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BBenenue

B paGorax /1-2/ Obplma BbICKa3aHa THUIIOTE€3a O BIUSHUU
IPABUTAIIMOHHBIX MOJIE HAa CUHTE3 U pacmaji OCJIKOB MyTeM U3MEHEHUS
SHEPrUU CBSI3U HA BEJIMYHMHY, MPOMOPUUOHAIBHYIO T'PABUTALIMOHHOMY
noteHuuany. [Ipsmoe moaenupoBanue noeaeHus 20007 cyObEKTOB B
3aBUCHUMOCTH OT TPaBUTAIMOHHBIX MOJIEM HEOECHBIX TEN COJIHEUHOU
CUCTEMBI TI0Ka3allo, YTO MEXaHHU3M B3aUMOJICUCTBUS MOXET OBIThH

ornvcad o01en MO/ICJIBIO, BKJIFOYAIOIIEN HOPMHUPOBAHHYO
HHTETPATBHYIO HH(POPMATUBHOCTD JIJISI OITMCAHUS PEAKIIU U aMILTUTYTy
BO3JICUCTBH, 3aBUCSIIYIO OT OTHOCUTEIILHOHN BEJINYHNHEI

I'PaBUTAIIMOHHOTO MOTEHIMAa HeOeCHBIX Tel /3-6/.
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B  ykazaHHpIx paboTax OBUIM YCTAaHOBJICHBI OOINHME  3aKOHBI
B3aMMOJICUCTBUSI CYOBEKTOB C TPABUTALIMOHHBIMHU TMOJSAMU HEOECHBIX
TelL:

l. AMiutyia Ccursana 3aBUCHT TOJBKO OT OTHOCHTEJIBHOU
BEJIMYMHBI BapUalld¥ TPABUTAIIMOHHOTO MOTEHIMAa, HO HE OT
CaMOU BEJIIMYMHBI IOTECHIAAIA;

2. llpy yBenWYEHWH WJIM YMEHBIICHUM aMIUIMTYJbl CHUTHAJIA
OTHOCHUTEJIBHO HEKOTOPOH BeIMunHbl B, Bemmumna WU,
XapaKTEepU3yrollas PEakUui0 Ha BO3JECUCTBUE TPABUTALMOHHBIX
nonen Connua wu  Beneps, Bcerga  yoObIBaeT, dYTO
CBUJICTEILCTBYET O HAIMUMU OTPUIIATEILHOU 00OpaTHOM CBSI3H.

3. Ilpy yBenWYEHWHM WIM YMEHBUICHWH aMIUIMTYJbl CHUTHAJIA
OTHOCHUTEJIBHO HEKOTOPOH BeIuunHbl B, Bemmumna WU,
XapaKTepU3yrollas PEakinilo Ha BO3JICHCTBUE T'PABUTAIMOHHBIX
noneit Carypna, ¥Ypana, Henrtynma wu Ilmyrona BCeraa
BO3PACTAET, YTO CBHUJECTEIBCTBYET O HAIMYUHU MOJIOKHUTEILHOU
00paTHOM CBSI3H.

4. [lpy yBenIWYEeHWM WIM YMEHBIICHUWM aMIUIATYIbl CHUTHaja
OTHOCHUTEJIbHO HEKOTOPOU CPEIHEN BEIIMYMHBI, PEAKLIUS TPYIIIIbI
CyObEKTOB Ha BO3JICCTBUE T'pPaBUTAIMOHHBIX T0Jiel JIyHBI,
Mapca, Mepkypust 1 FOnurepa ocyecTBiIsieTCsl 10 MEXAHU3MY
00OpaTHOM CBSA3U MEPEMEHHOIO THIIA.

[lomy4yeHHBIE PE3YJIBTATBI MOKHO HHTEPIPETUPOBATH CICTYIOLIUM
oOpazom:

1) BBIOOp TEX WJIM HWHBIX COLMAIBHBIX KaTEeropud mpu
BO3JICHCTBUM HEOECHBIX TEI OOYCJIOBJIEH aJanTallMOHHBIMU
BO3MOKHOCTSIMU OPTaHU3MA,

2) KOTOpBIE U3MEHSIOTCS KaK Ha YPOBHE HEPBHOM PETYJIISAILINU IO
MEXaHU3MY  OTpHUIATEILHOM  OOpaTHOM  CBSI3U  TOJ
Bo3aerictBueM ConHia wuind  BeHepel, a Takxke Tmpu
OIPENICJICHHBIX YCIIOBUSX I10J Bo3aeucTtBueM JlyHel, Mapca,
Mepkypus u FOnurepa,

3) TaK 1 Ha YpOBHE MMMYHHOW CHCTE€MBbI MOJ BO3JCHCTBUEM
cna0bIX rpaBUTallMOHHBIX Tosiedl CatypHa, Ypana, Henrtyna
u Iliyroma, ® m0Opu ONPENEICHHBIX YCIOBUSX O[]
Bo3aeiicteueM Jlynel, Mapca, Mepkypus u FOnurepa.
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OOHapyXeHHas 3aBUCHMOCTb HMHTETPaJbHOH HWH(POPMATHUBHOCTH OT
paccTOsSHUS 10 HEOECHBIX Tel CBHJETEIbCTBYET O TOM, HTO
B3aUMOJICHCTBUE CYOBEKTOB C OJUKHUM KOCMHUYECKHUM OKPYKEHHEM
HOCHT, BOOOIIE TOBOPA, CYOCTaHIIMOHATIBHBIN XapakTep. UTo ke JekKuT
B OCHOBE 3TOT'0 B3aUMOJCUCTBHSA?

OueBHUIHO, YTO CpeAu BCeX (PaKTOPOB IUIAHETHOTO BJIMSHHUS Ha MEPBOE
MECTO CJEAYyeT MOCTaBUTh IpaBHUTAIUIO /1-6/. JIeHCTBUTEIHLHO, KaXKaas
n3 1ianeT COJHEYHOW CHCTEeMBI OKAa3bIBa€T CBOE CHEIU(PUIECKOE
BIIMSIHUE Ha >KU3HEHHBIe Imporecchl. Ho mo cymMmapHo#t sHeprum
B3aUMOJICUCTBUS TpaBUTAIlUS JAJIEKO MPEBOCXOJUT BCE JPYTUE€ BUIBI
SHEpPruM, BKItoYas u3inydeHue CoJiHIa, KOTOPOE CYIIECTBYET TOJIBKO
Omaromapsi cwiIaM TIPaBUTAIMOHHOTO CXaTWs 3Be3nbl. l[lnaHeTs
CoJIHEUHOHM CUCTEMBI, HAXOISICh B Pa3JIMYHBIX ACMEKTaX MO OTHOIIECHUIO
kK CoaHlly, OKa3bIBalOT IIMKJIMYECKOE BIMSHHE Ha OOBEKTHI,
pacnojokeHHble Ha 3emsie. OJAHHM U3 MEXaHU3MOB IJIAHETHOT'O
BJIIUSIHUSL  SIBJISIETCSL  TIEPUOJMYECKOE  HM3MEHEHHE  IOTCHIMAJIOB
IPaBUTAIIMOHHBIX TIOJICH IIJIAHET, PErUCTPUPYEMOE Ha IMOBEPXHOCTH
3emid. [loTeHIMan rpaBUTAlIMOHHOIO IIOJIS B CBOIO OYepe/ib BIUSIET Ha
rmapamMeTpbl MOTOKOB JHEPrMM B  HEPABHOBECHBIX  MpoIleccax,
NpoTeKaloUX B Tmpeaenax armocdepbl, rugpocdepbl, a Takxke B
IIEHTPaJIbHOM YacTH IJIAHETHI, IJIe UMEETCSl TBEPJIOE AP0, OKPYKEHHOE
KUJIKAM cJioeM (TaKk Ha3blBa€MOE NPUIIMBHOE Bo3jaencTBHE). Poiib
INPUJIMBHBIX CHJI M HMX BIUSHHE HAa TEOJIOTUUECKHE IIPOIECCHI,
r€OMarHeTU3M B HACTOSIIEE BPEMs MAJIO U3yUYECHBI.

N3BecTHO, HampuMep, 4TO MPUIMBHOE BozjaeiicTBue JIyHBI CcriOCOOHO
BBI3BIBATh MOJIbEM YPOBHS BOJIbI Ha OKEAHHMUECKOM mobepexne Ha 10-15
METpPOB JABaX/bl B CyTKH. HO HHMKTO TOYHO HE 3HAET, KakK JCHCTBYET
JlyHna Ha GU3UKO-XUMHUYECKHE TIPOIeCChl B aTMocdepe 3emMiIn 0COOCHHO
Ha TaKWE, KaK HCHapeHWue BJard WM KOHAEHCALMS IMApOB, KOTOPHIE
YyBCTBUTEIbHBI K MaJbiM BapualUsiM JICUCTBYIOIIUX CHUJ, a TaKXKe Ha
aTMoc(hepHOe AIEKTpUYeCcTBO. Tem 0osiee TPy ITHO OIIEHUTh BO3/ICHCTBHUE
JIyHBI Ha TPOLECCHI, MPOTEKAOIIUE B IIEHTPAIbHOW YaCTH TUIAHETHI, U3-
3a CII0KHOCTH TaKOT'0 pojia HAOII0ICHU.

CpaBHI/ITGHBHO HEC1aBHO OBLI10 YCTAHOBJICHO, qTo TaKHue
(I)YHHaMCHTaHBHI)IG CBOMCTBA MaTCpruajioB, KaK IIPOBOAUMOCTbL H
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VHIYKTUBHOCTb, & TAKXKE CKOPOCTh PAJAMOAKTUBHOTO pacraaa u30TOIIOB,
3aBUCAT OT TPABUTAIMOHHOTO MOTeHIIMana HebecHbIx e /7-10/.

[IpunuBHOE BO3JACHCTBUE JalbHUX IUIAHET, Takux Kkak HOnurep wu
CarypH, NpakTU4YeCKHM HE U3y4deHo. Jlerko mojcyurTarb, 4TO 3a TOA
IrpaBUTAlMOHHBIM  norteHuman fOmnwurepa, perucTpupyembld  Ha
NOBEPXHOCTH  3€MJIM, HU3MEHsAeTCs B OOJBIIMX  Ipejelax,
npuGmmsuTensHO oT @=140000 M*/cex” m0 @=210000 m*/cex” . Ho uTto
O3HAYaeT WU3MEHEHHE TPABUTALMOHHOTO mnoteHuuana lOnurepa mis
JKUTEIIS] HALLIEU TIJIaHEThI?

MoxHO mpeAcTaBUTh OOpa3HyI0 KapTUHY MNPWIMBHOIO BO3JIEUCTBUS,

€CJIM HOPMHPOBATHh T'PABUTALMOHHBIN MOTEHUHAN IUIAHET HA BEIUYUHY
2

yCKOpeHHs1 cBoOOHOTO majeHust g=9,7805 M/cex” U U3MEHUTH 3HAK Ha

IPOTUBONONOXKHBIN 1o popmyne P; = —¢; /g.

Torma rpaBUTAIIMOHHBIE MOTEHIMALI IJIAHET OYAYT HU3MEPSTHCS B
METpaxX, 4YTO PABHOCWJIBHO BOCXOXICHHIO HA BEPUIMHY TOPBI
COOTBETCTBYIOIIEH  BBICOTHI.  PaccuMTtaHHbie  TakuM  00pa3zom
ITOTECHIMAJIBI IPUBEIEHBI HA puUC. 1.

Puc. 1. HopmupoBaHHbie NOTEeHIMAJIBLI TPABUTALUOHHBIX N0JICH IUIaHeT
CosHe4Ho#i cHCTEMBI HA TIOBEPXHOCTH 3eMJIH
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Kak BuHO 13 rpadMKOB MOTEHIIMATIOB IUIAHET, TPUIMBHOE BO3/ICICTBHE
FOnuTepa >KBUBAJIECHTHO MEPEMENIEHUIO C BBICOTHI 14,5 KM Ha BBICOTY
22 KM HaJ NOBEPXHOCTHhIO 3eMiu U oOpaTHO. BeHepa NelCTByeT Tak,
YTO 3TO PABHOCHIIBHO NEpeMENECHUI0 ¢ BBICOTHI 100 METPOB Ha BBICOTY
okojio 800 MetpoB. Bausnue CaTypHa paBHOCWIBHO MEPUOIUUYECKOMY

http://trounev.com/Chaos/CR2_2_2009.pdf



Chaos and Correlation February 9, 2009

MEPEMEIIEHUIO C BBICOTHI 2,5 KM Ha BBICOTY 3,2 KM. MOXHO CKa3arhb,
4TO AaMIUTATYJbl KoyiecOaHui moteHuanoB Benepst u CatypHa
MPUOJU3UTEIHLHO PABHBI, XOTS CaMH MOTEHIIMAJBI CUIILHO Pa3IMYaroTCsl.
Mapc  neiictByer cimabee M €ro  NPWIMBHOE  BO3JICHCTBHE
pacopoctpansiercst ot 10 meTpoB 10 60 meTpoB. [lorenunan Mepkypust
BIOJIOBMHY MEHbIIE, yeM y Mapca, u neuctsyer ot 10 mo 24 merpos.
[IpuOAM3UTENBPHO TaKyIO K€ aMIUIMTY1y U3MEHEHHS MMEET MOTEHIHA
VYpana, X0Ts OH HaxoauTCA B ipenenax ot 188 no 208 meTpos.

OOparmiaeT BHUMaHWE NEPUOAUIHOCTh MOBTOPEHUS MUKOBBIX 3HAYEHUM
noreHnuaia. Tak, 3a cemp Jser noreHuuansl Onwmrepa, CarypHa wu
YpaHa UMEIOT NMPUOIUZUTENIBHO MO 7 MUKOB, MOTEHIIMAT Mapca - 0KoJIo
4 nukoB, noreHuran BeHepsl - OKOJIO 5 MUKOB, a MOTeHIHUAT MepKypus
- mouTH 22 nuka. MOXHO Takke 00paTUTh BHUMAHHE, YTO MOTEHIIUAIIBI
Mapca u BeHepsl Hu3MEHSIOTCS ObIcTpee BOJM3M MaKCUMaJbHBIX
3HAYCHUW M MeEJJICHHEee BOJIM3M MHUHUMAJbHBIX. B 3TOM cMbiciie HuX
MIOTEHITMAJIBI IIOX0KHU MEX]Ty COOOH.

3aMeTuM, 4YTO YHEPIUsi TPABUTALMOHHOTO B3aUMOJICHCTBUS JIBYX ILIAHET
ABJIAETCS OTPULATEIIbHOM BenuuuHoW. Ho oTpunarenbHas sHeprus
CHUKAa€T YPOBEHb JHTPONUU B TEPMOJUHAMUYECKUX IIPOLIECCAX W
MMOHW)KAET TOPOTOBBIE  3HAYEHUS DHEPrUM B  HEPABHOBECHBIX
TEPMOJUHAMUYECKUX  MPOLECCAX, TAKUX KAaK XUMHYECKHE U
OMOXMMUYECKUE pEaKIMU CUHTe3a. YUWThIBas, 4YTO CTpaTerus
BbDKMBAHUSA  HAa  HAIIEM  IUIAHETE  OCHOBAaHA  HAa  IIPOCTOM
BOCIIPOM3BEJICHUN KJIETOK, YTO, B CBOKO OYEpElb, 3aBUCUT OT CKOPOCTH
CUHTE3a OEJIKOB, MOXHO TMPEANOJOKUThb, YTO BIUSHUE YAAICHHBIX
IUIAHET MOYXKET MPOSABIATHCS YKE HA KJIECTOYHOM YPOBHE.

['nmaBHOE OTJINYHE IPAaBUTALMOHHOTO MOTEHIIMAJIA OT
AJIEKTPOMATHUTHBIX MOJIEM 3aKJII0YAETCd B TOM, YTO HE CYIIECTBYET
crocoba, ¢ TMOMOIIBbID KOTOPOTO MOXHO OBUIO Obl 3KpaHUPOBATH
rpaBUTAMOHHOE ToJe. [103TOMY IpaBUTAllMOHHOE TOJI€ MPOHU3BIBAECT
MaTE€PUI0 HACKBO3b, JCUCTBYS HA KaXIbIMA aTOM. B TO x€ BpeMs MOTOK
COJIHEYHOIO JJICEKTPOMATHUTHOTO H3JYyYEHHS, HECMOTpPS Ha €ro
BUJVMMYI MOIIb, PACCEMBACTCA B OCHOBHOM B IIOBEPXHOCTHOM CIIOE€
IJDIOTHOTO BENIECTBA, HAIPUMEP B IIOJIKOKHOM CJIO€ YEJIOBEKA,
3aroparomiero Ha ke, COJIHEUHOE AJIEKTPOMATHUTHOE U3IIYUYCHUE HE
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IIPOHMKAET BriyOb )KMBOTO OPTaHU3Ma, XOTs paCTCHUS MPUCIIOCOOMIINCH
UCIIOJIb30BaTh YHEPTUIO 3TOT0 U3JIyUEHHs B Ipoiiecce (POTOCUHTERA.

Haunbonee mHTEepecHBIM (aKTOM SBISIETCS TO, YTO PEAKIUs OOJBIIOM
IpyIIbl CyOBEKTOB Ha BO3JEHCTBHE TPABUTAIIMOHHBIX MOJIEH HEOECHBIX
TeJI HE SBIAETCS OJHOTUIIHOM, XOTS BO BCEX Cly4asx JACHCTBYET
CXOJHBI MEeXaHU3M. DTO O3HayaeT, YTO B 00bEME KJICTKH MPOTEKAIOT
OMOXMMHMYECKHE TPOLECChl, CMocoOHble auddepeHnupoBaTh U
KOMITCHCHUPOBATh BIUSHUE KaXA0T0 HEOSCHOTO Tena.

BaxubiM (akTopoMm sBIsSeTCA TMOJOXKEHHE IUIaHeT B 3oauake. B
npenenax Hamed [NanakTuku HamOosiee MOIIHBIA IEHTP MNPUTSHKEHUS
COCpeoTOYEH Ha rpanule 3HakoB Ctpenbua u Kozepora. bonsmmHCTBO
aCTPOHOMOB CUMTAIOT, YTO TaM HaXOAWUTCS siApo Hamed [anmakTukw,
XOTSI Mbl U HE MOXXEM €ro BUJIETh, TAK KaK OHO CKPBITO 3BE3IHBIMU
obnmakamu. CorjacHO TMOCIEAHUM  aCTPOHOMHUYECKHUM  JTaHHBIM
ConHeuyHasi cUCTeMa HAaXOJUTCS Ha PACCTOSHUU OpuoOiu3utesbHo 30
THICSY  CBETOBBIX JIET OT OTOro IieHTpa. Eciau  BBIYKCIUTH
IPABUTALIMOHHBIN TOTEHIMAN sapa [amakTMKM HCXOAsl M3 3TOrO
PacCTOSIHUSA Y U3 BEJIMYMHBI TaJJAKTUYECKOTO T'0/1a, TO MOXXHO MPUNTH K
BBIBOJly O TOM, YTO MOTEHIMAN spa TajakTuku nodytu B 70 pas
MPEBOCXOJUT TPaBUTAUMOHHBIA NoTeHIHa1 COJHIA, pErHCTPUPYEMBbIM
Ha moBepxHOCTH 3emui. OJHAKO MOTEHIMAI S/Ipa TaJaKTUKHA 3aMETHO
U3MEHSIETCA JIMIIb B TEUEHHME TaJakTHYeCKoro rojga, T.e. 3a 225
MUJIJIMOHOB JIET. SICHO, YTO CTOJb MEIJICHHbIE W3MEHEHUS MOTYT
CKa3aThCA JUIIb B MaciTade OMOJIOTUYECKON IBOIIOIIUN.

Yepe3 sToT 1eHTp npoxoauT och Pak-Koszepor. I'paBuTaliMoOHHBIN
MOTCHIMAN [‘allakTHKKW, PETUCTPUPYEMBbIM HA TNOBEPXHOCTH 3EMIIH,
U3MEHSIeTCA TpHU ABWXKEHUU 1o opbute Bokpyr ConHua. ['oguunbie
BApUALIMM TPABUTAIMOHHOTO MOTEHIMana [‘aJakTUKKW COCTaBISAIOT
okosio 10 MeTpoB, 4TO cpaBHUMO C BiMsiHMEM YpaHa u Henryna. B
OTJIMYME OT BIIMSHUS IUIAHET, KOTOPBIE MEPEMEIIAIOTCA IO KPYTY
3oauaka, BIWSHUE IMOTEHUOHMANa LEHTpa [allakTMKHM HMEET YETKHU
MEPUO/I, MPUBA3AHHBIA K TOAUYHOMY BUIAMMOMY ABH>KeHHIO COJHIIA.
Takum oOpa3om, 3TO BIUSHHE MPEACTABIAET CO0ON Kak OBl pemep-
CUTHAJ, COOOMIAIOMIMN  JOJTOXKUBYIIUM  OpPraHM3MaM  BaXKHYIO
uH(popmaIuoo, HampuMep, 0 MPoIecCur 3eMHON opOuthl. Takoro pojaa
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I/IH(i)OpMaIH/IH HGO6XO,Z[I/IMa IMonyJsiguiaM ZKHUBBIX CylecCTsB,
COXpPAaHAKIIUX CBOC IIOTOMCTBO Ha IMPOTAKCHUU MHUJIJTIMOHOB JICT.

Jpyroi MOIIHBIA LIEHTP NPUTSIKEHUS HAXOAUTCS B CO3BE3AUU [[EBBHL.
OTO  TUTaHTCKOE CKOIUIEHHE TAJIAKTHK IIPUTATUBACT BCIO HAIy
["anakTuky, 3acTaBJisis €€ JBUTAThCS CO CKOPOCThIO okoyio 410 kM/cex B
HaIpaBJICHUU IIEHTpa ckoruieHus. B paborax /3,5/ Ha OCHOBe aHanIu3a
37 comuaiabHBIX KaTeropuid OOJBIIOW TPYMIbl CyOBEKTOB € OOIIHUM
gyuciaoM — ciydaeB 86314  yCTaHOBIEHO, 4YTO  MHTErpajibHasd
WH(MOPMATUBHOCTh 3aBUCUT OT JOJTOTHl YIJOB TMEPBOTO Jo0oMa
(acuenpgenra), yetseptoro aoma (IC), cenbmoro goma (JIeCIEHICHTA) U
ot yria 9 noma. IlonydeHHbIe 3aBUCUMOCTH MOKHO MHTEPIPETUPOBATH
TakuM 00pa3oMm, 4TO Trpynna CyObEKTOB YYBCTBYET IIPU CBOEM
POXIECHUM HEOJHOPOJHOCTH  OKPYXKAKOWIEr0 MNPOCTPAHCTBA, YTO
CKa3bIBAC€TCS B JAJNBHEWIIIEM Ha HUX COMAIbHOM CHEHHATU3AIUH.
HeonHOpOIHOCTE MTPOCTPAHCTBA CO3JAE€T ACHUMMETPHUIO BJOJb OCH
3HaKOB OBeH - Becbl. MOKHO MPEANONIOKUTh, UTO 3Ta HEOAHOPOAHOCTD
BbI3BaHA CKOIUIEHUEM TAIIAKTUK B CO3BE3/IUM [[eBbl, B HampaBICHUU
KOTOPOT'O ABWXKETCS Hama ['amakTuka.

PoJb rpaBuTaiiii B TUIIHYHBIX (l)epMEHTaTI/IBHI)IX PCAKIUAX

B kadecTBe NpUKIAAHOTO TpUMEpa pEakiMu C ydacTUEeM OEJKOB
(pepmenToB) paccmotpuM ypaBHeHue MUXADJIMCA-MEHTEH /11-
12/. D10 nmpocreitiias hepMeHTATUBHASI pEaKIMsi, B KOTOPOU y4acCTBYET
cyoctpar (S) u depment (E), B pesynabrare NOsIBIsIETCS (EPMEHT-
cyOcTpaTHbii komIuieke (ES), mpu pacmaae KoToporo oOpasyercs
npoaykt (P). ®opmyna peakiiu UMEET BU:

ky .
E+S ES—>F+ P

k
1

3nech ki, k., - KOHCTAHTBI CKOPOCTEM NpsIMOM U OOpaTHOW peakiuid
oOpa3oBaHus (epMEHT-CyOCTpaTHOTO KOMILIeKca; k, - KOHCTaHTa
CKOPOCTH oOpa3oBaHus IPOJIYKTA. [Tpu OTpeIeTICHHBIX
MPEATNONIOKEHUAX HAXOJIUM YpaBHCHHE W3MEHEHHUS KOHIICHTPAIUH
KOHEYHOT0 MPOAYKTa U cyOcTpara
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dP  k,E,S
(1) dt _kM-I—S’ kM_(k2+k—1)/k1
I'me E, — wnHavampHas KOHIIEHTparus QepmeHTa, ky - KOHCTaHTa

Muxasnuca. Ilockonbky ¢epMeHT E ydacTByeT BO BCEX CTaausX
peakiuu, uMes IpPU 3TOM HauWOONBIIYID MacCy, KOHCTaHTBl k; BO

BHCITHCM TI'PABUTAIMOHHOM IIOJIC OIIPCACIIANOTCA COTJIACHO YPAaBHCHHUIO
(em. TIPWJIOKEHUE 1):

2) k. =k, (0)exp(-m Ap/kT)
3nece mp — Macca MoJekyusl (depmenta, k=1.372*10"° spr/K -
nocrossHHass bonenmana, 7 — aOcoiroTHas TeMmeparypa (I

MPOLECCOB, MPOUCXOJAIIMX B OpPraHU3ME YEIIOBEKA TEMIIEpaTypy
MOXHO CUUTaTh MOCTOSIHHOW M paBHOU mpuOam3uTenabHo 309.6K wim

36.6C).

3aMEeTHUM, 4TO OTHOIIIEHUE CKOPOCTEM peakiiil B 3HaMEHATEJIE B MPaBOM
yactiu ypaBHeHHs (1) — KoHcTraHTa Muxasnuca, HE MEHAETCA BO
BHEIIHEM 1Mojie. YToObl He u3MeHwnach U A(PPeKTHBHAS KOHCTAHTa
CKOPOCTH PpEaKIlMh, HEOOXOIUMO MOTPeOOBaTh, YTOOBI BBIMOJIHSIOCH
COOTHOIIICHUE:

3) T = Ey(Ap)k, = E,(Ap)k,(0)exp(-m Ap/ kT) = E((0)k,(0)

CrnenmoBaTenpbHO, JUIsi ABTOMATHYECKOTO PETyJIMPOBAHUS  BBIXOJIA
IPOAYKTA MPH JIOOBIX OTKJIOHCHHUSX T'PaBUTAIIMOHHOTO MOTEHIIHANIA OT
HEKOTOPOW HayallbHOM BEJIWYWHBI, MOTPEOyeTCs JAOMOJHUTEIHLHOS
KOJIMYECTBO (hepMEeHTa:

E, (A 1
" % = exp(m, @/ KT) ~ 1+ m,Ap/ KT+ (m,Ap/ kT)

Takum 06pa30M, AJI1 COXpPAaHCHUA CKOPOCTH IMPOMU3BOACTBA IMPOAYKTA B
IMPOCThIX (I)epMCHTaTI/IBHI)IX peaKIuAgX Ipu NU3MECHCHUU
IpaBUTAlIMOHHOI'O IIOTCHIMAJIA H€O6XOI[I/IMO HN3MCHATb KOHLICHTPALIUIO
@epMeHTa IMPpOIOPpHIHUOHAJIBHO OTKJIOHCHHIO IrpaBUTAllMOHHOI'O
noTeHuouasia.
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CpaBHHUM 3TOT pe3yibTaT C TUMUYHON COLMATIBHON peakireil OObIIOoN
rpynmnbl peciodieHToB (Bcero 20007) Ha BO3/€HCTBUE IPaBUTAITMOHHBIX

noJier nanexkux HebGecHbix Ten — CartypHa, Ypana, Hentyna u [lmytona
/6/:

LMY _ y_ By e,
L, (M)
‘= Rk,rnax - R, _ ((Pk,max — @) P min < Prmax — Pk
(5) R =~ Riin (@Phmax = Pronin) P Prmax ~ Pr,min
_ Mk
Py = _VE

rne A=2.7418, B=0.4572, C=1.1311, i=1,2,34, .M, -
I'PABUATALIMOHHASA IIOCTOSIHHAS U MACcCa COOTBETCTBYIOLIEH INIAHETHI.

[Tonobue Boipaxkenuit (4) u (5) ykaspiBaeT Ha OOIIMH MEXaHU3M
B3aUMOJCHCTBUSI M Ha MPOCTON (PUBHOJOTHUECKH OOYCIOBICHHBIM
XapakTep COUMAJbHOW  pEakmuh, B OTBET HA  BO3JCHCTBUE
IpaBUTAIIMOHHBIX TMOJEH Jajekux HeOecHbXx Teld. EcTtecTBeHHO,
BO3HMKAaE€T  BOMPOC, KAaKUM K€  00pa3oM  OCYIIECTBISETCS
U30UPATEILHOCTh MO OTHOIICHUIO K BIUSHUIO TOJIEM KOHKPETHBIX
manetr? Benp Beipaxenue (4) coaep uT B MPaBOM 4aCTU CyMMApPHBIN
MOTEHIMAJI, TOTrJa Kak BbIpakeHHE (5) B3aBUCUT OT IOTEHIHAIA
oT/eIbHOTO HebecHoro Tena. Kpome Toro, He oOmpenesieHo BpeMs
BO3JECHCTBUS U HET SIBHOW CBS3U CO BPEMEHEM MPOTEKAHUS PEAKLIHH.
Tem He MeHee, 3Ta MpocTas TEOPUs MO3BOISAET OOBSCHUTH HEKOTOPHIC
XapaKTepHbIE OCOOEHHOCTU YCTAHOBJICHUS PABHOBECHOW KOHIIEHTPALIUU
AKTUBHBIX COCIMHEHUN B OPraHU3ME, TAKUX KaK TOPMOHBI.

PoJsib rpaBuTAIUM B PeAKIUAX C Y4aCTHEM FOPMOHOB

PaccmoTpuMm ypaBHeHue (3) mpu yCJIOBUHU, YTO U3MEHEHHUE MOTEHIIMANA
JMMUTHUPOBAHO BPEMEHEM PEAKIINH, T.€.

A¢:d¢At~ ¢(0)

dt —  E,(A@)k,(0)exp(-m,Ap/ kT)
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B »3TomM caydae BMecTO BbIpaxeHus (4) HaXoAWM CIEAYIOIIYIO
3aBUCHUMOCTbH KOHIIEHTPAIIMU TOPMOHA!

E(8p) __ (mp(0)r
(6) E©0) P kT

[Ipou3BogHyl0 TI0 BpPEMEHHM OT CYMMapHOTO T'PaBHTAIMOHHOTO
MOTEHIIMAla MOXHO TMPEJCTaBUTh B BHJE CYMMBI IPOHU3BOIHBIX
MOTEHI[NAJIOB HEOECHBIX TEJ:

. . R
7) §0=Z¢i Z—Zﬁ%

3aMeTUM, 4YTO OCHOBHOW BKJaJl B CKOPOCTh M3MEHEHHUS IOTCHIMAJIA
BHOcUT ComHie. Mcnonb3yss cooTBeTcTByromne CoOHIY HapaMeTphl,
HaXOJUM  CE30HHYIO  3aBUCHUMOCTb  KOHIIGHTpalluM  TOpMOHA
BA30IPECCHH, PETYJUPYIOIIEr0 BEJIMYMHY OCMOTHYECKOIO JaBJICHUSA
KUAJIKOCTEW B OPTaHU3ME — CM. pHUC. 2. J[aHHBIE AJIS1 3TOTO COCAUHEHUS
IpUBEJIeHbI B Tabauile 1, B kauecTBe 3 (PEKTHUBHOIO BpEMEHH MpoIriecca
MCIIO0JIb30BaHA JUIUTEIBHOCTh PEAKIIMU OJTHOTO THIIA C YYaCTHEM OJIHOTO
ropmoHa — 0koJio 60 cexk.

AHanornuyHas 3aBUCUMOCTh MOET OBbITh MOJyde€Ha IJii TUPEOUIHBIX
ropmMoHOB T3 wu T4, OCymECTBIAIOMMNX NEPEHOC 3JJIEKTPOHOB B
(bepMEeHTHBIX CHCTeMaX C MOJICKYJbl JIOHOpa Ha cyocTpaT - puc. 2. B
TOM cliydae B KadecTBe 3(P(EKTUBHOIO BPEMEHHU pPEAKIMU BBICTYMHAET
oO11iee BpeMsl ydacTusi OJJHOM MOJIEKYJIbl TOPMOHA B PEAKI[UU OJHOTO
thuna, 4ro cocraBiusger 200 cekyHa. s 3TMX  TOPMOHOB
DKCIICPUMEHTAIBHO  yYCTAHOBJIEHAa  CE30HHAs  3aBUCHUMOCTh  HX
KOHIIEHTpaluh B KpOBU. OTMETHUM OCHOBHOE JICMCTBUE 3TUX FOPMOHOB

/13/:

1) metabonuueckoe,  PErysamusi  OOMEHHBIX  IPOIIECCOB,
yBEJIMYCHUE CHUHTEe3a Oelika, MOBBIMICHUE pacliajia KUPOB U
yIIEBOJOB, OCOOEHHO B KJETKaX HEPBHOW CHCTEMBHI,
PETYJIMPYIOT YHEPIeTUUECKU 00OMeH, 0OMeH O€JIKOB, KUPOB
M YTJIEBOJOB, KalblMsl BO BCEX KJIETKaX OpraHu3Ma, B TOM
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YUCJIE W HEPBHOM CHCTEME, PETYIUPYIOT YPOBEHb
COJZIEpaHUs caxapa B KPOBH;

2) KOHTpOJIb O00pa3oBaHHUsl TeIJIa, CKOPOCTH MOTJIOIICHHUS
KUCIOpOJa  KJIETKaMH,  MNOJJAEPKAaHWE  HOPMAaJIbHOTO
(GYHKIIMOHUPOBAHUS JIbIXaTEILHOIO IIEHTPA, UMMYHUTETA;

3) HapsiAy ¢ TOPMOHAMH KOPbI HAJIIMOYEYHUKOB OOECIIEUUBAIOT
(bH3HOIOTUUECKYIO aJanTalluIo.

Puc. 2. Ce30HHBIE KOJI€0aHUsI OTHOCHTEJILHO KOHICHTPAlM1 'OPMOHOB, 00CJIOBJICHHbIE
BJIMAHHUE I'PABHTAITMOHHOI'O MOJIA Counna

1.4

1.2 +#N P 7\
1 w
0.8 ot == Ba3sonpeccuH, dt=60s
0.6 e T3,T4, dt=200s
0.4
0.2
0 ‘ ‘ ‘

18/12/2008 18/12/2009 18/12/2010 18/12/2011

OaTa

TakuMm 00pa3oM, YCTaHOBJIEHO, YTO KOHIIGHTpallMsl JBYX THIIOB
FOPMOHOB,  OTBETCTBEHHBIX 3a  PEryJUpOBAHUE  JIABJICHUS U
TEMIIEpaTypbl TENA, MOKET HCIBITBLIBATE CE30HHBIE KOJIcOaHMd,
CBSI3aHHBIC C BO3JICHCTBHMEM I'paBUTAIIMOHHBIX TTosier CoiHIa.

OTMeTuM, 4TO B CyMMe B MPaBOM YacTH BhIpakeHHE (7) HEKOTOpPHIC
cilaraeMble MOTYT oOpamiaTbCs B HYJb. Tak, HampuMmep, MPOU3BOIHAS
IpaBUTAIIMOHHOTO TOTeHuana CoJjiHIla BHOCHT OCHOBHOM BKJIaJ B
CyMMy B TIpaBOil 4acTu BeIpaxkeHus (7), HO B TMEPHUOJIBLI JIETHETO H
3UMHETO COJHIIeCTOsTHUA BKJa] CoHIla paBeH HYIIO, TOCKOJIBKY B 3TO
BpeMs TIpOu3BOAHAsA OT pacctosiHusa a0 ComHIila oopariaeTcs B HyjIb. B
TOM CJy4ae CTAHOBHUTCS 3aMETHBIM BJIMSHUE APYTUX HEOECHBIX Tell.
Cpenu Hux HambOojee cymiecTBeHHoe BiausHue (rocje CoyiHIla) MOXKET
okaszeiBaTh IOmurep. Ho gaxe ero mosis HEOCTATOYHO, YTOOBI 3aMETHO
MOBJIUATh Ha KOHIICHTPAIIUIO TOPMOHOB C HEOOJBIIONW MOJEKYJISIPHON
Maccou. He uckimouyeHno, ogHako, yto HOmuTep MOXKET MOBIUATH HA
KOHIICHTPAIlMI0O B KPOBU tupeornodynuna (TT), oOGnagarormiero
OOJIBIIIONW MOJIEKYJISIPHOM Maccol — Tal. 1, mpu yclOBUH, YTO 3TO
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COCMHEHUE MOXET IPUHUMATh Y4YaCTUE B JUIMTEIBHBIX, MOPAIKA
MUHYTBI (PEPMEHTATUBHBIX PEAKIMIX — PUC. 3.

B HEeKoTOphIX ciaydasix B HYJIb MOXET OOPAaTUTHCS MPOU3BOIHAS CYMMBI
rpaBUTAllMOHHBIX MoTeHuaioB ConHua u FOnutepa. Torga 3amMeTHBIM
CTAaHOBUTCSI TPABUTALMOHHOE BO3AcKcTBUE JIyHbI U BeHepbl, KOTOpbIE
MOTYT TIOBJUSITH Ha KoOHIEeHTpamuto TI' B KpoBM B peakiusix
naatenabHoCcThio 200 cex — puc. 3. HakoHen, B HCKIIFOUMTEIIBHBIX
CIy4asiX, TIPOSIBIAIOT ce0s1 B (DepMEHTATUBHBIX PEAKIUAX C y9acCTHEM
TUPEOrIO0yINHA, JIUTEIbHOCTHI0O HE MeHee 600 cek, TpaBUTAIIMOHHBIC
nojis CatypHa, Mapca u Mepkypus — puc. 3-4.

Tabnuua 1. TunuyHble COeNMHEHUS, KOHIIEHTPALUS KOTOPHIX 3aBUCUT
OT CE30HHBIX KOJICOaHNW IPAaBUTALIMOHHOTO MOJIS

CoenuHenue mg , 1aJIbTOH Ey(0), ar/mn Ilepuon
noJiypacmnaja,
yac

Tupeorso6yamn (TT) 660000 18,57 78-96
Baszonpeccun, mnentuaHblii  ropmoH | 1 ()84 0.002 0.20-0.25
runoduza
Tupeomansie  ropmomst  — | 551; 777 | 46-105 (T4) | 148 (T4)
tpuioaruponuH (T3); Tupokcun (T4)

Puc. 3.Ce30HHast 3aBUCUMOCTH OTHOCUTEJIbHON KOHIIEHTPALUU THPEOTJ100yJIMHA NPH
H30MpaTeJIbHOM BO3/1€eiiCTBUYU I'PABUTALMOHHBIX NoJieii JIynbl, Benepbl, CatypHa u
KOnurepa

1.1 N 'l,l W — Moon, dt=200s
1| J i f ——Venus, dt=200s
r V U U\ 'L e Saturn. dt=600s

o9 iy l Jupiter, dt=60s

1.2

e e

0.8 ‘
18/12/2008 22/01/2010 26/02/2011 01/04/2012

OaTa

OTMeTuM, 4YTO TIONYYCHHBIC pE3yJIbTaThl HOCAT NPEABAPUTEIBHBIN
XapakKTep, MOCKOJIbBKY HE YKa3aHbl KOHKPETHBIC PEaKIuh, B KOTOPBIX
MOTJIM OBbI TIPOSIBUTHCS TPAaBUTAIMOHHBIC MOJIsI HeOecHBIX Ten. Ooiiee
TpeOOBaHUE K TaKUM PEaKIUIM C ydacTHeM (DEpMEHTOB 3aKIIFOYacTCs B
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TOM, 4YTOOBI MOJIEKyJisipHas wMacca ¢epMeHTa Oblla JOCTATOYHO
OOJIBIIION, @ BpeMsl PEAKIIUM UCUUCISIIOCh Obl CEKyHJAaMU U MUHYTaMH.
Kpome Toro, pa3Buras T€OpUs OTHOCHUTCA K TaKOMY THITy TOPMOHOB,
KOHLEHTpAlXsI KOTOPBIX MMEIT OTYETIMBYIO CE30HHYIO M CYTOYHYIO
3aBUCUMOCTb. B »stom cmywae Teopusi MpENCKa3bIBa€T, UTO
MaKCUMaJjbHas KOHILIEHTpalUsi TOPMOHOB OyJIeT HaOII01aThCsl BECHOM, a
MHUHUMAaJIbHAsI — OCEHBIO.

Puc. 4.Ce30HHasi 3aBUCMMOCTb OTHOCUTEJIbHOI KOHIIEHTPALMH TUPEOT. 100y IMHA PH
H30MpaTeIbHOM BO3/1€iiCTBHH I'PABUTALMOHHBIX MoJ1eid Mapca u Mepkypust

1.02
1.01

1 i G . S i G .
0.99 Y ' y Mercury, dt=600s

0.98 — Mars, dt=600s
0.97
0.96
0.95 ‘ ‘
18/12/2008 22/01/2010 26/02/2011 01/04/2012

OaTa

BooO0r1iie roBopsi, MEXaHU3M YCTaHOBJICHHS] PABHOBECHOUW KOHIIEHTPALIUU
TAPEOUAHBIX TOpMOHOB T3 wm T4 sBiseTcss HAOBOJIBHO  CIIOKHBIM,
MOCKOJIbKY OHH TMPOU3BOJATCS C Yy4YacTHEM THUPEOrJo0yIuHA IO
BIIMSTHHE TUIIOTaJIaMO-TUIIO(PU3apHOM CHUCTEMBL. CHuxenue
KOHIECHTPAllUX TUPEOUJIHBIX TOPMOHOB TMPUBOJUT K MOBBIIICHUIO
KOHIIeHTpaluu TupeoTpornHoro ropmona (TTI) rumoduza, 4To B CBOIO
ouepe/lb MPUBOJUT YBEIUUYEHUIO CKOPOCTH CHUHTE3a TUPEOTJIOOYJINHA U
BBICBOOOXKeHUI0 T3, T4. Perynsdmus oCymIECTBISETCS 10 MPUHIUIY
OTpHIIaTEILHONU 00paTHOM CBsI3U, 0JiHaKO cekpernust TTIT Topmo3uTcs He
tonpko T3 w T4, HO ® comarocTaTMHOM U JodaMHUHOM, a
CTUMYJIUPYETCA THPEOTPONUH-PUWIIN3UHT-TOPMOHOM THUIIOTallamyca -
THpeoanOepuHoM. Takasi CIIO)KHasl IIeMOoYKa HE MOXKET OBITh OIHCaHa
OJIHUM ypaBHeHHeM, Tumna (1), HO Jo/KHA BKJIIOYATh BCE CTaJuU
mpoliecca peryjidpoBaHus. TeM He MeHee, caMmM (aKT BIUSHUS
I'PaBUTAIMOHHBIX TOJIE HEOECHBIX TeNl Ha JII0OOW cTaauu mpoiiecca,
YAOBJIETBOPAIONIEN CPOPMYIHUPOBAHHBIM BBIIIIE€ YCIOBUSIM, HE BBI3BIBAECT
COMHEHMSL.
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Beipaxkenuto (6) MOXKHO TIpUJIaTh HArJSIHBIA BUJI, BBINOJHUB
OCpeIHEHUE JIJIs1 OOIBIION TPYIIBI CYOBEKTOB, TOT/IAa TIOJTYUHM:

E9) ., [(me0rY
®) E,(0) ’ kT

Bripaxenue (8) MOXKHO yIIPOCTUTH C yY€TOM TOT'O, YTO OCHOBHOMW BKJIA]]
B MPOW3BOJHYIO BHOCHT HM3MEHEHHE TPABUTAIIMOHHOTO ITOTEHIIMAIa
Connma. Ilpouw3BOgHYIO TpPaBUTAIMOHHOTO MOTEHIIMAAa  MOYKHO
onpeaeauth 1o dopmyie (7), HCIOIb3YsS HPOCTOE BBIPAKECHHUE IS
W3MEHEHUS paccTosiHUs OT 3emutu 10 CoJHIa:

R=R, _OR_ gcosat, R,=%L(R__ +R_.)
R R
(9) 0 0
e=(R , —R.)VR,0=27/T,

31ech Ry, Rmin - MAKCUMAJIbHOE 1 MUHUMAJIBHOE PACCTOSHUE OT 3€MJIU
no Connma, 7, — TroAWYHBIA Tmepuoj oOpamieHuss 3emMiH, Bpems
OTCUMTBHIBAECTCS OT TOYKM MAKCHUMAJbHOrO yjaalieHusi (JeTHee
COJIHIIECTOSIHME B CEBEpHOM noJiymapuu). C y4eToM 3TOr0 BBIPAKEHUS
HaXOJUM:

m,orwe . (R-R,)’

EO (A(D) ~ 1 1
’ kT (Rmax o Rmin )2

10 o

Takum oOpazom, B ciyyae Connua Bbeipaxkenue (10) mo3BossieT
npejcKa3aTh, YTO MAKCUMAJIbHOE OTKJIIOHEHHE B KOHIEHTpAIMU OyAeT
HAOJIOJAThCd BECHOM M OCEHbIO B TOYKAaX pPaBHOACHCTBUS, a
MHUHUMAJIbHOE — JIETOM WU 3MMOM B TOYKax COJHIECTOsiHUA. CpaBHUM
MOJIYYEHHBIA  pe3yjbTar  C 3aBUCUMOCTBIO HOPMHUPOBAHHOM
MHTErpaIbHOW MHPOPMATUBHOCTHU OT paccTosiHus A0 CoJiHIA, KOTOPYIO
B 00IIIEM clTy4ae MOXKHO MPEJCTaBUTh B BUjie /6/:

12(M9R) 2 max
(11) W:—A(x—B) +C,x=R 'y
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3nech yncieHHble KO3POUIIMEHTHI, OTIPEICICHHBIE TT0 COBOKYITHOCTH
JAHHBIX Ha pucC. S5, paBHbl: A=2.4222, B=0.5139, C=0.8233.

[Tomooue Boeipaxkenurr (10) wum (11) yka3piBaeT Ha MOpoOCTOM
FOPMOHAQJIBHBII ~MEXaHM3M OTKJIMKA TPYyNIbl PECHOHJAECHTOB Ha
BO3JICCTBUE TpaBUTAMOHHOTO 11051 CoHIA.

Puc. 5. 3aBucuMoCTH HOPMHUPOBAHHOW MHTET PAJIbHOW MHOPMATUBHOCTH OT PAaCCTOSTHUS
a0 Cosinua /6/

0.5 | y = -2.4222x? + 2.4896x + 0.5592 *

; T’ | | |  R=o0s198 | | | |

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
(Rmax-R)/(Rmax-Rmin)

[IpennoxkeHHasi BbIIIE TEOpPHUSI IO3BOJISIET CHENIATh OLEHKY BIIMSHUS
HEOECHBIX TEJ Ha MpOTEeKaHUE (PEPMEHTATUBHBIX PEAKIMM C ydacTHEM
ropMoHOB. JlanpHeWmee pa3BUTHE TEOPUU MOXKET IMOMOYL B
OOBSICHEHUHM BOSHUKHOBEHUSI HEKOTOPBIX 3a00J1€BaHUM, 00YCIOBICHHBIX
HapyILIEHHEM TOPMOHAIBHOTO OanaHca B OpraHu3Me.
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[MTPMJIOXKEHMUE 1. ®parment ctathu «I' paButanus u xu3nby» /1/
I'paBuTanus u necTpykums 0eJ1KoB

OOpamieHnue HeOecHOM cdepbl BCIEACTBUE CYTOYHOI'O BpAIlCHUs ILIAHETHI,
rOJMYHOE ABM)KEHHE 1o opbute BOKpyr CoJiHIla, HHTEHCUBHOCTb W3JIyYEHUU U
apyrue actpou3nuecKkue MmapamMeTpbl MOPOXKAAIOT IHKIMYECKOE BO3ACHCTBHE
IUTAHET U 3BE3JHBIX CHUCTEM Ha 3€MHBIE OOBEKTHI. SICHO, UTO JKHUBBIE OPTaHU3MBI,
BKJIFOYAsl YEJIOBEKA, BBIHYXIEHBI aJalNTUPOBATHCS K H3MEHSAIOMIMMCS YCIOBHUSAM
CYLLECTBOBaHMs. PaccMOTpUM BIIMSHHE TpaBUTALMM IJIAHET HA JECTPYKLHIO
OEJIKOB B YEJIOBEYECKOM OpraHu3Me. YpaBHEHHE pacrajga OeIKOBBIX MOJIEKYJ
OyZeM ONUCHIBATh XMMHUYECKON peakluel NepBoro nopsaka

(1)  dN/di=-N/t,

TAe f) - XapakTepHBIA TEepHoj pachaaa, s KOTOPOTO MpuMeM (OpMyITy
Appennyca:

(2) 1/ty=Aexp(-E/kT)

3neck E, - sHEpTUsl aKTUBAIlMHU, KOTOpas COBMAaeT C TEMIEPATypOil NeCTPyKIHUU
OCHOBHBIX OEIKOBBIX MOJIEKYJ, 4To coctaBisger okoyno 333K. Temmeparypa tena
noctosiHHa ¥ paBHa T=309.6K (36.6C). Iocrosuuas bonsumana k=1.372*107"°
apr/K. Koncranta A B popmyie (2) SBISICTCS WHIAWBHIYATBHOW XapaKTEPUCTUKON
Oeka.

Bo BHemHem I'paBUTAOUMOHHOM TIIOJIC OHCPIrUA AKTUBAIIUM U3MCHACTCA Ha
BCIIMYMHY, ITPOITOPHUOHAIBHYIO MAaCCC MOJICKYJIBI U ITPHUJIIOKCHHOMY IMOTCHIUATY

E, =Eytnm,U
I'ne n . 4KMC0 HYKJIOHOB B MOJIEKYJIE, M, =1.67¢-24 1 - cpenHsas Macca HyKJIOHa.

HopMupyeM rpaBUTAllMOHHBIN MOTEHIMAI HA BEJIMYUHY YCKOPEHHUS CBOOOJHOTO
NaJIeHus, TOrAa €ro pa3MepHOCTb COBNAJAET C MPOCTPAHCTBEHHBIM MAacIITaboM,
T.€. IIOJIOKUM

=gl
[ToxcTaBisist 3TH BRIPAYKECHHUS B UICXOIHOE YPaBHCHHE, HMEEM
(3) dN/dt=-N Aexp[-(Ey-nm,gL)/kT]

Ocob6enHocTh ypaBHEHHS (3) COCTOMT B TOM, UYTO €r0 PEIICHHE CYIIECTBEHHO
3aBUCUT OT HAYaJIbHOTO MOMEHTa BpeMeHu. PaccMoTpuM Uisi TIPOCTOTHI
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BO3JICCTBHE OTJIEIBHO B3SITOM IUIAHETHI, U3 T€X, YbM MOTEHUMAJBI JaHbl HA puc 1.
[IpencraBum cebe, 4TO peakiusi Hauajdach B MOMEHT BPEMEHH, KOTJla BelnynHa L
MakcuMaibHa. Torga 3Ty (yHKIIMIO MOXKHO MpeAcTaBuTh B Buae L=L(0)-LI1(1),
rae L1(t) - neotpunarenbHas pyHkuus. [loacTasiusist 3T0 pa3ioxkeHne B ypaBHEHHE
(3), Haxogum

(3,a) dN/dt=-N Aexp[-(E'y+nm,gL1)/kT]

Ho mapamerp E') coBmamaer ¢ £, NOCKOJBKY TeMIlepaTypa IECTPYKLUHUH HE
u3MeHunachk. CrenoBaTenbHO, B JTAHHOM cliydae OyAeT HaOMIoAaTbCs TOJBKO
3aMeJIeHne CKOPOCTU paciaja co BpEMEHEM.

Bropo#i TunuHBINA ciydald, KOorja Hadajllo PEakiuu, COBMAJAaeT C MUHHMYMOM
byakuuu L. B atom cimywae L=L(0)+LI(t), tne LI(t) - HeoTpuuaTeabHas
¢ynkuus. [TogcTaisas 3To pasnoxeHue B ypaBHeHue (3), umeeM

(3,0) dN/dt=-N Aexp[-(E'y-nm,gL1)/kT]

3necb MBI MMEEM Cclydyail YCKOpEHHS CKOPOCTHM paclaja CcO BpPEMEHEM.
[TocTosHHBINA TMapameTp 3ITOH 3agavd, HE 3aBUCAINIMN OT THMa OeiKa, MMEeT
pa3MepHOCTh OOPaTHOU JTHHBI

(4) m,g/kT=3.86%10" cm’!

Jpyro BaxXHBIM IapaMETp, HWMEIOIMIMKA PA3MEPHOCTh JJIMHBI, CBSI3aH C
TEMIIEPATYPON AECTPYKLUHU

(5) Ey/m,g=2.8%10° cm

Manas BenuunHa napamerpa (4) u OoJiblllasi BeJIMUUHA TapaMeTpa (5) SBISIOTCSA
TJIABHBIMH TIPUYUHAMH, TIOYEMY TPaBUTAIMOHHBIE CHIIBI OOBIYHO HE TIPUHUMAIOTCS
B pacueT. J[eHCTBUTENBHO, TPaBUTAIIMOHHOE BO3JEHCTBUE YIAICHHBIX IIJIAHET
CTAaHOBUTCS CYIIECTBEHHBIM, €CJIH TOJIBKO

(6) nLI=E,/m,g

DTO BBIMOJIHACTCS OBICTPEE B TOT MOMEHT, Koraa L/ (¢) nocturaer makcumyma. Ho
9Ta BEJIMYMHA Pa3IMYHA, ISl pa3IMYHBIX TUIAHET, KaK BHIHO U3 JAHHBIX HA puC. 1.
3HAuuT, Kaxaas TUIaHeTa MMEET CBOM MacmTad BIHMSHHS, B TOM CMBICIE, UYTO
KPUTHYECKOE YHUCJIO HYKJIOHOB, COJIEpXKalUXcs B Oeyike, OOpaTHBIM 0OO0pazoM
3aBHCHUT OT BeNWYUHBI L /. TUNMYHBIC 3HAYCHUsI N, BEIYHUCICHHBIE TI0 hopmyrie (6)
MpUBEICHBI B TabuIIe 1.

['paButanvionsnsle noreHuuansl JlyHel um CoJIHIA OKa3bIBalOT CYIIECTBEHHOE
BIIUSAHUE B TCUYCHHUE CYTOK. [IIs1 3TMX MCTOYHUKOB YUCIIO HYKIOHOB B MOJIEKYJIE
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noJkHO ObITh He MeHe 500. K TakuMm OpraHMYecKuM MOJIEKYJaM, WIParoIIuM
CYIIECTBEHHYIO POJIb B IIPOILECCAX KU3HEAEITEIBHOCTH, OTHOCATCS HYKJIEUHOBBIE
KUCJIOTBl M AaMUHOKHCIOTHL. IOmuTep CylmIeCTBEHHO BIMAET HA MOJEKYJBl C
yucaoM HyKJIOHOB okoso 400. Ho ero mepnop BIMsIHUS COCTaBISET OKOJIO TOAA.
Benepa u CatypH IEeMCTBYIOT Ha KPYIIHBIE MOJIEKYJIBI C YHACIOM HYKJIOHOB OKOJIO
5000. K takum 6enkaM OTHOCSTCS OCHOBHBIE (DEPMEHTHI, YUaCTBYIOIINE B CHHTE3E
JJHK. Mapc aktuBeH B oOyiacTh Oojiee KPYMHBIX OOpa30BaHHMl C YHCIOM
HykJIoHOB He MeHee 60 000. K Takum MoJieKynaM OTHOCHUTCS, Halpumep,
remorjoOuH. Ypan, Hentyn u Mepkypuil nOeHCTBYIOT Ha O4YEHb OOJIbIINE
MOJIEKYJBl C 4YHUCIOM HYKJIOHOB He MeHee 150000. 3Jrto, x npumepy,
HacinencteeHHas JIHK. Hakonen, Ilnmyron u BapyHa, a Takxke psaa KpyHHBIX
acTEpOMJIOB U 3BE3/Ibl MOTYT OKa3aThb BJIMSHHUE HAa YCTOMYMBOCTH THMIAHTCKHUX
o0pa30BaHUl TUIIA XPOMOCOM.

Tabmura 1
Onutep, Benepa, Mapc Mepkypui, [LnyToH,
Connue, JIyna CarypH VYpan, Henryn, | actepoumsi,
3BE3/1bI
SAnpo
["anaxkTuku
n=4*10° 4*10° 6*10* 1.5%10° 10’
AmuHokucioTsl | @epmenTsl | ['emornobun | HacneactBennas | XpoMoCOMBl,
JHK
Hyxnennoseie Kierounsie
KHCJIOTHI CTPYKTYpHI

MoOXHO TOJBKO IpeAmnojararb, Kakyl JUIMTEIBHYIO DSBOJIOLUIO JOJDKHA
COBEPLINTH MAIllMHA KU3HU, YTOOBI YBEPEHHO MPOTUBOCTOSITh TPABUTALIMH ITUIAHET
COJIHEYHOU cucTemMbl. OTHUM U3 OYEBHUHBIX MEXAaHU3MOB CHUKEHUS BEPOATHOCTH
pacmana OEnKoOB SBJISETCS OOpaTHAas MO OTHOIICHHUIO K JECTPYKIUU PEaKIUs
KOaryJsiliuM  TPOAYKTOB pacmana. Hampumep, o0oOMeH y4yacTKaMu MEXAY
KOMIOHeHTaMu JBoWHOW cnupanu JIHK 1o3Bonser CHU3UTH BEpPOSATHOCTH
JNECTPYKIIMU U3-3a BO3ICUCTBUS TPABUTALIMH IIJIAHET.

I'paBuTanms u cuHTE3 0EIKOB

Haxonsce B pactBope, NpOAYKTHl pacmaja BCTyHAlOT BO B3aUMOJCHCTBHE,
co3/laBasl yCIOBHs Jid cuHTe3a Oenka. Eciau mpeanosiokuTh JUIsl yNpOILEHUs
3aJja4uM, YTO MCXOJHAasi MOJIeKyJa OeJika pacragaeTcsl Ha JIB€ paBHbIE YacTH, TOT/Ia
oOpaTHBII K pacmagy Mpolecc KOaryJslU{d OMUCHIBACTCS YpaBHEHHEM BTOPOTO
HOpsJIKa:

(7)  dN/dt=X’Bexp[-(Eqnm,gL/2)/kT)
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rae X - KOHUEHTpalus MPOJIYyKTOB pacrnaja, B - KOHCTaHTa CKOPOCTH peakUuu
cuHTe3a. Eciu Macca cUCTeMBbl COXpaHSAETCA, TO B KaXAbli MOMEHT BpPEMEHHU
KOHLIEHTPalMy KOMIIOHEHTOB CBSI3aHbl YPABHEHUEM

8) X2 +Y=1

Belpaxxass oTcroja BenMYHHY X, MOACTABIsISA €€ B ypaBHEHHE (7) U KOMOMHHUPYS
€ro ¢ ypaBHeHHEM (3), HAX0UM

(9) dY/dt==-Y Aexp[-(Ey-nm,gL)/kT]+(1 -Y)*4Bexp/[ -(Ey-nm,gL/2)/kT]

3nech Takke OyleT yMECTHO paccMOTpeTh JBa ciydas. Ecnu ucxoaHas cucrema
(9) chopmupoBaiack B MOMEHT BpEMEHH, KOT/Ia BeIMYMHA L MakCUMallbHa, TOTa
3Ty (QYHKIMIO MOXHO NpeAcTaBUTh B Buae L=L(0)-LI(¢), a ero peumicHue B
CTAllMOHAPHOM CJIydyae UMEET BU]L

(10) Y=1/[1+(A/4B)exp(-nm,gL1/2kT)]
[Tpu LI=0 peanuzyercss HOpMaIbHOE PABHOBECHOE COCTOSIHHE
Y,=1/(1+A/4B)

I[Ipu LI>0 paBHOBECHOE COCTOSHUE CMEIIAeTCd B CTOPOHY IOBBIIICHUS
KOHLIEHTpaluu OEJIKOB, MOCKOJIbKY Bceraa Y>Y.

Bo BropoM cmyuae, koraga cuctema cGOpMHUpOBalaCh MPU MHHUMAIBHOU
BeJIMYMHE L , 3Ty (YHKIIMIO MOXHO TpencTtaBuTh Kak L=L(0)+LI1(t), a peuenue
ypaBHeHuUs (9) B CTallMOHAPHOM Cllydae UMEET BUJL

(10,a) Y=1/[1+(A/4B)exp(nm,gL1/2kT)]

B sTom CJIydac paBHOBCCHOC COCTOAHUC BCCT1a CMCIIACTCA B CTOPOHY ITOHUKCHUA
KOHIOCHTPpAIUN OCJIKOB.

VYuuteiBas, uro LI(t)=L(0)-L(t), npencraBum BbipaxkeHnue (10) B obmiem ciayyae B
BUJIC

(10,6) Y=1/[1+(A/4B)exp[nm,g(L(t)-L(0))/2kT)]

Bo3moxxHO, 37ech MBI HMMEEM KIIOY K pasrajke MeXaHu3Ma HMMYHUTETA.
JleHcTBUTENHbHO, UMMYHHUTET OIPEACNISIeTCS B OCHOBHOM COJIEP)KAHHEM B KpPOBHU
cnenuuueckux 0enkoB. Eciiu MX KOHIEHTpalus MajaeT, IMMYHUTET CHUXKACTCS
¥, HA00OpOT, MPHU MOBBILIEHUU KOHIEHTPALMH OEIKOB MMMYHHUTET BO3pPACTaeT.
3/1ech OTKPBIBAIOTCS OOJIbIIME BO3MOKHOCTU ISl OOBSCHEHUS BIMSIHUS aCIIEKTOB
IUIAaHET HA UMMYHHUTET U 3JI0POBbE.
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