IF'maga 2

KBAHTOBBIE MEPbI THO®OOPMAILIUN

OO6mmue MoHATHS U METObI cTaTucTHueckor monaenu [llennona—Bunepa
ObutH TpencTaBieHbl B rnaBe 1. [lepeiineM K H3ydeHUIO BaXKHOTO BOIPOCA
00001IeHNsT paccCMaTPUBAEMBIX JIOTapU(MUIECKUX Mep SHTPONUHU U MHPOpMa-
LMY pa3Inyuus Ha cllydail POSIBIEHUS KBAHTOBBIX CBOMCTB CIIy4alHbIX OOBEK-
ToB. [Iporpecc B 3TOM HanpaBlIeHUH CBA3aH C BBEJICHHWEM KBAHTOBBIX CTATH-
ctuk bo3ze—DiHmTelina u ®epmu—/lupaka ajisi COBOKYIMHOCTH YacCTHIl B CTaTH-
CTHYECKOH (hU3HKE, YTO TOJIPOOHO MU3II0KEHO B MOHOTpadusx [25, 26, 34, 36].

B nanHO# r71aBe MpUBOAUTCS UACHHAS CTOPOHA (PU3NIECKON CTATUCTHKH
CIIy4allHbIX OOBEKTOB, 00JIaJalOIIMX KBAaHTOBBIMHU CBoOiicTBamH. Pa3nuunble
MPUJIOKEHUS MOXHO HaWTH, Hampumep, B MoHorpadusx [35, 38] mo Teopun
nepenayn uHGopmanuu B pU3NYECKMX KaHajgaX CBA3HM. Takyke 3aTPOHYT BO-
MPOC MApaCTaTUCTUKH, KOTOPBIM OTCYTCTBYET B TPaJULIUOHHBIX MpEACTaBIe-
HUSX TeOpuH WH(HOPMAIINH.

2.1. Oneparop mioTHocT u Y3HTponus Heiitmana

Nnest kBaHTOBO-CTaTUCTUYECKOTO OMHUCAHUS CIIy4ailHOro 0ObEeKTa B T€O-
puu UHGOPMAITUU COCTOUT B TOM, YTO COCTOSHUSI OMHCHIBAIOTCS OTNIEPATOPOM
IUIOTHOCTH P B TWIKOEpTOBOM mpocTpancTBe [25, 36]. CnydvaiiHas BelTndnHA

CCTb oIrepaTop T , BBBCIICHHOC CPECAHEC KOTOPOI'0 paBHO

E(T):Ssp—;p. (2.1.1)

KBaHnTOBBII aHajor BGPOHTHOCTHOﬁ HOPMHPOBKHU €CTb

Sp=1, p=1 (2.1.2)
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H, CJICAOBATCIIbHO, CPCAHCC 3HAYCHHUC OIICpaTOpPa 3allUIICTCA TaK!:

E(T)=SpTp. (2.1.3)
Jns matpuunoro npeacrasineHus u3 (2.1.2) u (2.1.3) BoiTekaer popmyia
E(M=2Tp *2 378 - (2.1.4)

U3 KOTOPOW CIIEYyeT, YTO BEPOSTHOCTHAs TPAKTOBKA CIIpaBe/UIMBA KOTJA
P = O npu i # | . B aTOM cityuae imaroHaibHbIC JIEMEHTHI KOMILICKCHOM 3p-

MHUTOBOM KBAJpPATHOM MATPULBI IJIOTHOCTH COOTBETCTBYIOT BEPOSATHOCTSIM
BO3MOJKHBIX 3HAYEHUW CIy4alHOW BEIMYMHBI U UMEKOT aHAJIOTM CPEAHUX B
craructuyeckon monenu [llennona—Bunepa
E(T)=yTip. Sp =1 (2.1.5)
| |
HenuaroHanbHble 3J1€MEHTBI MATPULBI IUIOTHOCTH OTPAXKAIOT YHUCTO KBAHTO-
BbIE CBOMCTBA CIIy4allHOTO OOBEKTA.
COOTBETCTBEHHO OMNPENENSAIOTCS KBAHTOBBIE aHAJOIM B3BEIIEHHOTO
CPEIHEr0 r€OMETPUUECKOTO

Sp(log, T)p
N(T)=2 S* (2.1.6)
SHTPOINH, HHPOpMAIMK paznuuus [25, 36]
Sp( log,p)p
H (p):—logzN(p):—(S%:pZ), (2.1.7)
N(p) _Sp(log,p- log,p,)p
I (p:p,)=log = (2.1.8)
( o) 2N (po) Spo
N MCPbI HCTOYHOCTHU
Spl log,p, )P
H (p:po):—logZN(pO):—(%mO). (2.1.9)

B ¢dynxmuonane (2.1.8) BelpakeHHe B CKOOKax 00O3HAYaeT CIy4yailHyl WH-
dbopMaInio pa3inuuus, paBHYIO pa3HOCTH CIIY9alHBIX SHTPOIHUH.

PaccMoTpum cnydall sKcTpemMyma KBaHTOBOW »HTponuu Helimana
[25, 36]

H (p) =-Sp(log, p)p (2.1.10)
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MPU COXPAaHEHUH HOPMUPOBKH OMEpaToOpa IUIOTHOCTH U CPEIHEro 3HAYCHUS
ciy4daiiHoi BenmuuHbl T . Toraa 3agada CBOAMTCS K HAaXOXKIACHHUIO Oe3yClOB-
HOTO 3KCTpeMyMa CJIeIyIoulero pyHKInoHana

L=-Sp(log,p)p+1 SAp+a Sp, (2.1.11)

rae T U O ecTb MHOXUTENM Jlarpanxka.
CornacHO BapHallMOHHOMY IPHUHIIMITY, IIPUPABHIEM HYIIO IEPBYIO Ba-
puaruio GyHKIIMOHAA

6L=—Sp§pﬁlogzp+ﬁ—ﬂ—a%= 0 2.1.12)
" IIOJIYYUM OIICpaTOP INIOTHOCTHU
p=2"r"(1), r(1)=SpZ". (2.1.13)
Brruncium OKCTPEMAJIBHOC 3HAYCHHUEC DHTPOIINH Heiimana
H (p)=—-1E (T)+log, I (1) (2.1.14)
", UCII0JIb3Ys paBCHCTBA

"'OQS—TF(T)—E(T), a(" )Elong(T)E:H(p), (2.1.15)

3armiieM audQepeHnaTbHOe COOTHOIICHHUE
dH (p) = -TdE(T). (2.1.16)

DKCTpeMyM KBaHTOBOM »HTponuu Helimana B paccmarpuBaemMoil BapHa-
[IMOHHOM 3aJ]Jaue€ COOTBETCTBYET €€ MAaKCUMYMY, MOCKOJBbKY CIIpaBeIJIMBO He-
PaBEHCTBO

%L = —ﬁSm’l(ép)z <0 (2.1.17)

JUIs BTOpo# Bapuanuu ¢pynkiuonana (2.1.11).

B cratuctudeckoit ¢puzuke [25, 34] u Teopuu nepegaun HHGOPMAIUH TIO
¢dusnueckuM kaHanmam cBsi3u [35, 38] mcmonp3yercs omeparop ['ammimbToHA
T =H, obparnast remneparypa B=-1/IN2 u Qusuueckas pazmepHasi SHTPO-

must H (p) = —kSp( Inp)p, rne K — mocrosiHHas bonbimana. B atom cimyvae

OMepaTop MIOTHOCTH UMEET U3BECTHBIN BUJT [25]

p=exp{-k'BH} (), I (B)= Spexp-k BH}, (2.1.18)
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a coortHomrenue (2.1.16) npenacrarisier co0Ol 3aKOH CTAaTUCTHYECKON TEpMO-
JTMTHAMUKA

dH(p)=BdE, E=E(H) (2.1.19)

AJIsI MAKCUMAJIBHOT'O 3HAYCHUA SHTPOIINU Hetimana B PaBHOBECHOM COCTOSAHUHU.
Hepexon MCKAY COCTOAHHUAMMU C ITPOU3BOJIbHBIM OII€CPATOPOM IIJIOTHO-
CTH P ¥ PAaBHOBCCHBIM

po =exp{ -k BH} F1(B,), I (Bo)= Spexp-k B H} (2.1.20)
ompezaensercs GU3NIECKO pa3MepHOi HHDOPMAIUEH pa3 IS
| (p:p0)=—@-l (p)-H (po)%Bo%_Eoﬁ (2.1.21)
TJIC DHTPOITUH ¥ SIHEPI'HU KBAHTOBOI CHCTEMBI
H (p) = -kSp(Inp)p. H (p,) = -kSp(Inp,) P, (2.1.22)
E=SpHp, E, =SpHp,. (2.1.23)
Jist muddepennmana nHGOpMAIUN Pa3TUIUS UMEEM COOTHOIIICHHE
di (p:p, ) =—dH (p)+B,dE, (2.1.24)

KOTOpPOE ONHUCHIBAET HEPABHOBECHBIC MH(OPMAIIMOHHBIC MPOIECCHl B OTKPHI-
TOW KBaHTOBOM cucreme [20, 22].

B 3akimoueHre paccMOTPUM MPOU3BOJIBHOE KBAHTOBOE COCTOSIHUE C KO-
HEYHBIM 4YHUCJIOM M CcOoOCTBEHHBIX 3HaueHMi E; omeparopa H. Cormacmo

(2.1.13), MmaTpuIia MIOTHOCTH UMEET JUATOHATBHBIN BUJT
exp{ -k™'BE }
B =0 = -
Z exp{ -k BE }
|

U UMCCT BEPOATHOCTHYIO TPAKTOBKY.

, § p =1 (2.1.25)

HYCTB CO6CTB€HHOMY 3HA4YCHHUIO Ei COOTBCTCTBYCT KOHCYHOC YHUCIIO
KBAaHTOBBIX COCTOHHHﬁ, HMCHOIICC KPATHOCTDb Gi . Torz[a pacipeacicHnuc BEpo-

SITHOCTEW KBAaHTOBBLIX COCTOSHUU 3aITHIIETCS TaK:

o =p = exp{—k‘1BE|}
i ii igexp{_k‘lBﬁ} GI

Takoro posma pacnpeieneHuss UIPAalOT BaXHYK pOJIb B CTaTUCTHUKE

g G =1. (2.1.26)
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Clly4aiiHBIX 0OBEKTOB TEOPUH MH(OPMAIIMH, O YEM TOHIET PEUb B CIEIYIOIIEM
naparpade.

2.2. KBaHTOBBIE COCTOSIHUSI U CPEIHUE

PaCCMOTpI/IM BCPOATHOCTHO-CTATUCTUICCKOC OIMMCAHUC COBOKYITHOCTHU
N={N,....N

m} (N >> 1) CTATUCTUYECKHA CIYIalHBIX OOBEKTOB, KOTOPHIC

HMEIOT MHOXKECTBO KBAHTOBBIX cocTOosSHHUI G :{Gr""Gm} , TIe M — YUCIIO

coctossiHui. OOBEKTaMU MOTYT SBISTBHCS, HANpUMeEp, IOCIEAOBATEILHOCTH
CHMBOJIOB U3 ai(paBUTa M MaTepUAIbHbBIE YaCTHUIIBI C COOTBETCTBYIOIIMMHU CO-
CTOSIHUSIMH B BHJIE CHMBOJIOB M KPaTHOCTH COOCTBEHHOTO 3HAYEHHS SHEPIUU
YaCTHIIBI U T.11.

[IpuBenemM OCHOBHBIE OIIPEICICHUSI.

Onpenenenne 1. Hocurenem mHpOpMaLUu SIBISIOTCS 1B MHOXKECTBA!

a) MHOXXECTBO BCEX KBAaHTOBBIX cocTosiHHN G :{Gr""Gm} COBOKYIHOCTH

ciy4aifHbIX 00BbekTOB N :{ N,..., Nm}; 0) MHOXECTBO CIIy4allHBbIX BEJIUYUH

T={T,

1o Tm} , XapaKTCPU3yrOInX COBOKYITHOCTb 00BEKTOB.

Onpenesienne 2. B3penienHoe cpeqHee Kaxaon ciydailHOW BETUYUHBI |
0 pacIpe/IeICHUI0 00bEKTOB

TN
E(T)=" (2.2.1)
2N
nimn
En(T) =1
E(T) =—N N=IN, (2.2.2)
rae cpegHee
Ey(T)=3 TN (2.2.3)

MpencTaBiIseT co0oi obliee 3HaUeHWE BEITUYMHBI | IO COBOKYITHOCTH O0b-
CKTOB.

3a/1aua KBaHTOBOW CTATUCTUKU OOBEKTOB COCTOMT B HAXOXKICHHH pac-
npenenenus N, 1o cocrosuusm G,. B cBA3M ¢ 3THM PaccMOTPHM CPEHEE

YUCII0 0OBEKTOB B | -COCTOSIHUU:
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D =—L (2.2.4)

u nepenumiem (2.2.1), (2.2.3) B cieqyroiieM Buae

>T0G
E(T)=———, DG =N, (2.2.5)

>DG
EN(T)=_§TiD,G,. (2.2.6)

U3 (2.2.5) cnenyer, uro Benumuuubl D, umeror Beca G,. Beenem pacnpe-

nenerue P = D /N 1 OKOHYATEIHEHO MOJIVYUM CPETHEE
| |

E(T)=3TRG. 3 pG=1 (2.2.7)
1 00l1ee 3HaUEHNE BEJIMYUHEBL |
E,(T)=N3YTRG, (2.28)

KOTOPOC MPONOPHUOHATIBHO YHUCITY CIIYYaUHBIX 00BEKTOB B ciydac, €ClIin TI HC
3aBUCUT OT pi .

HenpepbIBHBIME ~ aHAJIOTaMH  PACCMATPUBACMBIX CPEAHUX  SBISIFOTCS
(byHKIMOHATIBI

[TDdG
-G —
E(T)= [DdG " JG'DdG— N, (2.2.9)
G
E\ (T)=/TDdG, (2.2.10)
G

onpezeneHusie B oonactu G. Ecnu 0061acTh 0XBaThIBa€T BCE BEPOSITHOCTHOE
MPOCTPAHCTBO M YCPEIHEHHUE MTPOU3BOIUTCS C pacrpenesicHueM P, To hopmy-
ael (2.2.7) 1 (2.2.8) mpuMyT BU

E(T)={TpdG [ pdG=1, (2.2.11)

E\ (T)=N[TpdG. (2.2.12)
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2.3. Cratucruka MakcBesuta—bojabnmana

[Tycte mmeetcst Habop u3 N ciyd4ailHBIX 0OBEKTOB, KBAHTOBBIC COCTOSI-
HUSI KOTOPBIX pPaBHOBEPOSATHBI. OO0IIee KOJIMIECTBO COCTOSHUI PaBHSICTCS YHC-
ny G. Bocnoas3yemcs Gopmynoi Xaptau [77]

H (p) = nlog, m (2.3.1)

JUIsE Mepbl MHQOPMAIINH, ONIPEAETIseMON Ui YKciia paBHOBEPOSTHOTO pacrpe-
JICJICHUsI COCTOSTHUI ofHOTO 00BeKkTa mpu N HabmoaeHusx. B paccmarpuBae-
MOI cuTyauuu mepa HHPOpMAIUH Uisi COBOKYMHOCTH N OOBEKTOB UMEET
aQHAJIOTUYHBINA BUJ

H, =Nlog,G. (2.3.2)

[Ipu paccMOTpEHUH CTATHCTUKU CIYyYalHBIX 0OBEKTOB HMCIOIB3YEM TEO-
puto coenuHeHnit. B TakoM nmonxose ¢popmyna (2.3.2) 3anumiercs Tak [77]:

H, =log, Al , (2.3.3)

rae A'y, =G™ u G ectp uncno pasmemennii u3 G cocrosuuii mo N 06b-
€KTaM, KOTOpPOE [[aeT YMCIO BO3MOXKHBIX Makpococrtosituii Al . TIpuuem

B BBIYHMCJICHUSAX PACCMATPUBAIOTCS Pa3MELICHUS C TIOBTOPEHHUSIMU, TO €CTh OfI-
HO U TO K€ PaBHOBO3MOXHOE COCTOSIHHE MOXKET Peau30BBbIBATHCS HECKOIbKO
pa3 B 00bEKTax, 3alHMCAHHBIX B KakOM-THOO mopsake. Mepa uHpopManuu
(2.3.3) coBnamaer ¢ mepoii bonmbiiMana B craructudecko ¢usuke [1], moaro-
My OyzieM Ha3bIBaTh €€ Mepoi bonbiimana—Xaptiu.

[TycTh COBOKYMHOCTH pa3iMYMMBIX 00BEKTOB N ={N1,..., Nm} UMeeT

1,...,Gm}. Boruncnum sHTpomnuio mno gopmyie

KBaHTOBbIE cocTossHua G :{G
bonbumana—Xapriu, onpenenus 3uauenue Al . [lnst sToro pacnpenenum

00BEKTHI Ni 10 COCTOSIHUSIM Gi TaK, YTOOBI UMEIOIME OJHO COCTOSIHHE OBLIN

TOKJIECTBEHHBI MEXKy COOON M OTIMYHBI OT OOBEKTOB, UMEIOIINX JAPYTUe CO-
ctosHus. Tornma, cormacHo KOMOMHATOPHBIM BBIYMCICHHSM JUIS CTATHUCTUKH

BosnbiimMaHa, 4nMci0 BO3MOXKHBIX MAKPOCOCTOSIHUN paBHseTCA [34]
m m N
Al = |i_|AFNi =1 WG‘ P (2.3.4)
i!

N: o
rac Gi ! €CThb YMCJIO BO3MOXKHBIX pa3MCIICHUU, BEINYNHA Ni ! ecThb B TCOPpUU
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COGI[I/IHGHI/Iﬁ YUCJIO MECPECTAHOBOK U3 Ni O6T>€KTOB, a IMPOU3BCACHUC YUCCII

AFN- O03HA4YaCT CTATUCTUUYCCKYIHO HE3aBUCUMOCTH JII COBOKYIIHOCTU 00BEK-
i

TOB.
[Toacrasmss (2.3.4) B mepy unpopmanuu bonbrimana—Xaptiau (2.3.3) u

ucnonb3yst popmyny Crupnunra N, !z(Ni /e)Ni , TOJy4UM KBaHTOBYKO JH-

Tponuto MakcBenna—bosbpiimana

H S Elog, (2.3.5)
=-) HOg, —H\,; . 3.
A
B ciyuae pacnipenenenuit D; u p, u3 (2.3.5) BHITEKAIOT BHIPAKEHHUS
m
Hy (D)=-3 (log, D,)DG, (2.3.6)
|
m
Hy(p)=-NY(log, n) RG, (2.3.7)
I

TJIe YUCIIO 0OBEKTOB U HOPMHPOBKA
m m
>DG =N, >pG-=L1L (2.3.8)
| |

9HTpOHI/I${ CCThb B3BCIICHHOC CPEAHCC

i (p) =) =-3 (o9, n) 0 G (2.3.9)

U OTIPENICNISIETCS C TOYHOCTBIO J0 MOCTOSIHHOM.
Ecnu Beca umeror oaunakosbie 3Hauenus G, =1, To u3 (2.3.9) Beirekaer

TpaaulnoHHas mepa uHpopmaiuu lllennona—Bunepa

H(p)=-3(log, )R, 3 p=1 (2.3.10)

C HOPMHUPOBAHHBIM pacrpeseieHreM. [Ipy paBHOBO3MOXHOM paclpee/iCHUN
p. =1/G u3 (2.3.9) cnenyer mepa unpopmannu bonbrmana—Xapriu

Hy (p)=Nlog, G, G=i§ G. (2.3.11)
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Jlanee paccMOTpUM BKCTpPEMAJIbHBIE CBOMCTBA KBAHTOBOM JHTPONUU
(2.3.6) pu ycIOBHM COXpaHEHMsI YKcla 0ObEKTOB M 001Iero 3HaueHus (2.2.7)
BenmuuHbl T . COTJIacHO BapUAIlMOHHOMY TPUHIIMITY, HCCIEIyeM Oe3yCloB-
HBIN SKCTpEMYM (yHKIIMOHATA

L=-5(log,D,)D,G +T3 TRG +a'S DG, (2.3.12)

JIJIS1 4eTO BBEJIEM HEOIpe/Ie/iCHHbIC MHOKUTE M Jlarpanxka T u ' .
N3 ycrnoBus

1 0.0
3L=-y %Di aogz D+ 1T ~d ﬁq 0 (2.3.13)
MOJIYYHNM PACIIPCACICHUC

D =2""" q =i+a', (2.3.14)
! In2

MOJICTaHOBKA KOTOPOTo B (2.3.8) maeT 4ucio ciydyailHbIX 00BEKTOB
& T +a
N=%2"1"G. (2.3.15)
i
Torna pacnpeneneHne UMEET OKOHYATEbHBIN BU]T

D,=N—, (2.3.16)
m
rAlfe
226G

rie Beca G, PaBHAKOTCS KPATHOCTH COCTOSIHUS CITy4aHON BETUYUHBI T, .

DKcTpeManbHOE 3HAYEHHE KBAaHTOBOM SHTponuu U ee auddepeHiman
PaBHSIOTCA

H, (D)=-1E(T)-aN, (2.3.17)
dH, (D)=-1 dE(T)-a dN, (2.3.18)

rac YYTCHO PaBCHCTBO
Ey (T)dt+ Ndo =0. (2.3.19)

Pacnipenenenue (2.3.16) MakcMMU3HpyeT KBAHTOBYIO SHTPOIIUIO, TaK KaK
CIPaBEAJINBO HEPABEHCTBO:
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m X
62L:——22TGi <0. (2.3.20)

In

B 3akiroueHne paccMOTpUM HEKOTOPBIE CTaTHCTUYECKHE CBOMCTBA HC-
CJIeIyEeMbIX BEJIMYKH.

Tak 4ncino Bo3MOXKHBIX Makpococtosiuuit Al umeer 1yist paccMarpu-

BA€MOM CTAaTUCTHUKHU IPO3PAYHBIM MAaTEMaTUYECKUNM CMBICI. Bripa3sum KBaHTO-
BYy10 3HTponuto lllennona—Bunepa

H (D) =-log, N(D) (2.3.21)

B 3aBUCHMMOCTH OT B3BCIICHHOI'O CPCAHCTO rCOMCTPHUICCKOI'O

2(oa /)N 3(a,R)DG

N(D)=2 T =2 T (2.3.22)

TOorga 4mMcjio BO3MOKHBIX MaKpOCOCTOHHI/Iﬁ O6paTHO MMPpONOPIHHOHAJIBHO B3BC-
MEHHOMY CPE€OAHCMY I'€COMETPUUYCCKOMY PACIIPCACICHUA D , TO €CTb BBIIIOJIHA-

ercs pasencteo A’y =1/N (D). B actHom ciyuae, ecmu N, =1, o st AT,

caenyer 00BIYHOE CpCaHEC TrCOMCTPUICCKOC IJIs1 BEJIMYNHDBI Gi

N(G)= dﬁ G . (2.3.23)

C npyroit CTOPOHBI, UCIIOJIb30BAHNE BETUYNHBI

, (2.3.24)

rae N '/ N! ects B Teopun coenunennii uucio nepectanoBok u3 N, 00bekTOB

C TOBTOPEHUSIMHU, JAaeT BEPOSATHOCTHYIO TPakTOBKY (opmynsl bombimana—
Xaptau qis uaHpopMaluu, 9To ObUIO MOKa3aHo BrepBble bonbimanom [1] mis
cratucTrueckoil pusuku. Bmecto (2.3.3) umeem Gopmyny

Hy (Np....N, ) =log, p(N.... N,). (2.3.25)

rac i NOJJMHOMHAIIBHOTO PACTIPCACICHUA BCpO?ITHOCTef/'I BBIITOJHACTCA YCIIO-
BHC HOPMUPOBKU:
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p(N,....N )= — =1. (2.3.26)
N+ +Np,=N ( ! m) [ GE

Bsenenue ciyqaitHoit 3HTponuu bonbimana—Xaptiu
Hy (Ny....N, ) ==log, p( N,....,N,) (2.3.27)

" €€ YCPCAHCHUC ITPUBOJAUT K HOBOMY OIIPEACIICHUIO I/IH(i)OpMaI_II/II/I

Hy =Ey B_iN(Nl""’ Nm)B:

— (2.3.28)
== Y Hog, p(Ny....N JHP( N..-... N,)
N+ N =N
Cpennee 3HaYeHUE MPOU3BOJIBLHON CITydYallHOW BETMYHMHBI | ( N,..., Nm)

AacTCs paBECHCTBOM

T=E E (N NJBE Y T(Neo N £ Nl N (2.3.29)

N;+...+N =N

2.4. Crarucrtuka ®@epmu—/Iupaka

CoBpeMeHHAsT CTATHCTUKA UCTONIB3YEeT MPHHIIUI HEPA3TUIMMOCTH 00b-
€KTOB (YacTuIr). DTOT KBAHTOMEXaHWYECKHI MPUHIIAII O3HAYAET, YTO IepecTa-
HOBKa OOBEKTOB HE J1a€T HOBOTO KBAaHTOBOTO COCTOSIHHS. PaccMOTpuM craTH-
ctuky @epmu—/lupaka, B KOTOpOH BeINoHsAETCA npuHuun [laynu. Beneacreue
ATOTO MPUHIUIIA HU OJTHO COCTOSIHUE HE MOXKET COJIepKaTh 0oJiee 0JTHOTO 00b-
eKkTa. Yucino BO3MOXKHBIX MAaKpOCOCTOSHUI COBOKYMHOCTH M3 N Hepasznnyu-
MBIX 00BEKTOB [34]

(2.4.1)

AT :ﬁAr = Sk
TN NG N

PaBHAETCA NPOU3BENACHUIO YHCEN coueTanui u3 G, cocrosuuii mo N, 00b-

eKTaM.
Jlorapupmuueckas mepa bombiimana—XapTiau

H, =log, Al (2.4.2)

naet npu Gonbmux N, criexyromiee 3HaYeHUE KBAHTOBOM dHTponuu Pepmu—

Hupaka:
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Hy ==3 AN/ log, N, =G log, G +( G~ ) log,( B~ N

m [ N. U |
- _ D\li |Og i _G| |Og + 1 (243)
Yo %N % E -y

Ilepexonst x pacmpenenchusmM D, ¥ pP;, COOTBETCTBEHHO, MOIYYUM

(b yHKIIOHABI

H, (D)=-i§ D log, D, +(1-D,)log,(1-D )HG,  (2.4.4)

HN(p)=—Ni§Epl log, 9"‘%%_ Pﬁ()gz(l_ NP)EG’ (2.4.5)

rac
yDG =N, YRG=L (2.4.6)

OTMeTI/IM, YTO B3BCHICHHOC CPCIAHEC C TOYHOCTBIO 10O MOCTOSTHHOM

H (p)= HNN(p) =—i§ Ep. log, R +%(1— Np) log, (1- NP)EG (2.4.7)

3aBucuT OT 4ncnaa o0bexToB N. Ilpuuem cmpasennueo ycnosue N, <G
(umn Np <1).

PerieHre BapualnMOHHON 3a/laud HAa SKCTPEMYM KBAHTOBOW SHTPOIHH
®depmu—/lupaka COOTBETCTBYET HaXOXKICHUIO HanOOJiee BEPOSTHOTO paciipe-

JICTICHUSL. Y YUThIBas JOMOJHUTEIBHBIC YCIOBHS COXPAHEHHUS CPEIHETO U YHCIIa
00BEKTOB

3

Ey(T)=3TDG, N=Y DG (2.4.8)

U IpHUpaBHUBAsA HYJIIO IICPBYIO BaApHUALIUTO (bYHKHI/IOHaJ'Ia
m m m
L=~ D log, D, +(1-D )log,(1-D )HG +13 TR G +ay DG, (2.4.9)
| | |

MIOJIyYUM PABEHCTBO:
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log, D, - log, (1-D,)-1T, —a = 0. (2.4.10)

N3 (2.4.10) BbITEKAET pacipeneacHue

1
Di =T’ (2411)
2177 +1
C IIOMOIIBKO KOTOPOIr'0 BBIYHCIACTCA YHCIIO 00BLEKTOB U HCHOPMHPOBAHHOC
Cp€aHEC 3HAYCHUC

m G m TG
N=y———— E(T)=Y———. 2412
izz—ﬂ'i—cx_l_l N( ) iZZ—T'ﬁ—a+l ( )
[Tapametrp T B (2.4.11) meHsieTcs B mpefenax AOMYCTUMBIX 3HAUYE€HUH, a 3Ha-
4yeHue O ompenensercs u3 cootHomenus (2.4.12).
Paccmotpum BTOpyro Bapuanuio gyHkuuoHana (2.4.9) u noayyum Hepa-
BEHCTBO

1o (80)

62L:_In2izDi(1—Di)

G <0, (2.4.13)

O3Hayarolee, YTo SKCTPEMYM KBAaHTOBOM SHTPOIUH IOCTUTAETCS B MAKCUMYyME.
[ToacraBuB pacnpenenenue (2.4.11) B (2.4.4), nonyduM MakCUMaJbHOE
3HAQYEHHUE SHTPOITHH

Hy(D)=-TE,(T)-aN+1Q. (2.4.14)

3,[[er BBOJUTCS BBIPAKCHUEC JISI CYMMBI

0= —g Hog, (1+ FTi+a )5t;| , (2.4.15)

KOTOPOC UMECT CICAYIOIHNEC CBOICTBa

a(gf):gTiD,G, =g, (7)., (2.4.16)
o0(tQ) _m _
b =2DG=N. (2.4.17)

Huddepenuupyem suTponuto (2.4.14) u, ucnonssys (2.4.16) u (2.4.17),
MOJTyYHM COOTHOIIICHUE

dH, (D) =-tdE (T)-0adN, (2.4.18)
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KOTOpoe mMeeT (DyHIaMEHTaIhbHOE 3HAYECHUE B CTATHCTUYECKOW TEPMOJWHA-
MUKE, O YeM MONAET peub B (PU3HMUECKUX MPUIOKEHHIX pas3a. 2.9.

2.5. Crarucruka bo3e—JiiHmTeiina
PaccmoTpuM cratuctuky bo3e—DiiHITeliHA, B KOTOPOIl YHMCIO BO3MOXK-

HBIX MaKpOCOCTOSIHUI COBOKYIHOCTH M3 N Hepa3nmuuuMbIX 00beKTOB [34]
(G +N -1)!

i —W (2.5.1)

m
Ary =[]Ary

BBITEKACT U3 YCIOBHS, YTO OJIHO COCTOSTHHE MOXKET COJIEPXKATh 000 KOJINYe-
CTBO 00beKTOB. Bennuuna (2.5.1) ecTb npousseienue Yncen coueranuii us G,

cocrostuuid Mo N, 00bEKTaM ¢ HOBTOPEHUSIMH.

[ToncranoBka B norapudmuueckyro mepy bompimana—Xaptiu (2.3.3)
naet npu 6osbimx N, KBaHTOBYIO SHTponuio boze—Jinmreiina

HN =_i§ B\|i|092 Ni +G| Iogz Q_(Q"' I}l)|092( G+ N)Ez

m [ N, O N @
:—iz éNi log, S +' N +G Iogzﬁl— G +' N % (2.5.2)

KOTOpast JUist pactpenenehuid D, u p; nmpuHuMaer Buj

Hy (D):_g [, log, D, ~(1+D; ) log, (+D, )53, (2:53)

m D 1 D
H,\,(lo):—NZBpI log, p—ﬁﬁ+ pﬁogz(H Np)an, (2.5.4)
rac 4uciio 00BEKTOB U HOPMHPOBKaA

YDG =N, YRpG=L (2.5.5)

B3BemeHnHoe cpenHee

H(p)= HNN(IO) =_i§ Epl log, R —%(1+ Np)log, ( 1+ Np)gg (2.5.6)
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3aBUCHUT TaKxke, Kak U B cratuctuke ®epmu—/{upaka, ot uncia oo6bektoB N 1
OIIPEJIEIIAETCS ¢ TOYHOCTBIO 10 IOCTOSTHHO.

Jlanee HaXOAMM 3KCTPEMYM KBAaHTOBOW 3HTponuu bo3e—DiHuITeliHa Ipu
JIOMIOJTHUTENBHBIX YCIOBUSAX COXPAHEHUS CPEIHEro U yKcia 0OBEKTOB

m m
EN(T):iZTiDIGI, N:iZ[?Q. (2.5.7)
Torna Bappupyem (hyHKIIHOHAI

- :_ig [P, log, D, - (1+D, ) log, (1+ D) )HG +

+13TDG +ay DG (2.5.8)

Y U3 YCIIOBHS
5L = -3 8D, Hog, D, - log, (1+ D, ) -1 -a G (2.5.9)
i

MOJIYYUM pacipeaeaeHue
1
Di = T (25 10)
2 7 -1
Hn, COOTBECTCTBCHHO, YHCJIO 00BEKTOB U CpCAHCC 3HAUCHUC

N=§_TL;, EN(T)=§_I+G'. (2.5.11)
R e g

MHuoxwutens Jlarpanxka T MeHsETCs B JIOMYCTHMBIX Tpezienax, O Haxo-
mutes u3 (2.5.11).
DKCTpeMabHOE 3HAYCHHUE JACTCS BRIPAKEHUEM

Hy (D)=-TE (T)-aN+1Q, (2.5.12)

Ta€ BEJIMYMHA
Q= g Hog, (1- 27 )Ebl (2.5.13)

uMeeT cBoicTBa (2.4.16) u (2.4.17), xoTOpBIe OBUIH ONPENENCHBI JJIsi CTATH-
ctuku DPepmu—/lupaka. AHAIOrHYHO BBITEKAET AUQPHEPCHIIMATHEHOE COOTHO-
LICHHE:
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dH, (D)=-1dE(T)-adN (2.5.14)

JUIE MaKCUMAJIbHOTO 3HAUEHHsI KBaHTOBOHM HTPOIHUH, TaK KaK CIPABEIIHBO
CII/TyIOII[ee HEPABEHCTBO

2
FPL=-—1% ) (2.5.15)
In24D (1+D)

B 3akmodyeHue OTMETHM, YTO YHMCIa BO3MOXHBIX MaKpOCOCTOSHUHN

(2.4.1) m (2.5.1) mna xBaHTOBBIX cTaTUCTUK P N, << G mepexonsT B BbIpa-

)kenue (2.3.4) nns kinaccuyecko craTucTuku MakcBeiia—bonbiimMaHa, Tak
KaK, COOTBCTCTBCHHO, B HHUX HCIOJB3YHOTCA HpI/I6JII/I)KCHHBIC 3HAYCHUA

G!=(G-N)!G%u(G+N-1) 1=(G-1) IG".

2.6. KBazukJiiaccuueckasl CTATHCTUKA

B craructuke boze—DiiHInTeliHA UMeETCA TpEAeIbHbIM Cilydald, Korja
BBINONHsAETCS yenoBue N, >> G . Uncio BO3MOXHBIX MaKpPOCOCTOSIHHE COBO-

KynHocTd U3 N 00BEKTOB B 3TOM NMPUOIMKEHUU paBHseTcs [34]

=[ar, = 2.6.1)

—
v (G -1) !
[Tpu BBIBOZE BBIpaxkeHus (2.6.1) ucnonb3yercs npuOIMKeHHOE 3HAYCHHUE

~ NG -1
(G +N 1) 1= NN
N3 norapudmuaeckoit mepsl bonbimana—Xaptiu (2.3.3) BeITeKaeT KBaH-
TOBast SHTPOMHUS B CIEAYIOIIEM BUJIE

m [J N, U (2.6.2)
= 09, — G, . .6.
o i
Ucnone3ys pacnpenenenue D, = N, / G , momyunm GyHKIMOHATBI
Hy (D)= (log,D,)G,, (2.6.3)
m
z (logZ ) m
H(D):HN(D): ' , N=5 DG, (2.6.4)
" yog ‘
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amis p =D / N mmeeM SHTPOIHIO

_M3

(|092 ) ’ §9C§:1, (2.6.5)

KOTOpasi 3aBUCUT OT N ¥ ONpenensieTcsi ¢ TOYHOCTBIO 10 MOCTOSHHOM.

21
N N 4
Tounoe 3HaUEHKE B3BEIEHHOTO CpeHEro 1o BecaM G, paBHseTCS

H (D)= N(D):Z(Og )e . G=3G. (2.6.6)

36

PaccMoTpuM 3KCTpeManbHbIE CBOMCTBA KBAa3UKJIACCHYECKON SHTPONHU
(2.6.3) npu JOMOJHUTENBHBIX YCIOBUAX COXPAHEHUS CPEAHETO U YUCiIa 00beK-

TOB

m m
Ey(T)=3TDG. N=3DG. (2.6.7)

i i
[TpupaBHUBas HYITIO MIEPBYIO BapHalUi0 QyHKIIMOHAIA
m m
L= (log,D)G +1y TRG +a3 DG, (2.6.8)
| i i

MMOJIYYNM COOTHOLICHUC

|

B m 1 0
= izaDi %+'ﬂ} +OEG' , (2.6.9)

U3 KOTOPOTO CIEIyeT pacipecicHue
1

D=-———, 1<0. 2.6.10
' n 2(TTi +a) ( )

[ToacraBum (2.6.10) B (2.6.3) u (2.6.7) 1 moay4yuM dKCTpeMajIbHbIC 3HA-
YCHUS

H, (D):—g Hogz(—ﬂ'i —a)%GI + const, (2.6.11)

1 mO T 0 o1 o1 O
E“'(T):_lnzizﬁﬂi v N T2 B Y (2:6.12)

HpI/I‘IGM, 9KCTPEMYM KBa3WKJIACCHYECKON OHTPOIIMU COOTBCTCTBYCT MAKCHUMY-
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MYy, TaK KaK ClIpaBCIJIMBO HCPABCHCTBO

2
5L = —izz ') <0. (2.6.13)

Juddepentupys (2.6.11) mo T 1 O, OKOHUATEILHO UMEEM COOTHOIICHUE
dH, (D) =-tdE (T)-adN. (2.6.14)

WuTtepecHslii ciyyail cnenyert, eciu nosnoxuts o =0. Torma u3 (2.6.11)
1 (2.6.12) BBITEKAIOT COOTHOIIICHUS

Hy (D)= kS In(-TT) G, (2.6.15)

o kS

EN(T)=EiZGi, = Zg(ﬂi’)q. (2.6.16)

2.7. KBanToBble HH(pOpMaLUK pa3Iu4us
U Mepbl HETOYHOCTH

[IpuBenemM cTporoe BEpOSTHOCTHO-CTaTHCTUYECKOE OOOCHOBAHWE KBaH-
TOBBIX MH(POPMAIIUI pa3nudus Mpu HAOIIOJCHUAX 32 COCTOSSHUEM COBOKYITHO-

CTH 00BEKTOB N, :{ \ A ij} oTHOCHTENBHO N, ={ N, Nm} , KOTO-
poe ObLTO AaHO BriepBBIe B paboTax aBTropa [17, 130].
Paccmarpusas BHavane pacnpenenenus N u N, 1o cocrosuusam G,

KaK He3aBHCHMbIE, BEIYMCIUM MH()OPMAIUIO PA3JIMYMs B BUAE PA3HOCTH KBaH-
TOBBIX SHTPOIUI

AT
- _ _ — N,
(1), ==(Hn, HNZ)—IongFN , (2.7.1)
1
e
m m
ATy, =[18Ty, 3 Ny =N, (2.7.2)
m m
Al = |i_|N_N2i ’ izNZi = N,. (2.7.3)
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3T0 000CHOBAaHHO COOTBETCTBYET ONpECICHUIO MHPOPMALMU B BUIEC HETIH-
Tpornuu 1no bpuuirosny. OgHaKO ydeT pasindus MEeXAy ABYMs IpylIaMu dac-
THLI, XapaKTEPU3YIOLLErOCs YUCIaMU Ki = N]j - N2 nu K= N1 - N2 JaeT JIo-

TNONHUTENbHOE c1araemoe 109, (AFN2 / Al ) B utore 3To npuBoauT K OC-

N,—K
HOBHOMY COOTHOIICHHUIO
AV AV
N N
I =lo Z+1lo 2
( 12)N1 9 ATy, nger_

(2.7.4)
K

Bennuuna AFNZ_K UL pacCMaTPUBAEMbIX OOBEKTOB 3aIHIIETCS CO-
riacHo (2.3.4), (2.4.1), (2.5.1) u (2.6.1) cnexyrouum 00pazom:

m m G_NZi_Ki
AT, =AY, =[l——+— (2.7.5)
N2=K ll_l Na =K li_l(NZi_Ki) !

m m G!
AFNz‘K = |i_IAFN2i_Ki = I_l

‘ (NZi _Ki)!H% _(Nz - Ku)%

m m =5 +( N, — -1
AFNZ—K = Ii_lAFNzi‘Ki = |_| %;GI —(1)|(N KI_)K )IE’ (2.7.7)

. (2.7.6)

! [ \'Y2
m m(N. — K G
Ay y = |i-|ArN2i_}g = n% (2.7.8)

Hanee, ucrionb3yst popmyny CTHpIMHTA U TPUOIMKEHHOE 3HAYCHHE
N, ! ,
TR aTE NS (2.7.9)
(N2i -K )
npu Ki << N2i , TIOJIyYUM BBIPOKEHUS KBAaHTOBBIX WHGOpPMALUN pa3IndHs,

PACXOKICHUN U MEp HETOYHOCTH JJIsl Pa3JTUYHBIX CTATUCTHK:
a) Makcsemna—bonbimana

m N]j
(IlZ)N1 = Izle |0g 2N_2-, (2710)
i

m N]j
J,= iz(N]i - N, )log O (2.7.11)
2i
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(H12)N1 =-Y N, log,N,, (2.7.12)

gl N G 0

(IIZ)N :Z%\I“OQZN_:-‘-(G' _Nl)logzﬁgy (2713)
m N./(G - N )

J. =S (N, - N,)I CU V2 2.7.14

SRRl o S

(le)Nl = —g BN, log,N, +(G - N, )log ( G- N,)§  (2.7.15)

B) boze—DHmreitna

m U N, G+N O
(|12)Nl = .2 %N]. logz_N: -(G + N1)|ong: . 5, (2.7.16)
V(N - N, /(G +N)
I, = iZ(N”' Nz)logzNZi/(Gl N, ) (2.7.17)

(Hiz), :—g AN, log,N, =(G + N, )log ( G+ N,)§  (2.7.18)

m [] N, O
I =Y Hog,—2 (G, , (2.7.19)
O
J,=0, Hy, = §(uog2 N, )G, (2.7.20)

Tl OMYIICHBI KOHCTAHTHI.
Ecnu nepeiitu k pacnpenenenusam Dy = N; / G u D, =N, / G, 10 U3
(2.7.10) «2.7.20) BbITEKAOT (QYHKI[MOHAIIBI:

N (Dl:DZ):géD]j |og2ﬁ§3i, (2.7.21)
! i D,
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m -
J(D,:D,)= > éDj - D, )log 2E_JJEG| , (2.7.22)

HNl(Dl:DZ):—g(D]j 10g,D,)G , (2.7.23)
m [ 1-D, O

Iy, (D, Dz):iz%)ﬂ |ogz_2ﬂ_+(1—D1)|ogzl_ D: éﬁ‘ , (2.7.24)

3(0,:0,)= £ {0, -1, Yiog, /0P ) B 5755

o Efa-om s o
m [J 1-D, O

Iy, (D, Dz):izg)]j |ogz_2ﬂ_+(1—D1)|ogzl_ D: EG‘ , (2.7.26)
m [] 1+D_ O

IN1 (Dl Dz):iz%D]j |092—2‘(1+D1)|0921:D2 éﬁi , (2.7.27)

0
G, (2.7.28)

H\, (D,:D,)= —g D, log,D, —(1+D,)log (1+ D, )HG , (2.7.29)
m [J -4
Iy, (Dy:D,)= Zﬁogziﬁsi , (2.7.30)

m ] |
J(D,:D,)=0, INl(Dl:DZ):iZ%og 2, (2.7.31)

rae Mepa HETOYHOCTH paBHsercs, coriacHo (1.8.58), BrIpaxkeHutro

Hy, (Dy:D,)=Hy, (D;)+ 1, (Dy:D)-
[lepeiineM K HMCCIENOBAaHUIO SKCTPEMAJIbHBIX CBOWCTB HMH(OpMaIuit
pasInyus MPU COXPAHEHUH YMCIIA CIy4alHbIX 00beKkTOB N, CpeHero 3Ha-

m
YEHUS ENl (T) = ZTI D;G u ¢urcuposannom uucie N,. CornacHo Bapua-
|
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ONUOHHOMY HNPHUHIOUITY HAXOJAUM S3KCTPEMYMbI COOTBCTCTBYIOIIHUX (bYHKIII/IOHa-
JIOB, U3 KOTOPBIX BBITCKAIOT paBCHCTBA

D, =27"°D,, (2.7.32)
By _jmea Pa (2.7.33)
1+D, 1+D,

Dy _omea Dy (2.7.34)
1-D, 1-D,
D.=——* b (2.7.35)

' (tT +a)in2 72
A OIIPCACIICHUA pacnpez[eneHI/Iﬁ Dli . HO,I[CT&BJ'ISISI OTH PpacupCaACiICHUA
B KBaHTOBbIC HH(OPMAIMU PA3ITUYMS, TIOITYYUM IKCTPEMAIbHOE 3HAUCHHE
ly, (Dy:D,)=TE (T)+aN +1Q, (2.7.36)
rac BCIIMYHMHA Q=0 JJIA KBA3UKJIACCUUYECKON M KJIACCHUYECKON CTaTHUCTHUK

Makcpemna—bonbimana. g cratuctuk @epmu—/upaka u boze—DiiHIuTeliHa
MMEEM, COOTBETCTBEHHO, BBIPAKEHUS

Q=% | by y (2.7.37)
02 = 0 . .
'zﬁ v Dy 21 EGI
Q=-3% | by . (2.7.38)
TQ =- 0 - e
'zﬁ v D, 2t EGI

OkcTpeMyM HH(pOpMAIUil pazauuusi Pa3NUYHBIX CTAaTUCTHK COOTBETCT-
BYET UX MMHUMYMY, 4TO JIETKO JIOKa3bIBACTCS.
B 3aknroyeHue CpaBHUM pE3yJIbTAThl PA3/IMYHBIX CTaTUCTHK. Tak Ha

puc.2.1 mpeacTaBiacHbl 3aBUCHMOCTH KBaHTOBOM SHTponuu H (p), uHpopMa-
uu pazauaus | (p X u) M Mepbl HeToyHoCcTH H (p: u) OT pacrpeneacHUs s
cratuctukd bose—Dinmreiina npu 3nadenuax N, = N, = N= 2, G =G, =1,

m=2, pp=pua)u, =13,6)u =12.
[Ipu BbryKMCcHeHUM HHTpONUU bo3ze—DHHIITEHHA U MEpPhl HETOYHO-
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CTH B BbIpaxeHUsX (2.5.6) u (2.7.29) yrouHsieM 3Ha4€HHE MTOCTOSSHHOM TaKUM

obpazom, yTobsr H ( 1) (1,@ = 0 B urore umeeM BhIpaKCHHUS

H (p)=—i§ Ep. log, B —%(1+ Np) log, 1+ NP)E_

_(1+N)log, (1+ N) (2.7.39)
N

H(p:u)= ggg log, y - L (1+ Np) Iogz(1+ NU)E_
_(1+N)

log, (1+ N) (2.7.40)
N )
| (p:u)= '“E lo ﬂ_i(1+N )lo w% (2.7.41)
g TN S )
1:—|(p),|(p:u), H(p:u) H(p),! (p:u), H(p:u)
P 10 -

Puc.2.1. 3aBUCMMOCTH KBaHTOBBIX ()YHKLIMOHAJNOB OT paCHpeACICHHU:
1 —»surporus H(p); 2 —unadopmaums pasnuaus | (p:u);
3 —wmepa HetouHocTH H( p:U); ITNTpHXOBas TUHWMSA — SHTPOTIAS
CTaTUCTUKN MakcBenna—bonbsimMana

KBanToBas sHTponusa s ctaTucTUKM MakcBeimia—bosbliMaHa paBHSIET-
cs sutponuu [llennona—Bunepa

H(p)= g(logz p)R (2.7.42)
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1 u300pakeHa Ha puc.2.1 mTpuxoBoii nuHUEH. Kak BHIHO, yU4eT YHCTO KBaH-
TOBBIX 3()(PEKTOB MPUBOAUT K YMEHBIIIEHUIO MAKCUMAIIBHOTO 3HAYEHUS SHTPO-
MU, YTO HApyIIaeT yCIOBUE HOPMUPOBAHHOCTU SHTPOIHH.

2.8. [TapacraTucruka.
MeTtoa KBaHTOBBIX cocTosiHUM bo3e

PaccmoTpuM cTatucTUKy 00BEKTOB, B KOTOPOM YHCIIO BO3MOXHBIX MaK-
POCOCTOSIHUM BBITEKA€T M3 YCIOBHUS, YTO B KaXJOM COCTOSHHMHM MOKET
HaxOAUThCA HE Oosee I' 0OBEKTOB. DTOT cllydail Tak Ha3bIBa€MOM mapacra-
TUCTUKU COOTBETCTBYET cTaTuctukam ®epmu—/lupaka u boze—DiiHuiTeiiHa
mpu r=1lmr=oo.

Hcnons3yeM MeTOJA KBAaHTOBBIX COCTOSAHMM bo3e, NpUMEHEHHBIH UM
BIIEpBBIE  JUJII  HWCCJCAOBaHHMSA  CTaTUCTHKH  ¢oToHOB  [62].  IlycTh

N ={ Nl,..., N } — COBOKYITHOCTh 00BheKTOB U G :{Gl,...,Gm} €CTh COCTOSI-

m,

Hus. Beenem Hosble coctosnusa G, (k=0, 1, ..., r), o3Hayaromue, 410 B |

COCTOSIHUU HAXOAUuTCA I 00BEKTOB. CJ'Ie,Z[OBaTeJ'IBHO, CIIPpaBCJIMBbI PAaBCHCTBA

(2.8.1)

r
N =3 kG, (2.8.2)

Meton bo3ze cOCTOMT B TOM, UTO MCCIEAYETCS CTATUCTHUKA COCTOSHUS
G, . U3 Teopuu CoenMHEHUI HAXOJIUM YHMCIO BO3MOXKHBIX MAKPOCOCTOSHHH

JUISl COBOKYITHOCTU 0OBEKTOB[62]
m r mr G
ArN_mDAer —||_||:|—I (2.8.3)
Hcnonszyem mepy undopmainuu bonsimana—Xaptiu

mr G!
Hy =log, Al = Iog2r| Hé (2.8.4)
ik K

u popmyny Ctupiunra G, ! = &% . Torna TIOJTYYHMM CIIEAYFOIIUA (QYHK-
C G '=(Gy yIo yH

LUOHAJ:
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m r O
H :—Z@Gik log, G, - G log, QE (2.8.5)

KOTOpBIﬁ 3aIMCHIBACTCA B DKBUBAJICHTHOM q)opMyne TakK:

" :_géeik |ogz if( - .zmzrﬁllogz . (2.8.6)

k

Jis HaxokJIeHUs WHQOPMAIMH Pa3IHyYUs BOCIOJB3YEeMCS OCHOBHBIM
COOTHoOIIeHHEM (2.7.4), 3aTUCaHHBIM B CJIEYIONIEM BUIE

m r Gi! m r Gi!
li_“;lG. ! ||_||:|G !
(l2)y, =108, +og, - (287)
il ! !
DDGZikI Ii_”:I(quk Kik) '

3nech uncna K, =G, —G,, XapakTepusylOT y4eT pasiudus MEXIy

ABYMA COBOKYITHOCTSMHU COCTOHHHﬁ, AJI KOTOPBIX UMECM CIICAYIOIIHUE COOT-
HOIICHUA

- % kG, . % e (2.8.8)

Gi:%GJJk 2 Zk’legNﬂ’szgNZi' (2.8.9)

Ucnonszyem popmyny CTupiauHra u npuOIMKeHHOE COOTHOIICHUE

G

|
2ik * Ki
T =G,k (2.8.10)
(GZik a C:Ijk) ! |
npu K, <<G,, u nomyunm u3 (2.8.7) KBAHTOBYIO HH(POPMAIHMIO Pa3IUIHsL

(112) =§er% |og2 Ezﬂ - Iog2 (2.8.11)
NeT K G2Ik : kﬁq Gzik/Gr
JUIS KBAaHTOBBIX COCTOAHUN bo3e.

PaccMorpuM  akcTpemanbHBIE CBOMCTBa (PyHKIHOHANOB (2.8.6) w
(2.8.11). Crauana HaxoauM SKCTpeMyM SHTponuH (2.8.5) mpu BBIMOJHEHUU
JOTIOJTHUTEJIBHBIX YCIOBHH O COXPaHEHHWH HEHOPMHUPOBAHHOTO CpPEIHEr0 W
quciia 00bEKTOB:
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Ey(T)=3TN =§§kTC§K, (2.8.12)
N=3 N =) kG, . (28.13)

DTO COOTBETCTBYET 3ajadye ONpejciieHUss HanOoJiee BEPOSTHOTO pacipeene-
HUA Ni 10 COCTOSTHUSIM Gi.

[TpupaBHMBas HYJIO MIEPBYIO BapHaLUIO (YHKIIMOHATIA

=336, log, 4Ty SKTG +aS Y kG (28.14)
i k K

i Tk

110 INICPEMCHHBIM Gik

m r
=-3 3 8G, Hog, G, -~ TKT —a kg=0, (2.8.15)
ik
MMOJIY4YHUM YHCJIO COCTOSTHUH
G, = 2<(7*), (2.8.16)

[ToncranoBka nanHoro yucia B popmynsl (2.8.1) u (2.8.2) naer Beipaxke-
HUS

d k TT; +cx
G=Y 7 (2.8.17)
k

r

N, = 3 k(%) (2.8.18)
k

Ucnonesys (2.8.17) u (2.8.18), monyunM UCKOMOE pacipe/ieieHne

=z

D =

—g (2.8.19)
G %

DKcTpeManabHOE 3HaYeHHE KBAaHTOBOW sHTpornH (2.8.5) u ee aquddepen-
[HaT UMEIOT CIICTYIOIIU BUT

H, =-T1E,(T)-aN+1Q, (2.8.20)
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dH, =-TtdE, (T)-adN, (2.8.21)

A€ BBOAUTCA BCJIIMYHMHA

Q= g %rGik |Og2 % 2k(TTi+G) = g aogzé f(TT*'O‘) BGI , (2.8.22)

KOTOpPasi UMEET CBOMCTBA

. > ykT2Tg
£, (1)=22=3 710G ="k, SENCERS)
T i z2k(r'|'|+01)
k
xa m gzrkzk(ﬂm)e‘l
aT_ 5 DG =% e (2.8.24)
i 2 Tl +a
%

Ipu r =1 u r = u3 (2.8.19) BeITEKAIOT, COOTBETCTBEHHO, pacpeaese-
HUs U1 KBaHTOBbIX cTaTucTUK depmu—/lupaka u boze—DlinmTeiina

1
Di :m, (2825)

1

JIj1 IpoU3BOJIBHOTO 3HAYEHUS I UMEEM paclpeeieHue Uil mapacTaTH-
CTHUKHU [26]

1 r+1

D, = o~TTi—a _1_ 2(r+1)(—rTi -a) _1’ (2.8.27)

I'JIe MCIIOJIb30Baach (pOopMyIia JJisi KOHEYHOH CyMMBI

r Xr+1_1
Y X< = :
k=0 X_l

(2.8.28)

Jlanee pacCMOTpUM HOBBIA Cly4yadl MapacTaTUCTUKH, IJIsI KOTOPOTO
B KaXXJIOM COCTOSIHMM MOYXET HaXOJUThCSI HE MeHee S u He Ooyee I 00b-

r r
CKTOB. Torz[a CymMmMa z 3aMCHACTCA HA CYMMY z H, IPOBOJAA BbIYUC-
k=0 k=s
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JICHHUS, TIOJTY4YUM PACIpPECIICHUE

kzk(TTi+0()
' G d k(1T +a)
i 2 i
st
1 r-s+1 (2.8.29)

= o~ _1_ 2(r+1)(—rTi -a) _ 25(—11{—0()

H BBIPAKCHUC

2(r+1)(rTi +a) _ 2s(r'li' +a) [

. (2.8.30)
)y g

|
:z ng
"H

IMIpu s=0 u3 (2.8.29) u (2.8.30) BBITEKAIOT (GOPMYIBI TPAAULIUOHHOM
napactaTuctuku (2.8.19) u (2.8.23). Ecnu s=r—1, To umeem pacnpeeincHue

D. = N _ 1 + 2
TG 2T g S(r)(-m-a) _ (D) (-1 a)

. (2.8.31)

TaK)Ke 3aBHCAIIEE OT OJHOTO mapamerpa I, kKak u mpu S=0.
Beinuiinem 3Ha4eHUS Yrcel 00BEKTOB IS paCCMaTPHUBAEMBIX CITy4aesB:
a) craructuka @epmu—/upaka (k =0, 1)

N (2.8.32)
_izz_”i‘“+1' o
0) craructuka bose—Ditnmrreitna (k =0,...,00)
_o G
B) mapacratuctuka (K =0,...,r)
mOd 1 r+1 0.
N = .Z Ejz_ﬂi w1 () —1%6' ; (2.8.34)

r) mapactaructuka (K =s,..., r)
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1 r-s+1 l
; 2.8.
N z & TT —a 1 2(r+1)( '[T a) 2 (_-[-li-_a) Eﬁ ’ ( 8 35)

n) mapacraructrka (K=r-1r)

m{ 1 2 U

N = Iz &—ﬂ] -a _1_ 2(r+1)(_ﬂ'i —q) _ 2(r_1)(_ﬂ-i —O() Eﬁ . (2836)

Hakxonen HaxoauMm skcTpemyM uHpoOpMmanuu paznuuus (2.8.11) mpu 3a-
JJAHHOCTH CJIEAYIOIIMX 3HAYECHUIN

Ey, (T):ZmTiNli :fg KT G, - (2.8.37)

(2.8.38)

Z

1
-Ms
XM_‘

=~

£

m

N =2 Ny

i

Hcnonp3ys BapHallMOHHBIA METOJ|, OKOHYATEJIbHO MOJYYUM YHUCIA
COCTOSIHU U

k(tT
G, =2Tg, | (2.8.39)
G =y 24T g (2.8.40)
i ‘% Jik ! -0-
3HAYEHUS Yrcell O0OBEKTOB
= < oK+
N, =Y k2 ()G, (2.8.41)
1 UCKOMOE pacrpeielicHue
d T+a
N.. Z ) 2|k
D, =1 -k , (2.8.42)
u Gi i 2k TT +a
K

KOTOpPOC AJIA pa3IMYHbIX 3HaQUCHUH I 6yz[eT COOTBETCTBOBATh TOW MW MHOU
paCCManHBaeMOﬁ CTaTUCTHUKC.

2.9. lIpuinoxkeHUss KBAHTOBBIX Mep

[TycTh cnyyallHBIMM OOBEKTaMU SIBJISFOTCS YACTHUIIbI, paccMaTpuBac-
MbI€ B cTaTucTHUeCKO (usuke [34]. Torna emuunuer D, =N, / G ecrhb Tak

Ha3bIBACMBIC CPCIAHHC 4YUCJIa 3aIIOJIHCHUA B i -cocrosauu. KBaHTOBBIE CO-
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- =
crostnus G, = (2Tlh) didp paBHsOTCS Ge3pazsMepHBIM 3jeMeHTaM (a3oBoro

MMpOCTpaHCTBA, I'IC i — mocTosTHHas HJ'IaHKa, I — YHUCIO CTeneHeln CBO6OI[BI
qaCTUIbI, r; n ﬁi C€CTb 3HAYCHUA KOOPpAUWHAT U UMITYJILCOB. HpI/I nepexoac K

HENPEPBIBHBIM aHAJIOTaM MMEEM COOTBETCTBYIOIIUE pa3MepHbIe (pu3uveckue
KBAHTOBBIC DHTPOIUU, WHOOPMAIIMK PA3THYIUs, PACXOXKICHUS U MEPhl HETOU-
HOCTHU B HaTax:

a) cratuctuka Maxkcsesmia—bonbpliMana

Hy (D) =-kf(In D) DdX, (2.9.1)
=kIDn3D dX (2.9.2)
o
- kA2 A D- ,) X, (2.9.3)
I S
Hy (D:D,)=—k[(In D,) DdX, (2.9.4)

0) cratucrtuka ®epmu—/lupaka

Hy (D) =-k[EDIn D+(1- D)In(1- D)EaX, (2.9.5)
Iy (D:Dg) =kIED|nDR+(1— D)In (gl:[?))éux, (2.9.6)
Jy(D:Dy)= kJ'@D D,)In O/( D))de (2.9.7)
Hy (D) =-k[EPIn D+ (L~ D)In(1- D)gX, (298)

B) ctaTuctuka bo3e—DiHImTeliHa

Hy (D) =-k[EPIn D-(1+ D)In(1+ D)EdX, (2.9.9)
N (D:DO):k_[EDInDR—(h D)ln%éux, (2.9.10)
Jy(D:Dy)= kj’gD— DO)In%édx, (2.9.11)
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Hy (D)=-k[EPIn D+(1- D)In(1- D)EdX, (2.9.12)

F) KBa3nKJIaCCHYCCKasa CTaTUCTHUKA

Hy (D) =kfIn DdX, (2.9.13)
Iy (D:Dy) :kIInDRdx , (2.9.14)
0
Ju(D:D,)=0, Hy (Dy) =kfIn DdX. (2.9.15)

3necy dX = (2Tl7‘1)_r drdp u k — dynnamenranpHast nocrostHaas bosibii-

Mana. [y pacnpeneneHnii uMeem
J’DdX =N, J’DO dX= N, (2.9.16)

Jlnist BceX CTAaTHCTUK UMEIOT MecTo Tu(depeHInalIbHble COOTHOIICHHS
CTaTUCTHUYECKON (PM3UKU PAaBHOBECHBIX CHCTEM

dH,, (D) =B(dE, —pdN) (2.9.17)
1 HCPABHOBCCHBIX OTKPBITHIX CUCTCM B OKPYKCHUU
dly, (D:Dy)==dH (D) +B,dE-BH,dN, (2.9.18)

rie B, u U, ecTh oOpaTHas TeMIEepaTypa ¥ XMMUYECKHH TIOTEHIIMAT OKpYXKe-
HUSL.

PaBHOBecHEBIE pacnpeaciicHusa, MaKCUMU3HUPYHOIIUC SHTPOIHNIO, UMCIOT
COOTBCTCTBCHHO AJIAA PpA3JIMUYHBIX CTATHUCTUK cnez[y}omnﬁ BU:

D =exp{-k'B(H -p)}, (2.9.19)

D= (2.9.20)

(2.9.21)

, (2.9.22)

rne B=1/T — oGparnas temmneparypa, H =H (X) €CTh JHEPrusl YaCTHIIBI,

Ey =Eq ( H) —II0JIHAsI SHEPTHsl CUCTEMBI YacTULl, |\ —XUMHYECKUH ITOTEHIHAL
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PaccmoTpuMm HekoTOphIe IpocTeiire GU3NIECKHUE TPUMEPHI.
1. Uneanabublii ra3. [IpeneOperaeM B3aWMOJCHCTBUEM YacTHIl B Tase,

YTO TPUBOAMUT K ompenencHuto ¢pyHkuuu [amunbTona H (p) = p? / 2m ans

yacTulbl ¢ Maccoit M. Hcmonw3ys ycnmoBue (2.9.16), mis pacrnpeneneHus
(2.9.19) noay4nm YKCIO YACTHUIL

=2 _
N =(2m) fexpr P/ 2mM

U _ -r M 32
dp=(2wn) V x 2.9.2
S %qj? p=(2m) ex%ﬁg( m1)”" (2.9.23)

H, OKOHYATCJIbHO, paCIIpCaAcCICHUC Makcaeimia

O 2
( Y Z) Vv (2rmkT)*? g 2mkTg
C HOPMHUPOBKOU
N
ID(pX, P, pz) dpxdpy dpzzv. (2.9.25)

2. @oTOHHBIN ra3. DIEKTPOMATHUTHOE M3ITYYCHHUE MPECTABISIET COO0M
ueanbHbli POTOHHBIN Ta3, B KOTOPOM (DOTOHBI HE B3aUMOJICHCTBYIOT MEXKIY
co00il, 1 XMMHUYECKUN TOTEHLMaN yaoBieTBopsieT ycioBuio WU =0. DuHeprus

(bOTOHa ecth H = cp= h(lo, rpe W — CcOOCTBEHHAs YacTOTa H3JIy4YCHUS B NAH-

HOoM oOwveMme V . Tornma, cormacHo (2.9.16) u (2.9.21), umeem uncio GoTOHOB

V. dw
N =—5 [ garr (2.9.26)
Y TIOJIHYIO SHEPTHIO ()OTOHHOTO Ta3a
Ey =Jp(w)dw, (2.9.27)

rae p(oo) onpezensercs no gopmyne [lnanka st cieKTpaabHOTO pacmipese-

JICHUS SHEPTUH

_ VAW’
Pc(d 1)

p(w) (2.9.28)

3. YnopsinoueHHOCTh (poTOHHOrO rasa. [Ipoussenem oueHkKy ynopsio-
YEHHOCTU COCTOSIHHS 3JIEKTPOMArHUTHOTO M3Iy4eHHs C pacrpezaeneHuem D
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otHocuTenbHO Dy [16]. OTKpbITast cucteMa U OKpYKEHHE MPEICTABIAIOT CO-

00l MCXOHOE M BHEUIHEE MOJIS M3JIYUYEHUH ¢ 4acTOTOM W M TemIeparypamu
T u T, coorsercTBenHo. Torna nepexon Mekay COCTOAHUSMHU OMMCHIBAETCS

pacnpenenenusmu [nanka

-1 -1
Uaw U
D=[ep= 21 D= %axpﬁfh‘*’ 0. (929
0 kTO O 8 Kl ﬁ g
Vw? Vw?
——dw=N, [D, dw= 2.9.30
fb T2c3 J 0 %3 "- ( )
Cormacao (2.9.10) 3anumem nadopmaruio pazmauus s bose-rasa
[ 1+D 2
IN(D:DO):k_[DDInR—(hD)In( )S\/idw:

D, (1+D,) Freec?
(1) (E ) @31

3HAUYEHHS SHTPONHUHU U YHEPTUU UCXOJHOTO YEPHOTO M3Iy4YEHHUs B 4Yac-
TUYHOM PABHOBECUHU HAXOJSITCS 1O hopMyiamMm

B _ V()\)2 4 1
H =H(D)=-kfEDIn D~ (1+D)In(1+ D)Q@d ET", (2.9.32)
E={( ) dw oT*V, (2.9.33)

rae 0 —noctosHHasa Credana.
B cnywyae momnoro paBHoBecus B (2.9.32) ¢ynkuus D 3amensiercss Ha
D, u Torna umeem

H, gEOTo‘l, E, =0T, V. (2.9.34)

[ToncraBum Beipaxkenus (2.9.32) —(2.9.34) 8 (2.9.31) u nonyuum

E [ C
| :_0%4_EE3+1'[ :l (2.9.35)
T, 3 3r TOE

IMpu & =1 umeeM MUHUMAIBHYIO BEIUYUHY (QU3UUECKONH HH(MOpMALUH
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pazmuumns | =0. B obnactsaix 0< <1 um 1<§ <o ynopsio4eHHOCTh MCXOJ-
HOT'O YepHOT0 M3JIyYCHHUS TEM BBIIIE, YeM HIDKE BEJIMYMHA & B repBoil obac-
TH ¥, COOTBETCTBCHHO, BBIIIC BO BTOPOW OTHOCHTENBHO 3HaueHus § =1. [Ipu-
OmmKeHHe BEMUYMHBI ¢ K 3HaueHHo & =1 B oOeux 00JacTsAX MPUBOIUT K

YMEHBILIEHUIO YIOPSI0YEHHOCTH.

Takum 00pa3zom, NMpHUBEIEHHBIE PE3yJIbTaThl NO3BOJSAIOT HAWTU YCIOBUS
JUIsl TIOJIEP/KaHUsl BBICOKOTO YPOBHS YIOPSIIOYEHHOCTH OTKPBITOM CHUCTEMBI,
HAXOJIALIEHCS B MOJIE U3JTyUYEHHs C TEMIIEPATYpol T, M u3iydaroniei ¢ reme-

parypoit T . ®ukcupyem temneparypy T, v momydaem BaxHbIA BbIBOI. B 00-
mactu 0<E <1 wu3nydeHHEe CUCTEMbI JIODKHO OBITh JIJITHMHHOBOJHOBBIM
(E << 1) , a B obmactn 1< <co — KOPOTKOBOJHOBBIM (E >> 1). [Tpu 3TOM HH-

dopmarus pazmmuus (2.9.35) umeer, COOTBETCTBEHHO YKa3aHHBIM O0JIaCTSIM,
CJIEIYIOUINE ACUMIITOTUYECKHE 3HAYCHUS:

:%EOTO-l (0<&<1), (2.9.36)
| =ET;* (1<&<w). (2.9.37)

Kak BUIHO M3 aCUMITOTHK, BBICOKMM YPOBEHb YIIOPSIOYEHHOCTH CYILE-
CTBEHHO 3aBHCHUT OT TEMIIEPATypbl OKpykeHus T,. OH HaYMHAET TaJaTh

B nepeoit obnactu (mpu O<T <T;) u BO3pacTaTh BO BTOPOH C yMEHBUICHU-
em T,. YBenmuueHue ke TeMmeparypbl [, NPUBOIUT K OOPATHBIM SBJICHUSIM

B dTHUX 00J1aCTAX.
4. ®oHoHHBIH «ra3». CoCTOSHUE TBEPAOrO TeJla OMPEACNseTC KBa3u-
KJIACCHYECKHM  pacripeieicHHeM (OHOHOB 110 KBAHTOBBIM COCTOSIHHSIM

¢ u=0. Dueprus ¢onona ectp H :hoo(IZ), rae K — BOJIHOBOW BEKTOP,
a dX = (dlg< dky dk d\) / (21'[)3 . JInst oHEpruM TEIUTOBBIX KojieOaHMii B 0ObeMe

npoctparctBa dV umeem paBencTBo [3=U (F,IZ). Yucno ¢GoHOHOB, COTIACHO
KBA3MKJIACCUYECKOM CTaTUCTHKE, paBHseTCs [34]
N —J'U (f,k) dkdt
hw(R) (2m)°

ITonnas SHECPIUA U DQHTPONUA TBEPAOTO TCIa AANOTCA CICAYIOIIHUMU BbI-

(2.9.38)

PaKCHUAMU
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=[uU (r,R)@ (2.9.39)

~ y (f,IZ)DdeT-
Hy =kfinU w(l?) §(2n)3'

(2.9.40)

2.1Q IMapameTpu30BaHHbIe KBAHTOBbIE MePbI

PaccmotpuM napameTpu3oBaHHBIE MEPBI B M3y4aeMbIX CTaTUCTUKAX. J1Jis
Yero BBEACM MapaMmeTp €, paHee IMPeICTaBICHHBINA B paboTax [19, 21], u nepe-
nuieM paBeHctsa (2.7.32) —(2.7.35) B Buje
D D

D.. .
i _-__4d a_ (2.10.1)
1+ sD]J. 1+ eDO. 1+ eD21

rac pacrnpeacicHue

1

Qi 2—1"|'i -a Te

(2.10.2)

n napamerp €=0 pna cratuctuku MakcBemta—bonelimana. 3Hak IUIIOC
(Mmunyc) mpu €=1 coorBercTByeT craructuke ®depmu—/Iupaka (boze—
OiiHiTeiiHa). B o0mem ciyyae nmapamMerp € MEHSETCS B JONYCTUMBIX Ipe-

nernax.
Pacnipenenenue (2.10.2) MakcMMHM3UpPYET MMapaMETPU30BAHHYIO KBaHTO-

BYIO SHTPOIIUIO
Hy (D)= EQD log, DJ%(liaDi)logz(JieDi)% =

- = 2.10.3
1+sD ogz(J_sD )EGI (2.10.3)

m []
IZépll gZ

u nposiisiercst B paBeHcTBe (2.10.1) mpu MUHUMU3AIMH 0000IIEHHON KBaHTO-
BOI MH(pOpMAIH Pa3IUIHAL.

Brimumem mnapamMeTpu30BaHHYIO KBAHTOBYIO HH(OpMAIUIO pa3inyms,
pacxokaeHrne U Mepy HETOUHOCTH:
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Iy (D D)_mD 109,21+ (126D, ) lo 1+eD, O
e z_izg)]j 9274__ Hha gzlisDzéGi—
00 1og, Du/(1eDs) 1, 1eeD, D
Tg " 'Dy/(1xeD,) e P1teD, g

=- Nl(Dl)—HNl(Dl:DZ)E[ (2.10.4)

oy D, /(1xeD; ) O
JNl(Dl' DZ)_iZQD]j Dz)log zméﬁ , (2.10.5)
HNl(Dl:D géD |092D2+1(1+8D )Iog (]_sD )%
_ | 1 O
—Z [Dﬂ og21+ D ~log (LsDz)éﬁl . (2.10.6)

ITepexoaum B (2.10.3) — (2.10.6) x pacupenesicHUsIM BEPOSATHOCTEH
P, U u 3amumnieM (yHKIIMOHAIIBI

Hs(p):-g Ep. log, B 1%(1189) log, (1t e p)gg;:

ugs p_1 0
:‘iz épi log, — i iglogz(ﬁepl)gel , (2.10.7)

=-fH.(p)-H. (p:u)F (2.10.8)
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Js(p:u):izmgp— q)logzﬁéq, (2.10.9)

H,(pru)==-3 dRlog, y = =(Lxep)log, (12e y) o=

m [] u 1 U
= —Z épi |ng i $E|092(E SL‘ )gq , (21010)

KOTOpBIE€ BBIYUCIIAIOTCS B pACCMATPUBAEMbIX CTATUCTUKAX C TOYHOCTHIO JI0 TO-
crosuboii. IIpu €/N =0, -1, +1 umeeM paHee MPHUBEACHHBIE BHIPAXKEHUS

SHTpONHHA, HHPOpMANI pa3anyms, PACXOXKICHUN 1 Mep HETOYHOCTHU IS Pas-
JUYHBIX CTaTUCTUK. B QyHkimonamax (2.10.7) — (2.10.10) momaraercs, 4To
YHCII0 OOBEKTOB paBHAETCS MOCTOSHHOMY 3HaueHUI0 N M, COOTBETCTBEHHO,
Mepexo]l OCYLIECTBISCTCS MEX/Y COCTOSHHUSIMHU C PacTpe/eICHUIMHU, HOPMH-
POBaHHBIMHU Ha EAMHUILY

_§ G =1 fq G=1 (2.10.11)

HpI/IMeM OAMHAKOBBIC 3HA4YCHHA BCCOB Gi =1 ", YTOUYHAA IOCTOSAHHYIO, U3

(2.10.7) «2.10.10) momy4yrnm mapamMeTpH30BaHHBIC MEPBI

H, (p)= —g Epl log, B 1%(1189) log, (1te p)@;
¢(1i>3) log, (1+¢)

- , (2.10.12)
oy 0O p_1 ltep U
Is(p.u)—iXEplIogzu—i+g(1ia|q)log21iaq5, (2.10.13)
m p./(1xep )0
J.(p:u)= - y)log, ~ A ——140, (2.10.14)
(P ;@n 082 e )
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H, (pru)=-3 g log, y (1< p) log, (e y)F

_(1ze)log, (1£e) (2.10.15)
€

3/1ech mpH 3HaKE IUIIOC (MUHYC) MmapaMeTp MeHsieTcst B mpenenax € >0
(O<E<1). Ecmu m=2, to umeeMm He(O,l): He(l,(): O Ipu €=0 u3

(2.10.12)€2.10.15) BBITEKAIOT U3BECTHBIC (PYHKIIMOHATBI CTATUCTUICCKON MO-
nenu lllennona—Bunepa

H(p)=limH,(p)= g(logz n)R. (2.10.16)
m [] p, U
I (p: u)-hrrg)l8 p:u :Z%ngu_ (2.10.17)
m [ p.
I(p:u)=lim 3 (p Y= zaogzu—'% p- 1), (2.10.18)
H (p:u)=lim H, (pr 1) =-3 (iog, y) p. (2.10.19)

[TycTh cocTOsIHUE CIy4aitHOTO O0OBEKTa OMUCHIBACTCS COBMECTHBIM pPac-
IPEJICTICHUEM BEPOSITHOCTEHN P; M, COOTBETCTBEHHO, rapaMeTpU30BaHHON

KBAHTOBOM SHTpONUEH

(plz) gigp” log, p F (1+s[3 )IogZ(J_s[]J)Hr

_(1ze)log, (1£e) (2.10.20)
€

CoBMecTHOE pacrpefielieHne BEpOATHOCTEH eCTh P, =RRP,THc P H
P; — YacTHbIC pacrpesie]eHus BEPOSTHOCTEH HE3aBUCHUMBIX 00BEKTOB. Pac-

IIPEJIEIICHUS] YI0BIETBOPSIOT BEPOSITHOCTHON HOPMUPOBKE

gznpuzl, _fﬂ:l, anJ::L (2.10.21)
[ | i
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YacTHbIC KBAHTOBBIC SHTPONHH MPEICTABISIFOTCS COOTBETCTBYIOIIMMHU
(hyHKIIMOHATIAMU

Hs(pl):_g Ep, log, R ?%(1189) Iogz(ﬁsp)g1

_(1£e)log, (1xe) (2.10.22)
€
n 1
H.(p,)= ;Epjlog2 . E(lisq)logz(]iag)%
_(1ze)log, (1£e) (2.10.23)
€

OueBunHo, yto 3HTponus (2.10.20) sBHsSETCS HEANAUTUBHBIM (YHKIIHO-
HAJIOM U UMEEM COOTHOIIIEHNE

Hs(plz);t Hs(p1)+ Hs( pz) (5.10.24)

2.11. PazanvHble Mepbl
B HH(OPMALIMOHHBIX CHCTEMAX

[epeiineM K pacCMOTPEHHIO CIIy4allHBIX 00BEKTOB B WH(OPMAIIMOHHBIX
cucremax. CocTossHHE OOBEKTOB XapaKTEpU3yeTcs JAUCKPETHBIM pacripesere-
HUEM BEpPOSITHOCTEH P :{ Byre-es pm} ( o] O). Bmecro BecoB G, B husnue-

CKHUX CHCTeMax, HaumHas ¢ pabotel bemmca u laifza [57], BBomsATCS Beca

L. (v, 20), KoTOpBIE 3a1aI0T NMCKPETHBIC 3HAYECHMs TaK Ha3bIBAEMOM MO-

JI€3HOCTH.

[IpuBeneM Mepbl, COOTBETCTBYIOIIUE PA3TUYHBIM CTATUCTUKAM.

— s cratuctukn Makcpema—bosnbiimana, corsacHo (2.3.9), umeem 3H-
Tpomnuio [57]

H(p)=-3 (log, n) RY,. 3 p=1, 2.11.1)

IJIe Pacpe/IeNieHUe BEPOATHOCTEN HOPMUPOBAHO HA eMHMILY Oe3 BecoB U, . Ilpu

U, =1 u3 (2.11.1) cnenyer TpanuumronHas mepa undopmarmu [llennona—Bunepa

H(p)=-3 (log, n) R, (2.11.2)

ampu U, =U 5Ta Mepa yMHOXKaeTcs Ha Koapduuuent V. B yactHocTH, ecian
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U =0, To ¢pyakmuonain (2.11.1) paBeH HyI0 IpU KOHEYHOM 3HAYEHUU (YHK-
nuoHana (2.11.2).

AHanoramMu KBaHTOBOW MH()OPMAIH PA3IU4Usl U MEPhl HETOYHOCTHU SIB-
nsarotea [114, 115]

m [] m
p u :lzaogzuﬂ pu,, iZq =1, (2.11.3)

H (p:u)=-3 (log, y) pu (2.11.4)

KOTOpbIE Npu U, =1 coBnajgaror ¢ Mepamu

m [] p
p u :Izaogzu— (2.11.5)

H(p:u)= g(logzq) (2.11.6)

KBaHnTOBEBIE I/IH(bOpMaLII/IOHHBIe MCPbI, PaCCMATPHUBACMBIC KaK B3BCIICH-
HBIC CPECAHUC, IIPCACTABIIAOTCA TaK:

H(p)=-- : (2.11.7)

I (p:u)= . ! , (2.11.8)

J(p:u)= . 0 (2.11.9)
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g (logz | )
_Z P,

(2.11.10)

H(p:u)=-

— JIns KBa3WKJIACCMYECKOW CTATUCTUKH, coriacHo (2.6.6), mmeem cle-
JlyIOLIXE B3BEILICHHBIC CPE/IHUE 110 BEcaM U,

5 (Iog, p,) v,
g”i

H(p)= (2.11.11)

m[] u
og—
ZE 2|o

>0,

J(p: u)=0. (2.11.12)

B wactaom cinywae npu U; =1 u3 (2.11.11) ¢ TounOCTBIO 10 KOO PULH-

enta 1/m Beitekaer surponus Bepra [65]

m
H(p)=3log, p - (2.11.13)
|
Oynknuonan (2.11.11), B3sThIN ¢ 00paTHBIM 3HAKOM, €CTh SHTPOIIHS
m
> (I092 pi) U;
|
m
o

H(p)=- (2.11.14)

paccmoTrpenHast B pabote [98].

— Hnsa cratuctuk @depmu—/upaka u boze—iHIITElHA, COTJIACHO
(2.10.7)€2.10.11), umMeem mapaMeTpHU30BaHHbBIE KBAHTOBBIE HH(OPMAIIMOHHBIC
Mepbl

He(p):—g épl log, B 1:—:(1159)I092(J¢sp)§)| ., (2.11.15)
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m [ p_1 +tep U
(p u):lzgpI |0g2u_i+g(1isg)|0921+sq épi , (2.11.16)

J, (p: u)=i§§ n- q)|092%§ U, (2.11.17)

He(p:u):—g Eg log, L;i%(lis p)log,(1te p)é u . (2.11.18)

B pabore [84] paccmarpusarorest sutponuu ¢ U, =1 u € >0 B cnenyto-

meM BUAC

He(p):—g Epl log, —%(1+ap)|ogz(1+a p)+ pg, (2.11.19)

Hs(p)=—_§ Ep. log, —%(1+ep)log2(1+g P)E_

:—:(1+s)logz(1+s) (2.11.20
H.(p)= fgv '0929-%(1%9)'092(1%9)5;%, (2.11.21)

(1+ep)log,(1+e P)E_

5
—iz(l+a) log, (1+¢), (2.11.22)

KOTOPBIE TaKXe SIBIAIOTCA HEKOTOPBIMM KOMOMHALUAMH MOCTOSHHBIX Be-
JUYUH napameTpu3oBaHHON Mepol (2.10.12) u mepwl, NpUBEIEHHOU
B pabore [73]

H.(p)= —%§§1+Sp log, (1+£R) ﬁl Iog2 (Fe). (2.11.23)
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