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BamaK~se ill.l1. 
CynepreoMeTpHH ... 

HCCJie)lOBllHHH ,I:(y6aa,199~ 

( 

npo6neMo KOBOP~OHrHoro KBOHrOBOH~H crpyHH~X MOAene~ rp~Ho-Wsapua 

HBnHerc~ OAHo~ ~3 WYHAoMeHronbH~x a cospeMeHHo~ MoreMar~4ecKo~ ID~3~Ke. 
Ha nporHmeH~~ nocneAH~x HecKonbK~x ner B n~reparype noHBnHerc~ MHomecr
so ow~6o4HMX yr~epmAeH~~ o peweH~~ aro~ npo6neM~/l/. 8o MHoroM arri odb
HCHHercH reM, 4rO ~3-30 rpOM03AKOCr~ alleKr~BH~X reap~~ cnomHO npose
p~rb KoppeKrHocrb ee oeweH~~. 8 roKo~ c~ryau~~ o4eHb 'somHo ~Merb cynep
nonesue WOPMYn~POBK~ An~ cyneprpas~rou~~ nepsoro ~·Broporo r~nOB B 
0=10 ~3MepeH~~X, Korop~e HBnHffirCH 3WWeKr~BH~M~ rerip~HM~ CoorserCTBYffi~~~ 
crpyHHMX MOAene~. 

Cyneprpas~rau~~ nepsoro · r~na AOCTOT04Ho xopowo ~ccneAOBttHu, ~ ~x · · 
[.opMyn~posK~ (c y4eroM ~ 6e3 y4era none~ Morep~~) AOHbi B .o4eHb YA06Ho~ 
AnH crpyHHMX BM4~CneH~~ WOPMe/Z/~ nnH 3T~X reap~~ npo6neMO COCrO~T 
n~Wb B cynepc~MMeTp~14HOM y4ere OHOMOnbH~X JIOp8HI . .\8BhiX OOOPOBOK/3/. 

4ro KOCOerCH Teop~~ Broporo r~no (fiA ~ II8 cyneprpas~rau~~), cynep
noneBOH WOPMYn~pOBKO, np~rOAHOH AnH crpyHH~X. B~4~CneH~~. HO~Ae~o CPOB
H~renbHO HeAOBH0/4/. nepsoe me np~MeHeH~e 3r~X WO~Myn~pOBOK AnH B~4ic
neH~H crpyHHMX nonpOBOK np~seno K Heom~AOHHOMY pe3ynbTOTy. A ~M8HHO, 
6wn~ HO~AeHu OAHOnernes~e nonpoBK~ K cyneprpoB~TOU~HM, KOrOpMe Hopywamr 
JIOp8Hl..\8BY KOBOP~OHrHoCrb/S/, ~ 6blno OOK030HO, 4ro ar~ .nonpoBK~ onpe
AenHffirCH HeKOBOP~OHrHOCrbffi CX8MM KBOHrOBOH~H/6 /. 8 ar~X po60TOX ~CnOnb-
3yffirCH pe3ynbrorM peweH~H romAecra 6bHHK~ AO D=1 ypoBHH BKnffi4~TenbHO. 

DAHOKO ecn~ YAOCTCH nocrpo~Tb KOBOP~OHTHYffi CXeMy KBOHTOBOH~H, TO AnH 
B~4~CneH~H crpyHHMX nonpOBOK K iynepr~oB~TOU~~ Heo6~0A~MO 3HOTb BCe 
YPOBHeH~H AB~meH~H. nnH Iffi reap~~ aio 30A040 6uno peweHO B pa6ore/7/, 
OAHOKO CBH3~, pOCCMOrpeHHMe B· 3TO~ pa6ore, Henp~rOAHM AnH 6 -MOAenb
Horo on~coH~·H cynepcrpyHu, roK KOK He o6ecne4~Bomr K -cynepc~MMerp~m 
c-~creMu. 3ra npo6neMo peweHo s pa6orax14, 6/. 

4ro ~acaercH IIA reap~·~_. ypa6HeH~R AB~meH~H AnH Hee e~e He 6un~ 

nocrpoeHu. 8 Hocro~~e~ pa6ore MM socnonH~M aror npo6en. 
8 nepBOM P03Aene MU 6onee A8TOnbHO POCCMOTP~M C~CreMy CBH3e~ AO 

d:1 YPOBHH BKnffi4~renbHO. Mu B~8A8M MHOmecrBO np0~3BOnbHUX KOHCTOHr B 



f: 

onpeAeneHI1ll 3TI1X CBl13e~ . 11 HO~A.BM ycnoBI1ll, HOKnOAhiBOeMble _HO 3TI1 KOHC
~O~T~ TOmAeClBOMI1 6bl1HKI1. nony4eHHble ycnOBI1ll H~-~11KCI1PYffiT 3H04eHI1ll 
BCeX KOHCTOHT. 0CTOeTC.ll npOI13BOJl B Bblel~pe· 3TI1X KOHCTOHT, KOTOPblti 
6yAeT 11cnonb30BOH HOMI1 Anll nony4eHI1ll po3nl14HhiX Ho6opoe CBl13et1. B 4ocr
HOCTI1,. nerKO MOmHO non~411Tb KO~OHI14eCK11t1.Hci~op C~llieti, ~nepBble ~OCCMOT-

,peHHblti B po6oTe/B{~ C 11CnpoeneHI1eM AOny~eHHbiX B Heti HeKOTOpbiX HeT04HOC

ret1. 0A~OHO cy~eCTByeT Clonee ~pOCTOti,HOClop CBl13et1, KOTOpblti 04eHb YAO
CieH, .ocoeieHHO np11 :CTPYHHhiX Bhi411C.neHI1llX. Mhl cocpeAOT0411M HOUle ~HL-1MOHI1e 
11MeHHO. HO 3TOM H06ope. -~ 

B cneAYID~I1X ABYX po3Aenox npi1BOAllTCll HOBble pe3ynbrorhl. B rperbeM 

p03Aene Mhl pew 11M d =3/2 TOmAeCTBO 6 bl1HKI1 11 HOtiAeM ypasHeH.I·W Popi1Tbt-lliB11H- 1 

repo, yposHeHWll AB11meHL-1ll Anll noneti A11nOTI1HO 11 non~ A11noroHo. ·a 4ereep- • ' j 

ioM p03Aene Mbl AeTOn~HO 11CCneAyeid=2 TOmAeCTBO 11 HOtiAeM yposHeHI1e 
3t1HWTet1H0 .. 11 ypOBHeHI1ll ABL-1meHI1ll AMI f"- 11 (; -noneti. 

Mhl_l1cnonb3yeM o6o3H~4eHI1~, npi1BeAeHHhle ~ p~Ciore/9 / 

'1 

2. IIA cynepreoMeTp11ll: pemeHI1e cl =0, 1/2 L-1 1 TOUeCTB 6bl1HKI-1 ' 

UA cynepnpocrpoHcrso coAepmi1T ABe lepMI10HHhle HOOPA11HOThl c nporl1-
. . 

BOnonomHOti Hl1pOnbHOCTbffi 11, cneAOBOTenbHO, oni1CbiBOeTCll BeHTOpOnOAOClHOti 

cyneprposi1TOL\11eet1 ( r11no ~ A). 
npemAe 4eM npl1CTyni1Tb H pemeHI1ID nOCTOBneHHOti 30A0411, HymHO OTMe

TI1Tb, 4TO B reop1111 np11cy_TCTBYffiT TPI1 noTeHL\110no, HOnpllmBHHOCTI1 HOTO-

PhiX oeio3H0411M 4epe3 F AB, G ABC 11 F ABC E. AHTI1CI1MMeTpi14Hhl~ reH30P 
(7ABC COAepmi1TCll BO BCeX i>=10 cyneprpOBI1TOL\11llX 11 11rpoer Knm4eByffi ponb 
B OHOnl13e TOmAeCTB 6bl1HHI1 yme HO c.{ =0, cl=1/2 ypoBHe. 3TO none npi1-

CYTCTByeT B llBHOM B11Ae B CTPYHHbiX Aet1CTBI1l1X fpi1HO-IliBOPL\O 11 o6ecne411-
BOeT npoBeABHI1e COMOCornOCOBOHHOrO HBO~TOBOHI1ll 3TI1X MOAeneti. 4TO HOCO-
eTCll OCTOnbHhiX ABYX noneti, TO B HOWeM OHOnl13e OHI1 H0411HOIDT 11rpOTb,BOm-

Hym ponb ni1Wb HO ct =1 YPOBHe. 0TMeTI1M, 4TO 3TI1 nonll B crpyHHOe Aet1CT-
BI1e He BXOAllT 11 nOllBnlliDTCll ni1Wb B 3lleHTI1BHOM Aet1CTBI111 Cle3MOCCOBOrO 

ceKTOPO CTPYHhl. npl1 3TOM 4-lop~o F AACE . He llBnlleTCll T04HOt1 IOPMOti. 
·a YAOBneTBOplleT OHOMOnbHOMY TOmAeCTBY 6bl1HHI1 

v[A!FA.t--· As)- ~l[~, A.2.1Fe.IA3···As) :=. K.i. FlA1A.L G A~A.A;:iK.t.G[A,AzAfA~M](.2 • 1 ) 
• 

!J1HTepecHO OTMeTI1Tb, 4TO npH OTCYTCTBI111 "OHOMOn11t1" ( \:::1 = K.2 =.0) 
COMOCornOCOBOHHOe p~meHI1e TOmAeCTB 6bl1HHI1 He cy~eCTByeT! 

i 

1 
II 

~nll COXPOHeHI1ll oei~HOCTI1 B riocrpoeHI111 JlA cynepreoMeTpl111 BBeAeM 
nP,OI13BOnbHhle HOHCTOHTbl £,I<) CA.1, IX.2., {,J..., g~, Cl. 1A C.t.. 11 onpeAeni1M CBll- ., 

311 HO J =0 11 . cJ. =1/2 ypOBHe B cneAym~eM B11AB . 

2 

T" ·6'' T" . " <{~ -:.~ .~~ I • ~t -~ L6Jt 
T & -Te. Tg _,<--

;,.~- o(l,\::. ~(.\ - lo.g -0 ' 

T t r <: o · ~ d · '(~ ry ] 
<(~ = ~L o c~ 'X~) _:+ 10 .,_ ~ 6 o\ · {\ s · • 

T. o· 1 i ~ d · i 6 l 
J~ =-eL bc~/X~> -+ '(] ~~ 6 cA . X 8J 

-rb _ s&_,.. " t 
IJ~ -KC 10,. "'~6 511 ?< T s " 6 s'6 

~~::\(6oi~- c-Xll'' 

TJ. C [ 11 c -t ool 6" } s ~i-::. -\( 4i 2, f>~ "& :-t 6,_ ~b 'X ' 

T~& ::.-KC~~C c{~ l2 b! &~ -t 6~'6 6~q ~s 
Fo(,r· ci1Co(~ ec,(\1 ) .·· !;_~-:: FJ~ ~ 0 
e . · Gq ~ 
rc..~ =- ~ Cl..i e. 6 C\ o(~ X 

FCI~ ~~o..tc"'~ ec,(\l6~~x~. 

c~~o' 
G -a c,<p6 

u-~~:. ::.t.o1e. c <~.~ G - ·P etA'6 . 
~~c--LD~ c.J~, 

) . 

(2.2) 

(2.3) 

~C\So( ~ ~.t eCa<t' 6c.~ : Xr ' r - c D Cl<{> .<1. '{ 
'0'016~- .~.~ t)~ e . 6c.G'\ ;x · 

t='$A ':: E.~ e.g;:. FJ~Oit == 0' 

F =- Cl D K, -'c\£!. .0~-tCt)(\>6 ~ c . 
cl,~C.~ j.. 'Ui ~I.:.- c:.f, o( ~~ 

F a(o,g~ ::. -i. e o~.-sl ~ ..n~t -tC.,)C\l 6 'X~ 
.2. -.:;, "ec ol~ • , 

Fd.c.tc..-= ~.:c. L toJ~L K,-~c"~ e. cc,-.ca)C\16"'8 :~ ~ y 
Q.. 

3 

(2.4) 

(2.5) 



np11 nony4eHI111 pe3ynbroros (2.3-2.5) 

f,-;;(K. 
Vol<\>. =- ~ XJ, , 

v~ <t>-=- t~~\( X:t 

M~ HOXOA11M COOTHOW8HI1~ 

np11 Gt.t. tO · 

KoHCTOHT~ tJ K1 o.., 8 11 C. AOnlKH~ YAOBnersopRTb ycnoBI1RM 

Clot-::.. C! 1 [e.- :tK] , .,; 

g.t :: ~~ ~- .:t \() € i 
1 

~.t. -:c ~ ~ t K 

( 2. 7) . 

(2.8) 

YpOBHeHI1~ (2.1-2.8) n03BOnRI'.lT HOM HOtiT11 peweHI1R AnR c{ = i 
TO~AeCTB 6bRRKI1. nocne HeKOTOP~X B~411CneH11ti HOXOA11M 

T~ - _:!_ tc ~ A + - 1- 6 t?>J ~ B· 
<1>,.01- W·i 6 .._ lllt>c. ~ 6 <~l 01 ... C>j , 

H T ~ - _i_ 6 ~c ~ A . _L ~ ~J ~ 12 C.t.:/·~ ~"' - \6·2 .,;. o.k-+ 16·~~ 6"' "'IJ t:{~ , (2.9) 

rAe 
.. A ~- ..!i_ t-3',( e-e:t~G- -+·!tK~ .3t·-:;zK ry <5 ""~ rv· -

l?>) \jl. t -t~ \( 1:>] (, t- 2> K /\:>1. L31 {\ f, 

- ~ q K.:.t ~t--?K cv"" 6 X'~ 
· ~-3K 1\ l_})o(~ · 7 

~-e.-~~G -L~Ke,~t-1K ~o~..6~Jo\ /(f-t 
t-+'?>\( (?1 {-3K l ~ 

+ t. 4 Kt. ~e-.3\(. r-1 6 o{~·x . 
. f-3K f\J. b) ~ 

n iL -~- -cz.<\'c:;. _ e2
- 5\Ct · 

0[3:)-::. D f) :,v e [{\ -t t~K A /r~~rf -+ 1:)~ \...- ,..... e -oK ~ 0
v) ''t 

- A . A~]-=-- -r;_ 

. (lK 
3 

,y.t -y&. 
+ (,-" 6(:;J~&fl ' t-3K I 

.. 

- Lf I( - Cz'f> . .e_.t-5K(?, <V-l . . . g 
Bb1 =-- ~ t-3K e Gt?>J -t L~K -e._ 3 K " 6uJ<'\~ X + 

. 12. \(.} ol..~ 
-+ L x.~. b\,11 ;x f, 

t-3~ 
(2.10) 

Cynepci1MMeTPI14H~e npeo6po30BOHI1~ AnR A11nOTI1HO onpeAenRmTc~.coorHow~-

HI1RMI1 

'\I. X ~ i. __S!_ >U 'V ftl - ..!. . [~J 5 ~ ~ ! -e-C.t.ct'G - . 
.... ~ 2 t-:tK 0 <:~.~ a: 96 (J ol.~ l .S1. t-3K DJ . 

·e_l·-5Kt-6K2. oS .i2K~ ir ~1 
- t-3K. XlS'6[3)fl"b- D-"-1£' ?(.6[>]n;X J, 

"J.'Y~ _ _:. ~ d " ot~ n rn ...:!.... ~ t"lJ .._~ {. Lf L e-c~<\>G 
v I' - 2 t-!!K '0 vo\'1' -t- 96 o L" -- D1 

1>1. t-31( 

_t:t-5K~-6K.t. ~s- !.2.K2. o :>1. (2.11) 
. e..- 3 \(. Xt6u3 Xl> .P-7,1( X6~1bb?<.) · 

~nR Kpy4eHI1R CO CMeWOHH~MI1 Cni1HOPH~MI1 11HAeKCOMI1 nony40eM 

C · T~ = T: =- i- 6 A + _i_ 6 6~c 11 n (t) i ~ ¥ t.. o ('-> 
~~ ole.- <~..tt.~ IG CAol~ 16·.2. c.~t ~ok+ IG·;t6 r:~.U~~iok+ 

i: ~L4J a- (1) t L4J ! ~ D <.t> 
-\- \6:4~ EJCI..to '0 ~ 1)[4] -\- {f>·l(! 6 cl. Oc.. ~~ [ij) I 

eel.~ TJ =T c~. ~ = j__ 6 o(~ A "* _L_ 6 oll 61k ~ 'B <v -t _i.._ 6fou .. 6 ~~o. <2> 
o~.!>.- <A tG <A 16-i "' If fie {6-i '( "' U.ac. 

-T _!I -6 a~.{ ~:,L~jJ f'I)(i) -t _i._ 6t.4J o( 6 lf~ n~> , 
\G-4~ CA '( \:4) ~6·4\ '( c. (.4] (2.12) 

rAe 
A -=- - 2 'X .A Xcl • 

'&c~,=- ~J. e-c~~Fa~-~ce--2.\<.e-T~K..!t]~~6c../~xl~ -'Bo.t: • 

"B l'!) - - e. -c,4> 3·e.- ~K f> -~> 
Ml- 6K,fi )F~g-t-StK x.,_601&&X=--'B • 

o.~-3\( e- 3K ' Cit 



. (1) q . . . ' 
D~J ~- Q !141 - 2[ 1'--+~\0 -~ K)LJ"' 6 ~ ry'6_ Dc1) 
. I<\--'<1<4ChS 1 fl~ L'<l lS II - - \.f•]' 

D(t) =
t'\1 . 
~ ~[4] -t-t(.t--'<K)'X~6(4] €" 'X. ::-D(4]·(2.13) ~ 

.2. . at. 13 -(.l) 

t-Z>K K,-tK2..)o,f,1 

Cynepci1MMeTpi14HMe npeo6po3oBOHI1H AflHJA11flOTI1Ho onpeAenH~TcH COO)HOIIIB-
1 

HIHIMI1 

v ... ~~ =- -.'V~X..t, 

V'lf X"!= _.i_ (-!t~~X~) - ~ ( 4P--5K) 'X~ ~o~.. , 
t-!tK 

( 

/ 
e-c~ct> 

6a.€, ~ V ... 'X"" =- G Q, ( t-'<;)K) !="'g -
C}-- Ke..-41<2. rv t:.. 13 N'6 

tJ I' f' Ve>.6 lf II ' 

6 .... 1~\i';:X~ = -~ \- ~ f=r,.3·-r t(t..lc\C}Xo\6l'_.,~:XP
1 

'-" r .t-3K ~ -'-" '" o .,.., J 
(2.14) 

npi1BeAeHHO~ BMIII8 ~OpMO CBH3e~ BeCbMO YA06HO np11 11CCneAOBOHI111 P03fli14H~X 

IOPMYfli1POBOK IIA cyneprpOBI1TOU11~. C noMOmb~ BMpomeH11M (2.1-2.14) MOmHO 

nony411Tb KOHOHI14eCK~e CBH311, npi1B8AeHH~e B po6oTe /79 /~ anH 9TOrO Hym

HO BM6pOTb cneAY~m~e 3H048HI1~ AflH KOHCTOHT 

c i -::. c .1 -= K -= ~ \ = {jL -= i . (2.15) 

0AHOKO. B HOIIII1X AOflbHeMIII11X BM411CneHI1HX M~ 6yAeM nOflb30BOTbCH MOCIIIT06H0-

-11HBOPI10HTHOM CI1CTeMO~ CBH3eM (TI1nO fH3). npi1B8AeHHMe HOMI1 pe3yflbTOTM 

no3son~~T nony411Tb 11 9TOT Ho6op CBH3e~, KOTOPM~ ~Meer HOI16onee npocro~ 

B~A 113 BCeX B03MOmHMX. B 40CTHOCTI1, MM BM6epeM 

t-=-~,,1 =- o~.!i.""i, K,:::..K.t.::.i, C, =- K= 0 (2.16) 

np11 CTPYHHMX BM411CneHI1HX 9TOT H060p CB~3e~ HBflHeTC~ 04eHb YA06HMM. 

no~TOMY B OCTOBmeMCH 40CTI1 HOCTOHmer~ P03Aeno M~ 6yAe~ 11CCfleAOBOTb 

fll11llb 9111 CBH311. 

np11 3H04eHI111 KOHCTOHT (2.16) pellleHI18 ~ =0, 1/2 TOmA~CTB 6bHHK11 

AOer pe3ynhTOTM 

T"' e T~ .. -= TJ ::.. ' :::.o I 
"'~ v,Q ciOI 

6 

.) 

" 

Tc. '~c:. 
~~ :=. l, 0 ~~ ) 

,-c. .. 6c 
. I .. = 1., .::.t~ ' 

ol~ I 

-rlf _ r 6 c ~ c. ~s] 
I do~- l s (J. D ~) -\: <5 ol~ 6 c X~ 

T i l ~ ~ c 6 c:. 2 U.] tY 
d.~=. b(d 0 ~) -t-6J.~ vc . f\j; • 

1 J.- T-{- ,~- Td. · =- 0 · 
~~ - H- I H - ~6 ' 

E.~= FJt =-o) F~~-=- e cpcd.~ , 

F ' ~ . . '\> ol..'b" 
M =- l <2 <Do. ol~ 'X~ 7 ~.t -=- c ~~ e 6~ x (f, 

Ga_~~ ~ G~~o = Ga~~c.-=- Ga~CI.S = 0 > 

Gc~,~G = C 6c ~~ 7 GJ~c ~ -i.6c J~ 
F,_~rA ::.o, 
--- ~· \'> 

Fo.t""~ -=- Q 0o.e c1. CH , 
F.J..Q,~~c..::. -~ e~ 6"''k ""~X~, 

\-"t""t::. ~ext~~ =-O 1 

~=J~k-::. l C..;, e ct> 6c,()col.~ x~ ' 

v~~ =- ~<() 'Vc(~ = ~..!. 

(2.17) 

(2.18) 

d=1 TOmAeCTBO 6bHHK11 AO~T cneAy~ml1e perneH~H AflH TeH30POB Kpy~eH~H 

T ~ - C C~~ T .( - 1 ~ ec ~ G ... 
J.,O\ - ol.~ ~d. - - 5 I() "'- C\6C ] 

• ' lf 
f' ·1~ - I _ l !':! J> _ 
\.... ~~ o~.o.. =- I o~.,q~ - { G '() o. .,1,15 ;t ~ .: . ~ ~ - ~, l lf 'V'~ 6st l> F .i 6 l'<] ~ r:- J =- tG6"~~ -2, 0~ X .. f, -+ ~ Cc- ~.Q. ~ lt'1J 

C ~ :.t 1 -~ :: Tel ~ -:::; - l 6 ,~.~ j) P 
o(o. 01. {(; c. ty (2.19) 

TeH30~M KPI1BI13HM npi1H~Momr npocroM B11A · 

R"'~~~ ::: ~ 6 ~~ G01k , RJ.~o.e::..- ~ 6 ~~ G"e~ ·) 

7. 



:' 

.~~· "' 1 ... - .. ~ ........ 
. :_ ,' 7·~ ·, ~ .t, 

i 6 ' _p\1 €.~ 
.Ra_~l)e.-=- 16 [.o.I<Av 'ti.6l~J Cr~ (2.20) 

~ nocneAHee, 4TO MOmHO ~3Bne4b ~3 J =1 TOmAeCTB, 3TO cynepc~MMeT
p~4H~e npeo6po30BOH~~ An~ A~noT~Ho 

.:V~ 'X~::. -·~ /( o(.:::. _.£ d 'Y 'Y"' _lE)L2J ~ Fr - ~ ol'f]$> F.(.] 
· • ~ 0 ""fl 611 ~G o1 ~.-!!.] l6·1t. "' '1 > 

.. \1. "' L " rtJ .L r> L?.j G ' X 
. "'/\~::. 5L 6"'~\7.,~ - .2'-110 c~..e .(.:)')- ... 'X~> 

\7.~,X~ = ~ 6"' ca.~ 'Yo.. <l> -* :'"'6\.31 o~.~ G (3)- 'XotX~ 
(2.21) 

B yposHeH~~x (2.19-2.21) v.cnonb30BOH~ cneAymm~e o603H04eH~~ 

r ~ = -J.:::} r 'Y . x t) . ,.... (.1] ~ r- - _i_ 6L "'J ~ r . 
T,. ... \. 11 r.. -t '0 rA r c:tJ \2.. rJ. r L"t1 

r - -<t> c - r ... f> 
r(l]- e. 11.2. 1 It~ '0 ~:.:n ~ X · 

Ftv - -1\>r c~.. ~ 
['1] -.e. •t..'l]-;: X"' 6c. .. ) ~X· 

(2.22) 

3. cl =3/2 TOmAeCTBO 6 b~HK~ 
G- ~ F -romAecrso 6b~HK~ AOWT cynepc~MMerp~4Hbte npeo6po3oBOH~~ An~ 

3T~x none~. B 40CTHocr~. 

l. \/ Vii Ga.tc. = ~ 6 ["'' ... ~ 1ec1 , \7o(G - _1_ 6 c~..~T 
6.€c - 2 (9. ~c] ~ > 

-<~> e v.._ ~"8 - t6[~~.1~ll l \71qtV -'1: \i\.e.1J ?(0 ~ Te.~ol -

~ s c.d o G .i rv ~ 815 .f ~ 6 - ~ ~ 6co.la~ 6 "" t>JcJ- T6 l'stJl"-l 't eJ~~ ' 

-<\> ".;. F - 6 .J.(S l fl) n 1 ..,...... ;, s ~ 2. ~ ~ G 8 v ~6=-t. (.o.\ \71&JT--'I:vHI]JAlf-t •et£-BXo[P.I~~o ., 6Jcd 

i $ ~ ~ 6 l (~ 
-t- \6 'X 6 t;..\~~ T lf 8 ) 

e4-~ F"tcc\ :::. -t ~ 6\.poc):o~.~ [~7 &1<\> ~ Vtt11 i' -t 

~ 6 · <y"G -6 ("1~'6" wtj 8 

~ 6("H! T~,n~-

.t 

' 

Ill 
I 

. ' 

1 (2] If\ . ' . .. v r:./ ' : ;. 1 6. .. [J ~ • .. ¥'& ')( . 
- 9'36 . .J. 6lC\ec\ 'l!'"v 'X ~d] (2J - 96 ,..,lfo ''*~ r,r 6\ecd'] .. s) 

-q> "'E t 6 .,(.~[ . 1 i L a. T" e \1 o..Bc&=--{; ~-.ec.J Vd:l(\>~'\7cl1 A..-*4°!Pe II' ted],. 

- .!:..-~ ""~~" G · 1 6(21~ ,., '(V"' G 6~ Lti\ ~ t €cc,\J + lt g )' o lc.'tl 11 v d][2] .!... ... ~ ~ .· . ~ 
96 6ro. -=t-,6~cdJ~~oX. ' 

I 

•( 3.1) 

FAB, KOK o6~4HO, "HenpOB~nbHOe" nonomeH~e cn~HOPHOFO ~HAeKCO y TeH-
30PC KPY48H~~ OTPOIOeT HOn~4~e MOip~U~ 30P~AOBOFO_COnp~mbH~~ 

To.e,d. -= Ca~.d T ~~ · (3.2) 

OrMeT~M, 4TO 3T~ o6o3H04eH~~ o4eHb YA06H~. OH~ no3son~mT onycKOTb 
MOTP~UY 30P~AOBOFO conp~meH~~ B B~4~CneH~~X ~ AOWT B03MOmHOCTb 6onee 
Horn~AHD yB~AeTb c~MMerp~m MemAY ABYM~ ceKTopoM~ II A reop~11 c npo
T~BononomHo~ K~ponbHOCTbW. 

c}. =3i2 {/._ -TOmAeCTBO 6 b~HK~ AOWT 

~(.~,~ Vo Gl'l6c. ~- .2 6(o(~ R-s) c.•G 

0 C("-~ V'l)G - ... dol~ ~) 
exile. = !t (') P. cOl' • 

(3.3) 

~3 ~ =3/2 T-romAeCTB 6b~HK~ nony40eM 

R . '( . & -Y i tc '6 G 1 Y& \7 ry 
U.(<l~)-::. t 6 c\~ I f.l.(,- a6 (.1. 'V~) .... ~e -t "Col~ Yc-. 11!-

! t[,l) f\j / h. '( G. L t~ .'-. o.il & 1\j G 
""'\" "8' ~ /lvU ~ Cl.Sc - 3' S (J. '0 ~)A>~: ~c ' (3.4) 

.. .. . \ 

0 ~ _ 1 6 Gc t n G L ~ n ~ p " · L ~b '~" • ...D ~ ( 3 5 ) l'.o.o!. 1'- -3 r Yo.. ~ -t •{6 \?f\d." \f "'t ~ ~.{G -tJ(V ~ 6o..o~6't £' • 

R - -.,.>'-11 
.l[a.IIJ - -l10 <J.t lo.tl 

rAe 
..L ts; - ~ ~ / ~ y~ 
ll ~~ :=. £(J. ~ ~) +- t) d,~ 601 . 

(3.6) 

TomAeCTBO 6b~HH~ AOWT e•e TP~ ypOBHeHM~, KOTOp~e OTn~40WTC~ OT (3.3-
-3.6) n~lllb pocnonomeH~eM cn~HOPH~X 11HAeKCOB (APYF~M~ CnOBOM~, Bee .TeH-
30P~ ~MeWT npOTI1BOnonomHym Kl1pOnbHOCTb), ~ n03TOMY M~ ~X He B~n~l!leM. 

~3 (3.6) nerKO HO~T~ TeH30P~ Kp~B~3H~ 

9 
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1) - l2 ~ 'L . T~ 
No.6c.- ~ 0 "' o1~ I 'e - ""i" 6cet ""~ lc:l a. 

Rot - ~ at~ I l "'-P .T 
~c- :t._ 6"' . I ~c. ~ ~ T 6 t 8 cj ~~ . (3.7) 

CneAyer OTMeT~Tb, 4TO 3TOT pe3yn&TOT MomHo nony4~Tb cosepmeHHo APYr~M 
nyreM,·~cnon&3yH yposHeH~H (3.3) ~ (3.5). 3ro HBnHeTcH xoporue~ nposep-. . 
KO~ COMOCOrnOCOBOHHOCT~ HOWe~ C~CTeMM CBH3e~. 

Tenepb MM nepet1AeM K pemeH~to yposHeH~H (3.4). l~cnon&3YH (3.7), 

nony4oeM . 

. "'e. .~, T~ u J.ll' n . 1 w~r G . 
L6 ~ "~:: .Z.6 Yr-. 1~- Lj"D )" r O:l> 

' / t T ~ i ~L ~ G-
l ~ o(~ v.6 ~ :t v (/'. X cJ. - 4 6 ... X~ c-.e c 

c r/J"8 ~ T oJ ~ -= ~ i (;f~ 0 - .2 6Q.~,~ 9 ... X - Lf 6 J.~ 'X G W.1 

Ldo~~T~~;: ~va.:x-<- ~ 66
L ~ x~ccJ£ 

(3.8) 

nnH onpeAe/leH~H YPOBHeH~H Pop~TM-WB~Hrepo B OKOH40TenbHOM B~Ae HymHo 
onpeAen~Tb YPOBHeH~e AB~meH~H AIIH nonH A~nOT~HO --X . 3TO MOmHo CAe
nOTb, ~CnOnb3YH TOmAeCTBO 6bHHK~ (3.3). 0AHOKO cymecrsyer BTOPO~ cno
C06 HOXOmAeH~H YPOBHeH~r, AnH nO/IH A~/IOT~HO, KOTOPM~ 30Kni040eTCH· B 
~cnonb30BOH~~ cynepc~MMeTp~4HMx npeo6po30BOH~~ AnH nonH A~noT~Ho ~ 

orrpe~e~eHllll TeH30POB HOnpHmeHHOCT~ 

'Vtc~, v~> ~l' ~ T!~ 'V o.X r-t T:~ 'V"' .Xr - R ~ 6 .s Xs · (3.9) 

·~cnO/Ib3YH-3TO COOTHOWeH~e,MM HOXOA~M 

I _...,[l) n G i , . " d. .pf. 'V v Q ) q n rv J • .,t~ "' 
"3 10 l'(.J.. V~) (l) - l{ L 6 -1.~ CJ&~.~) fv /1 - u 0 ~ Yo..flr -+<-tO l( (~IV co./11f) 

4?111 ~~ Sv . "' [:{}v 1 LC~ ,;_ 6c v '1/ G ;:: 0 _. 
-+ ~ d,~ 6"' r~ oo 'X" \Jt cp -6.,f 6"' ~.XYGt11- •2.uoeo~ o ~ 11 " <>.de 

0
. 

10 
l 

/ 

10 

-_;: ~ ,, \~ ., 

''"''. '. 
~· ;.. 

YpOBHeH~e (3.10) BeCb~O YA66HO AnH OHOn~30~ 8 40CTHOCT~, nocne Hecnom~ 
HMX BM4~C/IeH~~ HeTPYAHO nony4~Tb ~POBHeH~H_AB~m~H~H Ani none~ A~nOT~HO 

6 "'at~ V 'X· =- -.z 6"~r .~ n ri"l- ...L 6[)) -~.~:X G' -t. ~ -P ""'Ys . 
111. i' . flrYQ.~ .24 ~ (11 ~-t sll·, 

6 Q • • , - "' ~ ttl - 1 W -v~G - i. .P ~ tV· c-.~\J"'~~ --~6~~~·~,,ct 2~6 "\~I' ClJ_1""_+a~ll~ 
(3.11) 

~3 3T~x yposHeH~~ MOmHo nony4~Tb yposHeH~e AB~meH~H nonH A~noro~a; 
~e~CTBYH onepOTOPOM \7~ HO nepsoe ~3 YPOBHeH~~ (3.11), HM66M 

v. \7n<\>:= _a (VTi-h ).21- _1_.-G(.1)G -t L Ft£J Fi ~.£.'r-V.4:JF('1J 
0\ ..<.. 't' tl. [JJ B t23 . 96 1 

-- iCx~6uJ~ -~~)e~~zj -+5 (X~X.t) 
(3.12) 

EcrecrseHHo, 4To yposHeH~H (3.12) cosMecr~MM c YPOBHeH~eM (3.5). 8 
3TOM MOmHO y6eA~TbCR nyTeM npHMMX BM4~C/IeH~A. np~ npoBeAeH~~ 3TO~ npo
BepK~ HOM~ 6~n~ HO~AeHW COOTHOWeH~H, KOTOpMe BeCbMO none3HM np~ OH0-
/1~3e ~=2 TOmAeCTB 6bHHK~. np~BeAeM 3T~ COOTHOWeH~H: 

cvet-t :rx~J i ~ ~ o, 

Tr;.-=- _ _:!:_[V1~-t7X~J2_,f -f~ 
c.6 12.2 o,_, ~ . (3.13) 

Ho 3TOM 30BepmoeTCR OHOn~3 d =3/2 TOmAeCTB 6bHHK~. 

4. d=2 TOmAeCTBO 6bHHK~ 

CH040nO POCCMOTP~M ClleAytom~e ABO TOmAeCTBO 

0 -=-V ... T~-+ \?fA T6/aL -T.~-~~1 ~trJ -~ Te ~- R~ 1· 
. 4 Tr E.:,; J . - 0 c{ 

0 ~ v~ l&c] - ~~~ I tl c) f'(c-ScJ • 
( 4. 1) 

~cnonb3YH HBH~~ B~A TeH30pOB KPY4~~~R (2.16-2.21), nocne HecnOMHNX 
BM4~CneH~~ nony40eM YPOBHeH~H 

II 



D s \7 T ~ ~£- Tv . 1 6'~1 dz. :; \7 
1'-eo.g o~-= v.._ Q£ -t t ~"' Xt ag -t 8..., "" Yl"GtJd,d:. 

- 1 6 P ~ "" ElS .P s . l. 2de ~ :f 
:l'i6 [c. 1.._~ + t. 0 IBJ 1- ~ -t S 0 o1. G,"~~ G 6e 

f) ~-t> 
!<.. (e>..tc] - ' ( 4. 2) 

8 npHBBABflllbiX PB3YflbTOTOX Mbl 40CTO Ciy)IBM HCnOflb30EOTb TBH30Pbl {!1, 
fct"J , Fclf) H t~f~, onpe)leneHHble B (2.12) H (3.5), Koropble o4eHb 

. .J 
y)IOCiHbl npH OHOflH38 CHCTBMbl. 

8Topoe H3 YPOBHBHH~ (4.2) nOK03biBOBT, 4TO TBH30p PH44M CMMMBTPM48H. 

3TO HOCiflffi)IBHMB Ciy)IBT MrpOTb BOmHyffi POflb npM nony4BHMM YPOBHBHMH )IBHme
HMH AnH nons1 G . 

npem)le 48M HO~TH TBH30P M CKOflHP PM44M H3 nepsoro M3 YPOBHBHM~ 
(4.2), npMBBABM COOTHOWBHMB, KOTOPOB HOMM Ciy)IBT-MCnOflb30BOHO B Bbi4MC-

fl8HMHX. 3ro coorHomeHMe cne)lyer M3 ·ycnoBMH Rdl\~o( =0 M MMeer cne)lyffi-
utMt1 BMA: 

(y.._ -t"1Xo~.) ~ =- !l!G 6c"'ld,v {'~( 6 \&J f..~.:?~· (4.3) 

nepsoe M3 YPOBHBHM~ (4.2) nocne HBKOTOPbiX Bbi4MCflBHM~ )IOBT CKOnHp PM44M 

IR _ 1 o s 2 (),e J. 
=- - 8 ....,"'eo( o & = 

-=- -4 ~t'cp) 2-t ~ Gz.-t ~ e-~<~'.ft~J -t 1
11 

e-zcp F i'11 -

- i (.A-t 6cz]: ·x~)ezcrFezJ + ~~ (~ ..... 6c4
J ~ 'X~)e-z.pFc'1J -tto (XM:>l. 

{1+.4) 

TBH30P PM44M 

tD- .i.R o/ co~. 11'...-:;:-lG (c..lc.c~- lol6) b=-

- n o <'h 1 GczJ G i F"'d F"' J.. F"'C3:JF"' . - vlr. "aJ \ + 7j c;; stzJ- z. 01 -~d- Tf 01 6CJJ -t 

· .L ) -z~ c:. 1.. -zq> c -t\> f.x tzJo~. ~) c-
-tl"~~te •[2J-t 12 e l[·o-.2e ~ ,..6 ~'X rc2)-+ 

(4.5) 

;- ~ e--<\1( x~ 6('1) ~ yP) Ft<fJ - flO (1~ !("") 2. 

H{.CflB)IOBOTBflbHO, YPOBHBHHB 3~HWTB~HO 
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fi) - ID - rl\ )t L [.Z) ' - 5 G 2._ .:_ tK~~ i~r.1l ~- 'h" \7s)'t'-t8~c;e('V~ct> ""'" 4 G-"' G6C23 6 ~~ .... LsJ · 

i "' ~ "' 1 "' [.>J "' . 
- -:t FO\ Fgq - t.:t ~, t:6tn -t 

h \ H -21j'r-.t. .+ z . 1.9...( uJ ~ r) ~ 
-r Lt\£, cy e r [n - ~ Fc·o -t li x~6 ~ ~ e F£.2J 

{~ e~(X.~6c'i]~ t1~) Fc~1 - 4~ (x ... x~) 2-5 

( 4. 6) 

YcnDBMB CMMMBTPM4HOCT~ TBH30PO PM44~ AOBT ypOBHBHHe 

\') ~ dol 
l"..l"lctol. 6tJ & -=-0 ' (4.7) 

KOTopoe ADBT yposHeH~e ABMlKBHMH AllH nonH G: 
~ . . <A fl) 1. N "' (2) j_ Clf] c ~) '"" f,"' 

V' G o.Scl ~ · - .2. G o.a t\ 'V -1 - T F ~6t1J F -t 4g ~ fc11J c~J-t 
' 

-;- 1.. "l" 1~ - .z'X1 T~~ (4.8) 

Repe~)IBM Tenepb K OHOflM3Y nocne)IHero H06opa TOmABCTB 6~~HKM, KO

TOPbl~ n03BOflHBT HOM HO~TH: nocne)IH~e YPOBHBHM~ ABMlKBHM~. HOM OCTOflOCb 

ronbKO HaiiTH yposHeHMH ABHlKBHMH AnH Fb5 H Ft ~)·none~. ~ns1 3Toro 

POCCMOTPMM CflBAYffiutMii HOCiop d =2 TOmABCTB 6bHHKM 

\7tAI t.fe.)~>-= \7 .... T"'t'- ~t.,~Tv H :ls -l.l"l" ~~~~ J (4.9) 

,-..I. [, ~T s -rd. ~ ..,...,, b. T " T" • 
\7t"'l I 0 -=-. \1 l11t - I c"'l "~~I6J- "t"' {. 1 · (4.10) 

4TOCibl HO~TH YPOBHBHHB )IBHmBHMH. )lflH nonH 

(4.10) HO • O to(S .• nocne He 048Hb CflOlKHbiX 
FrzJ , YMHolKMM ypasHeHHe 

Bbi4HCflBHHi1 nony40eM 

·.· 

-cr n d F . ct [ .] r. . "' ~J J,n e v C~ct -::. v · x ... 6Cic~ ~X~ -.2 \7~ t:x d, x~J - 3 LX.~. 6CI~ r tY v '-~' 
-+ d... c; F t:~oJ 

tt [~) C\ + 
l.... Ill ..) "'~ 6 tlJ IV (5 G . . 
G ""'- o"' . ~'6 1\ CJ) 
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Ho~6onee cnomHMM ~3 acero oHo~~3o 11 A cynepreoMerp~~ HBnHeTcH onpete- · 
ne~11~ ypoaHeH~H AB~meH~R AliR nonR F[.'11 • Vt3 acex B03M~mHMX cnoco6oa 
HOXOmAeH~ll 3TOro ·YPOBHeH~R H0~6onee ·npOCTbiM 1 HO HOW B3rnRA,RBnReTCR 
cneAyrom~~. YMHOm~M TOmAeCTBO DbRHK~ (4.9) ~ (4.10) COOTBeTCTBeHHO HO 

- L i. .6 ~g s 6 . ~ .,( 
!t~ ~ Dlttlz.fl\3 tt -( _i_6cd ~ do.J&tzCIJ ~.{ 

. ~"" . 
~ 

~ B03bMeM cyMMY 3T~x ypoaHeHMR. BM4~cneH~R cymecraeHHO ynpomororcR, 
ecn~ BOCOOnb30BOTbCH COOTHOWeH~e• 

.. oci.JV_ )p'll . pv . \.xol..-~d v f't" ~~ 
6 ~tc.. o1" V t' 5 - l t s b~:~.f,c. 'IJJ. -t t ~ 6Cl&c.v & J 0 ~"X (j 6C"t6c.f>'i: T ~ 

KOTOpoe 

€ I C:f:C! 
~1cnonb3YR 

-r~t 6ef-~s -r-". (4.12) 
I 5 C..&:-· ~" I ef. 

ol 
nony4oeTCR nyTeM YMHOmeH~R YPOBHet1~R ( 3. 5_) HO EJ~c.t np~ 

AHonorl14Hoe ypoaHeH~e MomHo nony4MTb ~ AnR \?ot -f~ 
3T~ COOTHOWeH~R, nony408M 

-<t> ~ r ~c ,.-? ... ·'Y~J . e \J rolt~ 1 t~..z.a3 -=- -v "/<J. Oc(lhtlt.tl.~ ~ / 1 . -

11 . [3 flf] "' 

36 E11,C11"3 .. Gc3J Fc·n 
_!_\ y~ <1. 0 c:I.~J~ ? ~c( 

-t .32. t6qlfA.tO.l.i..~T6'X X -+6tl,tlt(\l t~Jol.~.rj-tF(.4,GClt'l!]d t 

-\- .!._ l d c T v 1. E~ "6" f" T o ~ 6 0 bl)1 Dt-O.~<e.v e:t -t B Xv6 E 6,._,"tq 1 efv 
( 4. 13) 

Ho aTOM 30aepwoercR nonHw~ oHon~3 TOmAecra obR~K~ AnR U A cynep
rpoa~rou~~. 

HoM~ nocrpoeHo cynepreoMeTP~R AnR II A npocrpoHcrao, np~rOAHOR 
AnR 6 -MOAenbHOro OOAXOAO K CTPYHHUM MOAenRM rp~Ho-Waopuo. 3T~ pe3ynb
TOTW OC06eHHO none3HU np~ BM4~CneH~~ CTPYHHWX nonpOBOK K cyneprpOBI1-
TOU~~. 
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