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HellTpuHHBIN CJIe]l TYHT'YCCKOI0 MeTeopUTa

A.C. XonmMaHckuit
(monyuena 21 suBaps 2006; usmenena 24 suaps 2006; onyonukosana 1despais 2006)

AHOMasbHBIE  3aBUCHUMOCTH  CKOpocTH  ¢otocuHTe3a 0T  ComHeuHoOH
AKTUBHOCTU W (PU3MYECKUX TOCIICACTBUN B3pbhiBa TYHI'YCCKOTO METEOPHTA
CBSI3aJIM C MU3MEHEHHEM KHHETHYecKoro (pakropa (poTOCHHTE3a, IMPENOI0KUB,
YTO B OCHOBEC €ro Z[Gf/iCTBI/ISI JIC)KUT YYBCTBUTCIBHOCTDH q)OTOCI/IHTeTI/I‘IeCKOFO
arraparta paCTeHI/Iﬁ K BapuanusaM INIOTHOCTU OSHEPTHUU IBJICKTPOHHOI'O
HEUTPUHO.

BBepneHue

K aHOManpHBIM SBIEHUSM MPHUPOJBl OTHOCIT TaKHE PpErylspHblEe WU
AMHU30IMYECKUEe COOBITHS, KOTOpPBIE NpPU BCEH CBOEW JOCTOBEPHOCTH HE HAXOJST
aJIeKBaTHOTO OOBSCHEHHWS B paMKaX COBPEMEHHOW Hayku. VI3ydeHune aHOMAabHBIX
SABJICHUI HEOOXOIMMO Kak JJIsl TIO3HAHUS 3aKOHOB OBITHS, TaK W JJIS Pa3BUTHUS S3bIKA
Hay4YHBIX TOHATUH. SIpKUM MPUMEPOM YHUKAJIbHOTO SBJIEHHUS TaKOro poja CTallo
najienue Ha 3emitto TyHrycckoro mereoputa (TM) B 1908 rony. [lepeknukaercs ¢ HUM,
10 CYTH, €KerofHoe siBjaeHue birarogataoro orus B MepycanuMe B 1€Hb XPUCTHAHCKOU
[Tacxu. MHOTHE TEPHOJMYECKUE U €AMHUYHBIE aHOMAaJbHBIC SIBIEHUS B Omocdepe u
HoOc(hepe MpsIMO CBSA3AHBI C AeATeNbHOCThIO COJIHIIA, HO TOHUMaHUe MEeXaHU3Ma 3TOH
CBSI3W OTPAaHUYECHO YpoBHEM no3HaHus ¢u3uku ConHna. [la u B paMkax cOBpeMEHHOM
HAayKu O MO3re aHOMaJMeW TNPEACTABIAIOTCS TaKUe SBIEHUS MPUPOJIbI, Kak
BO3HHUKHOBEHHE MBICIIH U POKJCHUE YeIOBEKa, 0COOEHHO €CITU MBICIIb — OTKPOBEHHE, &
YeJOBeK HaJeleH KaKUM-JIMOO TaJlaHTOM WM [apaHOPMaJbHBIM CBOWCTBOM.
OObenuHSET BCe TMEPEUYHCICHHbIE AaHOMAJMHM  €IWHBI MEXaHW3M TMPOSBICHUS B
peasbHOM MaciiTabe MPOCTPAHCTBA M BPEMEHH JIEHCTBHS HEKUX MPOCTEHIIUX (opm
SHEPruM, HOCUTENSIMU M MCTOUYHUKAMHM KOTOPBIX SIBJISIFOTCSI AJIEMEHTApHbIE YacTHIIbI
win spa. JIeKHUT 3TOT MEXaHU3M B OCHOBE SHEPronH(OPMAIIMIOHHOTO 0OMEHA KHUBBIX
CUCTEM C BHEIIHEU cpeaoﬁ*. Bcenienno mogunben emy mporecc GOTOCHHTE3a, O YeM
IPSIMO CBUJAETEIBCTBYIOT JIBE €I0 aHOMAJIMU — CUJIbHAS 3aBUCHUMOCTb CKOPOCTH POCTa
nepeBbeB o1 ConHeuHol akTuBHOCTH (CA) 1 0T mocieacTBuil B3pbiBa TM.

Oomiee ypaBHeHHE (POTOCHHTE3A /IS 3€JICHBIX PACTCHHUI UMEET BH/I:

Kopg
6H,O + 6CO, + E — CgOgH1g + 605, (1)

rne E — sHeprus conneuHoro csera Buammoro jamanasona (400 — 700 mm), Kypg —
spdexTuBHas KoHcTaHTa ckopoctu peakiun, a CeOegHio — mpaswiii  D-caxap,

*) Mo MHeHuwo pepakuun, ANA OOBACHEHWS aHOMalbHbIX SIBMEHWI MOXHO MOMbITaTbCA MNPUBMEYb
HernokarnbHble KBaHTOBble koppensuun. OHu Bonblue NoaxodsiT Ha 3Ty pPoflb, NOCKOMbKY He CBA3aHbl C
nepeHocoM 9Heprum (NOCPeacTBOM BellecTBa unu duandecknx noner). OcCHOBHas TPyAHOCTb B
00BbACHEHMN aHOMAlbHbIX SIBMEHWI 0DbIYHO CBsi3aHa C TeM, YTO MX HEBO3MOXHO 0ObACHUTL AecTBMEM
3Hepruu, NycTb U B MNPOCTENIMX ee dopMax, Korga “HOCUTENAMW W UCTOYHUKaMWU ... SBMSIOTCA
anemMeHTapHble YacTuubl unu sapa”’. C Apyrol CTOPOHbI, COrMacHO MpUHUMNY HecenapabenbHOCTH,
Hanmune NObIX KNaccM4ecknx B3anMOZENCTBUIA MOCPencTBOM obMeHa SHepruen BeAeT K MOSIBIIEHMIO
HemnokarnbHbIX  KBaHTOBbIX  KOppensuuid  (MrHOBEHHOrO  WHAOPMALMOHHOrO  obMeHa)  mexay
B3aVMOAENCTBYOLWMMU cucTeMamu. Takum obpasom, Npy B3anMogencTeum (Mexay nobbiMm cuctemamm)
BCerga UMeeT MeCcTO SHeprouHdOpMaLMOHHbIA 06meH. (Mpum. ped.)
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COCTABISIOIIMH OCHOBY IIOJIHCaxapujaa IemTono3sl (kierdarku). Bemmumna Kigg
CYMMHpYeT B ce0e KMHETHYECKHE XapaKTEPUCTHKH (DOTOCHHTETHYECKOTO Aarmapara
pacTeHHii, KOTOPBIE 3aBHCAT OT MapaMETPOB BHEIIHEH cpe/bl (TemMieparypa, JaBlieHuE,
XUMUYECKUH cocTaB atMocdepsl u mouBsl). CkopocTh cuHTe3a Ouomaccel (V [r/c])
JUMUTHPYETCS B OCHOBHOM KHHETHKOW peakimu (1), mostomy 3uaueHue V Oymer
HPOMOPLUHOHANBHO TMPOM3BEACHUIO BeluunH K,gp, KOHIEHTpauuu Bojasl [H20],
yriekucioro raza [CO2] u unteHcuBHOCTH cBeta — [E:

V.~ Ky [H20] [CO7] [E].  (2)

B monumanum MexaHU3MOB (POTO- M OMOXMMHUYECKUX PEAKIIHH, JeKAIIUX B
OCHOBE pabOThI (POTOCHHTETUYECKOTO armapaTa B €CTECTBEHHBIX YCIOBUSIX TOCTUTHYTHI
onpenenennbie yernexu [1]. OmHako 10 cuUX MOp HE HACHTH(GHUIMPOBAHBI PEAKIHH
OTBETCTBEHHBIC KaK 32 XUPATBLHOCTh (POTOCHHTE3A, TAK U 32 MEXaHU3M CBSI3U BEITHYNHBI
V ¢ CA. OueBHJIHO, YTO B OCHOBE JaHHBIX MEXaHHU3MOB JICKHUT UYBCTBUTEIBHOCTD

KUHETUKH doTocunTE3a K bu3nIecKuM ¢baxTopam, PEryIupyIOIINM
3HEpronH(OPMAIMOHHBIH 0OMEH JKUBBIX CHCTEM C BHelIHel cpenoit [2]. Yposens CA
cootHocaT ¢ umcioMm nsTeH Ha Connme (uncna Boabpa — W), O wHammuue

CYIIECTBEHHON 3aBUCHUMOCTH BenM4MHbl V 0oT CA TOBOpPUT KOPPENIALHS MEXKIY
BeimunHaMu W M TOJIIMMHOM TOAMYHBIX KoJjien jaepeBbeB (d), Bapuammu KOTOpOi
nocturatot 50 % (Puc 1) [3]. Caemyer oTMETHTH, YTO W3MEHEHHs BenuuuHbl E mpu
mo0bIx 3HadeHussXx W He BBIXOAT 3a mpeaensl omuoOku uzMepenus: E, pasnoit 0,2%.
Bapuanuu  HanpsykKeHHOCTH T€OMAarHUTHOTO TmoJisi, cBsizaHHble ¢ CA OOBIYHO He
npesbimaoT ~0,1% WM COCTaBISIOT MPOIEHTHI B CiIydae KpPaTKOBPEMEHHBIX
MarHuTHBIX Oypb [4].
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Puc 1. Pocr nepeBreB (d — TommuHa TrOAW4HBIX Kojem) — 1.

Hestenbrocth Connnia (W — uncna Bonsga) — 2 [3].

W3BectHo [1], uTo 3(d(deKTHBHOCT (OTOCHHTE3a 3aBUCHT OT KOHIICHTpAIHMH
[CO2] B BO3myxe W CKOPOCTH €ro TMOTJIOIIEHUS pacteHueMm. I[lpu comepkaHuu B
atmochepe [COz] 0,03% wuHTeHCHMBHOCTH (oTocuHTe3a coctaBisger 50% ot
MaKCHMAJIbHOM, KOTOpask MOKET OBbITh JOCTUTHYTA Juiib npu noBsimeHun [COz] 1o
0,3%, 9yTO MaIOBEPOSATHO B €CTECTBEHHBIX YCIOBHSIX. 3aBUCUMOCTH V OT TEMIIepaTyphl
(T) u [H20] umeroT sKcTpeMalibHbIH XapakTep CO CBOUMHU ONITUMAIbHBIMH 3HAYCHUSIMA
T (~20°C) u [H20] [1]. C yueToMm 3THX JaHHBIX MOXHO IMPEJIIOJIIONKHUTH, YTO OCHOBHOM
NPUYMHOW aHOMAaJbHOTO BoO3pacTtaHus V CHHXpOHHO ¢ pocrom W  sBusiercs
UHTEeHCU(UKAIMI CyMMapHOW KHHETHKH (oTocuHTe3a neiictBueM Ha K,y HEKOTO
¢usnueckoro pakropa (Z-pakTop), akTHBHOCTb KOTOPOTO comnpsbkeHa ¢ CA.

ITocne B3peiBa Tynrycckoro wmereoputa (TM) B Teuenme ~50 ner B
OKPECTHOCTSIX DIHUICHTPA B3PbIBA MEPEKUBIINE B3PBIB JICPEBHsI, a 3aTEM U MOJOJbIC
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JepeBbs POCIM C aHOMaldbHO BbicOKOW BenmmuuHo V (Puc 2). IlpuumHbl naHHOMN
aHOMaJIMM, a TaK)Ke MYTAallMid JepeBbEB M HACEKOMBIX, OyIy4H TpSIMO CBSI3aHBI C
¢busnueckoit mpupoaoit camoro TM, 110 cUX MOP HE UMEIOT OJTHO3HAYHOTO OOBSICHEHUS.
OueBuaHO, YTO M B JITOM Ciydae OuoNOTHUecKHe dPPEKTHl HHULIUUPOBAHBI
¢usnyeckuM (pakTopoMm, poACTBeHHbIM Z-(hakropy. C IeNnbl0 BBISCHEHHS ITaHHOTO
BOIIpOCa B HAcTosIIel paboTe mpoaHanu3upoBanu OnoreHHble 3PdekTsl B3priBa TM,
MPUBJIEKAst U3BECTHBIC MEXAHWU3MBI BIMSHUS Ha KUBBIE CUCTEMBI PaJHallii U TUIIOTE3Y
0 OMOTEHHOCTH HEHTPHHHOW SHeprui [2, 5, 6].

PesynbTtaTbl

dororpaduro cruiia IMCTBEHHUIIB, TEPEeXKUBIICH B3pbIB TM, B3sTH U3 pabOTHI
[7]. dnst u3mMepeHust TOJIIMHBI TOIMYHBIX KOJIEI N300paKeHUE CITIIa OTCKAHUPOBAIH C
4-X KpaTHBIM yBEIWYCHUEM. XapaKTep BPEeMEHHbBIX U3MeHeHU d ObUT OJMHAKOB IS
pPa3NUYHBIX paAJMANbHBIX HANpaBJICHWH, JBa W3 KOTOPBIX TOKa3aHbl Ha Puc 2.
PesynbpTarhl M3MepeHHI MO STHUM JBYM HalpaBiIeHUSM NpuBeaeHsl Ha Puc 3. Jlns
000CHOBaHUS MPHUCYTCTBUS PAJAUAIIMIOHHOTO (PAKTOPa MCIIOJIBb30BATIHN JaHHBIE paboT MO
O6roreHHbIM 3(pekTaM U FMEeMEHTHO-U30TOIMHOMY COCTaBY IMOYB, AIEKTPOHHBIE BEPCHH
KOTOPBIX MPEJICTAaBICHBI Ha caiiTe WwWWw.tunguska.ru.

U3BectHO [7], uto yxe B 1959 rony paauanmonHslii poH Ha mecte nageHus TM
NPaKTHYECKH COBIAJAN C €CTECTBEHHBIM (OHOM. B cormacum ¢ 3tum Bennumubl d
kouter; 10 1908 roga m mocne ~1950 roma mmeror Onm3kue 3HaueHus. B padore [2]
ouorennsie 3G ¢exTs! B3ppiBa TM cBsi3anu ¢ -pacmagoM W30TONOB, UMEIOIIUX BPeMs
xu3Hu (1) Menbie 30 siet. B o0miem cirydae B peakiusx [3-pacraga moMUMO aTOMHOTO
sapa (HYKJIOHOB) y4acTBYIOT O3JIEKTPOH (IMO3MTPOH), 3JIEKTPOHHOEC AHTHHEUTPHUHO
(HeTpHHO) M, KaK MPABUIIO, Y-KBAHT, KOTOPBIIl MOXKET ObITh OTBETCTBEHEH 33 MYTAI[UH
pacteHuii W HacekoMbIx. Omnmpasch Ha TUNOTE3y O OWOTEHHOCTH HEWTPHHO,
MPEIIOI0KUM, YTO €ro JSHEeprus, NeHcTBys B poiu Z-pakTopa, WHTCHCU(UIUPYET
KUHETHKY (oTocHHTE3a. B TakoM ciyuae aHOManbHBIM pocT V MOXXHO CBSI3aTh C
MOBBIIICHUEM TUIOTHOCTH HEHTPHUHHOW DHEPTHH B MPU3EMHOM CIIO€ 3a CYeT [-pacmaja
M30TOMNOB reHeTn4ecku cBsi3aHHbIX ¢ TM. Ilpu aTom BpemeHHas 3aBucumocts V win d
J0JDKHA OyJIeT KOppeNupoBaTh C KWHETUKOM pacmajia COOTBETCTBYIOLINX H30TOIOB.

Puc 2. Crinn TMCTBEHHHUIIBI, TIEPEKUBIIEH BpbIB TyHTyCCKOTO MeTeopuTa
B 1908 roma. 1, 2 — HampaBieHHs, 1O KOTOPHIM CHIEJNaHBl H3MEPEHUS
TOJIIIMH TOANYHBIX Kouter] (d).
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B pabore [8] mpu wucciaemoBaHMHM BIIEMEHTHOTO cOCTaBa cjoeB Topda B
snuIeHTpe B3phiBa TM ycraHoBieHo oboramenue ciios 1908 roma kak TiIaBHBIMHU
xumudeckumu asnemerntamu (Na, Mg, Al, Si, K, Ca, Ti, Fe, Co, Ni, Cu, Zn), tak u
ANIEMEHTAMU-TIPUMECSIMH  XapaKTEePHBIMU JUISI COCTaBa KOCMHUECKOW mbutd. Kpome
Toro, B cioe 1908 r. oOHapy>KeHBI CABUTH B M30TOITHOM COCTaBE BOJOPO/a, yriiepoaa U
azora [8]. AHOMaJbHBIC CIBUTH B AJIEMEHTHO-U30TOITHOM COCTaBe Topda, O4YEeBUIHO,
SIBIISIFOTCSL  CJICICTBUEM BTOPUYHBIX SIJCPHBIX pEaKIUd TMPOIYKTOB [-pacmaja,
KOHIICHTpAIMsi KOTOPBIX B Topde MI0/DKHA OBITh CPaBHUMOWM C KOHIIGHTpAIMein
NPUPOHBIX U30TOTIOB BOJIOPO/IA M YIiiepo/ia WM TIIABHBIX XUMHUYECKUX AIeMEeHTOB. C
y4eTOM 3TOro W BpeMeH mnoiypacmana uzotonoB (Ti) [4], mis pacuera KUHETHKH
OMOTEeHHBIX APQPEKTOB paaualui B SMUIEHTPEe B3phiBa TM BBIOpan JBa M30TOMA U3
crincka, npusenennoro B [5]: Co% (Ty, = 5,3 roxa, Eg= 1,2 Mag) u H® (Ty, = 12,3
rozaa, Het Q). [Ipu ux P-pacnane Hapsty ¢ JIEKTPOHHBIM aHTUHEHTPHHO, 00Pa3yrOTCs
CTaOWJIbHBIC H30TOIBI HUKENS W Teius. Takod BBIOOp, KOHEYHO, HE HCKIIIOYaeT
BO3MOKHOCTH BHECEHHsI CBOEro BKJaga B OOMmMH paauanuoHHbIA (oH P-pacmana
M30TOIOB AJIEMEHTOB-TIpUMECcEN U U30TOTOB ¢ BeauunHOM T1/2 MeHbIIeH Toa. OqHako
UX BKJIJ] HE BHOCHT NPUHIMITHAIBHBIX TIOMPABOK B PE3yJIbTAThl pacyera.

CornacHo mTpeAdnonaraeMoMy MeXaHU3My JAeUcTBUS Z-(akTopa BeEIWYHHA
MpUPOCTa TOJIIUHBI T0J0BOTO KoJibila mocie 1908 roma (d — dog) momkHa OBITH
NPOTIOPIMOHANBHA CPEIHEroI0BOM KOHIEeHTpaun o0oux u30TornoB (Nco, u Np).
[IpeneOperast ypoBHEM pajHaiiiu Co® B ~1935 rojy U UCnonb3ys Tip s TpUTHS,
OLICHWJIM OTHOIICHUE MX BKJIAJOB B CyMMapHBIN BBIXOJ aHTHHEHTPUHO (HEHTPUHO) B
1910 roxy, koTopoe okKaszanoch paBHBIM 5:1. Vcmonw3ys 3aKOH pPaguOaKTHBHOTO
pacnama u coortHomenue Tt = Tip/IN2, momyumnm crnemyronnee BBIpaXKCHUE VIS
3aBucumoctu (d —dg) oT BpemeHu:

(d —do) ~ Neo + Nyt = 0,750 [5 exp(—t/7,6) + exp(~t/17,7)].  (3)
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Puc 3. Dkcnepumentanbubie (1, 2) u pacuerHas (3) BpeMeHHbIE
3aBucUMOCTH  ToimuHbl  (d)  TOAMYHBIX  KOJICI[  JIMCTBEHHHIIBI,
nepexuBiieir B3peiB TM. 3aBucumoctt 1 w2 COOTBETCTBYIOT
HanpasjieHusM 1 u 2 Ha Puc 2. 3aBucumocts 3 umeet Bua (d — dp) = 0,75
do [5exp(—t/7,6) + exp(-t/17,7)]. cTpenkamu moKa3aHbl r0Ibl MAKCUMYMOB
CA (mepuon 11 ner).

B (3) 3a t = O mpunsmu 1910 rop, a do OTBeYaeT TONIIMHE TOJOBBIX KOJIEI JI0
1908 u nocie 1950 romos. Koppensiuus 3aBucumocty (3) ¢ X0J0M HUKHHUX 3HAUCHHUN
IKCIIEpUMEHTANBHBIX Touek (Puc 3) mnoarBepkgaeT paauallMOHHYK —TPHPOJY
ouoreHnbix 3¢¢dexToB B3peiBa TM. OTkIOHeHHs peanbHbIX 3HadeHuit d ot (3), mo-
BUIMMOMY, 00yCIIOBJICHBI HajoxeHreM Ha (3) mepuoandeckoit 3aBucumoctd d ot CA
(cm. Puc 1).
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OGcyxaeHune

Jlnst 000CHOBaHMS MeXaHW3Ma 00pa30BaHUs PAAMOAKTUBHBIX U30TOMOB MOYKHO
NpUBJICYb TUTIOTE3y 00 3IeKTpopaspsaHoit mpupone B3pbiBa TM [9 — 11], xotopas
XOPOIIIO COTJIACYeTCs ¢ JTIOCTOBEPHBIMHU JTAaHHBIMHU O €ro MocieAcTBusX. Heooxommble
IUTSL TAKOTO B3PBIBA 3apsi]l M SHEPTHIO MOTJIH JIaTh B3auMozencTBuss TM ¢ atmocdepoit
n 3emsed. He wMckitoueHO Takke, YTO HMCTOYHMKOM HHEPrUM U PaJUOAKTHUBHBIX
M30TOTOB OBUTH sIJIepHBIE peakiuu B sape TM u ero atMocdepe, IeMEeHTHBII cOCTaB
KOTOpo# yctaHoBiieH B [8]. B padore [12] TM oTHecH K peTMKTOBOMY 00pa30BaHUIO
C SIPOM M3 HEUTPOHHOTO KOHJEHCAaTa, BUXpEBas CTPYKTypa KOTOpOro Oblia mogo0Ha
CTPYKTYpe sJpa Telus W UMella COOCTBEHHBIH MOMEHT HMITyJbCa M MarHUTHBIHA
MOMEHT. Slapo mpu JBIKeHHH B atMocdepe NODKHO Obuto nedopmupoBathes [11],
u3Ny4ass OpU 3TOM HEWTPOHBI, BIUIOTH JO 3JIEKTPOPa3psAHOIO B3phIBa sjApa M
paccesiHMsI HEWTPOHOB Ha 3aKJIIOUUTENBHOM JTale TpaeKTopuu. [umoresa o
penuktoBoii mpupone TM, OOBSCHSSI OTCYTCTBHE Ha MecTe B3pbiBa TM ciemoB
XapaKTEePHBIX IS SIEPHOTO B3PBIBA, CTHIKYETCS ¢ MOJIENBI0 opMupoBaHus BeenenHoit
u3 MoHoclos HeitpoHoB [13]. Coriacyercs OHa Takke C IUIAHETapPHO-KOCMHYECKUMU
SIBJICHUSIMH, KOTOPBIE MPSIMO MJIM KOCBEHHO YBSI3aHBI C TIaJIcHUEeM U B3pbiBoM TM [14]:

1. Pocr reodumsmueckoil aKTUBHOCTH, KaK Ha TIJOOAJIBHOM, TaK W Ha
peruonanbHOM ypoBHsX (30 mions u 1 mroinst 1908 r. xapakTepu3yroTcsi YBEIUUYCHHEM
TUIAaHETAPHOW CEHCMUYHOCTH);

2. Veenuuenue CA B koune uioHs 1908 r. (yrpom 30 wuioHs oOHapyXeH
MOIIIHBIA COJIHEYHBIH MPOTyOEepaHel);

3. B oxpectHOCTsIX BpeMeHH maneHus TM mpoucxoauio coeanHeHue JIyHsI ¢
HECKONbKUMU TiaHetamMu. OdeBunHo, CA u naHHas KOH(UTYypalus IJIaHET CHIrPaH
CBOIO POJIb, KaK B «HaneauBaHun» TM Ha 3eMIto, Tak ¥ B aKTUBU3aLUU TEKTOHUUECKUX
npoueccoB B bepe3oBcko-BanaBapckoM pasiome.

OO0 yHUBEpCaJIbHOCTH JaHHOTO MEXaHH3Ma I'€OKOCMUYECKHX B3aUMOJICHCTBHI,
MPUBOJIIUX K PAa3IMYHBIM (PHU3UUEeCKUM d(dekram, CBHIETENBCTBYET U PEryIsipHOE
aBieHue bilarogatHoro orHs B JAeHb xpuctuaHckod Ilacxu. B 3Ttom Mmecre Takke
MMeeTCsl TEKTOHUYECKHIA paziioM, 0003HadeHHbBIN pekoit MopaaH, u aens [lacxu ctporo
COOTBETCTBYET OIPE/ICICHHOW KOCMUYECKO# cuTyaruu [15].

CBepXMOUIHBIE AJIEKTPUYECKHE pa3psiibl U CBA3aHHbIE C HHUMH MOIIHbIE
AJIEKTPOMAarHUTHBIE UMITYJIbCHI BIIOJIHE MOTJIM MHUIMUPOBATH peakuuu 3axsarta K-, L-
anektpona (39) [16, 17] sapamu atomoB B coctaBe TM, aTrmocdepbl U IMOYBHI.
SnepHble peakUUU JaHHOTO THUIIA COINPOBOXKJAIOTCS MYTAar€HHBIM Y-H3JIydEHHEM U
BBIXOJIOM HEHUTpOHOB. Hampumep, uM30TOIBI Co® u H® mormm o0Opa3oBaThCcs eme B
II0JIETE U B MOMEHT B3pbiBa TM B TaKMX 3HEPreTUUECKU PA3PELIEHHBIX PEAKLIUAX 3.

Ni®+e® Co®+n, (4)
He*+e® H*+n, (5

37€Ch N —3JEKTPOHHOE HEUTPUHO. BO3MOKHO, YTO HMEHHO C IEHCTBUEM HEUTPUHO Ha
3pUTENBHYIO CHCTEMY YeJIOBeKa W Ha TKaHb €ro OJEKIbl ObUIM CBSI3aHBI CBETOBBIE U
TerioBble 3((GeKTh, oTMeueHHble oveBuanamu moixera TM B armocdepe [18]. K
peakuusM O3 OTHOCUTCS U pEaKLUs CIUSHHUA NPOTOHA C 3JIEKTPOHOM, Jarolias
HeiitpoH (N) w HeWtpuHo [17]. B mocnemyrommx peaknusx 3axBaTa HEHTpOHA
CTaOMJIHBIMU SIZIPAaMH M U30TOTIAMHU TaK)K€ BO3HUKAIOT [3-aKTUBHBIE U30TOIIBI:

Co® +n® Co® wm H?>+n ® H*. (6)
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ITo cxemam (4) — (6) mMormum pearupoBaTh W Apyrue 3neMeHTsl [16], uTo, mo-
BUJMIMOMY, M TIPUBEJIO K CIBUTaM B JJIEMEHTHOM W M30TOITHOM COCTAaBE BEIECTBA
topda B cioe 1908 roa [8]. ['maBHbIM ke uTorom peaxiuii (4) — (6) sBHIOCH CO3MaHNE
B paiioHe B3peiBa TM o04aroB pajauvanuy C IMOBBIMIEHHOW IUIOTHOCTBK) HEUTPUHHOU
sHepruu. Tomorpadus 3TUX 04aroB COBIAJAET C PACMOJIOKEHUEM B AIIHUIIEHTPE B3phIBA
ISITEH C BBICOKOH IUIOTHOCTBIO OMOJIOTUYECKUX M MyTareHHbIX 3G pekton [19].

B pabote [5] B ocHOBYy MexaHu3Ma SACPHO-XHUMHUYECKOTO Karanus3a Oblia
MOJIO’KEHBI PEAaKIIMU 00paTHOTO f-pacmana, B KOTOPhIX 00pa3yeTcs HEUTpoH. Peakiun
3axBaTa HEHUTPOHA, a TAK)Ke ero pacnaja U aHHUTHIALUU TIO3UTPOHA C DIIEKTPOHOM B
KHUBBIX CHCTeMax OyIyT B OCHOBHOM JaBaTh MYTareHHbIH »(Qekr. YuuTbiBas
BO3MOXHOCTb pacrnaja COJIHEYHOI'O HEHUTPUHO Ha XHUPAJIbHbIE KBAHTHI HEUTPUHHOU
sHeprud [5, 17], B pacTUTEIHHOM KUBOW CUCTEMBI 00Jiee BEPOSTHO OY/IET ICHCTBUE €ro
SHEPTUM B KAueCTBE XHMPAIBHOTO KOOPAWHAIIMOHHOTO (haKTOpa, PEryIHPYIOIIETO
HaNpaBJICHUE M CKOPOCTh MHUTPALMU XUMHUYECKOH SHEPrHH B PEaKIMOHHBIX IIEHTPAX
(OTOCHMHTETHYECKOTO ammapara pacTeHus. JlelicTBue HEHTPUHHOW SHEPTHMH B POJIH
KHHETHYecKoro Z-(akropa Oazupyercs Ha CIOCOOHOCTH (PU3MOJOTHYECKUX CHCTEM,
COJIepIKAIUX XUPATbHBIC METa00IUTHI (AMUHOKUCIIOTHI, caxapa, OeiKu), 00pa30BBIBAThH
JMHAMHYHBIC  KJIACTEPHBIC CTPYKTYpBI, oOnajmarmomme xupainbHocThio [20].
TepMonuHaMuKa TaKUX CTPYKTYP JTUMHUTHPYETCS MIPOILIECCOM PE30HAHCHON KOPPEISIHU
BpamaTenbHO-KOJIe0aTeIbHBIX  JBM)KEHUH MOJEKYyl BOJBI W METabOJMTOB, B
BO3OYXJICHHH U TIepeIadd KOTOPBIX MOTYT Yy4aCTBOBATh KBAHThl HEUTPHUHHOM HEPTUH.
OueBuaHO, uYTO 00pa3oOBaHME XHUPATBHBIX MHOTOMOJIEKYJSPHBIX KIAcTepoB OyeT
BIMATh HAa TPAHCIOPTHO-CUTHAJBHBIE (YHKIUH MEXKKICTOYHOW IKUAKOCTH U
KJIETOYHBIX MeMOpaH [21]. BHyTpu kieTku ymopspoduBaromuii d¢pdekr Z-gpakropa
MOJKET MPUBECTH K CHIKEHHUIO 0aphepOB TYHHEIBHBIX MIEPEX0JI0B 3JIEKTPOHA U MPOTOHA
B ()epMEHTATUBHBIX PEAKIUAX, YTO B UTOTE U 00ecreunT Bo3pacTaHue Kiggp.

JlaHHBI MeXaHW3M JeHcTBUs Z-(paKTopa MOXHO TPHUBJIECYb Ui OOBSICHEHHS
AaHOMAJIBHOTO YCKOPEHHsI POCTa pPAaCTeHMH TNpu 00paboTKe UX (UTOTOPMOHOM —
rub0eperinHoM [1], ynenpHas BeIMYMHA ONTHYECKON aKTUBHOCTH KOTOPOTO OOJIbIIIE,
yeM y caxapa [22]. ['mO0epenuH JeiicTByeT B OCHOBHOM B MEpPHUCTEME, YCKOPSS
JIeJICHUE KIIETOK, YTO MPUBOJUT K CYIIECTBEHHOMY Y/UIMHEHHUIO cTeOns pactenus [1].
AKTHUBAIMsl CHHTE3a HYKJICHMHOBBIX KHCIOT U OEJIKOB, OYEBHIHO, cOYeTaeT B cebe
KWHETHYECKUI U XUpaimbHBIN 3(pdekTsl rudbepernaa Ha MEeXKKIETOUHYIO )KHIKOCTh U
IUTOILIA3MaTUYECKUE pelenTophl OeskoBoi mpupoasl. O cuHeprusMe BIusHUS Ha Kogg
ru0Oeperuimia U Z-¢pakTopa TOBOPHUT Cleaylommid pe3ynbrar.  I[IpeamoceBHas
aKTHBHU3AIMs THOOEPEIUIMHOM CeMsIH OKa3blBaeTcsi Tak ke J(QeKTuBHa, Kak H
crparudukanys, TpeOyroas JUIMTEILHOTO BhiaepkuBanus cemsH nipu T ~ 4°C. Tlpu
TaHHOU TeMmmepaType B Boje 00pa3yroTcs 4yBCTBHUTENbHbIE K Z-(hakTopy XUpajbHbBIE
kiactepsl [6, 20]. Y rubOepennH, akTUBUPYS BHYTPHKICTOYHBIH METaOOJIM3M TIPU
HOPMAJIBHBIX TEMIIEpaTypax, Oeper Ha cels poJib XUPAITBHOTO CEHCHOMIM3aTOpa
MEKKJIETOUHOU KUAKOCTU K Z-pakropy. buorennsie addekts «kpemerckoi» [20] u
tanoi [23] BoMBI, MO-BHANMOMY, TakXe OOYCIOBJICHBI HACHIIICHHEM €€ KJIaCTEePHBIX
CTPYKTYp KBaHTaMH HEUTPUHHOMW SHEPIHUU.

B oOmeM cny4ae HMHTEHCHMBHOCTH JeicTBUA Z-pakTopa Ha OHOCHCTEMBI
OTIpeNIeNAeTCsl TUIOTHOCTHIO HEHTPUHHBIX IMOTOKOB OT TPEX MCTOYHUKOB. 3E€MHOTO
(TeXHOTEHHOT0), COTHEYHOTO U TaTaKTUUECKOro. HeWTpHHO 36MHOTO MPOUCXOKIACHUS,
uMesl JIOKAJIbHBIA TPOCTPAHCTBEHHO-BPEMEHHBIH XapakTep, MOTJO BJIHATH Ha
WHTEHCUBHOCTh POCTa PacTEHUI Ha reosIoTHYeckoM dTare (popmupoBanus OHocheps
[12, 13]. UsBectHO [24, 25], 4TO HMHTCHCHUBHOCTH IOTOKA COJIHEYHOTO HEHUTPUHO
MEHSIETCSI CHHXPOHHO C pa3iu4HbiMU (opmamu nposisieHuss CA (11-Tu neTHW UK,
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TOJIMYHBIN, CE30HHBIN) M Bo3pacTaeT mpHu Bembimikax Ha Cosaie. [lonaraior Takke
[5,17], uto CA cHMXaeT MHTEHCHUBHOCTh MIOTOKA TaTlaKTUYECKOT0 HEHTPUHO.

Takum 00pa3oM, y4UTHIBasE M3BECTHBIC JTAHHBIC W TIOJy4YCHHBIC PE3yIbTATHI,
TUTOTE3y O HEUTPUHHOM COCTABJISIONICH KMHETHUECKOTO (pakTopa (HOTOCHHTE3a MOKHO
MIPUHSATH 32 OCHOBY MexaHu3Ma BiusHUs CA Ha (PU3HOJOTHUIO PACTCHHA.
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