Hayunsrnii xypran Kyol'AY, Ne91(07), 2013012

VJK 531.9+539.12.01 UDC 531.9+539.12.01

TOKHU U TTIPEOHBbI CURRENTSAND PREONS

Tpynes Anekcanap IlerpoBry Alexander Trunev

K.0.-M.H., Ph.D. Cand.Phys.-Math.Sci., Ph.D.

Hupexmop, A&E Trounev IT Consulting, Topornmo, Director, A&E Trounev IT Consulting, Toronto, Canada
Kanaoa

B crarbe paccMaTpuBaeTcst MOJIENb JIEKTPHIECKUX In this article, a model of preons electric cursecaused
TOKOB IIPEOHOB, 00YCIIOBICHHBIX ABWKeHHEeM mpeoHoB by the motion of preons in the electron shells mncear
B 3JIEKTPOHHBIX U AAEPHBIX 000JI0YKAX. shells is proposed. It is assumed that preons mmisrreay
[Ipennonaraercs, 94T0 TOKH MIPEOHOB MOTYT JaBaTh contribute to the conductivity of the material théor
BKJIJ] B TIPOBOJMIMOCTh MaTE€PUAJIOB, YeM, HaIIpIMep, example, due to different sign of the charge cestie be
0OBSCHSIETCS pa3InUHBIN 3HAK HOCUTENIEH 3apsia, determined by the Hall effect. It is shown thatrietals
omnpexnenseMsx 1o dpdekry Xomna. [Tokazano, 9ro B and semiconductors, nuclear reactions can occtr wit
MeTaJlaX U MOJyIPOBOTHIKAX BO3MOKHO rapid interruption of the current. An explanatidrttee
BO3HMKHOBEHHUE SJEPHBIX PEAKIHH P OBICTPOM known results on the transmutation of elementsiobth
MpephIBAaHUU TOKA. JlaHO OOBSICHEHNE N3BECTHBIM in the explosion current-carrying conductors

pe3yiabTaTaM 10 TpaHCMYTalluUu 3JICMCHTOB,
TMOJTYYCHHBIM IIPpU B3PBIBC IPOBOJHUKOB C TOKOM
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BBenenue

IlepBoe ompeneneHue 3IAEKTPUUYECKOrO TOKAa Jaid AMIEp HpU H3yYEHHUU
BOIIPOCOB B3aUMOJICHCTBHS JBYX MPOBOJHUKOB ¢ TOKOM [1]. AMmiep mpeamonarai,
YTO 3JEKTPUUECKUM TOK 00pa3ylOT YaCTHUIIbl MOJOKHUTEIBHOTO U OTPULIATEIHHOTO
AJEKTPUYECTBA, KOTOPbIE€  JBHXKYTCS B  MPOBOJAHMKAX IMOJA  BIUSHUEM

BHCKTpOI[BI/DKymeﬁ CHIJIBI.

CoBpeMeHHast TEOpHUS DJICKTPONPOBOJAHOCTH MAaTEPHAJIOB OCHOBaHa Ha
IIPEICTABICHUHN O HATMYMH JBYX THIIOB HOCHTEJICH 3apsia — 3JIEKTPOHOB U JIBIPOK.
DddexT Xoia Mmo3BoJIsIeT ONPeAeIUTh KaKOW THIT HOCHTEIICH 3apsaa mpeodiataeTt
B JaHHOM Matepuaie [2-5]. OOblyHO mpeamosiaraercs, 4YTo B MeTallax

HOCHUTCIISEIMU 3apsiaida ABJIAIOTCA 3JICKTPOHBI, YTO OBLIO IOATBCPIKIACHO IIPAMBIMHA

http://ej.kubagro.ru/2013/07/pdf/103.pdf



Hayunsrnii xypran Kyol'AY, Ne91(07), 2013012

ombiTamu Crioapta U TonMmena [6]. OgHako B TakKMX MeTa/ulax, Kak aJlOMUHHHA,
IIUHK, JKeJIe30, BOJIb(PpaM M APYTHX B CHWIIBHBIX MAarHUTHBIX TOJISAX MPEOoOJIagaroT
MOJIO)KUTEIBLHBIC HOCUTENH 3apsiia — JABIPKU. TeopHus IBIPOYHON MPOBOAMMOCTH
nosyumia pasButue B 50-60x rogax mporuioro CToJeTHS B paMKax KBaHTOBOU
MexaHuku [4-5, 7-8]. B yka3aHHBIX MOMAENSAX IBIPKOM Ha3bIBACTCS KBAHTOBOE

COCTOAHUCEC, HC 3aHATOC 3JICKTPOHOM B 3H€pl"€TH‘-I€CKOI71 30HC TBCPAOIO TCJIA.

B paborax [9-10] mpennokeHa MOAETh CTPYKTYPbl KBapKOB U JICMTOHOB.
DTU YaCTUIIBI PacCMATPUBAIOTCS KaK CIIOKHBIE CHCTEMBI, COCTOSIIIUE U3 MIPEOHOB,
obagaromux COOCTBEHHON MWHAMHKOM B Mpenenax 3aJlaHHOW MeTpuku. [IpeoHsl
MPEACTABISIOTCS KaK COCTaBHBIC YACTHUIIBI, BKIIIOYAIOIINE HEUTPAIbHBIA (PepMHUOH
U CKaJspHBIM 0030H ¢ APOOHBIM SIEKTPUUYECKUM 3apsiioM. B HacTosmieit pabote
pa3BuUTa MOJENh MPOBOJAMMOCTH, B KOTOPOM HOCHUTEISIMU 3apsifa BBICTYNAIOT
MPEOHBl. JTa MOJCNIbh HE HYXKJAeTCS B THUIOTE3€ IBIPOK, TaK KaK B COCTaB
AJIEKTPOHOB BXOJSAT TMPEOHBI C JJIEKTPUUYECKUM 3apsOM pa3HOro 3Haka. beuio
nokazaHo, uro B wmojenu [9-10] wHaOmromaeTcss cUMMETpUS SJICPHBIX U
ANEKTPOHHBIX  oOonouek. CreaoBaTeNbHO, ANEKTPUYECKHE TOKA  MOTYT
3aXBaThIBaTh MPEOHBI SAPA, YTO MPHUBOIUT K U3BECTHHIM d(deKTaM, CBI3aHHBIM C
TPaHCMYTalMEH XUMUYCCKUX AJIEMEHTOB IPH B3pPbIBE MPOBOJHUKOB ¢ TokoM [11-
12], a Taxke K TMPOTEKAHUIO PEaKIUH XOJOJHOTO sJepHOTO cuHTe3a [13-14].
[IpennoxxenHas B Hactosimeld paboTe MOENb MO3BOJSIET TEOPETUYECKU OIICHUTH
BO3MOXKHBIC PEAKIIMHU XOJIOJHOTO SIIEPHOTO CHHTE3a, O0YCIIOBJICHHBIE MEPEHOCOM
PEOHOB MEXIY SApaMH JJIEMEHTOB NpPU HAIMYUU  AJIEKTPUYECKOTO TOKa. B
YaCTHOCTH, PEaKIMs 3aXBaTa MPOTOHA AIPOM HUKEIA ¢ 00pa30BaHUEM siIpa MEIIU B
peakrope Poccu [14] o0ObscHseTCS HalWMYMEeM y aroMa BOJOPOJA OCOOBIX
cocrostanii — rtuapuHo [13,15], KoTOpBIE, B CBOIO OYepeab, OOBICHIIOTCS

CTPYKTYpOH DJIEKTpOHA, BKJIIOYAIOMICH Tpu TMpeoHa. B 0COOBIX COCTOSHMSIX
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DJICKTPOH pacrmajacTcss Ha JBE YACTHIBI - NMPEOH W JIMIPEOH, OO0JIaIaroIme
SNIEKTpUUECKUM 3apsaoM -2/3 u -1/3 coorBercTBeHHO. Kakmas H3 dYacTHIl
dbopMupyeT CBOIO 000J0YKY BOKPYT MPOTOHA, MPHUYEM TPEOH M JUMPEOH MOTYT
BCTYTaTh B CHJIBHBIC B3aMMOJICHCTBUS C IPEOHAMH, BXOJIAITUMHU B COCTaB KBapKOB.
B pesynbrare B3aMMOACHCTBHS BO3HHKAET 0c000E€ COCTOSIHME aTOMa BOJOPOJIA C
xapaktepHoit sHepruet 313 KoB u pasmepom oxono 5.5 @M, 4TO CpaBHUMO C

pa3MepoM siJipa aToMa HUKEJIS.
MeTpuKH IPEOHOB, AJPOHOB U JICNITOHOB

[Ipu paccMOTpeHUM BJIEMEHTApHBIX YacTHUll HEOOXOAMMO 3aJaTh MX
MeTpuky. Hwmke omnmcana MeTpuka Tuma Iy3bIps, KOTOpash BO3HHUKAeT MpHU
ONpENIETICHHbIX YCNOBUAX B mnoje Sura-Mwuica. PaccMoTpuM  L€HTpanbHO-

CUMMETPUYHYIO METPHUKY Buga [15-19]

W :ﬂijajwj = —dt* +e”dr? + d&* + 02(6)d¢2

d?o _ 1)
157 = KO

W =dt, w” =€e'dr,w’ =db, w* = odg

— i .
3mece /] =117 - MeTpHYecKHMH TEH30p IPOCTPAHCTBA MMHKOBCKOTO

curHaTypsl (=+++), K =CONSt - rayccoBa KpWBHM3HA KBAJAPaTHUHOH (HOPMBI
dé* +o*(0)d¢?, Oyuxums V =V(r,1) onpemensercs mytem peuieHus
ypaBHenuit Slura-Mwnica [19]. Cpenu Bcex penieHuii ypaBHeHui STara-Mmuica, B
ciydae MeTpuku (1), ecTh Takoe, KOTOPOE BBIPAKACTCS Yepe3 DIUTHITHUECKYIO
¢dyukiuio Beitepmrpacca [19]. B atom ciayuae ypaBHEHHS MOJEIH MPUBOIATCS K

Buy [18]:
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A, :%(AZ—KZ),GV =A, T=txr+r,

A=3120(r1312;9,,9,), (2)
1 K 1 K
bll = —b22 :§A—g, b33 :b44 :EA_E,blz =b21 =0.

3nece oOo3HaueHo: U,,U;- uwHBapuanThl ¢GyHKIMU Beliepmrpacca, mnpuueMm
— 23/15. . .
g, =K 12: T, — cBOGOMHBII napamMeTp, CBSI3aHHBIM C BBHIOOPOM Hayal

koopauar; By +b; —2(7"D)7; =T, - Temsop osHepruum-uMmmyibca MaTepuu.

OTMCTI/IM, YTO B OTUX 0603HaquI/I51X YPaBHCHHC QﬁHMTeﬁHa HUMCECT BU/
b; +b; +br; =R, 3)
— Al .
b=71"b;; R; - rensop Puuun.

B metpuke (2) MoXHO ompeaeuTh ACPEKT PEHICTKH THIa IMy3bips. B oOmactu
my3bIps cuMTaeM, 4yto A’ = k%, a BO BHELIHEH 00JaCTH PEIIEHKE 3a/1aIMM B BUJIE
(2), umeem

A =k? € =0, |r|<r,

A=Y120(r /1312, 9,,9,), € = A, [1]> 1, 4

Ha rpanumax my3sipst HempepbiBHa GyHKIMA A U ee mepBas MPOU3BOIHAS,
k =120 (1,1312;9,,9;), A =0,]r] = 7, (5)

OtmeTuM, 4YTO METpUKAa BO BHYTPEHHEH 00JIacTh  My3bIps SBIAETCA
TPEXMEPHOMU, TOCKOJIBKY HE COACPKUT pauaabHON KOOPAUHATHI. JlefiCTBUTENBHO,

ucnonb3ys ypaBaenus (1) u (4), Haxoaum
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W = —dt? + d6? + cos’ (VK6 + 8,)dgp? (6)

AHAJIOTUYHO CTPOMUTCSl pEUIEHUE ISl JPYTMX KOpPHEH BTOPOTO YypaBHEHHUS
(5). Bce aTH perieHnst OTIUYAI0TCS TOIBKO Pa3MEPOM ITy3bIpsi, TOT/Ia KaK 3HAUCHUC

napamerpa K He MeHsIeTCS.

Besiknil my3slpp MOXKHO BBIBEPHYTh HAW3HAHKY, MPOCTO HW3MEHUB Ha
IPOTHBOIIOJIOKHBIC HepaBeHCTBa (4). B 3ToM citydae MOXKHO ONPECIUTh METPHUKY
BO BHEIIHEH 00acTH My3bIps, UCIONB3Ysl PEUICHUE MEePBOro ypaBHeHus (2), Tak,
yTOOBI METPHKA BHEITHErO MPOCTPAHCTBA COBIaja ¢ METpUKOU Harieit BeenenHoit
[18]. Tperuii TUIl YacCTHII MOXXHO COCTaBUTh KaK KOMOWHAITUIO JIBYX TEPBBIX, B
pe3yiibTaTe BOZHUKAET My3bIpb, OTPAHUYEHHBIM  000JIOYKON KOHEYHOW TOJIIUHBI.
Hakonen, MOXHO COCTaBUTh MHOTOCIONHYIO 000JOYKY, COCTOSIIYIO U3
4yepeoBaHMusl 000JIOYEK KOHEUHOM TOJIIUHBI U <«BAKYYMHBIX» MPOMEKYTKOB, B
KOTOPBIX  BBINOJHAETCS  paBeHCTBO A = x*.  Takoro poma  CTpyKTypa

npocTpaHcTBa 00JajaeT ABYMsI NEpUOAAMH, 3aBHUCSIIMMU OT HWHBAapUAHTOB

¢bynkuu Betiepmrpacca 92, 9.

[TpeoOpazyem meTpuky (6) k ctangapTHOMY BUAY. )i 3TOr0 YMHOXHUM 00€

YaCTHU BBIPpAXKCHUA (6) Ha mocTrosgHHoe yuciao — K u BBCJICM HOBBLIC IICPCMCHHEIC,

OTIIMYArOmMIMECA OT CTApbIX IICPCMCHHLIX Ha MMOCTOSIHHBI MHOXUTEIIb AVvK, B

pe3ynbTaTe HaXO0auM
W o W =dt? -d® -sin® dg? 7)

Metpuka (7) MCIOIB30Balach ISl MOJCIHPOBAHUSA CTPYKTYPhI IPEOHOB,
KBapKOB U JICOTOHOB, a TaKkKe OapHOHOB M aTOMHBIX saep [16-17] . Crpykrypa

QJICMCHTAPHBIX YacCTHI], COCTOAIIUX M3 IPCOHOB, IMPCACTABIICHA B Ta6J'II/IHe 1.
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[ToapoOHOE uccieaoBaHne CTPYKTYPhl KBAPKOB U JICIITOHOB J1aHO B pabdorax [9-10,

15-16].

Ta6muma 1. CBoiicTBa MPEOHOB U COCTaBHBIX YACTHII.

Yactuua CumBon Cnun 3apsan CocraB Cocrosaue
ITpeon a Ya 1/3

IIpeon B i -2/3

IIpeon Fo) i 1/3

AHTUIUIPEOH 0 1/3 ,8_5_ 11
AHTHIUIPEOH 0 -2/3 ao 11
AHTUIUIPEOH 0 1/3 CT’E 11
Ksapk u Y 2/3 O',EJ_ 111
Ksapk d 7 -1/3 ﬂ,ﬁd_ R
Kgapk S Y -1/3 aa o 111
OnexTpon e Y -1 BBo 111
Heitrpuno Ve Y 0 afo 111

CTpyKTypa npeoHoB

B monenu kBapkoB u sientoHoB [9-10] npesamnonaraeTcs, 4T0 COOCTBEHHBIM
MarHUTHBIH MOMEHT TPEOHOB paBEH HYJIO. JTO MPEANOIOXKEHUE, 03HAYACT, YTO

IIPCOHLI, B CBOIO OUCPCAb, ABJIAIOTCA COCTABHBIMH YaCTHULIaMH, KOTOPHBIC, COTTIACHO
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HaIlel THUIoTe3e, BKIIOYAIOT B ce0s1 6e3MaccoBbli (PepMHOH, 0018 al0Mid CITHHOM
Y2 m ckamapHbiii 0030H, OO0JaAarONIUil JIPOOHBIM AJIEKTPUUYECKUM 3aAPSIOM.
KoCBEeHHBIM TOATBEP)KICHUEM STOW THUIOTE3BI MOXKET CIYKHUTh TOT (haKT, YTO
COOCTBEHHBIC MAarHMTHBIE MOMEHTHI JIETKMX KBApKOB pPaBHBI HYJIO WJIM OYEHBb
MaJibl, 0 CPABHEHHUIO ¢ MarHeTOHOM bopa, mo3ToMy BKJIaJ] MPEOHOB B MarHUTHBIN

MOMEHT KBapKOB Takxke 0130k K Hy:ro [15-16].

[Momectum ckamsipubiii 3apsa [20] u oque GpepMUOH B My3bIph, TEM CaMbIM
MBI TIOJIHOCTBIO ONpEIEIUM CTPYKTypy mpeoHa. B wmerpuke (1)-(2) minotHOCTH

SHEPrUM BaKyyMa 3aBHCHT OT KoHCTaHTel X . Hamuuume 3apsiga Bo BHyTpeHHeil
00JyiacTu My3bIps O3HAYAET, UTO Hapy>KHasl CTEHKa My3bIps paauyca I = I, umeer
norenmuan P = Py oTHOCHTENEHO OECKOHEUHO YyjAaleHHOW Touku. Torma

E)JICKTpOCTaTI/I‘ICCKI/Iﬁ IIOTCHOHUAI BO BHCIMHEH 00JIacCTH MMeEeT BUO ® = q)brb It y

4TO COOTBCTCTBYCT KYJIOHOBCKOMY ITOTCHIIUATTY.

Jlanee 3amMeTHM, UTO paauyc JII0OOTo My3bIps ornpenensercs Macmradbom 7o,
3aBUCAIIMM OT WHBapuaHTOB (yHkimu BelepmTpacca. Eciu 3T MHBapuaHTHI
3alaHbl JJI1 BCEro MPOCTPAHCTBA, TO JKOOOM Macuitad omnpeaensieTcsi, B CUIY

nepuoanuHOCTH (yHKIMU BeiepmTpacca, Kak KpaTHBII OCHOBHOMY MacIITaly

Iy. CJICI[OB&TCJIBHO, IIOTCHI Al B O6IJ_IGM ClIydac UMCCT BU

P, (K)N7, _ NG,
r r

O(r) = (8)
3meck Uo = P (K)7T, — maciuTad 3apsana. Takum 00pa3oMm, MbI JIOKa3aj,

YTO CKaJSPHBIA 3apsl, TOMEIIEHHBINH B IMy3bIph, KBAHTYETCS KPAaTHO HEKOTOPOMY

OCHOBHOMY 3apsy. UTOOBI ONpEnenuTh 3TOT 3aps, PAaCCMOTPHM CBSI3b MEKIY

00BEMHBIM H IOBCPXHOCTHBIM 3apsaA0M B MCTPHUKC ITY3bIP. Kaxk YCTAHOBJICHO
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BbIII€ JUISI BOJHOBOM (DYHKUIHMH TMPEOHOB B OCHOBHOM COCTOSIHUH, IUIOTHOCTH
SBIISIETCS TOCTOSIHHOM BO BHYTpEHHEH 001acTu My3bIps BIUIOTh A0 IPaHULBI. DTO
YTBEP)KIEHUE CHOPAaBEAJIMBO TakKe W JUIS CKaJSPHOW BOJHOBOW (PYHKIIMH,

cJIeI0BaTeIbLHO, NMEEM
47T(nr o, =q,4 p, =
E 0 ,Oo—q, 7T(nT0) po_ql

OTCIOIIa HaXOJIHuM, 4YTO 3apsiad Ha IMOBCPXHOCTH ITIY3BIPA CBA3aH C 3apAd0M B

ero BHyTpeHHeill obmactu cootHomenmeMm: J = N7,0, /3. C nmpyroii cTopoHsI,

00BEMHBIN 3apsj BXOIUT B BhIpaKeHHE KyJOHOBCKoro moreHimana (8). Orcronma

Haxomum, uto Oy = 700, /3, mo3ToMy BeIpaskeHue (9) mpruHUMAET BH/T

_ Py(k)n7, _ N7y,
3r

®(r) 9)

Hakosner, monarasi, 4T0 B IpUPOJAE €CTh TOJBKO OJIMH MaciuTad 3apsijaa u

no3ToMy, Macmtad 3apsaa [o0h cOOTBETCTBYET 3apsy 3JIEKTPOHA, MPUXOAUM K

COOTHOUMICHHUIO MCXKAY 3apsAJa0M DJICKTPOHA U 3apaa0oM IIPCOHaA
qpreon =i?,n= 12,3 061

3HaK 3apsga MOYKHO ONPEICITUTh W3 BBIPAKCHUS XapaKTepUCTHK (2)

T=txr+7, paccMarpuBasg OTHEIbLHO IIy3bIPM C IOJOXKHUTEIBHONW MM
OTPULIATEIBHON CKOPOCTBHIO PACHUIMPEHHUs, KaK 3apsAibl JIBYX pPAa3HbIX 3HAKOB.
CrnenoBarenbHO, 3apsii IPEOHOB 00YCIOBIEH KOHEYHON CKOPOCTh PACIIUPEHUS UX
000JIOUKH, HE COIJaCOBAHHOM CO CKOPOCTBIO pPACIHIMPEHUSI OKPY>KAIOILIEro
npoctpancTBa — puc. 1. Takas Monens 3apsaaa MOJHOCTBIO COTIacyercs ¢ Teopuei

Makcgeia [21], B KOTOpO# 3apsiibl SIBISIIOTCS CTOKAMHM M MCTOYHUKAaMHU (IIroua.
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B nanHoMm cnyuae B kayecTBe (hrouJa BBICTYINaeT KalWOpOBO4HOE mose SHra-
Munica, KOTOpo€ B JIMHEWHOM CIIy4ae pachajaeTcss Ha P AJIEKTPOMATHUTHBIX
nosei [22], a B HEMUHEWHOM CJTyJae OIMKMChIBACT METPUKY MPOCTPAHCTBA COTIIACHO

ypaBHenuto DitHinTeitHa (3) [23].

Ha nepBblii B3IJIA]1, KAKETCSI, YTO aHAIIOTUYHBIE PACCYKICHUS TIPUMEHUMBI U
B OTHOILLEHHUHU 3apsAJ0B 3JIEKTPOHA M KBapKoB. OJHAKO THUIOTE3Y O CBSI3U ABYX
MaciTaboB MOKHO MPUMEHUTH TOJIBKO OJUH pa3, HAaIpUMEP, HA YPOBHE MPEOHOB,

AJIsI KOTOPBIX IIpO6HOCTI:; 3apsaa 000CHOBaHa MCTOdaMH KBAaHTOBOM TOIIOJIOTUHU

[11-14].

Bo3HMKaeT BOIpPOC, MOYeMy y MpeoHa He ObIBAET LENOro 3apsia, XOTs
Boipakenne (10) sToMy He mporuBopeunt? B pamkax o0cCyxkaaeMoii Monenu
JOCTaTOYHO OyJeT [0Ka3aTh, YTO CYLIECTBYIOT 3apsyKEHHBIE My3BIPM paauyca
Ty,2T,, HO He CyIIEeCTByeT My3blpell pamuyca 3o Gomblne. J0Ka3aTelbCTBO

CBOJUTCS K BOIPOCY YCTOMYMBOCTH 3apsKEHHBIX MMy3bIpel. Eciu my3siph paanyca
3T, u Gonee HEYCTONYMB, TO OH pachafaeTcs Ha 6olee MEIKHE My3bIpU paguyca

Ty, 27,.

O4eBUAHO, YTO €CIM BIEKTPUUECKHM 3apsan sBiaseTcss Oe3pa3MepHBIM
napamMeTpoM B BHIOpaHHOW HAMM CHUCTEME €AMHMII, TO U BCE BEIMYUHBI, BXOISIINE
B €r0 ONpEJEeHUE, TOXKE SIBISIOTCS Oe3pa3MEepHbIMU BEeJIMUMHAMH. B yacTHOCTH,

3apsijl, BXOJMIIMKA B BhIpaxkeHue mnoteHimana (9), smwisercs Oe3pa3MepHOi

BenMuuHOM. be3 orpanmyeHus oOmHOCTH monoxum G, = 1L7,=ne/3, rtorma uz

nepBoro ypaBHeHus (5) Haxoum

108 g,n’%€* g,(ne)*
k =120 (ne/3/12; g,, = + =2 + =3 +...
( 9:95) n’e® 180312 27216 (11)
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3/1ech HCMONBb30BAaHO pasiokeHue (QyHkuuu Belepmitpacca B psin 1o

CTEIEHSAM apryMeEHTa.

Puc. 1. Ilpeonsl anbha u OeTa OTIMYAIOTCA MACIITA0OM BHYTPEHHEU

00J1aCTH My3bIpsl U HAIIPaBIEHUEM CKOPOCTHU ABUKEHHS O0OJIOUKH.

3JI€KTPOIII/IHaMl/IKa rasa mpeoHoB

3aMeTHM, 4TO MPEOHBI caMu 10 cede CIIOCOOHBI 00BEUHATHCS B CTPYKTYPHI,
OTJIMYHBIE OT ODIIEKTPOHOB W KBAapKOB, KOTOPBIE TOXKE MPEICTABISIOT COOOH
MOJIEKYJIbI TIPEOHOB, 3aMKHYTBIE B Iy3bipe — puc. 2-3. B sToM ciydae oHu
COCTaBIIIIOT OCOOBIM BHUJ TOHKOW MaTepuu, KOTOpass HE MOXKET ObITh

3aperuCcTPUPOBaHa B 36MHBIX JJa0OpaTOPHSX.
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MOXHO TIPEaINOJIOKNUTh, YTO CYILIECTBYET HEUTPAIBHBIA Ta3 IPEOHOB,
COCTOSIIIMM W3 paBHBIX Tpornopiuil anbpa, O0eta W aenpTa YyacTull. TakoW ras
INPOHMU3BIBAET BUAMMYK MATEpUIO0 HACKBO3b, MPAKTUYECKH C HEH HE
B3aMMOJICHCTBYs. B yacTHOM ciyuae, Korja TpH 4acTULIbI - anb(da, OeTa u JenbTa,
00pa3yloT HEUTPUHO, MOKHO HaOmoAaTh creuududeckue 3p(eKTsl, KOTOphIC B
CBOE BpeMsi ObUIM MCMOJIb30BaHbl AJi1 OOOCHOBAHUS TUIIOTE3bl O CYIIECTBOBAHUU
3JIEMEHTAPHOM YaCTULBI HEUTPHUHO. BO BCEX OCTaNBHBIX CIIy4asx HTOT I'a3 MOXHO
paccMaTpuBaTh KaK TOT CaMblid TUIIOTETUYECKUU 3(pup, KOTOphIH urypuposai B

tTeopur MakcBesuia [21] u npyrux.

Puc. 2. CtpykTypa KBapKOB U 3JIEKTPOHA U CBOOOIHBIE MOJIEKYJIbI TPEOHOB
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PaccmoTpuM HelTpalibHBIE MOJIEKYJIBI TIPEOHOB, COCTOSIIIINE U3 ABYX YACTHII
¢ sapagom *1/3 wu ommoit wactumel ¢ 3apsgom + 2/3. TeopeTudecku Takux
MOJIEKYJl JOJDKHO OBITh IIECTh - aaB,o0B,apBo + COOTBETCTBYIOIIHE
aHTUYACTHUIBI. TakuM 00pa3oM, MOXKHO IPEJIOJIOKUTh, UYTO CYIIECTBYET TIa3
MIPEOHOB, MPEACTABIIAIONINN CO00 cCMECh MOJIEKYJ aap,o00B,apo | HEKOTOPOH
MPOIOPITUU. DTa CMECh MOXKET MPEObIBATh B PAa3IMYHBIX arperaTHBIX COCTOSHUSAX —
TBEPJIOM, KHUAKOM H Ta3000pa3HoM. OOBIYHOE BEIIECTBO TMPAKTUYECKU HE
B3aUMOJICMICTBYET C TOHKHUM BEIIECTBOM IPEOHOB, HO JJIEKTPOMArHUTHBIC
CBOMCTBAa BaKyyMa, OYEBHUIHO, OMPEACISIOTCS HAJIWYHUEM MATepUU MPEOHOB, TaK
KaK MOJIEKYJIbI MPEOHOB MOTYT MOJSAPU30BATHCS BO BHEITHEM 3JIEKTPOMArHUTHOM

IT10JIC.

OmHUM W3 TPWIOKEHUH MOJIENA TIPEOHOB SIBIICTCS  OOBIYHBIN aTOM,
COCTOSIIINI U3 siApa U AIIEKTPOHHBIX 00osouek — puc. 4. C TOYKU 3pEHUs TEOPUU
npeoroB [9-10, 15, 24-25]Jarom siBisieTcss MAaKPOCKOITUYECKUM OOpa3oBaHHEM -
KJIACTEPOM, COCTOSIIIIUM U3 OOJIBIIIOTO YMCIIA YacThIl. J[elCTBUTENBHO, SIpO aToMa
cocront u3 9(N+Z) wacTui; MpeoHOB, a 3JICKTPOHHAs 000j0uka U3 3Z YaCTHII,
3neck N, Z 9uciio HeUTPOHOB U MTPOTOHOB COOTBETCTBEHHO. CaMbIii JIETKUI U30TOI
aToMa BoAOpoaa colepkuT 12 mnpeoHoB. JIr00Oi aToOM COCTOMT U3 JABYX
BJIOKCHHBIX MY3bIpEH, OAMH U3 KOTOPHIX COACPXKHT SAPO, a APYTrOi OTPaHUIHBACT

AJIEKTPOHHBIE 000JIOUKH - pUc.4.
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Protor ~ md Heutron ~ ddu

Puc. 3. CTtpykTypa nmpoToHa M HEHTpOHA BKJIFOYACT TPH KBapKa, KaXIbIA W3

KOTOPBIX COCTOHT U3 TPEX MPEOHOB.

B mpupone cymecTByeT 3akOH, TO3BOJSIONIMNA TPEOHAM OOBEIUHSATHCS B
CUCTEMBI TI0O TPU YACTHUIIBI, KOTOPbIE COOTBETCTBYIOT JJIEKTPOHAM, KBapKaM U
JPYTUM 3JIEMEHTapHBIM YacTHUIAM, a TAK)Ke HEUTPATbHBIM MOJICKYJIaM MPEOHORB. B
aToMax MpeoHbl 00pa3yoT hepMHu-Ta3 Mo cieayroliei cxeme [15]:

1) KaKABld HYKJIOH B S/Ip€ IUCCOLMUPYET HA OTACIbHBIC KBapKH, KOTOPHIC
pacrnajgaroTcsi Ha IPEOHbI,

2) MPEOHbI KAKIAOro THIa 00pasyioT (epmwu-ra3, 00JaJaONMi XUMAYECKHM
MOTEHIIUAJIOM KaK y PENSTUBUCTCKUX YaCTHUIl, NPU IUCCOLMAIMK Macca
HYKJIOHA PacXOAyeTcsl Ha BO30YXKICHNE KUHETHUYECKOW SHEPTUU MPEOHOB U Ha

CO3/IaHHE CBSI3CH MKy PEOHAMH;
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Puc. 4. ATOM COCTOMT MOIEKyI Tpex Tumos - a0, BBJO wu fBS

Monekynst @0, BBJ  00pa3yroT KHIKOE SIPO, 3aKIIOUEHHOE B IIy3bIPb,

OKPYKEHHBIH Ta30M, cOCTOSIUM U3 Monekyn BB0 u 3akmioueHHBIH BO BTOpOIi

My3bIPb.

3) BO BHyTpEHHEW 00JacTH My3bIps TPEOHBI OOBEIUHSIOTCS B KIIACTEPHI
KBapKOB, JIEKTPOHOB, POTOHOB, HEUTPOHOB, S1Ep NEUTPOHA, ATb(a-yacTHUIl 1
JIPYTHX SIIEp;

4) cymecTByeT  CHMMETPHUS  JJCKTPOHHBIX M SIEPHBIX  000JOYEK
3aKJIIOYAIONIAsICSl B MOCJIEAOBATENIBHOCTA 3alOJIHEHUS] DJIEKTPOHHBIX U

AIEPHBIX 000JIOYEK.
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PaccmoTpum mpaBuiio 3amosiHeHHsS oOosiouek mnpeoHamu [15]: ecnu aBe
yacTHIEl 00IafaroT >Heprueil E; kakmas, TO BEpOATHOCTH TOTO, YTO TPETHS
yacTuia  oOnajaromas  oHeprued  Ei.i oOpasyer ¢ HMMHM  Kiacrep,

IPONOPIMOHAIbHA BEIMYUHE — Ei+1Ei2(3HaK MHHYC OOYCIIOBIEH TEM, YTO
SHEPTUsl CBSI3M SIBISCTCS OTPHMIATCIBHOM, TOTAa KaK BEPOSTHOCTH SIBISCTCS
IOJIOKUTEIBHOM BENMMYUHOMN). IIOCKONBKY CTATHCTHKA IIPEOHOB OIPEAEISIETCS
pacnpenencareM PepMu, TO B pe3yabTaTe MPUXOIUM K MOZIEIIH:

KT 3
-E. . .E?=
T expI(E, —6) IT) +1 (12)

3meck $q: T K - sHeprus, xumuueckuii oTeHIMAN, TeMIIEpaTypa CHCTEMBI
U TapaMeTp MOJIENId COOTBETCTBEHHO. Bce pasMepHble BenuunHbl B Mojenu (12)
UMEIOT pa3mMepHOCTh MaB.

Ha puc. 5 mpencrasiena OudypkanuonHas auarpamma moxaenu (12), mo
KOTOPOH OTpECIIICTCS] IPABUIIO 3aNOJHEHUS 000J1049eK. MBI mpemnoiaraeM, 4To
BCS JuarpaMma B IIEJIOM  OIKCHIBACT SACPHBIC M DJICKTPOHHBIC OOOJOYKH.
JIeWCTBUTEIIBHO, KaK CJIEMyeT W3 JAaHHBIX, MPUBEACHHBIX HA pUC. 5, cyliecTByer
JBa TUNa O00OJIOUEK, KOTOPHIC COOTBETCTBYIOT MAJIOW W OOJBIIOW BEIHYMHE
nmapameTpa K , a Takxke JBa TuUma 000JIOYEK C MaJod W OOJBIION BEIUYMHOMN
OTHOILICHUS SHEPTUH K TeMITepaType NpH 3aJaHHOMN Benn4yrHe mapameTpa K .

OtmeruM, uto mMoxaens Tuma (12), uccrienoBanHas B paborax [26-27], Obuta
UCTIOJIb30BaHA IS MOJCIUPOBAHMS Xaoca B aTOMHBIX sapax [28], a Tawke s

000CHOBaHMS MpaBHUIIa 3aMOJHCHHS KBAPKOBBIX U MPEOHOBBIX 000104ek [15-16].
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Puc. 5. budypkanuonnas guarpamva monenu (12) WUTFOCTPUPYFOIIAs
IPaBUIIO 3aTOJTHEHHSI 000JI0UEK B aTOMax U B siipax (000JIOUKU BBIJCICHBI PaMKOM

CHHETO U KPAaCHOI'O [[BETA COOTBETCTBEHHO) <&

Jlanee  3amMeTHM, 4YTO B clydae aAMa0aTHUYECKOro  pacIIUpeHUs
PENATHBUCTCKOrO Ta3a (PEPMHOHOB BBIIOIHSAETCS CcOoOoTHomenue VT ° = const

OTcrona HaXOoIuM

T = ol (13)

31ech mapameTpsl o: o xapakrepusyior coctosHue sapa. ClieqoBaTeNbHO,

IIPH 3aJJaHHOM YHEPTUHU CPEAHEE YHMCIIO YACTHI] 3ABUCHUT OT pa3Mepa CUCTEMBI KaKk

— Nio m = Ei — 4,
exp(mr)+1" " LA

(14)
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PaccmoTpuM moBeneHHE CKAAPHOTO TMOTEHLMANA 3apsDKCHHBIX YacTULl B
CUCTEME TMPEOHOB, oOpasyroumx Aapo. Jns omnucaHus JUHAMUKUA [PEOHOB
pPacCMOTPUM CUCTEMY ypaBHEHUH Jlupaka BO BHEIIHEM 3JIEKTPOMArHUTHOM MOJE,

MMEEM CUCTEMY YPaBHEHUMN

iy”(l:lﬂ +iqabA2)l//a =mu,
e Ul VY. =(0; —0O°)A! (15)

b
3neck 0003HAUCHO yulqabiAy’l//a’mab‘ maTtpuibl Jlupaka, mapamerpsl

B3aUMOJICHCTBUA, 4-410TeHIIMAJ, BOJHOBas (QyHKUUS U dDPeKTuBHAS Macca MOJIS

IpeoHa a BXOAJIICITO0O B COCTaB MOJICKYJIbI IIPEOHOB b COOTBETCTBCHHO,

e’ =0.007297352698(24) - nocrostuuas Tonkoil crpykrypst, T, =YL s -

CONpsDKeHHBIH (M0 DpMHUTY) BEKTOp. 3amuilieM ypaBHEHHS KBaHTOBOW
anekrpoauHamuku (15) mnms Toro ciywas, Korja Macca YacTHIl, BXOJSIIUX B
NpaByr0 YacTh nepBoro ypasHenus (15), cTpemurcst K HyIIO, 8 YeTHIPEXMEPHBIM
NOTEHIMAN SIBISETCS NMOCTOSHHBIM. Toraa ypaBHeHHE JlMpaka BBINOJHSETCS Ha
JTIO0BIX PEUICHUAX, ISl KOTOPBIX YETBIPEXMEPHBIM HMIYJIbC YacCTHI] 3aBHCHT

TOJIBKO OT YCTBIPCXMCPHOI'O ITOTCHIIKMAJIA B BUAC

Py = AuA, 6j1

3anumiem Bropoe ypaBHenue (15)B cranmapTHOl Gopme
(07 0% A, =l (17)
VauThiBas CBSI3b UMIIyJIbca U 4YeThIpexmepHoro mnorennuana (16),

Hpe,[[CTaBI/IM BGKTOp TOKa B CJIC,[[YIOIJ_IGM BHUAC
) A
by = 2 4Py ! Pao = AD AN, Py = KfZ 0aNa (18)

3nech N, - uucno yactur odnanawmux 3apsaom J, B enunuie oobema.
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[MoncraBnsis  Beipakenne Toka (18) B ypaBHenume (17), Haxomaum

OKOHYATEIbHO
(Of—DZ)Aﬂ :'UOAuZa: q.n, /A (19)

OtMeruM, 4TO B 3TOM ciyudae ypaBHeHue IlyaccoHa B 3IeKTpocTaTHKe
COXpaHsIeT CBOW OObIUHBIA BuH. JleWicTBuTenbHO, ucnoib3ys (19), maxomum
ypaBHEHUE U1 CKAISIPHOTO ITOTEHIIAAIIA

2 _ 2 _ _ P
(at O )A) - IUOAOZ qana/A\) - (20)
a ‘90
[lonmyyeHHOE ypaBHEHME B Cllyyae MOJII HE 3aBUCAILLIETO OT BPEMEHHU

CcBOJIUTCS K ypaBHeHUIO [lyaccona

DZAO:—ﬁ

80
CremoBarenbHO, MbI TOKa3alld, YTO KJacCcHMueckoe ypaBHeHue I[lyaccona
BBITTOJHACTCS W TPU HAIWYAH CBOOOJHBIX 3apsIOB IPEOHOB MPH YCIOBHH
BBIMOJIHEHUs ypaBHeHus (18).

YpaBHeHI/Ie JJIsL BEKTOPHOT'O ITOTCHIIHAJIA UMCCT BU/
(at2 _DZ)A = _meszA’ mgf‘f = _IUOZ qana/AO (21)

Takum O6p330M, OAHUM U3 Ha6n}011aeme CJIC,[[CTBPIIZ MOJCIN ABIACTCA
BO3HHMKHOBCHHC 3(1)(I)CKTI/IBHOI>'I MaCCbl Yy BCKTOPHOI'O IIOJIA, OIIMCBIBAIOIICTO

QJICKTPOMArauTHOC I10JIC ITPHY HAJTMYHNH CBO6OIIHBIX 3apsa10B IIPCOHOB [

[Tomoxxum B ypaBHenuu (20)

m. = Mio
o exp(mr) +1 (22)

Toraa o6mee pemenue ypaBuenus (20), 3aBucsinee TOJbKO OT paJaHalbHOM

KOOPAHWHATHI U 3aTyXaromicc Ha 6CCKOH€‘1HOCTI/I, NMCCT BHU ]
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Ao(r) = 2 eXp[— Mio! J 23)

r exp(m,r) +1
Bripaxxenne (23) Ha OONBIIOM yJAJI€HHH OT CHUCTEMbI CBOAMTCS JIMOO K

KYJIOHOBCKOMY MOTEHIMay, Tn0o K noteHnuany FOkasa:

Qi

Qi m;,r r My >0
~iexp| - 0 )

r exp(mr) +1 Q; exp(—m;,r) m <0

r

(24)

JIBOMICTBEHHOE TIOBEJICHWE CKAJISPHOrO TMOTEHIMala yKa3blBaeT Ha
BO3MOXKHOCTh MOJICIMPOBAHUSA B paMKaX OJHOW MOJENIH MPOIIECCOB, KOTOPHIC
CBSI3BIBAIOT DJIEKTPOHHBIE M SICPHBIE OOOJOYKH IyTeM OOMEHa 4YacTHIlaMU B
peaknusax Oera-pacmanga. PaccMoTpuM moBeleHHE BEKTOPHOTO TOTEHIMANIA C

sbdexkTrBHONM Maccoii B dopme (22). B chepuueckoit cucTemMe KOOPIHHAT
BEKTOPHbII MOTEHIIMAN HMeeT B 06meM ciydae Tpu kommonentsl A = (A, Ay, Ay)
Hanuune cuMMeTpud MO3BOJISET BBIICIUTH PEIICHHS, B KOTOPBIX OTIIMYHA OT HYJIS

TOJIBKO OJHAa KOMIIOHCHTA A(r) = (0101A¢(r)) . B »aTom ClIy4a€ KOMIIOHCHTA

BCKTOPHOTI'O ITOTCHIIMAJIA A¢ (r) YAOBJICTBOPACT YPABHCHUIO, KOTOPOC COBIIAAACT C
AHAJIOTUYHBIM YPAaBHCHUCM IJIA CKaJLIPHOTO IIOTCHIHMAJIA. OTCI—OIIa HaxoauM
peIICHUEC, 3aTyXaromee Ha 6CCKOH6‘-IHOCTI/I, KOTOpPOC C TOUYHOCTBIO 1O KOHCTAHTHI

COBMAJAcT ¢ BeIpakeHueM (23)

Ag(r) = Jr_{pexp B exp(rrr:l?rr) + 1} (25)
i
OtMeTum, dYTO BeIpakeHrne (25) oOmamaeT yCTAHOBICHHBIM  BBIIIC
cBoiictBoM (24). Takum o00pa3oM, MbI I[OKa3alH, YTO OSJICKTPOMArHUTHBIC
NOTEHIMAIIBI pacrpezeieHuss npeoHoB Buaa (14) 3aBucAT OT paccTOsSHUS, OT

TEMIIEpAaTypbl U COOTHOLICHUS MEXKIYy HDHEPrHe M XUMHUYECKHM IOTEHIUAIOM

CHCTCMHEI. HOJ’Iy‘-IeHHBIe pE3YyJIbTAaThl IIO3BOJIAIOT OOBSICHUTH MHOTHE H3BECTHBIC
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3¢ (deKThl, CBSI3aHHBIE C 3JIEKTPONPOBOIHOCTHIO MATEPUANIOB, CO B3aUMOJIEHCTBUEM

IMPOBOJHUKOB U MArHuTOB, a4 TAK)KC C BOSHUKHOBCHHCM BJIGKTpOI[BI/I)KYHleﬁ CHIJIBI

U KOHTaKTE€ METAJJIOB MEXTy COOO0M M ¢ pacTBOPOM 3iieKTpoiuToB [1-7, 21, 29].

CdhopmyniipyeM OCHOBHBIC MOJIOKEHHUS IIEKTPOIMHAMUKH ITpeoHoB [9-10]:

1)

2)
3)

4)

5)

6)

7

TOKH ITPEOHOB CYIIECTBYIOT B JTFIOOOM BEIIECTBE, COCTOSIITHM U3 aTOMOB H
MOJICKYJI, & TAKXKE B BAKyyMe;

TOKH TMPEOHOB CYIIECTBYIOT HAPSITy C TOKAMH UOHOB U 3JICKTPOHOB;
HOCUTEISIMH 3apsja B METa/UlaX W MOJYIPOBOJHHKAX SIBISIOTCA Kak
AIIEKTPOHBI, TaK ¥ MIPEOHBI;

HOCHUTEJISIMH 3apsifia B SJICKTPOJIUTAX SBJISIOTCS KAK HOHBI, TAK M [TPEOHBI;
IpaJEHThl TEMIEPATypbl, XHUMHUYECKOTO TMOTEHIMada W IUIOTHOCTH
BEIIECTBA MPUBOMAAT K BO3HUKHOBEHUIO SJICKTPOIBIKYIICH CHIIBI, YTO
HETIOCPEJICTBEHHO CIICAyeT U3 BeIpakeHus (23);

CYIIECTBYIOT 3aMKHYTBIC OJJIEMCHTapHbIE TOKH IIPEOHOB, KOTOPBIE
OOyCJIOBJICHBI JIBU)KCHHEM TIPEOHOB B JJCKTPOHHBIX M  SICPHBIX
000J10uKax — cM. BeIpaxenue (25);

cyniepriosuitus periennii (23)u (25) mo3BosseT 00BACHUTH COBOKYITHOCTh
SBJICHUH CTallAOHAPHOTO W KBa3HUCTAIMOHAPHOTO AJIEKTPOMATrHUTHOTO
nons [29] B pamkax oanekrpoauHamMukd Awmmepa [1] u  Teopunm

9JIEKTPOMArHUTHOTO ot MakcBemia [21].

TpancmyTauus 3J1leMeHTOB U XOJIOAHBIN siIePHbIA CUHTE3

Kak cienyer u3 npuBeaeHHOU Bbimie Moaenu (12) u quarpaMmsl Ha puc. 5,

IIPCOHBI AApa U IJICKTPOHHBIX 000J104YeK COCTABIISIOT CANHYIO CHUCTCMY, IIOOTOMY

TOKH IIPCOHOB MOI'YT HAUMUHATLHCA W 3aKAHUYMBATBCA HA ATOMHBIX AJpax. HpI/I

HCKOTOPBIX YCJIOBUAX TOKH IIPCOHOB MOI'YT IIPUBOAUTHL K HM3MCHCHHIO COCTaBa

sapa. Takoro polda TpaHCMyTaluAa 3JICMCHTOB ,[[CI\/JICTBI/ITCJIBHO Ha6n}011anacr> IIpu
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JNIEKTPUYECKOM B3pbiBe B Boje [12]. Tlpm 3TOM cpemu NPOIYKTOB B3phIBa
TUTAHOBOW (PONBrU HAOMIOJANNCH HATPUM, MarHUM, aJIOMUHUN, KPEMHUM, KaTui,
KaJnblUi, BaHaAWW, XpOM, Kelle30, HHUKENIb, ME€Ib, LIMHK, a CPEeau MPOIYKTOB
B3pbIBa IUPKOHUEBOW (OJBIM HAOIIONATUCH ATIOMHUHUN, KPEMHUM, KaJbIIUH,
TUTaH, XpPOM, JKeJIe30, HUKEIb, MeAb, IMHK. B pabore [12] atu pesynbraThl
O0OBACHAIOTCS 00pa3oBaHHEM B Pe3yJIbTaTe AJIEKTPUUYECKOTO pas3psiia U B3pbIBa
(oSBT TUIMOTETHYECKUX IIEMEHTAPHBIX YaCTHUI] THIIA MarHUTHOTO MOoHOoToJs [30].
C TOYKHM 3peHHUs TEOPUH MPEOHOB TAKMM MOHOIIOJIEM MOKET BBICTYINATh KJIacTep
IIPEOHOB C BEKTOPHBIM MOTEHIMAIOM TuMa (25).

Teopust mpeoHOB MO3BOISET PACIIUPUTH 3aKOHBI TPUMEHUMOCTH KBaHTOBOU
MEXaHHWKHU BIUIOTH JO OYEHb MaJlbIX MacmTaboB. B wacTHocTH, aToM BoJopoja
MO>XXHO paccMaTpuBaTb HE TOJbKO Ha ocHoBe ypaBHeHus lllpenunrepa wmm
ypaBHeHus Jlupaka, HO U Ha OCHOBE Teopuu npeoHoB [9-10, 24-25]B stom ciydae
IPOTOH M AJIEKTPOH NPEJCTABISIOTCS KaK CIIOKHBIE YaCTHUIbI, COCTOSAIIUE U3
PEOHOB — pHUC. 2-3,a 3a7ja4ya 0 CTPYKType aToMa BOJOpOJia CBOJUTCS K 3aJaue
MHOTUX Tell. B Takou cucreme, Hapsly C WU3BECTHBIMH COCTOSIHASIMH, KOTOPBIU
COOTBETCTBYIOT CIIEKTPYy YypOBHEH SHEPruuM aromMa BOJOPOJA, €CTh U JpYyrue
COCTOSIHMSI, KOTOPBIE COOTBETCTBYIOT ruapuno [13, 15, 31-34].

Teopernueckoe OOBSICHEHHE MPOLIECCOB XOJIOAHOTO SIEPHOTO CHUHTE3a B
paMKax TEOpuH THAPHUHO oOcyxmaeTcs B padorax [11, 15] m apyrux. Kak
U3BECTHO, THAPUHO 3TO OCOOBIE COCTOSHUS aToMa BOJOpOAa, OOIaIaroIre
Oonbiol 3Hepruei cpsizu BIIoTh 10 313 KoB [15]. Ilpu Takoii sHepruu pasmep
aToMa BOJOPOJia COCTaBIsIeT 5.5 M, YTO comocTaBUMO ¢ pa3MepoM spa HUKEIS.
CnenoBarenbHO,  aTOMbl  BOJOpOJla B COCTOSHUM  THAPUHO  MOTYT
B3aMMO/JICHCTBOBATh C SAPOM HUKENS JaKe NPH HU3KUX TeMIlepaTrypax, 4eM U

00BSCHSIETCS PeaKIlys 3axBaTa MPOToHA B peaktope Poccu [14]:
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Ni* +p' - Cu*™ (26)

Cornacuo [14], peakuus 3axBata npoToHa (Hampumep, B GopMe THAPHHO)
SIIPOM HUKEJISl ¢ 00pa3oBaHUEM M30TOMNOB Menu (26) UaeT ¢ BBIICICHUEM SHEPTHH
B auarma3zone oT 3.4IM»B 1o 7.45VI9B B 3aBUCUMOCTH OT M30TONA HUKEIIA.

OTMeTuM, 9YTO B HW3BECTHBIX peakTopax [31] HCHomb3yroTcsi pa3jindHbIC
KaTaJM3aToOphl HA OCHOBE JINTHS, TAJUIA/IAS W CIUIABOB HUKEJS C AJIFOMUHUEM (T.H.
R-Ni). Tunuunas cmece 1 g Li + 0.5 g LINH2 + 10 g LiBr + 15 g Pd/AI203,
MO3BOJISIET TOJYYUTh BBIXOJ dHepruu B 4.4 paza Oonblie, 4yeM B OOBIUHBIX
XUMHUYECKUX PEAKIIUSIX.

B HexoTopbeix peaktopax kommanuu BlackLight Power [13Jucnonb3yercs
NaOH c¢ pgoGaBkamu mnpomblinieHHOTO Kataiuzatopa R-Ni 2400  (akwe
karanu3atopbl npou3BoauT kommnanus GRACE).ITpu peakiuu 0JHOT0 KHJIOTPaMM
cmec NaOH-R-NiBbicBoOOkaaeTes 753. 1k Ik sHeprun mpu MoiHocTH 6osee 50
KHAJIOBATT.

B kagecTBe KaTanmmM3aTOpOB MPHUMEHSIOTCS MEITKOAHUCIIEPCHBIE TOPOIIKU
HUKENsI ¢ 100aBKaMu aTOMUHHMS, KOOAIbTa, MEIHU, *Keje3a, MONHOIeHa, XpOM U
T.II., YIAKOBaHHbIE B Kepamuueckue TpyOku. Takoro pojia mpolecc pealn3oBaH B
peaktope Poccu [14, 35], B KOTOPOM HCIOIB30BaHbI KAaTaIM3aTOPhl Ha OCHOBE
HUKEJS JUTS aKTUBAIIMU PEAKIINU XOJIOTHOTO SIEPHOTO CHHTE3A.

Mopnens peakiuii XOJOIHOTO SJEPHOTO CUHTE3a MOXET OBITh MOJydeHa Ha
OCHOBE TEOPUH IPEOHOB B MPEANOIOKEHUU, YTO TOKH MPEOHOB IO3BOJISIOT
OCYIIECTBUTH MEPEXOIbl MEXKIY DJIEKTPOHHBIMH M SIIEPHBIMU 000JTOYKAMU — CM.
puc. 5. Jlng OCYIIECTBICHHMS] TaKUX [EPEXOJOB HEOOXOAMMO HAPYUIUThH
CUMMETPHUIO OCHOBHBIX COCTOSIHUU TPEOHOB B JJIEKTPOHAX M KBapKax. ITO

BO3MOXHO IMyTEM BO3JICHCTBHUS Ha CUCTEMY IMPCOHOB BHCHIHETO
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AIIEKTpOMarHuTHOro noiisa. CooTBETCTBYIOIIAsA Teopus Oblla pa3BuUTa B paboTax B
[9-10].

Cornacao teopur [9-10], 0CHOBHOE COCTOSIHUE CHUCTEMBI MIPEOHOB 3aBUCHT
OT BHEIIHEro 3JEKTPOMArHUTHOIO IOJsI, TOTOMY CHJIbHBIN AJIEKTPUUYECKUN TOK
MOET MHHUIIMHPOBATH MEPEXOJbl MPEOHOB MEXKAY AJIEKTPOHHBIMU M SJIEPHBIMU
obonoukamMu. B pe3ynbrare yKa3aHHBIX MEPEXOJ0B HApyIIaeTCd CHUMMETpUs
OCHOBHOTO COCTOSIHMSI aToMa BOJOPOJa, 4YTO BeAeT K 00pa3oBaHHI0 0c000TO
COCTOSIHMS C IIHJIMHAPUIECKON cuMMeTpuel ¢ sHepruei mopsaka 313KsB [15].

BennunHy TOKa MOXHO OLIEHHThb U3 YCIOBHUS, YTO MPOU3BEACHHUE 3apsia
npeoHa Ha MOJYJIb BEKTOPHOTO TIOTEHIIMAla pPaBHO MPOU3BEACHUIO MAacChl
9JIGKTpPOHA Ha CKOPOCTh cBeTa, uto coctaBiser 0.00256B6/m. Takas BeauumHa
BEKTOPHOTO TOTEHIIMaJa MOXKET peaanu30BaThcs yke mpu Toke okoyno 2035 A.
OrieHka yCIIOBUI TIPOBEACHUS SKCIIEPUMEHTOB [12] moka3siBaeT, 4TO CpeHUN TOK
coctasisit okojio S00A 3a 20 mc. OgHako, MMKOBOE 3HAYEHHE TOKAa MOTJIO OBITh Ha
nopsaaok Oosblie. TakuMm oOpa3oM, yCIOBHE HapyLIEHUS OCHOBHOTO COCTOSIHUS
aToMa BOJIOPO/ia 3aBEIOMO JOCTUTaIOCh B 3KciepuMeHTax [12].

B peaktopax tmma [14, 35], comepxammx IOPOIIKH METAJIOB,
HCIIOJIB3YETCS TIOJIOTPEB OT BHEITHEr0 MCTOYHMKA MoIHOCThI0 360 BT. Crnenyer
3aMETUTh, YTO METAJJIMYECKUE TOPOLIKM HHUKENs pearupyer Ha BHEIIHee
AIIEKTPOMArHUTHOE WU3JIy4€HHE B paJuovacTOTHOM JuamnasoHe. [Ipu npoxoxaeHuun
AIIEKTPOMArHUTHBIX BOJH Yepe3 3aChINKY U3 MOPOIIKA HUKENSI MEXKYy OTIEIbHBIMU
YacTUI[AMH BO3HUKAIOT 3JIEKTPUYECKUE pa3psiibl, YTO MPHUBOJUT K CIEKaHUIO
gacTull Mexay coOoi. [Ipomecc cnekanus B BOJOPOJHON aTMocdepe Bemer K
oOpaszoBanuto rupuHO [15].

Takum o0pa3om, pa3BuTas B HACTOSIIEH paboTe TEOpUsl IEKTPUUECKUX

TOKOB € Y4YaCTHCM IIPCOHOB IIO3BOJIACT CO3daTb pPACUCTHYIO MOJCIL SACPHBIX
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