I'maBa 5§
OBIIAS KIIACCUDPUKALUA MEP I/IH(I)OPMAHI/Iﬁ

W3naraercss OCHOBHOM METOJ, MCIIOJIb3YIOLIUI I'PYIIIIOBBIE CBOMCTBA MEP
uHpopmanuii. ccnenyroTest THITBI SHTPONTUM M MHPOPMALIUI pa3iIndus, KOTO-
pbIE€ BBITEKAIOT M3 3aKOHA KOMIIO3MLMM JIEMEHTOB I'PYIIIBI, YYHUTHIBAIOLIETO
KBaJPaTUYHYIO HEJIMHEHHOCTh. [lepBble pe3yabTaThl B 9TOM HalpaBiIeHUU Obl-
U gaHbl B MoHOorpaduu [21] u crathsax [22-24] aBTOpa M CHOCOOCTBOBAIH
Pa3BUTHIO TPYIIIOBBIX METOAOB B 00001IeHHOM Teopun uHpopmMarun. [Ipuso-
ouTes obmas kiaccudukanus mep nHbopManuid, JOBEJEHHAs 10 €CTECTBEH-
HBIX rpaHul. M3ydaroTcsa npencTaBieHHs pacCMaTpUBaeMBIX rpynn mep. Bhe-
CEHbI Ba)KHBIE MJIEU U MTOJyYEHBI HOBBIE TTTyOOKHE PE3Y/IbTaThl.

5.1. I'pynnsl 4 npeAcTaBJICHUs IPYIII

Paccmotpum o0mime cBeneHus O Tpymmax, HEOOXoIuUMBbIE A 3adad
000011ICHHOM TeOpHH HH(POPMAIIHH.

[TycTh MMeeTcst HeIyCTOe MHOKECTBO DJIEMEHTOB JJIsS HE3aBUCHMBIX CTa-
TUCTUYECKHX OOBEKTOB. B 3aBUCHMOCTH OT MPUIIOKEHHUA OHO IMPEICTABISACT
COBOKYITHOCTb SHTPONUHN, HHPOPMAIMI pazIudus, MOJIYHOPM pacipeleieHHil
U IPYTUX BEITUYHH.

Onpenenenne 1. I'pynmnoii G Ha3bIBaeTCSI MHOXKECTBO AJIEMEHTOB TPYII-
TbI, €CJIA BBITIONHSIOTCS CIICYIOIINE YCIOBUS (TPYITIOBBIC AKCUOMBI):

1. OnpeneneH 3aKOH KOMITO3HMIIMM, TO €CTh OWMHApHas aireOpandeckas
orepanus, Kotopas Kaxaod ynopsaoueHHoW mape anemeHToB A u B u3 G
€MHCTBEHHBIM 00pa30M COIOCTaBIsIeTCsA ompeseneHHbli snemenT C = Ao B
u3 G. B obmem cnyyae Ao B u Bo A gBISIFOTCS pa3iMyYHBIMHU U OTEpalus,
Ha3bIBacMas TPOW3BEICHUEM JJIEMEHTOB, HE 00JIAJJaeT MEePEMECTUTEIbHBIM,
VI KOMMYTATUBHBIM, CBOWCTBOM.
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2. Onepanus accorMaTUBHA, TO €CTh (Ao B)o C= Ao( Bo q =ADBC
mutst ipou3BoiibHBIX A, B 1 C u3 G.

3. B rpynne G umeercs eJMHUYHBIN 3JIEMEHT, TO €CTh TaKOH 31eMeHT E,
yt0o Ao E= Eo A= A s npousBosibHOro A m3 G.

4. B rpynne G umeercst 0OpaTHBIA 3JI€MEHT, TO €CTh Il TPOU3BOJILHOTO
A u3 G cymecTByeT Takoil s/1eMeHT, 06o3Hauaembiii B Buae AL, uro
Ao Al= Ato A= E

AxcuoMmsbl 3 U 4 paBHOCHIIbHBI OIHOM akcrome 3 : I ABYX MPOM3BOJIb-
HbIX 25ieMeHTOB A u B u3 G Bcerga cCyuiecTBYIOT Takue 3neMeHTsl X u Y,
KOTOPBIC HA3bIBAIOTCS JICBBIM YaCTHBIM M IPaBbIM YacCTHBIM IIPH JcieHUH B
Ha A,dt0 Ac X=Bu Yo A= B.

W3 rpynmoBBIX aKCHOM CIIEAyeT, YTO B TPYMIE HUMEETCS TOJBKO OIHMH
€IMHUYHBINA AJIEMEHT, JIJIS KaXJI0ro 3JieMeHTa u3 G CylecTByeT TONBKO OJWH
obpatnsIil anement. Ecnmu C = Ae B, To Cl=BloAls CHIIy acCOLIMaTUB-
HOCTH 3aKOHa Komno3uiuu B rpymme. Beerna cnpaBemmiBo Ao BZ Ao C u
eciin B#C.

[Ipu BBIMOTHEHUH KOMMYTATUBHOCTH 3aKOHA KOMIO3uIuun Ao BZ Ac C
st npon3BoibHBIX A 1 B u3 G umeem aGeneBy rpymimy

Onpenenenne 2. ['pynnbl Ha3bIBAIOTCS W30MOP(HBIMU, €CIH KAKIOMY
sneMeHTy u3 G B3aMMHO OJHO3HAYHO MOCTaBIIEH B COOTBETCTBHE OINpeEeICH-

Hbli1 oeMent u3 G Takum obpa3om, uro OuHapHas omeparusi C = Ac B uz G
cooTBeTcTBYeT GruHapHOii omeparun C = Ao B cOOTBETCTBYOMIMX 3IIEMEHTOB
w G.

Omnpenenenne 3. DiemenT A Ha3bIBACTCS COMPSDKCHHBIM C 3JICMCH-

TOM A, €Clli CIIPaBeIIMBO PABEHCTBO A = CloACus AAuCuG.
W3 npuBeIeHHOTO ONpENeICHHs CIICAYET, YTO JIEMEHT A TaKkKe SIBIIS-
€TCS COTPSKEHHBIM ¢ 3JieMeHTOM A'. DileMeHT, 00paTHBIM 3JIEMEHTY, COIpS-

KEHHOMY ¢ A, ABIISETCS COMPSIKEHHBIM C deMeHToM AL, Tak Kak crpasej-
1 _ A1 A

JIMBO PAaBEHCTBO (A’) =Cto Ato C. Ecim A = A s moGoro snemenra C

u3 G, To A Ha3bIBacTCs CAMOCONPSHKEHHBIM DJICMEHTOM.

Onpenenenue 4. DnemMeHT A = Ao Ao...0 A, SBIAIONIUNACS KOMIIO3H-
nMe N 3JIeMEHTOB, ecTh N-g creneHb siemeHta A. CrpaBemyiiBo

A o AM =AM AM o AT = A EA(n) %m) = A %A(—n) 9-1) = A"
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c AUM = Ale Ao, 0 AL B yactroctn, AW o ACW = A9 = Eynpu n=1
mmeem AV = Apg ALY = A2

Omnpenenenne S. Beskoe Hemycroe nogmHoxectBo M rpymmsr G, koTo-
poe camo 1o cebe ABISETCS TPYNIONH OTHOCUTENILHO OMHAPHOW Orepanuy, Ha-
3bIBaeTCS NOATpYyNIon rpymmsl G.

[Tockoneky k M mpunHamnexxut eaununa rpynnsl G, To ocraBascs
gyacth Tpynnsl G He oOpasyer rpynmy. Cama rpynmna G sBnsieTcs cBoei moj-
TPYIIION U COACPKUT €NMHUYHYIO MOATPYIIITY, COCTOSIIYIO TOJIBKO U3 AIIEMEH-
ta E. DTH noarpynmnsl Ha3pIBalOTCS HECOOCTBEHHBIMH, & OCTAIBbHBIC OATPYII-
bl — COOCTBEHHBIMH.

Onpenesenne 6. Beskas rpynna M koHE4HBIX KBaapaTHBIX MaTpull A ,
C HE PaBHBIM HYIIIO ONPECIIUTENIEM, Ha KOTOPYIO MOXET ObITh B3aMHO OJTHO-
3Ha4HO oTOOpaxkeHa rpynmna G, Ha3pIBaeTCs TOYHBIM MPEICTABICHHEM TPYII-
nbl G. [lopsaok N matpun u3 M Ha3pIBaeTCs CTENEHbIO, WK Pa3MEPHOCTHIO,
IpeICTaBICHHUS.

W3 onpenencuust 6 BeITeKaeT, yTo OuHapHOU onepanuu Ao B u3 G coot-

BETCTBYET OOBIYHAsI OTEpalysi YMHOKEHHUS MaTpPHIL A(A)A (B) =A (Ao B)

n M.
Hapsiny ¢ mpexacraBieHueM B BUjE MaTpPUI] UMEIOT MECTO M JIPYTHe

npencrasieHus rpymmsl G, HanpuMep B Buae (QyHKIUIA (I)(A) JIi1st HUX BBI-
HoNHsieTcss OWHapHas onepanus Kak OObIYHAs OHepanus. YMHOXKCHHUS
(I)(A)(])(B) = (I)(Ao B) u3 rpynmsl F.

[Tpu BBIOOpE anIMTHBHON 3amucH Ui 3eMeHToB rpymmbl G snement E
COOTBETCTBYET HYJIIO TpymIbl, o6o3Hauaemomy B Buae O. [l oOpatHOro 3ie-

MEHTa MMEEM TPOTHBOIOJIOKHBINA IJIEMEHT (—a). Tornma rpymnmnoBbie aKCHOMBI
sarmytess Tak: C = A+ B (A+ B)+ C= AI-( B+ C), A+0=0+ A=A
u A+(-A)=(-A)+ A=0.

5.2. 3aK0oH KOMIIO3MIIMH 3JIEMEHTOB I'PYII Mep

PaccmoTpum abeneBy Tpymmy SHTPONHNA C KOMMYTATUBHBIM 3aKOHOM
KOMITIO3HUIINH 3JIIEMEHTOB H1 oH 0= H 5° H 1 ITonoxxuM, 4TO B 3aKOH KOMIIO3H-

AU BXOOAT TOJbKO H 1 H , U MX NPOU3BE/ICHUE H lH 5> OTIPENIETAIOIIEE KBAJI-

paTuyHyr0 HenuHeHHocThb. [lpuBeneM mpocTol aOCTpakTHBIN BBIBOZ SIBHOTO
BH/Ia 3aKOHA KOMIIO3ULIMU 3JIEMEHTOB SHTPOIIUN U €TI0 CBOMCTBA.
3anuiueM 3aKOH B CIEIYIOIIEM BUJE:
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H=H.oH :Hl+H2qJ(H1). (5.2.1)
T )

Hcnonb3yeM ycinoBue KOMMYTaTUBHOCTH B (5.2.1) M moixy4uM COOTHO-
LIEHUE

Hy+HW(H,) _HorH(H )

LeR,T(H,) | LeRT(H) 22
HaKJIaIbIBAIOIIEe OTPAHNYCHUS Ha (DYHKITHH
l‘I'J(Hl)_:l':q”(HZ)_l:a (523)
H, H, ’ o
f(H,) = f(H,) . (5.2.4)
H H

31ech BBEACHBI MapaMeTpsl € W (), He3aBHCsALME OT 3HTponuu. [loncTrasisis
byHkuu (Hl) u f (Hl) B (5.2.1), moy4yum 3akoH Kommo3uiuu [21, 23]
_ H +H,+eH H,
voe 1+wH H,

, (5.2.5)

B KOTOPOM CTEMEHb HEAJIUTUBHOCTH XapaKTEPU3YETCs 3HAUCHUSIMU MapaMeT-
POB € U W.

PaccmoTpuM ocHOBHBIE cBOMCTBa omnpeaesieHus (5.2.5).

1. AccommmaTuBHOCTh. COTTacHO akCHOME 2 BBIIIOIHSISTCS CBOMCTBO ac-
COLIMATUBHOCTH

HyoH,oH =(HoH JoH ;=H o(H oH )=

CH +H,+H +e(HH,+HH +H H J)+(m+sZ)H HH .,
) 1+w(H1H2+H2H3+H3Hl)+SwHﬁJ_'3 -

(5.2.6)

2. EaxyanyHbId 3jaeMeHT. COrlacHO akCHOME 3 €IWHUYHBINA DIIEMEHT
TPYIIIBI HAXOUM U3 (POpPMYIIbI
H+E+eHE _
1+ wHE

H o E = H y (527)

kotopas nmaer 3HaueHue E =0. Takum oOpazom, eAMHUYHBIA AJIEMEHT COOT-

BETCTBYET HYJIIEBOMY 3HaueHHIO 3HTponuu H =0.
3. O6paTHblii 31emenTt. CornacHo akcuome 4 u3 GopMyIIbL:
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_H+H +eHH™

HoH™ 5.2.8
1+HH ™ (5:2.8)
BBITCKACT BBIPAKCHUC JIA O6paTHOF0 JJIEMCHTA
Ht=__H  (1+wHH £0). (5.2.9)
1+eH

4. ConpsizkeHHbIH 3j1eMeHT. [logcTaBuM B onpesiesieHne COnpsyKEHHOTO
AIIEMEHTa

H':C_loHoC (5210)
snavenne C=-C(1+ {»:C)_1 ¥ TIOJTy9UM

H'=H . (5.2.11)

Ota gopmysna 03HAYAET, YTO AJIEMEHTHI TPYIIITBI YHTPOIUH SBISIOTCS Ca-
MOCOTIPSKCHHBIMU.

5. PaBencrBa. Vcnonb3ys 3aKOH KOMITO3UIIMM U NPUBEJIEHHBIE CBOMCT-
Ba, HAXOJIUM CIIEJYIOIINE PAaBEHCTBA

1 1

= = =g (1+eH)|(1+eH1)=1, 5.2.12
(_H) H—l ( )( ) ( )
-1
1 = 1+¢eH = 1+¢H o (5.2.13)
1+wHH 1+eH —wH 1+£H‘1—w(H‘ﬁ
(1+eH, ~wH ?)(1+eH ,—wH )
(1+eH -wH?)= . . (5.2.14)
(1+wH,H,)
H,+H,+eH H
H - 17 T E . (5.2.15)
Vi+eH —wH? [1+eH, —wH 2 [1+eH ,— wH 2
1+€eH, —~wH?2
l+eH —@HH=""1 "1, (5.2.16)
1+H,H,
1+eH, —wH3
1+eH, —~@H H="—2_ 2 (5.2.17)

1+wH,H,

1+eH —wH? = (1+eH, ~wH,H ) (1+eH ,—wH H),  (5.2.18)
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1+eH, -wHH 1+eH,-wH H

1+€eH, —wH? a 1+eH ,—wH 2 : (5.2.19)
JIn1st Tpex SHTpomnHii IMeeM
(1+ wH,H 2)2 %"‘ (D(Hlo H 2)25
_ (1+aH1—mH12)(1+sH2—ooH g)(1+gH ,—H g) 5220

A+ eo(HH, +HH +HH veH HH)E

Ecmm Hy=H™= (Hlo H 2)_1, 10 U3 (5.2.20) 1 (5.2.6), COOTBETCTBEHHO,

MOJIy4UM
A+ (HH,+HH T +H M +eH H HY)=

1

= §1+8H1—0\)H12)(1+8H ,—wH g)(1+sH ‘1—00(H '1)2)52, (5.2.21)
(Hy+H, +H ) +g(HH,+H H+HH )+
+(w+e?)HH H™=0. (5.2.22)

UYeTbIpe SHTPOIHH YIOBIETBOPSIIOT TOXKIAECTBY
(1+ leH 2)(1+ wH 3H 4) EH- w(H 1O H 2)(H 3C> H )E:
= (1+ 0H,H, ) (1+ wH H ) A+ 0(H o H ) (H o H )E=

= (1+ wH,H, ) (1+ wH H ) A+ o(H o H )(H o H JH  (5.2.23)

B wacrnoctu, npu H, =H,, H,=H, toxnecrso (5.2.23) npunumaer

BUJI

(1+ wa)(1+ wH 2?) A+ w(H,oH,)(H o H )EE
=(1+oHH,) Bra(H,oH,) B (5.2.24)

U3 (5.2.5) cnenyer 3akoH Kommosuimu suTponin H e H Yuc H 1.
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H-H,

H,=HoH}'= : 5.2.25
! 2 1+eH,-wHH, ( )
H-H
H,=H'oH = L (5.2.26)
1+eH, —wHH,

I[J'IH O6paTHBIX SJICMCHTOB UMCCM
-1 1y - -1 - - -
(HioH,) " =H"HL (HpeH,oH ) =HFHHTL (5.2.27)

l )

1 1

+ =-€, (5.2.28)
) -1
Hi7eH, Hy"eH,
1 + _11 == _11 + _11 : (5.2.29)
HieH, H,"eH; HieH, H3%eH,

Omnpenenenne 4 u3 paza. 5.1 103BONSAET NOJYUYUTh KBaApaT dJIEMEHTA

2H +€H?

H@=HoH =
1+wH?

(5.2.30)

Pemas ypaBuenue (5.2.30) oTtHOcuTenbHO H , HaxoaUM «KBaJpaTHBIMA
KOpeHb» u3 dneMeHTa H o H

H(2)

H= . (5.2.31)

2

1+\/1+8(H(2))—oo(H(2))

BSaI/IMOCB}BB OTHUX DJICMCHTOB OHpeI[eJ'IHeTCH COOTHOIICHUEM
2 _1+eH -wH?

1+e(H@)-@(HP®) =—=— — | 5.2.32
Jire(H@)-ofr @) 20 5:232)

HCHOJ’IIBYH 3aKOH KOMIIO3HMIIUH H= Hlo H 25 HaXoaAuM 3aKOH KOMIIO3HU-

WX KBAJApaTOB 3JICMCHTOB

H :(H1°H2)°(H1°H2)= HPoHE =

(2) (2) (A (2)
_HP+HP +eHPH

5.2.33
1+wHAH {2 ( )

B o0miem cirydae momydnm:
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(n) (n) (M
H(Zn):H(n)oH(n):Hl +Hy" +eH "H;
v 1+ wHMH

(5.2.34)

N3 (5.2.12) cnenyer, 4To mapameTp € OTpakaeT OTIWYUE OOPATHOrO
snementa H ™! ot npornBomnonoxHoro (—H )

AbeneBa rpynma WHGDOpPMANMNA pa3TUYHs ONPEISISICTCS aHAIOTUYHO
TPYIIIE SHTPOMHI. 3aKOH KOMIO3UIMK HH)OPMAIIUI pa3indns UMEET BU]T

[, +1,—¢
I :IlolzzL12 (5.2.35)
1+ wl 1I 5
" 3a4a€TCA 3aMeHOI71 H — —| B 3aKOHC KOMITO3UIINN 3HTp01'II/II7L

Omnpenenenue (5.2.35) ynoBIETBOPSIET CBONCTBY aCCOLIMATUBHOCTH
Lol yol g=(1 ol ,)d o= o A4 )=

|1"'|2+I 3_€(| 1 2+| 5 3"" |3 J)+(°‘)+€2) I 1I 23
= i (5.2.36)
:|'+(’“)(|1I2+I Jst L J)_SOb 1y 5

EnunnyHomy snemenTy rpynmnbel E =0 cooTBeTcTByeT HyneBOoe 3Haye-
Hue uHpopmauuu pasnuuus | =0. OOpaTHbI 37eMEeHT onpezenseTcs BbIpa-
- -1
xennmem | 1= (1—8] ) . DNEeMEHThI TPYMIIbI SABISAIOTCS CAMOCONIPSKEHHBI-
MU, TO ecTh |' =1 .
Ilo ananmoruu ¢ paBeHCTBAMH Ul SHTPONUI HaXOAUM CIEIyIOLIUe pa-
BEHCTBA 11 UHPOPMALUH pa3anyuus

1 1

[ENER (1-el)(1-2 ) =1 (5.2.37)
1 _ l-&l _ 1-¢l
Ttoll T 1-8 - 2 q_g o _1)2, (5.2.38)
1-¢l, - )(1-d ,-ad
(1‘5"‘*"2):( et - 2), (5.2.39)
o, )
l ST (5.2.40)

Vi-el -l ?  f1-d,-ad 2f1-4 ,-cb 2
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1-¢l -l ?

l1-el, -l | =—2—1, 5.2.41
O 1+l ( )
1-¢l, -l 5
1-el,-wl ) =—2—2, (5.2.42)
1+l 1,
1-el —wl 2 =(1-¢d, -« ] )(1-¢ ,-b L ), (5.2.43)

Leyma) 17d,md) (5.2.44)
1-el, -~} 1-g ,—dl 3

1-g(1,00 ol )=l 1ol Lo ) =

_ (1-el, - ?)(1-4d ,-ad 2)(1-4 -0 2)

5.2.45

A+l ,+1 ) 4+ L ~¢ 1,1, JH (6:249)
Aol ,+1 ) 24 -2 11, M=

al el -l ?)(1-d - ;)(1—9 - -1)2)52, (5.2.46)

(|1+|2+|-1)—a(|12+| L7t T )+
+(w+e?)1y1 ) =0, (5.2.47)
(1+ oy, ) (1+ed § B+l o ) 4 JB=
=(1+ o)) (1+ad ) )R+ Lo N 4 JE=
=(1+ ol ) (1+a ) ) Braf o ) 4 )B (5.2.48)
frraa?) (e )l ) A )5
(

2 2
=(1+al,l,) %+w(| ol ) 5, (5.2.49)
| -1
L =lolt=—2 5.2.50
! 2 l-el,-al, ( )
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| =1
=1 el =— L | (5.2.51)
1-¢l, -l

(Iel,) " =105, (e 4 973 8 3L (5252

217
_11 + _11 =€, (5.2.53)
|1 C>|2 I 5 ol 1
1 1 1 1
—— ., (5.2.54)
Lol, 1Mol 17l 15
—¢gl 2 (2)
12 =] of :_i' €= ! _, (5.2.55)
tol 1+\/1—s(l @) -1 @)
2 _1-el-wl?
1-(1@)-w(1 @) =————. 5.2.56
\/ ( ) ( ) 1+l 2 ( )

(M) 41 () _gg (] (1
ll +|2 8'1'2

1+l (M

120 = | (Mo (0 = (1l =t,d, (5257

5.3 I'pynnbl pyHKIME Mep

[IpencraBuM abeneByro TpyMIly SHTPONUN MYIbTHIIMKATUBHOW TpyIIe
(GyHKIMN, KOTOPBIE HAXOJATCS B ONPENEICHHOM COOTBETCTBUH C AJIEMEHTAMHU

SHTponuil. IT0 cOOTBeTCTBHE B Buae H — ¢(H) XapaKTepu3yeTcs CIeayro-

IUMHn CBOMCTBaMH:

(H)=9(H,oH,) =0 (H,)o(H,), (5.3.1)

$(0)=1, (5.3.2)

I7ie eQUHUYHBIN 3JIEMEHT TPYIIbl (PYHKIMI €CTh MOCTOSHHOE 3HAYEHHE, PaB-
HOE €JWHMIIE, NMPU HYJIEBOM 3HAUYEHHUU SHTpomuu. [[ns oOpaTHON (yHKIHMH

umeeM pasenctBo ¢ Y(H)=¢(H™), Berekaromee wu3  dopmymsl
-1y —
o(H)p(H ™) =1.
[Tokaxkem, 4TO aJIs1 3aKOHA KOMITO3HMITUHU (5.2.5) UMEIOT MECTO YeThIpe
MPUHIMIHAIBEHO Pa3INyHble IPYNbl QYHKINUNA SHTPOMIHIA.

Tun | (002 0). Iycrs ypaBuenne 1+&H —wH? =0 umeer HepaBHEIE
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BCIIICCTBCHHBIE KOPHU, TO €CTh IS JUCKPUMHUHAHTA WMEEM YCIIOBHE
D=¢?+4w>0. Torma CIIpaBEUIMBO  PABEHCTBO (1+ eH —wH 2) =
= (1+ gH )(1— e, H ), BbInonHsieMoe U ipu W= 0. [loxyynm 3HayeHUs mapa-

MCTpPOB U JTUCKPUMHUHAHTA
e=g —¢, w=gg,, D=(g+¢,), (5.3.3)
N3 KOTOPBIX CICAYIOT BCJIIMYNHBI 81 = (8 + \/B)/Z u 82 == (8 - \/B)/z .
3akoH KoMIo3uuuu (5.2.5) 3anuieTcs Tak
H,+H,+(e,—¢,)H
l+ee,HH,

H

H :(HloHZ): 2, (5.3.4)

U3 Hero ciemyer, YTo Ul BCEX HE3ABHCHMBIX OOBEKTOB COXPAHSAETCS
HEPABEHCTBO (—]/81)< H <(],/82). 3HaYeHHs SHTPOIHUA (—]/81) u ( 82) He

ABIIAIOTCS AJIEMEHTAMU TPYMIbI, TaK KaK 0OpaTHBIE 3JIEMEHTHI OT STUX 3Haue-
HUHN OCTAIOTCSI HEOIPEAEeICHHBIMU BBUAY HAPYIICHHS JOMOIHUTEIBHOTO YCIIO-
BUs B onpexaeneHuu (5.2.9). OnHako as HUX BBIMONTHIIOTCS (POpPMaIbHEBIE CO-
OTHOILICHUS

DiD Di[HI/IHiml[
CERE TR E
1 0O O1

?E: ?Enpn H# E_ E\ (5.3.5)

N3 (5.3.5) BbITEKAET, UTO BEIMYUHBI (—]/81)1/1 (]/82) SIBJISIFOTCSL MHBAPUAHT-

HBIMHU JJIA BCEX HE3aBUCHUMBIX 00BEKTOB. CHGL[OB&TCJIBHO, HWHBAaPUAHTHBIMU
ABIIAIOTCS TaKXe mapameTpsl € U . U3 cootHowmenus (5.3.5) BbITEKalOT clie-
nytomue GopmanbHbIe PaBEHCTBA

0 1d2) 1C 1ﬂ
TeE CHeR B CHE >

K KOTOPbIM I[O68.BJ'I$IIOTCH €HIC YCThIPC

(1+&H,)(1+eH 2)1 (1+£1H_) - H_l, (5.3.7)
1+wHH, (1—52H 1) H

(1+eH)=
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(1-c H):(l—szHl)(l—ssz) (1-e,H) __H 5.3.8)
’ 1+wH H, ’(1+alH-1) H' -

[Tocne nenenus paBenctsa (5.3.7) Ha (5.3.8) MOTYYUM TOXKIECTBO
[(l-e,HUO L-g,H Hl-e H,LC

§1+e H E:EH?, %Ha E (5:3.9)

Comnocrapnss (5.3.1) u (5.3.9), HaxoquM HCKOMYIO (DYHKITHIO

1
SHEili

ﬁﬁﬁ (5.3.10)

HOpOXKJaroNyto rpynny. OHa SIBISETCS CTENEHHOM 3aBHCUMOCTBIO OT APOOHO-

nuHeHONW QyHKUIMU. 3/1eCh B CTETIEHH HCMONb3yeTcs PyHKIMS a= a(a € )

3aBucsinas ot mapametpos. 13 (5.3.10) cienyer croiictBo §(0) =1.
[ToncTaBuM 0OpaTHBIIM 2JIEMEHT

(5.3.11)

1 1
¢'1(H)_¢(H'1):§1+£2H_1§:§1 8:§ (5.3.12)

KOTOpas ABaseTCs oOpaTHoM QyHKIMK 11 ¢ (H ) .

DneMeHTHl Tpynibl GYHKIUNA SHTPOMIHM SBISIOTCS CaMOCONPSKEHHBIMU
B CHJTY BBITIOJTHEHHSI paBEHCTBA

d(H)=0(C)o(H)o(C)=0(H). (5.3.13)

Jnst onpeneneHust QyHKIUM a = a(al,az) PacCMOTPUM MYJIbTHUIUIMKA-
TUBHYIO Tpynny (QyHKUUH SHTPONHUM, KOTJa KaXIblii HE3aBHCUMBIH OOBEKT

MMEET CBOE 3HAUCHHUE pacCMaTPHUBACMBIX MapamMeTpoB. Torjma 3amuiieM clie-
nyromue GyHKIIU

: o
¢s £ (Hl): 1@7 ¢§ & (H Ei D’ (5.3.14)
ON - ONURE: = o
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1
o, . (H)= 2 =8 (5.3.15)

CBOWCTBO MYJIBTUIIJIMKATUBHOCTH

bs e (H)=0, . (Hi)o: - (H)) (5.3.16)

JTa€T PaBEHCTBO

aHEéi -

.
ﬁﬂﬁ ﬁlnH Eﬁ 1+&H zﬁ’ (5:3.17)

M3 KOTOPOI'0 BBITCKACT 3aKOH KOMITO3UIIMH

H=H,oH,=

_ (e,re,)H +(B+E)H (e e s JH

— . (5.3.18)
(e+e,)+ (e JH H(E5 8 )H (e85 se88)HH |

Teopema 1. Ecnu rpymimna sutponuii abeneBa, T0 E=€=€ 1 W=O=W .
Jlns  jokasarenbCTBA  HCMOJNB3YeM  YCJIOBHS ~ KOMMYTATHBHO-
cruH =H,oH,=H_,oH, u cBolictBa rpynmel, YTO NPUBOJUT, COTIACHO

(5.3.18), K COOTHOIICHHUSIM

g +te,=E +E,=¢€ +¢, (5.3.19)
e, & ¢
L-1=-1 (5.3.20)
82 82 82

x I

N3 (5.3.19) u (5.3.20) BBITEKAIOT HMCKOMbIC paBeHCTBA € =& =€, W

&= 52 82, KOTOPBIE JIOKA3bIBAIOT TEOPEMY. B UTOre BBINOIHAETCS CBOMCTBO

(5.3.1) nna dyaxkuuu (5.3.10). CoorHomenue (5.3.19) B paccmarpuBaemoit
TEOpEeMe TI03BOJISIET TIOJIOKHTh

a= —M (5.3.21)

u, cieaoBarenbHo, u3 (5.3.10) nomyuum:
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A
(- €2H [Ie+e,

MH)ZWE , (5.3.22)

rae A ecTh MPOU3BOJIBHBIN MapaMeTp.

Tun || (Sl +tE, = O). Iycts ypasrenne 1+&H —wH 2 = 0 umeer paBHble
BEIIECTBEHHBIE KOPHHU, TO €CTh I TUCKPUMUHAHTA BBITIOJIHIETCS YCIOBHE
2

D =0. Takum o6pa3oM, crpaBeIHBo pasiaoxerne 1+&H —wH? = (1+ gH )

" IIOJIYYUM 3HAUCHUA ITapaMCTPOB

e=2¢, W=-¢€2, (5.3.23)
3aKOH KOMITO3HUIINH
H +H,+2¢ HH
H=(H,oH,)= T (5.3.24)
112
" paBCHCTBO
1+g H )(1+eH
(1+81H):( L 12)( ! 2). (5.3.25)
1-efHH,

[Tocne nenenus paBenctna (5.3.25) Ha (5.3.24) BeITEKaeT COOTHOIICHUE

H _ H | H (5.3.26)
l+eH 1+gH, 1+eH,

N3 3akoHa KOMMO3UIMU ClienyeT HepaBeHCTBO H >(—ZI/€1). 3HaueHue

OHTPOIINH, PABHOC (_]/81) ABJICTC MHBAPHUAHTHBIM 3JICMCHTOM JJIsI BCCX HEC-

3aBUCHUMBIX O6’L€KTOB, TaK KaK BBIIIOJTHACTCA (bOpMaJ'IBHOG COOTHOLICHHUC

g 10 0

E— gﬁ— E mpu H 7:%— E\ (5.3.27)

O,Z[HaKO O6paTHbIﬁ 3JICMCHT OT 3HA4YCHUA (—]/El) OCTaCTCA HCOIIPCACICHHBIM,

TaK Kak HapymaeTcs JONOJHUTEIBHOE YCIOBHE B onpeneneHuu (5.2.9).
Comnocragnss (5.3.1) u (5.3.26), HaxX0AUM UCKOMYIO (PYHKIIHIO
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B O AH L
¢(H)—expﬁ- e n E (5.3.28)

HOPOXKIAMIIYI0 TPYIILY, Iie A €CcTh MPOU3BOJbHBIA mapamerp. U3 (5.3.28)
BbITeKaeT cBOMCTBO ¢(0) = 1. DneMeHThI rpymbl (YHKIUN SHTPOIUHL SBIISIOT-

Cs CaMOCONPSIKEHHBIMU.
[ToacraBuB 0OpaTHBIN 3JIEMEHT

Hi=-_ 1

=— (5.3.29)
1+2e H

B (5.3.28), monyuum GyHKITUIO

o) =o(H Y =expr-— M Eex M 5 (5.3.30)
JireHH CHreHE

KOTOpas sBJsieTcst oopatHoi pynkuuei mis ¢(H) .
Tun Il (oo< O). [Tycts ypaBuenue 1+€H — wH 2 = 0 He UMeeT BEIeCT-

BCHHBIX KOpHefI, TO ¢€CTbhb U1 HAOUCKPUMHHAHTA BBIIIOJHACTCA YCJIOBHUC

D =& + 4w< 0. [TpescTaBUM TPEXUICH B BHIE MPOU3BEICHHS
1+eH —wH?2 = f f, (5.3.31)
IrJIc KOMIUIEKCHOE BhIpaxkeHne f = (1+ iK ) / (1— ib) COICPXKHUT QYHKIIHU

_ —wH +¢/2 b= /2

J-w-€2/4" J-w-g2/4
I[eJII/IM KOMITJICKCHOC BBIPAKCHHUEC HA €€ COMPAKCHHOC 3HAUCHUC
f _1+iK 1+ib _1+iF

T 1-ib1-iK 1-iF

K (5.3.32)

(5.3.33)

u omnpeaensieM GyHKIUIO

—Nn_c2
o Ktb _Hy-w-e’/4 (5.3.34)

“1-Kb 1+ He/2
CrpaBeIuBbI CIIEIYIONIUE PAaBEHCTBA

(1+iF)= (1 E)F(lg ) (5.3.35)
12
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(1-iF)= (- E)F(lp_ ) , (5.3.36)
12

1+iF _ (1+ iFl)(1+iF2)

= . 5.3.37
1-iF  (1-iF)(1-iF,) ( )
W3 HUX BhITEKAET 3aKOH KOMIO3UIMH JUIsl pyHKIMHu F
F+F
F = F]_ o F2 = 2 y (5.3.38)
1-FF,
KOTOpBIﬁ JacT I/ICXO,I[HBIfI 3aKOH KOMIIO3UIINH 3HTpOl'II/II71
H +H, +eH H
H=H,oH,=———2_—1-2 (5.3.39)
1-(vV-0) HH,
Hcenonb3ys TOXIECTBO
1+iF
arctg- =— I 5.3.40
¥ = 2i 1-iF ( )

u yuutbiBas (5.3.37), HaX0AUM UCKOMYIO (DYHKITHIO

UJ A UJ
H O0—2  arctdF)O=
d(H) =exp — arctq )E

0 OH . [—o—g2/4
= exp[-l)\i arct Hy—w-e%/4 i, (5.3.41)
~w-€2/4 1+He/2

KOTOpast MOPOXKJIAECT pacCCMaTPUBAEMYIO TPYIITY SHTPONHNA. 31eCh A €CTh MPo-
u3BoNbHBI mapamerp. M3 (5.3.41) cnenyer cpoiictBo ¢(0)=1. DaemeHTsI

rpynnbl GYHKIUW SHTPOIIUNA SBIISIOTCS CAMOCOTPSI>KEHHBIMH.
[ToxcraBuM 0OpaTHBIN dJIEMEHT

(5.3.42)

B (5.3.41) u nonyuum QyHKIHIO:
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o7 H(H)=¢(H™)=

B OH -1 ~-g2/4 T

=expl3 A arct — / = (5.3.43)
H/-w-¢%/4 1+H /2 H
O ] rn_ 2 4 |I|

= expF ——— arct il 11,
H J-w-¢%/4 1+He/2 [

KOTOpas sABJsIeTCss 00paTHOW GyHKIueH st § (H ) .
Hanee,  mpexacraBisisi  TpexXwieH B BHUJE 1+eH —wH? =

= (ZI/ 2) gl+ &H )2 + (1— e,H )25, MOJIyYMM 3HAYEHUS MapaMeTpoOB U JUCKpPU-

MHHAHTAa

A2 D=—(g+e,), (5.3.44)

E=E —E&,, W=—
1 2 2

N3 KOTOPBIX CICAYIOT BCJINYUHDBI 81 = (8 + m)/Z n 82 =- (8 - m)/Z .

3axoH kommno3uuuu (5.3.39), B Buze

H,+H,+(e,~€,)HH,

H = (HyoH,)= =2 REALTRE (5.3.45)
BBITEKAET, coryiacHo (5.3.38), U3 COOTHOIICHUS
H, N H,
H _ 1+H, (e,-€,)/2 1+H,(e,~¢,)/2 (5.3.46)
> : 3.
1+H (g —¢,),/2 1 HH, (e e)) /4
A+Hy(e,-2,)/2HH+H (12 ) 25
CrnpaBeu1MBbI paBEHCTBA
010, 01 1-g,H L
g -0= 3.
H, E-slﬁaH ﬁ_sl %ﬂﬁ +(5§‘5f)"'/2515 (5.3.47)
010 01 1+gH L
H = H = 1 O (5.3.48)
2% g%*ﬁ’f(ﬁ*f%/%ﬁ
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010 010 010 0 10 O 10010

5eB THA B BB AR &P
HoBtgatoH =H, (5.3.50)
VBB g

H+O(H_)‘1:%—8—1l§2), H_o(H+)'1:gI$§2), (5.3.51)

KOTOpPBIE O3HAYAIOT, YTO B JAHHOW T'PYIIIE 3HAYCHUS (—ZI/ El) u (ZI/ 82) SBJISI-
I0TCA €€ DIIEMEHTAMH.

OnemeHTHI (5.3.47) u (5.3.48) yOBIETBOPSIOT TOXKIECTBAM

_Ul+k%H, O 2 He 1 1 1d1 1O

dkPeH E AR (U)K, (Ue)m

re BBeAeH KodhpuiueHt
1+eH
k= L (5.3.53)
1-¢,H

Tun IV. PaccmoTpuM crienuanbHbI TUI TPYMIBI, B KOTOPOW COIMOCTa-
BUM pyHKusAM (5.3.22), (5.3.28) u (5.3.41) anauTHUBHYIO SHTPOIHUIO

(5.3.52)

A (M—-e HLC
HR=-In¢p(H)=- | 2 5.3.54
nq)( ) €1+82 nﬁl+€1H E ( )
AH
HR=-] H)= , 5.3.55
nq)( ) l+gH ( )

04 [—er—e2/aC
arcg V@ E/4 (5.3.56)

_ A
~Ine(H)= o9 e

Torna takoe oToOpaskeHUe SBISIETCS M30MOP(HU3MOM TPYII HEATUTHB-
HBIX HTPONUI Ha IPYIIY aAJAUTUBHBIX SHTPOIIHIA.
bunapnas onepanus 371€MEHTOB €CTh

HR =

HR = HlRo HZR: H1R+ H 2R' (5357)
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Jlns aguTuBHEBIX SETponuii H R BRIMONHAIOTCS rpynmoBbIe CBOMCTBA
a) aCCOLIMAaTUBHOCTh

(HR+HR)+HF=H R+ (H R H A, (5.3.58)
0) HaNMYue eIMHUYHOTO AJIEMEHTA
HR+0=0+HR=HR (5.3.59)
B) HaJIMYMe 0OpaTHOTO 3JIEMEHTA
HR+(-HR)=(-H R)+H R=0. (5.3.60)
OyHKIHSA, TOPOKAAIOMIAS TPYIITY aJITATUBHBIX SHTPOIHH, UMEET BH/]
d(H) =exp(AHR), (5.3.61)

rae A ecth Mpou3BOJIbHBIN mapamerp. OHa umeet cBoiictBo ¢(0)=1 u 3e-

MCHTBI I'PYIIIBI (1)YHKI_II/II/I 3HTpOHHﬁ SABJIAIOTCA CaMOCOIIPAKCHHBIMU. HOI[CTa-

BHUM OOPaTHBIN PJIEMEHT (—H R) B (5.3.61) u nonyuum oO6paTHYIO (YHKITUIO

¢‘1(H R):q)(—H R):exp(—)\H R). (5.3.62)

B 3axmrouenue onpeaenuM rpynmbl GYHKIHA HHOOPMAIMA pa3iuyusl.
ITpu 3amene H — —| umeem Tpu TMna rpynmn:

A
+E, | Gate,

Tun I: ¢(1) = TE : (5.3.63)
Tun Il q;(l):exp%f)\I - (5.3.64)
—gl E

—w—-g2/4 M
m ﬁ 1-1¢/2

H3omopdu3mMoM 3TUX rpynn HEaaIUTUBHBIX WH(GOpMalUN pa3iuuus Ha
IpyMNIy aAJIuTUBHBIX HHGOPMAIIUI pa3Inyus SIBISETCI Mepa

IR =-AT4(1), (5.3.66)

Tun ll: ¢(1) = expD— El]] (5.3.65)

KOTOpasa COOTBETCTBYCT YCTBCPTOMY TUITY I'PYIIIL ¢)YHKHHﬁZ
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Tum IV: (1) =exp(-AI ®). (5.3.67)

3necy He OyneM paccMaTpuBaTh CBOMCTBA AJIEMEHTOB Ipynn MH(poOpMa-
WA pa3nuuus ¥ rpynn ux QyHKIUN, Tak Kak 3TO JIETKO CAENaTh M0 aHAJIOTHH
C PaCCMOTPEHHUEM CBOMCTB SHTPOIHHU.

5.4. MaTpu4Hoe npeacTaBJIeHHe IPYIII Mep

[IpencraBuM abeneByro TpyIy HTPONHM MYIbTHIUIMKATUBHOMN Tpyrie
HEBBIPOXKJICHHBIX MaTpwuil Broporo mopsaka [21]. Kaxmoit saTporiun H wu3

MHOKecTBa SHTponuii G comocTaBigercs Marpuia A(H) U3 MHOXECTBa

Matpur; M . Bce MaTpuipl, COMOCTaBIsIEMbIEe PA3TUIHBIM SHTPOIUSAM, Pa3IHy-
HBI U, CJIEJIOBATEILHO, TPYIINIa MATPUI] U30MOpP(HA TPECTABIIEMON TpyIIIE.
Matpunbl 00pa3yroT abeneBy Tpymnmny 1o OMHApPHON Omepanuud YMHOXEHUS,
KOTOpasi €CTh OOBIYHAS OTEpalys YMHOKEHUS MaTPUIL

A(H)=A(H,oH,)=A(H,)A (H,). (5.4.1)

YMHOXk€EHUE KOMMYTaTUBHO
A(H)A (H,)=A(H,)A (H,) (5.4.2)
R(H)A(H)ER (Ho)=A (H)A (H A (HJB 643

COTJIaCHO CBOMCTBAM MaTpun.
EIII/IHI/I‘-IHBIM OJICMCHTOM B YCJIOBUH

A(H)A(H)=A(H™MA (H)=E (dets H)deA H')=1 (5.4.4)
ABJACTCA CANHUYHAA ManI/IIIa
1 oC
A(0)=E = 5.4.5
(0) b WP (5.4.5)
a 06paTHa;1 MaTpua UMECT BU
AY(H)=A(H™) (A(H)ATY(H)=E). (5.4.6)

Hcxons u3 yenosuit (5.4.1) — (5.4.6), onpenenum sIBHbIA BUJ MaTpPULbI,
MOPOXKAAIOLIEH IPYIIy U, COOTBETCTBEHHO, OMHAPHYIO ONEPALUIO ISl SHTPO-
nuil. Beibop matpuil BToporo nopsiika o0ycioBiIeH TeM, YTO 3aKOH KOMITIO3H-
UK JIOJDKEH coliepxkarh Tonbko H,, H, u KBajpaTH4Hyi0 HEITMHEHHOCTH B

Bujie npoussesienus H H ., . Wrak, 3anuiem Marpuity B o0uieM Buze:
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_a(H) b(H)C
FH) d(H)E
rae pynkiuu a=a(H), b=k H), c= dH), d= d H 3aBucsr or suTpo-
i, MaTpuia sSBiIseTCs HEOCOOEHHOM, TO €CTh €€ ONPEAEIUTENL YIOBIETBO-
psiet ycnosuto detA (H )# O.
Hcnonp3yem yciaoBue KOMMYTaTUBHOCTH (5.4.1) 11 yMHOXKEHUS

(, B[, bO Oa, bia R

b odfe of e dffe o o9

3,I[GCB (1)YHKI_II/II/I C MHACKCaAMH 1u?2 3aBUCAT, COOTBCTCTBCHHO, OT 3HTpOHHI>i

A(H) (5.4.7)

H, n H,. B pesynbrare nonyuum cucreMy u3 GyHKIMOHAIBHBIX YPABHEHUH

a8,*+hc= 83+ b (5.4.9)
ch,+dd,= c,h+ d,d, (5.4.10)
b, +hd,= a0+ b4, (5.4.11)
ca,+dc,=ca+ dg (5.4.12)

VYpasuenus (5.4.9) u (5.4.10) HaknaAbIBAIOT CIEIYIONIME OTPaHUYEHUS
Ha QYHKIIMH

b
b b w, (5.4.13)
G G
a u3 ypaBHenui (5.4.11) u (5.4.12) umeem
8- _3-d_, (5.4.14)
G C

3I[CCB BBCCHBI IMapaMETPhI €nuw, KOTOPLIC HC 3aBUCAT OT SHTPOIINH.
Ucnons3ys cootHomenus (5.4.13), (5.4.14), nonyuum

+EC C
AH)= %d B (5.4.15)
O c dr
[TockobKy B 3aKOH KOMIIO3UIIUU BXOIST Hl, H , U HlH 5> TO UMEEM
(GYHKIIMOHATBHYIO 3aBUCUMOCTb
c(H)=Hd(H). (5.4.16)
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[Tpu moxcranoBke (5.4.16) B (5.4.15) BeITeKaeT HCXOHAS MaTPHUIlA

A+eH oH C
A(H)=d(H) 0 (5.4.17)
O H iy
B BUJE mpou3sBeaeHus HeusBectHoW (ynkuuu d(H) Ha matpuily, smeMeHTbHI

KOTOpO# JIMHENHO 3aBUCAT OT 3HTponuu H. Onpenenurens NoaydyeHHOW MaT-
pHULBI paBHAETCS

detA (H )=d? (H )(1+eH -wH?). (5.4.18)

MO0KHO HCIIOIB30BATH IPYrov BapHaHT MCXOAHOW Marpuubl. Tak, mpu
3ameHe W —» 1/wu € - €/wW B (5.4.13) u (5.4.14), COOTBETCTBEHHO, a TAKXKE C
yaerom b(H) = HA(H), moayuum marpuiry

M+eH HC
AT(H)=d(H 5.4.19
(H)=d( )EwH 1% ( )

KOTOpas sSIBJISIETCS TPAHCIIOHMPOBAHHOM 110 oTHOIIEeHHO K Marpuie A(H).

Janee ymuoxum marpunty A(H,) na matpuiy A(H,)

[1L+sH1 leD:IHsHZ ooHZD
AHDAH) =dHAHIE 5 T
1 2

=d(H,)d(H,) (1+wH,H,)x
%l_'_EHlI-'-HZ:l_TlHZ wH11+H2;TﬁZE
0V w
xg 12 r2 E, (5.4.20)
H +H,+eHH, L
1+wH H, E

npupasHsieM pe3ynbTar Marpuie A(H) 1 nonyuum 3akoH KOMITO3UIIUU

_H +H, +eHH,

H=H,o , 54.21
172 T+wH H, ( )

a TaKk)Ke paBEHCTBO JUISI (DYHKITHIA
d(H) = d(H,) d(H,) (1+wH,H,). (5.4.22)

W3 3axkona KOMITO3MIIMH OJIA onpez[enHTeneﬁ:
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detA (H )= de®s H, )ded K, ) (5.4.23)

BBITCKACT N3BCCTHOC COOTHOIICHUC

(1+€H,-wH ?)(1+€H ,-wH )

(1+eH -wH?)= (5.4.24)

(1+wH,H,)’
C yuerom 3HaueHus onpeaenurens (5.4.18) BerurcianM oOpaTHyIO MaTpHILy

1 —wH
1 - E E (5.4.25)
d(H)@+eH-wH?)H  1+eH[

AT (H) =

u, cornacHo (5.4.6), nmpeobOpa3yem ee K BUIY

O+eH™ wH™'C
A(H‘l)zd(H‘l)ﬁ-HE_ g

(5.4.26)
H™ 1

3/ech B3aMMOCBA3b MexIy 3HTpormeii H 1 ee o6paTHeIM smementomM H 1
JTAETCsl PaBEHCTBAMHU

(1+eH)(1+eH ) =1, (5.4.27)

d(H)d(H™)(1+0HH™) =1, (5.4.28)

N3 KOTOPBIX BBITCKAIOT U3BCCTHBIC COOTHOIICHU A

-1
H=-_H —, H™'=- H
1+eH 1+eH

(5.4.29)

1 _ 1+eH 1+gH ™
1+wHH™  1+eH —wH? 1+€H-1_w(H-1)2'

(5.4.30)

Urak, npencrasienure adeneBol TPpyHIbl SHTPONUN TPyMIe MaTpUIl MO-
Ka3bIBAET, YTO JI1 KOMMYTaTUBHOM OMHapHO# onepaunu H, o H, Bbimonnser-

Cs1 aCCOLIMAaTUBHOCTD (H1 oH 2)0 H 3= H 1° (H 20 H 3). EnunnyHOMYy 3emMeHTy

B ycioBun HoE = Eo H= E coorBercrByer HyneBas sutporuss H =0. O6-
paTHBIM  DJIEMEHT B  YCIOBUH HoH?=HleH=E  paBusercs

H™l=-H (1+eH) ™.
B aGeneBoii rpymie Matpuil octactes Heonpeaeiaennon Gpyukmus d(H),

JUTsL KOTOPO# BhIMONHsIeTcs paBeHCTBO (5.4.22). Ucnonwsiyem (5.4.18) u nepe-
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nutiem Matpuiy (5.4.17) u ee obpatHyro (5.4.26) cnexyronm oopa3omM

1
0 detAH) pO+eH wHLC

A(H) = 5.4.31
O H-orBH n P G4
1
-1 (2 -1 -1
A(H‘l)—D detAH™?) pgHl+eH™ wH™L

(5.4.32)
2 —

ﬁHeH‘l—w(H‘l) ﬁﬁ H™ 1 E

rae HeonpeneneHHas Qynkius detA (H ) ymoBineTBopsieT TpyIIIOBOMY CBOWA-

cTBY (5.4.23). Takum oOpa3om, 3Ta PYHKIUS TOPOKAACT TPYyNIy QyHKIUI FH-
TPOTIUH.
Brenem matpuny

eH wH
B(H) = El B detBH )= 1+&H — wH 2 (5.4.33)
OH 10

" IIOJIYYUM PABCHCTBO

A(H) _  B(H)
[detA H)[? [deB H ]

C(H) = , detCH)=1 (5.4.34)

NI
NIR

rae C(H)ects yauMomysipHasi MaTpHILa.
Onyckasi BBIYMCIIEHUS, aHAJIOTUYHO HaX0JJUM MaTpUYHOE IPECTaBICHNE
rpymnIbl HHGOPMAIMNA PA3INYHs U B PE3yIbTaTE HMEEM CIICAYIOUIYI0 MaTPHUILY

1
0 detA() -l -wC

Adl) = 5.4.35
U ee 00paTHyIo
1
0 i [2 -1 -1
[1-el -l L
Q1) =0 detA ( ) Dﬁ 5_1 E (5.4.36)
El el 1—oo ﬁ - 1

Jlnst onpeesienyst 3aBUCUMOCTEN ONPEAEIIUTENEN MAaTPUL] OT SHTPOIIMH U
nHGOpMaILUY Pa3INyuus UCII0JIb3YEM PaBEHCTBA

detA H)=¢2 H), ded ( =62 () (5.4.37)
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detA H™1)=0? H1), ded ("1)E¢? (1) (5.4.38)

O3HAYaIIKue U30MOpQHBIE 0TOOpakeHUs TPy GYHKIIUN Mep Ha TPYIIY OM-

penenureneii. B urtore marpunsl (5.4.31) u (5.4.35) ¢ mpou3BOJLHBIM TIapa-
METpPOM V TIpeoOpa3yroTcs K BUILY

0 1+eH wH C
A(H):q)v(H)E\/usHH—sz \/1+£H1—ooH2 % (5.4.39)
AViteH —wH?  ViteH -wHZF
0 1-el B wl C
A(l)=¢" (I)D 1-el _|sz “1_i' o 2% (5.4.40)
HViel-w? vid-a?F

Hcnonp3ys yeTbipe TN rpynn QyHKIUNA Mep U Jenast 3aMeHy AV — V.,
IIOJIyYMM YEThIPE TUIIA MATPHIL.

Tun I

\

(L-g,H Oerve
AH) =52 S
+81

E 1+ (g, —¢,)H £ H
><B\/(1+?.1H)(1—‘¢,2H) \/(1+51H)(1—82H)
0 H .

)

AfareH)(1-e,H)  J(1reH

(5.4.41)

rmooOoddOrt

(-eH)

\

[+ 82| [$,+€,
X

M B B

1- (81—82)| _ €.8,l

a)red)  Joe ()

1
\/(1_£1|)(1+82I) \/(1_£1| )(1+€J )

X

(5.4.42)

I:I]:IIEI I:IEL__H:I

rmoOodadOrt
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Tumn Il

%ll+2aH _ &fH E
vH U gl+eH 1+eH

A(H) = eXpﬁLu Hgﬂ H 1 U
EhslH 1+£1Hﬁ
(1-2e1 €2 B

K
Dml gl 1£1ID

A(l) = expﬁf ﬁ_ E
1-gl 1-¢l

Tum Ill:
0 82/4ED
A(H)= expﬂiarct [Tk
A/~w-€2/4 1+He/2 HQ
O 1+eH 0
><E\/1+>3H - wH? \/1+€H—00HZB
0 H 1 O
H\/1+£H - wH? \/1+8H—ooHZE
0 2/4
A(l) =exp-— v arct —w” E/4EID<
H J-w-¢%/4 1-lg/2 1
O 1-¢l U
R \/1—81 R
O | 1 O
H Vi-el-w? Ji-g-wz2f
Tun |V:

)XD. oC

HEf

A(H) :exp(—vHR

(5.4.43)

(5.4.44)

(5.4.45)

(5.4.46)

(5.4.47)



1 oC
A(l) =exp(vl R)x 5.4.48
(1) = exp( )EHR D (5.4.48)

5.5. Kinaccupukanus napaMeTpu3oBaHHBIX JHTPONUIA
U HH(POPMAUN Pa3TUIUS

HcenenyeM CTaTHCTHMYECKYHO CTPYKTYpY NapamMeTpU30BaHHBIX MEpP HH-
dbopMaluii, UCMOJIb3ysl UX TPYIIOBLIC CBOMCTBA. JIJIT 4ero pacCMOTPUM TPYII-
TbI TTOJTYHOPM

d/ql ﬁ/(q—
N,,(p) = Dz i D : P D'z Ry . (5.5.1)
S TR T

SIBIISTFOIUXCSl PYHKIIMOHAIAMU paclpeieTICHUH.
Brauane mpuBenem 3akoH koMmoszunuu aist N q_1( P) B BHUIEC OOBIYHOTO

YMHOKECHHUS

Nq—l( Po) = Nq-l( py)e Nq_l( p) = I\h—ﬁ o) Nrg n, (5.5.2)

YTO OMNPEENIAeTCS CBOMCTBOM MYJIbTHUIUIMKATUBHOCTH TMOJYHOPMBI. 3HAUCHHS
MOJIYHOPM

Om n d/ - 1
DPNEE
N = Nq—l( plZ) DWB y (553)

e L)

d/ a-1) d/ q-1)
DZ Py O Z P2 O
N =N (p)=00—0  , N=N_(p)= D—D (5.5.4)

oL 2

3aBHCST OT COBMECTHOTO pacrpeseneHus: o0uero oobexra P, =R P u pac-
TPE/IETICHUN HE3aBUCUMBIX OOBEKTOB P, U p; -

IIpuBeneM OCHOBHBIE CBOMCTBA 3aKOHA KOMIIO3ULUU.
1. KomMyTaTHBHOCTB . BBINIOTHSAETCS CBOWCTBO KOMMYTAaTUBHOCTH:
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Ny (PN (P) = N () N R, (5.5.5)

ClIeZIOBATENbHO, TPYIa SBIsETCS a0eIeBOM.
2.AcconuatuBHocTh. CornacHo akcuome 2 (paszzaen 5.1) BwinosiHsAeTCS
CBOMCTBO aCCOLIMAaTUBHOCTHU

ANos () Nooa ( P)HN, o B) =
=Not () BNea () Nea( ) N R ). (5.5.6)

3.EnunuynbIii 3gemeHT. CornacHo akcuome 3 (paszaen 5.1) equHUYHBIHN
3JIEMEHT I'PYMIIbI €CTh TOCTOSTHHOE 3HAUY€HHUE MTOTYHOPMBI

N @) =1, (5.5.7)

paBHOE euHuIEe npu P, =1. DTO crenyeT U3 HOPMUPOBAHHOCTH TIOTYHOPMBI

Ha euHUILY (CBOWCTBO 3, pazaen 3.2).
4.00paTHblii 3emeHT. CornacHo akcuome 4 (pazzgen 5.1) u3 hopmyssl
B3aMMOCBSI3U

Noo (PN, (pt)=1 (5.5.8)
BBITEKACT BBIPAXKEHUE OOPATHOTO 3JIEMEHTA IPYIIIIBI TOJTYHOPM
_1 _1
N (PH =N, (p?). (5.5.9)

DOHTpOIUS KaXJI0To 00beKTa sBisercs (YHKIUEH MOIYHOPMBI 3TOTO
00BEKTa, TO €CTh UMEEM 3aBUCUMOCTH

H =H(N), H1 = Hl(Nl), H2= H2(N2). (5.5.10)
JInst SHTpONIMIA UMEEM U3BECTHBIN 3aKOH KOMIIO3ULIMU
H,+H, +eH H
H=HoH,=——2_—12 (5.5.11)
1+wH H,

I TTapaMeTpbl € M () HE 3aBHCAT OT SHTPOIHIA.
Huddepenmupyem (5.5.2) u ¢ yueToM paBEeHCTB

dN _ dNdN, dH, dN_ dNdN, dH,

= , = (5.5.12)
dH dN, dH dH dH dN dH dH
MOJIYYUM UCXOJHOE ypaBHEHHUE [23]
dinN__.(p
(1+ eH —wH Z)WZA ) (5.5.13)
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UMCIOIIICe OJTUMHAKOBBIN BHJI JUISI BCEX PacCMAaTPHUBACMBIX OOBEKTOB. 3/1€Ch A
€CTh IIPOU3BOJIbHAA MOCTOSHHAs WUHTEIPUPOBAHUS, KOTOpPAas MOXET 3aBUCETHh
OoT € U W.

Jlajiee aHAJOTMYHO HAXOJHMM HCXOJHOE YpaBHEHHE ISl HH(OpPMAIHH
pazau4us

a Op
g-1
(1-el -0 2) o ﬁﬁ (5.5.14)
[Tpu BBIBOMIE (5.5.14) UCTIONB3YIOTCS 3aKOHBI KOMIO3UITAN
.+, -4
| =1 ol 2:;12, (5.5.15)
1+l 1,
Up,, O Up, U Up, L
Nt 22 = N plﬁN(H pZE (5.5.16)
U, U )

JJIs1 HE3aBUCUMBIX 0OBEKTOB.

Wnterpupys ypaBHenus (5.5.13) u (5.5.14) ¢ ycnoBusimu Nq_l( p) =1
- Op L _ y
npu H=0u N q_lB—H—l npu | =0, paznuyaeM 4YeThlpe THUIMA PELICHUH B
8]

3aBUCHUMOCTH OT 3HAYCHUs MUCKpUMHHaHTa D =2 +4w. [lepBbie Tpu THIA
CenyroT, ecnu ypaBHeHus: 1+¢&H —wH 2=0u 1-¢l =l ? =0 umeror Belle-
CTBEHHBIC U PA3JIMYHbIC KOPHU, BKIIIOUYas ciydail w=0, 1Ba BEIIECTBEHHBIX U
pPaBHBIX, KOMIUIEKCHBIE KOpHU. YeTBEepPTHI TUI COOTBETCTBYET a/IMTUBHBIM
3aKOHAM KoMmImo3umui H = H1° H2 = H1+ H , W | :Ilol ) =| 1+| ,- Dop-
MalbHO AJi1 3TOro tuma MoxHo B (5.5.13) m (5.5.14) npuHATH paBEHCTBO
e=w=0.

Pemiennst  paccmarpuBaeMbIX — ypaBHEHUN — JAOT  B3aMMOCBS3b

H=H N, (Pn 1 =1 ﬁlqﬂﬁg%

PaccMoTpuM cOOTBETCTBYIOIIME TUIIBI MEP HH(OPMALIUH.

Tun |. [TycTs TpexusieHbl IPU PABEHCTBE HYIIO UMEIOT BEIIECTBEHHBIC U
paszMyHble KOpPHU, BKJIOYas ciydait w=0. 3anumeM sl TPEeX4JECHOB HC-
MOJIb3yeMbIE paHee Pa3IoKEHUSI Ha MHOKHUTEIH:
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1+eH -wH?2 = glﬂlH)Jr(l_szH)Ez—

B 2 B
E(1+£H (1-¢ H)§:(1+51H)(1—52H), (5.5.17)
B
el g2 E(1—51|)+(1+52| )g_
g 2 g
E(l e)) 1+£|)BZ:(1—>31|)(1+52|) . (5.5.18)
B

= = D= >0
C y4eToMm paBEHCTB E=E —E, W=EgE,u —(81+£2) >U, 3aKOHBI KOM-

MO3UIUH Mep UHPOPMAITUH UMEIOT BH/JT

H +H,+(e,-¢,)JHH
H=HoH,=——2 CRDLE 2, (5.5.19)
l+ee HH,
I, +1,-(g,—¢€,)!
| =10l , =212 i) le (5.5.20)
l+ee |,

Pemenusimu ypaBuenuit (5.5.13) u (5.5.14), saBastorcs ciaeayomue mo-

JIYHOPMBI 1 MEPHI I/IH(bopMauI/Iﬁ
(€1+s 2)

A
€1 +e 1-
—g,H Oare, 1[N, (P (5.5.21)

_1( p) ﬁmﬁ ’ - 51"'52) )
82 + E::]_ B\Iq—l( p)H

(E1+82)
A

(M+eg, | G+ q-1
PO TEy v u t (5.5.22)

el s T =

Op
e

VYuuteiBas YCJI0BUC HOPMHUPOBAHHOCTH SHTPOIINU

1L 10
HqBE,EH:]-

©

(5.5.23)
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npu M= 2, MOJIy4UM PaBEHCTBO

(1*e2) 1
-€

2 A :1 2 (5.5.24)
+g,

JUIS OTIpeNieNieHnst TocTossHHOU A B (5.5.21).
HopmupoBannas HHPOpMAIUs pa3anyus YAOBIETBOPSET YCIOBUIO

ﬁLo 1 m (5.5.25)

U, COOTBETCTBEHHO, TIOCTOsIHHAS A B (5.5.22) HaXOAUTCS U3 paBEHCTBA

(e1+e2) 1
-€

2 A = 1, (5.5.26)
1+a2

PaccmoTpuM gacTHbIE ciydan Mep HHGOPMAIIUK.
Tun IA (&,=0). ITycts Tpexunen ¢ W=0 BHIPOKIAETCA B ABYUYIEH

1+&H. 3akonsl kKOMIIO3UIUH Mep HGOPMAIIUI 3aMUIITYTCS TaK

H=HoH,=H +H, +¢e HH , (5.5.27)
| =1 00 =1+ =gl L, (5.5.28)

l. Ipu g /A=d-1 wu3 (5.524) u (5.5.26) BHITEKAIOT 3HAYECHHUS
g, =2"9~1 nna sutponnu n € =1- 29" wia undopmanun pasmuaus. Ecan
g,/ =1 =1, 10 umerot apyrue 3Hauenns €, =2 —1u g =1-2""". Cormac-

HO (5.5.21) u (5.5.22) mosty4rM OJTHO- U IByXTapaMEeTPUUECKHE SHTPOITUHU

o m .0
Ho= 1- quﬁ g?p @ (5.5.29)
0w g0
1 émiipiqm .
Hor =15 B B0 O (5.5.30)
0 ﬁzpiﬁ O
[ i U
0 0
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1 MH(pOPMAITUH pa3IHyHs

O 0 4 1q0

. 0O 2Py
Iy = -1 1-- m O
SRR LNE

0 i

0 U¢ o B0

1 0> piqqqu n

lyr = —d-0——0 o (5.5.32)
1- 2r 1 m

O H Sp ﬁ O

0 i U]

O O

OpHomapaMeTpu4eckre MEpbl COBMNAAAIOT C JSHTponued XaBpaa—
Yapsar—lapomm [78] u unpopmanmenn pasnuuus Parpe—Kannanmana [101].
JIByxmapaMmeTpruecKkre Mephl SBISIOTCS SHTpONUEH U MHpopMaueil pasnu-
yus [[lapma—MuTtTana, Bnepsbie BBeeHHbIE B padoTax [110] u [111], cooTBeT-
cTtBeHHO. HenHopmupoBaHHbIe nHMOpMaIuu pa3auans paBastores 120, 121]

0
0
EL (5.5.33)

(5.5.34)

OOOoOodOoO

U paccMmaTpuBaroTcs B o03opax [120, 121].
2. Ecim A =-1, a takke € =1-¢ u € =1-r, T0 umMeeM puznyeckue

6e3pazMepHbIe Mepbl HH(OPMAITHIA:
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oooooono

il
O m 4.0 O om ..
L 0 2pig L O O R
|phys: M- 0l phys— %_DI
q 1-q o e 1-r m
DL 542
i 5 i

OOOoQooOoO

(5.5.35)

(5.5.36)

I7ie oJHOMapaMeTpuyeckas SHTpornus Belipns BmepBbie BBeleHa B paboTe

[129].

3. lIpu € /A=1-B u q=1/p umeem g =1- 271 s omTpOrMH N

g =1- 28 s urdopmanmu pazmmams, gto maer us3 (5.5.21) u (5.5.22) Hop-

MUpPOBaHHbIE MEPbI HH(OPMAITHIA

0 gm 0

, GO EZDE’B%?D

Hg = d-o0—0g

"t S A

g oT" 0op

O f

- . Dlz 1/ 11/[3B
B_l_zlﬁ H m

2P ﬁ

OOOOood

(5.5.37)

(5.5.38)

Ecmu A =-1, £ =B-1 u q=1/B, 10 umeem ¢usnyeckue Oe3pazmep-

HBIC MCPBI
- Beels
Hews=_L G gT "~ g0
1—5% m O
0 HZH ﬁm
g ' g

(5.5.39)
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O O

;G O

phys — - 0
| pve = % - (5.5.40)

O O

Onnonapamerpuueckas dHTporust ApumoTo (5.5.39) BnepBbic BBe/ICHA B
pabote [54], a cBolicTBa Mep u3ydeHsl B [61, 120, 121].

Tun 1B (& =0). Ilycts Tpexunen ¢ = O0BbIpoxIacTCs B ABYHYIEH

1-¢&,H . 3anuuiem 3aKoHbI KOMIIO3UIMU MEP UHPOPMALIUH
H=H,oH,=H +H,-e HH,, (5.5.41)
I =10l =1+ ,+eb .. (5.5.42)
1. Hpu €,/A=q-1 u3z (5524) u (5.5.26) BHITEKAIOT 3HAYECHHUS
g, =1- 2971 115 sHTpOmMH U €, = 2179 —1 nst urdopManHK pasIMUMs, COOT-

BeTcTBeHHO. Ecim €, /A =r -1, To umeem jpyrue 3HaueHus &, =1- 21y

€, = 21" —1. Cornacro (5.5.21) u (5.5.22) moayunM oIHO- U ABYXIAPaMETPH-

YECKHUE SHTPOIHHU

0 m D‘1D
p B POl
0T [t 4-55—0 4 (5.5.43)
0 HZ R ﬁ 0
g i E
O L1
om Gt
1 é DI ]
w a0 B0 O (5.5.44)
O HZ piﬁ 0
U i [
0 0
1 nHpOpMaIUu pazaTudus
1
Om oo
DA
(5.5.45)
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(5.5.46)

OoOoOooood

2. BEcnuA =-1, a takxe €,=1-q u €,=1-r, 10 u3 (5.5.21) u (5.5.22)

cnenyroT gusndeckue 0e3pazMepHbie Mepbl HHPOpMaUit

0 gm 'O B Om m%%
; 0 oo D 10 02RO g
H Phys — - i DH phys— %—D' O [ (5.5.47)
1—q m O ar 1-r il
oLy 0 el g
d a 0 0
0 gm g0 B mi D%B
. 0 meyigo L0 RO g
| phys — [ 0 g phys:_%_glim 1 (5.5.48)
g q-1 m Oaer  r-1 iy
g B2n fg CH2R B
g O 0 0

Onnonapamerpuueckas >HTponus Jlanacoepra—Beapana (5.5.47) Bnep-
BbIC BBe/leHA B paborax [89, 90], riae maercs kimaccudukanus Mep, TPOBEICH-
Hast ¢eHOMEHOoNorndeckuM ImyreM. OcCTalibHbIE Mepbl MH(OpPMAIHiA BIIEPBbIC
BBOJISTCS B paborax aBropa [21, 23].

3. pu €,/A=1-B u q=1/B umeem &, =1- 2P ans suTpormm u
€, =1~ 27 s uadopManmy pasmuuns, 9to maet u3 (5.5.21) u (5.5.22) Hop-

MHUpPOBaHHbIE MEPbI HH(OPMAITHA

0 g B0
1 Omerss

Hﬁ_l—zl—ﬁgf E E B, (5.5.49)
g g
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S Eg pL/PyL D_BS
| =1 %—D' | oQd (5.5.50)
Prg-21 u O

0 ﬁ Y 0

B ' B

Ecmn A =-1, €,=B-1 u q=1/B, to umeem ¢usuueckue 6e3pasmep-

HBIE MEPEI
O m D_BD
/
. B mrfoo
H Phys = - oQd (5.5.51)
B B-1 m ]
0 HZH ﬁ 0
g i g
U om s s s
1 O DX b Bq BD O
| Phys = el OO (5.5.52)
B 1-B m O
0 H Y ﬁ 0
g i g

Tun IC (&€ =0). ITycTs TpexuleH BEIpoxkaaeTcs B gByunen 1—wH 2, ko-
TOPBII IPH PABEHCTBE HYJIIO UMEET JBa MIPOTHBOIIOJIOKHBIX KOPHS M, CJICI0BA-

TCJIbHO, CITPABCAJIMBLI paBCHCTBA 81 = 82, w= Sf. 3aKOHEBI KOMITO3UIIHUU MCPbI

nHpOpMAIHK 3aUITYTCS TaK

H, +H
H:H10H2:—12 2. (5.5.53)
1+?,1H1H2
| =1, o0l = Nty (5.5.54)
—11°ls= 2 . e
1+>31I1I2

1. Ilpu € /A =1-qu & /A =1-r u3(5.5.24) BBITEKAIOT, COOTBETCTBEH-
HO, 3HAYCHHUS TAPAMETPOB JIJISL SHTPOITHH

1- 22(-a) 1- 22Er)

ST 200 BT 2 (5:559)

Jlnst mHbOpMaIK pa3nuuus UMeeM, coryiacHo (5.5.26), 3HaueHus napa-
MeTpoB, coBmagawmue ¢ (5.5.55). B utore u3 (5.5.21) u (5.5.22) BwITEKAIOT
OJIHO- U JIByXIIapaMeTPUUYECKUE IHTPOIIUHU:
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0 /o 40
1+22(1—)El ﬁZP./IZP.HB
9 1-22a)0 m U
nﬁz .q/ i
g i o in'HE
0 m m ng_ll)D
-+ 0
Lo &p'q/izpﬂ 0
qr 1_22(1—r)§- - q/m ng_—ll)g
+ . 0
4R/ 2RE H

¥ HH(OpMaIUK pa3Iudus

O gm . /m Q3O

_ 22(1-‘1)+1El_§iz Py q/.z "Ho
a° 220-a) 10 —m m fU
n q H/ 0

+§“” 2R 5

,'>3
L“/
OOOoOogd

(5.5.56)

(5.5.57)

(5.5.58)

(5.5.59)

2. EcruA =-1, a Take € =Q-1wm € =r -1, to u3 (5.5.21) m (5.5.22)

CIIEAYIOT pu3nveckue 6e3pa3MepHbIe YHTPOITUU

0 im0
s El‘ﬁzpi‘“/iipna
e

(5.5.60)
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m T Qa1 g
_ q
phys 1 % ﬁlz pi /lz pl H O
ar = . _15 = (5.5.61)
%--I_ﬁg p,q/g P et B
g SRR H g
1 UHGOPMAITUHU PA3THIHS
Ej_ ﬁg qA-a E ﬁ J
Py / ROt
povs—_1 0 O F'Ho (5.5.62)
a 1-q E‘I_ mo —q/ m E[
+ .
§ & P 2 R g
N . - ng—ll)g
_ ay - -
phys — 1 E‘L i pl q |z RH O
Iq’r - E T (5.5.63)
1B o $B
E i I i H E

3. 1lpu € /A=1-B n q=1/B umeem u3 (5.5.24) 3HaueHUEe NapameTpa

JUISL SHTPOITUH ¥ UHPOPMALIUH Pa3THUIHS

1- 22(B)

El—m, (5564)

au3 (5.5.21) u (5.5.22) BBITEKAIOT HOPMUPOBAHHBIE MEPbI HH(OPMAITHIA

0 n 3P0
- B
ek Ri: 5

B 1—220B) [

SETRRTEE:

(5.5.65)

252



D
g BB A 3 95

B =1 26D D
ﬁZ ey w/z QH =

Ecmn A =-1, £ =B-1 u q=1/B, 10 umeem ¢usnyeckue Oe3pazmep-

(5.5.66)

HbIe Mepbl HHGOpMaIIUU

El—ﬁg pf“ﬁ/f pﬁﬁ%
HBphVS: B—]_D i B D (5.5.67)
STUbELE

ﬁzp’/ﬁq“/ﬁ/i Rﬁm
| Bp“ys ! (5.5.68)
ﬁa D

Tun ID (&,=Ve,). Ilycts Tpexunensl papHsroTcs 1+€H —wH?2=

- 2 _

—(1+81H)(1—y81H) ul-el-w —(1—£1I )(1+ el ), TO €CTh TMPH PaBEH-
CTBE WX HYIII0 UMEEM IPOMOPIHOHATBHBIE KOPHHU. 3aKOHBI KOMIIO3UII Mep
UH(POPMAIINH 3aIHIITYTCS TaK

H=H oH.= H1+H2+(1_V)£1H1H2

- , 5.5.69
s L+yerH H, o289

1-y)el
=100, =27 y) L2 (5.5.70)
1+y.€1
1. Ilpu & /A =q-1 u3 (5.5.24) u (5.5.26) creayioT, COOTBETCTBEHHO,

3HAUCHUA MTapaMCTPOB JIsI SHTPOIIMU U I/IH(bOpMaHI/II/I pasinuusdg
1 o)(-a) A(Ed) _ 4

Ty e BT ) (:5.71)

Cornacio (5.5.21) u (5.5.22) mnonyduM JByXIlapaMeTPUUECKYIO
SHTPOMUIO:
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Dl m o Oy O
R 0 ﬁz p; / Ro U
H 1+y2(1v)1q D R |H - (5.5.72)
ay 1- 21+V 1— m m I—_1[+V|:| e
E‘L+ & q/ [
YRP/ 2R g
1 MH()OPMAITUIO pa3IHIus
Dl m g /D Y O
(1+y)(1-q) U —ﬁz pru / [
| =1+y21 )ios ?*H 5 (5.5.73)
av = SEE O 5.
L RCiaabtiE

2.Bcin A =-1wu g =1-q, T0o uMeeM (usnyeckue 6e3pazsmMepHbIE MEPhI

nHpopmarui
D]_ m /o ﬂ‘LV il
D - ) [
H ohvs = ﬁZH/ZHH - (5.5.74)
9y _1D ﬂWD’ o
e Sal
1 ﬁg W /$RE
P
ppvs=_1 0 T/ 2R a (5.5.75)
ay 1_qa i |__:II+\/B
+ \
g YRR/ 2R g

3. Ipu & /A=1-B u q=1/B umeem u3 (5.5.24) u (5.5.26) 3naueHus

rapameTpoB

_ 1- 2(1+y)([3—1) _ 1- él+y)(l—[3)
ERYRY o) o R RY C) ) (5:576)

JUTSL SHTPONIUU M MHGOPMAIMKU pa3inuuus, cooTBeTcTBeHHO. CormacHo (5.5.21)
1 (5.5.22) nomyyum AByXHapaMeTpUUECKYIO SHTPOIHIO:
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:
o &7 /£"H @
BY ™1 o) Ei L ﬂlﬂoﬁg (5:577)
+ :
e/ Taf
¥ HH()OpMAIHIO pa3IHyus
O m L HY)B O
14+ y2ENEP) Dl—ﬁiz Py /IZ R B
By 1 2(1+y)(1—[3) O m o/ wy)B O (5.5.78)
R Ll

Tun ID 0606maer Tun IA u Tun IC, Tak Kak OHU COOTBETCTBYIOT 3HA-
yerusiM mapametrpa Y =0 u Y =1, COOTBETCTBEHHO.

Tum Il. ITycTh TpeX4ieHbI IPH PABEHCTBE HYJIIO UMEIOT JIBa BEIICCTBEH-

HBIX ¥ PaBHBIX KOPHs. 3alMIIeM JJIsl TPEXWICHOB HCIOJIb3yeMbIe paHee pas-
2 2

JIOKeHHs Ha MEOXHTenn 1+&H —wH 2 = (1+ alH) ul-gl-wl?= (1— Sll ) .

2

C yuerom pasencte W=-¢;, D=0, €= 281 JUTSL SHTPOTIMU U € = —281 JUTSL

uH(bOpMaIIUU Pa3IUYUs 3aKOHBI KOMITO3UIIUH Mep HHGOpMaIuii UMEIOT BU:

H,+H,-2e HH

H=H oH, = L1 2 5.5.79
toe 1-e2HH, ( )
|, +1,+2¢]
| =10l,= Lz (5.5.80)
1- 81|1|2

Pemenusimu ypaBuenuit (5.5.13) u (5.5.14) sBasioTcs ciaeayronye nomay-
HOPMBI ¥ MEPbI HH()OpMAITHI

(p)= 0 A~1In Nq_l(p) (5.5.81)
p) = exp =- _ , 5.
Nt ﬁ_h E 1+egAtIn Ng-2(P)
- OpQ
AtinN
opo_ . O O etHy H
N expﬁf : (5.5.82)
S _Ellﬁ 1+a)\1InN Dpﬁ
-1y
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YuuTeIBas yCiIoBHs HOPMHUPOBAHHOCTH dHTponuu (5.5.23) u undopma-
uuu paznuyus (5.5.25), nonydumM paBeHCTBa
A A

In2= , In2=
1+¢g, 1-¢

(5.5.83)
1

IUIsL OTIpe/ieNieHusl 3HaueHuss A B BeipakeHusix (5.5.81) u (5.5.82), coorBerct-
BEHHO.

1. Ipu €, /A=q-1 u g /A=r-1 u3 (5.5.83) BHITEKAIOT COOTBETCT-
BYIOII[ME 3HAYCHHS €, JUIS SHTPOIHMH 1 JUIst mHbOpMarmy pasimimans. CormacHo

(5.5.81) 1 (5.5.82) mostyqyuM 0JIHO- U ABYXIIapaMETPUUECKUE SHTPOIUHU

|:| m m |:||:|
I a
H _1+(1—q)|n25 nﬁizpl /IZRHB, (5.5.84)
* (1-g)in2 %*'”ﬁgpﬁ/fﬂ%
0 w m g O
U U
1+(1-r)In20 ”@piq/i RE O
ar = E; il (5.5.85)
e 3
A/ SRE g
1 MH(pOPMAITUH pa3IHyHst
00
,nzmlnﬁZp q/XF?ED
9= (—1)|n2 m EI%’ (5.5.80)
q %+ Inﬁz piqql—q/z R %
U U
B NS pu /S p o B
_1+(r-9in2g "RPY/2RE ¢ (5.5.87)
" (o-1)in2 = %g' o
O

Q+In§’zpq1q/29

2. Ecm A =1, aTakke € =(q-1mn € =r-1, o u3 (5.5.81) u (5.5.82)
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CIIEAYIOT pu3nveckrue 6e3pa3MepHbIe YHTPOITUU

m q m |:| |:|
. O 'nﬁZ P/2RgC
Hoys—_+ o [ ' O (5.5.88)
b mloq/fpED
E -5 ¢ N H
O . n o O
1 B In 'Diq/z RO B
H Phys = E ! ‘ B (5.5.89)
o 1-q [
R
+ 1N .
5 ﬁz P2 RE
1 nHOpMAIUU pa3TuIHs
L OnES e /S RE D
phys — 0! i O (5.5.90)
! q- §+ InEy poyte f F?Dj -
i i %
0 0
O m g O
O Ingy piy™@/y QH O
_ 10 - O
|qpfr1y5_ —1 i ! = (5.5.91)
q g
_ O
A+ In at-a O
> P2 R g

OnHO- ¥ IByXIapaMeTPUYECKHUEe SHTPOIUHU BIIEPBBIC BBEIACHBI aBTOPOM B
pabote [23].
3.1pu €, =1-B u q=1/B nMeeM COOTBETCTBYIOIIME 3HAUCHHA A st

SHTPONUH ¥ HHPOPMAIIH pa3nudws, yTo naet u3 (5.5.81) u (5.5.82) Hopmupo-
BaHHBIC Mepbl HHPOpPMALIUI

0
+(B-1)In ZD'”ﬁg 1)
B~ (B )In2 éﬁlnﬁ?pw E

(5.5.92)

=
[N
OOOOOood
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[ m B m O
P~ (1-B)In2 - 0

E’L+Inﬁz pYPut 15/2 QH -

Ecrm A =1, £, =1-B u q=1/B, To nmeem dusndeckue GespasMepHbIe

(5.5.93)

MEpBI
O m m $ O
0 In ﬁg pYP / Yng O
Hﬁphys ﬁ E (5.5.94)
E’L+In§2 p’/B/z P 0 O
B
O oo n O
. D Inﬁz pf/ﬁql‘w/z RO O
|phys— = O 0 ! N (5.5.95)
B 1-pB O m m ﬁ O e
A+ Inﬁz pi“/Bql"/B/z hoO
g i i H m
Tun |ll. TIycts TpexduieHBI PH PaBEHCTBE HYJIIO HE MMEIOT BEIICCTBEH-

HBIX KOpHEH, TO ecTh crpaBeinBo yciaoBue D < 0. 3akoHBI KOMIIO3UIIUN Mep
nH(pOpMaLIUi UMEIOT BU]]

H,+H,+eH H
H=HoH,=—t -2~ 12 (5.5.96)
1-(v-0) HH,
1, +1,-¢
| =1 ol ,=—1 2 212. (5.5.97)
1-(v=0) 11,

Pemenusimu ypaBaenuit (5.5.13) u (5.5.14) aBAsttoTCS IOTYHOPMBI

ZwHD

expa\/ig_mis/4 Eka Kﬁ\/—w:F./élH

—arctg

/2 _
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DH —ms

2 A
_expg\/m W% (5.5.98)

DpD 5 A g/2+wl
et

—arctg

D €/2
Hy/-w-¢2/4
_expD—\/_ooig/é1 W% (5.5.99)

U Mepbl UH(pOpMaIHii

\l—w—sz/4/)\
" tgin H\lq 4 H

o @’ (5.5.100)
-w-e2/a/A
J-w-€2/4 - [thnB\lq_1 5
i
oni 21
I (5.5.101)

r-ure?/an
T_g%ggtgm@u Rt g

YuuteiBas yCIIOBUSI HOPMHUPOBAHHOCTH SHTPONUU U WH(MOpMAIUU pas-
anuusi(5.5.23) u (5.5.25), mosy4ruM COOTBETCTBYIONINE 3HAYEHUS TOCTOSTHHBIX

J-w-¢€2/4 In2

- , (5.5.102)
O/ _y—e2/aC
arcthMD
H 1+g/2 H
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J-w-£2/4 In2
A=- : (5.5.103)
O [y C
arcthMD
H 1-¢/2 E

3anumeM JJIA TPCXYICHOB UCIIOJIBb3YCMbIC PAHCC BBIPAKCHU S

T+eH —@H?2 = E(1+€1H)+(1_82H)§+

g 2 g
1+g,H)-(1-e,H)0 1
E( )5 ——gl+e H) (1—aZH)25 , (5.5.104)

Lol -y 2 E(l—ell )+ (1€, )
& 2

fame)-(aee0)d =Li-e) Y +(iveg VL

g5

+

o,

(5.5.105)

C Y4Y€TOM PABCHCTB

g2 +¢2

e=g,mg, w=-12, D=e?+4w=-(e,+¢,)° (5.5.106)

1 2!

3aKOHBI KOMIO3UITUI Mep MHGOPMAITUil UMEIOT BHI:

H=H oH. =_1 2 (1 Ez)Hle

PP 1-(e2+e2)HH,/2

=10, = :~(®)! L, (5.5.108)

(e +e) /2

N3 (5.5.98)«5.5.101) BbITEKAIOT MOJYHOPMBI, SHTPOMHUSI ¥ WHOPMAIUS pa3-
YU

(5.5.107)

arctg% A (8 T )/ 2 % (5.5.109)

N _.(p :exp%

Q1( ) Esl_l_az §-+H( 2)/2@
N JpL expi— 2\ arctg% I(e T )/2 % (5.5.110)
HH g & *E, | (e,-¢,)/ 27
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e +¢ m m i
2tg% 1 _2 In : piq Z !
1 ﬁz / % , (6.5.111)
(e, +¢,) tg%&ilnﬁzw/z;)l

0 & +¢ m B m
2tg1 521 | 91‘*/
5 2(a-9) oLk 2 R

| = . (5.5.112)

Oe+e, O /0 [
(£1+52)+(81—82)tg%mln§i2 pdy q/lz " %

3HaueHHUs IIOCTOSHHBIX B HOPMHPOBAHHBIX OHTPOIIMHU U I/IH(bOpMaI_II/II/I

pas3inius paBHAIOTCA
(81+€2)|n 2
A=- , .5.
2arctgHe, +¢,)/( 2+, ~¢,)H (55.113)
(81+€2)|n 2
2arctoH{e, +¢,)/( 2-¢,+¢,)H

PaccmoTpuM gacTHbIE ciydan Mep HHGOPMAIIHH.

A=- (5.5.114)

Tun I A (g,=0). Ilycts Tpexumensl papusiorcs 1+€&H —wH 2=
1 1
= 2 %+ (1+ eH )25 u l-el-wl?= > %+ (1— &l )2 5 3aKOHBI KOMITO3UIIUN

Mep “HpOpMaIIMii 3aMUIITYTCS TaK
H,+H,+eHH

H=H oH, = 1 1 2 (5.5.115)
1 2= !
1 81H1H2/2
I +1,-¢el]
| =1, 0l 1 2 112 5.5.116
17127 e 1,/2 ( )

1. ITpu 81/)\ =qg-1 u3 (5.5.113) u (5.5.114) BBITEKAIOT 3HAYCHUS Tapa-

METPOB

_2uf-a)(ndm __ 2ufa- Yy B
Clgrq(ndE T wga- iy g

U SHTPOIMHU M UH(POPMALMK Pa3IN4us, COOTBETCTBEHHO. Ecin €, / A=r-1,

T0 B (5.5.117) cnenyet caenats 3ameny (| Ha I . Takum o6pazom, u3 (5.5.111)

u (5.5.112) nony4um oAHO- U JBYXIMAapaMEeTPUUECKHE SHTPOIIUU
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0
1-tg{1-q)(In 2/ = H
KR Q)(|n2)/2§§1 tg%mﬁgpﬁ ggﬁ oo

E g%l Inﬁgpq fpﬂ]%
_1-tg1-r)(n?)/ =y pda-) o/ £ O

i, - o . - . (5.5.119)
tgH1-r)(In2)/ 3 EHQ (rq 11) |n§—2 pq/;H%

1 uHGOpMAIUU Pa3TUIHS

L+ tgfa-1)(In) 2z tg@'”ﬁzp /3 n

I, = o1 In2/% . (5.5.120)
§1+tg%ln§2pq 1q/29%

I :1+tggr—1)(ln2)/%x
a tgHr-1)(In2)/ 24

Dtg?m§2pq “4/29% D |
EHQﬁMﬁqu “'/Z Q%H

2. Ecim A =-1, a takke € =1-q u € =1-r, To umMeeM Qusnyeckue

(5.5.121)

0e3pa3MepHbIe Mepbl HHOpMAaIUi
m | (]
2tg Inﬁ’z p / P
H phys — H % |z ! %H
th Inﬁz p / z P
i

(5.5.122)
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m m%

0
02tg Inﬁqu/ R
1 Py B e

qp’frlys - - (5.5.123)
gl tg%lnﬁpq/zq%
HZtgﬁlnﬁz piy” q/z R ﬁﬁ

| phys = (5.5.124)

L eudnEne Dol
ails
2t %I ayl-a
| Phys = D i nﬁZ i /Z ’ EEE . (5.5.125)

ar T 1%”9%"@2 pe 1q/z »

3. TIpu €, /A=1-B u q=1/B umeeM COOTBETCTBYIONHME 3HAUEHHUS T10-

CTOSTHHBIX JIJIsi SHTPONHMH ¥ MH(oOpMaIuu pazimuuus u B utore u3 (5.5.111) u
(5.5.112) nonyuum

m ZDB
1-tg(p- )(|n2)/zaa el e

= , 5.5.126
P 1gHB-1)(In2)/ A El thn pq/szz% ( )
I _1+ tg{1-B)(In2)/ ,
" H1-B)(In2)/
O /ZD D
1B 18
A Laak LY I

K .
OnES e 1—13/
D+tg@n§izpI U IZQH %

Ecmn A =-1, &, =B—1 u q=1/B, 10 umeem dusmdeckue GespasmepHbie

MEpBI:
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E B, (5.5.128)

U
U
I phys — 2 %

O
O
4 _1—13 5 E. (5.5.129)
OnES e 1—13/”‘
éﬁtg@nﬁ; prru IZQH %

Tun 1l B (¢ =0). [TycTh Tpexw€ieHbl ¢ W= —812 BBIPOXKIAIOTCS B JBY-

uensl 1- wH? 1 1-wl 2. 3aKoHbI KOMIIO3UIMIA Mep HHOPMALIHIi 3aMUIIYTCS
TaK

H,+H

H=HoH,=—1 2 (5.5.130)
1 2 !
1-e2HH,
| =10l SR (5.5.131)
—_ 10 2 e — .
1- aflll2

ITpn 3HaYeHUsIx dHTponM, paBHbix H, = (—ZI/ \/7;0) u H, :( 81), u3

3aKoHa KoMro3unu# (5.5.130) moaydum SHTpOTTUU

010 0 101-¢H

= %H = %8—1% (5.5.132)

H :HOD1D U101+¢H (5.5.133)
TR ”

N3 (5.5.132) u (5.5.133) BBITEKAET, YTO B AJAHHOW TpyINe 3HAYCHUS IH-
TPONUH HE WMEIOT WHBAPHUAHTHBIX BBIPAKCHHUN IJII HE3aBUCUMBIX OOBEKTOB.

Oxnako it 0OBMHOrO mpousseaeHuss H, Ha H_ BEINOJIHAETCS MHBapHaHT-

HOC COOTHOLICHUC

1
H+H_ :_—2,
E1

(5.5.134)
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a Uil IPpOU3BCACHU A 3JICMCHTOB I'PYIIIIBI UMECM

2H
H oH = . 5.5.135
T 1-g2H ( )

AHaJOTUYHBIE BBIBOBI CIIPABE MBI TSI MHOOPMAIIUN Pa3THYIHSL.
N3 (5.5.98)—(5.5.101) BbITEKAIOT MOJYHOPMBI

)Y 0
N,.1(p) =expi— arctde, H)0, (5.5.136)

F1 il
Ao exp[-p-— arctde, 1) (5.5.137)

af:l .
U Mepbl HHPOpMALIUU
H :Eitgln B\Iq_l(p)glu, (5.5.138)
1
81/A

I ——tgln H\Iq 1(p)B (5.5.139)

Cornacao (5.5.102) nnu (5.5.103), umeem 3HaueHHE TTOCTOSTHHOM
g In2

A=-— .
arcte,

(5.5.140)

1. Ilpu &, /A=q-1 u g /A=r-1 c yuerom (5.5.140) u3 (5.5.138),

(5.5.139) mony4um 0AHO- U JBYXIMApAMETPUUECKHE SHTPOITUU

g ol

T ErTr (5.5.141)
A-r m m
t [ q
= 2 L
ar tgH1-r)In2g o

¥ HH()OpMAIIK pa3Indus:
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tganﬁzp“q/i RIF 55149
4= tgf{a-1) In23 ’ o

Q-r 00 44q /& O
tggf'nﬁz Sik) q/z R
— -q i i
= . (5.5.144)
ar tgE{r -1)In 23
2.Ecmm A =-1, atakke € =1-q u € =1-r, 10 M3 (5.5.138), (5.5.139)

noiyynM (puzmueckue 6e3pasmMepHbie Mepbl HHPOPMALUU

om0 0 m O
1 il zpl U 1 El-r zpl 0
H Phys — tg On - 0 H phys_ tg In- 0, (5.5.145)
9 1-q ¢ $pC o 1-r g spC
H T 'H = - B
O m gl O < oy i-q0
LAk L D SRV
|qphys:q 1tg Dnlm—u |qprhy5:r 1th1 3 In- — Ll (5.5.146)
— D _ D ! - - D
8 2P B 5 %o

Opno- u naByxmapameTpuueckue sHTponuu (5.5.145) u unbopmanuu
pasznuuus (5.5.146) BuepBbIie BBEACHBI aBTOPOM B pabdoTte [23].
3. TIpu &, /A=1-B n q=1/B u3 (5.5.138) u (5.5.139) BhITEKAIOT HOD-

MUpPOBaHHbBIE MEPbI HH(OpMAITHii

H 1 DiD D, (5.5.147)
B~ tgHB- 1)In2§ ﬁip B
E g
1 m Dz pj/ﬁ -1 g%
5 D% (5.5.148)
tg{1-B InZQ = H zp HD

Ecmu € /A=1-B, A=-1u q=1/B, To umeem dusuueckue Ge3pasmep-

HbIe Mepbl HHPOPMaLIUU:
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1
phys — = l U
H B_1tg Bn Go—0 2 (5.5.149)
0 ﬁ 2R ﬁ 0
gt =
0 gm O
phys_ L . Diz PP D B
g= e ———01 (5.5.150)
0 2R ﬁm
! =

Tun IIC (82 = yel) . IlyCTh TpexuJIeHbI PaBHSIOTCS

1+eH —H? :%glan)z +(1-eH)'E (65151

1-¢l —d 2 :%gl—all ) +(1+ye) B (5.5.152)

g

Torpaa, cornmacHo (5.5.107) u (5.5.108), 3aKk0HBI KOMIIO3UIIUK Mep WHOpMAITUi
3aIUIIYTCS TaK

_H,+H,+(1-y)eHH

H=H,oH L1 2 (5.5.153)
PP 1 (1y?)etHH, 2
l.+1,-(1-y)el
| =10l =22 A-v)edd (5.5.154)

1-(1+y2)et ), /2
1. ITpu 81/)\ =1-q u3 (5.5.113) u (5.5.114) BBITEKAIOT, COOTBETCTBEHHO,

3HAQUYCHUA HapaMeTpOB IS 3HTpOl'II/II/I U I/IH(bOpMaHI/II/I pa3JII/I‘II/IH
2t9H{1+y) (1-0) (1) 7
= , 5.5.155
-y eRy)(Fa(ng g O
2t9H(1+y)(a- (I3 =

£ = (5.5.156)

bo@+y)+(1-y) oY) (a- (N B

Cornacto (5.5.11) u (5.5.112) nonyyum AByXMapaMeTPUUYECKYIO SHTPO-
MHIO;
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by o @Hy)-(-y)eE I Y)(a)(Ing) B
" tgf{1+v)(1-a)(In2/ 5

oanEe i
(1+vy)-(1-v) tg%(ﬂy) Inﬁg piq/izm o % |

X

(5.5.157)

2@ +(A-y) ) (a-J(ng F
‘” tgH{1+y)(a-9(In3/ A
o ff

x . (5.5.158)

(L) ()95 (1) 5 B 5 g

2.Bcin A =-1u g =1-q, T0o umMeeM Qusnyeckue 6e3pazsMepHbIE MEPhI

nHpopmaruu
1 m m [
2tgr (1+y) In > pi /YR
qufcysz - % Dlﬁ /' - % ik (5.5.159)
1- 1 -(1- 1 | d
(-6 1)~ (1) tagy () 5 87 5 m
D]_ m _ m |:ﬂ:|
2tg3(1+y) In _ pay-d >R
| phys — E ﬁ'z /' % . (5.5.160)

a.y

(=) 1)+ (1) to5, (1) 3 B 5 p 41

3. TIpu €,/A=1-B u q=1/B numeem u3 (5.5.111) u (5.5.112) aByxma-

paMeTpUYECKyI0 SHTPOIIUIO:
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H, = 5.5.161
By O O ()8 [ ( )
m m o [ 2
£, E(1+y 1-v) tg%n pf/ﬁ/z P
D E i

U MHGOPMAIUIO Pa3IUUus

0 A+y)B ]
I | E

Iy == = (HB[D (5.5.162)

_ < VB Y8 /5

82§(1+y)+(1 y)tganﬁiz p Pu /.z R %
0 H
C COOTBCTCTBYIOIIII/IMI/I 3HAYCHUAMU HapaMeTpOB
219F{1+y) (8- (I3 E

= , 5.5.163
2Ty -3 g O
2tgF(1+y) (8- (13 T 55160

€, = .
© (1+y)+(1-y) wH ) (EB)(In9) B
Tun [l C 0606maer Tunm |IA u Tum IB, Tak kxak OHM COOTBETCTBYIOT

3Ha4YeHMsIM mapametrpa Y=0 u y=1.

Tun IV (€ =w=0). [TycTh Tpex4ieH BBIPOXKIACTCS B SAUHUILY, TO €CTh
napaMeTpsl PaBHIIOTCS HYITIO. 3aKOHBI KOMITO3UIIUU 3aTUIIYTCS TaK

H=H,oH,=H,+H, (5.5.165)
| =1 00, =1+ . (5.5.166)

Pemenusimu ypaBuenuit (5.5.13) u (5.5.14) sBasioTcs ciaeayronye noiay-
HOPMBI U (pru3rueckue 6e3pa3mMepHbie Mepbl HHpOpMaIuit

N2 (P =exp(AH), H=A"In N, (P), (5.5.167)
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Up O_ —1-1 LpLC

N exp(=Al), I =A""InN 5.5.168

a1 - &XP(=A) AT ( )

1. YuuTeiBas ycinoBusi HOpMHpPOBaHHOCTU 3HTpornuu (5.5.23) u undop-

Maruu paznuuus (5.5.25), nony4um paBeHCTBO

A=-In2. (5.5.169)

B wurore u3 (5.5.167) u (5.5.168) umeem omHONapaMeTPUUECKUE MEPHI
Pennu [103, 104]

T pd S i

TR LA L
qul_qlog2 1y = _1I092
2

(5.5.170)

2. Ecniu A = -1, To umeeM u3BecTHBIC puzndeckue Oe3pa3MepHbIC MEPHhI

m
iq e 1 ,z pqul q
;1 PYs=—In . (55.171)

m

-1

-M 3
o

quhysz—ll In-L
|

3.1pu A =-1u q=1/B nonyunm pusnueckue Ge3pazmMepHbIe MEPbI

0m e O
. mpfo
H Phys = InH a, (5.5.172)
B B-1 m
SN
0P g a6 00
1 szil/Bqu/BD
| Phys = InCH 0. (5.5.173)
B 1-B m
1 2R |

B 3aknroueHne oTMETUM, YTO B IIpe/ieiax U3 pacCMaTpUBAEMBbIX HOPMHU-
poBaHHBIX Mep BbITekatoT sHTponus lllennona—Bunepa u undopmanus pas-

muuust Kyns6aka—JleitOnepa

H (p)=lim Hg =lim Hy, =lim Hy =im Hy, =im H,, =
r-1 y-1 y-0
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Ig(log2 )

= L'Eanq,v = I(:rle o (5.5.174)
y-1 y-0 > B
|
I (p:u)=Iliml —Ilm I —Ilm [, =liml, =lim]I
rql yql yq
m [ p. O
S
— — |
Iqlrpllqy Ic:rjlll ay = - (5.5.175)
y-1 y-0 > B
I

TakuM 00pazoM, paccMaTpUBaeMbIM 3aKOHAM KOMIIO3HMIIMM COOTBETCT-
BYIOT TOJIbKO Y€ThIpe MPUHUIUMHUAIBHO Pa3IUYHBIX THMA Mep HH(pOpMaIuil.
ITepBbie Tpu comepkaT B 3aKOHAX KOMITO3UIMI KBAIPATUYHYIO HEIMHENHOCTD,
a YETBEPTHIM OTPAXKAET aIIUTHUBHBIE MApAMETPU30BaHHbIE Mepbl. [Ipruem pac-
CMaTpUBaeMbl€ THUIIBI MOTYT COJAEPXKAaTh M JIPYyrH€ YacTHBIE CIy4au Mep WH-
dbopmaruii.

5.6. IlpeaenbHble OHONAPAMETPUYECKHE MEPbI
PaccmotpuM npenenbHble BBIPAXEHUs JIBYXIIapaMETPUYECKUX MEP HMH-

dbopmarmii Hq’r(p) " Iq’r Eugﬁnpﬂ r=1wu q=1. /{na Bcex HOPMHUPOBAHHBIX

TUTNIOB Mep uH(popMaruii npu =1 moxydum npenenbHbIe OIHOapaMeTpude-
CKHE MEPBI

m
p 2P
lim H log, - , (5.6.1)
ro1 q.,r 1_q 2 m
2
m
R L
Irlrpllqr = a- 1Iog2 g ° , (5.6.2)
i |

COBMAJIAIOIIKE C SHTpOMNUEH 1 nuHopmaluen pazinuuus Penpu.
Ecnu g =1, To ucnonpzyem u3BECTHbIE COOTHOLICHHUS:
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im No,(P) = N(p =2 H(P) = gHP™(p) (5.6.3)

Up_ P

Ilrpqu M=y Nﬁaﬁ: 21(pu) = o PYS(p) (5.6.4)

IIpH HAXOXKXJACHUU MCP

He=limHg o1 =lim (5.6.5)

3necw suTponusa lllennona—BuHepa u uadopmanus paznmuus KymnbOa-
ka—JleiiOnepa ectb PyHKIIMOHAITBI

> (log, p)p

_ , 1(p:u)=- . (56.6)
> P

H(p)=-

B cnydae ¢usmueckux Oe3pasMEpHBIX MEp HCHOJIB3YyEeMBIH JOTapu(pm
MEHSETCs Ha HATYPaJIbHBIM.

N OpC
CBoiicTBa cpefHUX reomerpuueckux N q_1( p u N o1 HJE JarTCs B

pasnene 1.3.

[IpuBeneM COOTBETCTBYIOIIME THITBI Mep HWHQPOPMAINi, BHITCKAIOIIHEC
npu =1 u3 pe3yabTaToOB MPEABIIYIIETO pa3ieia.

Tun | A.

_ 1 oy - 1 _o(r-1)i(pu) g
LH = q-2 1= 2r_1g A g (5.6.7)

1 _r\H Phys 1 _7)| phys
2. H Phys= —lEHPYSP) O | phys — (S VEL S| 6.
e Sl 5 669

1-r
Tun IB.
oAr-DH (p) _ 1 =)l
1LH = _2r—1 =27 g g (5:6.9)

1 _1)H Phys 1 _r) phy
2. Hpe= = L eMIHPED oy pyss =L D (56,10
' 1-r % g r —1% g ( :
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Tun IC.
142200 Oy 22 NH () [

_ 2r)H P () [
2:H phys — 1 € D’
r r=1g+eH ™ e g
A 1 _ e2(r—1)| PhYS(phu) [
| Phys —

r

TS L
1-rg+ (-1 P u) o

Tum Il.

_BH)n2HE) | (=) b u)

1+ 2(1‘ H (p) o T 1+ ér—l)l (pu)

2. thys_ H(p) | phys— |(p:u)
14+ 2@HE) " T 1+ Ar-Dipu)

Tun Il A.

L H _1-tgH{1-r)In295 tg{Er)H (p
T tgH1-r)In2g 51— tge{ £ )H (

1+tgHr-)In2gg tor - (p u)g B
= tgE{r -1)In2g 51+ toer - 3 (p %
1 B tgH1-r)HP™(p)g
1-r El—tggl_r)H Phys(p

(p)
1 E tgHr -1)1 ™*(p wu)
r 1E]_+tggr— ||Ohys U

2: H e =

| phys —

=
%,
2

Tum Il B.

1 H :tgﬁl—r)H(p)g’
" tgHl-r)In2g

(5.6.11)

(5.6.12)

. (5.6.13)

(5.6.14)

(5.6.15)

(5.6.16)
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_tg[(r =D (p )]

B T B (5.6.17)
2: 1= L igff1-r)H o)
|rphy5:r—f1tg H -1 "0 u)F (5.6.18)

OtmeTrum, uTO Mepbl HHPOPMAIUii, pACCMOTPEHHBIE B paserne 3.5, MOX-
HO TIpeaCcTaBuTh B opmax (5.6.7) —(5.6.18) mpu 3amene H(p) u 1 (p:u) Ha

SHTPONUIO U HHPOPMALIHIO pa3nuyus PeHbu.

5.7. 3akoH KOMIIO3UIIMH 3JIEMEHTOB I'PYNIIbI
CJIYYaHHBIX Mep

[lepexoauM K MCCIETOBaHMIO a0ENEBOW TPYIIBI CIYyYalHBIX SHTPOMUIA
h=h(p) c komMmmyTaTuBHBIM 3aKOHOM KOMIO3UIKK d1eMenToB h o h, = h,o h,

B KOTOPBIA BXoaaT Tonmbko hy =h(p), h, =h(p,) u ux npoussenenus hh,.

HpI/IBGI[CM a6CTpaKTHBIﬁ BbBIBO/J ABHOT'O BHJA 3aKOHA KOMIIO3MIIMHK 3JICMCHTOB
H €TI0 CBOMCTBA. I[J'IH 4ero 3anmuieM 3aKOH B CIICAYIOIEM BUJC

h=hoh,= agh+ hi( hB (5.7.1)

3nech ko3 pumuent a He 3apucut ot h u h,. B npoTuBHOM crydae He OyzaeT

COOTBETCTBUS C IPYIION cpeHUX SHTpoui. OJHAKO OH MOXKET 3aBHCETh OT
CPEAHHMX OHTPOIMH, ONpEACIIeMbIX B OOMIEM ciy4ae B3BCIICHHBIM
f -cpemnum

H:gh(pl)f(g). (5.7.2)
Ucnonw3ys ycrnoBue koMmmyTaTuBHOCTH B (5.7.1), HailieM COOTHOIICHUS
agh + h(h)E= agh+ (BB (5.7.3)
U3 KOTOPBIX MOJTYYUM OTpaHUYCHHS Ha (DYHKIIUIO

1-9(h) _1-w(h)
hy h,

[TapameTrp € He 3aBHCHUT OT ciaydalHbIX SHTporwui. [logcranoBka (5.7.4)

(5.7.4)
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B (5.7.3) naet 3akoH koMno3uIuu [21]

h=hoh=a(h+ h-ehh). (5.7.5)
HOCKOJ‘IBKy CIIpaBCaJINBO yCi10BUEC MYJIBbTUILNIIMKATUBHOCTHU

f (pij ) =f ( q) f( R ) JUIE HE3aBHCHMBIX OOBEKTOB, TO TOCIE YCPEAHEHUs

(5.7.5) monyuum

H :aEHlif(pj)+H2§ f(p)—sHleé (5.7.6)
J

r7Ie CpeaHUE FHTPOIUHU

H=3h(p)f(r) H=3t(n)f(p).  ©77

H=530(n)1(n) 79

PaccmoTpum ocHOBHBIE CBOMCTBa onpeaesienus (5.7.5)
1. AccommaTuBHOCTL. CorjlacHO akCHOME 2 BEIINOJHIETCS CBOMCTBO ac-
COLIMAaTUBHOCTH

(hoh,)oh,=ho(he h)=
=afr(h+h)+h-ea(hh+ hh+ hb)+e? hh =
:aH1l+a(h2+ hs)—aa(llhz+ h, h+ ty])+az hhig  (5.7.9)

M3 KOTOPOI'O BBITCKACT PaBCHCTBO a = 1.
B urore numeem 3akoH KOMITO3MIINHU

h=hoh=h+h-ghh (5.7.10)

1 CBOMCTBO aCCOLIMaTUBHOCTH
(hoh)ehy=ho(ho h)=
=h +h,+h—g(hh+ hh+ hh+e? hhh (5.7.11)

2. EananuHbiid 3jgeMeHT. CorjlacHO akCHOME 3 €QUHHUYHLINA DJIEMEHT
TPYIITBI HAXOAUM U3 POPMYIIBI

hoE=h+ E-ghE= h (5.7.12)

KOTOpasa AacT 3HAYCHHUC E =0. Takum 06p330M, G,I[I/IHI/I‘IHHﬁ 9JICMCHT COOT-
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BETCTBYET HYJIEBOMY 3HAUCHHIO Cly4aitHo# suTpornnu h=0.
3. OopatHsblii 3;1eMeHT. CoracHo akcuoMme 4 u3 GopMyIbl

hoh™=h+Hl-ghh!=0 (5.7.13)
BBITCKACT BBIPAKCHHUC IJIA 06paTH01“0 JJICMCHTA
h™= h : (5.7.14)
1-¢h

4. ConpstzkeHHbIH d1eMeHT. [lofcTaBuM B onpe/iesieHne CONpyKEHHOTO
JJIEMEHTA

h=clohoc (5.7.15)
3HAueHue C T = —C(l— E:C)_l M IIOJIy4YMM PABCHCTBO

N=h, (5.7.16)

KOTOPOE€ 03HAYAET CONPSKEHHOCTD 3JIEMEHTOB TPYIIIbI CIy4YalHbIX SHTPOIUH.
5. PaBencTBa. Mcnonp3ys 3aKOH KOMIIO3ULIUU U €r0 CBOWCTBA, HAXOUM
CJIeyIOIINEe PaBEeHCTBA

-——=-¢, (1- sh)(l—ah‘l) =1, (5.7.17)

(1-€h)=(1-€h)(1-¢h,), (5.7.18)
—&(h oo h)=(1-eh)(1-eh)(1-ch), (5.7.19)

(1-eh)(1-¢eh,)(1-en?) =1, (5.7.20)
(hy+y+ 1) =g+ b ie it )+

+e’h =0, (5.7.21)

8) h = ho h;l:%, h= o h:%, (5.7.22)

(hoh) ' =rte it (ho he h) "= Rl Rl BL  (5.7.23)

1 1 ¢ (5.7.24)

hioh, floh
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1 1 1 1

gt (5.7.25)
hoh, hteh™ hreh, Hloh
h(2)
h@=hoh=2h-¢l¥, h= , (5.7.26)
1+ [1+g(h®)
1+g(h®) =1-¢h, (5.7.27)

h@) =nWo h =V + KV -e P K, (= b B). (5.7.28)

AbeneBa rpymnmna ciiydaifHbIX HHQOpPMAIUil pa3nuyuns OnpenesieTcs: aHa-
JIOTHYHO TPUBEICHHOM Tpyrie. 3aKOH KOMITO3UIUH CITy4ailHBIX MH(OpMAIIHiA
pa3anyus UMeeT BUJ

I =10l , =1+ ,+4 1, (5.7.29)

W 3ajaeTcs 3aMeHol h —» —| B 3aKOHE KOMITO3UIIUH CIydalHBIX SHTPOIHUH.

Onpenenenne (5.7.29) ¢ |, = (p]j :ul) u |, =1 (p2i :uz) YIOBJIETBOPSIET

CBOMCTBY accolMaTUBHOCTU. EnuHnunomMy snementy rpynnel E =0 cooTtBer-

CTBYET HYJICBOE 3Ha4YeHHE ciydaiiHoi mHpopmanuu pazmuuus | =0. Obpart-
. - -1

HBI DIEMEHT ompejensercs Bhpaxenuem | 1= - (1+8I ) . DIEeMEHTHI

IPYIIIBI SIBISIFOTCS] CAMOCOTIPSKEHHBIMU, TO ecTh |’ =1 .
ITo anasornu ¢ paBeHCTBAMHM JJISl CIy4YalHBIX SHTPONUN HAaXOIOUM Clle-
JYIOIIME PAaBEHCTBA [T CIIyYaliHbIX HHPOPMAaLUi pa3andus

(_—1|)‘%1:8' (1+el)(1+e 1) =1, (5.7.30)
(1+el)=(1+el, ) (144l ,), (5.7.31)
1+e(l,0 00 ) =(1+d ,)(1-4 ,)(1-¢ ), (5.7.32)
(1+el))(1+e,) (148 ) =1 (5.7.33)

(1,41, +1 ) +e(1] 4 L4 J+ef1),71=0,  (5.7.34)
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_ I =1,
1+a|1

(5.7.35)

(Ie1,) =15kl 7Y (g 4 973 M 5L (5.7.36)

1 1 1 1 1 1
+

—_ + = (5.7.37)
-1 -1 ! -1 -1 -1 -1
172ol, 15l loly, 15% 72174 1 4 )
1@ =]ol =2 +4d 2, | 1 (5.7.38)
=] o] = + , = —, .
1++/1-¢€1 @
1-el @ =1+¢l | (5.7.39)

2n) — -
1@ = Mo M=) My (Dag (0 (4 4 ). (5.7.40)
Yepennss (5.7.10), moaydnm 3aKOH KOMITO3HMIIMH CPETHUX SHTPOIUI

n m
H:HloHZ:ngf(pj)+H2izf(pl)—sHle (5.7.41)

H CBOMCTBO aCCOIMAaTUBHOCTHU

H=(H,oH,)oHy=H o(H 0 H )=

n m | m

=H,3 1 (py) 3 f(R)+H.5 1(R)Y 1(R)* 13 R)> ()

] c i z .
_8§-|1H2|%f(pk)+H2H3gf(pi) H3H1$ f(pj)+52H1H2H§.(5.7.42)

3mees mween f(py )= () f(p) f( R) momrpormo
H,= I%h(pk) () (5.7.43)

OmnpenenuM QyHKIHIO B 001IeM BUJIE:
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f(p)= B\Iq‘lnE p)Ha il , (5.7.44)
2P

KOTOpasi yJIOBJIETBOPSIET CBOMCTBY MYJIbTHILUIMKATUBHOCTH. TOrJa 3aKOH KOM-
no3utinu (5.7.41) mpuMeT clieIyronui BUI

H=H,H,=

)T () S o
> >n

—eH,H,  (5.7.45)

PaccmoTpuM THIIBI CITy9alHBIX SHTPOIIHM.
Tun a). Mcnonb3ys u3BecTHbIH 3akoH (5.2.5) ¢ w=0

H=H,oH,=H +H,+eHH, (5.7.46)

IPUPABHAEM €ro K onpezeneHuto (5.7.45),3anucaHHoMYy B BUJE

SETRCAED Y. -
H=HcH,=H, 3 - L —eH O+
0 | 0
B %p‘ B
Eﬁ“q—l(Pl)Hag o E
+Hzg — -sH1%+sH1H - (5.7.47)
2P

=

B urtore MOJIYYHUM IMOJTYHOPMY U SHTPOIINIO

=

1
drrer)Spg L ENa(PESF g
Nq_l(p)—gm—b'g, HZES | —15, (5.7.48)
5 27 g g 2°F =

UMEIOIINE OJMHAKOBYIO (hopMy /Ui BceX 00BEKTOB.
[Mpumem  3Hayenus a=0, b=q wu noayunM  GYHKIIHIO
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m
f(p)=p / ﬁz R EJ N3 Beipaxkenus aHTponuu (5.7.48), 3anucaHHOTO B BHUJIE
|

yCpeaHEeHHS

SN s
a-L 0 (5.7.49)
Bl

BBITCKACT 3HAUYCHUC MI/IKpOCKOHI/I‘IeCKOﬁ OHTPOIINHU

>n(n) ¢
>P

Ho(p) = =

h,(p) =%(1— ) (5.7.50)

craTuctudeckon wmoxaenu XaBpaa—Yapsar—/lapomm. Ilpm €=1-q wu

£ =219 -1 umeem n3 (5.7.49) pusnyeckyro 6e3pasMepHyI0 1 HOPMHPOBAHHYIO
SHTPOIIHIO, COOTBETCTBEHHO.
JHlanee mnpumeM 3HadeHus a=1-(¢, b=Qq u mnomxyuuMm QyHKIUIO

m m
f(p)=> pt/ ﬁz pq% 3akOH KOMIIO3HMIUHU dHTporui (5.7.45) 3anumercs
i i
TaK
H=HcH,=H +H,-eHH, (5.7.51)

U paBHsETCA onpeaesieHuro (5.5.41).
W3 BBIpaXkeHUs1 SHTPOTIHH

m O gm D_lﬂ
th(pl) 1D DZ Fo O
zpiq O ﬁzp, ﬁ [
i g i g

MMeeM 3HaueHue cllydailHON sHTponuu, cosrnajatouiee ¢ (5.7.49). B nannoii
craructuueckod moxenu JlanacOepra—Beprana momyunm w3 (5.7.52) npum
e=1-q u £=1-29"1 pusuueckyio Ge3pasMepHyl0O ¥ HOPMHPOBAHHYIO 3H-
TPOTIHIO.

[Tony4yeHHbIe pe3yabTaThl MOKa3bIBAIOT, 4TO THN @) onpenensercs ciy-
yaitHo# sHTponuelt (5.7.50). 3akonbl komno3unuid (5.7.46) u (5.7.51) nns o8-
tponuii u3 Tuma 1A u Tuna 1B sABnst0TCS B3BELIEHHBIMU HEHOPMUPOBAHHBIM
Y HOPMHPOBAHHBIM CPETHHMH, COOTBETCTBEHHO. 3HAUCHHUS MMapaMeTpoB a u b,
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OTJIMYHBIC OT YKa3aHHBIX, IPUBOJAT K 3HTponuu H q(p) =f H\l q_1( p)B KOTO-

past He SIBJISIETCS PE3YIbTaTOM YCPEAHEHUS KaKON-TH00 CITy4ailHOW SHTPOTHH.

AHaJOTUYHBIE PE3yIbTaThl UMEEM JIJISi 3aKOHA KOMITO3UITUU CITYYIaiHBIX
uHpopmanuit pazmuuus (5.7.29). Cnyuaitnas uHbopMalus pa3ianuus onpeze-
JSieTCsl B BUJIE

14 (p, :ui)zé(l— gy, (5.7.53)
Yepennenne ee ¢ f(p,y)= Q“@**/ﬁg p% wm  f(p,u)=

m
= p¢ ql‘q / ﬁ.z QY erl_ q %z{aeT uH(pOpMAIIMK pa3TnIHs

O M aqC
10 2PYTQ
|q(p:u):—gél—'§—§, (5.7.54)
P
O am - D_1D
18 @pytg o
| (p:u):——%—Di' o U (5.7.55)
q € m 0
0 ﬁ 2P HD
| ! |

Tuna 1A u Tuna 1B, coorBercTBeHHO. [lapamerp € ompeaensieTcs HOPMU-
POBKOM (pyHKIIMOHAJIOB.

Tun b). Ilycte € =0 u 3aKOH KOMITO3UIMIA SHTPOIUK U HH(OpPMAIIHA
pa3anyuus UMEIOT BUJ]

H=H,oH,=H,+H,, (5.7.56)

| =101, =1+ . (5.7.57)

Torna mpu €=2Y9-1 unn € =1-q u3 (5.7.50) u (5.7.53) uMeeM MHUKPOCKO-
MTUYECKUE MEPHI

h( pl): —log, ., (5.7.58)
h(pI :q):—logz% (5.7.59)
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1 COOTBCTCTBYIOIIUC CPCAHNEC 3HAUCHUA

H(P =3 h(R) p=-3(log, p) p. (5.7.60)

Piep (5.7.61)
U

m[]
I(p:u) = Z' piY)R= Zgogz

craructuiueckor mojienu lllennona—Bunepa.

Takum o0pazom, umMeeM ABa MPHUHIMIHAIBHO PA3TUYHBIX THUIA TPYII
CIly4aliHbIX SHTponuid u uHbopManuit pasnuuusa. [Ipudyem GyHKIIMOHATBI
(5.7.58) u (5.7.59) sBastorcs nzomophu3MamMu CydalHbIX HEQITUTUBHBIX MEP
Ha Ipynny aaIuTuBHbIX Mep moaenu [llennona—Bunepa

h(p)——log2 R = Iog2 HLH;QI( )H, (5.7.62)

I (pi :ui):logZ%:ﬁlogz BI.—Elq (|oI Y )H (5.7.63)

5.8. KBaHTOBBIE TOJIYHOPMBI U MePbI HH(OPMAIIUU

PaCCMOTpI/IM BCPOATHOCTHO-CTATUCTHUYCCKOC OIIMCAaHNC COBOKYIIHOCTH

N ={ Nl,..., Nm} CIIy4alHBIX 00BEKTOB, KOTOPHIE UMEIOT MHOXKECTBO KBAHTO-

BBIX cocTossHui G :{G , Gm} , TJI€ M—YKUCI0 COCTOSIHUH.

T
Beimumem kBaHTOBbIE (pu3MuecKkue O6e3pa3MepHbIe SHTPONHUM CTATHCTHU-
yeckoi mozaenu lllennona—BuHepa, npuBeaeHHbIE B T1aBe 2, ISl pa3IU4HbIX
CTaTUCTUK:
a) Makcsemna—bonbimana

m

=S (NN +S(InG) N, (5.8.1)

6) ®epmu—/lupaxa

==y (NN -3 (G- N)H G- N)+3(n g) 8 (582)

_'\/]3

B) bo3ze—DiiHmTelina
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=-3 (NN)N-3(nG) G+ 3 (G + NH 6+ ). (683)

F) KBa3HKJIACCHUYCCKAasA CTaTUCTHKA

Hy=-5(nG)G +3(InN)G. (5.8.4)

OO0riee 3HaYCHUE CITYYalHON BETMYMHBI | ={T .,Tm} MO0 COBOKYITHO-

1000
CTH 00BEKTOB PaBHACTCA

EN(T)=i§Ti N ﬁ\l =§Ni% (5.8.5)

IIpu N, << G wu3 (5.8.2) u (5.8.3) umeem Boipaxenue (5.8.1) s cratu-
cruki Makceesia—bonbimana, a npu N, >> G u3 (5.8.3) BbITEKAET BhIpaKe-

Hue (5.8.4) nns KBa3WKIACCUYECKOW CTaTHCTHKHU. [loaTomy B oOmiem ciydae
octaHoBuMcs Ha cratuctukax ®epmu—/lupaxa u boze—-JliHmTeiHa.
KBaHTOBBIE SHTPONMHM 3aIUILIEM TaK

HN:HN(N)+HN(G_N)_ HN(G)>0’ (5.8.6)
H, =H(N)+H(G)-H(G+ N)>0, (5.8.7)

r7ie MepBI
Hy(N)=-3 (NN)N, H (6)=-3(nG)G.,  (588)

Hy(G£N)=-3 (G + N)H G+ N) (5:89)

B T€OMETPUYECKON HMHTEPIPETALUN YIOBIETBOPSAIOT HEPABEHCTBY TPEYIOJIb-
HUKa (WM HEPAaBEHCTBY MHUHKOBCKOTO).

Jns ipyrux CTaTUCTUYECKUX MOjieel Teopuu nH(OpMalud HEPaBEHCT-
BO TPEYTOJIBbHUKA 1a€T KBAHTOBBIE SHTPOIIUHU

quNqu(N)+ Hq(G—N)— Hq(G)>O, (5.8.10)
Hon =Hy(N)+H (G)-H (G+ N)>0, (5.8.11)

3aBUCAIIME OT mapaMerpa (. HCHO, YTO IIPUBCACHHOC HCPABCHCTBO CIIPAaBCI-

JIMBO MW JJIA ABYXIAPaAMETPUUCCKUX KBAHTOBBIX 3HTpOHI/If/'I.
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KsanToBsie auTponuu (5.8.10) u (5.8.11) cOOTBETCTBYIONIUX CTATUCTUK
3aBHUCST OT KBAHTOBBIX MOJIYHOPM pacrpeaeneHuit

V=Bl N (@)=F e

N,y (G£ N)= %(q + N)qﬂgq. (5.8.12)

PaccmoTpuM, B 4acTHOCTH, KBAaHTOBBIE 00001IeHNs (hU3nIecKux Oe3pas-
MEpPHBIX SHTPONMUM IJIsI CTaTUCTHYECKOM Mojnenu XaBpaa—Yapsat—/lapoiu,
coorBercTBytomeil Tumy |IA knaccudukanum Mep ¥ Urparomieil BAXXHYIO poib
B COBPEMEHHOM CTaTUCTMYECKON TeOopuH HEAJTUTUBHBIX cucTeM. CoryacHo
(5.8.10) m (5.8.11), monyunm pyHKIIMOHAIIBI

1 0
How =23 D N -3 N
W g1 Z '

+qi—1§(6' N)- .Z(G V) E_q 1@2(? ZG
TIN-Y(G-N) Y @, (5.8.13)

0_

:imqu_feuf(q ) (5.8.14)
q—lHi ! i ! i
M3 (5.8.13) u (5.8.1) Berrekaer mpu N, << G surpomnus
1 N z Nq (5.8.15)
q,N q 1 E| .0.

mns craructuku Makcsesa—bonbimana, a mpu N, >> G u3 (5.8.14) cnenyer

OHTPOIIUS IJIA KBa3HKJIACCHUECKOM CTAaTHUCTHKM.
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1
q-1c7

1 m m |:| 1 m m |:|
= Gd _ﬁz G 9Gd =
q,quﬁZ .z'gql.'iz'\'lqﬁ_
m m 1 |:|
G -2yGi+y N‘qq,qg (5.8.16)
I |
B kadecTBe mpuMepa HaigeM SKCTPEMYMbl KBAaHTOBOW JSHTPONUHU JJIS

paccMaTpUBAaeMbIX CTAaTUCTUK MU 33JaHHOM OOIIEM 3HaYeHUHU CIy4allHOW Be-
JUYUHBI T U KBAaHTOBOM MOJIYHOPMBI

m m
Ean (T)=2TINT Ngyy =3 NP (5.8.17)

|
|
Bapeupyem dyHKIIMOHAT
m m
8L=3H +(q—1)TiZTi§Niq +(q—1)ai26l\{q (5.8.18)

u, cornacHo (5.8.13) u (5.8.14), umeem ycrnoBus

5L_—gzg—|\|q1+ (G-N)™+

+(q_1)-[NiCI—1-|i- +(q—1)d Nq—lg N E: 0, (5.8.19)

o= LB Enrte(g e n)

+(q_1)-[NiCI—1-|i- +(q—1)d Nq—lg N éz 0, (5.8.20)

N3 KOTOPBIX BBITCKAIOT PABCHCTBA

O N,

%E gr+ (1-a)(tT +a)B=1, (5.8.21)
%g H+(1-q)(TT +a)B=1. (5.8.22)

B urore nonyunm pacnpenenenus N, no cocrosausm G;:
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N = i N (5.8.23)

N = | S (5.8.24)

U yucia 00bEKTOB

m G

N = | , (5.8.25)
(TR LR

N=S G . (5.8.26)

T H+ (1—q)(TTi + a)g(q_l) -1

VYuursiBas (5.8.21) —(5.8.24), a Taxxke o0miue 3HaYCHHs CITy4yailHOU Be-
JTUYAHBI

E,n(T)=3 G (5.8.27)
T g -g) e +a)d e
m TG
E.n(T)=3 — —, (5.8.28)
a,N i E.+(1—q)(r i +a)9/(q 1)_1
Haxoaum BKCTpeMaHBHHe 3HAUYCHHU A KBAHTOBBIX 3HTp01'II/II71
_ 1 Om m .
Hon __1ET'IZ N _IZ N/ l(G N)

<A+ () (1T va)g 3 @=L (-9 W(Tva) -
-2 NG @+(1— AT+ )3 G-

0
i [l

=By (T)-a3 N+ 2 9 6 (G- N)7BG . (5829
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_M3

QF9 = - )q'l - qu—lécf‘, =

__ 1 g%%ﬁ_ %+(1—q)(ﬂ'i +G)E—1§GI, (5.8.32)

1(q-1)

KoTopble npu ( — 1 coBnaaaroT ¢ BeipakeHusimu (2.4.15) u (2.5.13). Torna u3
(5.8.29) u (5.8.30) BbITEKACT BBIpAXKEHUE JJII SHTPOITHH

m
Hon =—TE n(T)-ay N +1Q, (5.8.33)
|

KoTopoe ompeaeneHo s cratuctuk Pepmu—/lupaka u bo3ze—DitHmiTeliHa B
TJIaBe 2 ¢ COOTBETCTBYIOIIMMH 3HaUeHUSIMH noTeHnuana (5.8.31) u (5.8.32).
[Tpon3BoIHBIEC TOTCHIIMATIA PABHSIOTCS

0(1Q)
Cor

d (TQ) m
=Eqn (T), 5 = .Z N7, (5.8.34)
qTo l'IpI/IBOIII/IT K ,Z[I/I(b(l)epeHHI/IaJ'IBHOMy COOTHOIICHHUIO.
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dH,  =~TdE _ ,(T)-a dﬁg N; % (5.8.35)

aN

Pacripenenenust (5.8.23) u (5.8.24) umeroT GpyHIaMEHTAIBHOE 3HAYCHHE
MPHU MOCTPOCHUH KBAaHTOBOM CTaTUCTHUYECKONW TEPMOJMHAMUKH PaBHOBECHBIX
HEAJJUTUBHBIX CHUCTEM [UIsl CcTaThucTudeckoi wmojenu Xaspaa—YapBar—
Hapormu.

B cnywyae monenn Penbu, coorBercTByromeir Tumy |V o0mieit kimaccu-
¢bukanuu mep uadopmanuu, u3 (5.8.10) u (5.8.11) nomyyum KBaHTOBBIE MEPHI

1 EgNiqg(G‘—N)qE
Hq,N :1_q|nE qu E (5.8.36)
1 E g I\qu_szlq E
Hq,N = In G- ! O (5.8.37)
1-q ﬁz (Gi N )q E

115t ctatuctuk Gepmu—/lupaka n boze—DitHiTeliHa, COOTBETCTBEHHO. AHAJO-

TUYHO HAaXOJATCS KBAHTOBBIE MEPBI ISl IPYTUX THIIOB.

B zaximrodenue BeimumieM (usndeckue Oe3pa3MepHbIe KBAHTOBBIC HH-
dbopManuu paznuyms CTaTHCTHYECKON Mojaenu XaBpaa—Yapsat—/apomm s
KBAaHTOBBIX cTaTUCTUK Pepmu—/lupaka u boze—diHiTeiiHa

1o m 0o 1 m m 0
(|12)q,N1 _ﬁﬁiZN]i _izNgH"'_l_qaz Nﬁ—z NgngqH,.

+ﬁ i (Gi_Nﬂ)_g(q_ Nl)q%’

q
roep (@N)-2(G-N)'(6- )T (5839
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q
1T a _@%*P%)‘g(q*'M)q($+ N ) E (5.8.39)

KoTopble ipu ( — 1 coBmagaror ¢ ¢pynknuonansamu (2.7.13) u (2.7.16) craru-

crrueckord mMonenu lllenHona—Bunepa. KBaHTOBBIE Mephl HETOYHOCTH 3aj1a-
IOTCSI COOTHOIICHHUSIMH TP aJINTUBHOCTH WM HEAUTUBHOCTH SHTPOIHMU U
uH(bOpMaIUK pa3iuuus, Kak 3To Obuio ompenencHo (opmynamu (4.4.7) u
(4.4.76)B cratuctuyeckoii mozaenu lllennona—Bunepa.

5.9. Akcuomsbl u mepbl Hlapma—MuTrana

b. lllapma u JI. Mutran B paborax [110,111] pa3Bunm cTaTUCTUYIECKYIO
MOJIENIb ¢ HOPMHUPOBAHHBIMH JIBYXIIApaMETPUICCKIMH MepaMu WHGOPMAITHA
Tuna 1A. beutu chopmynupoBaHbl ClieAyIONIME aKCHOMBI [yt dHTpornuu [110].

1. Hq,r (p11 Py pm) HEIpEpPbIBHA YW CUMMETPUYHA OTHOCUTEIBLHO
Py Pys-ees P, BOOMacn O< p < 1.

10
2 Mo Bt

3. Hy, (Preens Pys 0By eeeoBy) = Hyy (BvooBy By o)

s Beex 1 =1,.m.

4'HQ,r (p11p21""1 P11Pz s P12P2z- P1oPg s+ Ry Pop-+s R Pe ’.).:
=Hg, (Pigseoes P+ Hq,r( oy P) *

+)\Hq,l’(pll""’p]m) Hq,r( p211""p2h) ’ AZ Q (591)

5.CrpaBeyIMBO PaBEHCTBO:
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gqu’Hf( )

|:| m
g 2P

, (5.9.2)

Hor (Py Do ) = 0

mmmﬁ%

re ¢ ecTh HEmpephIBHAS CTPOro MOHOTOHHAs (yHKIHS Ha R, a ¢ *— dynk-

st ooparHas ¢ . Oynkuus f (pi) YAOBJIETBOPSIET aKCUOMaM

1.f (pi) HenpepeiBHa o P, 0<p <1l

2.f(pi pj): f(p)+ f(q)+)\f( p) f( P)’ A#0.
3.t g
il

CornacHo 3TUM aKcHUOMaM, oJrydyuM sHTponuto [[lapma—MuTtrana

_1D
Om oGt
, g 2P0 g
qu(p) —A-0—0 [ (5.9.3)
O
O

Hcnonb3ys aHanoruyHele akCHOMBI JUIsl MHpopMmarmii pazmuumst [111],
uMeeM ()yHKIIHOHAIT

(5.9.4)

Iq, ( 1 2r—1

g
Lk

oooooood

Paccmorpum ocHoBHbIe cBoMcTBa [Ilapma—Murraina.
1. I0J1I0XUTENBHOCTD W BBITYKJIOCTB. DHTPOIINS €CTh BEIIECTBEHHBIM,
HEOTPHLIATENIbHBINA (DYHKIIMOHAT

Hq,r(p)>0, (5.9.5)
KOTOPBIH siBjIsIeTCst BOTHYThIM Tiput >0 ¢ r >q u r =2-1/q. DHTpomnus Mo-

HOTOHHO YOBIBAaeT C BO3pacTaHueM (| npH (GUKCHPOBAHHOM 3HAYEHUH I .

2. HeaiiMTHBHOCTD JJIs1 HE3aBUCUMBIX 00beKTOB. IlycTh cocTosiHUE
CIIy4aifHOrO OOBEKTa OMUCHIBAETCS COBMECTHBIM MYJIBTUILTUKATUBHBIM pac-
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MMpCaACICHUCM BepOHTHOCTeﬁ p” - q pJ ' pi u |’:)J OTHOCATCA K Pa3HbIM HE3a-

BUCHUMBIM 00bekTaM. O0IIast SJHTPOIUS TaeTCs BHIPAKCHHEM

[

r—
-1

o

m

DI:I

Zn p p (5.9.6)
i

DDQ

1- 24"

Hq,r(plz): = EL
H

rac ycjioBue€ HOpMHUPOBKU
m n m n
>>P=2R=)Rp=L (5.9.7)
] | j

Torga u3 (5.9.6) moaydum CBOMCTBO HEQJAIUTUBHOCTH JJIsSI SHTPOIHA HE3aBH-
CUMBIX O0OBEKTOB

Hq,r (plz) = Hq,r ( p1)+ qu ( p2)+(21—r —1) Hq r( p]) Hq r( p2)’ (5.9.8)

Trac
r-1 r-1
ogud el
p,) — o M (p,)= 1‘ = (699
B cnydyae Kk =2 He3aBHCHMBIX 00BEKTOB CIIPABEIMBO PABCHCTBO
k k-1
Hq,r (p12..k) :lleq,r(pl)-"(zl_Ir _1)|Zl qu ( H) Hq r ( 9<)+
k-2
+(21—f _1) IZl Hq,r (pl ) Hq.r ( H<—1) Hq,r ( F1()-'-"'-'-
+(21—r —1)Hq,r (o) H, (P,)--Hy, (B)- (5.9.10)

Hea UM THBHOCTB JUIS IPE/IEIIbHBIX 3HAYEHUH onpeessieTcs: GopMyIon
Hl,r (p12) = le (p1)+ Hl’, ( p2)+(21—r —1) H 1’( p) Hﬂ,( p) (5.9.11)

3. PaBeHCTBO U151 3aBUCHMBIX 00beKTOB. B ciydae 3aBHCHUMBIX 00BEK-
TOB UMEEM COOTHOUICHUS AJIsl paCIpecICHHUMN:
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m
pij:Rp” = Q P], ip=zlp, jp=lz”p (5.9.12)
U COOTBETCTBYIOIIHE () YHKIIHOHAIIBI
1—@2 ;;r[qﬂ?@ég i
H = 1 5.9.13
8ol )= —— 1ok (59.13)
(5.9.14)
HpeﬂeHBHBIe BBIpa}KeHI/IH paBHHIOTCH
, (5.9.15)
, (5.9.16)
, (5.9.17)
. (5.9.18)
— , (5.9.19)
— , (5.9.20)
rie " €CTb CpeJHHE 3HAYCHUS YCIOBHOM SHTPONHH B

craructuiyeckor mojenu lllennona—Bunepa.
CripaBeiivBO CIIEIYIOIIEe PABSHCTBO JIJIsl SHTPOIHIA 3aBUCUMBIX 00HEKTOB
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(5.9.21)

4. JHTPONHUS PABHOBEPOSITHOIO COCTOSTHMS. DKCTPEMAJIBHOE 3HAUYCHUE
suTponuu [lapma—MuTTana npu ycioBUH COXpaHEHHs HOPMUPOBKH pacIipe-
JIEJIEHNS JaeT paBHOBEPOSITHOE paclpesiesieHue

—. (5.9.22)
3HaueHue 3HTponuu npH (5.9.22) umeer Bua
. (5.9.23)
Ecmm . . ., Tou3(5.9.23) cnenyer u3BeCTHOE BBIpAXKEHUE
(5.9.24)

craructuueckon monenu lllennona—Bunepa.
5. HepasencrBa. Outponus [lapma—MuTtrana Takxe yJOBIETBOPSET
OCHOBHBIM HEPaBEHCTBAM

. (5.9.25)

(5.9.26)
, (5.9.27)

, (5.9.28)
, (5.9.29)

, (5.9.30)

. (5.9.31)

,(5.9.32)

, (5.9.33)
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= . (5.9.34)

6. HopmupoBaHHOCTH M pa3sMepHOCTBH. I3 omnpeneneHus 3HTPONUU
(5.9.3) nmeeM cBOICTBO HOPMUPOBAHHOCTH

xl

(5.9.35)

pu |:| 51 =] . Ennnuna n3mepenus nHpopManum ectTb OAUH OUT.

Ourponus [llapma—MuTtTana ecth OTHOIIEHHE (HU3UYECKON Oe3pazmep-
HOW SHTPOINHUHU

xl

(5.9.36)

Ha ee 3HAYEHHE TPH PABHOBEPOATHOM COCTOSHMH ¢ | | Takum obpasom,
UMEIOT MECTO PaBEHCTBA

xl

(5.9.37)

7. f-ourpomus. Durponus Illapma—Murrana mnpencrasiser coboi
f-aHTpONUIO

[x] , (5.9.38)

re QyHKIUs

=l (5.9.39)

3aBUCUT OT [IOJIyHOPMBI PacIpeleIeHuUsl.

3/1ech HE BbINMCAHbl APYTrHUe CBOICTBA 3HTPOINHU, OCHOBHBIE CBOWMCTBA
nHGOpMaLUU PA3INYMS U MEPbl HETOUYHOCTH, a TaKXkKe pa3IuyHble (yHKIIHOHA-
JIbl, MCTIOJIB3YIOIIME PacCMaTpUBaeMble MEpbl. DTH BOIMPOCHI MOJIPOOHO H3JI0-
’KEHBI B pa3InYHbIX padorax (cm. Hampumep [109, 117, 118, 120, 121]).
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5.10. Tpuronomerpudeckue Mepbl HH(pOpMALIHIA

H3BecTHBI TakyKe TPUTOHOMETPUUYECKUE MEPBl HHPOPMAIIIH, pacCMaTpU-
BaeMble B 00001eHHON TeoprH HHpopMaruu. B onHOM MeTo/e NCHoIb3yeTcs

3aKkoH Kommo3unuu [107]

xl

(5.10.1)

3neck sHTpONHS U QYHKIUS

xl

=] (5.10.2)

BBIPAXKAIOTCS Yepe3 (PyHKIUH I:I U I:I, 3anaHHble B npeaenax [0,1]. Omn-

peacICTCS SHTPOIINA B BUIC

xl

(5.10.3)

U QyHKITUS

xl

(5.10.4)

B npyrom metone paccMarpuBatoTcs s3HTponuH [107]

xl

xl

(5.10.5)

, (5.10.6)

riae yukuuu hu f 3aganer B npenenax [0,1] u HaxXoasSTCS U3 ypaBHCHUM

xl

, (5.10.7)

xl

(5.10.8)

IIPY TPAHUYHBIX YCIIOBUSAX =] u =]

B urtore MOJIYHAOTCA pCHICHUS

(5.10.9)
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", COOTBETCTBCHHO, UMCCM SHTPOIINH

x] (5.10.10)
&l , (5.10.11)
= , (5.10.12)
&l , (5.10.13)
&l (5.10.14)
B npenenax Beitekarotr s3nTponus lllennona—Bunepa
]
(5.10.15)
u uadopmanus paznuans Kynsoaka—Jleibdnaepa
]
(5.10.16)

He,Z[OCTaTKOM pacCMaTpruBACMBbIX MCTOAOB ABJIACTCA TO, YTO 3aKOH KOM-
O3 3HTpOHHfI HC MMCCT B OCHOBC I'PYIIIOBBIX onepaunﬁ, TaK B HCM

JOJIDKHBI OBITH TOJIBKO

xl

u

xl

. Takux BbIpaK€HU HE UMEETCS.

B 3akmrouenue BBIITMIICM, OOIIOJHHUTCIBHO K IMPHUBCIACHHBIM (bYHKI_[I/IHM
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CIIC ABC TPUTOHOMCTPUUCCKHUEC MCPBI

xl

(5.10.17)

(5.10.18)

3aBHUCSLIME OT MapameTpa |:| U paccMOTpeHHbIe B pabdorax [53] m [112, 113],

COOTBCTCTBCHHO.
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