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Beryn

Entpomisi — 3B's130k MiX Makpo- i MIKpO- CTaHaMH,
enuHa GyHKIOiS Yy (i3WIi, SKa IMOKa3ye HaMpPSIMOK
nporueciB. [IpakTuyHe 3Ha4YeHHS Ma€ HE CTUIBKM cama
BEIWYMHA EHTpOMii, CKiNbkM 1i 3MiHa. 3a 3MiHOIO
€HTpOIii BU3HAYAIOTh MOXIIUBICTh MIPOTIKaHHS TOro abo
IHIIOrO TpOLIeCy, MEPeayCiM MepeTBOPEHHs TEIUIOTH B
pobory. lle moHATTS Oyn0 BBENEHO Uil BHU3HAYEHHS
MIpH BIIXWJIEHHS peajbHOrO IpPOILECY BiJ i1ealbHOrO,
BOHA 3aBXKAU 3aJHMIIAETHCS MOCTIHHOIO Uit O0OOPOTHIX
MPOIIECiB, TOJI SK B HEOOOPOTHIX — Ti 3MiHA 3aBXKIH
nosutuBHa[1-3].

Entpomiss B mpuUpomHMYMX — HayKax Mipa
Oe3IOpAIKY CHCTEMH, SKa CKIaJaeThcsi 3 0aratbox
eeMeHTiB. 30Kpema, B CTaTHCTW4HIN ¢izumi — wmipa
HWMOBIpHOCTI 301MCHEHHS SIKOTO-HEOYTb
MaKpOCKOIIIYHOTO CTaHy, B Teopii iHdopmauii — Mipa
HEBM3HAYEHOCTI IEBHOTO JOCHiTy, SIKUA MOXE MaTu
pi3HI IOYATKH, a 3HAYUTH 1 KUIBKICTH iH(opmamii; B

icTopuuHi  Haymi Ui ekcivrikamii - eHomeHa
aJbTepHATUBHOCTI icropii (iuBapiaHTHOCTI i
BapiaTUBHOCTI  ICTOPUYHOTO  mporecy).  EnTpomis

JMUHAMIYHOI CUCTEMU — B TeOpii JUHAMIYHUX CHCTEM
Mipa XaOTHYHOCTI B TIIOBEHIHII TPAEKTOPIH CHUCTEMH,
SHTpOIIsA BimoOpakeHHs — wYacTuHa iH(pOpMAIli TIpo
JUCKPETHY CHUCTEMY, sIKa He BHUPOOJISETBCS TpHU
BiJIOOpa)KeHi CHCTEMH 4epe3 CYKYIHICTh CBOiX YacCTHH,
EHTpOIIisl B TeOpii YIpaBiiHHA — Mipa HEBU3HAYEHOCTI
cTany a0o0 TIOBe/liHKa CUCTEMH B JIaHHX YMOBaX.

i TpakTyBaHHs eHTpomii MaiTh INIHOOKUH
BHYTpilIHIH 3B's130k. Hanpukiiaa, Ha OCHOBI ysIBJIEHb ITPO
iHpOpMaliiiHy  EHTpPOMil0  MOXHAa  BHUBECTH  BCI
HAMBaXXITUBINI TOJOKEHHSI CTaTUCTHYHOI (izuku. Jlns
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imroctparii noHATTS iH(opMmamiiHOT eHTpomii Mo)kHa
TaKOXK BHUKOPHCTaTH TIPUKIIA] 3 obnacri
TepMonuHamiuHoi enTporii. Konrenmii iHdopmarii i
SHTpOIi MalOTh TIMOOKI 3B'SI3KM OJHI 3 OMHUMH, aje,
HE3BAKAIOYM Ha IIe, PO3pOOKa TEOpif B CTATUCTUYHIN
MexaHiui 1 Teopii iHpopMmaii 3aiiHsna 6araTo pokis, M00
3pOOUTH 1X BiAMOBITHUMH OJTHA ONIHIH.

B nmamiit crartTi mokasaHi OCOOJIMBOCTI €HTpoOmi 3
MOTJIAAY PI3HUX MPUPOIHUYUX IUCIMILIIH, TMOKa3aHi ii
MIPUKJIAIHI ACTIeKTH.

I. 3 icropii enTpomii Ta ii BJacTuBOCTI

[onsitst entpomii Oymo Bnepiie BBeneHo y 1865
poui Pynmonpdom Kiaysiycom. BiH BH3HauuB 3MiHY
SHTPOIIT TEPMOJMHAMIYHOI CHCTEMH IIPH OOOPOTHOMY
IpoIieci AK BiTHOIICHHS 3arajbHOI KIJBKOCTI TEIUIOTH
AQ, otpumaHOi a00 BTpayeHOI CHCTEMOIO, 10 BETHYUHH
abcomoTHOI Temmeparypu T [4]:

=

T D)

Y 1877 poui Jroasir boibiMaH BCTaHOBUB 3B'S30K
MDK CEHTPOIIEI0 CHCTEMH Ta KIJIBKICTIO MOXIJIUBUX
«MIKpOCTaHiB» (MIKPOCKOMIYHUX CTaHiB), SKAMU MOXKE

DS=

peanizyBaTHCS MAaKPOCKOIYHMIA CTaH 13 3aJaHUMU
BiactuBocTsIMH [5,6]. Bin moctymioBas, 1o
S=k;lgWw, 2

e KoHCTaHTa Kg = 1,38-10'23 JIx/K Bimoma Termep sk
crasa bonplMaHa, a £ € YHCIOM MIiKPOCKOMIYHUX
CTaHiB, MOKJIUBUX Yy 3aJAaHOMY MaKpOCKOITIYHOMY CTaHi.
Leii nocrynar, BizoMuil sk npuHOUn bonbliMaHa, MOXe
PO3IIHIOBATUCS, SIK TOYATOK CTATUCTHYHOI MEXaHIKH,
sIKa OMKCY€E TEPMOJMHAMIYHI CUCTEMH BHUKOPHCTOBYIOUH
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CTaTUCTUYHY IIOBEIIiHKY KOMIIOHEHTIB, i3 SIKUX BOHH

CKJIaJIal0ThCA. [MpuHIMD Bonbimana 3B'3y€

MIKPOCKOIIYHI BIACTHBOCTI cuctemu (£2) 3 oxHiero 3 ii

TepMOaMHAMiuyHKUX  BiactuBocteil  (§). 3rimHo 3

BU3HAueHHSM bBonbliMaHa, eHTpomis € (YHKII€EI0 CTaHy.

Bizpmr  Toro, ockimeku () Moke OyTH TiJIBKH

HarypaisHuM uuciom (1,2,3, ...), eHTpomis TOBHHHA

OyTH 10JJaTHOIO — BUXOSYH 3 BJIACTHBOCTEN Jiorapudma.
VY 1948 poui K. lllenHoH Bmepiie BBIiB MOHSTTS

eHTpomii B Teopii iHpopmamii i BH3HaYMB 1i SIK Mipy

HecTaTKy iH(opmalii B cCHUCTeMi, Mipy HEBU3HAYCHOCTI

curyartii [7].

OCHOBHUMH BJIaCTHBOCTSIMU €HTPOIIIi € HACTYITHI:

1. EwnTponist npencrasisie co00r0 (QyHKIIiIO MapaMeTpiB
cucremu: TUcKy (P), Temnepatypu (7), 06’ emy (V).
OTxe, 1 pi3UvHA BEJIMYMHA MA€E 3aI€KATH:

S=9p, V); S= p.T); S= V.M. ©)

2. EHTpormis BU3HAYAETHCS 3 TOUHICTIO O EHTPOMIHHOT
cranoi. ToOTo MU po3risIaEMo HE caMy EHTPOIII0
(9, a 3miny entporrii (dS).

3. Ewnrpormist Mae BIaCTUBICTh aJUTUBHOCTI (SHTPOIMist
CHCTEMH JOPIiBHIOE CyMi €HTPOIIIH MiJCHCTEM).

4. Enrpomnis Moxxe Oytu cranoro abo 3pocraru. OTxe,

IUTE  HEOOOPOTHHX TMPOIECIB  CHTPOIIS 3aBXKIU
spoctae  dS>0, gmia  oboporaux  dS= 0,
T00TO, dS> 0.

3pocTaHHS EHTPOIi Mae MicCIe Ui HEOOOPOTHHX
MPOIIECIiB.  TPOIEC  TEPTS;  BUIPOMIHIOBAHHSA B
CepelOBUINI 3  TOIIMHAHHSAM,  TEIUIONPOBITHICTS,
MPOIICCH HEPIBHOBAKHOI'O pPO3IIUpeHHS. [Ipu Takomy
PO3IIUPEHHI 4YacTWHA EHeprii Iae Ha 30UIbIICHHS
KiHETUYHOI eHeprii pyxoMol MacH i IepeTBOPIOEThCS B
TermnoTy, omke, 0Q > 0, a Toxi i dS> 0; audysii.

Il. Entponis y ¢izumi

2.1. EnTponis ineassHoro rasy. Ilapagokc I'i6oca.
Jnst Toro, mo0 3HANTH CHTPOMIID 1lEaJIbHOIO Ta3y,
CKOPHCTAEMOCH TIEpPIIUM HAYaJoOM TEPMOMHUHAMIKA —
3aKOHOM 30epekeHHsI eHeprii y TeroBux nporecax[1]:

0Q=dE + /A, 4

Hns omHoro mons imeanmphHoro razy dE = CdT i
O0A=pdV, romi piBHsuHa (4) momimmBIM Ha T,
HEPETBOPIOdM JI0:

dS:d_Q:Cvd_T+_pd\/
T T T

Maroun Ha yBa3i, mo PV = RT i BpaxoByrouu, 1o
dT/T = dInT, dV/V = dInV, orpumyemo

d
dS=—TQ:d(CVInT+RInV). (5)
IIpaBa uactuHa piBHsHHS (5) mpeacraBise co00i0
NOBHUH Audepeniian. BianosiaHo, JliBa YacTUHA TaKOXK
MOBHUH AudepeHItian i BoHa BU3HA4Yae (PYHKINIO CTaHy.
Taxkum ynHOM

S=C,InT +RInV
abo (6)
S=[C, InT +RIn(V/ N)]

ne v = N/Np — Mori ifieanpHOro a3y, ski 3aiiMaroTh OpH

temrepatypi T 00’em V, N — uncio yactuHok rasy, Na —
YUCII0 ABOTaIpo.

Pigusnns (6) BuzHauaroTh 3anexHicts Seia N, T, V.

Jnst cymimi ra3iB Mae Micue Teopemu [i00ca:
EHTPOIIisI CyMillli ilealbHAX Ta3iB piBHA CyMi €HTpOIiH
LUX ra3iB, KOJM KOXXHHH 13 HHUX OKpeMo 3aiiMae mpu
TeMIIepaTypi cyMilii Toi xe 00’ eM, 1o i Best cymi [3].

[lpu mpoMy 3pocTaHHs €HTPOMIi NP 3MillyBaHHI
JIBOX 1JlealIbHUX Ta3iB 3aJIEKUTh TUILKHU BiJ YKciia MOJIEH
razi, ajne He Bix ix mpupomu. TakuMm 4YMHOM, MOXKHA
CTBEPJDKYBATH, IO MIPU IEPEXOJi BiJ CyMillli HACKIIBKA
MOXHa ONM3bKUX TI0 CBOIMH  BJACTHBOCTSIMH 1
PO3IITICHUX 13 INi€ CyMilN Ta3iB IO CyMillli OJHAKOBUX
raziB dSBimuyBae ckayok (mapamokc I'i66ca).

Po3p’s3ati mapamokce [100ca o3Haua€e BCTAHOBHTH
Gbi3nuHy OCHOBY cKayka BequuuHH OS mpu mepexomi Bif
CyMillli HACKUIBKM MO)KHA OJIM3BKHMX Ta3iB 10 CyMiIi
OJTHAaKOBHX ra3iB. IcHye Touka 30py, BIJMOBITHO 10 SKOI

mapagokc [i66ca mpo po3puBHY mOBemiHKy dS
TIOB’ SI3YETHCS 3 00’ EKTHBHOIO HEMOJJIUBICTIO
HeNepepBHOTO 30JMKEHHS rapamerpis, SIKi

XapaKTepu3yloTh Ta3d, L0 3MINIyIOThCA. Y pe3yibTaTi
miei  O0cOOJMMBOCTI  CyMilli TOTOXHHMX Ta3iB  IpH
TIOPIBHSIHHI 3 CYMIIIIIIO Pi3HUX Ta3iB Ma€ Miclle CKa4OK
TYCTUHMA TP TIEPEeXOAi BiJ 3MIlIyBaHHS HACKUIBKH
MOXKHa OJIM3BKUX Ta3iB /10 3MIIIyBaHHS TOTOXXHUX T'a3iB,
SIKW# 1 IPUBOAUTD JI0 CKa4ka 3Minu dS,

2.2. EnTponisi i Apyre Havyajio TepMOAWHAMIKH.
AHani3 TepMOAMHAMIYHUX MPOLECIB BKa3ye Ha Te, LIO
npu anmiabaTHOMy HepiBHOBaxkHOMY mpomeci dS> 0 i
S-S5, >0, T00TO TpU IIBOMY CHUCTEMa MEPEXOAUTH B
CTaH 13 3 OUIBLIOI EHTPOMi€l: TpH  aaiadaTHUX
HEepiBHOBa)KHUX mporecax EHTPOIIis CUCTEMHU
3pocrae [6].

Ie nmono)keHHs PO 3pOCTaHHS SHTPOIIIi B aiabaTHO
3aMKHYTIH CHCTEMI TMpH HEPIBHOBAXKHHUX IpOLIECcax
(3aKOH 3pOCTaHHs EHTPOIIT) BUpaXae APyre Ha4amo Jist
HEpIBHOBA)KHUX TMIPOLIECIB. Bono JIO3BOJISIE
XapaKTepU3yBaTH EHTPOIIID SAK Mipy HEOOOPOTHOCTI
NPOLIECIB Y 3aMKHEHIH cucteMi. Y 1boMy € (i3uyHmit
CEHC EHTpOIIii, SKIIO MiIXOJUTH OO HEi, BPaXOBYIOUH
0COOJIMBOCTI HEPIBHOBAYKHUX IPOIIECIB.

Tak sx Bci TUpUPOAHI, MHUMOBUIBHI TpOLECH
poOXoaaTh 3 KiHIIEBOIO  IIBHJKICTIO, TOOTO
HEepIBHOBaXXHI, TO, BIANOBIJHO, NpH LUX MpoIlecax y
3aMKHYTHX CHCTEMax €HTpOIisl 3aBXau 3pocrae. Takum
YMHOM,  JApyre  Hadajlo  TEPMOAWHAMIKK  JUIs
HEpIBHOBAKHHX IPOIIECIB BKA3ye HAMPSMOK MPUPOTHUX
MPOIIECIB: MPUPOIHI MPOIECH B 130Jb0BaHKUX (200 TiIBKH
B aniabaTHO 1i30JIbOBAaHMX) CHCTEMaX MPOXOJIATh B
HampsMi pocty eHrporii [6].

J1y11 HepiBHOBaYKHOT'O KPYTOBOT'O MPOIIECY Ma€E MicIie
HepiBHicTh Knasiyca [1]:

%<0 %
T
[Ipu angiabaTHUX pPIBHOBaKHUX IIPOIEcax TOCSKHI
TIJIBKU CTAaHH 3 HE3MIHHOKO eHTpomiero S= & = congt i
HEAOCSHKHI BCl cTaHMm 3 S> &), Tak 1 3 S< . 3
JIOTIOMOT'OI0  HEPIBHOB@KHUX CHCTEM MOXKHA JOCATTH
crafiB 3 S> §), ajle He MOKHA JOCIITH CTaHiB 3 S< §,.
TakuM 4yuHOM, CTaHU 3 S< & aOCONIOTHO HEMTOCSKHI
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aziabaTHo 13 TAHOTO CTaHy 3 EHTPOMI€I0 .

2.3. EnTponisi i TpeTe HayajJ0 TEPMOAMHAMIKH.
Tpere Hauano TepMOAMHAMIKM CTBEPXKYE: IO Mipi
HaOmmwkeHHs Ttemneparypu no OK eHrtpomisi Bcskol
PIBHOB&)XHOI CHCTEMH TIPH 130TEPMIYHHX IIpoIecax
repecrae 3aJexard BiJl SKUX-HEOYIb TEPMOIMHAMIYHUX
nmapamerpiB crany i Ha mexi (7' = OK) npuiimae omHy i TY
K U1 BCIX CHUCTEM YHIBEpCaJIbHY IMOCTIHHY BEIHYHHY,
Ky MOXKHA TIPHAHATH piBHY HYIHO [3].

3arajpHICTh IHOTO TBEP/DKEHHS IOJISITaE B TOMY,
0, TO-TIepIle, BOHO BIAHOCHTHCA O OYyIb-SIKOI
piBHOBaXXHOI cucTeMu i, mo-apyre, mo npu T — OK
EHTPOIIisI HE 3aJISKUTh BiJ JIIOOOro mapaMeTrpa CHCTEMHU.
TakuM 4MHOM, 32 TPETIM HaYaIOM

Tl(érg?( €S(T.%,)- S(T.x)§=0,

Iie x; — Oyab-sIKUi TEPMOTUHAMIYHUI MTapameTp.

Mocriitnicts entporii (S— 0) mpu 7 — OK, 3rigHo
(8), o3mawae, mo i3orepmiunmii mpomec 7 =0K €
OMHOYACHO 1 130CHTPOMIMHMM, a BIANOBIAHO, 1
amiabatHuM. TakuM YMHOM, 32 TPETIM HAYaJIOM, HYJIbOBa
i30TepMa  CHIiBIAJa€ 3 HYJIHOBOK 130CHTPOINOI 1
azniabaToro.

Icuye psin peuoBuH (mesiki crutaBu, riinepus, CO,
NO ta iumi), mist skux AS mpu 7 — OK mparde mo
Bi €eMHOI BiJ HYJIsl BETHUUYMHH. SIK TIOKa3aB peTEILHHIMA
aHaJi3, Il CyNepeyHiCTh 3 TPETiM HAdaloM IOB's3aHa 3
«3aMOPOXKYBaHHIM» JISIKAX PEYOBHH B METaCTaOLIbHUX
a00 HepiBHOBRXHUX CTaHaX, B SKHX IPU HU3BKIA
TeMmIepaTypi ILi PEYOBHHU MOXKYTh  3HAXOAUTHCS
TpuBanuii yac (IeKiibka AHIB ab0 THKHIB), MEPII Hix
npuiinyTh B CTabinbHI piBHOBaXKHI craHu. Komu
BUMIpPIOBaHHS OYJIM TPOBEJICHI 3 BETUKHUMHU MPOMIXKKaMHU
9acy, TO BHUSBHIIOCh, IO pi3HHUI eHTpomii dS y BCix
BHIaakax 3uukae mpu 7' — OK.

Tpere Havano 3HaYHO CHIPOCTUIIO BUPAXOBYBAHHS
BCiX TepMoauHaMiuHuX (yHKIiIA. Jlo BCTaHOBIEHHS
TPEeThOro Hayvana Jyisi OOYMCIIEHHS eHTPOmii HeoOXimHO
OyJIO 3HATH TEMIIEPATYPHY 3aJICKHICTh TEIUIOEMHOCTI 1
TEepMi4YHE DIBHAHHS CTaHy. 30KpeMa EHTPOIlis MO
iJlealbHOTO ra3y piBHa

(8)

2p kT )2 Ve
S= kN,Jn%. ©)
Nh
24. Entpomis i cratuctmuHa ¢isuxa. [pyruii
NPUHOMI ~ TEPMOAMHAMIKM  BHpa)ka€  CTATHCTUYHI

3aKOHOMIPHOCTI, SIKMM TiJUIATa€ BeJIM4Ye3Ha CYKYITHICTh
Mmonekyn peuoBuHu [1,5,6]. 1 enrtpomis, dvepe3 sKy
KUJIBKICHO BHUPaXa€ThCsl el NPHUHIMI, INepedyBae B
OesrocepenHbOMY 3B'SI3KYy 3 HMOBIPHICTIO  CTaHy
CHCTEMH.

TepmoanHaMiyHa HMOBIpHICTH BH3HAYa€ KUIBKICTh
MOXIIUBHX CIIOCOOIB, 3a JOIMOMOrOI SIKMX MO)KHA
peanizyBaTH naHuii craH cucremMu. KoHKpermzyemo 1e
Ha TPUKIAAI MOXJIMBOTO PO3MIIIEHHS YOTUPHOX
Mojiekya 8, b, ¢, d y nBox xomipkax mocyauuu (Tabi.).
BHaciiok XaoTHYHOrO pyxXy MOJEKYId BOHU IIO-
PI3HOMY PO3MILIYBaTUMYThCS Y KOMipKax HOCYAWHH 1
CTBOPIOBATHMYTb Pi3Hi cTaHu rasy (Tabi.).

Haiibinpir  piBHOBaXHMM CTaHOM € CTaH i3
pIBHOMIpHMM  PO3MIIICHHSIM MOJEKya1 (craH 2-2).
Haii0inpi BHOPSIKOBAHUMHU € CTaHU 13 PO3MIIICHHIM
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moneky1 4-0 i 0-4. Bunmno, 1o HaiiMEHIE 3HAYCHHS
TEpMOAMHAMIYHOI HMOBIpHOCTI Mae Juisi HaHOibII
BIOPSIKOBAHUX  CTaHiB, a  HaHOUIbIIe TS
PIBHOBRKHHX CTaHiB. Marouu 1l Ha yBa3i bombnMan i
3amporonyBas dopmyny (2) st enrporii. Bona mokasye
CTaTUCTUYHHIA XapaxTep JPYroro 3aKOHY
TEPMOAMHAMIKM 1 BHpaXKa€ 3pOCTaHHS eHTpomii i3
361TBIICHHAM TEPMOIUHAMIYHOI HMOBIpHOCTI [2].

Taoanusa
Crioco0u po3MilleHHsT YOTHPHhOX MoKy &, b, ¢, dy
JIBOX KOMIipKaXx IMOCYIUHH.

Crioci6 yTBOpEHHS CTaHiB KinpkicTs
Cranu Monekymy, | Monekyny, | OHTHMAJIBHUX
IO MICTATHCA | IO MiCTATBCS CTaH1B —
3J1iBa cpasa | AIMOBIPHICTB Q)
4i0 ab,cd 0 1
3il abc d
abd c
b, dc a 4
adc b
2i2 ab cd
b, c ad
c, d ab 6
ad b, c
ac d, b
b, d ac
1i3 d abc
c abd
a b, dc 4
b adc
0i4 0 abdc 1
30iIbIICHHS EHTPOIIi B  i30JIbOBAaHIA CHCTEMI

O3Ha4yae pyx CUCTEMH B HarpsMi HaHOLIbII IMOBiIpHOTO,
TOOTO piBHOBaXXHOro, craHy. OpHaK, B NPUHIUII,
MOXJIUBI 1 QuykTyanmii B 1bOMYy pyci, KOIM Ha
BU3HAUYEHOMY BIJIPI3Ky dYacy CHCTEMa pyXaeTbes B
HampsiMi MeHII HMOBIpHMX MikpocTaHiB. Ha mpomy
BiJIPi3Ky €HTPOIIis i30JIbOBAHOI CUCTEMH 3MEHIIYETHCS, a
He 3pocTae. TakuM YMHOM, 3aKOH 3pPOCTaHHS €HTPOIIl B
1301Ib0BaHIM cucTeMi He MICTHTh B c00i aOCOMIOTHOI
3a00pOHU 3MEHILIEHHS EHTPOIT1.

[11. EnTponis i XimiuHi nmpouecn

Entpomnis B XiMii, SIK 1 TepMOAWHAMILl, € (YHKIIEIO
crany cucremu [8]. TonoBHa MeTa BHBYEHHS XiMiuHOI
TEPMOIMHAMIKA — II¢ PO3B's3aHHS (yHIAMEHTAIBHUX

3aBJlaHb METaypriiHOi ~ TEXHOJIOTII: KUIBKiCHE
00YUCIICHHS €HEepPreTUYHUX edeKTiB, SIKi
CYNPOBOKYIOTh  XIMIYHI  peakIiii: BU3HAYEHHS

MOXIIUBOCTI CaMOJIOBUILHOTO IPOXO/DKEHHS ITPOIIECiB
IIPY 3aJ]aHUX [IapaMmeTpax, a TAKOXK yMOB, MPH SIKUX AaHi
npolecH OyAyTh NPOXOAUTH 3 MaKCUMaJbHUM BHXOJIOM
MIPOIYKTIB.

PosrnsineMo niesiki MeToAM PO3paxyHKIB EHTpOMil
PEUYOBUHH 1 3MiHU EHTPOMIT MPOLIECIB.



H.J. ®peix, H.b. LnbkiB

3miny eHrpomii mpu ($a3oBOMY TEpPETBOPEHHI
peuoBunu (DSp,,) MO>kHa BU3HAUUTH 32 PiBHAHHAM [8]:
Q. D/ .0
DS, =———=——, (10)
h 015 . 015 i

ne DH,,(Qp.) — Temnora (a3oBOro INepeTBOPEHHS,
Jx/monb; Tyn TeMIeparypa ¢dazoBoro
neperBopeHHs, K.

Enrtpomnito peuoBuHM npu Oynap-skiii Temmneparypi
MO)KHA BU3HAYUTHU 3 HACTYITHUX MipKyBaHb:

dQ o . ON, T

—;dQ=C,dT; §,=Sg+ 0——=—
298 O

Pigusiuas (11) MoxxHa pO3B'SA3aTH SIK 33 JIOMOMOTO0

eMHipI/I‘IHOFO CTCIICHCBOTI'O pALY

[0) \
S, =S, +2,3alg—— +4d(0- 298)+
0 SZQS 9298 a( )

ds= (11)

\ 12
(0% - 298%) (12)
2507 X298
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SIk BXKe BKa3yBaloCh, JJIS BHU3HAYCHHS HAMPSIMKY
xiMiyHOi peakuwii B i30/1bOBaHIN cucTeMi Tpeba
pospaxoByBaTH  3MiHy  eHTtpomii  peakmii  (DS).
PosrisiHeMo 1meil BHNAJOK Ha MPHUKIALl OAEp)KaHHS
[MHKY MPOMETANTYPriHHIM METOAOM. Y [[bOMY BUMAIKY
LIUHKOBY pYy/Jy BUIATIOIOTH 10 OKCUIY LHHKY, OCTaHHIN
3MIIIYIOTh 3 KOKCOM 1 HarpiBatoTh 10 (1370-1470) K.
[Tpu upoMy BiOyBa€eTHCS peakiis

ZnO+ C=2n+CO,
3MiHAa EHTpOmii SKOi MpH CTamili TemmepaTypi Oyxae
JIOPIBHIOBATH

DSI = SZ - % = é’ niST,Kiu.,i - é’ niST,nuv.,i =
= Sr,Zn +Sr,c0 - Sr,Zno - Sr,C'

[Ipu Bu3HAueHHI Sp,i 3a JOMOMOrOK EMITIPUYHOTO
CTEIIEHEBOI0 Py TEIIOEMKOCTI OJICPKMMO PIBHIHHS
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e Dgi,s — 3MiHa cTaHmapTHOI enTpormii peakii, [x/K;

(0% - 298%)+

Da, Ds, Dc i Dc' — 3MiHa koeQilli€HTIB E€MITiPHYHOTO
CTYIICHEBOT'O PSY.

S0 K BU3HAUUTH Sp,; dYepe3 TEIUIOBMICT 1
npuBeneHy eHeprito [100ca, 3MiHa eHTporii peakuii
BHPAXKAETHCS PIBHAHHIM
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NpUAaTHI K I OOOpOTHHMX, TaKk 1 HEO0OOpOTHHX
npoueciB. Lle € HacmiKOM BIacTHBOCTI EHTpOIIT SIK
¢yHKIil craHy cucremu, 00 3MiHa (YHKLIi cTaHy Bifg
LUISIXY TPOLECY HE 3aJIEXKHTh.

3ayBakUMO, MIO TIPH TEPEXOMi BiJ ra30moaiOHOro
CTaHy /IO PIJKOTO 3HWKYETHCS HE TUIBKM CTaHIapTHA
€HTpOIliSI PEYOBUMHM, aje 1 PI3HULA CTaHAAPTHUX
EHTPOIii CXOXHMX PEYOBHMH PI3HOI MOJEKY/ISPHOI MacH.
Ilpn 1upoMy 30UTBIIEHHS CTAaHIAPTHOI EHTPOIT IS
peaxiiiii mucorriamii B po3unHi Oyae MEHII MO3UTUBHUM,
YyuM B Ta3oBid asi, i 19 TEHIEHIs BUpaKEHa THM
CHUJIBbHIIIIe, UMM OiJIbIlIe MOJIEKYJIIpHA Bara peareHris [8].

[puseneni Jlepdnepom i I'proHBabIOM 3HAUSHHS DS0
JUIsl corianii KOMIDIEKCIB 3 BOIHEBUM 3B'S3KOM a0o 3
MepEeHECeHHSIM 3apsy 3MiHIoThCa Bia 1,8 kan/ °C mns
KOMIUIEKCY amneHaTeH - IKPUHOBA KHCIIOTa B
erunnenuxyopuai 10 19,8 xan/ °C mast muMipa omroBoi
KUCJIOTH B YOTHUPUXJIOPUCTOMY ByIJieni; OiLIbIIOMY

™ . . —0
gyucny peakiiii Biamosimae DS 6mussko 10 xan/ °C.
IMpouecn npucouiamii Mojekya moxiOHOro po3mipy i

OyIOBH B ra3oBili (a3 MarwTh DS0 Bix 30 mo 45 kan/ °C.
Y Takux JaHUX HE BHUSBISIETHCS 3aJEKHOCTI Bij
MOJIEKYJSIPHOI MacH, po3Mipy abo NpUpOIr MOJEKYII.
Jlis peaxiiiif, sIKi CyIpOBOKYIOTHCSI 3MIHOIO YHCIIa
MOJIEKYJI, TIepPeXif] Bifl Ta30MOi0HOr0 CTaHy 10 PO3UHHY,
B SIKOMY BiJICYTHI CHJIbHI B3a€MOIii, HE TIOBUHEH 3HAYHO
BIUTUBATH Ha TEPMOTUHAMIYHI XapaKTEPUCTHKH.

V. EnTponis i Teopist ingopmanii

Brnepmie  B3aeM0O3B'sS30k MK eHTpomi€lo i
inpopmanieto BigzHaunB K.lllenH sk Mipy KopucHOI
inpopManii B Ipomecax Iepeiadyl CHTHANIB IO
nposojax [7].

Indopmaniiina eHTpomist — Mipa HeBU3HAYEHOCTI 200
HerepenoauyBaHOCTI iH(GOpMaIlil, HEBU3HAYCHICTD MOSBH
SIKOT0-HEOYZb CHMBOJY IepBUHHOrO andasirty. I[lpu
BiJCYTHOCTI 1H(OpPMAaLifHUX BTpaT YHCENHLHO piBHA
KiJIbKOCTI iH(popMalii Ha CHMBOJI IOBIJOMIICHHS, SKE
nepenaetses [9]. Hanpukian, B mocaigoBHOCTI OYKB, SKi
CKJIaJIal0Th Oy/ab-sIKE peYeHHs], Pi3HI OYKBU MOSIBIISIOTHCS
3 PI3HOI0 YacTOTOIO, TOMY HEBH3HAYEHICTh MOSBHU IS
IesKUX OyKB MEHINA, HDK Ui iHOWX. SKmo x
BpaxyBaTH, IO JesAKi CronydeHHs OykB (B ILbOMY
BUMAJKy TOBOPATH MPO EHTPOM0 N-TO TOPSIKY)
3YCTPIYAIOTBCA JY)KE PIOKO, TO HEBU3HAYCHICTH IIIC
OiJIbIIIE 3MEHITYETHCS.

Iadpopmaniiina MoABifiHA iH(opMarris TS
HE3ISKHUX BUIAIKOBUX IOAIH X 3 I MOXJIUBUMHU
cranamu (Bix 1 1o ) po3paxoByeThes 3rigH0 [9]:

S(x):-a"n‘p(i)logzlog2 p(i). (16)

s BenmuyMHA TaKOXX HA3UBAETHCS CEPEIHBOIO



EnTpomnis y morisaax npupoAHMYUX HAyK

p(i)
HA3UBAETHCS YAaCTKOBOIO EHTPOIIIEI0, KA XapaKTepU3ye
TIIBKM I-Wi cTaH. TakuM YWMHOM, EHTPOIis IMOMii X €
CyMOIO 3 TIPOTWICKHHM 3HAKOM BCiX JOOYTKIiB
BIIHOCHHUX YaCTOT ITOSABM IOAII 1, IOMHOXEHUX Ha IX e
nozBiHHI norapupmu. Ile Bu3HAUSHHS IS JUCKPETHUX
BHIIAJKOBUX TOMIH MOXKHA PO3MIMPUTH I (PYHKITT
posnoziny #MoBipHOCTI [7].

[llenHoH BM3HAYMB, IO BUMIPIOBaHHS EHTPOMIi, sKa
3aCTOCOBYEThCA 10 JDKepena iHopmarii, Moxe
BU3HAYUTH BHMOTH JI0 MIHIMaJbHOI IPOMYCKHOI
MOXIIUBOCTI KaHay, IO BHUMAraeTbCs I HaJiiHOI
nepeaayi indopmariii y BUTJIAII 3aKOI0OBAHUX MTOIBIHHUX
yucen. [lns Buenenus Qopmynu IlleHona HeoOXimHO
o0paxyBaTH MaTEMaTUYHE OUIKYBaHHA  <«KUJIBKOCTI
iHdopMarlii», ske € y nudpi 3 mKepena iHpopmarii.
Mipa entponii IlleHoHa BHpa)kae HEBIIEBHEHICTh
peaizauii BUMaaKoBoi 3MiHHOI. TakuM YMHOM €HTpOIIis
€ DpI3HUICKD MK iH(OpMaIi€e, ska 30epiraeThCs B
ITOB1TIOMJICHHI, 1 Ti€l0 YaCTHHOIO iH(OpMAIlii, TKa TOYHO
BijoMa (abo rapHO mepeabadyBaHa) B TOBiJOMJICHHI.
[IpuknagoM 1BOTO € HAIAMIPHICTH MOBH — € SBHI
CTaTUCTHYHI 3aKOHOMIPHOCTI B TOsBI OyKB, Tmap
MTOCTTITOBHUX OYKB 1 T. JI.

EnTtpomisi  sBIsleThCS  KUTBKICTIO, BU3HAYEHOIO B
KOHTEKCTi WMOBIpHICHOI Mopemi Ui JDKepena JaHuX.
Hampukian, migkumaHHS MOHETH Ma€ EHTPOMiIo —

SHTpOIi€l0  TOBigoMIeHHA. Bemmumna  log,

2(0,5Iogzlogz 0,5) =1 6iT Ha oxgHe migKMAAHHS (TIpH

YMOBI HOro He3aleKHOCTI). Y JuKepena, SIKMi TeHepye
PSAIIOK, SIKa CKJIAQIAETHCSI TINBKU 3 OYKB «A», €HTpOIis

¥
piBHA HYIIO: - é log,1=0. Tax, HanpuKIaJ, JOCITIJHIM

i=1
LIJISIXOM MOYKHA BCTaHOBUTH, IO €HTPOITisSl aHTITIHCHKOTO
TekcTy piBHa 1,5 OiT Ha cuMBOIJ, IO KiHIIEBO Oyxe
BapilOBaTHCA JUIA PI3HUX TEKCTiB. Bim ocHoBH
nmaropu¢pMa  3ISKUTH  OJUHUIL  BHMIipIOBAaHHS
inpopmanii 1 enTpomii: OiT, Tpir, Har abo XapTii.
CryniHp eHTpomii Kepena JIaHUX O3HAYa€ CEpeIHE
yyciio OITIB HA €JIEMEHT JAHUX, 1[0 BUMAararThed Ui 11
3am(pOBKH 0e3 BTpaTu iHpopMmarii, pu
OIITUMaJIBHOMY KOJYBaHHI.

Andasit Moke MaTH HMOBIPHICHHME  PO3MOALT
JIAJIeKUi BiJ piBHOMipHOTO. SIKIIO MOYaTKOBUH andaBiT
Mae 1 CHMBOJIB, TOOI HOro MOXHA TIOPIBHATH 3
«ONTHMI30BaHUM ajI(aBiTOM», WMOBIPHICHUN PO3IOMLT
skoro  piBHOMipHuii.  CHIBBIJIHOIIEHHS  EHTpOIii
MMOYaTKOBOTO 1 ONTHUMI30BaHOro andasiTy e
eQEeKTUBHICTh MOYATKOBOro an(asiTy, sika Moxe OyTH
BUpa)keHa B TMpoleHTax. EQeKTHBHICTH MOYaTKOBOTO
andasiTy 3 N cuMBOJIAMH MOXKe OyTH TakOXX BHU3Ha4YeHa
SIK HOTO N-Ta EHTPOMisl.

SIKIII0 TOCIIOBHICTH CUMBOJIIB ai(haBiTy He3alIeKHA
(mampuknmam, B ¢paHiy3bkid MOBI mmicias OyKBH «QO»
Maibke 3aBKIH #ae «U»), KIIbKICTh iH(pOpMAIli, SKy
Hece MOCIIAOBHICT TaKUX CHMBOMIB (@ BiAMOBiZHO i
SHTPOIIis) OYEBUAHO MeHIa. J[Is BpaxyBaHHS TaKHX
(aKTOpiB  BHKOPHCTOBYETHCS ~ yYMOBHA  EHTPOIIs.
YMOBHOIO E€HTPOMI€I0 IEPIIOro IMOPSAKY Ha3HBAETHCS
eHTporis s andasity, e BiloMi HMOBIPHOCTI MOSBU
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ofuiei OykBu micns iHmoi  (To6To  HWMOBiIpHOCTI
JBOOYKBEHUX TIO€HAHB):
S(s)=-aran(ilog,log, p(j), (17)
i i

e i — 1e CTaH, SKMH 3aJIeKUTH BiJ| IONEPEAHHOTO
cumBoiy, i P.(j) — e HMOBIpHICTB j, IpU YMOBI, IO i
OyB IoTIepeTHIM CUMBOJIOM.

YMoBHI EHTpOITi | TIOBHICTIO OMHUCYIOTh
iHpopMaliiiHi BTpaTu MpH Iepenadi AaHUX B KaHail 3
nepemikogaMu. Jlisi 1bOro 3aCTOCOBYIOTH TaK 3BaHi
KaHaJbHI MaTpuii. Tak, U1 OMHCYy BTpaT 3 OOKY
Keperna  (TOOTO — BiOMHE  TOCTAHHMN  CHTHAN),
pO3IIISIAIOTH  YMOBHY — HWMOBIPHICTB p(b, [a)
OTpUMaHHSA IpHiiMadeM CUMBOIY D) mpu yMoBi, mo OyB
BiJITIpaBIICHUI CUMBOII &,.

Brpartu, siki npunanaoTh Ha NepeiaBaloyuril CUTHAI
&, OTIIMCYIOTHCSI Yepe3 YaCTKOBY YMOBHY €HTPOIIIIO:

S(Ba)=- & p(ba)log, p(ba ).
j=1

Bzaemna enrpormis,

(18)

abo eHrtporis 00 €THAHHA,
3aCTOCOBYETHCS JUTst pO3paxyHKy eHTpoITii
B3a€EMO3B’ 3aHUX CHUCTEM (SHTPOMi CIHiJBHOI IOSBH
CTATHCTUYHO 3aJIeKHUX IMOBIJOMJICHb) 1 MO3HAYAETHCS
H(AB), ne A, sk 3aBXAW XapaKTepu3ye IMepelaTduK, a
B —npuiitmau.

OpuHuIl BUMIpIOBaHHA — OIT/IBa CHMBOJH, IO
MOBSI3aHO 3 TUM, IO BOHA ONUCYE HEBU3HAYEHICTh Ha
mapy CHMBOIB — BijmpaBieHoro i orpumanoro [10].
[InsxoM HECKIIaJHUX TIEPETBOPEHBb TAKOXK OTPHUMYEMO!

S(AB)=S(A)+S(BA)=S(B)+S(AB). (19
B3aemHa eHTpomis Mae BlacTUBICTH iHpOpMaIiiHOT

MOBHOTH — 3 HEi MO)XXHa OTPUMATH BCi PO3IJISyBaHi
BEJUYNHH.

BucHoBku
1. Ewutpomis — 3B'I30Kk MDK Makpo- 1 MiKpo-
cTaHamH, e€auHa QYHKINS y  Qi3umi, sKa I0Ka3ye

HAIpsMOK TporieciB. DYHKINS CTaHy CHUCTEMH, sSKa HE
3aJICKUTh BiJ TEPEXOMy i3 OMHOIO CTaHy B IHINWH, a

3aJ€KUTh TUILKHM BiJ I0YaTKOBOI'O 1  KIHIIEBOIO
MTOJIOKEHHS CUCTEMMU.
2. Exrpomiss € Mipol0 pIBHOBRXHOTO CTaHy

CHCTEMH SIKa TUTBKH 3pOCTa€ MPHU MEpexoi CHCTEMHU 0
LLOTO CTaHy, XapaKTePHU3ye CTYIiHb ii BIOPSAKOBAHOCTI
— xaocy.

3. Exrpomnis B XiMmii BH3Ha4Ya€ HampsiM XiMi9HHX
peakuii Ta iX eeKTHBHICTB.

4. TadopmauiiiHa eHTpoIisE — Mipa HEBU3HAYEHOCTI
abo HerependOayyBaHoCTi iH(opMalii, HEBU3HAYEHICTh
TOSIBU  SIKOTO-HEOYAb CHMBOJY IEPBHHHOIO ada.ity.
[pu BigcyTHOCTI iH(pOpMAIIHHIX BTPAT YUCEIHHO piBHA
KiJIbKOCTI iH(pOopMalii Ha CHMBOJI IOBIJOMIICHHS, SKE
HEePENAEThCA.

Aemopu eucnosuoioms gosunicmo npog. B.M. Knaniuyi
34 HAOAHI KOHCYIbMayil.
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@Dpeik HJ]. — crynenTka [HCTUTYTy NpUPOIHUYHNX HAYK;
Inexie H.b. — cryneHtka  (Di3HKO-TEXHIYHOTO
(axynpTery.
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This important physical quantity characteristic — entropy — from a position of physical and chemica processes,

and information theory. Particular atention is paid to the entropy contents in thermodynamics and stetistical, as the
changes in chemical reactions, rdiability information degree.
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