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KonecHuuyeHko A.B.

K noctpoeHuto HeagaANTUBHON TEPMOLMHAMMUKU CITOXKHbIX CUCTEM Ha OCHOBE
cratuctukm Kypapo-Tcannuca.

B paboTe npeacrtaBneHa norvyeckasi cxema MOCTPOEHUS HE3KCTEHCUBHOW
CTaTUCTUKN N PaBHOBECHOW TEPMOAMHaMMUKN Ha OCHOBE MapameTpudecKkoro onpe-
aeneHna sHTponuu Tcannuca. lNpoaHanuanMpoBaHbl cnegcTBUS HEHOPMUPOBAHHO-
ro ocpegHeHunsa Kypago—-Tcannuca MMKPOCKOMUYECKNX (PU3NYECKMX BENUYMH B CTa-
TUCTUKe Tcannuca u ero TeopeTndeckoe N npakTUyeckoe 3HadYeHue npu nocTpoe-
HUN HeagOUTUBHOW TepMOAMHAMWUKM aHOMarbHbIX (-cucteMm. Ha ocHoBe WHAOp-
mMaumm pasnuumsa Patbe—KaHHannaHa wu3yyeHbl CMNOHTaHHble nepexodbl Mexay
NPON3BOJSIbHLIMU COCTOSIHUSIMU CITOXXHOW CUCTEMbl U nonyyvyeHa oboOLEHHas H-
Teopema B HE3KCTEHCUBHOW CTaTUCTUKE.

Knroyesblie cnoea: sHTponuna Tcannuca, ocpegHeHune Kypapo-Tcannuca,
paBHOBECHbIE TEepMOAUHAMUYECKMEe COOTHOLLIEHUs, MHJOopMauun pasnuuna Pa-
Tbe—KaHHannaHa.

Aleksander Vladimirovich Kolesnichenko

To the construction of non-additive thermodynamics of complex systems on
the basis of the statistics of Kurado-Tsallis.

The article presents a logical scheme for constructing non-extensive statistics
and equilibrium thermodynamics, based on the parametric definition of the entropy
of Tsallis. The consequences of the non-normalized averaging of the Ku-
rado—Tsallis microscopic physical quantities in the Tsallis statistics are analyzed
and its theoretical and practical significance in constructing non-additive thermody-
namics of anomalous g-systems. Based on discrimination information of
Rathie—Kannappan, spontaneous transitions between arbitrary states of a complex
system and a generalized H-theorem in non-extensive statistics are considered.

Key words: entropy of Tsallis, averaging of Kurado-Tsallis, equilibrium ther-
modynamical relationships, discrimination information of Rathie-Kannappan.



BBeneHue

CraTtuctndeckas aHtponus bonbumaHa—-Imb6ca n ceA3aHHasi ¢ HEW Knaccu-
yeckasa ctaTucTudeckas MexaHuka siBRsoTCA Ype3Bbl4anHO NOME3HbIM UHCTPYMEH-
Tapvem npu U3y4eHmn LUMPOKOro Kpyra npocTbiX CUCTEM. OTU (pusnyeckme cucrte-
Mbl, AN KOTOpbIX, 6€3yCcnoBHO, LienecoobpasHo UCMNOoMb30BaTh KNAacCUYECcKyto cTa-
TUCTUKY U pa3paboTaHHble Ha €€ OCHOBE TEOPUWN, MOXHO YCITOBHO OXapaKTepuso-
BaTb MasbiM Ouanas3oHOM MPOCTPaHCTBEHHO-BPEMEHHbIX KOppensuun, MapKoBO-
CTbIO CrlydarHbIX NpoueccoB (KOPOTKOM NamMATbiO), agANTUBHOCTBIO WYMa, Hanmyu-
€M MHTEHCUBHOrO Xaoca, 3proguyHoOCTbIO MHAMUYECKUX MpOoLEecCOoB, 3BKNNOOBO-
CTblO reoMeTpumn asoBOro NPOCTPAHCTBA, FIOKaNbHOCTBIO B3aUMOOENCTBUSA MeEXAY
3NIEMEHTaMN CUCTEMBbI, JMHENHOCTbIO (OOHOPOAHOCTLI) ypaBHEHU Pokke-
pa-l1naHka, rayccoBOCTbH0 BEPOATHOCTHbIX pacnpefeneHun. Takme cuctembl Xo-
pOLUO ONUCbIBAKOTCA agauTMBHOM aHTponnen bonbumaHa—-Imb6ca u, kak npasuno,
cnenyoT 3KCMOHEHLManbHOMY 3aKOHY pacnpeneneHun.

CyuiecTtByeT, O4HAKO, Lesbl Kpyr NPUPOAHbIX, NCKYCCTBEHHbIX U COLManbHbIX
CUCTEM, KOTOpble, B OTNNYME OT Ha3BaHHbIX Bblle, XapakTepusylTcs 6onbLliomn
AanNbHOCTBLIO MPOCTPAHCTBEHHO-BPEMEHHbIX KOppensaunn, HEMapKkoBOCTbIO MpoLiec-
COB (ANIMHHOMN NaMATbIO), MYNbTUNSIMKATUBHOCTLIO LYyMa, HanMymem cnaboro xao-
ca (ucuyesawwWwmn MakcuMarsbHbIM NokasaTenb JlanyHoBa), HE3ProANMYHOCTLID An-
HaMUYECKMX MNPOLIECCOB, MEPAPXUYHOCTLIO (OBbIMHO MYNbTUPPAKTANBHOCTLIO)
reomMmeTpun asoBoro NPOCTpaHCTBa, OTAANEHHOCTLIO M rMoBanbHOCTLIO B3auMO-
AENCTBUA MeXOYy 93fEMEeHTaMu CUCTEMbI, HENIMHEWHOCTbI (HEOAHOPOLAHOCTLIO)
ypaBHeHun Pokkepa-IllnaHka, HannYMemMm acMMNTOTUYECKN CTENEHHbIX CTaTUCTUYe-
CKMUX pacnpegeneHui. [1oBosibHO LUMPOKUIMA KNacc 3TUX CIIOXHbIX CUCTEM (XOTS Aa-
NIeKO He BCEX) afleKBaTHO ONUCbIBAeTCs HeagAUTUBHOM CTATUCTUKOM, OCHOBAHHOW
Ha NapameTpuieckon aHmpornuu Tcannuca.

UcTtopua Bonpoca. VccnegosaHus B 06nacT MEXaHWKM HEIKCTEHCUBHbIX
(HeapgaOuTUBHBIX) CMCTEM Npuobpenn B nocrnegHee BpeMS 3HAYUTENbHbIN UHTepeC
B CBSI3M C NMPOSIBIIEHMAMUN HEeaaaUTMBHbIX CBOMCTB (419 HE3aBMCUMbIX NOLCUCTEM)
B aHOMarnbHbIX (PU3NYECKNX ABMEHUAX. DTO OOBACHAETCA Kak HOBU3HOW BO3HUKa-
IOLWMX 30echb obLieTeopeTndecknx npobnem, Tak n BaKHOCTbIO NPaKTUYECKUX Npu-
noxeHmn (cm. 6ubnuorpacduo, npencTaBneHHyd Ha cante  http:/tsallis.
cat.cbpf.br/biblio.htm, koTopas noctosHHO o6GHoBnseTcs). Havyano cuctematuye-
CKOro M3ydeHns B 3TOM HanpasneHun cBssaHo ¢ paboton K. Tcannuca (1988), B
KoTopon uM Obina BBedeHa napameTpuyeckas opmyna CTaTUCTUYECKON (-

SHTpONnnn



k
S;(p):q—fl(l—qudz), jdzpzl, 0<p<oo.

C ncnonb3oBaHNMEM akKCUMOM TEOpPUU BEPOSTHOCTEN (XMH4YMH,1953, 1956), B
paboTe (Abe, 2000) 6bino gaHo akcnomaTudeckoe 060CHOBaHME N AOKa3aHa eaunH-
CTBEHHOCTb 3HTponuu Tcannuca gns OUCKPEeTHbIX CUCTEM. XOTsl 3Ta SHTponus no-
nyynna HasBaHue aHTponuu Tcannuca, B UICTOPUYECKOM MiaHe MNosiBfieHne Bbipa-
KEHUS ONs g -3HTPOMMM MOXHO npocneanTs no 6onee paHHum pabotam (Harvda,

Charvat, 1967; Vaida, 1968; Daroczy, 1970).

BbipaxxeHne Tcannuca He ABnsieTCs eAUHCTBEHHbIM NpuMepoM Ledopmupo-
BaHHOW aHTponuu. ®yHaaMeHTOM UccrnegoBaHunm B 0651acT HE3KCTEHCUMBHOM CTa-
TUCTMKKM, NMPOBOAMMBIX B HacTosillee Bpemsi, SBNAOTCA Henorapudpmuyeckme g-

SHTpOMUN N MHGOPMaUnn pasnununa Patbe—KaHHannaHa, 3aBucsALmne oT HEKOTOPO-
ro AeVCTBUTENBHOTO Yncna g (Tak HasbiBaemoro napameTpa gedopmauum) n ob-

Nagavuwmne HeaaanTUBHOCTbIO ON1A HE3aBUCUMbIX CI1IOXKHbIX CUCTEM. ,D,J'IFI (*)paK-
TalnbHbIX CACTEM 3TO YNCI1IO CBA3aAHO C quaKTaanon pa3MepHOCTbO, a aANA HEJ3KC-
TEHCUBHbIX CUCTEM HYNCINO g ABNAETCAH Mepon nX HeagaunTnMBHOCTWU.

MoapobHbIN aHann3 BO3MOXHbIX TUMOB HESKCTEHCUBHbBIX CTATUCTUK, OCHOBAH-
HbIX Ha pasfnyHbIX 0606LeHnax aHTponuu Tcannuca, NPUBOAUTCS, Hanpumep, B
paboTtax (Landsberg, Tranah, 1980; Taneja, 1995). NpeanoxeHHas MU Knaccu-
domKkauus oaeT vYeTbipe Bnaa SHTPOMNUN:

> Kraccuieckoin aHTpormn Bonbumana-Tn66ca S5C= —kBIdzplnp,

k
T __"B
» g-3HTponumu Tcannuca Sq (p) = q_l(l—qudz),

k -1
> BHTpOMUU Sél = —Bl (qudz) —1 | (Hotta, Joichi, 1999),
q_

> aHTponuu PeHbu ngzlk—Bln(dZJ.pq) (Renyi, 1970),
—q

KOTOpas UrpaeTt LeHTparbHYyl pofb B onpefeneHnn gopakranbHOW pasmMepHOCTU
(cm. Mandelbrot, 1977, 1982). BaxXHO OTMETUTb, YTO AMana3oH MPUMEHEHNA pas-
HOOBpPa3HbIX HE3KCTEHCMBHbIX CTAaTUCTUK B HacTosLee BPeMSI MOCTOAHHO pacLuun-
paeTCcs, OxBaTblBasl pasfMYHble HarnpaBfeHusi B Hayke, TakMe Kak KOCMosiorums,
Teopusa nnasmbl, KBaHTOBas MexaHuMKa W CTaTUCTUKA, HENUWHEWHas OMHaMuKa WU
dpakTansl, reopusnka, GuomeanunHa n MHoOrve apyrue.
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B cTtatbe npeacrtaB/ieHa norm4yeckasd cxema CTaTUCTMYECKOM MoLeNn Heaaau-
TUBHbIX CUCTEM, OCHOBaHHaA Ha NOHATUN g -SHTPOMNNN Tcannuca.

Kak n3BecTtHo, 6ONbLUNMHCTBO MPOCMbIX CUCMEM, HaXoOsaWNXCs B CTaTUCTUYe-
CKOM paBHOBECUU, CreayoT ctatuctuke bonbumaHa—Imb6ca, ans KOTOpon Krtode-
BbIMMW ABMAIOTCS crieaylolmne Tpyu NonoXeHus:

() onpeneneHve dyHKuMoHana sHTporn SPC= —kBIdzplnp

(Npu ycnosuu J.dzpzl n Ez.fdsz:const AN KaHOHWYECKOro aHcam-

ong);
(i) akcnoHeHumanbHas bopma KaHOHU4Yeckoro pacnpeaeneHna N'mbocea

(F-H)/kgT} —H/kgT} ~H/kgT}

p= e{ = Z_le{ ,roe Z = Idze{ ;

(iif) cBA3b C TEpMOONHAMUYECKMMN NOTEHLMANamMmm, Hanpumep,
F=—kyTInZ E=-kpoInZ/T™).

BmecTe ¢ TeM, MHOrMe CrnoXHble aHoMaslbHble cucmeMbl OOHaAPY>KMBaAKOT He
9KCMNOHEHUMarbHble, @ aCUMNTOTUYECKN CMereHHbIe cmamucmu4yeckue pacripe-
OeneHus (pacnpedeneHus lNMapemo). MNMogobHble CTeneHHble pacnpegeneHns Tu-
MWYHbI NS CUCTEM, CIIOXHOCTb KOTOpbIX OByCrnoBneHa pasgeneHnemM nofHoro cra-
TUCTUYECKOro aHcaMmbnsa Ha nepapxmyeckyto nocrneaoBaTenbHOCTb NogaHcambnen,
COMOAYMHEHHOCTb KOTOPbIX U NPMBOAUT K AedopMaunn CTaTUCTUYECKMX XapaKTe-
PUCTUK cuUCTeMbI. [pn 9TOM HapyllaeTcsa BaXHeulwee TepMoauHaMUYeCKOe CBOM-
CTBO — agANTUBHOCTb 3HTPOMUN, KOTOpPasi ANS paBHOBECHbLIX COCTOSIHWMIA B Knaccu-
YeCKOM Ccriyyae ABnseTcs CrneicTBMEM FOKarbHOro B3avMOLEWCTBUSA Mexay ane-
MeHTaMu CUCTeMbl. OTO HapylleHne OByCnoBNEeHO eLlé U C TeM, YTO COCTaBHble
YyacTu B HeagOUTUBHbIX CMCTEMax B3auMMOAeNcTBYOT rrnobanbHo, 4yemy crnocob-
CTBYET CHWKEHWEe CUMMETPUM CUCTEMbI, CBA3aHHOE C (POPMUPOBAHUEM KOSSEK-
TUBHbIX MO MHTEHCUBHbIX MEPEMEHHbIX, T.€. C UX «NOSYNHEHHOCTbLIO» HEKOTOPbLIM
KONNEKTUBHbIM «3((EKTUBHBbIMY» CTeneHam cBoboabl. M3 ckazaHHOro crneagyet, 4To
CTaTUCTUYECKNE pacnpedeneHns nepemMeHHbIX, XapakTepusylLwmx CuctemMbl O0-
CTaTOMHOW CMOXHOCTWU, HE MOryT MaKCUMU3MPOBATb KaCCUYECKYHD SHTPOMUIO
BonbumaHa-Mb6ca. Kpome atoro, B OTnvyMe OT NPOCTbIX 3p200UYECKUX CUCTEM
(T.e. cuctem, anemMeHTbl KOTOPbIX C paBHOM BEPOSTHOCTbIO MOceLlaloT Bce paspe-
LUEHHbIE MUKPOCKOMMYECKME COCTOSIHUS, COOTHECEHHbIE C COOTBETCTBYIOLLNMM MakK-
POCKOMNYECKNM CTaLMOHAPHbIM COCTOSIHUEM), CITOXHbIE CUCTEMbI B BONbLUMHCTBE



—6—

CNy4yaeB He TOMbKO HE3ProAuyHbl, HO U Aaneku OT 3TOro COCTOSAHUSI B HEKOTOPOM
KOHEeYHoM obnacTtn ba3oBOro NPoOCTPaHCTBA.

Takum obpa3oM, BO3HMKAET BOMPOC: KaKyld SHTPOMUNHYO (OOPMY MOXHO MC-
nonb3oBaTb AN CUCTEM, KOTOpble MNOcCeLlalT ¢dasoBoe MNpocTpaHCTBO 6Gonee
CNOXHbIM 00pasom, 4eM nNpeannucaHo 3proguyHocTbio? B cBA3M ¢ 3Tm B paboTtax
(Tsallis, 1988, 2009; Tsallis n ap.,1998) 6bINO NPennoXeHO CoxpaHsaLee OCHOB-
Hyto ngeto bonbumaHa o606LeHne (Knaccnyeckonm CTaTUCTUYECKOM MEXaHUKKW) ANs
CUCTEM [OCTATOYHOM CMOXHOCTU, XapakTepuaylLwee COCTOAHNE CITOXHbIX CUCTEM
HEeKOTOpPOW APYron «HenorapmpmMmnyeckon» 3HTPONUEN, YOOBMAETBOPSOLWEN NPUH-
uuny makcumyma. CyTb npeanoXxeHHoro obobLeHns KacaeTcs, npexae Bcero, ne-
PEOCMbICINIEHNST NEPBOrO0 M3 yKasaHHbIX BbIlE MOMOXEHUN cTaTUcTMkm bonbuma-
Ha-'mb6ca n ceA3aHa ¢ BBeAEHWEM HOBOW (POPMbl SHTPONMUNHOIO PYHKLMOHana,
BKIloYatoLLen Tak HasblBaeMbl NokasaTenb HeaaauTUBHOCTM q. IMeHHO, 3TOT na-

pamMeTp XapaKrepusyet Lenbin Knacc pPa3yin4HbIX CTAaTUCTUK (TepMO,D,I/IHaMVIK), CO-
OTBETCTBYWOLLMX TEM WUIIN WHbIM CTaTUCTUYECKM aHOMallbHbIM CUCTEMaAM. ,D,J'IFI
q)paKTaJ'IbeIX CMUCTEM MNMapaMeTp g CBA3aH C d)paKTaanoﬂ pa3MepHOCTbIO, a An4d

HEOKCTEHCMBHbBIX — SIBNSIETCA MEpOM HeagauTUBHOCTM B CBOWCTBE NceBaoaaau-
TMBHOCTU aHTponun Tcannuca (cm. (17)). CornacHo rmnoTese Tcannuca napameTp
AedopMaumnn g CBA3aH C HEKOTOPbIMU OOMOSHUTENbHBIMI CTEeneHsAMU cBoboabl,

NPUCYLLMMN CIOXHBIM CUCTEMAM, N OOSMKEH ONpeaenaTbcs a posteriori.

Teopus HE3KCTEHCUMBHbLIX CUCTEM, OCHOBaHHasi Ha aHTponuu Tcannuca, B
HacTosiLee BpeMsi UHTEHCUBHO pa3BMBaETCH, B OCHOBHOM 3apybeXxHbIMKU chneuna-
nuctamu. BosHMKaOT MHOrOYMCIEHHblE HOBble MaTeMaTudeckue npobremsl, Tpe-
Oylowne coero pelweHus. B Hay4Hon nutepaTtype OOCTYNHbI NocrnefoBaTesflbHble
konnekunmn MmHnob3sopos: (Tsallis, 1999; Abe, Okamoto, 2001; Grigolini u ap.,
2002; Kaniadakis n gp., 2002, 2006; Sugiyama, 2004; Kaniadakis, Lissia, 2004;
Gell-Mann, Tsallis, 2004; Swinney, Tsallis, 2004; Herrmann u gp.,2004; Boon, Tsal-
lis, 2005).

1. OCHOBHbIe onpeaenieHus, CTaTUCTUYECKMNEe XapaKTepPUCTUKH
U CBOMUCTBA 3HTponumn Tcannuca

B nedopmMmpoBaHHOM CTaTUCTUYECKOM MEXaHWUKe ANs HenpepbiBHbIX BENUYUH
NPy BEPOATHOCTHOW HOPMUPOBKE

J.dzp(r):l, O<p<oo (1)
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Anst gpasoeoll yHkyuu pacnpedeneHuss p(r) (B obliem cnyyae ata dyHKLUS MO-

)KET 3aBMUCeTb OT BpeMeHM [ 1 OT HEKOTOPOro BHELLUHEro napameTpa a) SHTPONus
Tcannuca 3agaértcsa crnegyrowmm pyHKLUOHaoMm

Sq(p)zﬁ(l—jdzpq). )

30ecb 1 Oanee Besde obnacTb MHTErpMPOBaHUSA COBMadaeT co BceM hasoBbIM
NMPOCTPaHCTBOM U Ge3pa3mMepHbiit aneMeHT 6N-MepHOro nNpocTpaHcTBa 3anucbiBa-

N
eTca B COBPEMEHHON dopme dzN:(Znh)_rH(dqidpi), roe /- nocrosiHHas
i

MnaHka, r — 4ncno creneHen cBoboabl. OHTponus Tcannuca (2) MoxeT ObiTb
npeAcTaBrieHa Takke B CrefyoLwmx 9KBUBaNEeHTHbIX opMax:

5 (r)= _kBIdZPq In p= kBdeplnq(p_l) =

= kp(In, (p™)) = —kp(Iny_, p) = —kp(In_ p),. (3)
npn HannMcaHmM KOTOPbIX NCNOJIb30OBaAaHO OCpeaHEHNE

(A), = j dzpT A(r), (4)

C HeHopMUpoBaHHbIM pacnpeaenervem p ans n6oit MUKpockonMyeckoi dhnau-
yeckor BenuuuHbl A(r), cBocTBeHHoe cmamucmuke Kypado- Tcannuca (Curado,
Tsallis, 1991), a Takke, Tak Ha3blBaeMbln, «4eOPMUPOBAHHLIN forapudom»
1—
o1

In xz—l (xeR"; geR), (5)
q 1-g

obnagatolnn, Kak fnerko yoeauTbes, criegyowmmMmm cBOMCTBaMN:

1 1 1
lnq (;] = —lnz_q x, (x>0;Vq); lnq (;) = —Flnq x (Vx;Vq). (6)
OHTPONMUINHBIN NHAEKC g (NapameTp Aedopmauunn) B onpeaeneHny aHTponum

Tcannuca (2) npeactaBnseT cobol BelleCTBEeHHOe Yncno, NpuHaanexaliee obna-
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cTn g € R . Takaa nedopmaumsa (B CpaBHEHUW C KNACCUYECKON CTaTUCTMKON) rnora-

prdMmnYeckon yHKLUUN B BblpaXXeHUM ANS SHTPONUKU NO3BOMSET YYUTbIBATb BaX-
Hyt0 OCOBEHHOCTb MOBedeHUs1 aHOMarbHbIX CUCTEM C ANIMHHON NaMsaTbio U/vunu
AanbHOAENCTBYIOLWMMN B3aMMOAENCTBUAMM, KOrAa BEPOSATHOCTL peanusauun p(r)

BonbLLUKMX 3HAYEHUI COCTOSIHUI Y6bIBaeT (Npu g >1) He akcnoHeHUWanbHo GbICTPo,

a cteneHHbIM obpasom. brnarogapsa aTomy ctatucTuka Tcannuca onucbiBaeT coObi-
TUS, NPAKTUYECKN HEOOCTMXKMMbIE B NPOCTbIX CUCTEMAX, XapakTepu3yeMblx cTaTu-
ctukon BonbumaHa-InMo6ca.

INerko nokasaTb, 4TO B nNpeaene crnabon ceBa3m aHTponusa Tcannuca (2) nepe-
XOOUT B KaHOHWYECKYKD OOpMYyny Kraccumyeckom crtatuctukm mbbca. [encrtsu-

@ Dnp}

TenbHo, B npeaene g — 1 umeem: pq_l = — 1+(g—1)Inp, v aHTpo-

nmg Sq CBOAUTCA K

S(p) = (lii_>n}5q (p) = —kBjdz(lnp)p =S5p;-

MpuBegeEM HekoTOpble OnpeaerieHns U BbiTeKalolwmne N3 HUX OCHOBHbIE CBOW-
CTBa HeaAAUTUBHOW CTaTUCTUKM.

OnpeneneHne 1. dusnyeckmn cTtaTUCTUYECKU aHCamMOIb HE3KCTEHCUBHbIX
BEPOSATHOCTHbIX CUCTEM peanuayeTcs AByMSA MHOXECTBaMM:

a) MHOXEeCTBOM BCEX €ro COCTOSIHWI, OMNuCbIBaeMblX (pa3oBON MMOTHOCTHIO
pacnpeneneHus BeposiTHocteit p(r,a)”;

6) MHOXXECTBOM MMUKPOCKOMUYECKNX (PUNYECKMX BEMUYNH A]- = A]-(r).

OnpepeneHune 2. B3BelleHHOe HEHOPMUPOBAHHOE cpeaHee nobol usnye-
CKOW MUKpOCKonuyeckoit Bennunbl A(r) B cocTosiHAM ¢ pacnpeaeneHmem p(r)

onpepensietca (B cmamucmuke Kypado-Tcarnnuca) cooTHoweHnemMm (cMm. Havrda,
Charvat,1967; Daroczy,1970; Curado, Tsallis,1991).

(A), =E [ A(r)]=[dzA(r)p?. 0< [pdz<oo, (7)

OnpepeneHue 3. dnykTyaunss MMKPOCKOMUYECKON BENNYUHBLI o(r) onpeaens-
eTcs BblpaxeHueMm (3apunos, 2004)

") 3peck 1 nanee 6yaem cunTath, YTO pacnpefeneHne p yaoBMNEeTBOPAET yCrOoBuMIO

BEPOATHOCTHOM HOPMUPOBKK (1).
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Aq[A]:A(r)—Eq[A(r)]pl‘q, [dza, [ATp7=0. (8)

OnpepneneHue 4. HayanbHble N LeHTpasnbHble MOMEHTbI k -ro NOpsiaka CTo-
XxacTuyeckon BenuunHbl A(r) paBHbl

&, =E, [Ak J = [dzAp", ()

B O T

Mpn k =2 nonyuum g-ancnepcuio

2
ny, =D [A(N)]=] dz{A(r) ~E,[A(M)] Pl—q} i =

2
2 2_
= [dz[ AP p" 2B, [ A JE[ AN ]+{E,[A(]} [dzp™. @)
OTMEeTMM, YTO B [MCKPETHOM Crly4yae, Mnpu YCNoBUU BEPOATHOCTHOW HOPMMU-

W
POBKM Zpizl, HY)KHO B NpPUBEAEHHbLIX OpMynax MnpPOM3BECTM 3aMEHY
i=1

Idzevzv:.
i=1

B cBsasn ¢ OnpeneneHnem 2 OCpeAHEHHONO 3HAYEHUSI MWUKPOCKOMUYECKOWN
BenuuuHbl A(r) oTMeTUM crepyloulee: B HeagaWTUMBHOWM cTaTuCTMke Tcannuca

BO3MOXHO OCPeAHEHNe MUKPOCKOMUYECKNX PU3NYECKMX BENUYUH NO TPEM pacrpe-
Aenexvsm:  p, pq, pq/qudz (cm.  bibliography/  http://tsallis.cat.cbpf.

br/biblio.htm). TlepBoe ocpeaHeHMe COOTBETCTBYeT CTaTUCTUKe Tcannuca
(Tsallis,1988), BTOpOoEe (HeHOpMmupoBaHHOe) — cTaTucTuke Kypago—-Tcannuca
(Curado, Tsallis, 1991), HakoHel, TpeTbe — cTaTUCTUKe Tcannuca— MeHge-
ca—-lnactuHo (Tsallis n gp., 1998). 3T cnocobbl OcpeAHEHUS, KaXabI U3 KOTOPbIX
nveet, BooOLLEe roBOpsi, CBOU MpeuMMmyLLecTBa U HegocTaTKu, onpenenstT coBep-
LLIEHHO pasHble g-TEPMOAMHaMUKNA, COOTBETCTBYIOLLME TEM UIN UHBIM TEPMOANHA-

MWYECKN aHoMarbHbIM cucTeMam. o aTo npuymMHe Bonpoc 06 ncnonb3oBaHWM TO-
r0 NN MHoro criocoba ocpeaHeHUs B OU3NHECKUX NPUNOKEHUAX HOCUT NPUHLIMMK-
anbHbI XapakTep, NOCKOSbKY pasnuyns B onpeaeneHnn cpeaHnx s3HayeHUsIX MoryT
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OKa3aTbCA CyleCTBEHHbIMU MNMPU o6pa60TKe SKCNepnMeHTarnbHbIX AAaHHbIX. B cBasu
C nMerwmMmMmmnca 3Ha4vYnTeribHbIM pacxoxXgeHnAMN B pa3HbIX Nogxodax BO3HUKaET
BOMpocC 00 agekBaTHOCTU UCMONb30BaHUS pa3Hoo6pa3Hb|x (q -BEJINYUH, CBA3AHHbIX

C pasnunyHbiMu cnocobamm ocpepHeHus. onyyaemble Npyu 3TOM CYLLUECTBEHHbIE
HEeCOOTBETCTBUSA MOryT ObiTb, MO MbICIN psga aBTOPOB, 611aronony4YHO yCTpaHEHbI
NyTEM MCNonb3oBaHWA cTaTUCTUKK Tcannuca—MeHgeca-l1nactuHo, Korga ocpen-

HEeHue Eq [A]EjdzAfoq(r) NPOU3BOAMTCA MO Tak Ha3biBaeMOMY HOPMUPOBaH-

HOMY 3CKOPMHOMY pacrpedesieHuo BEPOSTHOCTU ﬁq(r)zpq/ J. dzpq (cm, Hanpwu-

mep, Tsallis n gp., 1998; Tsallis, 1999; Martinez n gp., 2000).
OpHako cyllecTBYeT M MHaAdA TOYKa 3peHusi (KOTOpoW creagyeT aBTOp AaHHOM
paboTbl), COrnacHoO KOTOpPOM eOUMHCTBEHHO MNpaBUSlbHbIM OCPedHEHUEM SBISETCS

ocpeagHeHue Kypapo-Tcannuca Eq[A(r)]EIdzA(r)pq C HEHOPMWPOBAHHbLIM

pacnpegeneHnem pq (cm. Daroczy, 1970; 3apunos, 2002, 2006). OHa obycnas-

NMBaeTCsl, B YaCTHOCTWU, TEM, YTO TONbKO 3TO pacnpeneneHne He NpuUBOAMUT K ne-
peonpeaeneHnio NOHATUA TemnepaTtypbl g-CUCTeMbl, KOTOpasi B 3TON CTaTUCTUKe

ABMSETCA UHTEHCUBHBIM NMapaMeTpoM, a He (PYHKUMOHAIIOM, Kak Mpu MHbIX onpe-
AeneHnsax B3BELLEHHOrO cpedHero (gpyrne coobpaeHuss B MNONb3y OcpeaHEeHUs
Kypago—-Tcannuca npuseaeHsl B pasgene 4 gaHHom ctatbu). bnarogaps atomy B
Teopun CroXHbIX ¢-CUCTEM He HapyliaeTca CTpykTypa JlexaHapa TepmoauHamu-

YeCKON CXeMbil.
PaccmoTpum Tenepb HEKOTOpPbLIE CBOMCTBA, BbiTeKatowwmne n3 OnpeannexHms 2.

HeHopmupoBaHHOCTb pacnpeaeneHunsa Kypapo-Tcannuca. [1ns nocTosiH-
HOM BeNUYMHbI C MMEeeM paBEHCTBO

E[C]=C j pldz . (12)

Otciona, npu C =1, cneayer uto E, [1]= @), = qudz #1, 4To 03HauaeT Aedop-

MaLuto ycrnoBusi HOpMUPOBKK (1) ¢ nokasaTenem g.

MonoXuTenbHOCTb U BbINYKNOCTb. OHTPOMNWS €CTb BELLECTBEHHbIN, HEOTPY-
LaTenbHbii 1 BbIMYKMbIA (OYHKUMOHAN C MaKCUMyMOM (MUHUMyMoM) npu g >0

(g<0).
S,(r)>0. (13)
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Sq (“1771 +a2p2)£a15q (p1)+a25q (pz), (14)

rae a;+a, =1, a;>0,a, >0. HepaseHcTBo (8) ecTb HepaBeHCTBO MeHceHa B
Teopun BbINYKIbIX PyHKUMA (XapTnu u ap., 1948).

3aKOH CIOXEeHUS MUKPOCKOMUYECKUX (pU3nYecKnx BenuuuH. [ycTb 3aKoH
CNOXEHUS1 ABYX MWUKPOCKOMUYECKMX BENUYUH ONsi HEB3aUMOAEWCTBYIOLWMX CUCTEM

BblpaxaeTcsa B BUAe cymMmbl Ay, (7, 1,) = A(1) + A, (7). Toraa, cornacHo ycno-
BMIO MYyNbTUMAMKATMBHOCTU Pqo (”1/ ”2) =P (”1 )p2 (”2) , MONyYuM Ansi CpegHux

BEJIN4YMH paBEeHCTBO.
E [Ap|=E [ A |[dzp]+E [ A, |[dzp]. (15)

Ecnn npeanonoxutb, 4To hm3nyeckme BeNUYUHbI SBMSOTCS HeanaUTUBHBIMY
cornacHo 3akoHy Aq,(#,1,)=A (1) + Ay(1,)—eA (1) A5(7,) (30ece € — no-

CTOSIHHbIN MHOXWTENb), TO NOCNe OCPeAHEHNA NMEeeM OpYyroe paBeHCTBO
E [Ap|=E[ A |[dzp]+E [ Ay |[dzp] —¢E [ A JE [ 4,]. 15)

Takum obpasom, B ctatuctuke Kypago-Tcannuca nmeet mMecto HeaganmTus-
HOCTb cpeaHuX BenuunH gaxe npu € =0 B 3aKOHE CNOXEHUS PU3NYECKMX BENMNYMH
(159).

HeapanTuBHOCTL g -3HTpoONUn AnA He3aBUCUMbIX CUCTEM. nyCTb COCTOA-

HUe C*)I/I3I/I‘-IGCKOIZ CUCTeMbl onncbiBaeTCAd COBMECTHbIM MYJIbTUMJITMKATUBHbLIM pac-

npeaenenmem Py =pipy ¢ Pip =pip(11,72). Pr=p1(1). P2=pa(r). roro-
pOo€ MOXET 3aBUCETb OT BPEMEHU, a 1; N T, OTHOCATCA K ABYM HE3ABUCUMbIM (-

cuctemam. Torga obuias SHTpoOMNuaA naéTcs BblpaXeHnem

k
S (P12)= q—_Bl (1 - J.J- Pilzdzﬂizz) ’ (16)

rae ycrnoBmMe HOPMUPOBKM

j .[ P12d21d25 = IP1d21 = I prdz, =1.



12—

Nocne noAcTaHOBKWM pacnpefeneHust py, = pypP, B (16) nmomy4um ceolicmeo

HeaddumusHocmu 8 cmamucmuke Tcasnnuca 05151 3HMPONuUU ABYX HE3aBUCUMbIX
cucTem

Sy(P12) =5, (p1)+ S, (p2) +K5' (1-9), (1), (p2). (a7

k k
()= (1=l 5, ()= 21 [tz )

Ans cnyyas n>2 He3aBMCMMbIX cucteM ¢opmyna (17) npuHumaeT Gonee
obwmn Bug
n

S (P12 )= 35, (5, )+ K5 (1-0) 55, (1,)8, () +

r=1 r=1
n—2
+k§1(1_q)2§sq(pr)sq(pn_l)sq(pn)+...+
DAY s (58 (95)...5. (9., 18
g (1=q)" S;(p1)S;(p2)--S,(P) (18)

PaBeHcTBa ans ¢ -3HTPONMUN 3aBUCUMBLIX CUCTEM. B obwem Ccnyvyae 3aBu-

CAMbIX CUCTEM UMeeM COOTHOLWUEeHNA ONnA pacrlpe,u,eneHMVl

P12 (1’1,1’2) =P (”1)Pz|1 (Vzr”1) =P2 (”2)?’1|2 (”1"’2)'

pi(n)= Idrz pa(rm) pa(n)= Idrl P2 (1172). (19)

CornacHo OCHOBHbIM akcuomam Xasppaa, Yapsat u [Hdapowwm (Havrda,
Charvat, 1967; Daroczy, 1970), o60CHOBbIBaBLUMM €OUHCTBEHHOCTb 3JHTPOMNUU
Tcannuca, MmeeT MecTo crnefyoLlee paBeHCTBO ANS SHTPONUIA 3aBUCUMbIX CUCTEM

Sq(plz):Sq(Pl)JFSq(Pz‘Pl)- (20)

YcnoBHaga aHTponua ¢ pacn egerieHnem onpependeTcd cneayrowmnm 00-
2\1

pasomM:



-13-

(pZ\l) kl[ jdzﬂ’z\l(rzfﬁ)} (21)

n eé cpegHee 3HadeHue B (20) paBHO

Sq(PZ‘Pl):Idzl 54 (PZ‘l)P?' (22)

Ecnn pz‘l = p,, To 3 (20) cnenyeT CBOWCTBO NceBaoanauTMBHOCTM (17).

Mpu peanusaunmn COCTOAHMA C pacnpeeneHnem Py NonyYnm SHTPONUK

S;(P12)=5;(p2) +5;(p1lp2). (23)

roe
kg
Sq(Pl‘P2>:J.dZZ Sq(qu)Pg’ (qu) 1{ _[dz1 Pl‘z(’ir”z)}
MpupaBHuBas BbipaxeHus (20) n (23), ntMeemM paBEHCTBO
Sq(P1)+Sq (p2‘p1):Sq <P2)+Sq(Pl‘P2)’ (24)

KOoTopoe no ¢hopme coBrnagaeT C COOTBETCTBYHOLMM PaBEHCTBOM CTaTUCTUYECKOM
moaenu bonbymana—-Inb66ca.

Mukpockonu4yeckaa aHTponusa Tcannuca. dnykrtyauuu. BeBegéM MUKPO-
ckonu4yeckyto aHTponuio (3apunos, 2001, 2004)

5(p)= —(1 - ) - (25)
Torga ons eé ocpeaHEHHOro 3HaYeHus Sq n onykTyauum Aq[sq] nMeem
k q
)=y 30| =21 {1 [ez). 26)

Ag| 54p) | =5, =S, (p)p" . (27)

Ncnonbsya (26) n (27), MOXHO MOMNy4uTb BblpaXeHue aAns (OyHKuMuM pacnpe-
aeneHna B Buge
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]}1/ (1-9)

q

T/ (1-9)

{1—8Aq[5

p(r) = (28)

[1+gsq)

3anucaHHOM Yepe3 MaKpPOCKOMUYECKYH SHTPOMMI0 CUCTEMbI U (ONYKTYyaLMio MUKPO-
CKOMMYECKON 3HTponuu (3gecb BBeAEHO 0603HayYeHne € = kl_;l(l —q)). MNpwn yuéte
YCOBWVSi HOPMUPOBKY pacnpeaeneHus p(r), us (28) BeiTekaeT crieqytoLiee cooT-

HOLLEHWE AN CPeOHEro 3Ha4YeHMs g-3HTponmu Sq

[1+ sSqT/ (1=0)_ [az{1-ea q[sq]}l/ (=)

Znig

~ (kg Agls, )
Sq—kBlnqjdzeq , (29)

NO3BONAIOLLIME HAXOAUTb ¢-3HTPONUIO Tcannmca no N3BECTHOMY 3HaYEeHUI0 rykK-

Tyaumm A[sq] MUKPOCKONUYecKon aHTponuu. MNMpu HanucaHum (29) ncnonb3oBaHbl

doopmynbl
ﬁ
ef;z[1+(1—q)x]Jr me 7 =In e’ =x.

Mpu g =1 u3 (28) n (29) cneayloT N3BECTHblE COOTHOLLIEHUST KIACCUYECKOi CTaTm-

CTUKWN.
CooTHoweHne Ana g-cpnykTyauun NponsBosibHOW BeNU4YuHbI. [Ina dnyk-

TyaLuy MUKPOCKOMNMYecKoii BenuumHbl A(r)

A [A]=A@)-E,[Ar) ]p'™ (30)
cnpaBsegnvea popmyna:

1+8Eq[A]

byl A)=1- 1+65,(p)

x{l—eAq [sq(p)}}—s[sq(p)—A}, (31)

koTopasi, npu A = sq(p), cBoauTcs kK oopmyne (26).
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HepaBeHcTBa. JHTponus Tcannuca yaooBneTBoOpsieT cneaylowuM HepaBeH-
cTBaMm:

Sq(PlZ)SSq(p1)+Sq(p2)’ Sq (PZ)ZSq(pl‘pZ);

Sq(pl)zsq(pz‘pl), (qzl); Sq( S kB 1- [sz] , (q>0);

Sq(p)zqk_B 1- {J.dz] K , (q<0); Sq(pl,pz‘p3)£5(pl‘p2), (q>0);

S, (ilp2.p3)<S(pilpa). S, (palps)<S, (Palp2)+S, (Palpr ). (920);

Sq(m\zﬂe,)sSq(m\z?z)fq(zﬂz\zﬂs)’ (21).
S,(P1p3)” Sy(Prpa) Sy(parps)

M HEKOTOpbIM APYrMM, KOTOpble paccMmaTpuBaloTcsi, Hanpumep, B o0630pax
(Taneja,1989,1995,2005).

2. OedopmupoBaHHOe KaHOHMYeCcKoe pacnpeneneHue N'Mb66ca
U TepMOoAUHaAMMNYEeCKue COOTHOLLEHUA
Ans HeaaAUTUBHbLIX CUCTEM

PaBHOBECHbIE COCTOSIHUS CMOXHbBIX -CMCTEM XapakTepusylTcs pacnpene-

NEeHnAMN, KOTOpPble HE MEHSAITCS C TedYeHnemM BpeMeHu. KaHoHu4yeckoe pacnpege-
nenune M'mbbca B ctatuctuke Kypago-Tcannmca MoxeT GbiTb ONpeaeneHo, kak u B
KIMaccuyeckoM criydae, U3 akcTpemyma (Makcumyma — npu g >1 n muHumyma - npu

q<1) g-sHTponuu
1—Idzpq

Sq(p):kBT:—kBjdz pTln, p (32)
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NPW BbIMNONHEHUN CREeaYLWNX OONOMHUTENBbHbLIX YCNOBUK: COXPAHEHUS HOPMUPOB-
kn (1) pacnpepeneHvsi BeposiTHOCTU pP(r) v MpyU 3adaHHOM 3HAYEHWUW CpenHew

3Heprum

E, =(H), =Idzqu(r)=const. (33)

3pecb dyHkuma MamunbtoHa H = H(r) 3apaétca maTemaTMyeckoil MOAENbLO
n3yvaemblx (PU3NYECKUX NPOLIECCOB B CUCTEME.

JKCcTpeMyM 3HTponuu. Cnegysa meTtoay MHOXUTenen JlarpaHxa, Hangém
6e3yCrOBHbIN AKCTPEMYM NarpaHxuaHa:

E(p)z—kBJ-dz p lnqp—B_[dz qu—kBkIdzp, (34)

raoe B u A cyTb MHOXMTenu JlarpaHxa. B cootBeTcTBUM C Teopemol JlarpaHxa

BEPOSATHOE pacnpeeneHne p, «3KCTpemusvpytoLlee» aHTponuio Tcannuca Sq(p)

NpY yKasaHHbIX OrpaHNYeHnsIX, onpeaensieTcsa n3 ycrnoBus
SE(p) = —kiql [dzp"'op—gB[ dzp” ' Hop—kyh. [ dzdp=0. (35)
q —_

OTtcloga cnegyet deghopmuposaHHoe KaHOHUYeckoe pacripedesnieHue [ubbca c na-
pameTpamu g, 3

1
p(r B =2, B) 1-k5 (1-pH(®) |7, 39)
roe
1
I-q

Z, ()= [dz| 1-k5' (1-q)BH(r) @)

— 0B60OLLEHHBIN CTAaTUCTUYECKMIA UHTErpan, onpegenaemMbii U3 ycnoBusi HOPMUPOB-
kn (1); MHoxuTenb Jlarpanxa [3 (obpaTtHaa addekTnBHasas Temnepartypa,

B=1/T) onpenenseTcs us ypaBHeHus, Mony4yaemMoro nogcraHoskou (36) B (33).
Mpw ycnoeum 1—k§1(1—q)BH >0 un g=1 u3 (36) n (37) cneayeT kaHOHUYe-
ckoe pacnpegeneHue 'mbbca
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8] gl )
p(r,T)=2"T)el ') Z(T)=[azel T (38)

AN afaUTUBHBIX CUCTEM, HaXoAsALWMXca B TepMocTate ¢ Temnepatypon T =1/,

dkcnoHeHTa Tcannuca. Pacnpenenenune (36) yqobHo npeacraBuTb B Knac-
cunyeckon goopme bonbumaHa

kg

1 { BH(r)}
pB) =2, B[ 1- K5 -gpHM | =2 Be, @) @9

BblpaXkas CToALLY0 B (39) cTeneHHyo YHKLMIO [“]1/1—11 yepe3 OedopMMpPOBaH-
HYt0 3KCMOHEHTY Tcannuca (g-3KCroHeHUManbHyo yHKLMIO), KoTopasi onpeaens-

eTcd cnegyowmum obpasom

) 0, ecaug<lux<-1/1-g;

e <[+ (-], = {[1+(1-g)x] " ecmq<lux=-1/1-g; (40

[1+(1—q)x]l qew\uq>1ux<—l/1—6],

roe BblpaXkeHue, CTosiee B KBagpaTHbIX CKOOKax, MMbo NonoXxmntensHo, Nmbo pas-
Ho Hyno, [y], =max(y,0). Ilerko nposepuTb, YTO B Npeaene g — 1 ata dyHKUMA

NMPUHMMAET CTaHOAPTHbIV BUA;

e] = lim e} = lim e} =e* (Vx). (41)

4110 1 45510 1

PaccmoTpum Gonee peTtanbHO nNpuBeOéHHOE Bbille onpeaeneHne yHKUMM

el’; . Ans g <1, akcnoHeHTa Tcannuca ucyesaet ansa X < —1/(1—g), HenpepbisHa n

MOHOTOHHO yBenuuymeaetcs ot 0 4o o0, Korga x yBenuynmBaeTcsl OT —1/(1—q) 0o
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coP. ina g>1, g-akcrnoHeHuManbHas yHKLUMS HenpepbiBHA M MOHOTOHHO YBEmnu-
ymBaetcst oT 0 o oo, koraa x yeenuumsaetcs oT —o o 1/(1—g), ocrasasics
pacxogsweiics ans x > 1/(g—1). Us rpacmkos akcrioHeHTs Tcannuca, npuseaéH-

HbIX Ha Puc. 1-4, BUgHoO, 4YTO C pOCTOM NapameTpa Aedopmaunmn g- KpuBble yHK-

X

LUK pyHKLNK eq

CMeLarTCA BBEPX.

Mcnonbaya onpegeneHns yHKUNN lnqx n ez;, MOXHO y6eauTbCs, YTO nme-

IOT MeCTO crieayrline COOTHOLLEeHUA:

In_x -x 1 _
e, " =In ep=x, ez_qze—x, lig €121, (YX;V7), (42)
q
X —qx _ .
(ef;)tZ - eilf(l_q)/a, (eq )7 €(1/q) = 1, (Vx;Vg), (43)

N COOTBETCTBEHHO AN AeddOpMMPOBaAHHOIo fnorapnugpma

—lnz_q(x_l):lnqx (x>0), ln1+qx+ln1_q(x_1)=0 (Vx;Vq), (44

X 1
lnq (?J = F(lnq X— 1nq y) (V(x,y); Vq), (45)
1 . 1 1 Vx; V 46
nq ; ——F nb]x (X, 6]), (46)
TaK e Kak
Eeq_(eq) (Vg), Elnqx—x—q (x>0; Vq). (47)

OGo6OLWEHHbIE TepMOoAMHaAMMNYEeCKUe COOTHoLweHUuA. Noactaensas pacnpe-
Aenexue (36) B (32), nony4mMm aKCTpemarbHoe 3HaueHue g-aHTponuu Tcannuca

" B cnyvae <0 cnegyeT no3aboTUTLCA O TOM, YTOGbI UCKMIOUYUTL BCE COCTOSHUS,

BEPOATHOCTb KOTOPbIX HE ABNAETCA CTPOro NONOXUTESbHON, B NPOTUBHOM Cllydae 3HTPO-

nma S q(p) OyaeT pacxoouTbCes.
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z1 9
=—2- kB 1- J.dz P
1-kp'(1- q)BH(r)
_71-q 1-
_p _kB(1 Zq )+ 5% 'PH(r) |
B(1-q) 1-k5' (1-q)BH(r)
kB(l—Zl_q) k(25711
_ q _ _B(E -
B| [dzH(r)p? + B=1) B| E,+ Y B(E,~F,). (48)
roe
ko V2o T-1 0 (&
Fq(B):_(FB]ﬁE—{FBJIHqu (49)

- TaK HasblBaemasi deghopmuposaHHass c8oboOHas aHepausi enbmeonbua, KOTo-
pasi, Kak nerko nposeputb, Npu g =1 coBnagaet co cBoGOAHON 3Hepruen agam-

TBHOI cuctembl F=—kpTInZ. 3ametum, uto ¢ y4éTom yHKLMM Fq paBHOBEC-

Hoe pacnpefeneHue (36) MoxeT BbITb 3anMcaHo B 3KBMBANEHTHOM Buae

p(r,B)= {[1 ~ kg (1= BH(M) |/ 1-k5'(1- q)BPq]}”(l_q) -

_ e{—BH(F)/kB}/ e_{BFq/kB} _ e{_BH/kB}eq{_BFq/kB} (50)
q q ’

X—y
roe X Yy=——--""—, (x6y=x-y, x6 0=x).
W gy YT
N3 (48), c yuéTtom (49), BbiTekaoT anddepeHumnarnbHble TeEpMOAUHAMUYECKME CO-
OTHOLLEHUS

oln 7  OpF
=t Fop 0o KBy g o g, TR0% T gy
GEq q q B B 799 q op op
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a5 OF o°F

9KBUBAsIEHTHbIE COOTBETCTBYHLUNMM COOTHOLLUEHUSAM KracCUYECKOW TepMogMHaMM-
kn (3gecb C g 0006LLEHHas TennoémMKoCTb).

BTopas Bapmnauusa dyHkuymoHana (34) umeet Bua:
82 = —kpg { [az[1-1-qpH"] pq_282p} . (52)

N3 (52) cnepyeT, 4TO 3KCTpeMyM COOTBETCTBYET MakCUMymMy U MUHUMYMY pac-

cmaTpvMBaemoro (yHKUMoOHana, CooTBETCTBEHHO npu g>0 (82£<0) n g<0

(827‘3 > 0). Taknm obpasom, pacnpeneneHue (44) makcumMuampyeTt Unv MUHUMU3K-

pyeT aHTponuto Tcannuca.

-1.5 -1 -0.5 0 0.5 1 ¥ 15

Puc.1. g - akcnoHeHUmanbHaa yHKUns exp, x ANA TUMNYHBIX 3HaveHun g . lMNMpwn
g>1 oHa onpeneneHa B uHTepBane (—oo,(q—l)_l); OHa pacxoguTcs, ecnu
X —> (q—l)_l. Mpun g <1 oHa onpenensetca ana Vx, n obpallaeTtcs B Hynb Ans

Bcex x<—(1—g) . B npemene x =0, exp, x ~1+x Vq(Tsallis, 2009).
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y
eg
0.8
0.6
0.4 A
q=2
0.2 {
=1
q=-1 =0 L
0 T T T
0 1 2 3 X 4

Puc.2. g - skcnoHeHumnanbHaa MyHKL1S equ(—x) ANs TUMWYHbIX 3Ha4YeHun g . MNpun

g >1 oHa obpallaeTcs B Hyrb, KaK[(q—l)x]_l/(q_l) npn x —co. Mpn g <1 oHa obpa-

LaeTcs B HyNb Npn x> (1—q)_1 (Tsallis, 2009).

—x
E‘!

0.1 1

g=-1 q=0

0.01

Puc.3. g - akcnoHeHumanbHas yHKUMS equ(—x) AN TUMUYHBIX 3Ha4YeHnn g (B log NuHen-

Hom maciTabe). OHa Bbinyknas (BorHytasi), ecnm 4 >1 (g<1). MNpn g <1oHa umeeT BepTHKarb-

Hyto acumnToTy npu x = (1— q)_l (Tsallis, 2009).
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0.01 0.1 1 10 x 100

0.1 1

g=-1 g=0 g=1

0.01

Puc.4. g - akcnoHeHumanbHas QyHKUNS equ(—x) ANA TUNWYHBIX 3HaveHu g (B log- log

macwTabe) MNpn g>1 oHa umeeT acUMNTOTUYECKUIA HakMoH paBeH —1/(1—g) (Tsallis,
20009).

PaBHOBecHass MMKpocKonu4yeckasa g-3HTponusa n cnykryaumm. Paccmor-
PUM CBA3b MeXay prykTyaumsaMm yHKLUUM FamunbToHa M MUKPOCKOMUYECKOW g -
aHTponuen. MNepenuwem paBHoBecHoOe pacnpenenenue (2.50)

p={[1-stopH )/ [1-s(apE, || 53)

B 9KBMBANIEHTHOM BUAe (3aechb &€(g) = kgl(l— g)). C y4éToM TepMOAMHaMNYECKOro

COOTHOLLIEHNS Sq :B(Eq —Fq) nony4nm

1/(1-q)
p={[1-e@BH™) ]/ [1-2@BE, +e@)5, || 59

Mocne BosseaeHusi (53) u (54) B cteneHb (1 —¢g) nocne npocTtbix npeobpasoBaHuit
1N1erko MoslyunTh crefytoLue BblpaXeHUsl Ansi PaBHOBECHOW MUKPOCKOMUYECKOI 4 -

SHTPONUU 1N eé pryKTyaunn

(55)
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5,(P) =S, (PP 7 =B (H - Eqpl‘q) , (56)
roe
k _
s = (-p™) (57)
—q

— MuKpockonuyeckasi g-aHTponusa. Mpu g=1 paseHctBo (56) naéT nM3BECTHYIO

B3aMMOCBA3b OnyKTyauMin MWUKPOCKONMYecKon aHTponun bonbumaHa-Imbbca ¢
dnykTyaunamm yHKumMmn FlammnbToHa

s(p)—E[s]=B(H-E[H]). (58)

3neck p - Knaccuueckoe KaHoHMYeckoe pacnpeaeneHue Mbbea, a s(p) = —kg Inp.

3ameTuMm, 4YTO yKTyauumn BennymH sq(p) n H B (56) coBnagatoT ¢ onpene-

neHnemM ryKTyauum npomsBosibHOM usndeckon sBenuuntbl A(r) B HeaKCTeHCHB-

HOW CTaTUCTUYECKOWN MEXAHUKE B Buae
A [A]=A-E [A]p"7 E[A]=[dzAp". (59)

CooTBeTCTBEHHO, ONA nykTyaunmn yHKUMM aMUnbTOHA U MUKPOCKOMUYECKON
SHTPONUM N UMEEM BaXXHble paBeHCTBa

Eq[AqH} :Idz{H—Eq[H]pl_q}pq -0,
E, [ A,5,] = [dz{s,(0~E,[5,(0) [p 7 }p" =0 (60)

3. bonbloe kKaHOHU4YecKoe pacnpepeneHue N'moo6ca
U TepMoaANHaMMYeCKNe COOTHOLLEHUS B -CTaTUCTUKE

PaccmoTpum Tenepb paBHOBECHOE COCTOSIHME HE3KCTEHCUBHOW MHOMOKOMIO-
HEHTHOM CUCTEMbI, OOMEHMBAIOLLENCA C OKPY>KEHNEM IHEPIMEN U YacTULaMm copTa
k (k=1,2,...,R). icnonb3ys BapuaL1oHHbIN MeTod, HaxoaMM COOTBETCTBYIoLLEe
pacrnpegeneHue. [Ina 3TOro BbIYUCAUM 3KCTPEMYM 3HTPONUU MPU 3aJaHHbIX cpel-
HeWn saHepruu

R
E, = %gfdstk(r)Nk(r)pq = const, (61)
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cpenHeMm 4ucne Yyactul k - ro copta

(NyY, =2 [dzy pIN (r) = const, (62)
N

1 NPU COXPaHEHUN HOPMUPOBKU ZIdZN p(r)=1. 3gece N (r) — 4micno vactuy
N

N
copta k caHeprueit g, ; dzy Emndqidpi.
: i=1

Wcnonbsys mHoxutenu Jlarparxa B, By, (L, — Benn4MHa, umerowas cmbicr

XMMWYECKOro noTeHumana 4actuy copta o) U t, Haxoanum 6e3ycrioBHbIN IKCTpe-
MyM (pyHKUMOHana (YASIMHEHHOM aHTponun Tcannuca)

R R
£= —kBIdz p1 In, p +Z{B2Idz e N p™+ B ZIdz N.pT- kBr_[ dz p} . (63)
N k k

N3 ycnosust 6£ = 0 nony4mm ypaBHeHMe

kBq S g-1
q—qﬁZNk(sk —w) P77 =k,
k

pelleHne KoToporo AaéT crepayllee HOPMUpPOBaHHoe g -pacnpeneneHve (6osib-
woe KaHoHu4eckoe q-pacrpedesneHue [ub6ca)

R 1/(1_’7)
p(r) =2, B, {uy }){1—k§1(1—q)BZNk(8k —uk)}
k

R
—k§1BZNk<r>[sk<r>—uk]}

= Zgl(Br {Mk }) eg{, - (64)

3a0ecb

R
{_kglﬁ%Nk(r)[sk(”)_“k]}

Z, =%IdzNeq (65)
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- cTaTucTuyeckuin uHterpan. B npegene g —1 u3 (64) cneanyet pacnpeaerneHve

anst 0606w eHHoro aHcambonsa MN'mbbca knaccnyeckom CTaTUCTUKK

R R
—kglﬁszm[sk(r)—uk]} {—kglﬁszm[ek(r)—uk]}
/ldze

p(r)= e{ ‘ k (66)

CnegyeTt OTMETUTb, YTO B Krnaccudeckon ctatuctuke Makcesenna—bonbumaHna
nepecTtaHOBKa OOMHAKOBLIX YacTul, AAa€T OOHO U TO Xe COCTOSAHME, N NO3TOMY B
cnyyae HeagauTMBHOW CTaTUCTUKU BblpaxkeHune (64) Heobxoammo nepenucaTtb B
BUae:

R
>3 exp kBN () e (1) -y ]
n n, n, Hn(x! k

R
S [dzexp, { k5 BY N () e (r) -1 ]
n n, n, Hna! k

p(r)= (67)

TepMoaMHamMMKka MHOrOKOMMOHEHTHOM HeaaAUTUMBHOW cpepabl. [loacrta-
HOBKa pacnpegeneHus (64) B (3) gaéT aKcTpemaribHoe 3HaveHue aHTponuu Tcan-
nuca

R Z;_q—l

Ecnu BBECT fepopMUpPOBaHHbLIA TEPMOANHAMUYECKUIA NOTeHUMan

1=q
_(kp)% 1 kg
Qq =—[Fj—:—(F lnq Zq’ (69)

TO BblpaxeHus (64) n (68) MOXXHO NpeacTaBuTb B BUAE:

R
{—kélﬁsz(Sk—Hk)} kB0
pirBiucp=e;  F /ei ’ }, (70)
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R
S, =P Eq—%pk(Nk>q—Qq . (71)

Mpn andpdepeHumpoBaHnn (71) MOXHO NOMYYUTb BCE COOTHOLUEHUS paBHOBECHOW
g -TepMoANHAMMKMN ANA CUCTEM C NEPEMEHHbLIM YMCIIOM YacTuLl

R
ds, =B| dE, —%uchNk) at

opQ,)
oLy

o(pe,)
B

MogyepkHEM, YTO BCE BBEAEHHbIE BbllIE MOHATUA U COOTHOLLIEHUS 0DOycnoB-
NeHbl Npoueaypon HaxoXAeHUs paBHOBECHOro pacnpefeneHusi Ha OCHOBE MPWH-
yuna [kenHca makcumyma napameTpuyeckon SHTponun Tcannmca u COXpaHsaoT
NPUMEHNUMOCTb ANA BECbMa LUMPOKOro Kpyra aHoMasibHbIX ABNIEHUI, ONMUCbIBaeMbIX
HeagOUTUBHOM CTaTUCTUYECKON MEXaHUKON.

HakoHeL, uccneays BTOpyl Bapuauuio gyHKumMoHana (63), HaxoguMm Makcu-

R
By NS

MarnbHOCTb (MUHUManbHOCTb) SHTponumn npu g >0 (828 <0)ng<0 (828 >0).

Takum o6pa3oM, BapuauUMOHHbIA MpUHLUMN [XKeHca MakcMMyma SHTPonuu
No3BONSET ONpPeaensTb PaBHOBECHbIE pacnpedeneHns u Ana g-cuctem. Mpuuém

SQKCTPEMYM paccMaTpuBaeMbIX q)yHKLI,I/IOHaJ'IOB 3aBUCUT OT 3HaKa 4mncna (.

4. TepmoaMHaMmnyeckoe paBHOBecUe ABYX HeaAAUTUBHbIX
cuctem B ctatuctuke Kypago-Tcannuca

PaCCMOTpVIM TepmMoanHamMn4eckoe paBHoBeCne NAByX HE3AaBUCUMbIX (-CUCTEM

C SHTpPONUAMMU Sq1 :Sq (pl) 7 SqZ:Sq (pz), npeacTaBnsoWmx cobor obLyto
3aMKHYTYI0O CUCTEMY C MOCTOSIHHBIMU 3HAYEHUAMWU SHTPOMUU Sq :Sq(Plz) npu

plz (1’1,1’2) = pl (Tl)pz (1"2) n SHeprunm Eq. CornacHo CBOIZCTBy HeaaaAUTUBHOCTU

(17) 3HTpOI'II/II7I B cTatuctuke Tcannuca ans SHTPONMMN OABYX HE3aBUCUMbIX CUCTEM,
SQHTPONUIO COBOKyI'IHOI?I CUCTEMbI MOXHO NepenncaTb B creayrlwiem snge.
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S, =8| 1+8Sp |+ Spp| 1881 |-28,:8,0. (73)

-1
rae kg (1-q)=¢(g)=¢.
[na HaxoXgeHna ocpeaHEHHOW JHeprum Eq COBOKYMHOW g-CUCTEeMbI BOC-

nonb3yemcsa pacnpegenenuem (53)

1/(1-9)
n(r) = {[1 ~eBH(r)]/[ 1- sBFq]} |
Mpun y4yeéTe ycnosma MynbTUNIIMKATUBHOCTU

P12 (BH) =P1 (BHl)Pz (BHZ)

noJ1iydanm paBeHCTBO AOJ14 COBOKYMNMHOIo raMmmniibTOHnMaHa gByx He3aBUCUMbIX CUCTEM
AHarnormyHoe paBeHCTBO MMEET MECTO U AJiA CBO60,D,Hb|X 3HeprVIl7I

OcpepnHeHne paBeHcTBa (74) NpuBOAMT K NCeBOOALAUTUBHOMY 3aKOHY AJIS
cpeden aHeprMm OBYX He3aBUCUMMbIX g-cucTem B ctatucTuke Kypapo-Tcannuca
(cpaBHM ¢ (15))

Eq = Eq1(1+85q2)+Eq2(1+sSq1)—gEq1Eq2. (76)

Hanee Bapbupyem (73) n (76) 1 nony4nm paBeHCTBa

83, =0=08,|1+8S,, |+8S,| 1+8S, |, (77)

8E,=0=38E,  (1-eBF, ) +3E (1~ £BF, ) +&(E13S o+ E 585 1), (78)

N3 KOTOPbIX BbITEKAET yCrioBue
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55 55 55
1 L T2)_ 22q1
1—e| BEp+Epy

q1
(79)
Ycnosue (79) yooBneTBopseTCA TOXOAECTBEHHO TONbKO NPWU BbIMOMHEHUN pa-
BEHCTBa

L %l BF  +F -
1+€S,, SE,, TTSE, || 1485, O,

851 35,
SE,; OE,,

B (80)

O3HavalLero paBeHCTBO TeMnepaTtyp ABYX HE3aBUCUMbIX CUCTEM MpU UX TENo-
BOM KOHTakTe. [MapameTp 3 sBNAETCA UHTEHCMBHOW BENNMYUHOW U UrpaeT posb 06-

paTHon Temnepatypbl B=1/T.
Ecnn g=1, 1o (53) coBnagaet ¢ kaHoHMYeckum pacnpefeneHunem M66ca

{(F-H)/kgT |

p=e¢ N 3aKOHbl KOMNO3NLMN pacCMaTpuMBaemMbIX CpeaHNX N MUKPOCKO-

nnM4yecknx Bermm4nH CTaHOBATCA agaUuTUBHbIMIA.

BaxHbIn aprymeHT B nonb3y ocpeaHeHusn Kypano-Tcannuca. HauyvHas ¢
paboTbl (Tsallis n gp.,1998), nmeeT mecTo gUCKyCCUA N0 MeToay oCcpeaHEHNA OYHK-

umn MamunbToOHA H = H(T‘) N, COOTBETCTBEHHO, MO 3aKOHY KOMMNMO3NLNN OCpe,D,HéH-

HbIX SHepFI/IIZ ABYX HE3ABUCUMbIX ¢g-CUCTEM. B ocHOBHOM npeanonaraeTcqa aganTmB-

HOCTb PYHKUMM [aMUNbTOHA
H(rl,rz):Hl(r1)+H2(r2). (81)

Torga ocpegHeHne (81) HOpMUPOBAHHBIM 3CKOPMHbLIM pacrpedeneHuem Tcannu-
ca-MeHdeca—llnacmuHo P(p)= pq/ Idz pq nNpvMBOAUT K criefytoLlemMy 3akoHy aa-

ANTUBHOCTWN OCPEOHEHHbIX SHEPrui:

E,=E +Ey, E =[dzHP, E,=[dzHpP, (i=12). (82

BapbupoBaHue SSq =0 wu SEq =0 ana 3aMkHyTOM OOLWEN CUCTEMbBI C NOCTO-

SAHHBbIMW 3HAYEHUSIMU BSHTPOMUM U SHEPrUM NPUBOAUT K paBeHcTBY (77), a Oons
OCpeaHEHHbIX 3Heprun (82) nmeemM paBeHCTBO



B utore, yunteiBas (77) n (83), nosiy4Mm COOTHOLLEHUNE

1 85q1 _ 1 85q2 (84)
-1 -1 ’
1+kg (1—(/7)5071 OE;1  1+kj (1—q)5q2 OF,»
3 KOTOPOTO BbITEKaeT PAaBEHCTBO Tak Ha3biBaeMbiX (PU3NYECKUX TeMNepaTyp
oS, 1
_ -1 9 _
Tap)=| 1+k5' (1-0)s, |T, %7 (85)

Anst 06enx He3aBUCKMMbIX CUCTEM.

Takoe nepeonpeaeneHne 3aPEKTUBHON TeMnepaTypbl B cTaTucTuke Tcannu-
ca—MeHgeca-TnacTMHO NPOTUBOPEYUT OCHOBHBLIM MPUHLUMMNAM TepPMOAMHAMMKM,
rae abcomomHasi memnepamypa T siensiemcsi UHMEHCUBHbLIM rapaMempom, a He

yHKUUOHAaNom Tph(p). Mostomy aons moaenu ¢ mepow Tcannuca eauHCTBEHHO
npaBUNbHbIM OCPEAHEHNEM, KaK ObINO y)Xe OrOBOPEHO Bbille, SABMSIETCA ocpeaHe-

HMe C HEHOpPMMPOBaHHbLIM pacnpeneneHnem p’, koTopoe, cOBCTBEHHO, U MCMOMb-
30BasoCh Mpy aKCMOMAaTUHECKOM 0GOCHOBAHMI HENOrapuMMMYECKON SHTPONUK S

B LMTUPOBaHHbIX Bblle paboTtax (Havrda, Charvat, 1967; Daroczy,1970).

5. ®Pusmnyeckasa nHpopmauusa pasnuumna Patbe—KaHHannaHa
B CTaTUMCTU4YeCKon Teopumn Tcannuca

NHdopmauusa pasnunumna Kynbbaka-Jlenbnepa B npoCcTon CTOXaCTUYECKON CU-
ceMe MOXeT OblTb 0bobLieHa Ans g-cucTembl (Tsallis, 1998; Borland n ap.,1998).

Hapsagy c aHTponuen Tcannuca kK Hanbonee CylwecTBEHHbIM CTaTUCTUYECKUM Xa-
PaKTepUCTUKaM CrOXHON AMHAMUYECKON g -CUCTEMbI OTHOCUTCA UHGhopMayusi pas-

nuquss Pambe—-KanHannana (Rathie, Kannappan, 1972), kotopasi, aBNasicb PyHK-
LnoHanom, onpegensier Mepy CctaTUCTUYECKON YyNnopsiAO4eHHOCTU B MUKPOCOCTOS-
HWSIX cUCTeMbl C pacrnpefenernem p(r,a) OTHOCUTENBLHO COCTOSIHUS C pacnpefe-

nexviem u(r,a)¥.

) MNpwn HanucaHuUn [aHHOrO pasgena aBTop onuparncs Ha MoHorpadum (3apunos,
2002; Tsallis, 2009).
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Mpeanonoxum, 4To cucTema nepexoamT OT COCTOSIHUA P(F,d) K COCTOSHMIO

u(r,a) v ctatucTuyeckme HabnAEHVs BEAYTCA OTHOCUTENbHO cocTosiHuA p(F,a).
B Teopun nHpopmaummn g-cuctem noAobHbIM Nepexos no ornpeaeneHnto Xxapakre-
puayeTt uHgopmayuro pasnudus Pambe—KaHHannaHa

(p u)= kB ( jdzpqul q)

u(r) p(r) [ u(r) [ ~1
:—kBjdzp(r){ln [P( )H kg dz ()[ q_l] , (86)

KOTOpaa XapaKTepusyet Mepy CTaTUCTUYECKON ynopAaAao4eHHOCTU B COCTOAHUAX

cuctemsl ¢ pacnpegenedvem 0 < p(r,a) < 00 OTHOCWUTENbHO COCTOSIHMS C pacrnpe-

aeneHvem 0<u(r,a)<00. B npegene g—1 u3 (86) BbiTekaeT MHdopMaLys

pasnuuus Kynobaka—llenbnepa
I(p : u) = kBjdzp ln(gj , roe Idzp(r,a): Idzu(r,a) =1.

Hanbonee BaxHble cBOMCTBa (pyHKUMOHana (2.86) nogpobHO pacCMOTPEHLI B OC-
HoBononarawwen pabote (Rathie, Kannappan, 1972), a Takke B MOHorpacpunsax
(Tsallis, 2009; 3apunos, 2010). PaccmoTpuMMm 34ecCb NUb HEKOTopble Hanbonee
Ba)KHble CBOMCTBA MHpopMaummn pasnmuma (86).

BbinyknocTtb. Hpopmauma pasnnuna ecTb BeleCTBEHHbIN, BbIMYKMbIN N MO-
NOXUTENbHBIN (OTpUUAaTeNbHbIN) (PYHKUMOHAN C MUHUMYMOM (MakCMMyMOM) npu

q> 0 (q < O). [Nokaxem aTo. [ns uncna r >0 umeem

21—1, ecau g >0,




-31-

CneposaTtenbHo, Hanpumep, ans g >0 cnpaseanuso

aa

-1
[dzp(r) )/ un] -1 > | dzp(r){l _ M} =1-1=0.
q-1 )

Takum obpasom, cnpaBeaniMBebl crneayole HepaBeHCTBa

Iq(p:u)zo, (q>0); Iq(p:u):o (q=0); Iq(p:u)sO, (q<0), (87)

T.€. BblpaxeHue (86) yaoBneTBOpPsiET TakOMy e OCHOBHOMY CBOWCTBY, YTO U CTaH-
papTtHaa aHTponusa Kynbbaka-Jlenbnepa, a NnOTOMYy MOXET MCMNONb30BaTbCs AN
Tex xe uenen. Ogako B AaHHOM cnyyae y Hac ecTb cBoboga Bbibopa napameTtpa
g, 4TO NO3BOMAET aAeKBaTHO UCCNeaoBaTb CUCTEMY, KOTOPYIO Mbl @aHaNU3npyem.

CnpaBegnuBo Takke HEpPaBEHCTBO
Iq [(”1791 + azpz) : u] < allq (p1 : u) + azlq (p2 : u) : (88)

rae ay+a, =1wn a;>0,a,>0.Mpn p=u vmeem paBeHCTBO Iq(p:p)zO. Ta-
Knm oBpasoM, MHdopmaums pasnmuns senaetTcs QyHkumen JlanyHosa.

HeapauTUBHOCTL ANA He3aBUCUMbIX cucteM. [lyCcTb COCTOsSiHME usnde-
CKOW CUCTEMbI OMUCLIBAETCA HOPMUPOBAHHBLIMU COBMECTHBIMU pacnpeaeneHnsmm

P1o (1’1, ”2) =P (rl)pz (”2) n Uy (rl,rz) =1 (r1 )u2 (1’2) npu CTaTUCTUYECKON

He3aBMCMMOCTU ABYX PU3NYecknx cmctem. MHpopmaumm pasnnymna CoOBOKYMNHOM U
OTAESbHbIX CUCTEM ONpeaensatnTCa BblpaXKeHUSIMU

k _
I, (P12 :mp)= ﬁ(l - ” dzldzzpilz’/‘}zq) )

k - k )
in) =o)Lt ). o

roe ycnosma HOpMUPOBKN MMEIOT BN

H dzidz,piy = I dz;p, = J- dz,p, =1, ” Az dzyty, = Idzlul = jdzzuz =1.
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Otcroga ona uHgopmauumn pasnuums Patbe—KaHHannaHa umeem CBOWCTBO
ncesnoagaMTUBHOCTU A8 HE3aBUCUMbIX CUCTEM

Iq(p12 :ulz):lq(p1 :u1)+lq(p2 :uz)— slq (pl :ul)lq(p2 :uz), (90)

roe napameTp €=¢g(q) = kgl(l— J) XapaKkTepusyeT CTeneHb UX HeaJANTUBHOCTM.
Mpu g =1 n3 (90) cneayeT anaAMTUBHOCTL ANst MHopmauuii pasnuymna Kynbbaka—
Ilenbnepa mogenu ¢ mepon bonbumana—Iné6ca.

Mukpockonuyeckaa nHdopmauua pasnumumsa. Pnykryaumsa. BBegém muk-
POCKOMNYECKYI0O MHCDOPMaLMIO pasnnyuns

: k _ _
zq(p:u)z—[sq(p)—sq(u)}zrlgq(pl (e q)_ (91)
Toraa drykTyauns 1 cpeaHee 3HaueH1e MeloT Bua
Ag [iq(p : ”)} =iy (pru)=Iy(p:u)p™™. (92)
k
I, (p:u)=E [ (p: u)} - —B_ ( Idzpqul q) (93)

Bbipasum nHdbopmauuo pasnuuns Yyepes nykTyauno MUKPOCKONNYECKOWN SH-

Tponun Aq [sq (u)] n aHTponuio B obwem Buae. Onsa vero nepenuwem (91) cne-

ayowmm obpasom:

iq(p:u):—{sq (p)—Sq (u)ul_q}+Aq[sq (u)} (94)

OcpegHsas (94), nonyyum BblpaxkeHue

Iq(P:u)z_[Sq(p)_S ! ]Jrfdm [Sq(”)}pq, (95)

1+kg (1-9)S , (1)
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KOTOpPOE OTNn4aeTcsl OT COOTBETCTBYHOLLEN DOPMYIbl CTaTUCTUYECKON Teopun aa-
ANTUBHbIX CUCTEM LOMOMHUTENbHBIM MHOXWUTESEM, 3aBUCSALMM OT IHTPOMUN KO-

HEYHOro COCTOSIHUSA CUCTEMBI Sq (u)

BoipaxeHune ans pnykryaumm MMKpOCKONMYECKOn nHpopmauum pasnmums Pa-
Tbe—KaHHannaHa nmeet 1A

[1-0—85[7 (u)}_l A, [iq (p : u)] = —{Aq [sq (p)}—Aq [sq (u)]}—

—J.dqu[sq(u)Jpq+elq(p:u)5q(u), (96)

roe, B oTnnymne OT COOTBETCTBYHWLIEro Bblpa)KeHnAa AOnAd agauTUBHOMN CUCTEMBI,
nMmeem AOOonoJiIHnTesrlbHoEe Criaraemoe B BuUae npoun3segeHunA I/IHCbOpMaLI,I/II/I pa3rfin-

YnA 16] (p . U) N SHTPONMnMn 56] (Ll) KOHEYHOIro COCToAHNA CUCTEMbI.

OTMeTUM, YTO MHOPMaUMa pas3nuuus, 3anucaHHas B Buge (95), nmeeT 06-
WM BUO U MOXET OblTb MUCMOMb30BaHa NpU PacCMOTPEHUN caMOOopraHM3aumm xao-
TUYECKNX HEIKCTEHCUBHBLIX CUCTEM.

HepaBeHcTBa. NHopmauna pasnmuma Patbe—KaHHannaHa ygosrieTBopsieT
HepaBeHCTBaMm

Iq(plzzulz)slq(pl:u1)+1q(p2:u2); Iq(p:u)ZI(p:u), (q>0); (97)
Iq(p:u)gl(p:u), (q<0); Iq[pl(w):ul(w)}ﬁlq(p:u). (98)
MogpobHble cBeaeHus 06 aTUX U OpPYrMx HepaBeHCTBaX MOXHO HanWTuM B o63opax

(Taneja, 1989, 2005).

HeraHnTponuiHbii npuHuMn. MycTb cpeaHee 3HayYeHne nykTyaumm MUKPO-
CKOMMYECKON SHTPOMMUK 5 (u) npu pacnpegeneHnn p yooBnNeTBOPSieT paBeHCTBY

Ey (8 [5 (0)]} =] dz[sq (4)-5, (“)Plﬂpq =

= Idzsq (u)pq —fdzsq (u)uq +&S, (u)Iq (p : u) =0, (98)

YTO NPMBOAUT, cornacHo (96), kK 3Ha4YeHUo MHpopMaLUKn pasnmyns
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|S(p) =5, (w)]

q
1+85q(u)

Iq(p:u)z— (99)

BeipaxeHue (99) Takke HenocpeacTBEHHO BblTeKaeT U3 paBeHcTsa (95).
3 (99) MmeeM COOTHOLLEHHME:

Sq(p)zsq(u)—lq(p:u)—sSq(u)Iq(p:u), (100)

rae uHdopMaumsa pasnmunsa ¢ TOYHOCTbKO A0 MHOXWUTENS npeacTaBfeHa B BuAe
oTpuUaTENbHOrO BKMaga B SHTPONUIO M MO3TOMY Ha3bIBAETCA HEraHTPOMUEN.
MpencraBum cooTHowweHne (100) Takke B crieaylowem Bmuae

1428, (p) |=| 1+28, () | 1-21, (p: ) | (102)

B obwem crniyyae BbINOMHAETCS HEMHTPONMUNHBIN NPUHLNM

Sq(p)—Sq(u)+Iq(p:u)[1+85q(uﬂ20, npu g>0; (102)
Sq(p)—Sq(u)+Iq(p:u)[1+85q(u)]<0, npu g <0. (103)

3HaK HepaBeHCTBa COOTBETCTBYET HeobOpaTuMMbIM MpoLeccam, NpoOUCXodsAWnM B
domsnyeckom cucteme.

6. dyHOaMeHTarnbHOe HepaBeHCTBO TEPMOAMHAMUKN
cbmn3nko-nHdopmaLMOHHbIX NPOLLECCOB AN §-CUCTEM

MycTb paBHOBECHAs HeagaUTMBHAsA CMCTEMA HaxoauTcs B TepMmocTaTte C TeM-
nepatypont T, =1/f,. Ans onpepeneHns paBHOBECHOrO BEPOATHOCTHOMO pac-
npeneneHns Haxoaum 6e3ycrnoBHbIV SKCTPEMYM narpaHxuaHa (34). B pesynbTate

Mony4yMM M3BECTHOE HOPMUPOBAHHOE paBHOBECHOe pacnpederieHve (36) ans He-
NPepPbIBHbLIX BEMUYMH:

Po(rBo) = 2, (Bo) 1-a(@)BH(r) |17, (104)

roe
1/(1-q)

Z,(Bo) = [ dz[1-e(q)BoH(r)] (105)
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— CTaTUCTUYECKUIN NHTErparn.
Wcnonb3ya pacnpegenenuns (104) ans Tepmoctata MOXHO HaWTU COOTBET-
CTBYIOLLYIO PaBOBECHYIO aHTponuio (cMm. (48))

kg q
Sqo=q_l(l—_[dzpo)zﬁo(qu—qu), (105)
SHEepruto

Ey= jdszg (106)
n cBoBOaHYO0 aHepruto (cp. ¢ (48))

o kB, Z; -1 Z11 =1-eBE,) (107
O__E n, q_—m (ovkyna Z, "7 =1-¢BFq) (107)

g -CMCTEMbI, HaXOAALLENCs B paBHOBECHOM COCTOsSHUKU. Ecnu npoanddepeHumnpo-
BaTb dHTponuto (105), To nonyunm crnegykoulee obobLieHNe Ha g-CUCTEMbI K3-

BECTHbIX anddepeHumanbHbiX COOTHOLWEHUA PaBHOBECHOW TEPMOANHAMUKM B 3a-
MKHYTbIX cuctemax (cp. ¢ (51)):

48, =BodEyq, d(BoFyo )= Eqod (By)- (108)

PaccMoTpyM Tenepb CNOHTaHHLIN Nepexon MeXxay NPOoU3BOSIbHbIM COCTOSIHU-

€M CUCTEMbl C pacnpeaeneHnem p=p(r,t) N ero paBHOBECHbIM COCTOAHMNEM C

pacnpeneneHvem p, =p, (r) Mogctaenasa (104) B BbipaxeHue (86) ona uHoop-

mMaumm pasnnuusa Patbe—KaHHannaHa, B pe3ynbTate nonyymm

Nk .
I= Iq(p:po)zT(l—Idzpqp(l) q)zﬁ{l—jdzpq[l—sBOH]Zg 1}:

_ _[1 ~Z7 [z + SBOZq_lEqJ . (109)
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1/(1-9)
Ecrv  uncnonbzosatb  dopmyny  pg = {[1 — 8[30H(1’):| / [1 — SBOqu]} ans

paBHOBecHoOro pacnpegenenus p, (cM. (53)), TO MOXHO MONy4uTb creayollee

Bblpa)XeHNe Ans pasHOCTU SHTPOMUIA

5, ~Sy0= %(Idng —jdz;ﬂ) - %[1+8B0 (Eqo—Fo)-Jdzp"]. @0

C yyétom (110) BbipaxeHue (109) ona nHdopmaumm pasnnums nerko npeobpaso-
BaTb K BUAY

Lk ] ]
1 (p:p0)+(S,~50)2," 1:%{1—207‘7 Hazp? +epoz,TE, +

+Z,17 [dzp? =717 10y (Eyg - qu)}} -

=7,7y(E, - Eq0)+1k_—Bq{1+qu_1 (BoF0 1)} (111)

HakoHeu, ¢ yyétom copmynbl (107) anss cBOGOAHOM 3HEPIUN BblPaXXeHME
(111) gna uHgopmaumn pasnuuna Patbe—KaHHannaHa npuHuMMaeT cregylowmnn
OKOHYaTenbHbIN BUA ANs paccMaTpmMBaeMoro criyyas:

L(p:po)= qu_l {_(Sq _Sq0)+T_1O(Eq _qu)} -
S I

coBnajaiwliee C U3BECTHbIM TEPMOAMHAMUYECKUM BbipaxeHnem (69) ans
nHpopmauum pasnnumna Kyn6aka—Jlenbnepa ans aganTUBHbLIX CUCTEM TOMBKO Mpu
g=1.

H—Teopema B cTaTucTuke Tcannuca. CpaBHI/IM 3Ha4YeHunA 3HTpOI'II/II7I AByX CO-

CTOSIHUIA CUCTEMBI C pacnpeneneHusiMm pq " pg npu ycriosumn Mb6ca, T.€. Npy oavHa-

KOBOCTU CPeOHUX SHEPrui



—37—

IdzH(r)pq = jdzH(r)pg . (113)

l-q
C yyétom ycnosus (Zq) > (0 n cBoWcTBa BbINYKNOCTU (87) MHOpMaLMK pasnu-

yna Patbe—KaHHannaHa, n3 (112) nony4mm

Iq(p:po)qu“? :_[Sq(p)—sq(po)]>0, npu g >0;

Iq(p:pO)qu_q z—[Sq (p)—Sq (pO)J<O, npu g <0. (114)

3 HepaBeHcTB (114) crnenyet o606LWwEHHan Teopema [mbbcea:

(i) g -3HTPONKMA PaBHOBECHOID COCTOSHMS MaKcMarsHa S g ( po) >S5 g ( p) npu g>0;
(if) g -3HTPOMMSA PABHOBECHOMO COCTOSHYS MUHMManbHa S, (p, )< S, (p) npu g <0.

M3 (114) Takke BbITEKAET, YTO NPU YBENUYEHUN SHTPOMUN Sq (p)—)Sq (po)

(npn g>0), nonoxutenbHast Mepa MHMOPMaLMM pas3nuuus ymeHbluaetcst. MNpu
YMEHbLUEHUN SHTPONUN Sq (p)—)Sq (po) (npn g <0), oTpuuatenbHas mepa WH-

dopmaumn (Mnu He2uHopmMmayus) aHanNoOrM4yHoO ymeHbllaeTcs. Takum obpasom, B
9TUX OBYX Cry4yasx UMeeT MeCTO YMeHbLUeHNe CTaTUCTUYECKON YNOPSA04YEHHOCTH
B MUKPOCOCTOSIHUSIX HEAKCTEHCUBHOM CUCTEMBI.

CornacHo cBoucTBY BbInyknoctn (87), uHdopmauus pasnudmna PaTtbe—
KaHHannaHa siBnseTtca 3HakoonpeaeneHHon dyHkuuen JlanyHosa. YTobbl cocTos-
HWe NOMHOro paBHOBeCKst BbINI0 YCTONYMBLIM HEOOXOAUMBI CrieayloLme HepaBeH-
crtea’

al, (p:po)Z, 7 d
LRI

dl (p:pO)Z 1 g
: dt : :_E[Sq(P)_Sq(Po)}O npn g <0. (115)

§) HanomHuMm, 4TO dbyHKUMen JlsanyHoBa AN OAHHOW CUCTEMbl HasbiBaeTCs 3HaKO-
onpeaenénHas yHKuus, koTopasi obpalwaeTcs B Hyflb B TOYKE PaBHOBECUSI CUCTEMBI.
CocTosiHMe paBHOBECUS SABMNSIETCA aTTPakTOPOM, Korga Mou3BoAHasi MO BPEMEHU OT
dyHKUMN J1anyHOBa UMeeT 3HaK, NPOTUBOMONOXHbIA 3HAKy CaMON OYHKLMN.
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Taknm obpasom, Npu CTPEMSIEHUM CUCTEMbI K PaBHOBECHOMY COCTOSHUIO BO Bpe-
MEHHOW 3BOSOUUM MHOPMAaLNA pasfinums ymeHbllaeTca. OTO CBUAETENbCTBYET
00 yMeHbLUEHMN pa3ynopsagoYeHHOCTM MUKPOCOCTOSTHUMN.

M3 (115) cnenyeTt 3akoH BoapacTaHus (ybbiBaHWs) aHTponuwu Tcannuca co
BpeEMEHEM B Hea4AUTMBHOW CTaTUCTUYECKON MEXaHUKe

ds dS
ﬂ>0 npu q>0, %<O npu q<01 (116)

dt

KOTOpbIN cripaBeasive npu nNpubnmkeHMm K COCTOSIHUIO MOJSTHOrO CTaTUCTUYECKOro
paBHoBecus ( H -teopema bonbumaHa). Takum obpaszom, NpoMcxoguT xaoTusauus
MaKpOCKOMNMNYECKOM CUCTEMbI MPU CNOHTaHHbIX Nepexonax.

PaboTta BbinonHeHa npu 4acTudHon nopaepxke [Mporpammbl lNMpesvanyma
PAH Ne 28 n rpaHta PO®I Ne 18-01-00064.
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