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Ilepsoe mapanme MoHorpadum BeIdBaj0 00abINOIl mATepec Kak B CoBeTCROM
Coio3e, Tak u 3a pyOessoM.

Bo BTOpOM M3JaHAM KHHTra 3HAYHTEJbHO pacIlHpeHa; B Hee BK/IYEHBI TPH
HoBele 1yiaBel: I'va e a IIl — 3HaueHme IapaMeTpoB TeMIepaTyphl I BpeMeHU
B (mamyecKoil XapakrepumeTHKe ;KUBOI cmereMbl; I'wa 6 a X — CTpyKTypa iKu-

Boit cucremnl (['eomerpuyeckas W JUDJEKTpUYECKas CTPYKRTypa 0eabsaepHOro
opurponuta): I'sa 6 a XII — MoKHO M HMCKYCCTBEHHO CO3[aTh sRUBOE?

Kpome Toro, mMeercda HECKOJbKO mM3MeHeHHit m jpobasiennii k raasam I m
XI. Ocrassaas dacTh MOHOrpadguum 6e3 cymecTBeHHBIX M3MEHEOHMIL.
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OT ABTOPA

IIpepnaraemsrit Tpyjx mo OmoJormyeckoii TepMoAMHAMHUKE HOCHT BO
MHOTOM IIOMCKOBBIM XapakTep, KOTOPHI, 110 MHEHHIO aBTOpAa, JOJIKeH
CTUMYJMPOBATH JaJbHeHINNe nccaefoBaHAA (PU3NIECKAX 3aKOHOB JKH-
BOIl mpupoasl. B aTux mceeaemoBaHmAX, MO-BUAUMOMY, OyayT ydacTBO-
BaTh Omojornm, pmaukm, MaremaTukn u KnbepHernkn, B pabore mema-
eTcs IONBITKA HA COBPEMEHHOM VpoBHe HayKm chOpMyJImpoBaTh Tep-
MOJHHAMHUYECKIEe 3aKOHOMEPHOCTH, YIpaBJIAlIAe CYI[ecTBOBAHMEM I
pasBUTHEM JKUBBIX OpraHmaMoB. s BEIpaskeHHs Ha S3BIKEe TepPMOJH-
HAMHUKI MaTepHajdbHBIX, KOHKPETHHIX, DKCTPOCHEKTHBHBLIX CBOUCTE
JRUBOT0 HeoOX0amMMO OBIJIO BBECTH HOBBIE IOHATHS.

B paGore aBropy ObLia oKazaHa HeOIEHHMAas IIOMOIIL CO CTOPOHEI
MHOTHX YYEHBIX.

ABTOp cumMTaeT CBOMM IIPHATHBIM JOJTOM BBEIPA3UTh TIYOOKYIO
OmaromapHoOCTh 3a OJlaroskenaTeNbHYI0 KPUTHKY M JeHCTBEHHYIO IIO-
MoIlh uwieny-roppecnouaenty Aragemun sayxk CCCP, mpod. A. M. Ry-
3MHY, MOKTOPY (puiaocodeknx Hayk, npod. MaTeMaTHKH, aKaJgeMHAKY
Yexocnosankoit Axajgemun mayk 9. fl. Roapmany, uieny-KoppecmoH-
nenty Axagemun mepuimacknx Hayr CGCCP, mpod. H. A. beprmreii-
"y, nokropy ¢miaocodpernx Hayr, npod. A. I'. Cnuprnny, BceM ToBa-
puimam cexkropa ¢guimocodcKkux BOmpocoB ecrecrBo3HaHus VHCcTHTYyTA
dmmocopmn Axamemun mayrk CCCP, ygactBoBaBmmM B 00CYKIeHHHN
pyromucH: Bo riase ¢ akageMunkoM Axagemun sHayk Y CCP M. fl. Omens-
SHOBCKUM 1 KaupumaToMm ¢nmocodernx mayk 0. B, Cauxkosrim.

ABTOpYy Xouercss 0cOOEHHO OTMETUTH TY TOBAPHIECKYI0 W HEOIeHM!-
MYI0 TIOMONL, KoTopas ObITa eMy OKasaHa CO CTOPOHBI KaHAMIATA
¢usnro-maremaTnuecknx Hayk B. 10, ¥Ypbaxa, ramgupara Omomorm-
vecknx Hayk E. I'. IlawpmmeBckoit m waHAnjgaTa XHMHYECKHX HAYK
I1. I'. HysuemoBa, KOTOpPEIM aBTOp BEIpakaeT IIy00KyI0 GJarosapHOCTh
11 IPH3HATENHHOCT.

K. C. Tpunuep






NPEINCIOBHUE

«..Im Anfang war die Taty.
‘ Goethe, «Fausty,

Mu1 nmepeskueaem B macrosmee BpeMs OTPOMHBIE€ CABHIHM BO BCEil
NITPOKON COBOKYITHOCTH HayK o ;kusHm. C ofHoil cTOPOHEI, HTH CIBUTH
XapaKTepU3yIoTCs TeCHBIM CONMKeHHeM, IOUTH CAUAHUEM MEeKIY CO-
0010 Bcex Berseil Gmosioruu, paccMaTpmMBaBIIMXCS paHee KaKk caMOCTO-
ATeJIbHBIC NHCIUIINHEBL G APYroil ¢TOpOHEI, Bech OMOTOTTIECKTIT KOM-
IIeKe oboramiaercss MeTOMMYECKH I MEeTOOJIOTUYECKN, BIIUTHIBAS B
cedsl M MCHOMB3YS B HeBHAAHHON Mepe BCe TOCTHATHYTOE K HaCTOAIIe-
MYy MOMEHTY HayRaMul O HeRUBOU mpupoje. Boipasumrenbubiii mar B
JTOM Hampasiennn npejacrasiser kaura K. C. Tpunuepa, Brogsmas B
00CYRIaCMBIIT KOMIIJIEKC TOHATHS W TeOPEeMbl TePMOAMHAMAKN, DTO —
CMeloe HaumHaHue, TMOCKOJLKY aBTOP HOYTH HE MMeeT IIpeInecTBeH-
HUKOB B M30paHHOM M HATpaBJIeHHH, U KHUTa 1eYATACTCS B MOPAIKe
00CY R/IeH IS,

C Toro Bpemenmn, korga Kapuo man cBoii Kiracenueckmii anamms Tep-
MOAMHaAMIYecKoro nukmaa, a Haaysmye m Boasmman cmorman OJIBepT-
HYyTh €r0 MaTeMaTHIecKoMy 0000mIeHNI0, TPUBICKIIN JJIA DTOH eI
TEOpPHIO BEPOATHOCTEH, ¢TAlN0 OecCIopHBIM, YTO HHEPIHA HYKIACTCH
(110 Menpmieit Mepe) B JABYX XapakTepHCTHKAX, He CBOAMMBIX OfHa K
APYTOil. ITHMH XapaKTePHCTHRAMH ABIAOTCS: 1) KOMIIecTBO SHEePTHI
i 2) ee KavecTBO WJIM IEHHOCThH: 00e XapaKTepUCTHKA JajJl HavaJo
000OMM TJIaBHBIM MHDOBBIM 3aKOHAM YYCHHH 00 oHeprun. llepswrit
yCTAHOBILUI HEM3MEHIEMOCTh KOJNYeCTBA DPHEPTUH, BTOPOil — Hem30es -
HOCTH ee 00ecHeHeHUsI B M30IMPOBAHHBIX CHCTEMAX.

CoGceTBeHHO rOBOPSA, TOXBKO BTOPOIl 3aKOH TePMOJHHAMAKH TPOIHO
BBOTAT B XapaKTePUCTHRY ABJICHMH (aKTOp BpeMeHN WM HampaBieH-
HOH ITOCJHe0BATeIBHOCTH coObITHIL. TOJBKO ¢ ero yCTaHOBICHHEM
npuobperaer CTPOrMii CMBICA W IMOHATHE NPHYHHHOCTH, MOCKOJILKY
pu4nHa 00s3aHa NPE/IIeCTBOBATH BO BPEMEHN CJAECTBHIO 1 He MOKOT
CTYKUTh MPUYNHON  SBICHUA, OTJACNCHHOI0 OT Hee MeliCTBITeILHEIM
3HAYeHHeM HHTepBanta MUHKOBCKOrO

V:C:a Ly 27 %2,

B rakoii ¢ypmynnposke mpuHIII IpHUMEEOCTH He 3HAET MCKIIO-
YeHNI M ABJIACTCA HeoOXOAMMBIM, 0CTABAJOCE HeBBISICHeHHBIM, SBII-
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eTcs M OH TaKike TOCTAaTOYHBIM BO Beex ciaydax. MoKHO yTBepiiiaTh,
YTO JIOJNTO Jep/RaBlIasgcsa HeSCHOCTh B 9TOM BOIpoce 09eHb CHJIBHO 3a-
nepKajza pasBUTHEe TeopeTHmuecKoii OHOJOTHH.

Kax s mombitTajcs 000CHOBATH B JAPYroM Mecre, IOJHAS HaydHaA
XapaKTepuCcTHKA IPOIECCOB, COBEPIIAIONMXCA B MPAPOJE, ORA3ATACH
I BCeX HAYK, MOCTHITHNX KOJNYeCTBEHHOM 3PEN0oCTI, MeJINKOM yMe-
[alonieiicas B OTBETHI HA J{BA BOIpOCA: 1) Kak DpPOMCXOJNT SIBIEHHE 1
2) mouemy oHO mpoucxoint. /s BceX HayK O HeRNBOI TTPIPOJIe 9TH
[Ba KapAMHAJHLHEIX BOIIPOCA BO BCAKOM CJIydae OKa3alnch n Heo0X0-
MAMBIMH, B JIOCTATOYHBIMI.

Tor daxTt, 94T0 elle B TeYeHNE BCEro XIX Bera, 03HAMEHOBABIIEI'O-
oA TAKHM BEJIMKOJICIHBIM PAcIBETOM HAyK 0 He;KHBOM IPHPOJE, Omo-
JIOTHs TPOJOIKAIA YIOPHO He IOAAAaBAThCS TEOpeTHsanum I MaTeMa-
THIECKOMY MOJEeIMPOBAHMUIO, /10 HeJaBHETro BpeMeHu He HaXOMMT I
ceBs o6bsacHennii., CepLIKM Ha o0mne MPHBXOAAIINX IEePEeMEHHBIX, HaA
HEIOBTOPHMOCTH OKCIIEPMMEHTOB IpPH CTPOTHX ceteris paribus, Ha
CIIO3KHOCTH TIPMUMHHO-CIECTBEHHBIX OTHONIEHNH B cucTeMax ud T. IL.
OLIIM SIBHO HEIPUHIANNAJILHBIMHA, KaK 1 BOOOIIEe BCAKHE ITOMBITKA MO-
THBHPOBATh B KaTEropmsAX KojavecTBa TO, UTO rpebyer TpU3HAHNS N
yuera HoBoro Kauecrsa. Ho 10 00cToATeNBCTBO, UTO IPA3HAHME 32 FRI1-
BEIMI CHCTeMAMHI HOBOTO KadecTBa 1O CPABHEHHIO ¢ HEKIBOU IIPHPO-
100, Kasaxoch, Hem30e:KHO TONKAJIO TEOPHIO B 00BATHSA BATAIN3MA,
cTosuIo Tepey  OumojoraMm-MarepHammeTaMm  Kak HelIepexouMbIi
Gaprep. (Hame BpeMsa IOKa3ajo, 4T0 jame B obmacTn AxepHoil ¢u-
KU HeT HemepexXouMbIX Gaphepos, B IAHHOM IpAMepe — SHepreTHte-
CKUX ). .

Bcio TepBy0 TIOJAOBMHY HAIIero CTOJICTHS CTHXHUIHO C€03peBaja,
O/THAKO, MBICJIb O BayKHeHUIIeM KadecTBe, gabarogaeMoOM KaKk Ha BCeX
KIBLIX CHCTEMAX, Tak M HA MCKYCCTBEHHBIX YCTPOIiCTBAX, CO371aBaB-
IIAXCS TeI0BEKOM JUIS VCHJIEHHA CBOEI BJIACTH HAJl NpPUPOA0M, M B TO
jKe BPEMsS KATeropmiecK: OTCYTCTBYIONIEM B KaKHX 6l TO HH OBLITO
HEKUBLIX W He IOCTPOCHHEIX UeN0BEKOM 00Bertax. JTHM KauecTBOM
Gpia mexecoodpasHocTh (mHAYE MOKHO HA3BIBATDH €ro HeJeHampan/ici-
HOCTBIO, IelleycTpeMIeHHoCcThIo n T, 1) . [lomyanaach KyphesHas aHTi-
HOMMISI: ecOW NpH3HAHME [paBoMepHOCTH Jyisg Omojornm, IMOHATIA
llelW MM BONPOCA A dero», Kasajoch HAIIAM HAYUHBIM IIPEI-
TeCTBOHHMKAM HeM30esKHbIM BIAJeHIeM B MACANMCTAYECKN BATA-
IU3M, TO HeMeHBITHM MeTO/0JIOTHIECKHM TPeX0M IIpejCTaB/AI0oCh M
NPUIECHIBAHAE IeJeHanpaBIeHHoCTH HEeKMBOI IIPUPOJie; 9TO yiKe TPo-
a0 gupensmoM. Taxnm 00pasoM, OT IPUHITAIHAILHON KauecTBeHHOM
IpaHH MeKIY JKABOIl M He)KIBOU IPUPOMOIT BCe PaBHO HUKAK HEJb3A
OB1I0 YHUTH.

MoskeT OBITH, IMEHHO KuOepHeTHKe, IOJABePrHyBINeNl YCIeIHOMY
CPABHHUTENBHOMY aHAJM3y HMCKYCCTBeHHBIE I(@JeHANPABICHHbIC yC1-
poiicTBa ¥ JKWBBEIE OPTraHU3MBI, KPYT OMOJIOTMIeCKNX HAYK B HAMOO0JIb-
meit Mmepe oGsBam IpeofoieHneM «dapnepay nesecoobpasHocT (e3
¢xo01a ¢ MO3UIUHU MaTepuaamaMa.
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IdT0 MpeojoeHne, Kak mMoApoOHee CKaKkeM HNUKe, 0CHOBLIBAETCA Ha
rTaBHEMINNX IOHATHAX Teopu:u nHoOpMamun: TOHATUAX KOJWPOBaH-
HOM MOJieJIll H IIPOrpaMMUPOBaHUS. -

Tax nam mHave, ceiivac y:Ke MOKHO ¢ YBePEHHOCTHI0 CKAa3aTh, UTO
npnbaBIeHne K KIACCHYCCKHM BOIPOCAM «KaKy M «IIOYEMY» TPETHero
PABHONPABIHOro WIEHA — (/IS Hero» IOCTABMIO, HAKOHOIL, OMOIOTHIO
Ha TPOYHBI HAaYYHBI (DYHIAMEHnT. |

Haa omomoro XIX Bexa mpemcTaBisainoch HEMBICIMMBIM, ITOOLI
JeiicTBUe NN ¢JIeJCTBIE HAPABIAIOCH YeM-T0, YTO JOMKHO HACTYIATh
B ero pesyiasTtate, T. €., TI0 CyTH jeja, 9TO0OBI TIpAYMHA SIBICHHS WIIN
nmpomecca Haxojujach B OyaymieM OTHOCHTEJIBHO 3Toro sABiIeHms. Ho
TOT K€ YIOMAHYTBIII BBITIE CPABHUTEJBHBEIM aHANIU3 JKUBBIX CHCTEM I
eaeco00pa3HbBIX aBTOMATOB IIOKA3aJ ¢ TIOJHOM SICHOCTBIO, YTO eCJIH
IeJh caMa mo cede ele me CYIECTBYET, OTHOCACHL K OyayIIeMy H
IIOTOMY He uMes npasa ObITh MPUYMHOK 9ero OBl TO HA OBLIO B HACTOS-
I[eM, TO CYIIeCTBYyer m paspabarTeiBaeTcss 3apaHee ROJAOBam MOJElb
9TOIl I(eJIN, KOTOpasg NIpeAlIecTBYeT IeJeHAIpPaBIeHHOMY JeilCTBIIO
M He COMep/KNT HUKAKAX OTBOAOB IPOTHB TIpaBa CIYKUTH €ro TpH-
YU HOM.

daMmeTny, 4TO B TPEAIICCTBYION[EM IIepHojie Pas3BUTUS HAYIHOMN
(pmsmosornn n Omosornm, B Tedenme Beero XIX Bexa, Takme ycraHOB-
JIeHHBIe K HalleMy BpeMeHHU (DaKTBI, KaK KOAMPOBAHHBLIC 0TOOPAKeHMS
nH@OPMAIOHHOTO MaTepuaja, KaKk TepBHYHBIC, TAK W AKTHBHO pe-
KOMOMHHpPOBaHHBIe HEPBHOI CHCTEMOl, OBLIM emie COBepIIeHHO Hen3-
BecTHEL. [loaToMy GONBIIAHCTBO TAaKMX MOHATHIL, KaK 3ajada MIH IeJb
MPeICTOANIEND AeCTBUA B MOTPeOHOM I OpTaHN3Ma HAIIpaBJIeHNMN,
CYUTAIOCH HEOTHeMIEMOIl MPUHAIERHOCTRI0O TTenxoaorna. Cantanocs,
9T0 KOJ IPOrpaMMBbI, HATTPABJIEHHOU K ONTAMM3AMAN TeX WJIN WHBIX
YCIOBHUIl CYIIeCTBOBAHNUSA OpraHm3Ma, MBICJIAM He WHaYe, Kak B YCIO-
BHAX BBICOKOPAa3BUTOI0 CO3HAHU, 00Jamalomero BCeMI BO3MOKHOCTS-
MU A (POPMYJINPOBAHUA OUYepeHBIX 3aad M mexei geiictsusa. Ma-
TePHATNCTHI, TAKIM 00pa3oM, CTOMIM IIepej aJbTepHATHBOI: Jambo Jo0-
IIYCTATH HaAWYHe Pa3BUTON MCAXWUKH W CO3HAHWA Y JIOKACBOTO TepBSI,
MeJIy3bl WJm jiepeBa (9T0, pasyMeercs, OTBeprajoch KaK SBHBIL a0-
CypA), anbo cumTaTh, YTO HH OJHO W3 IOHATHII 00CYKIaeMoil 37eCh
KaTeropum BoOOIme He IPUIOMKIMO K IIOJaBJIAIOMEMY O0JLIINHCTBY
JKUBOTHBEIX, a TeM Oosee pactmTenbHBIX BHI0B. CB0OOOMHO YyBCTBOBAI
cebst B 9T0il 0OJacTH TONMBKO BUTAJN3M, HUYEM He 0D0CHOBAHHBIE T'H-
ITOTe3bl KOTOPOTO TO3BOJAIMN ABATATHCA KAK YTrOJHO JajJeKO B HaIlpaB-
JeHAW YUCTOro (pmHAJM3MA.

Obrapy/keHHBIe B HAIOIW JHM BO3MO;KHOCTH OPTaHM3MOB 10 JHHIN
IMOCTPOeHMsI ¥ KOMOMHAPOBAHUA WMH pasHooOpas3HelImux MaTepmaib-
HBIX [KOJIOB, OPUTOJHBIX /I oTOOpaskeHms: Bcex OecumcieHHBIX (HOpPM
AKTUBHOCTH ¥ HKCTpamonsnum Oyayniero, Ha4mHAsSs € TIPOCTHIX TPO-
IH3MOB I KOHYASA CJIOKHEMITAMHA BUIAMHI HAIpPaBJIeHHOTO BO3/IeIICTBIA
Ha OKPY/RAOIINA MU, IMO3BOJAKNT HAM Temeph FOBOPUTH O IlejeHa-
IIPaBIeHHOCTH MJIH IeJeyCTPeMIeHHOCTH B aKTHBHOCTH JI000ro opra-
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HU3MA, MOKeT OBIThH HAYMHAA yiKe ¢ OJHOKJIETOYHBIX, HUMAJ0 He pPH-
CKyA COCKOJIL3HYTHL B (pmpanusM. Hawrannmusaemrelii ceiivac (arxrtmue-
CKUil MaTepmaJ m3 00JacTi cpaBHUTEIbHON (PM3MOJTOTHN TOBOPHUT O Ta-
KOM He IpeJIojaraBiieMcsas HUKOTJa paHblle paszHooOpaszum MaTepu-
aJBHBIX CyOCTPAaTOB PeryJAnHOHHLIX KOA0B M caMux (opM M npuHIN-
0B KOAMPOBAHMA, B KOTOPOM OCO3HaBaeMble W BepbaamsoBaHHBIE
[MCHUXUYEeCKHEe KOIbl YeJI0BEYEeCKOT0 MO3Ta 3aHUMAIOT JUIIL MECTO OHOI
M3 YaCTHBIX, XOTSA M Haubogee BBICOKOPa3BUTBHIX (opM.

llonsaTne mporpaMmbl JeiicTBUs, 3aRJajbLIBAEMOl B aBTOMAT NI
BBIpabaTEIBAEMOIl JKUBBIM OPraHU3MOM JUIS TPOKIAJKI NyTH K Tpebye-
MO I[eJiM, BKJIOYaeT B cedsa jaaske (UIOJOrHMYECKN IpejperieHue WM
IIpefiBHIeHNEe 4ero-To, oTHocAmeroca Kk oOyaymemy. Tepmun nporpam-
ma (llpow + ypappe = npepmauepranme) mpsaMo TOJYepKUBAET, UTO
pedb HIAEeT He O caMoM IpeacTosimeM coObITHM, a 00 ero ommcasHmin
yepraMu COOTBETCTBYIOILEr0 KOJa.

B meckonprux mpepprayuinx paborax s IpoaHaJH3uPOBAT, B MeEpy
CBOETO yMEeHbsA, KaK oopmiseTcsa ABONCTBEHHAs MOJEJIb BEpPOATHOTO
n norpedHoro opranmamy Oyjymiero mpuMeHHTEJIBHO K ero JeilcTBO-
BAHMIO, KaKMMM CBOMCTBAMH, IO-BHAUMOMY, o0dagaer TiporpaMma
IpealpuHuMaeMoro JeUcTBASA W  YTO MOKHO BBICKaszaTh celiyac
0 B3aMMOOTHOIIEHHAX TAKOW KOAMPOBAHHOII IPOTpPaMMBI ¢ TOMYNHEH-
HBIMH HHU30BLIMU WHCTAHIUAMHA YIPABJIEHNA JIBUTATeJILHBIMHI aKTa-
mu ', Hak o mamGosee BaskHBIX Yeprax NIporpaMMHpPOBAHUA eiiCTBHIL,
HAIlOMHIO 371ech 1) 00 arkTMBHOCTH, ITPOHM3BIBAOILEH 00010 Kak IPO-
rpaMMHpOBaHue JeilcTBHsA, TaK U camo jeiicTBue, m 2) 0 HEYKOCHH-
TeJbHO HabII0aoleMcs Bo BceX IporpaMMax dToil TPYINBL CBOIICTBE
00COIEeHHOCT! B pe3yJbTaTe aKTUBHOTO jKe BHYTpPeHHero Ipoiiecca,
CBOUCTBe, BeAyIleM K TOMY, 4TO IIporpamMma CIIyCKaeTcsi K HN30BBIM
opraHaM JeilcTBUA Bcerja B MaTpPUIMPOBAHHON (opme, 1T0 ITPUHITAITY
«ecaum — To», li<>m;;. EcrecTBeHHO I02TOMY CTpeMIeHHe MHOTHX
KnOepHeTHCTOB MCIIOJB30BaTh 3J1eCh MJIA MaTeMaTH4ecKoro aHaansa
ABJIEHNN TEOPHUI0 HIP.

B Hacrosmieil BCTYNUTEIBHOII CcTaThe s CJleJald IMOIBITKY aHajIn3a
TOU Ke KaTeropnuy ABJEHHNI aKTWBHOCTH B IPUMeHeHHH K mpodjemMam
pasBuTHA, KOTOPLIM IIOCcBAIleHa M BesA Hactosmas kaura K. C. Tpun-
qepa.

ABTOpP KHUTM CMOT TIOKas3aTh C IOJHOII YOeAUTeIbHOCTHIO, UTO TaK
HasbiBaeMas «rTeopema Ilpuroskmmay %, riaacsamas, 4To «OTKpHITAf
TepMOJHHAMNYEeCKass cHucTeMa, TpuOamKaIascas K YCTOHYNBO-CTA-
IIMOHAPHOMY COCTOAHWMIO, M3MEHSETCS BO BpPeMEHH BCerjja B Halpas-

'H. BepummTeiin. CMm. crarbm B KypHajgax: «Bompocsr meumxosorunmy,
1957; «IIpoGnempr kKuGepHeTurm», Beim. 6, 1961; «Bompocer dummocodpum», Ne 6,
1961, w Ne 8, 1962. U. M. 'eavpanpg, B. C. 'ypduuakear u M. JI. Il e 1-
JuH, Cm. crarbio B ¢0. «Bmosornyeckne acrnexkTel Kubepmetuxku». Mam-Bo AH
CCCP, 1962,

_ 2 I/I.OTI purouH Boegenne B TepMOAMHAMUKY HEOOpPaTHMBIX ITPOIECCOB.

, 1960.
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JeHIH, KOTopoe o0ycroBimBaeTcs oclaabieHHeM TepMOIMHAMUIYeCKOil
cunbl [X;]y, Gesycrosno, He MpHIOKIMA K aMOpHOTreHeTHYECKOMY TIe-
PHOAY PasBATHA OpraHuaMa, IHOCKOIbKY B dTOM mepmofe anddepen-
Hiannm . CTpYKTYypPHUpOBAHHUA OpraHuaMa OT OILIOXOTBOPEHHOI siiIe-
RJACTRIL 10 POFKACHHA JRU3HECIOCO0H0H ocobm mpomexomnt Gecrpe-
PBRIBHOE HapacraHmue yaeqbHOr0 MPOU3BOACTBA DHTPONNN, Y CKOPEHHOE
BO3pacTanne SHTPONUM B HENOCPEJCTBEHHOM OKPYKeHNHM OpraHmaMa
B 9TOM II€pHoOjie HEI0CPeJICTBeHHO CBA3AaHO M, HO-BHANMOMY, MPAMO
00yCJIOBIIEHO MHTEHCUBHBIM BO3paCTaHueM OTpHUOaTeJbHOii YHTPOIINHA
I HEPIHTPOIIMM B CaMOM  OpraHmaMme, SIBIAIOIICHCS MepIIoM
YCIO/KHEHIA ero CTPYKTYDBI, ero mporpeccupymoueii auddepenmua-
UM, HAKOHeI[ (4TO CBOAUTCS K TOMY 7Ke CaMOMY) ero MBIGKEHIS B
CTOPOHY BCe YMEHBINAIOIIEHCA BePOATHOCTI COCTOSHMS.

Onmpasch Ha TaK Ha3LIBAEMBIl OHOTeHETHYCCKHNH 3aKOH | eRKeis
n oTMedasd, uro «dMOpmoHambHOE pasBHTHE HamboJee BBICOKOPA3BI-
TOTO OpraHmaMa — TeIIJIOKPOBHOI'0 JKMBOTHOTO — SIBJISCTCH KaK OB
YPe3BBIYAMHO YKOPOYEHHBIM IIOBTOPEHHEM BCeii OpeablIVIIeil 3BOJIO-
I RUBOTHOTO Mupa» (c1p. 36), aBTOP CUMTAET BO3ZMOIKHBLIM 3aKIIIO-
d0Th, HUTO HeNpuropnocts TteopeMbl [Ipurokmua k smGpuoremesy
FOBOPHT TaKiKe 0 ee HeIPHIOKAMOCTH K (PHIIOTeHeTHYeCKOil DBOJIOIIH
B KavecTBe IOKasaTelld HAIpaBjJeHHs OHOJTOrAYecKoro mporpecca
(«Merassomorum» ). TepmoxnmaMugeckomy AHAJH3Y HTOro MOoCJe/He-
ro mpomecca, Koropomy asrop mocBamaer [l rrasy cBoeit wumrm, mul
He Oyjmer 3jech clae0BaTh W JIMINL IONBITACMCSH B HEMHOIMX ab3amax
[IOZIRPEINTh ero BBIBOJALI ¢ HECKOJBKO MHOIT CTOPOHBHL.

[Tpemme Bcero myskHo oTMeTHTH 37€CH CYMECTBEHHOE CMBICIOBOE
pasmdme MeR1y TeCHO CBA3AHHBIMU TOHATUAMH HE2IHTPONUU W
ungopmayuu. MosKHO CKaszaTh, 9T0, OTHOCACH B KOHETHOM CUETe
R OIHAM 1 TeM jKe OOBEKTAM, OHM XapaKTepH3YIOT B HHX Mepy
(meranTpommA) m copepmanme (mHGOpMAamU). /IBa obmexTa moryt
OBITH TIpMpaBHEHBI APYT K APYTY B OTHONICHAH KOJMIECTBA 3aKIIO-
JalOMEeHCss B TOM ¥ IPYTOM HeT9HTPONNH, B TO jKe BPeMS DTH 00heKTH
MOTYT CYIIeCTBeHHO pasjmyaThCs MeRAy 00010 B OTHOMeHHHE HHDOp-
MannoHnoro cojepsanusa. Moskao BeIOparh, HaumpuMmep, aBa BHjA
PACTeHNI, paBHBIX MesKiy co0oii B CMBICIe Mepsl UX CTPYKTYpPHOIL
«IIPOTUBO-BEPOATHOCTIY, HO U3 OIJIOOTBOPEHHON 3aBSA3M OTHOIO HEN3-
0esKHO 1 ¢ BBICOKOII Mepoil OHOMOrmYecKoil AKTHBHOCTH pPa3oBbETCSH
(pmanka, a m3 Apyroro — maHABINI 31eCh CYI[ECTBEHHO, UTO mHPOp-
Manusa Kak (akrop pasBuTma HeoOX0AMMO IOApa3yMeBaer MaTepHa-
JH30BaHHYI0O npoOzpammy, a dTa IMOCIeRHsAS TpebyeT oIpemeaeHHOTO
KOJ@, KOTOPBI TOJBKO U SABIAETCA VCTOWUMBBIM KIIOUOM Kak coxpa-
HeHNs BHJIa, TAK U HAIPaBIEHHOTO pa3BUTHS.

JaciysknBaeT BHIMAHWA, 4TO TeJeHANPABICHHOCTS, IIpOrpaMmMn-
POBAHHAA AKTUBHOCTH YBOJIOINHN BUJA OTHIOAb He SABJISETCH HEOOXO-
AUMBIM W HM3HAYAIBHBIM YciaosueM apomonun. HaoGopor, smemenTap-
Hble MeXaHM3MEI JlapBuHOBCKOTO «survival of the fittesty mHa ocHOBe
prroKTyaMOHHBEIX HAcTeyeMBIX MyTamuii He TpeOyIOT HH ImeJeHa-
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(I[paBIeHHOCTH, HE AKTUBHOTO MpeIporpaMmupoBanus. HRoHKypenTHas
Gopsba MyTaHTOB MOMer OBITH (B IPOCTEHINNX CHydYafx, KOHEUYHO)
MeJIMKOM CMOJIeTMpOBaHa AaBTOMATHYECKAM MEeXaHHU3MOM, JOBOJIBHO
HecJOKRHBIM B mpuHnuie. Taryo Momesas s Oojiee CJIOKHBIX CIIyJaes
mBITANCS B cBoe BpeMs mocrponth Vito Volterra; mmike a1 mORaKy B
HeMHOTHX CJOBax, Kak CTPOMTCA MOj00HAA MOJeNnb [ panboJee
| CXeMaTU3MPOBAHHLIX VCJIOBHIA.
= i O6iacTp 9BONIOMIN IOCPEACTBOM
‘ «survival of the fittesty oxrasa-
7ach OJHHM M3 HEMHOIMX CdacT-
JIMBBIX CTOPOH TEOPHH PA3BUTHA,
TOCTYIHBIX MOJEJNPOBaHHI0 0e3
[IpUBJEYEHHUsS  BOIpoca «JJA
gero», Mosker ObIThL, MMEHHO TIO-
r  HTOMY OHa TOJjajach B pyKax re-
P HIATEHOTO Jlappuna yoOeaunTelb-
HOIl TeOpeTH3aIu!m y#e CTOo JeT
Hazaja. B magpHeimeM 10cjaIexo-
patequn JlapBmma  COBepIININ
oIMOKRY, KOTJla OHU IONBITAJNCH
JTY DBOJIOIAIO Yepe3 aBTOMATHKY
: TPAKTOBAThL M KAK eJIMHCTBEHHBI
Puc. 1. KpuBas SKCIOHeHTA pasMHO- MeXaHM3M OBOJOIHH. A OH He
JKeHHsI ¢ B (DYHRIUH OT panuoHa 7 (R HHA e/WHCTBeHHBIM, HU JlajKe
BaRHEUIIINM,
[Iycrs mMmeeTcs TeppuaTOopus, obdajaomias JeIlo HATATeJbHO
mMarepun crabmiapHOil emkocTnm D m obmraeMas HEKOTOPBIM OJHOPOJ-
HBIM INTAMMOM ITepeMeHHOIl uncjaeHHocTr /N M IepeMeHHOro jKe 3Ha-

YeHHS HKCIIOHEHTA Pa3MHOKeHHA ¢. PanmoH THTAHMs, IPHXO/IAIIANLCS

. £
HA OfHYy oco0p, ofosmaumM r =-5 . IlpmMem Tak:ke (pme. 1), 9ro

———— —— e — S ——

DKCIIOHEHT pasMHOMKEeHUA ¢, T. €. II0oKa3aTelIb TeMIlad IpoOneHTHOro

v
pocTa IIOTOJOBBS, CBA3aH ¢ PAHOHOM I' 3aBHCUMOCTBIO ¢ = kln(;—).
0

Haxosa Obl Hm; OblIa IIepBOHAYAJABRHASA YHCICHHOCTH IIOTOJOBBA, N0

D v
TOr0 MOMEHTA, HOH&ﬁ}zR,T. e. TIOKa Ha JI0JI0 Kaykaoii ocodm mpuxo-

TUTCSA KONMIECTBO IUINH, GoJbImee, HeyKelan MakcmMyM £, raroii oHa
MOJKeT TOIJIOTHTH, AMEeT MECTO DKCIIOHEHIIMAJNBHBII POCT ITOTOJOBbHSA
¢ MAKCHAMAaABHBIM BO3ZMOKHBIM I Hero TemmoM ¢ =Q, T. e.
N = Noe®! (mnm, ecinm 3HauenHme HKCIOHEHTA KaK-mnbo IoRTyuHpyer,

D o
Korga N mocturio sHadeHns [N = —&» AaJIbHeIlmmii ero pocT co-

NMPOBOKIAETCsA COOTBETCTBEHHBIM yOBIBaHIEM pannoHa 7, a CJIGI0BA-
10



r .
TeJABHO, U TeMIIa PA3MHOMKEHHS ¢ = icln(}—o-).B KaKO-TO MOMEHT Oyjier

JIOCTATHYTO TaKoe 3Ha4YeHWe I' = I'y, IpH KOoTOpoM mMeeT Mecto q = 0,
T. e. moiokennme steady state, Korja umcjaeHHOCTH IMTamMMmMa Oyjer
crabmausupoBana. Marepsax or R mo ro (pme. 1) MBI 0603HAYNM Kak
KOHKYpPeHTHBIM  HMHTepBaJd, obmacts 3HaveHnnit 0<r <ry— Kar
HHTEpBaJl BBIMAPAHUSA.

IIpeamosnoskmM Temepsb, 4T0 y KaKoii-To BechbMa MaJjoil apoOHOIL
YacTH € MOroJoBbs [V BO3HMKIA CAyYAHAA ITOJOKNTEIbHAS MYTAILlHsAd,
BBEIPAXKAION(ASACA B BO3MOMKHOCTH [JIA MYTAHTOB 3axBaTa B KOHKY-
PEHTHOM II0Jie PAIMOHOB Iy, OOABMINX, YeM cTabdmIm3mpoBaHHOE T,
TaK 910 ', =To + Ar. 'opcrouka Ne MyTaHTOB 3aXBaTHT TOrHa JUIA
ceba Nery, npopykra, ocraBissa Ha momio N (1— &) ocobeit craporo
™ana [) — Nery,, npopykra. Bemomuns, uro D = Nry, maxoamMm, 4To
Ha OfHY 0c00b CTApOTr0 THIIa Teleph IPHIETCHA PaIr{HoH

N(ro—ery,)  Nro(1—e)— NeAr eAr
N1 —e) N1 —e) = "0 §g

Fe =

T. e. MeHbIIMii, 4yeM ro. B peayabrate (pme. 2), Kax 6bI MaJ HEH OBLI
B IIEPBBIM MOMEHT TIPOIEHT IJIIOC-MyTaHToB & OHM 1) yBeimuar cBOit
OKCIIOHEHT DA3MHOMKEHHSA ¢, CMECTUB I'y BIPABO OT TPAHUIEI I'g, N
2) CMEeCTAT PamuOH CTApPOro THIA 7'¢ JeBee TPaHHUIBI cTaOMINBAIIN 7Y,
T. . B HHTepBaJ, rjpe yOnIBaHMe YyiKe He KOMIEHCHDPYETCA POosKjae-
mocThio. He Tpymmo yBmmers, uTo mpomecc coBepiiaeTcst gajee JaBH-
HooOpasHo, 3aBepmiasch HeM30eKHBIM TOJHBEIM CXOZOM CO CIE€HBI
«MOpaJIBHO-yCTapeBIIEr0» JOMYTAHTHOTO Tuma. B 3aBHcHMOCTH OT
NPUBXOJAINIX ITapaMeTpoB (Ipeskje BCero OT CKOPOCTH OTKIMKAEMO-
CTH YKCIOHEHTA PA3MHOKEHHs ¢ Ha cMelleHHe palioHa ) IIPOIece
CMOJKeT TMPHHATH KodebaTedabHyio (GopMy CHHYCOHIBI cIepBa BO3pa-
CTAIONIed, a 3aTeM 3aTyXalomeil aMILIATYAsBl (caydail, aHaJan3mpoBaB-
muiica Boasreppa). Mecro myranToB Morio OB TaKKe B3aHATH,
He MEHAsA CYN[HOCTH IIpoIlecca BBITECHEHMs, NPHUINIoe ILIeMs, obJa-
faomiee IOJOHATeIBHBIM 3HaUYeHHeM Ar 1mo CpaBHEHHIO C IIPeRHIM
njeMeHeM — BJaajeabneM moJs. IlpemocraBuM jKemaomuMm 3aKOHYUATH
BBIKJIAAKN TIOCTPOEHMeM IIoJyvawlinerocs 3gech auddepenmuaaInHoro
YPaBHEHHUA ¢ ero HEeMHOTOYNMCJICHHBIMM BapuaHTaMH.

Hia mac ceiiuac BaskHO Apyroe. VI3 mpuBegeHHOro paszbopa SCHO
BHJHO, 4T0 «survivaly, BeUKMBaHMe JydmIe IpHmCmoco0JeHHBIX ILIIOC-
MYTaHTOB, HM B KaKOI Mepe W HM Ha KaKOM dTalle He ABJIAETCA 3aja-
9eld MM aKTUBHO TpeciaeayeMoil menpio. 37ech OHO — He Oolee, Kak
ABTOMATHYECKH HACTYNAIOIIUIl pe3yabTaT, Hem30eKHEBIH Besme, ITe
steady state mmeer xapakrep Heycroitumporo pasmoBecms. MyTupo-
paBmas (opMa, eCTeCTBEHHO, ocTaBjsger 3a co00il IMTaTeJbHOE II0Je
I BO3MOMXHOCTH JalbHENINero pasMHOMKEHNUS, B TO BpeMs KaK II0JaB-
JIeHHAS ITPOCTO BBIOBIBAET M3 WIPHI.

OugesngHo, TakuM 00pazoM, 4TO HBOMIOIMOHHLIE CMEIEeHUS, OIN-
palommecs Ha cjaydaiHsie, (PIOKTyarnoHHLIe IIIOC-MyTanud (MHIHYC-
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MyTaHTBI TP MaJjiOM €, eCTeCTBEeHHO, IOJaBIAITCA ellle PaHbIIe, deM
g CMOJKET J0CTHYL KOHKYPEHTHO CI0COGHOIR BeJIMYNHEI), Ha JI0O0M
aTare MCTOPUHU PA3BUTHA MOTYT IpeAcTaBiATh co0oi0 He Oosee YeM
ciaydauHble SMU30/BLI, CBOEro pojla JOTepero, nH(popMaTUBHOE COjlep-
JRaHme Koropoil Hejpaseko oT Hydad. lloaroMy wenb3s He YBHIETH
B HeoOBATHON Macce (aKkToB Ha-
MpaBJeHHOT0, JIIpOorpaMMupoBaH-
HOTO PAa3BHTHUA, IIPEAbABIIEMBIX
HaM OwmoJiormeit, CymniecTBeHHOTO
CKayKa I10 Ka4yecTBy. JTO €CTh SAB-
JeHne, He CBOJAMMOE Ha CyMMY
MyTamnmnii, CJY4auHO BO3HUKAIO-
HINX W IACCHBHO 3aKpemIAanX-
A ¢a ma susnennoMm moxe. Her coM-

HeHUsA, YTO MEXaHHU3MBI B3aKper-
g JIeHUs IIIOC-MyTalui y4acTBYIOT,

BHOCAT CBOIO JI0JI0 B JBOJIOIMOH-

HBIG TLPOIECCHI; HO BayKHO TO, YTO
C  darxropsl 4YHCTOI  CAYYAMHOCTH

IIPOYHO B3aMEHeHbBI B HBOJIOIUH

(hakTopaMn aKTHBHOTO TpOrpam-
D vupopanus u 00pbOBLI 3a BBIJIEP-
" JRUBaHuUe ATOMN IIPOrpaMMEL.
B arom (pasmce »HBOIOIUOHHOT®

0 r R

Puc. 2. Cxemaruueckme KpHBLIC M3-
MEHEeHHH paIiuoHa r BO BRPEMEHEH B yC-
JOBHAX TEKCTOBOI'O IIpuMepa

r'v— panuoH crabuian3anum; r — KpuBad

NP OIHOPOJHOM INTaMMe;, 7, M 7 —

KpUBbIe pPaUMOHOB CTAPOTHITHLIX M ILIIOC-
MYTAHTHBIX WHIWBUIOB, A — CTAPOTHIIHOE
IMIeMA OTTEeCHAETCA MYTAHTAMH 34 YPOBCHBb
crabmiuzanuu; B — OMHOPOIHBIN  1ITamMm
ACHMIITOTHYECKN NpubamHKaeTca K ctadbuiin-
3annuu; O — OIHOPOJHBIA I1mITaMM JIOCTUD
teady state; OH e, cTaB CTAPOTUIIHBIM, OT-
TECHCH J10 IOJIHOI'O BeIMHpaHNA, D —mraMm
MYTAHTOB JocTUr steady state

CTPYKTYPUPOBAHUA HeocaabeBaro-
U ITPUPOCT HErsHTPOIHUM Iepe-
XOJUT WM3-I0]I BJACTH Hepeab-
HOro MaKcBe/UIOBCKOr0 JeMoHA —
COPTUPOBIIMKA YaCTHUI[ B BeJeHUe
TexX TIAYyO0OKNX W KadecTBEHHO
0COOBIX MOJIOKYISAPHBIX 3aKOHOB
(emge galeKo He IO3HAHHBIX),
KOTOpPble YIPaBJIAKT W CO3JIaHHA-
eM IIPOrpaMMHBIX KOJIOB B IIeIo-
YeYHBIX MOJIEKYyJax, 1 IpHIaHneM

OTUM IIOCJEJHUM CIIOCOOHOCTH K
TOYHOMY IIPOUYTEHUI0 DTHX KOJOB.
Henp3st He ypeauTs caMoro mpueTaJbHOTO BHUMAHUA TOH IMAaleK-
TUYEeCKOl xapaktepucruke, Karkas gaetrca K. C. Tpmauepom mas npo-
TeKaHHIA KU3HEHHBIX IIPOIECCOB B KUBOII CHcTeMe (KIeTKe) M BBITe-.
KaeT M3 TePMOJAMHAMIIECKOr0 aHAIM3a HTUX IIPOIECCOB (ctp. 79).
N3Bnexkas wHeoOxonumMyo eif pabouyi 3JHEpPrmiw M3 XUMHUYECKHX
NpeBpamednii OCBOCHHLIX TNHTATENBLHBIX BeIlecTB, ’KUBasg CHCTEMa
UMeeT BO3MOKHOCTH COXpaHeHHs M BOCCTAHOBJICHUS XaO0TUIECKH BO3-
HUKAMOINX TeIJIOBBIX JecTpyKIuii Ojaromaps waramamay. Harammsa-
TOPLI — TI0 MBICJIN aBTOPA, 3TO AKTUBHBIE OEJIKOBBLIE DJIEMEHTHI CTPYK-
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TYPBI — 00yCJHOBINBAIOT TIPOTEKAHHE KaK JeCTPYKTHBHEIX, BHEPTro-
CHAOKAIONX, TAaK M HAIPABICHHBIX PEKOHCTPYKTHBHBIX IIPOIECCOB
Ipu TeX HU3KHX TeMIepaTypax CyIeCTBOBAaHMM, ITPH KOTOPHIX I10JI-
HOCTBIO COXPAHSETCHA TepMOoJabHIBHBII XapaKkTep KUBOI CHCTEMBI.
N ecan (npubasmo smech or ceGs) B Tepuofbl CTaGHIABHOLO CYIIECT-
BOBAHHA 3pEJIOro OpraHmaMa BO3MOKHO B KaKOii-TO Mepe paccMaTpu-
BaTh YyIOMAHYTbIE IIPOMECCHI KaK JMHAMUYeCKN cOaJaHCHPOBAHHBIE
MeKy CO0O0il 110 THIY eAmHCTBA IIPOTHBONONOMKHOCTEI, TO Ha IIpo-
TAMEHUN IepruoaoB passutus u audepeHnuanum CTPYKTyp OpraHus-
Ma 3aBeloOMO JOJUKHBL IIpeo0gasaTh B KOJIMIECTBEHHOM acCIeKTe
ITPOM3BOJICTBO HET@HTPONNK (YTO M apryMeHTHPYeTCs aBTOPOM), a B
RavyecTBeHHOM acIeKkTe — aKkTuBHas Oopnba opraHmsma 3a peasnsa-
LU0 MAaTPUIUPOBAHHOM IIPOrpaMMBI €r0 PpPa3BUTHA W CTAHOBJICHIS.

Marprunas ¢opma nmporpamMmsr, KoTopasg YHpPOIIEHHO n B npuMe-
HEHUM K KaKOMY-n00 OJMHOTHOMY DIIeMEHTY Morjia Obl OBITH M306pa-
JKeHa B BHJIe

[ I8 vty [

1 ML ey ... n.

Y2 Moy Mes . .., ., n.

_"'-‘--'—-'-——--l-'ﬂ-—-.-r---l--—-—-——..--'-.---—-—--—'

HECOMHEHHO, JIOMUHHDYeT B IIporpaMMax MOpQoreHeTnyecKkoro pas-
BUTIH, Kak A IbITajtcs 000cHoBaTh yiKe pambmie . OHa mposBisercs
B OTHETANBOM pasjieJeHHU IPH3HAKOB M XapaKTePHCTHK Ha KATEero-
puH, KOTOpEle Oblm 0003HAUEHEI TaM KaK CYIIeCTBeHHBIE I HECYIe-
crBenneie. llporpamma Mopgorenesa moGoro muIIBIIA BCera co3naeT
AJIA TIOCJIC/IHero IMUPOKYI0 BO3MOKHOCTH BapbHpPOBAHUA 110 HECYI[e-
CTBEHHBIM (IPEHMYIIECTBeHHO KOJMYECTBEHHBLIM) XapaKTephcTHKAM,
[IpujtaBas B 3aBHCUMOCTH OT BO3/EHCTBYIOIINX YyCJIOBHIl [; TpeGyeMoMy
CYIECTBEHHOMY NPU3HAKY Y; T€ WIH Jpyrue HecyIecTBeHHLIe IIpu-
dHAKOBbLIC YepPThI IIOCPEJCTBOM IIPUCIIOCOOMTENLHBIX ITOMCKOBLIX MexXa-
HU3MOB myj. Haiitu s sipmemmii 5Toii o6aacTi ajexBaTHBIT MaTeMa-
TUYECKHH, MOJACNUPYIOMNIA A3BIK — 3aJadya caMoro OJaH3KOTro oyny-
1[ero.

Oxun 3 MONX yueHBIX mpyseii, Korga y Hac 3ames ¢ HITM pas-
FOBOpP O IHpuYuHAX TpyAaHOCTeM mim «boje3Heil pocTa», HEeCOMHEHHO,
[IPOrpecCHpyIOIero HayIHOro cuMOmo3a MeRIY MaTeMaTHKaMHu W
Oumozoramir, BeIpasmicst 06 aToM Tak: «Bmosornm,— cxazau OH,— IOHN-

! Cm., mampumep, cbopuur «Dmiocoderme BOIIPOCHL (PH3MOJOTHH BBICHIEN
HepBHOM nesaTesbHOCTHY. M., U3n-Bo AH CCCP, 1963.
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MaloT, HO He yMeIT; MaTeMaTHKH yMeloT, HO He INOHHMAIOT). Moser
GBITH, IPUMEHHTEJBHO K IIPONLIOMY, OH OBl M [paB; HO, K CYaCTHIO,
y;Ke MHHOBAJO TO BpeMs, KOrja MaTeMaTHKH yBEePeHHO CUATAIN cebn
0CTATOYHO BOOPYREHHBIMHI JUIS TOT0, YTOOBI cpasdy, ¢ MecTa, BCTYIUThH
B Goit ¢ wopemmeIMm npobmemamu Gmosmormm. Ceiigac nemaerca Bee
Golee SCHBIM, UTO MAaTeMATHUECKHil ammapar, paspaboTaHHBIH A
na3o6paskeHNa 1 aHanusa (PU3MIECKAX M XMMHIECKUX ABICHUI I BEIH-
KOJIHO CIPABIABIIMIICA ¢ TPOOIEMAaTHROIT HAYK 0 HERNBOU IIPHPOJE,
Hy;RIaeTca B IIy0OKoil mopaboTke u 0OHOBJIEHAHA UL TOTrO, 4TOOBL
oBJIANeTh Takke H IpobieMaMu Ku3HA. KeTh BCe OCHOBAHHA OKAJATD,
470 HTO COBEPIIUTCHA YiKe B HealeKoM OyayuieMm.

[Tpodeccop, AOKTOP MEIUIHHCKUX HAYK
wren-koppecnougenTr AMH CCCP H. A. Bepnwrein



BBEJIEHNE

ITpn muTepnperamun GmwosormuecKnx ABIeHUIT MBI MCXOIAM 13 II0-
JORCHUA O IIPUHIUTTHATBHON T103HABA@MOCTH MUpa, XapaKTepuayomnie-
FOCA OTHOBPEMEHHO eJMHCTBOM, H3MEHYHBOCTHI0 M (GECKOHEUHBIM pas-
HOOOpasmeM IPOABICHUs OBITHA, B TOM YHCIE W OBITHA JKUBLIX CHCTEM.

B macroamiee BpemMs y psaga 6moI0TOB CHOMKILIOCH MHEHNUe, YTO JII0-
Oas pyHKIIA KUBOIT CHCTEMBI, KaK GBI CIOKHA OHA HI ObLIa, TPUHIH-
MHANBHO MOKeT OBITH MOJAENMPOBAHA ¢ HEOTDAHHYCHHONH TOYHOCTBHIO.
CrennmanocTs RUBOH CHCTEMEI, OTIHYAIONIAS €6 0T HEOIKWBON MaTe-
pun, o UX IpeJicTaBIeHNAM COCTOUT TOJBKO B crenuduanocTn cyoet-
paTa jKUSHI — 0eNKOB, HYKIeMHOBEIX KACIOT, KOMIIEKCHBIX OpraHmye-
CKHUX COeJIMHEeHMNI, T. . BeIleCTB, BOSHUKHOBEHNE KOTOPHIX CBA3AHO CO
cnenumaeckoii sBomonneit Mmatepun. Yrto Kacaercs QyHRIHIT 6moro-
JIMEPOB B UX COBOKYIIHOM B3aHMOJEIICTBUU, TO OHM AKOOBI MOI'YT GBITH
CBEJIEHBl ¢ HEOTPAHMYEeHHOM TOYHOCTLI0O K (PH3MKO-XHIMHUYECKUM 3aKO-
HOMEpPHOCTAM M CBOICTBaM He;kuBoii Matepun. CTOPOHHIKHN 2THX BO3-
3PeHHil II0araioT, YT0 OTAedbHbe (BYHKIUA KUBOTO MOTYT GBITH IOJ-
HOCTBI0 BOCIIPOM3BEIEHBI [eMCTBYIOIMUME MOIEJSAMI I MAITWHAMIL.

B macrosmem mccaenoBaHmM OKABBIBACTCA HECOCTOATEILHOCLS
OTHX B3DVIAZIOB KaK TO OTHOIIEHWIO NPUHIHUIIMAILHO HEOrPaHUYeHHOI
BO3MOKHOCTH (DUBMKO-XMMUYECKOI HMATepHperammn (HYHKIHH KIBOTO
C IIOMOIIBIO JICHMCTBYIOIINX MOJeJeil, Tak M 110 OTHOIICHHIO TeopeTnye-
CKOTO IIOJIOZKeHNSA 0 CHelupUIHOCTH HBOJONUN cybeTpaTa smBoro. He
HCKII0IeHA BO3MOKHOCTEL J[PYTOTO TEOPETHIECKOro II0AX0[a K m3yue-
HUIO (PMBUIECKOI CYLUTHOCTH KMBBIX CHCTEM.

1. Ilpmaaro cumrath, uwTo Gosee croKHAS B reOMeTpuIecKoM OT-
HOMMEHNN CTPYKTypa BelecTBa IpejcraBifger co(oii 6osee BEICOKYIO
CTyNeHb OBITHSA, YeM MeHee CI0HAs CTPYKTYpa MaTepmiu. B sroM ac-
IIeKTe KYCOK Jbla TpejcTaBisan Obl Golee BHICOKYI0 CTYIEHb GBITHSA
BOJIBL, U€M TaKoOe ;Ke KOJHMYEeCTBO BOJIBI B BHJE rasza. AHAJOIMYHO CUM-
TaioT, 1T0 00pasoBaBIIecAs Ha IePBHYHON 3eMie CIOKHBIE OpraHmde-
CKHEe COe[HMHEHNHA MpeJCTaBIAT co0oil 0olee BBICOKYIO CTYIEHBL ObI-
THA MaTepuit, 4eM MCXONHBIe HeOPraHuYecKne MOJIEKYJILl ¢ Gosee mpo-
CTOM CTPYKTYPOIl U Gollee HUBKUM MOJEKYIAPHEIM BECOM.

Cosepmenno sicHO, 4T0 06paszoBaHmA OpPraHnYecKuX COeJMHEeHNId
IpH HaJIHYAH BOCCTAHOBHTENIBHON aTMOC(EpPEl m HIeKTPHYECKIX pas-
PAJIOB, KaK 9TO OBIJIO TeopeTHYecK! 00OCHOBAHO Onapmasim (1957) n
dKCIIepIMeHTANbHO JokadaHo Muanepom (1957), npencrasnsior coboit
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KBa3MPABHOBECHBIE IPOIECCHl XMMHYecKoro cmuresa. B obomx cary-
yasx, KAK B THFAHTCKOM 3aKpBITOil cHcTeMe, Ha IepPBAYHOM demiie, Tak
1 B MIHHATIOPHOI 3aKpBITOil cucTeMe, B JabOpaTopHOU YCTaHOBKE, MBI
pMeeM J1eJ10 ¢ IpoleccaMu, MPOTeKalIMUMH PN CTaHOHAPHBIX yCJI0-
BuAX OOMEHA DHEPrHH 3aKphITOil cHCTeMBI ¢ BHelnHeil cpenoii. B cra-
[MOHAPHBIX YCJOBHAX, KOTJa IPHUTOK DHEPIrUM M OTTOK Telljia paBHEI
Ipyr JApYry, B 3aKpBITOIl cucTeMe B e/IMHUILy BpeMeHH obpazyercs
CTOJBKO 7K€ CIO0KHBIX OPraHMYecKUX COeJMHEHHI, CKOJIbKO paciajgaer-
cs1. B aTux mpomeccax NMpOAYKT XUMUYECKOTO CHHTe3a ABIACTCH, TaAK
CKa3aTh, MHEPTHBLIM OTHOCHTEJIBLHO cBoeil najdpHeimeil cyan0bI, KOTO-
pas IMOJHOCTLIO OTpejessercsa (PU3HKO-XUMUYECKUMIT yCJIOBIHAMI CPE
b, B TOM YHCJe M KOHIIEHTpaluAMH BCeX BellecTB, yYacTBYIOIINX b
XHMNYECKOI pearIinm,

Ha mepsnunoii 3emie mianm B jabopaTopHOIl ycTaHOBKE IIPOTECCEL
XUMHIYCCKOTO CHHTE3a ABJIAITCA PaBHOBECHBIMHU, M MHTEpIpeTanusa X
¢ TOUKI 3PEHHA OMOJOTHYECKOIl HBOJIOIIN MAaTepHu He MOKET c110¢00-
CTBOBATL TOHMMAHNIO (DU3MYECKOM CYHHOCTH KN3HM,

2. Eitpuar m J[moncon (Eyring a. Johmnson, 1957) mna ocHose
Teopun adCOJIOTHLIX CKOPOCTEIl pearIHil BhICKazajam IUIOTE3y O TOM,
YTO BO3HNKHOBEHHE KPUTHUYECKOro KOMILIeRCa IpeacTaBiseT coDoil
Hayajio OMOJIOrHYecKoro HampapJieHus B XUMHYECKOM pasBUTNH Ma-
Tepiit Ha 3ewie. B Xoge XHMIYECKOil dBOMIONMI MaTepui Ha 1epBit-
Hoit 3emiie, B YCIOBUAX BOCCTAHOBUTENBHOIT aTMoC(epst I IpH BO3JIeil-
CTBHH DJEKTPUMUYCCKNX paspAaos, o0pazoBajich CI0KHBIE oOpraHmpie-
CKHUE COeMMHEHHNsd, KOTOpPble B CHIY CHy4ailHbIX CTOJKHOBEHUIT MOTJIN
CIIOIKUTHCH B BHAE KOMILIEKCHBIX oOpasoaHmii m3 12 mMCXOMHBIX KOM-
MOHEHTOB. DTH clydaiiapie cOOBITUS MOIVIM HPOMBOUTH O MCTeYCHIN
rPOMAJIHOTO IPOMEsKyTKa BpeMeHl ~~ 109 ger. Caomuoe coejinHeHne
ABMIIOCH TTP00OPA3OM MOJIEKYIB PHOOHYKIEMHOBOL KHCJIOTEL M COXpa-
msutoch B Teuenme 107'% cex., T. e. B TeueHme CpoKa jRUIHH aKTHBHOTO
KOMILJIeKCA.

C 5TOr0 MOMEHTA BHE3aIlHO M3MeHmIach XuMmdecKas cyzibba opra-
HIUeCKIX COeMMHEHNII HAa SeMJje: BO3ZHNKHOBeHne akTUBHOI0 KOMILJIeR-
ca n3 12 KOMIOHEHTOB IepecTajio ObITh CIAy4YanHBIM fABJIeHHeM, IMoTpe-
GoBaBIIIM JUIS cBoero BHesannoro nossiaenns 107 mer, a Bupejb Mpouc-
XOIIJa 3aROHOMepHas peAyOosnKanma akTUBHOTO ROMILIERCA M3 HC-
XOIHBIX KOMIIOHEHTOB elle B TeYeHme ero cCyniecrpopanud, T. €. B
reuenue 10713 cer. OgHoBpeMeHHO 0Ka3aJ0Ch 110/IaBICHHBIM BOSHIKHO-
BeHIIe BO3MOMKHBIX KOHKYPEHTHBIX COeUHEeHHil u3-3a OBICTPOrO M3pa-
CXOMOBAHMA HCXOJHBIX KOMIIOHEHTOB B peaRIHFX peayOoanKanun aK-
TUBHOTO KOMIJIEKea, CaydailHo BosHuKIIero mepseiM. Haunnanmcn, Kak
aBTOPLI I0JIAraloT, HANpPaBJICHHBIe XUMHYECKHUE ITPOIEeCcChl ¢ IperMy-
eCTBeHHLIM 0o0pasoBaHmeM TeX BellecTB, KOTOpbie XapaKTepHbI LA
GuonormuecKkoii pposonmuu Marepuu. JleiicTBHTENBHO, OpPraHMYeCKNe
COeIMHEHN S, BXOJAIME B JKUBLIE CHCTEMBI, OTINYAIOTCA cBOCI OlTHYe-
CKOIT AKTHBHOCTBIO OJHOTO BHA: TOYTH BCe KOMIOHEHTHI KUBOM MaTe-
pUN ABJIAIOTCA JeBOBpallalOIIUMMI, a He paneMaTaMim.
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[list mposepkm croeii TEopHun 0 3HAYeHNN BO3HHKHOBEHUS KPUTHYE-
CKOTO RoMIZIeKca B OmoreHese aBTOPHI HpPeIaraior MPOU3BECTH CJie-
AVIOIIMIL ONBIT: COXPAHATL B 3aKPBITOM COCyJie CTePHMIBLHYIO paleMu-
YEeCKYI0 cMech M3 Tex ke 12 mexomHbIx KOMIIOHEHTOB, U3 KOTOPLIX Ha
IepBUIHOII 3eMiie oOpaszoBajics KPUTHY€CKHU KOMIIJIEKC, ¢ TOIl JIWIIb
PasHMIel, Y70 KOHIeHTPANA KOMIIOHEHTOB J{0OJKHA GBITH HA HECKOJIb-
KO IOpARKOB Oouibime, deMm GbLia Ha Semie. Dtum yciaoBueM obecie-
AHNBAGTCA pe3KOe YKOpOYeHNHe BpeMeHH, HeoOX0MIMMOTo A IOsBIeHNs
KPHTHYECKOTO KOMIIIEKCA B pe3yJabTaTe CJAYYAHHBIX CTONIKHOBEHI
KoMionenToB. FKenun ma nmepsmunoii Semire norpebosasocs 10° xer, To
B ycaoBuAx jabopaTopHOro ornbiTa TpeGyercs Bcero 9 JTHeH VISt TOSAB-
JACHIA OJTHOTO KpuTHYecKoro xommiekca. ITocae mereuenns sroro Cpo-
Ka TPONCXOMHT, 110 MHEHHIO aBTOPOB, HPeJTOMRUBINNAX ONMCaHHBIII
OLIBIT, CIIOHTAHHOE IIpeBpAllleHHe pPameMUYecKOil CMeCH B ONTHYeCKI
ARTHBHBIE coe/(nieHNsA, Bresanno maunnaores manpasienmnie IpoTec-
Chl 00Pa30BAHNS ONTHYECKN AKTHBHBIX COEJINHeHil O/THOTO BHJIA,
HallpEMep TeBOBPAIaIoINX, KaKk B JKHBOM opraHname, B pacTBOpe J10JI-
/RHBL TIOABHTHCA CIIOHTAHHO M Jpyrue (PU3NKO-XHMHYeCKITe CBOICTBA,
HallpuMep pe3roe HOBBITIIeHHEe BS3KOCTIL.

buoxornueckoe paszsurne MaTepul OTJIUYaeTcsd, COMIACHO 3TOIi
TEOPHH, CBOCOOPa3HLIM COUYETAHHEM CIYYANHOCTII I HeoOX0MMOCTH
B BOSHURHOBEHNM U IPOTeKAHHHN XHUMUYECKHUX Irporeccos. llossmemnme
RPUTITYECKOr0  KOMILIEKCA, OTANYAIOIIeroCs CTOMKOCTLI0O B Teqe-
ane 107'° cek., ects coObITHE ciaydaiHoe, o0yCJaOBICHHOE BHE3aIHLIM
coefmHenneM 12 KoMIoOHeHTOB, KOTOpEIe BOoOHIe B PaBHOBECHOIl ClI-
CTCME HaxXOoMATCA B XaOTHYECKOM (TemaoBoM) aBmkennn. Mamas Be-
POATHOCTE HTOr0 COOBITHA 00YCIOBHIA TPOMajHEI CPOR BpPeMeHH!,
~ 10° nmer, morpeGoBaBmerocs A TOTO, UTOGL OHO BCe-TAKM
npousomio. O0pa3oBaBmmiicss KPHTHYECKHIT KOMIIEKC aer HAYATO
PE3RO YCROPEHHBIM IIPOTeccaM aBTOKATAJIM3a, HAYAT0 BOIHMKHOBEOHU S
HOBBIX ROMIUIEKCOB Ha (hoHe MATPHYHBIX MOJEKYJ, CTOHKOCTL KOTOPBIX
coxpasserca B Teuenne 10-13 cex.

Bosunknosenne ycropenneix mpomeccos XmMmuecKoro CHHTEe3a
Gararoyiaps CAYUYAIHOMY BO3HHUKHOBEHUIO CJIOMHOI MOJIEKYJIBI rpoMaji-
10TO pasvMepa ¢ RaTaJluTHIeCKUM CBOICTBOM He O3HAdYaer, OJHAKO, YTO
ATH IIPOIECCHI CYyTh Mporeccsl Omosormueckoit opommonmn, CuHTe3 Be-
[eCTB, ¢ Kakoil ObI CKOPOCTHIO OH HI IPOMCXOJILI, €CTh TOIBKO obpa-
30BaHIe BEIECTB B COOTBETCTBHU ¢ PABHOBECHBIM COCTOSHHEM BaKPBI-
Toil cucrembl. (OOpasoBaHme CIOKHOTO COCIMHEHMS ABTOKATAJMTITO-
CRUM — IyTeM e ecTh CO3/laHhme «(HOBOI» CTPYKTYPHl, a TONBKO
[IOBTOpEHHE yiKe MMEMIeNCHA CTPYRTYPHI, CAYIaitHo oOpazoBasmieiics
P PaBHOBECHBIX  YCJIOBHAX BaKPHITOl cueTeMbl. MEI mpuxommm,
CJIEI0BATEeNIbHO, K BBIBOAY, YTO XHMHYECKUE CHHTE3BI CJOIKHELIX
COGIMHEHITH, KAKUME OB MYTAMH OHH HA COBEPIIAJICH, HE IpejacTaB-
TAIT €000il OMOJOIMIECKOr0 PA3BUTHA MATEPUN, HA OCHOBAHIN KOTO-
poro MoHo 0bLI0 ObI 00BACHETH (PU3MYECKYIO CYTH FKUBOM CHCTEMEL

Tarxum oGpazoM, MbI He oOHAPYKHBAEM HIKAKOTO nepexoja, HU B
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usmyeckoM, HI B I03HABATEIBLHOM ILJIaHEe, OT KaTeropuu CJI0KHOCTH
KaKOTO-IH00 XIMHIYECKOro 00pa3oBaHUA K KaTErOpuy! jKIBOM CHCTEMEI.
B mpyrux obnacrax OBITHsA MaTepHH TaKOil mepexoj MOKeT CyIecTBO-
Bath. Hanpumep, or Kareropum razoobpasHoro COCTOAHNA BellecTBa K
RATETOPHH JKIKOTO €TI0 COCTOAHNA eCTh OJ{HO3HATHEIT 11 HeoOXOIMMBIil
Iepexojl, BHIPaKeHHBI YpaBHEHWEM COCTOAHHA (HAIpuMep, ypaBHe-
nuem Banm jep Baannca). CoorBercTBylOniue M3MeHeHHS IIapaMeTpoB
cpeasl 00yCaoBAMBAIOT HE0OXOMMBIl IepexoJ BemecTBa 13 O/(HOTO
COCTOSIHIA B Ipyroe, Xapaxrepusylomeecs 0osee CI0KRHOI KOHpUIypa-
mueit. YUrto KacaeTcd KUBOIl CHCTEMBI, TO OHA, XOTA W Ipe/icTaBiAeT
co00il CIOKHEYIO TI0 CTPYKTYype cueTeMy, He sBJIAeTcS B (PU3HUECKOM
OTHOIIEHHH Pe3yabTaToM ycjoskHeHus Bemectsa. Her raroro mpesena
VCIOKHEHNA CTPYKTYPHI MaTepUu, KOTOPHLT ompesenan Obl 0fHO3HAY-
HBIIT 1 (puamueckn HeoOXOAMMBI Iepexoj MaTepun 13 COCTOAHNA He-
JKMBOII CICTEMBI B COCTOAHNE yKUBOU CHCTEMBEI,

3. Kak yske yKaspBajoch BhIIIE, CYHN[ECTBYCT MHeHHe, 4To Ti00as
PyHRIUA KUBOII cHCTeMbI, Kak ObI CJI03KHA OHA HI Oblia, MOKET OBITH
MOJeIMPOBAaHA M 4YTO HTHM (PAKTOM — BO3MOKHOCTBIO MaTepHalbHOIO
MOJIeJIPOBAHMA — JOKA3bIBAeTCA MNPUHIUINAILHO HeorpaHMYeHHAasd
CBOMMOCTH OHOJOTHYCCKHX SBICHHN K (PU3MKO-XUMIYECKHM ITPOIiec-
caM. IlockonbRy (PU3MKO-XUMIUYECKne IPOIeCChl B MOJIeJIUPYIONIeM Me-
XapuaMe NPHHIANTAIBHO MOTyT OBITH IOJHOCTBIO M3YYEHEI, TO, Cle-
TOBATENBHO, I MoJeianpoBannas (YHKINA KABOIT CHCTEMBI AKOOBI TaK-
JKe MOoKeT OBITh IOJHOCTHIO M3y4YeHa B (PUBUKO-XHMHUECKOM aclieKTe.
OmnOoYHOCTE ATOTO MOJOKeHNss MoKeT OBITH JOKaszaHa Ha OCHOBAHHH
BTOPOr0 3aKOHA TEePMOAMHAMUKIL.

B ¢dopMyampoBKy BTOPOro 3aKOHA BXOAAT J(Ba (DyH[aMeHTaILHBIX
MOHATHA: dHeprusa m pabodme mpormeccsl. llpespaimerne ogHOro BH7A
SHEPTHH B JIPYToil 4epes IMocpefcTBO padoumx IPOIEeccoB IpPOTeKaeT B
VCIOBUAX He0OPATEMOCTH ¢ HEKOTOPHIM O0ecIieHeHneM dHePIruil B BH/e
rerra. [Ipm HeorpaHmYeHHOM BO BpeMeHH IIPOTeKaHunm padoumx mnpo-
ecCOB B M3OIMPOBAHHOII cmcTeMe, WMeBIIeil HeKOTOPBIl 3arac CBO-
GOJHOIT PHEPTMM, JOMMHO IIPOMBOUTH IpeBpalienne Beeil CBOOOAHOI
JHEPIUHI B TEILI0. JTO COCTOSHUE O3HAYaeT mpeKpamienme Bcex pado-
YuX TPOIECCOB M eCTh JOCTIZKeHHe CTa0MIBLHOCTH H30IMPOBAHHOI Cl-
CTeMbI — COCTOAHME MAKCHMAJBLHOII DHTPOIHMH, Win Hanboilee BeposAT-
moe coctosiume (mpuHmun HRaaysmyca). B Rimaccmueckoil TpaRTOBKe
BTOPOT0 3aKOHA MCTOYHWKOM BO3pacCTalOIeil SHTPOINH ABIATCH TOJb-
KO paccempamoiiasi sHeprud. B JeiicTBUTEIBHOCTH, OJHAKO, CYIIECT-
ByeT elll¢ BTOPOIl MCTOYHHK BO3PACTAHMUS DHTPONNN — H3HAIINBAHUE
MallH., |

MammuHa — 5T0 HUKINYeCKH paboTalouiuii MeXaHmsM, KOTODHII B
XOJi¢ NPeBPAIeHHsI dHePruu OpeleJeHHOTO BUJa B 9HEPTHIO padbounx
nporeccoB GeclpepsiBHO TepsAeT CTPYKTypHocTh. Pabora Mammmbr —
970 oqHOBpeMenno npuunHa ee rmbenn. CymrecTByer, clefoBaTeIbHO,
BO3pacTaHHe HHTPONNN B M30JHPOBAHHOM CHCTeMe He TOJIbKO MH3-3a
HeM30eRHOM MMCCHTAINY DHEPTHN, HO TaK/Ke BBUIY Hems0e:KHoii Je-
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rpaganum CTpYRTYp paboramonmx MexanuaMonB. CocTofiHme MAKCH-
MaQJIbHON SHTPONMH B M30JNPOBAHHOI CHCTEME O03HAYAET HE TOIBKO
IIpeBpaIienne Bcell DHEPruN CHCTEMBI B TEIUIO, HO W Iepexox BCexX Ma-
[IIH, T. €. BCeX MPOrpaMMHO JABIZKYIIHXCS CTPYKTYpPHPOBAHHEIX 06pa-
30BaHNN, B Xa0THIECKN JIBIKYIINECS HECTPYRTYPHPOBAHHEIC BeIIecT-
sa. Her raxoit Mammusl, Koropas paGorama 6bI, He yBeJIMYHUBas IPH
9TOM SHTPONHIO 3a cdyer GeclpepHIBHON IoTepu cBoeii cTpykTypsl. Ha
AZbIKEe KNOEPHETHKHN TOTePs CTPYKTYPHOCTH MANIMHBI 03HAYLET MOTe-
pio «mamarmy. IlpuMenss BTOpoil 3aKoH TePMOIMHAMEKE K DPeambHO
ACHCTBYIONEMY MeXaHH3MY, T. €. K HeoOpaTuMo I B BHJe OecripeprIB-
HEIX IUKJI0B paboTaonieil MammHe, Mbl IPAXOIM K BEIBOJY, UTO yepes
OIIPe/IeNIeHHOe THCI0 pabouynX MIK/IOB MalimHa IepecTaeT aeiicTBOBATh
13-3a IOCTATOYHO OOJBITOI MOTEPH CTPYKTYPHI, WM «TIAMSITI.
Cynnba mMammuer, paGoralomnieii B XaoTHIECKOil cpenie, obpeueHa B
TOM CMBICTE, 9TO caMa MaIlMHA J0JI7KHA Yepe3 HeKOTOpoe BpeMs pac-
TBOPUTBECA B XaoTmueckou cpepe. Her raroit Mmammnsl, Koropas Moria
OBl M3BJIEYHb NPOTPAMMHBIE YKA3aHMA N3 OKPY;KAIONIeN ee XaoTHue-
CKOiT cpe/ibl. Mammaa MoykeT M3BIeYb M3 XA0THUECKOIL Cpeahl TOJHKO
HOOXOMMEBIEe €e KOMIOOHEHTHI IS CO3JAHMS HOBBIX CTPYKTYPHBIX 00-
Pa3oBaHMil M B TOM 4YHCJIe TeX ke IPOrPAMMHEIX YCTPOHCTB, KOTOpHIE
B Hee BrOReHBI, OXHAKO, MOCKOJBLKY MPOrpaMMHBIE YCTPOiieTBA B Ma-
Inpe, HavlmHas yiKe ¢ IIepBoro pabovero IuKiIa, BCTYHmaloT B (hazy
PaspylIeHHusA, I B XaOTHYECKOU Cpejle HeT 3aMeHBI B BHJe IIePBOHA-
HaJbHBIX TPOTPAMMHBIX YCTPOMCTB, HETPOHYTHIX JIerpagal(lioHHbIM
NPOIECcCOM ', TO M3 HTONO CJIEAYVeT, 4TO KAKHMH Okl COBEPIIeHILIMH
MPOrPpaMMHBIMI YCTPOMCTBAMH MallmHa Hu Obiia cHabkeHa, oma He-
n30eKHO OJIKHA JlerpagnpoBaTh, paboTas B XaoTHYECKOil Cpeje.
Hax Mpr mokasanm Beimme, monsaTme paoTaloNmero MexaHm3Ma YT
MAIINHBIL fBIACTCA QyHAaMeHTAIBHEIM HoHATHEeM. IlonbITaeMes HalTH
ero sMmnmpmyeckme ropum. OueBnaHo, uT0 060N GecmpepsIBHO, HE06-
PaTHMO, IUKIAIECKN paboTaomuii MeXaHU3M SBIAETCA TPON3BOTHEIM
AUBON cucTeMbl. B pobmosormueckoii spe ma 3eMie IIPOMCXOIVIIM
pasnooOpasHbIe MPONECCH XHMIYECKOr0 CHHTE3a CIOKHBIX OPraHm-
YeCKHX COe[MHEHMI, HO HeT HI 0JHOro (JeHoMeHa, YKa3LIBAIOIIero Ha
CYLIeCTBOBaHHE B Ty SIOXY Kakoro-iumbo GecrnpephIBHO M HMKINYECKN
paboraioriero MexaHmaMa BHE CBA3N ¢ JKHBLIMH cHCTeMaMi. |lmKjm-
decKHe Mpomecchl B acTPoPU3MYECKNX, IUIAHETAPHBIX M Teodu3mde-
CKUX MacmrTabax mpefcTaBisioT co6oii MyIbcAlMOHHbIC SBICHNS B
0dIIeM MOTOKe NMpeBpamleHns HHEPrhH, BeIyI[eM K MeJIeHHOMY, HO
HeoOpaTHMOMY BO3PACTaHHIO DHTPONUM JAHHON CHCTEMEL DJTH He
CBABAHHBIC C JKUBBIMHI CHCTEMaMH IMKJINYECKHE TPOIEecChl BPAJ JIH
MOKHO paccMaTpuBaTh KaK IPOTOTHIIE IMKINIECKHX IPOIECCOB pa-
0OTAIONINX MalIHH, KOTOPBIE ABIAITCA IeJeco00pPAZHBIME CHCTEMAaMI,

' Ecim Cn1 lasie B XaOTHMYeCKOIl cpejie m Obuim «IIpOrpaMMHBIe YCTPOIICTBAY,
CJOZRHEIe HAJIMOJCRYJIsApHBIC 00pa3oBaHus, TO HX CYIIECTBOBAHMUE OLIIO OBI BeCh-
Ma Ja0WIBHO ¥ OHM JOJKHBI ObUIH OBl MCYEBHYTH Kak HepPaBHOBECHBIE CTPYK-

TYPEI.
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«Apyrumu cioBamm, MammHa, IpeadHasHadyeHHAas s BBIDOJHEHUA
HEeKOTOPBIX (DYHKIMII, ImpejicTaBiaser coboil He YTO MHOE, KaK CHCTeMY,
opraumsanuss KOTOPOIl ¢ OoIpejelleHHON TOYKH 3peHudA I[MoJAYnHeHa
OCYIIeCTBICHNIO IOCTaBJeHHLIX Iepe; Heil sagauy (bump, 1963).

Mammuaa Kak IPOM3BOJAHAA JKMUBOIl CHCTEMBLI BCErjia B KaKOM-In00
OTHOITIEHUM MOJICJIUPYET JRUBYIO CHCTEMY.

«C Gosee obmieit, (PU3MYECKOIl TOYKM BpPeHNs MallHHA N FKUBOU
OPTanm3M CXOJHEI, IIOTOMY 9TO OHH IIpeficTaBJAlT co00il 0CTPOBKH B
oKeaHe BO3pacTAlIIeil HTPOIMH BO BCEX MaKpo-Tipoleccax Ha o0u-
TaeMoil HaMy JacTH BeeJeHHoil, 9TH OCTPOBKH, Ijie dSHTponusa yOniBa-
er, mGo marammmpaerca nadopmanus..y (Hoapman, 1961). Jdra xe
Mmbicah Beickazana A. V. Beprom: «lIpomecchr ympasieHns, IIpOHCX0-
nsanme B KHOepHeTHYECKNX CcHcTeMax !, XapakTepusylTes «TOYHOI
KOJIIECTBEHHON Mepoii — yMenpimenneM sarponnmy (Bepr, 1963).
C npyroii ¢cTOpoHBI, MBI BHJEJM IIPH PACCMOTPEHHHN BTOPOro 3aKOHA
TePMOMHAMUKA, YTO MAalIMHA SABIAETCA TPHHIMINAILEO HECTOUKHM
o0pazoBaHmeM, a ee cyllecTBoBaHme — OecIpephiBHble, HeoOpaTnMbIe,
MUKJIAMYeCKN IIpoTeKaloime paboume IpoIecchl — CTAHOBUTCH IIPIYN-
Hoii ee rmOenn. Mul obHAPYRIIN, TaKEM 00pas3oM, cie/iyoliee mpoTH-
popeune: 1) MammHa Kak IPOM3BOJHOE JKUBOIL CHCTEMBL SIBJIACTCS
BCerja B HEKOTOPOM OTHOIIEHMN MOJEJIbI0 JKMBOM CHCTEMBI, 2) Ma-
muHa, He OyAyYH JKHBOIT CHCTEMOIl, Hen30eKHO Tepser CTPYKTYpPHOCTD
B pe3yJabTaTe CBOEro CyIeCTBOBAHMAL

B NpoTHMBOIONOKHOCTL DTOMY JRUBLIE CHCTEMBI ABIAITCA HEe
TONLKO CTOHKHMH o0OpaszoBaHMAMA (IIpH YCIAOBHUAX CTANNOHapHOCTH
OKpYsRAIONIeil cpefibl), Ho 00jaaioT, ¢BEepX TOr0, CBOHCTBOM HeOTpa-
HOYEHHO VCJIOMHATH (CBOI0 CTPYKTYPY M YCOBEpIIEHCTBOBATL CBOMH
mopdo-Pusnonornueckue Gynxrmum. Mbr mmeeM B BHY He WH/IBH-
NMYaIbHYI0 JKUBYIO CHCTEMY, KOTOpas pOMAAeTCHA, PasMHOKAETCA H
rr0HeT, a COBOKYIIHOCTH JKUBLIX CHCTEM IIPH CTAIIOHAPHBIX YCIOBUAX
sakpuiToil cmcremMbl. Hak mowrasan Boabreppa (Volterra, 1931) na
mpuMepe HKOJOTHYECKN CBABAHHLIX Mey €000ii oTpAJOB IIOTOAN-
HBIX W TPABOSIHBIX JKUBOTHBIX M PAacTeHmii, Macca KazKJoHM M3 9TUX
JKUBBIX CHCTEM OOHAPYKUBAET PeryJAapHBIe KolaeOaHIsA BOKPYT He-
KOTOPOIl CpejiHeil BeJMUMHLI, IOCTOAHHON BO BpeMeHI.

Mbl TIPHXOMM K CJIeYIONIeMy BBIBOAY: (DM3UKO-XUMIYECKHE CBOTI-
CTBA RMBOII CHCTEMBI IPHHIMIIMAILHO He MOryT OBITH IOJHOCTBIO Ma-
TePHAIBHO MOJICTHPOBAHEI, TAK KaK MOJEJUPYIOUHil MeXaHnsM — Ma-
mmUHa, KOoTopas sBiagercda BooOIme IIPOM3BOHOI FKUBOI CHCTEMBL U
KaK TAKOBag BCerja B HEKOTOPOM OTHOINEHHIH, II0Poil M OYeHb OJIm3-
KOM, MOJEIUpYeT 3Ty cucTeMy, Ho obmafaer (hyHAaMeHTAIBHLIM IIPO-
TIBOMOIOKHEIM CBOMCTBOM, OTJIMYAIONIAM ee OT JKUBOI CHCTeMBI. JTO
CBOMCTBO — IIOTEPS CTPYKTYPHOCTM  MOJEJNpYIollero MexaHusMa B
pesyJbTaTe ero CyIliecTBOBaHMA.

| O6LeKTOM KNOEeDHeTHUECKOr0 WMCCJeA0BAHHA CIYKAT Jodas CcHCTeMA,
npejcTaBiAnIas co00if «KOMILUIEKC [MHAMAYECKA CBA3AHHBIX DIIEMEHTOBY

(Bup, 1963).
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4. Rar MBI BHjelnm, MOHMMATh B paMKax XUMHYECKOH KHHOTIHKMN
M RIaCCHYeCKOM TEePMOJMHAMHKYN BO3HHKHOBEHHE, CYIIEeCTBOBAHIE
I 9BOJIONHIO JKUBBIX CHCTEM OKa3bIBAeTCH HEBO3MOKHLIM. BosHuKaer
BOTIPOC: HE IO3BOJIACT JIM TePMOJAMHAMAKA CTAIOHApDHBIX HeobpaTm-
MBIX  TIPOIECCOB, NPOTEKAIOIIUX B OTKPBLITHIX CHCTEMAX, O0bICHUTD
pusmuecKyI0 cynHOCTL JKUBBIX cHCTEM?

buochepa — cosorynmoeTs Beex OPTaHU3MOB M OKpPY:Ralomas
OPraHMsMEl cpejia — o0pasyeT B3aKphITYI0, HO He M30JIMPOBAHHYIO
MaRpocHcTeMy, KOTOpas MOCTOAHHO 0OMEHMBAETCH HHEPTHEH ¢ BHEII-
Hel Cpejioii, T. e. ¢ APYToif MaKpocmeTeMoit 6oJiee BBICOKOTO HOpAJIKA.
SaKpeITasg MaKpoCHCTeMa, COTEPIKAIAa B KauecTBe IMOCHCTEM ;KNBBIC
OpPTaHU3MBbI, MEHAETCA HACTOIBKO MeJJIEHHO, 4TO ee (PH3MKOo-XIMHYe-
CRIIE IapaMeTphl MOKHO CYMTATH IMOCTOAHHBIMU B TeUEHHUE CYIeCTBO-
BaHMSA KUBBIX cmereM. sHmBoit opranmam, o6MenmBaommiicsa c OKpY-
JRAIOIIeIl CPeJloil W HHeprmeil, M BeIIeCTBOM, npejcTaBiasier coboM
TePMOTHHAMUYECKN OTKPBITYIO CHCTEMY, YCIOBHA CYIIECTBOBAHMSA KO-
TOPOH MOTYyT OLITH M3Y4eHBI METOAOM TepMOIMHAMUKI CTaMOHAPHBIX
HeoOpaTUMBIX IIPOIECCOB.

B omimume o1 kiaccmueckoit TepMoTmHAMIKI (TepMocTaTHKMI),
B TepMOIMHaMIKe HeoOpaTUMEIX IIPOIECCOB YUMTHIBACTCH BPEMs. DTOT
dyuaMerTanbHEBIT PuzHUCCKMIi [rapaMeTp — BpeMsA — uMeeT pasHyo
GusIIecKyo 3HAYNMOCTL TP ONMUCAHUE HCTBUTEILHO IIPOMCX OIS
IHX MaKrpoIpoIeccoB B M30JHPOBAHHLIX, 3aKPBITHIX W OTKPBITHIX CIHC-
TeMaX. B mpmpome Bce Makpompomecckl mporeramor HeoOpaTuMo BO
BpemMenn. HeoGpaTumocrs JieiicTBHTeIBHO NPOMCXOMANINY  COGBITHI
[IPUHATO BBRIpA’KAThH Yepes TePMOJMHAMUYCCKYI0 (DVHKIINIO COCTOSHAA
CHCTEMBI, T. €. DHTPOIHIO, IOHATHE, BHEIPAKAKOIEe BEPOATHOCTH C0-
CTOAHUSA CHCTEMEL.

s m3onmpoBannoii cmcreMbr, He oOMeHuBaIOIIeIicA ¢ BHEIIHEeIH
CpeloM HW DHeprueil, HW BEN[eCTBOM, HEM3MEHHOCTH COCTOSHHS BO
BpeMeHI MOKeT OBITH JOCTHIHYTa TOJNLKO B pe3yabTaTe I peBpale-
HUA BCeN 3allaceHHOil B M30JMPOBAHHON CHCTEMe PHEPIruM B TEINIO.

HaunGonee BeposTHOE, Hem3MeHSIOIIEECH COCTOMAHIE M30JMPOBaH-
HOM CHCTeMBI XapaKTepU3yeTcsd TeM, YTO QHTPONMHUA HTOU CHCTEMBI
AOCTHINIA CBOGTO MaKCHMMAJbHOTO 3HAYEHHUA. JTO ITOJOKEHHe ITPUHATO
BRIpaKaTh Kak mnpuHIun Rioaysmyca, KoTopwlii cnpaBemans ToIbKo
JUTA HB0JIMPOBAHHON  MAKPOCHCTEMBI, T. €. TaKoil, KOTOpag peabHo,
B TeYeHIle JIHTeIbHOT0 BPEMEHN He CYIeCTBYeT.

Hemsmennocern cocrosnus Bo BPeMeHN MOJKHO, 0JITHAK0, HAOJI01aTh
Yy PeajbHO CYyHIecTBYIOUIeH BaKPLITOM CHCTEMBI, 00MEHHBAIOIIEICs
JHeprueil ¢ BHeIIHel cpefoii. B crammomapubix yemosmsix, Korma IIpA-
TOK DHEepPrum W3 BHEIIHeN CPefbl I OTTOK TeINla BO BHEITHIIO CPeIy
ROJIMYECTBEHHO PaBHBL JIPYI APYIY, COCTOSAHME B3aKPLITOl CHCTEMBI B
JHEPTETHICCKOM OTHOIIEHNN OTIUYACTCA YCTOMYMBOCTHIO, €e HHTPO-
A COXpaHAeT IMOCTOAHHOE 3HavYenne. PaccMarpmBas sHepreTHyecKyio
cynn0y 3eMin BO BpPeMeHH, MOKHO IOJb30BATLCA MACIITAGOM BpeMe-
HII, HMCIOIMIM 3HAYUTENHHO MEHBIIYI0 YCIOBHYIO eIMHUITY, YeM Mac-
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mra0 BpeMeHH, WNCIOJb3YEeMBIH I M3MepeHIA X0Jla KOCMITIeCKHX
coOBITHil. 3eMisi B TeueHHe NPOMEKYTKa BpeMeHM, 0YeHbL OOJIBIIOTOo
110 CPABHEHNIO CO CPOKOM JKM3HH OT/IeJBHBIX ITOKOJEeHHIT 3KUBOTHOIO
Mupa, HO HHYTOKHO MAjOro II0 CPaBHEHUIO ¢ KOCMHYECKMM MacHITa-
GoM BpeMeHH, pacCMaTpUBaeTcs KaK 3aKpbITasd CHCTeMa, HaXO/ANasacH
B CTAIHOHAPHBIX YCJIOBHAX CYI[ECTBOBAHUSA: DHTPOIMS 3eMII CoXpa-
HAET IOYTH IOCTOSIHHOe 3HAYeHHe.

Hajmume B cTammoHAPHOI 3aKPBITOH cHCTEMe — SeMiie OTKPBITHIX
CHCTeM KUBBIX OPraHI3MOB, KOTOpHIE 0eCIpephIBHO 00MEHHBAIOTCH
¢ OKpYsRaloNieil MX Cpefoll U dHeprmei M BeH[eCTBOM, O3HA4aeT, UTO
IS BTHX OTKPBITHLIX CHCTEM BpeMsA mpumoOperaeT 3HaUYeHHe TOMIHIPY-
jomiero (uamueckoro (paxropa. becnpepsiBHO npoTexanmuii  00MeH
BeIecTB OpragmaMa IPUBOJUT K GecrpepbIBHOMY EBO3PacTaHimio dHTPO-
mun BHe opraEmaMa. OJHOBPEMEHHO IPOMCXOAUT KOMIEHCAI[MOHHDIN
Ipomecc: B JKUBBIX CHCTEMax BO3HHKAaeT HErsHTPOINA (oTpHIIATeNIb-
mas surponusa). CKoOpocTh BOBHHKHOBEHHS DHTPONMM B CBA3M C IIPO-
meccaMit ofMeHA BeI[ECTB OpraHW3Ma M CKOPOCTH BO3HUKHOBEHIA
HeTOHTPONHN (B JKIBOM cHCTeMe PaBHBL JAPYT JAPYTY. braromapa
HEeraHTPOIHIHEIM TIPOIeccaM jKUBAS CHCTEMA COXPAHACT cTaOnIBHOCTD
CBOEr0 COCTOSIHMSA, PACXOAYSA MAKpOIPrmYecKue BBICOKOCTPYKTYPHPO-
BaHHBIE NMIIEBBIe BellecTsa, OecupepLiBHO oOpasyiouimecs B 3aKpbI-
TOI cmeTeMe ',

CKOpOCTh BO3HMKHOBEHHA BHTPONMH B OTKPBITOM CHCTEME, T. €.
MHTEeHCHBHOCTD AECTPYKTHBHLIX IIPOIECCOB, MJIM CKOPOCTH paspymie-
HEA CTPYKTYPHOCTH B X0jie HeoOpaTHMBIX HPOIECCOB, ONIPEeaAeTCHA
yepe3 TOPMOAMHAMUYECKHEe W KHHETHIECKHEe BEJTMUNHBL: TepPMOJMHA-
MIUECKIe CHJIBI W TepMOJHHAMHYECKHe CKOpocTH. B O0mosormyecknx
mporeccax, KoTopsle BCEr7la IPOTEKAI0T HAa OCHOBEe XMMUYECKHX pPeakr-
i, TepMOIMHAMHUUECKHE CIVIBI IIPe/ICTAaBIAIOT Co0oil XMMHYeCKne
CPOJICTBA PEArHpPYIOIINX BellecTs, I TepPMOJNHAMHYECKHE CROPOCTH
MIeHTHYHBL CKOPOCTAM XHMHUecKnx pearunii (de Donder, 1936). Ecian
OTKPLITAsi CHCTeMa HAXOJUTCsA BOIMBM OT COCTOAHMA TEPMOZMHAMI-
YeCcKOrO0 PaBHOBECHs, TOTZIA MMEeT MeCcTO JIMHEeMHAs 3aBICHMOCTD CRO-
pocrm ot cmisl. Orciofa ciaegyer, UTO CKOPOCTH BOIHUKHOBEHIA
JHTPOIIME B JKUBOIl (CHCTeMe, eciu ee MOMHO paccMarpuBaTh Kak
OTKDBITYIO CHCTeMY, HAXOAIYI0oCsA BOMM3M OT COCTOAHNS PABHOBECILA,
MOIGKHA OBITH TOIOKITENBHOI BEeIWINHOM, KOTOpPas HPOMOPIHOHAIL-
1A XIMIIECKOMY CPOJICTBY 2.

CymectByer obmias Teopema, c(opMyaumpoBaHHas IIpuroxuaBIM
IS TepMOJMHAMIYECKN OTKPBITBIX CHCTEM, HAXO[AINXCA B VCTOM-

| B pacTHTeJLHOM MHpPe MaKpPOOPTHYECKHe BBHICOROCTPYKTYPHPOBAHHBIC I
meBsle BemecTsa obpadyioTcs Ojaarogaps HAIMYHIO CHEIHa/bHOIO hepmMeHTATHB-
HOTO anmapara B CaMoOil OTKPBITOW CHCTEeMe ((poTOCHHTeTHYECKIE IIPOIECCHI).

2 CocTOSIHME TePMOJMHAMHMYCCKOTO pPaBHOBECH A O3HAYaeT, 4TO XHMHYECROC
CPOJICTBO M CKOPOCTH XMMHYECKOM Peariun paBHBI HyJIO, T. €. OTKpPBITAd CHCTE-
Ma B COCTOAHIIM TePMOAMHAMIYECKOrO PaBHOBECHS BOOOIE He CyIecTBYeT. JTa
MBICTH OUEHDL BajKHA JLIsl TTOHMMAHMSA KUBOM CHCTEMBI KaK TepMOAHHAMHYCCRH
i KNHeTHYECKH HePaBHOBECHOM CHCTEMBI.
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TIBOM COCTOAHMU: CPOJICTBO CHCTEMBI BCErJia MeHAETCS TaKuM oOpa-
30M, YTO CKOPOCTh BO3HHUKHOBEHHA OHTPOIIM YMEHBIITAeTCs
(Prigogine et Wiame, 1946; Ilpurommm, 1960). W3 sroii Teopemsr
CJIeyer: N3MeHeHUe COCTOAHUS BaKPBITOH CHCTEMBI, BBI3BIBAIOIIEC
BO3pacTaHne CKOPOCTH BOBHHKHOBEHNA BDHTPOINU B OTKPBLITOIl CH-
cTéMe, COIPOBOKIAETCA YMEHLIICHHEM TePMOMHAMNYECKOI CHIABI W1
BCJIE/ICTBHE 3TOr0 YMEHBIIAETCHA CKOPOCTHh BOSHMKHOBEHNSA HHTPOINH
B OTKPEITOII cucTeMe. ViaMenenme cocTosiHmsi 3aKpBITOIl CHCTEMBI, BHI-
3biBaloIliee YMEHLbIIeHUe CKOPOCTH BO3HHKHOBEHNS YHTPONHN B OTKPHI-
TOH CHCTEMe, COIPOBOKAAETCS BO3pacTaHHEM TePMOIMHAMAYCCKON
CHJIBI M BCJIEJICTBHE DTOr0 YBEJIHUYHBAETCA CKOPOCTH BO3HHKHOBEHWSA
OHTPOIIMM B OTKPBLITOM CHCTEMe.

CieoBaTebHO, OTKPHITAsg CHCTEMAa BCEIjla CTPEMATCA K COXpaHe-
HUI0 CBOET0 HEPaBHOBECHOTO COCTOAHMS WIM K BO3BPAIIEHHUIO K IIDEK-
HeMY COCTOAHWIO IpH HeOOJNLINNX H3MEHEHWSX IapaMeTpoB CTAIHMO-
HapPHOH B3aKpPLITOIl CHCTEMBI I, KpoMe TOro, o0Jgajgaer TeHIeHIMei
9BOJIIOIMOHNPOBATH B HAIIPABICHUM YMEHBLIIEHUA CKOPOCTH BO3HHKHO-
BeHUSI BSHTPOINH, |

Teopema Ilpuro;xuna copepmenso amasnormuypa npunmuny Jle Illa-
Telbe — bpayna wiaccmueckoit TepMogmHaMuEm !, AHAJOMMYHOCTD
TeopeMsl llpurokmma cocromr B cnepgyromem, Vsmenenne crammonap-
HOCTIT OTKPBITOM CHCTEMBI WJIM PABHOBECHOTO COCTOSHHSA 3aKpBLITOIl
CHCTEeMBI 1PU HeOONBIINX H3MEHeHUAX IapaMeTpoB Cpeisl HPOMCXO-
JIUT BCerjia B TOM HaIpaBlIeHHH, KOTOPOe CII0cOOCTBYeT BO3BpaIeHMNIo
CHCTEMBI K IIPeKHeMY COCTOAHHMIO CTAaIHOHAPHOCTH MJH PAaBHOBECH.

llockonbRy KUBBIe CHCTeMBI IPEJCTABIAIT €000 TepMOIMHAMII-
YeCKN OTKPBLITBIE CHCTEMBI, TO NpHUMeHeHHe K HuM TeopeMsl Ilpuro-
sRiHa Obl1o OBl BIosHE O0OOCHOBAHHBIM IS XapaKTePHCTHRH IBOJIO-
U FKUBBIX CHCTEM B HAIlPaBJeHUI YMEHLIDEHUS CKOPOCTH BO3HUKHO-
BeHHA DHTPONIIM, ecJn Obl UBBIe CHCTEMBI HAXOMIJINCh B YCTOHYHBO
CTallMOHAPHOM  cocTOAHMM. [leiicTBurenbHo, Tteopema Ilpurosxnmna
MOReT CJHYKHATH A XapaKTePUCTHKN CTaOMIBHOCTI FKNBOM CHCTEMBI,
KOT/la ypoBeHb oOMeHa BeIecTB He M3MeHsgeTcs BO BpeMenu. Tawroe
COCTOAHIEe IOCTOAHCTBA OOMeHa BeIeCTB MABISETCS, OJHAKO, CKOpee
NCKIIOYEeHeM, 4YeM XapaKTepHBIM COCTOSHHEM jKHBOM CHCTEMBI, 1
COOTBETCTBYET, HAIPUMeE], COCTOAHUI0 OCHOBHOTO 00MeHA Y TEeIJIOKPOB-
HEIX JKHBOTHBIX. {711 ;RUBBIX cmcTeM XapaKTepHBI MMEHHO Pa3BUTHE
1 pasMHOKeHHe. Da3bl pasBUTHA W Pa3dMHOKEHHS MOTYT OBITH IIpejI-
CTaBIEHBI Kak OeclpepsIBHBIE AyOJMKAOUM HEKOTOPOTO diieMeHTap-

! PagbaAcHEM 9TOT NPHHIOAN HAa npHMepe ABYX(MasHON CHCTEMEHI M3 BOJLI 1
JAb/la, UMEWIIel, COrTacHO IIPaABUIY £aa I'mb66ca, ommy cremens csobombl, Ilo-
BBIIIIeHIe (IIOHMKeHIe) JlaBJeHns BBEI3BIBAeT TIpeBpallleHne JbAa (BOJLI) B BOLY
(ex), uTo compoBOMIaeTcA yMeHbIIeHmeMm (yBeamdenmeM) o0BeMa M BCJe-
CTBHE 9TOro yMeHbIOeHIIeM (yBeINmYeHNeM) BHENIHero JIaBJeHHs, T. €. B CHCTeMe
OPOMCXOJNT TaKoe M3MeHeHNe, KOTOpoe IPOTHBOeHcTBYeT (PaKTOPY, BHI3BABIIE-
My 5T0 u3MeHeHme. Taxme ke TIPOTHBOJEMCTBYIOIIWE W3MEHEHHS B CHCTEMe
HMEIT MeCTO IIPI M3MEHEeHHN TeMIIepaTyphl.

23



HOTO 9HEePreTuueckoro Iporecca: CKOPOCTh BO3HNKHOBEHUS DHTPOIHN
B JKUBOM cHCcTeMe yBeimumpaetTcsa B pazax OMOJOrMYCCKOI DBOJIOINM
I pPasMHOMKEHU,

Rak/p1it HOBBI dJIeMEeHTAPHBIN DHEPreTHYecKuil Imporece, KOTO-
PBIIL COIIPOBOMK/IACTCH BO3ZHUKHOBEHUEM HHTPOINN, KOMIEHCHPYETCH
COOTBETCTBYIOIMM HEIDHTPOINUHLIM YJEHOM — CKOPOCTHIO (BO3HIK-~
HOBEHHUA HErsHTPONHH B OTKPBITOM CHCTEMeE.

Jdtor (peHOMeH — GecmpepsiBHAsSs — AYOJMKAIUSA — HIeMEHTapHBIX
9HEPreTNYeCKNX IIPOIEeCCOB — YKa3bIBAT HAa HEIPHMEHUMOCTH Teope-
Mbl llpurosknaa K amanmay DBOJIOIMN KUBBIX cHCTEeM, jHUBBIe cHcTe-
MBI He HBOJIOIMUOHUPYIOT K COCTOAHHI0 ¢ MHHUMAJIBHOW CKOPOCTHIO
BO3HMKHOBeHNA sHTpounu. Teopema Ilpuroynua me Moker OBITH mpH-
MeHeHa K JKHIBOIl cucTeMe B (paze pasBUTHA W PA3MHOKEHHS, IOCKOIb-
Ky IIPOIIeCCHl Pa3BUTHA M PasMHOMKEHHA Hem30eKHO CBA3AHEBI ¢ VBEJH-
YeHneM CKOPOCTH BO3HMKHOBEHUA dHTPONNN, M OMoJOrnyecKasi 9BoJI0-
s BOOOIEe TONBKO BOBMOKHA HA OCHOBE PA3MHOMKEHNSA JKMBBIX
CUCTeM.

Mpr mpuxognM, ciefoBaTesnbHO, K 3aKII0OUEHIIO, YTO B paMKax Tep-
MOJIMHAMHI KN HeoOpaTUMBIX CTAIIMOHAPHEBIX IIPOIECCOB, KAK M B paMKax
RJIIACCHYIECKOM TepPMOJMHAMUAKN M XUMHYECKON KNHETHKN, HeBO3MOMKHO
00BACHATH NPOTPECCHBHYIO JBOJIONUIO KUBON MaTepun: BO3HNKHOBE-
HUue 1 CoOXpaHeHue OpraHmaMa B XaOTHYeCKOH cpeje, pa3BuUTIe U pas-
MHOKeHNe oOpraHmaMa IpU ¢TamuoOHAPHBIX YCIOBUAX OKPYKAKOIIE ero
BAKPBITOM CHCTEMBI M, HaKOHEI[, HeorpanmueHnyo Mopdo-(pu3monori-
YECKYI0 DBOJIOINI0 BCEU COBOKYIHOCTH OPraHM3MOB B MX OHTO- M (pu-
Joremese.

0. JHepreTnvYecKmii 0OMeH opraHm3Ma B COCTOAHHN OCHOBHOTO 00-
MeHa IPHU CTAIMOHAPHLIX YCIOBUAX OKPYKAIOIIeil cpefbl (IMoCTOSHCTBO
(PUBMKO-XNMIUYECKNX ITapaMeTPOB 3aKPHITOM CHCTEMBI) MOJKHO BBIpa-
BUTH Yepe3 CYMMY BCeX XUMHYECKHX IIPOI[ECCOB, JEKAIINX B OCHOBE
BCeX (DYHRIMOHANBLHBIX pabodyux ImporeccoB opranumama. MomgHocTh
PyHRIUOHAJIBLHBIX pabouymx MPOIeCcCOB paBHA TeIIOBOMY IOTORY, KO-
TOPBIN BLIJICJIAETCA M3 OpraHm3Ma BO BHEIIHIOIO Cpefy.

Paboune mpomeccsl B KHABOIT cpejie IIpeacTaBIA0T co00il HerdHTPO-
NUiTHBIe IPOMEecCchl CTPYKTYypooOpaszoBaHHA 3a CYET XHMHYIECKOIl
DHEPIrud U HA3KOM SHTPOINUN MOCTYIAIIUX B OPraHu3M BBICOKOCTPYK-
TYPUPOBAHHBIX MaKPOIPIUUECKUX IMIEeBLIX BellecTB. B Xoje sKru3He-
NeATeIbHOCTH OpraHu3Ma IMPOUCXoaAT OeclpepbIBHLIE JIeCTPYKTHBHBIE
IIPOIECCHI, IIPOIECCHl Pas3pylleHusi CTPYKTYPLI, 4TO 00HAPYRKUBAETCS
OecripepbIBHLIM BLIIeJIeHNEeM W3 OpraHM3Ma TeIla M CTPYKTYpPHO-Je-
rpajnpoBaHHBIX BemecTB — nuiakos. O0a 1mpoiecca paBHEI JIPYT JAPYry
B 9HEPreTHIeCKOM OTHOIICHUM M IPOMCXOJAT IIPH TeMiepaType cyiie-
croBannsa opraumaMa (Schroedinger, 1944; Rysuemnos, 19959).

sRuBag cumcreMa coxpaHser CBOIO CTPYKTYPHOCTH Ojaropaps pabo-
unm mponeccaM. Ilpekpamenne paboumx mpomeccos IpH TeMmiieparype
CYIIeCTBOBAHUA JKUBOIL CHUCTEMBI BjevyeT 3a co00il moTepio CTPYKTYP-
HOCTH — cMepTh. Kenm, ofHaKko, OCTOPOMHO OXJAMAATE JKUBYIO CUCTe-
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My, usberas paspymieHHsi CTPYKTYPHI BCJIEICTBIE BBIKPHCTAJIIINZa [T
BOJIBI, paboume MpoIeccHl NpPeKpamaloTesd, He BLI3LIBAs cMepTHn
(Smith, 1954, u mu. ap.). Takas oxnamTenHas HeMeTaboIm3npyroIas
CHCTEMa, COXpaHUBINAA IPU HHU3KOW TeMIepaType CBOIO CTPYKTYPY,
HPIt HarpeBaHIm MOJKET OKATh, €CJIN ee CTPYKTYpa, ABIAONIASACH HPH
TeMIeparype KU3HN Ja0UIbHOI 1 HeypaBHOBENIEHHOI, 3aH0BO Oecrpe-
PBIBHO BOCCTaHaABIMBaeTcsA pabouynmm mpomeccamu. PaGoume mpomeccesr
B JKUBOM CHCTeMe — 9T0 OeCIPephbIBHO IIPOMCXOMAIITEe CHHTOTHIOCKIIE
HPOTECCLL IOCTPOCHUSA CTPYKTYPEI, KOTOpas GecrpepsiBHO MO BEpraer-
CA TEPMHIYECKOMY pa3pyHIeHui0 1pH TeMIepaType CyIiecTBOBAHMNS
KNBOI CHUCTEMBEI,

sRuBas cmerema — aro paGoraomas cmerema. UeM oTaumdaercs
RUBAA CHICTEMA OT HeRMBOTO padoraromiero mexanuama? MoskHO ViKa-
3aTh Ha 4YeThipe KapAMHAJILHBIE OTJIHYUTETbHBIE CBOICTBA.

1. Crpyrrypa sKuBoit cmeTeMbl Ipyl TeMmIiieparype ee CyI[ecTBO-
BaHUsA TabuiabHa, HEYCTONYNBA, HEYPAaBHOBEIICHA.

2. CTpyKTypa 3KUBOH CHCTEMEI COXpaHsgeTCA IPH TeMueparype ee
cymiecTsoBanusA Omarofapsa pabounM mpomeccaM, KOTOPHIE OecripephiB-
HO yCTPAHAIOT XaO0TMYECKM BOZHHKAIONNEe CTPYKTYpHBIe JedexTs,
CBA3AHHBIE € TEIIOBOM JECTPYKIUEN KUBOI CHCTEMEL.

3. Bce paboume mnpomeccsr B kuBOii CHCTEeMe — KaTaJlnTuuecKue,
HPIIEM KaTanu3aTopaMd ABJIAIOTCA caMn paborTaonme CTPYKTYDPHEIe
00pa3oBaHNsA KUBOII CHCTEMBI — CHOMKHDBIE 0eJIKIL.

4. bnarogapa raraauTuueckoMy Xapakrepy pado4umx NIpOIeCcCoB B
JRUBOM CHCTeMe [peBpalfeHue XUMUYeCKOH DHEePTH IHIIeBHX Be-
[ECTE B TEILIO Yepe3 MoCPecTBO Pabounx IPOMeccoB MpOMCXOMUT P
TeMmeparype cymiecTBOBaHUMA KUBOIT cumcreMmsl. [lpm sToii Temmepa-
Type INIeBbie BeIlecTBA B OTCYTCTBHE KATAIU3ATOPOB ABJISIOTCS
CTOUWKUMU BeIecTBaMm,

JTH YeTelpe KapAWHAJLHBIE CBOICTBA, XapakTepuayoIme KuBYIO
CHCTEMY KaK TePMOJMHAMAYECKH OTKPHITYIO CHCTEMY CO clenmude-
CKIMHI CBOMCTBAMH, MOTYT CIAY/HTH MITIOCTPAIEEH TOTO KIACCHIECKO-
ro ompejieleHust JKHU3HH, KOoTOpoe ObI0 mano B 1874 r. DHreascom
(1957): «¥RusHb ecTh c110CO6 CYNIECTBOBAHUS 0eJIKOBBIX TeJl, M 3TOT
CIIOCOD CYHIeCTBOBAHMA COCTOUT II0 CBOEMY CYyLIeCTBY B IOCTOSHHOM
CaMOOOHOBICHNN XUMNIYECKAX COCTABHBEIX YacTeil DTHX Teur.

B sxusoii cucreme nporeraorT xuMmueckume pearmmm 0aarogaps BbI-
COROMY XHMHYCCKOMY IIOTeHI[HAJy NHUIeBBIX BEI[eCTB M KaTaJHTHIe-
CREM CBOICTBAM KHBOIl cmcTeMbl. Ha ocHOBE XUMHUECKHX pearIuit
TPOMCXO/IAT paboyne MpoIecchl CHHTE3a CTPYKTYPHI, KOTOPBIE YpaBHO-
BEIIBAIOT Xa0TUYECKHe IPONEeCcChl TePMUYECKOl eCTPYKIMH CTPYK-
Typbl. (JiejloBaTelIbHO, jKUBAfg CHCTEMAa MPEACTABIACT c000ii XIMMMIUe-
CRYI0O MammuHy, pabora KOTOPOIt, ¢ OJHOII CTOPOHBI, BOBMOKHA TOIHKO
IIp TeMneparype CymieCTBOBAHMA KUBOIL CHCTEMBI M, ¢ JAPYTOit CTO-
POHBIL, COCTOMT B IOCTOSAHHOM YCTPAHEHHH CTPYKTYPHBEIX neeKToB,
OeCIIPePLIBHO I XAOTHYECKH BO3HMKAIOIIIX IpU TeMIeparype yKU3HH.
Junanexktnuecknit 3axon egmmeTBa I 00pBOBI MPOTHBOMOI0KHOCTEI —
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pasmame paGoamx IPOIEeccOB jyisl yCTPAHEHNA TeIIOBOM [IeCTPYKI[NIL,
rorja camm paboume TPONECCH BO3MOKHBI TOJBKO IPU TeMIIepaType
JKU3HN,— 9TO BHYTPEHHee IIpoTHBOpedYme CynieCcTBOBAHUA YRUBOU
CHCTEMEI SBJSETCS TeM OCHOBHBEIM CBOMCTBOM, KOTOPOE OTJIMYAeT «RU-
BYI0O MAIINHY» OT HEKIBOMU.

6. Brime MBI yKasaiay Ha TepMoOAMHAMUYECKOe Pasinime Meay
JRUBBIMI CHCTEMaMH W TIPOM3BOJHBIMU FKUBBIX CHCTEM — MallimHaMIL.
IleiicTBYe MaMIMHEI HeM30eKHO COMPOBOKIACTCA €e CTPYKTYPHOU Jier-
pagamueil, B To BpeMs KaK COBOKYIIHOCTh JKHBBEIX CHCTeM obmajaer He
TOJHLKO CBOMCTBOM COXPAHEHHs CBOEIl MAacChl B XOJe 3aMeHBI IIOROJIC-
HHIl, HO I CBOIICTBOM OecIpepbIBHOIO YCJIOKHEHNA M YyCOBEpIIeHCTBO-
papms csonx Mopdo-pmanomornaecknx GyHrnuit. O0bACHUTE BO3HIK-
HOBEHIEe, CYIIeCcTBOBAHME, pPasMHOKeHHe M HBOJIONNIO JKHBBIX CHCTEM
B paMKax COBPeMeHHHIX (JU3HmuecKux Teopuil, Ha Hall B3MIAN, 1IO-BHIY-
MOMY, HEBO3MOJKHO, IIOCKOJIBKY O0BeKTHI, KOTOpBIe HCCIAeTyITCA B
paMKax 9THX TeOpHii, paccMaTpHBAIOTCs BCETAa Kak COBORYIHOCTDL HPO-
CTPAHCTBEHHO KOHEYHBIX OIHOPO/HBIX ¢das.

Mamnma, Mofeaupyonas Kakyo-1u6o (YHKIHIO KIBOM CHCTEMEL,
COCTOHUT M3 HEKOTOPOIO YMCIA JBIKYIIUXCA JeTajiell KOHeTHBIX PasMe-
pos. Hasjas merans mpejcrasiser co00il TOMOIeHHYIO ¢dasy. Hnsas
crueTeMa B OTJIMYMe OT MOJAEJMpYIONIero ee MexaHmsMa ecThb cucreMa C
HEODPAHWUeHHOIT MUKDOTeTePOreHHOCThI0. [la OmucaHns JKIUBOIL CII-
cTEMBI HEOOXOIMMO JOMYCTHTh Hamnuue [efcTBYIOIMX (PAKTOPOB, KO-
TOPHIE CBSA3AHBI ¢ 0ECIpe[eIBHON TeTepPOreHHOCTRI0 FKIBOH CHCTEMBL B
MIKPOCTPYKTYPHBIX 00JaCTAX HEOTPAHMIEHHO MaJBIX pasMepos. B or-
JIMIHe OT HEKMBOM MAIIMHBI ¢ ABVKYIIUMHCA JeTaJlAMH U3 TOMOIEH-
HEIX (ha3 JABMKYIMECS KOMIIOHeHTHI B JKMBOU cHCTeMe He IpeCTaBIAa-
0T coGoit ToMoreHHbIX (az. JLaa onmcanusa ;KUBOIL cHCTEMBI HeoOX0/u-
MO YYHNTHIBATL HAJH4He HOBBIX IapaMeTpoB, KOTOpbIe MPOABIAIOTCA
Ipy MBYUeHHNH HeorpaHImdeHHOll MIKPOreTepOreHHOCTH CTPYRTYPBI -
Boif MaTepum. JTH HOBbIe HapaMeTpEl CyTh CHeru(IiecKne (parTOPEL
HeOrPAHMYEHHOIT MHKPOTETEPOreHHOCTH CJIO/KHOMU NMUHAMHAYECKOM CH-
cremer (Tpuauep, 1962a).

Onucapne (PU3MIECKNX CBOICTB ATUX IapaMeTpoB Ha OCHOBE TEPMO-
IHAMIIECKOT0 aHaJIu3a KUBOM CHCTeMBl I ONpejiefieHue HX 3HaUeHUA
IS CYI[eCTBOBAHMSA M DBOIIONHNE OPraHU3MOB ABIAIOTCA gajadeil JaH-
HOTO MCCJIe0BaHUS.



I'naea nepea s

O HEIIPUMEHUMOCTHN TEOPEMBI NPUTOKUHA
B OMBPNOI'EHESE

The comprehension of the laws
which govern any material system is
greatly facilitated by considering the
energy and entropy of the system in
the various states of which it is ca-
pable. ‘

J. Williard Gibbs, 1875!

§ 1. B TepMopumHaMumKe OTKPBITEIX cHCTeM CYIIeCTBYeT Teopema,
aHalorngHag npuHOuny Jle Illarense — Bpayma B tepMommmammie
3aKpeITEIX cucteM. Teopema Ilpmroskuma, kax w mpummun Jle Illa-
Teabe — bpayna, ykassiBaer Ha HalpaBIeHHe HBOJOINH TePMOJINHA -
MHUYeCKOU CHCTEMEL,

B saxpsiToit TepMopunammueckoit cucreme 2, HaXOJ/AIeicas B CO-
CTOSHHH yCTOMYMBOIO PaBHOBECHA M IOJBEPraloieiicss BO3IeiicTBIIO
Karoro-mmbo BHemHero aKkToOpa, HapyNIAOIIEro PaBHOBECHOE COCTOS-
HEe, TPOMCXOAAT TaKHe M3MEHEHHA IIapaMeTpPOB CHCTeMEI, KOTOPHIE
IPABOJAT K MOCTUKEHHI0 HOBOTO PAaBHOBECHOTO COCTOSHUA, IPH KOTO-
pOM BO3[IEHCTBME BHEIIHEro (aKTOpa OKA3bIBAETCS OCIA0ICHHBIM.
AHAJIOTIIHO PTOMY MNpPUHIUIY TeopeMa Ilpurosxmma (Prigogine et
Wiame, 1946) yrassiBaer Ha Hampasienme OBOJIOIAN OTKPBHITOM CH-
CTeMBI, HAXO[AMIEHUCSH B YCTOHMYMBO CTAI[HOHAPHOM COCTOSHHM, JLiIs
COXPaHEHHA CBOEI0 YCTOHYHBO CTAIMOHAPHONO COCTOSHIS OTKPHITAS
cucreMa OeclpephiBHO IOTPEeO/IAeT HHePruo. JBOIIOIMIS OTKPBITOI

! Ilogmanne 3aKOHOB, KOTOPBEIe VIPABISIOT 000 MaTePHAJBLHOU CHCTEMOI,
3HAYATEJILHO 00JIer9aeTcs, eCim paccMaTPUBAIOTCA DHEPIUs W DHTPOIHSA JIaHHOI
CHCTEMLI B Das3JMYHBIX COCTOAHHAX, B KOTOPHIX OHA MOKET HAXOIUTHCH
(#K. Bmuapy I'm66e, 1875).

* Ilox 3arpeITOli cHCTEMOIl IIOJipazyMeBaeM TepPMOIMHAMIYECKYIO CHCTEMY,
CIOCOOHYI0 00MeHMBAThLCSI DHEpPrueil ¢ BHeNIHeil Cpelloil IIpHm BO3JeICTBHH HA
Hee Kakoro-imbo BHemHero (pakropa. OTKpeITas cuCTeMa HpeJCTABIACT COGOIl
TePMOJIMHAMHYECKYIO CHCTeMy, KOTOpas [UIA COXPaHEHUs CBOEr0 COCTOSHHII
GecupepriBHO 00OMeHUBAeTCH PHEPIHEHl M BEI[ECTBOM ¢ BHENIHEi: cpejon. OGe
OTH CHCTEMbl HMEIOT KOHKPeTHBIM (DUBHYECKHIT CMBICH M (DAKTHYECKA CYMIECTBY-
or. IloHATHe MBOIHPOBAHHON CHCTEMBI SBJISCTCH abcrpakugmeit m obo3HadaeT
MBICJMYIO CHCTEMY, KOTOpasg He OOMEeHWBAaeTcs dHeprmeil ¢ BHeIIHeH cpemoil u
HE MOKET [ONBEPraThbCA BO3[EMCTBHI0 KaKoro-mmbo BHemHero gaxropa (IIpm-
roxxuH, 1960).
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clCTeMBI, MPUOIMKAPINeiica K yeTOMINBOMY CTAallHOHaAPHOMY COCTOA-
Hmio, corstacHo teopeme llpnrojkmna, 3ariaovaercda B TOM, 4TO IEPEXO/L
cHCTeMBI B HOBOE CTAIlMOHAPHOE COCTOSHME CBsA3aH ¢ YMEHbIICHHEM
morpebaeHusa YHePrin B pe3yabTaTe ocjiadaeHnss HeKOTOPOro mapamer-
pa CUCTeMET.

dror mapaMeTp OTKPBITOIl CHCTeMBI HOCHT Ha3BaHMe TePMO/IHaMMI-
qecKoii cmpl 1 obosmagaercs cuMbosiom Xi. Teopema llpnrosxmua ria-
CHIT: M3MEHEHIe Bo BPeMeHH OTKPHITON CHCTeMbl, HpHOaHsKatoNencs
K yCTOMYMBO CTAlMOHAPHOMY COCTOAHHIO, IMPOMCXOAUT BCETJIa B Ha-
MpaBIeHNI, KOTOPOEe BBIZBAHO oOcjabiIeHneM TepPMOINHAMIYCCKON
eIl Xi.

[lenTpaibnas BeJUUYNHA, XapaKTepuayiomjas HepaBHOBecHoe, HO

cTAIMOHAPHOE COCTOSIHNE OTKPBITOH CHCTeMbI, IIPe/ICTABIACT coboit

dsS
CKOPOCTH BOBHUKHOBECHHSA HSHTPONNN —7 MM BEJINTHHY BBIZGIAIIETO-

dS
cs1 M3 cucTeMpr Tema I —= 5 TTe T — remmeparypa. CmcremMa Ipoay-

[EIpyer Teljao B pesyiabrarTe IpeBpalieHus SHePraH yepes mMOCpeAcTBO
dS
pabounx mporueccos. Bemmumna 7' 7— onpejie/iseTcs TepMoAMHAMMITe-

CKUMHI M KMHeTHYeCKNMH TTapaMeTpaMu — TepMoOJmHAMNYIeCKUMH CHJIa-

dx
1
v {X;} u TepMomHAMIYECKIMI CKOPOCTAMIL {—-—-dt } TepmogmHaAMuYe-

ckag cmia X; mientmuHa (PAaKTOpPY WHTEHCHBHOCTH KaKoro-imbo
pabouero mpomecca A; m compsrKenHasgs BeJNTHHA Xi, BXOnAIAsa B
BEIPAIKEHITe TePMOIITHAMITUeCKOI CKOPOCTH, MCHTHYHA (PAKTOPY eMKO-
cTH ATOrO ke pabouero mpoiecca, COrJacHO ypaBHEHHIO

dAi = Ari d(I-'-E.
: d0
Beamumna BBIIEAAINETOCH W3 OTKPLITON CHCTEMBI Teria —

onpejaeasaeTca ypaBHEeHHNEM
n

dQ T q ., 4T
dt 1 dt i%ki dt ? (1)
ik S (.Z:r:i
r7e E X —; — CyMMa BCex paGoumx TPOIECcCcOB, COBEPIIAIOINXCA

i-=1

B OTKPBITOIl cucreMe 1 00yCIOBIMBAIONNX CTATIOHAPHOCTH €€ TePMO-
NMMHAMAYCCKN HepaBHOBECHOTO COCTOSAHMAA.

xd;
dt
ckoit cmnbl X; cyI[ecTByeT JHHeilHAsg 3aBUCHUMOCTH, €ClH OTKPBITAH
creTeMa HaXonuTes BOAW3AM OT YCTOUYMBO-CTAIMOHAPHOTO COCTOAHMA.

dx.;
dtl = L&, (2)

rie L — cxanspustii xoagdunment ([Lenbur, 1954).
PaceMoTpuM mpocTeifmmii caydail OTKPBITOM CHCTEMBI, KOIVIa €€

Mesxay TepMOAMHAMUYIECKON CKOPOCTHIO I TepMOjMHaMIUe-




CYIECTBOBaHIEe OIpe/esIIeTCA BCEr0 TOJABKO OJHHM pabounm IIpoIec-
coM. B rakom caywae mpomsBoncTBo Terma pPaBHO Ha OCHOBE ypaBHe-
auit (1) n (2)

dsS

Tax rar Tepmommmammueckas cuma Beerma Goapize HYJIS:
A >0 u LX2>00,

TO CKOPOCTh BOBHMKHOBEHMA DHTPOINH SBJISIETCS BCerjaa ITOJIOKUTEIE-
HOII BeJIUYNHOI:

dS
= >0.

Coraacuo Teopeme ITpurosknma, TePMOJAMHAMUYCCKAS CHJIa N3MEeH -
€TCA TONBKO B HANPpABIEHMH OCJA0JEHUS WIH COBCEM HE M3MEHIOTCH:

dX < 0. (4)

Orcioa ciemyer, uTo OTRpBITAs CHCTEMa ABOJIIONHMOHAPYET B Ha-
IPABJICHIN IOHMKEHNsA IIPOU3BOJCTBA DHTPOIMN MIN BOOOIIe He HBO-
JIONUOHAPYeET.

Vs ypasmenns (4) caemyer, aro

d 2 2 T
W(LX)_-_2L)( s < 0
I OTCIO/Ia HA OCHOBe ypaBHeHH: (3)
d dS d [dA &
T Fn F J ; o :_\
dt(‘l dt)‘go“”‘ dt(dt)go' (0

Ipn npunbauskernn oTRpLITOIl CHCTEMEL K YCTOMYIBO CTAIIIOHAPHO
My COCTOAHNIO OHA MeHseTcs, coraacHo meopeme Ilpuroskmma, Taxmw
00pasom, 4To HPOU3BOMCTBO DHTPOMIN YMEHBIAeTCcsa B X0J(e DBOJIOIUY
OTKpPBITON cuctemsl (I[Ipurommm, 1959).

3 2. C deHOMEOHOTOTHYCCKOH TOTKN 3PeHHs KIUBOU OPraHmU3M Ipe;i-
CTaBJIAeT c000il TePMOAMHAMIIECKN OTKPBITYIO cucTeMy, KoTopas Oec-
IPEPEIBHO IIpeBpaIiaeT MOTeHNHANbHYI0, XUMATIECKYI0 dHEePTI0 TIHII
B 9HEPru0 padovmx IpoleccoB W OeCHpepHIBHO BBIIEISET TAKOO Ko
ROIUTECTBO SHEPIUU B BUjle TEIUIOBOTO IOTOKA BO BHEIIHIOWN CpPEJY.

Obo3HaumM MOIMHOCTH BeeX pabOYMX MPOMECCOB B JKMBOIL cucTeMe

dA;
yepe3d CHMBOJ - *
dt
n i
dz. dA;
¥ = 1 :
2=, (6)
i=1
rjie A; — obobuienHas JHePTrus BceX pabodux ITpoIeccos.
dS

Brrpaskaem I’ 47 1epes TeIIoBOil I0TOK, coriacHo sakonmy @Oypbe

g~ grad T,
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Tie § — BEeKTOp TemioBoro moroka m grad I' — rpajmeHT TeMmmepaTy-
pe1. OTcrofia TOTyIAM

dsS o '
T = kF (T" —T), (¥)

rie k — cpeaumii KoaPUIEEHT TEIIONPOBOJHOCTH OPTraHu3Ma;
F — 1OBepPXHOCTH pasfefia Me;KAy OpPTaHm3MOM M OKpYrKalolieH
ero cpemou;
T/ — teMmmepaTypa OpraumsMma;
T — TemmepaTypa OKPYKalOI(ed CpejIb.
M3 ypasuennit (1), (6) m (7) momyamm

T

- d A;
RE(T' —T) = —

(8)

B crammoHapHBEIX yCAOBUAX CYI[ECTBOBAHNA OPTaHI3M norpediaeT
TOCTOSTHHOE KOJINIECTBO DHEPTIH NNIIeBBIX BeImecTs A o0ecrnedeHns
peex cBonx padoumx IrpomeccosB:

dA; “
R const.
Orcrona cjaenyer, 9To
d dzi g .5 -
() =0 n G kP (I —T)] =0 (9)
n B cuay ypasuerna (7)
d )
W(T dt ) =2

gr0 coorsercTByer Teopeme llpurommua.

MBI IPUXOAHM K 3aKIIOYEHNI0, YTO jKUBOM OPTaHM3M, HAXOJIAIIH-
CsI B YCJOBHUAX CTAIIOHAPHONO COCTOSHUSA, ITIPeJiCTaBIAeT co0oit Tep-
MOIIMHAMITECKE OTKPBITYIO CHCTeMY, KOTopas ¢ (PeHOMEeHOIOTHYEeCKOH
TOUKI 3peHis He OTIIMIAeTCsI OT TePMOJMHAMIYECKN OTKPBITON HEKI-
poit cucremsl (Bertalanffy, 1952).

§ 3. MB1 paccMoTpennm OpPraHum3M B YCJIOBHAX CTANMOHAPHOIO Cy-
mecTBoBanua. Tarme yclaoBus MMeIOTCs Yy B3pOCJIOro opraHmsma, HE
MEHSIOImero GOJbIIe CBOI0 MAaccy M HAXOMAIIErocs B OKpYy’KaloIieH
cpefie ¢ IOCTOAHHBLIMU Tapamerpamu. PaccmorpmMm Temepsb HamOoIee
Pa3BUTHII OPraHi3M, TeINIOKPOBHOEe KMBOTHOE, He B (paze CTAIIOHAD-
HOCTII B3POCIOI 0cobu, a B TpejilecTBylomeil (hase pacTyIiero opra-
puama. Daza pocTa HAUMHAETCA ¢ PosAeHHs Iu@depeHIIpOBAHHOr0
OpraHm3Ma W KOHYAEeTCA MOCTHKEHWEM COCTOSHMS B3POCIOH ocobm.
B reuenme (aspl pocTa opraHusM OeciipepbIBHO yBeJINYNBAET CBOIO
Macey:

m = m(t),
rpe m (t) — napacraiomas QYHRIOAS OT BpPeMeHI,
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Cunras, aro cpemnss mIoTHOCTL OprasgsaMa P MajJo MeHsgercd
B TeYeHue (ha3bl pocra, mMeem

m(t) = F(t)-a(t)-p, (10)
rjae F(t)—nonepxnocu PaCTyIIero oprammsma; a (t) — meKoTopHiii
BO3pacTalOmuu €O BpeMeHeM JINHelHki TapamMeTp pacTyuero
OprasmaMma.

dameHsasa F B ypasuenun (8) ma F (t), cormacuo ypasuenuio (10),
OJLY 1M

——

k. dA,
SN iy ot
I OTCIOIA
0 a(t) — m(t) di *
Hocroabry, cormacno ypasuenusam (7) u (8),
d A, ds
dt = © dt ?
mMeeM
1 d4; { o idS dS
m(t) di m (1) d dy’ 4 1 (12)
SdSyB
rne — YA€JIpHOEe TPOM3BONCTBO DHTPONHM, T, e. IPOU3BOJICTBO
JHTPOINM, DAcCUYNTAHHOE HA EJMHMILY MacCHl Opranmsama.
I3 ypaswenuii (11) n (12) momyumm
é(T'-———T) . 1 s T d'sya
0 a(t) di
1 0TCIOa
d Tk(T'—=T) 1 7 g S s
Tﬂ"[‘ 5 ' a(t)}"’?f?(T dt )<0’ (13)

[TOCKOIBRY 1/a(t) ects yGrBaromas QyHKIUS OT BpemeHw.
Homyuennrrit PE3YJIBTAT MOATBEpHIaeTCA HaOII0IaeMbIMMA parramn
1 COOTBETCTBYeT Teopeme Ilpmroskuma.

Brrpasxenne

IpejcTaBageT co00il TemIOBOIl MOTOKR M3 CINHANBI Macchl OpraHmaMa.
Raxr Bmgmo, sra Benmunma YMCHBIIAETCA ¢ POCTOM OpraHm3Ma, TaKk Kak
a(t) mapacraomas bysROUA 0T Bpemenn. HelicTBurensno, Momomoe
TCILIOKPOBHOE JKMBOTHOE€ BBIJEISET OOJBIIe TeIIa, PACCUYNTAHHOTO HA
CAMHIIY Macchl 110 CPaBHEHHIO €O B3POCIBIM opranuamoM. Mouonoe
/RUBOTHOE obmafaer Gosee BBICOKIIM 9HeProoOMeHOM, YeM B3pOCiIoe
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KMBOTHOE. DTOT Pe3YJbTAT, IOJYUeHHBII s JKIBOTHBIX 0/{HOTO BHZA,
OTIMYAIONINXCS 110 CBOEIl BeJnmuymHe B COOTBETCTBMM C MX BO3pacTOM,
pacmpocTPaHsAeTCs M HA TEIVIOKPOBHBIX FRIUBOTHBIX pasHBIX BHJIOB, OT-
JIUAIOIIIXCS JIPYT OT JpyTa II0 CBOEeN Belandnmne. JleiicTBHTEIBHO, YeM
MEHBIIE TEILIOKPOBHOE JKUBOTHOE, TeM 0ojbIle OHO BBIJEIACT TeIlla,
paccuYNTaHHOrO Ha eJINHUIy MaCChI.

IToT peayabTaT MozkeT OBIThH c(DOPMYJIMPOBAH B BUIE CIELYIOMIETO
ypaBHEHA:

1 , 45y |
k- v ! g~ 2 (14)
rJie
K = B =21 st (15)

(4
SBJISIETCST TIPUOJNZUTENBHO TTOCTOSHHOM BEJMUYMHON [JId BCexX TeINIo-
KPOBHBIX JKUBOTHBIX, M @ — HEKOTOPDIN JIMHEWHBII mapamMerp, Xapak-
TePUBYIIOLLIH BeJIUYNHY KUBOTHOTO.

3 ypasmemms (14) ciepgyer, uto veM OoJjbiie JRKUBOTHOE, TCM
VeHBIIE OHO BBITEISET TeILIa, PACCUNTAHHOI0 HA e[MHUIYY MACCHL JTOT
pesyJabTaT PacupocTPAHsETCA OT (MBI JI0 CJAOHAN.

Hanpnvep, 1 ¢ medeHn MBIIIN BBIACIACT PN OIHAKOBLIX CTAIMNO"
HAPHBIX YCIOBHAX CYI[ECTBOBAHNS FRUBOTHBIX Gosbime Tera, uem 1 2
[IeYeHN CJOHA.

Vpasnenue (7) 103BOJsieT TAaKKe BBIBECTU B3aBHCHMOCTH MCHLY
DHEPreTIYeCKIMN IIPOIECCaMIl TeIJIOKPOBHONO KUBOTHOrO M €To 110~
pepxHocteio. V3 ypasmenuii (7) u (1) momyanm

B[(T"—T)YE% L 5 — K.p ~ const. (16)

Vpasuenue (16) osHauaer, 4To HPOM3BOJICTBO TEILIA, PACCHNTAH-
HOTO HA eIMHMIYY MOBEPXHOCTH OPraHM3Ma, ABJIACTCA HPUOIN3NTEILIO
[1OCTOSIHHOI BeJMIMHOIL sl BeeX TEIIOKPOBHBIX KUBOTHBIX «OT MBLIIN
10 caomay. Ypasuenne (16) mapecTHO Kak 3aKOH HOBEPXHOCTI PyOne-
pa (Rubner, 1928).

§ 4. Mur o6napyssmin, 9o Teopema llpnrosmma coboaeTcst JJs
SHEPreTHYEeCKHUX IPOLECCOB, KOTOPhIe IPOTEKAIOT B OPraHN3Me TEII0-
KPOBHOTO JKMBOTHOTO, HAXOJAIIErocs B YCIOBAAX CTAIMOHAPHOCTH
B3POCJIOil 0cOOM W pacTyIiero OpraHmaMma. Jlist B3pOCJIOTO OpranmuaMa
bl moayumian [em. ypasmerms (9) m (12)]

d [r}‘cF(T'—-T):‘zi(T dS”"’)_O

dt m di dl

/

W s PAcTyIero OpraHmaMa [cM. ypaBHeHIe (13)]

g Fe(lr=T) A d (m @y
dt[ 0 ' a(t)]__dt(j dt )<O'




Bosuukaer Bompoc: coGmomaercs Teopema llpuroskmma raxike
s (passl, mpeymectylomeir gase pocra, T. e. A (hassr HMOpIorene-
3d, ROT/IA@ TPOUCXOAAT YHEPTeTHYeCcKHe IIPOLECCHl, CBA3AHHBIE ¢ OH-
TOTCHeTIYECKIM pasBuUTHEM oprammaMa? B amGpmoremese BBEICOKOPAa3-
BUTOTO TEITOKPOBHOI'0 OpPraHM3Ma, HAYMHAS ¢ OTLIOJIOTBOPEHUST SAifIe-
RACTIIL 1T KOHYAA  POMIACHNEM JKHBOTHOTO, IPOUCXOMAT IIPOIECCH
nuddepennumanun oprannsma, 00pasyioTcs OTHeMBbHBIe Opramel, 00:a-
patonqe cnenurueckuMu GyHKIEAMa. Kax 6bu10 mokazamo DRCIIePH-
MeTanLHo, B (haze H>MOPHOreHe3a TEIIOKPOBHOTO SKIBOTHOTO IIPOTIC-
XO/T OecrpepsIBHOe HAPACTAHEE WHTEHCHBHOCTI TEeINIOBOTO TIOTOKA
13 eIMHAIEl MacCHl Tud)epeHnupyIOmenocs Opragnama (Romijn et al.,
1960). 910 monoykenne MokeT GLITE HAIJIAHO IIPeJICTaBIeHO PN rpa-
duueckom mzobpaskeHnn Beex Tpex (a3 OHTOTeHe3a TeIOKPOBHOTO
RUBOTHOTO B BHZE (DYHKIAN YAEJIHHOTO MPOW3BOICTBA QHTPOIIMHA OT
Bpemenu (puc. 1, a).

sRusnae Temmokposmoro skmBoTHOTO, IPe/ICTaBICHHASI B TEPMOJIH-
HAMITECKOM acTeKTe, [eTHTCA Ha TPH I0CTe0BaTeIbHbe (a3l HM-
Opuorenes, pocr, cymecTBOBaHIe B3pocaoit ocobu. Ha pue. 1, a orpe-
30K / obosmavaer (hazy sMOpmOHATEHOTO Pa3BUTHs OT MOMEHTAa OILIO-
MOTBOPEHNA ANNEKIeTKH 10 auddepeRmqupoBagHOro Opra"Hmama;
oTpe3ok // obosnagaer (haszy mocTHATAIHLHOTO pocra OT MOMEHTa POIK-
ACHHUA FKUBOTHOIO J0 B3pocioit ocobm; orpesok II1 oBozmagaer cyIie-
CTBOBaHme B3pocaon ocobm. Orpesor (IV) mpemcrasisier coboii me-

pexo;moe COCTOAHHUEe OT HABOTO K MepTBOMy, ElI‘OHaJIBHYIO (baay e~
d.S
- 10
rpap;auuu OI)I‘HI-IHSMH, B TéyeHue HOTOp(}lH BeJINYuHa T i1 PE3RO IIa-

Ja€T W NOXOMMT MO0 HYJA: MepTBOE TelNo He IIPOM3BOIIT QHTPOTIUI
1 CaMo CTAHOBHTCSA CHCTEMON ¢ MaKCHMAJLHOM dHTPOIIE]L.
Rax Bugno ma puc. 1, a, Teopema Ilpmroxuna

i (‘ar) <O

Ha0I0/1aeTcs TOMBKO s (has3kl pocTa m yus dassr cranquonapHOTO CY-
HIECTBOBAHNA B3POCTOM 0cOOM; oHA He HAOIOAeTCH LIS (haser Hmo-
puorenesa. B dase smGpmoremesa, xorma mpomexomst IIporeccsr audg-
bepentnanum jRUBON MaTepHN, HAYMHAS ¢ MOMEHTA OTIIIOIOTBOPEHM 51
AUIERKICTRI T KOHYAs POJKICHNeM nuddepeHnrpoBaHHOr0 OpraHmn3-
Ma, mpomexoiuT OecrmpephIBHOE HapacTaHe YIeabHOTO IPOU3BOICTBA
ouTponny. Hapacranme ymeasmoro mpoussojcrsa PHTPONINM B XOJe
dMOpHOTeHe3a ABIAETCA YHEPreTHICCKAM BEIDQKeHNEeM PasBUTHA JKU-
BOM MaTepun, oOpasyiommeil Bce Golee CIOKHBIE OpraHbl, KOTOPELIE BEHI-
TOMHAIOT TeqecooOpasueie cnemuduueckne ymrmun, Kak yixe moxa-
sam CesepmoB (1922), «MamO-MATBCKI CIOKHEIX nHA(dHepenTHRIX
Opranos» me cymecrsyer. OOpazoBamme CIOKHEIX, cmenudpumaeckn
JEUCTBYIOIMX OPraHOB COTIPOBOIKIAETCH HapacTaHueM V/IAeJLHOI0
IPOM3BOJICTBA DHTPOINT,

3 K. C. Tpuruep 33



JderT HapacTaHUA YASNBHOTO IPOM3BOACTBA HHTPOIMHM CICAYET
raK;Ke W3 HeMPephIBHOCTH JKUBOIl MaTepHu, ImMepexojslen B BIjle He-
CKOMYAEMOIl I(eNf M3 MATePUWHCKONO B JOUEPHMIT OPraHm3M, KaK 9TO
cxeMATHIeCKH MOKazaHo Ha puc. 1, 6. Dror aghdexr, 00HApPYKEeHHBIH
B (pase amOpuorenesa y panbojiee pasBUTOro OpraHm3Ma TemIoOKpOBHO-
ro JRUBOTHOTO, HabjogaeTcsa TaKKe B mpar-pasze y OJHOKJICTOYHBIX
opranmamoB (Stoward, 1962; Forest a. Walker, 1964). Ilpm pocre
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Prc. 1. 3aBHCHMOCTH Y/EJBHOI'O TepMOTeHe3a TeIJI0KpPOB-
HEIX JKWBOTHEIX OT BPEMeHH B TeYeHUe OHTOreHesa (a) H
B Ien:m NOKOJeHHU (6)

Ha ocm abenmee yKasadel (asel onToresesa: I — omOpHOrenes;
II — (hasa pocra; III — cranquoHapHas (pasa B3POCIOM ocolm;
IV —arogajibaasa (asa, Beaymlad K_CMepTH TeIJIOKPOBHOrO
YKABOTHOI'O

momyiAnnn Gakrepmit Aerobacter aerogenes OblI0 0OHApPY:KEHO, 4TO
BBIEIA6MOe KONMTeCTBO Telllla Ha OfHY KIETKY B eJMHNUIy BpeMeHH
BO3pACTaeT ¢ MOMEHTA I0CeBa KJIETOK B IUTATEJIBHYIO cpefy M JOCTH-
raeT MAKCHMAJBHOI BeJMYMHEI B Hayajle DKCIOHEHIMAIbHON (hassl
pocta (5-10% kaa/uac ma wmerry). llocie OCTIDKEHMA MAKCHMyMa
yaeJabHOe TPOH3BOJICTBO SHTPOIMH KIETOYHOM MONYJIANUN Iajaer.

Ha 3eMHOBONHBIX JKUBOTHBLIX OBIIM ITpOM3BejeHbI OOIIMPHEIE HC-
cIaenoBaHusa 0 Temaoo0pasoBAaHHM OpPraHM3Ma B TeUeHHe OHTOTeHesa,
HaumHas ¢ MoMeHTa omiomoTBopenms simernerkn (Gayda, 1921; mur.
no Needham, 1931). Ha pumec. 2 moxkasaHo IPOM3BOJCTBO YJEJIBHOH
TOIJIOTH 34 Yac B 3aBUCAMOCTH OT BpPEMEHH TOc/e OIIOJOTBOPCHUA
sgineraeTkn kaObl. [Nak BUAHO, 9KCIEPUMEHTAIBHASA KPHBAsfA, IMOJY-
qeHHAs HA OCHOBE CPeHUX JAHHBIX U3 OOJBIIOro KOJMIecTBa ONBITOB,
TOYHO COOTBETCTBYET, II0 CBOEMY XapaKTepy, TeopeTHuecKoum KpuBou
Ha pue. 1, a. -

IlponmsBecTu mMOO0HEIe ONBITEL HA TEMIOKPOBHBIX JKMBOTHBEIX C MO-
MeHTA OILIOJOTBOPEHMA SUMEeKIeTKN, TO-BHUMOMY, HeBO3MOKHO, TaK
Kak HMOpHOreHe3 HaUYMHAETCA M MPOMOIZKAETCA BHYTPH MaTepUHCKOTO
oprannaMa. OGHAPYKUTH BHIJieJeHAe Teljla M3 dMOPHOHAIBHOTO Opra-
HI3MA B VCJAOBUAX BHYTPAYTPOOHOU RUBHI B HKCIEPUMEHTE, 110-BAIH-
Momy, TpyaHo. OgHaKO HeT OCHOBAHHA JyMaTh, YTO BCE IIPOIECCHI
nudpepeHuanam OpraHoB M (YHKOUU TEINIOKPOBHOIO OpPraHM3Ma,
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HavyaTble B aHTEHATAJNBLHBIX YCJIOBHAX, TOYHO KOHYAIOTCS B MOMEHT
posenns ;kuBoTHOro. Hanporus, ects ocHoBanme IpeanojaraTh, 4To
¥ HEKOTOPEIX BHJIOB TEINIOKPOBHEIX 3KHBOTHBIX Iporeccsl nuddepen-
IUaTMi OPraHoB M (DYHKIHIL IPOJOIKAIOTCS HEKOTOPOe BPEMS I Moce
PORICHUA FUBOTHOTO. Mean 910 mpepmonoskenne BepHO, TO BO3pacTa-
HHe. YIIeIbHOTO TepMOreHesa JIOJKHO TPOJOJKATHCA M IIOCTE POKIe-
HUA JRUBOTHOTO, M yiKe B IOCTHATANbHOU (hase oJsKHO HaOI0IaTHEs
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Puc. 2. 3aBncuMocTh yrenpHOro TepMoremesa 3eM-
HOBONHEIX JKUBOTHBIX OT BPEMEHH B T€YCHHE OHTO-
remesa (Gayda, 1921; nur. no Needham, 1931)

Ha ocm aGemmee — mEm mocie OINIONOTBOPEHUA ANNEKIIeTHN,
CTpeJIKa IIOKa3bhlBAET MOMEHT BBUIVINIEHHAA IKHBOTHOIO

IpOXOzKJIeHNe KPNUBOil TepMorenesa yepes MaxkcuMmyM. [leiicTBHTEIBHO,
HRanvee u Ilpar (Calvet, Prat, 1956) ma6momamnn IpeAcKasaHHbIil 2(-
GexT 3aBHCHMOCTH YENLHOTO TePMOreHe3a OT BpeMeHH Ha MBIIIAaxX B
nocTHaTadbHOM nepuopme. llpmGamsmrensmo ma 10-if memp moce
POIEHUA yAeIbHBIM TepMOreHe3 MEIMM O00HAPYKUBaeT MaKCHMYM
(pmc. 3).

Mur Bmgum, rtaxum o6pasoM, 4ToO BO3pacTanue yAeJbHOT0 TPON3-
BOJICTBA DHTPOINKN B TeUYeHue sMOpHOTeHe3a X0 MOCTHKEHUS HEeKOTO-
poro MaKCHMaJbHOTO 3Ha4YeHHMA sABIAeTCA 00I[ell 3aKOHOMEPHOCTHIO,
KOTOpas HaOIIO/[aeTCA y BCeX BUIOB KUBOTHEIX. JT0T (peHOMEH 0bHa-
PY#eH Yy OJIHOKIEeTOYHBIX, 36MHOBOJHBIX W TEIJOKPOBHBEIX JKHBOTHBIX,

Bospacranme ymenbHOro Ipom3BOICTBA PHTPOINH B TEICHME aMOpu-
OHAJBHOrO Tepuojia YCTAHOBJIEHO HAa OCHOBE TOYHBIX KaJOpPHMETpH-
yecknx naHubpiX. ITockonsky B Teuenme sMOpuorenesa B uBOit Mare-
pUH MMeeT MeCTO rpoMajHoe KOJWYECTBO CONPHAMKEHHBIX XUMIIECKUX
peaxnuii, OoJblmag 9acTh KOTOPBIX ABIAETCA HHAOTEPMUYCCKON, TO
ObITIa c/ieslaHa MOIBITKA HKCIEPUMEHTATBHO 0OHAPYIKATL YMEHBIICHE
TeInoBoro sgdexrra obMena pemecTB B Teqenme smbpuorenesa (Ne-
edham, 1931). IIpeanomaranocs, 9T0 IpemMyINecTBEHHOE IPOTEKAHHE
iporeccos auddepeHnuanun, Oprauusaui, YIopAA0IeHNA JKABOH Ma-
TePUN JIOJKHO OOHADYKUBATHCA B BUJE YMEHBIICHHS TepMOTeHe3a
BO BpeMs oMOPHOHAJIBLHOIO PasBUTHA opraHmaMma. B JIeHCTBATEILHOCTH,
OJHAKO, KaK OBlIO IMOKa3aHO, IPOMCXOUT BO3PACTAHME YIEILHOLO
IPOM3BOJCTBA DHTPONNUN B (pasze aMOpmoreHesa, m 3T0 SBJICHHE HMeEeT
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yHIBEepCATLHBIIl XapakTep: OHO PAcIpPOCTPAHAETCA Ha BCE BHIBI M-

BOTHEIX.
Hapacraame yjieIbHOr0 ITPOM3BO/ICTBA HHTPONIHI B daze smOpumo-

HAJHHOTO PAa3BUTHS OpraHm3Ma TPOTHBOPETHT TEopeMe [Tpuromxmnna.

o 15
S 10
5
0

Han/

w20 30 40 50 60 70 60
Bospacm, dnu

Puc. 3. 3aBmcmMOCTh YEJHHOIO TepMOoreHesa MBbIIIN
OT BPEMeHH TI0CJIe POKJeHHS KHBOTHOTO

dra TeopeMa He MOMKET, CJIeJ0BaTeJIbHO, CJIYMKUTH II0KasaTejeM Ha-
npaBJieHNs PA3BHTHA KMBOil Matepunm B (paze smOpmorenesa. B ¢asze
oMOpHoOTeHe3a MMeeT MecTo HepaBeHCTBO

i (T ‘w_ﬂ?) ~ 0,

dt dt
g0 nportusopednt teopeme Ilpurozkmua (Tpumuep, 1961).

OMOproHaIbHOE paspuTHe Hamboldee BHICOKOPA3BATOrO OpraHm3-

Ma — TEILIOKPOBHOTO JRUBOTHOIO — ABJIAETCS Kak OBl 4YPe3BRIYAMHO
YKOPOUYEHHBIM MIOBTOPEHNEeM BCeil IpeIbIAYIen HBOJOIHA KHBOTHOTO
mupa. Omo orpaskaer mocje/(0BaTeJIbHBIC CTAIUI HBOTIONUN 1 SBIALT-
¢ Kagk OB 3epkaioM, (DOKyCHPYOIAM B TeuyeHme dMOpHorenesa u-

JTOTeHeTHIeckoe PA3BUTHE HMpPeIBILyIuX BHJOB (OMOTeHeTHICCKNH 3a-
xou I'exxensi; cm. IlImamsraysen, 1938). HempumeHHMOCTL TeOpeMEl
[Ipuroskmua s ¢assr HoMOproreHe3a yKkasblBaerT, CJIeJ[0BaTCIBHO, 1
Ha TO, 9T0 TeopeMa lIpurokuia Tax;Ke HeIIPHMEHNMA KaK IOKa3aTelIb
HAIIpaBIeHNA GHOJIOTHYECKOIl HBOMIONUA B (PIIOTEHEeTHICCKOM aCIeKTe.
ATOT BOIPOC PACCMATPHBACTCS B CleAYIOIen Iyase.

I'naea emopas

TEPMOJINHAMITYECKASI TEOPEMA
BNOJIOTMYECKOI 9BOJIIOINN

§ 1. Buosornueckas »BOJIOLUSA IIpejicTaBisAeT co00il TreHeTHIeCKN
gaKpeIJIeHHBIl ITPOIece Pa3BUTHA OPraHM3MOB, 3aRJIIOYAIONIAIICA B T10-
SABJICHNN Bee Gojee cJoRHBIX BUI0B. Mepa oclio;KHeHN OpraHu3Ma Co-

CTOUT B cTereHn ero quddepennmanuy B MOPEHOTOTHIeCKOM 1 (PYyHKIH-
OHATLHOM OTHONIEHWsX, BKIouag (PyHkmmm mATeqrexta. llpomecchl

«merassosiormmy ( Carter, 1951), Beaymiume K BO3HNKHOBEHHIO HOBBIX
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THIIOB JKUBOTHBIX H3 MPEAMecTBYIONIAX THIOB, YKa3bIBAIOT HA TO, 9TO
RaKJ(bIM HOBBII THUII KUBOTHOIO ABIACTCH 0OJIee nuaddepermpoBaH-
HBIM, YeM IIpeJIbIIVIIIil,

Jlapsun cumTan, 9T0 IpoONEcC PasBUTHA OPraHM3MOB IPOUCXONT
IyTeM eCTECTBeHHOT0 0TOOpa MmoJesHBIX «Bapuamuiiy. B coBpeMeHHOM
IIOHUMAaHNH IBOJIONNUS IPOUCXOAUT B Pe3yabTaTe MOABICHMAS IOJIOMKH-
TeJBHBIX T BHJA TeHHLIX Myranuii. ['emHbIe MyTanum, KoTopsie sB-
TAITCA OJATONPUATHREIMI I Bujia B Goph0e 3a CyI[ecTBOBaHME, CO-
XPaHAIOTCA M YHCJICHHOCTh TaKUX BHJ0B YBeJIMYHBAeTCA. B 1emnnm
[IOCJIeZIOBATEJILHBIX  IIOKOJIEHUIT BHUJa, BO3HHUKIIEr0 HA  OCHOBE
IIOJIOKHUTENBHBIX I'eHHBIX MyTaquil, MOTYT CHOBA IOABIATHCH IOJIOKH-
TeJNbHbIE TeHHbIe Myranuu, obpasylomme, TakuMm o6pasoM, CTYIIEHH
omonornyueckoii spomonun., Hebmarompusarabie reHHEbIe MyTaIiuu, Ha-
IpOTHB, TPHBOAAT K YMEHBINEHUI0 YHCIEHHOCTH TONYJAINNA H dYepes
pAj moKoieHuil, Bce Oonee ocrabaenHbix B Gopnbe 3a cymecTBoBaHue,
UX YHCIEHHOCTh BCe 0o/blle yMeHbLIaeTcsa W Bup mcuesaer (Andma-
ceH, 1962).

B ¢nnorenernueckomM acnmexte 9BONONMOHADYIOT MONYJANAN, a He
oT/esbHEIe 0co0m (Simpson, 1950), xors myraremmBle (aKTOPHI OKa-
3BIBAIOT CBOE JIeUCTBHE TOJNHLKO HA OTJeNbHEIE 0COOM ¥ 3aKpeIIsioTCs
TOJIBKO B OrpaHm4eHHoil asze oHTOreHesa, B (haze HMOPHOHAIHLHOIO
passurus. B sMGpuorenese, Korma coBepmaiwTes mponecesl nudidepen-
AUy OIIOOTBOPEHHON AUIEKIeTKH, IPOUCXOIAT 3aKpellyieHne I'eH-
HBIX MyTamui n repejada mx jgouepHeit ocobm. Mopdodyurimonans-
HELT 9()()eKT MeHHBIX MYTamUil POAUTENHLCKHX 0cobeil IPOABIAETCH B
madepeHmpoBaHHLIX OpPraHU3Max J0YepHHX HOKOJIEeHHIL,

[lomoskurenbHbIe TeHHBIE MyTAIUy MMEOT, MO-BHAMMOMY, Xapak-
Tep CayvyanHbIX coObITHIl, Bo3HMKAOMuUX cronTanno. Hosele Bujst Mo-
ryr BosHukaTh BHesanno (Xonmss, 1935). Tar nazniBaeMble «CIOHTAH-
HbIE€» MyTanud He CBA3aHBI ¢ KaKNMu-Jm60 BMelmaTeJbCTBAMH N3
BHemHe#n cpeisl. Tumogeer-PecoBeknii m gpyrme mokasanm, 4UTo He
Ooiee OfiHOIT THICAYHOI BCEX CIIOHTAHHBIX MYTAIMH MOMKET OBITH 00y-
CJIOBJIEHO BO3J[€MCTBMEM HPUPOAHBIX MOHH3UPYIONMUX uaiaygeHmii, Or-
CIO/la Jlenaercs BBIBOJ, YTO (PU3MYECKUiT MeXaHMU3M, JeRAIUil B OCHO-
Be CHOOHTAHHBIX MYTamHil, COCTOMT B TepMUYECKOil (DIyRTyarun.
«HacToTa BOBHHKHOBEHMS CIOHTAHHBIX MYTALMI B 3HAUNTEILHON CTE-
[eHU OJIKHA 3aBUCETH OT CTATHCTUYECKN TePMOAUHAMNYECKOI 4acTo-
Tl IIOABJICHUSA ODHEPIHH AKTHBAIUUY. «..JJdeMeHTApPHBIU MaTepua
9BOJIIOIHOHHOTO TpoIecca ABJACTCA B OCHOBE CBOCH CIYYailHBIM)»
(Tumodeen-Pecosecruit m Pomme, 1959).

Ha snauenme tepmmueckoit (ryrryamumm (6pOyHOBCKOro JIBHIKE-
HOA) Kak (pakTopa, BHIBHIBAIOIET0 CHOHTAHHEIE MYTAINH, YKa3al
emte Opeitnymx (Freundlich, 1909).

Rax Oyzmer morkasamo B rmase V, ocHOBHasg (DYHKIWS JKUBOH CH-
CTeMBI COCTOMT B pabodymx Ipormeccax CTPOCHUS CTPYKTYPH IPOTHB
TEIJIOBOI'0 Pa3pymIeHusa TepMOJaOUIbHON CTPYKTYPHI 3KHBOM CHCTe-
MbL. HiteTouHEli OpraHn3M BHIIONHAET «BHYTPEHHIOW paGoTy», KoTopas
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MPOTHBOEUCTBYET TEIVIOBOMY paspyHIeHHIo VIOPAJL0YeHHOM, TepPMOo-
Ha0NIBHON CTPYKTYPHI KABOM CHCTEMEL.

OjHako, 4T0 Kacaercs He paboTalonux, cTaOMIBHBIX, dJIeMeHTap-
HBIX CTPYKTYpP, KOTOpBIe JOKaJM30BAHBI B XPOMOCOMAaxX KIETOUHBIX
amep M SIBJISAIOTCA HOCHTEIAME IIOCTOAHHOII BO BpeMEHI IeHeTHIecKon
pr@OpPMAIAHE, TO OHH 00Ja/Q0T 3HAYMTEILHON TePMUIECKOil YCTOM-
qUBOCTHIO IIPH TeMIepaType CYIIecTBOBAHMSA KMBOil cmcTeMsl. Moo
moJaraThb, uUTO B ompejeneHnoil gaze MUTOTHYECKOrO I(MKIA KIETKH,
korjga kietTka Berymaer B paszy JleeHHs, TPOHCXOJHUT (TepMHYeCKasAd
TabEam3auay CTPYKTYPHBIX HOCHTEJeil TeHeTHdecKoil mH opMarum,
M OpPraHu3M HCI0Jb3YeT CIOHTAHHbIE M3MEHEeHMA JTHUX CTPYKRTYP, BhHI-
3BaHHLIE TepMHYecKoil (Qaykryammen, I IeNn IIPOrpeccupyoei
9BOJIIOIIIN,

Kag ObIJIo m3J103KeHo BBIIIe, d9MOpHOHAJLHOE pa3sBHTHE KUBOTHOTO
oTpakaeT B HEKOTOPOil cremeHy (YuioreHeTHUECKOe PasBUTHE JKUBOT-
moro Mupa. Pasusie ¢assl B TedyeHme HMOpHoreHesa BHICOKOPa3BHTOTO
TeIIOKPOBHOTO KMBOTHOTO IIOBTOPAIOT, KaKk OBl B 4Pe3BRITAMHO YROPO-
TeHHOM BHJE, pasHble (Dasbl Mporpeccmpyonieil dBOJOIAN FKIBOTHOTO
Mmpa B IesioM. B TedeHnme 5TON0 IpesBHIYAITHO KOPOTKOro MPOMEKYTHA
BpeMeHH 110 CPAaBHEHWMIO ¢ BpeMeHeM (uioreHesa oTpajkaloTcsa dBOIIO-
LHOHHEIe TPOTECCHI, MPOTEKITHe B TeYeHHe T'POMAajIHOTO IIPOMEKyTHA
BpEMeHN,

B (aze smMOpmorenesa BLICOKOPA3BUTOTO TEIJIOKPOBHOTO RMBOTHO-
ro MPOUCXOMANT BO3PACTAHWE CKOPOCTH BO3HUKHOBEHNA YJEIbHON 5H-
Tponmi. 910 — o0Iee ABJIeHHEe, XapaKTepH3yIomiee COCTOAHNE JKIBOII
vaTepun B Toil haze pasBUTUA, KOTAA TPOUCXOTHUT ee MOP(Oo-(DyHKIINO-
nanpHasg muddepennuanua. Ito sBreHne OBIO 00HAPYKEHO KaK Ha
yPOBHE MHOTOKJIETOYHOTO, TAK W Ha YyPOBHE OJHOKIETOTHOTO OPraHm3-
MoB. B mar-pase GaxrepmaibHOIl KIETKH, KOTOPasg MOKeT OBITH YIIO-
nobneHa (paze pMOpHOreHe3da MHOIOKJIETOYHOTO OpranmsMa, TaKKe
MTPOMCXOJINT BO3pPACTaHUE CKOPOCTH BO3HHKHOBEHMA DHTPOINH, PACCUH-
TAHHOM HA OJHY KIIETKY.

[Tockonpry mpomecesl amddepennuanim RuBoii MaTepun B pase
smOpuorenesa oTpaskaloT (PEIOreHeTHIeCKHe MPOIecch, MOJKHO ITpes-
HOJIOMATH, 4TO Tporeccs Mopdo-QyHKImoHANBHON AuddepeHnmanin
B XO/e IpOrpeccupyiomnieii 9BOJIONHUN JKHBOTHOTO MHpa IPOUCXOJIST
TAK/Ke ¢ BO3PACTAHMEM CKOPOCTI BOBHWKHOBEHHS Y/@IHHOU DHTPOIHM.

Ha pme. 4 ormGaromas kpuBas [ maoOpaskaeT Bo3pacTaHme CKOPO-
CTY BOBHMKHOBEHMA V/(eJbHOI SHTPONUA KMBOII MaTepUH CO BpeMeHeM
B Tewenme miorenesza. Crpelknm Ha pUC. 4 IMOKA3BLIBAIOT T€ MOMEHTBHI
Ha OCH BPEMEHM MerasBOJMIONWH, KOrjia IPOMCXOAHUIN MOJOKATeTHHEIe
PeHHBIe MyTauum y oco0eii pasHBIX ITOCITEIYIOIINX BUJOB. JBONIOIAA
JKUBOI  CHCTEMBI, BEIDAJKEHHAA UYepes TepMOJNHAMIYECKYH (DYHK-
U0 — CKOPOCTh BO3HUKHOBEHHA YeIbHOW DHTPOIHH,— HMEeT IIpo-
THBOMONOKHLIN XapaKkTep M0 CPAaBHEHHUIO C JBOJIONHMEH TepMOJAMHAMUI-
YeCKH OTKPBITON HEMKWBOII CHCTEMBI, KOTOpasd IOJYMHAETCA TeopeMe
IIpurosxuna (puc. 4, xpmBasa II).
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Rpusasa /, mamocTpupyomas Bo3pacTaHHe CKOPOCTH BO3HUKHOBE-
HUSA V/eJbHONH DHTPOIINM JKABOM MaTepHUd, MOKeT OBITh IpejcTaBieHa
B BHJIe HEKOTOPOIl Bo3pacTaiomeii ()YyHKIMH OT BPeMeHH:

dSya
W — () (1)

CKOpOCTh BOBHHKHOBEHMSA JHTPONNH OecIpephiBHO YBEJIWIHBAECTCA
CO BpeMeHeM, HO, TOJKHO OBITh, CTPEMHTCA K HEKOTOPOH IpeaerbHO
Beanmunne. MoKHO mojaraTh, Ha OCHOBe oONAX (PU3MUIECKUX ITOJIOKe-
HAM, 9T0 ANHaAMAYECKasdA CTPYKTY-
pa Beemenmoit moctpoena Takmm , 9942
o6paszoM, YTO CKOPOCTH JIOOOTO at
mporecca, CBA3AHHOINO C JABHKe-
HAEM MaTepun, JAMATAPYeTCA ne- N =25
KOTOPOM IpeHaeJbHOM BeJUINIOI.
Caenyer ormernmTh, 9TO OHOJOTM
oOparmin BHUMAaHUE Ha cremmdn-
JecKoe CBOUCTBO KUBOTO, 3AKJIO-

F'-_--'-r—_
_-———-——-—-f———
B _p s tewen
e e U e N o . e e
/
I _—_..?__-__-
/

qapnieecss B TeHICHIINA BCO 00JIb- el

e yIalXAThCA OT COCTOAHHA Tep- T »
MOJIMHAMIIECKOI0 paBHOBECHA

«B TIOPAJKe aKTHBHOU KH3HEesd- ! e

TCJABHOCTH H cCaMoOpranmaanmum»

(Bepumreiin, 1962). «Ha ocHose Pme. 4. Cxematmueckoe mzo6paskenme
He (uanueckmx, a OMomormuecKkmx  YACIBHOrO TEDMOTeRe3a B TeYEHHO
3aKOHOMOpPHOCTeH BEIpabaTeiBaer-  POTPECCHPYIOMEH 9BOJIONAN KHBOT-

CA IIapaloKCaJbH e
dpa/i 00, C TOYKH 3DP€- . on afcImce — BPeMA MerasBOJIONNH;

HUA (PH3UKH, CBOICTBO — ABMIKO-  crpenku 03HAYAIOT MOMEHTHI IIOJIOMKHTENb-
HUO 10 JOHAW HaWOOJBIIEIl CYM-  HBIX DeHHLIX MyTanuif, BEIYIMX K BOSHUK-
Mel mpubaBouaHoit padorey (Hpe- HOBERR: HOBHX. BIIOB
mManckmit, 1958). 91y me roury

spennsa HaxoguM y Bayapa (1935).

OTclota MoKHO cesaTh BBIBOJI, YTO B (DMIOT@HETHIECKOM aCIIeKTe
Gmosormueckas »BOJIONUA TpefcTaBIseT coboit cyMMapHELT sddexr,
CRIA/IBIBAIOIIUICA W3 OTAEJBHBIX IPOMECCOB HMOPHOIOTHUECKOr0 Pas-
BUTHAA W BeIyIINH K IOBLIIEHUIO YHEPTeTHICCKOr0 COCTOAHNA JRMBOM
CHCTEMBI 10 HEKOTOPO#l IIpeIeThbHOI BeJIMYNHEL.

HauGonrmee snauenne B mpomecce sBOMONNAN MMeeT BO3PACTAONIASA
aKTHBHOCTL oprammsMa. «Tak Kak ajanTHWBHOCTH OpraHm3Ma B Pa3MHO-
JKeHNH, B ero OBICTPOM DPas3BUTHH W MHTEHCHBHOM DPOCTE, AKTHBHOCTD
B 3alUTE OT BPAaroB M B KOHKYPEHIINA ¢ APYTHMHA OpraHn3sMaMH ecTecT-
BEHHO OIIpeJeJIAeTCsA MHTEeHCHBHOCTHIO ITPOIeCCOB 0OMeHa BEIIeCTB, TO
MOKHO TOBOPUTH O MOBBIIMICHAN TEMIIOB }KU3HM Kak 00 OJHOM H3 BEIpa-
sKeHmin nporpeccusHoit apoiommmy (IIImaneraysen, 1946).

Ha ocmoBe mpupepennsix coobpasenmii (yHKmma f(t), BeIpaskalo-
asg 3aBUCUMOCTh CKOPOCTH BO3HMKHOBEHWS YIETHHOM DHTPOIUH OT
BpeMeHn OHOJIOTHYECKOI DBONIONAN, XapaKTepU3yeTcd ClAeIyIomuIMHA

39



CBOMCTBAMMN:

BO-IIEpPBLIX, f({) ABIsAeTcA Bodpacrapileil (YHKIHEIT 0T BpeMeHH;

BO-BTOPLIX, f(1) pacrer TeM Me[ieHHee, ueM Ooubine OBLI TIpoMe-
KYTOK BpeMEHH, B TeYeHNe KOTOPOro IIPOMCXOAHI0 BO3pacTaHme 3TOH
pyERIHNT;

B-TpeThuX, f(1) cTrpeMHTCA K HEKOTOPOl MaKCHMAaJIbHOII BeIMYnHe,
Korja BpeMsa OmoJOrm4ecKoil dBOJIOIUAN CTPEMHATCS K O0eCKOHEYHOCTH:

ds dS
10 Y0 =l
( dt )t —5-00_—}( dt )Manc = Const, (2)

Ha ocHoBe sTmx Tpex CBOWHCTB CKOPOCTH BOSHUKHOBEHNA YAeIbLHOM
PHTPONNN KaK (DYHKIMA OT BpeMEHN MojKeT OBITH BBLIpayKeHa B BHJIE
CIEIYIOIero YpaBHEHUA:

dSyf) dSya s
= B s ®

rjie T — HeKoTopas Omojiornueckas efUHMIA BPpeMeHU, HalpuMep, Bpe-
MA OJIHOTO IIMKJA KJIETOYHOTO JeJIeHHA WM BpeMA JKU3HU OJHOU
KIEeTHMN,

B orimume oT coObITHII B HEKNBOM IIPUPOJe, I7le BpeMsa KaK He4To
HeIpepbiBHOE «HHKOIJa He HeceT ¢ o000 COOCTBEHHOU Mepbl»
(Jlaya, 1956), B OmosornaecKux mporeccax BpeMsa uMeeT cOOCTBEHHYIO
Mepy ¥ DBOJIOINOHHYI HAIPaBJIEHHOCTH, KOTOPEIE OIPEeJsI0TCSA ca-
MUMI jKUBBIMHA 00BEKTaMM.

C TOYKHM 3peHHA TepMOJMHAMHUKH, }KABOM 00'bEKT paccMaTpUBaeTcsAa
KaKk MaKpPOCKOIIMYeCKas cucTeMa, KOoTopas KaK Iesioe 9BOJIOMUOHKUPY-
et Bo speMenn. C 3TOil MO3NOUAE HEJIb3s MOJONTH K aHAJIU3Y OMOIOTN-
YeCKOM 9BOJIONNHA Ha OCHOBE MOJEKVIAPHBIX IPOIECCOB, ST KOTOPLIX
BpeMA He NMeeT HAlpaBlIeHHOCTH M He MOKeT OBITh HBOJIOIHOHHBIM
akTopoM. dra MBICIL O BpeMeHN Kak (huamueckoM (PaKkTope, MMeElo-
1[eM JBOJIOIMOHHOE 3HAYEHMEe TOJHKO JJIs MaKpocumcreM, ObLIa YeTKo
Beickazana Peiixembaxom (1962): «Bpemsa mnpencrasisercs Bceleso
MaKpPOCKONMUYECKUM fABJIeHNEM, KOTOpPOe HeNb3s IPHUINCHIBATL SBIe-
HII0 MHAKPOKOCMOCA).

JRM3HE KJAeTKH TIpoTeKaeT B BHJE THUKJIOB KJIETOTHOrO JeJIeHM
C MHAUBUAYAJIBHON TPOJMOKHTENLHOCTEI0 IHKIa T. OJHOBpeMeHHO
KU3HD KIETKHN IIpOoTeKaeT Kak HeoOpaTHMBI IIPOIECC ¢ OJfHO3HAYHOMU
HAIlPpaBJICHHOCTLI0 BpeMeHH: {-—- oo, llpopommuTes bHOCTE MHTOTHYE-
CKOTO IUKJAa SABJIAETCA UYPe3BhIYaiIHO MAJION BeJNYMHON II0 CPaBHEHUIO
¢ IMPOJOJIATEILHOCTEI0 OMOJOTMYECKOI 9BOJIONMY, T. €. BCerja mMeer
mMecTo t >>T, Kakme Obpl HU OBIM MHAUBUAYAJIbHEIE Pas3jdyns B IPO-
MOJKUTEIbHOCTH JKU3HM Pa3JNYHBIX KIETOK.

CocTosiHnme HEKHBOiII CHCTEMBI XapaKTepuayercs (DYHKIHell DHTPO-
nUM, KoTopas, corjacHo 3akoHy DboabmMmamna, ompejelssercs cleaylo-
UM YpaBHeHUEM:

S — klnW, (4)



rae k — nocrosinnas BoasnmMana n W — repmogumaMmaeckas BEPOS -
HOCTH HEeXUBOU cHCTeMBI. TepMojmHaMmueckas BeposaTHOCTH W mMe-
€T, KaKk M3BECTHO, TEHJCHINIO BO3PAaCTaTh CO BPeMEHEM /0 HeKOTOPOil
MAaKCHUMAaJbHOU BeJMNYNHEL.

XapakTepuzyeM Teneph COCTOSHHE KHBOI CHCTEMEI pyHKIIeIT
HEroHTPOIHA, KOTOPAsA IO CBOEMY COJEPKAHII0 HMEET IIPOTHBOIOIOMK-
HBII CMBICH, 4eM (DYHKOUA DHTPONNN, VKa3siBag HA CTENeHE YIIOPSAJI0-
HeHHOCTH ABOM cucreMbl. OupesiensaeM (yHKINIO HerSHTPOINH Ypas-
HeHueM, Kotopoe (popmanbHo mojo0HO ypaBHeHm0 BoasmMana, HO 110
CBOeMY (PM3MUECKOMY COJep/RAHMI0 YKA3KIBAeT Ha I POTABOIIOJIOKHYIO
TEHJICHITNI0O PAa3BUTHA JKUBOM CHCTEMBI IO CPABHEHHID € DPa3BUTHEM
HEKUBOI CHCTEMEL. JTa MPOTHBOIOJOKHOCTL 10 OTHOIIEHHIO K ypaB-
HeHmio BonbnManma BEIpakaeTcs caenyiomuM oGpaszoMm:

> a7 1
‘Suf), wer = — KIn W 6uon = K In W y (5)
0

H0JI

e Syo. ner — Y/ACIbHAS HETOHTPONMH JKHBOM CHCTOMEI I Wesson —

TEPMO/INHAMHYECKAST BEPOATHOCTD KUBOH CHCTEMBI, KOTOPas BXOIHUT B
1

ypaBHeHUe B BUJ(e YMCIOBOTO MHOMKHTENA 1n Jp ounr | CONPSIKEHHONO ¢

nocrosauon Boabumana k.

B 10 Bpemsa kar repMoammamMmueckas BePOATHOCTL HE}KUBOM CH-
crembl W Bospacraer co BpememeM, ykashBag Ha BO3pacTaHme
Xa0THIHOCTH CTPYKTYPHI HMIM Ha I0Tep0 CTPYKTYPHOCTH HE;KUBOIL
CHCTEMBI, TEPMOJIMHAMIYECKAA BEPOATHOCTEL KHUBOIT cueTeMBl Woyon,

B YHCTO (I)BHOMBI'IOJIOI‘PIIIGCHOM dCIIeKTe, YMEHBIIAaeTCa COo BpeMeéHeM;
1
BeJIMYMHA WﬁHOJI BO3pacTaeéT CO BpeMeHeM, 4YTOo YKa3siBaeT Ha BO3-

PAaCTAIONyI0 YIOPAMOYEHHOCTh CTPYKTYPHL FKHBOH CHCTEMBI B XOJe
OHOJIOTHYECKOI 9HBONIONAN; HETOHTPOIMA FKUBOM CHCTEMEI YVBeJIH-
unBaercsa. Onpenenenue Gyurmun HEeTrdHTPONNM, JIaHHOe B YpPaBHEHUM
(9), o3Hauaer, UTO PIEMEHTHI, COCTABIAKIINE KUBYI0 CHUCTEMY, He
CTPEMATCA C TeYeHHeM BPeMEHH K JOCTIKEHHI0 XaoTHYeCKOr0, Ha-
nboliee BEPOATHOTO pacIpefeseHns, a HAa000pOT, OHH CTPEMATCH K
TAKOMY pacrupejeiennoo, K0Topoe COOTBETCTBYeT Bce (ojee YIOPAIO-
YEHHOMY COCTOAHHIO CTPYKTYPHI JKUBOIl CHCTEMEL.

[IpoussoscTBO dHTpOIME B 0KpYy:Ramei JKUBYIO CHCTEMY cpejie
PaBHO B KOIMYECTBEHHOM OTHOINEHWH IIPOM3BOJCTBY HErPHTPOINN
BHYTpH KuBON cucreMsl. OpraHmsMm cospgaer BHYTpH cebs HersHTpo-
U0, MOTPeDdJAA DHEPrul0, M Co3jJaer BHe cebsa DHTPONMIO, BHITEINss
remio (Schroedinger, 1944).

JTO TOJN0KEHHe, KOIJa BCTYIAIONMAS B JHUBYIO CHCTEMY DHEePrus
IIOJTHOCTBIO  MOTPEDJIACTCSA TONBKO A HOJJIePKAHASA HePABHOBECHOI
CTPYKTYPBL JKUBOU CHCTEMBI H B TOM jKe KOJHMYECTBe GecipephiBHO
BLIJIGNIACTCA W3 JKUBOM CHCTEMBl B BHle 00ECHEHeHHON DHEepPrum —
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Temjia, COOTBETCTBYET CJeAVIONeMy pPaBeHCTBY:

dS dS
10 Y0, Her
dt ‘ - dt : (6)

BripakaeM Temeps NPOM3BOACTBO HETYHTPOIHNH, HCXO/A U3 ypaB-
HeHAA (O):

ds dlnW
wo. Hey | . oo
, dt = k di g (7)
ComocraBnsis ypasuenus (7) u (3):
dS‘yﬁ " (dSya) (,1 __e_t/-:)
di dt )maxe ;

moJyYUM Ha ocHOBe paseHcTBa (b) caemylomee ypaBHeHME:

d In Wﬁnon ds 10
— - ] —e Y
* dt ( dt )MHKG pl=aTh (8)

njin
t

= T Wi = 8(1 — ety dt =~ K (t—to), (9)
to

(rak ®Kak penmumBa KTe '/ OHICTPO CTAHOBUTCS 3HAYHTENIBHO MEHB-
me, yem Ki, m3-3a 1 <<Lt), rje

2 1 dSU@
. ke ( dt )Maﬂc ' 1)
N3 ypasuenna (Y) momyunm
W enon = Woe_K (t=to) " (1 1)

rne Wo— TepMogmHaMA9YecKas BepPOATHOCTh CHMCTEMBI K HAaYalIbHOMY
MOMEHTY BpeMeHH OHMOJOTHUecKoil spojionmm, Korpa ¢ = to. [lms Mo-
MeHTa lp TepMoATHAMAYECKas s BEPOATHOCTD CUCTEMbI, KOTOPAs OINe He
BCTYIHJIA B IIpoIecc OMOJOTrMYecKOll JBOJNIOLMH, HE OTJHYanach OT
TepMoJMHAMIYECKoiT BeposATHOCTH HeKmBoil cmereMbl. Orciopa cie-
TyeT, 4TO TePMOAWHAMUIECKAS BEPOATHOCTH CHCTEMBI Wy, B MOMEHT
BpeMeHu fp, T. €. B MOMEHT, Ipe/MIecTBYOIuii Omoxornyeckoi 9B0-

IO, MOKeT OBITH olpefielieHa Ha OCHOBe 3aKoHa DboabmMaHa. Mur
MOJVYNM, TAKAM 00pasoM, 4To

W{] = W = eS/k, (1.2)
[Momerasnasa (12) B (11) m yumremBasa (10), momysnm
S_ 1(‘131:6) AEED
Wﬁnon (t)"“_v_e k k dt /maxce Mg (13)

PeayanraT, BeIpaykeHHbIl ypapHennem (13), Moxer GHITH copmy-
JUPOBAH KaK TePMOJMHAMHYECKAs Teopema OMoJIOrHIeckol dBOJIOIHI.
CMBICT BTOI TeopeMBl CileAyIomuii: OmojJormyecKas dBOJIONNA CTpe-
MHATCSA K YMEHLIIEHHI0 HHTPOIMH MepPBOHAYAJIBHOTO COCTOAHUA CH-
cTeMBI B J00MONOrAYecKoil ape, T. e. OmojgormyecKas SBOJIONMA, IPO-
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TEKAIONIAA BO BPEMEHH, CTPEMHTCA K COCTOAHWI0O MUHMMAJBHON Tep-
MOJMHAMIYECKON BEPOSATHOCTH, KOTZA BPeMA CTPEMUTCA K OecKoHed-
HOCTH.

Jlist skuBoif cHmCTEMBI mapaMerp BpeMeHHW mMeer, CJIeJI0BaTeILHO,
SHaYeHNe 9BOMONNOHHOTO (pakropa. sRuBag cmcreMa, Kak TOJIBLKO OHA
BO3HIKJIA, HAXOAUTCA B (IIOTOKE DBOJMIONUHY M (IIOTOK HBOJIOMAN) HE
nmeer kouma ' (Tpmuuep, 19626, 1963a).

I'naea mpemuva

SHAYEHUE ITAPAMETPOB TEMIIEPATYPBI
N BPEMEHUN B OUSNYECKON XAPARTEPUCTUKE
JRUBON CUCTEMBI

1. B mpemeimymumx aByx rimaBax MBl yKazaam Ha HanGoree
ofmee TepMOTMHAMIYECKOEe CBOMCTBO JKWBOI CHCTEMEI: TOITOROIN
TOTOR M3 eJMHHUILI MACCHI jKMBOM MATePHH B 3aBHCHMOCTH OT Bpe-
MEeHI, KaK B OHTOI@HETHYECKOM, TAK M B (DHIOTCHETHUICCKOM IIIAHe.
UccnenoBaume »Toro mamnbomee 00IIero TePMOAMHAMUYCCKODO CBOMCT-
Ba JKHBOU MaTepHH — YIAEJIHLHOTO TePMOTEHE3a — CBSZAN0 C namepe-
HHEM omnpeleseHHbIX (PU3MYECKNX HmapaMeTpoB. Kak ObLIO IOKA3AHO
B raasBax I m II, otm dmsmueckne mapamerpsi, yeramaBimBaeMble nKe-
IIePUMEHTANLHBIM IIyTeM, CleyIomine:

1) moremmmansmas (xummmueckasn) PHEPTHUSI TIMIIEBLIX BEIECTB,
norTpedisieMas eIUHMIeH MAacChl RUBOIT MaTepum:

2) Bpems Kak (huanueckmit axrop, 00yCIOBIMBAIONIAIT IIpeBpa-
LIeHIe XNMUYEeCKOM DHePTHH MUIIeBBIX BEI[ECTB B TeILTO gyepes mo-
CPefICTBO PabOTMX IPOIECCOB SKUBOIT CHCTOMBI:

3) TemnoBoil MOTOK, MIM KOIMIECTBO TeIJIa, BBIAEJIEMOI0 B eIH-
HHOIY BPEMEHHN M3 eANHUITBI MAacChl (KUBOI MaTepHu;

4) IOBEPXHOCTH Daajena, OTPAHMINBAIONIASA RUBYI0 CHCTEMY OT
OKpY:KAIONlel ee BHEeIIHEH Cpesl;

' YMeCTHO OTMeTHTH, UTO OCHOBATEIb knbepuetnkn H. Bueep m MEorme
APYyTae IpUIEPRUBAIOTCA MPOTHBOMONOKHBIX B3TJSAN0B HA XapaKTep HBOJIOII-
OHHOTO Hpolecca pacTHTENbHOTO M JKEBOTHOIO MHUPA, 4eM M3JOKeHHBIE B JaH-
HOU pabGore. Bunep mmmer: «OcHOBHAA HIes eCTECTBEHHOTO orbopa, npAMeHeH-
Hasg [apBUHLIM K TEOPHH HBOJIONMH, COCTOHT B TOM, UTO gaopa m Ppayna 3emun
COCTOAT 13 (hopM, KOTOpPEIe JIOIMLIH [0 Hac MPOCTO KAK YCTOSBIIIE hopmel, a me
BCJIEJICTBUE RAKOTO-JIMOO IPSIMOTO ITPOIecca CTPeMJICHHS K coBepmieHCTBY» (Bm-
Hep, 1958). Mol, KOHe4HO, He cYHTaeM, YTO B KHBOIL IPAPOJie CYIIeCTBYeT CO-
SHATEJILHOE CTPEMIICHHe K COBEPIICHCTBY, OJ(HAKO MBI BHIPaKaeM MBICIL O TOM,
ITO B JRUBOI cHCTeMe CymecTByeT (HU3MYECKAs TEeHMEHIMA VCIOKHATH CBOR
GyHRIUN 11 cTPYKTYPY. ITO AHTHOHTPOIMUHOE CBOMCTBO }KHBOTO IO OTHOIICHMIO

R HUCJIOBERY MOZKeT HPOABIATHCA KaK CO3HATENBHOC CTPeMJIEHHe K COBep-
IeHCTBY.

43



5) pasHUIa TeMIepaTyphl MesKIy FKUBBIM OPIaHI3MOM H OKpY-
JRAIOLIeil ero cpejoil.

BozHnkaioT caeayoIiue jBa BOIpoca, MPAHIUINATBPHO BayKHbBIE
B IT03HABATENHLHOM ¥ METOJOJOrMYecKOM OTHOLIeHUAX: BO-IEPBBHIX, B
Kakoit Mepe BooOmie usmuecKue TapaMerpsl MCCIEJOBAHHA WIIN
DKCIIePHMEHTAJILHO M3MepsAeMble BEeJUYMHBI, T. €. ONBITHLIE JAHHBIE,
OIpeeNAIT B CTPONO JOTHYECKOM M ONepanuoHAJIbHOM OTHOIMEHMSX
cremuuaecKkie CBOMCTBA, UPHCYIINE AAHHOMY O0BEKTy MCCIe/[0Ba-
HESI; BO-BTOPBIX, SIBIAIOTCS J BBEIIIEYKAa3aHHBIEe (DU3MIECKHe Iapa-
MeTpsl (DHeprmsA, BpeM#A, TeIJIOBOH IOTOK, TOBEPXHOCTH pasjeja H
TeMimepaTrypa) AeHcTBHTEILHO HeOOXOAMMBIMU M JOCTATOYHBIMH JUIS
dusmgeckoil XapaKTePHCTUKH ClenupuIecKuX CBOUCTB, HPHCYIIIX
JRUBOM, 01 TOJALKO KUBOU MaTepHH.

B mocaenyionux maparpagax monslTaeMcs Jarbh OTBeT Ha IIO-
CTABJICHHLIC BOIPOCHI; IpU 9TOM MLl IpHep;KuBaeMcA HeoOX0oIHMOi
CTPOTOCTH B ‘OMEPANMOHATIEHOM OIpejieenn (U3mIeckKiux IapaMmer-
POB JIJisg TOJYYCHUs YTBEPIKICHNH, He BBHIXOJAIMMX 32 PaMKH HAy4IHO
noxaszyemoro. «llenpo waywkm sBIgeTCA ycTaHOBIEHHe CHCTEMBI Ta-
KUX OTHOIIOHUII MEKJIy CHMBOJAMH K OIlepaliioHaJIbHBIMI ‘OIpefie-
JCHUSAMMA DTUX CHMBOJIOI', YTO JIOTUYECKNe 3aKJII0YeHUs, BBIBOJUMBIL
W3 DTUX YTBEPHKICHMI, CTaHOBSATCH YTBePARACHHAMI 0 Ha0II0/[aeMbIX
dakTax,  TOATBEPIK{AEMBIMU  YYBCTBEHHBIMH  HAOJIO[EHMIMMY
(@panx, 1960).

§ 2. Oumsmueckme IapaMeTpsl MJIH NM3MepseMble BeJINIIHEI,
KOTODHIe TIPEMEHSIOT HPH TEePMOJINHAMIYECKOM aHajln3e KaKoi-mdo
CHCTeMBI, CJenyiomue: p — jgasjennme; v— obbveyM; I — Temiepa-
TYpa; Mi,jk...—— Macca BemecTsa i, j, k£,..; t— BpeM.

Mo;KHO TOKa3aTh, YTO TO3HAHHE (PUBNYECKUX (CBOUCTB KaKOM-
a0 CHCTEeMBI, COHep;Kalleil BemecTBo {Mm}ijk.., BSaBHCAT OT
VCJIOBHI, TPM KOTOPHIX IIPOMCXOAMT MeCHeoBaHNMe (PU3MICCKIX
CBOMCTB MaHHON cucTeMbl. Hamablili HOBBIM DKCIIEPHMEHT, KOTOPBIN
MpOBOAUTCST B 00JIee CJHORHBIX YCIORMAX HCCAEMOBAHUA, IPHBOAAT K
Oo0HAPY/KeHUI0 HOBBIX, PaHee HEU3BECTHBIX (CBOICTB H3yIaeMOTO
o0bexTa. B »TOM acmexTe TpOIEce TMO3HAHUs CBOMCTB KaKOIO-JIHOO
(pusMTecKON0 ABIEHUS ORPY/KAIONIEr0 MHEpa IpecTaBiser CcoboI
CTYIEHYATHIN IIpoIece, T/e HOBBIe JKCIEPpHMEHTAJbHbIe JTaHHbIe AAB-
JASI0TCS KaK OBl CTYNEHAMN B IO3HAHNH OKPYUKAIOIIero Hac MHpa.

NamocTpupyeM HTO MOJOKeHHe Ha IpUMepe HCCIe0BAHMA KAKO-
ro-mméo BeIecTBAa, B3ATOTO M3 COBOKYIHOCTH BEHIECTB {M}ijk... B
nanbosee MPOCTHIX YCIOBHAX oKemepmmenta p’, v' m 17, Irm Hanbo-
Jee TPOCTHIE YCJIOBUA HCCHEOBAHUA BemlecTBa { WA j, £ M T. L.
3QKII0YAIOTCS B CHeAVIOIIeM: JlapieHne p° MeHsgeTcd, HO JOJKHO
OCTABATLCS BCEraa O4YeHb MAaJbiM, 00beM v’ MeHsercs, Ho J0JKeH
OBITH Bcerga OYEHb OOJNBIIEM, M Temmeparypa 17 MeHsgeTcs, HO
TO/KHA OCTABATHCH BCETTA 0UeHBb BLICOKOIL. B oTmx ycaoBmax oOHA-
PYsKMBAaeTCs TOYHAS BAKOHOMEPHOCTH, ONMCBIBAIOLIAs COCTOAHME CHC-
TeMbl B BHJE ypaBHEHHs. JTa BaAKOHOMEPHOCTH M3BECTHA KaK ypaB-
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HeHIe COCTOAHUS WNAeaabHOT0 rasa:
pv
7

JlomyctuM  Temeps, WUTO OKPY/RAOIMIT HAC MU CyIllecTBYyeT
TOJIBKO B TAKHX TPEJeJbHO IMPOCTHIX YCIOBAAX, KOTJA JaBJeHHE PaB-
Ho p’, oobem v’ m Temmepatypa 7”. Ilpm Tarmx mpemersHO IPOCTHIX
YCIOBHAX, KOTOPBIe MBICIEHHO MO OBITH M (YCIOBUAMHA CYIINECTBO-
BaHUA MaTepHanabHOTO MIpa B IEJ0M, COCTOSHHE HTOTO BOooGpaskae-
MOro M¥pa ONNCBIBAJIOCHL OBI BCerpa M Be3qe OIHEM ¥ TeM JKe
ypasHennem (1). 9r1o ypaBHeHHMe OmmMCHIBAET COCTOSHUE JTIOGOTO Be-
OIeCTBA {M}i,j,k... M COBOKYIHOCTH DTHX BEIIECTB.

Ecim Mp1 cymmmm 6B 0 cBOMCTBAX TaKOTO BOOOpaaeMoro Mare-
PHATBHOTO MHpa TOABKO HA OCHOBE DKCIEPMMEHTOB, pe3yIbTar
KOTOPBIX BBIpajKeH ypaBHeHHeM (1), MbI mpumuim 6b1 K ciemylonieMy
CTPOTO JOTMYECKOMY, OMePamHOHAILHO TOKA3yeMOMY BEIBOLY: MHD
IIO3HAETCA TOJBKO TPeMsa mapaMeTpaMyu — JaBiIeHIeM, O00HeMOM W
TeMIepaTypoll, KOTOPble OMMCHIBAIOT CBOiicTBA aToro mmpa, He mmes
APYTHX cBefeHull 0 cBoiicTBax BeemenHoil, MBI 3awimovaeM, 910 Mup
npemcraBiager coboit oamoobpasubii (omHO(A3HEI) KOHTHHYYM, CO-
CTOAIAN U3 OJHOTO eNNHCTBEHHOTO BerecTna, T. e.

= const Aya Bcex BemectBi, J, k... n,... (1)

I=l=hk=... =n=\." (2)

JTO0 YHHBEpCalbHOe BEIecTBO He o0gazaer JIUCKPETHOCTHIO (He
COCTOHT M3 'OTJEIBHBIX YACTHI[ — MOJEKYJ); OHO TOXOOHO HIacTHUe-
CROMY Teqli0, ROTOPEIAL pm fasiaenun p’ m Temueparype 77 3amomms-
er Beck 00beM v’. HeobxoauMo mogueprHYTH, YTo B OMHCAHNE TAKOTO
BOODpaskaeMoro Mmpa, COCTOSAIIET0 H3 OIHOTO VHHEBEPCAJIBLHOIO reJje-
00pasHoro BemecTBa, He BXOMUT (HH3WTECKIIA ImapamerTp — BpeMs.
Hpyrmvmm crosamm, B cmereme, onmcammoi VpaBHEHHEM COCTOAHIA
(1), Bpema war ¢usmueckmii paxrop BoobmEe He CYHIECTBYET,

3 3. Llposesem memepsr mecaeoBaHme CHCTEMEL, COCTOAIICIT N3
BemecTB {M}i,j... B JPYIHX YCIOBHAX DKCIEPUMEHTA, KOTIA mapa-
METpEBI, COCTaBJIAIOIINE YCIOBUS ONBITA: JaBieHme p”, oowvem v” u
Temuneparypa 7', meHsonCcA, HO p” ABIAETCS He 0YeHD MATHIM, U7 He
O49eHb OoapuM, m 7”7 He 0UeHB BLICOROIL IIpnm mcememgoBanum Bere-
CTBA i B yRasaHHBIX ycaousax p”, v” mw T” obmapyumsaoTcs Ba
HOBBIX ITapamerpa a; ® b;, W ypaBHeHHEe COCTOAHHA BEMIECTBA i
(ypaBHenne BaH jep Baausca), BHBeIEHHOE W3 ONLITHBIX TAHHBIX,
IMeeT 'CJAeAYIOUIIl BUI:

4 0 s ai 2 (U” = b )
P I 2)”2 'i
Y‘lﬁ'

= const 1y1a BemecTsa . (3)

Pesyabrater onsiros, mpusegennsie B yemosusix Bl w5
BEIIeCTBOM W ¢ MPYrHMH BentecTBaMu j, k, l... n..., mpHBOgsAT K cie-
AYIOIEMY BBIBOIY: MaTepHANbHLIE MuUpP B yexosuax p”, v’ n T”
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COCTOMT W3 OONBIIOTO KOJMUECTBA PAas3ANUHBIX BemecTs: i, j, K, [,...
,ivis, 'T5. 0.

Kaykji0e BEMIECTBO XapaRTePU3YeTCs CHeIUPHMIECKIMI TapaMeT-
pamit {a}f,j,h,...n... n {b}igj)hr“ﬂ“'

Mup, onmCaHHLI ypaBHeHHeM COCTOAHUA (3), He ABIACTCs OJ(HO-
06pasHBIM  KOHTHHYYMOM, & COCTOMT M3 JBHKYINUXCA MOJIEKyX H

MERMOJICKYJIPHOTO mpocTparcTBa. Modexyasl BemecTBa ! OKasbIBa-
a.
0T JIPYr HA JApyra B3aMMHOe IIPUTSIKEHNE, PABHOe —j, H COBMECTHO

oGmanaor o6beMoM, IpHOII3UTeNbHO paBHBIM 4 b;, Tarme ke BHIpa-
JReHMS IMOJMVYAI0T COOTBETCTBEHHO /YIS BeIecTs j, K,..n,...

JIBmkenie MOJEKYJ TPOMCXOAUT B IPOCTPAHCTBE, OMPEesieMoM
o6beMoM v”. DT0 MPOCTPAHCTBO SIBJISAETCS HE TOJIBKO MECTOM JBIKE-
Hug MOJEKYJ, HO ¥ CIJIOBBHIM II0JIeM, CO37[aBaeMbIM JTHMI jKe MoJe-
KyJaMm 1 OCYLIeCTBJIAIOIINM NX B3alMHOe TPUTKEHUE. B wmnpe,
onmmcanmoM ypasHeHuem (3), cymecTByeT (PHSMIECKHE IapaMerp —
BpeM/I.

[IBusKkenne MOJIEKYJl HPOMCXOAUT BO BpeMeHIH, He OTPaHNYCHHOM
HUKAKIMII TpejejaMu; OJHAKO BpeMs B MHKpPOMHpe JBIGKYIIAXCSH
MOJIeRYI He HMeer HampasieHHocTH. OTCyTCTBHE HANpPaBICHHOCTH
BPeMEHH B MUKPOMHpE MOJIEKYJ O3HATaeT, 4TO MEeKIy COOBITHAMHA
IPOIIIIOrO 1 OyAYIero Helb3s 00HAPY:KUTh pasnuuns. B Murpommpe
MBIDKYIQIXCS MOJEKYJ Bce COOBITHA MOTJIM ObI HmpoTeRaTh B obpar-
HOM HAUpaBJIeHIM BO BpeMeHH, 0T OyAymiero K MPOHLIOMY, W TAKOM
X0 JMBIJKEHISI MOJEKYJd BCIATH He oTpaskaycs Obl HA COCTOAHHH
MaKpPOCHCTEeMBEL,

Heomro3aaqgocTh IBAMKEHIZ MOJEKYJ OTHOCHTEIBHO X07[a caMoro
BPEMEHH, OT IPOILIOro K OyaylieMy, OCHOBaHA Ha IPUHIHIE MHIKPO-
crommueckoit obparmmoctn (Onsager, 1931). Cormacno Omnzarepy,
IIPUHINT MUKPOCKOTMYECKOil 00paTuMOCTH SBIACTCA CYI[eCTBEHHBIM
nobaBIeHueM KO BTOpPOMY BakoHy TepMopmHammiu, ToxpMan (Tol-
man, 1940) pasbscHAET OTOT NPUHIUII CJAELYOIIM 00pasoM:
«B ycaosuax paBHOBECHS JI000i MOJEKYJIAPHBIM TpOmecc M MPOnece,
oOpaTHBIT gamHoMy Tponeccy, Oyjer mporexkaTs B CpefHemM ¢ OAMHA-
ROBOI CKOPOCTHIO.

CocToAnITe MAKPOCHCTeMBI, ONMCAHHOEe ypaBHeHnem (5), He ABIA-
eTcss (PyHKIUeil OT BpPeMeHH, XOTs €ro COCTOAHHE ONPEICIACTCH
IMeJIKOM JBIZKCHIEM BCEIl COBOKYIHOCTH MOJIEKYJ, COBEPIIAIONIHMCH
BO BpPeMeHI.

MBr mPUXOAMM K CJAEAYIONeMy BBIBOIY: B YCIOBHSIX p”, v w T
onmcanme (PU3NIECKOTO COCTOAHMS MAKPOCHCTEMBI HE COMEPIRHT hu-
sMYecKoro mapaMerpa — BpeMenn. PusmgecKuii mapaMeTp — BpeMA —
CYIIeCTBYeT TOABKO B MUKPOMEpE JBIAKYIIHXCS MOJEKY.L. JTO BpeMs,
OMHAKO, ABJAETCH Kax Obl Oe3nHKuM, B HeM He PasJIHYHMBI oymymiee
1 mpouroe. [lpyruMm cJaoBaMH, B MHPe ABHFKYIIAXCA MOIEKYJI HET
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MUKpOrpajiieHTa BPEMEHH, YKasbIBAIOI[ero Ha [eUCTBUTENBHO CyIIe-
CTBYIONYI0 HENPepLIBHYI0 M Heo0paTuMyio IIOCIIeOBATEeNBHOCTE CO-
OBITHIT 0T mpomIOro K Oymymemy.

S 4. Ouanuecknii HapaMerp — BpeMa o0HapysKkuBaer PeanbHVIO
(reiicTBHTENIBEHO CYIIEeCTBYIOIIYI0) HaNpPaBICHHOCTL OT IPOLLIOr0 K
Oynymemy e HeoOpaTuMEBIX HEIIPEPBIBHO COBEPIIAIONIUXCS IIPOIEc-
Cax B3amMONEMCTBHA MAKPOCHCTEM, o0maaomux pasHEIMHT TeMIepa-
Typamun. llpn mccaemoBammm, HAIIpUMeD, IBYX KOHTAKTHDYIOIINX
MaRpOCHCTeM ¢ pasHOW TemmepaTypoii HaDII0/[aeTCsT  caeyrommmii
Heo0paTnmMo mpoTexaomuii IIPOIECC ¢ O/JHO3HAYHON HAIPaBIEHHOCTHIO
OT IPOLLIONO K OyayIeMy: B OHOH CHCTeMe ¢ Oosee BBICOKOIN Tem-
mepaTypoil, HAYMHAA ¢ MOMEHTA BpeMeHH 7o, IIpOmMCXOauT HeTIpePLIB-
HO€ (CHIKeHNe TeMIepaTyphl, a B APDYTOH cucTeMe ¢ Gojiee HUBKOIL
TOMIIepaTypou, Ha9uHas ¢ Ly, TPOMCXOMNT HEIIPePHIBHOE ITOBBIMIEHNC
TeMIlepaTypsl. JTH [Ba mpomecca HEIPePEIBHO COBEPIIAIOTCS BO Bpe-
MEHH 1 3aKaHYMBAIOTCS BHIPABHUBAHIOM TeMIepaTypsl B o00enx
Makpocucremax. lloka cymecrByer TPajHeHT TeMIepaTyprl, Cy-
IECTBYeT Takske M IPAJMEHT BpeMeHH. Kak TOMBKO AcYesaeT rpaju-
€HT TeMIIepaTyphsl MeKy MaKpocucreMamu, MCYE3aeT TAKIKe IpasTi-
CHT BpeMeHH Kar (hm3mueckumii HapameTp, OmpeesTIOMM HBOIIONIO
KOHTAKTHPYIOIIAX MaKPOCHCTEM.

Opmaxo smyTpn ROHTAKTAPYIOIAX MAaKPOCHCTEM BCEINa MOMKHO
BEITEJIATE JTOCTATOYHO MAJIBIE 00BeMEI, TIe HeT rpajuenTa TeMiepa-
TYPBL M BCIE[ICTBHE JTOTO HET M IpameHTa BpeMeHu. [lpyrummun
CIOBaMH, KOHTAKTHPYIOIIHE MAKPOCHCTeMBI, 3BOMIONUOHAPYIONIE K
ROHCUHOMY COCTOAHHIO TeMIepaTypHOro PaBHOBeCHs, He COJep/KaT
B MHKDPOy4acTKax CBOMX 00'beMOB IByX B3aMMOCBABaHHBIX (huamye-
CKHX (DaKTOPOB DBOJIOMUM — MHKDPOTpaiieHTa TeMIOePATYypPHl T MUK-
porpajmenTa BpeMeHH.

Msr npuxonnm x CIeTYIOIeMY BEIBOJY.

B ommcanme cocrosmus ROHTAKTUDYIOITHX MaKpPOCHCTEM, HMeEI0-
ITHX [PasHYI0 TeMIlepaTypy, BXOJHT husmaecKmii napamMeTp — BpeMs,
MMEIONINIl HallPpaBJIeHHOCTE 0T opomroro K Oyaymemy. Ora HampaB-
IOHHOCTL  ONpefieNIsieTcss MaKporpaameHTOM TeMIIePATYPBl MKy
KOHTAKTHDPYIOMAMHA MAaKpDOCHCTeMaMIL,

Onnaro B MmKpoyuactrax KasKJ0H MAKPOCHCTEMEI B OT/ICJIBHOCTH,
I/le HeT MIKpPONpagmenTa TeMIIepaTypEl, He CYIIeCTBYeT MHKDOIpaju-
CHTA BPeMEHH: MHUKDPOYYACTKH CHCTOMEI B MHKDOTIPOMEKYTKAX Bpe-
MEHI He OBOIOIHOHUPYIOT,

Xors ROHTARTHPYIOIIEe MaKpPOCUCTeMbI B TOTOHHE MaKpPOBPeMeHN
IBONIONMOHUDYIOT, OHH He 06JIalaioT B CBONX MHKpooObeMax (huam-
IeCKAMI (DaKTOPAMH  DBOIIOIIH — MIKPOTPAaJIHeHTOM TeMIIepaTyphl
1 MOKPONPagueHTOM BpeMeHH.

S 9. B mpupope CYIIECTBYIOT CHCTEMEI, B KOTODBEIX MOMKHO HKCLe-
PUMEHTAIBHO ONpesesnTh MHKDOTPATHEHT TeMIIePaTypsl U, CJIeroBa-
TEJILHO, MUKpOrpajimeHT Bpemenm. Tarme CHUCTeMEI 00JaaioT Croii-
CTBOM SBOJIONUA: OHU IBOMIONUONNPYIOT HEIPEePLIBHO BO BpeMeHn
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H B TI060M CKOMH YIOAHO MajoM yuacTke cBoero oomema. (Pemome-
HOJOTAIECKOE YPABHEHHE, ONMMCHIBAIONICe COCTOSHHE TAROM CHCTEMBI,
HeTPephIBHO HBOMIOIMORNPYON[eil BO BpeMEHN I B TMPOCTPAHCTBE,
caeayioniee (enm. rmany I, ypasuemms (6) m (7)):

dA;
= — kF grad T, (0)
dA,
rneT— BCA  COBOKYIIHOCTH Pafodmx TPOIEccoB, HENPephIBHO BBI-

LN d s
OJTHSEeMBIX CHCTeMOil BO BpeMeHn (—- — '0mepaTop, MMEIIHI SHA-

JeHIle MEKDPOIPAJMEHTA BDEMEHN)

F — moBepXHOCTh pasfiena, OTTpaHIYABATONAL paboTaoIyo CH-
cTeMy OT BHEINHeH cpejbl — HCTOTHHKA DHEPruH JUIf pabouux IIPo-
IeCCoOB;

orad 7 — MIKpOTPafgHEHT TeMIePaTyphl [0 obenmM CTOPOHAM
mosepxHOCTH [, MMEIOMIel XapaKTep reoMerpmyeckoi, 1. e. Oecko-
HeYHO TOHKOM, ITOBEPXHOCTH]

e — roapduImmenT MPOMOPIHOHATBHOCTH,

Vpasaenme (0) MpeaCcTaBIsAeT coboit obmiee heHOMEHOIOTHYe-
CKOe ypaBHEHNE ;KMBOU MaTepum.

Hipas cmCTeMa, COMIACHO YpaBHEHMIO (0), TpeacTaBiserT coboit
MMHAMIIECKYI0 CHCTEMYy, T. €. CHcTeMy, BBIIOJHAIONIYIO Kaxmne-1ndo
paboume TIPOIECCHI, I[eIh KOTOPHIX TPI MHICTO (heHOMEHOTIOT I eCKOM
WHTepIpeTanny He MO@eT OBITh BHISCHEHO. Jtu pabouyme IIPOIECCHI
CBfA3aHBl ¢ HEMpPEepPHIBHBIM pacXoji0OBaHHEeM OJHCPTHH, TOCTYIIAIONIeil B
JKIUBYIO CHCTeMY; TOYHO TaKOoe jKe KOJMYecTBO DHEPTHil B BUE TEILIA
HeIpepHIBHO BHIT@KAET M3 JKABOIl CHCTeMBI vepe3 ee IOBEPXHOCTH
pasjena, OTpaHIMYNBAIONIYI0 ee OT HEeKWBOIL  OKPY/KAIOMIEl CPeJbl.
Ha »Toil TOBepXHOCTH pasjelia CyMeCTBYeT MIKPOrPajHeHT TeMIIe-
paTypsl, 00ecIeunBaloiuil MOTOK Temaa n3 SKUBOII CHCTEMBI B OKPY-
JRAIONTYI0 CPeqy.

B ypasHenne (D) BXOAAT IapaMeTphl: DHEPTHsI, BPeM:, TOBEpPX-
HOCTH pasfgena ¥ Temmeparypa. B umcro (heHOMEHOIOTHIECKOM
acrexte ypasperme (D) MoykeT OBITH TPHMEHEHO M JUI OTIHCATITA
COCTOSHIS HERNBOI TMHAMHICCKOU CHCTeMbI — MallHHBI, SABJIATOIICH-
Cs1 «TIPOMBBOJHBIMY Hamoliee PA3BUTOH FRHBOIL MATepuH — HUCIOBERA
(cm. Beememue). Opmaro HeoOXOIMMO YYecTh jJBa MOMEHTa, OTIHYa-
jolMe MAUIIHY OT JKHBOTO OpPTaHE3Ma B CTPYRTYPHOM OTHOINCHITN
i OrpaHmYHBalOIIHe, TARUM o0pasoM, MPUMeHeHHe ypaBHEeHIA ()
nast  DeHOMEHOJOTHYeCKOr0 OMMCAHNs COCTOSHISA MAaIIUHBI: BO-IIep-
BEIX, B OTJAMYEE 0T DIEMEHTAPHOIl JKIBON CHCTeMbl — MeTaboIu3i-
pyioluieil KIETKH — MallnHa He oOmamaer o0Imeil TMOBEPXHOCTHIO pas-
mesa, OTrpaHMUYMBAIOIIeN ee KAk Iejgoe OT BHEITHell c¢pejbl, H, BO-
BTOPBIX, MallHHA COCTOMT M3 JBUAKYIIMXCA KOMIOHEHTOB, KayKIBII
W3 KOTOPHIX IpejCcTaBiAeT co00il TOMOTEeHHYIO ¢asy, copepyRaniyio
MIKPOYYaCTKH € OMHAKOBOM reMmeparypoit. slimBasg KieTra, HaUpoO-
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THB, 00NajiaeT MHKPOTPAJMEHTOM TeMIIePaTypHl Ha JI060M OeCKOHeU-
HO MaJioM y4acTKe CBOeM MHKPOTeTEPOreHHONH CTPYRTYpHL.

Pasnmune MesRy KUBBIM OpraHmBMOM 7 MAIINHON B (byHKIITO-
HAJBHOM OTHOIIeHHN OyjeTr paccMoTpeHo B riaBe 1X.

ITpoBenennsiii amanua mos3BoJsIEeT (CHETATH CJeyIOIIUil BBIBOM: B
HPHPOJE CYIIEeCTBYIOT NNHAMAYECKHE CHCTEeMBI, HElpPepLIBHO IIOTped-
JAIOIINE DHePTHI0 1 BBHIZINAIONINEe TeILIo, KOTophle 00Ja1a0T CBA3ZaH-
HBIMIT MeK/ly c000il MUKPOTpajileHToOM BPeMeHH 1 MEKPOrpPaHeHTOM
TeMIepaTypel, ITH CHCTEMBI IIPEICTABIAIOT CO60I KUBBIE OPraimn3MBeI,
ROTOpbIe HAXO[ATCA B COCTOSHHN HEIPEePHIBHOW u HeobGpaTuMoil
9BOJIIONMI BO BPeMeHM OT TPOULTIOTO K Oymyiemy.

I'naea wemeepma s

AJIATITAIIMOHHBII TPOIECC KJIETKU

(OnTorenernmueckan agantanusa SPUTPONUTOB)

§ 1. MRuBas cumerema oraspiBaemcs Beerjia TPHCIOCOOMEHHON K
YCJIOBHAM CBOEro CyIeCTBOBaAHMs B OKpy:Kawomeil ee cpeme. Cirocod-
HOCTh K IPHCHOCODICHUIO ABIACTCHA, BEpPOATHO, HambOJIee OTINYH-
TeabHoi YepToii Kusam (Ceane, 1960, mw mu, ap.). Cumraior, uno mpu
M3MEHeHUsIX (DU3NKO-XHMUYECKAX TapaMeTpoB BHEIIHeH cpejbl, He
BBIXOJAIMX, OAHAKO, 3a IIpedesibl aJalTallOHHBIX BO3MOKHOCTEI
ARUBOIL CHCTeMBI, BO3HMKAIOT IIPOIECCHI MPUCIIOCOOIEHIsI OpPraHm3Ma,
KOTOpBIe He OKaHYMBAIOTCH, TOKA OPraHmsM He JIOCTUr CBOEil Ielm,
AJIeKBATHOCTH ¢BOeN MOPQO-(Pu31noa0rmIecKoil CTPYKTYPEl K H3MeHEeH-
HBIM YCIOBUAM cBOero cyimecTBoBanus. CormacHo 9Toil KOHIIEIIIHH,
OprafmusM afanTupoBaH JIJaA JOCTUKEHHS CBOEU IeJH, KOTOpas 3a-
KII0YaeTcss B YAePKUBAHMHU CYUICCTBEHHBIX MepPeMEHHBIX COCTOSHUA
opraHnaMa B ¢uamomormueckux mupepesax (Cannon, 1932). Ilpm
UBMEHeHHAX B OKpY/KaOIMell OpraHmsM cpeje, BBIXOJAIINX 3a IIpe-
JIeJIBl aJlanTalHOHHBIX BO3MOKHOCTEl OpraHmaMa, IPOIECCHl IIPUCIIO-
cobjienuss He IpeKpamamTcs, HO B CHIY UX HEJOCTATOYHOCTI BO3HM-
KalT AucyHRIAN OpraHu3Ma, KOTOPBIE MOIYT B KOHEUHOM CUeTe
IPUBOJANTE €T0 K THOesmn.

AnanTannoHHbIi IIPOIMECcC SBJISETCH DHEPreTUYeCKHM IIPOIECCOM,
KOTOPBIA BooOIIe He MOMKeT OBITH OTAENeH OT OCTAJbHBIX YHEePreTH-
YeCKHUX TIPOMEeCcCOB OPraHm3Ma, COBOKYIIHOCTH KOTOPBIX IIPEJCTaBJIsSeT
c000ii 0OMEeH BellecTs.

Beijtesints TOIBKO OfHY (DYHKIMIO aanTamuyd OopraHmaMa OT BeCex
OCTAJIBHLIX DHEPreTUWIeCKNX ((PYHRIMI, CBA3ZAHHBIX ¢ €ro KU3HeIes-
TeJbHOCTBIO, HeBO3MOKHO. OTClofia caemyer, 4TO M3yYeHNE B OITH-
MaJIBHBIX YCJIOBHAX OHOTO TOJBKO aJanTalmoOHHOI0 Mpolecca KUBOM
cucTeMbl OyJeT BO3MOKHBIM, €CJIM HM3ydJaeMblil JKHBOH 00BerT 06Ja-
JlaeT MCKJIKNYUTEJbHO HU3KHUM 3HHEPreTHYeCKHM YpoBHeM oOMeHAa
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BEIIEeCTB M B CBA3H C 9THM MAHAMAIBHEIM KOJAMYeCTBOM (DU3HOIOrHYe-
CKAX (DYHKITAH.

B TtakoM ciaydae afalTaIOHHBIN IIpoIecc IposABiIAeTcA Kak OBl B
YMCTOM BHJE, W YHEePrusg 00MeHa BeI[ecTB pacXofyeTcA MOYTH IeJTHKOM
TOJIBKO JIJIA TIpoIecca aganTanm.

B kagectBe 00beKTA HMCCHACNOBAHUA A M3YUICHAs aamTarHoHHO-
10 MeXaHm3Ma MbI BEIOPAJIH KIETKY ¢ MCKIIOUATENBHO HU3KAM 00Me-
HOM BeIecTB, KOTOpPas BEIIONHSIET B OCHOBHOM TOJBKO ONHY (DH3MO-
Jormueckyio (yHKmuio, Takoil BBICOKOCHENHATM3UPOBAHHOM KIETKOM
¢ HUBKAM DHEPreTHdecKAM OOMEeHOM SABJIAETCA IPATPONUT MJIEKOMM-
Talomux. De3bANepHBI DHPATPONUT MISKOOHTAIONHUX BRIMOTHAET B
OCHOBHOM (HYHKIMIO, KOTOpas BBICOKOCHenmupmuHA M (PHIOreHETH-
qecKN ABJAeTCS BechbMa JpeBHeH. JTa (PYHRIUA 3arI0daerci B
CBA3BLIBAHNH, TEPeHOCEe M OTfade KUCAOPOja. DberxoBble MOJERYIIH,
KOTOpHEIe OCYIIECTBIAIT ATy (YHKIHIO, MPECTABIAIT COO0M XPOMO-
IIPOTEHIBl — TeMOTJIO0MHEEI; OHM 00PasyloT OCHOBHYI0 Maccy KiIeToq-
HOTOo BemecTBa. JBydeHHe ajanTammoOHHOIO IIpomecca JPUTPOMHATA
Gyjer, CJae0BATENbHO, TECHO CBA3aHO ¢ M3yYeHHeM (DYHKIA® DTOTO
IJIABHOTO KOMIIOHEHTA DPATPONAUTA — OEIKOBOM MOJIEKYJIBl I'eMOTJIO-
Omua.

§ 2. CpomcrBo remormobmea (Hb) ® xmemopony ysenmumpaercs,
kak masectHO, ¢ nmopeimenumeM pH cpexpmr (Barcroft, 1928; Hysmemnos,
1949). CpaBuenme TeMOIIOOMHOB (DeTalmbHON KPOBH (KPOBH ILIOJA,
KOTOpasg (PYHKIAOHAPYET B YCIOBHAX BHYTPUYTPOOHOH UKU3HM) N
MaTePHHCKOH KPOBM OTHOCHTEJRHO HX CPOACTBA K KHCJIOPOAY IIOKA-
gamo, aro geranpubii remornobmn (Hb-F) obragaer nmpubimsurensHo
Ha 15% Gomee BoicoKHM cpojicTBoM K Og, 4eM MaTePHHCKHUII TeMOrIo-
6un (Hb-A) (JImxmunras, 1950). 9ro aABIenne — pasHOCTh CPOACTBA
reMOTJIOOMHOB K KHCJIOPOAY B KPOBH IWIOJa M B KPOBH B3POCJIOTO
RUBOTHONO — OOBACHAETCA TeM, WTO HPUTPOLNUTHI, COAepKaIue TOT
WX JAPYTOHl 'OHTOTeHeTHIeCKN PAa3JIMYHBIN TeMOTJIOONH, TMpHCIocobiie-
HBl K PasINYHBIM (uamomormaecKmM cpepam. HpacHble KpoBAHBIE
MAPNKA TI0AA (DYHKIIOHAPYIOT B YCJIOBUAX BHYTPHYTPOOHOU HKU3-
HU; OHI CBSI3BIBAIOT KUCIOPOX B KOHTAKTE € TIATEHTAPHOM CpeIoi.
JPATPONMATEl MATEPUHCKON KPOBH (DYHKIUOHHPYIOT B APYTraX (PU3mO-
JOTAYECKUX YCJIOBHAX, B VYCIOBHAX NOCTHATAJLHON JKH3HU; OHHU
CBA3BIBAIOT KACJOPO/, B KOHTAKTE ¢ PECHIpaTOPHON JIeroO9HOM TKaHBIO.
I'emorno6mesr Hb-F n Hb-A gBiaaiorcsa onTmManbHO aganTHpPOBAHHBI-
MH K TeM cpeJlaM, B KOTOpHIX oHN (yHEmmoEmpyioT. llianenrapunas
cpefla mMeeT HEMTPANbHYI0 WM CJIA00KHUCIYIO Peakmuio, B TO BpeMsd
KaK pecumpaTopHasg JerodHas TKaHbL o0jgajaer ciaabomej0THON peak-
nueit (Tpumauep, 1955, 1960a, 19600).

Ecan cpasamBatsh cponcrso Hb-F ® O mpm pH ~ 7,3, 9T0 cooTBet-
CTBYeT AKTHBHON peaxmum miaameHTsl, co cpomcTBoM Hb-A ® O mpn
pH~8,0, duro cooTBercTByeT AaKTHBHON PpeAROUH PeCIHPATOPHOI
JIeTOYHOIl TKaHM, TO OOHApy:KHBaercsa, uto oba remoraobmHa obiamaT
OJWHAKOBEIM cpomeTBOM K Kicimopony. CymecrByer, ciegoBaTelbHO,
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NPHCIOCO0IeHNe MOJEKYJNBl I'eMONIO0HHA K YCIOBHAM ee (YHKIEO-
unpoBanns (Hopsxyes, 1948, 1959).

Roppenamua mempy dymrmoneit remormodmma — casmuiBanmem Os
B @CTeCTBeHHEIX (DH3MOIOTHIECKUX YCIOBHAX MIANEHTADHON WMiIm
JETOYHOU CpeJ(bl — H (PUIUKO-XUMATECKAM CBOHCTBOM TeMOINIOOMHA —
cpopcrBoM K Og— oTpaskaer o0mE wpHAIUN «HYHKINOHAIBLHOI
IIACTHIHOCTH OelKOBOM MoTeryasl», Beakosasa mMoieryna xax (yHK-
OUIOHANBHAA eJMHUIA JKUBOI CHCTEMBI OKAas3bIBAETCA ONTHMAJIBHO
aJlanTHPOBAHHON K (PH3HOJOTMISCKEM YCJAOBHAM CYIIECTBOBAHHUS KU~
BOU CHCTEMEI,

Bansinme axTmBHOI peakmmm cpexsl Ha o00pasoBaHHe KpPOBH,
copepskameii Hb-F manm Hb-A, 6bu10 mokazamo mpsaMbiMm omsiTamm ¢
nmepeskuBaromier emOpmonansHoii mevenbio (Thomas et al., 1960).
llprn mpomyckanmm 4epes m30IWPOBAHHYIO, TEPEKMBAIONIYI0 (PeTaTb-
HYI0O Tle9eHb OKCUIeHH3WPOBAHHON (caabommiesounoilt) KpoBH IIEYEHE
OPOyIWPOBAJIa DPATPONATE, cofep:kamue Hb-A; mpm mpomyckanmu
TUITOKCAYECKOH (CIadOKMeI0l) KPOBH MeYeHb IPOMyHApOBaia JPHT-
ponutsl, cogepskamme Hb-F,

§ 3. Hb-F m Hb-A ornmaaorcs mpyr or apyra m apyram u3mko-
XTMHAYECKAM CBOMCTBOM, KpoMe pasHoro cpomcerBa K Og; oHH 00yciroB-
JABAIOT PasHYyI0 WYYBCTBUTEJIHHOCTH DHPHUTPOMATOB K AeHATYpPAIHMOH-
HOMY JeMCTBHIO IMeJ0YHn. dpurponuTsl, comep:kammue Hb-F, aprsiorcs
SHAYUTEIFHO 00Jlee WYBCTBUTENBHBIME (K IMEJOTHOW JeHaTypaljuH,
geM spuTponmTEI, comepskamue Hb-A. 9ro pasamume Taxike 00bsc-
HAETCA TeMm Ke TPUHOWIOM «(PYHKIHOHAILHOH IIACTAIHOCTH 0eJI-
KOBOI MOJIERYJIBI», Jpmrpomurt, copepskamuit Hb-F, xoropwiii agam-
THpOBaH K 00jiee KUCJION TUIameHTapHOU cpejie, 0o0jee UyBCTBHUTEIECH
K JIeHATYpanMoOHHOMY [AeHCTBUIO IMEeJO0YN. JPUTPOIHMT, COMePrKamimil
Hb-A, woroperii agantuposan k 6olee Ieq0uHOIT cpejie pecImpaTop-
HOW JIETOYHON TKAaHW, MeHee YyBCTBUTEJEH K JeHATYPAIMOHHOMY
peucTsnio menxoqgn. CyimiecTByer, ciIefoBATeIBHO, KOPPEIAMIA MeRILy
cpogersoM Hb ®x Op m wyscrBmrensnocThI0 ®Hiaetku, comepikameit Hb,
K newcrBuio menoyn (Tpmauep, M'manbypr, 1963). Taxkaa koppensmus
ABIsAETCA 00IMM OHOOTMIeCKHAM sBIeHHEM, KOTOPOe OOHADYKMBaeT-
Cs B IIHPOKOM (PHIOTeHeTHYECKOM [HamazoHe Kak IS 9PUTPOMUTOB
TeIVIOKPOBHBEIX M XOJOAHOKPOBHBEIX $KHUBOTHBHIX, TaK M JJA CBOOOIHO
MIaBalIuX MOMeKya remoriobmuoB n3 xpoBu depseit (Haughton et
al., 1957).

§ 4. B xofe mocTHATANBHON ajanTANMd KPOBH TEILIOKPOBHOTO
MUBOTHOTO IIPOMCXOAUT 3aMeHa (PeTaapbHOI0 TeMOTJIOOMHA IeMOoTJI00m-
HOM B3DOCJIOr0 ?KHBOTHOTO. Tak Kax TeMOITOOMH HAXOMHTCS Y TeIIo-
KPOBHEIX JKHBOTHBIX BHYTPH DPUTPOIHATA, TO BaMeHA TeMOTJIOOMBOB
B XO0e MOCTHATAJBHON aJanTanian MOKeT IIPOMBOUTH JABYMS IIPUHIIH-
NHAJTHHO Pa3INYHBIMA, aJIbTePHATHBHLIMI ILYTAMH:

1) samenma (peransHOr0 TEMOIIOOMHA TEMOTTOOMHOM B3POCIOTO
KEBOTHOI'0 MOKET TPOMCXOAHUTH B BHJE 3aMEHBI KJIETOK: IMOCTHATAIDL-
HBIil OPTaHu3M OCBOOOIKIAeTCA OT DPHTPOIATOB, COAEPKALINX TOJBKO

. P



Hb-F, m mocrenmeHHO 3aMeHseT HX HPUTPOIATAMH, COAEPRATIHMIE
ToabKo Hb-A; \

2) sameHa (PeTATBHOTO TIeMONIOONHA TeMOTJIOOMHOM B3POCJIOTO
sKIBOTHOTO MOKeT IIPOMCXOANTH BHYTPH CaMUX 9IPATPONHUTOB: B
MUPKYJINPYIOIIHX B KPOBSHOM pPycie JPHTPOIHUTAX IOCTHATAIBHOTO
opranmaMa mpoucxoaut mpeppamienne Hb-F B Hb-A.

[Ipy HaJWUME MEPBOro BapuaHTa aJanTalUMOHHEIL IPOIECC 3aMeHbl
reMOrJI00MHOB OB OBI '00YCJIOBIEH IeHeTNYeCKHM MeXaHH3MOM, meii-
CTBYIOLMM B OPUTPOIOITHUECKOM almapare, W HupRyJaupylomue B
KPOBAHOM pPYyCIe DPUTPOLUTHI COCTOAIN Obpl B TeUeHHEe afiamTaliioH-
HOTO TepHojia M3 ABYX IOy ANMIL: MOMYJIANIE DPHTPOLUTOB, COMEP-
sgamux  Toapko Hb-F, m  momyssmun 9puTPOIMTOB, COACPKAILNX
Toapk0o HD-A.,

[lpy HaJmYmH BTOPOTO BapHAHTA A ANTAIOHHBIL IPOMECe saMe-
HEI TEMOINIOOMHOB cocTOsI OBl B HEmMOCPEACTBEHHOM IIpolecce Ipn-
CIIOCOOICHUS HPUTPOIUTOB K HOBBIM YCIOBUSAM (QyHKIMOHIPOBAHMA:
B KPOBSHOM pycCJe IEPRYJINpyeT B TeUeHHe aJanTalloHHoTro Meproja
TOABLKO OMHA TOMYJANNSA DPATPOIUTOB, COAEP/RAMMX OJHOBPEMEHHO
Hb-F u Hb-A B RasKmoil KIETKE.

Tax wak spurporuTsi, copepkamume Hb-I, m spurponntsi, conep-
swanme Hb-A, o0majgaor pasnuyHOd YyBCTBHTEIBHOCTHIO K JIEHATV-
PAIMOHHOMY JIeNCTBHIO II{eJ09H, TO BHTO CBOMCTBO MOKET CJIYHUTD
WETAKATOPOM WISl YCTAHOBIGHHA COJlep/RaHMA TOTO HMIN  JPYyroro
reMomiobnua B apurpormrax. [lag permieHus II0CTABICHHOTO aJabTEpP-
MATHBHOTO BOIpPOCA, KAKUM IIyTeM IIPOMCXOUT 3aMeHa reMoryioOnHa
B KPOBHU, MBI TIPOM3BEJN HRCIEPIMEHTATbHEIe NCCIIe[0BAHNSA, KOTOPDIC
MO3BOJIWIN OOHAPY/KUTH M3MEHEHNe IeJI0WHOI [yCTOUIMBOCTH dPUT-
POIIITOB IOCTHATAJNBHBIX JKMBOTHBIX B TEYEHME BCETO ajanTanmomH-
HOTO Tepmofa. AHAIN3 HTHX ONBITOB &l BO3MOKHOCTH OfHO3HATHO
OTBETINTH HA TOCTABIEHHBII BOIPOC M J0Ka3aTh, YTO B TeYeHUE
mepseix 20 JHeil MOCTHATAJBHOI JKU3HM Yy WMCCICOBAHHOIO TEIIO0-
KPOBHOTO JKMBOTHOTO (KPBICHI) TPOMCXOJAT aJalTallHOHHBIC M3MEHE-
HIS CAMHX OPUTPOIATOB, KOTOPBIE [MPHCIOCAOINBAIOTCA K HOBBIM
(mocTHATANBHBIM) YCJIOBHAM (PYHKITOHAPOBAHHSL,

§ 5. Illesounas yCTOWYNBOCTH DPUTPOINUTOB M3ydaTaCh ¢doromer-
PUYECKAM METOJOM H3MEpPeHMI CKOPOCTH HaOyXanmsg KJICTGK B M30-
rormuecrom memoarmom oOydepe (Tpumuep, 1959; Rysmu, Tpumuep,
1960). Cpeskass KPOBb KPBIC Pa3HBIX BO3PACTHBIX TPYII, TOXYYeHHAs
MexammTaIneil JKMBOTHOTO, cMemnBagach B ormomennm 1,5:100 c
PUBMOJOTHUCCKAM PACTBOPOM, B KOTOPBIl OBLT npundaBjaeH remapiH
UIsT IPeYIpesKAenns cBepThisaeMocT Kposim. H 1 ma IOJIYYeHHOI
TaKnM 00PA30M [PA3BEJEHHON KpOBM MPUOABIAIN O M4 H30TOHHMYE-
cxoro Oygepaoro pacteopa ¢ pH = 9,97 !, MowmenT mrpuOaBieHHA
- Oydepa oTMedasICs KaKk HA4alIo BO3/ICICTBUSH M30TOHMYECKOM IIe04-

I K 1000 ma Gydepmoro pactsopa, npurorosiennoro m3 0,4 N NaOH u
0,4 N 6ypsr, npubasisimm 2,63 2 NaCL
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HOM cpe/bt Ha »purponuTthl. BospgeiicTBme mesounm Ha 9PATPOIATHI
nponcxoamro mpu 32° &= 0,02°, u BpemMa 0T BpeMeHH TIPOUM3BOIMINCH
I3MEePeHNsA ONTHISCKON INIOTHOCTH OTOM cMecnm Ha (POTODIEKTPOKOIO-
pamerpe (PIR-M) ¢ cumaum duabrpoMm. OOBIT CURTAICH BAKOHTEH-
HBIM, KODJa BEJUYNHA OINTUYCCKOM IIJOTHOCTH IOCTHIVIA MHIHUMAJb-
HOTO (IOCTOSHHOTO) 3HAYEHWNA.

Ha pmc. 5 mpuBefieHBl mATH KPUBBIX, HM300paKAIONMINX KIHETHKY
nmporecca HaOyXannsg KIETOK H IeMOJIH3a B H30TOHHYECKOM IIEJ0Y-
HoMm Oydepe. RpuBasa I mo-
Jy4eHa OT KPOBM HOBOPOIK-
JIeHHOTO ;KUBOTHOTO; KpHUBas
Il — 4-pueBHOTrO; KpuUBasf
Il — 8-gHeBHOrO, KpHUBasd
IV — 13-gHeBHOT0O M KpH-
Bag V' — or KpoBH B3POCIIOi
(MmaTepuuckoii) wpsicel. Ha
OCH  OpJAMHAT  OTJIOMKEHEI
3HAYEHHUA OUTHYCCKOI TIJIOT-
HOCTH, Ha ocH abcmuce —
3HAYEHHs BPEMEHUM B MHUHY-
Tax.
Rar Bumgmo ma pme. 5,
BCe MATh KPHUBLIX MMEIOT
OJlMHAKOBYI0  (opMmy, HO T L
pe3Ko OTIMYaTCs JApyr or

Apyra 1o pacioyiosKeHnio nx )
CpeHero ydacrtira Cpe,[[HHii Puc. 5. VsaMenenme OnTm4yeckoil IJIOTHOCTH

. (D) cycueHsmH BSpPATPONUTOB KPLICKL TIPH
YHaCTOK KPHBBIX OKA3BIBA-  posneiicrpuy  H30TOHMYECKOTO EeJOTHOTO

eTCs CHABHHYTBLIM BJIEBO TeM pacTBOpa
Ooipilie, 4eM MOJOMe KU-  Ha ocn OPIMHAT — ONTHYECKAA INIOTHOCTH, HA OCH
BOTHO®E, Cyme-c'mye'r, CJIe- abcquce — BpemMa (B MUHAYTAx); I — 8pUTPONMTH
J0BAT@JIBLHO, 3aBACHUMOCTH B  HOBODOMKIEHHOTO KHBOTHOrO, Il — 4A-JHEBHOrO;
PaCIIOIOKEe HN I CPEHero 111 V—B-nnennoro; IV — 13-nHEBHOrO;

— B3pPOCJOro ;KUBOTHOIO (MaTepm)
y4acTKa KpHBBIX OT Boapac-
Ta JKUBOTHOIO B Te4eHHUE
nmepseix 20 gHeit mocrHaTanbHoi kusan. Kpmsas, mzobpaskaomas Ku-
HETHRY nipormecca HabyXaHWsa M TeMOJA3a HPUTPONUTOB B M30TOHHYE-
CKOM 1enounoM Oydepe, mennrcsa Ha TPH ydacTKa, KOTOpbIe mM300pa-
ARAIOT TPU pasiuYHBIe KHHEeTHYeCKHe (Pasbl.

[Tepas ¢asa mpemcraBiasier coboit OTHOCHTENBHO MEICHHOE Ha-
OvxaHme IPUTPOIUTOB 10 JAOCTHKEHWSA HEKOTOPOTO TIpeaeIbHOTO
COCTOAHMS OCMOTHYECKOTO ‘paBHOBecHA. Jra (pa3a OTIMIACTCH BBICO-
KM 3HaYeHHMEeM ONTHYECKON TJIOTHOCTH, (KOTOpasg Majg0 N3MEeHIeTCs
BO Bpemenu. [limrenpHOCTH mpomecca, M300payKEHHOTO DTUM YdaCT-
ROM KPHBOM, KaK BHJHO, TeM KOpodye, YeM MeHbI¢ BO3PACT KIBOT-
HOr0. Bricokoe BHaueHme ONTHYECKOIN TLIOTHOCTH O0BACHSIETCSH MYT-
HOCTBIO DacTBOPa, copep:Ramero HabyXxumime DPUTPOINTHL,

ST 1 |
100 150 200 250 300 350 MuUH.
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Bropas (aza KHHeTHIeCKOro mpormecca, HM300paKeHHOTO CPeHAM
yYaCTROM KpPHBOIl, mpejcTasiser coboil ObicTpoe paspyrieHHe BCeX
OPUTPOIATOB, YTO OOHAPY/KHBAETCHA PE3KMM TajieHneM OTTHIeCHOn
IIOTHOCTH., 9Ta BTOpasg (asa mMeeT MOYTH OJMHAKOBYIO JUIATEJb-
HOCTh ¥ BCeX KPHUBBIX.

Oxonyanme »Toi (passl O3HAYAeT, UTO BCE OPUTPOIMHATEL TEMOJIH-
BHPOBAHEI, I PACTBOP M3 ONTHYECKH MYTHOM CPeJE, copmepsranien
HEeTeMO/JIN3NPOBAHHEIC DPUTPONATHI, TPEBPATHICA B ONTAYIECKH IIPO-
3PadHEBI PacTBOP reMoraobmHa.

Tperss, KEHeTHYECKN HemaMeHHAas ¢asa COOTBETCTBYET PACTBODPY
reMoryioomHa W OTINYAeTCs IOCTOSHHBIM BO BpeMEHH H MHHHAMAJb-
HBEIM 3HAUYCHHEM ONTUYeCKON MJOTHOCTH, OJMHAKOBRIM JUIA BCEX
KPHUBEIX,

§ 6. AnmamormaHOCTL (POPMEI BCeX KWHETHICCKNX KPUBBIX ABJIACT-
Cs MOKa3aTeJhCTBOM TOTO, 9TO KPOBB, B3fATasA B PasHble JHU KH3HI
JKIBOTHOr0, HAYMHAS ¢ IIEPBOTO JHA, COCTOHT BCerja W3 OHOMH,
eNMHCTBEHHON TOMYJIANAN OPHTPOIMATOB OTHOCHTENBHO COASPHAHNSA
reMomiobmEa B HuX. Bce KIeTKNM OTHON MOIMYIANHH OJUHAKOBO OBICT-
po HaGyXaloT W MOYTH B OJHO W T0 ke Bpema remonmsupyior. Hakriom
BTOPOIO [yUacTKa KPHBOM, X0 KOTOPOTO TEOPeTHUeCKN MOJKeH OBITH
IapajaeJbHEIM K OCH OpAHHAT, 00BACHAETCA TeM, YTO B IOIMYJIAIME
OPUTPOIHUTOB CYIIECTBYET rayccoBoe pacupefieieHHe KIeTOK OTHOCH-
TeJIBHO MX OCMOTHYECKOH YCTOMYMBOCTH, 3aBHUCAINIee INIABHEIM o00pa-
30M OT PA3JNYHOr0 BO3PacTa OTAEJbHBIX KIeToK, Momomsie sprTpO-
IMUTEl TEeMOJIMAUPYIOT HEeCKOJIBKO paHbIle,9eM crapsie (cM. raasy VI).

Pacmomroixenne cpegHIX YYacTKOB KHHETHIECKAX KPHBBIX II03BO-
jser rpaduueckn M300pasUTh BaBHCAMOCTH ITIETOYHON YCTOUIHBOCTH
SPUTPOIETOB 0T BO3PACTa KUBOTHOrO. B KavecTBe IOKasaTend IIe-
JTOYHON YCTOUYHBOCTH KIETOR OBIIO B3ATO BpeMs HACTYIJIEHHSA IeMO-
JW3a, COOTBETCTBYION[ee B3HaYeHme onTmdeckoit maormoctu 0,60
(npnOansuTeNIBHO CepejimHAa CpefHero ydacTka Kpmsoii). Ha pmec. 6
cOOpaHBl BCe OKCIEPUMEHTAIbHBIE JaHHBe, MOJydeHHble 0T 40 sKu-
BOTHEIX PAsHOTO Bo3pacrta, HaumHas ¢ ogmoaHeBHbIX. Ha oppumare
OTJIOKEHEl MEHYTHl (BpeMs HaCTYILIEHWs reMojmsa), Ha abcumece —
NHE TI0CIe POsKIeHU.

Kax BujgHo Ha 9TOoM rpadnKe, YCTOMIABOCTH IPATPOMUTOB K JeHA-
TYPAIMOHHOMY BO3JEHCTBUIO INETOYH YBEIMYHBAETCA C BO3PACTOM
JKIBOTHOTO M JIOCTUTAeT CBOETO MaKCHMaldbHOTNO sHadeHms Ha 20-ii
menh moctHaTadpHOM skm3Hm. Haummas ¢ 20-ro [gHA, OPHATPOIATEL
SBISAIOTCS, CIeJ0BATENBHO, IIOJHOCTHI0 AaJalTHPOBAHHBIME K HOBBIM
UBHOTOTHICCKAM [yCJHOBHAM, K CBS3BIBAHMIO KHCIOPOla B KOHTAKTE
¢ CaabOI[eN0ouHOoN pecnmmpaTopHOil Jgenowynoit Tkampio. G 20-ro pua
BCe HPHTPOIMUTHI COAEPIKAT TOJBKO reMOIIOOWH B3POCIOTO FKHBOTHOTO
(Hb-A). B mpeppigymem ajanTanimoHHOM [epHOjie, ¢ MOMEHTa POJK-
nenns, mo 20-ro HA, OPUTPONATHL (KasKAas KIETKA B OT/AEJbHOCTH)
comepsiannm ommospemenso Hb-F m Hb-A B GecmpepriBao m3MeHAI0-
meiicsi MPONOPIEA, a OPUTPOLNHUTHL BHYTPHYTPOOHOIO KHBOTHOIO,
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aNamnTHPOBAHHBIC K CBABLIBAHMIO KHCJIOPONAa B KOHTAKTe C INIAIleH-
To#t, comepskanm ToapKo Hb-F.

Jlis ycTaHOBIEHUS BAKOHOMEPHOCTH AafalTaHOHHOIO TIPOLecca,
BRIDQJKOHHOI B BHjAe QYHKOUOHAILHOH BaBHCEMOCTH CTPYKTYDHI
KJIeTKA OT BpPeMeHHM, HAa KOOPJAMHATHYI0 cucTeMy puc. 6 Hamoskena

Yy MUK,
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Puc. 6. 3aBHCHMOCTE BpeMeHM HaCTYIJIEHHS TeMOJH3a OT
BO3pacra KHBOTHOIO

Ha ocm opmmaar — BpemMa (B MHHYTax): ®a ocm alcoucec — JOHH

IocJie pOXNNeHuA; 63p.—B3POCIOe KUBOTHOE; KpOMe Toro, Ha rpadmke

HAHECEHHI KOOPIMHATEHI, II0 KOTOPHIM IIOCTPOEHA KpHBafg Jorapudmm-
YecKol JyEKnmEE (0oCh y — cJaeBa, OChb { — BHH3Y)

BTOpasa woopamHaTHas cumecreMa: y m ¢{. Opammara y HaumHAETCA C
qaCIa  HOMb, COOTBETCTBYIOIIETO  AKCTPAMOJNPOBAHHOMY  GUCIY
130 mum. sxcmepuMemTampHOM ocm, a abemmeca ¢ HAYMHAETCH © THC-
T2 1, COOTBETCTBYIOMIEr0 TUCTY HOMb HKCIEPEMEHTANBHOM ocH. B a10il

HAJIO/KeHHOI KOOPAMHATHOW CHCTeMe IIPOBeJeHa KPHBag, BEIPAKAIO-
ojas MaTeMaTHYecKy0 (DYHKIJHIO:

Y =.Int.

Raxr sugmo, ara yHrmus maxoimTcs B B0HE HKCHEPHIMEHTATBHBIX
TOYeK. SaBHCHMOCTH INEIOYHON YCTONIMBOCTH HPHTPONHTA OT BO3-
pacra JKMBOTHOTO B Te9YeHHe aJalTamuOHHOT0 Tepuojia, 0T MOMEHTA
poskperns mo 20-ro AHA TOCTHATANBHON IKUBHE, ¢ OOILIION TOU-
HOCTBIO MOAYMHAETCA JIOTapU(pMHILCKOMY 3aKOHY,

NHTepecHO oTMeTHTH, 4TO Tpomecc afanTamEH @PETPOLATOB IIpo-
TexaeT upesBbIYaitHO ObcTpo. Hak BmmgmEo Ha pme. 6, y:xe ma Tpermit
[eHb TOCIe POKIAeHUA KUBOTHOTO pocturaercsa H0Y% amanrTammoEEOTO
apexra. Ha mpermit memsr mocTHATANBHON JKUBHE BCe NEPKYIADY-
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OIUe B KPOBAHOM PyCIe OPHTPOIHUTH COAEpPsKAT OJTHOBPEMEHHO
Hb-F n Hb-A B paBHBIX KOJINYECTBAX M OKA3LIBAIOTCA YiKe HATOJO-
BHHY TIPACIOCOOIEHHBLIMI K (PYHKIUMOHHPOBAHUIO B KOHTAKTE CO
caab0MesouHON pecnupaTopHoi JeroyHoil Tkanpio (TpuHyep, I'maHI-
oypr, 1963; Trincher, Gintsburg, 1964).

Nanaea namas

3AKOH BUOJOTTMYECKON AJIATITAIIAN

§ 1. IlpnBegenasie B mpejpIyliieil TiIaBe ONBITHRIE JAHHBIE ITOKA-
gasm, 4ro OesbAmepHas Hee Anasaca KIeTKa, DPUTPOIUT MJIEKOIH-
TAIONIMX, WMEIONUIl Ype3BhIYaiiHo HI3KUI 0O0MeH BeliecTs 1 BBITIOJ-
HAIOIAIT B OCHOBHOM TOJBKO OJHY CIeIHaJIu3mPOBAaHHYI0 (YHKINIO —
mepejgaqy KUCJI0poa, obaagaer crmocoOHOCTHI0 K agantamun. B Tede-
Hue mepsbix 20 MHeH mMOCTHATANBHON GKU3HH HPHUTPONHUT IrpHCIocad-
JUBAETCSA K HOBOM (PM3MOJOrHIecKON cpefe, U3MeHseT CBOI0 BHYTPEH-
HIOI0 IATOMIA3MATHYECKYI0 CTPYKTYPY. BHyTpH spurpommra mponc-
XOAUT mepecTpoilka (peTarpbHOTO TreMONIOOMHA B TeMOTIOOHH
B3pocsgoro opranmsma; Hb-F, koToperit 0bm1 ajanTupoBam K IIaneHTe,
mpespamgaercs BHyTpu »purporura B Hb-A, Komopsiii agantupoBaH
K CcaabomesouHoil cpejie peCcHmpaTOpPHOl JIeroYyHoil TKaHW., JTOT
aJanTalMOHHLIA TIPOIect KJIETOYHOr0 OpraHmaMa ecTh IPOoIecC MO-
JEKYISAPHON TIepecTpoilkim 0erkoBOIN0 cocTaBa BHYTPHU KIETKH.

Maitne n gp. (Miles et al., 1961) obGmapymuam, 4ro B IHPRY-
JAPYIONAX B KPOBAHOM Ppycie HPUTPOIUTAX IIPOMCXOJHT TIPOIECce
cTapeHns, KOTOPBIL COIPOBOMKIAETCS M3MEHeHHeM TeMOIJIo0MHOB
BHYTpPH HKJIeTkn. MaBecTHO, UTO mpomecc CTapeHHs JIPHTPOIATA
orpaskaercd Ha (QYHKIMOHAIBHBIX CBOMCTBAX KIETKH, HA ee (pepMeH-
ratTusHoil awtusHocTH (Prankerd, 1958), smeprermueckoil (yHKINH
n momHom mpamcmopre (Bernstein, 1959), ocmormuecxoil pesmcTeHT-
noctn (Marks et al.,, 1958) m mexammuecknx cBoiicTBax '(Simon el
al., 1957). 9rm pgamHbple WHTEPIIPETUPOBAIHN [KAK JiereHepaTNBHBIE
JI3MEHEHHS DPUTPOIMTOB B IIPOMECCe CTAPEeHNs, Belylime K TIUOen
kaerkn., OOHapy:KeHHasg HaMHI IHTOIIa3MaTHYecKas IepecTpouKa
DPUTPOIMATA, MOJEKYJIAPHAS IepecTpoiika TeMONIOONHOB, ABISAETCSHT,
HAIIPOTUB, HE [POIECCOM CTPYKTYPHOII erpajgamuy, a IpomeccoM
ajlarrTalin KIeTKH K HOBBIM yeaoBHsM cymiectBoBanus. llox meiter-
BHGM HOBOTO (PU3MOJOTHYECKOTO PasfpayKUTes s — pecnupaTopHon
JIeTOYHONl TKAHW — HPUTPOIMT mpuobperaer HOBYI CTPYKTYPYy B3a-
MEeH [IpeyKkHell CTPYKTYpPHI, KoTopas ObLIia ajlekBaTHa mpeAbIAyIiemMy
Gm3moIOTHYeCKOMY Pa3/paskuTeNri0 — TIameHTe.

Hospiil (pm3mOTOTHYECKAIL Pas3/ipakuTe)b, BBI3LIBAIONINIT aarnTa-
IAOHHELIN ITPOIECC KIETKH, CTPYKTYPHYIO IepecTpouKy MOJEeKYJIsp-
HOTO (COCTaBa DPUTPOIHTA, MPeAcTaBiAeT co00il MCTOYHUK MHDOpPMA-
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nnu. Pecnmparopuas meroumas TKamb mepeiaeT KOHTAKTHPYIOIIeMY
C HeW JPUTPOIUTY MHMOPMAIHIIO 0 IIETOTHOCTH cpeast. KHomtarTn-
PYIOIIas KICTKA, CTAHOBACH HOCHTeIeM DTON MH(DOPMAINT, H3MeHSIeT
CBOIO CTPYKTYPY n caMa IpeBpam[aeTcs B MCTOYHHK MHMOPMATIIN s
IPUTPOTIOITHYCCKON CHCTeMBI. JPHTPOINOITHICCKAS CHCTEMA, MOJYYHB
HOBYI0 MHPOPMAIHAIO OT CTPYKTYPHO M3MEHEHHBIX OPUTPOMHATOB, IIPO-
AYIHPYET B OTBET HA IOMYIeHHYI0 HHQOPMANHI0 HOBBIE CTPYKTYDHO
HIBMEHEHHbIC DHPATPOIHATEI. JTO MOJOKEHHE MOKET OLITE MILTIOCTPH-
poBaHO cJjefylonieii cxemoit (pue, 7).
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Pnc. 7. Ilponece amanrammm 9PUTPOIHUTOB (cXeMa)

A — remonoasTHYecKas cucreMa: B — pecrimpaTopHas Jierod-
Hafg THKaHb, 1 — 3pUTPONUTHI, conep:;kamme Hb-F; 2 — apH-
TPOINTHI, conep:xamme Hb-F n Hb-A; 3 — spurponnTsi,

copepmamme Hb—A

B oaroii cxeme Becr mpomece aNlaTITalMy DPHTPOIUTA MO CTPI-
POBaH B BIJie TPeX IHUKIOB: DPUTPONNTHI, BEIXOJANINE 13 HPHTPOIIOI-
THYECKOH CHCTeMBI (DeTajbHONO RMBOTHOTO, cogep:xat toapko Hb-F.
Conpukacasice B mocTHATATBHON JKUBHU pecrnmpaToOpHOil JIErOIHOI
TRAHBIO, DPUTPONUTEI IIPHOOpeTaloT HOBYI0O MH(OPMAINIO T HW3MEHIIOT
CBOI0 cTpyKTypy. OnHE cofmepskaTr onnoBpemenHo ®ax Hb-F, max it
Hb-A u camn cramoBsitest merounnmgoMm HH(POPMAANR JIJIsT DPUTPOILOD-
THYECKOH CHCTeMBI. IPUTPOMOITHUECKAS CHCTEMA MPOAYIUPYET HO-
BBIE OPHTPOLUTHL B COOTBETCTBHH ¢ IOJIydeHHOIT WH(OpManumeir, m mo
neregennn 20 jeil BCe DPATPOIATH OKAZBLIBAIOTCH TIOJMHOCTHIO ANATI-
THPOBAHHBIMIL K PECIHPATOPHOM JIErOYHON TKAHT M COAEPIKAT TOJBKO
Hb-A. Ilocrapesmue 3a 9170 Bpems spETpPOMUTEL, nMeonme (Kax 9ToO
[TORa3aHO BBIIIe) M3MeHEHHBIe CBOIICTBA, AKTHBHO VHAIAIOTCS W3
OPTaHU3MA 1 3aMEHSIOTCA HOBBIMH, MOJOABIMH DPHTPONATAMI, TIepe-
CTPOCHHBIMH B COOTBETCTBHM ¢ HOBOM mH{OpMAIHeEIi.

Mur Bummm, Takum o6pazom, 4TO B OTAMUME OT HEKMBOIL Kubep-
HETHIECKOM CHCTEMBI, B KOTOPOIl MMEeT MeCTO HeBO3MEeCTHMA
MOTePst MHMOPMANMK B OT/CIBHEIX TPOIECCAX ee Tepejadn (IryMbl,
TeIVIOBOII Xaoc), B JKHUBOIl cmcTemMe MH(BOpPMAIMA COXPAHAETCsT OIATO-
AapA  IEJIOCTHOCTH OpPraHm3Ma M KOPpPexsAnyuH Bcex ero QyHRImil
(Amoxmu, 1961; CBunnnukmnii, 1964). Hocnrens nHdOpMaInN, OIHO-
KJIETOUHBIl OpPraHmaM, M3MEHseT CBOI CTPYKTYPY B COOTBETCTBHH ¢
nosy4eHHoll nHopManueir u mepegaer ee Toii cucreMe, KoTopas Ipo-
H3BOAUT HOBBIC HOCHTENN AHMOPMAIINH.
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IIpuBeileHEAs MOJeNh MLTIOCTPHPyeT Imepefady HH(GOPMAIHE OT
QJIHON CHCTeMBI (9DHTPONUTHEI) K JPYroil cmcreMe (dPUTPONOdTHYE-
CKEUii ammapart). OPHTPONHATHEI, KOTOPhIe B pe3yjibTaTe IOXYIeHHOM
AMH HOBOi (XWMHuUecKoil) mHGOpPMAIMUHN IPH KOHTAKTEe €O cjadorie-
JIOYHOI JIerOYHO# TKAHBI IpmoOpesan HOBOE HErSHTPOIMUHOE COCTO-
SH7e, CaMi CTAHOBATCH HCTOUHHMKAMM HH(MOPMAIHUH A OPATPOMOD-
THYECKOr0 AammapaTta. OpHTPOIOITHYECKWII ammapar, KOTOPHIX B pe-
3yJIbTaTe MOJNyIeHHOH WH(opMamuu mpHoGpes HOBOE HEeT9HTPOINH-
HO® COCTOSIHHE, IIPOAYIEPYeT HPHUTPOIHTHI, COJIACHO IONYYeHHOU
uagopmanun. B mpEBeJeHHOM MOJEIH OTHOKJIETOYHBI OPTaHU3M —
SPUTPOIAT — paccMaTpHBaeTcA Kak KuOepHeTHUeCKas CHCTeMa WIH
Kak MammHa 1A nepepaborkm mEGopMmanmu. B pabore sToro oxmo-
KJETOYHOTO OPraHm3Ma OOHAPYIKABAETCSA CHOCOOHOCTH XPAHUTH, TIPe-
00pasoBHIBATh W IEpeaBaTh WMOJYYeHHYI0 HHQPOpMANuio, T. €. (CIo-
co0HOCTH, KOTOpAsg XapakTepHa [Wiad KuOepHeTHYIeCKOM MAaIluHEI
(Shannon, Weaver, 1949).

Mesxny HersHTpomEell # HMHQOpMamuend CYIECTBYeT KOHKpeTHAA
(puamaecras, MaTepuanbHasa) cBasp, Ha mammame TaKoH CBASH YKa-
gan Hosuk (1962, 1963) ; mexoma m3 00IIeTeopeTnIeckux TOJIOFKEeHNH,
Hopmk moggepkuBaeT CONEPIKATEIbHYI0 HPHPOAY HHEPOPMAIAH KaK
aTpnbyT MaTepuH. | |

Bpummosn (1960, 1962) mumocTpupyer npeobpa3oBaHme HErvH-
Tponnyu n HH@OPMANUH B BHAE IIOCHEJ0BATETbHEIX 3BEHLER:

HeTYHTPONHA — AHQOPMAIAA —- HeIrd9HTPOIIHAL.

[TomoOHYyI0 CBA3H MOKHO YCTAHOBATH Ha IIpuMepe npucmocodie-
Hnsi 0e3BANEPHOTO HPATPONATA K HOBBIM YCIOBHAM CYMECTBOBAHIA
MOCJIe POJKIEHHS TeIJIOKPOBHOTO KMBOTHOTO. Iror cnenmupAISCKHAN
ananTAaNMOHHEIA mpoIece eJHHHIHOU 0e3bANePHON KIeTKH, COCTOA-
Uit B M3MEHEHHN MaKpPOMOJEKYJAPHOTO COCTaBa ee ImuTOIIasMaTi-
qeCKOIl CTPYKTYPHI, ABJIAETCH, ONHAKO, TOJBKO OJHAM H3 OecumciIeH-
HEIX 3BeHLEB aTamTamoHEHOI0 mpomecca, KOTOpoMy TO/IBepraeTcsa BeCh
OPraHm3M B TedeHHe IOCTHATAIBHOTO IEepPHofa.

B caenyiomeM naparpade MBI paccMaTpHBaeM SBJICHHE OmoJIOTH-
qeCcKOll ajanTanuE Kak o0meOmoIormiecKyio IpobieMy ¢ TepMOJHHA-
MITECKOIl ITO3UITAN, He Kacasch B OTAEIBHOCTH ajanTanui IEeJTbHOTO
OPraEn3Ma WIN eJMHUYHBEIX ero BBeHbEs.

§ 2. Opranmam 06azaeT ymopsgo1eHHON, MTUHAMAYECKON CTPYKTY-
poit, coOXpaHeHHe KOTOPOil CBASAHO C PACXO/[0BAHMEM DHEPTHH. C Tep-
MOJIMHAMHUTECKOI TOYKM BpeHMs HEePaBHOBECHAS CTPYKTypa FKHUBOTO
ompefeinsercs QyHKIUed HeraHTPOIAN Sper. Hasmmume ymopsamodeHHO-
CTH CTPYKTYPHL KEBOTO OOYCJIOBIEHO €ro nHOOPMATNOHHEIM CO/Iep-
skapmem !, KOTOpOe B CTAUOHADHBIX YCJIOBHAX CYINECTBOBAHMA OP-
raEMaMA SBISETCH, OUEBHIHO, TMOCTOAHHON BeAmYuHOl. B ycmoBmsax
6 MOIOTMIecKoll HBOTIONUN ¥ afanTanul HHEQOPMAINOHHOe COAEpPrKa-

I CMBICI 9TOM BeimumHB OymeT pasbACHeH HHUIKE.
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HEe mpejcTaBiAeT co0oif HapacTaomylo (YHKIHO 0T BPeMEHH:

2 1(t)>0. (1)

Bosamkaer Bompoc o casu mesxny HEersHTponHeii m mHGOpMaInoH-
HBIM COJIep/KAaHUEM OPraHM3Ma B MPOMEcce aamTAIlIN:

Swuer (1) ~ I (1),

T7e I — BpeMsA aJanTamuw.
Ilo ompenenennio
SHGI‘ S s S, (2)

T. €. Her9HTPOUMA HMeeT MPOTHBOMOIOKHEIA (PHBUIECKUIT CMBICH, deM
9HTponms. CorsiacHo 3akony Bonbmmana,

S=klnW, (3)

OHTPOIHUA MB0JMPOBAHHOU B3AMKHYTOH CHCTEMBI HApPacTaeT co BpeMe-

HeM, TaK KaK TepMOAWHAMHYECKasd BepoATHOCTE W yBexrmumsaercs
€0 BpeMeHeM:

W (>0 (4)

Qyaxnun I(t) m W(t) mMeT HTpPOTHBOMOMOMKHBL du3muecK it
CMBICJT, TOYHO TaK e, KaK (DYHKNUN HErsHTPONHA W sHTponms. (i)
BBIPA/KAGT TEHACHIHWIO JBOJIONAA TEPMOAMHAMHYECKH OTKPHITON Ku-
BOH CHCTEMBI KO BCe Gollee yIOpPAA0TeHHOMY COCTOSHMIIO, KOTOpOe 1po-
THBOIIOJIOKHO TepMUYecKoMy Xaocy, m W(t) Bmipaskaer TeHmeHOUIO
OBOJIOIH TePMOANHAMAYIECKA 3aMKHYTO# (H30JIMPOBAHHON) HE;RUBOI
CHCTeMBI KO BCe Gollee Xa0THYECKOMY COCTOSHMIO.

Ha ocuose ypasrmenmit (1), (4), (2) u (3)

_:T I(t) > 0, _j? W(t) >~O! Sner =—35n S(t) =kInW (t),

MOKHO C(HOPMYTHPOBATH 3aKOH, KOTOPHLl (POPMAIBHO nomobeH, HO 110
€BOEMY (PU3IIECKOMY CMBICIY HE TOKICCTBEH 3aKOHY Boapnvana:

SHer (t) = KInl (t)1 (5)

rie K — mocToAHHAA, KOTOPasA MOMJIEKAT OLpe/IeNeHuIo.

llocrosnnan K sammMaer B ypaBHeHmm (0) Takoe e MecTo, Kak
nocroAEHAA k B ypasHeEmm Bombsnmanma, m mMeer Takyio sxe pasmep-
HOCTH: bHeprasa:/—'. (DmamuecKWmil CMBICA MHOCTOAHHON BoxpmMana

oupejensaerca ypasHeHHEM %

h= &, (6)
rpe R — rasosasa mocrosirHas m N — 9ucao Asorappo, 1. e. k asaser-
A1 IpHBeeHHOU SHEPrueil OJHOM MOJEKYJIEl. ITa dHEPrus OTHAebHON
MOJIEKYJIBI LOABIAGTCA HPH OCYI[ECTBICHHMH (IYKTYyamEOHHEIX IIPO-
IeCCOB. '

W3 mocrosmcTBa SHEPrHEm MAaKpOCHCTEMEI BO BpeMeHHm Eiiat = Bt

a w3 ypaBEeHBA F=FE — TS, rne F. — coGomgmasn sHeprums, cleyer,
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qTo

Fy—Fyar A

NYIUN — 8 = T - tirHH ’ (7)

riae Ayun — TIpefleIbHO Majias BHemHAs padbora, KOTOPYIO He00X0[IMO
mpu JAHHOI TeMmIlepaType BBIIOJTHUTE HAJ[ Ta3oM, qTOOBI TIOJIYYUTH
obpaTnmoe maMerneHme QuyKTyanunm 0e3 M3MEHeHHsT HHTPOIMMN (Kom-
nauneern, 1907).

W3 oupesendenus IMOCTOSAHHON £ KaK IPHBEJEHHON DHEPIHH OTHOM
MOTEKYIIBI, KOTOPAs IOABIAETCS NPU BEIIOJTHEHUN BHeNIHel pPaboTEH
raza Ha ocHoBe (DIYKTYAIMOHHLIX IIPOIIECCOB, MOKHO OIPEICTHTD 10~
crosuayio K, mMeomyio (PUamYecKn IPOTHBOIOJOKHBIIN CMBICT, 1eM
k. Tlocrosinnasa K npejcrasiasger coboil IMpUBeJieHHYI0 DHEPIA0 «BHYT-
perneily paboThl eJIMHIMYHON JKUBOU CHCTEMBI, KOTOpas IIPOTUBOMEM -
cTBYeT (IYKTYamIOHHOMY PaspyLIeHnIo ee YIOpPsjI09eHHOil, TepMOi-
HaMITYeCK HepaBHOBECHOI, TepMOJabHIbHON CTPYRTYPHI,

KT = AMIIH iy (8)

rne Ayun i — MEHIMaJAbHAA, BHYTPEHHSM (anTudayKryannonHas) pa-
GoTa JKIBOI cHCTeMBI, O0ecleumBalOINas e TePMUIecKylo yCTOHdH-
BOCTH TP TeMIIEpaType ;KU3He/esATeJAbHOCTH OpPranusMa.

IToncrasisas ypasuenne (8) B (9), moaydymM

A .
S er (t) _— M;H ~1n1 (t) (9)

Cormacno ypasuenmio (9), cymecrsyer dorapuMuieckas 3aBH-
CHMOCTDL MEKIY VIIOPAJLOYeHHOI, TepMOANHAMIIECKN HepaBHOBECHOU
CTPYKTYpPOIl JKHBOIl CHCTEMBI, KOTOpAsA OIpe/lesseTcs dyHRINMEI
Siec(t), m MEQOPMAIONHEIM cofiepskanneM I(t), KoTopoe mpuodpeTa-
eTCsl OPraHm3MOM B TEUCHEE aJalTaluoHHOro Iepmosia i (Tpnuuep,
19630).

Vpapuenue (9) Beipaskaer 3aK0H OWOIOTHMYECKON ajlalTAI(IH. Ecnu
N3BECTeH KAKOU-TIMO0 MHANKATOP CTPYRTYPHI (¥) ajantupyonero op-
ragmaMa, To, corsacHo (9), cymecTByeT cJaeayOIias BaBUCAMOCTD
MEJK/1Y MHANKATOPOM CTPYKTYPBL § H BpeMeHeM ajlallTalni L.

=11t (10)

Vpapuenne (10) mosker OBITH DKCIEPHIMEHTAJBHO IPOBEPEHO.

Beie 6BIT0 IMOKA3aHO, 4TO aJanTarnisa SPUTPOIUTOB K HOBBIM YC-
JOBUAM (QYHRIMOHNPOBAHUSA TIOCIe POKIEHIA KUBOTHOTO 3ARIIOTACT-
s B samene greramapuoro remorsiobuna (Hb-F) remormobmmoM B3pociio-
ro skmsorHoro (Hb-A). Jlas wesoseuecKkoro opraHmaMa ajanTanuoH-
HBIT TIpOIecC 3aMEeHBI TeMOII0OMHOB JUIMTCA OKOJO TpeX MeCAIeB
nocae pomenns (Fraser et al., 1962), mus KpeICH], CONTACHO HAITEM
nanaeiM, 20 mHell mocie poykaeHuA. B Havame afanTalHOHHOrO IIe-
PIOJIa PPUTPOIMTHI Kpbickl cofepskar Tonbko Hb-F, B Teuenne amau-
rarmonnoro nepnona —Hb-F u Hb-A, a B xonie ajgamranuin— TOJBKO
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Hb-A. B Tevenne amanrammoHHOr0 ImpoIlecca dPUTPONUTHI Mpmodpera-
10T, CJIeJI0BaTeJIbHO, HOBOE CTPYKTYPHOE CBOWCTBO, 9T0 00OHAPY/KIBaeT-
¢S B TOBBIICHUN WX YCTOWYMBOCTH K JAEHATYPAIMOHHOMY JeiCTBNIO
[[eJI0YN. 3aBHCUMOCTH 9TOr0 CTPYKTYPHOTO CBOIiCTBA, 0003HAYEHHOTO
B HAIINX ONBITaX CHMMBOJIOM Y, OT BpeMeHHW ajlauTalun ! oIIMCHIBACTCA
ypaBHEHHEeM

=10

RoTopoe To4HO coorBeTcTBYyeT ypasHenmio (9) (Tpmuuep, I'manbypr,
1963).

sRuBoe Temo, mpmobGperamomniee B XOme CBOCl RUIHEACATEIHHOCTA
nHGOpMaNI0 N3 BHEMIHEH Cpejbl, M3MEeHAeT CBOK CTPYKTYPY B COOT-
BeTCTBUN ¢ HoaydeHHoil mudopmanumeit. Ilpm aToMm coxpamsercs cie-
UPUIHOCTE (DYHRIUIT JKNUBOI CHCTEMBI, 3aKpPeIJIeHHBIX B Hell Haclejl-
CTBEHHO, T CTPOUTCA HOBasg CTPYKTypa, Koropas obecredmBaer
BBIITOJIHEHNE DTUX jKe (DYHKIUA 1Tpr M3MEeHEeHHBIX VCJIOBUAX BHEIIHeil
CpeJibl.

Mur Bujiesin Ha npuMepe OXHOKIETOYHOrO OpraHmama — Gesbajep-
HOTO HPUTPOIUTA, YTO ©Ta Hambojee TpocTas KABAg cucTeMa, T. e.
HeJeJAnasgcs KIeTKAa ¢ MCKIYUTEIbHO HU3KIM 00MEHOM BeIecTs,
BBIITOJIHACT CBOIO Iesiecoobpasuyio (PYHKINI0 — CBA3BIBAHUE KHCJIO-
poja Ipm M3MEHEeHHBIX YCJIOBUAX BHEIIHEH cpeabsl — Hamomodme ro-
mMeocrata (Jmbm, 1962). [Ipn mameHenunm BHeIIHeil cpejbl TOMEOCTAT
HACTpPauBaeTCsA B COOTBETCTBUN ¢ M3MEHEHHBIMH YCJIOBUAMUI, OPUTPO-
AT (YHKIMOHUPYET, cleoBaTeJbHo, Kak 3(M@eRTNBHO yupasJisgeMas
cucrema. Ho B orimume or romeocrara Jmbm, KOTOPHIil, IMOBEPrasich
KaKOMY-1u00 BO3MYIIEHNIO, PelIaeT 3aJady OTHICKHBAHUA HOBOIO
YCTOMYHABOIO COCTOAHUS, IMPOCTEHIIas KUBasg CUcTeMa He pemraeT 3a-
a9y OTBICKHBAHNSA YCTOMYABOCTH ¢ KOHEUHOM IEJbI0 IMpucIocodaenHns
K W3MeHEeHHBIM VYCJOBUAM BHeIIHeil cpeabl. simBas Heeasiascs
KJIeTKa, B OTJIMYMe OT roMeocrara IO, HAXOANTCH B COCTOAHUN Oec-
IIPePBIBHOIO IPUCHIOCOOJeHNs; afanTamioOHHBIl TIPomece He KoHYaerT-
CsI B TeYeHHe JKH3HU KJIETKH, a fABJdeTcs OecrnpepbiBHBIM, TIPOIpec-
CUPYIOIMUM IIPOIECCOM, KOTOPBI HMKOTA HEe AOCTHTaeT KaKoM-JImb0
KOHEYHOI IeJM B TeUeHNe KU3HN KJIETHH.

Cornacno 3aKoHY OMOJOTHYECKON afanTamnuy, ;KUBOE CYIIeCTBO HE
obnaaer «cTadMIBHOCTBIO) CYI[ECTBOBAHUSA B BHJe HEN3MEHHOCTH
CBOET0 TOMEOCTATHYECKOT0 COCTOSHUSA., XOTS «IOCTOSSHCTBO» JRUBOM
CHCTeMBI «CBUETEJLCTBYET O TOM, YTO B Heil JAeHCTBYIOT WM TOTOBBI
IefcTBOBATH areHThl, mojepRuBamme mocrosgsuacTeoy (Cannon, 1932;
Bapxpopr, 1937), s10 He [0KHO 0O3HAYATH, YTO TOMEOCTATHYECKOE
COCTOSIHME JHIIEHO CII0COOHOCTH K Pas3BHTHUIO.

AanrTamoHHBIe MEXaHM3MBI OpraHmaMa He NCYepILIBATCS
TOCTHKeHHEeM KOHEYHOM I[eJIH — COXPaHEHHEeM TOMeoCTaTHYecKoro co-
CTOAHUA; afalTalnus KUBOM CUCTEMBI IIpeficTaBjsieT Co00il HelpephB-
HBLil TIpo1ece, B X0e KOTOPOTO «YPOBEHB)» IOMeOoCTasmca moBepraeTcs
ITPOTPECCUBHBIM M3MEHEHNAM B CBA3KM ¢ HAPACTAIOIINM YCIOKHEHHEeM
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¢yexnmit oprammsma (Homrosmm, 1951). [lpyrmmm coaoBamm, gem
CIOKHEe CTAHOBUTCHA NeATeILHOCTh KUBOUM CHCTEMBI, TéM MeHbIIe KO-
nebaHms MapaMeTpoB BHYTPEHHeN CPeJbl.

3HaueHme Pa3BUTHA rOMeocTasmca 0co0eHHO APKO 00HAPYKHBaeT-
¢Sl MPH MCCIe0BAHAM YCIOBW (YHKIUOHMPOBAaHMA HamboiIee pas-
BUTON ;KUBOII MaTepum — Mo3ra. B xoje pasBuTHsa KHUBOTHOTO MHpPa
MO3T Ipmo0peras BeAyIIYI0O POJb OPraHa BBONIOIHAA M ATANTANAN KU~
BotHONo oprammsma (Ilasmos, 1938). ViMemno Mo03r PyHKOHOHAPYET
B SKMBOTHOM OpPraHM3Me B YCJOBHAX HamOojee COBepIIeHHOT0 IoMeo-
cTasuca, 9To u 00yCJI0BIMBAET CIOCOOHOCTH MO3ra pearmpoBaTh HA BCE
MEHBIIHe M3MeHEeHHWs IapaMeTpoB BHYTpeHHei cpe/ibl. BOMIONHA MO3-
ra, ¢ TOUKM BpeHHA (DHBHKO-XUMAIECKON XapaKTePHCTHKA yCIOBUAK
ero (PYHRIMOHAPOBAHMS, 3aKJII0UYAETCS B TOM, 94T0 MO3T, Pa3BHBAACH,
npunobpeTaer CIOCOGHOCTH pearupoBaTh Ha BCe MEHBIINE OTKIOHEHAT
9THX ITapaMeTpoB OT UX CpejHeil TOMeoCTaTHIeCKOU BeJMINHEI.

HKonebagnsa mapaMeTpoB BHYTpPEHHEH CpeJibl OpraHmaMa CBA3aHBL
¢ B3amMOTeicTBIEM OpPraHmaMa € OKPY)KaloIieil ero cpeaoi B Xoje He-
IIPepPBIBHO MAYIIAX aJalTAIfHOHHBIX IIPOIIeCCOB. CrocobHOCTE MO3Ta
pearupoBaTh B XOJie DBOJIONME U afalTalliy HA BCe MEHbIIHE Koxeba-
HUS IapaMeTpoB BHYTPEHHEN cpeibl, 9UCI0 KOTOPHIX B X0O/le Pa3BHTHA
JKIBOTHOTO MHpa Bce 00JIBIIe BO3pacTaer, OTpaskaer (PyHKIHOHAIBHOE
cBOiicTBO Hambojee Pa3BUTOM JKMBOI MaTepHH. JTO CBOMCTBO 3aKIIO-
yaeTcs B TEHIEHIMH Pa3BHBAIONIEroCs MO3Ta pearmpoBaTh Ha Oecmpe-
MeJIBHO Bo3pacTaiomiee 4Yncao (HaKTOpoB BHYTPEHHEH Cpefbl IpH
GecupeelpHOM yMeHbIleHu:m ux Kodebammii, VimenHo 8TO (DyHKIHO-
HaJbHOE CBOWCTBO, Kak MbI mojaraeMm, mmen B Bupxy Hiox bepmap
B CBOeM m3BecTHOM mapeueHmnm: «llocToAHCTBO BHYTpEHHEI CpeAbl —
9TO YCJIOBHE CBOOOJHOI JKUSHIY.

BakoH OMOJOrMIECKOil amanTanun ABisgeTcs GOpMATBHO MO 00HBIM,
HO He TOKIECTBEHHBIM 110 CBOeMYy (PU3WMIeCKOMY CMBICIY 3aKOHY
Boapmmana. O0a 3aKkoHA ONPEIEIAIT CTPYKRTYPY TepMOAMHAMIIECKOI
CHCTeMBI KAk (QYHKIHUIO, B3aBUCAIIYI0 OT BPeMEHHN, JBONIONASA CTPYK-
TYpHl HE;KNBOH CHCTEMBI IIPOIOPIMOHAIBHA JIOTApHPMY TepMOITHHA-
MIUeCKOil BEPOATHOCTH, BO3PACTAIONIEN €O BpeMeHeM. JBOJIOIHA
CTPYKTYPBI JKUBOM CHCTEMBI IIPOMOPIUOHAIHHA gorapmpmy mHGOpPMA-
IUW, BO3pacTaiolieil co BpeMeHeM B XOJie aJalTanil OpraHmaMa.

IF'nasea wecmaasn

K IIPOBJEME CTAPEHUIA OPTAHU3MA

§ 1. B muBoii mpumpoje, Ha ypoBHE OJHOKIETOYHBIX OPTaHM3MOB,
CyIIecTBYeT, Kak maBecTHO, Geccmeprue. OMHOKIETOYHBIN OPraHM3M
He cTapeeT M He yMmMupaer. B HeckondaeMou BO BpPeMEHH IeId M3 IIO-
CJIeMOBATEIBHBIX IOKOJIeHUN KIeTKa ABJAETCS HeIPephlBHO H3MEeHH-
JOIIMCS 3BEHOM, HAXOANIUMCSA B CTa[l MATePHHCKOH HIIN oY pHeH
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ocobn. Coco6HOCTE OHOKIETOTHOTO OpraHmsMa B OIpefieJIeHHOI (haze:
CBOEro CyIeCTBOBaHUA BOILIOTHTHCS B [IBE CAMOCTOATENBLHEIE T pacry-
e ocoOn (MeXaHm3M KIeTOYHOIO [leJICHAS) JIeKAT, 0YeBUIHO, B 0C-
HOBe MMOTEeHINHANBHOI0 GeCCMepTHS KUBOIT CHCTEMEL

CrapeHme m cMepTh MOABIAIOTCA Y MHOIOKJIETOYHOT0 OpraHm3Ma,
COCTOAINETO M3 MHOMKeCTBA MupepeHnHpoBaHHEIX KIETOK. Bee KieT-
R MakpOOpraHm3Ma MOKHO Pa3felnTh HA [Be Pe3KO PasImIuMble
TPYIITIBL: TIEPBasg rpymna COCTOMT M3 KIETOK, COXPAHHUBIINX CITOCOG-
HOCTb K JIeTEHWI0, BTOPAsA TPyINa COCTOMT W3 HeTeJAMHEXCS KIETOK.
K mepsoii rpynme orHOCSTCS TMOMOBEIE KIeTKE 1 KIeTKA IapeHxuMma-
TOSHBIX OPraHOB, KO BTOPOil IpymIe — «CcTaOMIBHBIEY KIOTKH IIOIe-
PETHO-TIONIOCATOM MBININEL M TOJOBHONO MO3ra. J[UTeABHOCTE ;KEAHRA
9THX (CTAOMIBHBIX» KIETOK JUMUTHDYETCH KUBHBIO MaKpOOpraHm3ma.
Ho BTopoii rpynme otHOCATCS Takske «KOPOTKO JKUBYIIHE» HeJesaIIne-
CA RICTKH, HAXOAAMMECS B HEIIPePHIBHO BO30GHOBIAIONIAXCH KIICTOU-
HBIX TOMYJIANHAX KPOBH, TOJCTOM KHINKA, KOKH I APYyIrUX OpragHos
(Leblond, Walker, 1956; Bourne, 1957).

ITomoBsie kieTrnm, obecmegmsaomme TOpA yCIOBHM KOIYJIAMAN Pas-
MHORECHIE MHOTOKJIETOYHOrO OPTaHM3Ma, ABJAITCA IOTeHIHATHHO
DeccMepTHBIME, TOYHO TAK 3Ke, KAK OXHOKIETOTHEIE opranusmsel, Or-
CI071a MOKHO CTaBHTH CIEAYIOIMI BOIPOC 0 MPHIHHE CTAPEHHA W
CMEPTH MaKpOOPraHW3MA:

a) mubo crapenue CBA3aHO B OCHOBHOM C KJIeTKaMH, KOTOpPEIe CIIO-
COOHEI K JIeNeHWIO, HO B OTIMYME OT TIOJIOBEIX KJICTOK He obmapgaroT
CIIOCOOHOCTHI0 K KONYJIAIUN,

0) mmbo crapeHme MakpOOPraHM3AMA CBS3AHO ¢ JereHepaTABHLIMMA
N3MEHEeHNAMHA HeJeJAIIXCS KIeTOK,

Jlia pemenus 5Toro ampTepHATHBHOTO BOIIPOCA MCCIEAYeM KU3Hb
HeJleJAMencs KIeTKH B CHAeYIONINX OTHOIICHUAX: KAKHe N3MEeHEeHU A
[IpETepIeBaeT HeeNAMAsaACA KIeTKa B TeYeHHe CBOCH KU3HW M BIIHA-
I0P JIM M3MEHEHHA HeJ[eNAMeNCsa KIeTKA Ha JIATeIBHOCTD JKABHT MAaK-
poopranmsMa? |

EcrecTBeHHAS MINTENBHOCTD KH3HT MaKpOOpraHu3Ma, HaTpHMep-
TesoBexra, mocrurmero 70 Jyer, paBHA IIATENHPHOCTH KAZHI HeJess-
IUXCA «CTAOMIBHEIX) KIETOK MBIIIIE M MO3Ta, HO MPeBOCXOIHUT IIPH-
bamanrensuo B 200 pas mIATEIBHOCTD JKUSHM HeIeJAImencs KIeTK —
apurpormra. Kpacmas kpoBb ofpasyer, kak msBecTHO, MOIYNAMNIO, B
KOTOPOH IPOMCXOANT HEIPePHIBHOEe IONOJHEHWE KIeTOYHOTO COCTABA
MOJIOIBIMHA DPUTPOIATAME B yCTPAHEHNE CTaPHIX KIETOK.

K mpo6iieme cTapeHms KiIeT0YHOro 0praEE3MA DOJXO/IAT, KaK Impa-
BIJIO, HA OCHOBE@ CPaBHEHM JKUBOIl CUCTEMEI ¢ paboTaomeil MaIImHOIL.
fBnenne msHammuBanna paboraomero MexaHnaMa IIepPeHOoCAT HA (DYHK-
OUOHUDYIOINYI0 KIeTKY. B KuBoil w HeXUBOI OPHPOJe HelcTByeT
AKOOBI OIMH W TOT K€ BAKOH BO3PACTAHMS OHTPOIMK WIX IOTepH
YITOPANOYEHHOCTH CTPYKTYPHL. [[BIKyIMecs CTPYKTYDHBIe DJIeMEHTHL
MAIINHBI TIOJIBEPralOTCsA TPEHMIO M M3HAIIMBAIOTCA, W IO TOM Ke MpH-
UNHe BO3HUKAIOT SAKOOBI CTPYKTYpHBIE HeeKTH Ha MOJIEKYISAPHOM
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yposue B (pynrnmonmpyiomeii xrerke (Haropabii, 1940; Hurnrun,
Tonyounrkas, 1954; Sinex, 1957). Cunraor Takie, 4T0 BHYTPHRICTO-
Hoe CTpPOEHme MAaKpPOMOJEKYJ IOJIBePIKEHO CJyYailHBIM OImMOKaM;
B cmay (DIYKTYAIHOHHBIX IIPOIECCOB IPOMCXO/HUT caydaiinoe HeoOpa-
THMOE JIeHATYpPAIlHOHHOe IIOBpesK/ieHne MaKpOMOJERYJI (Strehler,
1959: Duremsrapar, 1961; Hospos, 1962; Mensenes, 1962). Ta u apy-
rag NpPUYMHA — N3HAITEBAHEE CTPYKTYPHI M OMHUOKH IpPH CTPOCHHN
MaKpPOMOJIeKYJI — HPHBOJAT K /[e30PraHu3aIl KIeTOTHBIX hyHRIIIn
1, B KOHEYHOM cdYeTe, K MOJHONH (YHKIHOHAILHOM HeTOAHOCTH I K IH-
Gean Kierounoro oprapmsma. CorjacHo DTOM KOHIEUIUMHN, BBITEKAIO-
meil U3 TepeHeceHus TepMoJnHaMIT9eCKuX BAROHOMEPHOCTEM, yIIpaB-
JISIONX HEeKWBBIMK CHCTeMaMU, Ha JKUBBIe CHCTEMBI, CMEPTH KIETKN
yIIogo0IsseTes mopue M3HOMEHHON MAaIINHEL.

Ilepenecenne sABJIEHNs HEJOINOBEYHOCTH MAIIMHBL HA FRUBBIE
OGBEKTH SABIAETCHA, OJHAKO, TPUHIANAAILEO HempaBoMepHbIM. l13na-
UBAHIE TeilcTBYIONIEro MeXaHMA3Ma CBA3aH0 INIAaBHBIM 00paszoM ¢ Ha-
JUYEeM TMOBEePXHOCTel pasfiesa ero ABHKYIIMXCA KCMIIOHEHTOB, Kajk-
MBI M3 KOTOPHIX TpejicTaBjisier o000l roMoreHHyio Qasy. Musas
KJIETKA, XOTSA M ABIAETCA CJOKHOU IMHAMHPYECKOIT cmcTeMou, He CO-
CTONT M3 JNBIKYIINXCSA TOMOTEHHBIX (pa3, pasyiesleHHBIX ITOBEPXHOCTA-
Mu pasjgena, a objajaer HeOrpaHUIEHHON MHIKpPOTeTeporenHoCThIo.
Hajgmuame GecmpeaeanHO MEKPOTeTepPOTeHHOCTN CTPYKTYPBI FKHBOTO,
JUIIL, 9TO TO e CaMoe, OTCYTCTBIE BHYTPEHHUX IOBEPXHOCTeH pas-
nesa MesRILYy ToMOreHHBIMu (pa3ami, MCKII0YaeT BOZMOKHOCTD TTPUME-
HOHWsT 3aKOHA BOZPACTAHMS OHTPOUHM [y OOBSCHEHHA IPOIecca
crapenms ;xuBoil cucremsl (Tpundep, 1962a).

CrapeHme U CMepTh HEJIENAIIEHCA KISTKA HE MOTYT OBITH 00BAC-
HEeHBI KAK Pe3yjabTaT JeCTPYKTHBHBIX (meremepaTHBHBIX) TIPOLECCOB
n paxomrennsa ommbox, Har Oyner IoxasaHo HHUJKe, CTapeHme HeIe-
Jsmreiics KIeTKH — 9TO HeIPepPHIBHBIN NMPONece ajanTanui K BHIIOJI-
HeHNIO KJIeTOYHHIX (DYHKIUI 1 MMeeT, clel0BaTeJIbHo, AHTHOHTPOIINI-
mpiii xapaxrep. CMepTh HeflelANmeicsl KITKI eCTh 0J{HOBPEMEHHO KO-
HeI[ ajalTalnoHEoro Mpoecca.

§ 2. JKuBasm KieTKa IpeAcTaBiser codoil TePMOAMHAMUYECKIL
OTKpPBITYIO CHCTEMY, KOTOpasg CcOXpaHgeT HepasHOBECHOCTH CBOCK
CTPYRTYPHI Ha 0CHOBE OOMEHa DHeprueil m BEmIeCTBOM ¢ ORPYsRAIOIIeN
KJIETKY Cpejloil.

Kax OBII0 TTOKABAHO BBHIIIE, YIIOPAJOYEHHAS TePMOAMHAMUTECKI
HepaBHOBECHAsI CTPYKTypa jKUBOM CHCTeMBI ONPEe/EIACTCH hyHKIMeI

Seenl 1) ’

Sper (t) = ——1n 1 (2). (1)

3nech Awuni — SHEPruA MEHEMAIBHOU aHTNIYKTYAIOHHOM
(pEyTpeHHeil) PabOTH KIETKH, KOTOPasg HEMPEPLIBHO COBEPIIAeTCs
Ul yCTPaAHeHUs CTPYKTYPHBIX nedeKToB, BO3HHKAIOINX B KICTKE
B pe3yJabpTaTe TeIjoBOTO /IBHKCHNI. B HeCKOJBKO APYroM acieKxTe mo-
HaTHe agTEQIYKTYATMOHHOH (BHYTpeHHeI) paboThl JKUBOI CHCTEMBI
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OBLIO BEIABHHYTO Bayspom kax amrmpasmoecmoii paborer. Bayep =
1935 r. cdopmymmposai «00Immit 3aKOH GHOIOTHMIY CIenyomumMm o0-
pasoM: «...sRuBrle cmcTeMBI EEmKOrTa He GHIBaOT B PaBHOBECHI H WC-
TOTHAIOT 3a cYeT cBoeil cBoGOMHOI aHeprum IOCTOAHHYI0 pabory mpo-

THB ORH/IaeMOro, IIPH CYIIECTBYIOIUX BHECITHIIX YCIOBHAX, PaBHOBE-
cusy (mut, mo Torum, 1963).

:——l;[ﬁi:ﬁ

rjz?)o JHU;
Lol ¢ —

Puc. 8. 3aBucuMOCTH BpeMeHH HAaCTYIJICHHA TeMOJIHE3a OT BO3BpaTa »XUBOTHOTO
(/ cexmmsa) m OT BO3BpaTa HPUTPOLHUTOB (/I cexmus, I7] cexmmsa wm . n.)

Ha ocm opmummar — BpemMs (B MmHyTax): Ha ocH abcnuce — OHM mocie POXKIIeHUA, 63p,—
B3pOCJIoe JKMBOTHOE; KPOMEe TOro, Ha rpa@mKe HAHECEHEBI KOOPAMHATEI, IO KOTOPHIM IIOCTPOEHA
KpuBasa JiorapugpmMnieckoir Gynxoum (och gy — ClieBa, OCh { — BHU3Y)

Ypasuenme (1), BEIpakalomme 3ax0H GHOIOrMIECKOi] aJanTanum,
MOKeT OBITH DKCIIEePIMEHTAIBHO IPOBEPEHO, eCIH UMEeeTCs HeKOTOPHI
H3MEPUMBIH  IIapaMeTp Y, XapaKTepHayonIuii CTPYKTYPY KJIETKH B
SaBUCHMOCTH OT IHTEIbHOCTH aJallTamioHHOr0 npomecca. Ilpm momo-

TOHHOM BO3paCTaHUN WHMOPMAIMOHHOTO COEPIKAHUA KIOTKI B TeTe-
HUe aJanTanaoHHOr0 MPOMecca nMeeM

I(t) ~t
n 0TCIONa, HA OCHOBe ypaBHeHHa (1),

Yy ~Int. (2)
Rax Oputo mamm mokasamo Ha 0e3BANEPHEIX HPUTPOLMUTAX KPHICHL,
CTPYRTypa RICTKH B TeYeHHe aJalTallOHHOTO IPOMecca M3MeHSIeTCs
B 3aBHCHMOCTH OT BPEMeHH, COIVIACHO yPaBHEHMIO (2).
Ha puc. 8 (cexmusa I) Bocoponssenens: 9KCIIePIMEHTAJbHBIC TOUKH
W Teoperimueckas wkpusas y = gt pus opmrpommroB Kphick.
Ha opnmumare ormosxeno spems macTymmenmst remosmaa 9PHTPOMU-
TOB B HM30TOIMYeCKOM mlen04HOM Oydepe (B MmH.), Ha abemmece —
AHIT TI0CIe posxpeHus KuUBOTHOro. Ha srom ke rpadmre moxasama

BTOpas YNCIOBasA KOOPAMHATHAS CHCTEMAa C OPAHHATON y m abemmc-
coil f, mpuueM ¢ HaumHAeTCH wmeaoM 1 m BRIPDA}KEHO B TAKHUX JKe elun-
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ANIAX, KaKk DKCIepUMeHTAIbHAS 0Ch, T. €. B 9NCJAX JHEN Iocjie POorK-
JIeHNsI JKUBOTHOTO.

Kax Bugmo ma pue. 8, pynrnma y = lgt pacmomomkena B o0iacTH
OKCIePUMEHTATEHEIX TOUEK, N300parKaOIUX aJalTaloHHbIN [IPOTeCce
HPUTPONUTOB ¢ MOMEHTA POMKIEHUSA YKUBOTHOTO 10 20-T70 mHg TIOCT-
matagpHoil skmaHn (cexmus ). Jlampmeitmuit xon QyHKinm (MIyHK-
THPHAS JMHAA) dKcIepuMeHTanbHo He Habmomaercd, Ilocme 20-ro mHs
ITOCTHATAHLHOI KU3HHA HAOIIOAaeTCsa HEKOTOPoe ImpeJieibHOe 3HAYeHNe
ajlanTanun epuTponATon (ropusonTambHax amHuA a). llpormBopeune
Me’KJTy BBITEKAIOI[IM W3 3aKOHA OMOJOrMIecKOil ajamramim Oecipe-
MeNLHBIM BO3PACTAHNEM AJaNTaMOHHONO IIpoIiecca KIeTKI Ir JeHcT-
BUTEIBLHO HaOJOMaeMBIM IIpeielioM afalTanuyd YCTpaHAeTCsa TeM, HUTO
KasRIBIH APMTPOMAT MMeeT OTPAHMYEHHBIN CPOK FRHZHI.

Ananramist OTAeJbHBIX DPUTPOIHUTOB TMOKA3aHA B CERIMAX ir, 111
I 7. 7. B BUJE OTPE3KOB JorapmMmaecknx KpuBHIX. AOciicca dTHX
CORIMIT CDOTBETCTBYET JWINTEIBHOCTH JKI3HI BOPATPOINTA KPBICHI
(~50 mmeit; em. van Putten, 1958). Cormacno aToif cxeme, MOJIOTOIT
SPUTPOIUT MEeHee aJalTHPOBAH K BHIIOJHEHHIO CBOEH (YHKINH, TeM
CTapBIil OPUTPOMAT, T IPOIECC CTAPEHHS KIETKN IIPeICTABIACTCS KaK
IpoIljecc HeNnpephIBHOi ajalTaliid K BBHIIOTHEHNIO GyHKEONE 9PUTPO-
IATA.

DpAUTPONUT BEHIMOJHAET OTHOCHTEJIHHO KHCIOPOTA /BOSRYIO dyHK-
[INI0 — CBA3BLIBAHUS M OTHAAYM. ¥ BeIWYeHHe CPOJCTBA K KHCJIOPOAY B
pesyabTaTe afanTanii dPATPONHUTA K cTa00NIeIOUHOI PecIPaTOPHOIL
JIeTOTHON TRAHM YXVIIIAeT OJHOBPeMEeHHO ITPOTHBOIONOMKHYI0 (PYHK-
(M0 HPUTPOIUTA — OTAATY KICIOpofa TraHaM. B mpomecce crapenus
HPUTPOIATA KIETKA B IEJIOM CTAHOBUTCA HeaJeKBATHOI K BBIIOIHEHIIO
QYHKIUA OTJa4H KHCJIOPOJa TKAHAM M OPTaHM3M aKTHBHO YCTPaHACT
cTapsie HeajeKBaTHBIe DPHTPONUTHL M3 KPOBAHOTO PYyC/a, MCIONb3Y
RIOTOYHYI0 CYOCTAHIMIO I JAPYIHX (PUBMOTOTMIeCKUX QyHRIMIL.
CMepTh KIeTKH IPeCTaBIsAeTCsA, ClIeI0BaTeNbHO, KaK resecoobpas3Hblil
¢usmosornyecKuil axT, a He Kak pe3ynbTaT KaKuX Ol TO HI OBLIO
ereHepaTHBHBIX TPOIECCOB I HAKOIIEHUs OMUOOK.

Teopusi HeIpepHIBHOI afamTamuy HeAeIAIencs KICTRI MOKeT
OBITH TIPOBEPEHA HKCIEPHMEHTAIBHO Ha 9PHUTPONHTAX. ITepexogum K
OIIMCAHMIO ONBITHBIX JAHHBIX, VKA3BIBAOIIAX, B MPHMEHEHNN K IPHT-
pormraM, Ha HeMPEPHIBHBIL afanTammoOHHBIN IPOIEcc I (BEJMINHY
anantamamy (Ay), KoTopas J0CTHraeTcs B TedeHHE FRIBHI IPHTPO-
mmTa, ¢ MOMEHTa BCTYIIGHHMs ero B KpPOBfAHOe pYCJI0 /10 MOMCHTA
yeTpaHeHnsT M3 KpPyra KpoBOOOpamieHnsl.

§ 3. CpesKas KPOBH 0T AEKATMTHPOBAHHOM B3POCJION KPBICHI JIEJIH-
JTack Imocse MpuOaBIeHWA TenmapmHa Ha JBe TOPIHN: 0ONBINTYIO 8—
10 ma m mamayio 1—2 mua. Mamyio mopunio passesn PE3MOTOTHICCKITM
pacTBopoM B ormHOmeHnn 1 : 100 (cycmemsms a). bompnryio moprimio
nexrpupyrapopann B Tedenne 10 muH. mpH 3 TBIC, 000POTOB B Y3KOIL
npoGmpre. IlomydeHHBIH MIOTHBIN cTONOUK M3 OTIEeHTpmpyrupoBaH-
HEIX DPUTPOIITOB JEJHIN HA TPH PABHEIX TacTH: BEPXHIOLN, CPe/IHION0
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n HIpKA0L. BepxHiono (b) m mmwxmo0 (¢) wactu paspBommim (HaHO-
JOMAYECKEM PacTBOPOM TaK, 4TO IOJYYEHHBIC CYCIHEeH3NN b W ¢ WMejn
'AKYIO0 jKe KOHIEHTPaIio reMorao0nHa, Kak n cycrneH3us a. 110cKoIs-
Ky TPH ¢TapeHnn dPATPONUTOB YAEJIbHBIH BeC KIETKN VBeININBACTCHA
(Simon, 1997), mo cycmemsma b cocroswia B 0CHOBHOM M3 MOJOABLY,
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Puc. 9. Namenenne (/) onTmueckoit NJIOTHOCTH CyCHEH3UH
9PUTPONUTOB KPBICEI IPH BO3/IeHMCTBHN M30TOHNYECKOTO IIle-
JJOYHOTO pacrBopa

Ha ocm opmmuar — onTuueckas INIOTHOCTH; Ha ocm abcmucce — BpeMA

(B MEHYyTaX); @ — NONYJANNA DPUTPONATOR BCEX BO3pacToB; 6 — I10~

HYJIAONA MOJIONBIX SPUTPONMTOB, ¢ — IONYJANMA CTAPHIX SPUTPOLM-

TOB; cpefinee (1) spavyenme BeNWYMEE AY (MepHl afanTanum) B YCJIOB-
HBIX €IMHMIAaX BJKCIepuMeHTa (B MHUHYTAX)

a CyCIeH3UsA ¢ M3 CTaphiX KIETOK, B TO BpPEeMsd KAK CYCICH3UT @ CO-
AepiKala JPUTPONUTHEI BceX Bo3pacToB. Bce Tpm cycmensmu mccie-
AOBAI ONHCAHHBIM BEBINIC (JOTOMETPUUIECKHM METOIOM Ha WX YCTOIi-
YHBOCTH K BO3JEMCTBUIO INMEJIOYH, OIPeeNss M3MeHeHWe OMTHYeCKOIl
INJAOTHOCTH CYCHeH3UH BO BpeMeHU ¢ MOMEHTAa IPUOABICHNS M30TOHII-
1ecroro mesgoymoro Oydepa —pH~9,97 (Tpmuuep, 1959; Kysun,
Tpunmaep, 1960).

Ha pme. 9 upusegmensr skcmepmMentajbHble TaHHBIE KIHETHRH
ipomecca reMoan3a OqHOTO M3 onbITOB (puc.9,/) m cpeguee 3Hauenme
«BeqmIuHbl ajantanany Ay, momyuennoit uz 20 omsiros (pue. 9, 11)
B YCIIOBHBIX eJIMHHAIAX DKCIEePHMEHTA.

Ha ocm oppmmar ormomena onrmueckas miorocts (D)), ma ocn
abcmuee — BpeMs BO3AEHCTBHA W30TOHMYECKOTO MIEJIOYHOTO pacTBopa
(B mun.). Rar Bupgmo m3 pme. 9, I, Momojpie HpuTpOmuTH (Kpusas
b) remommsupyioT pamblie, Wem crapbie (KpuUBAag C), W IIONY/IAINsA
9PUTPOIATOB BCEX BO3PACTOB (KPHUBAA @) TeMOJUBHPYET B IPOMEIKY-
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rounom Bpemenn. Cyemenne Kpuspix Ha BeicoTe [ ~0,6, KoTopas co-
OTBETCTBYET cepenHe KPUBOIL TeMOJH3a MJIM MAKCHUMAJbHOMY YHCIY
reMOJIN3HPYIOMAX KICTOK, CIYKUT MEpPOM aJamnTarnuni 9PHTPOIHATOB K
[IeJI09HOI cpejle 1 PABHO «BeJHUYMHe ajanramum» Ay, JOCTHTHYTOH B
TeyeHne RAZHN KICTHIN.

[lonydeHHBIe HKCIOEPHMEHTANbHBIE [JaHHBIC IOATBEPKIAIOT IIpa-
BUJILHOCTH TEOPHU HEeMpPephIBHOTO aJalTalMoHHOIO Iiponecca Heje-
Aseiicad KIeTRMH,

[Ipomece ajamTamum mpoTeKaeT B TeUeHIe BCEH JKN3HHU HeJles-
fmeiics KICTKH, W BO3pacTHBIe W3MEHeHNSA KIeTOYHOI0 OpraHmaMa
TwpecTaBIg0T 000 ajanTanyoHHbe W3MEHEeHHs CTPYRTYPhI KISTKIL

§ 4. Obmapys;xeHHOe Ha 0e3BAAEPHBIX DPUTPOIHUTAX ABICHHE He-
TMpPepHIBHON ajamTamuy KJIeTOYHOr0 OPpraHm3Ma B TeYeHUe BCEH ero
YKI3HT MOKeT OBITH PACIIPOCTPAHEHO W HA JApyrue HeAelAlnecs KiIeT-
KH. Y DPHTPOINTA OKOHUAHIE AJaNTAIIOHHOTO HpoIecca 00yCIOBIeH)
AKTHBHBEIM YCTPAHCHHEM KIETKI 13 KPOBAHOIO pycya B CHIY TOTO, 4TO
Fa OIIpeeJeHHOIl CTauN aalTalul 0T/aua KICJI0poaa dpUTPOIHTOM
cTajia HeajeKBATHON TpedoBaHUAM OpraHm3Ma.

V apyrux HeelAIluxcs KIeTOK, Yy KOTOPHIX ajlanTalud He IpH-
BONNT K TOSBICHHIO HeaJeKBATHOCTH HEROTOPON (DYHKIMEl KIeTKH,
KAK y BpUTpoIMTa, o0HApYKHBaeTCA cBOe0OpasHoe 3aBepIIeHye ajar-
TaMOHHOr0 mpomecca. Hepmeasmascsa KIeTKa, (yHKIUA KOTOPO#L €O-
CTOWNT, HAIIPIMEp, B IIPOM3BOJICTBE KAKOTO-TNO0 BEIEeCTBA, HEIpephIB-
HO COBepIIeHCTBYeT 5Ty (PYHKIOMIO M caMa IpeBpamaeTcsi B 8TO e
BemecTBo. Tak, HATIPIMep, XPsAIIeBbIe KIeTKH, o0ecrednBaioniue TIaj-
KOCTH IOBEPXHOCTEIl CyCTaBOB, IPEBPAIAlOTCsA B CHHOBUATBHYIO FRIII-
KOCTH JUISl CMAauWBAaHHUsA IOBEPXHOCTEH cycTaBsoB. [lpyrnm mpuMepoM
CIIYIRAT KICTKIH, IPoayrupyomue sk3ofepmentsl. B saBepmenun mpo-
mecca aganTanun, 3aRI0YIaloierocsa B yBeJndyeHun mpou3BoIcTBa dep-
MEHTA, GONBIIAs 9acTh KICTOYHONO TeJa IpeBpamaercs B HK30(ep-
MEHTHI, (KOTOPBIe OCBOOOIAIOTCS IIPH THOENN KICTKN, Haxonern, yio-
MSTHEM 0 HeIeJsiixcs KIeTKAX, BBITOMHAONIX 3aMUTHYI0 (YHKIINIO
BHONIHAX W BHYTPEHHUIX IOKPOBOB OPTaHM3Ma. JTH OIHTEeJNaJIbHbIe
KJIeTKH, BaBepiias cBo0 (YHKINIO 3alIUTLI, TLPeBPAIAl0TCS B BaTINT-
HYI0 CYyOCTAHINIO, OTEIAIONIYIOCA ¢ OpraHmsMa BMecTe ¢ BPEIHBIMI
areHTaMMm.

Ocofoe BHEMaHUE 3acAVIKMBAET afalTAIMOHHBIN MPOIece TeX He-
MeJMAMAXCS RKIETOK, JRA3HBb KOTOPHIX UVIMMHTHPYETCA MIATEIBHOCTHIO
JKTBHI BCEr0 OPTAHMAMA: KIETKA I10IepeyHO-II010CATOH MBIIIIBI H 10~
sopHOro Moara. (DyHRImsS HTHX «CTAOMIBHBIX» KIETOK COCTOMT, KaK
M3BECTHO, He B NPOAYMUPOBAHAN KAKHX-TO CHENN(UIeCKAX BemecTs,
a B HEIPEPBIBHOM YCOBEpIICHCTBOBAHMM WX criem(UIeCROM TeATelNh-
goern. HUIeTKN TIOmepeTHo-MoI0caToil MBIIIIEI I TOIOBHOTO MO03Ta 00-
HAPY/KIBAIOT TOTEHIMI0 K OecmpeyiebHOMY yCOBEPIIEHCTBOBAHMIO
$yuxmuit (Opbemm, 1961).

AnanTammoEHbIe TPOTecchl HeJeAmUXCa KIeTOK 00y CJIOBINBAIOT,
CJIe0BATEJIBHO, MPOrpecCHBHbIe M3MeHeHIA JRKUBOM CUCTEeMbl H HE MO-
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TYyT OBITH CBABAHBI CO CTAPYECKUMH M3MEHEHUIAME opraamama. Orcio-
Aa MOKHO 3aRITIOYHTH, UT0 CTAPeHHEe W CMEPTh MAKPOOPTAHU3MA CBS-
3aHBI C HAIMINEM JeJIAIINXCS KIeTOK, KOTOPBIe MOTePAIH CII0COOHOCTE
K RomymAnuu. Ma Takux KaeTox cocToAT mapeHXMMATOBHBIE OPrambI,
OHJIOKPUHHBIE GKEIe3Bl, T. . CHCTEeMbI, KOTOPBIe IPOAYIEPYIOT TOPMO-
HEL, CTHMYIATOPBI 00MeHa, aKTHBHEIE MeTabONWTELI, BIWAKIINE Ha
GRUWSHeHHBIN) ToHyC opranmsma (Euler, 1951; Cowdry, 1952). Kmer-
K 9THX OPraHoB, CTAX0 OBITH, JEHCTBUTENHHO OCJA0EBAIOT B TOUCHIE
BpeMEeHH 1 TIocje OIpe[eJeHHOTO YHCJa JeJeHNT HX MATOTHYeCKas
arTuBHOCTH magaer (Shock, 1956).

Pacemorpmm fresrenme ®ieTkm B IpOMEsKYTOUHON CTANME SKEZHM
OTHOKJIETOYHOTO OpPraHm3Ma, KOTja He WMeeT MecTa KOIIyJIANus W
KJIeTKH MIPOAOJIKAIOT JeJUTHCA MOAPSAA B TEYCHHE HECKONBKUX ITOKO-
nennii, Macca matepmaCcKoil KiIeTKH, Kak M3BeCTHO, HempepLIBHO yBe-
AMYABAETCHA, MOKA HEe JOCTHTHET ABOIHOTO pasmepa (Moasms, 1957),
YBeanmuenne Macchl IPOMCXOAUT KAK B IATOTIA3ME, TAK 1 B Kapuo-
IIagMe 1 COINPOBOKIACTCA Y/ABOGHHEeM TeHeTHIeCKOTr0 MaTepmaja
KIETKA. JTOT IPOIecc — JleJleHne KIeTKH (e3 ITIpelBapuTelbHON KO-
MYTANME — MOKeT OBITh Tpe/CTaBIeH CHMBOIUYECKI B CJeIYIONeM
BHJIE:

A
SHerm = MTHH : In {4 (3)

e Sperm B Iy — HeroHTpOnHa ¥ MHEOPMAIOHHOE cofepsKanme
RICTKH CPa3y sKe TOCe JeIeHIsl.

HRuerka, yasamsasa cBol0 Maccy, CTAHOBHTCH MATEPHHCKON KieT-
KOW:

1 AMHH i 2
(jILS Her m + SHer m) — T In Im- (4)

ITocae mocrmmenms cocrosHmsa MaTepHHCKON 0CO6H — ypaBHemHme
(4) — ®IeTKa MEIUTCH, M MBI MOJIYIAM JIBe nouepume wierku A nm B,

; A : .
" M M;H"lnfm.
(9)
" A ; : "
B ;o iaSasiin = M;Htlnfm.

Ecam mpomece BospacTanms Macchr i TOCTEVIONIHe TedeHNs KIeT-
K TIPOnCcXofaT 6e3 Karux-1mbo moTeph, TO 9TO 03HAYAET, TTO
SHEP e SHer == SHEI‘ m (63)

" COOTBETCTBEHHO

Ho B neiicTBHTEnBHOCTH Hajo moMaraTh, 4TO B XOe JKM3HEIe-
ATEJNBHOCTH OXHOKJIETOYHOTO OpPraHm3Ma MMeeT MeCcTO HeKOTOpas Immo-
TepsA BIIO3KEHHOM B HEIN0 reHeTHMYecKoil mEopMamum, T. . B X0Ie I0-
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ce/0BaTeIbHBIX JIJIeHN KIeTOK HeCKOIbKO YyMEHBIIACTCH HEroHTpo-
s | COoOTBeTCTBeHHO MHGOpMANUOHHOE COJepKaHue KICTKH.
[fpomecc morepn HWHEGOPMALIHA OMOJOTMYCCKHI TOSBJsIeTCA B CHUFKEHNU
JRUZHEHHOTO TOHYCA KJIETKN W B IIoTepe ee MUTOTHYECKON AKTUBHOCTH.
Mbl mMeeM, cJe0BaTeJbHO, B OTIHYME OT COCTOAHUSA, BRIPaREHHOTO
ypapuermamu (6a) m (66), caepyiomee cocTosHME, YKasbiBaloliee Ha
nerpajanoHHLIN IPOIECcC B X0Je MeJIeHN KJIETOK:

Suer m > Szier m H SHeI‘ m > 'S:IBP m (7&)
n cOOTBETCTBEHHO
W G U T P % 8 (76)

HeoOXonnMBIM YCJIOBHEM COXpaHeHUA FKU3HEHHON0 TOHYCa OAHO-
KJIETOYHOTO OPraHM3Ma ABJIAETCS ero cuoco0HOCTH BpeMa OT BPeMEHH
BCTYIIATH B MpOIecc KOmyJsanud. ToJIBKO B pe3yjbTaTe IIPOMCXOMHA-
MUX KOIYJAINMIT KJIeTOYHBI OPraHu3M B XoJe MOKOJEeHUIT COXPaHAeT
CIIOCOOHOCT, K MITOTHIECKOIl axrmBHOCTH. B pesyiprare CIOIMAHNIS
IBYX OJIHOKJIETOYHBIX OPraHIM3MOB IIPOHCXOJNT yBEINICHHE nH@opma-
HIOHHOTO COEePIKAHIA ABYX cJuBImxcs ocobeil. llpomecc ROMYIALAN
COIPOBOKJIACTCS YBeJAMUeHneM HersHTPOIHNH, KOTOpas CTajla OoJb1Ie,
YeM CYMMa 13 HEMmMHTPONHUK ABYX KOIYJIMPYIOIHX RIETOK.

[Iycrs ABe KIETKH M3 OJIHON TOMYJIAIUHI XapaKTepH3yIOTCsS B MO-
MCHT BpEeMeHH Tiepeji KOmyJsueil CJIeAyIOIIHMI BEIPAREHHAMHE HX
HeTrdHTPOLMI: ,

MIH 1 A

Ry ol L T In I & Sesvric "f;,“i Inl,...no Kouyaanun, (8)

Munexcsl m W 1 03HAYAIOT, YTO KJIETKH, XOTsg OHH M ABIAIOTCA
0coBAMM OMHOI IMONMYJANMNA, He MOTYT OBITH TOUHO PABHBI MEHIY CO-
Goii BO BCeX OTHOLIGHMIX CTPYKTYpHl m (pyHrmmii. llpormece womyma-
AN JABYX KJIETOK IPOMCXO[AUT ¢ BO3pacTaHmeM HersHTpOInn HOBOM
ocobu Ha HeKoTOpYIo BeandnmHy AdSper. MBI mMeeM 3/1eCh KaK OBI 3ep-
KaJBHBIIL aHAJOr IIpolecca CMeIIMBaHHsA JIBYX Ia3dos, KOTOPBIM IIPH-
BOTMT K Bo3pacrammio sETponmm. Hersnrpomus HoBOM ocobm, obpaso-
BaBIIeiics M3 CANAHUA JABYX ocoleil, paBHA

SHBI‘ Kom — Sﬂer m —l‘ Sner n ’l‘ ASHBI‘- (9)

Nudopmamus Ixon, BOBHEKIIASA B PE3yAbTaTe IPOIecca KOMYJIALNH,
onpesesieTcs ypaBHEHIEM

A

ALS‘HEP — M;H i ]-n IHUII (II{OI'I > 1)' (10)

Wz ypasmemuit (8), (9) m (10) cuaemyer, 4To

A MH 1
Sner xon = MTI In [Im'Iﬂ.'[Hon]- (11)
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Ilocie s3aBepmeHns KOmyJaAmuE HOBasg 0co0b [EJIHTCA HA [BE [I0-
gepHHEe 0CO0M, KOTOpPHIe, KAK MOKHO IOJilaraTh, B MOMEHT COBEPIINB-
IMerocs JeJIeHus SIBASIOTCS ONHAKOBBIME BO BCeX OTHONIEHUAX CTPYK-
Typel 1 QyEKnuii. O603HaYaeM HersHTPONHWIO J0YepHei ocolOm depes
Sger(mXn), yraspiBag maercom (m Xn), 910 A0YepPHAA KIeTKA BO3-
HAKJIA B pPe3yJbTaTe KOIYJIAMNA W MOCIEAYIONIero AeleHus ABYX Ma-
TePHHCKAX KJIEeTOK m .| n., Beanmamnaa Sger(m Xn) pasHa

S

S er (mXn) = He; AL
uan, Ha ocHoBe ypaBHenua (11),
: A | |
SHeI‘ (MXn) — 9 M.;H 1 In [Im'In'IHOI'I]' (12')

B pesyxnprate mpomecca ®omynAmmE m3 [BYX KIETOK ¢ MEHBIINM
cofepranneM uHGpopMamuu In/,, m Inl, (ypasmemme 8) o6paso-
BaJINCh J[Be KIETKH C OJHHAKOBEIM 7 0OJBIINM COAepIKaHmeM HHOOP-

1
vanu: - In [Lin-In-Iyon]. CaegoBaTensro, mpomece KOMYIANMA SB-

JiaerTcAa Hambojiee BasKHBIM COOBITHEM B JKH3HH HJIETKH, CO3IAIOIIIM
uadopmanmo. bea xomymammnm wierka obpedeHa Ha cMepTh, Bo3HH-
RAalomas B Iporecce KOMyJANUA HHEGOpMamus obecmedmBaeT IpogoI-
JHeHHIe JKN3HM B BHUJe HECKOHYAEMOM IeIIW TIOKOJEeHWIl N3 OJHOKIe-
TOYHBIX JJOYEPHHX OpPraHM3MOB.

B sarmouenme 5Toil TIaBBI MOKHO BaMETHTh, YTO JKA3HL HAMGO-
Jiee PasBUTOTO0 MHOTOKJIETOYHOI'0 OPraHM3Ma — ;KW3Hb YeJOBeKa —
Oymer manfosiee mMOJHOR M HOJITOJIETHEN IPH VCIOBUAX, KOTIa HEe orpa-
HAYABAIOTCA aJanTamOHHBIe BO3MOKHOCTH HEICJAMMXCA «CTaOMIb-
HBIX» KJIE€TOK TOJJOBHOTO MO3ra M IOIEePeYHO-TIOJ0CATON MBIIIILE I He
IMIPOMCXOANT MpesKAeBPeMEeHHOe MCTOINeHNe (PDYHRIWM MeAINNXCI, HO
He KOIyJIUPYOIHX KIETOK MmapeHXMMATO3HBIX opramoB, B sTom ac-
TeKTe CTAHOBHUTCA IOHATHBEIM, IIOYEMY YMEPeHHOCTh B (DYHKIIMOHAJb-
HOI (pHEpreTWIecKoil) HarpysKe MapeHXUMATO3HBLIX OPTaHOB (TI€YEHH,
TMOYeK, DHAOKPHHHOI0 anmnapara) m m30ekaHme BO3J[eMCTBUS CHIBHBIX
PasapasKuTeNeil Ha OTH OPraHBl ABIAIOTCH HAIYUIIAME YCIOBIAMI
JiA obecrmedeHuss JoiaroJetTHs. B 5THX YCIOBHAX MHTOTHYECKAS aK-
TUBHOCTH JEJANHXCA, HO He KOMYJHPYIONNX KJIETOK COXPaHAETCA,
TO-BUANMOMY, BO3MOKHO MOJBIIE.

Uro xacaercs HegeNsAIHXCA (CTAOMIBHBIX» KIETOK TIOJOBHOTO
MO3Ta H IIOTMEepPeIHO-IOJI0CATON MBIMIIEI, KOTOPHEIE CIOCOOHBEI K Oec-
TIpefebHON aflaliTalid, TO BEKOBOIl OIBIT YeJOBEYECTBA MOKA3BLIBAET,
KaK O;arompusaTHO BINsET HA YeJOBeYeCKWil OPTaHU3M HHTeJIeKTY-
QJBHBIN ¥ (pU3MIeCKHi TpyH. [leATeabHOCTs HENeMANUXCA KIETOK TO-
JIOBHOTO MO3Ta ¥ IIOIEPeYHO-TI0J0CATOIl MBIMIEI, CIIOCOOHBIX K Oec-
Tpe/ieJibHOM ajanTalul WM K OecirpelebHOMY VBeIHYEHUI0 CBOETO
HHPOPMAMIOHHOTO COMEePsKAaHMsA, COIMPOBOKAAETCA HEOTPaHMIeHHBIM
ycoBepIIeHCTBOBAHAEeM (DYHKIMI STHX OPTaHOB.



I'nasea cedvmaasn

TEPMOJINHAMUYECKIE YPABHEHHSI OBMEHA BEIIECTB
I HAKOILIEHUSI MHOOPMA I[N

A. OCHOBHOII OBMEH
I BHENIHUE PABOYME IPOIIECCHI OPTAHU3MA

Rax Opio manmoskeHo B TpefpIynpmx raaBax, ;ROBOIL OpraHm3M
IpeficTaBiIgeT Co00M TePMOAMHAMUYECKH OTKPHITYIO CHCTEMY, HerpH-
TPOLHA KOTOPOIl BO3PACTACT CO BpeMeHEM B 3aBICHMOCTH OT BO3DACTa-
HIST WHGOOPMAIMI, CONIACHO BAKOHY OGHOJOTHYECKON ajanTaii:

e
Suer (1) = ——1In I (¢).

T

Haubosee cymecTBeHHBIM MCTOYHHKOM HOBOI nuopmanm, He-
00XOIUMOIT It IPOIOIIKEHN s JRUBHE KICTKU, SIBJIACTCA IIpoIece Ko-
nynsnun. B pesyibraTe 910oro mpomecca HHE OPMAIHOHHOE copepRa-
HIE JI0MePHeH KIeTKHI OKasbIBaeTCA GOMBIINM 110 CPABHEHNI0 ¢ WH(OP-
MAaIMOHHBIM COJepyKaHHeM MaTepmHCKOU Kierku. Hax OBLI0 IToKasa-
HO B TpeJBIIyIed IjaBe, HeIdHTPOIMH ABYX MAaTePHHCKIX RJIETOK,
m U N, K MOMEHTY KOIYJISIIN PaBHEL

4

‘MHH'E] 1

T ni,,

MIH 1
SHerm — T In Lo W SHEI‘ n —

" HeI‘BHTpOIIHH ,uoqepﬂeﬁ RJIeTKN B MOMEHT IIocCJie ROOVJAIun paBHa
1 Ayug i
SHeI‘ (mXn) — 2“ T 11’1 [Im'fn‘IHOH]-

ITOT Pe3yIBTAT [yBEJIUUCHNS HETDHTPOUNN KJICTKH M BO3HAKHO-
BeHIA MH(OPMANUN B Pe3yabTaTe Mpolecca KOMYIANANE IBYX KICGTOK
W MOCAENYIIero MX pas/eieHna MoKeT OBITH pacopocTpaHeH Ha
moOBIe aJleKBATHBIC BO3MEHCTBIS HA KIETKY, T. e, HA TAKIe BO3Jeii-
CTBUA, HAa KOTOPBIE KHUBasg CHCTEMA PEarnpyerT MOBBLIMIECHIIEM CBOMX
9HEPreTUIeCKNX 3aTpar. JTO MOMOKeHHe MOJKeT OHITh BLIPAKEHO B
BHUJIe CHAEAYIOIUX ABYX YPaBHEHUIA:

A (TSner) | A (AMHH 1y In IOCH)
|: At JOCH p At - AOCH (1)
DL . )
Atner =20 MHAH i o ocH e/ -AUCH _,_ AE, (2)

ACTS:.)

HeP LK ]

rmne ': At ] — MHUHMUMAJBHDLIN pacxo/ JHEepPIrnn OprainsMoM B Te-
-1 0CH

YeHHe HEKOTOPOIro IMpoMeRyTKa BpeMenn Af, miam 0CHOBHOII 0OMen op-
raHmaMa, BBIPpaKeHHBIH cHMBOIOM Aocu; locn — mHGOPMAIIOHHOE CO-
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ACD/RAHNE  OPraHM3Ma,  COOTBETCTBYIOI[ee OCHOBHOMY  OOMEHY;
A(TS.. )
HEr

At — PACXOJl DHEprum OpraHUBMOM B TEUeHWEe BpPEMEHI At,

CBABAHHBI M ¢ OCHOBHBIM 0GMEHOM Aocn m c BBIIOJHEHHEM KaKnX-
00 BHEIMHUX paboumx IIPOIECCOB, BRIDaKEHHBIX cHMBOMOM A,; I, —
nHOOPMAIOHHO CONepRanme oprannamMa, 00yCI0BIABAIONICE BEITIOJ-
HeHNEe BHEIIHUX Pabovux mpomeccos.

CBsass Memny A, un I, maercs YPaBHEHHIEeM

S A (A 3-Inl,) (3)
€ At .

Ecmu cpasumsats ocmosmoj oOMen opraHmamMa Aoen I dHepreTnIe-
CKHI OOMEH Oprammama PN BHITIOMHEHAN BHEITHUX Paboumx mpomec-
CoB Aoca+ A, v MKEBOTHEIX PA3HON CTeNeHBI0 AfAIlTAAN U HBOIIO-
ILAI, TO OKa3bIBAETCHA, UTO 3aTPATHI DHEPram JIsT OCHOBHOTO OOMeHa
. Aocn magaloT B X010 afallTaluI 1 9BOJIOIUH, B TO BPeMs KaK 3aTpaTeL
JHEPrIN VIA [ONOTHATENLHBIX paGounx mpomeccos A, YBeJINYNBAIOT-
CsA, ITO TMONOKEHUE MOKET GLITT, CXeMATHYeCKH TPeICTABICHO B BHJIE
CJIeYIOIUX HepPaBeHCTB:

(AOCH )HH.?-HI-Iﬁ > (AOCH )BHCOHHﬁ

n
(Az)Huamm < (AE)BLICOHIiﬁa

'AC MHIEKCHl «HU3KUIY U (BBICOKMIIY 03HAYAIOT, COOTBETCTBEHHO, HI3-
KHU W BBICOKMII YPOBEHE AAANTANNI B 9BOJIONUA }KABOTHOIO OPTAHI3-
Ma (ApmraBekmii, 1961).

Jdra 3aMeuaTenpHas CIOCOGHOCTE OpraHm3Ma YBeJIWYUBATH CBOE:
HHOOPMAITOHE0 € comepranue f, B Xofe ajamTanuym m DBOJIIOIINT |
TEM CAMBIM YBeIWYUBATH CBOM BO3MOMRHOCTH BEIMONHATE BCE Oomee
HHTCHCHBHbIe «BHeIIHMe» paboume mpomeccs A, IpA OTHOBPEMEHHOM.
CHIRGHHI 3aTPaThl 9HEPrUH IS OCHOBHODO OOMEHA SBJIAETCS O/{THAM
13 OTIMYHUTEJIBHBIX CBOMCTB «JKUBOIL MAaIInmHEIY, KOTOpPas, B OTJIWYHE:
OT HeKHBOM MaIIWHEI, CIIOCOOHA K alalTanuil U 9BOJIOLAM,

b. 3BAKOH HAROIIJIEHWS NHPOPMAIINNI

B macrosameii rnase paccMoTpmM BO3pacTanme WHOOPMANN JKIBOI
CHCTeMEI B Xofie Omosormyeckoii spomoommm. Kax Gnurio IIOKA3aHO B
roase 11, ckopocTs BO3HMKHOBeHUs yieabHOI QHTPONAT KAK (DyHKITIA
OT BPEMEHH OMOJIOrMYecKOil 9BOMIOMAN BBIPAKALTCH CJIeIYIONTAM ypaB-

HeHneM:
dSya - ( dS]}‘ﬁ) - (1 = 6-:;""5'). (1)
dt dt MAaKC

Bripamaem Temepn ckopocTh BOBHUKHOBEHIS YAEIBHOE HEeTIHTPO-
MMM KaK (QYHKIII0 wHOOPMANOHHOTO COMEPRAHUSA KUBOK CHUCTEMEL
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3z saxoHa OGMOJOTHYIECKOM amanTaIin

AMHH 1
SHBI‘ (t) = i lIl 1 (t)

caejyeT, 4To

dSya er (¢) ot Ay i @ In Iya (tz

dt T dt ' (2)
dsS

Y0 Her
dt
sxuBoit cmereme 1 I (t) — ynenbprag mEQopManusd, T. €. MHOpMA-
NMOHHOE COJepsKaHne KIBOM CHCTEMBl, PACCYNTAHHOE HA eJMHUILY
JKUBOII MaTepPUIM.

I3 paBeHCTBa CKOpOCTEHl IPOUBBOJICTBA yJAENHHEIX HErSHTPOTNI
M DHTPOIHUN

rne - CKOPOCTHh BO3HUKHOBEHHSA YMIeIbHOU HErdHTPOINM B

10 Her

di

S, 5
di

E

cienver, na ocsose ypapHenuu (1) m (2), uro

AMHH 1 d In Iy@ (dSya) y (,1 B e—t/-r)
r dt dt Jyank ‘

B

/11

4

lo 150 = K&(i — e ) dt ~ K (t—to) (3)
to
(rax Kar KTte-!/* GBHICTPO CTAHOBUTCS 3HAYUTEIHHO MEHBINE, UM Kt
n3-3a T<Lt),
rue
B dS)p
g — NZ2) 4
Ammi dt MaKC ( )

13 ypaBHeHHA (3) moyIy4nMm
Lio (1) 2 Lop™t=1 (9)

rne I, — mHGOpMANMOHHOE COJePsHaHiMe CHCTeMbl K HAYAJBHOMY MO-
MEHTY BpeMeH:m OMOJIOImYecKOil 9BOJIONUA, Korja ! = lo. [lasa mo-
MenTta f, HEOPMANUOHHOE CONEpyKAHUE CHCTEMbI, KOTOpad €Ile HO
BCTYIIIA B TPONECC OMOIOIMYECcKOl HBOJIONUH, OBl MHHAMAIIL-
HEIM M CHCTeMa He 0T/INYajiach OT HE;KHMBOM CHCTeMBI, COCTOAHNE
KOTOPOil K MOMEHTY f, ONPEJeIAT0Cch MAKCAMAJBHOU TepPMOIIHAMI-
gecKoit BepvATHOCTHIO W, corsacHo 3axoHy boapmMama:

S =kInW.

BripakaeM MEHAMAaJIbHOe MH(POPMANHMOHHOE CO/EPrHAHAe [y aepes
MAKCHMATBHYIO TePMOJUHAMIIECKYI0 BepoaTHOCTH W, xaparrepmay-
Oy COCTOSHME CHCTeMBI B MOMEHT BpeMeHH /10 Hadaja omosornye-
ckoit spomomum: t=to. IlOCKOIBPKY WMHQOPMAIMOHHOE COACPHAHUE
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CHCTeMBI IMeeT (PUBMIecKMii CMBICI, TPOTHBOMNOIOMKHEIN TEePMOIIHA-
MUYeCKOM BEPOSTHOCTH, TOJYINM

1 —~S/k
I = W o " (6)
Berasuaa ypasmenme (6) B (5) m yumteiBaa (4), momydamm
as
AMT’IH'E ' (EYE)M&HG' e %
Lyo 1y =>=e ’ (7)

r7ie S — DHTPONHA CHCTEMBI [0 HAYANa GIOJIOrHIeCKOii 9BOJIIOINT.

Pesynbrar, BeIpaskennsiii ypapaernem (7), MOeT OBITH chopmy-
JUPOBAH KaK 3aKOH HAKOIJIeHHs MH(POPMAMHUH FKABOIL CHCTEMBI B XOJIe
OnoTOrMYecKoil HBOJIIOIIL.

Nudopmanuonnoe cojep:xanue RUBOM CHCTeMBI, XapaKTepu3yio-
mee ymopsaf04eHHOCTh CTPYKTYphI, OecIpeielbHO BO3pacTaeT co Bpe-
MeHeM, I, HAIIPOTUB, TePMOJMHAMHYECKasA BEPOATHOCTh, XapaKTepnay-
IOIlasg CTeleHh XaO0THIHOCTH CHCTeMbl, (ecirpe/ilellbHO YMEeHbIIaeTes
B "KHBOU CHCTEMe B TedeHHe OMOIOTHUECKON OBOJIOIIIN:

5 1 (dsyo> o
B kXt [wsie :

Wenox () e (cm. yp. 13, ra. II).

3aKOH HaKOIIeHHS MHMOPMAINI W TePMOIMHAMATCCKAS TeopeMa
OMOJIOrHYecKoil OBONONMA OMACHIBAIOT, KAK BHIHO, B3AMMOOGDATHEIE
Qyarmun or Bpemenyd. O6a BHIpasKeHUS, XapaKTePH3YIOLINE DBOIIIOIITIO
ARUBOM CHCTeMBI, MOTYT OBITh MHTEePIPETHPOBAHBI CAEAYIONIM 00pa-
30M: JKHBAfg CHCTEMa CTPEMHUTCS B Xoje OHOJOrHYecKOl HBOJIOMAN K
OerpeesbHOMY HAKOIJIEHHIO CBOEr0 MHEOOPMAIMOHHOTO COMepIKAHMS,
WIM K MaKCAMAJILHOMY YMEHBIIEHUIO CBOEil IepBOHATANBHOI (Z09BO-
JIONAOHHOM) TepMOAMHAMHUYECKON BePOATHOCTH.

I'nasea é6ocvma s

NHOOPMAIIMOHHBIE 1 HEMHO®OPMAIMOHHBIE
ROMIIOHEHTBI JKUBOM CHUCTEMBI

§ 1. 9HeprooGMen oprammsMa B YCIOBHAX CTAIHOHADHOCTH cymie-
CTBOBAHHA, B ()ase B3POCIOTO KMBOTHOTO, ONVCHIBACTCS CIIELYIOIIMIL
ypaBHeHuAMN — cM. riasy VII, ypasmenma (2), (3):

A (TS ..)
T = Aoon + 4, (1)
rjae
A - A (Aypg 4+ 10 IOGH)
OCH

At
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As - A (AMIIH 3 In IE) .

At

MomHOCTh KUBOH CHCTEMBI B YCIOBHAX CTAMHOHAPHOCTH CyIIe-
CTBOBAHUS COCTOUT, corjiacHo ypaBHeHmio (1), m3 [ABYX BeIWYHH:
MOIITHOCTHA OCHOBHOTO oOMeHa Agcy M JOUNONHATENIHHOH MOIHOCTH
A. Kotopasi cBfiZaHA € BHIIOJHEHMEM BHEITHHX pPab04mX IpOIeccos
OpPTraHM3MOM.

Vpasuenme (1) mmeer obmuii xapaxrep, OHO OTpajkaeT sHePreTH-
YeCKHIT PEKUM HE TOJBKO «KHBOM MAIIWHBIY, HO 1 m10001 MaTIMHEL
mm eiicTeyiomero mexagmama. [lus mammesl ypasHenue (1) mveer

CAeAYIONIUl BHUJI:

dU
dt = Ai + AE! (2)'

al "
T/ie — - — Pacxoji MOTeHNNANBHOIL YHePTHI OT KaROTO-IN00 MCTOYHUKA

sHepram; A; — MOIHOCTH pabodero Tponecca, MPOBEJEHHOro Haf
MAIINHO| ¢ IeJbl0 BOCCTAHOBIEHWSA ee CTPYRTYpPBI, KOTOpasg H3HO-
cnjach B xome paGoTel MammHbl; A, — MOIHOCTH BHEITHUX pabouux
IIPOTLECCOB, CHENMPUICCKAX [T JAHHOH MAIIIMHEL JHePTUsA, KOTOpas
pacxofyercsa s BOCCTAHOBIGHHA CTPYKTYPBHI MAIlWHBI HIM BOCCTA-
HOBJIEHUsT ee WHQOOPMAMUOHHOro coflepsRaumsa Ai, COOTBETCTBYeET
MOIIHOCTHA OCHOBHOTO OOMeHa opranmsMa Agex W DHEPTHA, KOTOpPAs
pacxojyercd MAIIHHON A CcHeNu(mIecKnX BHEIIHIX pabounx mpo-
eccos A., coorBercTByer BejmumHe Ag FKUBOI CHCTEMBL. ITI COOT-
HOITEHNA MEFKIY OPTAHI3MOM ¥ MAIINHOI MOTYT OBITH IIPEJCTaBIICHBL
B BHJe CIeAyIoIeil CXeMbl:

= Pacxoj eneprum 3a Bpema Al
['epMOJIHHAMUICCH
KH OTKpLITAA CHC-
TeMa 1A BHyTpeHued paboThl 1A BHemHeil paboThl
0 A (AMHH i In Iocu) A (AMHH i In ]e)
prasuam Az As
Mammua A; A,

It oprammaMa BBEINOJHEHHE KAK BHYTPEHHUX paboT OCHOBHOIO
o6Mena (Aocs), TaK W BHemHNX padodmx MIPONECCOB (Ae) Bcerjga
CBA3AHO OXHOBPEMEHHO ¢ BBEITOJHEHHEM aHTH(IYKTYalnOHHBIX BHYT-
peHHNX paboumx IPOMecCoB JKUBOM CHCTEMBI: AviwoIn [Locrlel.
THipasg cHCTeMa BEIIOTHSET KAK BHYTPEHHHE, TAK H BHEIIHHEe pado-
ypme IPONECCH OPraHmaMa Ha OCHOBEe OJHOBDPEMEHHO IPOTEKAIONHX
AHTH(IYKTYalHOHHBIX PadoT, KoTOpbie 00ecHeYHBal0T COXPAHHOCTDH
TEePMOJAOUIBHON CTPYKTYPhI KHBOM CHCTEMBI. B ornmume or sKEBOM
CHCTeMBI BHYTPEHHHE 7 BHemrHUEe paborsl Mamuubl A; u A, ABIAIOT-
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CH HE3aBHCHMBIMH JIpyTr OT Jpyra W IPOTEKAI0T B Pa3HOe BPeMs.
Rorpga mammma paGoraer, ee me peMOHTHDPYIOT, M KOTTa ee PEMOHTH-
pyior, ona He paborTaer.

B ruaaccmueckoii TepMogmHaAMEKe HmpH paccMOTpeHHH 9HepreTHyIe-
CROI'0 pekuMa MalluHEI IpeHeOperalnT 4ieHoM A; W H3Y4Yal0T TONLKO
IIPOLIEeCCEL, CBA3AHHBIC C BHIIOJHEHNEeM BHemIHeidl paGornr Ae..

B neiicreurensnoctn, opgmako, ofnpmii »HepreTHUECKMIl PeRUM
PeajbHoll MaITHHEI COCTOMT BCEIJla M3 JIBYX BeJWUYNH: U3 DHEPTIHH, KO-
Topas HeoOXojmMa Il «PEMOHTHBIX» IIPOIECCOB, CBIBAHHBIX C BOC-
CTAHOBJICHHNEM CTPYKTYPHI M3HOIMEHHOH MAIIWHBI WM ¢ BOCCTAHOBIIE-
HUeM ee MH(OPMAIMOHHOTO COEp/RaHus, (HKCHPOBAHHOTO B CTPYK-
Type Mamuusl (4A;), m m3 sHeprum, Kortopas HeoOxommma IH COO-
CTBEHHEIX cHenmpuieckux pabounx mpomeccos mammunl (A.). Ilan
BOCCTaHOBIEHUA HH(OOPMAIMOHHOTO COJCPIKAHUA CHCTEMBI TpeOyercs
OQHEprms, TOYHO TaK Ke KAK U JIA MOoJydeHUs MHQOPMAIUH, KAK BTO
nmoxasan Gnmmmapn (Scillard, 1929).

JIoboit kKoukperHEl paboumii mpomece BRIOUACT B cebs pacxo
oHeprum A;, CBA3AHHBII ¢ NpuHOOpPETEHMEM MM BOCCTAHOBJICHIEM
CTPYKTYphI pabouero mexammama. Toabko mpu paccMorpenum a6-
CTPAaKTHOro pabodero mpoiecca HAealbHOI MAIIMHBE, KOTOpas (QYHK-
MuoHHNpYeT 0e3 M3HAIIMBAHUA CBOEIl CTPYKTYpPHI, 06e3 IIOTEPHA CBOEro
MH(OPMAIMOHHOTO COMIEP/KAHNA, MOKHO IIpeHe6peds Benmannoi A
(Tpumaep, 1962a).

Y 2. B oprammsme amTH(IyKTyanmmoHHBIE mPOIECCHI coOXpaHeHusd
CTPYKTYPHI MJINM WH(MOPMAIMOHHOTO COJEPRAHMUA JKUBOW CHCTOMBI W
BHeIIHHe pabodyme IIPOIECCH OpraHm3Ma COIPAKEHBI MeKRIY coboii
H IIPOTEKAIOT B OJIHO I TO jKe BPEMS M B ONPEJENeHHOM (Y3KOM) TeM-
nepatypHoM mutepBaie. llpexpamenme amrtndayrryammonHoro mpo-
uecca sBJIAETCA POKOBBIM COOBITHEM JUIf OpraHm3Ma, BeAVIOHM K ero
rubenn: K HeoOpaTmMoil morepe MHGOPMANIOHHOTO COJICPIKAHUS K-
BOM CHCTEMbI, K Pa3pylIeHUI0O ee CTPYKTYDHL

CymiecTByoT, OJHAKO, JBE BO3MOMKHOCTIH IIPEeKpaIieHnss aHTH-
QIyKTyanmoHHEIX IPOIECCOB B OpraHmaMe 06e3 HeoOpaTHMoil ToTepn
CTPYKTYDHI, 0e3 morepu mHMOPMAIUOHHOTO COMEPIKAHMUS JRUBOIl (CIH-
CTEMHEI.

1. Xonogosas mMmobmiamaanus BHYTPUKJIETOYHOM BOABI (0OXJasK-
JICHIE OPraHm3Ma /10 TeMunepaTypsl Iuys, KOTOpasg 3HAYHTEILHO HIDKE,
qeM TeMmuepatypa I', IpH KOTOpPOil IPOHCXOMUT IKU3HEIEATeNbHOCTE
opraHmaMa).

2. Ypanenme BOAB M3 KJIETKM (BLIDADUBAHUE IIPH TeMIiepa-
type T). -

PaccMmorpam B orgensroctn 06a cmocofa coxpamemnms nudopma-
ITHOHHOTO COMePIKAHMA JKMBOM CHCTEMBI IIPH IIPEKpANleHN} BHYT]EH-
Hell aHTH(IYKTYyammoHHO#T paboThI.

IIpu ocroposkmOM oxmaskieHum ;KUBOil cHCTEMBI 10 TeMIepaTypHl,
SHAYNTEJPHO HH’Ke, YeM TeMIeparypa KH3He[eATeIbHOCTH OpPraHm3-
Ma, yJaeTci BO MHOIHX CJIYYafAX COXPAHHTH CTPYKTYPY HPH OJHO-
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BPeMEHHOM IPeKpPaIeHuny TPoreccoB oOMeHa BerecTs (Smith, 1954).
[Ipz jocTaTo4uHO HHU3KOI Temmeparype CKOPOCTH XHMHIECKHX pear-
muit o6Mena BemecTs HPaKTHYCCKW paBHA HYJI0, W CACTEMa IIPeKpa-
maer ¢Bo0 MeraboandecKylo (YHKIHMIO, COXpaHAA, OJHAKO, CITEIH-
¢uuHOCTH CBOEil CTPYKTYpHl. llpm HarpeBaHuH TAaKOM OXJIAMK/(€HHOU,
HO CTPYKTYPHO He HM3MEHEHHOIl CHCTeMBL [0 TeMIepaTyphl HOpMaJb-
Horo ofiMeHa BeIecTB CHCTeMa 3aHOBO MOMKET OYKHTh.

Taxoit ke aderT coxpaHeHHAs CTPYKTYpPHl HPH OHOBPEMEHHOM
mpeKkpanieHnn oOMeHa BeIeCTB MOKeT OBITH JOCTHTHYT YV PacTHTEIIb-
HBIX O(/beKTOB M NPHEMATHBHBLIX KUBOTHBIX OPraHM3MOB B pe3yibTaTe
obezpoysmBannsa. Ilpm 0cTOPOKHOM YJaleHHH BOJBI JKUBAs CHCTEMa
mepexojiuT B cocrofgHMe amadmosa, IPOIEecCH oOMeHa BeIecTB IIpe-
gpamawTea. 1lpn yBIasKHeHHH TaKoil BBICYIIEHHOM, HO CTPYKTYPHO
He MAMOHEHHON CHCTeMBI 3aHOBO BO3HHKAIOT IpoIecchl oOMeHa Be-
mecTs |mpocTeiinine, KATAUCKasg NUABKA, Anastatica, Doradilla m pp.
(Netter, 1959)].

N3 sTHX OIBITOB ciaeayioT aBa (yHAaMEHTAJIbHBIX, OTINIHATENb-
HBIX CBOIICTBA MUBOW CHCTEMBI:

BO-IIEPBEIX, IIPM TeMIilepaType oOMeHa BeIIeCcTB CTPYKTYypa PKUBOM
CHCTeMBI SIBJISETCS TepMOoJadHIbHOM,

BO-BTOPHIX, BCe HEBOJHbIe BemecTsa, o0pasylomme COBMECTHO C
BOMOIl CTPYKTYPY sKHBOM CHCTEMBI, ABIAIOTCA HOCUTEOIAMI nH{opMa-
IAX W B OTCYTCTBHE BOABL 00JaaloT TepMOCTaOMIBHOCTHIO TPI TEM-
neparype obMena BeIecTs.

BuiBo/, BEITEKAION[AII W3 YKa3aHHBIX JBYX CBOMCTB TePMOIMHAMMU-
YeCcKNM OTKPBITOIl KUBOIl CHCTeMbI, ABIAETCA TAPAJORCATBHBIM C
TOYKM B3PEHHA TePMOIMHAMHUKN OTKPBITHIX, HEKUBBIX CHCTEM.

[TapaoKCcaqbHOCTh HTOTO BHIBOJA BAKIIOYAETCS B CHCIYIOIIEM.

TepMoIMHAMAYECKI OTKPBITAs JRUBAA CHCTEMA HPEJICTABIACT CO-
Goii cBOeOOPA3HYI0 XMMMYECKyl0 MamluHy, KOTOpag Ha OCHOBE BIIO-
JKEHHOIT B ee CTPYKTYpY uH(opManmu GecripephiBHO paboTaeTr IMPOTHB
cOOCTBEHHOI TePMMIYECKOIl JIeCTPYRIHMN,

B sxuBoii cmeTeMe IIPOTEKAT [Ba aHTATOHHCTHYECKUX IIPOIecea,
KOTOpHIE JEKAT B OCHOBe oOMeHa Bem[eCTB: IIOCTPOGHHE TEPMOJa-
OMILHOII CTPYKTYPHL M pacuaj TepMOJaOMIBHON CTPYKTYPhI IpH
remmeparype sxmsum. — Dusmosormyeckne IMOHATHA — ACCHMIIALIA
m uecHuMmIAIEA, aHaGoamsM u KarabojmsM, CHHTE3 H pachan Be-
[mecTs — MoJydaloT, TakuM oOpas3oM, Clefylomyio TepMOJAMHAMITe-
CKYI0 MHTepIpeTannio.

A cOnMILTATIMOHEBIE IPOIECChl  HPECTAaBIAIT €000l MOCTpoeHue
TepMOIA0IIBHOIN CTPYKTYPBI JKIBOIU CHCTEMBI, a IMCCAMMIIAIINOHHBIE
MPOIECCH ABJIAITCHA MPONECCaMu TEPMUIECKOro paspyrIeHmst CTPyK-
TYpHI IIPA TeMIeparype Ku3HM.

[Tox neiicTBEEM Temjia IPH TeMIepaType JKU3HH CTPYKTypa JRI-
BOil cHCTeMBI OecupephiBHO paspylmaercs, ¥ OJHOBPEMEHHO IIPOTERa-
oIme B JKUBOIL cmeTeMe paboume IPOIECCE GecrpepbiBIO CTPOAT
3aHOBO TEPMOJAOMIBHYIO CTPYKTYDPY KABOM CHCTEMEI.
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Mo npuxoauM K BaKIIYEHNMIO, YTO B OCHOBE JKW3HII, B OCHOBE
o0OMeHa BemecTB JIesKaT MPOIECCHl TIPEOHOICeHI TePMHIYIECKOI0 Xaoca,
BOSHHKAIOIIETr0 B CAMOU JKUBOH CHCTEMe IIPH TeMIepatrype ;KU3HM.
Taxue mpomecchr ABAAIOTCS AHTHOHTPONMITHEIMIL,

§ 9. CymectByer Touka 3peHHs, uTO dyHROUE KEBOTO MOrYT
OBITH TPHHOUNAATBHO TOHATLI Ha mMoneryasipapom yposHe (Wilkie,
1960; Ilacemckmiti, 1963). Ha ocHoBe NpOBEIeHHOr0 AHANN3a MEI
CINTAEM 3Ty TOYKY 3PeHHA «MOJEKYJAPHOH GmOIOrmm» HenpaBmiIb-
Hoit. Ha MmonexynsapHOM ypoBHe He TIpUMEHHMBI TTOHATHA — paboume
ITPOTIECCEI W BEHIJIeJICHNe TeIia, KOTOpPhIe OTHOCATCS K HeoOpaTmMo
JIeHCTBYIOIIEIl MaKpOCHCTeMe.

[Tponecernr xmBoro sBusorea mo cymectsy HeoOpaTUMBIMU, U B
pesylbpTare 3THX IIPOLECCOB IIPOUCXOANT Bee GONbINee YIOPALOUeHHe
CTPYKTYPHI M OCJTOKHEeHNe (PyHKoumii opraHmamoB. Ilpomecchl ;REBOrO
HE MOTYT OBITH HOHATHI KaK COBOKYIHOCTH MONEKYISPHBIX IIPOIECCOB,
A TPOSBIAOTCA KaK IPOMECCHl IEJOCTHOH HHAMUYECKOil CHCTEMBI,
obsrajiaromieil crocoGHOCTHI0 K ajanTanmm M IPOrpeccupyionieii dBo-
JIIOITAH,

Cosjjanme MaTepmagbHON MOJENM JKUBOIl CHCTEMBI BCTDEUAeT, TIO-
BHITUMOMY, NPHHOUTINAJIbHEIE TPYAHOCTH, TAK KaK OCHOBHAA (DYHKIUA
MOJIEJIH JKUBOTO JIOJIPKHA COCTOATH B TIOCTPOEHHH CTPYKTYPLI, KOTOPAs
Ipu TeMueparype IOCTPOGHHUA BTOI Ke CTPYKTYPHI SBJIACTCH TEPMO-
nabunbHoil. Bmyrpemnme amtmdayrryanmonnsie paGoume IIPOTECCHI
JRUBOM CHCTeMBI, IIO-BHAMMOMY, He IIO[JA0TCA MATePHAJIbHOMY MO-
nenanposaHnio. MofeaunpoBanmuio MoIal0OTCa GHOJIOTTYeCKIe IIPOIECCHI,
ABISIIONECA II0 CYLIecTBY BHEIMHHMHN paboumMum mpomneccamu. Taxme
Iporeccsl  MOryT OBITH BBIOJTHEHBI MexXaHm3MaMu, o0IaTalonmMn
TePMOCTabMIBLHON CTPYRTYPOil IpU TeMIilepaType WX IeicTBIL.

K OmonmormueckmM mpomeccaM, ImOJIAONMMCH MaTepnalIbHOMY
MO/ICTMPOBAHUIO, OTHOCATCA «IIPOMBBOJHEIEY TIPOIECCHl 0OMeHA Be-
IecTB: (YHKIUHI OTHEIBHBIX OPraHOB M OPraHH3MAa B IICJIOM, eCIN
TOJBKO OTH (YHKIMH MOTYT OBITH YeTKO ONMCAHBI B BHJIE BHEIIHMX
pabovmx IporeccoB, Tak, HAIPAMEP, B BHIE OCMOTHYCCKOIl, MeXaHI-
TeCKOH, JJIEKTPHYECKOiT paboT, XUMHYECKHX CHHTE30B W T. 1. Bce
9TH SABJIEHHA TIIOAJAIOTCA MaTepUaIbHOMY MOJEJINPOBAHMIO, eCin
«ommcaHme ABJIEHUS COCTABIeHO, IIpUBeAeHO K (JopMe ajropurMa u
ATOT aJrOPHTM 3amporpaMMupoBan m BroskeH B Mammuyy» (Coboxes,
Jlamynos, 1959). Ogmakro, mo-BUUMOMY, HET BO3MOJKHOCTII BIOJRITD
B MaIllWHy OPOTpaMMy [eHMCTBHA IPOTUB COOCTBEHHOI TEILIOBOIT Je-
CTPYKIIUH, KOT/Ia JeUCTBHEe MalluHLI IPOMCXOAUT NPH TeMIepaType,
o0ycioBIUBaOmeil TEIJIOBYI0 [eCTPYKIHIO MaIImHBL. Benh MaTe-
PHANBHBIM HOCHTENIbL IIPOTPaMMBI TaKKe IOJ(BEPraeTcs TeIjoBOi Jie-
CTPYKIIH.

sRusaa cmereMa comepsuT CTPYKTYpHYO mH(GOPMALHIO, YIPaBI-
IOIYI0O X0/oM pabodumx IIPOIeCCOB IPOTUB TEILIOBOIl MeCTPYKINU cob-
CTBEHHOH CTPYKTYPBI, KOTOpasg ABJIAETCH HOCHTENEM 5Toil ke mHE OD-
Manuf. JT0 M €CTh CYTh JKMBOIl MaTepmu, ¢ TOUYKH 3DPEHMS TePMOJH-
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HAMIKHA, oTinyaiomas ee or He;xkmpoit Matepnm (Tpmuruep, 1964a).

CsoeoOpasHoe (uaMIECKOe CBOICTBO JKMBOI0 — aHTU(IYKTYa-
NHOHHBIE paboume IPOMEcCHl CTPYKTYPHOrO CHHTe3a — Ipe/CTaBlIfger
coboii hopMy JIBWKEHHsS MaTepuH, KoTopas He MosKeT OBITH CBeJeHa
K JusnyeckuM m XHMUYeCKHM (hopMaM JBHKEHHA MaTepHu, M3BeCT-
HBEIM B HEe;KUBOM Ipupoae. Idra, ¢ (pmiaocodcroit ToUKM 3peHus, Ooiee
BBICOKasA (hopMa [ABHIKEHNs MaTepHH O3Ha4daeT CTYIeHb B Pa3BUTUH
MaTepuailbHOr0 MHpa M MoKeT OBITH paccMOoTpeHa Kak «Omomormde-
craa gopma» nsmmenus Marepum (Hempos, 1958).

B monbiTKax MCKYCCTBEHHOrO co3fannsaA kuBoil Marepun (OmapmnH,
1962) n B amanmszax OCHOBHBEIX (DYHKIWII KUBOTO Ha OCHOBE KmOepHe-
wngecknx npexcrasnenmii  (I'aase-Pamomopr, 1961; Hounmoropos,
1962) meoOxommMMo yYecTh 5TO OCHOBHOE CBOMCTBO KMBOM MaTepmm —
aaTn@IYKTYannoHHEBIe BHyTpeHHUe pabodme IPOIECCH.

§ 4. JHupag cmereMa COCTOMT M3 JIBYX BHAOB TepPMOAMHAMMIYICCKH
pPa3INnINMBIX BEIecTB:

a) HeBOJHLIE KOMIIOHEHTEI, KOTOpPHIC ABJIAKTCA HOCUTEIAMHI WH-
dopmarmun m o6aA0T TEPMOCTAOMILHOCTLI0 B OTCYTCTBHE BOJBI IIPH
TeMIIepaType jKu3HeAeATeIbHOCTH;

0) BHYTPHKJIETOYHAS BOJA, KOTOpas He HOCHT MHQOpMALUH N
KOTOpasg COBMECTHO C HEBOAHBIMI KOMIIOHEHTAMH JKHBOM CHCTEMEI
00yCIOBIMBACT €e TepMoJabmILHOCTH IIPH TeMIepaType KusHeesd-
TeIHLHOCTH.

Orecioa MOMKHO CIelaTh BBIBOJ, 9YTO BHYTPHKIETOYHAs BOJAa HA-
XOAUTCSI B KAKOM-TO TePMOJAOMIBHOM, KBa3HKPHCTAIAYECKOM CO-
CTOSHIM, HamomoOMe ibjxa, KOoTopoe B MeTaboamsupylonieil KiIeTKe
ITof(BepraeTcs TeIJIoBOil JecTPYyKIHuN m OeclpepsiBHO BO3HHKAeT 3a-
HOBO B pe3yJbTaTe TOCTOAHHO HAYI(UX pabounmx IIporeccoB 0OMeHa
BeIecTB. BHYTpUKIETOUHAs BOJA HAXOAUTCA B cocTosHMU Oecipe-
PHIBHEIX (DA30BBIX IIEPeXO/[0B, BOjia HEepPexXOoiuT M3 TepMOIadmILHOrO
VIIOPAMOYCHHOT0, KBABHKPHCTAIAIOCKOTO0 COCTOSHUSA B COCTOSHHE
TepMIYeCKN yeToiumBoil (pasel (Boga — pacrBopuTenb) U oOpaTHO.

[Toj paspymmTeJbHBIM JlefiCTBHEM TEIJIOBOTO [BMKEHUA BOJA
TepexonT B COCTOSHIE MAKCAMAIBLHON TePMOJMHAMHICCKON BEPOAT-
HOCTH, COOTBETCTBYIOIIEH CTPYKTYpe MUAKOM BOJBI, M IIOJ BIHAHNEM
opramsylomux pabounx mpomeccoB oOMeHa BellecTB BOjla Tiepexo-
T B COCTOSIHIE YIIOPAJOYEHHON HecTaOmubHO#l (hasbl, MMelommien
KBA3UKPHCTAIINYECKYI0 CTPYKTYPY. OTH IyabcamuoHHBE (asoBEIe
Iepexosl BHYTPHRIETOTHON BOJBI ABIAIOTCH, IO-BHAUMOMY, OCHOB-
HOII numHaMHuecKoil (PyHKImeir oOMeHa BelecTB ® BCe OCTAIbLHEIE
CHennagnsnPoBAHAbIe (YHKIUA KICTKA IPefCTaBIAl0T co00il Ipo-
M3BOIHBIE HTOH OCHOBHON (DYHKIIHH. Heircrsurensno, nu@dysnonHoe
MOCTYILIeHHEe M3 OKPY’Kalomed cpefbl B KIETHY BeMIeCTB, KOTODHIE
obecmeunmBaioT IKUBYIO CHCTEMY XUMHYECKOUM DYHeprmen, BO3MOKHO
TOJABKO BO BHYTPHUKIETOUHYIO BOAY — PacTBOPHTENb, W aKTHBHOE OT-
TAJIKNBAHNE BEINECTB — IIJAKOB — M3 KIETKH B OKPYKAIOILyI0 Cpexy
BO3MOJKHO TOJIBKO npnm (hazoBOM Iiepexojie BOJBI B YIOPALOYRHHOE,
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RBasnRpHCTalINIecKoe cocrognue. Ilympcammonnsie mepexoasr Bobi
13 KBa3UKPHCTANINYECKON B MKUAKYI0 (aszy u obpaTHO obecrneunpaior,
TAKIM 00pa3oM, oOMeH DHeprueii W BeI[ecTBOM MEeXRIY RUBOIl CHCTe-
MOU M OKDPY:Kalolieil ee cpemoii. |

Ha c¢BoeoGpasnyio PUTMHUYHOCTD, CYHIeCTBYIOIIYIO B JKHBOI IIHo-
TonjasMme, ObLI0 OOpameHo BHHMaHMe JIaBHO. DBIIO oDHAPYIKEHO, YTO
(GKUBOM MEXaHM3M MOKeT MOKAa3aTh COBEPIICHHbIii PUTM, HECMOTPSA Ha
TO, UTO HCTOYHMK DHEPrum He OOHApY:KUBaeT HUKAKON DPHTMITHOCTHUY
(Seifriz, 1942)., DxrcuepumenTambHO YCTAHOBICHHEIE PUTMHYHEIE 13-
MEHEHIA CTPYRTYPBI FKUBOIl CHCTEMbI CBA3AHBI, I0-BHANMOMY, ¢ (hazo-
BBIMHI Il€pexojiaMu BHYTPUKJICTOYHOIH BOJBI.

Croeobpasnas myabcammss BOJbI B JKUBOIL CHCTEeMe COIIPOBOYKIACT-
CA PAJIOM M3MEHEHMIT (PUBUKO-XUMHICCKUX mapaMeTpoB, CBA3aHHBIX
¢ H3MEHEHNEM CTPYKTYpBI BoAbl. Bojma sBisercs, ciepoBarensro, pa-
00YUM BEN[eCTBOM JKIBOIL CHCTEeMBI, ROTOpoe cBOMME (Da30BBIMIT TIe-
pexojamu obecrieunBaeT AHHAMHUKY KUBOIl CHCTEMBL. BEITONm s (pyHER-
uo0 paboyero BeniecTsa, GeCIPEPLIBHO M3MEHSS CBOIO CTPYKTYPY, Boia
He HOCHT HH(OPMAIINT, B TO BpeMs Kak HEeBOJHBIE KOMIIOHEHTLI KJICTKA
ABIATCA HOCHTEJNAMN HHMOpMamn,

Ha ynopsagouennocts crpykryps BOJIBI B OMOJIOTHYECKIX CICTEMAax
O/l IeHCTBHEM BHYTPHKICTOYHBIX 0eJKOB YKA3BIBAIHN T Apyrue aBTo-

PBI P paccMOTpeHNH OHODHEPreTHYECKUX IPOMECCOB M MeXaHiaMa
JanpHOJlecTBUA B Kietke (Jacobson, 1953: Szent-Gyorgyi, 1957:
[Tpusanos, 1958) .

I'naea dessaimasn

CTPYRTYPA JRUBOI CUCTEMBI

(Feomerpuveckas n guanexTpuyeckas CTPYKTYpa
0e3LAePHOro apuTpONNTA)

Vsyuenne crpykTypsr sKuBoii CHCTeMBbI, KaK u M3ydeHme ee (Qhyak-
ILIH, CJeyeT IPOU3BECTH (110 MEeTON0JOTMIecKIM cooOpaskennsiM) Ha
nambosiee NMPOCTOIl JKUBOiI cucTeMe. YCTAHOBHE OCHOBHEIE CBOMCTBA
CTPYKTYPbI Hambojiee IPOCTOH CHCTEMBI, MOMKHO MPeAIONOMKNATH, YTO
OCHOBHBIE CBOMCTBA CTPYKTYPBI ABIAIOTCH OOMIMMU TS JTI0001T $RABOIT
CUCTEeMBI, KaK OBI CJIOKHA OHAa HM ObLIA. ITO OPeITONIOAKeHe MCXOTUT
13 KOHIEIINM 0 TOM, 4YTO KHUBasg MaTepusa obJajaerT HENpepbiBHOCTHIO
B 9BOMOIMOHHOM IJIaHe, OT IPOCTOTO K CJOKHOMY, KaK 2T0 ODLIJIO M3J10-
yKeHo B raasax I n II.

B raase 1V mpb1 yxazann na 0e3LAIePHBIIT APUTPOMAT MIEKOIINTAI0-
X KaK Ha KJIeTRY, 00/ajlaloniyio Ypes3BhIYaiiHo HUZKAM OGMEHOM BO-
LECTB U, B CBA3M C DTHM, YPE3BBIYANHO IPOCTBIMI (PU3MOTOTIIECKITMIM
(DYHRIMAMI 110 CPaBHEHNIO ¢ APYIUMH OJHOKJIETOYHBIMM OPraHN3MaMIl.
Ye3'BANICPHBIN  DPUTPOIHT, OyAyunm NpejieabHo IIPOCTOU CHCTEMOIl B
dysRIIOHATBEHOM OTHOIIEHNH, ABJISCTCA, 09eBUJIHO, H IIPECNBHO MPO-
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cThiM Mop(onorngecku. B Meraboananpyonieii KieTke, KAk B JHHAMH-
qecKoil cucreMe, QYHRIME W CTPYKTYpa B3anmMOO0YCIOBICHEL,

PacemarpuBas, Takum o6pasoM, 6e3bsaAiepHBLT 9PATPOIAT KaK 4pe3-
BBIYAIHO TPOCTYIO JAWHAMUYECKYIO CHCTeMY KaK B (DYHKIMOHAJIBHOM,
TAK M B CTPYKTYPHOM OTHOIIEHWAX, MBI HCCIEJ0BAIN CTPYKTYPY
fe3pAepHOro IPHUTPONNUTA [JBYMs METOJaMH: TeOMeTPHYEeCKHM M
JIIEKTPOMETPUYCCKAM, JTH METOJLI IO3BOJMAIT 00HAPYKHTE OCHOBHBIE
CBOMCTBA CTPYKTYPHI KMBOI CHCTEMEI.

§ 1. KpacHelii KpoBAHON IMapHK B3POCJIBIX MICKONMTAIMX ITPei-
crasisger coboit, 1o MopdOTOrHUeCKAM JTaHHBIM, YPE3BBIYAITHO IIPOCTYIO
KJACTKY. OPHTPOIAT JUIIEH He TOJLKO Apa, HO U JPYTAX XapaKTePHBIX
raerounsix opramenn (['mze, 1909). B Gesnamepnom spurponure pas-
JNYAIOT TTOBEPXHOCTHBII CJOM M OKPYKEHHYI0 MM OCHOBHYIO Maccy.
IToBepxHocTHEIN caoit mMeer Toamuny ~ 2+ 102 A u cocTont riaBHEIM
oOpazoM m3 junompoTenior u Hebompmoil vactn Boasl (Waugh, 1947).
OTHOWIeHNe HEBOJHOr0 K BOTHOMY KOMIOHEHTY B IOBEPXHOCTHOM CJI0€
spurporura papao ~ 3: 1. OcnoBHas Macca DpUTPOIATA MMeEET B CPei-
nem Juueitastii pasmep ~3+<10*A u cocronr riaaBHEIM oGpasoM u3
Bojsl (~64%) m m3 oHOPOHBEIX GEJKOBBIX MOJERYJI — reMoraotmHa
(~34Y%) (Bnageprpen, 1951). OrHomenme HEBOAHOTO K BOJHOMY
KOMIIOHEHTY B OCHOBHOiI Macce DPHTpOmMTOB paBHo ~1:2.

Moaeryast Hb maxonsares B apuTpomuTe B MaKCHMAaIbHO OOJBINOII
roumentpanuu., Ha mpejensro Goapniyi0 KOHIEHTPAIHI0 IeMoriodmHa
B 9PUTPOIMTAX YKa3bIBaeT M TOT (haKT, YT0 KOHIEHTPAIHUsa IeMOorio0mn-
Ha, paBHasg ~ 34%, mabmogaercs y SPUTPOINTOB PAa3HBIX BHJOB Mile-
KOIMTAIONIX, IIpUYeM HTa MaKCHMalbHag KOHIGHTpanusa He 3aBHCHT
oT amaMerpa m obO’beMa 3PHUTPONUTOB M OT MX BO3pacTa.

Ha ocHoBe DIeKTPOHHOMUKPOCKOIMYECKHX CHUMKOB CUMTAIOT, 4TO
MOJIEKVJIBI TI'eMOrJ00HmHAa pPaBHOMEpPHO paclipejielieHsl B HPUTPOIITE
(TTosmrap, Bo, 1962). K takoMy BbIBOy IPHBOJAT Tak:Ke cooOpaske-
HUA 0 (DYHKIMOHAPOBAHUN reMorjo0nHa B 9PUTPOIUTE B BHJIe WH/IMBII-
NyaldbHBIX MOJIERYJ, a He B BHJe KOMIIJIEKCA, COCTOAINIET0 W3 BCEX MO-
aerysa Hb. -

Mgr mpEXOAHM, CJAEI0BATENBHO, K 3aKIIOYEHIIO, 4YTO OTHOIIEHHE,
obHapyH{eHHOe JJIs OCHOBHOM MAacChl dPHTPOIATA,

BCA BHYTPHKIIETOYHAS . BCe MOIERYIH __ 9 . 1
BO/IA remorjioonma

MOJFRHO COOMIONATHCA M JIIS OJ[HOM MOJIEKYJIBI TeMorao0nHa:

[HoO]n : Hh~2: 1,

rie [HoO], — KonmuecTBO MOJEKYJ BOJBI, IPHXOAANIee K OIHOM
mogaeryiae Hb.

Nexonsas m3 9TOr0 OTHOIMEHMS Mace, MOMKHO BBIYHCJIHTH pasMep
peMeHTapHo# (KyOmuecKoii) sdeiikm €O CTOPOHOH a, KoTopas Co-
nepsnr oxny Mosgexyny Hb ¢ oobeMom Vap m MHOMKECTBO MOJEKY:I

popsl [H20]n ¢ o6beMom Vim ojn,
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Tar Kar
a® = Vap + Vim,01,

Vin,o01,, = 2V ap,

TO
a® ~ 3VH1)

[Tockompky momexyna Hb mmeer mpuGamsmrensuo opmy mapa
¢ papuycoMm rypo= 254 (Low, 1953—1954; Perutz, 1960), o
az%/3VHbz]/3 % P%DRE_SSE

Orclofa MEHEMAJIBLHOE paCCTOSHIE ME:KAY MoJeKryaoil Hb m mo-
BEPXHOCTHIO BJIEMEHTAPHOM KYOMYeCKOl fAYeilkm paBHO

a (s ]
d-mm e F'gp &< 4A,

4TO COOTBETCTBYET PACCTOAHWIO, B KOTOPOM MOTI'YT HAXOANTHCA B 3a-
BHCHMMOCTH OT CTeNeHN YHAKOBKH OJHA-IIOJTOPH MoJeRyas H,O.

Maxcumanbuoe paccrosaume me:xxy Moserysoii Hb u mosepxmo-
CThI0O Ky0a paBHO

dyaxe = % VB—— IHp 2 29 Aﬂ,

4T0 cooTBeTcTBYeT 6—9 Momerynmam Boxwl. Taxkmm obGpasoMm, ogHa Mo-
neryna Hb smyTpm spmrponnra, Ipn ycaoBHE pPaBHOMEPHOTO pacipefe-
aeanss Moaerynx HDb Bo BmyTpmrieTouHOII
BOJHOII Cpejie, OKpPYsKeHa CJ0eM BOJbI, KOTO-
pBlil pasgensier ABe cocemHue Mojeryasr Hb
Ha MUHOMaJLHOM PacCTOSTHUH M3 2—3 MoJe-
KYJI BOJIBI 1 Ha MaKCHUMaJbHOM pPacCTOSHMIN
n3 12— 18 mosexryx Boabl. 9To COOTHOIMIEHIE
MeRay opmoir Moserygoir Hb m orpyikaro-
MUMI ee MOJEeKyJaMm BOJIbI ITOKa3aHO CXe-
matnaeckn Ha pue, 10.

PasnoMepuoe pacupejeneHne MOJERYJI
Hb B apurpomure obycmosBianBaer, Kax BAIHO, a8
I paBHOMEpHOE pacupejejeHne BHYTPHUKIIE-

TOYHOII BOJLI, W 00paTHO: BHYTPHKIETOYHAS

BOJla B apurpouute obpasyer CJA0MHYIO ITPO-
CTPAHCTBEHHYI0 NIPaBMILHYIO CeTh m o0Ja-

naeT, cleJoBaTeJbHO, YHOPAA0OYeHHOM, KBa- H,0
BUKPHCTAJINIECKOM CTPYKTYpPOli; B pPaBHO-

MEpPHO pacupejielieHHBIX IIeTJAX CeTH H3

BHYTPHUKJIETOYHOII BOJBI HAXOHAATCA MoJeRy- Pume. 10. 9aemenTapsas

ast Hb (Tpunuep, Kysun, 1964). gg;ﬁngg cgggggggmpg;-
YHmopAanoueHHOCTs CTPYKTYPHI OCHOBHOIT HY uoﬁeayny reMorio6m-

Macchl 9PATPOINTA BHYTPHKIETOYHON BOMBI  ga, goropas OKpy:KeHa
U MOJEKyJ TreMorjioOmHa o0ycJaoBInBaer, MOJIEKYJIaMH BOJIBI
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OUEBMTHO, TAK/KE YIIOPAAOIEHHOCTH DIIEKTPAUECKOU CTPYKTYPHI KISTKH,
KoTopas 00pasyercs M3 MOHOB M MOHOT€HHBIX TPYIIIL. Nousl BHYTpH-
KJIeTOYHON BONLI ¥ MOHOTeHHBIe rpynmsl Ha Monexyiae Hb mpepcras-
AA0T co00il TaKiKe YIOPAMOYEHHYIO CHCTeMY BO BHYTPHKIETOYHOM

IIpoCTpaHCTBe.

P ¥ -4
S - -1 | - | | ] T g
* A D nn AR +t+ AR A
WA + + + +
< NN TS
- + ++
+++
RV BT/t +
- wpe=e =
+ +t 17, +
N Y *
H,0 Hb

©

l >
Fpun
6

Puc. 11. Pacmojio)keHne JAMIOJBHBIX MOJIEKYJ TeMOIJo0nmHa
- BHYTPH 9pUTpOIUTa(a); MOJEKyJa reMorj00HHa ¢ TpUJIerao-
MM MOHOMOJIEKYJSPHBIM CJIOE€M BOJKI (6)

JT0 TOJ0MKeHHe MPHUBOJANT K CIeAYIOIMeMy BBIBOAY: MOJEKyJa Te-
MoriobmHa mpejcTasiasger co6oil MapoBUIHBIA AUIIOND, IOJIOCHL KOTO-
POTO COJepsKaT MOHOT€HHEIe IPYIILI, OKPYKeHHbIe MOHAMHI BO BHYTPH-
KIeTOYHON Boke. PacmooskeHme AMIOALHBIX MOJEKYJ TIeMOraodmHa
BHYTPH SPHTPOIMTA cXeMaTHUecKn IIoKasano Ha puc. 11, a.

Ha moBepxHocTn pumoabHoN Momeryast Hb maxoxmres mo KpaiHei
Mepe OJIMH CJI0ii m3 Moserya Boasl (pume. 11, 6). Pagmyc mapoBoro mu-

o Hb 7um paBen cymme u3 papmyca Modexryasl Hb rys m qmamerpa
moseryisl HoO dg,o:

Fann = THbD -+ dHEO-
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Tarx rRar
Fr'yp &~ 20 }i

dy,0 = 2,76 A (Bernal, Fowler, 1933),
TO
Fiun 225 < 2.76 2776 4.

B caepylomem maparpade npusoguM skcmepuMeHTaIbHBIC TaHHEIe,
TOJTy4eHHbIe Ha OCHOBe DJIEKTPOMETPHYECKHX HM3MEpeHHuil CyCIIeH3uu
O9PATPOIATOB. ITH JAHHBIE HO3BOIAIOT BEIYUCINTH BEJIMIMHY Pyym —
pajanyc BHYTPHKJIETOYHBIX ITapooOpasHBIX JUIIONEH B OCHOBHOII Macce
9PHUTPOIUTA.

§ 3. Ilycrs spurpommuT mojBepraercs BO3NEHCTBUIO MTHOBEHHOTLO
dNIeKTpUYecKoro moas K. Vexomns m3 mpepcTaBIeHmil KiaccHIecKO
Teopun  Maxcsenma, MBI cuMTaeM, UTO MIHOBEHHO JeiicTBYIOIIee
noie £ WHIynUpyeT B 9PHTPOIMTE B MOMEHT Iy HEKOTOPYIO CyMMY
00beMHBIX DIEKTPUYCCKAX 3aPANOB > Gty BOBHHKAIOINX B APUTPO-

IuTe B pPe3yapTaTe CMEIL[eHNsA MOHOTeHHBIX TPYIII M WOHOB ITOJ BO3-
neucrtsuem mnoas .

RommyecTBo 00beMHBIX 3apamIoB D) 61, yMeHBIIaeTca BO BpeMe-
HI 1 TI0 3aKOHY, KOTOPOMY IONUMHAIOTCA PeJaKCAI[OHHBIE TTPOMECCH:

-,
EG=EGID'6 » ’ (1)
rje T — BpeMs pejaKkcaljnm.
Namenenme 00HeMHBIX 3apAI0B BO BPeMEHN ¢ BHI3LIBACT B PUTPO-
nuTe JTeKTpHYecKHe TOKM, CyMMa KOTOPHIX PaBHA

Yy, _
Sak b 2)

Bee obwemubie 3apspbi, BosHmKaomme MrHOBEHHO TOX eiiCTBHEM
HIIEKTPHYECKOT0 10N F, paBHEI

ke,
2101, = 2E, (3)

I'1I€ € oo — JMIJIEKTPUYECKasA IOCTOAHHASA JPUTPOIUTA, HN3MepeHHAasA

TP MTHOBEHHO JEUCTBYIOIEM DICKTPHUCCKOM II0JIE;

1 u
k — xoappunment mpPOMOPIHOHATBHOCTH: i< — PeoMerpuueckuii gak-

TOP

Na ypasuenmii (2) n (3) ciaegyer

I = ~e * E. (4)
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Iccaeayem Tenepbh M3MEHEHUE BEJINYMHBL DJIGKTPHIECKOr0 TOKa
BO BpeMeHII, BOBHHUKIIEI0 B 3PUTPOIHUTe HE B pe3y/bTaTe MIHOBEH-
HO JECTBYIOmEro »JeKTpmYeckoro mojisa £, a B pesy/brarTe M-
TeIBHO JEHCTBYIOMEro IepPeMEHHOTO dIeKTpudeckoro uonsd f (t):

E (t) = E, sin ot, (9)
rgpe ®— KpPyroBas d4acToTa.

[Tumem ypasuenme (1) mna HaYaibHOIO MOMEHTA BPEMEHH l;:
(~t;
J

Sio="Tlge T (6)
M, COOTBETCTBEHHO, ypaBHeHme (4) ¢ yderoM ypaBHeHHA (0):

t—tj
k%o_f? _

[Tockoapky E (t) meiicTByeT HempephlBHO BO BpeMeHH, TO B 9pI-
TPOIUTE BO3HMKAET MHOKECTBO BICKTPUYECKAX TOKOB B BHME CYMMEI
TOKOB [;; /71 BCeX MOMEHTOB BPEMEHH OT fj = — 00 JIO t; = 0. Mu

NOJMY4nM, CIeJOBATENBHO, AIA cyMMapHOro ToKa [ (I) BEIpajkeHme
1: =0 2 =0 -1,
J J J

e 5 Dpe= 5 kY~

00 < .
TR . Eysin wt;. (8)
tj =—00 b =00
[Ipn mepexofe OT CYMMHPOBAHHS K HHTErPAPOBAHHIO HEOOXOJH-
MO yuecTh, 4TO f; ABJIAETCA INePeMeHHOM BeJINMYMHOW TOJIBKO JI7Is
TPATOHOMETPHYECKON (YHKRONM Sin wf;, OTpajkaomen M3MEHEHUE

BHENTHEr0 2JeKTPHYECKOr0 IOJiA, HO f; ABIAETCA IOCTOAHHOM Be-
{—t
J

JUYNHON 1A DKCIOHEHMHAAbHON (yHKOHM ¢ * , KoTopas oOTpa-

;
JKaeT M3MeHeHHe BeJNMYMHbl 00beMHOI'0 3apsAjga BO BpeMEHN BHYTPH
spurpormuTa. Orcioga modydnM cjlefyioliee BLIpayKeHHe A MHTe-
rpada:

0, ko _t—tj
1) =—-S = ¢* oFycos otdt;. (9)
-Q0
BBopnM HOBYI0 mepeMeHHYIO
=
Ypasuenne (Y) nmepexogur B cllefyiouiee ypaBHEHHE:
ke -
1(2) = 431‘:’ Ly x e " ®coso(t—u)du =
-0
ke, .. el A :
b= Egl:(l) cos ot S e " cosoudu —[—msinmts e " gin mu-duJ ==
0 0
k;:’s Eq [cos ®l - 1_1021:0)21:2 - sin i - 1 wﬁtg].
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[Tociie maTEerpmpoBaHMsA, IPH 3aNHCH B CHMBOJIHYECKOIT KOMILTEKCHOL
popme, momyumm

keoo w212 ) WT ;
! (Z) ~ “nv [ 1+ w?r? . 1 - m%’] Eqe! (10)
n
kﬁm W21
K(UJ) e { + @212 ! (11)

rae A (©) — 3aBHCAIIAA OT KPYroBOil YacTOTHI AJIEKTPOIPOBOIHOCTE
DPUTPOIATA.

JJEKTPOIPOBOJHOCTS CYCIEHB3UIT HPUTPOIATOB OBLIA H3MEpeHA B
IINPOKOM [AuamasoHe pasHeIME wucciaemosarensmu (Schaefer, 1934;
Déanzer, 1934—1935; Graul,

1935; Tpmuuep, 1939, 1956, A(w)

1958, 1962). 9rcnepnMen-

TaabHAsl KpuUBas, II0Ka3bi-

BalOIasg BaBHCHUMOCTL A(0)

ot lg » mpm KoMHATHOIT TeM- :

nmeparype, TpHBeJIeHa Ha |

puc. 12. Tourka meperuba :

KpHBOM COBIAJaeT ¢ cepe- |

JAHOM  30HBL  JHUCHOEPCHN Lgw
9JIEKTPOIPOBOTHOCTIT H  CO- Lywp,

OTBETCTBYET OIIpeaeJeHHoi Puc. 12. 3aBHCHMOCTb BICKTPONPOBOIHEOCTII

. . 12¢ M | |
RPYTOBOM. MACTOTe Wm. prl CYCIEH3HM BPUTPOIMTOB A(w) OT Jorapud-
ITOM XaPAKTEPHOM KPYTOBOM  Ma yrioBoii wactors lgw; @, — Touka me-
4acToTe IMPOMCXOAUT MaK- peruba KpuBoii

CUMaJIbLHO® IIOTJIOIeHIE
AHepPTrun ANERTPUYECKOTO
moss amdsiekTpuroM. Ilpm o, HaGmogaercsa maxcuManbHBIE >(derT
HarpeBaHmA JUIJIEKTPHKA MJIH IpeBpamleHNs DHHEPrum IIepeMeHHOTro
QIGKTPIMYCCKOTO IIOJISA B TEIIIO.

Mesny Beamumuoit o, u T CyImIecTByeT CIeIYIOUee COOTHO-
IeHme:

(!Jm-’lf“-:i. (12)

Cormacmo [lomnmepy (Dénzer, 1934—1935) nas cycmemamit spn-
TPOIIUTOB (), PABEH

O 27-2,6-10% cex,™  ~1,7-107 cer.™,

Orciona, Ha ocHOoBe ypaBHeHms (12), HOAyuYnM IIA BpeMeHH
pelaxkcanmuu HpUTPOIMHATOB CJHEAYIONIee 3HAYCHUE:

- 1 1077 ~6.10" cex. (13)

———-—-—-—-N

) ¢ N

Cormacuno [[eGaio (Debye, 1929), cBsasp Memay BpemeHeM pelak-
Caniil | paanycoM JUOOJILHOI'0 JJIEKTPUKA Iyum, COCTOAIIEN0 W3
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IIapOBUAHBLIX JAUIIONell, BRIpajKaeTcs CJACAYIONUM ypaBHEHHEM:

T — 4n|‘|'r?lliﬂ (,14)

kT -
rje L — BA3KOCTH CpeJibl, B KOTOPOU HaXOAATCA IUIOJIBHEIE MOJEKY-
abl; k — nmocroauHas bBonpnMana; 7' — abconoTHas teMmepartypa.
Ypasuenne (14) mosBosnser ompemesuTh pagnyc AUIMOIBHON MO-
JeKYyJbl BHYTPHKJIETOYHOIT cpeasl »pmrpouutoB (cMm. pme. 11) Ha
OCHOBe CJEAYIOIMNX JaHHBIX:

T~6-10"° cex (yp. 13)
w=10"% r-ecmt.cex™ (Basrocrs Bomel npu 293° K)
T'=293°K

k=1-38-1071% ape/epad.
[Tomcrasiisig aru ganasie B ypaBHenue (14), monyumm
kTt N]/1,38-10‘13-293-6-10'B
. 12,6.1072

Brime, Ha ocHOBe pPEHTreHOCTPYKTYPHBIX ONpeAC/IeHNl, MBI ITPH-
BeJIM JIJaHHBIE O pajuyce AUIOJIBHOI MOJEKYJbl B dPUTPONATE, COC-
TOALIENl M3 MOJICKYJBl IeMOrJ00MHA M OJHOIO CJIOS MOJIEKYJI BOJBL:

Poun = Tus —+ Gmeoie 27,70 A. (16)

~27A. = (15)

rnﬂn St

Rak Bmpuo u3 cpapHenmsi ypasaenmit (15) m (16), pamgmyc am-
[TOJIBHOII MOJICKYJIBI B OCHOBHOII Macce HPHTPOIUTA, OINpeaeeHHBII 110
DIIEKTPOMETPpHYEeCKNM JaHHBIM [ypaBHenme (15)] m mo penrreso-
CTPYKTYPHBIM jaHubIM |ypaBaenne (16)] mmeer omHo u 10 3Ke uncieH-
HOe 3HAYEHHeE.

Taxnum oOpasoMm, MOKHO CUNTATH AOKABAHHBIM, YTO AUDJIEKTPUUE-
CKasg CTPYKTypa Oes3nBsAIepHoro »JpUTPOLNUTA IIpejcTaBiser codoil
CTPYKTYPY J[HOOJABHOTO amaiaerTpuka. llonspmaanmonnbie SABIeHUA
PUTPOIIITA CBA3aHBI ¢ BpalleHHeM ANIOIBHBIX MOJEKYJ IeMOrJIoon-
Ha II'PH BO3JAEICTBUYM BHEITHEro dJIeKTpuueckoro moas. Yro kacaercs
JTUBIEKTPUYECKOIl CTPYKTYPBI JIPYTHX KJIETOK, 00Jee CI0/KHBIX B
MOP(OTOTHILCKOM OTHOIIEHUN, 9eM Oe3bAmepHbIil dPUTPONNUT, TO HX
IMANIeKTpIYecKas CTPYKTypa MMeeT, O0YeBUHO, B TPHHIMIIE TaKOIL
JKe XapakTep JAMUIIONBHOTO TUANEKTPHKA, Kak u spurpornur. Paznmuane
B IUDJIEKTPHYECKOIl CTPYKType pasHBIX KIETOK 3akjIl0vyaeTcs B pas-
HOOOPAa3NM JUIIOJNBHBIX MAKPOMOJEKYJI Y PasHBIX KIETOK. JTO pas-
HooOpasne Kacaercs Kak (DOPMBI M BeJMYUHBI JHIOJBHOI MaKpPOMO-
JeRYJbI, TaK M KOJMYECTBA CBA3aHHBIX ¢ Heil MOHOTEHHBIX TPYIIIL.
JInmossHBIe MaKpPOMOJEKYJIBI paciipeieleHbl B KIETKe He XaOoTHTHO,
a 110 OmpejeJIeHHOMY apXHTeKTypPHOMY IJIaHy; OHH BMeCTe C IIpHJe-
ralomuMn MOHAMI BHYTPUKJIETOYHOU BOJBLI OIPEAeNAT HIJIeKTPI-
YECKYI0 CTPYKTYpY KuBoil RieTkm. OTcioa MOKHO BaKIIOYHUTH, 9TO
OCHOBHBIC 3JIEMEHTHI CTPYKTYPBI KUBOIl CHCTEMBI BOOOIIe, KaKk yUO-
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PATOYEHHOI CHCTEMBI, TPeUCTABIAIT CcO00Il THIOIBHBIE MaKpoOMO.Ie-
KYyJbl, KOTOphIe, KakK 000co0JeHHBIe YACTHILI, BKINYEHL B TIOTIH
CJIOKHOM CeTH M3 BHYTPHKJIETOYHOI BOJIHI, OIprYeM Macca BHYTPHKIe-
TOYHOH BOJBI TPEBOCXOMMT NPHOIUBUTENEHO B 2 pasa Maccy BCex
BHYTPHKIIETOYHBIX JIUIIOJIBHBIX MaKpPOMOIEKY.I.

OTHOCHTENBHO CTPYKTYpHI Hamboiee ITPOCTOI FKMBOM CHCTEMEI —
0e3bAICPHOr0 HPUTPONATA MBI TPHXOTAM K CHEAYIOUEMY 3aKI0Ye-
amio. OcHoBHas Macca Ges3bAAEPHOTO BPUTPOIMATA COCTOMT W3 TIpa-
BUJIPHOI 1IPDOCTPAHCTBEHHOI CeTH U3 BOIHI, KoTopass oOmamaer
KBa3MKPHCTANINIECKON, YIOPAXOYEHHON CTPYKTYPOl M B IeTIH KO-
TOPOI BRIYEHHI OfHO0Opa3Hble MIAPOBUIHBIC THIIOTHHBIE MOJIEKYJIbI
remorioOmHa, CrmocoOHBIe K BpamaTeJbHOMY JIBUKEHUIO.

B crepyomeit riase moxsepraem TePMOAMHAMIYECKOMY AaHAaJN3y
CTPYRTYypHOEe CBOMCTBO BHYTPHKIETOUHOH BOALI apuTpormmra. Muzn-
g4eCKafg 0CO0eHHOCTH BHYTPHKIETOYHON BOMHI 3aKIIOYAETCS B 00 yII0-
PAN0YEHHOM, KBA3UKPUCTAIINIECKON CTPYRType IpH OJJHOBPEMEHHOM
COXpaHeHNN CBONCTBA MRUAKOI BOJLI — HU3KOI0 3HAYCHHUS BSI3KOCTI.
Hax Gyner noxkasamo B caenyiomeii riaase, 9Ta JBOUCTBEHHOCTH CTPYK-
TYPBl BHYTPHRJICTOYHOM BOJBI, SIBIAACH OJHOBPEMEHHO KaK OB KpH-
CTAJNIOM W JKHJKOCTBIO, CONpPsKeHAa ¢ HEIPepHIBHBIMH MeTaboanye-
CKUMA (QYHROUAME JKUBOJ KJIETKIL.

I'inaea decamaan

OTPUIATEJIBHAS SHTPOIINS
BHYTPUKJIETOYHOI BOJbI

§ 1. OrnmunrensHBIM CTPYRTYDPHBIM CBOMCTBOM IKHBOIL MaTepun
ABIACTCSA TePMONAOMIBHOCTE €e CTPYKTYPHI TIPH TeMIepaType Cylie-
CTBOBaHMA KUBOI cHcTeMbl. CBOICTBO TepMOMAOHIBHOCTH CBA3AHO C
0COOBIM COCTOSTHIEM BOJBI, BXOJAIIEI B CTPYKTYPY JRUBOII MaTepum
Kak riapaol ee vactun. B macrosmieit riase JTeMOHCTPHPYETCA 2To
0c000e COCTOSTHME CTPYKTYPH BHYTPHKIETOYHON BOTLI Ha nmpuMepe
HauboIee MPOCTOI JKUBOIT CHCTEMBI — HPHTPOIHTA MJIEKOIUTAIOINX.

B dyarnmonanbHOM OTHOLIEHWH HPUTPONAT BHIMOMHAET B OCHOB-
HOM (DYHKINH CBABBIBAHNA W TEPeJadnm KHCIOPOAA M YIJIEeKNACJIO0T0
raza. (DyHRONA CBABBIBAHUA W TIepefad’m KHCIOPOAA MOTHOCTHIO BLI-
TTOMHACTCA MOJIEKyJIaMu reMorioOmHa, He3aBHCHMO OT TOTO, BRIIOUE-
HEI T OHH B IPOCTPAHCTBEHHYIO KBA3WKPHCTAJINYECKYIO CeTh W3
BHYTPHRICTOYHOM BOJBI MM HaXOAATCA B BHJe PAaCTBOPEHHOTO Be-
ecrsa B Boje — pactBopuredse. Ilpomeces: cBassiBanma u mepepgaun
RUCIOPOAia reMOrT00NHOM, KaK B DPHTPOLHTE, TaK W B BOJTHOM DPAaCT-
Bope, He 1tpedyloT osHeprerHuecknx sarpar. OJHAKO BPHTPOINT,
BBITIOJIHAIOMIIL B OCHOBHOM (JYHKINIO, CBSA3aHHYI) ¢ HAJINIMEM B HEM
MOJIEKYJI TreMoryo0MHa, HelmpepelBHO pacxojyer »sHeprmio. OTrciona
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crenyer, 4YTo SHeprmsa MeradonmaMa HPUTPOIHITAa HE pPacXoayercs
TS TIPOYECCOB, CBA3AHHBIX ¢ (yHKImeil remorigodmHa, KoTopas He
rpebyer sHeprum. HeobxogmMo 1mosToMy 3aKIOYNTL, YTO JHEPIrUs Me-
rabonmaMa 6e3BAAePHOTO HPUTPOIATA PACXOAYEeTCHA IOJHOCTHIO JUJIA
onaepsKaHusa CTPYKTYPHl BHYTPHKICTOYHOIT BOABL dPUTPOIATA B YIIO-
PATOYEHHOM, KBa3MKpPHCTAIIMIECKOM cocToAanmm. [lisa sroi mesn
Ge3bALePHOMY PUTPOMUTY TpPeOyeTcs TOIBLKO IOCTABIIMK CBOOOIHOI
XUMAYECKON DHEPTUN — IWII0K03a M He TpedyercAa HHKAKAX THIIeBBIX
BEIeCTB, COMlePsRAIX a30oTucThie coenHeHms. [leiictBurensno, 6e3b-
ANePHBI BPATPONUT He PACXOAYyeT a30THCTHIC BellecTBa, IOCKOIBRY
B HeM He TIPOMCXOJAT IIPOIEecCHl cHHTe3a 0esIKOB.

PacxonoBaHane ¢BOOOAHOI XHMHAYECKON DHEPTUN TIIOKO3BI dPUTPO-
IMATOM SABJSETCSA HENPEePBIBHEIM TIpomeccoM. XHUMHUYeCKas DHEPTH
IJII0OKO3BI He TIPeBpalmaeTcs, cIeloBaTeJIbHO, B IIOTEHIINAIBHYIO HDHEP-
I'AI0 KAKOTO-ITHO0 BHYTPHUKIETOYHOTO BemecTna, 001a7alImero TepMmo-
cTabuapHOiT cTpyKRTypoil. Tak Kak B apmTpOIHTE IPOTEKaeT HeTpe-
PBIBHEI TIPOIleCC PACcXOA0BaHMA CBOOOJHOII JHEPIHH TVIOKO3BI W 13
Hero HeIPepLIBHBIM ITOTOKOM BBIJIeNAETCSA DKBUBAJIEHTHOE, B DHepTe-
THYeCKOM OTHOIIEHMM, KOJIMIECTBO TeIlia, TO Cleayer, 4To ¢cBoOOIHASA
DHEePIUsA TIIOKO3BI PACXOAYETCS DPUTPOIMTOM TOJBKO JUIS COXpaHe-
HIA TepMOJIa0NIbHOr0 COCTOSAHHASA eT0 CTPYKTYpPBI. BHYTPHRIETOTHBIM
BEIeCTBOM, KOTOPOe HAXOJUTCA B COCTOSHUM TepPMOJIaOdMIBHOM CTPYK-
TYDPBI, MOKET OBITH TOJIBKO BHYTPHUKIETOYHAS BOJA, & He TeMOIIOONH,
ABAAIOIUIICA TepMOCTAOMIBHLIM TIPH TeMIlepaType ;KusHeIesaTelIbHO-
CTH IPHUTPOIHATA.

MuI mpuxogEM K CIeAyIOImieMy BBIBOJY: OCHOBHAs JHHAMIYeCcHKasd
PyHKIIa mpocTeilmeil  JKWBOM CHCTEMBI — JPHUTPOIHUTA  MIIEKOIII-
TAIOMIAX —COCTONT B HEIPEphLIBHOM CO3JaHOM CTPYKTYPHAPOBAHHOIL
¢daspl BOJABI, KOTOpasg IpHM TeMmIeparype KU3HeAEATEJIbHOCTH KIETKH
siBasieTca TepMmosabmabHoil, [ma apurpornura mens oToil GYyHKONKI CO-
CTONT, OYEBMIHO, B CO3JAHNN KOMIAKTHOWU BBICOKOKOHIEHTPIPOBAH-
moil cmeTeMBl M3 MoOJeRyx remoraob6mmon. [Jlas octanpHBIX Oonee
CIIOJKHBIX KJIETOK, 4eM DPHTPOINT, KOTOPHIE BEIMOJHAIT pasHoobpas-
nple QyHRINM, (a3oBbie MePexojbl BHYTPURIETOYHOU BOJBI CO3MAIOT
TY BHYTPEHHIOI MOOMIBHOCTHL JKMBOM MaTepmnm, KOTOpas, IO-BHJIU-
MOMY, JIe;RAT B OCHOBE BCeX (PYHKIMU KUBOU MaTepum.

I10 mod0KeHNe MOKeT OBITH C(POPMYJINPOBAHO KAK TePMOIHHA-
MIYeCKNII TMPUHIOHWI CYIIeCTBOBAHUSA FKUBOI MaTepum: RUBag MaTe-
PHs CYIIeCTBYeT B BHJe JAHHAMIYECKON CUCTEMBI, BBITIOJTHSTIOTI e 11
pasHooOpasHele pafouyme MPOIMEecChl, KOTOPEIe IIOAMAIOTCS MaTepualb-
HOMY MOJEIMpOBAHMIO; B OCHOBEe THX pabodYmx IPONEeccoB JIeKHT,
ogHaxo, pafora, KOTOpas He MOAJAETCA MATepPHATBHOMY MOJEIIPO-
BAHMIO: OTO — paboTa 1O CO3AHNIO CTPYKTYpPHI JKHBOM MaTepu,
SBIAIOMelicss TepMoaabmiIpHO MmpH TeMIepaType CyIiecTBOBaHUA
STOIH JKe NMMHAMHAYECKOM CUCTEeMBI,

CoznaTh MAIINHY, e[UHCTBEHHAS (QYHRIMUA KOTOPOH cocTosma Obl
B IOCTpPOeHNN COOCTBEHHOI CTPYKTYPHI H3 MaTepHada, TepMOoJIadmiIb-
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HOTO TIpH TeMmIepaType [eATeJIbHOCTH ATOIMl jKe MAIINHBI, SBISIETCH,
[IO-BUTIMOMY, HEBO3MOKHBIM, [IpyruMm cioBaMm, gi00ag «HEeRHBASY
Malllnda, DOAYHHAKNIAACA BO BCEX CBOMX 4YacTAX 3aKOHAM (DH3HKH
Il XUMHA M TeM CaMBIM BTODOMY 3aKOHY TePMOAHHAMUKHI, COCTOMT
13 TEePMOCTOMKOIO MaTepmaJa.

TepMognmamMudeckmii TpUHIAI CcymecTBOBAHES KUBOI MaTepuu
[IPOTHBOPEYHT, CJIEIOBATEIBHO, BTOPOMY Havaly TepMOANHaMUKMH,
ROTOpOMY HOAYHHAIOTCA AMHAMIYECKHE CHCTEMBI HEKHBOM TIPUIPOJIHL:
ITOT TPHHINN, ABIAIOIINUCA 0000I[eHNeM JaHHBIX TeOopeTHYecKOil
H 9KCIIePUMEHTAJIbHOI OMOJIOTHN, MMeeT caMOCTOATEeIHHOe M YHUBEp-
CAUIPHOE BHAYCHMEe JJIs1 MOHHMAaHUA (PH3HIECKROIl CYINHOCTA W CIeNN-
GuRN gBWHKeHMS JKMBOII MaTepum.

[Tepexognm Temeps K ommcanmio ONBITOB, MOKA3BIBAIOIINX, YTO HE
TOMBKRO BHYTPHKIETOYHAS BOJAA B HOPMAJBHBIX [yCTOBHAX CYINECTBO-
BAHHA FBIACTCA CTPYKTYPHPOBAHHO, HO M BOJA, IPOHHKAOIIAS B
OPUTPOIUT B YCAOBUAX DKCIEPHMEHTA, TEPEeXOAHT B CTPYKTYPHPO-
BaHHOe, TepMOIa0MIbHOE, HersHTPONHITHOe COCTOSHIIE,

¥ 2. I'yn (Good, 1960) mcenemonam KIHETUKY pPaspyIIeHHs HPUT-
POTIITOB 4eJOBEKA TOJ BO3JEUCTBHEM THIOTOHHYECKHX PACTBOPOB
HOTyaMHAia MaJOHOBOH KHCJIOTHI TPH Pa3HOil Temmepartype. B rumo-
TOHIMIECKOM PacTBOPE JPUTPOLNTH HaOyXalOT IIOKA He JIOCTHUTHYTO
TPE/IeIbHOE TIOJI07KeHNe '0CMOTHYeCKOTO paBHOBecus. Ilpomece Haly-
XaHHA OPUTPONNTA, OKAHYMBAIOU[MIICA THOETBI0O KJIETKH M BHIXOJKIIe-
flIeM M3 Hee reMOrJIo0MHA, TMPOTEKAeT TeM MeJIeHHee, eM HIKe
TeMIepaTypa,

Ha pme. 13 mpusepenst kpusbie KumeTnKm reMoJIn3a, MmMoJyYeHHbIe
I'yioM Ha oCHOBe SKCIIePHMEHTANBHBIX TAHHBIX O BO3/IEICTBNN Ha
JPUTPOIHUTHI THIIOTOHNYECKOI0 PacTBOpa, COOTBETCTBYIOIIET0 OCMOTIH-
TECROMY JaBlIeHHI0 B O arm mpH pasHoil Temmeparype. Ha ocn
OPANHAT OTIOKEHBI TPOIEHTHl TeMOIIO0MHA, (YCTAHOBJIEHHBIE II0
ONTHTECKOMY [OKA3aTelqlo, a Ha ocH abcmmec — Bpemsi (B MUH.).
Kpaiinaa meBas kpmsas cooTBercTBYeT MPOoNeccy paspyHIeHuss dPUT-
POINTOB TIOJ{ BO3JEHCTBUEM THIIOTOHMIECKOr0 pacTBOpa TIpPH 35°.
[locrenylomme KpmBBIe COOTBETCTBYIOT Gojlee HUZKAM TeMIepaTypam
co casarom Ha 5°, 1. e. 30° 25° u 1. 1., mo 5° C.

Runernmueckne ®puBble, IOJyYeHHBIE HA OCHOBE OIEITOB I'yna,
IpeCcTaBIAlT co00il rpaduaeckne M300paKeHNsT mpomecca paspyiime-
HUS KI€TKH, KOTOPBII HauynHaeTca ¢ momenTta ¢ = 0 (1. e. ¢ MoMenTa
BO3JICHCTBHA TUIOTOHHYECKODO PACTBOPA) M KOHYAETCH AKTOM TEMO-
N34, T, e. MOCJeHell cTajneil B mpomecce pPaspylieHHs HPUTPOIATA.
[Tapamerpom cropocTnm mpomecca paspymIeHUS KIeTKH SIBISETCS Be-
JIH‘IHH&-%" yTA€ I — TIPOMEJKYTOK BPEMEHH, KOTOPHII HAYMHAETCH C
MoMeHTa t = () m KoHYaeTcs MoMeHTOM, coorBercrByomuM 509 Hb.
HIH MaKCHMAJIBHOMY KOJINYECTBY OPHUTPOIATOB, KOTOPHIE TeMOJIM3N-
PyIOT B eIMHHIy BpeMeHH. S-00pasHbIi XapaKTep KHHETHIECKHUX
KPHBBIX O0BACHAETCA TeM, YTO INPOLECC TeMONN3a MPOUCXOTAT B
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MONYJIANAA 73 PA3TAYHBIX BO3PACTHBIX TPYII 3PUTPOLUTOB, OOHAPY-
JKUBAIOIIX TaycCcoOBO pacipejelieHne OTHOCHTEIbHO HX OCMOTHYE-
ckoit yeroitampoctn (Marks et al., 1958).

PacemaTpuBas mponecc paspyllieHHs DPHUTPOMUTOB ¢ TOYKHA 3pe-
o XnuMageckoil kmHernmkH, Good meciremoBas 3aBUCHMOCTH CKOPOCTH

’DO"'-'_ i S0 IR et i R g2 - S —— — - - —_—

-~

0 = 3 T T |

0 0 20 330 4« X 60 70 80 90 100mun

Pnc. 13. Bamaame m3MeHeHNMS TeMuepaTyphl Ha CKOPOCTh
npolecca TeMoJm3a B THUIOTOHHIECKOM pacTBope (5 ams)
[mo I'yay (Good, 1960)]

pa3pyIIeHNA KJIETOK OT TeMIepaTypsl Ha OCHOBe ypaBHeHHSA Appe-
HHUYyCA:
/) |

rae V — ckopocTh mpomecca paspylieHmns 3pPUTPOIUATOB,
[l — pHeprus aKTHBAUM IIpoIecca;
R — razoBasg moCTOSHHAA;
I' — aGconorTHAasg ‘TeMIeparypa,
A — mocTosAHHAA.

| 1
[lomcraBasa B ypaBHeHHe AppeHmyca Bejawunny — aisg Vo om 7
nass A, nmonydmm
1 1 E 1 .

[loap3ysach ONBITHBIMEA JAHHBIMH U3 puc. 43, MBI BRIYHCANIN 110-
CTOAHHBIE YpPaBHEHUs AppeHHyca:

E =
g =9,02 m 55 = 3047. (3)

Ha puec. 14 moxasamo rpadmueckoe maobpaskeHne 3aBHCHMOCTH
| 1

lg—or 5 -10° pua ommitamix pammeix ma puc. 13. Rax sujmo, ora
3aBHCHMOCTH OOHADY/KUBAET JMHEHHOCTh, COIIACHO ypaBHEHHIO Ap-
peHmyca.

PacemoTpuM B jlajipHeimieM Tipomecc paspylieHus 9pUTPONHUTOBR



Ha OCHOBe TeOPHH abCOMOTHBIX cKopocTeii peakmumii! (Iirecceron

n ap., 1948) m orompmecrBmM ypasmenme AppeHmyca ¢ OCHOBHBIM
YpaBHEHNEM 3TOIl TEOPHH:

R e A
8K =183+ 555 — 33a7 s (4)

e k'— cropocTs peakmmm (cex—!):
k — mocrosauHas Boasmuvana:
I' — abcomoTHas TeMmepaTypa:
h — mocrosuuas Ilnanka:
AS — BHTpONNA aKTHBAINN;
AH — rennora axTuBammm.

M 2 33 W Ix ap D -;--Jo’
'__—L—l——-'—_l‘j_l“

Pmc. 14, 3aBmcmMoCTh CKOpOCTH HpoOmecca reMoJm3a
OT TeMUe paTy phl

ITo ocm opmuuar — 1g Tl— (t — BpemMAa BO3NeHCTBUA IUMOTOHMNYE-

CHKOro pacTBopa); 1o ocH afcouce ——%— 103

U3
%:MHEEAH

CIIeayeT, ITo

kP o AS
n T 23R ) )

1

n orcoga npu I = 298° n lg—:— = 9,02 moxygum
0

AS = —17 kaa-2pad- moap™., (6)

! IlpumMeEAMOCTE TeopHHM abCOMIOTHEIX CKOPOCTeM pPeakKmmii I OMmCaHWs
(pEBHOTOrHUECKIX NPOLECCOB HA YPOBHE OeIKOBBIX MOJIeKYJI B (DYHRIHOHAPY [O-

IleM opraHe OplIa ImOKasaHa Ypbaxom (1960) mpm Gmodmamueckom mccaemoBa-
HAH ABJIEHUsS MAMATH.



UpcaeHHOe 3HAUYeHHe HHTPONNH aKTHBAIUI COBIAjaer mo abdco-
JIOTHOM BeJMYNHE ¢ BeJHYMHOI DHTPOMHUH BOJBLI TPH CTAHZAPTHBIX

yeaosuax — I' = 298° (Kupees, 1959):
- Secrann = 16,7 Kax « 2pad—" + moav!, (7)

§ 3. IIpuMenenne ypaBHeHUs AppeHHyca JJIf AHAIM3A KHHETUKH
mporecca paspyUIeHAs HPHUTPONUTOB IO BO3/EHCTBHEM IHIOTOHN-
YyeCKOTO PacTBOpa IPU PA3HBIX TeMIepaTypax OCHOBaAHO Ha CJe/iylo-
meM IPeJIoJ0KeHN: IIpomece paspylIeHHs KIETKH IPOUCXOIUT B
Ka:RI01 KJIeTKe He3aBHCHMO OT JAPYIHX B BHJE MOHOMOJIEKYIAPHON

peaxnuu. IlocTosTHHBEIE ypaBHeHHA AppeHmyca %H—% OTpasKaioT
HeKOTOpPbIe IPOYHOCTHBIE CBOICTBA KIETKM, KOTOPBIe BLIABIAIOTCH
B Iporecce ee paspyuenus. Murepmnperarus IMOCTOAHHOMU Ti'o B
CMBICJIe TeopHH a0COJMIOTHBIX CKOPOCTeN pearmmn

1 _ AT asr

to h

O3HAYaeT, YTO paspymIapinagcs RIeTKa B IeJ0M IPeacTaBIAeT co0oil
PETAHTCKUIT AKTHBAPOBAHHBIN KoMmmiaexkc. MexanusM paspylIeHHsd
KICTKN B THIOTOHNYECKOM PacTBOpe CcOCTONT B TMPOHHRHOBEHIH B
KIETKY BOJABI M3 MERKJIETOUYHOil cpeisl. Boja, mMpoHMKAsg B RIETRY
N3 MERKIETOYHOIl cpejibl, IepexoanT m3 COCTOAHUA BOJBL — PaCTBO-
PUTENA B COCTOAHNE RPUCTANIHICCKOIl, BHYTPIKIETOTHOI BOJIBL. ITOT
pa3oBpIil mepexoj| BOABL M3 MeHee YIOPS/OYEHHOT0 COCTOAHWA BHE-
KJICTOUHOI BOABLI B 0ojee yIopsijodeHHoe COCTOSHEEe BHYTPHKISTOM-
HOIT BOABI XapaKTepHuayeTcA OTPHUIATEJLHBIM 3HaueHHeM JHTPOINH
AKTHBAIMI B IIpoIlecce PaspylIeHHs KIeTKM IPH CTAHAAPTHOI TeM-
neparype: AS ~ — 17 raa-epad=' - moav.

Ecan Taroil MexXaHM3M pa3pyLieHHs KJIETKH B THIOTOHHIECKOM
pacTBOpe TIpaBHJIeH, TO (COBIAJEHUE 110 a0COJMIOTHOM BeJHINHEe MYIC-
JTeHHBIX 3HAYCHHN CTAHAAPTHOM SHTPOINH BOJBI MOMKET pacCcMaTpH-
BATHLCA KAk yKazaHme Ha TO, YTO BOJla BHYTPI KJICTKH HAXOJUTCA B
COCTOSIHUN MAKCHMAJIBHON YIOPAJZOYeHHOCTH — B COCTOAHUH, 10CTH-
raeMoM B HE;KUBBIX CHCTEMAax TOJBKO IpH abCoNIOTHOM HYJIe TeMIe-
parypsl (Tpmmwep, 19646, B; Trintscher, 1964).

Kumernuecknii amajing mporecca paspymieHinsg HPHTPOOHUTA  TIOX
BO3JIeICTBAEM THIIOTOHMIECKOro pacTBopa MPUBOANT, CJIEI0BATEILHO,
K BBIBOJLY, 9TO BOJA BHYTPH KIETKH HAXOJWTCA B KBAZMKPHCTA/LIHTE-
CKOM MaKCUMaJbHO YIIOPAZ0YEHHOM COCTOAHMIL.

910 cocTOAHME XapaxkTepusyercsa OTpHIATETbHBIM 3HATCHHEM
SHTPOINN: KBA3WKPHCTAJIHIECKAas CTPYKTYpPa BHYTPHURIETOYIOII BO-
MBI HempepBIBHO paspyllaercs TpH TeMIepaType JRH3HI RICTRH M
HeIpepsIBHO BOSHUKAET 3aHOBO B IIPOIecce PacXooBaHmA Hepriamd
MeTaboanama.
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l'naéa odunnaduyamas

MOKHO JI MCKYCCTBEHHO CO3JIATH JKIBOE?

3 1. B macrosmgee Bpems upoGiaema NCKYCCTBEHHOTO CO3/aHUA
AKABOIL MaTepmy craja O0COOEHHO AKTYAJBHOII B CBAZM C CO3JaHueM
KHOePHeTHYECKUX YCTPOICTB, OCYI[ECTBISIONIIX CIOMKHEI 1eJ1eco00-
pasueie mporeccsl. Ilockombky kumeoit oprammsM m ects THHAMHTE-
CRad cucreMa, BEITIONHAIONAS CIOKHBEIE Ilesecoo0pasubie (DYHRIHM,
T0 KHOepHeTHMuecKas MalIMHA, BBRITOTHAIONAS XOTSI ObI OJHY W3 HHX,
MOKET OBITH paccMOTpeHa KaK HeYTO KMBOE, B KAKOM-TO YCJIOBHOM,
Oomee HumaxoMm mopsxkre. Ilepexox KuGepmeTmueckoro yCTpoiicTBa OT
Oonee HUBKOTO K GoZee BBHICOKOMY IOPAIKY ABJIACTCS, OJHAKO, IIPHH-
ININAJIbHO HEOTPAaHMYEeHHBIM B CMEBICJE BBIIOJHEHUS BCe OOIBIIEro
KommgecTBa m Bce Oonee camomnbix pynrumit. Ha camom meme Kubep-
HETHYECKAsd MaIlMHa MOKeT BBIIOJHATL IIPOLEcCHl J000il CcTernenm
CHORHOCTH, ecad TOALKO BBHINOJHAEMOE JeiiCTBHE BHIPAJKEHO HA
CHMBOJTH'IECKOM Sf3BIKe AJTrOPUTMOB, KOTOPHIE BIOMKEHBI B BHUIE IIPO-
rpaMMel B knbepHermueckyo Mammny. Orciofa femalor BHIBOT, 4TO
C TOYRH 3peHNs KHOCDHETHKH pasimdume MeKIY JRIBLIM Opranus-
MOM H KHOEPHETHYECKHM YCTPOICTBOM, BBHIIOMHAIONIIM Te JKe (pyHK-
[N, YTO M KMBOI OPraHH3M, 3aKJII0YAETCH B KOHEYHOM CUYETE TONLKO
B HCTOPHH HUX CO3JaHMA, a He B NPUHIUIHAJILHOM pasanmium (Puamu-
HeCKNX 3aKOHOMEpPHOCTeH, YIPaBIAIINX TOH M JAPYTUMH CHCTEMAaMI.

RuGepnernxr, ciaemoBaTesbHO, BIpaBe YTBepXKAATH, UTO MCKYC-
CTBEHHOe CO3/aHme RUBOM MaTepHH NPHHIUIHAIBLHO BO3MOMKHO, Ilpu
ITOM HMeeTca B BH/Y, 4T0 KHOepHeTHYEeCKOoe YCTPOMCTBO, CIeNMAIbHO
CO3/IaHHOe /I BBINOJHEHHSA OMOJOTHYECKNX (YHKIMIL, BBIIOJHAET
HX TOYHO TaK 7Ke, KaK M JKMABOM OPraHW3M, M, CTAJO0 OBITH, II0 IIPHA-
3HAKy BBLIIIONHEHHMSA W3BECTHHIX Omoaormiyeckux yHKIHUI HeT pas-
JUYAA MEKAY KHBOM Marepuenl M KUOEPHETHUYECKHM YCTPOICTBOM,
CO3JAHHBIM M3 HexRuBoii Matepun. DYyHKIUM, BHINOJHSEMBIC Malli-
HOM, MOTyT OBITH CaMble PasHOOOpasHbIe, B3ATHIE KAK M3 CPEAbI
(puBMONIOTYECKOTO IOBEIeHNA JKMBOTHOTO OPragmaMa, Tak M MHTeJ-
JeKTYanpHOil fearensHocTn denosera (Twiopunr, 1960).

8 2. PacemoTpum Temeps mpormBonosnomHOe, KaK OB aHTHKHOED-
HeTHYecKoe yrBepskjenne. VlcKyccTBeHHOe co3fanme 3UBOit MaTepuu
B Buje (PYHKOMOHAIBHO TOMKIECTBEHHOH KHOEPHETHUECKON MAIIIHEI
ABIACTCS HEBO3MOKHBIM, TaK Kak Omojdormueckmii oOMeH BeI[ecTB

NPUHIOIIAAILHO He MOMKeT OBITh BOCIHPOMBBEIeH € IMOMOINLI0 HEKI-

BOIl MaTepuu,

IMopoiins K mpobieMe WMCKYCCTBEHHOTO CO3TAHMS KUBOTO HA
COBPeMEHHOM YpOBHe eCTeCTBO3HAHMA, HEOOXOIMMO IIPH3HATH, YTO
oba yTBepKJIeHAA IPOTHBOpEYaT [ApYyr JApyry H, CIeI0BaTelbHO,
MTOJKHBL  COJlePsKaTh B3AUMONMCKIIOYAIONINE TeopeTHYecKne II0JI0Ke-
ansa. Jlormueckoe mnpormBopeume MeKAY KHGEPHETHYECKAM M AHTH-
KIOEPHETHIECKAM YTBEDIKACHHSAMH CHHMAETCs, OJXHAKO, eCJH OIIy-
CTUTH Clejyiollee: jKUBasg Marepns, objgamamoniasg OHOJOTHIECKIM
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00OMEHOM BeINecTB, He MosKeT OBITh CO3JaHa HUKAKUMHI MCKYCCTBEH-
HBIMM cocobaMu M3 HERMBOI MaTepHm, HO pasHoobOpasHble (YHKIMH
JKABOTO OpraHmaMa, ABIAOIINECS «IPOM3BOAHBIME (PYHRIHAMAY OMO-
JOTMYECKOr0 OOMeHa BemecTB, MOKHO WMHTHPOBATHE CKOJIL YIOIHO
TOYHO KubepHeTnuecKuMm ycrpoiictBamu, Keam 210 monoskenue, Ko-
TOpPOE Y/OBJETBOPSAET KaK «KHOEpHETHYECKOMY», TaK M «aHTHKHOEp-
HeTHYECKOMY» YTBEePKIACHUAM, IIPaBUJILHO, TO OHO YKa3nlBaeT OJIHO-
EpeMeHHO Ha IpPUHOUIHAILHOE (Puamdyeckoe pasjinuyme  MeKy
OCHOBHOU (DYHKIHeil KHUBOIl MaTepum — OHOJOIrMIeCKNM O0OMeHOM
BeIeciB — M BCEMHU OCTaJbHBIMI (PYHKIUAMNI MeTal0JIN3NPYIONIEro
OprasuzMa, yCJIOBHO HA3BAHHBIMU «IIPOM3BOMHBIMA (DYHKIIMAMII.

TepmogumaMnueckasi cyThb 9TOro (U3MIECKOTO pasimums MeK1y
TOIl Win ApyruMu (PYHKOUAMHA JKUBOIO OPraHmsMa, ecJu OHO JeilcT-
BHTEJILHO MMeeT MeCTO, 3aKJIIYajJoch OBl B ciaeayionieM: Te (QYHKIIUM
AIBOICO OpraHmsaMa, KOTOpble IIOAJA0TCA CROJNL YIOAHO TOYHOMY
UMHTHPOBAHNI0O KHOGPHETMYECKMMH YCTPOIlCTBAMH, IIPeACTaBIAIOT
coboii paboume Tmporeccsl, KOTOpPBIe HE IIPOTHBOpPEYaAT BTOPOMY 3a-
rony TepmoamHamMukn, Omm, 1. e. (PyHRIHM oprammama, IIpeCcTaBIH-
jomue paboume TIPoOIECCHI, MOI'YT OBITH BOCIHPON3BEIEHBI € JIIOOOI
CTEIeHBI0 TOYHOCTH aBToMaTamMy, poboraMmy, KnOepHeTHUYeCKHUMH YCT-
poiictBaMu. YrTo Kacaercs, oJHaAKo, OHMoJormueckoro obOMeHa Be-
iecTB, T. €. Toi cuermuuuecko QYHKINHE KABOTO OprammaMa,
KOTOpasi JEeKNUT B OCHOBE BCEeX ero pasnHoobpasHbix (PYyHKINI, TO dTa
ocHOBHasi (DYHKIMA JKUBOII CHCTEMBI IIpejacTasjser coboii cBoeobpas-
HBII, XapaKTepHBLII TOJBKO IS JKUBOM Martepum padoumii mporece,
KOTOPBIIL IIPOTHBOPEYUT BTOPOMY BaKOHY TepMOJAMHAMHUKH. OTOT
[porecc, Kak IPOTHBOpPeUYAIlNil BTOPOMY B3aKOHY TepMOJINHAMHUKII,
He Mosker ObITh MaTepmanbHo MojenmposaH. CymectByer, cieoBa-
TeJIbHO, TePMOJUHAMNYECKNII 3allpeT — HeBO3MOKHOCTE MaTepuaJbHO-
ro BOCIPOM3BEACHHA OCHOBHON (PYHKIMM MKHUBOII MaTepum: OMOJOrHYe-
CKOro oOMeHa BeliecTs.

§ 3. Har Ob1 Hum OBIITIO CJIOMKHBIM IIOBEJeHNE KMBOTO OPraHmaMi,
moObie HaOmogaeMble (DYHKIUH, M3 KOTOPBIX CRJIAJBIBACTCHA €ro I0-
BeJieHHe, MOryT OBITH IIpejiCTaBJIeHBI B BHJe padoumx IIPOIECcCOoB,
PUHIIIAAIBHO TOAJAIAXCA HMHATAIMA KHOEPHETHYECKUMH VCT-
poucTBaMMU; Ipn4yeM OOHApPYMRNUBAETCA Jaske HEKOTOpPoe IIPeBOCXO]l-
CTBO KHOEpHETHUYECKOTO YCTPOMCTBA + HAJ JKUBBIM  OPradm3MOM.
OxaseiBaercs, uro KuOepHETHUECKAs MAllllHA, BBITIOJHAIOIAS KaKRYIO-
anbo CiaomHAYyI0 (PYHKONI opranmsMma, pabotaer moJbime n OBICTpEe,
yeM JKHBOII opraHmsaM. J710 (PYHKIHOHAJBLHOE ITPEBOCXOICTBO Kubep-
HEeTHYeCKOM MaIluHBLI HaJ OPraHM3MoM CBS3aHO OTYACTH C TeM, 9TO
OpraimsM BBIIOJHACT BCErjia MHOMKECTBO paszHooOpasHBIX, B3aNMO-
CBAZAHHBIX (YHKOMI, B TO BpeMsA KaK CIHeHaJbHO CO3JTaHHAM
KuOepHernyeckas MammHa cBoOojpHa oT «mobounsix» pyurmumii. IIpe-
BOCXOJICTBO MAaIIMHBLI HAJ OPraHU3MOM OKaszaloch erme 0Oojaee yOemnu-
TEJLHBIM, KOTJa TeOopeTHYeCKUM NyTeM IIPUMIIN K BBIBOAY O BO3-
MORHOCTA CO3JIaHusA KHOEPHETHYECKOT0 YCTPOMCTBA KaK VHUBEPCAJh-
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HOTO mpeobpasoBaTtenss WH OpMaImii, NOCTYNHBIINX B MalIHHY B
Bijie coorBercTBylomux curranos (Turing, 1936—1937).

Oramanrensusie wepror KnbOepHeTHIECKOro yeTpoiicTBa (crocoo-
HOCTE MOJ@MPOBATH JIOOYI0 CIOKHYIO Omomormveckyo ¢ynrmmo,
HMEIOIYI0 XapaKkTep «BHENIHEeTo» paGouero mpomecca, u IPeBOCXOJI-
CTBO KHOCPHETHYECKON MAaIImHEL HAaJl OpPraHm3MOM OTHOCHTEJIHLHO
MHOTORPATHOM (IOBTOPHMOCTH W OBICTPOTBI  BLIMIOJHEHHS  AHHOIN
QYHKIUN) ABHIUCH OCHOBOIL AJIA yTBEPKICHAA O TOM, 9TO HeATENb-
AOCTh opraHmaMa AKOOBI mpemcTaBisieT coBoi (hyHKImOHNpOBaHHTE
MEXaHn3Ma, MO[YNHAIONIEN0CA BO BCEX CBOMX YACTAX TOM 5Ke 3aKO-
HaM (DUBVKA 1 XUMHH, 9T0 W JTI06as MAIIIHA.

OnHako mMemmy KUBBIM OPraHU3MOM M MAIIMHOI CYN[eCTBYeT
GIEAyloniee KOPEHHOe pasjiniune B OTHOIICHHYW CBSI3H CTPYKTYPBHI M
dysrmmii, Mammnna Momer u He paboTaTh, He TepAA CBOEIH CTPYKTY-
PBL 110 KpaHHEil Mepe B TeYeHHe BPeMEHI, CPaBHUMOTO ¢ BpeMeHeM
pabounx ImUKIOB MammuEsl, Mammnaa 00I1ajiaeT yeToiYMBOCTHIO ¢BOEIR
CTPYRTYPBI TIpH TeMIepaType ee NeATeJIbHOCTH: CTPYKTYpa coXpaHs-
OTCA M TOrJa, Korga MallMHA He [elicTByer. JKumBoii oprammaM,
HAIpOTHB, MOMKeH Bcerja (QyHKIHOHHPOBATH, M €CAH O KAKON-TO
IPIIIHE OPraHA3M 1IepecTaeT BBUIOJHATH CBOM (DYHKIHH NPH TeM-
TepaType CBOeH ;KH3He[[eATeJBHOCTH, T0 OH HeoOpaTIMo TepseT CBOIO
CTPYKTYypy u mormbaer, Tax Kak moreps cTpyKrypsi He(DYHKITHOHH-
PYIOIIETo OopraHusMa CBfi3aHA ¢ TePMHYECKOil (DIyKRTyamueii BEIIeCTB
P TOIi 7Ke TeMIepaType, mph KOTOPOIl IIPOWCXONT FKUBHEIeATEb-
HOCTh OPraHU3Ma, TO COXpaHeHHe CTPYKTYDBI B JKHU3HENEATEILHOM
OpraHmsMe MOJKHO OBITH CBA3AHO ¢ KAKHMU-TO AHTUQIYKTYaIHOH H I~
MIL TIPONeCCaMi JKUBOM MaTePUN, IIOMIMO BCeX APYTHX paGodimx 11poriec-
COB JEHCTBYIOILEro OpraHumsmMa, B opranmaMe BHEIIHHe paboune
IPOMECCEl M AHTH(DIYKTYAIOHHBIC TPOMECCHl COXPAHCHUS CTPYKTY-
PBI, HOCHTeNIA WHOOPMAIMOHHOTO COJACP/KAHUS  JKUBOIL CUCTEeMBI,
COIPAZREHBI MLy 00O 1 (IPOTEKAIT B OJHO M TO jKe BPEMS 1 B
OIpe/ie/IeHHOM (Y3KOM) TeMIIepaTypHOM HHTEpBaje, B KOTOPOM IIpo-
HCXOJIUT GKU3HEIeATeIbHOCTD.

Mger yeranoBuim nBa byHIaMeHTATBHBIX, OTIHYNTEILHEIX CBOIICT-
Ba JKHBOU CHCTEMEL.

Bo-mepsrix, mpm Temmeparype sKm3HemeATEIBHOCTI CTPYKTYPi
RICTKH ABJACTCA TePMOJAOMILHON B CBABH ¢ KBa3WKPHCTAJIHYE-
CKOH, TepMoJabuiabHOI (HersHTponmiiHoil) CTPYKTYPOM BHYTPHUKJIE-
TOYHOH BOJIBI, IOJ(BEPTalOIeiiCs HelpepsIBHBIM (a30BhIM nmepexojiam
(KpmeTamr == JKuKoCTh).

Bo-Brophix, Bce HeBOJHBIE KOMIIOHEHTHI KHBOM KICTKH (Denkm,
HYRJICMHOBbIe KHCTOTHI M T. [.), oOpasymoliue COBMECTHO ¢ BOJOIi
CTPYRTYPY KICTKH, ABIAIOTCA HOCHTENIAMHI MHOOPMAIME M TPH OT-
CYTCTBHH BOJBI 00Ja[al0T TEepMOCTAOMIABLHOCTBIO IIPH TeMIeparype
oOMeHa BelecTs.

Ha ocHoBe 9Tux ABYX (DyHAAMEHTATIBLHBIX CBONCTB JKHBOI KIIOTKII
MBI C(HOPMYIHPOBATIH TEPMOSHHAMIYCCKHUI IIPIHIITL CYLIeCTBOBAHUSA
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JKUBON MaTepuu: auseas marepus npedcragaser coboil JuHamuue-
CKYI CTPYKTYpY, KOTOpAs paboraer npu Temneparype TepMuvecrozo
paspyuLernus ceoell CTPYKTYpbL. |

Cosnare OHHAMAYECKYIO CHCTeMY W3 HEe/KMBOM MaTepHH, KOTOpas
paGoranma OB mpH TeMuepaType MIaBJICHHA CBOEHl CTPYKTYPHI, HEBO3-
MOEHO. MBI MOMKeM, CJIeI0BaTeIbHO, CHOPMYJIUPOBATL CJeAyIOIINM
TepMOJMHAMIIeCKANR samnper: Heavsa c030arv MAWURY, PYHEYUS
KOTOpOU cOCTOAAG Obl 8 NOCTPOEHUU COOCT8EHHOU CTPYKTYpbL, KOTO-
pas TepmosabusbHa npu Temneparype 0eATeabHOCTU ITOU e MAUU-
nvl. JleiicTBUTENBHO, JMI00as «HE;KUBAsgy MallnHa [OMYMHAETCS BO
BCeX YaCTAX W JeHCTBHAX 3aKOHAM (PUBMKM HE;KUBOM IPHPOJEL.

TepMoguRAMAYECKIIT NPHHINI CYI[ECTBOBAHUA KUBOH MaTepuu
SBIAETCA CAMOCTOATENBHBIM IIPHHIAIIOM, YKA3LIBAIOIIIM Ha CaMO-
CTOATENBHOCTh (PUBMKH JKMBOM MaTepuyu M Ha HEBO3MOKHOCTH BO3-
HUKHOBEHHA KMBOM MaTepMH H3 M3BECTHOM HAM HEKHBOH MaTepHu.

§ 4. BosamraioT aBa KapAHHAIbHBIX BOIIPOCA:

1. MoykHO M MCKYCCTBEHHO CO3JATh JKUBYI0 MaTepHIO?

2. Haknm o0pasoM BO3HUKIA JKUBag MaTepPHA B HCTOPAIECKOM
acmexre?

Ha mepsmrit BOmpOC, B HacTOAIlee BpeMs, TO-BHAAMOMY, HEJIb3A
TaTh OKOHUATEIBHOTO OTBeTa. [lomycTuM, 4T0 [elcTBUTEJBHO yAaCTCs
M3 HEKHUBON MaTepuu CO03/IaTh BCe HEBOJHBIC KOMIIOHEHTH jKIBOM
JUIETKI — OMOMAKpPOMOJERYJIbI  (0eaKm, HYKJIEHMHOBEIE  [KHCJIOTHI,
¥ T. 1.), T. €. Bce MH(POPMATHOHHEIE KOMIOHEHTH SKHBOM CHCTEMBI.
Torma, Bagada CO3TAHAA JKUBOI KIETKH OyfeT 3aKaouaTeca B cOOH-
pPaHAW BCeX HTUX HEeCYINX HHEOPMAII0 HEBOJHBIX KOMIIOHEHTOB IO
ONpefeleHHOMY IIaHy COBMECTHO ¢ IVIABHBIM KOMIIOHEHTOM (KHBOU
KIeTKH — ¢ Bojou. IlocKOMBKY BHYTpHMKIETOUHAs BOJAa HAXOAUTCA
B KBA3HRPHCTAIMIECKOM TepMOIabMIbHOM (HEersHTPOIMAHOM) CO-
CTOAHNW, TO coOMpaHHe KOMIOHEHTOB JKHBOM KIETKA BO3MOKHO
TOJBKO JBYMS MYTAMMA: WIN IPH Ype3BbHIYailHO HU3KOM TeMIlepaType,
B TPICYTCTBHH «3aMOPOKEHHON» (yIOPAMOYEHHOH, HO TepMOCTa-
GUIIbHOIT) BOJBI, MJIM TPH TeMIepaType SKH3HeAeATeIbHOCTH, HO 0e3
BOMLI, T. €. B CyXoM Bmje. B mepsom ciaydae s mpmoOpeTeHus
cueTeMoil  OmOJOrmYecKoro oOMeHa BemecTB HeoOXOIAMMO HaTpeBaTh
CHCTEMY J0 TeMIepaTyphl ee ;KU3HeJeATeJbHOCTH, BO BTOPOM CJy4ae,
HeOoOXO0IMMO0 «YBIAMKHATEY CHCTEMY.

Teopermueckn ofa myrm ocymectBuMbl. Ho B drecmepmMeHTaNb-
HOM OTHOIIGHHM MMeTCA HempeoxoamMeie tpyaaocTH. Illo-Bumm-
MOMY, HEBO3MOKHO «CTPOUTH CTPYKTYPY M3 MAaKpPOMOJEKYIAPHBIX
KOMIIOHEHTOB» B TPHCYTCTBUA KPHUCTANIMIECKOH BOJBI, T. €. TpH
HHU3KOIT TeMmeparype, KOTJa MAKPOMOJEKYJIAPHBIe KOMIIOHEHTHI He-
ITOABI;KHBI, W, IO-BHANMOMY, TAK/Ke HEBO3MOKHO «CTPOUTH CTPYHK-
TYPY U3 MaKPOMOJEKYIAPHLIX KOMIIOHEHTOB» B OTCYTCTBHE BOJIEI, T. e.
IpH TeMiepaType KHU3HEeJeATeJbHOCTH KIeTKH, HO B CyXOM COCTOA-
HAW, KOTJA MAKPOMOJEKYJIAPHBIe KOMIOHEHTHI TAKKe HEeIOIBUKHEL.

[Tepexomum Temeps KO BTOPOMY KapPAHHAJIBHOMY BOIPOCY: KAKIM
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00pasoM BOBHMKIA JKMBAfg MATePHA KaK ONHA T3 MaTepHaJIbHBIX
CYIIHOCTEell OBITHA, €CJM CYIeCTBYeT TePMOJHHAMIYECKHAIT 3amper
BOSHUKHOBEHIA JKMBOM MAaTepHH N3 CyMIeCTBYIOMmeil B HACToANIee
BpeMs HEeRUBOM MaTepum?

IlpnBenennsiit amamms yrasoiBaer ®a HCTOPHYHOCTE MaTepuu,
Rar JKUBOH, TaK W HesxuBoit. Mup mMarepmanen Bo Bce Bpemema. MnTe-
PECHO OTMETHTB, UTO BO3PACT JKUBOII MaTepHH TOTO Ke IMOPAAKA, KaK
n Bo3pacT Bcemenmuoit B T0ii hase, B KoTopoit oma CYILIECTBYeT,— B
(haze pacmmpenus.

lpusuarkn 6mocdepsr HaGMONAITCA B OTIOKEHIAX 3eMHOI KOPHI,
uMelomux naBmocTh cBbime 2-10° ger (Bmmorpamos, 1959; ITupm,
1959). Hopun kusunm yxomar, TO-BUIIMOMY, ele 3HAYNTEILHO Hajb-
me B ray0p Bpemenu. Cumraior, 9to BospacT Semanm pasenm 3—4 « 109
aer, Bozpact 3Besf o+ 10° mer m Bospacr Beememmoir 101010 jer
(Shapley, 1957). B npomesxyror Bpemenn ot 5 no 10 MILIAAPOB JIeT
Hazan Bcemenmas maxojmiach, Kak IIOJAralOT, B ‘COCTOSHIH «IIePBHUY-
HOTo xaoca», CymecTBOBaHME KOTOPOr0 YHpPABIANOCH TeMH (PHamye-
CRHUMU 3aKOHAMH, KOTOPEIe OIPEAEISINCH VCIOBUAMI COCTOSHHS
MaTepHanbHOIr0 MHpa TOr0 BpPEMeHH.

Hecrompko Mmummapos metr ToMy Hazan maMeHIIHCE YCJIOBHA CO-
croAnnsa Beemenmoit, 9To gano mawamo pacmmpenmio BceeTeHHOIL
B aTom ke mawamsmoM mepmope pacmmpenns BeemeHHON BOZHHKAET
IJIaHeTa 3eMIsA M POJKAAeTCA JKU3HD HA Heil, TO-BUAUMOMY, MI0I00HO
TepMOAMHAMUIECKOH (Dase, BO3HMKAIOIEIl BHE3AIHO IPH BHE3AITHO
U3MEHUBIINXCA (PUBHIECKUX YCIOBHAX, NP KOTOPHIX CyIIeCTBYeT
famHOe (pasosoe cocroanme, BosHuKHOBeHme KWBOII MaTepHm mpe;j-
CTABJIACTCH, TAKAM 00pa30M, KAK OJHOMOMEHTHOE BO3HNKHOBEHIE BCeil
COBOKYIHOCTH IEPBUYHBIX JKHBHIX CYIIECTB B aJeKBATHBIX YCIOBUAX
NX CYIIEeCTBOBAHNUS, a He HAK BO3HNKHOBEHHE OTAEIBHOTO WM He-
CROIBKUX RUBBIX CYI[ECTB, CIOCODHEBIX K HEOTPAHMYEHHOMY pasMHO-
AeHnio. «( reosormueckoil M reoXHMUYECKOIT TOUKH 3DEHHA, BOITPOC
CTOHUT HEe O CHHTEe3€e OT/eJHbHOI'0 OPraHm3Ma, a 0 BO3HNKHOBEHUH O61O-
cpepsr» (Bepmapcmmit, 1934).

Munp sxuBoii MaTepum m Mup He;KHBO MATePHH B TAKOM BHIE, Kak
OH M3BECTeH B HACTOAIee BpPeMs, MMEIOT, CJIe/[0BaTelbHO, IPHOIN3H-
TeJBHO OJAMHAKOBBEIM BO3pacT — 2—4 mmiuamappa ger. OTciona MOKHO
3aRITIOYNATh, 4TO N3 HeKoil nporomarepnu (A), Goxee 4 MuIImapIOB IeT
HazaJ, Korja BcermenHas HaumHamza CBOI HEIHEIIHIOKW (azy pasBH-
THA — (asdy pacHupeHds, BO3HUKIN (UpubGIH3HTEILHO B OIHO T TO
JKe BpeMs) jBe MarepmagbHbie cymHoctn (B) m(C) — usag m He-
JKUBas MaTepus: 5

¥ o
N
C
BPEMHA —> OO
Il OHH pPa3BUBAIOTCA KaKIas 110 CBOUM (DU3HIECKIM 3aKOHAM.
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HNOCIHJECJHOBHNE

NuTepnperanis HeKOTOPBIX OHOJIOTAYECKIX ABJICHUIT B UX dHEpPre-
TAYECKOM W ODHTPONMITHOM AaclleKTaX mpuBega K (HOopMyIupoBAHIIO
CJeAYIOINX ypaBHEHWHU, KOTOpbIe, KaK MBI 110JlaraeM, BBIPaKalOT 0C-
HOBHBIE 3aKOHOMEPHOCTH OHOJOTMYECKON TepMOJHHAMHUKI,

1. Tepmogunamuueckas TeopeMa OHOJOTHYECKON DBOJIOIMN:

S L(dsua) o
W 6non (t) ~ek & dt /makc 3 )

2. 3akoH OMOJIOTMYECKOIl aaalTaIllil;

L A 1H 1
Sger (1) = “7‘,‘” In 7 (2).
3. Tepmoannamnueckoe ypaBHeHne o0MeHA BEIIECTB:
A (TSHBI‘) - A (AMHH 1 ln IOGH)' ! A (AMIIH i ln IE) ) A _{_ 4
At At * At L P e

4. 3akoH HaRomIeHHA HWHOOPMAIMII

d .<dso) T
IYII (t) ~ ¢ AvuH i di MAaKC : K o

sRuBasg cucrema mpejcraBiaser coGoil TepMOAMHAMHYECCKHI OTKPHI-
TYI0 CHUCTEMY, CTPYKTypa KOTOpoil ob0iagaeTr HeOrpaHMYEHHON MMKpPO-
TeTeporeHHOCTEIO.

JlnmaMuueckas CTPYKTypa RHBOIO SIBJIACTCH TepMOIaOWIBHOIM, M,
coBepinasg BHyTpPeHHHe aHTH(IYKTyaHOHHLIe pabodme IIpomecesl, oHa
npuobperaer Bce 0oubille YHOPATOYEHHOCTH B TIPOIECCAX ajamTayun
1 DBOJIOIUN OPraHI3MOB.

Hak ObL10 M37I0KEHO B HACTOAINIEM WMCCJIeIOBAHNM, OPraHU3M B X01e
ajanTanuy | 9BOJIOIMN HAKOIIseT MHMOPMAINI0 M CcOXpaHgeT Ha-
ROILJIGHHYI0 MH(pOpMamui0 B CBOUX HEBOJAHBLIX c¢TpyKrypax. Ha cra-
OunpHOCT, MHpOpManuu B opramm3me ykasan Jiawszaccep (Elsasser,
1958) , moguepruBast, 4T0 3aKOHEI, KOTOPHIE YIIPABJAT CTA0MIBHOCTHIO
rH(popManun B OpraHH3Me, 0TPasKaloT ero BHYTPEHHIOW JIMHAMHKY WU
TOJIHKO B HE3HAYNTEJIBHOM CTEIEeHM 3aBHCAT 0T MHMOpPMAINH, IIOCTY-
napIeil B OpraHu3M M3 OKPY:KAIOIIeUd CpejIbl.
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[Tocroamnas remermueckas WHEOPMAIMSA, 3aKpPEIIEHHASs B XOJIe
(uiorenesa m ONpejeNAIINAS CTEPEOTHIIHOCT PsAAA OGMEHHBIX IIPO-
IeCCOB OpraHu3Ma, COXpaHACTCA B CTPYKTYpPax KMBOM CHCTEMBI, KO-
TOpbIe 00JIa/al0T OTHOCHTENBHO OOJNBINOH TEePMOYCTONYNBOCTHIO, DTH
CTPYKTYPBL — [e30KCHPUOOHYKICNHOBEIE KHCJIOTH — (CIIPATAHBIY B
KIeTOYHOM sfIpe. -

Yro xacaerca BOZHMKHOBeHMs MHMHOpPMAUN y MeTaboTH3HDYIONX
OPraHM3MoB B XOJle MX aJaNTaluy I 9BOJIOINN, TO HAJO II0JAaTraTh, YTO
IIpolecchl BOSHMKHOBEHHA WH(AOPMAIUM B KUBOI CHCTeMe IIPeJICTaB-
JIAK0T c000I OCHOBHOE CBOICTBO ;KMBOM MaTepmu, OTIMYAIONCE €e OT
HEeKHUBOM MaTepum,

Mur mpExoMM K CiaefyioleMy HTODY: OCHOBHOE CBOIICTBO JKIBO-
ro — 9T0 HaJW4YHe HHEOPMATMOHHOTO COMAEPKAHUS, KOTOPOe BO3HMKA-
€T M COXPAHAeTCH B HEBOAHBIX CTPYKTYypaX KHBOH CHCTEMBI B XOJe
AlanTauA | DBOJIOIMI JKIBBIX OPraHA3MOB.
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IIPAJIO;REHHUE

InH. I'- Fyamneyose

K HCTOPHM BOIIPOCA O NPUMEHEHHHN TEPMOJUHAMHRKN
B BHOJIOI'MH

B macrosamee BpeMs, B CBA3U ¢ pasBUTHEM Teopuu mHEOOpMAaNUd, 3HAYUTEIb-
HO YBeJHYWJICS MHTEPEC K TePMOAWHAMUYECKIM WMCCJIeIOBAHMAM RABOTO Belle-
crBa. OOpapyskeHa TecHas cBA3b MHPOPMAIUHN ¢ OTPUIATENLHOU JHTPOIHEH, &
TAKIKe. CBSA3H MOCJIeJHeH ¢ ABIOHIAMA KU3HH, B HOKOTOPHIX CIydYasax IIPHBeJieH-
HBI@ BBIMIE CBEJICHUSA pacCcMaTpPHBAIOTCH KaK Hay4YHBIE pPe3yJbTaThl IIOCJIeIHMX
JIeT.

Heo0xoqmMo OTMETHTH, ITO B HAYKE PEAKO «HEORHIAHHO» PORIAIOTCI HO-
BEIe HJeN — Yallle BCero 9TH HAEH NMEIT JJINTeJbHYI NpejALICTOPHIO, HO HE
OLLTH IPaBMIILHO MOHATHEL COBPEMEeHHIKA M.

Posxperne TepMOJUHAMUKN KaK CaMOCTOATOILHON HAYKH, BKJIIOYasg IMOH-
THE HHEPIUH, KOTOPOe IOABMIOCHE M O(OPMIIOCH B CAMOCTOATEILHOE IIOHATME
ader depes 10—20 mociie moABIEHUS TePMOJAMHAMMKH, TECHO CBA3AHO ¢ aHAJII-
80M OHMOJIOTHYECKHX SABJIEHMA. JTO 0COOEHHO 3aMETHO, ecJHu O0paTUTHCA K aHa-
ansy cocrosgama mayxm mo 1840 r. Ilomstme smeprum orcyrcrTByeT. fABiIenms
O0BACHAIOTCA ACHCTBHEM (CHJI», YMCJI0 KOTOPBHIX IIPUOIMRATCA K 4mcay Halalo-
JlaeMBIX siBJreHHI. Hapagy ¢ «3IeRTpHYecKoi», «MAarHUTHONY W JPYTHEMNI CHJIaMU
CYyIecTBYeT B GKUSHeHHAA CHIa», O0BACHAIMAA ABIeHHA Ku3an. Ecan o0bsac-
HeHMEe ¢ IIOMOIIBIO «CWJIBIY He IpejcTaBidgercs YHOOHBIM, TO MCHOIL3YETCS He-
ROTOPBIN (hIion — «Temiopoay. VIMeHHO B §TOM CHTyammw W IMOABJISIOTCS pado-
THI Bpada, cTOJdb HeoOLIYHEIe JJIA er0 COBpeMeHHMKOB — (husnkos, PobGepr HOmm-
ye Maitep cumraeT, 4T0 CyHIeCTBYeT eIMHCTBO BCEX CHJ IPHWPOILI ¥ 3aKOH COX-
panenus cuiapl, OH yTrBep:KIaer, 4T0 ©IUHCTBEHHON CHJIOM, obecieuymBaroimeil
CyILIecTBOBaHME BCEX JRUBBIX OPTraHU3MOB, o0ecIIeUYMBAIONIEH BCe pasHooOpasme
JBMReHNA KaK JKUBOTHBIX, TAK M PACTeHMIl, SBJAETCH CHMJA, IToJydaeMas B BHJIE
csera or Comnma. Boisee Toro, sta ke cmia TPHBOJAT B JIBMKEHHE OPraHM3M
JeJIOBeKa, TO3BOJIAA eMy TepeMemaThcs M Jaxke AyMaTh., ITH CooOpasKeHus
P. 10. Maitepa 6p1m ¢TOJH HEOOBIYHEI JIJIi TOTO BPEMEHW, CKOJbL TPHBAATHLHBEIMN
OHI KajKyTCs HAIIHM cOBpeMeHHHKaM, [lociecTBuA 9THX BBICKA3KIBAHMI PALOBO-
ro Bpada orasajmmesr Tparmgeckumu. P, 10, Maitep, aBTop Tpex OCHOBOIOJIATAIO-
mux pabor mo Tepmopmrammie (P. 0. M aiie p. «3akoH coXpaHeHHS U TpeBpa-
merns speprumy. M.—JI., 1933), oxassiBaercs B cyMacmiefmeM joMe, Ijie ModTv
JIeCATH JIET €r0 NBITAIOTCA BBUIEYHTH OT CTOJL HEOOBIYHBIX B3IVIANOB Ha MWP.

K 1850 r. padboramm Tommcona m Knaysmyca (B xH. «Bropoe mauaio TepMo-
muHamvukmy. M.—JL., 1934; «Mexammueckas Teopums TelTa)) yCTAHABIMBAIOTCS
OCHOBHBEIE 3aKOHOMEPHOCTH TePMOAMHAMHKH, IOJYYHBIOIAE H3BECTHOCTH Kak
IIePBEII M BTOPO 3aKOHEI TePMOJEHAMUKH.

ITepserit 3aK0H TePMOAMHAMAKA — 3aKOH COXPAHEHHS YHEPIWH — OTHOCHTCS
K 9HCJy HMPOKO M3BECTHRIX 3aKOHOB. BTOpoit 3aK0oH TepMOAMHAMUKHN — 3aKOH
BO3paCTaHUsA SHTPONMH — OTHOCHTCA K 4KCIy MeHee m3BecTHRIX. Omgmoit m3 ¢hop-
MYJIUPOBOK BTOPOTO 3aKoHA TepMopmHaMukm Obima Qopmynmposka Tommcona,
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e HTOT BaKOH PACCMATPHBAJICHA, KaK 3aKOH pacCceAHHA gyamcroit sHeprun. Co-
rITACHO TOM (POPMYIEPOBKE, TIJIOTa HArPeTHIX TeJ PacCemBaercs B MHPOBOM HpoO-
CTPAHCTBE W He MOZKeT CYIIeCTBOBATDH IPOIECCOB, B pesyibraTe KOTOPHIX OHA
MOJKET CHOBA COCPENOTOYHTHCS M HAYaTh BHOBH AKTHBHO (pyHKITHOHA POBATE.

[IpmMepuHo 4epes 25 JeT TOCTe dOopMyJIEPOBKY BTOPOrO 3aKOHA TEPMO/IMHA-
MIKH KAk 3aKOHA PACCeSHHs HHEPIHH, MM KaK 3aKOHA HEBO3MOKHOCTH BOMHO-
1O JIBMTATEIS BTOPOTO POJia, MosBiIAioTes padorsl JI. BoabmMaHa. K 1878 r. BTO-
poif 3aKOH TePMOAMHAMHRA NIOJyYaeT CTATHCTHYECKYIO AHTepIpeTammio 1 B
TAKOM BHIE CYIIECTByeT [0 HACTOAIero BPeMeHH. 1
" Ve B 1886 1. JI. BoabmMaH coBepmiaeT MOIBITKY ATk TEPMOJHHAMAYECHAN
AHAMH3 SBJCHHE ;KM3HU. B cBoil OmecTaImen pedd, IPON3HECeHHON Ha 3acefia-
oY AwrajeMHm HayKk B DBeHe, OH IOBOPHT: y

«Beeobmas Gops0a 3a CyIIecTBOBAHHE, OXBATHIBAIOIIAs BECh OPraHHIECRIM
Mup, He ecTh 60pH0a 8a BEMECTBO: XUMETIECKHe JIeMEeHTHl OPraHiecKoro Bele-
¢cTBa HaXOATCA B H30BITKEe B BO3JyXe, BOJle W 3eMJle; 9TO TAKKE HE coprba Ba
PHODIHIO, — OHAa, K COKAJCHMI0, B HEIPeBPATHMOM dopme, B fopMe TEILIOTH,
epo paccestHa BO BCEX Tejax; 2To Goprba 3a HHTPONMIO, CTAHOBAIIYIOCA 10-
CTYIHOIl TpM Iepexojie HHePru;m OT MHLIAIOMEro COJHIA K XOJIOJTHOM 3eMJIe»
(mar, mo K, A. Tmmmpsisesy. Counnenms, T. I, 1937 r., crp. 442). Yepes 60 uer
a1oT 3Re BEIBOJX Oymer chexan 9. IlpepmarepoM B ero Kuure «1To TarOe HH3HL
¢ Touru aperma usmru?y (MJI. 1947).

[lmrapyemas peus JI. Boapnmana MozkeT OBITE M OCTAIACh Onl He3aMeuYeH-
HOIT, eca OBl AHAJIN3 9TOH MpobG/IeMbl He IIpUBIeKaJ BHEMAHUSA K. A. Tumnpsase-
pa. K. A. TuMupaseB BHIEI CHENEPHISCKYI0 TEPMOTMHAMHIECKYTO $hyHRIIIO
X;10p0PMIIOBOTO amIapaTa PAacTeHMl MMEHHO B TOM, UTO OHA WIPaeT POJb II0-
CPeJTHIKA ME/Ry PAacCemBalOMPMCs B MHPOBOM NPOCTPAHCTBE M3JIydeHMEM W
CKPHITOIl XMMIYeCcKo# sHeprumeidl MPOAyKTOB (POTOCHHTE3A, ABJIAOIIAXCS OCHOBOIX
BCceX TPOABIEHUIl IBHKeHHs, KOTOPEIe MBI HaOmiofaeM B PACTATEIbHOM M RH-
BOoTHOM Mupe. 9Ta Touka 3penma H. A. TuMmmpaseBa HAIIa OTPAsKeHAE B €ro
Kpyrnanckoit jexmum «O KOCMHYECKOHW pOJHE PACTOHMAY, NPOYATAHHOM MM B
1903 r. B Jloumone. Ecim we 3a0biBaTH 0 (POPMYJIMPOBKEe BTOPOT0 8aKOHA TEpPMO-
ITHAMEKE, KOTOpas ObLIa paciupocTpaHeHa k Hadaday XX Beka (T. e. 3aKOH pac-
ceaamna speprmm), To mosumua H. A. TummpsseBa OveBHJHA.

«..BOIIPOC 0 KOCMHMYECKOi POJI PACTOHMA ABIAETCH KAKOU-TO IOTPAHMIHOM
00JaCTHI0 MEIRAY ABYMS BeJAKAMY 0000MeaNAMA IIPOIIIOT0 BeKa, CBA3AHHBIMA
¢ mmenamz Jloppa HemsBumma m Yapassa [lapsmHa—MeIy y4YeHHeM O pacces-
HAW DHePIHW M yuenmeMm 0 Oopnbe 3a cymecrsosamme» (K. A, TmMmpsases.
Coummennsa, T. I, 1937, crp. 442). -

B arom e muame H. A. Tmmupsases paccMaTpuBaeT TepMOAHHAMUYECKYIO
ocobernoCcTh XJopodmroBore annapara, O DHIIET:

«..3epHO xaopodmira Tor PoKye, Ta TOYKA B MHPOBOM IIPOCTPAHCTBE, B KO-
TOPOIl JKUBAF CHJA CONHEYHOIO Jyda, IpeBpamiasch B XHMAYECKOe HaIpsAKeHue,
caaraeTcs, HAKOILIAETCH JJIS TOTO, YTOOLI BIIOCHEICTBHH MCHOBOJIL OCBOOOIK-
NATECA B TeX Pa3dHOOOPA3HEIX IIPOABJICHHAX JBHKEHHA, KOTOPEe HaM TpeJcTaB-
JAI0T OPraEW3MBl KaK pacTHTeIbHBIEe, Tak M ;KUBOTHBIEe, Takmm oOpasoM, 3epHO
xJ0pohmiLIa—mMeXoHAS TOYKA BCAKOINO OPraHMYECKOTO JBHKEHHs, BCero TOro,
YTO MBI pasyMeeM IOl CIOBOM ;KHU3HBY.

Ob6pamascs k paboram 1903 r., MBI HaAPYIIHJIN XPOHOJOTHYECKYIO ITOCIEI08a-
TEJIHHOCTE MCIIOJIL30BAHEA TEPMOIIHAMAISCKON0 aHAIM3A SBJICHWN KUBHA. Kule
B 1901 r. cocrosues XI cbesy pyCCKHX ecTecTBOMCIBITaTeNeil m Bpaved. Ha aTom
cHesne ¢ MoriaamoM Ha TeMy «DH3mKo-MeXaHMUYecKas MOIeNb KWBON MaTepPHm»
seicTynna H. A, ¥Ymos, Ecim mpEEATH BO BHAMAaHWEe, YTO TPETHH 3aKOH TepMO-
IAHAMAKHA, W3BECTHRIN Telepsh TMOJ HasBanmeM TeopeMsl HepHcTa, empe He CyIie-
cTBOBAJ, TO peus H. A. YMoBa COIepHUT MIPOIJIOKeHNe 0 BEeJIeHNN HOBOTO 3aKO-
Ha TePMOJMHAMWKNA I BEIpasKeHNs cuemuruecknx GYHRIUA KABOM MaTepu.

«Bee akTBl MaTepmm, cmoCOOHON K CTPOMHBIM JIBUIKEHHAM o CHab:KeHHOH
(HBNKRO-XUMUYSCKIME TIpHCIocobIeamaMn 0T00pa, MpecTaBIgI0TCA CTOPOHHEMY
8pHUTeNI0 co3HaTeabHEIME akraMu. OrGop ecrs opymme GOpsOBI ¢ HECTPOMHOCTHIO,
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¢ POCTOM BHTPOMMHU. JTO COPTHpPYyOmMuUE neMoH MaxcBesa, HaOJOaBIINIT N
oTOmpanIEil MOJIEKYJIEl IO cBoeMY ycMmoTperuio, Or6op BRIIOYaeTCs B MOHATHE
crpoiiHocTH. MBI MMeeM [iBa 3aKOHA TePMOJMHAMUKH, YIPaBJIAIOMAX IIpomecca-
MH [PHPOABI; MBI HEe MMeeM SaKOHA WJIH TMOHATHSA, KOTOpoe OBl BRIIOYINIO ITIPO-
I[eCChl RU3HH B Ipomecchl npupojasl. CylmecTBOBAaHHE B HPHPOJe IIPHCIIOCOOJIe-
amit or0opa, BOCCTAHABIMBAIOIIAX CTPOMHOCTL M BRIOUYAINAX B cebs KHBOE,
AOIRHO, MO-BUMMOMY, COCTABATH COJIOPKAHHE STOTO  TPETHETO 3aHOH;1»
(H. A. ¥YMoB. «Dm3nro-Mexanndeckas Mopess ;kmBoit marepmm». CII6., 1902).

Tarxmm obpasom, eme B 1901 r. BHOCHIIOCH IpeJIOKeHNe O PAaCIIAPEHAN Tep-
MOJMHAMAKH, KOTOPOe BRJIIOYACT HAJHYME TIPOIeCCOB, IPAMO IIPOTHBOIOI0KHEIX
BTOPOMY 3aKOHY TePMOJMHAMUKH, Ipecieyoniee meab yKRaszaTh cOHenaA@IIecKyIo
TePMOMHAMAICCKYI0 3aKOHOMEDHOCTL SBJICHMIT KH3HHA. B Hacrosmee Bpems:
JOBOJIBHO TpPYyAHO ycTaHOBUTL cBfA8h miaen H. A, Ymosa m H. A. Tummpsasera.
Mosxuo mosraraTh, 9T0 BA PYCCKAX YYEHBIX OBLIM COIIACHBI B CBOUX TIOBMITIAX
0 TePMOJMHAMUIECKAM OCOOEHHOCTAM JKHBOTO BemecTBa. B cBOMX mociexyio-
mux paborax H. A. VMo, Tar e kak m K. A. Tuammpsses, HEOJHOKPATHO BO3-
BpamiaeTcsa K d9TOMY BOIPOCY.

C 1905 r. nasBanHas TemMa mosBiasercs B paje pabor @. Ayspbaxa. OxEaro,
kag Obr passmpas Mbeicab H. A. VYmosa, @, Ayspb6ax BBOJAT B TePMOAMHAMIRY
HOBO@ NOHATHE «IKTPONHA», T. €. HOHATHE, TIPAMO IPOTHBOMONOKHOE IMOHATHIO
«@aTpoTms». He mMemee xapaxrepma pabGora 191 r. «Irrpommam miam Pusme-
cras Teopma ;xmsEmM» (CIIO), mammcannmas @. AyspGaxom. B macroamiee Bpems,
KOIia TePMHH «OTPHUIATEJIbHAS)» DHTPOIUSA CTAJ BCTPEYATHCH B MHOTOUMCICHHBIX
CTATHAX, ITOJE€3HO BCIOMHNUTE YCJIOBHA BO3HHUKHOBCHHA HTOTO MOHATHI, DTO 110-
HATAE BCEIVIa CBA3BIBAJIOCH C ABICHUSIMHI RKA3HW W COOTBOTCTBOBAJIO, KAK TOTHO
ormedai H. A. YmoB, momaTmo or6opa mim, B COBpeMEeHHOH (hOPMYIHAPOBKe, Bbl-

bopa.

XoTs BCe M3ITOKEHHOE BBINE IMOKABEIBAET, YTO GOJBIIOe WHCIO YUCHBIX IIBI-
TAJ0Ch HAUTH B TePMOJHMHAMIYECKOM aHAJIM3e HEKOTOPHIE CYIIeCTBOHHBIE npn-
SHARM 7KABOIO BEINECTBA, BTH PabOTHl 3HAYMTENHLHO ONEpeHIN CBOe BpPEMS M
TPARTHMECKH OCT&JMCh HOMOHATHBIMA COBPEMEHHEKAM aBTopoB, MoskHO 3ame-
TATH, 9TO KayK[BIA BEIBOJ IpHOGpeTaeT sHaueHme JHIIL B OMPEIelcHHOE BpeMms,
ROT/Ia CaMO ecTeCTBOBHAHWE XO[0OM WCTOPHMYECKOr0 pPa3BHTHs HAVKM OKA3BIBA-
OTCA TIOITOTOBICHHBIM K STOMY BBIBOMY, THINYHBIM TPEMEPOM TaKOil «IIperk-
AeBPeMEeHHOCTHY ABMINCE paboTsl H. 9. IImoakoBCKOr0, MOCBAMEHARIe DTOM e
mpobueme. ITompobBEli amanms stux paGor Gbur Bemmommen M. . I'BaeM B cayMoe
mocinennee Bpema (M. W, I'sait. «K. 3. IlmonkoBekmit o KPYTroBOPOTE DHEPTHMY,
AH CCCP, 1957; «O mamomsBecTHO#t TMmOTe3e I[HOIKOBCKOIOY, Ramyra, 1959).

BosEnkHOBeHHE TeOXMMuM, a 3aTeM W GHOTEOXHMUE, ORA3AITIO CYIeCTBEHT0e
BO3JIeHCTBHE Ha JAJbHEeNIIee pasBHTHe BCelt HAVKE O JKU3HN., BechbMa Beidik
BRJIa, B OCHOBBI TePMOIWHAMHYECKOTO AaHAJM3a ABJIEHMN JKU3HN, CjleaHubIi
B. W. Bepuagckum. Mer momaraem, uto paboTer mo OmOoreoXMMUH 00eCHegHIH
CyIMecTBeHHOe M3MEeHeHNe TOYKH 3PeHHA Ha OHOJOTHMYeCKHe gBIeHHS. B I[1e pBYyI0
OUepeab 5TO0 OTHOCHTCHA K INOHUMAHHIO CAMOTO ABJISHHUS JRUSHM,

DOuamoyrorm, mecemys OT/[@JBHBIH, W30JIMPOBAHHEIH OT OKPYRAIOIIeIT cpejn
OPTaHH3M, He BCEIVIa 3aMeYalH PAasiMume M3y4aeMOr0 WHIUBHIYYMA OT CAMOIO
pomecca xu3HH, CymiecTByer psy CBOICTS, ODPHCYIMAX IIPOIMEcCy KUBHI ¥ He
TPHCYIMHX OTHEJILHOMY HMHAWBHIYYyMY. K umeqy Tarmx cBOiicTB OTHOCHTCS

CMEePTHOCTE HHIMBHAYyYMa ¥ OECKOHEUHOCTL ABICHUN JKHIHE P mporecce HBO-
JHOTIAM,

CymecTsyer pasiamume Me;xy COBOKYITHOCTBIO BCETO KWBOTO, HACEIAIOLILIO
TOBEPXHOCTh HaIDeW INIAHETHl, W COBOKYIIHOCTHIO mpomeccoB oOMeHa BeIlecTs
BHYTPH OT/IeJIBHOTO OpraEMsMa. lsydas ONIeJbHBI OPraHWSM, JHIIL B CAMOE
TIoCJIefiHee BpeMs CTaam obpamarh BHAMAHHE HA CYIIECTBOBAHUE TECHON CAA3M
OpranmsMa m Cpejbl, HX B3aMMHOTO BOBTEUCTBUS JPYT Ha Apyra. 910 mOJ0MKeHNe

ABJIACTCA HCXOTHBEIM B IIOHMMAHHUH SBJICHUN JKU3HE C TOURH 3peHus Gmoreoxm-
MHH,
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B. 11. BepHajicKknii Ha8HIBAeT COBOKYNHOCTH HAPYHIHBIX obosouer 3emau (10
rayomEsl mopaaka 20 xx m BBEPX 10 morocdeps) Oomocdepoir. Taxmum 00pasom,
Macca HAIICH TUIAHETHI, 3AIOMHAIOMas arMocdepy, ragpocepy u smrocdepy o
rryOMHB], YKA3aHHOIl BHIIIE, BRIIOYAIOIIAA BCIO COBOKYITHOCTD FRMBBIX OPTaHI3-
MOB, KAK DPACTHTEJHHBIX, TAK M JKEBOTHBIX, BRIIOTACTCA B nmoasTHe Omoceps,
IIpesyte d9eM TOBOPHTH O TePMOJMHAMHYECKOM auasnmae Omocdeps, CJICTYST
yCTAHOBHTD: FABJIACTCH JIH omochepa BaMKHYTOH HMIH TePMOUHAMMYCCKH HE-
3aMKHYTOIl CHCTEMOM?

Ecom npene6peus oOMeHOM BellecTBa ¢ ROCMHYECKIM WPOCTPAHCTBOM, T. €,
npere6pedsh yTeUKOil rasoB W3 BEPXHHUX CJI0CH mouocdepsl, @ mpeHeOpeds IIpi-
POCTOM MACCHI 34 CUeT MaJieHnsT MeTeOpATOR, TO macca omocdepsl ocTaeTcsa Hem3-
MOHHOH Ha IPOTS/KeHHA SHAYHTEIHHBIX TPOME;KYTKOB BPEMOHI. Buocdepa
obMEeHEBAOTCS DHEPTHeH ¢ OKpy:Kaloleil cpefod — K MOBEPXHOCTH Halle 111a-
geTHl MpUXOJMT Jydncras sHeprms CouaHNa — i, Ha000pOT, IMOBEPXHOCTH SEMJ/II
garydaer JyYHCTYIO DHePruio B MAPOBOe MPOCTPAHCTHO. Ecaum jomycTHTh, ‘ITO
KOJMIECTBO JIYINCTOU HHEPIHAH, IPUXOAIIeit K 3eMie, paBHO KOJIHIECTBY JIyTH-
¢TOil HHEPTHH, H3Iy4aeMoil Hamei [JIAHeTO B MHPOBOE IIPOCTPAHCTBO, TO MO~
HO TMPHHATH, 4T0 Omocdepa ABIACTCSA 3aMKHYTOI cHCTeMOIl, HAXO/SMIeHcsa B PaB-
HOBECHII ¢ OKPY’KAIONeil Cpeoi.

Eexm GEl HA HaIIeil TUIAHeTe OTCYTCTBOBAJW SBJICHUS FKUIHM, TO CYIIECTBO-
Bajio OB PaBEeHCTBO MKy KOJHYECTBOM npuxopsameii ayqueroit sneprun Comd-
Ma M KOJMMeCTBOM JIy9HCTOil dHePIuH, p3TyvgaeMoii Hameil TUIAHETOH B MHUPOBOE
;pocTpaEcTBO. IIpm OTCYTCTBHE TAKOrO paBeHCTBA, HAIPAMEp, €C/IH I PHXO0JT
CONHeUHOIl pHeprum oxaszaucs Oonbime, YeM PACXO] (Ipy OTCYTCTBUH KH3HM B
6mocgepe), mopuANach OBl TeMIepaTypa MOBEPXHOCTIH 3emin, 9T0 IIOBBIIIEHUE
TeMIepaTypsl TpuBeso OB K YBeJNYSHHIO MOTEPh HA M3JIydIeHIE (B crury 3aKOHa
Credana — BosbnMana), 1 3eMiulss TPAILIA Opl CHOBA B COCTOSTHHE PaBHOBECHS
¢ OKpY’KAlOIIeil Cpefoi, 0TJjaBas POBHO CTONBKO 9HEPTM, CROJILRO K HeM iIpH-
xomut ot CoJrHItA. '

PaccMOTPeHHBIN IpUMep HU4YeM He OTJIHYaeTcs OT OOBIIEHHOTO WCII0JIb30-
pamms Tepmomerpa. Hora MBI moMeliaeM TepMOMETD B TePMOCTAT, TO TepMOCTaT
oGiygaeT TepMoMeTp GOJBIIMM IOTOKOM ODHEPrHH, YoM H3jiydaeT TepMOMETp B
cTOpOHY TepMocraTa. B pesyapTaTe HepaBeHCTBA MPHUXOJAIIEro I YXO/IAIIero
TOTOKOB PacTeT BHYTPeHHAA HHEPTHA TepMOMeTpa, cTOJAOMK PTYTH IOJHAMAETCH.
C pocTOM HHEPrAW TepMoMeTpa pacTeT M KOJMISCTBO MBIYIaeMOil EM DHEPIHMIL.
B KOHIIe KOHIOB YCTaHABIMBAETCS PABHOBECHE MEFKIY IIPHTOKOM W OTTOROM
9HEPIEE OT TepmoMmerpa. B IpmBejeHHOM BRI HpmMepe POib TAROTO TePMO-
MeTpa Hrpaja Bes MOBEPXHOCTH OGmocgepsl.

TeMm He MeHee CYIIECTBYeT M HEKOTOpPOe pasjmame Meiyly TepMOMeTpoM H
6mocpepoit. Ecam B sBiermsx oOMeHa dHeprumei ¢ OKpyRaloNeil cpejoil OHU
TOZRICTBeHHBI JPYT APYTY, TO HX MOBeJeHHMe CYMEeCTBeHHO pA3IHIHO OTHOCH-
TEJLHO CYBOBI TMOrTOmaeMoil sEepruu, Bes morsomjaeMas TepMOMETPOM OHEP-
rms (¢ y9eToM ero TeIIOeMKOCTH) TpeBpaliaeTcs B KHHeTHIeCKYIO 9HEPTHIo,
T. e, B TEIJIOTY, a morjomaemas Omocepoil sHePrus 3a cder IPoIeccoB QOTOH-
CHHTe3a MpeBpaliaeTcs B [OTeHIHAJILHYI0 DHEPIuio IIPOJYKTOB horocmHTE3A,
YTO MCKIIOYAeTCS B TePMOMETPHYECKOM Tejle B YCJIOBUAX M3MEPEeHMA.

Mosxao OBLIO OB MOIYCTHTH, YTO IIOCJe TOI0, KAk HEKOTOpasd 4acThb JTYIACTON
9HOPIHH Iepenuia B MOTeHIMAJLHYI0 GOpPMYy SHEPrHH JKHBOrO BEIIECTBa Ha 0=
BOPXHOCTH HAIIEil IIAHeTH, TO IPOmece HAJLHeMIIero HaKOIIeHMs DTOM SHEP-
ran Gymer ocraposieH. OHAKO NCTOPHYECKUI aHAJIMS3 BOJIONHUM FKHTBOIO BEIIC-
crBa (T. €. COBOKYIIHOCTH BCEX JKABLIX OPraHM3MOB, BRIIOUAS JOfleit) MOKa3LIBa-
eT, 9TO TAKON TeHJEHIMH 0 X0y HBOJIONHH He 00HapY/KUBACTCA. 3a HEeCKOJBKO
MILLIAADJTOB JIeT DBOJIONHWH KUBOTO BEIIeCcTBA HA MOBEPXHOCTH Hameil MiIaHeTsl
IpoIece KU3HM He TOJBKO He 00HapyKABAaeT TeHACHINN BaTyXanus, a, maobopor,
OXBATEIBAGT BCe OOJBIIYI0 W GOJBITYI0 WacTh BemecTBa Omocdeps.  bBuLIo
BpeMs, KOIJla KOJMYeCTBO KHBOIO BeIecTBa HA IIOBEPXHOCTH Hamre IJiaHersl B
6mochepe meumMCIIATOCH TPAMMAME, a Temeph MBI HMeeM 10144, IIpm cpenuem CO-
HOp:KaHIE XMMHUYECKOH dHePIuHM IOpAAKa 4 KKaa HA TPaMM REBOTO BEIIeCTBA
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MBI OOHADY/KHBaeM BCe IIPONPeCcCHpYyIONee yBeJqHYeHHe XHMUYECKONl HHepruu
JRUBOTO BellecTsa.

Hra 0COOCHHOCTE HBOJIOINI FKABOTO BellecTsa mo3poimia B. AHpr oTMeTHATh
XapaKkTepPHYI0 OCOOGHHOCTH SBJICHUI JRUBHM, COBIAJAION(YI0 ¢ TOYROM 3peHMs
pasee nmpusejeHHsrx aBTopos. A. E. @epcman caegyonmm 00pasoM NPUBOJHT
OTH JlaHHBIE:

«1. B ocHOBe IPOIECCOB KU3HMA JIMKAT HITepPecHoe Imojoskenme B. AHpH,
KOTOPBII OTMEYaeT, 4T0 GKW3HL €CTh He YT0 HHOe, KaK IIOCTOAHHOe 3ajeprraHnne
M HAKOILIOHME XMMHUYECKOHU M JIyYWCTOU HSHEePrHH, 3aMejIdiomniee IpeBpalieHune
OJIe3HON DHEPIEM B TEIJIOTY, IPeIATCTBYION[ee pPACCeAHHI0 IOCJe/(Heil B MH-
posoMm mpocrpaucTBe», (A.E.@®epcman. «Teoxmmmsay, 1. I1I, 1937, ctp. 429).

dTa e 0cOOeHHOCTH ABJICHHWI RU3HN B HamboJgee ApKou (opme IMPOABIALT-
¢l B IpoIecce TeXHOTeHe3a, T. €. B eOXMMUYCCKAX H3MEPEeHHAX Ha MOBEpPXHO-
CTH HAIleil IJIAHETHI, BHBBAHHBIX IIPOMBIIIICHHOU AEATEJHHOCTHIO YeJJ0BeYecT-
Ba. A. E. ®epcman mmmer:

«B mponeccax OmoreHesa m O0COOEHHO TEXHOTEHE3a MBI ITOJIOIIIN K eme 00-
jJee KpailHUM YJeHaM PAfa,— CJOOMKHLIe OpraEnYecKue COeHHEeHHS KUBOTO
BeIecTBA OKA3AJNCh ¢ eme OOJMBIIMMM 3allacaMy SHePruy, W 3aKOHBI SHTPOIINH,
ecJqu He HAPYIIAIOTCH, TO BO BCAKOM CJydae 3aMeIAI0TCHA IPOIeccaMy FRU3HM.

[Tpomommkasg, yrayoasas m yCHIUBasg X, MPOMBIILTCHHAS JeATeJbHOCTh Yelao-
BOKAa — METAJLIYPIWs Keje3a, MeJlH, CBHHIIA, MHODOYNCJIeHHLIe CHHTEe3sl KapOma
XaJgpmusa, KapOopyHaa, alyHAA, A30THBIX COeWHeHNN, IOIydYeHmne dH0TepMMAIe-
CKHX KOMILIEKCOB B CJIOPKHBIX IIPOM3BOJICTBAX — BeJeT K TAKOMY e HaKOIIIe-
HUX DHEPIuH, Takoit ke Oophbe ¢ 3aKOHOM HHTPONMH, KaK M B cJydae Omore-
Heaa... |
DHepPreTHIecKn B 00JACTH TeXHOTeHe3a MBI MMeeM, TakuM 00pasoM, OrpoM-
Hble aMILIATY[BI B XOjle IPOIeccoB, HO HECOMHEHHO, YTO HW B OJ{HOU CHCTeMe
KOCMOCa MBI HEe BCTpedaeMCsI ¢ TAKEMH peaKIUAMH, KOTOphle Im OBl CTOJD
OUYeBHHO B paspes ¢ B3aKOHOM DHTPOIIMH, ITO ABJIEHWe HAILIO cede oYeHbL MH-
TepecHoe ocsemiesme B Kumre J[muca «The new Background of Science»
(1933), KOTOPBIM YKasaJ, 4TO JIeATeJLHOCTH YeJIOBeYeCKON MBICIM HJeT B pa3s-
pe3 co BTOPLIM 3aKOHOM TePMOJAMHAMUKN M YTO TeXHUKA W OPraHH3anus BeIyT
B CTOPOHY yMeHbIIeHHs SHTponn: BcejenHoiy (A. E. @ e pceMm a . «T'eoxmmusy,
v, 111, 1937, crp. 422—433).

[IpuBeienHadg BBIIIE IeOXHMIYECKAS TOYKA 3peHHMA HA ABJICHHA jKUSHHI, KaK
HA TIPOTEeCcC SBOJIOMHOHHOTO PAa3BUTHA JKMBOIO BeIecTBa, ¢ OHOM CTOPOHSI,
CYIIeCTBEHHO MEHSeT HAIl IOJX0J K IpodjeMe KH3HH, a ¢ APYroil, HaMeyaceT
[IyTH pemieHus dToi mpobaeMsl B 1mesoM. O ABICHUAX KU3HHE MBI MOJKEM TIOBO-
PHTE Kak O Iporecce, a Kajyiblil IpoIece XapaKkTepusyeTcs TeHJeHI[Heil pasBu-
THsA. Korja Mel TOBOPUM O Pa3BUTHN SABJCHHII KU3HH, MBI He MOKeM BHICKA3arh
yTBePIReHTe, KOTOpPOe I03BOJsgeM cebe BBICKA3aTh 0 COBOKYIHOCTH (PU3MKO-
XUMHIYECKIX M3MEOHEHHI B HEKHMBOM IPUPOMNE — MBI HE MOKeM YTBePHIATH, 4TO
DBOJIONAA dTOU CcHMCTEeMBl (T. €. CHCTeMBI ?KHBOTO Bel[eCTBA) MMEeT TeHeHIHIO
K YMeHLIIeHHI0 ¢BOOOHON HHEPIHH,

C mpyroit ¢TOPOHEBI, €CTECTBEHHO YTBePIKIEHHe O pocTe CBOOOIHON HHEpPruu
"KUBOTO BelecTBa ¢ TeYeHHEM BPEeMeHH. IT0 YTBOPHeHHe COBEPIIeHHO HelpH-
ME@HHMO K OT[eJbHOMY KHBOMY OPraHH3My, TaK KAK OH CMEPTeH M He MOJKCT
[[OCJIe CMEepTH HBOJIONHOHAPOBATH B Ha3BaHHOM Hampasiaenmm, OgEaAKO HTO
VTBEOPIKIOHAE BIIOJHE CHOPABEIINBO B OTHOIMICHMM BHIA, B OTHOIICHUM BCEIO
JKABOTO BellecTBa IO X0y BPeMEeHM,

Temeps MbE MOsKeM 00paTHTBCA K 3aMeuaTelbHOIT paGore B. U1. Bepmajcko-
ro, B KOTOpoH HasBaHHAA mpobiema nmpmobperna HeoOXOAUMYI0 ACHOCTH. s Iio-
fiell, He YacTO MMEIINUX JeJ0 ¢ TepMOAHNHAMHYECKHMH 3aKOHOMEDPHOCTAMM, He
BCeIia CyMecTBeHHO YKadaHWe Ha TePMOMHAMHAYECKOe PasJudme ;KIBOTO Belme-
CTBa OT HEKABOM IIPHPOJELI, ONEHHBAEMOe 10 OTHOIICHMIO KO BTOPOMY B3aKOHY
TePMOJIMHAMHKA. JTOTO HeJb3s cKazaTh 0 paborax B. U. Bepmagckoro. Ocrona-
TeJb TeOXMMHH MCIIOJL30BAJ] BTOPOH 3aKOH TEePMOAUHAMUKH I O0HACHEHUA
BCeM KOCMHYECKOU HBOJIONUHA. BTopoil 3aKOH TePMOMHAMAKYE CJIYRAI OVKBAJIBLHO
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MyTeBOJIHON B3Be3jI0il, Korja peus mula 00 00pasoBaHMM INPARTHICCKH n1000it
reoXmMitaeckoil popManuy, He 3aTPOHYTOM ABJICHUAMA FKU3HIL Paszposnennsie
CROJIHNSI MIHePAJOTHy M meTporpadum O0BeUHSIIACE B BeJNYCCTBEHHYIO Kap-
THHY PA3BUTHA HEKHBOW IPHPOIHE MMEHHO OJarojapa HCI0Jb30BAHNIO 0011ero
[paBHia: SBOMIONUS (PH3MKO-XHMUYECKHX CHCTOM BO BPeMEOHH Hampapleua B
CTOPOHY YMEHBIICHHS CBOOOTHON DHEPIHU CHCTEMBI, T. €. B CTOPOHY BO3paCTanuA
pHTpONNY. BBUIa BHECEHA FCHOCTH B 04eHb 0OJIBIIOE UMCI0 CAMBIX Pa3HO0LPAs-
HBIX TeOXHMHYECKIX TPOMeccoB, B TO BPeMs Kak B aHAIH3e ABIeHmil Ouocdepsl
HAYAJIN TOABJIATHCA OT/EJBHBIC HEYBA3KH.

B. I, Bepramckmit B «OQuepkax TeOXHMHUM» BHITIOJHMI JIETANBHEIN AaHAIU3
FeOXMMMYECKOIl MCTOPUM HAMeHd ILTaHeTH. 9TOT AHAJM3, TOBOPHT YYeHDIH,

«..IPABOJAT HAC B HAYUHYIO 00IacTh, HAXOAMIYIOCA B mporecce 0dpasona-
HIffi M KAcAION[VIOCS BEeJMKHX 3ajlad sKMBHHE W HHEPreTHRA. ITa HayKa ecTh 00-
JacTn  OyyyIrero — OyayImiasa oHepreTmKa Hameil mramersl [IpubimamreabpHo
TeBAHOCTO JOT Hasay HeMmerkwit Bpad P. Maitep nepBeld HMOHAJ, YTO 3€JEARIC
pacTeHMsa B cmay paKra cBOero CyMIeCTBOBAHW NM3MEHAIOT DHEPreTHKY 3eMHOII
kopsl. OHI MpeBpam[aOT JYYUCTYI0 HHOPTUIO COMHIA B HOBYI (OpMYy H 3aXBa-
THIBAIOT €€ B OJarompHATHOR AJIA XHMHUYECKHX IIPOIEeccOB, PA3BUBAIOIINXCA HA
pameit miamere, gopme. I9tn mpuem P. Maiiepa ocTalmCh HEMOHATHIMHI JlajKe
T0JITO CITYCTS IOCJe NPOHMKHOBEHHS B HAYYHYIO MBICIAL €ro jke uaeil o0 eamH-
cTBe U coxpaHenmu sHeprmum. P. Maifep HECKOJIBKO DPa3 BO3BPAIAJICA K ITHM
IIPe/ICTABJIEHUAM IIOCJe IIePBON0 MX OIyOJMKOBaHWs; OH M3 HAX BBEIBEJ 3aKIIO-
qerue (¢ TexX mop caMo cOOO0I0 PasyMeromieecs), 9T0 KaMeHHBIe yIVIM COJEepPHEAT
AHEPIUIO IMOTeHIMAILHYIO, DHePIHIO CONHEYHBIX JIydeil, IMpHHAJIeKABIIYIO iIPO-
[IJIBIM TeOJOTHYECKAM SII0XaM, M YTO 9eJOBeR, YIoTpeOdss STH roplodme MCKO-
[1aeMble, BHOBL ITYCKAET HTY MCKOMaeMyl0 dHePrumio B XOJI.

Himpoe BemecTBo B (OpMe 3€J€HOI0 PACTUTEJIHLHOTO MHPA HAKOILIAET COJI-
HOUHYIO DHEPruio; coOOpAHHAS DTHM MyTeM CHIa MOKeT OBITh COXpaHeHA MUIII-
OHBI JIOT B BHUJe KaMEHHOINO YIJid, BaJO3HOrO 1[I0 HAYaJIy reHesmca MHUHepaJsa
yraepoza.

Mz reneps moikEE 0006mmTE Hieo P. Maitepa, Conneunas sHEpPrusA, 1epes
MOCPECTBO JKABOIO BeIlecTBa, NpedBBaeT B MOTEHIHAJLHOM COCTOAHMN HE
TOJBKO B KAMEHHOM YTJie, ITPOMCXONAINEM TPAMO M3 3eJeHLIX PAaCTeHHH, HO BO
BCeX BaMO3HBIX MUHEpPAJaxX yIaeposia, B YIVIERUCIOM KAJIBIHHE ¥ B JPyrax Omo-
TeHHBIX MHHEpaJaxX, B OOJLITHHCTBE BAJIO3HBIX MUHEPAJTOB M, [yMalo, B CYIRC!-
BOHHOU Mepe BO BCeX.

HecoMHeHHO, 9YTO BCe XHMHYECKHE COCTOAHMS, CBA3AHHBIC C JKU3HBIO, HARB-
IAIOTCA cOOMpaTelaMH coJHeYHOM sHeprmm. Eciam manie sHeprasa mpOABJISAETCS B
HUX B BUAE MOJEKYISAPHON MM XUMUYECKON DHEPrHH, €€ CYILIecTBOBaHIE C1aJjlo
BO3MOJKHBIM TOJBKO Oarojiapa JIy4HCTOH SHEPrHH COJHILA, 3aXBAYeHHOU RIBHIM
OpPraHu3MOM, TIPeBPATHBILIEM ee B XHMHYECKYIO DHEPIHUIO.

Mgl 3/1ech KacaeMcsl ABJICHAN RU3HU CAMBIX ruygc])mx N3 Beex, Kakme OBLIH
0 cuX mop meydaeMbl Hayroiy» (B. I, Bepmapgcrmil, «Ouepsk:m reoxmMmuny,
1934, crp. 208).

B. V. Bepmasickmit BecbMa feTaJbHQ PACCMOTPe] TePMOJMHAMMYECKHIl ac-
IeKT SBJICHMU KU3HM HE TOJHKO B paMKax MEpBOTO, HO M B PaMKax BTOPOTO
zawoHa TepMogrHaMUKK, COOTBETCTBYIOIIUWIL Pasfies ero paboTel MPAMO CBI3AH
CO BTOPBIM 3aKOHOM, MHOIVIA HashBaeMbM ¥ npunnunom Rapmo. B. 1. Bepmaj-
'CRHII HABBaJI 8TOT Pasjes Tak: |

«JHePIUs UBOTO BelmecTsa U npuHImI HapHOY,

«..Meropua myeil, OTHOCAIMNUXCA K HHEPreTUKe sKU3HHU, BRATON B PAMKAX ROC-
MOCa, YHKasbIBaeT HA MOYTH HeIPepPBIBHEIM DA MBICAUTENeH, VIeHHIX 1 (HI0c0-
(hoB, npnxommBIINX 00JIee MM MEHEP HE3aBHCHMO K OIHUM XM TeM ke MIIesM,
HO He yrayOqaBImX HOCTaBJIeHHBEIX mMmm Ipobmem. Haskercs, Oyaro maBmo yike
nmapuiaa OnaronpmaATHAs COBPeMeHHBIM muesaM arTMmochepa. Mel Haxommm Kpart-
KHie, HO COBePIIeHHO ACHBIe YKa3aHUA, MBICJM M (DaKThl Ha DHEPreTHUYECIKOe OT-
JUYHNe JRABOTO M MEpPTBOrO — y;Ke B TPYAAX OCHOBaTeneil TepMOAMHAMIKH Y
P. Maitepa % B. Tomcona (ropma Hexssmma)®4!, I'. Tensmroasna 842, 9ta yra3a-

112



HHUA He OBLIM IOHATH M OIEHEeHBI. Y ke Mo3ke m camocroatearso C. A. Tlo-
MOJBCKUM *° IOHAN BCe 3HAYeHHMe dTHX WJell M CTApaJicd UX IPHIOKHTH K H3Y-
YEHNI0 YKOHOMHYECKHUX SBJCHMIA.

..Ho MHe Kaskercs, uro pyoamuackmii mpodeccop JI. [momm 845 mambosee
MOJIHO MEPBBEIH YCTAHOBHJ OCOOBIl 9HEPreTHIOCKANX XapaKTep JKHBOTO BellecT-
Ba — COBOKYIIHOCTH KHBBIX OPraHM3MOB,— KaK IIPOTHABOIOJIOMKHOTO KOCHOH Ma-
TePHH, § HEeCKOJIBbKO pa3 BBIBOTUJ M3 3TOTO IIOJOKEHNS BAsKHBIe CJOJCTBH.
C 70l mOpPBI K HTOMY HE (pa3 BO3BpAIlaJMCh HE3aBHCHMO OT Hero m B XX Beke.

JTH mjien Bce 0oiblle NPOHMKAIOT B HAINY HAYKY, XOTSA OHM elle W He NpH-
obpesin HeOOXOAMMOIT YCTOMYMBOCTH U He BHEAPHINCH B HAIIH IPEJICTABICHUS
0 Mupe.

leoxmmmieckas HCTOpDHA yriaepofa, Hems(eskHO TecHeilmuM o0pasoM CBH-
3aHHAA ¢ JKHBBIM BeINeCTBOM, HPUBOAHUT K Pa3THIHOMY HHEPreTHIeCKOMY acIex-
Ty OHOreoXmMHYeCKHX ABJIEHWIl 10 CPABHEHMIO ¢ PeOXHMHYSCKEME SBICHUSIMI,
BHE BJIMAHUSA KUSHH ITPONCXOJSAIIMA.

IIpmpoasie ABIeHWA, BEIPAKeHHEIC DHEPIeTHIOCKH, OOBIKHOBOBHO CBOATCH
K npuHinny Kapro. Mer 3HaeM, 9T0 OHM BCerjia CBASAHEI ¢ jerpajamueil aHep-
A7, KOJIMIecTBO CBOOO/IHOHM dHepPrHH, CIoCO0OHOE HPOH3BOMHUTEL PaboTy, magaer
C KamJbIM LUPHPOAHEIM ABIEHNEM. JHePIUsl paccemBaeTcs B BHJE TeIIa,— UH-
Tponms Mupa, Kak rosopmi Huaysme, yBeamumBaeTcd, M YPOBeHb TeIIa BHIPAB-
HEBaeTcda. Ecim MAp mMeer rpaHMUIy, ecau COBOKYIHOCTH HPHWPOMHBIX SBJICHMIL
KOHEYHA — W3 9TOTO [I0JI7KeH BOCIIOCIe[0BATh KOHEI] MEPa — YPaBHHBAHHE DHEP-
I'IH, KOTOpPOe HE II03BOJHT MPOABHTLCA HUKAKOMY IPHPOJHOMY SABJICHUI, CBH-
3aHHOMY ¢ dHeprueif. [loaroe BpeMs 95TH BHIBOABI CYATATACH [TOCTOBEDPHLIMA
CJOJICTBUAMM, BAKOHOM HPHPOJBI; He HAXOMWIN MCKIIOYEHMI M3 BTOTO IIPaBHJIA,
IPHBEe/IIero K BarKHBIM HAYIHBIM OTKPHITHAM. Dmirocodekas mymes 0 KOHIE MAPA
BMeCTe ¢ TeM COOTBETCTBOBAJA INTyODOKHM YeJOBEYECKHM HACTPOSHHAM, HMIEalh-
HBIM aETpOMOPPUYeCKAM MpeficTaBJIeHHAM O mpmpome. M 10 cux mop HeHHOCTDH
1 o0mEOCTs mpuaNMIa HapHO 0YeHE pasHO omeHmBaeTCsA YUeHHIMA W (HiIocoda-
MH.  yTOYHEHHUIO HTOil ONEHKN Bce OOJBbIIe IMPHBOMUT HAC DBOJIOMHS COBPEMEH-
HOU HaywHOil Muicam. Ilepeq meil BCKpBIBaeTcA 3ech KayKyIieecs CBOGOIHBIM
HOBOe TOJIe MaTeMaTH4ecKnx u gmiroco@cKux mocrpoenmit, #60 rIy00Ko MeHAeT-
Cs Hallle IIpeJcTaBleHHe O COOTHOIIeHHUM MERy MarTepwmeil m sHeprmeit. He
TOJILKO DPEBKO, KOPeHHEIM 00pasoM H3MEHHMJIOCH HAIMe DOHUMAHHE MAaTepHH.
AdaBHo oromua B mpomuioe mMatepus me Toibko C. Kapmo (1824), mo m martepus
P. Ruoaysuyca (1854). Camo mpepcraBienne of sHOPIum I[OJ| BIANSHIEM HMINDH-
YeeKuX 0000mennii HAaYMHAET MEHATHCA, XOj W IIOCJAeICTBHS DTOTO WIMEHEHMsI
HaMU B HY?KHOU Mepe eIe He MOTryT OBITH maske mpepmcraBiaensl, IIpmaman Kapao
Hew30eHHO IOJYy9IHT HOBoe NnoHuManme. IIposBIeHMA KUBHH SBIAIOTCA HMIIN-
pudecKEM (PaKTOM, C TPY/AOM BXOAAIIEM B PAMKH [PYTUX TPAPOSHEIX SBICHWIT
B acmexTe mpumanuna HapHo. YMeHbIienue SHeprum, ee paccesHme B BHAE TeIa,
He UMeeT MecTa B ;KH3HH (TAKOH, KAk MBI €€ IMOHUMAaeM) BeJeHBIX XJI0pOpILiIb-
HBIX PacTeHIN WA aBTOTPOPHEIX MIKpPOOOB, BBATHIX B IPHPOAHOM acCIleKTe, T. e.
HepaspeIBHO 0T Omocdepsl.

Haobopor, B cmry ¢arra cymecTBOBaHMA HTUX OPraHA3MOB KOJHUECTBO
cBoOOHOM DHEpPIWH, CIOCOOHOI MPOM3BOIUTE PaboTy, OYeBHIHBEIM 00pasoM yBe-
JIUYNBACTCA K KOHIY HX JKH3HN B ORPYy:Kalomeid [pHpojie B KOHIE KOHIOB ¢
XOJIOM Te0JIoOTHYecKoro BpeMeHH, CBOOOIHBIN KHCJIOPOJ, MBTOTOBISEMBI 3eje-
HBIMM PacTeHMAMH, KAMEHHBIH yT0/b, 00pas3yoMMiiCsa W3 WX OCTATKOB, OpraHi-
YeCKHe COeMHeHMs WX TeJ, MATAIONNe JKABOTHBIX, [ABMMKeHHs W [pyrue ¢duam-
Yeckme M XWMHYECKHe [IPOABJIeHHA, OYeHbh PA3JUYHBEe W MHOTOYHCICHHBIE,
IPECTABIAIOT BEIABICHHSA HOBOU [EATEJIbHOI SHEPIHW, He COMPOBOKIACMON HU-
rRomM o0pasoM Jerpajianmeii MCXONHOH JYYMCTON DHEPIMH COJHIA, ITOCTYKIIB-
Ireil 7i7iA Hee MCXOMHON. JdTa DHePrusa Imepenuia B Takyio GopMy, KOTOpas CO3Taer
OpramsM, oO0Jamalomuil MOTeHIHATLHEIM 0OeccMepTHeM, He YMEHBIIAIOMIM, a
VBeJIMIMBAIOIINM JICHCTBOHHYIO 9HEPTHIO MCXOAHOTO COMHETHOTo Jyda. DUamo.1o0-
I'H, M3ydalommue OTHEJBHO B3ATHII — BHE CPeIbl — OPraHMEM RKUBOTHBIX, 0CO-
OeHHO BHICIINX, He CUMTANIH ce6s 00A3aHHBIMA [MeJaTh HTH BHEIBOAH, OqHAKO MUp
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JKIBOTHBEIX cYINECTBYeT JHIb 3a CUeT 3€JeHOT0 PACTHTEJIHHOIO KMBOr0O BEIecT-
Ba I OTJIJBHO CYIIeCTBOBAThL He MoKeT. VI ecim OBl 3eJIeHBIe pacTeHMs TMOrHOJI,
OH HEMHOHYEMO JOJKeH Obu1 OBl pasmeauTs MX cymb0y. 9TO OHO HepasjiesbHOoe
ABJCHNE IPIPOJIEI.

Mup KUBOTHBIX caM 0 cefe He mpefcTaBJAeT KU3HH, F{UBOTHLI OpPraHA3M
paccemBaeT BHYTPH CBOeHl (PH3MOOTHIECKON MAIIMHLI HHEPIMIO, HAROILICHHYIO
3eJIeHBIMA XJOopomicofepRamumMu  oprapmsmMaMu. Ho BCf COBOKYIHOCTDL JKH-
BOTHBIX, 0CO0OCHHO NUBHIMB30BAHHOe UJOBEYECTBO, IO-BHIAMOMY, COOTBETCTBYET
TEM K€ HHEPreTHIeCKHM IIPOABJICHUAM, KOTOPEIE CTOJhL XapPAKTePHBI JUIs 3eJe-
HEIX pacTeHHil, B cBOeil COBOKYIHOCTM RMBOTHBIC M PACTeHMS, BCA KUBAs ITPH-
pojia, IpeJICTABIAIT NPUPOJHOE SBIEHUE, HpOoTHBOpedamiee B cBoem apdesre B
omochepe mnpurnmmry Hapmo B ero obwrumoir Qopmysmposke. OOBIKHOBEHHO B
3eMHOM KOpe B pesyJhTaTe KU3HI B BCeX €e IIPOABJIeHHMN IPOHCXOUT yBemde-
HUe NeNCTBeHHOM DHEPTHH, |

Ecim ofpaTnTh BHMMaHHe HA BCIO OHOreoXmMMYECKYI0 paboTy, IpOM3BO/IN-
MVIO KABEIMI OPTaHEBMAMM, OT HEX He OT/eJHMYI0 M MMH CO3/IaBaeMyIo 3a cUeT
3aXBATHIBAGMOM, MBI BHIAM, 9TO CO3[AeTCH HTUM IIYTeM CJOMKHBINA, eJAMHBIL KOM-
IJIeKC CaMOJIOBJCIOIHX OPTaHM3MOB, aKTHBHAA HHEPTrHs KOTOPHIX IPH OJHOMK WM
TOI 7Ke MCXOMHOM, HENpPepHIBHON, HO HE YBEJHUYHBAIOIIEICA JHEPrAH COJHIA
ypeJmunBaercsa. OHa YBeJIHUMBACTCH B X0/ MeOJOIMYeCKON0 BPeMeHH. JTO yBe-
JAYeHNe AKTHBHOII DHEPIrHM CKA3hBIBAeTCA XOTA OBl B yBeJHYEHHM CO3HATEJIHLHO-
CTH M B pocTe BUMAHMA B Omocepe B TIeOXMMHYCCKHX IIpomeccax euHOI0
KOMIITekca skusHEE. Ommo cosjaHme, MeIJEHHO IIejulee B DEOJOTHISCKOM Bpe-
MEeHH, TaKO IeoJIOTHYeCKOR CHJIBL, KaKOH SBJIAETCA JJIA HAIIeHd ICHX030UCKOM
9pH IUBAIAB0BAHHOE YeJOBEYECTBO, SICHO HTO IOKA3ELIBaeT.

...B aBmennax Omocdepsl, B CHJIY CYIIeCTBOBAHUS KU3HM, DHTPOIMSI BCEJIeH-
HOIt MoJskHA OBLIa OBl YMEHBINATHCSH, a4 HE YBEJHUHBATHCSA, ITO SMIMAPHIECKOE
obo0menne BEBBaJ0 HOBEIe cueryasmumn, Hemememit msmr @, Ayapdax yBuje.r
B HEM BBEIPAKeHMe HOBODNO HIPWHIHMIIA, MpoTHMBOpedamero sarponmm, Ox Ha3BAJ
ero sxTponmeir. OH W Jpyrme mMCCIef0BATENN CTAPAJIUCH BEIBECTH M3 HEro KoC-
MOTOHHYCCKIE CJIeCTBHA.

Hugro, OHAKO, He 'BacTaBIdeT HAC JeJaTh HOBBIe IMIOTe3bl. OJHTPOIA
Hioaysmyca He mMeeT peaJbHOTO CYIIeCTBOBAHMA; 9T0 He (hakT ObITHSA, DTO MaTe-
MaTHYeCKOe BBEIPAKeHHE, MOJe3HOe M HYKHOE,  KOIYia OHO [laeT BO3MOKHOCTH
BHIpasKaTh IPHPOJAHEIE ABICHWSA Ha MaTeMaTHUecKoM s3biKe. UHO BepHO TOJBKO
B IIpeesax TMochLIoK, OTKIOHeHNe TAKOro OCHOBHOINO ABJIOHHSA, KAKUM SBJIACTCHA
JKIBOE BeIeCTBO B ero poajeiictsmm Ha Omocdepy, B Gmocdepe orT npHHIHEDA
Kapro yKasbiBaeT, 4TO JKM3HL He YKJIAIBIBAETCA B IOCHIIKH, B KOTOPHIX 9HTPO-
nuA yeranosjiena.. Ceifgac MpomexojuT Kak pas B 9TOM HampasjeHHH padora
Mplcan (OU3MKOB, KOTOpas YKashiBaeT Ha BO3MOKHOCTH MMEHHO TaKOro obmsac-
HeHNA DHEPreTHYecKoil 0cOOGHHOCTH ABJCHUIl KA3HH B Omocdepe — HENMOUMHE-
HHUA ee 3jech npmanury Kapho.

MoskeT cTaBUTHCA W GOJIee TIAYOOKHII BOIIPOC O CAMOM BO3MOKHOCTH B 9TOM
paspese e M3YYeHHA — M3YICHME KUBOTO, 4 He yMepuIero — HallAMI MeTOxaMu
paborey 849 (B. I. Beprapgcruii, «Ouepkn reoxmmumy», 1934, crp. 210—213).

MOKHO OTMETHTH, YTO MCUEPIBIBAIOIIAS CBOJIKA TePMOJUHAMHYECKOTO aHa-
IM3a ABJICHWH KuUsHHM, caedapHasg B. V. BeprajckuM, JOCTATOYHO TOYHO XapaK-
TOPU3YET COCTOAHTEe PAacCMATPHBAEMODNO 3/ech Bompoca mo 1934 r. 3a mociaegaue
TPUANATE JeT HHATepec K TePMOJHHAMIIECKOMY AHAIH3Y OHOJOTHYECKHX ABJIe-
HHII He TOJHKO HE yracaj, HO IPOSBISVICA B MHOTOYMCJIEHHBIX [MCKYCCHAX, IIPO-
TOJKAIONIUXCA 10 HACTOAMIETO BPEeMOHH.

B 1935 r. mosiBirserca pabora coserckoro Gmosora 9. Bayapa «Teopermue-
ckasg Omomormsa», B ocHOBY 1ol paborel 9. baysp MOJMOKMI MPHHIMAI, Xapak-
TePU3VIOIMNI HBOJIONUIO JKMBONO BEIECTBA B TOM CMBICJIe, KAk TMOHHMaJ OTOT
nmpomece B. U. Bepranackmit. Baysp BEIABHHYJ THIOTE3Y O CYIIeCTBOBAHWM OCHOB-
HOTO 3aKOHA OMOJIOTHH, KOTOPHI OH (HOpPMy MpyeT Kak «IPHHIHI YCTONIWBOM
HEePABHOBECHOCTH», T. €, KaK IPHHOHUI YCTOUYHBOTO MOJIep:KaHHsa Omojormie-
CKOIl cHCTeMBI B VCIOBHAX, YIAJEHHBEIX OT TOPMOJMHAMAYECKOT0 pPaBHOBECHA.
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[Inpoko M3BeCTHO, YTO JoOag (QUBMKO-XMMHIECKas CHCTeMa IIPH H3MEHOHUH
YCJOBHI B OKpYKaloliei cpefie’ HaYMHACT MBMEHATH CBOe COCTOAHHE Tak, gT00BI
GBI COBEPINEH IIOPeXo/| B HOBOE COCTOAHME PABHOBECHs. JTOT Iepexoj m3 Ha-
YaJbHOTO B KOHEYHOEe COCTOSHWe IIPH MBMeHEeHHH YCJOBHI Opocaercs B Ija3a
KaR B JKABOIl, Tak W B HeKmBoil mpmpope. PedaerropHoe moBeeHMEe RHBBIX
OPraHM3MOB NBITAIACH TOJKOBATH Kak pmeiicteme mpasmia Jle-Illarease. 9. bayap
3aMeTHII, 9TO (PHBMKO-XMMPYeCKAs CHCTeMAa TPH M3MEHeHWH BHEIIHHX YCJOBII
pearnpyer Tak, 4r0 CTPEMHUTCA K HOBOMY COCTOAHMIO C YM@HLIOICHHBIM 3Have-
areM ¢BOOOIHOIT HHEpPrHH, ITO 03HAYAET, YTO MOCJe Iepexoja B COCTOAHHE paB-
HOBeCHS cmereMa 00JajlaeT MEUHEMYMOM CBOOOJIHON SHEPIMH H He MOJKET IpOoM3-
BOUTEL paGory. FHUBHIe OPraHM3MEI TPH MSMEHEHMN BHEIIHHX YCJOBHI TaKiKe
N3MEHAIOT CBOe COCTOSHMe, HO 9TO M3MEeHeHHe HAaIpaBleHO B OPAMO IPOTHBO-
IOJIOZKHOM HAIPABJEHUH — B CTOPOHY yBeaudeHHsT ¢BOOOJHOI DHEPIMH CHCTEMEI
n obecredmBaeT BO3MOKHOCTL COBepIIeHHs PAbOTHI HAJ BHOITHHMH YCIOBHAMII.
Crmoco0HOCTs KUBBIX OPPraHEM3MOB B W3MCHHUBIINXCA YCIOBHAX BHeIIHeH cpe-
Bl VXOHTH OT COCTOAHAA TePMOJMHAMAYCCKOIN0 PABHOBECHA I COCTABHIO COTEP-
JRAEMe NPAHIANA YCTOMYMBOM HepaBHOBECHOCTH, Ilocje TOTO Kak MBI 3HAKOMBI
¢ WMCTOpHEl TepMOAMHAMMYECKOTO AaHAJM3a KUBOTO BellecTBa, 95TOT BBIBOJ
OJHOCTHI0 cooTBeTcTBYeT u MeIcaaM JI. Boaxsmmana, m H. A. ¥Ymosa, m K. A. Tu-
MApSA3eBa W JpP. aBTOPOB, IIPHUBEJEHHBIX BhIme. BoT Kaxk Xapaxrepusyer 9T0
OTIMYMe NPHHIATA YCTOWYMBOi HepasHoBecHocTH OoT mpuHmuma Jle-Illarense
cam 9. Bayasp:

«Mexay ABYMs OpHHIMIIAMY — npuanunoM Jlemarenabe m YCTAHOBICHHBIM
HAMHI OCHOBHBIM OMOJIOTHYECKAM IIPHHIAIIOM — HEMeeTCs, TaKmM 00pasoM, BHEIII-
Hee CXOMCTBO, 3aRJII0¥AIONIeecss B TOM, 4TO o0a OHH cofiep:kar obmmee ykasaHme,
B KakoM HanpasjgeHEmW OymeT HPOMCXOMUTH peaKkmusA, T. €, MBMeHeHHe COCTOs-
HUA CHCTeMBl IIPH KaKOM-In00 M3MeHEeHHH OKpy:kawlleil cpejasl. Hpome TOrO,
o0a NMpPWHIAIA TOBOPAT, 9TO0 M3MEeHEHHEe COCTOSHHA CHCTeMBl HaIlpaBIeHO B He-
KOTOPOM CMBICJIe IPOTHB W3MEHEHHs COCTOSHHS ORpy:kalomein cpepsl, Dmande-
CKUIT CMBICI B 000HX CJydasX, OJJHAKO, COBSPIIOHHO Pas3jIMdeH X He mMeeT JIpyT
K JIpyry HUKaxoro orHomenus. HecMoTpsa Ha 9T0, MHOrJA CYMTAIOT, YTO MEMIY
ATHMH IBYMA IPUHOMIAME €CTh 4T0-TO O0INee, M 4TO IOBEJI@HME FHEBBIX CHCTEM
IpH U3MEHEHHM COCTOSHUSA OKPYKAIONIe cpefsl ClenoBayo OBl BHIBOJANTL HEIO-
CpeCTBeHHO M3 IpmHIuNa Jlemaremabe.

Jra ommOoYHAS AHAJOIMSA TAK Ke, KAaK aHaJOTHs JHHAMHYIeCKOr0 paBHOBe-
cHs, BIeUeT 8a CcOOOM HesKeJaTeJbHBIe MOCHSCTBHA, TAK KaK OHA (PUBMYIECKM
HeIpaBMJIbHA W MPUBOJIAT K OMMOOYHEIM, HE COOTBETCTBYIOIIUM (DaKTaM, 3aKIIIO-
geHUAM. YTOOBI 5TO IMOHATH, HAJO AMETH B BHAY cieayiomiee. IIpmaimn Jlema-
TOJHe OTHOCHTCSA K CHCTeMaM, HaXOIAIMMCSA B PABHOBECHH, M M3MeHEeHHe COCTO-
SHASA, T. €, PEAKIHA CHCTEMBI, KOTOPYI0 Tpedyer WNPHHIOMII [IPX HW3MEeHEeHHHN
OKpPYKaIOImend Cpeabl, BeJeT K OKATAeMOMY IIPpH [IaHHOK OKpysKalomeul cpeje
pPaBHOBECHIO, MHAYe TOBOPA, MPHHIIAII YKA3EIBaeT, PN KaKOM MMEHHO HaIpaBJe-
HUA pearnud [pH TaHHOM HOBOU OKPY:KalOMeu cpeje HACTYIIAT paBHOBECHE.

Ham npmHIOUII OTHOCHTCS K CHCTeMaM, He HAaXOAAINEMCH B PAaBHOBECHH, H
N3MEHEOHN® COCTOSHMSA, MHAYe — PeakIus CHCTeM, ROTOPYI0 HANI MIPHHIIAI Tpe-
Oyer nmpHm H3MEHEHHH OKpYRalomleil cpejisl, COCTOHT B paboTe NpPOTUB OKHJA-
eMOTO IPH JIAHHOM OKpYKalomleil cpeje paBHOBECHs, CJeJ0BATEILHO, MMEHHO
IIPOCTHB TOTO0 MBMEHEHHsI, HOTOPOTO CJeJoBaa0 OB OskHAATh o npuAnmny Jlema-
Teabe, ecam OBl cmcTeMa Haxofgmiack B papEoBecHuy (3. C. Baysp. «Teopern-
yeckaa Omomorms». 1952, crp. 51—52). Heckombpko mmke Baysp omsaTs momdep-
KHBaeT TePMOHHAMHMYECKOE OTJHYHE PEeAKIUM KHBOU CHCTOMBI:

«/Immp B TOM caydae, ecym MBI OyaeM TOCTOAHHO MOMHHTHL 00 9THX 0COORIX
3aKOoHAX, 00 0COOOM COCTOSIHUM M CTPOGHHHM CHCTEM, MBI CMOJKEM IIOHATH ITPOIECe
oOMeHma BellecTB W 3acTpaxyeM cebs or omubOK IpE NPEMEHEHMM BaKOHOB
TepmomaaMukmy (J. C, Bayap. «Teopermgeckag Omomormsa». 1935, crp. 59).

B macroamee Bpemsa kamra 9., Bayspa crana 6mbamorpadmaeckoit peKocTsIo

U He 09eHb YacTO BCTPeYaoTes OMOJOTH, JOCTATOYHO XOPOIIO 3HAKOMBIE ¢ pabdo-
TAMH HTOT0 3aMeYaTeJHLHODNO YIeHOTO.

115



B kawecTBe CJEMVIOMEro sTama TePMOAMHAMHIECKOT0 aHajmaa OMOJIOrHYe-
CKOX TIPOIeCCOB MOZKHO paccMaTpuBaTh moasireHne KEMr® 9. Ilpemmarepa «Yro
TaKoe KU3HB, ¢ TOUKN 3pennsa ¢gusnku?» Har yrasslBaJaoch peille, B 9T0il pabore
OLLJIO BBEJEHO NOHATHE «OTPHIATEILHOM JHTPOIMHHY», KOTOPAs CAYHKAT MATAHAEM
Uit BeeX SKUBBRIX opraEmamMoB, HeroTopeiMm OmosoraMm 9Ta MBICJB paccMaTpu-
Bajrach maske Kax mosad. Jloctarouno obparnrhes K peun JI. Boasnmanma 1886 r.,
ITPUBECHHOIl BHIIIE, WM IOHATHIO DHTponms Ayopbaxa, Kak CTAHOBHTCA O4Ye-
BUOHLEIM TECHAs CBA3L BCET0 XO/a PAa3BATHA HAYKH, HEHM30CKHO ITPHBOIAIIAS
Pa3IMYHBIX VYEHBIX K OMWHAKOBEIM BeiBogaMm, B oroii pabore 9. Illpemgmmrep
IATIeT:

«Kasapiit mponece, sApjaeHne, coObBITHe — HA30BHATE 9TO KaK XOTHTE,— KOpoOYe
roBops, BCE, YTO IPOMCXOJUT B TIPHPOJie, 03HAYACT YBEJUYEHHE YHTPOIHM B TOII
qacTH MHEpa, TAe dTo HpomcxofdaT. Tar m KPBOII OPraHU3M HENPepPLIBHO YBeJn-
YUBAET CBOK HHTPOIMIO — HJIM, TOBOpPSA MHAYE, TPOU3BOUT IOJ0KUTEILHYIO
BPHTPONWIO M TAKMM 0OpaszoM mpuOam:KaeTcs K OMAaCHOMY COCTOSHHIIO MaKCHMAaTIb-
HOI HHTPOMHUH, KOTOPOE HmpejcTariaseT coboit cMeprh. OH MomeT m30erHyTh 2TO-
I'0 COCTOSTHHA, T. €. OCTATHCH KUBBIM TOJBKO MYTEM IMOCTOSHHOTO H3BJICUYCHHA M3
OKpY/Kalolleir ero cpeasl OTPUMATEJbLHON JHTPONNHM, KOTOpasg IpefcTaBIAeT CO-
0010 HEYTO BechbMa IOJOKHTENbHOE, KAK MBI celigac ysuauM. OTpmmaTeabHAA
DHTPOMMWS — BOT TO, YeM opranuam numraercs. Vam, 941o0BI BEIDA3UTHL 9TO MeHee
fapaiokcaJbHO, CYMECTBeHHO B MeTab0Ju3Me TO, 94TO OPraEmaMy yIaeTcsa oclo-
OoskmaTe cebGa OT BCeH TOU DHTPOMHM, KOTOPYIO OH BBEIHYHAIEH ITPOMBBOIATE,
HOKA OH KHB.

w7151 pacTeHmit COOCTBEHHBIM MONIHBIM HMCTOYHHMROM OTPHIATENHLHON HH-
TPOIIMA» CJOYKHUT, KOHEUHO, coJHeUYHBIN cBeT» (J. lllpegmuarep. «Yro Takroe
JKUBHB ¢ TOUYKHE 3pennusa usmrn?». WJI, 1947, crp. 192—106).

C pa6oramm 9. lllpepmarepa MBI BXOJAUM B HOCHEIHIIT MePHON TePMOJIHA-
MHYOCKOro aHalua3a fABJIeHnii :Xu3HM. B aTor mepmox Oaarojgaps cylecTBeHHBIM
N3MEHOHHSAM B COCTOSHAHM TePMOJUHAMHAKHN MCYEe34eT CBA3HL MEIy KJaaccHie-
CKAM IIpeJICTaBJICHHEM O PaCCeMmBAIOMICIIC B MMUPOBOM IHPOCTPAHCTBE JIVIHCTOM
QHePIUH M IIpeficTaBJIeHMeM 00 DHTPONHH. SHAUUTEJbHANA (PopMaIM3aridd TepMo-
TMHAMHAKE IIPUBeJa K CO3JaHNI0 3aMKHYTOH M BHYTPEHHE HEIPOTHBOPEIHBOM
CHCTeMBl MOHATHHA. HeRoTopyo sCHOCTHL B CTPYKTYPY 9TOM CHCTEMLI OKa3ajIoCh
BO3MOKHEIM BHECTH Juinb B 1951 r. wepes BBejiennme aOCOMIOTHBIX OTPHIATEILHBIX
TeMmiepatryp. Takam oO6pasoM, MONMBITKA TOPMOAMHAMUIECKOr0 aHAAN3a OMOJOTH-
YOCKUX SABJICHWII B HACTOAINIEe BpeMs IIPHUBOMUT K 3HAYNTEJILHO OOJbIAM TPY/I-
HOCTAM, 9eM B MOMEHT CTAHOBIeHHS TePMOJMHAMUKHA.

CorracHo IPHHATHIM OIpPeeJeHHAM, KOTOPHIEe CYMTAIOTCH HCXOTHBIMH, 3a-
MUCHLIBACTCSA BEIPAKeHUe, Onpefeasioliee (QYHRIMIOHAJILHYIO CBA3L BayKHEIIINX
TePMOJAMHAMHYCCKAX BeJUNUYHH. B CTaTHMCTHYECKOH TepPMOJANHAMHKE TeMIepaTypy
U3MepaIOT He B I'pagycax, a B oprax, IpaueM dTH BEJMYNHEI CBA3AHBI MEHLLY CO-
00if caenyiomeil 3aBHCHMOCTBIO!

0= kT, (1)
e - -
0 — Temmeparypa, m3MepeHHAs B dprax,
I' — remmeparypa, naMepesHag B rpagycax HeabsmHa;
k — xoapdummeHT MPONOPINOHAILHOCTH, H3BECTHRII II0]] HABBAHWEM IOCTO-

AHHOI Boabsnmana kb = 1,38-10-16 spe/epad.

IIpr MCcmoJL30BAHAM TeMIepaTyphl, MBMEepPsAeMOil B rpajycax, IpHBejieHHbIMA
Bhille Koadunuenr npomopnuoHadbHOCTH k& BBOGAT B ONpeNeJeHAe SHTPOIH,
T. €. CBABBIBAIOT 0e3pasMepHYI0 BeJMYMHY MaTeMaTHYeCKONl CTATHCTHRH O C
TePMOINHAMUYICCKOM BeJIAIHHON S

S = ko. (2)
JTY BeJMYMHY TOKe HA3BIBAIOT DHTPOIMeEIl.
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Wcmonbsys BBe/leHHBIe MOHATHA, (PYHRIMOHAJBHYI CBA3h BCEX IepeunclieH-
HEIX BeJHYIH OUPeIeJAI0T COOTHOIIeHUEM

dsS 1

rje o0O3HAYEHWS COBIANAIOT ¢ BBeJIeHHLIMH BHIIIe IOHATHIMI,

ITorygenHO® BEIpAKEHHE HE SBIACTCA CBABAHHEIM CO BPEMEHEM, a BBIBOJIHI
13 BTOPOI0 Ha9aja TepPMOJHHAMHKHN, BOOOIIe NOBOPS, MOMKHEI OTINYATE HACTOS-
miee BpeMs oT OyAyliero, Tak Kak OHM HO3BOJSIOT HPeACKAashIBATH HaIlPaBJICHHE
OpOTEeKAaHNA HOPONEeCCOB BO BPEeMEHW. AHAIHM3 pasMEpPHOCTEi, KOTOPHIA YacTo
MCIIOJB3YeTCA B TOYHBIX HayKax, MPHBONHT K BHIBOLY, 4YTO JOJKHA CYIIECTBO-
BaTh ele KaKasf-TO CBA3b 3alHCAHHOrO BBRIPAKeHHS CO BpeMeHeM. JTY HEeABHYIO
cBA3L (PopMyaEl (3) €O BpeMeHeM YKAa8LIBAIOT Yepe3 BHAYCHMEe 3HAKOB, Tak, B
IIPUBEIeHHOM BBIPAKeHNH HIPHHATO OBLIO CYMTATH, YTO TeMIepaTypa B rpajycax
RenbBuna — BellHYNHA CYIIECTBEHHO MOJOMKUTENBHAS, YTO I COCTABJIAET OCHOB-
HOe COMlepyRaHme KIacCHIeCKOT0 BRIPAKEHMS BTOPOTO 3aKOHA TePMOMHAMUKI,

JleilcTBETENLHO, €CaAN TeMIepaTypa B rpagycax HeabsmHa MOMeT MMETL He
TOJIBKO IOJIOFRATEJBHOE, HO M OTPHIATEJbHOE 3HAYeHMe, TO Kosd@uImenT Io-
JIe3HOr0 NemcTBUA MammHbe HapHOo Oymer mpmHEMATL 3HAYeHHA OOJbINe eLH-
HAIBI. Tak Kag 9T0 HEBO3MOKHO, TO CTOJb K€ HEBO3MOKHO M HAJIWYWEe OTpPHIlA-
TEJbHOTO B3HAKA Y IIPOH3BOJAHOM OT DHHTPONMHM II0 DHEPIrHM B JEBOM YacTH
Beipaskennsa (3). @opmyaa (3) COMep:KUT NMPaBUIO 3HAKOB — @CJM CHCTEMAa II0-
Jy4aeT 9HepPruio, TO ee HHTPOIMA MOKeT TOJBKO YBeJHMYHNBATHCH, T. €. H3MEHe-
HOEe HHTPOINHUE IPH MOJYYeHHN DHEPrUM IOJOKATEJBHO,

B paccyspennn Illpeguarepa mMur oGHapy:KmBaeM HOPSAMO IIPOTHBOIIONOMKHOE
YTBepPRIeHNe — DA IIOJYYeHUH JYyYHCTOH DHEPrAM HM3BHEe B XJOPOPHILIOBOM
amnapaTe pacTeHUsa IIPOMCXOAT YMEHLINeHHEe HHTPOIMH, T. €, 3eJeHOMY JHUCTY
pacTeHus, B COOTBETCTBHM ¢ (PopMyaoit (3), MBI OIKHBI NPHIHCATH 3HAYCHIIE
abCOMOTHOM OTpHIIaTeabHON TeMmepaTypsl, HasBamHBIA mapagoKec CTATHCTATE-
CROM TepMOJUHAMWKH paspemaercs mpm aHaimse Teopembl Hepmera. Iloasaysch
Teopemoit Hepucra, MBI mO3BoimiIm ceGe MCKIOUATHL HEKOTOPYIO IOCTOAHHYIO,
COOTBETCTBYIOMYIO 3HAYEHMIO sHTpoNM: mpm abcomorHoM Hysge. Tax, Hanpmmep,
YIVIEKHCIOTe M BOZIe B COCTOAHMHM aOCOMIOTHOTO HYJSA MBI OyHeM IIpUIHCEIBATHL TV
"He DHTPONMIO, UTO M caxapy, ROTOPHIM MOJYIeH M3 YIJIeKHCJIOTHI I BOJEI B IIPO-
necce gorocmrTesa. [leiicTBuTeqbHO, M0 TeopeMe HepmeTa SHTPONMS MCXOJHBIX
BeIecTs M KOHeYHOrO MPOYKTA OJUHAKOBA, HO MBI HE MOKEM YTBOPIKAATH, UTO
B 9TOM IpHMEpe 9HTPONHUd OJHO3HAYHO OIpeAessAeT COCTOAHWME TOi M Jpyroii
CACTeMSEI, X0TA 06e cucTeMbl GyyT HAXOXATHCH B PABHOBECHEIX YCIOBHAX.

XuMuyecKas MOTeHIMAIbHAS dHePIasA NPOAYKTOB (POTOCHHTE3a, OTIHIAONIAS
CHCTeMY, COCTOMIIYI0 M3 caxapa M KHCIOPOJa, OT CHCTEeMEI, COCTOAINEH M3 yIie-
KUCJIOTH M BOJbI, MOKeT He MMeTh CYIIeCTBeHHOIO 3HAYCHUS B HEKOTOPBIX TEO-
PeTHYECKAX MOCTPOGHHAX, OJHAKO KayJIblil y9eHEIH MOsKeT OOHADYIKHTH pas-
HHUITY Me/y TeM H [[PYyIMM, ecJi BMECTO caxapa Ha 3aBTPAK OH OymeT moaydarh
rasmpoBaHuyio Boay. llpuBenenHaa myTka mMmeeT m Goxee TaAyOORHE CMBICT —
npuanun Heprera, 6e3ycaoBHO, MOJe3HBIH i 00JI0IYeHN BEYACICHAS HHTPO-
M, Tak Kak m30aBifger 9Ty BeJWUYHHY OT «MeInalomeil MOCTOAHHOII HHTerpi-
pOBaHMA», BHILIOCKHBAET ¢ I'PISHON BOIoN m pebeHKa.

AGComoTHBIe OTPHIATeJbHEIC TeMIEPATYPHI, BOOOIIe rosops, Goaee pacipo-
CTPaHeHkl, YeM 9T0 UPHHATO AymaTh. [Ipocroii gBETaTeNs BHYTpEeHHEIO CrOpaHHA
HCHOJB3yeT BeImecTBa, KOTOpPHIe HMET TeMIepaTypy, PaBHYI TeMIeparype
OKpysKaloImel cpefsl. B peayisraTe BCOBINKE (XAMHYECKAs PeAKIIUS — HMEHHO
9TH IPOIECChl BCEIjia MCRIITANN BCe OCHOBATeIH TePMOANHAMHKA KaK HEpaBHO-
BeCHBIC) HE TOJbKO yBeJHYMBACTCA TeMIepaTypa CMecH, HO H coBepmaercs pabo-
Ta. Ecam Taroil msuraress Oymer paborarhs mpm TeMIeparypax, PaBHBEIX a0Co-
JIOTHOMY HYJIO, TO €ro Kamkymuics Kod(p@UIUeHT IOJe3HOTO [eicTBmg Oyaer
CTPeMAThCA K OecKoHeuHocTH. B 1aHHOM nIpHMepe HeT HEKAKOil DPMHIATIAAITL-
HOHl PaSHUIBI MEKy YCHJIeHWeM MONTHOCTH B KBAHTOBOM TeHEPATODe M YCHJIe-

117



gmeM MOIIHOCTH, TIOABOJUMOM K cHCTeMe Ui HHAIIHPOBAHIA xnmecnoi}
peaxmui. HaceneHHOCTH BepXHEro HHEPreTHUECROro ypOBHA (¢ HAROIJIEHHOI
KIMITIECKOil pHeprmeit) TepMOJHHAMHYECKN HeBepOATHA, M CHCTeMa, 0CBO0OOK-
nasi 9HEPIHio, BO3BpAIaeTca B CBOe panGosee BeposiTHOe cocTosgHme, Ocraercs
OTKPBITBIM BOIIPOC: UTO OTBETCTBEHHO 3a HACEJIEHHOCTH 3TOTO MaJIOBE POSATHOIO
cocrosamsa? st M000T0 BHAA ABUTATENA MBI [OKa (MCKIOYAsd SePHBIE peax-
) MOKeM Ha3BaTh OfHY HPHYMHY — OpraHmYecKas RU3HD, CYIIeCTBOBABIIAA
B 0J(HY W3 IIPeKHHX JII0X.

BBejieHHe (XMMAYECKOr0 CPOJICTBA» B TEPMOJMHAMIKE HeoOpaTHMEBIX IIPO-
IecCcOB MM B XUMAYECKOH TePMOJWHAMHAKE ©CTh BEIHYIKEHHAA Mepa — MBI BhI-
HY;KIeHEl OLIA BBOJHETH IpeJCTaBleHHe O XHMHYECKHX IOTeHIUAIaX BMECTO
ICTIONB30BAHMA IOCTOAHHON WHTerpupoBaHHA B ypasmeEmm Hiaysmyca. Memee
sicHa cBA3h mETerpana Hmaysmyca co speMeHeM. VIETerpai OTIHIaeT HATAIbHOC
COCTOSTHIE CHCTeMBI 0T KOHEYHOro, KaK MOCIe[0BATeJIbHOCTh COCTOAHMHE CHCTeMbI
BO BPEMEHH, Yepe3 IOJ0KUTEebHBII 3HAK M3MeHeHNs dHTPOIHH. Ecmm mam yjaa-
Joch OB OOHAPYKHTH B HEKOTOPOM Tepexofie OTpHIaTeJbHOe H3MOHEHMEe HHTPO-
IIMA, TO MBI JOJFKEBL OBl OBl OOBACHATH 9TO ABJIEHHE «OTPUIATETHLHBIMY» XOA0M
BpeMeHH, Kak 510 muitagces meaars I, Peiixenbax («Hampasienme BPeMeHM). 1J1,
1962). 3HaunTeALHO MPOIIe PeIraTh dTy mpodiaeMy B COOTBETCTBHU C ITPC/LIOFRE-
mmeM H. A. YmoBa, T. . MPHHATHEM OIPEeJIeHHOr0 HAIPABICHUA H3MEHCHUH
PHTPOTINN B OWMOJOTMYECKHAX ABJICHHAX.

Ects eme ojpa 0cO0@HHOCTH DTOTO e IMOHATHI — JHTPONUA €CTh HEABHAA
GyuRImA BpeMeHHn, T. €. B TOPMOJMHAMHKEe 4epe3 DHTPOIHIO MEI BbIpajkaeMm HE
QHEPrHIo, a MONIHOCTH. JTa MOIHOCTH obecledmBaer IOJJIePRAHNE CcBOOOJTHOM
DHePIMN OTKPBITOIl CHCTeMbI Ha IIOCTOAHHOM YpPOBHE. Toapko cmereMa, HaAXOAA-
Hascs Ipi abcoMOTHOM Hyse, mMeeT 00OMEHHEIN TOTOK ¢ OKPY/RalomleH cpejIoi,
PABHEBI HYJI0, UTO H COOTBETCTBYET 3HAUCHHIO DHTPOIMMA, PABHOM HYIIO HOPH TeM-
nmeparype abcomormoro myJas. Ilo mepe pocra TeMIepaTyphl OTHPBITOIl CHCTEeMBI
pacTeT mMajydeHme HTOI cHCTEMBI (T. €. MOIHOCTDH, M3lydaeMas B eNHHUIY Bpe-
M@HE) W, CJeOBaTeIHHO, COXPAHEHN® DHOPIHHM B TAKOM cHCTeMe MOKeT OBITH
oBecIeweH0 JMIIL GOIBINeH MOIIHOCTHIO, mMOocTymalomei masHe., Mopyiab 5TOTO
0OM@HHOTO MOTOKA MOJKET COOTBETCTBOBATHL (PU3MYIECKOMY CMBICHY MOHATHA 2H-
TPOTIHS.

B mocsieiHee BpeMs, B CBA3M ¢ PasBHTHOM KHOePHETHKH U TeOPHH mH@OP-
MAITHH, CTAPEIe UeH O TePMOTUHAMUYECKHX OCOOCHHOCTAX JRMBBIX OPraHm3Mon
MONYYMIN CBOEe BEIpasKeHMe Yepes IMoHATHe HHGOpPMALNT, MIH HerdHTPOIN, T. €.
yepes MOHSATHA, TOMAECTBeHHBIe dHTpOIAN O, Ayapbaxa W «OTPHI[ATEJIBHOI 9H-
rporrmmy 9. lpexgmarepa. IIpoxogur BTopoil MUK OypHBIX JNCKYCCHil IO CTapoi
npobaeMe, KOTOpasg TO-IIPesKHEMY elle jajeka OT permeHHs. Jlyammm BBIpake-
HIeM COCTOSHHs HACTOMAIIED0 BOMpPOca MABIAETCA IIOJOKeHHe, BBICKA3aHHOE
A. 1. OnapmesiM B ero KEmDe «fKu3HL, ee IWPHPOJA, MPOUCXOMKACHAE M DAIBH-
tae» (M., 1960, crp. 17). ~

«CiroskEee OOCTOHNT [eJI0 €O BTOPBHIM 3aKOHOM, BBIPAKAIOIHM CTATHOTHYE-
CKYIO TeHJIeHINI0 NPHPOALI K Gecmopsjry, TeHIeHIHMI0 K BHIPABHUBAHMIO M, Ta-
KuM - 06paszoM, 00CCIEHEHUIO PHEPIUM B M30JHMPOBAHHBIX CHCTEMAaX, HTO 00BITHO
BBIpA;KAETCA KAK BO3PAcTaHHe HHTPOIHM.

..B IpOTHBOIOJOKHOCTH STOMY B OpPraHM3MAaX He TOJLKO He TPOMCXO/UT
HapacTAHUsI SHTPONMH, HO JajKe BO3MOKHO ee yMCHBIIeHHe. Taxum oGpa3som,
KaK OyaTo OBl IOJyUaeTcs, YTO OCHOBHBIM B3aKOHOM (DHUSHKH ABJIACTCA TEHACH-
IS K OeCHOPANKY, YBeJIMIeHHe DHTPOIMHA, & OCHOBHBIM 3aKOHOM OmoJIorny, Ha-
POTHB, POCT OPraHU30BAHHOCTH — yMeHbIIeHHAe dHTPOMHI).

Sruvm caosamMm axameMmika A. M. OmapwHa M MOMKHO 3aKOHYATE HCTOPHYE-
ckmit 0630p mameir npobaemsr, Hak Oyjger pasBuBaThcA 9TO HAUpaBjIeHHE B oyay-
meM — ermie He ompeaeaeno. O4eBHHO, HACTYIHT M TaKoe BpeMs, KOIJIa B 3TOM
BOIpoce OyfeT BHIACHEHO MHOTOe M HHKOI[a Bce. Beamko pazgoobpasue OKpy-
JRAJOMIEN0 HAC MHPA, W CTOJH Ke JUIATeJIeH IyTh €ro IrO3HaHW. MosroftoMmy 1o~
KOJIOHIIO COBETCKUX YIOHBIX IPEICTABIACTCS OOIMpPHOE ToJe HAYIHOM JIeATelb-
HOCTH,
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