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BBenenue

IIpesicTaBieHns 06 SHTPONUM MHOTOJIMKHM U Be3[ecylu B COBPEMEHHOI! Hayke.

Onpedeaenus snmponuu. JUTPONMA TEPMOTMHAMUYECKON CHCTeMBI S = fd—}g- (roe @ -
nodydyeHHas cUCTeMOR 0T cpeibl Teminora, a T' — TemmepaTypa npolecca) Gblla BBejleHa B
1865 r. Pynonegom [0auycom Kaaysuycom (Clausius, 1865). B 1872 r. Jlioasur Boabuman
(Boltzmann, 1872) BBOAUT CTATUCTUYECKYIO suTpornio S = kln W (31ech W ~ BepoaTHOCTh
MaKpPOCOCTOAHMUA, OTOMIECTBIAEMAas C YUCIOM MUKDPOCOCTOAHNI CHCTEMBl NpU yCIOBUM HX
PABHOBEPOSATHOCTH, a k — KO9(p(UIHEHT IPONOPIUOHATLHOCTH, 3aBUCAIINI OT TPUHATON pas-
MepHOCTH sHTponun). Imosaita Bumnapa ['u66c 1A cTaTUCTHYECKOrO 060CHOBAHUS TEePMO-

IUHAMUKH HenoibsyeT (Gibbs, 1902) BepOATHOCTHBIE IPeACTaBIeHUA:

S=k f p(p, q) In p(p, q)dpdq

(3mech p(p,q) — IIIOTHOCTH BEPOATHOCTH pacnpefeleHus 0600MEeHHbIX KOOPAUHAT ¢ 1 MM-
MyIbCOB p B (JA30BOM IPOCTPAHCTBE CUCTEMBI, k — pasMepHbIil MHOMHUTeNE). B 1948 1. Kaon

[lennon (Shannon, 1948) npennoxua GopMyy Alf OHEHKHM HeOmpeleleHHOCTH KOJOBOH HH-

;
opManuu B KaHalax CBf3M, HasbiBaeMyto sHTponuei lllennona: 5 = —k % pi lnp;, vae p;
~ BepOATHOCTL BCTpPeYaeMOCTH CHMBOJA 1 B Kofe, cofep:maiieM N CI/IMBOleng, k — pasmep-
HBIfT MHOMuUTens. B pa6ore Anexcannpa flkosreBuda Xunuuna (1953) dopmyna [lennona
arcUoMaTUYeCKH TpUMEHAETCH [/id ONUCAHUA HeollpeleleHHOCTU CXeM B TeOPUN BepoaTHOC-

TH. B pa6orax Po6epra Mak Aprypa (McArthur, 1955) anator ¢opmyibl Hlennona nossui-

n

cH Kak Mepa GUONOrMYECKOro pasHoo6pasis SKOJOMHYECKUX COOOIIeCTB: S = — }VS 2ln 2
W =

3ech n; —UCIEHHOCTD ¢-TOM NOMyJIAnMH B coobmecTse u3 W BugoB, n'= 3 n;. Anapeit Hu-

roiaesud Konmoropo ¢ roaneramu (1956) pa3Buin BepoTHOCTHOE onpezl_elnemle SHTPONUU

S = [f(2)n f(z)dr nua opuiokeHUsa K TeOpUU HHGbOpMAIUH (f\(:zc)lsne(:b cpyHﬂum pac-

npefefeHns crydaitHoit Beanuunel ). B 1958 r. A.H.Konmoropos BBern [Ji18 AMHAMHYECKUX

clCcTeM MeTPUYEeCKYIO SHTPONUIO, nin K-3HTponuio, KoTopasd NponoplLUOHalbHA CKOPOCTH

*Pa6ora nognep#ana rpanToM Poccuitckoro ryMaHHTapHoro HayuHoro donga N 00-03-360a
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U3MEeHeHHA CTAaTUCTUUYeCKON sHTponuu bombnmana. (Xatrtyn, 1996, c.53). llo Hactosumero
MOMEHTAa NPOJONMAIOT HOABIATHCA 000011eHUA SHTponuiiHbIX dopmya. Taw, B 1970 r. An-
pu PeHbU IpenomiI Mepy Sg = k;:l‘—ﬁ—ln ﬁvjl (m)ﬁ, COBNAJAIOMYIO NpH 3HAYeHIH MapameTpa
g=1c ';)HTpOﬁHBI‘x’I [Tennona (HJII/IMOHT(;I—BI/I‘I, 1995, 6.511). AneRCéanﬁ BJIaIIHMI/Ip‘OBHq‘ Ko-
raHoB 0GOS CTATHCTHYECKOE ONpefiefeHie KOMOUHATOPHON SHTPOINHU - JoTapiudM drcia
COCTOAHMIT cHCTEeMBI - Ha NOHATHEe MaTeMaTHdeckolt Monenu (HKoranos, 2000).

[Ipumenenue sumponuu. He MeHee pazHooGpasHbl U HpUMEPbI NPUMeHEHUS TOHATHA HH-
Tpomnuu. YIeonorus Beex TaKUX NPUWIOKEHUY CBA3aHA C BKCTPeMallbHbIMU HPUHHUTAMU eC-
TeCTBO3HAHNA - BO3pacTapollee 3HaUeHUe BHTPONUN NapaMeTpu3yeT U3MeHeHUe COCTOAHUA
CUCTeM camoil pasiuyHON MpUPOIbl B Hpouecce UX “ecTecTBeHHOH” sBomonnu. CooTseT-
CTBYIOIMA NPHHIMI Pa3BUTUA IOJYYUI HasBaHMe “IPUHIUN MakcuMmyMma sHTponun”. [luna
3aKPBITHIX TepPMOJUHAMUUYECKUX CHCTEM HX DHTPONUA BO3pacTaer (“BTOpOBV Hauano” Tep-
MOAMHaMHEM ). PacnpocTpanenue “Broporo Havana” Ha Beenennyio (Franklin, 1910; Lotka,
1922; Eddington, 1958) 1 Bce mpolueccsl B Hejl NpUBENO K NPeJCTABIEHHIO 06 DHTpPONUTIHON
“cTpene ppeMeHn”. IIpuHINN MakCHMyMa SHTPONUU MPUMEHSETCH, B YaCTHOCTH, B (QU3HLKe
(Jaynes, 1957; Tribus, 1961), muursuctuxe (Maugeas6pot, 1973), swonoruu ([lpuu, 1974;
Lurie, Wagensberg, 1982), Mmatemarure (Gzyl, 1995), mexanuxe (Xazen, 1998), sRoHoMuKe 1

Hayke o kommyHuranuax (Wilson, 1970).

Hocmanoera npobaemsl. B cBsu ¢ MOHATUEM SHVTpOI’II/IH, H €ro IPUMEHeHIEeM BO3HHKAIOT
Haqublé Npo6eMbl, PelleH|I0 HeKOTOPBIX 3 KOTOPLIX NOCBAIEHA HACTOAIIAA pasoTa:

e (BA3aHbl 1M MeJy coGOH olpeneleHUs SHTPONUH, BOBHUEKLINE B Pa3IMYHBIX OG1ac-
TAX €CTEeCTBO3HAHUA, WM STH ONpejieleHis 00beIMHACT INIIb OGIHOCTh HCIONb3YeMOro B
HUX TepMUHa, IPUTIAHYBIIerocs apTopam? [[pyrHMi CIOBAMHU, CYILECTBYeT 1 eamHoe 0fiiee
npeicTaBienye 06 SHTPONIHI, NPUTOAHOE Af YaCTHBIX CydaeB, Il TePMUH “3HTpomis” -
XumMepa, 00beANHAONAA B HeCYeCTBYIOMNN 06pa3 He3aBUCHMbIe APYT OT ApyTra HpeacTan-
JeHUA U3 pasiUyHBIX NpeIMeTHbIX obnacTell HayKu?

e Kak paccynTLIBATL DHTPONMIO 1A KOHKPETHBIX CHCTEM Pa3inyuHoi npupoabi? (“...gop-
MyIHMpOBKa BTOPOro Havyaia ¢ TOUKU 3peHUA COBPEMEHHOT0 (hU3NKA IpedcTaBiIfeT coboil Cro-
pee nporpamMMy, 4eM yTBep:k[eHHe, JONycKalolee OJHO3HAUHYIO HHTEpHpeTanuio, T.K. HU
Tommncon, v Ruoaysmyc He ykasaliy TOUYHBIA peUentT, HO3BOJAIOIINI BLIDA3UThL MU3MEHeHHe
SHTPONUU HYepes HabiofaeMble Bennyunbl”, lIpuroxun, 1985, c. 93.)

e [louemy suTponuA BKCTpeMallbHa 1A TeX COCTOAHUMN, YTO pealn3yioTca B eficTBUTeNb-
HOM Mupe?

KoHCTpyKIIMA BHTPONHY

[lyTeb, Ha KOTOpOM f Gy[y MNBITATHCA OTBETUThL HA NOCTABIEHHBIE BOINPOCHI, MOMET GLIThH
Clle Iy IOIHM:

e [IpeqioxnTe 1OCTaTOUHO oblee GOpMANbHOE ONUCAHNE CHCTeM.

164




® (DopmanusoaaTb [OHATHE COCTOAHUA CUCTEMBL.

e [IpeqioxnuTh cnocob ynopaaoyeHus CoCTOAHMIA.

e [Ipem1ouThL coco6 napaMeTpu3alui yIOpAAOYeHHBIX COCTOAHUMN YucIaMu (Ha3BaB UX
HMHBAPUAHTAMY COCTOAHUIT).

e Brigenrus “makpo- 7 u “MHRpo- 7 coCTaBifIOUINe COCTOAHUA, CONOCTABUTL UHBapHaH-
Thl COCTOAHUN YHUCTY “MUKPOCOCTOAHUI, norapudm 3TOro 4ucia, B CBOIO o4epelb, MOHHO
COOTHECTH C NOHATHUEM DHTPOIUH.

o [lpenomuTs 3KcTpeManbHbIN NPUHLKI, CBA3AHHBIN C BBENEHHBLIM YIOPANOYNBaHUEM
COCTOSAHUIT CUCTEM.

Cucmema kak cmpyrmypuposanroe mHoxecmso. O6bIYHbBIN (1/1, BO3MOM#HO, €JUHCTBEHHbII)
nyTh GOPMalbHOr0 ONUCAHUA CUCTEMBI ~ 000D AAd He€ MaTeMaTHYeCKoi CTPYKRTYPhI, yaay-

HO BRCHHI/IHI/IpyIOH_Ieﬁ cogepmaTellbHble XapakTepuCTURU CUCTEMBI.

Tak, sroJornyeckoe coobiecTBO U3-0cobeil pas3iuyHbIX BULOB YACOHO ONUCLIBATE CTPYKTY POH MHO-
KECTB ¢ pasbHeHUsMH, TJe KJaacchl pazbueHus COOTBETCTBYIOT Cilaralomum coobliecTBO NONYAALHAM,
a 3JeMeHTbl MHOMKEeCTBa - OPraHu3MaM. ‘

MuomecTBOM € pasOueHMeM MOKHO ONMCATL paclpefe/enye YacTUL rasa [0 BHEPrusM UM pac-
npejelleHue CA0BOGOPM B 3a/laHHOM TEKCTe.

‘ConuanbHas Wik TAKCOHOMHWYecKas uepapxus MOTYT GhITh TPENCTAaBAeHbl KaK TeopeTHKO-MHO#e-
CTBEHHaA COBOKYIHOCTb 6y/leaHOB C OTHOUIEHHEM BRKJ/IOUEHUS MOJMHOECTB MJIM UHBIM OTHOLIEHHEeM
nopAgKka.

HMonaTHe 61M30CTH-Y 1aIEHHOCTY TOYER B HAIIEM SMIUPUYECKOM MK allpUOPHOM NPEACTABACHIH 0
IPOCTPAHCTBE ONUCLIBACTCA TONOJOTMUECKOH MaTeMaTHndyecKkol CTpyKTYpoi.

COBOKYMHOCThL COCTOAHUI aTOM& MOMHO ONHUCATh CTPYKTYpOIl ruibbepToBa NpOCTpPaAHCTBA WM
PAaBHOCHJILHBIM 00pa30M - 10/eM 6eCKOHEeUHBIX MaTpHil.

Ramezopuu smecmo muomecms. B MaTemaTke NpelomeH A3LIR A1d ONUCAHUSA TPOU3-
BOJBHBIX CTPYKTYPUPOBAHHBIX MHOMECTB - TeOpUfl KaTeropuit u ¢yHxropos. llepsad cy-
IeCTBEHHAA YepTa TeOpHUU KaTeropuii - pacCMOTpeHUe He OTHelbHOI0 MHOMEeCTBa, C KaKkoh
160 CTPYKRTYPOI, a BRIIOUEHHNE B T0J€ 3peHUA OJHOBpEMEHHO BCEX OJUHAKOBO CTPYKRTYPU-
POBAHHBIX MHOMECTB.

HanpuMmep, COBOKYIIHOCTb BCEX MHOMKECTB C PAa3GUEHUAMU WIW BCEX MHOMECTB, [UIf map
3/1eMEHTOB KOTOPBIX 3a7aHa MeTPUKA WM 3aKOH KOMIO3ULUM H T.II.

CoBOKYNIHOCTDL BCeX OAMHAKOBO CTPYKTYPUPOBAHHBIX MHOMECTB (APYTUMHU CIOBAME, MHO-
RECTB BMeCTe C 3a/[aHHOH HA HUX aKCUOMATHKON) COCTABIAET RiacC 06HEKTOR KaTeropuil.

Jpyras cyliecTBeHHeilas yepTa TeOpHUU KaTeropuil - gABHOe BRIIOUeHHe He TOJIbKO ca-
MHX €€ 00bEeKTOB, HO U BceX IpenOpa3oBaHuil, JONyCTUMBIX CTPYKTY POl oGberToB. T.e. Ta-
KUX COOTBETCTBUI M3 ONHUX CTPYKTYPUPOBAHHBIX MHOMECTB B JpyTrie CTPYRTYPUPOBAHHbIE
MHOMECTBA, KOTOpble He HApYIIaloT UX CTPYKTYPY. |

Hanpumep, nnd MHOeCTB ¢ BafaHHBLIM OTHOLIEHHEM NOPAJKA AOMYCTHMBIMU SYAYT MOHOTOHHbIE
COOTBETCTBMS, VAl MHOKECTB C 3alaHHON CTPYKTYpoll “6aM30cTH” 271€MEHTOB - TONOMOTHeH - Honyc-
THMBI HellpephiBHbIe NpeofpasoBaHuA, NepeBojdnue “Gauskue” sleMeHTbl B “Gauskue” e U T.I.

CoBORYNHOCTL JONYCTMMBIX IpeoGpa3oBaHuil (Ha A3bIKE TEOPUM KaTeropuii — Mop(us-
MOB) 3ajaHa B KaTeropuu 1A KaJol napbl 06beKToB. [Ipu 5TOM KaTeropii ¢ coBIafaloli-
MU 00beKTaMH, HO pasiuyalomUMUCca MOpGU3MaMU, CTPOTO IOBOPS, PA3iHYHbl U OINNUChIBA-

IOT pasinyalouiuec CUCTEMBI. HaanMep, CucremMy, 0 Hp806p830BaHHH COCTOAHUHN KOTO-
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poil 100YyCTUMBI IIPOU3BOJILHEIE COOTBETCTBUA, Mbl Oy/leM OTJIHUYaTh OT CUCTEMbI, [jle Te e
MHOKeCTBa [peobpa3yloTcd MWL B3aUMHO 0JHO3HayHe. [Ipomecchl, npoucxoggauiye B nep-
BOH cucTeme, borade, 4eM BO BTOPOH — B Hefl JONYCTUMBI Iepexoibl MeIy COCTOAHUAMM
C TepeMEeHHbIM YHCIOM JIeMEeHTOB, B TO BpeMs KaKk BO BTOPOH cUCTeMe YMCIO 3IeMeHTOB B
pasHbIX COCTOAHUAX OAUHAKOBO. [lna MOpU3MOB, KaKk U AIA UX IPOOGPA3OB - OTOGpaAMKeHHI,
- OIpeJelleHo “YMHO#eHHe” | coBIaalonee ¢ KOMIO3UIHeH (GyHKIUIT - HocIe 0BaTelbHbIM HX
OCYIIeCTBICHUEM.

[Ipennaraerca onuceIBaTh CHCTEMBI KATENOPUAMU, T.€. CHCTEMA — HT0 HEKOTOpas KaTero-
pust, o6bedUHAIOMmAA Kilace 06beKTOB U KiacCc MOp(PU3MOB. AKCHOMATHKAa MaTeMaTHueCKo
CTPYKTYPbI, OIpejlelfdlonasd KaTeropuio, BEIAeAfeT 3aJaHHYIO CUCTEMY CPeIU IPYTUX CUCTEM.
OOBeKThl KATETOPHU SKCINIUIUPYIOT COCTOAHUA CHCTeM, MOP(U3MBI - JOMYCTHMBIE CIOCO-
Obl mepexofa 0T ONHMX COCTOAHWH K ApyTruM. 3ameuy, UTO TeOpeTHUKO-RaTeropHoe onucanme
cucTeM He TpebyeT 06A3aTENbHON SKCINIMKAINN eCTeCTBEHHON CHCTeMbl MaTeMaThdecKoll
CTPYKTYpoiil. Bodamo#uo “KavecTBeHHOe” RaTePOpHOéOHI/IcaHI/Ie CUCTeM, T.e. HeNOCPEeJCTBEH-
HOE Mepevncienie U olnucaHlie COCTOAHUI CHCTEeMBI U BCeX MEpPeXOI0B MeM Ay COCTOAHUAMU
(MOp(HH3MOB) He Ha MATEMATHYECKOM, a Ha B;H}’TpI/I);IkI/ICL’II/IHHI/IHapHOM, cOuepmaTeﬁbHOM A3bI-
Ke. ‘ ‘

llociieoBaTenpHOe H3N0MKEHIE A3bIKA TEOPUH MHOMECTB I TEOPUY KaTeropuil CoLepHuTes
B KHUTIe, clellalbHO NOCBAMEHHON UX TPUIOMEHUAM K Teopun cucteM (Jleuu, 1982). Tam

Me CTPOro JoRasaHbl BCe YTBePHJEHNMA, HAa KOTOpbIe ollupaeTcd JaldbHellee U3JoMeHne,

Mownocmu emecmo koaudvecms. EcTh jBa crnoco6a cpaBHUTL KOIUYECTBO 3IEMEHTOB B
MHOMecTBax. [lyers Ham, K npumepy, HeOGXOIMMO BBICHUTEL, XBATUT IH CTY/IbeB JIf OKa-
3aBIIENCA B KOMHATe I'pyINbl Jofeil. Mo#HO NOACUNUTATh OTIEIBHO KOIMYeCTBO CTYNbEB, OT-
NEMBHO ~ KOAMYeCcTBO JIofell I CPaBHUTH [Ba NOLYUMBLIMXCA uncaa. MomHo JRe TIOIPOCUTD,
YTOODLI RasIBIA YeJOBEK B OAMHOYKY cel Ha ofuH cTyil. [locte Toro, kar Bee JIOAKM yCALyTCA,
Mbl, HE 3Haf HU KOJUYecTBa CTY/IbeB B KOMHATe, HU KOJIMYeCTBa JI0Jell, TeM He MeHee, TOu-
HO CMOMEM CKa3aTh, KAKOE H3 BTUX KOIMYECTB GOlblle: B 3aBUCHMOCTH OT TOTO, OCTaHyTCA
11 CBOGOJAHBIMM CTYJIbA WIKH — CTOANIMMU JIOAU. B MareMaTuKe Takoil crnocof cpaBHeHHS
MHO€eCTB Ha3bIBAETCH YCTAHOBIEHUEM COOTBETCTBUA (0TOGPAMEHNA) MesIY MHOMECTBAMH.
Bropoti ciioco6 cpapHenus KoiuuecTs 6ojlee GyHIAMEHTAIEH, YeM NepBhli: KOHCTPYRIUA YHC-

Jla JJIEMEeHTOB CTPOMTCAH Ha OCHOBE YCTAHOBJIEGHUA COQTBETCTBUN MeMm Iy MHOMecTBaMU.




=
A B

Puc.1l. Uepesnua 13 MHOMecTBa. A B MHOMecTBO B

Bymgem 3agaBaTh COOTBETCTBHE MEMH Y DIEMEHTAMU MHOMECTE crpenxkamu. Ecau u3 Kass-
JIOTO BeMeHTa MHOeCTBa A BBIXOIUT eIUHCTBEHHAA CTpelka U K d1eMeHTaM MHoecTsa B
NPUXOIUT He Golee YeM ojHa cTpenka (puc.l), To Takoe cooTBeTcTBUe U3 A B B HasniBaeTcd
nHbernueii. Korga cyuiectByeT nHbeKIUA u3 A B B (Ha Kam/JoM cTylle CUIAUT OJUH Yel0BeK,
1 HUKTO He 3aHAN HECKOJIbKO CTY/IbEB Ccpasy), Mbl FOBOPUM, UTO KOJIMYECTBO 2JIEMEHTOB B
MHOecTBe A MeHbllle WM PABHO KOMMYECTBY 3J1eMeHTOB B MHOMecTBe B. Ecnn cymectsyer
nHbeRIuA Kak 13 A B B, Tark u u3 B B A, To KOJIMYeCTBO DIEMEHTOB B 3THX MHOKECTBAX
onnHaKoBO. I[0CKOABLRY ¢ MOMOIIBIO COOTBETCTBUI MOKHO CPaBHUBAThL He TONLKO KOHEUHbIE,
HO 1M GeCKOHEYHbIe MHOMECTBA, BMECTO Te€pMUHA “OJMHAKOBOE KOJIMYECTBO 31eMeHTOB” Hc-
MOAB3YIOT TEPMUH “PABHOMOIHOCTEL” U BMECTO MOHATHUA “KOMHYECTBO 271€MeHTOB” — TepMUH
“momHocTh”. HaTypaibHble 4ncia — MOMHOCTH KOHeUHBIX MHOMECTB — CTAHOBATCA Ha3BaHy-

MU COOTBETCTBYIOIIMX KJIACCOB PABHOMOIIHLIX IPYT APYTY COBOKYIHOCTEl,

Cuaa cmpyrmyp. llpuBeny npuMepbl CTPYKTYpPUPOBAHHLIX MHOKECTB.
1) MuosecTBa ¢ pa3GueHUAMU. YKa3blBAlOTCA NPU3HAKU DIEMEHTOB MHOMKECTBA, 110 KOTO- -
PbIM UX CleJyeT CYUTATh DKBUBAJEHTHBIMU. ['PYNNbl S9KBUBATEHTHHIX 31eMEHTOB 00pa3yioT

Hellepeceralonireca Kjiaacchl, Ha KOTOpLIe pa:sﬁleaeTcH HCX0JHOEe MHOMECTBO.

Coo611ecTBO #UBBIX OPraHU3MOB, NpUHALMEMKAINUX OJHOMY MeCTOOOMTAHMIO, HApUMEp, BCe 0Co-
6u npyaa, 110 HeaoMy Habopy NpH3HAKOB PasfelAloTCs Ha HOMYJIAUMH OPraHW3MOB, NpHHAIEeHALHX
OHOMY GHOJIOrMYECKOMY BULY.

MHO?eCTBO HaTypalbHbIX YHCesa pasbuBaeTCs HA KAACChl YMCed, JAIOIUX MpU AedeHHH, HallpuMep,
Ha 3, oguHaKoBbI octaTok: N = ko U k1 U ko, rae ko = {3,6,9,12, ..}, k1 = {1,4,7,10,...} u ky =
{2,5,8,11,...}.

2) MHoMecTBO ¢ 3aKOHaMU KOMIIO3UIINH. HHH JIOOBIX ABYX 9J1eMeHTOB a 1 b TOro MHOMECTBA

onpefeieH TPeTHii sIeMeHT ¢, Ha3biBaeMbIil UX KOMIIO3UIHeil.

B MHozecTBe He/dblX uMces JJf ABYX JIOObIX 2M€MeHTOB Olpe/eleH TPeTHil — HX cyMma.
B aare6pe JorvKu ¢ By3Ha4HBIM NPOCTPAHCTBOM HCTMHHOCTH {McTHHA (1), d0#b(/1)} onpeneinen
pA 0T MUeCKUX onepaunii (3aKoHOB kKomnosunuu). Hanpumep,

Alunia Vinila
KounloHknus: 7 WU IUSBIOHKIUA: U |u
a |a|a a|u|a
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3) Merpuueckue npocrpasctsa. Jud 106X ABYX 21eMeHTOB a U b onpefeneno yucno S{a, b)
~takoe, 4o S(a,a) = 0,5(a,b) = S(b,a) u S(a,c) < S(a,b) + S(b,c).
,Z'IJ]H TOYEK (; 131 g B TpeXMepPHOM BBEHPI,HOBOM NpoCTpaHCTBe onpejeleHo
S(a,8) = /(@ — b2)* + (ay — by)* + (@, = b,)".
Jlng cTpyKRTYypUpPOBaHHBIX MHOMKECTB U3 BCEX BOBMOMHBIX COOTBETCTBHI BBIJI€NEHbI Te,

ROTODbIE COXpaHAIOT CTPYRTYPY MHOMeECTBaA. JTU COOTBETCTBUA HA3LIBAIOT MOPCIH/ISI\/[&II\/IH
CTPYKRTYPBL.
as sronoruyeckore coobuiecTBa MophUBMAMH, COXPaHAIOWMMH pasGHeHle HA BHbL, OYAYT Hpe-
06pAa30BAHIA, COCTOAIIIE B POAACHUH UM cMepTH ocoGeil. [Ipu 3THuX npeobpasoBaHHAX GHOAOIHYECKHIT
BUJ TIEPEXOAUT B ceBA. ' ; X
1 Npou3BONBHEIX MHOECTB C pa3GHeHMAMH 1O ONpeleNeHNI0 MOPOUBMAME CIIYKAT COOTBET-
CTBUSA, He IepeMelinMBalolie Kiacchl BKBMBAMCHTHBIX d1eMeHTOB. Tar, 1A OTHOWEHUA AeAMMOCTH
yncen MOPHU3MOM By IeT YncioBasd GyHKLKA, 3aKIIOUAIOMAACH B yMHOMKEHHH HA J11I060€ HATypalbHOe
YHCAO y = na (HAaIpUMep, eCl 1 U Tp UMeJH OJMHAKOBLIH OCTATOK MpU [edeHHH Ha 3, TO COOTBET-
CTBYIOUIHE y1 M Yy OYyAyT Tak#e UMeTb OAHHAKOBBIH OCTATOK).
Has sakona crokenus ueaplx uucesd MophuaMoM GyaeT, HanpuMep, peoOpasoBanue, cocTofllee B
3aMeHe 3HaKka Yucaa y = —z:a+b=c=a+ (-b) = —c.
OnHUM N3 MOP(HUBMOB METPUYECKOI CTPYKTYPhI ABIAETCH NPeobpazoBaHiie BpAIEHHA B IPOCTPaH-
CTBe, — BPAlCHUS COXPAHAIOT METPUKY IPOCTPAHCTBA.

RonuecTBeHHOE cpaBHeHVE Mem/ly COGOH HECTPYKRTYpPUPOBAHHBIX MHOMKECTB Ierko 06-
OOIUTE HA MHOMeCTBa, o6lajaomnue 0JMHAKOBLIMU CTPYKTYpamu. CTpyRTypa MHOMeCTBa
A cuuraerca ciabee CTPYKTYPLl MHOMeECTBA B, eciil cyllecTByeT HHHEKTHBHBIN MOPQU3M

cTpykTypsl u3 A B B. Hanpumep, pasbuenue muomectBa A Ha puc.2 OkasbiBaeTcH crabee
pasbuenus MHoMecTBa B. '

Kf.““"‘\». KIB

N
K} — K?
» —>e
KA, T go
A B

Puc.2. CymecTBoBaHye HHHEKTUBHOIO MOpHU3Ma
CTPYKTYPbl MHOMECTB C pasBueHUgMU
03HA4YaeT, YTO CTPYKTYpa MHOMecTBa A

ciabee, 4eM CTPYKTypa MHoxecTBa B

Taxk e, Kak cpaBHEHHe C TOMOIIBIO UHBERIHI HeCTPYRTYPHPOBAHHBIX MHOMECTB OPOHi-
flaeT TOHATHE KOMHYECTBA DIEMEHTOB B MHOMKECTBE (HaTypaibHbIe Yucaa, MOLHOCTH), TaK
1 CpaBHEHMEe CTPYKTYPHPOBAHHBIX MHOMECTB C IOMOLIBIO MOP(QUIMOB OPOMKIAET CTPYKTYp-
Hbl® YHCIa CTPYKTYPUPOBAHHBIX MHO#ECTB. Il0 KOIMYECTBY 51eMEHTOB MBI MOMKEM CpPaBHI-
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BaTh [M100bIe MHOMECTBA, Tak Kak M JIOOGLIX ABYX MHOMECTB BBINOIHAETCA NPUHUUI TPH-
XOTOMHUU: KOJIMYECTBO 31eMEeHTOB B A MeHblle, 4yeM B B; WiM KoluvecTBO 31eMEHTOB B A
Goabuie, yeM B B; Wiy KoandecTBO SIEMEHTOB B A paBHO KoJWuecTBY sieMeHTOB B B. T.e.
BCerja cymecTByeT MUHbeRIUA UK u3 A B B, unu us B B A, nnu u ra u apyras. CTpyRTypupo-
BaHHbIe MHOMKECTBA YIOPAAOYEHB! CTPYKTYPHLIMU YUCAAMH JUIIbL YaCTUYHO, — CYHU[eCTBYIOT
mapbl CTPYKRTYPUPOBAHHBEIX MHOMECTB, MAJIA KOTOPLIX HU NpAMOIL, HU 06GpaTHON WHBLEKINII,
COXpaHAIOWUX CTPYRTYPY, He cyuecTByeT. Ha puc.3 npuBeieH mpumep MHOMECTB ¢ pasbie-

HUAMU, MeKOY KOTOPBIMU HET MHBEKTHUBHLIX MOp(l)l/IBMOB.

K * . K7
K; - . K
A B

Puc.3. He cyuiecTByeT MHBEKTHBHOrO
MOp(uBMa CTPYKTY Dbl MHOMECTB

¢ pasuenunamu memay A n B

Dyurmoproe cpasnenue cmpyrmyp. YacTyyHas ynopaJoueHHOCTL CTPYKTYPHBIX YHCel 1
BO3HUKAIOWINE MOPOH TeXHHYECKHE TPYAHOCTH IPU OGHAPYMEHUH HHbEKTUBHBIX MOP(GHU3MOB
JUIH HEROTOPBIX CTPYKTYP 3aCTaBAAIOT HPONOMKUTL NOUCK My Tell KOINYeCTBEHHOTO CpaBHe-
HUA CTPYRTYPHUPOBAHHBIX MHOMeCTB. [lyTh, Ha KOTOPOM NOHCK MOT 6bl OKA3aTheA YIAUHKIM,
X0powo pa3paboTaH B MaTeMaTHKe. Peub MOeT o mpejcTaBieHUH OTHUX MaTeMaTHUeCKX
CTPYKTYD APYTHME MaTeMaTH4eCKUMY CprRTypaMI/I

CBoHlcTBa BpalileHHA reOMeTPHYECKOro MPOCTPAHCTBA MOKHO 3 (eRTHBHO H3YYaTh C NOMOMBIO
YMHOMEHUA ONpeleNleHHbIX MaTpHil.

Bea Teopus Mephl, B 4aCTHOCTH, UBMepeHHe [JMH, Ijowagei u 06"beMOB B reOMeTpHH eCThb IlIpu-
Mep KOJMYeCTBeHHOH napaMeTpU3alui, OCHOBAHHOM Ha NpefcTaBAeHHH TeOMeTPHYECKUX CTPYKTY] B
YHUC/0BRIE CTPYKTYDHI aHANN34. :

PaBHOCHAbHBIE MaTeMaTHYeCKMe ONKMCAHUA HepeAkd B (HUBHKE: COCTOAHMA aTOMa B KBAHTOBON
MeXaHHKe MOTYT ONHCBIBAThCA BEKTOPAMH GECKOHEUHOMEPHOro IMiALGepTOBa IpOCTPaHCTRA (moaxon
Ulpeanurepa) u GecKOHEYHBIMU MATPHLIAMH {noaxon PefizenGepra).

lTockonbRy NMpu KOMUYECTBEHHOM CPABHEHUH OJHHAKOBO CTPYKTYPUPOBAHHBIX MHOMECTB
Ham MPUXOAUTCA HMETh /10 He TOMbRO ¢ CAMUMU CTPYKTYPHPOBAHHBIMY MHOMECTBAMHU, HO
M B GOIBLILOI CTeneny ¢ MOpPU3IMaMU UX CTPYKTYPbI, naﬂbﬁeﬁmee U3JI0MeHne yqo6HO BecTH
Ha fI3bIKe MaTeMaTHYeCKO!I TeOpUH RaTerOpm‘?x, KOTOPBII! CIeUUATbHO NpeJHa3HaAuCH s H3-
VUeHVA COBORYITHOCTeH, Kyjla Ha paBHLIX IpaBaX BXOIAT CTPYKTYPUPOBAHHLIE MHOKECTBA 11
UX MOP(UBMBL.

DyHKTOpP — 3TO OTOGpaskeHue OfHOH KaTeropuu B APYyTYyIO, HPpU KOTOPOM OOBEKTHI Ie-

PEeXOAAT B 00BEKTHI, MOPHUIMBI — B MOPGU3MBI U 06A3aTEILHO COXpaHfeTCHd KOMIO3UILINA
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Mop Gu3MoB. DYHKRTOPhI 0KAa3bIBAIOTCA NpeACTaBleHNEM CTPYKTYP OJHOH KaTeropuu CTDYH-
TypaMmu Apyrof.

BrineneHHbie MOP(pU3MbI KAaTETOPUH MOPOMKIAIOT YIIOpALoUeHe ee 00beKToB. Tak, B pe-
ABLAYIUX ab3a1ax MBI CPABHUBAIM CTPYKTYPUPOBAHHbBIE MHOMECTBa ¢ IOMOIILIO HHBHEKTUB-
HBIX MOPhU3MOB. Ecan dpyHRTOpH\Oe npefcTaBleHe MOHOTOHHO OTHOCUTENbHO YIIOPALOYeH s
B KaTeropuax (“cTpyRTypa o6berTa A CHiIbHee CTPYKRTYphi 00bekTa B B KaTeropuu 5, Bie-
yeT “cTPyKTypa o6bexTa F(A) cunbHee CTpyKTYphl o6berTa F'(B) B kateropuu S,”, rae I
— (yHKRTOp M3 S B S3), TO MpeAbABIEHNE MOHOTOHHOTO (PyHKTOpa cCOCTaBlIfAeT (PyHKTOPHBLII
MeTOJl CpaBHEeHUA CTPYKTYp: 06 ynopajodeHurd o6bekToB A 1 B B Kakoi-1n60o KaTeropuu co
CIIOAHON U HENPUBLIYHON CTPYKTYpPOil MOMHO CyIUTh 10 YIOPAJOYEHHIO uX 06pazos F(A) u
F(B) B RaTeropuy ¢ NpocToif WK XOpOLIO H3yUeHHON CTPYKTYPOil 06BeKTOB (B IUTHPOBAH-

Hoit Beille kuUre (JleBuy, 1982) npuBeeHb! J0CTATOYHBIE yCAOBHA MOHOTOHHOCTH (GyHKTOpA).

Hreapuarnmol cmpyrxmyp. CTavgapTHBIA GYHKTOP U3 MPOU3BOMBHON KATETOPUY CTPYRTY-
PUPOBAHHBIX MHOMECTB B HaTefopmo HeCTPYKTYPUPOBAHHBIX MHOMKECTB, COMOCTABIAIONIIL
06beKTy A MHOmecTBo Beex MopdpusmoB Hom(X, A) us purcupoBannoro o6berta X B 065-
eKT A, OKa3bIBAETCHA MOHOTOHHBIM DU YNOPAJOYEHUU CTPYKTYPUPOBAHHBIX MHOMECTB HHb-
ernuAME. TakiuM 06pa3oM, eciim CTPYKTYpa o6bekTa A CHiIbHEe CTPYKTYpbl o6bexta B, T0
KOINYeCcTBO COXPaHAIOMMNX CTPYKRTYPY Npeo6pa3oBatiil Ipou3BoibHOro o6bexra X B 06bLekT
A Bonblie, yeM KOIMYeCTBO TaKHUX ke NpeoGpasoBanuii 13 ooberta X B 06bekT B. Ecin
CTPYKRTYpbl 06beKTOB A U B 0fAMHAKOBLI, TO KOMUYeCTBa Mpeobpa3oBaHMil B MHOMeCTBAX
Hom(X, A) n Hom(X, B) pasusl. [losTomy ducio npeoGpasosanuii B MuosecTBe Hom(X, 4)
YI0OHO HA3BaTL HHBAPMAHTOM CTPYKTYDHI 06berTa A OTHOCHTENBHO 06bekTa X U 0603Ha-
uuth 1% (A). ‘ ) |

Eciu cTpyRTYpHpPOBAHHbIE 06HEKTBI CPABHUMBI, TO UX MHBAPUAHTDI YIOPALOUEHD] TaK e,
Rak 00bERThI. OJIHAKO MbI 3HAEM, YTO CTPYKTYpPUPOBAaHHBIE MHOMECTBA MOIYT OKa3aThCsl He-
cpaBHUMBIMU. B 5TOM cilyyae MosKeT GbITh [ONE3HBIM NPUHIUI IPOJONMEHUS YIIOPAL0UeH A
CTPYRTYD 110 YIOPALOYEHNIO X HHBADHAHTOB: CTPYKTYpa 00BberTa A momaraeTcs cuiibHee
(orHOCUTENBHO 06BerTa X) CTPYKTYphl 06bekTa B, ecan [*(A) > IX(B).

OyHKRTOpPHOE cpaBHEHUE CTPYKTYP MOMHO pacCMaTpUBaTh Kak faidbHeiillee o6o6lIeHMe
HOHATHA KOMMYECTBA: OT KONMYECTBA DIEMEHTOB GeCCTPYKTYPHBIX MHOMECTB (3a1aBaeMoro
CpaBHEHNEM MHOMECTB C IOMOIIbIO HHBEKIUIT) depe3 CTPYKTYpHbIe YNcila CTPYKTYPUPOBaH-
HBIX MHOMECTB (3a/laBaeMble CpaBHEHHEM MHOMKECTB ¢ OMOIILIO HHBEKTHBHBIX MOP(H3MOB
CTPYKTYDP) K YMCIOBBIM MHBApHAHTAM CTPYKTYp. [l0-BUAMMOMY, TpUBEeHHbIe KOHCTPYKIHNU
~ He eIMHCTBEHHBII My Th 0600LeHNs NpecTaBieHnil 0 KoanyecTBe. BoaMosen myTh moucka
VHBIX QYHKTOPOB B KATETOPUIO MHOMECTB, MM BLIOOP HHON IapaMeTpu3upy iotleii KaTeropun
BMeCTO KaTeropiuyl MHOMECTB, UIU BLIGOP BMECTO HHBERLHT JPYTUX ClenUalbHbIX MOP(U3-
MOB /I CDaBHEHUA 06LEKTOB B MCXOMHOH RaTeropuu (1 COOTBETCTBEHHO — HHOTO (yHKTOpA
B IapaMeTPU3HPYIOMYIO KaTerOpUio) 1 T.[.

lIpuBeny npumep cpaBHeHMs CTPYKTYD C NOMOIM[bIO MHBAPHAHTOB. PaccMOTpUM CTpyk-
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TYypy MHOMKECTB C pasbueHusiMU. JonyCcTUMBIMU Cy:KaT MOPGU3MEIL, IepeBOAAliue Kak bl
KJace paséueHnA 0JHOT0 MHOMeCTBa LeIMKOM B OnpefieneHbIH eAUHCTBEHHbIH Kilace Apyroro
muoxecTsa. Ecan K7 — wunace ¢ pasbuenuns Muosectsa X, At() KJIacc pasbueHs MHOKeCTBA

4 B P{()TOprI/I [epexoauT Kjaacc Z TO 061uee KOJIN4YeCcTBO MOprI/ISMOB eCThb

)= T (1)

Eciu Mo 3(1)1431\/[131 Halpumep, OTOGpa}KeHHH v B Kjaacce [; comepRuTca n; BIeMeHTOB, TO

H nt(z

Ecan gonycTUMBIMU ABIAIOTCA He 0T06pamel~mg Kjlacca B Kiacc, a Kakue-miu6o Npou3Boiib-
HbIe COOTBETCTBUA U3 Kilacca B Kiace, TO popMyJia HHBApHaHTa COXpanAeT BilJl NPOU3BeIeHNA
Mo KjaccaM ¢ U3MEHeHHBIMU COMHOMKUTENAMU. B Tabiule npusegeHsl (hopMyiasl AIA COMHO-
MuTeNel IPU BCeX BO3ZMOMHbBIX KOMOUHANMAX KAHOHUUYECKUX CBOHCTB COOTBETCTBUII.

3ameuy, 4YTO HHBAPUAHTLI MHOTHX (a MOeT GbITh, U HpOHSBOJIth[X) MaTeMaTUYeCRIX

CTPYKTYP BhIPazkaloTCA Yepe3 acCONUNPOBAHHEIE C 3THMH CTPYKRTYPaMI pasﬁmemm HO2TOMY
UX UHBapUaHThl UMEIOT XapaHTepHBIH BUJ MIPOU3BE/CHNA UHBAPHAHTOB OTAENBHBIX KIACCOB

pa3tuenus.
Tabauna

RonnyectBo coorBeTcTBUiT M3 MHOMecTBa X (C KOIMYeCTBOM 3/]eMEeHTOB 1) B
MHOMeCTBO A (c KOIMYeCTBOM 3/1EMEHTOB a). Ck 03HayaeT MHomecTBO (' ¢ KOIU-
YeCcTBOM JJEMEHTOB B HeM k. HusKHYUe MHOeKChl 03HAYalOT, YTO MOJCYHUThLIBAETCH
KOJIMYECTBO COOTBETCTBHIl, 061aJal0MUX TeMU cBoiicTBaMu, 0003HAUEHUA KOTO-
PbIX BOLUIN B HHOAEKCHI:

p — BCIOJY onpejelieHHble COOTBETCTBUA;
/ — dyHKUHOHaNbHbIE COOTBETCTBUA;
i — UHbeKTHUBHbBIE COOTBeTCTBnH;

S — CHOP'b€eKTHBHbIE COOTBETCTBHA.

HEEE =5 (). (¢

X s a_ 1\X X A) = S
[Y(A) = (2* - 1) 17:4) = = (3) (7)x!
[X(4) = (a+ 1) IX(A) = 2°
]X ) — (9T _. a X ¢ . 2 1
YA =@ -1 LAy = 3% ( )( (@~ k)
I¥(4) = (z + 1) I (4) = 2%
1X(A) = a® IX(A) = 2
A= 2 BP0 5 = £ (-1
[;S(A) - k=0 ( >[Pfs(0k) Igjfsz(A) = z!




* T — MHOKECTBO BCEeBO3MOMKHBIX MOKPBITHI MHOMmecTBa A
A

Iumponus cucmem. BepHeMca K NOHATHIO HHBAPUAHTA CTPYKTYP U OTMETHUM J[Ba 06CTOA-
TeabeTBa. [lepBoe, eciiy 3ajaHa KaTeropus CTPYKTYPUPOBAHHBIX MHOMECTB, TO HHBAPHAHT
I (A) obberta A 3 Q umeer cMbicl Koimnyectsa Mopdusmos B Hom(X, A). Ipyrumu cio-
BaMHU, [g(A) €CTh KOJIMYECTBO TAKUX NPeoOpasoBaHuil CTPYKRTYPUPOBAHHOIO MHOMECTBA X
B CTPYKTYPHUPOBAHHOE MHOMECTBO A, UTO OHU COXpAaHAIOT 3ajlaBaeMylo KaTeropueil () gis
CBOMX 00BEKTOB CTPYKTYpY. lIpeoGpazoBanua u3 X B A MOMHO paccMaTpuBaTh, Kak I0IyC-
TUMBbIe CTPYKRTYpPOH CUCTeMbl cocobbl MOMYUYUThL cocToAHUe A U3 cocTogHuA X, a Ig}' (A) B
TAKOM Cllydae eCTh YHCIO0 TaKUX CIOCOGOB. B cTaTHCTHYECKOM (pu3HKe coco6bl Tpeodpa3ona-
" HUA COCTOSIHUIT, KOTOPBIE He MEHAIOT 5TO COCTOfIHUE, 06BIUHO HA3bIBAIOT MUKDPOCOCTOAHUAMU
(mompasymepaeMelil Ipu TOM 06pa3: BeIA€/NeHHbI 06beM rasa, COCTOALIErO U3 MOJIERYl, B
KOTOPOM JIONYCTUMbI TIepe0Bo3HaueHus, IepeCTAHOBKY U ApyTrue NpeofpasoBaHusA MOIERYI,
He MeHAIOIKe JaBileHne, TeMIepaTypy U BeIUYUHy BblAeleHHOro o6beMa). TaruM o6pas3om,
NOHATHE HHBAPHAHTA COCTOAHUSA CUCTEMBI MOMHO MHTEPIPETHPOBATE KaK NMPUCYIIee 3TOMY
COCTOAHUIO YUCI0 MUKPOCOCTOAHUII, , ,

1 Bropoe, uncio npeo6pasoBaHuil MOp(U3IMOB Ig (A) 3aBHCHUT Kak OT 4HC/Ia DIEMeHTOB
B MHotecTBaXx X M A, Tak M OT THUIla CTPYKTYPHI, 3aJaHHOI HA 3THUX MHOMecTBax. UTo-
Obl UCKIIOYUTEL 3aBUCHUMOCTL OT YHC/Ia BIEMEHTOB, COXPAHUB 3aBUCUMOCTL OT CTPYKTYDHI,

IX(A
Clle/lyeT pacCMOTPeTh YelbHbIH MHBAPUAHT IJ}E—A& rae ]—)5 (A) — UHBapWaHT TeX e 10 MOl

HOCTU MHOMeCTB X U A, HO B KaTeropuu () “6eCCprRTypme MHOKECTB, T.€. MHOKECTB
co “cTepToi” CTPYRTYpOH KaTeropuu Q.

YauThiBas 1Ba CleaHHBIX 3aMeUaHiid, BBefeM BeluulHy

X
[é(A) IX(A)

= —log —5%—.
[Q (A) [Q(A)

H*(A) = log =%

CMbic ee — jorapudmM yaelbHOro 4uciaa npeoGpaQOBaéHﬁ ’COCTOHHI/IH X B cocroanue A,
WM y[eIbHOro 4Yucja Croco00B monydyeHus coctognua A u3 X (MHOrj[a Takoe 4Hclo CIo-
COBOB OTOH1ECTBIAIOT C BEPOATHOCTLIO 06PA30BAHMUS COCTOAHMA). YRa3aHHbIe UHTEPIpeTa-
UMK ONPaB/bIBAIOT YNOTpeGieHue 1 Beanuunbl HX (A) TepMuna “sHTPONNA COCTOAHUA A
OTHOCHTEILHO cocToAHUA X7 110 aHaIOT WU ¢ GONbIMAHOBCKHUM MOAXOI0M K ONpeeleHiio HH-
TPOTIUH. '

Rar yse ropopuioch, MHBapuaHThl MHOTHX (€CIH He BCEeX) MATEMATHYECKHUX CTPYKTYP
BbIpa#aloTCA Yepe3 UHBAPMAHTBI aCCONMMPOBAHHBIX CO CTPYKTYpaMul pastuenuit. Uupapuan-
Thl MHORECTB ¢ pa3OUeHUMH MYJIbTUILIMKATUBHLI OTHOCUTENbHO HHBAPUAHTOB KaMI0I0 U3
KJIaccoB pa3tHeHust, II03TOMY JorapudMbl UHBAPHAHTOB, BXOAALLYE B SHTPONMIO, a/IUTHBHI
1 MMeIOT XapaKkTepHbIl “aHTponueoOpasHbIi” BUJL CyMM 10 KiIaccaM pas3bueHus.

QopMyIBl 1if SHTPONMU MOYYAIOTCA BHE KAKUX-IMO0 CTATHCTHYECKUX HpELIIIOLbIJI()}\
Hanpuwmep, ecan ponyctumbie MophHU3MbI €CTh 0TOGPAMEHN, TO cpopijﬂa
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. nx W i
H* (A) :log#ij—:nx (fZMlogM)7

=1 nx na

rue ny = ‘Z‘ nix Ung = i ni4, CIPABeAINBa MPU JIOBIX, NYCTh CAMbIX Manbix, n. Beejs
pi = ni/nl_ul HpeﬂCTaBHHFZ—}llaﬁop BeJIUYMH p;, ¢ = 1,w Kak QYHRIHUIO paclpeneneHus s
COCTOAHNA A, MOKHO BBECTH BEPOATHOCTHYIO MHTEPIpeTanuio SHTPONUH.

PaccmoTpuM elne IBa TOTKOBAHUA BBOIUMON (GOPMYJIHI:

1) urponus H* (A) MomeT paccMaTpUBaTLCA KaK Mepa “CTpYKTYPUPOBAHHOCTH” COCTO-

AHUA A (OTHOCHTENLHO coCTOAHUA X ), UM — Mepa OTKIOHEHHUS, ©

YIAIEHHOCTH CTPYKTYPbl
cocToAHNA A oT ero 6ecCTpyKTYPHOT0 aHaJIOTa. R » ,

2) B popmyie sHTponuu sHaMeHaTelb Ig(A) ecTb MHBapDHAHT CTPYKTYPHPOBAHHOTO MHO-
mecrBa A. HepapeHcTBO Ig (A) < Ig,(B)‘ O3Ha4aeT, YTO CTPYKTypa MHomecTBa A ciabGee
(mo orHoOmeHMIO K 06BeRTY X) CTPYKTYpbl MHOMECTBA B B CMbICIe OTHOLIEHUS NOPALKA
“cuna ctpyrtyp”. IlycTh mns COCTOSIHUM cicTeMbl A 1 B uncanTenn [5 B (hopMyiie 3HTPO-
MUK OJIMHAKOBBI, T.€. COCTOAHMA A U B ABIAIOTCA PasiUYHLIMU pealu3alusiMi HeROTOPOI
CTPYKTYPhl HA OQMHAKOBBLIX MO MOIIHOCTHU 6a30BLIX MHOMECTBAX, HAPUMED, pasindHbIMU
pasbueHuAMHU OTHOTO 1/1 TOrO #e MHOReCcTBa WU I'pynnamMu, paBHOMOUIHBIMHU KaK MHOMeCT-
Ba. Torga MakcUMyM SHTPONMHU U pealbHOe COCTOAHHUE COOTBETCTBYIOT MUHUMAILHOMY (110
“cuiie CTPYKTYP”) COCTOAHUIO cHCTeMbl. Takum 06pasoM, SHTPONNA UIPaeT TY He Poib, YTO
1 HHBApUAHTBI MaTeMaTHYeCKUX CTPYRTYP, YIOPALOUMBAA CAMU CTPYRTYPhI K ONMChIBAEMble
MaTeMaTHYeCKIMH CTPYKTYPaMH COCTOfIHUA €CTECTBEHHBIX CHCTEM.

B cuiy npuBeeHHbIX BBIIIE JOBONOB, SKCTPEMATbHOCTE SHTPONUN MOMHO UHTEPIPEeTHpO-
BaTh KAk DKCTPEMAILHOCTh CTPYKTY PbI ONMCHIBAEGMOrO €10 COCTOAHNA, 8 IPUHIHI MAKCUMY Ma
SHTPOIMY — KaK IPUHINI peannu3aliy COCTOAHMA CUCTEMBI C BKCTPEMAIBHON CTPYRTY PO,

Onpepelneniie SHTPONMH MMEHHO Yepe3 yIelbHbIl HHBADUAHT CTPYKTYPhI — AaHb Tpali-
UUM BBOAUTH HOPMUPOBAHHBIE HA OMIMH BJIEMEHT CHCTeMbl KOJMuecTBa HH(GOPMAIHH, Pa3HO-
ofpasuf u T.m. Bosmommuo, Goiee nocnefoBaTelbHBIM B BLIGDAHHOM INOAXOe GbLIO Gbl HC-
N0Ab30BaHHE “HeyIeilbHOr0” WHBAPUAHTA CTPYKTYPHI, T.e. BBEJEHHE SHTPONUN MPOCTO Kak
norapudma KoJIuYyecTsa JOINYCTUMBIX CTPYKTYPOH CHCTEMBI ﬁpeoﬁpaBOBaHuﬁ. Taras sHTpO-
1A COXpaHfAeT CBOMCTBA caMOro MHBapUaHTAa: OHA OAMHAKOBA M COCTOAHUIT ¢ OAMHAKOBBIMU
[0 cujie CTPYKRTYpaMu U Golibilie JJIfl TeX COCTOAHUIL, CTPYKTYPa KOTOPEIX CHILHEe, a Takke
BHTPONNUA ONpejieNeHa i BCeX COCTOARMUHN CHCTEMBI, T.e. OHa 0606LIaeT NOHATHE “KOMIYeCTBO
DIIEMEHTOB GECCTPYKTYPHBIX MHOMECTB” Ha MHOMECTBA CO chyRTyp'oﬁ. I srCcTpemanbHbIi
NPUHIUT “MaKCUMyMa SHTPOINK” NPUOGpeTaeT CMBIC] MaKCUMAalbHON SKCIAHCHN CHCTEM.

OtnenbHoro ofcymjieHuA TpeGyeT “OTHOCHTeNLHOCTDL” BBEJIeHHOI0 NMOHATUA HTPOINH,
T.€. POIlb COCTOAHMA X, OTHOCHTENBHO KOTOPOro BhIYHCIAeTCH sHTponua HX(A) COCTOSIHUA
A. TpaIuUNOHHbI, He CBA3AHHBIN C BHLIGIEHHBIM COCTOAHMEM X, BI SHTPOINHI HONYYUTCH
pH pacyere NHBAPHAHTOB COCTOAHUA A OTHOCHTENLHO caMoro cebsi: H(A) = HA(A).
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CraTHcTUYeCKUe, BEpOSITHOCTHLIE U CBA3aHHbIE ¢ MH(pOPMaLuell Wiu pasHooOpasueM onpe-
feneHys SHTPOIMHE MO#HO CUNTATh YaCTHBIMU pealusaliiMy ee GyHKTOPHOTO OTpeeleHu .
CBA3b ke TepMOAUHAMUYECKOr0 onpeneneﬂm SHTPOIUHU CO CTATUCTUUECKUMU JEMOHCTPHPY -
eTcHd pelleHleM BapuallllOHHOM 3ajauyd Ha MAKCHMYM CTATHCTHYECKOH BHTPOMMHU C OTpaH-
JeHWUAMU Ha NOTydYaeMblil IOTOK TemIoThl. AGCOMIOTHAS TeMIepaTypa MpH 3TOM OKa3blBaeTcs

BeJIUYNUHON, O6paTHON K COOTBETCTBYIOUIEMY MHOMRUTeNIO Jlarpan:xa.

3arkJiodyeHue

B 3aBUCHMOCTH OT 06J1aCTH NPUIOKEHHA SHTPONUIHOTO MOAX0a BOBHUKAIOT CAMbIE Pa3HO06-
pasHbIe TOJKOBAaHWA DHTPONUU — Kak Mepsl HeonpejpereHnoctd (Tpaibyc, 1970); mepsr “He-
3HAHUA” MCTHHHOTO MHKPOCOCTOSHUSA CUCTEMBI, HAXOAIIeficA B U3BECTHOM MaRpOCOCTOSHIY
(Gell-Mann, 1994); Mepbl nopanka-Geclopska, CIOMKHOCTH U opranusoBaHHocTu (Xafityn,
1996); meps! HeTouHOCTH KOHTpOIA Haj yactuuamu (I'y6un, 1997); a Takme KAk Pa3HOBU[I-
HOCTH (DyHKIIMOHANA JEHCTBUA B raMUJIbTOHOBON MexaHUKe (Xazen, 1998). ;

[logo6ubIE MHTepﬁpeTauHM KamyTcAd MHe BTOPUYHBLIMU 10 OTHOIIEHHUIO K TOM, KOTOPYIO
BraagbiBan B TepMun “surponua” P.0.RKaaysuyce (Clausius, 1865), nepeBoas ¢ rpedeckoro
Tpown Kak “npeBpalenye”, WiK, UMesl B BUAY POJIb BTOPOTO 3aKOHA TePMOANHAMURY [Lifl pas-
BUTHA Mupa, Kar “spontonuio”. IlpoucxomeHue sSHTPONUM U3 PACCMOTPEHUA JOMYCTUMbIX
CUCTeMolt Tpeo6pa3oBaHuil COXpaHAIOT 3Ty TPaguLUIo. ’

B nocaegyomux cTaTbAX 0 POIU BHTpOﬁI/II/I A X0Tel Gbl pPACKPLITL BO3MOKHOCTH PUIIOHE-
HUA 0603HAYEHHOTO0 MOAX01a K SHTPONMHAHON NapaMeTpu3aliiy BpeMeHl, K HHTepIpeTaluiM
H-teopembl Bonblumana, K 06061eHNI0 TeopeMbl ['166ca o ayanusMe Memay TpeOoBaHUAMU
MaKCHMyMa SHTPOINMN W MUHMMYMa SHepPruy CUCTeM, K paspelleHuio IPOTHBOP €N MEHKAY
ferpagauiioHHbIMU U IIPOrPECCHBUCTCKUMU cleAcTBAAMY (" HUCXOAAmMNI” 1 ”Bocxoasmi”
THUMBI HBOTIONUOHHLIX CHCTEM) MpUMeHeHHA NPUHINIA MaKkcUMyMa SHTponun (AplIaBckui,
1982; WBanos, 1999). Takse X0Ten0Ch GbI MPHUBECTH MPUMEPDI NPUIOHKEHUA TP EAI0REHHOTO
dopManu3Ma K ONUCAHUIO PEalbHBIX CHCTEM. '
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