6. O030p AoOKa3aTENbLCTB TOXKHOCTU YTBEPXKAEHNN
O BO3MOXXHOCTM CaMOCOBEPLLUEHCTBOBAHUA.
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[NacTep Aokasan NPOCTbIM OMNbITOM, YTO XM3Hb BO3HUKAET TOMbKO OT XKU3HMW.
XunBas kneTka poxaaeT XUBYHO KINETKY, bakTepus poxaaeTt apyryto
H6akTeputo. N HMKOraa »mM3Hb HEe BO3HUKAET U3 HE XXNBOTO



QHTpONUSA

SHTPOMNUA — 3TO (PYHKUMUA
Oecnopsagka B cucteme.

Bo BTOPOM 3aKoHe
TEPMOANHAMUKN SHTPOMUSA
Ucrnonb3yeTca Ana
onpeaeneHuns
CaMONPOU3BONbHbIX
NPOLIECCOB.

CamMonpou3BOSbHbIN
npouecc Bcerga
CONPOBOXAAETCA pacceaHNeEM
SHEPIrUM B OKPY KatoLLYO cpeay
1 NOBbLILEHUEM 3HTPOMUMN.
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4K ymeHbleHNe CNOXHOCTH



He Tak gaBHO MaTepuanmncTbl BEPUIN, YTO XU3Hb CaMO3apOXXaa€eTCs
nocToaHHO. [onnaHaey BaH-I'enbMOHT npeanoxun peuent
camMo3apOoXXOeHUA MbILLEN N3 FPS3HOro 0erbs, NoSI0XKEHHOro B ropLUOK
C 3epHaMU MLEHNLbI UITN C KYyCOYKOM cbipa. Hepes kakoe-TO BpeMs
nTanbsiHey, byoHaHn coobumn, 4TO Ha HEKOTOPbIX COpTax AepeBLEB
nosIBNSATCA YepBu... Hy Tak HaumnHarncs atensm.

Ho cnyTa HekoTopoe BpeMs Apyroun y4yeHblin [lactep, npegocTtaBun
Hay4YHOEe CBMOETENbCTBO TOrO, YTO XKMBbLIE CYLLECTBA HE
camo3apoXaatoTcs.

Ho uto aymaete aTtenctbl ycrnokonnuce? He TyT - TO O6INO0.
[TocnenoBanu JlenelwmnHckas - enm MepeLwnnoch B npobunpkax
XM3HEHHAasa BOJA C KOMOYKamMm rnpoTonsfia3dmbl, OKka3arnocb nNpoodupku
Obinn rpasHbiMu. lotom OnapuH - 3TOT BOOOLLE XYAOXKHUK, HO
yOoapuncst B J0ObIBaHWE XXU3HU NYyTEM MPOMNyCKaHUSA 3apsaoB Yyepes
MeTaH. OnaTb Nyco XMU3HM HET. Kak HKU XOTAT atencTbl OTKasaTbCs OT
OTua - Hn4ero He nosny4yaetca. Ectb y Hac OTel.

BCE XXMBOE CYWECTBYET BJIATOOAPA CBOVM POOUTEJTAM



bonee Toro, cenyac yxe sCHO, YTOo JItoOON «MPOCTENULLUNNY
opraHuU3m ans HopMarnbHOW XN3HEOEeATENbHOCTN O0MKEH
obrnagatb MHOXeCTBOM (PYHKUMW (NUTaHUE, pa3MHOXEHME,
yaaneHue oTxodoB, 3alinTa OT BHELLHEW cpeabl U T.4.), NPUYEM
BCE OHU OOMKHbI PYHKLMOHNPOBATL cpa3sy, BMecTe U B NOJSIHOM
obbeme; nocTeneHHoe NosABNeHNE 3TUX PYHKLUN HEBO3MOXXHO. A
TYT eLle 9KOMory «noanmearoT Macria B OroHb», AoKa3sbliBad, YTO B
OQMHOYKY HU OOUH OpPraHmM3M CyLLeCcTBOBaTb HE MOXET, TO eCTb
cpasy Xe OoSKHa bblfia NoABUTLCS BCA 3kocuctema. B obuwiem, no
CpaBHEHUIO co BpemeHamu OnapuHa nonoXeHme y runoTessbl
abuoreHesa cTarso TOJIbKO XYyXe



QHTpoNUs - mepa becnopsiaka.

O6wmn 3aKoH NPMPOObI HAFAE N HAKOrAA HE HapyLaeMbl - B 3aMKHYTOMN CUCTEME
SHTpONUA, T.e. 6ecnopsaok HEYKNOHHO Bo3pacTaeT. OTO OCHOBHOM 3aKOH NMpupoabl.
HWKTO HMKOraa He MOXET co3aTb CaMOCOBEPLUEHCTBYOLLYHOCS CUCTEMY U
YCTPOWUCTBO He nony4aroLlyo nHdopmauno U3BHe.

BnepBble 3TOT 3aKOH OblIfT CTKPLIT 1 cchopmynupoBaH Pyaonbdom Knaysnycom B 1865
ang Teopum TeNNOBbIX MalunH. IMeHHO Torga BBeAEHO npeacTaBneHne ob aHTponuu,
Kak O TepmoguHamMmmnuyeckon sennunHe becnopsigka. Knayauyc Been NoOHATUE SHTPOMUU
nyTeEM paccMOTpeHUst obpaTumoro umkna KapHo. Ecnu Mbl pa3obbemM NPOn3BObHbLIN
LMK TENNMOBOM MaLUMHbI C ra3000pa3sHbIM pabounm Terniom cepuen agmadart n n3otepm
Ha psag anemMeHTapHbIX obpaTuMbIX LUMKNoB KapHO 1 0603Ha4YnMM afieMeHTapHbIe




KonnyecTBa Tensna, nony4aemMoro n oTaaBaemMoro B TakoM LMKNe npu
Temnepatypax T' n T" cooTBeTCcTBEHHO Yepe3 OQ' 1 0Q", To TepMnyeCcKnm
KIMNA kaxkgoro Takoro uukna n npumetr Bua: n=1-06Q"dQ'=1-TY T . (1)
OTcroga cnegyert, Yto cymma 'npusegeHHsbix TennoT 0Q'/T' n dQ"/T" no Bcem
anemeHTapHbIM yuknam 2 (0Q'/ T' + dQ"/T") = 0, T.e. B npeaerne Kpyrosowu
NHTErpan oT NpuBeaeHHON TENOTbI, OKa3bIBAETCA PaBHbIM HYIHO
He3aBMCUMO OT KOHurypauum uukna. NocnegHee o3Havaer, YTo
noabiHTEerpansHoe BbipaxeHue 0Q/T npeactaBnaeT cobom NonHbIU
andppepeHumnan HeKOToOpon PYHKUMK coCTOAHKUA, kKoTopyto P.Knaysuyc
HasBas aHTponuen S: dS = 0Q/T. ( 2)

BTopou 3aKOH TepMoAuHaAMUNKK
OnpeodesieHue

(@ )
HeBO3MOXHO NpoTeKkaHWe camonpPou3BONbHOrO
npouecca, B KOTOPOM TensoTa npespallaeTcs B
paboTy. ToNbKo NpespalleHue paboTbl B TEMIOTY

MOXET BbiTb €AUHCTBEHHbLIM pe3ynbTaTtom
CaMoripou3BO/IbHOMo rnpouecca.

£, r Py
y - X
2 g 1_/-/\/ ,,/.'_, Bt _.(..«»./w'».k_\_/
ot -

b'écnap.ugna (3lunp01uut)



Takum obpasom, aHTponus Knayauyca npuobpetaeT CMbIC napameTpa COCTOSAHUS,
N3MEHEHME KOTOPOro B 0bpaTUMbIX Npoueccax paBHO TENoTe npouecca,
OTHECEHHOM K ero TemnepaTtype. Tak Oblf1o AoKa3aHO CyLLEeCTBOBAHME KOOPANHATLI
obpartmnmoro TennoobmeHa, T.e. napameTpa COCTOAHNA, UBMEHEHUE KOTOPOro
ABNAeTca HEOOXOANUMBIM U OOCTAaTOYHbLIM MPU3HAKOM NPOTEKAHUS JAaHHOro
npouecca.

TepMuH 'HeobpaTMMbIN' BRepBble NOSABUNCA B TPydax OCHOBOMOSOXXHUKOB
TepMoaANHaMUKN B NPOTUBOBEC NOHATUIO '0bpaTtumelin’. CHavana C. KapHo B cBoMX
'PasMblIlLIeHNAX O OBUMXKYLLEN CUIe OMHS M O MallnHax CnoCcobHbIX pa3BmBaThb 3Ty
cuny’ , a 3atem P. Knayauyc B '[InHamunyeckon Teopum TennoTbl’ pasHbIMU NYyTAMMU
nokasanu, YTo ecnu Kakaa-nmbo TennoBasi MallnHa YyCTpoeHa Tak, YTo npu paborte
ee B 0bpaTHOM HanpasIieHUN BCe MexaHn4eckne n tennosble 9ddeKThbl
npeBpaLlarTCcs B NPOTUBONMOSIOXKHbIE, TO OHA NPON3BOAUT MakCUMasribHoe
KONMYeCcTBO paboTbl. TO O3HA4Yano, Yto B obpatumbix Npoueccax 'sarpavyeHHas
Npu 3TOM MexXaHn4yecKasi aHeprna MoxXxeT ObITb BO3BpaLLeHa K nepBoHavYanbHOMY
COCTOSIHUIO'. Tak BO3HUKINO U cpasy NpMobperio xapakTep UCXO4HOro nocrynara
noHATHE obpatnmocTu. Cyas no NPUMEHEHMIO 3TOr0 TEPMUHA, KNaCcCUKKU NoHMManm
no4 HAM BO3MOXXHOCTb BOCCTAHOBIEHUS 'OBMXKYLLEN cunbl Tenna'. B 4yactHocTw, B.
TomcoH B ctatbe 'O guHamuyecrom Teopun TennoTel' NpsMo nuweT: '‘Koraa
Tenniota unm paboTta nony4arTcsl C NOMOLLBbI0 HeobpaTnmMoro npouecca,
NPOUCXOOANT pacToveHne MexaHM4eCcKom aHepruu, 1 NoriHoe BO3BpaLleHME ee B
nepBoHa4vanbHOEe COCTOSAHME HEBO3MOXHO



P. Knayanyc B CBOEM 3HAMEHUTOM paccyXxaeHun o paboTte AByX
COMPSKEHHbIX TEMSTOBbLIX MaLUWMH MPUHUMAET Kak caMo cobon
pasymetoreecd, 4yto tepmudecknn Kro n nodon HeobpaTMmon
TENSI0BON MaLLUWHbI MEHbLLE, YEM B obpaTnmMom uukre KapHo npu
TEX Xe TeMnepartypax TENIOUCTOUYHMKA N TeNNonpueMHuka

dS > d0Q/T,

T.€. QHTPONUSA CUCTEMbI BO3pacCTaeT AaXke B OTCYTCTBUE TensioobmMmeHa
CUCTEMBI C OKpYyXKatlLlen cpegon. 3To NPUHLMN BO3paCTaHUA IHTPOMNUM,
BblpaxatloLLnin CyLLECTBO 2-ro 3aKoHa TepMOAUHAMMKIN N OTPpaXKatoLnm
OOHOCTOPOHHIOK HanpaBfeHHOCTb CaMOMNPOU3BOSIbHbLIX MPOLLECCOB B
CBA3M C UX HEOOPATUMOCTLIO.

TOYHO Takue xe HeobpaTMMble NpoLecchl UAYT N B MHPOPMALUMNOHHbIX
cuctemax. PopmMynmpoBKy TepMOoaANHAMUYECKNX MPOLIECCOB B 0brnactu
NHopmaunorHHoro oomeHa caenan LLleHHoH B 1948 m roay.

C ero nogayu saHTponus crtana

MCMOSIb30BaTbCA Kak Mepa nosie3aHon MHpopmaunm B npoLeccax
nepenaym curHasios No Nposogam



CnenyeTt nog4YepkHyTb, YTO Nod UHdopmMmaLumnen
LLIeHHOH NoHMMan curHanbl Hy>XXHble, None3Hble Ans
nony4arens.

Henones3Hble curHansl, ¢ TO4YKU 3peHunsa LLleHHOoHa,
9TO WyM, Nnomexun. Ecnu curHan Ha BbIXxode KaHana
CBA3U ABMAETCS TOYHOW KOMMen curHana Ha Bxoge 1o
9TO O3Ha4yaeT oTcyTCcTBUE HTponmn. OTCyTCTBUE
LIyMa O3Ha4YaeT MakCMMyM MHpopMaunu.
B3anmocBA3b SHTpONMuU n MHopMaL MM HaLso
oTpakeHue B goopmyne:

H+1=1,

roe H — sHTponus, | — nHpopmaums.
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CxoactBo S 1 H B ToOM, 4UTO CTpeMneHne K paBHOBEPOATHOCTM (OAHOPOLAHOCTN)
COCTOSIHUM CcUCTEMbI yBenuymBaeT obe aHTponun. Ho B aHTponuu bonbumaHa HeT
BepxHero npegena S. Yem 6onbuwe W, Tem Boilwe S. Y LWeHHoHa Hmax = 1.

[Moaeen 4YepTy nog nobbiMM UHTEPNPUTALUSMM 3aMKHYTOrO npouecca marematuk Kypt
[‘eénanb. [lokazaHHasa UM TeopemMa O HEMOSHOTE IMacuT:

"Henb3a co3gaTtb YHMBEPCanbHYO MalLUMHY CNOCOBHYI0 pellaTth Nobble 3agayn. Ons
nobor caMmon CNoXHOM MaLlMHbI HANAETCA 3a4ada, KOTOPYH OHa HE MOXET peLlnTb B
npuHuyune."



CamMocoBepLLEHCTBOBaAHNE HEBO3MOXHO HE TOSTbKO MO 2
MY 3aKOHY TepMOAMHAMMUKN, HO N YNCTO MaTEMATUYECKU
Ha OCHOBe opMasibHOW NOOMMKMN,

N3 Teopembl [egana cneayert, YTo HENb3dA co3aaTh
CUCTEMY CMNOCODHYI0 peLwmnTb NMobyo 3agauyy.

meob’oii qagaui... . Teganw



[eHbl — MOLLUHLIA CTAbUNN3NPYIOLWMA MEXAHU3M, MlaBHas 3adada KOTOpPOro 3aknoyaeTcs
B TOM, YTOObI NpeaoTBpaTUTb Pa3BUTUS HOBbLIX OOPM. 3BOMOLUMOHUCTLI CYMTalOT
OCHOBHbIMW ABWXUTENSIMU 3BONOLUMOHHBIX N3BMEHEHUN €CTECTBEHHbLIN OTOOP U
KpOCCUHroBep (CrydanHbii Habop reHoB Npu ckpewmBaHmn). Ho aTn doakTopbl HUKOrAa
He BblBeOYT BM[ 3a paMK/M caMoro Buaa. 370 AoKasbiBalOT MHOMOSIETHUE MpaKTUYecKme
OnNbITbl CKpeLnBaHNA MyLLEK AP030doun.



CnyyainHble, BO3HUKaoLWMe Apyr 3a ApYyroM MyTaumMm Ha MOSIEKYNSPHOM YPOBHE He
ABNAITCA OObACHEHNEM BbICOKOW OPraHnM30BaHHOCTU U pacTyLen CITIOXKHOCTU XKUBbIX
opraHnamMoB. MyTaumn - 3TO OTKITOHEHUSI OT HOPMbI B MOPSAAKE U KOMMeKTauMm reHoB B
OHK ocobu, KoTopble B ny4wine CTOPOHbI (C NONOXUTENbHLIMU NpenMyLLecTBaMmu ang
ocobun) nHorga NpPosIBASAKTCA Y HU3LWKUX POPM, CNOCOBOHBLIM K O4HOMOSTIOMY
Pa3MHOXEHWUIO, - OT OQHOKIMETOYHbIX 40 HACEKOMbIX, HO MOYTU HUKOrA4a He NPOoSABNSAOTCS
Y BbICLLUMX XXMBOTHbIX, K KOTOPbIM OTHOCATCA MJieKonuTarLime n obesbsiHbl.

C obesbssHamMu reHeTUKM JaBHO YXe NMPOBOAAT ONbIThl N0 A0BEAEHUIO Y NOAOMbITHLIX
4yucria XpoOMOCOM [0 verioBeveckoro. 1 HMKakux nogBmKek B CTOPOHY oYerioBeuYnBaHNS
He Habntogaetca. HaobopoT, Takme XMUBOTHbIE HEXN3HECNOCOOHBLI. MyTauumn ToNbKO
Toraa adPeKTUBHbI, KOrga OHW BIIUAKOT HA NepPeCTPOMKY reHoB, 6e3 n3ameHeHnn
XPOMOCOMHOro psaja.

Arpbl ¢ xpomocoMmamm 6e3ycrellHbl C TOYKN 3PEHUSA NOyYeHUs HOBOro NPOAYKTUBHOIO
BuAa Kak U C XXMBOTHbIMW, TaK U C pacTeHnamMmn. [loyemy - Mbl NoKa He 3HaeM.




MyTaunsa — aTo paspyLleHue yxe cywectsytowero IHK, koTopoe MOXeT ObITb BbI3BAHO
paguaumen unum nHblM BosgencTememM nssHe. Mytaunm M3aMeHsT MecTopacnosoXxeHne
HyKreoTnaos, coctasnarowmx mosnekyny AHK, nopoxgaa HeraTMBHbIE NOCNeACTBUA.
HeT HM ogHOro goKas3aHHOro cny4yas, Korga Mytaums cbirpasna nonoXUTerbHY Porb,
yNnyywmnB Kakon-nmbo opraHnam. OHa MOXeT cTaTb NULLb NPUYMHON aHOMaITbHbIX
SIBIIEHUN, K MPUMEPY, POCTa HOrMM CO CNUHbI UNK yXa 13 Xneota. Bcerga nobdon MmyTaHT
TEPSIET YTO-TO HEOOXOAMMOE ANsA AenbHENLWEN NOSTHOLEHHOM XNU3HU 1 pa3BuTus. B
pesynsrarte mytaumm Kk monekyne OHK He MoxeT npubaBuTbCcs HoBast UHopmauus.
Taknum obpasom, myTaumm He B COCTOSAHUN MPUBHECTN HNYETO HOBOIO B reHETUYEeCcKoe
cofepXXaHue KneTkn, a 3Ha4uT, gaxke Nno CyTU He MOryT NOpPOoAUTb «BePTUKANbHYHO»
aBosnoumto. To ecTb MyTauusa He caenaeT HOBbIW pofd — U3 ockbl 6abouky. [laxe nog
KOHTPOsieM B TabopaTtopum HEBO3MOXHO C MOMOLLLID MyTauMn co3gaTb HOBOeE, Nydllee
TBOpeHue. LLlecTbaecaTt neT reHeTUKn BCero Mmpa MeHSNM reHbl Myx ans
aoKasartesibCTBa Teopum asosiounn. Ho o cux nop He BbiBedeH HOBbLIVM BUA U JaXe HU
ofHa bonee xu3HecnocobHasa ocobb. Myxu, KOTOpbIX NoABEPINN MyTaunam, IMbo
TOTYac ymepnu, nmbo 6binu nsyBeyveHsbl, Mbo xe ctanun decnnogHbIMN.




dakTbl perynaunmn, pereHepauum n penpoaykuum rnokasbiBatoT, YTO B XXUBbIX
opraHM3mMmax eCTb HEYTO, YTO MO3BOSIAET UM OCTaBaTbCH LENbIM, XOTH YacTu
donan4eckoro Lenoro MoryT ObiTb yaaneHbl; OHO (3TO HEYTO) OENCTBYET Ha
don3n4EeCKyr0 CUCTEMY, HO HE SIBNSIETCA €€ YacTbHO.

OTY HEPU3NYECKYIO NPUYMHHY NN (PaAKTOP OTKPbIN M3BECTHbLIN UCCneaoBaTenb
HeMeLKun buonor, ambpuonor XaHc dpull 1 Ha3Barsr SHTENEXUEN. DHTENEXUS
— 9TO rpeYecKoe CroBo, 3TUMOIorns Kotoporo (en-telos) ykasolBaeT Ha HEYTO,
cofep)kallee CBOK KOHEYHYIO Liefib B CaMOM cebe; oHa «CoaepXUT» Lenb, K
KOTOPOW HarnpaBnsieTcsa KOHTponupyemasi eto cuctema. Takum obpasom, ecnu
HOpMarnbHbIW NYTb PA3BUTUSA HAPYLLUEH, CUCTEMA MOXET AOCTUYb TOM Xe Lenn
OPYrMm rnyTem.

"Teopua moporeHesa 4o CUX NOp OTCYTCTBYET, N €ro ABUXYLLNE CUSbI
OCTalTCs HEPACKPLITLIMU. Bce nepevncnerHble KoHUEenuMn LENOCTHOCTH
Pa3BUTUNS HOCAT MokKa doparMeHTapHbIN XapaKkTep, OCBeLas To OgHy, TO APYryto
CTOPOHY npouecca. O4yeBMaHO, YTO B Xo4e AarbHENLUMNX HAYYHbIX
nccrenoBaHum dyayT AaHbl OTBETbl HA MHOMME akTyarnbHblE BOMPOCHI
MopdooreHesa."

NMonHoe cBegeHUe NpoUeccoB OpraHN3mMa M KrneTku K ousanyeckum u
XUMUNYECKMM 3aKOHOM AOMKHO O3Ha4yaTb BO3MOXHOCTb BOcco3aaBaTb U3
He XXUBbIX 3JIEMEHTOB XUBOro opraHnama. Ho Takoro ycnewHoro onbita
A0 cerogHsiLLHero AHA He NpoBeaeHo.



Teopusa 3BOSTIOLINMU 310 NnceBaoHayyHas
HecocTosiTenbHas, HUKOraa u
Hukem HE A OKd3dHHaAs

rmnoTe3ad.

HukTo
U HUKOrga He
NOBTOPWUN cO34aHNEe U3 He XUBbIX
MaTepuanoB >XMBOWM KINETKU U XKUBOIO CyLLeCcTBa,

NO3TOMY pacCyXAeHuUsa O TOM, KaK cny4yauHo
BO3HUKIIO U CJTy4YanHO COBEepLUEeHCTBOBAsOChb TO,
yero gaxke He CMOIfU NOBTOPUTb €CTb AeMarorus

n JIOXKb



