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[TokazaHa OIIMOOYHOCTH YaCTO IOCTYJIHPYEMOI CBS3M MEXAY TEUEHHUEM BPEMEHU U
MIPOLECCOM BO3pacTaHUsl JHTponuHu. HarnmsaHbIM KOHTPHPUMEPOM K JTOH MNOMYJISPHOU
THIIOTE3€ SIBJIAETCS CYIIECTBOBaHHE M (DYHKIIMOHMPOBAHHE JKMBBIX OPraHHU3MOB, KHUBYIIUX BO
BPEMEHHU MU MOYTU HEU3MEHHBIX TEPMOJUMHAMUYECKUX MapameTpax. Iloka3aHo Takxke, 4TO
NIPUMEHEHHE BTOPOTO 3aKOHA TEPMOJMHAMHKH K MAaKPOCKONMHWYECKHM IIOJCHCTEMaM
BceneHHOW B IIEJIOM CTalKHMBAeTCs C TPYAHOCTSMH, ITOCKOJBKY, B CHIIy CYIIECTBOBAaHHS
HepapXxuu HEPAaBHOBECHBIX CHCTEM, ONPEIEIICHNE POCTA WM YOBIBAHHS SHTPONUH 3aBHUCHUT OT
MacmTaba BbIAEICHUS U PACCMOTPEHHS TaKUX CHCTEM. B 4acTHOCTH, ymoOpsAA0uYeHHOCTh TAKOH
MOACUCTEMBI Kak Ouocepa 3eMiaM NOCTOSHHA WM BO3pacTaeT BO BpeMeHH. [losTomy B
JONIOJIHEHWE K M3BECTHBIM 3aKOHaM TEPMOJMHAMMKM Ha ocHoBaHuu pabot M. IIpuroxuHa,
10. KiiumonroBuya, I'. Xakena, A. BykamoBa m jap. kak 0000ILIeHME IpeaaracTcsi HOBBIH
3aKOH  HEpPaBHOBECHOM  TEPMOAMHAMHKH: B  CHIBHO  HEPABHOBECHBIX  OTKPBITHIX,
CHHEPreTHYECKHX CHCTeMax CTelNeHb WX YIHOPAJOYEHHOCTH JIMOO TOCTOsIHHA, JI0o
BO3pAcTaer, MpH YCIOBUH COXPAaHEHMsS IOCTYHAIOUIEro IOTOKA 3HEPru, MHGOpMALMH H
BEIIIECTBA M CIIOCOOHOCTH AJIEMEHTOB CUCTEMBI K (DyHKIIMOHMPOBAHHIO ¥ B3aUMOAEHCTBUIO.

Kniouesvie  cnosa: TepMOAWHAMUKA, CHHEPreTHKAa, OHTPONIHSA, KOCMOJOTHS,
YTIOPSAA0YEHHOCTh, HH(GOPMAIHS, JUCCUIIATHBHAs CHCTEMa, HEPABHOBECHAS TEPMOAMHAMUKA,
KHMBOH OPTaHMU3M, CTETICHb YIOPSIOYEHHOCTH ONOJIOTNIECKUX CHCTEM.

1. BBepeHue

Bropoii 3aK0H TepMOAMHAMHKH TIACUT, YTO B U30JIMPOBAHHOIN CHCTEME 3HTPONHUS CTPEMHUTCA
K MakCUMyMy: dS,/dt>0. DTOT 3aKOH MOATBEPXKIEH MHOTOYHCICHHBIMH dKCIIEpUMEHTaMu. B To ke

BpeMsi 715l HEPAaBHOBECHBIX CHCTEM, HaXOISIIUXCS BAANU OT TEPMOAMHAMUYECKOTO PABHOBECHUS, KaK
910 nokazanu J. llIpenunrep, U. I[Ipuroxun u apyrue aBTopsl, JHTpONHs yObIBaeT: dS, /dt <0 3a cuer

OTBOJIa U30BITOYHOM SHTPONUH U3 CUCTEMBI. CUNUTACTCS, YTO MPH 3TOM OOIIask SHTPOIHS CUCTEMBI U
Cpensl He yOBIBaeT, a, Kak MPaBHIIO, BO3PACTAET:

d—Sz—ﬁ+%+...20. (D)

dt dt dt
B To e Bpemsi, IpUMEHUTENHHO KO Bcell BcelleHHOM B 1eNIoM, HCIIONIb30BaHNE BTOPOTO 3aKOHA Tep-
MOJMHAMHUKHN CTAJIKHBACTCS C TPYAHOCTSMH, TIOCKOJIBKY BceneHHas SBHO HE HaXOIUTCS B COCTOSTHUU
TEPMOJAMHAMUYECKOTO DPABHOBECHS, a IPOJOJIKAECT HBOJIOIMOHUPOBATh C (DOPMUPOBAHUE HOBBIX
CTPYKTYp, B TOM YHCIIE TUIAHETAPHBIX U OMOJIOTHUECKUX.

Yunesam Tomcon (7topn KenmsBHH) OTHMM U3 MEPBEIX pacCMOTPEI BOIIPOC MMPUMEHEHHUS BTOPO-
ro 3aKOHa TEPMOJMHAMUKHU K LIEJI0W BCEJIEHHOM: « BTOpOW BEIMKHI 3aKOH TEPMOJMHAMUKH BKIIFOYAET
B ce0sl onpeIeNIeHHbIN IPUHITUT HeoOpaTuMoro jaericteus B [Ipupone. Takum oOpa3oM, moka3aHo, 4TO
XOTsl MEXaHHYECKasi SHePTrHsi Hepa3pylIuMa, CYIIeCTBYeT YHUBEpCalbHAs TEHICHIHS K €€ JUCCHIIa-
IIUM, KOTOpas NMPUBOAMUT K MOCTCIICHHOMY YBEIMUYCHHIO U PACHPOCTPAHCHHIO TEIUIA, MPEKPAICHUIO
JIBUKCHUST W WMCTOIICHUIO MOTEHIMAIBLHOW DHEPrHMM Yepe3 MaTepUAbHYI0 BCElICHHYH. Pesynprar
HEN30EKHO OYyJIET COCTOSTHUEM BCEOOIEro TOKOs M CMEPTH, €CJI Obl BCelleHHas Obliia Obl KOHEYHOH U
ocTamack OBl MOMYHHATHECS CYIIECTBYIONTUM 3aKkoHaM. Ho HEBO3MOXXKHO TPEACTaBUTHL cebe Tpemen
o0beMa MaTepuu Bo BeeleHHOI; 1 M03TOMY HayKa yKas3bIBaeT Ha OCCKOHEYHBIN Iporpecc yepes Oec-
KOHEYHOE IMPOCTPAHCTBO JACUCTBUH, CBI3aHHBIX C MPEBpaIlleHuEM MOTEHIMATFHONW SHEPTHH B TIAJIBITH-
pyeMoe IBIKEHHE, a OTTyJa B TEILIO, YeM K OTHOMY KOHCUHOMY MEXaHHU3MY, HIyIIeMy BHH3, KaK Ja-
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CBI, ¥ TIpEKpaIlleHNI0 HaBceraa. Takke HEBO3MOXKHO MPEACTaBUTH cebe b0 Havamo, b0 Mpoo-
JKEeHHE JKM3HU, 0e3 HaBA3BIBAHUS TBOPUYECKOW CHIIBI; W MTO3TOMY HHUKAaKHE BBIBOABI O JHUHAMUYECKOMH
Hayke 0 OyAylleM COCTOSHUM 3eMJIM He MOTYT NMPHBECTH K yApydalolleMy B3IJISAy Ha CyAbOY pachl
Pa3yMHBIX CYIIECTB, KOTOPhIMU OHa ceiyac HaceneHa» [60]. IIpu stom JI. BompuMan cuutan, 4To
BceneHHasd B 11€10M HaXOJOUTCS B COCTOSIHUM TEIUIOBOTO PABHOBECHS, a Mbl JKMUBEM B I'MTAHTCKOMN
(ayKTyanum Kak MaJoOBEpOSTHOM, HO BO3MOXHOM OTKJIOHEHUH OT paBHOBecusA. OJHAKO aHAIHU3HUPYS
stoT Bompoc JI. Jlangay u U. JIupmun ormernnu: «Ecnu Mbl nonpoOyeM MPUMEHHTh CTaTUCTUKY K
MHpPY KaK LEJIOMY, UTO PACCMAaTPUBAETCS KaK €IMHCTBEHHAS 3aMKHYTAasl CUCTEMA, TO MBI Cpa3y CTOJIK-
HEMCS C MOPa3UTEIbHBIM NIPOTUBOPEUNEM MEXIy Teopuei u onbiToM. CorjacHo pe3yiabTaTaM CTaTH-
cTukd, Bcenennas nomkHa Obiia Obl HAXOIUTHCS B COCTOSIHUHM TIOJIHOTO CTaTHCTHYECKOTO PaBHOBE-
cus. Mexny TeM MOBCEIHEBHBIN OMBIT 3aBEPSIET HAC B TOM, YTO CBOMCTBA MPUPOJLI HE UMEIOT HUYETO
00IIIeTo co CBOMCTBaMU YPaBHOBEIIEHHOW CHCTEMBI, & aCTPOHOMUYECKHE JaHHBIE IMOKA3bIBAIOT, YTO
TO YK€ OTHOCHTCS ¥ KO BCEH JocATaeMOil HaleMy HaOJIIOICHUIO KOJIOCCaIbHOU 00actu BeeneHHoil. ..
B CBSI3M C 3TUM NPUMEHEHHE 3aKOHA BO3PACTaHUS SHTPONHH HE MPUBOIUT K BEIBOIY O HEOOXOIUMO-
CTH CTaTHCTUYECKOTO paBHOBecHs» [49]. OHM TakKe OTMETHIIH, YTO BOIPOC O COOTHOIIECHHH MEXKITY
pPOCTOM SHTPOIIMHU M TEUEHHUEM BPEMEHHM J0 CHX IOp He pelieH. 3aMEeTUM TakKe, YTO SHTPOIHS MUK-
POBOJIHOBOTO PETUKTOBOTO U3IYYEHHs, KOTOpasi BHOCUT HAaUOOJBIINI BKIAJ B SHTPOIHUIO PaAHalliH U
BellecTBa BeeneHHOM, siBiseTca MOCTOAHHOM BenuuuHOM. [Ipu 3TOM 3HTpONMsS U3IMy4YeHHUs 3BE3d U
IPYTUX OOBEKTOB JaeT HAMHOTO MEHBIIMH BKJIAJ B CYMMAapHYIO SHTPOIHIO 3JIEKTPOMAarHUTHOTO M3-
JTy4YECHHUSL.

JIeHCTBUTENBHO, B PACIIUPSIOUICHCS U 3BOJIOLUOHUpYIOLEH BceneHHON cratucTuiyeckoe
paBHOBecHe OoTCcyTcTByeT. Ho 3TO 03HavaeT, 4To B Takoil BcesleHHOM He BO BCeX CUTYAIlUsAX JCHCTBYET
3aKOH BO3pacTaHus 3HTponuu. Eme Oosee mpobieMaTHYHBIM SBISETCS OCYILIECTBICHHE 3aKOHA BO3-
pacTaHus SHTponuu A BeceneHHOM B 11e10M, MOCKOJBKY BpeMsI pelakcalii Takoi CHCTEMBI HAMHO-
ro IpPEeBbIIAET €€ TeKyLUil Bo3pacT: ¢, >>t, . IIpu atom Beenennas npu bonbsmom B3psise 3BoI0-

relax
IUOHUPYET M3 OJHOPOJHOTO COCTOSIHUS, 3allOJHEHHOTO pPAIMAIllMOHHOM IUIa3MOH, a COIJIACHO
P. [Tenpoy3y B HauanbpHO# cranuu Bceenennoii tenzop Befina Obun paBen Hymo [52]. Ilocnenyromiee
IPaBUTAlMOHHOE CKYYHMBAaHHWE MAaTEPUH MOBBIMIACT SHTPONHIO, HO OJHOBPEMEHHO YBEIMYUBACTCS H
CTeTleHb YIOPAJOYCHHOCTH OPraHU30BaHHOTO BemecTBa. [loaToMy GanmaHc 3HTponUH W WH(MOpMAIH-
OHHOU YTOPSAAOYEHHOCTH B pacumpsiomeiics BceleHHOH HesiceH: ero Hy>KHO paccMaTpUBaTh IS
KOHKPETHBIX KOCMHYECKUX OOBEKTOB.

2. TepMO,qMHaMVIKa U YPpOBHU opraHn3auumn matepumn

B CUJIy TOIrO, 4TO 3aKOH BO3paCTaHUA DHTPOIIMH CBA3aH C JIOKAJIbHBIMU B3aI/IMOIIeI‘/‘ICTBI/I$IMI/I
IIPY YCTAHOBJICHUW PAaBHOBECHS B 3aMKHYTOM CHCTEME, MbI MOXKEM 3aKIIOYHTh, YTO BHIOOD aJcKBaT-
HOM TEpMOJWHAMHYECKON CHCTEMBI, B KOTOPOI BO3MOXKHO yCTaHOBIIEHUE PAaBHOBECHS, CBS3aH C IPO-
SBIIEHMEM BTOPOTO 3aKOHa TepMoauHaMmuku. [Ipu npyrom BeIOOpe CHCTEMBI MM MaciiTaba B3amMo-
JeicTBUsL MBI OyJleM HaOJOAaTh OTCYTCTBHE CTPEMIICHHS K PAaBHOBECHIO M HapyIICHUE 3aKOHA BO3-
pacTanus SHTponuH. [IpuMepoM MOTYT SIBIATHCS (PU3HKO-XMMUYSCKUE U OMOJIOTMYECKUE TPOIIECCHI B
>)kuBoM kieTke. Ha ypoBHE JIOKaIbHBIX aTOMHO-MOJICKYJISIPHBIX B3aUMOJICHCTBUI BTOPOMl 3aKOH Tep-
MOIVHaAMUKH NPOABIACTCA B MTOJTHOM MEPEC, MOCKOJIBKY B JIOKAJIBHBIX BSaHMOHeﬁCTBHHX MOJICKYJIAP-
HBIE TOJICHCTEMBI KJETKU CTPEMSTCS K paBHOBecHio. OJHAKO KIETKa B IIEJIOM SIBIIAETCS CIOXKHOU
HEPaBHOBECHOW CUCTEMOI, B He€ MOCTyMaeT MOTOK HEePTUU, MOJeKyJ, nHpopmanuu. 13 Heé Takke
HCXOAWT MOTOK PHEPIu, HH(PpOpMannu (B BHJIE CHTHAIBHBIX MOJEKYJ, dJEKTPUIECKHX, dJIEKTpoMar-
HUTHBIX M JIPYTHX CUTHAJIOB), a TaK:Ke PHTPONUU (B BUJE TEIUIA M MOJICKYJIIPHOTO Mycopa). Takum
o0pa3oM, Ha YpOBHE OTIENbHBIX MOJEKYJ padoTaeT BTOPOH 3aKOH TEPMOJUHAMHKH, HO OO0IIas Mak-
pocKonuuecKkas CTPYyKTypa KJIETKM M €€ MHTEHCUBHOE B3aMMOJICHCTBHUE C OKpY’Kalollel cpenod Ha
0oJ1ee BBICOKOM HEpapXHUuecKOM ypOBHE OpraHU3allii HeUTpain3yeT AelcTBue 3Toro 3akoHa. Cucre-
Ma KJIETOK, B CBOKO OUYepe.lb, 00pa3yeT MHOTOKJICTOYHBIH OpraHu3M C eile 0oJiee CIOXKHBIM U YIIOps-
JIOYEHHBIM ToBeneHneM. U 31ech neiicTBre BTOpOro 3aKOHA TEPMOAMHAMHUKHU TpeiaraeTcs mepeHe-
CTHU Ha CUCTEMY «OpraHu3M + cpema». g Takol CHCTEMBI, KaK CUUTACTCS, SHTPOTIHS JODKHA BO3pac-
TaTh. opManbHO — /3, HO TOHKOCTH 3aKII0YAETCS B TOM, KaK OMPENCTUTh «OKPYKAIOIIYIO CPEIy».
OxpyKaromiel cpemoil st opraHu3Ma SIBISIETCSl €ro MPHUPOHAs cpea OOUTaHHUS W OCTallbHas OWo-
cthepa — or OakTepHuii © MEKPOOOB 10 MakpoopraHu3MoB. [103TOMY MBI MOKEM Cpazy pacCMOTPETh
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Oojee oOUIMIT BOITPOC — O B3aWMOJEHCTBUM Omocdepsl B 1eoM ¢ OKpyxKaromiel cpenoi. Ilom mei-
14
CTBHEM CONHEYHOro u3nydenust (P, ~10"Br) u BHyTpeHHero mianerapHoro rtemna (£, ~4-10"° Br)

ouocdepa, ruapochepa, atMocdepa U TOBEPXHOCTh 3€MIIM MOTYYarOT IOTOK 3HEPTUU U HH(pOpMaLUH,
B pe3yJIbTaTe KOTOPOTO MPOUCXOMAT MPOIECCHl CaMOOPTaHU3aIM U YMEHBIICHUS SHTPONHH B OHO-
chepe, armochepe u ruapochepe myreM o0pazoBaHUs 00JIEE CIOKHBIX CTPYKTYp. DTH MPOILECCHI XO-
poto onucansl B cuHepreruke [48, 51, 53]. [Ipu aToM, Kak U3BECTHO, SHEPTETHUYCCKUI OanaHc 3emiu
u Onocdeps! TI00aTbHO BEITIONHSIETCS: 3eMJIsl U3ITyJaeT B OKpY’Karollee KOCMUIECKOe MPOCTPAHCTBO
CTOJIBKO K€ DHEPTUH, CKOJIBKO M MOydYniIa, HO B 00Jee JUIMHHOBOJIHOBOM, HH()PAKpaCHOM JHara3oHe.
BBICOKOHEPTeTHIHOCTS KBAHTOB COJIHEYHOTO U3TYUYCHUS TpaHC(HOPMUPYETCs B YIOPSIOUCHHE MOJIe-
KYJSIDHBIX CTPYKTYp M HM3JIy4aeMoe UMM JJIMHHOBOIHOBOE TEIUIOBOE M3NydeHue. Takum oOpazom,
WH(POPMAIMOHHBINA TTOTOK 00Jiee KOPOTKOBOJIHOBBIX KBAHTOB COJTHEYHOTO M3IYUECHHS TUTIOC TEIUIO W3
Henp 3emi POPMUPYIOT HEPABHOBECHOE COCTOsTHHE Onocdepsl u e€ cpex oouranus. [loaromy B 11e-
JIOM «OKpYy’Karomias cpejia», B KOTOPOH BO3pacTaeT SHTPOIIUS BCEH CUCTEMBI, OKa3bIBACTCS YIKE BhIHE-
CEHHOH B KOCMOC, a Ha NIAHEMApHOM YPOS8He op2anusayuu ouocghepul u eé cped 0Oumanus SHMponus
2nobanvio He 6o3pacmaem. B poTUBHOM citydae 6mochepy oxumano ObI HEM30EKHOE yBEIHUCHUC
SHTPONHH C MOCIEAYIOUICH JNe3uHTEerpanueli )KUBbIX OpraHu3MoB. HanpoTus, Mbl MOXKeM HaOJIIOIATh
MIPOIIECCHI IBOJIOIMOHHOTO YCIOKHEHUSI CTPYKTYp OHOC(EpHI, BILIOTH 10 MOSBICHUS YEIOBEUECKOM
[UBIIIM3AIMA. DTO TOBOPUT O TOM, YTO Ha IJITAHETAPHOM YPOBHE CTETEHb yIOPsI0YeHHOCTH Oroche-
pBI U cpenbl e€ OOMTaHUs pacTeT, a, CIeAOBATEIEHO, SHTPOIHUS ITOH CHUCTEMBI YOBbIBaeT: dS/dt <0 .
Taxkum o6pa3om, GopMaIbHO MOYKHO TOBOPHTH TOJIHKO O BO3PACTAHHWH DHTPOIHH CHCTEMBI 3eMIISI—
Kocmoc. Ho 3ta cucrema He sABIIsIeTCS HU M30JIMPOBAaHHOW, HU 3aMKHyTo. K Tomy xe Bcenennas
pacmmpsiercs, Aa eme U ¢ yckoperueM. [1o3ToMmy ToBopUTh 00 SHTPONUHU TAKOH CHCTEMBI OECCMBIC-
JeHHO 0e3 (U3MUYECKH peaqn3yeMOoro YeTKOTO BBIICICHHS e¢ TpaHuIl. TakuM oOpa3oM, MOJa BO3ICH-
CTBHEM COJIHEYHOT'O M3IYUYCHHS WM SJCPHBIX PEaKIMii BHYTPU 3€MJIH C BBIJCICHUEM TEIUIA, B IUIaHE-
TapHOH CHUCTEME OCYIICCTBISIOTCS MPOIECCHl CAaMOOPTaHU3AIMH MOJICKYJISIPHBIX CTPYKTYP C TTOHMKE-
HUEM SHTPOIHH, YTO HEUTPATU3yeT AeCcTBHE 2-TO 3aKOHA TEPMOIAMHAMUKH IS TaKO cucTembl. Ecim
JK€ TOBOPHTH O CTEMEHH YHOPSIIOYEHHOCTH caMOi Omocdepbl, TO MBI MOXEM KOHCTaTHPOBATh, YTO
OHHM JTUOO TOCTOSIHHA (C TOYHOCTBIO JI0 PIYKTyaluii BBUY BO3JICHCTBHIA BHEITHEH Cpeibl), THOO BO3-
pactaetr. DTO coriacyercs ¢ 00mel JMHAMUKON OTKPHITHIX HEPABHOBECHBIX JMCCUIIATHBHEIX CHCTEM,
OTIMCHIBAaEMBIX METOJAMH CHHEPTEeTUKH, B KOTOPBHIX BO3HUKAIOT HOBBIE CTPYKTYPHI I YPOBHH OpTaHU-
3alUK MaTepuu. J{JIsi TAKMX HEpaBHOBECHBIX CUCTEM, BKIIIOUasi OMOJIOTUYECKHUE, IEHCTBYET mpejiara-
eMblli Hamu, Ha ocHoBe pabor W.Ilpuroxwna u ero mkomnel, 0. KimmontoBuua, I'. XakeHa,
A. bykanosa, u ap. [1, 11, 12, 19, 20, 22, 26, 46, 48, 51, 53, 54], cneayomuii 3aKOH HePaBHOBECHOI
TEePMOAMHAMHUKH:

B cunbHo HepasHoeCHbIX OMKPBIMbIX, CUHEP2EMUYECKUX CUCEMAaX cmeneHb YNopa0o4eHHO-
cmu, xapaxmepuzyemas Koauvecmeom ungopmayuu I=—S ¢ aubo nocmosuna, 1bo 6o3pacmaem, npu
YCA08UU CIAOUTLHOCTU HOMOKA NOCMYNAWUX dHepeul, undopmayuu u geujecmsed, U COXpaHeHuUs
CHOCOOHOCIU 3]IeMEeHmMO8 CUCHEMbl K (DYHKYUOHUPOBAHUIO U 83AUMOOEUCMBUIO!

ds(xt,p.) _

dt )
HIIA
d](xatapas) >O (3)
dt B

[Ipenyaraemslii 3aKOH MOKHO C(OPMYIUPOBATH U MHAYE: [IpOCmMpancmeeHHo-8pemMeHnas, CmpyKmyp-
Hasl Ynopsi0OYeHHOCHb CUCTEeMbl HOCHOAHRHA UL 803DACMAEN C Y8elUudeHUeM NPOXOHCOeHUS OPeaHU-
3yl0U4e20 NOMOKA IHePIUL uepe3 cucmemy (He npesvluiaionjeco nopoe ee Oe3uHmezpayul,) Komopulii
noooepaicusaem ee Cywecmeosanue, (YHKYUOHUPOBAHUE U IEOTIOYUIO.

3TOT 3aKOH CNpaBe/UTUB (M €ro MPOSBJICHUS XOPOIIO HAOIIOAAEMbI) KaK JJisi OTHOCHUTEIHHO
MPOCTBIX CHUCTEM, TAKHX Kak siueiiki beHapa, OMUCHIBAGMBIX B CHHEPICTUKE, TaK U JJISl CIIOXKHBIX, Ta-
KHX KaK XHUBbIC OpTaHU3Mbl — KJICTKHW 1 MHOT'OKJICTOYHBIC CUCTEMbI — OpPTraHU3MBI. HaanMep, ynoo-
PAIOYCHHOCTh OPTaHU3MOB PACTET WJIM MOCTOSHHA, TIOKA MX MOJIEKYISPHBIE CTPYKTYPBI pabOTaIOT B
CTaOWIBHOM pexuMe, 0e3 HapylIeHns MeTabonmn3mMa. BakKHOCTE ATOT0 3aKOHA CBSI3aHA C TEM, UTO I10-
JIABJISFOIEE YMCIIO HAOIOMAEMBIX B MPHUPOJE TCPMOIUHAMHUYCCKUX CHUCTEM SIBJISIOTCS HEpaBHOBEC-
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HBIMH. YTIOPSIOYEHHOCTh XHMBBIX OPTaHU3MOB OIPEENAETCS MPEXAe BCEr0 WX MPOCTPAHCTBEHHO-
BPEMEHHOH YIIOPAIOYEHHOCTHIO, H 3TUM OHHU OTIMYAIOTCS OT HEXXHUBBIX OOBEKTOB, HAIPIMEP MUHEpa-
JIOB, XapaKTEpU3YIOIIMUXCS TOJIBKO IMPOCTPAaHCTBEHHOM ymnopsimodeHHocThio [11, 12, 20]. ITostomy
OIICHKH CTETNIEHH YIIOPSJOUYSHHOCTH JKUBBIX OPTaHMU3MOB 110 aHAIOTHUU C KPUCTAJUIAMHU WJIM MUHEpalia-
mu [1, 46] ommOOYHEI, OHM 3HAYUTENHHO 3aHIDKAIOT ee 3HaYeHHEe, TOCKOIbKY HTHOPHUPYIOT AMHAMU-
YECKUX XapakTep KUBBIX CTPYKTYP U HX CYILIECTBOBAaHHE BO BPEMEHHU.

W3 Hamero paccMOTpeHus CleayeT U CIeAyIoUuil BIBOA: Bo Bcenennoii cywecmeyem uepap-
Xusi cucmem, 8 KOMopvix HONEPEMEHHO GLINOIHAIOMCSA BMOPOU 3AKOH MEPMOOUHAMUKU U NPEOTONHCEH-
HbILL HAMU 3aKOH HEPABHOBECHOU MEPMOOUHAMUKU 8 3ABUCUMOCTIU O MACUMAOA pAcCMampueaemor
cucmemsl U ee MeCma 6 OpPeaHU3AYUOHHO-CUCMEMHOU Uepapxuu & pamkax 6oiee obwel cucmembl
(Haocucmembl).

B wactHOCTH, Iepexox K KOCMHYECKHM MaciitabaMm TpeOyeT yxe pacCMOTPEHHS IMPOIECCOB
Ha ypOBHE TaIaKTHK U UX CKOIUICHHUH, C yUETOM siJIep TalaKTHK — YepPHBIX ABIP U X SHTPOIHHU, TEM-
HOH MaTepuu U TeMHOU sHepruu [2, 4, 9, 15, 16, 43, 44].

B cBs13u ¢ 3THM HEOOXOIMMO OTMETHUTH KPAHHIOIO OIMIMO0YHOCTH MOCTOSHHO TPHUBOISIIAXCS
YaCTHBIX NMPUMEPOB MO BO3PACTAHHUIO IHTPONMU B paboTax psaa aBTOpoB. Peub, Hampumep, HIET O
HEOOpaTMMOCTH TPOLIECCOB MpH pa3OuBaHMK KypHHOTo sina [52]. ITockonbpky pa3OuToe SO co-
OpaTh HEBO3MOXKHO, TOBOPUTCSI, YTO ATOT MPOIIECC MPUBOIUT K BO3PACTAHUIO SHTponuu U T.1. Janee
JIeJIaeTCsl MHTEPIIOJSIIIMOHHBIN BBIBOJ, YTO TaK )K€ M0 OOCTOUT M CO BCEMH OPYTMMHU MPOIECCAMHU.
OpHako TpHU 3TOM MPOUCXOAMT IIEMEHTapHAas JOrH4YecKas OIMMOKa WK MMOJIMeHa MOoHATHH. Benp ca-
MO TI0 cebe SHIo B mpupoe pa3OuBaeTcs MOCTaTOYHO peako. OOBIYHO ero CKOpIyIy pa3OuBaeT BbI-
JTYTUISIOMIAACS TBITIEHOK, u 99,9% su1l mpeBpaIatTcs B MBIIUIAT (32 BBIYETOM TeX, YTO CHEIH JIFOIN
W XHMIIHUKHA — UCTIONIF30BAB MX ISl yBEIMUCHHUS COOCTBEHHOW YIOPSJOYCHHOCTH ¥ YMEHBIIICHHUS CBO-
eit suTponun). Takum 00pa3oM B peabHOCTH B 0OLIeH cHcTeMe HUKAKOTO 3HAUYUTEIBHOTO yBelnde-
HUS SHTPOIHNH HE MPOUCXOMNUT, a MIPUMEp C SHIIOM — JIMIIh HaJIyMaHHas MpUTIa, MacKApYyIoIas He-
JIOKaJbHOE TOJIep’)KaHhe M BO3pacTaHue MH()OPMAIMOHHOW YIIOPSIOUYEHHOCTH BO Beeil Omocdepe.
Ecnu sxe roBopuTh 0 mpoleccax pasiokeHus NOrHOIINX OPraHu3MOB, TO XOPOIIO M3BECTHO, YTO OHU
TaKXKe MPOTEKAIOT C y9acTHEM MHUKPOOPraHu3MoB. [103ToMy 3HaYMMOTr0 BO3pacTaHHs SHTPOIUH B Ta-
KHX TIpolleccax He MPOUCXOAUT. UTO KacaeTrcs Takod CIOKHOH HH(POPMAITMOHHOW M COITMAIBHOMN
CTPYKTYPBI KaK 4eJIoBeYecKoe OOLIeCTBO, TO B HEM MPOUCXOIAT XOPOIIO HalmogacMble HMpPOLECCH
COXpaHEHUs, HAKOIUICHVsI ¥ YBEIHYeHHs] WHPOPMAIMOHHON YIOPSAA0YeHHOCTH. [Ipy 3TOM H30BITOK
MIPOAYLIHUPYEMON SHTPOINH YTHIM3UPYETCS ITyTEM €€ OTTOKA BO BHEIIHIOIO CPEIy, B KOHEUHOM CUETE
— B KOCMHYECKOE MPOCTPAHCTBO, KOTOPOE SBISIETCS MPAKTHUECKH OECKOHEYHBIM OTKPBITHIM pe3ep-
ByapoM C O4€Hb HU3KOM TeMIepaTypoi.

3. 3aknroueHune

B cuity n3n0XeHHOTO MBI MO>KEM OTMETHUTb, UTO IIPSIMasi CBsI3b 2-I'0 3aKOHA TEPMOJUHAMUKY C
HEOOpaTHMBIM JIBHXXCHUEM BPEMEHH, KOTOPOE PErYJSPHO MBITAIOTCS 000CHOBATH Psil ABTOPOB M TO-
CTynupoBal B cBoux ucciuenosanusax W. Ipuroxusn [51, 53], apasercs MEuMoil. JIro0oii skuBoi op-
TraHN3M, KaK HepaBHOBECHAsl CHCTeMAa ¢ BHYTPeHHell TWHAMMKOM, npeacTaBisieT co00il npsiMmoe
onpoBep:KeHne 3TOH TUMoTe3bl, TAK KaK OPraHU3M CYIIECTBYET U pa3BHBAaeTCs BO BPEMEHH, HO €ro
YIOPSA0YEHHOCTh MPe0dIaaloIyI0 YacTh BPEMEHH CYILIECTBOBAHMUS JHOO YBEINUYMUBACTCS (BO BpeMs
pocTta), 160 coXpaHseTcs] IPUOIU3UTEIBHO TOCTOSHHON. [Ipy 3TOM OZHU KIETKH CMEHSIOTCS APYTH-
MU, a THOeNb OTAEIBHOIO OpPraHU3Ma 3aMmelnaercs poctoM aApyrux. Ilostomy obmias creneHs ynops-
JOYEHHOCTH Onoc(epsl B 1IEIOM He yObIBAaeT, HO BBHIY SBOJIOIIMOHHBIX MPOIIECCOB Ja)Ke BO3PACTaeT,
COTJIaCHO NPEAJIOKECHHOMY aBTOPOM OOOOIIEHHOMY 3aKOHY HEpaBHOBECHOH TepMoAaMHAMHUKH (2), (3).
[TosToMy, Hampumep, yTBEP)KICHUE O HAKOIJIGHUH CTOXAaCTHYECKHX, UTEPATUBHBIX OLIMOOK B OHO-
cdepe Ha pa3IMYHBIX YPOBHAX (DYHKIIMOHUPOBAHHS MOJEKYISAPHBIX CTPYKTYp Opranu3MoB [47], B ToM
gucie B JIHK, B pe3ynpTare yero oHu nepectanyT GyHKIHOHHPOBATH, HEOCHOBATEIHEHO U OIIMOOYHO.
Orta ommbKa cBs3aHa ¢ abcomrormzanueid ponu JJHK kak cratndeckoit nHGOpMAIMIOHHONW MaTPHIIBI B
TIpoIieccax BOCIPOM3BEICHNUs, 0€3 yUeTa PeryIMpYIOIIeH POl OKpysKaroIIe cpeabl, popmupyromei
1 MoJiiepKUBaroOIIel KMBOH OpPraHM3M Kak HEpAaBHOBECHYIO CHUCTEMYy. B HepaBHOBecHOIl cucreme, B
ToM uncie Ha ypoBHe JJHK u npyrux cTpykTyp, IpOMCXOIST MPOLIECCH CAMOOPTaHU3aLiuH, KOTOPhIE B
L[€JIOM KOMIIEHCHPYIOT BO3HUKAIOIINE OUIMOKY, HEM30€XKHO BO3HUKAIOIINE NPH TPAHCIALUH ICHETH-
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4yecKoro koja. B oOmiecTBe M 4eIOBEYECKOM LIMBHIIM3ALMM B LIEJIOM, KaK B MCUXOWH(GOPMALIMOHHON
cucTeMe U 9acTH Ouocdepsl, Taxke JEMCTBYET 3aKOH COXPAaHEHUS U JaXe HAKOIUICHUA MH(pOpMannuu
[45]. A paccMOoTpeHHME NCHXHKH KaK KBAaHTOBOW HMH(OPMAIIMOHHON CHUCTEMBI B KMBOM OpraHH3Me
OOBSICHSICT MPAKTHUECKYIO O€39HTPONUIHOCTD U ee PyHKIMOHUpOBaHuUs [26, 27].

B kocmonorum mpeiaraeTcs paccMaTpuBaTh TEPMOJANHAMHYECKYIO CTPENTY BPEMEHH, CBS3bI-
Bas ee ¢ pacuiupeHueM BceneHHON npy 0JTHOBpEeMEHHOM CKYyYMBaHHH BEIECTBA B TPABUTAIMOHHOM
nojsie. OIHaKO KOHKPETHBIX PacdeToB ¢ JI0Ka3aTeNbCTBOM pOCTa 3HTpomnuu BeeneHHoil mpocTo He cy-
mecTByeT. B To ke BpeMs mpsAMoe M3ydeHHe NMHAMHUKHU «Tra3a TalakTUK» B peadbHON BceneHHoil ¢
JOMHUHUPYIOIIEH aHTUTpaBUTAIel BaKyyMa, WM TEMHOW 3HEPTuH, OKa3bIBaeT YMEHbBIIEHHE YHTPO-
MU TAaKOT'O «Ta3za» B CWIY yNOPSIOYEHUs ABM)KEHUS TFalakTHK MOJ JeHCTBUEM aHTHrpaButauuu [40,
58]. A poCT HTPOIINYU Ha TOPU30HTAX YEPHBIX IBIP, KOTOPHIE CUUTAIOTCS €€ OCHOBHBIMH AKKyMYJISTO-
paMy, MHOTOKPAaTHO NEPEKPBIBAETCS AMHAMUYECKUMH MPOLIECCAMH, CBSI3aHHBIMHU C BPAICHHEM KOC-
MHUYECKHX O0BEKTOB M rajiaktuk [2, 16, 44]. Ilpu 3TOM IBHKEHHE BO BPEMEHH — 3TO (QYHKIUS CO-
CTOSHHUSL pacCIIUpSIOIIENCs, SBOMOLUOHHpYomEeNd BceenenHoil. TeueHne BpeMEHM BBICTYNAET Kak
JBUKCHAE MATEPHH IO pagualbHOW BPEMEHHOW KOOPAMHATE, OT CHHTYJIIPHOCTH — K TOPH30HTY CO-
ObITHI B pacummpsironieiicss BceneHHoi, KoTopas BHYTpH SIBIISICTCS aHAIOTOM O€JION IBIPBl U HEOTIIH-
YyrMa OT Hee Ui BHyTpeHHero Habmromarens [35, 50, 55, 56, 57]. OnHOBpeMEHHO KOCMOJIOTHYECKOES
BpeMsi — 3TO M MHAMKATOP TEKyIlero (a3oBoro mepexona 2-ro poga B COCTOSHHE KOHICHCATa Iep-
BUYHBIX b-(epMHOHOB, aHAJIOTUYHO IIEPEXOy CBEPXIPOBOAALIECE COCTOSHUE NIPH KOHACHCALUHU IICK-
TPOHOB B MeTajllaX M Apyrux marepuanax [32]. OgHako B CBEPXIPOBOJHUKAX TaKOH Mpolecc UAET ¢
MOHI)KEHHEM SHTPONHM, C OTBOJAOM TeIIa W AHTPONMH NpPU OXJIAXIACHHU. TakuMm oOpa3oM, Hamia
BcenenHast 3BOJIIOLIMOHUPYET € MOHM)KEHUEM SHTPOIIUH, YTO IPUBOIUT K CO3JIaHUIO Bce 00Jee CI0XK-
HBIX (JOPM OpraHU3aIMH MaTepHU. DTH MPOLECCH OMHUCHIBAIOTCS MPEIIOKEHHOH aBTOPOM KOCMOJIO-
THYECKOH TEOPUH CO CBEPXMPOBOAUMOCTHI0 (CMS), KoTOpast Mo3BOISET PELIUTh LeNblid paa mpolieM
COBPEMEHHOH (U3UKH M KOCMOJOIMH — OT IPOOIeMbl TEMHOM 3HEPIHH 10 BBIYUCICHHS Macc 3je-
MEHTapHBIX yacTull [5, 6, 7, 8, 10, 13, 14, 15, 17, 21, 23, 25, 30, 31, 33, 34, 36, 37, 38, 39, 41]. IIpu
9TOM B OOBIYHBIX MIPOBOJHHUKAX TEIUIO M SHTPONHS OTBOAATCS HAapyxy, a B cilyuae Hameld BeenenHoi
YMEHBIIEHUE BHYTPEHHEN SHTPONMH, MO-BUANMOMY, KOMIICHCUPYETCA YBEJINYHMBAIOILEHCS TpaBUTa-
IIMOHHOW HTPONHEH Ha yBEIMUMUBAIOIMIEMCs] TOpU30HTe cobbITuii [9, 10, 13, 14, 15, 16]. Ilpu sTom
SHTPONMS Ha IBYMEPHOM IOpH30HTE BeeneHHoi, cOOTBETCTBYIONAs KOJINYECTBY KBAHTOB IPaBUTALU-
OHHOI'0 MOTOKa — BJIEMEHTApHBIX '€OMETPUUYECKUX IUIAaHKOBCKUX sueek [18, 24, 29, 42], na 60 mo-
PSIKOB HIDKE MaKCHUMalIbHO BO3MOXKHOU B €€ TPEXMEPHOM 00bEME, UTO TAKXKe TOBOPUT O 3HAYUTEIb-
HOM yrnopsiioueHHOCTH Beenennoit [29].

[losToMy mpotekatounii Bo BcenenHoli ¢a3oBblii mepexox 2-ro pola BOCHPUHHMAETCS
HaOMIOaTeISIMU KaK MPOUCXOISIINE BO BPEMEHH U3MEHEHUs, KaK 3BOJIIOLMS, HcTopHs BeeneHnoit u
ee cTpykTyp [3, 28, 32, 59].
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Bukalov A.V.

The laws of thermodynamics, the evolution of the Universe and its subsystems
The fallacy of the often postulated connection between the passage of time and the process of increasing entropy
is shown. An obvious counterexample to this popular hypothesis is the existence and functioning of living organ-
isms living in time with almost unchanged thermodynamic parameters. It is also shown that the application of
the second law of thermodynamics to macroscopic subsystems of the Universe as a whole encounters difficulty,
since the existence of a hierarchy of nonequilibrium systems determines the growth or decrease of entropy de-
pends on the scale of isolation and consideration of such systems. In particular, the ordering of such a subsystem
as the biosphere of the Earth is constant, or increases in time. Therefore, in addition to the well-known laws of
thermodynamics, on the basis of the works of I. Prigogine, Yu. Klimontovich, G. Haken, A. Bukalov and others,
a new law of nonequilibrium thermodynamics is proposed as a generalization: in highly nonequilibrium open,
synergetic systems, their average ordering it is either constant or increases, provided that the incoming flow of
energy, information and substance, and the ability of the system elements to function and interact, are main-
tained.
Keywords: thermodynamics, synergetics, entropy, cosmology, orderliness, information, dissipative system.
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