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lpeancnosue

O BcemorymiecTse HayKH

Hxcunn: «H cdenaio ece, ymo mut
noxceageuivh

Mapx Tsen (ceucmum): «Ilpuweil
K 3MOMy ny2oeuuy».

O HayyHbIX OTKPLITHAX
IOmo youeumeabro, umo Koaymb
omkpuin Amepuxy.
Ewe 6onee yousumenvro 610 6w,
ecau 6ol OH NPONABIA MUMO.

Mapk TeeH

JTa KHHUIA SBISICTCS NEPEeBOAOM MOHOrpaduu, Buixoasuiei B OnrvoKai-
Imee BpeMs B U3naTenbeTBe “Springer-Verlag”, New York Division.

B teuenue G6onee 50 ner s pabGoran B 0oOJACTH HAyKHM, Ha3biBacMOM
6rosioruueckoii GU3UKOMl, ¥ YYUJI CTYACHTOB OCHOBaM 3Toi HayKu. buodu-
3UKa — JOBOJIBHO CTpaHHAaA 06J1acTh 3HAHUA. MHOXECTBO YYCHBIX YBEPCH-
HO Ha3biBalOT cebs 6MOpH3UKAMH, MYyOIUKYETCH MHOXECTBO Y4€OHMUKOB,
MOHOTIpaduil, XypHaJIOB ¥ CTaTed, MOCBALUCHHBIX OMOH3NKE, BO MHOTHX
YHUBepCUTETaX ecTh Kadeapn 6HMoPU3MKU. MHE KaXeTcs, TeM HE MeHee,
YTO OO HACTOALUEro BpeMEHH HET OOLUCTIPUHATOrO ONpelcieHUs HaykKu
«Ononornyeckas ¢dhusuka». Knaccupuxkauus HaykK ofpeneisdercs npeame-
TOM HccilefoBaHUA. OOBEKT HccefOBaHHA OMONOrMU — XHBBIE CUCTEMBI.

Buodusuxa -— ato obnacrts Guonorum, B KOTOPOI AOCNKHBI NPEANOYTH-

TenbHo paborath yyeHbie, umeolue PpyHaameHTansHoe Ppusunueckoe
oOpa3oBaHue.




lpeancnosue

O1a yacts OHOJIOrMM OBICTPO pacIiIMpsieTcsi M, BEPOSTHO, B 3TOM
CTOJIETHH 3aMMET MOYTH BECh 00BEM HAYKH O XXHBOH MaTEpPHH.

®OH3INK, HAYHHAOLKN H3Y4aTh XHBBIE OOBEKTBI, HCILITHIBAET, KakK
MpaBUio, OLIyNIEHUE YyHa. YNOPSAOYEHHBIE B MIPOCTPAHCTBE U BPEMEHH,
HamnpHMep, MPOLECCH MMTO3a M MEi03a HACTOJILKO OT/IMYAKTCA OT Hpo-
LIECCOB, HAOMMIOJaeMbIX B OOBIYHBIX (PU3MYECKUX IKCMEpHMMEHTAaX, YTO He-
M30€XKHO BO3HHMKAeT BOMNPOC: HE HYXIaeMcCda JIH MBI B 0CO0OI (hH3MKe
XKHMBOM MaTepUM, 3aKOHHBI KOTOPOH OTIIMYAlOTCS OT 3aKOHOB, MpelojaBae-
MBIX B IIKOJIaX M YHUBEPCHTETAX.

B omHO#l H3 MOMX KHMI, MOCBSINEHHBIX OHMOpH3NYecKHM mpobiie-
MaM [1], g Hammcan: «Jist MOJMHOrO OMMCaHMUS M MOHMMAHHA CTpoe-
HUA U QYHKUMOHHUPOBAHHUS BCEX CYIIECTBYIOIIMX OMOJOTHYECKHX CHCTEM
B MPHHIIUIE BITOJIHE JOCTATOYHO M3BECTHHIX RaM OCHOBHHBIX 3aKOHOB (hH-
3HKY», CeroaHs A HE BIIOJIHE B 3TOM YBEpEH.

B sroii MoHOorpaduy Mel OyaeM KacaThCsl TOJILKO (DYHIaMEHTANBHBIX
acnekToB 6uodusuku. Ctporo roBopsi, HayKa MOXET OBITH TONLKO (DyH-
JamMeHTanbHOM. [lpuknagHo#t Hayku He cymectByeT. EcTh TOJRKO Hayka
1 ee MPWIOXeHUs. B OJHOM 13 CBOMX POMAHOB aMepUKAHCKHUHU MucaTesb
MuTtyenn YUNcOH CKa3all, YTO YYeHBIM Ha3blBaeTCsl YeJIOBEK, YMEIOIuii
V3HaBaTh HOBOE, a HHXCHEPOM — YEJIOBEK, YMEIOIIUHU HejiaTh HOBOE. DTO
pa3sHble MPOPECCUHH.

Yuraresnb 3TOH KHUTM MOXET HE HMETh CrnelUalbHOoro Grosornyec-
Koro unu dusuyeckoro obpasoBaHus. I103ToMy B TeKCT HEKOTOpBIX IVIaB
BKJIIOYEHBI OCHOBBI COOTBETCTBYIOIIMX 00IacTeil HayKH, CBsI3aHHBIE C 00CY-
XAaeMBIMU MpobieMaMy. CnenualucTbl MOTYT MX nponycTuth. C Hpyroi
CTOPOHBI, HEKOTOPHIE YaCTH MOHOrpaduu norpedbyloT OT YUTATES CIIELH-
aJIbHOW MOATOTOBKM B pAa3NIMYHBIX obnacTix du3uku U OHoxumuy. Yurta-
TeJib, UHTEPECYIOMINICA IIaBHBIM O00pa3oM OOLIMMH MpobGaeMaMH, MOXET
TAKX€e KX UTHOPUPOBATh.

Bripaxaio MCKpeHHIOI0 0J1arofapHOCTh MOMM MHOTOJIETHUM COTDPYI-
HUKaM, paboTa ¢ KOTOPLIMH Cie/1ajia BO3MOXHBIM pa3BUTHE UIEH, JiexXaLuXx
B OCHOBe 31011 MoHOrpaduu: CumoHy Ilnomo, Anekcanapy TUXoHOBY, DH-
HO Pyyre, Jleonuny AxoBeHko, Bcewsosiony Teepauciiopy. X 3ameqanmus,
Kacawlyecs OTOC/JbHBIX [MIaB KHUIH, MO3BOJIJIM BHECTH B TEKCT HEOO-
XonauMBle monpaBkd. Mos rnybokast 6narogapaocts Onbre CaMoitnoBoii,




lpeaucnosue

W

Anexcannpy Konpanosy, Jlapuce Baiinep, 3oe Kyponrepoit u dasonny
ATaylaxaHoOBY 3a TEXHHYECKYIO IIOMOLUb.

HexoTtophie riaBbl KHUTH B KAaKOU-TO CTEMEHH MOBTOPSIOT ONMUCAHMS
3KCNEPUMEHTOB, BHIITOTHEHHKIX MPU YY4aCTUM MOUX COTPYOHMKOB B AKajie-
MuM Hayk 1 MI'Y. Bce oHM OTpaXeHB B CITMCKE JIMTEPATYPHI.
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naBa 1

Kparkas ncropus
6uosorn4ecKkon pusnkm

ITonuas ucropust 6GHOGU3NKHU 10 CUX MOp He ObIa HaNmHCaHa, BEposIT-
HO, K3-3a OTCYTCTBUS OOLLUECNPUHATOrO onpeacieHus. A rmonbiraloch 34€Ch
OIMTUCATh HEKOTOPbIE COOBITHS, ONpEACNAIOMNEe, C MOEH TOUKH 3pEeHHd, MO-
CTEMEHHOE WIH OBICTpOe NOIKIIOUEHNE DUIUIECKUX MOAXOHO0B K PEIICHHIO
npobisieM OHOIOrUHU.

BeposaTtHo, riepBbiM, KTO CKa3aj, YTO XHUBbIE OOBEKTH MOAYHMHAKOTCA
TEM XK€ 3aKOHaM W COAepXaT Te Xe YaCTHLB MaTepuM, YTO U HEXHBHIE,
6bu1 rpedeckuit puitocod Dnukyp (mpuMepHo 300 NeT mo HAmEH 3pbI).
CyuiecTBeHHEIH BKIaL B (DPM3HOJIOTMUECKYIO ONTHKY CAENanM rpek laneH
M ero KOMMEHTATOp erMNTAHMH AnxazeHU. OHU NpaBHIBHO OMHCAIH BO3-
HUKHOBEHHe M300paxeHHs1 Ha cer4yaTkKe. MIX pabGoThl ObUIM NMPOAOJDKEHBI
U pa3BUTHl BeaUKUM Jleonapno pa Bumum (1452-1519). CyuiecTBeHHbil
BKJIag B Oyaymyio 6HodH3MYecKyl0 Hayky BHEC OOMH M3 yuyeHUKOB [a-
auness — JIxosanun Bopenn. OH JeTanbHO OMHMCan CTPYKTYpy M paboTy
MBIIIIIb XHBOTHBIX.

Hosyio rnaBy B McTopuIo 6HodM3KMKH (3 Takke M GU3NKU) BIHCATH
Taabsann ¥ BoasTa. 3Ta UCTOpUA 3aCNyXKUBAET 60J1€€ AETANIbHOIO OMUCAHHSL.

TansBauu (1737-1798), npodeccop yuusepcutera B bosioHbe, 0OHa-
pyxun B 1980 rony crtpanHoe siBienHue. OH HM3ydan TMpenapar MBbIILH
JIATYIIKH, KOrAa OAWH M3 ero MOMOLIHHKOB CJIy4aifHO KOCHY/CS Hep-
Ba JISITYIIKH CKAJIBIIEJIEM. DTO MPUBENO K CHIBHOMY COKPALUIEHUIO BCEH
MeIubl. Jpyroil corpyiHUK lanbBaHM 3aMETHJI, YTO 3TO SBIEHUE Ha-
OJII0JAaETCA TOJIBKO, KOIHa psAAoM C TiperapaToM Haxoaujaach Jalouias Hc-
Kpbl «3JIEKTpHUECKaA MamuHa». C 3roro MoMeHTa [anhBaHM Hayaad CBOH
3HAMEHMTBIE 3KCIEPUMEHTH MO «KMBOTHOMY 3J1EKTPHYECTBY». IJIaBHBIH



Yactb . llpegsapurensHbie 3aMevaHms

3¢pdexT O6bi1 OTKpHIT, Korga TanbBaHM OOHApYXHII, YTO TO XE SIBICHME
HabmonaeTcs, ecaM CIIHHOM MO3r JIATyLIKM COSOUHHUTH C JpYrMMH Ya-
CTAMH Mpenapara MeTaUiMyeckod mnpoBoiokoi. Cpeau HpYruX BaXHBIX
XapaKTepUCTHK 310ro 3ddexrta TanbBaHU OTMETHI, YTO COKPAILECHME MBbILI-
IIbl YCHJMBAETCH, €CJIM TPOBOJOKA COCTOMT M3 ABYX pPa3HbIX METaJIOB,
J10 o3HavaeT, 4uro lankBaHM OTKPBHIT HE TONIBKO «KHBOTHOE» SJIEKTPU-
yecTBo, HO K TO, 4YTO TeNeph Ha3biBAeTCA KOHTAKTHRIM MOTEHIIMATOM
(moteHuuanom lambBaHM), BOZHMKAIOIIMM MpPU KOHTAKTE HOBYX METAJUIOB
C pa3sHBIMM 3HAYEHHSMU «paboTHI BBIXOda» (3HEprus, TpeGyeMas IS BHI-
Xofa 3INEKTPOHA U3 MeTanna). [anbBaHM, OfHAKO, HE OOpaTWJI BHHUMAaHUA
Ha 3TOT pe3ynbrar. Ero miaBHbIi (M BIONHE MpaBWILHBIA) BBIBOH 3a-
K/IIOYAJICSL B TOM, YTO XHBOTHOE 3NIEKTPUUYECTBO HMEET Ty XK€ NPUPORY, YTO
U «MAIIKHHOE». _

Anexcannp Bonbra (1745-1827) cHauana He MOBepuJ pe3y/ibTaTaM
TansBanu. Ilocne Bocnpou3BeneHMs HMX, OOHAKO, OH MO COOCTBEHHOMY
YTBEPXKACHHIO MeEpelleN OT HEeAOBepHs K HMX NOJHOMY NpU3HaHuo [2].
TeM He MeHee, Bosnbra He pasuensin B3rsAgoB [anbBaHU Ha «KUBOTHOE
IEKTPHYECTBO» U CUMTA JIAryHIKY MMPOCTO YYBCTBHTEJBHBIM JJIEKTPOME-
TpoM. BonbTa npoaoiKaji ¢cBOM HCCIEAOBaHMSA, JOCTHI OONBIIMX YCIIEXOB
B 3KCMEPUMEHTAIBHOM H TEOPETHUECKOM U3Y4EHUH KOHTAKTHOIO MOTEHIA~
ana, co3xajt «BOJIbTAUYeCKHH CTos16», CTan HMPOLBETAIOIIMM H 3HAMEHUTHIM
nipodeccopom.

TakuM oOpa3oM, Bonbra nmobeaun B cBoeM criope ¢ lansBanu. Ilo-
CIeIHHHU ToXe MpOoHOIXaN CBOM MCCIIeNOBaHUA, HO, Onarogapst 60JbHIOMY
aBTOpUTETY BOJNbTa, HayyHOE COOOLIECTBO HE MPUHSIO €ro pe3y/bTaThl.
lanbBaHK BHIHYAWIM MOKHHYTH YHUBEPCUTET, K YEPE3 rog OH yMmep B ben-
HOCTH. JIUCKyCCHMH MeXIy MOCeJOBATE/IAMH OOOHX YYEHEIX [TPOAOIKAIUCH
Jo 1844 ropa, korna Kapn Marreyud ony6/MKOBan HECKOJLKO CTaTeH, OO-
Ka3bIBAIOIIMX CYNIECTBOBAHHE GHOJIOIMYECKOrO VIEKTPUUYECTBA C TEMH XK€
CBOMCTBAMHM, YTO U OOBIYHOE «METAUTHYECKOE».

Hccneposanus TansBaHy co3ziaid JBa HAMpPABICHMSA B HayKe: 3JIeK-
TPUYECKHE SIBIEHUS B XUBOH MaTepyy HA Pa3HBIX YPOBHAX OpraHU3alvH
M CTaTHYECKOE SeKTPUYECTBO B (pu3uke. A gymalo, yro uMeHHO ¢ TannBaHU
Ha4yaJoCh PCANIbHOE pa3BUTHE OHOMH3HKH.

B ucropuu 6ModH3IMKKN HE TaK MHOIO COOBITHHA, CPaBHUMBIX MO 3Ha-
YeHHUIO C ONMMCAaHHBIMH Bhillie. BEIOOp MeXOy HUIMH — JIMYHOE JEJIO aBTOpa.
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Tnaea 1. Kparkas ucropust 6Monorundeckon pusnkm

€ Moeil TOuK! 3peHMsT CIeAYIOIIUM TIPUHLUNUANBHBIM 1IaroM ObUIO TO-
ABJICHUE 3HAMEHUTON «3elleHOM TeTpaau», onybnukoBaHHoH B 1935 roay
TumodeeBbiM-PecoBcknM, IlummepoM u Hensbpykom [3]. B aroii skcne-
PHMeEHTaNBHOM pabote, conpoBoOXIaecMO TTyOOKHM TeOpeTUYeCKUM aHa-
JIM30M, OBLIM TMOJTydeHBI IBA CYILECTBEHHBIX pe3y/IbTaTa:

1. Ckaukoo6pa3zHoe M3MeHeHHE reHa ToH HeHCTBHEM HOHHM3UPYIOUIETO
U3NTydeHUs] MMeeT KBAHTOBYIO NPHUPORY, HAYMHAETCA ¢ OGpa3oBaHHS
HEPAaBHOBECHBIX PHEPIrM30BAHHBIX COCTOSIHMH IeHa W CPaBHUTENBHO
PEAKO NPUBOAUT K HACTeNyeMbIM U3MEHEHUAM (MYTallisIM ) B aTOMHOMN
CTPYKTYpe I'eHa.

2. TeH npencrasnsier co6oil HeGONMBLIYIO KOMIIAKTHYIO CTPYKTYDY, COCTO-
SIIYIO IpUMepHO U3 10° aToMoB.

C Moeill TOYKH 3peHHsl, BaXXHOCTh 3TOM paGoTHl Iyist GMOIOrHHA CpaBHU-
Ma CO 3HaveHHeM I (PU3IMKH 3HAMEHMUTBIX 3KCNepUMeHTOB Pe3zepdopra
IO TIPOMYCKAHUIO ~YaCTHL Yepe3 TOHKYIO IJIEHKY MeTajlla, KOTOpbie MpH-
BEJIU K «COTHEYHOM» MOJIENIH aToMa. «3ejieHas TeTpaib» BAOXHOBHIA BPBU-
Ha peaunrepa npoyects Kypc nekuuit B Tpunutu Komnenxe B JybiinnHe
B 1943 rogy, onyGnukoBaHHBIH 3aTeM B popMe MoHorpaduu [4]. Haubonee
CYLIECTBEHHBIM B 3TOW KHHMre ObUT rMYOOKUH aHaU3 NPUBCACHHAIX BbiLIE
OBYX TTTaBHBIX PE3YJILTATOB «3€JICHOM TETpagu».

MIpenuurep NMoAYepkKHYN BaXHYIO pPOJb, KOTOPYIO HMIpaioT B Ouo-
JIOPUYEeCKMX MpOHeccax CpaBHUTENbHO HeGONbILIME ATOMHBIE CTPYKTYPHI,
He yJacCTBYIOILHME B TEMJIOBOM JBHXXEHUH. DTa Onectsimass KHUra MHALIUH-
poBaJia BIOCAEACTBUM FOCTOSSHHBIM NMPUTOK NpodeCCHOHANBHLIX GUINKOB
B GMONOrHI0 U B 3HAYMTEIBHOU CTENEHH TNOMOINA CO3JaTh COBPEMEHHYIO
6uoPHU3UKY.

Bo BTopo#t nonoBuHe XX BeKa ObUIO ONYOIMKOBAaHO MHOXECTBO BaX-
HBIX Ouodusudeckux pabor. i orpaHMYycCh NepeyruciIeHUEM IITaBHBIX OCHO-
BOIOJIAralouX COOBITUM.

CrnenyioiiuM GyHAaAMEHTATBHBIM IIATOM OBUIO OTKPBITHE ABOHHOM
cnupanu JJHK opuurtonoroM IxeiiMmcoM YorconoM u ¢pusmkoM Ppencu-
coM Kpukom [5]. D1a mcropus onucaHa B TaKOM KOJMYECTBE HAydHBIX
U TOIYJISPHBIX NYOTUKAIIUI, YTO TTIOBTOPSTH €€ 31€Ch HET HEOOXOAUMOCTH.

B xoHne 1940 — nayane 1950-x romoB HayanoCch CO3JaHUE TEOPUU
MHGOPMALIMK M NIDUMEHEHHE ee B TepMomMHAMUKe M 6uodusuxe [6-8].
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Yactb |. [IpegsapurensHsie 3ameqaHms

Mb1 BEpHEMCH K 3TOMY BaXHOMY COOBITHUIO B I7iaBe 3 B CBSI3U C MApPaiOKCOM
Makcsea.

BepositHO, clielylollIiM BaXHBIM 1aromM Onia paspatotrka M. M. JIus-
IIHIIEM HOBOTO MoOAXoJa K CTaTUCTHYecKON (Pu3uKe OHOMOIUMEPOB, KakK
K YaCTHYHO HEPABHOBECHBIM (B KMHETHYECKOM CMBICJiE) CUCTEMaM [9, 10].
Pa6ota JIuBmua cosgana HOBYIO [71aBY CTATUCTHYECKON (PUIUKM: CTATHCTHU -
Yyeckasd PU3MKa HeynopsAO4YEHHBIX CUCTEM, O0pa3ylonIuX, TeEM HE MEHee,
COBOKYITHOCTE MACHTUYHHIX OOBEKTOB. [leTATBHOE ONMUCAHUE ITUX paboT
CM. B MOHorpadwuu [1].

3aKOHYMM HA 3TOM ONHUCAHWE BAXHBIX COOBITUHA B UCTOpUH OHOPHU-
3uku. pyrue ¢dbyHaaMeHTaJbHBIE MOAXOAL W HAeH, HeoOXxoauMble I
NMOHUMAHUS B3MSIA0B aBTOpa HA pellaeMble U HepelaeMble MPOoOieMbl
6uodu3uku, 0OCYKIAIOTCSI B NOCIEAYIONUX [JIaBaX.



[(naBsa 2

OcHOoBbI TEpMOANHAMUKNA
M CTaTUCTUYECKOU (PUINKHN

2.1. TepmoauHamumka

Hanbojiee yacto ynorpebnsieMblii TEpDMUH B HayKe — «CHUCTeMa». Ha-

YHEM MO3TOMY C omnpeliejieHUst. CUcTeMOl HasbiBaeTcd Habop pealbHHX
WIH BOODOpaxaeMpiX 3JIEMEHTOB, TMPOU3BONBHO BHIODAHHBIX H3 OKpYyXalo-
1ero Mupa. 1ot Habop gBsIEeTCS CUCTEMOM, €CJIN:

1.
2.

3amaHa CBsi3b MEXIY 3JIEMEHTAMHU.

DieMeHTH CUCTEMBI CUMTAIOTCS HeleJIMMbIMUA. KOHEYHO, B 3aBUCHMO-~
CTH OT U3ydaeMoM Npo6IeMBl KaXIbIH 3TeMEHT MOXHO PaCCMATPUBATh,
KaK OTHENBHYIO CUCTEMY.

C OKpyXaionuM MUPOM CHCTEMa B3aUMOJEMCTBYET, KaK OJHO HEJIOE.

B xone 3Bomonuy Bo BpeMeHU HaGop 0CcTaeTCs CHCTEMOIL, €CJIH CYllie-
CTBYET OJHOHAIMPABJICHHOE COOTBETCTBHE MEXNY CTADBIMU M HOBHIMH
3JIEMEHTAMU, DTO COOTBETCTBUE JAOJLKHO OBITH MMEHHO OJHOHAMpa-
BIIEHHBIM. B ciiydae quBepreHIIMKM HOBBIE 3JiEMEHTHI MOTYT pacCMaTpH-
BaTbCsI, KAK OJJHA CUCTEMA, WJIM BBOJUTLCS MOHSITHE «CYOCHUCTEMA».

B TepMoIMHaAMuKe ¥ CTATUCTHYECKOI Pu3HKe (Kak, BIPOYEM, U B JIO-
Goit 06/1acTH HayKM) CYLLECTBYET /1B THUNA 3aKOHOB. 3aKOHBI TEPBO-
ro TMIA HA3BIBAIOTCS MPHHIKIAMM WM NocTyaaraMu. OHM SBJTIOTCS
0000LIEeHHSIMU IKCIIEPUMEHTOB WIM HaOmioneHUM U HE MOrYT OBbITH
JIOTUYECKH [OKA3aHBl. 3aKOHBl BTOPOTO THUIA MOTYT ObIThb JIOTMYECKH
BhIBEZleHBl U3 3aKOHOB TEPBOrO TUIIA,

BTO 03HAYAET, YTO HAYKA OMHCHIBAET MHpP, HO He OODBICHAET €ro.
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YacTh 1. [ipeasapurensHbie 3ameqaHus

2.1.1. MNMepsbliA 3aKOH TEPMOANHAMUKMH

[lepBhiit 3aKOH TEPMOAMHAMUKH — 3TO MPUHIHUI COXpaHEHUS IHEP-
ruu. TepMMH «3Heprus» (OT rpedeckoro “svepyta”) U3BECTEH BCEM, HO HC-
TUHHBIA CMBICIT €10 HUKTO (BKJIOYasi aBTOpa) He moHuMaeT. Puuaps Deifn-
MaH MOAYEPKHUBAET, YTO MBI HE 3HAaeM, YTO TaKoe dHeprus. D1o abcrpak-
M. A AyMao, YTO JIyYilylo MOMBITKY ONpEACIeH s SHEPTUH MOXHO HaliTH
B GrecTsileit kuure Makca ITnanka [11]:

«DHeprus (CrocOOHOCTh MPOU3BOLUTh PaboTy) CHCTEMbl B ONpelNeIeHHOM
COCTOSIHMH €CTh U3MEPCHHBIE B MEXaHWYECKUX €IMHHLIAX 3HAYCHUS BCEX lEH-
CTBHIi, peaTu3yeMbIX BHE CHCTEMBI, KOTAA OHA MEPEXOIUT U3 ITONO COCTOSTHUA
Mo No0OMY MYyTH K NPOU3BOJABHO BHIOpAaHHOMY (DMKCHPOBAHHOMY HYJEBOMY
COCTOSTHUIOD,

Tenepb MOXHO CDOPMYIHPOBATh MPUHIIMI COXPAHEHHUSI IHEPTUH.

AHeprua MaTepuanbHOW CUCTEMbI B ONPEAENEHHOM COCTOSIHWM OTHO-
CUTENLHO 3HEepruv ApYroro OnNpepeneHHoOro COCTOSIHUA MMeeT OAHO-
3HaYHOE 3Ha4eHue.

Hcnonb3ys 36K MaTeMaTHKH, MOXHO CKa3aTh, YTO IHEPIHS ABISAETCA
NMOMHBIM AUGDEPEHITHATIOM.

OtMeTHM, 4TO 3Ta O0LIen pUHSITast HOPMYTUPOBKA IIPUHIIUIIA COXpAHE-
HHUSA SHEPTHH He BCETNIa COBMECTUMA C NPHUBEAEHHBIM Bbillle OMpeAcieHUEM
HEPIrHM, KaK CocOGHOCTH NMPOU3BOAUTH paboTy. MBI BepHeMCsl NoO3AHEE
K 3TOMY BOMpOCY.

SIpKuM npUMepOM TOTO, YTO 3aKOH COXPaAHEHUST SIHEPIUU — 3TO TONb-
KO TOCTY/iaT, OCHOBAHHBII Ha COBMECTHMOCTH CO BCEMH MpeAbIAYIIHUMHU
HaOMoNeHUSIMH, SIBISIETCS. UCTOPHS O KAXYIIEMCS HapYUIEHHMH 3TOIO 3aK0-
Ha B BKCIIEPHUMEHTaX Mo [B-paquoaKTUBHOCTU B 30-X rofax Mnpoliuioro Bexa.
Hunbc Bop (BnonHe KoMneTeHTHbit (GU3MK!) BICKa3al AEp3KYI0 MIEIO,
COMJIACHO KOTOpO#M 3aKOH COXPaHEHHSI 3HEPrUM BHINOJHIETCS B MHUKpO-
Mpolieccax TOABKO B CpelJHeM, HO He B OTaeabHbIX akrax. WMaest Ilaymm
00 obpazoBaHuKM HEUTPUHO B aKTax [-pacrana ¥ e€ Noclenylollee dKC-
NMEPUMEHTANIBHOE TMOATBEPXIEHUE CHSIJIO 3TOT BOMpOC. lernepb NPUHSTO
paccMaTpuBaTh Mo6YI0 MOMBITKY BBICKA3bIBATh COMHEHHE 11O TIOBOAY Tep-
BOro 3aKOHa Kak «JDKeHayKy». IlpenmmnonoxeHue bopa He mpoTHUBOpEYUsIO
HHKAaKHUM 3KCIIepPHMEHTANbHLIM JAHHBIM NPOILLIOFO, OHO He ObUIO JKeHa-
VKO, OHO ObU10 MPOCTO HEBEPHO.
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Tnasa 2. OcHOBbI TEPMOAVHAMVKM ¥ CTATUCTUYECKON (DU3NKI

2.1.2. Heckonbko onpeneneHuni

ITpononxum Tenepb POPMYIHPOBKH ONPEACICHHIA, NOAE3HBIX IS O~
HUMaHHus UIeHl B nocreaylomux rjiapax. UuraTesb JOJDKEH UMETh B BUAY,
YTO 5TH OMPEAEICHNUI U UX MHTEPIIPETALHS NPUHALTEXAT K 00IaCTH Kiac-
CHMYECKOM TepMOAMHAMHKHM U MOTYT 0OKAa3aTbCd HE BIOJIHE BEPHBIMH IJis
6HONOrMYECKHUX CHCTEM.

CucteMa Ha3bIBACTCA NOMOTeHHOH, eC/Ii OHA COCTOMT M3 OftHOM (ha3bl.
XMMHYECKME BENECTBA B CUCTEME HA3KIBAIOTCHS KOMIOHEHTAMM.

CucTeMa Ha3bIBACTCH T'eTEPOreHHoM, ecii OHa COCTOUT M3 HECKOMBKHUX
das, T.€. yacTeil, HMEIOIMX Pa3HBIE CBOMCTBA U OTACICHHBIX APYT OT APYyra
YETKMMH IrpaHMIIaMu pa3aesia. ToamuHa 3THX IpaHHI 3HAYUTEABHO MEHBIIIE
pa3Mepa ¢as.

TepMOAMHAMHKA H3y4aeT MAKPOCKONMHUYECKHE CHCTEMBI, COCTOSIILIE
M3 OIPOMHOr0 4Mcna yacTuil. PasMephl U BpeMeHa XU3HM TAaKUX CMCTEM
HOJDKHBI OBITH IOCTATOYHO BEJIMKH, YTOOBI UX CBOMCTBA MOTIJIH OBITH H3MeE-
PEHEL.

CoCTOEHHE CUCTEMBI OTIPEACNACTCH 3HAYEHHUSIMHU €€ MAaKpPOCKOMU4Yec-
KMX MApPaMeTPOB, T. €. KOJIUYECCTBEHHLIMH XApPaKTCPUCTHKAMHM €€ CBOUCTB.
CyuiecTByIOT iBa THIA APAMETPOB. IKCTCHCHBHBIC U HHTCHCHBHBIC, DKCTECH-
CHBHBIC MapaMETphi, HAIIPUMED SHEPrufa, OOBbEM M T. 1., CYMMHUPYIOTCH TIpH
00beIMHEHKHN OTAEABHBIX cHcTeM. MHTEHCUBHbLIE MapaMETphi, HalpuMep,
IHaBJICHUE, TeMIlepaTypa U T. [. BBIPABHUBAIOTCH TOCIIe OObEIUHEHUS.

OO61EenpUHATO CYUTATH, YTO BCE CUCTEMbI MOXHO MO pa3e/iuTh Ha TP
tuma. M3onupoBannblie CUCTEMBI HE CIIOCOOHBI OOMEHMBATHLCA C OKPYXEHHU-
eM HM MaTepueid, HM >Heprueil. TakMx cucTeM Ha caMOM JAejie HET. Dra
HACANU3aIMA TO3BOJISIET YOIPOCTUTh ONMCcaHWe CHCTEM, ¢labo B3anuMoO-
ACHCTBYIOIIMX ¢ OKpYyXawoiuM MHUpoM. DakrTHyeckKM 3TO O3HAyYaeT, 4To
peaJIbHble CHCTEMBI pPaccCMaTpUBAIOTCH B TEUCHUE NOCTATOUYHO KOPOTKOIO
MMPOMEXYTKA BpeMEHH, YTO TI03BONSAET NMpeHeOpedb H3AMECHEHUAMH CHCTEMbI
3a CYET B3aUMOICHCTBHSA C OKpyXeHHUEM. Takoe OrpaHHYCHUE BpEMEHU
HabmoaeHns (Kak CBEPXY, TaK W CHH3Y) AOBOJNBHO YacTO BO3HUKAET MpH
PacCMOTPEHUH SHEPIUU U €€ TpaHcGHOpMaLUH.

3akppTbie cHCTeMBbl OOMEHHBAIOTCH ¢ OKPYXCHMEM 3Hepruer, HO He
MaTepHei.

OTEppITHIE CHCTEMBI OOMEHMBAIOTCH C OKPYXKCHUEM M Marepuei,
A SHEprueil.
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Yacrtb |. MNpeasapurensHoie 3aMeqaHns

CocCTOsIHUA, B KOTOPBIX MMapaMeTphl CHCTEMBI He MEHSIIOTCS BO BpeMe-
HU, HA3BIBAIOTCS CTALMOHApHBbIMM, CTalHOHAapHBIE COCTOSTHUSI M30JIMPOBaH-
HEBIX CUCTEM Ha3biBaIOTCS PABHOBECHBIMH.

IToHsiTHE PaBHOBECUS — 3TO HIEAIM3ALMSA B TOM Xe CMBICIE, 4TO
H TIOHATHE U30JIMPOBAHHLIX CHCTEM. PacCMOTPUM B KAuecTBE rpHMepa 3a-
KPBITHIH COCYI, cofepXalluif cMeCh ra3o00pa3sHbIX BOIOPOJA M KUCIOPONa.
IIpM HU3KHMX, HallpUMep KOMHATHBIX, TEMIEPATypaX MaKpOCKOMHYECKHe
napaMeTphl CUCTEMBbI OCTAIOTCSI MIOCTOSHHBIMH MPAKTHYECKH CKOJIb YTOOHO
70110, B 3THX YCJIOBHSIX 3HepreTH4eCKH BHIOIHOE MpeBpanicHue

NMpoTeKaeT HEU3MepUMO MemieHHO. TloaToMy yrnoMsiHyTO€ BBILIE Orpa-
HHYEHHE BO BpeMeHM I HM30JUMPOBAHHBIX CHCTEM ClieAyeT HOMONHUTL
aHAJIOTHYHBIM orpaHHYeHHeM Ui paBHOBeCHbIX cHcTeM. CucTeMa Haxo-
JIUTCSI B pABHOBECHOM COCTOSIHMH, €CJTH €€ TEPMOJANHAMUYECKUE [1apaMeTphl
He MpeTepneBaloT H3MEPUMbIX 3MEHEHUM 3a BpeMst HabmoneHus.
HecKoJIbKO CJIOB O HEPABHOBECHBIX CTALMOHAPHBIX COCTOSTHUSIX. B He-
KOTODbLIX YCIOBUSIX, KaK B BEILIENPUBEAEHHOM IIPUMeEPE, UX MOXHO CUUTATD
PAaBHOBECHBIMM. DTO HE HCKIOYAeT TOro, YTO paccMaTpuBaeMasi CUCTEMA
UMeeT boJiee CTadMIILHOE, «DoJjlee PABHOBECHOE» COCTOSTHUE, HENIOCTIDKUMOE
B MCXOAHBIX YCIOBUAX, HO JIETKO JMOCTYTIHOE B APYTrUX, MO3BOASIONIUX TIpe-
OHOJIETh KMHeTHYecKUI 6apbep. IIpH TakoM noaxome MbI MOXEM CKa3aTh,
YTO CMeCh BOJIOpOJA C KUCIOPOIOM HAXOOUTCSI B HEPABHOBECHOM COCTO-
SIHUH, OTJAEJIEHHOM OT PaBHOBECHOIO BBICOKMM KHWHETHYECKHM OapbepoM,
KOTODBIii HMpENsITCTBYET PeJIaKCALMH CUCTEMBI K paBHOBECHMI0. Takue KH-
HETHYECKH HepaBHOBECHEIE COCTOSIHUSI M UX peJlakcallusi UTpaloT BaXHYIO
poJib B OMOJIOMMYeCKHUX CHUCcTeMmax. MX cneayer oTiv4aTh OT TepMOJIUHA-
MHYECKM HEpPABHOBECHBIX CHCTEM, KOTOPHIE OCTAIOTCSI B HepaBHOBECHOM
COCTOSIHMU Onarojapsi MOCTOSIHHOMY MOCTYIUIEHMIO MAaTepUU WIH 3HEPTUH
U3 OKpYyXeHus. TUNUYHBIA NpUMep NpuBEACH Ha pHC. 2.1. Metainuvec-
KU 6pycOK HarpeBaeTcsi ¢ oAHoro KoHla. HepaBHOMepHOe pacripefieieHHe
TEMIIEPATYPEl COXPAHSIETCSI, MTOKA HArpeB NMOCTOSIHEH.
OyeHb BAXHO B TEPMOIMHAMMYECKUX NpobjeMax B3auMOJEHCTBUE
M3y4yaeMol CHCTeMBI (KJaCCHYECKOM WIM KBAHTOBOM) C GOMBIUHM IHC-
CUMATUBHBLIM OKpYXeHUeM. B 3aBUCMMOCTH OT MaciluTtaba 3HEPru 3TO
OKPYXEHUE MOXHO Ha3biBaTh (QU3NYECKMM BaKYyMOM WIH TepMOCTaTOM.
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Tnaesa 2. OcCHOBbI TepMOAMHAMUKI 1 CTATUCTUYECKON BUINKN

Puc. 2.1. lMpumep CcTaumoHapHOro HepasHOBECHOrO COCTOAMUSA

TepMocTaT B3aMOIEHCTBYeT C H3ydaeMoM CHCTEMOi bJ1arofapsi TEIUIOBOMY
KOHTAKTY U HACTOJIBKO BEJIMK, YTO TeNJIOBOK 0OMeH ¢ cUcTeMOif He MeHsteT
€ro TeMieparypy.

Y n06HO paccMOTpeTh OCHOBHBIE 3aKOHBI M YpaBHEHUS TEPMOTMHAMMKH
Ha MpUMEpe HAeaNbHOro raza. MaeanpHpli raz — 3TO CMCTeMa, COCTOSIILAS
M3 HEB3aUMOJAEHCTBYIOINX YaCTHL (ONMYCTHMBI TOJIBKO YIIPYTHE CTOJIKHO-
BeHHA). Pa3Mepsl JacTHil IpeHEGPEXXMMO MAJTBI TIO CPAaBHEHHIO C pasMepaMu
cucreMbl. X MOXHO CYMUTATh MaTepHaJbHBIMH TOuKaMH. B To Xe BpeMst
OHHU HE MCYE3al0Ne MaJbl, MOCKOJBKY CTAJIKUBAIOTCH.

YpaBHenusi, cBI3BIBAIONIME TEPMOAMHAMHYECKHE MApAMETphl CHCTE-
MBI, Ha3BIBAIOTCs YpPaBHCHMAMM cocTosuua. Eciin Mbl BbiOepeM B KayecCTse
napaMeTpoB o6seM (V'), nasnenue (p) u Temneparypy (1), T0 ypaBHeHHUE
COCTOSIHUSI MOXHO 3alucaTh B BUIe:

1(V,p,T) = 0. (2.1)

3necy T — TeMrepaTypa B aGCOMIOTHRIX Ipagycax (mkana KenbBuHa).
Jlns umeanbHOro rasa ypasHeHHWe coctosinus (ypaBHeHHe Knaitiepona):

pV = nRT. (2.2)

3aeck m — YHCNO Mojied raza, a R — yHUBepcalhbHasi ra3oBag
nocrosiHHas (8,31431 JIx/monb).

TepMonHaMUKa M3yyaeT He TONBKO COCTOSHHS CHCTEM, HO M IPO-
LIECCHl Tepexofa MeXIy HHMHW. Pa3inyalor paBHOBECHBIC H HEpaBHOBEC-
HBI€ IMpoilecChl. PacCMOTPUM B KadecTBe NMPHUMepa MPOHECChl PAaCIIMPEeHHS
U CXarTvsd HaeanbHOIO ra3a NMpU MOCTOSHHOM TeMrepaType. B 5TOM ciiydae
KpuBast p—V sgansercs runepOosoun:

const
v .

p= (2.3)
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D .:
a5 B A ks

. : » hl :h:'.‘/l -: ..:.. -':. .:
0 Vi V2 VvV [ R LA R K |
Puc. 2.2. Pa3nuuHeie NyTy Nepexoaa Puc. 2.3. Ycrpoiictso Aans
Mexgy coctoaHuamu (pi, Vi) v (pz, Va) nony4eHus pabotsl npn pac-

lmpeHun rasa

Ha puc. 2.2 npeicrasieHa 3Ta KpuBas (CIIOWHASE JIMHUS) LIk Me-
pexoza Mexay coctosinuamu (p,,V)) u (p,, V,). Hns peanusauuu 3TO-
ro MNpoliecca MOXHO MUCMONb30BaTh HWIMHIAP C TOpPIIHEM B TEPMOCTATe
(puc. 2.3). INox nopmHeM (nonoxeHue h,) Haxomutcsi 1 MOJb Mueasb-
Horo rasa B o0neMe V,, npH NaBieHUW p,, Hal MOPIUIHEM — BaKyyM.
Jnsa toro yro6pi CHCTeMa HAaXOAWIach B paBHOBECHM, Ha IOBEPXHOCTh
NOpIIHA MOMeEINEH Ipy3 M|, NaBleHHe KOTOpOro Ha NopilleHb PaBHO P .
IlpuMeM, 4TO caM MOpUIeHb HUYETO HE BECHT, a TPeHHUE NpeHEOPEeXNMO
Mano. OueBuaHo p, = gM, /A, rie § — YCKOPEHUE CHJIBI TAXECTH, a A —
MJIOILAAL MOBEPXHOCTH MOPIUHS. 3aMeHUM MIHOBeHHO M| Ha MeEHbIUWH
Bec M,. IlopuieHb MOAHMMETCS IO HOBOro nojioxenust h,, W cucTema
3aTeM IlepeitleT B COCTOSTHHE (p;; V3). Tlpu 31OM MexaHuyeckass paGora
1o MoAbeMY rpy3a M, Ha BbICOTY h, KOMIMEHCHPYETCH TEIUIOBOW SHEPIU-
e, nocrynawomeil or TepMocrara. Kpupasi aToro rnpouecca He coBmagaer
C TeopeTHYeCKOH ruriepbonoi. Ilocjie MIHOBEHHOIO MNaleHUsE BHEUIHETO
JIABJIEHUSI CUCTEMa MEPEXONUT B HEPABHOBECHOE cocTosHME (P,, V) ), a ra3
pacUIMpPAETCS 0 PABHOBECHOTO COCTOSIHUSI (p,, V), Takue nepexonnl depes
NPOMEXYTOYHBI¢ HEPABHOBECHBIE COCTOSIHUSI Ha3blBAIOTCSI HEPABHOBECHBIMH.

[Monpo6yem Teneph NocTeNeHHO YMEHBINATE BeC Ipy3a oT M, no M,.
KpuBble nepexoga Mexay Ha4yaJlbHbIM U KOHEYHBIM pPaBHOBECHBIMU COCTO-
SAHUAMHU NIPUMYT Tenepb GOPMY TTOCHEIOBATENbHBIX CTYNEHEK, YAaCTh TOYEK
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Fnaea 2. OcHOBbI TEPMOAUMHAMUKMA U CTATUCTUYECKOW PU3nKu

KOTOPBIX JIEXHT Ha TEOPETHYECKOH runepborne. B nipenesie MBI TOCTUTHEM
runepOo0Jibl, BCe TOUKM KOTOPOH JieXaT Ha KPUBOM pPaBHOBECHOTO Ipoilec-
ca. B sToM ciydae npu nepexone Mexay (pHKCHPOBAHHBIMU PaBHOBECHBIMH
COCTOSTHHSIMH M@XeT ObITh NMpoM3BeJicHa MaKCHMaJibHad paboTta

A =RTIn (M')
— i)’

a TEIUIOBas SHEpIusi, NepeHeCeHHas U3 TepMocTaTa, OyaeT paBHa

- V2
Q-RTln(VI).

AHAJIOTHYHO MOXHO NPOAHATU3UPOBATE PABHOBECHBI U HEPABHOBEC-
Hple [IPOLIECCH] CXKAaTHsI MACATBHOIO ra3a ¢ YBeJIMYEHHEM Beca rpy3a oT M,
no M, ¢ nepenayei Tenna B TepMOCTAT.

IToHsiTHE paBHOBECHOIO Mponecca siBisieTcd HAeanu3anuei, NoCKolb-
Ky HEBO3MOXHO HM3MEHSTh MapaMeTPH CUCTEMBI Ha OECKOHEYHO Maylo
BeJinuuHy. I MHOrUX GpU3NYeCKHUX M XHUMUYECKMX MPOLECCOB 3Ta Hca-
Jiu3alius BNoJiHe ce0s onpaBnpiBaeT. Mbl YBHAUM Jajiee, YTO B OUOXUMUH
U B 6Modu3KKe oHA He Beeraa «pabotaer».

[TontHag >Heprust CUCTEMBI 3a BHIYETOM €€ TOTEHIMANbHOM M KHM-
HeTHYECKOM 3HEPruif, KaK IeJIOrTo, Ha3hbiBaeTCs BHyTpenHed 3neprueii, U .
CorJiacHO HepBOMY 3aKOHY TEPMOJUHAMUKU BHYTPECHHSAS SHEPTHA CUCTEMBI
B moOGoM OIpeaceHHOM COCTOSSHUM HE 3aBUCHUT OT MYTH, 10 KOTOPOMY CH-~
cTeMa JOCTUTIIA 3TOro coctosiHusA. Ha MaTeMaTUuecKOM SI3BIKE Mbl MOXEM
cKa3aTh, Yro U g4Bigercs NoJHHM audpepeHIHANIOM, a ee uaMeHeHue AU
He 3aBUCHUT OT HYTH MEPEX0HA MEXAY NBYMsi paBHOBECHBIMH COCTOAHUSIMM:

AU, ,=U, - U, (2.4)

BHYTpeHHsIS dHeprust SIBISECTCS TEPMOIUHAMHYECKON QYHKIUeH, T. €.
dyHKUMEA TEpMOIMHAMHUYECKMX TMNapaMeTpoB CHCTEMbi. ITOCKONBKY Ma-
paMeTpHl MIEANBHOTO rasa MOMYUHSIOTCA ypaBHeHUIO (2.1), MBI MOXeM
BeIOpaTh MOOYIO Mapy B KaueCcTBe He3aBUCHMBIX apTyYMEHTOB, HalpHMep,

U = f(p, V). (2.5)

B xone mepexoza MeXIDy COCTOSSHUSIMH CHCTEMa MOXET IPOM3BECTH
paboTy, HampuMep, MOJHATH IPy3 3@ cYET PACIIMPEHUs Tra3a, MMOMY4YMB

19



Macte |. TMpeagsapurensHbie 3amevatns

TEIUIOBYIO SHEPruio OT TepMoctata. PaGota MoXeT OLITH NpOM3BEJeHA Hall
cUcTeMoil (CXxaTHe Tasa ¢ nepejnadeil Ternsa B TepMOCTaT)L B Jianbﬂeﬁmem
MBI 6yaeM cuMTaTh paboTy, NMPOU3BEAEHHYIO CHCTEMOI, NOIOKHTEJIbHOM,
a paboTy, NPOU3BEJCHHYIO HaJ CUCTEMOM, — OoTpHUATEAbHOK. Toraa

AU, =U0,-U,=¢,-Q, -4 =AQ - A (2.6)
B nuddpepennuanpHoit hopMme
dU = 6Q - 6 A. (2.7)

3aMeTbTe, YTO Nepel U CTOMT CUMBOJ d, a Nepen Q U A — CHUMBO-
Jibl 0. BHYTpeHHAA 5Heprus sABasgercs GYHKLHEH TOUKH, a ee BeCKOHEUHO
MaJioe U3MEHEHWE — MNOJHBIM TuddeperuuanoM. Pabora U Tennora U ux
H3MEeHEHHE MOI'YT 3aBUCETD OT MYTH nepexona. s MexaHu4eCcKo paGoTh

§A =pdV | (2.8)

§Q = dV + pdv. (2.9)

B sTOM ciiyyae A U Q sgBnIAIOTCSA NOMHBIMU JrddepeHIUANAMHA, €CITH
nubo p, 1i6o V — MoOCTOSiHHBI.

Tennora, rojiydeHHas CHCTEMOI, MOXET IPUBECTH K YBEJIMYCHHIO €€
BHYTpPEHHE!N SHepruu (HampuMep, K MOBBILIEHHIO TEMIMEPATYPbl) H/WIK
K IpOU3BOJCTBY paGoOTHI.

2.1.3. IHTpONMA U BTOPOI 3aKOH TEPMOANHAMMKM

Ha puc. 2.4 npencraBneH NMpPOEKT BEUHOrO JIBUraTelisi BTOPOIrO pOJA.
Konycoo6pasHbiit TYHHEIIb COeIUHSIET ABa COCya ¢ rasoM. BHyTpu TyHHens
ycTaHORBJIeH mnponemtep (puc.2.4a). [laBnenust raza B 0G0HX cocyaax, MX

A A A A 00BeEMBI U TEMIlepaTyphl OAMHA-

3 S R NN S T KOBbl. OYEBUAHO, YMCIO MOJe-

V" o7 w2 1 LT Fii2  Kyn, MOCTYNAoIMX 33 eMHULY
= R @ 7| BpEMEHH M3 cocyaa | B LIMPOKYIO

anepTypy A,, HpONOpPRHOHANb-
HO IUIoLa ¥ A,, a YMCIIO MO-
JIEKY/1, TIOCTYINAIOHUX B TYHHEIb
U3 cocyaa 2 3a eIMHUIY BpeMe-
HH, MPONOPLHOHANBHO TJIOINAAH

a) 6)

Puc. 2.4, TpoexT BeyHoro
Asvrartenst BTOporo poaa
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Tnasa 2. OcHOBLI TEPMOLMHAMMNKN M CTATUCTUHECKON (PU3NKN

aneptypbl A,. Ilockonsky A, > A,, BO3HHKHET MOTOK ra3a u3 cocyaa I
‘B cOCyl 2, H nmponeiep OyaeT BpaulaThes A0 TeX MOop, NOKa JaRICHHE rasa
B COCYAE 2 He CKOMIeHCHpYeT 3¢ @eKT MOBBIILEHHOM arnepTypsl cocyaa 2.
BT0 NpOoU30iiaeT NpH BHINOIHEHHH YCIIOBHS P, /p, = A,/ A, . Toraa npouecc
OCTaHOBHTCH. BBeaeM B YCTPOICTBO HEKOTOpOE H3MeHeHHe (pHc. 2.4 6). Co-
eJWHHM COCY/bl BTOPEIM TYHHEJIEM ¢ OAHHAKOBBIMH TUIOUIAIsIMH anepTypsl,
coeaHHsOMel TyHHenAb ¢ 060HMH cocyaaMH. Ilockomeky p, > p, TO ras
OyaeT mepeTekarb B cocyl 2 yepe3 3Ty Bropylio TpySy. LIuknnyeckuii nmorok
ra3a 6vjeT HenpepbIBHO MOANCPXUBATLCA, H BpaulaloIMiics nponesuiep Oy-
JeT HernpepbiBHO paboratsh. HUkakoro HapylueHus NMpHHLIKMIIA COXpAHEHHS
3HEPTHH 37iech HeT. MoneKkybl ra3a nepeaaioT yacTh CBOEH KUHETHYECKOMN
3HEpTUH TpOoIesuiepy, ra3 oxjiaxmaercss W pabora NMpPOM3BOAMTCH 3a CYET
BHYTpeHHeH 3HepruM rasa. Eciu o6beM rasa JoCcTaTOYHO BEIHK HIIH KOH-
TaKT ¢ TEPMOCTATOM AOCTATOYHO HAACXKEH, TO Mbl MOJYYHM IPAKTHYCCKHU
BEYHBIW JBHIraTelb.

O4eHpb Xajib, YTO 3TO YCTPOMCTBO HE OyieT paborats. OlmHOKa ObLIa
nonyuieHa B camMoM Hadane. HecMoTps Ha pasHuuy mexay A, H A, mpH
paBEHCTBE TEMMEPATYD, JABJCHHAX U o0beMax YHCIa MOJIEKYJ, NMEPESHOCH-
MBIX B 06a cocyna 3a eAHHHIY BpeMeHH, GyAyT OAMHAaKOBHl (nonpobyiiTe
3TO AOKa3aTh!).

B nuteparype HMeeTCS OrpOMHOE KONHYECTBO MOAOOHBIX MPOEKTOB
BEYHBIX ABHTrateneil proporo poaa. MCTOUHMKOM 3HEPTrHH BCETAA CIYXHT
TEPMOCTAT.

Bo3MOXHOCTb HEMOCPEACTBEHHOINO HCTIONB30BaHUA TETUIOCOAEPXKaHUS
JUIA TIpOH3BoAcTBa paboTHl Oo4eHb 3aMaH4yMBa. [Ipn cropaHHH OAHOIO KM-
norpamMma yrist ocoGoxaaercs 3 - 107 JIx (8,3 kBr-u). TeroconepxaHue
OJHOI0 KyOHYECKOro MeTpa BoAbl COOTBETCTBYET NMPHMEPHO OJHOMY MMHII-
JIMOHY JUKoOyJied. 3arac TeruioBoil dHEprMHd B MHPOBOM OKe€aHe, TaKHM
oOpa3oM, npakTHYecky Hercuyepnaem. Ecau Obl Obl1a BO3MOXHOCTD YTHIIH-
3HpOBaTh XOTS OBl HHYTOXHYIO JOJIO 3TOM 3HEPruH, Bce 3HEPreTHYECKUE
npo6JieMbl YesioBeyeCTBa GEUTH Gbl pellieHbI (IOHWKEHHE TEMTIePaTyphl OKe-
aHa Ha 0,1° C mano 6u1 Gonpiie 10% xBr-u). [Nofo6HbIE OLEHKH HE AAIOT
MOKOSI MHOTHM JIIOASIM, B TOM 4YMCJIE HEKOTOPBIM YYCHBIM.

DTH Hamexapl HanpacHbl, X peanu3audio 3amperiaeT BTOPOH 3aKOH
TEpMOAMHAMHKH. YTOOBl MOHATH CYIHHOCTh 3TOIN0 33aKOHa, PacCMOTPHM
CeAYIOUIMI TIPOCTON ITpHMeEp.
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Tabpuua-2.1
Pacnipenenenns KonnyecTsBa peanmsanmit
1. Bce Monexynul B R 1
2. Bce Monexynsl B L 1
3. ImMonexynaBsR,3 —BL 4
4. 1 MmonexynasL,3 —BR 4
5. 2 mMonexynsl BR, 2 — B LL 6
Tabnuua 2.2
Ne peasmzanun R L
1 1,2 3,4
2 I,3 2,4
3 1,4 2,3
4 2,3 1,4
5 2,4 1,3
6 3,4 1,2

3akpbIThiii 00BEM ITOAENIEH Ha ABE PaBHBbIE YaCTH IIEpEropoakoil ¢ oT1-
BepcTHEM. Bceero B obbeMe coaepxaTcd YeThIpe OJAMHAKOBBHIE MOJICKYJIbI
uieanpbHOro rasza. Kak oM Moryr GBITh paclipenesieHBl Mexay mnpaBod R,
H siesoit L, YactaMu crcteMbl? Bo3MOXHBI niaTh pacnipeaeneHuii (tabi. 2. 1).

B 1abs. 2.2 nokazaHpl Bce 6 peanu3aiinii pactipeesieHHs 5. YeM Gonblue
peanu3aildii MMeeT pacripeAesieHHe, TeM BhHIlE €r0 BepoATHOCTb. Ha3oBeM
6 nepeyncieHHBbIX BhIIE BO3MOXHBIX paclipefefeHHii ¢ pajIMYHBIMH KO-
JHYECTBAMM YacTHIl (MOMEKy/l) B MpaBOit M JIEBOM 4YacCTAX CHCTEMbI €€
MAKPOCKONMYECKHMH COCTOAHMAMM (MakKpococToanua). YHucio MHKpOCOCTO-
SSHAM, COOTBETCTBYIOUIMX AAHHOMY MaKpOCOCTOSHHIO, IIPHHATO Ha3biBaTh
TEPMOJHHAMHYECCKOMN BEPOSITHOCTDIO WIH CTATHCTHYECKHM BECOM MaKpOCOCTO-
SIHUA 4 0003HayaTh CHMBOJIOM W.

22
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e

B BBIlIEIIpHBEICHHBIM MPHMEPE 3TH BEPOSTHOCTH HE CHIIBHO OTIH-
qaloTca Apyr or apyra. Ecinu B Hauane cucrteMa Haxoauiach B Haubonee
BEPOSITHOM MAKpPOCOCTOSAHHMM 5, TO OHa JOCTATOYHO OBICTPO ¢ HEM3OEX-
HOCTBIO IepeiieT B MeHee BEpOATHOEe MakpococtosiHHe. Ecinu, ogHako,
CHCTEMAa AEMCTBHTEJBHO MAaKpOCKONMHYHA, H KOJHYECTBO MOJIEKYA PaBHO,
HanpuMep, 10%, TO COHTaHHBI NMEPEXoi M3 COCTOAHHA C TPHMEPHO
"OMHAKOBbIM pacIpeeiceHHeM Monekyn B coctogHue ¢ W = 1 (Bce Mo-
NEKyJsl B OZHOM COCYA€) HAacTOJIBKO HEBEPOSTHO, YTO MOXET CUMTAThCH
3anpelleHHBIM. MakpoCOCTOSHHE ¢ NPUMEPHO OAHHAKOBEIM pacrpeaesic-
HHEM 4acTHll 10 ABYM COCYAaM MOXeT ObITb pealld30BaHO HEBOOOpasMMO
GoNBLIMM YHCIIOM criocobos (Ig W ~ 10%1).

IMonpoGyeM Tenepb HAMTH HHTEHCUBHBIN X 3KCTEHCUBHBIH NapaMeTphl
JUIs1 TETUIOBBIX TpoieccoB. MHTEHCHMBHBIM TlapaMETPOM CIYXKHUT, OYEBUHIHO,
TeMIeparypa.

Ilycth HMeIOTCH [iBE€ HE3ABHCHMBIE CHCTEMBI ¢ TEPMOJHHAMHYECKHMMH
BepositHocTaMH W, u W,. ficHo, YTO TepMOAMHaMHYECKasi BEPOSATHOCTD
oGbeuHeHHOIM cucteMbl W = W, W, U He yloBIeTBOpS€ET HallUM TpeboBa-
' HUSAM: OHa 6e3pa3MepHa U MYJbTHIUIHKATHBHA, a He agauTHBHA. [locTponM
bYHKIIHIO;

S=kinW. (2-10)

3necs k — ko3pPUIHEHT C pa3sMEpHOCTBIO 3HEprus/Tpagyc. S yiao-
BJIETBOPSIET NMEPEYHCIEHHDIM BBIIIIE TPEOOBAHUAM:

S=kinW=kInWW,=kInW, +knW, =35, +85,. (2.11)

Ha3oBeM 3Ty HOBYIO TEpMOAMHAMHYECKYIO QYHKIIHIO SHTpORHEH.
BTopoii 3akoH TepMOAHHAMHKY MOXHO Ternepb chOpMyaHpOBaTh Clc-
JYIOIIHM o0pa3oM:

DHTPONMS M30NMPOBAHHOW MaKPOCKOMMYECKOW CUCTEMbl He MOXeT
YMEHbLLATbLCS.

DTO 03HAYa€eT, YTO CITOHTAHHBIE MPOILIECCH B H3OMHPOBAHHOH Maxpo-
CKONMMYECKOH CHCTEME MOTYT COMPOBOXAATHCH TOJBKO MOBLIIIEHHEM 3HTPO-
MMHH BIUIOTH 10 AOCTKEHHS €€ MAaKCHMajabHOrNo 3Ha4YeHHs, NMPH KOTOPOM
CHCTEMAa HAXOJHTCS B TEPMOJIHHAMHYECKOM PaBHOBECHH, a DHTPOIMA IO-
CTOSIHHA. DHTPOIIHA CHCTEMBI B IAHHOM COCTOSSHHH HE 3aBHCHT OT ITYTH
MpHUXOJa CHCTEMBI B 3TO COCTOSTHHE, DHTPONHUA — GYHKIUS TOYKH.

R
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M

O6s3aTeIbHOE BO3pACTAHUE SHTPOIHH, €€ TOCTOSTHCTBO MPH| TEPMO-
JAMHAMHYECKOM PABHOBECHH OTHOCHTCS TOJIBKO KO Beel cucreme. B oqHo#
M3 Yacrei cHCTeMBl (cybcHcTeMa 1) mpouecc MOXET MATH C TOHUXe-
HHEM SHTPONHMH (<«OTPHIIATENLHBIA MPOLECC»), ECIM B APYroil ee 4acTH
(cyBeucreMa 2) MPOHUCXOANT KOMIIEHCHPYIOIIHI ONIOXKUTENBHBIN MPOIECC.
HeobxoauMo JHIIb, 9TOOBI

AS, > AS,. (2.12)
B nuddepeniinanbHoit ¢opmMe:
dS, = ds,. (2-13)

Hemeukuit yyennlit Pymonpd Knaysuyc BBell TOHATHE 3HTPOIHH
B 1850 rogzy. OH paccMaTpuBal TepMoAMHaMHueckuit myiki (uukn Kap-
HO), KOTOPBIH OMHCHIBAET paboTy TEIUIOBEIX MAllMH. B 3TOM [HKIIE MOJIO-
JKUTEJIbHBII Mpouecc (nepeHoc TEIUIOTHI OT HarpepaTesis K XOJIOZUJIbHHKY)
KOMITEHCHPYET OTPHUIIaTeNIbHELI npoliece (npeBpaiueHRe TEMUIOTH B MEXAHH -
yecKyio pa6oty). Db deKTHBHOCTD 7} TEILIOBOIl MaLIMHBI paBHA OTHOLIEHHIO
MPOH3BEACHHOM paboThl K NOTJIOIIEHHOMN TEIUIOTE:

_ A _ AQ, — AQ, =T,—-T2
T= A0 AQ, T,
3gece AQ, — Temora, MOjydYeHHas ra3oM OT HarpepaTes MpH
temneparype Ty, AQ, — Terulora, nepeiaHHast XOIOAUIPHUKY TP TeMIIe-
parype T;.
B obureM ciyyae 171 paBHOBECHOIO MpoLecca

A
——fq = const. (2.15)

(2.14)

[MocnenHee ypaBHeHHE O3HA4YaeT, YTO MPHU IEPEX0Je OT OAHOIO paB-
HOBECHOI0 COCTOSIHHS K APYTOMY OTHOILLIEHHE U3MEHECHHSA TEIUIOTBI K TCM-
Meparype HE 3aBHCHT OT IYTH MNepexola H, CJICJ0BAaTCJbHO, PaBHACTCH
H3MEHEHHIO HEKOit (hYHKLIMH TOYKH, Ha3paHHOIl Kiiay3uycoM snTponmei.

A
As = 29 (2.16)
T
B nuddepeHmansHoii dopme
0Q
dS = —. 2.17
2 (2.17)
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Tnasa 2. OcHOBLI TEPMOAUHAMMKI M CTATUCTUHECKOH PHINKM

Ecnn cucteMa HepaBHOBECHAs!, H BO3MOXHO TNPOTEKaHHE HEPaBHOBEC-
HBIX TMPOLIECCOB, TO |
6Q

ds =z —. 2.18
- 2.18)

31ech 3HAK PAaBEHCTBA OTHOCHTCA K PAaBHOBECHBIM IIpOiieccaM.

Hns m3onupoBaHHBIX cCHCTeM 6Q = 0 u ypasHeHue (2.9) MOXHO
NepenucaTsb B BHAE:

dU = T dS — p dV. (2.19)
B obuiem ciy4yae

dU < T dS - pdV. (2.20)
34€ech CHOBA 3HaK PAaBEHCTBA OTHOCHMTCS K PAaBHOBECHBIM IPOIIECCAM.
At Toro YToGel IHTPOMNHS, BEIYHCIEHHAs 10 ypasHeHHio (2.10), co-

Briagana ¢ 3HTponuei no Kiaysuycy, koapdnuuenT k (koHcranta bonbii-
MaHa) JOJIXEH HMETh 3HaYCHHE

R
kp =5 =13 107> Jix/rpanyc. (2.21)

OHTPOIHIO YaCTO BBHIPAXAIOT B TAK HA3bIBAEMBIX DHTPONUHHBIX €IH-
HH1axX (¢):

1 3¢ = 4,187 JIx/rpanyc. (2.22)
2.1.4. CsobGopHas 3Heprus

U TepMOANHAMMYECKMA NOTEeHuuan

Panee 6pu10 nokasaHo, 410 paboTra CHCTEMB MOXET 3aBHCETh OT NYTH
npouecca. Pabora Heo6paTuMoro mpoiiecca Bcerga MeHblle, YeM obpaTH-
MOTFO, MPOXOAALIETO MEXIY TEMH X€ COCTOSTHHAMH.

CornacHO BTOPOMY 3aKOHY TEPMOJHHAMHKH

0A =6Q —-dU £ TdS - dU. (2.23)
st oOpaTHMBIX MpolieccoB paboTa MakKCHMalTbHa:
dA__ =T4dS - dU. (2.24)

Hns1 u30TepMUYECKOro nmepexona U3 coctosHus 1 B cocTosHue 2 nocie
HHTEIPUPOBAHUSA MNOJydaeM

Ay, = (U, - TS)) - (U,-TS,). (2.25)
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W

D10 03HAYAET, YTO MaKCHMalbHasl paboTa CHCTEMBL, T. €. paboTa obpa-
THMOTO TPOLIECca MPH TIepexoe CHCTEMbl MEXAY ABYMS GUKCHPOBAHHBIMH
COCTOSHHMSAMM NpH TOCTOSHHOM TeMIepaType paBHa Pa3sHOCTH 3HaYCHHH
HekoTopoil HyHKUHY (F') CHCTEMBI B 3THX COCTOSTHHSX.

F=U-TS, (2.26)
A =F —F,=-AF. (2.27)

IepenuiueM (2.26):
U=F+TS. (2.28)

BHYTpeHHSii DHEPrusi CHCTEMBl COCTOMT, TaKMM o0Opa3oM, H3 IBYX
yacreii: ceoGonHoil snepmu F 1 caazannoit oneprin T'S. Ilpu mobom npo-
ecce ToMbKO CBOGOIHAA SHEPTHS MOXET ObITh MpeBpalleHa B paboty. s
PaBHOBECHBIX IPOileccoB B pabOTY MOXET ObITh MpeBpalieHa BCs cBOGOnHAA
3Heprust CHCTEMBI, a [UIsi HEPABHOBECHBIX — TOJBKO €€ 4YacTb, CBsi3aHHas
HEpPrusi HUKOrJa He MOXET ObITh HEMOCPEACTBEHHO HCITONB30BaHA AN
BBINOJMIHEHHSA paboTel. B rmase 4 Mbl YBUIAMM, YTO Me€pel BbIITOJIHECHHEM
paGoTHl CBA3aHHas 3Heprus («3HTPONHitHAs 4acTh» BHYTPEHHEH 3HEPrHH
CHCTEMBI) JOJDKHA GBITH MpEBpallleHa B JHEPrUIO APYroro THIIA. B 3tHX
C/lyyasiX, OJHaKo, Mbl OyaeM BBIHYXIEHbI BBHIMTH 3a NMPHUBBIYHBIE paMKH
KJIACCHYECKOM TepMOAHHaMHKH.

CornacHo ypasHeHHsIM (2.23) u (2.26), npy MOCTOSAHHON TeMAepaType

§A < —dF. (2.29)

3nech, KaKk OOBIYHO, 3HAK paBEHCTBA OTHOCHTCSA K PaBHOBECHBIM,
a 3HaK HEPaBeHCTBa — K HePaBHOBECHBIM, HeOOPaTHMBIM ITporieccaM. Ecnn
npoliecc MPOTeKaeT He TONBKO NMPH MOCTOAHHOM TeMMepaType, HO H IIpH
NOCTOTHHOM o0beMe, To MexaHudeckast pabota 64 =0 u

(dF)p <0, (2.30)

BenuuuHy F 4acTo Ha3uiBaloOT cBOGOAHOH 3Hepruel IeasMrobua Win
MPOCTO CBOOOJHOM SHEPrHeH.

Tinst M30TEPMHYECKUX IIPOIIECCOB IHTPONHS HE MOXET ObITh Xapakre-
PHCTHYECKOI TepMoaHHaMHuYecKoi GyHKIIMe, onpeaessIonei Hanpasie-
HHe npoiieccoB. [TOCTOAHCTBO TeMMepaTypbl MOXET OBITH OOECTIEUEHO s
HEU3OMHPOBAHHEIX CHCTEM TOJILKO 33 CYET TeTUI000MEeHa ¢ TEPMOCTaTOM.

M
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[Mpoilecchl, HAyllHe TPH ITOCTOSHHBIX TEMIEpaType W NaBICHHH,
«YTIPaBJIAIOTCS» XapaKTePHCTHYECKON dyHKuMeit G, Ha3bIBAEMOIl Tepmo-
AMHAMHYECKKM MOTEHHHAJIOM HAH CBODOAHOM SHEprHeH Tnooca.

G=U+pV-TS. (2.31)

CymMa U + pV o6bruHO oGo3HayaeTcsi cuMBosioM H ¥ Ha3eIBaeTCs

SHTAJbIHEH.
G=H-TS. (2.32:

CHoOHTaAHHEIE HEPAaBHOBECHBIE NMPOLIECCH COTPOBOXIAIOTCS MOHUXKE
uueM G, a Tocie JOCTHXEHHs paBHoBecHs G NPHHHMACT MHHHMATBHO!

3HAUYCHHE.
(dG), r < 0. (2.33

JIisi 6GHOXVMHMYECKMX MPOLIECCOB, paCCMaTPHBAEMBIX B IJIaBC 4, BHIOO]
mexny F u G HecylIecTBEHEH: KaK I[IpaBHJIO, 3TH MPOLECCH MPOTCKAI0
IIpH MMOCTOSTHHBIX 00BEME U [JaBJICHHH.

2.2. OCHOBbI cTaTUCTUYECKON PUINKN

CraTHcTHYecKast GH3HKA (CTATHCTHYECKAst MEXaHHKa) M CTaTHCTHYeEC
Kast TEPMOZMHAMHKA MPHHAIEXAT K BAXHEHIIHM 001aCTAM COBPEMEHHO
¢du3uku. CylecTByeT OTpOMHOE KOIHYECTBO yyeOHHKOB, OPHIHHAJIbHBI
MoHorpadHuil U NONYMSPHEIX H3JNIOXEHUH HCTOPHH M CYUIHOCTH 3TOTO 3¢
MeYyaTeLHOro Co3laHus yenoneyeckoro pasyma. C TOYKH 3peHMS aBTOL
Hauyqllee OMUCaHHe CTaTUCTHYECKON QH3HKH H CTATUCTUYECKOH TEPMC
IMHAMUKH € ITTYOOKHMM aHATH30M HX CMBICTIA H orpaHHYEHHI1 MOXHO HaMT
B OPMTHHAIBHBIX KJIaCCHYECKMX paboTax [12—-15]. 3aecs moaToMy OYAYT [
HBl JHIIb OCHOBBI, HEOOXOAMMBIE 11 ITOHHMAaHH NTOAXOJ0B K HEKOTODSI
npobiemMaM OHOPH3HKH, cojaepxaiuHecss B CICAYIOIIHX Ijiabax. Bnont
AOCTATOYHO OIPaHHYHTHCS KJIACCHYECKOI craTucTuyeckoil Ppu3HKOi, H(
IONIB3YSI NIOHATHA KBAHTOBOH MEXaHWUKH TONBKO [1S1 BBEACHHS KBAHTOBL
npeaenoB TOYHOCTU H3MEPEHHH.

Y106Bl TOHATL CYLIECTBO Aena, OyJeT AOCTaTOYHO PAacCMOTPETD 1Pt
CTEHILHIT TIPHMEP OJHOATOMHOI'O HAEANLHOrO ra3a, 4aCTHLbI KOTOPOro X
paKTepH3YIOTCS TpeMs IIPOCTPAHCTBEHHBIMH KOOPAHHATAMH (z,y,2) M 1D
Msi KOODAMHATAMHU UMILYTHCOB (P, P, P, )- [V1s CTATHCTHYECKOrO OMHCAH

M
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CHCTCMEI, COICpXAaIlled MHOXECTBO TaKMX YacTHIl, BBEJEM ILIeCTHMEPHOE
ta3osoe npocTpancTro (Tak Ha3bIBAEMOE « {4 -IPOCTPAHCTBO»). B 3TOM Mnpo-
CTPAaHCTBE KOOPAHHATaMM CAyXaT &, Y, z,p,, Py P,- CocTossHHe Kaxnoi
HaCTHLBI ONPEAENsieTCd TOYKOM B f4-MPOCTPAHCTBE, & COCTOSIHHE BCE
cHCcTeMEl ¢ N yactTHuaMu — N TOYKAMH B fi-[IPOCTPAHCTBE.

[TockonbKy HM3MepeHHe KOOPAWHAT W HMIYJIBCOB MOXET ObITb Bbl-
TIOJIHEHO ¢ KOHEYHON TOYHOCTBIO, {4 -TIPOCTPAHCTBO MoApa3gensiercs Ha N
A4YeeK ¢ oObeMaMu

Ap, = Am,-Ay,-AziApzi Apy’_ Ap,. (2.34)

3nece A; — TOYHOCTH H3MEPEHHS COOTBETCTBYIOUIMX BEIHYMH. 3Ha-
YCHUS KOOPAMHAT JTUMHTHPYIOTCA OOBEMOM CHCTEMBI V, a 3HAYEHUS UM-
MYNIbCOB -— MOJIHOH 3Heprueil cucremeul E:

p_. = (2mE)"* (2.35)

3nece m — macca yactHubl. [Ipeanonoxmm, 4ro NIpH JaHHOMN TOY-
HOCTH M3MEPCHHH YHCIIO g4eeK B $a3oBOM NpocTpaHcTse paBHo M. s
MaKpOCKOIMHYECKOM CHCTEMBI

M < N. (2.36)

Kaxnas i-Tas sueiika BKIIOYaET OTOMY MHOXECTBO pernpe3eHTaTHB-
HBIX TOYEK 4YacTHil. WX cpeliHee YMCIO paBHO

n; = £ (2.37)

CoryacHO KBaHTOBOI MEXaHMKE, MHHHMANLHBI 00bEM SUCHKH da3o-
BOTO TPOCTPAHCTBA, COOTBETCTBYIOUIHIM MAKCHMaAbHO BO3MOXHOI TOYHO-
CTH M3MepeHHsi, paeH h’. MakCHMAIbHO BO3MOXKHOE 4YHCJIO SiYEEK paBHO,
CJIEIOBATE/NBHO,

M
AcHo, 4o M, >> M. Penpe3eHTaTHBHBIC TOYKM B OJHOIi sueiKe

HepaanniuMsl. JTio6oe H3MEpeHUe MOXET 1aTh TONBKO 7, T. €. YHCIIO TOYEK
B ¢-H Ayeiike, T.e. B o6beMe Ap;.

M
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CornacHo DpeHdecty (cM., Hanpumep, [16]), kpoMe p-IpOCTpaHCTBA
B CTATHCTHYECKOI (PH3UKE YJOOHO TaKKe HMCIONB30BaTh TAK HAa3bIBaEMOE
I'-nipocTpaHcTBo. CocrosiHMe ra3a W3 N 4acTHil ONpeaensieTcss OJHOH
TOUKOM B 6N -MEPHOM NMPOCTPAHCTBE, KOOPAHMHATAMH KOTOPOrO SIBIAIOTCA
BCE KOODIHHATHLI H MMIIYJIBCH BCEX YaCTHII.



fnasa 3

Benukune napagnokcbl puU3NKun
n 6uodpusnyeckune npobaemoi

Unen, npeacrasneHHbe B 3TOil [1aBe, a TaKKe€ B HEKOTOPBIX INPYTHUX
yacTAX KHHMIHM, OBUJIM A0 H3BECTHOM CTEMEHH HHCNHPUPOBAHBI CepHeit
OnecTaImMX cTareil, onyoIHKOBaHHBIX B TEYEHHE MHOIHX JieT npodeccopoM
JxepomoM PotmireitHoM. Ero nuceMa ¥ OTTMCKH JI0 HaCTOSIIENO BPEMEHH
OKA3bIBAIOT OeCLieHHYI0 NMoMoulb B Moei pabGore. [lonedyioch ciyuyaem
BBIpa3HTh MOIO IMyOOKyI0 6j1arogapHOCTh 3TOMY BLIAAIOLEMYCS YYEHOMY.

du3nyeckue Imapajgokcsl BO3HHKAIOT, KaK MpaBWiIo, IIPpH pacCcMOTpe-
HUH CHTYaLIHil, HECOBMECTHMBIX C OOIIENPHHATHIMH IPHHIHIIAMH QH3HKH.
Iist GOpMYJIMPOBKHY M aHAIK3a 3TUX NapagoKCoB QU3IUKH MPHBJIEKAIOT «le-
MOHOB» — BOOOpaXaeMbIX CylIecTs (WIH YCTpOHcTB), 0BNafalomHuX JapoM
CoBepLIaTh AEHCTBHS, KAXYLINecs HeBO3MOXHBIMYU. [apHo# 3anayeit MHo-
T'HX YYEHBIX SIBJISETCSA pa3pylieHHE IEMOHOB, T. €. J0Ka3aTeJIbCTBO TOTO, YTO
JNaHHBI 1eMOH He B COCTOSHHH BBINIOJIHUTH CBOIO paboTy.

3.1. Mapapokc AXWHHA

Cpel MHOTHX BO3MOXHBIX J€MOHOB I1€PBBIM Obl1 J€MOH AJUlaiHHa,
KOTODBII yMEJT CO31aBaTh MaTepUIO H 3HEPTHIO U3 HHYero. Jlaxe BO BpeMeHa
«THICAYH ¥ ONHOI HOYH» BCE TIOHHMAJH, YTO 3TO HEBO3MOXHO H 4TO paborta
JIDKHHHAa MOXET OBITh BEITIONHEHA TOJIBKO, KaK 4yjo, ¢ nomoiuubio bora
(Anaxa). DTOT AEMOH GBUT pa3pyHIEH MEPBBHIM 3aKOHOM TEPMOJMHAMHKU
(MPHHLIKIIOM COXpaHEHHST SHEPTHH).

Crtporo rosopsi, pa3pylieHHe Ae€MOHa AJJIlalMHa — 3TO TOCTynaT
HMIIOTEHI[MM: HHKTO HE MOXET COBepllUaTh ACHCTBHS, HECOBMECTHUMBIE
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¢ TIDMHIIMIIOM COXPaHEHHA 3HepTruH. JJo CHUX MOp 3TOro HMUKTO HE CMOT H,
BECbMa BEPOSITHO, HUKOTIa HE CMOXET.

3.2. MNMapanokc Jlannaca

B 1776 rony Benvkuii paHiy3ckuii MaTeMaTHK M ¢H3uK Jlansiac Bbi-
CKa3aJl YTBEpXACHHE, Bhipaxaloliee 6€3yCl0BHOC NPUHATHE KIACCHYECKOM
MeXaHHMKH (TOUHEe — YpaBHEHMIT KAACCHYECKON AMHAMMKH):

«CoBpeMEHHOE COCTOSIHHE TPHPOAN, OYCBHIAHO, ABIACTCA CIEACTBHEM €€
TIpeIbIAYIHEIO COCTOAHUA. ¥YM, KOTOpHIii Obl1 OB criocoGeH 3HaTh B OTIpene-
JIEHHOE BpeMs BCE B3aMMOJICHCTBHS Mexay oOnekTaMH BceseHHOM, 6bu1 OH
B COCTOSIHMHM YCTAHOBHUTH COOTBETCTBYIOIIHE TIONOXEHHUS, ABHXCHHUS H B3aH-
MOJIEHCTBHSA BCEX ITHX 00BbEKTOB B JN0OOH MOMEHT BPEMEHH, KaK B TIPOLIIOM,
TaK 4 B OyaylueM».

IlemMoH Jlamnaca, 3Tor aGCOMOTHBIA yM, pa3pylllaeTcsl TPETHUM 3aKO-
HOM TEPMOAMHAMMKH (HEBO3MOXHOCTBIO JOCTHXEHHS abCOMOTHOTO Hy/Is
TeMIepaTypnl). YToOB MOHATH TPETHil 3aKOH, 0OPaTHMCS K CBA3M MEXAY
SHTpOIHel u HHPopMalMeit. TakOi SKCKYpC MOMOXET YHTATENIO BO MHOTHX
YacTAX DTOM KHHIH.

Korma MBI M3MepsieM, KOIZa MBI MMOJIy4aeM cooOllIeHHE, KOIla MBI
YHTaeM, KOraa Mol CIyliaeM, KOraa Mbl CMOTPMM, — BO BCEX 3THX CJIy4asax
Mbl nomydaeMm Hugopmanmmio. IllenHon u Bupep [6] peummm npoGnemy
OLIEHKU KOJM4YecTBa HHMOPMAIIMH, COoaepXallerocs B JI060M COOOIICHHH.
Ecnu Meputs uHdopMaimio B 6utax (b) 1o coaepxanue uHopMaluu
B JIIOOOM THIIE NMOTy4aeMOro CooBLICHUT PaBHO

I=log, 2L, (3.1)
p

3mech p O3HAYaeT alpHOPHYI0 BEPOSTHOCTH HEKOTOPOTO COOBLITHA
(mo0 momy4yeHus cooGLIEHMs), @ P, — BEPOATHOCTH TOTO X€& COOBITHS MOCTe
nonydeHus coobumenus. ECu npeanonoxuThb, 4To COOOLIEHUE JOCTOBEPHO,

T.€. p, =1, T0
I, = —log,p. (3.2)
BepHeMcsl Teneph K ONpEIENCHHIO SHTPONMH, JAHHOMY B IiaBe 2.
CornacHo (2.10) sHTponHs CHCTEMH CBS3aHa ¢ 4MciIoM W ee MHKpPOCO-
CTOSIHMI. ATIPHOPHBIE BEPOATHOCTH BCEX MHUKPOCOCTOSIHMI CHCTEMBI O/IH-
HakoBHl. Js MoGOH MaKpPOCKOIIMYECKOH CHCTEMbI ¢ MAKPOCKOMTHYECKUMHM
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napamerpamu (p, V, T u 1.0.) W orpomuo. Ilpencrasum cebe, 4T0 MHI
IPOU3BEJN MHOXECTBO AEHUCTBHI, NMPOBEIH CEPHIO H3MEPCHHMI H TOYHO
YCTaHOBHJIM, B KAKOM MHKPOCOCTOSTHMM HaXOAUTCH CHCTEMaA (B peaJIbHOCTH
CAENaTh 3TO, KOHEYHO, HEBO3MOXHO). Ilepen 3toil mpouexypoii Bepo-
ATHOCTH HAXOXICHUS CHUCTEMBI B JAHHOM MHMKPOCOCTOSSHHMM OBbJIa paBHa
1/W, a nocne nposeaeHus Bcex uaMepeHuit ctama pasHa 1. CornacHo (3.2)
nonyyeHHasa HH¢opMalMsa paBHa '

1
I,=~log, o = log,W. (3.3)

B 10 %e BpeMms cornacHo (2.10) SHTpONHUS CHCTEMBI C TEPMOIHHA-
'MHYecKO#H BeposATHOCThI0O W pasHa S = kln W. Jlerko BuueTh, uto (3.3)
coBnaznaer ¢ (2.10) ¢ TOYHOCTEIO, ONpeaensieMOil NOCTOSHHBIM Pa3MEPHLIM
MHOXHTENEM,

3HaTh MHUKPOCOCTOSTHHE CHCTEMEI 3HAYMT 3HATh O cMcTeMe Bce. Mu-
KPOCOCTOSTHHUE COAEPXKUT IMOJHOE ONMcaHHue CHCTeMBI. TakKMM o0pa3oM:

OHTPONUR CUCTEMBI ECTh HEe YTO MHOE, KBK KONMYeCTBO MHpOopMaumn,
He XBaTtalolllel ann ee NoNHOro onucaHus.

Hrak, npu nonyyeHuu mHGoOpMainuu Bee neiictBua aeMoHa Jlaruiaca
OyayT conpoBOXaaTHCS MOHIKEHUEM SHTPONMM CHCTEMH (B JaHHOM CIIy-
yae — BcenenHoit). D10 Henb3n coenate GecruiaTHO. YTOOH YCTAaHOBMTE
OHO OfpelieNIeHHOE MHUKPOCOCTOSIHHE (a2 MMEHHO 3TO AOIXEH COBEPLIMTE
IEMOH) M3 GECKOHEYHOTO MHOXECTBA BO3MOXHBIX, IEMOH JOJ/DKEH 3arTpa-
THTb OECKOHEYHYIO SHEPIHIO, MPOU3BECTH GECKOHEYHO OOJIBiIYIO paboTy.

HMeeTca TONBKO OaHA BO3MOXHOCTH IMOJAYYMTH MaKPOCKOMUYECKYIO
CHCTEMY B OJHOM OIpPEICNICHHOM MHMKPOCOCTOAHMH. CHcTeMa He JOJDKHa
MMETh IeEKTOB, a ee TeMIlepaTypa AOMKHA PaBHAThCA aGCONIOTHOMY HY-
mo. I1pu abcoMOTHOM HyNe MAKPOCOCTOSTHHE TAKOM CHCTEMBI HMEET TONLKO
OnHO MHKpococTossHMe. Ha caMOM nene mocTHXeHHe abCOMOTHOTO HYyJS
TEMIIEpATYPhl TpebyeT CTONBKO Xe SHEPruM, Kak U yCTaHOBJIEHHE OXHOTO
ONPEACTIEHHOTO MUKPOCOCTOAHUA MaKPOCKOIMYecKOi cucTeMBl. Kaxmblit
3HaeT, YTO IOHMXEHHE TEMIEPATYPH! XOJIOAWILHUKA TpeOyeT 3aTpaThl /1€K-
TPUYECKOii SHEPTHH U IIPHBOAMUT K MOBBILIEHUIO TEMIEPATYPH (4 SHTPOINUH)
KOMHAThI. YToOh! JOCTHYB HyJIEBOH TEMIIEpaTyPH GeCKOHEYHOM (MJIM MOYTH
GeckoHeuHOIt) BeeneHHol, conepxaueii 6eckoHeyHoe (MMM MOYTH GecKo-
HEYHOE) YMCIIO YACTHII, KNACCHYECKHE UIH KBAHTOBHIE COCTOSIHUSI KOTOPBIX
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M

KOJDKHBI OBITH TOYHO OMpEHENEHE!, MOTpedbyeTcs OecKOHEYHOe (MK MOYTH
GeCcKOHEYHOE) KOAMYECTBO SHEPTHH, YTO HEBOMOXHO. B aTOM cOOCTBEHHO
¥ 3aKJTIOYaeTcs TPETHI 3aKOH TepMoauHaMuxy (3akoH HepHcra).
Tapanokc Jlamnaca, TakuM 06pa3oM, pelieH. JleMOH He CMOXET BbI-
MOJIHUTL CaMylo 1EpBYIO 3aaavy.
O6paruM Teneps BHMMaHUe Ha Gonee CNOXHLIA M, BEPOATHO, donee

'BaXHBIM napagokc MakcBelUla M Ha Oonee HM300peTaTeNbHOTO JAEMOHA
Makcaenna.

3.3. Napapokc Makceenna

TMapagokc MakcBe/la HMeET JUIMTEJIbHYIO M 3allyTaHHYIO MCTODHIO.
Bu6nuorpadusi mapanokca oGmIMpHa (CM., Harpumep, (1,6, 17]). Makc-
BeJUT NPHIYMaJ CBOETo JEMOHA, YTOOb! MPOSICHUTH CMBIC/I BTOPOTO 3aKOHa

tepmoanHamMuky. Huxe npuBoautca Teket Makcseta [18] (uuTHpoBaHo
no [19]).

«OnMH U3 Haubonee XOpOoIl0 YCTAHOBJACHHBX (paKTOB B TEPMOJAHMHAMHUKE 3a-
KTIOYaeTCs B CICAYIOIEM: HEBO3MOXHO be3 3aTparhl paboTH CO3AaTh HEPABHO-
MEPHOE pacIipe/ieNieHHe TEMIEPaTypbl M JaBICHUS B CHCTEME, 3aKIIOYCHHOM
B MOCTOSIHHBINL 00BbEM, CTEHKH KOTOPOro HE IPOMNYCKAIOT TEIUIOTH, a TeM-
nepaTypa 4 JaBieHHE ONMHAKOBH BO BCEM 00beMe. JTO YTBEPXKICHME €CTh
Bropoil 3aKOH TEpMOIMHAMHKH H 6€3YCJIOBHO CIIpAaBEIHBO, M0KA Mbl HMEEM
N0 ¢ IECJABMH TeaMH, HE HMesd BO3MOXHOCTH BOCIPHHMMATh OTACAbHBIC
MONEKYJbl M YIIpaBasTh WX nopedeHueM. IIpencraBuM cebe, onHako, cyuie-
CTBO, CTIOCOGHOCTH M BOCTIDMSAITUSI KOTOPOIO HaCTONbKO OOOCTPEHbI, YTO OHO
MOXKET CHIeUTh 3a KaXI0it MoneKynoil. Takoe CylecTBO, Bee IPoYHe arpHOYTHI
KOTOPOTo HEOTIMYMMbI OT HALIHX, CMOXET JI€aTh TO, YTO B HACTOAILCE BpeMA
IS HAaC HeBO3MOXHO. Kak yXe GbUI0 0TMEYEHO paHee, MONEKYNb, ONHOPOIHO
pacTipefieIeHHBIE B COCYAE MpH TOCTOAHHOW M Be3¢ ONHHAKOBOH TEMIEpa-
Type, XapaKTepH3yIOTCA JaleKO He ONHOPOIHBIM PacTipeaeNeHHEM CKOPOCTEH,
XOTSl CKOPOCTH, YCPENHEHHBIE 10 GOIBILIOMY YHMCITY NPOM3BOJILHO BHIGPaHHbIX
MOJIEKYJI, pacfpencieHbl MPaKTHYeCKU OAHOPOAHO. [1peAnmonoXHM TEneps,
YTO COCYl pa3ncjieH Ha aBe 4acTH, A H B, neperopoikoil ¢ HeGOMBIIMM
OTBEPCTHEM, M YTO Hallle CYIIECTBO, CIOCOOHOE BUIAETh OTACABHBIC MOJIEKYJIHI,
OTKPBIBaeT U 3aKphIBACT OTBEPCTHE, MO3BONAS NIEPEXOAMTh U3 A B B TONBKO
6GHCTpHM MOJIEKYNaMm, a u3 B B A — TOJBKO MEUICHHBIM. IIpu aroMm He3
3aTpaThl paboThl GYIET MOBHILIATHCSA TeMIepaTypa B B M MOHMXaThCA B A
B MPOTHBOPEYMH CO BTOPHIM 3aKOHOM TE€PMOIAMHAMMKH».

W
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Puc. 3.1. MNapanokc Makcsenna

CxeMa ycTpoiicTBa, NpeioXeHHOro MakcBeJUIOM, NpeAcTaBlIcHa Ha
puc. 3.1,

Heckonpk0 mokoneHuii (PU3MKOB MBITAIMCh PCUIMTDh 3TOT MMapagoKc.
Y1068 MpeonoaeTh TPYAHOCTH, CBI3aHHbIE ¢ H3MEPEHHMEM CKOpOCTel, caM
MakcBesis1 MPEBpaTHJI CBOETO «IEMOHa» B MEHEe MOTYILECTBEHHOE Cylle-
CTBO, KOTOpOE€ YMeeT TONBKO 3aKpHBaTh IBeply nepen noboil MoneKynoi,
neraieii ot A K B, ¥ co3nasath pa3sHOCTb JABNICHUN MEXIy IBYMSI YACTAMH
coCyla ¢ HapyllieHHeM BTOPOro 3aKOHA TEPMOAUHAMUKH.

B 1912 rony CMOIyXoBCKUH moaBEpr CKpYTy/1€3HOMY aHATH3Y HMEHHO
3TOT THIN YCTpoilcTBa i NpeoAONeHMA Broporo 3akoHa. OH Mpulien
K HeM30eXHOCTH MOBHILLIEHUS TEMIIEpaTyphl B OOHON M3 4acTeil cocyza
¢ pa30TPEeBOM IBEPLLI M AEMOHA M3-3a 6osee HHTEHCHBHOIO bpoyHOBCKOTrO
IBUXXEHUS MOJIEKYJ rasa, Yro, B KOHLle KOHLIOB, O0A3aTEILHO MCINOPTHT
IEeMOHa, KOTOPHIH HayHeT ommOaThcs. JlaBnenue M TeMmeparypa B 00OMX
OTCEKaX cOCyJa BBIPOBHSAIOTCSH, M BTOpOil 3aKOH TepMOAMHAMHMKHU OyraeT
cniaceH. Yepes asa roga CMoTyXOBCKHMI OBTOPUJT CBOM aHAIM3 U AOOaBUI:

«Takoe ycrpoiicTBO, BO3MOXHO, 6ymeT peryispHO (YHKUMOHHpPOBarb IIpH
Y4acTHH MHTEJUTHTEHTHOTO CyinecTBa» [17].

Puuapn @eilHMaH NpeuioXua CIAOKHYI0 MEXaHWYECKYI0 MalllMHY
¢ «cobaykoii». OH TakkKe MpPHIIEN K BHEIBOJLY, YTO MEXaHMYECKHH NEMOH
NMOruOHET M3-3a Neperpena.

Hacrosiiee paspyllieHue ZeMoOHa Makcbella Havyajiock B 1929 ro-
oy, xorma Jleo Cuunnapa, obcyXnas: OOMH M3 CIIEHAIbHBIX BapHMaHTOB
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nmapazokca Makcseina (cocyl ¢ MOPHIHEM COACPXKHT TONBKO OAHY MO-
NEKyJy rasa), obparui oco6oe BHHMaHME Ha HeOOXOAMMOCTh TTONYy4YEHHs
undopMauuu o Moaexynax. CobcTBeHHO ropops, Cunuiapa OTKPhUL CBA3b
MexXay HHdopMalHeil ¥ TepMOINHAMHMKO#M. BoNbiIoA BKIIaN B 3Ty npoonemMy
sHecau Jdemepce, PoriteiiH 1 bpwurioeH.

PaccMOTpHM Tenephb pelnenue no Bpiwpmoeny [8]. emon (unu yacthb
yCTPOICTBA, HA3HLIBAEMOTO JIeMOHOM) HEe MOXET HaxOAWThCA B TEPMOIH-
HAMMYECKOM PaBHOBECHHM C OCTAJBHBIMU YAacCTSIMM CHCTEMBI. B pOTMBHOM
cjiydae OH GbUl OBl crocoGeH BOCIPUHMMATH JMIIL MHTCHCHBHOCTH H3-
JydeHHs1 aGCOMOTHO YEPHOro Teja, CHNEKTP KOTOpPOro 3aBHCHT TOJBKO
OT TeMmepaTyphsl. JleMOH AOIXEH OCBEIATh MOJIEKY/Ibl H MMETh 103TOMY
3NIeKTpUYecKuii POHApHK, TEMIIepaTypa HUTH JIaMIibl KOTOPOTO OTIHYAETCA
OT TeMIeparyphl cucTembl. JleTanbHBI aHalIM3 MOKA3bIBAE€T, YTO OfEpa-
[[MM, CBSi3aHHbIE C MOJy4eHHEM HMHGpOpPMALIMH, NPUBOIAT K HEN30e XHOMY
MMOBBIIUEHHWIO SHTPOIIMM CHCTEMBI Ha BEIWYHMHY, IIO KpailHeH Mepe paB-
HYIO (B HIEaILHOM cnyqae) MOHHXEHHIO SHTPONHMH B pe3yabTaTe AeHCTBHI
IEMOHA.

®u3nyeckoe cooblLIeCTBO MOYTH €IHHOAYUIHO IPHHHMaIO IOIXON
Cuwapza BIUIOTh A0 1992 roga. DToT moaxoa ObUl OCHOBaH Ha TEOPHH
TepMOAMHAMHMYECKMX MALKH, KOTOPEIE MOTYT paboTaTh 6e3 norepb TONBKO
B x01¢ 6eCKOHEYHO MeLIEHHBIX OGPaTHMBIX IPOLIECcoB (CM. Bbluie). Mexa-
HMYECKIe YCTPOICTBA He HYXAAI0TCs B TEpMOAMHAMHYECKOH 00paTHMOCTH.
Ec/ii TpeHHEe JOCTATOYHO M0, TO ONTHMATbHOE AEHCTBHE, BKIIOYAIOIICE
IBMXEHHE BAONL BHUIEICHHOIN (MEXaHHYecKoii) cTeneHH CBOGOME, TpeOyer
6uicTpOro hyHKIHOHMpOBaHHA. C pa3BUTHEM KOMIBIOTEPHON HayKH CTajlO
SCHO, YTO KOMIIBIOTEPHI MOTYT B IpHHIIMIE pabOTaTh Kak MAlllMHBL € 1IpO-
M3BO/MIBHO HU3KUM YPOBHEM TpeHHUS. DTO ObLIO J0Ka3aHO PondomM Jlannay-
epoM 1 Yapneiom bennerrom. Ctporo rosops, nocieaoBaTenu CuMmnapzaa
MOIJIM [OKa3aTh, YTO HEKOTOpbie, a He Jobble YCTPOWCTBa 00f3aTe/bHO
BKJTIOYaloT HeoOparumsele notepu. CornacHo beHHETTY AEMOH Makcaenna
npejcTaBisier cob0if KOMIBIOTEP, KOTOPHI B COCTOSHUM o0paTMMO Npo-
W3BOAMTH KAK M3MEpPEHHMd, TaK M pacueThl. ONTHYECKHE M3MEPHTE/IbHBIC
KOHCTpYKUMM bpuimoeHa ¥ Ap. ObiM 3aMCHEHB MEXaHHYCCKHMH Ma-
mnHaMu 6e3 TpeHusa. CredylomuM 1iaroM ObUIO NMOHUMAHHUE TOTO, YTO
pa6oTa KOMITBIOTepa TpeOyeT BpEMEHHOTo XpaHEHUs unpopMaluu. Paspy-
eHue 3Toi mHpOopMallud HeoOpaTHMO. JIeMOH MOXET HapylUIHThb BTOpOH

M
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3aKOH TEPMOIAMHAMHMKHM, TONBKO €CJIM OH 00JaJaeT O0ecCKOHEYHO O0billoi
namaAThIo [17). BeHHETT NipeacTanisul cebe Bee 3TO CEIyIOIMM 00pa3oM:

«Kak 310 ¥ 6LUIO B TEYCHHE BCEN0 MOCAEAHEro CTOJETHA, NEMOH HAXOAUTCS
Y ABEPLIbl MEXAY ABYMA ra30HANOJIHEHHBMH COCYIaMH, H3MEpss U BEIYMCIAS.
OnHako, BMECTO TOrO, YTOoOH 00pabaThiBaTh BCe CBOM HAOMIONEHHA B rONOBeE,
OH paboTaeT ¢ MANCHbKMM KANbKYNATOPOM, TieyaTasi pe3yJibTaThl Ha JIEHTE
yucToit 6ymaru. [o tex nop, 1moka H3BHE TIOCTYNaeT HOBadg Oymara, a MCTIONb-
30BAHHAasA HETIPEPBHIBHLIM MTOTOKOM BBHIXOIMT M3 MalliIMHH, JIEMOH B COCTOSHHH
COPTHPOBaTh MOJIEKY/IH M MCIIONb30BaTh IHEPTHIO, CONCPXKAUIYIOCA B MX Xa-
OTHYECKOM ABHXeHMH. Ecam Onl He Obuio Oymard, TO AEMOH Hapylui Obl
BTOPOI 3aKOH TCPMOAMHAMMKH, M3BJieKasd paboTy M3 rasa 6e3 3aTparhl TeIUIa».

JApyruMu ciopaMi, coxpaHsieMass HHQOpMau s CTAHOBHTCS MYCOPOM,
M KOIa €€ KOJMMYECTBO MpeBHIIAET eMKOCTH JIEMOHA, €10 KaXYHIaacs CIIo-
cOOHOCTE HapyuiaThb BTOpPOH 3aKOH IpeKpaulaeTcs. B cienyioleit rjiase
Oyner Oonee noapobHO oOCyxiacHa HoBasi (OpMYyIHMpOBKa BTOPOrO 3a-
KOHa. W3 npeabiayiieil IMCKYCCHM SICHO, YTO 3Ta ¢OpMYJIMpOBKA JOKHA
BKNI0OYATh BpeMsA. JleMOH GYHKIIMOHHMPYET [0 TeX MOp, MOKa OH HE HaXOAUT-
CS B PAaBHOBECHH C OKPYXEHHEM U MOXET MCIIOJNIb30BaTh i BLITOJHEHHSA
CBOCH LEIM MEXaHHYECKHE CTeleHH CBOOOILI.

TakuM 006pa3oM, Bce MOMBITKH yOMTH neMOHa Makcseijia B TeUeHHE
MMOJIYTOpa COTEH JieT HE€ YBEHYAJIHUCh NMOJHBIM ycrexoM. OgHako paboTol
MHOIHX YYEHBIX, IPHHUMABLIMX Y4YacTHE B 3TONH «KPUMHUHANBHOH NEATEIb-
HOCTH», He npouutu gapom. OHU IpuBenH K Oollee YeTKOMY MOHHMAaHHIO
TepMOAMHAMUKU., MBI YBUIMM Jajiee, YTO JeMOHH MakcseUla pabotalorT
0co0eHHO 3(GHeKTHBHO B CIIOXHBIX GHOMOTHYECKMX KOHCTPYKIIMAX, Y4acT-
BYyS B CaMBIX BaXXHBIX IMpo1eccax B XXHUBOH MaTeEpPHH.

3.4. Napapokc Ni66¢ca
3.4.1. Beepexue

bonee coruu aer Hasan Jxoimya Yunapn [n66¢ npeuioxus cBoii 3Ha-
MEHHTBIN «TapafgoKce cMelieHus», ITn66C yrioMsiHy/I 0 HEM TaKKe M B CBOHX
OCHOBHBIX paborax [22,23]. B camoM Hauane Tu66cy Ka3aaoch CTpaHHBIM,
YTO SHTPOIMA COBEPIICHHOrO ra3a He 3aBUCHUT OT INpPUpPOIH 3TOTO ra-
3a. [loanHee 3ta mpobneMa Gbia NpeacTaBicHa B 6ojlee NapaJoKCcabHOM
¢dopMe, KaK 3TO MOKa3aHO Ha puc. 3.2.
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Ecim MB yganum nepero-

1 2 1 2
POIKY M3 cocyaa A, rae Bce 4Yac- 08 oo 0800 .: * 0800
THLH OAMHAKOBHI, TO HHYETO HE |0 "5 0|0 v o ® s el0 00
A3MEHUTCS, ¥ DHTPONMS CUCTEMBI 00 So 00 So SO 00 So
OCTaHeTCHa Toi Xe camoii. OgHa- |0 O Clo O ° o ® %loo L
KO €CIIM Mbl yIaJIUM [epEeropo-
Ky M3 cucteMbl B, rue uyacTtu- A B
LBl 10 06€ CTOPOHBI MEPEropo- Puc. 3.2. NMapanokc MN'wbbca

KM pPa3jIMyHbI, TO SHTPONHA H3-

MEHUTCA Ha BeMMYHHY AS = kyz N In 2. CaMoe yAMBHUTENBLHOE TO, YTO pa3-
MYKEe MEXAY YacTHLIAMM MOXeT OBITh CKOJIb YTOOHO MaJio H UMETh JIIoObIe
XapaKTEpUCTUKU, HO, TEM He MEcHee, U3MEHEHHE PHTPOIIMU OKA3bIBAeTCs
NPONOPUHOHANBHEIM N M CTAHOBHTCA paBHBIM kp N In 2, KaK TONBKO Ya-
CTHUHI MpeAIonaralorcsl He NONHOCThIO WaAeHTHYHBIMHM. [lapagokc In66ca
CBSI3aH C CAMBIMH OCHOBAMH CTAaTUCTHUYECKON MEXaHWKH M IPHMHUHIIOM
agIuTUBHOCTH SHTPONHUM. UTOOBI OMYYHUTH ANAUTHBHYIO SHTPOIHMIO IpH
HCIIONIB30BAHUU CTATUCTHYECKOH MexaHUMKH, [UMO6C npuayMmMan cnepuanb-
HYI0 T1pOLeAyPY M MOBCIOAY IMPHMMEHSI €€ B CTaTHCTHYeCKOH du3uke. Dta
TIpoLieaypa 3aKnloyanack B AeneHMH (QYHKUMH pacnpeneaeHus Ha N, T.e.
B MpPEANONOXEHHH, YTO NMEepecCTaHOBKA OAMHAKOBBIX YAaCTHIL MEXAY sT4eii-
KaMu (a30BOro IMpocTpaHCTBA HE HM3MEHAET MHUKPOCOCTOSHHSA CHCTEMBI.
Takum 06pa3oM, MBI YIMTEIBAEM TOJIBKO pa3jiMUHbIE YACTHIIBI ¥ pa3IuyHbIE
MHKPOCOCTOSTHHS.

Borpoc 0 «oytH MACHTHYHBIX» YACTHIIAX H <«[IOYTH MIACHTHYHBIX»
MHMKPOCOCTOAHHMAX BO3HHUKAET HE TONBKO IS YACTHOM CHCTEMB pHMC. 3.2,
HO U B ODILIEM KOHTEKCTE CTATUCTHYCCKOM (PU3UKH,
| OnHa u3 NonyAsSIpHBIX TOYEK 3PEHHUS 3aKIIIOYaETCI B TOM, YyTO KBaHTO-
Basg MeXaHHKa, KOTOpas MOMOTraeT YACHHUTh HEKOTOPhIE OCHOBEI CTATHCTHYE-
CKOM (M3MKH, MOXET MIOMOYB M MPH peliieHuH napagokca [166ca. B camoMm
JieJie, COrNacHO KBaHTOBOW MEXaHUKE HET crocoba NMocTerneHHo YMEHbUIATD
pasnuyue Mexay yactuuaMu. OHM 160 pa3auyHbl, MO0 OJHMHAKOBH. JTO
NpaBHAbLHO, OOHAKO 3TOT apryMeHT He pa3peiuaeT napagokc [ndbca. Ecnu
MBI UMEEM IENI0 CO CIOXHBIMH YaCTHLIAMM, HAapHMMEpP ¢ MaKpOMOJIEKY/a-
MM, TO OHHM CTAHOBATCH OZWHAKOBBIMH 3a40JII0 0O TOrO, KaK MX. KBAHTOBas
MPUpOAa HAaYUHAET UTPATh POJib.
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Mapagoxc [66ca yrioMMHAETCS M OOCYXIaeTCsl OYTH B KaXJIoM yuel-
HIUKE CTATHCTHYECKOI MEXaHHKHU. DTOMY NapaJoKCy NOCBAILEHBI CIICIIHATb-
Hble MoHoOTpaduu. PasnuyHble KHMTH NPELIaraloT padniHbIC OOBACHEHHUS.
TTo-BMAMMOMY, BONPOC OCTAETCS OTKPLITHIM.

B npakTH4ecKOoi NepCHIeKTHBE, TOCKOIBKY BCE MOJIOXUTENbHBIE YTBEP-
XICHHS CTATUCTHYECKOW (PHIMKK He NOAJIEXAT COMHEHHIO, €IMHCTBEHHBIH
MOAXOA K peleHHIo napagokca I60ca 3aKnioyaeTcst B aHanNM3e yCIIOBHH
NPUMEHMMOCTH BCEX HCIONB3YEMBbIX xoHnenuuit. Takas nonsiTKa ObiIa
NpeAnpUHATa HECKOMBKO JIET Ha3al A. IpocGeproM H aBTOPOM [24]. Ona
OCHOBBIBAIACH [VIABHBHIM 00pa30M Ha MOHATHAX KOHCTPYKUMH M NAMATH [9]
B GHonornyeckoil pusnke.

3.4.2. YT0 Takoe KOHCTpyKumua?

KOHCTpYKLMS — 3TO NOJHBIA Habop creneHeit cBoOOABl CTATUCTHYEC-
KOIi CHCTEMBI, HE YIACTBYIOLIMX B TEIUIOBOM JBUXXCHHH B TEUCHHE BPEMEHH,
MHTepecylolllero HabnonaTesi. XOpOUIMM MPUMEPOM MOXET CIYXHUTH I10-
CJIenoBaTeIbHOCTD pa3TMYHBEIX MOHOMEPOB B GeJIKe 11oc/1e TOro, Kak BHYTpH-
KIIeTOuHass 6MOXUMHYecKass MalllMHa U3TOTOBHJIa MOJIEKYTY 6enka ¢ JaHHOH
[1OC/IEA0BATENLHOCTEIO MOHOMEPOB. DTy MOCTEN0BaTENBHOCTD "HEIB3A H3-
MEeHMTh TEIUIOBBIM ABHXEHHEM, [10Ka MOJEKY/a CYIIECTBYET Kak TaKOBas.
C/i0BO «KOHCTPYKLIHSI» MCIIONB3yeTCs 34€Ch 110 OYeBHIHOM aHAIOTHH C KOH-
CTPYKUHMSMM MAaliMH, W3TOTOBJCHHBIX YCIOBCKOM. MOXHO HCIIONb30BaTh
TAKXKe CJIOBO «I1aMSITh», IOCKONBKY CHCTEMa 3alIOMHHACT cBoficTBa, JaHHbIE
el NpY U3rOTOBJICHHUH.

B obuieil ¢popMe MOHATHE KOHCTPYKLMH — 3TO IOYTH TO XK€ caMoe,
41O MOHSTHE MakpococTosiHMs. B caMoM zene, MpH OObIUHOM OIpenese-
HHM MaKpOCOCTOSIHHSI CMCTEMBbI MOAYEpKUBAeTCs, YTO OHO omnpeaensiercs
HEMHOTMMHU (PHKCHPOBAHHBIME ITapaMETpaMH, HallpUMED, 0OBEMOM CHUCTE-
Mbl, fnaBnedueM U ap. HanGosiee BaxeH TOT dakT, YTO STH MapaMeTPhl
He MEHSIOTCS 3a BpeMeHa, JOCTaTOYHBIE Ui TOTO, yTOOH! Jpyrue CTENCHU
cBOGOIBI CHCTEMBI YCIENH PETAKCHMPOBaTh K COCTOAHHMIO TEPMOIMHAMUYE-
cKkoro paBHioBecus. TakuM 06pa3oM, KOHCTPYKUHS €CTh HE 9TO HHOE, KaK
0606ILIEHHOE TIOHSITHE MaKPOCOCTOSHHS, KOIa €ro onpeacidior Gonpiiloe
YMCJIO NapaMeTpoB. JDTO YHCJIO 3aBHCHT OT MaciuTaba BpeMeHH. B ciy-
yae OMOMOJIMMEPOB BpeMs pellakcallMM HEKOTOPBIX KOH(POPMALIMOHHBIX
cTemeHel c13060/1bI, KOTOPHIE OMPEAENsIOT MPOCTPAaHCTBEHHYIO CTPYKTYDY

“#
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W

MaKPOMOJIEKY/Ibl, MOXET GHTh OueHb BelHMKO. Takue cremeHd cBOOOIbI
MOXHO CYMTaTh YacTbl0 KOHCTPYKLIHH, €CJIM XapaKTepHOC BpEMs H3y4da-
€MOr0 Ipolecca J0CTaTOYHO KOpOTKO. B NpOTHBHOM Cllyyae uX clefyeT
BKJIIOYMTH B YHCIIO TEIUTOBRIX CTeneHeil CBOOOIHI.

HMeercs odeBMAHASA aHAJIOTHSA KOHCTPYKUHMHM C TEM, YTO HM3y4yaeT
(bH3MKa HEYNOPAIOYEHHHIX CHCTeM (KpUCTaIbl ¢ geeKraMH, CIIMHOBHIC
cTeKia M T.1L).

TpHu u3yyeHHH MOAOOHBIX cHCTeM OOBIYHO MOAYCPKHBAETCS UX HEYIIO-
pSII0YEHHOCTD, OTCYTCTBUE TPAHCAAUHOHHOM U APYTHX OYEBHAHBIX CHMME-
Tpuii. PeaiM3aLus TAKMX CUCTEM HE TIOAYHHSETCs] KAKOMY-IHOO KOHTPOJIO
M IIPaKTHYECKH HMKOILA He MOXET OBITh BOCIPOM3BENEHA. ODTO BBHI3HIBACT
MpeACTaBlieHHE O TOM, 4YTO HE WHAMBMAYaibHBIE CBOMCTBA KAKOIO-JMOO
obpa3lia, a TOJILKO HX COOTBETCTBYIOILEE YCPEAHEHHE 110 BCEM BO3MOXHbIM
peaM3anuaM OecriopsaaKa npeacTaBiIsieT HHTEpeC.

Cutyalyst B GHONIOTHYECKHX CHCTEMax pe3Ko oTnuyaeTca. CHHTETH-
YyecKUi aniapar XHBOM KIETKH B COCTOSHHH POU3BOAUTH B MAaKPOCKOIH-
YeCcKOM KOJIMUYECTBE MICHTHYHBIE KOIHH MOJIEKYNT OHONOMMMEPOB C OHOU
H TOil Xe peanu3anmeil Gecnopsiaka. |

WUTak, OBYMS INaBHBIMHM YTBEPXIEHUSAMH 3TOTO pasjefa sBIAIOTCA
CIIeAYIOLHE:

1. KoHcTpykums — 370 IOYTH TO X€ caMoe, YTO MaKpOCOCTOSHHE, €CIIH
He CUMTATh TOTO, YTO OHA CBA3aHa C GONBLIMM KOJIHYECTBOM CTENeHen
cBoOOak!.

2. KOHCTpYKuHS — 3TO [NOYTH TO Xe€ caMoe, YTO peaid3anus becnopsaka,
ec/Ii He CYMTATh TOro, YTO €€ clieayeT OIKChIBaTh WHAHWBHAYAJIBHO,
a He B BUAE HEKOEro CPEOHEro.

3.4.3. Paznuune Mmexay vyactTuuamm
KaK 3N1eMEeHT KOHCTPYKUUU

BepHeMcsi cHOBa K puc. 3.2, Kakoil ¢puanueckuii cMbich nMeeT GopMy-
na AS = kgN In 2? O4eBUNHO, TO O3HAYaeT, YTO NPH COOTBETCTBYIOLUIHX
yc/IoBUsX (B 06paTMMOM TipoLiecce M T.J.) CHCTEMa MOXET MPOU3BECTH pa-
601y, paBHylo A = TAS = TkyN In 2. OnHako U1s TOTO, 4YTOOB MOJTYYHUTH
paboTy, MBI AOIXHE CHAOOUTH CHCTeMy, H300paXeHHYIO Ha PHC. 3.2, cme-
MAILHBIM YCTPOACTBOM (HeyTo Bpole AeMoHa Makcselia), COCOOHBIM

M
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gk\ ‘ COPTHPOBATh YacTULbl. be3 31o-

® ® ro HUKaKo# paboTsl Heab3d I0-

a a Jy4HUTh HH Ui HACHTUYHBIX,

® o o O 00O HH NI pa3nuyHBIX YyacTtvi. Ha
® ®l 0hp 00 pHc. 3.3 nzobpaxeHa cxeMa Io-
A ® ... ® O OO O | B po6Horo ycTpoicTBa. [l1aBHEIM
®00 0 (O oo O o 3NeMEHTOM JI0GON Takod cxe-
d ® o MBI SIBISIETCS «IMCKPHMHHATOP
b b yactuu». Ha puc. 3.3 ponp Ta-
OO0 k O KOTO IMCKPMMMHATOpa MIPAIOT

pU4 KJIanaHbl ¢ (IPOITYyCKAIOT TOJNb-

Puc. 3.3. YctpoicTeo ans nonyveHus KO YepHBle YaCTHIBI) M Kia-

Thi B N M UA I
paGoTLl B NPOLLECCe CMELEHNS ra3os naHsl b (MPOIYCKalOT TONBKO

Gesbie yacTHILBI). JIMCKpUMHHA-
TOP HE MOXET HAXOAUTHCA B TETUIOBOM PaBHOBECUM C Ta30M Kak pa3 I Tex
creneHeil cBoGOABl, KOTOPbIE OTUCKPUMHHATOP HMCIIONb3YET U1 BBIIOJHE-
HHSA cBOei PYHKLMM — COPTHPOBKM YacTHl. Ecnu, HanpuMep, Ha puc. 3.3
OMH KJafaH @ NOMEHATh MECTAMHU C OAHHUM KJIallaHOM b, TO MBI 110TEpIEM
BCSIKYIO BO3MOXHOCTB BHITOJIHEHHUS pabo1hl. OfHAKO 3HEPTUA CUCTEMHI TIPH
TAKO¥ MepecTaHOBKE KJIANaHOB HE U3BMEHMUTCS, H, CISI0BATEIbHO, CHCTEMA
OCTAaHETCH B TOM X€ COCTOAHMHM YACTHYHOIO paBHOBECHs. TepMOAHHAMH-
Ka yTBepXaaer, uYro pabora, KoTopasd MOXET ObITh B MPHUHLHIIE ITONYUYEHA,
He J0JDKHA 3aBMCETh OT AeTaleii COPTUPYIOLIETrO YCTPoiiCTBa. TeM He MeHee,
MOTYAIMBO TIpEAIIONaraeTcs, YTo 3TO YCTPOMCTBO JOJLKHO YAOBIETBOPATH
onpeaenceHHBIM ycnoBHsaM. Tlpexne Bcero, Ajis noayuyeHns MaKCHMaJIbHOM
pabotel TN In2 ycrpoiicrBo He ao/mxkHO omubarbes. Kaxiaas oumnbka
B padIMYeHHH YacTHIL] O3HayaeT IOSBJICHHE HEKOTOpOoi HeoOpaTUMOCTH
npouecca. CorjacHO KJIacCHYECKOH TepMOIMHaMHKe, Ha KOTOpOil OCHO-
BaH noaxon Iu66ca, obpatMMOCTD ripoliecca 00A3aTeNbHa I MOJYyYeHUSA
MaKCUMaJIbHO BO3MOXHOW paGoTel. [lpyroe ycnosue, KOTOpO€ HHKOIIa
HE YMOMUHAETCH, MOTOMY YTO OHO KaXeTCA CAUIUKOM OUYEBUIHBIM [Jid
OObIYHBIX TEPMOAMHAMHYECKUX CHCTEM, 3aKIIO4YaeTci B TOM, YTO caMmo
ycTpoiicTBO (IeMoH Makcsenna) HOMKHO GBITh JOCTATOYHO CTaGHIIBHBIM,
y10Obl HE U3MEHHTBHCH 3a BPEMA IMpOLecca. DTO 03HAYAET, YTO YCTPOMUCTBO
IO/DKHO OBITh 2IEMEHTOM KOHCTPYKLHH CHCTEMBI.
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Ecnu Mbl caeayeMm o0lueMy TPHHIIUAITY, COMJIAaCHO KOTOPOMY TOJIbKO
HabonaeMple BeJIMYMHLI MOTYT BXO/JMTb B pasymMHYI0 (H3HYECKYI0 TEOpHIO,
TO MOXHO CKa3aTb, UTO pa3iHuMe MeXAy YACTHLAMH CYUIECTBYET TOJIBKO
0 TeX Mop MOKa Hallle COPTHPYIOHIee YCTPOHCTBO CIIOCOOHO UX palyinyaTh.
B 3TOM cMbiclie MOXHO CKa3aTh, YTO pa3idyve Mexay YacTHIlaMH CaMo
qaBisieTcsa JIeMEHTOM KOHCTPYKLIMH cucTeMbl. B caMoM Jene, He TONBKO pa3-
AuYaLee YCTPOHUCTBO HE JOJKHO MEHATRCSA, HO U HACHTHYHOCTD KaXIou
YaCTHLB JOJDKHA OGbiTh HOCTATOYHO CTAOMJIBHOH, YTOOBI He H3MEHUTHCHA
3a BpeMst HaOmlogeHu .

3.4.4. NMapapokc MN66ca kak pesynbTaT
HecoBMeCTUMOoCTHU TpeboBaHui,
npeabABASEMbIX K KOHCTPYKUUK

JIBa YMOMSIHYTBIX BbILLE YCJIOBUS MOJYYEHHS MAaKCHMATbHOM paboThl
TN In2 ¢ NOMOWBIO YCTPOHCTBA, W300paXeHHOro Ha pHC. 3.3, MpOTH-
BopedaT Apyr apyry. UrtoObl {IOHATH 3TO, HEOOXOZUMO OLEHHTH BpEMi,
TpeGyeMoe [UIS 3aBeplIeHHs NpoLecca U MonyyeHnss MaKCMMallbHO#H pabo-
Thi. C OIHOI CTOPOHEI, BpeMEHHOM MHTepBal ¢ AONKEH ObITh ZOCTATOYHO
MaJl, YTOObl CaMO pa3ieIMTeNbHOE YCTPONWCTBO HE H3MEHUIIOCh B TEUCHHC
atoro BpeMeHU. C JpYroif CTOpoHbl, 3TOT MHTEPBaJl JOJIXeH OBITH JOCTATOY-
HO BeJHK, YTOOBI 0beceyuTh MeAIEHHBII OOpaTHMBbIM XapaKTep poiecca.
O603HaYMM T, KpaTyadiliee BpeMs pejlakKCalMH pa3esInTebHOTO yCTpOi-
CTBa WJIH CaMMX YacTULl, a 7, — HauOoJiblee BpeMs peaakcallii CHCTEMBbl
C JaHHOI KoHdHrypauMeii. Torna Mbl JOJLKHB 11OTPeOOBaTh

T, L1 L 75 (3.4)

O6cyxaeHHe HHTEPBAIOB BpeMEHU B KOHTEKCTe TEPMOIUHAMHUKH BHI-
DISIAUT HeckdIIbKO HeoObiyHO. B caMoM jene, TepMOAMHAMHKa, KaK U paB-
HOBecHas craTUCTHYecKas MeXaHMKa, GopMaJTbHO BOOOILE He HCNONb3YIOT
MOHSTUS BpeMeHHW. DTo, oaHako, uaeanu3auusd. JlobOnie peleHus fapa-
gokca Tm66ca Bcerna HeBMOMMO BKIIOYalOT BpeMsi. OHM TpebyioT, 4TOOBI
caMa cUcTeMa MMesla JOCTATOYHO BPEMEHU Ui peJlakcallid, B TO BpeMsd
KaK BHEIIHHWe YCJIOBHS, MONAECPXHBAKOIINE MAKpPOCOCTOSIHUE, HE AOJLKHBI
yCleBaTh pelakCUpOBaTh.

Hukakoe pa3genuTenbHOe YCTPOHCTBO He MOXET ObITb [MOJHOCTHIO
cBo6ogHO OT omubok. Ecnv 06O3HAYHTH Yepe3 P BEPOATHOCTH OLIMOKH

M
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OJHOTO aKTa COPTHPOBKU 4YAaCTHUL, TO OXHIAEMOE 3HayeHUe MOoJydeHHOH
paborsl He Moxer mpeBbicHTs T'N(l ~ p)In2. BepogrHocTs OomKUOKH P
3aBUCUT OT CTENMEHH pa3H4YMAg YacTULl U OT YYBCTBUTEJLHOCTH COpPTH-
pYIOUIETO YCTpOiicTBA (HA CaMOM [eJie 3TO OJHO W TO XK€, MOCKONbKY
CaMO MOHATHE pa3JIMYHA MEXIY YacTULIAMHU 6eCCMBICIEHHO, ecld He JaHEI
XapakTepUCTUKH COPTUPYIOLIETO YCTpoiicTra). st JaHHOTO COpPTHPYIOLLE-
ro YCTpPOWMCTBA YBEJIHYEHHUE CXOACTBA MEXIY COPTUPYEMbBIMH YacTHLAMU
[IPMBOJUT K BO3PAaCTaHWIO OWIMOKM p. AHAJOTHYHO, eClH ISt JAHHO-
ro aHcambOis JyacTHlLl ynotpebasieTcsi MeHee 3GhdeKTUBHOE cOpTUpYIOilee
YCTPOHCTBO, 3TO TAKX€ MPHBOIUT K BO3pACTAHHIO BEPOSITHOCTH OLLMOKHU.
Takxum obpaszoM, uToOBl HOOUTBCS OOpaTUMOro Ge30LIMOOYHOrO MpoTe-
KaHHS Mpolecca, €ro caeayer [IPOBOJUTH OYE€Hb MEMIEHHO, MHOIO pa3
MOBTOPAd IIPOLIECC Y3HABAHMSl 4YacTUL. DTO 3HAYMT, 4YTO ¢ B HepaBeH-
crBe (3.4) momxHo GbiTh Benuko. C ApYroil CTOPOHbI, Insi pasfiMyeHMs
BCe OoJsiee MOXOXUX YacTHLl MPHXOZUTCS MOJNB30OBATHCS BCE Oosiee CIOX-
HBIMH H YYBCTBHUTEJIbHBIMU COPTHPYIOIIUMM YCTPOHCTBAMMU, YTO MPHBOIMUT
K YMEHBIUEHHIO BPEMEHH PENAKCAllHH T,. B KOHuUE KOHLOB, T, MOXET
NpUOMU3UTECA K 7,. C yMEHbILUIEHUEM Pa3U4YHs MEXIY YaCTMLIAMH Hepa-
BEHCTBO (3.4) GyneT obsizareibHO HAapyLIEHO, a MoiyyaeMas pabota Gyzer
MOCTENEeHHO CTPEMUTHCS K HYIIIO.

Hrak, ecrectBeHHOE pelteHue napagokca [b6ca MoxHO chopMyampo-
BaTh cleayloiuM obpazom. Ecnd Mbl yTBepXkaaeM, YTO LIt cXeMbl puc. 3.2
BoIMOAHsAETCH AS = kN In2 ¥ yacTubl pasIuIMMb, Mbi MOIPA3yMeBa-
€M C HeOOXOAUMOCTBIO, YTO C MOsIBIEHHEM OECKOHEYHO MaJIoro pa3inuus
MeXIy 4YacTHUAMH IMOSIBAsieTCs OECKOHEYHO YYBCTBMTEIbHOE COPTUPYIO-

uIee YCTPOMCTRO. ITo MEPE TOT'O, KaK 4YaCTHUbI CTaHOBATCH MACHTHYHBIMH,
MPOHCXOAHUT Clieaviouiee:

A) HabmonaeMsble BeMUMHbI {HapHMEp, TOTydaeMast paboTa) nocTerneH-
HO YMEHbIUAKTCA.

B) OGnacts NpMMEHUMOCTH TAKUX TEPMOAMHAMHUYECKHX KOHLIEMIIMIA, KaK
SHTPOIHS MU CBODOAHAS 3HEPrusi, MOCTEMEHHO CyXaeTcs U UCYE3aeT.

EcrecTBeHHO, 3TO NpoH30ieT 6e3 BCAKUX CKAYKOB.

B paGorte [24] noapo6HO paccMOTpeH BOMpOC O COPTUPOBKE MONEKYIE
JHK ¢ 61u3KkuMH nocie1oBaTel1bHOCTAMMU.
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3.5. Mapanokcoi Jlowmuara u Lepmeno

3.5.1. OnucaHue napanoKcoB

DTU napafoKchl OTHOCATCS K OOHOM U3 Haubonee 3aIyTaHHBIX rpoOnemM
TeopeTHYECKOil (UIUKUA: HeoOpaTHMOCTL TEPMOAWHAMHKHU [1pH MOJIHOH
06paTHMOCTH MEXaHHYECKUX JBHXEHUH KOMIIOHEHTOB JII000# TepMOIMHa-
MHUYECKOH CUCTEMHI.

Hauuem ¢ Jlommuara, cOpMyIUpOBABIIEro TaK Ha3bIBAEMBbl «Mma-
PaioOKC CMellleHHusi». JTOT f1apanoKc ObUT MPEMIOXKeH JlomMMATOM, KakK
olpoBepXeHHe yTBepxacHus bonbimaHa 00 00si3aTebBHOM BO3pacTaHUM
SHTPOIMUHU B XOje JI000ro CHOHTAHHOTO NpoLecca B M3ONMPOBaHHBIX Ma-

' KpOCKOnHYeckHx cuctemax. Ecau B MaKpOCKOITHYECKOM ra30oBOil CUCTEME
MIHOBEHHO M3MEHHTh 3HAKM BEKTOPOB CKOpocTeii Bcex yacthi Ha 180°
(«oTpaxeHue»), TO B COOTBETCTBUHU C YpABHEHUAMU KJIACCHYECKOIt MeXaHH-
KM CHCTEMa HauyHeT 3BOJIOIIMOHMPOBATh TOUHO B OOpaTHOM HarpaBleHUH.

' Ecqu nepel U3MEHEHHEM 3HAKOB BEKTOPOB CKOPOCTEH CHCTEMA peJIakKCHPO-
BaJa U3 HEKOTOPOIo HEPABHOBECHOTO COCTOSIHUSA, TO M10CJIE OTPAXKEHH A OHA
BEpHETCA B ICXOJIHOE HEPABHOBECHOE COCTOSIHHE. DTO O3HAYAET, YTO IHTPO-

MM CHCTEMBI BO3DACTET CIIOHTAHHO B NPOTHBOPEYHH CO CTATHCTHYECKOM
‘MHTEpIpeTaLHeil BTOPOre 3aKOHa TepMOAMHAaMUKK TiI0 boabumany. bosu-
MaH HE CYMEJ1 JOCTaTOYHO YOemauTENbHO BO3pa3uTh JIouMuUITY. Bo3MoxHo,
OH Mor Obl cKa3aTh <«nonpodyiite!».

Heckonbko ¢noB o napanokce LlepMeno. B coorBeTCTBHE C 3progudec-
KOi rumnoTe30ii nobdas perpe3eHTaTUBHAs TOYKA CHCTEMBI I0KHA paHO WIH
NO34HO TPOiiTH B HENoCcpeACTBEHHON ONM3OCTH OT KaX[IOH perpe3eHTa-
TUBHOM TOYKH ¢$Ha30BOIr0o MPOCTPAaHCTBa, BKIIIOYas TOUKH, NPEACTABNAIOIHNC
HEpPABHOBECHBIE COCTOSIHUS. DTO 3HAYMT, YTO B XOA€ CTATUCTHMYECKOTO 10~
BbILLEHUS 3HTPOIMU B XO[€ 3BOMIOIUH CUCTEMbl JOJIKHBI CYIIECTBOBAaTh
CTAIUU CIIOHTAHHOIO NMOBBLILIEHUA IHTPOMNHH.

PaccMOTPHM TILATENBHO 3KCIEPUMEHT ¢ oTpaxeHueM. [Ipexne Bce-
ro, HeoOXOIMMO OTBETUTH Ha BOMPOC: KaK BO3HHKAET TepMOAMHAMMYECKAs
HeoGpaTMocTs? 5 IyMalo, 4TO HaHGONeE YETKUI OTBET MOXHO HaHTH B pa-
6oTax PoturreitHa. B nanpHeiiiiem g Oyay 4aCTHYHO CJI€0OBaTh IO €T0 IIYTH
(cM., HanpumMep, [25]).

BeprieMcs K HHGOPMAUHMOHHOI MHTEPIIpETaLlMM 3HTponuU. B Hayke
CYLIECTBYET TONLKO OIMH criocold monyyeHuss MHGopMauuu O yeM-aubo:

w
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usMepeHue. U3MepuTh — o3HavyaeT yMeHbIIUTh BO3MOXHBIH HaGop pe3ysib-
TaToB, TIOHU3UTHL allPHOPHYIO HeolpeaeaeHHoCcTh. CrtaTUCTHYECKAsE SHTPO-
nusa no bonbiMaHy ecTh He YTO UHOe, KaK WMHGOpMAanud, HeaocTawas
U1 TOJIHOTO OIMUCAHUS CUCTEeMBl, T.e. IJIS onpeaeNeHUst YHUKAIBHOIO
MUKPOCOCTOAHUS CUCTEMBI U3 HEBOOOPA3MMO OTPOMHOTO YMCJIa MHKPOCO-
CTOSIHU, «TIpUHAIEXauMx» JAaHHOMY MakKpoCocToAaHUI0. HayHeM ¢ aByx
4acTO UCIONb3YEeMbIX 3KCHEePUMEHTAIbHBIX [IPHUME POB.

Ipynmna crioprcMeHOB ToTOBUTCS K cTapry. OHU BBICTPOEHBI B OAHY
JUHWIO W HA4YHHAIOT Oer B MOMEHT BpPEMEHH f, IOCJ€ BLICTpesia cTapTe-
pa. 9rta yHnopsao4eHHOCThb [OCTENEHHO TepseTcs (HEKOTOpble CIIOPTCMEHBI
Geryr ObicTpee, Apyrde — MemieHHee). B MOMeHT BpeMeHH t, craprep
CHOBAa CTpeJsieT, U BCE CHOpTCMeHbl foBopauyuBaloTcd Ha 180° u Geryr
K CTapToBOd JMHWH. OYeBUAHO, B MOMEHT BpemeHu ¢, = 2t, — t, rpyn-
fna CrOpPTCMEHOB BO3BpalllaeTCS B UCXOOHOE YIOPSAAOYEHHOE COCTOSHUE
(Bce BBICTPOEHBI B OfHY JMHHIO). Ha camoMm gene craprep mpoxenbiBaeT
c OeryHaAMHU TO Xe «OTpaXeHHe», KOTopoe ObUIO MpemioXeHo JIomMuaIToM
JUIE CUCTEMbI YACTUII rasa,

Teneps BO3BpauieHHE K UCXOAHOMY YIIOPSIIOYEHHIO {[MOHMXKEHHE 3H-
TpoNuH) OOBACHSAETCS TeM, YTO OeryHbl MMeJU pa3Hble CKOPOCTH, ObUin
PasIMYHEIL, H TeM (PAKTOM, YTO ITH PANTMUUA COXPAHAIOTCA OT BPEMEHH i
0 BpeMeHHU t,. BaxXHO OTMETUTD, 4TO HCXOAHOE YNOPSIAOYEHHOE COCTOSHUE
rpynnbl 6eTYHOB GBUIO CEUHATBHO MPUIOTOBIEHO (MX BHICTPOWIN).

Caenyomuii npuMep Takxe WLUTIOCTPUpYET (U3MYECKYIO CYUIHOCTD
napanokca JlommMuara. bonee 50 ner nasan E.JI. Xan npoBen Gnecrsuue
3KCIIEPUMEHTH C UCITONIb30BAHUEM TEXHUKU SIAEPHOIO0 MAarHUTHOIO pe3o-
HaHca (IMP) [26]. OGHapyxeHHOe siBIeHME GBIIO HA3BAHO «CITHHOBHIM
3XOM» U ObUTO 3aTeM HEOJHOKPATHO BOCIIPOU3BEIEHO BO MHOTHX Jaboparo-
pusix. OnucaHue U aHaIM3 3Toro 3pdeKTa JaHbI B CAEAYIOWEM ITaparpade.

ScHoe moHumaHue nmaparpada 3.5.2 MOXeT OKa3aThCs 3aTpyAHHTENb-
HBIM 19 YMTaTeneil, He 3HaKOMBIX € Teopuer U TeXHUKOW MeTtoma AMP,
B 3TOM ciyyae ero MOXHO MpPONYCTUTh.

3.5.2. CnuHoBOE 3X0 U napanokc Jlowmuara

IIpu Kparkom onucaHuu Meroga AMP s orpanuyych b abcoMoOTHO
HeoOXxonuMoil HHpOpMaLUe.
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B xavecTBe mpocTeiilero npuMepa BulbepeM AIpo Boaoposa — Ipo-
toH. [IpoToH o6namaeT COOGCTBEHHHM MEXAHHUYECKHM MOMECHTOM «CITH-
HOM» 8§ YW COOTBETCTBYIOIIMM COOCTBCHHBIM MATHUTHBIM MOMEHTOM 7.
JIpyruMH CJIOBaMH, NIPOTOH MOXHO paccMaTpuBaTh, KaK MAleHbKMH Mar-
HHUT C CEBEPHBIM U IOXHHIM Tomocamu. MardHuTHeIH MOMEHT IIPOTOHA
NPONOPLIUOHANIEH €I0 MEXaHHYECKOMY MOMEHTY, H HUX OTHOLUCHHE («rn-
_POMATHHTHOE OTHOINEHHE») §/m, 00O3HAYaeMOE OOBIMHO 7, SABIACTCH
‘pa3MepHOil KOHCTaHTOM. 3HayeHHe SIEpHOT0 MarHUTHOr0 MOMEHTA IIpo-
YOHa B ONpeleNeHHBIX eIWHHLIAX (TOYHOE 3HAaYeHHE [UIA HAC HE BAXHO)
paBHO !/; (TaK Ha3biBaeMoe CIIHHOBOE KBAHTOBOE YMCIIO). B MarHMTHOM
MOJie M W, COOTBETCTBEHHO, § MOTYT UMETh PAaTHYHBIC NPOCKIIHH Ha Bbl-
6paHHYIO OCb KOODIMHAT, HANpHMep, 7, M 8,. DTH BEJIHYHHB TaKKe
KBAHTYIOTCS W U1 TIPOTOHA MOTYT UMETh TOJbLKO CIEAYIOLIME 3HAYUCHH:
m,=s8/y==x, 5, =1/

Iing aHcaM6ji1 U3 MHOTHX IPOTOHOB B OTCYTCTBHE MArHUTHOTO IMO-
75 OPUEHTALMM MATHUTHBIX AWUMONEH OTAENbHBIX IMPOTOHOB XAOTH'HBKI,
H TI03TOMY CYMMAapHblil MATHWTHBIH MoMeHT M = ¥Xm, = 0. B nipu-
CYICTBUM TNOCTOSHHOTO MarHuTHOTO mnond H,, HanpaBI€HHOIO BAONb
OCH 2, SHEPTHH MPOTOHHBIX MOMEH - A
108 M, = + /2 (Hanpasnenue npo-
tus H,) um, = —!/2 (HanpaBleHue m,=-—1/2
pronb H;) paaiMuHBl ¥ COOTBET-
CTBYIOT OBYM 3€eMaHOBCKHM YpOB-
‘HaM (3eeMaHOBCKOE pacilielUIeHHeE,
cM. puc. 3.4).

To Xe camMoe BEpHO U A
CYMMApHOI'0 MAarHMTHOTO MOMEH-
Ta M u ero npoekuuii. Pacmerne-
HHEe Mexiay 3¢eMaHOBCKMMH YpOB-
‘HaMu AE Bo3pacTaer JHMHEHHO € Puc. 3.4. 3eemaHoBCkue
BEJIMUMHON MarHUTHOTO nionst H: YPOBHY NPpOTOHA

AE =2 H,. (3.5)

OHeprus

MaruutHoe mmose (Hy)

3nech p, — TaK Ha3biBaeMBblii ANCPHBII MAarHETOH, K, = eh/4xMc,
rae e u M — 3apsj ¥ Macca IIPOTOHA, COOTBETCTBEHHO, A — NOCTOgHHad
TInaHka U ¢ — CKOPOCTBb CBETA B BaKyyMe.

'W
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AE MoXeT GbITh TAKXE BbIPAXEHO B €qUHMIIAX yacTOThl, ¥ = AE/h.
Dra vyacToTa HasbiBaercs JlapMopoBCKOi.
B OTCyTCTBHE MHEpeMEHHOTO 3JIEKTPOMArHHTHOTO IIOAS paBHOBEC-

Has HaceJIeHHOCTb 3eeMaHOBCKHX YPOBHE{ VIOBJIETBOPSET pacnpeaejicHUIO
BbonsumMaHa

n[ e2ﬂIHo

n, kgT'
3nece n; W n, — HaceJICHHOCTH HMKHETO H BEPXHEro 3eeMaHOBCKHX
3HEPreTUYECKUX YpPOBHEH, COOTBETCTBEHHO. B COCTOSIHUM TepMOOMHAMM-
YE€CKOTO pPaBHOBECHS BCEH CHCTEMBI 3TO OTHOIIEHHE OYEHb OJIM3KO K €IH-
HuLe (npH KOMHaTHO# Temmepatype U Hy = 20 000 Ic oHO MeHbIIe YeM
14+1,5-1079).
[MoBbllIeHHE pasHUIILI HACEJIEHHOCTEil BepXHero U HMXHero 3eema-
HOBCKHX YPOBHe#l nocie BKAw4YeHHsi H,, TaK Xeé KaK H €€ IOHIKEHHE
Toe BEKTIOYEHO riocae BuIKIOueHus H;, npouc-
M(np.en.) ; XOOST HE MIHOBEHHO. BeauuuHa
CIIMHOBO HaMarHUYE€HHOCTH Ma-
Jla, W TIOBOPOT CIMHMHOBHIX Mar-
HHUTHBIX MOMEHTOB B MATHHUTHOM
none (nmuGo BIONbL mONA, JIUGO
B IPOTHBOIIOJIOXKHOM Harpasie-
HUM) TpeGyeT oOMeHa KBaHTAMHU
3HEPrUU MeXNy CMUHOBO#M CUCTEe-
‘ Bpems (np.en.) MOM M OKDYXKAIOILMMH arOMaMH
[Tone (pemeTkoii). DTOoT OOMEH peanu-
BKILIOICHO 3yeTcd C [MOMOIIbIO OPOUTAIBHBIX

Puc. 3.5. Kpusbie penakcaumv Hamarsm- MarHUTHbBIX MOMCHTOB JJICKTPO-
YEHHOCTU NOCNE MIrHOBEHHOMO U3MEHeHWs  HOB. Takoe cITMH-pelleTOYHOE B3a-

.BHElWHero marHutHoro nona (Hy): a) Hy  ymopeiicTBue I cUcTEMbI spep-
BKNIO4EHO, 6) Hy BLIKMOYEHO HbIX CITMHOB KpaiiHe cnado. Bpems

(T,) penakcaunu HaMarHH4Y€HHO-
cru (M) nocne BhiKmioyeHHs H,, Ha3BIBAIOT CHHH-PEUIETOYUHBIM HIIH
NpONOAbHLIM BPEMEHEM penakcauMy. Pelakcanus o4eHb MepieHHa (TH-
muunble 3HadeHus T, — or 107> no Heckonwskmx cekyHa). Ha puc. 3.5
NnpeacTaslieHa pejlakcapMoOHHas KpuBas M rniocie ObICTPOro H3MEHEHHs

(3.6)

| a)

| 2 i 1 i L i

= -~ - "~ ~"" -
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BHeUiHero MariutHoro nonsa H,,. Cornac-
HO rpaBuiiaM bopa mononHuTensHOE rne-
PEMEHHOE 3JIEKTpOMarHuTHOe mone H,
JlapMopoBckoii 4acTOTRH ¢ MarHWUTHBIM
KOMIIOHEHTOM, TepreHauKynapHeiM H,,
BBIZOBET JIEpeXObl MeXay 3eeMaHOBCKH-
MU ypoBHsMH (puc. 3.4). HaceneHHocTb
HIDKHETO 3eeMaHOBCKOINO YPOBHA CJierka
GoJiblile, YEM BEPXHErO, B CBSI3H C YeM YH-
c/io H, -MHAYLMPYEMBIX MEPEXOIOB BBEPX
Oynet cnerka Oosplie, yeM BHHU3. PagHo-
4YacTOTHasi MOILHOCTE OyIeT noromarb-

AMP curnan

—-OH

i

i
T

MarumuTHoe nosie

Puc. 3.6. Curnan fMP

cs, ¥ ¢ nomoilsio AMP cnekTpoMeTpa M cMOXeM yBHIeTh cHrHan SIMP
(puc. 3.6). Pasnnume HaceleHHOCTEH BEPXHETO M HIDKHETO ypoBHeiil Oy-

x

Puc. 3.7. Npeueccus CyMMapHOTo MarHuT-
HOro momeHTa M nop KeHCTBUEM MarHuT-
Hutx none Hy um H,

JeT MOHUXATHCS A0 TeX Nnop, no-
KA MornoijacMas paJauoydacToT-
Hag MOUIHOCTh HE CTaHEeT paBHOM
IHEPTHH, Nepexonsiiieil 3a eTUHH-
IIY BpeMEHK B TEPMOCTAT C TOMO-
B0 CNUH-PELUETOYHOM peNiak-
CallMH.

310 OBLIO YIIPOLLEHHOE ONK-
CaHHE MNpolecca B paMKax KBaH-
TOBOII MeXxaHMKH. YToOBI INOHSATH
HMITYJTbCHBIE 3KCMEPUMEHTB! CO
CITHHOBLIM 3XOM, YrobHee Hc-
NoJb30BaTh IONXON KJlaccHYec-

Kol dU3MKHU.
ITapaMaruuTHaa Yactula —
MPOTOH, 3JEKTPOH — 3TO 3Je-

MEHTApHBIIl MArHKWTHBHIH MOMEHT
m, OCylleCTBAs oMt JlapMopoB-
CKY10 IPELIECCHIO BOKPYT OCH, Ta-
panenstoit H,. 310 Xe crpa-
BEANUMBO U I CYMMapHOro Mar-
HuTHOro MoMenta M (pwc. 3.7).
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JIapMOpOBCKast yacToTa 3aBUCHUT OT BEJIMYHUHBI SIepHOTO MAarHUTHOIO MO-
MEHTAa B OT BHEIMIHEro MarHuTHoro nojist H,, HO He 3aBUCHUT OT YIJia MEXIY
BeKTOpaMu m wid M u H:

V=

2mH,

- (3.7)

[IpeLieccHsi CyMMapHOTO MarHUTHOIO MoMeHta M rox aeiicreuem H. 0
1 H, nokazaHa Ha puc. 3.7. Hanuuue H, IpUBOAUT K KPYTOBOMY BpaiLEHHIO
M 1o nopepxHocTH KOHyca ¢ JIapMOPOBCKOI 4acTOTOM, IpONopIHoHaib-
Hoi H,.

BHe ycnoBuii pe3oHaHca, KOraa 4acTora nepeMeHHoro nojs H, or-
nuyaercst or JlapMmopoBckoii, curdan AMP He HabGnozaercs. «ZlononHu-
TeJIbHOE» MoJie H | NMpUBOIUT K NOSBIEHHIO «[T0BOPAaYHBAIOILIEFO» MOMEHTA,
oTKJOHsOEro M OT ucxoHoro HarnpasneHust (puc. 3.7).

Jlo cux nop peys Iu1a 0 4YacToTe JIMHEHO oI pU30BaHHOro ronst H, .
DTO0 none, ogHAKO, CJaraeTcst U3 JABYX Monei, BpawaouMxcsa ¢ 4aCTOTOH w
BOKPYT OCH 2 B IPOTHBOIIONIOXHBIX HanpabBiaeHusix. [lone, HanpasieHHe
BpallleHHs KOTOpOro COBMNANAeT ¢ HaNpaB/JeHUEM MpeLecCUu M, B3auMo-
aeiicTByeT ¢ nmocaenHeil. BausiHue mpoTHBONOIOXHO Bpallialouierocsd nosis
npeHe6peXuMo MaJlo. -

BHe ycroBHit pe3oHaHca (w # w,) 3HaK «I10BOPavYHBAKOLLIETO» MOMEHTa
NEPHONUYECKH MEHSETCSH C YaCTOTOM W — w, M YCPEIHAETC BO BPEMEHH
10 Hyns. B ycnoBusiXx pe3oHaHca (w = w,) NMOBOpaYMBAIOIIMH MOMEHT
AeCTBYeT BCerga B OQHOM HallpaBlieHMH M WU3MeHsieT yronl 6 Mmexay M
H OCBIO 2. DTO NPUBOAUT K NOIJIOMIEHWIO HJIH BbIIETIEHHIO S3HEPTUH (B 3aBU-
CUMOCTH OT YIJIa «IIOBOPauMBalOIIErO» MOMEHTA). BenuunHa u3MeHeHus 6
MPONOPIHOHAIbPHA 3HAUeHHI0 H, WM WHTepBaly BpEMEHH €r0O ACHCTBHSI.
BaxHO OTMeTHTB, 4TO BekTOp H, BpamlaeTcs B IIOCKOCTU T—Y (pHC. 3.7).

OrnenpHble silepHbie CIMHbI ITOABEpralOTCsl JEHCTBUIO HE TONbKO
BHeLIHero nonsi H. Ha HUX BIMAIOT TaKXe 3HAYMTENbHO Gosiee calble j1o-
KaJibHble MAarHUTHbIE MO APYFTUX SIAEPHBIX CIIMHOB, a TAK)KE€ MarHUTHblE
MO, BhI3bIBa€Mble IBHDKEHHEM 3JIEKTPOHOB OKpYXAIOUIMX aTOMOB. Jfo-
MIOJIHMTENBHO K 3TOMY, Os1aronapsg Hen30exXXHOH HeoqHOpoaHOCTH nonst H ),
JIOKaJbHBIe MAarHUTHBIE TTOJIS CJleTKa OTJIMYAOTCA Ui pa3HBIX SIA€PHBIX CITH-
HOBBIX MArHUTHBIX MOMEHTOB. Bce 3T0 IpHBOIMT K HEOOJIBILIMM pa3IMIHAM
yacToT JIapMOPOBCKOIt MpEeLeCCHH pa3NMUHbIX CIMHOB. MOXHO cKa3aTh,

e SRR S e e
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YTO Ha OTAEJIbHBIN ¢ -i AllepHbIi cIMH neiicTBYeT MarHUTHOE none Hy+0H,,
rae 6H; — nONOMHUTENLHOE NOKAIBHOE Ioje. 3Ta CUTyalust aHATOTHYHA
ONMCAaHHOMY paHee IpUMepY ¢ OeTYHAMH, HMEIOIIMMH Pa3HbIE CKOPOCTH.
HTaK, Ha cHcTeMy sifIePHEBIX CITMHOB JEe#CTBYIOT TP MarHUTHBIX TTOJIA
pa3usix Macmrabos: H, — o6biuno okono 10* It wm Bhime, H, — okorno
107* It (s He UMNYTLCHBIX 3KCNepUMeHTOB) U 6H; — o1 1 10 5 It
Bo3zeitcTByeM Ha Hawl obpasen; KOPOTKHM 3NEKTPOMATHUTHBIM HM-
AyJibCcoM JIapMOPOBCKOI 4acTOThl, MATHAUTHOE II0JIE KOTOPOTO HaIlpaBie-
HO BOOJIL OcH . MMIlynbC HACTONBKO KOPOTKHIif, YTO CITMHOBAA CHCTe-
Ma HE€ YCIeBaeT WU3MEHHUTDb pacrnpeieyeHe JIOKAIbHBIX MarHUTHHIX Mojei
U OpHEHTAMH MarHUTHBIX MOMEHTOB OTEJbHBIX CITUHOB, TUNMHYHOE BpeMs
3TOi cnuH-cnuHoBoi penakcaumn (T),) coctabisier ~ 107* c. B To xe Bpems
HMITYJIBC JOJDKEH OBITH JOCTATOMHO UIMTENBHBIM, YTOOBI YCIEeTh TOBep-
HYTb BEKTOpP CYMMapHOi HaMarHudeHHocTd M Touro Ha 90° (ch. cXeMy
3KCnepuMeHTOB XaHa Ha puc. 3.8). MarsuTHoe nosie 90° UMnynbca AOCTH-
raet 100 Ic, T1.e. ropasno Boime, yeM §H,. IToaToMy Bo Bpems IeicTBHS
3TOT0 MMITYNbCA Mbl MOXeM 3a0bITh O CyllecTBoBaHUM SH;, NOCKOAbKY
BCE€ OTHEJIbHBIE CITHHOBBIE MATHUTHbBIE MOMEHTHI NIPOYHO MPUBA3aHHI K HM-
MyA5CHOMY MarHUTHOMY nomo. MoXHO cKa3aTb, YTO UMIYJbC [TPUBOIUT
K Heu36exHo# dpa3upoBKe CITUHOBON CHCTEMEIL. Tenepb CIIMHbI MIPEIeCCHpY -
IOT BOKPYT OcH Yy (cM. puc. 3.8 @) 1 maior ucxonHblit curHain AMP (puc. 3.9).
ITOT KOPOTKUI UMITYIBC UTPAeT pojlb BHICTPENA cTapTepa B MpUMepe
¢ Gerynamu [27], u Bce oTnenbHble sgepHble MOMEHTHI HauMHAOT JlapMo-

Puc. 3.8. Cxema akcnepvmMeHTOB XaHa
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Hacts 1. MNpegsapurensubie 3ameyanus

I N (W

‘CurHan
[b—1—T L
9%0° 180°

MMIYIABC HMITYJIbC
Puc. 3.9. CnuHoBoe 2x0

POBCKYIO nIpeneccuio B oaHoi ¢ase. OaHako, U3-3a BHILICYTOMSAHYTHIX NP~
Y#H (HEOTHOPOIHOCTh MATHUTHOTO NMOJA W JIP.) MOC]€ HMITYJIbCa BCE Crik-
HOBBIE MOMEHTbI OYIyT HMETh PA3H4Hbie OpUEHTAUUH OTHOCHTENbHO H,.
HamariuyeHHOCTb BOO/Ib OCH Y YMeHbllaeTcs U ucuesaer (puc.3.86), u,
cnenoBarenbHo, curdan SIMP ucuesaer Taxke (puc. 3.9). Cmax 3Toro cur-
HaJIa XapaKTepH3yeTCs BpDEMEHEM CITUH-CITHHOBOI penakcauuu T,, KoTopad
HaMHOI'0 KOpoue, YeM BPeMs CIIHH-peLIeTOUHOM penakcanuu 1. B onpene-
JIEHHOE BpPeMsI T, TTOCBUIAIOT BTOPOIik paauovacToTHbii uMnyibe (180° nm-
MyJbC), KOTOPBIA MEHAET HarpaBlieHKe IpeecCuu Ha obpaTtHoe (puc. 3.8 6).
Ilocne 3TOr0 paziMyMa B OPHUEHTAIMH CHMHOB HAYHYT YMEHBINATHCH,
M B MOMEHT BpPEMEHH 27, CITHHOBHE MOMEHTEI OKAXYTCSI CHOBA B HCXOMHOM
dasze (puc. 3.82 u 3.80). Y BosHuKHeT cHoBa curHa SIMP (cnuaoBOE 3XO0).

C nepsoro B3risia MOXeT MOKA3aThCd, YTO ITOT IKCIECPHUMEHT TOUHO
BOCNPON3BOIUT CUTYALIHIO napafokca Jlommuara. focne nepporo UMNyb-
ca CTUHOBAs CHCTEMA YMOPSAAOYHBAETCA (BCE CTMHBI HAYMHAIOT MIPELECCHIO
B OJHOIi (ha3ze). DHTPONHUSA CIIMHOBOM CHCTEMBI B 3TOT MOMEHT MaJia. 3aTeM
HAYMHAETCS CIIOHTAHHAsA peakcanus K HeYNopsigoueHHOMY COCTOSIHUIO,
M OO MOMEHTa BPEMEHH 7 3JSHTPONHSA CHCTeMbl Bo3pacraer. Ilocne BTO-
pOro HMMIIy/AbCa 3HTPONUS CIHUHOBOM CHCTEMBI CHOHTAHHO MOHUXAETCH
0 MUCXOAHOTO MHHHMMAJBHOTO YPOBHS.

Y10 01MGOYHO B 3TOM pacCyXACHUU?

3HavueHHe CYMMapHOii HaMarHU4YeHHOCTH M B TeyeHHe BCEro MHTEp-
BaJia BpEMEHU 27 HENPEPHIBHO MOHMXAETCA H3-3a MEUICHHOM CITHH-peLIe-
TOYHOM penakcauuu. Ecid rmocJie mepsoro MMIysabca 3KCIepUMeHTATOp MO~
JOXIET JOCTATOYHO JOAI0, TO 3HAYeHHe M IOHU3UTCA IO BEJUYHUHbBI, COOT-
BETCTBYIOLIEH PABHOBECHOMY COCTOSIHHIO MepEA MEPBLIM UMIYJILCOM U pa3-
HHLA HaceJeHHOCTe 3eeMaHOBCKUX YPOBHEH OymeT CHOBA YIOBAETBOPATH
3aKoHy pacrnpenenerus bonsimana (3.8), u ciurdan AMP ucuesser HeoBpa-

50



Fnasa 3. Benukue napafiokcol puavku u 6uopuanyeckve npobnemb

THMO. B T€YCHHE BCEro BPEMEHHM OT MECPBOro MMIIYIbCA X0 MOSBICHUS CHI-
HaJla 5Xa B MOMCHT BpeMEHH 27 U30BITOK 3HCPIrHHM CHCTEMBI SICPHBIX CITH-
HOB JUCCHITHPYET. YIOPSIIOYEHHOCTh CITMHOBON CHCTEMBI IO OTHOIICHHIO
K MPEANOYTHTENLHOH OPHEHTALIMM MOMEHTOB CITHHOB BIONL OCH H |, mocre-
NEHHO MOHMXACTCHd, M IMO3TOMY SHTPOMNMUSA CIIMHOBOM CHCTEMLI B MOMEHT
BpeMEHHM 27 OyXeT HCMHOTO BHILLIC, YEM Cpasy IMOCE MepBOro MMIYJbCa,

B navane Bcero npoiiecca ClIMHOBasA cMCTeMa He O6bUia XaoTHYHOU. Ee
YHOPSIAOYEHHOCTH OblIa CMCHHUAIBHO PUTOTOBJICHA MEPBHIM MMITYJIBCOM.
[IpuroTroBneHa B TOM X€ CMBIC/IE, YTO M BBHICTPAaMBaHHE OCTYHOB nepen
craproM. Cpeny OrpoOMHOIO KOJIMYECTBA BO3MOXHBIX pacrnipeneneHuit Jlap-
MOPOBCKHX YacCTOT MeXAY CITMHaMH MEPBHIH HMIYILC BHIOMPACT TONBKO
oxHy (B uacane). DTo O3HAYAET, YTO MEPBOE BOIHMKHOBEHHE cHrHaia MP
COMPOBOXAACTCH MOHMXKCHHEM SHTPONMHU. B TeyeHHe BCEX MOCACIYIOLIMX
CIOHTAHHBIX PENAKCAIIKOHHBIX MPOLIECCOB SHTPONHUS CITMHOBOM CUCTEMBI
BO3pacTaer.

KoOHeYHOe COCTOSIHHE CITHHOBOHW CHUCTEMB B MOMEHT BpPEMEHH 27
‘He MOXET ObITh MOJIYYEHO M3 XaOTHYHOIO COCTOSAHHS. DTO COCTOSHME ObLIO
NPUIOTOBJICHO C CAMOI0 Havyala, HO OBUIO HEYNOPSIOYCHO M3-3a CIIMH-
peleTOYHON peJlakCcaluH.

B 3ToM npuMepe 3HaYCHHE HAMArHUYCHHOCTH M HrpacT poJib MakKpo-
COCTOSHUS CUCTEMBI, M €¢ SHTPOIKS CIIOHTAHHO BO3PacTacT IMOCJ¢ MEpBOro
HMITYJIbCA B COINIACHH CO BTOPHIM 3aKOHOM TEPMONHHAMHMKU. PaznuyHbIC
PACTIPERCICHUS OPHEHTALIMH OTACABHBIX CIIMHOB (T. €. pacnpenencHus Jlap-
MOPOBCKUX YacTOT) SIBJIAIOTCS BO3MOXHBIMH MHKPOCOCTOSIHHSIMH CITHHO-
BOH cucTeMbl. B OoTCyTCTBHE CITMH-CITMHOBOIO B3aMMONCHCTBHS, NpH HAC-
WIbHO MOHOXPOMaTH4Y€CKOM H| M T. I1. MHUKPOCOCTOSIHHME, IIPHIOTOBIEHHOE
BEPBLIM HMITYILCOM, OYIAET COXPAHATBLCSH, T. €. «HA SI3bIKE MUKPOCOCTOSTHHI»
SHTPOIMUA CUCTEMBI OYIET MOCTOSIHHA.

B cBoeMm napanokce orpaxenus JIOMIMHAT HA CaMOM JEJie pacCMaTpH-
BACT MHKDPOCOCTOSIHHMC CHCTEMBI, CUMTas YPaBHCHUS NBUXCHHA HCH3MCH-
HBIMH. DTO MOC/eqHee MPEIIONOXeHHE SKBHBAICHTHO TOCTYIAaTy 00 OT-
EYTCTBHM CITHH-CITMHOBOIO B3aMMOACHCTBUA B OITMCAHHOM BhIlLE 3¢ dexTe
CIHHOBOIO 3Xa.

B 3axmoyeHne MOXHO cKa3aThk, YTO cniop bonsumana ¢ JlomMuaToM
B CYHIHOCTH HOCHNI CEMAHTHYE€CKUIl XapakKTep. OHM FOBOPHUIIM O pa3HBIX
BeLUAX, MCIONb3ysd ORMHAKOBYIO TEPMHHOJIOTHIO,
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BsengeHune. CMmbiCn CNnos

Ctporo roBopsi, B Hayke H€ CYUICCTBYET IMOJHOCTBIO PEIIACMBIX
npob6neM. Kaxnasi BeTBb HayKu o0pasyeT HEpapXUUYECKYI0 KOHCTPYKLHIO.
B ocHOBE KaXnoi BETBHM HAYKH JICXKAT IMOCTYIaThl, KOTOPble HE MOI'YT OBITH
JAOKa3aHkI («3aKOHBI TIEPBOTO pofa», CM. BHILie). Bee mpyrue 3aKoHE MOTYT
OBITH TOTMYECKH BhIBEOCHH M3 3THX NOcTynAaToB. CBeneHUe HabMoOnaeMbIX
¢axkTOB MM 3aKOHOB BTOPOroO poAa K MOCTyJiaTaM Ha3biBaeTCA MOHUMAHHEM
WK OOBSICHEHHEM.

B ocHOBe H3NKHK JIEXHT HECKOJHKO MTOCTYNATOB. I HAMepeHHO orpa-
HHYMBAIO pacCyXACHHS (H3MKOH. BCE HAPYIrHe 4YaCTH €CTECTBEHHBIX HayK
(BKIIOYas XMMHIO), HE TPEGYIOT CMELMATBHBIX ITOCTYNATOB, KpoMe (PH3u-
YECKUX.

Bonpoc o peniaeMocTH UM HEpEIaeMOCTH OHOGH3INIECKUX NpobaieM
CBORMTCSI TaKUM 00pa3oM K CIEAYIOIIEMY BOMPOCY: MOXHO JIM MOHATH ¢e-
HOMEHBI XHUBOH MaTepHH, T. €. MOXHO JIH CBECTH MX K IMEPBHM MPUHLIHIIAM
¢u3uxn. C TOUKM 3peHMs] aBTOpa, HEKOTOPHIE — MOXHO, a HEKOTOPHIC
(HEMHOTOUMCNIEHHBIE, HO BaXHBIE) — HENb3g., UHMCIO peliaeMBIX, HO eIe
HE ITOJIHOCTBIO PEUICHHKIX OHOopH3INYecKUX NMpodNeM OYeHb BENHMKO. MEI
oOCymuM 31eCh TONBKO JBE M3 HHUX, KOTOpBIE, ¢ TOYKH 3PEHHS aBTOpa,
Haubonee akTyalbHBl H MHTEPECHB! B PaMKax COBpPEeMEHHOU GMOPHU3UKH.
DTO, KOHEYHO, JEN0 BKYyca.



[(nasa 4

lNpobnema cTpenok
Ha 6uoxumMm4IecKux cxemax
peakunu

4.1. NMoctaHoBKa NpooGnemsol

Ha puc. 4.1 npencrasieHa onHa U3 O6eCYUCIEHHBIX CXeM OMOXUMHYEC-
CKHX peaxklMi, KOTOpPble MOXHO HAWTH B JIIOOOM y4yeOHUKE OUOXUMMH.
Mpbl BHIAMM XUMHYECKHE BCLIECTBA, KOTOpBIE IPEBPALIAIOTCS B IPYIue
C moMmouIplo crienuduyeckux Katanusatopos (dpepMenton). CTpenka yka-
3bIBACT HAM, YTO BO YTO MPEBPAIIAETCA MOX JACHCTBHEM CHEIUPHYCCKOrO
depMeHTa. DTa CcTpEenKa M €cThb M300paXeHHEe XUMHYECKOro IMpeBpalie-
HUA. YTOOB! BBIAICHHTHL MEXaHH3M (EPMCHTATHBHOIO KaTajiu3a XUMHUEC-
KOH peaxknMMi, HEOOXONUMO 3HATh MEXAHU3M JEHCTBHsS (epMeHTa, OCy-
LIECTBISIIONIEr0 NaHHYI0 peakuuio. Mbl yBUAMM HHXE, YTO MOJEKY)a
Kaxaoro d¢gepMeHTa ecTb (akTHYecKHM MAlIMHA, peau3yloiliass KaTasjiu-
3HUpYEMOe XUMHUYECKOE rpeBpailieHHue. HYToObl HOHATH CMbIC] OHOXHUMHU-
4eCKUX CXeM, YYCHBIH HOJIKEeH 3HATb KOHCTPYKUHMH M crocoObl (yHK-
HMOHHPOBAHUS Kaxnoro pepMeHTa Ha 3TUX cxeMax. ApyrMMu CIOBaMH,
KaXxaasi CTpenkKa HNO/KHA OBITh acCOUMUpPOBAHA C KOHKPETHOW MOJIEKY-
JSApHOM MalIMHOW. B HACTOsIlee BpeMst SICHO, YTO 3Ta 33/laya MOXET
ObITh BBIMIONHEHA, YTO 3Ta npobiema OGuonorvyeckoil (QU3MKU peluae-
Ma. B TedyeHMe mocaegHMx neT nogoOHast paboTra ObIyIa BBINOJHEHA ISt
psiga OvoxuMmMueckux peaknuii. Ocraercs HccienoBaTh €lie He OIHY
THICAYY. DTHM CTOMUT 3aHsIThbCcsl PU3IMKAM, H3y4dalOuMM OHMONOrHYeCKUE
npobieMBbl.
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4.2. Kak? Mouemy? 3auem?

Koraa ¢u3MK Mccnenyet HeXHUBBIe O00BEKIbl, OH MOXET 3a1aTh JBa
OCHOBHBIX BOIpoca: xak? M mnmouemy? HampuMep, oH MOXET CIIPOCHTB:
«KakK pacrnonoxeHnl 1IeCTh aTOMOB VIJIEpPOAA M 1eCTh aTOMOB BOMOPOXA
B Monekyne 6eHzona?» Y nmonyuuts orBeT: «Bce 3TH aTOMbl JIeXaT B OGHOM
IJIOCKOCTH. ATOMBI YITIepojia 00pa3yioT reKCaroHAJIbHOE KOJBIIO ¢ aTOMaMH
BOZOPONA, CBA3aHHBEIMHM C aTOMaMH yriepona mox yrnamu 120° K cBs3saMm
C—C>». INocne 31oro pusuk MoxeT crIipocuTh: «[loduemMy Monekyna GeH3ona
MMEET TaKylo CTPYKTYpY?» M Moay4uTh orBeT: «[loToMy 4TO 3Ta CTpyKTYypa
COOTBETCTBYET MHHHMAJILHOMY 3HAYCHUIO SHEprUuM». Bomnpoch THNa «Io-
4YeMy» MOXHO fPOAOKATh 10 TeX Mop, HoKa He OYAECT JOCTUTHYT ROCTYNAT:
«3TO TaK, [TOTOMY YTO 3TO Tak!», U BCE OYAYT CYACT/HBHI.

Korna ¢pu3mMK uccnelyeT XUBbIC 00bEKTH, KOMITOHEHTH XXUBBIX OOBEK-
TOB WIM BEIllM, CIICIHHAJIBHO CIeNaHHbIe XHBEIMM O00heKTaMH, MOXET ObITh
3aJlaH HOBBHIHM Borpoc: 3a4eM? Takoii BONpoC He MMeeT CMbICNA IS BCEX
JpyTUX O0BEeKTOB. Bhl MOXeTe CripocHTh: «3a4eM B MOeM aBTOMOOHIIe CTOUT
MOTOp?» U FONYYUTH OTBET. «JIns Toro, 4yToObl BBIMONHATE CBOK (YHK-
IO ~—— MO3BOJIUTh MHE €XaTh». Bbl MOXeETe CIIPOCHUTH TAKXKe: «3a4e€M B MO-
¢l KpOBH eCTh 3pUTpOUMTHI?» M nmonyyurs OTBET: «YTOOH BBIITONHATE HX
(GYHKUMIO — MEPEHOCHUTh MONEKYISIPHEIA KUCIIOPO/ OT JICTKMX K TKaHAM».

JpyriMu cnoBaMH, XHBbie OOBEKTHI, KOMIIOHEHTH XHUBHIX OObLEKTOB
H BelllH, HaMEePEHHO CACNaHHBIE XUBBIMH O0BbEeKTaMH, UMEIOT 1IENb, UMEIOT
CMBICIT.

KaxeTcsi TPMBHaJIBHOCTBIO YTBEPXKICHHKE, YTO XKHUBasA MaTe pUs BBICOKO
yiiopsgoyeHa. Ha caMoM fiene, ecnu M3MepHTh CTeleHb YNOPSIIOYEHHO-
CTH, HCIMOJIB3YSl 3HTPONMMHBIE eAMHHMUBI MU colepxaHue MHGOpMaLUH
(cM. BBILIE), OGHAPYXKUTCS, YTO YIOPSIOYEHHOCTh XUBOW MaTepUU He Ipe-
BBILIAET YNOPAAOYEHHOCTD JIIOOOTO HEXHUBOIO 06beKTa B KOHIACHCHPOBaH-
Hoit dase (1). BaxHo To, 4TO ynmopsAIOYEHHOCTh XUBOH MaTepUH, Nioboro
OMONMOTHYECKOro 0OBEKTA UMEET CMBICI.

Yto Takoe cMbicn? Kak MOXHO €030aTh OCMbICIEHHYIO HHPOpMaLUIo?
OnvH npoctoit nipumep [30]. UMeetcs ceild ¢ 3aMKOM, KOTOpBI MOXHO
OTKPHITh ¢ noMoniblo koga. MiMeercss HabGop mHoOxecTBa Lu¢pp or ¢ o 9
M YCTPOMCTBO, MO3BOJAIOLIEe BHIOPATh CAYYalHBIM 00pa3oM Tpu LUPPHI
H3 3T0ro Habopa. Mbl BBIOMpAeM TPU UMEPPHI U HMCIONB3YEM HMX KaK KOX
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3aMKa ceiida. Ilepex stoil onepaumeil mobasg MocaexOBaTENBLHOCTL TPEX
M p HUYEM HE OTIWYANACH OT APYIHX: BCE MOCNCHOBATCABHOCTH HE UMEIU
cMbicia. Micrmons3ys 3TH ciiyqaiiHO BhIOpaHHbIe IMPpH B KayecTBe KoOJIa,
Mbl TIPUAAJIH CMBICJ 3TOM MOCIEAOBATENIEHOCTH. DTOT CMBIC]I OYEHB MPOCT:
ATa MOCAEHOBATEIBHOCTL MOXET OTKPBITE CCitdp, a APYrUe — HeET.

B 3TOM nipriMepe OCMBICIIEHHOE YIIOPAIOUEHKE, OCMBICICHHAasd HHDOP-
Marus Oblla co3laHa 3alfOMHHaHHMEM clay4daifHoro BeIGopa. Mm MMeHHO
€031a)IM HOBYI0 MHGOPMAIIMIO, @ HC M3BIEKIM ¢¢ M3 iuyMma. Jlo BBeaeHHUS
CnydaiiHOW TpeXuM(ppoBOH MOCAEIOBATEIEHOCTH B 3aMOK celia HUKaKO
MHOpMAaLHMH O NPEINOYTHTENLHOCTH TAKOH 1MOCNEXOBATEbHOCTH HE Cyllle-
CTBOBAJIO. YMOPSAOYEHHOCTh 00pena cMmbici, HHopMalus Oblia co3faHa.
B pesynbraTe HENpencKa3syeMoc IpeBpaTUioch B Heu30exHoe. Koctnep
gutupyer Kommnosuropa Ilbepa byne, KoTopwlit cxasal, 4To npespaiile-
HHE HENPEACKA3yeEMOTO B HEH30€XHOC €CThb TBopuecTBo. He MckmoyeHo,
970 MPUHIMIT 3aITOMUHAHUA CIYYaHHOTO BBIOOpA JIEXUT B OCHOBE JNIOOOM
TBOPYECKOM aKTUBHOCTH.

CrnocoGHOCTE C03aBaTh HOBYIO HH(OPMAIIHIO, ITPHAABATh CMBIC] YIIO-
PSLOOYEHMIO, €CTh, BEPOSITHO, 00S3aTeNIbHOS CBOMCTBO XHMBOH MaTCpHH.
CucTeMbl, CrIOCOOHBIE CO3laBaTh HOBYIO, OCMBICICHHYIO HH(pOPMAIIMIO,
obnagaloTr M ApyrMM obiMM cBoiicTBOM. OHM coAepXaT OCMBICIEHHBIE
KOMITOHEHThI, KOHCTPYKLIVH, BPEMEHA XU3HH, KOTOPEIE NMPEBHIILIAIOT Bpe-
M pabouyero 1mMKiIa 3THX CHCTEM. JTO O3HAYACT, UTO 3aMOK HE HOJDKEH
PaspyLIMTHCS MMOCNE BBEACHHS KOAA, MPEXAEC YeM XOTs Obl OAWH pa3 Tpex-
uudpoBoil Ko He Obi1 Mcnomb3oBaH. CylIeCTBOBAHHUE HOJIIO XHBYLIHX,
MEJUICHHO PeJIAKCHPYIOLINX CTPYKTYD (KOHCTpYKUMit, cM. 3.3.2) obs3aTens-
HO s xXuBOH Matepur. HEBO3MOXHO MOJMYyYHTs OHONOrHYECKHT OOBEKT,
MCITONb3YS TONBKO ra3oByio ¢aay.

4.3. MonekynsipHble MaLUVHbl

Ha pHc. 4.2 n3006paxeHbl KOHCTPYKLIMU ABYX THIIOB: depMa (A) ¥ Ma-
ginHa (B). @epMbl — 3TO KOHCTPYKIMH 6€3 BBLIENCHHBIX BHYTPEHHMX
ererneHeit csobonpl. MalllHHEI MOTYT UCIIONB30BaTh CBOH OCOOKIE (MEXaHM-
NECKHE) CTENEHH CBOGOIBI, YTOGKI MEPENaBaTh BHEIUHIOW WIH BHYTPEHHIOK
CHJTY OT OXHOM 4YaCTU CHCTEMBI K APYTOIf.

57



YacTtb Il. OcHosHblE peluaembie npoGnembl GUONOrMYecKor usnkn

BaxHO MOAYEPKHYTH, YTO Peub WACT O MEPEHOCE CHUNBl, a HE SHEP-
My, JInckyccHs 1Mo noBoay CpaBHHUTENbHON BaXHOCTH MOHSTHH «3HEPTHSI»
M «CUJIa» B HAyKe HMeeT Horyio uctopuio [ 11, 31]. OHa Hauanack C MONKITKH

MPELJIOXHTE MEPY CUIbl KaK NMPHYHHB JBU-
XECHHS BeJIMKUM (PPaHIIy3CKMM YYCHBIM PeHe
JleKapToM. AHAIM3 3KCITEPUMEHTAIEHbIX 1aH-
HbIX nipuBen Jlekapra NpHMHATH B KauyecTBE
A B

MEPB MEXaHHYeCKO# CUIILI 3HaUYCHHE My (Te-

nephb 3TO HABHIBAETCA UMITYJIBCOM).
Puc. 4.2, ®epma (A) [oaxon Hemeukoro yuyeHoro JledGHM-
M maumHa (B) ya 6BUT TakXe OCHOBAH HAa 3KCIIEPUMEHTAX.
DTH 3KcepUMeHTH (6pocaHue KaMHel BBEpX
C pa3TMyYHBIMH HAYAJBHBIMH CKOPOCTSIMH) OBUIM BHIMONHEHB [amuneem
B KoHue XVI Beka. B kauecTBe Mephl MeXaHM4ecKOil cuibl JIeiOHuII npen-
JNIOXWJI BEJIMYUHY mu? (Teneps muuIyT muv? /2 ¥ Ha3BIBAIOT KUHETHYECKOM
IHeprueil MeXaHHYeCcKOro IBHXeHHs). JIeHOHML Ha3BaJl CBOIO «CHIy» Vis

vita — XUWBasi CHNA.

Benukuit Mcaak HploToH OB HOMHOCTBIO HA CTOPOHE JleKapra U BCe
BpeMsi MTrHopHpoBaji paGoThl JleiOHMUa. BosMoxHO, 3T0 GbUIO CBA3aHO
C X KOH(MJIHUKTOM O MpHOpHUTETE co3naHmsi NuddepeHIHANBHOIO HCYHCIE-
Hus. Jleit6uuu, B cBOX ouepelb, HasbiBan cwiy Heiorona Vis mortua —
MEpPTBasl cWia. DTOT TEPMHHONOTMYECKUIH CIMOP 3HAYMTENBHO 3aMELTIUI
GOpMYNHPOBKY NMPUHIUIIA COXPAHEHUS IHEPTUH,

Bnarogapsi orpoMHoMy aBTopuTeTy HbloTOHA Maes JleOHKWUA M caMO
MOHsSITHe paboThi, NMPOM3BOAUMON CHAOH, ObUIM NPAKTUYECKM 3a0BITHL
Tonsko B cepennHe XVIII cronetws mBeiiuapckuit yyeHblit bepHynnu
CHOBa HauaJl MCIMONb30BaTh TepMHUH Vis vita, a B Havane XIX cronerus
aHTIMHCKMIA yd4eHBI HOHT NpeanoXul HMCHOMb30BaTh TEPMUH «3HEPTHs»
KaK Mepy CrOCOOHOCTH IBIIKYLIETOCS Tejia IIPOU3BOAUTL padoTy.

OKONO MONOBHHEI CTONMETHSI MOTPeOOBATIOCh, YTOOB PACIPOCTPAHHUTD
MOHATHE SHEPTrUH U C(POPMUPOBATE MPHUHIIMIT €€ COXPAHEHUST HA TEIUIOBbIE
H Apyrde ¢pusnyecKue siBiieHUs. Kinay3uyc 3apepluui CO3JaHHe COBPEMEH-
HOI (PEHOMEHOMIOTHYECKOH TEPMOAUHAMMUKH. JIO HACTOSIIUETO BPpEMEHH 3T
HayKa SIBISETCS] OCHOBOM XMMHMYECKOM TepMOINHAMUKH U XUMHUYECKOMA K-
HETHKH. B CBOIO o4epennb, 3TH OONACTH HAyKH SIBISKOTCA OOLIETpUHATHIMU
OCHOBAHMSMH Ui ONMUCAHUSA M MOHMMAaHHUS OMOXUMHUYECKHX MPOLIECCOB.
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MBI MOXEM cKa3aTh TakuM oOpa3zoM, 4ro JICHOHMII B KOHLE KOH-
HOB BhIMIpan c¢Boil criop ¢ HbloToHOM. «DHeprusi» — Haubonee 4acro
YIIOTpeO/IIEMOE CNIOBO B HAyYHBIX KHUTAX M CTATbSX, MMOCBSILICHHBIX OHMO-
XUMHH U OHodmn3uke. [1ouyTH HMKTO HEe HMCHONB3YET MMOHSITHE CUIIN TIpH
PACCMOTPEHUH XMMHUYECKUX PEAKLMIA.

A myMalo, 4TO MEPBBHIM KTO CKa3ajl O BAXHOCTH CHJI B MOJICKYJsip-
HBIX npoueccax, 6et1 Puuapn ®Peitnman. B ero crathe, omyOonuxoBaHHOH
p 1939 roay [32] on nuuieT, 4TO Ha MONEKY/IAPHOM YPOBHE HE CYIIECTBYET
PAVIMYMH MEXIY INEKTPHYCCKUMH H MEXaHHYECKUMH CUIIaMH.

JIo Tex Mop NoKa XMMHK OrpaHHIHBACTC MCCACHOBAHUAMM HEOOMbIIUX
MOJICKYJNl B ra3oBoii ¢ase U pa3daBICHHBIX PacTBOpaX, BCC KAXETCA SICHBIM
N NMOHATHHIM. YpaBHeHHs1 Tvna Baur-Todda u AppeHuyca unu DipuHra
MOTYT BITOJIHE YIOOHO OMMCHIBATh TEPMOAMHAMHKY M KHHECTHKY XMMHYECKHX
peaxinii. PaCCMOTPHM 3TOT KJIaCCHUYECKUI moaxox 6oNee GeTanbHO.

4.4. OCHOBbI TEpMOAUHAMMUKU
U KMHEeTUKU XMMUYECKUX peakuuu

HauHeM ¢ 31eMEHTapHBIX AKTOB B NPOCTO XUMHYECKOI peaKLiHu
k,
A+B ——AB (4.1)
k,

3neck k, ¥ k,, COOTBETCTBEHHO, KOHCTAHTH CKOPOCTH IPH €AMHHY-
HBIX KOHIICHTpALMsX pearcHTOB NpsaMoit U obpaTHoM peakuuu. KoHcTaHTa
PFaBHOBECHS peaKkLiH

k, C
K, = -k—' : F’% (4.2)
2 “aA'B
3nech C; — KOHIICHTpALUs 1-r0 KOMITOHEHTa PEAKLIMH B YCIIOBHSIX

KBMu4eckoro paBHoBecs. Ha puc. 4.3 npencrapneHa TpaguliMOHHAs cxe-
Ma M3MEHEHMIA SHEpPrHM BO BpeMs XMMHMYECKOH peakuun. Ocp abcuuce
RBIISCTCH TAaK Ha3biBa€MOM «KOOpAMHATOW peakumu» R, T.e. 0000uieH-
Hhie¢ OTHOCHUTENLHBHIE TONIOXKEHHMS BCEX ATOMOB pearHpyiolleit MONEKY/bl
PO BPEMsl TIEPEXOMA OT JIEBOTO COCTOSIHUSA K MPABOMY COCTOSIHHIO (pHc. 4.3).
Ho ocu opaMHaT OTIOKEHA TOMHAS 3HEPrusi XMMHUECKol cuctemul. [a-
pameTpH Ha cxeme puc.4.3 AH®, E{ H E: OObLIYHO HMCIIONB3YIOTCS VIS
SNINcaHMsl XMMHUYECKUX peaklMii B paMKaX KJIacCHUUYECKOH XHMMHMYecKOil
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Mactb Il. OcHoBHbie pelwaembie npoGnembl 6UONOTNHECKON PU3UKN

Ei TEPMOIMHAMUKHM M KMHETHKHU. [la-
pametp AH® — 310 crammapr-
HOe (T.e. MPY E€XMHHYHBIX KOH-
LEHTPAMSX PEarcHTOB) M3MeHE-
HHME SHTAIBIMN cucTteMbl. Ero 3Ha-
YEHUE PABHO «TEIUIOTE PEaKLMi»,
T. €. TOJTHOMY U3MEHEHHIO 3HEPIHH
CHUCTEMBI, BHI3BAHHOMY XUMHYEC-
KMM ripespanieHueM. KuHeTHdec-
KHe NapaMeTphl E‘{ 1 Ez — 3Hep-
MM aKTUBAUMM ApsSIMOM M oOpat-
HOM peakiluii coorBeTcTBCHHO. CoO-

; L ~p TJacHO KB3aHTOBOII MEXaHUKE BCE

R, R, 3TH NapaMeTPhl JOJDKHbBI OTCUMTHI-

Puc. 4.3. WameHeHws sHeprun cuctemu  BATBCA OT JMCKPCTHBIX IHEPTETHYC-
B XOA€ XMMWYECKOU peakuumn CKHX YpaBHECHHMH, a HE OT J(HA 3Hep-

reTu4ecKoi sMmui. B 0b6enx ssMax ang
HaYyaJbHbIX ¥ KOHEYHHIX MPOIYKTOB HH3IIMMHK SBJISIOTCA T. H. HYJICBBIC
3HepreTHYEeCKME YPOBHHM, COOTBETCTBYIOUIMEe TeMmeparype T = 0 K. s
aJieKBaTHOTO TEPMOAMHAMUYECKOT0 ONMCAHUsI XMMHYECKOM peakIiMu 00bIY-
HO HEOOXOZMMO 3HaTh CTAHJAPTHOEC M3MEHEHHE SHTPOINUH, T.€. Pa3HUILY
SHTPONHMH PAaBHOBECHBIX HAYAJIBHOIO M KOHEYHOIO COCTOSIHUS XMMHYEC-
Kol cucreMbl. YI3MeHeHUsT SHTPONKK B XO[e XMMMYECKOH peakiMyd MOIYT
3aBUCETh OT NYTH pPeaklUH, TaK 4To ObLIO Obl ONIMOOYHBIM OTKIA/BIBATh
HelpephbiBHBIE U3MEHEHUs1 SHTPOMUM Ha CXeMe€, aHAJIOTMYHOM NpHBelleH-
HOi Ha puc. 4.3. HenpepbiBHast TMHUSI M3MEHEHU 3HEprid Ha puc. 4.3
03Ha4yaeT, YTO Mbl MOJIYAJIMBO TIPEANONAraeM, YTO HPH KaXKIOM 3HAYCHUH
KOOpJAMHATHI peakiMyd R 3Heprusa B XAMHYECKOM CUCTEMe yCIieBaeT JOCTUYD
pPAaBHOBECHs B COOTBETCTBHH C HENPEPBIBHO M3MEHSIOUIUMCS COCTOSHHEM
CHUCTEMBI. DTO He0OBs3aTe/IbHO BEPHO.
IMaBHOe ypaBHeHME XUMHYECKOH TEepMOAMHAMUKH, CBS3bIBAIOIIEE
AH® u AS® ¢ koHcTaHTO# paBHOBecHs Keq:

AS° AH®
eXp |~ (€XP | T pr =K, (4.3)
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DTO ypaBHEHHE 3KBHBAJIEHTHO CIIEAYIOLIEMY:

AG’ = -RTInK,,. (4.4)

3nech AG® npexncrarmsier CTAHJAPTHOEe H3MEHEHHEe CBOOOIHON 3Hep-
ruu [ub6ca B pe3yabTaTte xumMuueckoil peakuuy. Jisa «iaeaspHbIX CHCTEM»
BeMuHbL K B ypaBHeHHMAX 4.3, 4.2 3KBUBANECHTHLL. YpaBpHeHHKe 4.2 1I03BO-
JieT B MPUHLIKNE ONPEAENATh 3KCIIepUMEHTAIBHO KOHCTAHTY PaBHOBECHS,
HU3Mepss paBHOBECHbIE KOHLIEHTPALIHH peareHToB.

N3MmepeHune TemneparypHoit 3aBHCHMOCTH KOHCTAHTH paBHoBecus K
MO3BONSET OMPEAE/MTh 3HaueHHe AG® ¢ MOMOLIBIO ypaBHeHus BaHT-
Todda.

d(In Keq) _ AH®
d(1/T) R

a 3aTeM paccuuThiBaTh AS’ ¢ moMmowpblo ypasHenns 4.3. DTOT MOIXOX
Bant-Todda ucnonbiyercs B momasnsiomeM GoNbITHHCTBE TUTEPATYPHbIX
JaHHBIX MO TEPMOAMHAMHYECKMM TapaMeTpaM OHOXMMMYECKHUX peaklIMid.
OtxnagniBag lg K, 3KCepMMEHTANIbHO HU3MEPEHHBI NPH pa3HbIX TeMIle-
patypax, npotus 1/T, moxHo paccuuTath 3HaueHus AS°. Bror mmpoko
MCIIOMB3YeMblil MMOIX0H MOMYANMBO mpeamonaraer, uto AS’ He zaBucsar
OT TEMIIEPATYPhl WIH YIOBJIETBOPSIOT CJIEAYIOIEMY YPAaBHEHHIO

d(AH) T a(AS%

ar — ar

B paMkax oblUenpUHATOro TepMOAKHAMHYECKOTO MOAX0AA UIMEHEHHE
AH® u AS® ¢ TEMIEPATypOid BLI3LIBAETCH TOJBKO H3MEHEHHMEM paclpe-
ACJIIEHHS pearupylouuxX MOJEKya Mo boJbIIMAHOBCKUM ypaBHEHHSM, B TO
BpeMsi Kak (popMbI NMOTEHLMANbHBIX M (pHC. 4.3) OCTalOTC HE3aBHCH-
MbIMH OT TeMmIiepatypel. Mbl yBUOMM Jajiee, 4YTO 3TO YCJIIOBHE MOXET
HE BLITIOJTHIATHCA IS MHOTHX OHOXMMMUYECKHUX PEaklIMil, KATaIM3UpyeMBbIX
dbepMenTaMu.

CyliecTByeT npocToif MeTON MPOBEPKH NPaBHALHOCTU ONpeleeHuUs
AH® ¢ nomougmio ypaBHenuss Bant-Todda. Ternnooit adpdexr xumuye-
CKOM peakiM¥ MOXHO H3MEPUTH HEMOCPEACTBEHHO KANOPHMETPUUECKUM
MeTONOM. ONHAKO, HE CYWIeCTBYET METOAOB NPSAMOr0 H3IMEPEHUs] aKTHBa-
IHOUHBIX MapaMeTpoB, ONPEACIIMIOMNX CKOPOCTh XHMHYECKOH peaxkiiMu.

. (4.5)

(4.6)
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CornacHo 3HaMEHUTOMY YPaBHEHHIO AppeHHyca KOHCTAHTa CKOPOCTH XH-
MHYECKOH peaxiiuy paBHa

szexp{—-g—"T—}. 4.7)

3nech B, — sHeprua aktuBauuu (cM. puc. 4.3). TpeaskcnoHeHuu-
aNbHBIA («9aCTOTHBIN») MHOXHUTENb A paBeH YMCIly CTOJKHOBEHMI pearu-
PYIOLMX MOJEKYN 3a €IHHULY BpeMeHU. MHOoXuTens A npeanonaracTest
HE3aBHCHMbIM OT TEMNEpAaTyphl. B 3TOM cayyae

d(lnk) E,

lMosToMy E, MOXHO paccYuTaTh, OTKIA[biBasi 3KCTIEPHMEHTAJIBHO
H3MepeHHbie 3HayeHus Ink nporus 1/T. CornacHO NpocTo TeOpUH
CTOJIKHOBEHHA XUMMYECKON KUHETMKM, aKT XMMHUYECKOro NpeBpaLLEeHUA
MOXET [IPOH3OHTH, TOJILKO €CJIH CYMMapHasi KHHETUYECKast 3HEPIUs CTall-
KHBAIOIMXCA MOJIEKY/ IIPEBOCXONUT aKTHBALMOHHBIA Oaphep E,. DKcno-
HEHHHAJAbHBH MHOXHTEND B (4.7) ornpeaeasieT JOJI0 TAKUX CTOJKHOBEHUM,
KOTOpPbIE MOTYT MPHBECTH K aKTY XMMHUYECKOI peakuuy. OTMeTHM, 4TO (4.7)
[IPEAIOJIAraeT BHIMOJIHEHHE BOIBLIMAHOBCKOIO paBHOBECHOIO paclipeliesie-
HUA 3HEPTUl MOJIEKY B PEaKLIHOHHOI CMECH.

OUPHHT NpeUIoXU Oojiee CIOXHBIH MOAXON B CBOCH TCOPHH HKTH-
BHPOBaHHOIO KOMILIeKca (CM. HanpuMep, [33]). OGobuieHHas koopaHaTa
peakuuii B Ha puc. 4.3 CUMBOJM3HPYET ITyTh MEXIY HCXOOHOH U KOHEYHON
KOH(pUrypalusiMH MOJIEKYJI, KOTOPBbIE HYXHO IPONTH, YTOObI MPEONONETH
HH3IKHHA BO3MOXHBII MOTEHUKANBHBIK Oaphep. MakcHUMaNnbHOE 3HAYEHUE
aToro Gapbepa (TOYKa «a.c.» Ha pHC. 4.3) sBasieTcs ceUIOBON TOUKOI: OHa
MPEACTABAAET MAKCHMYM TOTEHIMAJIbHOM YHEPIrUM NMPU IBUXEHUH BIOIb
KOOPAMHATHI pEaKIiHH H MHHHMYM MOTEHUHAIbHON 3HEPrMH BIOJb APYIHX
HanpasiieHHiA. CTaTHCTHUYECKUH pacyeT, UCIONb3yeMblil IIPH TAKOM [OIXO-
J€, BHyTpeHHe npoTuBopeuyds. [Ipu pacyere npeanonaraercs, 4To MEXIY
HayaNbHbIM COCTOSSHHEM H <«aKTUBHPOBAaHHBIM KOMILIEKCOM» CYIUECTBYET
TEPMOIHHAMHUYECKOE PaBHOBECUE, KOTOPOE: COXpaHsSIETCHd B TEUYEHHUE BCe-
I'0 BpEMEHH XMMHUYECKOro mnpeBpalleHHs. Mpl yBHIMM, YTO BO MHOIX
ciydasix, oco0eHHO misd depMeHTATUBHBIX peakuHii, 3T0 He BepHo. Hu-
XK€ IMoKa3aHa YNpolU€HHad ¢dopMa ypaBHEHUSI DUPHUHra U1 KOHCTAHTHI
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kT (S H
= -_E - -_i . 4.
k . exp{R}exp{ RT} (4.9)

3nech kp — KoHcrawTta bonbuimaHa, h — KoHcranta IlnaHka, S,
U H,, COOTBETCTBEHHO, 3HTPOIMMSI M SHTAIbIIHS AKTHBAUUH. DHTAJIBLIINS
axruBauuu H, B (4.9.) urpacT posb 3HeprMM aKTHBALMH B YPABHEHHH
Appennyca (4.7). Mexny 3TUMH BeIHMHHAMU HET PaliuyMs (CM., HalpH-
mep, [1]).

CocrosiHHe aKTHBMPOBAHHOIO KOMIUIEKCA HE SAABNSETCS peaNbHON MO-
JIEKYI0ii M NO3TOMY HE MOXET ObITh HEMOCPEACTBEHHO PUKCHPOBAHO M «H3-
MepeHO». Ero spemMs XHU3HH HOCUT XapaxTep OeCKOHEeYHO MO BEJIMYMHEL.
CkopocTh peakuii, TaKMM o0pa3oM, 3TO YHCIO MOJEKYJ, ITPOXOASIIUX
Yepe3 COCTOIHME AKTHBUPOBAHHOINO KOMIUIEKCA 3a €MMHHIY BpeMEHH. Te-
opusi DIpUHra NnpearosaraeT, YTo 3T0 MPOUCXOIHUT OECKOHEYHO ObICTpO.
DTO 03HayaeT, YTO CKOPOCTh PCaKIIHM OIPCAC/HSIETCs YUC/IOM XHMHYEC-
KHMX MpeBpailieHHii B eIHHULY BPEMEHH, a HE UIMTEJIbHOCTBIO OTIAEJBLHOIO
3NIEMEHTAPHOTO AKTA.

PacueT XMMUYECKOH KMHETHKH B paMKax NMoaxoJoB AppeHuyca u Dii-
PHHIa OCHOBAH Ha IOCTYJIaTaX KJIaCCHYECKO paBHOBECHOI TepMOIUHAMM -
xH. Ilpeanonaraercs, YTo XMMHYECKAsi CHCTEMa TIPOXOIUT uepe3 psll paBHO-
BECHBIX COCTOSHUIA. [IpMHIIUIT MUKPOCKOIMHYECKOH OOpaTUMOCTH AeiCTBYET
Ha BCEM MYyTH OT HCXOAHKIX IO KOHEYHBIX NpoaykToB. O1ci00a CleayeT, 410
Nyr¥ npssMoii ¥ oOpaTHoiT peakudu copnagaloT. Kak ObUIO MOAYEPKHYTO
BBIlIE, OJHAKO, AKTHBALLMOHHLIE NapaMeTpel K, U S, HEAb3sl U3IMEPHUTb
HenocpeacTBeHHO. HeobxonuMo noatoMy OLIEHHTb MPUMEHHMOCTbL ODLIe-
MPUHATBIX NOAXOA0B (PU3HUECKOH XMMMH, NTPEIUVIOKEHHBIX MHOTO JIET HA3aJ,
JUIA ONMUCAHUS MTOBEIEHUS HU3KOMOJIEKYISAPHBIX COETMHEHMIT B Ta30BOH ¢a-
3¢ ¥ B pa3baBJIeHHBIX pacTBOpaX MJisi OHOXUMMUYECKHX MPOLIECCOB.

JInst cnoXHbIX MOJIEKyJ1 (HanpuMep, 6e1K0B) H3MEHEHHE TeMITEPATYPh
MOXET MPUBECTH HE TOJNILKO K H3MEHEHHIO BOJIbLIIMAHOBCKOIO pacipejene-
HHSI MOJIEKYJI TIO YPOBHSIM 3HEPTHH, HO ¥ K H3MEHEHHAM CTPYKTYphI Oenka.
Takne xkoHpOpMaLMOHHbIE H3MEHEHHS! MOTYT U3MEHHTb GOPMY MOTEHIH-

"aJIbHBIX SIM, XapaKTePU3YIOIUX Mpouecc (cM. puc. 4.3). D1o o3HauaeT, TO
dopMynsl (4.5) u (4.8) Moryr okasaTbCsi HEBEPHBIMH M HCIIONB3OBAHHE
ypaBHeHusa Bant-Todda B TepMoamHaMHKe Tak Xe, Kak U AppeHHYyca
H DUpUHTa B KWHETHKE, MOTYT MIPUBECTH K OLIKOOYHBIM pe3yabTaTaM. Tak,

CKOPOCTH
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HanpuMep, Hebonbiline H3IMEHEHHS! KOHDUrypaMu 6enKa ¢ TeMreparypoii
MOTYT BEI3bIBaTh 3HAYUTEIBHBIC H3MEHEHUS aKTHBAHHMOHHOIO 6aphepa, pac-
CUUTAHHOIO IO APpPEHHYCY WIH DUPHUHTY, 11T XHMUYECKOTO NIpeBpalleHHs
cyOcTpaTta, CBs3aHHOrO ¢ pepMeHTOM, 6€3 3aMeTHBIX H3MEHEHHI HCTUHHOIT
3HEeprud aKTHBALHH S,. B y3KoM TeMmnepaTypHOM MHTepBaje, OGbIYHOM
MpY HCCAECAOBAHUY PepMEHTATUBHBIX peakiuid, Jilo6asa cnabas TeMmepaTyp-
Hast 3aBHCHMOCTb 3HEPruM aKTHBauuK E, MOXET GbITh anmnpoKCHMMPOBaHA
JIMHEHHBIM 3aKOHOM: B, = B + 0T, tie B # b — KOHCTaHThl.
Ioacrapnaa E, B ypasHenue (4.7) wium (4.9), nonyyaem:

b B ).
k-Aexp{-—E}exp{-—ﬁ} (4.10)
! kpT B
k=—B’;-~eXp{Sﬂ—-b}exp{—E}. (411)

x B 3TOM ciyyae 3KCliepUMEH-
TaJIbHbIE JNaHHble OyayT dopManbHO
YIIOBJIETBOPATH YPaBHEHUIO AppEeHU-
yca. OgHako MBl OyIeM H3MepsTb
HE MCTUHHBIE AKTHMBALMOHHHIE Iia-
pamerpul £, # S, , HO 3QQeKTHBHbIE
BeJiduHbl B = B, — b’ u S, - b,
COOTBETCTBEHHO, KOTOpbIE MOIYT Cy-
1IECTBEHHO OTAMYATBECH OT MCTUH-
HBIX 3HAYEHHil. SiIcHO, 4YTO BEJIUYH-

Puc. 4.4. UCTMHHAA U KaXyLLAACs Ha B npencrasnser cofoil 3KcTpa-
3HEpruM aKTUBaLMK nonsanuio K 0 K, mosnyyeHHyio 43 pe-
ANTBHOM TeMIlEpaTyYpHON 3aBUCHUMO-
ctu E, (puc.4.4). Jlaxe eciv E oyeHb cnaGo 3aBUCMT OT TEMIEPaTyphl
B UCCJHEMYEMOM TemneparypHoM untepsane T, — T, pasHMHA MEXIY MC-
TUHHBIM H KaXYIHHMMCS 3HAYCHUSIMH aKTUBAHHOHHBIX ITapaMETPOB MOXET
ObiTb BEJIHKA.
Cka3zaHHoe crpaBe/IMBO M Ui ypaBHeHus Bant-Todda (4.5).
B xnaccuyeckoit XMMMYECKOM KMHETHKE CKOPOCTb pEakilUM oIlipenc-
JNSIETCS KaK 4YMCJI0O MTHOBEHHbBIX aKTOB B €IMHUIYY BpeMeHH. ECaH, onHaxo,
KOH(pOopMaIHOHHas pesakcauus 6eIKoB SBIAETCH YacThIO IIEMEHTAPHOTO
XHMMHUYECKOro aKkTa, MOCACIHUNA He MOXET CUMTATbC MTHOBECHHbBIM.
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be/ku, Kak ¥ Apyrue MakKpoMONeKyJasipHble KOMITOHEHTbI XHBON Ma-
TepHM, NPENACTABIAIOT CO0OI HE TOMBKO CTAaTHCTHYECKHE, HO M MEXaHHU-
4YeCKHE CHUCTEMBI. BTO 3HAYMT, YTO BO MHOTMMX Cliyyasix, KOrja Mbl HMEeM
NENIO C TMPOMEXYTOYHBIMH (HEPABHOBECHBIMH) COCTOSIHHSIMH MaKpOMOJIe-
KyJI, a He IPOCTO C KBa3UPaBHOBECHBIMHM, HCXOAHLIMH HMJIM KOHEYHLIMH
COCTOSSHMSAAMM CHCTEMbI, MCIIOJIb30BaHME CBOOOLHOM 3HEPruM CTAHOBUTCS
6eccMbICIeHHBIM, MexaHuka onepHpyeT TOJIBKO MONHOM 3Heprueii u ee
MPOU3BOIHOMN MO PaCCTOAHHIO, T. €. CHJIOH. Tako#i «MexXxaHU4YeCKUi» moaxon
K epMEHTATHBHOMY KAaTaiM3y H OHO3HEepPreTHYECKUM IpoLieccaM TOIKEH
MO3TOMY BKJIIOYATh ITOHATHE CUABI.

4.5. PepMmeHTaTUBHDbIK KaTanus

HcxonHbIM MCTOUHHKOM 3HEPIUM A1 XU3HHM Ha 3eMie SIBIsieTcsl COJI-
HEYHBIii CBET, HO OH HUKOIZA HE YTHJIM3HPYETCs HelocpeAcTBeHHo 6e3
NMpeABAPUTENIBHON TpaHC(HOPMAllHH 3HEPrMM KBAHTOB CBETA B 3HEPIHIO
XMMHYECKHUX cBa3el. HerocpeacTBeHHBIM MCTOUHMKOM 3HEPTUHU JJIST BCEX
TUIIOB XM3HEHHOM aKTUBHOCTH SBASETCS XMMHUYECKHME pPeakuMH, HUAYLIHE
C OCBOOOXAEHMEM HEpPrHH. MOXHO €Ka3aTbh MO3TOMY, YTO BAXHEHILIMMHU
3JEMEHTAMHM XHBO MAaTEPUH ABIAIOTCS HE MPOCTO MAIIMHbI, HO XMMHYEC-
KHE€ MallHHBI.

besnkoBble KaTajiu3aTopbl, T.€. (HEPMEHTH, YCKOPSAIOT MPaKTHYECKH
KaXbI BaXHbI BHYTPHKJIETOYHBINA MpoLiEcC.

31ech CTOMT OTMETHTD, YTO NpodieMa hyHKLUHOHHPOBAaHHUA (PEpMEHTOB
HeotaeaHMa oT obuiei mpobaeMnl TpaHcopMaliiy 3Hepruy B OHoJorM4e-
CKHX CHCTEMaX.

Yto Takoe katanuzarop? CornacHo yueOHMKaM DH3HUECKONH XHMUH,
KaTajiy3aTop — 3TO BEIIECTBO, BIUSAIOILEE HA CKOPOCTh XHMHYECKHX Mpe-
BpallleHMid APYrHX BEIIECTB H He MEHsloileecs npd 3toM. B Guoxumuu
MIPUHATO Ha3biBaTh HavyaJbHEIE BEIIECTBA XHMHUYECKOTO INpeBpaileHus cyd-
CTpaTaMH, a KOHe4YHble — MpoaykraMu. CKa3aHHoOe Bbllile O3HAYyaeT, 4yTo
NOCNE KaXIOro akTa IpeBpallCHUs cyOCTpaToB B NMPOAYKT (PEPMEHT BO3-
BpalaeTcss B CBOE€ MCXOAHOE cocTodHue. McxomHoe M KOHEuHoe COCTo-
SAHUA MOJEKYJ1 (depMeHTa HE H3MEHSieTCs, B TO BpeMS KaK KOHLCH-
TpaLHsl MOJIEKY/l cybcTpara M MpoAyKTa MEHSETCS ¢ KaxXabiM 0GOpOTOM
¢depmMeHTa.
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CylecTByeT orpoMHasi JIMTEpaTypa, Kacaloiascss KaKk 3KCIepHMEH-
TalbHbIX, TAK H TEOPETHYECKMX aCNEKTOB (PEPMEHTATHBHOIO KaTajM3a.
A 3aTpOHy 371ECh TOJbKO T€ H3 HMX, KOTOPhI€ UMEIOT MPSIMOE OTHOLICHHE
K JIaBHOW mpobJieMe 3TOii I/1aBbl.

JI. Muxasnuc chopMyaHpoBal KIAaCCUYECKMH IOAXON K OIMMCAHMIO
nporecca TpaHchopManMd CyOCTpaT-NpoONyKT MO BAHSAHHEM (epMeHTa.
B cOOTBETCTBHH ¢ 3THM IOAXOAOM, MOJEKYJIbI cyOcTpaTta B ¢epMeHTa
MpexKIE BCEro 00pa3yloT Tak Ha3bIBaeMBblii KOMIUIEKC MHXas3jiuca, B KOTOpOM
npespaileHHe cybcTpara B MPOAYKT HIET JIErde, YeM B Caydae CBOOOLHOro
cyOcrpaTa. CxeMa ¢depMEHTATUBHOM peaklMKd MOXET ObITh MpelcTaBieHa
CIEAYIOILUM 00pa3oM:

S+E ::._5:1.._-—1'SE :(_..--__—->2_P+E (4.12)
—t -2
3nech k, k_;, k) U k_, — KOHCTaHTBI CKOPOCTH COOTBETCTBYIOIUX Pe-
aKiHii. AHaIU3 3T0i CXEMBI B paMKax (POPMaNbHO XMMUYECKOW KMHETUKH
NMPUBOIUT K 3HAMEHHUTOMY ypaBHEHUI0 Muxasnuca—MeHTeH:
= ————-———-Vma"[sl . (4.13)
[S] + K,
3aecy V, — HauanbHas CKOPOCTh Peakiliy, T.€. CKOpocTh 00pa3opa-
Hus npoaykra (d[P]/dt), [P] — xoHueHTpauus npoaykra, [S] — xoHueH-
Tpauust cybcrpata, V.~ — MaKcumalbHas HadalbHasg CKOPOCTh PeaKlMH
(ipu S — o0), K,, — KOHcTaHTa Muxasnuca:

w=" (4.14).

!
CornacHo (4.13) koncraHta MHXa3nmuca paBHa KOHIEHTpallMH cy6-
cTpaTa, npd KOTOpoi CKOPOCTh peaklIHM paBHA MOJIOBUHE MaKCUMAJIbHOM:

K,=[S] (V,=V_/2. (4.15)

3aBHCHMOCTb CKOPOCTH DPEaKI{HM OT KOHLEHTpaLlUM cyb6cTpaTta OIMU-
cbiBaeTcs runepbomyeckoit kpusoit (puc. 4.5). CornacHo Muxaanucy K,
SIBJISICTCSH IVIABHOM XapaKTepMCTHKO (GepMEHTATHBHOM peakUuUM it NaH-
Horo cyOcTparta Nnpu (HKCHPOBAHHBIX 3HAaYEHHUSAX TeMnepatypnl, pH u T. 4.
IIupoko ucronn3dyeMasi cxeMa Muxasiuca ¢epMeHTaTUBHOIO KarajiM3a
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Fnasa 4. [IpobnemMa CTpenok Ha BNOXUMUYECKUX CXEMax peaKumi

OCHOBaHa Ha KJIACCHYECKOH XWMM- 174
YeCKOil KHHETHKE, pa3BUTOI B KoH- (% v

ne XIX Beka anst Xumuueckux pe- 100 p-----~---- B R
aKIIMHA HU3KOMOJIEKYIAPHBIX COEIH -
HEHMH B ra3oBoil ¢a3ze WM pa3-
OaBlIeHHBIX pacTBOpax. Bce mocie-
OYIOIHE TeopuH PepMEHTATUBHOIO
KaTaNu3a UCMOJIb3YIOT, B KOHEYHOM
cuyere, Ty Xe ocHosy [1, 31]. On-

YL g,

HaKO, Kak ObUIO CcKa3aHO BHINIE, ol o . . .
XHMHYECKUE NPOLIECCHl C YYacTH- OHLIEHTpaLus CybcTpara (S)
€M MaKpPOMOJIEKY/SIPHBIX COCAMHE- K

- M
HMii (6eJKOB) MPOTEKAIOT NPH BO3-

OyXXIeHHH OCOOBIX MEXaHMYECKHX
creneHeil csobonbl. B nurepatype
ObLI0 HE3aBUCHMO MPEIOXEHO ABa
OuYeHb ONU3KKMX noaxola K epMEeHTAaTHBHOMY KAaTaNK3y M MpoLEeccaM BHY-
TPUKJIETOYHOI TpaHchOpMalMK SHEPrHM, YYHTHIBAIOIIHME MEXaHHYECKHE
acneKkTbl yHKUMOHMpOBaHHUSI depMeHTOB. KOHEYHO, HCTHHHAS HCTOPHS
3THX MOAXONOB BKIIOYAET MHOXECTBO paGoT M YYEHBIX (MIOYTH MOJNHYIO
Oubanorpadmio MOXHO HailTH B yX€ LIUTHPOBAHHbIX KHMIaxX), HO COIJIa-
COBAaHHBIA aHA/M3 CHUTYalIMU CBSI3aH C ZIByMs IPYNIIaMM MCCIeloBaHHiIr:
nepBasi — U3 MOCKOBCKOIO HHCTHTYTa XHMHYECKOH (PM3UKH M Bropass —
13 JIOHIOHCKOrO YHHBEPCHTETA.

31 HayHy ¢ peslakcalMOHHOI KOHLENMHH epMEHTATUBHOIO KAaTallu3a.
IlepBoe yKa3zaHHe Ha OTKJIOHEHHE KAaTAJIMTHYECKOrO aKTa pepMEHTATUBHOM
peaKiHy OT KJIAcCHYECKOH TepMOIMHAMHMKY H KJIACCHYECKOH KHHETHKM
6bLTO, MO-BUAMMOMY, BhicKa3aHo B 1971 roay [34]. Bwuio nokasaHo, 4ro
TIPMMEHEHHE OCHOBHEIX MMOCTYJIaTOB AppeHuyca ¥ DHpHMHra X OosibIIHH-
CTBY (EPMEHTATHBHEIX MPOLIECCOB MOXET TPHBECTH K OECCMBICJIEHHBIM
3HAYCHUAM aKTUBALUHOHHbLIX rapaMeTpos. PyHKuHOHKpOBaHuEe depMEeHTa
Gonbiue noxoxe Ha paboTy MEXaHMUYECKOI KOHCTPYKLIHHM, YEM Ha OOBLIYHYIO
KaTAIHTHYECKYI0O XUMHUYECKYI0 peakiinio. DeHoMeHonoryueckass caMoco-
IJIaCOBaHHasi penakcauMoOHHas TeopHs (pepMEHTATHBHOIO KaTaiuia Ohiia
npepioxeHa B 1972 rony [35, 36]. IpuHuMnuansHas uaes pesakcalMOH-
HOI KOHLEMLUM 3aKITIOYAETCI HE MPOCTO B TOM, YTO KOH(OpMaLMOHHAs

Puc. 4.5. 3asucumocTs ckopoctun dep-
MEHTATUBHON PEAKLMN OT KOHLEHTPaLUmMW
cybcrpara (no Muxaanucy)
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Yactb Il. OcHosHbie peliaemMbie npobnemsl 6uonorndecxon Guanku

penakcauusi cyocrpar-GpepMEHTHOIO KOMIUIEKCA CBSi3aHa ¢ H3MEHEHHEM
KaTaTMTHYECKOI aKTUBHOCTH (epMEHTA.

MpucoeauHeHne cybcrpaTta K aKTUBHOMY LEHTPY depmeHTa WHULUK-
pyer koH$OpPMaUUOHHYIO penakcaumio, AeHCTBYIOWYIO KaK ABUXYWLan
CUNa, KOTOpasl TOMKAaeT XMMMUUYECKYI0 CUCTeMy (Mmosiexynbi cyGcrpa-

Ta, CBA3aHHLIE C AKTUBHLIM UEHTPOM (PepMeHTa) BAOAb KOOPAUHATHI
peakuum,

Ji06oe NOKanbHOE XUMUYECKOe U3MEHEHHE MOJEKYabl Oesika (npHco-
CAUHEHHE cybcTpaTa MMM MHIMOMTOpAa K aKTUBHOMY HEHTDY, PEIOKC M3-
MEHEHHUS METAIa B NMPOCTETHUECKON Ipynne, HOHU3allUsl KHUCJIOTHOM WIH
OCHOBHOM TDYIIIbI U T.J.) PUBOIUT K MNOSBIEHHIO KOH(OOPMALIHOHHO He-
PaBHOBECHOTO COCTOSIHMSA. BhICcTpasi KonebareabHas peflakcaliidst aKTHBHOTO
HEHTPA U ero OJIMXKaANIIEr0 OKPYXKEHHS MPOUCXOAUT HEMEJICHHO N0CIE 10~
KaJIbHOI'0 BO3MYIIEHHUS, B TO BPEMS KaK CTPYKTYpa OCHOBHO# O€71KOBOIA INo-
OyJibl OcTaeTcd MpakTHUYECKU HEM3IMEHHOII. MoJieKyna CTaHOBUTCS HepaB-
HoBecHoM. HoBoe, KHHETHUECKHM JOCTYITHOE COCTOSTHUE (PepMEHT-CYOCTpaT-
HOro KOMIUIEKCA COOTBETCTBYET KOH(POPMAIMOHHO H3MEHEHHOI CTPYKTYpE
¢ MPOOYKTOM, CBA3aHHLIM C aKTUBHBIM HeHTpoM. [IpeBpanieHne cybcTpaTa
B MPOOYKT pearu3yeTcs B Xoae KoHPopMallMOHHOI peakcauii pepMeHT-
CyOCTPaTHOINO KOMTLIEKCA K HOBOMY COCTOSTHMIO PaBHOBECHS. DTOT MEPEXON
MpoTeKaeT Ype3BbIYaifHO MEJIEHHO [0 CPaBHEHHIO ¢ MaclITaboM BpeMeHH
KoJie6aTeJIsHOH peslakcaiiii. B HEKOTOPBIX C/Iy4yasx 3TOT PoHeCe 3aHMMAET
HECKOJIbKO COTEH MMIUTMCEKYH] MU Jlaxe HeCcKOJbKo ceKyHa, [37]).

Cxema pepMeHTAaTUBHON peakuuu MOXeT ObiTh ApeAcTaBNEHA Tenepb
CJIeAYIOIHUM 00pa3oMm:

+S$ -P
E——ES —— EP ——E -—— E (4.16)
-S +P
a, Gbictpas b, MennexHas ¢, bbicTpas d, MeAneHHasn

3nechk E' o3HauaeT KOHGOPMALMOHHO M3MEHEHHYIO MOJEKYY epMEHTa.
OTa npelesibHO YIIPOLIEHHAs! CXeMa BKJIIOYAET [IBa THIIA CTANUIA:

1. BeicTpbie oGpaTMble CTalWH CBSI3BIBAHUSA M OTLEIUIEHMs (cTamuu a
U ¢).

2. Craguu MemieHHON HeoOpaTuMoii penakcapuu (cTaguu b u d).
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Fnasa 4. [IpoGnema CTPEoK Ha GUOXUMUNECKMX CXEMaX peaKLini

XuMHyecKue npespailleHdst S —— P — 3T0 OIuMH U3 3]IeMEHTAPHBIX
axToB cxeMbl (4.16). Ha puc. 4.6 u300paxeHa pa3BeTRICHHAsE CXeMa C Ha-
6opoMm Tpaektopuit, Bexyumx or ES k E'P (cranus b B ypaBHexuu 4.16).

Hns moboit croxHoil oly- Ei -

bl pepMEHTA MMEETCSI MHOXeE- ES ':E"S I A 1

CTBO BO3MOXHBIX ITyTell H BO3- ES RS TT
MOXHBIX TIPOMEXYTOUHBIX He- ! i boees i EiP
PaBHOBECHBIX COCTOSIHMI (ep- - B'S* s i 1
MEHT-CYOCTPATHOTO KOMILIEK- 3...._.? T i

ca. Ha puc. 4.7 noka3zaH npo- io—---:::---—-]z’s"*.-.'}i:p =E+P _

oMb MOTEHLUMANBHOM 3HEP-
FUU OpH IBHXEHHH CHCTEMBI
BIOJIb OIHOIO M3 BO3MOXHbIX
nyreit or S K P. KoHeyHo, BEpOSTHOCTH peaiM3aliMM Pa3IMUHBIX NyTeH
OTIMYAIOTCS IPYr OT Apyra. Kaxamiil 371eMEHTapHBIN aKT Ha pHC. 4.6 Hauu-
HaeTcst ¢ 00pa3oBaHKsi HOBOTO HEPABHOBECHOI'O COCTOSIHHSI CUCTEMBI H €I0
ocAeAyIolleif peJlakcaliuM K CEAYIOIHEMY COCTOSSHHIO ITOCIE NMPEOoIoneHUs
U COOTBETCTBYlOIEr0 Gaphepa. Cpe-
JIX OrPOMHOIO 4YMCJia BO3MOXHBIX
TPAaeKTOPUM TOJNBKO HeMHOrue Oy-
IIYT HEMOCPEACTBEHHO Y4aCTBOBaTh
BO BCEM IIpoLECCe peaaKCaiiMu
bepMeHT-CyOCTPaTHOTO KOMIUIEK-
ca. Mbl MOXeM CKa3aTh, 4TO pe-
JJAKCAaIMOHHBIN INpoLecc B onpe-
~—»  JIJICHHOH CTENEHH AeTepMUHHPO-
RES) R, R, R(P) BaH. B TeuyeHue 3Toro mporecca
Puc. 4.7. MNpoduns NoteHunansHoi sHep-  PCIaKCHpOBaBIas YacTh 6enKoBOIA
v BAONL OQHOTO U3 BO3MOXHLIX NyTed  MIOOYJbl MOCTENCHHO YBEIMUYMBA-
Ha cxeme 4.6 eTCA U «MEXaHUYECKOE ABUXEHHE»
peJIaKCUPYIOINEA MOJEKYAbE dep-
MEHTa MPOMUCXOOUT MOA [IeHCTBHEM CWIbl, BO3HUKAIOIIEH MEXIy pe-
JJAKCHPOBABLICH ¥ He pElaKCHpOBaBlIeil YacTAMH MaKpOMOJIEKYJISPHOTO
KOMILIEKca.
BO3MOXHOCTb MUKPOCKOITMYECKOIO OMUCAHUS 3TOIO peJlaKCalfMOHHO-
IO mpotiecca, HayHHas ¢ NepBbiX NPUHLMIIOB, MPAKTHYECKH MCKIIOYEHa.

Puc. 4.6. Pa3serBneHHas cxema
$epmMeHTaTUBHON peakuuv
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Yacte ll. OcHoshble pewaembie npobnems: GUONOrMIecKon Guamnkm

Xors xaxOpli MIEeMEHTapHBIN aKT OGpaTHM, Bech Iipolece THna b (Tak xe
Kak ¥ d) MpakTHYecKU HeoOpaTHM. DTo BBIHYXKAAET HAaC PacCMaTpPHBATh
3Bo/oLKI0 cucteMnl o1 ES o E'P kak MexaHMyeckoe ABHXEHME BAOMb
BBIIEJIECHHON CTENMEHU CBOOOIBI, KOTOPOE 3AKOHUMTCH MOCJe NOCTHXEHHUs
PaBHOBECHOIO COCTOSIHUS.

Hrtak, comracHO pejlakCalfHOHHON KOHLEMLHH, CKOPOCTb XHMMYEC-
KOro npeBpamieHust cyOcTpara B IpPOIAYKT OIpeleiisiercsi, Kak NpaBWIoO,
CKOPOCTEHI0 KoHopManHOHHOI penakcanud. TemepaTtypHas 3aBHCUMOCTD
CKOpOCTH OOYCJIOBJIEHA HE U3MEHEHMSMM YMCIa MOJIEKYN cyOcTpaTra, crno-
COOHBIX IPEeOoAOieBATh aKTUBAlLlHOHHBIM Oapbep, a M3MEHCHUSIMH KOH-
CTPYKUMH (epMEHT-CYOCTPAaTHOTO KOMIUlEKca, KOTOpbIE BIUSAIOT Ha MyTh
H, CIENOBATENBHO, HA CKOPOCTh KOH(MOPMaHHOHHOIM peakcanuu. U3 npu-
BEICHHOIO aHaJlM3a MOXHO cleJlaTh €lie OOWH BaXHbIA BbIBON: TMPAMOW
M OOpaTHBIA MyTH DeakiMM, KaTaiu3upyemble (EepMEHTOM, MOTYT CYLIE-
CTBEHHO OTJIMYATHCSA. ITO O3HAYAET, YTO «peNakKCarfHOHHas CXeMa» MOXET
OBITh peaM30BaHa TOJIBKO BHE TEPMOIMHAMHUYECKOIO PABHOBECHS CUCTEMBI
cyocTpaT-1ponykr. JIpyrumMHu cjioBaMH, eclii pepMeHT «paboTaeT» Kak MeXa-
HUYECKad MallWHa, TO MEXAaHU3MBbI peakiiuH BOJNIM3U TEPMOIUHAMHYECKOTIO
PaBHOBECHS H BAMIM OT HEro JOJIKHBI Pa3jiMyaThCH.

CooTBeTcTBYIOLIME 3KCIIEPHMEHTANBHBIE JaHHBIE U HX NETaNbHbIHA Te-
OpETHYECKHI1 aHaMu3, TaK X€ KaK M COOTBETCTBYIOLIME CCHIIKH, MOXHO
HaifiTH B LMTHPYEMBIX BBIIIE MOHOTpadUaX.

4.6. HepaBHoBecHble COCTOSiHUA GenkoB
M UX penakcauus

B nuTepatype uMeeTcss MHOTO paboT, MOCBANICEHHBIX KOH(OPMAaLUOH -
HO HEpPaBHOBECHBIM COCTOSIHUSIM 6eJIKoB ((epMEHTOB) mociie JIOKalnbHOTO
Bo3MylieHusi. [TomuMo MnpocToit pervcrpapuM, ObiZia MCCIiENOBAHA KH-
HETUKAa pejakcallid, a Takke MX (M3uM4YecKhe U XMMUMECKHE CBOWCTBA
B IPOMEXYTOMHBIX COCTOSSHUSAX BO BpeMs KOHMOPMaMOHHOM pENlaKCcay.
BonbIHCTBO paboT, BHIMOJIHEHHBIX B pa3HbIX 1ab0opaTOpUsiX, UCIONB30OBa-
11 OeJIKH ¢ MOHAMM METAJUIOB B HX aKTHBHBIX HEHTpaxX. DTo obaeryaeT Mc-
NOJIB30BAHKE TEXHUKM 3IEKTPOHHOIO MapamMarHUTHOIO pe3oHanca (DIIP),
OIITHYECKOIO IMOTJIOHIEHHMS M T. II.
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nasa 4. poGnema cTpenok Ha GUOXUMUNYIECKUX CXeMax peaxLni

EcTp ABa THaBHBIX MeTONA TMONYYEHUS MeTAICOAEpXalluX OeKoB
B HEPaBHOBECHBIX COCTOSIHHSX.

JUia nosiydeHHusa M COXpaHeHHsI HepaBHOBECHBIX GopM MeTtauiconep-
XalHuX OeNKOB M MCCIEJOBAHMS HX CIEKTPAJIbHBIX U MarHUTHBIX CBOHCTB
Onlla pa3paboTraHa crneilyanbHasi TEXHUKA HU3IKOTEMIIEPAaTYpHOIO BOCCTa-
uoBneHus [38]. B aTOM MeTome copepXallas METa/UT TPOCTETHYECKAS
rpymnna ) BoccranaBmuBaeTcs B 3AMOPOXEHHOM BOJHOM pacTBOpe IpHU
TeMIepaType XHUAKOIO a3ora ¢ noMoiublo paauonusa. Ilpu stom obpa-
3YIOTCA TepMOM30BAHHbIE 2 anexTposbl. McXooHBe npenaparsl npelacra-
BISAIOT c000it 6eKi, aKTUBHBIE IIEHTPH KOTOPBIX MOTYT CYLIECTBOBATh KaK
B OKHCJIEHHO#, TAK U B BOCCTAaHOBJIEHHON dopmax.

TTocnie 3EKTPOHHOIO BOCCTAHOBJICHUS aKTHBHOIO LEHTPA BOZHUKAIOT
KHHEeTHMECKH CTaOHIM3UPOBAHHOE HEPABHOBECHOE COCTOAHUE. ATOM METAJ-
Jia B aKTHBHOM IIEHTPE BOCCTAHOBJICH, HO €r0 HEMOCPEACTBEHHOE OKpPYXe-
HUE H3MEHEHO HACTOJMbKO, HACKOABKO 3TO IMO3BOJSET 3AMOPOXEHHAs B Ma-
TPMIIE U MO3TOMY HEe U3MeHMBHIascA rnobyna. HenocpeacrseHHoe OKpyxe-
HHE aKTUBHOTO LICHTPA [IpeTeplieBacT KonebaTeIbHYIO peiakCalMio, HO [po-
CTPAHCTBCHHAas CTPYKTYpa [MI0OYIH OcTaeTca TOH XKe, KaKoii oHa 6bl1a B pas-
HOBECHOM OKHCIEHHOM Oenke. OfHAKO HOBOE COCTOIHUE aKTUBHOIO LIEHTpa
U ero Gnuxaifluero OKpyXeHUsi JOJDKHO B YCIOBHSIX PABHOBECHUSI COOTBET-
cTBOBaTbh KOHQOPMaUMH Bceil 6enkoBoil rmodynnl. Hanpsxenue Mexny ua-
MEHEHHBIM aKTHBHBIM LIEHTPOM H OCTaJIbHBIMU YacTAMHU MaKpOMOJEKYJIb
MIPUBOAMT K H3MEHEHHIO CIEKTPAJIbHHIX U MarHHTHBIX XapaKTEPUCTHK akK-
THBHOIO LIEHTPa. JaK BO3HHKaeT KOHPOPMALHOHHO HEPABHOBECHOE COCTO-
AHHe OEeNKa: MOH METaJUIa BOCCTAHOBJIEH, HO CTPYKTYpa 6oNblieH YacTy ro-
6ynBt COOTBETCTBYET OKHCIEHHOMY COCTOAHHUIO MOHA MeTa/uta. Meroas no-
JydeHUsl, GUKCUPOBAHHUA U UCCIEAOBAHUA KOHPOPMALIMOHHO HEPaBHOBEC-
HBIX COCTOAHHIA MOTYT C YCIIEXOM MCII0/Ib30BATLCA HE TONBKO VISt OTAEABHBIX
GENKOB, HO M U1 BHYTPUKNETOYHBX OpraHe/, KIeTOK M 1LieJIBIX TKaHel.
C noBHILIEHUEM TEMIIEPATYPHl MOXHO Ha0OMIONATh PENAKCALNIO HE pe-
JNIAKCUPOBABLUEH 4YacTH IMoGYNH K HOBOMY pPaBHOBECHOMY COCTOSIHHIO.

D «[IpocTeTHyeckan» — HebGenkoBaA 4acTh depMenTa. OOWYHO HIPAET PONL AKTHBHOIO
LeHTpa.

2) «TepMONH30BAHHKE» — HAXOASMIHECH B TEPMOAHHAMHYECKOM PABHOBECHH ¢ TEPMOCTa-
TOM.
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Yacts lIl. OcHosHbie petsaembie npobnembl BMONOrnyecKon pusnkm

TemniepaTypa penakcaliMid OMNpeIENsIeTcs NMPHPOJOoH Oenka M cBoiicTBaMH
MAaTpHUBL.

Kon¢opMallMOHHO HEPaBHOBECHBIE COCTOSIHUA OENIKOB (H HE TONBKO
METAJUICOAEPXAIINX) MOryT OHTh TONYYEHH B PacTBOpE NPH KOMHATHOI
TeMIepaType C NMOMOIIBIO CNEAYIOLIMX METOMOB:

i. BoccraHoBIeHHe HOHA MeTalla MHKPOCEKYHAHRMH (1uau Gonee Ko-
POTKMMH) MMITYJIbcaMM OBICTPHIX 3/IEKTPOHOB WM apOMaTHYeCKHMHU
aHUOH-paguKaJiaMH, 06pazyeMbIMH U3 COOTBETCTBYIOILMX COEIUHEHUN
C MOMOLUBIO BCMBILIEK CBETA KOPOTKOM UIUTEIBHOCTH.

ii. Pnaui-¢oTONU3 reM-cofepKalmux HenkoBuix Komruiekcos ¢ O,, CN™,
NO.

iii. CxaukooOpa3Hoe nobaBneHue cybCcTpaTta, MHIMOMTOpa WM APYrOro
creMPUYECKOro JIMraHia K paBHOBECHOMY Oe€liKy, a TakKKe CKayKo-
obpa3Hoe u3MeHeHHe pH WM MOHHOM CHIBL.

MBI BBIGEPEM B KayecTBE MPUMEpPA «IMOYETHHIA PepMEHT» — reMOrJo-
6uH. CTporo roBopsi, reMorno6uH He siisieTcs GepMeHTOM, ero (pyHKLHUS

TeMornmobun QOKCHreMOrJIOOHH

Puc. 4.8. YnpouieHHan Cxema aKTUBHOIO UeHTpa remornobuna.
CTpyKkTypa rema v npucoeauHeHWe KUCNAOpPOAaA K Xenely rema
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Fnasa 4. MpobneMa CTPEenoK Ha BHOXUMMNECKUX CXEMAaX PeaKumii

3akmoyaercsi B mepedoce O, or jerkHx K TKawsM U CO, or TKaHei
K aerkuM. [locne nokanbHOro BO3MYLIEHHS, OAHAKO, OH BeneT ceba TOYHO
TaK Xe, KaK H (PepMEHTDI.

Puc. 4.8 npeacrasnsier YNpOLIEHHYK) CXEMY MOJIEKYJISAPHOM CTPYKTYphl
reMoriobMHta.

Monekynas reMorino0uHa Cco- Y, %
CTOAT U3 4-X CyOBbeOUHMLL: ABYX « -
U aByX 3 H, COOTBETCTBEHHO, CO- 8or/ v 2_?26
Iepxar 4 NOAMNENTHIAHbLIE LENnoY- 60 T -
KM AByX TinoB. Kaxpnasi a-uemnouxka
conepxur 141, a f-uenoyka —

40

146 aMHHOKUCIOTHHIX OCTaTKOB. BCa 20

0 2 " N 1 M 1 . 1
MoJIeKy/ia TreMornobHHa coaepxar, 20 20 60 80 100
TaKUM obpa3oM, 574 aMHHOKHUCIOT. Do, MM PL.CT.
Ctporo roBops, 3TH IETAJIM CTPYK-

Puc. 4.9. Kpusble okcureHauum
TYPH OTHOCATCA HE K ICMOTTIOOHHY, remorno6uta {a) u mmorno6una (b)

a K ero 6e1KOBOMY KOMIIOHEHTY —

miobuny. Kaxnas cybpeauHuLa riobMHa CONEPXKHUT ORHY HeGenKkoByio (rpo-
CTETHYECKYIO) IPYNIy — IeM: KOMIUIEKC MOPGHUPHUHA C Fe?*. Crpyktypa
reMa MoKa3aHa B BEpPXHel yacTd puc. 4.9. AToM xene3a MOXeT 06pa3oBaTh
IIECTh KOOPAMHALUMOHHBIX CBA3EH. YeThipe CBA3U HaMpaBICHbBl K aTOMaM
as3ora nopGUPHHOBOrO KoJblia, @ OCTaBIUUECS YETbIPE CBA3M — IEpIEH-
IUKYJSAPHB K IUIOCKOCTU KOJbLia O 00e ee CTOpOHB. [eMBl pacnonoxXeHbl
BONU3M MOBEPXHOCTH OeAKoBOM rNOOYAH B CHELHUAJIBHBIX <«KapMaHax»,
0Opa3oBaHHBIX CKIIaAKaMU NOAUINIENTHAHBIX HEMOYeK mobuHa. HopManbHo
GYHKUHOHHPYIOILMIA reMOTrNOOHH CyIIeCTBYET B ONHOM M3 Tpex dopM: dep-
poreMorioOMH (Ha3biBaeMblil TakKKe HE30KCHTeMOTTIOOMHOM WM IMPOCTO
reMOrIOGMHOM), OKCHMIeMODIOOUH U (eppUTeMOrNIOOHH (MeTreMOIIOGHH).
HoH xene3a B ¢epporeMorioOMHEe HaXOAMTCA B BOCCTaHOBIEHHON Gopme
Fe’*, onna us JBYX CBsided, MEPNEHAUKYMAPHBIX K IUIOCKOCTH KOJblia,
COCJIMHSET XKeJe30 ¢ aTOMOM a30Ta TMCTHAMHOBOIO OCTaTKa, Apyras CB(3b
cBoGonHa (HHXKHSA YacTh puc. 4.9). B3auMozeiicTBHEe MONEKYNSPHOTO K-
cliopona €O CBOOOJHBIM TeMOM TPUBOAMT K OKMCJEHHMI0O HOHA Xeje3a
(Fe** — Fe’*). B cnyyae depporemornobusa mMo6MH NpenoXpaHser
XeJie30 reMa OT OKHCAEHHUS.
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Yacte ll. OcHOBHbIE petaembie Npobnemsl BUONOrudecKol dusnku

MpblleyHsle TKaHH COAEpKaT MHUOIMNMOOMH, KOTOpHIA, rpybo rosops,
SBJISETCS YETBEPTYIUKOM reMornobmHa. MHOITIOOMH MMeEET TOJNBKO OIHY
CYOBEAMHULLY, CTPYKTYpa KOTOPOM HACHTHYHA CTPYKTYpe [ CyObeIMHMIIbI
remMorno6uHa. MUOrmoOMH CBA3BBAET KMCIOPO 3HAYHUTENbHO CHJIbHEE, YEM
¢ MOTIOOHMH, M CIYXKHUT KHCIOPOJIHHM AENo MPU HEAOCTATKE KHCJIOpOa.

OGparumoe MpUCoeaMHEHHE KUCAOPOaa (OKCHICHALUS), KOTOpoe Mo-
3BOJIAET TeMOIMIOOHHY BHITIONIHATL €10 OCHOBHYIO (PYHKILHIO, 06YCIOBIEHO
BO3MOXHOCTBIO 00pa30BaHHs CUJIBHBIX MATOM M IECTOM KOOPAHHALMOHHBIX
CBSI3€H M CITOCOOHOCTBIO MEPEHOCHUTH 3JIEKTPOH K KMCJIOpOAY OT TMCTHAHHA,
a He OT XeJe3a, T.e. 6e3 okucienus Fer* (cM. pHc.H.S).

Kak yxe ObLIO cKa3aHO Bbillle, MOJieKyJla TeMOrJIo0HHAa COIEpPXHUT
YeThpe CYObeAUHHUIB M, CCAOBATENbLHO, YETHIPE TeMa, KaxAbii U3 KOTO-
PBIX MOXET NPUCOECAMHUTD OAHY MONEKYNY Kuciiopoaa. ITo3ToMy peaxiiuio
OKCHICHAalIMM MOXHO pa3le/IMTh Ha YEThIPE CTANHU:

Hb + 0, == HbO, | (4.17)
HbO, + 0, == Hb(0,), (4.18)
Hb(0,), + 0, == Hb(0,), (4.19)
Hb(0,), + 0, == Hb(0,), (4.20)

Ha puc. 4.9 npeacrasineHa THNHYHasE S-o0pa3Hasi KpHBasg OKCHI€Ha-
LMK reMorno6uHa (KpuBasi a) W rumepbonuyeckas Kpupas OKCHICHALIMH
muornoduHa (kpusas b). [Mocnentss coorercTByeT Goee NPOYHOMY CBsl-
3BIBAaHMIO KUCNOPOIAa aKTMBHEIM LIEHTPOM MHOIIOOUHa.

B ornuyne or MHOMIOOMHA, reMOIMIOOMH HAa HAyaJibHBIX CTATUAX OK-
CUTeHallMu o6janaer HU3KHM CPOACTBOM K KHCJIOpPOAY, M PpPaBHOBECHE
B peakumu (4.17) cABHHYTO BJIEBO. 3aTeM KDHBasi CTAHOBHUTCS Kpyye H NpH
BHICOKMX 3HauYeHHAX pO, JOCTHUTAET HACHILEHHUA. JTO THNHYHBIA 3QPeKT
KOONEPATUBHOCTH.

AKTHUBHOCTb MHOTHX (PEPMEHTOB CKauKOOOPa3HO H3MEHSIETCA OT OJHO-
FO 3HaYeHHs K JPYroMy IoJ ACHCTBHEM HEKOTOPBIX HHU3KOMOJIEKYNSPHBIX
areHTOB, KOTOphIE He MIPHHUMAIOT HENOCPEACTBEHHOIO yYyacTHs B KaTaJld-
THYECKOM akTe [39].

JT0 SIBICHHUE Ha3bIBAETCs aocTepuyeCcKuM 3¢pekTom. Takue dep-
MEHTHl MOTYT CYILIECTBOBAaTbh B pa3HbIX KOH(pOPMALMAX C pa3IUYHBIMH
AKTHBHOCTSMH. DTH KOH(POPMALMH HAXOAATCA B JTMHAMHYECKOM PaBHOBE-
cud. IIpucoequHeHe HU3KOMONEKY/ASPHOIO areHTa CMEIAeT paBHOBECHE
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Fnaea 4. [IpoGneMa CTpenoK Ha BUOXMMUYECKUX CXEMAX pPeaKuni

U MEHSIET IO3TOMY aKTHBHOCTH
¢depmenTa. K 3TOMy Xe Kiaccy
0eNKOB NMPUHAMLJIEXHUT U NeMOINIO-
OHH.

Ha puc. 4.10 npeacrasneHa
CXeMa YEeTBCPTUYHON CTPYKTYPH
JIByX KOHGpOPMaliMOHHBIX COCTO-
saHu remornobuHa. [lokasaHb
TONbKO M3MEHEHHS B OTHOCH-
TEIBHOM PaCIOJIOXEHHH YeThIpeX
cyorenuuun. B dopme T (oT aHmimiickoro “tense”) reMbl pacrioiOXKEHBI
B Y3KMX KapMaHax rioOyinl M TNPUCOEAMHEHHME KUCOopoda 3aTpyAHEHO.
B dopme R (or anrmmiickoro “rapid”) aTomsl Xeje3a reMa OTKPBHITBI
U TIpUCOCAMHEHHE KUCOpoaa objerdaercd.

KondopMmauuoHHHit nepexor T —— R BKIIOYaeT He TONBKO U3MECHE-
HHE YeTBEpTUYHOM CTPYKTYpH OeIKOBOM r00ynbl. Penakcalius 3arparuBaer
BC€ YaCTH YeTbipex CyObeAMHULL. YTOOE MOHATH 1TOCEA0BATEIBHOCTD COObI-
THA B XOZle penakCaliMOHHOIO IpoLecca, pacCCMOTPHM OCHOBHBIE (H3He-
CKM€ XapaKTepHCTHKH TpeX raaBHbiX ¢dopM reMornoduHa. OHM NpUBEEH
Ha puc. 4.11,

B paBHOBECHOM TemoroOMHe HMOH Xene3a (Fe?') mexuT BHe mop-
dbupunoBoro kombua (mpumepHo Ha 1 A). OH MMeeT deTbipe MEKTPOHA
U MarHMTHHIA MOMEHT, paBHBIH 5,5 BopoBckux MartferoHon. Onruyec-
KHif CNEKTP MOMMOLIEHHs HMeET IIMPOKYI0 Iomocy ¢ A, = 5,56 HM.
B paBHOBECHOM OKCHUI€MOINIOOHHE MOH Xele3a (Fe2+) HAXOIMUTCS TOYHO
B IUIOCKOCTH MOPGUPHUHOBOIO KOJNbiIa, BCE SNEKTPOHBI CHApeHn! (OKcMre-
MOITIOOMH JaMarHuTeH). B crieKTpe ONTHYECKOTo NMOTJIOIEH WS BUAHE 1BE
XapakTepHCTHYecKHe Monochkl npu 542 u 576 uMm. B deppuremornoduHe
(MeTreMOrNoGHH) MpH HeNTPaNBHBIX 3HadYeHUsiXx pH MoJekyna Kuciopozaa
3aMeIaeTcsl MOJIEKYOH BONBI, He CBSI3aHHON XMMMYECKHM C HOHOM Xefiesa
(Fe3+). HoH xene3a neXur 3HaYUTETbHO OJIXe K NOopHUPHHOBOMY KOJIbILY,
yeM B pepporeMorobnHe (MOYTH B IUIOCKOCTH), UMEET MSITh HECTIAPEHHBIX
3MEKTPOHOB U MAarHUTHHIA MOMEHT paBHBI 5,91 DBOpPOBCKMX MarHeToHa.
CrexTp nornomeHus B BUAMMOIT 006acTH HE MMeET BhIPAXKEHHBIX XapakK-
TEPUCTHYECKHX TTOJIOC.

R

Puc. 4.10. YersepTuyHan CTpyKTypa
MOfAIEKyRbE FeMornobuHa
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Yacts Il. OcHoBHbIE pewwaembie npobnemMsr BUONOru4ecKol Guamku

Heokcn—  Oxkcu— Deppu—
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——— —t—t—  ——
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A (HM)
Puc. 4.11. ®usmnyeckue CBOMCTBE OCHOBHLIX NPOV3BOAHLIX reMornobuHa

CTpYKTypHble U3MCHEHHS B aKTUBHOM LieHTpe (BOIIM3HU reMa) MpHBOasT
Takke K 3HaYUTETbHBIM U3MEHEHHSIM ITPOCTPAaHCTBEHHOM CTPYKTYPHI BCETO
Genka. ITocne mpucoeauHenus kucnopona (T —— R-mepexon), Hexoro-
pbie aMHHOKHCIOTHBIE OCTATKH CABHMTAIOTCA Ha ~ 7 A. DTH CTpYKTYpHBIE
H3MEHEHHSI MHUILIMHUPYIOTCS IPHCOEAMHEHHEM OAHON MONEKYNBl KHCIO-
polma, a 3areM pacrpoCTpaHSIOTCS Ha BCKO OenkoByio rnolyny. IMostomy
B PaBHOBECHOH cMecH MPUCYTCTBYIOT TONBKO T U R ¢opMbl.

PaccMoOTpHM MOCRENOBaTENbHOCTE BO BpPEMEHHM TaKHUX CTPYKTYPHBIX
W3MEHEHH, UCTIONb3YSl B KayeCTBe NpHMepa OBICTPOE SNEKTPOHHOE BOC-
CTAHOBJICHUE (DEePPUTEMOTNIOOHUHA.

IIpexne BCcero moaBeleM MTOT H CYMMMpPYEM OCHOBHBIE CTPYKTYPHBIE
XapaKTePHCTHKH PaBHOBECHBIX (JOPM INIABHEIX MPOH3BOAHBIX N'eéMOITIOOHHA.
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Fnaea 4. lIpobnemMa cTpenok Ha BUOXMMUYIECKUX CXEMaX peaKumii

B ¢epporeMornobute NEHTaKOOPAUHHPOBAHHBIN HOH Fe** uaxoaur-
Cs B BBICOKO-CIIHHOBOM COCTOSHMM (S = 2) M 3HAYUTENIBHO CMELIeH
oT 1ockoctd nopdupuHoBoro xonsua. IMpucoenunenue O, (kax u CO
wi NO) conmpoBoXiaeTcsi MepexoioM XeJie3a reMa B HU3IKO-CIIMHOBOE
coctosiHue (S = 0) ¥ CMeLIEHMEM aTOMa XeJie3a B TUTOCKOCTh NOphHUPHHO-
BOT'O KoOJblia. B TO Xe BpeMsi CTPYKTYpa aKTUBHHIX HEHTPOB B paBHOBeCHoM
BBICOKO-CITHHOBOM (eppUreMornioduHe TakoBa xe, KAK U B HHU3KO-CIIU-
HOBOM (epporeMornoOMHe: MOH -Xejie3a HaXOHUTCA TOYTH B IUIOCKOCTH
nopdUPHHOBOTO KONbLA. OTO Xeé CIPaBeUIMBO U IS COOTBETCTBYIOIIMX
MPOU3BOAHBIX MHOIrNOOKMHA. IIoapoOHOE TEOpPETHUECKOE OOCYXICHHUE FTHX
CTPYKTYPHBIX XapaKTepUCTHK MOXHO HaiiTi B [40].

ITocne BoccraHoBNEeHUS! GepPPUreMOrIOOUHA B 3aMOPOXEHHOM MaTpH-
e OBICTPBIMHU 3JIeKTpoHaMU 6osiee 80 % Genka HaxoaUTCS B HEPAaBHOBECHOM
BOCCTaHOBJICHHOM HH3KO-CIH-
HOBOM ¢opMe, XapaKTepu3sy-
WEeHcs CrneKTpoM Moriaoue-
HUSA THIIA «OKCHTeMOINIoOMHa»
(puc. 4.12). TosblieHue TEM-
fiepaTypbl NPUBOAUT K peEJiak-
CallUd HepaBHOBECHOIO ¢ep-
pOoreMornobMHa B paBHOBECHOE
COCTOSIHHE CO CIIEKTpOM, MO-
Ka3aHHBIM Ha puc. 4.12 (xpu-
Basg 2). AHanoruyunle 3¢ddex-
TH HabMoAaMCh U1 KOMILIEK-
coB ¢peppureMornobuHa ¢ pas-
JAMYHBIMU JTHraHgamu: ¢rTop,

E (otH.en.)

450 500 550 600
[HM]

f‘mn’ LMaHKI, MMHIA30] Wil Puc. 4.12. Cnextpbl NOrAOWEHUA HepasHo-

_ secHoro ¢epporemornobuna (1), pasHosec-

OH™ (pH 8’5)' Boccratosre- HOro epporeMornobuHa (2) v pasHOBECHOTO

HHE 3THX KOMIUIEKCOB B 3aMO-  (heppuremornobura (3) 8 3aMOpPOXEHHbIX pac-
XECHHBIX pacTBOpax IIpHUBO-  Teopax npu 77 K

K obpa3oBaHuio co 100 %
BLIXOAOM HEPaBHOBECHBLIX BOCCTAHOBJIEHHBIX QopM 0ejika CO CneKTpaMu
OIMIOIIEHUSI U MAarHUTHOTO KPYTOBOTO JAMXPOM3MAa COOTBETCTBYIOIIUX HU3-
io-cnnnonux PaBHOBECHHIX OpM MPOU3BOAHBIX (peppore MorioOnHa.
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YacTtb II. OcHoBHbie pewsaemMbie npobnemsl GMONOrNIECcKON (pusimnku

AHa/IU3 3THUX JaHHBIX TOBOPUT O TOM, 4YTO 0Opa30BaHUE HH3KO-CITHHO-
BBHIX HepaBHOBECHBIX (opM (epporeMornodHa U €ro KOMIJIEKCOB, ITOCTE
HUIKOTEMIIEPAaTYPHOIrO BOCCTAHOBIEHUS (QeppHIeMOrioOMHa M €ro KOM-
IUIEKCOB, OOYCJIORIEHO COXpaHEHHEM AaKCHAJbHBIX JMIaHJOB B LIECTOM
KOOPAMHALIMOHHOM TOJOXKEHUH HOHA Fe’*. 3o MONIOXEHHUE, IO BCEH
BHAMMOCTH, 3aHATO aTOMOM a30Ta B HMHIO30JIbHOM OCTaTKe JHCTAJILHOIO
rucTuAuHa. JIucconuanus aurasga 610KMpoBaHa CTEPUUYECKHMMM TPErsiT-
CTBHSIMH OEKOBBIX I'PYIIIT BOKPYT reMa.

Te Xxe pesynbrarbl ObUIM MOAYYEHH ¢ (PeppPUMHOINOONMHOM H €ro
KOMILIEKCaMH.
O6pa3oBaHKe HEPaBHOBECHBIX POPM MHOTHX METAJLICOAEpXaluX Oen-
KOB B 3aMOPOXEHHBIX PacTBopax ObICTPBIMHM 3JIEKTPOHAMM OBUIO 3aperv-
CTPMPOBAHO NpY HUIKOTEMIIEPATYPHOM BOCCTAHOBIEHHHM C MCIIONB30OBa-
HHEM PAITHUYHBIX DU3MYECKMX MeToloB (onTHyeckoe moryomenue, SIIP,
MarHUTHbI KpYroBo# AHMXpou3M). Bce CChUIKH MOXHO HalWTH B MOHOTpa-
dusx [1, 4, 31].
Kak yxe 6bU10 OTME4E€HO, KOHPOPMALIMOHHO HEPABHOBECHBIE COCTO-
SIHUSL BCEX HCCNEeNOBAHHBIX OCJIKOB C MOBBLIICHHEM TEMIIEPATypH pellak-
CHUPYIOT K COOTBETCTBYIOIIMM PAaBHOBECHBIM COCTOSIHMSIM €llle A0 pa3Mo-
paXHWBaHUs MaTpMlbl. B HEKOTOPHIX CiyyasiX YAaJIoCh YCTAHOBUThH IIO-
CJIeOBATENBHOCTE CTPYKTYPHBIX mepecTpoek. Beuio HalizieHo, HanmpuMep,
4yTO NEpell YIAJICHHEM aKCHAJIBHOIO JIMTaHIa U3 KOOPAMHALIMOHHOM chephl
aToMa XeJie3a ero OpMEHTALMA MEHSETCS M aTOM XeJle3a yaaiseTcs or Iop-
dupHHoBOro KoJeila. JanbHeias peaakcanust MPOXOAUT Yepe3 HECKOIBKO
IIPOMEXYTOYHBIX COCTOSIHH,
JaHHble 06 00pa30BaHHH KOH(POPMAIIHOHHO HEPABHOBECHBIX COCTO-
SIHUM XeJNe30CepHBIX OeIKOB, HMrpaloNMX BaXHYK polb BO BHYTPHKIJiE-
TOYHOM TpaHCHOPMALMHU 3HEPruM, OynyT paccMOTpeHbl mo3xe. B KoHIe
sroro mnaparpada OyAyT omucaHbl pa3IMYHBIE METOIbI MOJYYEHHUSA HeE-
paBHOBECHBIX ¢opM OEeNKOB B pacTBOpax NpM KOMHATHOH TeMmeparype.
o Hacrosiiero BpeMEeHH 3TOH TEeXHHKOH OBUIO HCCIIENOBAHO HECKONIb-
KO COTeH OeNnKOB, 3aperMCTpMpoBaHa KHHETHKA MX pejlaKcallMM U yCcra-
HOBJIEHB WX (U3HYECKHMEe M XHUMHYECKHE CBOMCTBA. 3iaech Oyayr na-
Hbl TOJBKO NMPUHLHMNHAIGHBIE BBIBOAB M3 PE3yJIbTaTOB 3TUX HMCCIEN0BA-

HUi. CChUJIKM Ha COOTBETCTBYIOIHE MyONHMKALMKA MOXHO HAWTH B KHM-
rax [1, 31, 37,41].

78



Tnasa 4. [Ipo0GrieMa CTPENOK Ha BHOXHMUHECKUX CXEMAX peaKynii

AHanu3 NOPpHBOIHT K CIEAYIOUIHUM BaXHBIM BbBIBOLAM:

1. Bo Bcex cayyasix 66ICTPOro JIOKAJILHOIO BO3MYLIEHHSI aKTHBHOTO LICH-
Tpa Genka (hepMeHTa) BOZHHKAET HEPABHOBECHOE COCTOSIHHE, KOTOPOE
penakcupyeT nmyreM KoHGOpMAIMOHHBIX H3MEHEHHI, OXBAaTHIBAIOLHMX
BCIO OenkoByo rnobyny. B Xome 3THX H3MeHEHMH Mojekyna Oenka
[IPOXONUT YEPE3 MHOXECTBO MPOMEXYTOUHBIX, HEPABHOBECHBIX COCTO-
STHU, iepexonsl MEXIY KOTOPHIMH MOTYT 3aHMMaTh OT MUKPOCEKYH]
10 cOTeH MWUTHCeKYHA. CrienuduyecKast XMuMUYECKasi aKTUBHOCTb MO-
JeKynsl 6eska (Hanpumep, depmMeHTaTHBHAsI aKTUBHOCTE), KaK NpaBu-
JIO, B 3TUX NMPOMEXYTOUYHKIX HePABHOBECHBIX COCTOSIHMSX BHIIIE, YEM
B MCXOJHOM M KOHEYHOM PaBHOBECHbBIX COCTOSIHHUSIX.

2. AKT npeBpaineHust cyocTpara B MPOAYKT COBIMANAET ¢ OMHOM U3 cTaauit
KOH(GOPMaLMOHHOM penakcaluy Oesaka.

Heckoabko npumepos. [lna MHormx 6e1KoB ObLTM M3MEpPEHBI P KOMHAT-
HOM TeMNepaType XapaKTepHbie BpEeMEHa pa3iMYHBIX CTAAMH DENakcaluu
nocjie CKa4ykooOpasHOro BOCCTAHOBICHMSI MOHA Xe€Jie3a B aKTUBHOM LiEH-
Tpe [41]. Jns uuroxpoma C (0aMH U3 [IABHBIX KOMITOHEHTOB ABIXAaTEIbHbIX
3NEXTPOH-TPAHCIIOPTHHIX LiEMeil B MUTOXOHAPUAX a3POGHBIX OPraHM3MOB),
npu pH 10,6 661K 3aperMcTpHPOBaHBl TPM peJIaKCALlMOHHBIE CTANMH C Xa-
paKTepHBIMHA BpeMeHaMH, okono 30 Mxc, 0,5 Mc u 0,3 ¢. Jlns reMornobnHa
npu pH 7,4 MaciTabel BpeMeHH OOHApPYXEHHBIX pelaKCAlMOHHBIX CTaXHiA
opu: 70 Mxc, 0,3 Mc, 0,6 Mc 1 50 mc. JIna xene3ocepHoro 6enka — dep-
pPEAOKCHHA ObUIM 3apETUCTPHPOBAHBI ABE YETKUE CTAAMM C XapaKTepHBIMH
BpeMeHaMH okoao 100 Mkc, 0,2 c.

JloctaroyHo OoJblIMe BpeMEHA XH3HH MeTaUIicoAepxalluX OeJIKOB
B KOH(MOPMAaUHMOHHO HEPABHOBECHHIX COCTOSHMAX JENAlOT BO3MOXHBIM
OLICHHUTh MX XMMHWYECKYIO peaKLUHMOHHYIO CIOCOOHOCTh. H3mepunn KoH-
CTAHThI CKOPOCTH HEKOTOPHIX CrieliMdpHYEeCKHX peakiluil 3TUX OEKOB cpasy
nocne oOpa3oBaHHSI MX HEPABHOBECHBIX COCTOSIHMI M B TEUEHHE peJIaK-
cauuMM. bt noapoOHO MccneoBaHBl CAEAYIOLIME PEaKIHM: OKHCIEHHE
BOCCTAHOB/IEHHBIX XeNe30coiepXxaiiux 6enkos peppULiHaHHAOM KATHS HITH
HEKOTOPBIMH METALICOAEPXKAIMUMH GenKaMH B OKMCIEHHOH dopMe.

IhaBHBIM pe3yNAbTaTOM 3TUX KHHETHYECKHUX HMCCAENOBaHUU ObLIO TO,
YTO KOHCTAHTbl CKOPOCTH peaklLUii 6ENKOB B HEPABHOBECHBIX COCTOSHHSAX
MOTYT OTJIHYAThCH CYLIECTBEHHO (BILIOTH O 10° pa3) OT COOTBETCTBYIOIHX
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Yacte Il. OcHoBHbIE pelaembie NPo6GaeMbi 6HOOrNHECKOH (PU3iMKN

KOHCTAaHT CKOPOCTH TeX X€ OeJIKOB B paBHOBECHBIX COCTOSIHUAX. PeakiMoH-
Hasi cnocobHOCTL OOBIYHO MOBHILIEHa (HO He Beerma). Iloche penakcanuu
KOHCTAHThI CKOPOCTH BO3BPAILAIOTCS K 3HAYCHHUSAM, XapaKTEPHBIM U1 paB-
HOBECHBIX O€NKOB.

CKOpoCTH peakIMii HEpaBHOBECHBIX 6€1KOB YaCTO UMEIOT HEOOBIYHYIO
3aBHCHMOCTb OT TeMIiepaTyp. HauajibHas KOHQHTYypallusl B CKOPOCTh KOH-
dopMaLiHOHHOM peJakcalMH OeNKOB, KakK MpaBujio, 6oee YWyBCTBUTENbHBI
K U3MEHEHHSAM TEMIIEPATYPhl, YEM CKOPOCTb JIEMEHTAPHOI'O aKTa UCCIIEHY-
eMOro XMMu4eckoro npeppaimeHus. [TostoMy, HanpuMep, ¢ MOHWXKEHHUEM
TeMIepaTypsl KOHQOpPMAalUMOHHAasA peNlakcauus 3amemisercs M Oonbiuas
YacTh peaklMH YCINEBAET 3aKOHYMTHCH Ha INEPBLIX CTANUAX PEIAKCALIUH,
KOIJia peakIHOHHYIO CIIOCOOHOCTb Oenka MakcuManbHa. M3mepseMas cxko-
POCTh peaKiM¥ B 3TOM CAydae BO3pPACTaeT B KAXylIEeMCS TIPOTUBOPCUUH
C 3aKOHOM AppEHHUYCA.

OnucaHHbIE BBILIE YCCNIeNOBaHHSA OEIKOB B KOH(POPMALIMOHHO HEpaB-
HOBECHHIX COCTOSHMAX TPEeOYIOT CIOXHOM 3KCNEPUMEHTANBHON TEXHUKM:
HU3KHE TeMIiepatypbl LISt 3aMEIUICHHUS penakcalii¥, UMIYJIbCHBIE METO-
Ibl JJIsl OTHOBPEMEHHOM peaiM3allMM TOKAIbHBIX XMMHYECKUX H3IMEHEHHIH
B 3HA4YUTENBHOMN YacTH MoJieKyJ 6enka B oOpa3ie U T. 4. CoBepLIEHHO SICHO,
OAHAKO, YTO aHAJOTHYHbiE COOBITHA MOIYT MMETh MECTO M C OTACNABHBIMH
MOJIEKyJIaMH Oellka BO BpeMs MX (PYHKIIMOHHMpOBaHUS NpH (PU3UOIOTH-
YeCKUX TeMIiepatypax, 0€3 HMCKYCCTBEHHO HaBfA3aHHOW CHHXPOHH3allMH.
ITonyyeHHBle OO CHX IOp HaHHblE AOKA3blBAKOT, YTO MHOTHME pEaKkLUH
OenKOB ACUCTBHUTENBHO MPOTEKAIOT B JBE IJIaBHBIX CTaAHM: OBICTpbIE JIO-
KaJIbHBIE M3MEHEHHS C MOCAEAVIOIEH MEANIEHHON pelakcaiineit, B Xoue
KOTOpOH OeKOBblE MOJEKYIbI MPOXOAAT Yepe3 CepUH CYIIECTBEHHO He-
PaBHOBECHBIX COCTOSIHHI M peaM3yoT (Wi depMEeHTATHBHBIX [TPOLIECCOB)
TpaHchopMaLuio cybcTpaTa B IMPOAYKT.

Penakcaiisi HEPaBHOBECHOTO COCTOSHHS, CMEIHAJbHO TIPUTOTOBJIEH-
HOTO C MOMOILBIO HAMPABICHHOTO, JOKAJbHOIO BO3ACHCTBUS, MOXET OBITh
C OJHHAKOBOM CTeNEeHbI0 OOOCHOBAHHOCTWH OIMMCaHA JAHMOO0 KakK moce-
JNOBATEJIbHOCTHIO BJIIEMEHTAPHBIX AKTOB, KAXKIbIii M3 KOTOPbIX IMPOTEKAET
o0paTUMO H NEPEBOAMT MOJEKYNY B HOBOE€ KOH(OPMaUMOHHOE COCTOIHHE
(cM. puc. 4.6 u 4.7), TGO KaK HenpepbIBHOE BHXKEHNE BIOJb BBIAEACHHOM
MEeXaHHYEeCKOH creneHH cBobonbl. B cinyyae pocTaTOYHO MPOCTHIX MOJE-
KyJl MpeanoyTUTeNeH nepBblii nmoaxoa. Bo BpeMs penakcanud CIOXHBIX
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Thaea 4. lpob6nemMa CTpenok Ha BUOXUMUHECKMX CXEeMax peaxuui

OeIKOBBIX MOJIEK YT 3/IEMEHTAPHbIE aKThl (ITOBOPOTHI BOKPYT MPOCTHIX KOBa-
JICHTHBIX CBA3EH:, U3MEHEH i HEKOTOPBIX BAJICHTHBIX YIJIOB, Pa3pbiB U oOpa-
30BaHHWe BONOP'OIHBIX CBSA3CH U T.1.) JOMKHbI ObITh PEATM30BAHbI B CTPOTO
OIPENCTICHHOM: TIOCNECAOBATEIBHOCTH C MOMOILBIO NMPAaBWIbHBIX U OLIHO0Y-
HBIX 3JIEMEHTAPHBIX aKTOB. EC/IM YHCIO BO3MOXHBIX 3JIEMEHTAPHBIX aKTOB
JOCTATOYHO BEJIUKO, TO OMMCAHMUE PEAKCALMOHHOIO MpoLECcCa CTAHOBHUT-
¢Sl HEYROOHBIM , MPaKTHUYECKH HEBO3MOXHBIM M MOITOMY OECCMBICIICHHBIM,

Kak, HalpuMme p, MUKPOCKOIIHUYECKOE OIMMHCAaHHE Jodoro MakKpOCKOITHYEC-
KOIo IBHXKCH 4.

Hcenenosanrde npespamieHus cy0cTpara B NPoayKT H KOH(OPMAaIHOHHOM pe-
JaKCallHu Br) BpeMsa oaHoro obopora ¢pepMentaTHBHOM peakumu [42]. Hc-
CIICHOBANH MPSAMYI0O U OOPATHYIO PeakUMU, KaTanu3upyeMble pacTBOPUMBIM
tepmeHTOrd ManaTaeruaporenasoi (MIT) ¢ kopepmerntom NAD:

HOOC—C:HOH—CH,—COOH + NAD" —
MaNnCHHOBasA KHUCJIOTa
= HOOC—CO—CH,—~COOH + NADH + H"
LLIABEJICBO-YKCYCHAasl KUCIOTa

Kondopmauuonrble nameHenusi MJIT mayyanm, u3Mepsia (muxoce-
KYHI Hasi TEXHUKA) CPEHEE BpEMs XU3HHM COOCTBEHHOMH (hnyopecLeHUHH
TPHT ITopaHa ('rf), KOTOpasi YyBCTBHUTESIbHA K €r0 HEMOCPEACTBEHHOMY OKpPY-
XCHUW., 3Ha4YCHHE T; HU3MEPAIIM Kaxnble 0,5 mc B Teuernue 1,5 oboporta
berika (~ 10 Mc mna mpsMo# peaxurd). XMMHYECKYO TpaHchopMauuio
cybcTpara JETEKTHPOBAAH MO U3IMEHEHHUSIM PEIOKC COCTOSIHUS KOoEepMEH-
Ta, U3MEpsii ONTHUYECKYIO IUIOTHOCTh obpasua mpu 340 HM (MakCMMyM
mornomenrss NADH) xaxawie 0,5 mc, HaunHas ¢ 0,5 Mc nocie cMelmBa-
Hu4. IlpucoenrHenue L-Manara WM oKcaiaLeTara He MEHSIET 3HAaYEHUSE T
M, Ho ofpasosaHune KoMIIEeKcoB ¢ kodepmenramu NAD ' wim NADH
OHMXAET T, MPH 20° C ot npumepno 3,6 HC 10 ~ 3,1 HC B TeueHue
~ 4 Mc nocne cmenivBaHuA. Ha puc. 4.13 @ npeacrasieHbl 3HaUYeHUA Ty
H KMHeTHKa poccraHosieHus NAD™ npu 20° C B teuenune 14 Mc nocne
cMmeminBaHus. Ecnm peakuus Oblla MHHULKMKMpOBaHa JobaBieHUEM L-Manarta
K cMecu MJIT u NAD™, T; HEMEUIEHHO HaUMHAET YMEHbUIATbCA, JOCTUIas
MHHMMAJIBHOTO 3HaueHUs (~ 2,5 HC) mpu ~ 6,0 MC mocie CMeUIMBaHUSL.
B xoHue nepsoro umkia (uepes ~ 10,5 mc) T, BO3BPALLACTCS K CBOEMY
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Hactb Il. OcHosHuie pettiaemsie npobnemMsl BUONOrny'eCKON (pr3nkm

AD _
ff 340 10 5

Puc. 4.13. a) KnHetnka W3MeHeHwid
i ontudeckoil nnotHoc™ NADH, D,
(kpnBas 3)  nameHer i T, NOCNE UHW-
UMMPOBAHUR nNpAMOI  peakuwn. Kpw-
BaR 1. peakuma WHKILWMMPOBAHA NO-
10 HasneHvem cybetpata x cmecu dep-
0.5 MEeHT + kodepmeHT. Kpi1Ban 2. peak-
uMs MHnUMMpoBaHa aobatineHnem cme-

0 cu kodepmeHt + cyberpar k dep-
3 =0,5 MeHTy. 0) KuHeTuka wamisHenwii D,
2,4 D) 1:{’(5) M T, NOCNE WHMUMMPOBA HWRA OOpaT-
. S HolA peakumy. O603HaueHnsT Te Xe, HTO
0 2 4 6 8§ 10t ,Mc ¥ Ha pve. 4.13a

[EPBOHAYAILHOMY 3HAYEHMIO, XapakTepHomy misi MIT—NAD™, a sarem
CHOBA YMEHBIUAETCA, XOTS U MEUICHHEE, YEM B Ha4yalic MEPBOro LHKIA.
Ecan peaknus 6pina MHMUMHMpoBaHa nobasieHMeM NAD' k cmecu MIAT
¢ L-Manatom unau pobasneHueMm cmecu NAD' ¢ L-manatom k MAT, 10
KpHBas 7, (t) B TeueHHE MEPBBIX 4 MC MPOXOAUT BHILLE COOTBETCTBYIO LUEH
KPUBOH LIS MEPBOI CXEMBI OMBITA, MOCIE Yero 00€ KPHUBLIE COBIAAAI0T "

ITpyn 5° C ansa obenx cxeM U MHHULMALIMIA T; YMCHBIUACTCS B TEUCHHE
14 Mc nocne cMewiMBaHUs M HE TOCTHTAET ¢ BOETO MMHUMAJbHOTO 3HAYCH Hsl
N0 KOHLIA PETUCTPALIMH.

CoBeplIcHHO APYTHE PE3YJIbTaThl OBLNM TIONYYEHBI IS OOpaTHOH pe-
aKuMM (BoccTaHOBNEHHWE OKcanaueTata u okuciaeHuss NAD™). Dtu pesynb-
TaThl MOKasaHbl Ha puc. 4.13 6. PeakliMs MpaxkTUIECKH HE COMPOBOXIACTCS
KOH(OPMaLMOHHO| penakcaunen, perucTpMpyeMod MO YMEHBLICHHIO T,
a oxucienMe NAD™ HaunHaeTcs cpasy 1ocsie CMEIIMBAHMS U [IPOAOIIKAET-
Csl B TEYEHHHM HECKOJNBKHX 000poToB (epmeHTa (BpeMs o6opoTta pepMeHTa
Ui O6PaTHON peakuuu MPUMEPHO 3 Mc).

Bce oTm pesynbraThl MOXHO paccMaTpUMBaTh KakK J[0Ka3aTelbCTBA
toro, yro MJI karaausupyer npsamyio U oOpaTHYIO peaxkiiMM, Haxo-
ISICh B PA3IMYHBIX KOH(POPMAUMOHHBIX COCTOSIHUAX. 11yrH 3TUX peakuuu
HE COBIAAAIOT.
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OTH JAHHBIE MOTYT TAKXe NPOSCHUTb MEXAHM3M «TUCTEpe3uca» WIH
«aMATH» (PepMEHTATUBHON aKTUBHOCTH. CyLUECTBYIOT ABE BO3MOXHOCTU
FMCTEPE3UCHOIO MoBeIeHUs Takux OesIKoB.

1. ITocreneHHOE BO3pacTaHHWE aKTHBHOCTH KAaXJIOW MONEKYNH (pepMeHTa
C KaXIbIM HOBLIM 000POTOM.

2. Bo3pacraHue 4yHMCHa AKTMBHBIX MOJIEKYJ OcjiKa B MONYJIALMHA IIEPBOHA-
YaJlbHO HeaKTUBHBIX MOJICKYJI (pepMEHTA.

W3 Bhille npeacTaBICHHBIX JaHHLIX CHAENyeT, YTO B MEPBOM LIUKIC
obopoTa epMEHTa yYyacTBYeT JIMlb He3HAUYUTENbHAs YacTh Moiekyn MAT
(~ 0,1 %), HO BCe 3TH MOJIEKYJIbl OGNIaZAOT MaKCHMMAILHON aKTHBHOCTBIO
C CaMOI'0 Hauala. D10 THNHYHOE MOBEAEcHNE IM'MCTEPE3UCHBIX PepMEeHTOB,
KOTOpBI€ MOTYT CYIIECTBOBATH B IBYX JUCKPETHHIX COCTOAHUAX — aKTHBHEIX
U HEeaKTUBHBIX.

B xome peakiivM 4YMCIO aKTHBHBIX MOJIEKYN Bo3pacraer. Kaxnast ak-
THBHasE MoJicKyna ¢GepMEHTa, NPHHUMAsE YYacTHE B aKTe MpeBpallieHus
cybCTpaTa B [IPOAYKT, BRIBOIUTCS U3 NONYJSIHUY NOTEHUKATBHO AKTHBHbBIX,
HO He pearMpoBaslinXx MoJiekyn. IlosroMy paBHOBecHe MEXIY OBYMSI IMO-
AYNALUAMHA CMELACTCA U YMCIIO AKTUBHBIX MOJIEKYN pepMEHTA BO3PACTAET.

4.7. Makpockonuuyeckue U MOJNIeKyIfipHbie
mawmHbl. Uaen MakKnanpa

HanoMHUM, YTO NMOJIOXEHHUE KIACCUYECKoi (PU3INYEeCKOH XUMHUH, CO-
IJIACHO KOTOPOMY Harpas/icHHE U peald3alivisi XUMHYECKOrO NpeBPaLCHHs
MONHOCTBIO OINPENcNAIOTCA U3MEHCHUAMHA CBODOXHOM 3HCPIrdM CUCTEMBEI,
MOXET OKa3aThCsl HeBePHBLIM JUIA SJIEMCHTAPHBIX aKTOB peakiiuii, KaTanu-
 3UPYEeMBbIX JOCTATOYHO CJIOXHBIMHM MonekyaMu ¢epMeHToB. Kak yxe 6bL10
NIOMYEPKHYTO BbILIE, «IHTPOIH{HAsS» YacTh CBOGOAHOM 3Hepruu (2.26, 2.29)
He MOXeT ObiTh HENOCPEACTBEHHO MCIOAb30BaHA IS COBEPIIEHHS PabOThI
(B ciaydae XMMHYECKOM peakuM¥ — IS TIPEONOJNicHHS AKTHBALMOHHO-
ro Gapeepa, orgenswomiero S or P). DHrponuifHasg 4acTs AODKHA OBITH
NpeBpallicHa B SHTAILNHIHYIO. DTO BEpHO OaXe UIA YCTPOMCTBa, nNpHUBe-
HEHHOI'O Ha pHC. 2.3, rae NMPOM3BOACTBO paboThl ONpPeneNsieTCA Pa3sHOCTHIO
JaBNeHHH ra3a. JleTalbHOE ONMUCAHUE U30TEPMHUYECKOM MEXaHHYECKOM pa-
60Thi, coBeplIaeMOif IBUXYILKAMCS TOpIIHEM, O4eHb CJIOXHO. Pa3HocTb

83



Yactb Il. OcHosrble peuraeMble npobaemb! OUONOrUYeCcKon Gusnkn

KHMHETHYECKOM DHEPIMM YacTULl MO 00¢ CTOPOHE! IOPIIHA MpeBpaniacTcs
B TIOTEHLIMAJIBHYIO YHEPIHIO MOBEPXHOCTHOTO ciosi mopinHs (cxarus). Hc-
MMOABL3YSi A3BIK KIACCUUYECKOM MEXaHMKM, MBI OITMCEIBAEM 3TOT IMPOLIECC, KaK
MEXaHU4YeCKOE JIBHXEHHE TBEPAOro Teaa, HMEIOLIErO HEHTP TAXECTH U Me-
XaHMYECCKUH MOMEHT, paBHBIH CyMMe MOMEHTOB YaCTHII ra3a, CTaIKUBaIO-
LKXCA C TOBEpXHOCTBIO MOpiHA. O6pasopaHHe HATIPSKEHHBIX (CXKAaTbIX)
CJIOEB TMOBEPXHOCTH TIOPUIHS OOYCNOBJICHO MPEBpPAIUCHUEM KHHETHYECKOM
SHEPrMM YacTHil rasa (3HTPOMHi{HAs yacTb CBOOOXHON SHepruu) B MO-
TCHLHMAMBHYIO 3HEPrHI0 HEPABHOBECHOIO COCTOSHUA MaTepHasia MOPILHLI.
JABrXeHne MOpUIHA NPUBOJUT K PACHIMPCHHIO ¥ OXJIAXIEHHUIO ra3a. B cBoio
ouepenb, OXJIAXICHHAE BBI3bIBACT CIIOHTAHHBIM MMOTOK TEIUia OT TEPMOCTATA.
TeruioBoil 0OMeH MEXIy pabO4YHM TEJIOM M TEPMOCTaTOM HeoOXOmUM IJis
COBepIlICHHSI HEMPEPHIBHOM M30TepMHUUYECKO paboThl, HO He obs3areseH
ISl «IJIEMEHTAPHOrO aKTa» padoThl.

B pamkax TepMOIMHAMHUKH, €CIM Mbl HE HMHTEpeCcyeMcsl ICTaJibHbIM
MEXaHM3MOM IIpolecca, a OrpaHUYMBAEMCH PACCMOTPCHUEM HAYaJbHOIO
M KOHEYHOIO COCTOAHMHA CHUCTEMbBI, MOXHO CKa3aTh, YTO OMMHUCAHHOE BBILIEC
YCTPOHCTBO NMPHHALIEXKHUT K KJIACCy <«3HTPONHAHBIX MammH». CyllecTBYET
JIBa TUITa SHTPONMUNHBIX MalTMH. MaliHBl EPBOI0 TUITA CIIOCOOHBI CO34a-
BaThb MEXaHHUYECKUHA MOMEHT MaKPOCKOIMUYECKUX KOMITOHEHTOB YCTPOMCTBA
3a CYET KMHETHYECKOM ZHepruMd MojieKysna., OnmUcaHHOE Bblllle YCTPOCTBO
OTHOCHTCA MMCHHO K 3TOMY THIy. MalmHBI BTOPOro THIIA MCHONb3YIOT
0CcOOBIC YaCTH KOHCTPYKUMH, CIIOCOOHBIC OTOMPATh «MOPAYHUE YACTHUIIbI», KH-
HETUYECKAA FHEPrus KOTOPBIX JOCTAaTOYHA UIST MPEeOAOJICHUS aKTHBAL[HOH-
HOro 6apbepa, CTOSIIIETO Ha MYTH XMMHUYECKOIo IpeBpancHus. MexaHHu3M
BTOPOIO THIA MOXHO WUTIOCTPUPOBATH HMPUMEPOM DJIEKTPOIHU3EPA U KOH-
LIEHTPALIMOHHOIO TAIbBAHMYECKOTO 37eMeHTa [1]. Takum o6pa3oM, MOXHO
cKa3arh, YTO 00a THNA SHTPOIUAHBIX MAIIMH HE HUCIOIb3YIOT HENOCPEI-
CTBCHHO SHTPOMUMHYIO YaCTh CBODOIHOM SHEPIMH CUCTEMBI, a [IPEBPAIAIOT
ec MpedBapUTEIbHO B SHTANBIIHHHYIO.

3ameuaTeNbHBIA (HO KO CHX MOP HENOCTAaTOYHO OLICHEHHbIH W 00-
lenpu3HaHHKi) aHmmiickuil dusuk MaxkKumsitp (C. W. F. McClare) He-
3aBMCHMO pa3padboTasi aHaJIOTHYHBIA MOAXOH, MPOICHAIOINHA MEXaHHU3M
MOJIYYCHUA pabdoThl 32 CUET XMMHMUYECKOH peakuuv, ocobeHHO Ansa ep-
MEHTAaTUBHRIX TtpouieccoB. MakKnaiip Hayan cBoit ryOboKvil aHaKM3 1npo-
GneMbl ¢ HOBOM (HOpPMYJIMPOBKHM BTOPOIO 3aKOHA TEPMOXWHAMUKU, BBE
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NOHATHE CoXpaHsemoit IHepruu (stored energy) ¥ Jan pasymHoe pu3sMye-
CKO€ ONHMCaHHE npoleccoB TpaHCHOPMAUHMH SHEPTrHH B OHOJOTMYECKHMX
cucteMax [49-52]. MakKsiip pacnpocTpaHT MONOXKEHHS KIaCCHYECKOH
TEPMOIUHAMHUKHA HAa MOJIEKY/ISIDHBIA YPOBEHb M yKa3al Ha TO, YTO OHOJIOTH-
YeCKHUE CUCTEMBI BBIIBUTAIOT YHHKAJIbHbIE TEPMOJMHAMHYECKUE TTPOOJIEMEL.
MaxkKiaiip BBen Bpemsa B PyHOAMEHTaNbHYIO (HOPMYAMPOBKY BTOPOro: 3a-
KOHA TePMOAMHAMHUKY {0 HEOOXOAMMOCTH 3TOFO Mkl Y€ FOBOPHJIH BbilLLic).
JTOoT MacwTal BpeMeHH ONpeneasieTcsi COOCTBEHHBIMH XapaKTepUCTHMKA-
MH MONEKYJl, SBJISSCH B TO Xe BpeMs COOCTBEHHOH XapaKTepHUCTHIKOH
CUCTEMHI.

Jlerko BuaeTh, yto UaeH MakKuaiipa BecbMa 6113KH K NpeacTaB.cH-
HBIM BbIllIE B 00CYXcHUAX NapagokcoB MakcBesuta, [M66ca u Jlommyiara,
a TaKX€ K TEM, KOTOphlie OTHOCATCS K KOHCTPYKHHH, KaK K TePMOTHHAMH -
YeCKOMY ITapaMeTpy IJI1 CUCTEM C aMSThIO.

Ilo aHanoruu ¢ KenbsBuHoM, MakKiaitp chopMymMpoBajl ro-HOBOMY
BTOPOH 3aKOH: «HeBO3MOXHO co3naTh MalllMHY Joboro pasMmepa, pabo-
TAIOWIYI0 IUKIHYECKH (BpeMsl LHKJIA T, KOTopasd He OyAeT NMpPOHU3BO/IMTDH
HUKAKMX OEHCTBUM, KpOME IKCTPAKLIUK FHEPIruid, ypaBHOBCIUICHHbLIX MEX-
oy coboii, 3a BpeMsi MEHBLIE T M3 pe3epByapa NMpH OJHOH TeMIlepaType,
K TIpEBpALUICHUS OTHX 3HEpruii B GopMy, B KOTOPOH OHHM Obl COXpaHATIUCH
nonslle, 4yeM T, JIM60 npH 6osiee BLICOKMX TeMIleparypax, JHOO B ¢popme
HHBEPCHH ,,HACEIEHHOCTEH “».

Bxparue BTropoit 3axkoH Moxer OHThL CHOpMYyMHpoOBaH CleAYIOLUUM
obpa3om: «1one3Has pabota MOXeT ObITb BHIMOMHEHA CHUCTEMOH TOMBKO
TOraa, Korga ogHa ¢popMa CoXpaHAeMoM 3HepIriU NpeBpallaeTcs B Ipyryion».

Ilonpo6yeM Teneps CHOBa paccMOTpeTh GYHKUHOHHPOBaHKE hepMeH-
TOB, KCIIONB3YS A3KK MakKnaiipa.

O6cyxaas npobneMy alleKBaTHOI'O NPpHMEHEH K BTOPOro 3aKOHa K 61o-
JjorndeckuM cucteMaM, MakKinaiip ykazan, 4Tto ¢ moMomblo KilaccH4ec-
KOU paBHOBECHOI TepMOIWHAMMKY SHTPOIMHSA SIBIAAETCS MaKpOCKONHYe-
CKoH (yHKuMe# cocTosHMA CUCTEMbl. M3MemerHMe SHTPONUU OlNpeaesis-
€T HarpaBlieHHe CIIOHTAHHBIX HEOOpaTUMBIX RPOIECCOB BO BCeil CHCTe-
Me. C apyroii cTopoHbl, Onaroxapsa oOpaTHMOCTH (PH3HYECKUX POLIECCOB
Ha MUKPOCKOIMHYECKOM YPOBHE, SHTPOIMMS HE MOXET ObITh XapaKTepHUCTH-
yeckKoi (pyHKUMEH MONEKyJX Ha MUKDOCKONMHYECCKOM YPOBHE (CM. TaKXe
obcyxaeHue napagokca Jlommuara B pasgene 3.4) D10 MOXET O3Ha4Yarh,
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YTO BTOPONA 3aKOH MMeeT CTATUCTUYECKYIO IMPUPOIY, €CIHU OH OTHOCHUTCS
K CHCTeMaM, COCTOSIIMM M3 OOAbLUIOr0 4YMCHa 4yactuil. B TepMoaunamu-
YeCKOM Hpeaene, COOTBETCTBYIOIEM OONBLIOMY YHCIY YAaCTUI[ B CHCTEME,
ryKryauuu MaKpoOCKONMMYECKUX MapaMeTpoB Manbl. B pamkax d¢opma-
JIA3MA CTATHCTUYECKOH MeXaHMKH (CM. pasmen 2.2), MaKpOCKOIMHYECKHe
CBOIICTBA CHUCTEMblI B PABHOBECHOM COCTOSIHUH MofyT ObITb PACCUMTAHBL
C MOMOUIBIO CTaTHCTHYecKOo cymMmbl (byHKIMs pacnpenenenust). Pop-
MAaJTIbHO, CTATUCTUYECKYIO CYMMY MOXHO ONpEeIeIuTh HE3aBUCUMO OT YHCa
YacTUl B cucTeme. OHAKO IUIsT CHCTEM, COCTOSILIMX M3 MaJoro 4ucha
4acTHl, (IYKTYallid MaKpOCKONMUYECKUX NMapaMeTpoB (TaKMX, KAaK KOH-
LEHTPALIHA YaCTHI, TEPMOAMHAMUYECKHE TOTEHIHAIB H T. ) MOTYT GBITh
CAUILKOM BEJMKH. MBI yXe TOBOpHJIM 00 3TOM, KOrma OoOCYXIanH Hernpu-
MEHHMOCTb 3aKOHAa NEHCTBYIOLIMX Macc IS aHaIM3a XMMUYECKHX peak-
WA BHYTPH MaNBIX Be3WKYJN B 3Heprompeobpasyiolux opraneimiax [53].
Cneaysa apryMmentaM MakKiaiipa, MOXeT noka3aTeCs ¢ IEPBOro B3rJIAla,
YTO BO3HMKAET KaXylleecs HapylleHHe BTOPOTro 3aKOHa, eCHM CHCTeMa
COLEPXUT OHY WIH HECKOABKO MOJNEKYNI. DTO YTBEpXKICHHUE, ONHAKO, MO-
XeT ObITh NpaBWILHO TOJILKO U1 OTHOCUTENbHO HEOONBLIMX MOJEKYII,
HO OKAa3aTbCSi HECNpAaBeLIMBLIM I MaKpOMOJEKYIApHBIX cucTeM. Ka-
KOy OTHENBHYIO MaKpOMOJIEKYNY MOXHO pacCMaTpHBaTh KaK CTaTHCTH-
gecKylo cucteMy [9]. OtmenbHbIe MOEKyIBI WIH KOMIUIEKCHI, COCTOSIIHE
M3 CPaBHUTENBHO HEOONBLINOrOo 4Wcjia MaKpOMONEKYJN, OOBIYHO MIPAIOT
ponib QYHKUHOHANBHBIX IHHMIL B XHBoi Kietke. Vtak, m1g agekBaTHOro
TEPMOAUHAMHYECKOTO ONUCAHUA OMOXMMHYECKHMX MPOLIECCOB B CIOXHBIX
OGHOJIOTHYECKUX CTPYKTYpax HE MMEET CMBIC/Ia pacCMAaTpHBaTh NMOBEACHNE
OONBLIOrO YUCJHA MPOCTPAHCTBEHHO pa3leNICHHBIX MOJEKYN (epMEHTOB,
OpraHe/Ul MJIM KNeToK, 4ToObl paboTaTh CO CTATUCTHYECKUM aHCaMOJieM
yacTvu. IloBeneHWe oOTHenbHONU MaKPOMONEKYJAbHI MOXET OBITh OMHCAHO
3aKOHaMH CTaTUCTHYECCKONH TepMOAMHAMHUKH. IIpHMMEHSsT 3TH 3aKOHB], MBI
TOJDKHBI YYHTHIBATD HE TOJILKO TEMNOBLIE, HO U BbiAEACHHbIE (MEXaHUYEC-
KU) CTENEHU CBOGOAKI, KOTOpble He OGMEHUBAIOTCS YHEPTHEl C TEIUIOBBIMH
CTeneHsaMU CBOOOAB 3a XapaKTepUCTUYECKOe BpeMs (7) M3yuaeMoro mpo-
uecca. Tonbko BO3OYXACHHE 3THX MENICEHHO DPENaKCHPYIOLIMX CTeneHeH
CBODOK! MPUBOAMUT K HCNOIB30BAHHMIO COXpaHSAEMOM 3HEPTUH, CIIOCOOHOM
COBEpILIATL padoTy.
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4.8. Memb6paHHoe dpocdopunuposanume
U 3NEKTPOHHbIK TPAHCNOPT

BaxHbIM K HauboONee TIHATENbHO M3YYCHHBIM HPOLECCOM C YYaCTU-
eM MOJIEKY/JSIpHBIX MallliH fABJAAeTcs ofpasoBaHHe amcHO3MHTpH)OcharTa
(AT® unu ATP) — yHUBepCalbHONH 3HEPreTHYECKOM «pa3sMeHHOH MOHEThI»
B OHOJIOTHYECKUX CHCTEMax, W ruaponu3 ATP, Kotophiii yooBAETBOPSET
3HepreTHYECKHe NMOTPEOHOCTH BCEX IHEPrOAKLIENITOPHHIX IMPOLIECCOB, Kak,
HaripMMep, CUHTE3 HU3KO- M BRICOKOMOJIEKYJISAPHBIX COCAMHEHUM, Co3ma-
HHe HEpaBHOBECHOTO pacnpeleleHUs] HOHOB METAJUIAa M IPYTHX HH3KOMO-
JEKYJSIPHBIX YACTHL BHYTPH I'€TCPOICHHBIX TKAHCH W BHYTPHKICTOYHBIX
CTPYKTYpP, MEXaHHYECKOE IBHXEHHUE, IIOMUHECLHEHLIUS U T. 1.

- ?
o 0=P-0"
- =P OB
OH ----= | _
0 0
O=I|’—O_ o=1|)—o
0 0
NH, o0=pP-0° NH, =P—0
NAYN 0 NAPN
QLY QLY
N N o CH, N N o CH,
OH OH OH OH
ATP =——= ADP+ P,
1
%
T
o AG'ATP
KoopaMHarta peakiiny j

Puc. 4.14. Crpyxtyput ATP n ADP. Cxema cunresa u rmiponnsa ATP
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Ha puc. 4.14 nokazadbl ctpyktypa ATP u ADP u cxeMbl CUHTE3a
u rugponnsa ATP, T.e. cxeMbl pcakuvu

ADP + P, — ATP + H,0

Kak yx¢ Obln0 paHee MOAYEPKHYTO, BCE OMONOrMYECKUe MOJEKYIIIp-
Hble MAalllMHBI SIBJASIOTCS MAallMHAMM XUMHYECKUMH,. OHHU OCYLIECTBIIAIOT
CONpPSXEHHE MEeXIy SHEPTONOHOPHBIMY M SHEPIrOaKUEeNTOPHBIMU XHMHYEC-
KHMH peakuusaMHu. B Ki1accudeckoil Pr3HIeCcKOM XUMHAKM TAKOE COIIPSEKEHUE
TpebyeT NPUCYTCTBUSA OOIEro MHTEpMearaTa, y9acTBYIOIero B obeux pe-
aKIHX.

PaccMOTpUM MpOCTEHHIWH MpHUMEp € ABYMS MOHOMOJCKYIIpHBIMH
peakUusAMH

A~—B K, (4.21)
B—C K, (4.22)

3nece K, u K, — KOHCTaHTHl paBHOBecHsi peakuuit (4.21) u (4.22)
COOTBETCTBCHHO.

ITycte peakuumsi (4.21) — sHepromoHopHas, a peakuus (4.22) —
3HeproakucnTopHast. JeraJlbHbIA MATEMATUUECKUIA aHAIM3 DTO CHUTYALUH
MOXHO HaiTH B [31]. 31eCh MBI OTPAHUYUMCSL OOBSICHEHHEM, HECKOIBKUMH
YTBEPXACHUAMHU U OOIIUM BBIBOLIOM.

TIpenmofoxuM, 4TO Hallla CUCTEMAa UCXOMHO HAXOOHUTCS B COCTOSAHHM
XUMHUYeCKOro papHopecHsi. CIBUI paBHOBECHS 3HEProOaKIIEIITOPHOM peak-
LIHH MOXET OBITh BBI3BAH, HAMIPUMEDP, MOBLIIIIECHUEM KOHLIEHTPALIUHU OJHOTO
M3 PEAreHTOB, YYACTBYIOIIMX B SHECPrONZOHOPHOW peakuud. DTOT Mexa-
HU3M HMEET YMCTO CTATHCTHYECKYIO IpHpoay. IIoCKONbKY SHEPreTHYECKOE
COIPSDKCHHUE OCYWIECTBISECTCS Onarogapsi U3MEHEHMSIM B KOHIICHTpaLUH
OJHOTO M3 YYACTHHUKOB, TO 32 MPOMU3BOIACTBO XMMHYECCKOH padOTbl OTBET-
CTBCHHA 3HTPOMHIHASA YaCTh U3MEHCHN CBOOOIHON SHEPIHU. DTO SHTPO-
MARHBIA MEXaHU3M HETIPSIMOTO SHEPrETUYECKOTO COIPSLKEHUA XUMHUYECKUX
peaxuui. PaccMoTpuM ero 6osiee nmoapooHo.

DHeprus cybcrpara nepBOHAYANIbHO COXpaHAETCS B (pOpME MOTEHIHU-
aNIbHOM SHEPrUU XUMHUYECKHUX CBA3CA MONICKYAB. DHeprus, oCBoboxaaemast
B XOIE¢ 3HCProgOHOPHOIO IIpolecca, paclpeacnacTcss no orpoMHOMY 4YM-
CJIy TCINOBBIX CTEIEHCH CBOOOIBI OOwICIo pe3epsyapa, M He IOCTYNAeT
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Fnaea 4. [IpobneMa CTPENOK Ha BUOXUMUHECKUX CXEMaX peaKLmii

HEIOCPEACTBEHHO UIA BBITIOJIHEHUS PaGOThl WM MOBBILICHUS MOTEHIIUAb-
HOM J3HEPriM APYTHX PEAreHTOB. DJIEMEHTapHBIe aKThl 3HEPIOAOHOPHOTO
W IHEProakueNnTOPHOro IMPOLECCOB MOIYT ObiTh pa3fc/ieHbl BO BPEMCHH
U OpoCTpaHCTBE. BO3HUKAET BONPOC: KAaK MOXET IHEProJIOHOPHAS peaKilus
CTUMYJIMPOBATh MPeONOJCHUE aKTMBAUUOHHOTO Gapsepa B XO[e PHEPIreTH-
YECKU HEBBITOTHOTO XMMHUYECKOIO MpeBpaicHus?

Crnenyer oTMeTHTb, YTO B CJyyae SHTPONHMHHONO MeXaHM3Ma HeTpsi-
MOTO COMpsLKeHHA 00e peakilMH MOryT ObITb KakK 3HAOTEPMUUYECCKHUMH,
TaK KW 3K30TepMUUEeCKHUMU. JINs1 obecrieyeHUsi COMPSDKEHUS OMpenesio-
IUYIO pONb UIPAET TONBKO 3HAK H3MEHEHMS CBOOOIHOM YHepruu. IlonHas
3HEPIrua CUCTeMbl MOXeT NUOO0 NMOHMXATbCs, JHUO0 BO3pacTaTh, B 3aBH-
CHMOCTH OT MPHUPOIKI IEMEHTAPHOIO aKTa 3HEPIOAKUEITOPHOU PeaKIIUH.
DHeprus, HeobXoaumasl LI OCYILECTBICHUS XMMHYeCKOTO IpeBpalieHust
nubo 3a0MpaeTcs U3 OKPYXeHHUs (TepMOCTaThi) WK eMy nepenaerca. M-
MEHEeHHS1 KOHLCHTpaUWU TMPUBOOAT TONBLKO K M3MEHECHUIO BEPOSITHOCTU
COOTBETCTBYIOIIMX aKTOB. MONEKYNH, y4acTBYIOIIHE B 3JIEMEHTAPHBIX aK-
TaX C <«3HEpProaklelTOPHOH CTOPOHBI», BHIOUPAIOT «IOpAYHE» YaCTHLBI
K3 PEarcHTOB peakUHOHHOM cMecH. OHHU padoTaloT, Ha CaMOM Jcfie, Kak
neMoH Makcseiina (cM. paszen 3.3). Xumuyeckasi CUCTEMa OCBOOOXIACTCS
OT «MH(OPMALIMOHHOTO MYCOpa», OCYLUCCTBISAA IMPEBpALUCHUE CyOCTparta
B NPOIYKT, U «JeMoH MakcBesuta» MOXET CHOBa MpoJoJLKaTh CBOIO pabory.
OpHako KOJMYECTBEHHbIH aHAIM3 NMOKA3bLiBaeT, YTO BO BCEX CIIy4asx
SHTPOMHMAHBLIA MEXAaHM3M HEIPAMOIO CONPAXCHUS XapaKTCPHU3YeTCHA HHU3-
Ko# 3pPpeKTUBHOCTBIO Ipouecca. UMeoTCsa 1Be BO3MOXHEIE MEpBl HEMpsi-
MOI'0 3HepreTudeckoro conpspkeHusi. [lepsas onpenensercss Kak OTHOLIE-
HHE YWUCIA PEe3yAbTHUPYIOLIMX JJIEMECHTAPHBIX aKTOB 3HEPrOaKLIEIITOPHOIO
npouecca n, K YUCAY JIEMEHTAPHBIX AKTOB COIMPSKEHHOTO 3HEpProgo-
HOPHOTO Mpouecca n,. Mul OyaeM HaseBaTh 3Ty MEpY 3 (PeKTHBHOCTHIO
CONpsIXeHUs U 0003Ha4YaTh ee Y = n,/n;. DTY MEpy MOXKHO KCIONB30BATh
He3aBHCHMO OT MeTOa MHHLUIMMPOBAHKA IHEPTOAOHOPHOIO Ipoliecca (mo-
OaBieHHe CyOcTpaTa, U3IMCHEHHKE TeMIIepaTyphi, LOOaBNCHUE KATAIK3aTOpa
K CHCTEME, MepBOHAYANBHO HAaXONSICHCS B HEPABHOBECHOM COCTOSSHHMM).
Bropas Mepa — 3TO OTHOIIEHHE 7, K YMCITY NODaBIeHHBIX MOJEKYJ] Cy0-
CTpaTa SHEPTOJOHOPHOM peaKLHHU n,, U 0003HaYaeTca KaK 7 = n,/n,,.
ATy Mepy M OymeM Ha3biBaTh (PAKTOPOM KOHBEpCHH. JTa MEpa 0CO-
OEHHO MMOJie3Ha B CIy4ae CTALMOHApPHOIO COCTOSAHMSI OTKPBITHIX CHUCTEM,
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Yactb . OcHoBHbie pewaembie npobnembl GHONOrNYecKOi puU3nkm

C HeIpepHIBHBIM n06GaBTeHUeM cybcTpaTa. AHaNIM3 MokasmiBaer (31, 41],
470 3(PDEKTUBHOCTL CONPKEHHUS JOCTATOYHO BHICOKA (IpUGInXaeTca K 1),
TONBKO €C/IA DHeproaklernTopHasi peaklds TepMOAMHAMHMYECKHN BHII'OOHA,
T. €. MOXET MATH 6e3 Kakoro-iaubo 3HeproJoHOPHOro Mmporecca. YToOu
NOCTHYDL OONBIIMX 3HAYeHUH (paKTOpa KOHBEPCHU 77, MBI JOJDKHBLI HMETh
OrPOMHBI M30BITOK KOHIIEHTpaLMH cyOcTpaTa. Tak, Halpumep, B ciydae
cuHTe3a ATP, urobGni 00pasoBate OogHY MojieKyny C, HyXHO ao0aBUTb
Gonbie yem 10 Monekyn B. Ob6a 3TH ycnoBUAa MHOTIA HE BBLIMOJHSIOTCS
B OHOHEPreTHUECKHX Mpolieccax.

BepHeMca Tenepb K cHHTe3dy ATP. Monapisomas 4acThb MOJIEKYJT
ATP (okono 85 %) B XHBOTHBIX GaKTepHANbHBIX U PACTHTENBHBIX KJIETKAX
CHHTE3HpYIOTCS B MEMOpAHHBIX BHYTPHKJIETOYHBIX CTPYKTypax (MeM6paH-
Hoe docdopuinpoBaHue). B a3poGHEIX OpraHM3Max HernocpelACTBCHHBIMH
MCTOYHHKAMH dHepruM (3HeProJOHOpHbIe TIPOLECCH) SBIAIOTCS OIpene-
JICHHBbIE CTaIUK OKMCHeHUs NMUUM. B pacteHMsx ¥ ¢GOTOCHHTE3IUPYIOUIHX
GakTepHsX MepBHYHBIMM HCTOYHMKAMM SIBJIIIOTCH, KOHEYHO, KBAHThl CBe-
Ta, 3HEpPrus KOTOPhIX, Mocje BO30OYXAeHUS Xiopoduiula, MpeBpallact-
Csl B DHEPIUI0O B OKUCIUTEIbHO-BOCCTAHOBUTENbHBIX LIETISAX 3JIEKTPOHHOIO
TpaHcnopta (LIOT) B THIaKOMAHBIX MEMOpaHaX XJIOPOINACTOB.

Ha puc.4.15 u 4.16 unsobpa-

TlosepxHocTb MCMOpAHBI KEHbI CXEMBI [OIEPEYHON0 CeyeHNMs
MHUTOXOHAPpHH U ee LIDT, nmokamu-
30BaHHOH BO BHYTpPeHHEH MeMbOpaHe

Martpuia MUTOXOHIpUA. MUTOXOHIPUHU SABJIA-

X I0TCSI BHYTPHKJIETOUHBIMM OpPTaHeJ-

H daMH. VIX BHyTpeHHHE MeMOpaHbI

ATP COIEPXKAT <«3JIEKTPOHHBLIE IE€peHOC-

YUKH» U (PEepMEHTHI, KATATU3IUPYIO-

Puc. 4.15. Cxemartuyeckoe mue cuHTe3s ATP M3 ageHO3HWHOU-
N306paXEHUE MUTOXOHADUM doctara (ADP) u HeopraHUIECKOro

docdara P; (cm. puc. 4.14). Kaxnas
HOT conepxut Tpu uaeHTHIHBIX ATP-crHTe3HpYIO X PepMEHTHBIX KOM-
rnekca (ATPcuHTaza). 3t1oT Xe depMeHT Karanu3upyer u ruaponus ATP.
B 3toMm cayyae ero Ha3eiBaloT AT Pazoit. MutoxoHApHs npeacraBnsgeT coboi
NPOJOJITOBATYIO, JUTUIICOUAATLHYIO YaCcTULLY (JNTHHHAA OCh — IPUMEPHO 3
MHMKpPOHa, KOPOTKas OCb — NpuMepHO 1 MHKpoH). OHa OKpyXeHa JBYMs
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Fnasa 4. Npobnema CTPENOK Ha BUOXMMUYECKMX CXEMAX PEAKLINIA

2H'
77N\ (FeS)R
T b 1
(FeS), @S) (QH,/QF ot

FMN 2H“FAD

+

2H
NADH CykiuHat ®ymapar

Puc. 4.16. Cxema aneKTPOHHOrO U NPOTOHHOMO NePEHOCA BO BHYTPEHHEH
membpane MUTOXOHAPUK

MeMOpaHaMU: INIaAKOM HapyXKHOM MeMmOpaHOil U BHYTpeHHeH MeMOpaHoii
C KpUCTaMH, 0OOpa3ylolUMMH TOBOJIbHO CJIOXHBLIH penbed. BHyTpeHHSss
MeMOpaHa OJHOI MUTOXOHAPHH conaepXut okoyo 1500 LIDT. Kaxpas
BT Moxer OBbIThL pa3fie/ieHa Ha HECKOJILKO YacTei, Ha3bIBaeMbIMU OOBIYHO
«KoMIutexcaMu IpuHa». JIBa cybcrpara LIDT, NADH ¥ cyKiuMHaTt, B3aUMO-
necTByOT ¢ 19T 4yepe3 nepBbld U Bropoil KoMmIuiekchl IpuHa, coOTBET-
CTBEHHO. DTU KOMIUIEKCHI coAepxaTt (nasonporeuHsl (FP). X aktTHBHBIMU
LeHTPaMU SIB/SIIOTCS iaBUHMOHOHYKIeoTH (FMN, xoMmmexc 1), gnasu-
HaneHuHauHykeorun (FAD, koMiuieke 2), a Takxke Xejie30CepHble Oenku
(Fe-S-6enxu), ob6o3nadaeMble N (komrieke 1) u S (komruiexc 2). [IBa nytu
3JIEKTPOHHOT0O TpaHcnopTa oT NADH u cykuuHara coefuHAIOTCA B «yOU-
XHHOHHOM KOT/ie». YOuxuHoH (UQ), HU3KOMONEKY/ISpHBINA 3MeKTPOHHEIIA
EPEHOCUMK (Ha3bIBaeMbIH TaKkKe «KO3H3MMOM Q,» WIH TPOCTO KO3H-
3UMOM @), TMEePEeHOCHT 3JIEKTPOHBI MeXAY LIEHTPaMH, JIOKATH30BaHHBIMU
Ha pa3HbIX CTOPOHAaX BHYTpeHHeH MeMOpaHbl MUTOXOHAPHH, OXHOBPEMEHHO
obecrieydBas NepeHOC NMPOTOHOB Morepek MeMGpaHkl (puc. 4.16).

DT MUTOXOHIAPHUIA COAECPXMUT TPH LIEHTpa CONPSXKEHHSA, JOKATU3O0-
BaHHEIE B TIEPBOM, TPETHEM H YETBEPTOM KoMrnekcax IpuHa (cM. puc. 4.15
U 4.16). B nepBoM KOMILIeKce LIEHTPOM conpsiXeHUs ciyxur Fe-S Gemnok
N-2, Bo BropoM — Fe-S Genok «PHCKe», a B 4eTBEpTOM — LIMTOXPOM-
C-oxkcupaza. ITpoxoxageHue 31eKTpOHa Yepe3 LEHTp COMPSIKEeHHUs CONpo-
BOX/Ia€TCS TNOHMXEHUEM €ro 3HEePru, 4YTO BIIOCIAEACTBUM HCIONb3YeT-
¢ coorBercTByomieii ATPcuHTa3oil naa cuHte3a ATP. IlepeHoc omHoro
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Yacrb . OcHosHbie peliaemsie npobiemsi BUONOrMIeckon puankm

3JIEKTPOHA Ha LEHTP COTIPSKEHUS OT MpeAbIAYIIEero NepeHOCYUKa 03HAYAET
BOCCTAHOBJICHUE TIEpBOTO U OKHCIEHUE TIOCHEIHETO.

DHEepProfioHOpHast ¥ SHEProakUenTOpHast peakUUH MOTYT OBITh pa3od-
IeHbl BeCbMa c/labbIMH BO3AEACTBUAMU: HarpeBarug 1o 50° C, MoBTOpHBIM
3aMOpaXHBaHUEM W OTTaUBaHUEM, CTapeHUEM. B pa3oOLIeHHBIX MUTOXOH-
NpUsIX 3Heprus, ocsoboxgaemas npu okuciaeHUd NADH unu cykuuHara
aUccHrupyeT, U ATP He cuHTe3upyeTcs. B pazobieHHOM COCTOAHUM, KO-
[ia IIPOLECC SEKTPOHHOIO TPAHCIIOPTa HE CBA3AaH ¢ CHHTe3oM ATP, ero
CKOPOCTb pe3Ko Bo3pactaeT. O6pazoBaHue ATP He uaeT Takke U B CONpS-
. XXeHHBIX MUTOXOHIIpUAX B OTCYTCTBHE, HanpuMep, cybcrparos ¢pochopunu-
poBaHus (ADP umu P;), HO B 3TOM ciTydae CKOpOCTh 37IEKTPOHHOTO Tepe-
HOCa MOHUXaeTcsH. TakuM 00pa3oM, He TOJIBKO SHEProfOHOpHAsI peakuus
HeoOXOMHMa VISl peatu3aliii 3HEproaKileNnTOpHOH, HO W, Hao60opoT, SHEp-
TOaKIIENITOPHAsA peakiHsd HeoOXoRMMa ISl peanu3aldd SHEeprofoHOpHOM!
DTO COBEPIIeHHO HEOOLIYHAsi CUTYalLUs IJid KJIaCCHYECKHUX XMMHYECKHMX
peakiyii. 9T0 HaIOMUHAET TOBeJeHHE MBYX COEMUHCHHBIX IIECTEPEHOK,
KOTOpbI€ HE MOIyT BpaillaThCA Apyr 6e3 npyra. Kak OyaeT nmokasaHo gajee,
VIS TIPOLIECCOB TpaHCHOpMAaLHU SHEPTUU B OHOJIOTHYECKUX CUCTEMaX 3Ta
MEXaHHYECKasl aHAJIOTUS BIIOJIHE peasIbHa.

JleTanbHble KMHETUYECKHE MCCIACAOBAHMUS, INPOBEACHHBle B Jabopa-
Topud YaHca [54, 55], mokasanu, 4To OTCYTCTBUE COTPSIXEHHUS YCKOpSET
[IePEHOC VIEKTPOHA Yepe3 LEHTP COMPSIKEHUS. DTU CTaIUU U ONpeacssiioT
CKOPOCTH 3JIEKTPOHHOTO TPAHCIIOPTa B MUTOXOHIPHSIX.

Ha puc. 4.17 npexacrapiieHa cxeMa Ipolecca conpsixxeHus. B sToM ciy-
Yyae 3HEeProfloOHOPHOU peakUMel ABNACTCSA NMEPEHOC 3JEKTPOHA OT NePBOHA-
YaIBHOTO BOCCTaHOBJIEHHOTO TepeHocuHka (D ) Ha crenymolluii nepeHoc-
yux L[OT (AO), KOTOPHIH 1epel 2/IeKTPOHHBIM I1I€PeHOCOM ObLT OKMCJ/ICH.

Dy + A, ATP + H,0

D, + Ag ADP + P,

Puc. 4.17. Cxema npouecca CONpaxXeHus B UEHTPE CONPAXeHUN

3T1a cxema paboraer, Kax ais LeHTpOB colpskeHUust IIDT MUTOXOH-
opuit, Tak ¥ g 1UBT xnoporuiacToB U GOTOCHUHTETHYECKHX OakTepuid.
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FnaBa 4. [lpobGnema cTPENoK Ha BHOXMMUYECKNX CXeMaX Peakumi

@epMeHTHI, OCYHIeCTBAsSIONIMe CUHTe3 ATP Takke MIOEeHTHYHBLI BO BCeX
'3TUX CHCTEMaXx.

B 1962 rony 1llex u Ien (KHP) BEIMOMHWIM OYeHDb BaXHbIii IKCIIE-
PUMEHT, U3y4as MHAYLIUPYEMOe cBeTOM MeMOpaHHoe docoprinpoBaHue
B XJIOPOIUIACTaX BEICHIMX pacTeHuit [56]. OcBelleHHe XIOPOILIACTOB B OT-
cyrcTBHe cyberpatoB ¢octhopunuposanus (ADP u P;) npuBomuT K obpa-
30BaHUI0O HEKOTOpPOrO SHEPTU30BAHHOTO COeNMHEHHUS WIU COCTOSHUA T,
KOTOpOE CNOCOOHO obecnedyuTh cuHTe3 ATP B TeMHOTe, mocie nobaBKH
ADP u P,. Takue xe 5KCTIEPUMEHTHI C TEMH XK€ pe3y/bTaTaMu ObUTH He3a-
BUCUMO (HUKTO He YMTaeT KUTANCKHX XypHanoB) seironHeHs! B CIIA [57].
T He MoxXeT OhITb 06pa3oBaHO TIpH Temiepatypax Huxe —13° C, xots
WHOYHUPOBAHHBIH 3JIEKTPOHHLIA TPAaHCIIOPT IIPOAOIXKAECTCA U NpPU TEM-
nepatypax 10 —30° C. B orcyrctBue ATP u docdara BpeMA XHM3HUH T
B TeMHOTe paBHO okoyo 0,5-1 ¢ npu 20° C u 45 ¢ npu 0° C. O6pasosa-
HUe T COMpPOBOXIAeTCHA KOH(POpMAMOHHBIMU U3MEHEHUSAMH MeMOpaHBI.
OTH U3MEHEHHUS, BEPOATHO, ABNAIOTCA BTOPUYHBIMU IipoueccaMu. Ecnu
obOpa3syeTcsl BO BpeMsl OCBEICHMS, TO B TEMHOTe I0C/¢ A0DaBiCHHA CyD-
ctpata ¢ochOopHWIHPOBAHUS MOXeET ObITh CHHTE3WpOBaHO A0 30 Monekyn
ATP B xaxmoit 1IDT [56—58].

Taxum 006pa3oMm, SICHO, UTO B CXeMy, MOKa3aHHYIO Ha puc.4.17, Mbi
JMOJDKHBI BKITIOYUTL &, KOTOPYIO OOBIYHO Ha3bIBAIOT 3HEPrU30BAHHBIM HH-
TEPMeUATOM WJIH NIePBHYHBIM MaKpo3proM (puc. 4.18).

D+ A, T ATP + H,0O
Dy + ARXQ;X ADP + P,
Puc. 4.18. Cxema npouecca COnpsxXeHUs B LEHTPe CONPAXEHUs C y4acTuem
NEPBUYHOrO MaKpoapra

Bce rumnore3ssl 0 BO3MOXHBIX MeXaHU3MaX MeMOpaHHOTO (ochopuiu-
pOBaHUS OTJIMYAIOTCA APYr OT APYra NpeNoJoXEHHSAMH O TPUPOAe Z.
IMepBasg xoHuenuua Obuia npemnoxeHa E. CneittepoM B 1953 rony.
[To Chneiitepy, T -— 3TO HEKOTOpO€ «3HEPTrH30BAaHHOEC XUMHYECKOE CO-
equHeHue». Ilocae GecuUCIEHHBIX HAMPACHBIX MONBITOK OOHApYXWTh Z,
B 1961 rony Mutuenn U BuibgMc HE3aBUCUMO BBICKA3aIH UIEI0O O TOM,
yto o6pa3soBaHue ATP MoXeT MPOUCXOMUTH IO AeUCTBUEM IIPOTOHOB 0€3
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KaKoro-1u6o XuMH4YecKoro uHTepMeauara |50, 60]. Brta odyeHb IOOOTBOP-
Has uIes Aajda CUJBLHBIH TONYOK Pa3BHUTHUIO OHOSHEPIETHKH 3a MOCeoHUE
35 ner. Mexay TouKaMH 3peHHs MuTuyenia u BuabiaMca O poJid IPOTOHOB
KaKk Makpoapros Oblla, ofHaKo, Gojbliasg pa3HHLA. DTa pa3sHHLA CBOMM-
JIaCb He TOJIbKO K A3bIKY, HCII0/1b30BaHHOMY 000MMHM aBTOPAMH, HO M UMea
TIPUHUMITHAILHOE 3HAYeHHEe JJIS1 HICTUHHOTO MOHUMAHHUS MEXaHH3Ma MEM-
©paHHoro ¢ochopunupoBaHusi. B cBoeil «XeMOOCMOTHYECKOH» TUIIOTE3E
Muruein CBsi3BIBaeT MPOTOHABHXYILYIO CHIIY ¢ TpaHCMeMOpaHHOM pa3HH-
LieH 3JEeKTPOXHMMHUYECKHX TMOTEHILIMAIOB, BO3HUKAIOUIMX B BOAHBIX (a3ax,
pa3neneHHbIX MeMOpaHoii. BkiloueHHe B pacCCMOTPEHHE OO0 LIUPHBIX BOAHBIX
da3z ¢ HeOOXOAUMOCTEIO TPeOYeT AMCCHNALIMM 3HEPruH, OCBOOOXIAeMOM
B XOJie SHEProJOHOPHOIO mpolecca (3AeKTPOHHLIA TpaHCIOPT) IO BCe-
MY OKpyxalomeMy npoctpaHcTBy. OTBeprast 5Ty TOYKY 3peHHs, Buibamc
yrBepxpaeTr: «[IpotoHbl B MeMOpaHax, a HE¢ OCMOTHYECKMM TPaHCMEM-
OpaHHbBIH TPagHeHT MPOTOHOB TpeOyloTcs s obecriedyeHUsT cuHTe3a ATP».
OH roBOpHUT TaKXke 00 3HEPruax JIOKANBHBIX 3apsAf0B, TeHEPUPYEMEIX TTPU
OTAENEHUHU TNIPOTOHOB OT 3JIeKTPOHOB COOTBETCTBYIOIIMMH PeaKiIUsIMHU.

B HacTosiiee BpeMst sIcHO (MHe, 1O KpaiiHeit Mepe), 4To Buiibsimc Obin
npas, a MuTuenn oinuvbancy.

bonee TOro, 3TM ABa YY€HBLIX OTBEUAIM, IO CYIIECTBY, Ha pa3Hbie BO-
npocel. [1oaxon MuTyenna cTporo caenosan OOLIYHOIM TepMoauHaMUKe. OH
OTBETWJ Ha CICAYIOUIM BOIIPOC: MOXET JIK B NPHHLIMIIE TIEPEHOC TIPOTOHOB
BIO/Ib TPANHEHTAa HX 3JICKTPOXUMUYECKOTO MOTEHUMana Ay . 06ecrednTh
SHeproakuenTopHbiit mpouecc cuHrteda ATP? OtBer, koHedHo, ma. BTO
TePMOAMHAMHYECKH BO3MOXHO, €ClM Ay, YIOBJETBOPSET YCJIOBHIO:

Ay 2 AG, (4.23)

rne AG — Bo3pacTaHue cBoOomHoii 3HeprudM Iu6Oca, TpebyeMoe mns
obpasosanusa ATP u3 ADP u P;. MuTue1 — aBTOp MHOTHX OJieCTAIIUX
nyonukauui, OTHOCAMMXCA K NpobiemMaM nepeHoca MOHOB Yepe3 OHo-
nornyeckue MeMOpaHbl. Ero cratbM (akTHyeCKH CO3DaIH HOBYKO [JVIaBY
B OMOXUMUH XHUBOU KiieTkd. OH OB 3aciyXeHHO yaoctoeH Hobenesckoit
npeMdd. OQHAKO B CBOHX CTaTbsX, KACAIOUIUXCSA XeMOOCMOTHYECKOH KOH-
LEMLHM, OH HHU pa3y HE OTBETW M JAaXE HHM pa3y He 3alan eIMHCTBEHHBIM
BaXXHBIH BOIIPOC B 37T0il npobyieMe: KaK MOXET 3HEeProooHOpHAasi peakuus
TIepPeHOCa NIpOTOHA Yepe3 MeMOpaHy ObITh IPOYHO CONPSIKEHAa ¢ SHEProak-
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Fnasa 4. lNMpobGnema CTpenok Ha BGHOXUMUYECKUX CXEeMaX peakumii

enropHoi peaxiuuen obpasoBaHusi ATP? Iloxxon MuTtdyenna B CyIHOCTH
CBOIUT IpobieMy K 3aKOHY AeHCTYBYIOIIUX Macc, T.€. K CXeMe peakLUui,
TIpeACTaBIeHHBIX B ypaBHeHHsAX (4.20) U (4.21), KoTOpast HUKOTKA HE MOXET
MIPUBECTH K 3HaAYUTEJbHOH 3 (PeKTHBHOCTH.

C npyro# cTopoHbl, 10 BUnksMcy, nepBUYHBII MaKpO3pT PEACTaBIAET
coboii ToKanbHBIH 3apsaa, 00pa3eBaHHBIM MPU OTPHIBE MIPOTOHA OT SNEKTPO-
HAa B XOl¢ COOTBETCTBYIOIEH preakuuu. BOZHUKHOBEHHUE TAKOIO NPOTOHA
Ha CaMOM [¢eJie IpeAcTaRisaeT coboi obpa3oBaHHe HEPaBHOBECHOI'O COCTOS -
HUS, ONPEIEIIEHHOTO JIOKAJBHOTO LIEHTpa. JTO coryacyercs ¢ KOHUEeNIUuen
MaxkKiisitpa 0 TOM, 9TO cOXpaHsieMasi 3Heprusl MOXeT BBIMIOJIHUTE PaboTy
TOJIBKO B XOMIe MEepPEeHOca K APYIoi ¢opMe COXpaHsaeMOil SHEPrHU,

JleTanbHblii aHATW3 pa3IMYUi KoHuUenuui Mutdenna U Bunbsamca
MOXHO HaWTH B MOHOTpadpusX ﬁBl, 41]. PaccMoTpuM Temepb 0Gpa3oBa-
HUE TaKMX HEPABHOBECHBIX COCTOSAHUUA B SNEKTPOH-TPAHCIOPTHOW LEMU
MUTOXOHAPUIA U B PepMenTe ATPcHHTA3HL.

N-la

ADH
NADE ~/FMNN-1b N~3 N-4N-2n

E
N—2e E L CQ

PorenoH

Puc. 4.19. Cxema LUIT 86n12i1 NepBOro NyHKTa CONPAIXEHUS 1 NONOXEHUS yPOBHEH
3HePrM BOCCTAHOBNEHHBLIX SNEKTPOHHLIX NEPEHOCHUKOB

Ha puc. 4.19 npeacrasieHa LIOT B neppoM xoMmriekce IpyHa U TaHbI
MIONOXEHHUSI YPOBHEH 3HEPrud 3JIEKTpOHA B BOCCTAHOBICHHBIX COCTOSHH-
X COOTBETCTBYIOIIUX S/FEKTPOHHBIX MEPEHOCYMKOB. MOXHO BHIETb, YTO
€IUHCTBEHHOE CYIIECTBS;HHOE YMEHBUICHHE SHEPrHU EKTPOHOB HMMEET
MECTO MPH Iepexoae OT XKeae30CepHOro 1eHTpa N-2 K YOUXWHOHY. BBUIO
JMOKa3aHO, YTO B MePBOM ITYHKTE CONPSIKCHHS MUTOXOHIAPUM pONb «1epe-
HOCYUKa-TpaHChopMmaTopa» urpaer N-2 neHrp [61].
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yuc—S S —yuc N yuc—3S S S—uyuc
% s €. 8 1 g
5 53 : 5
L3l yuc—S S S—yuci= L yuc—S S S—yuc X

@) o &) & |
= @
@é@ @5@ 5@

Puc. 4.20. CTpykTypbl aKTUBHBIX LEHTPOB BuagepHbiX 1 TETPOSAEPHBIX
xenesocepHbix 6enxos

Ha puc. 4.20 u306paxeHbl CTPYKTYphbl aKT HBHBIX LIEHTPOB B Oumsaep-
HBbIX H TeTPOSIAEPHBIX XeJle30CepHbIX Oenkax. ITU LUEHTPhbI, KaK IIpaBHIIO,
COMEpXKAT IBa MNH 4YeTbipe aToMa Xeje3a. KaxJiblidf aToM XeJe3a HaXOAUT-
Cfl B TeTPA3JIPHYECKOM OKPYXKEHHU CEpHBIX JJWTAHAOB: ABA LMCTEHMHOBBIX
OCTaTKa COEAUHSIOT Xejie30 ¢ OeJIKOM, a JiBa aToOMa HEOPraHM4YeCKou ce-
pbl 00pa3yloT MOCTHKM MEXAY aTOMaMU xelie3a. Kee30CepHble LCHTPHI
SABJIAIOTCA OMHO3JIEKTPOHHLIMU NEpeHOCUHMKAMU. B OKMCJIeHHOM, OCHOB-
HOM, COCTOSIHMY LIEHTP AMaMariHuTeH. OQHO3JIEK TPOHHOE BOCCTAHOBJICHUE
NpeBpallacT ero B NapaMarHUTHLIA LEHTP, KOTOPBI MOXET OLITh 3aper-
cTpupoBaH MetonoMm DIIP.

3T MUTOXOHAPUIA MOXET HAaXOMHUThCA B HECKOJABKUX COCTOSHUSX
[54, 55]. na Hac BaXHBI COTIpSKeHHBIe cOCTOAHUA 3 U 4. B cocTosanuu 3
uMeeTcsl U30BITOK cybcTpaToB (dochopunupoBaHksi U oOpa3oBaHue ATP
He SsIBIsIeTCS NUMUTHPYIOLEH cTaaueil Bcero mnpouecca. B cocrosHuu 4
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fnasa 4. Mpobnema CTpenok Ha BUOXMMUYECKNX CXEMaX peaKumii

- KOoHuUeHTpauus ADP odeHr Mana ¥ JUMHTHDYIOIIEH CTagueid CKOpPOCTU
BCEro mnpoliecca CONpsKeHHsl CTAaHOBUTCH akKT CHHTe3a ATP.

Haubonee uHpopMaTHBHBIM METOAOM M3YYEHHSI OKUCJICHUS U KOH-
GopMaLIMOHHBIX COCTOSHUN XeaesocepHBIX Genkos asasiercs DIIP. Drot
METO OBLT MPUMEHEH ISl PETUCTPALIUM HEpAaBHOBECHOIO COCTOSTHUS 1ieH-
Tpa N-2 B nepBoM KoMmruiekce IpHHa U ero pejlakCcalldd K paBHOBECHIO.

O OUsAepHBIX LIEHTPOB HeHCTBYST MoACAL OOMEHHOIro aHTH-
dbeppoMarHUTHOIO cnMHOBOro B3auMonaekcTeus. CornacHo 3TOH Molne-
JIM, OCHOBHOE COCTOSIHUE BOCCTAaHO- A
BJACHHOTO LIEHTPA MMEET CyMMAapHbIii S
couH S = 14. HecnapenHnblit 3Jex-
TPOH AEJIOKAJIM30BaH MeX Iy IByMS aTo- 3/2
MaMU xejieza ¢ OOMEHHBIM HHTErpa- 1/2
oM J < 0. IlepBbiit BO30YXACHHBIM A -1/2
CITUHOBLIH ypoBeHs (S = 3/) nexwur _ -3/2
Ha A = 3|J| Hag OCHOBHLIM YpOB-
HeM. B KadecTBe mepBOro npuoInxe-
HUS MOXHO CYUTATh, YTO 3TO CIIPABEX-
JIUBO Y IS TeTPOSUIEPHBIX LIEHTPOB.

ChnuH-pelieTOIHAs MArHUTHAA pe-
nakcauus (He MyTaTb ¢ KOH(bopMaLu-
OHHOM penakcanueil!) xeje30CepHbIX
LHEHTPOB OCYLLECTBAAETCSA IO ABYX(POH-
HOMY MeXaHu3My Opbaxa (puc. 4.21). Y /2

Y100bl HOJMYYUTL XKEJIe30CEPHBI —1/2
LIEHTP B HEPABHOBECHOM COCTOSHHH,
Obi1 UCTIONbL30BAH OIMUCAHHBIA BhIIE Puc. 4.21. Mexanuam OpbBaxa
METOJ HHU3KOTEeMIlepaTypHOTO BOCCTa- CNWH-PELETOMHON penakcauuu
HOBJIEHUS1 TEPMOJIM30BAaHHBIMU 3JieK-

TpoHaMU. [ToBblllleHHEe TeMmIiepaTyphl MPUBOAUT K YCWICHUIO BHYTPHMO-
JIEKYJISIPHOY TTOABHXXHOCTU M pejakKCallUM LIEHTPA K PABHOBECHOMY COCTO-
SAHUIO.

Ha puc. 4.22 npencranieH ueHtp SIIP MutoxoHapuil cepaua ObiKa
npu 20 K. D1a reMneparypa cOOTBETCTBYeT MAKCUMANBHON UHTCHCUBHOCTH
curHanoB 1P Kene30CepHBIX LIEHTPOB — CM. HUXe). MUTOXOHAPHU GbUIH
B BOCCTAHOBJICHHOM COCTOSHHU. BOCCTaHOBUTENASMHU CITYXWUIHM SHIOICHHBIE

2

Bueprus
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2,10 2,05 2,02 1,941,92 1,89 1,86  CyOCTpaThl IIpH KOMHATHOH TeM-
' C o Ieparype, TaK YTO Bce MapamMar-
T HUTHbIE LEHTPbI YCTIEBAIU PeJiaK-
I I, CHpOBaTh. JIBe KOMITIOHEHTHI, 000-
3HaYeHHbIe CTpeJIKAMHU, TIPUHAJ-

r\/J nexar ueHtpy N-2. MIx nonoxe-
Hus (g-(akropel) B HepaBHOBeC-

HOM COCTOSIHUM H€ HM3MEHSIOTCA.
OnHako TeMIlepaTypHbie 3aBHCH-

w 6 Mot MOCTH 3THX KOMIIOHEHT 4pe3Bbl-
—= B 4YafHO YYBCTBUTEJIbHBI K HUYTOX-

f_ * HbIM CTPYKTYPHBLIM U3MEHECHUAM.
N--2 [TosTOMY Asi M3ydeHHs He-
Puc.4.22. Mexannam Opbaxa PABHOBECHBIX COCTOSHUM XeJie30-
CMUH-PELISTONHOR penakcauu CepHBIX LUEHTPOB, IOSBJISIIOUXCH

B TPOLIECCE 3JIEKTPOHHOIO MNepe-
Hoca, ObUla MCIOJB30BAHA TaK HasbiBaeMas TexHuka kpusbix I(T) —
«KpUBHIE€ 3aBUCMMOCTH HHTEHCUBHOCTH OT TeMIepatyphi». Ha puc. 4.23 no-
Ka3aHa TUNIHYHas Kpusas I(T') Xxene30cepHOro LeHTpa (B JAHHOM Ciy4ae —
BOCCTaHOBJIEHHOTO (heppelOKCHHA). B HU3KoTeMIeparypHoit obmactu (1)
UHTEHCUBHOCTh CHTHaIa YMEHbIIAeTCH C YMeHbIIEHUEM TeMIIEpaTyphl, 671a-
roaaps 3@deKraM HachIIeHUs MUKPOBOTHOBOH MOIHOCTBIO. B cpeIMHHOM
gacT (2) BoionHsietcs 3akoH Kiopu (I = const/T). OTKIOHeHHe OT 3a-
KoHa KiopH B BbICOKOTeMIIepaTypHOii 4acTH (3), 06YCIOBIEHO YIIUPEHUEM
JIMHUWY, SIBISIOMICHCS CJIEfiICTBHEM YMCHBHICHUS BPEMEHH CIIMH-pelIeToY-
Ho# penaxcauuu. ITonoxenue xpupoit I(T) (ocobeHHO ee MaKCHMyMa)
Ha ocH T ABIsIETCA «OTIIEYATKOM TaiblieB» CTPYKTYPH lieHTpa. CornacHo
MexaHu3My Opbaxa, MarHWTHasi pejakcauus (U MO3TOMY MHUKPOBOJIHOBOE
HachlleHue) ueHTpa curHana DIIP, onpenensercd 3HadyeHHeM OOMEHHO-
ro unrerpana J (CM. Bhillie). DTO 3HAYEHUE, B CBOK OYeEPe[b, 3aBUCHUT
IJIABHBIM 0Dpa3oM OT pacCTOSAHUA MEXIYy aTOMaMM XeJie3a U OT 3HAYeHUH
S-Fe-S yrnoB B xesne3ocepHoM LeHTpe (puc. 4.20).

Ha puc. 4.24 npeacrasnerbl kpusble I(7') BOCCTAHOBIEHHOTO LEHTPA
N-2 MUTOXOHAPHI cepaua ObiKa, 3aperdCTpUPOBAHHbIe B pa3HbIX YCJIOBHU-
sax. Haubonee nHTepecHble 0COOEHHOCTH 3TUX JAHHBIX MOI'YT OBITH BKpaT-
ue copMymMpoBaHbl cienyiomuM obpaszoM. Kpusas I(T) umeHtpa N-2
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I(oth.)}

1,6 -

1,2F

i Puc. 4.23. Kpusaa I(T) curHa-
na 3NP (komnoHeHTa g ) BOCCTa-
HOBREHHOIO pacTteopumoro dep-
PEeAOKCUHA rOpOXa B PaBHOBEC-
HOM COCTOSHWM: 4@ — WCXO0A-
HullA npenapart, 6 — Cnerka KoH-

L ' P 0 | » DOPMAUKOHHO W3MEHEHHHIk NO-
10 18 26 34 42 5058 66 74 T(K) cne no6asku 0,8 M NaCl

0,8

0,4

1

|
|
|
I
i |
| |
| |
i |
I I
! !
| |
I ]
I |
1 Iy

BOCCTaHOBJICHHOr0 NADH cOnpsokKeHHBIX MHUTOXOHAPHH B COCTOAHUH 4,
cosnagaer ¢ Kpupoii J(T) HepaBHOBECHOTO leHTpa N-2 B pa3obiieH-
HBIX MUTOXOHIPHAX, MOJYYEHHBIX BOCCTAHOBIEHHEM TEPMOJIM30BaHHbIMH
3JIEKTPOHAMH B 3aMKHYTOI MaTpulie.

I(orH.) F

1,2}

1,0¢

Puc. 4.24. Kpusnie I(T) BOCCTaHOBNEHHO- 0.8}
ro N-2 ueHTpa muTOxoHapud cepaua Obika: ’
(1o} — pasobuieHHbie MUTOXOHAPUK, BOCCTa-
HOBNEHHLIE TEPMONM3OBAHHBIMU SNEKTPOHAMMU 0,6
npu 77 K; (2¢) — 10T Xe npenapar nocne pe-
nakcaumu npu 210 K; (14) — akTusHbie ¢oc- 0,4}
GopUNKPYIOLLIME MUTOXOHAPUWU B COCTONKWUYK 4.
HepoctatodHo ADP, # CKOPOCTL 3NEKTPOHHOIO
TpaHcAopTa onpeaenseTcs ckopocTsio Hoceo- 0,2}
punupoBanua ADP; (24) — TOT Xe npenapart
nocnhe pasobieHua METOA0M OTTaKBaHKA K da- O o o o oy

MOpaXWUBaHWUS 10 14 18 T(K)
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B TpeTheM cocrossHuu kpuBas I(T) coBnagaeT ¢ KpUBOi PaBHOBECHOTO
ueHTpa N-2 B pasobiieHHbIx MUTOXOHAPUsIX. Takast xe kpusas I(T) Moxer
OLITb MOJIyYeHA M Y CONPSXEHHBIX MUTOXOHAPHM, eCIU 3a0JIOKHPOBATH
POTEHOHOM MepeHoc 3nekTpoHa Mexay N-2 u UQ (piic. 4.19).

Y100bI MOHATHL 3HAYEHHE 3THX AAHHBIX, I10JIE3HO PpACCMOTPETh H3MEHE-
HUS S3HEPIUH 3/IEKTPOHA Ha ero MyTH Yepe3 Nepshlit koMIuiexc Ipuna (4.19),
IlepeHoc anexTpoHa 4epes psa nepeHocyukoB oT NADH no N-2 He conpo-
BOXAAETCA U3MEHEeHHeM ero 3Heprud. CheAylollui aKT, BOCCTAHOBICHHE
UQ, MOXET IPOM30MTH TOIBKO TOCTIe TOHMXEHUS SHePTUU HEPABHOBECHO-
ro BOCCTAHOBJICHHOro lieHTpa N-2 B xone KOH(POPMALIHOHHOM pejiaKCaL[MH.
AHalIW3 TUMHTHPYIOLIMX CTAOHM IBIXATEJAbHOIO 3JIEKTPOHHOIO TPaHCIIOpP-
Ta, [IPOBeACHHbLI BO MHOIUX jJa00opaTOpHAX ¢ pasIHYHBIMU CcyOCTpaTaMu
(Haubonee BaxHble pe3yNbTaThl ObLIM MNoyYeHbl B jJaboparopuu b. YaH-
ca [41,61]), nokasanu, 4TO B YeTBEPTOM JABIXaTeJIbHOM COCTOSIHUH NIePEHOC
anektpoHa or NADH k UQ 3amennsierca Ha 30-50 MC 1O CpaBHEHHUIO
C TPETBUM JABIXATEJIbHBIM COCTOSIHHEM (U36bITOK ADP).

Takum ob6paszomM, nepeHoc 3nekrpoHa oT NADH x N-2 He saBnser-
Cs TUMHUTHPYIOIIECH CTaguel mpolecca 3neKTpoHHoro nepeHoca or NADH
K UQ. BKcliepuMEHTHI ¢ pPOTCHOHOM TTOKA3aJIH, YTO BO BpEMS IPAMOI0 JeK-
TPOHHOTO TMEPEeHOCAa KOHEYHOE COCTOSAIHHE 1IeHTpa N-2 paBHOBECHO. JTO
3HAYHUT, YTO B 3TOM CJIy4ae HEPABHOBECHOC BOCCTAHOB/IEHHOE COCTOSIHHE
N-2, obpa3oBaHHOe MOC/Ee TPUCOSAUHEHHUS 23JICKTPOHA K PABHOBECHOMY
OKUCJICHHOMY LIEHTPY, TIEPeXOAUT B PaBHOBECHOE COCTOsIHUE. bonee Toro,
5TO TaKKe 3HAYMT, YTO MEPEHOC EeKTpoHa oT N-2 (rocne penaxkcauydu)
K crenylomeMy akuentopy (UQ) Toxe He sIBAsSIeTCS TUMUTHpYIOLIEH CTa-
Ouer. 3aMeIeHUe 3JIEKTPOHHOI'O TPAHCIOpTa B YE€TBEPTOM JBIXaTeJILHOM
COCTOSHUM BBI3BAHO, TAKMM 00pa3oM, Bo3pacTaHHEM BpPEeMEHH Iepexona
BOCCTAHOBJIEHHOIO HEpPaBHOBECHOIO LieHTpa N-2 B paBHOBECHOE COCTO-
SIHUE, DTO MoXeT ObiThb CBA3aHO JUOO ¢ BpeMeHeM XHU3HHU LieHTpa N-2
B HEPAaBHOBECHOM COCTOSIHHHU, JIHOO C UIMTENILHOCTBIO KOH(OPMALIMOH-
HOM penakcauuyd. HepaBHOBECHBIi BOCCTaHOBJIEHHBIA LeHTp N-2 O6bia
3apeTUCTPUPOBAH B MUTOXOHAPHAX B Y€TBEPTOM ABIXAaTEJILHOM COCTOSHUH.
ITosToMy MOXHO caejlaTh BHIBOI, 4TO JUMHUTHPYIOUICH cTagueil siBAseTc
fepBas U3 MEepPeuYnCICHHBIX BBILIE, T. €. BPEMs XU3HU N-2 B HEpaBHOBEC-
HOM BOCCTAHOBJIEHHOM cOCTOSIHUM. Crnefyer HallIOMHUTb, YTO B YETBEPTOM
ObIXaTEIBHOM COCTOSIHUM SJIEKTPOHHBI TPAHCIOPT MPOHCXOAMT Tropasao
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MeEIUIEHHEE, YeM B TPETBEM, U YTO B HATHMBHBIX MPOYHO COMPSLKEHHBIX
MHUTOXOHAPUSX cuHTe3 ATP npaktuyecku npekpawaerca [62]. Orcioaa
CJIE[IYET, YTO B TUX YCIOBMSAX MEPEHOC BJIEKTPOHA UEPeE3 IMYHKT COMPsSKeE-
HMSA U, CJIEI0BATEJILHO, PElakcauns 1ieHTpa N-2 B paBHOBECHOE COCTOSTHHE
HE MOXET IMpoucxoauTh 6e3 dpochopunupobatua ADP.

OHeprusi, ocBoboxmaeMas npu okucieHHH NADH, coxpaHseTcs
B KOH(pOpMaUMOHHO HepapHoBecHOM (opMe N-2 U MoXeT ObITh 3aTeM
vcnosns3oBaH mis Gochpopunuposanusa ADP ATPcuHTa30i.

4.9. DneMeHTapHbliA aKT
¢yHkunoHupoBaHus ATPcuHTa3bl

HayyHasa ofiuecTBeHHOCTh BC TpeTHaa 6€3 3HTy3Ma3Ma NEpBYIO CTa-
Thio Mutyesa [59], nmoceseHHYr0 XeMOOCMOTHYECKOIH TUroTe3e. TOMBKO
nociae nyoauxkauMu B 1966 GnecTsIIMX 3KCIIEPUMEHTOB [0 00pa3oBaHHUIO
ATP rnocne 6vicTporo ckauka pH [63] xeMoocMoTHuYecKas runorte3a Geina
NoYTH €ANHOLYIIHO MPUHSATA CI¢:UHATMCTaMH. DTH 3KCMEPHMEHTHI ObUIH
nocrapieH Arenpoppom u IOpaiiboM ¢ ananTUpoOBaHHBIMM K TEMHOTE
xnoporiactaMu. CybeTtpatsl pocitbopuivpoBatist ObM K06aBAEHR B TEM-
HoTe, M 06pasen; MHKYGHpPOBATH TAKXE B TEMHOTE TIPH HU3KMX 3HaYeHHUAX
pPH no Tex mop, moka 3HaueHvis BHyrpeHHero pH (pH, ) ¥ BHemHero
(pH,,,) He BhipaBHMBanMch. 3ateM (pH,,) GeicTpo (~ 0,5 ¢) noBblLATH
00 9-9,5. B TeMHOBBIX XJIOPOIJIACTAX HET 3JIEKTPOHHOIO [IepeHOoCa U CUHTE-
3a ATP. TeM He MeHee, ILENOYFION CKA4OK COMPOBOXIAETCS 00pa3oBaHUEM
ATP npu KOMHaTHO# TeMriepaType B T€4eHHE HECKOJBKMX CEKYHI, a IMpHU
4° C — uenywo MuHyTy. Srenziopd v HOpaitd6 B 3THX onbiTax co3dald Mc-
KYCCTBEHHO B TEMHOTE TUMUY'HYIO « MUTYEIUIOBCKYIO» CUTYAlIMIO. BEICOKOE
3Hayenue pH_,, # Huskoe — pH. . Okasanocs, yTo rpanenTa pH Brionxe
XOCTATOYHO, YTOOBI 0GECIEYMiTh YCJI0BUS, HeoOXoAMMEIe A1 cuHTe3a ATP.
Ilocie Toro, Kak MHOXeCTBO J1abopaTopuUii BO BCEM MHPE BOCMPOU3BEJIH
3TH pe3yibTaThi, IOCJHE TOrO, KaKk OBUJIO MOKa3aHo, YTO HNEHCTBUE pa3-
JIMYHBIX UHTHOMTOPOB Ha €CTECTBEHHOE MeMOpaHHoe dochopUIMpOBaHUE
HICHTHYHO MX AeificTBUIO Ha dochopunpoBaHe, UHHLIUUPYEMOE CKAYKOM
pH, rurioresza Murvenna criana obenpuHaToi. Bee ObIIM ¢CYaCTIMBHI.

Tonsko ogHO TeMHOE (OO/IaKO MOPTUIIO ITOT MpeKpacHBIM JaHmWAadT.
MMUTOXOHIPUS — HTO BHEIBCPHYTHI HAU3HAHKY THIAKOM XJIODOILNACTOB.

101



YacTe . OcHosHble pewaemoie npobnemsl GUONOruyecKkon Gusmku.

ComtacHo koHuenuMu Mutdemna cuHted ATP B yclloBUSIX, aHaloruy-
HbiX orblTaM fArespopda u KOpaitba, TpeOyer He IMOBHIILEHMA, a CKay-
KooOpa3Horo noxmxewnua pH. Takuve OnbITh ABUTH MPOBEAEHHEI BO MHOTHX
nabopatopusx cpasy yviocie myonukauru pabotel SArengopda v IOpaiiba,
Ho OesycniemHo. HackKojrko S 3Halo, MOABUIACH TOABKO OHA CTaThs,
nocesimieHHas pH MHayuMposarHoMy oOpasoBaHMio ATP B MUTOXOHIOPH-
sax [64]. DTH aKkcniepuMeHTHI OLLTM BHIIONHEHH B 1abopaTopun MuTtyeLia
cleayiouinM obpa3oM. MUTOXOHAPUM MEYEHH KPBICH MHKYOMpoOBaiM [IpH
pH 7,0 B npucyrcteue ADP u P,. 3ateM pH nossiwanu ao 9,0, a yepes
HEKOTOpOE BpeMsl CHOBA MOHMXanU 10 4,4. B pesyJibTaTte 3T0il npoueayphl
cogepxaHue ATP B o6pa3ue B pacyere Ha oaHy LIOT noBuiluagock npu-
OGMU3UTENILHO Ha TPH Monekyant. Ilpeas apuresbHoe nosuimieHue pH po 9,0
Ob10 HEOOXOAMMO, O MHEHUIO aBTO[OB, IS AOCTHXKEHUA NOCTATOYHO
Gosnbwioi BeaMuuHb ApH nocie nocse AyoLIEro ero HOHWXeHUs. MeHb-
wee 3Hadenne ApH 6b110 66 He 3¢pdeXT HBHO (HE XBATaNO 3HEPTUH), a MpU
pH Huxe 4,4 MUTOXOHAPUHU AE3aKTUBUPYIOTCS.

B Hawed naGoparopuu ObUIM 11OCTaBIEHH CHEUMUANLHBIE IKCIIEPH-
MEHThHI (BCE CCHUIKM Ha 3TH paGoThl U FHa OMBITHI, BBHINOJHEHHBIE 3aTEM
B APYTHX J1aGopaTopHsix MoxHo HaiiT B' [1, 31, 41, 61]). Buino nokasawo,
YTO B IKCrepuMeHTax [64] nomonuuTtennrioe KonuwecTso ATP obpasyercs
Ha CTaaMu npeasapuresibHoro nopueHus pH or 7,00 oo 9,0, a He Ha cTagum
rocaeayomero nosvxeusa pH. MUToxoripuu, TakuM o6pa3oM, TpeGyIoT
TOT Xe 3HaKk ApH, 4to u x10ponnactel.

TlepBble 3KCIIEPUMEHTHI ObUIM TMOCTABJIEHH HaMM C COMPSXEHHBIMU
M Pa3o0LICHHEIMH MHUTOXOHAPUAMM. OCHOBHBIE DE3yJIbTATBI: CONPSIKEH-
Hble MUTOXOHIPHM CITOCOOHB OCYIUECTBAATE KOJIHYECTBEHHBIH cuHTe3 ATP
B OTBET Ha 6micTpoe rosniuieHue pH. B pacuere Ha ooy UDT oauu pH
CKAYOK HPUBOAMT K 06pa3oBaHMIO OT ABYX 0 NATH (B 3aBUCHMMOCTH OT Fipe-
naparta) monekyl ATP. OGs3aTeNbHBIM YCJIOBUEM SABISETCA TiEpecedeHHe
BO BpeMs ckauka 3HayeHUs pH ~ 8,2. Te xe pe3yabTtaThl OBUIM [10JYyYEHbI
¢ pa3obIUeHHBIMU MHUTOXOHAPUSAMH, HE CIHOCOOHBIMH K OKHUCIHUTEJIbHO-
My dochopunuposanvio. Ha puc. 4.25 a npuBeaeHa 3KkcnepuMeHTaIbHast
3aBUCHUMOCTD BhIXoAa ATP npu GeIcTpOM IoBsl LieHUH pH B CyCrieH3UH pa-
3001LEHHBIX MUTOXOHAPUI MEeYEeHU KPHICH 0T KOHEYHOro 3HaueHus pH nipu
dbuKcHpoBaHHOM HavaisHoM (KpuBasi 1) M oT HayajwHoro 3Hayenus pH
npu GUKCHPOBAHHOM KOHEYHOM (KpuBas 2). DTU 3aBMCMMOCTH COOTBET-
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Fnasa 4. [IpobGnema CTpenok Ha GUOXNMMUYECKMX CXeMax peakumii

ATP ATP
(%) ) (%)
100} 1 100

a) ° 6)

50} 50
7 8 9
pH

Puc. 4.25. 3aBucmmocTb Bbixoaa ATP oT KoHeyHoro 3Havenmst pH npwn dukcmposas-
HOM HayanoHOM (1) M OT HavanbHoro 3Havexnns pH Npu PGUKCMPOBAHHOM KOHEYHOM.

a) Pa3oluieHHble MWTOXOHAPUW -NedeHn KpbiCbl; 0) ¢parmexTbl CTE@HOK memMOGpaHbl
u3 Staphylococcus aureus '

i

{
'

CTBYIOT KPUBBIM TUTPOBAHIAA KMCAOTHRIX rpymii ¢ pK = 8,2. UHayuupyemoe
ckaykoM pH obpasoBanue: ATP He HyxaaeTcs B yHKLHoOHUpoBaHUU LIOT,
s TIOJTHOCTBIO GJI0KHpyeTCcsi HHrnbutopaMu AT PeunTtaspl. CuHTes ATP He Ha-
Gmionaerca B oTCYTCTBIiM cyberpaTtos dochopunuposanust. [Ipy u30bbiTKe
cybeTpaToB ochoprTMpOBaHUS MOXHO TaKUM CIIOCOOOM MOMYYMTh C Of-
HUM U TEM Xe oﬁpaa;uom MHOXECTBO Monekyn ATP B pacuere Ha onHy
LI3T, Meuas nonepeyenHo pH, Hanpumep, or 7,5 no 8,5 u obparHo. ATP
obpa3syercsl TONBKO Hia cTaguu rnopuineHus pH.

Ecnu ADP u p, nobasisiior nocie «npapwisHoro» ckauka pH, To BhI-
xon ATP 3aBUCHT OT ripoMeXyTKa BpeMeHU MeXy cKaukoM pH u 106aBkoii.
Jns MUTOXOHAPUI BpeMsl peNlakCaumu 7, /2> T- €. MHTEPBAJl BDEMEHM, MOCTIE
KoToporo Bexon ATP yMeHblIaeTCH HAaNOMOBHHY, COCTABASAET P KOMHAT-
HOiT TeMriepatype okono 10 ¢. M3onuposanubie ATPcuHTashl (cM. HiXe)
peJIakcUpyIoT ObICTpee.

O6pasoBanu.e ATP B oTBeT Ha GuICTpHIN cKayok pH HaGmoganu Takxe
c MeMGpaH cBa3aHHBIMM ATPaszaMmu Ge3 3aMKHYTHIX Be3ukyn (puc. 4.256).
Jns ocyuiecTBie:HUs 371€MEHTapHOTO akTa cuHTe3a ATP nocie ckayka pH
HE HYXHBl HH 3aMKHYThie BE3UKY/bl, HU faxe ¢pparmMeHTHl MeMOpaH. Pe-
3y/AbTaThl, AHAJIOTHYHBIE OMUCAHHAIM Bhillle, ObUIM MONYYE€HBl TAKXKE C U30-
JIHPOBAHHBIMU [DaCTBOPUMBIMU KOMNoHeHTaMu AT Pa3 XUBOTHEIX, 6aKTepH-
ANBHBIX K PaCTUTENBHBIX KJIIETOK. DTOT 3eKT ABAsIeTCS OOIIUM CBOMCTBOM
He ToeKOo AT Pa3 u3 rpaschopMupyOIInuX sHepruio MeMOpaH, HO U ApYTHX
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MacTtb . OcHosHble peuiaembie npobaemsl GMonOrnieckoi Guankm

ATPa3, HopManbHOe DYHKLMOHMPOBAHHE KOTOPHIX HE COIMPOBOXIAETCH
obpaszopaHuem ATP, HanpumMep AT Pa3 Muo3uHa, HUTpOreHashsl U Jp.

B paMKax o[IMCaHHOIO BhHILIE PEJAKCALMOHHOTO MexaHHW3Ma (epMeH-
TATUBHOIO KarajiM3a SHEProJOHOPHOM peaKLUei, COMPAXKEHHOM ¢ 3HEpro-
axkuenTopHou ctanueit cuHTe3a ATP, sBisieTcs akT gUccouMauuu ornpeae-
JICHHOH KHUCIOTHOM rpyniibl (MM rpymT) B KaTanutuyeckoil yactu ATP-
CHHTA3BbL.

PaccMotpuM teneps cTpykTypy ATPCHHTa3bl U MONpobyeM . OTBETHTh
Ha IMaBHBIA BOMPOC: KakKas cTagMs npouecca obpasoBanug ATP B BoaHoi
thba3e ABIAETCA SHEPrOAKLETITOPHO#M? i

Ha puc. 4.26 npencrasnexa yrpomedHasti cxeMa ATPcunTassl. Ctpyk-
TyPa COCTOMT U3 ABYX OCHOBHBIX 4acTeil: ruipoduILHOIO, IKCIIOHHPOBAH-
HOTO B BoAHYI0 a3y Komnekca F, (dakrop compml(euuﬂ) U ruapodobHoro
dakropa F,, ceaA3zaHHOrO C MeM6paHoﬁ

F, BHNoIHsieT pons crneurduueckoro np.omHHoro KaHana, ¢ Io-
MOIIBI0O KOTOPOr0 MOHBI BOAOpOAA MeEpecekaloT MeMOpaHy. B orcyrcTeme
cybeTpatoB dochopunpoBaHis yreuka IPOTOHOR U3 BOAHON (a3bl yepes
KoMruleke F, satpyaxena. Yaanenue dakropa F, AenaeT comnpsiraioimyio
MeMOpaHy IIpo3payHoOii JUIS HOHOB BOJOPOAA: [TOABIAETCI MHOIO CKBO3HBIX
AIpoK. [TpOTOHH B 3TOM cilydae CBOGOTHO IIPOXOIAT Uepe3 MEMOpaHy, U UX
KOHLEHTPAIUH 10 00€ CTOPOHHI BHIPaBHUBAIOTCH. !

®akrop conpaxenus F, npeactasnser coboit (5e7IKOBBIIi KOMILIEKC,
coaepXaluui AeBATh CYOBEAMHMIL: TPH OIOMHAKOBHIX @ CYOBeOUHUL, TPU
OAVHAKOBBEIX [ cyOBEAMHMII U IO ofHOi 7y, § M £ CyOpeauumu. Bece a
U B cyObeIUHULIBI PACTIONOXEHB! BOKPYT IIPOJOJITOBATON 7y CYObeIUHMIIBI
(puc. 4.26). @akrop F, MMeeT BpalIaTeIbHYI0 CUMMETPH IO TPETHErO NOPAL-
Ka. [ToBOpoT BOKpYr OCH, NapaieJIbHOM Y Cy6heIUHULE , IPUBOAUT K CMe-
IIEHHIO KaXA0h U3 a U B cyObeAUHUIL B MTONOXEHHUE APYTOI aHATOTUYHOM
CyObeaAMHMLEL. ¥ CyObeqMHULA IMHOM 9 HM cllerka M3oridyTa M BhICTYNAaeT
Ha ~ 3 HM u3 rekcamepa 3a3f (puc.4.26). CyGbenuHUILA ¥ U MaJieHbKasi
CyObeAMHMIIA 6 MIpalOT POk MOCTUKOB, COCIHHSIOIIMX YacTH F, u F,
ATPcunrassl. He6onbluas cyobeIMHNIA € SABIKETCS PETYIISITOPOM epMeH-
TaTUBHOM aKTUBHOCTH. B pabotax nabGopatopuu Yokepa M(XHO HaWTH Ae-
TaJIbHOE OITHCAHHE KOMITOHEHTOB M CTPYKTYPH ATPCHHTa36! MUTOXOHIPHM.

B 1973~1974 ropax nBe He3aBUCHMEBIE IPYIIIIEI YUEHBIX W3 1aBopaTopuH
Boitepa [65, 66] u Cnaittepa [67—69] npennonoxuim, 4To 3HEPrHs, TTOCTY-

s O
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Fnasa 4. l(poGnema CTPENoK Ha ISMOXMMMHECKIX CXEMAX PeaKLUmii

Puc. 4.’ 26. NpocTtpaHcTeeHHas CTpykTypa ATPCHHTA3H
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Macrte . OcrosHbie pewaemsie Npobnemsl GUONOrNYECKON PUINKH

naonas B ATPcuHTa3sy, pacxoayetrcss rlaBHBIM 06pa3oM Ha ocBOOOXIEHME
MPOYHO cBsA3aHHON Mosiexynnl ATP w3 Karanutuyeckoro ueHrpa F,. Jra
M€sl SIBUJIACh OCHOBOM Ha MYTH K IOHUMAHMIO MEXaHU3Ma MeMOpaHHOro
dochopunupoBaHHs.

IMo JaHHBIM PEHTIEHOCTPYKTYPHOITO aHaji3a, MoJieKylknl ATP u ADP
CBA3BIBAlOTCA Mexny cyOreauHuuaMu a u B [73]. Cunres u ruaponus
ATP katammaupyior Tonsko f cyopeguuuibl. Mosekyant ATP u ADP,
CBSI3aHHBIE C @ CYOBEAUHUUAMH, YAECPXK HBAIOTCH TakK [IPOYHO, 4YTO BO Bpe-~
Md paboTel pepMeHTa MPAKTHYECKH HE 00OMEHHKBAIOTCH ¢ Mojekyinam ATP
1 ADP okpyxaiotueii cpeabl. BeposaTHo, :3TH IIPOYHO CBSI3aHHHE MOJIEKYJIbI
HE Y4acTBYIOT B cMHTE3e ATP, a BBINONHSTIOT TONLKO PEIYAATOPHEIE (PYHK-
uvy. Ha puc. 4.27 cxeMaTHyecKH roxa3saria nociaeJoBaTebHOCTb COOBITHIA

+
out

H
/|

[AH[ATP-H,0]B"

[ADP+P,]

-

b _ >~
AH[ _ |BH (@ [ATP-H,O]B
® NI @

\

Al IB

®

Puc. 4.27. Cxema 3HeprosaBuCUMbIX M3MEHEHUA ¢ JOCTORHMIA
B XoAe cvHTe3a ATP (obubsicHeHust B TekcTe?)
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TnaBsa 4. lpobGneMa CTpenok Ha GMOXUMUYECKUX CXeMax peakuni

B Xoze oOpa3zoBanusi ATP. [lepsas ctagMs 3Toro ripouecca — CBSI3bIBAHUE
ADP v p; akTMBHBIM LEHTpOM [ CyObedHHULIbI, HAXOIIIIEHCA B «OTKPbI-
TOM» KOHQOpMAUHMOHHOM COCTOSSHMH 1.

B BonHOI cpeAe KOHCTaHTa paBHOBECHSI peaKlIUH

ADP, + P, = ATP, + H,0 (K, 2107°),

obpazoBaHue ATP sHepreTHYeCKM HEBLITOAHO U PaBHOBECHE PEaklIMM CMe-
HIEHO BJIEBO. 3AeCh U Aajiee HHXXKHHE MHIEKCH 8§ H b o3Hayalor, coOT-
BETCTBEHHO, «B BOIHOM PacTBOpE» W «CBA3aHHBIM ¢ MeMOpaHoi». [lpu-
coenHeHMe cyberpara (cyGerpatoB) drocdopunvpoBaHusi IPUBOIMT, Kak
BCEraa Nocje CBIA3bIBAHNUA HH3KOMOJIEKYAAPHOro aAuravaa 6ejkosoit riaoby-
JIoM, K BOBHHKHOBEHMIO HEPAaBHOBECHOIO COCTOSTHUA B cyOBneXMHUIILI M €¢
pelakCcauMHy K «3aKpbIToMy» cocTosgHMIO 2. [To-BuaMMoMy, nepBoe ripeatio-
JloXeHMe 0 KoHPOPMAUMOHHBIX U3MEHEHHUIX PEPMEHTOB Ipy MeMOpaHHOM
docopunupoBaHud O6nli0 onybavkoBaHo B 1972 roay [70]. CornacHo
usMepeHusam boitepa, Bocrnpou3BeaeHHBIX BO MHOI'MX nabopaTtopusix, OT-
HoweHue ATP,/ADP, = 1. D10 3HauuT, yto AG = 0 1 obpasosaHue ATP
IIPOUCXOAMT IpakTHYECKHU OecriaTHo. BHoBb oOpas3oBaHHast Mmosiekyna ATP
MpoYHO cBfi3aHa ¢ [ cybbeAUHMLIEH, U IS €6 OCBOOOXIEHUS B BOAHYIO
cpeny TpeOyeTcsl 3aTpaTMTh SHEPTUIO HA KOH(MOPMALIMOHHYIO PEJlaKCallvIo
CYObeAMHMIIBI K «OTKPHITOMY» COCTOAHHIO (cTanusi 3). CornacHo olMcau-
HEIM BHIIIE 3KCIIEpUMEHTAM CO CKaYKooOpa3HbiMM nosbilieHUSIMU pH, aTa
MocNeqHss CTaAMsl HAauMHAETCH C AMCCOUMALUMM HEKOTOPHIX KHMCIOTHBIX
rpymni 6e1KoBoii 100y akL.

4.10. CrauvoHapHoe memGpaHHoe
docdopunupoBaHue

JIo cMX mop peyb LIla 0 MEXaHU3ME «3JIEMEHTAPHOIO aKTa» CHHTE3a
ATP. Beavuuna tpaHcMemOpanHoro Ay, He MMEET HUKAKOTO OTHO-
LWIEHUSI K 3JIEMEHTAPHOMY aKTy. DTOT IpDaIMeHT HENPEephIBHO MOCTABASET
MOHBI BOZOPOAA IS MOBTOPSIOLIMXCS «YAAPOB», pea3ysi, TAKUM 00pa3oM,
BO3HHKHOBEHHE HEPABHOBECHBIX COCTOSSHUI M X HOCAEAyIoLLylo KoHgop-
MalMOHHYIO pelaKCaluio.

B mMoHorpaduu [31] 6uina npeaoxeHa caeayiolas yrpoleHHast cxe-
Ma UMKIM4Yeckoil pabotel ATPcuHTa3sl (puc. 4.28). Dra cxeMa ofbsicHIET
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Yactb ll. OcHoBHbIE pewaeMbie NPoGaeMer GUONOrMNECKONR (Dr3uKM

MHorokpaTHoe oOpasoBanue ATP nocne cozgaHus pasuuis! pH no obe cro-
POHB! MeMOPaHEI Be3HKYI, conepXauiux ¢paktopsl F, NOCTYNHBE BHELIHEH
BOIHOIi cpene. Kcraty, rpanueHt Ay, B HEKOTOPBIX YCJOBUSAX BKIIOYAET
He T0abK0 ApH, HO M rpanHeHT
TpaHcMeMOpaHHOTO 3JIEKTPHYe-
ckoro noreHumana A¢. AHa-
JIU3 NPHMBOIMT B 3TOM cJlyyae
K ToMy xe BeiBOomy. A¢ 3a-
BUCHT OT pacrnipefie/ieHusl 3apsi-
OB BOJIM3K AKTUBHOTO IIEHTDA
M onipenensier BeJnyKHy pK ku-
cotHeIX rpynn. Ilepeceyenue
yposHs pH nipu ObIcTPOM yMeHB-
wesnn pK Bo BpeMs koHdOpMa-
LHOHHOI pesakcallMu IIpUBEnET
K TOMy Xe 3¢dekTy, 410 M ne-
peceyeHKe ypoBHsi pK npH Obi-
CTPOM noBbiiueHHH pH.

Ha cxeme puc.4.28 MBI pacCMOTpeNH TONBKO OOWH LIEHTD, CBS3BI-
Baloimit ATP u ADP ¢ mBymsl npoTOH aKUENnTOPHBLIMM TIDYNMaMH A~
v B . Mlpucoemunenne ADP u BeIGpoc ATP B BOnHywo ¢a3sy Mrpaer
POJb «MepeKIoYaTeNisi», KOTOPbIi MONEPEMEHHO OCYLIECTBIsAET KOHTAKT F|
TO € BHYTpeHHel (Kucnoit), To ¢ BHeluHe#H («1UeNoYHOoi») BOoTHEIMU (pasa-
Mu. PasnyHele NonoxeHUs nepekioyare/is CHMBOJIM3UPYIOT BOSMOXHOCTD
NMPOTOHHBLIX rpynn A u B KOHTaKTHpoOBaTh C BHYTPEHHEH M C BHeLUHeil
cpenoii. D10 nokasaHo Ha puc. 4.27 B BHJE IBYX KianaHoB a | b. KnanaH a
OCYLLECTBJISIET KOHTAKT (YHKIMOHAIbHOM KUCIIOTHOM TpYMIMbl ¢ BHYTPEH-
HHUM OOBEMOM BE3WKYJIbl, @ b — ¢ BHeluHel cpenoii. OTKpeITOe nosoxe-
HUE @ C 3aKpBITBIM NOJI0XEHHEM b (cocTosiHme 1) yKa3BIBAIOT, YTO cpenHas
CKOPOCTb MPOTOHMPOBaHUSI A~ H B~ W3 BHYTpeHHeEro nyna npoTOHOB
COIJIaCYIOTCA € COOTBETCTBYIOIIMMHM CKOPOCTAMM JMCCOLIMAIIMU MPOTOHOB
13 AH u BH Bo BHemH00 cpeny. IMepekpbiTHe @ MOXeT GLITh BHI3BAHO
NPHCOCIUHEHHEM CcyOCTpaToB GocOprHIMpPOBaHUSl, B TO BpeMs KaK HX
yoanenue U3 F, obecneuuBaer KOHTaKT A~ M B~ ¢ BHYTpeHHeil 061acThIO
Be3UKY/H (KianaH @ OTKpHIT). XOPOLio H3BECTHO, YTO MPH JHOOKIX yciio-
BUAX, HeOnaronpusitHbix Wi cuHTe3a ATP (HanpuMep, orcyTcTsre P&

Puc. 4.28. Cxema uvknuyeckoro
(QYHKUMOHUpOBaHust ATPCUHTa3LI
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Fnaea 4. [pobnema CTpenok Ha GUOXMMUYECKUX CXEMaX PeaKumii

ceasbiBanue ATP unu ADP ¢ aktupHeIM ueHTpoM F| xnopomiacroB 6s10-
- KMpYET BHIXOA MPOTOHOB M3 TWIaKouaa yepe3 kavan F, [71,72].

PaccMoTpuM Telieph MOCAENOBATEARHOCTL COORITHIA BO BpeMst (pyHK-
uMoHUpoBaHUss ATPcHUHTa3ml, cBsizaHHoOil ¢ MeMOpaHoit, NpH HAIMYHUM
TpaHcMeMOpaHHoli pasHocTH pH. [Tonoxenne 1 Ha puc. 4.27 cOOTBETCTBYET
KBa3UpPaBHOBECHOMY COCTOSSHMIO ¢epMeHTa: HeT cybcrpatoB dochopu-
JUPOBAHUA B AKTMBHOM LICHTPE, (PYHKIMOHAIBHEIE KUCIOTHBIE TPYIIIIbI
IIPOTOHUPOBAHBI, OJIaroAaps UX KOHTAKTY € «KHUCJIbIM» BHYTPEHHHM 00B-
€MOM BE3HKYVJHI (pH,— < pK,), @ oTkpHT. BricTpasi yreuka IpOTOHOB
BO BHEIIHIOW BogHY0 a3y uepe3d ATPcuHTasy npeaorspainaercs Oapbe-
poM, 3anpemnaioiiuM KoHTakT AH rpynmisl ¢ BHewHe# cpeaoii (knaraH b
3akphIT). [IpHcoeantenune cybcrpatoB GocHopHIMpoBaHHS K aKTUBHOMY
ueHTpy F, (nepexon 1 — 2) menaeT BO3MOXHBIMM JABA COORITHS:

1. becrnatHoe npespamenue ADP u P; B npouHo cpsasaHHyio ATP
(nepexon 2 — 3).

2. BrokvpoBaHMe IyTH POTOHA Yepe3 @ (KJIaraH a 3aKpHIT).

Taxum oGpa3oM, 11ociie cBg3biBaHMA cyOcrparos rpynmna AH aMccouu-
HUpYyeT, H CTAHOBUTCSA BO3MOXHKLIM BLIXOJI, [IPOTOHOB B «IIIEJIOYHYIO» BOAHYIO
da3y (pK,1 < pH,, xnanaH b oTKphIT — nepexon 3 — 4) B COOTBETCTBUH
C XOpOILO H3BECTHBHIMM 3KCHEPUMEHTATLHBIMM (akTtamu [71, 72]: mpo-
necc pochopunposanns ADP yckopaer Bbixon mpotoHoB yepes F,. 3ta
MoOJe/b IIpeRIIo/araeT, YTo CBA3BIBAHME CYOCTpPaTOB CTUMYIHPYET BBIXO[L
[IPOTOHOB BO BHEINHIOIO cpeAy. B HepaBHOBECHOM COCTOSHMH 4 pepMEHT
COIEPXUT NPOUHO cBA3aHHYI0 MojieKyny ATP. CocTosinve 4 3HEpreTHYECKH
HEBBINOJHO M3-3a M30BITKA OTPULIATEJIBHBIX 3apsiioB B OENKOBOIi r1obyie.
B xone nocneayioiueit penakcauru gpepmeHTa Moaexyna ATP otmeruigercs
or F, Bo BHewHIOW BonHylo ¢a3dy. TakuMm obpa3oM, PepMEHT JOCTUTAET
COCTOSSHUSI 5: @ OTKpPHIT, b 3akpbiT. [locne nocienyiomero npoToHHPOBa-
HUS KUCTIOTHHIX Tpymnn (repexox 5 — 1) umkn GyaeT MOBTOPATHCS, MOKa
BhInONHsoTCA yesosus: pH; < pK, < pH,.

IMonpobyeM Tenephb OTBETHTH Ha BaXHbIA, XOTS CKOpPEE PUTOPUUECKUIH
BOIPOC: 4TO sIBJIsieTCA ABMXYLIEil cunoii ob6pa3zoBanHus ATP B xoge MeM-
OpaHHoro pochopunpoBaHud? OOBMHEIN OTBET B MOYTH JIIOOOH MyO/IH-
Kauuu, Kacalomeiicsa 31oit npo6nemsl, TakoB: ApH (Apy. ) Mexay aByms
CTOpOHAaMU MeMOpaHbl. DTOT OTBET OoWMOO0oYeH. Pa3HOCTh KOHLIEHTpALMii
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Yacte l. OcHoBHbIE petaemsie NPobiemsl GUONOrMyecKkon puankm

U KUHETUYECKOM 3HEPTHH [IPOTOHOB SIBJIAIOTCH TEILUIOBLIMU COCTABIAIOIIM -
MM TIOJIHOM BHYTPEHHEI 3Hepruu cucteMnl (TepmuHomoruss MakKiiaiipa)
U He MoryT OBITh MCIOb30BaHbl IS coBeplieHUs1 paboThl. HdonxHo npu-
CYTCTBOBaTb MEXaHMYECKOE YCTPOMCTBO IUisl Ipeobpa3oBaHusl TEILIOBOIO
KOMIIOHEHTa B coxpansieMblif. [loBTOpUM €mie pas, Yro Ha MOJIEKVISAp-
HOM YPOBHE MEXaHMYECKHME M 3NEKTPHYECCKHE CHJIBI HEpazTMYMMHL [32].
B HacTtogmee BpeMsi KOHCTPYKLHMS H crnocol® paboTel 3TOro yCTpoiicTBa
U3BECTHHI.

4.11. Cambii ManeHbKUk 3NEKTPU4YECKUMN
MOTOp B npupoae

Bce epmenmm kpacuewt, no ATPcunma-
3a — o0uH u3 Hauboaee Kpacuewix, HeobwviH-
HYX U BANCHBIX.

P. Boyer [116]

HauGonee BaxHBIM BKJag B Halle CErogHsAIIHee 3HaHHE KaTaJIMTHYE-
ckoit KoMmoHeHTH ATPcunTa3bl Gbia cAenaH B Tabopatopuu Yokepa [73].
YnpolueHHbIe CXeMBl CTPYKTYpPbl U GyHKIMOHHPoBaHUS ATPcuHTassl pu-
BeleHBl Ha pUC.4.26 u 4.28. Bechb KOMIUIEKC MpeacTapisieT coboit Moe-
KYJISPHYIO MalllKHY, COCTOSALIYIO U3 poTopa U cratopa. MH yXe TOBOPHIU
O MOBOPOTHOM CHMMETPUH KaTaIMTHYECKOH B cyOpeanHuubl B dakrope F,,
HO HE KacajMCh PEAIBHOTO MEXaHM3Ma BpallCHUA.

PaccMoTpuM Goniee rogpo6HO AeTanu crpyKTyphl ATPcHHTa3bl MUTO-
XOHAPUH, u3obpaxeHHoi Ha puc. 4.26. Komimeke F, norpyxes B BooHylO
da3y M COOEPXUT, Kak yxke ObUIO cKa3aHo, 9 cyowbeaunmu: 3w, 33,7, 6, €.
Tekcamep (3a + 38) uMeeT GopMy crrerka IPUILTIOCHYTOM chephl BHICOTOM
8 HM M wupuHoi 10 HM. LleHTp cdephbl cBsA3aH C BHCTYIIOM 8 cyOneau-
HUUBI, HUXHSAS YaCTb KOTOPOM BBIIBMHYTa U3 cdepbl IPUMEPHO Ha 3 HM
B KoMineke F,. CyGbeauHuua 6 coeauHsIeT BEPXHIOI 4acTh reKcamepa.
Cy6GbeaMHMUBl ¥ M € noABXHE. OHU 00Opa3yioT porop, BpalualoLuiics
BHYTpH CcTaTopa — rekcamepa (3a + 38).
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TnaBa 4. [Ipobnema cTpenok Ha GMOXUMHYECKUX CXeMaX pPeakuymi

Kommnexke F, ckperser ATPcuHTasy ¢ MeMOpaHOil U HMeeT Mpo-
TOHHBIC KaHajbl M TIEpeHOCA MOHOB BOAOPOAA MeXAy BoxHo#H ¢a3oii
¥ MeMmOpaHy ckBo3b ATPcuHrasy. Kommiexe F, BkimoyaeT Cy6beAMHH-
Iy a, iBe cyObeNHHHLIBI b K IOBOJBHO MHOFO cyonenuHuL ¢. IiapodobHas
CcyObeAMHHULIA a TOYTH NOJHOCTBIO MOTpyXeHa B MeMOpaHy, a ee¢ JYTHHHbIE
OTBETBJICHUS («pyKu») MPOYHO CBsA3aHB ¢ KommuekcoM F,. Oro penaer
Bech rekcamep (3a + 3(3) HEemoABMXHBIM M BKIIIOYAET €0 B CTATOPHYIO
yactb MamuHbl. Kaxnas cyOneguHuUya ¢ coctour M3 9-12 opguHako-
BBIX MaJIEHBKMX O€JIKOB, OKPYXAIOIIUX CYOBEAMHHUIY 7Y, IOIPyXEHHYIO
B MeMOpaHy.

HMerTes yoenuTenbHbE NOKA3aTe/IbCTBA TOIO, YTO POTOPHAs 4acTb
ATPcuHTa3bl feiicTBUTENIHPHO BPAILAETCS KaK BO BpeMsi CHHTE3a, TaK U TH-
nponu3a ATP. Mpl onuizeM 3mech TOMBKO ABA TUIA SKCIIEPHUMEHTAIBHOMI
TeXHUKH, pa3paGoTaHHBIX HeMEUKUMH [74] 1 sroHcKuMM {75, 76] yye HBIMM.

IOHre u ero coTpynHHKH [74] perucTpupoBaiy BpaliaTeibHOE JBH-
KEHHUE 7y CyObeIWHHIbI, TIOMETUB €€ XUMHUUYECKH CBsSI3aHHBIM 303HMHOBBIM
KpacuteneM. Texcamep (3a + 38) chenanu HENONBHXKHBIM, TIPHKPETIHB €r0
K HOHHO-OOMEHHO#I cMone. BpallieHue 303MHA MEHSET €ro OPHEHTALUIO
B INMPOCTPAHCTBE M HEKOTOPbIE €ro OITTHYECKHUE XapaKTepUCTUKM. bbuio
OOHApPYXEHO, YTO XapaKTepHOEe BpeMA IOBOPOTA 303MHA COCTABISET OKO-
no 100 Mxc, 4TO MpaKTUYECKH COBMAJAET CO BpeMEHeM, TpeOyeMBIM st
THIpOJIM3a ofHOM MoneKynsl ATP u3onuposaHHeIM KoMIUlekcoM F,. Bpa-
[HICHUE TIPOUCXOIUT TONBKO BO BpeMs paboThl epMeHTa U OIOKHpYyeTCs
UHruburopamMu ruaposinza ATP,

bonee snieyatasioOUMHU OBUIH, OHAKO, 3KCTIEPUMEHTEI IPYIIITHI SATIOH-
CKHX yyeHrIX [75, 76]. B 3Tux paboTtax aBTOpBI HETIOCPENCTBEHHO HaGMoOAaMH
BpalieHUE ¥ CYOBeAMHMILIB C MOMOILLBIO JIOMUHECIICHTHOr0O MUKPOCKOIA.
Qro6sl BUAETHL BpalliCHUE 7 CYOBEOUHHUIIbI, ABTOPHEI TIPUKPENHIH K ee
BBICTYTIAOIEd M3 F, HMXHEH 4acTH Criel{HaJbHBIA Mapkep — ¢parMeHt
aKTHHa (OOMH M3 MBIIEYHBIX GENKOB). AKTHHOBAag HHTH MIMHOIO OKOJIO
1 MKM Obl1a B CBOK ouepenb NMoOMeueHa MOJIEKYJIaMH (uiyopecuUpyionie-
ro kpacurend. CraropHas 4actb ¢epMeHTa Oblna caeaHa HENoABHKHOMN
NPaKTHYECKH TEM Xe CIoco6oM, Kak H B [74].

Kak yxe OwbUIO CKa3aHO, BpaliieHMe HaOmomaercs Kak IPU CHHTE3e,
TaK U IpU rugposnuse ATP. DxcrnepMMeHTanbHO ¢ THAPOIU3OM paboTarhb
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3HAYUTENBHO Tpouie, U OonbllIas 4acTh AAHHBIX ObUIa TOJyYyeHa MpH HC-
cnenoBaHMu ATPasHoit aktTusHOCTH ATPcyHTAa3bL

B skcnepumenTax Kunowu u ero cotpynHukos [76] Habmonanu, yro
mosekyaa F, BpaliaeT akTHHOBBIA «XBOCT» AMCKPETHBIMHM CKAYKaMHM, TIOBO-
pauMBas 3a OAMH cKa4yoK Ha 120°. OnuH CKaYoOK COOTBETCTBYET FHIAPOJIU3Y
oniHoi Monekyiabl ATP. CpenHsiss CKOpOCTE BpallIEHMs 3aBUCHT OT Harpys-
KH: YeM JyIHHHee akTHHOBass HUTb, TEM pexe CKauku. B orcyrctBuu ATP
(Ges rHAPONTH3a) ONHOHAMPAaBIEHHONO BpamieHusi He Habmonaii. MoxHo
ObLIO BHACTH NMIIb OYEHb pEeAKHMe CIyyaWHbBIE CKaykd B oOOMX Harpa-
BJIEHHUSX, OOYCIOB/IEHHbIE TEIUIOBHIM ABMXKEHHEM. D(PHEKTUBHOCTE MOTOPA
ATPcuHTa3sl 6b1a OYeHb BbiCOKA, Pabora, BHEINMOAHsIEMAass MOTOPOM ISt
NOBOPOTAa aKTHHOBOM HHMTH Ha 120° (mpeoponeBast TpeHHUe), MOYTH TOYHO
paBHAa 3HEpPruH, 3anaceHHoi B oaHoil Monekyiae ATP. DddexTuBHOCTE
obi1a moutu 100 %.

Cwy, Bhi3bIBalOILYIO ABHXEHHME poTopa F,, xorna ATPcuHTasa obpa-
syer ATP, co3maer NOTOK NpPOTOHOB 4epe3 CNEeHUanbHBIA KaHan. bio-
KHpOoBaHHE TPOTOHHOTO KaHama MHrUOHTOpOM, HACHCTBYIOIMM Ha OAHY
U3 CyOBeMHMIL ¢, TIPUBOAUT K IIpeKpalleHHIO BpareHuss U cuHre3a ATP.
IMpotoHHEl# KaHan ATPcuHTa3bl HAXOAUTCS MEXIY @ U ¢ CyObeAHUHULIAMH.

[TyTh POTOHHOrO MEPEHOCA BKINOYAET CNCAYIOIHE IEMEHTH CTPYKTYPHI
(puc. 4.26).

1. JIBe nNoNoBUHBI NPOTOHHOIO KaHana. OaHa pacrosoXxeHa CO CTOPOHBI
MeMOpaHbl U KOHTAKTHPYET ¢ BOAHBIM pe3epByapoM. DT1a IOJIOBUHA
KaHaja obecrneunBaeTr JOCTABKY MPOTOHOB K OMpeAee HHBIM QyHKIIHO-
HaNbHBIM TPYIINaM BHYTPH MoTopa. Bropas INojioBHHa KaHaja, Hamnpa-
BJICHHAA K Apyroi cropoHe MeMOpaHbl, 06eCIIeYUBaeT BbIXOA TPOTOHOB
B «lIENIOYHOM» pe3epByap (00aacTb ¢ 6oyiee HM3KOI KOHILEHTpaiuei
NPOTOHOB). DTH ABe MOJIOBUHBI KaHANA CMEIEHBI OTHOCHTENBHO APYT
Apyra U Mo3TOMY, BEPOSITHO, HE COTIPUKACAIOTCS.

2. Konbuo cyoneniiuu ¢. Kaxnas U3 3Tux Cyobe1HHHLL CONEPXMT BHYTPHU
KapOOKCHIBLHYIO TIDYNITy, CIOCOOHYIO CBSI3bIBATL NMPOTOH M3 KHUCAOH
ob6mactu (RCOO™+H* —— RCOOH) u nepeaasats ero B UIETOYHYIO
(RCOOH — RCOO™ + H*).

Takum o6pa3oM, aMHHOKHMCJIOTH C KApOOKCUIIBHBIMHU IPYIINAMM Urpa-
10T ONPEENSIOUYI0 pojib B paboTe NMPOTOHHBLIX KAaHAJIOB., DJIEMEHTApHBIE

112
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aKThl TIPUCOENUHEHMs M puccoumaunmu H' npusoasT X BO3HUKHOBEHHIO
 KOH(OPMAaLHOHHO HEepaBHOBECHBIX COCTOsIHMII Genka. B xone mocnenyio-
el KOHGOpMALMOHHON penakCcauuu peasin3yeTcs BhIIIONHEHHE ITOIE3HOH
paGoTel: moBopoT poropa Ha 120°, koropwmil mo3sojisier HOBO B CyOB-
eAUHHIIE TIPHCOSAUHUTE cyOcTpathl dpocdopunuposaHud, obpasosath 6¢3
3aTparbl 3Heprud ATP H ocyluecTBHTh akT BhIOpoca IPOYHO CBSA3aHHOM
ATP B BogHyto da3sy (puc.4.28).

TTocnie nepBbIX MHOHEPCKHUX paboT MOSBWIOCH HECKOMBKO CTaTeil ¢ 60-
Jice TOAPOOHEBIM OMMUCAHUEM CTPYKTYPhl U (PYHKLIMOHUPOBAHHsE ITOI0 YHHU-
KaJIbHOFO 3JIEKTPHYECKOro Moropa [77-79).

CopceM HeZaBHO aHAJOrMYHBIN mMomxox OBUT HMCNONb30BaH bekke-
poM [80] mna onmcaHus paGoTel MMO3HHOBOK ATPa3bi, OTBETCTBEHHOMH
3a MBIIIEYHOE COKpameHHe. bekKep BBEJI IOHATHE KHHETHYECKOTO PABHO-
BeCHs CHJI KakK BeAyumiero IpHHIIUIA MeXaHHYeCKOH MOIENM MBIIIIEYHOTO
COKpAILCHHS.

MBI onHMcaiy 371ech KOHCTPYKLMIO H CIIOCO0 JEeHCTBHUSA TOMBKO OJHOMN
OHOXMMHUUYECKOII MONEKYIApHON MalUMHH, [0 HACTOSIIETO BPEeMEHH 3TO
CHEAHO NMPUMEPHO 15 NIOKUHBI PEePMEHTOB, U 3TO YUCIO OBICTPO pacrer
BMECTE C NMOTOKOM IyONMUKALHH.

IlonBeneM Tenepb HTOrM OOIMM HIESM INaBbl. PYHKIIMOHHPOBAHHUE
bepMeHTa (BKTIOYas TPoLece BHYTPHKIETOUHOH TpaHCHOpMaliiH SHEPTHH)
obecneyuBaeTCsl Y4aCTHEM BbLICJIEHHBEIX MEXaHHUYECKHX CTENEHei cB0o6o-
OBl B MaKPOMOJIEKY/ISIPHBIX KOHCTPYKLUMsX — MamurHax. KaraansupyemMas
(hepMEHTOM XUMHYECKast peaKLiUsd HAYUHAETCA C JIOKAJBHOIO BO3MYHICHHUS,
KOTOpO€ BBbI3bIBaeT 00pa3zoBaHHE KOHGPOPMALMOHHO HEpPaBHOBECHOIO CO-
CTOSHMSI MAKPOMOJIEKY/SIDHOrO KoMIUlekca (depmeHT—Cy6eTpar). B G1o-
JIOTHYECKHUX CHCTeMax IpeBpallieHUe cyOcTpaTa B TMPOAYKT, Kak M JHOOOH
APYTOl CBA3aHHbIN C 3HEpruei akT, OCyIIECTRISAETCS B X0one KOHPOpMaiM-
OHHOM peNaKkCailUu TaKuX KOMIUIEKCOB.

MonekynsipHble MallMHbBI B OMOJIOTMYECKHMX CHcTeMax paboraior
He TaK, KaK OOBIYHBIE MaKPOCKOIMHYECKHE TEIUIOBBIE MAIlIMHBL. TenJoBbie
cTerneHH cBo0OoAkl HEJb3s pacCMAaTPUBATE KaK pe3€pByap, SHEPrus KOTOpO-
ro HEMocCpeACTBEHHO MCIIONb3YeTCs ISt PeAIM3aLiMU 3IEMEHTAPHOTO aKTa
(epMEHTATUBHON pEAKIIUM.

O6uue MIEeM O pOJH «COXpaHSEMOM 3HEPruH», <«KOH(OPMAIHOH-
HOM pelakcailii BAOADb BBIIEEHHBIX MEXaHHYECKHX CTEMEeHEH CBOOONDI»,
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«BO3MYILIEHUE JIOKANBHBIMY 3apAJaMM» U T. J. B BAXXHEHIIMX OHOMOrHYECKHX
npoiueccax, Koropbie ObiIM HE3aBUCHMO BLUIBUHYTHI B Havane ceMUaecs-
ThIX HECKOJAbKHMH IpyMNaMH ydeHnIX [1, 31, 35, 41, 49-52, 60], momy4aior
TETEPh 3KCIEPUMEHTAIIBHOE NTOATBEPXKACHHUE.

OueBuaHO, «1pobeMa CTpenoK», cpopMyIHMpoBaHHas B Hadasie 3TOMH
I7IaBbl, IPUHAMJIEXUT K YUCTY PELIAEMBIX.



haBa 5

Mpobnema ceepxcnabbix
B3anMoaeimncrenm

DTa rmaBa, COOCTBEHHO TOBOPA, BKIIIOYACT JIBE PA3NMYHbIe TPOOIEMBl.
I[TepBas KacaeTcsi BO3pacTalouiero (0co0eHHO B TEYCHUE MOCHEAHUX AECITH
NeT) YUCAA Pe3ybTaToB, COIMIACHO KOTOPHIM 3aBUCHMOCTb MHOTHX OGUOXM-
MHYECKHUX U QU3HOIOTHYeCKUX 3P DEKTOB OT KOHUEHTPALUU OHONOTHYECKH
aKTHUBHBIX areHTOB KapAMHaJbHO OTNHUYAETCSH OT OOBIYHOII MOHOTOHHOCTH.
TIpy HEKOTOPBIX HU3KMX KOHIEHTPALMSIX areHTa aKTUBHOCTH BO3pacraer
C TIOHUXEHUEM €ro KOHUEHTPAnHUH, TaK YTO KpUBasi 3aBUCHUMOCTU aKTHUB-
HOCTH HMe€ET IMOJIUIKCTPEMAIBHYIO (POpMY.

Bropas npobieMa 3axiouaerca B BO3MOXHOW UHTEpIIpeTalHHd B paM-
KaX COBPEMEHHON PUINKM YAUBUTEIBHOIO SIBJICHUSE TaK HA3bIBAEMBIX «Ma-
KPOCKOTIHYECKHUX (IyKTyauui». D10 siBeHUe O6bUI0 OTKpEITO Bonee 40 ner
Ha3ag CumonoMm IlJHoneM M TIIATENBHO HCCICAOBAHO B TEYECHHE BCEX
nocaeayroniux jger llIHomeM M MHOTMMH €ro MNOCHEHOBATENAMH, YHUCIIO
KOTOPBIX MEIUIEHHO PAacTET CO BPEMEHEM.

5.1. AeicTBUe OMONOrM4ECKU aKTUBHbIX
areHToB B CBEPXHU3KMUX A03aX
Ha OuoxumMmnuyeckue n dpusanonornyeckue
npouecchbl

MpbI HayHeM ¢ LUTATHI U3 0030pa, onyOMUKOBAHHOIO ONHON M3 Hau-
OoJsiee aKTMBHBIX HCCJIEIOBATEABCKHX IPynMn, padoTaloLIUX B 3TOM 06IACTH:
«B nuTepaType MOXHO HAalITU OrpOMHOE, ITOCTOSIHHO PaCTyIliee KOJIHMYECTBO
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OKA3aTeNILCTB YPE3BLIYAHO BBICOKOi 4yBCTBHTENbHOCTH OHOMOrMYECKUX
O0OBEKTOB K XMMHUYECKHUM H (PU3NIECKUM IHAOTeHHBIM BO3ACHCTBUSIM».

buonornuyeckue 06BEeKTHI CIIOCOOHBI pearupoBaTh Ha IIPUCYTCTBHE
NeNITHAOB, FOPMOHOB M SIAOB B KOHLICHTPALUAX HHXE 1072 M. Yys-
CTBUTEJNbHbIC K 3aNaxy KJICTKM pearupyoT Ha OTAcHbHBIE MOJIEKYJIbl Iax-
YYHX BELIECTB. 3pUTENbHbBIE PELENTOPBI pearupyloT Ha OTAEAbHbIE KBAHTHI
CBETA,

Camo 1o cebe feiicTBHE areHToB, 3HEPrusl KOTOpPhIX HA MHOTO MOPSI-
KOB HMXE TEIUIOBOii, He yAUBHTEALHO. Kak ObINO MOAYEPKHYTO B TIEPBBIX
I71aBaxX 31O KHUIH, B C/Iy4ae KMHETHYECKH HEPAaBHOBECHBIX CUCTEM Calbie
CHJIbI MOTYT BBI3BaTh CHAbHBIN 3¢ dexT. MBI He yaubnseMcst, Korga ciaaboe
HaXaTHe MNaJbieM HAa CHYCKOBOM KpIOYOK pYXbSl MPUBOIUT K OOJBIIUM
MOCAEACTBUAM. BONBIMMHCTBO GHONOrHYECKUX OOBEKTOB H HX KOMITOHEH-
TOB IpPUHAMIEXAaT K KHHETHYECKH HEPABHOBECHBIM CUcTeMaM. OmHcaHUe
HX MOBEACHUS B paMKaX MEXaHMKH 4acTo 60Jee afeKBaTHO, YeM B paMKaxX
TEPMOAMHAMHUKH.

JIeUCTBUTEIBHO YAUBHUTEJIBHON XapaKTEPUCTHKOHA 3(P¢EeKTOB CBEpXMa-
JIBIX J103 sIBJIsIeTCSI HEMOHOTOHHOCTD KPMBBIX B KOOpAMHATaX A03a-3Q(deKT.
Aprops {81] Ha3BIBAIOT 3TO CNOXKHBIM MOMMMONANBHEIM XapaKTepOM N030-
BOIl 3aBUCHMOCTH.

B kauecrBe wiumocTpauuy Ha pMC. 5.1 mpuBeneHBl AaHHBIE M3 pa-
6orel Hamexaw IManemuHOM M ap. [82]. OHM MccnenoBanu BO3AEHCTBUS
pa3IMYHBIX OHOMOrMYeCKH aKTUBHLIX coenMHeHMit (PAC) Ha aKTHBHOCTB
¢depMerTa nporeuHkuHasza C. Ha puc. 5.1 sCHO BMAHO CyLIeCTBOBaHHE
IAByX obnacreii MAaKCHMANBHOIXK UHTMOHTOPHONH AKTUBHOCTHU IIpU KOHLICH-
Tpapuax 10”77 M u 1072 M (ana HopManbHBIX KiIeToK). IIpH KOHIueH-
Tpauuax uHru6uTopa 10~'°-10""* M (m1a HopManbHbIX K1eTOK) M 1071 -
107" M (uns omyXoneBBIX KIETOK) MOXHO BHAETh LUMPOKHE OGNACTH
C NPaKTHYECKU HYJIEBOH aKTHBHOCTBHIO. BbIIO OnMyGIHKOBaHO MHOXECTBO
AHAJIOTUYHBIX pe3yNbTAaTOR MO aHOMAJBHOMY AeiicTBHIO BAC B CBepXHH3-
KHUX KOHLEHTpalHsaX HAa OHOXMMHYECKHE W (DHUIHONOTHYECKHE IpOoLec-
chl [84—88]. B 3THX cnyyasx clemyeT paccMaTpUBaTh JEHCTBHE OTACHbHBIX
MOJIEKYJT HA MHUILIEHD (KJIETKa, CBS3aHHEIN ¢ MeMOpaHoii penenTop, robyna
Oenka u T. IL.).

S He Mory obCcyxaaTh 3/ieCh OTHOLUIEHUE 3THX 3((PEKTOB, NOCTOBEP-
HOCTB KOTOpPBIX BHE COMHEHHSI, K TOMEOTIATHH.
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Puc. 5.1, TunuyHas kpuBeasn «poaa—3¢¢en». 33BUCUMOCTL aKTUBHOCTU NPOTEUH-

KuHasw C OT KOHUEeHTPaUUK (peHo3aHa (aKTUBATOP): @) HOPManbHbie Knetkw; 6) ony-
XOnesble KneTku

Ha camoM jenie BOZIHHKAIOT TOJMBKO Ba IIABHBIX BOMpPOCA.

Tlepsriit chopmyniiposaH aBropamu B o63ope [81]. «TpyaHo NOHsTH
Jaxe CaMy BO3MOXHOCTH BCTpeYM OTAENABHBIX MoJiekyn BAC ¢ kneTkoif
3a pa3yMHBI! NIepHOA BIipc:MEHU. Ka3anoch 661, 3TH HHAMBUIYaJIbHbIE MOJIE-
KYJIbl JO/DKHBI XaOTHYC/CK M Oy X1aTh B MEXKIIETOUHOM TIPOCTPAHC TBE Mepen
KOHTAaKTOM C MUIIEHLIO. H TOJIBKO TOCie COCPEAOTOUSHUS UX A0 CTATOYHO-
PO KOJIMYECTBA B MEIKKIIE TOUHOM IPOCTPAHCTBE U NEPEX0AA K pa BHOBECHIO
CHCTEMA MOXET pearupol3arh».

ABTOpBI pacCMaTprii3aloT CUTYal[uH, BO3HUKAIOILKE B ABYX 1P €AEIbHEIX
CIIy4dasiX: BBICOKAs, y ovie.Hb HU3Kas KoHueHTpauus bAC.,

Monekyna, FAC ACIDKHA KOHTaKTHPOBAaTh C peLEelTopoM Hil IOBepX-
HOCTH KJIETKI 4, YuyuThiBAs pasyMHble 3HaueHus pasMepa Kietku (2-10 mu-
KpPOH) H K'osdbuumenta midoysun BAC (D = 107> cm?/c), a raKxe
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e

BO3MOXHOCTh JNatepanbHOM auddy3uu Monexyn BAC mo mNoBEpXHOCTH
MeMOpaHbl [83], aBTOPEI WPHXOAAT K BLIBOAY, YTO NOCTATOYHO peLieNLHH
onHoit~aecati Monekyn BAC. Bpems penenuuu (50-90) % pacTBOpeHHBIX
BAC He NpeBBILLUAIOT HECKCVIBKUX MUHYT.

EcnM 4Hcio MOJIEKyNl OYEHDb MAJIO, HENb3sl [PpearonaraTh CylecTBoBa-
HWE KOHLIEHTPALHOHHOIO IMIatHeHTa,

MpoBeaeHHbie aBTOPOM pacyeThl B paMKax cxeMbl bepHysuu «momnaga-
HHE—IIpOMaXx» MOoKa3alu, OJIHAKO, YTO IVt KOHLUEHTPpauuH 10" M uucno
monexyn BAC B peakuuoHHOM npoctpaHctse (0,5 mn) 6yneT AOCTATOYHO
g peructpanuu 3¢ exTa B TeUeHHE BpeMEeHH JIKCIIEPUMEHTA.

Bropoii BonpocC Kacaercsi MpUYMHB NIOAUIKCTPEMAJILHOIO Xapakrepa
3aBUCHMOCTH KMHETHYECKMX NapaMeTpPOB HCCIECAYEMOro Mpoiecca OT KOH-
uedTpauud BAC. ABTOpH TMOOYEPKHUBAIOT, LITO B CIydae CBEPXMAJIBIX 103
caMa KOHUEILMs KOHLIEHTPALUH TepsieT CBOIO SICHOCTb. PacripeneneHue
4YaCTULl B DEaKUMOHHOM o00bheMe CTaHOBUTC'SL AUCKPETHBIM, H CHIIbHEE
NIpOSARIISIETCA. HEONHOPOAHOCTL pacnpenesieHUst bAC B HEMOCpeACTBEHHOM
OMA30CTH OT MHIUEHU. DTO HEU30eXHO TIPHBO IUT K OTCYTCTBHIO BOCIIPO-
HU3BOIUMOCTH.

Bypnakosa U ee coaBTopH! [81] mpemoxmmi 0CTPOYMHYIO MOJIENb, CIIO-
coOHYIO TIpeBpAaTHTD JOKaJbHbIE (PIYKTYaLUH KorueHTpanuit BAC B6IHM3H
MHILEHEH, MelIAmMX perucTpapiu s¢dexra, B MEXaHHU3M, Fe€HEpHUpY-
ot 3ddext. s 310ro 6pUI0 CAENAHO HeGKOJILKO IPeATIONOXEHHIA.
[TepBoe 3aKmO4aeTCsi B TOM, YTO KaX/blf akT peUEeTNHd MOXET BHI-
3BaTh ABA THIA OTBETA KJIETKH: «+» H «—», CYLIECTBEHHO MPEBOCXOLSI-
LMe HeKHit mopor (3T0 M €CTb BTOPOE MpEANOJo:KeHHe). DTH 1Ba THIA
OTBeTAa MOIYT OBITh PEaJIM30BAHBI, €CIM MMUIIEHb MOXET CyWeCTBOBATb
B IBYX COCTOSHHSAX, HAIIPUMEp, C ABYMSI BO3MOMNKHISIMU KOHGOPMALHAMH
peLenTop:l.

[IpeanmonoxXxuB TakXke HeCKONBKO HAPYIUX XapaKTEPHCTUK MUIIEHU
M MexaHW3M Hx p3auMoneiictBust ¢ BAC, aBrop)nl copMHUpOBaAIM MNpO-
CThIE M E TO X€ BpeMst oOLIME CXeMbl, oObsactisniowue aeictsue bAC
B o0J1aCTH CBepXMaJbiX [O3.

PaccMoTpuM Tenepp ApYyryio IpOCTyId MOENB, OTKp,SBIIOHIYIO MYTh
K TIOHUMalHHI0 3¢ peKTOB, HaOMI0AaeMBbIX IIPH CBEPXHU3KKX Ko HUEHTPAHIX
BAC, Ze/CTBYIONIMX HA KJIETKU W ApyTHe MUILEHH [89].
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DKCnepMMEHTANbHEIE PE3YABTATHI TO3BOJISIOT NIPEATICIAOXUTh, YTO TIPH
AOCTATOYHO HU3KUX KOHHeHTpauusax BAC BO3HHKaeT HEKHH TapaMeTpH-
YECKHI{ pe30HAHC, OnpenensieMblil BHYyTPUKJIETOYHbBIMHY TPOLIECCAMH, BbI-
3BaHHbBIMU BAC, M xapakTepMCTHYECKMM BpeMeHeM mnocTyIvieHuss BAC
(WM MPORYKTOB UX XMMHYECKOTO B3aUMONEHCTBUS C KOMIIOHEHTaMH KJIET-
KH) K cienuHIeCKHM caiitaM BHYTPH KJIEeTKH (MeMOpaHHbIE peLieTITOpH,
AKTHBHBIC IEHTPHI (PEPMEHTOB).

PazyMHO MpearonoxuTh, YTO MPH CBEPXMANbIX KoHueHTpauusax BAC
JTUMMTHpYIOlEH cragueil Bcero npouecca Oyaer nuddgysus Mmonexyn bAC
U3 o6beMa K NMOBEPXHOCTHU KIETKU. Bce npyrue craauu, HallpuMep, Xu-
MHuueckass TpaHcopmagns BAC, uMx cBsi3piBaHME C aKTUBHbBIM WIH aJi-
JIOCTCPUYECKUM HEHTPOM (EpMEHTA U T. II. NPOUCXOAAT HAMHOro OHI-
cTpee. XapakTepHOE BpeMs MOXET ObIThb TAKMM O0pa3oM OMPpEAEIeHO Kak
o6paTtHoe or uucaa (Z) cronkHoBenuit BAC ¢ xieTKoi 3a eAMHMLY Bpe-
MeHH. 3HauyeHHe Z MOXHO JIerKO pacCYMTaTh C IOMOIIbIO YpPaBHEHHS
CMOJIyXOBCKOTO:

Z = 47 DRn. (5.1)

3necs D — koaddpuuuent auddysuun Monexyn BAC, R — paauyc
xietku ), a n — uncno monekyn BAC B enuHuue 06beMa.

Y4YHUTHIBaSE CKa3aHHOE B INaBe 4 3TOl KHMIHU, IIPEACTABIAECTCA pa3yM-
HbIM BHIOpAaTh B KAYECTBE XapaKTEPHCTUYECKOrO MnapaMeTrpa BpEMEHH BHY-
TPUMOJIEKYSPHOIo Nponecca, OTBETCTBEHHOTO 3a HabmonaeMulil 3dgexT,
BpeMsi KOH(QOPMAIHOHHOM pefiakCaiiuy OIlpeacIeHHbIX MaKpOMOJIEKYJIP-
HbIX CTPYKTYp. TaKUMU CTPYKTypaMH MOIYT ObITh: GepPMEHTHI, PETYIsiTOPhI
OUOCHHTE3a, pEHEINTOPbI, CBA3aHHBIE C MEMOPAHAMU, M T.II., JIOKAJIbHbIE
BO3MYILUEHHMSI KOTOPBIX INPUBOAST K IOSBIECHUIO HEPAaBHOBECHOIO COCTO-
ssHUsl. B uensix ynpouieHuss Mbl B JaibHeiiueM OygeM HasbiBaTh TaKHe
CTPYKTYPH (pepMEHTAMH.

KOHKpeTHBIH MexaHU3M CYMMapHOro Mnpouecca B AaHHOM Ciydae
He BaXeH. JIOCTATOYHO MpeATNONOXHTh, YTO BHEIUHHMi areHT (Hampumep,
BAC), nocTtynas B KJIETKY CO CpeIHeil YacToToi Z , onpezensieMoii o ¢op-
Myze 5.1, NIpUBOAUT K BOZHUKHOBEHH IO KOH(POPMAHOHHO HEpPaBHOBECHOTO

') Ha camom OENEe B YpaBHEHHH AOJDKHA OBITE CyMMa paayyCcoOB CTANKHMBAIOILHMXCA YACTHIL.
B HaeM ciydyae pagdycOM BTOpOif YacTHUB MOXHO NpeHedpeys.
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cocTOsiHUA depMeHTa. DTO COCTOSIHHE 3aTEM PEJIAKCHUPYET € XapakTepuCTu-
4eCKMM BpPEMEHEM T K HOBOMY COCTOSIHMIO, paBHORECHOMY /i1 pepMeHTa
C NpUCOEAMHEHHBIM areHTOM. Ha omnpenesieHHoN cTaguM penakcapuy ak-
TUBHOCTb (pepMeHTa MaKCHMaJIbHA.

Jinsi oueHb HHU3KMX KOoHueHTpauuii BAC, xoraa Z7' > r, mouru
BCE MONEKYJBI (pepMEHTA HAaXOIATCSA B HAaYaJbHOM, PaBHOBECHOM COCTOSI-
HMHU € HU3KOH akTBHOCTBIO. Ilpu BhICOKMX KOHueHTpanusix bAC, xoraa
Z~! <« T, moutM Bce MOJEKyNBI (dbepMeHTa GyqyT B KOHEUHOM DaBHO-
BECHOM COCTOSIHMUM C HM3KOH aKTHBHOCTBIO. MaKCHMalbHYIO KOHIIEHTpa-
L{MIO HEPABHOBECHBIX MPOMEXYTOYHbIX COCTOAHMI (hepMEHTA C MOBbILUEH-
HOIl AaKTUBHOCTBIO MOXHO OXHJIaThb NMpHM TIpyOOM COBMAACHUHM 3HAYCHUIA
Z2'ur.

He npencraprisier Tpyaa paccYUTaTh MONsSpHbIe KOHLEeHTpauuu BAC
JUTST MHIIICHEH € pa3sMYHBIMHM 3HAYEHHUSIMH R, COOTBETCTBYIOLLME Pa3HBIM
BenuyuHaM Z ' =1 (tabn. 5.1). Buur BbIOpan ko3dbbduuneHT auddyzun
MOJIEKYJIbl caxapo3bl B BogHoM pactsope (5-1071 m?c™"). U3 5.1 nomyuaem:

cx3-1027'R7, (5.2)

3nech ¢ — MonsipHast KoHueHTpauus BAC, 7 — Bpems penakcauui (c),
R — paauyCc MHLIEHU.

IlocKonbky MMEIOT CMBICT TONLKO pacdeThl ¢ TOYHOCTBIO OO MopSaKa
BEJIMYUHbI, MOXHO OIMYCTUTh MHOXHUTENbL 3, yeThipe BbiOpaHHbIE pa3zMepa
MOKPBIBAIOT MULLIEHU OT MAaKpOMOJIEKY 110 OOJIBIIUX KIETOK.

Jlerko BumeTb, YTO Wi MUIIEHell ¢ pa3MepaMu KieTok (1 Mxwm),
MOXHO OXWAAaTb MNOSABICHHS 3KCTPEMYMOB Ha KpHMBBIX. KOHupeHTpanus
BAC — addext B uureppane 107''-10""° M.

EcrecTBEHHO, NIPUBEAEHHEBIE 3/ieCh OOBSICHEHUSA MOTYT CIYXHTH TOJIb-
KO YKa3aHHMSIMHU Ha BEPOSTHOCTb ai€KBATHOCTH NPEIJIOXECHHBIX MOJXOH0B.
Hccnenosanus aiiocTepUYeCKX (PEepMEHTOB MPU HU3KMX KOHLICHTPAHUAX
3¢ ¢eKTopa U ¢ napawieabHBIMU U3MEPEHUAIMH BpeMeHH KOH(OPMaiHOH-
HOH peJsiakcapuu 6enka rnocae npucoeaAuHeHUs 3¢ PEeKTOpa MOTyT IIPUBECTU
K 3KCIIEPUMEHTAJIBHOMY NOATBEPXIACHUIO KOHUEIIIHH.

Bo BCsikOM cnydae, siICHO, yto npobneMa crpaHHoro noeseaeHusi bAC

HpU CBEPXHU3KUX KOHLEHTPAaHMAX MOXeET OBITh pelleHa B paMKax COBpE-
MEHHOI OGUOPHU3UKH,
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Tabnuua 5.1
MonsipHble KOHLeHTpaumu (— Ig ¢), cooTBETCTBYIOWME MAKCHUMANbLHOW aKTUBHOCTH
INR PasnyHbIX 3HauyeHud R u 7

R e 1072 107! 1 10 100
1072 9 10 1 12 13
0,1 10 11 12 13 14

! 11 12 13 14 15

10 12 13 14 i5 16

51 He Oyny obcyxaaTh 31€Ch CEHCALIMOHHbIE 3KCePMMEHTH beHBEHU -
¢Thi U cotp. [90], NOCBALIEHHBIX aKTHBHOCTH HEKOTOpbIX BAC B pacTBOpax
NMpH1 KOHLEHTpauusax Huxke 10724 M.

5.2. Makpockonuuyeckue ¢pnyxkryauuu
pe3ynbTaTtoB U3MepeHUuu.
ddext LLHona

Bo3MoxHO, ogHo#l M3 HauboJiee BaXHBIX NpobjeM COBPEMEHHOW Ha-
YKH SIBASIETCSI MEXAHU3M BAMSIHUS CBEPXCNAObIX BO3NEWCTBUIT (CBsI3aHHBIX,
10-BUIMMOMY, C SIBJIEHUSAMHM, MIPOUCXOAAILLMMU BHE Halllel TJIaHeThl) Ha pe-
3yJIbTAThl U3MEPEHUS PAIUYHBIX MPOLIECCOB, BKIOYAs OMO0rMYecKHe.

B TedyeHue Oonee 40 neT 8 ¢ yBeyeHUEM clelua 3a UCCIEN0BaHUAMU
npodeccopa C. 3. lllHons, ero corpyqHUKoOB U nocnefosateiein. Ilosy-
YeHHble UMU Pe3yAbTaThl UMEIOT OTHOLLIEHUE HE TONBKO K OMONIOIrMYeCKo
¢pu3mke, HO, ¢ MOEH TOYKH 3peHUsl, U KO Bcel Hayke. Kak 310 Beeria
ObIBAET C CYLIECTBEHHO HOBbIMU 3KCHEPUMEHTANBHBIMHY pe3ylibTaTamMu, 0e3
OYEBUIHBIX OOBSCHEHHI OHM IMOJYYMAM OYEHb XOJONHBIA mpueM. XOTH
MOYTHA KaXAblii yyeHbI 3adBsIET, YTO IKCIEPUMEHTANBHBIE PE3YyJIbTaThi,
dakThl ABASIOTCS OCHOBAHMEM HAYYHOro 3HAHUA, HaydyHOe cooOlliecTBo
He MNpUHUMaeET ¢akToB 0€3 Xorst Ob1 U HEeBepHOro Mx obObsicHeHUs!, Oe3
Kakoi-n110o Teopuu.
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B TedeHWe HeCKONBKMX MOCHEAHHX JeT, ogHako, «3ddext HlHons»
MOCTENEHHO TMEPEXOIUT U3 KJlacca «3TO HE MOXET ObITh MpaBgoi» B KJacc
«MOXET ObITb, 37€Cb U €CTb YTO-HUOYyIb umepecnée». Sl HapewoCh, 4TO
Mepexon B CTaTyC «3TO TPUBUHANLHO, BCE 3TO 3HAIOT» He MOTpedyeT Tak
MHOIO JIET.

B 1955 romy, u3aMepssi ckopocTh ruaponusa ATP muo3rHoM, LlIHOAb
Habnoman cTpaHHoOe pacrnpeneyieHUue pe3yJbTaTOB — OHHU TPYHIUPOBATACH
BOKpPYT 2-X WAH 3-X IMUCKPETHBIX 3HAUYE€HUM, a BEPOSITHOCTb MOABACHUS pe-
3yJbTaTOB MEXIy HUMU Obina HuXe. [Tocne TiaTenbHOro BOCIHPOU3BEACHUA
pesynsTaTos, [IHONB ONYONMKOBAJI CBOIO MEPBYIO CTAaTbIO, OMUCHIBAIOLLYIO
3¢QPEKT «<MUKPOCKOMUYECKUX (IIyKTyaluii» B XypHane «Bompochl Meau-
tuHCKOM xuMuu» [91]. MHuorue XypHanbr ¢ 6osiee BBICOKOH penyTauuei
€ro cTaThlo OTKNOHHUAH. [lociae HeynauHbiX NOMBITOK OOBSICHUTH MOJMYYEH-
HbI€ JJAHHBIe O0COOBIMY CBOMCTBAMH MOJEKyY/ OEKOB B BOOHBIX pacTBOpax,
IHnons Havyan OecnpeueneHTHYO 40-J€ETHIOKO CEPUI0 aHATOTMYHBIX 3KC-
MMEPUMEHTOB OT XMMHUYECKMX peaKUHil HHU3KOMOJIEKYAAPHbBIX COCAUHEHUM
IO MPOLECCOB PATMOAKTUBHOCTH U U3MEPEHUS TPABUTALMOHHON MOCTOSAH-
HO#i (rmocenHue pe3ybTaThl cM. B [92]).

3724

2974

223+

148+

744

0

32 45 58 71 84 97 110 123 136 149 162

Puc. 5.2. Pacnpepnenenne 15000 peaynbtatoB M3MepeHus a PapuoakTUBHOCTU
29Pu. Kaxaas u3 15 nunuit HaneceHa nocne 1000 NOCAEAOBATENbHBIX W3MEPEHMUIA.
AnnuTenbHOCTs 0AHOMO n3amepedus — 6 ¢. AGCumcca — a-aKTUBHOCTb B UMNynbCax
3a 6 c. OpaurHaTta — 4uCcno M3MEPEHUA C AaHHOR akTUBHOCTLIO (no [101])

e
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251 4
!
H]
!
|
'
!
20 ¢
i
Hh
1o
15F iy 9 Puc. 5.3. Mpumep cOBNageHUs TOH-
; KOM CTRYXTYPH MACTOrpamMm pasnnyHbix
] ,' NPOUECCOB: 250 CUHXPOHHBIX W3me-
10 - ,’ ! ' peHui C"‘,B-pacnana (cnpowHaa nu-
b " ' ‘l HWS) ¥ CKOPOCTH peakumy ackopOuHo-
; ! Vel BOA KMCAOTHI C anxnopdeHonnHaode-
i ‘"' : HONOM (NYHKTUPHas nuHua). AbBcumc-
T ! N * ca — amnautyaa baykryauuii (8 ao-
LRL '. NRX CTaHnapTHOK owmnbku o). OpanHa-
(|8 " ,' \ Ta ~ YUCAO U3MEPEHWUIA, COOTBETCTBY-
0 /‘ ! IOLMX AAHHOMY 3Ha4eHW0 abcumcehbl

2,25 1,50 0,750 0,75 1,502,25 ¢ (no [102])

B cBoux uccnenoBanusx IIIHOMb MCIONB30Baa TEXHUKY FHMCTOrpaMM
(yacToTHble mMoNMroHsi). OOBIYHO, Hccneayss BO BPEMEHM CEPUH HIUCH-
TUYHBIX M3MepeHHii (onpeneneHre YMcna MOJIEKYA, MOABEPraloOmUXCs XH-
MHYECKOMY MPEBpAILEHHIO B €IUHUILY BPeMEHHW, B OIHHX H TeX X Ha-
YalbHBIX YCNIOBHAX; YHCIO (-4aCTHI[, WCMYCKaeMbIX OXHHM M TEM Xe
06pa31loM B €AMHULY BPEMEHH) YYEHble aHATH3UPYIOT YAaCTOTHBIN CIIEKTD.
PacripefieneHye aMIUIMTYI M3MEDPSIEMBIX BEIHYUH OLIEHMBAETCS ropasjo
pexe.

OCHOBHBIM pe3yabratoM pabot lIHoas aBnsieTca AOKa3aTeNbLCTBO He-
C/TY4ai{HOCTH TOHKOM CTPYKTYpbHI pacipelejCHUs aMIUIMTYA QuyKTyaiui
NPH MCCNENOBAHUHM BO BPEMEHH TMPOLIECCOB CaMON pa3V4HON IIPHPOAL!
(puc. 5.2 1 5.3). Dnyxryaunn o6pasyior IMCKPETHBI HaGop (rHCTorpaMmy)
WIN CTIEKTp aMIUTHTYI H3MepsgeMoit penudunbl. HekoTophie aMIUTHTYIB!
OKa3kIBaloTca BepositHee apyrvx. HopMmansHoe wim nmo6oe OXHOMOIANb-
HOe pacnpejie/IeHHEe MOXHO TMOJIYYUTh TOJBKO OrpyOJIeHHEM M CI/IaXuBa-
HUEM pe3ynbTaToB M3MepeHHd. CyliecTBYIOINE CTaTHCTHYECKUE METOB
HEJOCTATOYHO YYBCTBUTENBHBI, YTOOBI BBISIBHTH Pa3IM4YMs ITHUX TOHKHUX
cTpykTyp. M3MeHeHHs1 BO BpeMEHM aMILIUTYAHBIX CIIEKTPOB (IYKTYaLMH
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IUISL Pa3NTMYHBIX MPOLECCOB SBASIOTCS Pe3yJIbTATOM BO3IeHCTBUA PaKTOPOB,
JeXamux BHE UCCiIelyeMO CUCTEMBI M Jaxe BHe Hallled IUIaHeThl. DTOT
BBIBOA clieAyeT M3 Toro pakra, 4to GopMbl [MCTOrpAMM, 3aperucrpupo-
BaHHBIX [UIs1 pa3HBIX MTPOUECCOB, 4 TAKXE B Ciydasix OonbIvX pacCTOSHUN
MeXay nabopaTopusiM¥, MPOBOASIIMMU UICHTUUYHBIE HU3MEPEHUS, OOU-
HakKoBbl. B cepuy mocnenoBateNbHBIX MMCTOrpaMM, KaXzaas rucrorpamma
HMEET MaKCHUMaIbHYIO BEpOSITHOCTh OBITh MOX0Xel Ha cocenHIo. ®opMbl
TUCTOrpPaMM TMOBTOPSIIOTCS C BBICOKOH BEPOSITHOCTHIO M MEPUOTHYHOCTBIO
npuOnU3NTENbHO 24 Yaca.

ABCONIOTHO HEBO3MOXHO XOTsi Obl MepedyuciuTb Bce 3GGEKTH H HX
neramud, OoTKpbithie LIIHONMEM M ero coTpygHUKaMU B TeueHUE 44 €T He-
IpePbIBHBIX MCCAeAoBaHUIA. [l1aBHble pe3yabTaTbl U METOMA MX MOJIYYEHHSH,
00paboTKHU M aHaM3a TMCTOrpaMM JeTaibHO ONMCaHbl B CTaThe, ONMyOIU-
KOBAHHOM HENABHO B ONHOM M3 BEAYHIMX PYCCKUX (PU3UYECKHMX XYPHAIOB,
KOTOPbIit [yOnMpyeTcsl Ha aHIMIACKUi 13bIK [93].

OTH pe3yAbTAThl BLI3BIBAIOT HECKOABLKO MIPUHIMIIMANBHbBIX BOMIPOCOB.

1. Kak MoxeT ObITh, YTO Y3KHME IMOJOXUTEJbHbBIE U OTPULIATEILHBIE BbI-
Opochl Ha rUCTOrpaMMax He CliydaiHbI?

2. laxe ecny Mbl MpeOroioKHM HaJW4ve BHEWIHEro BO3IEHCTBUS, KO-
TOPOE CYUIECTBEHHO ofpelensieT GopMy FUCTOrpaMM, KaK MOXET 3TO
BO3ACHCTBHE BIUATH OAWHAKOBO HAa IMPOLECCH PA3TUYHON MpHUpO-
Ibl, MaclITabbl 3HEPruv KOTOPHIX OTIMYAIOTCA HAa MHOIO TOpIA-
KOB?

3. IToyeMy TOHKas CIPYKTypa TMCTOrpaMM OOHAa M Ta X€ C BBICOKOM
BEPOSITHOCTBIO, €CJIH OHW M3MePAIOTCH B OJHO BpeMs?

4, B yeM mpuYvHa MOBTOPEHUsS! TOHKOW CTPYKTVYpblI TFMCTOrpaMM 4e-
pe3 omnpelesieHHbIE MHTEPBaAIbl BPEMEHHU, CBA3AHHBIE C HEKOTOPBIMU
aCTPOHOMMYECKHMHU SIBJAEHUAMM, HAIIpUMEpP, C BpallieHUEM 3EMIH,
IBMXeHUEM 3eMau oTHocUTeabHO ConHua ¥ 1. 1.7

5. TToyeMy KOMITOHEHTH TOHKOH CTPYKTYpbI TUcTOrpaMm TaK y3ku? Ilo-
4yeMy OHU HE Y4acTBYIOT B 00pa30BaHMU KPYBOM CyMMAapHOro OIHOMO-
JAanbHOI'O pacrpelesieHUs1 ¢ HOPMaIbHBIMU pPaBHOBECHBIMU (IIYKTYa-
LUAMH?

Tlocnennuii Bonpoc HauboJiee BaxXeH.
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BbIO MpemIoXeHo HECKONBKO TEOPETHYECKHMX MOOXOAOB K HHTEp-
nperaiui «3¢dekra [lUHons»., Haunbosee obwumii noaxon NpUHAIEXHUT
A. A. Kupumnosy [95]. CormacHo Kupuimiosy, OTKIOHEHHE OT CTAaTHCTHKM
IlyaccoHa MMEeT OTHOLICHHE, BEpOSTHO, K CBOMCTBAM 4-MEpHOIO Mpo-
CTPAHCTBa-BpEMEHU, ITH PAYKTyaniy JOJDKHBI BAMATH Ha BCE IPOLECCHI
«BHYTpH BceseHHOi». HeBO3MOXHO M301MPOBATHCA OT 3TUX GIyKTyauMi,
OHH SIBIAIOTCS OCOOBIM THIIOM <«IiyMa». OHM MOryT BO3HUKHYTb OT Oec-
YUCNEHHBIX TPaBUTAIlMOHHBLIX BO3MYILEHHHK, HanoMHsoumx BceneHHYIO.
OHM MOIYT MMETh OTHOUIEHHE K PEJMKTOBOMY HITYYeHHIO (HanOMHUHaHHE
0 «BONBLIOM B3pbIBE», €CNM OH AeHCTBUTENBHO ObUT). BO3MOXHO, 3TH
GIYKTYaLNH CofiepkaT MHGOPMALIHIO O TPABHTALMOHHBIX BOJHAX (MX emre
HaJI0 OGHApYXUTH).

Takue oCTpOyMHbIE NMOAXOAB ODIIIEr0 XapaKTepa Ha caMOM JIEJIe OYEeHb
none3Hbl. X MOXHO ObUsioc OM MPUBETCTBOBATh, HO OHM, KAaK MpPaBHIIO,
He OTBEYAKT HAa KOHKPETHBIE BONMPOCH 1-3.

B cratbe [99] s nonmTanca oTBeTHTH Ha IEpBHIE ABA BONpoca, HC-
MOJIb3ys B KaYECTBE OCHOBBI aHaJX3 KBAHTOBLIX RHUCCHMITATHBHBIX CHCTEM,
BKJIIOYAIOIIUX TOJIBKO JiBa COCTOSIHHUSA, MPOBEACHHLIN B Ype3BbIYaiHO HHTE-
pecHoit cepuu ctateil A. JI. JlerreTTa u €ro COTPYAHUKOB (IeTaNbHBIA 0630p
cM. “Rev. Modern Phys™) [103].

JlerreTt aHaM3HpoBat AHHAMHUKY TIepexofa MexXay HavanbHbiMu <i/
A KOHEYHBIMH COCTOAHHAMHM KBaHTOBOM CHCTEMbi, HaXOAAILEHCA B JHUC-
CHITaTHBHOM PaBHOBECHOM OKDYXEHHH (TepMocTat, PpusHdeckuil BaKyyM).
OKXpyXeHHe aBTOpPH MpEACTaBNAIOT B BUIEe COOOLIECTBA IapMOHHYECKHX
OCLIJUIATOPOB, 00pa3ylouiMX MOYTH HEMpephIBHLLI YaCTOTHHI (T. €. HEp-
reruyeckuii) cnektp. OCHHUIATOPE OKPYXEHUSA B3aUMOIEICTBYIOT C YpOB-
HSIMH SHEPIHM KBAHTOBOI CHCTEMbI YEpe3 PaBHOBECHHIE PIyKTYaLlHH OKpY-
XEHMS. OTO B3aVMOACUCTBUE TMPUBOAUT K PaCICIUVICHHIO M CMEIIEHHIO
YPOBHEH KBaHTOBOIO COCTOSIHUS H YPOBHEH COOTBETCTBYIOUIMX OCHMIUIS-
TOPOB. DTO 03HAYaET, YTO COBOKYIHOCTb TAPMOHHYECKHX OCLHIUIATOPOB
JIOJDKHA ColepXaTb BCe COCTOSIHHSI, COOTBETCTBYIONUE JTIOOOMY KBaHTO-
BOMY COCTOSIHHIO HccieayeMoi CHCTeMB. OLICHKa BEPOATHOCTH Mepexo/a
IIPOBOAUTCA NPH MPEANIONOXEHHUH O TOM, YTO NEepeXo IMMPOUCXOAUT U3 CTa-
TACTHYECKH YCPEIHEHHOIO YPOBHS HAa4YaJIbHOTO COCTOSIHHSA Ha BCE YPOBHH
KOHEYHOTO COCTOSIHHA. YeM Oosbliie pasHMiia MEXIY SHEPIUSAMH Hayallb-
HOTO M KOHEYHOIO YPOBHEI, TEM MEHblIIe BEPOATHOCTD nepexoaa. Iloaromy
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El NepexofiaMu MEXNy COCTOAHMAMH, CHJIIb-
HO OTIMYAIOUWIMMMUCS TIO 3HEPrHH, MOX-
HO NnpeHeOpeyb. STO MOXHO TNPEICTaBUTh,
BBl «KaHAT MPOHUKHOBEHUSD» (pHC. 5.4)
¥ MOCTYJIUPOBaTh, YTO MNEpEeXOJbl MEX-
i Ay cocTosiHuAMY (<i/—/f>) MoryT npo-
HUCXOAUTh TOJNIBKO BHYTPHM 3TOrN0 KaHaja.
R OpuuMm u3 Haubosiee BaXHBIX pe3yJbTa-
Puc.5.4. Cxema i — f nepe-  ToB JlerreTra ABNSETCA TO, YTO MOCTOSIH-
xoaa. OGbACHEHUs B TeKCTe CTBO CITEKTPAILHON TUIOTHOCTH p(w) (vim-
CJIO YpaBHEHHUH Ha eAUHWYHBII WHTEPBaN
SHEPTHH—YaCTOTHl) HE 3aBUCHT OT DHEPIMM B3aHMOJCHCTBHMSA OCLMIUIA-
TOPOB OKDYXCHHSI C KBAHTOBOM CHCTEMOM, T.e. OT Maciutaba 3HEpruu
H3yuyaeMoro mpoliecca.

CyMMapHasi CKOpoCTh JI000ro mpolecca Onpelensiercs €ro caMou
MEIIEHHON cragueil. B 1o Xe BpeMsa perMcrpanus KOHEYHOro COCTOs-
HUA CHCTEMBI (HalpUMEp, MOABJICHHE KOHEYHOIO MPOXYKTA XUMHUYECKOI
peakuV{ WIM Q-4aCTHIbI MOC/E PEaKTUBHOIO pacnaja) onpenensiercs mo-
CNeIHUM KBAaHTOBbIM CKauyKOM (TyHHE/UIMpoBaHWeM). B ciydae xumude-
CKHX peaKiuil 9TO 3HAYMT, YTO IOABICHHE KOHEYHOro (10 AMCCHMAlHH
3HEPIrUH) XMMUYECKOTO TMPOAYTa COBMAJAET C TAKUM KBAaHTOBHIM CKa4YKOM,
NPUBOIAIMMM K MIHOBEHHOMY M3MEHEHHMIO KOHCTPYKIIMU 3JE€KTPOHHOI
U siaepHoit cucteMbl. locie 31TOro sHeprus KOHEYHOTO XUMHYECKOro CO-
CTOSAHHUS paHblIe MM MO3XKe AUCCUNuUpyer. B Ciyyae pagvoaKTHBHOIO
pacrajga 9T0 03Ha4aeT, YTO TYHHENbHBIH MEpeXo] OT YaCTHLH BHYTPH sAapa
K COOTBETCTBYIOLIEMY OCLWJUIATOPY COBManaer ¢ 06pa3oBaHHeM CBOOOIHOM
YaCTHLBL.

B nmy6nukanuax [IHOMI MOXHO OTMETUTB 2 NOPA3UTENbHbIX (haKTa.

1. ®opmsi M NONOXKEHUSA TOHKOH CTPYKTYPbl THCTOrpaMMBl HE YCPEOHSI-
I0TCSl C YBEJTHYEHUEM YHC/Ia TIOBTOPHBIX U3MEPEHHit (puc. 5.2).

2. PopMBbl M TMOJOXEHHA TOHKOIl CTPYKTYypbl T'HCTOrpaMMbi HE 3aBU-

CAT OT HMPHPOOB HCCIEAYEMOrO MPOLECCa H €ro Maciutaba 3Hepruu
(puc. 5.3).

Bo Bcex akcnepuMeHTax llIHoMA 3n1eMeHTapHBIM aKTOM, TUMHTHPYIO-
[IHM BEPOSTHOCTb MOSBJICHUA MPOAYKTa M3y4aeMoro- fpoliecca, ABIsSeTcs
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KBaHTOBBII CKayoOK M3 HayalbHOro <:¢/ B KOHE4YHOE /f> KBaHTOBEIE CO-
cTostHuA (nmpocTeiuMii MpUMep — TYHHEJUIMPOBAHUE 3NEKTPOHA CKBO3b
MOTEH LUAJIbHBIN ﬁapbcp). JeTanbHBIM aHAIKM3 BO3MOXHOCTH TYHHEJIBHOTO
MEXaHM3Ma Il CUCTEM C IBYMS COCTOSIHHSIMM B ABYXMEPHOM INpPOCTpPaH-
crBe 6sin npuseaeH B [102]. B [103] Gbuto mokaszano, 4TO MPaKTHYECKH
moboli KBaHTOBBIM MpoLecCC MOXeT ObITh CBEAEH K 3TOM mnpocreiilcii
curyauui (c. 97).

Takum obpasom, mId aHanu3a 31oi npobaeMbl BeIOpaHa KBaHTOBas
CHCTEMa C ABYMSA COCTOSIHMSIMM B IBYMEPHOM THJIBOEPTOBOM MpPOCTpPaH-
CTBE, Haxomswiasgcsd B TEPMOAMHAMHYECKOM PABHOBECHU C TEPMOCTATOM
(ternoBasi GaHf, GU3MYECKUMKA BaKyyM — B 3aBHCMMOCTH OT MaclliTtaba
3HEPTHHM mpoilecca). 3TO 03HAYAET, YTO BO BpeMs U3MEPEHMIA KaK yPOBHU
TepMOCTaTa, TaKk U YPOBHM KBAaHTOBOI CHUCTEMbI MOT'YT MCIIBITLIBATH TOJIBKO
paBHOBECHBIE QIYKTYariuy.

JlerreTr U €10 COTPYIAHUKHU MPOBENH ACTANIbHBLIA aHATU3 3TOI MOAECIH
B page crateit [103]. Mcnonbayst 3TH pe3ynbTaThl, MONPOGYEM PacCMOTPETH
BEPOATHOCTH KBAHTOBBIX MEPEXOA0B MEXAY HayaIbHbIM M KOHEYHBLIM COO-
CTBEHHBIMY COCTOSSHMSIMM KBaHTOBOM cHcTeMhl B TepMocrare. Kak Obuno
CKa3aHO BHIIIE, TEPMOCTAT MMPEACTABISET COOOH OrpOMHOE YMCIIO YPOBHEH
rapMOHMYECKUX OCLHWUIATOPOB, JJHHEHHO CBSA3AHHBIX C COOTBETCTBYIOIIIH-
MU YPOBHSIMM C TOMOIIBI0 KOHCTaHT compsbkeHHss C. Yucno ypoBHe#
3HEPTUU TepMocTaTa (1. €. YHCAO YacTOT OCUWUISTOPOB) OYEHH BEJM-
KO, H OHY 00pa3yloT MOYTH HEMNpPepPbLIBHBIM CIEKTP, KOTOPHIA BKJIIOYAET
U3MEHEHHBIE COOCTBEHHBIE (YHKIIHM MCXOAHOM cUCTeEMbl. BeposiTHOCTH
nepexona <¢/—/f> onpenensiercs ¢ NOMONIbLIO «30J10TOTO Npasuaa» Pep-
mu [103]:

2T
Py, = e IVl - Py (5.3)

3nech V,; — MaTpHYHBI NIEMEHT BO3MYLIEHMS, ASHCTBYIONIErO Ha UC-
XO[HYIO CHCTEMY, a p, ~— CNIEKTpaIbHasl ILIOTHOCTb COCTOSIHUS / f >. Pac-
YET CNEKTPAIbHON IUIOTHOCTH p(w) TPOBOMASAT, CTATHCTHYECKH YCPEMHSIA
1O BCEM HayalbHBIM COCTOSHUAM M CYMMMpPYA Bce KOHEYHBIE COCTOSIHUSI,
D10 03HayaeT, YTO, ONpeleisisi BepPOATHOCTL P, ¢ nomomrsio (5.3), MEl
MpeanosaraeM, Y10 Mepexoll pealu3yercs M3 CTATUCTHYECKH YCpPEeaHEHHO-
ro YpoBHSl HayaJlbHOrO COCTOSHMSI Ha BCE YPOBHH KOHEYHOTO (CM. CXeMy
C «TYHHEJBHBIM KaHanoM» Ha puc. 5.4). TTocKONBKY NMpHHHMATh BO BHU-
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MaHHe HYXHO TOJIBKO YPOBHM, PACIIONOXEHHBIE B HEMTOCPEACTBEHHOM Ou-
30CTH OT «KaHaIa TYHHEJUIMPOBaHMsI», TAKOW pacyer He MOXET ITOBIMATH
Ha PACCYHUTAHHYIO BEPOSITHOCTD MeEpexona.

CornacHo {104]

pw) = 7 3 (@) (C)]6(w - wy). (5.4)
k

OHeprusi B3aUMOIEHCTBUA KBAHTOBOK CUCTEMBI M CIIEKTPaTbHAsA TUIOT-
HOCTb — 00€ MpOnopLHOHansHbE C?, MOITOMY CIEKTPAaNbHAA MIOTHOCTb
HE 3aBHCHT OT MacliTaba 3HEPTUH.

IMpu BBIBOIE OKOHYATENBHOrO paboyero ypaBHeHUs Wisl p{w) penaercs
oyeBMIHOE mpeanonoxenue p(w) — 0 mpu w — 0. Bpoaurcs BbICOKas
«4aCTOTa O6pE3aHUsI» w,, H € JOCTATOYHO XOPOIUIUM NMPUBIKEHHEM KpuBast
CHEKTPATbHON IJIOTHOCTH OMMCHIBAETCH ypaBHEHHUEM:

p(w) = A (w-“ic)n exp { - g—} (5.5)

KoneuHoe 3HaUY€HME BEPOATHOCTH IEPEXONAa CBA3aHO C OTMEYEHHOM
BBILIIE OCOOEHHOCTHIO CNEKTPANbHOK TIJIOTHOCTH.

Ho cux mop oObeKkTOM aHaau3a ObUIa KBAaHTOBAasA CHUCTEMa B Tep-
MOAMHAMMYECKOM PaBHOBECUM € TepMocrtaroM. [lpeanonoxum, 4ro 3ta
00BeAVHEHHAs CHUCTEeMa MOABEPracTcsi BHEUIHEMY HM3KOYaCTOTHOMY BO3-
MYLIEHHWIO, XapaKTepHUCTUKHA KOTOPOrO HE MEHSIOTCS! BO BPEMsI U3MEPEHHUS
(HampuMep, NEpUONUYECKOMY U3MEHEHHIO HEKOETO BHEWIHEFO Mons). Biu-
SIHHE TAaKOTI'0 BHEILIHErO BO3MYILIEHUS! HAa BEPOSATHOCTbH IEPEXONA MOXET
OBbITb ONMCAHA CJISOYIOIIUM 00pa3oM.

HuskoyacToTHOS BO3MYLUEHME B3aUMOIEHCTBYET yYyepe3 TepMOCTaT
¢ HabopoM 4YacToT, BKIIOYasd T€, SHEPIUU KOTOPHIX COBIMAJAIOT C MOJIO-
KEHHEM «KaHaJla TyHHenupoBanuss. [Tossisiores cate/uimTsl (FApMOHMKH)
4acToT, YTO MPUBOMUT K USMEHEHHIO p ;. H, CIIENIOBATE/IBHO, K U3MEHEHHIO
BEpOSTHOCTH KBAHTOBOTO Tiepexona (5.3). Cneayer nomuepKHYTb, 4YTO Y 3TO-
IO BHEIIHEro BO3MYILEHUS HE XBATAET BPEMEHM, YTOOB! OBITH BKIIIOYEHHbBIM
B CTaiHOHAPHYIO CHUCTEMY YPOBHEH SHEpPruM Tepmocrtara. «leronpoBom-
HOCTb» HU3KA U TEMIIEpaTypa TEpPMOCTaTa HE BO3pacract, modToMy KpuBas
CIIEKTPAILHOM NJIOTHOCTH BO BpeMs JECHCTBUS HU3KOYaCTOTHOIO BO3MYILLe-
HUS COOTBETCTBYET TePMOAMHAMHYECKH HEPABHOBECHOMY COCTOSTHMIO BCEil
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cucTeMbl (M3MepseMas CHCTeMa ILIIOC TepMocrar). B comtacuu ¢ orme-
YEHHOM BHIllIE HE3aBUCHUMOCTHIO CIIEKTPANBHONM IJOTHOCTH OT Macliraba
3HEPTrHH H3yYaeMoro mnpouecca, KOHQUTrypalusa U3MEHEHU TMCTOrpaMMbl
OyZneT COXPaHATHCS JI0 TEX TOP, MOKa HE U3MEHATCH MapaMETPH TEPMOCTaTa
p(w), HEBO3MYILIEHHOM CUCTEMBI M BHELIHEE HU3K0YaCTOTHOE BO3MYILEHHE.
PaBHOBecHbIe GNyKTyal MM TEpMOCTAaTa MOIYT NPUBECTHU TONBKO K HEDOJIb-
HIMM CJIBUTAM TOHKOMH CTPYKTYpBI rHcTorpaMmbl. @opMa TOHKOR CTPYKTYphl
ONpelieNAeTCsA, TAKUM 00pa3oM, TOJIBKO MapaMeTpaMH BHEUIHEro HU3KOo4Ya-
CTOTHOINO BO3MYILICHUSI.

OG6o3HaunM %, BONHOBYIO (YHKLHIO MOCAEAHEr0 KBAHTOBOIG COCTO-
SIHUSA HM3Y4aeMO# CUCTEMBI TIEpesl BXONOM B TYHHENb, @ 1, — KBaHTOBOE
COCTOAHME OCLHIIIIATOPA, COMPAXEHHOTO € ¥, . [TycTh, HamipuMep, ¥, — 310
BOJIHOBaS QYHKIUA MONEKYABl (MJIM MONEKYJ) Mepell KBAHTOBBIM CKauKoM
CKBO3b TYHHENb, a 1, — BOJHOBas QYHKIHs NMPOAYKTAa XMMHYECKOH pe-
aKILMM Tiepes AMcCHIialuei sneprud. MoxHo cKa3aTh, YTO 3TU COCTOSHUSA
COMPSDKEHB! BHEUIHUM BO3MyLIEHMEM (B C/Ty4ae paBHOBECHBIX CHCTEM POJb
BO3MYILEHMS HUIpaloT, KaK OblI0 CKa3aHO BHIIIE, PaBHOBECHBIC (IyKTya-
LIMM TepMOCTaTa). ANEKBaTHbIH OCLILIISTOP CMOCOGEH B3aMMOAEHCTBOBAT
¢ o6oumu cocroaHUsIMU. C 1pyroii CTOPOHBI, NOJDKHO CYLUECTBOBATh HEKO-
TOPOE CXOACTBO MEXIY ¥, W ¥,: HUKaKON TYHHEJIbHBIH MEPEHOC HE MOXET
npespatute H,O B C H,!

IIpy npouynx paBHBIX YCIIOBHSX BEPOSTHOCTB MEpeXona MEXIY COCTO-
SHUSAMHU 9P, U 9P, TPONOPUNOHAIEHA WHTErpany MepeKpelBaHua S MeXay
3TUMH QYHKUMAMMU:

S = f ()P, () de = 2%\/2m(U —FE) - L. (5.6)

3nece U — F — pacCTOSIHHE MEXIY YPOBHEM KBAaHTOBOH CHCTEMBI
Y BEPIUMHON MOTEHUHUaNbHOro Oapeepa, L — miupuHa G6apwepa, a m —
3¢ ¢eKTHBHAA MacCa KBAHTOBOH CHCTEMBI, IMPETEPNEBAIOIIEA KBAHTOBbBII
CKAa4YOK MEXAY Ha4yaIbHLIM ¥ KOHEYHBIM COCTOSTHUAMM.

YHusepcansHocTb 3¢ dexTa HIHONS NPpUBOAUT K NPEANONOXEHUIO, YTO
BHEIUIHEE BO3MYLICHUE U3MEHSET 3HAYCHUE m. DTO 3HAYUT, YTO BHELIHEE
BO3MYIIEHWE M3MEHSET FPABUTALHOHHYIO TIOCTOSIHHYIO B MECTE pacIiofo-
KEHHA U3MEPUTENBHOTO YCTPOUCTBA.

BHelHee BO3MyllleHMEe [OEHCTBYET HE Ha KBAaHTOBYIO CHCTEMY He-
MOCPEACTBEHHO, a2 Ha COOTBETCTBYIOIIHME OCHMJUIATOPHI TEpPMOCTaTa HIU
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¢U3MYECKOIO BaKyyMa, YPOBHU KOTOPOTO MOTYT ObiThb COINPSIXEHBI C COOT-
BETCTBYIOIIUMH YPOBHAMHM KBAHTOBOH CHCTEMBI.

Kak yxe ObUIO MOAYEPKHYTO BHIIE, ONHHUM M3 Haubonee BaXHbIX
pe3yNbTATOB aHaNIn3a, npuseacHHoro B [103], 6pU1a HE3aBUCUMOCTD CHEK-
TpaJIbHOM TUIOTHOCTH p OT Macwitaba SHEPTMHU M3YyYaeMOW CHUCTEMbI WIH
npouecca. IlpennonoxumM, 4To cnekKTpaabHas MIOTHOCTh Pgr JAHHOIO OC-
LKJUIATOPA, YyBCTBUTENBHAS K rpaBUTALlMOHHOM MOCTOAHHOM, TOXE HE 3a-
BUCHT OT Maciuraba sHepruu. Torma BEPOSATHOCTDb JIOKANU3alUU 4YBCTBU-
TeJBHBIX K rpaBUTALMY OCUWLIATOPOB BHYTPH HHTEPBaja 4aCTOT «KaHasa
TYHHEUIMpPOBaHUA» OYIeT OAHHAKOBA ISl BCEX CUCTEM M IpoueccoB. Eciu
MOCNEAHUN KBAHTOBBIH CKa4oK Y, — %, OCYILUECTBIAETCS Yepe3 TaKOi
«KaHaJi TYHHEIJIUPOBAHUN», TO BEPOSTHOCTb €ro peaau3anHu Oyner oc-
LWUIHPOBAaTb BO BpeMs M3MEPEHUA ¢ BHEUIHUM HHU3KOYAaCTOTHBLIM BO3MY-
IIeHUEM, T.€. B HallleM cJIydyae ¢ 4YacTOTOM OCLMIUISLMH TPpaBHTAlIMOHHOM
MOCTOAHHOH. OTHOCUTENIBHOE YKUCHAO TaKHX CHeHU(PUYESCKUX 3JIEMEHTAp-
HBIX aKTOB JOJDKHO ObiThb Majo MO CPaBHEHHIO € MOJHBIM YMCIAOM ak-

TOB, NPUBONAIMX K TMOSABJCHHIO KOHEYHOrO MpoAykTa (MIH KOHEYHOro
COCTOSTHHA):

Pgr K P- (5.7)

Mbi MOXeM CKa3aTh TakdM o0pa3oM, YTO BCEe IAEMEHTapHbIC aKThI
TYHHEJUIMPOBAHHUS, NPUBOAALLUE K MOSABIECHUIO KOHEYHOI'O COCTOSHHA U3y-
yaeMOM CHCTEMBI, €CTECTBEHHO pa3lefIOTCs Ha JBa TUMa. Bospliag yacThb
BKJIIOYAET OCHWUIATOPHI, HEYYBCTBUTENBHBIE K FPaBUTALIHOHHOI MOCTOSIH-
HOi1, T.€. K BHEUIHEMY HM3KO4YaCTOTHOMY BO3MYILICHUIO. MeHbllIag yacTb
BKJIIOYAET OCLWIATOPEI, YYBCTBUTENbHbBIE K H3MEHEHHIO rpaBUTallUH. JTH
IBa THIa 3JIEMEHTapHBIX aKTOB HE B3aMO3aMEHSIEMbi, MX CTAaTHUCTHUYE-
ckag o0paborka NMpUBOAUT K 0OO0pPa30BaHMIO THCTOrpaMM C Pa3THYHBIMM
IIHPOTaMH OTHOAIOIIUX KPUBBHIX. DTO OOBACHAET CPAaBHUTENIbHYIO Y30CTb
MOJIOXUTENBHBIX M OTPULIATEIbHEIX BRIOPOCOB HAa rHCTOrpaMMax M OTBEYyaeT
Ha TIATHIH BOIIPOC.

KpoMme ocunHinMpylomieil rpaBUTallHOHHOI MOCTOSHHOM, €€ CpeaHee
3HAYEHUE 3aBHUCHUT OT JIOKATHLHOTO pDaclpeicieHUs OKPYXAKoIUX Macc,
IIO3TOMY TOHKasd CTPYKTYpa THCTOrpaMMbi JOJDKHA 3aBHCETh OT IIOJIO-
XEeHHSI M3MEPUTENLHONO YCTpOiiCTBA OTHOCHTENbHO, Hampumep, ConaHia
u JIyHsi.
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KoHeuHo, npemnaraeMoe 3gech oovacHeHUue 3¢ dexra IHona He Mo-
XKeT MHTEPNpEeTHPOBaTh BCe OECYUCCHHBIE pE3YbTAThl, MOJYYECHHBIE B T€-
yeHHe 6osee yeM 40 leT MHTEHCHBHBIX MccnefoBaHui. A Haleioch, ofHAKO,
YTO NpPEIOKEHHBH nMoaxold (TONBKO MOAXOA) MOXET MOMOYb YACHHTH
cMBICTT PyHAaMEeHTAIbHBIX pe3yabraToB HIHons.

Kaxercs scHbIM, 4TO 6yaymias reopus 3¢pdexroB, oTKpHTHIX IIHONEM,
He NnorpedyeT HOBHX (PH3IUYECKHUX ITOCTYIATOB.



Yactb Il

HEPELLAEMBIE NMPOBJIEMb
BUONOMrMHYECKOWN ®U3NKA




lToBTOPUM CMBbICJ1 BbipPaXXeHUs
«Hepeluaemble npoobsiemMbl»

Mzul GyseM Ha3BIBaThb HepelaeMbIMU NMPOOJNEMBI, peLICHUE KOTOPBIX
HEBO3MOXHO B PaMKaX coBpeMEHHOH dusuxu (Hayaio yactd II). C Touku
3pEHUA aBTOpa B HayKe O XHBOI MaTepHHU CYLIECTBYET ABE MPOOJIEeMBbI, pe-
IEeHUE KOTOPHIX TpeOyeT MPUHATHS HOBBIX HeA0Ka3yeMbIX 3aKOHOB, HOBBIX
NPHHIIMITOB.



[naBsa 6

Mpo6nema nepsbix cTagun
nporpeccuBHOV 6MoOO0ru4ecKou
3BO/MIOLNN

Ima wmyka (xcusnv) 6b11a 6idyMana u Ha-
yama Tocnodom Boecom, 1o 3amem ox 3arAN-
cs Opy2umu 0eaamu u ocmaeun 6ce ocmans-
HOe Ha camomex.

H. B. Tumodees-Pecobsckuit
«HacTHOoe coo0LUeH e

Kypuya — 3mo ycmpoiicmeo, umo6ut deaamo
AULO U3 auya.

C. batnep

HauneM ¢ onpeneneHus.

TMporpeccuBHas 3BONIOLIMS — 3TO CO3JaHUE B XOAE €€ TPOLEecca BCe
Gosiee ¥ Gojiee OpraHM30BAHHBIX, CIOXKHBIX, LIEJICHANPaBICeHHBIX CTPYKTYP.

BonsmMHCTBO 0MOJIOrOB YIOBIETBOPSIIOTCS BEPOM B TO, YTO JApBM-
HHCTCKMI M HeomapBMHMcTCKMi [104] momxonwi pewialoT Bce NMpobieMbl
ouonoruyeckoit spowound. He WMeer cMbicia of6CyXnaTh 34€Ch OCHOBBI
AApBHHM3Ma, OKHOIO M3 BEJWYAMIIMX JOCTUXEHMIT B NCTOpUHM Hayku. Ha-
y4Has M nonyiaspHasg Oubnuorpadusi sroi obracTe 6MOOTMN TIOVNCTHHE
HeOoOBbsATHA.
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et

Sl nymalo, TéeM He MeHee, YTO CYLIECTBYIOT MO KpailHeH mepe nBa
acreKTa, TpeOyIoIUHX TIIAaTeAbHOro aHaJM3a 3a npeaciaMy TpPaquIIHOHHOro
JapBHMHH3Ma.

TlepBHiif 3aKni04aeTcd B TOM (aKTe, YTO TOUEYHBIE MYTallHH MPHBOAAT
TONIBKO K M3MEHEHMIO NeHOTHNA ¥ BAUSIOT, KaK MpaBHiIo, Ha 00pa3oBaHHeE
oaHoro 6enka.

CTporo rosopsi, 3BOMIOLMOHHPYET IEHOTHII, a eCTeCTBEHHBIN otOop
U BCe M3MEHEHHs OKpyXawowmeld cpelbl nedcCTBYIOT TOJIBKO Ha deHoTHUII.
Yro6hl CTaTh OOBEKTOM eCTECTBE HHOTO 0TOO0pa, OAHAKO, H3MEHEHHE (PEeHO-
THa TpebyeT oNnpeaeaeHHOM YHHKAIbHOM NOCeA0BaTEIbHOCTH H3MCHEHHH
resoruna. U ecrectseHHBIN oT6op He Oyner 3¢h@PeKTHBEH OO NMOCIEAHETO
H3MeHeHUs B 3ToH nocnenosatebHocTd. OnHa uenoyka JIHK xuBotHo#H
KJIETKH COOEPXKUT OKOJIO 10° HYK/IEOTHOB ¥ JIETKO MOCYMTaTh, YTO BEPOAT-
HOCTb CJydaliHoro BHIOOpa OMpeneNeHHOH MOCNeXOBaTC/IbHOCTH, BhIOOpa,
HANpUMEP, NECATH <«MPABWIBHBIX» MyTauui («mpaBUIbHBIX» H3MEHEHHUMH
reHOTHIIa) COCTABRIAET OKONO 10~%. CnyyaitHoe H3MeHeHHE B TEeHOTHIIE
NPUBOIHMT B JIyYllieM cilydae K H3MEHEHHIO OHOTO KOAOHA, T. €. K H3IMCHE-
HUIO OZHOI aMHHOKHKCOTH B OXHOM OeJIKe.

EctecTBeHHBIIt 0T6Op, OnHAKo, Bpoje paGotaeT. lapBHH ObLT Ipas.
S He 3Hal0 — nodyeMy! DTO 3HAYMT, YTO 51 HE MOTY CBECTH 3TO K OCHOB-
HBIM MPUHLMIIAM HayKd, MMelowlel HeJlo ¢ HEXUBOH Marepuei (BHIBE-
CTH 3TO JIOTMYECKH M3 TMepBbIX NPHHUMIOB). HyXHbH HOBBIE NMPUHIIMITHL.
SI He B cocrogHuH MX cHopMyIHpoBaThb. UTO-TO HOLKHO H3MEHATH CYILE-
CTBEHHO BEPOSITHOCTD cieaylouleit caydaliiHol ToueuHoOl MyTauuH (Toumee,
ee peaiM3alluM) flocne npeaplaymeil. Ha camoM nene 9TO O3HaYaeT cCy-
DIeCTBOBaHME HayaJbHOro ruiaHa. Tako# ImoaxoJ noABEPrCs TLIATE/IbHOMY
aHaNM3y B Hawaje 20-X rogos MpPOILUIOTO BeKa BHIJAIOINHMCA PYCCKHM
6uonorom JIsBoM beprom. Fro ¢yHmameHnrtaibHass pabota «HoMorehes,
MJIH 3BOJIIOLMS Ha OCHOBe 3aKoHoMepHocTel» [105, 106] Gruta nepesene-
Ha HAa aHIMIMHCKUH S3biK M onybaukosaHa B Benukoopurtanuu M CIHA.
[1aBHOe yTBEpXAcHHe Bepra Moxer 6bITh CHOPMYJIHMPOBAHO CAEAYIOLIHM
o5pa3oM. BrHolornyeckas 380M101Hs POUCXOAHT B COOTBETCTBUH CO CTPO-
TYIMH 3aKOHAMH, B OTJIHYHE OT HAapBMHOBCKOH 3BOMIOLIMH, KOTOpasi OCHO-
BaHa Ha CIyyalHhIX coOuTHsX. Bopr6a 3a CymecTBOBaHME U €CTECTBEHHHIN
orBop UrpaloT B 3TOM NPOLIECCE BTOPHYHYIO POib U, BO BCAKOM CIydae,
MpOrpecc B OpraH{ 3allii He 3aBUCHT OT GOpbOBI 32 CYIIECTBOBAHHE.

_‘W
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bepr npeanoxun cineaywillee onpeneNeHHe XH3HW. MBI HaspBaeM
KUBBIMH Tella, KOTOPbIE B COCTOSSHUM, KaK NpaBWIO, pearupoBaTh lieJieHa-
[IPaBJIEHHO Ha BO3MYILlEHME U CUCTEMaTHYECKH NMPEBPALLalOT TEIUIO B paboTy
(kak cnenaHHbIe YenoBeKoM MaumMHbi). CornacHo Bepry rmasHoit npo6ine-
MO DHONOIMYECKOM 3BOJIOLUMH SIBAsAETCA 00s3aTeIbHOC BO3HMKHOBEHUE
LieIeHANPaBJIEHHOTO OTBETa Ha BO3IEUCTBUE.

Ha caMom aene bepr copMyndpoBan HOBbBI NOCTYIAT, HOBbI NIPUH-
uMn: ¢yHIaMEHTaIbHBIM CBOMCTBOM XW3HH SIBISIETCA LEeJIEHANpaBIeH-
HOCTb. B OnHOUI M3 cBOMX Apyrux KHur, onybiauxkopaHHoi B IlerepOypre
onHoBpeMeHHoO ¢ [105], Bepr nucan:

«MBl HE 3HaeM, KaKOW NPHHUMKII JIEXHT B OCHOBE OPraHM3Ma, YaCTH KOTOpPO-
TO MOOYMHAIOTCS LENOMY. Mbl He 3HaeM TakKXe, TIOYEMY B XOAE IBOMIOLMM
BO3pACTaeT CIOXHOCTb OpraHM3Ma, T. €. Mbl HE TOHMMAEM TIPOrPECCHBHOI 9BO-

JNIOLUH. MbI HauHHaeM NOHUMAaTh, KaK ITPOHCXOIHT 3TOT NpOoUECC, HO HE IO~
HUMACM ITOUECMY».

HeBO3MOXHO 3¢Ch MATOXHUTE BCE CONEPXKAHHUE ITOM OnecTAILeH KHH-
TH, TOCBSANIECHHOI IMIABHBIM 006pa3oM 3KCIep MMEHTAJIBHBIM CBHIECTEIBCTBAM
3a ¥ TIPOTHMB AAapBMHOBCKOIO Mmojaxona K 6Mosordyeckoi 3somouni. Ko-
HEYHO, MBI 3HaeM Terepb MHOTO Belle, 0 KOTopbix bepr HE UMeNn HH Ma-
Jedliero mpencrapneHds. Sl He AyMalo, OJHaKO, YTO 3TO HOBOE 3HAaHHE
B COCTOSHHM OTBETHTH Ha BbI30B bepra. Sl He yBepeH, yto nocrtyaat bepra
OTBEYaET Ha TOT BHI3OB.

BepHemcs tenepes K npobieMe mporpeccuBHON GMoNOruyecko 3Bo-
JIOOWH, ONpefesieHve KOTOpOoiM OBLTIO JaHO B Hauane 3TOM IJIaBbL: MpPO-
IrpeccHBHas 2BOJIOLIMSA — 3TO CO3NaHWe B ee Xome Bce Ooyiee ¥ Oonee
OpPraHU30BAHHBIX, CIOXHBIX, [eJIeHAIIPaBIIEHHBIX CTPYKTYD.

IloneiTKa pH3Myeckoro moaxoma K pelleHUIO 3ToOH npobiaeMbl Obimia
npeanpuHaTa Poturreitnom [107]. Tlepen u3noxeHWeM ero B3TSI0B Xea-
TeNbHO OblI0 OB OTBETUTH HA BOMPOC: KaKOM CMBICH UMEIOT ClioBa «bone

OpraHu30BaHHbIe CTPYKTYpbl»? YTO Takoe opranHu3auus? HayHeM ONATh
C ONpeneNeHH.
OpraHusauunei HasbiBaeTC HA0Op COOGLITUIA (pe3yNbTaTbl IKCNEPUMEH -

Ta, MHPOPMALMA O COCTOAHNM CUCTEMbBI WU T. N1.), BEPOATHOCTH KOTOPbDIX
B3aUMO3aBUCUMDI,
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Tonyyenue uHpopmanu o0 OgHOM H3 COOBITHHU cyxaer pa3Gpoc
BEPOATHOCTEM APYruxX cobpituii. Opranusauua — 3To HHGpopMaLus, 3aKo-
AHpOBaHHas B CTPYKTYpe.

B HeopraHM30BaHHOI cHCTeMe BCe 3JieMEHTH He3apHcHUMB. B opra-
HU30BAHHOH CHCTEME HEKOTOPhIEC 3JIEMEHTH B3aMMO3aBHCHMBI.

Hrak, nycTh ecTh HabGOp U3 7 3JIEMEHTOB M KaXIBIiA 9JIEMEHT JAOITyCKa-
eT M pe3yNbTaTOB U3MEPEHHA. MOXHO ONpPeAeIHTh SHTPONHIO Habopa U3 n
9/1EMEHTOB (CM. pa3aen 3.2 ¥ ypaBHeHue 3.6), MSMEHEHHE SHTPONUH PaBHO
WHopMauuy, NoiyyaeMoil Npd BeIOOPE OJHOIO ONpPEAENEHHOTO IEMEHTA
3 HaOGopa M3 n 3neMeHTOB. B CBOIO o4Yepedb, IS KaXI0Oro 3J€MEHTa
MOXHO ONpeAe/uTh Habop ™ pe3ynbTaToB 3KcnepdMeHTa. CxeMy 3ToM
CUTyaLlM¥ MOXHO NMpEACTABHTH CHAEAYIOIIMM o0pa3oM:

1 2 n

L O LC R U LD L S U LU Lo )

Br6epeM MO 0HOMY pe3yibTaTy U3 m 3KCIICPUMEHTOB I KaXIoro
M3 N 3JIEMEHTOB Haulero Habopa coObITHH. DTUM cnocoboM MOXHO O0pa-
30BaTh M" HOBBIX HAOOPOB C m 3NMEMEHTAMH B KaxaoM Habope. Cnenys
PoriureilHy, HasoBeM 3TH HA0Ophl KOMILICKCOHAMM. DHTPOIMHUA KaXI0ro
KOMIUIEKCOHA, KOTOpblii BKJIIOYAET m ajlbTepHATUB (T.e. m aibTepHa-
THBHBIX PE3YJIBTATOB U3MEPEHHs) paBeH kp log ,m. EciM sHTpOnus Beero
Habopa KOMIUIEKCOHOB paBHa CYMMAapHOH SHTPONHM BCEX aJIbTEPHATHUB
(kpnlog ,m), TO HTPONMMSA KOMIUIEKCOHOB MaKCHMMaJlbHa M CTENEHb Op-
raHU3aHuuy (Im.g) paBHa 0. Eciu B3auMoneiicTBe MEXIY JIEMEHTAMH TaK
BEJIMKO, YTO BO3MOXHLIM OKA3bIBACTCH TOJBKO OAMH KOMIUIEKCOH, TO Ha-
60p KOMILIEKCOHOB MMEET HYJIEBYIO SHTPOMHUIO, a CTeNEHb OpraHu3auuy
CHCTeMBbl MaKCUMasTbHa, TakuM 00pa3oM, CTeNeHb OpraHM3alMy paBHa pas-
HULIE MEXIY 3HTpONnueil KOMIMIEKCOHOB M SHTPONUEH 3/1IeMeHTOB. CTeneHb
opraHu3audd — 310 HHbopMauus (NOHMXEHHE 3HTPOMMH), BHOCHMas
KOHCTpyKLUMeil. OpraHu3oBaHHasi CHCTeMa Bcerda HepaBHoBecHa. Ee 3H-
Tponus (S) BCeraa HUXe, YEM SHTPOIMHS PaBHOBECHOH CHCTEMB (Seq):

S =S¢ —kply,, (6.1)

Cnenyer ¥MeThb B BUAY, OOHAKO, YTO BKNAJ KOHCTPYKLIHM B CYMMapHYIO
3HTPOMNHIO 0G0 CHCTEMBI NpeHeGpexXuMo Ma (cM. . 3).
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* N Tenepsb MBI B COCTOSHUH pac-

* CMOTpeTs MomnbITKY Porirreiina

* X 4 x onucarb, Kak 0006iieHHasr Tep-
MOIMHAMUKA <«TOJIKAET» DBONIO-
LHIO 10-OUONOrMYECKOi opraHH-
3aumu |108]. o cux mop 310 Gbina
Haubonee pa3BuTasi MOMBITKA Bbl-
BECTH TIPOrpecCUBHYI0 OHONOIH-
YECKYIO 3BOJIIOLMIO M3 OCHOBHBIX
(pu3MYecKHX NpMHUMNOB. A cyd-
Tal0 OCTPOYMHBIE pacCyKAeHHUA
PoTurreiiHa cylIECTBEHHO OLUH-

Puc. 6.1. TepMopnHamuyeckaa cutyauus
8 cucteme ConHue—3eMns—KocMoc OOYHBIMH, M MO3TOMY HOJKEH
: TIIATENBHO OOCYOHUTE HX.

Ha puc. 6.1 cxemaTtuyeckH MpeAcCTaBiAeHa Ho-OHonorudeckas 3emis

M ee cBA3b ¢ ConHueM M KocMocoM. Bor HemocpelcTBeHHast LMTaTa
u3 [108].

«Korma 3emas oxnaxAaaeTrcs HACTONBKO, YTO oOpa3yercs MOCTOSHHAs Mac-
ca BOAM W HabOp MHOTHX OpraHMMECKMX coemauHeHMil (ecnd oHu obpasy-
I0TCS), TO BpamieHue 3eMJIM TOIBEPracT MHOTME €€ O0NACTH eXEIHEBHBIM
anbTepHaTUBHLIM Bo3feicTBuaM ConHua M Kocmoca. B macluitabe Bpeme-
HU 3BOJIIOUKHM ACHb OeCKOHEYHO MaJl, TaK YTO MOXHO OyMaTb O CPCIHEM
YCTOHUMBOM COCTOSIHMM 3¢MHOro wapa. Kaxnbiit JeHb CpeliHee KOMMYECTBO

TEIIOTH (), nocTynaeT oT ColHua ¥ KaXaylo HOYb TEMIOTa {, UCIyCKaeTCs
B KocMoc».

B craunoHapHOM COCTOSHWU

Q,-Q, =0 (6.2)

ITyctb ), mocTynaer OT HCTOYHMKA TEMJIOTHI NPY 3PdeXKTUBHOM TEM-
nepatype 7,, a Q, yxomuT B kocMoc ¢ temmneparypoit T\ < T,. Torma
BO3pAcTaHHWE SHTPOMHUM 32 AeHb AS, B COOTBETCTBUHM CO BTOPHIM 3aKOHOM
TEpMOIUHAMUKM PaBHO

AS =3 _X259 (6.3)




Tnasa 6. Mpobnema nepsbix cTagni OMONOrNYecKoNi 380MoLNA

OyeBUOHO, B CTALIHOHAPHOM COCTOSHUHU (6.2) U3MEHEHHE SHTPOITHH
3a iecHb MAKCHMaJIbHO H paBHO

Q
AS = —————. 6.4
T -T, (6-4)
MuHHManbHOE (B JAHHOM Cllydae HyJNeBOe) JOCTUTaeTcs, KOraa
Q| Qz
— = ==, 6.5
T, o T, (6.5)

MpononxuM umTary u3 [108]:

«[lo Mepe xoma BpeMeHHU CTaUMOHApHOE COCTOSIHUE 3eMHOrO liiapa 6yxer Me-
HATBCA 1O CAeAyIoWEeH npuunHe. OH3arep 1moxasain, Yr0 B CTALMOHAPHOM CO-
CTOSIHHH JTHCCHIIATHUBHOMH CHCTEMM CKOPOCTh NTPOM3BOACTBA SHTPOTIUA MHUHU-
ManbHa. Teopema Pasiess 0 MUHHMANbHOM IHCCHITALMY B MEXaHHKE {BCTIOMHUM
M3BECTHBIN NMPUMEP ¢ BPALLAIONIMMCS BOTYKOM) — 3TO NMPOCTO 0coObIi cryyait
TeopeMbl OH3arepa. Eciin Ob 3eMNg ObUIa TETUIOBOM MallMHOM, CoOBepuUIalOLIci
pabory W 3a onuH AeHB, TO COMACHO NMEPBOMY 3aKOHY TEPMOAUHAMUKH

W=Q,-Q, >0, (6.6)

M B 9TOM cityvae Q, Syznet pasHo Q,— W, a He @, . PesynsTupyiowast AS pasHa
_ Q,-W @,

as=o— -2 (6.7)

1 2

Takum 06pa3oM, CKOpOCTb MPOM3BOLCTBA SHTPONHM yMeHblaeTcs. Co-
rnacHo Teopeme OH3iarepa cHCTEMa IO3TOMY OyaAeT ,,CTAPaThCA 3BOJIIOLMOH -
pPOBaTh” K COCTOAHUIO MUHHMATBHOM TUCCHIIaLIHK, TIDON3BoAA paboTty. B ciy-
yac BpalllalolIerocsa BOTYKa paboTa 3aKiI04acTCs MPOCTO B IOAbEME LIEHTpa T4 -
XECTU TaK BHICOKO, KAK BO3MOXHO. AHATOTUYHBIC BEIU JODKHB MPOUCXOAHTD
u ¢ 3emneii, Kak, HanpuMep, BOSHUKHOBEHHUE rnO0aibHOI KapTHHBEL BETPOB
¥ TEYCHMIt. DTOT THUN IBOJIOLMHM K CTALMOHAPHOMY COCTOSIHMIO PaCCMOTPEH
B paboTax Hpuroxuna u JitreHa. OnHako, pabota W Moxer He orpaHHYH-
BaTbCA TOJIBKO MEXaHUYECKOH DHeprueii, KHNHETHYECKOH MJIH NMOTEHUMKAIBHOM.
HMeloTcs xumuueckie MallUHbI, 3NEKTPUYECKHE A4EHKH 1 MHOTO APYTHX Tep-
MOIHHAMMYECKNX CUCTEM, K KOTOPHIM MOXHO TIPUMEHHTDH T€ XK€ apTYMEHTHL.
Mz, KOHe4yHO, GOJIblile BCEr0 3aMHTEPECOBAHM B XWMHYECKHX, QOTOXMMU-
YECKHUX, INEKTPOXHMUYECKMX M APYTHX AHAIOTMYHBIX CUCTEMaX, B KOTOPHIX
paGota W morna 66l 6bITh coOXpaHeHa B popMe CBOOOMHOM SHEprum».

TeoperryecKkas BO3MOXHOCTb 9KIOTHUECKMX HOPM XU3HH, HE OCHOBAHHBIX
Ha OpraHM4ecKoi XHMHHM, TAKXe paccMoTpeHa B [108].
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B ciydae Bpamapliuerocs BojiuKa, KakK TOJbKO LIEHTP TSXKE€CTH MOAHSI-
Cs1 Ha MAaKCMMa/JbHO BO3MOXHYIO BEJIWYUHY, TPEHHE C NMOAACPXUBAIOLLECH
MOBEPXHOCTBIO CTAHOBUTCSI MUHUMAJIBHBIM M HUKAKOe najbHelllee MOHU-
XE€HHUE IIPOM3BOJCTBA 3HTPOMHWH HeBO3MOXHO. BOMYoK «3achimaeT», T.e€.
KPYTUTCA Ha OJAHOM MECTE, II0OKa HE UCYEPaeT CBOI0 KUHETUYECKYIO 3HEP-
TMiI0 U He «ymper». OH OBl KpyTuics OECKOHEYHO NOAro, €ciyd Obl ero
KHHETHYECKYIO SHEPrMIo MOXHO ObUIO BOcCTaHaBIuBath (T.e. eciu Obl
CHCTEMa BbLTa OTKPHITAs).

B xuMuuyeckux cucTeMax JOCTynHa Gonee crabuapHasg opma XpaHe-
HHA CBOOOIHOM JHEPrUU, YEM B CJIyyae BOJYKa, a UMEHHO, 0Opa3oBaHHE
METACTAaOMJIBHBIX XUMHYECKUX COCTOAHUM. InHaMHUuyecKue CUCTeMbl B CTa-
IIMOHAPHOM COCTOSIHHM, KaK TOJIBKO MX OTKJIIOYAT OT UCTOYHUKA SHEPrUH,
BBICTPO «YMMPAIOT», KaK ¥ BOIYOK (32 MCKITIOYEHHEM CIIEIMANIbHBIX CTyYaeB
MaeaNbHbIX XUIKOCTel (re/uit), Wid aCTPOHOMMYECKHUX CHCTEM). XUMHYeE-
CKHME€ CHMCTeMbI MOTYT NPOOOJIKATh XUTh 33 CUET COXpaHAeMOi CBODOIHOM
SHEPTHUH, UCIIOJIB3Ys, HAlpUMep, MUILY KakK TONAMBO. [103TOMY OHM MOTYT
XHTh B TeueHMe bojice IUIMTENBHBIX MEPHONOB M3MEHeHHt. MBI MOXeM
Ha3blBaTb TaKMe XMMHYECKHE CHCTEMBI, IS KOTOPbIX HENOCPEACTBEHHBIM
UCTOYHHKOM 3Heprud siplisieTcst CoHUEe, pacTeHUSIMU, CHCTEMBI, KOTOphIE
HCNONBb3YIOT CBODONHYIO S3HEPIHIO, COXPaHSIEMYIO B paCTeHUSX, HA3BIBAIOTCS
«XHBOTHBIMU».

Tlepen TeM, Kak BOJNUOK «3aChHINIAa€T», OH, OYEBWAHO, AMCCHITHPYET
3HEPIrUIO C YBEJIWYHMBAIOIICHCS CKOPOCTBIO. DTO CIpaBeUIMBO LIS JIOOOM
CHCTEMBEI, 3BOJIOLIMOHHMDYIONIEH K CTallMOHApHOMY cocTosiHMIo. Korna cra-
IIMOHAPHOE COCTOSIHUE CUCTEMBI OTKIIOYAETCA OT HCTOUHWKA 3HEPrud, OHa
3BOJIIOLIMOHUPYET K PpaBHOBECHUIO, T. €. €€ 3HTPOMNHMs Bo3dpactacT. CTeneHb
3TOT0 BO3pacTaHUS ONpeae/sieTCs KOJAUYECTBOM OpraHU3auuid TMHaMHU4yec-
KM COXPaHfIeMOM CUCTEMOM OT UCTOYHMKA. [I1g cOXpaHeHUS MeTacTabu/Ib-
HOi CBOOONHON 3HEPIHM MCTOYHUK <«JIE€JIaeT» METACTAOMIBHYIO CHUCTEMY
Cc caMOro Hauana.

TakuM cnocoboM PortliTeitH ONMUCHIBAET MOCAEA0OBATENBHOCTD KapBU-
HOBCKOH 3BOJIOLIHHM OT CO3JaHMS CIIOXHBIX 11€1¢HaN paBIeHHBIX KIE€TOUYHBIX
CTPYKTYP A0 BO3HMKHOBEHMSI OpraHM3MOB C pa3yMOM W MHIAMBHAYaJbHO-
cTbio. OCHOBHBIM MOJIOXEHNE BCel cxeMbl ABsieTcs: TeopeMa OH3arepa—
IIpuroxuna, coriacHO KOTOpoH ciiyyailHOe 0Opa3oBaHMe KOHCTPYKLHHU MO-
HHXAET CKOPOCTb MPOU3BOACTBA 3HTPONHUHU H, TaAKMM 00pa3oM, NEpPEeBOIUT
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g

BCIO OTKPHITYIO CHCTeMY B Oojiee (:TabUnbHOE CTALIHOHApDHOE COCTOSHHE.
JHa caMoM pene 310 O3Hayaer, 4.to PoruiteitH nomsBomnt GHu3MYecKMil
(TepMomMHaMuyeckuii) dyHaaMeHT 1101 AApBHHOBCKUIA MoaXox K 6UOIOTH-
“JECKOit 3BOTIOLIMH.

A nymal, 4To BCe LMTHPOBAH Hbi€ BHINIE PacCyXAeHHsA TMNMONMHOCTHIO
O'IIUOOYHBI,

TloBTOpHM CHOBa, YTO MOHWXEHHE SHTPONHU CHCTEMbI, BbI3HIBAEMOE
obpa3oBaHWeM KOHCTPYKUHit (M TeM Gojiee, MMEIOIIHX CMBICT) MpeHe-
6pexx MO MaJIo NO CPaBHEHHUIO C «TeINOBOM» 4acThio. TI03TOMY, HHKa-
K€ ITOBHIIUEHHE CIOXHOCTH KOHCTPYKIIMH He CMOCOOHO «TOjIKaTh» Ma-
KPOCKOIMHYECKYI0O CHCTEMY K Kakoii-JIMGo onpeneneHHoil uean. Kcrarty,
OH3arepoBCKasl HEpPaBHOBECHAasd TEPMOAWHAMHMKA He OTJIMYAECT 3HTPOIUIO
KOHC FPYKUHMH OT TEIJIOBOMH.

B uuTHpOBaHHOM Bhillle MOHOTpadHH [30] Koctiep npeanoXuwi runo-
TeTHYECKMIi CLIeHapHii CO3/1aHus OCMBICIEHHOM (TO ecThb MMeIONIEH Liesib)
KOH'CTPYKUMY Ha flepBbIX CTAAMAX AO-0HOMOTIT4ECKOM 3BOIIOLIMH.

IIpeanonoxum, 4To B HEKOTOPOM BOZHOM pe3epByape pacTBOPEeHBI
B H30bITKE HYKJIeoTUAbl, U3 KoTopbix nocTtpocHa JHK. UMelotcsa yersipe
THII2 HYKNeoTHaoB: A, G, C u T. DTH HyKIECOTMAN Y4acTBYIOT B peakiiMi
NOJIMKOHACHCALHUHU, KOTOP:s IIPUBOIUT K 00pa30BaHUIO A¥-, 3-, U OPYTHUX
TIOJIMHYKNEOTUIOB (OTHOHMTEBBIE NOJIMMEDPDI):

A4+T ——AT+H...0, AT+G —ATG+H...O #ur.A

W3BecTHO, 4TO paBHOBECHE 3TOi CUCTEMBI CABUHYTO B/IEBO (B CTOPOHY
MoOHOMepoB). Torna HeGoNBIIHe KOJIHYECTBA MOMUMEPHBIX LIENei, KOTOpbie
BCerga OyAyT MpHMCYTCTBOBATH B pacTBOpe B JHHAMUYECKOM PaBHOBECHM,
JOXHBI HMETh Cy4YaliHble TOC/IeROBaTeIbHOCTH, H aripHoOpHbie BEpOSTHO-
CTH BCeX TOCeloBaTe/ibHOCTER OOMHAKOBbl. ECNH YCIOBHS MOCTOSHCTBA
]PaBeHCTBa BCeX KOHCTAHT CKOpOCTeit U KOHUEHTpaLui He BbIAEPXHBAIOT-
Cd, TO HEKOTOpBIEC MOC/eNOBATEIbHOCTH OyOYT NOSABAATHCA yamie, H Oynmer
CyIleCTBOBaTh Ofipefe/ieHHOE pacHjpe/iejiecHHe anpHOPHBIX BEPOATHOCTEM.
OnHako, moGas focaefonaTe/bHOCT b, BOSHUKAIONIAA B pe3yiibTare oOpatTH-
MOl TTONMKOHAEHCALUH, 14¢ ByneT WMeTb CMbICA.

KpoMe peakiid CHHTe3a M I'MAPOAHM3a OJHOHHUTEBBIX NOJHMEpPOB,
B NPUHLMNE, MOXET MPO.ACXOAWTh MaTPHYHbI CHHTE3 C NOMOIIBIO KOM-
TUIeMEHTapHbIX HYKJIEOTHIIOB, COOEPXaLUuXCs B nojinMepHoit HUTH. ITocne-
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OOBATE/IbHOCTh HYKJIEOTHAOB B HOBOH "LEINOYKE MOJIHOCTHIO Ofpeaensercs|
MOCJIEHOBATENBHOCTHIO HYKIICOTUIOB B HCXOAHOM OMHOHHUTEBOM fOJIUMeEpe:
npotus A Bcerna dynet T, a npotus Ci — C. 910 00YCIOBIEHO CTEPEOXH -
MHEH COOTBETCTBYIOIIMX HYKJICOTHIOR.

TlepBbiii IBYHUTEBOH MOJUMEp EIO3HUKAET B pe3y/ibTare CAyd4alHOro
MpoLecca O4eHb MaJIOH BEPOATHOCTH: Ha OJHOM M3 OXHOHHMTEBBHIX MOJIH -
MepoB. HykneoTuaHblii MaTpyUyHbIH (CHHTE3 YCIeBaeT 3aKOHYMTHCA Tiepen
TMIPOAU30M fiojiuMepa. TlocnenoBaTe. IbHOCTb HYK1I€OTUIOB B ONHOHUTEBO i
MoJieKyJie Moria ObITb MONHOCTHIO ChaydyaitHa. OnHako mocjie MaTpH4YHO-
ro CHHTe3a CUTYaLMsl pe3KO MeEHseTCcd. JIByHHUTeBOH MOAMMEDP ropasfo
cTabunbHee ONHOHUTEBOro. Takol ITonUMEp APAKTHYECKH HE TMOABEPXKEH
ruaponu3y. IlocaenoBaTebHOCT HYKIEOTUAOB B TAKOM AOJITOXHBYILEM
IBYHHTEBOM TMOJMMEPE CTaHOBUTCA OCMBICACHHOW. DTOT CMBICT kpait-
HE MIPOCT. Takas fOCAECAOBATIbHOCTb B ABYHHMTEBOU MOJIEKY/IE «KEIBET»
JOCTATOYHO AOJIO, YTOOB! peaiu30BaTh PEAYTUIHKALHUIO, 2 APYTHUE MOCTISAO0-
BaTejibHOCTH — HeT. KOHLeH Tpanys OGHOHUTEBBIX MONMMEPOB, HMEIO11IHX
Takylo, Tenepb crnelupHYeCKylo, AOCAEAOBaTeNbHOCTD OydeT BO3pactarh
(oHYU CTaOHIU3NPYIOTCA KOMIULTHMEHTAPHBIM MPHCOEIUHEHHEM K CTaOW/Ib-
HbIM JBYHMTEBBIM MOJEKYJIAM C 3TOM MOCHENOBaTeIbHOCTRIO). KOHIIeHTpa-
LMs JABYHUTEBBIX MONEKYA OyHeT Takke BO3pacTaTb 3a CUET MOHOMEPOB,
Onarogaps fipoleccy peayILIMKaluM.

CityyailHO BO3HHKUIHE OAHOHHUTEBbLIE fIOHMEPDI C «XOpOoILeH», «OCMBI-
CACHHOW» MOCAEN0BATEIbHOCTHIO UMEIOT TeMePh LAHC OCTaTbCA «KHBBIMH»,
oOpa3sys cTabuibHbie CTPYKTYPLI C KOMIUIEMEHTa pHbIMY TOJTMMEPHBIMH MO-
JleKynaM¥, HO ONHOHHMTEBLIE TMOJIMMEpPBI C «TUIOXOM», «DECCMBICACHHOH»
MOCEenOBaTENIbHOCTbIO HEH30eXHO moaBeprHyTes ruaponusy. Hebosblinme
CIyYyailHble OTKJIOHEHUS OT «MpPaBH/ILHON» MOC/IEHOBATEIBHOCTH («MyTa-
LMH»), KOTOpble He H3MCHSIOT 3HAYHTENbHO CTAOMJIBHOCTb JBYHHTEBOI1
CTPYKTYPbI, TaKXKe OyayT PeAyAHLMPOBaTHCA, YTO MPHUBEAET K HOBBIM CH-
cTeMaM, KOHKYPHPYIOIIHM C MEPBOM 33 HCIMOJb3013aHHUE 3amaca JOCTYMHbIX
HYKJIEOTUJIOB.

Koctnep He HacTauBaeT Ha TOM, YTO 3TOT TMPHMEP CO CTabDWIbHbI-
MH CaMOBOCITPOM3BOISAIIMMHUCA CUCTEMAMHU HYKJIEMHOBLIX KHUCJIOT CBsI3aH
C MPOMCXOXIECHHEM XH3HHM Ha HaUeH maHeT:. DTO fPOCTO MOMbITKA
fMoka3atbh Haubojiee CYLIECTBEHHbIE XaPAKTEPUCTHKM MpoLiecca CO3JaHH
OCMBICJIEHHOM YITOPSOYEHHOCTH.
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nasa 6. Mpobnema nepsbix cTaanit GHONOrNIECKON IBOAIOLNN

Cnenyione CTaiMy JOKHBI MPHUBECTH K CO3LNaHHIO §ojiee CIOXHBIX
KOHCTPYKUH, MalUMH, KOMIOHEHTbI KOTOPbIX TAKXKE€ MMEIOT OfpeacacH-
Hy10 ueJib. [lociie 3Toro, ¥ T0bKO NOC/E 3TOro, MOXeET Ha4aThbCs 000 THIT
OHostorndeckoit 3pomonuu. [IpMHLUHMIHAIBHbBIC TPYAHOCTH, BO3HHMKAIOILHE
Ha 3THX MOCHEIHUX CTAOIUX, YXKe Obid oOCcyXaeHbl Boillie. Sl AyMalo, onHa-
KO, YTO [JIaBHOE, M C MOEii TOYKH 3peHHs, HepeliaeMasi TPYHOCTb (KOHEYHO
6¢3 DONyIEeHHUS HOBOIO, HEJOKA3YEMOTO MPUHLIUIA, HE CBOAHMOIO K yXe
MPUHATHIM, IPUBBYHBIM MPHHLMNAM GU3UKH) — 3TO fpobJieMa co3naHus
rnepBoii MamvHbl. KOHEeYHO, HEKOTOPHIE XapaKTepUCTUKH 3TOi Oynyuieit
MauIMHbE (KJIETKH) MOXHO MOHATb, UCMOJb3ys U3BECTHbIE 3aKOHbI (PH3H-
KM M pU3HYEeCKOM XMMUH, Hanmpumep, ob6pa3zoBaHUE BONHLIX My3bIPpbKOB
C HeOOHMHAKOBBIM pacnpenejieHHeM HOHOB Harpusa H Kaivs nmo obe CTo-
POHBI TpaHHLB! My3bipbka [109]. Takue xapaKTepUCTHKH, OAHAKO, CTAHYT
OCMBICJIEHHBIMH TOJIbKO 10C/iE OKOHYAHHUS CTPOUTEILCTBA BCeil MallMHbI.

Kakne HOBbie MPUHLMIBL MOXHO oXuaarb? A Mory npeactaBUTh ce-
6e TONLKO IBa BO3MOXHBIX floaxona. Cpeau 6eCYUCACHHOrO KOJHYEeCTBa
BO3MOXHBIX MOC/IEOBATeIbHOCTER (3TO JEHCTBHTENBHO OONBLIOE YUCIHO,
HaMHOro Gojibliie, YEM YHCIIO 3iEMEHTapHBIX YacTHL BO Bceil BeenieHHOI),
KOTOpble MOTYT ObITb CO37aHbl B XOA€ AOOHMONIOrHYECKOM 3BOJIIOLMH, CY-
LECTBYIOT HeMHOre (MOXeT ObITb, OAHA), KOTOPble HEMHHYEMO MPUBEAYT
K [IOCTPOSHHUIO flepBOi MaluMHbi. BepoSITHOCTD ciy4aiiHoro BeiGopa OnHoOM
H3 TaKHMX «CYACT/IMBBIX» fOC/eqoBaTebHOCTEH paBHa Hymo. Korna Ml
HUMeEeM Jei0 ¢ ACHUCTBUTE IbHO 60JIbILIMM YHCIOM BO3MOXHOCTER, BEposT-
HOCTb ciyyaiiHoro Bnibopa paBHa Hy/o. O6e3bsaHa, CAyYyaiiHO yaapsiouas
Mo KAaBHAType KOMIIbIOTEpa, HUKOrAa He HamuueT «famneras!

Bropoit monxon oCHOBaH Ha MPEeRNONOXEeHUH, YTO CTPYKTYPA HCXOXHOM!
MOCJIEAOBATE/IbHOCTH He OYeHb BaxHa. Jliodasa 3anomMuHaeMas focjieioBa-
TeJIbHOCTb MPUBEHET K MPOrpecCUuBHON OHUONOrHYECKON 3BOMIOLIUH.

A nyMaio, 4TO UMEeTCs TOJIbKO OAMH BBIXOA U3 3TOH cuTyauuu. XuBbie
MallUHBl, KAK ¥ HeXUBbie, JOMXHb OBITh MPHUIOTOBIECHBI, MOCTPOEHBI
B COOTBETCTBHH C CyllecTBYIOIUMM ItTaHOM. Ha caMOM fejie 31O M ecThb
CYIIHOCTE HOMOreHe3a bepra.

OT1n0XHUM CHIeKYJISLHHY, KacalolMecss BOMPOCAa «KTO HJIM YTO MPUTOTO-
BWJI mnaH?», 0o MOcheHel rinaBbt 3TOM KHUIH.



naBsa 7

Mpobnema nHaonBNAYanbHOro
CO3HaHMUsI

What is mind? No matter.
What is matter? Never mind.

A. Cogan [110]

Okono gBajuaTH J€T Ha3aj sl Hamucal KOpPOTKOE 3CCe flof Ha3Ba-
HUeM «Hayka ¥ peaurusi». 91t 3aMeTKH ObUIM B 3HAYUTENILHOH CTEHEHU
WHUIIMHPOBaHbI KOJArUMHU HOYHBIMHU OecenamMu ¢ HukonaeM TuModeeBbIM-
PecoBckum (1900—1981). B 70-x roaax oH 4acTo HOYEBAT Y MEHS BO BpeMs
ero exeHeeabHbIX BU3HTOB B MockBy U3 O6HHHCKa. B TeueHUH Bosiee YyeM
JIBAJLIATH JIET HAIIEro 3HaKOMCTBA MCHA BCErAa flOpaxajio rapMOHHYECKOE
COUYeTaHUe B 3TOM BEIMKOM YUYSHOM MCTUHHON peIMTHO3HOCTH, HHTEHCHUB-
HOi TBOpYECKOM aKTUBHOCTH B HayKe H LIMPOKOM 3pyaHLHUHU B obnacrax,
JaNeKuX OT ero rnpodeccCuoOHanbHONH AECATENbHOCTH. B3auMOOTHOLIEHHE
HayKW M PEJIMTMH ero BCErJa BONMHOBAJIO U JIaXe MYYMUJIO.

HBaauars, fneT Hasajl 3TU 3aMETKM HE MOMIM ObiTh OMyOJMKOBAHBI,
Ilocne Hayana «MepecTpPOKU» OHU MOSABUJIMCH B PYCCKOM XypHaste «Ha-
yKa M XH3Hb» [111] ¢ momMouiplo 3aMecTuTeNs TIABHOTO PEAAKTOpa 3TOTO
xypHana Paner Anxy6eid.

HekoTopbie yacTd 3TOro 3cce O/M3KHA K yXe€ HarmMCaHHOMY B [Ipedbl-
OYHIMX TiaBax. S noaBepr ero HEKOTOPOMY COKPaLUEHMUIO.

7.1. Hayka v penurusa

IToyTH MHCTHYECKAsA YBEPEHHOCTs B MOTyliecTBe U 6€301MbouyHOCTH
HayKH, MOABUBIIAACA C pacupeToM pauuoHanmuaMma B XVII u XVIII crone-
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Fnaea 7. [lpoGneMa nHaNBARYaNLHOrO CO3HaHUS

THSIX, HECKOJIKO MOKOJeOneHa B HallM JHHU, HO ellue CHWIbHA, OCOOEHHO
cpend o00Opa3oBaHHBIX U MMOYoOpa3oBaHHBIX WIEHOB Hallero oduiecTsa.
Honpasnsiomee G0ALIIMHCTBO YYeHBIX Poccuy OTBepryio MMOHEPCKHE UAEH
bepxnu ¥ Oma, MogepHH3upoBaHHble 3aTeM Maxom, dioremoM u [lyaH-
Kape. JIIogM 10 CHX Mop BEpAT, YTO, OMUCHIBass MHP, HayKa ero oObACHSET.
MHorue yyeHbi€ HAXOAATCS MO BAMAHUEM MPHAMUTHBHO ONTUMHCTHUYECKHX
obeiaHUif JUANEKTHYECKOrO MaTepHainiMa o0 aCUMITTOTHYECKOM MTPUOAH-
JKE€HUH K abCOIIOTHON UCTHHE, HECMOTPS Ha yOeauTe IbHbIE 10KA3aTEe1bCTBA
0OpaTHOrO HaAyKOM CeronHsIIIHero oHs.

OO6bsicHaeT M Hayka yro-6o? Ilonumaem M MBI 9TO-JUOO fIO-
Hacrosiiemy?

Jhonu THIECNaBHO M HeOOOCHOBAHHO BEPAT B 10, YTO Ye€JNOBedYec-
KW MO3Tr B COCTOSIHMM, B MPHUHLUIE, ITOHATb HCTUHHGLIA CMBICA BeLleH
U COOBITUM B OKPYXaIOLIEM MHpe.

Kaxapiid, k10 npodeccuoHanbHo pabotan B OnHOR U3 obJacreit ecre-
CTBO3HAHMS, 3HAET, YTO C POCTOM 4MCjia HabimogaeMbix (GakTOB H TEOPHH,
HX UHTEPNPETHPYIOIUNX, HeU3DEKHO NMPUXOOHUTCS BBOJAMTb HOBBIE MOCTY-
JlaThi, T.€. YTBEPXACHHS THIA «3TO TaK, MOTOMY 410 3TO Tak». Ha 3ape
HayKW MOCTyJIaThl HE Ka3ajuCh ONACHBIMU: MX UCTHHHOCTb MpEACTaBs-
Jlack caMoouyeBMAHOI. Tak ObU10, HAfIpHMED, € MOCTYJIATAMH KJIaCCHYeCKOM
MEXaHMKH, XOTS ¥ He Bcerna. Ilepsblii 3akOH HblOTOHa, ABIAIOIIHICA
IOCTY/IaTOM, Ha MNEpBBIA B3I He Ka3aics TAKUM YX CaMOOYEBUIHBIM.
Hao6opor, exeaHeBHBIH OMBIT CKIOHAICS B MOAL3Y MOCTYAATOB APHCTOTE-
Jis1. Tloctynaret HbloToHa TpeGoBanu OoMbliei cTeneHH abCTpakiuydy 1 3KC-
TPAanoJSILUM PE3ybTaToB HabNIOACHUA B MeHsloLuxcs ycaosusax. Ho onn
OblU Goslee «TOCTOBEPHBI», TAK KaK ObLTH NPUIOXKHMMEI K 00JIblIEMY YUCTY
HabmionaeMbix ¢akToB. JllogH NMpHUBLIKAU K nocTynaraM HbloToHa, U OHH
CTa/IM CAMOOYEBHIAHBIMH.

IIpouecc MpuBbIKAHUA K HOBBIM HAESIM NPOHU3LIBAET BCIO MCTOPHIO
€CTECTBEHHLIX HayK. «YUYeHBIC He MEHSIOT B3rnsuoB. OHH NpOCTO BbIMHU-
pator» (Makc InaHk). HoBble MOKoNEeHUS! MPUBBHIKAIOT K HOBBIM MIESAM,
KOTOpBi€ OHU BOCIIPMHHMMAIOT C HeTcTBa. Benukue ¢pu3uku koHna XIX —
Hayana XX BeKa He CMOIIM MPHHATh KBAHTOBYIO MEXaHUKY, ITOCTYJIaThl KO-
TOpOH ApaMaTH4YecKH OTIMYAIMCh OT MOCTY/IaTOB KjaccHYecKoi (PH3IHUKH.
CeronHsillilHHe CTYIEHTH He MCIBITHBIBAIOT HUKAKUX 3aTPYZHEHUE C TeEK-
CTaMH, KacaliHMHUCA MMpobieM KBAHTOBOM MeXaHUKH. DTO fIPOUCXOAUT
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He MOTOMY, YTO OHM MOHMMAIOT 3TH MpobieMbl ayuile, YeM JlopeH WiIH
[InaHk, a noromMy, YT0 OHM C CaMOr0 Hayajlla MPUBBIKIM K MOCTylaTam
KBaHTOBON MexaHUKHM. OHY HE ycreny NMPUBLIKHYTh K TOMY, 4TO fIOCTVJIa-
Thl KJACCHYECKON (PU3HKHM CaMOO4YCBUIHBI U, MOTOMY, BepHH. Ha camMom
JieJie MOCTYJIaThl KBAHTOBOM MEXaHHMKM fIOHATHBI U CAaMOOYEBUIHbI He 00-
Jilee 1 He MEHee, uYeM IMOoCTynarbl crapoi ¢u3uxu. Bce oHHU ABAAIOTCS
YVTBEPXKICHUAMH TUTA «3TO TaK, IOTOMY YTO 3TO TaK».

ITo Mepe pa3BUTHSI HayKH Bce CHUJIbHEE YYBCTBYETCS, YTO e€ OCHOBBI
He Aokasyembl. CoBpeME€HHas (pu3WMKa BaKyymMa pa3pyliaeT Hauu fIpu-
BbIYHBIE HIEH O MPOCTPAHCTBE. Ycenexu acTpodM3uKM 3aCTAaBHNIM yYeHbIX
NpUHATh KOHLenuuio <«bosblioro B3pniBa», Koropas pa3pyllaeT Hallu
[IpHUBbIYHbIE MPEACTABJIEHUS O MPOCTPAHCTBE XU BPEMEHHU 3HAYUTENbHO 60-
Jiee GyHAAMEHTANbHBIM 0O0pa3oM, 4YeM 3TO OBUIO CHOEJIaHO CrelHaIbLHOM
1 oOLeHd TEOpHIMU OTHOCUTEbHOCTU. ECTECTBEHHO, JOAU TNPUBBHIKHYT
K 3TOMY HOBOMY [MOHMMAHHIO, H HOBblE MJECH CTAHYT CAMOOYEBUIHBIMH.
ITo Mepe cBoero pa3BUTHA Hayka MPUHOOPETAET YepThl peJIMrMyU: KOJIHYeCTBO
anpuoOpHO, Ha BEpY NPUHUMAEMbIX YTBEPXICHHH, pacTeT.

B xoHe4yHOM cueTe, HayKa OCHOBaHa Ha Bepe B CYHIECTBOBaAHHE BHEIII-
HEero MMpa, He 3aBUCHMOI0 OT HHAWBHUAYAIbHOTO CO3HAHUA. be3 3Toil Bephbl
Hayka HeBO3MOXHA. DTa Bepa ABJIgeTcs OCHOBOM HEAOKA3yeMbiX YTBEpXIe-
HH (HEeT HyXIbl flepecKa3siBaTh 30€Ch PACCYXIEHUs BETUKHX (uiiocodoB),
KOTOPbIE HAKAIUIMBAIOTCA C YBCIMYEHUEM YHCA MeHee pyHIaMeHTalbHbIX
MOCTYJIaTOB, BBOOMMBIX ad hoc.

3apavyeit Hayku sSBRSeTCH permcrpaums HOBbiX ¢GakTOB U NOCTPOEHUE
Moaeneit (Tteopui), KoTOopble AAIOT Hanbonee yGeautenbHbie 0ObAC-
HEeHus Kak MoXHOo OonbuieMy yucny ¢GakToB, UCNONL3YA KaK MOXHO
MeHblle NOCTYNaTOB.

WUneanbHas Teopusi, T.€. eAMHCTBEHHan ¢GopMa <«[MOHUMAHUS», JO-
CTYIIHasi HayKe, OJHO3HAYHO OIMMMChIBACT OfipeAesieHHbIH Habop (QakToB
U C IMTOMOLIBIO Y€IOBCYECKON JIOTHKH MPHBOAMUT K MPEACKa3aHHIO HOBBIX.

Kaxnplil 1ar B pa3BUTH HaAyKH OTpe3aeT LEAbIA paj APYTHX BO3MOX-
HBIX TyTEH €€ pa3BUTHS. B 3TOM CMBICAE 3BOJIIOLMS HAyKd HaflOMHHaeT
OMONOrHYECKYIO 3BONIOLINIO, KOra Kaxaas HOBasg CTaius OTpe3aeT MHOTUe
BO3MOXHbIE IyTH (He Bce — ObiBaeT KOHBEPIEHLMA).
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nasa 7. Mpobnema nHANBALYaNLHOIO CO3HaHUA

3HAYMT JIM BCE CKa3aHHOE, YTO JIOLH BOOGIIE HE MOTYT 4TO-Mubo fo-
HHUMaTh, HE MOTYT OBITb MOJHOCTbIO YOeXIEHH B 4eM-100? KoHeuHO, Her.

CyllecTBYIOT YTBEPXKAEHUA, B MPaBUIIbHOCTH KOTOPbIX 1 YOeXaeH Ha-
BEPHSIKA, U KOTOpHIE A1 MeHs He TpeOyloT LOKa3aTeNbCTB, [OTOMY HTO
OHH HaHbl MHe HernocpeacTBeHHo. Sl ybexaeH B CYIeCTBOBAaHHHU MOEIO
COOCTBEHHOr0O HHAMBHAYAIbHOIO CO3HaHHA. S1 3Hal0 TOYHO, YTO S MOLY
MOAHSATH CBOIO COOCTBEHHYIO PYKY, €CJIM M Koraa fi 3axo4y, HayaTb AyMaTb
0 4eM-HHOYynb, cKa3aTh 4To-JIM60, BCIIOMHHUTh 4TO-1M00. He MMeeT HHMKa-
KOro 3Ha4ye€HHA, YTO HanpaBleHUe MOUX Mbiceil WM JaXe UX FoABICHHE,
BEPOSITHO (He MOTy GbiTh YBEpEH, 3TO yXe 06/1acTh HayKu), 3aBUCHT OT MO-
ero B3auMOAeHCTBUSA C OKpYXAaloLUM MUPOM. S 3HaI0 HABEPHSIKA, YTO MOt
BBIOOp MbIC/ieil M BO3MOXHBIX ACUCTBHI 3aBHCHT OT MEHsSI CaMoro. 3TO
3HaHHE O CYLIECTBOBAHHH MOcit CBOOOIHOM BOJIM HE BKIIOYAET APYTHX JIIO-
neit. THIOpMHT f10Ka3al HEBO3MOXHOCTh (B PaMKax YeJIOBEYECKOH JIOTHKH,
a IPYroif y Hac HeT) OTJIHYNTH «CHApYXH» YeI0oBEKA, ¥ KOTOPOro €CTh HH-
AUBHAYAIILHOE CO3HaHHE, OT OCTPOYMHO CKOHCTPYMPOBAHHOro aBromara,
y Kotoporo ero Het *. T1o3ToMy HHAMBHAYATbHOE CO3HAHHE M CBOOONA BOMIH
YyeJl0OBeKa Bcerna OyaoyT BHe 00J1IaCTH HayKH.

D710 omylleHHe WIH, €C/IH XOTHTE, BEPa OCHOBAHH Ha 3HAHUM, HEro-
CpeACTBEHHO JaHHOM KaxAoi JIMYHOCTH. B KOHEUHOM cyeTe, 3TO O3Ha4YaeT
yOexaeHHe B cyuiecTBoBaHUH Aymu. [TostoMy Joboil arHOCTHK, J0H0i
aTeHCT 3HaeT (Kakue OBl yMeJible JIOTHYeCKUE KOHCTPYKUUH OH HH HCMOJib-
30Baji, YTOOBI CKPHITh OT Cebsi 3TO 3HaHHME), YTO OH, MO KpaiHel Mepe,
JIMYHO OH, 00J1afiaeT Qywoi. YAUBUTEAbHBIN MapaloKc: MHOTHE Jiloau yoe-
XAECHHI B MPaBWIBHOCTD Belliei, KOTOPbIX OHH HAa CAMOM Jiejie HE [TIOHHMaAIOT,
HO OTBEPraloT TO, B NPaBUJIBHOCTH 4Y€ro OHU Ha CAMOM Jiejie YBEPEHBHI.

Kak yxe 0bU10 CKa3aHO Bblllie, Mpo0JieMbl UHAWBUAYAIbHOTC COZHAHUSA
M JyLIIH JiexXar 3a npenejaMu Hayku. U He TONbKO ceromHsiliHeil HayKw.
HMeeTcd MHOXECTBO HayyHBIX MpobneM, JieXanlux 3a fnpenesiaMu HayKu
HAalmMX AHEl B TOM Xe CMbicie, KaK NpofjieMa pajiHOaKTHBHOCTH Obina
3a npenejaMyu Haykd Bo speMeHa Tanmuness wnu HeiotoHa. IIpobnema uH-
OUBMAYAJIbHOIO CO3HAHMS JIEXHUT 3a MpeaenaMu o060l MbICIMMO HayKH.

*Cwm. obcyxneHne Tecta ThIOPHHTA B OPYTHX BOMPOCOB, CBA3AHHKIX C COBHAHHEM H HC-
KYCCTBCHHMM HHTeIeKTOM, B KHHre P.TleHpoy3a «Hoswstit pasym uMmneparopa» [117] —

Ilpum. ped..

147



YacTb lil. Hepewaembie npobnems 61onornieckon pusmkm

Hayka pemiutr npobnaeMy Mo3ra M pasyMma, npoGiemy CHOXHOIl HepBHOI
CHCTEMBI, BO3HHKILEH B xojae OuosorHyeckoil 3BojouuM. Hayka pemiur
3TH npobjeMbl CBOMM CITOCOOOM, CBEIS MX K HEJOKA3yeMbIM MOCTyNaTaM,
JIOTHYECKH MPOJIOXKYUB NMYTh OT MOCTYNATOB K HabogacMbiM fakTam.

HHnuBUIyanbHOE CO3HaHHE, KOTOPOE HMEIO S, U, BECbMa BEpOSITHO,
MMEIOT APYTHeE JIOAHM (4eM s Aydiue APYyrux?) U KOTOpsiM 06aaloT, Mo Beeil
BEPOSITHOCTH, BCE XMBBIE OOBEKTHI, ABIASACTCS COBEPLICHHO UHBIM THUIIOM
npobnembl. IIpoGieMa nyliy, He MOANAIOLIASACA HAyYHOMY aHanu3y, MpH-
HAIUIEXHUT K 001aCTH «MCTUHHOMW» PeNurud (HEe3aBUCHMO OT KOH(eccHit).
Ora npobnemMa KacaeTcs TOTo, YTO «CYLIECTBYeT» (BbIOOp CNOB B YesioBeye-
CKOM sI3bIKE OTPaH{4€H) BHE MaTCpPHAIBHOTO MHPa, HO B TECHOM KOHTaKTe
¢ Hum V.

Bce pesiMrui ocCHOBaHbI Ha BEpe B CYLIECTBOBAHHE HyLlid. MHpOBO33pe-
HHE JHOOOro pejiMrHo3HOro 4yeaoBeka Tpebyer abCoOAIOTHO CO3HATEJNBHOTO
y6exaeHUsd B CYLIECTBOBAHMU COOCTBEHHONH WHAMBMAYANBHOH ayliu. DTO
yOexaeHue HE 3aBUCHUT OT PEJIMTMO3HOro opManusMa, or Habopa Aorm,
OT CHCTEMbI MPUHATHIX JONOJHUTENBHBIX NOCTYNATOB, T. €. OT KOHKPETHOM
KOH(peccud. B 3TOM OTHONIEHHM BCE CYLUECTBYIOLIME PEJIMIMU OT/UYa-
IOTCSl OT HayKHM TOABKO TEM, YTO MUX MOCTyAarhbl JIOTHYECKH HE CBSI3aHBI
C OKpyXalolluM MHpoM. BO Bcex ApYyruMX OTHOLUEHMAX DEAUrdsas — fpo-
CTO IUIOXasi HaykKa, KoTopas He fIONYMHACTICA IpaBUIaM, BbIpaOOTaAHHLIM
Hayko#i co BpeMeH b3KoHa U MOo3BONSIIOMIHM PEAILHON HaykKe HCHOJb30-
BaThb MOCTYJNaThl Y JIOTHKY AJI OMMUCAHUA M, YacTo, fipeAcKa3aHus (pakToB
MAaTE€pPHANbHONO MUpA.

Kpome Bepsl B CyLUECTBOBAaHHE AYLIH MHOTHE GopMallbHBIE PEJIMTUH
BEPAT B €€ HCYHHUYTOXHMOCTD, T. €. B KaKyi0-10 GopMy XU3HHU OYLIH 1TOC]e
CMepTH Tesa. Takas Bepa BMOJHE ecTecTBeHHa. Hannune HHOMBUAYaIbHOIO
CO3HaHHs, 3TOM AparoleHHOH «BellU», Oonee BaxHOM, YeM Jioboil Marte-
pUANBHBIM aTpUOyT, AeacT MACIO O €€ MONHOU moTepe HenepeHOCHMOIA.,
DTOT BONPOC HE MOXET OLITh pellICcH HU HayKOM, HU penurneil. Inga Hayku
BOINPOC He MMEET CMBICIA, TaK KaK CAMO CYLECTBOBAHHE AYIIU HE MOXET
ObITH MPEIMETOM Hay4YHOrO MCCAENO0BAHUSA, DTO 3HAHUE AAHO KaXIOM JiH4-
HOCTH HEMOCPEACTBEHHO, OHO HEe MOXET ObiTb HH JIOTHYECKH HOKa3aHO,

D «H60 MHMp NpeaMeros M MHp TeHe#l / Bce e 1ecHO cBszaHM Mex coboit» (IOpmit
JleBHTAHCKHMIA).
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Tnasa 7. lpobnema mHANBAAYANLHOIO CO3HaHWUA

HM 3KCIIepHMEHTANBHO HabllogaeMo JpYIrMMHU JIMYHOCTAMU. HenasHue mno-
NBITKH MOAXO4A K 3Tl mpoGiieMe (onpoc aiofeif, NepeXuBUIMX KIHHUYE-
cKylo cMepTh [112]) Huyero He 06emaloT B 3TOM OTHOIIEHHH, MOCKO/bKY,
KaK ¥ Jiiobble dakThl (Haxe ecl 3To AeHCTBUTENIbHO (aKTh), ZOMYCKAIOT
HECKObKO HEeJOKa3yeMbIX HHTEPIPETaLIHiA.

Peaurust, Kak ¥ HaykKa, He MOXET HHU J0Ka3aTb, HYU OTBEPIHYTH
JOTMY O NPONODKEHHIM XU3HU AYIIH f0caAe CMepTH Tena. OTBET CBOAMTCA,
MO3TOMY, K MHIMBHIYaIbHOM Bepe. K coxaneHulo, JaTh OTBET Ha 3TOT
HepCOHANBHAIN BONPOC MOXET TOJBKO CMEPTh.

7.2. 3akniouutenbHblie 3aMedaHna

IlocnenHsia rnasa ObUIa HamMcaHa MHOTO Jier Hasan. Ee nmyOGnvkauus
yepe3 ripuMepHo 10 siet [111] Bei3Bana MOTOK CEpAUTHIX ITHCEM TIABHOMY
pPEAAaKTOpy OT PUA0COPOB M YUCHBIX.

BooB1ie roBops, CyliecTsy IoT TOJbKO TPU BO3MOXHBIX MOAX0AA K 3TOMH
npobneme: HaAEATHCTHYSCKHA MOHM3IM, MATepHANHCTHYCCKHH MOHM3M W Nya-
JU3M, DTH MoAXoabl ObLINTK ONMCAHBI M aHATM3HPOBaHbl MHOTHMHU aBTOPaMH.
C moeit TouKH 3peHHs Haubolice sicHO oHu copmyarposansl B [110].

IIpeobnanalomias ToYKa 3peHHsE COBPEMEHHOINO0 HaAyIHOrO coo0lileCcTBa
CBOOHUTCS K MAaTEPHATHCTUUECKOMY MOHH3MY, COIIaCHO KOTOPOMY CO3HaHUE
Y YM SBJIAIOTCS TOJLKO PE3yNnbTaTOM aKITHBHOCTH Mo3ra. YacTto nosropsieMoe
HU3pCUYEHME: MO32 ceKxpemupyem Mbicau, KaK neyeHdv — xeaub. DTO BOIPOC
Bepsl, 1100ast pUCKyccHs 31eck GeceMmpbiciaeHHa, B [110] KoraH mucan:

«EclH MCTOPHMA HayKHM M YeNOBeYECKHX MbIC/IeH MOXET Hac 4yeMy-HUOyIbL Ha-
YUYHTb, TO TOJILKO TOMY, 4TO JlioOble (XOPMYNHPOBKH, CBA3LIBAIOLIHE GHOIOTHIO
U NCUXOJIOIHIO, aBCONMIOTHO HENOCTATOUHEI».

Haunfosee mHPOKO pacfipoCTpaHeHHBIM BapHAHTOM 3TOTO fIOAXOAa
B Halld JHU CTan <«KOMMbIOTepHbIM QYHKLUHMOHanU3M». Mo3r He Heobxo-
IMM 1 (peHOMEHA CO3HAHMS, BAXHO .THIIb UMETh HJOCTATOYHO CIOXHYIO
CHUCTEMY C fIpaBWJIBHO CBSI3aHHBIMU Me Xdy coboit koMToHeHTamHu. Takas
cucteMa OygeT MMeTb TaKMe Xe MbICH, YOeXAeHUs, XenaHus ¥ CBODOOmy
BOJIM, KaK Ji000€e XUBoOe cyiecTBo. Ony6/iMKoBaHO MHOTO KHHT Y CTaTeid,
KaKk B MOAb3y TAaKOTO IOAXOA3, TaK M fIpOTMB Hero. f myMmaio, 4to 3Ta
npobieMa UMeeT TONbKO CeMAaHTHYECKHUIT CMBICII (CM. MpeAbIAYILIYIO [MaBy).

149



Yactb lll. Hepewaemsie npobnemu 6MON0rniecKoi QUINKn

HUpeanucruueckuii MOHU3M HE CYMTAeT CO3HaHWE aTpHOYTOM TONBKO
OOHOIC yMa, TaK Kak CyleCTBYET JHIUIb EAMHBIA YM, KOTOPbIM OOBSACHSAET
BCE. DTO ObUIO cKazaHO enMcKonoM bepxsiin B 1710 romy, 1 HMKTO U3 €ro
nocaenoBareNicd He cMor gob6asuTh HUYero cymiecTBeHHoro. E. BurHep
BBIPA3WI 3Ty TOYKY 3pEHHUSA HECKOJIbKO MHaYe.

«MMeeTca nBa THna PCANIBHOCTH. CYHICCTBOBAHHEC MOEro Co3HaHMI H peanb-
HOCTDb CYHICCTBOBAHHA BCErO OCTAIBHOI0, NOCHEAHAA PECANbHOCTD HE abcomor-
Ha, a TOJIBKO OTHOCHTENbHA».

Heckonbko MHOM floaxon K 31oit npobaemMe mpeactapua DpsuH Hlpe-
OUHIED B CBOMX JIEKIIMSAX, MPOYUTAHHBIX B 1943 roay B Tpunutu Koinemxe
(dy6nuH) [4]. Bor cxema ero paccyxueHuH.

Moe Teno QyHKIIMOHMPYET KaK MEXAHU3M U MOJYHHSAETCS BCEM 3aKO-
HaM npuponbl. Moii HeflOCpeACTBEHHBIM OIIBIT, OMHAKO, YTBEPXIALT, 4TO
S YIIpaBIAIO OEWCTBUSAMH MOEro Tejsa M MOIY MPencka3arb MX pesyabrar.
EnuHCTBEHHbBIN BO3MOXHBIX BbIBON H3 3THX ABYX YTBEPXIEHMiIE MOXET
ObITh CACAYIOLIUIA: «f», T. €. JIloDOe HHAUBHIyAIbHOE CO3HAHHE, 3TO HEYTo,
cnoco6GHoe YNpaBiATh ABUXKEHUSIMU aTOMOB B COOTBETCTBHH C 3aKOHaMU
npuponsl. JIoboit cyOBeKT paccMaTpuBaeT CBOe CO3HaHUE, CBOIO Ay1lly, Kak
NMPHHAIEXAILYIO TOJBKO eMy. C Apyroi CTOpOHbI, NOYTH KaXAsLli AyMaer,
YTO UMEETCS CTONBbKO PA3UYHbIX AyLd, CKOJIbKO padinyHbix Tea. IlIpeanH-
rep CYMTaeT nocjenHee YTBepXIeHU: omnO604HbiM, OH 3aKaHYHBAET CBOIO
KHUTY BECbMa TYMaHHBIMHM pacCyXJeHMAMHU O eAUHOM BCeoOlieM CO3Ha-
HHH, 0 Bceobulei aylie, BKIIOYAIOLIEH Bce UHAMBUAYanbHbIE AW, KaXaast
M3 KOTOPbIX MAEHTHYHA CO Bceoleit aymoil. [loatomy (1 He B COCTOSHHH
TIOHATh €r0 JIOTHKY) CYIIECTBOBAHUE MHAMBUAYAIbHOM AYLIH COXPaHSETCS
nocye cMeptd. Barmsaael [peaunrer:a IBAAIOTCA CMECHIO HICANTUCTHYECKO-
ro MOHM3Ma H aAyanu3Mma, npemioxe HHoro B Hayane XVII Beka [{ekapTom.
ITo dekapTy uMeroTca ABE B3aUMOACHCTBYIOIIHE CYLIHOCTH — YMCTBEHHast
¥ pusnueckas. 3uauntenbHo nosxe: Yapaps [lleppunrrox nucan [114]:

«To, 4TO MBI MOXXEM COCTOSATD M3 A3yX PyHAAMEHTAIBHBIX 2JICMEHTOB, He 6onee
HEBEPOATHO, YeM eCJiH OBl Mbl COCTOSUIH H3 OTHOTO».

BpeMsi OT BpeMeHH [eNaloTCsi MOMBITKM IPEAIOXUTh TeopuH (00b-
ACHEHMs) CO3HaHWs B PaMKaxX COBPEeMEHHOM WJIH BO3MOXHOU Gyayuiei
¢u3uku. S gymalo, 4yto Hambosice MHTEpPECHOI H H306PETATENbHON B 3TOM
OTHOWIEHUM SBJSIETCS MOHOrpadusi U3BECTHOrO aHIJIMMCKOro MareMatHka
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Tnasa 7. MpobneMa MHANBAAYANLHOrO CO3HaHMS

1 dusuka [lenpoysa [115]. B a10ii yBiaeKaTeNbHON KHAIE aBTOP OITHCHIBAET
COBPEMEHHOE COCTOSIHHE QU3UKM U MpPEITaraéT HCKaTb OTBETHl HE B KOM-
NbIOTEpax, 2 B HOBEIX HAMpPABIEHHAX KBAHTOBOM MeEXaHHUKU (HEJIOKANbHEIE
B3auMozaeicTeuna). UMTaTh 3Ty KHHIy OYeHb HHTEepecHo. Sl monarawo, on-
HaKoO, YTO, KaK M IpH JI000M HaydyHOM MOJAXOAE, KOHEYHasA LieJib 3TOro
HaMpaBACHUSA HEOOCTUXMMA.

MoH NHYHEIe OTBETHl HA HauboJiee BAXHEIE BOIPOCH IBYX MOCASIHHX
IJIaB:

1. 51 3Hal0, YTO Y MEHS €CTh CBOOOJHASA BOJA M AYIIA.

2. 1 HE 3HaO NPHHUMIIOB B3aMMONCHCTBHA MEXHY IOyLIOH H TeJIOM
H OyMalo, YTO UX HE 3HACT HUKTO M 3HATh HUKOrIa He Oyzner.
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HUspareanciso YPCC

CHICUMANIM3UPYETCS Ha BHIMYCKE y4yeGHOH W HAaYYHOH NHTEpPaTYpHl, B TOM
YHCie MOMOrpadMil, XypHanoB, TPyAOB yueHbix PoccuilcKoii Akazemuu
HayK, Hay4HO-HCCAECA0BATEABCKHX HHCTHTYTOB M YYEOHDBIX 3aBECHHIA.

YBaxaempie Yntaten! YBaxkaeMble aBTOPbI!

OCHOBBIBasCh Ha IHMPOKOM H TUIOZOTBOPHOM COTPYaHHYECTBE ¢ Poccuitckum
$oHIOM GYHAAMEHTAIBHBIX UCCACNOBAHNA H POCCHICKHM TYMaHWTapHBIM
HaY4YHHIM (POHAOM, MbI MPeLTaracM aBTOPaM CBOM YCAYTH Ha BbIFOAHBIX YKOHOMHYECKHN
ycnopusx. Ilpu 3toM Mbl GepeM Ha cefd BClo paGoTy NO AOATOTOBKE H3NAHUN —
OT Habopa, PeJAKTHPOBAHHUS H BEPCTKU [0 THPAXUPOBAHUS H PACTIPOCTPAHCHM.

——e—u
e —

Cpenyn HenaBHO BBILIENLIMX KHUT Mbl Mipe/iiaraeM BaMm caenyioniue.

Apnoasd B. H. MaTeMaTHYeCKHEe METOAB KIACCHYECKOH MEXAHHKM.

Apnonsd B. H., Kozioe B. B., Heiwmadm A. H. MateMaTtHYeCKHe acneKkTbl
KNaCCHUeCKO# H HeOeCHOH MEXaHHKH.

Tanumos 9. M. ©enoMen ku3uu. Mexay pasHoBecHeM H HeAuHelRocTb0. Tlpo-
UCXO0XKIEHHE H NPHHIMIIB SBOMOLUMH.

IIpuzoxcun H. OT cymecTsyoilero K BodHuxalomeMy: Bpemsi H caoxHocT
B Ppu3uyeckux Haykax. Ilep. ¢ anrn. HUan. 2-e.

Ilpuzomcun H., Cmenzepc Y. Tiopapok u3 xaoca. Hoswii amanor yenonexa
¢ npuponoii, Iep. ¢ anrn.

Hpucomcun H., Cmenzepc H. Bpema. Xaoc. Ksaut. K pewieHHio napagokca
spemenn. [lep. c anrn.

Tapacosg B. b. OT MHOrOareHTHbIX CHCTEM K HHTEJLUIEKTYAIbHBIM OPraHH3ALHAM:
bunocopusn, ncuxosorns, HHpopMaTHKA.

Azeee E.I1. HepaBHoBeCHas TEPMOIMHAMMKA B BONBPOCAX H OTBETAX.

Maauneyxuiz I I., ITomanoe A. b. CospemMennbie npodoaeMbl HEAHHEHHOH AuHA-
MHKH,

Manauneyxuii I. I, Xaoc, Crpyktypbl. BoluHCIMTeNbHBIH IKCTIEPHMEHT.
Ilenpoyz P. Honoe mMbiiienHe uMneparopa. [lep. ¢ anrm.

Buneg) ©. X. Jlormueckas CTpyKTYpa 4acTHO# TEOPHH OTHOCHTENLHOCTH.
Bunvg @. X. Jlornyeckas CTPYKTYpa KBRHTOBOH MEXAHHKH.

Buasgh @. XK. Eme pa3 0 cnHHe ToYeqyHOid 4acTHubi, dopmyne DiiMmiTelina u
peIaTHRHCTCKOM ypasueuuH Jlupaka. U3n. 2-¢, nepepad.

Ianeee J. M. ONTHMH3AUMSA: TEOPHA, NPUMEPHI, 3AJ34H.

Merononorua GHONOIHMH: HOBbIe HAeH (CHHEPreTHKA, CEMHOTHKA, K0JIBOIOUMA).
Hon pen. bakcanckoeo O. E.

1linezeas I. I. NcTopus Muxpobuonornu. flep. c Hem.

Jlomosa JI. H. Mopdonorns 4 aHATOMHA BLICHIHX PACTEHHIA,

Jexax B. A. Kmou K noHHMaHHI0 (HpH3HOMOTHH.

Envawesuy M. A. ATOMH2A H MOJEKYIAPHAA CNEKTPOCKONHA.

Miwoncmep A. XumMHyecKas TepMoauHamMuxa. [lep. ¢ Hem. Han. 2-e.
Ipuboe /1. A. OT TeopHM CNEKTPOB K TEOPHH XMMHYECKHX NpeBpaieHuit,

o Bcem BonpocaM B MoxeTe 0GpaTHTBCH K HaM:
mea./paxc (095) 135-44-23, mea. 135—-42—46
WIH 21EKMPOHAHON no¥mou urss@urss.ru.
Tloansiil XATANOr HIJANAH HPEeACTABJCH

s Hnmepnem-mazazure: ttp:/ furss.ru

HiapareasctBo YPCC

Hayunas u yvebnas
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HUsapareiasctso YPCC

IIpencrasnaer Bam cBOH JyuillHe KHHIM:

Kanuya C. I1., Kypowmos C. II., Masuneyxuit I. T,
CHHepreTHka H nporHo3m Oyaymero.

C no3uUMi CUHEPTETUKM M HENUHEHHOH AMHAMUKU paccMa-
TpUBAIOTCA NPOOAEMBI, €Ll HEJABHO LIENUKOM OTHOCUBIHMECSH K
cepe ryMaHUTapHOro 3HaHMs. CpeoM HHX MATEMaTHYECKOE MO~
JEeAMpPOBaHHE UCTOPUMECKUX MPOLIECCOB, rnobanbHble AeMOrpa-
¢hruecKue NPOrHO3bl, cTpaTernueckoe ILtaHUpOBaHue Gyayuero
YEN0BEYECTBA, U3MEHCHHME UMIICPATUBOB pAa3BUTUA LIMBHIM3a-
UMM, NIPOFHO3 pa3BUTHA CHCTEMbl 00pa3oBaHUA.

AKTYanbHOCTh: U OCTpoTa O0CYXAAaeMbIX NpoGsieM mobyauna as-
TOpoB NMpUGerHyTh K HeoOblYHONH GOopMe UINOXKEHHMS, AHANMU3
HAY4YHBIX pE3YAbTATOB B PA3JIHYHBIX YACTAX KHHMIM npelBapsaeT
MPEACNbHO MPOCTOE H ACHOE UINOXKECHUE PA3BUBACMBIX ABTOPaMU KOHUETUWHA 1 Moay4a-
€MBIX BHIBOJOB. 9T0 Jenaet KHUrYy AOCTYIMHOM HE TONbKO JVIA CTYNEHTOB, acTIHPaHTOB,
HCCNEAOBATENEH, HO M [ LIMPOKOTO Kpyra YMTaTencil, HHTEPECYIOIMXCS 3aBTpalllHHM
OHEM YENOBEYECTHA.

\96eﬂuHe B., 3Heeﬂb A" ®aﬁCmeﬂb P. & Merwer - & e B DAY
OH3HKA NPOLUECCOR IBOMOLMH.

Knura uaecTHoro Hemenkoro ¢pusuxa B. DbeauHra H €ro yue- Pusnua
nPOMECCOB
IBONIOUNM

HUKOB U €AHHOMBILINEHHUKOB P. Daiictena u A. DHreas noced-
IEHA AHANH3Y NPOLECCOB IBOMIOLMH C NMO3UIMIA CHHEPreTHKH
H JMHAMHKH HEJNUHCHHBIX CHCTEM. JHAYUTENLHOE BHUMAaHHE
aBTOPH YAEKAIT npobieMe nepepaboTKd HHGPOPMALIHH HENH-
HEHHBIMM IUHAMMYECKMMH CHcTeMamMH. M3noxeHHe onupaeTca
Ha LWIHPOKHH Kpyr pe3yabTaToOB, MONYYEHHBIX UCCAEAOBATENAMH
B pa3IM4HBIX CTp2HaX MUpa.

Ksacnukoe H. A. MonekyaapHas ¢u3HKa.
Keacnukos H. A. TepMonusaMHKa U cTaTHCTHYeCKaA ¢u3Hka, T.1-3.
Tabop M. Xa0C H HHTETPHPYEMOCTb B HETHHEHHONH THHAMHKE.

Hawu KHWIM MOMHO NPUOGPECTH B MaraswHax:-

«bubnuo-Tnodyc» (M, NyGauxa, yn, Macuuiixas, 6. Ten. (095) 925-2457)
H3AAT@ALCTBO | (Mockoscumit oM Kwar» (. ApSatcwas, yn. Hosbill Apaar, 8, Ten, (095) 203-8242)
ypPCC «MocKBan (. OXOTHbIA PSR, YA, Teepcwan, 8. Tex. (095) 220-7355)
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(095) 135-44-23, «CTapuifl CeeT» (M. RywxnicKan, Tsepcxod 6-p, 25. Ten. (095) 202-85608)
UrSS@Urss.ru «Fuo3uc» (M. Yxusepcurer, 1 rym. xopnyc MIY, oM. 141. Ten. (095) 939-4713)

«Y Heuranpa» (PITY) (M. Hosochofoackan, yn.Yannosa, 15. Ten. (095) 973-4301)
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