu aapsxeaaux. qacran paeBU elHBB-
_p!I. . -t 

ue npH R = o, a ~oplll[lait:ropu aenrpa.11:&BBX qacriin o6pantaDrcs B ay.11:r, npa ~ ,. o. 
.f I) . O:rc11,1ta c.11el1er, q:ro 7 (0) .. o. Tax xax ~op11qJaxropu ;[ A - nepexola nponopDKOBa.11:&-

Bll .f ? ( ,r. L_) , :ro w ~ee11: · 
T• ZA 

f._ (o) = o, (12) 

:r.e. B pacnale 
z:.·-> A+Y 

T0.11:&KO OlHB ~Opwpa!t:rop 1J..!/.. (( 1.) ,Jtae:r BR.11~, B cor.11acn C :rpeOOBaBH811 COxpa!IBHHS 

a.11exrpoimrH2ruoro roxa. tf:ro xacae:rca 1 z. 11 {•) , :ro ua (8) w no.11yqH11 
1.2. . 

Z,\ (,) V?, 1~ / = - 7 ../'11, 

0:rue:rllll, qro R - BHBapHau:raoc:r:r, :rpeoyer, qro6u 
J'-'-.., = o, qro, oqeBfflBO, nporaeopeqa:r onu:ry. 

5/r4 0 a, 

(13) 

c.11el0Ba:reuuo, 
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ITepealeM renepL K H3YlleHHD aneKrpouarnurnHX pacna,i,;oB aneuenrapnux qacrun H pe3o

nancoB, YnurapHa.JJ qacrL uarpuqnoro aneuenra aneKrpouarnurnoro roita ueJ:JtY cocroanueu 

CHHrnera w• nnH OKrynnera B8KTOpHUX Me30HOB H COCTOHHHeM OKTynnera nceBlOCKanHpi!HX 

ue30HOB paBHa 

< f I ,i ,,_ I w• > = 

(PI 'J.,,.~I Y';-::. 

d s p ~ '°o 

F(p"",if t1 '( ~ -
-+ q I> ( p1.y" 

tJ O A-+ 

-r i 

P,. V
0 

r: v;) 
-r 'i") 

~ P~ Vo' 

ITpu OOPHlOBOM conplll[eHUu 

w O ---"> - .,_,•1 
-.I.. p _, -~ f . V .,_ _, - V~ 

f' o{ .J- J 

(I4) 

(I5) 

) 

'1 "' t 
a TOK ~ uenaer 3HaK, OrCDla cnelyer, qro B cuny C - UHBapuaHTHOCTH, ROHCTaH-

ra d F" B (I5) paBHa nynD, yquwBaH1 00 -cuemHBaHUe, Ull no~uu ua (I4) u (I5) BHpa-
s p 

:a:enua xoacraHr KOHKpeTHHX pacnalOB qepea d u d : 

}rt,,'.'_,, 1[±,o r = -; d' 
J) ;;,- J) 

) 
.} K*±_,, V-:t. r = J 

a-l~ 1<" r ~ - } } 
p 

1 P. ) 'a-f__, z O == ri, 3 J (I6) 

:}-p ~$ ' p ~ 
J'<t-;, 11• 0 : - c,,SG - - S,._, (t I ,.., -, 7r• '( "' _L s;.., 8 + Ji_ toS & 

J '0 {i ~j) . '{i ) 
p s L. s 

I\, y - - __a_ t<>S e + :} SIM 8 / d tu -·»1 ( :o. - ,.i.,;.., IJ- + -!J;; c.os t;. • 
d'f-'Zu- ? 7r" l ~ v6 

Taxuu odpa3ou, B ynurapHoa cuuuerpuu CYIJteCTBYDT cnelYDll!H8 cooraomeHHH ue:a:ly xoacranra-

J.fi'l ~nannoHHHX pacna,i,;oB Bexropaux ue30HOB Ha nceBlocxanapaue ue30HH: 

q,. ± 0 ,,. 'Y as '--7?t , 

[ I ,l 
}..,_, Tteo + 

}1<*~i<.:t.r }-'I(+.:., !{-' 0 

:::c 1. cl- - ~ f?,1 

I ir..,11•,/ ~c:c" ( I J..,..,,zrJ \ 

~!!..,? if 

I .q 
9r..,. 2r I/ 

(I7) 

• (I8) 

Paccuorpuu renepL palti!8,llUOHHHe pacna~ ue30HOB 2+ Ha nceBlOCKanSipHHe ue30HH, 
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I 

li3 C - HHBapuaHTHOCTH pnelyer, qro 

(" I 3-:. ( I ,,,,., 'l = 0 

(!9) . 
_(r/ ~{I rr 1 = 1F (r~,: -• 1) p ,i.. Tr J (20) 

n cnelOBarenLHO, KOHCTaHTH palUallUOHHllX pacnalOB BCe:a: HellrpanLHHX qacrun paBHH HynD, 

a KOHCTaHTH pacnalOB·: ·K1
-± H r' ;t paBHH ue:a:lY codon no adco~raoa Benuquae: 

:} r--' :f ..q l< ct. y = Gt--,* 7[ :t 1' (/ f '-9 J ·(2I) 

,1'g'--,,r-.·o::, ~,0➔ za"" :J--c./41f 0 a == -•-·· == :; 1<.'~;:. ·r::::. o.(22) 

Orueruu, qro OlHO H3 paBeacrB (22), a uueano nocnelffee ( }~i~ i<."r= o), aBnaercs 

HOBID( cnelCTBHeM yHHrapHOI! CHUMerpuu, a OCTMLHHe uoryr dHTL no~eHH H3 C - HHBapu-

aHTHOC?H, 

rrocKOHLKY X - ue3oa aBnaerca yaurapHIDl cuarnerou, ro uarpmqnua aneueHr 

TOita J < - KOMUOHeHru OKrynnera uew cocroaHHauu X - .ue3oaa n w 
O 

- ue:io-_,.,.. . 

Ha paBeH HYHD 

(w 0 I 1 e IX / = o I 
(23) 

a uarpuql!l,lll aneuear U8ll:lY COCTOHHHSUU 

3aBHCHT or OlffOI! KOHcraaru: 

X - ue3oHa u oKrynnera BeKropHUX ue:ioHOB 

zv1 :1.,.R1 x> - 1. 
==-.:fV1.X (24) 

OrcDla nonY'!aeu, yquruBaH 'J r.u - cuemuBanue, 

}x --9 r~ = if I d X-➔ tu?( 
"' j_ ,.1.;.,, ti { Tb . / (25) 

H cnelOBllrenLHO: 
"r-? xr = ~ eos& t 

.fx ..,,f Y 

fr - yron 

. . d')(___.,,.,y }j-> X.Y 
= i, ~ c,,5(,-

• V'., : 6 }(26) 

rle 1 w - cuemuBaHHB, 

MHorue U3 aanucaHHHX cooraomeHHn uoJ:Ho nonYl!HTL BecLua npocro, ecnu npmueHH~L 

re:muey noirpynnu S l,{(2) V - cnuHa u nonL30BaTLCH reu, qro :inenpouaraurHull 
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:rox JIBJIJie:rcJI V - cnHrJie:ro11. Hanpl!llep, ua:rp1r•11rull aJielleu:r aJiex:rpoimrnn:raoro :roxa 

11ex.JtY coc:roaunaim V - .1tYC!Jie:roB 
j(-+ 

{ _n+ ) / 
c;:+) 

,1toueH C!un l!HBapna.!!:rOll V -no.1trpynnu n m.iee:r Bl!.Jt: 

(( :~t) f 1 ~ f ( ;:+)) = ef ( I:+ K'+ ~ x+f+) 
O:rcD.:ta noJiy,re.eu OJtHO aa coo:ruomennll (17) 

}l~i<-+o 
AHaJior11qno noJIY'lae:rcJI (21). 

- d'(-" 71:+y 

l.!e:ro,1t V - cnaHa oxa3usae:rca BeCilla y,1toC!Hllll npa a3yqenan pa,1ta 3Jiex:rpoirar-

HllTHUX nponeccoB. Tax, Hanpllllep, llOCltOJiiltY XOllC!anaIUIS 

?to- Gz 
JIBJiae:rca xol!Ilouen:roll V - :rpnnJie:ra, a :rox HBJise:rca V - cRHrJie:roll, :ro m:rpnq

Hllll 3JielleH:r np0113B8.Jt8Hl!/I -JtByx :ro1tOB ll8Z.JtY BaltYYJlOll ll coc:roaHl!ell 7( 
0 

- ~ ( paBeH 

HYJID: 

<0 I ~L\~) :J/r;tJI 710-~2 '> o. 

0:rCD,Jta IlOJiyqaell 

f.. 0 I 1.,,.11.<~)J/ r';J) I T< 0> = v:;<0 I :t·( .. JJ/~Jlt)·c21) 
C JtPyrOll c:ropoHU, · MR:rpaqHUe 3JielleH:rll ~aIUIOHHHX pacna,JtOB 

'7fo ---4 Y+ 6 I l __,, 'Y-+ a' 

nponoplll!OHaJiiHll llR:rp11qHIDl 3JielleH:ra»: npoa3B8.Jt8HII/I :rO!tOB ll8X.ltj' BaltYYJlOll a coc:roanm.m 

a:rux qac:ran. Iloa:rOJlY a3 (27) noJiy,re.ell coo:rHomen11e lleZ.JtY xoHc:raH:raim pacClla:rp11BaellHX 

pacna.JtOB 

d''l 0
-"' 40 = '0 :J-2 -? -rY (28) 

Paccuo:rpllll :renepi 11a:rp1111HUe 3Jiel!eH:rH Bllp:rYaJiiHHX nepexo,1toB uew ~o:ronou n nell:r-

paJiiHllllll Be1t:rOpHmm lle30Hlllm 5° , c.u ; J . Mu Hll88ll 11a:rpaqHUe 3JielleH:rH 

(ol ~~\,.,o>~ 0 (29) 
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. 
I 
A 
1J 

< 0 1 ··:-1_,,_ R_ I V > = t v ... 
.__ 

(30) 

no ananor11n c (23) n (24). O:rcD.1ta nonyqaell 

d's'-~ Y :}w ➔ a'~ ~1-r -
1. . tos& 

~ I 
,.i.,;., &-

vi; (31) 

r.1te tr- - yron j '-" - c11ell!llBaHl!a. 

Paccuo:rpl!ll, Haxonen, anex:rpouarHa:rnne pacna,JtH ,1texynne:ra C!apaoHHlllC pe30HaacoB. 
YHl!:rapnaa qac:ri 11a:rpnquoro aneuen:ra auee:r Bl!.lt 

z. ?JI :J e. I v > ~ ..,,.. 4 ' 1,o{f B D :i-:1. 
c .{ }' 

KoHc:ran:ru XOH1tpe:rH!llC nponecCOB C :roqHOC?iD JtO 3Ha:e:a paBHll: 

~+ - l t t,...,.ty - '0 I 

3-/:!:.1:+a""- ~4 J 

}/~ >-Y= ±~ I 

~., ... ,=;• t- j_ f ..,➔..., - r,; I 

O:rcD,Jta nonyqaell coo:raomeHl!a 

}t,-t:.,,r, : }c,·___,. .... r 

'f':!#G ~oV-;:::. 
1-.J -, 1--./ II 

} t,•--9 "-y ,,. A -f / 
~ 

:1-l~ Z 0 0 = - ~~ f 
::1 ,,_ - -r -J _,, z - 0 

,~•➔ :3-y ~ 0 

q Ir • 
0;~-"'z-1-r · 

::1.:1-:1.:-i. ,., 

j _y:_,, :r· y · . 

. fi : :i. 
• :J., 

}y":..,,r-r ,:.. q ,=,"- r.--Y er"" ~I-J u 
0 

I 

cpe.JtlI xoropux :rOJiiltO OJtHO coo:rnomeane 

(32) 

(33) 

~.Y~-,}..)"'" (33) 

(34) 

}t,--1-___,, t' = :}A~ I'\,() 
nonyqae:rca 1!3 aao:ronaqecxott l!HBapnan:rHoc:r11. 0:rlle:rau, qro Bee coOTHomen11a (33) n (34) 
uoxao nonyq11u npoc:ro a3 coxpaneHHa V - cnaaa. _.llellc:r»n:reJiiHO, w l!lleeu cne.ltj'Dll!l{e 

V - uyu:rnnne:ru 

t:,.,.) 
(-r 
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( A

0 

) (Lz•~ liA) y~o ~ ~ 

"'"o 1 3° I. ,_, 

( ~;_ ) r-"-,., 
n_-

a ltOlllllll!atma 
~ro-1- 'A 

HBJISeTca V - c11HrJ1eToll, Tait ire xa1t II TOE J ~ . Tor.ita _113 JI!!Bap11anuoc:t111 ouoc11-

TeJII.HO no.1trpyn1IU V· .- cmll!a cpasy BHTexam co;;-l!omel!Ha 

) _t.~ t/' ~ J y''~ z+ o I 

{; . ,1 
}ti:.., ... ~ 1 } )' .. !....., n - -;. iry ':.: ~ . r- q .. • ,::,, - y ) 

d'~ -;, ,,_, • 

}y":-;, z-r = <l ,,,•- ,,,_ Y - ~ 4.. •_• + "'- ~" •,... = a. d ;-J -:>,., o - 6 Y ....... ~• o· <TY _...no 
C JtPyr02 CTOpO!!H, II~ CO:xpa!!eH11a T - CUH!!a W lllleell: 

,().~t' "'-- }c."-T11i, 
HeTpy,JtHO yBIIJt8TI., q:ro Bee 3TH COOTHOmen11a UOJIHOCTI.D 3ltBIIBaJleBTHH COOTl!OmeHHllll (33) II 
(34). 

§ 3. Co0T~omen11x xeJtJty BepoaTHOCTaw pacnaxoB 

Ha OCHOBe noJiyqeBHIIX BHme COOTHOmeHHlt ll8%JtY ltOHCTal!Tallll_pa.JtHaUHOHl!HX pacna,JtOB 

llOirno noJiyqllTI. coo:rnomeH11a lleQy BepoaTnocr= coo:rBeTcTBYDlltllX nponeccoB. PaccuoTpl!l.l 

pa.JtllaUIIOHHHe pacna,JtH B8ltT0pH!IX ll830l!OB. l.!a.Tp11qnue 
0

3JlelleHTH ltOHitpeTl!!IX nponeccoB lllleDT 
Bll,Jt: 

M(v--, rr) :,_ 
.ll J_..· E,,( r r ( -t'.,o( ~l '1 y ~ b I (35) 

r.ite ~ 11 \ - Hl.llly.111,cu q>OTOHa II nceBJtOCJta.Jiapaoro llesoaa, ~ 11 ~b - BOJI-
l!OBue q>YffitnHI! qio:roaa II Be1t:ropHoro ueaoaa, a 1toncTaHTH J~ paanquux nponeccoB CBa

aaHH lleir,Jty CO!loa COOTHOmeHIIHllll (I7) 11 (Ia). Oll03Haqw qepea MI! % llaCCH B81tTOpHOrO 
11 nceBJtOCitaJIHpnoro lleaonoB. BepoarnocT1, paBna 
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:i 

w (v-., rr) ,,__ 
..t. 

ot.fid 
:J{, 7[ 

( M~ ~;' 

COOTHOmel!HH K8lr.JtY BepOHTHOCTHl[H ,Jtal!H B TallJil!ne X. 

•. · TallJ111na X 

O:rnomel!He BepoaTnocrea TeopeT11qecxoe • 
aaaqen11e 

w( 1<~ ~ 1<-·-;ic.•o) 

w( st,• ±,• 1J 0,58 
. 5 ~ 'It: . 

w(1<."o_,. /(."a") 
2,32 w(s1:.,._,,7t-tr• r) 

w cf-- 2- r). 
0,36 

w (5±,0_., 'Ir~,. r) 
~(w-'>1i 0 o) -f- o,Jtlt W('(-?'li 0 a) 

w( w -, 2 Y) -+ o, 1-i wcr-:>zY) 2I 

(36) 

l.!a.Tpl!ql!l,[8 3Jl81l8HTH pa,1t11an110HHIIX pacna,JtOB ll830HOB 2+ l!a nceB,JtOCitaJISpl!He lle30HH 

l!U8DT Bil.It 

-M( 'T'-., Pt)"'" .t. t 'c { P T J.;. ,;.\ r-{ " /f I' K O 
. b 1, I (37) 

r.ite t~ 11 
Bepoa:rHOCTelt 

Tftr - ltllllyJii,c II BOJIHOBaa ~ynxn11a ll830l!a 2+. 0:rc»,Jta noJiyqaell o:rl!omen11e 

( ,~ ct ) vv /( _.,,,. C -
w({¾-?C"'-r) -

O:r1.1en1u, q:ro 

J., -1.. 

( - .,,,((., - W)I< 

\__ 'WI .(_ - '»1.:.r 

5'" ) ( :r: Jr ~~,rs-. 
f<. 

W ( K
10

---1 IC 0 Y ) = 0 
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AHanoruqHo, paBeHCTBO (26) IlPHBO.JlHT K COOTHOmeHHJ!l( ve:r.i,;y BepOHTHOCTJUm pacnalOB 

X _-, ( 'T 6) X -? u, + y I 'f _., X --I- 0 . 
llH l!l(eev: 

w(x -, (o) : w(x_.,u, r) w( r -/ x r) = 
~ .t j ( ~ "- )3 ,~:• C' =,m• ) ~~• my =Im x 

1_? •• .3 :::L / (40) 

,t ,t 

( ~™s )' 
'VV)x 

= 
a H3 paBeHcrBa (28) nonyqaev: 

W(z-') 1',) 
= 

w( it"_,, r~ : ( 1\117 ) 

m'lf 

.5 

""" . .1,.3 • 

(4I) 

COOTHOmeirag (JI) MOZl!O npOBepHTL nyreu H3yqeHHH 3HexrpovarHHTHliX pacnaxoB 
HeffrpanLHliX B8KTOPHHX Me30HOB 

.,, r'°~ ~ ......... ~- ) ..r + + J" 

+ -
JA -1-_,>A. /· 

+ - -1- -'f--,<--i-.e. I f,./4 
MarpuqHue aneveHru npo~eccoB raxoro runa uuemr BHl 

co-? ..,,_+ +~-

ri,\ (v~ r+,c)..,,. ..,_-'-} :A.t ~c~ ... ) ~ 'IT(f,._) t, 
/ Y➔ o ,., ., 

(42) 

r.lle t .. J "-( ~ .. ) 1 ,,,.( ~ ... )_ BOnHOBHe if>YHKI!lut B8KTOPHHX M830HOB H nenTOHOB, COOTB8TCTB8HHO, 

I( - vacca Me30HOB, a }y ➔ '(" - KOHCTaHru BHpTYaJILHHX nepexoxoB M8ll:JlY COC?OHHHHMH 
ipOTOHa H BexropHHX M830HOB. BepOHTHOCTL paBHa 

I +-) ,/t,;;ol.J.I (.1..{ [ ( 111R)~)[ ( 111 ).1_lY.t 
W\V~~~ ~-,,-iv->r: H" 1-t.tM 1-Jt; J ,C4J) 

rxe ~ - vacca nenroHoB. H3 aroro BHpall:eHua u coorHomeHuff (JI) nonyqaev: 

,. I ( • • - ... -) W( + - -t -) w ( (p + - + - ) VV !--;,-<.~IJ_r ': W-"),z..e,/r r ~ / -')~-<:.lf/4,,1= 

::f... • .!..A;.,,.,_ 6- .2.. wsr.lt- f;;j i..: ..i. 1. 
• \l ~ d 

(44) 

Ilpu H3yqeauu qiopllipaxropoB ~apuoHOB 111,1 noxaaa.uu, uo :uatpuqHHff 3.llelleHr pacnaxa 

mo 

2:~- (\rt- y 

noxHocrLD onpexenaerca varHHTHW voveH:rov•HeffrpoHa 

M (Z➔ Ar),, - ~ .cJ-l., ~ ~(t ... ) G.:v~v ~z Ct1-) 
.t.M J '(45) 

rxe M - cpeJlHHS uacca 6apHOHOB. TaKHll o~pa3ou, BepoarHocrL 3roro pacna.ua paBHa .,_ ,_ 

) 

~o( <- ...,} Mz..-"4,. 
Wll ➔ A'( :. ---J,. - w .,,_ 

fl ., M .I.. I :J...M z O ( 46) 

PaccuorpHM, HaKOHe~, pacnaxu clapHOHHHX pe30HaHCOB ¾+· Marpuqaue 3AeMeHTH 3THX 
npo~eccoB mcem BQ: 

M (p➔ f,a;) t. .e ~(,) i :t ( ~" - ~~~ tv)~ 
~ 1.: ("' ... f-1/ t,,.y"J t, ~} ~( t) ..e,. J (47) 

rle ¾.(~) n ~(t) - BOnaoaue tflYHKI!HH 6apuoHOB u 6apuOHHHX pe3oaaacoB ~ nu

ny.11Lcaim 1 u f , cooTBercTBeHno, .., u /'1 - ux Kaccu, a KOHcraHTH I~· 11 

f.{ in EonxperHHX nponeccoB cBH3aH11 Ke::ru codon cooraomeHllm.m B.uxa (33). 

BepOSTHOCTL paBHa 

w(P➔ ~1= ;;; M~m" i 11.i'[{i--;)'-- !(1-~ )'(••;U 
1 M )'t( t. )t.( "" ),_ *( M ).t( ..,?.. ).t ( ,.; )~ +Jtlf., (- ~-~.. l+- -kd'1' - ~-- J-+M 

'1· Wl-t~ r,.1 f'.\ WI-ti'-\ M-L (48 

l. .J.. ♦ 

OqeBHlH0 1 qro otnomeHua KHHevarnqec1t11x \lnEropoB npu I},\ , /;_f.: I u /Ze f'g-: 
pa3uqau xna pa3nqHHX nponeccoB. rroaTouy ua cooraomeazK ve:r.i,;y xoHcraHraim HenLaa no

xyqnrL npoc:rue cooraomeHRS K8ll:lY aepOSTHOCTSKH. TaKHM Odpa30M, B laHHOM cxyqae·,llJIS 

npoaepKH npexcm3aanff yaHtapaoa Clllll(erpuu, Bood~e roBopa, aeo6xoxHMo npe][Jte Bcero 113y

qarL noxapu3a~oame 34il>eEru u onpeie.11urL aeaasucmme xoacranru B xa:a:xou nponecce (c 
,___ - qro, B CRAY roqHOCTLD XO \jn3H), a 3ateK cpaBHIITL C paBeHCTBaMH tJJJ. OmerHM ra:ia:e, 

COOTHOmeHml (34), BepOSTHOCTL paCDaJlOB 

/'-:_") Z' -=i- 0 
JlOJc,;Ha Odpa.utaTLCS B HYJIL. 

r.:'._._ ....,-
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§ 4. COOTHOmeHHa M8X;J\Y &mJIHTpallH woTopox!eHHa 

CmmopHYJ) T8XHHey, pa3BHTYJ) B r.naBe TY, llOXBO UpHlleHHTI, Taltll:e It H3ytlf)HHll npouec

COB ~OTOpoz.iteHHa. 0,lll!aitO llHOrHe. COOTHOmeHHa ll8XJIY &IIIJmTyJtaJm pa3Jratl!WX npoueccoB 

llOXBO UOXyt!HTb npH UOllOJl!H MeTOla V - CUHHa. nocxonbey 3Xe!tTp0MarHHTJmll TO!t SBXS-

8TCS V -CHHU8TOll, 

V - cnBH coxpaBaeTca. 

rxaBy m, n.n, § 2) 

TO MOlmO CKa3aTb, qTo B anexTpOMarHHTHOll B3aml0l8IICTBHH 

C lPyron cTopoim, w HMeex cne~11111e V - xynbTHUneTH (cM. 

·• ( _~+ ) I (r••:~ A) .. 1 

/<- .. ) 

( _,'1[+ • 

Orcua nonyqaeM xax cnelCTBHe coxpaneHna V - cnHHa COOTHOmeHH8 

- 1 ... ,c+ ·1 t ~ 1, > -z= vi <c-± 2:·-t ~ >) iz,, 1 i~ r r > 
HXH 

-~ M( r-
1 
➔ r· r.t) == {I t,,1(r1 -9 A 1<+) -t M(rr _,, 11.-nj. 

AHanorHqHo, lna rumnHTYl ~OTOpOz.iteHna qacTHll H3 

( _:: ) ( 
/y. 0 

Y° 
r:, " ,._, 

(cM.rnaBy m, n.n, § 2) W Hll88ll COOTHOmeHHS 

) 
V - MYXUHnneTOB 

( _;:·) 
M ( r 

1 
_., A" 7C +) =- - ~ 1-1 ( r r- - Y" J(. J 

1 

M(r
1

-1r,()=~ fiM (rr-- _y•~t). 

(49). 

(50) 

(5!) 

MOXHO nonyqHTb TaitXe pSJt JtpyrHX Oonee cnoxHmc COOTHOmeHHB. 0,ltHaltO Ba 3T0ll OCTaHaBnH
BaTbCS w Be dylell. 

rn2 

i 
l 
I 
I 

§ 5. 3nexTpOMarHHTHOe pacmenneHHe MaCC qacTHll B H30TOUHqecltHX 

.!!Z.XbTHUneTax 

Kax owio OTMeqeno B rnaBe ·n (n.m, § 3), nepeHOpMHpOBKa uaccH 3a cqer anexrpo

uarHHTHoro B3alillO,ltel!CTBHS npHBO~T It pac~enneHHI) MaCC qacTHll B KaXJtOM H30TOnHqecxoM '... . '. 
xynbTIIIlnere, H B MaCCOBOM qneBe narpaHXHaBa B03HHKaeT JtOdaBKa, HeHHBapHaHTHaa no OT

HOmeHHI) It H30TOnzqecxon;rpynne (z,cnelOBarenbHo,no OTHOmeHHll It rpynrie YHHTapHOI! CHll

M8TpHH). 3ra JtOOOBxa npeodpa3yerca xax npoH3BeleHHe 3nexrpoim.rBHTHoro TOKa Ha·ceda 

OTHOCHTenbHO H30TOnHqecxoll rpyn~H, a Taae OTHOCHTenbHO rpynUH YHHTapHOII CHMMeTpHH. 

Tait Kalt TO!t upeodpa3yerca Kalt !tOMUOHeHTa O!tTynnera, TO npOH3BeleHHe TOKa Ha ceda lOJlll:

HO CO)tepxanca B npo·H3B8Jt8HHH lByx OitTynneTOB 

8x8 = !+8+8+!0+!0+27 

Il03TOMY OHO uoxeT COl8pxaTb qaCTH, upeodpa3YJ)ll!H8CS no npelCTaBneHHSM I,8,IO,io H 27 

rpynm S U(3). HanOMHHll, qro 3nenpouarBHTHHII TO!t aBnaerca V - CHBrneTOM c 

Y = ~ • o, a lexynneT H conpaxeBHHII iexynner COl8pxaT TOU!tO V - cmirneTH 

C y .. I, (x a +2 ii y • -I, G .. -2, C00TB8TCTB8BHO, (CM. rnaBy m, n.rr, § 2). 

Il03t0MY Up0H3B8l8HH8 TOita Ba ceda He MOX8T CO,ltepxaTb qacTell, npHBalnexa~ iexynneTy 

H conpa:a:eBBOMY leeynnery. TaltHll odpa30M, w 3a1tnllqaex, qTo, BapaJtY c HHBapiiaHTHHM 

qneBOM, lOdaBita X MaCCOBOI! qaCTH·xarpaH:EHaHa 3a cqer 3nexrpoMarHHTHOro B3aml"O,ltellCTBHS 

COl8pxHT e~e JtBa qneHa, BBna~xca !tOMUOH8HTaMH C ByneBllllJI V -CUHHOM, rHnep3apa

Jt0ll H 3aPHlOM O!tTynnem n 27-nneTa. 

PaCCMOTpHM 3X8!t!p0MarHHTBYJ) lOOOBey It WCCOBOI! qacTH narpanHaHa. dapHOHOB. O!t-

TynneTHHI! qneH mceeT BH-;t) 

/4 (;_ "p;'1 P./ - p;"- fJ""_ 
:; o(. ~ J,. .1. 

- ~ .,(.) C. 

f>.1-I\ +-; 

= .e e;4 e/· 
J- ~ 

-t- C B o{ P., 
1 

i- J.. 

(:.. so( B ~ 
i. ,I.. 

Bo1. g "- - e;~ & j) 
.,_ ,f.. 3 cl... 

'-t c.. i.,( e/ r cf... 3 (52) 
Tait Kalt uocneJtHHI qneH B npaBOI! qacTH (52) aBnaerca HHBapHaHTOM, TO era UOXHO BltJll)qHTb 

B CHBrnerimll qneH. CnelOBaT8XbHO, B xaqecTBe Bltxa,lta Tl!Ila oxrynneTa MOXHO B3HTb JtBa 

nepBia: qneHa B (52). ABanonr<iBo, BltJlal·Tzna 27-nneTa Hl!eeT BHJt miael!Hon 1toYdHHaUHH 

Up0H3B8,lt8HHS 

Ji) HanoMHm, uo 1tOMUOBeBron c V= Y=- G. =- O oxrynneTa 

...L (~f'- f.t._ I~) 
~ . ~ ~ 

q> J. aBnaeTca 

J 

ltl'.3 



~-L fli. 
l, . [) 

1- 1.. 

H J!BYJC pacc110Tpennux (onynneTHoro H cznrneTnoro) qneHOB. TaltRll 06paso11, snexTpoirar

HHTBaa Jt06aBKa E wccau 6apHOBOB oeeT Bl!,ll 

-,1. ~ -1.. ,/. -ol. 

~ M = o.,._ . e, S' e, J. + °'.t t, .,L e, 1- . -+ q?> e, 1-

-1.. - 1.. 1. 

e, ,I.. .-t ({~ I!, 1-- e, -:f.-
(53) 

3aaqeaza h M . JtnB ItaJ:Jt0.11 11acTl'!IlH H saaqemte napaueTpa 1/\- c11ellll!BaBHB Blipa38J)TCJI 

l!epes o...: cneltJl)ll(l!II 06paso1u 

~M =-,., Cl.,_ -t «.,_ / . <;;-"""' =- a.,,_ 
J 

<;; tJi i;-t ::: C\,+0..1., ~ l'.\;r_ -:,__ a~+ct~ 
(54) 

't, f.,I. ~c :::: G\~ -+ l. Q. + j_ q!, + ±- q,_) :l ~ :z_ 

<r; r-1 X ::::. 
C\1. + t ~ + + Q..!, 

J_ 
-+ 6 "-'I-

~ M,::,o ::c a.1.. I <;:;"Mr.:,--= qi+ Q.!>; ..., ..., 

M 1l-.. ::: 
~ 

( °'J. + (\ -+ q 't) :..10 
OtcmJta nonyqae11 cooTBomeaae 11ew pa3BOCTBMH ire.cc qacTmt B H30TonneclCIIX :uym.TanneTax 

fv1 _ ~ ~ + = M.., - M 1v + Mr.:.,- - fJ! "'"' 
~ 6 l ~- - J (55) 

xoTopoe xopomo cormcyeTCJI c 0111,iT011: 

Mr.-- - M::; 0 .. (0,5,tI) llaB, 

J\,\ .... "" _ M j'- .. + I,3 llaB, 

Ml:-- Mz-t- s(+7,7,t0,3)1l3B. 

~TO mcaeTca napaueTpa ! A - c11eJ11HBaBHB, TO lfH oee11 

M,., , ~ i( Mr-"-)+ c M~:- ",·) + ( M,. _ µ"':~') J(S6) 
Aaanorzqao, Jt06aBKa E uacca11 qacTHit H3 JteKynneTa oeeT BHJ!: 

<:;; M " '\. 
- l.c ~-d j) 
.D i"'l-J 

7i{io!~~ i\ 
+11.t.JJ y + 

ti J. fj 

I84 

~j)1~id. \ 
C\!> 

!M EOBEp8TBllX 'laCTHll w.oee11: 

r M .. +· = «,._ + ct._ ... a!> , 6. . 
r r•t.A+ = <1._. ... f a.,._-+ ± G\3 

M .· . ~ 

li. f\O ~ 0., -t- - G\.t, / 
. ... • ?, 

~ "":l+ 
~I-\:/· 
bM,,, .. ., ., 

. I. ! 
_Cl.._ +) ct._ -+ ~ . "-J 

: • 4 
Q..._ -+ ~ o..,_ I 

a.,..+ t Q..,__ 

'bMir = .._i. 

S-Mtr:::. · a.1.. 
J 

~/1-1 .. "' <41. y-

~M~•- ==- Cl.,_ , 

QqeBHJtBO, ·qTo H30Tonnecxoe cooTaomeHHe (cx.rmBylI, n.m, § 3) 

M 6++ - Mo- -: ?> ( M f, + - N fl<>) 
BUIIOnBBeTCB. Kpo11e Toro, lfH H118e11 COOTHOM8BHB 

(58) 

MA .. - M 6d " My-,.•- My""o J (59) 

M M : My .. 0 NJ·~ - M,,.•.- J\1,,,. .. _ 
t,• - A· - ,., ,_, 

B saumqeaae 0Tlf8THlf, qTO COOTHOmene THna,(55) ,llnB lf830BOB JIBnJleTCB TOZ,lleCTBOlf 

B czny.C - KBBapHaBTBOCTH, a ~op:uyna, aaanornaaa (56), JtaeT napa11eTp ?Cf- c11emz-. 

BaBKB: 

¾t = ~ [ ~c~;~- m;.) + (»>:.- w,:+J J. (60) 

II. CJIAE!lE B3AIDIO!E0CTBIDI 

§ I. TOEH cna6ux B3aKKO!e.llCTBHR B YHHTapaoR CKlflfeTpHH 

B rmBe II 6WIH-H3y,18BH H30TOnHqeCEH8 CBO.IICTBa TOKa cna6HX B3aRMO~e.llCTBH.II 6apHOBOB 

H lf830B0B C fl~ a 0 
1/ A 

~ == Jr -t 1r 
H T01t8. CJ!a61lX B3aRMO,lle.llCTBH.II 6apHOBOB H lf830HOB C t!!.5 -::,. LI. G.. = 1.. 

v,A s,.. - <;,/ * s14A • . 
11H npe,llnonouu, uo 

T-= 1. ) 

;J JIBHmTCB E01fn0B8BTalfH H30TOnH'l8CltHX TpHnneTOB ( ~ "' - :1. 
✓ ~A ·.· · I 

C y:: O I a s ,._ JIBllJlmrca E011nOB8B'ralfH. H30TOnH'18CltHX J!Y6JieTOB 

( T}. - t , T ~ 1: ) C Y-=- - i. . 
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C ,Jtpyroll cropOHH, MH 3Haex, qro oxrynxer BBJIS8TCR YHHTaplll,11( :llyJILTIIOJl8TOK C BaHKeHLll!ml 

q11CJIOK XOKnOHeHr, xorOpHII CO,Jtep%11T H30TOn11qecXHII rp11nxer C "f = 0 111130TOn11qecXHe 

JtYOJleTH C Y =;tl• Il03TO:lly ecrecrBeBHHK oOOOleHHeK pacCKOrpeHBHX 1130TOnHqecXHx CBOIICTB 

TOXOB CJiaOHX B3aHKO,JtellCTBBII OapBOHOB II Ke30HOB BBxserca npe,D;IIOJIO:reu11e O TOK, qro TOXH 

;;J V II S V, a ra:ae J A- z S /J. BKecre c conpueuamm x HD roltallll npl!Ba,JtJle;. 
JI'- JA .,,.,.. _N,,.. A ct. 

mr 0,JtHHK II reK :re onynxerax (~ \ ri Ill ~ ) i COOTBercrBeHHO: 
'-_)}' f } 

i' -.,,., -
$ V .,,_ 
.r 

J ... .,,. -;,. 

s .... ~ 
.r 

o(v( vr): 
~v (v.,.): 

J.,. (A_,.): 

tA (A__.): 

I 

I 

I • 

(:f )+ = o(v ( t ): , 
( ~ vf ~ f v ( V~) : 

( 
A-)-t 't/ 

. ~ . . = ~A- ( A .,J 
/ /-i-J 

( s.,,.Ay ,,_ r~ (A-~):_, 

(6I) 

r,Jte J.. v ,. H & ", A - qerHpe npOH3BOJILHHX xoHcraarH. nocxonxy rox cxaom: B3aHKO-
, V \ . :L 

Jt8IICTBllllt d II ll30BenopHHlt 3Jl8XTpOKarHHTHHII rox d BBJIBETCB pa3111D[l! ltOKnO-
.,,.. .J'-

H8KTaKB OJtHoro.H roro :re H3oron11qecxoro rp1tn11era, a H30BexropHHlt 111tsocxaxapaHI! roXH 
<I. 'J 0 J H np11~emr OJ!HOllY H roxy :re YHJtrapHOJIY onynxery, ro noxaHII axexr-

.,,. _,,,. "t-<t .I.. 
powru11rHHll rox ol./" ra:ae ecrL xoxnoHeara paccxarp11BaeKoro Bexropaoro oxrynxera(~) 

·} 'J J?.. 

.r 
(cK.~OPllYJIY (5) ). 

-L 

(~)~ 

B YHIIBepcanaolt \I- A reop1111 c11aom: B3al!liO,JteltcrB11ll reJtJ1-llaHBa 111 ~ellmraaa 

xarpaH:rHaK CJiaOWC B3aHKO,Jtel!CTBllll! HKeer Blll,Jt 

i . 6 ( · .R. 0 ) (' · .I. J + ..,,,_ -;E ,1, +J+0 ,f +J+S 1 . ,t r.t:. tJ.r .r . .,,. V O.,. ,.)'- ~ 
ue A, - xenrOBHHll rox, npJllqeK ;;J paBea (a ae nponOplllllOBaJieB) aopwpoBaK-o_,.. ,JA 

HOii XOKnOHeHre C ~ c -I ll30TOnHqecxoro rp1tn11era; BOpKlllpOBaBKOll XOKDOHeBroll C 

T~ = O xoroporo aBxaercs 11aoBexropHHI! anextpowra111rHHI! rox. Haaqe roBops, ·xoacraa

ra d.v paBBa e,Jt11a11ne-' 3ro npe,Jtno11o:reH111e BKecre c npe,l!DoJ10:rea111eK o coxpaaea1111 Bexrop-

_aoro roxa D03BOJ1aer 00"J;J!CHIIITL Dp1110JIH3RT8JILHOe paBeHCTBO XOBCTaHTH pacna,Jta fl - Ke30Ha 

H BeXTOpBOl! ltOHCTaHTH f - pacna,Jta HellrpoHa. C ,1!pyrOll CTOpOHH, ODHT DOKa3HBaer, 

no XOHCTaBTH Jv,A ou11qaJ1rca or 8,ltllHHnH, KaX 11H yBH,JtHK HH:re. TaXHK oOpa30Ki axcne

pHKeHTaJILHH8 ,JtaHHHe cornaCYJlTCB c npe,ll;IIOJIO:reHlleK 00 YHIIBepCaJILHOCTII TOXOB J, H 
,., \/ . '.r . ,{, 
u t HO He COrJlaCYJlTCS C npe,ll;IIOJIO:reHH8K 06 YHHBepCaJILBOCTH Bcex TOXOB .,J 
✓ fJ.r 

ib6 

V r V . "1 A J J • qro xacaerca axc11aJ1LHOro roxa a1 , ro nepeuopimpoBxa aa cqer 
/// ~ 

B3a.l'l](O.JtellcrBHll Ko:rer KeHRTL a~exraBHYJl xoHcraHry CBB3H aroro roxa. 

CltJILHWC 

• OrKerHK, qro axcneplll.leHraJJLHHe ,JtaHHHe rax:re He npor11Bopeqar npe,JtD0110:reHHE o roK, 

qro XOHCT8.l!Ta d.y 0

B (I) KeBLme e~HHHnH Ha HeCXOJILXO nponeHrOB. CJle,JtyB KaOKOOo J 

npe,JtDOJIOnnl, qro ~.,,flt-. n ~ v,A CBB3aHH coorHomeu1tsim 

IlOJIOlmll 

l. .t 
o( v

1
p, -t J v,J, 

~ ::. t:,- 'tv,I,. 

d.v,t\-

:L 

Tor,Jta w HKeeK 
,r ~ ~1-t- ( ),t 

J..,. .,. c.is rr." ( V..,J.t , {J;= c.os't,,, V.,.. 1-, 

5".,, s.,;,,<t,,,· (v)1 ($v)t.::....i..;.z. (V.,...)~ 
J' .,,_ ;> / _,,. V /i. / 

"IA ( i ~ ,:) =- c.os 'tA. A ) d. ( 'J A) ::; c.os '-A- ( A_.. ) 
..,,. _,,.. ,_ I ~ '/"1. ./ 

(62) 

c; A. =- ,4.,;,..,zA. (.A).. (SA-): ,.4~z. (A- ' 3 

..,,. 1 _,,_ ~ / _,,. ,. :.,J1-
ECJ1lt IIJ,I paccKorpm.i ( V.,,.) .t n (_ )l.); , aanpn1Lep, xax HOpKHpOBaHHHe Bexrops B 

BOCLKHKepHOK npocrpaacrBe, xoropHe oproroHaJILHH ,Jtpyr ,Jtpyry, ro ror,Jta Bexropiraa II axcw-

aJILHHlt TOXH CHXLHOB3aHKO,JteltCTBYll~X qacrzn 

C<>S'C,t (v...,.); T s.:.. TV (v.,,.); I 

c.os1:,,, (A.,.)~ -i- .1..;.'tA ( A_J: 
BBXBETCB rax:re HOpKHpOBaHHL!lG! B8KT0paKII. B ,JtaHHOK CJlyqae YHHB8pCa.llLHOCTL CJladwc B3aH

KOleiCTBHi noHmra.erca B TOK cwcxe, qro xenrOHHHe TOXlt l'I T0Kl'I CltJILH0B3allllO,Jtel!CrBYE~X 

qacr1tn BBJISETCB HOpimpOBaHHHKH. 

OrKerHK, qro (__ V.,.,.J; 1t lV.,.); , Hanpllllep, oOpasYEr V 
npH BpaleHKlt aa yrox cl., Boxpyr rperLell ocH B TpeX11epHOK npocrpaHcrBe 

XOKnOBeBra ( v.,..) ' npeBpa~erca B XOKOHHanHll 

'- ~stlV~t+..4~~cv.,.J;. 

- ,Jty611e.r, H 

V - col'laa 

TaXHK 00pa30K, Bexropirall It aKCl'laJILBHi TOXH CJlaOHX B3al!llO,JteacrBHA nOJiy"laETCB lt3 uopim

pOBaBBlll TOXOB lV.,.J: n l,4_,..J; BpameHHRKH Ha yrxs 2 t' v 1t 2 z: 14 , coor

BercrBeHHO, Boxpyr rpeTLea OCH B rpeXllepHOK npocTpaHcrBe V - CnHHa. llH oor:a:reJL 

Hll%e, no axcnepHKeHr ,Jtaer BeCLKa Ox1taKHe suaqeana yr110B 'Cy n Z' A • 3ro oaHaqaer, 

qro noXHHII rox cxaom: B3allllO,JteacrB1tll c1tJ1LHOB3aHKOleacrBYElllltX qacTHn noxyqaerca 1'13 O.Jt

aoll HOpKHpOBaHBOi KOKOOHeHTH oxrynxera (J y-
- ! 
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> 

ci ):-- l t); T ( A_,.): 
BpanteBHeK Ha yroJI 2 t: Boxpyr rperiea ocu B npocrpaHcrBe V - cnasa. 11H lllleeK, 
raRml o<lpa30K: 

iw = ~ Ca~£+ ~s~ (~LJ~ + A~Z ( ~x) 
( a} + Cos~ ( :1.,. )~ ~ A~~ ( ~J;) "r • 

(63) 

O~eHllll,( renep1, yrs 

ma:; PaccKorp:llll pacna.itH 
Ty H 't A . Ba OCBOB8 :llll'.eJJutHXCll 3ltCDep:lllleHraJioHWC ;itaB-

Rx wrpJ11Jsue aJieKesru paBmu 

I<-__.,, ,..- + y / 

Tl-.-;, ,,.- + -v • 

~(K--'l ,;--.) "- £_ 4\(l,)o(A+o,).r-(~ ... ) ~~I<., 
I '{i_ .r . } 

t-\(1C-Jfv):: ~.,(ql(A-tfs-) ... (e.t.) E,. 3n / 
(64) 

r,Jte .E . , {._ H -1..t. - :llll'.DYJILCHUCeBJtOC!tMap!IID: Ke30HOB, r - Ke30l!a H 

aBrHHellrpHHO, COOrBercrBeHHO, a :},- H a1i,_ - Bexorop1,1e ltOHCXaHrU, Onpe,1teJillll-
lltlleCl1 CJieJtYlllltl!K o<lpa30KI 

(o I s; ! /C) = .£..,_. .iK I 

(o \ ;J A- \ 7e-) =- .P_,. 3rt. ..,. 
(65) 

nocxoJioxy B .1taHHOK CJIY'lae; xax Jierxo noxa3ar1,, roJI1,xo axcaaJiomll rox ,Jtaer B1tJia,1t. 
C ,Jtpyroll cropom, 

/._o / ~A-/ K') = 

zo I J..,.4- (rt-> = 

,.1.;,,-z:A Zo{ (A_..)/f /<.') / 

c;.sz,4- (ol ( A_,,.J /1r-) J 

a H3 YHHrapHOll CHKKerpHH CJieJtYer paBeHCTBO 

(o I ( ~ ),_' I 7(-> == <o I ( l)/ Ir~)--
Ilo.1tcraBJiaa (66)_B (65) H noJI1,3yac1, (67), KU nOJI)"laeK: 

d'K 

j}rr, 
==- id t",4 

mu 

(66) 

(67) 

(68) 

C nOKOllU>JJ irarpaqsu:x: aJieKeHrOB (64) KOlOIO noxaaaro, qro orHomeHHe Bepoarsocrell 

paccirarpHBae= pacna.itoB paBHO 

w(K- r•) ~ ( L )' ~ 
t. ,_ 

( 1: Wlf'/wi;:) .t. t ( . :r A-

i. 1, 

~. ( 1- .,,,.!.,,,:) 
l?:l"iT ( m,,_/ ')-t 

W( '1( -, r:) J-rr 'lt'l,r 

'I, 2., ;: 

( !\- wir/wi~ (69) ~- ,../,.,,~ 

IlOJIL3yaci axcnepID1eHraJILBmm asaqeHHHID! Bepoarsocrell pacnaJtOB 

KU noJIY11aeK orc11.1ta 

!(~, t'" J it 1C _., (-'-+ v 1 

-Z:A = 0,266 .:!:. 0,005. 

AHaJiornqso, na)"leHHe pacnaJtOB 
JC--, 
n-_., 

'7[0+..e.---t r; 
I 

1t. 0 +L-.+ V 

(70) 

noaBOJiaer o~eHnn BenqaHy yrm Z: v • Marpaqs1,1e aJieKeuru arnx pacna,JtOB l!l(eJJr BHJt 

~ci(.➔ 'TIOLv)"' .£- -;-c, ... )~}~-rf,).,.u .. J(t--t-") f c1<:~ 
'{i f K / (7I) 

r-,,\(1C-,n•~")= ~"«(h)~(-i-,-Ys,)u(~,)(-1.-1-1) f (IV µ r c 7t ., 

r.1te t H 1 - 1D1Dyncu nceBiocxaJillp6x Ke30HOB B naqaJILHllX a xoseqma: cocroa-

HDllx, COOrBercrBeHHO -f.."' .{:_<-,. (.,_"" r-1 • .:f-,,._ (~Ja 11! ( t_') - He1torop1,1e (jlopl!ljlaKTOphl, 

onpeieJiaeKUe coorsomeHHlllD! 

<(°ll 0 I .'.J,. V I £ ) <: 

/11°[ s.,.v I w> = 

( t-<-•d t-rr ( Ij/ 
r 

(t-t~)(' fK(tj. 
Mozso noxasari, qro B JtaHHOK CJIY'lae roJI1,xo Bexrop61l rox iaer BltJlaJt. 

(72) 

qro<lu sanra coorsomene KeXJtY .f. m I , paccKorpl!I( npelt,lte Bcero Karpaqsull 

) 
« Tl<. T7t 

3JieKeHr roxa ~ KelEJlJ cocroaHHBKD nceBiocxaxapma: KeaosoB. nocxoJI1,xy npu 

C - npeoClpaaoBaHHH f lt) .,_ nepexoJtDr B - ( ll,_): , ro cBaai JtOJIJtHa Clun CBll3LJJ 

rnnaf: f 

( p I ( VP y ( f > 
f' 

lJia paccKarpu:BaeKUX nepexOJtOB 

-l c i1J Ct_,_ d (1>; r1" - vr r;). (73) 
1 r J' .r 
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< ,r 0 
/ ( V,..): ( n-) ~ 

/._ 7l. / ( V.)J; ( r( ~ I :=. 

OrcDlB, nonyqaeu: 

fi,.f-(/4 V ( t-t ,J_,,. I 

1f- f(/4j (t-t,i).,.. 

.:fK. (f<j ='- ~ 1:--,- 't' y 

fn (-t<:) 

(74) 

(75) 

Ecn11 npeaeOpeq& saBl!CllllOCr&D (j)opuqiaxropoB or ~ ~ , ro .JtJIS oraomeHl!a Bepoaraocren 

lllleeu: ( _ • - ) 
·WK-?'7I£Y 

YI./( 'Cl--? '7I ol..-") 

u .t._ .u-=-T;J- C • ~ 
Jf y 1J.1.. ( ~=K-m~o) 

CpaBHl!Ba.s c onurou, w noxyqaeK saaqea11e yrm 7: v 

T ~ y 0,24! ;!;. 0,008, 

S' 

(76) 

(77) 

xoropoe npnOns11ren&HO paBHO t
4 

• 3ror OOJll]III! yron B ,JtaJI&HellmeK ooosaaqllll qepes t. 

B saxxmqea11e a:roro naparpaipa w c;n:enaell ;n:Ba saKeqaa11a. Bo-nepBux, npe;n:nonozea11e 
o :roK, q:ro J v II S v , a raxze J A- 11 S A npl!BaJtneza:r O,ltHllll 11 :reK 

,JA. J>- ....... ..,N,-

ze oxrynne:raK, aBnaerca aenocpe;n:crBeHH!nl cne;n:c:rB11eK Ko;n:en11 XBapxoB. ie11cre11ren&ao, XBap-

ltll t t , +.,, 11 i-,_ ooosaaqllll qepes l , "l.t.. 11 ¼ • Tor;n:a w lllleell: 
V -:I. r, V -1y<ti J ,v "f' 0 1f,._ I ::>_,,,. ,..,_, "f ...., /3 I ...... ,.. 
ft. ~ .s ~ --1 -Y;r;. 1J, ,2.. ,...,_, 1/' ~~ 'If~, ..,,.. r.J '1/' ,., 'I!, J 

I! orcD,1ta cne;n:yer aame yrBepz;n:ea11e. Bo-e:ropux, us penar11BHc:rcxol! n:aap1taa:raocrH cne;n:y-

er, '1%0 lla?Pl!qHBII 3X8K8H? pacna;n:a K-=--=, "IT~ It.-➔ ':/ lllleer OOlltl!II BH;n: 

M(K~ ?f
0 -Cv') = .~ ;;:-(1<..t.)!(H~) 'll-(-e.,J{ Ct+'l) f~ (.e,.1.J-1-(,1..-1) ci (~1;) 

1.t ...,._ I _y. OK. )/ 

r;n:e f ( ~L} 11 ct.- ( k~ unaDrca npOK3BOX&HIIKI! (j)opuqiaxropa.lll!. B cnyqae, xor;n:a 
~ d~ . 

yaurapaaa CHl(l(erpHa BBnonaaerca crporo, aaqan&HIIII II xoaeqHBI! uesoHB aenaD:rca pasnxqHB-

llJI xoKDoHeara.i.m o,D;Horo II roro ze yaHrapaoro Kynrllllnera, I! Bcne;n:c:reHe T - 1tHBap11aar

aocr11 11n coxpaaea11a Bexropaoro :roxa e:ropol! (j)op$xrop 00paI11ae:rca B ayn1 3t:.. a:)= o. 

MB l!KeeK ror;n:a nepBIIII wrp11qaun aneKeH:r B (7I). rrosroKy axcnepllllearan&aoe onpe;n:enea11e 

d' I<- ( -4 J nosBonaer cy;n:11n o crenea11 aapymea11a yanapaoll Clfl(l(erpn. 
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§ 2. nenroaHBe pacnaJ0,1 OapHoaoB 

Ilpe;n:nozeHHBe cBollcr:aa cl!KKerp11u rom cna~BX B3al!llo;n:ettcrBHB uozHo npoBepl!r& nyreK 

1!3Y'leHl!S nen~OHHIIX pacna.itOB Oapl!OHOB 

* B'- _,, e,.1.. -+ ,r, ± y 

r;n:e 

qepea 

Pi,._ I! 
,t.:1: 

l?.t. - oapl!OHH 113 u,o;:i:311.11,aa., I/ - ~A-!'<lrP.RRYe l!eil?OHII. Q003Haqllll 

ii lll!Ilyn&cu nenroaa H aHrnnen:roaa. llarpuqHue aneKeHrH nponeccoB c 

,i--;' paBHII 
{ I! ... 

ucnycxa11HeK nap 

fJI (~ ...q e, l-1) = _§:__ C<>$'1:. "ii'(f~ .... )Y (_ ~ ... i,) v-(~ .. J < 13.,_ I ( 'J )
1 I B > ,._ ~ vi r .,..-t ,_ , 

(78) 

ecnu AS=- o t II 

M(Vi___..flt-1) =- £,A.:...-t.:.:(.e..._)1,.(4-i-Ys-).r(~ .. )<B..._/(J )" )i > 
• :_ '(i _,.. ~ 1.. I (79) 

ecn ts = I, a KarpuqHBe 3!8K8H?II nponecCOB C llCilyCRaHH8K nap 
,t-t 9 paBHII 

f'J\(i-i J./-1):= ~ uis-c7(~,_)f(hr,)1rC&d(B,_I ('J)< I B1..-) (ao) ... :. µ_ .... .,. <- ' 

ecH /:,$=- o , H 

Mls PJf\,'\==- 2-sw.'1:7.:(f<,)i(A-r-1,).,(e.,_).(13~/(J l
3 /u) 

.__--" :. ') t[i ..,,_ _,} i- JJ~ , (SI) 

ecn 65 = - I. Il03?01lY 113yqeHlle nenrOHHHX pacna;n:OB Oapl!OHOB CBO;n:l!?CS K 1!3yqeHHD 

11arpzqHI1X aneKearoB 

< p, l C 1 ) ;· I ~ > '° < r, IC ~J~ ( p, > -t <r.i \ CA.,.); I B > . ca2) 

Ha cooopazeHHII penarllBllC?CXOi l!HBapHaH?HOC?II, T - HHBapHaH?HOCTI! ll 11HBapl!aHTHOC?l1 

oraoc11ren&HO rpynnu .SUI(~) cne;n:yer, qro aiz erpHqaue aneYeHru l!l(eDr BHJl 

<PJ \ C vr y' ! e, > ~ { ~cti)~ v.{ t .. J.f/\r<'·J -r 7i(t,_) ff...,, e~ "ct·) 1'/cft,l)J r , ~ J• c~ 
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(p;~ ei;- B; B;) -t 1~(t,_) ~ ~Ct·) (\,<"J + .. (t._) ~;!" u.c td f / (¥') ? 

(
-.1. i _ r .1. ~ c1. -r r-- ) 
& r ~ ~ -+ B .f> l\., - ;- ~ S' E>,; e, o-- J C 83) 

(~I(~); I e '> - { •cr,.Jr r,, •cr,)a:c,y" ·:- •<t•l >;- •CH ,:wJ J 
( i~ ~;- B; S ~) +{<(1,J\. 0,-it. J ;if (i') + CB4l 

t O i c~.t... r- -" ol. .,. --r '\"" J ~~ «(t .. )~""(f,,)J:i,(-kj &r-& -tB &r- ~ be, 1\-b,- J 
~ f J J 

r,l(e I[ - 11acca ClaplllOHOB, a t1- B t'- - mmy.111,cu ClapBOHOB B Ha'laJili,HOII II ltOH8'lHOII 

COCTOHHHH, COOTB8TCTB8HHO. Ot11er1111, 'l?O, 8C.IIB tpeClyerca %0.llli,ltO pe.11arBBlllC?CltaH lllHBapa-

auaocn, to 11arp11qme 3.11e11enu TOEOB ( V.,...) .1. 11 ~) .t JtOJIJ:HH co.iteiman taae 

cnHHOBHe CtpyxrypH J> J 

.~_._ '; (t._J u.(t~) II 
M 

~ ( t'-) 6r~:~ 's- ... ( t .. ) 
COOTBeTCTBeHHo. 0,ltHaltO B C.lly'lae, ltOr.ita Ha'la.llli,Hlilt lll ltOHe'IHHlt ClapBOHH npHHaJt.11e:iraT OJtHOJIY 

lll ?OJIY xe oxryn.11eTy, a YHHTapHas Cl!l(l(eTpllla BHnOJIHaerca TO'IHO, CYJleCTBOBaHae raltl!X 'l.lle

HOB nplllBOJtlllT IC HapymeHBD T - lllHBaplllaHTHOC?B. OTCYTCTBHe CnBHOBOlt alln.lllll?Y.Jlli 

...--(... -c ( ) 
-- 1A, ,,.,_) "- f,_ 

iv,. 
B 11aTpaqH011 a.11e11enre BeJCTopaoro Tom raae aB.11serca c.11eicTBJ11e11 coxpaaeHaa Bexropnoro 

TOita. 
F, p F {) 

lipOB3Bouaue qiop111paxropu BeETOpHoro roxa J 1.-- (t,. V n f.t ' ((F-) 
IIOXHO onpe,lle.llBTli, Ha OCHOBe 31tCnepB11eH?aJili,HHX .itaHH!ll no a.11exrpo11arHBTHHII q>Oplllpa!CTOpau 

HYltJIOHOB. leltCTBBT8.llli,HO, nOCICO.llli,Ey 3.lle1tTpo11arHBTHHlt TOlt J .,_ 8B.IISeTCH ltOMllOHeH-

rolt ( ~) :1. , TO q>Opllipa!CTOpH HYltJIOHOB Bupa:iraDTCa qepea q>;;;Mq>alt?Opli B (83) COOT-
HOmeHBSIIB 1-

f !U~;= -f/C1,_L)-t f -f/Ci!·)/ -f.-"'C,r.:)-::- - ¼1/ ({J 
.., ,. F P F P 

( CK.q>OpJIY.IIH ( 8) ) , B OClpaTHO npOlll3B0.llli,HHe q>OpMq>altTOpH f 1-
1 

( ~ '-) lll -f L 
1 

( l'j 

IlO.IIHOC?li,D onpe,l(e.llSDTCS 3.11e1tTp011arHl11TlllDlll q>Oplllpa!C?OpallB nporoaa lll HettTpOHa: 

f_.:F-("-J = f_t(~)-i- ± -f,_"'(f<~ I f / (~':) '° - ~ f/" (-r,._'-) • (8S) 
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. F, p ( -t.) r-, p ( ) 
qro mcaerca qiop111paxropoB !};_ ~ u :} .z. i 1. , TO B npmnume ORB 11oryr 

Clun onpe,lle.11em npH noMOl!IB ua11epeHUa Bepoaraocrelt. qerupex nponeccoB .11enroanoro pacna.ita 

ClapBOHOB. BepoaTHOCTlll OC?a.llli,HHX pacna,JtOB lll no.11ap1t3a~OHHHe 3<pj>81C?H BO Bcex nponeccax 

TOr)la onpe,lle~am:ca no.11Hocr1,D. 

Pacc11orplllll 1tOHJCperme q>B3lll'leCltlte nponeccu .11enTOHHHX pacna.itoB: 

,.., 
(I) 

l'\.. --> ·r- + £--t 11~ I 

:!.--, A+"- -1".,, I (II) 

1.t _., A.+L+-t-V/ Cm) 
A-? t .. ...--.. :;-'~ I r ... r--t -::, (IY) 

"' :i:.-- V\--t..--+-.1 I V\ + r-- -t ,, J (Y) 
~o ~ !..-t-+£_-r':;, / .2.,+ + f +~/ 

(YI) 
z-~ r... 0-t- l.--t ~ / r·+ r-+ ~1 (YII) ,..,_ 

A -t ... - + -::, A+ r-t--::. (YD!) ~ ~ 

MaTplll'lHH8 3.118118HTH 3THX nponeccOB BlleD? BIii 

r1?(P,._--1i.a..t\<;;-))= ~..:c,Ja;,.lHi-,)sr-ce. ... J U:(t .. )[ Lf-1-T(l<j --1- (86) 

(.,~ fLJ (l<') + T.,. ;r~ t:'U<'-) + --~ a; d.t. J(~tJ J "«(t~) I 
'-f-1 

J =- 1, ]Ir· , Y.ilf., npll'!ell B3 (78) - (BI) n (83), (84) 11H no.1yqae1,1 BupaxeHHa q>Oplllpa!CTOpOB 1: (~L) B d,.~ ("--t.) I 

-t. F p ) f:: "' "'\-Z: (.f.: -rf.-
:r. F- 0) J. - con: ( j.: -t ;r.: . J 

f~ -' -
·p 

~ cos 1: f.: 
'.ii:. g p 

'I _ -- eos-z: 4· 
0 .: - 7 o• I 

(87) 

ft- fi ,.os-t: f / ' q_ JU_... - .!::... e,Q,4 't <t,; ~ ~ .P 
o.- - ? a I 

~ J == 
-:-.?. -A..;..-z: ( -,,l._\ . .f_.p} 

Vb 1~ ·1' 1 

~ ( ~ P) J..: = -~ ,4.;.,,z: ~3-.: + g-~- J 

11 z - ,J.,;,, -z:. (f /;- f/) I 
.:E:- • ( F- p) J ==- - ,4..., Z: 0.: - a-.: I 
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+:-= ,a-.. 'C (-f/+ f/) YL-
1-· -04 - 4 ~ 't (a/'- -1-3/) I 

i-~ l - ~ ( F- D\ ) ;_ = (i. ,4.,.,, <- f.: ,t f,: / I 

~ 

}· = 
L ,. ~ ( F P) .. ..., c.. q,. -t-q_. 
fi. a• a' / 

f y]i[. i ·( p. Y) - "TIC _L - ~ ( F=- DI 
;., =- 1/i.. ,4.,;.,'c: ~t -f.: / J;, = ~ ,4....,_c ?!)-; -:}.: _/ 

xo CIIX nop eme He Ouno npoBe.iteHo nocne~o.earen&uoe z3yqeHHe cne.itcrBHH yuHrapuoR 

cm.w:erpHH B nponeccax nenroHHlll: pacnaAOB OapHOHOB. B xaqecrBe rpyOoro·npzOn1tteHHa J.W 

npeueOperaell BltJ!aArum qiopllljlaxropoB 1~ 3 (I< 1. J H :J-, ';J ( .e_ -t), a rane 3aBHCH1LOcn11 
J T p ~ / 

giopllljlaxropoB .!- ( ~ ~ H f ( t'-) or ~ .(. , 11 nono= 
Ji- -L 

ft_J(f<) ~ + J I :J 1-JU1 =- J 7 
, ~l" ~ 

qro mcaerca BepoarHocrH pacnB.,!;a H BenKtJHH, xapanepH3Yll~ nonapH3aDHOHHHe 

ff J-. 

at:ru, 

w non&3ye1Lca HaBecrHmm BHpaxeHHalll!, no.ll}"leHHH!lH B reopHH J - pacnB.,!;a HeHrpoaa. 

Bee. arH BenHQHHH saBHcar ronxo or .f_ J H 4 ;J • KOHCraHrH f J BHpaltallrCH 
f- /) --y- a . F 

qepea f ( 0 ) u 1- (e) cooruomeHHHlll! (87), a B cuny .coxpaHemi:a sapa.ita, :l. (o) = I, 
P j, h J . J-1... . 

L (0) = o. 3ro 03Haqaer, qro KOHcraHrH f ~a Bcex nponeccoB noJ1Hocr&11 on-
,,__ F- F- , p 

peAenem. lipOH3BOn&HHlll! ror,1(8. aua11rca 1t0Hcrauru ;r = ff~ (,,) H (r =- ;r. (o}, 
xoropue llOryr OHrL onpeAenem H3 3HaQ9HHH BepoarHOcreH AByx nponeccoB. B xaqecrBe OA

HOro H3 raimx nponeccoB BHOepeu J - pacnaA ueHrpoua. H3 31tcnepmreuran&Hlll: iauimx 

~ no.ll}"laell 
D F O -t- t = I,I5 .:!; 0,04, (88) 

npuqeJl 3rO 3HaQ8HHe Cj),11,lH d /) -t- :r F CMOO 3aBIICHr or yrna 'z; , nOC!tOUKy 3Ha-

qea11e i- BeC&llll. llano, a BepoarHocn J - pacna,1(8. aeHrpoua nponopDHouauua 
IA$ .. 'C "" ,l- "t: ~ • rrocxouxy BepOUHOC:rH pacn~OB (IT) H (m) nponOpDHOHan&HH (_j- p) .t, 
ro J- p llOJ:HO Ouno OH onpeieJmn 113 3_HaQeHIIH BepOUHOcreH arl!X pacna,JtOB. 0,JtHaKO JtO 

CHX nop nocneiH11e eme He OunH H31lepeHH C AOCTaToqHoH roqHOCT&D, ll03T0My .1ru 0YA91l non&30-

Bar&ca ~yrHlll! .itaHHmm. 0:rMerHll, qro BeposruocrH paCDB.,!;OB (IY) - (Ym) nponopnnoHan&HH 
. .t. F- D 

,a.;, 'C' ""- 'l: ~ 11 cnnHo 3aBncar or 't • lioaroKy .itna onpe.1teneH11a d 11 ;J-
:renaren&HO 11c1tJI11q11r& 3aBIICHllOcr& or -z; , paccllll.rpnBaa oruomeHHe AByx pacna,JtOB c H3-

lleueunell crpauHocrH. Tax, Hanpmep, cpaBHl!Baa orHomeH11e BepoaruocreH pacna.itOB (IY) H 

(Y) c onurou, w nonyqaeK ypaBHeaze 
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~ + -¼: ( !>3/' -t- a' D ) .t 

~ -+ "> ( a F- - 'r D) .,_ 
~ 

5",f • 

i, ~ t. 1, 0 

1; -t.. ~ 

(89) 

Cucreua ypaBHeHHH (88) H (89) oOna,Jtaer AB:fW1 pemeH11mm: 
F ' 0 

I) ,1' " 0,39.!;0,05, _ d = 0,76.:!;0,05, 
2) :rf- = 0,92.:!;0,05, :rl) = 0,23:,0,05. 

qroOH BHOpar& OJtHO H3 arHX pemeHHH, W BHQHCJil!l( Bepoaraocr& pacnaAa IY B ItrultAOll 143 

arl!X cnyqaeB, non&3yac& qiopKynoH 

W(A- t"") ~ [ J_ --+--- "' Al..:.. 't ± + .,__ Oaf-t-g-,fJ . !>,I. ,fo_!, 

wCA). / 

ue W ("-J -nonaaa Bepoaruocn pacna,Jta 
I\ - rmiepona. CpaBHH.Baa c 31tcnepmeuran• 

l!l,l]l auaqeaHell 
w( A __,, ,.. ... -,,) 

W(A -) 
-<::: 8,I + I,O, 

w B~, qro nepBoe pememe xopomo cornacyerca c O!Ili'tOII, ecu t: =0,26:,0,02, a 

Bropoe pemeHHe cornacyerca_ c onuroll 1 ron&xo ecJm z: = O,I95:,0,0I5. TalWll 0Clpaao1o1. 
3altJ11lqaeK, qro W AOUHH BHOpar& nepBOe pemeaue. H3 arl!X 3HaqeHHH !tOHCraur } f=-H 0 ·p 

KODO nonyqHr& Bepoaruocru APYrHx pacna.uoB. Lili H!leeK, B qacrHocru1 

W ( i:.-- 11...-:) 
= (0,65+0,08).I0-4, 

vvl·z.-) -

B cornacHH c axcneplll,leHran&HW aaaqeHHeM (0,75+0,28).Io-4
• OrMerHll, qro B AaHHOM cny-

. -
qae Bropoe pemeane .itaer 3aaqexue (0,06!,0,03).ro-

4
• 

H3yqeuue xoppexaunoHHHX H nonapH3aDHOHHHX a¢4iexroB rane noaBonaer onpe~eur& 
F . !tOHCraHTH r H r D H npoBepHU npe~C:&a3aHHH yuHrapHOH CID!l(8rpmi. PaCCMOrpHII pac-

na.it nonapH30Baaaoro Clapnoaa, aanpHllep. xna yrnoBoro pacnpe.iteneana anexrpoaa non&3ye11-

ca q>Opl!YnoH 

wr ( ~) = ~ + Je. ~J eos -&- J (90) • 

·ue r.,,_ - cxopocr& anexrpoua B eJtH1111nax cxopocru cBera, 
()-- - yron 11e~ HanpaBneaHell Bunera anenpoaa H Be1tropo11 nonap113aDHH aa-
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qa.JlbBOrO ClapHOHa, a KOBCTaBTa s~ 
J. :,_ - ~ 

paaua 

o{J (riJ - 1) 

~+ ?,,;(; 
Ha orruTe ·uoxno orrpeleXHTL ~J 

IY axcrrepl!l.leBT .JtaeT 3naqeuHe 

H, CX8l0BaTeXbB0 1 ~ • HarrpHMep, lXH rrponecca 

C lpyron CTOpOllll, 

TL 
a-

~ =- -f~ 
MIi l'll{eeu, Taltltll oelpa3oM, 

~ = - o, 7=,0,3. 

==-

F p 
;~ = 
'ff--rf 0 

ypaaue1me 

F- .L .II ;J' -t 3 d = - o, 7 ;!; 0,3, 

f'- ' J) o'Tt:t · 

xoropoe auecTe c ypaaneuHeM (88) raae rro3BonaeT orrpeleJn!Tb 
F-

3"' H 
D ;r • Ecxa xe 

3TH XOBCTaBTH yxe H3BeCTHH, TO rrapaueTp acl!ll)(eTpHH B yrnOBOM pacrrpeleXeBHH anexrpoua 

rrpu pacrr~e rronapH30Baunoro Clapuoua, nonapH3anua ClapHOBa orlaqu, napaueTp anexTpouuo

ueRTpHBBOH KOppenanHH H Tol• lXH BCeX nponecCOB IlOXHOCT~D onpeleXHDTCH 1 H CpaBHeuze 

TeopeTl!'l8CltHX npelCRa3aHHH C OilHTOM Il03B0XHeT npoaepHTL npe,lllonoxeHlllle CBOttCTBa CHM

MeTpHH TOXOB cnaelIDC B3aHMOleRcTBHR. rrocxonLey B uacToa~ee Bpeua e~e ue meeTca lOCTa

TOquo Toqnux COOTBeTCTBYJ)llll!X axcnepHMeHramllllX )taBHHX, TO Ba 3T0M OCTaBaBnuBaTbCH 141,[ 

ue Clyleu. 

§ 3. POK!eHHe Me30HOB H ClapHOBOB npH CTOXXHOBeHHH ueRTpHHO H 

aBTHBeRrplIBO C BYMOHOM 

IlepeRleM TenepL K H3yqeBHD B03MOXBOCTeR axcrrepHMeHTa.JlbHOR npoaepltH CBORCTB CHM

MeTpHH cnaellllC TOXOB B neRTpHBBlllC OnHTax. PaccMOTPHM pOXleHHe ClapHOBHlllC pe30HaBC0B 

npH CTOXKHOBeHHH aHTHHettrpHHO C BYMOBOM. B rnaae Il ClHJnl nonyqeHH H30TOnHqecXHe COOT

nomeBHH UeXlY ceqenHHlll! pa3nuqHHX rrponeccoB. Ecnu TOK cnaelux B3am.!OleHCTBHR CHXbHOB3a

HMOleHCTBYD~HX qacTHn Oel~aet npe,lllOXOXeHHHUH CBORCTBcUIH Cl!ID!erpHH OTHOCHTeXLHO rpyD-
. Ao ~ 

ITH ~!,\_(3), TO uew aMnXHTYlcUIH nponeccoB c pOXleHHeK LI H Y Ha rrpOTOHe TaK-
/ 0 ~ 

xe l!lleeTCH cOOTHOmeHHe, xoropoe ue aanaeTca H30TOnuqecKHM, nocxonbey /:!.. H YO axo-

lHT B pa3nuqnue H30TonuqecKHe uynLTHnnern. MaTpl!'IBHe aneuenxu 3THX nponeccoa nporropuu

onanbHH lre.Tpnquw 3XeMeBTall TORa cnaelux B3aHMOleRCTBHR uexlY COCTOHBHHlll! npotoua H 
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COOTBeTCTBYD~ero ClapHOHHOrO pe30Hauca 

P\(ij _, f.+ A0

) rJ c,,st Z~ 0 \(}__.J: /, '>/ 
(9I) 

t\ \~f ➔ L,f -/
0

) ,v .;.. '!: (_ '/• / ('J.,,J: /} > 
(92) 

Il03T0Ky lXH nonyqeBHH COOTBOmeuua uew llJlllXHTYlaKH 3THX nponeccoa·ueoelxOll!lfO H3yqHTb 

imTpll'IHHR aneueut TOKa l_;J,.): KeXlY COCTOHHHHlll'I onynneta H ClapHOBOB H lexyn- . 

neta ClapHOBHlllC pe30BaHCOB. MIi li!lleeu: 

-,,<~t"' ~ 
j) flt E. fl, 

f' ( D \ Q,..); I B) = A_,,,.. / (43) 

rle ~ - ueKOTOpaa ~-a OT npOCTpaHCTBeBBO-BpexeBHlllC nepeKeBHlllC, HBXHD~CH ClH-. ~ ~ 
D11el!HuH xouelHHanuen BOJIHOBHX ~xnul uaqanuoro Clapuoua 'Z u xoneqnoro Clapuona 'Z u 

npeoelpa3~CH xax 4 - B8KTOP npu npeOClpa30B8.HllUIX Xopenna. lna lre.TPll'IHHX 3X8K8BT0B 

B (9I) H (92) KH li!ll88K 

< AO I ( J.,) ~ I t > -
. z-l 0 I {1,.): / t > ~ 

OtCDla nonyqaeur 

7f A-~/ 

ff~ 

M ( v' i -:; J. + J • ·) = 7i tg- e M(v; ➔ t-\1) . 

(94) 

(95) 

(96) 

TaKHM oelpa30K, ace nonapH38.nHOBBH8 3~8KTH B OClOHX nponecca.x lOXXBH ClHTb OlUH8.KOBHKH, 

a HX lH~epeBnHa.JlbBH8 H nonBHe ceqeBHH CBH38.BH COOTHOmeHHmm BHla 

o(~j--?}.-t-y"o) = 1:-t-o,l'C t>(:;-r-_,,.e-+-~°) 

OnLeTl!ll, qro TOJCII (~): u - ( ;J,. ) : oelpa3YDT V - lYClner, a paccuatpHaaeime 

nponeccu aanamTca nponeccaKH pQXleHHH qacrHn H3 V - tpunnera 

Ba rrpOTOHe - qacTHne H3 

( i;d ) 
,:, ♦ o ...., 

V - lYClneta 

(h~) 
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Torla H3 cOxpaHeHHS Y - cnHHa cpa3y noJiyqaeu coorHomeHHe 

(/'o I (J.): I , > =- ~ < 60I ( 'l): It> 
HHaqe rosops, coorHomemie (96) ssJisercs cJielcrsueu coxpaHeHHs V - cnHHa. 

~ 

PaccuorpRK renepD uarpaqHuR 3Jieuear ro:s:a. (;;J...), uexJtY cocrosauSKH oxrynJiera 
dapKOHOB. Mil l!lleeu: 

<f>l(t>;11,> = C B;i;-B;i~)c; 
.f ( 0~{')- -t- tr 8 .t. - ~r°' 8¥' e,') ) 

B qacruocw, p f> r ~ J> ,;;-- " Cr 

-t( F C p f "'1 C:t). r > = tr + r 7 

(i:·/ (JrJ: It>=, -f:_ ( c/~-- c/>) ) 
Z"- I (Jr)~ It-)= - ~ (Jc/'"+ Cr P_J 

OrCDla surexaer cooruomeuHe 

z."'I ( :Jr)1 "/r> ~i (£·I C7rJ: Ir> -Vi f.;._ I <1rJ: I 1 > 

(97) 

(98) 

(99) 

(IOO) 

(IOI) 

3ro cooruomemie rane uoxuo noJiyqxn :s:a.x cJie.1tcrsue coxpauenus 
HO, w l!lleeu V - JtYdJieru 

V - cnuaa. JieRcrsureJU,-

( (!rJ ~ 
I -( J ,.i. 
\ (',J :t-

v - rpxnJier K YI., 

) ( _:+) 

(

_!. z•-+ r,, ;\ 
.L .L 

r::,o ,__, 
). 

!13 coxpaueaus V - cnxua noJiyqaeu rorla 

-ii ("'I ( '.1r): It-?= (_-¾:z•-+fj A/ (:1,,.): ( t-) / 
r.e. IlOJiyqaeu CHOBa (IOI). 

1% 

AHaxoruqHo, lJIH nponeccos pox.1teHHH qacrun V - JtYdJieros 

( - ~: ) I ( _\ + ) 

or aeRrpHHO H qacran V - JtYdJieros 

. ( :~ ) ' ( _:,) 
or aHrzaeRrpuuo aueDr uecro ccioruomeHHH 

1:- P\l"t ➔ ,n,+r) = .L M.l-Jr--..,r7L+r) 
A"°" 1;:. t.o.6't -

.. J__ M(v1 -;) r I<• z+\ 
~A~ /) 

(I02) 

J__ ~(~r_,,,Cf1)~ -1 M(:vt ➔ t~1 )+1:-- M(11 ➔ ,e\c-z+)_ -
,! ... ~ U>A't . ,. ... '1: / (IOJ) 

3TH COOTHOmeHHH UOZHO IlOJiy,lHTD raKHK xe uerOJtOK, qro H COO?HOmeHHH ueXJtY aKTIJIHTYJtaKH 

Ke30H-llapKOHHOro pacceHHHH 

IM(r-t-r- ➔ l<-.,.t) "'. f,\(,r+t ➔ ...... ,) --t M(""'-+t-._,, l<+z-t-); 

t-\(tt}~1<-tJ= M(,c-t ➔ 7l-r)-+ M(1<}- 7t-zj. 
JIJIH nponecCOB pOXJteRHH nceBJtOCKaJIHpHoro Ke30Ha H dapHOHHOro pe30HaHca coxpaHeHK8 

y - CilHHa npHBOJt]!T K pHJtY COOTHOmeHHH Me%,lty aKilJIKTYJtaKH 

- 1 . l'-lUtv - ,e:'.,c_+ 1:,-) 
K«>st: I 

_L M( ~, - 1+ ~+ y"-) = 
Co.st , " + (I04) 
..L H c ;-

1 
➔ "- + 7( ... y-) = ~ M.( :.1v -l 1< .. ~·-) 

,.i..;."t: ,.i-i: , J 

a rane K CJieJtylll!leuy COOTHOmeHKD MeXJtY ceqeHKRKH 

..L 
0

(vr-,CK. 0 £i++)-+~ 6"(v1__,.£1("/'+) = 
.1,;,.,,Lt C.OS, t: 

..L 0 (v1-- _.,[7r•t,++) + .2_ o("t-"L-? e;->+) ~ 
tos'- t I c.os'-t L (I05) 

JIJIH coorsercrsylllltHX nponeccos pox.1teHHH sexropHux ue30HOB w l!lleeu 

J_ M.(~t-=,.[{+t''= _A f'-\(,1,._-,L.(r) +J- f'\(v; -a,,f/<. .. .,.Zj . 
,.&..:.t ) u,~'7; I C.OS'C -:; (I06) 
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/ 

..L 
~,.;,,,: 

+ .. _). -~ 
MC~t-1 I{ r .~ t.>S't M(vr- l)-t) + .A~?: N(':t_,.R~-:zj 

. 1107) 

_1 tA-( '.:it,- ➔ l. +f 1:.-) = J__ 
in; GOS "t I / CcS't-

MC~, -J.+K .. +y"-) 

=- _1 . M(~ --'> 1+( ./-J., J.. M(; ➔ J.+J(."'+z"")
1 _.\w, 't; r ,J ,d~ 't ; (108) 

j__ rs-(vj ➔ [ J/0 b+t) .-t- ..2.. o (,,,,., ➔ ,r(<H y•+) _ 
,.i~tz · ce•-t-z: 1 · 

,.i_ 

c.os."-,::-
o(-vr ,- ++) ~ -;, "'.f•,1 ' -t- -

us"-T" 
o(vr-,, ,(,Jo .6+-t) (!09) 

§ 4. HeJierrrOHHHe pacrraxH rHrrepoHoB H .we30HOB 

B.uenenrOBBlllC pacna,JtaX rHllepOBOB H M830BOB rHllep3apl,ll H uaorOII1111'8CDII CITHB Be 

coxpe.aamrca. B rnaBe IT llll uayqu,m cneicrBus npeAUonoxeBHs o row, qro qacru narpamrn

aua, orBeQaJlDtHe aa aru pacn~, aBnsmrcs xowoae&r8.IIH uaoronuqecDIX crruaopoB. ITocxonL

xy Baria nponeccax rHI1ep3aps.Jt weasercs Ha 8JtHHHITY no aelconmraoa Benuquue, ro coor-
/ , 

BercrBymll!He qacru narpa11X11aua npeoelpaaymrcs xax BODOBHe if>YHEITHH qacrun c Y •: I 
npu JtaJIIIClpOBOQIIHX npeoelpaaOBaBHRX BODOBliX if>YHEITHI Bcex qacrun 

r,lle y 
'If . ~~ y tJ, • 
I -:;, ..e. I 

- oneparop runepaapa.Jt: 

t- -e."';O.. ,:/_ 

Tax xax aaps.Jt COXPaHHercs, ro uaweaeaus u3oronuqecxoro crruaa u runep.:mpR.Jta Y.JtOBJier- • 
BOpamr ycJIOBHm 

tJ.~.,, T ~y A!>+---::::0
1 :1.. 

B1,1rexam111ewy ua if>opwym reu-llauaa-ll'umoonm. TaDIM oelpaaow, JtJIR npoueccoB c 

A"/ • AS• +·I coorBercrBymaias qacrL ~arpaHXHaua RBJisercs EOl!IlDHeuroll c ~ = + J 
uaororruqec1toro cnuuopa c Y a - I, a .JtJIR npoueccoB c tJ. Y= AS=- - .{_ xowoueuroll 

c T} • - ~ uaoron1t11ecxoro crruuopa c Y = +I (no,llpoeluo cK.rane rJiaBy IT, n:IY). 

ITepel!,lleK renepo E uayqeBHm arux nponecCOB B yuurapHOll CHJQ(erpau. ITOCKOJILKY OKTy
nner RBJisercs YHHTapHliK MyJILrHnJieTOK C BalllleBLIIIIDf QHCJIOK KOKnOBeur, KOTOPllll CO.Jt8PEHT 

uaoronnecne.cnuaopu c Y =!I, ro ecrecrBeuao npeAUOJIOXHTL, qro qacru Jiarpauxu

aua, orBeqam111He 3a HeJienrouwe pac~ ranepoHDB u KeaouoB, 1!J>KHaJtJiexar DKTYITJiery. 

---
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PaccworpHK cne.JtCTBHH aroro npe,llnonoxeuus B nponeccax HeJienrouuoro pacna.Jta runepoH?B• 

Tax KaK B 3TltX nponeccax A S = {). Y aa d.. t TO COOTB8TCTBym!llaH 'lacu JiarpaHXHaHa HB-

JIH8TCH xowoueurolt c T~= ~. Y = -I, r.e.xo"woueurolt 'f%. uexoroporo oxrynJiera 
~ , ,, 
J 

• BBe.Jte» »arpzcy 

.c / )I + - ( : : : ) = 
fl,,_ - o o D 

i ( A, -t- .: AT") 

Oua HBJIHercs »atpHnelt 

cnzua. Mli uwee» ror.aa 

V - cnzaa, c~orBercrBym111en wrpune 't: -t H30l'OITH'18CltOrO 

~ 

11' ,=. 
~. 

~ D( 

( A:) ... Yr . 
Herpy,llHo noxaaau, t1ro wrpK'laae ane»eiira npoueccoB ueJientOHHOro pacna.Jta Clapzo-

, I , , 

HOB HKemr. cne.JtYl)lll1m yaztapuym crpyxrypy: 

r,lle 

T1' ~ 

T "' } 

T, ,,,. 
T :, 

t 

·. t-\(e,- i,t) = i A~ 'f 1 1 (!IO) 
-4=-4 

st ("e; e,)sr (PA! ) , 
sr ( p;J,.:)sf ( e,P) , 

sr(se,x,,.'.f) -
s · (.e,t5Jt+ p) r .. , 

T;_:, sr (ir )sr ( e,k:) 
~"' 5r ( il'>P A,:')/ 
7' "" .St (BBPA:) 

T c-- + +) lg= sr P,.P!,A.,.- .BPBJ\., • 

(III) 

Rax H B CJiyqae »eaou-OapHOHHOrO pacceHHHR, 3,ll8CL llll BOCITOJIL30BaXRCL TOX,ll8C!BOK K8X.JtY 

,lleBHrLm BO3KOXHliKH awJizry,llaKH. xns xouxperaHX riponeccoB llll HKee»: 
' ' 

t\( >- ~ tn-) ~ ~ At1r - ~ i, ~ ~ A-i ; (II2) 

M( ~ _., ... 7!~) =- _.i. A- -t--1 4 .,... _1 
.1~ .,. (j ' ~(S A-i J (ID) 

M ( r +➔ t 1[~) = ~ A . I A--(i ,,. -t- fi. y J 
(II4) 

M(? ~ ~~j = .4, -t A.., J 
(II5) 

M(~--,.,n-)= ,4-~ -f. ,4'f J 
(II6) 
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M (~ 0

-> A 11° 1"" -j; A-q + :;- 4-.6 - :..L A-
,J I~ v!, .tV3 1 I (II7) 

M (~--> A 7t-) = -iff A-.'f -ff A-L -r 1f A8 • 
(IIB) 

Ha arl!X BHpazeuua lHH uarpuquux anexeuroB npoueccoB qepea npoH3B0HoHHe ~YHltllHH A_.: 
cne,ltyer, qro B laHuox cnyqae yuurapuaa cHKKerpua ue laer H0BHX cooruomeuua no cpaB

ueuHD c npaBuox fl. T = ~-

PaccxorpHK renepo uenenrouuue pacna.,nI xeaouoB B CHa6HX B3eHKo,1;eacrBHHX: 

p-;, .f_'--t p" / 
I II 

rle P , P H P ~ xeaouu H3 n~eB,1;ocxaJ1apuoro oxrynnera. liax H B cnyqae uenen-

rouHHX pacn~0B 6apH0H0B, 3leCo CYJJteCrByDr.Bocen He3aBHCHKHX yuurapl!HX aKnHH?Yl• Ilo-
p/ P" CK0Hblty Ke30HH H poz~rca B $ - cocr0HHHH, ro, B cuny rpe60BaHHH 

crarucruxu Eoae yuurapuue BonuoBue ~yuxnuu arux xeaouoB .J;0JIZJIH BX0.J;Hro Cllllllerpuquo 

B uarpuquua anexeur. OrCDla cne,1;yer, qro xarpuquua anexeur oeer BHl 

M(P~r'r"),,,_ A-i- $p Cf'r")sp(PA"') + A.,_{sf (°f'r)sf(r\) 

+ srC{'p )sr (r\"')J i- A,, sr [c p'p'~ r"r') PA"'j . (II9) 

+ A~ sr [ (f't~ p"p') A"' P J 
1 

rle Aw - uexoropaa xox6HHaUBH B0CollH uarpun 

t:,. '/ "'- ~ S"' .1- w HKeex 
.I\ . , npuqex lHH pacna,1;0B c ... 

Aw._ .tt.+ - ,,. ..l ( J\6 + ..: .k,- ) 
1 ~ 

a .J;HH paCllal;0B C AY-:.fiS=-1. 

.ttw= j\: = ~(A,-;.11,,-). 
HanoKHHK ell(e paa, 

Broporo paura 1f J. 

i' 

qro .J:HH onucauua oxrynnera xozuo nonoaoBaroca nu6o .cnuuopaJm 

C 7t .,_ :::. 0 ' m1clo B0CLKUKepHl,l)[H 
1
Benuq11HaJm. 1~· J 

cl. . 

j_ .I. (J.. ) ~ of.. 1 ( --l ·) .J. r .. · = r,: '1f' J' :. c1-- 1 r J = f.i. • .r r .. .- . 
Ilp11 aap&l0B0K conpaxeuuu yuurapuue B0JIH0BHe ~YHXUBII xeaouuux xynorHTIHeroB npeoclpaayDr-
ca cneJtYDll(IIK oclpaaox: 

,I.. ~ 
'If ._ z .. 1r c,..I 

j' 
(e = ;t: :L (I20) 
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z, -uaauBaerca aapa,1;0Boa qeruocrLD ,1;auuoro yuurapuoro oxrynnera. Torla, nocxonoey 

li\.~r1 = (l,)!, 
J 

;_ • = l 13 14,6 18 

.,/. t 
(A,) =- _ ( J.;) o{ = 2,5,7, 

J 
ro B0ColD!Uepuue K0IIII0HeHrH 

i"• 
1/' ,.· npeo6pa3YJl?CH cne.J;yDll!HI( oopa:iox: 

r: - cc. r~· ) .._ = I,J,4,6,8 

1f, - - zc. Y..: ) 
.i. = 2,5,7. 

(121) 

QqeBu.1;uo, qro uarpuquua anexeur (II9) aBnaerca xo11I1oueuroa uexoroporo oxrynnera 

L; = Ai-sr~r'r")r; -t A.,_[sr(i
1

r)Pq~ 

+ s r ( r" P) P0 J A ) (-✓ -t _,, ~ -"t _, $;'") ol. 
j> -t- 3 l PS pl' -t f J' p T ~ (I22) 

- ts; 5F f (r'r: r"i>')P] ( -t- A~J r;( r/r;~ f; Fj) 
-+ s; srf p(p'p'~ p''p'J'.,) i . l . 

rrocxonoey ,1;na nceB.1;ocxanapuoro oxrynnera Zc .=+I, ro npn aapa,1;0BOM conpaxeHHH ax-

nnury.J;H npH fi
3 

H A, nepexo,1;ar ,1;pyr B ,1;pyra 

(r't r'~ 1' r",, r'~) Po{ - J_'i>_.1 ~ [Cf'F'~ p'' r') rJ ~> 
r Y J 6 · s;" .? J' I 

rs--(-'?f-"~ _,,'f--'J )-.1..~.,_ [rc;;';;-'~f"p)j <r
2
J) 

r/.. pr f"' + f ,;- r '1 .3 J> ~ r/.. ) 

a ,1;pyrue axnnury,1;u nepexo,1;ar B ce6a. rro3roxy L J oona,1;aer onpe,1;eneuuoa aapa,1;0Bo~ 

qeruocrLD, ronoxo ecnu xoucrauru A~ y,1;0BnerBopaDr uexoropw ycnoBuax. Herpy.J;HO 

noxaaan, uo 

ecnl! A-~"" .4-'f 

ecnu A(-=-A.~-=.o 

1 H 

L cl. c~ 
s, 

~ L~ l 

L
J.. c. Lr . 
J> - - r/..' 

, Ay: _ A'f • TaXHK o6pa3ox, 

xoro pacna,1;a w HKeex Bupaxeuaa 

,1;na uarpuquoro anexeHra pacc:imrpHBae-

t,\(r_., P1Pj: A!. '7 (r'f') 1' (PA"')+ Ai_ {sr (r'r).sr(rAki24) 

4-s~C(r)sr o'r') J + A~ ~~{(r'r'~ r''r')( pj\"' + X"P)_1 J 
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~'' 

-I 

- / 

HJIH 

M(r~ p'p'') == A ~ [ ( if'~ fi''t) ( rx~- Ji"' P) J 
Ilplll(eRHJL renepb aru·B~eaua x pacnaJtY 

(125) 

I . Ko -;> .!l.7( o 
. i. . . HMOlll!Hll npez;,;e Bcero, qro 

. l<o= (·?) -~ 
.· .t . rroaro.uy I 

k0 ~ C _P'): 

K: ,._~(i<·+C-f'K°_)= 7i(K 0 -1< 0)= t[(r):~ Cr):j 
. • o(, {'> 

r;,;e 
= - :- r C ,'\.,-) 

,. 1/'i.. .)' .I.. J 

. .il.,-,==- ( .. 
~--;-o._.) 
0 A. O 

' 
v" . p"-r.e; "':i. HBJIHerca ce;,;bMOI xowoaearol oxryn.11era • Hlla.qe roBopa, yimrapaas 

. . ~ , ' . 

BOJIHOBaH q>yllltitHS )( ~ - Me30Ha .(!< ~) J Hlleer tOJIHO ;,;Be RBHyJieBsx KOMlIOBears 

·c p)" .L • .t ,,. li- ,,_~vi.I (I<)!,:-~ 
R nponoprtROBaJiiBa wrpurte_ · 

( I< :J~ 
AHa.uoruqao, 
IlOReHr1,1 

YHHrapaas BOJIHOBaa 4>YHKIIRS 

l ?(DJ 1 =-
~ 

u nponoprtHORaJibl!a wrpurte 

...L 
Iii. ) 

.A~ 

. ~ )o( - ...!:- "t - Vi, . J' 
7l

0 

- Me3oaa 

:)
"- _j_ 

( 7e• = - ,17" 
\. .L v.t. . 

....L (A )o1. 
fZ ~ p 

,I, ( 7rj 
! 

Hlleer ReRyJieBHe KOM-· 

rroaro.uy MH pacna;,;a 

(7f:) ~ 
/(; J 

!- ......,, ~7j w-rpuqme a.11eMe11r1,1 (I24) u (I25) paBm 

M(1<:-;,.t~:),,, 4-1...sr(v~ic:)sp(l<:.A:) + 

A ) c-' ") c-" w\ (-v ") c-' W)\ l . f\.t l .sr 1f,• }(i. Sp 7ro A,J.+ sr 7l~ j(J. s, 7['0 .A ') 

l (- ,_ 11 
- r; 1 ) ( I 7 + A-? sr . TC" 7f_"' + n• n- I<: A"'+ Ji""1<: )_j 

(I26) 
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HJIR 

) .A· [·1.-'-" -"-')I w. ·.., ·~ . M.(I(: ➔ ~7{~ • =- • s.r l ,c,• 7(" + J[o no 1,__K: A -:A 1<0-i21)_ 

Ilpe;,;noJiom, · ·uo CP -. qer~oc"ri coxpa11aerc ... a. rrocxoJI·ixy B pac.na.ite J<; ~ .:z11 °, P .: qeT

Rocri Meaaerca, ro C - qeraocri raue MeRaerca. 3ro 03aaqaer, qTo Matp11quun aJieMeRT 

(126) RJIH (I27) ;,;ouea Keriarb 3Rax_npH 3apa;,;0BOM conpazea1111. Ilocxo.11iey npu C - npeo~

·paaosaauu 
.J 

(Ir·) ➔ 
t 

(11•) r, 
d- I 

J.· ( ")f> (¥:;) -y - K.1, ~ i 
)' 

ro wrp11qHH1 3JieMeRr (I26) Oy;,;er MeRHti 31!aK tOJiiKO eCJIH 

LAW).(=- ( ~w) ~ ; 
J> 

a 1111.rpuqa1,1l! 3JleMeRr·(I27) Oyxer MeRSti 3HaK tOJiiXO ecJIH 

(Aw}.,_=-- (ll;:·. 
l' w 

C ;,;pyrol! cr0poa1,1, ;,;JIH pacna;,;a K: __,, .6. n °. .7\. ;,;oURa 01,1n aexoropon xoMCl11a~el! 

A, H .A,,_ , rax xax mrpuqa1,1l! aJieMeRr aroro pacna;,;a HBJIHerca CJ'MMOl! wrpuqRsx 

3JieMearoB nepexo;,;oB c A Y • + I u A y = - I. OrcJ1;,;a cne;,;yeT, qTo B MatpRqaoM a.11e- · · 

1.1eare · (!26) :uarp11rta J\ w nponop1t11011anaa . ]\,· , a B (I27) -wrpRrta .7\ w ~ponop-
. . .. ,~ ~ 

uzoHaJir.Ra A • Ilo;,;craBJiaH B (I26) un (I27) HBHHe BupazeHHH wrpurt ( n•1 , (1< ';_) 
fw)J. r.. - J> J> 

II \..N.. , ReTPY:l(RO np0Bep11n, qro OHR roz;,;ecrs~RRO paBHH RYJIJl. Taltllll 00pa30M, yRR-

TapHaa ~~erp1111 H CP - uasapuaRraocn npBBo~r x ro.uy, qro pacna;,; k -~ !hr O aanpe-
- 1 

meH. 

OTMeTHM, qTO ecJIH mrpauHaR cJiaOwc B3aHllo;,;el!crB11ll neeT BR;,; npouaBe~eaua aapa

xeHRWC TOKOB (cu_. (63) ), TO qacn JiarpaDHaRB., ,orBetlallll!8,JI 3a ReJienroame nportecc1,1, 

co;,;epi11T pa3JinqHue HenpHBO;,;HllHe npe~cras.11ea11a ~ npouaBexea11u 8 x 8. B qacraocru, xoa

xpeTHOe paCCI.IOTpeRHe Il0Ka3HBaer, qro ORa coxepnr qJieB C 'T := l, JieJEalllltll. B npe;,;craB

Jl8Hllll 27. Il03To.uy, ec.1111 .11arpaDHaR ReJienTOBRHX cmOsx B3aHllo;,;el!crs11l! ;,;encrsurenao . 

np1ma;,;J1eZHT oxrynJieTy, TO 3TO cBottcrso, a Taue npaB11.110 AT • l, .11ioo 03aaqaer,. uo 

Jiarpal!ZllaR CJiaOWC B38Hllo;,;el!CTBHll Re Hlleer BH;,; (63), ~Oo aBJiaerca CJieJtCTBl!eM KaKOll-TC>_ 

;,;RHaJmKH • 

Hapa;,;y C ReJienTOR!!lll[I! nporteccaim -CJiaOwc B38Hl[O;,;encrsRll C. H3MeBeRHell c_TpaRROCTR 

B Il~IIHUHne uoryT npOIICXO;,;l!Ti Taue Re.11enTOBRHe nponecc1,1 CJiaOWC B38JlMO;,;el!CTBRll Oe3 113-

MeHeHIIH crpaHBOCtl!. 3TI! nponecc1,1 MOZRO OORapyzuri Ra q>ORe Cl!JliHHX B3aoo;,;el!CTBl!l! nyre1.1· 

205 



I,. 

asyqeHHH sifxf>eKroa HecoxpaHeirua qeraocra B CHHLHHX Bsa2vo.nencraaax. TaK MK B aexenroa-, 

mn: nponeccax c 11 Y =Ow aveeu D, T, = o, ro B npHanane Hsoronaqecun cnHH uozer 
CO:xpaHH?LCH llJlH H3MeHH?LCH Ha nexoe qHcxo. Ecna CYll(ecrBYJ)r nepeXO,ltl; C C:;. T ~ 1:,,1 ro 

cooraercrBYJ)l!!aH qacrL Mrpalll!aaa He vozer npHH~nexarL onynnery. 3ro HMeer vecro, B 

qacrHocrH, ecxa narpalll!aa cxa6ux B3aHMo.nencraan HMeer BH.Z! npOH3Be.neHHH 3apszeHHHX 
roKoB (no~o6ao cv.rnaay rr, n.IY). 
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fjiAllA 11 

CIIllHOBAfl R YHJITAP!WI CmETPIDl S U( 6) 

I. I'PYIIlIA S U.(6) H EE HEIIPIIBO,llll!.IUE IIPEl!CWHEHIDl 

§ I. tpynna SlA(6) 11 DO.ltrpY!!IIH. SU(J)@ Sl,f(2)1 
5.U.(4) © <; Uc2). 

- . 
B XBaHrOBOlt ll8xaBl!Ke CDl!HOBHe BOXIIOBHe ~YHltllZI! qacrl!~ co cmrao11 llBXl!Drca CDHBO-

paim 'cmtROB~lt rpynnu $U(2). Ecxa xe MU uorpe<l,:e11, uo<l1,1 BHDOJIHl!Jlac:r. e111e YHKrapaaa · 

c11werpaa, ro BODOBue ~YHltllHH <lapH0110B a 11e3011oa JtOJIXB!l <lHr:r. raia:e cnnopaim rpymra 

y11zrap1101t Cl!Werpn 5 U.( 3) • B raxo11 cnyqae . 3rH BOUOBHe ~YHltilllll ,lOJ!XHH IIOCl!U' l!ll,l8X-
' ' ' cu o<lezx _rp;ynn: cna11oaue H YHHrapBHe Hll,lexcu. Hanpuep, qacra~ B ymirapao11 rpimxere 

co CDl!HOII ~-(XBapXH) OnHCHBamrc.11 BODOB'llllll ~YIIKitl!llKH ~(,.,.c), r,le. ~ t I,2.- CnH-

HOBHll HBJJ;exc, a· c(. .. I,2,3 - yimrapBHlt l!BJtexc. llpeo<lpa3oBarnta CDllHOBolt rpynnu · SU(2) 
3arparnBaDr HBJJ;exc o., , 110 _ocrauam z11Bapua11rmm HHJtexc · o< 

1t' St<.(2.J 
(11.i,._)---7 

(t) . 

'l,l; .._e, y (-fro() (I) 

a npeo<lpa30Ba11u rpymm yimrapuolt cHMMerpn S IA(3) 11e 3arparn11amr Bll,lexca "'-

"t( .. <1s) SU.~) 

(2) 
_Ilpeo<lpa30BaHHll (I) I! (2) KOllJlY!HPYllr JJ;pyr C JJ;pyro11, H DOCX8,lOBarex:r.11oe Jt8ffCrB11e JtByx 

arn npeo<lpa30Ba11Hff DpnBOJtHr X IIOBOJly YJ1Hrap110My YHIDIOJIYXllPIIOJly npeo<lpa30Balll!D BOXHO-

. u(") 
d.' "t(~_r,) 

BWC ~YHltllHff _ 
'f ~~) 

l"-o\) . 
' 

(•-) 
uo..4 1t (ta.) 

'U' s U.(o,) 
l(<lo<.) --:> 

uo1 '!JI(._ , 
.t.J' I J.> 

.St.l(~) 
---;> 

Stt(.:t) --
u (1..) 

a.I. 

u_C~) 

"" 

(>,) 

U.o( f ( ..eJ) I 
ct) (3) 

u.1.J> Y(t_,) 
3ra uoaue npeo<lpa30Ba11Ha o<lpa3yJ>r rp;ynny 5U(3) © S!,{(2) (cu.rxaay I, n.I, § 3). 

Ilo cpaaue1111D c rpynIIal!H S U(3) H SI{ (2), · rp;ynna S L<:(3) © S ·I,{ (2) ae COJtep

nr 11uqero 11oaoro. OHa 03Baqaer ronxo, uo rp;ynnu SU. (3) n 5 L\ (2) pac:Marp11BaDr-
Cl! OJIIIOBpe11eu110. 

PaCCKOrpllll renep:r, Call!le o<lne 'j'!!Hrap111,1e j'!!l!IIDJ!1llllpllHe npeo<lpa30BaHllll BODOBHX 

~YHltill!lt 'If ( ._ c1.) , no or110me11l!D 11: xoropH11 mecr:r. nap l!IIJtexcoB ( ,., ,c ) BeJtYr ce<la xax 
mecr:r. 8Jtll!IHX l!QexcoB A 

2utl 

1 

fr,) 

1t'c .. "') -7 it cqo1.)<tJJ ~(,J'>) 

'tf A- -;, 
(,) 

V. AB 1/' l'> (4) 

3rn npeo<lpa30BaHHll odpa3YJ>r rpynny S IA.(6). Ilpeodpa30BaH11a (I) - (3) ~axaDrca qacrHu-
, ' 

lll'l cnyqamm upeodpa3DBaHHll(4J. l{effcra11xen110, qacr111,1e npeodpasoBaHHa c Karpl!naJ,11! 

c, I -u?J 
'1)_ (o.ol.)(-'J>) = ~.\'> "-" 

ecr:r..upeoe!pas0Ba1111a (I) us rpynnu $L{(2), qacr111,1e ripeodpas0Ba1111a BHJta (2) H3 rpyµuu 

~ U( 3) coonercrByJ>r 11arpl!IlaJ1 
(,) 

'U (o.,c)(.t.]>) .;:t 
a upeo<lpa3DBaHB.H BHJta (3) 1!3 rpynnu SU.. (3) x 

OJ u.,,,.r 
s 4(2) 

r,) . c ... , u<~J 
t{ (d.11-)(-'J>) =- '2,.{ "--' d_p 

I 

coorBerctByJ>T Karp11:uau 

3ro 03aaqaer, uo rp;ynnu SU(2), SZ,{(3) a SU.(3)@ su__,(2) aaxa11rca DDJt-

rp:ytmallll rp;ynnu SL\ (6). C JJ;pyrolt cropoBH, 11e Bcaxoe npeodpa30BaH11e BHJta (4) sxB11-

Baxe11ruo DDCX8,lDBaren11011Y Jt8ffCTBIUI JtByx npeodpa30Bal!Hlt (I) H (2), T.e. 31!:BHBaXeRrHO_ 

BexoropoMy ~peodpasOBa!IBD (3). II03ro11Y no,llrpyuna $!,{(3) © St{ (2) ouuqaerca 

or rp;ynnu S. 1.,l(6). 

Ecu axecro rpyuuu YRHrapaolt CIIJOlerpan S U(3) paccuorpm ron:s:o HsorouuqecltYJl 

rpyuuy S U.(2), ro Bllecro rpynnu 51,{(3) © S 'l,( (2) MU lllleex rp;ynny 

$ lA(2) QY $ 1.A. (2), I! caime OC!lltl!e j'!!HrapBHe j'!!lllllOJ!YXllpHue upeodpa30Ba!lllll BOXIIOBHX 

c!JY!{lt!ll!lt '!f'(o.e<') , a. .. I,2, r1.. 1 
.. I,2, o<lpasYJ>r rp;ynny SIA(4). ~D.1t<id11M rp;ynua 

<luxa upe,lXOZ8!1ll. BBrBepo11 UPI! H3yqe111111 ltJ!aCCl'l~Bl!:a]lllH cocroaHBlt .H,lep D~ cnn11y H HSOrDIIH

qecx?IIY cnauy. QqeanJtRo, qro rpyuua S 1\(4) auaerca DDJtrpyunott rpyuDH S l,{(6). 

rrocxoxiXY w BHC!paxn B xaqecrBe 11soro~ec:s:olt rpyuuu rp;ynny upeoC!pasoBaH111t, 11:oropue 11e 

sarparHBaDr HH,llexca ~ ., 3, TO B npeodpa30BaHHllX rpynnu $1,\(4) BOXIIOBHe c!JYHXDIIH 

't(a. 3) ue xeu.11Drc.11. 3r11 BODDBHe ~YHltllHB saBncar or Cill'IBOBoro l!ll~e:s:ca ~ .. I,2 

l'l npeodpaSYJ>rCS DD Cill'IBDBOlt rp;ynne $ l,{(2). 3ro - Cill'IBOBall rp;ynna "crpalll!llX XBap
XOB . -t)\ •• 

Ilpeodpa30BaHB.H HS rpynnu S 'I,{ (4) lllllellr Bl!Jt 

'tf(a.c<.') ~ U,(..,o(')(lf) 1f'(.cf) J (5)' 
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1 (o.~) -:,· 'V' Co) J 

a npeoC!pa3oBamts 113 cmmoBolt rpymm crpamna: uap1t0B S U(2) mm,r B~ 

1/'{ ... c1-') -7 "f (, o(') J . 
(-t.) (6) 

. "t(<1.~) - it o.-4 'lf'(-'!>) 
O,JtB0BpexeBJme 0CY]lleC:rBJieBIIS npeoe!pa30Bamtlt (5) 11 (6) npllB0JtSr It B0B!Dl ymirapmm ymmo

lYJIBpB!Dl npeoC!pa30BaBIISK 'If(-...) , 0C!pa3YJllJllll[ rpynny S t{(4) (;) S lA.(2). 3:ra rpyn

na .rane IIBJISercs no~pynnolt rpynmi <; t<. (6). 

EcJill u~eBeC!peqi 3JienpoKarBH%B!DI B3aHUOJteltC:rBKeK (a :ra!CZe CJiaC!mnt B3a.l!ll(0JteltC:rBHII

D), ro 1130:ro1IJ111ecms ll!BBap11auriiocu'nimo.1mserca crporo. C ~yrolt cropom, yu11:rapBas 

Cl!llll(erp11a aapymaerc11 JtaJ:e B cHJiiBt,tX B38.DOJteltcrB11sx:rr03:r0Ky pa3YJll!0 paccxorperi c.11y

qalt, 1tor;i,;a CHWerp1111 $1,{ (6) uapymaerc11, _Bo clDlll'.erp11a SL{ (4) nimoJIBSerca. B ;i,;au-
.. . ' 

BOK CJIY'lae BOJIBOBHe ~ltllHll qacr:llll c.11elJ1e:r paccuorperi Be ml!: npe.1tcran.11eB11a rpynllH 

5 U.(3) (;} .St( (2), UOCl!:OJIHy cmme:rpHII rp:,nllH S t,((3) He BHII0JIBl!ercs, a E:ait 

npe.1tcraB.11eB1111 rpynm S 1.{(4) ® SU(2)~ CKWerpu SU(4) B .ie1tcrn11renBocu 

_:ane Bapymaerca. Ilo3:r0Ky noc.11e peJtYltllD rpymm . S t(.(6) It rpynne S l{(4) ® St((2) 

BeOC!XOlHKO e~e pe.uuupoBau rpynny SU(4) It rpynne St.{(2) ® S tf (2). TaltlDl 0C!

pa3ou, CYJtecrnymr .1t:ee 1tellll: peJtY]tltlllt rpymm S t{ ( 6). B nepnolt 1ten11 w ID(eex 

Sit(~) =:, $1.{(!i) ® Stt(1.)6" = SU.(:t)T ® 1{(1.)y © St((.t)6" 1(7) 

r,;e <; t{ (2~ - H30%01IJ1118Cltas. rpynna., S L(.(2) 6"' - Clll{BOBas rpynna, a 

rpynna JtaJIIIC!P0B0'IBSX npeoe!pa30B8.Blllt crpaB!mX 1!:BaPl!:0B 

1/'(o.o(') -9 'lf(o.,1.') I 

..:e 
"f(,o) -::> -e 'lf'(q'>_) ~-

U(I) -. y 

(8) 

. 1toropas pa3JteJISer yunapme n,1;e1tclil ti.. 1 .. I ,2 c HB,J;e1tcox o{ = 3. Bo nropolt se 

1ten11 w oeeur 

Su(r)~ ... Sl.t(lt)@ St.(_(!l.) =:i S'L((.t} @Sl{(i.) )<l}Sl{(,t_) 1() 
• r., ~ · S-(3) T S(DI' ~U, 9 

.::) ':.tt(.tJ.r~ U(1)y© St{(.1)e;- / 
r,;e SU.(2) - H30:ro1IJ111ec1tas rpynna, S L{(2) ( '') - cnHBOBas rpynna necrpauHlilx 

T , ~"' . 
1!:BaPl!:0B 

. (:i..} 

"f'( .. <i-') ~ 'l(_~ 1f(-l.<.') I 

2IU 

'tf(o.~) ..-::J 'lf(q~)• I 
M 

a Stl_{2)~l;J ~ cmm~nas·rpynna crpauma: 1tBap1toB, cocroSJll!UI H3 npeoC!pa30Ba~ BHJta 
(6). Sapanee ueJii311 cm~ri, 1taltaS H3 1tenelt pe.J;Yl!:ItHlt, (7) HJIH (9),ocYDtecrBJil!e:rca B 

npHp0Jte~ Ha aror nonpoc uOJ:er ornernri roJiil!:0 omir. Iua:e w yBHJ!HM,.qro a1tcnepHMeB

ra.11iBH8 ;i,;aBBlle cormcymrca c npe;i,;no.11ozen2ex o rou, q:ro ocYDtecrn.11serc111teni peJtY]tllltlt 

(9). 

§ 2. reBeparopa 

I'pynna S 1A(6) yimrapmtt ysD0lJ'JIIIPBHX xarpHit 6x6 Deer t,2 - I " 35 reBeparopon. 

370 - 35 ue3aBHCllllliX 3pllll:Z:0BHX xarplllt 6x6 c uy.11eBlilMH miypaim. Ilo1taZeu, q:ro aru reBepa

ropa uOZBo BHpa3H:ri qepe3 reBeparopu A., ;, • 1,2, ••• a rpymm ymirapBolt cHMUer-
4 . 

po S U.(3) H reBeparopa · 15'..: , .:.. .. I,2,3 cmmonolt rpynllH S L{(2). mecrDep-

HHe B0JIB0BH8 qJYJ!B:ItD 'l'(o.~) npeJtC:Z:aBHM B BQe C:rOJ!C!Ita 

, I I 11'(◄.) .\ 

. , I 'If (4t.) 

'1/'(H) ) 
'If (.t 1) 
"t(o-) 

'lj' (t.'>) 

EecxoBeqB0 uaJIHe npeoC!pa30BaBH11·23 cUll!B0B0i rpynmt. 
'•· ~ 

, (-.,-)'-·,, [ ro.J,, + .. ?- f.i c 5t J~J 1rc J 
J-' . (,i. 

toria npe,1;craBJI11Drc11.11arp11ItaMH .. 
:1. : -4 

-i I, 
-;,_ 

·1 + • E 
-1, :L 

1. 
1- ;_ f..t. .. - .. -. - -.(, 

-i. ..... 

1. 

1- I ..... '· 
I 

.\, 
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.1. 

1. 

+.:E.!> i : - -,- - - -
; -1. 
I 
I - i. 
l 
I 

TaltlD[ 06pa3ou, reaeparopaim cn:rraoBon rpymm 
St{ (2), pacc.arp:irnaeuon xaE no.itrpynna 

rpymm S l,\_ (6), JIBJUID?Cll Katpl!IUI 

( 
0 Ih) --- ---
I'~' 9 / 

. Ic') r.ite 

(.If~ , t1~r~Y 
- 8,lHHH'lllaJI Ka?pBJ'.la 3 X J. 3rB lla?PBIUI B ltaJII.Hebeu 0603Haqo qepe3 

(.,) 
5'. <iJ L / ~ 4, ~, _; • t ~ a · (IO) 

Aua1romuo, 6ec1toaequo JraJW:e npeo6pa30Baau11 B3 no.itrpynllll ynrapuon cHKKerpuu 

r 
s t((J) 

npe.itcraBXJIDtCJI .arpBIJ,al(II 

"t(o..ot.) -~ L ~~ +.: f Lj ( A;).L. J 1f (o.1) 
I r ◄ J" 

g 

I + ~ L Li ( A . ---:) - ~ _-
j~~ 

I a 

PBllli 

r.ite 

3ro 03aaqaer, uo reaeparopaKH noJtrpyrum 5 l.( (3) rpymra S \.{ (6) snxiiDrcs Kar-

( 

A.·; 0) a I - --;r~~-
:A,- - reaeparopu rpynns St{ (3). 3ru KatPHllH o6o3aaqo qepe3 J' 

212 

• c· 

\ 

(>.) . l ' 1 @./\.. 
. 0 j' = I,2, ••• 8, (II) . 

.. (>.) - • 

r.ite l · -, e)tBa:i,:quas .arpB!la Jt1fJI CIIHHOBOI! 110Jtrpyn11u <; U.(2) •. QqeBHJtHO, qro II 

KatpHn (IO) .B (II).JIB1IJIDTCJI Bro xe BpeMJI reuepa?Opal,IH rpynnu $1f(6). 24 OC?8Jlbll!IX 

reueparopa MOXHO BH6parb C1!8,lt}'ll!l(HII 06pa30M. B ltalrJlOM H3 reueparopoB (IO) IIOJtrpynnu 
. (~ . 

S 1,\(2) sa.euo 8JtBBl!quym KarpHny I. ua reueparopu A· rpynI!U S U(3). 
. J 

llu no1ryquu ror,1ta 24 Karp11nu · 

( 
o : j\r\ 
\1-!; I (;~-\---'?) ) ( 

11.·: O,·, 
_--:) ~~1 

1toropue w 0603aaqo qepe3 

6'.: (i) .i\.i ; " I,2,3, f = I,2, ••• 8 • (I2) 

Herpy,llBO nponepBtb, qro Ka?PHUU (12) He3aBHClllm, 3PMBTOBU B HKeDr mnypu, paBHUe HY1ID. 

OBB Ha3UBaD?CJI reH30PHUMB npOH3B8,118HIIJIMB reu~paropoB 6'..: II . ✓1t 

nocuorpo renepb, xaue reaeparopu rp~ S 1A. (6) JIBXJIDrcs reuepar~paMH 110:n;

rpynns S U.(3) <f) $ tl(2). nocxoxHy 6eexoaeqao uame npeo6pa30Bamrn 113 no;n;rpynnu 

~ t\_ (3) ~ $ l.( (2) HK8D? B~)t '> V 

·. 'IJ.( ), - L~-• ..,. LE, (o;) ] [ b_, -t• L 'ta" C>-a) J 11'(., ) 
I A,J. .... .:::.1 ""' f> ·:cf .,(_}' 'J' 
. ., cl , . 

~ [ ~"" ~,l + ~ 2 f:.: co:-) S ... .: z_ z.d.(},._a) ~ J ir~'.1 
J" .::1 ...,& 1'. i"-4 °1' 'f// 

· _. © r(~) r.t~} l ro reueparopaKH aroll 110,1trpynns JIB1IHDres O .:. 11 . @ J'-j. JIHaqe roBop~, 
eoBOEynaocn _Bcex reueparopoB rpy:m S t((2) 11 S l,{ (3) ·o6pa3yer c11ereuy ~eaepa,ro-

po11 rpynns S U.(3) ~ S t{(2), a ~epexo,1t or St( (3) (;) St((2) x (6) 

an11:BaxeareH BBeJteHHD HOBUX reaeparopoB, aB1IJID11tBXeJI reusopaUMB np0113Be~eHHJIMII reaepa- · 

ropoB rpynn . S tl(3) H S l,((2). Oruero, qro Bee reueparopu rpynnu ·SU (6) XOl!-
. ; 

MY?IIPymt c orpa:ireneu npocrpaacna. OreD,Jta eJle)tYer, qro Bee qaerznu B xax;n;oK MyJ1u11- . 

11J1ere rpynns $l((6) oeDr OJtHY 11·ry xe qereoerb. 

§ 3. Hexoropue ue11p11Boµwe 11pe!eraB1reH11a rpynnu SU(6) 

B rxaBe I 6ux paccuorpeu Bonpoe 06 01111eaa11H Beex HeI!pllBO,ltIDlllX 11pe,1texaBJ1ea11~ rpyn

llU S 'Ll(~). Iloxyqeuuue raK pesyJ1braru uenoepe;n;erBeHHO 11pl!l!eHmm x rpynne St,{_(6). 
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rroarouy 3JteCL w He 6y,1leu ocraHaBn11BarLca Ha Bonpoce 06 ODHcaH1111 Bcex aenpHBO,ltlUl!lX 

npe,1lcrauea1111 rpyrum S U.(6), a orpamit11U1ca paccKorpeaneu aexoropux aenp11BO,ltlUl!lX 

npe,llcraBJieBHI!, xo:ropmm: llU 6y,1leU nOJIL30BarLCR npH 113yqea1111 ltJl8.CCl'lq)llltalll!H H3BeCTHllX 

aneKearapBUX t1acr11n II pe3oaaHcoB. 

HanOILllHH, uo :roJILxo qacruQli B ya11rapaux uynuHDnerax D (1, 1) c ~ - r- "'- 3"' , 

ue vt, - neHoe t111cno, Hl!e:or neJ!lle aapaJtH II r11DepaapaJtH (H ayneBOII cynep3apaJt i: 
ecHH nocne,llHHI! CYJilecnyer). C ~yroll c;opoBll, cn11aop rpyrum , Sl,{(6), 1 pa3 xo

Bap11aa:r1mll H t pa3 ltOHrpBapl!aHTHHII, RBJIRerca raa:e CDIIHOpOM rpyrum $ t{(3), 

/ :~ pa3 ltOBapllaHrHHK !f t pa3 xoa:rpBapzaaraw. Iloa:rouy ,llna IJ3yqea11a 1tJiacc11-

-~11xanu11 H3Becraux aneMeHrapHHX qacr11n H peaollaHcoB, xoropHe HKe:or neJ!lle 3apaJtH H r11nep-

3apaJtH (11 ayneeol!-cynepaapaJl l:. )_, JtOi:rarot1ao paccKorpeu aenp11BOJtHKHe npe,llcraBne

HHa rpynnH S'\A(6), JtJIR xo:ropux pa3HOCTL qucm BepxHl!X IIHJtexcoB ~ t111caa HHJ:HHX HH,llex

coB paBHa 3 rt, , r,lle n, - nenoe t1Hcno. Ilpocrellmmm H3 raltltX aenpiIBOlHKHX npe,1lcraB

nea111! aBna:orca cnel11>111He: 

l) HenpHBO,llHKOe npe,llC!raBJieHHe, on11CHBaeKoe cnHHOpOM Broporo paara 
q, A . 

::::. O H HUe:omee 62 - l = 35 He3aBMCllllUX KOWOHeHr. 
~ . 

A 
~ 8 C 

2) HenpHBO,ll1!llOe npe,llCTaBnea11e, on11CHBaeKoe noaaocrLD CHl(l(e:rpH'IHHII ltOBapaaHrHHll 

CDHHOpOK :rperLero paara 

'ZyfABC} 
C 6 (6+1) (6+2) = 56 KOMIIOHeHraMH. 

2.3 

3) HenpHBO,llHKOe npe,1lCraBJieH11e, onHCHBaeKOe noJIHOCrLD aHTHCID!lleTpH'IHHII KOBapuaHr-

HHK cn11aopou rpeuero paHra 1/'LA-B cJ c 6(6-I) (6-2) = 20 xoM1IoaeH:rallll. 
2.3 

"' 4) HenpHBOlHUOe npe,llcraBneHKe, OnHCHBaeKOe ltOBapHaHrHW cnHHOpOK rpe:rLero paH-

ra 1rlA[_BJCJ , cm.t11erp1130BaHHW no nepBOI! nape HHJtexcoB u aa:reu aur11cmmerp1130BaH

HHK no Bropol!. 3ror cnHHOp aHrllCHl(l(erp11t1eH OrHOCKr8JlLH0 nepec:raBOBXU ,llByx nocne,lll!IIX 

IIH,1l81tCOB H YJlOBJlerBopaer YCJIOBIII) 

1t'lA-~jcJ-t 1l'lJ;~\AJ7 'lf'ic.t,-je,J= 
0 

(13) 

(cK.raaBy l, ~opuyay (119) ). qro6H Ball:r11 pa3uepuocrL a:roro npe,1lcraBneu11a, orue:r11u' 

npe:r,n;e Beere, t1ro cn11uop rperLero paura,-c=erp113oBaHHHII no OJtHOI! nape IIBJtexcoe, 

HKeer G(~+I). X 6 = 126 B83aBHCIDIHX KOWOR8HT. CID!lle:rpH3YR 3TOr cnuuop no ~pyrol! 

nape, w nonyqHK nomocrL:o Clll(l(e:rp11t1HHII cn11uop rperLero paura c 56 xoimoueurrura. 

t..i..~ 

·'r I 

OcraJILBHe 70 xo:u:noueur o6pa3YJJr cnHIIOP, aHTHCl!llllerpH'IHHII no Bropoll nape 111!.ltexcoB. Ta

JaDl o<!pa30K, paccll8.rpHBaeWI cn11Rop 11' lA-fJ;)c) HKeer 70 ue3aBHC1111HX KOl(IlOHellr. (A-e.] 

5) Henp11B0Jt11l(oe npe,llcraBneuae, 00HcHBaeKoe~cn11Hopou t1erBeproro pa11ra 4! t~DJ 
(A-&) . . . c <p [A-Di .. O. ~OJlC1ll!raeK t111cno He3aBIICl41111X XOl(IlOBeHr a:roro npeJtcTaBnemrn, Cyme-

crBYJJT 6 6-I) = 15 pa3Jlll'IBllX nap aHrRclll!l.lerpR'IHHX IIH,lleKCOB [ A, BJ , noa:rouy cn11-
( ~2 · ue,J 2 uop ip tA-& c npo11aBonL_mnm mnypaKR ~ , • DJ lll(eer (15) = 225 ueaaB11c111(1lX xou-

c.pJ ~ '· ....,,. nosesr. Tait :salt mslHJI 113 RHJlexcoB B II D np11Hmm.er mecrL B03KOXHllX aHat1eH11II, ro ycno-

BHe '~ LtA-e.J • 0 3KBHBaH8HrH0 6x6=36 ypaBH8BIIRll, Cne,llOBaTeJILHO, ecn11 Bee mnypH 
l;A"l A-1)] ~ L ] o<!pa.!ll.8.llrCa. B BYJIL, ro 'IIICJIO ue3aBHClll(HX ItOllnOHeBT paBHO 225-36 = I89. 

,.,, - lM>~ lA-~j 
6) RenpHBOJtlD(Oe npeJtcraBneBHe, on11cHBaeKoe cmrnopoK <£ l c.!) c P (~A- DX = 0, 

3.lecL 'IHCJIO ypaBBeBHII raa:e paBHO 36, a 'IIICJIO pa3JIH'IBllX nap l A- 6 r'.s paBBO 
6 

G+I = 2I. 

noarouy'JtaHHOe npe,1lcraBnes11e 1U1eer 2Ix2l-36=44I-36=405 ue3aB~cmrui xowoueur. 

§ 4, Pa3nozeu11e uenpHBOXl!l(HX 
nscraBneHllR nonrpyrum 

nnH lA( 6) H8._ HeJIPllBOlll!M!!e 

S tl,(3) @ S_!!ig2 

KazJtoe uenpHBo~oe npeJtcraBJieBHe rpynnH S'-((6) aenae:rca raue npe,1lcraBJ1eH11eK 

(Boo6me roeopa, npuBo»uima) noJtrpynnH SU. (3) ('.;) SL( (2), Jlna nplll(eHes11a rpynnH 
SU(6) K uayqes11:o JtJ18,CCl'lq)llltaUllll 3JleKesrapllllX qacruu II pe30HaBCOB ueo6XO,lll11(0 ~HaTL. 

HenpHBOJlHWe npe,llcraBJieBHR noJtrpynn S L'-(3) © S U(2). PaccuorpHK npexie Bcero 
;+, p,. A\ (d."-) 

npeJtcraeneR11e (35) rpynns S U(6), Cnuaop ~ =- ':! (, ) MOXHO paccuorpen xax . . b ~J . 

npe,1lcraBJI8Hll8 cnllHOBOl! rpynnH S lA (2). IIOCKOJILKY ycJIOBll8 
A- (a. ... ) 

'f =- cp (Qo<) = 0 
~ 

;:ic_ (t.\"-) . 
He oaHat1aer, t1ro mnyp ':!: ( e1. ~) JtODeH 06pamanc11 B HynL np11 nooou 
ro '1'. (&_I'.>) , B006me roBopa, aBnae:rc11 np11BOJllll(!,Of npe,llcraBneHlleK rpynm,1 Ai (a.o1.) 

Pa3JI0ZIDI ero Ha JlBa uenpllBOJlll!,llDC npe,llCTaBJ18HllR cnHHOBOII rpynnH :St{(2) 

1;("-~) r (a.ot.) ~ (c.t) J (c.;..) 
':!:(,,~ Lir<t)_.L'hcfc J +.L<;;<lJ ·J'./ f ;__ c_r - ~ t (cf'I 

" (a.d.) / 
IIepBHII qJ!eH B (14) o603Ha'IIIU qepe3 A(tt). QqeBHJlHO, 

(" "') 0 

Xc,,.r,) -

11 yCJIOB.!e 
Ca. "'- l 

= 0 X co.c1-) 

21~ 

o( ,. ll .)' , 

S U.(2). 

(I4) 



'1\ \ 

("-;«.) (<>."'-) 
BmIOllHReTCll <le3 Toro, t1To<l1,1 X ( .t r1-) O<lpa!llaJ!Cll. B Byn. HBa'le ronopa, X ( .e j) 
llBJIJleTCll'JJPHBOJtllll!DI npe,1tCTaBJ1eHHell rpynn1,1 S 1,\(3) H pa3MraeTCll Ba BenpHBO~e . 

npe,1tCTaBJ1eHHll 3TOH rpynOH CJleJtYDlll.llll O<lpa30K: 

(o.o(.) ' 

I\ (.Cp) ::-
f' (o..c.) . I el. (o.:,) 
L X l-'p)- 3 l;"J' X (' rJ 

{a.Y) 
l + .i ~ ~ X (!") . ,· J ~ u (!5 

IlepBliH qJleH B (I5) O<l03Ha'ID qepe3 
. ( o.r/-) 
V ( ,e J) • MH HKeeK, Talml[ o<lpa3ou: 

. l ,.,.,_J vc ... .,_J 
, V (o..p] = o / ( I. r:J-) = o. (I6) 

V("-a<.) . ' •' 
3TO 03Bat1aeT, 'ITO. c, } llBJlll8TCll OJtHOBp8K8BBO HenpHBOJtH]llDI npe,1tcTaBJ1eBHeK rpynn1,1 

. ' , . . 
~ u. (2) H BenpHBOJtHKl,IK npeJJ;CTaBJleBHeK rpynllli s 4 (3). '3TOT CDHBOp ODHCliBa8T OltTYIIJ18T 

K830BOB co COHBOK I. qTO xacaeTCll BTOporo 'IJleBa B (!5), TO OB ODHCliBa8T YHIITapB!iH CHHr-
• ' I 

Jl8T co CDHBOK I. Paccuo:rpn, Balt0B81l, BTOpon 'IJl8B B.(!4). O'!eBQBO, .'ITO OH OOHCHBa8T 

qacTHlli,t_co cn:e:uou o. rrocxoxixy· 

(c.~) 
cf (ei) = 0 I 

/ , . i (c."-) 
TO ~(c.r,) . 
35-nxeT rpynna 

on11cunaeT yunapuun 01ttynJ1eT. Taltl!I( oOpa3ou, w 3au1>qaeu, 'ITO 

$ U.(6) COJt8pDT OJttynJleT co CDHBOI( I, CHHrlleT co COHBOK I H OltTynJleT 

co CDHBOI( o. Mil nneK CDBOJlll'leCB:H 

(35) = (8.3) +·(I.3) + (8.I) 
3x2 '.3x2 3x2 (!7) 

B cxo<lxax.B npaBOH 'laCTH COOTBOm8HHll (!7) nepBHe llB~Pli.Ylta3HBallT pa3uepBOCTH COOTB8T

CTBYJllltl'IX YBHTapBlllC KYJliT'IIIIJ18TOB; a BTOpHe ~PH paBHH 'IHCJlaK CDHHOBHX COCTOllBHH 

(.t~ t !l.1te ..6 - cmm 'lacun): IlOJIODJ( 
. x(i,X). q,_ 

(er) = ,[i, V .t 
;f;(a) p-l 
'i' (c.j>) =- fi.., ' j> 

for,1ta H3'(I4) H (I5) CJleJJ;YeT COOTBOmene 

- Pr . - (o..t) 

~ ~ = 1 (1._r,)-=-
(a."-) ( <i; .i: y1 + J 

V CtyJ -t- ff .r ' vi. 

v(o,;.) 
r,1te (.t, ) YJtOBJ18TBOpll8T yCJIOBHll (!6) 1 8. 
BW!l( J' 

V°' = O I 
0.. 
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V"' .e H 

ol. 
r" f (IB) l>,-s, 

p..: 
!' 

YJtOBJleTBOpllllT YCJIO-
·,, 

(19) 

J.. 
p J... ::,. o (20) 

11H noxyqaeu,· 'taKHK o<lpa30K, BI,!pa%8BH8 BOJIBOBOH ~YBltllBB 35 - nxeTa rpynn!i 5 l,{(6) qe-. 

pe3 ~H3ll'leCJtHe BOJIBOB!i8 ~YBltllBB, llBJIJIJllllH8Cll BenpHBOJtHl(l,ll(H npeJJ;CTaBJl8HHl!JIH no,1trpynnH 

S l\ (3) ~ $ ~(2). Ko;qxpu)llleBTH VJ H V2 B (!8) <lliJIH BH<lpaHH 
0

B COOTB8TCTBIIH 

C yCJIOBHeK BOpopOBll 

-·~ _,.. 
cpA- <;Pf.,= 

_(tr) CM) _,ev" ~fpo< 
V ( .. .,_) Vc1.J) -r v ... '-t- Pc1- J> 

(2!) 

Kalt H3B8CTBO, ,1tJIJI ODHCaHHll 'laCTHIIH co CDHBOK I KOZBO 00Jli30BaTiCJI TaDe TpemepBHK 

VCo."-l V°' Be1ttopo11. 3TO 03uaqaeT, 'ITO Buecto (~ JI H ,e . KOZBO BBeCTH TpemepBHe 

B81tTOpH 

f V ) .1.. i .t (o..,_J 
"-...: =- - (1,,•) V(,e ) 

J vi "' -1 1 

Mil 11Keeu TOr,1ta: 

(a.--) j_ <\ ,,,J_ 

v(J.p);:. (;_(o.·)" cv0}> I 

:e:, CJle~OBaTeJl&HO, 

" v.::,. A. ('0) 
... vi.. ..... 

'i ,( ( ] '\ V = -. b,· ' ~ y;:_ 

v°' " . 

v-,(. 

~
A. (M) .Lfo.•)°' (V,),l .l... o.· \ .J. V· + - 4 h 0. p-'-. 

==<1)(-&)-=- l''.(~' + (,),b 'fi,I. J(22) 
e, - f . lfi J {?, 5>. 

YCJIOBH8 HOpDpOBltH oeeT BB~ 

- r, ,._ r,)· ~ cl. .- ~ "-
c£ A ~ e, "' \.V;_ J. ( 'I.-\, -\- v... l(- + C p t p J> (23) 

PaccuoTpD Tenep& pa3llozemte 56-riJleTa rpynn!i SU. (6) aa uenp11B0JtH1,1He npe.1t

craBJ18BIIII no,1trpynnu St{(3) (y ,S~(2). 3TOT KYJILTHM8T on:e:c1,1naeTcll cn:e:BopoK 

'11( lA-e, c. j , CHl(l(8TPB'll1Hll OTBOCl!TenBo nepecTaBOBOlt 1ta,1te1tcoB A~· B, c, T.e. nepe-

crauonox nap ( o...J.. ), ( -' s, ) :e: ( c o' ). CpeJtll xounoBeHT :iroro uynunneta cy-

~ecTBYJlT xounOB8HTH, CHl(l(eTpH'IHH8 OTBOCltT8JliHO nepeCTaBOBOlt ncex Cllll!ROBHX HHJJ;8ltCOB 

w 
1 

-fr 
I 

e H on11cHBaM qaCTH)ll,I co CDHBOI( ~ • OBH CHl(l(8TpH'IHH Tane H no OTBOmeHHll lt ne-
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pecrauOBJtal( ynuapHUX lfl!JtexcoB tJ.. , ~ , 'I III ormcnBa11r ,iteJcyIIJier. OTJl:erm1, qro 

ue cyiitecnyer noJiuocr:i.1> aur111cltllllerpaquoro cmmopa rpeuero paura rpynnn S 1A(2), rax 

xa1t lfl!Jt8ltCH "', 1. i c Koryr npaBH11arr. roJI1,io JtBa 3uaqeu11111. II03ro:uy ocranune ltOJ(JJOBeu ... 

rn 56-uera JtODBH <lHrI> c~erpa30BaBl!lllm ~o OJtBOff nape· cnauOBHX au.itexcoB a no coor-·, 
/ 

BercrByJ>~ea nape ynarapu!IX zu.itexcoB 111 3areY aurJ11Cllllll(erp11130BalllllllOt no Jijlyron nape crm-

BOBHX lfl!,ite1tcoB a no coorBercr»Ylll!leff nape yn111rapHUX l!IBJtexcoB. IToc1toJI1,ey auracllllllerp111q-

BHA crmuop Broporo paura rpynnn S lA.(2) llBJillercs auBap111auroY, ro crmuop rpenero 

paura rpynnn S LA.. ( 2), auracHJIJ(erp111qmff no JtBYIL KBJte1tcaY, 31tB111BaJieureu crmuopy nepso ... ' 

ro paura, r.e. onacnBaer qacr.nzy co cnlfl!OY ½• 1Jro itacaercs ynuap~ BOJIBOBHX lf>YHKIIHA, 

. ro ou111 onzcnBaDr 01trynJier, italt aro <lWIO noitaaauo B rJiaBe rn, n. ill, § I. 

Taltl!IJ( o<lpa3oY, 56-nJier rpynnu· S 'U.(6) co,itepnr ,itexynJier co cnzuoy ~ z 01try

nxer co CIIIIBOIL; 

(56) = (I0.4) + (8.2). 
Jx2 3x2 

(24) 

Mo:EHo nom3an, no cn111Bop 'I' lA-ec. \- supaxa.erc~ qepe3 BOJIHO»He 4>yuxmm ,itexynJiera . 

z oxrynxera CJie~ o<lpa30Y: 

'l\'l,._e,c.) 
_4 

D-< r 11\i .. --t ~vi. J' 
J -~ ~ l t.;rl, 131' l...& 'fc:. ;- C,,r(° l>o( ~C,. '1'<1. 

+ f..-.._~ _B
0 

l 0 .._ ~,e J -. (25) 
l t 

3.itec1, !).,_!' r II P> f - ynarapB!ie BOJIBOBHe 4>YH!tllBH ,itexynJiera II oxr_ynJiera, a o/ q, ._ 
111 Cf ... - cnmroBHe BOJIBOBHe 4>YHltilBl!I qacran ·co cnlfllaYB ~a½, coorBercrseuuo. Ecu 

sxecro CIUll(erpzquoro cn11uopa rpeuero paura o/ 
4 

· non3oBaucs crmu-reu3opoy ('!)_ , 
..... C. " 

ro llli m1ee1U 

1ftA-e>c~ = -k D.,,__r,r(oJ ... l ( r.J~-+ ~ 1 f_"'J>~ E,; €~ 'f,:_ 

C' r- j -+- €.f>r/1' .,I.. ~c. r<\ -t Cy-,;,.'i; gf> E<-<\ r" . (26) 

§ 5. Pa3Jl0%8HH8 uenpHBO)tllllmX npe,1tCT8BJ!8BHff rpynnn 

npe,1tcrasJieua11· n0,1trpynnu S Y ( 4) (i) 
S Y ( 6) ua uenp11BoJimme 

_S~ 

Ka:r.loe uenpaBOJtHIIOe npe.itcraBJieBlle rpynnu .S l.{(6) co;n:e~zr pa3D'IBHe uenpnBo

JtR&e npe,itcraBJieBllll no,itrpynnH St( (4) @ Stf(2)~ Tait, uanpoep, cnzuop rpenero 

paura 1t I C 'Jc ( ) ( ) \ COJtepDtr CJ!eJtyJ>Jlllle KyJ!I>THnJieTli no.itrpynnli 
lA-1,c. \ l o.,c) gJ' . c. • ) 

2I8 -
;-:, 

I, 

·-$tl(4) (!) S 'L\(2): 

' 'tf l(o.,/)(Lp")(d)) '!' t( ... .,_')(£_p') (n)) I. 

'l\' l ( o. .,_,) {-t 3) ( o) ~ I 'If { ( o. '>) ( ,e, ~) ( c ~) J .,J 

rie llBJteltCli rJ...
1 

, f , r' npllBIDlllM 3B81leBllll I, 2 • 't/' l( .,_ .,_ •) (J ]' ') ( <: rj j 
l!BJ!l!ercll Cl!)Q(etpll'IBID,I CllHBOp01L.Tper1,ero paura rpynnn $ 1,{(4) 11 HB!iap11auro1L CIIIIBOBOff 

rpynnu crpamnnc,1tBap1tOB . SU(2). Ou ID1eer 4( 4+~!3( 4+2) .. 20 ue3aBIICl!lllHX xo1LU0-

ueur z o(lo3~aqaercll q_epe3 (20.I). , 'lf l(n: ... •)( ,e !>') (c~) J llBJillercs c=e:rpa,'ll!lllL en~-, 

uopoY s:i:oporo paura rpynnH $ l\_ (4) z cnauopoK nepBoro paura rpynnn ' S 4 (2). IT0-

c1toney CJ!IJ(J(erpaquua cnnuop.sroporo paura rpynnn. S 4(4) meer ,4<~+I) ... IO 1to1LU0-

ueur, a crmuop nepBoro paura rpynn11 S tl.(2) oeer 2 xowoueur11, ro uenpHBO;n:l!lllOe 

npe,itcra:axeu11e 't\' l( o.ol 1) ("t .f>')( <:. ~) J m1eer I0x2=20 ue3aBllCl!lllHX 1t~1LU0Beur a 0603uaqaerc11 

qepe3 (I0.2).ABaJioraquo, "-1'1cv')(A:~J(c.~Jj 111(88r 4X3=I2 ltOILUOBeHr ll OCl03B81laeTCll 

11epe3 (4~3),;a · 'lf1(Q.~)(-'~)lc~) IIJ(eer 4'1t01LUOueur11 z 0603uaqaerc11 qepe3 (I.4). 
0

MH Jll(8eY,T8Jtml o<lpa30Y,pa3JIO%eBH8 

. (56) = (20.I) + (I0~2) + (4.3) + (I.4) 
·· 4x2 · 4x2 4x~ 4x2 (27) · 

' ' 

-HerpyJtBO nposeparr., no ilyJin11nJier11 rpynnu SU.(4)@ Sl{(2) B npaBoff qacrH (27) 

co,itepmr cJieJtyJ>JitBe z3orormqecne uyx1,:ranJiern 

(20.I~ = (4.4) + (2.~ 
· 4X 2x2 J. · (28) 

(I0~2) ·= (3.4~ + (3.2) + (I.2~
2 2x , 2x2 J (29) 

(4.3) .. (2-~ + (2.2~ ' (30) } 

(I.4ix2= (i.4~2 · (31) 

B C!tOClitaX B npaBHX qacrl!X (28) - (3I) nepBHe i:?t4>PH yica':i11BaJ:lT.'lHCJia ItOILUOBeHr ll30ro

nlll!eCltllX YyJI~r11nJieroB (2T+I), a sropue D;114>p~ - qzcm crmuosmc cocrosu11D {u+4)•· 
;:i:; A . , 

A PaccYorpllll renep1, 35-nJier c BOJIBo»oa 4>ynxnaea ':I'.~, y,ito»nersopsJll!teD Yfll?B~D. 

ct -= O - • J.lll lllleeY cJieJtyJ>JitBe npe,itc:ra»Jieuas no,itrpynnH SIA. ( 4) (i) S IA(2) 
A 
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I 

( "-"-') 
p (-t_r') 

(a.o1-') 
~ (ll>:,)'J 

(o.">) 

<£ (-'!') / 

(O.!>) 
cf (,f!>_) 

.;f;. (a."'-') 
'-±: (~j>') SBJIBeTCH npHBO,ltIDIIDl npe,1tcTaBJieBHe:U rpynm.r $ t{ ( 4) H :UOZ8T (l1m, 

pa3JIOZeB Ba BenpHBO,Jtl'lll!le 

;i=/"',1..') . =- [ <£(4:o1-'! _ _1._ ~a.~,< cf (r.a-) ]-t.L ~" s;-"'., ~(ca-;. 
'±:' (.t:J") (.e_r) Jt lo f' (cY) Jt e, J', 'f (cl)(:32) 

. . (,v,) . . 
ABaJIOrlt1lBO, ip (,€>:,) HBJiaerca npHBOJll'!l[l,l],! npe,1tcraBJ1eBue:u CITHBOBOII rpynnH crpaBBllX 
JtBapKOB u pa3Jra.raerca CJI8JtYDlltJ!l(.o(lpa30:u: 

;K("-.,) . [.i (o.J - fba. f(c")J +i..~'I ~(t&J 
.'j:'. (£9 = ';t: (f.".>) ~ ' (C">). ~ .( (c~J 

_Or11eru:u, qro B CHJiy YCJIOBl'lS 
;i:; c~a-J 
~ (er) ~ <E ~ .,._ 

C-

(c.r'.J r(c.~J 
~ (er') +- g, (c.~ .:::: 0 

(33) 

IT0CJI8,JtBHe'lJieBH .B npaBWC qacrSIX (32) l'l (33) Be SBJ!BDTCS Be3aBHCl'lWKH. 0Hl'l Ilpl'llla,ltJie:&:aT 

O.ltBOllY II ro:uy ze uenpHB0,1tu:uo:uy npe,1tcraBJieHHD no,1trpynm.r S U(4) (;) S~(2), a u:ueu-

uo CHHrJiery. rrepBHII qJieH B npaBOII qacru (32) BBJIBeTCH CHHrJiero:u rpynm.r S1,((2) u 

CITHHOpo:u BTOporo paHra rpynnH $ U.(4). lJKCJIO HJ: EOIII!OHeHT paBHO 42 - I= I5. IlepBHII 

qJieB B npaBoll qacrH (33) SBJiaerca cHHrJieto:u rpynnu SLl(4) H cnzuopo:u Broporo paura 
. 2 ;r;;(o.~) (o.d-') . 

rpynnH 5 U(2) c 2 - I = 3 XOIIIIOBeHra:uH. ~ (.Cr,') u p ( ~ ~) . HBJIHDTCH Cill'lBO~ 
nepBoro paura rpynm.r .S l\ (4) u cn11uopa:u11 nepBoro paara· rpynnH • .SL( (2). llH u:uee:u, 
raltllll o(lpa301(, pa3JIOJ:ea1·e 

(35) = (I5.I) + (4.2) + (4.2) + (I.J) + (I.I) 
4x2 4x2 4x2 4x2 4x2 

(34) 

!.!yJiuHnJieTH 

J.!yJ!I>THITJie:rH 
S Ll(4) @ S 1,\(2) B npaBoll qac:ra (34) co,1tep:m:r cJie.1tYDl!llle z30:ronuqecnre. 

(I5.I) = (3.3) + (I.J) + (J.I) 
4x2 2x2 2x2 2x2 

' 
(4,2) = (2.J) ~ (2.I) 

4x2 2x2 2x2 

(4.2) = (2.3) + (2.I) 
.4x2 2x2 2x2 

220 

(35) 

(36) 

(37) 

< 

I 

(I.3) = (I.J) 
4x2 2x2 (38) 

(I.I) = (I.I) , 
4x2 2x2 (39) 

§ 6. ltl!accupHxalll!H llapHOHOB H l(e30HOB B Cl'l!!l!e:rpHH SL,{(6) 

B :reopHl'l yaHrapHOII Cl'll(l(e:rpl'll'l BOJIHOBHe ~YHEJlHl'l (lapHOHOB l'l :ue30HOB BBJIHDTC~ Be

npHBOll'l]mlll'l CITHHOpaD rpynm.r 5 IA. (3) @ S t,{(2). Ilpe,JtITOJIOllCl'll( :renep1,, q70 (lapuomi: H 

:ue30JIH ollpa3YD:r :uyJI1,:runJietu rpynm.r S t,\(6). Tor.1ta ox:rynJie:r llapzoaoB !+ u ,1texynJie:r 

llapHOHHllX pe30HaHCOB r llOll:HO BXJIDqHTI, B 56-nJie:r rpynllll S IA(6)~ ,AHaJIOr~qao, UCeB,JtO

CXaJIHpmi:e H BeE:rOpHHe :ue30HH :uoryr llHTl> pacc:uo:rpeHH xax XOIIIIOH8HTH 35-UJieTa rpynm.r 

s u ( 6), CO.Jt8Pl1Calllero ox:r;uJie:r Bex:ropHHX J.1830HOB ( ~ , K ... 'i< ", 'J O 
) ' Cl'lHrJie:r-

HHII Bextopaull ue30H ( w 
O 

) H ox:rynJieT nceB,JtOcXaJiapHHX ue30HOB ( 7C. , /<. , K , 2 ). 
Mil 1lllee11:, :raXllll o(lpa3ou, cJie,JtYDl!llle cxew pac111enJieBHa 56..:nJieTa H 35-ITJie:ra rpynm.r S t< ( 6) 

aa MyJII>THnJie:ru rpynm.r S~(J)@ S l\(2): 

(sv ~ 
.6 

,. =" 
I ";I , '-J , 

n- ( .,6£= -}+) 

~ N, ~ "' c:;, ( ... l-=1+) 
/ ,'-' 

l>')~ 
~ ' 

K"" ~.. . ( .,s r = :L -J , I<- I 1 

~ 
w" (A_P "'- e1.) 

~ 
'7(, IZ I \<. I C ( Al~ o-) 

Paccuo:rplll( tenep1, pac111enJieHHe atux KyJII>THnJie:ron rpynim S t{(6) aa MyJII>THnJieTH 

rpynnH 5 U..(4) x ~ 1,\(2). ,llu 56-nJieta w Hl(eell, corJiacuo wop:uyJUU[ (27) - (JI), 

c.11e.JtYD1!IYI) cxe:uy 
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~ 
D. I N ( Y= i.) 

,. 
I L_ I f\ ( 'j:,_ 0) y 

(•9~ r.:> 
... 

r:7 ( y.,__1.,) 
1-J I ~ 

n- ( y""-' .t) 

nx11 11ayqeH1111 pacll(enJiemt11 35-nJieta im noJir.ayeKca qiopuyllaKH (35) - (39). B qiopuyJie (35) 

U!l IDl881[ BenopHHl! ll830H C 1130tOUl!lleCltlllC C~IIHOK T = I, nceBAOCxaJIBpHHl! Ke30H_C T =III 

BeKtOPHHl! Ke30H C ! = o. IlepBHe ABa tp11nxeta ·otOltAeCtBJIIIDtCH C ~ - Ke30H01[ II Jr -

M830HOK, COOtBetCtBeHHO, a nocJieAHIII! Ke30H 0603Haql!]( qepe3 w • B qiopuylle (38) llll 

HKeeK tane BeKTOPHHl! KeaoH c T = o. Ero 06oaaaq1D1 qepea </' • llH IDleeK tor~ cxe-

uy 

(l,)/ 
~ I 

w 
I 

1[, ( Y=- o) 
,.. 

K , K 

,...._, 

( Y= ~} 

K,. ~ 

~ 
I k ( Y: - 1-) 

r ( Y"" o) 

~ ( ( Y~ o) 

JJeKtOpHHe Ke30HH c Y ':,. T -::: o llll yCJIOBHO 0603HaqaeK qepe3 W II '( • 1.fH no-

xazeK, qro OHi! Ael!CTBllt8JI~HO OtOJ:A8CTBJIBDtCII C 113BeC:rmnnt Go - II 'f - 1[830HaD. 

lJIII 3toro paccUOTplDI CBH3b Ke:a:iy 3tllKII COCtOBHllllllll II COCtOIIHIIHllll c.o O II ff O B cxe-

Ke pacll(enJiemrn 35-nxeta Ha ynnapHHe uynTHnJieTH. Rax 113Becwo, ""'
0 

11 'f O 
HBJia-

Dtc11 CnllHOpallll Btoporo paHra rpynnn S t{ (3) C HeHyJieBmm KOKnOHeHtallll: 

0 

1f 
I j___ 

1t,= 1'G 'Is,~= j_ I 
I J._ Yb 

~ 
1f' 3 = -

~ 

~ } 
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w• 
l " .t_ I 

t~~ 't.i.-='- "t, 
_J_ 

·'0 
(cK.rJiaBy m, qiopuyJIH.(22) 11 (23) ). EcJIII npeictaBRtr. 3TH 1[830HH B BIIA8 lla.Tplln 3x3, TO 

U!l IDl881[ Al!arOHaJibHYD KatPmtY 

!Ito xacae:cca cy - 'II 

qro BOUOBaB q>YH:ttI!IIII 

_L+ 
~ 

c.u" 
'P, 

11" 
~ 

(tj,O 

~ 

10 
,-t O OJC 

-R;'f-t-,rs (40) 

<o - 1[830BOB, :co '113 onpeieJieHIIII (CK. (32). 'II (33)) CJI8Af8T, 

Cf· ll830Ha OTJll!qna OT BYJIII, tOJlbKO ecJI'II YH'l!Tapn1,1e IIBA8KCH 

d.. , ~. paBHH 3, a BOJIHOBall qiynxnHII w - 1[830Ha OtJllll!Ha OT ll)'JIII, TO.lll',KO ec.1111 

ynnapH1,1e 1JHA8KCH cJ.. , p paBBH I, 2, np1111eK 1/'.,1 = "t l , nocxon11.y w -

1[830B IDl88T T = o. TaKHK o6pa30K, yunapme BOJIHOBH8 qiynxnHII 
, 

mieDt CJ18AYDll(ll8 B8HYll8BHe .KOKnOHeBtH 

'f ~ 

w 

"j'; = !. 

'If}::: 'lf'1-.cc, _L 
Vi:_ 

ECJIII npeicTaBlltr. 3tll 1[830HH B BHA8 KaTpllIJ;H, :co ](1,1 IDl881[ 

...!!!-
vi. 

~ 
,Jr_ 

i 

K3 (40) 'II (4I) BHT8Jtallt COOTBOmeID!II 

(X- o A o er- - ~ 'I' + v,; "" 

w::. 
...L 'f O + ~ c...,<> 

~ ~ 

o/ - II 

CpaBBHBall COOTBOmeHIIII (42) C onpeieJ18H1181[ yrJia '1"" - CK8m11BaBIIIIJE) 

CQ - ll830BOB 

(4I) 

(42) 

*) 3tn coo:cnomen11a 0:cx11qam:cc11 o:c coo:cnomeBIII (66) B rJiaBe m 3BaKoK BOJIHOBOI q>YHKnllll 
io , q:cO ne 2BJlll8tCB CY11!8CtB8HHl,II[, Tax ItaK BOJIH0BH8 q>YHKnll'II qac:c11n BcerAa onpe-

A8ll2DtC2 C :coqnoctr.D AO q>a3H. 
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lOl llOJIY'lllell 

f :=. - c,,s~ r ·+ ,1..;.,-(J u,o J 

w~ 

ws:&;:::- ~ / 

~.,;,,e, r• r cose-w• J 

,t~-6:= ~ 
;, 

3ro SHa1<eune tr npexpacuo corJJacy~rca.co sua1<eHHeu, no11Y11eHmm B rxaBe m ua ocHOBe 

sxcnepmieHra.ll:i.HBX ,1taHma no :uaccau 'lMTHll• MH :mu1>1<ae1.t, . raltHll or:ipasou, 1<ro ""' - n 

<f - JleSO!lli B cxeue pac11ten11eHHB Ha JlyJll,tlfll1!8TH S tf ( 4) @ St( (2) SBJ!llJ>rCB Ha

(!Jl]).Jtae:wim 'laCrHUaJlllo 3ro D01ta3!l:Baer, nO-Bll,llDIOJly, 'lTO cpe)tH uenel pe,UJOUtl (7) H (9) 
B npnpo,1te OCYJ!l8CTBJIJ!etca noc11e,1tHas. 

II. HEKOTOPHE CJIFJlCTBID! Cm!METPlffl S L(. ( 6) 
I 

§ I. 311exrpo:uarHHrHlle CBOICTBa OapHOHOB 

B ynntapHOtt c:m.werpnn s11exrpo:imrnHTHlll rox aB11aerca 1tOJ1DOHeHTOI oxryn11era. C .llPY

roB cropoH11, no orHomeHHJ> 1t epa11teHnau, T.e. x cmmoeol rpynne S 1A (2), sapa,1t aenaer

ca BHBapnanrou (c1ta11apou), a :imrHHTlllil uoueHT aeuerca eexropou (c rpei.ra 1tOllllOH8HTauH). 

3ro OsHa1<aer, 1<ro sapax n :uarnurHlll uoueHr ae11a1>rca uy111,run11eraYH (8.I) n (8.3), 
. 3x2 3x2 

cooreercreeHHO, rpynIIH S U('.3) © ';i U (2). 1Ipe.l{II0110:.mu renep:i,, 1<ro au uy11unn11er11 

np1rnaxnemr 35-n11ery rpynn11 S lA (6) - uynrnnxery rpynllll SU. (6) c HameH:i,mmi: 

'lHC1!0ll XOJIDOH8Br, C0,1tepm.11teuy oxrynxeru co CllHH8Jllt OH I. Tor.ita :uarpH'lHlle 31!8ll8Hrll one-

paropOB sapa,1ta C9.. n :uarHllrHoro uouena ..?'YC,...: uelrJlY cocrOBHHBllH oopnoHOB 

ns 56-nxeta no1ll"ll!.l>rca as r:irunmell!Hlt xour:!HHa!U!I 

J A -
l', -

~lAcDl ,1 ,,-A- -{c1>Ej 
'I' 'I\' --~ 1- it 

l~c!)~ 6 e, lCD&"j J(43) 

npeoOpa3YJ)lltHXCR xax XOllIIOHear11 '.35-nzera rpynn11 S I,\ (6), npn noMOl!llt coorBercrByJ>lltl!X 

npoexnnoH11HX onePl!.IU!B. 
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Rax H3eecrHo, eonKoeaa ipymm1rn '.35-nxera ir .. prume:rca 1<epe3 eo11HOB11e ipyn1tu1111 ;,an

:rapH!lX uy11:i.rnn11e:roe cne,1ty1>~1t1.1 o6pasou: 

~(a..1-) _ ..L.(€:·)"'(v.)cl. ....L..<;ol
0

(0,·)°' ~-+ ½ ~9. PO<'. 
't'. (P.rJ - vi. " 5' -t u r, . Ai ,.:i... -e. ;, 

.. (\ ),I. pol 
Ecim euecro cmmopoe eroporo paara rpynn11 · S I.{ (J) 0'• n r, nom,3oeanci1 

eocl,llllllepmnm ee11n'lnHawt. J 
v.,i _,_ -~ cv.-); C>~j)~ , 

£·=- .J_ ~.t ()vi~ 
a G y v~ 1 

J cI,2,J, ••• 8 ,1t11a onncaima onyn11era, tow 1D1eeu: 

t£ 
("-"-) l ~ ( . J.. y. . j__ <;; ol (6:- )~ . 
(.)~-(~) >--) • + P,' V: 
.,~ :L . C, 6 J> 1j (i: 1 · " 

+J..'b; (A·/ P· 
.fl." Yj J 

(44) 

npuqeu e aton wopJ1yne no 

I ,1to a. ooosHa1<Bll qepes 

n (8.3), COOtBercreeHBO 

,A. 

n. 
i 

npoB3BO)tHTCB cywmpOBaHH8 or I JtO J, a no j - or 
H n ;i npOeJtUllOHH!l8 oneparopH Ha cocrqaHHS (8.I) 

£n )& ,,.. \.a~~~ ""' 
p. 
~ 

I, ,,. 

( rt,j) A- ':P ·l) ==-
V.:,j 

RetpylHO npoeepnn, uo 

in.)~ 
~ d A- = 

.l ~ e C 'J... • ) ,., ., ,, 

.,,_ GI. J, ;.. .)• 

f> 

( fl~,~ )A- ~ 
.L(tr;)! (J-..;)~ 
:.._ CC. uJ. 

(45) 

(45) 

(47) 

(48) 

lna toro, 'lt061l D011l"!HTl, im.tp:lt'IHHe s11eueBTll oneparopOB :mpH~ H llat'liBTHOrO uo

ueBTa uelE)tY cocro1111nBllB oopnouoB ns 55-nneta, Heo6xo.JtBUO npoenupoBar:i, rox (43) Ha 
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cocroanaa (8.I) H (8.3). Oruerl!ll, qro no ornomeHHD x rpynne yimrapnon clllll[erpn · 3x2 3x2 
anexrpouarnHrl!lll! rox HB/laerca xowonenron onynnera, coorBercrBYDJltea uarpHite 

J\~ ~ ± ( J-3 ; ~ Ar) · 
rroaro:uy .Im JlOUHu no11ia0Barica npoexmronHUYH oneparo~ 

r r ~) f> · - .!. ~ e C ;._') f \._n k - :__ Q. cl-I 

e.) PJ (n: A-=- .L(6"'.·)' (-A.('__)(1 :.. • °' cl-. • 

TaJtllll 06paao11, npe~o1101:eHHe o ro11, uo aapaJl H uarnniml! 11011enr npRHa.it11exar 

35-n11ery rpynnu S t,\ (6) np1tBOJtHT x ro:uy, qro uarpHuue ueuenu oneparopoB aapsJla 

G. It KarHHTHOrO UOlleHra '.:>fi • llell:JtY COCTOHHH/llm 6apHOHOB H3 56-n11era. lllleDr Blf,lt 
~ . 

. .c fl '1 (o.."'-) 
<s-GI {xi!>,)~" ii,._ (A.~)~ c,J(-'J) J 

(49) 

( ) .e ( ") r, .-, ( <I.•') <~~ I JV(- /s;c)-= J' a:- °' 1'. rA oJ (-€_p)
1 

C5o) 

(a..~ • 
r.ite J (.& J B!ipall:aerca 'lepea BOnHOBHe 'PYHltllHH 6apaonoB coornomenneu (43), a 1 H 

J" - UJ!oa:honwe xoncranrH. IlOJlcraBll'.1.! renepi B (43) B!ipall:ene (25) BonnoBol! 'PYHX

llllH 11'{.4:e,c.\ • llu UOnylllll]( ?Or,lla H3 (49) H (50) 

,(>,fa Is-') = '\ J "f"'._,< 75"-rf( 11."/ I) 
l 'f.,_,.,{ "- r, '., (5I) 

-t- ~ cf"' <f,._ ( -.( i' - 1 o1.) ( ia\P J 
Br &t - SP B_r Jo... ,J,1._ J 

-t l. if'· (6';) Ji <P 
:> A l~ 

OArl' I ) . i -o..e.t £ - ot.rf. e) ~ <s-b 1 -''Ll ,, == J- r c 6',) J) c ,\ J) . 
• D. 'f 4,-{ ~ _r,rr. 

. . . (52) 

I -'. '(" 1" .£ ) L c-"- 'i' - '(" .t. )j ( \ f, ( Br-1\ + Br, 81' + ~ P>rb
1

- B!> ~,,. . J...<!..)"-
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vi +. 3 
_-£\C" 

'{' -

. 
-·~ -al.rt )p O ' 

(ol),._ 'fc. E.,tt J) (J...e u. fir' EJff 

. ' 

+ {i '.f"t o..,l ( o',).a 9' I _B '6'" E Abol (A..")~ 
?J. . C\ .Cc,l 6' _/,,_ Dt«) 

,I 

~op:uym (5I) noxa.auBaer; qro Jl/lH 3apJl,lla onyn11era llH no/ly'laeu CBH3L una F , B 

cormcHH c yc110B1tex.nopU11pOBJtH aapa,1ta. Ecu no11oxllll 1 ~ 3, ro na arol! ipop:uym uu 

no/ly'lm JlllS Bcex 'lacun nyxirne aapa,JtU: t' weer aapHJl + I, lJ. ++ wee~ aapHJl 

+ 2, , 3apSJtH Bel!rpanLBHr qacran paBHu By/ID II r •.lt• Paccuorpw renepi ipop:uyny (52). Ha

nowtll'.ll, 'lro. B yn11rapnol! cHllllerpHH uarnarnHe uouenru 6apaouoB B!ipall:aDrCH qepe3 iBe npo

H3BOUHHe XOHCTaH?U ._fa. F H J""O • il:3 ipOpl!y/lll (52) Bll,ltHO, qro
0 

B CHllllerpRH $1,{(6) 

ar11 xoncranru ne HB/IHDrca ueaaBHCIIJWlllI. Rx ornomen11e paBHO 
p 

._,M. 

r 
.:_,,u-

2-. 
~ 

IlOCKO/ILity 'uaruarBHe uo11enru HYXJIOHOB BUpazaJ)?CS! qepea 

o6paaou: 
. F j_ p 
J.<-f' .,,. JA- + ~ JA. I 

...)-\..,, == 
.2.. I) 
-J"-
:J 

(cx.rJiaBY Y, n.I, § I), ro orcD.ita noxyqaeu 

(fa.} -

c.A,v 

q~o·xopomo cornacyerca c onHrou 

.2-, 
:i.. 

I 

r 
J-'-

(53) 

II 
p 

._,IA- CX8JtYl)lllll'.ll 

Kpoue coornomen11a (53), ipop:uyxa (52) co,1tepnr e~e ,1tpyr11e npe,1tcxaaanaa. Ona noxa.auBaer, 

qro uarnnrHHe uoueuru 'lacr11n B ,llexynnere_ 6ap110HHHX peaonancoB, uarnarwe uouenrH·qa

crn~ B oxrynnere 6apHOHOB II xoncranrH ,llltnO/ILHUX imrHH~HHX nepeXOJtOB uex,Jty COCTOHHIIHllll'. -
.._ \ . , I 

,1texyn11era II onynnera Bllpal[al)rcs qepea OJtHY npoH3BO/lr.HYD xoncranry •. B qacrnocm, uar-:- , 

nPirl!lll! uol!eHr, -.fl - - ranepona paBeH J.c ( B e,1t1tuunax orpanareunoro · 3aps,ita), 
. - . t' ' 

r.ite J-'-t - l.!arn11rHHl! uovenr nporona, a uarpHqHUl! aneuenr ,1t11no11inoro uarnHrnoro nepe-

xo.ita l!ell:JtY cocroaH11HU11 nporona n peaonanca A+ paBeH 

• ~ I ).e . .2. -c. °'" 6' < t'I JY(A I /);t > = 3;.fa.f" 'f E ( 4 
<>. <j'Ae~ f (54) 
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r.1te r'\ l! 'f - CITl!HOBlle' BOJiHOBlle q,yHKUl!l! npo?OHa II pe30HaHCa A+ • 
~t~ . 

§ 2. 3JieK?pouarHl!?Hlle pacna,J!1l Me30HHllX pe30HaHCOB 

B npe.llll'.ilYJlleA rnane 6uno orueqeuo, qro uaTp11quue sneueHTll aJieKrpouarHIITHllX pacna

.JlOB 6apl!OHHllX pe30HaHcon 3aBl!CHT OT .llBYJC KOHCTaHT. B Cltl.!lle?pl!I! Sl.,{(6) O,llHa·Ha·aTIIX 

KOHCTaHT nupaxaerca qepe3 uarHl!THllA l,!OMeHT npoTOHa. ~TO KacaeTCS.BTOpOA KOHCTaHTU, TO 

OHa,Hel!3BeCTHa. Il03TOUy l.!U He uoxeu C,lleJiaTb Hl!KaKl!X aaxnDqeHl!A OTHOCl!TeJibHO BepOHTHOCTeA 

pa,lll!amtOHHllX pacna]lOB 6apl!OHHllX pe30HaHCOB. 

PaCCMOTpl!M Tenepb pa,lll!aUl!OHHUe pacna,llll BeKTOpma: ue31ROB Ha nceB,llOCKanSpHlle ueao

HU. Marpnquue aneueHru ar11x npo11eccon nponop11HoHanbHii uaTp11qHw 3neueurau ,llllnonl!llX 

MarHl!THUX nepexO,llOB uex,lly COC?OHHl!SMI! B6KTOpHUX a nceB,llOCKaMpH!a: 1,1e30~0B_. B Clll,!l,!eTpll:11: 

SU.(6) BeKrOpHUe a nceB,llOCKanSpHUe Me30Hll npHHa,llnexaT 35-nnery C BOJIHOBOA q,YHK1111eA 
- A ~ . . -q> , Y.llOBneTBOPSD11teA YCJIOBl!D 4? =. o. Il03?01,!y uarpaqHlle 3JieUeHTU paccua?pll:Bae-e, , A . 

l,!llX ,lll!IlOJibHllX MarHl!THUX nepeXO,llOB DOJiyqaDTCH 1!3 6llJil!HeHHUX KOU611Ha1111a 

:J A -
e, -

-A <:. -<:. A-
qic .:£_ :!:: 1e,<Pc ; e, . (55) 

nyreu npOeKTIIPOBaHaH Ha COCTOSHl!e (8.3). ECJIII: IlOJib30BaTbCS cmme:puqlllllffl ROM6Hll8.1111mnt, 

TO w l!Meeu 

. · )" ( "")f" i-A c -c. AJ ~;d 'l'«; 1 ~., > == r c 0 , .._ A "' . i£ C. 4' !, -t- <1> e, ~ c.. 

~ r j .!. E. ,.· -"' r ( v-}'" CV) lJ - -C v-)' ( v. )"" J c ~ <:.) l' _1 l 1 d l J r l J J J' ~ ,- "'- (56) 

+ ~ ½ P; CA<:.)~ + L ( v~ ) ; P; 1- ( v~) 
1 P; J (-1 <:.) ~ · 

. ~ 

:L +-
6 

r;c-'·l v; + L r/v);+ P;(v;J;J {~l J; 
a ecna IlOJib30Ba?bCS aH?llCl!l,!l,!0%pllqllUllll KOU6l1HaitiiHMll, ?0 Im Dee1,1 

e ~ ')-A- c. 0s-1 Jl\. , _;, > ~ r c "),_ (A') o( L <f? c ts l c_f ~ J 
. e, e 
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·wr 
i 
! 

-t .t. 

., 

~ r { ~ "'ik l CV;); (v._); -t- ~ vi); (v,J~ 3 o.·)~ 

·4- L(v .. ); P;- (v.); r; J (AJ~ · 

+ L ·T~ w.);- r; (Y)~ J u'): J (57) 

IIocxoJibey wrp11qm aJieueBT (57) Ee ueaser amx np11 3aps.1tonou conp.neau, ro 1113 C- ua

BapllBllTHOCTII CJie,llyer, qro.?OJibKO (56) ,JtaeT BRlla,ll• B qaCTHOCTH, uarpnBUe 3JI8JreHTH ncex 

pa,llllal1ll:011lll1X pacna,llOB necopl!llX ue30HOB Ha nceB,llOCxaJIHPBUe 3aBIICST OT O,llHOH ICOHC?e.ll?H, 

qepe3 ltO?Opj'D Bupa%aDTCS ra:a:e uarHIITBU8 HOU8HTH BeRTOPHHX He30HOB. HanoJmml, q?O B 

yaarapuoH cHwerpuu uarp11qHHe 3JI~uearu paccuarpanaeuux anexrpolllll"HIITHHX pacna.itoB 38.Bll

car OT ,llByx ROHC?aHT ,-s 11: :J' P (cu.rJiaBY Y, n.I, § 2). :II3 (56) CJI8;JtY8T, q70 B Clll(-

1,1erp11ll S 'U..(6) 3%11 KOHCTaHTH nponop11110HaJibHH: 

'i, ~ p 

d' =- V3 :r 
C ,llpyroH cropoHH, yron 

eos & =-

r "'-' - CHellmBaHHS DOJIHOCTbD onpe,lleJISe?CII: 

ii¼ I _&.,;_, -6- =- ff 
Il03?01lY ,lllIS pacna,llOB 'f - II: -

0., - ueaOHOB BUeCTO COO?HO.eHBI 
p 

ti) s 
~ toS &, - j:__ ;.;.. I} 

~ {i., 

q - :r. •ft 
O co-;,7t•r - ~ ,.i,_ 

s 
-1- 1:. c.,str I 

1/i:.. ~r➔ 11•a-
p s. 

_a_ ~-lr -{- ~ c..,~-&-

}1-, ir 
-;::: - (1.Dcos& + !,s ..i...:-,e-) ~..,_,,2y = ~ V6 

:, V6 

(cu.rnany Y, cooTHOmene (I6)) w mceeH 

'\.. - 0 
11f ➔ ,,or -

tl J... .G:. J) 
o<f...,,, zY = -; v~ 2' 

D 

},..~11: 0 0 = cf J 

,, /) 

}~..., zr ~ ,fj a-· 
OrcD.ita cnex;yer, q70 pacna..it 

'f- 7r" "T y 

(58) 

aanpemea, a oraomena nepoaraocrea .JlPYrllX pacna~on 

ll?HOCTII paCna,!ta 

r - H ·= - ue30HOB R Bepo-
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f-----"'JT<o'T'( 

nOJIHOCrLD onpe~eJieHH. 3Haqe1ma arl!X orHomeHmll, a raae ,lij)yrux orHome1m11, ~aHl!liX B ra6-

Jimne I, npe~craeJieHH e ra6Jimue n. 

TMD!!_a n 

OrHomemie eepoarHocrel! .Teopermqecne 3HaqeHma 

( •± " ) w I(~;;,_}( o 0,58 

W ( t•o-', 'n "'• o O) 
wU-"o_-. ~o~ 
w(J±'o- '7t :t.,o r) 

2,32 

w ((-"? 2 r) 
0;36 

w (5*•0-7( "'•· r) 

W(w--ir~) 
9,9 

w ( g :t,o_ '1l±,• a) 

W(w -, 'LY) 
0,052 

W( ~*•"--, 7t *10 Y) 

W ( 1 _., T"Y) 
0 

W(y*•"-, n *,• ~ 

we,~., 2r) 
2,53 

W(ft.'o-, 7t.t,•r) 

§ 3. MeaoH-ClapBOBHOe a ClapHOH-<lapHOHBOe paccea1111a 

Ilpmi:emw: reuepL CIIIJllCerpHD SU(6) K aayqeID!D xeaoH-Clapaosuoro a Clapaou-Clapaos-
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HOro pacceanna. OruerHM npez~e Bcero, qro HHBapnaHTHOCTb im.rpHqHoro aneueHra no orHome

miD K rpynne St( (6) BJieqer sa C060II HHBapHaHTHOCTb OTHOCllT8JlbHO CllHHOBOII rpynnu 

S U.(2), r.e. npaBo~ar K coxpaueHHD nonuoro cmma cncrew qacrnn B nponecce pacce

aHl!a. O~uaxo, B ~ellcTBHreJILHOcrn, nonull cnHH cncrew coxpaHSerca TOJILKO. ecnm op6m-

rax.sull MOM8.BT ,t paBeH ByXD, B COCTOHBHHX C 1, f t> BCer~a l!l!eerca L $ -CBJ!3b, 
---t. ,...,.., ~).t. 

a coxpaHJ!Dlllellca Be=Holl aBxaerca roJiuo noXHHI! uoueH:r J ... \}-- -t !::i • - rroarouy cm-

uerpmD S U..(6) M0%HO Upl!l!eHSITb TOJlbKO K awury~au pacceSHHSI B . $ - COCTOSIHHH. 

Paccuorp1n1 pacceasHe ueaoua H3 35-nxera Ha oopHoHe H3 56-nnera B S - cocroa

HHH. Ma.rpHqHUI! 3JieMeHr, HHBapHaHTHllll OTBOCHTeJibHO rpynnu S l,((6), 1n1eer BB~ 

M (;r-*,;--c; ~ ?,-t- ~) = A,t.. cf:> ,4. Pi; 'If' {c..Dr\ 
f, A- 1/' le.!> CJ 

(
- A- & - e, l't-)-lc,l>E; 

+ A,_ 4? e, pt.·+ cf c: ~ P;, 1l' 1\oE~ (59) 

(
- A e, ll - A-) -{c.PE°j 

T A'J 1?e, cpc, - Pc:~ e, 'II' '4'tA-!>€j 
- A c: - -{.!,PE } 

+ Alt p e, f D 'lf, 'I/' lA C. E j 
B uarpHqsou aneueHre (59) co~epzarca: uarpmqHlll! aJieueur pacceaHHB oKrynxera nceB~o-

cxaxapl!liX ueaosoB Ha oxrynnere 6apROHOB, .uarpnqHUI! aneueHr nponeccoB poz~eHHa Bexrop

HUX Me30HOB H.6apHOBl!liX pe30HaHCOB npR crOJIKHOBeHHH nceB~OCKaXS!pHOro Me30Ha C 6apmo

BOM H r -~· IlOJib3YSICb Bll:p8%em1HKB (!8) H (25) . BOHHOBUX i!>YBlt!Ulll . 1£ : H 1t' t M,1:. j 
qepea BOJIHOBlle il>YBxnHH MyJlbTHnJieroB $ ll (3) (!} S l\ (2), M0%HO nOJiytlHTb Bupa%eHHe 

~Jia uarpaqsoro 3Jieuesra ueaos-ClapnoHHOro pacceaHHa B s - COCTOSIHHH. OruerHM, uo 

B ynrapHOM Cl!ltl.!erpmm CYlltecrByer cen He3aBncmmx awxmry~, a B cll!lll.!erpmn $ ~(6) w 

oeeu roJILKO qerupe. Ha BEpaZeHHa (59) MOltHO noJiyqnrL cJieJlYDll!ee coorHomeHne uez~ au-

MHTY~ ynpyroro paccea11.11 7t ll J< - Jle30BOB Ba nporoHe B 5 - cocroa-

WIH: 

[_Ms(-n+l"_,n+t')-"4}'1tl ➔ 7t.~JJJ= r [M_s(¥.tt ➔ !(.+t)-Ms(i..;,/<~ 60) . 

~ :::: [Ns(i<t,-? 1<:;._)- Ms(k•t-->l<. 0JJ. 
AHaxornqso, uarp11qHUI! 3Jieuesr pacceaHHH 56-nJiefa'Ha 56-Mere B S - cocroa-

HHH HMeer BIi~ 

j\,\(s-' -t t"' _, S-' + lb) = 

l-fA-P,d -!EF<$l 
A~ 11' (.() 1,H,c:}~J 'If' (.t.) 1l?F6l.t) 
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~ -{!:F-~)r J 
- ~lA-0<-)(~) '4'lA--P.,<:}(.t.) 'If ,~) 'f'leF--tqC-0 

+ A-,_ L -{ A-Be.\ . - l9ff} 
11' (-l) 't/'l ~ (.\) 'If' (.t.) 1/'l \ l.t.) 

. A-e, D J c. t F- J 

'lj'l~(.\.\) 1t{M>D3(1-ftt"lD€Fj(.t) 'lf[cFFJc-0J .(6!) 

3,1teco n11~pa I 11 2 OWII! BBe,1teHa JtJIS roro, qroOa pa3Jmql!tL roz,11ecrBeHHHe qacr11na. Tpe

OoBaHHe np11Hmnta IJayu yqnaBaercs np11 noJiyqeHH11 :uarplflluoro ueJCeura (6I). I10,1tcraBJ1.11S 

B (6!) BHpaz8Hl!8 (25) ,ltJIS BOJIHOBOJ! ~YHXIIJIII! 'If t A-~C. \ , Im JCOJ:81( nOJiyqBU ·Ka?plfllHHI! 8lle

K8HT HYJtJIOH-HyltJIOHHOro pacceSHl!S B s -COCTOSHl!I! B noxa3ato, qro B Cllllllle?pD 

s 1..( ( 6) aimJraTYJtH pacceSHBS uel!tpOHa Ha nporoue B COCTOSHl!SX i. s O B ! s ,t_ COB

na.xa11r: 

M !.so ( "'t ..,, "-t') = M~ C--t ~ ""t) 
S1. 

(62) 

Pe3yJILtara ~30Boro aHaJmM ey1tJ10H-HYltJIOHHoro paccesu11s noxa3HBaDt, qro B oOmctB auep

rHll Ot IOO M3B JtO _400 M3B COOtHOmeHHe (62) xopomo corxacyetcs c OIIHtOJC. 

B 3altJlllqeHHe omeuu, uo noc1toJILey c1111111etpHs S IA._(6) tpeOyer coxpaHeHHs no.11-

uoro cnHHa, ro ee oomcrL npmeumoctH Beco:ua Orpa!IJI'leua. Tait, uanplll[ep, oua uenpoe

Hl!ll'.a It H3yqeHHD pacna,ltOB OOpBOHHilX pe30HaHCOB, pacna,JtOB B8ltt0pHHX K830HOB B t.,lt. l!Jlll 

B3yqeHBS 3tBX pacna,JtOB HeOOXOJtHl(O nocrpOl!TL teopHD, ltOtOpas n03BOJIIIT y,iecro 

L $ - CBS3L. 

m. B03JlOJmHE IDITEPIIPETAUIUI Cm.mETPJm 5 IA_ ( 6) 

§ I. CHJCll'.etpliIS s U.(6) Kalt )Q!H8.ilH'l8CltM CHJCll'.etplIS 

OOcy,1tl!l.l renepL Bonpocu, xoropae xouua OHTL pemeua, ec.112 npex.11ozeuuas cmoietpus 

SU.(6) sB.11sercs uexoropol! Jtl!HaJCl!qecxol! cHJC11:erpnel!, Bo-nepBax, reopzs cllDlllerpo Sl..{(6) 

SBJisercs uexoBapnauruol! reopHel!. le.110 B rou, qro rpn cnnuoBax oneparopa 5" 1-= e ~/"' . 
CS"',r.. , ... ·, f, 4.. c I,2,3, BXOJtSlllliie B qncJio reueparopoB rpymru: S \,{ (6), 

sBxs11rcs JIIImL rpeus 1towoueuraJC11 aHrHcHJC11:erpnquoro reusopa Broporo paura ~v B npo

crpaucrBe MHu1toBc1toro t'--, ~ = I,2,3,4. IIpu npeoOpa30BaHH11 nopeuna xaxxas 1towoueuta 

°''i 11:ozer npeBP8J1!atLCS B Jil!H8l!HYJI ltOll'.Ol!HanHD Bcex ltOJ.lllOH8Ht ~v • Iloarouy 
reopns Oyxer 1toBap11aHrHoM · tOJIL1tu ecxn rpynna c11D111erpu·oy,1tet coxepmrL, HaPSJtY c oj, 
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Bee 1tow0Heura ~~ • Bo-Bropiix, B nponeccax pacnaxa, paccesuHs n pozxeuHs qacrun 

LS - CBS3L OJta3HBaercs BeColla. CYJiteCrBeuuon. Iloarouy ueooxo,1tl!ll:O. nocrponrL reopRD 

peJISTHBH3Hp0BaHHOll CIDll[etpnl! 5 L~(6) raK, qrooa oua n03BOJIH.lla yql!tliBaTL ary CBH3b, 

B rperonx, uaxnq11e pa3unnu :uacc qacrzn B Kall:JtOM Jl'.Y.IILtHnJiere rpynnu $1,{(6) no1ta3UBaer, 

qro c=erpHs · SU.(6) uapymaercs. Teopzs pexsrnBH3HpOBaHHOll uapymeHuon cnwerpl!II 

S'\A(6) xo~ua raitJ:e no3BOJIHTb 00$HCHHTL pac~enJieHHe :uacc qacrnn B ItalltJtOII'. ~Jtornnxere. 

3r11 Bonpocu Oyxyr oOcyxxarLCH BO Bropoll qacrH aroro UIIltJla xexnHll, nocas~euuon H3yqeHIID 

H81tOll:Ila1tr_HHX rpynn CllW8Tp1!1!. 

§ 2. Cllllll.!etpl!H 5 t{ (6) II 11'.0)teJIL 1tBap1tOB 

0.JtHIDl 1!3 BaxtiliX pe3yJILtaroB c=etplIII ~tl(6) sB.11sercs npexcmsauze oruomeuns 

lla.rHIItHllX uoueuroa nporoua II uenrpoua. 3ror pe3y.11Lrar raitJ:e 11:oJ:Ho·noJiyqHrL B paKitaX 

ll'.0,lt8JIH 1tBap1tOB. Ilpe,ltilOJIOm, qro OapHOHli n OapHOHHlie pe30HaHCli 1!3 56-nJiera oOpa3yDTCS 

n3 rpex 1tBap1toB, uaxoxs~xcs B S - COCTOSHHH, npHqeu noxuae BOJIHOBUe ~YHitnlIH 3TBX 

Cl!CT811'. rpex ItBap!tOB Cl!J(Me"rpHqua OTHOCl!T8JILHO nepecraHOBO!t 1tBap1tOB. IIOCltOJiolty yunrap

uae BOJIHOBHe ~YH!tIU!H qacrnn H3 ,1texyn.11era Cl!ID,{8TplfllHH no yuHrapHlll,I HH,lt8ltCall'., TO OHJiI rax

J:8,Clll(l(8tpnqua no cn11u0Bma: nuxexcau, H 3TH qactlllU,l H11:e11r cnnH ~. Auaxornquo, qacr11nu 

H3 oxrynxera SBJISDtCs cocroaHHaw c nOJIHlll,I enauou l. Ilycro ItBapm l!llBDt 3apsJtU ~, 

- j, - j• H3 YHHtapHOi Cl!J(J(8Tp1!1! CJI8,lty8t, qro HX JrarHHtHHe KOK8HTH paBHli ~ J" , 
- j J , - l.r· , rxe -:_/""- - npOH3BOJILHaH ltOHCTaHra. ECJIH ltBapltl! Hll:8DT TOJILitO JtHpa-

. ~ 
It~Bcltlle lla.rHHTHHe 11:oueuru, ro f = ~ , rxe I.! - xacca ItBapm. Paccuorpl!ll 

a-_ rHnepoH. Oa 00pa3yercs H3 rpex )\. - ItBapxoe c xaruarum.i 11:oueHrou - j 
CoerosuHe n- - rnnepoua c npoexnHel! cnnua + ~ rorxa orozxectBJIHercs c cacreuon, 

B 1toropoH eee }l - 1tBap1tH HYeDr npoe1tn1I11 enzua + l II c.11e.1toBareJILHO HX :uarHHTHHe uo-

11:euru eMaJtUBaDrcs. Taltl!u oOpa3ou, uaruzrHul! 11:oueur n-_ rHnepoua no aOcOJIDtHott Be-

JIHqHue paaeu .fl a Hueer raxon ze 3Hax, qro II ero.3apa,ll. !Haxor1Iquw 11:eroxoK uozHo 

BH'IHCJIHTL :uarHl!THH8 J(011'.8H?li nporoua, uel!TpOHa H ,1tpyrHX qacrHn, a,raitJ:e ltOHCtaHTH ,llH

nOXbHHX 1.1arHHTHHX nepexO,ltOB 11:ez,1ty eoeroSHl!Hll'.I! Oapl!OHOB H OapHOHHHX pe30HaHCOB, 11:8:IJtY 

eocrOHHIIHll'.liI nceBjOCitaJIHPHUX H Bexropuux ll'.830HOB I! t.,lt. lJIS nporoua H aenrpoua Im noJiy

qJ!II'. J"-t= J" , J\..,= - ~f H, cxe~oaareJioHO, J<t-(J-<.., = - ~- Booo~e roBo-
ps, aee npexcm3aHHH ClllllletpHH SU(6) 11:ozuo paecuorperL Eait CJI8,llCtBHs cocraBuon 11:o-

Jt8JIH aJieueurapuux qacrHn, B xoropon Oapzouu n OapHouuue peaouaucu oOpa3YJITCH n3 rpex 

KBapltOB, HaXO,ltH~xes B S - CO~TOHHHH, a nceB,ltOCKa.JIHPHlie H B8ltTOpHH8 ll'.830Hli oopa-

3YJ)TCH 1!3 ItBapm II aHTliIItBaplta B s -COCTOHHHH, 
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Ol'lleTIIU, QTO B paccMaTpHBaeyoff YOlenu YOZHO BUQHCRHTb He TORbKO OTHOmenHe MarHHT

HUX YOYeHTOB npOTOHa H HettTpOHa, HOH EX aOconDTHue 3HaQ8HHR. Hanplil.lep, YarHHTHHff YO

MeHT npOTOHa paBeH f . EcnH ltBap1t11 EYeDT TORbltO lHpaltOBCKHff YarHHTHHff YOYeHT, TO 

J"- = ;M . IlocxonbKy uacca KBapKa M , nO-BE~uouy, Oon&maa (no KpaffHett uepe 

ropa3l0 Oon&me ! MN , rle MN - Macca HYMOHa), TO YarHBTHHff UOMeHr npOTOHa 

'2. lOlleH 6UTb CYJ!teCTBeHHO YeHbme 3KCnepHMeHTaRbHOro 3HaqeHBR 2,79 ••• • TaKRM oopa3oy, 
~'~N "/ 

QTOOu nonyqBTb 3TO 3HaQeHBe MarHBTHoro YOUeHra nporoHa, Uhl lOJD:HU npelnOnararb, QTO 

MarHHTHUe YOMeHTH KBapKOB CYJ!teCTB8HHO Oon&me BX lHpaKOBCKBX uarHETHHX YOMeHTOB. Eoronn

OOB, CTpYl(l!l!CKRff B TaBxenBl3e paccuorpenB BOnpoc O YarHBTHOM MOMeHre KBapKOB H Il0Ka3ana, 

QTO KBapxu B CBR3aHHHX COCTORHERX HM8DT 3qxpeKTEBHHe MarHHTHUe YOMeHru, cymecrBeHHO npe

BOCXOlRJlllle 3HaqeHHR BX MarHHTHHX YOYeHTOB B CBOOOlHOM COCTORHHH. B qacrHOCTH, YarHHT-
HUA uoueHT nporoHa uoxer 

MarHHTHUe MOYeHTU j ;M Oun paBHW , 2, 791/ LM rJ , la.J:e ecnu CBOClOlHUe ltBap1t11 HYeDT 
I -e. I e 

' - J' :ZM H - J' ~ ' COOTBetcTBeHHO. 

Rax ClllJIO OTYeqeHo, QTOClu OCll,/ICHHTb npelCKa3aHHH CIIJ.!YeTpBB S ti (6) B PaMKaX KO-
leHB KBapxoB, HeOClXOlHYO npelDOROXHTb, QTO BOHHOBUe ¢YHXQRR ClapHOHOB B ClapBOHHHX pe3o

HaHCOB Kalt CBCTeY tpex KBapxoB CHWerpHQHU OTHOCHTenbHO nepecraHOBOlt ltBapxoB. C lpyron 

CTOPOIIH, ItBapxB HYenr cnBH !, T.e. HBHHDTCR ¢epYH0HaYH. TaKHY OClpasou, ecnH· KBapKH cy

mecTBYDT, TO OHH He DOlQHHRDTCH OClUQHOff CTaTHCTHKe ipepi.qr-lBpaKa (no xpattueff uepe, ltOrM 

OHH HaXOlHTCH B CBH3aHHOY COCTOHHBB). B rzaBe fil Ouzo nOKa3aHo, QTO UOXHO DOCTpOBTb uo

leHH YHHTapHoff CHYYerpHB Cle3 lPOClHHX 3apHlOB H Cle3 lPOClHUX ClapHOHHHX QBCez. B OlHOff H3 

TaKHX M0l8Heff Bee qaCTH]lH OClpa3yntca H3 Tpex ¢YHlaM8HTanbHHX TpHnHetOB. B pauxax 3TOU 

MOleHH YOXHO Taae DOHy,IHTL Bee npelCita3aHHR CHWeTpHB SL{(6). IlOCKOHblty ClapHOHH 

H ClapBOHHUe pe3oHaHcu RBHHDTCH CHCteYaYH rpex ItBapltOB B3 rpex pa3HHQHl,!X TpHnHeTOB, TO 

3leCL yxe He cymecrByer Bonpoca o ctaTHCTHxe XBapxoB. OlHaKo, B laHHOM czyqae, xpoue 

B3BeCtHUX KBaHTOBHX QHCez, llhl l!lleeu eme OlHO XBaHTOBOe QHCHO - cynepaapHl Z:- , KOTO

poe YOXeT He coxpaHRTLCH TOHbKO B cnaoux B3al!M:OleffctBHRX. li3BeCTHUe ClapHOHH, M830HU H 

pe30HaHcu Huenr HyneBott cynep3apHl. B npHHQHne l0Jllll:HU cymeCTBOBaTL Tane qactHQU C He-

HyneBHllH cynepsapHlaID!. EcnH paCCMaTpHBaTb COBOKynHOCTb Bcex ClapHOHOB C 

npHMep, TO no KpaffHeff Mepe OlBH H3 HHX lOJIJieH ClUTb craClHRbHIDI no OTHomeHHD K CHRbHUM H 

3zexrpouarHHTHUll B3aHYoleffcTBHHY. EcnH cynepsapal He coxpaHaeTca B cnaoux B3aHMOleilcTBH

ax, TO uacca 3TOro ClapHOHa lOBHa ClUTL ClOnbme MaCCU npOTOHa, TaK KaK B npOTHBHOM cnyqae 

npOTOH pacnalaHCH Ou Ha 3TOT ClapHOH H napy nentOHOB HRH Ha 3TOT OapHOH H ¢OTOH. Anano-

z: = I, Ha-

rHqHo, cpelH Ye30HOB C i:. = I, Hanpuuep, lOJIJieH cymecTBOBaTb no KpaffHeil uepe OlHH 

Me30H, xoropua MOXeT pacnalaTbCH·TORbKO no cnaow B3aHMOleilCTBHRM. TaKHe OapHOHU H Me-

30HU MOXHO OOHapyxHTb B aHHHrHHHQHB napu npOTOH-aHTHnpOTOH, ecnH HX MaCCU OTnuqaDTCfl 
o:r uacc oCluqHux qacrun c * = o. 

2.34 

• 

IY. KlIACCJiipmtAillffi HOBHX J.IE30HHHX R EAPROHllliX PE30HAHCOB ITO Bl:ClllIDI 

IlPFJ!CTABJmlllIDI l'PYIIIIH $ 4 ( 6) 

§ I. Me30HHHe pe30HaHCU 

B Hacrosmee BpelQI axcnepHYenrou Ounm oOHapyxeHH HeKOTOpue Ye30HIIHe pesoaaacu co 

CDHEOY H qerBOCTbD 2+ (cu.rnaBy m, n,rr, § 3). Paccuorpu'u renepb B03ll0%HOCTII KHaCCH¢HKa

HHH 3THX Ye30HHUX pe30HaHCOB no HenpHBOll!UHll npelcraBneHHHll rpynnu 5 l,{(6). Rax H3BeCT

no, no OTHOmeHHD x cnHHOBOff rpynne S U(2) BORHOBUe ¢YHKHHII qactHH co CIIHHOll 2 HBRH

DTCH cnHHOpaYH qeTBeproro paara. Ilocxonbxy cnHHOpn paara 11eHbme qerupex rpynnu S L{(6) 

He YOrYT COlepxan cnHHOpH qeTBeproro paara CDHHOBOU nolrpynnu S l,{ (2), TO B CUIIO(et

PHII $ Ll_ (6) 11e30BHUe pe30HaHCU co CIIHHOll 2 uoryr on11cnsanc11 TOUXO CnHHopaim qeTBep

TOro paHra UH BUClllllX paHrOB rpynnn SU. (6). B pauxax llOJ{eJIU KBapKOB 3TO 03Haqaet, QTO 

'laCTH!lH co CDHHOY 2.MOrYT ClUTb paCCllOTpeHU TORbKO xax CHCtew, COlepxamHe He YeHbme qe

Tupex ~YfflalleHtallblIHX ~epYHOHOB co cnHHOY I/2 (xBapKOB H aHTHKBapxoB). 0TMetllll, QTO 11ex

,:y CHMYeTplleff S lA_ (6) H YOleJlbD KBapKOB cymecrsyer cne,llyl)~ee COOTBeTCTBHe: lle30HHUff 

35-nJieT, OnBCUBaewa CIIl!HOpOY c 0,lt!IIUl BepXHHY H 0,ltlllll'.l HDIIIUl IIHleKCaYH 4' : , xa

paltTepH3yeT COCTOHHBR cmcreu, COCTORmHXCJI 113 OlHO.ro KBapxa II OlHOro aHTIIKBapxa, a. ClapH

OHHHU 56-nJiet, OnllCUBaewn cnHHOpOll c rpellH HHXHIIUH IIHleKcaim, xapaxrep113yeT COCTORHHH 

CHCteu H3 rpex ItBapKOB. I'pyClo ronopa, Ka%lllff HHXHIIU HHleXC COOTBetCTByeT O,lt!IOyY KBapxy, 

a BepXHHff - aHTHltBapxy. EcJIU COxpaHHTb 3TO COOTBetCTBHe II J{JIH ·lPyrHJC yYRbTl!IlJietoB, TO 

B CIIUY8TpHII S L(_ (6) ue30HU BCerJ{a ODHCHBaDTCH cnHHOpaYH C paBHmm· QHCJiallH BepxHHX H 

HHXHHX IIHleKCOB, Tax Kalt OHB uoryr ClUTb paccuorpeau xax COCTOHHIIH CHCTeY, cocrosmux 

113 paBHHX QHCeJI ltBapKOB H aHTHKBapxoB. TaXltll 0Clpa3ou, lRH KMCCH¢11KaQIIH ue30HHHX pe30-

HaHCOB co cnHHOll 2 B CIIUMeTpHH SL,{_(6) HeOOXOlHYO paCCYOTpeTb CIIl!HOpH qerBeproro paH

ra, 2 pasa KOBapHaHTHHe 11 2 pa3a ltOHTpBapHaH?HUe HJIH CIIl!HOpu paHra 2 f' , t- > 2, 

t pa3 XOBapHaHTHUe H t' pas KOHTpBapHaHTHue. CymeCTBYDT cnelYl)llllle HenpHBOJ(l!l[l,le 

cnHHOpu Q8TBepToro paara, 2 pa3 KOBapHaHTHUe.11 2 pa3 KOHTpBapuaH:rHue: 
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(A&) . 

<£ tc.oJ 
l A-e,j 

cp lc.r>j I 

[A e,) 

<£ tco ~ 
{AB} 

cf" Le.OJ .,,,I 

np11qe14 mnypu 3TltX cnllBOpOB paBB!I HyJID 

in LAP.>) - ~ tA--ei} -
1'.. LA-DJ - \A-l>j -

(A-P,J 

1? lA-Dj ,,__ 
l_A-e, .J 

~ (.,4-D_J =- 0 

cMn tA-&j tA-&J 
Cn11Bopu P l.<-PJ 11 .if lc..P J coBna.i,;aD:r co CBOl!llK KOHrprpa.1t11eB:rBmm, a ~ lc-o \ 
11 cf ~\";J KOB:rprpa.1t11eH:rBH ,Jtpyr K ,Jtpyry. C .qiyrolt c:ropow, qa~nl!H II am:11qac:r11IU,1, 

Booome r0Bopa,np11~eza:r KOB:rprpa)ll{eB:rHw .ltPYr K .1tpyry npe.1tc:raBneB11Jllf, a c~ec:rBOBaHHe 
.;;;- LA-&J l.4BJ qac:rH!l ueqe:r :ia coOolt cymec:rBOBaH11e aB:r11qac:r111l. rro:i:rouy ':f! 11 ~ l .JtOUBH 

{.c.r>j coJ Oll?b paccxo:rpeBH 0,JtBOBpeueBBO. 

1Io.1tcqa:raeu :renepb qacno He3aBIICl!ILllX xoxnoBeH:r paccua:rpHBaell!IX cn11BopoB qe:rBep:roro 

paHra. O:rue:rKU, q:ro c~ecnyD:r G(~+I) ~ 2I pa3JIHqHaa CKWe:rp11qHaR napa 11H.1texc0B lA-~}, 
6
(~-I) = IS pa3JIH'IHIIX aB:r11cKKUe:rp11qB11X nap HBJtexcoB l A-6 J • 1Ioa:ro111, ecna Ou mnypu 

;i;LM,J ;i:;{A-,;~ ;i;:;-U&J ;J;lA-&j 
cnHHOpOB ':t'. le.DJ , ':I'.' lc.D \ , '±: l<-D 1 It :c l cp.J O!IJIII npo113BOJlbB!IKli, :ro OHll 
KMeJUI 6!1 I5xI5=225, 2Ix2I=44I II I5x2I=3I5 Be3aBltCllll!IX ltOIIIlOBeu:r, COO:rBe:rc:rBeBBO. Pac-

;;;l4-P.,) lA-8j ~ LA-"->J cuo:rpKU ;enepb 11X mnypll no OJtHOlt nape IIH,Jt8KCOB: "f lA-DJ , p iA-D) , 'j:'. {A-DJ It 

P ~~ • IlepBBe mnyps BBJIBDTCB CilHBOpauit C OJtBIO( BepxBitU It 0,ltBltK BUBltU HB,Jtexcrum. 
0Hlt DeD:r 62 = 36 H83aBHCllllllX ltOIII!OBeH:r, 11 yCJIOBltR 

1:.46] 
p [A-DJ = 

p {A-1',) 
{A- p j = 0 

l,M3] lA-f>J 
an1tBaJ1eB:rw .36 ypaBHeB11au. CJ1e,I10Ba:reJ1I,HO, CnKHOpB p l.c:. 

0 
J H '£ lo J c ByneB!IUli 

mnyprum ltKeD:r 225-36=I89 H 44I-36=405 He3aBltCltllllX KOIII!OHeH:r, COO:rBe:rc:rBeHHO. qro xaca-

e:rcs mnypOB q> l..A-e,) It <p {A- e,; , :ro OHi! HUeD:r 35 He3aBHCl!lCl,IX KOKnOHeH:r, :rax 
- lA-Jl\ - [AD) .xax paBeHC:rBO 

LA- &J 
p \Al,~ = 

f,H,~ 
<£ l,H,J = 0 

lHJ - 1A-aj · 
BHnOJIHlle:rcs aB:roua:r1tqecn. CJie,ll.oaa:renbHD cn1tHopu P ¼c.1>~ 11 'f L coJ c HyJieB!IUli mnypa-

KK lllleD:r 3I5-35=280 He3aBHClill!IX KOlmOHeH:r. Ta1t11u 00pa3ox,. B paxxax :reop1tH CKKUe:rpltlt 

Sl,\_(6) ue:ioBBHe pe30HaBCH 2+ xory:r npHHa,JtJiexa:rb :roJlbKO I89-nne:ry, 405-nne:ry, 

(280+280) - nJie:ry IL1ll'I MyJlb?ltnJie:rau c OoJibmmr q11cnou xoimoBeH:r. 

MoxHo noxa3arb, q:ro paccua:rpanaewe IQ'Jlb:r11nxe:ru rpynnu c; U(6) co.1tep3:a:r CJieJ!YJ)-
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~ lltll8 yBll:rapB!18 liyJlbTl!IIJie:ru: 

(I89) = (I.5) + (8.5) + 2(8,3) + (I0.3) + (I0.3) +(I.I)+ (8.I) + (27.I), . 

(405) = (I.5) + (8.5) + (27.5) + 2(8.3) + (I0.3) + (I0.3) + (27.3) 

+(I.I)+ (8.I) + (27.I), 

(280) = (8.5) + (I0.5) + (I.3) + 2(8.3) + (I0.3) + (27.3) + (8.I) 

+(IO.I)+ (IO.I) 

(63) 

(64) 

(65) 

3:ra MyJlb:rHnneru COJtep3:ar yBHrapuue .1teKYUneru (H conpaxeHHHe ,JteK~neru) H 27-nneru, 11 

CJl8J{OBareJibBO H30ronaqecp1e MyJIUHnJie:ru C T = 2, 'j = o, T =· ~. Y = ,:t I, T = I, 

y = .:t 2, T = O, Y = .:t 2. PaccMo:rpKM :raxue H30:ron1tqec1t11e MyJIUHnne:ru co cnHHauH 11 

qe:rBOC?JIKII o+ H 2+. ECJIH HX KaCC!I 60Jlbme cyuu uacc ,JtByx COO?B8?C?BYDmHx nceBJ{OCxaJIRp

BHX K830BOB, :ro OHH BllrJIR,JtB:r KaK pe30BaBCll B CliC?eMax ,JtByx nceB,JtOCKaJIRpBEIX 14830BOB: 

-t K+:rr.-t }<•7t- v-tJ<_-t J<-+Ko 
-,r_-t?[. I ) 1' .I • 

/ 
I 

3TH pe30HaHCll uory:r 6H?b OOHapyxeH!I B npO!l8CCax 

rct- + f" -? 'Tl .. -t Tt +1- >1-

• I 

7(- -t- r-- . -::-., J<. + 7[- + - z+ 
t / 

K+-t r- - /<-t7t+-,t- I'\,,; 

~tf r- -? 
µ.+-1- /(.+t Z: o{ ,Y.1 

+ W'+ 1<"-1-z:.+ 
I'--- -t r- -:> . 

lJill ,JtaJlbH8Hfil~H
0

npoBepKH Clll!lle:rplill St( (6) oOHapyxeBne :raKHx pe3oH.aHCOB oxa311aa_e:rcJ1 

B8CbKa Ball:R!IM. OTMeTIIM, qro B nOCJl8,JtH8M npo!lecce Clic:reua /( + KO ~oxe:r Haxo.1t11nca B 

coc:rol!Hnax c T :, o 11 T =_I. 0.11HaKo O.JtHOBpeueHHOe 113yqeHHe .JtByx ncicJie,JtHHX npo!leccoB 

no3BOJIIIT c.nenan :ia1rn1J<1eH11e oo 11:io:ron11qecKou cn11ue pe30BaHCOB cnc:rew 1<+ /<. 0 
• 

Hapll,lty c ue30HH!IKII pe3ouaHcau11 2+ 11 o+ paccuaTpHBaewe uynunnne:ru rpynnu $ 4 (6) 

COJtepxa:r TaKZe M830Hll co cnHHOK II qerHOC?blJ 1+. 3:rli M830Hll He uory:r pacna,JtaTbCll Ha ,JtBa 

nceB,JtOCxaJillPH!IX K830Ba, a pacna,JtaD?CB Ha :rpn nceB,JtOCxaJillpH!IX HJ!li nceB,JtOCxaJillpH!llt ll B8K

:ropHlll1 K830Hll. C~ec:rByD:r, KOHeqHo, :raue liX 3JieK:rpouarHH?Hll8 pacnaJ{B Ha nceB,JtOCKaJillp

BHH K830H li ~OTOH. 'B ,JtaHHOM cnyqae 4,a30B!le oO~ew ,llJIR 3Jl8KTpOuarHHTH!iX pacna,JtOB c~e-
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CTBeHHO 60Jlb~e qia30BUX 06~ellOB ,JIJI/1 pacna.itOB 3a cqe? CllJlbHUX B3alll(O,llellc?Bllll. Il03TOl.ly_ 

OTHOCH?eJlbHUe BepOHTHOCTH 3JieKTpO:&ra.rHllTHUX pacna,llOB Bena1t11. 

YKaJ:el.l e~e Ha 0,JIHO npe~eCTBO 3KCnepRYeHTaJ!bHOro ll3yq8Hll/l PaJ!Ha.!1HOHHUX pacna,110B 

1.1630HOB 1+. PaCCI.IOTpll!.1, HanpHMep, pacna,11 HeKOTOporo Me30Ha 1+ Ha nceB,llOCKaJIHpHult ll BeK

TOpHUlt ll830HU. MaTpllqHUlt 3Jiel.leHT 3TOro pacna,11a 3aBllCHT OT ,llByx KOHCTaHT ll HMeeT Bll,11 

r,11e 

CaMII 

paBHa 

M(A-->VP) J .. ~C11Jce(9._) A/;)+ ;;. ... v,_c, .. J~C1,.)A,,(r-) ',. ti 
1 

~Cr,), 

t ' 
\Le~.) II Cf('\._) 

-&.-:. ~•-'\'-I (66) 

- BOJIHOBUe ¢YHKUllll Me30HOB 1+, 1-, o- C m.myJib-,, ' 1 L ll lra.CCaMH M, ,.,,, ' ..,.,_ ' COOTBeTCTBeHHO, a BepOHTHOCTb 

w(A -) vP)-==- ~ V ,,,,."4.- ..... ;-
~ -~-JtfTj M 1 /'vi.,_ ,t 

( 
.._. __ .... ).1. 
~~-~ 

H. 't 
~ 1,~tlJ.+ ( M ~ ..,,t-- w,.,_'-) .l..J 
( A fv\ '-'M; 

.t. J... M - ~'WI, - ...,.,_ / . t.. t.. ._ ._ 

[ 

( 
A.. .. '--)~ 

+ 161..\ M - ~...,.~.,,,.1,')-t- "'- J [M -J...(,.,.,..;\,.,.,_'-) + ('WI, -w..._)J 
)t.,,,• M"--

n .., [ t.. z... (M ~3.,,-'- ..,,.).,_ t.. .i.. '-
+ ,._ Njt.:J.,. M - .t( ..... 1-,.,,t) + ' - .,_ + ( .... - ""'.i.) 

Jt-...,~ 1-1.t. 
(67) 

_ ( 1-1~3..i. ~ ... /) ( M~...,,-t_~'--) (..,,-t._..,z) J _ 
.ltM t..""/°· 

Il3 Tpe60BaHII/I llHBapHaHTHOCTll OTHOCH?eUHO rpynm,1 S 1..\(3) 1.10:1:HO IlOJiyqllu COOTHOmeHH/1 

Ye~ KOHCTaHTallll '.h. ll ~ MH pa3JI:nHUX pacna.itoB. 0,11aaxo, nocxonxy 1t11He:&ra.TJI'lecKHe 

1toaqxjl11n11eHTU npa I~, J .l.. , I }.1..I .t. H 11..t. ~,._ ~: B BlipaJCeHo BepoaTHocu1 pacna~ 3aB11cu 

CJIOll:HW Oelpa30I.I OT lra.CC qac?11n, TO lf3 COOTHOmeHllll Ile%~ KOHCTaHT&m J .. II }.t. ,llJl/1 

pa3naqHux nponeccoB HeJib3/I IlOJiyirHTb npOCTUe COOTHOmeHll/1 Ile~ BepOHTHOCTm.m. leJIO Oel

CTOIIT COBceu llHaqe B CJiyqae Pa.itHan110HHUX pacna.itOB M830HOB 1+ Ha nceB,llOCKaJIHPHUe l.1830HU 

R¢0TOHU. B CHJiy !tanHClpoqaoa llHBapHaHTHOCTH lrATPH'IHUA 3JielleHT lta.%JtOro Ta1toro pacIIaJta 
3aBIICHT OT 0,llHOD npOll3BOJlbHOlt KOHCTaHTH 

M (A- ➔ rr-J := J- ~C,) .e.,J -f..) l 1.r- A.,Ct) {11 - A_,._crJ ( 1J.) J 
BepO!!THOC?b paBHa 

w CA- -'J p y) = I ttl 2.. 

j~ 7( 

( M.t_.,.. .... )'' 

M!.> J 
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(68) 

. (69) 

T 
j 

r 
I 
I 
I 

i., 
I· 
I 

, r,11e M ll ""- - uaccu Jle30HOB 1+ 11 o-, COOTBe?CTB8HHO. TaKHM oelpa30M, ll3 COOTHOmeHllll 

1.1ex,11y KOHCTaH?aJ,111 pacna.11a, BUTeltaD~ ll3 YHll?apHOlt Cl!l!Me?pllll, MOXHO noJiyqllTb npOCTUe 

COOTHomeHll/1 Melli:~ BepOHTHOCTfilll!. 
I 

WOPMYnR (63), (64) 11 (65) noKa3UBaDT, xaue J,iyJlbTllnJieTU no,11rpynnu Sl,l(3)@SUJ2) 

co,11epxaTCH B. paccimTpHBaeLl!lX MYJibTllnJieTax rpynnu SL{(6). 0,11Ha1to, 1ta1t Cluno OT1.1eqeHo, 

nenb pe~KUllll Stl.(6) ::::J .SU.(3) © S U...(2) l!BJIHeTcl! He¢113Hqec1to1t, a ljlll3Hqecxolt oita

·3uBaeTcl! nenb S ~ (6)'.:::, SU.(4) ® S ti_ (2). Haelm1,11aeuue qacTHUU ·ll pe30HaHcu ,11onHu 

npHHa,11nemu onpe,11eJieHHUM HenpllBO.JlllWM npe,11cTaBJieH11!!1.1 no,11rpynnu S tf (4) ~ SI.( (2). 

Kax H B cJiyqae pac~enneHlll! 35-nJieTa rpynnu Stl_ (6), MHorHe'- cocTOl!HHll, np11Ha,11Jiexa~11e 

HenpllBO.Jlll!IUI.I npe,11cTaBJieHlll!M SIA.(4) (;) $ tl..(2), l!BJI!ID:rc11 cynepno31tUHell cocTOl!Hlllt pas_

JillqHux YHllTapHUX !lyJlbTHilJI8TOB. lmaqe rOBOpH, 3,118Cb npOllCXO,llll:r nponeccu CMemHBaHlll! qa

C!llU ll3 pa3JillqHux YffllTapHUX JIYllbTllilJl8TOB C 0,llHlll.l ll Tel.I ll:8 CilllHOU. CpaBHllBal! pe3yJibTaTU 

nenelt pe,11y1tUHlt $~(6) . .::, Sl.{(3) © su_c2) H ~{,(_(6)=:>$ U.(4)& $L(_(.t.), 

I.IU 1.10%81.1 onpe,11eJillTb yrJIU CMemHBaHlll! ,llJll! 3TIIX COCTO/IHlla. 3Hal! yrm CMellll!BaHlll!, MOKHO no

JiyqllTb MaCCOBUe ¢opuyJIU ,llJI/1 qac:r11n C 0.JIHIIM ll T8M ll:e CilllHOM, a :raue COO?HOmeHlll! M8X.11Y 

BepOl!THOCTl!J.lll pacna,11a 'laC?llU B pacc11a:rp11Bae1.1UX l,iyJIUllilJie:rax. 

§ 2. EapllOHHUe pe30HaHCU 

B rJiaBe ill 6UJia npe,11JioxeHa rllilOTe3a o c~eCTBOBaHllll OKTynJieTa 6apROHOB co CilllHOM 

ll qeTHOCTbD ~ -. PacCMOTPIIM Tenepb B!tpaTne B03J.!Oll:HOCTb KJiaCCH¢llltaUllll 3TllX qaCTllU B 

clll.ll.le?pllll $1,\(6). HaHueHbmllM MyJiullnJieToJ.! rpynnu S U(6), co,11epxa~ a:ro:r yHHTapHult 

llYJibTllnJie:r, !IBJI!leTcl! 70-nJiet, EOTOpult pac~enJil!eTCl! Ha CJI8.JIYD~e MYllbTHnJie:ru no,11rpynnu 

s u (3) (;) S4 c2) 

70 = (8.4) + (l.2) + (8.2) + (10.2) (70) 

3:rOT MYJIUllnJieT OnllCllBaeTCl! CilllHOpOll Tpenero paHra 'lj'{A-{!>J<J rpynml S,t.f(6). 3,11ecb 

Taltllte npo11cxo,miT nponecc Cl.18llll!BaHlll! ll8ll:.JIY CRHrJie:ro1.1, OKTynJI8TOI.I R ,11eeynne:ro1.1 co CilllHOll 

~. Hsyqaa pac~enJieHHe 70-nJieT Ha llYJIUHnJieTu no;11rpynnu .51,,{ (4) ~ St.((2), uu uoxe1.1 

onpe,11eJillTb yrJIU CM8llll!BaHlll! ll,cne,110Ba:reJibHO,nOJiyqHTb MaCCOBUe ¢opuyJIU ,llJll! qac:ran co cnll

HOM ~ B ;11aHHOll ll:yJIUllnJieTe rpynill,I S t{(6·), a Taue noJiyqHu COOTHOmeHHH ll8ll:.JIY Bepo

/lTHOC?lllll! pacna;11a 3TllX qacTllU. 
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