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Om pedaxkmopa

[TerpakoBuu I'eopruit HukonaeBuu poawics B 1932 rony B
ropoae Camapkanzae. B 1951 rogy OKOHUYMI CpeAHIOIO IIKOIY B
ropore MockBe W B TOM K€ TroAy HOCTYNHJI Ha Je4eOHbIN
dakynprer 1-T0 MOCKOBCKOTO MEAWIIMHCKOTO MHCTUTYTA (HBIHE
— Menmuuuackoit Axamemun wum. HW.M.CeueHoBa), KOTOpBIH
okoHums1 B 1957 rony.

VBREKINCh XUpPYyprueu, emeé Ha CTapliuxX Kypcax OH
npornagan Ha OeCYMCIEHHBIX HOYHBIX JIEKYPCTBAX B MHCTUTYTE
uM. H.B.CxmudocoBckoro m B OonpHune um. C.I1.borkuna,
00yJasich  XUPYPrHYECKOMY  «PYKOJACIHIO» U  OKa3aHUIO
3KCTPEHHOU XUPYPTruYECKOU MOMOIIIH.

K okoHuaHHIO MHCTUTYTa OH UMEJ Ha CBOEM JIMYHOM CUETY
yxke 206 TOIBKO MOJIOCTHBIX, HE CUUTASL IPYTUX, Ollepaluil.

CraB BBICOKOKJIACCHBIM XHPYpPrOM, YCIICIIHO paboTtal
ACCUCTEHTOM XUPYPTHUECKUX kadenp, 3aBEAYIOIINM
XUPYPTHUECKUMHU OTACIICHUSIMU OHKOJIOTHH, OOIeld XUPYpruH,
THOWHOHM XUpYypruu, nNpokTojoruu. Mimeer 60bIIoe KOJIUYECTBO
nyOJIMKaIMil IO Ha3BaHHBIM CIEIUATBLHOCTSIM.

Ho, nmpogomxkas pabotate XUpyprom 110 BBIXOZa Ha MEHCHIO,
yke B conuaHoM Bo3pacte ['eopruii HukoiiaeBu4Y HEOKHIAHHO
Jnaxe s cedst yBIEKCS OMOPHEPTeTHKOW M ... CBEPIIMI LETYIO
PEBOJIOLIUIO B TIPE/ICTABIICHUH O )KHBOM MaTepun!

[Tpuuém caenan oH 3T0 6€3 KaKUX-ITUO00 HAYYHBIX HU3BICKOB U
M30LIPEHHBIX JTA0OPATOPHBIX HUCCIIENOBAHUM, — TPOCTO CBOUM
MPOHUIIATENIBHBIM YMOM HIPOHHUK B JKUBYIO KIETKY, B >KHBOE
BEIIECTBO, U OOHAPYKUIL: 6 KAXHCOOUl HCUBOU KNemKe, HaUUHAasA
om MUKpo0608, pacmenuil U KOHYAA 4e/106eKOM, 2EHEPUPYEm A
HeObleaN0  GBICOKOU YaAcmomuvl (Me2a-8blCOKOUACHOMHOE)
INEKMPOMACHUMHOE NONe 6 HEPAIPLIGHOM eOUHcmee ¢
UOHUBUPYIOWUM  NPOMOHHBLIM  U3NYYEHUEM, KOmopoe &
COBOKYRHOCHU U eCMb HACM oAU ee DUONOe HCUBOU Mamepuu.

D10 6Ouonone, Oynydn TPHUPOAHBIM CHHXPO(DA30TPOHOM,
B3aMMOJICHCTBYS C SApaMHU  aTOMOB-MHILIEHEH, CIOCOOHO
CBEpIIaTh YK€ B KIJIETKE SIEPHBIA CHHTE3 W SIFACPHOE JECICHHE,
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KOTOPOTrO 70 CUX IMOp HE JOCTUIJIM B CBOMX SKCIEPUMEHTAX
y4€Hble, JaXe CO3/aB HaurpOMaJHEHINUN KoJulaiaep IOox
Kenesoi.

Ho aBTOop He orpanuumiics Toiabko xuBou IIpupomoii: oH B
COaBTOPCTBE CO CBOeWl BHyuYykol Mapueilr AjekceeBHOMU
[TerpakoBuu, OMOJOrOM MO OOpPAa30BaHMIO, BBISBHI T'€HEPAIHIO
TaKUX K€ MEra-BbICOKOYACTOTHBIX IEKTPOMArHUTHBIX MOJIEH U B
HexxuBoi [Ipupome, ycraHOBUB 3(P(HEKTH «3a3eMIIEHHOTO» U
«3aBOJHEHHOTO0Y JKeNe3a.

OTO MO3BONMIIO CO3JaTh TMIIOTE3Y O MEXAHU3ME BpalllEHUs
3eMiIM, OTKpBITh €HI€ HE OTKPHITHIE HAyKOW MPOJIOJIbHbIE
AJIEKTPOMAarHUTHBIE BOJIHBI, OKA3aBIIMECS BOJHAMU 3EMHOIO
TATOTEHUS, PACKPBITh MPUUNHY KaTtacTpodsl Ha UepHOOBLIbCKOM
ADC u BBICKa3aTh CBOE MHEHHUE O CYIIECTBOBAHUH T'yOHTEIHHOMN
OMaCHOCTH Ha IUlaHeTe Mapc He TOJBKO AJIS BCEro XHBOIO, HU
JUISL BCETO MaTE€pUAIIbHOT0, COCTOSLIET0 U3 aTOMOB M MOJIEKYJI.

Bcé 310 B noctynHoit popme, 10Ka3zaTeNbHO U HA XOPOIIEM
pycckoM si3bike (aBTOp yumiicsl B JIuTepaTypHOM MHCTUTYTE M.
A.M.T'opbKOI0) U3JI0KEHO B IpeJlaraéMoOM YUTATeNl0 COOpHUKE
HayuyHbIX padot I'.H.IletpakoBuua «buonone 6e3 maiiny.

[lopykoii B pa3BUTHHM, YCBOCHHMM M OCBOCHHMHM BCEM
4eJ0BEYECTBOM 3TOro  (yHIaMeHTanbHOro otkpeiTus [.H.
[TeTpakoBuua SBISAIOTCS MEPBbIE 10OpOKENATEIbHBIE OT3bIBBI HA
3TO OTKPBITUE LETOTrO Psifia BBIIAIOIIUXCS POCCUICKUX YUEHBIX, —
aKaJeMHKa, JOKTOpa MEIUUMHCKUX Hayk Kasnaueeea Bnauna
Ilempoeuua, axanemuka, JIOKTOpa OHOJIOTUYECKUX  HayK
Boponosa Hpua Anexkcandpoeuua, axaneMuka, JIOKTOpa
¢usuko-mMatemaruueckux Hayk Hegpéooea Eecenus Heanosuua,
npodeccopa, JoKTOpa TexHHYecKUx Hayk Ilupozoea Amndpes
Anopeesuua, axanemMuka, JOKTOpa HaTypajabHOH ¢uiocopuun
benbruiickoit Koponesckoii akanemuu Hayk Illabaouna I0yapoa
bopucosuua.
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T'eopeuni Ilempakosuu

TEPMOA/] B KJIETKE — 49Y/J]0 ;KUBOH ITPHPObI

Cneyuanvnulit koppecnondenm xcyprnana '"yoeca u
npuknwoyenua''  Bnaoumup  Heanoe  ecmpemunca ¢
oelicmeumenvHovim unenom Pycckozo gpusuueckozo oouecmea,
spauom-xupypzom I'eopcuem Huxonaeeuuem Ilempakosuuem,
ONyOIUKOGABUIUM CEHCAUUOHHBIE PADOMbBL 0 MEPMOAOEPHBIX
Peakyuax, NnPOUCXo0AWUX 6 IHCUGLIX  OP2AHUIMAX, U
nPespPaAueHUAX 8 HUX XUMUUECKUX I]IeMEHMO08. Mo HAMHOZ0
danmacmuunee camvix cmenvix onvimoe anxumuros. beceoa
noceauwieHa NOOJIUHHOMY 4YOy IBONIOUUU, 2]IABHOMY U3 4YyOeC
Hcueoil npupoovl. Mol He 860 6CEM CO2NACHBL C ABMOPOM CMENOTL
cunomessl. B uacmnocmu, 6yoyuu mamepuanucmom, oH, KaK
HaM  Kaxcemcs, UcCKalouaem O0YX08HOE HAYAl0 U3 mex
npoueccos, 20e OHO, N0 6cell BUOUMOCHMU, OOJHCHO
npucymcmeoseamsv. Ho, ecé ynce, cunomesa I. Ilempakoseuua
3aunmepecoeana HaAc, NOMOMY UYmMO OHA NepeceKaemcsa ¢
pabomamu  akademuka B. Kaznaueesa o ''xonoonom
mepmonode” ¢ owcugon kKremke. OOHOBpeMeHHO unomesa
nepekuovieaem MOCMUK K noHamuio  Hoocghepvl  B.
Bepnaockozo, ykazviean Ha  UCMOYHUK,  HENPepvIGHO
noonumulearouiuil Hoocghepy Inepzueil.

T'unome3a unmepecna u mem, Ymo npPoOKIAObLIGAEH
HayuHnbvle nymu K O00BACHEHUI0 PAOa 3a2A00YHBIX AGIEHUIL,
mMaKux, KaK sacHosudenue, 1eeumanus, upuooOuazZHoCmuKa, u
opyzux.

Mpuvl npocum u3zeuHUmMbL HAC 3a HEKOMOPYIO YUEHYIO
CoMCHOCIMY Deceldbl 1A Heno02omoenenno20 yumamens. Cam
Mamepuan, K CONMCAIEHUIO, NO XAPAKMeEPY C60EMY He MOlHcem
O0bimb noodeepIcen 3HAUUMETLHOMY YRPOULEHUIO.

KOPPECIIOHJEHT. Cnavama cytb, COJIb  Yyja,
HECOBMECTHUMOTO, Ka3aloCh ObI, C TPEICTABICHUSIMU O KUBBIX
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opranusmax... YTo 3a cTpaHHasi CHJia AE€HUCTBYET B HAC, B KJIETKaX
Hamlero Tena? Bce HaloMHMHAaeT AETEKTHBHYIO ucropuio. Cuia
9Ta OblIa M3BECTHA, €CIM MOXKHO TaK BBIPA3UTHCS, B JAPYroM
kauectBe. OHa AeHCTBOBajda MHKOTHMTO, KaKk OBI IOJT MacCKOH.
ITpo He€ roBopuIM U MUCATIM TaK: HOHBI BOJOpoJa. Bel moHsu u
Ha3Baju €€ MHaye: IPOTOHBI. DTO TE K€ MOHBI BOJOPOAA, I'OJIbIE
Apa €ro aroMoB, 3apsyKeHHble MoyiokuTenpbHo. Ho  3T0
OJTHOBPEMEHHO W 3JeMEHTapHble 4YacTHLbl. buodusuku He
3ameTiii, 4to SHyc nBymuk. He tak nu? MoxkHO 00 3TOM
nopoOHee?

I''H. IIETPAKOBHMY. XXuBasg kjieTKa Mojay4aeT dHEPryuio B
pe3ynbTare OOBIYHBIX XUMUYECKUX peakuuid. Tak cuuTaia Hayka
0 KierouHoi OuosHepreruke. Kak Bcerma, B peakuusx
OPUHUMAIOT y4acTUE€ DJEKTPOHbI, HMEHHO HUX IEPeXO/bl
o0OecreunBarOT XMMHUECKYIO CBsI3b. B Menpuaiimux "my3bipbkax”
HENPaBWIbHON (POPMBI — MUTOXOHAPUAX KIETKH — MPOUCXOAUT
OKHCIIEHHME €  y4YaCTHEM  DJEKTPOHOB. IJTO  IOCTYyJaT
OMO3HEPreTHKY.

Bor kak mpencraBiaser  3TOT  MOCTYJaT  BEXYLIUH
O6uosHepreTuk ctpanbl akageMuk PAH B.II. Ckynaués: "Ymoowbi
HOCMABUMb IKCHEPUMEHT NO UCHOTIL30BAHUIO SA0EPHOU IHEPUL,
npupode npuwinoce cozoame udenosexa. Umo oice kacaemcs
BHYMPUKIIEMOYHBIX MEXAHUIMOB IHEP2SEMUKU, MO OHU U36LEKAIOM
SHEP2UI0 UCKTIOUUMENbHO U3 IIEKMPOHHBIX NPEEPaAueHUll, Xoms
9Hepeemuueckuli d¢hgpexm 30ectb HeusmMepumo Mai no CPpasHeHuo
¢ mepmosioepuvimu npoyeccamu’.

"...cKIIIOUNTENBHO U3 MEKTPOHHBIX NpEBpaleHuit..." — 910
3a0myxaeHue! DNEeKTpOHHbIE MNPEBpallleHuss — 3TO XHUMHUA, U
TOJIBKO. VIMEHHO TepMosiiepHBIE pEakLMH JIeKaT B OCHOBE
KJIETOYHOW OMOPHEPreTHKH, MU HMEHHO IPOTOH, OH K€ HOH
BOZIOpOJa — TspKENas 3apsyKeHHas >SJEMEHTapHas YacTuia —
ABJIIETCS TJIABHBIM YYaCTHHUKOM BC€X OTUX peakuuid. Xots,
pasymeercs, M DJEKTPOH IPUHUMAET OIpPENEIEHHOE, U Jaxe
BaXHOE Y4acTHe B 3TOM Ipoliecce, HO B MHOM pOJIK, COBEPLICHHO
OTJINYHOM  OT  POIM,  MNPEAIHUCAHHOM €My  Y4EHBIMU
CHelalIncTaMu.



W yto camoe ynuBUTENbHOE: YTOOBI OKa3aTh BCE 3TO, HE
HAJ0, OKa3bIBAaeTCs, MPOBOAWTh  KaKWe-THOO  CIIOXKHBIC
U3bICKaHUs, MCCIeoBaHusA. BCE NeXHUT Ha MOBEPXHOCTH, BCE
NPEJCTAaBICHO B TEeX JKE€ CaMbIX HEOCIMOPUMBIX (paKTax,
HAOJIO/ICHUSAX, KOTOPbIE caMH e Y4EHble U J10ObUIM CBOUMU
TSOKKUMH Tpyldamu. Hano nwms HempenB3sito W yriayOnéHHO
MOPa3MbIIUIATE Haja 3TUMH (pakTtamu. Bor Heocmopumblii ¢axr:
U3BECTHO, YTO NPOTOHBI, "BBIOpachIBalOTCA" M3 MHUTOXOHIpPUI
(TEpMHUH HMIMPOKO UCHOIB3YETCS CIEHUATUCTAMU, U B HEM 3BYUUT
peHeOpeKeHNEe K 3TUM TPYAsITraM-4yacTUIlaM, CIIOBHO pedb UIET
00 oTxomax, — "Mycope") B IPOCTPaHCTBO KJICTKH (IUTOILIA3MY).
[IpoToHbI ABMXKYTCS B HEM OJHOHAIPABJICHHO, TO €CTh HUKOTJA
HE BO3BpAIIAOTCs Ha3al, B OTJIWYHE OT OPOYHOBCKOTO JIBHKEHUS
B KJIETKE BCEX APYrHMX MOHOB. M ABMKYTCS OHU B ITUTOILIA3ME C
OTPOMHOI CKOPOCTBIO, TPEBBIMIAIONIEH CKOPOCTh JIBHKEHUS
JTOOBIX IPYTrUX HOHOB BO MHOTO THICSIY Pas.

YyéHble HUKAaK HE KOMMEHTHPYIOT 3TO HaOmoJeHue, a
3alyMaThCs HaJl HUM CJIEI0BajIO Obl, M CePhE3HO.

Ecnu mpoToHBI, 3TH 3apsHKEHHBIE JIEMEHTapHbIE YaCTHUIBL,
JBIDKYTCSI B IPOCTPAHCTBE KJIETKU C TAKOH OTPOMHOM CKOPOCTHIO
n '"lleleHanpaBiIeHHO", 3HAYUT, B KIETKE €CThb KaKOW-TO
MEXaHU3M HX YycKopeHus. HecoMHEHHO, MeXaHU3M YCKOpEHUS
HaxOJIUTCA B MHUTOXOHIpPHUM, OTKY/a HW3HAYAJIbHO C OTPOMHOMU
CKOPOCTBhIO U "BBIOpACHIBAIOTCS" MPOTOHBI, HO BOT KAaKOTO OH
Xapakrepa... TspKénbple 3apshDKEHHBIE SJEMEHTapHblE YacTHULIBI,
MPOTOHBI, MOTYT YCKOPSITBCA TOJBKO B BBICOKOYACTOTHOM
MEPEMEHHOM DJJIEKTPOMArHUTHOM TMOJ€ — B CHHXPO(a30TpOHE,
Hanpumep.  Urak,  MonekynspHbIi  CHHXpO(a3oTpOH B
mutoxoHapuu?! Kak HM  mOKaxkerca  CTpaHHBIM,  JIa:
CBEPXMHUHHUATIOPHBIN TPUPOIHBIN CHHXPO(}A3OTPOH HAXOIUTCA
UMEHHO B KPOXOTHOM BHYTPUKIETOYHOM OOpa3OBaHHH, B
MUTOXOHIAPHUH!

[IpoToHbl, mTOMaB B  BBICOKOYACTOTHOE TMEPEMEHHOE
AJIIEKTPOMArHUTHOE T0JIe, Ha BCE BpeMsl TIPEOBIBAHUS B 3TOM I10JIE
YTPAuMBaIOT CBOMCTBA XUMHUYECKOTO 3JIEMEHTa BOJOPOJA, HO



3aTO MPOSBIISIOT CBOMCTBA TSHKEINBIX 3APSKEHHBIX JIEMEHTAPHBIX
YacTHII.

[To sTo#l mpuumHE B NPOOHMPKE HENB3S B TOJTHOM MeEpe
MOBTOPUTHh TE€ IMPOILECCHl, KOTOPHIE MOCTOSHHO NPOUCXOMST B
JKUBOU KIIETKE.

Hampumep, B mpoOupke rccaeaoBaTesi MPpOTOHBI YIacTBYIOT
B OKHCIIEHMHM, a B KJETKE, XOTs B HEH U MPOUCXOAUT
CBOOOTHOPAIMKAIBHOE OKUCIICHUE, IEPEKUCH HE 00Pa3yIOTCS.

KnerouHnoe 351eKTpOMarHuTHOE 1MoJie "BHIHOCUT" MPOTOHBI U3
JKUBOM KJIETKH, HE J1aBasi UM BO3MO>KHOCTH BCTYIATh B PEAKIIMIO C
KHCIJIOPOJIOM.

Mexny Tem  yu€Hble  PYKOBOJACTBYIOTCS  MMEHHO
"IpOOUPOYHBIM" OMBITOM, KOT/Ia UCCIEAYIOT MPOIECCHl B HKUBOU
KJIETKE.

Y CKOpeHHBIE B 110JI€ IPOTOHBI JIETKO MOHU3UPYIOT aTOMBI U
MOJIEKYJIbl, "BbIOMBasA" U3 HUX 31EKTPOHBL. [Ipu 3TOM MOJIEKYIHI,
CTaHOBSICb CBOOOJHBIMU pagUKaIaMH, MPHOOPETAIOT BBICOKYIO
aKTUBHOCTh, A HWOHHM3HWPOBAHHBIC aTOMBI (HATpHs, Kajwus,
KaJbIUsl, MarHUs U OPYTHX 3JIEMEHTOB) 00pa3yloT B MeMOpaHax
KJIETKH DJICKTPUYECKHE M OCMOTHYECKHE TMOTEHIHAIBI (HO YKe
BTOPUYHOTO, 3aBHCUMOTO OT TPOTOHOB, TOPSIKA).

KOPPECIIOHJEHT. Camoe Bpemsi oOpaTuTh BHHUMAaHHE
HallUX 4YMUTATeNed Ha TO, YTO HEBUIAUMAs IJa3y KUBas KJIETKa
CJIOHEee 000N TMraHTCKOM YCTaHOBKHM, a MPOMCXOAIIEE B HEN
HE MOoAaETCs MOKa 1aXKe MPUOIU3UTETFHOMY BOCTIPOU3BEICHHUIO.

BrITh MOXET, TAJIaKTUKH — B PYTOM MaciiTade, pasymeercs,
[Tpocreiimue 00bekTh BeeneHHol, TOYHO Tak ke, KaK KIETKH —
AJIEeMEHTapHbIE OOBEKTHI PACTCHHS WJIU KUBOTHOTO. BBITH MOXKET,
YPOBHM HaIIMX 3HAHUM O KJIETKaX M TalaKTUKAX MPUMEPHO
skBHUBaJIeHTHBI. HOo camoe nopasurenbHoe, uto Tepmosiny CouHila
U Jpyrux 3BE3 COOTBETCTBYET XOJIOAHBIM TEPMOSAX KUBOU
KJIETKH WM, TOYHEE, OTICTbHBIX €€ y4aCTKOB. AHAJIOTHS TTOJTHAS.
Bce 3naroT o ropsiueM tepmosiae 38€31. Ho o xomonHoM Tepmosiie
JKUBBIX KJIETOK MOKETE paccKas3aTh TOJIBKO BB



Kueaa knemka (1), mumoxonopusa (2) kaxk eé rnemenm,
2puboodpaznuvle cmpykmypol mMumoxonopuu (3), 20e u
npoucxooum mepmosaoepHulil X0100HbLIL CUHMES.

I''H. IHETPAKOBUY. IlonpoOyem mpeacTaBuTh cambie
Ba)KHbIE COOBITHS HAa 3TOM YPOBHE.

SABnsAck TAKENON 3apsHDKEHHOM DJIEMEHTAPHOM 4YacTHIIEH,
Macca KOTOpOH MpeBBIIAET Maccy iekTpoHa B 1840 pas, npoTox
BXOJIUT B COCTaB BceX 0€3 HCKIIIOUEHUS sJep aroMoB. bynyuwn
YCKOPEHHBIM B BBICOKOYaCTOTHOM IIEPEMEHHOM
AJIEKTPOMAarHUTHOM I0JI€ M HaXOAsIChb C ATUMHU sIpaMH B OJHOM
1oJjie, OH CIOCOOEH IMepeaTb UM CBOI0 KHHETHYECKYIO 3HEPTHIO,
ABIIAACH HAWIYYIIMM IEPEHOCYMKOM 3HEPTUU OT YCKOPUTENS K
HOTPEOUTENIO — aTOMY.

B3anmoneicTBya B KIETKE € sSiApaMyd aTOMOB-MHUIIEHEH, OH
nepesaért UM IO 4YacTsIM — IMYTEM YIPYTHX CTOJIKHOBEHHM
NPUOOPETEHHYIO UM IPU YCKOPEHUH KMHETUYECKYIO SHEPruio. A
NOTEpPSAB 3Ty DHEPIUI0, B UTOrE 3axXBaTbIBAECTCA  SIPOM
Ommkaiiiiero aromMa (HEYNpPYroe CTOJIKHOBEHHME) W BXOJUT
COCTaBHOM 4YacTbl0 B 3TO sAAp0. A 3TO M €CTb HyTh K
MIPEBPALICHUIO JIEMEHTOB.

B oTBer Ha MONY4YEeHHYIO NpPU YIPYTOM CTOJKHOBEHUHU C
IIPOTOHOM JHEPTUI0, — U3 BO3OYKIEHHOTO fapa aTOMa-MUIIEHU
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BBIOPACHIBACTCS CBOW KBAaHT SHEPTUHU, CBOMCTBEHHBIN JUIIIH SIAPY
ATOr0 KOHKPETHOI'O0 aToOMa, CO CBOEH JJIMHOM M YaCTOTOM BOJIHBI.
Ecnu Takue B3auMoeHCTBHSI TPOTOHOB MTPOUCXOASAT CO MHOTUMHU
SApaMH  aTOMOB, COCTABJISIIOIINX, HAMpuUMeEp, KaKyr-JIn0o
MOJIEKYILY, TO MPOUCXOJIUT BBIOPOC YyXKe LEJIOW TPYIIbl TaKUX
CcrenupUIeCKNX KBAaHTOB B OINPEACIEHHOM CIIEKTPE YacTOT.
VMMyHOJIOTM CUMTAIOT, YTO TKaHEBas HECOBMECTHUMOCTHh B
JKUBOM OpraHu3Me MPOSIBIISIETCS YK€ Ha MOJIEKYJISPHOM YPOBHE.
[To-BuauMoMy, OTJIMYKE B )KMBOM OpraHu3Me '"cBoei' OelKoBOM
MOJIEKYJIBI OT "uyxoi" mnpu uX aOCOJIOTHOW XUMHUYECKOU
OJIMHAKOBOCTH U MPOUCXOAUT MO ATHUM CaMbIM crieuuuueckum
4acTOTaM M CIIEKTpPaM, Ha KOTOpPbIE MO-Pa3sHOMY pPEarupyroT
"cTopoKkeBbIe" KJIETKU OpraHu3Ma — JICUKOIUTHI.

KOPPECIIOHZIEHT. WaTtepecHblii MOMYyTHBIM pE3yJbTAT
Balllel MpOTOHHO-A/1epHON Teopuu! Emé untepecHei mpoiecc, o
KOTOPOM MEUTaJIM aTxXxuMUKU. OUBNKK yKa3adu Ha BO3MOXXHOCTh
MOJIYYEHHS] HOBBIX 3JIEMEHTOB B PEaKTOPaxX, HO 3TO OYEHb CIIOKHO
¥ JIOpOTO JUIsi OONBIIMHCTBA BeliecTB. HeckoIbpKo CI0B 0 TOM ke,
HO Ha YPOBHE KJIETKH ...

I''H. IIETPAKOBHY. 3axBaT noTepsBIIEro KUHETHYECKYIO
SHEPTrUI0 MPOTOHA SAPOM AaTOMa-MHILIEHH HU3MEHSET aTOMHOE
YHUCIIO 3TOr0 aToOMa, TO €CTh aTOM-'"3axBaT4WK" cHocoOeH mpu
TOM H3MEHSATH CBOIO SIACPHYIO CTPYKTYPY U CTaThb HE TOJIBKO
M30TONOM JAHHOIO0 XHWMHYECKOro 3JIEMEHTa, HO M BOOOIIE,
YUHUTHIBAsE BO3MOXXHOCTb MHOT'OKpAaTHOro '3axBara" HpPOTOHOB,
3aHATh MHOE, YeM IpexJe, MecTo B Tabmuue MeHaeneeBa; U B
psie ciydaeB — Jake He camoe Ommkaiiiiee K mpexkHemy. [lo
CYIIECTBY peub HIET O SACPHOM CHHTE3€ B )KMBOU KIIETKE.

Hano ckazath, Takue uaen yxe OYyAOpPaKUIH yMBI JIIOJIEH;
yke ObutM MyOJuKanuu o padorax dpaHIiry3ckoro ydéHoro JI.
KepBpana, oOHapyXHBIIETO TaKyl SAEPHYIO TpaHCHOpPMAIUIO
IIpU HcclieqoBaHnn Kyp-Hecymek. IIpasna, JI. KepBpan cuumran,
YTO 3TOT SIACPHBIM CHHTE3 KaJlisg C MPOTOHOM, C MOCIEAYIOIINUM
MOJIyYUeHUEM  KajblMs,  OCYHIECTBJISETCA €  IOMOIIbIO
(dbepMeHTaTUBHBIX peakiuii. Ho, MCX0ls M3 CKa3aHHOTO BHIIIE,
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MIPOILE 3TOT NPOLECC MPEACTABUTH KAK CIEACTBUE MEXbSIECPHBIX
B3aUMOJICUCTBUM.

ChopaBeyIuBOCTH pajaud CileAyeT ckazatb, 4to M. B.
Bonbkenmreitn  BooOme cuutaetr ombiTel  JI.  KepBpana
NEPBOANPENIbCKOM IIYTKOM BECENBIX aMEPUKAHCKUX YYEHBIX
KOJLJIET.

[lepBasg MbICIb O BO3MOXKHOCTHU SIIEPHOTO CUHTE3a B KUBOM
OpraHW3Me BBICKa3aHa B OJHOM M3 (DAHTACTUYECKHX PACCKA30B
Aiizeka A3zumoBa. Tak win vMHave, OTAaBas JOHKHOE M TOMY, U
IpyroMy, M TpEThEMYy, MOXHO 3aKIIOYUTh, YTO, COTJIACHO
M3JIaraeMoil TUnoTe3e, MEeXbAACPHbIC B3aUMOJCHCTBUS B JKUBOU
KJIETKE BIIOJIHE BO3MOJKHBI.

U ne Oyzner B TOM MOMeXOH KYJTOHOBCKHI Oapbep: MpHpoaa
cymena oO0oiTH 3TOT Oapbep ©0€3 BBICOKMX OSHEpPrud u
TEMIIepaTyp, MATKO U HEXKHO.

KOPPECIIOHJEHT. Bbl cuuTaere, 4TO B KUBOW KIIETKE
BO3HHMKAET BUXPEBOE 3JIEKTPOMarHuTHoe noje. OHO yAep>KuBaeT
IIPOTOHBI KaK Obl B CBOEH CETKE U pa3roHseT ux, yckopser. [lone
3TO M3JIy4alOT, T€HEPUPYIOT 3JIEKTPOHBI aTOMOB »Xeie3a. EcTb
TPYIIBl U3 YeThIpEX Takux aromMoB. OHHM Ha3bIBAIOTCA ¥
CIIELUATIMCTOB TakK: rembl. JKene3o B HUX JBYX- U TPEXBAJIECHTHO.
N o0e st ¢dopMbl OOMEHHUBAIOTCS 3JIEKTPOHAMH, MEPECKOKU
KOTOPBIX U MOPOXKIAIT moJie. YacToTa ero HeBEpOsTHO BEJMKa,
1o Bameii onenxe 108 repir. OHa HAMHOTO MPEBOCXOIUT YACTOTY
BUJIUMOTO CBETa, MOPOXKIAEMOT0 OOBIYHO TOXE TMEepPEecKOKaMu
AJIIEKTPOHOB C OAHOTO aTOMHOTrO YpOBHs Ha npyrou. He cuuraere
JU BbI, YTO 3Ta OLIEHKA YaCTOTHl MOJS B KIETKE BaMU OYEHb
3aBbllIeHA?

I''H. IIETPAKOBHY. OTHIOOE HET.

KOPPECIIOHJIEHT. Bam otBer MHe mnoHATeH. Benpb
MMEHHO OYE€Hb BBICOKHE YACTOTBI U COOTBETCTBYIOIINE UM Majible
JUTMHBI BOJIH CBSI3aHBI C OOJBINIOW DSHEprueil KBaHTOB. Tak,
yIbTpauoNeT C ero KOPOTKUMH BOJIHAMU JIEHCTBYET CUIIbHEE,
4yeM OOBIUHBIE JTyun cBeTa. [|y1si pa3roHa MpOTOHOB HYXHBI OUYEHb
KOPOTKME BOJHBIL. BO3MOXHBI JIM TPOBEPKH CaMOMl CXEMbI
YCKOPEHHS TPOTOHOB M YaCTOTHI BHYTPUKIETOYHOTO TTOJIS?
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I''H. IIETPAKOBHY. HUrtak, OTKpBITHE: B MHUTOXOHIPHUSIX
KJIETOK TeHEePUpPYETCs CBEPXBBICOKOYACTOTHBIMH,
CBEPXKOPOTKOBOJHOBBIM MEPEMEHHBIN INEKTPUUECKUN TOK U, MO
3aKOHAM (PU3UKH, COOTBETCTBEHHO €MY — CBEPXKOPOTKOBOJIIHOBOE
U CBEPXBBICOKOYACTOTHOE NEPEMEHHOE JIEKTPOMArHUTHOE MOJIE.

Obpazoeanue 20102pammol COHCHOU MOJIEKYIbL HCUBO2O
eéeuecmea. Tpaekmopuu npomoHoé NOKA3AHbL JIUHUAMU.
Ilocne npoxoxycoenuna ux uepes MONEKYY, GbLOCTAECHHYIO
ueemom, oopazyromcesa "ovipku'’ 6 npomonnom nomoxe — oHu u
Hecym ungopmayuio 0 MmoneKyne; co30arm eé «PUCYHOK?,
207102pamMmy.

CaMoe KOpOTKOBOJITHOBOE M CaMO€ BBICOKOYACTOTHOE U3 BCEX
NEPEMEHHBIX 3JIEKTPOMAarHUTHBIX mojied B mpuponae. Emé He
CO3/1aHbl MPUOOPBI, KOTOPHIMU MOXHO OBLIO OBl H3MEPHUTH TAKYIO
BBICOKYIO YacTOTYy M TaKyl0 KOPOTKYIO BOJHY, MO3TOMY TaKHX
noJiei moka Juis Hac Kak Obl BOBCcE HE cyliecTByeT. M OTKpBITUS
MIOKA YTO HE CYIIECTBYET ...

Tem He MeHee, BHOBb oOparumcsi K 3akoHaM ¢(usuku. Ilo
9TUM 3aKOHAaM TOYEYHbIE MepeMEHHbIE JIEKTPOMArHUTHbIE MOJIs
CaMOCTOSITENIBHO HE CYILECTBYIOT.
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OHU MTHOBEHHO, CO CKOPOCTBIO CBETa CIMBAIOTCA MEXIY
co00il myTéM CHHXpPOHM3AMM U PE30HAHCA, 3HAYUTEIHHO
YBEJIMUYUBAOIIUM HaMPsHKEHUE TaKOTrO MOJIA.

CnuBarorcs TOYEYHbIE AJIEKTPOMarHUTHBIE noJs,
oOpa3yemble B JJIGKTPOMAarHUTUKE  IEpeMEIaroIUMUCs
AJIEKTPOHAMM, Jajiee CIIMBAIOTCA BCE IOJS YK€ MHUTOXOHIPUH.
Ob6pa3yercs 00beIMHEHHOE CBEPXBBICOKOYACTOTHOE,
CBEPXKOPOTKOBOJIHOBOE  IIEpEMEHHOE  Mojie I  Bcel
MUTOXOHJIpUH. B 3TOM 1oJie 1 yaepKuBaroTCs MPOTOHBI.

Ho mutoxonapuii B OJNHOW KIJIETKE HE JABE U HE TPU — B
KOKIOW KIETKE WX HACUUTBHIBACTCA JECSATKH, COTHH, a B
HEKOTOPBIX — Ja)Ke ThICAYHU, U B KaXKJIOW M3 HUX 00pa3yercs 3TO
CBEPXKOPOTKOBOJIHOBOE II0JIE; W OTH MOJIA YCTPEMIIIOTCS K
CIMSIHMIO MEXAYy cOoOOH, BCE C TOM € CHHXpOHHU3aLueHd u
3¢ (dexToM pe3oHaHca, HO yXKe BO BCEM MPOCTPAHCTBE KIETKU - B
LUTOIIa3Me. Bot 3TO CTpEeMJICHHE HEPEMEHHOTO
3JIEKTPOMAarHUTHOIO IOJII MUTOXOHAPUU K CIHSHHUIO C APYTUMU
TaKUMM JK€ MOJSIMU B IUTOIUIa3ME€ €CTh Ta camas 'TArJoBas
cuia", Ta HEPrusi, 4TO C YCKOpPEHHEM "BbIOpachiBaeT" MPOTOHBI
U3 MUTOXOHJPHH B IPOCTPAHCTBO KJIETKH. Tak cpabaThiBaeT
BHYTPUMHUTOXOHIPUANBHBIN "cuHXpoda3oTpoH".

CrnenyeT MNOMHUTB, YTO MIPOTOHBI ABMXKYTCS K SiApaM aTOMOB-
MUIIEHEN B KJIETKE B 3HAYUTEIIBHO YCUJIEHHOM I10JIE — HACTOJBKO
KOPOTKOBOJIHOBOM, YTO OHO JIETKO, KaK IO BOJIHOBOJY, MPOUIET
MEXTy ONKalIIMMU aTOMaMy JJake B METAITIMUECKOM pemiéTke.
Oto0 nose nerko "mpoHecéT" ¢ coboil MPOTOH, pa3Mepbl KOTOPOTO
B COTHIO ThICSY pa3 MeEHblIe JTH000ro aroMa, M HACTOJIBKO
BBICOKOYACTOTHO, YTO OHO HHUCKOJIbKO HE€ MOTEpSieT MpU 3TOM
cBoell sHepruu. Takoe o6nanaroliee CBEPXIPOHULAEMOCTHIO
noJjie BO30YAUT U T€ MPOTOHBI, KOTOPbIE BXOJAT B COCTaB sijpa
aTomMa-mMuiieHd. W riaBHoe — 3TO Tojie NPUOIU3UT K HUM
"HaneTaromui'" TPOTOH HACTOJIBKO, YTO TMO3BOJMUT JITOMY
"HaneraromieMy" OTHATh AIpY 4YacTb CBOEH KHHETHUYECKOU
SHEPIHH.

Camoe 007bII0€ KOJMYECTBO HHEPIUU BBIIEISIETCS MPU O-
pacmagze. Ilpm »ToM W3 sAOpa € OrPOMHOM  CKOPOCTBHIO
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BBIOPACHIBAIOTCS (-YACTHUIIBI, MPEJCTABIAIOMNE COOOH TPOYHO
CBSI3aHHBIC J[BA MIPOTOHA M JBa HEUTpoHA (TO €CTh sIpa aTOMOB
renms).

B otnnune oT snepHOro B3phiBa IpU "XOJI0JHOM TepMosiae"
B 30HE pEaKlUU HE MPOUCXOJUT HAKOIUICHUS KPUTHUYECKON
Macchl, pacraj Uik CUHTE3 MOTYT HEMEIJICHHO MpeKpaTuThes. He
HAOMIOlaeTCsl  pagualy,  MOCKOJbKY  (-YacTHIIBI  BHE
AIIEKTPOMArHUTHOTO TOJISI HEMEUIEHHO NMPEBPAIIAIOTCS B aTOMBI
rejids, a NPOTOHBI — B MOJEKYJSPHBIA BOJOPOMA, BOIY WU
NIEPEKUCH.

B 1o xe Bpems opranusm crnocoOeH cam cebe mnyTéMm
"XojmogHOro  TepMmosiga"  co3laBaTh  HEOOXOAMMBIE €My
XUMHYECKHE DJIIEMEHThl M3 JIPYIMX XHUMHUYECKUX DIIEMEHTOB,
HEUTpaTn30BaTh BPEeIHBIC 1715l HETO BEIIECTBA.

B 30He cBepuieHus "xomomHoro Tepmosiga" GopMHUpPYIOTCS
roJI0OrpaMMBbI, OTPAKAOIINE B3aNMOICHCTBHS IIPOTOHOB C SAPAMHU
aTOMOB-MHIIIEHEH. B KOHEYHOM WTOre 53THU TOJOTrPaMMBI B
HEUCKaXCHHOM BHUJIC BBIHOCSITCS AJICKTPOMArHUTHBIMH TTOJISIMH B
HOoOoC(epy U CTAaHOBATCA OCHOBOH »HEpPronH(OpMallOHHOTO
0JIst HOOC(hEpHI.

Yenosek CIoco0eH ITPOU3BOJIBHO, C IMOMOIIBIO
SJICKTPOMArduTHBIX JIMH3, POJIb KOTOPBIX B JXUBOM OPraHU3ME
BBITIOJIHATOT MOJICKYJIBI-TIbE30KPUCTAJLIBI, (bOKy'CI/IPOBaTL

SHEPrui0 NMPOTOHOB, U OCOOEHHO 0-YAaCTHIl, B MOIIHBIE ITyYKH.
IIpu >TOM  nEeMOHCTpUpPYS  MOTpAcCAIOIIMEe  BOOOpakeHue
(eHOMEHBI: OIHATHE U NEPEIBUKEHIE HEMMOBEPHBIX TSKECTEH,
XOXJIEHHE M0 pacKaJI€HHbIM KaMHSM U YIJISM, JIEBUTAIMIO,
TEJENOPTALINIO, TEIEKMHE3 U MHOTOE APYTOE.

He moxer Takoro ObITh, YTOOBI B MHpe BCE HCUe3aI0
OecciieTHO, HA00OPOT, CIAeAyeT AyMaTh, YTO CYIIECTBYET HEKHI
BCEMHpPHBIN "OaHK", BceMUpHOE OHOMOJE, C KOTOPBIM CIMBAIUCH
U CIMBAIOTCS TOJISI BCEX JKMBIIMX W JKUBYIIMX Ha 3emiie. DTO
O6uomnone  MokeT  OBITh  NPEACTABICHO  CBEPXMOIIHBIM,
CBEPXBBICOKOYACTOTHBIM, CBEPXKOPOTKOBOJIHOBBIM u
CBEPXIIPOHUKAIOIIUM IEPEMEHHBIM JJIEKTPOMArHUTHBIM IOJIEM
BOKPYT 3eMJIH (M TeM CaMbIM — BOKPYT U 4depe3 Hac). B atom mosne
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B HJICATBHOM TIOPSAKE YACPKUBAIOTCSA  SICPHBIC  3apsibl
IPOTOHHBIX rojorpapudeckux "GumibMoB" 0 KaxJI0M U3 HAC — O
TONIAX, 0 OaKTEpHsIX U CIIOHAX, O YEPBIKaxX, O TpaBe, IUIAHKTOHE,
cakcayJie, )KUBIIUX KOT/Ia-TO U KHUBYIIUX HBIHE.

JKuByiue HbpIHE W TOAJCPKUBAIOT SHEPTHEH CBOETO IOJIA
910 Omonosie. Ho TONbKO peakue eaMHHIBI UMEIOT TOCTYI K €ro
WH()OPMAITMOHHBIM COKPOBHINAM. OTO TAaMATh IUIAHETHI, €€
ounochepsl.

Henosnannoe emé BcemupHOoe Oworosne  oOnamaer
KOJIOCCAIbHOM, €CclTu He OeCnpeleNbHON, JHEpPruel, BCE MBI
KyIlaeMcsi B OKeaHe ATOM SHEPTrUH, HO HE YYBCTBYEeM €€, KaK He
YyBCTBYEM OKPYKAIOIIMI HAC BO3IYyX, M TIOTOMY HE YyBCTBYEM,
YTO OHA BOKPYT HAc ecTh... Ponb e€ Oyner Bo3pacTarh. DTO Hal
pe3epB, Hallla MOAJIEPHKKA.

KOPPECIIOHJIEHT. Camo mo cebe 3TO IMOJje IUIaHETHI,
OJIHAKO, HE 3aMCHHUT pabouyue PyKH U TBOpUYeCKUi yM. OHO JIHIIb
CcOo3Ma€T  MPEINOCBUIKK I TPOSBICHHS  YEIOBEUYECKUX
CrocoOHOCTEH.

I''H. IIETPAKOBUY. Emé onun acnekt TeMmbl. Hamm riasa,
€CJIM U HE 3€pKall0 AYIIH, TO MPO3padyHble MX CPElbl - 3padyoK U
pagykka — BCE K€ SABIAIOTCA OHKpaHaMHM JUIsl IOCTOSIHHO
UCXO/ALIero U3 Hac rojorpagudeckoro "kuHo". Yepes 3pauku
IpoJeTaT "HenbHble" rojorpaMMmbl, a B paayXKaxX MPOTOHBI,
Hecyliue B cebe 3HAYMTEeIbHbIN 3aps] KHHETHYECKOW SHEpIuu,
HETPEPHIBHO BO30YXK/IAIOT MOJIEKYJIbI B IIbIOKax murmeHTa. OHU
OyayT BO3OyKIaTh UX JI0 T€X MOp, MOKa B KJIETKax, "MmocnaBuimx"
K O9TUM MOJEKyJaM CBOM IPOTOHBI, OyaeT BCE B MOpPSIKE.
[TornOHyT KJIETKH, €m€ 4TO-TO CIYYUTCS C HUMH, C OpPraHOM —
TOTYAC U3MEHUTCS CTPYKTYpa B TJIBIOKaX MUTMEHTOB. DTO YETKO
3a(pUKCUPYIOT OIBITHBIE WPHUJIOJUATHOCTBL: OHH YK€ TOYHO — I10
MPOEKIMSIM B paayXKe — 3HAIOT, KaKoW opraH 3a0oiien U Jaxe
yeM. PaHHss 1 TOuHas 1uarHocTukal

Hekortopeie Menuku He OueHb OJaroCKIOHHO OTHOCSTCS K
CBOMM KOJUIETaM-MUPUJOJMArHOCTaM, CYUTas MX 4YyThb JIU HE
mapnaranamu. HampacHo! HMpupoauarHoctuke, Kak IPOCTOMY,
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o0LIeIOCTYITHOMY,  JCIIEBOMY, JIETKO IEpEeBOJAMMOMY  Ha
MaTEMaTUUYECKUH SI3bIK, a TJIABHOE — TOUHOMY U paHHEMY METOAY
JTUArHOCTHKYU Pa3jIMyYHBIX OoJie3HEl yxxe B OnmxaiiieM OyyiieM
CBETUT '"3enéHpli cBeT". ENMHCTBEHHBIM HENOCTAaTKOM METOja
OBLIIO OTCYTCTBHE TeopeTHuecKoi 0a3bl. DyHIaMEHT €€ U3JI0KEeH
BBIIIIE.

KOPPECIIOHZEHT. dymato, i HalllMX YUTaTEIEH HYKHO
Obl MOSCHUTH TIpollecC OOpa30BaHUA TOJOIPAMM  Ka)J10Io
WHIUBUA. BBl 3TO caenaere mydine MeHs.

I''H. TIETPAKOBUY. IlpeacraBum cebe B3auMOACHCTBUSA
YCKOPEHHBIX IPOTOHOB C KaKOH-TMOO KpymHOH 0O0BEMHOMN
(TpexMepHO) MOJIEKYJIOH B KIJIETKE, INPOUCXOJALINE OYEHb
obicTpo. Ha Takue B3auMonelCTBUS C ApaMH aTOMOB-MUIICHEH,
COCTaBJISIIOLIUX 3Ty KPYIHYIO MOJIEKYIY, OYAEeT U3pacXxoJ0BaHO
MHOECTBO MPOTOHOB, YTO OCTAaBUT, B CBOIO OYEpPENb, B IYyUKe
IIPOTOHOB TOXE OOBEMHBIM, HO "HeraTWBHBIH" ciel B BHJIE
Bakyyma, "AbIpok". DTOT cieq u OyneT camoll HacTosien
rojorpaMMoM, BOIUIOTHUBIIEH B ce0e M COXpaHMBILEH YacTh
MIPOPEarupoBaBIICH C MPOTOHAMHU CTPYKTYpPbl CAMOW MOJIEKYJIBI.
Cepus ronorpaMm (4to ¥ IpoucXoauT "B HaType'") oToOpaszut u
COXPaHUT HE TONbKO ¢u3ndeckuil "OOIMK" MOJEKyJbl, HO H
NOPANOK (PU3NYECKUX U XMMHUUYECKUX TNPEBpaIlleHUuN OTIENIbHBIX
e€ 4YacTed M BCEH MOJIEKYJBI B LIE€JIIOM 33 ONPEIEIEHHBIN
MPOMEXYTOK BpeMeHHU. Takue rosorpaMmsbl, ciluBasch B Ooiiee
KpynHble  OOBEMHBIE  M300pakeHUs, MOTYT  OTOOpa3UTh
JKU3HEHHBINM IUKII BCEH KIJIETKH, MHOXXECTBA COCEIHHUX KIIETOK,
OpraHoB U 4acTel Tejla — BCEro Tela.

Ectp emi€ ogno ciencreue. Bot oHo.

B >xuBoii npupose, He3aBUCUMO OT CO3HAHHUs, Mbl 00IIaeMCs
npexae Bcero nojsiMu. [Ipu TakoM oOieHnH, BOMAS B Pe30HAHC
C JpYrMMH IOJISIMM, Mbl PHUCKYEM YTpaTHTh, YaCTUYHO WJIU
MOJIHOCTHIO, CBOIO MH/IMBUIYaJIbHYIO YacTOTY (Kak U 4ucToTy). U
ecmu B OOMIEHMH C 3eNE€HOW MPHUPOAOM 3TO O3HAYaeT
"pacTBOpUTHCS B Tpupoje’, TO B OOLIEHUH C JIFOAbMH, OCOOCHHO
C TeMH, KTO 00JIaZlaeT CUJIbHBIM HOJIEM, 3TO 3HAYUT YACTUYHO HITU
MOJTHOCTBIO YTPATUTh CBOIO MHAMBUIYAJTLHOCTh — CTaTh "30MON"
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no Tomopy JluueBy. TexHuueckux ammaparoB "3oMOupoBaHUA"
[0 MpOrpaMMe HET M BPSJ JH OHU KOrJa-imubo OyAyT CO3/aHBbI,
HO BO3JICHCTBHS OJHOIO YEJIOBEKAa HA JPYroro B 3TOM IUIAHE
BIIOJIHE BO3MOYKHBI, XOTs, C IO3UIMM MOpanH, HEIOIIYCTHMBI.
ObGeperast ce0s, Ha ITUM CIIEAyeT 3aJyMaTbCs, OCOOCHHO KOrja
JIEJI0 KacaeTcsl LIYMHBIX KOJUIEKTHBHBIX JEHCTBHI, B KOTOPBIX
BCerja npeobiagaer He pa3yM M Jake HE UCTUHHOE YYBCTBO, HO
(aHaTU3M — MevaIbHOE TUTS 3JI0HAMEPEHHOTO PE30HAHCA.

[ToTOK TPOTOHOB MOKET TOJIBKO YBEIMYMBATHCA 3a CUET
CIMSIHMSI C JPYrMMHM IIOTOKaMHM, HO HHMKAaK, B IIPOTHBOBEC,
HalpuMep, 3JIEKTPOHHOMY MOTOKY, HE CMELIMBAThCS, — U TOrJa
OH MOXET HECTH B ceOe MOJHYI0 WH(POPMAIMIO yXKE O IIeIBIX
OpraHax " TKaHSX, B TOM YHCJIE€ — U O TAaKOM CHEIH(PUIECKOM
oprase, kak Mo3r. [lo-BuauMoMy, Mbl MBICIIUM TOJIOTpaMMaMHu, U
9TH TOJOTPaMMBI CIIOCOOHBI TEpeAaBaTh IMOTOKOM MPOTOHOB
yepe3 B34, — TOMY  JIOKa3aTelabCTBO  HE  TOJIBKO
"BBIPA3UTEIBLHOCTL" HAILEro B3IJIsAJa, HO U TO, YTO >KUBOTHBIE
CIIOCOOHBI yCBauBaTh HAIIM ToJlorpaMMbl. B moarBepxkaeHue
3TOMY MOXHO COCJAThCsl HA OMBITHI U3BECTHOT'O JIPECCUPOBILUKA
B. JI. lypoBa, B KOTOpbIX IPUHUMAJ y4acTHE U akaaeMuk B. M.
bexTtepeB. B »Tux ombiTax cobakaMm crenuagbHOM KOMHCCHEN
CUIOMUHYTHO TNPUIYMBIBAIUCH KAaKUE-INOO TMOCHUIIBHBIE UM
3amanus, B. JI. JlypoB TyT k€ "TMIHOTHYECKHM B3IJISIOM"
nepenaBai codbakaMm 3TH 3aJaHus (IIPU ATOM, KaK OH TOBOPUJI, OH
caM Kak Obl cTaHOBHWJICS "cOOakoil" M BMECTe ¢ HUMHU MBICICHHO
BBIMOJHS 3aJjaHusl), U COO0aKM B TOYHOCTU BBINOJIHSAJIU BCE
IIPEIIUCAHUS KOMUCCHH.

Kcratu, u ¢ortorpadpupoBanre raumolMHALUNA MOXHO
CBsI3aTh C rojiorpa)uyeckuM MBILIUIEHUEM M Iepenaueii oopa3zoB
MIOTOKOM IPOTOHOB Yepe3 B3I,

OueHb BaXHBI MOMEHT: Hecyllue MH(OpMAIUIO MPOTOHBI
cBoeil sHepruei "MeTAT" OeIKOBbIE MOJIEKYJIBI CBOETO Tela, Mpu
TOM  Kaxzaas '"MedeHas" MoJeKkyida NpuoOperaeT  CBOM
COOCTBEHHBIM CIEKTP, U 3TUM CIEKTPOM OHa OTJIMYAETCS OT
TOYHO TAaKOW JK€ IO XHMHUYECKOMY COCTaBy MOJIEKYJNIbI, HO
npuHauiexkamnie "ayxomy" teny. Ilpunuun HecoBnanenus (Wi
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COBMAJICHUSI) IO CIHEKTPY MOJICKYJ OejKa JIeKUT B OCHOBE
MMMYHHBIX pEaKkLMi OPraHu3Ma, BOCIIAJICHMS, a TAKKE TKAHEBOU
HECOBMECTUMOCTH, O UY&M Mbl YXKE YyIOMUHAIU. MexaHu3M
OOOHSHUS TOXKE TIOCTPOCH Ha NMPUHIUIIE CIIEKTPAILHOTO aHAIHM3a
BO30YKACHHBIX MpOTOHaMH Mojekya. Ho B asrtom cmyuae
IPOTOHAMH OOJIYYaIOTCsl BCE HAXOSIIUECS BO BABIXAEMOM Uepes3
HOC BO3/IyX€ MOJIEKYJIbl BEIIECTBA C MITHOBEHHBIM aHAJIU30M HX
criekTpa  (MexaHu3M  O4YeHb  OJIM30K K  MEXaHU3My
IIBETOOIIYIIICHUS ).

Ho ectp '"pabora", KOTOpYyIO BBINOJHSET  TOJIBKO
BBICOKOYACTOTHOE MEPEMEHHOE 3JIEKTPOMAarHUTHOE IOJE — 3TO
pabora "Broporo", unu "mepudepudeckoro”, cep/a, 0 KOTOpoM
B CBOE BpPEeMsI MHOTO MHUCAJIA, HO MEXaHU3M KOTOPOTO eIlé HUKTO
HE pacKpbll. ITO 0cobas Tema Juis pa3roBopa.

KOPPECIIOHJIEHT. Cepneyno Omaromapio Bac  3a
MOPA3UTEIHLHO HHTEPECHYIO Oeceny.

OnybnukoBaHo: kypHan «Uymeca ©  NPUKIIOUCHHSY,
Jexabpp 1996.

o
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I' . H. Ilempakoeuu
SIEPHBIE PEAKITUH B JKHBOH K/IETKE

Hogvle npeocmaenenus o ouoInepzemuke Kiemku
6 0onosHeHue K Ony01IuKO6AHHbIM panee

HAYKA, HO HE TA

«H3 enyoun pazmuliunenuti
UBBIEK S1 HCEMUYIHCUHY ... »
Omap Xaiiam.

Hayka o kierouHoil OMO3HEpPreTHKe, CKIIaJbIBaBIIAsACA Ha
NPOTSDKEHUM — JECATWIIETH W NPEJICTaBIE€HHAas  MHOTUMH
OnMuCTaTeNbHBIMA YYEHBIMH yMaMH, clykamas (QyHIaMeHTOM
BCEM JPYrUM HayKaM O JKUBOM MAaTe€puu, — TOU «IEYKON», OT
KOTOpPOM «BCE HAUMHAETCS»,— 3Ta HayKa 3MXKJETCS Ha JIOKHBIX
MIOCTYJIaTaX U HY)KJAETCsl B KOPEHHOM I1EPECMOTPE.

Camblii T7aBHBIM IOCTYJIAT, MOJOKEHHBIA B OCHOBY 3TOM
HayKM W Ha MOBEPKY OKa3aBLIMICS JIOXKHBIM, 3TO TOT, 4YTO
€AMHCTBEHHOM MPUEMIIEMOM Ul HYXKJI KIETKH DHEPIUeH,
BbIpabaThIBa€éMOil B mpolecce OHOJOTMYECKOTO0 OKHUCIICHUS B
KJIETOYHBIX MUTOXOHJPHUSX, SIBJISIETCS SHEPTUs MEKTPOHOB, U UTO
3Ta SHEPrusi, «IepCOHUPUIMPOBAHHAS» B aJIeHO3UHTpHU(ochare
(AT®), mnepemaércs u3 MHUTOXOHAPUM B KIETKY 4Yepes
XUMHUYECKHE CBSI3U.

Bor kak mpexacraBiasfeT  3TOT  MOCTyJaT  BEAYIIMH
o6uosnepreTuk crpansl akagemuk PAH B.I1. Ckymnaués:

«Ymobvl  nocmasume dKCnepumMeHm noO  UCHOIb30BAHUIO
SA0EpHOU dHepauU, Npupooe NpuuLiocb co3oams uyenogexa. Umo
Jce Kacaemces 6HYMpPUKIEMOYHbIX MEeXAHUZMOE SHEpemuKu, mo
OHU U3BNIEKAIOM JHEP2UID UCKIIOUUMENbHO U3  IAEeKMPOHHbIX
npespaujenuti,  xoms  SHepeemuveckuil  d¢hghekm  30echb
Heu3sMepumo Majl N0 CPAGHEHUIO C MePMOLOEPHbIMU NPOYeCccamul

[3].
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«... UCKIIOYUTEIBHO W3 DJIEKTPOHHBIX IPEBPALICHUMN...» —
Camoe pacnpocTpaH€HHOE U caMmoe TiTyOokoe 3a0iykaeHue!

VMeHHO TepMoOsiiepHBIE DPEAKUUU JIEKaT B OCHOBE
KIETOUHOM OMOdHEPTeTUKM M MMeHHO npotoH H' — Tsxénas
3apsDKCHHAs  DJIEMEHTapHas 4YacTula — SBIACTCSA  IVIaBHBIM
YYaCTHUKOM BCEX 3THUX PEAKIM, XOTs, pa3yMeeTcsl, U 3JIEKTPOH
IPUHUMACT OINpPENEIEHHOE, W JAKE BAXKHOE, y4acTHE B 3TOM
IIPOLIECCE, HO B MHOM pOJIM, COBEPLIEHHO OTIMYHON OT pOJIH,
IIPEIIIMCAHHON €My YYEHBIMU CIIELUATNCTAMHU.

W uro camoe yaMBHTENbHOE: YTOOBI JJOKa3aTh BCE 3TO, HE
Ha/l0, OKa3bIBaeTCsi, INPOBOJUTH  KakKUe-TMOO  CIIOKHBIE
U3bICKAaHUs, UCCIIEOBaHMs, — BCE JIEKUT HA MOBEPXHOCTH, BCE
OpPEJCTaBIEHO B TeX JK€ CaMbIX HEOCIOPUMBIX (haKTax,
HaAOJIIOJICHUSAX, KOTOpbIE CaMH K€ Y4YEHbIe U JIOObUIM CBOMMU
TSOKKUMHM TPYJaMH,— HaJ0 JIMIIb HENPEAB3ATO U YrIyOJIEHHO
NOPa3MBIIUIATE HaJ 3TUMH (aKTaMH M BOCIIOJIB30BAThCS TPU
9TOM TaKMMHM IIPOCTHIMHU OPYJUSAMH UCCIIEOBATENS, KK JIOTUKA U
37paBbIil CMBICI.

Bor Ttakoii Heocnmopumblii (akT: crenuanucraM JIaBHO
U3BECTHO, YTO IMPOTOHBI, «BBIOpACHIBAEMBIE» U3 MUTOXOHIPUN
(TEpMHH IIUPOKO MUCHOIB3YETCs CHEIMATUCTaMU U B HEM 3BYUUT
npeHeOpeKeHue K TUM TpyIraM — YaCTHIlaM, CJIOBHO peub UAET
00 0TX0fax, «Mycope» — BIPOUYEM, UX TaK U BOCIPUHUMAIOT), —
«BBIOPACHIBAEMBIX» U3 MHUTOXOHJPHUHM B MPOCTPAHCTBO KIIETKU
(uuTOMIa3My), IBHXKYTCS B HEM OJIHOHAIIPABICHHO, - B OTIMYHE
0T OpOYHOBCKOT'O JIBM)KEHHS B KJIETKE BCEX APYTrMX HOHOB, U
JBIKYTCS OHM B LHUTOIUIA3ME C OTPOMHOM CKOpOCTBIO,
MPEBBILIAIONIEH CKOPOCTh JABMXKEHHUS JIIOOBIX JIPYTMX HOHOB BO
MHOIO ThICSY pa3. YUY€Hble HUKAaK HE KOMMEHTHUPYIOT 3TO
HaONMO/leHne, a 3aJyMmarbcs HajJ d3TUM cleqoBajio Obl, U
CEpBE3HO.

Ecnu npoToHBl, 3TH 3apspKEHHbIE JIeMEHTapHbIE YacTHIbI,
JBUKYTCS B IPOCTPAHCTBE KIJIETKU C TAKOW OTPOMHOM CKOPOCTBIO
U  «IIeJIEHaNpaBlI€HHO», 3HAYUT, B KIETKE €CTb KaKOH-TO
MEXAaHU3M HMX YyCKOopeHus. HeCOMHEHHO, MEXaHU3M YCKOpPEHHUS
HaXOJUTCSI B MHUTOXOHIPUHU, OTKy/la H3HAYaJbHO C OrPOMHOMN
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CKOPOCTBIO M «BBIOpPAchIBAIOTCS» MPOTOHBI, HO BOT KaKOrO OH
Xapakrepa ... TsDKénble 3apsHKEHHBIC JJIEMEHTapHbIC YaCTULBI,
MPOTOHBI, MOTYT YCKOPATBCA TOJBKO B BBICOKOYACTOTHOM
NEPEMEHHOM D3JIEKTPOMAarHUTHOM TI0JI€ — B CHHXpO(}a3oTpoHe,
TaK 4TO: MOJIEKYJISIPHBIA CHHXPO(a30TpoH B MUTOXOHIpuu?! Kak

HU [IOKaXeTcs CTpaHHblM, — JIA: CBEpXMHUHHUATIOPHBIN
HOPUPOIHBIN CHUHXPO(hA30TPOH — CO CBOMMU OTJIMYMSAMH OT
PYKOTBOPHOI'O, KOHEYHO, — HAaXOJIUTCI HMMEHHO B KPOXOTHOM

BHYTPUKJIETOYHOM OOpa3oBaHuu, B MutoxoHapuu! 1 sto Oyner
JIETKO JOKAa3aHO — CM. HUXKE.

IIporoHsl, = MOHBI  aTOMOB  BOJAOpOJA,  IONaB B
BBICOKOYACTOTHOE IIEPEMEHHOE JJIEKTPOMArHUTHOE I10JI€, Ha BCE
BpeMs IpeObIBaHMS B OSTOM TI0J€ YTPauMBalOT CBOWCTBA
XMMHYECKOTO 3JEMEHTa, HO 3aT0 IPHOOPETAlOT HOBBIE,
CBOMCTBA TSKENBIX 3apsSKEHHBIX 2JIEMEHTAPHBIX YaCTHULL.

[To sT0if mpuunHE B MPOOUPKE, JaXe MPU CaMOM OOJIBIIOM
TUICHUM, HEIb3s B IIOJHOW MEpEe IIOBTOPUTH TE€ IPOLECCHI,
KOTOPBIE IIOCTOSIHHO ITPOUCXOAT B )KUBOM KIIETKE.

Hanpumep, B npoOupke uccineoBaresis NpoTOHbl y4acTBYIOT
B CBOOOJHOPAMKAIFHOM TMEPEKUCHOM OKHCIEHUH, a B KIIETKE,
XOT B HEH M TNPOUCXOAUT CBOOOJHOPATUKAIBHOE OKHUCIEHHE,
NEPEeKUCH He 00pa3yloTcs, — KIETOYHOE BBICOKOYACTOTHOE
MIEPEMEHHOE DJIEKTPOMArHUTHOE II0JIE€ «BBIHOCUT» IIPOTOHBI U3
JKUBOW KIJIETKM B BHUJE 3apsDKEHHBIX JJIEMEHTapHBIX YacTHUIl, HE
JlaBasi UM BO3MOXKHOCTU 00pa30BBIBaTh XMUMHUYECKHE COEIUHEHUS
C KUCIIOPOJOM.

Mexny TeM y4éHble B CBOMX HAay4YHBIX BBIBOJAX
PYKOBOJCTBYIOTCSI HMMEHHO <«IIPOOMPOYHBIM» OIBITOM, KOTAa
UCCIIEAYIOT NIPOLIECCHI B JKUBOU KIIETKE.

Y ckopeHHbIE B BBICOKOYAaCTOTHOM IIEPEMEHHOM
JJIEKTPOMATrHUTHOM II0JI€ TSKENBIE 3apsKCHHBIE DIIEMEHTapHBIC
YaCTHUIbl — IPOTOHBI — JIETKO MOHU3UPYIOT aTOMBI U MOJIEKYJIBI,
«BBIOMBAsI» U3 HUX DJIEKTPOHBI, P 3TOM MOJIEKYJIbl, CTAHOBSICH
CBOOOJHBIMU paJiKaNaMy, MPUOOPETAIOT BHICOKYIO XUMHUUYECKYIO
AKTUBHOCTb, & HMOHU3UPOBAHHBIE aTOMBI — B KJIETKE 3TO MPEKIE
BCEro WMOHBI HATpUs, Kalus, KajbIUs, MarHusi, — oOpa3yloT B
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MHOIOYMCIIEHHBIX ~ MeMOpaHax  KIETKHM DJEKTpUYECKHE U
OCMOTHYECKHE MOTEHIHAJIBI, HO YK€ BTOPUUHOTI'0, 3aBUCUMOTO OT
IIPOTOHOB, OPSAAKA.

[IponcxoauT ke nepeMelieHre B KJIETKE YKa3aHHBIX MOHOB
«HaCWJIbCTBEHHBIM» MYTEM IO H3BECTHOMY B (DU3UKE 3aKOHY
B3aMMOJEHCTBUSL ~ OJHOPOAHBIX  3apsiioB, IO  KOTOPOMY
HauOOJIBIINI 3apsi]l BBITECHSIET Ha NepU(epHrIo HOCUTENHN 3apsiioB
MEHbIIEH cuibl. B gaHHOM ciyyae HauOOJBIIMK CyMMapHBIHA
3apsj B KJIETKE IPUHAJICKUAT IIPOTOHAM.

W BOT roTOB OTBET Ha BOIPOC, HA KOTOPBIN paHbIIE HUKTO
0e3 cchbUIKM Ha MHU(UYECKMH «HATPUEBBIH» «HAcCOC» HE MOr
OTBETUTH: MOYEMY HOHBI HATPHUS B KHBOH pabOTAIOMIEH KIIeTKe
BCEr/la OKa3bIBAlOTCS BHE KIIETKU?

[IpoTOHBI ~ BBITECHSIIOT  TUAPOPHUIBHBIE,  OKPYXEHHBIC
BOJIIHOM «11y0Oi» KpyIHbIE HOHBI HaTpus K mnepudepuu, u
«BBITECHUTBCS» OHU MOTYT U3 KJIETKU TOJIBKO BO BHEKJIETOYHOE
IPOCTPAHCTBO, — 4Yepe3 OTHOCUTEIbHO OOJbIINE «OKHa»
(«¢enecTpbl»), KOTOpbIE TAaKOW BEIMYMHBI MUMEIOTCA TOJIBKO BO
BHEIIIHE! MeMOpaHe KIJIeTKH.

Jlpyrve MOoHbI pacupeeiaoTcs 110 pa3HbIM OTelaM KIIETKU
B CWIy MWHIUBUAYaAJIbHBIX CIHOCOOHOCTEH MpPOHUKATh dYepe3
BHYTPUKJIETOUHbIE MEMOPAHBI.

Ho ruapoduinbHble HOHBI HATPUS YHOCST C COOON U3 KIETKU
BMECTE C BOJIOM M pacTBOPEHHBIE B HEU BEIIECTBA, MIPEXKIE BCETO
IIJJaKH, — Tak paboTaeT Ha MOJIEKYJISPHOM YPOBHE KpPOXOTHas
KJIETOYHAS «II0YKa».

Ho camoe riaBHOE aelicTBHE NPOTOHA B IPYroM. SIBissch
TSDKEIOW 3apsKEHHOW AJIEMEHTAPHOW YacCTHUIIEH, Macca KOTOPOil
IpeBbIIIaeT Maccy d3JeKkTpoHa B 1840 pa3, mpoTOH BXOOUT B
cocTaB Bcex 0e3 HCKIIIOUEHUS siiep aTOMOB.

byayun yCKOpEHHBIM B BBICOKOYACTOTHOM IEPEMEHHOM
AIIEKTPOMArHUTHOM T0JI€ ¥ HaXOAsSIChb C ATUMHU sIpaMH B OJHOM
1oJjie, OH CIOCOOEH IMepeaTh UM CBOI0 KHHETHYECKYIO SHEPTHIo,
ABIIAACH B MHUpPE aTOMOB HAWIYYIIUM M3 BCEX CYIIECTBYIOIINX
NIEPEHOCUUKOM M TEPEAATUUKOM DHEPIHMM OT YCKOPUTENS 10
MOTpeOuTeNs, — sIpa aToMa.
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Ilepenocss sHepruto, TMPOTOH HE pacxoayer e€ B
OKpY>Karolen cpejie (Ha TEruio), B3aUMOJCIHCTBYS K€ C siApaMu
aTOMOB-MHILIEHEH, mepeqaéT UM [0 YacTsAM — IMYyTEM YIPYrHX
CTOJKHOBEHUH — IPUOOPETEHHYIO UM IIpU  YCKOPEHUU
KMHETUYECKYIO SHEPruio, a MOTEpsiB 3Ty SHEPTUI0, B KOHEYHOM
UTOT€ 3axXBaTBHIBACTCA SJIPOM OJIDKalIIero aromMa — MUIICHU
(Heynpyroe CTOJKHOBEHHE) U BXOJUT COCTaBHOW YacThbIO B 3TO
A7pO.

B oTBer Ha MONy4YeHHYIO NpPU YHPYrOM CTOJKHOBEHUU C
IPOTOHOM DHEPTUI0 U3 BO3OYXIEHHOTO siipa aToMa — MUIIEHU
BbIOpAchIBAETCS CBOM KBAHT SHEPTUM, CBONCTBEHHBIN JIUIIb SAPY
ATOr0 KOHKPETHOI'O0 aTOMa, CO CBOEH JJIMHOW M YaCTOTOM BOJIHBI.
A ecau Takue B3aMMOACHCTBHSI MPOTOHOB MPOUCXOISAT CO
MHOTMMH SiJpaMU aTOMOB, COCTaBIISIFOIIMX, HalpuMep, KaKyro-
anb0 MOJIEKYITy, TO MPOMCXOAUT BBIOPOC YK€ LEIOW TPYIIIbI
TaKUX CIIEMU(PHUECKUX KBAHTOB, COCTABISIONINX CIIeNU()UISCKUN
CHEKTP YaCTOT U SJIEKTPOMATHUTHBIX BOJH 3TUX MOJIEKYIH [4].

VIMMyHOJIOTH CYMTAIOT, YTO TKaHEBas HECOBMECTUMOCTb B
JKUBOM OpraHU3Me IMPOSBIIAETCS YK€ Ha MOJEKYJISIPHOM YPOBHE.
[To-BuiuMOMy, OTJIMUKE B )KUBOM OPTraHU3ME «CBOEH» OEIKOBOM
MOJIEKYJIBl OT «4YXKOWH» MpH HUX aOCONIOTHOM XMMHUYECKON
OJINHAKOBOCTH W IPOUCXOAMUT MO 3THUM CaMbIM clienu(pUIecKuM
4acTOTaM WU CIEKTpaM, Ha KOTOpBIE IO0-pa3HOMY pPEarupyroT
«CTOPOKEBBIE» KIETKH OpraHU3Ma — JIEHKOIUTHI.

3axBar e MOTEPSABIIEr0 KMHETUYECKYI0 YHEPrUI0 IPOTOHA
AIpOM aTOMa-MUIIEHH U3MEHSET aTOMHOE YHCJIO 3TOT0 aToMa, TO
€CTh aTOM-«3aXBaTYUK» CHOCOOEH MpH 3TOM H3MEHUTh CBOIO
AJIEPHYI0 CTPYKTYpY M CTaTh HE€ TOJBKO H30TOIOM JaHHOIO
XMMHUYECKOTO 3JIEMEHTa, HO U BOOOILE, YYUTHIBAs BO3MOKHOCTh
MHOTOKPAaTHOTO «3aXBaTa» TaKWUX TIOTEPSBIIUX KUHETHUYECKYIO
DHEPrUI0 TNPOTOHOB, — 3aHATH HMHOE, YEM IMPEKIE, MECTO B
tabnuie Menneneesa. U B psije ciaydaeB — He camoe Omkaidiiiee
K npexHeMmy. Ilo cymiectBy, pedb HIAET O SIEPHOM CHHTE3E B
JKUBOM KJIeTKe, B OOBIUYHBIX I HE€ YCIOBUSIX.

Hano ckaszath, Takue UaeH yxe OYZOPaXHJIM yMBI JIFOJCH:
yke Obuthn myOnukamuu O padborax (PpaHIy3cKOTO YYEHOTO
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JI.LKepBpana [5], 0OHApY>KHUBIIIETO TaKyIO SIIEPHYIO
TpaHchopMaIMIO TPH KCCIIEAOBaHUM Kyp-Hecymek. [Ipasna, JI.
KepBpan cuutai, 4yTo 3TOT SIACPHBIA CUHTE3 KaJIUs C IPOTOHOM, C
IIOCJIEIYIOLUM IIOJIy4CHUEM KaJIbLIUS, —

39 1 _ (o480
K™+ H1 = Ca™y

OCYIIECTBIISIETCSI ¢ TIOMOIIBIO (PEPMEHTATUBHBIX PEAKIIUH,
HO, MCXOJS W3 aBTOPCKOM THUIIOTE3bI, MPOIIE 3TOT IMPOIECC
MPEJICTAaBUTh, KaK CIICJICTBUE MEXKbAICPHBIX B3aMOJICHCTBHIMA.

ChopaBeyIuBOCTH  pajaud CileAyeT ckazatb, 4to M. B.
Bonbkenmreitn [6] BOOOIIIE CUUTAET JI.LKepBpana
MEePBOAIPENbCKON IIYTKOM BECENbIX aMEpPUKAHCKUX YYEHBIX, U
YTO MEpBasi MBICIIb O BO3MOXHOCTH SIIEPHOTO CHHTE3a B YKHBOM
OpraHu3Me BbBICKAa3aJdl B OJHOM M3 CBOMX (DaHTaCTHYECKUX
paccka3oB Aiizek AzumoB. Ho, Tak win uHave, oTaaBas I0KHOE
U TOMYy, U JPYrOMYy, U TpPEThEMY, MOXKHO 3aKJIIOYUTh, YTO,
COTJIACHO WM3JIaraeMoi THIIOTE3e, MEXKbSICPHBIC B3aUMOICHCTBUS
B JKHBOM KJIETKE BIIOJHE BO3MOYKHEI.

W ne Oymer B TOM IMOMEXOH KYJIOHOBCKHU Oapbep: MpHpoaa
cymena o0oiitu 3TOT Oappep ©0€3 BBICOKMX OJHEPrud U
TEMIIEPATyp, MATKO U HeXHO. OTHAKO, 00 3TOM — HUXKE.

CHHXPO®A30TPOH B ;KUBOH KJIETKE

Kakum ke o00pa3oM B MHUTOXOHAPUH TeHEPUPYETCS
BBICOKOYACTOTHOE NEPEMEHHOE HJIEKTPOMAarHuTHOE 1oJie?

MuroxoHapun [IPEJCTABIISIOT co0oii KPOXOTHBIE
0o0pa3oBaHUSl BHYTPU KIETKH, JETadd KOTOPBIX MOXKHO
paccMOTPeTh TOJIBKO TIPH YBEJIWYCHHH B COTHH THICSY W JaXKe
MWUIHOHBl pa3. Tem He MeHee, yu€HbIe ONpEACTHIN, YTO
OCHOBHOE OHMOJIOTHYECKOE OKHCICHHE C BBIPAOOTKON SHEPruu
NPOMCXOIUT B MUTOXOHJpPUH, @ UMEHHO — BO BHYTpPEHHEH eé
MeMOpaHe, 4TO B 3TOM OKHCIHMTEIHHOM IPOIECCEe YYacTBYIOT
6omnee 200 ¢epMeHTOB MO/ OOIMIMM Ha3BAaHHEM Oe2uopOeHA3bl,
3ajjadya KOTOPBIX — BBUICTATh W3 OKHCISEMOTo cyOcTpaTa
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BOZIOPOJ, W BoOOIIe, Mo maHHBIM A. Jlabopu, Oumosiormueckoe
OKHCJIEHUE CBOIUTCSI, HE3aBHUCHUMO OT XapaKTepa OKHCIISIEMOro
cyOcTpara, K AETrHAPOreHHM3allMd W HOHM3aluu Bomopona [7].
Bor, mpaBga, kakoB MeXaHU3M HOHU3ALMH BBIJCICHHOTO W3
OKHCIISIEMOT0 CyOCTpara BOJOpO/a, YUYEHBIE OKOHYATEIBHO eIié
HE ONPEICTUIH.

[Tog OonpmmM yBenWYEHHWEM Ha BHYTPEHHEH MemOpaHe
MUTOXOHJIDHM ~ HCCIIEJIOBATEIM  OOHAPYKWUJIM  TPUOOBUIHBIC
oOpa3oBaHusl, OOpalI€HHBIC ILUIAMKAMW» BHYTPh MPOCTPAHCTBA
MUTOXOHJIPHH, 3aIOTHEHHOE JKUIKAM OKHCIISIEMBIM CyOCTpaToM
— MarpukcoM. B 3Tmx 00pa3oBaHUSAX OMOXMMHKH YCTaHOBHJIU
HaJM4Yhe MHOXECTBA JCTUIPOreHa3 W Apyrux (EepMEeHTOB, a
takke ATD wu emé nUTOXpomMbl — crenuduueckue OenKu,
coJiepkanie B cebe cemvl: 4 CBA3aHHBIX MeEX]y coOoil aToma
JKeje3a C  MEHSIOMICHCS BAJIGHTHOCTBIO. OTH T'PUOOBHJIHBIC
00pa3oBaHus Ha3BaHBI JILIXaTEIbHBIMU AHCAMOJISIMU; KOJTUYECTBO
WX B MHUTOXOHIPHSIX KOJICOJETCS OT 10° o 10° u Bcerma
COOTBETCTBYET KOJIUYECTBY BOCTPEOBIBAEMOI KIIETKOW YHEPTUH.

Emé yuéHple o0OHApyXUTM B MHUTOXOHIPUU [IBa TOKa
AJIEMEHTApHBIX  YacTUIl —  TNPOTOHOB U D3JEKTPOHOB,
OTJIMYAIOIIKXCS 3apsiaMu 3TUX YacTHL U ell€ TeM, YTO OHH
MPOCTPAHCTBEHHO OTJIEJICHBI OJMH OT JPYroro, XOTs IOCJEIHEe
MOHATh  HEBO3MOXHO: KakK 3TO0 B  MHKPOCKONMMYECKOU
MUTOXOHJIPUM  MOKHO  OTJIENUTh  MPOCTPAHCTBEHHO  OT
B3aUMOJICHCTBUSL TOJIBJKHBIE M MPOTHUBOMOJIOKHO 3apsSKEHHBIE
YACTHUIIBl «IIPOCTO Tak», 0€3 CHeHHaIbHO YACPKUBAIOMIETO HX
MEXaHU3Ma, 0 KOTOPOM HUT/I€ U HUYETO HE CKa3aHO?

Tox »SIEeKTpOHOB Ha3BaH Yy4YEHBIMU IIETIBI0 TIEPEHOCca
AMeKTpOoHOB. CHEUUaTuCThl CUMTAOT, YTO 3BEHBSMU IENHU
MepeHoca DJIEKTPOHOB SIBJISIFOTCS JIbIXaTENbHBIE aHCaMOIH, a
HEMOCPEICTBEHHBIMU TNIE€PEIaTYUKAMHU  DJIEKTPOHOB  SIBJISIFOTCS
[IUTOXPOMBI — OHH TIEPEAAIOT JEKTPOHBI Yepe3 MEHSIOIINE CBOIO
BAJICHTHOCTb aTOMEI JKejIe3a B cocTaBe reMoB. Ho npIxaTenbHbBIC
aHcamMOJIM HE HUMEIT (QU3NYECKOro KOHTaKTa MEXAYy COOOM,
pacnoyioKeHbl OHU B MHUTOXOHAPUU HE IEMbIO, a «KBaJAPaTHO-
THE3JIOBBIM» CIIOCOOOM, M KakuM oOpa3oM ¢opMHpYyeTCs B
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MHUTOXOH/IPUM L€Nb IOCTOSIHHOTO TOKa, €CIM OHa BOOOIIE
CYLIECTBYET, B KaKOM HAalpaBlI€HUU TOK IBWXKETCA, — HUKTO
00BACHUTH HE MOKeT. CIUIOIIHbIE HESICHOCTH.

U BOT uTO, Ha (hOHE ITUX HESICHOCTEH, YIUBUTEIHHO: HUKTO
U3 uccliefoBaTeneil He 0OHapyXKUJ1 B MUTOXOHJPUU MCTOYHUKOB
BBICOKOYACTOTHOI'O IIEPEMEHHOI0 3JIEKTPUYECKOTO0 TOKa, XOTS
OTKPBITHE, YTO HA3BIBACTCS, JIEKUT y BCeX HA BUIY. Pedub nIér o
muToxpomax. OOmuM 11t BceX 3TuX (heppornpoTenioB SBISETCS
HAJIMYME B MOJIEKYJIE KaKJOro 4-X CBA3aHHBIX MEXIy CO00H
(aroMHBIMU CBA3sIMHU!) aTOMOB JKene3a, KaXKIblii M3 KOTOPBIX
MEHSET CBOIO BAJIEHTHOCTD, IIEPEXO0S U3 ABYXBAJICHTHOTIO JKEJI€3a
B TPEXBAJICHTHOE 32 CUET Tepexoja («IepPecKOKa») JIEKTPOHa OT
JBYXBAJICHTHOI'O aTOMa jKejie3a K TPEXBAJIEHTHOMY B Ipenesnax
3TOr0 CBEPXMHUHHATIOPHOTO MarHuTHKa. Takas OKUCIUTEIbHO-
BOCCTAaHOBUTEJIbHAS PeaKlnsl a0CONIOTHO 00paTHMa, U JIEKTPOH
CBOOOJHO IIepeMelIaeTcs Kak B OJJHy CTOPOHY, TaK U B JIPYT'yIO:

—

4—
Fe?t & Fe*

[lepemenienue 3M€KTpOHA OCYIIECTBIISIETCS 3a CUET CHIIBI
MPUTSKEHUSI €r0 TPEXBAJICHTHBIM KEJIE30M M ObIJI0O OBl BEUHBIM,
ecyu OBl MCKITI0YANach MOTePsl YHEPTUH DIIEKTPOHA Ha «ITYTH» €r0o
cinenoBanus. Kak wu3BecTHO W3 (PHU3MKH, KaXI0O€ JBHKCHHE
AJNIEKTPOHA, MOPOKIAET INEKTPUUECKUN TOK, B COCTOSIIUX BCETO
U3 4 aroMoOB Kejle3a MarHuTUKax (3JIEKTPOMArHUTHKAX)
MOPOXKIAEMBIA  DIIEKTPUYECKUIT TOK MOXET OBITh TOJIBKO
MEePEMEHHBIM — U3-32 00PATUMOCTHU JIBUKEHUSI DJIEKTPOHOB B HUX,
M0 JUIMHE BOJIHBI 3TOT TOK SIBJISIETCSI CBEPXKOPOTKOBOJIHOBBIM, —
JUTMHA 00pa3yeMoil BOJHBI paBHA TOJIOBUHE PACCTOSTHHUS MEXY
OmmkalllMMU aToMaMH JKeje3a B aTOMHOM pemiéTke, U
CBEPXBBICOKOYACTOTHBIM, — PABHBIM YaCTOTE CMEHBI BaJICHTHOCTH
JIBYX ONMMKalIIUX aTOMOB jKejie3a B TOW e aTOMHOW peIleTke,
HCYUCISIEMON MHOTO-MIJITUAPAHBIMU JTOJISIMH CEKYH/IBI.

Wrtak, OTKpbITHE: B KaXKIOM MOJIEKyJe LUTOXpOMa B
MUTOXOHJIPHSIX KIJIETOK TEHEPUPYETCS CBEPXBBICOKOYACTOTHBIM
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CBEPXKOPOTKOBOJHOBBIN MEPEMEHHBIN ANEKTPUUECKUA TOK U, MO
3aKoHaM (PU3UKH, COOTBETCTBEHHO €MY — CBEPXKOPOTKOBOIHOBOE
U CBEPXBBICOKOYACTOTHOE IIEPEMEHHOE 3JIEKTPOMArHUTHOE IOJIE.
CaMoe KOpPOTKOBOJIHOBOE M CaMO€ BBICOKOYACTOTHOE M3 BCEX
IIEPEMEHHBIX 2JICKTPOMAarHUTHBIX I10JIEW, U3BECTHBIX B IIPUPOJE.
Eme He co3ganbl npuOOpbI, KOTOPBIMH MOXHO OBUIO ObI
MU3MEPUTh TAaKyl BBICOKYIO YaCTOTYy M TaKyk) KOPOTKYIO BOJIHY,
[I03TOMY TaKUX IEPEMEHHBIX 3JEKTPOMAarHUTHBIX IOJIEH II0Ka
JUIs Hac Kak Obl BOBCe He cyliecTByeT. M OTKphITHS, CTalIO OBITH,
[IOKA YTO HE CYLIECTBYET ...

Tem He MeHee, BHOBb oOparuMcs K 3akoHaM (usuku. Ilo
9TUM 3aKOHaM TOYEYHbIE NEPEMEHHBIE 3JIEKTPOMArHUTHBIE MOJIS
CaMOCTOSITEJIBHO HE CYIIECTBYIOT, OHU MTHOBEHHO, CO CKOPOCTBIO
CBETa CIIMBAIOTCSI MEXAy co0OM NyTéM CHHXPOHHU3ALUU U C
HEMPEMEHHO BO3HUKAIOUIUM IPU 3TOM 3(PQPEKTOM pe3oHaHca,
3HAUUTEIBHO YBEJINYUBAIOLIUM HapsDKEHUE TaKOIo
MOSIBUBLIETOCS IEPEMEHHOTO IEKTPOMArHUTHOTO IOJIA.

[lepBas cuHXpoHHM3amuUs moyied ¢ 3PPeKToM pe3oHaHCca
IPOUCXOOUT B CaMOM MOJEKyJe LUTOXpOMa — CIMBAIOTCA
TOYEYHBIE  DJIEKTPOMAarHWTHbIE MOy,  oOpazyemble B
IIEKTPOMArHUTUKE JBYMS MEPEMELIAIOIIMMUCS DIIEKTPOHAMH,
Jlajiee  CIIMBAIOTCS TOJISI YK€ CaMUX LIUTOXPOMOB, OTAENIbHBIX
JIbIXaTeNbHBIX aHcaMOiieil Bcé ¢ TeM ke 3(pdexkToM pe3oHaHca, —
obpazyercs 00BbeTMHEHHOE CBEPXBBICOKOYACTOTHOE,
CBEPXKOPOTKOBOJIHOBOE IIEPEMEHHOE AIEKTPOMArHUTHOE II0JIE
BCEH MUTOXOHJpHH. B 3TOM mone u ynepxkuBaroTcs (BOT OH —
MEXAaHU3M  yIEep)KaHUs  IPOTOHOB, HUKEM  paHee  He
YCTaHOBJIEHHBIN!) MPOTOHBI Pa3/I€IbHO OT 3JIEKTPOHOB.

Otkyna e 6epyTcs B MUTOXOHIPHH ITPOTOHBI U 3JIE€KTPOHBI?

YcTaHOBIEHO, UYTO B  MHUTOXOHAPUU  OJHOBPEMEHHO
MPOMCXOIUT JIBA OKUCIMTENBHBIX Hpolecca — (epMEHTAaTUBHBIMH,
C y4yacTHMeM JeruJporeHas, HalpaBICHHbI Ha BbIEJICHUE W3
OKHCJISIEMOTO cybctpara aTOMapHOIo BOJOPO/JIA, "
CBOOOJHOpaIMKANbHBIM ~ HE(EpPMEHTATUBHBIM, B  KOTOPOM
JOOKHUCIIIOTCS  TPOMYKTHl  (epMEHTALlMU, TPEXKIE  BCEro
aToMapHbId  Bojopoa. B mporecce CcBOOOTHOPAIUKATHHOTO
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OKHCJICHH aTOMapHOTO BOAOPOAA IPOUCXOOUT HMOHM3ALUA
BOJIOPOJa, TO €CTh «Pa3JI0KEHNE» €r0 HA IIPOTOH U 3JIEKTPOH.

IIpoToH ynepkuBaeTcs BBICOKOYACTOTHBIM I1E€PEMEHHBIM
9JICKTPOMAroiuTHBIM II0JICM B MHUTOXOHIAPHUHU, OTO MbI YIKC
YCTaHOBUJIM, & YTO IIPOUCXOAHUT C DJIEKTPOHOM?

I/ISBGCTHO, 4TO B IMPUCYTCTBHUH aTOMOB KCJI€3a, MCHAIOIIUX
CBOIO BAJICHTHOCTb, HE(EPMEHTATUBHOE CBOOOIHOPAANKAIBHOE
OKHCJICHUE NEPEXOIUT U3 PEaKLMM MPOCTONW LIEMHOU B LIEIHYIO
pa3BETBIEHHY0, HMMEHHO B TaKOM pPEAKUUU  OKHUCIICHUS
aTOMapHOTr0 BOJOPOJAa B MUTOXOHJPUU B KaueCTBE KaTajau3aropa
IIPUHUMAIOT Y4acTHUE LIUTOXPOMBI: aTOM TPEXBAJICHTHOIO JKeJle3a
B COCTaBE€ JJIEKTPOMArHUTHKA B LIMTOXPOME, B OUYEpENHOHN pa3
«TIOTEPSIBY» CBOM 3JIEKTPOH B MaTpHUKCe (A MOTEePsl 3Ta MPOUCXOIUT
B MATpPUKCE IIOCTOAHHO, IMOTOMY 4YTO MATPHUKC IPCACTABIACT
COOOH 3NEKTPOJIMT), «C IKAJHOCTBIO» OTHUMAeT Yy aroma
BOJIOpO/Jia 3JIEKTPOH, IIPEBpaIliasi TEM CaMbIM 3TOT aTOM B IIPOTOH,
a «3axBauyCHHBI» DJIEKTPOH B INpEleNax yAEp:KUBAIOIIErO
QJICKTPOMAarouTuKa HAYUHACT OECKOHEUHBIE (IIEPECKOKU» OT
OJIHOTO aroma JKejle3a K JpyroMy, IOpOXJaas CBOUMH
JBUKEHUSIMH  CBEPXBBICOKOYACTOTHOE CBEPXKOPOTKOBOJIHOBOE
NIEPEMEHHOE 2JIEKTPOMAarHUTHOE IOJIE — JO OYEPENHOM MOTEPH.
[anee mnocimenyer HOBBIM « 3axBaT» »JJEKTPOHA, WM LUK
MIOBTOPUTCH.

Ecam Bce oOcTouMT Tak, Kak TMPEACTABICHO B HM3JaraeMoi
TUIIOTE3€, TO TOBOPUTH O HAJIMYMH MOCTOSTHHOTO JIEKTPUYECKOIO
TOKa B MHUTOXOHApHUHU, O MOCHOHU TEPECHOCA OJICKTPOHOB HE
NPUXOIUTCS: HET HU LIENH, HU NEPEHOCA, — OIIUOIUCH YUEHBIE.

CBoOogHOpaguKaIbHOE  OKUCIEHHWE B MHUTOXOHJPUU
aTOMapHOTO BOJOPOJa MO LIEMHOMY pa3BEeTBIEHHOMY TUIY OyleT
OpoJODKAaThCcd 10 TeX IMop, Moka OyAeT HaJIu4ecTBOBATh
OKHCIISIEeMBIH CcyOcTpar, IOKa COXpaHseTcs NOoTpeOHOCTh B
NPOTOHAX M DJJEKTpPOHaX, W peakuus OyaeT 3aTyxaTb Mpu
YMEHBIIEHUH OKHUCIIAEMOro cyoOcTpara, NpHU CKalUIMBaHUM B
MHUTOXOHAPHUH IPOAYKTOB OKHCIICHHUA WU AHTHOKHUCIHUTEIIEH —
XOpolIee CBOMCTBO OAHOU M TOM K€ PEAKLUHU 110 OJHOU U TOM Ke
CXeM€ B CKOPOCTHOM pEXHME CaMOpErylIHpoBaTh B IIHPOKHX
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mpenenax — OT MHUHUMYMa JI0 MaKCUMyMa — BBIpaOOTKY
OPOAYKIMHM M, TEM caMbIM,— OJHEpruv. YHucTo XMMHUECKHE
peaKuu TakoW BBHICOKOW MOJBIKHOCTBIO HE 00JafaroT, HE 3ps
KEe «B TOMJNEPXKKY» TMpOCTOoi HeHEepMEHTATUBHON peakuuu
MPUXOJUTCS MPEIoaraTb y4acTUe HECKOJIBKHX COTEH CJIOXKHO
YCTPOEHHBIX (DEPMEHTOB.

Ho mMurtoxonapuii B OAHON KJIETKE HE JIBE M HE TpPU — B
KOKIOW KJIETKE MX HAaCuMThIBaeTCAd JECSITKH, COTHH, a B
HEKOTOPBIX — JaXke THICSUM, M B KaXJOHW U3 HUX 00paszyercs
CBEPXBBICOKOYACTOTHOE  CBEPXKOPOTKOBOJIHOBOE IIEPEMEHHOE
3JIEKTPOMArHUTHOE I0JIE; U ATH MOJI YCTPEMIIAIOTCS K CIHUSHUIO
MEXIy COOOH, BCe C TOH e CHHXpoHM3aumued u 3dpdexrom
pe30HaHca, HO YK€ B MPOCTPAHCTBE KIETKU — B IIUTOIIa3Me. BoT
3TO CTPEMJIEHHE [EPEMEHHOI0 3JIEKTPOMAarHUTHOIO  IOJIS
MUTOXOHJIDHM K CIHMSIHUIO C JAPYTUMHU TaKHUMH Ke MOJIAMHU B
OUTOIJIa3ME€  €CTh  Ta  camas  «Tsaropas  cuia», Ta
9JIEKTPOMArHUTHAsl SHEPTHUSl, YTO C YCKOPEHUEM «BBIOPACHIBACT)
OPOTOHBl W3 MMTOXOHAPUU B MPOCTPAHCTBO KIETKH; TaK
cpabaThIBaeT BHYTPUMUTOXOHIPHAIIBHBIN «CHHXPO(A30TPOH.

W BOT 311€Ch, pasMBILUISS «HAI», Mbl HOJIOLLIM K CaMOMY
IJIABHOMY, pEIIaolIeMy BCIO MpoOJIeMy: BO3MOXHO WM HET B
YKUBOM KJIETKE B3aMMO/IEHCTBHE YCKOPEHHBIX IPOTOHOB C SAPaMu
aTOMOB-MHUILIEHEN, BO3MOJKHA JIN TEM CaMbIM Ilepeaya s1epHbIM
NyTéM — Yepe3 IPOTOHBI — SHEPTUU OMOJIOrMYECKOT0 OKHCIICHUS
U3 MUTOXOHAPUH HETIOCPEACTBEHHO MOTPEOUTENSAM 3TOM SHEPruu
— Ha TOM K€ S7IepHOM YpoBHE — B kietke? [la unu Her?

CrnenyeT NOMHUTB, YTO IPOTOHBI ABMXKYTCS K SIApaM aTOMOB-
MHUIIEHEN B KJIIETKE B 3HAYUTEIbHO YCUJIEHHOM
CBEPXBBICOKOYACTOTHOM M CBEPXKOPOTKOBOJHOBOM IEPEMEHHOM
AIIEKTPOMAarHUTHOM II0JIE — HACTOJIBKO KOPOTKOBOJIHOBOM, YTO
OHO JIETKO, KaK MO BOJHOBOIY, MPOHAET Mexay OmrkalIinMu
aToOMaM¥ JaXe B METAUTUUYECKON pemIéTKe (M JIETKO «IIPOHECET)
¢ co0oii MPOTOH, pa3Mepbl KOTOPOTO B COTHIO THICAY pa3 MEHbIIE
m000TO aroMa), W HACTOJIBKO BBICOKOYACTOTHOM, YTO TIOJIE
HUCKOJIBKO HE IOTEpSAET IpH ITOM CBOEW HHepruu. Takoe
oOnanaroiee CBEPXITPOHUIIAEMOCTHIO MepeMEeHHOE
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9JIEKTPOMArHuTHOE ToJie BO3OYAUT M T€ MPOTOHBI, KOTOpHIE
BXOJISIT B COCTaB SJ[pa aTOMa-MHUIIICHH, U, TTIaBHOE, — IPUOIU3UT K
HUM «HAQJIETAIOLIMI» MPOTOH HACTOJIBKO, YTO IO3BOJHUT 3TOMY
CHQJIETAOIIEMY» OTHaTh sAApYy 4YacTb CBOEH KHHETUYECKOHN
sHepruu. Tak MBICIUTCS TMpEoJI0JIeHne KYJIOHOBCKOro Oapbepa
OPOTOHAMH TIPH MEXBSJACPHBIX B3aUMOACHCTBUSX B IKHBOU
KJIETKe. A BOT YTO CKa3aHO IO 3TOMYy TMOBOAYy B boubiioii
Coserckoit Duuuknonenuu, 1978 rox uznanusa, tom. 30, cTp.
443:

«IIpomonsi u 601ee MANCENBIE UOHDL, OBUNCYUUECS CTUUKOM
MeONeHHO, 011 Mo20 4mobbl Npeodosemsv KYJIOHOBCKUL Oapbep,
€030a10m OMHOCUMENLHO MEOeHHO MEHAIOueecs dINeKMpUecKoe
noje, Komopoe oeticmgyem Ha Npomowusl A0pa. B smux cayuasx
A0pO, NO2NOWAs INIEKMPOMACHUMHYIO DHEP2UI0, Nepexooum 6
8030VHCOEHHOE COCMOsIHUE, A HALeMAarwull UOH mepsem 4acmb
ceoell dHepeUny.

Bor Tak! OcraBmmecs CKeNTHKM MYCTh OOpamaroTcs 3a
pa3bsACHEHUsIMU K aBTOpam cratbu B bCO.

TI'OJIOI'PAMMA MBIC/IH

B MOCJICOHUEC I'OJIbI MHOI'O TOBOPAT U NUIIYT O roJiorpaMmax,
POXKIAIOMIMXCSA B JKUBBIX OpPraHM3Max, — B HAc, HO Kak OHH
pOXmatoTcsi, 9To cO0OM TPEeNCTaBISAIOT, KaK COXpaHSAETCS W
nepena€Tcss  Ha  pPAcCCTOSHUS,  WHOTJA  3HAYUTENbHBIE,
rosiorpauueckoe u300pakeHHe, — 00 TOM HHUKTO M HHUYETO
TOJIKOM HE 3HAeT.

Me>1<)1y TEM MOXHO MHOPCACTaBUTb, KaK W TAC POXIAIOTCA
roJorpaMMbl B JKHMBOM kieTke (!), ecnmu 3HATh OCOOEHHOCTH
YCKOPSACMBIX, HaXOAAINIUXCA B IMEPEMCHHOM JJICKTPOMArHUTHOM
Mojie TMPOTOHOB. A 0COOEHHOCTh HX TaKOBa: TPACKTOPHs
JIBYKCHHUS ~ YCKOPEHHOTO  TMPOTOHA  BCErjaa  MapajuiebHa
TPACKTOPHUSM PSJIOM JIBIKYIIUXCSI IPOTOHOB, U OHA BCeTAa OyneT
0CTaBaThCs MAPAJUICITBLHOM, aXKe CJIM BeCh MPOTOHHBIN MMyYOK C
MOMOIIBIO AIEKTPOMArHUTHBIX JIMH3 3aKpYyTUTh, HAlpUMep, B
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Crpaib. JDTO KaK MHOXECTBO IPOBOJIOB B Tele(hOHHOM Kabee
10 OTHOLIEHUIO OJIUH K IPYrOMY.

[To »TOi mpuymHE, €clid KaKOH-THOO TPOTOH M3 TaKOro
nyyka Oynmer  yrpadueH  (M3pacxXollOBaH,  CKakeM, Ha
B3aMMOJICICTBHE C AIpaMH aTOMOB-MHUIICHEH), «MECT0» €ro B
IIy4KE YCKOpPSAEMBIX IIPOTOHOB HE 3aWMET HHUKTO, — Ha €ro
«Mecte» OyneT camblii HACTOSIIMKA TIIYOOKHH BakyyM, MYCTh
Jla’ke pa3MepOM BCETO B IIPOTOH. B 3TOT BakyyM, «OXpaHIEMBbIi»
JpPYrUMU NPOTOHAMM, HE CMOYKET NPOHUKHYTh HUKAKas Apyras
3apsKEHHasl YacTUlla, pa3Be YTO HEHTPUHO, HE MMEIOLIAasi MacChl
IIOKOS ¥ 3apsiJia JIEMEHTAapHasl YaCTULA.

A Temnepb mpenctaBuM cebe B3aUMOJIEHCTBUS YCKOPEHHBIX
IPOTOHOB C KakOW-muOO KpymHOUW OOBEMHON (TpEXMEpPHOIN)
MOJIEKYJIOH B  KIJIETKE, IPOUCXOJAIINE KpPaTKOCPOUHO, B
MHTEpBaJe HECKOJIbKMX KBaHTOB. Ha Takue B3auMMOJEWUCTBUS C
AIpaMl  aTOMOB-MHUIIEHEHW, COCTaBISIOIIUX OTy KPYIHYIO
MOJIEKYIY, OyZeT U3pacXxoI0BaHO YK€ MHOKECTBO ITPOTOHOB, YTO
OCTaBUT B IIyYKE [IPOTOHOB TOKE, OOBEMHBIN, HO «HETaTUBHBII»
clel B BHJAE Bakyyma. JTOT ciel W OyaeT caMoil HacTosien
rojorpaMMoM, BOIUIOTHUBIIEH B ceOe M COXpaHUBILEH YacTh
IIPOPEArupoBaBIIei ¢ MPOTOHAMU CTPYKTYPbI CAMON MOJIEKYJIBI.
Cepus rojorpaMM, 4To ¥ IPOUCXOAMUT «B HAType», OTOOpa3uT U
COXPaHUT HE TOJBKO (PU3NYECKHH «OONHMK» MOJEKYJIbl, HO U
NOPANOK (PU3NYECKUX U XMMHUUYECKUX TNpEBpalleHUuN OTIENIbHBIX
e€ 4YacTe M BCEH MOJIEKYJBI B IE€JIIOM 33 ONpPEIEIEHHBIN
MPOMEXYTOK BpeMeHHU. Takue rojorpaMmbl, ciluBasch B Ooiiee
KpymHble 00BEMHBIE H300pakeHHs (00 ITOM — HIKE), MOTYT
OTOOpa3uTh IKU3HEHHBIA IIUKJI BCEH KIETKM, MHOXKECTBa
COCEHUX KJIETOK, OPraHOB M YacCTEH TeJa — BCETO Tea.

KineTku roioBHOro mosra — Takue K€ KUBbIE KIIETOUHBIE
0o0pa3oBaHUs, 4YTO M KJIETKM JAPYI'MX OpPraHOB M TKaHEH, OHU
NOMUYUHSIOTCS OAHMM M TEM K€ 3aKOHaMm, M €ClIM B HHX
3apO’KJAI0TCS FOJOTPAMMBI, TO 3TH TOJIOTPaMMBbl MOT'YT HECTH B
cebe U MbICIIb, MBICICHHBIH 00pa3, U3 4ero cjieayer, 4To Haiia
MBICIIb CTOJIb K€ MaTepHalibHA, KaK MaTEpHUaJIbHO BCE, U3 YEro

31



MBI COCTOMM, M, NPEACTaBICHHAs BaKyyMoM, HecéT B cele
OIIPEIEIEHHBIN 3apsij] SHEPIUHU.

Ho ocraBuM Ha BpeMsl DJHEProHeCyliue ToOJIOTpaMMbl U
«IOMBICIIUMY», Jajiee, Kyla YCTPEeMISIOTCS U TIJ€ CIHMBAKOTCA
IIEPEMEHHBIC BBICOKOYACTOTHBIE CBEPXKOPOTKOBOIHOBBIE
AJIEKTPOMATHUTHBIE T10JIS KJIETOK.

HecoMHEHHO, CIHMAHMS 3TUX IOJIEH OJDKHBI IPOMCXOIUTH
Ha/l (YHKIMOHUPYIOIIMMH, 3allOJHEHHBIMH KPacHOW KpOBBIO,
COCYZaMHM, HAUYMHAs C KallWJUIAPOB, U BOT IIOYEMY: U3BECTHA TAra
IIEPEMEHHBIX JJIEKTPOMAarHUTHBIX IOJEH K JKele3y, a B KUBBIX
TKaHSAX HauOOJIbIINE KOJUYECTBA XKelle3a COAEPHKATCs B KPaCHOM
KpOBH, & UMEHHO — B JpuUTpouuTax. /ocrartoyHo ckasaTh, 4TO
TOJIBKO B OJHOM 3purpouute coaepxurcs 10 400 MuULIMOHOB
MOJIEKYJI TeMOTJI00MHA, M KaXJas Takas MOJIEKyJla COJACPXKUT B
ceOe rem, cocTosiuil U3 4-x CBA3aHHBIX MEXAy co00il aToMOB
kKeneza. OPUTPOLUUTOB KE B OJHOM TOJBKO KyOMYECKOM
MUJUIMMETPE KPOBU HACUUTBIBAETCS B HOPME 4-5 MUJUIMOHOB.

EcrecTBEeHHO, MEXIYy  (©KEIe30M»  KpPaCHOM  KpOBH,
3allOJIHUBIIEH Kanmuuiip (HaYHEM C HEero), M IepeMEeHHbIM
AJIEKTPOMAarHUTHBIM TOJEM OjuXkKailieldl KJIeTKM BO3HUKAET
NIEKTPOJBIIKYILASl CHJIA, HAlpaBlI€HHas CBOMM JAECUCTBHEM I10
XOJly ABW)KEHMS KPOBH B Kamujuisipe. OTa AIJIEKTPOJBHKYILAS
Cuja, HENPEMEHHO U AaJCKBATHO YCWIMBAIOLIAACA [0 MeEpe
CIIMSIHUSI BEHO3HBIX COCYIOB (M OJZHOBPEMEHHO — KIJIETOYHBIX
NEPEMEHHBIX 3JEKTPOMArHUTHBIX MOJeH), U ecTh Ta CHJa, 4TO
JBUKET KPOBb OT Mepudepuu K cepAily; TO CaMoe «BTOPOE», WU
«tepudepuueckoe», cepaie, 0 KOTOPOM J0Ta/IbIBAIUCh, KOTOPOe
JOAr0 M TOoKa 4ro Oe3ycrnemHo uckand. be3 ero momomu
UEHTPAIbHOMY» CEepJAIly HHMKOrja Obl HE CIpaBUTbCA C
BO3JIO)KEHHOM HA HETO KOJIOCCAIIbHOM HArPy3KOM.

OnHAaKO HE TOJBKO 3JIEKTPOABUKYILEH CHUIION BO3JAEHCTBYET
nosie Ha KpoBOTOK. MccrnenoBarenu, HaOm01as B HKCIIEPUMEHTE
3a KPOBOTOKOM yepes MHUKPOCKOIIL, HEOJHOKPATHO
yCTaHaBIMBAJM, YTO B COCYJaX MPOUCXOTUT KakK Obl paccIoeHue
KpPOBH Ha KPAacHYIO KPOBb, ABIXYIIYIOCS CTEPKHEM B LIEHTPE
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COCyZAa, W IUIa3My, TOHKHM CJIOEM IBMXKYLIYIOCA IO COCyJdam
npucteHouHO. OObSICHEHUH 3TOMy YYEHBIE HE HAIUIM, HO C
NO3ULMI M3JIaraéMoOi THUIIOTE3bl BCE OKa3bIBACTCA IIPOCTHIM:
IIEPEMEHHOE  BBICOKOYACTOTHOE  AJIEKTPOMAarHUTHOE  I10JIE
YAEP)KHBACT «CTEP>KEHb» W3 JBHKYIIUXCS OSPUTPOLMTOB I10
LEHTPY CoCyJa, 4TO MpEeAOoTBpALlaeT, KCTaTH, KOHTAaKT
SPUTPOLIMTOB CO CTEHKAMHU COCYyJa U TEM CaMbIM — 00pa3oBaHME
TpoMOOB, a TMJa3Ma «CTPYNIHMPOBABIIMMHUCA» SPUTPOLUTAMHU
OTTECHSIETCS M3 LIEHTPa cocya K nepudepum.

IlepeMeHHOE BBICOKOYACTOTHOE 3JIEKTPOMArHUTHOE I10JIE
IIOMOraeT TaKKE YICPKUBAaTh B COXPAHHOCTH OTPULIATEIbHBIN
3aps] JPUTPOLUTOB, INOHMXKAs TEM CaMbIM BSI3KOCTh KpOBH,
HOJIHOCTBIO YCTpaHseT TypOyJeHTHOCTb ABMKYyIIeics kpoBu. U
BOOOIIe,— CJENYyeT CUuTaTb, YTO KpacHas KPOBb HE TOJIbKO
BXOJUT B KaoWLIAPbl W BBIXOJUT M3 HUX «MOHETHBIMHU
CTOJOMKAaMU», YTO JaBHO H3BECTHO, HO U JBMKETCS 3TUMU
«CTOJIOMKAMU» BO BCEX cocyJax 0e3 UCKIIIOUEHUs, yAepKUBaeMast
B TakoM COCTOSIHUH CBEPXBBICOKOYACTOTHBIM
CBEPXKOPOTKOBOJIHOBBIM ~ IIEPEMEHHBIM  3JIEKTPOMATHUTHBIM
noseM. Takoll  «OpSAOK» JBUKEHUS KpoBU  HauOoiiee
paloHaJEH.

C KaxJpIM CIUSHUEM COCY/IOB YBEIMYUBAETCS HANpsKEHUE
NIEPEMEHHOT0 3JIEKTPOMarHUTHOTO IOJIs, MEPEMEIIAIOIIErocs 0
cocyZlaM B CTOPOHY Cepila, HO CaMbIM MOIIHBIM T€HEpPaTopoM
CBEPXBBICOKOYACTOTHOIO CBEPXKOPOTKOBOJIHOBOIO NEPEMEHHOIO
AIIEKTPOMAarHUTHOTO MOJIS sIBiIeTCs cepaue. KieTku Mpliii 3Toro
KOMIIAKTHOTO M CWJIBHOTO OpraHa Ha 2/3  3aloJHEeHbI
MUTOXOHJIDHSIMHM, @ YHUCJIO JIbIXaTelIbHBIX aHcaMOJied B TaKHUX
MUTOXOHJpPHUSAX  HaWBbICllee —  J0O 10°, IIepemenHoe
AIIEKTPOMAarHUTHOE TOJIe cepjla, Kak Hauboyiee CHIIbHOE, MyTEM
CHHXPOHHM3AIlMM C  HENpeMeHHBbIM 3(P(EKTOM  pe3oHaHca
NOMUYMHSET cebe Bce «IpUXONALIMe» K HeMy [0 cocylaam
IIEPEMEHHBIE JJIEKTPOMArHUTHBIE IOJII OT JPYrUX OpPraHOB U
TKaHe#l, depe3 ATOo oOpa3oBaHHOE OOIIee TMOJie U MPOUCXOIUT
abCOIIOTHAsT CUHXPOHHU3AIMs BCEX JHEPronpogyLHUpPYIOIIUX U
HHEpPro3aTpaTHBIX MPOIECCOB B KaXKIAOW KIETKE U B KaxJAOM
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Oprase, B OpPraHu3Me€ B II€JIOM, CHHXPOHM3UPYIOTCS BCE, NAXKe
CaMbI€ CKOPOCTHBIE PEAKLUU, HUKAK HE PETYIHPYEMBIE IPYTUMHU
CPEICTBAMH, TaK 4YTO CEpALE — OTO JaJIeKO M HE IIPOCTO
MBIIIEYHBII  HAcOC, BOIPEKU  YTBEPKICHHUAM  HEKOTOPBIX
CIELIUAJIACTOB.

Ho 3akonsl ¢u3uku BepHBI M S TAaKOTO MOIIHOTO
HNEPEMEHHOI0 3JIEKTPOMAarHUTHOIO IOJsI, KOTOpoe oOpa3yercs
BOKPYT CEepJlLia BKYIIE C IIOJIAMU APYIMX OpraHOB U TKaHEH, — 3TO
[I0JIE TAaK)K€ YCTPEMJICHO Ha CIMSHUE C APYTMMH TaKMMH K€
IOJIIMU, HO TENEphb YK€ BO BHEIIHEHW OT OopraHu3Ma cpenue. JTo
II0JIE JBIKETCS OT CepAua OISTh XKE IO COCylaM, HO YK€ IO
apTepHAIIbHBIM, W HE CIHMBACTCI C JPYTMMH IIOJSIMH, A,
HA000pOT,— YK€ «IPOOUTCS» HO apTepusiM, MOCTEINEHHO Tepsis
HaIpsDKEHUE, HO B TIOJIHOM Mepe COXpaHss IIPU 3TOM BCE JIPyTHE
BO3JCHCTBUS IIEPEMEHHOr0  3JIEKTPOMAarHUTHOIO IIOJII  Ha
KPOBOTOK: yJI€p>KHBasi IOTOK KPOBU JJAMUHAPHBIM (IIOCTOSIHHBIM),
a «CTEp)KEHb» — KpacHOW KpOBH — B LEHTpE COCyna,
MOAJICPKUBAsE OTPULIATEIBHBIN 3apsiJ JPUTPOLUUTOB U T. I,
3aKaHYMBAETCS K€ OTO BO3JECHCTBHE HA KPOBOTOK «3aroHOM» B
KAWL «MOHETHOTO CTOJIONKa» SPUTPOIUTOB.

B knerke, nmpumenmee U3 «UEHTpa»  IEPEMEHHOE
AJIEKTPOMATHUTHOE TIOJIE  «HAKJIAJBIBAETCS», OILITh XKE C
CHUHXpOHM3alMen U 3¢pdekTom pezoHaHca, Ha COOCTBEHHOE IMOJIe
KJIETKH, TEM CaMbIM HE TOJIBKO YCHJIMBAs 3TO KJIETOYHOE I0JIE, HO
U BHOCSI B HErO OMpEeNIEHHbIE KOPPEKTUBBI (KaK TUPEKTUBBHI)
«IIEHTpa», — HalIpUMep, — 10 YacTOTeE.

Takum o0pa3zom, cepale uYepe3 CBEPXBBICOKOYACTOTHOE
CBEPXKOPOTKOBOJIHOBOE IIEPEMEHHOE JJIEKTPOMATHUTHOE IIOJIE
OCYIIECTBIISIET CO BCEMU YaCTSAMHU TEJIA, C KaXIOW B OTAECIbHOCTH
MIOCTOSIHHYIO CBEPXCKOPOCTHYIO IBYXCTOPOHHIOKO CBSI3b, M 3Ta
CBS3b OCYILECTBISIETCA HA 4acTOTAX, KOTOPbIE CKIIAIbIBAIOTCS B
pe3ynbpTaTe CIUSHMS, C HENPEMEHHOM CHHXpPOHM3aluend |
3 peKTOM pe3oHaHca, OECUMCIEHHBIX MOJeH KIETOK, OPraHOB U
TKaHeW — 00pa3yromuxcsl B pe3y/bTare TAKUX MHOTOYHUCICHHBIX,
COBCEM HE apU(PMETHUECKUX, «CIOKEHUN» 4acTOTa OKa3bIBACTCS
VCKIIFOUUTENIBHO WHJMBHUAYAIbHOM JUIsI JAHHOTO KOHKPETHOTO

34



OpraHu3Ma, TaK 4TO OTJIMYAEMCS Mbl JPYT OT JApYra He CTOJBbKO
rpynnamMy KpOBM, OTIE€YaTKaMH HalbLiEeB — IMPEXIE BCEro
4acToTaMu Halllero COOCTBEHHOTO IIEPEMEHHOT 0
3JIEKTPOMArHUTHOT'O MOJIA.

B >xuBoii npupose, He3aBUCUMO OT CO3HAHHUsA, Mbl O0ILIaeMCs
IPEeX/Ie BCETO MOJISIMHU, TIPU TAaKOM OOILICHUH, BOWIS B pE30HAHC C
JOPYTUMHM TOJSIMH, MBI PHUCKYEM YTpaTHThb, YacCTHMYHO WJIU
IIOJIHOCTBIO, CBOIO MHJMBUIYaJIbHYIO YacCTOTy (KaK YHUCTOTY), U
eciu B oOOmeHMH ¢ 3eJE€HOW MpPUPOAOM 3TO  O3HAYaeT
«PacTBOPUTHCS B MPHUPOJIEY», «IIOHMATh Kail(», TO B OOIIEHUH C
JIOIBMHU, OCOOEHHO € TE€MH, KTO 00JaJaeT CHUJIbHBIM IOJIEM, 3TO
3HAQUUT  YacTUYHO WM  IOJHOCTBIO  YTPATUTh  CBOIO
UHIUBUIYAIbHOCTh — cTaThb <«3oMOM», mo Tomopy [luueBy.
ArnmnapatoB «30MOMPOBAaHUS» IO MPOrpaMMe HET U BPsiA JIU OHU
Korjga-nu0o OyayT co3/laHbl, HO BO3JEHCTBMS OJHOIO YelloBeKa
Ha JIpyroro B 3TOM IUIaHE BIIOJIHE BO3MOJKHBI, XOTS C MO3ULIUN
Mopanu — HeponmycTumbl. Obeperast ce0s, HaJl 3TUM CleIyeT
3ayMaThCs, OCOOEHHO KOrja Jel0 KacaeTrcs ILIYMHBIX
KOJIJIEKTUBHBIX JEHCTBUIM, B KOTOpPBIX BCerja MpeodsafaeT He
pa3yM M Jake He UCTUHHOE YyBCTBO, HO (DaHATU3M — MeYaIbHOE
JIUTS 3]I0HAMEPEHHOTO PE30HAHCA.

3EPKAJIO IYLIIH

HecomHeHHO,  TPOTOHBI  HU3  KIETKH  BMECT€  C
COJICPIKANIMMICS B HUX TOJIOTpaMMaMH YBJICKAIOTCS B TOK KPOBU
MEPEMEHHBIMH AJIEKTPOMArHUTHBIMU TOJISIMU U MIPOXOJIAT BMECTE
C HUMHU JUIMHHBIA ITyTh — JIO CEPJIIa, a OT ceparna — K nepudepuw,
HENPECTaHHO YCKOpSSICh B HUX M TpeTeprieBas TakKue Ke
CIIMSIHHSI, YTO W TIOJIS, HO TOJBKO: MydKa MPOTOHOB — C JAPYTUM
MTy4YKOM, TOJIOTPAMMBI — C TOJIOTPAMMOH.

He mnpuxomuTcss COMHEBaThCS, YTO TIPOTOHBI JBHXKYTCS
(YCKOpSIOTCSI) B TOKE KPOBH CTOJIb JK€ YIOPSAOYEHHO, YTO U
SPUTPOLUTHI, XOTSA CKOPOCTH JIBIKECHHUS y HUX pa3HbIe, a 3TO
3HAUUT, YTO OJIHA TOJOrPaMMa, «CHATAas» C MOJEKYINbI, KIETKH,
OopraHa TOYHO TMPOCIHUPYETCS Ha CIEAYIONIyI0 3a HeH
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rOJIOTPAMMY, 33 UCKJIFOUEHUEM TEX U3MEHEHHI, U4TO 3a 3TO BpeMs
HACTYIIAIOT B CaMMX MOJIEKyJax (KJIETKax, OpraHax) BCJIEICTBUE
OMOXMMHUYCCKHX, (PHU3UYECKUX WIM  KaKUX-THOO  JIPYrux
npeoOpazoBanuil. UM Tak 3Ta mnpoekuus, a B NPUHLUIE —
CKOPOCTHOE ToJIorpa)uyeckoe «KHHO» C COOTBETCTBYIOLICH
CMEHOW «KaJIpOB», COXpaHSETCSd B HEU3MEHHOM BUJE HE TOJBKO
IIPU YCKOPSIOIEM JBH)KCHUH IIPOTOHOB B TOKE KPOBH, HO U IpHU
«BBIOpOCE» MPOTOHHOIO Ty4YKa 3a TMpelenbl  yxe He
MUTOXOHJIPHH, & BCETO Tea.

O romorpaduyeckoM «KHHO» YyTh MO3KE, a CHayajga o
«BBIOpOCE» NPOTOHHOI'O IydKa: JEHCTBUTENIBHO, IPOTOHBHI,
YCKOPSISICh, KOTAA-THO00 MPUOOPETYT TaKyl0 SHEPTUIO YCKOPCHHS,
KOTOpasi MPEBBICUT JYHEPTUIO YIEP)KUBAOLIET0 UX NEPEMEHHOIO
AJIEKTPOMAarHUTHOTO I0JIsl, U HACTYIIUT MOMEHT OTPbIBAa IPOTOHOB
OT JTOr0 MOJsA — Kak IpaBWIO, IO KacaTelIbHOW, Kak B
PYKOTBOPHOM CHHXPO(a30TpoHeE.

B uenoBeueckoM OpraHu3Me €cTb MeECTa, IJ€ BO3MOXKEH
OTPBIB NIPOTOHHBIX ITYYKOB OT MEPEMEHHOIO 3JIEKTPOMAarHUTHOI'O
IOJII MMEHHO 10 KacaTeIbHOW» — 3TO IOBEPXHOCTHBIE U
IyOOKHEe apTepuu KUCTEH PyK W TOJOIIBA HOT, apTepUaIbHBII
(6unnusues) Kpyr B OCHOBAHHMM MO3Ta, apTepUalbHble JIyTd B
NeTIAX KHUILIEYHHKA, B NIEUEHU. Y CKOPEHHbIE MPOTOHBI HE MOTYT
OTOPBAaTbCsl B 30HE HENOCPEICTBEHHOIO JEHUCTBUS MOIIHOIO
MEPEMEHHOT0 AJIEKTPOMArHUTHOTO MOJIsl CEpAlla, a BOT OJMXKE K
nepudepun, Tae HaNpsDKEHHE I0Jii 3HAYMTENbHO CHUXKAeTCH,
OTpBIB, U UMEHHO «I10 KacaTeJlbHOI», BIOJHE BO3MOXEH, TEM
6osiee IPOTOHBI BCE PAaBHO MOMNAJAIOT U3 OJHOTO MEPEMEHHOIO
ANIEKTPOMATHUTHOTO IOJISI B APYTO€ TAKOE XKe: U3 apTepUil KUCTEN
PYK U MOJOIIB HOT — B apTEPUH NAJIBLEB, U3 apTEPUI BUILIN3HEBA
Kpyra — B aprtepuu rna3. Jlamee OHM «BBIOpAchIBAOTCS» 3a
Ipesenbl Telna U BCE paBHO MOINAJAI0T BO BHEIIHEE NEPEMEHHOE
AIIEKTPOMArHUTHOE I0JIE TOTO XKe Tena.

Ho BoTr rmasnele aprepum ... «l7masa — 3epkajo AyIIM»...
[Toryuaercs, 4TO B HAIIKMX IJ1a3aX BHUMATENbHBIN YuTaTelNb, €CIIN
Obl OH 007azan COOTBETCTBYIOIIEW TEXHUKOH, YyBUAed Obl
HacTofllee Tonorpauyeckoe KHHO — O Hac e CcaMuX.
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Hekotopsie yxke ceitvac ymyzapsitoress  gororpadupoBarh
3pUTENbHBIC TALTIONUHAIIMN Y TICUXUYECKUX OOJBHBIX, U 3TO (TI0
OTHOIIEHHUIO K (hoTorpadaM) OTHIOAL HE Opes1, TAKOE BO3MOXKHO.
[ToToMy 4yTO HaIM IJIa3a €CIM U HE 3€PKAJIO JYIIH, TO XOTS
OBl TIPO3pavyHble MX CpeIbl — 3pavyoK M PaayKKa — SIBISIOTCS
dKpaHAMH TUIS MTOCTOSTHHO UCXOJIAIIETO u3 HaC
rojorpauueckoro  «kuHO». Uepe3  3payku  MPOJIETAIOT
«IETBHBIC» TOJIOTPAMMBI, a B PayXKKax MPOTOHBI, HECYIIHE B
ceOe 3HAYUTENBHBIN 3apsii KHHETHYECKOW YHEPTHU, HETPEPHIBHO
BO30Y)KIAIOT MOJEKYJIbl B TIBIOKaX TUIMEHTa, W OYyAyT
BO30YXXIaTh MX 1O TEX TOp, MOKa B KIETKaX, «IIOCIABIIAX» K
9TUM MOJICKYJIaM CBOM TIPOTOHBI, OyJIeT BcE B TMOPSIKE.
[ToruOHyT KJIETKH, eni€ 4TO-TO CIYYUTCS C HUMH, C OPraHOM —
TOTYAC U3MEHUTCS CTPYKTypa B TIILIOKaX MATMEHTOB, ¥ 3TO YETKO
3a()UKCHUPYIOT OIBITHBIC WPHUOUATHOCTBI: OHH YK€ TOYHO — T10
NPOCKIMAM B PagyXKKe — 3HAIOT, KAKOH opraH 3a0ojen W Jaxe
yeM. PanHsst u TouHas nuarHoctuka! HekoTopble Menuku He
OYCHb  OJIATOCKJIOHHO  OTHOCATCS K  CBOMM  KOJUIETaM-
UPUIOJMATHOCTAM, CYUTAas HMX 4YyTh JHM HE I[IapJiaTaHAMHU.

Hanpacno! Wpunoauaruocruke, KaK IPOCTOMY,
o0IIeIOCTYITHOMY, ~ ACWIEBOMY, JIETKO IEpEeBOJMMOMY  Ha
MaTeMaTUYeCKUi $3bIK, a, IJIaBHOE, — TOYHOMY M paHHEMY

METOAY JMarHOCTUKH PAa3IUYHBIX Ooyie3Hell yxe B Ommkaiimem
OyIylIeM CBETHUT «3€JEHBINA CBET». EMMHCTBEHHBIM HEJOCTATKOM
MeToa ObUIO — OTCYTCTBHE TEOPETHYECKOi 0a3bl. ABTOP TIIUT
cedsl HaAEKIOW, YTO CBOMMM 3aME€TKaMU U OH BIIOXWI B
(byHaaMeHT 3Toi 0a3bl CBON KaMEHb.

Kak BuUAHO W3 TmpeAcTaBIeHHBIX s KPUTHYECKOTO
PacCMOTPEHHsI MaTE€pUaJIOB O KIETOYHOM OWOIHEPreTHKE,
9HEproodecreyeHne BceX MPOIECCOB B JKUBOM Tele, HaYMHAs C
KIJICTKH, OCYIIECTBJISIETCS. ~ MOHU3UPYIOIIUM MIPOTOHHBIM
U3JIyYEHHEM U CBEPXBBICOKOYACTOTHBIM CBEPXKOPOTKOBOIHOBBIM
MEePEMEHHBIM JJIEKTPOMArHUTHBIM TIOJIEM, 00a 3TH H3Ty4eHUS
JNEUCTBYIOT OJHOBPEMEHHO, CHHXPOHHO M B HEpa3pbIBHOM
€MHCTBE, 00a POXIAIOTCS OJHOBPEMEHHO B MHTOXOHJPHUSIX
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KJIETOK, 00a YCTOMYMBO HECyT B ceOe MH]opMaIum, 0COOCHHO
MPOTOHHOE H3JIy4YeHHe, 00a B COXPAHSIOMIEMCS EIUHCTBE
MOKHJIAIOT XHBOE TEJNO. JTO M €CTh OWOIOJIe, €ClIU MPH 3TOM
MMETb B BUIAY HEKYK0 YCTOMYHMBYHO M  BOCIOJHSAEMYIO
9HEPreTUYECKYI0 CYOCTaHIIMIO, KOTOpasi MPUCYIIA TOIBKO KUBOU
MaTepuu.

C mo3unuii GMONOJS MOXKHO PaccCMaTpPUBAaTh MHOXKECTBO
O6uosornyeckux (EHOMEHOB, paclO3HAHHBIX U HEPACIO3HAHHBIX,
MHTEPECYIOIIUX TOJIBKO CIIELMAJIUCTOB MM BCEX, €CIH 3TU
(eHOMEHBI PK30TUYECKHE, — U B KaKIOM M3 HUX MOXHO Oyner
OOHapyXUTb HE4TOo emé HENO3HaHHOE, BO3MOJKHO,
IPE/CTaBIAIOIIEee UHTEPEC, OJHAKO BCE ITO HE BHECET HUYETO
HOBOTO B IIOHATHE O SAEPHBIX pEAKUMSIX B JKUBOH KIIETKE,
KOTOPOE YK€ U3JI0XKEHO U KIET CBOEH OLIEHKH.

[loaToMy aBTOpPCKME  pa3MBILIUIEHUS  «HAI»  CIEAYyeT
3aKOHYUTb, HO C HEOONbIIUM [J00aBIEHUEM, U BOT O 4EM: He
MOXET TaKoro ObITb, YTOOBI B MHpPE BCE HCHYe3alI0 OecclieHO,
HA000pOT, CleAyeT IyMaTh, YTO CYIIECTBYET HEKUH BCEMHUPHBIN
«0aHK», BCEMHUpPHOE Ouomoje, ¢ KOTOPHIM CJIUBAJIUCh W
CIIMBAIOTCS TOJSI BCEX JKMUBIIMX M JKUBYHIMX Ha 3emie. OTO
Ouorosie  MOXET  OBITh  MPEACTABIEHO  CBEPXMOIIHBIM
CBEPXBBICOKOYACTOTHBIM CBEPXKOPOTKOBOJIHOBBIM U
CBEPXIIPOHUKAIOIIUM [E€PEMEHHBIM 3JIEKTPOMATHUTHBIM MOJIEM
BOKPYT 3eMJIH (M TeM caMbIM — BOKPYT M Yepe3 Hac), B KOTOPOM B
UJCATbHOM TIOpSAJKE YACPKHUBAIOTCS KHUHETHUYECKUE sJIEpPHbIE
3aps/ibl, Kak CHapsi/ibl, IPOTOHHBIX rOJ0rpauuecKux «(pUIbMOBY
0 KaXJIOM U3 Hac — O JIIOJASX, 0 OAKTepUsX U CIOHAX, O YepBsAKax,
0 TpaBe, IUIAHKTOHE, CakcayJlle, )KMBIIMX KOIZa-TO M >KUBYIIMX
HblHE. JKUBYyIME HbIHE U MOAJIEPKUBAIOT SHEPTUE CBOEro MOJs
3TO OMOMOJIE, HO TOJBKO PEAKHE €AMHUIIBI UMEIOT JOCTYH K €ro
MH(OPMALIMOHHBIM COKPOBHIIIAM.

OTO Hemo3HaHHOE emE BceMHpHOe Ouomnoie obiagaer
KOJIOCCAJIbHOM, €clu He OecnpelenbHOM, 3HEprueu, BCE Mbl
KyIaeMcsl B OKE€aHE 3TOW 3HEpPIHH, HO HE YYBCTBYEM €€, KaK He
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YYBCTBYEM OKPYXKAIOUIMI HAacC BO3AYyX, U TIOTOMY HE UyBCTBYEM,
4TO OHA BOKPYT HAcC €cTh... Kak Bo3ayx.
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IMPUJIOXKEHUE

A. DmHeprus, oOecrieunBaromas >KA3HEACATEIBHOCTh W
KIETKA, M OpraHu3Ma B IIEJIOM, BBIpa0aThIBaeTCd B OCOOBIX
BHYTPUKJIICTOYHBIX O0pa30BaHUSX — MHUTOXOHIpHUSX. YwHCIIo
MUTOXOHJIDHM B  KaXJOM KIETKE 3aBUCUT OT YpOBHSA
nOTPeOIIIEMOM YHEPTUU U MOXKET COCTABIISATh B OJHHUX KJIETKAX —
JECSATKHU, COTHH, THICSIUU, B APYTUX — AaKE AECATKH THICSY.

b. Camo oxkuciaeHue OCYIIECTBISIETCS BO BHYTPEHHEH
MeMOpaHe  MUTOXOHJPHUH, TPEACTABIEHHOM  MHOXECTBOM
CKIIQJIOK, KaXJas U3 KOTOPBIX «YCBIIaHA» 3EPHUCTBIMU
00pa3oBaHUsIMH, COAEpXKAaIUMU B cebe KOMIUIEKC (HepMEHTOB,
ATO®, depponporenspl (IUTOXPOMBI) U Jp. DTH 00pa3oBaHUA
Ha3BaHbl JIbIXaTEJIbHBIMU aHCAMOJSIMH, YHUCIO HX B KaxAou
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MHUTOXOHJIDHHM 3aBHUCUT OT YPOBHS OKHCJCHHS M COCTAaBJISCT OT
3 5 N
10° no 10° B ka0

B. CrienuanucTsl CUUTAIOT, YTO B MIPOIEcce OMOIOTUYECKOTO
OKHCJIICHHS B  MHUTOXOHIApPUHU  OOpazyeTcss  MOCTOSHHBIN
AIIEKTPUYECKUI TOK — LENb IEPEHOCAa AIEKTPOHOB, U IEPEHOC
9TOT OCYIIECTBIISIETCS OT JBIXaTEIBbHOTO aHCaMOIs K JIPYroMy.
Ho «xBampaTHO-THE310BOE»  PACIONOKEHHE  JIbIXaTEJIbHbIX
aHcamOneil MUTOXOHAPHUH, OTCYTCTBHE (U3UYECKOTO KOHTAKTa
MEX1y HUMH (YTO JOCTOBEPHO OIPEAEICHO CAMUMHU K€ YUEHBIMU
U TPEJICTAaBICHO HA PHUCYHKE) HCKIIIOYAeT IieJeHaNpaBIeHHbIN
MEPEHOC AJIEKTPOHOB 4YEpPe3 MATPHUKC, SBISIOLIUICS K TOMY K€
IIEKTPOJIUTOM.

z‘ @
Fo i Fe F e ff_
© I 2e Hao F 20

['maBHOM COCTaBHOM 4YAaCTBKO LIMUTOXPOMOB  SIBIISIFOTCA
BXOJSIIIUE B HHUX TIE€Mbl — CBEPXMHUHHUATIOPHBIE MAarHUTUKU
(97IEKTPOMarHUTUKH ), COCTOSIIIINE BCErO U3 4-X CBA3aHHBIX MEXKIY
co0oii (aToMHBIMH CBsI3siMH!) aTOMOB >kene3a. Kaxaplii u3 stux,
aTOMOB JK€JI€3a CIIOCOOEH MEHSATh CBOKO BAJIEHTHOCTb, NEPEXO/]
U3 JIByXBAJICHTHOTO B TPEXBAJICHTHOE — M HA000POT, OTaBast IpH
9TOM WJIM MOATATHBAS K cede IIeKTPOH. ATOM TPEXBaJIIEHTHOTO
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xKenme3a o0JajaeT 3HAYMTENIbHOW CHJIOW TPHUTSDKCHHS K cebe
ANEKTPOHA, 3a CYET HSTOM CHJIBI M IPOUCXOJUT MEPEXON
(«TIepecKOK») AIEKTPOHA B Te€ME, HO TIPH yTpaTe ATOT0 AJIEKTPOHA
aToM TPEXBAJCHTHOTO JKeJe3a CIIOCOOEH «OTHSTHY €ro y aroma
BOJIOPO/Ia B OKHCIISIEMOM B MUTOXOHAPHUU CyOCTpaTe.

OOpatumoe [BIKEHHE JJIEKTPOHA B TeMe MOpOXKIaeT
MEPEMEHHBIN  DJIEKTPUYECKMH TOK M COOTBETCTBEHHO —
MIEPEMEHHOE 3JIEKTPOMArHUTHOE IOJIE.

HavanpHass cuHXpoOHUM3anus ¢ 3(PQGEeKToM pe3oHaHCca
MEPEMEHHBIX JJIEKTPOMAarHUTHBIX IIOJICH TPOMCXOJUT B TeMe
IIUTOXPOMA, Jajie€ CHHXPOHHU3HPYIOTCS IMOJISI [IUTOXPOMOB, MOJIS
IBIXaTEIbHBIX aHCaMOJIEH U T. 1.

Tpaexkropun JABMKEHHS YCKOPEHHBIX B OJIHOM IIydKe
MPOTOHOB BCEr/la MapajulebHBl MEXAYy COOOM, Jake €clii Bech
Iy4OK C TIIOMOIIBIO D3JEKTPOMAarHUTHBIX JIMH3 3aKPYTUTh,
HanpuMep, B COHpajdb. OTO COCTOSHUE TMapauIeIbHOCTH
COXpaHsieTcsl Bcerja, Jake Korjga OJHM Iy4YKd IPOTOHOB
coeuHATCA ¢ Apyrumu. llepenaBas KMHETHYECKYIO JHEPTHUIO
AIpaM  aTOMOB-MHUIIEHEH MyTéM YOpPYrMX U HEYIpYrux
CTOJIKHOBEHHUI (Hampumep, npu «OOMOapIUPOBKE» IMYyYKOM
IPOTOHOB KaKOM-HUOYJIb KpYMHOW TPEXMEPHOM MOJIEKYJIbI),
IpOpearupoBaBlIe MPOTOHBl B KOHIIE KOHILIOB BBHIOBIBAIOT M3
MyyKa, HO UX «MECTO» B Iy4YKE HE 3aliMET HUKTO — HAa MecCTe
YTPA4EeHHBIX IIPOTOHOB OKAXETCS BAaKyyM, KOTOPBIN MOBTOPHUT B
00b€éMe Ty 4YacTh MOJEKYJIbl, C KOTOPOW B3aUMOJIECHCTBOBAIN
IOPOTOHBL. JTO U OyZeT rojlorpaMMa B cCaMoM €€ NepBOHaYaTbHOM
BUJIE.
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Kinerounsie BBICOKOYACTOTHBIE IepeMEHHbIE
AIIEKTPOMArHUTHBIE TOJS (OPMHUPYIOTCS BOKPYT KalWJUISPOB,
3aI0JTHEHHBIX KPACHOM KPOBBIO (3PUTPOLIUTAMH).

IIpu »>TOoM  BO3HHKAOMAs JJIEKTPOJABMKYLIAs  CHUIIA,
HallpaBJI€HHAsl CBOMM JIEWCTBHEM IO XOAY JBHKEHHS KpOBH,
OKa3bIBACTCS €AUHCTBEHHON CHIION, KOTOpas IEepeMeIaeT KpPOBb
U3 KalWUIIPOB B CIENYIOLIME 0 MOPSAKY COCYIBI, TOCKOJBKY
KallWUJIsip  HE  pacrnoiaraeT  COOCTBEHHBIM  MEXaHH3MOM
«BBITAUTKUBAHUS» KPOBU: B €r0 CTEHKAX HET MBIIIEYHBIX KJIETOK,
HE TPOUCXOAUT «IOPIIHEBOI» 3(PQPEeKT BBHITATKUBAHUS OJHOMN
MOPLMH KPOBH JIPYrOM U T. 1.
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DONEeKTpOABMKYIAasl Cuja IMEPEMEHHBIX BBICOKOYACTOTHBIX
JJIEKTPOMAarHUTHBIX IIOJIEH MPOSBISIETCA HAJ BCEMH COCYAAMH,
Ora cua Bcerja aJeKBaTHa Macce IepeMeNiaeMoil o cocynam
KpOBU (CIUSHHE IOJICH IPOUCXOAUT BMECTE CO CIHMSHUEM
COCYZIOB), KpOME TOro, IOJISI YJEPKUBAIOT KpPacHyH KpOBb
«MOHETHBIMU ~ CTOJIOMKaMH», HCKJIIOYAlOT B TOKE KPOBHU
TypOYJIEHTHOCTD, YIAEPKUBAIOT SPUTPOLHUTHI OT KOHTAKTOB CO
CTEHKaMH COCYJIOB.

CBepXBBICOKOYACTOTHOE " CBEPXKOPOTKOBOJIHOBOE
MEPEeMEHHOE JJIEKTPOMAarHuTHOE IoJIe MPOMnET, Kak Mo
BOJIHOBOZY, MpPAaKTHYECKH O€3 3aTpaThl 3HEPrUu yepe3 Jo0yio
ATOMHYIO pemI€TKY, BKIIOYasi 1 METATNYECKYI0, U «IIPOHECET» C
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co00l Ty4OK MPOTOHOB, HECYIIMX B ceOe ToJiorpaMMbI. ITO
MO3BOJIACT OTACJIBHBIM IOJAM JACPKATH MCKIAY C060ﬁ CBA3b
HE3aBUCHMO OT PACCTOSHHI MEXTy HUMH.

Ony6nukoBaHo: xypHa «Pycckas Mpiciaby, 1993, Ne3-12, ¢.66-
73.

e

I'.H. Ilempakoeuu

CBOBO/IHBIE PA/TUKAJIBI IIPOTUB AKCUOM

(Hoeas zunomesa o ovixanuu)

[IpenBapuTenbHble pa3bsiCHEHUS

JlaBHO cTano HCTUHOW (akcuoOMoii!) mpelacTaBiIeHHE, YTO
KpOBb CHa0XaeT KJIETKW OpraHu3Ma KHCIOpOAOM Bo3ayxa. Tem
HE MeEHee, 3TO Janeko He Tak. Jlaxke coBceM He Tak. HoBomy
MPEJICTAaBICHUIO O AbIXaHUU U TOCBSIIIEHA HacTosIast paboTa.

Bcé nenmo B TOM, uTO B MeMOpaHaX BCeX KIETOK
TEIJIOKPOBHBIX KMBOTHBIX IOCTOSIHHO, XOTSI U B Pa3HOM CTENEHU
UHTEHCUBHOCTH, MPOUCXOJIUT He(PEepMEHTATUBHOE CBOOOTHO-
pagukanbHoe okuciaeHue (CPO) HeHachIIEHHBIX JKUPHBIX
KHUCIJIOT, SBJIAIOIIMXCA TJIABHOW COCTaBHOM YaCTBIO  JTUX
MeMOpaH.

OHeprus, IolydyaeMas B IPOLECCE TaKOTrO OKHUCIEHHS,
JBOSIKA: B BUJE TEIUIA U B BHUJAE AJIEKTPOHHOIO BO3OYKICHHUS.
[Tocnennee siBisieTCs pe3yabTaToM cOpoca 3JIEKTPOHA C BHEIIHEH
OpOUTBl  OKHUCISIEMOM MOJIEKYJIbl HEHACBIIEHHOW JKUPHOU
KHCJIOTHI ITPH B3aUMOJCHCTBUU 3TON MOJIEKYJIBI C 00J1aJal0IUMHU
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BBICOKOM XMMHMUYECKON aKTUBHOCTHIO CBOOOJHBIMH PaJMKATIAMU.
Mornekyila  HEHACBILICHHOM  JKUPHOM  KHUCJIOTBI,  JIMIIASCh
JJIEKTPOHA, camMa CTaHOBHUTCA CBOOOJHBIM paJWKaIOM U TeM
CaMbIM MPHOOPETAET BHICOKYIO XUMHUYECKYIO aKTUBHOCTb.

CPO wmoryr moaBepraTbCsi W HACBIILICHHBIE JKUPHbBIC
KHCJIOTHI, a TaKXKe OCNKU, YIIIEeBOIbI, OJJHAKO Il OKHCIICHUS ITUX
MPOJYKTOB TpeOyeTcs MOCTOSHHAsA «IIOAMUTKa» dHEprueH, Toraa
KaK HEHACBIILEHHbIE >KUPHBIE KHUCIOTBHI JIETKO OKHUCIAIOTCS 0e3
noTpedsieHusl SHEPTruu, — HA00OPOT, J1ake CO 3HAYUTENIbHBIM €€
BeIJIeIeHHeM.  HeOomblioe — KOJIMYECTBO — DHEPruM  JJIs
CBOOOAHOPAIMKAILHOTO OKHCIICHUS HEHACBHIIIEHHBIX KHUPHBIX
KHUCJIOT TpeOyeTCs JIMIIb B CAaMOM Hayajle 3TOTO0 OKHCIIEHUS — IJIs
«3amnycka» (MHUIUUPOBAHUS) ATOrO MpoIecca; Jaliee peakuus
pa3BUBaeTCsd CHOHTAHHO W 3aKaHUMBAETCA WJIM NPU IOJHOM
pPacxo/I0BaHUU OKUCIISIEMOTO cyOcTpaTa, WU IO/ BO3AEHCTBUEM
AQHTUOKHCIUTENENH, — UHTMOUTOPOB. Posib MHTHOUTOPOB, racsmmx
MPOLIECC OKHUCJIEHUS WM YMEHBUIAIOUIUX HX CKOPOCTb, MOTYT
BBIIOJHATh W CAaMM HPOAYKTBI ITOTO OKHUCIEHHUS TpU HX
M30BITOYHOM HAKOTIJIEHUU B 30HE OKUCIICHHUS.

CB00OOTHOpAAMKAIEHOE OKUCIIEHHE HOCHUT IIETTHOW XapakTep,
a MpU y4acTHH B HEM KaTaJM3aTOPOB, IIPEXKIE BCETO METAIIOB C
NEPEMEHHON BaJ€HTHOCTbIO, OCOOEHHO — aTroMOB JKele3a,
KOTOpBIE JIETKO OTHAKOT DJIEKTPOHBI M CTOJb K€ JIETKO
«OTHUMAIOT» UX y JIPYTUX aTOMOB M MOJIEKYJ, 0OpaTUMO MEHss
IIPU 3TOM CBOIO BaJIEHTHOCT!

<—
(Fe2+ é F63+),

— O9TO OKHUCJICHHE TPUHHMAET IIeTHON pa3BEeTBIEHHBIH
xapaktep. B 1memHoll pa3BeTBIEHHON peakuuu CcBOOOAHO-
paJUKabHOTO OKWCJICHHUS M BBIpa0OTKa TeIia, U AJIEKTPOHHOE
BO30YK/ICHHE HApaCTalOT JIABHHOM.

CPO HeHaCHIIIEHHBIX KUPHBIX KUCIOT B HAIlIlEM OpPTaHU3ME
SIBJISIETCS. €UHCTBEHHOW PEAKIHEH, B KOTOPOU «POKIAAIOTCS»
DIIEKTPOHBI (BO BCEX APYTUX OHHU WM TOTPEOISIOTCS, WK
MEePEHOCSTCS) — ATH OMYXKIAIOIIHUE SJIEKTPOHBI U CO3JAIOT TOT
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JNEKTPUYECKUN TOTEHIUAT KaXKIOW KIETKU U, B CIUSHHH,
NOTEHLIMAJBI OT/AEIbHBIX OPIaHOB U TKaHEH, KaXKJIbIi U3 KOTOPBIX
0 JINHUSM HAUMEHBIIETO COMPOTHUBIICHUS SJIEKTPUUECKOMY TOKY
UMEET «BBIXOJ» Ha IOBEPXHOCTh HAIIEro Tejla — B TOYKaX
aKyMyHKTYpBI U B 30Hax 3axapbuHa-I'ena.

OTHU TOKOIPOBOAIINE IyTH HE UMEIOT HUKAKOTO OTHOILIEHUS
K TMPOBOJSIIMM HEPBHBIM IyTSIM; IIO9TOMY COBEpUICHHO
HEeMpaBWIBHO  HAa3blBaTh  aKyNyHKTYpy pediiekcorepanuei,
MOCKOJIBKY pe(dIIeKChI — 3TO AEATEIbHOCTh HEPBHON CHUCTEMBI.

[Ipu akymyHkType nedeOHbIH 3PQeKT TocTUraeTcs MmyTéMm
BO3JICICTBUS 4epe3 TOKOMPOBOASIIME MYTH Ha 3JICKTPUUECKUE
NOTEHLIMAJIbl OPraHOB, TKaHEH, MOTEHIHAJIbI OTJACJIbHBIX KJIETOK:
YMEHbIIIEHUE WM YBEIWYEHHE OSTHX MOTCHIUAIOB BIUSET Ha
¢usnonornueckyo  (QYHKIHIO OpraHoB, TKaHEH W  Jaxe
OTJICbHBIX KJIETOK.

YceroinuuBeIMU pOAYKTaMHU CBOOOIHOPAIUKAIILHOTO
OKHCJICHUS HEHACBHIIIEHHBIX JKUPHBIX KHCIOT  KJIETOYHBIX
MeMOpaH, MOMHMO TEIJla U 3JIEKTPOHOB, SBISIOTCS KETOHOBBIE
Tena (aleToH), ajbAETUIbl, CIHPTH, B TOM YHCIIE STHJIOBBIH
CHUPT, a TaKXKe MOJEKYJIpHbI kucinopon. B «pamkax» CPO
HEHACBIIEHHBIX KUPHBIX KUCIOT B MEMOpaHaX KJIETOK, OCOOCHHO
SPUTPOLIUTOB, MPOUCXOAUT U pEaKUUs OMBUICHUS >XHUPOB C
yyacTMeM B HEM MHOTOATOMHBIX CHHUPTOB (TJIMIEpUHA), B
pe3ynbTare 4Yero BbIpabATHIBAIOTCS MblIa — IOBEPXHOCTHO-
AaKTUBHBIE  BEIIECTBA, IVIABHBIM U3  KOTOPBIX  SBJIAETCSA
cypdakrant. O6 >tux npoaykrax CPO u omblieHHs, 0COOEHHO O
KUCIIOpo/ie U cypdakTaHTe, U OyleT B AajbHEHIeM BECTUCh PEUb
B 9TOM pabore.

Cnenyer ckaszarb, uro CPO HEHachILIEHHBIX KHUCIOT C
MOJIyYE€HUEM BbIIIIEHA3BaHHBIX MPOAYKTOB OCYIIECTBIISETCS JIHILIb
B aHa’poOHBIX (0€3 ydyacTHsi KUCIOPOAa) YCIOBUAX, C ydacTUEM
’Ke KHCIIOpoJa 3TOT IMPOLecC MpeBpaliaeTcs B 00bIYHOE TOpEHHE
OTKpPBITBIM IUIaME€HeM. I mpoaykTamMu IOCIEOHETO BHIA
OKHCJIEHHs OyayT WHbIE BeEIlecTBa: BOJa B BHUJE Napa u
YIIEKUCHIBIA Ta3, HO TEIUIa U JJIEKTPOHOB IIpU TOPEHHUHU
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BBIZICNIICTCSI  3HAYUTENBHO OONbINe, YeM TIpH aHa’POOHOM
OKHCJICHHH.

B nBurarene BHYTpEHHErO CropaHusi, B KOTOPOM CrOpaHHE
rOpIOYE-BO3AYIIHOM CMECH IPOUCXOIUT C KOMIIpECCHUEH U
MO/PKUTAaHUEM CMECH DJIEKTPUYECKOM HCKpPOHM, — 3TO CropaHue
OCYILIECTBJISIETCS B BUJE B3pblBa WJIM BCHBIIIKWA; IPU 3TOM U
«BBIOPOC» AIEKTPOHOB, U BBHIPAOOTKA TEIIa B €AMHUILY BPEMEHU
IPOUCXOJUT B HEU3MEPUMO OOJIbIIEM KOJIMYECTBE, YEM JJAXKE MPU
TOPEHUH OTKPBITHIM IIJIAMEHEM.

OTH pa3bACHEHHs] HEOOXOIUMBI Ul TOTO, YTOOBI MOABECTH
yuTaTenas K MPEACTAaBICHUIO: B HAIIUX JIETKUX (B KOJIUYECTBE
MHOTHX COTE€H MWIUIMOHOB) HEYCTAaHHO ()YHKIIMOHHPYIOT B
MIOJIHOM CMBICJIE MHKPOJBUTATEIN BHYTPEHHErO CrOpaHUs, B
KOTOPBIX pPOJIb «IOPIIEHBKOB» BBINOJHAIOT 3PUTPOLUTHI, a
KHCIIOPOJl BJBIXa€MOI0 HaMM BO3[yXa HCHOJb3YeTCA Kak
okucnurtenab. Ha 3ToM ero akTuBHasi pojib B HAILIlEM OpPraHU3ME U
3aKaHYMBaeTCsA. BplabixaeMble HaMHM YIJIEKMCIBIA Ta3 U Mapsbl
BOJIbI SIBJISIFOTCS IPOAYKTAMU 3TOM BCIBILIKH.

Ho »10 emé He BcE. OpUTpOLMTHl, KaK CKa3aHO, HE
3aXBaThIBAIOT U HE TPAHCIIOPTUPYIOT KUCIOPOJ BO3/1yXa, a CAMHU,
BO30Y)XJIEHHbIC 3JEKTPOMArHUTHOW WHAYKIMEH, BO3HHKIIEH B
«MHKpPOJBUTATENSX» MpPHU BCIBIIIKE, — CaMH, MYTEM CBOOOJHO-
paZlKaJIbHOTO OKMCIIEHHS HEHACBIILIEHHBIX JKUPHBIX KHCIOT B
COOCTBEHHBIX ~ MeMOpaHax, —  HAUMHAIOT  MPOU3BOIUTH
MOJIEKYJISIDHBIM KHCJIOPOJ M YIEpP)KHBAThb €ro B XUMHYECKHX
CBA3sX reMorsioonna. Yacte ra3000pa3HOro KUCIOpOa MPU STOM
TOHKMM  CJIOEM  CKalIUBaeTcs  HajJ  MeMOpaHoi  mon
cypbakTaHTHOH MIEHKON, 0OBOJAKUBAIOIIEH KaXKIbIM SPUTPOLIUT
U o0Jasaroniel MOBEpXHOCTHOM aKTUBHOCTBIO, — 3Ta AKTUBHOCTh
HalpaB/iecHa Ha CHIDKEHHE TOBEPXHOCTHOIO HATSDKEHHUS B
MeMOpaHe »JpUTpPOLUTa B 30HE paszlena ra3-KHJIKOCTb.
CkaruMBaroImunics TOHKUM CJI0EM KHCIOpOJl Moj cypdakTaHTOM
M3MEHSET ONTUYECKUE CBOWCTBA DPUTPOLIUTA, BOT IIOUYEMY KPOBB
apTepualibHas BHJUTCS SPKO ajloif, — B OTJIMYUE OT TEMHO-
KpacHOW BEHO3HOH KpOBH, B KOTOpPOW KHCIOpPOJA COJEPIKUTCS
3HAYUTENIbHO MEHBbIIIE.
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Hacpimenue remornoOuMHa — KHCIOPOJIOM  HMEET  CBOU
MpeJieNbl, YpOBEHb HAKOIUICHUS! KHCIOpOaa ToJ cypdakTaHTOM —
TOXKE, BCE OSTO B3aUMOCBS3aHO B E€IUHYK0 PaBHOBECHYIO
JTUHAMUYECKYIO CUCTEMY, OTPEACIISIONIYI0 YPOBEHb «HAPaOOTKMI»
KHCJIOpOJIa B MeMOpaHe 3puUTponuTa, To ecTb ypoBeHb CPO B
Heil. Ho ectp B aputpouuTe M JIpyrasg paBHOBECHAs CHCTEMA,
Takke ypenuuuBaromas ypoBeHb CPO wnm racsmas ero B
MeMOpaHe IPUTPOIUTA — ITO €0 ANEKTPOHHBIN (OTPULIATEIBHBIN)
3apsan. BreipabateiBaembie B mporecce CPO B meMOpane
OPUTPOLIUTA  IEKTPOHBI  IPEXKIE  BCEro  3aXBaTbIBAIOTCS
BXOJIIIIMMH B COCTaB TeMOIJo0MHA aToMaMu kelne3za (B 3TOM
IpUYMHA, I[I0YEMY JKEJI€30 B MoOJIEKyJaxX TIeMorjoOuHa B
HUPKYJIMPYIOLIEM B KPOBU 3PUTPOLIUTE BCErJa HAXOAMUTCS B
JBYXBAJIEHTOM COCTOSSHHM — Fe™), apyras JK€ 4acTh
«HapabOTaHHBIX» JJIEKTPOHOB pACXOIyeTcss Ha 3apsjl BCEro
sputpounTta. BenmunHa 3TOro 3apsaa y pasHbIX 3PUTPOLMTOB
pa3Hasi, OT 3TOM pa3HHUILIbl 3aBUCUT CUJIA AJIEKTPUUYECKOU HCKPHI,
KOTOpasi MPOCKAKMBAET MEXJYy 3PUTPOLMTAMH B MOMEHT HX
OCTaHOBKHM MO KaKOW-THOO MpHuYMHE, — (PU3MOIOTUYECKOU WIIN
I1aTOJIOTMYECKOM.

B ocTaHOBIIEHHBIX B KaWJUISIPE SPUTPOIUTAX B MTHOBEHHE
IOPOUCXOAUT  BCIHBIIIKA €  UCHOJb30BaHMEM  Ha  Heé
«MPpUNIACEHHOTOY» TOJT Cyp(akTaHTOM COOCTBEHHOTO KHUCIOPOJIa U
B KaYeCTBE «TOPIOYEro» — caMoi CyppaKkTaHTHOW IUIEHKH, JIETKO
OKHUCIISIEMON, OCOOEHHO B TPHUCYTCTBUHM KHcIopoaa. Poib
3aMaJbHOM CBEYH MPU ITOM HIPaeT MPOCKAKUBAIOIIAS MEXITY
OCTaHOBUBUIMMUCS SPUTPOLUTAMHU IJEKTPUUECKask UCKpA.

W Tonpko yKe NOJyYEHHOE MpPHU BCHBIIIKE 3JIEKTPOHHOE
BO30YXKICHHE, a HE KUCIOPOJ, MEepelaroT IPUTPOIMUTH KIIETKe-
MHUIIIEHU B Kanuyuisipe!

IToxg BO3AEHCTBUEM JTOM «IOCTABIECHHON» JPUTPOLIUTAMHU
AIIEKTPOHHON BCIIBIIIKN B «CHUJIOBBIX CTAHIUAX» KJICTKU-MHUIIECHU
— MUTOXOHJIPHSIX — MYTEM HHAYKIIMA BO3HUKAET COOCTBEHHOE
OMOJIOTHYECKOE  OKHCIEHHE, KOoTopoe U  JaéT  KIeTKe
HeoOxomumyro el sHepruto. [IpaBma, sTta BbIpaGaThiBaeMas B
MUTOXOHJIPUSIX HEPTHUS — COBCEM HE Ta, YTO MPEJCTABIAIOT cebe
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yu€Hble, He AT®: 3TO BBICOKOYACTOTHOE 3JIEKTPOMArHUTHOE
U3JIy4€HHE B HEPA3PHIBHOM €IMHCTBE C IPOTOHHBIM U3JIYyYEHHUEM,
HO MOAPOOHO 00 3TOM MOXKHO MPOYECTh B APYroil pabore aBTopa,
Ha3BaHHOU «buormnosne 6e3 Taltny.

OTHEBIIIAILIAH ... YEJIOBEK

«lopum eecb mup, npo3pauen u 0yxoeeH,
Tenepb-mo on noucmume xopou,

U moi, 1uKkys, MHONCECMBO OUKOBUH,

B e2o uepmax pacnosznaéuivy.

Huxkomnaii 3a00101KHH.

OmHa  ®W3  TaKUX  PACIO3HAHHBIX  <«JUKOBHH»  —
«OTHEJIBIIIAIINI ... yeroBeK. Peub He 0 gakupe u He 0 Mare, — O
BCEX HAC, TMPOCTBIX CMEpPTHHIX. IlepBBIM, KTO OTKPBLUI
OTHEBIIIAIIEIO» YeIOBeKa, ObLT BEIMKUN (PAHIY3CKUNA XUMHK
Amntyan JlaByasse. D10 Obuto B 1777 romy. Yke MOTOM CTallu
npunucbiBaTh JlaBya3zbe yTBEpKACHHS, YTO KHCIOPOJA BO3IyXa
3aXBaThIBACTCS B JIETKUX KPOBBIO U 3aT€M PA3HOCHUTCS €0 IO
BCEMY OpraHu3my, cam xe JlaByasbe HHMYEro MOJA0OHOTO He
yrBepxaai. [IocTaBUB CBOM 3HAMEHHTHIC OMBITHI, OH MPHUIIET K
BBIBOJly, 4YTO JbIXaHHE €CTh MPOLECC CropaHus BOAOpPOJa U
yriepoja TKaHEH C ydacTHEM KHCIOpoAa BO3AyXa M YTO IO
CBOEMY XapakTepy 3TO TOpeHHE TIOAOOHO TOPEHHIO CBEuH,
NOTOMY 4YTO M B TOM, U B JIpYIOM Cllydae y4acCTBYET KHUCIOPOJ
BO3/lyXa, a MPOJYKTAMHU TOPEHHUS SIBISIOTCS B OOOMX CIIydasx
BOJIa, TEIJIO U YTJIEKUCIIbIH Ta3.

ITockoNbKy «OTHEBIIIAIIETO)» YelIOBeKa HUKTO HE BHJIET U
JaXXe TPEACTaBUTh €ro cebe¢ HUKTO HE MOr, a, Oe3YCJIOBHO,
BEPHOE OTKpPBITHE YYEHOro TpeOOBaIO KAKUX-TO TOHSTHBIX
0OBSICHEHMH, MOCTEMEHHO BOILJIO B MPAKTHKY M CTAJI0 aKCHOMOMU
MOJIOKEHUE, YTO Pedb HIET He 00 UICTHHHOM TOPEHUH TUIAMEHEM,
KakKuM TOpPUT CBe€4a M Kak yTBepxkaan 3To JlaByasbe, a 00
OKHCJIEHUU YTJIEBOJAOPOJOB B KIETKAX C Yy4acTHEM KHCIopoia
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BO3/lyXa, KOTOPBIM JOCTABJIAIOT KJIETKaM SPUTPOLIUTHI, KOTOPHIE B
JETKUX ATOT KUCIOPOL... U T. 1., BCEM JaBHO YK€ U3BECTHOE.

Taxk ora akcuoma ¢ «monmpasieHHbIM» JlaByasbe U
CYILIECTBYET I10 HACTOSLIEE BPEMS; COIVIACHO €M BEAYTCs pacyEThl
no OoOMeHy BelecTB U OHOIHEpreTMKe B  OpraHu3Me
TEIUIOKPOBHBIX JKMBOTHBIX, B TOM UYHCIE€ U B OpraHu3Me
YEJIOBEKa, PACUETHl 10 TEIUIONPOAYKLIHMH W OYEHb MHOIOMY
apyromy. Jns  yemoBeka  ObUIO  pa3pabOTaHO  CTOJIBKO
«(U3HONOrNYECKUX HOPM», YTO U OHH, B CBOIO OYEpE.lb, CTAU
AKCHOMaMH.

JlagHO OBbI Takas akcMOMa M €K MOPOXKIEHHBIE «HOPMBI»
CYILIECTBOBAJIM OBl 1O OTKPBITUS CBOOOJHBIX DPATUKAIOB M MX
pOJM B JKUBOM OPraHU3ME, 3TO 