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NNPEANCJIOBHUE

Paborta mocBsilieHa HOBOMY HAmpaBICHUIO SICPHON (DHU3HKH -
HU3KOIHEPreTHUeCKUM sfepHbiM peakuusaMm (HOAP). Astopckuit
MOAXOJ 3aKII0YaeTCs B TOM, YTO HHU3KOIHEPIeTUYECKHE SIepHBIC
peakIy 3TO JAaBHO H3YUYCHHBIC PEAKIMU CHUHTE3a M pacrmaja.
HoBusna moaxona 3akiroyaeTcsi B TOM, YTO MOKa3aHO TMPOSIBICHUE
3TUX peakluil B 0COOBIX (crienupuiecknx) HPU3MUSCKUX YCIOBHSX,
CIIy4aifHO BCKPBIBIIMXCS B TPOIIECCE Pa3BUTHS IKCIIEPUMEHTAIBEHON
Y TEXHOJOTUYECKON MPaKTUKH.

B rmaBe - 1 mpoeaéH 0030p 3TamoB CTAaHOBICHUS SACPHOMN
(PM3UKH OT OTKPBHITHA PAJAMOAKTUBHOCTH IO HHU3KOIHEPTeTHUECKUX
SIEPHBIX peakiuii. PaccMoTpeHbl HamOonee yOequTenbHBIC Ha
B3IJISAJl aBTOpa SKCIEPUMEHTHI, B KOTOPBIX IMPOSBISIETCS XOJOIHBII
SIIEPHBIN CHHTE3 W XOoNojaHas TpaHcMytanus sep. llpencrasmena
KapTUHA  TEOPETHYECKOTO  OOOCHOBAHHS  AKCICPUMEHTAIIEHO
HaOJII0JTACMBIX HOBBIX SIBJICHHMA, M300MIYIONIAs MPOTHBOPEUUSIMU C
ycrosiMu siiepHol pusukn. [TokazaHel TPYJHOCTH C BOCIPHITHEM
KaK SKCIIEPUMEHTOB TI0 HU3KOIHEPTETUYECKUM SIEPHBIM PEaKIUsIM,
TaK ¥ MHOTOUHCJICHHBIX TUIIOTES.

I'maBa - 2 mOCBsIIEHA HU3KOAHEPTETUYECKUM  SIIEPHBIM
peakTopaM Ha peaknusx cuHTe3a. l[IpoBenéH o030p Hamboiee
3HAUYMMBIX Ha B3IUIAJl aBTOPAa SKCIEPUMEHTOB C KaBUTHUPYIOIIUMH
KUIKOCTSIMU, ACUTEpUPOBAHHBIMU MeTaiamMu. OTTalKUBasCh OT
TpeOOBaHUI sSAepHOW (PHU3MKH K YCIOBHUSIM MPOTEKAHUS pPeaKIui
SIIEPHOTO CHHTE3a, TOKAa3aHO OTCYTCTBHE HPOTHBOPEUHS MEXKIY
TEPMOSIACPHBIM U XOJIOAHBIM SIACPHBIM cUHTE30M. [IpemnnoxeHsl
croco0bl MHTEHCH(UKAIIMH PEaKIUil XOJIOIHOTO SJCPHOTO CHHTE3A.
B riaBe mpejcTaBieH aBTOPCKUI B3I Ha (PU3HKY TO0aphePHOTO
TyHHeTupoBaHus. [IpoHNKHOBEHHE Yepe3 Oaphep YacTHll ¢ SHEPTUCH
HWKE SHEPTUU MMOTCHIIMAIBHOTO 0aphepa CBS3bIBACTCS aBTOPOM HE C
MIPUITUTIOM HaompeaenéHHocTu [efizenbepra kak mo I'amoBy, a ¢
OCHWUIALUSAMY MOTSHIIMATLHOTO Oaphepa.

B rtmaBe - 3 paccMoTpeHa (hu3MKa HH3KOIHEPTETUYECKHX
SIIEPHBIX PEAKTOPOB Ha PEaKIMAX pachana B GU3NIECKUX YCIOBUAX
HaBOJIOPOXKEHHBIX TIOBepXHOCTEN. [IpoBeieH aHaN3 SKCIIEPUMEHTOB
[Muantennu, Poccu, Bawaea, Kopuunosoii, Ilapxomona. [lokazan
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HEHUTPOHHBIN XapakTep HaONIONaeMBIX B OJTHUX OJKCIIEPUMEHTaxX
s¢dexroB. Ilokazano enuHcTBO (u3uku 3Pdekra Poccu wu
ouotpancmytanuu. OCHOBY XOJIOAHON TpaHCMyTallid saep B
YCIIOBUSIX HABOJIOPO’KEHHBIX MTOBEPXHOCTEH COCTaBIISIOT
JJNIEKTPOHHBIM 3axBaT B aToMe€ BOJOPOJa, 3aKpEmHUBIIErocs Ha
MMOBEPXHOCTH. ATOM BOJOPOJIa €AMHCTBEHHBIN AJIEMEHT, B KOTOPOM
AJICKTPOHHBIM 3aXBaT MPUBOJUT K O0Opa30BaHHIO CBOOOJHOTO
XoJIoHOro HeWrtpoHa. Ilocnenyromuii 3axBaT sapaMy XOJOIJHBIX
HEHTPOHOB TpHWBOAMT K Oera pacmamy W Kak CIEACTBHE K
TpaHcmyTamuu  sfaep. OTTankuBasch OT (QU3UKM  M30MEPHBIX
BO30YXJACHUU siiep, OOBSICHEHO OTCYTCTBHE TaMMa H3IyYeHUs B
JKCIIEPUMEHTaX c HaBOJIOPO>KEHHBIMHU MTOBEPXHOCTSIMH,
MPETIOAKESHB MEXaHU3MBI 00BSICHSIONINE MPOIIECChl YCKOPEeHUs OeTa
pacnana, HaOMOJacMble B MHOTOYHCICHHBIX 3KCIepUMeHTax. Ha
OCHOBE HEUTPOHHBIX MEXaHHW3MOB XOJIOJHON TpPAHCMYTAIlH SIAEP
OOBSICHEH MeXaHU3M 00pazoBaHUS TKEIBIX 3JEMEHTOB B Heapax
wianer. [loka3aH OrpaHUYCHHBIH XapakTep 3aKoHa OOpaTHBIX
KBaJ[paTOB W TIPEIUIOKEH BApUAHT B aHAJIUTUYECKOW (opme
00paTHOW HSKCTIOHEHTHI. OJTO TO3BONIIO OOBEAWHHWTH CHIBLHOE H
IPaBUTAIMOHHOE B3aMMOJCUCTBUE, IMOKa3aTh (U3UKY CBSI3aHHOTO
COCTOSIHHSI ITPOTOHA U 3JICKTPOHA B HEHTPOHE.

B rmaBe - 4 paccMOTpeHBI H3IY4YeHHS HHU3KOOHEPTETUYECKHX
pEaKToOpoB. [ToxazaHsr 150'¢ XapaKTEePHBIC M3ITyUYCHUS,
COOTBETCTBYIOIIME pEakIUsIM CHHTe3a W pacnana. llpemioxken
ABTOPCKUH B3I HA «CTPaHHBIE» M3IYYCHUS Y PYIIKOEBaA.

Hywmeparust pucyHKOB 1 GOpMyJT TPOU3BOUTCS B MPEJIesiax
KaXKJI0H TJ1aBbl, ¢ yKa3aHHEeM B HoMepe raaBbl. Hanpumep, Homep 3-1
03HauYaeT TPETHIO II1aBy, POpPMYyJIa HIU PUCYHOK - 1.



BBEJIEHHE

Pabota nocesieHa pemeHuto npoodeM, CIydaiftHO BCKPBIBIIHXCS
B IMPOLECCE pa3BUTUS DSKCIEPUMEHTATBHOW M TEXHOJIOTHMUYECKOM
MPaKTUKH - SBJICHHHA XOJOMHOTO smepHoro cuHTeza (XSAC) m
XoJogHoU TpaHcMmyTauu aaep (XT).

Co BpeMeHM BBICKA3bIBAaHUS AMEPUKAHCKUMHU  YUEHBIMHU
Maptunom @neitmvanom u Cremmm [loHCOM HWIEeHM XOJOIHOTO
simepHOTo cuHTe3a nponio 6onee 30 jer. Ho kak gacTto ObIBaeT ¢
SMOXaNbHBIMU  HACSIMH  HUX  KJAIO  HemoHumanue. Upaes
BOCIIPHHUMAIACh  TApagOKCaIbHOW, JHUIIEHHOH  (HU3HMYECKOTO
000CHOBaHUS, MPOTHUBOPCUAIICH 3ApaBOMY CMBICITY € SICPHOU
¢usuke. Beckux, oOuienpu3HaHHBIX 00OCHOBAaHUN HET J0 CHX MOP.
[Io nmnpexneMy rIiaBHasT MNOpUYMHA HENPUATHUA KpPOETCS B
MPOTUBOPEYHH C TPHHATHIMH TOJOXEHHSIMH SACPHOW (UUKHA |
TEPMOSEPHOTO CUHTE3A.

Bpemss mwurto. HakammBanuchk ¢akTel, NPSIMO H KOCBEHHO
YKa3bIBaIOIIHE Ha MPOAYKTUBHOCTH UJICH. Haubonee
yoenuTenbHBIME ~ (pakTaMH ~ TPAKTUKA ~ CTANd  TPOSBICHUS
CBEPXCIMHUYHOCTH B  SBICHUAX  TUAPOAMHAMHYECKOM U
AKyCTHYECKOW KaBHTAIllMH, TPAHCMYTallMs HOBBIX DIIEMEHTOB B
JKCIIEPUMEHTaX C HAaBOJOPOXEHHBIMU MOBEPXHOCTSIMH, CHHTE3 IMPH
HU3KUX TEMIEpaTypax B yCIOBUAX NEUTEPUPOBAHHBIX METAJIIOB.

['maBHas wenp W 3agadya aBTOpa IOKa3aTh, YTO BCE HOBBIC
SIBJICHUST  siepHOW  (pu3mkm, CBeAEHHBIE B HOBOE Hay4yHOE
HampaBlieHHe HU3KOIHEPreTUIeCKHe AAepHbIC PEaKINH, OObSICHUMBI
B paMKax W3BECTHBIX 3HAHUM SACpHOW © Temwio (QU3MKWY,
THJIPOJIMHAMUKH, (GU3UKK TBEpAOTO Tena u  Onodpusmku. Ux
MPOSIBTICHHE B YCJIOBUSAX M TPU MapaMeTpax IMPOTHBOPEUAIINX
TpeOOBaHUSAM  YCTOSIBIICHCS  siAepHOW  (PM3WKU  CBSI3aHBI  CO
cneruuKol (PU3UIECKUX YCIOBUU TMOPOXKIAIONIUX ITH SBICHHSL.
[Tokazano, uTo B OOJIBIION COBOKYITHOCTH TBEPIIO YCTAHOBJICHHBIX
AKCIIEPUMEHTATBHBIX (PAKTOB MO HOBEIM SIBJICHUSIM SICPHOH (hr3mKe
HET HMYETO 3araJlo4yHoro M cTpaHHoro. Bcé mogmaércs anamusy u
OOBSICHEHHIO B PAMKaX W3BECTHBIX 3HAHHA.

HoBm3na paboThl  3aKiIIO9aeTcsi BO  BCKPBITHH  OCOOBIX
(cienuduyeckux) ¢buzngecKkux yCIIOBUI TEeUEeHUs
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HU3KOIHEPTeTHYECKUX SIIepHbIX peakiuil. [lokazanel ¢uszndeckue
CBOMCTBAa cCpeapl, TPH KOTOPBHIX MPOSBISIIOTCS MEXaHU3MBI,
MPUBOJAIINE K HU3KOIHEPTETUYECKUM SIICPHBIM PEaKIUSIM IPH
napaMmeTrpax HepUEMIIEMBIX JIJIS YCTOSBIICHCS SIepHON QHU3UKY.

B uucne nambornee CymecTBEHHBIX NPOOJIEM, OT KOTOPBIX
3aBHCHT TIOHMMAaHHE TJIABHOW TPOOJIeMbl ¥ HOBU3HBI PabOTHI,
0003HAYEHBI U PACCMOTPEHBI CIICAYIONIHE:

B rmage — 2.

ITokazaHo OTCYTCTBHE MPOTHUBOPEUHS MEXIY TEPMOSICPHBIM
CUHTE30M M XOJIOJHBIM SICPHBIM CHHTE30M. [ TaBHBIM JJIs1 peakiuid
SNIEPHOTO  CUHTE3a  SBJIACTCA  HEOOXOAMMOCTH  MPEOJOJICHUS
KYJIOHOBCKOTO Oapbepa.

B rmaBe mpencrtaBieH aBTOPCKHEM  B3rJsg  Ha  (U3KKY
mo0apbepHOrO TyHHeNUpoBaHUs. [IpoHWKHOBeHHE dYepe3 Oapbep
YacTHIl C OJHEPrHued HWKE DHEPruu NOTEHIMAIBFHOro Oapbepa
CBS3BIBACTCSI aABTOPOM HE C TMPHUIWIOM  HAOIMpPEIeIEHHOCTH
IeiizenOepra kak mo ['amMoBy, a ¢ OCIUIISIMSIMU TOTEHIIMAIHEHOTO
Oapbepa.

B rmage — 3.

OCHOBY  XOJIOMHOH  TpaHCMyTallMiM  sIIEP B YCJIOBHUAX
HaBOJIOPO’KCHHBIX MOBEPXHOCTEH COCTABJISIOT 3JCKTPOHHBIN 3aXBaT
B aroMe BOJOpOJa, 3aKPENHBIIErOCs Ha TMOBEPXHOCTH. ATOM
BOJIOPOJIa €IMHCTBEHHBIN JIEMEHT, B KOTOPOM 3JICKTPOHHBIN 3aXBaT
MPUBOJUT K OOpa30BaHUIO CBOOOJHOTO XOJIOJHOTO HEHWTPOHA.
ITocnemytomuii 3axBat sSApaMu XOJOAHBIX HEHUTPOHOB MPUBOJAUT K
Oera pacmamy ¥ Kak CIEACTBHE K TpaHCMyTallud  sJep.
OtTankuBascb OT (U3UKKM W30OMEpPHBIX BO30YXKIEHUH suep,
OOBSICHEHO OTCYTCTBHE ramMma U3JIY4YCHHS B OKCICPUMEHTaX C
HAaBOJOPOXKEHHBIMH  TTOBEPXHOCTSIMH, TPEIJIOKEHBl MeXaHU3MBI
OOBSICHSIFOIIIHE TPOIECCH YCKOPEHUs OeTa pacraja, HaOltoJacMble B
MHOTOUHUCJICHHBIX ~ JKCIEpUMEHTaX. Ha oOCHOBe HEHUTPOHHBIX
MEXaHH3MOB XOJIOJHOW TPaHCMYTAllMU SiAep OOBSICHEH MEXaHH3M
00pa30BaHUA TSHKETBIX 3JIEMEHTOB B HEJ[Pax IJIaHET.

[lokazano  emuHcTtBO  ¢um3uku  3ddekra  Poccu m
OMOTpaHCMYTAIIHH.

B rimaBe - 3 mokazaH orpaHUYCHHBIN XapaKTep 3aKOHa 00paTHBIX
KBaIpaTOB W TMPE/UIOKCH BapUaHT B AaHATUTHYSCKON Qopme
00paTHOM SKCIIOHEHTHI. JTO IMO3BOJWIO OOBCIUHUTH CHIBHOE H
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TPaBUTAIMOHHOE B3aMMOJICHCTBUE, TMOKa3aTh (U3WKY CBSI3aHHOTO
COCTOSIHHS ITPOTOHA U DJIEKTPOHA B HEHTPOHE.

B rinase — 4.
PaccmoTpensl  u3MyueHUS HHU3KOSHEPreTUYECKUX  SNIEPHBIX
pEeaKIUid. TTokazansl ux XapaKkTepHbIE W3ITyUYEHUs,

COOTBETCTBYIOIIME pEaKLMsAM CHHTe3a U pacnaga. llpeanoxen
aBTOPCKHHU B3IJIS/I HA «CTPaHHBIC» M3ITydeHHs Y pYyLIKOEBa.

Xody 0c0060 00paTUTh BHIMAHHUE YATATEIIS, UYTO MPH U3I0KECHUU
BuneHus wmexanmsmMoB XTS u XSC MHOIW0O NOpUMEHSIOTCS
OOIICH3BECTHBIC TMOJIOKEHUS TEIUI0O - H  sAepHOW  (DU3HKH,
THAPOJMHAMMKH, (U3MKK TBEpAOro Teida u Ouojoruu. He
MPEJIOKEHO HU OJHOIO0 OOBEKTa, MEXaHW3Ma WA COCTOSHHUS,
KOTOpBbIC ObUTM Obl HOBBIMH JUISI YHTATENA. S| JUIL aKIEHTHUPYIO
BHMMaHHE Ha TOM, YTO YyPOBEHb pa3BUTHS CETOMHSIITHUX
TEXHOJIOTHH MPHUBET K HOPMUPOBAHUIO U MPOSBICHHUIO (DU3MUECKUX
YCIIOBUH, TpPU KOTOPBIX pe3ko Bo3pocia  3(PPeKTUBHOCTH
AJICKTPOHHOTO 3aXBaTa M BEPOSTHOCTH MPEOAOJICHHUS KYJIOHOBCKOTO
Oapbepa.
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I'naa 1. KPATKUI OB30P DTAIIOB CTAHOB/IEHUS
AJEPHOU ®W3UKH OT OTKPBITUSA PATMOAKTUBHOCTH 10
HU3KO2OHEPTETUYECKHUX AAEPHBIX PEAKIIUHU

B rimaBe mpuBeneHBl OCHOBHBIC ATambl CTAHOBIICHUS SIIEPHOMN
¢bm3ukn Ko BpeMeHu coodbmenns Dneimmvana u [Torca B 1989 roxy
00 OTKpBITUM XOJIOJHOTO SIIEPHOTO CHHTE3a. PaccMOTpeHBbI
AKCIIEPUMEHTBI, KOTOPBIC MPUBEIIN K 3aPOXKICHUIO UJCH U THIIOTE3 O
MIPUPOJIC XOJOAHOTO SACPHOTO CHHTE3a U XOJIOJAHON TpaHCMYyTallUH
sanep.

1.1. OcHOBHBIE 3TANBI M JOCTHKEHUS sIAePHON (PU3UKH KO
BpeMeHH cooOuennst Muaeiimmana u Ionca.

CucremMaTHyeckoe H3Y4YeHHE M pa3BUTHE SACpPHOW (U3HKH
HayaJioch B KOHIlE 19-r0 Beka €O CIy9alHOTO OTKPBITHSA A.
bekxkepenem B 1896 romy paamoakTUBHOCTH. BBITH BBISIBICHBI JBa
MPUHIUITUAIBHO PA3JIMYHBIX BHJA W3IYYCHHW - BEIICCTBCHHEIC
YacTHLbI W DJIEKTPOMAarHuTHele Kopmyckynael. B 1859 rony
[TmroxkepoM OBUTH OTKPHITH KatomHble aydn. B 1895 roxy Ileppen
9KCIEPUMEHTAIBHO JO0Ka3aJ, YTO KaTOAHBIE JIy4d - 3TO TOTOK
OTPULIATEIBHO 3aPSHKCHHBIX YACTHUL, KOTOPbIE MOTYT OTKJIOHSATHCA
MarHUTHBIM TOJIeM. 3aTeM HcCcIeIoBaTeNs MU Oblila U3MepeHa Macca
3JeKTpoHa, 3apsan. Jlyn ne bpoilnb Npeanosoxui, 4To 3JEKTPOH
MMeEET BOJIHOBBIC cBoiicTBa. B koHIe 1895r0na PeHTren, 3aHnMasce
W3yYCHHEM KaTOTHBIX JIy4yei, 0OHApy>KWJI HEU3BECTHOE HM3Iy4YCHUE,
HA3BaHHOE BIIOCJIEJICTBUH PEHTT€HOBCKUM H3ITyYEHHEM.

B 1901 romy M. Ilnank BBEN MOHATHE «KBaHT CBETa», B
MOCNENCTBUM Ha3BaHHOM mocTosHHOM Ilmanka u  cTaBlIei
BOXHEHIIINM TTapaMeTPOM MHUKPOMHPA.

Ha py0Gexe BekoB OBLIM OTKPBHITHI JBa THIIA PacHaaoB - o U 3
pacnazpl, 4acTo CONPOBOXKAaBIIMECs Y - u3myueHuem. B 1911 roxy
I'. Teiirep u Jlx. H3TTON yCTaHOBWIM 3aBUCHUMOCTH MEXKIY
BpEMEHEM KHU3HH U dHepruel ainbda-pacmajia palioakTUBHBIX sIep.

B 1911 romy Pesepdopn, ucmoms3ys 3akoH Kyrnona s
WHTEPIIPETallMd  OMBITOB 10 PACCeSIHWIO ajb(a 4YacTHI[ Ha
METAITNYECKUX (PoIbprax, OLEeHUI pa3Mep U 3apsl sapa.
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B 1912 r. mpom3omuio OTKPBITHEC HW30TOMNOB - OOHApYKEHO
CyIlleCTBOBaHMUE aTOMOB HeoHa ¢ Maccoi 20 u 22 (JIx. JIx. Tomcon).

[IpsmMoe sKCrepUMEHTaNbHOE J0Ka3aTeNLCTBO (OTOHA OBLIO
naHo Mwumiekenom B 1915 romy B ero  uCCieIOBaHUAX
dotosddekra. DISKTPOMATHUTHOE H3IIyueHUE (CBET) SBIISIETCS
MOTOKOM  OTJENBHBIX  (OTOHOB, HYTO  XOpPOIIO  OOBICHSIET
3akoHOMepHOCTH (hoTodddekra.

[lepBas HCKYCCTBEHHAs TpaHCMYTaNus 3JIEMEHTOB
ocymectBieHa B 1918r.  bomOapmmpys  atoMbl  a30Ta,
HaxXOJMBIIIErOCS B Bo3ayxe, anmbha - yactunamu, J. Pesepdopa
BIICPBBIC OCYIIECTBIWJI HCKYCCTBEHHOE TIPEBpAIllEHUE JIIEMEHTOB:
SIIPO a30Ta MPEBPATHIIOCH TIOJT BO3ICHCTBHEM anbga-dacTull (saep
aToMa TeJus) B PO KUCIOPO/Ia C BBIACICHUEM sIpa BOIOPO/IA.

OtkpeiTHE TIpOTOHA OBLIO cienaHo Pesepdopmom B 1919 rony,
XOTSl MIOH BOJIOPO/Ia K ’TOMY BPEMEHH JaBHO U3BECTEH.

B 30-¢ - 50-¢ romger 20-ro Beka HOBBIC YACTHIIBI OTKPHIBAIHCH
TJIaBHBIM 00pa3oM B KocMHYecKHX Jiydax. B 1932 r. B ux coctase A.
AHnepcoHOM OblTa OOHApy)XeHa IepBas aHTHYACTHIIA - TTO3UTPOH
(e+) - yacTMIla C Maccoll DJIEKTPOHA, HO C TIOJIOKHUTEIbHBIM
aNekTpudeckuM  3apsgoM. CylecTBOBaHHME TIO3UTPOHA  OBLIO
MOATBEPKIACHO HaOmoneHusiMu bidkkera u1 OKKHanMHA B KaMepe
Bunbcona. 3arem cynpyru JKommo-Kroopy OTKpBIIH, 9TO TTO3UTPOHEI
o0pa3yroTcs MpH KOHBEPCHHM ramMma JIydeH, a TakKe HCITyCKaloTCs
WCKYCCTBCHHBIMH PaJMOAaKTUBHBIMH HW30TOMaMH. Tak Kak (OTOH
raMMa U3JIydeHus, Oyaydn HEUTpalbHBIM, 00pa3yeT mapy: Mo3UTPOH
U DJIEKTPOH, TO W3 MPUHIIMIA COXPAHEHHS DIIEKTPHUECKOro 3apsia
CJIEyeT, YTO MO a0COJIOTHON BEIMYHMHE 3apsj MO3UTPOHA DPAaBEH
3apsiay SIEKTPOHA.

B 1932 romy YenBukoMm ObLI OTKPHIT HeHTpoH. B 1951 1. Jxk.
PoGconom Obm1  W3MEpeH TmepHoj  TONypaclaia HEWTpoHa.
JlocraToyHO  TOYHOE  ONpeNeleHWe Tepuojia  IMoypacraia
cBobomuoro Hewtpona (11,7 mmH) mpoemeno B 1959 1. ILE.
CrinBakom.

OTKpBITHE HEUTPUHO - YACTHUIIBI, IOYTH HE B3aUMOACHCTBYIOIICH
C BEIIECTBOM, HAYaIoCh ¢ TeopeTnaeckoi moramku B. Iaymm (1930
roj), MO3BOJIMBIIIECH 3a CUET MPEAINOJIONKEHUS O TOSBICHUU TaKOU
YaCTHIl YCTPaHUTh TPYIHOCTH MPHUMEHEHUS 3aKOHA COXPaHCHUS
SHEPruM K TMpoleccaM OeTa pacmana paJuOaKTHBHBIX —sEp.
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OKCIIEPUMEHTAJIBHO CYILIECTBOBAHUE HEHTPHHO OBLIO MOATBEPKAECHO
qums B 1953 . (®. Paitnec u K. Koyan, CIIIA). B 1933 r. cozmana
Teopust OeTa pacmaga ¢ yu€ToM HEWTPHUHO; BBEJCHO MOHSITHE HOBOTO
Tuna B3aumopelcTBua - ciaboro (3. Pepmu). Teopus Depmu
OCHOBaHa Ha MPOTOHHO-HEUTPOHHOW MOJENM sipa U ONMUPAETCs Ha
MOHSATHE HEUTPUHO U 3aKOHBI COXPAHEHNUS CIIMHA U SHEPTHH.

B 1934 r. cynpyru Xommo-Kropu OTKpbUIM HCKYCCTBEHHYIO
pannoakTuBHOCTh. OHU MOJIyuymwsIM NyTEM SOCPHBIX IPEBPALICHUIN
HECTaOMJIbHbIE M30TOIbI JETKUX 3JIEMEHTOB, KOTOpBIE 00Jjajaiu, B
3aBUCHUMOCTH OT OTHOCHTEIBHOTO MacCOBOT'O YHMCIIA, CIOCOOHOCTHIO
K Oeta m3my4yeHHto. M30TOMBI ¢ OTHOCHTENEHO OONBIIMM MacCOBBIM
YUCIOM, W3JIy4yaad »>JEKTPOHbI, TaK 4YTO MX AaTOMHBIM 3apsa
YBETUUMBAJICSA HAa EOWHUILY, U OHU HCIBITHIBAJIM CIABHI BIPABO Ha
OJIHO MECTO N0 Mepuoandeckor cucreme. Ecnu jxe MaccoBoe 4Hcio
OKa3bIBAJIOCh OTHOCUTEIBHO MaJIbIM, TO M30TOIBl IIEpEMELIATINCh Ha
OJHO MECTO BJIEBO, M3Jly4yas MO3UTPOHBI U YMEHbIIAss TE€M CaMbIM
CBOH SIGPHBIM 3apsii Ha equHuLIy. B pesynpTare 3THUX sSACPHBIX
peakiuii 00pa3yroTcs paJuMOaKTUBHBIE M30TOIBI M3BECTHBIX JIETKUX
3NIEMEHTOB, HANpuUMep, KHUCIOpoXa, yriaepoma, asora, ¢Topa, u
IOpyTHUX.

B 1934 r. oTkpblTa BHYTpEHHssl KOHBEpPCHS ramma Jyded ¢
00pazoBaHUEM DJICKTPOHHO-TTIO3UTPOHHBIX Mmap (A.M. AnuxaHoB u
Aap.).

B 1935 roay KypuatoBeim U.B. ¢ coTpyaHukamu ObIJI0 OTKPBITO
COCTOSIHHE M30MEPHOTO BO30YXKIECHHUA sizpa, a B 1936 1. o0bsIcHEHA
npuyrHa gaaepHoi nzomepuu (I'. Ban-Bypruc).

B 1937 rony AnbBapecoM ObUT OTKpPBIT 3JEKTPOHHBIN 3aXBaT ¢
K-06010ukn. B 1938 rogy OTKpHITO KOHBEPCHOHHOE W3JIy4eHHE
smepHbIX  m3oMepoB  (PycunoB, IloHTekopBO), 0OHApYKEHO
WCIIyCKaHHWE DJIEKTPOHOB BHYTPEHHEH KOHBEPCHM BEILECTBaMH,
3axBaTbIBaoIMMy HeWTpoHs! (I'opman, Bauep). [7].

B 1949 r. ycraHOBIE€HAa 3aBHCHMOCTH CKOPOCTH JJICKTPOHHOTO
3axBara OT XUMHUIECKOTO cocTostHuA (J. Cerpe).

B 1955 roay ObU1 OTKPHIT aHTUIPOTOH.

B 1956 1. ®. Paitmec mw K. Kosa 3aperucrpupoBaiu
anTuHeHTprHO. B 1962 T. OBIIO YCTAaHOBIICHO, YTO CYIIECTBYIOT JBa
Pa3HBIX HEUTPHHO: 3JIEKTPOHHOE U MIOOHHOE.
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Takum o6pa3om ko BpemeHu coodmienns drefimmana u [lorca B
1989 Tomy 00 OTKPHITHM  XOJOTHOTO SIAEPHOTO CHHTE3a ObLIa
3aKOHYCHA TEOpHsS aroMa M aTOMHOTO sipa B OOIIENPHU3HAHHOM
CeTO/IHA TIOHMMaHWHM. B OCHOBaHWE 3TOW TEOPHUH TIOJOKEHBI
MHOTOYHCIICHHBIE DKCIIEPUMEHTHI M JIECSITHIICTHS TPAKTUKH. BbLTH
BBISIBIICHBI TP OCHOBHBIX THIIA SIEPHBIX TMPEBPAlCHUH, SIEPHBIX
peaknuii. DTO CHHTE3, CIUsSHUE JETKUX snep. JleneHue THKEmbIX
TPaHCYPaHOBBIX DJIEMEHTOB. U peakuuu sIepHOrO  pacrajia,
CBOWCTBCHHBIC  IPAKTUYECKH  BCEM  DJIEMEHTAM  TaOJHIIbI
MenpeneeBa. Beimu BBISBICHBI BCEe THUIBI M3ITyYEHUH, XapaKTEPHBIX
JUISS 3THX SACPHBIX peaknui. M3yd4eHbl WX XapaKTePUCTHKH,
paspaboTaHbI IPUOOPHI X peructparuu. [7, 134, 141].

BreimuiieM u3BecTHBIC TONIOKEHUS U (aKThl TEOPUU aToMa U
aTOMHOTO $7Ipa, TEIUIOGU3NKH, THAPOJUHAMHUKH, TEOPUH TBEPIOTO
Tena U OnousMKH, Ha KOTOphIe MBI OyJeM OIUPAThCS HUXKE TPH
M3JIOKEHUN (U3MKH HU3KOAHEPTETHUYSCKUX SACPHBIX  PEaKITHid
(H34P). Ilom HOSP MBI mOHMMaeM COBOKYIHOCTH COBEPIICHHO
Pa3TMYIHBIX SIBJIICHUU SITEPHOU (U3UKHU — XOJIOTHBIN SACPHBIN CHHTE3
(X51C) n xonoanyro TpancMyTtanuto aaep (XT).

a). Kananwt aoepnwix peaxyuii.

CyImecTBylOT  TOJBKO IBa  KaHaJa  TNPOHUKHOBEHUS
BEIECTBEHHOH UYacTWIIBI B 30HY CHJIBHOTO B3aUMOJICHCTBHS,
BeIylIUe K sACpHBIM TpeBpaimeHusM. [lepBbiii, 3TO mpeooneHue
KYJIOHOBCKOTO Oaphepa Ui 3apsOHKEHHBIX YacTHI] M BTOPOU, IS
HEUTpaJIbHOTO HEUTpOHA BXOJl B AJIpO Bcerjia OTKphIT. Eciu peub
UAET O XOJOAHON TPaHCMYTallMW sIep, TpPU KOTOPOH SHEPrUu
B3aMIMOJICHCTBUSL HEIOCTATOYHBI JUIS TPEOJIOJICHUS KYJIOHOBCKOTO
Oapbepa, TO OCTaETCsI TOHKO HEUTPOHHBINA KaHAJ.

0). Peakyuu sadepHozo cunmesa.

SAnepHas ¢usuka IS OCYIICCTBICHUS PEaKIUU CHHTE3a JIETKUX
siep TpeOyeT BBIMOTHEHMS ABYX YCIOBHH: HAMW4YHE y JETKOTO s1Ipa
SHEPru¥ JOCTATOYHOW IJIsl MPEOAOJIeHHUS KYJIOHOBCKOTO Oaphrepa u
IJIOTHOCTH obecrieunBaronen BEPOSATHOCTh TOTIa TAHUS
BBICOKODHEPreTUYHOTO JIETKOTO sJpa B CEYCHHE CHJI SAEPHOTO

N o -15
B3aUMOJICHCTBHS, paguycC AEHCTBUS KOTOPBIX uMeeT mopsmaok 10
MeTpa.
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B). Tynnenvuutit 3¢hghexm.

TyHHenbHBIA 3(GEKT ABISIETCS TUIMHIHO KBAHTOBBIM SIBICHHEM
U OOBsICHAETCS B paMKax COOTHOIICHUS HEONpeAeTIEHHOCTH
I'efizenbepra. 3aBHCHMOCTh BOJTHOBOH (DYHKLIMHU OT KOOPAMHAT MPH
IIPOXOKAECHUH MOTEHIUAIBHOTO Gapbepa CTaHOBUTCS
alepuoAMYecKoll M TOABIAETCS ~ KOHEYHas  BEpOSATHOCTb
MPEOIOJICHNS] YaCTHILIEH MOTEHIMAIBHOTO Oaphepa, MPEBBIIIAIOIIETO
KHHETHYECKYIO DHEPTUI0 HajeTaromei gacturpl. [141]. UMenHO 3TO
110 MHEHHUIO (PU3UKOB SJEPIIUKOB U [I03BOJIIET PEAKLUsIM CUHTE3a Ha

6
Connue nporekars npu temmeparypax B 1507 °K mpu BeicoTe
KYJIOHOBCKOIO 0apbepa, TPeOYyIOIIEro DSHEPIUM OKBHBAIECHTHOM

temmeparype B 10° °K. [142].
r). Heitmpounuwtit 3axeam u adepHulit pacnao.

Jlyis BXOKJIEHUE B PO HEUTPOHY HEOOXOAMMO JIHIIb MONAacTh B
CedeHHe B3aUMOJEUCTBHS C siapoM. Peakunu, CBA3aHHBIE C 3aXBATOM
HEHUTPOHOB, BO3MOXKHBI Ha BCEX SJpaxX »JJIIEMEHTOB TaQJIHIIGI
MenpeneeBa, HauMHas C BOJOPOJAA U JIO CaMBIX TSOKENBIX. [Ipu sTOM
3axBaT HEHTPOHA BBI3BIBAET pPOXKIEHHE HOBBIX H30TOMOB. Ilpm
HACBHIIEHWH  SiAjpa  HEWTpPOHAMH, HACTyHmaeT  HecTaOMIIbHOE
COCTOSIHHE, CONpOBOXAaromeecs Oera-pacnagoM. bera-pacman
BBI3BIBACT TPAHCMYTAIIUIO AJIEMEHTA (IIePEeX0J €ro Ha CIEAYOUIUi
HOMep B Tabnuie MenpaeneeBa). DTOT MPOIECC COMPOBOMKIACTCS
BBICTICHHMEM Terula. Ha HEKOTOphIX THKENBIX sSapax —3axBaT
HEHUTpPOHA BBI3BIBACT IICTIHYIO PEAKIUIO JEJICHUS, YTO CBSI3aHO C
M30BITOYHBIM BBIZICTICHIEM HEUTPOHOB B pE3yNbTATE IEICHUA SApa.
n). Ceuenue 3axeama a0epHoll peakyuu.

CeueHue 3axBaTa, WIHM MHUKPOCKOIMUYECKOE CEYCHHUE OTO
BEIMUMHA  XapaKTepU3ymollas  BEPOSTHOCTh  B3aUMOJECHCTBHA
3JIEMEHTapHOHN YacCTHUIBI C SAPOM HIIM B3aMMOJIEHCTBHE IBYX sEp.
OO0pa3Ho cedeHue MPECTABISET TUIOMIAIKY BOKPYT SApa, Mormajaas B
KOTOPYIO HaJIeTaroIlasi YacTUIla BCTYMAeT BO B3auMmojehcTBHe. [[is
SIEPHOTO CHHTE3a CEUEHHWE pEeaKIUd Majl0 W COIMOCTaBUMO C
pasMepamu sgapa. CedueHHWe B3aMMOJACWCTBUS HEHTPOHA C SIPOM
3aBUCHUT OT CKOPOCTH HEHTpOHA 10 3aKoHy 1/v. UeM HIKE CKOPOCTH,
TeM BEPOSITHEE 3axXxBaT HEUTpoHa sfapoM. MakpocedueHue peaxivu
3aBHCHT OT CBOWCTB CpE€Ibl, B TEPBYIO OYEpenb OT IUIOTHOCTH
YacTHUIl B eauHUIle 00bhEMa. BeposSTHOCTH MakKpOCEUCHHUS paBHA
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CyMMe BEpOSITHOCTEH MHKpocedeHuH. OHa IMOBBINMIACTCS C POCTOM
IUIOTHOCTH YaCTHI], JOCTWTas TP ONPEeAETEHHON IUIOTHOCTH
CIMHUIIBI.

e). Jnekmpouuslit 3axeam.

B snepHolt ¢dumsnke oOHapy>KeH M H3Y4YCH KaHall 0Opa30BaHUS
HEHTPOHOB B pe3yJbTaTe 3axBaTa 3JIEKTPOHA C OPOUTHI OJHUM WX
MIPOTOHOB sipa. AnbBapec B 1937 rony skcrepMMEHTaIBHO OTKPBLI
3JIEKTPOHHBIN 3aXBaT B MHOT'O 3JIEKTPOHHOM aTome, Ha3BaHHbIN K -
3aXBaTOM, TaK KaK 3aXBaT JIEKTPOHA MTPOUCXOAMI M3 CAMOM OIHM3KOM
K SJIPY 3JEKTPOHHOU 00OJIOUKH.

K). H3omepHoe 6030yicoenue amomnozo aopa.

YCTaHOBJICHO CHIIBHOE W HM30MepHOE (ciaboe) BO30OyKIeHHE
aToMHOTO sinpa. [Ipu cUIbHOM BO30YKICHUM W3IyYalOTCS TaMMa
KBaHTHl 4Yepe3 HECKOJIbKO MHKOCCKYHJ. M3mydeHue HW30MEepHO
BO3OYXACHHBIX  AAep TMPOUCXOAWT C  3ama3iblBAaHUEM  OT
MWUTMCEKYHI 10 MHOrux JeT. [Ipm 3ToM ramma u3IydeHHS
MPaKTUYECKU He HaOmoaerces. [6, 7].

3). Makceennoeckoe pacnpeoenenue no cKOpocCmam.

B cucreme cBoOOAHBIX dacThil (Ta3, IUIa3Ma) pearn3yeTcs
MakcCBeUIOBCKOE — PACIIPENEICHHE YacTHIl TI0 CKOpPOCTSAM H
sHeprusiM. OcoOEHHOCTBIO 3TOTO PACIPEICICHUS SBISCTCS HATHYUC
YJaCTHI] BRICOKOW YHEPTUH TIpH JI000# TeMIiepaTtype.

n). Kasumayusa (2udpoounamuueckas u aKkycmuueckas).

B skunmkux cpemax npu THAPOJWHAMHUYECKOM U aKyCTHYCCKOM
BO3/IeiicTBIM HaOIIOAaeTCs SBIEHNE KaBUTAllMU. B cpeze *KUIKOCTH
BO3HMKAIOT TIy3bIpbkH mapa. llpm aamabaTHOM CXJIOTIBIBAaHHUH
My3BIPHKOB TIapa B MPOIECCE KAaBUTAIIMHM €r0 TEeMIIEpaTypa pPe3Ko
noBsimaercs 10 1000 °C u Gounee.

K). Daykmyayuu 31eKmpoHo8 RPOEOOUMOCHI 8 MEMAJLIaXx.

[MoxcucTema CBOOOMHBIX SIEKTPOHOB B METAIC WHTCHCHBHO
¢aykryupyer.  CTyCTKHM  BJIEKTPOHOB  0O0pa3ylOT  JKpaHbI
OTPHUIATEIBHBIX TOTEHIMaNoB. Kak TmOKa3piBaeT OSKCIEPUMEHT
BEJIMYMHA WX COCTABIISICT THICSYH DJICKTPOH - BOIBT. [29, 131]. Ilox
BIUSHUEM TaKOrO J3KpaHa KYJIOHOBCKHH Oapeep JCWTOHa B
TEeHTEPUPOBAHHBIX METAIaX CHIDKaeTcs Ha 40 OPSIKOB.

). Ihhexm nasooopasricusaemocmu noBepxXHoCcmu.

[Tpu HaBOJIOPaKUBAHUN TBEPIBIX Ten oOHapyXeH

MOBepXHOCTHBIN 3dekt. OH 3akimouaeTcss B TOM, YTO B TOHKOM
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ClIoe MeTalla y IIOBEPXHOCTH 00pa3lia BO3HUKAET AHOMAJIBHO
BBICOKasl KOHIIEHTpalUsl BOAOPOJA, MPEBBILAIOINAS BHYTPEHHIONO
KOHIICHTPAIMIO B COTHU pa3. [95].
M). Cmpykmypa 6uonozuueckux memopan.

buonornueckue MeMOpaHbl KJIETOK OKMBBIX  OpPIaHU3MOB
HIPENCTABIISIIOT coboit €CTECTBEHHBIE HaBOJOPO’KEHHbIE
MOBEPXHOCTH OMOXUMHUYECKON PUPOIBL. [1].

1.2. 3apoxknenue uaeil X0JI01HOI0 AIEPHOI0 CHHTE3a H X0J101HO
TPAHCMYTALNH siiep. DKCIEPHUMEHTHI H THIIOTe3bl.

OcHOBHBIE yCHIIHS HCCIenoBaTeNel, 10 BpeMEeHN HEOKUIAHHOTO
nposiiieHust 3¢pdexkror HOSAP, Obutm HampaBieHbl Ha SAEPHBIHA
CHUHTE3 U SJOEpHOE JeJCHHE. OTH PEeaKIUH COMPOBOXKIAINUCH
BBIETICHNEM HEBHAAHHBIX 1O CHX TOp DJHEPIHid, YTO CYIHIO
JHepreTHyecKoe m3oomme. Peakium pacmana, sHEpreTudecku Oosee
cia0ble, TOXKE TMOJYYWIA IIUPOKOE PA3BHTHE TJIABHBIM O0pa3oM B
TEXHOJIOTHSIX AUarHOCTUKH. Bce anepHble peakiiui COnpoBOKIATNUCH
BPEIHBIMH, B TOM YHCJIE€ HHTEHCUBHBIMH H3Ny4eHUAMH. TexHOI0THH
SIIEPHON OTpacTH OBUIM HA TPAHU BO3MOXKHOCTEH, TaK KaK 3a4acTyro
COTMPOBOXKIAINCH UYPE3BBIYAHO BBICOKHMH TEMIIEpaTypaMud U
JIaBIICHUSIMU. IlpenwvaBunmu KECTKUE TpeOoBaHMS K
MaTepUaIOBEJCHUI0. Tpe0oBali 3aTPaTHBIX COOPYXKCHHH IS
3alUThl OT W3MydYeHuid. Be€ 310 u chopmupoBaio ocodboe MHEHHUE U
OTHOIIIEHHUE K siAepHON (U3MKe U sSAepHBIM TexHoJorusaM. [loatomy
coobmenne Dneimmvana u Ilonca B 1989 romy o0 OTKPHITHH HMH
XOJIOJTHOTO SIICPHOTO CHHTE3a, CYJIUBIIETO W300WMIUEC SHEPTHH IMPH
HU3KHX TEXHOJOTMYECKUX TapaMeTpax, aa emé u 0e3 BpeIHOTro
W3JTy4eHUs, ObIJIO BOCTIPHHATO NMPO(GECCHOHATBHBIMU SIICPIIUKAMHE C
HEJOYMEHHEM, CMCHHUBIIMMCS  BpaxkneOHocThio. Ho  mocie
omyonmukoBanus, unen Oneitimvana u IloHca 0o0penu KpwUIbs H
JKWIM CaMOCTOSITEIbHOW JKH3HBIO, NPHUBJEKAas HccieaoBareneid. A
YPOBEHb  pa3BUTUSI  TEXHOJOTHM,  SKCIEPUMEHTAIbHOW U
M3MEPUTEITLHOW TEXHHUKHU JOCTUTIN TaKOTrO0 Pa3BUTHS, YTO HOBEIC,
paHee HEW3BECTHBIC SBICHUS sJepHOH (U3MKKM  OYKBaJbHO
MIPOTJISAABIBAIIA CO BCEX CTOpPOH. B Tom ke 1989 romy moOSBHIHCH
cooOmeHns 00 srcnepuMeHTax [ImaHTemmu. 3aTeM 3KCIEPUMEHTHI,
Kopuunopoit A.A., Bauwaesa A.B., ®omunckoro JI. II.,
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CapBatumoBoit W.b., baxyroBa HO.H., ®oxkapmm u A.Poccu,
[TapxomoBa A.I'., GONBINONH TPYIIIEI SAIMOHCKUX HCCIEAOBATENCH,
Knumosa AWM., Taneiapxana P., Ypnuna K., u mHOrMX Apyrux. A
BeJb ObUIH U OOJiee paHHUE UcClenoBaHus, Hanpumep Kepspana. [la
n Ymepenko C.M. Haganm cBom uccienoBanusa emé B 1974 romy.
XO0Ts OH ¥ OTHOCHII siJiepHBbIe d(PPEKTH B CBOMX DKCIEPUMEHTaX K
TepMosiiepHoMy cuHTe3y. [99]. OTMaxHyTbCS OT SBHO HOBBIX
SIBIICHUN sIIepHON (HU3MKK CTajlo yKe HEBO3MOXHBIM. Ho TyT
MPOSIBUJIACH ApyTasl KpaiHOCTh. Teneph y)Ke yCTOsBIIasicCs saepHas
(¢u3MKa WCCIemoBaTeNs MU XOJIOJHOTO SIICPHOTO CHHTE3a HE
BOCIPUHUMAJIaCh KaK OCHOBa IS OOBSICHEHUS HOBBIX SIICPHBIX
sBreHuil. [lng  OOBSCHEHHS OTPOMHOTO 3JKCIIEPHMEHTAIBHOTO
MaTepuanga M0 HU3KODHEPreTUYECKUM SIICPHBIM PEaKIHsiIM ObLIO
BBIBUHYTO CTOJIb K€ OTPOMHOE KOJIMYECTBO JK30THUYECKUX (IO
NpU3HAHUIO CaMHUX AaBTOPOB) WUAEH W TUIOTE3, KOTOpPHIE
MPOTHBOPEYMIIH YCTOSBIICHCS SIIEPHON (DUIUKE U APYT JPYTY.

3a npomeamiee BpeMs 0buT0 omyomukoBano 6onee 3000 crareii n
MpenyoXKeHo Oollee COTHM  TEOPETHYECKHUX  MOJAeled Uit
WHTEPIIPEeTalliid TOJMYYEHHBIX pe3ylbTaTOB. B MHOTOYMCIEHHBIX
CTaThsSIX OIHWCAHBl JKCICPUMEHTHI, B KOTOPBIX HAOIIIOATHChH
W3MEHCHUS JJIEMEHTHOTO COCTaBa BEIIECTBA IMPH TaKHUX CIIA0BIX
BHEITHUX BO3JCHUCTBUSAX HAa JEUTEpHPOBAHHBIE MAaTEpPHAIIbI, YTO C
TOYKH 3PCHHUSI COBPEMEHHOHN TEOPETUYCCKON (DU3UKH HE MOXKET OBITh
u peun 00 OOBSICHCHWW HAONIONABIIUXCS SBJICHUN SICPHBIMHU
peakIsIMHU B KOHACHCHUPOBAaHHBIX cpemax. [101].

[TomapIf 0030p CTONBE OTPOMHOrO 1O O0O0BEMY Marepuaia
BBIXOJIMT 3a PaMKH 3a/1a4 JJaHHOW pa0oTel. Hamma 3amaua mokaszats,
YTO YPOBEHb PA3BUTHUS TEXHOJOTHH U IKCIICPUMEHTAIBHON TEXHUKH
npuBéN K CIlydallHOMY MPOSIBICHUIO SJepHBIX J3PQEKTOB B
YCIIOBUSIX, KOTOPBIE TPYIHO NPEIACKA3yeMbl TCOPETHUYSCKU U IS
YCTOSIBIICHCS siepHON (u3nKu ObLIH HerpuemiieMbl. OCTaHOBUMCS
TOJIBKO Ha HamOoJiee 3HAYMMBIX TI0 MHEHHIO aBTOpa JaHHOI pabOoThHI
OKCIIEPUMEHTAX, KOTOpbIE BAXKHBI IS TOHUMAaHUS (DU3MIECKHX
ycaoBuit nopoxaatouux HISP.

1.2.1. O630p 3KCHIEPUMEHTOB.
B3priB nHTEpeca Kk 06cyxkmaeMoil pobdiaeMe BO3HHUK IMOCIE TOro,
kak M. ®neiimvan u C. Ilonc Ha mpecc-koH(pepeHu 23 mapra
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1989 roma cooOmmm 00 OOHAPY)KCHHMM HMH HOBOTO SIBIICHUS B
HayKe, M3BECTHOI'O ceivac Kak XOJIOAHBIM SIAEpPHBIM CUHTE3 (WM
CUHTE3 TIpU KOMHATHOW Temmeparype). OHH 3JICKTPOIMTHICCKUM
ITyTEeM HaCBHIIIATHN MaJUTaUid JeHTepUEeM - POBOIMIN 3JCKTPOJIH3 B
TSHKENON BOJE C MajulaueBbiM KatomoMm. [Ipm 3Tom Habmomanoch
BBIIETICHHE HM30BITOYHOTO TEIUIa, POXKACHHWE HEHTPOHOB, a TaKXKe
oOpasoBanue TpuTHsi. B TOM ke romy ObuiO cooOmieHue 00
AHAJIOTUYHBIX pe3yJbTaTax, MoxydeHHeIx B pabdore C. J[xoHnca, E.
[Tammepa, k. Huppa u ap. [101].

M. ®neiimmvan 1 C. IloHC He cOOOIIAIOT, YTO HABEIO HUX Ha
UJCI0 JKCIICpUMEHTa. B ymTeparype BBICKa3bIBACTCSI MHEHHE, UYTO
OHHM BOCTIPOM3BENN pe3ynbTarhl cepun pador M.C. OUIuMOHEHKO,
noctyn kK kotopbiM umen C. IToxc.

N.C. DunuMoHEHKO CO3[all TUAPOIU3HYI) SHEPTEeTHYECKYIO
YCTaHOBKY, paboTas B paMKax TOCYZapCTBEHHON IPOTpPaMMBbI
nccnenoBanmii, mnpoBoguBmmxcs B 50-x romax B CCCP. Ilpm
MPOBEJICHUH  JKCICPUMEHTOB  CIlydallHO ObUIH  OOHapyKEHBI
3pQPEeKThl  CBOWCTBEHHBIC  pEaKIUsIM CHHTE3a B  YCIOBHUSX
HEenprueMIeMo HU3KHIX TeMIIepaTyp o YCTOSIBLIITUMCSI
MPEICTaBICHUSIM.

[lepBoHaYanbHBIA WHTEPEC HAYYHOM  OOIIECTBEHHOCTH K
skcriepumenty M. Oneitimvana m C. IloHca OBICTpO CMEHHIICS
OTPUIIAHHEM BBHUJIy €r0 HEBOCIPOM3BOJUMOCTH B  JIPYTHX
ab0paTopusx. ABTOpPHI TIOABEPTIIMCh KECTKOW OOCTPYKIMU U
00JIBIIIe He BO3BpAIIAINCh K TEME XOJIOJHOTO SJIEPHOTO CHHTE3A.

B 1974 rtomy OemopycckuMm yueHBIM CepreeM YIIepeHKO
OKCIIEPUMEHTAIEHO  YCTAHOBJICHO,  4YTO  YaCTHUIIbI-yJApPHUKH
pazmepamu 10-100 MHUKpOH, pa3orHaHHBIE 10 CKOPOCTH Topsaka 1
KM/C, TIPOIIMBAJIA HACKBO3h CTAJIHHYIO MHIICHb TOMMHHONW 200MM,
OCTaBJIsisl TPOIUIABICHHBIN KaHal. Jlaxke mo TpyObIM MojacyeTam
HeoOXOoauMasi JHEpPrus Ui IUIaBJICHUS KaHalla B THICSYH pa3
MPEBOCXOAUT KHUHETHYECKYIO HHEPIHI0 YaCTUIBI-yIapHHUKA. OJTO
HEBO3MOXKHO OO0ECIICYNTh 3a CUET XUMHYECKHUX peakiuii. Takoe
BBICOKOE  DHEPTOBBIJCIICHUE  CBOHCTBEHHO  TOJNBKO  (DU3HKE
3JIEMEHTAPHBIX YaCTHUI] H AaTOMHOTO SI/Ipa.

Oxcnepumentsl U.b. CasBarumoBoii 1 A.b. Kapabyra B HIIO
«Jlyu» ¢ TieromuM pa3psmoM ObBUITH HadaThl COBMECTHO C
Kyueposeim .P., smurpuposaBummm 3atem B CIIA, cpa3y mocie
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cooOmenust @neitimmana u  Ilonca. bBeuio  3aduxcupoBaHO
BBIJIETICHHE TEIUIa M KOPPEJAIHS BBIXOJa HEUTPOHOB. bplia Tak xe
oOHapyXeHa TpaHCMyTalusi XUMHUYECKHX 3JIeMeHTOB. Hekotopsie
pe3yabpTaThl ObUIM MOATBEP)KIACHBI B HE3aBUCHUMBIX SKCIEPUMEHTAX.
OHM JeTKO BOCIPOM3BOAWMMEI, W OJHO3HAYHO CBHIETEIHCTBYIOT B
o3y cymectBoBadus nporeccoB Tama LENR u XAC. [31, 32].

Cpazy nocie 3HaKkoMcTBa ¢ padotoit ®ineiiimana u I[lonca 1989
rony rpymma uccnegoareneir CO HUKUIDT ¢ yaactuem LlBeTkoBa
C.A. Hayama TPOBOOUTH DOKCIIEPHUMEHTHI C JEeHTEepHUPOBAHHBIM
TUTaHOM. B JKcnepuMeHTax  MAEGHTHU(OUIUPOBAHBI  PEAKLUHU
HU3KOTEMIIEpaTypHOro CUHTE3a JeiTepus B TuTaue. [130].

VY IluanTtennu, Kak ¥ BO BCEX CIIyYasx MEPBUYHOTO OOHAPYKEHUS
XOJIOZHOTO SIAGPHOTO CHHTE3a, TOMYKOM K BBISIBICHHIO HOBOTO
¢duzngeckoro apQexra MoCIyKuiIa CIy4aiHOCTb.

“B aBrycre 1989 roma mnpodeccop Ppanuecko I[Imantemin
paboram ¢ OakTepusMH B BOJOPOMHON cpele Ha HHUKEICBOU
noyoxkke. OH 3aMeTwi1, YTo OakTepuu THOHYT W CBA3aHO 3TO C
MOBBIIIICHUEM TEMIEPaTyphl HUKEIEBON MOIOKKH. OH TIPOIOIDKUT
ucclieoBanus B pusndeckoit tabopatopun yHuBepcutera CUEHBI U
oOHapyxun 3PQeKT aHOMAIBHOTO BBIJCICHHUS TEIJa B HHUKEIb-
BoAOpoAHBIX cucteMax. B 1990 roxy [InanTtennu mnosmydaer 4eTsIpe
YCIENTHBIX TOBTOpEHNH JSKcmepuMeHTta B Cuene, a B 1991 romy
HauWHAET coTpyaHHYath ¢ npodeccopom ¢usuku C. Dokapau u3
Bononckoro ynusepcurera ... 7. [98]. B mepuox ¢ 1993 o 1997 rr. B
COTPYIOHHYECTBE C TPYIMIION OKCIEPTOB B OOJNACTH Karanm3a u
ruapupoBanus  I[laHTenn  yCTaHOBHMI ~ HEKOTOpBIE  BHIBI
SHEPTeTHYECKUX BKIAJO0B PA3IMYHBIX SIBICHUH, IPOUCXOAALINX B
MOBEPXHOCTHON O0OJIACTH METAJUTMYECKOTO HHKENsSl B MPHCYTCTBUH
Bozopona. [98]. Tak kak B 3TO BpeMs dKCHepuMeHTH DieimmMana u
Ilonca OB IIMPOKO M3BECTHBI, TO A(PQPEKTH IKCICPUMEHTOB
npodeccopa [InaHTenTn eCTeCTBEHHO CBA3aJIH C HUMHU.

OxcnepuMmenTsl  KopamioBoir A.A. 1o  OHOJIOTHYECKOM
TPaHCMYyTallUX SIEP B YCIOBHSIX PACTYIIMX MHUKPOOMOJIOTHUECKUX
cTpykTyp [17, 18], mpoBeaénnsie B Hadame 90-x romoB MpOIIOro
BEKa, BBI3BAM HW3HAYAIFHO 0C000€ HEJOYMEHHE M HETpHUSITHE
(PM3UKOB-SAEPIINKOB. Otn JKCIIEPUMEHTHI MIPOTHUBOpEYAT
YCTOSIBIIUMCS TIOJIOKCHUSAM SIICpHOW (U3UKU O TOM, 4TO 00IacTH
SOCPHBIX B3aUMOACUCTBHI CBOMCTBEHHBI CTOJIb OOJBIIUE CHJIBI, HA
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YPOBHE KOTODPBIX YYUTHIBATh BIHMSHHAE CHJI MaKPOCKOIHYECKOTO
YPOBHSI OMOJIOTHYECKON MPHUPOABI OecCMBICIIEHHO. B sTOM ThaBHas
MPUYUHA HE BOCIIPHUATHUS IKCIICPUMEHTOB (PU3UKAMU - SIEPIIUKAMHU.
Y  KopaunmoBoit  A.A. TpaHCMyTalusi  HOBBIX  JJIEMEHTOB
HaOmrogaeTcsl B cpele MHUKPOOPTAaHU3MOB CO CIA0BIMH JaXKe II0
XUMHYECKAM MEpKaM CBSA3SIMH U KYJIBTYpPbl BO BpeMsl SKCIIEPUMEHTA
BBIpAIIMBAINCH B TepMocTaTe npu Temmepatype +32°C. Ho daxTs
TpaHCMyTallUd HOBBIX JJIEMEHTOB TBEPAO H  YOEIUTEIBHO
3apEeruCcCTPUPOBAHBI Kopnunosoi AA. HHCTPYMEHTAJIBHO.
[lomoOHBIE  pe3yabTaThl  3apETUCTPUPOBAHBI W JIPYTHMH
HccaeaoBaTeaaMu. [73].

BriepBeie  simepHbie  dGQGEKTHI B YCIOBHAX SIEKTPUYECKOTO
paspaga ObUIM cCilyyaiiHO monydeHbl BauaeBoiM A.B., korma oH
MPOBOJMI HCCIENOBAHUS C TUIA3MEHHBIM IaporeHepaTopoM. Bwii
MOJTydeH OOJIBIION BBIXOM IIOPOINKA, COJCPKAIUN MHOMXECTBO
HOBBIX XHMHYECKHX 3JIEMEHTOB OTCYTCTBOBAaBIIMX B YCTaHOBKE [0
ropeHus miazMeHHoro (akena. 1o ObUI0 emE B Havane 90-x ronoB
nponuioro Beka. HeCKoabko JIeT HCCIENOBaHUN MNpPHUBEIU K
CO3/IaHWIO IIJIA3MOTPOHA, JABaBIIETO CTAOWIBHBIN ITA3MEHHBINA
¢daken - mrasmoun. Ilpm mpomyckaHMKM —yepe3  IJIa3MOUJ
JUCTWIIMPOBAaHHOM BOABI MJIM pacTBOpa B OONBIIOM KOJIWYECTBE
00pa30BBIBAIACH CYCIIEH3US METAIUTMYECKUX MTOPOIIKOB.

Okcnepumentsl  Kompamacoea AWM. B 2005  romy
MIPOJICMOHCTPUPOBAJIM XOJIOJHBIN siAepHbIi cuHTe3. [Ipu BhIABICHUH
OMHUCCHOHHBIX CBOMCTB HEKOTOPHIX AMIICKTPUUYECKUX MAaTEpPHAJIOB
Ha THAPOAMHAMUYECKON YCTAaHOBKE ISl KABUTAIIMOHHBIX NCTIIBITAHHUIH
00HapyXeHO, YTO MPHU UCTCUCHUH MYIbCUPYIOIIEH TUIICKTPUICCKOM
XKHUAKOCTH C yacToTro mynbcamuu okono 1 KI'm, uepes kpyrioe
OTBEpPCTHE, Ha BXOJ€ JKUAKOCTH B OTBEPCTHE BO3HUKAET
SNIEKTPUYECKUN 3apsA] OOJNBINOW IUIOTHOCTH C  MOTEHIMATIOM
OTHOCHUTEBHO 3eMiin Oosee 1 musnoHa BoibT. Eciin ucmons3oBathb
B KauecTBe pabodero Teia CMECh JIETKOM W TSDKENoW Boawl Oe3
MpuMeceld B TOJIe 3TOr0 3apsga MOXHO HaOIoIaTh SAEPHYIO
peakuio, mapaMeTpsl KOTOPOH JIeTKO perynupyrorcs. [Ipu BecoBom
COOTHONIEHHH JIeTKOM u Tsbkenmo Boasl 100:1 wHabmromamoch:
HEUTpOHHBIH TOTOK OT 40 mo 50 HEHTPOHOB B CEKyHAy depe3
ceuenne 1 cM’, MomHOCTS 3 M>B, peHTreHoBckoe uznyudenue ot 0,9
no 1 mxP/cex npu sHeprun nsnyuenus 0,3-0,4 MaB, oOpa3oBbIBajCs
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renuif, QUKCUPOBAINCH TerwioBbAeneHuss. [lo  CcoBOKymHOCTH
HaOIIOJTAaEMBIX SIBJIGHUH MOXKHO 3aKJIIOYWTh, YTO HAYT SIEpHBIC
peakuu. [99].

OKcHepuMeHTShI, TocTaBieHHble rpynnoi Taneitapxana (CIIA),
MOKa3ajy, YTO 3BYKOBbIE BOJIHBI B CMECH areToHa W OeH3oja
TeHEPUPYIOT My3BIPHKM TMAPOB 3THX BEIIECTB, NPH CXJIOMBIBAHUH
KOTOPBIX NPOHMCXOAUT SIIEPHBIA CHHTE3, OOHAPYKHUBAaeMbIil 10
HEUTPOHHOMY W3JIy4eHHUIO. OJTO HamOojiee TIPOCTOH  Crocob
HaOIIO/ICHNUS] ¥ M3MEPEHUST KOHCTAHT PEaKIuil XOJIOJHOTO SAEPHOTO
cuaTe3a. [lomydeHbl BCHBIIKHM, OLEHKA KOTOPBIX MOKAa3bIBAeT
temneparypy 15000  rpamycoB. B akcnepumeHTax 1o
COHOJIIOMHHECIIEHIINM TPUHUMAIN aKTHBHOE Yy4YacThe aKaJleMHUK
PAH Po6Gept Hurmarynuna u amepukanipsl Puuaps Jleitxu (Richard
Lahey), Pobepr brok (Robert Block) u Pysu Taneiiapxan (Rusi
Taleyarkhan).

B 2011 roxy ¢usuk-nzobperarens u3 yHuBepcuTeTra bomonsu A.
Poccu ¢ mpodeccopom C. Dokapau NpoaeMOHCTPUPOBAUIA MUPY
YHUKaAJIbHOE YCTpOoHCTBO «E-CaT» (9HEepreTHYecKHil KaTaau3aTop).
Ha ycrpoiictBo Obi1  monydeH maTeHT. OCHOBY yCTaHOBKH
COCTaBIISUIM HABOJOPOXKEHHBIE CTPYKTyphl HuKens. Bumumo C.
®okapau, padortas ¢ Ilmantemnn W 3HaBIIMKA 00 SKCIepUMeETax
Ouetimivana u  Ilonca cBs3ad  3(Q(EKT TEIUIOBBIACICHUS C
HaBOJOPaKUBAHUEM HUKEIS.

B oxTsa6pe 2014 roma ObuT OMyONHMKOBaH OTYET HE3aBHUCHMOMN
TPYIIBE YIEHBIX O TECTUPOBAHWHM TeHepaTopa TernoTel E-Car. Ux
BepOUKT OBLI OJHO3HA4UeH: TeHepatop Poccm pabortaer u
MPOM3BOIUT OONBIIOE KOJWYECTBO Temia. lIpm 3ToM B camoMm
YCTPOMCTBE MEHSETCS HW30TONMHBIA  COCTaB  «TOIUIMBa», T.€
MPOUCXOIAT sifiepHble peaknuy. OIHAKO HA KaKWX HM3ITydeHUI BHE
YCTaHOBKH 3a()MKCHUPOBATh HE YAANOCh. Y UEHBIC BBIHYXACHBI ObLTH
MPU3HATh, YTO HE MOTYT OOBICHUTH padoTy ycTaHOBKU. A. Poccu
Jep>KaJl B TaliHE TOHKOCTH HM3TOTOBJIEHUS YCTPOWCTBAa, B APYTUX
mabopaTopusx TPOBECTH AaHAJIOTUYHBIE YCIEIIHBIE OIBITHI HE
yAaBaNoCh, JEKIapUpPyEMble yCIIEXU MPOTHBOPECUHIIN YCTOSBIINMCS
3HaHUAM siepHoi (usuku. [llnpokas HaydHAst OOIECTBEHHOCTH HE
npunsia 3aseieHus A. Poccu. OH ObuT Tak ke kak DiedmmMaH u
[Tonc monBeprHyT KECTKOM OOCTPYKLIMHU U OOBSBICH MOIIEHHUKOM.
[138].
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[TapxomoB A.I'. moBTOpHMI 3KcnepuMeHTH A. Poccm B sHBape
2015 roma. DTH DKCIIEPUMEHTHI SBIISIOTCS TPOAOHKCHHEM OITBITOB
Muantennmu, ®oxapau, Poccu ¢ HUKeNh HABOAOPOKCHHBIMHU
MOBEPXHOCTSAMH. B KauecTBe TpPOTOTHUIA CBOCH YCTaHOBKH
[TapxomoB A.I'. BeIOpanm peaktop E-Catr A. Poccu. YcranoBka
[TapxomoBa A.I'. oTnmdanmace mpocroToil. B kadectBe pabodero
areHra NpUMEHEH HABOJOPOXKEHHBIN HHKENEBBIM MOpomoKk. Y A.
Poccu nmpruMeHsIoTCS HaBOIOPOKEHHBIE HAHOCTPYKTYPHI HUKeENsA. B
nanpHeimem Ilapxomo A.I'. moOwiics BIEYATIISIOMIUX YCIEXOB B
OKCIIEPUMEHTAaX C  HHKEIb-HABOJOPOKEHHBIMH  pEaKTOPaMHU.
OxcnepuMmenTsl [lapxomoBa A.T'. BhI3BaIM HOBBIM MHTEpEC K TEME
HOSP, Tak kak OBUIM HE TOJIBKO MPOCTHI B HM3TOTOBJIICHHH, HO
TJIaBHOE OBLTU BOCIIPOU3BEICHHl MHOTMIMH aBTOPAMHU.

TpynHas ~ BOCIPOM3BOJMUMOCTh  JKCIICPUMEHTOB U HE
CTaOMIBHOCTh PE3yJbTAaTOB, OCOOEHHO HAa pPAaHHMUX OJTamax JTHX
WCCIIENOBAHNM, CTand AXWUIECOBOM IIATOM IJISI HCCIIEqOBaTElIeH
spdpextoB  HISAP. [lopoxmanum  HemoBepue K  TeMme, K
KOMIIETEHTHOCTH ¥ OTBETCTBEHHOCTH uccienoparenein HOSP.

K ugmciy Hamboinee 3aramounbix mnposiBieHudt HOSP orHOCST
HU3KUA YPOBEHb HWOHM3HUPYIOIIUX W3IYYCHUH B CpPaBHCHUH C
TUTTUYHBIMY M XOPOIII0 M3YYCHHBIMU PEaKIUsIMU CHHTE3a, paciaga 1
neneHus. Oco0oil  pa3sHTEIBLHOCTBIO OT W3BECTHBIX  PEaKITHi
ormmuyatorcs  HOSP B peakropax ¢ HaBOJOPOKEHHBIMH
MMOBEPXHOCTSAMHU. 3/IeCh HCCIEHOBaTeNIe YAMBISET HE TOJIBKO
HU3KAH YPOBCHb HWOHUBHPYIOIINX H3IYYCHUH, HO OCOOCHHO
MPAKTHYECKH TIOJTHOE OTCYTCTBUE TaMMa - U3TyIESHHN.

B 0030pe 3kcrnepuMeHTaNbHBIX PabOT ClEMyeT YIMOMSHYTh U O
TaKk Ha3blBAEMOM «CTPAaHHOM WU3Iy4YeHHW». OHO, MO0 MHECHHUIO
HEKOTOPBIX HcclieioBaTeniel, Beeraa conpoBoxaaer LENR-peakiyn
B Pa3IMYHBIX THUIAX PEAKTOPOB M (DUKCHpYyeTCs B BHUJC TPEKOB Ha
MOBEPXHOCTH Pa3HBIX MaTepuanoB (IUICHKA, CTEKJIO, CIoJa,
nonukapoonar win DVD-aucku, amomunHueBas ¢oabra). [121].
OtMmedaroTcss OonbIIe pa3Mepbl HEKOTOPHIX YAaCTHI[ ‘‘CTPaHHBIX
m3nydeHuit. Ero He CBS3BIBAIOT C W3BECTHBIMH H3IYyUYCHUSIMH
SIIEPHBIX TIPOIIECCOB W OTHOCSAT K HE TIOHATHBIM SIBICHUSM.
OnepupoBaHre TIOHITHEM «CTPAHHOTO W3IydeHUs» eme Ooee
3amyTano noHumanue HOSP.
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B pe3ynbraTe MHOTOYHCICHHBIX SKCIIEPUMEHTOB ObLiIa BHISIBIICHA
pemaromas pojib BOAOPOJa B YCHEITHOM NpPOsBIECHUU 3(PQeKToB
HOSP. BeisBneHa Tak k€ 3aBHCHMOCTb TEMIIEpAaTypbl TEIIOBBIX
3¢ PEeKTOB OT MaTepuaia HaBOJOPAKUBAEMOI TOBEPXHOCTH.

B 3aBepmienune pazmena ocob0 HEOOXOAMMO OTMETHTH, UYTO
(¢uKcupyeMble B MHOTOYHMCIEHHBIX OJKCIIEPUMEHTaX MOIIHOCTH
SHEPTOBBIACICHUS U HAa0Op BTOPHYHBIX DJEMEHTOB YOEIUTEIHHO
CBUJIETEJILCTBYIOT O SI/IEPHOM IPUPO/IE ABICHUM.

1.2.2. O630p runores.

HoBrle ¢usuueckue siBieHUS sACpHOW (U3NKH, CBS3aHHBIC C
TUAPOAMHAMHYECCKOM M aKyCTHYECKOW KaBHWTamuen, 3pdexrom
Poccu, nefitepupoBaHHBIMU MeTaJIaMH, OMOTpAaHCMYTAIIHEH siep, C
MIEPEMEHHBIM YCIIEXOM H3YYaloTCS U O0CYXIAIOTCS Ha MPOTSIKCHUH
KaKk MHHAMYM TpEX TOCIETHUX AECATHUICTHH IIOCIe COOOIIEHUS
Oneiiiimana 1 [loHca. XoTd cTanu NOSBISATHCSA HCCIENOBAHMS U
My OIMKAIMK OTHOCSIIHME 3apOXKISHNE 3TUX ujeh emE B 19-M u naxe
18-m Bekax. [18]. Bcé, uto Obuio mo Pnerimimana u [loHca MOXHO
OTHECTH K MPEABICTOPHH BOTIPOCA.

Bsrsiner HayuHo# oOmectBenHOCTH Ha Tpobiaemy LENR u XSC
chopMUPOBAHCh Ha OCHOBE KOHCEHCYca B OTHOIIEHHHM TpeX
CTaHJIAPTHBIX TEOPETHIECKHUX 3arpeToB Ha SIBIICHUE
HU3KOAHEPTeTHYECKOM TPAHCMYTAIIUN XUMHYECKUX 3JICMCHTOB:

1) HEBO3MOKHOCTh IPOXOKICHUS KYJIOHOBCKOTO Oapbepa;
2) IpeAeNTbHO MaJIble CEUCHHS CIabbIX MPOIIECCOB;
3) Majast BEpOSTHOCTh MHOTOYACTHYHBIX CTOJMKHOBEHHH. [101].

Tem He MeHee 3a Oojee 4YeM MOJYBEKOBOM CpOK, B 0OJIaCTH
HU3KO3HEPreTUYECKUX SIIEPHBIX peakuuit (LENR) u
HU3KOIHEPreTHYECKOM TpaHCMYTalluu 3JIEMEHTOB (HTD)
HAaKOIMJIACh Macca SKCICPUMEHTAIbHBIX JAHHBIX 00 YCIEIIHBIX
AKCIIEPUMEHTaX B OOJIACTH HH3KO3HEPTEeTUYCCKON TpaHCMYyTallUH
aneMeHToB. K HacTosmeMy MOMEHTY IO XOJOZHOMY SIIEPHOMY
cuHTE3y mpoBereHo 17 MexayHapoauelx KoHbepeHId u 47
HauuoHanbHBIX (19 poccuiickux, 11 B Anonun, 10 B Utanuu u 8 B
CIIA). [99].

Hecmotps Ha xéctkmii 3anmper HOSP, mepBeie TeopeTmdeckue
MOJEIHU O BO3MOXXHOCTH XOJOJHOTO SIACPHOTO CHUHTE3a MOSBUIUCH
emé B cepenuue 20-ro Beka. Tak B xypHaNe «Ycnexu (PU3MIECKUX
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Hayk» T. 71. Bem. 4. 3a 1960 rom, mpencraBineH o0630p S.b.
3empaoBruua u C.C. ['epriTeiiHa moa Ha3BaHUEM «SIIepHBIC peaKITuu
B XOJOJHOM BOAOpoAc». B 3ToM 0030pe HuMeeTcs KpaTKoe
M3JI0KEHUE TPENBICTOPUM OTKPBITHS, a TaKKe CChUIKA Ha paboTy
A.Jl. CaxapoBa o MooHHOM Kartanuse. [99]. Unes A.Jl. CaxapoBa o
MIOOHHOM aTOMe, O0JIaJaronieM CBOMCTBAMH HEHTpOHA, BBI3Bajia B
MOCJEAYIOLIEM OTPOMHOE KOJIMYECTBO TUIIOTE3 0
HEHTPOHOMOMOOHBIX YacTHHAaX. Ho 5To HampaBleHWE MBICITH
0Ka3aJI0Ch HE MPOAYKTUBHBIM.

B mayuHpIX cpencTBax MH(pOpPMAIMH ITUPKYIHPYIOT Pa3InIHBIC
JaHHBIE 10 KOJWYSCTBY THWIIOTE3, MOJCICH, MEXaHU3MOB,
MPETeHAYIOMUX Ha OOBSCHEHHE, TEMeph YK€ MHOTO YHCIECHHBIX
AKCIIEPUMEHTABHBIX JaHHBIX. HambOonee BHYyIIUTENBHBIC IHQPHI
o3Byums1 Paruc }O.JI., kotopeiii Hacuutan He MeHee 100 runores u
MexaHu3MoB. [102].

B [99] IlpocBupHOoB A.A. TNpUBOAUT TIEPEUCHb HamOoJee
MOMYJISIPHBIX THUIOTe3. K HUM OH oTHOCHT: TUnoTe3y 3p3uoHoB FO.H.
baxxyroBa, rumoresy HelTponus-guHeTponus FO.JI. Patuca,
runore3sl  Widom-Larsen, I'apeesa, Hagelstein, Storms,
Kupkunckoro-Hosukosa, Chubb (Scott), Fisher, Hora-Miley, Kim-
Zubarev, Kozima, Li, Preparata, Sinha-Meulenberg, Takahashi. C
ONHMCAaHUEM [IaHHBIX THUIOTE3 MOXKHO O3HAaKOMHUTHhCA Ha caifte
[IpocBupnora A.A. XTS5 u IIIM B paznene LENRwiki.

Wnewn, gyame Bcero o0Cyx)aaeMble Ha HAYYHBIX KOH(PEPEHIUAX U
B TI€YaTH MOXXHO pa3IeluTb Ha JBE OONBIINE TPYIIIHI,
pasnryaroniecss MeXaHW3MaMH TPOHWKHOBEHHWS YaCTHUIBI B SAPO
JUIS TIPOSABIICHHS peaklMu CUHTe3a (TpaHcMyTtauuu). I'pynma uapei
CBSI3aHHBIX CO BCEBO3MOXXHBIMH HEHTPOHOTOAOOHBIMU YaCTHUI[AMH.
W rpynma wpelr cBA3aHHAasS C Pa3NUYHBIMH  COCTOSHUSIMH H
MEXaHM3MaMH HAJCJICHUS YaCTUI[ BBICOKUMH DHEPTHSIMH IS
MPEOJIOJICHUS  KYJOHOBCKOTO  Oapbepa WJIM  MEXaHH3MaMH
HeUTpanm3aIuu KyJIoHOBCKoro Oapbepa. [3, 17, 18, 27, 42, 44, 48,
73, 87, 90, 94, 97, 98, 99, 102, 120, 121, 123, 125, 129, 131, 138].
OTMeTHM, 4YTO aBTOPBl HE TOJNBKO W3 PAa3HBIX TPy, HO WU U3
Ka3aJIoch ObI TPYIIIBI OOIIETO MOAX0/Aa HE MPU3HAIOT APYT Apyra U
He COMKAI0T MO3UIIHA.

Bce wmem HEHUTPOHONOJOOHBIX OOBEKTOB, HA4YMHAS C HJCU
MIOOHHOTO aTOMa, CBOJATCA K HAJEICHUI0O HEKHX OOBEKTOB

26



cBoiictBaMu HeWTpoHa. CyTh 3TUX UACH CBOJUTCS K TOMY, YTO aTOM,
KaK ¥ HEHUTPOH 3JIEKTPUUECKH HEUTpabHas YacTHUIlA, YMEHBIIAETCS
B pa3Mepax M TOJIy4aeT BO3MOXHOCTh COJNIMKATBCA C SAPOM Ha
PACCTOSTHUSI CIIBHOTO B3aUMOJICHCTBUSA. DTO NMPUBOAUT K SAECPHOMY
CHUHTE3Y U BBIICTCHHIO JHepruu. llpm 3TOM aBTOpHI 3a4acTyio
MIPOTUBOPEYAT YCTAHOBIEHHBIM 3HAHUAM SIJIEPHON (QU3UKHU H 110 3TOU
NPUYMHE WA KPUTUKYIOT WIM WCHOPUPYIOT €€ TMOJIOKECHUS.
BrigBurarorcs, K mpumepy, uiaed npoOHO# moctosHHON I[lmaHka,
TSHKENOTO BOAOPO/AA, B KOTOPOM TPOTOHBI BpAIAIOTCS BOKPYT
SJIEKTPOHA, BBOJAUTCSA PEISATUBUCTCKUM AIEKTPOH, BUIUMO C LIEIBIO
YTSOKEJICHUSI DJICKTPOHA KaK B MOJEIM MIOOHHOTO aroMa Hu T.IL
I'pynma  wneit, cBA3aHHas  pPasNUYHBIMH  COCTOSIHUSMH |
MEXaHU3MAMHU HAJCIICHUS YacTULl BBICOKUMM DJHEPrUSIMU IS
MPEOJIOJICHUS  KYJOHOBCKOTO  Oapbepa WJIM  MEXaHH3MaMH
HeUTpaNm3aIuy KyJIOHOBCKOrO Oapbepa HE MEHEe, a TOXKaIyh H
0oJjee SK30THYHA.

Ha BeOunape KinmmoBa - 3artemenmna ot 1.03.2023 ropa
Mpo3ByYajia MBICITh O peHeccaHce Teopur Bugom - Jlapcena. CaMbim
HEMOHATHBIM MHE B rumnoree Bumom - Jlapcena sBusieTcs
HEOOXOJUMOCTh  TPEABAPUTEIILHOTO  TMONYYCHUS  TSHKEIOTO
SJIEKTPOHA MJi1 TONYyYEHHS B TOCIHCAYIOIIEM YIbTPaxoid0JHOTO
HeWlTpoHa. Hajlo OTMETUTh, UTO UEs TSKEIOTO IEKTPOHA, UAyIIas
oT MrwoHHoro aroma CaxapoBa A.J[., WMeeT ULEIBI0 MOJYYUTH
OOBEKT CO CBOWMCTBAMHU HEUTPOHA. DTHX K€ IeNIel JOOMBAIOTCS BCE
aBTOPHI YTHKENEHHOTO 3JIeKTpoHa - BunoMm u JlapceH, Kupkunckuit
u MHorue gpyrue. Ilpmpoma TDKETOTO »dJeKTpoHA (QU3UKAMH
TEOpPETHUKAaMU paccMaTpUBaeTCs B JBYX BapHaHTaX. OTO WU
PEISTUBUCTCKUM DIIEKTPOH, WM DJJIEKTPOH B  KOJUIGKTHUBHBIX
SIBIIEHUSIX TBEpHOTO Teia. MHTepecHa, HampuMmep, MHTEPIpPETaIHs
KnumoseiM AU, Tsx€npix Macc KBazuyacTull B TBEpAoM Tene. OH
MPUBOJUT TPUMEP C JBIPKOH, O0pa3oBaBIICiicS Ha MeECTe
YIJIETEBIIEeT0 EeKTpOoHa. Tak BOT ABIpKa MMEET Maccy B HECKOJBKO
pa3 OoIbIIyio, YeM HWMeN DJIEKTPOH, HAXOAAIIUICS Ha 3TOM MeECTe.
Yactuner Her. [lplpka. A Macca IBIpKM BBIpOCNa B pasbl. JTO
TOBOPHUT HE O TOM, YTO JbIpKa WMEET Maccy, a O TOM YTO TEOPHS
KBa3W4acTHUI], OIMCHIBAIOIIAs KOJUIEKTHBHBIE B3aMMOJECUCTBUS B
KpUCTaJUIaX HKMEET CBOM OrpaHuYeHUs. BO3HUKHOBEHHE CBS3HU
MEXJy IPOTOHOM U PEISTUBUCTCKUM DHICKTPOHOM B MacCOBOM
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MOpsZIKE TOKE COMHUTENbHA. Y 106aBUM, 94TO CO BpeMEH MIOOHHOTO
aToMa NoJ00HbIe 00BEKTHl (DU3UKAMH IKCIEPUMEHTATOPAaMH TaK U
HE 0OHAPYKEHBI.

Ha omnom w3 BeOuHapoB [lapxomo A.I'. ckazanm, 4dro mMou
MIPEACTABICHUS HAMOMUHAIOT TUmoTe3y Bumom - Jlapcena. Oto
HEBHUMATEIHHOE MPOYTEHHE TOTO O YEM s MHUITY B CBOMX paborax. B
OCHOBE MOMX MpeAcTaBieHu o npoueccax XT nexar He BBIIyMKU
0 TSOKENBIX DJEKTPOHAX, a JABHO W HAAEKHO IKCIEPUMEHTAIBHO
YCTaHOBJICHHBIH SJIEKTPOHHBII 3aXBaT OOBIYHBIX 3JIEKTPOHOB.

Ceronns HaOmomaeTcst He peHeccanc Teopuu Bumom - Jlapcena,
a oyepeAHas MOMBITKAa MPOTHBHUKOB HEUTpOHHOM mpuponsl XTS5
WCIIONIB30BaTh JII000W ToBOM s yaepxkanus XTS5 B Tymmkax
AKCTPaBaraHTHOCTH.

51 HU B KOEM-ClTydae He BO3pa)aro MPOTUB MpaBa KaXKI0ro aBTopa
npejjaraTh CBOM BapHUaHThl PEUIEHWA TOW WIM HWHOM Hay4dHOU
npobiiemsl. bopr0a anprepHaTHB - MyTh K HOBOMY. HO He Hy»XHO
3a0bIBaTh 0 Hay4HOUI METOOJIOTHUH, SMITUPUUECKU
dbopmupoBaBmieiics  crometusmMu.  OTHUM W3 BKHEHUITHX
TTOJIO’KEHUH 3TOI METOIOJIOTHH SBISIETCA YBAKUTEIHHOE OTHOIIIEHHE
K JTOCTH>KCHHSIM MPEIIIECTBEHHUKOB U OTOpa Ha YK€ JOCTUTHYThIE B
AKCIIEpUMEHTAaX 3HaHus. UTo 4 U Jenaro.

1.2.3. TpyAHOCTH HA MyTH NPU3HAHMS.

[lepBblii mHTEpec HaydHOW oOmiecTBeHHOCTH K Teme HOSP
rocie uccieAoBanni u mybnukanmii Oneitmvana u [loHca, 3aTem
Poccu u @okkapau 66T HemonruM. TpyaHas BOCIIPOU3BOIUMOCTE, a
BEpHEE JaXKe HE BOCIPOU3BOAUMOCTH 3asBICHHBIX SKCIICPUMEHTOB
MpUBEIN K cnaay uHTepeca K Teme. K Tomy e B HayyHOU cpere
ObUTa  BBICOKOH  YBEPEHHOCTh B  CKOPOM  OCYIIECTBICHHUU
YIPABISIEMOTO TEPMOSIAEPHOTO CUHTE3a. 3/1eCh B OTJIMYKE OT HOBBIX
SIBJICHUM BCE BBITIIANICIO MOHATHBIM U peaau3yeMbIM. TeMa HOBBIX
SIBJIECHUA HE MOJy4YWia NpU3HAHUS B IIMPOKON HAy4dHOM cpene U
JIep)Kalach  JIMIIb ~ HA  JHTy3Wa3Me  HEeOONBIIOW  TPYIIIBI
MOABUKHUKOB.

TpynHocTH ¢ BOCHPUATHEM U TPU3HAHUEM JOCTHDKEHUMN
HcCaeaoBaTeNell  XOJOAHOIO SIIEPHOTO CHHTE3a M XOJOIHOH
TPAHCMYTAIH SJEP CBSI3aHBI HE TOJIBKO C OTCYTCTBHUEM JOJKHOIO
(MHAHCUPOBAHUS W COOTBETCTBEHHO HAJUICKAIIEIO OCHAIICHUS
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HCCIeA0BaTENbCKUX Jaboparopuii. He TONMbKO ¢ HArpOMOXKICHUSIMHU
TEOPETHUCCKONW DK30THKH, KOTOpas MOPOU MopakaeT HeOpeKeHUEM
K JOCTH)KCHHUSM YCTOSBIICHCS SACPHOW (PU3UKM M CTABHT TIOA
COMHEHHE KOMIIETCHTHOCTh aBTOPOB »TUX rumore3. K  uuciy
TPYIAHOCTEH OTHOCHTCS B UHCJIE TPOYUX M HE YCTOSBIIASLCS
TEPMUHOJIOTHS W TIyTaHWIA B HWCIIONB30BAaHUK TEPMUHOB. Tak
aBTOpbl [17] omuchiBas OJHO U TOXE SIBIICHUE, HA3BIBAIOT €0 TO
CUHTE3 s1ep, TO TpaHcMmyTarus siaep. [lupoko mpuMeHsIeTcs TepMHUH
HU3KO DHepreTudeckue simepubie peaknum (HOSP - LENR).
[TapxomoB A.I'. mpeAmovyuTaer TOBOPUTH O HHU3KOMOPOTOBBIX
peaKIusX.

1.3. BuiBoabI u3 rJasel - 1.

1. Bcs COBOKYIHOCTh HAKOIUIEHHBIX K CETOAHSIIHEMY JHIO
SKCIEPUMEHTAIbHBIX  JAaHHBIX  CBUIETEILCTBYET O  SAEPHOM
XapakTepe BHOBb BCKPBITBIX SBJICHMH TPHUPOABI, MOTYYHBIINX
npenBapuTenbHoe  oOllee Ha3BaHUE -  HU3KOIHEPreTUUECKHUe
SICPHBIE PEaKIUH.

2. OcOOCHHOCTh 3TUX SACPHBIX SBICHUH MAJSl YCTOSBILEHCS
¢u3uKM CcBA3aHA C HEOXKUIAHHO HHU3KUMH TeMIIEpaTypPHBIMU
HPOSIBJICHMSIMU s1IepHBIX 3 dexToB. Ilpu 3TOM mposiBieHHE HOBBIX
AOEPHBIX A(PPEKTOB BBIZBIBACTCS CIY4allHO BCKPBITHIMH OCOOBIMHU
(U3NUECKUMH YCIOBUSMH. TakuMH KakK KaBUTALUS KHUIKOCTEH,
ycioBusl cBepx Tiyookoro mponmkHOBeHHs (CITI) VYmepenko,
NeUTepupoBaHUEM  METAJIOB,  HABOAOPa)XMBAaHHUEM  TBEPIBIX
MTOBEPXHOCTEH, KOJTOHUU MUKPOOPTaHU3MOB.

3. Ananu3 nureparypsl no HOSP nokassiBaet, 4To A0 cero qHs
HeT uétkoro moHuManus, 9to X1 n XSC 310 pasnudHbie SBICHUS
saepHoit ¢usuku. He cdopmupoBanocs maxe O0OIMICTPUHATOTO
Ha3BaHUS HOBOT'O HAYYHOT'O HalpaBIECHMS.

4. TpynHas BOCHpPOM3BOAMMOCTh OKCIEPUMEHTOB U HE
CTaOMJIBHOCTh PE3YJIbTATOB CTAJIH IJIABHOW IPOOIEMON CTaHOBICHUS
HOBOTO HAay4YHOT'O HampaBiieHHs siaepHOW ¢u3ukH, ¢puszuku HISP.
bbulo  BBIABMHYTO OrPOMHOE KOJIMYECTBO SK30THYECKHX (110
NpU3HAHUIO CaMHUX AaBTOPOB) WUAEH W TUIOTE3, KOTOpPHIE
MPOTUBOPEUMIIN YCTOsIBILIEHCS simepHON (u3nke u Apyr apyry. Bcé
3TO HE CIOCOOCTBYET IIMPOKOMY MPUBJICYCHUIO  HAYYHOH
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OOIIIECTBEHHOCTH K TEME€ W COOTBETCTBEHHO MPUBJIEYEHHUIO
3HAYUTENBHBIX PECYPCOB Ha MCCIIEA0BATENBCKYIO Pa0OTy.

5. HecMoTpss Ha Bce TPyAHOCTH Ha IyTH CTAHOBIJICHUS, HOBOE
HamnpaBlieHUe sIepHOW (U3MKH Olarojaps YIMOPCTBY NpEIaHHBIX
Wjee WCClefoBaTele pa3BUBAeTCd W K CErOAHSAIIHEMY JIHIO
npuBIIeKaeT Bc€ Ooplliee BHUMaHNE HayqYHOU OOIIECTBEHHOCTH.

6. UnHTepec Kk TeMme BBI3BIBAIOT HOBBIE TEXHOJOTUYECKHE
MEPCTIeKTHBBl B SIEpHOM oOnacTh. DTO W HEOTrpaHWYCHHBIC
MOIIHOCTH JHEPrHH, e€ dKOJOrndecKkas 0e30MacHOCTh W MOMyUYeHHE
PEAKO3EMENBHBIX 2JIEMEHTOB.
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I'maBa 2. HU3KOOHEPTETUYECKUE SITIEPHBIE PEAKTOPHI HA
PEAKIIUAX CUHTE3A

B rnaBe npencraBineHo o0uiee MOHUMAaHKE SBICHUS XOJIOAHOTO
SIIEPHOTO CHHTE3a W IMPOTEKAIOUMX MPH 3TOM MPOLECCOB B
TUJPOANHAMUYIECKUX KaBUTATOpax U MU aKyCTHYECKON KaBUTAllUH,
B IMpoleccax CBEpXIIyOOKOro NPOHUKHOBEHHUS YIIEPEHKO M B
NEHUTEepUPOBAaHHBIX  MeTaulaX. XOJOAHBIM  AOCPHBIM  CHHTE3
CBSI3BIBACTCS CO CIENU(PUICCKUMH (DPU3NUECKUMHU YCIOBUSAMH, TPH
KOTOPBIX SIACPHBIM CHUHTE3 CTajl MIPOTEKaTh IPU MapaMeTpax Cpeabl,
HEOXHJAHHBIX U YCTOSIBIICHCS siaepHOM (u3uku. PaccMoTpeHsl
BONPOCHl MHTEHCU(MKALMK IPOLECCOB  XOJIOAHOIO  SIAEPHOTO
CHHTE3a.

2.1. O630p 3xcnepumMeHToB 10 3Ppdextam HIAP ¢ peaknmsavu
CHHTe3a.

B nanHO# TrIaBe pacCMOTPEHBI HCCIIECIOBaHHUS HOBBIX M HE
MOHSATHBIX SIBIICHWH HAONOJaeMbIX B (U3MUECKUX YCIOBHUAX
KaBUTHPYIOIUX  KUAKOCTEH, B  TMpoleccax CBEPXTIyOOKOro
MMPOHUKHOBEHUsSI YIIEPEHKO W B JICHTEPUPOBAHHBIX METalIax.
Haubonee yOenuTensHbIME (haKTaMH TPAKTHKH CTAM MPOSBICHUS
CBEPXEAMHUYHOCTH B  SIBICHUSAX  THAPOJUHAMHYECKOM U
akyctuueckoi kapurtanuu. Hakamnmmeamuchk daktel. [lonpoOHO oHHM
nepeunciieHsl B [44] u B [123]. Tak aBropom [123] onucan cepuiiHO
BBIIIYCKaeMbIi BUXPEBOH TEILIOreHEpaTop, obyafaromui 3G hexrom
CBEPXEJIMHUYHOCTH, KOTOpPbIAH  “B  ONpPEACNEHHBIX  pPeXHUMAaX
JIEMOHCTPHUPYET TMPEBBIIICHUE TMOJE3HOW TEIJIOBOH MOIIHOCTH Haj
MTOTPeOIAEMOI ITEKTPUIECKON MOIITHOCTRIO B 1,48 pa3za u 6onee”. B
[123] mpenmcraBieH 3HAYUTEIBHBIA IEpEUYCHb OpTAHHW3AIUN, B
KOTOPBIX MPOBOJMUINCH JKCHEPUMEHTHI 110 CBEPXCAMHUIHOCTH
BUXPEBBIX  TCIUIOTEHEPATOPOB, ¥  JOCTUTHYTHIE PE3yJIbTaThI.
3navyeHuss K0d(Q(UIMEHTa CBEPXEAMHUYHOCTH B  YKa3aHHBIX
JKCIIepUMEHTaX wu3MeHsrores ot 1,2 go 13,4. IlpeoOnamarormm
JIUANa30HOM sBiseTcs 3HaueHue ot 1,5 mo 2,0. Bo3Hukaet Bompoc
KaKAM 00pa30oM TeHepHUPYETCs 3Ta NOMOJHUTEIHHAS MOIIHOCTEL? DTO
HE MOJKET OBITh BHYTPEHHSASA SHEPTHUS TEPMOIMHAMHYECKON CHCTEMBI
TEIUIOTCHEepaTopa, TaK KaKk B O3TOM ClIy4ae TeMIeparypa B
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TEIUIOTeHepaTope MAOJDKHA IOHIDKAThCs. B TerumoreHepaTope ke
HarpeBaeTcs. B TemmoreHepaTtope  OTCYTCTBYIOT — HCTOYHHKH
SK30TEPMUYECKUX XUMUYECKUX peakiuil. EcTb  BO3MOXKHBII
MOIIIHBIA KMCTOYHHMK JHEPTUU - SI€pHAs SHEPrus CHUHTE3a JIETKUX
snep. B cocraBe Mojexkynsl BOABI JBa siipa BOAOPOAA, YTO B
MIPUHIIMIIE SBJSIETCS OCHOBAHWEM IS simepHoro cuHTe3a. Ho Tak kak
B BUXPEBOM TEIUIOTEHEpATOpEe HU3Kas TeMIlepaTypa, TO OCTaéTcs
XOJIOMHBIA  SIIEPHBI  CHHTE3, TPU3HAHHOTO TEOPETHYECKOTO
obocHOBaHUs KoToporo Her. ABTOp [123] oTMewaer, dYTO K
HACTOAIIEMY BpeMeHH d3(PQPEeKT CBEPXECIUHUYHOCTH TOIYYCH
MHOTHUMH HCCICOBATEIIMU IO BCEMY MHPY M BBIIBHHYTO [0
JeCsiTKa THIOTe3 MPEeTEHAYIONNX Ha OOBSCHEHHE HaOII0IaeMOro
a¢(hekTa CBepXESAMHUYHOCTH B YCIOBHUAX KaBUTAu. Cpeau mpodnx
YprnuHeIM K.B. OTMEYaeTCs runoresa “COBpEMEHHBIX
MPENCTaBICHUH O TemrmepaType ¢ TemioTe, MpeaIaraeMbx
HE3aBHCHMBIMH HCCIIEZIOBATENSIMH~ M THUIIOTE3a XOJIOIHOTO CHHTE3a.
ABTOp JTaHHOHM CTaThbU MHOTO BPEMEHU YICIHUI H3YyUYCHHIO CBOMCTB
TEIUIOTHI W Temreparypbl [50] m He mpuemIiieT BBICKa3bIBAEMBIX
“HE3aBUCUMBIMH  HCCIICIOBATSISIMU —~ TIPEACTABICHUH O  HUX.
['unoTe3a X0JI0QHOTO SIIEPHOTO CHUHTE3a YK€ JOCTATOYHO JABHO (C
1989 roma) obcykmaeTcsi Ha HAy4YHBIX ILTOMIAAKaX, HO € BECKHUX,
oOmIenpu3HaHHBIX 000CHOBAaHWH HeT. | MaBHas MpUYMHA HEMPHUATHS
KpOETCS. B TMPOTHBOPCUYUM C MPUHATHIMU TOJOXKEHUSMU SACPHON
(hM3UKY U TEPMOSIIEPHOTO CHHTE3A.

B [44, 123] orMmedaeTcs, 4TO HccaeaoBaTeasIMH  DOMUHCKUM
JLII.  (ansg  yclnoBuUM  TUAPOAMHAMHUYECKOM  KaBUTAIlMU) U
Taneliapxanom P. (mn1s ycioBHH aKyCTHUECKOH KaBHTAIlUH)
SKCIIEPUMEHTAIBHO PETUCTPUPOBANOCH HEUTPOHHOE H3IyUYCHHUE,
CBUIETEIBCTBYIOIIECE O TCUCHUN PEAKIIH CHHTE3A.

Bonpmoit 00béM uH(pOpMAIUMK TO MPOOJIEMaM aKyCTUYECKOM
KaBUTAllMM W TIOMBITKaxX nonydeHus peakinuid XSAC B aTux
dbm3udeckux ycioBHax TpencrasieH B [44]. K umcimy namboiee
3HaYMUMBIX pabOT B 3TOM HaNpaBICHUH OTHOCATCS PAOOTHI TPYIIIHI
aMEpUKAaHCKMX YYEHBIX, Npu Benymed pomu Taneilapxana Pysu.
WMy mpoBeneHsl yCIENTHBIE SKCIIEPUMEHTHI 1Mo uHuImanmn XAC B
YCIIOBUSIX aKyCTUYECKOW KaBUTaIMA. B dYacTHOCTH B CBOHX
SKCIIEPUMEHTAaX OHM KCHOJb30BaJld B KAaueCTBE KABUTHUPYIOIIETO
areara cmech areroHa (CH;COCH;) u Genzona (CeHg). SAnepusiit
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CHUHTE3 OOHApyXeH M0 HEHUTpOHHOMY W3TydeHHIO. OTHAKO B ITHX
JKCIIEPUMEHTAaX HE MOIYYIEHO MOJIOKHUTEIHHOTO BBIX0/]a SHEPTHH.

W3BecTHBI SKCHIEPUMEHTH AJBOCpTHHU € yIbTpa3BykoM B 20
k['11 B BOAHBIX pacTBOpax. IMEHHO Ha ATHX YacTOTaxX HaOIIOAETCs
aKycTH4ecKas KaBuTanus B Boje. [Ipu arom Ans0epTrHN HaOIOMaIT
HEHTPOHHOE W3IY4YCHHE M TPAHCMYTAIMIO DJIEMEHTOB. OTH (DaKThI
MO3BOJIIIOT  KBAIM(UIUPOBATh  PE3YJIBTAThI  AKCIICPUMEHTOB
Anp0epTHHH KaK CIECTBHE PEaKIfil XOJOJHOTO SAEPHOTO CHHTE3a
B (hM3UUYECKUX YCIOBHUIX aKyCTUYECKOW KaBUTAIUH.

Mmuorumu uccnenoBatenssMu XAC B (U3NYECKHX YCIOBHSIX
KaBUTaMd (B TOM 4YHUCJIE W aKyCTHYECKOH) 0co00e BHHUMaHHE
yAENseTCcsl yIApHBIM BOJHAM TIPH CXJIOTBIBAHUHM KaBUTAIIHOHHBIX
My3bIpbKOB. Ilpy CXJIONBIBAHUU TApaMEeTPhl CPEIbl TI0 JABJICHUIO H
TEMIIEpaType TNPUHUMAIOT BHICOKHE 3HAYCHUS. OTHU (HaKTOPhl M
BBICTYNAIOT 10 MHEHHMIO HCCIeloBaTeNiell NMPUYMHOW WHHUIHAINN
peakuuii  gmepHOro  cuHTe3a. Ham  3TO  mpeacTaBiseTcs
COMHUTENBHEIM. Y IapHasi BOJHA TPU CXJIOTBIBAHUY KaBUTAIIMOHHBIX
y3BIPHKOB HIMEET CKOPOCTD 3BYKa B )KHIKOCTH. J1JIs1 BOJIBI 3TO OKOJIO
1500 m/cek. DTOH CKOPOCTH W COOTBETCTBYIOIICH € SHEPTHH SBHO
HEJ0CTAaTOYHO JIJISl IPEOJIONICHISI KYJIOHOBCKOTO Oapbepa.

2.2. TpeGoBaHus siaepHOii Pu3MKH 1S peanu3alMu PeaKIuii
SIIEPHOr0 CUHTE3a.

SnepHas pusHKa ISl OCYIIECTBICHUS PEaKIIMK CHHTE3a JIETKUX
simep TpeOyeT BBIMOTHEHHS ABYX YCIOBHH: HAMW4YHeE y JETKOTO s1Ipa
SHEPrUM JOCTATOYHOW IS MPEOJOJCHHS KYJIOHOBCKOTO Oaphepa U
IJIOTHOCTHU obecrnieunBaromieit BEpOSITHOCTD MoNa aHus
BBICOKOIHEPreTUYEeCKOro JIETKOTO sipa B CEYEHHE CHJ SAEPHOTO
B3aumoneicteus. CiemoBaTenbHO, [JIsl  YCHCIIHOTO  TEYCHUS
SIEPHON peakIuy CUHTE3a HEeoOXoJuMa OIpeleéHHAs BelHMYuHA
TeMrnepaTypbl W IUIOTHOCTH cpenbl (Twia3mbl).  Temmepatypa
HeoOxoauMma st oOnmamaHusd  JETKUMH  SApaMH  BETHYHHOM
KHHETUYECKOW  DHEPruM  HEOOXOAMMON AN MPEOJOJCHHS
MOTEHIIMANBHOTO Oapbepa KYJIOHOBCKHX CHJI OTTAJIKWBAaHUS IIPH
CONMMKEHNN NETKUX siAep OO PacCTOSHWH, HA KOTOPBIX HAYMHAIOT
JIEHCTBOBATH SIJICPHBIC CHJIBI, CHIIbHOE B3aumojencTeue. [1noTHocTh
Heo0X0uMa JIJIs YBEIMUSHUS BEPOSTHOCTH BXOJa YACTHII B CCUCHHE
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CUJIBHOTO B3aMMOJIENCTBUS, KOTOPOE YPE3BBIUYANHO Majo. fnepHbie
CUJIBI SIBIIAIOTCA KOPOTKOJEUCTBYrOIMMH. WX pamuyc nenctBus
umeer mopsimok 1077 merpa. YacTHie HEOOGXOAMMO HE TOJIBKO
MPEO0JCTh KYJIOHOBCKUH Oaphep, HO H, BEIpaxasch OOpasHO,
onacTh B mIomanky guamerpom 2-10™° merpa. Tak kak mpH 3TOM
YacTHUIBI B TEIUIOBOM CHCTEME JBH)KYTCS XAOTHYECKH, TO
CJIMHCTBEHHBIM CIIOCOOOM YBEIUYCHHUS BEPOSTHOCTH CHUIHHOTO
B3aMIMOJCHCTBUS ABISAETCS YBEIMYEHHE IUIOTHOCTH YacTHI W
pa3MepoB CUCTEMEI.

2.2.1. TepMosinepHBbIii CHHTE3.

WNnmess TepMosimepHOro  CHMHTe3a ObUTa  OYEBHIHOM IS
MPEOIONICHNsI KYJIOHOBCKOTO Oaphepa OTTAIKHBAHUS U JOCTATOYHO
OBICTPO BOIUIOTHJIACH NPU CO3JaHUU BOAOPOXHOW O0MOBL. OmHako
mpo0iieMa YIpaBiIIeMOT0 TEPMOSAEPHOTO CHHTE3a HE pelieHa [0
cux mop. IIpobmema ymmpaercs B HEYCTOMYHMBOCTH IUTa3Mbl. B
BOIOpOOHOH OombOe HeoOXxonumas HavajdbHas YCTOMYMBOCTD
obecrieunBaercs cwiamu wHepnud. Ha ConHIle yCTONYHBOCTB
oOecrniedrBaeTcs cuiiaMu TpaBuTanyi. O TOCTaTOYHON rpaBUTALINH B
36MHBIX YCIOBHUSIX peub He wuacT. OcraloTcs JBa BapUaHTA:
UMIIYJIbCHBIA CHHTE3 C O00ECHEeUMBAIOIIUMH KPaTKOBPEMEHHYIO
YCTOWYMBOCTb CUJIaMW MHEPIIMU M MarHUTHBIE JIOBYIIKH. JIa3zepHbIit
UMITyJIbC ~ CTOJKHYJICS C TPYAHOCTSMU pa3orpeBa  IUJIa3MEL.
Oxka3amoch, 4YTO dYeM ropsdyee Iula3Ma, TEM MEHbBIIE OHa
BOCIIPUHUMAET JHepruro naszepa. CymIecTBYIOT W JPyTU€ CXEMBI
HUMITYJIbCHOTO Pa3orpeBa IUIa3Mbl, HO ITOJIOKUTEIBHOTO d(deKTa
MIOKa HE JOCTUTHYTO.

bonpme Bcero ycwimii NMpMIIOKEHO K HM3YYEHHIO ITOBEACHUS
ropsiueii Tia3Mbl B MarHUTHOW Kamepe Tokamaka. PaGoTel B 3TOM
HalpaBiCHUU BEAYTCS MHOTO JECATWICTUH U HaNpaBICHBl B
OCHOBHOM Ha YBEIMYCHHE TEMIIepaTyphl pazorpeBa Iutazmel. C
YBEIMYEHUEM TEMIIEPAaTyphl IUIA3Mbl JIOJNS BBICOKOIHEPTETHYHBIX
SIIEp YBEIMYMBACTCS M COOTBETCTBEHHO [OJDKHA YBEITHMYUBATHCS
BEPOATHOCTD TOJIOKUTENBHOTO SAEPHOro B3aumojeicTBus. OqHaKo
3[1eCh TOX€ BO3HHUKAIOT TPYAHOCTH. YBEIHUEHHE TEMIEPATypHI MPH
MMOCTOSTHHON TUTOTHOCTH TUTa3Mbl NMPUBOJIUT K COOTBETCTBYIOIIEMY
YBEIUYCHUIO JTABJICHUS TJIa3Mbl B KAMEPE TOKaMaka B COOTBETCTBUU
¢ popmynoii: p = nkT (2-1). T'me: p - maBieHue iIa3Mbl; n -
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KOHIIEHTpAIMs YacThIl Tia3Mel; k - mocrosiHHas bompnmana; T -
TeMmrepaTypa. YBEIWYEHHE TeMIepaTypbl BABOE (Hampumep, C
50-10° °K 10 100-10° °K ) yBenuumBaeT BABOE JABICHUE MIA3MBI H
TEM CaMbIM PE3KO BO3pacTaroT QUIYKTyallud, MHNOPOXKAAIOIINE
HeCTaOMIIBPHOCTh IJIa3MEHHOTO IMHypa. Tak Kak 00eclednTb POCT
JaBJICHUS TOpa3o NpobieMaTHIHee YeM pa3orpeBaTh IUia3My, TO B
peaTbHOCTH JOTIOJHUTENBHBIA pa3orpeB MPUBOIUT K CHUXKEHUIO
KOHIIEHTPAIMH, YTO HUBETHPYET 3PPEKT MOBBIMICHUS TEMIIEPATYPHI
W yBeIWYMBACT TabapuTel M cTomMocTh yctaHoBku. Ha ITER
[OoCTaBJIeHA LeIb JOCTUYb 400-10° °K. OtmetuM, yto Ha ConHie
TepMosiZiepHas peakius HAST mpu Temmeparype B 15-10° °K, a me
mpu 10° °K [141] kak Toro Tpe@yeT KyJIOHOBCKUii Gapbep. PH3NKH
OOBSICHSIIOT CTOJIb PE3KOE CHI)KEHUE TEMITEPATyPhl JOCTATOYHOM IS
peaknuy CMHTEe3a BKIIQJOM TyHHENbHOro 3¢ddekra. B nentpanbHoit
obmactu CojHIa, TOE MPOTEKAIOT PEakIUd CHHTE3a, TOCTOSHHOE
BBICOKOE JaBJIEHHE IUIa3Mbl 00ECNEeYnBaeTCs IMOCTOSHCTBOM CHII
rpaButaruy. [Ipu cymiecTByoIIel B 3THX YCIOBUAX TUIOTHOCTH SIIIEP
BOJIOPO/Ia OKa3bIBACTCS JOCTATOUHO TEMIEPATyphl I1a3Mbl B 15-10°
°K. Peakmms cunte3a Ha CoiHIle caMmoperyimpyemas. BrigeneHnne
SIIEPHON SHEPTHH MPUBOJUT K YBEIHMUSCHHUIO TEMIIEPATYPHI IIa3MbI B
o0acTH peakuuu cuHTe3a. [Ipy MOCTOSHHOM AaBJeHWH B 00JacTh
peakuu 3TO COIMPOBOXKIACTCS CHIDKEHHEM KOHIICHTPAIMH SIep
BozopoJa coriacHo ¢opmyne (2-1). ObnacTs peakuuu pa3nyBaeTcs
W MHTEHCHBHOCTh pEakUMH CHHTE3a CHIKAaeTcs. Temmeparypa
IJTa3Mbl HAYMHAET CHaJaTh. DTOT MPOIECC HArpeBa - OXJIaKICHUS
1a3Mbl  (IUKIMYECKOTO pPa3AyBaHUsl M COKpAIIeHHS OOJacTH
TEUYEHUS PEeaKLMU CHHTE3a) HOCUT LUKIMYECKUH XapakTep. DTOMY U
COOTBETCTBYET LMKIMYECKHH XapakTep wu3MeHeHHs CoNHeYHOH
AKTHUBHOCTHU KaK YCTaHOBIICHO acTPOPUIUKAMH.

2.2.2. X0J10AHbIH sIIePHBIH CHHTE3.

B »stomM myHKTE paccMOTpuM (U3UKY XOJIOIHOTO SIEPHOTO
CHHTE€3a W BO3MOXHBIH MEXaHM3M JTOTO  SABJICHUS, HE
MPOTUBOPEYAILIUE YCTOSBILIMMCSA TMPEACTABICHUAM O MEXaHU3ME
TEPMOSIIEPHOTO CHHTE3A.

PaccMoTpum simepHBIE peakuy 1 MPEeBPaIIeHUs TPOTEKAIOIINE B
(m3nyecKux YCJIOBHSIX KaBUTUPYIOLIUX KUIKOCTEH.
CBepXeIUHUYHOCTh B (DM3NYECKUX YCIOBUSX KaBUTAIMUA OCTAETCS
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OJTHVIM W3 HepasraJaHHbIX SBJICHUH GU3UKU. TOIIKOM K BBISBICHUIO
HOBOro (usuueckoro 3Ppdexkra Kak yKe OTMEYAIOCh IOCITY)KUIa
CIIy4allHOCTh. B KaBUTHpYOIIEH XUAKOCTH CTalld HaOIIOAaThCs
MHOTOUYHUCIICHHBIC S((EKTHl TNPEBBINICHUS CHUMAaeMOW TEIUIOBOM
MOIIIHOCTA HaJl TOABOJAMMOM K YCTPOWCTBaAM 3JIEKTPUUECKOU
MOIIIHOCTH.

Berlie oTtMewanock, 4To sijepHasi peakiius CUHTe3a TpeOyeT s
CBOETO TEUEHUS OMpeAeNEHHON TeMITepaTyphl M IJIOTHOCTH CPEIbI.
B mmasmMe (HampuMmep, TOKamaka) JOCTHTaeTcsi  BBbICOKasd
TeMIIepaTypa B JECATKH M COTHH MIJUIMOHOB T'paaycoB, HO IPH
Majioil MIOTHOCTU U YpPE3BBIYAMHONW HEYCTOMYMBOCTH IUIa3MbI B
TakOM COCTOSHHH. OJTa TpoOjemMa, HECMOTps Ha HECKOJIbKO
JNECATHIICTHIH YCWINH, HE IO3BOJIICT OCYIIECTBUTH YIPABISCMYIO
TEPMOSIZICPHYIO peakiuio. He ToBops yke O CBEepXeAMHUYHOCTH
SHEPreTHYECKOTO MpoIiecca B TOKaMakKe, IMPH KOTOPOH OH TOJBKO U
uMeeT cMmbica. [119, 134].

[Tpu xonmoHOM SJICPHOM CHHTE3€ JIETKUM SApaM Tak K€ HY>KHa
COOTBETCTBYIOIIAasl  BENMYMHA KUHETHYECKOH  DHEPruM, T.K.
MMOTEHIIMANBHBIN 0aphep KYJIOHOBCKHX CHJI HUKyZa HE AEJNCS U ero
HEO0OXOIUMO TIPEOJIONETh I COMMKEHUS Sliep Ha PacCTOSHHS, Ha
KOTOPBIX JICHCTBYET CHIILHOE B3anMOjciicTBre. XONOAHAs cpela Ha
TIEPBBIN B3I C OYEBUTHOCTHIO HE MOXKET 00ECTIeUNTh JIETKHUE sapa
NoJoOHOM SHeprued. DTO W CTajl0 NPUYMHOH HENpPUSTHA
TEPMOSIJICPIIUKAMH, a BCJIE] 32 HUIMU M BCEW OQUIIMATHLHON HAyKOH
CaMoro MOHSATHS XOJIOIHBIN sAepHbIH cuHTe3. OAHAKO 3TO TOIBKO HA
mepBeiii  B3risAn.  Temnodmsuka [37, 80, 81] momckaspBaeT
BO3MOXXHOCTh OCYIICCTBIICHUS SICPHOTO CHUHTE3a W B YCIIOBHUSX
OTHOCHUTEIHHO XOJIOMHOW CpeIbl, MPU OSTOM HE MNPOTHBOpEYa
TpeOoBaHusAM siiepHOH ¢usuku. PaccmorpuM rpaduk  QyHKIHH
MakCBEIUIOBCKOTO ~ pacrlpeieiicHus 10  CKOPOCTSM  YacCTHII
MHOTOMOJIEKYJISIPHON CHCTEMBI, N300paXEHHBIH Ha pUCYHKE - 2-1.
QOyHKIMSA pacupeAeNeHus] MOJIEKY IO CKOPOCTSIM H300pakeHa s
pa3HBIX Temrepatyp. PucyHok B3ar u3 [81, cTp. 62].

OyHKIUS paclpeeiICHUS UMEET CIACIYIOIINN aHATUTHYSCKAN BUJT:

3/ 2
dn _ 4 ( m -

= = 070 2 (22
Jo) nldv  Jr\ 2kT (22
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TZe: N - KOJIMYeCTBO YaCTHII ra3a B eIMHHIIE 00bEMa, T-Temmeparypa
raa B COCTOSIHMHM paBHOBeCHs, k- mocrosHHas bombnmana, m -
Macca 4acTHI] rasa, v- CKOpPOCTh YacTHIl ra3a, dn - 4MCIO 4YacTull,
CKOPOCTH KOTOPBIX JIS)KAT B HHTEPBAJIC OT V 10 V + dv.

S e

v

2T

Puc. 2-1. Pacnpedenenue Maxceenna no ckopocmsm

OyHKIMS pacnpeaereHus “onpenenseT 070 MOJIEKY eAHMHHULIBI
0o0BEMa Ta3a, CKOPOCTHM KOTOPBIX 3aKIIOYEHBl B HHTEpBAJe
CKOPOCTEH, paBHOM CAWHHWIIC, BKJIIOYAIOINIEM TaHHYIO CKOPOCTH .
[37]. ®yHK1MS pacnpeAeaeHUs] HOPMUPYETCS Ha EAMHULLY.

o

j fdv=1 (2-3). 3aBucumocts (2-3) maéT IIOMAAL TIOA
0

rpa¢pukoM (YHKIHM DPaBHYIO €IMHUIE. DTO O3HA4aeT C OAHOM
CTOPOHBI, YTO BEPOSATHOCTb 3acTaTh JNAaHHYIO YacTHIy BO BCEM
WHTEpBaJe 3HAYCHUH CKOpoCcTH OT () 70 oo paBHA €IUHUIIE, C APYTOH
mwiomane rpadpuka B HHTEpBalie cKopocted v + dv o3HagaeT
BEPOSITHOCTh HAXOXKACHUS YAaCTHIBI B 3TOM HMHTEPBAJIC WU JOJIO
YaCTHIl CHCTEMBl HAaXOJSAIINXCS B WHTEpBaje 3aJaHHBIX CKOPOCTEH.
W3 rpaduka Ha pucyHke 2-1 BHIHO, YTO BCErija B PaBHOBECHOM
TEPMOIMHAMUYECKON CHCTEME HMEETCS BEPOSTHOCTh HAaXOXKACHUS
gacTul 00iajgarommx OONBIION CKOPOCTBIO M COOTBETCTBEHHO
KUHETHYeCKOoW »JHepruei. KoHIeHTpamwsi dacTull, 00JIaJaroImux
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JHEeprue  ans  TPEeoAONeHHA  KyJOHOBCKOTO  Oappepa W
MPEBBIMAOIINX €€, HaXOUTCs 13 GOpMyIIBI:

n,= ”D_[f (W)dv  (2-4). B (2-4) E, - xuHeTHuecKas SHEprus
v(E,)

aKTHBALIMU SIEPHOTO CHHTE3a, HeoOXomuMas dacTuile (Sapy) Ui

MPEOOJICHUsST  KYJIOHOBCKOTO  Oapbepa.  Jlnst  TmpeooneHust

MOTEHIIMATBHOTO Oapbepa CTATKUBAIOIIAMCS TMPOTOHAM  (sapam

BOJIOPOJa) JOJDKHA OBITh coobmieHa sHeprus E =10xkaB, uto

COOTBETCTBYET Temieparype =10° °K. [141].

Harnsimao MecTo SHepruy aKTHBAIMU ¥ MECTO YaCTHII, O0JITal0IHX
DHEPTHUEH aKTHBAITMH, M300paKCHO HA PHUCYHKE - 2-2, HA KOTOPOM
M300pakeHO MaKCBEIIOBCKOE pacIpe/IeIICHUE 110 SHEPTUSAM YaCTHII.

A
Ny
= i
§ T, <T,<T,
~
§ T
T
2 3
S
=
E? Ef’a' _Ea Emm

Puc. 2-2. Pacnpeoenenue Maxceenna no snepeusim wacmuy. I pagux
pacnpeodenets RO CKOPOCHSAM YACMUY UMeem aHAI02UYHbI 6UO.

W3 rpaduxoB (Puc. 2-1 m 2-2) Tak k€ BHJHO, YTO C POCTOM
TEeMIIepaTypbl CUCTEMBI TpauK paclpelieieHUs] BBITATHBACTCS
BIIPAaBO, B CTOPOHY OONbIIMX CKOpocTed (dHepruii). KommdaecTso
YaCTHI[ CHCTEMBI  OONajgarommx  OONBIIOH  CKOPOCTBIO H
COOTBETCTBEHHO KMHETUYECKOM JHEpruel pacTtér ¢ pocToM
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TeMIIepaTypbl M HaxXOIATCSI OHM B XBOCTe MAaKCBEIIOBCKOTO
pacrpeneneHusl.

Orcroma cienyeT OCHOBHasg WJEd MEXaHU3Ma XOJIOAHOIO
siIEpHOro cuHTe3a. B cucTremMe O00JBIIOrO0 YHCIA CBOOOJHBIX
YacTHIl BCerga MMeIOTCs, ¢ OTJIUYHOI OT HYJsI BEPOSITHOCTHIO,
BbICOKOIHEPreTHYHbIE  YACTHILI  CIOCOOHbIE  MPeoaojeTh
KYJOHOBCKHIi 0apbep OTTAJIKUBAHUS U HHUIUMPOBATH PEeaKIHI0
sizepHoro cuHrte3a. HeobxommMmo 3aMeTWTh, YTO W B TOpSUCH
miasMe  peanusyercss  MaKCBEUIOBCKOE — pacIipelieliecHue  I10
CKOPOCTSIM M B PEaKIMI0 CHHTE3a BCTYMAIOT HauOojee OBICTphIC
sapa. Jaxe B ropsdeil miazMe UMEIOTCS YacTULBI CO CKOPOCTHIO
OJIM3KON K HYJII0O M €CTECTBEHHO OHHM HE YYaCTBYIOT B PEaKIIHIX
CHHTE3A.

OTa uaes CHUMAET MPOTUBOPEUUE MEXKIY XOJOIHBIM SIEPHBIM
CHHTE30M U TEPMOSICPHBIM CHHTE30M.

2.3. Husko3Heprernyeckue sijiepHble peaknuv B (U3NYECKHX
YCJOBUSAX KaBUTALMH.

HauGonee paHHHe W OTHOCUTEIHHO YCICUTHBIC PE3YJIBTATHI 110
HaO0IIO/ICHUIO 3PPEKTOB XOJIOJHOTO SJIESPHOTO CHHTE3a MPOSBUIKCH
B (U3MYECKUX YCJIOBUSAX KABUTHUPYIOUIUX >KHAKOCTeH. OCOOCHHO
MHOTO TOMOOHBIX 3()(PEKTOB, CBS3aHHBIX B IEPBYKD OYEPEIb C
JIOTIOJTHUTEIIEHBIM BBIJICIICHUEM TeIIa B KABUTHPYIOIIEH CHCTEME,
HaOII0AIOCh TIPH KaBUTAIMH BOEL. [44, 123].

2.3.1. OcuwuiAnuM TNOTEHHHAJBHOIO 0apbepa - MNPHYMHA
Ka)KylIerocs 1noji0apbepHoro TYHHeJIUPOBAHHUS.

TynuensHbli  3¢hdekt (momdapbepHOE TYHHEIUPOBAHHE) -
MPEOI0JICHHE MHUKpOYaCTUIIeH MOTeHIHAIbHOro Oapbepa B ciydae,
Korga e€ momHas SHeprusi (OCTAlomascs MPH TYHHETUPOBAHWUHU
HEU3MEHHOW) MEHBIIE BBICOTHI Oapbepa. TyHHENbHBIH 3¢deKT -
SIBIICHUE KBAHTOBOW TPHUPOMABI, HEBO3MOXXHOE B KIIACCHYECKOH
MeXaHUKe. SIBleHre TyHHENbHOTO 3 QeKTa JIEKUT B OCHOBE MHOTHX
Ba)KHBIX MPOIIECCOB B aTOMHOM M MOJIEKYJISIpHOH (hr3mke, B HU3MKE
aTOMHOTO SJIpa, TBEPOTO Tesa U T.1.

Ha pybOexe 19-ro u 20-ro BekoB ObLIM OOHapyKeHBI o U [
pacnazpl, KOTOpPBIE 4acTO COMPOBOXAAIUCH Y- U3IydeHueM. B 1928

39



roay paspaboTaHa Teopus o - pacmaja Kak TyHHEIBHOTO Ipolecca
(I'. Tamos, 2. Konnown, P. I'epan). Teopust TyrHEeTMpOoBanms ['amoBa
OOBSICHWIIA CHJIBHYIO 3aBHCHMOCTh II€pHOAa TMojdypacmaga o
W3IYYalOUIMX HYKIWAOB OT DBHEPruu o - dYacTunbl. OpHako
BEJIMUMHBI TEPUOJOB TOIypacmajga i MHOTHUX siaep ObuH
MpencKa3anbl ¢ OoNpIIMMHU  TOrpemrHocTsMHU. [loaTomy Teopus
I'amMoBa HEOAHOKPATHO YCOBEPILICHCTBOBAJIACK.

Anamu3 mmarepatypsl [7, 12, 22, 24, 79, 141, 141] noka3bIBaer,
YTO B OCHOBY (U3UKH TYHHENIHHOTO 3(h(eKTa MOJ0KEH MPHHIUIT
HeomnpenenéHHoctu leii3eHOepra W BOJHOBBIE CBOWCTBA YACTHL.
dukcanys NOI0KEHUSI MUKPOUYACTUIBI IPUBOAUT K BO3pPACTaHHIO €€
WMITyJIbCa, B  pe3ylbTaTe dYero BO3HUKAET  BEPOSTHOCTH
MPOHMKHOBEHHMS Yepe3 MOTeHIHAIbHBIN Oapsep. Bo BTOpoM ciryuae
CUMTAETCSl, 4YTO BOJHA HHUKOIZA HE OKAa3bIBACTCA IOJHOCTHIO
COCpPEIOTOYCHHOW B 0o0macTu Oaphepa. DTO W IO3BOJISICT YACTHIIC
TIPOWTH CKBO3b Oapbep.

PaccmoTpuMm moaxon K OOBSICHEHHIO TYyHHEIBHOro 3(ddexra,
CBS3aHHBIM C TIPUHOWIIOM HeomnpenenéaHoctu [eizenbepra. B
KJIACCHMYECKON (pM3MKEe CUuTaeTcsd, 4YTO KaxkJas JAWHaMHYecKas
MEepEeMEHHAsl CUCTEMBI MOXKET OBITh M3MEpeHa B TNPHHIUIIE CKOJb
YrOIHO TOYHO. AHAJIM3 PEATBHOrO MOBEACHUS MHUKPOCKOTIMYECKHX
CUCTEM, TpOBenEHHBIN ['efizeHOEproM IMOKa3al, YTO CYIICCTBYET
MPUHIUAITHANBHEIA  TIpeie)l TOYHOCTH, C KOTOPOH MapaMeTphl
MHUKPOCHCTEM MOTYT OBITh M3MEPEHBl M YKa3aHbl. JTOT Tpeae
TOYHOCTH  W3MEpPEHHUs, NPHUHIUN  HEONpeNeNEHHOCTH, U
KOOPIAMHATHI TIOJOXEHWSI MHKPOYACTHUIIBI ( W €€ HMITylbca P
3anuceiBaeTca cooTHoumeHneM: Aq - Ap > h/4n. TI'me Aq u Ap -
cpeanue omuOKy n3MepeHus q u p. [12]. B xkmaccuueckoit ¢puznke B
COOTBETCTBHHU C 3aKOHOM COXPAHEHHSI SJHEPTUU CUUTAETCS, YTO ECIIU
nonHas dHeprusi yactuuel € < Up, TO dYacTHma HE MOXKET
MPOHMUKHYTH 32 NOTEeHUUANBHBINA Oaprep Uy M OTpa3uTCsl OT HEToO.
Tak kak TONHAs DHEPIWsl YACTHIBI & = p2/2mo + U, MeHbIIE
BBICOTHI MIOTEHIIMAIBHOTO Oapbepa, TO B Cllydae NMPOHUKHOBEHHS 3a
Oapeep €€ uMIynbC p = \V2my(€ - Uy) cran 6B 9uCcTO MHEMBIM. B
KBaHTOBOW MEXaHWKE NPUHATO CYHTaTh, YTO MPOXOXKICHHUE
MHKpPOYACTHIIHI ¢ dHeprueh € < U, yepe3 moTeHIHaIbHEIN 6apbep He
OPUBOAUT K OECCMBICIEHHOMY BBIBOAY 00 OTpHULATEIbHOM
KHHETHYeCcKOl >Hepruu. KuHeTndeckas W moTeHIMaNIbHAS YHEPTUs,
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COTJIACHO TPWHIIUITY HEOIpeAeIEHHOCTH, He UMEIOT OJTHOBPEMEHHO
TOYHBIX 3HaueHW. Tak Kak mupuHa Oapbepa UMEET ONpeaeIEHHOS
3HaUYCHUE, TO HEONPeAeNEHHOCTh umiynbca Ap > h/4ma. I'ne a -
mupuHa Oaphepa. CBs3aHHAas C 3TUM pPa30pPOCOM KHHETUYECKAS
SHEPTrusl MUKPOYACTHUIIBI MOXET OKa3aThCs JOCTATOYHOM ISl TOTO,
9TOOBl ~ TIOJHAs ~ DHEPrusl  YacTHWIBl  OKa3ajach  OoJibIie
noteHuanbHoH. [140]. TakoB MOaX0a K OOBSICHEHUIO TYHHEILHOTO
sbdexra, CBA3aHHBIH ¢  NPUHLUUAIOM  HEOMPEACHEHHOCTH
I'eitzenbepra. CrpaHHbIii B ocHOBe moaxon. CooTHOIEHUE
HeolpeAenEHHOCTEN 3aMCcaHo Ui MOorpelmHocTel n3Mepenus. 1 na
OCHOBE TOTPELIHOCTH M3MEPEHUs JAeaeTcsl BBIBOA 00 aOCOIMIOTHOM
BEIIMYMHE U3MEPSEMOTO TTapameTpa. [54].

PaccmoTpum moaxon K OOBSICHEHHIO TYyHHEIBHOro 3(ddexra,
CBSI3aHHBIN C BOJIHOBBIMU CBOMCTBaMU MUKPOYACTHIl. B 3TOM cirydae
TEOPETHYECKHE TIOCTPOSHHS CTPOSITCS Ha TMPEACTaBICHHH OO0
aMIUTATYJIE BOJIHBI Jie Bpoiis kak BEpOATHOCTHOM XapaKTEpUCTUKE.
KBazmpar aMImmiTyapl - €CTh BEPOSTHOCTh HAXOXKIACHUS YaCTHUIBI B
TaHHOW 00JacTH mpocTpaHcTBa. Ilpw mpoxoxaeHUM depes Oaprep
aMIUTATYya BOJHBI CHM)KAETCS 1O SKCIIOHEHTE, a 9acTOTa BOJHBI (U
SHEpTus) ocTaércs HEU3MEHHOW. 3aBHCUMOCTH BOJHOBOW (DYHKIIUH
OT KOOpDAMHAT TPH MPOXOXKICHUU TOTCHIMATBHOTO Oaphepa
CTAaHOBUTCS allepUOIMIECKON U TOABIISETCS KOHEUHasi BEPOSTHOCTH
MPEOIOJICHHS YaCTUIIEH MOTCHIIMAIHHOTO 0aphepa, MPEBHIMIAIONIETO
KMHETUYECKYI0 SHepruro Hanetaromed wactuipsl. [140]. Ksagpat
OCTAaTOYHOW aMIUIUTYJIBI BOJHBI 32 OapbepoM HaéT BEpOATHOCTH
MIPOXO0XKICHHUS BOJHBI - YaCcTHUIIBI uepe3 6apbep. IIpu Takom momxoze
BoJIHA J¢ Bpoiuis He uMmeeT (PU3MUYECKOTO CMEICIA, a €CTh TOJBKO
MaTEeMaTHYECKUH OOBEKT. DTO CHOPHBIH MOMEHT Ha TPOTHKEHUH
BCErO  BPEMEHHM OT TIOCTPOEHHS  KBAHTOBOW  MEXaHHKH.
OKCIEPUMEHTHI YKa3bIBalOT Ha (PU3MUYECKYIO PEaTbHOCTh BOJHOBBIX
CBOWMCTB MUKPOYACTHIL.

TynnensHBI 3¢ (deKT B NPUHIWIIE HEBO3MOXXEH B paMKax
KJIACCHUYECKOHM (DM3MKH, T.K. HApyIIaeT OCHOBHOM 3akoH (u3uku. Ho
OH HEBO3MOXKCH U B MHKpOMUpE. ECITU eCTh BEpOSATHOCTh YaCTHUIIBI
MaJIOl PHEPTUU MPONTH Yepe3 BHICOKUH MOTCHIIMAIBHBIN Oapbep, TO
39TO O03HA4YaeT, YTO €CTh BEpPOSITHOCTh HAPYIIEHHWs 3aKOoHa
COXPaHCHUS SHCPTUU.
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[Ipennaraetcst yBs3ath 3PQPEKT KaxyIIerocs TYHHEIUPOBaHHUS
MHKPOYACTHIIBI 9epe3 BBICOKHA IOTEHIIMAIBHBIA  Oapbep C
OCHWUIALUSAMU MOTSHIIMATLHOTO Oaphepa.

B 1936 r. H. Bopom ObuT0 TOKa3aHO, YTO CUCTEMa YAaCTHII,
CBS3aHHBIX CHJIAaMH B3aHUMHOTO TIPHUTSDKCHUS, MOXKET COBEPIIAThH
KOJUUIEKTUBHBIE KoJieOaHus. CyrmmecTBoBaHHE OOIBIINX
KBaJIPYTIOJILHBIX ~MOMEHTOB  SiIep caMO 1O cede  CIyKUT
JIOKA3aTeIbCTBOM TMPHUCYTCTBUS B HHUX KOJJICKTUBHBIX SBJICHHI.
OKOHYATENNBPHO TIPENCTaBICHHE O CYIISCTBOBAHUU Y  sAep
KOJUICKTUBHBIX ~ KOJICOATENbHBIX U  BpalIaTeIbHBIX  COCTOSHUMA
odopmmiock B Hadane 50-X IT. TPOILJIOrO BeKa M3 aHAU3a CXEM
YPOBHEH YETHO-YETHBIX SIIEP.

ATOMHOE PO IO XapaKTepy BO3MOXKHBIX BO30YKICHHIA OIMKe
K MOJIEKyJie, TN Hapsay C OJHOIICKTPOHHBIMU TEPEXOJaMHu
BO3MOXKHBI KOJUICKTHBHBIC BO30YXKIEHHS - KoyieOaTeapbHbIC |
BpamiarenbHsie. B Mosekynax (M spax) BO3HHMKAIOT TpH
HAaKJIQ/IBIBAIOINECS BETBU BO30YXKICHUH, U3 KOTOPBIX OJ[HA
OTHOYACTHYHAS W JIBE KOJUICKTUBHBIX. DHEPTHH OJHOYACTHIHBIX
BO3OY)KICHMM B SApax HWCYUCIBIIOTCS METa’IeKTPOHBOIbTAMHU
(paccTosiHMe Mexay Tmoao0omoukaMu). KOJIEKTHBHBIE sTCpHBIC
BO30YXCHHUSA TUTAa BUOpalMii U BpalleHUH MOTYT UMETh SHEPTUH
CYIIECTBEHHO OoJiee HH3KHE. BUOpanMOHHBIE - COTHH-TBHICSYU
KIJIO3JICKTPOHBOJIBT, BpalarenbHbIC - JIECITKH-COTHU
KWJIOAJIEKTPOHBONIBT. PeanbHblil SAEpHBIA CHOEKTP CIOKEH. JIuibs B
OYCHb OTPAaHWYCHHOM 4YHCJEe sAep (WM OrpaHWMYEHHOW o01acTH
SHEPTHUH) NOMUHHUPYET KaKas-Tu0O0 OJIHA M3 BBINIC NEPECUHUCICHHBIX
BeTBel BO30ykaeHmid. Kpome Toro, B sigpax OONBIIYI0 POJIb UTPAFOT
TaKWe COCTOSIHHS, B KOTOPBIX TIPUCYTCTBYET, OJIHOBPEMECHHO
CMEINBAsCh, HECKOJILKO THUIOB BO30yXmeHuil. Tak, Hampumep,
Hec(epUUYECKOe AP0, BpaIlasch, MOXKET TPU 3TOM HCIBITHIBATH
kojeOaHuss (GOpMBI U CONEPKATh HECKOJIBKO OJHOYACTHYHBIX
BO3OY)KICHHMHA. ‘“ATOMHOE SIpPO TIOITOMY TMPEACTABISET Cc0OO0M
HUCKJIFOYNTEJIFHO CJIOKHBIM JUHAMHUYECKUH OOBEKT, €AMHCTBEHHBIN B
cBoeM poze”. [30].

C pocTtoM DdSHepruM  BO3OYXKICHUN  CIEKTP  SACPHBIX
KOJUICKTUBHBIX ~ BO30Y>KICHUU CYIIIECTBEHHO oboraraercs.
[NosBnsifoTCS,  HampuMep,  TMOJSPU3AIUOHHBIE  KOJUICKTUBHEIC
BO30YXICHHSA, B IMPOIECCE KOTOPBHIX NMPOMCXOAUT AUHAMHYECKOE
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NPOCTPAHCTBEHHOE pa3jiejieHHe MPOTOHOB M HEHTPOHOB fApa U
mocieHee  MPHOOpPETaeT  COOTBETCTBYIONIHMHA,  T'apMOHHUYECKH
MEHSIOIIMICS CO BpeMEHEM, 3JICKTPOMAarHUTHBIN MoMeHT. Ha
pucyHke - 2-3 (pucyHok B3AT u3 [30], roe o6o3HaueH 107 HOMEPOM
7.19) mokasaHbBI TpH MpUMeEpa TaKUX BO30YKICHUU: DJICKTPUICCKUC
TUTIONBHBIE, JJNEKTPUYECKHE  KBaJpYNOJbHBIE ¥  MarHUTHBIC
JUTIOJNbHBIC, Ha3blBaCMbIE HOXXHUYHBIMH. [loka3aHbl KpaliHue
MOJIO)KEHUSI MPOTOHHOW W HEHUTPOHHOM COCTAaBIAIOIIMX Sapa B
mmporecce JOTHUX KojeOanmii (OHM MEHSIOTCS MeECTaMH dYepe3
MOJIOBMHY Tieprona). Yacrora moio0HBIX KOJICOAHUH B sapax 10* -
102 T 1. OTMeTUM, YTO TOJSPHU3ANMOHHBIC JUIOJIBHBIC KOJICOaHMS
He 3amnpemnieHbl. OHM OTHOCATCS K BHYTPUSAACPHBIM BO30YKICHHUSIM H
MPOTEKAIOT 0€3 CMEIICHUS IIEHTPa Mace spa.

AWUnonbHble KBaApynonbHble  HOXHW4YHbIE

Puc. 2-3. Dnekmpuueckue ounonvhoie, sneKkmpuyeckue
K6AOPYNOIbHbIE U MACHUMHbIE OUNOTIbHBLE (HOMCHUYHbIE)
6030yo1cOeHUs A0pa.

W3 pucynka - 2-3 BHIHO, YTO TPH TUIIOJBHBIX KOJEOAHHUSX spa
MMEET MECTO TEPUOANYECKOE M3MEHEHHE IUIOTHOCTH MPOTOHOB H
HEHUTPOHOB B sjape. OTO MPUBOJUT K TOMY, YTO B OOJIACTH
YBENUYEHHUsI  TUIOTHOCTH  TNPOTOHOB  KYJIOHOBCKHHA  Oapbep
MOBBIIIIACTCS, & B OOJIACTHM CHIDKEHUS IUIOTHOCTH TIPOTOHOB
MOHIKaeTcst. B o0iacTaX MOHMKEHHOTO KYJOHOBCKOTO Oaphepa B
PO TPOHUKAIOT W BBUICTAIOT M3 SJpa MHKPOUYACTHIBI C Maioi
SHEpPTrUeil B CpPaBHEHHUH CO CPEJHHM YpPOBHEM IOTEHIIMAIHHOTO
Oapbepa. ITU COOBITHS HOCIT BEPOSTHOCTHBIN XapakTep.

Marepuan Juis JaHHOTO ITyHKTa MOYEPIHYT TNIABHBIM 00pa3zoM
u3 [30].

BrIitie  paccMOTpeHBI  OCHMIUTISAIME  TOTEHIMAILHOTO Oaphepa
sqpa, CBsI3aHHBIE C YIOPYTUMH CBOWCTBAMH  siipa. Temephb
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PacCMOTPHUM CKAadKH BBICOTHI MOTEHIIMAIBLHOTO Oapbepa, CBSI3aHHBIE
co CITy9aiiHBIMH GbaykTyarmsMu HYKJIOHOB. CunsHoe
B3aMIMOJICHCTBAE  MEXIy  HYKJIOHAMH  SIBJIIICTCS  KOPOTKO
neiictpyronuM. HauOonbllyro BeTMYMHY 3TH CHJIBI HMEIOT B
LEHTPaJIbHON YacTH SJIpa M CHIDKAIOTCS K BHEIIHEH TpaHUIle sijapa.
Ha rpanune sapa cuibHOE B3aUMOJEHCTBHE ypaBHUBAETCS
KYJIOHOBCKUM OTTaNkuBaHueM. OTCIO]a BO BHEIIHEH 000JI0UKe siipa
CHJIBI TIPUTSDKCHHS CJIa0BbI, YeM W OOBACHsIETCS O0pa3oBaHHE O -
yactur, Ha mepudepun sapa. CHIbHOE B3aWMOJICHCTBHE B SIpe
Telids 3HAYUTEIHLHO OOJIBIIE CHILHOTO B3aUMOJICHCTBHS sjpa B
JMaHHOW BHeIIHEH o0ojouke. BHyTpum saep o - dYacTHIBI HE
obpasyercs. Takum 00pa3oM BO BHENTHEH 000JI0UKE SIEpP HYKJIOHBI
c1abo CBs3aHBI MU OTHOCHUTEIHHO CBOOONHBI. BO3HUKAIOT YCIOBHUS
Ui QUIYKTyallid HYKJIOHOB TPH HX OOIIEM BpallaTeJbHOM
JIBIDKEHUHW BOKPYr CIMHOBOM ocu sapa. Hac wuHTEpecyroT
(bykTyanmuu TPOTOHOB BO BHEIMIHEH o00onouke sapa. OTH
(GaykTyanuu TPOTOHOB TMPHUBOJAT K CIOPAJAMYECKUM CKadyKaM
MOTEHIIMaNa Kak B BBICOTY TaK W K MHHMMyMY. HaxmaneiBasch
CIIy9allHBIM 00pa3oM Ha OCHWJUIAIMHU KYJIOHOBCKOTO Oapbepa OHHU
emé Oosiee YCIOXKHAIOT KapTHHY CITyYalHBIX OTKJIOHEHUH BEIMYHHBI
KYJIOHOBCKOTO Oapbepa OT cpeanell BenuuuHbl. [lo Bceil BHemineit
TpaHUIE sIpa CIy4aiHBIM 00pa3oM BO3HHKAIOT KPAaTKOBPEMEHHEIE
00J1aCTH C pa3IUYHON BEICOTON KYJIOHOBCKOT'O Oaphepa.

MartemaTudeckoe  ONHCAaHWE  BEPOSATHOCTH  (IYKTyarui
MIPOTOHOB BO BHEMIHEH 000J0YKe sApa TIMOAOOHO OIMCAHHIO
(¢aykTyammii  CBOOOIHBIX  JJIGKTPOHOB  TNPOBOAMMOCTH B
METAJLTUYEeCKOM Kpuctaiuie. JlJis OONBIIEero CXOICTBA MPEICTaBUM
BpallleHUE METAJUTHYECKOTO MapuKa BOKPYT OCH CUMMeTpuu. Toraa
AJIEKTPOHBI MPOBOAUMOCTH OyIyT COBEPIIATH KPOME XaOTHUECKUX
(baykryanumii enié 1 odIIee BpalieHHe Kak U IPOTOHKI B spe.

CornacHO MaTeMaTHYECKON CTATUCTHKE BEIHYMHA (ITyKTyalluu
(oTkyOHEHHUE OT cpexHero) onpenensiercs popmynoir AN = N - <N>;
I'me: AN - BenmmunHa Qurykryarui, N 9UCIO YacTHI[ B UICKOMOM
00BEMEe B MOMEHT (uiykTyanuu, <N> - cpeJHee YHCIO YacTHll B
HMCKOMOM 00BEME.

PaccmoTpum aBa nmpumepa.

a). OmbIT MOKAa3bIBACT CYIICCTBOBAHUE CHIILHOM KOPPEISIIUU
MEX/y TIEpPUOJIOM TOJTypaciana sfaep U SHEPrueil UCIyCKaeMbIX o -
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YacTHIl: dYeM OoNbIle DSHEPrusi, TEM MEHbIIEe BpeMs IKU3HU.
Hanpumep, y o - paJHoaKTHBHOTO H30TOIA MOTOHMS 54P0”” meprox
nonypacmaza paseH 3-107 cex. A 'y o - paHOAKTHBHOIO H30TOINA
ypan o,U*® nepuon momypacmana pasen 4,5-10° zem. [12, ctp.
291]. Ilepuozs! momypacmnana o - H3IydaTeliel JiexkaT B HeOObIIaitHO
IIUPOKOM HMHTEpBAJIE 3HAUYEHUH. DTO MOXXHO OOBSCHUTH TE€M, UYTO
pa3auuYHBIC SApa WMEIOT Pa3IUYHbIC MOTEHIMAIBHBIC Oaphephbl C
pa3IMYHBIMA YaCTOTHBIMH XapaKTepUCTHKamH. Pa3nmudHble szmpa
MMEIOT ¥ Pa3JINYHbIe CKOPOCTH 0, - YaCTHUI], TOKUAAIOIINX SIPO.

0). [ns norteHnmanbHOM sAMbI, corjmacHo [141, ctp. 769]
“TYHHEJBHBIN APQEKT XapaKTePU3yeTCs BEPOSITHOCTHIO W BBIXOZA
YaCTHIIBI U3 3TOW 00JIaCTH B €IWHUILy BPEMEHHU; BEIMYMHA W pPaBHA
MIPOU3BEICHUIO 4acTOTHI KoJjeOaHuit YaCTHIIBI BHYTPH
MOTCHIIMANBHON SIMBI Ha BEPOSTHOCTh TPOXOXKACHHUS CKBO3b
Oappep”. OT 9acTOTHI KOeOaHWH 3aBHCHT CKOPOCTH YACTHIIHI U e
BEPOATHOCTb CTOJIKHOBEHHS C 0OapbepoM B HY)KHBII MOMEHT, a
BEPOATHOCTh MPOXOXKIECHUS 3aBUCUT OT BEPOSTHOCTU COBIAJICHUS
MOMEHTAa MPOXOXKJIEHUS YacCTHIIeH Oapbepa ¢ ero OCHMIUISIIMOHHBIM
noHmkeHrneM. OTcro/la u Iponu3BeAcHUe BeposiTHocTel. B [141, ctp.
769] Tak xe OTMEYaeTcsi, YTO BEPOSITHOCTh MPOXOKACHUS YaCTULIBI
yepe3 Oapbep TeM OoJbIIe YeM MEHbIIe e€ mMacca. DTO CBA3aHO C
TE€M, YTO YeM MEHbBIIE Macca, TEM BBIIIE CKOPOCTh YAaCTHIBI U
COOTBETCTBCHHO BBINIE BEPOATHOCTh IMPOCKOYUTH B MOMEHT
MTOHIKEHUS TIOTEHIIMATHLHOTO Oaphepa.

AHanmu3 TPUHATOTO HA CErOJHS MEXaHW3Ma TOA0aphEePHOTO
TYHHETTUPOBAHUS, KOr/Aa YaCTHUIBI MaJiOW »JHEPIHMH HWMEIOT
BEPOATHOCTh TIPONTH dYepe3 BBICOKWH IMOTCHIMAIBHBIN Oapbep,
MPOTUBOPEYHUT 3aKOHY COXPAHCHUS OHEPrHH HE TOJNBKO B
KJIacCMUecKoi obmactu (pusuku. JJaHHOE MPOTUBOpEUYHE CHUMACTCS
MPEAJIOKCHHBIM MEXaHU3MOM, B OCHOBE KOTOPOIO JICKHUT IMPOIIECC
OCHWUIALMU  TOTCHIMAIBHOTO Oaphepa. OTO TNPUBOIUT K
BEPOSTHOCTH TPOXOXKIACHUS YaCTHUIICH MaJloi dHEpruu depes 6apbep
B MOMEHT €T0 OCIIIISIIIOHHOTO MUHUMYMa.

2.3.2. PuznyecKue ycJI0BUS IHIPOANHAMMYECKOI KaBUTAI[UH.
[Ipobnema ais sOEpHOTO CHHTE3a B Cpelie BOXBI, COACpIKaIeit

NErKUe g1ipa BOAOPOJA U KUCIOPOAa COCTOUT B TOM, UTO MOJICKY] U3

XBOCTa pacmpeneicHusi MakcBeiia ¢ dHEprued AOCTATOYHOM st
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MPEO0ICHNU KYJIOHOBCKOTO Oapbepa, HUYTOXHO Maio. K Tomy xe
MOJIEKYJBI BOJIBI HAXOIATCS XOTSA M B CINa0OM, HO CBSI3aHHOM
COCTOSIHMM, YTO TaK € CHIKAET YUCIO BBICOKOIHEPTEeTHYHBIX
gactull. OTciofa BEpOSATHOCTb CHIJIBHOTO B3aMMOJCHCTBHS SACP
BOJIOpO/ia (M KUCJIOPO/a) B BOJIE MPAKTUUYECKHU paBHA HYIIIO.

Pemenne mpoOiieMbl OBUIO HAWIEHO CIyYallHO IPaKTHKaMH,
HaOJIIOJIABIIIIMH MHOTOYHUCIICHHBIE 3(D(EKTh CBEPXCAUHUIHOCTH H
COHOJTIOMHHECIICHIINH B YCIIOBHSX KaBUTHPYIOMEH Boabl. [44, 123].
MexaHn3M penieHus MpoOIeMbl BUINUTCS CIEAYIOIIM.

[Mpu agma®aTHOM CXJIONIBIBAaHWH ITy3BIPHKOB Iapa B IPOIECCE
KaBUTaLlMM €ro Temmeparypa pe3ko mnosbimaercs (1o 1500 °C mo
maHHeiM #u3 [122]). DTO NpUBOAWT K YBEIMYCHHUIO KOJWYECTBA
BBICOKOPHEPreTUUHBIX ~ YacTUI] M3  XBOCTa  paclpeneieHUs
MakcBesia, ClIOCOOHBIX MHHUIIMUPOBATh PEakIuio cuHTe3a. K Tomy
K€ YacTUIBI Mapa B KaBUTAIIMOHHBIX IY3BIPbKaxX HE HaXOATCS B
CBA3aHHOM cocTossHuU. C Jpyrod CTOPOHBI KaBUTAIMOHHBIX
My3BIPEKOB OIPOMHOE MHOKecTBO. COBMECTHOE IEHCTBUE 3TUX ABYX
3¢ dexToB (yBenHYeHHE OBICTPBIX YACTHI] C POCTOM TEMIEpaTyphI
MPH  CXJIOTIFIBAHUM KAaBUTALMOHHBIX ITy3BIPPKOB M OTPOMHOTO
KOJIMYECTBA MOCICAHUX) MPHUBOAAT YK€ K PEalbHOM BEPOATHOCTH
SIEPHOTO cHHTe3a. Ho Tak Kak 4YHMCIO TakUX peakiuil B cpefe
KaBUTHUPYIOIIEH >KUJIKOCTH (BOJbI) BCE K€ Majio B CPaBHEHHHU C
Maccol BOJBl (HampuMep, B TEIUIOT€Heparope YpIHHA), TO
BBIIETIUBIIEHCS SHEPTUM XBaTaeT Ha pasorpeB Boasl Ha 20 - 50 °C.
Ho, Tem He MeHee, 3pdeKT CBepXeAUMHUYHOCTH JOCTHraeTcs. Eciu
YBEIMYMBATh YHCIIO KAaBUTAIIMOHHBIX My3BIPHKOB B €IMHUIE 00BEMA
BOABl W YBEIMYMBATH TEMIEpPATypy Iapa B CXJIOMBIBAFOIIUXCS
My3bIPbKax, TO BEPOATHOCTD SIIEPHOM peakMy CHHTE3a OyAET PacTH
W BO3MOXXHO IIOJIyY€HHE TEIUIOBOM MOIIHOCTH B [ECATKA H
BO3MOXXHO COTHH pa3 MpPEBbIMIAIOIIEH 3aTpadeHHYI0 Ha IIPOLECC
KaBUTAIUU JIEKTPUUYECKYIO MOIIHOCTE. [123].

Hanmmo peanmzamust oOgHOrO W3  TJIAaBHBIX — NPUHIIUIIOB
BekTopHO# 3HEpreTUkH, Korjaa ¢ MOMOIIbI0 Majoro MOTOKa YHEPTUU
WHHULUUPYETCS IPOU3BOACTBO 3HAYUTEIBEHO 00JIee MOLTHOTO MTOTOKA.
[13]. HeOospie 1m0 MOIIHOCTH IMOTOKH DJICKTPUUECKON JHEPTHH,
yBENMYMBAs Yepe3 KaBHUTAIMIO YHCIO BBICOKOIHEPTETHUHBIX
YaCTHIlBI M3 XBOCTAa pacmlpesesieHuss MakcBemia U CTPYKTYpUpYS
cpedy, UPHUBOIAILYI0 K YBEIMYECHUIO BEPOSTHOCTH CHIIBHOTO
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B3aUMOJICUCTBUS, IOPOXKIAIOT OOJee MOITHBIE ITOTOKH SACPHOMN
SHEPTHH.

Tak Kak B peakIMiO CHHTE3a BCTYIAET HEOONBIIOE KOIUYESCTBO
NETKUX s1ep, AOCTUTIINX DYHEPTUU aKTHUBALMU, TO WU BBIICJICHUE
SHEPrUH TPOWCXOMUT HE B3PBIBHBIM CHOCOOOM, a HE OONBIINMH
JIETKO  peryjiupyeMbiMM  ToTOKaMu. I[Ipu »>TOM  BHXpeBOi
TEIUIOTeHepaTop  YpmuHa, pabotas B o0JacTh  HU3KUX
TEMIIEPATypHBIX TapaMeTpoB (B CPaBHEHHH C TEPMOSICPHBIMHU
yCTaHOBKaMHM), 00J1aaeT HCKITIOUATEIHLHON HAIEKHOCTHIO.

Kpome BOABI MOXHO HCHONB30BAaTh M JAPYTHUE >KUIKOCTU, B
MOJICKYJIIPHOM COCTaBE KOTOPBIX COJEPKUTCSI BOAOPO WM IPYyTrue
NETKUe DJIEMEHTHI, BCTYMAIOMIMEe B peaknuio cuHTe3a. [Ipm atom

KUIKOCTH JTOJKHBI WHTCHCHBHO KaBUTHPOBATh npu
COOTBETCTBYIOIIUX TEPMOJUHAMUYECKUX U TUAPOIUHAMUYCCKUX
YCIIOBUSIX.

Brmmumem maremMaTHuecKkne 3aBUCHMOCTH, TOKa3bIBAIOIINE
HeoOXOoauMble (PU3MYECKUE YCIOBUS [UIS TMPOTCKAHUS PEeaKIuil
XOJIOMHOTO CHHTE3a B KAaBUTHPYIOIMIECH JKUIKOCTH W HAIpPaBICHUS
WHTEHCHU(HKAITIHN TIpoIiecca.

[lpy  HaxXOXACHWM  KOJMYCCTBCHHBIX  MapaMeTpoOB U
3aBHCHMOCTEH MEXKAY HUMU, HEOOXOAUMBIX ISl pacyéTa XOJIOIHOTO
SIIEPHOTO CHHTE3a, HY)KHO Pa3iiMdaTh OOIIYyI0 TEPMOIUHAMHYECKYIO
CUCTEMYy KaBUTaTOpa H TOJCUCTEMY OO0bEMa KaBUTAIMOHHBIX
my3bIpbKOB. KaBuTaTop 37€Ch TIOHUMACTCS BBIJCICHHBIM B
OTIETFHOE YCTPOMCTBO, KaK Ha cxeMe pUCyHKa - 2-8 (CM Hmxe).
[51]. O6mmas TepMoauHAMAYECKast CHCTEMA TPEICTaBIsIET OO0 2-X
¢da3Hyro cpeny: kxuakyr (a3zy u mapoBylo ¢a3zy KaBUTAIMOHHBIX
My3BIPHKOB. B TO/ICHCTEME KaBUTAIIMOHHBIX ITy3BIPHKOB, B Cpec
CBOOOJHBIX  dacTWil Tapa, (Gopmupyercss MakcBeIUIOBCKOE
pacmpesiciecHie TI0 CKOPOCTSAM W JHEPTusiM  4YacTUIl. 311eCh
BO3HUKAIOT OBICTPHIC BBICOKOXHEPICTUYHBIC YaCTHUIBI WX XBOCTa
pacnpenenenuss ~ MakcBemga,  CIIOCOOHBIE K MPEOJOJICHHIO
KYJIOHOBCKOTO Oapbepa M BCTYIUIEHHUIO B peakiuio cuHTe3a. [lo mepe
YBEJIMUCHUSI PHEPTHH MOJEKYJbI Mapa B XBOCTE paCIpe/e/iCHus,
MOJIEKyJTa BOJBI paclajaeTcs Ha J[Ba HOHAa BOAOPOAa U HOH
kuciopona. JlampHelmuii Habop WOHAMH BOJOpPOAA M KHUCIOPOIA
SHEPTUM B PE3yJIbTATe CTOJKHOBEHUM MPUBOAWT K SAPY BOJOPOIA H
NPy KUCIIOpOJa C DJHEPrUsAMU aKTHBAIlMA PEaKIUU CHUHTE3a.
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®opmyna (2-4) mas KOHICHTPAIMA BBICOKOYHEPTCTHUHBIX YaCTHI]
NEeCTBYeT MMEHHO B TOJCUCTEME KaBHTAIMOHHBIX ITy3BIPHKOB.
[Toatomy HE00X0IUMO onpeNeInThb KOJIMYECTBCHHBIC
XapaKTEPUCTUKU 3TOM IOJCHUCTEMBI: ITUIOTHOCTh KaBUTAIMOHHBIX
My3BIPHKOB, WX CpEAHHE pa3Mephbl, KOHIIEHTPAIMIO Tapa B HUX,
COBOKYMHBIH 00BEM W  Temmeparypy. HMcxoms w3  3THX

KOJIMYECTBEHHBIX napameTpoB HAXOIUTCSA KOJIMUECTBO
BBICOKODHEPTETUIHBIX YacTHI] B CAWHHIIC O0béMa W BO BCEH
moAacucTeMe. A  BOT B KadecTBE sAep - MHINCHEH s

BBICOKORHEPTETUYHBIX SIIEP BOAOPOJA M KHUCJIOPOJA CIyX,aT BCE
siIpa BOJAOPOAA U KUCIIOpo/a B 00bEME KaMephl KaBUTAllUU, TO €CTh
BO BCEW TepMOAMHAMHYECKOW cHmcTeMe o0bEéMa KaBurTaropa. [lop
SIIPOM - MUILIEHBIO MOHUMAIOTCS BCE TE€ SAPA, C KOTOPBHIMU MOXKET
CTOJIKHYTbCA (IOMAcTh B CEUCHHUE CHUJIBHOTO B3aUMOJCUCTBUS)
BBICOKOIHEPreTUYHOE SAPO BHE 3aBUCUMOCTH OT MX IHEPTHU.

Haubonee Han&xHpM cIocoOOOM HaXOXICHHS KOINYECTBEHHBIX
XapaKTEPUCTUK TOACUCTEMBbl KaBUTAILIMOHHBIX MY3BIPHKOB U BCEH
TEPMOJMHAMHUYECKOW CHCTEMBI  SIBISIETCA  OKCIIEpUMEHTaJIbHast
pabora.

JomycTuM, 4TO HaM M3BECTHO MPOU3BOACTBO KaBUTAIMOHHBIX

Ny3bIPbKOB B €IUHHIE 00bEMA BOABL M, ... [WT/CEeK] u mx

JaMeTp. DTO HY)KHO B KOHEYHOM HMTOTE JUISI OI[CHKH MPOU3BOJICTBA
BBICOKODHEPTMUYHBIX ~ SiACp U,  CIEAOBaTENbHO,  MOIIHOCTH
MPOU3BOCTBA DHEPTHU XOJOJHOTO SJACPHOr0 cUHTe3a. Jlms sToro
MOTPeOYIOTCS MaTeMaTHUECKHE 3aBUCHMOCTH ITapaMeTpoB Ipoliecca
KaBUTAIlMM OT (U3MUYECKUX YCIOBUH M PA3IUYHBIX (AKTOPOB.
OueBuHO, 4YTO YeM Oouyblie oOmui 00BEM KaBUTHUPYIOIICH
XKUJKOCTH M TUIOTHOCTHh MY3bIPHKOB KaBUTAIMW, TEM HHTCHCHBHEE
XOJIOJHBIH  SIIEPHBIH  CHHTE3 M BBINIE CBEPXCAMHUYHOCTH.

Ny =f Vo) (25, Tnmer N - moummHocTb

XAC
MIPOM3BOCTBA SHEPIHM B IPOIECCE XOJIOTHOIO SIACPHOIO CHHTE3A;
VH70 - 00BEM o0Omel TEePMONMHAMHYECKONW CHCTEMBI, OO0BEM

KkaBuTaropa; M., ,,, [WT/ceK] - MPOM3BOACTBO KaBUTALMOHHBIX

ITY3BIPLKOB B CAUHUILIC 00BEMa BOJbI, CAUHHUIIC 00BéMa KaBUTAaTOpA.
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3Hass  KOHLEHTPAlWI0  KaBUTAIMOHHBIX  IMY3BIPBKOB U
TEeMIIEpaTypy Tapa MpH CXJIOMBIBAHUH ITy3bIPHKOB, MOXXHO U3 (2-4)
OLICHUTh KOHLIEHTPAIIMIO BBICOKOAHEPTETUUHBIX YACTHI] C SHEPTrUeH

E, 210x2B, 4T0 COOTBETCTBYET TEMIIEpaType = 10°°K. [141]. 3uas

o0mmit 00BEM KaBHUTHPYIOIMICH BOABI MOXKHO TI0 (2-5) HaWTH
OKHIAeMyI0 MOIIHOCTh MpOIECca XOJOTHOTO SIEPHOTO CHHTE3a
YCTaHOBKH.

IInoTHOCTB BOJIBI (KOHIEHTpALIUS SIAEP BOJOPOIA U KUCTIOPOJa) B
KaBUTAaTOpE MOCTOSIHHA HE3aBUCHMO OT MHTEHCHBHOCTH KaBHTAIlWH,
Tak Kak O00bEM KaMepbl KaBHTAIlMM W COOTBETCTBYIONIUH 00BEM
BOJIBI IOCTOSIHHEI. 11 HEOOXOTMMO OTMETHUTH, BBICOKA, B CPABHEHUH C
KOHIIEHTpalluen sijiep BOJOpoJa B IIa3Me KaMmepbl Tokamaka. [Ipu
STOM ILIOIIAlb MUKPOCEUECHHUS SAICPHBIX CUJI MIPU AUMETPE IPUMEPHO

200w, cocramser  3,14007°x*  (3,1400 % cn?).

MakpocedyeHne eauHUILI 00hEMa KaBUTHPYIOMIEH BOJBI PaBHO
MIPOU3BEICHUI0O MUKPOCEUCHUS Ha YABOCHHYIO (B KaXKJI0M MOJIEKYJe
IBA aTOMa BOJOpPOAa + KHCIIOPOJ) KOHIICHTPAIMIO MOJEKYJ BOJBI

(0,3300% Lum/ cM’). DTO  COCTABHT  BEIMYMHY  MOPSIKA

107 cm® / cm’ . Takum 06pa3oM B 1-0M JTHTpe KABHTHPYIOLICH BOIBI

CO3/1aI0TCA HEOOXOAWMBIE YCIOBHA IS TEUSHHs pPEeaKiy CHHTE3a,
YTO WU JIEMOHCTPHPYIOT BHXpPEBBIE TeIUIOreHeparopel. [122, 123].
YBenuuuBas oOmmid 00BEM KaMmephl KaBHUTAIlUH, YBEIUYHBACM
o011ee MaKpOCKOMTMYIECKOE CEUeHHE PEeaKIN CHHTE3a (BEPOSTHOCTH
mpoliecca CUHTE3a B KABUTATOPE).

VYBenuueHNe TUIOTHOCTH ¥ TEMIIEPaTypbl KaBUTAIMOHHBIX
My3bIPPKOB ~ YBEJIMYMBAET BBIXOJ BBICOKOIHEPTETHYHBIX  sIZIEP,
CHOCOOHBIX MPEOOIETh KYJIOHOBCKHUM Oaprep. YBeIMUeHHE BBIX0/a
BBICOKOHEPIMYHBIX S/IEp HapsAy ¢ TMOCTOSHCTBOM KOHLICHTPALWH B
BOJIe sAep BOAOpOAa M Kuciopoda (sSaep - MHUIIEHEW) u
BO3MOXKHOCTBIO YBEIMYCHHsI 0OMmEero o0béMa KaBUTHPYIOIIEH
KUJIKOCTH, TTO3BOJIUT OIICHUTh MHTCHCUBHOCTh KaBUTAIIMH U JIPYTHE
napaMeTpsl KaBUTAIIMOHHON KaMmephl, NMPH KOTOPOW BO3HUKAET H
pacTET CBEpXEAMHUYHOCTD.

BceTaér Bompoc o moTepe KWHETHYECKOW DHEPTHH OBICTPHIMHU
SApaMU MPU CTOJKHOBEHUH C AJIEKTPOHAMH, OTEPSl HA HOHU3ALIHUIO.
Oror mporecc Oe3yciioBHO mpucyTcTByeT. Ho dakr ocraéres
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¢akTomM: MakcBeIOBCKOE pacmhpeziefiecHHe TI0 CKOpPOCTSAM U
JHEPrHsIM  TEOpPETHYECKH OOOCHOBAaHO M  AKCHEPHUMEHTAIBHO
MOATBEPXKIACHO.  MAaKCBEIIOBCKOE  paclpelleieHne -  3TO
JUHAMHYECKOEC pPaBHOBECHOE COCTOSHHE TEPMOJUHAMHYECKOM
cucteMbl ¢ yuétoM BceXx (akrtoB. HyxHO Takke ydecThb
OTHOCHTEJIBHYIO CIa00CTh TMpOoIllecca MOHU3AIMH B KaBUTHPYIOIIEH
KUAKOCTH. UHUCIIO 3JEKTPOHOB B MOJIEKYJIe BOJBI paBHO 18-Tm Ha
TpHu smpa. Jis cpaBHEHHS B ypaHe NMPUCYTCTBYET 92 3ieKTpoHa Ha
snpo. B Tomy ke MoneKkyna BOJBI SIBIISICTCS JAWIIONEM, YTO
CBUCTEIBCTBYET O TOM, UTO 3JICKTPOHBI aTOMOB BOJIOPO/Ia MEPEIILTH
Ha OpOUTHl KHCIOpOJAa W SApa BOJOPOJa HE JKPaHHUPYIOTCS
JNEKTPOHAMH.

Tenepbr OCTaHOBUMCS Ha BIHMSHUU TYHHEIBHOrO 3(deKkTa Ha
pEaKIUI0 CHUHTE3a, KOTOPBIM CHIDKAET TeMIepaTypy MpPOTCKaHUS

snepHoro cuHresa. Kak, Hanpumep, B sape ComHia ¢ 10° °K 10

1500° °K. Tlokaxem, 4TO YCIOBHS s SACPHOTO CHHTE3a B
YCIOBUSAX KaBUTHPYIOUIEH >XUAKOCTH Oojiee MOAXOIIIIN YeM B
ropsiueil mra3Me Tokamaka U IpyTrux Mia3MeHHbBIX YCTAaHOBOK.

Hus  neiictBus  TyHHeIbHOro 3ddexkra ObICTpOH wacTuIe
HEOOXOIMMO BOWTH B 30HY CEUEHHs CHJIBHOTO B3aMMOJIEHCTBUS U
TOT/1A MOSIBIISIETCS. BEPOSITHOCTh PEAKIIMH CUHTE3a yKE TIPH SHEPTHAX
HIDKE KYJIOHOBCKOTO Oapbepa. Hampumep, kak B siape ComHIla rae

sTa sHeprus coorsercryer Temmeparype I =1500° °K. A s
BXOXKIEHHS B 30HY CEUEHHUs CWJIBHOTO B3aMMOJEHCTBUSA Tropasio
Ba)KHEE TIOTHOCTH SIZIEP - MUIICHEH, a He dHEPTus OBICTPHIX YaCTHII.
TynHenvHbIE 3(QQEKT HOCUT BEPOSTHOCTHBIH xapaktep. B
pa3pexEHHON TIa3Me Maja BEPOSTHOCTh MONaJaHHs YacTHIl, B TOM
guciie W OBICTPBIX, B MHUKPOCEUYCHHE pEakIMu. A I YacTHIl C
DHEPTUEH HWKE KYJIOHOBCKOTO Oapbepa emeé ¥ HaKJIaIbIBACTCS
BEPOSITHOCTh  TYHHENBbHOro 3ddekra. Orcioma BEpOATHOCTD
TYHHETMPOBaHUS B Pa3pekEHHON IUIa3Me paBHA IPOU3BEICHHIO
BEPOATHOCTEH TIOMAJaHWA B MHKPOCEUEHHE U  BEPOSTHOCTH
TyHHENBHOTO 3¢dexTta. [loaToMy BEpOSTHOCTE TYHHEIHHOTO
s dexTa B pa3pekE€HHON I1a3Me NpakTHUECKH paBHA Hymo. B aTom
Y CKa3bIBACTCS MPEUMYIIECTBO IS SIIEPHOTO CHHTE3a B YCIOBHUSX,
HanpuMep KaBUTHUPYIOIIEH BOJbI B CPABHEHUH C TOpsSYeH IMIa3Mou B
TOKOMAaKe, UMEIOIIeH OueHb HU3KYIO IUIOTHOCTh. BwIX0n sHeprum
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CHHTE3a B pe3ylibTaTe OTACIHHOTO aKTa B3aUMOJICHCTBHSI HE 3aBUCHT
HU OT TyHHeIbHOTO 3(h(deKTa, HU OT TUIOTHOCTH SJEp - MHIICHEH.
OpHako ¢ YBEIWYCHHEM IUIOTHOCTH TIOCICIHUX TYHHEIbHBIN
3¢ eKT cKka3biBaeTCs BCE CHIbHEE. DTO CBSI3aHO C TE€M, YTO €CIU y
HAac MHOTO YacTHI[ - MHUIIEHEH (BbICOKA HUX KOHIEHTpalHus) TO
BEPOSITHOCTh MaKpPOCCUEHHSI CPEJIbl CTPEMUTCS K equnuIe. M cuaTes
B OTHX YCIOBUSAX  ONpEACNseTcs  TOJNBKO  BEPOSTHOCTHIO
TYHHEJIUPOBaHUsS. B TUIOTHOM cpene, B TOM 4YHUCIE€ W B IUIOTHOM
IiasMe,  JONOJHUTENFHO  BCTyHNaeT B PEakIMI0  CHHTE3a
OTHOCHTENILHO OOJBIIOE YHUCIO YACTHL[ CIIOCOOHBIX MPEOIOJETh
KYJIOHOBCKHI Oaprep Onarogapsi TYyHHEIbHOMY dQQeKTy.

JIONOJHUTENFHOE KOJNMYECTBO YACTHII B EIUHHIE O0bEMa,
CHOCOOHBIX BCTYIUTh B PEAKIMIO CHHTE3a OJlarojaps TYHHEIEHOMY
addekTy onpenenutcs u3 GopMyJIbL:

E(l
An, = nDJ. SfEYAE (2-6). Tme: E, - osueprus 6mictpoii
Eﬂld
a
YACTHIBI, HPH KOTOPOl BEPOSTHOCTh TYHHENBHOTO 3ddexra
. . E =10%°
CTAQHOBHUTCS CYLIECTBEHHO OTIIMYHOM OT HyJst; L, =10° °K, sHeprus

KYJIOHOBCKOTO Oaphepa.
Uucno Takux JOMOJHUTEIHHBIX YACTHI[ BEJIUKO B CPaBHCHUU C

o o 8
CYyMMO#t YaCTHI] c DHEpTHUei Ea 210°°K n3-3a

SKCIIOHCHUIMATBFHOTO 3aKOHAa paclpeieNieHUs MO  CKOPOCTSIM.
OtmeruMm emé Takoit mMomeHT. OOpatmMcs K PUCYHKYy - 2-2. U3
pUCYHKa BHJHO, YTO C VyBEIUYEHHEM TEMIIEPaTypbl Tpaduk
BBITSTUBAETCS BIIPaBO, a €ro BBICOTa CHibKaercs. OtTcroma mpu
BBICOKOU TeMITepaType IIa3Mbl (KaKk B TOKaMake) 00Iee KOJIHMIECTBO
YaCTHUIl BHICOKOM HEpPryuy BhIIIE YEM MPU HU3KOM TemmepaTrype (B
KaBUTAIIMOHHBIX  My3bIpbKax). CremoBaTenbHO OTHOCHTEIbHAS
BEIIMYMHA JOTIOJIHUTEIIEHOTO YBEIUYCHUS YaCcTHI[ C JHEPTrUed OT

ma o 8
E)” 1o omeprum cootserctByromeii Temmeparype 10° °K,

CHOCOOHBIX  HMHUIMUPOBATh  SACPHBIA CHHTE3 TI0 TMPUYHHE
TyHHEJIbHOrOo 3¢¢dexkTa B  YCIOBHUAX  HHU3KHX  TEMIEpPaTyp
(KaBUTAIMOHHBIA TY3bIPEK) 3HAYUTEIBLHO BBIINIE YEM B YCIOBHUSX
BBICOKOTEMIIEPATYPHOH IJ1a3MbI (TOKamak). To ecTb OTHOCUTENIbHBIN
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POCT BBICOKOIHEPIETUYHBIX YACTHUI] U BKJIaJ] TYHHEIBHOTO dPQeKTa ¢
POCTOM TEMIIEPATyPhI CHIKAIOTCS.

[Mpu nmocTmxkeHHH HEOOXOAMMON BEIMYMHBI MaKPOCCUYCHUS
peakIuu CUHTE3a, Kaknaas ObICTpas YacTHIla TOIMajacT B CEUYCHUC
peakIy CHHTe3a (B CEUeHHE CHIILHOTO B3anmMoieicTBrs). CortacHo
¢u3nke TyHHENBbHOIO 3((dekra Kaxmas ObICTpas YacTUIIA MOMNaBIIAas
B CCUCHHUE PEAKIIMA MMECT BEPOATHOCTH IMOJIOKHTEIBHOTO HCXOIa

maxe mpu dHeprum Membmre uem T <10°°K. Ipu T =10°°K
BEPOSITHOCTh PaBHA CIMHMUIIC W CHIKACTCS 0 HYJS IPH CHIKCHHU
dHEprumM ObICTPHIX uacTH. HoO eciu Yucino ObICTPBIX HYACTHIL
NOMAJaONMX B CEUCHHE PEaKIMd JOCTATOYHO BEJIHUKO, TO
BCPOSITHOCTh  MTOJIOKUTEIIBHOTO HCXO/Ia PEaKlMH paBHA CyMMe
BEPOSTHOCTEH BCEX OBICTPBIX YACTHII.

n

V= ZVI (2-7) Tme: V - BepoATHOCTD MOJNOKHUTEIBLHOIO UCXO1a
i=1

peakiuu B cucteme; V, - BEpOSATHOCTh MOJOKHUTEIBHOTO UCXO1a IS

1

OTIETHHOM dYacTumpl. V3 paBeHCTBa BEIpaKCHUA (2-7) eIWHMIIC

n

ZV[ =1 HaxOOWTCS MHHUMAIbHOE YHCIO OBICTPHIX YaCTHI[ U3
i=1

XBOCTa pacmpeaencHus MakcBemsia, MpU  KOTOPOM  peakilus
XOJIOJJTHOTO  CHUHTE3a CTaHOBUTCS  ycTOM4MBOH. [lanmbHeiliee
yBennueHne o00béMa Kamepbl KaBUTalMM W HMHTEHCHUBHOCTH
mapaMeTpoB TMpollecca KaBUTALMU TMPUBOAUT K YBEIUUYCHUIO
MPOM3BOACTBA DHEPIMH  XOJOAHOTO  SIIEPHOTO  CHHTE3a W
CBEPXEAMHUIHOCTH.

OTMeTUM, 4TO BBICOKAs IUIOTHOCTH BOJBI (KOHIICHTpALUs sIEp
BOZIOpPOJIa M KHUCIIOpOJa) oOecreyrBaeT HEOOXOAUMYH) BEIUYHUHY
MakpoceueHHs peakiuii cuaTe3a. OIEeHKH MMOKa3bIBaIOT, YTO B 1-0M
JIUTPE KaBUTHPYIOIIEH BOABI CO3AOTCS HEOOXOAUMBIC YCIOBUS IS
TEUEHHUS pEaklUUU CHUHTE3a, 4YTO U JEMOHCTPUPYIOT BHUXPEBBIC
TEIIOTeHEePaTOPEI.

Kakoif cmbicn moBbllIaTh B Tokamake Temiepatypy (B ITER

6
craBurcs 3amava goctuub temmeparypsl B 400 0 °K) ecnu mpu
HU3KOH TJIOTHOCTH BEPOSTHOCTh PEaKIMy OYeHb HU3KA U OTCIOJa
HUBEIUPYETCS JACHCTBHE TyHHEIBHOTO 23ddekra, Omaromaps
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kotopomy Ha CoNHIIE peakiusi CHHTe3a HAET MPH TeMIepaType

1500° °K npu cooTBETCTBYIOLIEH MIOTHOCTH AP - MULICHEHA.

Emé omHuM cepbE3HBIM HEOOCTATKOM TEXHOJOTMH TOKAaMaKOB
SBIIICTCS  IIHypoBas ¢opMa IDIa3Mbl. B 3THX  YCIOBHAX
MakKpOCEUeHHE peakIMh CHHTe3a TOJNbKO cHmkaerca. OHO
MPONOPLMOHANBHO pa3Mepy CEUYEeHHUsl IIHypa, a HE ero UIMHE M
COOTBETCTBEHHO 00BEMY IUIa3Mbl. HampoTwB, B TEXHOJIOTHH
KaBUTHPYIOMIEH KUIKOCTH MBI JIOCTaTOYHO TIPOCTO JOOMBaeMCs
HEOOXOAMMON BETMYMHBI MAKPOCCUCHHUS, YBEITUIHMBAs 00NN 00HEM
KaBHUTAIUH (3aBUCUMOCTSH (2-5)).

6
Otmetum, uto temneparypa 15 [10° °K B sape ConHia BoBce He
03HAYaeT, YTO UMEHHO TIPU TAKON TEMIIEPAType BKJIAJ TYHHEIBHOTO
s]deKTa CTaHOBHTCA 3aMETHBIM. JTa TEMIEparypa He SBISETCS

dusmueckoil KOHCTaHTON B omamume ot Temmeparypsl  10° °K,
COOTBETCTBYIOIIEH BBICOTE€ KYJIOHOBCKOTO Oapbepa Ui sep
Bopopoza. TemnepaTypa B aape ConHIa - 3TO TeMIepaTypa Cpenbl, B
KOTOpOM MPOTEKAET peaklus CUHTe3a. TeMreparypa cpeapl BIAETCS
¢byHKIME MHOTHX (DaKTOPOB: IDIOTHOCTH YACTHUI] BBICOKOW SHEPTUH
U IUIOTHOCTH SIAIEP - MULICHEH, pa3MepoB 00JIACTH TEUEHUs PeaKLuK
CHHTE3a, YCIOBUH TEIJIO OTBO/A M3 OONACTH PEaKHH, SIEMEHTHOTO
COCTaBa Cpefibl IPOTEKaHUs PEeaKLUU U 1.

OcranoBuMcs emé Ha TakoM MoMeHTe. CpaBHUM IUIOTHOCTB
sep - MumieHed B aape CoslHIa U B KaBUTHPYIOIIEH XKUAKOCTH. M3
JUTEPATypsl M3BECTHO, YTO IUIOTHOCTH BellecTBa B siape ComHIia
npuMepHo B 150 pa3 BbllIe IUIOTHOCTU BOJBI B 3€MHBIX YCJIOBHSIX.
CocraB ConHLA B CpeOHEM CONEPKHUT NpUOIM3UTENbHO 75 %
Bojopoza u 25 % renus no macce (92,1 % Bomopona u 7,8 % renus
0 KOJWYECTBY artoMoB). Ilpu 3TOM MojenbHBIE PaCUETHI
acTpo(PU3UKOB IIOKA3bIBAIOT, YTO HA [JOJI0 BOJOPOJA IPUXOIUTCA
mumb 35% Maccel B LIEHTPaJbHOW 30HE s/pa, OCTaJbHas YacTh
NpUHAANECKUT Tenuto. [Ipu 3ToM Bec sapa renus B YeThIpe pasa
Oosbiie sapa Bogopoaa. C y4éToM 3TOro MOJSYy4YHM, YTO IUIOTHOCTH
BOAOPOZa B COJHEYHOM SJpe, '€ MPOTEKAIOT PEAKIHU CUHTE3a,
Oyzaer yxe He B 150 pa3, a B 10 - 15 pa3 Beire mwiotTHocTH Bojbl. K
TOMY € B KakKIOH MOJIEKyJe BOJABI COICPXKMTCS IO ABa sApa
Bozopoaa. Takum 00pa3oM KOHIICHTpAIUs sIep - MHUIICHEH B sape
ConHIla ¥ B KaBUTUPYIOIIEH KUIKOCTH HaXOJATCSA B paMKaX OJHOTO
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nopsiaka. [loHATHO, YTO BenMYMHA MaKpOCEUEHHUs] peaklny CHHTE3a
Ha CorHIle BeNMKa W3-3a BEIUYMHBI COJNHEYHOTO fA1pa, HO M B
KaBUTHPYIOIIEH KUAKOCTHU 3Ta MpodeMa peraema.

TakuMm 00pa3oM OIEHKU CBUACTEILCTBYIOT O TOM, YTO PeaabHBIN
3P PEKT XOJIOMHOTO SJIEPHOTO CHHTE3a B YCIOBHUSIX KaBUTHUPYIOIICH
KUJKOCTH BBIIIE YeM B TOpsUel Iia3Me TOKOMaka W APYTUX
MOTOOHBIX YCTAaHOBKAX M MOXET OBITh COMOCTaBHUMBIM C YACIHHOM
WHTEHCUBHOCTHIO Ha CoHILE.

Brimme MBI OTMETHIIM, 4YTO XOJIOAHBIM SANEPHBIA CHHTE3 HE
MIPOTUBOPEYHT TEPMOSICPHOMY CHHTE3Y. 31€Ch TaK e HE00X0IUMO
MPEOI0JICHUE KYJIIOHOBCKOTO Oaphepa OTTAIKHUBAHUS MOJIOKUTEIEHO
3apsOUKEHHBIX JETKHUX sifep AU WX CONMKEHUs Ha paguyc AeHCTBHA
sepHbIX cwi. PasHmna 3aknrodaercs B crocobOax oOecneueHus
VHUIMAIAY SICPHON peakiuu cCHHTe3a. B ropsueii mia3zme OolbIie
KOHIIEHTpAIMsl YacTHUI], OONaJaronuX DHEpPruell akTUBAINH, a B
KaBUTHUPYIOMIEH Bosie OOJBINE TUIOTHOCTH JIETKUX SIEp - MUIICHEH,
CONOCTaBUMasl C IUIOTHOCTBIO SJIep MHUIIEHEH B MOMEHT B3phIBa
BOJOpOAHON OOMOBI. B oTimwume oOT BOAOpPOmHON OOMOBI, IIpH
XOJIOMHOM SIIEPHOM CHHTE3€ peaklys He NMPUHUMAeT B3PBIBHOTO
XapakTepa IO TOM MNpUYMHE, YTO Malla KOHLEHTpalus saep
JIOCTAaTOYHO BBHICOKOM SHEPrUU.

B kadectBe OBICTPBIX SAEp U SIEp MHUIICHEH B KaBUTHPYIOIICH
JKUIKOCTH BBICTYHAIOT siApa BoAopoja (IpoToHbl). B kadecTBe sanep
- MUILICHEW MOTYT BBICTYNATh M sApa KHUCIOPOAA, COJACpXaIlue
MPOTOHBI M HEWTpoHBL. OTCI0Na NPUHIUIHAIHGHO BO3MOXKHBIMH
peakusIMU XOJIOJHOTO CHHTE3a OYAyT peakIiyl MPOTOH - MMPOTOH, U
MIPOTOH - AJIPO KUCIOPOJA, SIAPO KUCIOPOA - AAPO KUCIOPOa.

2.3.3. ®duzuyeckue yCJ0BUS AKYCTHUYECKOI KABUTAIIUM.

W3 noHuMmanus (U3MKH XOJOAHOTO SJICPHOTO CHHTE3a B
YCIIOBUSIX THIPOJUHAMHYCCKON KABUTAIIUU JIETKO MOHATh U (PH3UKY
SIBIICHUSI 3BYKOJIOMHHECIICHIIMH, 3BYKOCBETHMOCTH. OTMETUM TOT
MPUHIAITHAATEHON BaKHOCTH ¢axr, 4TO SIBJICHUE
COHOJIFOMHHECICHITH BO3HHUKACT B YCIOBHSX KaBUTHUPYIOUICH BOJIBI.
[Mpu w3nydeHWH B KUIKOCTH YJIBTPa3BYKOBBIX BOJH Ha YacTOTE B
nostoce 20-ti KI'IT B BoJe HAOMIOMAETCS] aKyCTHUIECKas KaBUTAITHSL.
AKYCTHUYECKYIO KaBUTAIUIO OOBSCHSIOT TEM, YTO B yIbTPa3BYKOBOM
MOJTyBOJTHE ~ pa3peXeHUss B  BOJE CO3MaéTCid  MUKPOOOIACTh
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pacTsDKEHHUS C TIOHIDKCHHWEM JaBJICHUSA. OTO BBI3BIBACT ITPOIIECC
kaBuTauuu B Boje. (44, 141]. Tor dakr, 4To KaBUTAIMs HACTYIAET B
MOJIOCE YacTOT B y3koi obnactu 20-tu K['I] TOBOPUT O TOM, YTO Ha
ATOW YaCTOTE yJIbTPa3BYK PE30OHUPYET C KOBAJICHTHBIMU CBSI3IMU B
BOAHBIX accolaTax M TeM caMbiM yBeluduBaeT 3(dexT
PaCTSDKEHUS M CIICI0BATEILHO MPOIeCC KaBUTAIMH. ‘‘3aXJIONBIBAHNE
My3BIPHKOB  COMPOBOXKAACTCS aana0aTHYecKUM HarpeBoOM ras3a B

My3bIpbKax 0 TEMIepaTypbl ~ 10*°C, uewm, MO-BUIUMOMY, W
BBI3BIBACTCA CBEUYCHHE IY3BIPHKOB IMPH aKyCTHUECKOW KaBUTALUW .
[141]. Ha ocHOBaHMM HU3TOKEHHOTO BBIIIC BUAHA Ta K€ KapTUHA
CO3/IaHUs OJNArOIPUSTHBIX YCIOBUH ISl PEaKIIHid sIIEPHOTO CUHTE3a,
YTO ¥ B YCIIOBHUSX THIPOJUHAMUYECKON KaBUTAIHH.

HeoOxoaumo 3aMeTHTh, 4YTO B YCJIOBHUSAX aKyCTHYECKOH
KaBUTAIUU 3aTPaThl SHCPTUU HA TOPSIKH MEHBINE 3aTpaT SHEPTHH
Ha THIPOIWHAMHUYECKYIO KaBHTAaHMIiO. OJTO co3maér Oojee
0JIarOTIPUATHEIE YCIIOBHS TUTS MIPOSIBIICHUS adekra
CBEpXEAMHUYHOCTH. Kakas uX 3TUX NBYX TEXHOJOTHHA IOJYYUT
OOJBIIYI0 TPAKTUYECKYI0 3HAYUMOCTH TOKaKET BpeMsi U
TEXHOJIOTHYECKasi IBOITFOIHSL.

B 3aBepmieHue mpeACTaBICHHM O MEXaHU3ME XOJIOJHOTO
SIEPHOTO CHHTE3a B (U3WYECKUX YCIOBHAX KABUTHUPYHOIIUX
JKUJIKOCTEN YKaKe€M Ha TaKOW MPUHUMIHUAIBHON BaXXHOCTH MOMEHT,
yto wucciaepoparensiMu  @ommuckum JI. II.  (mus  ycmoBwuit
TUApOIMHAMHUYECKOW KaBuTanuu) U Taneifapxanom P. (mns ycnoBuit
akycTuiyeckoil  kaBurammu) [44, 123]  sKcmepUMEHTaILHO
PETHCTPHUPOBATIOCH HEUTPOHHOE M3ITYUYCHHE, CBHIACTEIHCTBYIONIEE O
TCUCHHUH PEAKIMH CUHTE3a.

2.4. Hu3zko3Hepreruyeckue siicpHble peakuu B (PU3HYECKUX
YCJIOBHAX CBEPXIIy00KOro NPOHMKHOBEHHUS Y IIEPEeHKo.

B nanHOM myHKTE mombITaeMcsi 00BICHUT P QPEKTH YIIEePEeHKO
C.M. B paMKax W3BECTHBIX 3HaHMU sAepHON ¢u3uku. [Tokaxkem ux
CXOIHYI0O TIPUPOLY C HOBBIMH SIBICHUSIMH SIICPHOW (U3UKH,
HPOSIBJIIOLIMMUCS B YCJIOBUSAX KaBUTALUU.
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2.4.1. DxcnepuMeHTaIbHbIEe pakThl U uaAen Yepenko C.M.
I'maBHO# 0cOOEHHOCTBIO AKCTIEpUMeHTOB Yiepenko C.M. u ero
KOJUIET SBJISETCS MOMYyYCHHUE TTYYKOB MOPOIIKOBBIX YaCTHI[ BBICOKOM
SHEPTUH C TOMOUIBI0 KYMYJSTUBHOTO B3pBIBA M IOCIEAYIOIIEe
CTOJIKHOBEHHE STHX ITy4KOB C METAJUIMYECKOW IMMOBEPXHOCTHIO. B
pe3yibTaTe SKCIEPUMEHTOB BBISBICHO:
a) ceepx riybokoe mporukHOBeHHE (CITI) mMydKOB MOPOITKOBBIX
YaCTHIl B METAJUTMYECKHE TIOBEPXHOCTH,
0) oOpa3oBaHUE TUIOTHOMH ILJIa3MBlI,
B) o0pazoBaHue HOBBIX XUMHYCCKUAX 3JIEMEHTOB,
COTIPOBOXKIABIIIEeCs] HTHTEHCUBHBIM H3IIy9YECHUEM,
T') TeHepalus OTOTHUTEIBHON SHEPTUU, MPEBBIIAIOIICH YHEPTUIO
yaapa B THICSIUH pa3.
[MpuBeném BbIIECPKKH ¢ (aKTaMU U YUCICHHBIMH 3HAYCHUSIMU W3
pabort aBTOpA.
Ilo nynkmy a): “HoBusHa >¢dekra MpoHHKaHHS MOPOIIKOBBIX
YaCTHI[ COCTOMT B TOM, YTO YACTHIIBI, PAa30THAHHBIE C IMOMOIIBIO
SHEPru¥ B3phIBA M yAApHOW BOJHBI, MPOHUKAIOT B MaTephal
mperpaasl Ha TIIYOWHBI, TPEBBINIAIONINEG HA JBA-TPH MOpPSAKA
BEITMYMHBI JIHAMETPa YCKOPESHHBIX YACTHII, IPUUEM OCYIIECTBISACTCS
00BEMHOE HACHIIICHHE METANTMYECKOH MAaTpPHUIl MaTepHaJoM
BHEJJPEHHBIX YaCTHII .
“I'myOMHa TPOHUKAHUS TMOPOIIKOBBIX YACTHI[ JOCTHTACT ICCATKOB
MUJUTAMETPOB. DKCIIEPUMEHTAIBHO 3aperucCTpUpOBaHa TIyOMHA
nporukanus B Al,O; — 20 mm, SiO, — 25 MM, ctanb — 50 MM, MeITb —
40 MM, amroMuHUHA — 60 MM.”.
“IlepemerieHue yacTul Ha TIyOHHY, MPEBOCXOISIIYIO HX pa3Mep B
COTHM U THICSYH pa3, XapaKTepu3yeT aHOMAaJhHOCTH IIpoIlecca
MPOHUKAHUS YaCTHUI[, T.K. MO CYIICCTBYIONINM OaJTUCTUYCCKUM
TEOPHUSAM IPU METAaHWUU TEJI MaKPOCKOIMMYECKUX pa3MepoB, TIyOuHa
MPOHUKAHUS HE MOMKET TMPEBBIIIATh HECKOIBKHX JHaMeTpoB (B
npexnenax 10) yoapsiromiero tema’”.
“IIporecc MPOHUKAHUS YACTHIl PEATH3YETCS JIUIIb MIPH HATPYKCHUN
METAJUTHYECKOH Mperpaasl MOTOKOM BBICOKOH moTHOCTH (p, > 10°
Kr/M3). MHOTOUYHCIIEHHBIE JKCIEPUMEHTAIBHBIE M TEOPETUYECKHE
WCCIICIOBAHUS ~ CTOJIKHOBEHUS C  TperpagamMu  OJUHOYHBIX
BBICOKOCKOPOCTHBIX (>1 KM/C) Ten HE pealu3yloT Mpolecc
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MPOHUKAHUS, 00ECIEYeHHOT0 MPOHUKAHUEM YacThI[ Ha Ooublnne
TTyOWHBI .

“IIlpoHnKaHNE TOPOIIKOBBIX YaCTHIl B TPETPagy COMPOBOXKIACTCS
MUKpPOKaHAIUPOBAaHUEM MaTepuajga Tmperpanbl. Takue KaHabl
BHUIHBI TP PACCEUYCHUU TPETPAAbl BIIOJb JBIKEHUS YaCTHIBI MPH
MeTauiorpadu4ecknx M DIEKTPOHHOONTHYECKHX  METOAax
uccnenoBanus. Kanan, mo KOTOpOMY MPOXOAWT 4YacTUIA, HA BCEM
MPOTSHKEHUH  OKa3bIBAETCSI TOYTH CXJIOMHYBIIUMCS W HMEET
WCKPUBJICHHBIM BuA. JIumbe B 30HE TOPMOXKEHHS YaCTHUIIBI
o0pasyeTcsi MOJOCTb, KOTOpas MOXKET HMMETh Pa3iIM4HbIA BHI OT
(opMBI THMA TOJOCTH OT BHYTPEHHETO B3pbIBA 1O ILENU B BUAEC
TPEILHHBI. Ilpu yJIapHOM BO3JEHCTBUU MPOUCXOJIUT
B3aMMOJICHCTBUE AUCIEPCHBIX YacTUI] C METAJUINYECKOH MperpaioH,
rZie B JIOKAJBbHBIX y4acTKaxX Pean3yloTCsl JaBIICHHS, JOCTHTAIOIIUE
IecSITKOB KHJ00ap (8vldeneno asmopom OauHOU pabomsl).
BeposiTHO, B CBA3M C 3TUM B3aUMOJEHCTBHE YACTHUIIBI C Mperpaaou
COIPOBOXIACTCS MHTCHCHUBHOM IUIacTHYecKod paedopmanmeii B
00JacTH, HEMMOCPEACTBEHHO MPUIIETAIONIEH K TPASKTOPUH ABIKEHUS
yactuusl . (U3 [125]).

“B cnyuae peanuzanuu sieHus CI'TI MUKpo9acTHIBI CO CpeqHUM
pasMepoM B Tomepeunuke 8-10° m NMPOHMKAIOT B MeTAILTHUECKHE
mumieHd Ha rayouHsl 0.2 m u 6onee. OmMHAKO M 37IeCh HU OJTHA W3
W3BECTHBIX (pU3MYECKUX MoAened .. , He AaeT yYOeTUTEIbHOrO
MeXaHu3Ma, OOBACHSIOUIET0 MpPOIEeCC NPOHUKAHHMS YacTUIBl Ha
paccrosiame, kotopoe B 10* — 10* pa3 mpeBbImaer ee momepedHblit
pasmep”.

“I'maBHBIM ~ ycioBueMm peanmzauuu  dp¢ekra CITI  sBusercs
KOJIJICKTHBHOE TIEpPEeMEIleHHEe YacTUI] B CI'YCTKE, YTO 00eclednBacT
WHTEHCHUBHOE MEXaHWYECKOe B3aWMOJEWUCTBHE WX IOBEPXHOCTEM,
OpM OrpaHMYEHHBIX pa3Mepax U CKOPOCTSIX COydapeHHus c
METAJTHYCCKUMU MUIICHIMHU. ECITM pa3roHsATh OTIEIbHBIC YaCTHIIHI,
TO B pe3yibTaTe WX yAapa Ha MOBEPXHOCTH MHIIEHEH 00pa3zyroTCs
JIMIIB KJIaCCHYECKUE POPMBI KpaTepoB”.

“Cnemyer monarath, uto CITI 00ycmoBIeHO HE BHEIIHHMU
MPUYUHAMH, a OTpPa)kaeT BHYTPEHHHE 3aKOHOMEPHOCTH IaHHOTO
nporecca”. (13 [113]).

Ilo nynkmy 0): ‘“YCTaHOBIEHO, YTO B cly4ae yJIapHO-BOJIHOBOTO
CKaTHsl B TIOJIOCTSAX BO3ZHHKHOBCHHE IUVIOTHOM IJIA3MbI (8bl0€1eHO
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asmopom OanHou pabomel), OOYCIOBICHO TIepepacipeneIcHueM
SHEPTUH CPeAbl IPU ee ABMKEeHNH. PacdeTHOE BpeMs )KU3HH TIa3MBI
orpannyeHo 1 ps. B cmyuae CI'TI MukpowacTuir Bpems >KHU3HHU
mia3mbl octuraer 200 pUs, IpH 3TOM OCHOBHBIMU (PakTOpamu e
BO3HWKHOBEHMUSI ABJISIOTCS DJIEKTPHUECKHE W TETUIOBBIE d(PPEeKTH Ha
TPAHMIIC YACTHIIA - MUIIICHE .

“Habmogaemoe B sxcriepuMenTax CI'TI mpuHIMnuansHO HE JOKHO
ObUTIO OBl TPOSIBIATHCSA, TOCKOJNBKY MPOCTON aHalu3 U OLEHOYHBIE
pacdeTsl CBHIETENBCTBYIOT O HApYIIEHWH 3aKOHa COXpaHEHUS
SHepruu. B CBA3M ¢ ITUM MOpeanoyiaracTcsl CyIIeCTBOBaHHUE
HEYYTCHHOT'O HCTOYHUKA JOMOJHUTEIbHONW DHEPruM, KOTOPBIN
Bo3HHKaeT Tonbko B pexume CITI m sBnsieTcs HE3aBHCHMBIM OT
BHCITHUX BO3JCUCTBUI. TakuM HCTOYHHKOM SHEPTrUU MOXKET OBITh
IUIOTHASI TJIa3Ma (8bl0eieHO asmopomM OaHHOU pabombl), KOTOpas
obOpasyeTcst B TpaHUIAX pasfieia JacTHIa—MHuIIeHb (puc. 5, (Puc.2-4
6 0anHol pabome, NPUM. asmopa 0anHolu pabomot))”.

“bonpuiol  MHTEpPEC BBI3BIBAIOT  ClOy4yaW, KOTJa KyMyJsALus
MPOUCXOANT HE 3a CYET HEOTPAaHWYEHHOTO pPOCTa BHEIIHETO
BO3JICMCTBHS, a TMyTEM TepepacupepeNieHus] JHEPTUN CPebl TIPpU ee
JIBWKCHUU, T.€. YIUIOTHCHHS COOCTBEHHOUW 3Hepruu TeueHus. K
TaKOMY KJIacCy THAPOAMHAMHYECKUX TEUCHUNU OTHOCSTCS U3BECTHBIC
3¢ deKThl 00pa30BaHUs BHICOKODHEPTETHYCCKHUX IIA3MEHHBIX CTPY
B reHepatopax A.E. BoliTeHKO, 3aKpBITHIX KOHUUYECKUX MOJIOCTSAX U B
npouecce CI'TI TBepAbIX MUKPOUYACTHUI] B METAUIMYECKUE MULIICHU .
“HNHTepec, KOTOPHIA BBI3BIBAIOT MEPEUMUCICHHBIEC SIBIICHUS, CBSI3aH C
BO3MOKHOCTBIO CO3JIaHMSI IUJIa3Mbl C HaydajJbHOW TeMIlepaTypou
okoijo 1 eV u BblIle [0 3HAaYeHHH, HEOOXOOUMBIX IS
MHUIMMPOBAHUS TEPMOSAECPHOIO CUHTE3A, ... . (M3 [113]).

Ilo nynkmy 6): “B pesynbrare HCCIENOBaHUN CHEIUATbHBIX
PEXKUMOB CBEPXTITyOOKOTO MTPOHUKAHUS B KAHAIBHBIX 30HAX YJIAIOCh
OOHApY)XUTh HOBBIE XHMHUYECKHE OJICMEHTHL. OJTH DIICMEHTHI
OTCYTCTBOBAJIM BO BBOJAMMOM M MAaTPHUYHOM Marepuaiax. beumm
IIOJTy4eHBI JOITOKMBYIIHE M30TOMBI kenesa (Fe™), KOHIeHTparus
KOTOPBIX B YIIPOUHSIOINIEM BOJIOKHE nocTurana 45%”.

“Ilpomecc CI'TI compoBokmaeTcs IO OCH KaHajJOB B 30HE
MHUKPOB3PHIBA CHHTE30M HOBBIX XHMHYECKHX JJIEMEHTOB (TajuTui,
MeJIb U JKeIe30), N0JIsl KOTOPBIX pocturana 25%”. (U3 [127]).
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“IIpomecc oOpa3zoBaHWs KaHAJOB C OTHOCHUTEIHHBIMU TITyOMHAMH
MOTIEPEYHOTO pa3Mepa YacTHI[ COMPOBOXKIACTCA IIEIBIM PSIOM
TMOOONBITHEIX (u3nUecKuX dPQPEKTOB, HANPUMEP HHTCHCHUBHBIM
M3IyYCHUEM, ... . [Ipy UCXOAHOM COAEpKaHUU MapraHila B MUIICHH
no 0.2% yBenmnyeHne ero KOHIIGHTpAlMd B KaHAJIbHOW 30HE
3aukcupoBano B npenenax 40%, amomunns — 14%, ceunna — 18%.
VYBenuueHNUe BpEeMEHW [ICHCTBHS JUHAMHYSCKOW HArpy3Kd Ha
MUIIICHD MIPUBOTUT K YCTOHYHBBIM MIPOSBICHUSIM
BBIIIICIIEPEYUCIICHHBIX 3 (eKTOB”.

“3a cueT 3HAYUTENHLHO OOJBIIETO BPEMEHM NpPOTEKaHHS Mpollecca
CI'Tl nosiBunach BO3MOXHOCTh 3a(PUKCHPOBATH 3JIECKTPOMArHUTHOC
n3nydeHne. Ha OCHOBaHMHM TPEKOBBIX KapTUH  IUICHOYHBIX
JNETCKTOPOB DHEPIHs DIIEMEHTAPHBIX HOCHTEICH W3IY4YCHUS TI0
Pa3IUYHBIM OIEHKAaM CICIMAUCTOB COCTABIIsIa OT JECATKOB JIO
COTEH MEradJeKTPOH-BOIBT. VCTOYHHMK 3TOTO W3NIydeHus, II0-
BHIIUMOMY, HAXOAUTCS B Touke 2 (puc. 5 (Puc.2-4 6 oannoti pabome,
npum. aemopa OauHOU padomsi)). BellieHa3BaHHBIC (U3NYCCKUC
3G QGEKThl SBISIFOTCS JIOTIONHUTENBHBIMUA apryMEHTaMH B IOJB3Y
TUIOTE3bl O MPOTEKAHUH B CIy4YasX KyMYJISTHBHOTO IUIa3MEHHOTO
npoiiecca peakuui TepmosiiepHoro cunresza’. (U3 [113]).

Ilo nynkmy 2): “IlomydeHbl SKCIIEpUMEHTaIbHBIC TOKa3aTeNbCTBA,
YTO JHEPrusi TEHEPHUPYEMOTO OHIIEKTPHUYECKOTO IO TPEBBIMIACT
SHEPrUI0 yAapa B ThICAYM pa3. Hamuume B yCIIOBHSX
CBEPXTITyOOKOTO MIPOHUKAHUS 0O0JIBIIIOTO KOJIMYECTBA
BBICOKOJHEpPreTHUeckux  A(P(GEKToB;  JIOKAIBHOTO  IUIABJICHUS,
WHTEHCUBHOH JieopMalivy, CHHTEe3a METaCTa0MIIbHBIX COeTUHCHUH,
OCaJKd MAaCCHBHOH 3aroTOBKH, MaKpOKPaTepOB, HHTEHCHUBHOIO
AJICKTPOMArHUTHOTO M HMOHHOTO W3IYy4YCHWs, CHUHTE3 HOBBIX
XUMHYECKUX DJIEMEHTOB, HAalpUMep, H30TONOB Ha HAall B3TJIA
JIOKa3bIBa€T  HAJIMYMAE  BBICOKODHEPIETHUYECKOTO  HCTOYHHKA
JonoaHuTenbHOU sHeprun’”. (U3 [127]).

“SIsmenne CI'TI TBEpABIX MHUKPOUYACTHUI] B METAIMICCKUE MUIIICHH,
BBI3BAHHOE pa3pylIeHHEeM €€ CTPYKTypHl Tiepe] MPOHUKAIOIIeH
gacTuiiel,  OOYCIIOBJICHO  BO3HMKHOBCHHEM  IUIa3Mbl  Kak
JIOTIOJTHUTENIGHOTO BHYTPEHHETO WCTOYHHWKA JHEPTHM B TPaHHUIAX
paszena JacTuiia—MaTpuma’’.

“JlocTOMHCTBAa  OOCY)XIIaeMOTO  METOJla  3aKJIIYalTCsi B
WCTIOJIb30BAaHUM OOBIYHEIX Opu3aHTHBIX BB B kauecTBe mepBUYHOTO
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UCTOYHUKA 3HEPruM BHauyaue JIsl CO3JaHUSl TEUYCHUsS IJIasMbl C
TeMIepatypoi 10 ~ 2 eV, a B JaipHEHIIEeM I TTOBBIIIECHUS
3HAYEHUS TeMIepaTypbl 10 TepMosiiepHoi mia3Mbl. K coxanenuro,
HET SKCHEPUMEHTAIBFHOIO IOATBEPXKACHUS, KOTOPOE OJHO3HAYHO
CBHJICTEIECTBOBAJIO OBl O JOCTI)KCHHHU TeMmIepaTyp nopsaka 1 keV
n Oonee. TakuM NOATBEP)KICHHEM MOT OBl CTaTh, HaIpHMED,
3apErHCTPUPOBAHHBIN  BBIXOJ TEPMOSAIEPHBIX HelTpoHoB”. (U3
[113]).

“IIpommuBka TexHuyecku uucroro merawia (99,7% Al) B pexume
CBEPXTIyOOKOTO TPOHMKHOBEHHS MO3BOJNMJIA MOJIYYUTH MpPSIMOE
JI0Ka3aTeNIbCTBO T'eHepaluu 3Heprud ... . (U3 [126]).

Puc. 2-4. (Pucynox e3am uz [113], 20e obo3uauen noo NeS). Pucynox
umeem credyrouue obosnavenus: 1 — 30na kanana, He codepoicawas
HOBbIX CcOeOuHenull u (haz, He HapyuleHHas o61acmv MuuieHu; 2 —
obnacms coyoapenusi NOMoOK08 Naasmvl; 3 — 4acmuya-yoapHux; 4 —
Hanpaenenue O0BUICEHUs. YACMUYbl, 5 — paszocpemas NOGEPXHOCHb
yacmuysl (30HbI 0eCMAOUIUUPOBAHHOU CIPYKmMYpbl); 6 — naama
(8b10eneno mHol); 8 — decmabuIu3UPoOBaHHAA CIMPYKMYPA MUULEHU.

2.4.2. dpdexT YuiepeHKO B CBeTe YCTOSIBIIUXCS 3HAHUI
SIACPHOM (PU3UKHU.

ITo HammM mpencTaBiIeHUsIM B dKciepuMeHTax YmepeHko C.M.
MIPOSIBISETCS SIIEPHBIA CHHTE3 M Ba)KHEHWIINM YCIOBHEM TEUEHHS
peaknmu  sBJIsieTcss  O0Opa3oBaHWE  IJIOTHOH  mnasmbel.  [lo
9KCIEPUMEHTAJIbHBIM JaHHBIM B pe3yJbTaTe yAapa O HNOBEPXHOCTb
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MeTaljia Iy4YKa, pa30THAHHBIX IO BBICOKUX CKOPOCTEW MOPOIIKOBBIX
JacTHIl, B 00pa3yroIieMcsi KaHaJie BO3HUKaeT Temreparypa 1 - 2 eV.
B rpangycax ato coorBerctByer Temmepatype 11000 - 23000°K.
[12]. ITpu Takux TemmepaTypax BEIIECTBO HAXOJIUTCS B COCTOSHUU
I1a3Mbl.  OJTO  COCTOSIHHE BEIIECTBA HEKOTOPHIMH  CBOMMH
CBOMCTBaMM HamlOMHHAeT Ta3oBoe cocrosHue. [119]. Ilpm sToM
IUIOTHOCTh, OOpasyromielics B 3KcrnepuMeHTax Yiiepenko C.M.,
TIa3MBbl BBICOKasA, IPAKTUYECKH paBHA IUTOTHOCTH YacTHUI[ TBEPAOTO
TeJa MUIIEHH W HajeTaomeld dyactunbl. OO0IacTe IUTa3MBI
oOpa3yercss B mepeaHeM (pOHTE Tella HAJCTAIONIEH YacTUIBI U B
npwierawomei oonactu mumenu (cM. Puc. 2-4). B Takoii cutyaruun
YacTHIA JBIKETCS B OOJIaKe IIa3Mbl, CO3AIOMICH HECOMOCTaBUMO
MEHBIIICe COMPOTUBIICHUE [BUKCHHIO, YeM Cpela TBEPAOTO Teua.
NmenHo 9310 o0ecmeunmBacT CBEPXIIIyOOKOE TMPOHUKHOBEHHE
YacTHII B TEJIO MeTajlla U BpeMs JKM3HM IUIa3MEHHOTO O0JIaka B
200 ps. Ilpu momHOM mepenade KMHETHYECKON IHEPTUM YaCTHIBI B
Mpolecce JABMKEHUS, OHA OCTaHaBiIMBaeTcs. B paborax YmiepeHko
C.M. oTmedaeTcsi, 4TO MPH YAAPHOM B3aMMOACHCTBUN AMCIIEPCHBIX
YaCTHI[ C METAUIMYECKOM Tperpagoi, B JOKATBHBIX YydYacTKax
peaNM3YIOTCSl JIABJICHUS, JOCTUTAIONINE JECATKOB Kuiobap. Ilof
BO3JICHCTBHEM  JIaBJICHHS, B OKpYXKalolled KaHam  00JIacTH
METAJTMYECKON MaTpHIbl, BO3HUKAET IOJI€ HANPSKEHHH YIPYTro
ckartusa. [lpu  ocTeiBaHMM 00JaCTM KaHaa W3-32 XOPOIICH
TEIUIONPOBOJHOCTA METaJla, BO3HUKIIEE HAINPSIKEHUE BOKPYT
KaHajla CHaBIWBaeT KaHal. To, 4TO KaHal TIOCJIE CHAaBIUBAHU
OKa3bIBACTCS TOYTH CXJIOMHYBIIMMCS M WMEET MCKPWBJICHHBIN BHI
€CTh CIICJICTBUE aHM30TPOITHY KPUCTALTUICCKOHN PENIETKYA MeTallia U
KaK CIIC/ICTBUE CBOWMCTBA yIPYTOCTH.

Ha ocHOBaHMM M310’KEHHOTO BBIIIE O PEaKIMIX CHHTE3a B IIpOIecce
KaBUTAllMU CTAHOBUTCS TOHITHON (PHU3MKA TPOSBICHUS SACPHBIX
s dexroB B apdexre CI'TI Ymepenko C.M. [Ipu CI'TI Bo3HUKArOT
MapaMeTpsl TUIOTHOW TUTa3MbI C JaBJIEHHEM B JECATKH Kwio0ap | ¢
temmepatrypoir B 11000 - 23000°K . DTo Ha MOPSAAOK BHIIIC
MapaMeTpoB CPelibl MY3bIPEKOB B KABUTHPYIOIICH XKUIKOCTH. 37€Ch
pacnpeznenenue MakcBenia U TyHHEIbHBIN 3((HEKT B COBOKYITHOCTH
CO3JIAIOT JaKe Nydinue (Gpu3ndeckue YCIOBH U PEeakiuil cHHTe3a
YeM YCIIOBUS KABUTUPYIOIIEH KUIKOCTH. DPPeKT YIepeHko ckopee
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MOXHO oTHecTH K XSC deM K TEpMOSIEPHOMY CHHTE3y, Kak
npeanoaaraercs B padorax Ymepenko C.M.

Tak kak B peakiusX CHHTE3a Y4YaCTBYIOT JIETKUE SJIEMEHTHI,
PacCMOTPHM COBOKYITHOCTH 3JIEMEHTOB B OombIiTax Ymepenko C.M.,
KOTOpBIE MOTYT Y4acTBOBaTh B peaKIisaX cuHTe3a. lIpu B3phHIBHOM
BO3JICUCTBHH IMOPOMIKOBEIMU dYacThriaMu SiC Ha TOBEPXHOCTH W3
QTIOMUHHS U JKeJe3a y4acTHE B PEaKIHMSIX CHHTE3a BO3MOXKHO JIS
smep KpeMHus, yriepona, amoMuHHs. Ho Bo Bcex maTepmamax
UMeeTcs emi€ J0ocTaTodHo mpuMmecel. Ha moBepxHOCTSIX Bcerna
BO3HUKAET OKVCHAs TUIEHKA C PUCYTCTBUEM KHCIOPOIA.

Snpa keneza B peakiMM CHHTE3a HE BCTYNAKOT, T.K. KEJIE30
HaXOIHUTCA B CAMOM IIEHTPE CTA0MIBHBIX AIIEMEHTOB. JKene30 MOXeT
Y4acTBOBaTh TOJIBKO B SJICPHBIX PEAKIMSIX CBSA3aHHBIX C 3aXBAaTOM
CBOOOJIHBIX HEWTPOHOB W TOCIeAylomero Oera - pacrmaga. B
MONOOHBIX IEMOYKaX MOTYT Yy4YaCTBOBAaTh BCE JJIEMEHTHI U
00pa3oBEIBATHCS JTIOOBIC PJICMCHTEHI.

[lo manabIM U3 paboT Ymepenko C.M., IpoIIMBKa TEXHHYECKH
guctoro amomMuHus (99,7% Al) mopomkoBeiMu gacTumamu SiC
COTIPOBOXKIAETCSI TI0 OCH KaHAJIOB B 30HE MHKPOB3PHIBA CHHTE30M
HOBBIX XUMHUYECKUX 3JIEMEHTOB (TaJuIuii, Menpb U xene3o0). Ux momns
nocturana 25%. Bpems cyiiecTBOBaHHUS MIa3Mbl U COOTBETCTBEHHO
peakiuu cuHTe3a B 3hdekre CITI cocraBusier Bcero 200 ps., a
MPOIEHT BO3HUKHOBEHUS HOBBIX JJIEMEHTOB (Taulué, Meap |
xene30) nocturaet 25%. 13 aToro crnegyer, 4To B peakIysx CHHTE3a
YYacTBYIOT TJIaBHBIM 00pa3oM 3JIEMEHTHI COCTABISIONINE OCHOBY
yuacTByromux B mporiecce CITI marepuanoB. DTo simpa KpeMHUS,
YIIepoaa, aTFOMHHUAS U BO3MOXHO Kuciopoga. CHHTE3 ABYX siep
27Al13 MOXET J1aTh 56F626. A BOT ramuiusi ¥ MEIu IpU CUHTE3E siuep
ANMIOMHUHHA He moxydntcs. [Ipu cuHTe3e siaep KpeMHus, yriepoaa u
KHCIIOpOJia B 000N KOMOWHAIIMY S/Iep TaJUIHs, MEAH M JKeye3a He
momydaetcs. OTcroga JUIs TONYYCHUS SACp Tauusd W MeAH
JOTIOJTHUTENIBHO K PEaKIHAM CHHTe3a HEOOXOINMO TEUCHHUE PEeaKITHA
pacmana, CBSA3aHHBIX C MPeIBapUTEIHHBIM 3aXBAaTOM CBOOOTHBIX
HelTpoHOB. CBOOOTHBIE HEUTPOHEI 00PA3YIOTCS B PEAKIIMIX CHHTE3a
Y MHULIAHAPYIOT PEaKIu OeTe - pacmaja ¢ BOSHUKHOBEHHEM HOBBIX
JJIEMEHTOB.

Taxum oOpa3oM, siaepHbIe npeBpamieHus B 3ddexre YiepeHKo
CBSI3aHBI C PEAKIMSIMU CUHTE3a U pacraja.
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2.5. Huzko3HepreTuyeckue sijiepHble peakiuu B pU3NYeCKUX
YCJIOBHSIX 1€ TEPUPOBAHHBIX METAJLIIOB.

B nelitepupoBaHHBIX MeTallaX JAEMCTBYET HHOM MEXaHU3M
MPEO0JCHU KYJIOHOBCKOTO Oaphepa, CBA3aHHBIM CO CHIDKEHHEM
KYJIOHOBCKOTO Oaphepa Ha MHOTO HOPSAKOB. DTOT MEXaHU3M TOXKeE
HOCHT BEPOSATHOCTHBIM XapaKTep © BbI3BaH (DIYKTyallUsIMH
CBOOO/IHBIX 3JIEKTPOHOB MMPOBOAMMOCTH.

Hwmxe paccMOTpeHBI TpW HCCIIEIOBATEIbCKUE PAOOTHI MO TeMe
JEUTEPUPOBAHHBIX METAIOB. DTO 3KCIEPUMEHTHI HCCIenoBaTenei
u3 NASA, rpymmsl pocCHUCKUX HccleoBaTeNneid U3 T. 3apeydHbIH,
M3IIOKEHHBIX B paborax I[[BetkoBa C.A. W dKCIEpUMEHTATHHBIX
pabor B MI'Y KopHunooit A.A. ¢ nedTepupoBaHHBIM THTAHOM B
T0JI€ TETJIOBOU BOJHBI.

2.5.1. Ananu3 s3kcnepuMeHTOB NASA ¢ JeliTepupoBaHHBLIM
pOnemM. OIyKTyaMOHHAS MPHPOAA JTEKTPOHHOI0 IKPaHa.

Ha cemunape Kmumoma - 3arenenmna ot 25.11.20r. [29],
3arenermmabpiM B.H. Opu1 cienman 0030pHO - aHAIMTHYECKHUH JTOKIIAT
00 skcriepumenTax NASA mo d - d cuHTe3y B JAeHTEepUPOBAHHOM
3pOuu. beuta mopoOHO omnKcaHa KOHCTPYKIUS YCTAHOBKYU U (hHU3KKA
MPOTEKAIONINX B yCTAaHOBKE MpOIlecCCOB. B OCHOBY mokmama ObLIH
MOJIOXKEHBl paboThl HccaenoBatensckoil rpymmel NASA CIIA,
Bosriasiisiemoli Dr. Bruce Steinetz, Dr. Amon Chait, Dr. Vlad Pines,
Dr. Marianna Pines.

B skcnepuMeHTanbHON YCTaHOBKE C ITOMOIIBIO YCKOPHUTENS
co3faBajcsi Iy4OK DSJICKTPOHOB dHepruet 3 Mse, KOTOpHI
HAIpPAaBIISIICS Ha TAHTAJIOBYIO MUIIICHb. B MOMEHT y/iapa 3JeKTpOHOB
B MUIIIEHb BO3HUKAET MTOTOK TaMMa-U3Ty4eHHs] MOIITHOCTHIO 2,9 Moa.
[MoTok ramMma-u3nydeHHs IOCTYHAaeT B KIOBETHI C HACHIIICHHBIM
neiitepuem 3poueM. B pesynbraTe JaTYMKW MMOKA3bIBAIOT BBIXO]| U3
TNEHTEPUPOBAHHOTO JpOWS TaMMa-u3IydeHHs W HeWTpoHoB. Ilo
MHEHUIO MCCIIEZIOBATENIeH 3TO CBUIETENBCTBYET O PEaKIUU CHHTE3a
d + d B xpucTaIUIMYECKOH pelméTke AeHTeprupoBaHHOTO 3pOus. B
JOKIane TpuBelieHa (U3UKAa TPOLECCOB M MOJTYYCHHBIX
JKCIIEPUMEHTAIBHBIX JTAHHBIX B W3JTI0KEHUH aBTOPOB
9KCIIEPUMEHTOB, KOTOpPBIE PAcCMOTPENN KaHal MpEBPALEHUN C
oOpa3oBaHueM Tenus -3.
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d+d="He;+n" (2-8) Tme n’ - HelTpoH ¢ sHeprucii 2,45 Moe.
3arenermabiM B.H. ObuT paccMOTpeH W Jpyroi BO3MOKHBIN
KaHaJl MPEeBpaIICHUH B AKCIEPUMEHTE ¢ 00pa3oBaHUEM TPUTHS, HO

0 KaKUM-TO MPUYMHAM HE 03ByUCHHBIN aBTOPaMH SKCIICPUMCHTA.

1). PaccmoTpum kaHai ¢ 00pa3oBaHUEM Teus-3, TPEIIOKCHHBIN
amepuKaHckuMu (pruzrkaMu. OCOOEHHOCTHIO ATOTO KaHANA SIBIISETCS
HEOOXOIMMOCTh  NPEOAOJICHUs]  KYJIOHOBCKOTO  Oapbepa  Ajs
TIPOSIBIICHHSI CHJIBHOTO B3aWMOJECHCTBHS M PEAKIIUH cHUHTEe3a (2-8).
[lo mpencraBineHUsAM aMEepUKAHCKHUX HCCIIENOBATENEeH MPEOIOICHNIO
KYJIOHOBCKOTO Oapbepa B peakuuu (2-8) cmocoOCTBYET 3KpaH H3
CBOOOJIHBIX DJICKTPOHOB, OOpa3yrOIIUKCS IMepel IeHTOHOM. DKpaH
MO3BOJISIET JBYM JEWTOHaM COJIM3UTHCA Ha pPACCTOAHUE, IIPH
KOTOPOM TPOSIBIAETCSl TyHHENbHBIH 3ddexkt u peakuus (2-8)
craHoBuTCs BO3MOKHOH. IIpodeccop Kmumo A.M. ormerun Ha
CeMUHape, YTO POJIb IKPAHWPOBKHM y HcciemoBarenceii m3 NASA
cTOWT Ha mepBoM Mecte. Mccmenoatenn u3 NASA oTMeUaroT Takke
¢doxycupyommii 3pQGeKT SNEKTPOHHOTO 3KpaHa, YBEIMYHBAIOLINMA
3¢ (HEeKTUBHOCTD B3aMMOCHCTBUS ICHTOHOB.

Ha cemunape 3aBsizajach moieMuka O MPHUPOJAE DIEKTPOHHOTO
skpaHa. 3arenenud B.H. Bpickasanm MHEHUE, 4YTO NPUYUHOMN
ANEKTPOHHOHN “nryObr” siBnsieTcst JlebaeBckuii cnoi. Kimumor A.U.
BBICKa3aJl COMHEHHE B JOCTATOYHOI BETMYMHE AIIEKTPOHHOTO SKpaHa
no npuynHe J[e6aeBCKOro ciosi M BBICKA3al MPEAIOJIOKEHHE, YTO
BO3MOXHOH mprunHOil MokeT ObITh KoMmToH - addexr. IIpu aTom
OH OTMETHJI, YTO HAJIWYHE JOCTATOYHO OOJBIIOrO IO BEIWYHHE
JKpaHa YCTaHOBJIEHO TaK ke B ’KcmepuMmeHTe Kacaru, HO mpupoma
€ro MOKa HEMOHATHA. DKCIICPUMEHT IT0Ka3ajl BEIMYMHY JKpaHa HE B
AJICKTPOH - BOJIBTHI Kak 110 J[e0aro, a ThICSYH 3JEKTPOH - BOJIbT. [lox
BIUSHUEM TaKOTO dKpaHa KyJTOHOBCKHI Oaphep NEHTOHA CHIKACTCS
Ha 40 mnopsagkoB. B pesynbrare 3TOro TyHHENBHBIA 3PQEKT
CTAHOBUTCS OCHOBHBIM KaHasnioM d - d peakuuu. B cratse [131],
natupoBanHoi 2011 romom, llpranoBeiM O.H. maércs cceutka Ha
OoJyiee paHHHME DKCIIEpUMEHTANbHBIC paboTel Pawmonsl w ap. 1o
HM3MEPEHHIO 9KPaHUPYIOIIETO MOTEHIIMANa B IJIaTHHE.
“OKpaHHpYIONINH  TOTEHIIWAT I  B3aWMOJCHCTBUS  aTOMOB
JIEeHTEeprsl B TUIATHHE TIOJIYICH paBHBEIM 675 o8, uto B 25 pa3 OobIie,
4YeM J1J1s1 CBOOOJHBIX aTOMOB ACUTEepusl. ITO MOXKET 03Ha4yaTh, YTO B
KpUCTAJUIE  TUIATUHBI ~ aTOMBI  JICHTEpUST HE  WCIBITHIBAIOT
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KYJIOHOBCKOTO OTTaJIKWBaHUS JO PACCTOSIHWNA, B 25 pa3 MEHBINHX,
yeM pa3Mep camMux aroMoB Jelrtepus. Dusnueckas TpuUpoja
BO3pacTaHUsl CEUEHHUs CHHTE3a 3JEMEHTOB B TOM Ciydae, Koria
JNaHHBIA TpollecC MPOMCXOAUT B KPHUCTANIMYECKOM peméTke
MPOBO/IHMKA, TIOKA €II€ He BBISICHEHA J0 KOHIA. OYeBHIIHO, YTO 3TO
SIBIICHUE BBI3BIBACTCS AHHU3OTPOIMEH JJIEKTPUYECKHX TOJeH U
N30BITKOM 3JIEKTPOHOB ITPOBOJUMOCTH .

2). PaccmoTpuMm Temeph TPHUTHEBBIA KaHAN, O3BYYCHHBIH
3arenermmapiM B.H. OH mipeamnonoxui, 9To ¢ paBHON BEpOSTHOCTHIO
MO’KET TYHHEJIMPOBATh TaK K€ U HEUTPOH U peakuus d - d moiiaér no
KaHaIy ¢ 00pa30BaHUEM TPUTHSI U OBICTPOTO MPOTOHA.

d+d="Hy+p" (29

Bosznukaer Bompoc. 3aueM HEHTPOHY, O0Opa30BaHHOMY KakK H
MIPOTOH B pe3yNbTaTe AUCCOLMAINY IEHTOHA MOl BO3ACUCTBUEM ) -

W3Iy4YeHHs, HEeoOXOAWMMO TYHHEIHPOBAaTh dYepe3 OcIalbJIeHHBIH
9KpPAaHOM D3JIEKTPOHOB KYyJIOHOBCKHH Oapbep? Jlis HelTpoHa He
CYIIECTBYET KyJOHOBCKOro Oapwepa. HampoTuB, uem MeHbIIe
SHEPTUs HEUTpOHA TeM OOJIBINE CEYCHUE 3axXxBaTa HEUTPOHA SAPOM.
ITo Hamiemy mnpencTaBICHUI0O TPUTHUEBBIM KaHal, MNPEICKa3aHHBIN
3arenenuubiM  B.H. cymecTtByer, HO peammsyercsi B pamKax
Heitrponnoit bmsuku. d +n' ='H;y (2-10). B mons3y peakmuu (2-10)
roBopuT u nomnoiaHeHue Kimmmosa AWM. k moknany 3arenenuHa B.H.
B KoHIe cemuHapa. KmmmoB A.M. ckaszan, 4TO B OKCHEPUMEHTE
NASA o0HapyXuinoch Takke o0pazoBaHuE TylHs U3 SpOus. A 3TO
yXKe TpsAMOE yKa3aHWE Ha HEUTPOHHBIA KaHaJl AJIEpHOM peakiivu.
Opbuii B KPUCTATUIECKON PEMIETKE - 3TO MOH C MHOTOYPOBHEBOM
JIIEKTPOHHOH  000JIOYKOW, KOTOpasgs He JaéT BO3MOKHOCTH
JNIEKTPOHHOMY 3KPaHy W3 CBOOOIHBIX AIIEKTPOHOB PACTIOIONKHUTHCS
OJIM3KO K SApY dpOHs. DTO HCKITIOYAET COMMKCHIE ACUTOHA C SIPOM
9pOHsi Ha paccTOsSHHE, IPU KOTOPOM HAa4YMHAET JAEHCTBOBATDH
3¢ (dekTuBHO TyHHEIbHBIH d3(PekT. 3mech BO3MOXHA TOJIBKO
HEUTPOHHAS peaKius:

SEre +2n — CErg— 9 — “Tme  (2-11)

Ho npu nocraTounoit HapaOoTKe TPUTHS B )pOHEBOI peIIETKE MO
peakruu (2-10) cTaHOBUTCS BO3MOXKHOW M pEakmuisi mpumuil +
Oelimepuii CO 3HAYUTEIBHBIM BBIXOJOM DSHEPIMM, KaK OTMETHI
3arenenud B.H. SInpo TputHs (TpUTOH), TakXe KaK U sApO AEUTEpHS
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(meiToH), HE MMEET DJICKTPOHHON OOOJIOYKH M BCE CKa3aHHOE TSI
9KpaHa Aapa JerTepusl CIIpaBeIIuBO U AJIS siIpa TPUTHA.

B noxmane momu€pkHyTO, YTO 3pOMH XOPOIIO HACHIIIACTCS
neiitepueM. B neiitepupoBaHHOM dpOuM IEeHTOHOB B 3-M pasa
OOJIBITIC UeM aTOMOB dpOHS.

BrickakeM TpEIoONOKeHHE O TPHUPOAC DIESKTPOHHOU “IIyOnI”
BOKPYT' JICWTOHA M KaK CJIEICTBUE (OPMUPOBAHUS SIECKTPOHHOTO
9KpaHa, OTTAJIKUBAsCh OT 3aKOHOMEPHOCTEH CTaTUCTHYECKOU
¢m3ukn. Kpucrammmdeckas pemérka METauloB COCTOMT U3 JIBYX
OTHOCHUTEIBHO CaMOCTOSITCIILHBIX IOJICUCTEM, HAXOJSAIIUXCS B
AKTUBHOM B3amMoJieHcTBUM. IlojcHCTEMBI HMOHHBIX OCTOBOB H
MIOACUCTEMBI  CBOOOIHBIX  DJICKTPOHOB  TpoBomguMocTH.  [14].
[MoxcucremMa CBOOOAHBIX JJIEKTPOHOB B METaUIe HWHTEHCUBHO
(AYKTYHpyeT, TaK KaK 3JICKTPOHBI MPOBOJAUMOCTH IMPEACTABISIOT B
COBOKYITHOCTH  CBOEOOpa3HBIi  Ta3.  DJEKTPOHBI  JABUKYTCA
XaOTHYECKH, CTAJKUBAIOTCA JOPYyr C JAPYIOM W OCTOBaMH
KPUCTAIUTMYSCKON  peméTkd, OOMEHHBAasCh HWMIYJIbCAMH H
sHeprusMu. Ho mipu 5TOM NposIBISIOTCS crieludrIecKie KBAaHTOBEIC
CBOMCTBA CHCTEMBI M B PE3yJIbTATe B3aMMOAEHWCTBUS DJIEKTPOHOB B
MOJICUCTEME CBOOOTHBIX AJNIEKTPOHOB YCTaHaBIIUBACTCS
pacnpeneneaue ®Depmu-/upaka. DHEPruMm HNEKTPOHOB  HOCHT
TUCKPETHBIM XapakTep W TpH Hyle Temieparypbl mo KemsBuHy
AJICKTPOHHEIN T'a3 SBISIETCS TOTHOCTHIO BBIPOXKICHHBIM.

Pacnipenenenne ®epmu-Jlupaka SBISETCS HSHEPreTUYECKUM U
OTIpE/IETISIeT paclpeesieHHe COBOKYITHOCTH CBOOOIHBIX SJIEKTPOHOB
[0 JHEPreTHYECKUM sfueiikaM. DTO paclpeesieHue HaKIaJbIBacT
OTPaHWYCHHS HAa  TIPOIECCHl  B3aUMOJCHCTBUS  CBOOOJHBIX
AJICKTPOHOB MEXAYy €000 W HWOHHBIMH OCTOBaMH, TpeOys mpH
0OMEHHBIX TpoIleccax COOJIIOIEHUSI COOTHOIICHN HaKJIaIbIBA€MbIX
KBaHTOBBIM pacnpezeiicHueM. Ho camMu sHepreTHdecKue sieiku 1Mo
KPUCTAIUTY PACIpPENEICHbl XAaO0TUYECKH M TOCTOSHHO MEHSFOTCS
MecTaMH B mpoliecce BzauMozehcTBus. K ToMy e 3HepreTHyecKoe
pacmpezneneHre 1O sS4YeiKkaM HE HAaKIaAbIBaeT HH  KaKUX
OTPaHWYCHHWIA HAa TPOCTPAHCTBEHHOE JBIDKEHHUE CBOOOJHBIX
JNEKTPOHOB B 30HEe mpoBoguMmocTd. C  TOYKH  3peHHA
MPOCTPAHCTBEHHOTO JBIDKEHUS OJIEKTPOHOB, OHO IOJHOCTBHIO
Xa0TUYHO M MOAO0HO KMHEMAaTHKE UICaTbHOTO ra3a. XapaKTepPHBIM
CBOMCTBOM TaKMX MHOTOYACTHYHBIX CHUCTEM SIBISIOTCS (IYKTyaruu
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10THOCTH. COOTBETCTBEHHO (UIYKTyallld IUIOTHOCTU DJIEKTPOHOB
MOJKHO OIEHUTH 3aKOHOMEPHOCTSIMHU KJIIACCHYECKON CTATUCTHKH.

COBOKYITHOCTh CBOOOJHBIX JJIEKTPOHOB, HAXOSIIUXCS B 30HE
MPOBOJIMMOCTH, HU3-3a JanbHonekcTBus cuil KynoHa mposBisitoT
nBOsIKME cBOicTBa. C OTHOM CTOPOHBI ATa COBOKYITHOCTH MPOSBIISIET
CBOWCTBa yNpyroil cpeapl M B HEM BO3HUKAIOT KOJIJIEKTUBHBIE
NBIKEHUS - miua3MoHbl. C Apyrod NanbHOAECUCTBHE HPUBOJIUT K
TOMY, YTO DJIEKTPOHBI c1a00 B3aWMOJIEHCTBYIOT JPYT C APYTOM U B
KakoOH-TO CTENEHW HANOMHMHAIOT UAcanbHbBIA ras. Moguenb
UJCaTbHOTO 3JIEKTPOHHOI'O ra3a MPUMEHSIACh HAa PaHHUX CTalUAX
pa3BUTHUS TEOpUU TBEPIOTO Teia M HEIUIOXO OIKChIBada MHOTHE
CBOMCTBa METAJLIOB.

B ychoBusax geidTepupoBaHHOTO 3pOUs 3SJICKTPOHHBIN Ta3
MPaKTUYECKU  MOJHOCTBIO  BBIPOXKAEH, 332  HCKIIOYCHUEM
HE3HAYUTEIHFHOTO YHCa JJIEKTPOHOB M3 XBOCTA paclpeneseHHs
@epMU NPU OTHOCUTENBHO HHU3KMX (KOMHATHBIX) TeMIepaTypax.
Tem He MeHee MpHU OOJBIINX CKOPOCTSIX U XAaOTUYHOCTH JIBUKCHHS
JJNIEKTPOHOB B TOJCHCTEME TMPOSBISAIOTCS H  XapaKTepHbIE
CTaTHCTUYECKHE CBOIicTBa. B mojacncTeme CBOOOIHBIX SIEKTPOHOB
Kak W B J000W TOMOOHOW CHCTEME BO3HHUKAIOT (OIYKTyaluu
IJIOTHOCTU YACTHII, B HAILIEM CJIy4ae 3JIEKTPOHOB. XOTs 3IEKTPOHBI
BCEr/a CTPEeMATCS VyHAJIUTbCA JpYyr OT Jpyra, HO 3aKOHBI
KHHETUYCCKOH TEOPUU MPHUBOAAT K (QIIYKTyallusiM KOHIIEHTPAITUH
AJICKTPOHOB, BO3HUKAIOT OOJACTH pa3pekeHHs ©  00JIACTH
MOBBIIIIEHHON KOHIIEHTpPAIMH. JTH OO0JIACTH HOCST BO BpPEMEHH U
MIPOCTPAHCTBE CIy4YailHBIN XapakTep, MOCTOSHHO BHIOU3MEHSSCH.
OCOOCHHOCTh JIOKAJIEHBIX OOJIACTEH MOBBINICHHOW KOHIICHTPAIHH
COCTOMT B TOM, YTO OHHM (POPMHUPYIOTCS 3aJICTAIONIMMH Tyna B
MepBYIO ouepenlp Hanbosiee OBICTPHIMU YaCTHIIAMH U3 OKPECTHOCTH,
a MEIUICHHBIC HE YCIIEBAIOT BBUICTETh W3 JIOKAIBHOU oOnactu. B
cllydae OdJICKTPOHOB KHUHETHYECKas OHEPrusi OBICTPHIX YACTHII
MIPOM3BOANT PabOTy MPOTHB KYJIOHOBCKHX CHJI OTTAJKUBAHHS M WX
KHHETHYECKass JHEPrusi NepexXOAWT B IMOTEHIHAIBHYIO JHEPTUIO
mosist.  OONMacT  TIOBBIMNIEHHOW — KOHIGHTpAIlMH  CBOOOHBIX
AJICKTPOHOB M TIPEICTABIISAIOT COO0M JIeKTPOoHHYIO “mry0y”. [Ipruduém
o0JacTH TIOBBIIIEHHON KOHIIEHTpPAIlMd MOTYT CO3/aBaTh IONSA C
OUYeHb OOJIBIINM IMOTEHITUAIOM, XOTS BEPOSTHOCTh TAaKUX COOBITHIA
CHUKACTCSl MPU BO3pPACTAHUM BeIWUMHBI NoTeHuuana. [lo Bcemy
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KpUCTAIUTY AEUTEPHUPOBAHHOTO APOUS CHOPAIWYECKH BO3HHUKAIOT Ha
KOpPOTKOE BpeMsl Takue (IyKTyallii TUIOTHOCTH CBOOOJHBIX
AJICKTPOHOB.

[TycTb BEpOSTHOCTh BOSHUKHOBEHUS (DIYKTYaI[H HEOOXOIUMOM
BEIIMUMHBI B E€IMHHIE O00bEMa KpUCTAIUIa B EOUHMIYY BPEMEHHU
COCTaBJISIET HEKOTOPYIO BEIWYHHY W BEIWYMHA KOHEYHO OYEHBb
Manas. Ho yuuThiBas, YTO JACUTOHOB B eauWHUIE O00BEMA
TEHTEPUPOBAHHOTO 3pOMS B TPU paza OOJIBIIE YeM HOHOB dPOHs, TO
COTJIACHO TEOpeMe O CJIOXEHHH BEpOATHOCTEH, BEPOATHOCTH
BO3HUKHOBEHUS DJICKTPOHHOTO 3KpaHa, HEOOXOJIMMON BEIMYMHEI H
OXBAaTBIBAIOIIETO XOTS OBl OJMH JCWTOH WM HAaXOJSAIIErOCs
BIUIOTHYIO K JIEWTOHY, CTAHOBUTCS 3HAYMTEIbHOW. B CcBA3U C Tewm,
YTO JIEHTOH HE MMEET JJICKTPOHHON OOOJIOUKH, TO AJICKTPOHBI W3
oOnaka, o0O0pa3oBaHHOTO B pe3yiabTare (QIIYKTyallud, MOTYT
HaXOIUTHCA MPAKTUYECKH BILIOTHYIO K JEHTOHY. DTO M NMPUBOIUT K
CHIKEHUIO KYJIOHOBCKOTO Oaphepa Ha 40-K mopsakoB u Omaromaps
TyHHEeTbHOMY 3¢ dekTy nporekaer d - d peaknusa. Kak mpaBunbHO
3amerwi 3arenenud B.H., xorst Obl 0MH 13 IEHTOHOB HOKEH OBITH
MOIBIDKHBIM, WHAYE HE MPOM3OUAET TyHHENnpoBaHusi. OTMETUM 3Ty
BXHYIO  MBICIh IS TPOIECCOB  SIEPHOTO  CHUHTE3a B
JNeHTepUpPOBaHHBIX METAIIIAX.

PaccMoTpuM  KpHCTAUIMUECKYIO CTPYKTYPY dpOus. DIeMeHT
ApOuil — MeTalll, MMEIONUI Ha BepXHel 000JI0UKE /1Ba 3JCKTPOHA,
KOTOphIE B KPHUCTA/UIC TEPSIOT CBS3b C HOHHBIM OCTOBOM H
3aMONIHAIOT ~ DHEPreTHYECKYI0 30HY CBOOOJHBIX  DJIEKTPOHOB
MIPOBOJIMMOCTH. JHEPreTHYECKONW 30HE CBOOOMHBIX JJIEKTPOHOB
MPOBOJAUMOCTH COOTBETCTBYET MIPOCTPAaHCTBEHHAS 30Ha,
onpenenéHHoll koHpurypamuu. [IpocTpaHCTBO TeKCaroHaJbLHOW
KpUCTAJUTMYECKON  CTPYKTYpel  3pOus  nmenuTrcs  Ha  JIBE
MPOCTPAHCTBEHHBIE  30HBI.  30HY  HOHHBIX  OCTOBOB |
MPOCTPAHCTBEHHYIO 30HY JJICKTPOHOB MPOBOJAUMOCTUA - OOJIACTb,
3alOIHEHHYI0 JJIEKTPOHHBIM Ta30oM. (CBOOOJHBIX 3JEKTPOHOB
MIPOBOIMMOCTH BIBO€ OoJyibllle HOHOB pemétku 3pous. Ilpu
JeHTepUpOBaHIH KpHUCTasia apOwus, ATOMBI neirepus
pacmojaraioTcsi MeXKIy HOHaMH 3pOwusl B KaHaJlaX MPOCTPAHCTBEHHOM
30HBI DJJIEKTPOHOB MpPOBOAWMOCTH. [Ipm >TOM eTUHCTBEHHBII
AJIEKTPOH JCUTEPHsl TaK K€ KOJUICKTUBU3UPYETCS U 3aIOJHACT 30HY
MPOBOJMMOCTH, a aToOM JIeHTepusi TpeBpamiaeTcs B AcHTOH. B
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noxiane 3arenenuHa B.H. oTrmewaercs, 4ro mpu aedTepupoBaHUH
9pOMsT MOCTUTAETCS IUIOTHOCTH MEUTOHOB BTPOE IMPEBOCXOIAIIASL
IUIOTHOCTh HMOHOB 3pOWs, YTo OoJiee YeM BJBOEC TIOBBIMIACT
IJIOTHOCTB “ra3a’ AIeKTPOHOB MpoBOAUMOCTU. OTCIO/Ia HA OIUH UOH
pOusi B KpHCTA/UIC MPUXOAUTCS TPU JCUTOHA, 3aKPEIUBIIUXCS B
30HC TIPOBOJUMOCTH H TISITH DJIEKTPOHOB IPOBOAUMOCTH. Tpu
SJIEKTPOHA OT TPEX aTOMOB JCUTEpHUs U JBa DJIEKTPOHA OT aTroma
apbust. IlpuMeM I TIPOCTOTH KONMHMYECTBEHHBIX OIEHOK BO3BMEM
HE TEKCaroHaJbHYI0, a KyOMYIECKYIO PEeIIETKY.
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Puc. 2-5.

Ha pucynke - 2-5 cneBa m300pakeHa Takasl SJIEMEHTapHas
sigeliKa KpUCTallla, BO3HUKAIOIIAs BOKPYT woHa »pous. [udpoit - 2
0003HaueH WOH 3pOus, 00pa30BaBIIMK sSUCHKY. 30HBI DJIEKTPOHOB
MTPOBOJMMOCTH PACIIONIATA0TCS 110 TPaHAM KyOW4eckoil sueiku. B
ATHX K€ 30HaX PACIIONIararoTcs JACUTOHBI. Tpu IeldToHA OTHOCATCS K
JaHHOMY HOHY 3pOus (Ha Puc. 2-5 oHm 0003HaueHbI (HHOJCTOBBIM
nBeroM M 1udpor - 1), a Tpu neliToHa (0003HAYEHBI KPACHBIM
1BETOM M IU(GPON - 3) OTHOCATCA K MOHAM 3pOUs COCETHUX STUCCK.
30HBI MPOBOJIMMOCTH COCETHUX sSUeeK dpOms mist Hux obmrue. Ha
KOKIBIH MOH APOUS MPUXOAUTCA S5-Th AIIEKTPOHOB IPOBOIUMOCTH.
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Otcrona, yauThIBas, 9TO 30HBI IPOBOJUMOCTH TI0 TPAHIM OOIIHE I
COCETHUX SYEEK, IONydaeTcsi B MITH TPaHAX (dJIEeMEHTapHBIX
s;uefikaX 30HBI TMPOBOAMMOCTH) HAXOJWUTCSA TIO JBa 3JICKTPOHA
MTPOBOJMMOCTH, a IIECTas TpaHb mycTas. nu B 4eThIpEX rpaHsgX Mo
J[Ba 3JIEKTPOHA, a B IBYX MO OfHOMY. [Ipumem 17151 mpoCTOTHI OIIEHOK
IO JIBa 3JIEKTPOHA BO BCEX O-TH TpaHsIX.

Ha pucynke - 2-5 cmpaBa wn3o0pakeHa IUIOCKOCTb 30HBI
MIPOBOAMMOCTH, OXBaThIBatOMmas 9-Tb MOHOB 3pOus. [IyHKTHpHBIME
JTUHUSMH O00O3HAa4YeHa TOJNIIMHA O IIEeTH 30HBI IPOBOIUMOCTH.
Takum o00pazom, il YHCICHHBIX OICHOK MPHHUMAaeM, 4YTO B
JIIEMEHTAPHOM  SUEHKE 30HBI  MPOBOJUMOCTH  Pa3MEpOM

10® cm. * 10 cm. * &, pacmoIOKeHHOH MO PAHU IEMEHTAPHOI
SUCHKM KpUCTAJIa HAXOMATCS B CpPEJHEM OJUH JCUTOH M JBa
SeKTpoHa mpoBoumocTH. 10° cM. - pasmep artoma. Bokpyr
JIEUTOHA, 3aKPENUBILIETOCs B JIAHHOW 3JIEMEHTApHOW sYeiKe 30HbI
MPOBOJAMMOCTH, MOTYT BO3HHKaTh (IYKTyallMd DJIEKTPOHOB
MPOBOJUMOCTH M3 30HBI NMPOBOJUMOCTH COCEAHHX SYEEK IaHHOM
IUIOCKOCTH  TIPOBOJAMMOCTH. B pesymprare  Quykryaruu
(hopmupyeTCs NMEKTPOHHBIA dKpaH BO3JIE TaHHOTO ACHTOHA.

OneHuM HUCXOIS W3 MOJENH HACATHHOTO JIIEKTPOHHOIO rasa
MOTCHIUAN 3JICKTPOHHOTO JKpaHa dYepe3 (PIyKTyaluio IUIOTHOCTH
DJICKTPOHOB. 3HAas IUIOTHOCTH DJIEKTPOHHOIO Ta3za B 00JacTH
MOBBIIIICHHON (PIIyKTyaIuu, mo 3akoHy ['aycca MOKHO ONpeaeiuTh
MOTEHIIUAN B JIOKAJILHOU 001acTH UIyKTyaIuy.

BenuunHy QuyKTyalmu onpeneinuM ISl 30HBI MPOBOIMMOCTH,
OXBAaTHIBAIOMICH 9-Th siIeeK PEmETKN Kak m3o0paxkeHo Ha Puc. 2-5
cnpaBa. CoOrnacHO CTaTUCTHKE BEIMYMHA (DIYKTyallu (OTKIIOHCHHE
oT cpenHero) ompenensercs gopmynoir AN = N - <N>; [11, 132].
I'me: AN - BenmmunHa Quryktyarui, N 9UCIO YacTHI[ B HICKOMOM
00béMe B MOMEHT (unykTyanuu, <N> - cpegHee YHCIIO YacTHIl B
HUCKOMOM 00BEME.

OnyKTyarmdss 9acTHIl B HCKOMOM OO0BEME  OIMpenesieTcs
dhopmymoit AN = \ <N>; B 9-1u1 stueiikax 30HbI MIPOBOIUMOCTH <N>
= 18 anektponoB. Otciona AN = V18 = 4,24; CienoBaTelIbHO B
pe3yibTate QIyKTyaluH 3JEKTPOHOB MPOBOJUMOCTH B 9-TH sTYeKax
30HBI TIPOBOJAMMOCTH OKaXKETCsI 22 DJIEKTPOHA.

Ho stm 22 snexTpoHa B pe3ynbTaTe HCKOMOH (UIyKTyaluu
pacmpenensiorcss B 30He 9-Th sueek BoBce HE paBHOMEpHO. C
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pPa3IMYHON BEPOSTHOCTHIO WX TUIOTHOCTH MOXET MEHSThCA B
JIOKAaTBHBIX 30HAaX (HampwMep, BOKpYT jaeitoHa). Yem Ooibiie
JIOKQJIbHASL TJIOTHOCTh, TEM MEHBIIE BEPOSATHOCTh COOBITHS. J[st
OIICHKM  BEIMYUHBI  JIOKAJILHOTO MoJisi  TPUMEM, 4TO
MIPOCTPAHCTBEHHBIE pa3Mephl JMEKTPOHHOTO 3KpaHa BOKPYT (BO3JE)
IEeHTOHA COCTaBISIOT map auamerpom 0,1 numamerpa aroma. To ecTh
TOJIIMHA IIETU 30HBI MPOBOJUMOCTU O = 10" wm. OTMmeTuM, 4TO
pasMephl IeHTOHa U HIeKTpoHa UMeloT mopsmok 1077 m. U mycTs B
9TOM JIOKJILHOM IIape BOKPYT JIEHTOHA B pe3yibTare (QIyKTyalruu
OKa3aJoch 4-¢ DJIIEKTPOHAa MPOBOAUMOCTH. OICHHM BEIHYUHY
MOTEHIIMAIA Ha TPaHUIC YKAa3aHHOTO Ilapa 3JEKTPOHHOTO JKpaHa:
¢ =q/ 4ne - 1; (2-12). I'me: ¢ - moTeHIMAN MONS B BOJBTAX Ha
rpanue mapa pagmycom r = 0,5-10"" m.; g, = 8,85-10"* a* cex’/n-M>
- TURJIEKTPUYECKask TPOHUIIAEMOCTh BaKyyMa; ( - CyMMapHBIH 3apsi
4-X 51IeKTPOHOB B KyloHax. q = 4-1,6- 107" kysnoH.
Haxomnm uncnenHoe 3Ha4eHre TIOTEHITHANA;
40,6007"
403,148,85007 0,500
~4600 26.

Ecnu B 5okanmpHOM IIape YKa3aHHBIX pa3MEpPOB OKaXKETCS B
pesynpTate  (QIyKTyamuw  3-d JJEKTpOHA, TO  IOTCHIIHAI
AJICKTPOHHOTO DKpaHa COCTaBUT MpUMEPHO 2590 36, HO BEPOATHOCTH
ero Oyamer Bbime. J[nst 5-TM 3IEKTPOHOB BEJIMYMHA IMOTCHIIMANA
coctaBut npumepHo 7200 36., HO BEpOSTHOCTH ero OyneT Huxe. Kak
BUIUM 4YHCIICHHBIE OIIEHKH COOTBETCTBYIOT DJKCIEPHUMEHTy. [29,
131]. KoneuHno, aBTOp OTHAET cebe OTYET B TOM, UTO OIEHKU OYCHB
rpyoOsbIe. He  yuurteBamace, Harnpumep, OTHOCHTEIIhHAS
TUDJIEKTPUYECKasi MPOHUIIAEMOCTh CPEAbl METalla U aHWU30TPOIIHS
noje 30HBI MOpoBOAMMOCTA. HO s cTaBui 3ajadyy IOKa3aTh
MPUHIUAITUAITBHYI0 BO3MOXKHOCTh BOSHUKHOBEHUS (DIYKTYaIl[HOHHOTO
sKkpaHa. M Takas BO3MOXKHOCTb IpocmaTpuBaercs. U TiaBHOe 3Ta
MPUHLIMITHAIBHAS BO3MOXKHOCTh YK€ MHOTOKPAaTHO ITOATBEPKIcHA
AKCIIEPUMEHTOM.

Heobxomumo ~ oTMeTHTh, 4YTO  (IYKTyaUd  CBOOOJHBIX
JNIEKTPOHOB B 30HE TPOBOJUMOCTH  MpOUCXOmAT u  0e3
neiitepupoBanus. OmHAKo B cilydae JCHTEPUPOBAHHS BO3PACTacT
IJIOTHOCTh DJIGKTPOHHOTO Ta3a M COOTBETCTBEHHO BO3pACTaeT

¢=q/4me - 1= =11516016m=~
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BEeJMYMHA TIOTEHIMalla AJIEKTPOHHOTO 3KpaHa M BEPOSTHOCTH €ro
BO3HWKHOBeHUs. [IpenmmymiecTBo 3pOus 1O CpaBHEHHUIO C IPYTHMH
MeTajulaMH, HalpuMep, TUTaHOM B TOM, YTO y HEro BBICOKas
IUIOTHOCTh ACUTEpUPOBaHUS (TpHU JEHTOHA HA OAWH MOH 3pous). 10
MIPUBOJUT K BBICOKOW, OTHOCHTEIBHO JAPYTHX METAIUIOB, TNIOTHOCTH
NEHTOHOB U AIIEKTPOHOB MPOBOANMOCTH.

Takum 00pa3oM SKCHEPHUMEHTAIBHO BBIABICHBI IBE MPUYMHBI,
CHOCOOCTBYIOIINE TEUECHUIO PEaKIWi CHHTE3a B JACHTEPHPOBAHHBIX
MeTayiax. JTO CIOpaAn4YecKoe BO3HHMKHOBEHHE II0 BCEW 30HE
MPOBOJMMOCTH KpHUCTAIIa (PIyKTyaluii 3JeKTPOHOB POBOANMOCTH,
CO3JAIOUIUX C OMNPEACNEHHON BEPOATHOCTHIO BOKPYT (psAIOM)
JICUTOHA DJICKTPOHHBIM SKpaH, HEUTPaIU3YIOMIUH KYJIOHOBCKUN
Oapbep eiToHa Ha MHOTHE JECSTKH NOPSIIKOB (10 40-Ka MOPSIKOB).
3710 co37aéT ONArONPUITHBIC YCIOBHS AJISl JIETKOTO MPOHUKHOBEHHS
JBIDKYIIETOCS ACWTOHA depe3 KyJMOHOBCKHMH Oaphep MOKOSAIIETOCS
nentoHa. U BTopas npuyrHa cBsi3aHa C TEM, YTO JIEKTPOHHBIN SKpaH
o0nagaer CBOWCTBOM (DOKYCHPOBKH, KaK OTMEYAIOT HCCIICOBATEIH
NASA. OxpatbiBasi IEWTOH, 3JICKTPOHHOE OOJIAKO TPUTATHBAET
JOBIDKYIIMNACSA JEWTOH K CBOEMY IEHTPY M TEM CaMbIM OPHEHTHUPYET
JBIDKYIIMHCS JEWTOH Ha TMOKOSIMIMKCS, 4YTO TakXKe CHIXKACT
paccTosHME MEXIY JeHTOHaMH W  CHOCOOCTBYET YCHIICHHIO
TyHHEJIbHOTO 3¢ deKTa.

2.5.2. DkcnepuMeHTHI rpynmnsl uccaegosaresneii CO HUKUIT n
[BeTkoBa C.A. ¢ 1eiiTepupOBAHHBIM TUTAHOM.

B JK®HH Ne27(8) 3a 2020 rox omyOnmkoBaHa pykomuch 1989
rona, mnpenacraBneHHas —LIBetkoBeiM  C.A., ¢  onucaHuem
AKCIIEPUMEHTA TI0 UACHTH()UKAIMK PEAKIIMH HU3KOTEMIIEPATyPHOTO
cuUHTe3a Jeiitepuss B TuTaHe. [lo ommcaHUSIM SKCIIEPUMEHT OBLI
XOpOIIO OCHalIEH W3MEPUTEIBbHON TEXHUKOM U Pe3yNbTaThbl
OKCIIEPUMEHTA TIPEIICTABIAIOTCS yOeAWTENbHBIMH. B  CBiI3um ¢
BBIIICHU3NIOKEHHBIM ~ BBITIUIIEM HWHTEPECHBIA ab3all W3 CTaThH.
“AHanu3 IpOBEAEHHBIX PE3Y/IbTATOB MTO3BOJIIET UACHTH()HUIINPOBATH
NPU3HAKU PEaKlUuMd HHU3KOTEMIIEPATYypHOrO CHHTE3a H30TOIOB
BOZIOpOZa TPH HEPABHOBECHBIX COCTOSHHSIX CHCTEMBI «METall-
Jnenltepuil (TpuUTUiA)». Pacu€THble OIIEHKM CKOpPOCTH Jiera3alyu
(copOumu) 00pa3IoB IMO3BOJIAIOT MPEIIOJIOKUTh, YTO SBICHUC
CHUHTE3a HMMEET MECTO MpH MEPEeXOAE CHUCTEMBbl THUTAH-ICHTEpHil
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4yepe3 rpaHullbl o0yacTeil: y- (aspl u rerepodazHoit y + £, a Takxke
+ f obmacrelr U a - pactBopa. [Ipwuém, BBUAY TOTO, YTO OOpasern
o0JaiaeT 3HAYUTEILHOW TOPUCTOCTHIO M Pa3Mephl YacTHUI[ HE Ooee
50 mkM, mpodunp KoHUeHTpauuu aAeitepusi C(X) u Tpolecc
JeTa3anuy U3MEHSIETCs] OT CTAIMOHAPHOTO 0 HYJIEBOTO YPOBHS, HO
0e3 cymecTBeHHOTO M3MeHeHns GpopMbl (C(X) - mpsMast IMHAS). DTO
MPUBOJUT K TOMY, 4YTO TPaKTHYECKH Bech 00BEM oOpasia
onHoBpeMeHHO wuMeeT mapameTphl T m C, COOTBETCTBYIOIIHE
Mepexoly 4uepe3 yKazaHHbIe (ha30BbI€ TPAaHUIIBI, W, KaK CJIEICTBUE,
YBEJIIMYMBACT SHEPTETHUUSCKUN W PaJMAIMOHHBIN BBIXOJ pPEaKIUU.
Takoe npeAnonoKeHHe MOATBEPKIACTCS SKCICPUMEHTAIBHO TEM,
YTO TPEBBIIICHUE IMMOPOTOBOTO YPOBHS HAONIOMAETCS OIHOKPATHO
(Ipm TepexoAHBIX peKUMax) U He pa3MbITO BO BpeMeHH . [10].

Hcxons u3 GiaykTyanimOHHON TPUPOJIBI AIEKTPOHHOTO 3KpaHa U
0030pHO-aHATUTHIECKOTO AoKiana 3atenennHa B.H. cranoBurcs
MOHSATHON CBsI3b MPOSIBICHUS CHHTe3a IpH (Ha30BOM IepexoJie
CUCTEMBI TUTaH - Aetepuit. 3arenenud B.H. ykazam, uyto cuHTe3
d + d Bo3MOXEH NUIIb TPU 00A3aTETHHOM IBWKEHHH OIHOTO H3
JICUTOHOB JIJIsl BOBMOYKHOCTH TMPOsIBIICHUSI d((heKTa TYHHEITHUPOBAHUS
B YCJIOBHSX OXBaTa JCHTOHA OJIIGKTPOHHBIM 3KpaHoM. da30BEril
MEPexXoJl CHUCTEMbl THUTAH-ICHTepUil Kak pa3 u oO0ecrIeyuBacT
MOIBIKHOCTh BCEX JEWTOHOB, YacTh W3 KOTOPBIX OKAa3bIBAIOTCS
OXBaYCHHBIMU (DIYKTyalMsIMH 3JICKTPOHOB MPOBOAUMOCTU. BakHo,
9ro (Ha30BBIA MEpexod TMPOUCXOOUT OJHOBPEMEHHO BO BCEM
KpUCTaJUIe U (QIIyKTyalliy MMOCTOSHHO BO3HHUKAIOT 1O BCEMY 00BEMY
KpHUCTalIa.

DTOT cMOCO0 WHUIMANMU PEeakIuii XonoaHoro cuaresa d + d B
JEeHTepUpPOBAHHBIX METAJUIaxX MpeacTaBisieTcs Oosee 3hGEeKTHBHBIM,
TaKk Kak TMpsAMOH ® 0OpaTHBIM Tmepexon Mexay (aszamu
KPUCTAJUTMYECKON pEemIéTKH He TpeOyeT 3HAYMTEIbHBIX 3aTpaT
sHeprun. B otnmume ot sxkcnepumenTtoB NASA no d - d cunTte3y B
JIEHTEPUPOBAHHOM JpOMU U dKcrepuMeHTOB KopHmioBoit A.A. ¢
JIEUTEpUPOBAHHBIM TUTAHOM B I0JIE TEIJIOBOM BOJHBI (PACCMOTPEHBI
HUXE). ITO 00ECTIEYUT BHICOKUH TEILIOBON KO3(DQUIMEHT peakiuu.
Jo6asum, uro B [131] IlpranoB 5.H. paccmarpuBaer ‘‘MexaHHW3M
YCKOpPEHHUSI IPUMECHBIX aTOMOB JAEWTEpHs B KpHUCTayuiax Omaromaps
B3aMIMOJICHCTBUIO 3TUX aTOMOB C JUTMHHOBOJHOBBEIMH BHOpAIMsIMH
KPUCTAJUTMYECKON  peméTku B Je(QOPMHPOBAHHBIX  ydYacTKax
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kpuctauia’. Kak BHIUM H 31eCh OTMEdYaeTcs HEOOXOIUMOCTh
MMOBIKHOCTH JeiToHOB. Kakoif 3 crnocoOoB MOIBMXKH EHTOHOB
Oyzaet s (heKTUBHEE TTOKAKET IMPAKTHKA.

BrI3bIBalOT 0COOBIN HWHTEpPEC TOCICAYIOIIAE HWCCICIOBAHUS
[BerkoBeiM C.A. HHU3KOTEMIIEPATYPHBIX pEaKIHWid CHHTE3a B
NeTepUpOBaHHBIX MeTajulaX. PaccMOTpuM  OKCIEpUMEHTHl B
I'epmanun B naGoparopum HropuOepra. [130]. Ha ycranoske,
HaumHas ¢ 2012 roma, 3a Tpum roma ObBUTO mTpoBeneHO 62
skciepuMenTa. Kak ormewaer IlpetkoB C.A.: “TlomydeHHble
pe3yIbTaThl HE TOIBKO TMOATBEPIMIIN, HO U 3HAYUTEIHHO MPEB3OIILITH
pe3ynbTaThl TMPENbIAYINUX HCCISAOBAHUN Ha CXEME «THUTaH -
nertepuit»”. lBetkoB C.A. oOpamraer BHUMaHHE Ha WHTEPECHBIN
¢dakt, HaOmOmaeMbli B OTHUX  JKCHepuMeHTax.  Ywmcio
PETHCTPUPYEMBIX  HEUTPOHOB  OBUIO  3HAYUTEIHHO  MCHBIIC
pacu€THbIX. “OT0 B 1869,5 pa3a MeHsbIIe, 94eM TOJDKHO OBITH TIO
pacuetam. Kak 310 00BsSIcHHTH? B03MOXHO, YTO OOIBIIMHCTBO
HEHTPOHOB MPOCTO MOTJIOMIAIOTCS BHYTPHU TUTAHOBOTO 00pasiia, 4To
n gaét HaM W30BITOYHOE TeIIo. HeHTpoHBI ocTaloTcs B caMoM
oOpa3iie W KOHCTPYKIIMOHHBIX MaTepualax peaKkTopa, U TOJIbKO
4acTh U3 HUX BBUIETACT HAPYXKY, JOJETACT JI0 ACTEKTOpa HEUTPOHOB
U PETUCTPUpPYETCS JCTEKTOpPOM. Y MEHS Ha JaHHBI MOMEHT IOKa
Takoe pabodee oOBsiAcHeHHWe Bcero 3toro”. [130]. Dto pabouee
00BSICHEHHE BCEIIEIO COOTBETCTBYET 3aKOHOMEPHOCTSIM HEHTPOHHON
¢m3ukn. 3aKOHOMEPHOCTSIMH HEUTPOHHON (M3UKH OOBICHICTCS H
Tako MOMEHT B 3kcniepuMenTax l[petkoBa C.A. “Bo BpeMs paboThI
y Hac BO3HHK miepepbiB Ha 4,5 Mecsma. Ha sto Bpems psmgoM ¢
YCTaHOBKOH OBLT OCTaBJICH CUEeTUYHK [ elirepa, KOTOPBIN U3MepsT GOH
BHYTPHU TIOMEIICHHUS, TJI¢ HAXOAWJIach yYCTaHOBKA. [lomydminock, 4To
raMMa-(oH BOKPYT' YCTAHOBKH CHIKAJICS, IPHYEM BHIHO, YTO OH
CHajiaeT MO OKCIIOHCHTE. A OSKCIIOHCHTAa YKa3bIBaeT HAa TO, YTO
MPOIIECC OTHOCUTCS K TMpoIeccaM SJepHOTO pacnaaa. Yrto B
YCTAaHOBKE MOXKET TaK pacmamarbcs? DTO MOXKET OBITh KOMILIEKC
KaKuX-TO DJJEMEHTOB - O3TO HE OJWH H30TOIm . OJTO TOXKe
3aKOHOMEPHOCTH HEUTPOHHOH (PH3HKH.

“B sTOM XK€ HIOPHOEPrCKOM IIHMKJIC ONBITOB OBLI OOHApyXEH
e OJIMH KpalHe WHTEPECHBIH PEKUM IOCTOSHHOTO BBIJICICHUS
M30BITOYHOTO TEIUIa, KOTOPBIA S Ha3Ball aBTOKOJeOaTenbHBIM. B
ATOM pPEXHUME JNCHTepU]l THTaHA HAYWHAET TOIJIOIIATh W BBIICISTH
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nedtepuii ¢ vacroroit 0,33 I'm”. [130]. Ortor dakr emé pa3
TIOATBEP)KIAET MBICHb 3arenenwHa B.H. o HeobxomumocTu
MepeMenieHnss XOTS OBl OJHOTO JIeHTOHA. ABTOKOJEOATEIBHBII
peXuM U BbI3BIBACT MOABMXKKY AeiitonoB. Jlerom 2018 roma B
Ocrtonun lIgetkoB C.A. co3man yCTaHOBKY, Ha KOTOPOW TIOKa3al,
YTO KOJHYECTBO BBIAEISEMOT0 TeIJla NPU YBEIWYCHHH MAaCChI
pabodero oOpasma Takke yBenmuuBaeTcs. Ha 3Toii ycTaHOBKE OH
IOOMJICA TaKOro TIpollecca, TNPH KOTOPOM HOET TIOCTOSHHOE
BbIeTIeHHe Terura. Hudero He mo0aBiiss, HUYEro HE Tporas, cama
CUCTeMa BXOJUT Ha aBTOKOJCOATCNLHBIM PEXKUM, KOIJIa OHa
Ha4YMHaeT reHepupoBarts Temio. [130].

B cBomx wmccnemoBanmsax IlgetkoBa C.A. ommpaercs Ha
HaKOIUICHHBIC siiepHON (u3ukoi 3Hanmsa. OH HM Ha [mar He
OTKIIOHSIETCS OT AKCIICPUMEHTAILHO TPOBEPEHHBIX 0a30BBIX 3HAHMIA.
Oco0EHHO XOpOIIO 3TO BHAHO IO COACPKAaHMIO ITyHKTa «O
MEXaHU3Me XOJIOJHOTO simepHOTO cuHTe3a» B [130]. Bee mporeccsr B
HaOIIIOJTAEMBIX MM DKCIIEPUMEHTaX OH OOBSCHSCT B pamMKax (DU3WKH
SIEPHOTO CHHTE3a W  COMYTCTBYIOUIMX CHHTE3Y IPOIIECCOB
HEHUTPOHHOH (PU3UKHU.

2.5.3. OxcnepuMenThl KopHnioBoii A.A. ¢ 1eiiTepupOBAHHBIM
THTAHOM.

OCHOBY  DJKCIEpHMEHTa  COCTaBJIsUIa  MOLIHAs  CTpys
KaBUTHPYIOLIEH JKUAKOCTH, yHaapsoomas B KPUCTALTHYECKYIO
creaky. Ilo coobmenmio KopuumnoBoit A.A., B OTHOM U3
JKCIIEPUMEHTOB TUTS CO3/1aHus KaBUTHPYIOLIEH CTpyH
WCIIONB30BaAJICAd IUTYH)KEpHBIM Hacoc MomHocTeio 30 kem. Ha
00paTHOH CTOpPOHE CTEHKH (UKCHPOBAIOCH IISITHO W3Iy4YCHUS
MATKOTO peHTreHa. Ha paccTosHHM 5 CM. OT CTEHKH H3Iy4YCHHE B
BO3AyXe 3aTyxaeT. Ha OombLmIOM paccTOSHHM OT MOBEPXHOCTH
CTEHKHU aKyCTUYECKUM JETEKTOPOM (uKCUpoBaIHCh
BBICOKOYACTOTHBIE KoJiebaHus. YacToTa rumep3ByKOBBIX KOJIEOaHHMA
COOTBETCTBOBaJA AeciaTKaM Merarepir (87 MI'1r). 1o He MOTJIH OBITH
aKyCTHUYECKHE BOJHBI, B BO3AyXe aKyCTHYECKHE BOJHBI TaKOH
YacTOTHl HE PACHpPOCTPAHSIOTCS. DTO HE OBUIM 3IEKTPOMAarHUTHBIC
BoiHBL. CKOpOoCTh BOJHBI cocTaBmsuia S50  M/cek.  ABTOpHI
WCCIICIOBAaHMSl TPUILUIM K BBIBOAY, YTO O5TO TEIJIOBHIE BOJHBI.
JpyruM 3aragovyHbiM (AaKTOM SIBISJIOCH PETHUCTPALUsl TEIJIOBOH
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BOJIHBI (30Ha TIOBBIIICHHWA TEMIIEPaTypbl) Ha 3HAYUTEILHOM
PAcCTOSIHUM OT CTEHKH, MEePeJAIOIIei SJHEPTHUIO MOJIEKYJIaM BO3TyXa.
B obnactu 10 3TOTO paccTosHUA SHEPrus Kak Obl «mponananax». B
KOHYC TEIUIOBOM BOJIHBI MOMEINANKCH 00pa3ibl IeHTepUpOBaHHOTO
THTaHa. B pe3ynabTaTe 5-TH MUHYTHOTO BO3JEHCTBHS TEIUIOBOM
BOJIHBI Ha 00pa3er] oOHapyxeHa nedopManmsi ero KpUCTAUTHIECKON
pewéTkn. B skcnepumente 3aduKCHpoBaHA TeHepauus anbga-
JacTUI] B BO3AyXEe B 30HE TEIUIOBOW BOJHEL. ABTOpHI [48, 49]
CBSI3BIBAIOT TOSBIICHUE allb(a-4acTUIl C TPOIECCOM  PpPeaKIui
CHHTE3a C y4acTUEM sep AeiTepHs Npu KOMHATHOM TeMIlepaType.

B cBsi3u ¢ OnMcCaHHBIMU BBIIIE OMBITHRIMHU (haKTaMH ITOTTBITAEMCS
OTBETUTH Ha J[BA BOIIPOCA.

1). Kyna nmponamaer 3Heprus Ha pacCTOSHUM MEXAY CTEHKON U
30HOH TEMJIOBOI BOJIHBI?

2). KakoB wMexaHW3M BO3HHKHOBEHHS anbda - YacTHI TIpH
MTOMEIIEHUH JeHTepUPOBAHHOTO TUTaHA B 30HY TEITJIOBOI BOJHBI?

a) Obvacnenue Kopnunoeoii A.A. u coaemopoe.

Wnu mox BiusHuMEM HeraTHBa (U3UKOB-SIEPIINKOB, MM TOJ
BIMSHUEM cBoero koiiern Briconkoro B.M. (m ero rumore3bl
neOPMUPOBAHHBIX ~ TOTCHIHMATBHBIX M C  KOTEPEHTHO
KopemupoBanHbIM 3¢ ¢dextom), HO Kopuuiosoir A.A. (mo eé
COOCTBEHHOMY  BBICKa3bIBAHMIO) TAPAJIENIbHO C  HM3YYCHHEM
OMOTpaHCMYTaITUU BEJCS MOUCK MOTCHITUAIBHBIX “ssM BpIconkoro” B
YCIIOBUSIX HEOPraHWYECKOro BemiecTBa. M kak yTBepikgaeT cama
Kopuunopa A.A., eif ynajaoch 3T0 ¢lienarth B PU3NUIECKUX YCIOBHUIX
TEIJIOBOM BOJIHEI. [48].

ABtopsl [49] TpHUBOAAT TpU BO3MOXHBIE SJIEPHBIE PEAKIIMH
CHHTE3a C y4yacTUEM JeHTepus:
1).d+d=p+t+4,03 Mos.
2).d+d=n+He + 3,27 Mos.

3). d +d = "He + 23,8 Ms.

ABTOpBI THIIYT, YTO MEPBBIE IBE PEAKIMH HNMEIOT CEYCHHE PaBHOE
0,09 GapH, a TPeThs PEAKLMS HMEET HUYTOKHO Manoe ceuerne 107°
Oapu. [lo yTBepkOeHMIO KOJUIEKTHBA aBTOPOB [49] B ¢u3mueckux
YCIIOBUSIX TETUIOBOW BOJIHBI B IEHTEPUPOBAHHOM THTAHE TPOUCXOTUT
MMEHHO TpeThst peakumsi cuutesa: d + d ='He + 23,8 Mbos. Ilo
NPU3HAHUIO CaMUX aBTOPOB B3aUMOJACHCTBHE HUMEET Malylo
BepoaTHOCTb. Ho pmamee crnenyer cTpaHHOE 3asBIEHHE, UTO
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“cuTyaldsi TPUHLMIMAIBHO MEHSIETCS TPU HU3KOM SHEpPruu
nedTpoHoB”. O CTENmEHW HAYYHOCTH DTUX YTBEPXKICHUN YHUTATETh
MOJKET caM yOeIuTcs, 03HaKOMUBIIUCH ¢ [49] 1 apyruMu pabotamu
Bricomkoro B.H.

OtcyrcTBUe (UKCAMM TPU3HAKOB DHEPTUsT HA PACCTOSHHU
MEXIy CTCHKOW M 30HOW TEIJIOBOW BOJIHBI aBTOPHI [48, 49] HU Kak
HE OOBSACHSIOT.

0). ObvsacHeHue 6 paMKAX MeopUl 6eKMOPHOIL IHEPZEMUKU.

Paccmorpum pucyHOK - 2-6, Ha KOTOpPOM H300pa’keHa cxema
MOCIIEZIOBATEIBHOCTA ~ MPOIIECCOB  B3aWMOJICHCTBUS B ONBITaX
Kopuunosoit A.A.
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Puc. 2-6. Cxema npoyeccos e3aumooeticmsus 8 onvimax
Kopnunosoii A.A.

CneBa OT KPHCTAJUTMYECKOH CTEHKHM oO0OO3HaueHa CTpys (TIOTOK)
KaBUTUPYIOIMICH KUAKOCTH, TIEPEHaloNIasl CTCHKE WMITYIbC |
sHepruro. Yepes CTECHKY PHEPrus ¥ UMIYJIbC NEPEHOCATCS MOTOKOM
kBasuvacTull (oHOHOB. CripaBa OT CTCHKH Ha €€ TpaHuIle 0003HauCH
mporiecc oOMEHa DJHeprue wmexay (QOHOHHBIMH BOJIHAMH |
MOJICKYJIaMH BO3yXa OMBIBAIOMIETO CTEHKY. OTMEYeH MOMEHT
B3aMIMOJICHCTBUS MOJICKYJBI Bo3ayXa - 1 ¢ (DOHOHOM CTCHKH, B
pe3yibpTaTe 4Yero MOJIEKyJia BO3ayxa NIpuoOpena ummyiasc My u
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COOTBETCTBYIOIIYI0O KHHETHYECKyI0 dSHepruro. CmpaBa OT CTEHKH
OTMEYEHO TaK K€ PEHTTeHOBCKOE W3JIydYeHHe, TeHepupyemMoe
BO30Y)KIEHHBIMU 3JIEKTPOHHBIMH O0OJOYKAMH aTOMOB CTEHKH.
Msirkoe peHTT€HOBCKOE H3ITyYEHHE CBUIETENBCTBYET O TOM, YTO 3TO
M3ITyYeHHEe MMEHHO 3JIEKTPOHHBIX 000JOYEeK TEpPBBIX YpPOBHEH OT
sapa. To ecTb BO3AEHCTBHE KaBUTHUPYIOIIEH CTPyH J10CTATOYHO
MOIITHOE, BIHMSIET AK€ HA caMble HIDKHHE YHEPreTHYECKHE YPOBHH,
HO pedb O SJIEPHBIX MpoIleccax Ha JAaHHOM JTare He UAET.

O6mas cxema okcrepuMmenTa KopaunoBoir A.A. BuIWTCA
cienyomed. B mATHe KaBUTHpYMOIIEH CTpyH, yJAapsromencs o
KPUCTAJIUTMYECKYI0 ~ CTCHKY, TIIOCIEAHEH TIpU  CXJIOTIBIBAHUH
My3bIPHKOB TIEPENAETCS MOIIHBIA UMIYJbC. MOIIHBIA HUMIYJIbC U
MEepeHoCUMasl WM~ KUHETHYEeCKash  DHEPrus  IepexoasT B
KBa3UUMIIYJIbC W OJHEPTUI0 KBa3W4yacTHll ()OHOHOB CTCHKH.
dopmupyercss TOTOK (OHOHOB, MEPEHOCSIINN UMITyJILC W SHEPTHIO
Ha TPOTHBOIOJIOXKHYIO CTOPOHY KPHCTAJUIMYECKOW  CTEHKH,
OMBIBa€MOH BO3AyXOM. Ha mHpOTHMBOMONOXKHONH CTOPOHE CTEHKH
SHEPTHUs M UMIYJIbC (POHOHOB B PE3yJIbTaTEe COYAAPECHUS TIEPENAIOTCS
MOJICKyJIaM BO3IyXa Kak Toka3zaHo Ha Puc. 2-6. ®opmmpyercs B
BO3/yX€ MOIIHBIA MOTOK YacTUIl M JHEPTHH, KOTOPBHIA IPU CBOEM
pacHpOCTpaHCHUH CTAJKUBACTCS 110 3aKOHAM HEIEHTPAIBHOTO
COyJapeHusi C MOJIEKyJIaMH BO3[AyXa W TPOUCXOAHUT TIPOIECC
JUCCHUITALIMM  HAIpaBIICHHOW d3Hepruu. HampapneHHas »Heprus
MEPEXOUT B XaOTHUYECKyl0. B cucreMe MNpOHUCXOOUT pPOCT
TEMIIEpaTypbl M JHTpONWH. Ha paccTosSHMM OT CTEHKH IO 30HBI
MIPOSIBTICHUSI TEIUIOBOM BOJHBI DHEPTrHsl HA KyAa HE JeNach. 37ech
TEUYET BEKTOPHBIN MOTOK SHEPTHH C PE3YIBTUPYIOUIUM HUMITYJIBCOM.
[lomyueHHass OT CTEHKM SHEPrUs CTPOTO HAmNpaBleHa IO
PE3yIBTUPYIOIIEMY UMITYJIbCY U HE SBISIETCA XaOTHIECKON dHepruei
MOJICKYJI, KOTOpas XapaKTepu3yeTcs MapaMeTpoM TeMIeparypa.
TepmomeTtp e€ He dukcupyer. Jlump nocie cepun HEUEHTPATBHBIX
COymapeHWil MOJIEKYJ BO3IyXa, Kak TokazaHo Ha Pwmc. 2-7
HaTpaBJICHHAss OJHEPrHs TEpPEeXOJUT B XaOoTHYECKyl (opmy,
OPOMCXOJUT POCT TEMIEpaTyphl, KOTOPBIHA U  (HUKCHPYETCS
tepMoMeTpoM. [lo Mepe BBIpOXKACHHA HWMITyIbCAa B PE3yJbTaTe
HEIEHTPAIBHOTO COYIAapeHUs, HalpaBJIeHHAs] YHEPTHUs BEKTOPHOTO
MOTOKA JVCCUITUPYET B TEIUIO ¥ BOZHUKAET 30HA TETUIOBOW BOJTHBL.
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Puc. 2-7. Jluacpamma paccesnus, kouyc pacceanus (uz [50]).

XaoTuueckass SHEPrus. TEIUIOBOW BOJHBI, B KOTOPYIO JAMCCUITUPYET
BCS  HAmNpaBJICHHAs JHEPrus BEKTOPHOTO TIOTOKA  DHEPTUH
BO3HHKIIIETO TOJ| BO3JEHCTBUEM (OHOHHBIX TIOTOKOB CTEHKH, CO
BpEMEHEM pacIpeeIIIeTCs 10 BceMy 00bEMY Bo3ayxa. ABTOPHI [49]
HAa3bIBAIOT BO3HHUKAIONIYIO Ha 3HAYUTEIHLHOM PACCTOSIHUU OT CTCHKH
TEIUIOBYIO BOJHY He3aTyxXamomed. 31ech He0OXOIWMO yTOYHEHHE.
Bo-mepBbiX, BoiHa He 3aTyxaeT B 30HE CBOETO CYIIECTBOBaHMUS,
MTOCKOJIbKY TIOCTOSHHO TIOJNUTHIBACTCS JHEPTrUeil KaBUTHUPYIOIICH
cTpyu. Bo-BTOpBIX, €ClTM MIMEET MECTO TOBBIIICHUE TeMIIEpaTyphl B
30HE TEIJIOBOU BOJIHBI, TO UAET MPOIIECC JUCCUTIAIINN HAIIPaBIEHHOM
SHEPruM IO  TNpuuMHEe  JeHCTBUS  d(deKTa  BHIPOKICHHS
pPE3yIbTUPYIONIETO  HWMITyJibca. Ha  OTHOCHTEIBHO  OOJBIIKX
pPacCTOSHUSX OT 30HBI BO3HWKHOBEHHUS TEIUIOBOW BOJHBI OHA
TIOJTHOCTRIO paccenBaeTcs U He OyzaeT HabmomaTecs. Bropoii 3akoH
TEPMOJMHAMHUKHN CBOE peno ciaenaer. [logpoOHO 3TH TpOIECCHI
omucausl B [50].

Ecnu Ha paccTOsSTHUM MEXIYy CTEHKOW M 30HOM BO3HMKHOBEHUS
TEIUIOBOM BOJIHBI BBICTaBHTh HE TEIUIONPOBOJHYIO CTEHKY, TO
TeMIeparypa BO3Ayxa OymeT  TOBBINIATBCA  Tepe]  ITOH
TEIUION30JIAIMOHHON CTEHKON. DHEprus HUKy/la He MPOMnaaaeT.

Pucynox - 2-7 sBnsfeTcss MOJENBbHBIM M aHATUTHYECKUM
pEIICHNEM 3a/lau MEXaHUIIMCTOB 19-TO Beka 0 BBIBOJIE 2-TO 3aKOHA
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TEPMOJMHAMHKHI ¥ PABHOBECHOTO COCTOSIHUS M3 3aKOHOB TWHAMUKH.
3agaga B 19-M Beke Tak W He Obuta pemeHa. EE pemeHus B
opunMaTbHOW Hayke HET J0 CUX IMop. Bce MOBOIBCTBYIOTCS
CTaTHCTUYCCKMM O0OCHOBaHMEM bonbIlMaHa, KOTOPBIA TOXeE
TBITAICS ~ PEIIUTh  3ajady MexaHurucToB. OOmei  ommoKoi
MEXaHUIUCTOB 19-r0 Beka OBIJIO TPUHATHE MOJAETH HWACATHLHOTO
ra3a, B KOTOpOM B KaueCTBE YACTHI[ BBICTYNAIA MaTepUAIbHBIC
Toukd. B Takoil Mozxenu BO3MOXHO TOJBKO LEHTPaJIbHOE
coyAapeHue, He TOPOXKIAIoIIee TUCCHUITAIINIO.

Kak cmpaBennuBo otmeuaroT aBTOphl [49], HaOmromaemblil ¢
MMOMOIIbI0 aKYCTHYECKOTO IMprOOpa BOJHOBOHM IPOIECC SIBISETCS
TEIUIOBBIM, a HE aKyCTHYeCKHM. BOJTHOBO# mpoliecc Teruionepenadn
OT CTCHKH K BO3/yXYy O0OYCJIOBJICH BOJTHOBBIM KOT'€PEHTHBIM IIOTOKOM
(oHOHOB. 3/€Ch HET OOBEMHOTO CXAaTHS CpEIbl BO3JyXa, YTO
HE00XO0UMO IS aKyCTHYECKOTO MPOIEcca, a MPOUCXOINT Iepeaada
sHepruu (OHOHHOTO IIOTOKA CTEHKHM MOJIEKyJlaM BO3IyXa B
pe3ynbTaTe  B3aMMOJCHCTBHS IO  3aKOHaM  MOJIEKYJISIPHO-
KHHETUYECKOW TEOpHH, TI0 3aKOHAM ITWHAMHUKHU COYJIapEeHUs YacTHIl.
DTO OTBET Ha MEPBBIN BOIMPOC JAHHOTO MYHKTA : KyZa MpOMajaeT
SHEPrus Ha PaCCTOSHUU MEXAY CTCHKOU U 30HOM TEIJIOBOM BOJIHBI?

Tenepp ocTaHOBMMCS Ha BO3MOXKHOCTH pEakKIMid CHHTE3a B
(pM3UYECKUX YCIOBUSAX TEIUIOBOM BONMHBL OTBETUM Ha BTOPOH
BOIIPOC.

BreimuiieM mpomEHTHBI COCTaB BO3Ayxa IO O0BEMY st
WHTEPECYIOINX HAC JIEMEHTOB.

Azor - 78,09%. D10 crabmwibHble W30TOmBl. W3 Hux asor N -
99,635%, azot "N - 0,365%. Kucnopon - 21%. Yrnexucmsiii ra3 -
0,03%. I'enuit - 0,00052%. Bomopox - 0,00005%.

Takum o6pa3oM, W3 MepedHs BHIHO, YTO B PEaKIUIX CHHTE3a U
MMOMHMO JCUTEpUsl B ACUTESPUPOBAHHOM THTAaHE MOTYT y4aCTBOBATh
emé W sApa Bojopoda (IpoTus), Tenus, yriepoaa, sapa 2-X
HU30TOINOB a30Ta M fAJpa Kucjaopoja. T.e. MOMHUMO TPEX peaxkiui
YKa3aHHBIX aBTOPAaMHU CTaThbH M BHIMMCAHHBIX BBIIIE, BO3MOXKHBI €IIé
TaKHe PeaKIIHH:

4).p+ "N — "°C + *He + 5,0 Moes.

5)."N+"H— "0 +y+73 Mboe.

6). '°0+'H— "F+7vy+0,6 Mos.

7).p+"C— “N+y+ 1,95 Moe.
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Peakmus 4) mmeer BenmumHy cedeHus paBHyio 0,69 Oapn. [142,
cTp.758, Tabm.1]. DTO 3HAYMTENBHO BHIIIEC YeM peakiuii 1) u 2), He
TOBOPSL YK O peakuuu 3), KOTOPOM OTHAIOT MPEANOYTCHHUE aBTOPHI
[49]. Ho cutyanus MoxXeT oka3zarbcs ewmé mpoie. Bo3MoxkHO,
HUKAKOW SICpHON peakIMM CHHTE3a HE TMPOMCXOAWT BOOOIIEe, a
MPOUCXOANT TIONHAS WOHHM3AIMS aTOMOB TeNHs, COMACPXKAIIUXCS B
BO3JIyX€, B PE3YJIbTATEC YIHEPTUUHOTO B3AUMOJCHCTBUS aTOMOB T'eIIHs
¢ (hDOHOHAMH CTCHKH. DT TOJHOCTHIO HOHU3UPOBAHHEIE S/Ipa aToMa
renus (anbha-9acTUIIB) U PETUCTPUPYIOTCS B SKCIIEPUMEHTE. DTOMY
MOKHO HalTH MOJATBEPKACHUE, ECIIU PACCMOTPETh pUCYHKH 1A u 1b
Ha crpanune 19 B [49]. Ha pucynke 1A anbda-gacTHibl
pasyeTaloTcss B COOTBETCTBHH C IICHTPAIBHON CHMMeETpHEH. A
JIETEKTOp aib(a - YacTHI[ B 3TOM OIIBITe HAXOJWICS 332 TOPLIOM
oOpasma. T.e. 4YacTWIBI, KOTOpBIE JIETENW MPSAMO Ha oOOpaserl
MOTJIONIANINCH, @ YaCTHIIbI, KOTOPBIE pa3jieTalnch IOMUMO oOpasiia
perucTpupoBaiuch  JerektopoM. B ombite 1B merexrtop
pacnonaraics napajieIbHO 00KOBOI MMOBEPXHOCTHU
HWIMHApAYECKOor0o oOpasma. B 3ToM  ciaydae  [IEeTEKTOPOM
PETHCTPUPOBAIUCH YACTHIIBI, JBIDKYITHECS IMapaljielbHO OOKOBOM
MMOBEPXHOCTH 00pasna. Takas TpakTOBKa Pe3yJbTaTOB DKCIEPUMEHTA
BBITJISINT AaXKE TPEATIOUTUTEIIEHEH.

[Ipu amammze pabor [48, 49] Hamm B TEpByIO oOdYepedb
noABepriack Kputuke Teopusi Bricoukoro B.W., cBsa3biBaromias
peakIMIo CHHTE3a B JCUTEPUPOBAHHOM THUTAHE C €r0 TUIOTE30H
KOTePEHTHO KOPEJUTMPOBAHHOTO COCTOSIHHS. M ObUIO BBICKa3aHO
MPENIONIO)KEHHE O TOSIBIEHUH anb(a dYacTur (sgep renus) B
SKCIIEPUMEHTE KaK pe3yJbTaT IMOJHOW HMOHHW3alMU aTOMOB Teius,
colepKallUuXCcs B BO3AyXE, MOJ BO3JACHCTBUEM PEHTTEHOBCKOIO
V3My4YeHUsT W yNapHOW uWoHmM3anuu. llpumepxuBasch 3TOTrO
NPEANONOXKEHUd U ceddac, BCE K€ OLECHUM SKCIEPUMEHTHI
KopuunoBoit A.A. B cBeTe BO3MOXHOCTEH CBSI3aHHBIX C
(IyKTyallMOHHBIM ~ DJIGKTPOHHBIM  JKpaHoM. B askcmepumente
KopuunoBoii A.A. co3maioTcs Takue ke (DU3MUYCCKUE YCIIOBHS IS
peaknuu cunTe3a d + d, yto u B skcnepuMenTtax I[BetkoBa C.A.
EcTp HaBOZOPOXKEHHBIN KpUCTAI TUTaHA, B 30HE MPOBOAMMOCTH
BO3ZHUKAIOT 3JIEKTPOHHBIE 3KpPaHBl, IMOJ BO3JACHCTBHEM TEILUIOBOM
BOJIHBI TIPOUCXOAHUT JedopMalusi KpPUCTAUIMYSCKON pPEIETKH,
MPUBOJAIIAS K TOABIKHOCTH JelToHOB. Cnaboil  CTOpOHOM
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skciepuMenTta  KopumnoBodt ~ A.A.  sABISETCSA  OTCYTCTBHE
pETHCTpaNy raMMa U3IYYeHUS U HEUTPOHOB. DTH BUABI M3TyUEHUS
SIBISIIOTCS. ~ MapKepaMu — peakuuid  cuHTe3a. Bo3MmoxHO, B
SKCIIEPUMEHTE OHH W MPOSBISUINCh, HO  OTCYTCTBHE
COOTBETCTBYIOIIEH MPHOOPHOI TEXHUKH HE TIOKA3aJI0 X HaJIHYIHE.

2.6. Bo3moxxHasi WHTeHCH(UKAIHUs PpeaKknuil CHHTe3a B
HH3KOIHEPreTHYEeCKUX peaKkTopax.

Tpynnas  BOCHpPOM3BOAMMOCTb  DKCIHEPUMEHTOB U HE
CTaOMIBHOCTh pe3ynbraToB XSC W B YCIOBUSX BHXPEBOH U B
YCIOBHSIX aKyCTUYECKOH KaBHTAIIMM CTaBSIT B TIIOBECTKY JHS
WCCIIeIoBaTee HAXOXKICHUE MyTed WHTCHCU(UKAIUH IPOIECCOB
nopoxaarormmx XAC.

2.6.1. Koapdunuent cBepxequHUIHOCTH. TepMoamHaMuuecKas
3(peKTHBHOCTL BUXPEBBIX TENJIOT€HEPATOPOB.

B cBs3u ¢ HeoxumaHHO OONBIINM BBIIEICHHEM DHEPTHH U3
YCTPOKCTB npu onpeaeEHHBIX (hm3uIecKux YCJIOBHUSAX
UCCIIeIOBATESIMA BBEIEH KOX(PQPHUIUEHT CBEPXECAMHUYHOCTH HIIH
TEIUIOBOM KOA(PHULINEHT.

KoaddurmmenT cBepXeIMHUYHOCTH  OMPENCISICT  TEIJIOBYIO
SHEPTUIO, IOMOJHUTENBFHO BBIPAOOTAHHYIO TEIUIOTEHEPATOPOM, B
pe3yibTaTe YHEPrOBBIACICHUS B MPOLECCaX, HApUMEp, KaBUTAILUU.

k. =—2>1 (2-13); Tme: N - TemwioBas MOIIHOCTb,

c.e. m
21

OTBCACHHAA OT TCIIJIOI'CHCPATOpPA; No/z - JJICKTPUYCCKAasA MOMIIHOCTD,

MO/IBeICHHAS K TEIUIOT€HEPaTopy.
JlommomHuTENEHO  BBIpa0OTaHHAs TEIJIOBas »JHEprus OyneT:

AN, =N, -N, (2-14); Bennunna ko3¢ dunrenTa

CBEPXCIUHUYHOCTH  OMNpPEACNSIeTCS  MMEHHO  JOMOJHUTEIBHO
BBIPaOOTaHHOM TEIJIOBOW DHEPTHUEH MO OTHOIICHHUIO K TIOJIBEICHHOMN
sJeKkTpuueckoil  sHepruu. Ho  BoT cama  mojJBeaeHHas
AJNIEKTPOIHEPTHUS TSl CBOCTO MPOU3BOJICTBA TPEOYET 3HAYMTEIHHBIX
JIONIOJIHUTENBHBIX 3aTpaT TemioBod sHepruu. KIIJ[ TtemoBoi
anexkrpoctaniun cocrapusieT 30-40 %. KIIJ ADC emé nHmxe.
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Cymectyer KII/] momaunm TorumBa. YToib TepseTcs MpU T00bIde,
TPaHCTIOPTHUPOBKE, Meperpy3ke. ['a3 ucmonp3yeTcst Ha COOCTBEHHBIE
HYXJIbl KOMIPECCOPHBIX CTaHLMWH, HWMEIOTCS TEXHOJIOTHUECKHUE
notepu. Ecte KIIJ[ nepenaun 3neKTpOIHEPTHH OT AIIEKTPOCTAHIMH
no motpedutens. Hakonerr ects KIIJ morpeburens. Y Hac 310
aneKTpoaBuTraTeNb. Be€ 310 Heobxomumo omnpenensats oomum KIT/1,
PaBHBIM MPOHM3BEICHHUIO BCEX YACTHBIX, YUUTHIBAIOIINM BCE TOTEPH.
PeanbHble 3aTparhl 3HEPrUu (TEIUIa) HA MPOU3BOJACTBO MOBEICHHON
K TEIUIOT€HePaTopy JIEKTPOIHEPTUN COCTABSIT:

N
N;lampam = o1 (2-15), OTCIOI[a

nooauu
,7 ¢ m]m JI2I1 l]]nompeéum

KO3 (UIIUEHT CBEPXEAMHUYHOCTH TEPMOIMHAMHUYECKUN C YIETOM

N
. T — m — .
(2-15) 6ymer: k., = o kee W5 >1 (2-16); Tombko npu
YCIIOBUU (2-16) obecreunBacTCs TEPMOJNHAMUYECKAS

3¢ dekTUBHOCTP  pabOTBI B YacTHOCTH U BHUXPEBBIX
TeroreHeparopoB. Otcoma  KOID(GHUIMEHT CBEPXCAMHUYHOCTH
WMEEeT MHHUMAJIBHO JOMYCTHMOE 3HAYCHHE, HIKE KOTOPOTO
ycTaHoBKa TepseT P (eKTHBHOCTh. TakuM 00pa3oM Jiisl YBEIIMICHUS
TEPMOIUHAMUYECKOH 3P PEKTUBHOCTH BUXPEBBIX TEIIOTEHEPATOPOB
HEOOXOMUMO YBEIHUYMBATh HHTEHCHBHOCTH XOJOIHOTO SACPHOTO
CHHTE3a B YCJIOBHUSX KaBHTallUW. Ecim CTaBUTH 3ajady CO3JaHUS
ABTOHOMHBIX OT OJJIEKTPOCETEH TEII0 U 3JIEKTPOreHEPUPYIOIINX
YCTaHOBOK HEOOXOIUMO OYAET YUUTHIBATH HEBBICOKHUE TEMITEPATYPHI
TEIUTOHOCHTEJTS HA BBIXOJIE U3 TerutoreHeparopa. [Ipu ceroausiineit
TeopHH Npeodpa3oBaHus Teria B paboTy, OMUPAIOIIYIOCS HA TEOPHIO
Kapno, 310 jJemaeT HEBO3MOXHBIM ABTOHOMHBIA peXUM. Brixon
BUJIMTCSl B MPUMEHEHHH TpeoOpa3oBaTeNieii Teria OCHOBAHHBIX Ha
peanu3anuy uae TeopuH BeKTOPHOH 3HEepreTHKH. [S0].

2.6.2. Cioco6bI NHTeHCH(PUKATHMHA XOJOTHOTO SIICPHOT0 CHHTE3a
B (u3MvecKHX yCIOBHSIX THAPOIMHAMUYECKONH M aKyCTHYeCKOH
KaBUTALMH.

Kak ormewamoce  Bblle, €COd  yBEIMYMBATH  YHCIIO
KaBUTAllMOHHBIX Iy3BIPBKOB B €AWHHUIE O0bEMa BOOBI W
YBEJIMYUBATh TEMIIEPATypy [apa B CXJIONbIBAIOIIUXCS IIy3bIpbKax, TO
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BEPOSTHOCTh SIICPHOW peaknmwu cuHTe3a Oymer pactu. Jlos
YBEIMYEHHS] TUIOTHOCTH KaBHTAIMOHHBIX ITy3BIPHKOB B €IWHUIIE
o0béMa Boxbl TpeOyeTcsi yYBENMYMBATH CKOPOCTh BpAaICHHUS
kaButaropa ¢ 3000 o6/mMuH 10, HapUMeEp, AECATKOB THICSY 00/MHH.
HeoOxomumo HaTH ONTUMAbHYIO KOHCTPYKIHIO KaBUTHUPYIOIIETO
MexaHm3Ma. B cymecTByrommx — cXeMax  KaBUTAIMOHHBIX
TEIUIOTEHEPAaTOPOB  YBEIMUYEHUE  IJIOTHOCTH  KaBUTAIIMOHHBIX
My3BIPHKOB B €IWHUIE 00bEMaA BOABI UMEET Mpefesl. ITO CBA3aHO C
TEM, YTO yBeNIMYeHHE 00BhEMa M TUIOTHOCTH KaBUTAIWU B BHXPEBBIX
TEIUIOTEHEepaTopax MPUBOIUT K CPBIBY IOTOKA TEMJIOHOCHUTENS
oTBOANIero Temio. [124]. Mcnonp3oBaHue I CO3MaHNUs KaBUTAIIMH
CETEeBBIX HACOCOB CHCTEMBI OTOIUICHHS CTajll0 BHAMUMO TJaBHOU
TPYAHOCTBIO Ha MYTH MPAKTUKOB MPH peann3aunu texHoioruid XAC.
C nenpro CHATHS 3TOTO NPOTHBOPEUMs MpenaracTcs U3MEHEHHE
cXeMbl ~ paboTHl  TerloreHeparopa. HeoOXoawMO  BBIICIHTH
KaBUTATOp W3 CXEMBI TOJa4d TOpsSYeld BOABI MOTPEOUTEINIO.
[MpuHnunuaneHas cxema H300pakeHa Ha pUCYHKE - 2-8.

>
SN 2 e

Puc. 2-8. Ipunyunuanvuasn cxema unmencuguxayuu
c8epxXeOUHUYHOCMU.

Ha pucynke - 2-8 mudpsl uMmeroT ciemyromiee obo3HadeHue: 1 —
YCTPOMCTBO, 00ECIIEUNBAIOIIEe BEICOKHE H CBEPXBBICOKHE 00OPOTHI
KaBUTHPYIOIIETO MeXaHu3Ma - 6; 2 - KaBUTATOD, BBIJICICHHBIA B
OTACNBHOE YCTPOWCTBO JIISI BBIPA0OTKH TEIUIOBOW DHEPTHH B
peakIusX XOJOJHOTO CHHTe3a. B  BBIACIEHHOM YCTPOHCTBE
KaBUTATOpa JICTKO MOJIEPKUBATH HEOOXOIUMBIC MapaMeTphl BOJIBI
(mmm mHOTO paboyero areHTa) MO TEMIIEpaType W JaBJICHHIO; 4 -
IMUPKYJISIUOHHBI HACOC CHUCTEMbI TEIUIOOTBOJA - 5, KoTopas
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OTBOAWT BBHIPAOOTAaHHOE TEIJI0O B KAaBUTATOPE K TIOTPEOUTEIIO
(mpeobpazoBaTeito) Teria - 3.

Jis  yBenmuueHuWsT TeMIEpaTyphl Tapa B CXJIOMBIBAOIIMXCS
KaBUTAIMOHHBIX ITy3bIPhKaX HEOOXOIUMO YBEIIHUCHHUE TEMIIEPATYPHI
BOJBI B KaBUTATOPE IPH COOTBETCTBYIOLIEM pocte mapieHus. [lpu
9TOM JaBlieHHE W TEMIlepaTypa B KaBHTAIMOHHBIX My3bIpbKax HE
JIOJDKHBI TIPEBBIIIATh MapaMeTPhl KPUTHUECKOTO COCTOSIHUS: IS
Boxel P = 221,2 6ap (225,6 amm) m T = 374,15 °C. [15]. IIpm
nmapaMeTpax MPEeBHIIIAIONINX MMapaMeTPhl KPUTHIECKOTO COCTOSHHS
HET pa3lIn4us MEXTy KHJIKOH 1 mapoBol (hazaMu U, CIEA0BaTEIBLHO,
He HaAOJII0aeTCs Mpolecca KUMCHNsSI B COOTBETCTBEHHO KaBUTAIIWU.
3anmaBas maBiicHHE B KaBuTatope, momyctum B 40 mimm 50 atmocdep,
TEMIIEPaTypy HEOOXOIUMO NEPKATh HUKE TEMICPATypPhl KUTICHUS
Ipu JaHHOM JaBlieHWH, TO ecThb Hike 249,18 °C u 262,7 °C
cooTBeTCTBEeHHO. [15]. Hac mHTEpecyeT He caM MpoIecc KUTICHHUS, a
KaBUTALlMOHHOE  BCKHAIMIAaHMWE B  Ipollecce  aanabdaTHYecKoro
pacIIupeHUSI.

B BrimenenHoMm kaBuTatope (mo cxeme Puc. 2-8) BO3MOXHO
MOBBIIIICHHE BTOPUYHBIX TPOAYKTOB PEAKIHMH SAEPHOTO CHHTE3a
(renmii) B 00bEME BOJBI IO BEIMYUH TOUIAIOIIUXCS 3aMepy. ITO
OyZeT JKCIEPUMEHTAILHBIM TIOJATBEPKICHUEM TCUCHHUS DPEaKIIHH
XOJIOJTHOTO SIZIEPHOTO CHHTE3A.

OnTuManpHOE ~ COOTHOIICHHME  MEXIy  JaBJICHHEM U
TEMIIEPATypO B KaBUTATOPE BUAMNMO MOXHO HAWTH TOJBKO
JKCIIEpPUMEHTATbHO. Pa3smeps! my3sIppbKOB B 00bEME KaBUTATOpa H3-
3a pOCTa [JaBJIEHHS CHH3ATCS W COOTBETCTBEHHO BO3PACTET HX
IUIOTHOCT, B eAuHHIE 00béMa. [loBBINICHHOE [aBJICHUE B
KaBUTATOpE - OTO BTOpas NPUYMHA BBIJCICHUS KaBUTATOpa B
OTHIeTbHOE yCTpoicTBO Kak Ha Puc. 2-8. Bcerta€r Bompoc 00
ONTUMAIBHON KOHCTPYKIIMM KaBUTHPYIOIIETO MEXaHW3Ma. 3/ech
IIUPOKOE TMOJIE NCATEIBHOCTH I U300peTaTeseii U KOHCTPYKTOPOB.

OmrcaHHble  BBHINIE CHOCOOBI  yBemWdeHHS KodddurmenTa
CBEpXEAMHUYHOCTH CBS3aHBl C HHTEHCH(HKAIMend Tmporecca
kaputanuu. Ho ecth emé onHo HanpaBneHune. OHO CBS3aHO C BHIIOM
KaBUTUPYIOMIEH XKUIKOCTH. DTO HE 00s13aTEIHHO TOJDKHA OBITH BOJA.
Hampumep rpynma amepukaHCKUX HCClieZoBaTeNel, BO3TaBisiemMast
TaneliapxaHoM, NpH H3ydeHHH BO3MOKHOCTH XSC B ycrnoBusx
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AKyCTHYECKOW  KaBHTAllMM  HWCIIONB30BAM  CMECh  alleTOHa
(CH3COCH3) u OeH3oja (C6H6)

B kadecTBe KaBUTHUPYIOLICH JKHIKOCTH B  BBIACICHHOM
KaBUTATOpPE MOXKHO HCIOJIb30BATh CaMble Pa3IMYHBIC KHUIKOCTH
[100] m Tem camMbIM HMETh CaMble pA3JIHYHBIE KPUTHICCKUC
COCTOSIHMSI M BO3MOXKHBIE siiepHBbIe peakmmu. WX addexTuBHOCTH
st X 1C HeoOX0TMMO HCCIIEIOBATh SKCIICPUMEHTAITBHO.

B xadgecTBe OBICTPBIX sIEp W SACp MUIICHEH B KaBUTHUPYIOMICH
BOJIC BBICTYIIAIOT HAnOoJIee BEPOATHO sApa BoAopoa (TIpOoToHbI). B
KadecTBE sIep - MULICHEH MOTYT BBICTYIaTh KPOME siIep BOAOPOIA
U sApa KUCIOpoAa, COAepXKallue MPOTOHB W HelTpoHbl. OTcrona
MPUHLIMITHAIGHO BO3MOXKHBIMH PEAKIUSAMH  XOJIOAHOTO CHHTE3a
OyAyT peakIMH MPOTOH - MPOTOH M TPOTOH - SAPO KUCIOPOJA.
Opnako spepHast (U3HMKA HCKIIIOYAET PEaKIMI0 CHHTE3a MPOTOH -
MPOTOH B 3€MHBIX ycNoBHAX. OTCIOa MPUHIMITAAIHHO BO3MOKHOM
peakmueil XOJOMHOTO CHHTE3a B KaBHUTHPYIOIICH Boae OymeT
peakiuss TMPOTOH - SAOpPO KUCIOpojda. JTa peakuus JaéT
sHeproBeienenue B 0,6 Mos. YO+'H— "F+ v+ 0,6 Mas. (2-17).
A BOT peakmmsi TPOTOH - SAPO a3ora HaéT Topasfo OoJblnee
SHEPrOBBIACICHUE. “N+'H-> "0+ vy + 7,3 Mss. (2-18). B
KauyecTBe a30T COJAEpXkalled >KUAKOCTH MOXKHO HCIIONb30BaTh,
Hanpumep, ruapasud (N,Hg), koTopelii 1o cBoMM (U3NYECKUM
napamerpaMm OnM30K K Boje. MOXXHO TOa00paTh MHOXKECTBO H
JIPYTHUX HEOPTaHUUYECKUX U OpraHndecKuXx >kuakoctert. [100].

[IpencraBnsercs WHTEpECHBIM IIPOBECTH JKCHEPUMEHTHI C
peakiuei CHHTe3a MPOTOH IUTIOC OOp B YCIOBUSAX KaBUTAIMH: P +
"B — 3 ‘He + 8,7 Mbs. (2-19). OcoOeHHOCTh ATOW peaKIuu
CUHTE3a B TOM, YTO OHAa MPOTEKaeT 0e3 BBIJACICHUS HEUTPOHOB, YTO
JeaeT TaKyl0 YCTAaHOBKY paiualiioHHO Oe3omacHoil. Jlms 3Toit
peakuuu B KayeCTBE KABUTHPYIOIIEH  JKHIKOCTH  MOXKHO
ucrons30BaTh Terpabopan ByHj,. Terpabopan mpu armochepHOM
JABJICHUU HMEET TEeMIIepaTypy IUIaBIICHHUS paBHYyIO t,= - 121°C;
TeMIIepaTypy KHUIIEHUS paBHYIO t,,= 18°C. Takum oOpaszom B
uHTepBasne teMmneparyp ot -121°C no +18°C Bo3MOkHa KaBHTaIUS.
g yBenmu4eHus TeMIepaTypbl KHIIEHHSI MOYKHO TIOAHATD JaBJICHUE.

Meronpt waTeHCHUpHKammu XSAC B yCIOBHSX aKyCTHICCKOM
KaBUTAllMU BUAATCS TEMH €, YTO M B YCIOBHSIX BUXPEBOU
KaBUTAllMM. OJTO UWHTCHCHU(UKAIMSA TMpolecca aKyCTHYECKOH
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KaBUTAITMH, M3MCHCHHE IapaMeTpOB Cpeabl KaBUTAMH H TIOI00PD
HanOosee 3(pGEKTUBHBIX CPE IS TSUCHUS PeaKluii CHHTE3a.

2.7. BeIBOABI U3 I1aBBI — 2.

XONMOmHBIA ~ ANEpPHBIA CHHTE3 Ha3BaHWE yciaoBHoe. OHO
MOMYEPKUBACT TEMIIEPATYPy CPEIbl, B KOTOPOH MPOTEKAIOT PEaKIIul
cunTe3a. KynoHOBCKHWA Oaphep HHUKTO HE OTMEHSI M JUISI €ro
MpPeoAoIeHU TpeOyeTcss COOTBETCTBYIOMIAs SHEPTHs JIETKUX sep,
YYaCTBYIOIIMX B PEaKIMH CUHTe3a. B Temnodusuke 3Toi sHepruu
YaCTHI[ COTIOCTABJISICTCSl BEICOKas TeMreparypa. Ho mpu 3tom cama
cpela MPOTEKaHUS PEaKIHM CHHTE3a UMEET OTHOCHUTENIbHO HHU3KYIO
TEMIIEPaTypy, TaK Kak B PEAaKIMH CUHTE3a YYaCTBYKOT TOJBKO
HE3HAUYWTeIbHAs Macca YacTUI[ W3 XBOCTA paclpeiciicHUs
Makcsemia.

ITapxomoB A.I'. B KOMMEHTapuu K MOEMy JOKJIaay Ha
PKXIIAuIIIM-26 [60] ormermn: “Uro KacaeTcs YacTH CTaThH,
MOCBAIIEHHONM KaBUTaIMHM, TO 37ech ¢ A.B. Bo MHOroM MOKHO
COTJIACUThCS. BromHe  BEpOSATHO, HYTO TPH  CXJIONBIBAHUU
KaBUTALIMOHHBIX  MY3BIPHKOB  KPAaTKOBPEMEHHO ¥  JIOKAJIBHO
BO3HUKAIOT CTOJh BBICOKHE TEMIIEPATypbl W JABJICHHS, YTO
CTAHOBHUTCS BO3MOXKHBIM TepMOsIEpHBIE cuHTe3. OO0 dTOM
CBUJICTEIBCTBYET  JOCTOBEPHO  PETUCTPUPYEMOE  HU3IyuYCHHUE
HelTpoHOB. Ho 3TO yXe He "XomoaHbIi", a TOT caMblil "ropsumi”,
KJIACCUYECKHUN CHHTE3 .

3nech Anekcanap ['eoprueBud mpaB JIMITE OTYACTH. ITO HE TOT
caMblil "Topsumuil", KIACCUYECKUN CHUHTE3, a MPOCTO KIACCUYCCKUMA
CUHTE3. MEXKIy TepMOSJICPHBIM CHHTE30M M XOJIOJHBIM SACPHBIM
CHUHTE30M HET NpPHUHIUIHAIbHOTO pasnuuus. Kiaccukol cuHTe3a
SIBIIICTCS. HEOOXOIMMOCTh MPEOJIOJICHUS KYJIOHOBCKOTO Oaphepa. A
MPEOI0JICHNUE KYJIOHOBCKOTO Oaphepa BO3MOXKHO B JBYX BapHaHTAX:
a) YacTHIIa UMEEeT SHEPTHUIO0, IPEBHIIIAIONTYI0 KyJTOHOBCKUN Oaprep U
3aMETHYIO BEPOSITHOCTD ITOTIA/IAHUS B CEUCHHE PEaKINK CHHTE3a (3TO
YCIIOBUS TEPMOSIJICPHOH TIa3MbI, HAIPUMEDP B TOKOMAKeE),

0) dacTuIla WMEET DJHEPrHi0 HIKE KYJIOHOBCKOTO Oaphepa, HO
BEPOATHOCTH €€ IMOMaJaHus B CEYCHHE PeaKIWy CHHTEe3a OJM3Ka K
eauHUIle. B 3TOM cilydae WHTEHCHUBHO JEHCTBYST TYyHHEIbHBIN
ad ekt (3T0 Hanpumep, ycinoBus XAC B KaBUTHPYIOMICH KUIKOCTH
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U CHIDKEHHE KyJOHOBCKOTO Oapbepa B (U3MUECKHUX YCIOBHIX
JIEUTEpUPOBAHHBIX METAJIIIOB).

Takum oOpas3om, [Uid TeUeHHsS PEAKUUH XOJOJHOTO SIIEPHOTO
CHHTE3a HEeo0X0auMo (HOPMHUPOBAaHUE CHIEHUPHUECKHX (HUIUIECCKUX
ycnoBuid. IlepBoe — co3maHMe YCIOBUM ISl pean3aluu
pacnpenenenuss MakcBemuia B cpeie M o0eclieueHHe IUIOTHOCTH
cpeabl Ans TyHHenWpoBaHUs. Btopoe — mpu neirepupoBaHHn
METAIUIOB ~ BOKPYT  JEHTOHOB  (OPMHUPYIOTCSI B  pe3ysbTare
GiyKTyaluu 3J€KTPOHOB IIPOBOJUMOCTH 3JIEKTPOHHBIH 3KpaH,
MOJABJISIOUINN KyJTOHOBCKUH Oapbep AeiTOHa.
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I'maBa 3. HU3KOOHEPTETUYECKUE SIIEPHBIE PEAKTOPHI HA
PEAKIUAX PACIIAJJA

B rnmaBe paccMOTpeHBI peakIMH pacraja, KOTOpbIe, UCXOIs U3
W3BECTHBIX 3HAHUW, HE JOJDKHBI MPOUCXOIUTh. CaMOMpOU3BOJIbHBIN
pacmnan Gu3uKaMy HaOII0JAICS TOIBKO Y PaIMOaKTUBHEIX sSAep. DTO
XapaKkTepHOe SJCpHOE SsBIIEHHE. B  (U3HYECKUX  YCIIOBHUSX
HABOJIOPO’KCHHBIX TIOBEPXHOCTEH pacmaja CcTan HaOMoIaThCsl B
pe3yJibTaTeé XUMHUYECKOro B3aMMOJEWUCTBHUS BOJOpoja (TIpOTHs) C
MOBEPXHOCTAMM TBEPABIX Ted. W Bomopoa W TBEpAbIE Tena 0
XUMHYECKOTO B3aMMOJCHCTBUS ObLTU CTAOMIBHBIMU 110 OTHOIICHHUIO
K sAepHOMY pacmagy. A B YCIOBHUSIX  HAaBOJOPOKEHHBIX
MOBEPXHOCTEH CTamu HAOMIOJAThCS JAOCTATOYHO WHTCHCHBHBIC
MPOLIECCHl TPAHCMYTAllMd XUMHUYECKUX DIEMEHTOB U BBIJICICHUE
Temia. 3Aech XUMUYECKOEe B3aUMOJCUCTBHE BOAOPOJA MOPOKIAI0
SIIEPHBIE TPOLIECCHI, 9TO OBIJIO HOBBIM M CTPAHHBIM.

SnepHas (Qu3uMKa CBA3BIBACT TPONECCHl TPAHCMYTAIUU C
HEHUTPOHHBIMU B3aUMOJCHCTBUAMU. TpaHCMyTallUd XUMHUYECKUX
JJIEMEHTOB HaOIOAAIOTCS TaK K€ B PEaKUUAX SACPHOTO CHHTE3a U
snepHoro geneHus. OOHAKO B YCIHOBHSIX HABOJOPOXKEHHBIX
MOBEPXHOCTEH TEUCHUE ITUX PEAKIMH Ka3a10Ch HEBO3MOKHBIM.

3.1. O630p >kcnepuMenToB MO ¢dexram HISAP ¢ peakuusimu
pacmana.

B snepHott ¢dumsnke oOHapy>KeH W W3Y4YCH KaHall 0Opa3oBaHUS
HEHTPOHOB B pe3yidbTaTe »JIIEKTPOHHOTO 3axBaTa OJHUM UX
MIPOTOHOB sipa. AnbBapec B 1937 rony sKkcreprMMEHTaIBHO OTKPBLI
3JIEKTPOHHBIN 3aXBaT B MHOT'O 3JIEKTPOHHOM aTome, Ha3BaHHbIN K -
3aXBaTOM, TaK KaK 3aXBaT JIEKTPOHA MTPOUCXOAMI M3 CAMOM OIHM3KOM
K SIpY AJIeKTpoHHO# 06on0uku. B 1949 romy IloHTekopBo BIiepBEIe
HaOJIFO/IANT DIICKTPOHHBIA 3axBar ¢ L - oOomouku. B 1961 romy
Jloran wHaOmoman MEKTPOHHBIA 3axBaT ¢ M - ob6onouku. Takum
00pa3oM  DKCIEPHUMEHTAIBHO  YCTaHOBJIEHO, YTO  DJIIEKTPOH
3aXBaThIBACTCSA SIAPOM, KaK TPaBUIO, C OMDKaWIHX K HEMY
anekTpoHHBIX obOonouek K, L wm T.a. Ilpm sromM MakcuMaiahbHa
BEpPOATHOCTb 3aXBaTa JJIEKTPOHA M3 TOACIOS S, TaK Kak 37ech
IUIOTHOCTh BOJIHOBOW ()YHKLMH OpPOHMTAIBHOTO BIIEKTPOHA B SIpE
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HamOOIbIIAs TSI HU3KO JISKAIINX 3JEKTPOHHBIX oOojouek. Kpome
TOTO, IUIOTHOCTH JJIEKTPOHOB B aTOME YBEIWYHMBAETCS C POCTOM
3apsga snapa. OTcCrofa SJICKTPOHHBIN 3axBaT Ooyiee BEPOSTCH IS
TSOKENBIX s7ep. [6, 44].

[lo coBpeMeHHBIM TMpeACTaBICHHUAM DJIEKTPOHHBIA 3axBaT
MIPOTOHOM sI/Ipa TIPOUCXOTUT Hambosee BeposTHO ¢ K - 06010ukn B
MHOTOYPOBHEBOM aTOME COJepXKaimeM OOJbIIOe  KOJHUYECTBO
npotoHoB. Ho HEWTpoH B 3TOM citydae He cBOOOMHBIA. OH ocTaéTcs
B sJpe M HE BBI3BIBAET KackaJl HEUTpOHHBIX mpeBpauieHuid. [lpu
STOM MOPSAJKOBBIA HOMEp Spa YMEHBIIAETCS, & HE YBEIUYHUBACTCS
Kak B SKCIEPUMEHTAX Ha HABOJOPOKCHHBIX MOBEPXHOCTIX. [6, 44,
134]. A BOT eOWHCTBEHHBIM M3 BCEX DJJEMEHTOB BapHAHT C
AJICKTPOHHBIM 3aXBaTOM B aTOME BOJOPOJa TIOPOXKAAET CBOOOIHBII
HEUTPOH U JAET X0 HEUTPOHHBIM peaklUsaM. JTO NPUHIHITHAIBHBII
MOMEHT. DJTO BHJIUMO W peain3yercss B (U3NYECKUX YCIOBHUSIX
HaBOJIOPOXKEHHBIX TTOBEpXHOCTEH. IcX0/1s M3 3TOT0 HAMU BHICKa3aHO
NPEANONIOKEHNUE, YTO B YCJIOBHUSIX HABOJOPOKEHHON MOBEPXHOCTHU
MOJ  BO3MEHCTBHEM  TIOBEPXHOCTHOTO  3apsia  BO3HHUKAET
SJIEKTPOHHBIA 3aXxBaT B aTOME€ BOJIOpPOJA, NPUBOASAIIUMN K
oOpa3oBaHui0  CcBOOOAHOrO HelTpona. Haumuator pabortath
3aKOHOMEPHOCTH HEUTPOHHOW (DM3MKHM 110 TPAHCMYyTAallMAd HOBBIX
M30TOIIOB W AJIEMEHTOB. Brijenenuto B cucreMe N30BITOYHOTO TETia
BCIe/IcTBYE OeTa-pacnana.

B nutepatype ommchIBaeTCs, UTO BEPOSTHOCTH 3JIEKTPOHHOTO
3axBaTa MEHSETCS B 3aBUCHMOCTH OT XMMHYECKUX CBA3EH, JaBIICHUS,
BHEIITHUX 3JIEKTPUICCKUX ¥ MarHUTHBIX TOJIeH, HoHm3armu. [6, 118].

K skxcnepumenTam B (DU3MUYECKUX YCIOBHAX HABOJIOPOKEHHBIX
MOBEPXHOCTEH  OTHOCATCSA, Kak  OyJeT TIOKa3aHO  HUXKeE,
skcniepuMeHThl  KepBpana, Iluantemnim wu  KopHusoBoit mnpu
€CTECTBCHHOW  HABOJIOPOKEHHOCTH  OWMOJIOTMYECKMX  MeMOpaH.
OxcnepuMenTsl OunuMmonenko, Oneimana u [loHca B yciaoBusx
HaBOJIOPAKUBAHU MTOBEPXHOCTH METOJIOM JIEKTPOIIN3A.
OxcnepumenTsl Dokkapmu u Poccu, I[lapxomoBa, Mmu3yHOo npu
HaBOJOPAXUBAHUM  MOBEPXHOCTH  HEMOCPEACTBEHHO  JETKUM
BOZOPOZOM (TIPOTHEM) HIJTH C TTOMOIIBI0 CHEIHATBHBIX XUMHYECKUX
COCTMHCHUHA BBIACISIIONMMX JIETKUH  BOMOPOA. OKCIICPUMEHTHI
Bauaesa, ['oguna, KiinMoBa ¢ IyroBbIM pa3psiioM. DKCIIEPUMEHTHI

90



CapBatumoBoii, KapaOyra, 3aiimea u [ommaa c TICIOMHAM
paspsiiom.

MHorumMHu aBTOpaMHu, B 4acTHOCTH mpodeccopom KimmoBEIM
A.W., yka3zpiBacTCsI Ha HEOOXOAUMOCTH TIPUCYTCTBUS JIETKOTO
BOAOpOZa Ui YCIEUIHOCTH OKCIEPHUMEHTOB 10  XOJOJHOM
TpaHCMYyTAaIUH SIAep.

[lepBbIii MHTEpEC HAy4YHO! OOIIECTBEHHOCTH, BO3HHUKILHUHI MOCIE
rccnenoBanuii U myonukarnmii dneimMana u [lonca, 3atem Poccn n
@DoKkkapu, KaKk 4acTo OBIBAET C JIMOXATHHBIMHU HJESIMH, CMEHUICS
HEMIOHMMAaHUEM M PE3KUM OTpHIlaHueM. Mmes BocnpuHHMAIach
MapajoKCaIbHOW,  JUMIEHHOW  (u3Myeckoro  OOOCHOBaHWUS,
MIPOTHUBOPEYAIICH 31paBOMYy CMBICIY U suepHOR (usmke. Beckux,
oOmienpu3HaHHBIX 000CHOBAHUM HET J0 CUX Mop. [ 1aBHAs mpu4nHA
HEnpuAThs (PU3NKaAMHU - SJICPIIUKAMU BUAUTCS MU B IPOTUBOPCUHH
C TPHUHSATHIMHU TOJIOKECHUSAMH SIJICPHONH (PH3UKH U TEPMOSICPHOTO
CHUHTE3a. A HE BOCIPOW3BOJAMMOCTH 3afBIECHHBIX AKCIEPUMEHTOB
MPUBENM K MX OTpUIlaHWio0. MIHTepec BHOBB CTaj BO3pacTaTh MOCHE
pabor IlapxomoBa A.I'. 1m0 BoCHpoOW3BEeACHHIO peakTopa Poccw.
Pexrop IlapxomoBa 0v11 ouenp mpoct (Puc. 3-1) u camoe rimaBHOE
[TapxomoB A.I'. HE CKpBIBall CBOMX JOCTHXXEHUN M PACCKA3BIBAI O
HUX B MEIbYAWIIMX MOApoOHOCTsAX. llocnemuss momens peakTopa
[TapxomoBa A.I'. HEmpepsIBHO 0TpaboTana ceMb MecsreB. [88]. Ito
YK€ 3asiBKa Ha OIBITHO - NPOMBINUICHHBIA oOpasen. IlosBuiuch
yAayHble  O3KCICPUMEHTHI  SMOHCKUX  HCCIENOBaTeled  C
HABOJOPOXKEHHBIMH KOMIIO3UTHBIMA HHUKEJIEBHIMH HAHOIUIEHKAMHU.
BHOBR mpuBICKIN TpHCTATbHOE BHHMaHHWE PaboThl KopHMIOBOI
A.A. 1m0 OHWOJOTHMYECKON TpaHCMYyTalUu SJACp U YCICHTHOMY
BOCIIPOM3BEACHUIO €€ JKCIICPUMEHTOB I10 JIC3aKTHBAIMU SIACPHBIX
orxonoB B Smonnu m Kopee. OmyOinKoBaHBI yCIENTHBIE PabOTHI
Caxno T.B. u Kypamosa B.M. no 6uorpancmyranun. Teneps naxe
SITEPIIUKA OPTOJOKCHI, HE MOTYT OTMaXHYThCS OT HOBBIX SIBIICHUH,
oco0eHHO Ha (HOHE IUIAYCBHBIX PE3YJIbTATOB 10 pPEaTU3aIiH
YIPaBISEMOTO TEPMOSIIA.

B ciydae ¢ apdextom Poccu, TOMUKOM K BBISIBICHHUIO HOBBIX
¢usnyeckux dSGEGEKTOB TaK JKE MMOCHYXKuina ciaydaiHocte. C
sppeKTaMn Ha HAaBOJAOPOXKEHHBIX TOBEPXHOCTAX [lnaHTeim
CTOJIKHYJICSL B cpa3y mocie coobOmenus Oueiimmvana u [lonca.
“Havanoce Bc€ B aBrycre 1989 roma. Ilpodeccop DPpandecko
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[nantemmm pabotanm ¢ OakTepwssMH B BOJOPOIHOM cpele Ha
HUKeJIeBOU motokke. OH 3aMETHIT, 9YTO OaKTepUU THOHYT U CBSI3aHO
3TO C TOBBIIICHUEM TEMIIEPaTypbl HUKENEeBOW NOANOXKKH. OH
NPOAOIDKMI ~ HWCclenoBaHus B ¢u3nueckod  jabopartopuu
yHuBepcuteTa CHEHBI W OOHApYyXWa 3(PQPEKT aHOMAIBHOIO
BBIJICJICHISI TETUIa B HUKEIh-BOOPOAHBIX cucTemMax. B 1990 romy F.
Piantelli mosnydaeT yeTsIpe yCHEMIHBIX TOBTOPEHUI SKCIIEPUMEHTA B
Cuene, a B 1991 romy HaumHAeT COTPyAHHYATH C MPodeccopoM
¢muku S. Focardi w3 bononckoro yamBepcurera ... . [98]. B
nepuoA ¢ 1993 o 1997 rr. B COTpyAHUUYECTBE C TPYIIIOHN 3KCIIEPTOB
B o00OjacTH Karajw3a ¥ THAPUPOBaHUS [IMaHTEIIM YCTaHOBWII
HEKOTOpBIE  BUABI  DHEPIeTUYECKHX  BKIAJOB  PA3IUYHBIX
SIBIICHUH, TPOUCXOSIINX B MOBEPXHOCTHOM oOmacTtu
METaJUIMYECKOTI0 HUKEIA B IPUCYTCTBUM BoJopoaa. [98].

B 2007 romy nawanock corpymaamuectBo Pokkapam u Pocch.
HccnenoBarenu mpeanonokuiy, YTO MPUIUHON TEIJIOBBIX SIBICHUI
CTaJlll KakKhe-TO B3aUMOICWUCTBHS CBA3aHHBIE C TIOBEPXHOCTHOM
CTPYKTYpOH HHKENS W TPUCYTCTBUEM Ha JTOH IOBEPXHOCTHU
BoJiopoJia. Bunumo ¢ nenbto ycuneHus 3¢ dexra TeroBbIIeICHHS 1
BO3HHKJIA MBICIIb HUCIIOJIb30BATh HABOAOPOKEHHBIE HAHO CTPYKTYPHI
HuKenss. HaHo  CTpyKTypel TO3BOJISUIM  HOJYYHTh  OOJBIIHE
MOBEPXHOCTH ISl peakuuu. MBICTh OKa3anach MPOAYKTUBHOW U B
2011 roxy Poccu mpencraBun cBoii peaktop E-Car u Ob11 nmomyueH
naTteHT. CorylacHO MaTeHTHOM 3asBKe, KOTOpYIo mojnanu Poccu u ero
coaBTop DoOKKapau, B PEAKTOPE MPOUCXOANUT «IKI0TEPMHUECKAs
peaxiusi MeXy BOJOPOAOM H HUKEJIEM, C BBIJICIICHUEM MEIN>.

Hemonctpanust  peakropa E-Car 3amHTepecoBasia HaydHYIO
o0mmecTBeHHOCTh. OAHAKO TMOMBITKH BOCIPOU3BECTH YCTAHOBKY
Poccu B apyrux maboparopusx OKaHYHBAIUCH 0€3pe3yabTaTHO, YTO
OXJIAJUIIO MHTEPEC U BbI3Baji0 MHOro mopo3penuil. Ho B 2015 roay
“IIpoBenenue Anexcanapom I'eopruesudem IlapxomoBeiM n3 MI'Y
YCIENTHOTO JKCIIEpUMEHTa Ha peakTtope, aHamormuHoM E-Catr HT
Annpea Poccm BmepBeie 0e3 ydactmsi camoro Poccu moctaBmito
KpECT Ha MMO3MLUHU CKENITUKOB, YTBEPKIABIINX, 4T0 A. Poccu mpocto
tdokycuuk. PoccuiickoMy ydeHOMY B JOMarmHed abopartopuu
YAaJI0Ch MPOJIEMOHCTPUPOBATH PabOTy ANEPHOTO PEAKTOPa C HUKEIh
- JINTHHA - BOJOPOAHBIM TOIUIMBOM Ha HHM3KO - JHEPreTHYECKUX
snepHbix  peakuuax (HOSP-LENR), wero mnoka He ymaercs
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MMOBTOPUTh Y4YCHBIM HHM B OJHOW JlabopaTopuu Mupa, Kpome A.
Poccu. A.I'. IlapxomoB eme Ooiee yIpPOCTHI KOHCTPYKITHIO
peaktopa (Puc. 3-1) mo CpaBHEHHIO C OSKCIEPUMEHTAIBHOMN
ycraHoBKOH B Jlyrano, u Temepr Jsaboparopus J000rO
YHUBEPCUTETAa MHpa MOKET MOIBITATECA IMOBTOPUTH 3TOT OMBIT .
[97].

SnexrTpo Keparorieckan
e e i Kepanorieckne TpyiKa
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Puc. 3-1. Peakxmop A.I'. [lapxomosa (ynpoujennuiii 6apuanm
axcnepumenmanvrou ycmanosxku E-Cam Poccu). Pucynox 63am u3
[97].

B ompire IlapxomoBa A.I'. ymamocs B 2,5 pa3a MNPEBHICUTH
BBIXO/IHYIO SHEPTHUIO HAJ 3aTPavuCHHOM.

MHOro WHTEpeCHBIX (AKTOB TMPEICTABICHO B  JIOKJIAJE
[TapxomoBa A.I'. Ha coumHckoit koHpepenmun 2017 roma. [90]. Bo-
MEPBBIX, aKTHBHAS 30HA PEAKTOpa 3aIlOJIHSAETCS OIAThH K€ HUKENb -
JUTUR - BOAOPOIHBIM TorumBoM. I[lapxomoB A.I'. roBoput o
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temneparype monorpeBa cmecu 10 1200°C u Gonee. [Ipu Takmx
TeMIepaTypax B AaKTUBHOM 30HE MOSBISUIOCH HM30BITOYHOE
TEIUIOBBIACTICHHE. ACCOPTUMEHT 3JIEMEHTOB MOCJe PabOThl peakTopa
CTajl 3HAYUTEIbHO OOJbIlle, YeM MepeA HadaioMm paloThl, T.e.
BO3HMKJIO MHOT'O HOBBIX 3JIeMEHTOB. llosiBisleTCsl JOBOJBHO MHOTO
Menu. OTmedaeTcs, 4TO B MPOAYKTAaX PEaKIUH HOSBISIETCS MHOIO
JIAHTAHOUIOB.

B [120] ommcanbl, Hapsmy ¢ paboramu PoccH, pe3yibTaThl
paboThl IpyNIbl SIOHCKUX MCCIIENOBaTeNeH, ONMyOJMKOBAHHBIE B
2018r., mo Tteme s3ddekra Poccu. OTMeTHM, YTO M B 3ITUX
UCCIIEI0BAHUAX (DUTYPUPYIOT pa3invHble HAHO KOMIIO3UTHI, B TOM
yucie C INPUCYTCTBHEM HUKeNnss U Bogopona. Ilpuuém wu3
nyOJMKauu  CleAyeT, YTO  HM30BITOYHOE  TETUIOBBIACICHUE
OTMEYaJOCh B CHCTEMax C MPUCYTCTBHEM HHUKeIs. Takxke
OTMEYaeTcs, 4YTO IPOM3BOAWIOCH IOBBIIEHHS TEMIEpPaTyphbl
paboueii cpenst peakropa qo 200-300 °C.

[IpocBupHOB A.A. HEpBBIM aKLUEHTUPOBAJI BHUMAaHHE Ha TOM,
yTO “... BCE IPOLECCH HU3KOIHEPreTUYECKUX SINCPHBIX pPEAKLIUI
(HOSP) mpoucxomar B TOBEPXHOCTHOM CJIO€ W  IUIOMIANb
MOBEPXHOCTH WrPaeT OMNpPENENSIONIYI0 POJb B WHTEHCH(PHUKALUU
npoueccoB HIAP”. [98].

Puc. 3-2. Tonauso E-Cam [98].
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BonpmmHCTBO HMccnenoBareneid Tak K€ OTMEUYarOT BaXKHOCTh
(pM3HYECKUX YCIOBUI HaBOJOPOKEHHOCTH TTOBEPXHOCTH HUKEIS IS
nposieneHuss XTS. Bo Bcex ycmemHbix skcnepuMeHTax mo XTS5
CO3/1aBAJTUCh YCJIOBUS OOJBIION yICTHHON TOBEPXHOCTU HA SIUHUILY
Macchl HaBojopakuBaeMoro arenrta. IlapxomoB A.I' ucnomns3oBai
MEJKO MWCIIEPCHBIN TOPOIIOK, SIMOHCKHE WCCIeOBaTe HaHO
i€k, a A. Poccn wWCmonp30Ban HAHOCTPYKTYPHI C Pa3BUTOM
mmoBepxHOCThI0. HanocTpykTyphl A. Poccn n3obpakens! Ha Puc. 3-2.

[IpocBuproB ~ A.A. BBICKa3BIBACT W  JIPYyroe  Ba)KHOE
Mpennoyiokenue, ‘“‘uro s wHUOuWauun HOSP  HeoOxomumo
JOCTUTHYTh HEKOH KpPUTHYECKOH TEMIEpaTyphl, TPU KOTOPOM
KoJieOaHMs permeTKd TBepmoro Ni MOTyT BBI3BATh PEaKIHIO. 31eCh
BXHO HE JOMYCKaTh IDIABIICHUS, TaK KaK 3TO MpPHUBEACT K
3aTyXaHUIO PEakuu. DTOT MapaMeTp OCTACTCS CaMbIM CIIOKHBIM Ha
CETOAHAIIHUM J€Hb, TaK KaK YacTO NPHUBOAWT K pa3pyLICHUIO
SKCIIEpUMEHTAIbHOU Aueliku. Y IluanTermnum ero sueiika yxke
paboTaet romamu, npasaa HeOonbIon MomHOCTH. [IpopaboTaBmias
rox 1 MBT ycranoBka A. Poccu m3penka naBana coon u TpeboBaia
BMeIIaTeasCTBa ...”°. [98].

OKCIEPUMEHTAIBHO YCTAaHOBIEHO, YTO TOPOT WHUIUUPOBAHUS
HO4P 3aBucutr oOT Marepuana TOBEPXHOCTH HAchIIIAeMOM
BojiopogoM. Tak B peakrope T. MwusyHo B  KayecTBe
HaBOJIOPAXXUBAECMON MOBEPXHOCTH HUCITOJIL30BAIACh HUKEICBas CETKa
HambpUIEHHAS TAJUIagueM. TemmepaTypa peakiud B PEaKTope
Muzyno coctasieT 300 °C. [ToHSTHO, 9TO MPH TaKOH TeMIIEpaType
HuKenb He padotaet u mopor B 300 °C cOOTBETCTBYET MMOBEPXHOCTH
ENNEN G CE

Peaktop MusyHO paboTaeT yCTOWYMBO M HANEKCH MO MPUYMHE
HU3KOH TIOpOTOBO¥ Temrieparypsl mHHImHpoBanus HOSP. OOmuit
BUj peakropa T. Mu3yHO W e€ro mNpUHIMIHAIBHAS CXeMa
M300pakeHbl Ha pucyHke - 3-3 Hmke. Temmeparypa B peakTope
cocraBiasier mnpumepuo 300 * 50 °C wu 3TO0 CIEACTBHE
HABOJIOPOXKEHHOCTH TMOBEPXHOCTH Mayuiaaus. B kadecTBe ToIUIMBa
(HMKeNeBas ceTKa ¢ HAaHCCEHHBIM Ha HEE€ TOHKUM CIIOEM ITajuiajIus)
MusyHo WCIIONb30BaHA aHaJIOTUs STIOHCKHIX KOJIJIET,
skcrepumenTHpoBaBmux B cucremax H — Pd [ Ni. Tem He MeHee,
Mu3yHO HE CMOT TIOJHOCTBIO OTKAa3aThbCsl OT IOJOrpeBa paboucit

95



Cpembl peakTopa M TOJBOAA »JeKTposHepruu. Peakrop Tamaxuko
Musyno, motpe6mnss 300 BT anexTprdeckoid MOITHOCTH, TPOU3BOJUT
2 - 3 kBt Tenna. [89].

L _]’j]ennocog;:_;_le : )

1
1

Valve o vacuum system b L e B

o

Ni
= mesh
Sheath heater |

I

i

Puc. 3-3. Peaxmop Mus3yno.

B uém mpuymHA MyCTh W MaJloro MOTPEONCHHS DIIEKTPOdIHEprun? A
MIpUYMHA B HE YUE€Te 3aKOHOMEpPHOCTEN Temyonepenaun. Mcnons3ys
MOJIOKHUTENbHBIA ~ OMBIT CBOMX SIMOHCKUX  KoJuler, MHu3yHo
HEOOXOANMO CeNaTh NOCIEeIHUN [Iar IS MOJHOTO ycrexa. Y Hero
MOJIBOJTUTCS JUIsl paboThl peaktopa Bcero 300 BT anmekrpuyeckoit
MOIIHOCTH, a mnpowsBogutrcs 3 kBT Terma. [ns obGecrneueHus
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CaMOTIOJICPKUBAIONICHCS PEaKIMd JIOCTATOYHO CHHU3UTH OTBOJ
Teria Yepe3 MOBEPXHOCTh peakTopa Ha 300 BT.

BrimuiieM 0CHOBHOE ypaBHEHHE TEIUIOTIEPEIaduu JUIsl OTBOJAA TeIlia
n3 peakTopa MusyHo.

1
Oomeos = kF-At;  (3-1). Tne: k=
1 /. 1
7+zil+7
a TA a,
Kod(pPUIMEHT TeIUIonepeaud 4Yepe3 TOBEPXHOCTh  peakTopa

MuzyHo; o) - KOI(PGUIMEHT TEIIOOTAAYH OT TOopsSUYe cpembl
peakTopa K CTCHKE peakTopa; o, - Kod(Q(HIMEHT TerooTnayu OT

CTGHKM peaKkTopa K BO3ayXy B momentenud; A, - kodhduiment

TEIUIONPOBOJAHOCTH CJIOEB IOBEPXHOCTH peakTopa (cTamb U
H30JISLIHA); l ; - TOJILKHA CJIOEB (CTaNb U U3OMAIUA); At =1t - t; -

mepemnaj TeMIepaTyp MeXAy TEeMIIepaTypoil BHYTpU peakTopa |
TEMIIEPATypOH B MOMEIIECHUH; F - IUIOMAAh BHEITHEH MOBEPXHOCTH
peakTopa.

CornacHo npuUBeACHHBIM (OpPMYJIaM TeIIonepeadd HETPYTHO
paccuuTaTh MmapamMeTphl HM30JAIMKM B peakrope MusyHo U
00eCTIeYnTh CaMOMOAACPKUBAIOIIYIOCS peakiuio 0e3 TOoABOAA
SHEpPTUH U3BHE.

N3BecTHO MHOTO W JPYTHX TBOPYECKUX TPYII, 3aHUMAIOIINXCS
uccnepoBanusiMu 3¢ddexra Poccu. “PeanpHocTh TakoBa, 4TO Ha
CETONHAIIHUA JIGHb HAKOMWIOCh MHOXECTBO  HEOCTIOPHMBIX
MTOJIO’KUTENBHBIX 9KCIIEPUMEHTATBHBIX pe3yIbTaToB oT
HE3aBHCHUMBIX HcciefoBaHnii mo 3¢ddexty Poccum m oTCyTCTBYIOT
WCCIICIOBAHUS, OIMPOBEPralore H30BITOYHOE 3HEProBBIJCICHUE,
HalpuMep, B yCTaHOBKaX, IMOJAPOOHO OMHMCAHHBIX B paborax A.
ITapxomoBa. B TO ke Bpemsi, CTallo OYEBUJIHBIM, YTO OTCYTCTBHE
0KHI2€MOT0 H3JIy4eHHs MPU HEOCHOPUMBIX TpaHCc(popManuax
ATOMHOTO COCTAaBA TOIUIMBHOW  KOMIIO3WIIMU HE  MOXKeT
00bSICHUTH HA CEeroHsI HA O{HA M3 U3BECTHBIX Teopuii”. [120].

B 3aBepiieHue JaHHOTO MyHKTA BBINUIIEM HanOoJiee BaKHbIC HA
HAaIll B3TJIS[] MOMEHTBI DKCIICPUMEHTAIILHOW PabOTHI, YCTAaHOBJICHHEIC
Poccu 1 gpyrumu ricciaenoBaTensiMu K HACTOSIIIIEMY MOMEHTY.

1). HaBomoposxeHHBIE HAaHO CTPYKTYPHI HHUKEISA. DTO OCHOBA BCEX
YCHEIIHBIX OIBITOB.
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2). HeoOXogmMocCTh TOBHIIICHHSI TeMIEpaTypbl pabodeil cpems
peaktopa mo 200-300 °C (>1000-1200 °C y A. Poccu u IlapxomoBa
AT.).

3). CsuperennbctBa ydactuss B mporeccax E-Car  XosnomHbIX
(YNIbTpaxoJIOJIHBIX) HEUTPOHOB.

4). “B omprtax A.I'. IlapxomoBa 3TOT TpOIECC HHTCHCHUBHOTO
MOTJIONICHUS BOAOPOJa HHUKEIEM COIMPOBOXKIAICS MOHIKEHHUEM
JaBJICHUs HIDKE aTMochepHoro”. [98].

5). “M3BectHO, 4YTO KOHIIEHTparuss H, B IOBEPXHOCTHOM CIIOE
npeBbliaeT npuMepHo B 10 pa3 kouneHtparmio H, B TioyOuHe
obpasua. M3 3Toro MoxxHO caienaTh BBIBOJ, YTO Bee mpoueccsl HOSP
MPOUCXOASAT B TIOBEPXHOCTHOM CJIO€ W IUIOMIA[b IOBEPXHOCTH
WUTPaeT OMNPEICIAIONIYI0 POJb B HMHTEHCHU(UKAIIMK IPOIECCOB
H3AP”. [98].

6). ACCOPTHMEHT DJIEMEHTOB IIOCie paboThl peakTopa CTal
3HAYUTENHFHO OOJBIIE YeM Tepes] HayaloM padOThI, T.€. BO3HHUKIIO
MHOT'O HOBBIX 3JieMeHTOB. [90].

7). IlosiBnseTCA 1OBOJIBHO MHOI0 Meau. [90].

8). K BaxHEWmIM MOMEHTaM, XapaKTCPHU3YIOMHUX YyCIOBHUS
nporekanuss HOSP Ha HaBOAOPOXKEHHBIX MOBEPXHOCTSIX CJIEAYET
OTHECTH 3aBUCHUMOCThH Haydajia PeakiMi OT MarepHalia MOBEPXHOCTH
HaBOJOpaXuBaHMUsI. Tak B HUKEIh - BOJOPOIHBIX PEAKTOpax 3Ta
temneparypa pasHa 1000-1200 °C, B mnamaguii - BOZOPOIHBIX
peaktopax 200-300 °C. B oskcnepumentax KopHuioBoit 1o
OMOTpaHCMYTAIIUU AKCIEPUMEHTHI MPOBOAMINCE B TEPMOCTaTe MpPH
temmeparype 32 °C.

3.2. Hu3zko3HepreTuyeckue siiepHble peakuy B GU3nIecKuX
YCJIOBHSIX HABOJOPOKEHHBIX II0BEPXHOCTEH B paMKax
HEeHTPOHHOH (Pu3UKH.

Bcé€ MHOrOOOpasme MaHHBIX, MOJNYICHHBIX B DKCIECPHUMEHTAX C
LENR-peaktopaMu Ha  OCHOBE  HACBIIIEHHBIX  BOJIOPOJIOM
MTOBEPXHOCTHBIX CTPYKTYP, MPOCTO OOBSICHSIIOTCSA B paMKax XOPOIIO
M3YYCHHOW HEHTPOHHON (U3MKH. OTO W BHIACICHHWE TeIUla |
BO3HMKHOBEHHE OOJIBIIOIO KOJMYECTBA HOBBIX H30TONOB U
anemeHToB. [Poccu, [1apxomos, KnumoB, EBnokumos, CaBBaTuMOBa
u ap.]. Ho ans 3toro HEoOXOaUMBI CBOOOTHBIC HEHTPOHBI. 3axBaT
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SIIPOM HEMTPOHA NPUBOAMT K MOSBIEHUIO HOBOTO H30TOIA JAHHOTO
aneMenTta. IlocnenoBaTenbHBIH  3aXBaT  HEUTPOHOB  JJAHHBIM
AJIEMEHTOM TIOPOXKJIAET IENOYKy BCE 0OJee TSDKENBIX H30TOMNOB H
3aKaHYMBaeTCcs OeTa - pacmagoM. B pesymprare Oeta - pacnaga
BO3HMKAET HOBBIA DJIEMEHT C MOPSAKOBHIM HOMEPOM Ha EIMHHUILY
0oJbIIe YeM y UCXOOHOTO dJieMeHTa. [Ipu 3TOM BhIensercs Termo.
Tak xak B peakTope HM3HAYaJIbHO HMMEETCS MHOXXECTBO Pa3IUYHBIX
BEIIECTB (IIEMEHTOB), TO M BO3HUKAET TO MHOTOO0pa3ne N30TOIOB H
3JIEMEHTOB, KOTOPBIE (PUKCUPYIOTCS B OKCTIEPUMEHTAX.

Hano cTpykTypbl, HaHO MOPOLIOK HUKeNsd (MyCcTh Jaxe u
HABOJIOPO’KCHHBIC) HHM KaKOT'O OTHOIIEHUS K O00JacTH sapa He
nMeroT. Hano cTpykTypsl (001acTh TeOpuH TBEPIOTO Tea) - ITO
CTPYKTYpBI hopmupyembie B3aUMOJICUCTBHEM ATOMHBIX
AJICKTPOHHBIX ~ 000JI0YEK  (ICKTPOMArHUTHOE B3aUMOJICHCTBHUE
MEXAY TOJOXHUTEIHHO 3apsDKEHHBIMA MOHAMH M OTPHULIATEIBHBIMU
3JIEKTPOHAMM).

Mexnay CTpYKTypod siipa C €ro CUIbHBIM B3aUMOJACHCTBUEM U
CTPYKTYpOU TBEPAOTO TeJa C JIEKTPOMArHUTHBIM B3aUMOJIEHCTBUEM
HaxOIWUTCA KyJOHOBCKHU Oapwep. llepexom MeXmy ITHMH
SHEPreTHYECKUMHU  OOJIACTSIMHM IS  YacTUI[ HU3KUX OJHEPTUil
BO3MOXEH TOJBKO il HEUTpoHOB. IMeHHO MO 3TON mpuyuHE
[TomsikoB B.W. B [94] ynenwn ri1aBHOEe BHUMaHHE, B CBOEM aHAIM3E
MPOJIYKTOB peakiuu B peakrope Poccu, 6anaHcy HEUTPOHOB.

Ucxons w3 HaxkolUleHHBIX 3HaHMH 1Mo »ddekry Poccn Ha
HABOJIOPOXKEHHBIX TIOBEPXHOCTSAX, BBIPUCOBBIBACTCS CIEAYIOIIast
¢u3nueckas cxema paboTel peakropa Poccu. Ha HaBOmOpOXEeHHBIX
HaHO CTPYKTypax HHUKENs [MPOTEKAIOT KaKue-TO  pPeakluH,
MPUBOJAIIAE B BBICBOOOXKICHUIO XOJOJHBIX (YIBTPaXOJIOTHBIX
HEUTPOHOB).

“Kak ormeuaer B.K. HUrnatoBud ..., KJIIOYEBHIM MOMEHTOM
MPOLIECCOB B  KPUCTAIIMYECKOM pEIIeTKE HUKENs SIBJISETCS
oOpazoBaHWe HHU3KO-dHEPTreTHUYeCKUX MeHee 1 3B HEHTpoHOB,
KOTOpBIE HE TEeHEPUPYIOT HH PagUalMoOHHOTO W3ITy4YeHHs, HHU
PaIuOaKTUBHBIX OTX0A0B”. [99].

OTH  yJABTPaxOJOAHBIC  HEUTPOHBI, oOmamas  OONBITHMHU
CEUCHHUSIMH B3aUMOJICHCTBHS C sapaMH (COTJIAaCHO 3akoHa 1/v) |
Onmarozapss OONBINIOW TUTOMAAM HHUKEIEBBIX HAHO CTPYKTYPHBIX
oOpa3oBaHuii, OBICTPO ¥ JP(PEKTUBHO 3aXBATHIBAIOTCS SIPAMH
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HUKeNs. 3aXBaT siIpaMH HUKENS HEHTPOHOB MPUBOJIWT, B TOM YHCIE
K BO3HHKHOBEHHUIO PaJMOAaKTHBHOTO HM30TONAa HUKEIh - 63. Celgac
PaJMOaKTUBHBIA HM30TON HUKENS - 63 TOIy4aroT pa3MelleHUueM
JONTOXMBYIIMX W30TONOB HHKENI B AaKTHBHYIO 30HY SIICPHBIX
peaktopoB. Hukenp - 63 pacmamaercs mo cxeme Oera pacmanma c
BBIJIeICHHeM dJHeprud B (opMme Temia. Kak pesynbrar peaknuw,
oOpa3syercst MeJib.

Ecnmu npunsate MexaHu3Mm paboTel peaktopa Poccu Ha sBieHHn
WCKYCCTBEHHOH PaJMOaKTHBHOCTH, TO BCTAaET BOMPOC O MEXaHH3ME
o0pa3oBaHUs YJIBTPAXOJOAHBIX HEHTPOHOB HA HABOJOPOKCHHBIX
HAHO CTPYKTypaxX HUKEJSI.

Bynem wucxommth W3 TOro, 4YTO OOS3aTETBHBIM JIEMEHTOM
KOHCTPYKITUM PEakTOpoB Poccu sBISETCS MPHUCYTCTBHE BOJOPOJA.
ATOM BOZOpOA U HEUTPOH POJHUT TOT (PAKT, YTO 002 OHU B CBOEM
COCTaBe UMEIOT OJUH MPOTOH U OJHH AIEKTPOoH. OTINYHE B TOM, YTO
aToM Bojmopoja (GOpPMHPYETCS CHJIaMH  DJIEKTPOMAarHUTHOTO
B3aMIMOJICHCTBUS M HMMEET OpPOUTANBHYIO CTPYKTYpPY, a CTPYKTypa
HeWTpoHa (opMHUpyeTCs cwiIaMd ci1aboro (COMH CIIMHOBOTO)
B3aMIMOZCHCTBUS U B3aUMO/JICHCTBHIE IMPOHUCXOINT MO OCH CITHHOB.

PaccMoTpuM aTtomMHYyIO0 CTPYKTYpy BOAOpoja. ATOM BOJOpOJa
COCTOWT W3 TMPOTOHA, BOKPYr KOTOPOIO TIO pa3pelIéHHBIM
SHEPreTHYECKUM YPOBHSIM JBIDKETCS JJIEKTpOoH. B  crabmibHOM
COCTOSIHHH CHJIBI ANIEKTPOMArHUTHOTO B3aMMOJICHCTBUS
YPaBHOBEIIMBAIOTCS B KXl MOMEHT BPEMCHH IICHTPOOSKHBIMHU
CWJIaMH. ODIEKTPOHBI B AaTOMHBIX OOOJIOYKaxX W3-32 B3aUMHOTO
OTTAJIKUBAHUS CTPEMSTCS U30eKaTh COMMKEHNS IPYT ¢ ApyroM. Tak
e JIBIXKYTCS U CBOOOJHBIC AJICKTPOHBI B KPHUCTAJLUTUYECKOM Telle.
[lo 3To#l MpWYMHE TPACKTOPHH IBHKCHUS 3JICKTPOHOB Ha CBOUX
JHEPreTHYECKUX  YPOBHSAX  HMEIOT  HACTONBKO  3allyTaHHEIE,
HETpeCKa3yeMbIe TPaCKTOPHH, 4TO (hM3UKH-aTOMITIKU
MPEIMOYNUTAIOT TOBOPUTH O BEPOSTHOCTH HAXOXJICHUS DIICKTPOHA B
TOM WM WHOW 00JacTH M OTKA3bIBAIOTCS OT IMOHSTHS TPAECKTOPHH.
Jla’xe eTMHCTBEHHBIN 3JIEKTPOH aToMa BOAOPOAA MOl BO3/IEUCTBUEM
COCETHUX aTOMOB U JPYTUX CIy4ailHBIX OOCTOSTEIHLCTB UMEET CTOJb
JKe 3aIlyTaHHYIO TpaeKTopHio. FIMeHHO U3 aTOMHOH (u3nku (HU3uKH
JNIEKTPOHHBIX O0O0JI0YEK) W PACIPOCTPAHMUIIOCH HAa BCIO KBaHTOBYIO
(M3UKYy TpeACTaBICHUE OO0 OTCYTCTBUU TPACKTOPUU JBIDKCHUS Y
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JJIeMEHTapHbIX dacTul. @Ou3ukam - TeopeTukaMm emeé MPeICTOUT
pa3zo0paThbCst HACKOJIBKO ATO MPABUIIBHOE MPEICTABICHNE.

Ho XaoTMYHOCTH IBUXKCHHS JJIEKTPOHOB MOXKET YaCTUYHO
MEHATBCS TIOJ] BO3JEHCTBHEM BHEIIHHMX ¢akTopoB. Hampumep,
Xa0THYECKH JBIDKYIIAECS CcBOOOHBIE 3IEKTPOHBI B
KPUCTAJUTMYECKOM TeJle, TpH HaJOXEHHH Ha HHUX BHEIIHETO
ANIEKTPUYECKOTO  TOJIsA, OOpeTaloT  ONpEACNEHHYI  CTCICHb
YHOPSAOYEHHOCTH, COBMECTHOE IBIDKEHNE, BO3HUKAET
JNEKTPUIECKHA TOK. Tak M B yCIOBHSIX KOHTaKTa C IMOBEPXHOCTHIO
HAHO CTPYKTYpPHI (MIeaibHas TOBEPXHOCTh ATOMHOM CTPYKTYpBI) Ha
JBIOKCHUE OPOUTAILHOTO 3JICKTPOHA HAKJIAJBIBACTCS OTPaHHUYCHUEC
OT OTPHIIATEIHHOTO IT0JII TIOBEPXHOCTHOTO 3apsifia HAHO CTPYKTYPHI.
OpOuTankHOE JBUKCHHE OJIIEKTPOHA HA CBOEM DHEPreTUYCCKOM
YPOBHE CTAHOBHUTCS 0OJICe YIOPSITOUCHHBIM.

Puc. 3 - 4.

PaccMoTpuMm  du3nmyeckyro cUTyalMi0 U300paXEHHYIO Ha
Puc. 3-4. 3nech m300paxkeHa HABOJOPOKEHHAS IMOBEPXHOCTH HAHO
CTpykTypsl HuKens. l[ludpamm Ha pucyHke oOo3HaveHb: 1 -
MMOBEPXHOCTh HAHO IUIEHKA HUKEIS; 2 - aTOM BOOpoja (IIPOTOH) B
CIIIy XMMHYECKHX CBSI3€i 3aKpenMBIIMKCS Ha IMOBEPXHOCTH; 3 -
3NEKTPOH, COBEpIIAIONINI  OpOWTaIbHOE  JBI)KEHHE  T10
pa3pelIEHHOMY SHEpreThYecKkoMy ypoBHIO. Ha pucyHke oTMedeHO
CIIMHOBOE JBWKEHME (BpallleHHe) MPOTOHA BOKPYT CIIMHOBOM OCH -
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4: 5 — oneKTpoHBI, POPMHUPYIOIIHE TTOBEPXHOCTHBIN OTPHUIIATEILHEIN
3apsi Ha HAHO TUIEHKE HUKEIS.

BosHukaer Borpoc: oTkyma OepyTcsl 3JIEKTPOHBI - 5 Ha HHUKEIIEBOM
MMOBEPXHOCTH IS CO3J@HMsI TOBEPXHOCTHOTO OTPHUIATEIIEHOTO
3apsama? DTo DIEKTPOHBI U3 AJICKTPOHHOTO O0Jlaka aToMa HHKEIS,
BpAIAONIHeCs TI0 CBOMM DHEPIreTUYECKHM YPOBHSM BOKPYT sijpa.
Jla Ha MaKpOCKONHMYECKOM pACCTOSHHUU OT TIOBEPXHOCTH OHa
HeitpanbHa. Ho Bc€ 3aBucut oT paccrosiHus. Ecnu Bo3bMEM
MpOOHBIA  3apsAn, TO HAa MaKpPOCKOIMYECKOM pAcCCTOSHUH OT
MOBEPXHOCTH TIOJIE  TIOBEPXHOCTH OyJIEeT UMETh  HYJIECBYIO
HanpsOKEHHOCTh U HYJICBOW MOTEHITMA. ATOM HUKENS HEHWTpalieH.
[To mepe mpubIMKEHNS K OTHOMY M3 aTOMOB ITOBEPXHOCTH MPOOHBIH
3apsi HAYHET UCMBITHIBATH BO3ICUCTBUE AIIEKTPOHHOTO obnaka. [1o
Mepe TMPOJBUKCHUS BrIIyOb aToMa K SAPY BIUSHUE 3JIEKTPOHHOTO
obraka OymeT ocmabsAThECS U Ha ONPESIEHHOM PACCTOSIHUH OT Sapa
BIMSHHAC CHJI DJICKTPOHHOTO oO0JaKa W sapa CPaBHAIOTCSA. ITO
MMOBEPXHOCTh JUOpanuu BHYTpH aroma. llpu nmanpHeWIiem
IOBIDKEHUN K sApy BcE Ooree OyneT CKa3bIBaThCA KYJIOHOBCKHIA
Oapbep smpa. Ho 310 Bcé MposiBICHHS CHII HA MUKPO PaCcCTOSHUSX.
AtoMm Bogopoaa (IpoTus), 3aKPENUBIIUNCT XUMUYECKUMU CBSI3IMU C
OJTHUM W3 aTOMOB NOBEPXHOCTH HUKEJS HCIBITHIBACT BO3ICHCTBUC
TOJIBKO DJIEKTPOHHOTO OOJlaka JaHHOTO aroma Hukems. Ha Takom
PACCTOSHUM BCsI TIOBEPXHOCTh HUKEIIS AIIEKTPOOTPHUIIATEIbHA.

[ToBepXHOCTHBIA 3aps] HAHO IUIEHKA HUKENIS HE MO3BOJISCT
OopOHUTaTBFHOMY 3JIEKTPOHY aTOMa BOAOPOAA IBUTATHCA B MIIOCKOCTSIX
MEePIICHINKYISAPHBIX HAHO TMOBEPXHOCTH. OpOUTANBHBINA 3SIEKTPOH
MOJXKET JIBUTAThCS TOJNBKO B INIOCKOCTSIX MapalIeIbHBIX HAHO TUIEHKE
Y COBEpIIATh KOJeOATEIbHBIC JBIKECHUS IJIOCKOCTH OPOHTHI BO3JC
CPEOIWHHOTO 3HA4YeHHsA. BOT anisg dero HYXHBI TUIEHOYHBIE HAHO
CTPYKTYpPBI HUKENS B YCTaHOBKax Poccu.

A Temeph BBISICHUM MJIsi Yero HEOOXOIUM pPa3orpeB aKTUBHOM
30HBI peakTopa Poccu /10 OTHOCHUTENBHO BBICOKHX Temmeparyp (y
ITapxomoBa A.I'. o >1200°C) gto OBl 3amycTuTh peakmuio. Ho
MPEBAPUTEIHLHO BHICKAXKEM TJAaBHYIO, N0 MHEHHIO aBTOPa, HUJICIO
nexanryro B ocHoBe d¢dekta Poccn. CymiecTByeT MexaHu3Mm
nepexoia CBSI3aHHOI CUCTEMbI MPOTOH - 3JIEKTPOH U3 COCTOSTHUS
aToMa B COCTOSIHUE HeliTPOHA.
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Ecnu Her mnpenBapuTeNbHOrO TOJOTPEBa AKTUBHOM  30HBI
peaktopa Poccu, TO OpOWTamBHBEIN JJIEKTPOH aToMa BOJOPOIA
NpaKkTUYECKU HE TOoMmaJaeT TMoj JCHCTBUE CHHUH-CIUHOBOTO
B3aumozeicTBus. Och IPOTOHA OPUEHTUPOBAHA MEPIEHIUKYISIPHO
MOBEPXHOCTH TIUIEHKH, a OpOWTAJIbHBIA DIEKTPOH JIBUKETCS B
IDIOCKOCTH TapauIeIbHOM TIE€HKe. A BOT TIIpH  HarpeBaHUH,
CBS3aHHBIC C MTOBEPXHOCTHIO aTOMBI BOAOPO/ia (IPOTOHBI) HAUUHAIOT
COBEpIIATh XaOTHYECKHEe KonebarenpHble ABmKeHMs. CIIMHOBas OCh
MPOTOHA COBEpIIaeT HYTAIMOHHOE KoJjiebaTenpHOe [BHXKeHHE. B
TaKOM cuTyauuu (IpH MoJOrpeBe) OpOUTANLHBIN 3JIEKTPOH HAYMHACT
YacTO MOMAJAaTh B MOJOKEHUE CIUH-CIIMHOBOTO B3aUMOJICHCTBUS C
MPOTOHOM aToMa Bojaopoxaa. IIporecc 3akaHuMBaeTCs KBAHTOBBIM
CKAuKOM B HOBOE CBS3aHHOE COCTOSIHHE CUCTEMBI IIPOTOH - DJICKTPOH
B ¢opme HelTpoHa. OOpa3oBaBIIMNCA HEUTPOH  SBISETCS
YIBTPaxoJIOAHBIM, TaK Kak MPOTOH, SIBIISIONIUICS TJIABHBIM
HOCHTEJEM KHHETHYECKOW SHEPTrHH HEWTpOHAa, OBUT B CBSI3aHHOM
COCTOSIHMH C TIOBEPXHOCTBIO M 00J1a/1al HUYTOKHOW KUHETHYECKOU
JHeprueil. DTO B peakuusix SAEPHOTO [EICHHUS BBIICISIONIUICS
HEHTPOH o0JamaeT sHepruer OpOUTAIBHOTO ABIKEHUS BHYTPH sS1Ipa
Y COOTBETCTBEHHO SIBIIICTCS OBICTPBIM.

Takum 00pa3oM, CTUH-CITUHOBOE B3aUMOJICHCTBUE OTBETCTBEHHO
HE TOJBKO 3a TPOIECCHl pacmaja HEHUTpoHa, HO W MPHUBOJUT K
MEePEX0y aTOMHOTO COCTOSIHUS BOJIOPOJa B HEHTPOHHOE COCTOSTHUE.

[Mocne mpeoOpazoBaHus aToMa BOJOPOJa B HEUTPOH, OCICIHUI
TepsieT JJIEKTPOMATHUTHYIO CBSI3b C TIOBEPXHOCTBIO HHKENS U
MTOJTy9aeT BO3MOXKHOCTE BCTyIath B HOSP.

[IpennoxeHHbI MeXaHU3M TpeoOpa30BaHUs aToMa BOJOPO/A B
HEUTPOH OOBSACHICT OTPOMHBIN MUCOaTaHC HEUTPOHOB B aHAJM3E,
npoea¢HHoM [lomskoBeiM B.U. “ATomoB nuTHs B 5,9 pa3 MeHbIIe,
YeM aTOMOB HHUKENsd. Y€ W3 3THX JaHHBIX BUIHO, YTO €CIIH BCE
aromsl Li’ oTnanyT no 1 HEUTPOHyY, UX HE XBATUT JAXKE MO OAHOMY
JUIT  aTOMOB HuKens. llpencTaBieHHBIM HaM TIO pe3ylibTaTam
JKCIIEpUMEHTa OalaHC aTOMOB JIUTHS W HHUKENS IMOKa3bIBA€T, UTO
SIIEPHBIX peakuuMid ¢ pacmaoM aTOMOB JIUTUS W HUKENsS He
mpousonuio. bonee yem aBamnaTHKpaTHAs HEXBaTKa HEHTPOHOB HE
MOKeT OBITh BO3MEIEHA paclajoM aTOMOB HHKENd, TaK Kak ero
Oamanc 10 W mocie coBnagaer. OTKyJa HHUKEIh MOT HaxBaTaTh
CTOJIbKO HEUTPOHOB JUIsl TIEPECTPOMKU H30TOMHOro coctasa!? Eciu
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MIPEICTABICHHBI U30TOMHBINA COCTaB HE cPaOpHKOBaH, TO CIEAYET
MIpeAroarath 100aBOYHBIA HCTOYHUK HEUTPOHOB™ . [94].

PaccMoTpuM BO3MOXHBIH MEXaHW3M HOBOTO THIIA SIACPHBIX
peakiuit  HOSP-LENR, npuBogsmmii K  BO3HUKHOBEHUIO
JIOTIOJTHUTENIBHBIX DJIEMEHTOB B peakTopax Poccu, OTCyTCTByIONNX B
peakTope 0 Hadama ero padoTbl. DTO OJUH M3 CAMBIX WHTEPECHBIX
¢akToB 03ByueHHBIX B goknane [lapxomosa A.I. [90].

W3MmeHeHne HYKJIOHHOTO COCTaBa BEIIECTBA B JKCIEPHUMEHTax
ITapxomoBa A.I'., nmpuBOJifIllee K MOSIBJIEHUIO HOBBIX 3JIEMEHTOB C
0OJIBIIMM aTOMHBIM YHCJIOM M aTOMHBIM BECOM, BO3MOXHO TNpHU
teuernn HOSP-LENR Tonpko eciu B gape NMPOUCXOAMT pacmaj
HEHTpPOHA M CJIEOBATEIHHO B SIPE MOSIBIACTCS JOTIOJHUTEIbHBIH
OpPOTOH. JTOT TMpolecc pacmaga Tak K€ COMPOBOXKIAETCS
BBIJICJICHUEM DHEPTHH.

Heiitpon B cBOOOHOM COCTOSTHUM HE cTaOWiIeH U B TeueHun 10
- 15 mmHYT pacmagaeTcs Mo cxeme OeTa pacraga Ha MPOTOH H
AJICKTPOH C BBIJCIICHUEM aHTHHEUTpUHO. B cocraBe simpa HEHTpoH
cTabWIbHAs dYacTHIa. DTOMY CIIOCOOCTBYET CHJIOBOE IIOJIE sIIpa,
CHIIbHOE B3anMoencTBue. OTcio/1a MOXKHO MIPEIOI0KUTh, 9TO TPU
OCIabJICHUH TI0 KaKUM - TO TIPUYHHAM (ITyCTh JIOKAJIbHO, HAIPUMED,
Mo mnpuymHe (QIyKTyaluii) BO3MOXKEH pachaj, HEHTpoHa u B
YCIIOBUSIX SApA.

“U3 3KCTIEpUMEHTOB M0 U3MEPEHUIO SACPHBIX PagUyCcOB CIEIyeT,
YTO paguyC MPONOPLUOHANECH KyOMYeCKOMY KOPHIO M3 4YHcia

HykioHOB: R = 1,25 D4% 00" cm. W3 3aBUCMMOCTH BUIHO, UTO

BCE AApa MMEIOT IPUMEPHO OJUHAKOBYIO  IUIOTHOCTb

[locTosHCTBO  AAepHON IJIOTHOCTH  TOATBEP)KIAET  CBOWCTBO
HaChILIEHUsT SAEpPHbIX cuwl. bojee peTanpHble  H3MEpPEHUS
[IOKa3bIBAlOT, YTO B CPEAHUX M TDKENBIX sAOpaX IUIOTHOCTb
MPUMEPHO TIOCTOSTHHAa BHYTPH $[pa, a Ha Kparo TUIABHO CIafaer,
obpazyst auddy3Hylo, T.€. PpasMBITYyI0 TPaHULY TOJIIMHON

-13
2,400 “cm. ... Takum 00pa3oMm, eciid aToM IMOYTH MYCT, TO SAAPO,

HaobopoT, 3anoiHeHo MaTepuen Ha 1/3”. [134, cTp.55, 56]. Dopma
SIIEpP 3aMETHO OTKIIOHSIETCSA OT C(PepUUeCKOl, YTO YCTAHOBJICHO IO
OKCIIEPUMEHTAM [0  3aMepy BHYTPEHHUX  KBaJPUYTOIbHBIX
MOMEHTOB  siiep. “BHyTpeHHMI  KBaAgpHWyNOJIbHBIH  MOMEHT
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OTIpEe/IETISIeT OTKJIOHEHHWE pachpenefieHus 3apsja MM, 4TO TO JKe
caMoe OTKJIOHEHHE paclpeieNieHus MPOTOHOB B  sApe OT
cepuueckoil GOpMbI B CHCTEME KOOPAMHAT, BpAIIAIOIICHCsl BMECTe
c sgpoMm. .. M3 puc. 2.14 (pucyHOK oTOOpaxkaeT 3aBUCHMOCTH
KBaJIPUYIOJFHBIX MOMEHTOB aTOMHBIX SIep OT YHcia HEHUTPOHOB)
BHIHO, YTO 10 MEpe BO3pacTaHWsl YHCia HYKIOHOB Qopma smep
MEPUOTUYECKH MEHAETCSI OT 3aMETHO BBITSHYTOH 10 chepudeckoil u
JaXxe CTUTIOCHYTOM u 006patHo”. [134, c1p.60 - 62].

OTTankuBasch OT BBIIIE HM3JI0)KEHHOTO BBICKAKEM BO3MOXKHBIH
Mexann3m HOSP-LENR. Ilpu HachllieHNN U MEpEHACHIIEHNH sapa
HEHUTPOHAMH, YTO BBI3BIBACT HEKOTOPOE pPa3jayBaHUEC M U3MCHCHHE
dbopMmBI  sApa, TONE CHIBHOTO B3aMMOJCUCTBHS — OCIIA0ISETCS.
Oco0eHHO CHIIBHO 3TO BHAMMO MPOMCXOJUT B MOMEHTBI H3MEHEHHUS
dbopMbl sapa u ycyryomsercs (IyKTyanusMd. OTO TPUBOAHUT K
HECTaOMIBPHOCTH HEKOTOPhIX HEUTpOoHOB. OCOOCHHO Ha mnepudepuu
snpa. OcnalbieHne CHIBHOTO B3aWMOJEHCTBUS I JaHHOTO
JIOKAJILHOTO HEWTPOHA BBI3BIBAIOT €r0 Paciiaj] Ha MPOTOH H JICKTPOH
C BBIIETICHMEM aHTH HedTpuHO u Temna. CTabWibHOCTH sAapa
BOCCTAHABIIUBAETCS, HO 3TO YK€ SIIPO HOBOTO DJIEMEHTA. JTO MYTh K
SIIEPHBIM TPEBPALICHUSIM TPUBOISIIAM K TOSBICHHIO Pa3IMYHBIX
3JIEMEHTOB, KOTOPBIX HE ObUIO A0 paboThl peakTopa. M3-3a Hanu4us
Pa3IMYHBIX DJJIEMEHTOB B KOHCTPYKIIMH pPEaKTOpa BO3MOXKHO
MHO>KECTBO HAYalbHBIX pPEaKIUH, WMEIOMINX CBOE MPOIOIKCHUE,
YTO U MPUBOJUT K 00pa30BaHUIO MHOXKECTBA HOBBIX AIeMeHTOB. [Ipu
3TOM Pa3NUYHbIE PEAKIIUH UMEIOT Pa3TUYHYI0 BEPOSTHOCTH TEUEHHUS,
9eM W OOBSICHSICTCS, HalpuMep, aHOMAaJIbHO OOJIBIIOEC 3HAYCHUE
JAHTAHOUJIOB B OTXOJaX peaklMd, OTMEYCHHOEC B JIOKJIAJE
[TapxomoBa A.T.

CamMbIM  BaxkHbIM s nposiBjeHus HISP saBasercs
HABOJ0POKEHHOCTH MOBEPXHOCTH HAHO CTPYKTYP, 321y CKAIOLIAs
npouecc o0pa3oBaHus YJIbTPAXO0JI0IHBIX HEHTPOHOB.
HaBomopokeHHBIE ~ HaHO  CTPYKTYphl ~ MOXHO  pazyMeeTcs
W3TOTOBIISITh M3 PA3IUYHBIX MAaTEPHAIOB M TEM CaMBIM IOJIy4aTh
HeoOxoaumble HOSP tpebyemoit TexHomorndeckoii 3amaun. HOSP
MIPOM3BOMAT HE TOJBKO TEIUIOBYIO DHEPTHI0, HO M MOTYT CIYXXHTh
TEXHOJIOTHYECKOW OCHOBOM simepHON XuMuH. O TaKOW BO3MOKHOCTH
yHnoMmsiHyJ B cBoEM aokiaje u [lapxomos A.T'.
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Hemuoro o momemmke mo poxmamy Ilapxomoa A.I'. [90].
ITapxomoB A.I'. mnpeacraBun K pPacCMOTPEHHIO MHOXECTBO
BapUaHTOB SJICPHBIX PEaKIUi Ha Mpolleccax CHHTE3a JIErKUX suep,
pacnaga TKENBIX sAAep U MHOXecTBa peakuuid HOISAP, He
oroBapuBas MexaHu3Mma nocieannx. Kputuku ykazamu IlapxomoBy
A.I'. Ha KymoHOBCKHU Oaprep mpu peakmmsix HIAP pasmuaHbix
HYKJIOHOB. Ha 4TO OH OTBETHII, UTO KYJOHOBCKUH Oaphep BEIHOCUM
3a CKOOKH. DTO KOCBEHHO CBUICTEIBCTBYET O TOM, 4TO IlapxomoB
A.I'. HeHTpOHHBIC B3aMMOJICHCTBUS HE PacCCMATPUBAJl B MEXaHH3MaX
HO4P.

Omnmnonent IlapxomoBa A.I'. KnumoB A.W. pacckazan o0 uzaee
o0pazoBaHMs W3 BOJOPOAa MHOXKECTBA HEHUTPOHO TOMOOHBIX
00BEKTOB, KOTOPBIC SBIISIOTCS XOJIOAHBIME. XOTSI MEXaHH3Ma TaKoTro
oOpa3oBaHus He BbICKa3al. [Ipu 3TOM OH CO CBOMMHU COTPYAHUKAMH
MPOAHAM3UPOBATT PEAKIWH PA3TUYHBIX DJIEMEHTOB W3 TaOJHIIBI
MeHnneneeBa (Il 3TOTO TPEIBAPUTENBHO OBUIM COOpaHBI BCE
3HAYCHUsI CCYCHWH 3axBaTa HEHUTPOHOB M TPOYMX KOHCTAHT JUIS
pa3IMYHBIX JIEMEHTOB) ¢ HeTpoHaMmu. [0 ero BhICKa3bIBaHUIO OHU
MONyYMJIM TIPUMEPHO TE K€ BTOPUYHBIC pacHperesieHUs] HOBBIX
BO3MOJXKHBIX 3JIEMEHTOB, uTo U y [lapxomoBa A.I., monmyueHHBIE UM
AKCIIEPUMEHTAIBHO.

JlobGaBito, 9TO aBTOp MaHHON pabOTHI TOBOPUT HE O HEUTPOHO
MOoOOHBIX 00pa3zoBaHUIX, a 00 00pa30BaHUM WMEHHO HEUTPOHOB.
[Mpyn wHamuumm mnporecca mnpeoOpa3oBaHHWsS aroMa BOJIOPOAa B
HEUTpOH mpobiema KyJIOHOBCKOTO Oapbepa HISAP caumaeTcs.

Ilo HamwmM mpeAcTaBIEHUAM IMEPEXO0J CBSI3aHHOW CHCTEMBI
MIPOTOH - DJIEKTPOH U3 COCTOSHUS aTOMa B COCTOSTHIE HEUTPOHA €CTh
rnaBHoe B onbiTax @panuecko [Muantennu u Anapea Poccu, ocHoBa
SIIEPHBIX PEAKIUi B YCJIOBUSIX HABOJOPOXKEHHBIX MOBepxHOCTEH. U
KaK OTMEYAaIOT MHOTHE HWCCIICIOBATEIN M C YEM COTJIACCH aBTOP
JAHHOM CTaThU - ATO TOYHO HE XOJOJHBIN snepHbId cuHTe3. CaMbIM
BOXHBIM U1 BO3HMKHOBeHUsT HOSP B dusnueckoit curyarmm
HABOJIOPOXKEHHOM TOBEPXHOCTH SBISETCA TMpoIecc 00pa3oBaHU
YJIBTPaxXO0JIOAHBIX HEHTPOHOB.
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3.2.1. ®u3uyecKkue MeXaHU3Mbl JIEKTPOHHOI0 3aXBaTa B aToMe
BO/JI0PO/1a HA HABO/IOPO:KEHHOIi MOBEPXHOCTH.

B sgepHoii ¢u3uMke paccMaTpuUBaeTCS HECKOJIBKO KaHAJIOB
00pa3zoBaHusl CBOOOJHBIX HEUTPOHOB. JTO 00pa3oBaHHE HEUTPOHOB
B pe3yJbTaTe BO3IEHCTBHS Ha SIAPO KECTKOTO raMMa M3ITydeHUs WIH
yAapel MO AApPY BEUIECTBEHHBIMH YaCTHUIIAMHU BBICOKHX JHepruid. B
000MX CydYasiX SIpO pacKallbIBaeTCS HA YACTH, B TOM YHUCIIC U C
BBIZICICHHEM HEHTpoHOB. OOpa3oBaHWE CBOOOJHBIX HEHTPOHOB B
peakuusax IeNIeHUS TPAHCYPAHOBBIX DJIEMEHTOB HIIM B PEAKIHAX
cunre3a nérkux sanaep. B LENR-peakTopax ¢ HaBOZOpOXKEHHBIMH
MOBEPXHOCTSIMH BCEX ITUX MPOLIECCOB HET.

Octaércs KaHam DJJIEKTPOHHOTO 3axBaTa, TMPH  KOTOPOM
OpOWTANBHBIA  JJCKTPOH 3aXBaThIBACTCA IMPOTOHOM sjipa W
mpeBpamiaercs B HeWTpoH. Ho naHHBI MeXaHHM3M TMONydYeHHUS B
OOJBITINX KOJIMYECTBAX CBOOOTHBIX HEUTPOHOB (PM3HKAMHU BCEPHE3
He paccMatpuBaics. K ToMy ke eTMHCTBEHHBIH 3JIEMEHT, B KOTOPOM
AJICKTPOHHBIM  3aXBaT MPHBOAUT K TIOSBICHUIO CBOOOJHOTO
3JIEKTPOHA - 3TO JIETKUN BoJopoa. Ho 3TOT mporecc 10 CUX MOp HE
HaOII0JANCA ¥ HE OTFICaH.

OpburanbHoe IBUKEHHE DIIEKTPOHA HAa CBOEM SHEPTrEeTHUECKOM
YPOBHE OO0ECIEYHBACTCS JIIEKTPOMArHUTHBIM B3aMMOJIEHCTBUEM
IBIDKYIIETOCS JJIEKTPOHA W siApa. A BOT JJIEKTPOHHBIMA 3axBaT
OopOUTANBHOrO BJIEKTPOHa OAHMM W3 MPOTOHOB sIpa  3TO
B3aUMO/JICHCTBHE Ha YpOBHE AJIEMEHTAPHBIX YaCTHIL.
BzaumoneiicTBue OCYILIECTBIISIETCS MEXY KOHKPETHBIM
OpOHTaTIBHBIM 3JEKTPOHOM M KOHKPETHBIM MPOTOHOM spa. Kakue
CWIBI 00ECIeUMBAIOT KBAHTOBBIM CKA4Y€K DIIEKTPOHHOTO 3aXBara W
Kakhue  yCcIoBHA  OOECHEUMBAIOT  B3aUMOACWUCTBHE  MEXIY
KOHKPETHBIMH 3JIEKTPOHOM M IPOTOHOM?

PaccMorpum  cmibl  TpHPONBI,  W3BECTHBIC  (DHU3HMKaM.
I'paBuTaryionHble CHIBI TIPEHEOPEKMMO Majibl B CPaBHCHUU C
ANEKTPOMArHUTHBIMH CHJIaMH, (HOPMHUPYIOLIUMH CTPYKTYpy aTroma.
SlnepHble CcHIIBI  KOPOTKOJEWCTBYIOIIME, pPaguyC HUX JeUCTBUA
nopsiaka 10 % - 10 75w, a, k npumepy, pamuyc nepsoii GopoBCKoit
opbutsl paBen r; = 0,52917706 - 10 ' m. Pagmyc cmaGoro
B3aMMOICHCTBUS UTOTO MeHbIme. r, =~ 2 - 10 '® i [141]. Takum
o0pazoM o0ecreynTh 3axBaT OPOUTAIBLHOTO BJIEKTPOHA MPOTOHOM
sIpa CIIOCOOHBI TOJIBKO CHITBI AJIEKTPOMArHUTHON TIPUPOJIBI.
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Buaum, uto u opbutanbHOE IBIKEHHE DJIICKTPOHA BOKPYT sipa U
CKau€K DIICKTPOHHOTO 3aXBaTa OJHOTO M3 OPOHUTATLHBIX JIEKTPOHOB
OJTHUM U3 TPOTOHOB siApa OOECHEUYMBAIOTCS ONHUMH W TEMH XKE
cunamMu. Tak KakWe K€ YCIOBUSA IPHBOAAT BAPYr K CKadKy
DJICKTPOHHOTO 3axBaTa TMOJ JACHCTBHEM CHIJI DJIEKTPOMArHUTHOMN
TIPUPOIIBI, €CIIA 10 STOTO JAHHBIC CHIIBI 00ECTICUMBAIIA OPOUTATLHOE
JIBIOKCHUE DJIEKTPOHA?

IIpoTOHBI W 3JEKTPOHBI MMEIOT BBIACICHHOE HAIMpAaBICHUE II0
BEKTOPY CIIMHA. DTO BHIUMO SIBIIICTCS CICACTBHEM KOH(UTyparuu
CWIOBBIX TIOJCH YaCTWII Ha pPACCTOSHUSIX COMOCTABHMBIX C
pa3MepaMH dJIEMEHTapHBIX 4YacTull. V3BEeCTHO CHMUH - CIOUHOBOE
B3aMMOJICHCTBHE DJIEMEHTAPHBIX YACTHII, 3aBHCSIICE OT B3aUMHOTO
HaIpaBJIeHUS CIIMHOB YacTHIl. MOXXHO MPEANOIOKHUTE, YTO HMEHHO
STH  CHWHOBHIC  HAMPABJICHUS W ONPEICISIOT  Pa3HHUILY
B3aUMOJICHCTBUS DJIEKTPOMATHUTHBIX CHJI MEXAY OpOUTAIBHBIM
AJIEKTPOHOM U NMPOTOHOM IIPH OPOUTATHFHOM IBIKCHHUU JJICKTPOHA U
MpH  3JCKTPOHHOM 3axBaTe. YCTaHOBIEHO, 4YTO OeTra - pacmaji
TIPOMCXOANT TOJMBKO 3a cuéT ciadeix B3ammMojeicTBuii. Ciaboe
B3aUMOJICHCTBUE CBSI3aHO CO CHOMHAMM dYacTull. bera pacmag -
MPOIIecc 00OpaTHBIH 3IEKTPOHHOMY 3axBarTy. Jloruuno
MPEIOJIOKUTh, YTO M AJICKTPOHHBINA 3aXBaT CBS3aH CO CITUHOBBIMH
HaIpaBJICHUSIMHU.

H3BecTHO, YTO BEPOSTHOCTH JICKTPOHHOTO 3aXBaTa MEHSCTCS B
3aBUCUMOCTH OT XHMHYECKHX CBA3€H, [OaBIEHHS, BHEIIHUX
DIEKTPUYCCKUX W MarHUTHBIX TOJIeH, moHm3aruu'. [6, 118]. U 1
MAITy O BJIMSHUHM ITOBEPXHOCTHOTO OTPHUIIATEIHHOTO 3apsma Ha
WHTCHCHBHOCTh DJICKTPOHHOTO 3axBaTa B aTOME BOAOPOia
3aKpEMUBIIETOCSI HA TMOBEpXHOCTH. K  3HepreTwke caMoro
DJIEKTPOHHOTO 3axBaTa dTO HE HMMeEeT OTHomeHus. Paccmorpum
MEXaHHU3M 3TOr'0 BIIMSHHSL.

Bo3HuKHOBEHHE  YCTOWYMBOTO  BOJOPOJIHOTO  CJIOS  HA
MTOBEPXHOCTH TIPHW HABOJOPAKHWBAHMHM W BIMSHHE DTOTO CJIOS Ha
WHTEHCHBHOCTE HOSP B  93TUX  yCIOBHSX  TOATBEP)KICHBI
OKCIIEPUMEHTAIHO.  AHanW3  TOKa3blBaeT, YTO BO  BCeX

JKCIIEPUMEHTaX C HHUKelb - BOAOPOAHBIMH  peaKkTOpamH,
HaBOJIOPOXKEHHOCTh ITOBEPXHOCTEH TJaBHOE YCJIOBHE YCIEUTHBIX
SKCIEpUMEHTOB.  Ilpy  »TOM  IJIOTHOCTh  MOBEPXHOCTHOM

HaBOJOPOXKCHHOCTHU UTPaeT PEIIAIONIYIO poJib A mnpoueccoB HOSP

108



B LENR - peaktopax. YOeauTeNnbHBIE pPE3ydbTaThl TOTyYHIT
MakKy0Opu, 3KCIIEpHMMEHTAJIbHO H3y4Yas BBIXOJ JOMOJIHUTEIBHOM
SHEPTUM B 3aBUCHMOCTH OT HACBHIIIEHHOCTH MOBEPXHOCTH MaJIaANS
neiitepueM. JTa 3aBUCHUMOCTh M300pakeHa Ha Puc. 3-5. [Bebunap
KaumoBa-3arenmenuna ot 18.11.2020 roxma]. EcrecTtBenHO
MPENIONIOKUTh, YTO YeM BBIIIE MIOTHOCTH HABOJAOPAKUBAHUS, TEM
VHTEHCUBHEE AJIEKTPOHHBIA 3aXBaT U COOTBETCTBEHHO MHTEHCHBHEE
MPOTEKAIOT HEUTPOHHBIE PEAKIINH U BBIJIEIICHUE TEIIa.

U3 rpaduka BWAHO, UYTO 4YeM BBIIE HACHIIEHHOCTh
MTOBEPXHOCTH, TEM BBILIE JOTIOJIHUTENBHBIN BEIXO SHEPTHH.

- -

Bicet ASRI WENEA  @Ne Host CulTech  C1Ne Hewt MIT

- Iiilii
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Uty badiee AN

L

Puc. 3 - 5 Makcumanvnoe coomnowenue D/Pd kax paxmop ycnexa.

MaxkcuMyM JOHOJHUTENBHOTO BBIACICHUS SHEPrHU HaOII0AaeTcs
npu HacelieHHOCTH B 94%. Ilpum nanpHEWIIeM yBEIHYEHHH
HACBIIIEHHS JOMOJHUTEIHHOE BBIACICHHE YHEPTUH YMEHbBIIAETCH,
9TO CBHJACTEILCTBYET O CHIDKCHHM HWHTCHCHBHOoCcTH HOJSIP.
Bozpactanne monsTHO. UeM BbIlIE MIOTHOCTh HAaBOAOPAKUBAHUS,
TeM WHTEHCHBHEE DJEKTPOHHBIH 3axBaT ¥ COOTBETCTBEHHO
WHTEHCUBHEE MPOTEKAIOT HEUTPOHHBIE PEaKIMu. A C 4YeM CBS3aH
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npenen HachimeHus B 94%. B [60 m gp.] MBI oTMewanmu, dTO
pa3orpeB HUKEIh-BOJOPOJHOTO areHTa MPHUBOIUT Yepe3 YCHIICHUE
KoJIeOaHNI MOHOB MTOBEPXHOCTH K YCUJICHUIO KOJICOaHUH CBSA3aHHBIX
C HUMH aTOMOB Bojiopoja. UTo B CBOIO ouepeb NMPUBOJUT K YacTOU
OpPHEHTALMM CIUHOB MPOTOHA W JJIEKTPOHA B aTOME BOJOpOJa IO
OJTHOW JIMHUW M B KOHEYHOM HTOT€ K JJEKTPOHHOMY 3axBary. Tak
BOT TIPY HACBIICHHOCTH OoJiee 94% 3JIEKTPOHBI B aTOMaX BOJOPO/Ia,
3aKpEMUBIINXCA HA TOBEPXHOCTH TMaulafus (HUKENs), H3-3a
OOJIBITION TUIOTHOCTH HE MOTYT CBOOOIHO COBepIIaTh KOJCOAHWMS
TUIOCKOCTH OPOUTHI. DTO 3aTpyIHSIET OPUEHTALUIO CIIMHA MTPOTOHA U
JJIEKTPOHa B aTOME BOJOpPOJA II0 OJHOM OCH M CHHMXKAET
WHTEHCUBHOCTH 3JIEKTPOHHOTO 3aXBaTa.

MakKyOpu okcnepuMeHTupoBas ¢ aeiitepueMm. Ilpu sTom
npodeccop KnumoB oTmedaer, 4To BOIOPOJ padOTaeT HE XyxKe
nertepus. Bunumo B ombiTax MakKyOpu paboTan UMEHHO JETKUI
m3oron  Bomopoxa. [Jekrepwmii, wucnonb3oBaHHBE MakKyOpw,
HaBEpHsSKa COJEpXal TMpUMECH JIETKOro H30TONMa BOAOPOJA,
KOTOPBIA TaKKe 3aKperrIsuics Ha TMOBEPXHOCTH MHayutagus. MIMeHHO
TNETKUHA BOAOpox obecrieunBai dJEKTPOHHBIA 3aXBaT U 00pa3oBaHNe
CBOOOJHBIX HEHTpoHOB. B smpe neiitepus NpoOTOH coBepILIAET
MOMUMO CIIMHOBOTO BpalIeHUs! emié M BpalleHUE BOKPYT OOIIETo
[IEHTpa Macc ¢ HEHTPOHOM M B 3THUX YCIIOBHUSIX OpHUEHTAIHS CITHHOB
NpOTOHa © OpOUTANBHOTO 3JEKTpoHa 3arpydHeHa. Ecmu Obl
MaxKyOpy sKCriepuMEHTHpOBaAJ C JISTKMM H30TOIOM BOJOPOAa, TO
TEIUTIOBOM BBIXO OBLI OBI BUIUMO OOJIBIIIE.

OTO TOATBEpXAAeTCS OJKCIepuMeHTamHu 3arenenuHa B.H.,
Bapanosa JI.C. u IlapxomoBa A.I'., Korna B HUKEIb - BOJOPOABIX
reHepaTopax Ajs HaBOAOPAKMBAHUS MCIIOJIB30BAICS TEXHUYECKUI
(6amIoHHEIN) BOIOPOI.

Bropoii BaKHBIH OSKCHEPUMEHTANBHBIN (aKT O3BY4YHI Ha
PKXTAullIM - 26 IIpocBupHoB A.A. OH mnpuBEN OaHHBIE IO
JKCIIEPUMEHTATBHBIM pabotam @OU, U3 KOTOPHIX CIIEI0BANIO, YTO B
MTOBEPXHOCTHOM CIIO€ HABOJOPAKMBAEMOTO HHUKEJS KOHICHTPAIIH
atoMoB Bogopoaa B 100 pa3 Beime yeM B rinyOuHy o0bEMa. DTOT
(dakT Takke yKa3plBaeT Ha TO, YTO IMOBEPXHOCTHBIE I(PQPEKTH B
HUKEJb - BOJIOPOJHBIX PeaKTOpax UMEIOT pellaroliee 3Ha4eHue.

Emé onmuu skcnepuMmeHTanbHBIA (akT wu3NOKEeH B [95].
CoTpynHUKH Cankr-IletepOyprckoro MOJIUTEXHUUECKOTO
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yHuBepcuTeTa W MHCTHTYTa mpobieM MammHOBemeHus PAH
M3ydJajgl pacipellelieHne BOJAOpOAa B METAUIMYECKHUX OOpasmax,
BO3HUKAWIIEE B TMPOIECCE CTAaHAAPTHOTO TECTUPOBAaHUS Ha
BOJIOPOJHOE pacTpeCKUBaHUE. “DKCHEPUMEHTHl CTaBWIUCh Ha
oOpas3iax CTaHAapTHOW (OPMBI M3 HEP)KABEIOIICH, TPYOHOIH,
MOCTOBOM ™  arMmoc(epocTolikoii cramu. beur  oOHapyxkeH
MOoBepxXHOCTHBINA 3dext. OH 3akimoUaeTcss B TOM, YTO B TOHKOM
Clloe MeTalla y TOBEPXHOCTH o00paslla BO3HHUKAET aHOMAaJbHO
BBICOKAsl KOHIIEHTpAIUS BOJOPOJA, MPEBBIMIAIONIAs BHYTPEHHIOIO
KOHIIGHTPAIUIO B COTHU pa3. DTOT MOBEPXHOCTHBIN CJION TONIUHON
okoio 50 MKM co031aeT CBOCOOpa3HBIA SKpaH, HPEHsTCTBYIOLIMN
MIPOHUKHOBEHUIO BOJOPOIa BHYTPh MeTajuia’.

MBI yke OTMEUalld, YTO ITOBEPXHOCTHBIH 3apsii HUKEIS HE
MO3BOJIIET OPOUTATHLHOMY 3JICKTPOHY aTOMa BOJOPOAA JIBUTATHCS B
IUIOCKOCTSIX — MEPHEeHAUKYISPHBIX TOBEpXHOCTH. OpOWTANbHBIHI
JIEKTPOH MOXET ABUTATHCS TOJNBKO B IUIOCKOCTAX MapauIeIbHBIX
MMOBEPXHOCTH U COBEPIIATh KOJeOATEIEHBIC ABIKEHUS ILIOCKOCTH
OpOHTHI BO3JIE CpPEAMHHOrO 3HaueHus. Ecmm atoM Bomopoxa
HaXOAHUTCA B CBOOOZIHOM COCTOSTHHH, TO HAaXOXJACHHE OpPOUTAIEHOTO
AJICKTPOHA PABHOBEPOSATHO JUIS BCEX TOYEK BOKPYT sijipa (IPOTOHA).
A B yCIOBUSIX HAaBOJOPOXKCHHONH TMOBEPXHOCTH IMPOHUCXOUT
YHOPSIOYEHNE JBWKCHHS OpOWTAIBHOTO JJEKTpOHA U OH C
HauOOJbIIEH BEPOSTHOCTHIO HAXOAUTCS B O0JACTAX, B KOTOPBIX
OpOUTHI CTpeMsITCA OBITh TMapaJUICNbHBIMUA TUIOCKOCTH TBEPAOTO
Tena.

Paccmorpum  GHM3MYECKYIO CHUTyalMio, HW300paXEHHYIO Ha
pucyHke - 3-6. 31ech IOKa3aHa IMOBEPXHOCTh HHKENS (TBEPIOTO
TeJa) HaChIeHHas BojoponoM. [ludpamu Ha pucyHKe 0003HAYCHEI:
1 - moBepxHOCTh HHKeNS (TBEpHOTO Tema);, 2 - aToM (MPOTOH)
BOZIOpPOJa B CHIIy XWMHUYECKHMX CBS3€M 3aKpelMBINUICS Ha
MTOBEPXHOCTH; 3 - AIEKTPOH, COBEPIIAIOIIUN OPOUTAIBHOE IBIIKESHUEC
Ha CBOEM DHHEPreTHYeCKOM ypOBHE B arOMe€ BOAOPOIa,
3aKpenMBIIEMCS Ha TOBEPXHOCTH HUKens (TBEpaoro Tena). Ha
PUCYHKE OTMEUYEHO CIMHOBOE JBW)KCHHE (BpalllcHHE) MPOTOHA
BOKPYT CIIMHOBOH ocH - 4; 5 — DIEKTPOHBI, (HOPMHUPYIOITHE
MMOBEPXHOCTHBIA OTPHIIATENbHBIN 3apsAl Ha TOBEPXHOCTH HHUKEIS
(TBEpHmoro Tena); 6 - MOBEPXHOCTHBIN MOH HUKeENs (TBEPAOrO Tena),
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CBSI3aHHBIN C aTOMOM BOJIOpoAa. JKUPHBIMU CTpesTkaMu 0003HAYCHBI
OCIMJUTSLIAN MOHA.

a). Ilonocel yacmom u memnepamypHuiii Ropoez.

Ve  oTMedanach  B@XHOCTb  COBIAJCHUS  CITMHOBBIX
HaTpaBJICHUA TPOTOHA aroMa BOJOPOJAA, 3aKPEMUBIIETOCS Ha
MOBEPXHOCTH M €r0 OPOUTATBHOTO 3JCKTPOHA I HHTCHCH(PHUKAINN
AJICKTPOHHOTO 3axBaTa B OTHX YyCIOBHsX. YeM walmie 3To
MPOUCXOJINT, TEM WHTCHCHBHEE 3axBaT. [IpuM OOCYXJICHUHM TEMEI
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XTS dacTto moOmHWMAJICS BONPOC O BIUSHUW PE30HAHCOB. ITO
O0TMEYalOT MHOTHE aBTOpHI, HarpuMmep, EBnokumon 10.K. u Kiimmos
AN. B gactHoctn EBmoxmmoBsim lO.K. Ha BeOunape Knmmosa -
3aTenenuHa BBICKA3aHO MOJNIOXKEHUE: “JlJI1 packayku peakuuu, Ha
MOM B3TJISiJI, HY>KHBI TOJIBKO HEKOTOPBIE JIOKAIbHBIE (Y3KOIIOJIOCHBIE)
YYaCTKH CHEKTpa’ .

DTO BaXHBIE MOMEHT B TNOHHMMaHuu ImpoueccoB HOISAP B
(hM3UYECKUX YCIOBUSAX HACHIIMIEHHBIX BOJOPOAOM IOBEPXHOCTEH.
Korma ™Mbl roBOpMM O packadyke 4Uero-nmbo, CBSI3aHHOE C
JIOKAJIGHBIMH  (Y3KOTIOJIOCHBIMU) YYaCTKaMH CIEKTpa, TO HMEEM
BBHUJY pPE30HAHCHBIC sBICHUS. Pe3oHaHCHBIC SBICHUS BO3MOKHBI,
€CJIM YacTOTHl TIPOIIECCOB COBMAAAIOT WM KpPaTHBI APYr APYTY.
Boznukaer Bompoc, 4To ¢ 4eM PE30HHPYET, YTO 3TO 3a MPOLECChI?
Bo-niepBbIX, OTMETHM, YTO TEMIIEPATYPHBIH IMOPOT HAOIIOIASTCS
TOJIBKO B 3KCIIEPUMEHTaX C HaBOJOPOKEHHBIMHU MOBEPXHOCTSIMH. B
KaBUTHPYIOIIUX JKUIKOCTIX M JEHTEPHUPOBAHHBIX METAJUIaX 3TOTO
AKCIIEPUMEHTATOPHI HE OTMEYAIOT.

B  HwkHelW wactm  pucyHka -  3-6  m300pakeHBI
NPUIIOBEPXHOCTHBIE  WOHBI  HUKens  (TBEpAoOro  Tema) ¢
3aKPENUBIINMCSL B CHIIy XUMHYECKOM CBS3M aTOMOM BOJOpOAa Ha
TIOBEPXHOCTH.

HMoH KpuCTaNIMYECKOW PEHIETKA COBEPIIACT C ONpeaeTIEHHON
YacTOTOM W aMIUTUTYJOM  OCHWUISIUU  BO3JE  IMOJIOKEHUS
paBHOBecHs. MakcuManbHasi 4YacTOTa OCHWUIAIMA HOHOB B
kpuctamie umeer nopsizok 10" pam/cex. DnexTpon aToma Bogopoa,
CBSI3aHHOTO C HOHOM HUKeNsl (TBEPJOro Tejla) COBEpIIaeT B
OCHOBHOM COCTOSIHMM BpalllcHHE€ BOKPYr NIPOTOHA C YaCTOTOM
nopsiaka 10" pan/cek. DJTa 4YacToTa MOCTOSIHHA M HE 3aBUCHUT OT
TEMIIEpaTypbl. A BOT YacTOTa OCHWUIANMNA HMOHOB KpHCTaia B
AQHTapPMOHHUYECKOM TPUOMKCHUH (a4 TOJIBKO TaKoe NPUOIIMKCHHC
corjacyercs ¢ OKCICpPUMEHTOM) 3aBUCUT OT AaMIUIUTYHObI, a
aMIUTMTyJa B CBOIO OYepeAb 3aBUCHUT OT TEMIEpaTyphl. Takum
obpazoM, TIpE H3MEHEHUH TEMIIEpaTyphl Kpuctamia (padodero
areHTa peakTopa) 4YacTOTHl KOJIeOaHWM WOHOB W3MEHSIOTCS H
BO3HUKAIOT TTOJIOCHI YaCTOT KPAaTHBIE YaCTOTE BPALICHHS JJIEKTPOHA
B aroMe Boaopoda. Tak B CBSI3Ke HOH IMOBEPXHOCTH - BOJIOPOJ
BO3HUKAET PE30HAHCHOE B3amMmojelcTBue. Heobxomumo n00aBUTH,
YTO YacTOTa OCUWUISIIMA HMOHOB 3aBUCUT HE TOIBKO OT
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TEMIIEPATypbl, HO U OT MAacchl U 00BEMA MOHOB. DTO MPHUBOIUT K
TOMY, YTO pE30HAHCHBIE TOJIOCHI y PAa3HBIX HaBOJOPOKEHHBIX
MaTepuajgoB pasMUYHbl. YTO © TPOSBISICTCS B Pa3IMUHBIX
MOPOTOBBIX TEMIIEpaTypaX Ha HABOJOPOXKCHHOW TOBEPXHOCTH
Pa3IMYHBIX MaTEPHAJIOB.

A Kak pe30HaHCHOE B3aUMO/ICHCTBHE OCIMJUIMPYIONIETO HOHA U
BpAIAOIIETroCs AJICKTPOHA TPUBOJIUT K DAJIICKTPOHHOMY 3aXBaTy B
aToMme Bomopozaa?

ONeKTpOHHBIN 3axBaT, KaK W3BECTHO, CBA3aH CO CIOUH -
CIIMHOBBIM B3aWMOJICHCTBUEM MPOTOHA U 3yeKkTpoHa. Korma criuHb
OPUCHTHPOBAHBI MO0 OJHOH JWHHWH, TO CHIIbI 3JIEKTPOMArHUTHOTO
B3aMIMOJCHCTBUS TPUBOAAT K KBAHTOBOMY CKAadKy, CBS3BIBAIOIIEMY
MPOTOH U DJJIGKTPOH B HeHTpoH. Ecim HeT mnpeaBapuTeNbHOTO
MOJIOTPEBa aKTUBHOW 30HBI peakropa Poccw, TO opOUTaNbHEII
JNIEKTPOH  TPAaKTHYECKH  HE  TOomafaer  1ojJ  JIeHCTBHE
ANIEKTPOMArHUTHBIX CHJI IO OCH CIIMHOB MPOTOHA ¥ 3yeKTpoHa. Och
MMPOTOHA OPHEHTHUPOBaHA TEPICHAUKYJISIPHO TIOBEPXHOCTH, a
OpOHTaNBHBIN DIIEKTPOH MABIDKETCS B IUIOCKOCTH TapayuIeNbHON
MTOBEPXHOCTH U MX OCH MapaJuIeIbHBI U Pa3HECEHBI B IPOCTPAHCTBE.
A BOT TpW HArpeBaHWU, CBSI3aHHBIE C TOBEPXHOCTHIO AaTOMEBI
Bojiopofa  (TPOTOHBI)  HAYMHAIOT  COBEPIIATH  XAOTUYECKHE
KoJeOaTeNlbHBIE JBIDKCHHS BMECTe C KOJEOaHWSIMH HOHOB
MOBEpXHOCTH HuKedsd. OCh CIMHA TPOTOHA TaK JKE€ COBEPIIAET
KoJIe0aTeIbHOE JABIKEHUE, OCHMJLTUPYET C YaCTOTOW CBSI3aHHOTO C
MPOTOHOM MOHA KPUCTAIUTNYECKON pereTku. [looxkeHne niockocTu
OpOUTHI DJIEKTPOHA KOJIEOJETCS BO3JIE CPEIHETO TIOJOKCHUS W
MPAKTUYECKA HE pearupyeT Ha TeMIICpPaTtypy, Tak Kak, BO-TICPBBIX,
MOMUYUHSICTCS JICUCTBUIO TIOBEPXHOCTHOTO 3apsja, a BO-BTOPBIX,
Jake CBOOOJHBIE AJIEKTPOHBI B KPUCTAIJIaX OYeHb c1ab0 pearupyroT
Ha TeMIeparypy, momauuHssch cratuctuke ®epmu-dupaka. [Ipu
MOJIOTPEBE JI0 PE30HAHCHBIX YACTOT (ITOPOTOBasl TEMIEpaTypa) OCh
OpOHUTaIBHOTO 3JEKTPOHA HAYMHAET YacTO CONIKATBHCS IO YTIIy CO
CIMHOBOM OCBIO TPOTOHA, YTO NMPUBOIUT K PE3KOMY YBEITHYECHHUIO
BEPOATHOCTHA 3axBaTa €ro mpoToHOM. [Ipormecc 3akaHYMBaETCS
HOBBIM CBSI3aHHBIM COCTOSIHUEM CHUCTEMBI IMPOTOH - 3JEKTPOH B
¢dopme HeliTpoHa. BeposaTHOCTh yBenMUMBAETCS Ha MOPSAKH KaK U
yka3piBaeT EBpokumoB IO.K. B cucreme mnosBisieTcs MHOTO
CBOOOJHBIX HEWTPOHOB HAYHMHAIOT 3(PQPEKTHUBHO TMPOSIBIATHCS
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3aKOHOMEPHOCTH  HEHUTPOHHOH  (U3MKH. MexXaHWU3MBl  3THUX
3aKOHOMEpPHOCTEH OIUCHIBAIOTCA B paMKaxX W3BECTHBIX 3HAHUM
SIIEPHOHN (PU3UKH, TeIIOGU3UKY U (PU3HKY TBEPIOTO TEa.

Kmumo AWM.  anammsupys paborei B oOmactu  XTS
KOHCTaTHUPYET, YTO BCEM HYXKEH YTsDKENIEHHBIN ekTpoH (Caxapos,
Bugom u Jlapcen, Kupkunckuii, Koau u np.). Llenp mnomydutb
HEHTPOHOMONOOHBI OOBEKT Al NPOHMKHOBEHUS B siapo. [lo
mueHnIO KimnmoBa AWM. n€rkuit 2IeKTpOH CIIOocO0SH CO3/1aTh TOIBKO
aToM BOJOpoJia. A Kak jXe€ DJIEKTPOHHBIM 3axBaT, MPU KOTOPOM
NETKUIN 3JIEKTPOH 00pa3yeT 0ObIYHBIH HEUTPOH?

0). Ocodennocmu Hagoooparcueanus oeiimepuem u RPOMuem.

OcTaHOBHMMCSl HAa HABOJOPAXMBAHWK TBEPABIX TEN MPOTHEM U
neiirepueM. Kak ycTaHOBIEHO SKCHEPUMEHTAILHO STH MPOLIECCHI
MMEIOT IPUHITUIHATLHOE pa3iInine.

Ecnu mpotuii 3akperuiseTcss Ha TMOBEPXHOCTH M B Y3KOM 30HE
BO3JI€ TMOBEPXHOCTH, TO NEHTEpWUi HAIPOTHB, MPOHUKAET BIIIyOb
METaJUIOB U 3aKpeIUIIeTCs B 30HAX MPOBOAMMOCTH CBOOOJHBIX
21eKTpoHOB. O0 3TOM CBHAETEILCTBYIOT dKciepuMeHTH NASA 1o d
- d cuHTE3y B nIerTepupoBaHHOM 3pOuHN (O030PHO - aHATUTHYSCKHMA
noxian 3atenenuHa B.H. va cemunape Knumosa - 3atenenuna ot
25.11.20r.). Ilo mpencraBneHUsIM aMEPUKAHCKHMX HCCIeq0BaTeIeH
MIPEOIOJICHUIO KYJIOHOBCKOTO Oaphepa B peaknmm cuHTe3a d + d
CHOCOOCTBYET 3KpaH M3 CBOOOTHBIX 3JIEKTPOHOB, 00pa3yrOIIUiics
nepea ACUTOHOM. DKpaH MO3BOJISIET ABYM JEHTOHAM COJNM3UTHCS Ha
paccTosiHue, TPH KOTOPOM TMPOSABISETCS TYHHENBHBIA 3¢ ¢dexT u
peakmus d + d cTaHOBHUTCSA BO3MOXKHOW. DTO TOBOPHUT O TOM, UTO
JEHTOHBI JIOJDKHBI PacloiaraThCsi B 30HAX IMPOBOJAMMOCTH DPOUS.
JpyruM MOXATBEpKIECHHEM paclpeAeicHusl ACUTepHsl MO BCEMY
00BéMy MeTayuta SBISIOTCA dSKcnepuMeHTH I[BetkoBa C.A. ¢
JIeUTepUpoBaHHBIM THUTaHOM. B skcmepumentax IlBetkoBa C.A.
HU3KOTEMIIEpaTypHBI CHHTE3 ACHTOHOB Habmromancs npu ¢$pa3zoBoM
nepexoe KpUCTAIINYECKON PEIETKN TUTaHa, KOTOPBI TPOUCXOIUT
OJTHOBPEMEHHO IO BCEMY OOBEMY HaBOIOPOKCHHOTO IEHTEpHEM
oOpa3iia.

OTH (akThl yKas3pIBalOT HA TO, YTO B HHKEIh - BOJOPOHBIX
peakTopax pelarolnee 3HaYeHHE UMEIOT TOBEPXHOCTHBIE dPPEKTHI,
Kak U orMedaeT [IpocBupHOB A.A. A B IeiTEepUpOBaHHBIX METaLIax
Ba)KHA AJICKTPOHHAS [Ty0a, OXBATHIBAIOIIAS JCHTOH U MOABISIONIAS
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€ro KYyJIOHOBCKHH Oaprep. DPU3MKO - XHUMHYECKas pasHHIA B
HAaBOJOPAXMBAHUHM TPOTHEM M JEUTEpHeM U TPUBOAUT K
NPUHIUMOUANGHO  pa3lWYHBIM  SIAEpHBIM  mOporeccamM.  Ha
HaBOJOPOKEHHOH TMOBEPXHOCTH CO3AAIOTCS (PU3MUYECKHUE YCIIOBHS
JUTS  BO3HUKHOBEHHSI CBOOOJHBIX HEHTPOHOB M IOCIEAYIOIIEH
LIETIOYKE HEUTPOHHBIX peakiuid. B yClIOBUSAX HelTeprpOBaHHBIX
METaJUIOB CO3JAI0TCA YCIOBUS JUIsl pEaKIINil CUHTE3a.

B rnaBe -2 mokazaHa BO3MOXHOCTH TOJABJICHUSI KYJIOHOBCKOTO
Oapbepa JeWTOHA HA JIECATKU TOPSJIKOB BCIIEACTBUE (IIYKTyalluu
AJICKTPOHOB MPOBOJUMOCTH B METaJUTaX. DTO HE HOBas M TeM OoJee
He Mos uned. B Teopuu TBEpIOro Tena moBelneHUE (B TOM YHUCIHE
(GayKTyamuu) OSJIEKTPOHOB MPOBOJAMMOCTH B KPHUCTAJUIMYECKUX
pemEéTKax METAIOB XOpowIo H3ydeHbl. CHopagudyeckd B 30HAX
MPOBOJMMOCTH METAJIOB C TOM WM MHOW BEpPOSTHOCTHIO
BO3HHKAIOT (DIIYKTyallud IUIOTHOCTH JJIEKTPOHOB, CO3JAIONINE B
JIOKAIBHOW  00NacTH  OTpHUIAaTeNbHBIE  TOTEHIWanbel.  Ecium
ANIGKTPOHHAsE  (UIYKTyalnuss C COOTBETCTBYIONIEH  BEITUYMHOW
OTPHUIATETIFHOTO TIOTEHIMalla OXBaThIBAeT [EHTOH, TO J3TO U
MIPUBOJNUT K TOIAaBICHUIO KYJIOHOBCKOTO Oapbepa IeHToHa.

B »skcnepuMeHTax ¢ HaBOAOpPAXUBAHUEM JEUTEPUEM YACTO
(IpaKkTUYECKH BCET/Aa) MPUCYTCTBYIOT U IPOTUH U AEUTEPUH, TaK KaK
BCerla B JEWTEpHH TPHUCYTCTBYET MNPOTUHA. OTO MPHBOIUT K
OJIHOBPEMEHHOMY TEUCHHUIO W PEaKIMil CHHTE3a M HEUTPOHHBIX
peakiuii, YTO CWIBHO 3aTpyJHSCT AaHaIM3  MOJIYYCHHBIX
9KCIIEPUMEHTAIBHBIX JaHHBIX. HampuMep, B paHHUX 9KCIIEPHUMEHTaX
¢ yuactmeM CamBatuMoBOii WM.b. 1o TieromeMy paspsay B
atMocdepe neirepusi [31, 32] perucTpupoBadNch HEHTPOHBI C
sHepruei 1o 17 M»36, uTo CBUIIETEIBCTBYET O PEAKIUAX CUHTE3a. A B
skcniepumente ['omuna C.M. u 3aiinieBa @.C. 1o TieromeMy pa3psay
B aTMocdepe MPOTHS PErUCTPUPOBAINCH XOJIOHBIE HEUTPOHEI, UTO
CBHIIETENBCTBYET 00 3JIEKTPOHHOM 3axBaTe M IOcJenylomeM OeTa
pacnane.

B). Mexanu3m 603HUKHOBEHUA X0JI00HBIX U YIbMPAXOIO00OHBIX
HellmpoH08 npu INEKMPOHHOM 3aX6ame 6 amome 6000pooa Ha
nosepxnocmu.

[TapxomoB A.I'. sBAsSETCA OAHUM U3 CaMBIX YOEKIEHHBIX
MIPOTUBHUKOB HeWTpoHHOW mnpupoasl XTS. Ho oH u cawmsli
KOHCTPYKTUBHBIN KpUTUK. Ero BONPOCH NPUHLMIKATIBHO BaXXHBI U
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TpeOyIOT yOemuTenpHOTO OTBeTa. “‘TlodmydeHue yIbTPaxOoNIOTHBIX
HEUTPOHOB SIBJISIETCA CIIOXKHEWIeW 3ajayei, KoTopas periaercs
MyTéM 3aMeIUICHUS HEUTPOHOB B JKHUJIKOM BOJOPOJIC WIH TEIUU.
HenonaTHO, TIOYEeMYy HEWTPOH, BO3HHUKAIONIMNA B BEIISCTBE IPH
KOMHATHOH WM OoJjiee BBICOKOW TeMmIeparype, OyIeT WMETh
SHEPTUI0 MEHBINE SHEPTHH TEIJIOBOTO IBM)KCHHS YaCTHI[ CPEbI.
UToOB!I 3aXBaTHIBATLCS AAPAMU OKPYKAIOIIUX 3JIEMEHTOB, COBCEM HE
00s13aTeIPHO HEUTpPOHAM OBITH YIBTPaxoiaogHbMK . (KpuTHaecKux
3amevanmssx Kk [60] IlapxomoBa A.I'.). Korma Bo3HMK Ha
HABOJIOPO’KCHHOUW TOBEPXHOCTH YJIBTPAaXOJOIHBIH HEUTPOH, TO
Onarogapsi OONBIIIOMY CEYCHHIO 3aXBaTa OH OBICTPO 3aXBaThIBACTCS
OKPY)KAaIOIIUMHU AApaMd M He YCIeBaeT OCTUYh PABHOBECHOTO
COCTOSIHHSI TI0 TEMIIEpaType C OKPYXKAIOIIUM BEIIECTBOM. A BOT
o0pa3oBaHWE XOJIOMHBIX (YJIBTPaxXOJIOJHBIX) HEHUTPOHOB TIpHU
DJICKTPOHHOM 3axBaTe Ha TOBEPXHOCTH HEOOXOAMMO 0OOCHOBATH.
OOpaTuMCcsi K pUCYHKY BBIIIIC.

Konebanus moBepXHOCTHBIX HOHOB - 6 (Puc. 3-6) kpuctaiia
MIPOUCXOAT 1O TPEM B3aMMHO MEPIEHANKYISIPHBIM ocsiM. /[Be ocu B
IUIOCKOCTH TIOBEPXHOCTH H  TPEThsI OCh TMEPHEHIUKYISPHO
MOBEPXHOCTH. ODTH KOJICOaHHsI Yepe3 DICKTPOMAarHUTHYIO CBS3b
(MyHKTUpHAs JUHHS) TEPENaloTCs MPOTOHAM aTOMOB BOJOPOJA
3aKpEMUBIINXCS Ha TOBEPXHOCTH. B cuctemMe HaBOJOPOKEHHOU
MMOBEPXHOCTH MOXXHO BBIJICIHTh JBE B3aUMOJICHCTBYIONIME, HO
JIOCTaTOYHO aBTOHOMHBIE TOJCHUCTEeMBI. [lojcucreMy KpucTaia u
MOJICUCTEMY IUIEHKH BOJOPOAA 3aKPENMBIIETOCS Ha MOBEPXHOCTH
KpucTtamia. BzauMmojeilcTBue MexIy IMojcucreMamu (repenaya
SHEPTUHU KoJIeOaHMs) OCYIIIECTBISACTCS TOJIBKO yepes
MIEPIICHIUKYJIIPHYIO COCTABIISIFOIIYI0 aMIUTUTY bl KOJICOaH!UsI HOHOB
- 6 (Puc. 3-6). B BogopomHOM cJlo€ 3Ta SHEPTHUS PACIPEACIIICTCS TI0
TpEM HampaBieHHsIM KojeOaHus atoMa Bojopoja. [Ipu 3tom, 4ro
BaXHO, TEpe/laya SHEPTUM KOJNEOAHUs uepe3 MEePHCHIUKYISIPHYIO
COCTaBJISIONIYI0 aMIUIUTYABl KOJeOaHWs TOBEPXHOCTHOTO HWOHA
KpUCTaJUIa TPOTOHY TMOBEPXHOCTHOTO BOIOpPOJA 3aTpyAHEHA. JTO
CBA3aHO C TEM, YTO [IBE JAPYrUe COCTABJISIOIIAE aMILTUTYIbI
KoJieOaHUsI MOHA, HANPABJICHHBIE B MJIOCKOCTH MOBEPXHOCTH, 4Yepe3
JIMHHUIO CBSI3M BBI3BIBAIOT KayaHWS 3TOM JIMHUM (CIIMHOBOW OCH).
Kauaromasics BepTukanmbHas amIuiuTyna (CBS3b) WOHA BBI3BIBACT
TJIaBHBEIM 00pa3oM KojeOaTelIbHOE BpallleHHue MPOTOHa Bojopoaa. B
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pe3ynbTaTe MPOTOH MOBEPXHOCTHOTO BOAOPOAA WCIBITHIBAET JIHIIH
MMOKAaYMBaHWE BMECTE€ C JMHHEHW B3aWMOJEWUCTBUS C HOHOM H
MPAKTUYECKU HE BOCIPUHUMACT NEpeNady aMIUTUTYIbl U DHEPrUU.
Ero »osHeprus cBs3aHa ¢ TOKAQUMBAaHUEM CIOMHOBOM OCH U
MuHUMaNbHA. 1o 3TON mpUYMHE MpH 3aXBaTe ANEKTPOHA MTPOTOHOM
TTOBEPXHOCTHOTO aTOMa BOJOPO/Ia, BOSHHUKIIINI CBOOOIHBIN HEHTPOH
SIBIIICTCS.  XOJOMHBIM. B  cmimy OONBIIOrO CceueHHWs 3axBaTa
COCETHUMH SIpaMHU XOJOAHBIN HEUTPOH HE YCIIEeBAeT CPABHITH CBOIO
SHEPTHUIO c JHeprueu COOTBETCTBYIOIIEH TeMneparype
OKPY>KaIOILEro BEIECTRA.

3.2.2. JHepreTHKa JIeKTPOHHOI0 3aXBaTa B aTOMe BO0POA.

EnvHCTBEHHBIN 3JIEMEHT, B KOTOPOM DJIIEKTPOHHBIA 3aXBaT
MPUBOJUT K TOSBJICHUIO CBOOOJHOTO HEHUTpOHA - OTO JETKUM
Bojiopon (mpotwuif). Kak yxe oTmedanoch 3TO NPUHIUIHAAIBHBIN
MOMeHT. Eciam MBI XOTHM OOBSCHHUTH MHOT0OOpasue [aHHBIX,
MIOJIyYEHHBIX B SKCIIEPUMEHTax c LENR-peakTopamu,
WCTIONB3YIOMIMMYA  HACBIIICHHBIE  BOJIOPOIOM  TIOBEPXHOCTHBIE
CTPYKTYpPHI, HA OCHOBE HEUTPOHHOU (PU3UKH, TO JOKHBI IIOKA3aTh U
000CHOBaTh MEXaHHM3M BO3HUKHOBCHHS CBOOOJHBIX HEUTPOHOB B
ATHX PeaKTopax.

VYxe B caMbIX TEepBBIX CBOMX paboTaXx MHOKIO BBICKAa3aHO
NPEANONI0KEHUE, YTO HHU3KOIHEPreTUUYECKUE SJIEPHBIC DPEaKIUU
(HOSP) B Hukenb - BOJOponHBIX peaktopax (dddexkr Poccu)
MIPEACTABISIIOT co0oit  HeHTpoHHBICe peakiuu. [Hampumep, 53].
Orcroma cpa3y BCTaJI BONPOC O TPOM3BOIACTBE CBOOOJHBIX
HEUTPOHOB B ycTaHoBKax A. Poccu u ero nocienopareneil.

B nyskre 3.2.1. omnmcaH nOpenanoiiaraéMblii  MEXaHU3M
JJNIEKTPOHHOTO 3axBaTa B aTOME BOJOPOJA, 3aKPEMUBIIETOCS Ha
TBEPIOM MOBepXHOCTU. Temepb pacCMOTPUM IHEPreTHUKY TaHHOIO
Mexanm3ma. CWiabl ¥ DSHEPrUM, NPHUBOMIIINE K 3JICKTPOHHOMY
3axBaTy OpOWTANBHOTO »JJEKTPOHA OJHMM W3 TPOTOHOB szIpa
MPHUCYIIHA CHCTEME CaMOT0 aToMa, a He MPHUBHOCATCS W3BHE. JTO
MOKa3aHO B juccepraiuoHHoi pabore TuroBa O.A. IlpuBeném
maHHele W3 moxpazmena 1.3 “ONeKTpoHHBIM  3axBat’
nuccepranmonnoit  paborer  TutoBa O.A. [118]. Ilompazmen
MOCBALIEH TEOPETUYECKOMY HCCIICOBAHUIO DJIEKTPOHHOIO 3axBaTa
OpOUTANIBHBIX MEKTPOHOB. (A, Z) + ¢ — (A, Z - 1) + v.. ABTOp
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[118] ormeuaet: “Baxknast oco0eHHOCTh D3 3aKJIIOYAETCS B TOM, YTO
B HEM YYacTBYeT JJIEKTPOH C aTOMHON 0005109krd. COOTBETCTBEHHO,
MPOTEKaHUE Tpolecca B 3HAYUTEIBLHOW MeEpe OmpeAeiseTcs
COCTOSIHHSIMH UCXOJHOTO M KOHEYHOT'O aTOMOB. ... O0CcyauM Tenepb
pacmpezieieHie SHEepPruu NpH 3axBaTe 3JEKTPOHA C X - OOOIOYKH.
ITonnas »sHeprusi E; pacmaparomierocsi aroma pacnpeaessieTcs
MEXIy JouepHuM aTomoM U Heiltpuno. E;, = Eg + E,. T'me: E, u
Ef, - monHbIEe SHEPruM HAYaJIbHOTO M KOHEYHOTO aTomoB; E,, -
SHEPTUs yHOCHMAas HEUTPUHO. .. OHEPrui0 HEHUTPUHO MOXKHO
3aIucaTh B BUJIE:
va = Eia - Efa = QEC - Ex - Erearr - ER' (1'37) FI[CI QEC -
SHEPreTUYECKUI BBIXOJ (SHEProBbIACICHUE) peakunn; E, - sHeprug
BO30YXICHUSA KOHEYHOTO aTtoMa; E.,, - JOMOJHUTENbHAS SHEPTHs
BO30YXICHHUA W3-32 HEHUJICATHHOTO TICPEKPHITUS HAYAIBHOTO H
KOHEYHOTO aTOMHBIX cOCTOsSHHM; Eg - oHeprus ornadun KOHEYHOTO
aToMa. ... SICHO, YTO 3aXBaT AJIEKTPOHA C X - 0OOJIOYKH BO3MOXKEH
mpu ycnosun E,, > 0. (1.39). Dueprus E.,., Bxoasmmas B hopMyry
(1.37), o0braHO coctaBisieT 128 u ganee B paboTe HE YUUTHIBACTCS.
DHeprus oTaayn KoHeYHOTo atoMa Er Mana (00sraHo mopsiaka 1 - 10
5B) 1 B OONBIIMHCTBE CIy4aeB el MOXKHO mpeHeOpedb. C yuérom
ckazaHHoro, yciosue (1.39) moxxHo mepenucath B Buae: Qgc > E;
(1.40). Dueprus E, mns TsHKENBIX aTOMOB MMEET MAcITad MopsaKa
10 x3B. 3Hauenune Qgc onpenenseTcs sAEpHBIMU SHEPTUAMU CBA3H U
00b1yHO coctaBisteT nopsaka 0.1-1 MaB. Takum o0pa3zom, 3a4acTyio
ycioBue (1.40) 3aBemoMO BBITIONHSETCS, W 3aXBaT JJIEKTPOHA
BO3MOKEH ¢ JII000i 000JI04KH (8bl0eeH0 asmopom OAaHHOLU
cmamuou). JIns HEKOTOPBIX U30TOIOB, OJTHAKO, BEIMYHHA Qpc MOXKET
OKa3aThCsl TaKOW, YTO 3aXBaT C HEKOTOPHIX BHYTPEHHHX OOOJIOUYEK
oynet 3ampemén”. [118]. Ho ecnm 3axBaT 37eKTpOHA B MPUHITUIIC
BO3MOXEH C JIF000H OO0OJOYKHM MHOTO JIIGKTPOHHOTO aTroMa, TO
MOYeMy OH MOXKET OBITh 3amlpeliH A1 aTOMa BoIopoia’?
Bo3paxeHue KpUTHUKOB BBI3BAJIO MOE yTBepxJeHue, uro ‘“Ha
HABOJIOPOXKEHHBIX IMOBEPXHOCTSIX CO3MAIOTCS (DHU3MUECKUE YCIOBHS
JUISE  3aMETHOTO TposBiicHus 3(p(eKTa dISKTPOHHOrO 3axBara’.
Hampumep, B kputmueckmx 3amedanusx kK [60] Ilapxomo A.l.
NPUBOJIUT Takoe Bo3paxkeHue: “U B camom Jiene, eciu, Hampumep,
Kamuii 40 MOXET CcaMONpPOU3BOJIEHO 33aXBaTHUTh JJIEKTPOH H
IpeBpaTuThes  Kanblii 40, (noduépkHymo asmopom OaHHOU
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pabomul) TIodeMy OBl TIPOTOHY HE 3aXBATHTHh C OPOUTHI AIEKTPOH U
HE TIPEeBPATUTHCA B HEUTPOH? XOPOIIO M3BECTHO, KaK pacIagacTcs
Heiftpon: 'ng — 'H; + € + Vv + 0,78 MbaB. 3axBar JIeKTpoHa
TIPOTOHOM O6paTeH pachany Heiirpona: 'H; + ¢ + 0,78 Mas — 'ng +
v. Ecmm pacmang HeWTpoHa Ha TPOTOH M DJIEKTPOH ObOecTeueH
BHYTPEHHUMH JHEPIeTUYECKUMH pecypcaMu, TO IUii OOpaTHOTO
nepexoaa HeoOXOAMMO M3BHE BHECTH dHepruto He meHee 0,78 MbB.
Tpymno mnpencraButh cebe, KakuM 0O0pa3oM TIOBEPXHOCTHEIC
SIBIIEHUSI MOTYT JaTh TaKyl0 3Hepruio. HackombKo s MOHMMAI0, I
TaKWX SBJICHUW XapaKTePHBI SHEPruM mopsaka 3B. 3amerum, 4ro
Kamuii 40 MOXET CcaMOUpPOU3BOJIEHO 33aXBaTHUTh JJIEKTPOH H
IpeBpaTUThCs  Kanbltmit 40, (noduépknymo aemopom OaHHOU
pabomel) WUMEHHO TOTOMY, 4YTO TakKoe IHpeoOpa3oBaHHE
SHEPTOBBITOTHO: 40K19 +e — 40Ar18 +v+ 1,513 MaB”.

Bo-miepBBIX, B MOAYEPKHYTHIX MHOIO BBIPRKCHUAX AJIEKCAHAP
l'eoprueBnd BHAUMO HENPaBUIBHO W3JIOXKWI CBOIO MbICHb. [lpu
3axBate KanmueM - 40 3nekTpoHa Bo3HUKaeT aproH. OH 3TO U 3amucan
B mocienHeit gopmyie. A npespamienue kanus 40 B xaibimin 40
BO3MOXKHO JIMIIh TpW 3axBare sapoMm Kamms 40 HeHTpoHAa H
nocienyrouiero o6era - pacnaga uzorona kamus 40.

He coBceM TOHATHO BBIpOXEHHE ‘‘Takoe MpeoOpa3oBaHUE
DHEPTOBBITOIHO: 4OK19 +e — YArg+v+ 1,513 Mas”. B pabote
[118] (cm. Beime dopmyna (1.40)) mokazaHO, YTO 3JIEKTPOHHBIN
3axBaT B aToMme Bceraa sHepropeirofeH. Ecnu [Tapxomos A.T'. umeer
B BuAy, uto 1,513 MbaB > (0,78 M>3B, TO 3TO HU 0 YéM HE TOBOPHT.
Oueprus 1,513 Mb»aB 3adukcupoBaHa B 3KCHEPUMEHTE M SIBISETCS
BBICTIUBIICHCS W3 CHUCTEMBI aroMa B pEaKIUU 3IEKTPOHHOTO
3axBara. JHeprus 0,78 M»B 3aTpaueHa Ha CO3JaHHE CBSA3H MPOTOH
JJIEKTPOH BO BHOBH BO3HHKIIIEM HEHTpOHE. DTa SHEPTHs OCTaach B
aTOME U ©CTECTBCHHO HE PETUCTPUPYETCS B DKCICPUMEHTE.
DHepreTUuecKuii BBIXOA peakiuu MOKeT ObITh 1 MeHbIne 0,78 MaB.
Kakx ormedeno B Bbiaepxkke w3 [118] (cm. Beimie) 3HaueHHWE Qpc
OTIpE/IETISICTCS SINEPHBIMU SHEPTUSMHU CBSA3M U OOBIYHO COCTAaBIISIET
nopsnka 0.1-1 M»aB.

Ha, sHeprus 3arpaueHHas CUCTEMOW aToMa Ha CO3JIaHHE CBA3U
MIPOTOH - DJIEKTPOH B HOBOM HEHTPOHE SApa paBHA BBIIEIMBIICHCS
SHEPTHUM MPHU Pa3phIBE 3TOU CBsI3U NpHU OeTa - pacnajae. CpaBHUM 3TH
SHEPTUM, PABEHCTBO KOTOPHIX JUKTYETCS 3aKOHOM COXpPaHCHUS
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SHEPTUH. DHEPTUs BBIACIAIONIASACS Mpu OeTa - pacmaae HEHTpoHa
cocrasiser 0,78 Mos wmu 1,2497-10™" oo, DHEPruio, 3aTPaueHHYIO
Ha CO3/JaHWe HEWTpOHa M3 CBOOOJHBIX MPOTOHA M 3JCKTPOHA,
ONpENeTUM 4Yepe3 YBEIMUEHUE MacChl HEWTpPOHA B CPaBHECHUHU C
CYMMOW Macc CBOOOJHBIX IPOTOHA U 3JIEKTpoHA. +Am = m, - (m, +
m,) =1,6749543 -10 ¥’ ke - (1,6726485 -10 7 ke + 9,109534 -10 !
k2) = 0,00139485-10%" ke. DHepruio Ha CO3JAHHE CBS3aHHOTO
COCTOSIHUSI OTIpeieNuM 1o Gopmyre:

AE = Am - ¢ = 0,00139485-10 %7 ke - (2,99792458 -10 ® m/cex )’ =
1,2536 -10 " 0orc. YncneHHble 3HAYEHNS BEJIUUYUH B3ATHI U3 [141].
Kak BuamM sHeprus, BBIICIUBIIASNCS TNPU pachaje HEHTpoOHA H
SHEeprusl 3aTpadyeHHas NpPU DIIEKTPOHHOM 3aXBaTe COMOCTABUMBI
MEXIy COOOH ¢ HOMyCTUMON TOYHOCTBIO, YeTOo M TpeOyeT 3aKoH
COXPAHCHUS SHEPTUU JIJISl 3TUX B3aMMHO OOPaTHBIX MPOIECCOB.

Ho 310 numis opgwH »neMEHT B cHUCTeMe dHeprodaiiaHca BCex
3aJIECTBOBAHHBIX IMPOIECCOB B CHCTEME aToMa MpH DIIEKTPOHHOM
3axBaTe M Npu Oera - pacmage. M COBOKYNMHOCTH IIPOIIECCOB
COOTBETCTBYIOIINX OJJIGKTPOHHOMY 3axBaTy W Oera - pacmagy
COBEpIIICHHO DPAa3JIMYHBI W 10 MEXaHW3MaM M 1o 2Hepretuke. U
HENb3s W3 3TOM CIOKHOM CHCTEMBI BBIIEPTUBATH TOJBKO JBa
mporiecca. OHU HE MOTYT XapaKTEePH30BaTh YHEProOATAaHC CHCTEMBI
aToMa B IIeJIOM. S| y)Ke OTMeUal B CBOMX paboTax, YTO dJEKTPOHHBIN
3axBaT M Oera - pacmaj Jias JaHHOTO aToMa He SBISIFOTCS
oOpaTUMBIMH ~ TIPOIECCAMH 10  AHAJIOTMH C  XUMHUYECKHUMH
peakuusMu. XOTA M SBJISIOTCS B3aMMHO oOpaTHbIMH. llpu sTom
HY>)KHO UMETh B BHY, YTO JUII aTOMHOW CHCTEMBI M AJIEKTPOHHBIH
3axBaT W Oera - pacmaj SBJISIOTCS B O0S3aTEIBHOM TIOPSJIKE
SHEPrOBBITOAHBIMU. B MPOTUBHOM clyyae CaMOIIPOU3BOJIBHO ATH
MPOIIECCHl TIPOTEKATh HE CMOTYT. A SKCIEPUMEHTHI TOBOPST 00
o0OpaTHOM. B CBsI3U ¢ 3THUM MMOCMOTPHM Ha TpUMEpP MPUBEAEHHBIH
[TapxomoBeiM A.I'. OH paccmaTpuBaeT MpoOLECC 3ICKTPOHHOTO
3axBaTa aTOMOM KaJHs C TPEBpallleHHeM €ro B aproH U MpOIEecC
TIpeBpalicHus] Kamusd B Kanbeltuid. O0a mpollecca HAYWHAIOTCS C
Kallusl, C aTOMHON CHCTEMBI 00Jiafaromeii HEKOTOPOi COBOKYITHOM
sHeprueh. VimenHo Omaromaps OTOM  DHEPTUHM  BO3MOJKHEI
CaMOIIPOM3BOJIBHBIE, HO COBEPIICHHO PA3IMYHBIE TSI aTOMa Kalus
SHEPrOBBITOMHBIC TIPOIECCHl 3JICKTPOHHOTO 3axXxBaTa MW 3axBaTa
HEUTpPOHA C MOCIEAYIOMUM OeTa - pacmagoM. OTH JBa Ipolecca
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MPUBOJAT K Pa3IMYHBIM aTOMaM M COOTBETCTBEHHO K Pa3IUYHBIM
KOHEYHBIM JHEPreTHYECKUM COCTOSHHUSIM CHCTEM HOBBIX aTOMOB.
EnuHcTBEHHO OnMHAKOBOW s dHeproOamaHca B O3TUX MHOTO
KOMITOHEHTHBIX MpoIleccax SBSETCS DSHEPrus CBS3M NPOTOHA U
3JIEKTPOHA B HEUTPOHE.

Kakoe otHOmEHne K dHeprobajsaHcy CaMOIPOU3BOIBHOTO
SJIEKTPOHHOI'O 3aXBaTa UMEET IHEPreTHUKA MOBEPXHOCTHBIX SIBICHUI?
Jla, TOBepXHOCTHBIE ABJICHHS UMEIOT DHEPreTHKY Mmopsaka 3B u aTo
npeHedpexumMo mMano B cpaBHeHnu ¢ 0,78 MaB. Ho pasBe momorpes
pabouero arenra B LENR - peaktopax mmeer Oonbliee 3HaueHHE?
Temnosas sHeprus uactun B 1B = 11600°K. [12, ctp.403]. 15B kax
MUHUMYM Ha TOPSZOK BbIlIe TeMmiepatrypsl nojgorpeBa B LENR -
peakTopax.

3.2.3. Omm604YHOCTH NpeacTaBjIeHui 0 0eTa IUIIC pacnaje.

bera-pacman  — caMompou3BOJILHOE IpeBpallleHHe  SAep,
COTIPOBOXKIAIOLIEECS UCITYCKAaHUEM (WM IOTJIOUIEHHEM) JIEKTPOHA
Y aHTUHEHUTPUHO WIHM MO3UTPOHA U HEUTPHUHO.

B simepHoit pusnke paccMaTpuBaioTCS TpH BUAA OeTa pacraja.

1). DnexTpoHHBIN pacnan (MpeBpaleHe HEUTPOHA B IPOTOH):
n—pt+te+v .

2). Ilo3uTpoHHEIH pacmaf (mpeBparieHue MpoTOHa B HEUTPOH):
p—on+e +v.

3). OneKTpoHHBIHN 3axBaT: p+e —n+v.

B nactosmee Bpems uzpectao 6osee 3000 pasTuIHBIX H30TOIIOB.
bera-pacian  xapakTepeH A paJUOAKTUBHBIX  H30TOIIOB,
COCTAaBISIIOIIMX  IMOJABIISAIONIEE OONBIIMHCTBO M3  H3BECTHBIX
M30TOMOB. DTO BHJHO U3 NPOTOHHO - HEUTPOHHON IuarpaMmel,
mobpakéHHoli Ha pucyHke 3-7. Ha pucynke: 1 - mopoxka -
cTaGumbHBIX Aaep (265 samep); 2 - obmacts B - akTMBHBIX sAzep
(1700 szep); 3- obmacts B - akTHBHBIX smep. YCTaHOBJIEHO, UTO
IUIl AaHHOTO KOJIMYECTBA HYKJIOHOB B SJpE€ H30TOIbI, MMEIOIIHUE
N30BITOK HEUTPOHOB B CPAaBHEHUU CO CTAOMIBHBIMU M30TONAMM JJIS
JAHHOTO KOJNMWYECTBAa HYKJIOHOB, paclajaoTcsi Mo Oera MHHYC
pacnany. M3oromnsl, nMeromue U30bITOK IPOTOHOB B CPAaBHEHUH CO
CTaOMJIBHBIMM M30TOIAMM Il JAHHOTO KOJHUYECTBa HYKJIOHOB,
pacnagarorcst o OeTa miroc pacnany. Hanpumep, B paaAHOaKTHBHBIX
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psAgax OCHOBHBIM SBIISIETCS O - pacmaj. DTO MPUBOAUT K H3OBITKY
HeTpoHOB, uTo TpuBoAUT K P - pacmamy HapsIY C O - PACTIAIOM.

Z
100

0 40 60 B0 (00 120 HI N
Puc. 3 — 7. IIpomonno - neiimponnas ouazpamma. (Pucynoxk us [7]).

[Ipu 3nexTpoHHOM OeTa-pacnajie 3apsj sSApa yBEIUYUBACTCS Ha
1, mpu MO3UTPOHHOM — yMEHBIIACTCS Ha 1; MaccoBOE YHUCIO HE
Mensiercsi. K Oera - pacnamy OTHOCHTCS TakKe CIIOHTAaHHOE
MpeBpalicHne CBOOOJHOTO HEHTpOHA B TMPOTOH, DJCKTPOH H
aHTHHEUTpHHO. llpnyéMm, ecmu HEHTPOH MOXKET MEPEeXOIuTh B
MIPOTOH B CBOOOTHOM COCTOSIHHIHM, TO OOPAaTHBIN IEepexo 1 MPOTOHA B
HeHTpoH (OeTa IUIOC pacraj) BO3MOXKEH TOJBKO JJIs IPOTOHOB B
sape. [7].

[Ipu mo3uTpoHHOM O€Ta IUTIOC-pacriafieé W3 SApa BBUIETAIOT
MO3UTPOH M HEUTPHUHO. DTOT BUJ pacmazia XapakTepeH i aaep, KaKk
OTMEUAJIOCh BBIINIE, COJCPXKAIMUX H30BITOYHOE YHUCIO TPOTOHOB;
SIIEPHBIN MPOTOH TMPEBPAIaCTCs B SACPHBIH HEHTPOH, TO3UTPOH U
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HelTprHO. Tak Kak MpH UCITyCKaHUH ITO3UTPOHA TIPOUCXOIUT 3aXBaT
DJICKTPOHA W3  DIJIGKTPOHHOW  00O0NOYKH,  OOECTIeUMBAIOITHI
COXPaHCHUE DAJICKTPO HEHUTPAITBHOCTH aTOMa, IMO3WTPOHHBIN pacman
MOJKET MPOTEKaTh B CIy4ae, €CIH Pa3sHOCTh SHEPTUil B UCXOTHOM H
KOHEYHOM COCTOSHUSX TpeBbimmaet 1,02 MaB, T1.e. 60bI1e Macchl
MTOKOSI IBYX 2JIEKTPOHOB. I103UTpOHEI, HcITyckaemble Tpu OeTa TUIIoC
pacmaze, OTHAIOT CBOIO DHEPIHIO NPH YNPYTUX CTOJKHOBEHUSAX H
OOBEIMHAIOTCS C 9IEKTPOHAMH; MpH 3ToM 1mox yrmoMm 180
HCITyCKArOTCs NBa ramMmMma-kBaHta ¢ dsHeprueir 0,51 M»pB kaxmbri,
SKBUBAJIEHTHON Macce mokosi o0enx wactui. [losBieHne B criekTpe
n3oTona ramma - u3nydeHus c sHeprued 0,51 MbdB sBasercs
KOCBEHHBIM JI0Ka3aTeILCTBOM IIO3UTPOHHOTO pacmaza y »3TOro
nzotona. [lo3UTPOH HENONTOBEYEH W MCYE3aeT B IIpolEcce
QHHUTWISIIMA. B OoTiiMYMe  OoT  SACPHOrO  Y-U3JIY4YCHHS,
AHHUTUJIALIMOHHOE Y-U3IIyU€HUE pOXKaaeTcs BHE siapa. [7].

OOpaTtuM BHIMAaHHE HA CIICAYIOIICE:
1) IIpoToH - cradunsHas yactuna. [12, ctp. 403 - 404. Tabnuma - B
(HambGonee crabmibpHBIC 2JIeMEHTapHBIC YacTHIb)]; [82, cTp. 602 -
603. Tabnuia >IeMeHTapHBIX YaCTHIT].
2). Ilo3uTpoH M HEUTpWMHO Hpu OeTa IUIIOC paclaae BBUICTAIOT W3
snpa. He waOmogaeTcs BBUIET TO3UTPOHA ¥ HEUTPUHO W3
CBOOOTHOTO TIPOTOHA.
3). DnekTpOHHBIN 3axBaT U OeTa MUHYC pacraji He 3aBUCHMEIE, HO
B3aMOOOpaTHBIE MPOLECCH W SHEPreTHUECKH MON00HBIe. Mexmy
0ceTa INTIOC PACIazioM W JJIEKTPOHHBIM 3aXBaToM M 0OeTa MHUHYC
pacmazoM HUKaKOW CBSI3U HE HAOJIIOIaeTCs.
4). Pacnajatbcss MOTYT TOJBKO COCTaBHBIC BEIICCTBEHHBIC YACTHUIIBI
(HEeWTpOH, HampuMep). DTO HE paclpoCTPAHAETCS Ha H3Iy4YEeHHE
raMma KBaHTOB. [ aMMa KBaHTHI HE BEIIECTBEHHBIEC YaCTHUIIHI.
5). “Bbuto 0O0HapyXE€HO, YTO MO3UTPOHBI BO3HUKAIOT TPH pacmaje
MHOTUX PaJHOAKTUBHBIX siiep. [103UTpOHBI 00pa3yroTCs Takke MpHU
MIPOXOXKIICHU TaMMa - JTydel OOJIBIION dHEPTUu Yepe3 BEIIECTBO.
OOBAcHsETCS ATO SBIEHHE TEM, YTO B JJICKTPUUYECKOM IIOJIE Aapa
raMMa-JIyqu 00pasyroT 3JIEKTPOH - MO3UTPOHHYIO Hapy”. [12].
6). beta - pacmamgHbIe TIPOIECCHI YT BCETIA, KOTIa OHHU Pa3pelICHBI
SHEpreTUyecku. Bpigenstomasica npu  pacnage odHeprus E,
OTIpPEETSAETCS COOTHOUIEHUEM:
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M;c’=M;c* + M, ¢ + E; [134, dpopmyna (6.1)]. Tme M, M;, M -
COOTBETCTBEHHO MAacChl MOKOS MCXOAHOTO SApa, KOHEYHOTO SiApa U
BBUICTAIOIINX YaCTHII.

U3 (6.1) cnexyer, uto B-pacnaj pa3peluéH SHepreTHaecku, eciu ,M"
> M + m, [134, dopmyna (6.39)]. 'me m - macca JIeKTpoHa, a
ZMA, ZHMA - Macchl COOTBETCTBEHHO MCXOJIHOTO U KOHEYHOTO fJIep,
JUMIEHHBIX ~ CBOMX  DIIEKTPOHHBIX  oOomouek. B mMacc-
CHEKTPOCKOMMYECKMNX U3MEPEHUSAX OMpeAeNsieTcsl He Macca saep, a
Mmacca atomMoB. Maccel M; m M; COOTBETCTBEHHO HCXOIHOTO H
KOHEYHOT'O aTOMOB CBSI3aHBI C MACCaMH HX SIIEP COOTHOIICHHUSIMH :
M; = ,M*+Zm; M;=,,M*+(Z+ 1)m. [134, bopmynsi (6.40)].
[ToactaBuB dopmymnsr (6.40) u3 [134] B dhopmymnsr (6.39) u3 [134]
TIOJTy4HM, YTO YCJIOBHE HECTAOMILHOCTH s/pa 1o oTHoueHuio K P -
pacnagy npuHuMaet popmy M; > My ;

JIy1s MO3UTPOHHOTO pacmazga COOTHOIICHUS, aHATOTHYHBIE (6.39) n
(6.40) [134] umeroT BUA: M> MA+m, M =M"+Zm,
M;=M*+(Z- 1D m.

YcnoBue HecTaOMIIBHOCTH AJIS TMO3UTPOHHOTO paclana UMeEeT YxKe

npyryio dopmy:  M;> M+ 2 m.
Wudopmanus nynkra - 6 nouépnnyta u3 [134]. Hymepauus ¢popmyn
Takke B3sATa U3 [134].
[IpoBeprM BEITIONHEHWE YCIOBHHA Oera MHHYC W 0OeTa IUTIOC
pacmnaos.
Macca neiitpona M, = 939,55 Mss. [12].
Macca nporona M, = 938,256 M>s. [12].
Macchl 51eKTpoHa U o3uTpoHa M) = My = 0,511006 Moas. [12].
TIpoBepHM YCIIOBHE HECTaGMIBHOCTH spa 10 oTHomeHHuio K B -
pacnany.
M;>M;. mm M, >M, Vciosue 6eTa MUHYC pacnajia
BBITIOJTHSCTCSL.
[IpoBepuM ycroBue HECTAOWJIBHOCTH SApa IO OTHOIICHHIO K 3
pacmany.
M;>M¢+2m. umu M,>M, +2 M. Vcnosue 6era mioc
pacnazia He BBITIOTHSICTCS.

®Dopmysl (6.1), (6.39), (6.40) B [134] 3anmcans! mis saep. S ux
NpUMEHSI0 JUIsl pacraja HeWTpoHa M TMpoToHa. IIpaBoMepHOCTH
npuMeHeHus: Gopmynbl (6.1) He BBI3BIBAET COMHEHHWH, T.K. 3aKOH
COXPaHCHUS DJHEPrHMH TPABOMEPEH JUIs JIOOBIX  IPOIECCOB.
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®opmyel (6.39), (6.40) nns Gera MEHYC pacriajga MpaBOMEpHBI, T.K.
HaOmrogaeTcs pacmaj cBoOOMHOTO HelTpoHa. CIpaBeaJIMBOCTh ITHX
dbopMy1 JUIsl pacniazia MPOTOHA Ha HEUTPOH, MO3UTPOH M HEHUTPUHO
HE CTOJIb OYCBHJHA TaK KakK pacmaJ CBOOOJHOTO TPOTOHA HE
HaOmromaeTcs. A TIpeBpalieHne MPOTOHA B HEUTPOH B sIIpe MPOCTO
OOBSICHSIETCA DIIEKTPOHHBIM 3aXBaTOM.

7). B KyTOHOBCKOM TOJE Spa MPOUCXOIAUT 0Opa30BaHUE IJICKTPOH
MO3UTPOHHOH Hapkl U3 GoToHa. [ OCYIIECTBICHUS TAKOHW PEaKIHK
sHeprus GoToHa MO/HKHA OBbITh He MeHble 1,02 Mss. BeposTHOCTH
POKICHHS Taphl TMPOIOPIMOHATBHA KBaJIpaTy 3apsaa sapa (wiu
ATOMHOTO HOMepa, Z°); OHa GBICTPO PACTET C yBETHUCHHEM SHEPIUH
raMmma - KBaHTa (€,) ¥ 1OCTUTaeT PU O4eHb OOJIBIINX £, HEKOTOPOTrO
npeaenbHoro 3HaueHus. [140].

[o3uTponHbIil pacnan HaOMOAaeTCA NMpU U30BITKE MPOTOHOB B
sfpe B CPaBHEHWU CO CTAOWJIBHBIMH H30TOMAMH JAHHOTO YHCIA
HYKJIOHOB. B 3TOM ciyyae BepOSATHOCTH DJIEKTPOHHOTO 3axBaTa
MPOTOHAMHU  SJ[pa DJCKTPOHa M3 00pa30BaBIICHCSA JJICKTPOH -
MTO3UTPOHHOM MMapbl BO3PACTAET.

Ucxons u3 COBOKYITHOCTH M3JI0KEHHBIX BEIIIIE
AKCIIEPUMEHTATBHBIX (PU3NYECKUX JAHHBIX MIPUXOUM K BBIBOJY, YTO
MPEJICTaBICHUE O OeTa ILTIC pacmajie sBIsSeTCsl omMO0YHBIM. beta
IUTIOC pacmaj He OTHOCHTCSA K PachaJHbIM SBICHHMSIM. Buammo u
AJICKTPOHHBIN 3aXBaT, SBJISIFOIIUNCS IPOLIECCOM OOpaTHBIM OeTa
MUHYC pacrajy He MpaBOMEPHO OTHOCUTH K PaCIaJHBIM SIBICHUSIM.
31ech, HAMPOTHB, IMEET MECTO CIUSHUE BEIECTBEHHBIX YaCTHII.

IIpemmaraercss ciemyromuii MexaHW3M OeTa IDIIOC pacmaja.
Bynem wucxomuth W3 TOro, uTro mpolecc Oera IUIOC pacmajga -
MPOIECC ~ BHYTPUSANCPHBIA. B ompenenéHHbIX  HM30MEPHBIX
cocrostamsax smep P - pacmam M OCOGEHHO G - pacman
COTIPOBOXKIAIOTCS KECTKHUM Y - U3MyYCHHEM. B anekTpudeckoM mosie
spa ramMMma-Ty4d oO0pa3yloT 3JEKTPOH - MO3UTPOHHYIO TMapy.
Nmeetcst ompenenéHHas BEpOSTHOCTh 3axBaTa OOpPa30BaBIIETOCS
JJIEKTPOHA OHHUM W3 TIPOTOHOB S/Ipa, B Pe3yNbTaTe Yero oOpasyeTcs
HEUTPOH, OCTAIONIMICA B SApE W HEWTPUHO, BHUICTAIOIICE M3 SApA.
DOneKTpuYecKuil 3apsAn sapa yMeHbIIaeTcs Ha efuwHuily. W3 sapa
BBUIETAET TaKXKe IMO3UTPOH, paHee OOpa3oBaBIIEWCA Taphl, U MPH
B3aMIMOJICHCTBUU C 3JEKTPOHOM aHHUTHIMpPYeT. Hukakoro pacmama
CTaOMIHLHOTO POTOHA HE MTPOUCXOJIHT.
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[Ipemmaraemerii MexaHu3M OeTa IDIIOC pacliajga OTBEYaeT BCEH
COBOKYIHOCTH AKCIIEPUMEHTAIBHBIX HAONOJEHNH 1 He TpeOyeT He
Ha0JII0/TAEMOT0 paciaaa CTabUILHOTO MIPOTOHA.

3.2.4. U3omepHOe BO30Y:KIeHHE sIIEP.

Snpa (Hykiuabl) B 3aBUCUMOCTH OT JSHEPIMM HaXOJATCS B
CTaOMIBHOM WM BO30YXIEHHOM COCTOSSHMM. B crabunbHOM
COCTOSIHMM SIIPO O0JIajaeT MHHMMAJIBHOW OSHEPTHeH, IIUTEIHHO
HaXOIHUTCA B 3TOM COCTOSIHHH W HE TOABEPraeTcs pagiuoaKkTHBHOMY
pacmagy. Sapo B BO30YXKIEHHOM COCTOSHHHM HWMEET DSHEPTUU
MIPEBBIIIAIOIINE SHEPTUI0 OCHOBHOTO COCTOSIHUS. B 3TOM cocTtosHumn
SIPO HE CTa0MIBHO W Yepe3 OMpeneN€HHOE BpeMs IOJBEpraeTcs
PaIUOAKTUBHOMY pAacCMaay ¢ UCIYCKAaHUEM OJHOM WIM HECKOIBKHUX
gactull. Bo30yKAEHHOE COCTOSHHME sIpa MOXKET JOCTUTaThCS
pasnmuuHBIME criocobamu. Hac OymyT mHTEepecoBaTh BO30OYXKIEHHBIC
COCTOSIHHS CBS3aHHBIE C 3aXBaTOM HEUTPOHOB.

“Hykmug - pa3sHOBHUAHOCTh aTOMa, XapaKTepuzyemas YUCIOM
MPOTOHOB M HEHTPOHOB, & B HEKOTOPBIX CIy4asX IHEPreTUYECKUM
cocTtostHMeM sifpa. Hykmauael MoryT OBITh CTaOWIBHBIMH — WIIN
HeCTaOWIBHBIMH, T.€. paguoakTuBHbIMH . [7]. Hykimmg - 3t0
KOKIBIA  OTHCIBHBIA BHJ aTOMOB KaKOTO-JIMOO XHMHYECKOTO
JJIEeMEHTa C AOpOM, COCTOSIIIMM U3 CTPOTO  OMPEAEIEHHOTO
Yycila IPOTOHOB (Z) W HEeHUTpOHOB (N), mpU4YéM SAPO HAXOAWUTCS B
ONpENENEHHOM PHEPIETUUYECKOM COCTOSIHUM (OCHOBHOM COCTOSIHUU
WA OJHOM M3 U30MEPHBIX COCTOSTHUN).

W3BecTHBI pa3nuyHBIE KaHAIBI PaJWOAKTHBHOTO pacraja,
MEPEeBOISIINE SIIPO Yepe3 OmpenenéHHOe BpeMs U3 BO30YKIEHHOTO
COCTOsSIHME B cTabuibpHOe. Yamie Bcero paaMOAaKTHBHBIA pacmasn
MPOUCXOANT C U3ITyYeHHEM TaMMa KBaHTa dYepe3 HECKOIbKO
makocekyns (10" cex). Ho “Y MHOrMX sgep HMeKOTCS
BO30Y)XKIEHHBIE COCTOSHHS C OTHOCHUTENBHO OOJNBIINM BpEeMEHEM
KU3HU - W30MEpHBIE COCTOAHUWA. ... llepmonmsl moxypacmanga
M30MEPHBIX COCTOSHUN M3MEHSIOTCS B BEChMa MIMPOKHX Mpeaemax -
or 10° cek no wmHorux jetr’. [140]. “Usomep - Hyknug B
BO30YXJICHHOM SIIEPHOM COCTOSTHHIH, c U3MEPUMOH
MIPOIOJDKATEILHOCTRIO  YKU3HU 10" o). [7]. HN3omepHoe
BO30YKJeHHE HYKIMAOB Obulo OTKpeITo KypuaroBeim M.B. ¢
corpyaHukamu B 1935 rony. bombiioe Bpems KM3HHM H30MEPHBIX
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COCTOSSHUM  OOBSCHSCTCS  3aTPYOHEHHOCTBIO  IEPEXOIOB U3
M30MEPHOTO COCTOSIHHMSI B OCHOBHOE JIMOO M3-3a OOJBIION pa3HUIIBI
CIIMHOB, JIM0O HM3-32 CYIIECTBEHHOTO pa3iinyus B (hopMe OCHOBHOTO
Y U30MEPHOTO COCTOSIHUU sifipa. Eciu rmpu 3TOM paznuuue B SHEPTUU
JIBYX COCTOSIHMM HEBEINKO, TO BEPOSITHOCTh UCITyCKAHUS Y - KBAHTA
Maja. B maHHO¥ cuTyanuu mepexo u3 Bo30yKIEHHOTO COCTOSHUS B
CcTaOMIbHOE MPOUCXOAWT WIM KO KaHany Oera - pacmana WiId KO
KaHay BHYTpeHHel KkoHBepcmm. (O0a KaHaia K HACTOSIIEMY
BpEMEHH XOpoIo u3ydeHbl. Kananm Oera - pacmama IpOUCXOIUT I10
dopmyne: n — p + e + v + 0,78 MoB. [lpu stom cmektp
M3IydaeMbIX Tpu OeTa - pacmaje 3JICKTPOHOB HENpephIBHBINA. B
pe3ynbTaTe OeTa - pacrajna BO3HHUKAET HOBBHIM AJIEMEHT C OOJBITUM
MOPSIAKOBBIM HOMEPOM Ha eAUHUITY. Pacnaja mo kaHaiy BHYTpeHHEH
KOHBEpCUM TPOUCXOJUT B JABa »dTama. Ha mepBom »srare,
HCITyCKaeMBIH M30MEPHBIM SIIPOM Y - KBAaHT 3aXBaThIBACTCS OTHUM
W3 DJICKTPOHOB OOOJIOYUKH aToMa. Ha BTOpOM 3Tarme 3TOT 3JEeKTPOH
OTPBIBAETCS OT aTOMa U Ha €T0 MECTe 00pa3yeTcsl BAaKaHCHS (IBIPKa).
Tak kak 7y - KBaHT MOXKET 3axBaTBIBATHCS OJJICKTPOHAMH W3
pa3IMYHBIX 00OJIOUEK, TO CHEKTP W3JIYICHHSI KOHBEPCHOHHBIX
AJNIGKTPOHOB  JinHeHuaTeid. Ha  Mecto  oOpa3oBaBmiciicss B
AJNIEKTPOHHOHN 000JIOUKE JIBIPKH MIEPECKAKUBAIOT AJIEKTPOHEI ¢ OoJee
BBICOKAX ypPOBHEW. OTOT TMPOIECC COMPOBOXKIACTCS MITKUM
PEHTI€HOBCKUM u3iydeHueM. [Ipu pacnane mo kaHamy BHYTpEHHEH
KOHBEPCHHM HOBOTO 3JIEMEHTa He oOpasyercs. Eciau wm3zomepHoe
BO30Y)KJICHHE, TPHUBEIIICe K TpoIleccaM BHYTPEHHEH KOHBEPCHH,
TIPOM3OIIIIO TIPU 3aXBaTe MEIJICHHOTO HEUTPOHA, TO B pe3yibTaTe
BO3HHKAET HOBBIM H30TOII JaHHOTO 3jieMeHTa. [7, 134, 140, 141].
Bepuémcs x Puc. 3-7, Ha koTopoM uH300pa’keHa MPOTOHHO -
HEUTpOHHAs AUarpaMma.

“U3 2500 HYKIUOOB, U3BECTHBIX B HACTOAIIEE BpeMs,
CTaOWIBHBIMU  SABISIOTCS TOAbKO 271. OcranbHble HYKIUIBI
HECTaOMIBHBI, OHH TPEBPAIIAIOTCS MYTEM OJHOTO MM HECKOIBKHX
TIOCIIEIOBATEIBHBIX PACIafoB, COMPOBOXKIAIOIINXCS HCITYCKaHHEM
YacTHI[ WJIM TaMMa - KBAaHTOB, B CTaOWIbHBIC HYKIIUJIBIL.
PamnoakTuBHBIH pacmag MOXKET TNPOUCXOAWTH, C€CIIH JTaHHOE
MIPEBpAIICHUE YHEPTETUICCKH BBITOHO, T.€. €CITH PA3HOCTh MEXKIY
Maccoi MCXOJHOTO siApa U CyMMapHOM Maccoil MpOAYKTOB pacmaja
nonoxkutenbHa”. [7]. Kak BugHo u3 mociemHero ads3ama
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OOJBIIMHCTBO  HYKJIMAOB  3TO  PAJAMOAKTUBHBIE  HYKJIHIBI,
3HAYUTENFHOE YHCIO KOTOPBIX HAaXOMUTCSI B  H30MEPHOM,
METacTaOWIBHOM COCTOSIHUHU. B ompeenéHHbIX 00IacTsIX 3HAYCHHMA
yycia HyKJIOHOB CYIIECTBYIOT oOcTpoBa u3omepuu. [141].
N3omepHbIe COCTOSIHUA SiIEP IIHPOKO PACIIPOCTPAHEHHOE SBIICHHUE U
WX pacmajg TPONCXOMUT TJIABHBIM 00pa3oM IO KaHajlaM C
MO/IaBJICHHBIM TaMMa M3TydeHreM. UTo 1 HaOIIoIaeTCs B peakTopax
C HaBOJIOPO’KEHHBIMU MOBEPXHOCTSIMH. JTO TaHHBIE HA HAYaJIO BEKa.
Ha cerogns Bukurnemnus npuBoauT 0ojiee YTOUHEHHBIE MaHHbIe. “Ha
MapT 2017 roga u3BectHO 3437 U30TOMOB BCEX DJIEMEHTOB, U3 HUX
254 cTaOUITBHBIX .

Temeppr  paccMOTpUM  BO30OYXKIEHHBIE  COCTOSIHHSL  siziep,
BBI3BaHHBIC 3aXBATOM HEUTPOHOB PA3IUUYHON DHEPTUHU OT XOJIOIHBIX
1o ObicTphIX. [Ipu 3TOM TpoIecCh BO30YKACHUS U MOCISAYIONIETO
pacnmama OymeM paccMaTpuBaTh B paMKaxX 3aKOHAa COXpPaHEHHS
SHEPTHH, YHEPTHH CBS3H sAapa U nedexra macc.

[TapxomoB A.I'. yrBepknmaer: ‘“JKécTkoe ramma WH3JIydeHUE
BO3HMKAET TPAKTHYECKH BCErJa, KOrja HEHTPOH 3aXBaTHIBAETCS
spoM. JlodepHee aapo Bo30yXIaeTcsl He TOIBKO M HE CTOIBKO H3-3a
TOr0, 4TO HEUTPOH mepedaéT CBOIO KUHETHYECKYIO SHEPruio, a B
OCHOBHOM, IIOTOMY, YTO HEUTPOH UMeIOIIMi Maccy 939 M»aB, cuiIbHO
W3MEHSET JHEPIui0 CBsA3W sApa. [lpm 3axBare TEIIOBOTO WM
XOJIOJTHOT'O HEHTPOHA SIIPO BO30YXKAACTCA HUIYTh HE XyXKE, YeM MPH
3axBaTe ObICTporo HedTpona. C TOW JHIIL Pa3HUIICH, YTO CEUCHUE
B3aMIMOJCHCTBYS C BEIIECTBOM Yy TEIUIOBBIX HEHTPOHOB 3HAYUTEIHHO
OompImie, yeM y ObICTpBIX . [60, komMmenTapmii [lapxomoBa A.I.].
ITpu sTom IlapxomoB A.I'. cceuaercss Ha [9]. Takoe oObsicHEHUE O
HCKIIIOUUTEIFHOM TaMMa H3JTyYCeHUHU SIAPOM IPH 3aXBaTe HEHTpoOHa
HE BBITIISIOUT ISl MEeHsA yOenuTenbHbIM. OTBET siApa Kak W BCSKOM
MaTepUaIbHOM CTPYKTYpbl 3aBUCUT OT CHJIBL U  DHEPrUU
Bo3nelicTBUs. Bceskas MarepuanbHas CTPYKTypa HCHBITHIBAET TEM
OoJpIIe W3MEHEHMS, YeM CHIbHee Ha He€ BozmerictBue. (s smpa
BO3/IeiiCTBHE OBICTPHIX HEHTPOHOB BBI3BIBAET CHIIBHOE BO30OYKIEHHE
nopsiaka 5 - 6 MaB u 6GeicTpoe (B TeueHun mukocekyna, 1077 cex)
U3JIy4Y€HHUE 7Y-KBAaHTOB. Bo3nelcTBUE MEJIEHHBIX HEUTPOHOB
(XOJIOHBIX W yIBTPAXOJIOAHBIX) BBI3BIBAET H30MEPHOE BO30YKIACHHE
JUIUTENIBHOCTBI0O OT MWIUIMCEKYHJ 10 MHorux Jer. [lpum stom
n3nydeHue Oonee cnaboe: P-pacmanm c sHeprueit 0,78 Moap unm
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V3IyYeHHe BHYTPEHHEH KOHBEPCHH, COIPOBOXKIAIOIIEECS B TOM
yucle MSTKUM peHTreHoM. Eciaum  apTwuiepuiickoe Sapo ¢
ONpeNeNEHHON Maccoil ynmapsieT B KPENOCTHYIO CTEHy C pasHOU
CKOpOCTBbIO  (3Heprueit), To d¢P¢eKT BO3OYXKIEHHS CTEHBI C
OYEBUAHOCTHIO OyneT pa3nuyHbiM. KOHEeYHO, TYyT K€ MOCTYIHT
BO3paKE€HUE, UTO S MPUBEN MPUMEP MX KIACCHYECKON NTWHAMHUKH, a
pyY HEUTPOHHOM 3axBare paboTaeT KBaHTOBas nuHaMuka. Ho u B
KBAaHTOBOW (M3WKE M3 HEOTKyna Hudero He Oepércs. A B [8]
mpodeccop bexkman M. H. numrer: “HykiIoHBI B siipe HE CTaTUYHBI,
OHAKO CpemHssl CKOPOCTh [BIDKEHHs HYKJIOHOB B sOpe HE
MPEBBIIIACT ACCATON YaCTH CKOPOCTH CBETa, 3TO O3HAYAET, YTO JJIS
OMHMCAaHUS JBIDKEHUS MOXXHO MCIOJIB30BATh HEPETISTHBUCTCKYIO
MexaHuky”. U emé u3 pador npod. bexkmana W.H. [7]: “Macca sapa
U €ro YCTOMYMBOCTH OMNPEHENSIOTCS TEM, HACKOJBKO BETUYMHA
SHEPTUH TPUTSDKEHUS MEXIY HYKIOHAMH TPEBBIIIAET CyMMapHYIO
KHHETHYECKYIO DHEPTHUIO JIBIKEHHUS HYKJIOHOB B smpe’. DHEPrus B
MHUKpOMHpE TiepeaaéTcs MopuusimMH, KBanTaMu hv. Oto dopmupyet
CTPYKTYpPY DHEPreTHYEeCKHX YypPOBHEHM B KBAaHTOBBIX CHCTEMax.
HyxioHB! Ha 2HEPTEeTHIECKUX YPOBHIX (OpOHUTAxX) sipa HAXOATCS B
COCTOSIHUM WHAMUYECKOTO PABHOBECHS] MEXKAY CHJIAMH SIIEPHOTO
(CUIIBHOTO) TPUTKEHHS, CUIAMU KYJIOHOBCKOTO OTTAJKHBAaHUS H
IIEHTPOOCKHBIMH  CHJIAaMH.  OJTO  paBHOBecue  (opmupyer
SHEPreTHYECKHEe YPOBHH W HMX MHOXecTBO. KOHKpeTHbIe
SHEPreTHUECKUE YpOBHHU tdhopmupyroTcs niepeIlaHHBIMU
CYMMapHBIMHU TOPIUAME dHepruu. Jla, 3axBaT HEHTPOHA MOBIHSIET U
Ha CIMH HYKJIHJIa ¥ Ha ero ¢popMmy (KBaapuyHnoabHbIH MOMeHT). Ho
SHEPTreTHUECKU YPOBEHb IPH 3axBaTe HEHUTPOHA ONpPEACISIETCS
MIPUBHECEHHON SHEPTHEN.

bera pacmang pameko He Bcerja COMPOBOXKIAETCS TaMMa
n3nydeHueM. CyllecTBYIOT siiepHbIe OaTapeiikum Ha Oera pacmane,
KOTOpBIC HE CO3/1al0T OMACHBIX YPOBHEU M3ITyUCHHS.

He BbI3pIBaeT BO3pakeHWi, YTO TPH 3aXBaTe MEUICHHBIX
(X0OIHBIX) HEUTPOHOB TAK e MPOMCXOANUT BO30YX)AcHHE sAapa. Ho
3TO HE CHJIBHOE, a H30MepHOe BO30yXKAEHHE, KOTOpoe
COMPOBOXKIAETCS  f-pacmaZoM WM  MPOIECCOM  BHYTpPEHHEU
KOHBEPCHHU.

B moarBepxkaeHHe CBOMX BBIBOJAOB O TOM, YTO 3aXBaTHBIN
HEHTPOH 1000 SHEprum (axke yIbTPaxoJIOJHBIN) BEI3BIBACT TaMMa
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m3nyuenue, IlapxomoB A.I. ccehutaercss Ha  CIPaBOYHHK
«PammanmonHbIii  3axBaT HEUTpoHOB». ABTOpHl bemanosa T.C.,
HUrnatiox A.B., Ilamenko A.b., Ilmackuan B.M. Ota cchlaka
HeyOeauTenbHa. B cmpaBoYHHMKE pacCcMaTpUBAIOTCS  DHEPTHH
HEeUTpoHOB OT 1 x3B mo 14 M»>B m coBceM HE yIMOMHHaeTcs 00
W30MEPHBIX BO3OYXKIEHHUSX simep. OHEprusi Jake TeITOBBIX
HENUTpPOHOB, paBHas 0,025 26 cOOTBETCTBYET TeMIiepaTrype Hopsaka
300°K. A wmeititpon B 1 x2B 3TO TepMmosaepHbIe Temrmeparypel. U
mobapmo. Emé B 1938 tomy l'opman m bouep oOHapyxumm
WCIIyCKaHHUE DJIIEKTPOHOB BHYTPEHHEH KOHBEPCHUU BEIIECTBAMHU,
3aXBaThIBAOIIUMHU HeWTpoHbl. [7]. M3BecTHO, 4yTO B mpoleccax
BHYTPEHHEH KOHBEPCHH HCITyCKaHHE XECTKOTO TaMMa HW3ITyYCHHS
MO/IaBJICHO U HAOJFOIaeTCS TOJILKO MSTKHUI PEHTICH.

OKCHEpUMEHTBl €  MpoIecCaMHd  Ha  HAaBOJOPOKCHHBIX
MTOBEPXHOCTSX TOBOPST KaK pa3 O N30MEPHBIX COCTOSHHUSIX SAep U X
COOTBETCTBYIOIINX HM3ITydeHUsX. B HUKEIh BOIOPOAHBIX peaKTopax
(1 BOOOIIE B peakToOpax C HABOJOPOKCHHBIMH ITOBEPXHOCTSIMH)
OJTHOBPEMEHHO TPOTEKArOT MpoIlecCchl OeTa pacmajga W BHYTpPEHHEH
koHBepcur. OO0 3TOM CBHUIETENHCTBYET MOSBICHHE HOBBIX M30TOIIOB
U DJIEMEHTOB U MSTKOE PEHTT€HOBCKOE M3NydeHue. Temno B HUKEIb
BOJIOPOJIHBIX PEaKTOpaxX BBLICISACTCS MPHU OeTa pachaje ¢ dHepruci
O0era pacmafHBIX »JIEKTPOHOB W TPH Tpolleccax BHYTPEHHEU
KOHBEPCHH C JHEprueil KOHBEPCHOHHBIX 3JEKTPOHOB. M3myueHue
HM30MEpPOB IO KaHaly BHYTPCHHEH KOHBEPCHHM XapaKTEepU3yeTCs
KO3 (UIIMEHTOM BHYTPEHHEH KOHBEPCHHM pAaBHBIM OTHOIICHHIO
YHclia HCITyCKaeMBIX JJIEKTPOHOB KOHBepcHH (€) K YHCIy
WCIyCKaeMbIX TamMma-kBaHTOB. OH Wu3MEHseTcs OT Hyms (mpH
WCIYCKaHWH TOJIBKO TaMMa KBaHTOB) JI0 OECKOHEYHOCTH (IIpH
WCIYCKaHUU TOJBKO DIIEKTPOHOB). KoaduimeHt Tem Ooinblire, yemMm
MEHBIIe PAa3HOCTh SHEPrHid M YeM OOoJbIIe Pa3HOCTh CIHUHOBBIX
KBAaHTOBBIX YHCEI JIBYX BO30YXKITA€MBIX COCTOSHHHA SIpa, T.C. YeM
6onpme Z u BpeMs XKu3HH. C yBeTHMUEHHEM HHEPIHH Iepexoja
BeauurHa K03 duiieHTa BHyTpEeHHEH KOHBepcHH mazfaert. [7, 134].

K umcny naunbonee 3aragounsix mposiaeHudt XTS oTHOCAT
HU3KUA YPOBEHb HWOHM3HUPYIOMINX W3IYYeHUH B CpPaBHEHUH C
TUTTUYHBIME ¥ XOPOIIIO U3yYSHHBIMH PEaklMsIMU CHHTE3a, pacmaia u
neneHusi. VccrnenoBaTeneld yAMBISET HE TOJBKO HU3KHM YpOBEHb
VOHM3UPYIOIIUX W3IYYCHUH, HO OCOOCHHO TPAKTUYCCKH IIOJIHOE
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OTCYTCTBHE TamMMa - WU3IydeHHd. B Teopum BO30YXAEHHBIX
COCTOSHUM siipa TOKa3bIBAE€TCS MEXaHW3M IIOJABICHUS Tramma
M3ITyYCHUH B COCTOSIHUAX CIAOBIX U30MEPHBIX BO3OYKICHHHA. ITO U
HaOII0/IaeTCS B PEaKTOPax ¢ HABOJAOPOKCHHBIMH MTOBEPXHOCTIMH.
Tenepp 00 sHepruu cBsa3u u Aedexre Mace. B mokmane «HOAP
0e3 9K30TUKN» Ha BeOuHape Kimmora - 3arenenuna ot 1.06.2022 r.
BO3PXKCHUE BBI3BAIO TOJIOKEHHE O TOM, 4YTO TIpU 3aXBaTe
MEJIJICHHBIX HEWTPOHOB BO30YXKICHUE s/Ipa HE COMPOBOMKIACTCS
W3TyYeHHeM TaMMa KBaHTOB. B KadecTBe KOHTP apryMeHTOB MHE
HAIMIOMHWJIM 00 SHEPTUU CBS3U B sape U Aedekte macc. Ho 3meck HeT
MPOTUBOPEYHS  YXKE€ TMOTOMY, 4YTO H30MEPHBIE  COCTOSHHS
BO30YXACHHUA M COMPOBOXKIAIOIINE UX 3aIla3/bIBAIONINE U3ITYICHUS
Oera pacrajga ¥ KOHBEPCHOHHOTO W3IYUYCHHS DJICKTPOHOB PEaJbHO
CYIIECTBYIOIIEE U IMHUPOKO PACIIPOCTpaHeHbI. CIeI0BaTENIEHO B 3TUX
MpolIeccax U ¢ SHEPrHEH CBA3U U ¢ IeeKTOM MAcc BCE B MOPSIKE.
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Ho Bcé e ocTaHOBUMCS Ha MOHATHSAX HEPTHH CBS3W HYKJIOHOB B
snpe W nedekre Macc TpU HIIYYEHHH s7pa, B TOM 4YHCIIE B
COCTOSIHUM U30MEPHOTO BO30YKICHUSI.

Ha pucynke - 3-8 mpencraBneH rpaduk yOenbHON CBSI3W Ui
pa3IMYHBIX sIep B OCHOBHOM COCTOSHUM. Psn nmedekra macc
COOTBETCTBYIOIIHNIA 3TOMY TpadUKy TOXE COCTaBJICH JISI OCHOBHBIX
COCTOSIHMI HYKJIHJIOB, KOTOpPBIX Bcero 271. OOmee »xe 4HCIO
HyKauaoB 2500, U3 HUX TOJIBKO B(') - aktuBHBIX saep 1700. Orcroma
MEXAy OCHOBHBIMH  COCTOSIHHUSAMH  HYKJIHJIOB  CYIIECTBYET
MHOKECTBO MPOMEKYTOUHBIX M30MEPHBIX COCTOSHUN U MHOYKECTBO
MalbIX Je(EeKTOB MacC, COOTBETCTBYIOUIMX IE€PEXOAaM MEXIy
STUMH HM30MEPHBIMH COCTOSHUSIMHU. M3 ManbpIx MpOMEXYyTOUHBIX
(M30MepHBIX) Ne(EeKTOB MacC BBITEKAIOT W ciadble M3Ty4YCHUS B
¢dopme Oera pacmasga u BHyTpeHHeH KoHBepcuu. llpu 3axBarte
XOJIOMHBIX HEUTPOHOB M (POPMHUPYIOTCS JHEPTreTHUECKHE YCIOBHSA
JUISET MHOXKECTBAa MaJbIX JEe(EKTOB MAacC M30MEPHBIX COCTOSIHUH B
MPOMEKYTKaX Ae(EKTOB MacC OCHOBHOTO COCTOSIHUS HYKIHIOB. [a,
BHYTPEHHHE DHEPreTUUYECKHE PECYpChl Alep B SIIEPHBIX HpoIeccax
MPOSIBISAIOTCS ¥ OONBIINM H30BITKOM BBIEICHUS DJHEPTUU W
COOTBETCTBEHHO CHJIBHBIM BO30YyXaeHHUeM. Ha 5ToM ocHOBBIBaeTCs
yrBepxkacHue IlapxomoBa A.I. o TOM, 4YTO Bcerga sAepHbBIE
MIPOIIECCH COMPOBOXKIAIOTCSI OMMACHBIM YPOBHEM TaMMa H3ITy4YeHHs.
Ho »t0 Tonmpko B obOmacTu cuHTe3a JETKUX SAEp U B OONACTH
neneHust TsoKENbIX. llpyw 3axBate OBICTPHIX HEWTPOHOB TakK IKe
BO3HUKAIOT CHIIbHBIE BO30OykneHust. Ho 3Tu Bo30yk1eHUST BEI3BAHBI
HE BHYTPEHHMMH DJHEPreTHUYECKHUMH pecypcamu  sijep, a
MIPUBHECEHHON W3BHE HHEpPruel. A BOT NpU 3axBaTe€ XOJOJHBIX
HEHUTPOHOB  BO3HHMKAIOT  TOJBKO  HM30MEpPHBIE  COCTOSHUS,
MIPOMEXYTOYHBIE COCTOSIHHS C MAJIBIMHU BO30Y>KICHHUSIMA U MaJIbIMH
nedeKTaMu Macc.

CymecTByeT Tak JK€ pPaJHOAaKTHBHBIM o - pacrnag. B
€CTECTBEHHBIX  yCIOBHSIX OH TIPOTEKaeT B OCHOBHOM B
pPamuOaKTUBHBIX psmgax (B 4-X paaMOaKTHBHBIX CEMEHCTBax).
IIpomeccel o - pacmaga TOXKE MPOTEKAIOT 33 CYET BHYTPEHHUX
JHEPreTHYECKUX pecypcoB sapa. Ho 3Tm mporeccsl HE HMEIOT
OTHOIIIEHUSI K TIPOILIECCaM B HUKENb - BOJAOPOIHBIX peakTopax. B
PaIUOAKTUBHBIX pAax o - pacnaa UAET CO CHIDKCHHMEM MAacChl U
MOPSAKOBOTO HOMEpa 3JIEMEHTOB. B HHMKenb - BOAOPOIHBIX
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peakTopax, HaNpOTHB, TPOLECCHl HAYT C POCTOM Macchl |
MOPSIKOBOTO HOMeEpa s1ep. B eCTECTBEHHBIX YCIOBUSIX CYIIECTBYIOT
saapa 1o HoMepa 92 (ypan). Sapa ¢ GONBIIMMU HOMEPAMH TOJTyYESHBI
UCKYCCTBEHHBIM MyTéM. CyIIeCTBOBAaHWIO B TPHPOAE SACP C
MOPSIKOBBIM HOMEPOM > 92 MPEensaTCTBYIOT UMEHHO IMPOLIECCHI O -
pacnana B paJiOaKTUBHBIX PAlaX.

HOP Huuem He oTiiMyaeTcs OT M3BECTHBIX SJEPHBIX peakLuil
CUHTE3a W HEWTPOHHOIO 3axBaTra. B KaXIOM OTAEIBHOM aKTe
peakuuu BbIAEIseTCS BCE TOXKE HM3BECTHOE KOJMYECTBO JHEPTHH,
BO3HHKAET TOXKE M3IyuYeHHe, YTO W Yy M3BECTHBIX SOCPHBIX
nporeccoB. OcobeHHocTs B ToM, uTo HISP mposBistorcst B 0coObIx
(pM3UYECKUX YCIOBUX, IPU KOTOPBIX TEYEHHE U3BECTHBIX SIIEPHBIX
peaknuii BO3MOXHO NpU HU3KUX MapaMeTpax (Temmeparype B
NEepBYIO ouepes) cpeasl. [Ipr 3ToM OTHOCHTENFHO Majiasi MOITHOCTD
SITEPHBIX MIPOIIECCOB CBsI3aHA c MaJbIM YHUCIIOM
B3aMIMOJCHCTBYIOIINX S/IEP B €AUHHUILY BPEMEHH.

3arshkKa BO BPEMEHHM C HAYaJIOM PeakUud B HaBOAOPOKEHHBIX
peakTopax cBs3aHa HE CTONBKO C HEOOXOIUMBIM BpEMEHEM
HABOJOPAXUBAHUS MMOBEPXHOCTH 10 HEOOXOAMMON TMOBEPXHOCTHOM
IUIOTHOCTH, @ TJaBHBIM 00pa3oM CO BPEMEHEM CYIIECTBOBAHHS
BO30Y)KIEHHOTO H30MEPHOTO COCTOSHHA (OT MIJUIMCEKYHA [0
MHOTHX JeT). Otcroma mpuMepHo 70 CYyTOK IO Havajia peakiud y
Oneitmmana u [onca.

Manasi MOIIHOCTh SAEPHBIX MPOLIECCOB CBSI3aHA C MAaJIbIM
YHCIIOM B3aWMOJEHCTBYIONIUX siAep B eauHHIy BpemMeHH. C 3THM
CBs3aHA M OTHOCUTENBbHAsS clabocTh m3nmydenus HOSP B cpaBHeHNH
C W3BECTHBIMH SICPHBIMH TPOLECCAMH U YCTaHOBKaMH. A 0c000
HU3KOE M3IIydYeHHE B (HU3MYECKHX YCIOBUSX HABOJOPOKECHHBIX
MOBEPXHOCTEH  JOMONIHWUTENIbHO  CBS3aHO C  HM30MEPHBIMHU
COCTOSIHMSIMM, BO3HHMKAIOIIMX TPH 3axBaTre sSIPOM XOJOJHOTO
HeiitpoHa. [Ipy 3TOM BO3HHMKAaeT OTJIOKEHHOE BO BpEMEHH
M3IIy9eHHEe. B COBOKYIMHOCTH JTO MaéT W3IydYeHHE OIM3Koe K
(honoBomy. Ho obmiee (MHTETpaibHOE BO BPEMEHH) M3ITYICHHUE TOXKE,
YTO U y U3BECTHBIX MPOLECCOB.
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3.2.5. lIpupoaa 3kcnepuMeHTAILHO Ha0I01aeMoro dpdexra
yckopeHus 0era pacnajaa.

SIBNeHME pPAaTUOAaKTUBHOCTH COCTOMT B CaMOIPOU3BOJIHLHOM
pacnane sAep C UCIYCKaHWEM OJHOW WM HECKOJBKHX YacTHII.
OCHOBHO# 3aKOH pPagUOAaKTHBHOTO pachafa IOKa3bIBaeT, YTO
KOJIMYECTBO PACMafaloIuXcs sIAep CO BPEMEHEM yMEHBIIAeTcs IO
9KCIOHEHTE € MOCTOSIHHOW pacmaga A. IIpu sTOM cymiecTBEHHBIM
CBOMCTBOM SBJICHUS PAJMOAKTHBHOCTH SABISETCS HE3aBUCHUMOCTH
MOCTOSTHHON pacmaza A OT BpeMeHHU. Uepes MOCTOSHHYIO pacmana A
BEIpaXKaeTCs JIpyras BEJIIMYMHA, XapaKTEepPHU3YIoIash WHTCHCUBHOCTH
mporecca PaguoakTHBHOCTH - TMepHoj| moiypacnana. Kaxkmgomy
PaAMOaKTUBHOMY COCTOSIHHIO Pa3fIMYHBIX BEHIECTB COOTBETCTBYIOT
CBOM IOCTOSIHHAS pacliajia ¥ COOTBETCTBEHHO MEPHO] MOIypacnaja.
CaMOonpOn3BOJILHBIH pacmaj SIBJISICTCS AK30TEPMUYECCKUM
mporieccoM. [134]. OmHako ¢ KOHIIA MPOIIIOTO BEKa IOSBHIOCH
MHOTO 3KCIIEPUMEHTAIBHBIX M TEOPETUUECKUX PaboT, CTaBALIUX TOX
COMHEHUE 3TH BBIBOJBI siiepHOH (usuku 20-T0 BeKa.

a). O0030p IKcnepumeHmMANbHLIX (HAKMOE hno UIMeHEeHUIO
CKOpocmu paouoaKmueHozo pacnaoad.

B kxadecTBe mpuMepoB aBTOPOM paccMOTpeHBI paboTh [4, 16, 35,
36, 46, 83, 84, 85, 92, 93].

ABTtopsI [16] B uncne mepBhIX, emé B 1984 romy, paccMarpuBamm
M3MEHCHUS XapaKTEPUCTUK CIIOHTAHHOTO M3nydeHus. [Ipu aToM oHH
ONEPUPOBAIA KBAaHTOBBIMH DJICKTPOMAarHUTHBIMH CHCTEMaMH H
ONHPAJIMCh Ha YCTOSBIIMECS K TOMY BPEMEHHM 3HaHUSA. ABTOPHI

13

MPUIUTM K BBIBOAY, 4YTO ‘... CYIIECTBYIOT IOTEHIIHAIbHEIC
MEXaHU3MBbI CYILIECTBEHHOT'O YIIPaBJICHUS BPEMCHHBIMH,
YaCTOTHBIMU " MPOCTPAHCTBEHHBIMU XapaKTepPUCTUKAMHU
CHOHTAaHHOTO W3JIy4eHUS .. ~ W TPEeNJIOKWIA OKCICPUMEHT

MIPOBEPKU CBOMX BBIBOJIOB.

B [92] aBrop mnummer: “/lo HeZaBHErO0 BPEMEHU CTPOro
OKCIIOHEHIIMANBHBIN XapakTep W3MEHEHHS CKOPOCTH paclajoB
PaAMOAKTUBHBIX HYKJIHWIOB CUMTANCA HECOMHeHHbIM. Ho B
nocjenHee BpeMsl OMYOJIMKOBAHO MHOTO CTaTel C pe3yiabTaTaMH
VM3MEpPEeHH paJHMOaKTUBHOCTH, KOTOpBIE HAar0T OCHOBAHME IS
COMHEHMH B HE3BIOJIEMOCTH JTOTO0 CBOWCTBA PaTHOAKTHBHOCTH .
Kputnueckn OLIEHUBAs pa3InyYHbIE (n JOCTaTOYHO
MHOTOYHCIICHHBIE) 00BsICHEHHs naHHOTro 3¢ dekTa, [Tapxomor A.T.
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cBs3bIBacT AP GeKT co cmadbiM B3amMozeicTBrueM. I[locie amammza
MHOTOYHCJICHHBIX PaboT mo Teme aBTop [92] 3akmrodaeT: “OTO
YKa3bIBaeT Ha CYIICCTBOBAHUEC HETPUBUAILHOTO arcHTa, OJMHAKOBO
BIUSIONICTO HAa aKTUBHOCTh pa3MYHBIX O€Ta pPaJuOHYKIHIIOB.
[Mpuxomsamuit 3 KocMoca MOTOK HEHTPHHO SBISETCS HamOoJee
MOAXOISIINM KaHIUAATOM Ha POJb Takoro areHTa’ . Tak jke B CBOMX
pabotax [TapxomoB A.I'. oTmeuaeT: “U HEU3BECTHBI AKCIICPUMEHTHI,
B KOTOPBIX MpPH [IOCTaTOYHOW TOYHOCTH W MPOJOIDKUTEIHHOCTH
OTIBITOB KOJEOaHUS Hema-pagrioakKTUBHOCTA HE TMPOSIBILINCH OBI.
[ToaTroMy ecTh Bce OCHOBaHHS MJI TOTO, YTOOBI TPU3HATH, UYTO
MEHSETCS IMEHHO CKOPOCTh OeTa-pacmajioB”.

OtMmernM MHGOPMAIIMOHHO HACKHIMEHHBIA Noknan [laHuemoru
B.A. na BeOunape Kimumona - 3arenenmna 10.03.2021 roxa. [83]. o
Hamie  TeMe  HMHTEepeC  MOPEACTaBIsCT  DSKCIEPUMEHTAIBHO
3apeTHCTPUPOBAHHOE  BIMSHHME  HA  CKOPOCTh  O-pacrmafa
3JIEKTPOMArHUTHOTO u3NMydyeHusi oT II-renepartopa. bonbiuas xe
4acTh JOKIaJa Kacajlach 3arajoyHOro BIIMSHUS — BpaICHHS
MacCHUBHBIX TeJ Ha o-pacnaa. Ho 3meck a-pacmaj BBICTYIIAN CKOpee B
KauecTBE JETEKTOpa HEW3BECTHOTO SBIICHUSA. ToXKe BHINMO
OTHOocUTCd U K 3KcrepumeHtaM  Kapapaiikuna A.B. ¢
HCTIONIb30BAHUEM SIBJICHUM pacmana. [35].

B [36] orMeuaeTcs oco0as BaKHOCTh MCCJIE€IOBAHHUM,
HaIpaBJIEHHBIX Ha TIOUCK CIOCOOOB BO3IEHCTBUS Ha SACPHYIO
PaAMOaKTUBHOCTh,  OOJNAQMAMOIIUX  IIMPOKHUMH  TPUKIIATHBIMHU
nepcreKkTuBaMy. MzydeHa BO3MOXKHOCTh YCKOPEHHSI €CTECTBEHHBIX
6era MUHYC pacmafioB ITyTeM BO3JEHCTBHS Ha HHX KECTKHM
AIEKTPOMATrHUTHBIM H3IIydeHueM. [IpoBoaUTCS pacueT BEpOSATHOCTH
M CEYCHHs TMpolecca DJHIOTEPMHUYSCKOTO OeTa pacmaga sjapa,
CTUMYJIMPOBAHHOTO JKECTKUM OJJIEKTPOMAarHUTHBIM HW3Iy4deHHeM. B
pacuéTax B KauyecTBE HCTOYHUKA KECTKOTO HSIEKTPOMArHUTHOTO
M3Ty4YeHUsl B3siTa JeicTByromas ycTaHoBka SPring-8 (Smonus).
Hanmuue y He€ B criektpe (OTOHOB, SHEPTHS KOTOPHIX MPEBBIIIACT
BEJIMYMHY SHEPreTHYECKOTO MOPOra ISt SHAOTEPMUYECKOTO pacmaja
psaga spep (00braHO 3TO0 50 K3B M Oomee), OobIas MOIIHOCTH
WCTOYHUKA TIO3BOJSIOT TIOCTAaBUTh BOMPOC O  BO3JEHCTBHUH
JNIEKTPOMArHUTHOTO  WM3JIydeHWs] Ha  SAEpHBIA  OeTa-pacmaf.
TeopeTruecky MOIy4eHO, YTO 3aMETHOE YBEIIMYCHUE CKOPOCTH OeTa
pacnazna HaOMIOJacTCs JHIIL JUIS TEPEXOJOB TPEThETO MOpsaKa
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3ampeta B sAape (B mpemenax 5%, YTO BBIXOAWT 3a OIIMOKH
JKCIIEPHMEHTa) W  YETBEPTOTO TMOpAAKa 3ampera B sJpe
(YyBEenMUMBAETCS MMOYTH HA TPU MOPSIKA).

0). Qu3zuueckas npUpPoOa u MeXAHU3IM U3MEHEHUs CKOpocmu bema
pacnaoa.

Brickaxxem mpeanonokeHne M 00OCHYeM CBA3b HM3MEHEHHS
CKOpPOCTEH SICPHBIX PACMaJoB ¢ U30MEPHBIMU IMepexonaMu. Berire
OBUIO OTMEUYEHO, YTO OONBIIMHCTBO HYKJIHJIOB 3TO PaAHOAKTHUBHBIC
HYKJIHBI, 3HAYUTEIIFHOE YUCIIO KOTOPBIX HAXOIWUTCS B M30MEPHOM,
METacTaOWJIBHOM COCTOSIHUU. [Ipu 3TOM KaXIOMy H30MEPHOMY
COCTOSIHMIO COOTBETCTBYET CBOS IOCTOSHHAs pacrajga A U CBOM
nepuoy nosypacmnaaa. CiaemoBaTeabHO CBOSI CKOPOCTh pacmajia.

PaguoakTuBHBII 0 - pacmax B ©CTECTBEHHBIX YCIOBUSAX
MPOTEKaeT B OCHOBHOM B PaJUOAKTHBHBIX psmax (B 4-x
paanoaKTUBHBIX ceMmeiicTBax). Ecim Oera pacman nmpoTekaeT Ha Beex
sfpax, TO O - pacrmaj] CBOWCTBEHEH B OCHOBHOM TSDKENBIM SApaM.
[Ipomeccsl o - pacmajga TOXE MPOTEKAIOT 3a CYET BHYTPEHHUX
JHEPreTHYECKUX PECYPCOB S/Ipa U SBISIOTCS SK30TEPMHUECKIMHU.

I[To w™epe BO3OYXIECHHS U3 CTAaOMIBHOTO COCTOSHHS C
YBEJIMUCHUEM SHEPTUH BO30YKICHUS WU U3MCHCHHU HEHTPOHHOTO
COCTaBa, SIPO TEPEXOANT BO BCE HOBBIC M30MEpHBIC cocTosHus. Ho
NpyU 3TOM TMEpUOABl MoJiypacnaja (CKOPOCTh pacmnaja) HEe HMEIOT
YCTOWYMBON TEHACHIMU. 37ECh BCE OMPEICNICTCS MHOXKECTBOM
XapaKTePUCTUK COCTOSHUS sIipa: CIHMH, KBaJPUYIOIbHBI MOMEHT,
KOJIMYECTBO MPOTOHOB W HEUTPOHOB U YETHOCTH WM HEYETHOCTH MX
koimuecTBa u np. [ma OGera - pacmana, Hampumep, CYIIECTBYIOT
3ampelieHHbie  mepexoapl. OHU  TOAPa3ACISIOTCS 10  MOPSIKY
3ampeTa, KOTOPBIA OMPEACTAETCS CYMMapHBIM — OpOWTAIEHBIM
MOMEHTOM J, YHOCUMBIM 3JEKTpOHOM M HeilTpuHo. Ecnu J =1, To
ATO 3ampelieHHBI Tepexoa IMepBoro mopsaka, J =2 - BTOpoOro
Mopsiika U T.J. BeposTHOCTh OeTa-mepexo 0B CHIIBHO MajgacT MpH
YBEIMUYEHHUH MTOPSIKA 3aIlpeTa.

CxopocTs pacnaza mpu Iepexofie siapa U3 OJHOTO M30MEPHOTO
COCTOSIHHSI B JIPYrO€ MOXKET KakK BO3pPAcTaTh TaK U YMCHBIIATHCS B
3aBHCHMOCTH OT MIEPHOAA MOJTypacmaia HOBOTO COCTOSHUSI.

[IpoBeném aHanM3 dKCIEPUMEHTAIBHO HaOMomaeMoro sddekra
M3MEHEHUS CKOpOCTU OeTa u anb(a pacranoB. PaccmoTpum mpupoy
U MEXaHW3M TposBIcHUS 3(P(PEKTOB, KOTOPBIC CBS3BIBAIOTCA C
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W3MEHEHHEM HW30MEPHOTO COCTOSHHSI fiAjpa TPH  BHEITHEM
BO3JICUCTBHH.

[ns Hac oyeHb BaxkHO BbIcKasbiBaHue [lapxomoBa A.I'. o ToM,
yro “He MoxeT ObITH ycmexa B NOMCKE BapHallii B pacmagax, He
CBSI3aHHBIX CO CIIA0BIM B3aMMOJIEHICTBHEM: B M30MEPHBIX MEPEexXoaax
C M3JIy9eHHEM raMMa KBaHTOB ..., @ TAK)KE B alb(a pacnanax ..., eClu
OHU HE SABJISIFOTCSI WICHAMU IICTIOYKH, BKITIOYAIOIICH 0eTa aKTUBHBIC
aykmuael. [92]. [lpaBma Anekcannp ['eoprmeBHY ITHM IOIBOIUT
guTaTens K ydacTuio B d(ddexkrax m3MeHEeHHs CKOPOCTH paciajoB
HelTpuHO. [l HaC e BaKHO HATHMYUE H30MEPHBIX MEPEX0JI0B.

[TapxomoB A.I'. B CBOMX HCCIIEZOBATEIbCKUX PadOTax OTMEYaET,
YTO KpPOME€ JOCTAaTOYHO CHAObIX TMEPUOAWYECKHUX W3MEHEHHH
CKOpPOCTH pacnajna, HaONIoNaloTcsi KPaTKOBPEMEHHBIE MOIIHBIC
CIIOpaINYECKUE BCIIJIECKH CKOPOCTHU pachaa.

PuTMHYHOCTS W3MEHEHHS CKOPOCTH pacmama [92] cBs3aHa C
PUTMHYHOCTHIO BO3/IEUCTBHUS Ha PO, MEPEBOAIIEE AP0 B HOBOE
M30MEpPHOE cocTosiHKE. Jlo Havaa BO3AEHCTBUSA AP0 pacnagaeTcs B
COOTBETCTBHM C HW3BECTHBIM  OKCIIOHCHIMAJIBHBIM  3aKOHOM
CBOMCTBEHHBIM JaHHOMY HW30MEpPHOMY cocTosHuio. C HadaioM
BO3CUCTBHA Ha PaJHOAKTUBHOE BEIIECCTBO YaCTh AJEp MEPEXOANT B
JIPYyTroe U30MEPHOE COCTOSIHUE C MHOM CKOPOCTBIO pacnaja (¢ apyroi
AKCTIOHEHTOH). [IprOOpEI PErHCTPUPYIOT CPEIHEB3BEIICHHOE YHCIIO
pacmazioB 3TUX JBYX M30MEPHBIX COCTOSHHM. [Ipu CHATHUH BHEIIHETro
BO3ACUCTBHS, HEMHOT'OYHCIICHHBIE HOBBIE H30MEPBI BBICBEUHBAIOTCS
W pacmax TPUXOAWT B Ha4dalbHOE COCTOSIHME. 3areM BcE
MEPUOAMYECKH TOBTOPSIETCS MPH MEPHOJUYECKOM BO3JCHCTBUU Ha
SITPO.

Cnabble  u3MEHeHUs  CcKopocTd  Oera  pacmama,  0Oe3
HCKYCCTBEHHOTO J1a00paTOPHOrO BO3ACWCTBUS Ha PaIHOAKTHBHOE
BEIIECTBO, BBI3BAHBI PA3UYHBIMH BHIAMHU (OHOBOTO W3IYUYCHHS
KocMoca. JTo U (DOTOHHBIE W3ITYYEHHUS OT >KECTKOTO PEHTreHa [0
raMma W3JIy4eHHS W TIOTOKH PAa3WYHBIX BEIIECTBEHHBIX YaCTHII.
HeoOxogumo  9TOOBI TP B3aUMOACHCTBHH  C  sApamMH
PaJMOaKTUBHOTO BEIIECTBA Y HUX OBUIO JIOCTATOYHO SHEPTHH IS
MepeBoJia PagroaKTUBHOTO Sipa B HOBOE HM30MEPHOE COCTOSHHE.
PaznuyHble TIepHOMMYECKHE NHKIbI, TaKWe KakK BpalleHHue 3eMIIH
BOKpPYT cBoel ocu 1 BOKpyr CosHiia, BpamieHue JIyHbl BOKpyT 3eMin
W Jp., BBI3BIBAIOT TEPUOJUYECKYIO DKPAaHHPOBKY (poHOBOTO
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mrydeanss. CymecTBYIOT H  APYTHE  ITUKIBI  BO3MOXHOTO
BO3JICUCTBHSI Ha SApa PAIUOAKTUBHOTO BEIIECTBA, HATIPUMED, ITHKITBI
COJIHEYHOU akTUBHOCTH. [lepuoauyHOCTh BCEX 3TUX BO3ACUCTBUM U
MPUBOANT K TECPHOJUYHOCTH HOBBIX HM30MEPHBIX BO30YKIACHHUI
PaIMOaKTUBHOTO BEIIECTBA M KaK CIEACTBHE K TEPHOTAIHOCTH
M3MEHEHUS CKOPOCTH paciaja.

CropanuecKkrii BCIDICCK H3MEHCHHsS CKOPOCTH OeTa pacmana
BBI3BaH OJIHOPA30BBIM (BO3MOXKHO U OYE€Hb CUJIbHBIM) BO3JIEHCTBUEM
Ha sipa paarioaKTHBHOTO BemecTBa. Hampumep, W3BECTHO TakKoe
SIBJICHHME  KaK  JIMBHU  3apsDKCHHBIX ~ YaCTHIl,  BBI3BaHHBIC
KOCMHUYECKMMH YacTUI[AMH BBICOKOW JHEPTrUM IIPH BXOXKICHUHM B
atMocdepy. IIoTok pa3auYHBIX 3apsOKCHHBIX YacTHIl, Momagas Ha
PaIUOaKTUBHOE BEIIECTBO, BBI3BIBACT OMPENCAEHHOE YMCIO HOBBIX
HU30MEPHBIX COCTOSHHMM CO CBOMMHM MepuojaMu Tonypacmnana. [Ipu
ATOM TPHUOOPHI OYIOYT PETHUCTPUPOBATH YCPEAHEHHOEC H3MEHEHHUE
ckopoctu Oera pacmaza. [lo mpomrecTBuM JHMBHS pPaariOaKTHBHOE
BEIIIECTBO IO MPEKHEMY M3JIydaeT, B TOM YHCJIe W3JIy4aloT U BHOBb
BO3HHKIIIHE U30MEPHI. Uepe3 ompenenéHHoe BpeMs, TIPH H3ITYICHUH
HOBBIX H30MEPHBIX COCTOSHHM, CKOPOCTh pacraaa BO3BpaIiacTcs B
HCXOHOE COCTOSIHHE.

CaMOomnpou3BONIBHBIN SIIEPHBIM pacman - 3TO SK30TCPMUUYECKUM
nporecc. CTUMYJIMPOBAHHBIN pacraj SBISETCS dHIOTEPMHYCCKUM
MPOIECCOM, T.K. TpeOyeT NpeaBapUTCIbHON HAaKadyKW DSHEPTHH B
sinpo. VI3MeHeHHe CKOpOCTH PaJuOaKTUBHOTO pacmlaia CBSI3aHO C
MepeXoJ0OM sipa B HOBOEC HW30MEPHOE COCTOSIHHE C JPYTHM
TIEPUOJIOM TIONypacIiafa, BBHI3BAHHOE CTUMYJIMPYIOITUM BHEITHIM
BO3JICHCTBUCM.

3.3. XoJionHas TPAaHCMYTANMS siIeP B YCJIOBHSIX 3JIEKTPHYECKOT0
pazpsiia.

IIpuHIIMTIHATEHOW 0COOCHHOCTRIO TAHHOTO pasnena, Kak u Beel
KHHTH, SABJISCTCS OOBSICHEHHE HAOMOJAEMBIX AACpHBIX 3((EKTOB B
YCJOBHSIX 3JICKTPUYECKOTO pa3psiia Ha OCHOBE YCTOSIBIIMXCS 3HAHUN
simepHOr  ¢u3MkM. Ecmm  Teopus  KaKWX-TO IPOIECCOB  HA
CEeTOMHANIHUN JeHh HEAOCTaTOYHO TMpopaboTraHa (HampuMep,
JJICKTPOHHBIM 3axBaT W OeTa pacmaj), TO YyIOp JAelacTcs Ha
JIOCTOBEPHBIEC SKCIIEPUMEHTAIbHBIC JAHHBIC.
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3.3.1. DxcnepumMenTsl BauaeBa A.B. ¢ AyroBbIM pa3psiiom.

Bnepseie smeprbie d((EKTHl B YCIOBHSAX DJICKTPUYECKOTO
paspaga ObUIM cilyyaiiHO monydeHbl BauaeBoiM A.B., korma oH
MIPOBOAMI HCCJIEOBAHUS C IUIA3MEHHBIM IaporeHepaTopoM. bbin
TOJTydeH OOJIBIION BBIXOM IIOPOINKA, COICPKAIUN MHOMXECTBO
HOBBIX XHMHYECKHX 3JI€MEHTOB OTCYTCTBOBAaBIIMX B YCTaHOBKE [0
ropeHus miazMeHHoro (akena. 1o ObUI0 emE B Havane 90-x ronoB
nponuioro Beka. HeCKoabKO JIeT HCCIENOBaHUN MpPUBEIU K
CO3/IaHWIO IIJIA3MOTPOHA, JaBaBIIETO CTAOWIBHBIN IUTAa3MEHHBINA
¢daken - mrasmomn. Ilpm mpomyckaHuM —yepe3  IJIa3MOUJ
JUCTWIIMPOBAaHHOM BOABI MJIM pacTBOpa B OOJBIIOM KOJIWYECTBE
00pa30BBIBAIACH CYCIIEH3US METAIUTMYECKUX MTOPOIIKOB.

B naneHelimem, mocne cmepti BauaeBa A.B., skcnepumeHTaMu
C TOJNyYeHHEM SACPHBIX J(PQPEKTOB B YCIOBHAX JIyTOBBIX
JNEKTPUUECKUX pPa3psAOOB 3aHMMajach B TOM YHCIE W Tpymma
lNognaa C.M. Pe3ynbTaThl SKCIIEPUMEHTOB ATOW TPYIIIBI HE CTOJIh
BICUATVIAIOUIM B CpPaBHEHUM C JOCTIbKeHWsiMH BawaeBa A.B.
['maBHAs pUYMHA STOTO BUIWTCS B TOM, 4uTo rpymma ['ommaa C.M.
WCIIONB30BaIa  JTyTOBBIE IUTa3MOTPOHBI MajOd MOIIHOCTH B
CPaBHEHUHU C MIa3MoTpoHamu BadaeBa A.B.

3.3.2. OkcnepumenTsl KiimmoBa A.U. ¢ 1yroBsIM pa3psiioM.

Heo0xomumo Tak ke OTMETHTB M yCIICIIHBIE BOCHPOU3BOAUMBIC
skcriepuMenTsl Kimumosa AWM. mo HOSP u nony4eHnnio HENTPOHOB B
IIa3MOTPOHE C  JOyroBeIM paspsgoM. OpHako caMm — aBTOp
OKCIIEPUMEHTOB JTOTO HE TPU3HAET W TOBOPUT O TMOTyYEHHUH
HEHTPOHOIOJOOHBIX YaCTHLI.

OctaHOBIIOCH ~ MOApPOOHEE Ha  TJIaBHOW  CTPAaHHOCTH B
npencraBieHusax npodeccopa Kimmosa. Ero HemokosiaeOumoit
MPUBEPKEHHOCTH HIEH HEHTPOHOMOJOOHBIX YaCTHII.

Paccmorpum noknan npodeccopa Knumosa A.W.: “H3mepenue
MMOTOKOB  XOJIOJHBIX HEHTPOHOB W MSTKOTO PEHTT€HOBCKOTO
M3IIYYCHWsI B IUTA3MO - XHMHYECKOM peakTope”’, B KOTOPOM
MpeACcTaBieHa OPUTMHANbHAS SKCIEPUMCEHTANbHAs yCTAaHOBKAa U
moApoOHBIE pe3yNabTaThl m3MepeHuid. [42]. B skcnepuMeHTamTbHON
YCTaHOBKE Ha HUKEJIEBOM DJIEKTPOAE CO3MAETCS dIEKTPUUYECKas ayra
(mna3ma), B pe3yabTaTe KOTOPOH BO3HHMKAIOT M PazOpbI3TUBAIOTCA
BOKPYT MHUKPOYACTHILBI HUKeIsA. Yepes 001ako MUKpOYaCTHI] HUKEIIS
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MIPOTOHSETCS O cKopocThio 10 m/cex BopsHOM map. IIpu BBICOKOI
TeMIeparype BOJASHOW Map JAHCCOLIUHPYET, MPOUCXOJUT HapaOOTKa
BOJIOPOJIa, KOTOPBIA B3aMMOJCHUCTBYET C HAHO YaCTHUI[AMH HUKEJS,
MOJTyYAIOIIUXCSl MPU B3pPhIBE MUKPO KarmelieK HHUKeNss. BO3HHUKAroT
HABOJIOPOKEHHBIE HAHOKJIACTEPHI HUKEIs, Ha KOTOPBHIX MPOTEKAIOT
lenr - peakmum. DKcliepUMEHTaIbHAs yCTaHOBKa ObLIa OCHAICHA
JIBYMSI pa3NYHbIMA THUIIAMH HEHUTPOHHBIX JaTYUKOB, KOTOPHIC
(UKCUPOBaNM TPU 3KUTAHUM TUIA3MbI HEWTPOHHBIH TOTOK B

10° —10° nesimpon/cex.  TIpu  OTKIIOYEHHH  IUIa3Mbl  [OTOK
HEHTpOHOB ObIcTpo cmamai. [lpw 5TOM eciiu mocie OTKIIOYEHUS
T1a3MbI [T0/IaBajach Boja (BOASHOW map), TO €€ HECKOIBKO CeKYH/I
HaOIIIOJANKCh MENIKHE BCIUIECKH HEMTPOHOB, KOTOPBIX HE OBLIO MPH
nojade aproHa. Bot stu Menkue Bcruiecku mpodeccopa Kimmosa
AMN. cmyrwmu. OH jgenaeT BBIBOJA, YTO NPHOOPHI (PUKCHUPYIOT
HEUTPOHHBIN MOTOK U TYT ke 3asBisier: “Ho Mbl cuuTaem, 4To 3TO HE
COBCEM HEHTpOHHBIH TOTOK, a neutron like particles”
(HEUTPOHOMIOAOOHBIC YACTHIIEI, IPUM. aBTOPA).

DKcnepuMeHTalbHas yctaHoBka Kimmmoa A.M. Opta ocHameHa
TaKk€ CHEKTPOMETPOM, KOTOPBIA TMOKa3al TPHUCYTCTBHE B
AKCIIEPUMEHTAIEHON yCTaHOBKE aTOMOB Kuciopoja u ¢ropa. Kak
ormeuaer KmmmoB A.M. “kazanoch OBl MPOCTO NPEATIONOKHTE!
kuciopon + Bomopon (mporoH) = ¢rop. Ho mer”. Ilpodeccop
Kmumo A.W. Bcerma ¢ yBaKEHHUEM OTHOCWICS K KyJIOHOBCKOMY
Oapnepy. [losTomMy OH uiIeT MHOE 00BSICHEHNE IKCTIEPUMEHTATBHBIM
naHapiM. OH, HHM Kak He »JKelas TNpU3HATh OYEBHIHOE, T.€.
BO3HWKHOBEHHE CBOOOJHBIX HEUTPOHOB Ha HABOJOPOKEHHBIX
MTOBEPXHOCTSAX HUKESl KaK pe3yiabTaT JIIEKTPOHHOTO 3axXBaTa B
aToMe BOJIOpOAA, TOBOPUT O K - 3axBaTe B HEKOEH 2-X SIECpPHOM
MOJICKyJIe, KOTopasi o0pa3yeTcs Ha HaHOkiactepax. “OmuH mIar mo
XOJIOJTHOT'O CHHTE3a B siipe. B 3TUX MoJeKyax BeJluKa BEPOSITHOCTh
k - 3axBara u mpoucxomdaT saepHble peakuun’. [42]. Ho mpu k -
3axBaTe B MHOTOYPOBHEBBIX CHCTEMax HE OyJIeT TOr0 MHOT000pa3us
3¢ (HEeKTOB HEUTPOHHOU (U3UKU, KOTOPhIC HAOTIOAAIOTCS B OIBITAX
A. Poccu, A.I. IlapxomoBa, A.A. KopHuioBoii, ¢ oOpazoBaHueM
MHO’KECTBA HOBBIX M30TOIOB, JJIEMEHTOB U BBIJIEIICHHEM TEIUIA.

A BOT eciy MpHU3HATH HEHUTPOHBI (UKCUpYEMbIC IByMs BHIAMHU
npubOpoB 3a pealbHbIC CBOOOJAHBIE HEUTPOHBI TO 0OOpa3oBaHUE
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Gropa W3 KHUCIOpPOJA CTAaHOBHMTCS €CTECTBEHHBIM B paMKax
. N 8 _s _9
HeiTponHoit pusuku. O +3n=,0 — 6ema _ pacnao=,,F

Kak BUIMM HH KaKuX <«3KCTpaBaraHTHocTeil». Bc€ B pamkax
XOPOIIO U3YYCHHON HEHTPOHHON (U3UKU M TOBOPHUII 51 00 3TOM eIié
B 2020 rony, ananusupys nokian Knumosa AWM. na PKXTS n M-
26. Torma MeHs He ycCHbIIaad. XOTA s HE CKa3aJl HUYEro HOBOTO.
310 U3BeCTHAS HEUTPOHHAs QU3HKA.

B ycranoske KimmoBa A.M. HEHTpOHHBIN MOTOK crmajgan cpasy
MOCIie OTKJIFOYEHUS AyTd (IJIa3Mbl), YTO TOBOPUT O HEOONIBIIOH
IUIOTHOCTH HaBOAOPOKEHHOCTH HaHOKJAacTepoB HuKems. Craboif
YAETBFHOW HaBOAOPOKEHHOCTHIO MOXHO OOBSICHUTH W MaJjble
BCIUICCKM HEUTPOHHOIO IMOTOKA, TMPOUCXOAAIINE B TCUCHUH
HECKOJIBKMX CEKyHJ TMociie OTKIIo4YeHuss ayru (miasmel). I[lpu
BBIKJTIOYEHNHU YT CHIDKAETCA TEMIIEpaTypa B SKCIEPUMEHTAIBHOM
KaMmepe, a ATO CHWXKaeT 3(PQPEKTUBHOCTh HaBOIOpaxuBaHus. [lpu
MaJioil yAenbHOH HAaBOAOPOKEHHOCTH U CHIDKAIOIECHCS TeMIIepaType
PE3KO CHIKACTCS M OBICTPO MPEKpPAIIaeTCss HEHTPOHHBIA TOTOK, T.K.
HEoOXOaUMO BpeMsl IS HOBOTO HaBojopaxkuBaHus. OTtcrona
MPEPHIBUCTOCT, HMMIIYJIBCOB M UX IOJHOE MpEeKpalleHUue IMpu
CHIDKEHMHM TeMIlepaTypbl HUe mnoporoBoil. Ha Bompoc bapanora
H.C.: “Yro »5TO 3a HEUTPOHBI, KOTOPHIE HEMHOXXKO Ipyrue?”’
mpoeccop Kimmmor A.M. orteBermn: “Ilo ¢opme curaamos
0e3yCJIOBHO O4YEHb MOXOXH HAa HEWTPOHBI, a MeEJNOoYb HAyIIas B
XBOCTE - OTO HEUTPOHBI WJIM HET HYXHO yOemuThcs’ . Bumum, d9To
JIOMUHAHTHasi Waesd O ‘‘HEHTPOHOIOJO0OHOHN uacTuie” 3aBiajaeina
co3HanueM npodeccopa Knmumosa A.U. 1 He IO3BOJSET My BEPHTH
rnazam  cBouMm. IIpoBens  3amevaTeNbHBI  SKCIEPUMEHT,
obecrieunBaOINK yOeAUTENBHYIO BOCIIPOM3BOIUMOCTD Pe3yibTaTa,
yOeauTenbHOe 10Ka3aTelbCcTBO HEWTpoHHOH ¢u3uku XTS5, u tem
caMbIM BHOCS PEIIAIONINH BKJIAJ B JIOKA3aTEIbCTBO PEAlbHOCTH
SIBIICHUST XOJIOAHON TpaHCMyTaluu aaep, mpodeccop Knumos tak u
0CTaJsICs B IUICHY CBOMX 3201y K ICHUH.

Ho Ha 3TOM HCTOpHS ¢ MPOU3BOJCTBOM CBOOOIHBIX HEHTPOHOB
Ha ycraHoBke Knmmmoma A.M. He 3akoHumiack. Yxe B 2022 romy
natyuk u3 JyOHBI #Opyroro (y:Ke TpeTbero) THNA IO CJIOBaM
Knumoa AWM. mokazan  3alIKaauBaIoOllyl0  HHTECHCUBHOCTh
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HEUTpOoHOB W anbbha dYactum. W omaTe BCE CBOAWTCI K
HEHTPOHOIOI00HBIM YaCTHIIAM.

Ectp skcnepumentsl baxyroBa FO.H. m IlapxomoBa AT,
KOTOpbIe yOeIWTEeNbHO IOKa3bIBAIOT TNPOU3BOJCTBO HEHTPOHOB B
YCIIOBUAX HABOJOPOKEHHBIX MOBEpXHOCTEH. Anekcanap I'eprueBud
oTMedaeT: ... B DKCIepUMEHTaxX, mpoBeiaeHHBIX B 2011- 2012 T.
MHOI0 coBMecTHO ¢ O.H. baxxyToBbIM, HEUTPOHBI BO3HUKaIH. MBI
HarpeBajJM TOPOIIOK HUKENS B BOJAOpOAe MpH naBieHuu a0 90
armochep. Heirponsl mosBiscs npu temmeparypax 200-300°C,
KOTJa MPOHMCXOAMJIO HMHTEHCHMBHOE IMOTIIOIIEHHE BOJOPOAa. BEBITH
MOXET, 3TO pe3yibTar e-3axBaToB. Ho mpum Oojee BBICOKHX
TeMIiepaTypax HUKAKUX HEHUTpoHOB HeT. He obOpasyrorcs oHM W B
HUKEJIb-BOAOPOAHBIX PEaKkTopax, KOorja HaOoJgaceTcsi W30BITOYHOE

SHEProBbIACICHUE .
A Begp emE uMeeTcs ~ OTMEUYEHHas  BbIIIE  Macca
SKCIIEPUMEHTAIbHBIX pEe3yIbTaTOB B LENR-peakTopax,

CBUCTEILCTBYIONIAS O MPUCYTCTBUN HEHTPOHOB. JTO U BBIICICHUC
TeIIa ¥ BO3HUKHOBEHHE OOJIBIIONO KOJMYECTBA HOBBIX M30TOIOB H
anemenToB [Poccu, [Tapxomon, Kimumor, EBgokumor, CaBBaTriMOBa
u ap.].

Heob6xoaumMo oTMETUTh, UTO B IIA3MO - XUMHUYECKOM PEaKToOpe
Kmumosa A.W. HabmromaeTcst MATKOE PEHTT€HOBCKOE M3ITyUeHUs], TaK
KE CBUJICTEIILCTBYIOIEE O 3aXBaTE XOJOIHBIX HSHTPOHOB.

Yto emé HY:KHO, KakWe emé IKCIHePHMEHTbl HYKHBI IS
J0Ka3aTeJbCTBA MPOU3BOACTBA CBOOOAHBIX HeliTpoHOB B LENR-
peakTopax?

B nocnennee Bpems Ha BeOmHapax Knmmosa - 3aTtenenuHa Mbl
CTaJli CBUJCTEISIMH UHTEPECHBIX MeTaMopdo3. CHavana Ha BeOWHAp
28.12.2022 roma Oblma NMpeaBapUTEIHLHO OOBSBICHA TEMa JIOKJIana
Barinea ®.C. m Tommna C.M. nox wHa3zBaHueM: «OMHUCCHS
HEUTPOHOIOJAOOHBIX 00BeKkTOB B ycraHoBke TNLT». Omnako Ha
BeOMHape OBUT TPEACTaBIICH JOKJIAM TIOJl Ha3BaHHEM: «IMHCCHS
XOJIOMHBIX HEUTpoHOB B ycraHoBke TNLT». [28]. Tepmun
HEHTPOHOMOIOOHBIE OOBEKTHI OBUT 3aMEHEH Ha TEPMUH XOJIOIHEIC
HeriTponsl. Kak ormernn poknmaqauk 3aimeB @.C.: “Tak Oymer 6omee
aJIeKBaTHO .

3arem yke Ha BeOmnap 01.03.2023 roxa OblIa IpeABapUTENHEHO
o0ObsaBieHa Tema gokiaga KimmoBa AWM. mom  Ha3BaHHEM:
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«Tpancmytanusa xumudeckux 3memeHToB B LENR skcniepuMenTe u
TEOPETUYECKOE MOJICIMPOBAHUE  B3aUMOJEHUCTBUS HEWTPOH -
mooOHBIX Yactul| ¢ rereporenHor Li-H,O mnasmoii». OmHako Ha
BeOMHape ObUI MPENCTaBJICH AOKIAa IMOJ Ha3BaHueM: «M3mepeHue
MOTOKA XOJIOJHBIX HEUTPOHOB B TETEPOTr€HHOM IUIa3Me€ U
MOJICJTUPOBaHME €ro B3aUMOJICHCTBHS ¢ rerepodasoii». [42]. U B
JTAHHOM CITy4ae TePMUH HEUTPOH - MOTIOOHKIC YaCTHIIBI ObLIT 3aMEHEH
Ha TEPMUH XOJIOTHbIE HEUTPOHBI.

BuauMm HauaBmmiicss caBUT (GU3MYECKUX TIPEICTABICHUN O
XOJIOHOW TpaHCMYTAallMU SAEp B CTOPOHY HEHTpOHHOH ¢u3uku. 1
ecnu 3aiineB @.C. TBEpIO BCTal Ha MO3ULUIO0 HEUTPOHHOW (U3UKH,
0 YéM CBHIETENBCTBYET €ro ydacTHe B IMOJIEMHKE II0 HTOTaM
noxnana Knumosa A.U. 3aiines @.C. yTBepxmaer, 4ro mpobdiema
skcnepuMeHToB ¢ XTS cocTouT B TOM, UYTO HKCIIEPUMEHTATOPHI HE
YMEIOT MEpHUTHb XOJIOJHbIE HEUTPOHBI. ABTOPY [aHHOW CTaThbU
yrBepkaenne 3aiineBa @.C. mpencraBisercs yOemuTeNnbHBIM. B
OTJIMYME OT 3asBJICHUM, UTO HEUTPOHHBIC JATUUKHU UM HEMPABUIHHO
M3MEPSIOT WU U3MEPSIOT YTO-TO APYToe, HO BBIJAIOT 3a HEHTPOHHI.
B TeueHuu necstuieTuit u3MepsAan mpaBwibHO. Ha ocHOBe 3THX
M3MEPEHMIA TOCTPOCHA TIeJasl HayKa - HeUTpoHHas pu3uKa. A Terepb
BIPYr CTajdd U3MEPATh HENPaBWIbHO, TaK Kak MpOTHUBOpeYaT
gyJecaM SK30THKH.

Bot u KnumoB A.U., mpuBeas 10BOIbI B MOJIb3Y HEUTPOHHOTO
xapakrepa XTS, mo wutory omare 3acoMmHeBaics. OtTBedas Ha
BONPOCHI OH cKazal: “SI He Bepro, YTO B3TO HEUTPOHBI, HO
HEUTPOHHBIN JaTUYNK PEBET .

OtMmeruM ymcienHoe MonaenupoBanue Hukomaem EBcTurneeBsiM
MIPOIIECCOB 3aXBaTa XOJIOAHBIX HEUTPOHOB U CPABHEHUH PE3YIbTaTOB
MOJIETTUPOBAHUS C DKCIIEPUMEHTAIBHBIMU JMaHHBIME KimmoBa A.U.
B Monenn yunthiBamuch o - pacnan, P - pacmax, P - pacman u
3axBar HeWTpoHoB. K HemoctatkaM MOIETM HYXHO OTHECTH
OTCYTCTBHE y4€Ta AJIEKTPOHHOTO 3axBaTa. Ho gake B 3TOM cirydae
HaOIIojamach KOppersinus pacuéToB C 3KcmepuMeHToM. OTMeTum,
YTO KOpPpPEISus HaOIr0AaIach TOJNBKO JIS XOJIOJAHBIX HEUTPOHOB H
He HaOJIroxanach I TeTIOBBIX HEUTPOHOB. [42].

CrpanHasi CTeTICHb HETPUATHSA HelTpoHa. HeWTpoHHBIN maTdnkK
peBET (Bcero OBLIO MCIOIB30BAHO TPHU THITA HEHTPOHHBIX TATYUKOB),
CIIEKTPOMETpHUS YKa3blBaCT HAa HEUTPOHHBIM XapakTep peakiui,
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YUCIICHHOE MOJICIIUPOBAHNUE, Haxe 0e3 yuéTa BakHeiiero gakropa -
JNIEKTPOHHOTO  3axBaTa, [JaéT  XOpOWIyI0  KOPPESIIHI0 ¢
SKCHEPUMEHTOM, KOJUJIETH B CXOJHBIX (DU3NYECKUX YCIOBHUSX
PETUCTPUPYIOT XONOAHbIe HEUTpOHHI [28], a Kinumor A.U. He Bepurt.

Jlaxxe ecnu HEUTPOHHBIE AATUUKK OMPEACIEHHOrO TUMA U JAl0T
WCKXEHWS] TI0  pa3INYHBIM  NPUYMHAM, TO  HEOOXOINMO
no3aboTuThcs 00 HCKIOYeHHH nomex. Ho riaBHOe, 4YTO Bed
COBOKYIHOCTh HaOmomaeMbix (aktoB o0 XTS5 B pasiddHbIX
dbmuaeckux ycmoBusx (Poccu, IlapxomoB, Kmumo, ['ogun wu
3aiilieB), OT MOKa3aHUK MPUOOPOB IO JaBHO M3BECTHBIX B SACPHOM
¢usuke >PQPEeKTOB, CBHICTEILCTBYIOT O HEHTPOHHOM XapakTepe
XTSI

B 3akiroueHne maHHOTO MyHKTa OTMETUM, 4To (puzuka XTSI B
miasMoTpoHe Bawaea A.B. u mmasmotopone Kimmosa A.U.
OJIMHAKOBA.

3.3.3. Oxcnepumentsl CaBBatumoBoii U.b. ¢ Tiaewomum
pa3psaom.

B cBs13u ¢ paccMoTpeHHBIMU BhILIE NpeacTaBieHusIMu Kiumosa
A.N., unTepecHO paccMmoTpeTh paboty 2022 roma «DdeHomeH
HCKYCCTBEHHOH paJAMOaKTUBHOCTM B METAJUIMYECKMX KaToJax B
YCIOBUAX Tierolero paspsaa» [117] rpynmbel ucciepoBaTeneil ¢
yuactueM CasBatumoBoit .b. Haunéwm c Toro, yto rpynmna padotana
C YCTaHOBKOM TIEIOIIETO pa3pAga, B KOTOpPOH co3aaBanach
HEpaBHOBECHAs pOTUH W/Amm JedTepuit cojepkarias
HU3KOTEMIepaTypHasi Iula3Ma. 10 €CTb YCTaHOBKAa T'PYIIIB
CaeBatumoBoii U.b. cxoxa ¢ ycranoBkoi TNLT 3aiinera @.C. u
loguna C.M. (paccMoTpeHa HIDKE), B KOTOpOH MOCIETHUE
(uKCUpOBaIM 3MHUCCHIO XOJOAHBIX HEUTpoHOB. M XOTs rpymnma
CaBatumoBoii 1.b. He peructpupoBana 3MHCCUIO HEHTPOHOB BBUAY
OTCYTCTBHS JAaTYMKOB, MaTepuanbl M BBIBOJABl CaMHX AaBTOPOB
CBHUJIETENILCTBYIOT B IOJIb3Y HEUTpoHOB. OnHako kak u y Knnmosa
AN. nenmaercs BBIBOA O HEKHX HEUTPANBHBIX sapax (duTait
HEHTPOHOMONOOHBIE  YacTUIBI, TPUM. aBTopa), ‘(POpPMaIbLHO
XapaKTepU3YIOLIUECs, COOTBETCTBEHHO, OapUOHHBIMM YHCIIaMH,
PaBHBIMM €IMHMIIE U JIBYM, HYJIEBBIMHU JIEITOHHBIMHU 3apsiiaMH U
MaccaMH TIOKOs, paBHBIMH MaccaM aToMa BOJOpoJa M JAeurepus,
MOTYT 3(@eKTHBHO y4yacTBOBaTb B Pa3HOOOPA3HBIX SACPHBIX
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mpomeccax”. ABtopel [117] nmaxke mnmmryT B CBOEH CTaThe:
“CoOBOKYITHOCTh BCEH ATOM WH(MOPMAITIH TaeT OCHOBAHUS T0JIararh,
yT0 B 3KcmepuMmentax rpynnsl A.M. Kmumoa ¢dukcupoBamuch
MMEHHO YaCTHIBI Ny, . B 3axmoueHnn aBTopbl [117] mumyT, 4To
BOZIOPOOCOIEpIKaIIasl I1a3Ma TIEIOMIEro pa3paaa “o0yCcIOBIUBAET
CYILIECTBOBAHHE JIETKHX HEHTPaIbHBIX SIEP - OeTa HEHTPOHA 'Niy, U
6eTa JMHEHTPOHA ‘Niy, KOTOPBIE MPH OTCYTCTBHH KYJOHOBCKHX
OappepoB  3((EKTHBHO  y4acCTBYIOT B  SAEPHO-XUMHYECKHX
mporieccax, oopa3ys ¢ sSApaMu MHIIEHH cocTaBHBIE sapa. CiemyeT
MOMYEPKHYTh, YTO BEIUYMHBI MacC JTHX SJEp, paBHbIC Maccam
aTOMOB TpPOTHS W JedTepus cooTBeTCTBEeHHO . Hy uem lnisu HE
HerTpoH? Macca paBHa Macce aToMa MPOTHS. DICKTPHICCKHUI 3apsiy
paBeH Hymo. CBoOomHO mpoHHMKaeT B sapo. Urto kacaercs Oera
JUHEUTPOHA, T.C. CBA3aHHOTO COCTOSHHS ABYX HEHTPOHOB, TO B
36MHBIX YCIOBHSX (BO BCSKOM CIy4ae) 3TOTO HHUKTO B APYTUX
nabopaTopusax He HaOOal.

3.3.4. Oxcnepumentsl I'oqguna C.M. u 3aiineBa @.C. ¢ TJae0mmuMm
pa3psaaom.

Paccmorpum  usuky, pemaromero ans noHuMmaHus X TS,
sKcnepuMeHTa 3aiiesa - ['oquna ¢ Tieromum paspsiaoM. [Tokaxem
e€ enMHCTBO ¢ (u3uKkoil s3xcnepuMeHToB Bauaesa A.B. u Kinmosa
A.N. c 1yroBeIM pa3psaaoM.

Onucanue SKCIEPUMEHTA JAJUM Ha OCHOBE KPaTKOTO JOKJIaJa
3aiiniea @.C. u 'oguaa C.M. Ha BeOmHape Kmmmosa - 3arenenuHa
28.12.2022 roma. Jloknmanm Ha3bIBajCs «OMHCCUS  XOJIOTHBIX
HeliTpoHOB B ycraHoBke TNLT». HeoOxommMo 3aMeTuTh, dYTO
aBTOPHI B CAMbIil OCIEAHUI MOMEHT U3MECHUIIA HA3BaHUE NOKJIaAa 1
BMECTO HEHTPOHOMOAOOHBIX O0OBEKTOB 3alHCaTH  XOJOIHBIX
HelTpoHOB. B TpyOKe SKCIEpHMMEHTaNbHON YCTAaHOBKH CO3HAETCA
TICIOIMNA pa3psan co cTosduMH cTpaTaMHu. Co CJIOB JTOKIaT4HMKa
CTpaThl JOCTAaTOYHO YyBCTBHTEIHHBI K MapameTpam paspsaa. Ho B
YCTaHOBKE YIAJIOCh CO3/1aTh CTPAaThl MpPH IIHPOKOM HW3MEHEHHUH
napaMeTpoB Tierouero paspsaa. Crparsl yxe 150 net nzydarores
(M3MKaMH W dalle BCEr0 WX CBA3BIBAIOT C BOJHAMH HOHH3AIIHH.
3aiiiieB @.C. cBsa3pBaeT 00pa3oBaHHWE CTPAT C HAKAYKOW SHEPTHH B
npoaosibHble BONHBEL d¢upa. B ycranoBke TNLT renepanus lenr -
peakuy NPOUCXOIUT NMpH KoMHaTHOU Temmepatype 20°C. DHeprus
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BHOCHMAasi B peakTOpHyI0 30HYy He Oomee 10-tm Barr. Hawamo
peakiuu Yepe3 HECKOJBKO MHHYT IIOCNE BKJIIOYEHHUS yCTaHOBKH.
OMHCCHS  XOJNOAHBIX HEHUTPOHOB [OCTATOYHO CHJIBHAs - 10°
HEUTpOH/CeK B crepanuaH. [Ipu 3TOM JIMIs Mamnas 4acTh XOJOTHBIX
HEHUTPOHOB TOKHIAET PEaKTOPHYIO 30HY, T.K. Y HUX Majas JJIuHa
cBobomHOrO TIpobera. [loaToMy OHM Ccpa3y 3axBaTHIBAIOTCS W TaM
ocratorcs. [Ipu paboTe yCTaHOBKH PETHCTPUPOBATIOCH TaK XK€ Ciiaboe
pentreHoBckoe umanmydenue. Ilo yrBepxkmenuio 3adiieBa @.C. Bce
saepHble  3QdekTh, (QUKCHpPyEeMble B YCTAHOBKE, OOBACHSIIOTCS
3aXBaTOM XOJIOJHBIX HEWTPOHOB. B 1oKmame HE yHOMHHAETCS O
CKOJIBKO-HHOYIb 3HAYMTEIHHOM pATUAllMOHHOM W3IY4YCHUU, YTO
COOTBETCTBYET MPAKTUYECKU BceM dKkcniepuMenTam ¢ XTS5,

3.3.5. Mexanu3M 00pa3oBaHMs X0JIOAHBIX HEHTPOHOB B
YCJIOBHAX JIEKTPUYECKOro pa3psja.

Kak ormeuanocs panee, HEOOXOAMMBIM YCIOBHEM DIEKTPOHHOTO
3axBaTa B aTOME BOOPOAa SBJISICTCS XHUMHUYECKOE 3aKperuicHUE
aToMa BOJIOPO/ia Ha TIOBEPXHOCTH OTPHIIATENBHOTO 3aps/a. TonbKo B
9THX  cnenuuYecknX  (QU3UYECKUX  YCIOBUSX  MPOUCXOJIUT
0o0pa3oBaHME XOJIOAHBIX HEHUTPOHOB BCIEACTBUE DJIEKTPOHHOTO
3axBaTa M MPOTEKAIOT PEaKIUU HEUTPOHHOU (DU3HKH.

MexaHn3M HaBOJOpPAXKMBAHUS TIOBEPXHOCTH OJIWHAKOB W IS
OYroBOrO W Ui TJICIOIIEro paspsaa. B ycloBusix QyroBoro
miazMounsa u 'y Bauaesa u y KimmMoBa B pe3ynbrate pa3OpbI3ruBaHUs
karona QopMupyercss reTeporeHHas Iula3Ma W3 MHUKpOKarelb
MeTalyla KaroJa W BOJOPOJA, BO3HHUKAIOUIETO B pe3yjbTaTe
JUCCOIUAIINH BOABI. PacmbuiéHHBIE MUKPOKAILTH BEIIECTBA KaToza
TBEPJACIOT U B BOAOPOAHON aTMochepe HaBogopaKuBaroTcs. Kimmmon
A.N. ormedaer U 3¢hdeKT B3pbHIBA MHUKPOKANENb, YTO MPHUBOIUT K
(hOpMUPOBAaHUIO HAHOKIACTEPOB. OTO OYCHb BAXHBIN 3(QekT,
MPUBOSAIINN B pe3koMy YBEIIMYCHHIO MOBEPXHOCTH
HaBogopaxuBaHus. [Ipu JOCTIXEHWH TOPOTOBOM TeMmIepaTypsl Ha
MMOBEPXHOCTH  HABOAOPOKEHHBIX  HAHOCTPYKTYpP  IPOHUCXOIUT
JJICKTPOHHBIM 3axBaT B aTrOME BOJOpPOAa C OOpa3oBaHUEM
CBOOO/IHBIX XOJIOJAHBIX HEHTPOHOB.

Bafines ®.C m T'ogma C.M. He pacKphIBalOT B ACTAIAX
ycTpoiicTtBo yctaHOBKM TNLT ¥ TOHKOCTH MPOIIECCOB, CChUIAsCH Ha
HEO0OXOUMOCTh 0OJIee TIIATeNbHOW MpOBEepKU. Takas MO3UIHS
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aBTOPOB OMpaBjaHa, Y4YUThIBasg IMedalbHbI onblT DredinMaHa u
Ionca. Ilpu um3noxennn ¢usuku XTA B ycranoBke TNLT Oymy
OTTAJKUBaThCA OT HWHPOPMAIIMM  aBTOPOB  DKCIICPHMEHTOB,
OOIIETOCTYIHBIX ~ CBEIICHUA O TICKIIEM pa3psiae M CBOETO
noHumanus nponeccos XTS.

IlpunnunuaneapiM -~ ycnoBueM XTS  sBasierca  Haiuuue
ATOMapHOTO BOJIOPOJIa 3aKPEMUBIIETOCS Ha MOBEPXHOCTH TBEPIOTO
terna. OTciofa cleayeT MPEeANoNOoXHTh, YTO B KadecTBe rasa B
TpyOKe Trmeromero paspsma  3aiimea D.C u Tommaa C.M.
WCTIONB3YeTCS BOAOPOJ WM Ta3 COJCpXalluii B COCTaBe CBOCH
MOJICKYJIBI aTOMBI BOAOpOAa. B pe3ynbraTe IUCCOIMAIMK 3TUX
MOJIEKYJ TIOJT BO3JIEHCTBHEM YCKOPEHHBIX 3JIEKTPOHOB 00pa3yroTcs
CBOOOJTHBIE aTOMBI BOJIOPO/IA.

I[Ipu TneromeM paspsge HaOMIOAACTCS SBJICHUE KATOIHOTO
pacmhbUIeHHS METaioB. BelmmecTBo kaTofa MpW TIEIOMEM pa3psae
BCIeACTBUE OOMOApAMPOBKH TOJIOKHUTEIFHBIMA HOHAMHU CHIBHO
HarpeBaeTcss ¥ TMEpPeXOAUT B MapooOpa3HOE COCTOSHHE, B
MeJbUalliie Kalld MHKPOHHBIX pa3MepoB. OTOT 3(dexT
WCTIONB3YeTCA, HalpuMep, s MOKPBITHS TOHKAMH IUIEHKAMHU
Pa3IUYHBIX TPEIMETOB. PacmbUIEHHBIE HAHOCTPYKTYPHI BEIIECTBA
KaTo/a TBEPICIOT U B BOJOPOIHON aTMoc(hepe HaBOJAOPaKUBAIOTCS.
Ilpu pocTXKeHWHM MOPOTOBOM TeMIepaTypbl Ha TOBEPXHOCTU
HAaHOCTPYKTYP TPOMCXOJUT JICKTPOHHEIN 3aXBaT B aTOME BOAOPOIa
¢ oOpa3zoBaHHEeM CBOOOJHBIX XOJIOMHBIX HEUTpoHOB. ®m3uka XTI B
TIICIOIIEM pa3psi/ie eauHa C JYTOBBIM Pa3psAioM IIa3MOTpPOHA. 371ECh
Tak xe (popmupyercs reTeporeHHas miazma. B Tieromem paspszae ¢
rnapaMeTpaM BO3HUKHOBEHHUS CTPAT BHIUMO HanOoJiee MHTEHCUBEH
MPOIIECC PACHbUICHUS W Kak CIEACTBUE Hauboliee WHTEHCUBHO
obpazoBaHne CBOOOJHBIX XOJOMHBIX HEUTPOHOB. (OCOOCHHBIM
TUTFOCOM yCTAHOBKH C TJICKIOIIUM pa3psioM SBISIFOTCS HU3KHE
napaMmeTpsl € paboThl, YTO JENAeT YCTAHOBKY OYCHb HAIEKHOM.

3.4. siBaeHue TPpaHCMYTallUu B OHOJIOTHYECKHX CHCTEMAX.

IlpoBeném  aHanm3  BKCIEPUMEHTANIBHBIX  JAHHBIX 1O
TpaHCMYTallUd H30TOIOB B OMOJIOTHUECKUX cUCTeMaX. BbIckaskeM
NpEarnoNokKeHne o enuHod mnpupoae >pdexroB KopHumnoBodh u
Poccu. B Gnonornueckux cucteMax Tak ke Kak u B peaktope Poccu
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BO3HMKAIOT  XOJIOJHBIE  HEWTPOHBI  HAa  HABOJOPOKEHHBIX
MOBEPXHOCTAX. B KadecTBe HaBOJOPOKEHHBIX IMOBEPXHOCTEU
BBICTYIAIOT OMOJIOTUIECKHE MEMOpaHbI.

B mnocnennee Bpems mosBiseTcss BCE OOJBIIE MaTEPHATIOB IO
TpaHCMyTallMX AAep B OMOJOTHYECKHX CHCTEMax. JTO, HalpHMep,
kaura Breicorkoro B.M. m KopuaumoBoit A.A. «SaepHbIii cuHTE3 U
TpPaHCMYTalXs U30TOTOB B OMOJIOTUYECKUX CUCTEMax», BBILICAIIAS B
2003 romy [17]. ABTOpHI MMEIOT MATEHTHI HAa TEXHOJIOTHH, BEIyT
aKTHBHYIO Pa3bsCHUTENBHYI0 padoTy. Hampumep, Kopammosa A.A.
B CBOMX HMHTCPBBIO TOBOPHUT 00 YCIEIIHBIX ONBITAX MPOBEIEHHBIX
emé B 90-¢ rompl. Ceiiyac akTUBHO O cebOe 3asgBIsIET rpymma B
coctaBe B. Kapabanosa, T. Caxao u B. KypamoBa. ABTOpHI Tak ke
MMEIOT MATeHTHI [73], BBICTYNAIOT ¢ Mpecc-KOHPEPEHIUIMU, B TOM
quclie 3a pyoemoM.

Ora uHQOpMAaIHsl BBEJIA OPTOJOKCATBHBIX (PU3UKOB-TEOPETHKOB
B OKOHYATENBHBIH CTYHOp, Mepel KOTOPbIM BIIEYATICHHUS OT
xojogHoro saepHoro cuHresa (XSC) m XomoIHOW TpaHCMyTallH
spep (XTH) Bemrasgsar nérkuMm HemoymenmeM. OmHa W3 3amad
JaHHOW pabOTHI IMOKAa3aTh, YTO HOBBIE SIBICHUS SAEPHOU (DH3HKH
(XAC u XT4), Brmoyast OMOTpaHCMYTalMIO, TABHO U HACTOHYMBO
HAIMIOMUHAIOIINE O ce0e, He MMPOTUBOPEYAT YCTOSAM sAepHON (pHU3MKWY,
a HaNpOTHUB, CYIIECTBEHHO €€ TOTOIHSIOT.

3.4.1. JDkcnepuMeHTAIbHbIE HCCJIECAOBAHUS IO TPAHCMYTAIIUH
H30TONOB B MUKPOOHOJIOTHYECKHUX CHCTEMAX.

IIpoBeném aHamm3 maHHBIX H3NOKEHHBIX B [17], [73]. CpaBHuUM
WX C JaHHBIMH U3JIOKCHHBIMH B pabotax Ilapxomora A.T". [87], [90]
U TEOPETUYCCKMMH TIOCTPOCHHSMH aBTOpPAa JaHHOW paboTHI,
H3JI0)KCHHBIC BBIIIIC.

1). Ikcnepumenmor u meopus Beicouyxozo B.H. u Kopnunoeoii
A.A.

Hauném ¢ aHanmuza wMarepuanoB, TIOJYYEHHBIX U3 KHUTHU
Breicoukoro B.M. m Kopuunosoit A.A. «SnepHbIii cuHTe3 H
TpaHCMyTam¥sl H30TONOB B OHWOJIOTHYECKHUX cucTteMax». [17]. B
pabote OTIMCaHO HECKOJIBKO JKCIIEPUMEHTAIBHO
3apETHCTPUPOBAHHBIX SICPHBIX PEAKIMA W JTaHO WX aBTOPCKOE
000CHOBaHHUE.
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57
a). Peaknusg cunresa m3orona Fe’' .
55 2 _ 57
Mn> +d” =Fe* (3-2)
Peakmus  mpoBommiach B MHKPOOHOJIOTHMYECKOW  KYIBTYpE,
pacTyiei B JeUIIMTHOM 10 JKeJe3y BOJHO - COJICBOW MUTATEIBHOMN

cpere Ha ocHoBe Tsbkénoit Bomel D,0, Kyma IONONHUTEIHHO

BBOJIMJIACH cOb Mapranma’. Ilo maernio aBTOopoB “HecoMHEHHBIM
MPEeNMYIIEeCTBOM MapraHma sBISETCS TO, YTO OH HWMEeT

o o 55
€IUHCTBEHHBIN cTaOWIbHBIM m30TOonn Mn™> . DTO 0OCTOSTENHCTBO
JeJIaeT OAHO3HAYHON MHTEPIIPETALIUIO PE3Y/IbTaTOB SKCIIEPUMEHTA .
Eimié ogHuM npenMyIecTBOM PEakiuy SBISCTCS TO, YTO MPUPOIHOE

colepKaHUE H30TOTA Fe”’ mano u ero cuntes B peakIuu JIeTKO
¢ukcupyercs. KynbTypsl BO BpeMsi IKCIIEpUMEHTA BHIPAIIIUBAINCH B
TepMocTaTe mpu Temmeparype +32°C.

[TogBonst wWTOTM  SKCHEPUMEHTOB C JaHHOW  peakiueit

TpaHCMyTallUd aBTOPHI MPHUXOIAT K BBIBOAY: ‘‘H30TOM Fe’,
0OHapy>KMBAaE€MBIil MOCTIE 3aBEPIICHUSI POCTa MHUKPOOHOIOTHYECKUX
KyJIbTyp B ONTHMAJBLHON NMHTATENBHON cpene, .. oOpasyercs B
pe3yibTaTe  peakUMd — HU3KOTEMIIEpaTypHOM  TpaHCMYyTalluu

Mn*> +d* = Fe’”. Ilpu sTOoM OTMeuaeTCsi BBIACICHUE TeIia B
pe3ynbTaTe peaKiim.

6). Peakuus cunresa mzorona Fe™' .

Na® + P = Fe™*  (3-3)

Kak nuiryT camu aBTOpbl B OTHOIIIEHUH 3TOM peakuuu “I'naBHas
mpobyieMa TIpU 3TOM, €CTECTBEHHO, CBS3aHA C IIPEOJIOJICHUEM
KYJIOHOBCKOTO Oaphepa”. Peakiusi Tak ke IPOBOIUIIACH B YCIOBUSIX
pactyiiel 0akTepruanbHOU KyIbTyphI. [ 310l peakiuu “OcHOBHAS
uaess SKCIEPUMEHTOB COCTOsUIa B BBIpalllMBaHUM KYJIbTYp B
HECKOJIbKMX aJIbTEPHATUBHBIX MUTATENBHBIX CpeAax, U3 KOTOPBIX
TOJIBKO OJTHA cofeprkajia 00a HEeOOXOIMMBIX U PEeaKIHd CHHTE3a

msotona Na” u P’'. KymbTypsl Bo BpeMst SKCIIEPHMEHTA TaK iKe
BBIPALMBAJINCEH B TEpMOCTaTe Mpu Temneparype +32°C.

B pe3ynbTaTe s5KCEpUMEHTOB aBTOPAMU KOHCTATUPYETCS “O4YeHb
3HAYUTEIHLHOE BO3pAacCTaHWE aOCONMIOTHOH M OTHOCHTEIBLHOMH

54 N
KOHIICHTPAIMU peaKoro nzorona Fe’ s KynbTypbl, BRIPOCIICH B
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cpele ONTUMAIBHOTO cOcTaBa. ... [IOBTOPSIEMOCTh YCHEITHBIX
pe3yIbTaTOB B ATHX dKcIepuMeHTax Obuia 6mm3ka k 100%”.
B). Peakius TpaHcMyTanuy 1e3usi.

133 1 - 134
Cs ™ +p =Ba (3-4)

B pesynbrate peaknuu obpasyercs peakuii uzoton Oapus. [lo
3aKJIIOYEHUI0 aBTOpoB “M3 mpuMepHOro paBEeHCTBa IHUKOB,

cootBerctByromx Cs' wu  Ba"* cumemyer oueHb BbICOKas
3¢ PEKTUBHOCTH TPAHCMYTALMHU 1e3Hs B Oapuii”.

OrmeTnM emé OAWH BaXHBIM PE3yNbTaT IPOBEICHHBIX
9KCIIEPUMEHTOB 110 TPAHCMYTAIINH SIZIEpP B PACTYIIUX OMOIOTHUECKUX
KynpTypax. OH CBsi3aH C 3aBUCUMOCTBbI0 MHTEHCHBHOCTH POCTa
OMONOTMYECKUX  CTPYKTYp W WHTCHCHBHOCTBIO  PEaKIIHid
TpancMyTanud saep. V3 moryIeHHBIX Pe3yIbTaToOB CAEAYeT OOIHiA
BBIBOJl. XHMHUYECKHUE DIEMEHTHI, KOTOPBHIE YACTHUUHO MOJABISIOT
MPOIIECC POCTA KYJIbTYP (CTPOHIUIA, XJIOp U cepa), B eme OobIei
CTETIeH! TOJABIISIOT MIPOLIECC TPAHCMYTAIIMU B 3TUX KYJIbTypax .

Jns oObsicueHuss ¢enomena XSC B yClIOBUAX pacTyllel
Ononoruuecko KynabTypel B [17] mpemiokeH CBOH MeXaHH3M,
OTIIMYHBIA OT MHOXECTBA TEOPETUIECKUX MOJIEIEH OTHOCSIINXCS K
KJIACCUYECKUM OOBeKTaM W MojensM (U3MKH (A1pa, DJIEKTPOHBI,
KpucTajuibl, Iuta3Ma). Beicoukum B.W. BeygBuUHYTa rumortesa
KOTE€PEHTHO KOPEJUTUPOBAHHOTO COCTOSIHUS B MOTCHIIMAIBHON sIME B
MOMEHT ¢€ nehOopMHUpOBaHMs, KOTOPOE BO3HHMKACT B pACTYIICH
OMOJIOTHYECKON CTPYKType. B TakoM COCTOSHUM peaniu3yroTcs, IO
MHEHHUIO aBTOPA, YCIOBUS KPATKOBPEMEHHOTO YCTPAaHEHUS NEUCTBUS
KYJIOHOBCKOTO Oapbepa. [Toapo6HO 0 TEOPETHICCKIX
npeacraBieHusix  Beiconkoro B.M. mo pgaHHON TemMe MOXHO
03HAKOMUTHCA B [17] U apyrux, JOCTaTOYHO MHOTOYMCICHHBIX, €r0
paborax. ['mmoTe3a mpou3BOAUT BrieHaTIeHHE OOJBIION HATSHKKH U
BBI3BIBAET MHOXKECTBO BOMpoOcoB. IloTeHImanbHas sMa 3TO
CBSI3aHHOE COCTosiHME yacTwil. Ecnu pedyp umET 0 OMOIOTHYECKOM
cpele, To MOTCHIMANIbHAS sIMa HeriyOokas. B mydmem cimydae peds
UIET O €JUHULAX JJEKTpOH - BoJbT. Jlaxke ecnmd B 3Ty
OHMOJIOTHYECKYI0 TOTCHIMAILHYIO SIMy TIOTAjI0 HECKOJIBKO YacTHII,
TO KakOB MEXaHU3M Iepellayd »HEPrud BCEX 4YaCTHUI[ OJHOU
gactuie? Ilpuaém 5TO0 nMOmKkHAa OBITH HE SHEPTHS B HECKOJBKO
JNIEKTPOH - BOJIBT, a DHEPTrHs AN TPEOJONIEHHS KYJIOHOBCKOTO
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Oapbepa. Ilpu sTom Temrieparypa cpensl +32°C. IITOTHOCTS aTOMOB

Na® u P*' ueBennka. B Takux YCIOBHSX HHKAKHE HATSIKKH C
TYHHEJIBHBIM 3¢ ¢exToM He mnomoryT. Beicoukuit B.U. 3asBiuser:
«Hawm ynanoce HaiiTu TeopeTnyeckoe 00bICHEHNE 3TOMY (PEHOMEHY.
B mnporecce pocta OHOJOTHYECKON KYyJNBTYPHI 3TOT POCT HOET
HEOJTHOPOJTHO, B OTJIENBHBIX ydacTKaX 00pa3yroTcs MOTCHIIUAIBHEIC
«IMBI», B KOTOPBIX Ha KOPOTKOE BpEMsI CHUMAETCA KyJTOHOBCKHUM
Oapbep, IPEMATCTBYIONINI CIUSHUIO SIpa aToMa U MPOTOHA. JTO TOT
e caMblil saepHbId 3¢ dekT, ucnoab3yeMblii Aunpea Poccu B cBoeM
anmnapate E-CAT. Tonpko y Poccu nporcxoauT ciusHue 4apa aToMa
HUKENs U BOJIOPOJaA, a 3[1eCh - siApa MapraHua u aeirepus. Kapkac
pacTyIiei OMOJIOTHIECKOH CTPYKTYPHI (DOPMHUPYET TaKHe COCTOSHUS,
MIPU KOTOPBIX BO3MOXKHBI SIACPHBIC PEaKLUHUU. ITO HE MUCTHUECKUIA,
HE QJIXUMHYECKHI MTPOIIECC, a BIIOJIHE PealibHBIN, 3a()MKCHPOBaHHBII
B HaluXx ’KkcrnepumenTax». (B.M.Bricoukuii, B MHTEpBBIO «SAepHBIi
peakTop B JKUBOU KieTke?». 2014r.

OTU TpenCcTaBICHUSI MPOTUBOPEUAT YCTOSBUIUMCS HOJOKECHUSIM
SIIEPHON (PU3UKKH O TOM, YTO OOJIACTH SICPHBIX B3aMMOACHCTBUI
CBOMCTBEHHBI CTOJIb OOJIBIIINE CHIIBI, HA YPOBHE KOTOPHIX YUUTHIBATH
BIUSHUE CHJI MAaKPOCKOITUYECKOTO YPOBHS OMOJIOTUYECKON MTPUPOIBI
OeccMBICIieHHO. B 3TOM riiaBHas IpuYrHa HE BOCTIPUSATHS THIIOTE3BI
¢m3ukamu - ggepmkamMu. M Takas TO3WIMSA TIOHATHA HE
OCYAMTEIbHA.

ITocnenosatens Briconkoro B.M. Xumeo Kosuma usz Snonuu
MpeaIaracT CBOE€ OOBSICHCHHE OWOJIOTMYCCKOW TPaHCMyTaIlid Ha
OCHOBE aHajM3a SUEEYHbIX PETYJSIPHBIX CTPYKTYp B OpTraHH3ME.
«Tena pacTeHU WM KUBOTHBIX, COCTOSIT U3 KIJIETOK... 1eIIOBBIC
HEHTPOHBI, KOTOPHIX HA 3€MJIE MHOTO, MOTYT 3aJ€pKHBATHCA B
JKUBBIX OpraHM3Max ... 3aXBaUCHHBIM HEUTPOH B3aUMOJICHUCTBYET C
JJIEMEHTaMHU, Takas siiepHas TpaHcMmyTaius, kak Na — Mg, P — S,
K — Ca u Mn — Fe 5erko o0bsICHIETCS SICPHBIMH PEAKITUSIMH, TIC
MIPOUCXONT 3aXBaT HEUTPOHOB U MOCIIEIOBATEIbHBIN OeTa-pacmay.

BrinucanHble BhILIE siACPHBIE TPAHCMYTALMA HA OCHOBE 3aXBaTa
SIpaMH  TCTUTOBBIX HEHTPOHOB BpSAJ JU BBI3OBYT Y (PU3UKOB-
SIIEPIIMKOB oTpullanue. OHU TaBHO W3BECTHHI, (U3MKa HEUTPOHOB
XOopomio m3ydeHa. Bo3HmkaeTr Bompoc, OTKyda OepyTcsl TEIUIOBbIe
HEUTPOHBI, KOTOPBIX MO MHeHUI0 Xunaeo Ko3zuma Ha 3emiie MHOTO U
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OHH MOTYT 3aJIepP>KUBATHCS B JKUBBIX Oprann3max? Bo-mepBbIX, OHH
MOTYT 3aJiepKuBaThCsa HEe Oomee yem Ha 11,7 mun. m pacmamaroTcs.
Bo-BTOpBIX, B OONBIINX KOJUYECTBAX UX MOJYYAIOT B CHEIHATBHBIX
YCTaHOBKAaX pPEaKTOPHOTO Tuma. TakuM o00pa3oM HEOOXOAMMO
OTBETUTh HAa BOMPOC, OTKyda OepéTcs OOJBIoe KOTUIECTBO
TETUIOBBIX HEHTPOHOB B OMOJOTHICCKUX OpPraHu3Max?

B 3aBepmienne mynkTa 1) HEOOXOIUMO OTMETHUTH, YTO aBTOPHI
[17], oTTankuBasCh OT CBOMX IKCIEPUMEHTAIBHBIX Pa0OT, 3asBIISIOT
0 HOBBIX MEPCIIEKTUBHBIX OMOTEXHOJOTHIX. DTO MOIYUYEHUE PEAKUX
NETKUX ©  TSDKENBIX CTAOWIBHBIX HM30TONOB W BO3MOXHOCTH
YTHIN3aIUU PAJMOAKTUBHBIX OTXOJOB C HCIIOJIb30BAHUECM SIBICHUS
TpaHCMYyTaIlMX U30TOMOB B OMOJIOTHYECKHUX CHCTEMAX.

2). Okcnepumenmut cpynnot B. Kapaoanoea, T. Caxno u B.
Kypawoasa.

OKCTIepUMEHTaNbHBIE JOCTI)KEHHS H UX TEXHOJOTHYECKOe
MPUMEHEHHE, [MPOTHO3UPYEMOE aBTOpaMH, pPAacCMOTPEHO Ha
Matepuaie [73]: Kypamos B.M., Caxno T.B. ITarenr RU Ne2563511
Ha wm3o0peTeHHe “‘MHUKPOOHOIIOTHYECKHN CIOCO0 TpaHCMyTaIluu
XUMHYECKUX DJIEMEHTOB M TpPEBpAIleHUs] M30TONOB XUMHYECKUX
3JIEMEHTOB .

Onucanne  SKCICPUMEHTOB W BUJCHHE  MEXaHU3MOB
OMOTpaHCMYTAIIUH TPEACTABUM KPATKO B aBTOPCKOM H3JIOKEHHUH U3
[73]:

«M3o0perenne OTHOCHTCS K 00JacTH OHMOTEXHOJNOTHH U
TpaHCMyTallUd XUMHYECKUX DJEMEHTOB. PaJnoakTHBHOE CHIpPhE,
coJiep)Kaliee pagroaKTUBHBIE XHMHUYECKHE DJJIEMEHTHl WIH WX
M30TOIbI, 00padaThIBAIOT BOJHOHN CyclieH3uel OakTepuil poja
Thiobacillus B  HOpPUCYTCTBUM  3JIEMEHTOB C  MEPEMEHHOH
BaJICHTHOCTHIO. B KadecTBe paJiMOaKTUBHOTO CBHIPHSI HCTOIB3YIOT
PY/IBI WK PalMOAKTUBHBIC OTXOIBI SIIEPHBIX MUKIIOB. Crioco0d BeayT
C TOJIYYCHUEM TIOJIOHUS, PaioHa, hpaHIus, paaus, aKTHHHS, TOPHS,
MPOTaKTUHUS, ypaHa, HENTYHHWS, aMEpUIHs, HUKEJsd, MapraHia,
Opoma, radHus, UTTEPOUS, PTYTH, 30J10Ta, IUIATUHEI U WX U30TOIIOB.
N3o0peTeHre TO3BONSET IMMONyYaTh IIEHHBIC PaTUOAKTUBHEIC
JJIEMEHTBI, OCYIIECTBIATh WHAKTHBAIMIO SIIEPHBIX OTXOJOB C
MpPEeBpaIICHHEM PAJHOAKTHBHBIX H30TOIOB 3JEMEHTOB OTXOIIOB B
CTaOMIIbHBIC H30TOTIHI.
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B zassnernomM cniocobe 6akrepuu poma Thiobacillus (Hanpumep,
BumoB Thiobacillus aquaesulis mam Thiobacillus ferrooxidans) B
NPUCYTCTBHM  DJIEMEHTOB  C  TNEPEMEHHOH  BaJICHTHOCTBIO,
WHULUUPYIOT U YCKOPSIIOT €CTECTBEHHBIC NPHUPOIHBIC MPOLECCHI
PaZnoaKTUBHOIO pacliaia U U30TOMHBIX IEPEX0JI0B PAAHOAKTUBHBIX
351eMEeHTOB. [Ipy 3TOM BpeMsi €CTECTBEHHBIX SJICPHBIX DPEaKLUi M
W30TOMHBIX TIEPEXOJOB YCKOpSETCS B THICSYM, MWIUIHOHBI H
MWIIMApABl Pa3 - B 3aBUCUMOCTH OT €CTECTBEHHOIO Iepuoja
HOJypachaza MCXOAHBIX H30TONOB TEX MM HHBIX XUMHUYECKHX
anemeHToB. Crioco0 He TpeOyeT HOPOTOCTOSIIMX M OMACHBIX TS
JOAEH M JKOJOTUHU SACPHBIX PEAKTOPOB, MPOBOAUTCS B OOBIYHBIX
YCIOBUSX, B OOBIYHBIX €MKOCTSX, IPU OOBIYHOM TemIieparype
OKpYy>Karollel cpefpl (BIOJHE MpUeMiIeMble 3HaueHus oT 4 go 60
rpagycoB llenbcusi), mpu OOBIYHOM aTMOC(EpPHOM MAaBICHUH, HE
TpeOyeT pacxofa MpecHO! BoAbl». [73].

Hamnmo yHuKkanmpHBIE OKCHEPUMEHTHI W JIOCTIDKEHHS, HO
npobiema Ta ke, 9to u 'y Beicorkoro B.W. u Kopammosoit A.A. Kak
(DU3UKY - AACPIIUKY MOHATH: «DJIEKTPOH, 3aXBAYCHHBIA OaKTEpUIMU
mpu O6eTa-MHUHYC paciajie, 0aKTepuH NMepeHocAT B AApa (BBIICICHO
MHOH) OeTa-TuTioC paJgroaKTHBHBIX M30TOIOB JJIEMEHTOB (B CiIydac
WX Hanuuus B cpene)». nst pusmka - smepimka oco3HaHUE TOTO -
HEOJIOJINMOE MPENATCTBUE, KaK U JIJIS OAKTEPUH MPOHUKHYTH B SIPO.
Jns pusmka 3TO MPU3HAK YAPYYAIONMIEro HE BIAICHUS TEMOM.
[TombITaeMcst IPUMHUPUTH CTOPOHBL. Y OCSTUTh (PU3UKOB - SICPITUKOB,
YTO 32 KCIIEPUMEHTAMH 110 OMOTPAHCMYTAIlUU CTOSAT BBIIAIOLTHECS
WCCIIEIOBATENH, KaK W WX TPEIIIECTBEHHUKH MO TPAHCMYyTallUd B
HEOpraHW4YecKux cpemax. M mokazaTh, 9TO 3TH IKCIIEPHMEHTHI HE
MIPOTUBOPEYAT YCTOSIBIIUMCS TIOJOKCHHSIM SIICPHON (DU3HUKH.

3.4.2. OObsicHeHHMEe  PpPe3yJbTAaTOB  JKCIEPUMEHTOB IO
OMoTpaHCMyTalUH anep Ha OCHOBE  HCKYCCTBEHHOM
PaINMOAKTHBHOCTH U 0eTa pacmaja.

B [53] BrIckazaHa THIIOTE3a, KOTOpas II0 MHEHHIO aBTOpa
HaBOJUT MOCT MEXIy MHOTOYUCICHHBIMH SKCIICPHUMEHTAIBHBIMHU
JAHHBIMU TI0 TPAHCMYTAIUH SJIEP U YCTOSBIIMMUCS TIOJIOKEHUSIMHU
saepHor (U3MKK. BBUIO BBICKA3aHO MPEJIONIOKEHHE O TOM, YTO
aToM BOJIOpoJa B (U3MYECKUX YCIOBUSX HABOJOPOXKCHHOU
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MOBEPXHOCTH HUKEIs (WK JPYroro BEIecTBa) HMEET BOZMOXKHOCTb
KBaHTOBOTO IIE€PEX0/ia B COCTOSIHAE HEHTPOHA.

B cBs3u ¢ Temoll OMOJIOTMYECKOW TpaHCMYyTallMd BO3HUKACT
BOIPOC, @ BOBMOXKEH JIM TPOIIECC KBAHTOBOT'O MEPEX0/ia BOJOPO/a B
HEUTPOH B YCIOBHUAX Omosormueckoi cpemnsi? Bo3moxHO 1M
CYIIECTBOBaHUE HABOJIOPOKEHHBIX TIOBEPXHOCTEH B OMOJIOTHYECKUX
OpraHM3Max, TaKWX JK€ KakK, HampuMep, Ha TOBEPXHOCTH
Heopranwdeckoro Hukensi? OTBETHl BUAATCS TOJOXKUTEIHHBIMEA. B
OHMOJIOTUYECKUX OpTaHU3Max CYIIECTBYIOT OIPOMHBIC MOBEPXHOCTH,
UIcabHO  TPHCIOCOOJICHHBIE K HABOJOPAXKHBAaHUIO.  JTO
OHMOIOTHYECKUE MeMOpaHBbI. Buonornueckue MeMOpaHbI
dbopMmupyIOTCI B BOTHOW Cpele METOIOM caMO COOpKH U3
(hocOTUIHTHBIX MOJICKYIL.
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Puc. 3 - 9. Cxema 6ununuonoco cros buonocuueckol memoparnvl

dochonunuanas Mojiekyna wu3o0pakeHa Ha Puc. 3-9 ciepa.
Pucynox B3t w3 [114], tme o6o3naueH mox HoMepom 3.18.
Monekyna ¢ocdonununa cOCTOWUT, Kak BHUAHO Ha PHUCYHKE, W3
nojsipHoW  (ruApoUIbHON) TONOBKM W ABYX TIHAPOGOOHBIX
YTJIEBOJOPOIHBIX XBOCTOB. B cumimy stnx cBocTB ochomumnuansie
MOJIEKYJIBI B BOJHOW cpeae o0pa3yloT OMIMMUAHBIE MEMOpaHbl Kak
nzobpaxxeno Ha Puc. 3-9 cmpaBa. Pucynok B3sT u3 [114], tae
o6o3HaueH mox HoMmepoM 5.15B. MeMOpaHa CBOWME TOJSPHBIME
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TUJIPOPIITIFHBIME TOJIOBKAMH OOpAIlleHbl K BOJAHOM Cpejie B MEXIy
rOJIOBKaMH  MeMOpaHbl H  MOJIEKyJlaMH  BOABl  BO3HHKAIOT
TUIPATallMOHHBIC CHUJIBI CBS3W. [0 TOBEPXHOCTH OHMOIOTHYECKOM
MEMOpaHbl MOJICKYJIBI BOJBI (2 CTano OBITh U aTOMBI BOJOPOJIA)
PacTOIO0XKEHBI HETPEPHIBHBIM CII0EM u OTHOCHUTEIHHO
ymopsimouerHo. “Coxpanenue cios Boasl 10-30 anrcTpeM O0KoOIIO
HapyXHOH TOJSIPHOW TOBEPXHOCTH IMPEMSITCTBYET COJMKCHUIO
MeMOpaH W WX HENOCPEICTBEHHOMY KOHTakTy. s ymanmeHus
TaKOro CIIOS BOABI HEOOXOMWMO HApPYIIUTh €ro COCTOSHHE |
3aTPaTHTh SHEPTHIO, YTO COOCTBEHHO M JICKUT B OCHOBE MIPOSBIICHHS
ruApatauroHHbIx cui’. [104]. VI3 npuBeAEHHOM BBIIEPIKKHU CIEAYET,
YTO 10 HApy)KHOH ITOBEPXHOCTH OWOJOTHICCKON MEMOpaHbI
pacrosaraercsi ¢jao BOJBI TOMIIMHON B 1-2 Monekynbl. Moekynbl
BOABI B CJOSX PAaCIOJOXKEHBI PETyISIpHBIM 00pa3oM Omarojgaps
B3aMIMOJCHCTBUIO PETYJSIPHO PACIONOKEHHBIX TOJSPHBIX T'OJOBOK
JUTHUIOB W TOJSPHBIX MOJNEKYd Boabl. Ilpm »TOM omHOCHOIHBIE
(IBYXCTIOWiHBIC) BOJSHBIC IUIGHKH HAa IOBEPXHOCTH MEMOpaH
JOCTATOYHO TpouHBIe. [ MX HapymieHUs HE0OXOAMMO 3aTPaTHTh
sHepruro. Takum oOpa3oM ¢ KaXKIOW JIMITHIHON TOJIOBKOH COSTUHEH
aToM BOAOpOJa, YTO W oOecrnevYWBaeT HABOJIOPOKEHHOCTh
MTOBEPXHOCTH OMOIOTHYECKOM MeMOpaHBbI. [Mpruém
HaBOJOPO’KCHHOCTh BO3HUKAET TI0 00EUM CTOpOHAM MeMOpaHBI (CM.
Puc. 3-9 cnpasa).

Beraér Bonpoc 00 WHHIMAIINE KBAHTOBOTO TIEPEX0a MOJICKYJIbI
BOJIOPO/Ia B COCTOSIHUE HEHTpOHA Ha OHOJIOTHYECKHX MeMOpaHax. B
YCIIOBUSIX ~ HABOJOPOXKEHHBIX  TOBEPXHOCTEH  HEOPTraHMYECKHUX
BEIIECTB (HHKEIb, HaTpuMep) VHUIHAIIHS nepexoja
o0ecrneunBaeTcs OJ0rPeBOM. Y SIMOHCKUX HCCIIEJ0OBATENIC HArpeB
npomsBoawiics no temreparypsl 200 - 300 °C [120], y ITapxomoBa
A.T. mo 1200 °C [87, 90]. TemnepaTypa e OHOIOTHYECKUX KYIbTYP
B okcrnepumeHtax KopawioBoit A.A. cocraBmua  +32°C.
[lombiTaemMcst OOBSCHUTH MEXaHHW3M OHONOTUYECKON aKTHUBAIUH
KBaHTOBOTO MEPeX0/ia aTOM BOJIOPO/Ia - HEHTPOH.

BsaskocTe nummmHOW MeMOpaHBI CpaBHUMa C  BS3KOCTBIO
noaconHeyHoro Macia u B 30-100 pa3 6omibie BsI3kocTH BoAbl. [1].
Orcroma cumeayer, urto QochomunmuaHple MOJCKYJIBl  OYCHD
MOJBWXKHBI B TMpeaesiax MeMOpaHHOro cios. WX MOABMKHOCTH
tonbko B 30-100 pa3 ycTymaeT NOABMKHOCTH MOJIEKYJT BOJBI.
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“Okazasock, 4To cpefHee KBaJpaTHYHOE TepeMelICHIe 32 CEKYHY
dbochomumumHON  MOJEKYJBl IO  IMOBEPXHOCTH  MEMOpaHBI
SPUTPOIUTA COCTABUIIO OKOJIO 5 MKM, YTO CPaBHHMO C pa3Mepamu
KIIETOK. ... Kaxmas Moiekyna B CpellHEM MPETEepICBACT JCCATKH
MUIIHOHOB MEPECTAHOBOK B IIOCKOCTH MeMOpPAaHBI 32 CEKYHIY, TO

ecThb XapakTepHoe Bpemsi omHoro mepeckoka T =107 =107 ¢. [1].
OTcroga MOXXHO 3aKJIIOUNTh, YTO HCKIIOYHTENNbHAS JaTepaibHas
MOJIBIKHOCTE  (oconmnuaablx  MOJEKYlT B CTPYKType
OMOJIOTHYECKOH MeMOpaHbl, TIPUBOJAWT K COOTBETCTBYIOIICH
MOJBMKHOCTH CBS3aHHOTO C HEH aroma BoJopoa (IpoToHa). DTo
Tak e, KaKk H B Cllyyae [OAOTPeBa HEOPTraHUYECKUX
HABOJIOPOKEHHBIX TIOBEPXHOCTEH, TPUBOJAUT K HWHTEHCH(UKAITUH
CIIMH-CITUHOBOTO B3aMMOJICHCTBUS BO BPEMEHH W KBAaHTOBOMY
Nepexoay B COCTOSHME HEWTpoHa. Bo3HHKaoIMe XOJIOIHbBIE
HEHTPOHBI U BBI3BIBAIOT MPOIECCHI TPAHCMYTAIHH siiep (M30TOTIOB U
DJIEMEHTOB) B OHMOJIOTMUECKHMX CHCTeMaX. Bc€ B pamkax smepHOM
busukn.

A Temepp TOMNBITaEMCS TOHATH TMPSAMYIO CBSI3b  MEXIY
WHTEHCUBHOCTHIO pocta OHMOJIOTHUECKOM KyJIbTYpBI u
WHTCHCUBHOCTBIO PEAKIIUN TPAHCMYTAIIUU SICP, KOTOPYIO OTMEYAIOT
aBTOpHI [17]. DTa CBS3b JIEKUT B OCHOBE rUmoTe3sl Bricoukoro B.U.
0 TIpupoAc OHMOJOTHYECKOH  TpaHCMYTallMH, CBSI3aHHOW C
oOpa3oBanueM u jaedopMarueil moTeHIMATBHBIX M. Ha pucyHke -
3-10 u3oOpakeHa TUNHMYHAs KpPHUBas poOCTa MOMYJSIUUA OaKTepuil.
Pucynox B3sT m3 [114], roe ob6o3nauen mox Homepom 2.15. Ha
pUCYHKE BHJIHBI TpH OCHOBHBIC (a3wl. Jlorapmbmudeckas ¢asa,
Korja OakTepuu pacTyT ¢ MaKCUMaJIbHOH CKOPOCTHIO0. UHCIIO KIeTOK
YBEIMYMBACTCS  TOYTH  OKCHOHEHIHAIBHO. JTOMY  TIEPHOITY
COOTBETCTBYET H300WMINE MHTATENBbHON cpenbl. 3aTeM HacTymaeT
cTanoHapHas (aza, CKOPOCTh pOCTa paBHa HyO. Bo3HuKaer
KOHKYPEHLMS 3a NHIIEBBIE pecypcbl. O0pa3oBaHME HOBBIX KIIETOK
KOMIICHCHPYETCS THOENBI0 APYrUX ¥ YHCIO HKU3HECTIOCOOHBIX
KJIETOK OCcTaéTcs MOoCTOSHHBIM. Bo BpeMs dasbl 3ameanenus pocra -
YCKOpSIETCSl THOETh KIETOK 1O TPUYHHE MCUYCPIIAaHUS MUTATCIhHBIX
PECYPCOB MIIH BO3IEHCTBHSA BPEIHBIX (haKTOPOB.
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Puc. 3 - 10. Tunuunas kpusas pocma nonyiayuu baxmepuil.

Tak BOT BO BpeMs JorapuMuyueckoi ¢a3sl Mpu IKCIOHEHITHAITEHOM
pocTe 4YHciaa OakTepuil COOTBETCTBYIONIMM 00pa3oM  pacTéT
MOBEPXHOCTh HABOJOPOKEHHBIX OHOMEMOpaH M TIPOU3BOJACTBO
XOJOOHBIX HEHTpoHOB. Kak cneacTBue 3TO  CONMPOBOXKIAETCS
WHTEeHCH(HKAIMEH peakIii TpaHcMyTaruu siaep. Korma aBTOpEI
[17] mobGamnsutm B OHOKYNIBTYPY XMMHUYECKHE DIIEMEHTHI, KOTOPHIC
YAaCTUYHO MOJABIAIOT HPOIECC POCTa KyNbTYp (CTPOHLIMMA, XJIOp U
cepa), B emi¢ OOIBIICH CTEIICHH TTOAABIISIICS TIPOIIECC TPAaHCMYTaIlUN
B JITHX KylbTypax. OTO MPOUCXOAWIO IO TPHYNHE CHIKCHHS
MPOU3BOACTBA HEUTpOHOB. Ecimm OBl  aBTOPHI 3IKCHEPUMEHTA
MOJICPKUBAIH MTUTATSIBHYIO Cpely OHMOJOTMYECKOW KYJIbTYpHI Ha
ONITUMATFHOM YPOBHE, COOTBETCTBYIOIIEM CTAIMOHAPHOH (aze, TO U
mporecc TpaHCMyTalMud IEN Obl € IOCTOSHHOM CKOPOCTBIO,
COOTBETCTBYIOIIEH OajlaHCy MeXIy Maccoil OHOKYIbTYpHl U
nmuTaTenbHOM  cpemoil.  Takoit  dKCIepuMEHT  TMOKa3aynl OBl
HE3aBHCHMOCTb TIpOIlecca TPAHCMYTAllMU SI€P OT TOCTOSHHOTO
pocta Ouonormyeckod KynbTypbl. Kcratm aBTopel [73] He
YHOMHUHAIOT O HEOOXOANMOCTH MOCTOSTHHOTO POCTa OMOKYIBTYPHI.
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OTAEenbHO OCTAaHOBUMCSI HA PEAKINH Na* + P! = Fe™*,
KOTOpYI0 HaOmomanu aBTOpsl [17] B OMONOTHMYECKHX CTPYKTypax.
[lo HammM mpencTaBICHHUSAM 3Ta PEakIUs HE BO3MOXKHA. ABTOPHI
caMH YKa3bIBalOT, YTO JTa peaklnus JO/DKHA TIPOTEeKaTh C
Mpeo0JICHNeM KYJIOHOBCKOTO Oaprepa. Ho nmns mpeomoneHust
KYJIOHOBCKOTO Oapbepa yacTULaMu cpelibl ¢ TemiepaTtypoit +32°C u
0e3 KaBUTAIlMM HE TOMOXKET U TYHHENBHBEIN 3(PQEeKT, Ha KOTOPHIH
nenaer craBky Beicomkuit B.M. OmgHako B dKcmepuMeHTe ObLia

4ETKO 3apETUCTPUPOBAHA MOBBIIIICHHAS KOHIICHTPAIUS Fe’* . B uém
3araaka? Kak mpencraBisercs aBTOpPY MJaHHOM pabOThI OTBET
BBITeKaeT u3 Ta0uIe! 4.4 [17, ctp. 55]: Codeporcanue uzomonoe 6
MUKpoobuonozuieckoit Kyasmype. Mpbl BBIINIIEM U3 TaOIUIIBI
TOJIBKO JIB€ CTPOYKH WHTepecyromue Hac. [lomHocThIO ¢ Tabmuiei
YHUTATETb MOKET ITO3HAKOMHUTHCA B [17].

DJIeMeHT KOMITO3ULIMH

(1.1) (1.2) (2.1) (2.2)
Xpom 0,30 - 0,04 -
Mapraseil - 0,06 - 0,02

W3 Tabawmmpl BHOHO, YTO BO BCEX HYETHIPEX OMBITaX B
MUKPOOHOJIOTHIECKON KyJIbTYpe MPHUCYTCTBYIOT MIIM aTOMBI XpoMma
WM aTOMBI Mapranna. M3 tabmuiel MeHzaeneeBa, BUIHO, YTO MPH
3axBaTe HEUTpOHA U TOCIeAyloleM Oera pacmajge MapraHel|
TPaHCMYTHpPYET B Kelle30. XpOM TMpeBpaliaercsi B IKeIe30 B
pe3ynbTaTe JIBYX TOCIEIOBATCIbHBIX TPAHCMYTAUH C Y4acTHEM
HelTpoHa. B »3TOM ¥ 3akirodaeTcs  pasrajka  peakiuu

Na® + P’ = Fe™ . AsropoB Bumumo moasena marus mudp. Ecin
B3sTh W3 Tabnuubl MenzaeneeBa HaTpuii-23 u gocdop-31, CIOKUTH
UX HOMEpa U aTOMHBIE Beca, TO MOJIYYUM PEAKHHA N30TOM Kene30-54.
Ho B mpupozae Oojiee YyCTOWYHUBEIM SBIISIETCSI U30TOI KEJe30 -56,
3aXBaTUBIIMK ell€ JIBa HEUTpoHA. B sKkcliepMMEHTaIbHOM peakiuu
JI0 3TOT'0 U30TOITHOT'O COCTOSIHUA MPOLIECC HE AOMIEN.

B cBere HEWTPOHHOW TpaHCMyTalMud sIACp PAacCMOTPUM
HEKOTOpbIE ACTIeKTHI TEXHOJIOTHYECKUX BO3MOKHOCTEH
OTKPBIBAIOIIMXCS TOMOJHUTEIBHO B 00JIACTU SJEPHON SHEPrEeTHKH.
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B [73] aBTOpHI B 4aCTHOCTH pacCMaTPHUBAIOT XOPOIIO M3BECTHYIO B
SITEPHON (PM3HMKE PpEaKIMI0 B3aWMOJCHCTBUSA TOpHS W HEUTPOHA,
NPUBOIAIIYI0 K OOpa30BaHUIO NENSIIErocsl dJeMeHTa ypaHa-233.
OTO OoveHb BaxkHAs Ui AACPHON (U3UKK W SACPHON PHEPreTHKH
peakuusi. B mpuponme umeeTcss B HE3HAYHTEIBHBIX KOJIUYECTBAX
TOJBKO OAWH DJIEMEHT ypaH-235, COCOOHBIM K IETMHOW peaKIuu U
BOCTIPOM3BOJICTBY HEHTPOHOB B siIEpHBIX peakTtopax. [losTomy Tak
OCTPO [UISL SIIEPHON OHHEPreTWKH CTOWT 3ajada HapaboTKu B
peakTopax pPasMHOXKHTEIAX (peakTopax Ha OBICTPHIX HEHUTpOHAX)
ypaHa -233 1 m1yToHus-239, naronux BOCIIPOU3BOJACTBO HEUTPOHOB.
Ecmu ne ycmers ¢ HapaboTkod ypana -233 u muyToHus-239 no
HCUYEPITaHKs 3a11acoB ypaHa-235, To KIaJ0BbIe SISPHONU SHEPTCTHKH,
CBSI3aHHBIE C TOPHEM U ypaHOM-238 3aKporoTci. A BOT OTKPBITBHIH
SKCIEPUMEHTATOpaMH BTOPO croco0 MpOHM3BOACTBA HEUTPOHOB Ha
HABOJIOPOXKEHHBIX TOBEPXHOCTAX CHHUMAET 3Ty OCTPYIO MpodiieMy
SITEPHON  DHEPreTHKH. OITOT CIOCOO TMPOM3BOACTBA HEHTPOHOB
TEXHOJIOTHYECKH MPOCT, ACUIEB M HE UMEET HU KaKUX OTpaHHMYCHHH.
Bxon B ximafoByio dHEpruu TOpws W ypaHa-238 Temnepb MOCTOSHHO
oTKpHIT. [Ipnuém HapaboTky ypana -233 U mIyToHUA-239 MOXKHO
MPOM3BOJAUTE KaK IO TEXHOJOTMH OHMOJIOTHYECKOW TpaHCMYTAalH
Tak U B peakrope A.I". [Tapxomoga.

OTMeTHM Tak JKe, 9TO BBICOKAs MHTEHCHBHOCTH IPOM3BOICTBA
HEHTPOHOB B OMOJIOTHMYECKHUX KYJIbTypax HE MOXET HE CKa3bIBaThCS
Ha WX Pa3BUTHH. BuUamumo BbIcOkass MyTalMOHHAas M3MEHYHBOCTH M
MPHUCTIOCOOIIEMOCTh MHKPOOPTaHW3MOB W BHPYCOB BO MHOTOM
BBI3BaHBI MTPOIIECCAMH OMOTPAHCMYTaINH.

3.5. HykjeocuHTe3 B HeApax IJIaHET.

[IpoBeném aHanu3 UM O BO3MOXHOCTH HYKICOCHMHTE3a B
HeJpax IUIaHET, SBISAIONIYIOCS HOBBIM CJIOBOM B TEOPETUUYECKOM
KOCMOJIOTHM W reodpusmke. [lokaxkeM  CBs3b  mpoliecca
HYKJICOCHHTE3a TSDKEIBIX JJIEMEHTOB C HEHTPOHHOH (DH3MKOM Kak
pe3yabTaT o0Opa3oBaHHS CBOOOIHBIX HEUTPOHOB Ha
HaBOJIOPOXKEHHBIX MOBEPXHOCTSIX. JTO SBICHHWE BO3MOXKHO KakK B
HeApax IUTAaHET TaK W B Ta30MbUIEBBIX OO0JaKkaX KOCMHYECKOTO
MPOCTPAHCTBA.
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3.5.1. KpaTkuii 0630p cylmecTBYIONIIUX MpeacTaB/IeHUii 00
00pa30BaHNH THAKEIBIX IJTI€MEHTOB.

Cerogns Haunbonee o0menpuHsTa clenyromas
MOCIIEI0BATEILHOCTE  00pa3oBaHus AJIEMEHTOB BO Bceenennoil. B
caMbli  HayalbHBIA  mepuox  QopmupoBaHus — BceneHHOH
00pazoBaich JBa dJIEMEHTA - BOJOPOA M renuil. Jlomyckaercs, 9To
00pa30Balloch TaK € HEMHOTO W JIUTHSA. OTH JJIEMEHTHl ObUIH
pPaBHOMEPHO pacripeneieHbl B 00bEMe, HO ¢ HEKOTOPOTO MOMEHTa
ctamm  oOpa3oBBIBaThCS  OOJACTH  YIUIOTHEHHS,  O0JacTH
TPaBUTAIMOHHOW  KOHJEHCAIMU. JTO  CBA3BIBACTCSA WM C
GaykTyanusMu WM C Bo3jaelcTBMeM TEMHOW Matepuu. OOnactu
TPaBUTAIMOHHON KOHJCHCAIIUU TPHUBEIH K (GOPMUPOBAHUIO TIEPBBIX
3BE31, BHYTPH KOTOPBIX BO3HUKIW BBICOKHE TEMIEPATyphl |
napinenus. Cospmanuch  (Qu3MUeckWe  YCIOBUS I TCUCHHS
TEPMOSIIEPHBIX peakiuil. B pe3yinbTaTe TEPMOSIEPHBIX PEaAKIINM
NETKUX DJIEMEHTOB BO3HHKIIM DJIEMEHTHI 110 kene3a. CuHTe3 Ooiee
TOKENBIX 3JIEMEHTOB B 3BE3MIaX DHEPreTUYCCKH HEBBITOACH T. K.
TpedyeT 3aTpaT SHEPTHH.

Crnenyrommii 5Tan HYKJICOCHHTE3a JJIEMEHTOB TsDKEJee JKees3a
CBS3BIBACTCS C PA3IMYHON DBOJIONUEH 3BE31 BO BPEMCHH,
3aBHCAIIEH OT HAYaabHOW MAacChl 3BE3/bl. DBOJIIONHUS 3BE3JBI IO
Mepe BBITOpPaHHS BOJOPOJA 3aKaHUYMBACTCA B3PHIBOM CBEPXHOBOM
3BE3/Ibl, IPU KOTOPOM BBIAICISACTCS MOIIHOE TaMMa HW3Iy4YCHHE H
HeWTpoHbl. ['amMma wu3mydeHue SBISETCS TOM JOMOIHUTEIBHON
DHEPTHEH, KoTopas oOecleuynBacT DJHEPTHCH CHHTE3 DJIEMEHTOB
TsDKeJlee Jkelie3a. BO3HUKIIKME TpPH B3PbIBE CBEPXHOBOM 3BE3Jbl
HEUTPOHBI, 3aXBaTHIBAIOTCS AJIIEMEHTAMH, YTO TaK K€ MPUBOJIUT K
MOSIBJICHUIO  JJICMEHTOB  Tshkenee okene3a. OmHaKO  pacyéThl
acTpOU3NKOB IOKA3BIBAIOT, YTO WHTCHCHBHOCTH BO3HHKHOBEHUS
CBEpPX HOBBIX 3BE3]] HEJOCTATOYHO JUIsi OOBSICHEHUS BCETO
KOJIMYECTBA THKENBIX DIIEMEHTOB.

Emeé onHo acTpOHOMHUYECKOE SABJICHHUE C KOTOPBIM CBSI3BIBAIOT
o0pa3oBaHne TSKETBIX HNEMEHTOB - 5TO CTOJIKHOBEHHE HEHTPOHHBIX
3B€31. HeliTpoHHble 3BE3BI  BO3ZHUKAIOT TOCJIE  BCIIBIIIKH
CBEPXHOBBIX TP BBITOpaHUS THKENBIX 3BE3M ¢ Maccamu B 10 - 30
macc Comana. CumuTaercs, 4To B CBOIO O4Yepenb CTOJIKHOBEHHUE
HEHUTPOHHBIX 3BE3J] TaK XK€ MPHUBOIAUT K BBIACICHUIO OOJBIIOTO
KOJIMYECTBA SHEPTUHU M BEICOKOH ITIOTHOCTA HEUTPOHHBIX TIOTOKOB.
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Juckyccun Ha TeMy 00pa3oBaHHS TSDKENBIX  DJIEMEHTOB
MPOJOIDKAIOTCS, XOTS MHOTHE CKJIOHSIOTCA K MIAESM CTOJIKHOBEHHS
HEUTPOHHBIX 3BE3I. Bompoc 0 TOM HACKONBKO OIMKCAHHBIC BBIIIC
MEXaHM3MBl OO0CCIIEUUBAIOT BCE MHOTO00pasne M KOJUYECTBO
3JIEMEHTHOTO cocTaBa BcelleHHOM ocTaéTcst OTKphITHIM. HEUTpOHBI B
CBOOOTHOM TIPOCTPAHCTBE OBICTPO pacmamatoTcs. s Hac BaKHBIM
SIBIIICTCS. TO OOCTOSATENBCTBO, YTO B OOpa30BaHUHM 3JICMEHTOB
TsSDKEJee JKene3a, TJIaBHOE MECTO 3aHMMaeT HEHTpOHHas (pu3HKa.
[77].

3.5.2. Unen o poiu XSAC B HyKJIeoCHHTe3e U Py1000pa3oBaHHM.
3a pa3BUTHEM SKCIIEPHIMEHTAIBHON MPAaKTUKH M TEOPETUIECKHIX
npeactasienuit 0 HOSP nocnenopano npuMeHeHre HOBBIX 3HAHUM K
Pa3IUYHBIM MPUKIATHBIM 3a7a49aM. Cpeu mpodero BO3HUKIN HJICU
cBs3BIBatoe C mporieccamu HOSAP m obpazoBaHWe 3IeMEHTOB
TsDKeNee jkene3a. PaccMoTpuM 5TH Maen Ha mpuMepe ABYX pabor,
pa3MeIIEHHbIX Ha cneruanu3upoBanHoM caifte XTS u M. [110,
72].
a). Ananusz ooxnaoa Casunxoea I'. K. na PKXTAulIlIIM - 26.

B noknane CaBunkona I'. K. “Cnenpl v mposiBICHUS IEPBUYHOTO
HykJeocuHte3a B 3eMHOM kope (I'eomykneocunte3). O pomu
XOJIOMHOTO SACPHOTO CHHTE3a B TJI00ATRHOM HYKJICOCHHTE3E
BBICKa3aHa WJes TCOHYKIIGOCHHTE3a W CJelaHa TIOMNbITKa ¢
000CHOBaHUSI Ha OCHOBE HU3KOIHEPICTHUYECKUX SACPHBIX PEAKITHIA.
[110]. CaBunxkoB TI'.K. ormedaer, 4YTO B KOCMOJIOTHH
MpeNIoiaraeTcsi, 4ro IMPOIECChl HYKJIEOCHHTe3a MPOTEKaloT B
HeZpax 3BE3.

B nomomHenne k mporeccaM HYKJICOCHHTE3a, MPOTCKAIOIIMM
BHyTpH 3BE31, CaBuHkoB I'.K. BRICKa3bIBaeT THIOTE3Y O Ipolieccax
HYKJICOCHUHTE3a, MPOTEKAIONINX BHYTPH ILIAHET, BKIOYas 3eMIIIO.
Jlis 00OCHOBaHMS THIOTE3bl HYKJICOCHUHTE3a B HEIpax 3eMId,
CapunkoB ['.K. mpuBiekaeT cpasy HECKOJIBKO THIIOTE3, KOTOPHIC
caMU JTaJIeK! JI0 YOS IUTEIbHOTO0 000CHOBAaHMS. JTO THUITOTE3a O TOM,
4TO0 BCE BOKPYI, B TOM 4YHUCIe W 3eMjs, HaXOIsATCs B TEMHOM
Marepuu. Ho Teopetmdeckuit M Tem Oojiee 3KCIIEPHUMEHTAIBHBIN
MOWCK HOCUTENEH TEMHOM MaTepyun Ha MPOTSHKEHNUU IECITUICTUI HE
JlaJT TIOJIOKUTENIBHBIX PE3yJbTaToOB. bojiee TOro, HECOOTBETCTBHUE
MeXay 3akoHOM BcemupHoro Ttiarotenus B ¢opme HpioToHa wu

162



JTUHAMHUKOW KPYTOBOTO IBIDKEHHWS Ha TaTaKTHYECKUX PACCTOSHUSAX,
YCTaHOBJIEHHOE B AaCTPOHOMHH ¥ CTaBIIee OCHOBaHHEM IS
BBEJICHUS TIOHATHS TEMHON MaTtepuu (CKPBITOM Macchl), OOBSCHEHO
M. Munrpomom ©Oe3 MpUBJICYEHHS MOHATHS TEMHOH MaTepuu.
OnHako GU3NKHU TEOPETHKH YIOPHO HE XOTAT MPH3HATH TOTO (hakTa,
9TO0 3akoH BcemmpHOro  TtaroreHuss chOpMyIHMpOBaH IO
HaOmroneHusIM 3a JBMKeHHEeM IuiaHeT COJIHEYHOW CHUCTEMBI M €ro
JKCTPAIOJISINSA Ha BCIO BceneHHyI0 COMHUTENBHA.

Cremyrommei Bricka3aHa B mokiaae Casuakosa I'.K. rumoresa o
TOM, YTO B HeIpax 3eMiH MPOMCXOIUT NpeoOpazoBaHue TEMHON
MaTepUU B BUJIMMYIO MAaTEPHUIO MPOTOHOB, HE YKa3bIBask (PU3MUECKUX
MexaHn3MoB. [ mokasarenpcTBa ATOrO OH MPHBOJUT THIIOTE3Y O
pocte o0béMa 3eMiIM M aHUMAIMIO XyJOXXKHHKA B KadecTBE
Oo4YeBHIHOTO ([0 €ro MHEHMIO) JI0Ka3aTelnbCTBA THIIOTE3bI.
CymecTByeT, K TpuUMepy, W THIOTE3a MyJIbCUPYIOMEH 3eMIu.
CormacHo et 3emuss mpu nBwKeHMH BMecte ¢ ComHIIEM TI0
rajakTHyeckod  opOuTe  moj  AeHCTBHEM  M3MEHSIOLIMXCS
TPAaBUTAIIMOHHBIX CHJI TO YBEIMYUBACTCS, TO YMEHBIIACTCS B
00BéMe. Y BceX ITHX Teo(U3NIEeCKUX THIIOTE3 OJIUH CYIICCTBEHHBIH
HemocTaToK. B TekToHmke nutochepbl 3eMiM ecTh JBa SIBICHUS
MPOTEKAIONINE OJHOBPEMEHHO - COpeAMHT U cyOonykmus. OO0 3Tom
ymomuHaeT w CaBuakoB [.K. ChopeawHr - 3T0 pacxokIeHUE
gutocdepsl B 00NACTH  CPEAMHHO-OKEAHHMYECKHX  XPeOTOB.
CyOmyKiyst - 3TO 3aTATHBAaHUE IUIUT OKEaHWYECKOW JIUTOCQEpHI MO
IDTUTBI  KOHTHHEHTanpbHOW  juTocephl. Ecom O 3Semis
YBEIUYHMBAIACh B 00BbEME, TO HAOMIOJANCS OBl TOJBKO CIIPEIVHT.
Kak mpomcxogut 3aTsIruBaHHe OKEaHHMYECKOW JIMTOC(eEpsl TOA
KOHTHHEHTAIBHYIO €CJIN OHH PACXOASTCS?

B nmoBepmenne CaBunkoB [.K. BBICKa3bIBaeT THIIOTE3y O
«IPUHLMIE JABUHHOTO SJIEpHOTO CHHTe3a». Jlnsg  Jydiiero
MOHUMAaHUSl «PUHIUINA JAaBUHHOTO SIIEPHOTO CHHTE3a», Jydllle
HETIOCPEeNCTBeHHO oOpatuThcs K moknamy CaBmakoBa [.K. “3a
MocNeJHNEe TPH JCCATUIICTHS HAKOIUIEH OTPOMHBIA MaTepuad,
CBHIIETENBCTBYIOIMI O TOM, YTO JUIsi THPOTOH NPOTOHHOTO H
SIIEPHOTO B3aWMOJEHCTBUS HEOOs3aTeNbHO WX CTOJKHOBEHHE Ha
OTPOMHBIX CKOPOCTSAIX C IIeNbI0 TPEOAONECHHS KYJIOHOBCKOTO
Oapbepa. OTH SABJICHHS IMOYYWIH HA3BAHUE «HU3KOIHEPTIECTUYCCKUC
SIIEPHBIE peakiuu». MBI uX Kiaccuuuupyem, Kak HOTCHIIMATbLHO-

163



OpHEHTAIlMOHHBIE  pPEaKklWd, B OTIHYHE OT KIACCHYECKUX
KHHETUYECKUX peaKIHui, KOrAa ISl TPEOAOJCHHS KyJIOHOBCKOTO
Oapbepa MPOTOHBI HEOOXOMMO Pa30THATH 0 OTPOMHBIX CKOPOCTEH.
Oco0eHHOCTHIO TIOTEHIMATHHO-OPUCHTAIMOHHBIX PEAKIUil SABISCTCS
TO, YTO OHU MOTYT NMPOTEKATh MPH MPAKTUYECKH HYJIEBOH CKOPOCTH
B3aUMOJICUCTBYIOIINX HYKJIOHOB M siaep. Ha ux ocHoBe mocTpoeH
TCOHYKIJIEOCHHTE3 BCEX 3JIEMEHTOB 3eMHOM Kopbl”. [110]. Kakas - To
napamienpHas — sjepHas — Qu3MKa, — [epeyépKUBaroImas  BCe
HaKOIUIEHHBIe paHee 3HaHUA. K TOMy jXe TPOTOH MPOTOHHOE
B3aMIMOJICHCTBHC B 3€MHBIX YCIIOBHSX JIO CHUX ITOp HE HAOIIOIAIOCH.
[142].

Puc. 3-11. Cxema nasunnozo adepuoco cunmesa. (PucyHok u3
[110]).

Ja, peakuyn MexIy HYKIOHAMH M SIIpAaMH MOTYT TIPOTEKaTh IMPH
MPAKTHYECKH HYJEBOW OTHOCHUTENBHON CKOPOCTH, HO TOJIBKO B TOM
CIy4yae eCM B KaueCTBE HYKJIOHA BBICTYMAaeT HelTpoH. Ho 310 Bcem
XOPpOIIIO U3BECTHBIC HEUTPOHHBIC PEAKILIUHU, BHI3BIBAIOIINE XOIOAHYIO
TPaHCMYTaIlMI0, @ HE XOJIOAHBIM SMEPHBIM CHHTE3, IJISI KOTOPOTO
KYyJIOHOBCKMI Oapbep ocraércsa. Ecmu ke MBI MOCMOTpUM Ha
pucyHok 3-11, B3saTBIM W3 JAOKIANa, HAa KOTOPOM CXEMATHYECKHU
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M300paxkEH «IIPUHIIMIIA JIABUHHOTO SIAEPHOTO CHHTE3a», TO BHUIUM,
YTO 37€Ch KYJIOHOBCKHH Oappep mpucyTrcTByeT. IIyHKT -2 pucyHKa
TJIACUT: «- OTJAATh TEIUIO U CTaTh HEPEAKIIMOHHOCIOCOOHBIM». To
€CTh IS PEaKIIMOHHOCTIOCOOHOCTH HeoOXoauma sHeprusi? Bps nu
KYJIOHOBCKHI Oappep HCUE3HET €clii peakIMi CHHTe3a Ha3BaTh
MoTeHITMaNbHO-oprueHTarmoHapiMu. W emE. Ilo  CaBuHKOBY
MPOIIECChl B HEApax 3BE3M W B HEIpax IUTAHET B CBOCH OCHOBE
MpaKTHYecKy uAeHTHYHbI. He oueBnano risinsg Ha ComnHie 1 3eMiTro.
0). Ananu3z pabomot «Ilnanemapmuuliit HyKneocunmes u
Pyoooobpazoeanue».

Paccmorpum  paboty  «[lmaHerapHbBIii  HYKICOCHHTE3 H
pynoobpaszoBanne. CrMHOBBIM KoHAeHcCAT boze - DitHmTeliHa u3
ATOMHBIX 3JIEKTPOHOB U aTOMHBIX siiep». [72].

ABTOpHI JaHHOW pPa0OTHI, Kak ¥ aBTOPBl MPEABIAYINCH, B
KadecTBE OOOCHOBAaHHWSI CBOMX WAEH H THUIOTE3 NPUHUMAIOT
MHOTOUYHCJICHHBIE  3KCIEpUMEHTaIbHBIe  (akTel 1mo  HOISP,
nosrydeHHbIe 3a nocienuue 30-1b neT. [Ipu 3ToM OHU, Kak U BCE KTO
MBITACTCS ~ TEOPETHYECKH  O00OCHOBAaTh  MexaHm3mMbl  HOSP,
CTAJIKUBAIOTCS C TpoOJIeMON  KyJOHOBCKOTO Oapbepa. s
YCTpaHEHUsI ~ BIIMSHUS  KYJIOHOBCKOTO  Oapkepa,  aBTOpamMH
mpeiaraeTest uaes “KapIuHaIbHOTO U3MEHEHUS CTPYKTYPHI aToMa
simpa TOJ ACWCTBHEM CHJIBHOTO MAarHuTHOTO Tonst”. “B Takom
YJIBTPAaCHJILHOM MarHUTHOM TIOJIE TOTCHIIUAIEHOW SIMBI IPOTOHBI
HAaYMHAIOT OCIWJUTMPOBATH OKOJIO CBOUX SIIEPHBIX OpOUTaNed u
Omaromapss OOMEHHOMY B3aMMOJCUCTBHIO, OOpPa3ylOT SIIEPHBIC
opTo6030HEI. OOMEHHass  DHEPrus  IPOTOHOB  ITOJTHOCTHIO
KOMIICHCUPYET SHEPTHUi0 WX KYJIOHOBCKOTO OTTAJKUBaHUS. ITO
MpUBEICT K COJNMKEHUI0O MPOTOHOB JO SACPHBIX PACCTOSHUM,
00pa3oBaHMIO  TPAHCMOJIEKYNBI  'renmus-pp’ W K  Hadaly
0E3KYJIOHOBCKHX SICPHBIX PEAKITHIA:
p+p—d+ve+et++042MsB (3-5)
p+p+2e—d+ve+e-+1.44 MaB (3-6) . [72].

Camu aBTOppl mumyT: “OcTaeTcst OTKPBITBIM BOIPOC, KaKUM
00pa3oM B KOHACHCUPOBAHHOW CpeJie CO3/1aeTCs CHIIbHOE MAarHUTHOC
nmosie? bBosbinoe pasHooOpasue (HU3MYSCKUX IKCICPUMEHTOB, B
KOTOPBIX MIPOUCXOIAT peaximu HU3KODHEPTeTUIECKON
TpaHCMYyTAaIlMX, HABOJUT HA MEICIh O CYIIECTBOBAHUU XapaKTEPHOTO
00BEKTa, OIMHAKOBOTO JIJII BCEX BHJIOB DKCIEpUMEHTOB. [loaToMmy,
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CIeNyeT MPEANOIOKUTE (MOAYEPKHYTO aBTOPOM JaHHOH paboTEHI),
9TO B pe3yJbTaTeé  HOHM3AIMH  clabo  BO30YXIECHHOM
KOHJCHCHPOBAaHHOW Cpellbl, B HEH BO3HUKAIOT JIOKAJIbHEIC,
YCTOMYMBBIE, BIEKTPOHHO-UOHHBIE 00Opa3oBaHHs — "Kamcynsl" ¢
CHJIBHBIM MarHUTHBIM TI0JIEM BHYTpH . [72].

Hcxons u3 npeanonoxxeHuit enaroTcs JaleKo WAYIIHE BHIBOIBI:
“IToaToMy, 3Be3a6I U COJHIIE — 3TO, CKOpPEE BCETO, HE TEPMOSAEPHBIC
peakTopsl’. “Tak, ecii OrpaHUIUTHCS SApPaMH C 3apsaaMu OT 2 10
7Z=100, TOo KommuecTBO 'TpaHcaTOMOB-xuMep' cocTaBuUT ~ 2500.
Takum 00pa3oM, K HWMEIOMIMMCS XWMHUYECKHM 3JICMCHTaM U3
tabmmner J[.M.MenneneeBa, mo0OaBiseTcs €Ile MHOXKECTBO IPYTUX
TpaHC3JIEeMEHTOB. Takoe MHOXXECTBO TpaHCAaTOMOB co3aaéT HoByto
Cucremy Xumnueckux TpancOnementoB”. [72]. 1 MHoro emé vero.
Ta >xe mapawienvHas sjuepHas (U3MKa, TEpeYEPKUBAIONIAS BCE
HaKOIUICHHBIC paHee 3HaHWs, 49To W B [110]. OOpatuM BHHMaHHE,
9TO OOIMHOCTH WICH TEOHYKJICOCHHTE3a, BhICKazaHHOW B [110] u
[72], HMKak He NpocMaTpUBaeTCs y aBTOPOB B MeEXaHU3Max €&
o0ocHOBaHUSA. UTO BHpouUeM XapaKTEepPHO UII MHOTHUX TIOIBITOK
TeopeTrueckoro obocuoBanuss HOAP. [55].

3.5.3. O0ocHoBaHUe WAeN reOHYKJIEOCHHTEe3a HCXOAs U3
3aKOHOMEPHOCTe HeHTPOHHOU (PU3NKHU B (PU3HUECKUX
YCJIOBHSX HABOJAOPOKEHHBIX OBEPXHOCTEIA.

W Bcé-taku HECMOTpsI Ha KPUTHUKY Moaxoa0B aBTopos [110, 72]
M0 0OOCHOBAaHUIO WEH HYKIIEOCHHTE3a B Hellpax 3eMIIH, cama uies
SIBJISIETCSI HOBATOPCKOM.

ITo MHEHUIO aBTOpa AaHHOU PabOTHI 3Ta HJES MOXKET TOIYYUTh
000CHOBaHHE U3 TEOPETUYECKUX TIPEACTABICHUH O XOJIOAHOM
TPaHCMyTallMd B  (PU3HYECKMX  YCIIOBHSX  HABOJOPOXKECHHBIX
MOBEPXHOCTE W TakuM o0pa3oM MOaéT BTOpOM MeXaHH3M
HYKJIEOCHHTE3a B JONOJHEHHE K 3BE3THOMY, IPUHATOMY CETOJHS B
xocmoJgtorun. Ha CoiHile (1 Bo Bcex 3BE€3/1aX HAXOMAIIUMXCS B CTaAUU
9BOMONMOHHOTO pa3Butusi CoNHIA) MOTYT TPOTEKaTh TOJIBKO
peakuy CHHTE3a, CBS3aHHBIE C HEOOXOAWMOCTBIO MPEOJOTICHUS
KYJIOHOBCKOTO  Oaphepa.  OTOMY  CIIOCOOCTBYIOT  BBICOKHE
TEMIIEpaTyphl U BBICOKas MIOTHOCTH cpeapl. Ha ConHile HE MoryT
UATH HEUTPOHHBIE pEaKkIMHM XOTsA TaM MHOro Bojopoda. B mma3sme
HET  yCIOBUH IS  HaBOJOPaXXUBAaHUA  IOBEPXHOCTH U
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COOTBETCTBEHHO IS MPOIIECCOB AIIEKTPOHHOTO 3aXBaTa B BOJOPOJE.
ITo »TOi ’Ke TpUYMHE HE MOTYT MPOTEKaTh pPEaKIMU CHUHTE3a,
CBA3aHHBIE C JEUTEPHPOBAHUEM KPHUCTAIJIMYECKON  pEIIETKH
METaJIJIOB. A BOT A DJEKTPOHHOIO 3axBaTa M MOCIEAYIOLIETO
pacmaza ycioBHS B HeApax IUTAHET ONarompHUsTHBL. ATOMapHBIN
BOZOPOJ] TOJHMMASCh K TMIOBEPXHOCTH 3eMIIM Yepe3 TOJIIH
MUHEPAJIOB COMPOBOXKAAECTCA HABOJOPAXKNUBAHUEM HX MIOBEPXHOCTEH.
OTO TPUBOAWUT TPH TEMIEPATYpHBIX YCIOBHUAX 3EMHBIX HEAp K
JJNIEKTPOHHOMY 3aXBaTy B aroMeé BOJOPOAa M BO3HHUKHOBEHHIO
CBOOOJHBIX HEUTPOHOB. 3aKOHOMEPHOCTH HEUTPOHHOW (U3HKH
MPUBOJAT K HAKOIUIEHUIO TEX WJIM MHBIX 3JEMEHTOB B 3aBUCHUMOCTH
OT KOHKPETHOTO COCTaBa MHHEPAJOB, KaK B dKcrepuMeHTax Poccw,
[TapxomoBa, Kopaunosoii, EBnokumona, CaBBatumoBoit, Kinumona u
np. PopMHUpYIOTCS pyIHBIE 3aNEXKU. |'€OHYKIEOCHHTE3 TKEIBIX
JJIEMEHTOB - 3TO CHHTE3 (BO3HMKHOBEHHE) HOBBIX JJIEMEHTOB B
HeApax 3eMiIH, HO He B Pe3yibTaTe CIMSHUA sIep Kak B 3BE37aX, a B
MIpoLecCe HEUTPOHHBIX PEAKIUI.

MexaHNU3MBI TOSBICHUS WM 00pa30oBaHMs BOAOPOJA B HEIpax
3emMii 3TO TpeporaThBa KOCMOJIOTHH M TeoXuMuu. Ho Bo-TiepBhIX,
BOJIOPOJA CaMbIl pacmpocTpan€HHBIE 31eMeHT Bo Bcenennoil. Bo-
BTOPBIX, BOJOPO]I ACUCTBUTENBHO IPUCYTCTBYET B HEAPAX 3EMIIH.

Kpome Hemp mmaHeT HyKIEOCHHTE3 TSDKENBIX JIIEMEHTOB,
MIPOTEKAIOLIUI o MEXaHU3MY ¢duznueckux yCIIOBUI
HaBOJOPO)KEHHBIX TOBEPXHOCTEH, MOXKET pPEaTU30BBIBATHECA M B
MBUTIETa30BBIX ~ TYMaHHOCTSX ~ KOCMHYECKOTO  IPOCTPAHCTBA.
[Ipiera3oBpie TYMAaHHOCTH B KOCMOCE SIBJISIFOTCSI HABOOPOKEHHBIMHU
Mo TpuurHE OOJBLIIOW PaclpOCTPaHEHHOCTH BOJAOPOAAa  BO
BceneHHoM. [133]. Tak xak peakumu XTS5 umMeror TemnepaTypHbIil
MOPOT HMHHUIIMUPOBAHUSA, TO B TBUIETA30BBIX TYMaHHOCTAX OHH
JOJDKHBI HAaOMIOAATRCS B 30HAX HarpeBa BOJMM3U (M0 KOCMHUYECKUM
MepKam) 3BE3 .

[To HammM npenacTaBiIeHUsIM (QU3UKA HYKIICOCHHTE3a Ta K€, YTO
u sbdexrta Poccm Ha HABOAOPOKCHHBIX IMOBEPXHOCTAX H K
HACTOSIEMY BpEeMEHH YOEOHWTENbHO 0Ka3aHa SKCHEPHUMEHTAIBHO.
[Iporiecc HykieocuHTE3a TKENBIX JJIEMEHTOB B HeIpax IUIaHET
OOBSICHIM B paMKaxX HEUTPOHHOU (M3WKH U CBSI3aH C 3JIEKTPOHHBIM
3aXBaTOM B  (U3MYECKHX YCJIOBHSIX  HACHILEHHBIX  JIETKUM
BOZOPOJOM ITOBEPXHOCTEN.
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Takol moaxoa K 000CHOBAHHIO HCH TCOHYKJICOCHHTE3a JICKHUT B
paMKax YCTOSIBILIEHCS SACPHOM (DU3MKH, BIIMCHIBACTCA B YXKE
HAKOIUICHHBIC 3HAHUS KOCMOJIOTUU U aCTPO(PU3UKU U HE TTOIMEHSET,
a gomonHseT ux. HecMOTps Ha MOYTH CTOJNETHUM MEPUON IOCIHE
OTKPBITHS COCTOSTHHSI H30MEPHOTO BO30YKICHHUS, €r0 3HAUYCHUE IS
SIBJICHWA TPUPOIBI HE OIEHEHO II0 HACTOSIIEMY IO CHX IIOp.
NzomepHBIE BO30YXKICHUS IIMPOKO PACHPOCTPAHEHHOE SIBICHUE
TIPUPOIBI, 0 qéM CBHIICTEIILCTBYET H €CTeCTBECHHAs
pPaauoOaKTUBHOCTh, BBI3BaHHAS IPOIECCAMH T'€OHYKICOCHHTE3A.
OOpazoBaHue TKENBIX D3JIEMEHTOB (TsDKENee JKene3a) CBsI3aHO
MMEHHO C U30MEPHBIMHU BO30YKICHUSIMH.

EcrecTBenHas PaaroaKTUBHOCTD eCTh CIICJICTBHE
BO3HUKHOBCHHUSI HM30MEPHOTO COCTOSIHUSL sAlep B  Mpolecce
TCOHYKIJICOCUHTE3A.

3.6. O6 orpaHM4YeHHOM XapaKTepe 3aKOHA 00PaTHBLIX KBAJPATOB.

Hmxe mnpeacraBneHa 3aBHCHMOCTh CHJI TPaBHTALUU  OT
paccTosiHust B (opme oOpaTHOM SKcroHeHTHL. I[lokazaHa e
COTJIACOBAaHHOCTh C 3aKOHOM OOpaTHBIX KBajapaToB HproTOHA, U ¢
uaesmMu Munrpoma. Beickazana unes eIuHCTBA MPUPOIBI CUILHOTO
U TPaBUTAIMOHHOTO B3auMoOJEUCTBUs. Takol MNOAXO0H pa3BUBAET
uaeu Munrpoma 1o YCTPAHECHUIO HUHCTPYMEHTAIBHO
YCTAHOBJICHHOT'O MPOTUBOPEUMST MEXKIYy IUHAMHUKOM BpallCHUs
raJakTUK U 3aKk0OHOM BceemupHoro tsarorenust HerotoHa.

B ¢wusuke paccmaTpuBaloTCs YeTHIpe OCHOBHBIX  BHJA
B3aUMOJCUCTBUS, K KOTOPHIM CBOJATCS BCE W3BECTHBIC CHIIBI
MaTepUalIbHOIO  MHpa: TCPaBUTAIMOHHOE, 3JIEKTPOMArHUTHOE,

CUJIBHOE u ciaboe B3aUMO/JICHCTBUSI. I'paBuTanonHoe
B3aMIMOJICHCTBHEC CBSI3bIBAET MAKPOCKOITMYECKHE MAaCChl Ha OOJIBIINX
pacCTOsIHUSX, BILUIOTH 10 KOCMOJIOTHYECKUX. CunbHoe

B3aMIMOJICMCTBHE CBS3BIBACT HYKIOHBI B siipa W OYAy4YH CaMBIM
CWIBHBIM B  TpHpOJE  JEHWCTByeT BMeCTe€ C€ TeM Ha
MHUKPOCKOITUYECKUX pacCTOSTHUSIX. DIEeKTPOMarHuTHOE
B3aUMOJIEiCTBHE (QOPMUPYET aTOMHBIE CTPYKTYPBHI, CBSI3BIBAET
aTOMbl B MoOJIeKylnax W Kpuctamuiax. Cnaboe B3anMoneHCTBHeE,
MPOSIBIISTIONICECS TPy OeTa-pacraje, UMEeT OYCHb MATYIO 1adbHOCTb.
CuipHOE,  AJIGKTPOMAarHWUTHOE W cinaboe  B3aMMOJACHCTBUS
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MIPOSIBIISIOTCS. HA MHUKPOCKOTIMYECKUX PACCTOSHHSX, YTO TTO3BOJISIET
MOAXOIUTH K UX U3YyUEHHUIO ¢ OOIINX MO3UINI KBAaHTOBOW MEXaHHUKH
U TEOpUU KBAaHTOBBIX mMoiiel. K HacrosimeMy BpeMEHH Ha JaHHBIX
MOX0JaX CO3/IaHbl TEOPETHUYECKHUE IIOCTPOEHUS, MO3BOJIAIOLINE
paccMaTtpuBaTh ~ CHJIBHOE,  DJJEKTpOMarHuTHoe W ciaboe
B3aMIMOJICHCTBUS B paMKax €IUHOU TeOpHH. A sSBICHHE T'PaBUTAIUH
3aHUMaeT 0co00e IMOJOXKEHUE M OTAEIECHO OT B3aMMOJICHCTBHUH,
OTIPE/IETISIONINX CTPOCHHE BEMIECTBA HA MUKPOCKOIIMYECKOM YPOBHE.
“B HacTosIiee BpeMsl y HaC HET HHUKaKUX JIOTaJIOK O TOM, Kak 3Ta
Opemrs MokeT ObITh 3amonHeHa”. [12, crp.81]. I'paBuTannonHoe
B3aUMOJecTBUE He moafaércsi OOBEAWHEHHWIO C  JPYTUMH
(yHIaMEHTaNBbHBIMUA ~ CWJIAMH, JIEWCTBYIOIIMMH B  MacmiTabax
MUKpodu3uku. CHIbl TPaBUTAIMM OTBETCTBEHHBI 3a BpAIlCHUC
mnaHeT Bokpyr CoiHIA, 3a CTPYKTYpPYy M JAUHAMHUKY TalaKTUKU U
3BE3AHBIX CKOIUIEHWH, 3a CTPYKTypy M JIHUHAMUKY BceneHHON B
IEJIOM.

3axoH BceMupHOro TAroteHus, Ho KOTOPOMY ONPENENAETCS Chila
MPUTSHKEHUST MEXAYy ABYMS MaccaMd OblT BbIBeZIeH HbroTOHOM
ncxons w3 3akoHoB Kemmepa. 3akonsr Kermepa sBisroTcs
00001eHreM (QaKToB, MOJYYCHHBIX aCTPOHOMAaMHU W3 HaOIIOIEHHMA
3a JBMKEHHMEM IUIaHET COJHEYHOM cucTeMbl BOKpyr ConHua. 3aTtem
ATOT 3aKOH OBLT 0000MMIEH Ha BCIo Beenennyro.

3.6.1. AHanIMTHYecKasi 3aBUCUMOCTD 3aKoHa BecemupHoOro
TATOTeHUs B (hopMe 00pPaTHOI IKCIOHEHTHI ¢ U3MEHEeHHeM
paccToAHUS.

B  rtewenmm 20-ro Beka  OBUIO  TOJMYyYEHO  MHOTO
ACTPOHOMUYECKHX HAOIIONCHUH, KOTOPhIE HE COTJIACOBBIBAINCH C
3ak0HOM HBIOTOHa, CTaBWIM MO/ COMHEHHE HE3BIOJIEMOCTh 3aKOHA
Hrlorona B ¢opme oOpaTHBIX KBajapaTtoB. Hampumep, BBISIBICHO
MPOTUBOPEYHE MEXKAY BEIMUYMHON CUiIBI TpaBUTaluu o HeroToHy U
LEHTPOOEKHBIMHU CHJIAMH BO BHEITHUX 00JIACTSIX HAIIeH CIIMPAIbHOM
TJTAKTUKHA B COOTBETCTBHH C 3aKOHAMH JTWHAMHKH BparieHus. [137].
JUis  CHATHUS 3TOTO  TPOTHBOPEUYUS  OOJBINMHCTBO  (DU3HKOB
NPUJEPKUBAIOTCA TOHATUS TEMHOM MaTepuu (CKpPHITOM Macchl),
MpHUPO/Ia KOTOPOH JI0 CHX MO HE YCTAaHOBJIEHA U IKCIIEPUMEHTAIBHO
He mnoaTBepxkAeHa. M. MwuirpoMm uisi CHATUS NPOTHUBOPCUUS
MPEIIOKMIT  MOJU(PUKAIMIO 3aKOHa BCEMUPHOTO  TATOTEHUS.
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OcTaHoBMMCS Ha STOM HamOoJliee OUYEBHUIHOM IPOTHBOPEUHH, HE
pa3pen€HHOM 0 CHUX TOP.

3akoH BcemupnHoro TiaroreHus HeioTona wumeer Bun:

_GM, M, >
F=————; (3-7). B rtakoii ¢dopme 3aKOH TATOTEHHUS

r

MIPOCYIIIECTBOBAI 10 cepenuubl 20- To Beka. OqHako HAOMIOICHUS 3a
MEXaHWKOW BpAICHHUS TaJaKTUK BBISIBHIIO IMPOTHUBOPEYUS MEXKIY
3aKOHOM TpaBUTanuu HBIOTOHA M 3aKOHAMU JUHAMUKH BpAICHHS
BHEITHUX OONacTell rajlakTWKH. BBIICHUIOCH, YTO OJIS BpAaIleHHS
BHEIIHUX OOJIaCTeH CHHUPANBHBIX TaJakTHK ¢ HaOJII0MaeMbIMH
CKOPOCTSIMH,  TpeOYyIOTCS  CWJIBI  TPUTSHKCHHUS  MHOTOKPATHO

MPEBBILIAIONIUE TE, YTO JAET 3aKOH TAToTeHUs1 HhroTOHA.

¥

y

F)
h

Puc. 3-12.

Actpoduzuk M. MunrpomM npeayioxkun MOAU(GHUIIUPOBATH 3aKOH
Hriotona. Crenenb pagmyca B 3HaMEHaTelle MPUHATh MEPEMEHHON
BEJIMUMHOM, MEHSIONIEHCs OT ABYyX (KBazpara), JUisl PacCTOSHUMN
MOpsKa pPa3MEepOB CONHEYHOM CHCTEMBI, [0 EIUHHIBI IPH
paccTossHUM cTpeMsiieMcss K OeckoHeyHocTH. llo Munrpomy:

GIM, M,

F= ; (3-8). Ilpu r — ©0 3aBUCHMOCTH NPHUHUMAET
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GIM, M,

r
0COOEHHOCTSIM BpamieHus [ 'amakTuku, HO (HU3UIECKOE COOOIIECTBO
HE IMONUIO HAa MOJU(HUKAIMIO 3aKOHA TATOTeHHs HploToHAa WU
MPEANOWIO BBECTU MOHATUE TEMHONU MaTEpUH (CKPBITOM MACCHhI).

Ham wupes M. Mwirpoma mnpeacTaBisieTcs HWHTEPECHOW U
MMEIONICH MEePCIEKTHBY pa3BUTHSA. PaccMoTpuM pucyHOK - 3-12.
Ha pucynke wu3o0paxkeHsl rTpadukn  QyHKOMH  OOpaTHOM
TPONOPIUHOHATBHOCTH Y = 1/r, Gynkuuu y = 1/r°, BXojsmed B
¢dopmyny Herotona u Gyukiun y = 1/, Bxomsmiei B popmyiny M.
Munrpoma. Ilo Mwunrpomy uis paccTOSHUI NOpsiAKa pa3MepoB
COJTHEYHOU cucTeMbl popmynbl HetoToHa 1 Muiirpoma COBIAIaroT.
Ha pucyske - 3-12 Touka nepeceuenns rpadgukos y = 1/ ny = 1/r*.
Herpynno 3ameruTh, 4TO Tak ke Benér ceds W (pyHKIMOHAIHHAS
3aBUCUMOCTH 00paTHOM skcmoHeHTsl 1/¢”. (3-10). Eciu r — o0, TO
(3-10) - 0 mu cuma — 0 xak y Muwunrpoma B (3-8). B
MIPOMEKXYTOYHBIX MOJIOKEHHUSIX OT Pa3MEpPOB COTHEUYHOW CHCTEMBI JI0
r — oo, 1/e” uamensiercs ot 1/r2 1o 1/r.

CornmacHo wuzaee Munrpoma KaxIOMy PACCTOSHHUIO MEXKIY
MaccaM#l COOTBETCTBYET CBOE 3HAUECHHE MMOKAa3aTeNs CTeneHH. MBI
MMeeM HEeNpPepHIBHYIO COBOKYITHOCTh 3HAUEHHUH MOKa3aTelNs CTeNeHH
oT paccrosiHus. U skcnonenta (3-10) anmpokcUMHUpPYET BCIO 3Ty
COBOKYNHOCTh Touek. Otciona, ciemys maee Mmiarpoma, craeinaeMm
CIeqyIOmui mar B MoaAu(UKanuy 3aKoHa TpaBuTanuyd HproToHa n
MPEICTaBUM 3aBUCHUMOCTh Munrpoma (3-8) B BUJIE:
F=GMM, M, &™"; (3-11).

Ecnu orrankuBatbess ot wuaen M. Mwuiarpoma U OT
ANIPOKCUMUPYIOLIEH 3Ty UACI0 3aBUCUMOCTH CHJIBI TPABUTAIIUN OT
paccTosiHust B (hopMe 0OpaTHOHN SKCIIOHEHTHI, TO CHJIa TPABUTAIINH C
paccTOSIHUEM CHI)KAeTCsl MEHbIIEe 4eM IO 3akoHy HpioToHa. DTHM
CHHUMAeTCs MPOTHBOPEYME MEXKJYy CWIAMH TpaBUTAIlMH U
IEHTPOOCKHBIMU CUJIAMU BpAIllCHUs BHENTHUX O00JacTel Harien
CIIUPAJIbHONW TaJakKTUKH. OTHM JK€ MOXHO OOBSCHUTH W
oOHapy)XeHHbIE ~ aHOMaJIMd B  JBIDKEHHHM  aMEpPHKaHCKUX
KocMuueckux ammaparoB Ilmonep 10 m 11, cBsA3aHHBIE C UX
TOPMOXEHHUEM B CpaBHEHMM C pacu€tamu. M Torjga ormamaet

pun: F = ; (3-9). Tako#t moaxon AaBal OOBSICHEHHE
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HEOOXOAMMOCTh BBOIUTHL HOBOE TIOHATHE “‘TEMHAs MaTepHs
(ckpwITasg Macca)”.

M. MwuiarpoM paccMaTpuBai CBOI HJICI0 Ha PACCTOSHUSX OT
pa3MepoB COJTHEYHOM CUCTEMBI JI0 OCCKOHEYHOCTH.
OKcTpamonupyeM uaecio M. Mmiarpoma B 00paTHYIO CTOPOHY: OT
pa3MepoB COJIHEYHOM cCUCTEMBI A0 HyJs (pa3MepoB sizpa). B atom
ciydae 3aBUCHMOCTH (3-11), OymeT cOOTBETCTBOBaTh uiee M.
MunrpoMa Ha BCeX pa3Mepax OT Hyss 10 OeCKOHEYHOCTH. I paduk
ATOW 3aBUCUMOCTH M300pax€H Ha pUCYHKE - 3-12 crutomHoi 4EpHOI
JIUHUEH ¥ KaYECTBCHHO MOKA3bIBACT 3aBUCUMOCTh CHIIBI TPABUTAIIUN
OT Pa3MepoB sjipa 10 OECKOHEYHOCTH.

Crporo ToBOps 3akoH Herotona (3-7) 0e30roBOpOYHO
MPUMEHUM TOJIKO JUII Pa3MEpoOB COJIHEYHOH CHCTEMBI. 3aKOH
HrloToHa BBIBEZIECH Ha OCHOBaHWMHW 3akoHOB Keruiepa, KOTOphie B
CBOIO OdYepenb SBISAIOTCA KOJWYECTBEHHBIMH 3aBHCHMOCTSIMH,
obobOmaromumu ~ HabmromaeMbie  (GaKTBl  JABHKCHHS — TUTAHET
comHeuHOW cucteMbl BOkpyr Comnna. [lpuBeaéHHass Bl

okcrionenrmanbhas  3asucumocts  F =G M, M, (6™  nna

CpaBUTAIlMM C POCTOM PACCTOSHUS F HUMEET U3MEHSIOUIYIOCS
BOTHYTOCTh OT MaKCHMaJIbHON MIPH MaJIbIX PACCTOSHUSAX 0 HYJIEBOU
P PACCTOSIHUU CTpeMsIieMcs K 0eckoHeuHoCTH. [1o 3T0# npuunHe
Ha OMNpEACAEHHOM TPOMEKYTKE PACCTOSHUN DSKCIIOHEHTa OyIeT

. 2
coBnanath ¢ dynkuueit /7", kak no HeloToHy. DTOT MPOMEKyTOK

COIIOCTaBUM C pa3MepaMu COJIHEYHOM CHCTEMBbI U 3akOH HpioTOHA B
TaKOM CJlyda€ HOCHUT YacTHBIM XapakTep Uil PacCTOSHUN
COMOCTaBUMBIX C pa3MepaMu COJIHEYHOW cucteMbl. OOoOIeHne
3aKoHa TAroteHus HeioToHa Ha Bcio BeeneHHyto He npeacTaBisieTcs
yOeTUTEITEHBIM.

PaccmoTpum (akThl, MONyYeHHbIE B SKCIIEPUMEHTAX IO 3aMepy
CPaBUTAIIMOHHON  MOCTOSIHHOW.  COBOKYMHOCTH  IMOJYYEHHBIX
pE3yIbTaTOB CHIIBHO PAaCXOAATCS APYT C APYTOM, YTO YKa3bIBaeT Ha
OTPAaHWYEHHOCTh 3aKOHa OOPATHBIX KBAJPATOB M CBHJIETEIHCTBYET
Ha HaIlll B3MJIS]T B TIOJIh3y 0OpaTHOM 3KCIIOHEHTEHI.

OyHaaMeHTaNbHBIE  (PU3UYECKHE IIOCTOSHHBIC, HAIMPHUMED,
CKOPOCTh CBETa, TPAaBUTAIIMOHHAS TIOCTOSHHAS, TIOCTOSTHHAS TOHKOU
CTPYKTYpBI, Macca JJICKTpOHA U APYTHUe, UTPalOT BAXKHYIO POJb B
COBpEMEHHON (u3nKe. DKCIEPUMEHTAIbHAS (U3NKA CTPEMUTCS KO
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BcE Oosiee TOYHOMY M3MEPEHUIO MX 3HAYCHHWHA M MPOBEPKE TOTO, HE
W3MEHSIOTCA JIH OHM BO BPEMEHH W TPOCTPAaHCTBE. bONbIIMHCTBO
(yHIIaMEHTAILHBIX KOHCTAaHT W3BECTHBI CETOJHS C YPE3BBIUANHO
BBICOKOW TOYHOCTHIO. [103TOMY MOXKET IOKa3aThCsl yIUBUTEIBHEIM,
YTO 3HAYEHHE TPABUTAIMOHHON ITOCTOSHHOW, KOTOpas BXOIUT B
3aKOH BCEMHPHOTO TATOTEHHS, M3BECTHO C TOYHOCTHIO XYK€, HYeM
104, TO €CTh OJTHA COTas JIOJIA MPOLICHTA.

B 1998 rony kommrer CODATA, 3aHUMAIOIMANCS aHATH30M
SKCIICPUMEHTOB 110 M3MEPEHHUIO (DyHJAMEHTAILHBIX KOHCTAHT U HX
pe3ylbTaTOB M HAa OCHOBAHMM 3TOTO PEKOMEHAYIONUH K
WCTIOJIb30BAHUIO WX YHCIICHHBIC 3HAYCHUsS, T0J] HATHCKOM HOBBIX
MPOTUBOPEYALTUX JPYT APYTy AKCHEPUMEHTAIBHBIX MAHHBIX OBLI
BBIHYXJICH B 12 pa3 yXyAIIUTh TOYHOCTh PEKOMEHIOBAHHOTO
3HaueHus: G 1o cpaBHeHHIO ¢ 1986 rogom (cM. cooOuieHue B
xypHaine Physics Today, March 2001).

Curyaruss ¢ HM3MEPEHHEM TPaBUTANMOHHON mocTossHHOW G
JI0 CUX TIOp OCTaeTCsi OYCHb HEOOBIYHOH. B oTnmuume oT MHOTHX
Npyrux (yHAaMEHTATbHBIX KOHCTAHT, IPABUTAIIMOHHAS TOCTOSTHHAS
¢ OONBIINM TPYIOM TOJIIAETCS U3MEPEHHUIO.

Brnepsrie uncieHHOE 3HAUCHUE TPABUTALIMOHHON TOCTOSIHHON G
AKCIIEPUMEHTAIBHO Ompeneiw anrnuiickuii ¢pusuk . KaBenauim B
1798 romy. Ilpubop Kamenawma omwicaH B OOJNBIIUHCTBE KYypPCOB
oOmieid ¢u3MKM W TIMPOKO WU3BECTeH. B  manpHeimeM ObLIO
MPOBEJICHO MHOTO DKCIepUMEHTOB 10 3amepy G caMbIMu
pasnMuHBIMA MeTonaMu. Tak aBcTpwiickne (QHU3WKK yXKe B Halle
BpeMsI TIPOBEIH OJKCHEPUMEHT M0 HM3MEPEHHUIO T'PaBUTAI[MOHHOTO
MPUTSDKEHUS. OYCHb MAJICHBKUX TEJ - 30JIOTHIX INAPHKOB MacCOM
90 MILTUTPAMMOB U TUAMETPOM 2 MHJUTHMETpPA, HaXOMAIIUXCS Ha
PacCTOSHUM BCETO HECKOJBKUX MHJUTUMETPOB Jpyr OT Jpyra.
Wsmepennst G COBpEMEHHBIMH METOAAMU IPHUBEIA K TPUHATOMY
pesymeraty: G = (6,6732 + 0,0031)-10"" H-m*kr> Opnsako
OKCIIEPUMEHTHI 0 W3MEPEHHIO TPABUTALMOHHON mocTosHHOW G,
MPOBEJCHHBIE B TIOCIEJHHE TOJbl HECKOJNBKHMH TpYIaMH,
JIEMOHCTPHUPYIOT TOPAa3UTEIHbHOS HECOBMAIEHUE APYyT ¢ Apyrom. Ha
pucyake - 3-13 m300pakeHbI pe3yabTaThl U3MEPEHUN HECKOIBKHUX
AKCTIEpUMEHTOB Tocienuero Bpemenu. [UMcrounmk: T. Quinn, H.
Parks, C. Speake, and R. Davis. Improved Determination of G Using
Two Methods // Phys. Rev. Lett. 111, 101102 (2013)].
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Puc. 3-13.
3enEéHBIM IIBETOM Ha PHCYHKE OTMEYCHO YCPEAHEHHOE 3HAUCHUE
CpaBUTAIIMOHHON MOCTOSHHOIA, KOTOpOE PEKOMEHIOBaHO
komutetoM CODATA.

K HacrosimeMy MOMEHTY UMEETCs] HECKOJIBKO pa3HbIX U IIPU TOM
JIOBOJIBHO TOYHBIX M3MEPEHHUM IpaBUTALMOHHOMN MOCTOSHHOMW, U BCe
OHH 3HAYUTEJBHO PACXOAATCA JAPYr ¢ APYrom. PasHuma Mexny

IBYMsI CaMbIMH KpalHUMH (M XPOHOJIOIMYCCKH - CaMbIMH
TIOCICIHAMHA) 3HAYCHHSIMH yke TpeBbimaeT 20 (!) 3asiBJIeHHBIX
NOTPEIIHOCTEH.

[IpuxomuTcss KOHCTATHPOBATh YTO, HECMOTpA Ha Ooyee YeM
JBYXCOTJIETHIOIO HCTOPHIO, TOYHOCTh W3MEPEHHH OCTaeTCsl OYCHD
CKPOMHOM.

[TonpITaeMcst MOHATH M 00OCHOBAThH CIIOKHUBIIYIOCS CHTYAIIHIO.
JlomycTrM 9TO CHITBI TPABUTAIIMH U3MEHSIOTCS C PACCTOSTHUEM HE 10
3aBHCHMOCTH OOpaTHBIX KBaJpaToOB, a, KaKk $ Mpeanojaraio, Io
3aBHCHMOCTH OOpaTHON OKCIOHEHTH. Kak momkHa BecTH ceds
TpaBUTAIIMOHHAS “‘TIOCTOSHHAS® B 3aKOHE TpaBUTANNK HbhioTOHA, 9TO
Obl cHJIa pacCUUTaHHAs TO 3aBUCHMOCTH OOpaTHBIX KBaJpaTOB
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paBHSJIACh CHJIE PACCUATAHHON II0 3aBUCHUMOCTH OOpaTHOMH
9KCIIOHEHTHI?

y=f(r)
k

F

TOYKa - 2

TOqKa - 1

csmslesscssansscnsses

T >

0 Fo o T o®
Puc. 3-14.

Paccmorpum pucynok -3-14, Ha KOTOPOM H300pa)KEHBI JTHMHHS
3aBHUCHMOCTH CHJIBI TpPaBUTAIlMM C PAcCTOSHUEM I0 0oOpaTHOM
OKCIIOHEHTE (YEpHAs KUpPHAS JIMHUS) U JIMHUS 3aBUCUMOCTH CHIIBI
TPaBUTAIMH C PACCTOSHHEM TI0 3aKOHY OOpaTHBIX KBaJpaTOB (CHHAA
ITyHKTHPHAS JINHUS).

W3  pucyHka  BHAHO, 4TO  OOpaTHasT  DKCIIOHCHTAa,
anmpoKcUMupytomas uaeo M. MurpoMa siBiisieTcst 00jiee BOTHYTOM
JTUHUEH 9eM JUHHUS 0OpaTHBIX KBagpaToB. JTO cieayeT u3 uaen M.
Munrpoma. ITo 3To# nmpuYnHE 3TH JBE 3aBUCHMOCTH MEPECEKAIOTCS
B JIBYX TOYkaX. B Touke - 1, rae mo mpeamonoxkenuto Muirpoma
CWJIa paccuWTaHHass 1O OOpaTHON OKCIIOHEHTE COBMANaeT ¢
pe3yJIbTaTOM PACCYUTAHHBIM 10 3aKOHY HbloTOHA. DTO paccTosHue
COIIOCTaBMMO C Pa3MepaMU COJHEUHOW CHCTEMBI. B Touke - 2 nmuHUN
cHOBa mepecekaoTca. CiemoBaTeNsHO B TOYKE - 2 CHOBa CHIa
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paccunTaHHas 0 OOpaTHOW KCIIOHEHTE COBIAJAET C PE3yIbTATOM
paccunTaHHBIM 10 3aKoHY HpioTOHA.

Ha pucynke -3-14 BblaeneHbl Tpu 00JacTH MEXIy JHHHUEH
00paTHOM OKCIIOHEHTHl W JIMHHEH OOpaTHBIX KBajpaToB. /JlBe
00JacTi OTMEYECHHBIE 3eJIEHBIM I[BETOM 3TO 00JIACTH, B KOTOPBIX MPH
OIMHAKOBOM pACCTOSHWW CHJIa pAacCYUTaHHas 1O OOpaTHOU
SKCIOHEHTE OOJbIIe CHJIBI PACCUYMTAHHOM MO 3aKOHY OOpaTHBIX
KBazapaToB. M3 aToro criemyer, 4TO NI paBEHCTBA CHJI Ha PaBHBIX
paccTosHUSX B 3aKOHE HBIOTOHA B JaHHBIX OONACTAX HEOOXOAMMO
YBEIMYUTh 3HAYEHHE TPABUTALMOHHON MOCTOSHHOM B CPAaBHEHHUM C
TOuko# - 1, paBHOW pasmepam ConHeuyHoil cuctembl. B oOmactu
paccTossHuil My ToukamMud 1 u 2 (OTMEUCHHOH (HOJCTOBBIM
LBETOM) OOpaTHas SKCIOHEHTAa MPOXOIUT HMXKE JIMHUKM OOpaTHBIX
KBagpaToB. B 5TON oOmacTu paccTosSHWII HAaNpPOTHB HEOOXOANMO
YMEHBIINTh 3HAYEHHE TPABUTAIIMOHHOW TIOCTOSIHHOH B 3aKOHE
rpaButanu Hpl0TOHa B CpaBHEHHUM C TOUKOM - 1.

[IpuxonuM K BBIBOAY, YTO €CIM TNPHUHATH HW3MEHEHHUE CHIIBI
TPaBUTAIlMHN C PACCTOSHHEM IO 3aKOHY OOPaTHOW SKCIIOHEHTHI, TO
TpaBHUTAIIMOHHAS ITOCTOSHHAS B 3aKOHE TpaBUTannu HproToHa OymeT
BeIMUMHOW TmepeMeHHoW. Uto w Habmomaercs B cepud
9KCIIEPUMEHTOB MOCIIETHETO BPEMEHH.

3.6.2. EniHasi npupoaa CHJIbHOT0 U TPABHTAIMOHHOTO
B3auMo/ieiicTBUs.

CunpHOE B3aUMOJICHCTBHE SBISIETCA CaMBIM OOJBIIMM M3 BCEX
(yHIaMEHTANBHBIX CHJI TPHUPOABI. Bce ero xapakTepHCTHKH
MIOJTyYEHBl OMBITHBIM MyTEM B OKCIEPUMEHTaX IO CTOJIKHOBEHHIO
0apHOHOB.

“CorylacHO COBPEMEHHBIM TMPEACTABICHUSAM O XapakTepe
SOCPHBIX CHII, S(QGEKTHUBHBIH MOTEHLIMAT B3aMMOJACHCTBUS MEXIY

IBYMsI HYKJIOHAMH JUIsl paccTosHui 7, Gombmux 107" ey, MOXKHO
b r

npeactaButh ¢ynknuedn U (r) = C| — |exp —Z (3-12), (38a,
r

[12, ctp.79]). Koucranta b 3amaét MOpsAIOK pajuyca ICHCTBUS
cur; eé penmumna b =1.4007"cu. Koncranta C oTpeessieT

-13
BEJIMUUHY CcHITbL. [Iprposa cuil Ha paccTosHusAX, MeHbux 10~ cm,
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OKaspIBaeTca Oojee CIokHOH. ... Cimeayer WMETh B BHIY, 4YTO
noteHnuanbuas ¢yaknusa U (r) He Ja€T TOYHOTO OINHCAHUS
B3aMMOJCHWCTBUS MEXAY IByMs HykioHamu, OHa mepenaér, oIHaKo,
Hau0Ooyee CYIIECTBEHHOE CBOMCTBO 3TOTO B3aUMOJCHCTBHA, a
WMEHHO 9KCHOHEHYUAbHOe NadeHue NOMeHYuala ¢ paccmostuem’ .
[12, cTp.79]. YUncnenusni npumep, npuBeAEHHBIA Ha cTp. 80 [12]
MOKA3bIBACT, YTO SJCPHBIMH CHJIIAMH MOXHO TPaKTUYCCKH
MOJIHOCTBI0 TPEHEOpeYh, €CIM PACCTOSIHUE MEXIy HYKIOHAMH

-11
npesocxomut 107 cm.

F.IL

Touka-1

Mpathmk sakoHa KynoHa
no 0BpaTHOM 3KCNOHEHTE

Mpadhuk cun TAroTEHUA NO
0BPaTHOW 3KCNOHEHTE

v

100 %0, 1054 ' r
Pasmep Pasmep Pasmep conHeyHon
Agpa  artoma CHCTEMBI
Puc. 3-15.

OkcnepuMeHTanbHas  gopmyna  (3-12)  omuchIBaeT  CHIIBHOE
B3aMIMOJICHCTBHE B 3aBUCUMOCTH OT paccTosHUE B (hopMe oOpaTHOM
OKCIIOHCHTHI. BBICKaKeM TIPENIOoNOXKEHNUE, YTO IIPOU3BOMHAS OT
noteHmana (3-12) mo paccTosSHHUIO UACHTUYHA 3aBUCUMOCTH (3-10)
Y OTIMCHIBACT €AMHOE (PU3UUCCKOE SIBICHUE B3aUMO/ICHCTBHS Macc Ha
BCEX pACCTOSHHUAX OT pasMepoB sapa 0 KOCMOJOTHYECKUX.
Paccmorpum pucynok - 3-15. Ha pucynke m3o0pakeHBI Tpaduk
00paTHOM 3KCIIOHEHIMATBHOHN 3aBuCcUMOCTH (3-11), oTBewaromuii o
HalllUM  TIPEATIONOKEHUSAM TPaBUTAITMOHHOMY B3aMMOJICHCTBHIO
(crutormHas wHUSA) W Tpaduwk oTBedarommii  3akoHy Kyrona
(myHkTUpHas JuHUA). Ha paccTOSHUSX MEHBIIMX pa3MepoB sapa
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_13 ~
(<107 cm) obpaTHast DKCIIOHEHTa CHJIBHOTO B3aWMOJCHCTBHS
MPOXOJIUT BhIlIE 3aBUCUMOCTH KyJiOHa U cHIIbHOE (TpaBUTALIMOHHOE)
B3aUMOJICHCTBHE MPEBOCXOAUT KylIOHOBCKoe. IlpaBee paccTostHUs

-13
10" " cm. cuner KymoHa mpeBOCXOMAT CHIIBHOE (TPaBUTAIIMOHHOE)
v -13
B3auMojieiictere. B mpomexxyTke pasmepoB aroma ot 107~ cu. 10

-8 o o
107" cm. ACUCTBYIOT CHJIbI JJICKTPOMArHUTHOI'O B3aMMOJCHCTBUA,
MpeBOCXOAANIUC CUJIBI T'paBUTALAU. Ha PACCTOAHUAX OOJBIINX

pa3mepoB atoma (> 10~ cv.) BemecTBO CTAHOBHTCS HEUTpaJIbHBIM U
BHOBb BCTYIAET B CHIIY TPABUTALIUA.

B nmomp3dy emMHCTBa CWJIBHOTO M TPaBUTALMOHHOTO
B3aMIMOJCHCTBUS CBUIECTEIHCTBYET M 3aKOH OOpaTHOW 3aBHCHMOCTH
CEUCHHS 3axBaTa HEHTPOHA SIPOM OT CKOPOCTH HEWTpoHa. S ~ 1/v.
Ecnu orrankuBatecs ot 3aBucumoctH (3-10), To npu npuOImKeHUH
K pa3Mepam sifpa Cuiia TPaBUTALMOHHOTO MPUTSHKEHHS] HEUTPOHA K
SIIPY YBEIMYMBAETCS MO0 DKCTIIOHEHTE M HEUTPOH HAUYWHAET 3aMETHO
3aTsAruBaThes B sSApo. Hu simepHbIMU, HU IPaBUTALIMOHHBIMU CHUIaMHU
yKe mpeHeOpeyb Helb3s, Kak MPUHSTO Ha ceromnHs. [12, crp.80]. Tak
KaK TPaeKTOpWs JBM)KCHHS HEHTPOHA B ATOM CIIydae OTpeAelseTcs
COBMECTHBIM BIIMSHUEM CHJIbl MPUTSKEHUS K SAPY U HUMITYJIHCOM
JIBIOKCHUS HEWTPOHAa, TO W BO3HUKAET OOpaTHAas 3aBUCHUMOCTH
CEUEHHs 3aXBaTa OT CKOPOCTH (MMITyJIbCa) HEUTPOHA.

3.6.3. 3axon Kynona B ananutn4yeckoi popme oopaTHoi
JKCIIOHEHTHI.

Beime HamMmM IpenpuHATA MONBITKA II0Ka3aTh, YTO 3aKOH
oOpaTHBIX KBaapatoB HpOTOHa ecThb 4YacTHBIA cioy4ald Ha
paccTOSHUSIX TIe  3aBUCUMOCTh  OOpaTHOM  OKCIOHEHTBI U
3aBUCHUMOCTh OOpaTHBIX KBaJpaToB IPAKTHYECKU COBIAAAIOT.
JlornyHo mpexanosnoKuTh, YTo 3aKoH KynoHa nmeer tak e Gopmy
00paTHOM 3KCIOHEHTH. W numb B cBOeW OrpaHM4eHHON o0nacTu
uMeeT NpUOIMKEHHE K 3aKOHYy OOpaTHBIX KBaJgpaToB. B cucreme
9. 1q,

CI'C on mmeer Bun: F =—— (3-13); B ¢opme oOpatHOI
r

SKCIOHEHTHI 3aKOH KyJIOHa MO aHAJIOTMH C 3aKOHOM TPABHTAIUH
— “Xon?
mpuver sux:  F =g, [g, @™ (3-14);
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PaccmoTrpum pucynok - 3-15. Ha pucynke n3o0pakeHsl Tpaduku
3aBUCUMOCTH CUJIBI I'paBUTalMu U cuibl KyioHa B ¢popme oOpaTHOI
SKCHOHEHTHL. ['pauku IMEIOT Pa3HyI0 BOTHYTOCTb, YTO IPUBOJHT K
UX TepecedeHro B Toukax 1 m 2. Mexnay Toukamu 1 u 2 cuiisl
KynoHa npeBsIIaoT CUiIbl TPaBUTALMU, YTO U 00ECIIEUHBAET Pa3phlB
MEX]y CWIBHBIM U I'PaBUTAllMOHHBIM B3aumozneiictBuem. C npyroi
CTOPOHBI IOCJTE TOYKH - 2 CHJBl TPaBUTAlMM BHOBb MPEBBIIIAIOT
cunel  Kymona. Otcrona  MOXHO — IPEANONOXKHUTb, 4YTO Ha
OIIPEJCIEHHOM PAaCCTOSHUM MEXIY IPOTOHAMH HX KyJIOHOBCKOE
OTTAJIKMBAaHHE BHOBb CMEHHUTCS TPABUTALIIOHHBIM MPUTSHKEHUEM.

3.6.4. HeliTpOH KaK CBSI3aHHOE COCTOSIHME MTPOTOHA U IJIEeKTPOHA.
Cy1ecTByIOT 1BE TOUKHM 3pEHHSA Ha CTpoeHHe HeWrpoHa. OnHu
CUMTAIOT HEUTPOH 3JeMeHTapHoil udactunei [134]. pyrue, B ToM
YUCJIE aBTOp MJaHHOW pabOThI, CUYNTAIOT HEUTPOH COCTAaBHOM
YacTHIEH, OTTANKHBAsICh OT MPOIECCOB JJIEKTPOHHOTO 3axBaTa |
o0OpaTHOTO eMy mpoiiecca OeTa-paciajia CBOOOJHOTO HEUTPOHA.

Kak nokazaHo  BbIIIE  3JEKTPOHHBIA  3aXBAaT  MOKET
00ecnednBaThCS TOIBKO AIEKTPOMArHUTHBIM MIPUTSKEHHEM ITPOTOHA
u onekTpoHa. OnpHako CONMKEHHE JJIEKTPOHA C HPOTOHOM
OTPAaHUYCHO OTTAJIKUBAIOIIEH CEepALCBUHON (KEPHOM) MPOTOHA.
[134]. Ha paccrosHuMsAX cmaboro B3auMoaecTus (r, ~ 2 - 10 18
[141]) ycraHaBIMBaeTCsl pPAaBHOBECHE MEXKAY SIEKTPOMAarHUTHBIM
OPUTSHKEHUEM W OTTAJIKMBAHUEM JJIEKTPOHA KEPHOM IMPOTOHA.
Bo3Hnkaer cBsi3aHHOE COCTOSIHHE€ TIPOTOHa M DIEKTPOHA IO
CIIHHOBOW ocu B (¢dopMme HEHTpoHA. ODTO MW €CTh cliaboe
B3auMmojeiictBue. B sape HelTpon ycTtoiuumB. B cBOOOIHOM
COCTOSIHMM paclajaeTcs 1o Oera-pacmany. B szgpe cunbHoe
B3aUMOJICUCTBUE JEUCTBYET B CTOPOHY YCTOMYHMBOCTH MEXKIY
OTTAIKUBAHUEM KEpHA W JJIEKTPOMATHUTHBIM PUTSKCHHEM
MPOTOHA U IEKTPOHA.

I[Ipu  s;mexkTpoHHOM  3axBaTe  NPOW3BOAWTCH  padota,
YBEIMYMBAIONIAsl MAacCy CHCTEMBI B COCTOSHHHM HEHTpoHa B
CpaBHEHUU C CYMMapHOW Maccoi MpOTOHA U AJNEKTPOHA Ha
M, - (M, + M) = 939,55 - (938,256 + 0,511) = 0,783 M>s.

Macca Tokosi HEHTpOHa, Macca TOKOS TMPOTOHA, W Macca IMOKOS
SJIEKTPOHA B3ATHI U3 [12].
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OTO COOTBETCTBYET DHEPTUM DJICKTPOHA TIpU OeTa pacmaie
pasnoii 0,78 Mbss. Eciin sxe Ha ocHOBaHUH 3akoHa KyiioHa B opme
OoOpaTHBIX KBaJpaTOB  MOJCYHUTATh pabOTy IO TEPEMEIICHUIO
9JIEKTpOHa C OOpPOBCKOH OpOWTHI aromMa BOAOPOAA PABHYIO Tg
0,52917706 -10" u 1o pagmyca ciaboro B3aWMOICHCTBUA I, ~
2-10"™ m , To momyuMM BeTHUMHY Ha 7-b TOpSIKOB MEHbIIE
Tpedyemoro 3HaueHus 0,78 Mos.

Ilpu olleHKE COOTHOIIEHHWS CHUJI W DSHEPruil B IIpoIlecce
AJIEKTPOHHOTO 3aXBaTa MBI CTOJKHYJINCH C TOH K€ MPOOIEMOH, 4TO
MPU COOTHOUICHWHM CHJI M DSHEPruil rpaButanuu mo HeloTOHY H
HaOJIIOJTACMBIMU CHJIAMH W JHEPTUSMHU BPAIIATEIHHOTO JIBHKCHUS
BHEITHUX O0JacTe HaIeil rajakTUKH. 3aMeHa 3akoHa OOpaTHBIX
KBaJIpaTOB HAa 3aKOH OOpaTHOW OKCIOHEHTHI W 37€Ch CHUMAET
npobnemy. Ho mpexne uyem omucate 3akoH Kymona B ¢dopme
00paTHOW JKCIOHEHTHI, 00CCIICYMBAIONICH BHECCHHE B CBS3aHHOE
coctosiane HeiTpona 0,78 M»>s, HEOOXOIUMO OTMETHUTH CIIE H
SHEPTUIO CBS3aHHOI'O COCTOSIHMSI YHOCHMYIO THpu OeTa pacmafe
HelTpuHo. To ecTh SHEpPrusi CBA3aHHOI'O COCTOSIHUSI HEMTPOHA paBHA
CyMME€ DJHEpruii IByX JIEITOHOB BO3HMKAIOMIMX TIPU pacmaje
HEUTpOHA.

B cBs13u ¢ 3TUM OCTaHOBHMCS Ha TSDKENOM SIEPHOM 3JIEKTPOHE,
0 CyIIECTBOBaHWU KOTOporo 3assiser A. KoBau, oTTamkuBasch ot
9KcrepuMeHTOB. [43]. Bo - mepBBIX, B CYIIECTBOBAaHUH SAECPHBIX
SIIEKTPOHOB HET HUYEro HOBOTO. B siApe CTONBKO K€ DJIEKTPOHOB
CKOJIBKO HEUTpoHOB. OHM HaXOMAATCS B SIIPE B CBSI3AHHOM COCTOSIHUU
C IIPOTOHAMU B HEUTpPOHAX.

ABtopel  [43] nmumyT: “MHOTOYHCIEHHBIE HCCIENOBaHMS,
BKJIFOUash HAIIM COOCTBEHHBIC DKCIICPUMEHTHI, JIEMOHCTPUPYIOT
HaJIMYUe OTPHIATENBbHBIX JIEMEHTAPHBIX 3apsiIOB BHYTPH aTOMHBIX
snep. McrmyckaHue Wi TOTJIONICHWE OTPUIATENBHBIX SACPHBIX
3apsI0B BKJIIOYACT B Ce0s UCIyCKaHWE WIIM MOTJIOIICHWE HOBOM
JIENTOHHOW YaCTHIBI, KOTOpas BCETJa pachajaercs Ha 3JeKTPOH.
PaznuunbIe METOABI M3MEPEHUST MACCHI CXOIATCS K OJHOMY M TOMY
KE pe3yiapTaTy: HCIyCKAaeMbId WU  TOTJIONIAEMBINH  JICITOH
MPUMEPHO B TPH pas3a TsKelee OOBIYHOTO 3JeKTpoHa. ... Harma
paboTa [EMOHCTPHPYET, UYTO, HECMOTps Ha TO, 9YTO HEHUTPOH
SIBIIICTCS. OJIMHOYHOM YaCTHUIICH, OH COJCPIKUT IMOJIOKUTESIBHBIA 1
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OTPHUIATEIHHBIN dIIEMEHTApHBIE 3apsiAbl. ... W HEJABHO OTKPBITOTO
JIETITOHA ¢ dHepruei 1,5 MaB”.

OcTaHOBUMCSL Ha BBIBOJIC aBTOPOB, YTO “UCIYCKAEMBIM WU
MOTJIOIIAEMBIH JIENTOH NPUMEPHO B TPH pasza TsKeJee OOBIYHOTO
anexkTpona”. Pu3nKa yKa3pIBaeT Ha JBE BO3MOXKHOCTH YBEIUUCHHS
MacChl MUKPOYACTHIIBI. DTO POCT 3a CUET PENATHBUCTCKONW CKOPOCTH
U POCT 32 CUET B3aUMOJICHCTBUS B CHIIOBOM ToJie. [Ipu anekTpoHHOM
3aXBaTe COTJIACHO JKCIEPHUMEHTAJIBHBIX NaHHBIX [43] B cuctemy
MIPOTOH - JICKTPOH BHOCHUTCS DHEPTHUS CBI3W paBHas 1,5 MaB. Oto
SHEPIHs CBSI3U UMEHHO CHUCTEMBI IPOTOH - 3JIEKTPOH. DTO HE Macca
U HE DHEpPrus KOHKPETHO DJJEKTpoHa. A BOT KOIJa HEHTpOH
pacmazmaeTrcsi, TO TPAKTHYECKH BCS DHEPIHS YHOCHTCS JBYMS
JNETKUMHU JIENTOHAMM - 3JIEKTPOHOM M HEUTPHHO.

Temepr mokaxkeMm, uto 3akoH Kynona B ¢dopme oOpaTHOM
9KCIIOHEHTHI MTO3BOJISIET 000CHOBATH IMOSIBICHUE YHEPTUHU CBSI3aHHOTO
COCTOSIHMSI TIPOTOHA M JJIEKTPOHA B HEHUTPOHE TNPHU DIEKTPOHHOM
3axBaTe paBHy0 1,5 MaB.
B cucreme emununy CI'C 3akon KymoHa mis Bakyyma HMeEET
HanOoJIee MPOCTOMN BUL:
F = q;- qu / r’; Bocons3yeMmcst 3Toit CHCTEMOGL.

3akoH Kynona mo Hamemy HpeanojoXKeHHI0O UMEET B CHCTEME

e CT'C sun: F =a (g, [, (& ; (13-15). B (13-15) q, u qu
- BBaI/IMOJ_'[ef/'ICTByIOH_II/Ie 3apsaabl; T - PacCTOAHUC MCKOY
B3aHMOﬂefICTBy}OHlHMH 3apsAagaMu; )( o - DJICKTPUYCCKAsA

rocTostHHas B 3aBUCHMOCTH (13-15). E€ pasmepHOCTh TpHHHUMAaeM
[1/eM] ¢ Tem dro OBl DJKCIIOHEHTY caenath Oe3pa3sMepHOU
BennunHoit; Koadduruent o = 1 - npuHUMaeTCs paBHBIM SIUHUIIE U
He BiusieT Ha BenuunmHy cuibl Kymona. Ero 3amaya oOecrieuuTsb
COOJIO/IEHNE pa3MEPHOCTEH.
Onpenenenne pa3MepHOCTH KO3((UIIMEHTa (0 B CUCTEME CIUHHII
CIco:
N3 (13-15) momywaem: [F] = [a]-[qi'q2); — [r-cm/cex’] =
[o] [r-em/cex’]; — [a] = [em™];

Ucnonezys AQHAJIUTUYECKYIO 3aBUCUMOCTD (13-15)
F=alg, [, @™ wu orrarkupasch OT SHEPrHM HEHTPOHHOTO

pacnana, Kotopas cocraBiser 1,5 Mae, MOKHO onpenenuTs Y, .
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Jt10 Oymer YHUBEpCaIbHas 3aBUCUMOCTH MEXITY
B3aUMOJICHCTBYIONMMHU DJIEKTPHYSCKUMHU 3apsilaMi, a He TOJBKO
JUTSL SJIGKTPOHHOTO 3aXBara M OeTa pacraja.

3.7. Cnoco0bl HHTeHCUPUKAIUM PeaKIuid pacnaaa B
HHU3KO0IHEPTeTHYECKUX PeaKkTopax.

B nmaHHOM TIyHKTE paccMOTpUM SJIEpPHbIE peaknud U
MpeBpalleHds  MpoTeKaromue B (DU3WYECKHX  YCIIOBHSIX
HABOJIOPO’KCHHBIX TMOBEPXHOCTEH. 311eCh B Pe3yJbTaTe 3aMETHOTO
MIPOSIBIICHYSI  DJICKTPOHHOTO 3aXBaTa TMPOU3BOMATCS MEIJICHHBIC
HEHTPOHBI W HAYUHAIOT JEWCTBOBaTh W3BECTHBIE W XOPOIIO
M3YYCHHBIC 3aKOHOMEPHOCTH HEUTPOHHOU (u3MKH. 3ajada JaHHOTO
MyHKTa  TIOMBITATHCSA  BBISICHUTH  YIPABISIONIUE  apaMeTphI,
BIUSIONINE HAa  MHTEHCHBHOCTH  INPOM3BOJCTBA  MEJICHHBIX
HEHTPOHOB, U HAUTH BO3MOXKHBIC ITyTH WHTCHCU(DHUKAINU SICPHBIX
MPOIIECCOB HEUTPOHHON (M3WUKU, OTIMYHBIX OT YCIOBHN IEIMHBIX
SIIEPHBIX PEaKIIMi.

M3  U310KEHHOTrO  BBILIE  CJHEAYET, YTO  BAKHEUIINM
HampaBieHueM uHTeHcHuuKaiuun XTS sBasgercs yBenuueHue
YACTBHOW TOBEPXHOCTH HAa CIWHUILY MAaCChl HaBOIOPOXKCHHOTO
arelra, 4YTO YBEIWYAT OOIIyI0 HWHTEHCHBHOCTH MPOM3BOJCTBA
XOJIOJTHBIX HEHTPOHOB B PEaKTOPE.

Pacu€Thl moOKa3BIBAIOT, HAMPUMEP, YTO €CIIM KyCOYEK YIS
auaMeTpoM 15 MM pas3mpoOuTh Ha YacTHIBI pazMepoM 50 MKM, TO
CyMMapHas IUTIOIIaabh MOBEPXHOCTH MOJMydeHHBIX dactull B 300 pa3
Oyzaer OOJbIlle TOBEPXHOCTH MCXOMHOW YAaCTUIBL. YTONbHAS TBUIb,
WCTIONIb3yeMasi Ha TEIIOBBIX ANEKTPOCTAHIUAX, TPEICTABIACT COOO0M
MOPOIIOK C pa3MepaMH YacTUI[ OT CaMbIX MENKHUX MbUIMHOK B 0,1
MKM 110 Oonee kpymHBIX (300...500 mxm). I[ToBepxHOCTH yacTull 1 Kr
MBUTA KOJIEOJIETCS JUTSI TTBUTHA Pa3HBIX MapoK YIJIeld B 3HAYUTEIHHBIX
npenenax. Hampumep, s TBUITM W3 YIS MapKd aHTPAIUT
CyMMapHasl TUIOIIalb MTOBEPXHOCTH MBUTMHOK cocTaBisieT 10 2000 m.
KB. /KT.

Bo-BTOpBIX, HEOOXOIUMO HCCIIEOBATh BBIXOJ HEHTPOHOB IpHU
WCTIONTB30BAaHUH PA3NUYHBIX MAaTE€pPHANIOB Ui HaBOJOPAKHUBAHUS.
OTO MOKaXeT HE TOJBKO pPa3IMYHYI0 MOPOTOBYIO TEMIIEpaTypy
AJIEKTPOHHOTO 3aXBaTa, HO M €0 UHTCHCUBHOCTb.
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IlpakTHueckoe wucnonb3oBaHue mnpouecca XTA  cerogus
WCCIIEIOBATEISIMI BHIATCS B JABYX BapuUaHTax - IPOU3BOJCTBO
TEIUIOBOH SHEPTHHU U MOyYyeHre TPeOyeMbIX H30TOMOB U 3JIEMEHTOB.
PaccmoTpuMm TmepBeIli BapHaHT, T.K. BTOPOW Oojiee CIOXHBIA M
TpeOyeT OOJBITNX 3aTpaT Ha UCCIICIOBAHUS.

OcTaHOBUMCS Ha II€JTH MOBBIMICHUS TEIIOBOTO KO3 dHUIIMEHTA,
PaBHOTO OTHOIICHHWIO OTBEACHHOW W3 YCTAaHOBKM TEIUIOBOH
MOIIHOCTH K TTOABEIEHHON INMEKTPUIECKONH MOIITHOCTH B YCTaHOBKAX
JNEKTPUIECKOTO pa3psga, Ha HpUMepe Tierommero paspsaga. Jms
3TOr0 HEOOXOAMMO, BO-NIEPBBIX, JOOUTHCA HWHTEHCH(UKALIUH
npoueccoB XTS5 B yCTaHOBKE TIEIOIIEro pas3psna; BO-BTOPBIX,
YBEIMYUTh MOITHOCTE W  OOECIEYUTHh XOPOIIYI0 BHEIIHIOIO
TEIUIOM30JIALMIO YCTAHOBKA B LENSAX CHIKEHUS OTHOCHUTEIBHOMN
JI0JIM HETIPOU3BOIUTEIBHBIX TIOTEPH.

Jns waTeHcudukammu nporeccoB X1 TpebGyercst momodpatsh
MaTepuaibl KaToja, Jarollre X0pollee pachblIeHHE IS MOTyUeHHS
HACBHIIIEHHON HaHOKJIAaCTepaMHu TeTeporeHHol masMel. [logoOpaTs
pPEXMMBI TIEIOMIETO pa3psna, Halonlue Hanbojee WHTECHCHBHBIN
BBIXOJ ~ XONOAHBIX  HeWTpoHoB. Cyms mo  pe3yiapTaram
SKCIEPUMEHTOB, TOJOKECHHBIX 3ailieBbIM W [oAuWHBIM, AaHHas
3ajaya ycmemHo pemieHa. [loaToMy 3a OCHOBY MacIITaOHpOBaHUS
MOIIIHOCTHA YCTaHOBKH TJICIOLIETO pa3psia BO3BMEM pabOTAIONIYIO
TpyOKy Tieromiero paspsga B dkcnepumeHTax 3ainesa @.C. u
l'oguna C.M. momHocThi0 10 6m. CobepéM U3 3TUX TPYyOOK HaKeTHI
nuIuHApUYecKor dopMel. Llens - mpubmmwkenne GopMbl yCTAaHOBKU
K IIapOBOM C 11€JIbI0 CHWYKEHMS BHEIIIHEW IIIOAA YCTAHOBKHU K €€
00béMy. B jmoBepiieHHE BHEUIHIOI TOBEPXHOCTh YCTAHOBKH
HEOOXOIMMO XOpOILIO TEIUIOU30JINPOBaTh. B MpoMekyTkax Mexmy
TpyOkamu 3aiinieBa - ['ogmHa pacronaraoTcst 3MEEBUKH IIJIST OTBOJA
TEIUIOBOM »Hepruu. [lmameTp myuka TpyOOK B YCTaHOBKE paBeH
JUTMHE TPYOKH.

N3 makeToB MOXHO coOHMpaTh YCTAaHOBKH HEOOXOIUMOI
MOIIHOCTH, COOJIFO/Iasi MPOTOPIHK MEXIy UIMHOM W JAHaMEeTPOM.
Tennounzonsuust pu 3TOM MPOU3BOAUTCSA IO BHEUIHEH 000JOUYKe
cOOpPHOM KOHCTPYKITHH.

Heo6xoammo mo6aBuTh, uTo ycrex Badaesa A.B. m3nagambHO BO
MHOTOM  00ECHEeUMIICS HCHOJIb30BAHHUEM YCTaHOBOK  OOJBLION
MOIITHOCTH, COCTABJISIFOILICH JeCATKN KUIIOBATT.
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TemriepaTypa CTCHOK TPYOKH C TJICIONIMM Pa3psiioM JOCTHTacT
temmeparypsl 100 °C, 4r0 BIOJHE J[OCTATOYHO JUIs  IIEJei
OTOTLICHUSI.

3.8. BuiBoAbI U3 IJ1aBHI - 3.

Jns  TeueHMss peakuMi XOJIOAHOM TpaHCMyTalluu  sAep
Heo0x0auMo (hopMupoBaHue crienupuIecKux GU3NUSCKUX YCIOBU,
MIPH KOTOPBIX MPOU3BOJISATCS XOJIOIHBIE HEHTPOHEI.

OKCIEpPUMEHTATOPAMHU  BBISBIICHBI PA3IUYHBIC YCIIOBUS IS
BO3HUKHOBEHHS JJIEKTPOHHOTO 3axBaTa B aTOME BOJOpOJa IOA
BO3/ICIICTBHEM MOBEPXHOCTHOTO OTPHILATENBHOTO 3apsma. ITo
YCIIOBUSL JJIEKTPUYECKOTO paspsiia B YCTaHOBKax BauwaeBa A.B.,
loguna C.M., Kmumoa A.UW. B ycnoBusix »siekTponusza y
Oummmonenko M.C., @mefimmana u [lonca. Ilpu ucnons30BaHuH
MEJIKOJIMCIIEPCHBIX 4YacTull B cpene Boaopoaa y A.Poccu u
ITapxomoBa A.I'. Ilpm OuoTpancMyTamuu B 3KCIEPUMEHTAX
[Mnanremmn wu  KopHmimoBoir  A.A., Korga  HCIOJB3YIOTCS
OmoJIoTHYeCKre MEMOpPaHBI C €CTCCTBEHHOM HABOJOPOKEHHOCTHIO.

K nacTosimieMy BpeMEHU B MHOTOYHUCICHHBIX 3KCIEPUMEHTaX C
HABOJIOPO)KCHHBIMH TTOBEPXHOCTSAMHU 3a()MKCHPOBAHO TIOSIBIICHUE
CcBOOOMHBIX HEHTPOHOB. I[IpOM3BOACTBO XONOAHBIX CBOOOIHBIX
HEUTPOHOB B  YCIOBUSIX  HABOJOPOXKEHHBIX  IOBEPXHOCTEH
00YCIIOBIICHO B3aUMOJACHCTBHEM HOHOB IOBEPXHOCTH U IMPOTOHOB
BOJOPOIHOTO ciiosi. Bomopoa eaMHCTBEHHBIN 3JIEMEHT, B KOTOPOM B
pe3ynbTaTe AIEKTPOHHOTO 3aXBaTa POXKIAeTCS CBOOOTHBIN HEUTPOH.
Poxxgenne CcBOOOAHBIX HEUTPOHOB B (U3MYECKUX YCIOBHUSX
HaBOJOPOKEHHOH IMOBEPXHOCTH OOBACHSIET BCIO COBOKYITHOCTD
sbdexroB XTA oT BhIACHEHHUS TeIla 10 MHOrooOpasus HOBBIX
M30TOIIOB M YJIEMEHTOB.

DNEeKTPOHHBIH 3aXBaT, Kak U 0eTa — pacraJi, OCYIISCTBISIOTCS 3a
C4€T BHYTPEHHHX DHEPTEeTUYECKHX PECypCOB CHCTEMBI aTOMa. JTO
MOATBEPIKIAETCS CaMOIPOU3BOJIBHOCTRIO OTHX TMPOIECCOB U HX
9K30TEPMUYECKUM XapaKTepOoM. TemnepatypHbIit opor
nannuupoBanus HOSP B LENR-peakTopax cBs3aH ¢ pe30HAHCHBIM
XapakTepoM  B3aUMOJEHCTBUS ~ MEXKJIY  4YacTOTOM  BpalleHus
OpOUTATBHOTO D3JCKTPOHA U TEMIEPATyPHBIMU  OCIMILISIHSIMH
MIPOTOHA, CBSI3aHHOTO C HOHOM MTOBEPXHOCTH.
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TemnepaTypHBIii TOPOT UHUIIMAPOBAHUS 3JIEKTPOHHOTO 3aXBaTa
Ha  HAaBOJOPOKEHHOM TOBEPXHOCTHM — BAXKHBIM  MapameTp
HU3KOIHEPTETUUECKOTO peakTopa. BrIcokuil TemnepaTypHbIi opor
Y HHUKEJIb-BOJJOPOIHBIX PEaKTOPOB PE3KO CHIKAET X HAIEKHOCTb.

VYBenuunBas MOIIHOCTh HU3KODHEPTeTUYECKHUX PEaKTOPOB C
HaBOJIOPO>KCHHBIMHU MTOBEPXHOCTSIMH u yCHUITUBAs 170
TEIUIOM30JIALMIO, MOXHO JOOWUTBCS  CaMOIOAJCP KHUBAIOIICHCS
peakmun X TS 6e3 moaBoma SHEPTUH U3BHE.

XonoaHash TpaHCMyTalusl sjep, Habmromaemass B U3MUECKUX
YCIIOBUSIX HABOJOPOKECHHBIX MOBEPXHOCTEH, MPOCTO OOBSICHSIETCS B
paMKax H3BECTHBIX 3HaHWU HeWTpoHHOH ¢u3uku. [IpakTuuecku
MOJIHOE  OTCYTCTBHE TaMMa W3JIy4eHHS B  peakTopax «C
HaBOJOPOKEHHBIMHU TOBEPXHOCTSIMH OOBSICHUIMO B PaMKax YUEHHS
00 wu30MepHBIX BO30OyXAeHHsIX. HoBwle ¢u3nueckue sSBICHUS
saepHOd  (U3WKH,  BCKPBITBIE  JKCIEPUMEHTATOpaMH,  HE
MPOTHBOPEYAT YCTOSIM SACPHOH (PU3UKK, a JOMOJHAT &,
OTKPBIBAIOT HOBYIO CTPaHMILY.
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I'maa 4. U3IYUYEHUSI HU3KOOHEPTETUYECKHUX SITEPHBIX
PEAKTOPOB

B mpenpiaymux riaBax Mbl cIIeNad TONBITKY MOKa3aTh, YTO BCE
TUTIBl HU3KOPHEPTETHUECKUX SICPHBIX PEaKTOpPOB paboTaloT Ha
M3BECTHBIX SEPHBIX PEaKIMsIX CHHTE3a U paclaja, MPOSBIISIONIHECs
B HEOOBIUHBIX ISl YCTOSIBIIEHCS SACPHOH (HU3MKK YCIOBHSIX.
Orcroma  Bce  M3Iy4YEHHs,  XapakTepHble  BCEM  THUIAM
HU3KOIHEPTeTHYECKUX SIIEPHBIX PEAKTOPOB, COOTBETCTBYIOT ITHM
peakuusiM. llpr STOM TPOSABISIOTCS W HEKOTOPHIE HOBBIE
0c00EHHOCTH 3TUX U3NyueHnid. Ha HUX ocTaHOBUMCS HUXKE.

4.1. O030p U3BECTHBIX 3HAHUH U COMHHUTEJIbHBIX MPeEACTABJIEHU
10 TeMe IJ1aBbI -4.

[Tox Bo3neticTBusa manydenuit HOSIP Ha pasnmudaHbie mpeaMeTsl 1
Matepuanbl, Harpumep CD - nucku, HaOMIOAAIOT Tak Ha3bIBaGMEBIC
«CTpaHHbIe» u3nydeHus. OHH UMEIOT CTpaHHbBIE 1O (OpME TPEKH,
HAIlOMHUHAIONNE MPOTEKTOPHBIA ClleZ] aBTOMOOWIIEH WM TpPEeKH,
OCTaBJsieMble OYEeHb KPYMHBIMH dYacTuiiamMu u T.1. OpHako
CTPaHHOCTH HCYE3aI0T KaK TOJBKO WCIONB3YeTCs IMPOBEPCHHAS
METOJIUKa 3aMEPOB M3IYYEHUM C TPHUMEHEHUEM HaJAEKHOU
npubopHOi TexHukH. (DkcmepumenTel HACA, IBetkoB, Kimmog,
CaBBaTumoBa, 3aiiues, ['oguH u ap.).

IIpupona uznydennii He Bceraa moHsTHA. [lo 3TOI nmpuunHE MX
YacTO W Ha3bIBAIOT CTPAHHBIMH. MHOXXECTBO THIIOTE3 O MEXaHMU3Max
HOSP, mpuBeno k ToMy, 9TO CTOJIb )K€ BEIMK HAOOp MPETEHICHTOB
Ha MECTO «CTPaHHBIX» U3TYUCHHIA.

Ko Bpemenn coobmenns dnetimvana u [ToHca OblTa 3aKk0HYCHA
TEOpHUs aTOMa W aTOMHOTO s/Ipa, OCHOBaHHBIE HA MHOTOYHCIIEHHBIX
AKCIIEPUMEHTaX M JECATUICTHSX IMPAKTUKU. BBISBICHBI OCHOBHEIC
TUTIBL  STCPHBIX peakiui. OTO CHHTE3 JIETKUX SAep, JCJICHUC
TPAaHCYPaHOBBIX DIIEMEHTOB W pEakluH SAEPHOrO pacmaja,
CBOWCTBEHHBIC  TPAKTHYECKH  BCEM  JJIEMEHTaM  TaOJUIIBI
MenpeneeBa. Beimu BBISBICHBI BCE THUIBI M3ITyYEHUH, XapaKTePHBIX
JUISL OTUX SIACPHBIX peaknuid. DTO JBa THIA pacmamoB - o U B
pacmazsl, 9acTO COMPOBOXKIABIINECS Y - u3nydeHueM. OOHapyKEHO
PEHTTEHOBCKOE W3JIYYCHHE, WCITyCKAaHWE DIICKTPOHOB BHYTpPEHHEH
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KOHBEPCHH BEIIECTBAMM, 3aXBaTHIBAIOIIMMH HEUTPOHBI. B peaknusax
JIEJICHUST BO3HUKAJIO0 WHTEHCHBHOE Y — W3IydeHUE, PaTuOAKTHBHEIC
OCKOJIKH ¥ HEUTpOHBI. B peakiusax cuHTe3a BO3HUKAIO HHTCHCUBHOE
Y — U3IydeHHEe U  HeUTpoHbl. Bce spepHele  peakuuu
COTIPOBOXKIIATUCh BPEAHBIMH, B TOM YHCJIC HWHTCHCHUBHBIMH
M3ITy9eHUsIMA. TpeOoBaay 3aTpaTHBIX COOPYKCHHM IS 3aIUTHl OT
W3Ty4YeHU. A K unciy HauOomee 3aragodHbIX mposisieHuii HOSP
OTHOCUTCS HHU3KHM ypOBEHb HOHM3UPYIONINX HW3IyICHUH B
CpPaBHCHUU C THUIWYHBIMA W XOPOIIO W3YYCHHBIMH PEaKIUSIMH
CUHTE3a, pacmajga u JeleHus. YIuBIsuio ucciuenoBatenet XTS B
peakTopax ¢ HaBOJOPOXCHHBIMH TOBEPXHOCTSIMH TMPAKTUUYECCKU
TTOJTHOE OTCYTCTBHE TaMMa - U3TydeHUH.

Mou npeacrasnenus o HISP kak o 1aBHO U3BECTHBIX SIACPHBIX
peakIusaX CHHTE3a U paclajga, HEOXKHUIAHHO MPOSBUBIIUXCS
crneruuuecKkuX (U3MYSCKUX YCAOBHSAX, HE HAXOIAT IMOHMMAaHUS
cpemn kourer mo BeOmHapy Kmmmoma - 3artenenmnra. U TONBKO
IMapxomoB A.I'. Hamén BpemMs W3Y4YUTh MOHM DPAaOOTHI, BBICKA3aTh
KOHCTPYKTHUBHYIO KPHUTHKY ¥ TIOCTaBHTh OCTPBHIC  BOIIPOCHI,
TpeOyromue pazbsicHeHud. S odeHs Omaromaped IlapxomoBy A.l. u
3a CHpPaBEAJUBYI0 KPUTUKY M 3a TpPYIOHBIE BOIPOCHl, KOTOPHIC
CTUMYJUPOBAIA YCWIHA MO JaJbHEHIIEMy pa3BUTHIO MOUX
npeactaBneanii o HOSP. I'maBHBIM cpeawt 3THX BOIPOCOB OBLI
BOIPOC TI0 OCOOCHHOCTSIM H3IIyUYEHUS B HUKEIb-BOAOPOIHBIX
peakTopax, CBS3aHHBIX C OTCYTCTBUEM TaMma HW3JIYy4YCHHS MpHU
3aXBaTe HEUTPOHOB SJIPOM.

Ilens maHHO¥M TUIaBBI B YHCJIE TPOYETO OTBETHUTH HA BOIPOCHI
INapxomoBa A.I'. TlombiTaThCsl TIOKA3aTh, YTO BCE HAONIOJacMbIC B
skcniepuMenTax HOSP usnyueHus COOTBETCTBYIOT HM3BECTHBIM U
XOpOIIIO M3yYEHHBIM M3IIYICHHUSIM peaklnid CHHTE3a W pacmanga. Mx
HU3KUN YPOBEHb BBI3BAH MaJlbIM KOJUYECTBOM YYAaCTBYIOUIETO B
SIIEPHBIX PEAaKUUAX BEIIECTBA, & OTCYTCTBUE TaMma H3IY4YCHHS B
HUKEJIb-BOJAOPOIHBIX PEaKTOpaxX CBA3aHO C MPOIECCaMU BHYTPECHHEH
KOHBEPCHH TIPH U30MEPHOM BO3OYKIACHHUH SAEP, JABHO M3yUYESHHBIMHU
Y XOPOILIO U3BECTHHIMMU.

Curyarust emé yCIOKHUIACh TIOCIE COOOMICHHS YPYIKOeBa
JL. 00 OTKpHITHM HOBOTO BHIAa W3IYyYCHHUS, HA3BaHHOTO
“cTpaHHbIM”. MHOTHE UCCIENOBAaTEIN CTald BOCHPUHUMATH
“cTpaHHBIC” W3IYYCHHUS Kak K04 K moHuMmanuio ¢pusuku HDIAP.
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Takoil MOJAXO0J OKOHYATENbHO 3alyTaj cuTyauuio. B KkadecTBe
MpUMepa pacCMOTPHUM TMPEACTABICHUS HA ‘‘CTpaHHBIE” W3IYYCHHS
Umxosa B.A. u Knumosa A.1.

HaunGonpimme ycrmexu JOCTUTHYTHI B SKCIIEPHUMEHTaX C HUKEIh-
BOJOPOAHBIMU peakTopaMu. Tak peaktopsl A.I'. ITapxomona, A.U.
Knumosa, T. Mu3YyHO yXk€ MOTYT CIYyXUTb MNPOTOTUNAMU s
OTBITHO-TIPOMBILIUICHHBIX YCTaHOBOK. [62]. U, Tem He MeHee,
00JIbIIIE BCETO THUIOTE3 M PAa3IMYHBIX HOBBIX CYHTHOCTEH BO3HHUKJIIO
WMEHHO JIJISl 3TUX (QU3WYecKuX ycioBuil. Kak ciencrBue BO3ZHHKIIO
MHOKECTBO TMPEIOJIOKEHIH U OTHOCUTEIHLHO PUPOIBI H3ITYICHUH,
BO3HUKAIOIIUX B JTHX YCIoBUsAX. Cpeaw HUX YBUACTH JaXe
mapoBsie MOJNHHH. HO OONBIIMHCTBO TPENCTAaBICHHHA CBA3aHO C
HEHUTPOHO-TIOAOOHBIMU  YACTHIIAMH, HAJCIEHHBIMU  CBOHCTBAMH
HelTpoHa. OJHO H3 CaMBIX 3K30THYECKUX TIPEACTABICHUHA O
MIPUPOJIE M3IIMYUICHUS HHUKEIb-BOJOPOIHBIX PEAKTOPOB H3II0KEHO B
nokiane YmkoBa B.A. mHa BeOmHape Kimmoma-3arenenmHa oOT
03.03.2021r. Ilo oueHkaM aBTOpa, KIACTEPH CTPAHHOTO M3IIy4EHUS,
3aMKCUPOBaHHBIC B DKCIICPUMEHTAX, UMEIOT 3Hepruto 5 - 50 Tas.
Ecnu mepeBecty 3Ty RHEPTHIO YaCTHI] B TEMIIEPATYPY, TO TOTYIUTCS
Temmepatypa pasHoii 5%10' - 5%10"7 °K. lsp ~11600°K. [12,
ctp.403]. Yutém, uTO KIacTep COIEpKUT, Mo MHeHHUI0 YmkoBa B.A.
MHJUTHOH dYacTUI] TEMHOTO Bojopoaa © yOepém 6-Tb HyJeil.
Homyuum Temneparypy 510" - 5¥10'" °K. B pusmueckux ycnosusx
KPUCTAIUTMYECKON  TPEHIMHBI,  (QOPMUPYIOIIEH  JBOWHUKOBHIC
rpaaunbl (JII') Bo3Hmkaer Temmeparypa B 50 - 500 MummmapmoB
rpamycoB. Otkyma Oepércs Takas TemIepaTypa B XOJOIHOM
koHteliHepe Ymxkopa? Jlaxxe aemon MakcBenna yauButcs. Beab
HaKayka »DHEPTrUM TIPOUCXOMUT 3a CUET (DOHOHHBIX KojeOaHUit
CTEHOK TPEIIMHBI, Haxosmuxcs mpu Temmneparype B 1000 rpamycos
(moporoBass ~ TemrepaTrypa  HHUKEJIb-BOJOPOJHBIX  PEaKTOPOB).
OTMeTHuM, 9TO PHEPrHs YaCTHI[ a[pOHHOIO KOJUIalaepa COCTaBIIsSIeT
mopsimok 10 ToB. Ho Tam rpaHamo3HOE COOpPY)KCHHE M METaBaTThI
sHeprun. Omopa Ha SK30THYECKHE TUMOTE3bl MPUBOAUT K TaKUM
COMHUTENBHEIM pe3ynbratam. YmwkoB B.A. npuaepxuBaercs
TUIOTE3hl  3aTeNieliiHa — bapaHoBa O MBICJICHHOW CTPYKType
TEMHOT'O BOJIOPO/Ia, 00JIamaronieit, 10 MHCHHIO aBTOPOB, CBOMCTBAMHU
HeliTpoHa. [Ipu 3TOM cTpykTypa TEMHOTO BOIOpOJA TOJIyYCHA U3
CTOJIb K€ AK30THYECKOTO W HajJyMaHHOro moHa bapyrta, koTOporo
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HUKTO He HabOmroman. [Ipm 3TOM CTOJBH BBICOKO JHEPTETUYHEIC
cTpykrypsl v 3arenenuHa B.H. u bapanosa J[.C. momydarorcs B
OTPOMHBIX KOJIMYECTBAX B CIA0OBIX DIICKTPUUECKUX pa3psaax, BO3JIC
ra30BOM TUIATHI U T.1T.

[IpaB IlapxomoB A.I'., Korma TOBOPHT O TOM, 4YTO TpPEKH,
kotopele UmkoB B.A. TpakTyeT Kak TpPEKH KJIACTEPOB TEMHOTO
BOJIOPOJIa, HA CaMoOM Jiene Tpeku anbda yactuil. Torma cTaHOBUTCS
TIOHATHO TOYeMy KiacTepsl ¢ 3Heprueit «50 ToHs» 3amepKUBarOTCS
TOHKOH cJIeTKa HaMarHMYeHHOM IUIEHKOM, KaKk oTMedaeT caM YmkoB
B.A. Anbda uvacTuLBl 3aepKUBAIOTCS OaKe JHCTOM Oymaru. A
MHOTOUYHUCIICHHBIC crnadbie Tpeku Ha CD muckax - 310 Tpeku Oera -
m3nydeHus. To, YTO SAMEpHbIE TPEBpAlICHHUsS HAOMIONAIOTCS Yy
UmxoBa B.A. u depes roj, He YAUBISET. DTO pacnagHble MPOIECCHI.
Onu pusarcs  romamu. YmwkoB B.A.  ykassiBaeT Ha HUX
SKCIIOHEHIIMANBHBIN XapakTep. A 3KCHOHEHIMAIBHBIA XapakTep -
TJIaBHBI MapKep pachaiHbBIX SBICHUH C W3IIy9€HHEM TIJIaBHBIM
oOpa3om anbda - yactuil U Oera - wactu. [Ipencrasienus Ynxosa
B.A. mpormBopedar 5SKCHEpUMEHTANBHBIM JAaHHBIM O CcIabocTH
W3ITy4YeHUs B HUKEIb-BOJOPOIHBIX PEAKTOpPaX.

PaccmoTpum B KkadecTBe mpuMepa M MHEHHE mpodeccopa
Kmmosa AWM. o «ctpanHbix» m3nmyuenusx. [Ipodeccop KimmoB Ha
MPOTSHKEHUH  JJINTENIBHOTO  BPEMEHH  SABISETCS  YOKIAEHHBIM
CTOPOHHUKOM CYIIIECTBOBAHHS THIIOTETHUECKUX HEUTPOHOIOI00HBIX
yacTHUll, OTBETCTBeHHbIX 3a HOISP. Bce ero Tteopernueckue
MIPE/ICTABICHUSI OMHPAIOTCS Ha JTy THIIOTE3y, HO 4YTO Co0O0O0i
MPECTAaBISIIOT CaMHd 3TH OOBEKThl yMamduBaeT. B orimume or,
HanpuMmep, 3arenenuHa B.H., bapanosa [I.C., YUmxosa B.A. Ilpn
sToM npodeccop Knumos, Oynyun oqHuM 13 O0€3yCIOBHBIX JHICPOB
B POCCHHCKOM HAy4yHOM cOOOIIecTBe CTOpoHHUKOB HOISIP, mopoit
JIeJTaeT CTPAHHBIC W COMHUTEINLHBIC 3asBICHUA. PaccMOTpuM mX Ha
MpUMEpPE €ro BBICTYIUICHWA Ha KpPYrJIOM CTOJE, IOCBSIIEHHOM
s dexry YinmepeHko. Boiaepikku U3 €ro BhICTYIUICHUH B3aThI U3 [40,
41, 42]. TlokaspiBas ¢otorpaduu co CBOero Imia3MoTpona, Kiumos
A.W. oOpamaer BHMMaHHWE CIyIIaTelied Ha TIOBEJICHHE WHOTIA
BbuTeTatonx dacTui. OHM HWMEIOT TPAaCCHUPYIOMMKA clieq U OH
CpPaBHHBAae€T HMX CO CTPaHHBIMH YaCTHIIAMH, KOTOpHIE BIIEPBBIC
Habmonan Ypyukoes JI.W.
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Puc.4-3 Puc.4 -4

KMo A.U. 3aocTpseT BHHMaHHE Ha TOM, YTO YacTHUBI Oe3
BUAMMBIX TPUYMH HEOXKUAAHHO PE3KO H3MEHSIOT HalpaBiICHUE
cBoero ABmwkeHus. Tak Ha pucyHkax 4 - 1 u 4 - 2 yacTHIIBI, IBUTASICH
JIMHENHO, Pe3KO U3MEHSIOT HallpaBJIeHHUE ABHKECHUS U JAJIbIIE ONATh
JIBUKYTCS TMHENWHO. A Ha pucyHKaxX 4 - 3 u 4 - 4 acTuIB! BAPYT
HAYMHAIOT JBUTAThCS MO0 KPUBOJIMHEHHON TpaekTopuu. OcoOeHHO
ymuBmwio KmmmoBa AWM. TO, YTO dWacTHmbl, HaOII0JaeMble
VYpyukoesiM JI.U. ABHXKYTCS B cpesie, a 4aCTHIIbl, BBUICTAIOIINE W3
MIa3MOTPOHA JABHXKYTCS B IIYCTOM HPOCTPAaHCTBE. A yIUBISATHCS
ocobeHHo 1 HeyeMy. [[ocTaToYHO B3TIISIHYTh Ha PUCYHOK - 4 - 5.
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o Ao

Puc.4-5

Ha pucynke n300paxkeHbl TpaeKTOpuH anb(da 4acTul] B 3HAMEHUTOM
ombite Pesepdopaa no nokazareiabcTBy NPUCYTCTBUS AApa B LEHTPE
aromMa. Anbpa YacTHIBl TOXKE IBIKYTCS B IYCTOTE M MEHSIOT
HafpaBlIeHUE NpU COMWKEHHMH C MAacCUBHBIM sapoMm. [Ipuuém
PUCYHOK KOHKPETHOH TpaeKTOPHHM 3aBUCHT OT IapameTpoB
cOMmmKeHns anbha YaCTHIIBI C SAPOM.

Wmu Bor takue BeIBoAbl Kimmmoa A.M. OHu Kkacarorcs
9KCIepuMEHTOB B bpsHcke no metoauke Ymepenko C.M. I'pynmnoi
uccienoBareneld Ipou3BoAnIack 6oMOapaUpPOBKa CTaJbHOM IJIMTHI
MenKoaucnepcHbpM TieckoM (Si0,). [Ipu 3TOM B CTanpbHOM IIIHTE
Habromanucy NpoXuiIKy 3070Ta. [Tlo MHeHuIo podeccopa Knumosa
9TO MPOUCXOAHUT MOTOMY, UYTO TpHU (KAK OH 6bIPA3UICA, NPUM
aemopa) xeine3a oObEIUHAIOTCS B OJHO M Ioirydaercs 30510To. OH
OpoAomkui:  “@akT  IKCHepuMeHTanpHBId  Hamuno’.  Ho
SKCIEPUMEHTANbHBIE (PAaKTBI TOBOPSAT O TOM, YTO JKEJe30 He
CIIOCOOHO HA YYacTHE B pEaKIESIX CHHTE3a. OTOT BaKHCHTIIHIA
SKCIIEPUMEHTAIbHBIN (akT oToOpakéH Ha rpaduKe YISIbHOM
sHepruu cBs3u B aape (Puc. — 3-8). [loguepkHy, 4TO 3TO BaXKHEUIIUI
SKCHEPUMEHTANBHBIN (akT o cBoicTBax sumep. Kemezo MoxkeT
IIPEBPATUTHCS B 30JI0TO TOJIBKO B PE3YJIbTaTe IOCIEI0BATEIBHOCTH
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peakiui pacnaza npu o0sS3aTEIbHOM Y4YacTHM B 3TOM IIpoliecce
CBOOOTHBIX HEHTPOHOB.

Croutr ynoMmMsHyTh MW O mpexacraBieHuax llapxomoBa A.I'. o
npuuuHe ‘“‘cTpaHHbIX’ W3nydeHuid. IlapxomoB A.I'. cBs3bpIBaeT ux
IIPOMCXOXK/IEHHE CO CBOWCTBAMHU TEIUIOBBIX HEUTPUHO, KOTOpBIE 110
cux mop He Habmomanwch. lIpH >TOM TEMJIOBBIE HEUTPUHO
HAJENAIOTCA DK30THYECKMM CBOMCTBOM HCKJIIOUaTh JICHCTBHE
KYJIOHOBCKOTO Oapbpepa U 00bEAUHATh pa3IMyHbIe siIpa B poLeccax
tpancmyTtanun. [lo Maenuto Ilapxomosa A.I'. Takux KoMOMHAITHIT 13
SJIEMEHTOB TaOnuubpl MeHzeneeBa BO3MOXHO 0Oojee MUJUTHOHA
BapuaHTOB. He Haxons MOHMMaHUA Jake€ y CTOPOHHHMKOB 3K30THKH
[TapxomoB A.I'. mepecran yrmoMuHATh TEPMUH TEIUTBIE HEUTPUHO U
CTaJ TOBOPUTH O «HEKOEeM areHte». Hudero He roBoput [TapxomoB
AT. u o nmpupone camux “CTpaHHBIX W3JIyUYEHUH, BBI3BIBAEMBIX
«HEKUM areHTOM».

JKuranoB B.A. cuutaeTt, 9To ciaeapl “CTpaHHBIX H3IIYICHHHA DTO
L@panyHbl, KOTOPBIE OCTABISIFOT HA3JIEKTPU30BaHHbIE MBUITMHKY. [1pn
3TOM OTMEYaeT, YTO CaMHX IBUIMHOK B KOHIIE TPEKOB C IIOMOLIBIO
MHKPOCKOIINY He oOHapyxuBaercsa. He oOwscuser XXuramos B.A. u
MIPOUCXOXKJIEHUE TPEKOB B BUJAE CHUpaNei, B BHUIE YIUTOK H
napajulenbHOCTh TpekoB. MHTepecHo, urto JKuramo B.A. nmaxe
YCMaTpUBaeT CXOJCTBO IPHUPOABI CTPAHHOTO U3JIyYeHUS MU
tenekunera. [Bebunap Knnmosa-3atenennna Ot 1.02.2023].

Nzyuenne temel HOSP, u B nepByro ouepelb MHOTOUHCIEHHBIX
HKCTIEPUMEHTAIBHBIX (DAKTOB PAa3IMYHBIX aBTOPOB U3 MHOTHX CTPaH,
[IOKa3bIBAET, YTO:

a) asneHust HOSP HocAT saepHbIi XapakTep 1
0) senennss HOSP oObscHMMBI B paMKax HAaKOIUICHHBIX 3HAHHWMA
SIIEPHON (PU3UKH.

Wx HOBHM3Ha CBA3aHA C TEM, YTO B MPOLIECCE Pa3BUTHUS NMPAKTHUKU
WCCIIEIOBATENN CTOJNKHYJIUCh C (U3UUYECKUMH YCIOBHSIMHU, B
KOTOPBIX paHee Ka3aBIIMECs MaJI0 3HAYaLIUMHU SIEPHBIC SIBICHUS
CTaJM NPOSBISATbCS HMHTEHCUBHO. MeXaHM3Mbl UX IPOSBICHUS B
cneunpuuecKux (HPU3NIECKUX YCIOBUSAX MOHATHBI U OOBSICHUMBI B
paMKax HU3BECTHBIX 3HaHUH. OHHM M3BECTHBI M M3YYEHBl SIEpHON
¢dbmsukoit naBHO. Mcxomst u3 3THX npeactaBieHuit nzmydenus HOSP,
MONYYHMBLINE HAa3BAHUE  «CTPAHHBIX», TaKKE OTHOCITCA K
U3ITYYCHUSIM YK€ H3YUCHHBIM SIIEPHOM (PUZUKOM.
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Wznyuennst B  sAOEpHBIX peakIusaX HaOMIOMAIOTCS  ABYX
MPUHIMITHAIGHO PA3IUYHBIX BUAOB. OTO (QOTOHHBIE H3IYYCHHUS -
raMma KBaHTBL. M W3IydeHHs pa3lIMYHBIX BEIICCTBECHHBIX YaCTHII.
Crona ke otHecéM U HeUTpuHO. DOTOHHBIC M3TYUCHHUS CBS3aHBI C
BO30YXAEHHBIMH COCTOSHUSAMH siipa. W3mydeHus] BemecTBEHHBIX
YaCTHII CBA3aHBI C Pa3IMYHBIMU MIPEeBpaIIeHusIMu siaep. Hiwke Oyaem
ONKCHIBATh W3TY4YCHHS HAONMIOacMble B TPaKTUKE SACPHOU
JHEPreTHKN U sAAepHBIX TexHosoruid. Croma HE BXOIUT TO
MHOJXECTBO YaCTHI[, KOTOpPO€ HaOmIomaeTcss TpU HIyUYCHHUH
AJIECMEHTAPHBIX YaCTHI[ B CTOJIKHOBUTEIBHBIX JKCHEPUMEHTAaX Ha
YCKOPHUTEISX.

Paccmorpum m3nmydenuss HOSP it paznudHbIX (DHU3WYECKUX
ycnoBuii  mposiBieHuss  HOSP. K Hacrosmemy  BpeMeHH
AKCIIEPUMEHTATOPAMH U MIPAKTUKAMH BBISIBJICHBI TPU Pa3HOBUIHOCTH
crennpuIecKkux (U3NIECKUX YCIOBUH, MPH KOTOPBIX YIPOIIAETCS
TEYEHUE M3BECTHBIX SACPHBIX peakiuuil. ITo pu3HYeckue yCIoBUS
KaBUTHPYIOIUX KUIKOCTEH, (huzmueckue YCJIOBHS
JIefTeprupoBaHHBIX METaJIJIOB u (buzndeckue YCIIOBHS
HaBOJIOPOXKEHHBIX TIOBEPXHOCTEH.

'maBHas 1enp JaHHOW TJIaBbl TOKa3aTh BPEAHBIN XapakTep
NPU3BIBOB K OSKCICPUMEHTATOpaM 3aHAThCS B IEPBYIO Oudepedb
WCCIIEIOBAHUAMHU «CTPAHHOTO» M3IYYEHHA. OJTO AKO OBl KIIOY K
pemiennto  mpobnmemsl  HOSP.  Beimatommecs — ¢usukm -
AKCIIEPUMEHTATOPBI, pabotaromue cerogds - Poccu, Ilapxomos,
Knumos, Kopaunona, IlBerkoB, MusyHo, TanelapxaH, YpHnuH u
Ipyrue HaXOIATCS B mare or permeHus npodixem HISP. C omopoit
Ha W3BECTHBIC 3HAHUS SJICPHON W TEIIO (U3UKK, OHH YXKE B
COCTOSIHUM JOBECTH CBOM OJKCIEPUMEHTAIBHBIC YCTAHOBKU 1O
OTBITHO - MPOMBINUICHHBIX 00pa3noB. Upe3MepHOe BHHMaHHE K
«CTPaHHBIM» U3ITyYCHUSIM TOJIBKO JIE30PUEHTUPYIOT
rccueaoBarenei.

4.2. N3ny4ennsi HI3KOYHEPTreTHYECKUX PEaKTOPOB HA PeaKIUAX
CHHTE3a.

B rmaBe - 2 paccMOTpEHBl MEXaHU3MBI PEAKIMA XOJIOIHOTO
SIIEPHOTO CHUHTE3a, MPOTEKAIONINEe B YCIOBUAX KAaBUTUPYIOIIHUX
JKUIKOCTEH, B YCIOBUSAX JEUTEPUPOBAHHBIX METAJIOB U BHI3BABIIIHE
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HeZoyMeHHEe (DU3WKOB SIEPITUKOB. M3mydeHus, cOmpoBOXKIAIOIINE
9TH peaklnud, OBUIM XapaKTepHbl MMEHHO Ul peakuui CHUHTe3a.
Hamu nokasano, yTo MeXAy TEPMOSIAEPHBIM CUHTE30M U XOJIOJIHBIM
CHUHTE30M HET MpoTuBOopeuus. VX MexaHU3MBbl NMPOSBACHUS CXOHBI
Y CBSI3aHBI C HEOOXOAMMOCTHIO MPEOJI0TIEHISI KYJIOHOBCKOTO Oapbepa

4.2.1. XapaxkTepHble H3JIy4YeHHUS] B (PUINYECKHX YCJIOBHUAX
KaBUTHPYIOLIHX KHIKOCTEIA.

SnepHas GpU3MKa UCKIIOYAET PEaKIMI0 CHHTE3a POTOH - TIPOTOH
B 3eMHBIX ycnoBusax. OTcioga NPUHLUNHATIBGHO BO3MOXKHOH
peaknuell XOJNIOOHOTO CHHTEe3a B KaBUTHpPYIOIIeH Boae Oyner
peakuusi TPOTOH - SAPO KUCIopona. Jra peakmus AT
sHeproBeiaenexue B 0,6 Mas.

0" + H' — F"7 +y + 0,6 M»6. A BOT peakuus OpOTOH - PO a30Ta
na€T ropa3fo Oonbliee SHEPTOBBIACICHHE.

N*+ H' — O +y+ 7,3 Mpe. [141]. B xauecTBe a30T comepsKameii
JKUIKOCTH MOXXHO MCHOJB30BaTh, Hampumep, ruapasun (N,H,),
KOTOPBI TIO CBOMM (DU3MUCCKUM TapamerpaM OJHM30K K BOJE.
MoxHo momobpaTh MHOXXECTBO M JPYTMX HEOPraHWYECKHX W
OpraHUYECKUX KUIKOCTEH.

Jeittepuii comep)uTcst B 00OBIYHON BOjie. MOXHO 3aKIIOYHTH,
YTO BO3MOXKHBI M JEHTEpHUEBhIC peakIuu cuare3a: d +d — t + p;
d+d— Hes+n; d+d— Hey+y.

B kaBuTHpyIOMUX KUAKOCTSIX MPOTEKAIOT PEAKIMU CHUHTE3a U
OHH COTIPOBOXAAIOTCS COOTBETCTBYIOUTUMH UM M3TyUEHHSIMH, JaBHO
YCTaHOBJICHHBIMH JKCIIEPUMEHTAIILHO B sAepHON (¢u3uke. ITO
raMma U3JIy4eHHs] U HEUTpoHHBbIe wu3mydeHus. lMmeHHO Takue
u3dydeHus QukcupoBanu wucciuemoBarenn HISAP B ycnoBusix
KaBUTHPYIOIIHNX JKUJIKOCTEN (®oMHUHCKHUH, Kongomacos,
Taneliapxan).

4.2.2. XapaxkTepHble H3JIy4eHUS] B (PU3NYECKHX YCJIOBHUAX
el TepupOBaHHBIX METAJLJIOB.

Bropoi#t Bux ¢u3MYeCKUX YCIOBWIA, B KOTOPHIX HaOmrOmaeTcs
XSC, cBsi3aH ¢ peirepupoBanreM MetaioB. Ha cemunape Kimumosa
- 3arenenmaa ot 25.11.20r. 3aTenenmmasiM B.H. 6511 cienman 0030pHO
- aHANMUTUYECKUM Aokman o skcnepuMenTax NASA no d - d cunresy
B AeTepupOBaHHOM 3poOuu. [29].
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B pesymprare sKcrieprMeHTa AATYMKH MOKA3bIBAIOT BBIXOJ U3
TNEHTEPUPOBAHHOTO JpOWS TraMMa-u3IydeHHs W HeWTpoHoB. Ilo
MHEHHUIO UCCIIEZIOBATENEH 3TO CBUAETENBCTBYET O pPEaKLUH CHHTE3a
d + d B xpucTaInIMYEeCKOH pemméTke AeHTepupoBaHHOTO 3pOus. B
JIoKJaze  omnvcaHa — (U3WKAa ~ TPOIECCOB W MONyYeHHBIX
JKCIIEPUMEHTAIBHBIX JTAHHBIX B W3JTI0KEHUH aBTOPOB
9KCIIEPUMEHTOB, KOTOpPBIE pAcCMOTPENN KaHal MpEBPALEHUN C
obpaszoBaHHeM renus -3.

d+d="He;+n" (4-1). Tne n" - neiiTpon ¢ sneprueii 2,45 Mos.
OCOOEHHOCTBIO ~ JTOTO  KaHaja  sIBISIETCI  HEOOXOOMMOCTh
MPEOIONICHNsI KYJIOHOBCKOTO Oapbepa AJsl HpOSIBICHHUS CHUIBHOTO
B3aMMOJICHCTBUS W peakmuu cuHTe3a (4-1). Ilo mpencraBieHmsIM
aMEPUKAHCKHX  HCCJIEJOBAaTENed IPEOJOJICHUIO  KYJIOHOBCKOIO
Oaprepa B peakiuu (4-1) cnocoOCTByeT »KpaH W3 CBOOOIHBIX
AJIIEKTPOHOB, 00pa3yIONTHICS TIepe]l ACHTOHOM.

OKCTIEpUMEHTAIHHO BBISBICHBI JBE IPUYHUHBI, CIOCOOCTBYIOIINE
TCUCHHUIO PEaKIUil CHUHTE3a B JCUTEPUPOBAHHBIX METAJUIaX. JTO
CHOpaJildeckoe BO3HWKHOBEHHE M0 BCEHl 30HE MPOBOIUMOCTHU
KpucTtauia GIyKTyalnuid 3J1eKTPOHOB MPOBOJUMOCTH, CO3AIOIINX C
OTpeeNEHHON BEPOATHOCTBIO BOKPYT JEMTOHA 3JIEKTPOHHBIN KpaH,
HEHTpanu3ylomuii KyJIOHOBCKHHM Oapbep [eWTOHa Ha MHOTHE
necsaTKH  mopankoB. Co3maroTcsi OJarompusiTHBIE YCIOBUS  JUIS
peaknuu d + d cunTe3a. M BTrOopas mpuumMHA CBsi3aHa C TEM, YTO
JIIEKTPOHHBIA  3KpaH  o0jamaer  CBOHCTBOM  (POKYCHPOBKH.
OxBaTeiBasi ~ JEHTOH,  DJIEKTPOHHOE  OOJAKO  TPHUTITHBACT
JOBIDKYIIMNACSA JEWTOH K CBOEMY IEHTPY M TEM CaMbIM OPHEHTHUPYET
JBIKYIIANUCS TEHTOH HA MOKOSIIUIACS.

Oco0eHHOCTBIO DpOMsT  SBIAETCS BBICOKAs CHOCOOHOCTh K
nertepupoBannio. Ha oquH moH 3pOus NMpuXoguTcs 3-W NeHToHa,
pPacHoJOXKEHHBIX B 30HE IPOBOAMMOCTH KpHUCTaula. MeHbmei
CHOCOOHOCTBIO K HACBHIIEHUIO AeTepueM o0nanaeT Tutad. B HéM Ha
WOH THUTaHa MPUXOAWTCS ABa neiToHa. Camble TEpBBIE YCIEIIHbIE
skcriepuMeHTsl o d + d cuHTe3y OBUIM TpPOBENEHB WMEHHO C
nertepupoBanHbIM TUTaHOM B CCCP ewié B 1989 romy. [10].

Bo3MOXXHBIME ~ peakuusiMH CHHTE3a B JICHTEpHPOBAHHBIX
MeTauTax OyayT peakIluu:
d+d—t+p;

d + d— He; +n;
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d+d— He,+y,

d+t— Hes+n;

t+1t— He, +2n;

d + He; — Hey+ p.

OTH U3My4eHns W HAOIIOJAIMCh B DKCIIEPUMEHTaX HCCIIeoBaTenen
m3 NASA u 3HaUnTEIHHO 0O0JIee PAaHHHUX IKCIIEPHUMEHTAX COBETCKUX
uccnenopareneit (byHbKOB U 11p.).

4.3. N31yuennsi HI3KOYHEPTreTHYECKUX PeaKTOPOB HA PeaKIUAX
pacnana.

TpeTbelt pa3sHOBUIHOCTBIO (PUBMYCCKUX YCIIOBUM, B KOTOPBIX
nposiBisitorcss HOSP, sBusitoTcss HaBOJOPOXKEHHBIE TMOBEPXHOCTH.
OHU pa3uTENbHO OTIMYAIOIIUXCS OT U3BECTHOM MPAKTUKU SACPHBIX
TexHoioruid. M, B TmepBylo ouepenp, MPAKTHUYECKH ITOJHBIM
OTCYTCTBHEM ramma - u3inydeHnid. Hamboree m3ydeHBI SIBICHUS C
HaBOJOPOXKCHHBIMU ~ TMOBEPXHOCTSIMU ~ HUKENS W HaJIagus.
OKkcnepuMeHTambHbIe paboTel A. Poccm, A.I'. Ilapxomoma, A.W.
Kimmmosa, T. Mu3yHo, paboTaBIIMME C HABOJIOPOKCHHBIM HHUKEJIEM,
a Takke OOJIBIIION TPYIIIBI AMOHCKHUX HCCIenoBaTeneii, paboTaBmmx
C HaBOJOPOXXEHHBIMH KOMIIO3UTHBIMH HAHOIUIEHKAMH Ha OCHOBE
HUKENS W TaUlaaus, CBHIACTENHCTBYIOT O HEHTPOHHOM XapakTepe
HOSP B »Tux ¢usuueckux yciaoBUsSX. OTO M KapIUHAJIbHOE
W3MEHEHUE H30TOMHOIO0 M DJJIEMEHTHOIO COCTaBa B pe3yJbTaTe
npoBeneHus dkcnepuMmeHToB (Poccm, Ilapxomor, KimmoB). 3to
peructpanus HelitponHoro minydenus (Kimumos, 3aiines, ['omun).
DTO BBIACICHUE B CUCTEME JIOMOJHUTEIBHOTO TeIlla KaK pe3yibTaT
Oera - pacmaga (Poccu, [Tapxomor, Kiumos, Musyno). Ho uTo0s!
MPOTEKAIM  HEUTPOHHBIE PEAKIIMH  HEOOXOTUMBI  CBOOOIHEIC
HEUTPOHBI B OJKCIICPUMEHTAIBHBIX yCTaHOBKaX. Du3uka 3TUX
MPOLIECCOB PACCMOTPEHA HAMU B TJIaBe - 3.

Mexanmsm HOSIP B usnyeckux ycloBUSX HABOIOPOKCHHBIX
MOBEPXHOCTEH Ompenensercss 3aKOHOMEPHOCTSIMH HEUTPOHHOU
(U3MKM W TPUHOMIHUATBEHO OTJIMYaeTcss oT MexaHm3mMoB HOSP B
KaBUTHPYIOIIUX JKUAKOCTSAX ¥ HAaBOAOPOXKEHHBIX MeTamiax. B
MOCIEAHUX CIydasX MeEXaHW3M CBS3aH C SICPHBIM CHHTE30M.
[IpuHnunuansHOE OTAWYME MEXAaHW3MOB NPUBOJUT K CTONb KE
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CYLIECTBEHHBIM pa3MYMsIM W B HAOMIOJAEMBIX TIPU TEYCHHUU
peaKUuii U3TyUYECHUSIX.

4.3.1. XapaxkTepHble H3Iy4YeHHUS] B (PUINYECKHX YCJIOBHUAX
HABOJ0POKEHHBIX IOBEPXHOCTEIi.

CoracHo npeacTaB/IeHUH aBTOpa JaHHON pabOThl, N3J10KEHHBIX
B INIaBe - 3, Ha HaBOAOPOXKEHHbIX MoBepxHOCTIX B LENR -
peaxkTopax IpOTEKarT 3-u Ipolecca: e-3aXBaT B aTOME BOJIOPO[a;
3axBaT CBOOOJHBIX HEMTPOHOB OKPYXKAIOIUMU sifipaMu; OeTa-pacnaj
(menee BeposTeH anbda-pacnan B Oonee TOKEMBIX — SAPAX)
MEPEHAChILICHHOT0 HEHTpOHaMM siApa WM pachaj CBOOOIHBIX
HEHTPOHOB. OTHUMM I@poLleCCAaMM U OIpPENESIOTCd BUABI U
WHTEHCUBHOCTb M3JTy4eHHH: OeTa M ajbda - 4yacTUIbl, HEUTPUHO U
AQHTUHEUTPUHO, MATKUI PEHTreH NpU BO30YKIECHHH SIEKTPOHHBIX
000JI0YeK aTOMOB raMMa KBaHTaMHU B IIpoleccax BHYTPEHHEH
KOHBEPCHH.

CaMbIM yAMBUTENBHBIM, M NIOKa HE MMEIOLUINM YOETUTEIBHOTO
OOBsCHEHHA B JHTeparype, sBisercs (akT cmabocTH SAIepPHBIX
U3JIy4EHHUH B yCIOBUSIX HABOAOPOKEHHBIX IIOBEPXHOCTEH.

Cnabast UHTCHCUBHOCTD ATHUX W3TYYEHHUI CBS3BIBACTCS HAMH C
Majod DJHEpruel XOJOAHBIX HEHUTPOHOB. OHEPIUU XOJOJHBIX
HEHTPOHOB  HEJOCTATOYHO  JUII  BO3HUKHOBEHHMS  CHJIBHO
BO30Y)KIEHHOTO COCTOSIHUSI sApa M SAPO HE H3Iy4aeT KECTKUX
n3nydeHuit. Takoro oObsICHEHHs TPUAEPKUBAIOTCS MHOTHUE aBTOPBHI.
Tak, mwampumep, IlpmranoB 3.H. B [131] BbIcKa3bIBaeT
HPEAIIOIOKEHHE O TOM, YTO “BpeMs XKHU3HM IIPOMEKYTOUHOI'O sapa
BO3pacTaeT MPH yMEHBIIEHUH 3HEPTHUH €ro BO30YXIEHHMS, TaK YTO
CTaHOBHTCSI BO3MOKHBIM Tak Has3bplBaeMoe Oe3paJuanruoHHOe
OXJIAKICHUE BO30YKIEHHOTO siapa’”.

Bor Beiaepxku u3 tpynoB bexmana WU.H. “B cmyuae 3axBara
SOPOM OpOHMTANbHOTO JJIEKTPOHa O0Opas3yloTCsl [Ba MPOAYKTa:
KOHEYHOE SIAPO U HEUTpUHO. PacnipenienieHne dHEpruii Mex1y HUMU
SBIISIETCS OJHO3HAYHBIM, M IIPAaKTHYECKHM BCS OHAa YHOCHTCS
HENUTpUHO”. “MrHOBEHHO MpPOUCXOAMAIIEE M3MEHEHHE 3apana sapa
mpu Oera-pacmage BICYET 3a COOOI TOCIEAYIONIYIO TMEPECTPOHKY
(«BCTPSICKY») DJIEKTPOHHBIX ATOMHBIX 000JI0YEK, BO30OYXKICHUE H
MOHM3ALMIO aTOMOB. Belnensromascs mpu 3TOM 3HEPrus MOXKET
ObITh  WCHylleHa B  BHAE KBaHTa  XapaKTEPHUCTUUYECKOTO
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PEHTICHOBCKOTO  HM3dMy4deHus . “B  pesymprare OeTa-pacrmana
o0pa3yloTcs TpH 4YacTHIBI: KOHEYHOE SAPO W TMapa JIENTOHOB.
OHeprus, coobInaemMasi Jpy B CHIIy €ro OOJIBIIONW MacChl, Maia, U
€10 MOXHO TmpeHeOpeub. [lodToMy KHHeTHYecKas DHEPIHs,
BBLIETISTIONTAsiCS ipy OeTa-pacmaie MPaKTHIEeCKH IETMKOM YHOCHUTCS
Mapoi JIETOHOB, NMPHUYEM pacCIpelesieHue YHEePruil MeXIy HHUMHU
MOXeT ObITh JOOBIM~. M3 3THUX BBIAEPKEK CIEIyeT, 4YTO B
pe3ynbTaTe OTMEYEHHBIX BBINIE 3-X SACPHBIX TIPOIECCOB Ha
HABOJIOPOXKEHHBIX TOBEPXHOCTAX, fApa BO30yXKmaroTcs ciabo u
COOTBETCTBCHHO HE M3JIy4al0T T'aMMa-KBaHTHL. A 0Oera u ampda -
YaCTHUIIBI OBICTPO TEPSAIOT DHEPTUI0 TPU HOHHU3AIMH, YTO
COTIPOBOXKIAETCSI PEHTT€HOBCKUM H3ITy4EHHEM.

B rnmaBe - 3 mbI kacanuce yrBepxkaeHus Ilapxomoa A.l'., uto
“Ilpm 3axBaTe TEIUIOBOTO WM XOJOJHOTO HEUTpOHA  SIPO
BO30y)XIaeTcss HUYYTh HE XyXe, 4YeM IIpH 3axBare OBICTPOTO
HeriTpona. C TOH JWIb pa3HUIICH, 9TO CEUCHUE B3aMMOJICHCTBHS C
BEIICCTBOM Y TEIUIOBHIX HEHTPOHOB 3HAYUTEIBHO OOJBINE, YEM Y
onrcTpeIx . (Kputnuecknx 3ameudanusx Kk [60] [Tapxomosa A.I'.). 3To
HE COBCEM Tak. | aMMa-M3ITyueHHe MOpPOKIAETCS TOJIBKO CHIBHO
BO30YXKOEHHBIMU simpamu. [la, HeHTpoH, Oyab OH OBICTPBIH,
TEIUIOBOM WM YIbTPaXOJOAHBINA TMOPOXKIACT TaMMa-H3JIy4CHUE B
peakuusiX JeNeHUsA THKENbIX (TPAaHCYpPaHOBBIX) DJJIEMEHTOB Ha
OCKONKH. B peakuusx paeneHWsl BBIIEISICTCS OTPOMHAs JHEPTUs
(Hampumep, NpH JEJIEHUN OJHOrO sa1pa ypaHa-235 Beaensercs 200
M»368) W OCKOJNKM JAeNeHHs] CHIbHO BO30yxzaeHbl. OHH JONTO
M3ITy4aroT TIOKa HE BBICBETST SHEPTHUIO O OCHOBHOTO cocTosHuA. Ho
ATOr0 HET mpu OeTa - pacmaje. Jloka3aTenbCTBOM TOMY SICPHBIC
Oarapeiiku, paboTaromue Ha OeTa - pacnae.

4.3.2. U3n1y4eHue siiep B COCTOSTHMM N30MEPHOT0 BO30Y KAeHUS.

PaccmoTpuM 0COOEHHOCTH W3Iy4YeHHsI sIEp B COCTOSHUHU
M30MEpPHOTO BO30YXKIeHWsA, OTKpeiToro KypuatroBeim W.B. ¢
corpymaukamMu B 1935 roxy. IlpemMyIieCTBEHHBIMH KaHAJIaAMH
M3ITyUYCHUSI M30MEPHO BO30YKIEHHBIX S/IEp SABJISIOTCS OeTa-paraj u
KaHall  BHYTPEHHEH  KOHBEPCHH, KOTOPBIM  JOMOJHUTEIHHO
COTIPOBOXKIAETCS M3ITYICHUEM MATKOTO peHTTeHa. | amMmma u3mydeHus
MpakTUYeCKH He  HaOmomaercs. M3omepHoe  BO30Oyx)IeHHE
BBI3BIBACTCS 3aXBaTOM MEHJICHHBIX HEWTPOHOB (Halie BCEro
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XOJIOMHBIX W YNBTPaxoJIOAHBIX). HecMoTps Ha HemocTaTodHOE
BHUMaHUe (U3MKOB K M30MEPHBIM COCTOSHHSIM SApa ATO HIMPOKO
pacnpocTpaHéHHOE SIBICHHE NpuUpoAbl. Hampumep, ecTecTBEHHBIN
Oera-pacnaji €CTh CIICJACTBUE W MPHU3HAK M30MEPHOTO BO30YXKICHUS
simep, Kak OTMEYCHO B TUIaBe - 3.

OtcyTcTBHE TamMMma M3IY4YeHHS B  HHKEIb-BOJOPOIHBIX
peakTopax CBSI3aHO C TMpPOILECCaMH BHYTPCHHEH KOHBEPCHU IIPH
M30MEpPHOM BO30yxkaeHnu sipep. [lpum cunpHOM  BO3OYXIeHHUH
PaAMOAKTUBHBIA pacmaj MPOUCXOAUT C M3IYYCHHEM TraMMa KBaHTa
uepes Heckoibko mukocekyHn (1077 cek). Ilepuomsl momypacmana
M30MEPHBIX COCTOSSHUN M3MEHSIOTCS B BEChbMa IIMPOKUX TMpejaemax -
ot 10 cex 10 Muorux net. [Tpu H30MEpPHOM BO3OYKIACHUU HEPEXOL
13 BO30YKIEHHOTO COCTOSHHSI B CTAOWJIBHOE MPOUCXOIUT WU O
KaHamy OeTa - pacmaja WiM [0 KaHAJIy BHYTPEHHEH KOHBEPCHUU.
Pacnag mo xaHary BHYTpeHHEH KOHBEPCHUHU MTPOUCXOANT B JBa HTaIla.
Ha mnepBoM »sTame, vCnycKaemblii M30MEPHBIM SJPOM 7Y - KBaHT,
3aXBaTBIBACTCS OJHUM M3 DJICKTPOHOB 000JI0ukM atoMa. Ha BTOpOM
dTame STOT OJJIEKTPOH OTPBIBA€TCS OT aTOMa M HAa €ro MecTe
obpasyercss BakaHcus (mpIpka). Tak Kak 7Y - KBaHT MOXET
3aXBaTBIBATHCS AJIEKTPOHAMHU W3 PA3IUYHBIX O0OJIOYEK, TO CIEKTP
M3IyYeHUs] KOHBEPCHOHHBIX JIIEKTPOHOB IHWHeWuaThlii. Ha mecto
00pasoBaBIICHCS B JIEKTPOHHOW 00O0JIOYKE JBIPKU TEPECKAKUBAIOT
ANIEKTPOHBI ¢ 0OJee BBICOKMX YpOBHEH. DOTOT  mporecce
COTIPOBOXKIAETCS MSTKUM PEHTICHOBCKUM HW3IyYCHHEM, YTO H
HaOII0JaeTCsS B HUKEIb-BOJOPOIHBIX peakTopax. Tak Kak n3mydeHue
M30MEPHO BO30YKAEHHBIX SAEp MPOUCXOAUT C 3ala3gbIBAHHEM OT
MUJUTUCEKYHIT JIO HECKOJBKUX JIET B CPaBHCHWU C CHJIBHBIM
BO30YXKJCHHEM COCTOSIHHEM, TO OJTHM W OOBSACHSICTCS HaYalo
BBIJIeNICeHUs Teria B akcriepuMenTe Drelinimana u [oHca nmpumepHO
yepe3 70-T qgHEN Mocie 3amycka yCTaHOBKU.

Ha cerognus Bukunenuss mpuBoauT Takue AaHHble: “Ha mapt
2017 roma u3zBecTtHO 3437 HM30TOIIOB BCEX DIIEMEHTOB, M3 HHUX 254
cTabmIbHEIX . Jl06aBUM, 9TO H30TOIEI MOTYT UMETh 110 HECKOJIBKO
YPOBHEH HM30MEpHOTO BO30YXKJcHHs. Hampumep 3meMEHT yriiepoj
umeer 15-1p msoromos (ot C* no C?). IIpuuém nake CTOMIIBLHBIC
mororel C'? u C"” HMEIOT MO0 HECKOIBKO HM30MEPHBIX YpOBHEH
B0o30yxacHUA. OTcCrofa oO0Iiee 4ucio BO30YXKAEHHBIX H30MEPHBIX
COCTOSIHHI COCTABJISICT MHOTHE THICSYU. B CBS3HM C 3THM YIUBIISICT
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BbICKa3biBaHUE Ypylkoesa JI.U. mo Bompocy M30MEpHBIX COCTOSTHUMN
siep, BBICKa3aHHOE WM B PELIEH3WH Ha MOIO KpaTKyio cTtathio «00
OTCYTCTBUU TaMMa H3IyYCHHUS B PEaKTOpax € HABOJIOPOKCHHBIMU
MMOBEPXHOCTAMU» g cOopuuka PKXTAullIM-2022 roma u
BbIc/IaHHYI0 MHE [lapxomoBbiM A.I'. 111 O3HAKOMIIEHHS. Y PYIIKOEB
JLU. mwmrer: «2. Poimb W30MEpHBIX COCTOSHHUH saep B Tabiuie
MenaeneeBa sIBHO IMpeyBelnyYeHa aBTOpoM. VX He Tak MHOro. A
MOCKOMbKYy B pesynbrare LENR 00pa3yroTcss HCKIIOYUTEITEHO
CTaOWIIBHBIC aTOMBI, TO M30MEPHBIE COCTOSHHUS APYTHUX SACp WITH
aTOMOB HAc HE B JaHHOMU 3a/Jaue MpocTo He uHTepecyroT. Hampuwmep,
y u3zotona U-235 ecTh Huskomexamuii (uro-to mopsaka 70 k3B,
eclii MHE He M3MEHSIeT TaMsTh) N30MepHBIH ypoBeHb (T= oxomo 20
MUHYT). TO €CTh, JONTOKUBYIIUE U30MEPHBIE COCTOSHUS B TaOJIHUIIC
MenpaeneeBa ecTh, HO MOBTOPSIO, MX HE TaKk MHOro». CTpaHHOE
3asBJICHUE JUTS IPOQECCUOHATBLHOTO (H3HKA — SIICPIIUKA.

OKCTIEpUMEHTHl ~ C  TpOoIeccaMH  Ha  HaBOJOPOKEHHBIX
MIOBEPXHOCTSX TOBOPST UIMEHHO O U30MEPHBIX COCTOSHUSX SIAEP U UX
COOTBETCTBYIOILMX U3Iy4YEHUsX. B peakropax ¢ HaBOIOPOXKEHHBIMU
MTOBEPXHOCTSIMU OJTHOBPEMEHHO MPOTEKAIOT MPOIIecCH OeTa pacmaa
" BHyTpeHHEH koHBepcuu. OO0 3TOM CBHUICTEILCTBYET TOSBICHHE
HOBBIX M30TOMOB U 3JIEMEHTOB U MATKOE PEHTTEHOBCKOE U3TyUYCHUE.

[la, BHYTpEHHHE DHHEPre€THUECKHE PECYPCHl SIAEP B SIECPHBIX
Mpoleccax TMPOSIBISAIOTCS W OONBIIMM W30BITKOM  BBIICIICHUS
SHEPTUM M COOTBETCTBEHHO CHIBHBIM BO30YykaeHueM. Ha sTom
OCHOBBIBaeTCs yTBepkneHue IlapxomoBa A.I. o Tom, 4TO Bcerma
SIIEPHBIE MPOLIECCHl CONPOBOXKIAIOTCS OMACHBIM YpPOBHEM TIamMma
m3nydeHus. Ho 3To Tonmpko B 00NacTw CWHTE3a JIETKUX siep U B
00J1acTH AeTCHUS TAKEIBIX.

[Ipu 3axBaTe OBICTPHIX HEUTPOHOB TaK K€ BO3HUKAIOT CHJIHHBIE
B0o30yxacHUA. Ho 3T BO30YyXJeHUs BBEI3BaHBI HE BHYTPEHHUMH
SHEPreTUYECKUMH pecypcaMu  siaep, a MPUBHECEHHOM HU3BHE
sHeprued. IIpm 3axBare K€ XOJOIHBIX HEUTPOHOB BO3HUKAIOT
TOJBKO H30MEPHBIE COCTOSIHMS, T.€. IIPOMEKYTOUHBIE COCTOSIHUS C
MaJbIMU BO30YKIEHUSIME U MAJIBIMU JIe(heKTaMH Macc.

Hcxons w3  BbIIIE  U3JOKEHHOIO B peakTopax C
HaBOJOPOXKCHHBIMU ~ TIOBEPXHOCTSIMH  IIPOUCXOIUT HEUTPUHHOE
M3ITyYeHHE TPH 3JICKTPOHHOM 3aXBaTe, M3IIyudeHUe OeTa pacraHbIX
SJIEKTPOHOB UM OXE€ DJJIEKTPOHOB B MPOLECCaX BHYTpPEHHEH
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KoHBepcuu. IIporiecc BHYTpeHHEH KOHBEPCHM JOTOJHUTEIHHO
COTIPOBOXKIAETCSI MATKAM PEHTTEHOBCKHM HW3IydeHHWeM, a Oera
pacmaj u3ayuyeHUEeM aHTUHEHUTPUHO.

4.4. Cnnoco0bI 0M0JIOrM4€eCKOii 321U ThI.

B mocnenHee Bpemsi MPUIIO OCO3HAHHWE TOTO, YTO PEAKIUU
HOSP mnpencraBistor co0OW OMAacHOCTh NPH WX JUIHTEIHHOM
BO3/IeiicTBMM Ha yenoBeka. OCOOEHHO YacTO M HACTOWYHBO 00 STOM
HanomuHaeT 3areienuH B.H. u mpusbiBaeT K COONIOEHUIO Mep
0e30MacHOCTH.

MeTonbl paualiiOHHOTO KOHTPOJSI W OMOJIOTUYECKOW 3alllUThI
oT Bcex (OpM paaualy CEerojHs JOCTaTOYHO NpPOpadOTaHBl U
s¢dextuBHEl. Heobxogummo wux coOmogate mnpu pabore ¢
HU3KOHEPTeTUIECKUMHU SJICPHBIMH PEaKTOPAMH.

4.5. CtpaHHble U3Jy4eHHs] Y pyHKoeBa.

O crTpaHHBIX M3JIyYCHHUSAX YPYLKOEBAa 3aroBOPWIM IIOCIIE
9KCIIEpUMEHTOB Ypyukoea JI.M. co B3pblBaMH MIpOBOJOYEK INPH
JJIEKTPUYECKOM  pa3psange. B pesynpraTe SKCIEpUMEHTOB Ha
¢doronnéHkax (QUKCUPOBAINCH CJEIbl U3IyYEHHH, Ha3BaHHBIC
CTpaHHBIMHA. MHOTHE WHCCIEI0BaTENN HACTaWBAIOT HAa HAa3BaHWUU
«HEU3BECTHBIE» W3NydeHHus, Hampumep, 3arenenuH B.H. Cser Ha
Ha3BaHUE «CTPAaHHBbIE» H3IIYUYCHUS IPOJMBAET BbICKAa3bIBAaHHE A.
Yuctonuuosa. [Bebunap Knumora-3atenenmaa ot 24.05.2023]. On
OTMEYaeT, YTO CJEABI N3TydyeHUH noaydeHs! Y pyukoessiM JI.U. npu
ero pabore B KypuaTtoBckom wuHcTHUTyTe. s ompeneneHus
HIPUPOABl W3JIydeHUH IUIEHKM ObUIM IepellaHbl B INPOQUIBHYIO
naboparoputo KypuatoBckoro wuHcTHTyTa. JlaGopatopusi Obiia
OCHAIlleHa CaMOW COBPEMEHHON MpPUOOPHON TEXHUKOW, C KOTOPOM
paboTanu BBICOKOKJIACCHBIE CIEHMAIMCTBl. I HHUX TpeKH Ha
miéHkax He ObuM  3aragkoii 1O  cBoed  mpmpome, a
CBHIIETENLCTBOBAIM O SAEpHBIX mporeccax. Ho 3araakoit Obuio
IPOSIBJIEHUE SAJEPHBIX IPOLECCOB INPH B3pPbIBE IIPOBOJIOYEK IPH
ayIeKTpudeckoM paspsze. [lostomy 3Tu nu3nydeHus: U ObLIM HAa3BaHEI
«CTpaHHBIe». MI3BeCTHBIMU, HO «CTpaHHBIMU». U yke mocie, Koraa K
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TeMe TOAKIIOYIIINCh TPEICTABHTEIN JK30THYECKOTO  CKIIana
MBIIUICHUS, TO HAITyCTHIA TyMaHa.

KnaccudeckuM mpuMepoM HaydHOTO IIOAXOJa K IPOLECCY
3amepa n3ydeHuid HOSP cnyxar skcnepuments! I[BetkoBa C.A. B
I'epmanmm B maboparopum HropuGepra. [130]. Ha ycraHoBKe,
HaumHas ¢ 2012 roma 3a Tpum roma ObuUTO mpoBedAcHO 62
skcriepumMenTa. [BetkoB C.A. oOparaer BHUMaHHE HA WHTEPECHBII
dakT, HaOMIOmAEMBIM B OTHUX  OJKCIEpPHUMEHTaX.  YwWcio
PETUCTPUPYEMBIX  HEUTPOHOB  OBUIO  3HAYMTEIHLHO  MCHBIIE
pacuétHeIX. “OT0 B 1869,5 pa3a MeHbIE, 4eM JIOJDKHO OBITH IO
pacueram. Kak 3T10 00BscHUTE? B03MOXHO, YTO OOJBITUHCTBO
HEUTPOHOB MPOCTO IOTJIONIAIOTCS BHYTPH THTAHOBOTO 00Opasiia, 4To
U naéT HaM M30BITOYHOE Terio. HeWTpoHBl OCTaloTCs B cCaMOM
o0Opa3lie W KOHCTPYKIIMOHHBIX MaTepuaiax pPeaKkTopa, U TOJBKO
JacTh W3 HUX BBUICTACT HAPYXKY, MOJIETACT JI0 JETEKTOpa HEHTPOHOB
U PETUCTPUPYETCS ACTCKTOPOM. Y MEHS Ha JaHHBIA MOMEHT IOKa
Takoe pabouee oOBsicHeHue Bcero storo”. [130]. Dto pabouee
00BSCHCHHE BCEIIENIO BBITEKACT M3 3aKOHOMEPHOCTSIM HEUTPOHHOM
¢dbmuku. 1 mamee: “Bo Bpems paOOTHI y HAC BO3HHK IEpEphIB HA 4,5
Mecsma. Ha 3To BpeMst psiioM ¢ YCTaHOBKOUW OBLT OCTAaBJICH CUETYUK
leiirepa, koTOpbIii w3Meps1 (OH BHYTPU MOMCIICHUS, TC
HaxonuWiach ycTtaHoBka. [lomydmiocs, 49Tto TamMma-(OH BOKpPYT
YCTAaHOBKM CHWXKAJCS, TPUYEM BHUIHO, YTO OH CHAJaeT [0
OKCIIOHEHTE. A JKCIIOHCHTa YyKa3blBaeT Ha TO, YTO TPOIlECC
OTHOCHUTCS K TIpOIeccaM SAEpHOTo pacnana. UTo B yCTaHOBKE MOXKET
TaK pacranaTbCsa’? ITO MOXKET OBITh KOMIUIEKC KaKUX-TO DJIEMECHTOB -
sto He onuH u3otom’. [130]. Kak BuauM npaBUiIbHAs, XOPOILIO
MPOBEPCHHAs METOJMKA PETUCTpAllMd HW3Iy4eHUd, JaéT MHOTO
HaydHOH wuHGOpPMAIMM. OKCIIOHEHTAa YKa3bIBaeT Ha PEaKIUU
pacnazna. YUYWThIBas, YTO DKCIEPUMEHTHI MPOBOJAUINCH C JIETKUM
AJIEMEHTaMH, TO 3TO OeTa - pacmaj C BBIACICHUEM 3JICKTPOHOB H
aHTUHEHTpUHO. bera - pacmajg CBUACTEILCTBYET O MPHUCYTCTBHH
M30TONIOB C WM30BITOYHBIM COZCpKaHUEM HEUTPOHOB. A OTCIOna
ClIeyeT, YTO B HaOMIOJaeMbIX J0 OJToro mporeccax HOIAP
MIPOU3BOAIINCH HEUTPOHEI.

TpyaHOoCTH ¢ MHTEpIpETallMe pe3yabTaTOB 3KCIEPUMEHTOB
CBSI3aHHI €I U C TEM, YTO MIPH TPAHUIHOM MPOSBICHUN 3araJI0YHBIX
SIBIICHUN HAa HUX HAaKIQJbIBAINCh U JIPYTHE CIyYaiHBIC SIBICHUS.
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W3BecTHO, HampuMep, Takoe SABIEHHE KaK JUBHHU 3apsKEHHBIX
YacTHIl, BO3HUKAIONIMX B aTMocdepe 3eMiu IOJa BO3ACHCTBHEM
KOCMHMUYECKMX YacTHUIl CBEpX BBICOKUX »Heprui. Bcerma ectb
BEpPOSITHOCTD BO3HUKHOBEHUS SIICPHBIX MIPOLIECCOB B
SKCIIEPUMEHTAIbHOM yCTaHOBKE 1107 BO3JACHCTBUEM JIMBHEH 4acCTHII
BBICOKHX DHEPIrHil. DTH COOBITHS HE 3aBHCST OT YCJIOBHHA W IEJeH
OMMBITa, HO MOTYT BIHATHL Ha pe3ynbTaT. CIOXKHOCTh aHaW3a
skcriepuMeHToB ¢ HOSIP cBs3ana emé u ¢ TeM, 9TO peakiuy OHOTO
THTIA TIOPOXJAIOT BCJEICTBHE CBOETO TEUEHHS, PEAKIMH JPYroro
tuna. Hanpumep, peakuus XOJOJHOTO CHUHTE3a, KaK U IMOJIOXKEHO,
MPOTEKACT C BBIICICHUEM HEHUTPOHOB. BhiaenuBiiuecs HEUTPOHBI
3aXBaTBIBAIOTCA OKPYKAIOUIMMH SiApaMH W 3TO TNPHUBOJIUT K
HEHUTPOHHBIM peaknusaM. [locnemHue MOTyT BBI3BaTh IICTIOUKY
MPEBPAIlICHUM, B TOM YUCJIEC HE UCKITIOYCHBI U PEaKLUU JCICHUS, T.K.
B 00pasiie BO3MOKHO €IMHUYHOE MPUCYTCTBUE MPUMEceH THKEIBIX
anemMeHTOB. OCKONKM [IeNeHWs, Tepsisi DJHEPTHI0O B Ipollecce
VMOHM3AIINH, 3aXBATHIBAIOT JICKTPOHBI U OOPETAIOT pa3Mephl aTOMOB.
Bo3MoXXHO B 3TOM TpHUYMHA MIMPOKHUX CIIEOB, HAOIIOAa€MBIX B
HOAP. Ortcroma u MHOTOOOpa3we TMPOSBICHUA  Pa3TUIHBIX
M3ITYyYEHHH.

4.6. BoiBoabl U3 ri1aBel — 4.

B mnyuennsx HOSP Her HHYero HEOOBIYHOTO M CTPAHHOTO B
COIIOCTABJICHUU C TeM, YTO M3BECTHO B siiepHOU ¢u3nke. [Ipnu3bIBEI
COCpPEIOTOYNTh BHHUMaHHME wuccienoBatenei HOSIP ma crpanHOM
W3IyYEHUH JIUIIb OTBIEKAIOT OT LENH, JO KOTOPOW OCTajcs OJUH
miar.

Bce mzmydenns HOSP cOOTBETCTBYIOT TOMY THILy peaKITiH, Ha
KOTOpoil paboTaeT peakTop. DTO peakUuH CHUHTE3a B (PU3MIECKHUX
ycnoBusix — kaButaumud, dddexta CITI  Ymepenko u B
IeHTepupOBaHHBIX MeTamiax. Peakumm pacmaga B (DU3HUECKHX
YCIIOBUSX HaBOJOPOKEHHBIX IOBepxHocTed. Ilpum 3ToM peaxuuun
OJTHOTO THUMNAa MOTYT BBI3BaThb pEAKIMM JAPYroro THMA, YTO
CKa3bIBAETCsI U HAa BU/AX U3JTy4EHUS.

OTIMYATETHHYIO OCOOEHHOCTh ~ WMEIOT  PEaKTOPHI c
HaBOJIOPO>KEHHBIMH TIOBEPXHOCTSIMH. B 3THX yCIOBHAX MPOUCXOIUT
U3Ty4YeHHE HM30MEPHO BO3OYKACHHBIX siliep, NPH KOTOPOM TaMma
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W3y4YeHHe ToJaBieHo. 3omepHoe BO30yXKIeHHE  SBISETCA
MPUYUHONW MSTKOTO PEHTTEHOBCKOTO H3IYYEHHS B PEaKTopax C
HaBOJOPO)KEHHBIMM ~ TIOBEPXHOCTAMH.  M3iyueHHe  HM30MEPHO
BO30Y)KIOEHHBIX  silep HPOMCXOAMT C  3ala3fblBaHUEM  OT
MWUIMCEKYHT OO0 MHOTHX JIET B CpaBHEHHH C CHJIBHO
BO30YXAEHHBIM cocTosiHMEeM. [lpu 3TOM, MMess Malyl0 MOIIHOCTB
W3Ty4eHHs, oOpaTHO NPOMOPLHMOHATBHYIO MEPHOAY IOoIypacnaia,
olmiee WHTETpajJbHOE II0 BPEMEHH W3Iy4eHHE MOXKET OBITh
00JBIINM, PABHBIM PA3HOCTH SHEPTHUHU BO30YKAEHHOTO COCTOSHUS U
SHeprueil  craOwibHOrOo  HM30TONa, OOpa3oBaBIIEroCs  IOCTe
BBICBEUHMBAHUS BCEH SHEPTHH BO30YKICHUSI.
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3AK/IIOYEHUE

B  Oonpmioii  COBOKYMHOCTH  TBEPAO  YCTAHOBJIECHHBIX
AKCIIEPUMEHTATBHBIX (JAKTOB 1O HOBEIM SIBJICHUSM SIICPHON (hr3mKe
HET HUYEro 3arajJiouHoro U crpaHHoro. Bc€ momnmaércst aHanuzy u
00BSICHCHHIO B paMKaX M3BECTHBIX 3HAHUH suepHoi dusnku. Korma
MPOU3BOAMUTCS aHAIKU3 HSKCIECPUMEHTOB IO HOBBIM SIBICHUSIM
saepHol (U3UKHM, CleqyeT B IEPBYIO OYepenb OINPEeIUThCA C
BHIIOM (DM3UYECKUX YCIOBHM, B KOTOPBIX MpotekaroT HOSP. Torna
CTaHyT MOHSATHBI U MEXaHU3MBbI PEaKIIUH.

[Ipu ananuze SKCIEPUMEHTOB MO HOBBIM SIBICHUSIM SIACPHOMN
(bM3uKH HEOOXOAMMO YETKO pas3lIeiIuTh XOJOMHBIN SIACPHBINA CHHTE3
(XSIC), or xomomHoit Tpancmytamuu smep  (XTH).  XSC
HaOJIOJIACTCS B YCJIOBUSX KaBUTHPYIOIIEH KUJIKOCTH U B YCIOBHUIX
XOJIOJTHOM MJIa3Mbl, BO3HUKAIOIIEH B 3KCIIEpUMEHTaxX YIlepeHko. B
3THX YCIOBHSX BO3HMKAeT pacmpenencHue MakcBemna ¢
BBICOKORHEPTHYHBIMUA YacTHIIAMH B XBOCTE, a IUIOTHas cpena
ycunuBaeT TyHHeNbHBIH d3¢dekr. Ocobwie ycmoBusa mns XSAC
BO3HHUKAIOT MpPU JICUTEPHUPOBAHUHM METAJUIOB. 3JIeCh (DIyKTyaIuu
SJIEKTPOHOB MPOBOAMMOCTH  CO3JAIOT  JKpaHbl, IMOHUKAIOUIUE
KYJIOHOBCKUI Oaphep ACHTOHOB Ha ECATKH MOpAAKOB. [Ipu TeueHnn
peakmuii XSC cpema octaércss XOJMOMHON B CpaBHEHUHM CO Cpemon
MJ1a3Mbl TEPMOAJIEPHBIX peakiuii. du3rka X0J0IHOW TpaHCMYyTalluu
saep (XTS) cBsizaHa ¢ 3JIEKTPOHHBIM 3aXBaTOM B aTOME BOAOPO.A,
3aKpENUBLIETOCS] Ha TMOBEPXHOCTU U MOCIEAYIOUIETO HEUTPOHHOTO
B3aMMOJICHCTBHS. 3/1€Ch pedb BOOOIE HE HAET O TeMIEpaType Kak
napamerpe pU3n4ecKoro seiueHus. HeUTpoHy /uisi IpOHUKHOBEHUS B
snpo Oe3pasnuuHa TeMmIeparypa cpenbl. TpaHcMmyTanus —saep,
BCJICICTBUME 3axBaTa HEWTpPOHA, Ha3BaHA XOJIOJHOM IO TNPUYMHE
mryTaausl XAC u XTA.

[Ipnunna Heynad BoBce HE B 3arafiogHocTH npoueccos HOSP, a
B HEBHUMAHHMM K TEM 3HAHHUSIM, KOTOpPBIE JaBHO W3BECTHBI.
OKCIIepUMEHTATOPHI HAIYTIAIA XapaKTepHBIE TapaMeTPhl U YCIOBHUS
HOSP, mozBonsiiomue Ha CErogHs WX YBEPEHHO U CTaOWIBHO
BOCTIPOM3BOJIUTh, a TEOpEeTHYecKoe OOOCHOBaHHE CTpajaeT
9K30THYECKUMHU BBIITYMKaMH.
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ITapxomoB Amekcannp I'eoprueBud B COOpHHKE TPYIOB
PKXTAullIM-26 nHanmoMHHI 00 OJHOM W3 OCHOBOIIOJIATAIOIINX
Hay4YHBIX IPUHIMNOB, NpuHIuIne "bputea Oxama". OueHb MoOJIE3HOE
HaIllOMHUHAHUE.

Hanpumep, XononHbld sIIEpHBIA CHHTE3 HE MPOTUBOPEUHUT
TEPMOSIEPHOMY CHHTE3y. 3/1eCh TaK K€ HeOoOXOAMMO MPEeOI0JIEHHE
KYJIOHOBCKOTO Oaphepa OTTAIKHBAHUS TOJIOXKHUTEIHHO 3apsHKEHHBIX
NETKUX siAep IS X CONMKEHHS Ha pafnyc ACUCTBUS SIIEPHBIX CHIL.
Pasanna 3akmrodaercss B cmocobax o0ecriedeHds HHUIUAINH
SOCpHOW peakumu cuHTe3a. B ropsueit mnasme  Oonblue
KOHIICHTPAIUS YacTHUIl, OOJIAJaroIuX DJHEPruei akTUBAIMHM, a B
KaBUTHUPYIOMIEH Bosie OOJNBINE TUIOTHOCTH JIETKUX SIEp - MUIICHEH,
COTIOCTaBMMAs C TUIOTHOCTBIO SJIEp MHUILIEHEH B MOMEHT B3phIBa
BOJIOPOTHON OOMOBI.

[IpakTudeckn Bce 3HAUMMBIE IJIs1 Pa3BUTHS OOIIECTBa HAy4YHBIC
OTKPBITHA OBUIH CHIETaHbl HE B PE3YJIbTAaTe YbHUX-TO MPEABUACHUN, a
B pe3yJIbTaTe Pa3BUTHS NMPAKTHUKH, CO3MIAIONICH YCIIOBUS MIPOSBICHHS
("ame BcCero HEOXHIAHHOTO) HOBBIX HAydHBIX 3¢¢ekToB. YacTto
cipImuM 00 OTKPBITHH TUTaHeThl HenTyH Ha KOHYHMKe Tiepa, HO IpH
3TOM HE JEeNaeTcsl ymop Ha TO, YTO 3TO CTaJI0 BO3MOXHBIM IOCTE
n300peTeHNs TEIECKONa U IECATUICTUI HAOMIOACHNUS 32 IBHKCHUEM
TUTAHET COJTHEYHOW CHUCTeMBbI. MM, Kak 4eIoBEeK MOT MPOMBICIHUTH
CYIIECTBOBaHHUE MHKPOOPTaHU3MOB 0e3 M300peTeHHsi MUKpOcKomna?
Takux mpuMepoB Macca M K X YHCITYy OTHOCSTCS CBEPXCIUHUIHOCTD
U (OHOITIOMHHECLEHINS, OTKPBIBAIOMINX JBEPH ISl XOJOIHOTO
SIIEPHOTO CHHTE3a B yCIOBHAX KaBUTaWW. K WX YHCITy OTHOCHTCS
TaKk e SBJICHHE XOJIOAHOM TPaHCMyTallus HOBBIX 3JCMCHTOB.
SIBNeHMEe HEWTPOHHOW TpaHCMyTallMu sep, HaOMgaeMoe B
OMoJIOTHYECKHX cUcTeMax U peakTopax A. Poccn u A.T'. Ilapxomosa,
BO3HHMKAIOT BCJECICTBHE HABOJOPOKEHHOCTH TMOBepXHOcTe. B
(U3NUECKUX YCIIOBHAX MOBEPXHOCTHOH HABOAOPOKEHHOCTH aTOM
BOZIOpOJIa COBEpIaeT KBAaHTOBBIN MEpPexXoa B COCTOSHHE HEUTPOHA,
JAaBHO M3BECTHHIN U M3YUCHHBIM B KBAHTOBOH (U3HUKE. ITOT MPOIIECC
BBI3BIBACT TPAHCMYTAILMIO W30TOIMOB M 3JEMECHTOB IO W3BECTHBIM
3aKOHaM HEHTPOHHOM (DU3MKH.

HoBeie ¢usndeckne sBICHHUS SACpHON (U3UKH, BCKPBITHIC
AKCIIEPUMEHTATOPaMH, HE IPOTHBOPEYAT YCTOSM SICPHON PpH3uKy, a
JOTIONHSIOT €€, OTKPBHIBAIOT HOBYIO cTpaHully. OcoOblii 3¢ dexT
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HOBbIC (DM3MYECKHE SBIICHUS OOCHIAIOT B TOWCTUHE MPOPBIBHBIX
TEXHOJIOTHSX, OOCCIEUYMBAIONINX  DHEPTETHYECKOEe  H300mIIne,
9KOJIOTHUYECKYIO 0€30MacHOCTh M MaccOBOE NMPOU3BOJACTBO PEIKUX
anemMeHToB. (OO0 3TOM  BBIJAIOIIMECS  JKCIIEPUMEHTATOPHI -
TIEPBOIIPOXOIIBI 3asBISUTA U3HAYATIBHO.

Ha cerommsmHmii A€Hb, TpH HAIWYAHA SBHBIX YCIIEXOB
sKcriepuMeHTaTopoB, mporecchl XTS n XSAC wabmomaroTcs Ha
TpaHH CBOETO TPOABIEHHUS M CTAa0MIBHOCTH. OTO 3aTpyIHSET
BEISIBIICHUIE YIPaBIISIONIIX napaMeTpoB MIPOIIECCOB u
COOTBETCTBEHHO WX TIOHUMaHWEe M WHTCHcH(HKamuoo. OTor
CUTyaIlell KaK BCer/ia TMOJb3yeTCs Ta YacTh TEOPETUKOB, KOTOPBIC
TOTOBBI TI0 BCSIKOMY YAOOHOMY (M HE OYEHb) MOBOIY IPEICTaBHUTH
HOBYIO (DM3UKY, HE OCTABJIAIOIIYI0 KaMHs Ha KaMHE OT ctapoil. Hy
KaK MHHUMYM U3 CTapod ()U3UKU BBIBECTH HEUYTO TAKOE, YTO cTapas
¢dbm3uka mepectaér ObITH MoOxokel Ha cebs. Ha mpumepe XTA m
XSC aTo Takke mposiBHIIOCh. CHTyaIus TOIBKO 3aITyTaiach.

AHanu3 HOBBIX SIBICHMH sAOepHOH (U3MKM Ha OCHOBE
HaKOIUIEHHBIX K 70-bIM TO/JaM MPOIUIOTO BEKa 3HAHWN MTOKa3bIBAET
WX TIOTHOE€ COOTBETCTBHE 3THUM 3HAHMAM. Bcsi HOBM3HA CBs3aHa CO
BCKPBIBIIIUMUCS B TIPOIECCE PA3BUTHUS MPAKTUKU HOBBIX (PH3UUECKUX
YCIIOBUH, TP KOTOPBIX paHee ciiadbie 3(Hh(HEKTHI MONTYyYHIH YCUIICHUS
Y U3BECTHBIC SICPHBIE PEAKIUU CTAJIU MPOSBIATHCS MHTEHCUBHO. B
¢usnueckux ycioBusix kaBuTauuu, d¢¢ekra CITI Ymepenko u
JNEHTEpUPOBAHHBIX METAIUIOB BO3HHKIIMA YCIOBUS JOCTATOYHEIC IS
peakuuii cuHTe3a. B (u3mueckux yCIOBHSAX HABOJOPOKEHHBIX
MMOBEPXHOCTE BO3HHUKIINA YCIOBHS JOCTATOYHBIE ISl HHTEHCUBHOTO
SIIEKTPOHHOTO 3axBaTa B aTOME BOAOPOAA. OJTO TPUBEIO K
WHTEHCUBHOMY  TPOM3BOACTBY  CBOOOJHBIX  HEHTPOHOB H
MHOT000pa3HI0 HEHTPOHHBIX PEAKITHH.

®dusnka Hayka dKCrepuMeHTalbHAsA. K yCTOSBIIMMCS 3HAHUSAM
BpeMs ~ OTHOCUT T€, 4YTO MHOTOKPaTHO  IOITBEPXKICHBI
SKCIIEPUMEHTAIIBHO WM BOIILIN B TIPAKTUKY HOBBIMHU TEXHOJOTHSMHU.
K »Tum 3HaHMSIM HEOOXOAMMO OTHOCHUTKECS OepekHo. Koneuno, u
AKCIIEPUMEHT W TMpPaKTHKa UMEIT CBOM TIpaHulsl. Ho maxe xorma
BO3HHKAaeT HEOOXOAWMOCTh BBIXO/JAa 3a TPAHUIIBI YCTOSBIIUXCS
3HaHWH, YTO €CTECTBEHHO /IS DAa3BUTHS HAyKH, HEOOXOINMO
BKJIIOYATh CTapble 3KCICPUMEHTAIBHO JOOBITHIC 3HAHWS B HOBOC
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yUeHHE KaK YacTHBIN Ciydail. ITO OHa W3 aKCHOM COBPEMEHHOM
METO/TOJIOTUH TTO3HAHUSI.

TpyaHocTH ¢ BOCHOPUSITHEM U MPU3HAHUEM JOCTHXKEHUU
uccaeaoBarenei XonoaHoro siaepHoro cunresa (XSC) u xomonHou
TpaHcmyTtauu sagaep (XTS) cBsizaHbl HE TOJIBKO C OTCYTCTBHEM
JNOJDKHOTO (DMHAHCHPOBAHWA ¥ COOTBETCTBEHHO HAJJICKAIIETO
OCHAIICHHSI WCCIIe0BaTeIbCcKuX Jabopatopuit. He Tompko ¢
HarpoMOXXJICHUSIMH TEOPETUUECKOM 3K30TUKHU. K uuciy TpyaHocrein
OTHOCHUTCSA B YHCJE MPOYMX M HE YCTOSBIIASCS TEPMHUHOJIOTHS U
MyTaHUIa B UCIIOJIb30BAHUU TEPMHUHOB. ABTOPBI, OMUCHIBAsI OJHO U
TOXKE SIBJICHHUE, HA3bIBAIOT €r0 TO CHUHTE3 sJEp, TO TPaHCMyTalus
snep. llmpoko mnpuMeHAETCSs TEPMHUH HHU3KO DSHEPreTHYECKUE
snepable peakiuu (HOSP - LENR), roBopsaT o HH3KONMOPOTOBBIX
peaKIusX.

CnoxaocTh aHaym3a dkcrnepuMenToB o XSC u XTSI cBsa3ana
eml€ ¢ TakMM MOMEHTOM. Peaknuy OIHOTO THIIA IOPOXKIAIOT
BCIICJICTBUE CBOCTO TEUYCHHMsI, peakiuu apyroro Ttuma. Hampuwmep,
peakmus XSIC, Kak ¥ TIOJNIOXKEHO PEaKIUHA CHHTE3a, MPOTEKAeT C
BBIJICTIEHUEM HEUTPOHOB. BriapenuBiuecs HEUTPOHBI
3aXBaThIBAIOTCSl OKPYXKAIOIMIMMH  SApaMd U 3TO MPUBOJUT K
peakuusam XTS. Ilocnenqnue MOTyT BBI3BaTh LIETIOYKY IPEBpAIICHUH,
B TOM YHCIIE HE HCKIIOYEHBI W peakuuu geneHus. OTciona u
MHOT000pa3ue MPOsSBICHUS U3TYUCHHIA.

Ceiluac TnaBHas 3ajaya HcclIefoBaTeNeld  BUAUTCS B
WHTeHCHU(DHKAIMM  TPOIIECCOB  DJJEKTPOHHOTO  3axBara  Ha
HABOJIOPOXKEHHOM TOBEPXHOCTH W BBIXO/a BBICOKOIHEPTETHYHBIX
YacTUI] B  YCIOBUAX KaBUTAUU  (THUAPOJWHAMUYECKOH U

aKyCTHUYECKOM) B LeTsIX YBEJIUYEHHS kodpduumenTta
CBEpXEIUHUYHOCTU. B KauecTBe cienyrollero mara HEoOXOIuM
9KCIEPUMEHTAJIbHBIN MTOMCK pabouero areHra T

HaBOJOPAXUBAHUS C Temreparypoll uHunuupoBanus HOSP B
npenenax 200 - 500 °C misa obGecriedeHns HAAEKHOCTH PEAKTOPOB U
y9€T 3aKOHOMEpPHOCTEH TeIulonepeaadyn 1o OalaHCHPOBAHUIO
TEIUIOBBIX TMOTOKOB. HeoOxomumMo wWccienoBaHHE —Pa3MuHBIX
KaBUTHPYIOIIUX CPEJl C LENbI0 BBIABICHHUS HanOOJee MOIXOISMIINX
s >bdexkruBHoro nposinenus XSC. OgHol W3 MPUYUH TLIOXOM
BOCIIPOU3BOAMMOCTU dKcrepuMeHToB no HOSAP Bumutcs manas
MOIITHOCTb SKCTIEPUMEHTAIbHBIX YCTAHOBOK.
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SnepHele  peakTOppl HAa  HU3KOPHEPIeTUYECKUX  SICPHBIX
peaknuax JenaroT SAEpHY0 SHEPreTUKY [0 HAcTOSLIeMY 3€J1EHOH U
6e3onacHoii. MoHM3Mpyomue u3nydyeHus UIMEIOT HU3KUH ypOBEHb U
JIETKO SKpaHupyroTcs. OTcyTcTBUE OONBIIMX OOBEMOB JEINSIIECrocs
BEIIIECTBA MCKIIFOYAeT BO3MOJKHOCTH KAaTacTpO(GUUECKHX B3PHIBOB U
3apa)KeHUsl OOJIBIINX TEPPUTOPHH.

TexHoNOrMM TpPOW3BOACTBA HU3KO3HEPreTUUECKHX SIEPHBIX
PEaKTOPOB LIMPOKO OCBOEHBI IIPOMBIIICHHOCTHIO U OOIIEIOCTYITHBI.

['maBHas 3amaga aBTOpa NMaHHON PabOTHI TMOKa3aTh, YTO HOBEIC
sapnernst aaepHor ¢usuku (XSAC m XTS) maBHO W HACTOWYMBO
HarlOMHHAIOLIHE 0 cebe, He MPOTUBOPEYAT YCTOSIM SAepHON (QU3UKH,
a HaIllPOTHB, CYILECTBEHHO €€ JIOMOJHSIIOT U YKpeIsitoT. OcoOeHHO
TEXHOJIOTMUYECKH.
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