I'masa 9

'HEPABHOBECHAI TEPMOJMHAMHMKA B BHOJIOTNHA

§ 9.4. Uadopmanua u snTponus

Usyuan cTpyKTYpy M CBolicrBa OHOmOIMMEpOB, MBI IO CHX IOp,
KaK OpPABMIO, OTrPAHMUYMBAJIHChL PACCMOTDEHMEM PABHOBECHBIX CO-
croarnii. Iloka pewsn mmer o roTopoii CTPYKType, 3To 3akomuo. Ho
BO3HMKHOBEHHE CTPYKTYDBI, T. €. GmOcHHTe3 m caMocGopKa, ABIAeT-
€A COBOKYIHOCTHK) HEPABHOBECHHIX IIPOLECCOB, NPOTEKAMUX Heol-
paruMo. Tem Gomee »T0 oTHOCHTCA K (JyHKIMOHMPOBAHHIO GHOJIOTH-
YECKOH CHMCTeMBl KAk I{eJ0ro, K NPOIECCaM HBONOIHOHHOIO W HH-
JUBUAYAJBHOTO pPAa3BHUTHA.

Hak ™Mbl Bmiexnm, opranmaM IpeActraBiaser coGoit CBoero poja
XNMHUYECKY0 MalWHYy, KOoTopas paGoraer Gmaarofapa NpSMBIM u 00-
PaTHBIM MOJEKYJAPHBIM cBA3AM. MoneKymApHAs CHrHAIU3ANHA CIY-
WUT YIS mepenaun uH@OPMANHOHHEIX coobmennii. CooTBETCTBEHHO
obmas ¢usnvuecKas TPAKTOBKa OHOMOTHYGCKHX CHCTEM OCHOBLIBAGT-
ca ma Teopuu mudopManyu, ¢ KOTOpOil HEPA3PBIBHO CBA3AHA TEPMO-
JHHAMHAKA.

Teopus ungopmayuu BBOIUT Mepy koauvecrea ungopmayuu. o-
OycTEM, uTo mMeeTcd P, pasnwyHbIX paBHOBepOATHLIX cobnThit. Tax,
npu Gpocanum Momersl P, =2, nipu Opocanum Koctu P,=06. Uem
Gonvme P, Tem Gosbiie HEoNpeAEJeHHOCTH [0 IOJYdYeHHA Coolme-
aug 0 coObiTum u teMm Gonbme Kojguuectso undopmanum (maiee Ha-
spiBaeMoe npocro uudopmanueid) npm noaydenmu coobmenna. B ma-
YaALHOM cuTyanMu, no0 OpocaHusa MoOmeTH WiIM Koctd, undopmanns
pasua nyao, [, =0, B koweunoit curyamum I, 0. Ouesumuo, wro
Mepa mudopManEn MOKEA GuITh casana ¢ P, Ecrecrsemno motpe-
Gosars, uroGni mEdoOpManuA OpUIa aIJATABHONH [NA HE3ABHCHMBIX
cobbrtuit (craskeM, mpu Gpocamun OBYX Kocreit).

Taxnm obpasom, ecnim wmeTCA NBa Habopa cobuituit Py, u Py,
TaK 9TO IOIHOE YHCI0 COOBITHH eCTh

P, = Py,.P,, (9.1)
(opu 6pocannm gBYX Kocreit 36 =6 - 6), To HomKHO GBHITH
1(PoiPu) =1 (Po)+ I (Pss). 9.2)
OT0 COOTHOmEHHE YNOBIETBOPAETCA EIWHCTBEHHKLIM pemeHHeM
I=Kln P, (9.3
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npugeM kKoncranra K mpoussonpna. Tem camsiM IIPOHM3BOJALHO ¥ OC-
HoaHue Jorapudma. OOLIYHO NONB3YIOTCA [BOMXHON cHCTEMON ¢
ocuopanveM 2. Ecau o6pasoBaTh Bce BO3MOMKHEIE «CIOBA» WM MO~
caegoBareabuoctTr OByX umcen O m 1 jummst n/,/ 10 umeerca P =27
soamosknocreit. llorpebyem, urobbl

lsKlnP=Kn1n2=ﬁ, (9.4)

1. 6.
K=1/In2=log, e (9.3)

. S
\ N =10gz P. (96)3l

IIpn stom undopmanua mcumucaserca B Ourax. Tak, mpu P, =2,
P, =1 (Gpocanwme Mouners)

]=10gzpo_logzpi=1.‘0=1 6I'IT.

Cronbko GWT cofepKuT mpoussoabmoe Tpexsmadnoe uucxo? Ilepsas
xudgpa wnmeer 9 pasamunnix 3mauvenuii —or 1 mo 9, BTOpam  u
Tperba — mo 10 saagennit — or 0 go 9. Umeem

I =1log.9 + 2log. 10 = 9,28 Gur.

Ilpunsaroe onpefemenne uH@OPMANMN COOTBETCTBYET NBOWYHOH CH-
creMe, B KOTopo#t mio0oe 4uMcao 3amuchiBaeTcsas B Buje cTememed uuc-
na 2 wocpencrom mudp O m 1. Opua jgecArwymas eJumUNa jAaeT
3,32 6ur, T. e. gBOMNHAMA 3AMUCH YMCIA TPEOYeT B cpennem B 3,32 pa-
3a Gombmie nudp, 4eM gecATHIHAL.

Honycrum, wro mMeerca cooblmenne, cojepamee N nocaenosa-
TeNILHBIX AuYeeK,— TexcT u3 N Oyks. B rampoit us N sgueex MmowKer
Haxonurbes oxna w3 M Oyks (B pyccrom favike M =32). B coob-
mennn copepEntea Ny 6yxs A, N, 6yks b u 1. 1. VUmMeem

M
N =23 N, (9.7)
j=1
BeposaTtrocts mosipienus TanHON 0yHBbI
=Ny/N, j=1,2,.., M, (9.8)
npuyeM
M
X p=1 (9.9)
=1

O6mee uncmo pasmwumbix mocjienoBatenbrocreii nza N Gyks M-Oyk-
BEeHHOI0 M3LIKA, T. €. YHCI0 BO3MOMKHBIX pasiUuYHBIX COO0LUeHMIA,
pPaBHO

p=_MN_

M L 2
H N;

=1

(9.10)

Vndopmanus B ogHoM coofmennm paBma (Todb3yemcsa (opmyioi
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Crupaunra, aalk\meﬁ xopomne pesyabrarst npu N; > 100)
I=KiInP= \
r wt

M
=K [m (V) — D In (N,-!)J ~K (Nln N_— 3 N;In N,),; (9.11)
= =
HIIA
' M
I=—KN 2 p;lnp;, (9.12)
' j=1 .
n wnropManus, MPUXOAAINaacA Ha OYKBY,
M
i=1I/N=—K 3 p;lnp;. (9.13)
i=1

Mur oonygman popmyay Illennona — Gonee obmee BbipasKenne Iis
ur(OpManuH, COOTBETCTBYWINEE INOCAEA0BATENLHOCTH COOLITHI, 00-
JafaiInx HeoAMHaKoBmMMU BpeposatnocTAMu p;. Illpum aroM, ecam
K =1/1n 2, undopmanus snipaskaerca s Gmrax, ecnin K =x=1,33X
X140~ /K (mocrosmmas Boawnmaua), I smpamaerca p Jw/K,
T. €. B 9HTPOOMIHBIX eauHnnax. Hazosem Benmummy

S=—x2pjlp (9.14)
7

snrponuet, Jlamee Mbul yBHIHM, UYTO 3TA BEJUYHHA [AefCTBHTENLHO
€ecTh (PH3NYeCKas SHTPOOHSA.

[Toxasxem, 4r0 HM3MeHEHHe HeOOpENeNeHHOCTH BeJeT K BBIATDHI-
my wundopmanuu. IlepeiiieM or pacupenenemna sepostuocteil P =

=(p1, P2, --., Pu) K pacopenenennio Q =(q,, ¢, ..., qn). Copamn-
BaeTCA, KaK maMmeHsAeTcsa nopa 3tom mudopmanua? Ilpm mnameBenwmn
BepoATHOCTH cobpitasg ¢ p no 1 msmenenue mudopManuu PaBHO

Alznln%z—nlnp,

¥ npH H3MEHeHHH D —> ¢
Al =kln(q/p). (9.15)

Ilpn mamenennnm Bcero pacapefenenns BeposTHocTel P —~ Q mame-
HeHMe HMHQPOPMANHMHM DPABHO CyMMe MapHHaNLHBIX HaMenemmi Al
YMHO¥eHHBIX Ha KOHEYHBIE BEPOATHOCTH (!

AT =k X g, In2, (9.16)
i P;

9Ta BelMYHMHA BCerJa MOOJOMATENbHa, JAmb npu ( = P msmenenue
nugopmanmu Al =0. Jloraxem oaro. llpm nw06ex z xpome z =1

Inz>1—1/z.
Caemoeareanno,

q; .
S 2s So, (1= 1) = X~ S -0
3 b i 9; 7 7
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-_Taxnmm oGpasoMm, smamme o uepexone P — Q yMeHbIZaeT Heompene-
"#IGHHOCTH W J]aeT TOJNOKHTENBHBIA BLIATPLILI HH(OPMAINN.
IIycts p; — BepOATHOCTH HAXOMIeHHS CHCTeMM B COCTOSHAAX
‘¢ oueprueil E;. Umeem

E =X p,E;. (9.47)
2

Nmem maxcmmym peamuusn S/x  (9.14) nyﬂ ONHOBPEMEHHOM BBHI-
nonnennu yenosmit (9.9) u (9.17). Bocmonngyemcs mertonom meonpe-
genemANx Mmuoknteneit Jlarpamma. Ymmewam (9.9) ma a—1 o
(9.47) ma B, upubasum oTm BRIpakenus Kk (9.14) m sapempyem
porydennymo cymMmy. [Ipupapusis Bapnanuio Hyno, 0OXYIHM

6[%.5'—(0;_1)21,}_;52[,}5].]:0'- (9.18)

Jnddepennupys mo p; m mpupaBuuBasg MOPOH3BOJHYI0 HYJIIO, Ha-

XomaM
—~lnp;j~1—(a—1)—BE;=0,
OTKyZa ‘
ps=exp(—a — BE;). (9.19)
Iogcrapnaa (9.19) B (9.14), maxonmM MaKCHMAJBEYI DHTPOOUIO
+ Smax = X pi + B X, p,E; = a -+ BE. (9.20)

C mpyroit croposH, n3 (9.9) m (9.19) caenyer
1=pj=e* e =72,
i i

T' e.
e*=2Z, a=InZ, (9.21)
Honygaem na (9.20)
1 1 i
E— L Sp=—glnZ. (9.22)

OTo Xopomo wW3BECTHOE YpaBHEHNMe TEPMOMANAMAKK U CTATACTHde-
CKoit ¢maEru. 37ech

Z= 2} exp (— PE)) (9.23)

— CTATUCTUYECKAR CYMMA, Syp.x — PaBHOBeCHAA suTponms, P~'=kT,
T — abeconornas Temmeparypa. Bmipaskenne (9.19) ecrn ymkyusa
pacnpedesenusn Boavymana

__exp (— Ej/xT)

pj - Eexp(_ E]/KT). (9.24}

Cpennnsn smepraa cuctemnt E u pasnosecuag sutponun S (onycrxaem
majexc max)— pynxnun  obbvema V. Bmipamenue (9.22) paer
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ce060dnyio snepeuro I'eavmzoavya

E—TS=—kTInZ=F. (9.25)
Ceo608nan snepzus I'ub6ea ectob
G=F+pV=E+pV—-TS=H-T8, (9.26)

tae H — suranunus, p — faBleHHE.
Jueprusi W SHTPONMA BHIPAKAIOTCA WSBECTHBIME (opMymamu:

E = xT? dln Z 9.27)

ar *

S = griin? dln

+xlnZ. (9.28)
Taxum obpasoM, nmbopmaunormaﬂ saTponEn (9.14) skemBanenTHA
repMonmHamauecroii (9.28). Omuu Gur wHQOPMATHHM COOTBETCTBYeT
kln2=10"* JIa/K, 1. e. oueHb Maloii TepmojgmHaMuyYecKoil BeJH-
unne. OTa 9KBABAJEHTHOCTh HMEET DEANLHBIH M3MYecKHil cMBICH —
33 Hony4eHHyio HAOpMAOHI0 HYKHO OJATHTH YBeIHYeHHeM SHTPO-
nau., JlioGoe H3MepeHume CBA3AHO ¢ BO3PACTAHHEM JHTPOIHH OKpY-
’Kaomeii cpemsl. Jurponmitnas nema Omra kln2 ecrs ero MuEm-
MaJbHAA CTOMMOCTL. llpm Gpocamum MoHeTH NOJyYaeTcs OJAMH OAT
HHOPMANHHA, HO BbIeICHAE SHTPONMH BCJAEJCTBHE HATPEBAHUA MO-
HeTsl mpu ee ynape o moq Muoro Goabme kln2. Momera momker
OLITL @ CKOJIb YIOAHO GOJBION.

OwsuBancarnocTs ungopManun s Surtax 7 osurpommz » [Iw/K
vofobna SKBHBAJGHTHOCTH MACCH U JHEDPrHH 1o 3aKomy JilmmTeitma
m=E/c.

Tlepesonmoit Muomurens ¢~>=~1-10"*" c*/em® specs Tamme
OveHb MaJ.

OnenuM CTOMMOCTL oOfiHOro Oura nHPOPMAnNUNM B eJWHHAX
paborsr.

JlonycruMm, 9To mMeeTcs wWueambmbiit ras, comep:xammit N mMosme-
Kyn npm nasaenwn p um remneparype T. B pesyasrare daysryanmn
ofbem raza ymempmaerca ¢ V mo V —8V. PaGota, pacxomyemasn
Ra Takoe ymeubmenme, ecth W = p8V. Bpiumeanm pBpiurpoim uB-
topmannn. Kamnan monexyaa c¢ sepositroctsi0 1 maxopuresa B 065-
eme V 1 c Bepoaraoctuio 1 —8V/V p o6reme V—08V. na N mo-
aexyn BeposiTHocTs pasHa (1-—38V/V)Y. DBuwurpsim wmudopmanmu
paseH

1 8V

Al =KIn———— = =~ KN —-

TR 7 (mpr N >1).

Cnenosarensiio,

W vy VT
Al — KN8V = = KN K

Pa6ora, saTpavnpaemas Ha egMuNny wWE@OpMANHH, NPONOPHHOHATLHA
TeMmepaType, npm KoTopoit onpejessierca uupopmanus. Ecam AJ
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meuncaaerca B 6urax, 1o K =1/In2 n noxydenne ofimoro Omra uH-
dopmanun Tpebyer sarpaThi duepran, papuoit k7 ly2, aro upu I =
=300K cocrasmser 2-1072' JIk. 910 — HMIKHASL/ ONEHKA 3ATPATH
9HEepPruH. )

Bosmomxua rpyGas, ycmoBmas onemka KoianmyecTsa HEHJopManus,
cofepmalmeiica B :musom opramuame. Ilo Bawosendensny ocHosHOE
KROJINTECTBO HMudOpMANun B TEJOBETECKOM op/aHmMe onpeneaserca
YIOPAOTeHEHIM PACION0/KEHHEM AMHHOKHCHOTHBIX OCTATKOB B 7 KO
Genxor, wemy coorsercryer 3 - 10*° ocrarkes. Ao gaer 1,3 - 10* Gur.
Hpyrue Braansl smauurensuno mesbmre: 150 r JIHK, cogepmamumesn
B 4emoBeueckoM oprammame, oteedaer 6 -10* 6Gur, ymopamouenmomy
pacunonoskennio 10 wmerox — 4 - 10" Oour m yumopagouenmomy pac-
nonoxwennio 10° momeryn OmomoxnMMepoB B KJIeTKe — BCEro JIHIHL
2,6 -10° Gur. Benxopas uudoOpMANHA OUYEHL MAJA B “TEPMOJAHAMH-
geckoit mepe: 1,3-10* xln2=1,3:10° /K = 300 kan/K. B am-
TPONHUIHEIX @[AHANAX YIOPAJOTEHHOCTL KHBOTO OPraHM3MA 3aBENO-
MO MaJia, OHA 3HAYHTEJHFHO MEHLIIE YIOPAZOTEHHOCTH KYyCKAa TOp-
HOM NOpOJABI TOH e MAaCCH yike MOTOMY, 9TO OPTAaHM3M COJep:KUT
HETKOCTH,

B aroit omemke He yuuTHBaeTcs u3buiToymocTs (T. €. MOBTOP-
HOCTH) HHPopmannmu., HonndyecTeo HemsObITOYHON wHOpMALUU B Op-
ragmame Muoro 6oJjbmie, YeM B KyCKe ropHoii mopoast. Mun1 mep-
HeMcsA K 3TuM Bompocam B § 17.8.

Bes rommbiotepnas Texmumra CBsA3aHa C Hepejgadeil M mepexou-
POBKOH HHDOPMAIMOHHALIX Co00MeHNl. B mnpuadume BO3ZMOMKHLI
KOMITLIOTEPH!, [OCTPOEHHBIE HA MOJEKYJIAPHO-O0MOJOTHIECKON OCHO-
Be — HCIOJB3YONNEe MOJeKyasl OeJKOB H HYRIGHHOBHIX KHCIOT JA
3amacaHudA, mepenadn M neperonuposkm nHGopmanmu. Ito Begs H
peangnayercsa B xuBoil upupone. llocTpoenne HCKYCCTBEHHBIX MoJe-
KyJADHBIX, & HE TPAH3UCTOPHHIX KOMIBLIOTEPOB — Jeio OyayImero.

Msr me paccMarpuBaiu 37eCh BaMKHLIe 1IPOGJIEMBI, CBA3AHHBIEC C
co3ganneM HoBoil MEHopManum U ee peyenyuell.

B mammx paccymaenuax Opepmonaararoch, 4to undopManus
KeM-TO MJIM 4YeM-To Bocupuunmaercs. OIHAKO MONYA OPUHAMAJIOCD,
910 BCe, HA UTO CHOCOOEH penenTop,— 9T0 OTIUIATL OAHY OYKBY
oT apyrofi. las npumeHenuii nudOpPMAIHONBLIX NOpEACTABICHUI B
TEOPHH CBA3M TaKoe NPEIIOJN0KeHue HEe00X0JAMO U JOCTATOYHO.
ITponece perennum kKak ¢usuveckoe SABJIGHME NPH ITOM HE YTHTEHI-
BaeTCA.

Kax s yeugum (§ 17.8), upumenenne teopun nmudopmanunm B
Guosorun TpeGyer amaldm3a HOCAeNCTBHH perennuu coodImeHns. YueT
3THX MOCHE[CTBHII 03HAUAGT, UTO HYKHO H3YIHTH CAM aKT pelemnInn
Kak HeoOpaTuMEIH, HEepaBHOBECHLIH Mpolect mepexoia pelenTopHOH
CHCTeMBl 13 MeHee YyCTOHYMBOTO COCTOAHHA B Gonee ycroitumpoe. Ilpn
3TOM NPOUCXORMT 3amoMuHanme nuadopmanuu.

Yro racaeres co3danus Ho8ol ungpopmayuu, 10, KaK 3TO HOKa-
sanm HKactiep, omo o3mavaeT 3amoMHHaHHE Cirydaiinoro seiGopa. Ilo-
ACHAM 3TO IIPOCTHIM TpUMepoM. DH ocTaBisfiere UeMONAH B aBTOMA-
THYECKOH Kamepe XpPaHeHHMs Ha BOK3aje W BHIOHpAaeTe NpPOM3BOJBEHIA
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mudp, 9T00b 3Ty Kamepy OTKpBITh. JToT HaGop mudp 3anoMuHAET-
¢ WIn sanuchiBaercA. TeM caMbiM CO3/jaHA HOBasA WHGOpMAHA.

Hosas wumdopmanns co3faeTca B KaKAOM aKTe IIOJOBOTO pas-
MHOMKEHHUA. ITO — CAYYAUHBIH BHIGOP, HHKAKAMHU [eTeDMHHUCTHYE-
CKHUMH 33aKOHAMH OPHPOABI HEe IPEAYCMOTDPEHO, YTO HMEHHO [AHHAaA
napa mpouasefer moromcrso. HoBas oco6b Hecer HOBYH HHGopMa-
U0 — PeKOMOMHAAI0 POAUTETHCKUX [EHOMOB.

Teopnsa sanoMunasna uAGopManuu — ee pelennuu 1 CO3JAHUT —
me paspaborama. Ilpu ofcy:xmenun 3anNOMHHAHHA HE HMEET CMBICIA
Gosee roBopnTh 06 sKBMBAJIGHTHOCTH HWHQopManmu u sHTporuu. [le-
o B TOM, 4TO MBI HE DACIIOJIAraeM IOKAa OIpefe/leHMEM JHTDPOIHH
RIA CucTeM, NAIEKMX OT PABHOBECHs, MJS IIPOLECCOB 3AOMHHAHHA.
PaproBecHas e cucrema, egrecTBeHHO, HMYEro He moMHUT. Tepmo-
JUHAMHKA CHCTEM, NAJEKAX OT DPAaBHOBECHA M OOJAJAIHUX JOJITO-
BPeMEHHOH NAMATHIO, eie He mOCTPOeHA,

§ 9.2. Hepasnosecunie mponeceot

Bce usmonmseHHOE OTHOCHJIOCH K PABHOBECHBLIM CHCTEMAM, B KO-
TOPBIX HHTPONHMA MaKcumaibHa. jHmBble CHCTEMBI HEPABHOBECHEL.
Ilepeiinem K pacCMOTPEHHMI0 HEPABHOBECHBIX CHCTEM M IIPOLECCOB.

Paccmorpum cucremy, COCTOAmMYIO M3 ABYX IOJCHCTEM, CKaykeM,
ras, o6weM KOTOpPOrO pasjieJen Ha Be YACTH. Hpe;monaraem 10
B ofenx moacHcTeMax 3aJaHbI PACHpENeJeHHA BePOATHOCTEil piap.
CooTBeTCTBYOIME 9HTPOIHUHN DPABHEBI

S'=—xr2pilnp, §=—xZpilnpi (9.28)
i i
Ilo-npemuemy
Sp=1, Zpi=1 (9.29)
u
‘ E' =Y piE;, E'=2piE;. (9.30)
CuynraeMm CyMMapHYIO 9HEPrui0 IOCTOAHHOIL:
E'+E" =E. (9.31)
JATpONAA ANUTHBHA:
S"+8" =8. (9.32)
Hmeem
as __ as' | as” __ as as" s 88"
o T T T Y TE—y —aw e (939)
u, cornacuo (9.20),
S ’ " 1 1
5 =@ —p)=5— 7 (9.34)
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