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1. Beeaenue

[IpoGnema cTpaHHBIX BIUSHUN «CBEPXCIIAOBIX HM3IyYCHHUI» Ha MHOTHE IPOIECCH cerldac
MEepeKMBAET HE MEHEEe CTpaHHOe cocTosiHue. [loap30BaThCsl TEPMUHOM "TOPCHOHHBINA', a
TaKKe TMPUBIEKATh JPYrue THIOTE3bl ‘TATOTO B3amMojneicTBus. Obuio B Poccunm
BbICOUaime 3ampemeHo B koHIe 90X ToaoB, a TpaAWIMOHHBIEC 'AIEKTPOMAarHUTHBIC"
OOBSICHEHHSI YacTO CIHUIIKOM CHJIBHO MPOTHUBOpEYAT OMbITYy. Tak B mbuly OOpbOBI C
JDKEHAyKOM ObUT JOCTUTHYT NEeYaJbHBIA Pe3ysbTaT — UCCIIEIOBATeNN MO/ JaBICHUEM CTpaxa
CTaJI CJIMIIKOM YacTO BpaTh, M YTO MeYalibHee BCEro — BpaTh caMu ce0e, 3aKphIBasi I1a3a Ha
SIBHBIE HECOOTBETCTBUS pE3YyJIbTATOB JKCIEPUMEHTOB H TOMY, KAaKHE TIOHSTHS
MPUBJIEKAIOTCS I UX 00bscHeHus. Ho cTpax u J10Xb — IioXue MonmyTYuKd, OCOOCHHO B
HayKe, U JIeJI0 37IeCh BOBCE HE B TEPMUHOJIOTHH.

Mexnay Tem TO, 4Yro oOcyxkaamock B Jmureparype 90X TOZOB Kak TOPCHOHHAs
(E€HOMEHOJIOTHSI, TOCTATOYHO OINPEACIEHHO MOXKET OBITH OTACICHO OT 3JIEKTPOMArHUTHBIX
3¢ eKTOB. JaBHO Hazpela HE00X0UMOCTh OCMBICJICHUS HAKOTUICHHBIX
AKCTIEPUMEHTAIBHBIX PE3yJIbTaTOB H COOTHECEHHS MX C OOMICTIPHHATON HAYYHOW KapTHHOM
MHUpPa, C KPUTHYECKHM BOCIPHUSITHEM BBIJBUTAEMBIX THUIOTE3, U C O0Os3aTEIHbHBIM
yIITyOJICHHEeM MCCIIeTI0BAaHHA.

Hacrosimas cratest sBiIS€TCS MOMBITKOM TAaKOI'O OCMBICICHUSI B ONPEACIEHHOM AaCIEKTe: B
HEell BBOAUTCS T'MIIOTE3a, KOTOPOW aBTOP XO4YeT OOBSICHUTH Hanbojiee CTPAaHHYIO U B TO XKe
BpeMms, OXKadyl, CaMyl0 MHTEPECHYIO YacTh TOPCHOHHON (PEHOMEHOJOTHH. JTa TUIOTEe3a
HaxoAWTCsT Ha dTane (OPMYJIHUPOBKH, MPHUBEAEHHBIE B CTAaTbe€ PACCYXKICHUS JIUIIb
0OpHCOBBIBAIOT MO/IENb SBJICHUS U IOCTATOYHO MPEIBAPUTEIIbHBI.

2." @anTomublil’ 3¢ dexT

M3BeCTHO HECKOIBKO CBUICTEIHCTB JKCICPUMEHTATOPOB, PAaOOTABIIMX C TOPCHOHHBIMH
TeHEepaToOpaMH Pa3UYHBIX KOHCTPYKIHH, O TOM, 4YTO IS TOPCHOHHOTO HW3ITy4YCHHS
xapakTtepeH 3¢ ekt obpazoBanus T.H. "dpantomos” [1, 2, 3-6, 7, 8, 9]Ilocne Toro, kak
TOPCHOHHBIN Te€HepaTOp BBIKIIOYACTCS, M Jake yOMpaeTcs B APYroe MECTO, Ha MPEKHEM
MecTe OCTa€Tcs JIyd, KOTOPBIM MPOJOJDKAET JEeWCTBOBATh HA pa3M4HbIC (U3HUECKUE
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nporeccel. HekoTopple 3KCTpaceHChl MOTYT CTaBUTh (PAHTOMBI, KOTOpPBIE MOXKHO
OTIpEIETNTh METOIaMH OMOJIOKAINH, a Takke ¢ momoibio mpudopa UI'A-1; ucciemoBarenun
npubopHO Habroma M (HaHTOMBI OT JIFOJEH HAa MECTaX WX MOCTOsSHHOTrO mpeObiBanus [10].
Takue xe (paHTOMBI OCTAIOTCA OT AKTHMBHPOBAHHOW BOABI. D(P(HEKT BOIHOBHIX (DAHTOMOB

Ob11 3ameueH u B dkcnepumenTtax [L.I1.I'apsieBa ¢ o6mydennem npenaparos JJHK nazepom
[11].

3T10T 3 (DHEKT SBISIETCSA XapaKTePHBIM OTINYUTEIBHBIM MIPHU3HAKOM TOPCHOHHOTO U3JTYYCHUS
U TI0 HEMY MOXXHO OTJIENSATh TOPCUOHHBIE 3PPEKTHI OT IMEKTPOMATHUTHBIX. ITH (HaHTOMBI
OCTalOTCs HA OJTHOM U TOM K€ MECTE B JJa0OPATOPHOU CUCTEME KOOPIUHAT HEKOTOPOE BpeMs
(oT MHHYT 10 HECKOJBKHUX CYTOK JI0 MCYE3HOBCHHS MX perucrtpaiuu). B skcrnepumeHTax
[L.I1.TapsieBa daHTOMBI, KOTOpbIE OBLIM 3aMe4YeHbl MO (IYKTyalusiM CBETOpPACCESHUS,
WcYe3anu TMPHU MPOJYBKE KaMEpbl CYXHM BO3IYXOM M a30TOM, HO cmycTts 5-10 mMuHyT
MPOSIBIISUTNCH OIISITH HA TOM e MECTeE.

Oddexr danTomoB B Bbeicmied creneHn mapamokcaneH. A.E.AxumoB u [.M.Ilumnos
CUHTAIOT, YTO TaKuM oOpa3zoM mposBiseTcs 3GHEKT mosipu3anuu GU3NIECKOro BaKyyMa.
OpHako mpu TakOM OOBSICHEHMHM BO3HUKAET MpoOJieMa C MPHUHLUIIOM OTHOCHUTEIBHOCTH:
(aHTOM MOKOUTCSI OTHOCUTEIBHO HEKOTOPOH CHCTEMBI OTCUYETA, HO BaKyyM caM 1o cebe He
UMEET BBIJICIEHHOM CUCTeMbl 0TcuéTa. CuctemMa oTcuéra, B KOTOPOi (DaHTOM MOKOHTCS, HE
ABIIIETCS MHEPLUANbHON: 3eMisl BpallaeTcs BOKPYI CBOEH OCH, JBHXKETCS IO opOuTe
BOKpyr CoJiHIIa U T.[I.

Boznaukaer Bompoc - OTHOCUTENBHO 4ero (paHTOM OCTa&Tcs HemoABMXKHBIM? TOT ¢akt, 9To
daHTOM OCTaéTCs Ha TOM K€ MECTE MPHU yNaJICHUH KaK TOPCHOHHOTO TeHepaTopa, TaK W
OKpyXeHHsl  (Hampumep, TMpH  MEPEeMEHICHUSX  AKCICPUMEHTATOPOB),  3aCTaBISICT
MPENOJIOKUTh, UTO "MpuBs3Ka" (aHTOMA OCYMIECTBISIETCS HE K ONMMKHEMY OKPY)KEHUIO, a
HEMOCPEACTBEHHO K TeorpaduuecKuM KOOpAUHATAM.

Db dexT panTomoB cneayeT oTMyaTh OT dPdeKrTa MeTacTaOUILHOCTH B HEKOTOPOH Cpee.
B mocnennem ciyvae moj BO3ACWCTBUEM TOPCHOHHOTO M3IIYYEHHUS MEHSIOTCS (PH3UUECKHE
CBOWCTBA BEIECTBA, M OHM OCTAIOTCS TAKMMH HEKOTOPOE BpPEeMsI IIPHU CHATHU BO3ICHCTBHS.
[Tpu 5TOoM H3MEeHEHHBIE CBOICTBA BEIIECTBA €CTECTBEHHBIM 00pa30M JIOKAJIH30BaHBI B TOM
TeNe, Ha KOTOPOE OCYIIECTBISIIOCH Bo3/eiicTBre. B cimydae ke (aHTOMOB y HAC MEHSIOTCS
CBOWCTBa HEKOTOPOTO TE€OMETPHUYECKOTO MPOCTPAHCTBA OTHOCHTEIBHO 3eMiTi. XOTS aBTOPY
HE M3BECTHBI SKCIIEPUMEHTHI C TOPCHOHHBIMU T€HEPATOPaMH B BAKyyMe, KOTOPBIE MOTIIH ObI
UCKIIIOUNTHh 3(PGEKT TOJAPU3ANNH BO3yXa, HO OYEBUAHO, 9TO A(H(HEKTh KOHBEKIHH W
muddy3un JeTKo HapymIwik Obl CTaOMILHOCTH (paHTOMA, Oy OH MPHUBSI3aH K KAaKOMY-TO
MaKpPOCKOIUYECKOMY KOJIMYECTBY BO3/yXa - BeJb (DaHTOMBI MOTYT OCTaBaThCsl HA MECTE 10
HECKOJIbKUX JHEH, He Pa3MbIBasICh B IPaHUIIAX.

3. I'mnore3a BBICOKOIIPOHUKAKIICI0O U3JTYIYCHUA BO3e-‘IaCTI/IH

EcTecTBeHHO NpEnNonaoXKuTh, YTO, B COTJACUU C KBAaHTOBOW TEOpHEH, a TaKkKe ¢ y4éTOM
CyIIECTBOBAHMS JMArpaMMbl HAIpPaBJICHHOCTH y TOPCHUOHHBIX TI'€HEPATOPOB, TOPCHOHHOE
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U3ITyYeHUE MPEACTaBISET COOON MOTOK HEKUX YacTull. Mcxonas u3 BBHICOKON MPOHHUKAIOMICH
CIOCOOHOCTH TOPCHOHHOTO M3JIYYEHHUS U MPOU3BOAMMBIX UM 3(dexroB [12], 3TH yacTUIIbI
JOJDKHBI OBITH JJEKTPUYECKH HEHTPAIbHBIMH, a TaKKe IOJDKHBI B3aUMOJICHCTBOBATH C
BEIIECTBOM 10 CITUHY.

YeMy paBeH CIIMH TOPCUOHHBIX KBAHTOB? 3/1eCh aBTOP UIET HA PUCK BBIABUHYTH THIIOTE3Y O
KPaTHOCTH CIUHA YaCTHIl CJWHHUIE, TO €CTh O MOJYMHEHUM HX CTaTUCTHKE bo3e-
OiHmnTeiiHa. OCHOBaHWEM Ui TAKOM THUIIOTE3bl CIIYXKAT CICIYIONUE COOOpaXKEHHUS.
W3BecTHB KBaHTOBBIE A(PQPEKTHI, CBsA3aHHbIEe ¢ bo3e-yacTHIlaMu: Ja3epHOE H3ITyUCHHE
(hOTOHBI), CBEPXIPOBOXMMOCTH (Iaphl SIEKTPOHOB), cBepxTekyumii remmii (‘He), Bose-
KOHJCHCAT. DT JS(PQPEKThl MPOSBISIOTCA Ui YaCTHIl, OOBIYHO JOCTATOYHO CHJIBHO
B3aMMOJICHCTBYIONIMX C IUIOTHBIM OKPYXXCHHEM, U TMPOSBISAIOTCS B KOJUICKTUBHOM
noBefieHuH bo3e-yacTuil - OHHM CTPEMSITCS 3aHATh OJHO M TO JK€ COCTOSHHE, B
POTUBOIOJIOKHOCTE DepMHU-yacTHIIaM, Il KOTOPBIX, HAMPOTHB, CYIICCTBYET MPHHIIUII
3ampera.

Ecnm TopcnoHHOE M3MydeHHe COCTaBleHO C1ab0 B3aMMOACUCTBYIOMIMME bo3e-uactuiiamu,
TO ATH YaCTHIIBI OYIyT Tak)Ke CTPEMHTHCS 3aHUMATh OJIMHAKOBBIC KBAHTOBBIC COCTOSHUS,
BKJIIOYAsl UMIYJIbC. DTO O3HAYAET, YTO TaK K€ KaK CBEPXTEKYUMM Teluid, 3TH YaCTHUIbI
MOTYT JBUTAThCS COOOIIA, YCTOMYMBBIM KOT€PEHTHBIM ITOTOKOM, KOTOPBIM JOBOJILHO
CJIOHO Pa3pyIINTh BHENTHUMHU BO3JEHCTBUIMU. J{JI1 CBEPXTEKydero >KHIIKOTO Teus 00
JUISL  CBEPXIPOBOJAIIETO TOKAa OCHOBHBIM pPa3pyIIUTEIbHBIM MEXaHU3MOM  SIBJISIETCS
TEIJIOBOE JBMXKeHUE Mojiekyd. Ho nmis dacTui, cmabo B3aMMOJICUCTBYIONMIUX C OOBIYHOM
MaTepueu, Jaxke CHUIJIbHbIE IBMIKCHHS OKpPYXAIONIEH MaTepud HE CMOTYT IPUBECTH K
pa3pylIeHUI0 KOTEPEeHTHBIX MOTOKOB. Takum oOpa3om, THIOTE€3a TOBOPUT O HEKOTOPOM
aHAJIOre JIA3€PHOr0 M3JIYYECHHUS - KOTE€PEHTHOTO IMOTOKA YacCTUI], HO HE3JIECKTPOMArHUTHOU
npupoabl. CaM TOTOK COHAIPaBJICHHBIX KBAaHTOB TOPCHOHHOTO W3JIYUYCHHS SIBIISETCS
MEXaHU3MOM CaMOIIOJICPKaHus, U TOTAa (PaHTOMBI - 3TO CTA0UJIbHBIC KOTEPEHTHBIC IIOTOKH
JaCTHII.

CnenctBus 310N runotessl cienytomue. [Ipexae Bcero, TOpCMOHHBIE T€HEPATOPhl TOrAA -
HE TOJBKO TE€HEepaTOphl COOCTBEHHOIO W3JIyUY€HHUS, HO U KOHIICHTPATOPhl IOTOKOB
U3Iy4YeHUs, PACCESHHOTO B MPOCTPAHCTBE. JTO MOATBEpXkKIaeTcs T.H. dpdexrom dopm -
reHepalMd TOPCHOHHOTO HW3JIyYeHHs IMACCHBHBIMU CTaTHYECKUMHU (Gopmamu (KOHycamu,
nupamMuIaMu, mumHapamu). [IpocToTa mosydeHust Takoro 3¢¢exra roBOPUT O TOM, YTO
o0Opa3oBaHKE MOTOKOB KOTEPEHTHOTO U3IYYECHHsI I0JDKHO OBITh OYEHb PACIPOCTPaHEHHBIM B
IpUpoJie SIBICHHEM, U HAC OKPYXKaloT pPa3HOOOpa3Hble KOHIIEHTPATOPHI TOPCHOHHOTO
U3JIyYCHHs, a TaKKe 30HbI TOBBIIICHHON KOHIECHTpAlMK (IUIOTHOCTH) HW3JIyYCHHS B
Pa3IMYHBIX HAIIPABJICHUSX.

Bo3MOXkHO, 4YTO TIOTOKM TOPCHOHHBIX KBAHTOB TMPEANOYUTAIOT JIBUTAThCS BIOJIb
MMOBEPXHOCTH paszzena ga3. O0 3ToM CBHICTEILCTBYIOT:



1) ®ortorpaduu TpekoB "CTpAHHOTO" H3IyYEHHs], KOTOPbIE HAYT HCKIIOYUTEIBHO B
IUIOCKOCTH (hOTOAMYINIbCHHU OO0 TpaHuiel Mmetam/Bo3ayx [13, 14, 15, 16, 17]gacro c
COMYTCTBYIONUMH 3THM TPEKaM XapaKTepHBIMU TOPCHOHHBIMU 3 derTamu [18].

2) DkcrepuMeHThl ¢ "exxoMm BeliHMKa", B KOTOPBIX MOTOKM HIYT BJOJb MOBEPXHOCTU
IUIACTUH, 3aKpy4yuBas KOJIbLO-NMPOOHUK B MECT€ KOHLEHTPAalUW TIOTOKOB, C SIBHO
COMYTCTBYIOIUMH TOPCHOHHBIMU OnoJioruueckumu 3¢ dexramu [19].

3) OGnapyxeHHOe Pa/lloKOM HETEIUIOBOE BO3JCHCTBUE MPEIMETOB Ha CBOWCTBA BOJIBI,
KOTOPOE pacripoCTPaHsETCsl BIOJb X moBepxHocTei [20].

4) "Dddext nonaoctHbix cTpykTyp" ['pebennukoBa [21] 1 HEKOTOPBIC APYTHE MPOSBICHUS

"s¢pdexra popm”.

[Ipupona Takoro moBeaeHUs OCTATcs HESICHOH. BO3MOXKHO, 4TO peyb B JaHHOM Ciydae
uAET O JBYX THIIAX TOTOKOB YAaCTHIl. TEPBUYHBIE ITOTOKH PpACTIPOCTPAHSIOTCS B
MPOM3BOJIFHOM HANpPAaBJICHWH, M OHU TEHEPHUPYIOT BTOPUYHBIC IMOTOKMA HA TPAHMIIE Cpel, a
BTOPUYHBIE TIOTOKH HAYT YK€ MPEUMYIIECTBEHHO BIOJbL TpaHuimbl ¢a3. Ho »to, BuanMO,
CIIMIIKOM MEXaHHUCTHYECKUE TMPEJCTABICHHS, OOBSCHEHHE MOXeT OBbITh Onmke K
uHTEephEPESHITNU U IPYTUM BOJTHOBBIM 3P deKTam.

CrnoBo "cnaboB3auMOACHCTBYIOMIME", XapaKTEPHU3YIOMIEe YaCTUIBI MO0 WX OTHOIIEHUIO K
OOBIYHOW MaTepuu, O3HAYAET IMPEXKJE BCEro TO, YTO OTACIbHBIC KBAHTHI M3JIy4CHUS HE
OKa3bIBAIOT 3aMETHOIO0 JHEPreTHYECKOro BO3JCUCTBUS HA YACTHUIBl BEIIECTBA, W
3¢ (HEKTUBHO JHUIIH UX KOJUIEKTHBHOE, KOTEPEHTHOE JACHCTBUE. 316Ch YMECTHO COCIIAThCs Ha
OIICHKY  KOHCTaHThl  CBSI3U  DJIGKTPOTOPCUOHHOTO  B3aUMOJICHCTBUSI, BBIBEJCHHYIO
I".M.11IumoBsIM - OHA Ha J1Ba TIOPSIIKA MEHBIIIE 3JIEKTPOMAarHUTHOW KOHCTAHTHI CBSI3U [22].

JIErkoCTh KOHIIEHTPAIMH KOT€PEHTHBIX TOPCUOHHBIX TTOTOKOB U MX YCTOMYUBOCTD, & TAKIKE
COMYTCTBYIOIIME UM HEW30EKHBIE BOJHOBBIE J(PQPEKThI 3aCTABISIOT MPEANOIOKHUTH
CJIO)KHOCTh CTPYKTYPBI U MOBEACHUS 3TUX MOTOKOB. OO0 3TOM TOBOPUT MPOCTPAHCTBEHHAS
HEOJTHOPOJHOCTh M HEITUHEHWHOCTh TOPCHOHHBIX (DaHTOMOB, PaBHO KaK M HEIWHEHHas
WHTCHCUBHOCTh MX BO3JICHCTBHS BO BpEMEHHU Ha JaTuuku [9, 23, 24].

OcTaércss OTKPBITBIM BONPOC O NPHUYMHE BHUJAA TUIIMYHOM TUArpaMMbl HAIPaBICHHOCTH
TOPCUOHHOI'O H3JIyYeHHUS! OT Pa3IMYHbIX MCTOYHUKOB - JIBa KOHYCa B MPOTHUBOIOJIOKHBIE
CTOPOHBI. MOYXHO HPEINONIOKUT, YTO JBa HAIpPABIEHUS O0pa3yloTCs BCIEJICTBUE 3aKOHA
COXpaHEHUs] UMIIYJIbCa, W TaKO€ pA3JCICHHE KOTEPEHTHBIX IOTOKOB  SIBJISIETCS
SHEpPreTUYECKH HanboJiee BHITOAHbBIM.

Bo3MOHO, J1I€BO€ M NpaBO€ TOPCHOHHOE HM3JyYEHHE B PaMKax 3TOW TMIOTE3bl - IMOTOKHU
YacTHI] C PA3IMYHON CIUPATBHOCTHIO - COMHOM IO JIBM)KEHHMIO U MPOTUB ABMKEHUS. DTOT
BBIBOJ| HE IPOTUBOpPEYUT MHEHHIO A.E.AKMMOBa O TOM, YTO OJHOMMEHHBIE TOPCHUOHHBIE
3apsiabl IPUTATUBAKOTCS, @ PA3HOMMEHHBIE - OTTAJIKUBAIOTCS, XOTSA IPUPOJIA ITUX 3apsg0B B
unrepnperaunn A.E.AkumoBa octaércsa HescHOM. [lo kpalineld Mepe, HMEHHO TaK JIOJKHBI
BECTU ce0sl TOXKJIeCTBEHHbIE bo3e-uacTHIIbl - CTPEMUTHCS 3aHITh OJIMHAKOBBIE COCTOSHHUSI.
XoTs, Ha AaHHOM JTane (GOPMYIUPOBKH HACTOSIICH THIIOTE3bl, MOXKHO MPEANOIaraTh
CYILIECTBOBAHUE HECKOJIBKUX COPTOB KBAHTOB BBICOKOIIPOHHUKAFOIIETO U3JIyYEHHUS.



Uro MOXHO cCKa3aTh O Macce KBaHTOB TOPCHOHHOIO u3iay4yeHUs? HekoTtopbimMu
SKCIEpPUMEHTAaTOpaMu ObLIM  BbIAETCHBl 3((EeKTsl Mepeiayd HUMIyJIbca OT TOTOKOB
HEKOTOPOTO BBICOKOIMpOHUKaromiero u3nydenus [19, 25, 26].Iloka paHo rOBOpUTH O TOM,
YTO TOPCHOHHOE U3JIyYEHHE M 3TH ITOTOKM UMEIOT OJHY M Ty XK€ IPHUPOAY, U Macca MOKOs
KBaHTOB SIBJISIETCSA OTKPBITHIM BorpocoM. Ho ecii BepHO TO, YTO MOTOKM 3TUX YACTHUIIL JIETKO
KOHIICHTPUPYIOTCS CTAaTHUYECKUMU POpMaMu, T.e. TPACKTOPUHU HX JBIIKEHUS JIETKO MEHSIOT
HaIpaBJI€HUE, TO MACCa UX JI0JKHA ObITh HEOOIBIIION.

KBaHnTamMu TOpCHOHHOTO U3Ty4YE€HUS B paMKaxX JaHHOW TMIOTE3bl HE MOTYT OBITh OJTUHOYHbIE
HEUTPUHO, XOTS W HE HCKIIOYAeTCsl TUIIOTe3a COCTAaBHBIX YAacTUIl, MOJOOHO Mapam
JJIEKTPOHOB B CBEPXIPOBOIAMMOCTH M aTtoMaM “He B CBepXTEKyYeCTH. 31eCh yMECTHO
npuBectd MHeHue [.M.IlIunoa m A.E.AkumMoBa O TOM, 4YTO KBAaHTaMU TOPCHOHHOIO
W3JIy4eHHs, BO3MOXKHO, SIBIIIIOTCSI HEUTPHHO YJIBTPAaHU3KUX dSHepruil. OaHako Bce
W3BECTHBIC KBAaHTHI, Mepeaarlnre (yHIaMeHTAIbHbIE B3aUMOJICHCTBUS - 3TO OO30HBI, U
€CTECTBEHHO MPEINOJIOKNUTh, YTO KBAHTHI MATOrO B3aUMOJICHCTBHUS TakkKe JOJKHBI OBITH
0030HaMU.

Hakonern, Heo6xoaumasi A OOBSCHEHHUS HEMOJBWKHOCTH (AHTOMOB HUX TPUBSI3KA K
MOBEPXHOCTU 3€MJIM TOBOPUT O NPEUMYIIECTBEHHOM HAIpPaBJICHUU PACCESTHHOTO
M3IIYYCHHS. CKOpee BCEro, OHO MIET M3 3eMJM, KaK CBOeoOpa3Hoe "omopHOoe" M3ITydeHHe.
OTOT BBIBOJ, MOJTBEP)KIAET CYIIECTBOBAHHE TI'€OMATOI€HHBIX 30H, KOTOpPHIE, BO3MOXKHO,
SIBIIIIOTCS KOHIICHTPUPOBAHHBIMHU TOTOKAMHU KOT€PEHTHOTO H3IY4YCHHS BIOJb Pa3jIOMOB
3eMHOI KOpbI, a TaK)Ke HaJl BOJAHBIMH MOTOKaMH, T.€. BJIOJIb U Yepe3 TPaHMIIbI pa3jiesia Cpe/.
[Ipome Bcero mnpeACTaBUTh 3TO PACCESIHHOE OIMOPHOE MH3IYYEHUE KaK MPOsIBICHUE
coOcTBeHHOro "TOHKOTrO" moisi 3emnu, e€ "aypbl’, a (aHTOMBI - KaKk MeETacTaOWIIbHBIC
JMHAMHYECKHE 00pa30oBaHUs B 3TOH aype, Hanojo0ue aTMoc(hepHBIX BUXPEH.

4, HapaJIJIeJII/I U BO3MOKHbBIC MOATBECPKACHUA

I'mnoTe3a nMoTokoB KOrepeHTHBIX bo3ze-uacTuil cornacyercsa ¢ runore3on ['.A.Hukosibckoro
o crnupanbHo-BuxpeBoM uziaydenuun Comanma (CBUC), koTopoe, mMpoxois depe3 3eMiro,
KOHILICHTPUPYETCS B BHUJIC COJMTOHOB M BBIXOJWT HA HOYHOW MOBepXHOCTH 3emuu [25].
KBaHTBI 3TOT0 U31Iy4eHHs - CHUPOHBI B TEPMUHOJIOTUN HUKOIBbCKOTO - UMEIOT cruH 1.

KocBeHHBIM TOATBEPXKIEHUEM TOTO, YTO dYepe3 3eMII0 MPOXOISAT MOTOKH HEKOTOPOTO
KOCMHUYECKOI0 areHTa, SBJISIOTCS Tarkke pesynabTathl rpymmbl C.O.IlMHons (UUKIBI C
MIEPUOJIOM COJIHEYHBIX U 3BE3JIHBIX CYTOK, 27-CyTOYHbIE, TOJIOBBIC IIUKJIBI U T.1.). OCOOCHHO
WHTEPECHbl B OTOW CBS3M HENABHO TIONyYEHHBIC pE3YylbTaThl C MOJYCYTOYHBIMH
"manmuHIpOMaMH’ THUCTOTpaMM OT alib(pa-MCTOYHUKOB, B TOM YHCJI€ KOJTMMHPOBAHHBIX,
KOTOpBIE JIOMOJHUTEILHO CBUICTEIHLCTBYIOT O TOM, YTO, B YaCTHOCTH, HCTOUHUKOM 3TOTO
arenta sBisercs CouHie [27], a Takke SKCIEPUMEHTHl C MAPHBIMH JBIKYIUMUCS
reseparopamu miyma [28].



CyTo4Hasi MepuoOAUYHOCTh B TOPCUMETPHH, BBISIBICHHAS B METOJE TOPCHOHHOTO (ha30BOTO
noptpeta B.T.IlIkaToBa [29], Tak)ke TOBOPHUT B MOJIb3Y KOCMUYECKHMX MTOTOKOB, MPOXOIAIINX
yepe3 3emito. IIpu 3TOM ecTeCTBEHHO NPEANONOXKUTh, 4YTO 3€MJii B 3TOM CMBICIE HE
YHHUKAJIbHA, U CYIIECTBYIOT ()aHTOMBI, IPUBS3aHHBIE K JIPYTUM HEOECHBIM TellaM, U TaKXKe
Bpalfaronecs BMecTe ¢ HUMH. Takue (aHTOMBI 00pa3yrT "TOHKOE rajo"’ HeOECHBIX
00bekToB. CHuH-TOpCHOHHAs reojorus 1o merony AxummoBa-Oxarpuna [30], a Takxke
TopcuoHHble (pororpaduu CoNHIA SBISIOTCA TAKXKE JOMOJHUTEIHHBIM CBHACTEIHCTBOM B
MOJIb3Y 3TOr0, 00 3TOM K€ TOBOPHUT PSAJl 3arajJOYHBIX SIBICHUH BO BPEMsI COJHEYHBIX H
JYHHBIX 3aT™MeHUi (cM, Hanpumep http://www.tesis.lebedev.ru/info/tesis 20090723)php

Ananornynass runore3a A.l'.IlapxomMoBa ¢ HEWTPUHO YIBTPAHU3KUX OHHEPIHM Kak
COCTaBISIONICH TEMHON MaTepuu, XOTS U MPEANojaraeT B Ka4ecTBe KBAHTOB (DEPMHUOHHI,
TeM HE MEHee, TaK)Ke MMEET MHOro oOmmux 4ept ¢ runote3oil I'.A.Hukombckoro, n Takxke
OazupyeTcst Ha 60raToM KCIEPUMEHTATIBbHOM MaTepuaie [31].

JUIMHBL BOJH HE3JEKTPOMArHUTHOTO U3Iy4yeHHs, BbluMcieHHble A.l.IlapxomoBbIM 11O
BOJIHOBBIM 3((peKTam Ha MEPUOANUYECKUX CTPYKTYpax - OT MUKPOH J0 MIJUTUMETPOB. [[nrHa
BOJIH, KOTOPBIMHU "BHIAT" HCIBITYEMbIC B 3KCIIEPHUMEHTAX IO IpsMoMy BuaeHuio [32] - ot
MUJUTUMETPOB 10 CAHTUMETPOB, U 3THU BOJHBI €CTECTBEHHO TPAKTOBaTh KaK TOPCHOHHOE
U3IyYeHUE, WHIYLIHUPOBAHHOE 3JIEKTPOMArHUTHBIM, B COTJIACHM C TEOpUEH TOPCHOHHOTO
noJyis. MBI MOKa MOXEM TOJbKO IMpeAaroyiaraTb [UIMHBI BOJH TUIIMYHOIO TOPCHOHHOTO
W3Iy4YeHUs U ux aevcrBue. [1o kpaliHEM mepe, yacToTa MOAYJIALMA, KOTOpas MOJaETcs Ha
AJIEKTPOTOPCHOHHBIE TEHEPAaTOPhl - OT TepI] 0 THrarepil, a CBET Ja3epPOB U CBETOIHMOJIOB
JOJDKEH TMOpOXKJaTh TOPCHOHHOE U3JIy4YeHHE B CBETOBOM Juamna3zoHe uyactor. Ilo
pe3yibTaTaM JKCIEpUMEHTOB boOpoBa, uWeM BBIIIE YACTOTa HCTOYHUKOB CBETa, TEM
Oonblliee BO3JEHCTBME HAa OHMOJOTHMYECKHE OOBEKTHI OKA3bIBACT HEDJICKTPOMArHUTHAS
KoMmroHeHTa u3nydenus: [23]. Eciu ynactcs uM3MepuTh OJAHOBPEMEHHO JUTMHY BOJHBI U
9acTOTY, MBI CMOKEM CKa3aTh YTO-TO OMPECIEHHOE O CKOPOCTH TOPCUOHHOTO U3ITYUYCHHS.

WNHuTtepecHo Tarke crenyromiee:. 1o cuaerenbctBy HO.I1.KpaBuenko, ko3dduimeHt
npeoOpa30BaHusl PHEPTUH BUXPEBBIX TEILIOTCHEPATOPOB 3aBHCUT OT MECTa MX YCTAaHOBKH.
Xotst 3ToT 3h(deKT Hy)KIAaeTcs B 00Jiee CTPOroM IMOATBEPKICHNH, KAaK U CBEPXbEIHHUIHBIN
3(h(}EKT ITUX YCTAHOBOK, HO MOYKHO MPEAINOJI0KHUTh, YTO BUXPEBBIC YCTAHOBKHU HCITOJIB3YIOT
BHEITHHE TOPCUOHHBIC IMOTOKH JUII 00pa3oBaHMs KOTCPEHTHBIX COCTOSHUH BoJbl. KpaitHe
HHTEPECHO OBLIO OBl HE3aBUCHUMO MOBTOPHTH pe3ynbTarhl B.I'.KpacuoOpsipkeBa B [33] -
JIBYKPAaTHOEC YMEHBIICHHE TEIUIOEMKOCTH BOJBI B KOTEPECHTHOM COCTOSHHUH, a TaKkKe
CBUJICTEIILCTBA METACTa0MIBHOCTH 3(D(peKTa HarpeBa BOIbI BUXPEBBIMHU TEIUIOTCHEPATOPAMH
"MYCT" [34] mociie OTKIIOYEHHs ABUTATENs, [0 COOOMICHIIO E.C.Crenanosa’. Bormpocos
371eCh OOJIBIIIE, YEM OTBETOB.

HampaBneHnue »KCEpUMEHTOB, KOTOPOE MOXKET MPOSCHUTH pacCMaTpUBAEMbI BOIPOC -
W3YyYCHHE PA3IMYHBIX METOJIOB CO3JaHUS M CTUpaHUs (AaHTOMOB U UX 3(D(PEKTHBHOCTH.
Taxxe OblIO OBl MHTEPECHO IMOCTABUTH SKCIIEPUMEHTHI C TOPCHOHHBIMU T'€HEpaTopamH,

! Yacrtaoe coobrenwe.



HAXOJSIIUMUCS B JBUKCHUH OTHOCUTEIHHO 3€MIIU U OMPEAeIUTh (HOPMY MOIYHAIOIIUXCS
¢anToMOB. U, KOHEYHO K€, MPOSICHEHUIO MPUPOJBI M CBONCTB TOPCHOHHOIO M3JIyUEHHUS
JOJKHBI CIOCOOCTBOBATH JajbHEHIIINE YCUIIHS 110 Pa3BUTHIO METOJIOB €T0 JEeTEKTUPOBAHUSI.

5. KOFepeHTHbIe COCTOAHMUSA BeIIECTBA U HCJIOKAJIBbHBIC 3(l)(l)eKTbI

Tenepp naBaliTe pacCMOTPUM B paMKaxX BBIABUHYTOM THIIOTE3bl BIMSHHE Ha BELIECTBO
MOTOKOB KorepeHTHhIX boze-uactuir. CymectByer runote3a B.I'.KpacrHoOpsikeBa o TOM,
YTO M3MEHEHHE CBOWCTB TOIUIMBA W BOABI NOJ BO3JEHCTBHUEM TOPCHOHHBIX I'€HEPATOPOB
00yCJIOBJIEHO KOTE€PEHTHBIM 110 CHHMHY coctosHueM BemiectBa [35]. Ecim  moTokm
MPEJICTaBISIOT COO0M KBAaHTHI TOPCMOHHOTO M3IY4YEeHHUs], U IEPBUYHON MPUIHHON T'eHepaliu
ITHX KBAHTOB SIBIISICTCS CIIMH (YCKOPEHHOE JBUYKEHUE YACTHIL CO CITMHOM), TO MIOTOKU TaKUX
KBAaHTOB MOT'YT IOPOKJIaTh CHMHOBBIE 3 (EKTHI B BELIECTBE, HAIIPUMEP, MPELECCHIO CITUHA.
IToTOKM k€ KOrepeHTHBIX KBAHTOB CIIMH-TOPCUOHHOI'O B3aUMOJAEHCTBUSA MOTYT IPHUBOJIUTH,
MO-BUAMUMOMY, K KOT€PEHTHBIM COCTOSIHUSAM II0 CIIHHY B MakpooObEME, 4UTO SBISETCS
BIIOJIHE Pa3yMHOW TpakTOBKOW dkcrmepuMeHToB B.I'.KpacHoOperkeBa w  apyrux
HUCCIIEIOBATEIICH.

UccnenoBanmsi 1O KBAaHTOBOM TEOPHUU JIEKOTEPEHIIMM IOKA3bIBAIOT, YTO OOBIYHO
KOTE€PEHTHBIC COCTOSHUSI BEIIECTBA JIETKO pa3pylIaloTcs. IDTO MPOUCXOIUT BCIEJICTBHE
TOr0, YTO M30JIMPOBATh YACTHUII OT B3aUMOJEHUCTBUS C OKPY>KEHHEM OYEHb HENPOCTO, a
m000€ B3aMMOJCHCTBHE pa3pylIaeT YUCThIE KBAHTOBBIE COCTOSIHHS, pacceuBas UX IO
MHOTUM CTemneHsIM CcBoOOJbI. Takum oO0pa3oM, KOTEpEHTHbIE COCTOSIHHS Ha YpOBHE
BEIIECTBA B OOBIYHBIX YCIOBUSAX HEYCTONYMBBI, U ITO CIYKUT CEPHhE3HBIM MPAKTHUICCKUM
NPENSTCTBUEM [IJI1 KBAHTOBBIX BBIYMCICHUW U K MPAKTUYECKOW CJOXKHOCTH MOIYyYECHUS
bose-konnencara. OpHako Ha YpPOBHE KBAaHTOB W3JIYYEHHUs, B3aUMOJICUCTBYIOIIETO C
BEILIECTBOM TOJIBKO IO CIIMHY C MQJIOW KOHCTAHTOW CBSI3M, KOTEPEHTHBIE COCTOSIHUS CaMOI0
M3JIy4YeHUs] MOTyT ObITh, BO-TIEPBBIX, OYEHb YCTOWYMBHIMU, a BO-BTOPHIX, MOTYT
WCKYCCTBEHHO TOJJIEP)KMBATh KOTEPEHTHBIE COCTOSIHHSI B BeIIECTBE. TakuMm oOpazom,
MPEANOJIOKEHHE O KOTePEHTHBIX IOTOKax bo3e-4acTull OT TOPCHOHHBIX TE€HEPATOPOB
SIBJISIETCSI HEOOXOIUMBIM 17151 OOBSICHEHUSI HABOJUMBIX UMH METAaCTa0MIBHBIX KOT€PEHTHBIX
COCTOSIHUH BeIECTBA.

OcoOplii MHTEpeC BBI3BIBAIOT HeJIOKaJdbHbIe 3((EKTbl, aHAJIOrMYHbIe 3alyTaHHBIM
coctossuusiM  yvactuir  (DITP-mapamokc). IIposiBiieHUs HEJOKAJIbHOCTH B TOPCHOHHOM
(heHOMEHOJIOIMH BKJIIOYAIOT B ceOst BO3AeHCTBHS Ha 00BEKThI uepe3 ux (ororpadun [36], a
Takke Koppemsauus GpaykTyauuil Gu3NYecKux mapaMeTpoB MPOCTPAHCTBEHHO pa3HECEHHBIX
(dbparMeHTOB BellecTBA H pPa3NUuYHBIX JnaTuukoB [27, 37, 38]. B akcnepumenrax
B.I' KpacHoOpbikeBa BO3JCHCTBUE TOPCHOHHBIM M3JIIYYEHHEM Ha ' YUI-TPaHCIATOP"
MNPUBOJUT K MOSIBICHUIO KOT€PEHTHOI'O COCTOSIHMS HE TOJbKO B HEM, HO M B "uure-
WHAYKTOpE", KOTOpPBIN sBIseTCs, Mo Bepcuu KpacHOOpBDKEBA, CIYTAaHHBIM IO CIHHY C
YUIIOM-TPAHCIATOPOM Ha MakpoypoBHe [39]. Uum-TpaHCHsaTop W YHI-UHIYKTOP
MPEACTABISIIOT COO0M KYCKM HEKOT/Ia OJTHOM METATMYECKOM IUIACTHHBI, pa3IOMaHHOW Ha
JIBE YaCTH, U MOTYT OBITH yAalICHBI APYT OT Apyra Ha IPOU3BOIHHOE PACCTOSHHE.



Kak MOXHO HMHTEpPNpEeTHPOBATH 3TU NPOSIBICHHS HEJIOKAIBHOCTH B PaMKaxX BbIJIBUHYTOM
runore3sr? B skcnepumentax B.I.KpacHoOpwsokeBa reHepatopamu SBISIOTCSI B OCHOBHOM
MakKpoOObEMbI CIIMHOBO-TIOJSIPU30BAHHOTO BEIIECTBA, T.€. CTAaTHUYECKUE TOPCHUOHHBIE
reHepaTopsl. 1Ipeanosokum, 4To KOrepeHTHBIM NOTOK KBAHTOB HAINPABIISIETCS TOPCHOHHBIM
reHepaTOpOM Ha YMII-TPAHCIATOP, W OH BO30YXJIaeT B HEM KOTEpEHTHOE IO CIUHY
COCTOSIHUE. CIIMHOBBIE COCTOSIHUSI OTHEJbHBIX YACTHIL] BEUIECTBA MU3MEHSIOTCS CUHXPOHHO.
Ecnmu B oTBeTHOM (pparMeHTe IIIACTHHBI (YUIT-WHAYKTOP) CIIMHOBAS MOJICUCTEMA SIBISICTCS
KBaHTOBO-3allyTaHHOM, TO B HEM TakKe BO30YXKJAETCS KOTEPEHTHOE COCTOSIHUE. ITO
COCTOSIHUE ITOPOKJIA€T HOBbIE KOT€PEHTHBIEC ITOTOKA KBAHTOB TOPCUOHHOI'O M3JIyYEHHS YiKE
OT YHWIMA-WUHIYKTOpa, M AT TOTOKM JEHCTBYIOT Ha BewecTBO. Takum oOpazom,
MPOCTPAaHCTBEHHO-pa3HeCcEHHbIE (DPArMEeHThl BEIIECTBA C HEJIOKAJIBHOM CBS3bIO MO CIUHY
YYAaCTBYIOT B JIOKAJIbHBIX B3aUMOJECHUCTBUAX KX/l CO CBOMM OKPYKEHHEM, & TOPCUOHHOE
U3JIy4EeHHE TEJIECNOPTUPYETCS Yepe3 TAKUE HEJIOKAJIBHBIE CBA3U HAa YPOBHE BELIECTBA.

O¢ddexTsl MOBBIMICHHOW KOPPEJSAIUH CIyY4alHBIX MPOIECCOB MEXKIY pa3leiéHHBIMU
(dbparMeHTaMu 00pa3IOB BEMIECTBA MPOSBISIOTCS OJjarogapsi KOTEPEHTHBIM COCTOSHHSIM
BellecTBa. B  HEKOrepeHTHBIX COCTOSIHUSX (IYKTyallud TOPOKICHBI MHOXKECTBOM
HE3aBUCHMBIX BKJIAJIOB OT OTJEJbHBIX YAaCTHI], M JIaXKe B ClIy4ae KBAaHTOBOH 3aIlyTaHHOCTH
HEKOTOPOW YacTH 4YacTHIl MaKpoOOBEMBI BEIIECTBA HE MOTYT ITOKa3bIBaTh 3aMETHOM
Koppesiuu  Mexay oOpasmamu. W nmumib TOJNBKO CHH(A3HOCTh COCTOSHUN YacTHII
OPUBOJUT K TOMY, UYTO 3HAUUTENbHbIE (QUIYKTyallud B OJHOM o0Opasle OTpa)karoTcs
3HAYUTENIbHBIMU (PITYKTyallussMU B APYTroM 00pasiie.

OTO MOXHO OOBSICHHUTH CIeAyrImuM obpa3oM. Eciu Ta 9acTh yacTuil B mepBoM oOpasiie,
KOTOpasi 3alyTaHa C YacThK) YACTHI[ BTOPOro oOpasia (Hampumep, aTOMbl Ha TPAHUIIC
pazioma), OyJeT MPUHUMATh YYaCTHUEC B KOJUIGKTUBHBIX KOT€PEHTHBIX IMPOIECCaX MEPBOTO
oOpa3na, TO COCTOSIHHE€ COOTBETCTBYIOIIMX aTOMOB BO BTOPOM oOpasie OyIeT Takxke
KOTEPEHTHBIM. DJTa IpyIa YacTHIlI BO BTOPOM 00pasiie CIYy)KUT UCTOYHUKOM (3aTpaBKOW)
KOTepEHTHOTO  TOPCHOHHOTO  HW3IyuyeHHUs, KOTOpPOe, BO-TIEPBBIX,  MOJIACPKHUBACT
KOT€pEHTHOCTh ATOW 3aTPaBOYHOW TPYIIIBI, @ BO-BTOPBIX, PACIPOCTPAHIET KOTEPEHTHOCTH
Mo BceMy oOpasily. JTO KaueCTBEHHO OOBSCHSET, TOYeMy MOJ JEHCTBHEM TOPCHOHHBIX
TEHEPATOPOB MPOSBISAIOTCS 3D(MEKTHl CHHXPOHHBIX (KOPPEIUPOBAHHBIX) HEIOKAIbHBIX
baykTyanuii, a Takke MEHsSeTCs IUCIEePCUsi CKOpPOCTeH paJroaKTHBHOIO pachaja MpH
HEM3MEHHOCTHU CpeHe ckopoctu [31], 1 3acTaBiseT MPEANOIOKUTEH OOIILYIO MPUPOTY ITUX
s dexTos.

6. 3akioueHue
Kparko noBTOpIO CyTh BBIIBUHYTOW TMIIOTE3BI:
1. Okpyxaromee 3eMill0 TPOCTPAHCTBO IMPOHU3BIBAECTCA JIETKUMHU  HEUTpaIbHBIMU

YacTUIIAMU CO CIUHOM, KPaTHBIM €IWHUIE, U c1a00 B3aUMOACHCTBYIOUIUMHU C OOBIYHOM
MaTepueil. ITH TOTOKH 00pa3yIoT emié O HY 000JI0UKY 3EeMITH.



2. COBOKYNHOCTh CBOHCTB O3THX 4YacTUI[ JaéT WM BO3MOXHOCTh OOpa30BBIBATH
MeTacTaOMIbHBIC KOT€PEHTHBIE TOTOKH, KOTOpPHIE BOCIPUHUMAIOTCS YYBCTBUTEIHLHBIMU
JaTYINKaMU Kak (DaHTOMBI - 30HBI, TTOKOSIIIHECS 110 OTHOIICHHUIO K 3eMiie. DTH 00pa3oBaHUS
aHAJIOTUYHBI BUXPSAM B aTMOc(epe, HO MEHEee MO IBHKHBI.

3. B 3omnax HaXOXJIACHUA (I)aHTOMOB Pa3JIUYHbIC (1)I/ISI/I‘ICCKI/IC IpouccCol IPOTCKAIOT
AHOMAJIbHO. AHOMAaJIBHOCTh 9THUX IponccCcoB CBs3aHa IIpCAIIOJIOKUTCIBHO C
MAaKpPOCKOIIMYCCKNMHN KOI'CPCHTHBIMH COCTOAHHUAMHN BCIICCTBA II0I ﬂeﬁCTBHeM TaKHuX
KOI'SpCHTHBIX IIOTOKOB BOSG-‘{aCTI/IL[.

4. JlokanbHBIE TOPCHOHHBIC 3PPEKTHI, BUAUMO, 00YCIOBICHB IMEHHO YTUMU SBJICHHUSIMHU, a
TOPCHOHHBIE  T€HEpaTophl  MPEACTABISIOT  COO0OM  yCTpOMCTBA, TIE€HEPUPYIOIIUE,
KOHIICHTPUPYIOIINE U HAMIPABIISIOIINE 3TH TTOTOKH.

5. HenokanbHble MpOsIBICHUS BO3JEHCTBUSI TOPCHOHHBIX F€HEPATOPOB MMEIOT KBAHTOBYIO
MPUPOLY U JIOJDKHBI M3y4aThCsl C MO3MIUMN KBAHTOBOM 3aIlyTAaHHOCTH MAKpPOCKOIMYECKUX
KOJIMYECTB KOT€PEHTHON MaTEPHH.

,Z[aHHaSI TUIIOTE3a HEHU30CIKHO IMOPOXKIAACT MHOXKECTBO BOIIPOCOB. IIocTaHOBKA WX BBIXOJUT
34 paMKHU HACTOSIICH CTaTbHu, XOTs Hpe,[[BapPITCJIBHBII;'I CIIMCOK BOIIPOCOB MOT OBl BKJIIOYATH

cleayroume:

* Kak 00pa3yroTcsi KOTepeHTHBIE TTIOTOKH ?

* Kak onu paspymarorcs?

*  Ut0 MopoXkKIaaeT pacCeTHHOE TOPCUOHHOE U3TyUYeHUE?

* Kak B3auMOJICHICTBYET KBAaHT TOPCHOHHOTO U3JTyYCHHS C U3BECTHON MaTepHE?
e JSIBisgeTrcs JuM KOTePEHTHBIH MOTOK CTOSUEH BOJHOM/COITUTOHOM?

» KakoBa cKOpOCTb TOPCHOHHOTO M3Ty4CHUS ?

» KakoBa mMacca ero KBaHTOB?

[Tocre mocTaHOBKM BONPOCOB HEOOXOAMM 3Tal MOMCKAa OTBETOB HA HUX KaK CO CTOPOHBI
TEOPHH, TaK U CO CTOPOHBI IKCIIEPUMEHTA. be3 3TUX 3TanoB TMIOTE3a TaAK U OCTAHETCS BCETO
JIMIIb NPEIBAPUTEIBHBIMU PACCYKICHUSIMMU.
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