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[Ipoeccop Bauaes A. B. (1934—2000)

«Ecau mme yoacmes ocywecmeumv Hekomopule ce0u
Meumul, mo 3mo Oydem Onsi Onaza 6cezo 4eno8e4ecmad.
Hemeonennwtii pesyarvmam — smo He yeav yuéHozo. OH
He Hadeemcsl, Umo €20 npoosunymule udeu 6yoym o0oopeHvl
cpazy. Ezo oonz — 3anoocume pynoamenm ons mex, Kmo
NPUOEm nocae Hac U Yykazamv UM nymbo».

Hukoua Tecaa.



IIpeaucaosue

YacTh TEeKCTa paHee yxke MyOnuKkoBasach B KHUrax «CTpyKTy-
pa MUPO3AHUS BCEJIEHHON» W» XOJIOJHOE IEKTPUYECTBO».

Xomnoaublil snepHbiil cuHTe3 uin XAC crienuanuctsl onpe-
JEJISI0T KaK PeaklMIo CIUSHUS aTOMHBIX SIEP B XOJIOJHOM BO-
JOpojie, HAllpUMep, MIOOHHBIM KaTajiu3. Bcé ocraipHOE MHO-
kectBo 3ppekToB (Oonee 4000 OTKPHITHIX MyOJIMKAIMiA), pe-
aKIUi U ABJICHWH, BKJIIOYAIOIIUX MTPU3HAKU pabOThl PeakTOpOB
dwimmoneHko, JHepronnBa A. B. Bauwaea, M. 1. ConuHa,
E-CAT A.Rossi, BeicTpensl C. B. Anamenko, K. Iloyngepca,
A. ®. Knagoga, JI. NI. YpyukoeBa U MHOTUX APYIrMX UMEHYIOT-
csa kak LENR. OObsACHUTD 3TH peakIuy B paMKaXx CYIIECTBYIO-
IMX KOHUENUMHI (PyHIaMEHTAJIBHOW S1I€PHOM (PU3MKHU HE YNAET-
cs1. IMeHHO, Takoe COCTOSIHHE 3TOTO BOIIPOCaA CITyYHIIOCh C pado-
TaMu yKka3aHHbIX aBTOpoB. Komurter PAH P® no mxenayke ! KoH-
CTaTUPOBAJ — UTO 31020 He MOdHcent Oblmb, NOMOMY YUMo He MO-
arcem Obime HUKo20a. Bot Takue apryMeHThl. Tak uiv npuMepHoO
TaK 3BYYaJIM 3aKJIIOUMTEJIbHBIC (PPa3bl IKCIIEPTU3 ITUX SABJICHUN
LENR, nanHble akageMukoM KpyrisikoBbIM.

Axanemuk PyGakoB Takske BHEC CBOIO JIETITY B STOT IPOILIECC:

«Ommanxusanue nPomoHos8, KOmopoe He no360asen s0pam
NPUOAUBUMBCS HA OOCMAMOYHO OAU3KO0e pACCmOosiHUe, HA3bl8a-

LA A Pyxamze. Cobbitist u mogu. M.: OOO «Hayurexmutuznar», MockBa
2016 rog, crp. 127—130. ISBN 978-5-93728-128-9.



emcsi KYAOHOBCKUM OApbepoM — U 8 MeEPMOSIOEPHBIX PeaKUusix
npeooonems €20 no3eonsiem memnepamypa 6 muaiuonsvt Keao-
BUHO08. B X0100HOM s10€pHOM cuHme3e Smux memnepamyp Hem —
CN€008aMeNbHO, HENOHSIMHO, 30 CUEN Ue20 Oapbep NPeoo0oNesa-
emcsi».

Bopwoa kommccuu mo mxkeHayke PAH P® ¢ xononubiM sinep-
HBIM CHHTE30M JaJia cBou Iionbl. bonee 30-Tu sieT OblM mom
3arperom oguiuaabHbie padoTsl Mo Teme LENR u XSIC B na-
6opatopusix PAH, a pedepupyemble KypHaJIbl HE PUHUMAIN
CTaThbM MO 3TOU TeMe. TOJIbKO HEJaBHO BCKPbUIACH AHAJIOTMY-
Has Bo3Hs ¢ XAC B CIIA B onmybnukoBaHHOM MemopaHny-
Me 1o XSAC nokropa KOmxuna Mannosa (Eugene F. Mallove).
3a 310 Bpemsi B MUPOBOM MaciliTade Hayajach MUPOBasi BOM-
Ha, norojioBHble youiictBa B 2004 (FOmxun Masios B CIIIA,
KnanoB A. ®.), tpans (BauaeB A. B., I'apees @. A. B OUAN,
Vpyukoes JI. 1. B KypuaroBckom uncrturyte), A. Poccu B Uta-
JIMU U JOBEAEHHUE JI0 CMEPTU MHOTHX YUEHBIX C MMOHEPCKUMU
padoramu o LENR. Ucrtopus ¢ . Kumm u H. Tecna, 3. I'paem,
T. MopeeM NOBTOpUJIach YK€ Ha COBpeMEHHOM 3tarie. Onsith
«3TH» KT'YT KOCTPBI 1 JIIOJIEH 32 HOBbIE 3HAHMUSI.

B takom ciyuae, kak ropopun I1. JI. Karuna?: — «Pazeumue
HAYKU 3aKAI04aemcst @ nom, 4mo 8 mo 6pems KaKk npasuiv-

2 1. JI. Kanmua. SkcnepumenT, Teopus, ITpaktuka. Crareu, Boicrymuienus. © Us-
narensctBo «Hayka», M., 1974 r., 288 crp. B atom coopuuke B cratbe «[IPOBJIE-
MBI KUOKOI'O T'EJIM», 11 a63ar ceepxy. Joknan va Obimem coOpaHun Axane-
mrm Hayk CCCP 28 nexa6ps 1940 r. Omy6nukoBaH B kypHasie «CoBeTckast HayKa»
Nel, 33 (1941).



HO YCMAHOBAEHHbIE IKCNEPUMEHMANbHBIE (PAKMbL OCMAIOMCS
He3b101eMbIMU, MEeOPUL NOCIOSIHHO UBMEHSIIOMCS, PACUUPSIONT-
cs1, coseputeHcmeyomes u ymoursiomcsi. B npouecce smozo paz-
BUMUSL Mbl HEYKAOHHO NPUOAUINCAEMCS K UCMUHHOL KAPMUHE
OKpYofcarouieli Hac npupoobl, NOHUMAHUE KOMOPOU HE0OXO0OUMO
0151 moeo, umoobl 8ce OoNee NOAHO 081A0e8AMb U YNPABASIMb
amoii npupodoil. Haubonee mouirvie moauxku @ pazeumuu meo-
puUU Mbl HAOAI00AeM moz0a, Ko2od Yoaemcsi Haimuy 3mu HeoHcu-
OaHHble IKCNepUMEeHmMAanbHble PaKkmol, Komopvle RPOMUBO-
peuam ycmaunoguswumcs 83eas0am. Ecau makue npomueo-
peuust yoaemcsi 008ecmi 00 OONLULOTE CIeNneHU OCIpPOonbl, Mo
meopust 001X4CHA U3MEHUMBCSL U, CAe008ANENbHO, PA3EBUMbCSL.
Takum 06pazom, OCHOBHBIM O8uzamenem pa3eumust (PusUKU, Kax
U BCSIKOUL OpY20li HAYKU, S6NS1eMCSL OMBICKAHUE SMUX NPOMUBO-
peuuil. Omcrooa Mol NOAY4AEM OCHOBY 05l 0O BEKMUBHOT OUEHKUL
Hayunozo docmudicerust. Haxoocoenue 6csikoeo H08020 s61eHUS
8 NpUpoOe HA0O OUEHUBAMb MEM ZHAUUMENbHEe, YeM OONblLe U3-
MEHEHUTi OHO MOdHCcem nompedo8amv Om CYWeCmeyrouux 8 OaH-
HOe 8pemsi 83215008 UM MEOPULI».

Hanexpl, Bo3/1araemble Y4EHBIMA MHOTHX CTPaH Ha YCKOPH-
TEJIU 3aPSKEHHBIX YaCTHII, C IIOMOIIBIO KOTOPBIX BO3MOYKHO ObI-
JIO y3HATh CTPYKTYPY aTOMHBIX sijiep He onpaBaaiuchk. [1o mue-
HUIO aBTOpa KHUTHU, aHAJIU3 PE3YIbTATOB YCKOPEHUS M CTOJIKHO-
BEHUH IMyYKOB JIEKTPOHOB, MPOTOHOB M APYTHX 3apsiKEHHBIX
YaCTUI] MPUBOIUT K TPYOSHIITM OITMOKAM ITPH MCIIOIb30BAaHUT
popmyatel 11t sHeprum ¥ mMacesl u3 CTO A. DuHinrenHa. Mac-



ChI B IPUPOJIe BOOOIIE HE CYIIECTBYET, a MposiBieHus 3¢ dekra
«MaCChI» Ha IOBEPXHOCTU 3€MJIM — €CTb pe3yJ/IbTaT B3AUMOJCH-
CTBHS I'PAaBUTALIMOHHOTO I10JI YaCTULIbI C LIEHTPAJIbHBIM I'PABU-
TAllMOHHBIM TIOJIEM sifipa IJIaHEThl U O030HBI XUITCa 37eCh HU
npuyéM. Pu3mnKa He MaTeMaTHhKa.

OTcroa BbIBOJ — HEO0OXOAUMO M3MEHUTH TEOPUH MO-
nejell atoMa M ero siapa Ha 0OoJiee MOAXOsIINe, KaK
A. ®. Knagos npuMeHsiJl KaneJbHYI) MOJAeJb siApa s
00BbSICHEHHs1 CBOMX Pe3yJbTaTOB IO XOJOJHOMY pacha-
Ay — CHHTEe3y XUMHYeCKHX U PaJll0AKTHBHbLIX 3JIEMEHTOB.

IIpu ucneitanusax peakropa E-CAT A.Rossi B 2011 —
2012 Ha e€ aBTOpa ¢ MOAOOHBIMYU 3aKJTIOYEHUSIMU U MaTeMaTu-
YEeCKMMU JIOKA3aTeIbCTBAMHU OOPYIIUJICS BeCh HAYYHBIA MHP —
€ro Ha3bIBAJIM MOILIEHHUKOM U YIOJIOBHUKOM, KaK U B CBOE Bpe-
ma 1. Kumu, H. Tecna, 9. I'pas, T. Mopes u MHOTUX Jpyrux,
KTO 3aMaxHYJICSl Ha YCTOSIBIIMECS KOHLENIMU U OCHOBBI (PU3HU-
ku. [Tocne 2012 roga, HayyHBI MUP HEMHOIO OCTBLI U JJaXe
CTaJl NOAJABATHCA UCKYILIEHUIO OKA3aThCs UyTh JIM HE B MIEPBbIX
panax 3ammTHUKOB LENR, a 3auactyio u moyyactBoBarb B CO-
aBTOPCTBE.

Cpenu Bcell Hay4yHOM 3ania{HOM IIIYMUXH U TPECKOTHU BOKPYT
XAC u LENR c 1989 rona B rmyoune Poccun, B Maraurorop-
CKe Ha 6a3ze M3BECTHOrO0 MeTaTypruyeckoro KoMOMHara Impo-
(eccop A. B. BauaeB pazpaboran yCTaHOBKY «DHEproOHHMBa»,
Ha KOTOPOM FeHEpUPOBaJl JIEKTPOIHEPTUI0, HAJIAIWI ITPOU3BO/I-
CTBO JIECATKOB KWJIOTPAMMOB 3apaHee CIUIAHUPOBAHHBIX XUMH-



YECKUX JIEMEHTOB U MPOBOAWUJI UCCIIEIOBAaHUS CBOMCTB CBOETO
XO0JIOJHOT0 IJIa3MouJa, UCTOYHUK ["DM]] kotoporo sBmsuI-
Cq1 aTOMHO-S1IePHbIM KOTJIOM M CO3JaBas BCE 310. IIpnuem
IIPOU3BOJICTBO JIEKTPOIHEPIruH Y HOBBIX XMMHUYECKUX 3JIe-
MEHTOB TIpoxonwio He Ha ADC-peakTopax ¢ pabOYMM TOpIo-
YUM U3 ypaHa, a U3 JUCTHJIMPOBAHHON BOJbl. DTa YCTAHOB-
Ka padoTasia Ha MPOTSKEHUH IECTH JIeT. BOT Bcero HECKOIbKO
dp: U3 OAHOTO KyOOMeTpa BOIbI (MJIM OIHOW TOHHBI) MOTyYa-
ercs 214 xr xene3a, 20 Kr mapraHua v Bbiessiercs 3,2 mera-
BaTT-4yaca 1ekTpo3Heprun. Kak nogcunran A. B. Bauaes, Ha pe-
AKIMIO XOJIOMHOTO SIIGPHOTO CUHTE3a OH M3PACXOI0BAT 5 KUJIO-
BAaTT, a Ha BBIXOJE MONyuns1 25 kuoBart. [lonydeHHbIN cepbiii
MOPOIIOK TIePETUIaBUIN B TEMHO-CEPYI0 HMIUHAPUIECKYIO 00JI-
BAHKY, HO TOJIbKO PACIWJIUTh €€ WK J1aXe Nolapanarb He yjaa-
BaJIOCh HUKaKUMU MHCTpyMeHTaMu. Pa3pe3arh OOJIBaHKY CMOT-
JIY JIMUIb 3JIEKTPOUCKPOBBIM METOJOM. XOJIOHBIN 1IEPHBIN CHH-
Te3 MO3BOJISIET B JIIOOBIX KOJIMYECTBAX MOTy4aTh HE TOJBKO BOJIb-
(ppam, matnHy Wi, ckaxeM, peHur, KoTopeid B 10 pa3 gopo-
ke 30510Ta. MOXXHO CHHTE3UPOBATH JIIOObIE 3JIEMEHThI TaOJTHIIbI
MenzeneeBa, B TOM 4YUCIIE €LIE HE OTKpPBITHIE. BeE 310 crano
JIMIIIb TIOBOJIOM [1J151 3ABMCTH U TPAaBJIM, [IPUBEAILIEH €ro K UH-
(papkry 1 cmepru.

IIpou3BoacTBO PHeprum. B Hacrosiee BpeMsi MPOU3BO/I-
CTBO SHepruu B OyayIlieM Bo3jiaraeTcs Ha YIpaBisieMblid TEPMO-
SIIEPHBIA CUHTE3. Y3Ke MIET MOArOTOBKA U CTPOUTEIbCTBO Pe-
akropa UTEP Bo ®panimuu. OgHako onepekaronuMy TeMIla-



MH UAET MOLOOHOE IBUKEHUE IO OCBOEHUIO Y TOHUMAaHUI0 XO-
JIOIHOTO SIIEPHOTO CHHTE3a BO MHOTMX Bedylux crpaHax. [o-
yeMmy npoucxonut Takoe? OTBET O4eBHIEH. 3HAHUE TOJIBKO 4,
9% cBOICTB BEILIECTBA UCKJIIOYAET ABMKeHUE Briepen. Kak nmoka-
3aJ1 aHAJIU3 YCIIEIIHbIX UCTbITaHui peaktopoB ConvHa, Bavae-
Ba, AlaMeHko, Ypyukoesa, [lloynnepca, Knagosa, Poccu u MmHO-
TUX APYIYX BbljeleHNe SHeprun Haudosnee 3(pheKTUBHO MPOUC-
XOIUT B KOHJIEHCHPOBAHHBIX KJIACTEpax C OMPEAEIEHHOW KpU-
TUYECKOW Maccor. AKTHBAIMs TPOIecCa HAYMHAETCS B TOUKE
U Pa3BUBAETCsI B OUEHb KOPOTKOE siiepHOe BpeMsi. Herpepsis-
HOCTh U aBTOHOMHOCTb MPOIIECCOB JAOCTUrAaeTCsl B MPOTOYHOM
pEKMME OJHOBPEMEHHBIM BO3/IEICTBUEM MEXAHUYECKUX U JIEK-
TPOMAarHWTHBIX JAedcTBUI SHeprun. Hanbosee nmpocTbiM u J10-
CTYITHBIM CHIPhEM TOTUTMBA SIBJISIETCS BOAA (TEXHUYECKasi, cOpo-
cbl paoakTUBHBIX 0TX0M0B ¢ ADC u T.1.). [Toatomy Hanbonee
NEPCHEKTUBHOM 7151 POMBIIILJIEHHOTO OCBOEHMS SIBJISIETCS Ma-
KET PeakTopHOM siueiiku Bauaesa. [l nonaepxxaHusi yCTon4u-
BOTO aBTOHOMHO Pa0OTAIOIIEr0 HEMPEPHIBHOTO PeKUMa TIPUMe-
HSIEMbIe CpeICTBA 00PA3yIOT €IMHYI0 CHHX POHU30BAHHYIO CHCTe-
My B3aMMHO-TIEPIIEHAUKYJISIPHBIX MEXaHUUECKUX U JIEKTPOMar-
HUTHBIX BUXPEBBIX MTPOLIECCOB B TOUKE PACIONOKEHUSI IENCTBY-
I0IIEM MUKPOIIIAPOBOM MOJIHMH. A BCE BMECTE B3aMMOJICUCTBY-
I0II[ME€ OIHOBPEMEHHO KacKaJHble MHOTO(OTOHHBIE TPOIECCHI
OT TOYKH JIO TIOBEPXHOCTU BCEro 00BEMa 00pasyloT JEHCTBYIO-
Y10 CHHEPIreTHKY PEAKTOPHOU STUENKU POXKIEHHS HOBBIX aTo-
MOB U3 IUIa3Mbl ATOMHBIX SIIEP U aTOMOB BOJIbl C MPUMECSIMU



JPYTrUuX BEUIEeCTB.

5 mapra 2015 roma B creHax BHUMADC B ero yecth ObLT
TIOCBSIIEH JIoK1a Ha TeMy «IlepepabdoTka paJnoaKTHUBHBIX
0TX0/I0B ¢ MOMOImbI0 peakTopa A. B. BauaeBa Ha 6aze
LENR», a Takke 4yeTbIpe JeKIUH aBTOpPa Ha TeMy «XoO-
JIOIHBIN sIIEPHBIA CHHTE3».

Ceftuac, omsAapIBasiCh Ha TPOIIEAIINE TOABI C BBICOTHI
2024 rona Ha JIOCTUTHYTHIE YCIIEXW MUPOBBIM HayYHBIM COOO-
IIECTBOM B COBEPIIIEHCTBOBAHUY TAKUX PEAKTOPOB, HEOOXOIM-
MO aKIEHTUPOBATh BHUMAHME BCEX YUEHBIX HA ITY YCTAHOBKY
«DHEProHUBY» U «DHEProHUBY-2». E€ 3HAUMMOCTh HaMepeH-
HO 3aMaJuMBalOT Ha 3anaje. Xoth npodgeccop A. B. Bauaes
U ObUT 9KCIIEPUMEHTATOPOM OT O0ra, HO €r0 YCTAHOBKY MOX-
HO CMeJIO Ha3BaTh OTKPBLITHEM BeKa, PAHTOM 3HAYUTEILHO BbI-
1Ie YeM OTKpHITHE JiefieHre ypaHa u sigepHor 6oMObl. 9TO ot-
KPBITHE CBOKCTB ypaHa cefiuac MopoXkIaeT TOJIbKO MPOO0JIeMbl
U Helpekpaiaoipecs apapun-karacrpodsl Ha ADC ¢ BbI-
Opocamyl pa/IMOAKTUBHBIX KJIACTEPOB B BO3MYX, BOIY, a TaKXkKe
U cepbE3HbIe IPOOIEMBbI BO BCEM MUPE C XpaHEeHHEM OTpabOTaH-
Hbeix TBIsoB. Peaktop BavyaeBa JMIIIEH BceX ITUX HEIOCTATKOB
Y CYIIIECTBEHHO OTJIMYAETCS METOA0M aTOMHOM U sIIEPHOM J1e3-
MHTETPaIiy OT BCEX CYIIECTBYIOIIMX, OOJiee TOro OH CIOCOOeH
eme U yTUIM3UPOBATh JIIOOBIE €r0 PaIMOAKTHBHBIE OTXOJIbI —
«moaMeTaThb moJi» B Xossiictee ADC, T.e. ynuutoxars KPO,
KaK B OTKPBHITOM, TaK U B 3amMKkHyTOM AJJEPHO-TOITJIMBHOM
[IUKJIE o6opora PAJIMOAKTUBHBIX OTXO/IOB B cucre-



me ADC.

N3 ananmmza yxe gevictyonmx peakropoB LENR cnenyer,
YTO MPOTOH-HENTPOHHASI (B TOM YK€ U JefITOHHASI) MO-
JieJIb aTOMHOTO sijipa HECIOCOOHa OOBSICHUTH UX paboTy U Me-
XaHU3M TIOJTyYeHUsI MPOIYKTOB MepepadOTKH.

Jl1g MccnenoBaHMM CTPYKTYPBl aTOMHOIO fIpa M KBapK-
IJII0OOHHOW TUTa3Mbl ObUTH MpeAHa3HAYeHbI camble I0POrocTo-
sillie YCTAHOBKY B MUPE U KOTOpPbIE 3aBEPIINIINCh CTPOUTEb-
crBoM BosbIioro agpoHHoro Kosaiiaepa.

BosnpIon axpoHHBIN KOJUTAUAEP YCKOPUTENb 3apPsKEHHBIX Ya-
CTUIl Ha BCTPEYHBIX IMy4YKaX MpeJHa3HAuYeH I pa3roHa IMpo-
TOHOB U TSIKEJbIX UOHOB (MOHOB CBMHIIA) U U3YYEHUS MTPOAYK-
TOB UX coynapeHui. Kosaiinep nocTrpoeH B Hay4yHO-UCCIIEI0-
BaTeJIbCKOM IIeHTpe EBporieiickoro coBera siiepHbIX UCCIIE10BA-
HuM Ha rpanuue [IBennapuu n ®panimu, Hepaneko oT Kene-
Bbl. BAK sBisieTcst caMol KpYIHOUM 9KCIIEPUMEHTAILHOM yCTa-
HOBKOH B Mupe. B cTpouTenbcTBe U MCCieloBaHUSIX y4acTBOBA-
m u ydactByioT 6onee 10 000 yueHbIX ¥ MHAKEHEpOB U3 Ooree
yeM 100 crpaH. bonblirM Ha3BaH U3-3a CBOMX pa3MEpOB: JJIH-
Ha OCHOBHOTI'O KOJIbLIa YCKOPUTEJIsI COCTaBIsAET 26 659 M; anpoH-
HBIM K3-32 TOTO, YTO OH YCKOPSIET apOHbI; KOJUIAlIEpOM U3-32
TOrO, YTO MyYKH YACTHUI] YCKOPSIOTCS B MPOTUBOMOIOKHBIX Ha-
MPaBJICHUSX U CTAJIKUBAIOTCA B CHEIUATBHBIX TOYKAX CTOJKHO-
BeHUs1. B yckopuresie cTaJIKMBalOT MPOTOHBI C CyMMApHOM SHEP-
rueii 14 T3B, a Takxe siapa CBUHIIA.

Onucanne pa6orsl BAK ¢ nporonamu.



ATOMBI BOIOpOJA MOCTYHAIOT CTPOrO J03WPOBAHHBIMU TOP-
IUSIMU B Kamepy JIMHeHHoro yckoputels (poto? 1), Tam oT HUX
OT/EJIAIOT IEKTPOHBI, OCTABJISAA TOJIBKO S/1pa BOAOPO/A.

5.BAK

1.JIuneiineiii 2 Bycrep 3. im]umu,lii

YCKOPHTCIIL HakDNHTEIL CHHXPOTPOH
TPOTOHOB

v=10,999999,
1y, = TO00my,
E,=7TB
1=27Km

4,('\.110}]1 k:
& [POTOHFbI
& CHHXPOTPOH

Yucno crycrkos 2808

Yuneno nporonos 100 mapa
v=013% v=091¢ v=09%%

Uueno crnoxnosennii 20,
Fuepronorpednenne 180 MB1

I1=15Tm 1=628m =Tk

®oto 1. Cucremsl yckopenust rpotoHoB Ha BAK.

[TpoToHBI HECYT MOJIOKUTEIbHBIN 3apsijl, UTO MO3BOJISIET MPU-
JaBaThb UM YCKOPEHHE IPU MOMOIIY 3JIeKTpudeckoro nosis. Ot-
ciofia POTOHBI OYYT IBUTAThCS CO CKOPOCTBIO paBHOM 1/3 cKo-
poctu cBera. Temepb OHM TOTOBBI MOCTYIUTh B OycTep WM
BO BTOPYIO CCTEMY YCKOPEHHsI TPOTOHOB.

Y10oOBI MAKCUMAJIBHO OBBICUTD IUNIOTHOCTh ITOTOKA YaCTUL] X
pa3aessaioT Ha 4 YacTH, KakJast U3 KOTOPBIX MOCTYIAET B OT/Eb-
HOe KoJbLIo Oyctepa (Hakomutesns). JInHeiHoe ycKopeHue 31ech
yke He 3(p(EeKTUBHO, MOITOMY PUMEHEHO JBMKEHHE MO KpY-

SCn. Kysuenosl'. H. ynkuuB. H. 3a6aes. YCKOPUTEJIN 3APSKEHHBIX

YACTULL. r. Tomck. M3parenbctBo TOMCKOro MOMMTEXHMYECKOTO YHHMBEPCUTETA
2011, crp. 45.



Iy JJIUHHOM TyTH 157 MeTpoB. UToObI pUAaTh yacTuiiaMm 0osb-
IIyI0 CKOPOCTb, OHU MPOXOJSAT MO KPYry MHOTO pa3, IpU 3TOM
Ha HUX BO3AEUCTBYIOT MYJIbCUPYIOIIUM JIEKTPUUYECKUM IOJIEM.
MouHble MarHUTHl MOMOTAIOT MPUAATh YaCTUIIAM HYXKHOE Ha-
NpaBJieHWE U yAepKaTb UX Ha KpyroBoil Tpaektopuu. Kosbiie-
BOW YCKOPHUTEJIb pa3roHsieT MpoToHbl 40 91,6% ckopoctu cBeta,
NPy 3TOM coOMpaeT UX B IUIOTHBIM My4ok. [locie atoro yactu-
bl U3 4 KoJIel] COOUPAIOTCsl BOEAWHO U MOCTYTAIT B MPOTOHHbIN
CUHXPOTPOH — 3Ta TPEThsI CUCTEMA YCKOPeHUsl IpOTOHOB. [1po-
TSKEHHOCTh CUHXPOTPOHA 628 METPOB 3TO pacCTOSIHUE MPOTO-
HBI NTPOXOIAT 32 1,2 ceKyHApl, pasroHssAch 10 99.9% ckopoctu
ceeta. MIMeHHO 371€ech gocturaercs Touka nepexopa. K sHeprum
JBVKEHU ST YaCTUIL T0OABIISIETCS SHEPTH ST JIEKTPUUECKOTO OIS,
HO 3TO HE NPUBOAMT K AAJIbHEHILEMY pa3roHy, HOTOMY YTO 4a-
CTULBI YK€ MOYTU JOCTUIIIM MAKCUMAJIbBHO BO3MOKHOIM CKOPO-
cru cBera. Ho B pe3ysibTaTe Takoro BO3AEWCTBUS YBEINUMBAET-
Ccs1 Macca MPOTOHOB, €CJIM TOBOPUTh KPATKO, TO IPOTOHBI HE MO-
I'YT YCKOPATBCS, a CTAaHOBATCA Tsikenee. Ha aToil cragum sHep-
T'Us KaXJIO0W yacTulpl paBHseTcd 25 I'9B, npu 3TOM IPOTOHBI
CTAHOBATCA B 25 pa3 TsKeJiee YEM B COCTOSIHUM MOKOSI.

Tenepp HaunHaetrcss 4 cTaausi CUCTEMbl YCKOPEHMSI MPOTO-
HOB. IIpOTOHHBIN CYNEpCMHXPOTPOH — OIPOMHOE 7-MH KWJIO-
MeTpoBoe Kojblo. Ero 3agaya yBelIn4yuTh SHEPruio MPOTOHOB
1o 450 I'SB. [lanee my4ku MPOTOHOB OYAyT TOTOBHI K IEepeMe-
IIIEHUIO B OOJIBIIION aJIpOHHBIA KoJUTaiaep. B Hem mposoxkeHs
JB€ BaKyyMHbIe TPyOBI, IO HUIM B IMPOTHBOIIOJIOKHBIX HAITPaB-



JICHUSIX, JABMKYTCSI Iy4YKU NPOTOHOB. [lpu momoru cnenuanb-
HBIX YCTPOWCTB HOBBIE TIOPIIMU MPOTOHOB MOCTYIAIOT B TPYOBI
TaK, YTOOBI HE MeIIaTh IBMKCHUIO yKe 3arpyKEeHHBIX Ty/a My4-
koB. [lo ogHOIl TpyOe yacTuIlbl ABUXKYTCS MO YACOBOW CTpe-
KM, a TI0 IPYTOd — MPOTUB. DT TPYObl MEPECEKAIOTCSI B YEThI-
pex MecTax, Ije YCTaHOBJIEHBI IeTeKTOphl. iIMeHHo 371ech mpo-
TOHBI MOJKHO CTOJIKHYTh JIPYT C APYTrOM. DHEPrusi CTOIKHOBEHHM S
B [IBa pa3a IPEeBbIIIAET 3a1ac SHEPIrUM KaxJ0ro MpoToHa. B Te-
YeHue nojiydaca B KoJuiaiaep nocrymnaior okono 2800 nopuuit
yactull. Bce 310 Bpems Kojutaiiiep NpuaaeT IOMOTHUTEIbHYIO
9HEPrui0 YacTUIAM JIBUTAIOLIUMCS TOYTH CO CKOPOCTBIO CBETA.
Kaxyo cekyHay MpOTOHBI MPOXOAAT 27 KUJIOMETPOBBIA KPYyr
u 6onee 11 ThICAY pa3 MOCTOSIHHO TOTYYasi, UMITYJIbChI YCKOPSI-
IOILIETO MEKTPUUECKOTO MOJIsl. DHEPrusl KaxI0ro MpoToHa yxke
coctasiisier 7 TaB, a macca B ceMb ThICSY pa3 00JIbllie HOPMaJb-
HOW.

Teneps MPOTOHBI TOTOBBI K CTOJIKHOBeHMIO. Harpassiommii
MarHuT oOecreuynBaeT HeOOXOAUMYIO ISl STOTO TPASKTOPHIO UX
nBukeHus. OOIasi SHEPrusl JBYX CTAIKUBAIOIIMXCS MPOTOHOB
paBHa 14 T3B. Bcmuieck (poto 1a) OT CTONKHOBEHUSI MOKHO Ha-
OoaTh B T€YEHUE IBYX CEKYH/I.



doto 1a. Berieck OT CTOJIKHOBEHUS ITY4YKOB IIPOTOHOB.

TpaeKkTopuM BbIAEIMBIIMXCS B Pe3y/IbTaTe CTOJKHOBEHUS Ya-
CTHUI aHAJIM3UPYIOT KOMITBIOTEPbI, K KOTOPbIM MOJKJIIOYEHBI JIe-
TEKTOPBI.

Pe3yabTartel. TpexmepHsblil nOpTpeT NPOTOHA

YeTpolicTBO POTOHA MO-TPEKHEMY OCTaeTcsl OJHOM U3 ca-
MBIX MHTEPECHBIX U JI0 CHX MOp HeonpeaeJéHHbIX TailH B pu-
3UKe 3JIeMEHTapHbIX YacTull. bosee Toro, B mocjeaHue rojpl H-
Tepec K Hell CHOBa BO3POC, IOTOMY UTO (PU3UKH MOHSIIH, KaK To-
JYYUTDh «TPeXMePHBI» MOPTPET OBICTPO ABHKYIET0CSsI TIPO-
TOHA, KOTOPbII OKAa3aJiCsl TOPa3I0 CJIOKHee MOpPTPeTa Helo-



JBHKHOTO IPOTOHA.

3anauu. VccnenoBanusi kBapk-rimooHHou miasmel (KI'TI) —
9KCTPEMAJIbHOTO COCTOSIHUSI MATEPUU — SIBJISIIOTCSL OIHUM U3 OC-
HOBHBIX HampajieHuid padotsl BAK. K 3toii 3agaue no6aBuioch
UCCJIEJOBAHUE MPUPObI CUJIBHOIO B3aUMOJEICTBUS €I B Ofl-
HOM KpyrnHoM HayuHoM mpoekte LIEPH Ha ycranoBke NAG61/
SHINE.

SkcnepumeHT ALICE myTem J00OBBIX CTOJIKHOBEHUH YiIb-
TPAPENISITUBUCTCKUX S/IEp MO3BOJISIET BOCCO3[aTh MPOLIECC MO-
SBJICHUS KBapK-IIOOHHOM IUIa3Mbl. YcraHoBka ALICE — ato
OrpOMHBIN (pu3MYecKkuid nMpuoOop, BKIIIOYAOIIMI B ceOsi Oosee
20 gerexTopHbIx cucteM. [1o pa3mepy oHa cornocTaBuma ¢ JOMOM
BbICOTOM 16 1 1MHO# 26 MeTpoB, BecUT 10 ThICSY TOHH U PacIo-
JlaraeTcst Ha TiIyOrHe 56 MeTpoB TOJI 3eMJIell B OIHOW U3 TOYEK,
I/1e epeceKaloTcsl MyYKy IPOTOHOB U sijiep, yckopsiembix BAK.
C 2008 mo 2018 rog ALICE crabunpHO padoTana Ha Mydkax
Bonblioro agpoHHOro Kosiaiaepa 1 Bejia perucTpalumio CTOJK-
HOBEHHUI KaK MPOTOHOB, TaK U siiep CBUHIIA, PA30THAHHBIX TO-
YTH JI0 CKOPOCTH CBETA.

Bropoii (¢pyHnamenTabHBIN HayuHbIl 9kcriepuMmenT LIEPH, —
310 NA61/SHINE (SPS Heavy Ion and Neutrino Experiment)
Ha IIporoHHoMm cynepcunxporpone (SPS), omHOM u3 ycko-
putenbHbIX Kosell BAK. B skcniepumente u3yvalorcst aipoH-
Hbl€ KOHEUHBIE COCTOSIHU S, BOHUKAIOIIIME ITPU B3aUMOJIEICTBUU
Pa3JIMYHBIX YaCTHIl MydYka (TIMOHOB, MPOTOHOB W siep Oe-
pWLUINSA, aprOHa U KCEHOHA) C MHOXECTBOM (PMKCHMPOBAaHHBIX



snepubix muiieHeir. B NA61/SHINE pa6oraior 140 ¢usukos
u3 14 crpan u 28 nHCTUTYTOB. OCHOBHBIE LIEIM IKCIIEPUMEHTA
NA61/SHINE — uccnenoBanue npypobl CUIBHOTO B3aUMOJEH-
CTBHUS, ITOUCK KPUTUYECKOU TOUKH SAAEPHOU MaTEpUU.

JlaHHbIE, MTOTyYEHHBIE OT CTOJIKHOBEHUIN BCTPEYHBIX ITyYKOB
SIEp 30J10Ta M CBUHIIA (CXeMa SKCIIEpUMEHTA — BHELITHEE BO3/IEH-
CTBUE SIAPO-SJIPO C OTKJIMKOM POXKJCHUS «CKaTasi-pacrllaBlieH-
Has» KBapK-IJIIOOHHAs IU1a3Ma), a TaKXke IIy4YKOB 30JI0Ta U JIEU-
TepHsi, BO MHOIOM IPOTMBOPEYMBBI U IO CUX NOP HaXOXATCSA
B CTQ/IMU MOKMCKA OTBETOB HA BOIPOCHI:

— yZaJ0Ch JIM MIPU CTOJIKHOBEHUSIX si/IEp CBUHLA WM 30J10Ta
CKaTh BEIIECTBO A0 00pa30BaHuUs KBAPK-ITIIOOHHOM IUIa3Mbl?

— Ul MCCNIEIOBaHUsl YETHOCTU B KBAapK-IVIIOOHHOM IL1a3Me
M3yJajoch ABWKEHHE 0Opa3yoIIUXCsl MUKPOYACTUI] BO BHEII-
HEM MarHUTHOM I10JIe, CO3[JaBa€MOM MarHUTaMH JeTeKTopa,

— KBapKM pa3jIMYHBIX «apOMaToB» IO-Pa3HOMY OBHMKYTCS
B MarHMTHOM TI0JIE,

— MOYeMy TaK MPOTUBOPEUYMBO BEIYyT CeOsl «CTPyH IEepexo-
JIOB MOHbI-a/IPOHBI-KBAPKU-TJIIOOHBI» ?

— HeoOXoAMMOe BpeMsl PEerucTpalyu CjIef0B 3TOW HeyloBU-
MOU (hOPMBI UPE3BBIYAMHO TOpsTUEi M TIJIOTHOM sIIEpPHOM Mate-

pHU COCTABJISIET BEIMUMHY TIOPSAAKA 10723 CEeKYH/IbI,

— YaCTHUIIBl POXKAAIOTCA O0Jiee MHTEHCUBHO, YeM OXHAAJIOCh,
a craaus ux poxaeHus B cryctke — fireball pmurcs 3naum-
TeJIbHO MEHbIIIee BPEMsl, YeM MPEICKA3bIBAIOCh TEOPETUUECKU;
TaKXke, BOMPEKU pacueTaM, CTausl POKICHUS YaCTHUI] YKOpaUH-



BAETCsI C YBEJIMUEHUEM SHEPruH,

— HAWAEHHI M OOeIaHHble 0030HBI XUITCA C MacCor 125 mim
2477 3B, OTBEYAIOIIME 32 MACCY IEMEHTAPHBIX YaCTHll, U SIBJIS-
eTcsl I 5S—O6 CUTM MPeBBITIeHU S HaJl CTAHAaPTHOU OIIIMOKOM J10-
CTOBEPHBIM PE3YyJIBTATOM OTKPBITHS STUX HOBBIX YacTHIL?

— KaKoBa MPUPOJIa MaTepuH, CIIMHA, EKTPUUECKOTO 3apsiaa
JIEMEHTAPHBIX YaCTHII U aTOMHBIX sifiep?

HNrak pe3yabTaTbl OT BJIOKEHHBIX B CTPOUTEJLCTBO
u uccaeaosanusi B BAK koaoccaiabHbIX CpeicTB MHOXKe-
CTBa CTPaH 0o0Jiee YeM «CKPOMHBI», €CJIM He CKa3aTh 00-
Jiee CKeNnTHYeCKM.



BBenenne

B 2021 rony ucnomnunoce 60 et co OHA POXKIECHUS UAEU
JIa3epHOro TepMOsIAEpHOro cuHTe3a. Poquiack oHa B rosose Oy-
ayiiero HoOeneBckoro jaypeata Hukonast 'ennaapeBrnya baco-
Ba* u OblTa BrEpBBIE MYOIMYHO MM BBICKAa3aHa Ha 3aceJaHUM
[Ipesunguyma AH CCCP B 1961 rony, a yxxe yepe3 Tpu roga Teo-
PETUYECKU UM K& 0OOCHOBaHA.

[TorpedoBasioch emié YeThipe rofa HANpsKEHHOW padoThl,
u 18 anpensa 1968 roga Ha yHUKAJIBHOW YCTAHOBKE®, CO3AHHOM
B ®usnueckom uncrutyte M. I1. H. JleGenena, Obutn 3achukcu-
POBaHBI NIEPBbIE HEUTPOHHI.

[TpoBeneHHas cycTsi MOJIBEKA TIATEIbHASI IPOBEPKA Pe3yIib-
TAaTOB SKCIIEPUMEHTA MTOKA3aJIa, YTO 3TO ObLT XOJIOIHBIH Jla3ep-
HBIA SIAEpHBIA CHHTE3. UTO 3TO O3Hadaer? DTO O3HAYAET, YTO
18 anpens 1968 ropa rpynnoit Hukomnast bacosa BniepBbie B Mupe
C TIOMOIIIBIO JIa3epa Oblia OTyUeHa peakis X040 IHOTO si/iep-
HOro cuHre3a. B okraOpbckoM HOMepe «KypHasa SKcriepu-
MEHTAJIBHOU U TEOpEeTUYECKOU (pusmkn» — xypHaia Ilpesnan-

* Bacos H. T, Kpoxun O. H. «¥YcnoBus paszorpesa Iuia3Mbl U3Iy4eHUEM ONTHYE-
ckoro reHeparopa». — JKIT®. 1964. 1. 46. c. 171—175.

3 Bacos H. I'., 3axapos C. [I., Kpiokos I1. I"., Cenarckuii O. B., Yekanun C. B. Dkc-
HEPUMEHTHI 0 HAOJIOICHHIIO HEUTPOHOB NP (hOKYCHPOBKE MOIIIHOTO JIA3EPHOIO U3~

JIydeHus Ha oBepxHocThb aentepuna autus // Ipenpunt PUAH Ne63.1968; ITucsma
B JKOT®.1968. T. 8. C. 26.



yma Poccuiickoii akajeMnuy Hayk OblTa OITyOJIMKOBaHA CTaThs®,
B KOTOPOU aBTOPbI MPUXOIAT K TAKOMY HEOKUIAHHOMY U CEH-
CalMOHHOMY BHIBOAY. A Belb UMEHHO HalpaBjieHUe XOJIOIHOTO
SIZIEPHOTO CMHTE3a TIEPBBIM MPEOI0JIENO TIOPOT SHEPTOBBITOTHO-
CTH, KOTJIa SHEPreTUYECKUN PeakTop BBIIAET SHEPIHH OOJbIIIe,
9yeM TPATUTCS Ha ero 3amyck u padoty. Ero odurmansaoe npu-
3HaHUE TMPOMU3OIILIO CTPEMUTENILHO U 0e3 IIyMHBIX 3asBJICHUI
nocjie 22-i Mex1yHapoHOW KOH(EPEHIIUH MO siIEPHBIM UCCIIe-
JIOBaHUSIM B KOHJIECHCHPOBAHHBIX Cpe/IaX, COCTOSIBIIICHCS B UTa-
nbstHcKoM Accusu B ceHTsiope 2019 ropa. B dnonun, CIIA, Un-
nuu, Kurae, EBpocoiose, Kanane, IOxHoit Kopee Hauanoch ¢pu-
HAHCHPOBaHUE rOCY/IapCTBEHHBIX MTPOrpaMM M KPYITHBIX TTPOEK-
TOB 1O XoJjogHoMy cuHTe3y. Jlaxke Poccuiickuii ¢onn dpyHna-
MEHTAJIBHBIX WCCJIEIOBAHUN OOBABMII COBMECTHBIN ¢ Urtanuen
T'PaHT Ha UCCIIEIOBAHUS B 00JIACTH XOJIOJIHOTO CUHTE3a, TIPaB/a,
TIOKa ¢ KpaiiHe CKyIHbIM (DMHAHCHPOBAHUEM.

B nsToit crarbe nmkia Ixxonarana Tennen6ayma o 60po-Bo-
JOPOTHON MeuTe siIEpHOW SHEepPreTuku «B perieHnn mpooaeMbl
3QKUTAHUS SIIEPHOTO CUHTE3a MPOUCXOAAT 3aMETHhIe U3MEHe-
HUsD», MyOJIMKyIoIIerocs Ha rnopraiie Asia Times, paccka3bIBaeT-
s O TIOJTYYSHHBIX 3a TIOCJIEHNUE TO/Ibl pe3y/IbTaTax B OCBOCHUH
HEepa/IMOAKTUBHON PEaKINU sICPHOTO CHHTE3a «O00p + MPOTOH»
C TIOMOIIIBIO YJIBTPAKOPOTKHUX JIA3EPHBIX UMITYJIbCOB.

6 Bricoukuii B. 1., Kopamnosa A. A., Beiconkuit M. B. «OcobeHHoctr 1 Mexa-
HU3M I'eHepalyy HEUTPOHOB U APYTMX YaCTHI] B MIEPBBIX IKCIIEPUMEHTaX I10 JIa3epHO-
My cunte3y» KIT®D. Tom 158, Boir.4. crp. 645—651.



DKCcrepuMEHTaIbHbIE UCCeloBaHus ¢ KoHla 1990-x ronos
BBIJAIOIIErOCs KUTAUCKOro (pusuka Yxan L3e n npyrux yueHbix
YCTAaHOBUJIM SICHOCTb B KJIIOUEBOM MOMEHTE: B3aUMOJICHCTBHE
MEk/1y JIa3epHBIM UMITYJIbCOM M MUIIIEHbIO PE3KO MEHSIETCSI, KO-
raa JUIMHA UMITYJIbCa YMEHBIIAETCsl ¢ HAHOCEKYH/ (MUJUIMap/-
HBIX JIOJIEM CEKYH/IbI) 10 MMKOCEKYH]I (TPUJJIMOHHBIX JOJIEU ce-
KYH/Ibl) WM €ll€ MeHbllle. YrnomuHaemasi B ctatbe Ilonaepo-
MOTOPHAsI CUJIa, BbI3BaHHAS JIEKTPUYECKUM U MArHUTHBIM
TIOJISIMU JIa3ePHBIX UMITYJIbCOB, BBITIONHSIET CBOIO paboTy 3a/1071-
ro JI0 TOrO, KaK YCHEBAalOT Pa3BUTbCS HAIPEB U PE3YJIbTUPYIO-
1[1€ CUJIbI JABJICHUs], HO JIJIS1 9TOTO HYKHbI TMKOCEKYH/IHbIE WJTU
(peMTOCEKYHAHBIE Jla3epbl. A TOC/E HEAABHErO SKCIEPUMEHTa
Ha npaxckor ynazepHou cucreme Asterix (PALS) B Yemickoit

Pecnyomnuke, cooOmmaeTcst 0 pekopaHoM Bbixoze 10 1 anbga-ya-
CTHII, TOCTUTHYTOM 3a c4eT (DOKYCUPOBKH JIa3e€PHOTro Jiyya cyo-
HAHOCEKYHAHOU JJIMTEIbHOCTU U MolHOCThI0 600 [k Ha Mu-
IIeHW U3 HUTpUaa Oopa... [lokazaHo, 4yTO Takas yauBUTEIbHAS
uu@pa IOCTUTHYTA He 3a CYET TEPMOSIIEPHOr0 MeXaHU3Ma .
A 3a cuéT KaKoro Mmexanmsma?

B Oynyinieit sHeprocucreMe OCHOBHBIMA UCTOYHUKAMU JIEK-
TPUYECKOW M TEIUIOBOM SHEpruu OyJIeT MHOXECTBO pacripese-
JIHHBIX TIO CETM TOYEeK HeOOJBIIOW MOIIHOCTH, YTO B KOpHE
MPOTMBOPEYUT CYIIECTBYIOIIEN NMapajurmMe B aTOMHOM OTpaciu
HapaluBaTh €IMHUYHYI0 MOIIHOCTh SHEProOIOKa /IS CHYKE-
HUS YIEJIbHOM CTOMMOCTH KaIlBJIOKEHHU. B 3TOM OTHOIIEHUU
LENR ycTraHOBKUM O4YeHb TMOKHE U 9TO YKe ITPOJIEMOHCTPHUPOBA-



m M. U. Comun’, A. B. Bauae u A. Poccu, B TO Bpems, Kak
Jpyrue UcciaeaoBaTely MPOIOIKAIOT « YOUBAAIMb MUp>» HE3HAUU-
TEJIbHBIMU d(PPEKTaMMU.

Wtak, cemb HE3aBUCUMBIX 3KcIiepToB (mATh u3 11IBermu u aBa
u3 Wtanuu) npoBesiv UCHbITAHU ST BBICOKOTEMIIEPATYPHOT'O arma-
para E-Cat, cozmanHoro Angpea Poccu, u noareBepnuiau 3asis-
JIEHHbIE XapaKTepucTUKU. HaroMHuM, 4To nepBasi ieMOHCTpa-
mus annapara E-Cat, OCHOBaHHOTO Ha HU3KOHEPreTUYeCKON
saepHoil peakuuu (LENR) tpancmyrtaimn Hukeass B Menp,
cocrostack 10 niet Ha3azg B HostOpe 201 1.

OTa IeMOHCTpalUsl BHOBb, KaK M 3HAMEHHUTas1 KOH(EpeHIMs
dnevinmvana u [Toxca B 1989r, Bo30yauia HayuyHoOe COOOIIECTBO,
¥ BO30OHOBUJIO HEMPEKPAIIAIIIUNACS 10 CHX TOp CIOP MEXIy
npusepxkeniamu LENR u tpagunmonanucramu, spocTHO OT-
PULIAIOIIMMHU BO3MOKHOCTb MOI0OHBIX PEAKLIUHA.

Cnenyer HanoMHuUTh, yTo yke B 1992 rony M. U. Conun
CO3/1aJ1 IPOMBIILIEHHbBIN PEAKTOP 1Jisl IPOU3BOJCTBA JJIEK-
TPO3HEPIUY, MArHUTHOM, TEIUIOBOW U 3BYKOBOW SHEPIUM U KO-
T€PEHTHOrO 3JIEKTPOMArHUTHOIO M3JIy4yeHus, T.e. Ha 20 Jjer
panbiiie A. Poccu u 6onee coBepiieHHbIN, HO OCHOBAaHHbIN
Ha TeX ke (pusnueckux npuHImMnax MHorogoronHoro MK-uz-
Jy4eHUsl pa3orpeBoM TBEPAOrO Tesia JO BBICOKHMX TeMIlepa-
TYP, TP KOTOPBIX pabouee TeJo HACKIIIAeTCs 10 Mpejiesnia B IIeH-
Tpe 3TuM u3aydenueM DMB. Ha stom ke ¢pusznueckom npun-

" M. 1. Comun. «KBaHTOBbIt SIIEPHBII PeakTop JUIsl IPOU3BOACTBA NEKTPUIECKOH,
MAarHuTHOM U 3ByKoBO#1 3Heprun». ITatent PP No2 087951 ot 28.12.1992 ropa.



une padoTaeT XOJOAHBIA SIIEPHBIA CHHTE3 B JIa3epHOM MCKpe,
MIOJTYYEHHOU OT JIy4el KOPOTKOBOJIHOBBIX (POTOHOB MHOKECTBA
JIa3epoB, pa3MEUIEHHBIX Ha MMOBEPXHOCTU c(pepbl U HANIPABJICH-
HbIX B €€ ueHTp. OT1ciofa U onpeaeseHre Takoro KBaHTOBOI'O
SIIEPHOTO PeakTopa HOBOro oOpasiia (kak ero Hazan CosuH) —
(byHKIIMOHMPYET Kak 0ObEMHBIN PE30HATOP-AKKyMYJISITOP JIeK-
TPOMArHUTHOUN SHEPIUH, B Pe3yJibTaTe Yero TOCTUTAETCS BbICO-
kuit KINIJI — no 85% (KIIJL atomHo# anekTpocTanimu — 35%).
Heckonbko nozxe 31ot siaepHbiil peaktop M. Y. Conun ycoBep-
meHcTtBoBal [latenrom P® Ne2 173 894 or 23.08.1999 rona.
[Tomumo 3toro, CosuH MpHUILIEN €llle K OJHOMY OTKPBITHIO: IPU
SIEPHOM TPAHCMYTALIMU (XOJIOIHBIM SIIEPHBIA CUHTE3) HE TOJILKO
HaOJTI0/IaeTCsl KOJIOCCATBbHBIN BHIOPOC SHEPTUH, HO Y OJHU XUMHU-
YecKHe JIEMEHTHI TTpeoOpa3yloTcs (TPAaHCMYTHPYIOT) B IpyTHe.
B utore paboty aBropa noanep:xan Poccuiickuit @ong PyHaa-
MeHTaIbHbIX MccnenoBanuil v Beiaaul rpanT Ne96-03-34216a.
Tenepb ykazaHHas BbIllIE HE3aBUCUMAsl SKCIIEPTU3a MOATBEP-
1A, HU3KOSHEPreTUUeCKUe SiIEPHbIe PEakllMu CYIIECTBYIOT
Y TIO3BOJISIIOT T€HEpUPOBaTh TEIJIOBYK) SHEPrulo C YAEIbHON
mioTHOCTHIO B 10,000 pa3 6osnbiieit, yeM HeTEenpOILyKThI.
Anmapar E-Cat A. Poccu BbpabaThIBaeT TEIUIOBYIO SHEPTHIO
¢ yaenbHou MotHOCTHI0 440k B1/kr8. [I)1s cpaBHEeHUs, yembHas
MOIIIHOCTb 3HeproBbieieHus peaktopa BBIOP-1000 cocrasmsi-
et 111 kBr/a aktuBHOM 30HbI Uau 34,8kB1/kr Torumea UQO;.,

8 3. Mrnarosmu B. K., n.¢p.Mm.H., IHDP ONAMU, « I1paBsl 1 Te, KTO CUNTAET HAYKY
0 XOJIOIHOM SIIEPHOM CHHTe3€ JDKeHayKou ?», nokiaa B OUAN, r. [Iyona 09.10.2013



BbH-800 — 430kBt/n1 wim ~140kBt/kr torumBa. g razoBoro
peaktopa AGR Hinkley-Point B — 13,1 kBt/kr, HTGR-1160 -
76,5 kBt/kr, mia THTR-300 — 115 kBt/kr. Conocrasienue
9TUX JAHHBIX BIIEUAT/ISIET — YKe ceiluac yJesbHble XapaKTepH-
ctuku npororuna LENR- peakTopa npeBocxoasaT aHaJOTMYHbIE
napaMeTpsl JyUIlIMX CYIIECTBYIOIIMX U MPOEKTUPYEMBIX sIIEP-
HBIX PEaKTOPOB JiesieHus1. Ternepb 9Tu napaMeTpsl CJeyeT CpaB-
HUTb ¢ napamerpamu, nonyyeHHbiMu M. 1. Conunbim B 90 -e
TOJIbI.

HokTop A. A. Pyxanze® cnemyonmmM o0pa3om MOABOIUT UTOT
TakUM padoTam:

«H3 umerouguxcs Ha HACMOAUWUIL MOMEHM DE3YAbIMAMO8 Ce-
Ooyem, 4mo HUBKOIHepzemu1ecKue si0epHvle Peakuyuu — 35Mmo
He cuHme3 u He pacnao, d, No-UOUMOMY, HEKUe KONNEeKMUB-
Hble s10epHble NPeBPAWEHIUSl, KOMOpble NPOMeKarom npu SHepeu-
X HEOONYCMUMO HUSKUX 051 MEPMOSIOEPHLIX PEaKuuli U Oarom
UBMEHEHUEe U30MONHO20 COCMABA U DONbUOE MENN08bIOENEHIUEe
npU ROAHOM OMCYMCMEUU OCMAMOYHOU PAOUOAKIMUBHOCHIU. »

[lepen Tem Kak MeperTH K MEXaHU3MY MPOLIECCOB XOJIOHO-
ro si/IEPHOT0 CHHTE3a, HEOOXOAUMO BCIIOMHUTH O HEMOJIHOTE
MEXaHU3MOB CYIIIECTBYIOLIEH Teoprr (pOTOCHHTE3A.

doTocunres
Camoe HarJIsiIHO€ TIPE/ICTaB/IeHUEe O 3aKOHAX MPUPOAbI Jie-

? Pyxamze A. A., I'paues B. 1. LENR B POCCHH, POHCHUT | 2017 | TOM 9 |
HOMEP 1, 20.06 2017



MOHCTPUPYETCSl CaMOil TPUPOAON — 3TO (POTOCUHTE3 WU XO-
JIO/IHBINl AaTOMHO-MOJIEKYJISIPHBII pacna/-CHHTE3 C [Pou3-
BOJICTBOM CBOOOJIHOTO KHCJIOPOJa TOJ BHEIIHUM BO3/IEHCTBU-
eM (oToHOB cBeTa. OCHOBHBIM OpraHoM (hOTOCHUHTE3a SIBJISI-
ercsa mucT. OH aHATOMHMYECKU TPUCTIOCOONIEH K TOTIONIEHUIO
SHEpruv CBETa U aCCUMWISAIMM yriekucioTsl. [lnockast ¢op-
Ma JIucTa, 0OecreunBaoas OOIbIIOe OTHOIIEHUE IIOBEPXHOCTH
K 00BbEMY, TIO3BOJISIET O0JIee MOTHO UCIONb30BaTh SHEPTUIO COM-
HEeuHoro cera. Boma, HeoOxoaumMasi 11 IOAJEPKaHUS U TIPO-
TeKaHusl (POTOCUHTE3a, JOCTABISIETCS K JIMCThSIM M3 KOPHEBOM
cuctembl. Il oOmiero pocra pacTeHHWid, Kak OOIIEPU3HAHO
B arpoTEXHOJIOTMH, HEeOOXOAUMO JIMIIb TeTUlo, Biara, yaoope-
HUs ¥ cBeT. [loaTOMy MHOTO MPOTUBOpPEYMII B COBPEMEHHOM TEO-
pun (POTOCHHTE3A B YACTU YIACTHUSI M KOJIMUECTBEHHOTO OaaHca
C KMCJIOPOJIOM BBI3BIBAET YIJIEKUCIIBIN ra3 aTMocepsl (BCero To
0,03%).

W tem He MeHee BOT KaK OMUCHIBAETCS MEXaHU3M (POTOCHH-
te3a B CAII (¢poto16).

0CO> " oH>0 CB;—T CeH1206 % 00>
Ouokcunpg Bopa Yrneesopg Kucnopogp
yrnepopga

doto 16. IIporeccr porocuHTe3a (HOTOHAMU PACTEHUH U Jie-
PEBbEB, MPUBOJSIIMX K POCTY.



Ha mepBom 3Tamne mpoucXOnuT MOIJIOIIeHNe KBAaHTOB CBETa
NUTMEHTaMHM, WX Tiepexol] B BO30YXIEHHOE COCTOSIHUE U Tiepe-
Jlaya SHEPruM K JPYyruM MoJsiekyjJam (POTOCUCTEMBI (TUIACTOXHU-
HOHY).

Ha BTOpOM 3Tane nmpoucxoauTt pasiesieHue 3apsioB B peak-
LIMOHHOM ILieHTpe. MoJieKyna BOJbl TEPSIET JEKTPOH MO BO3-
JeViCTBMEM KaTHOHA-paJIiKajia, 00pa30BaBIIETOCs U3 MOJIEKYJIbI
xjiopodusia nocyie noTepy el CBOEro JeKTPoHA U Mepesadu
€ro IJIACTOXMHOHY Ha MEPBOM JTarle.

OOHOBpEMEHHO € 3TUM MPOLECCOM IMPOUCXOIUT Tepe-
HOC 3JIEKTPOHOB MO (POTOCUHTETUYECKOU IEKTPOHOTPAHCTIOPT-
HOM 1lenu, yto 3akaHuuBaeTcs cunresom AT® u HIAPH. Ilep-
BbI€ JIBA Tana BMECTE Ha3bIBAIOT CBETO3aBUCUMOMN CTaauen po-
TOCUHTE3A..

TpeTtuid 3Tan 3aK/I04aeTCs B MONIOIEHUU BTOPOM MOJIEKYJION
xJiopoduia KBaHTa CBETa U Nepeiaye eio IeKTpoHa (peppeiok-
CUHY. 3ateM XJIOpO(WLI MOTyYaeT MEKTPOH IOC/e 1eNU ero
NEPEMEILIEHUI Ha IEPBOM M BTOPOM 3Tanax. depperokcuH Boc-
CTaHaBJIMBAET YHUBEPCaIbHbINA BoccTaHOBUTe > HAID.

YeTBEPTHIN 3TAN MPOUCXOAUT ykKe Oe3 00s13aTeIbHOro yva-
CTHS CBETa W BKJIIOYAET B ce0s1 OMOXUMUUYECKUE PEaKIIy CUHTe-
32 OPraHMYECKHUX BEIIECTB C UCMOIb30BAHUEM SHEPIUM, HAKOII-
JIGHHOM Ha CBETO3aBHUCHUMOM CTAIUM.

B xone cBeToBoit ctagun OTOCHHTE3a 00pPa3yIOTCs BHICOKO-
sHepreTruueckue nponykTol: AT®, ciayxamuid B KJIETKE UCTOY-
HUKOM 3Heprun, 1 HAJI®, ucnonp3yoimumncs Kak BOCCTAaHOBU-



TeJb. B KauecTBe MOOOYHOrO MPOAYKTA BHIAESETCS KUCIOPO/.

Xopodwiim UMeeT 1Ba YPOBHSI BO3OYKICHUS: TEPBIA CBSI-
3aH C TIePeXofoM Ha Oosiee BBICOKMI SHEPreTHUeCKHid ypo-
BEHb IEKTPOHA CUCTEMbI CONPSIKEHHBIX ABOWHBIX CBSI3€M, BTO-
poll — ¢ BO30YXIeHUEM HECTIAPEHHBIX JIEKTPOHOB a30Ta U Mar-
HUs Op(UPUHOBOTO siapa. [Ipy HEeM3MEHHOM CITUHE JIEKTPOHA
(opmupyroTcs miepBoe U BTopoe Bo30YKAEHHBIE COCTOSHUS, TTPU
M3MEHEHHOM — TPUILIETHOE NIEPBOE U BTOPOE.

Btopoe B030yXIEHHOE COCTOsIHME HauOOoJIee BHICOKOIHEpre-

TUYHO, HECTAOWJILHO, ¥ XJIOPOHILI 32 10— "2%¢ MIEPEXOAUT C HETO
Ha riepBoe ¢ norepeit 100 K1k/MOJIb SHEPrUuU TOJILKO B BUE TeTl-
JIOTBI.

Ilepegaua sHepruM KMAET PE3OHAHCHBIM IyTEM (MEXAHW3M

dépcrepa) 1 3aHUMAET [1s1 OAHOM Mapbl MOJIEKYJT 10—1%—10~

12
C, paCCTOAHNE, HAa KOTOPOEC OCYHICCTBJIACTCA IICPEHOC, COCTAB-

aser okojio 1 Hm. Ilepenaya cornpoBokaaeTcss HEKOTOPBIMU TTO-
Tepsamu 3Hepruu (10% ot opHOro Thna xJ10poduilia K 1pyromy,
60% OT KapOTHHOMIOB K XJIOPO(UIILY), U3-32 YETO BO3MOKHA
TOJIBKO OT IUTMEHTA C MAaKCUMYMOM TOIVIOIIEHUS [IPY MEHbILIEN
JUTMHE BOJIHBI K TUTMEHTY ¢ Oonbliield. IMeHHO B TakoM mopsij-
K€ B3aMIMHO JIOKQIU3YIOTCS IUTMEHTBI, TPUIEM HanOoJiee JIJTNH-
HOBOJIHOBbIE XJIOPOUILTBI HAXOJATCS B PEAKIIMOHHBIX IIEHTPaX.
OOpatHblil epexos] SHEPruu HEBO3MOXKEH.

OpmHako TpU 3TOM OCTa&Tcsl HeyOeauTenbHBIM 0 MeXaHu3M

10 https://www.youtube.com/watch?v=gZp1 ChzCAHA



(porocuHTE3a B YaCTW U3MEHEHUs] U POCTa ATOMHO-MOJEKY-
JIIPHOTO BEIECTBA C TPOM3BOICTBOM KHUCIIOPOJa MYTEM BHYT-
pEHHEN HMOHUW3allMM aTOMHOTO 3JIEKTPOHA JJisi MPOU3BOACTBA
aTOMHOI'0O pacraja-CMHTe3a U pocTa BEILECTBa.

Tak B padore!' mpuBeAEH aHAJIM3 COBPEMEHHBIX CBEIECHUI
B 00J1acT OMOXMMUYECKUX MeXaHU3MOB (potocuHTe3a. [Tokasa-
HO, YTO HAIllM 3HaHUs 00 ITUX IMpoleccax BCe ele HeMOJIHbI
WIA OTPAHUYEHBbI. DTO KacaeTcs CIEAYIOIINX BOIIPOCOB:

— OTKYyJa pacTeHust OepyT yIriepoq,

— MPOLECCOB KOJIMYECTBEHHOTO BBIJEJIEHHST KUCIOPOAa MpU
(orocunTese,

— ACCUMWJISILUMM YIJIEKUCIIOTO rasa,

— nposiBienui C2-poTocuHTesa.

OTMEY€eHO, 4TO COBPEMEHHAs TPAKTOBKA XEMUOCMOTHUYECKOU
TEOpUHW He BIOJIHE 3aBepiiieHa. [Ipu 3ToM enuHbIA (10 0OIIe-
My TIpU3HAHUIO) MeXxaHu3M oOpazoBaHust AT® oOycmoBieH pa3-
HBIMHU PeKMMaMK pabOTHI JIEKTPOH-TPAHCIIOPTHOM Tierr (poTo-
CHHTe3a, 0003HAUYAeMbIMUA KaK HEUUKJINYECKUH, ITUKJINIeCKUN
U TCEBAOIUKINYECKUI TPaHCIOPT 31eKTpoHOB. CrenaHo 3a-
KJIIOYEHUE, YTO B 11€JIOM MHOTOYHMCIIEHHbIE U MHOTOOOpa3Hbie
pe3y/bTaThl UcciieioBaHKs (POTOCUHTETUUYECKOTO Mpoliecca Bee
ele HeJJOCTATOYHbI JIs TOrO, YTOObI OBJIAJICTh UMH IS HC-
TIOJIb30BaHUS B OMOTEXHOJIOTMYECKUX TIEISX.

' B. B. MiBanmmes. [IPOBJIEMHBIE BOIIPOCHI B BUOXUMUU dOTOCHH-
TE3A. BICHUK XAPKIBCBKOI'O HAIIIOHAJIBHOI'O ATPAPHOI'O YHIBEP-
CUTETY. CEPIA BIOJIOI'TA, 2018, Bum. 1 (43), c. 76—92. ISSN 1992—4917.



3pech MpomcxoasaT OoJiee CIOXKHBIE TMPOIECCH 2 KBaHTO-
BOH KOHJeHcamuu sSHeprud (POToHA MYTEM ero IMoryole-
HUSI C POXAEHHEM IBYX 3aMKHYTHIX BHXPOHOB, B 00bé-
Me KOTOPBIX U HaUMHAET AEeHCTBOBATH SHEPrHs NOIVIOIEHHO-
r'0 MarHUTHOTO MOHOTIONS (POTOHA. DTa jKe OIMOKA TPOUCXOAUT
Y TIpU OOBSICHEHUY MEXaHM3Ma SI/IEPHOr0 X0JI0JHOr0 pacmna-
Jl1a-CHHTEe3a BElIeCTBA B YaCTU W3MEHEHUs SIIEPHOTO COCTaBa
NYTEM MOHM3ALMU YacTull siipa JUIsl IPOU3BOACTBA S1IEPHOIO
pacnaja-cuHTe3a.

Ha npumepe paboTh oiHOM sTueiiku peaktopa Bauaesa A. B.
u peaktopa KnagoBa A. ®. npogeMOHCTPUPOBAHBI OCHOBHBIE
MPOIIECCHl MOHU3AINK TEKTPOHOB C 0OOJIOUEK aToMa WM Ya-
CTUI] C SIAEPHBIX OOOJOYEK aToMa, MPUBOASIIME K pacna-
Jly TIEPBUYHOI MaTepuu U CHHTe3y BTopuuHOM. UTo Takoe pac-
a/1-CUHTE3 KOHJIEHCUPOBAHHOW MaTtepuu? DTO TaKOU THUI MPO-
LIECCOB, ITPU KOTOPOM MePBHYHAS SHEPTUsl U3BHE, 3aTPayeHHAas
Ha BBICBOOOXJICHUE SHEPruu (pacmaj) u3 BellecTBa MaTepuu,
OKa’KeTCsl HAMHOTO MEHbIlle BTOPUYHOM SHEPryU, KOTOPAasi Bbl-
cBOOOIMTCS B XO7ie Mocyeaylomiei peakiyu (cuHTe3). s ocy-
IIECTBJICHUSI TAKUX MPOIIECCOB MOTPEOYETCsl « OTOHb (PUTHIIS»,
AHAJIOTMYHBIN HaYaJly XMMUYECKOTO ropeHus Win (pOTOHBI CBe-
Ta U151 (POTOCUHTE3A.

23 IIPOLIECCH] AETAJILHO OIUCaHBI B pasjielie «MexaHu4ecKue MUKPOBUXPOHBI»
B yactu | kauru Hlagpuna A. A. «CTpykTypa Mupo3aaHus BcelneHHOM». 2022 rog.



XoJoaHbIH sAEPHBIH BO30Yy:KIeHHe-pacnaj-cuares '’
MIPOUCXOIUT Yepe3 NOCPeACTBO MHOT0(hOTOHHOI HOHU3 AU
30HOM XOJIOMHOM 0€3MacCOBOM MIa3Mbl 3aPSKEHHBIX YACTUIL TH-
ra MIOOHOB ¢ BHemHuX obonouek saep. Cyth Bcex LENR cBo-
JUTCS K TOMY, YTO MPH BO3AEUCTBUM BOJTHOBOJAOB MAarHUTHBIX
moHonone BuxpoHoB CBY u MK-¢oToHOB Ha 0007109KH aToM-
HBIX fiAep (Melb, HUKEIb U JIPyTue), HaXOsIIUeCcss B KOHJECH-
CUPOBaHHOM COCTOSIHUM C MEKSIEPHbIM PacCTOSTHUEM MOpAAKa

103 em, ¢ 911X 0GOIOUeK WMOHU3UPYIOTCS YACTULIBI TUTIA TTH-Me-
30HOB (MIOOHBI, Ka-M€30HbI) ITyTEM MHOTOKBAHTOBOT'O CIIMSTHUS
MarHUTHBIX MOHOIIOJIEN CBOOOMHBIX MUKPOBUXPOHOB (POTOHOB
OJIHOTO 3HaKa B O0OJIOUKax sijiep, 0Opa30BaHMS 30H XOJIOIHOW
6e3MacCcoBOM TIa3MBbI (JIEKTPUUECKON W TPAaBUTAIIMOHHON), OT-
TAJIKUBaHKS MHTepepeHIrel OMMHAKOBBIX MO 3HAKY-3€PEH-TI0-
TEHIMAJIOB BOJTHOBOJOB MAarHUTHBIX MOHOIIOJNEN MpU pa3psi-
Ke, TIOIJIONIEHNE TIPYU TOPMOKEHUM CBOOOTHBIX MUKPOBUXPO-
HOB B 9JIEKTPUUYECKOM TOJIe aTOMHBIX SIAEP C POXKICHUEM CTPYK-
Typ I'OM/L.

ITouemy 3T0 BO3MOKHO?

Eme B 1948 r. A. [I. CaxapoB npeJIoKuI MPAKTUYECKOE UC-
NOJIb30BaHKE MIOOHOB. Ero miest coctosiia B TOM, UTO €ciu 00-
pazyiotcst Mme3omosiekybl dd i u dt u, To MoYTH MrHOBEHHO JIeT-
KHe s1pa BCTYIIST B s1[I€PHO-UOHHYIO PEAKINI0 CUHTEe3a.

Pa3zmep cepsl 3apsana sneprus B ¢popme I'SMM anekrpo-

13 MTanpun A. A. CtpykTypa Mupo3aHus BceaeHHou T. 1—2. M3panus RIDERO.
2019 rog.



Ha COIJIACHO 3KCIICPUMCEHTAJIbHBIM IaHHBIM COCTABJIACT BEJIMYN-

HY OKOJIO 10—

33

cm. Tak 4to A0 TIaHKOBCKOTO mpenaena 107

CM OCTa€TCA €lIE IECATh NECATUYHBIX MOPANKOB, MOITOMY
Jake st MuuMeTpoBbix ¢otoHoB CBY nuamnazona, KOTOphIM
noJib30BaJicsi Bayae, pa3mMep MarHUTHOTO MOHOIIONSI CBOOOTHO-
r0 MUKPOBHXPOHA MEHbIIIE pa3Mepa BHEIIHEH 00OJOYKHU IPO-
ToHa. OTCI0/1a, MOHU3UPOBAHHBIE YACTUIIBI C BHEIIHUX SIAEPHBIX
o0osouek yxe crnocoonsl, kak nucan A.J] CaxapoB, B KOHJEH-
CUPOBAHHBIX Cpeiax (KUAKOCTb, METAJUT) OCAKAAThCS HA COCE/I-
HUX sapax. M 3TOT mporiecc ctaja BOZMOKHBIM Ha CIIeIMaTbHbIX
EKTPOPA3PSIIHBIX U YIbTPA3BYKOBBIX YCTAHOBKAX IMPOU3BO-
JIUTh TETJIOBYIO, JIEKTPUUECKYIO SHEPTUIO, & TaK:Ke U3MEHEHHe
MEPBUYHOIO SIAEPHOTO COCTaBa B3aUMOJIECUCTBYIOIIUX BEIECTB.
D710 peanbHO ObLIO YXe BBHIIONHEHO Ha ycraHoBKax'¢ A.B.Ba-
yaeBa «Hepronusa-2», A.®.KnagoBa u peakrope C.B.Ana-
MeHko. Kak ycraHoBieHo skcniepuMmeHTaibHO A. B. BauaeBbim
nipu BozaerictBurn CBY u UK-dortonos ¢ yacroroit 30—60 I'T1x
Ha BOJYy €ro peakTopa IMPOMCXOAUT MHOTO(DOTOHHAS KaCKaHas
MOHU3ALIYS JIEKTPOHOB aTOMOB, POKIECHUE Map JIEKTPOHOB, Ya-
CTHII TUTIA MIOOHOB, ME30HOB U IPYTUX SIIEPHBIX YaCTHII, BXOJ -
IIMX B COCTaB 000JI0UEK aTOMHBIX sifiep. Pasmep cpep maraur-
HBIX MOHOIIOJIel CBOOOTHBIX MUK POBUXPOHOB 1 COOTBETCTBEHHO
['SMM B 'SM/] 3aMKHYTBIX MUKPOBUXPOHOB MOXKET JOCTUraTh
pa3MepoOB ropas/io MEHBIIMX pa3Mepa aTOMHOTO sijipa AakKe BO-

14 o
Pabora YCTAaHOBKU IIPEACTABJICHA B CJICAYIOIICH ITIaBE, B pa3liciic «Kugkoct».



J0pofa, T.e. 10— em

[TosToMy coOrnacHO MpeasokeHHOMY aBTOPOM MeEXaHU3MY
XSAC-LENR ocBoOoauBIIIMECS AEpHBIE pE30HAHCHBIE YaCTHUIIBI
000J104eK B KOHJEHCUPOBAHHOM COCTOSIHUU TOYTH MTHOBEHHO
0Ce/IaloT-3aXBaThIBAKTCA HA COCEHUE He BO3OYK/IEHHBIE 511
pa. Cienyiot simepHble IpeBpallieHust B Ipyrue, CHUMAIOTCS BO3-
OyXjeHusl siiep W BhIIeNsieTcsl SHeprust B hopMe U3TyYeHUS
U KUHETUYECKOTO ABMKEHUS MpoayKToB. dazoBoe mpocrpaH-
CTBO MIOOHA aHAJIOTUYHO CTPYKTYPE JIEKTPOHA, HO BO MHOT'O pa3
MEHBIIIE ero Mo pazMepam. YacTHUIIbl TUTIA MIOOHOB B CBS3aHHOM
COCTOSIHUH, KaK Y JIEKTPOHBI B aTOMaX, MOTYT BXOJJUTh B COCTaB
SIIEPHBIX 000JIOUEK.

Ho ®nenmmana u A. Poceu eie B 50-x rogax mponuioro Beka
WBan CrenanoBuy ®Punmmonenko, paboras B HITO «Kpachas
3Be37a» B 00JIACTH KOCMUYECKON TEXHUKH, OTKPbUT 3EKT, To-
noOHbI A. Poccu, BbIieieHHsI TeTuia B 3JIEKTPOjIe ¢ T0OaBKaMu
naJJIaius IPY MEKTPOJIN3E TSIKENIOU BOJIBL.

Amnaronuii BacunbeBru BauaeB, UCKTIOUMTETBHO BAYMYMBHIN
9KCIepUMEHTaTOp, poBoaui B 1993 rogy uccnenoBanus miaz-
MEHHOTI'0 NaporeHeparopa (Ia3MOTPOHA) U CIIyYailHO MOJIyYHJI
OOJIBIIION BBIXOJ TIOPOIIIKA, B COCTaBE KOTOPOTrO ObUTH 3JIeMEH-
THI, 9yTh JIM He Bcel Tabmuipl MenaeneeBa. [llects et uccie-
JIOBAaHUM TO3BOJIMJIM CO3/aTh IMJIA3MEHHYIO YCTAHOBKY, KOTOpast
JaBajia CTaOWIBHBINA TJIA3MEHHBIN (Daken — XOJOJHbII mia3-
MOU/I, TIPU MPOIMYCKAHUU Yepe3 KOTOPbI JUCTUUTUPOBAHHOM
BOJIBl WJIM PAcTBOpa B OOJBIIOM KOJUYECTBE OOpa30BBIBAIACH



CYCIIEH3UsI METAJUIMYECKUX MOPOIIKOB. YIaJI0Ch MOTYYUTh CTa-
OWJIBHBIN ITyCK U HEMPEPHIBHYIO padoTy Oonee IBYX CyTOK, Ha-
padoTaTh COTHU KWJIOTPAMMOB TOPOIIKA Pa3IMYHbIX 3JIEMEH-
TOB, TIOJIYYUTh TUIABKM METAJIJIOB C HEOOBIYHBIMU CBONCTBAMU.
B 1997 r. B Marnutoropcke nociiegoBarenbHuiia A. B. Bayaesa,
lNanmuHa AnarosbeBHa [laBnoBa 3amuTHIa KAaHAWIATCKYIO AMC-
cepranuio Ha TeMy «Pa3paboTka OCHOB TEXHOJIOTHH TTOTyYEHUS
METaJJIOB U3 TJIA3MEHHOT'O COCTOSIHUSI BOJHO-MUHEPAJIbHbIX CU-
crem». IHTEepecHas cuTyalys Caoxuiace npu 3amure. Komuc-
cusl cpasy 3alpoTeCTOBaIA, KaK TOJNBKO YCIbIIIAJA, YTO BCE JJIe-
MEHTBI MOTyYaloTcsl U3 BOAbl. Torga BClO KOMUCCHIO MPUTTIACU-
JIM Ha YCTAHOBKY U MPOJEMOHCTPUPOBAIM Bech mpotiecc. [locne
3TOro Bce nmporojocoBayiv eaAuHoracHo. C 1994 ropa mo 2000 r.
ObLJTa CITPOEKTUPOBAHA, M3rOTOBJIEHA U OTJIAKeHA TIOTYTTIPOMBIIII-
JICHHAs1 yCTAHOBKA «DHEPrOHUBA-2», MPeIHA3HAYEHHAs 1J1s1 U3-
TOTOBJICHUSI TTOJTUMETANTMYECKUX TTOPOIIKOB.

B naboparopuu A. B. Bauaepa Obl1a pa3padoTaHa OpuruHasb-
Hasl TEXHOJIOTHS VX TiepepadoTKu. B 3T0 ke Bpems 1ieieHarpaB-
JIEHHO M3YYaJIUCh:

1. TpaHCMYyTalIMsI BOJIBI, ¥ BEIIECTB B Hee TI00aBIIseMBbIX (COT-
HU SKCIIEPUMEHTOB C Pa3JIMYHbBIMU PACTBOPAMU U CYCHIEH3USIMU,
KOTOpPBIE MOABEPraJIiCh MIA3MEHHOMY BO3ECHCTBUIO,

2. npeoOpa3oBaHKE BPEIHBIX BEIECTB B IIEHHOE ChIphe (WC-
MOJIb30BAJIUCh CTOYHBIE BOJBI BPEIHBIX MPOU3BOACTB, COJEP-
JKallye opraHuvyecKue 3arpsisHeHus1, HepTEPOIYKThl U TPYIHO
pasziaraemMple OPraHMYECKHUE COCTUHEHU ),



3. M30TOIHBIN COCTaB TPAHCMYTHUPOBAHHBIX BEILIECTB (BCEraa
TIOJTyYaJIA TOJIBKO CTaOUJIbHBIE M30TOIIbI),

4.1e3aKTUBALIMS PAJUOAKTUBHBIX OTXOAOB (paJuOaKTHUBHbIC
W30TOIIbI IPEBPAAIUCH B CTAOWIIbHBIE, HO JIPyTHe),

5. HemocpeACTBEHHOe IPe0Opa3oBaHe BHYTPEHHEN SHEPruu
BELIECTBA IJIA3MEHHOIO (pakesa (T1a3Monaa) B JIEKTPUYECTBO
(paboTa ycTaHOBKM O[] HArpy3KOou 0e3 CIOIb30BaHHSI BHEIITHE-
IO JIEKTPONUTAHUS.

[locne TeopeTueckoro BBoJa UAEU MPAKTUYECKOTO UCTIONb-
30BaHUs1 MIOOHOB, NpemyiokeHHoro B 1948 romy CaxapoBbiM,
A. 1. Anbapen JI. sKkCEpUMEHTAJILHO OCYILIECTBUII 3Ty UJIEI0
B (pbopme MIOOHHOrO Karaiausza B 1957 rony. OTpunarenbHo 3a-
PSDKEHHBIN MIOOH TI0Ta/1asi B CMECh M30TOIOB BOJIOPOJIa, 00pa-
3yeT Me30aTOMbI BHYTPH JIEKTPUIECKOTO TOJIsI OOBIYHOTO aTo-
Ma, KOTOpbI€, CTAJIKMBASICh 3aTEM C MOJIEKYJIaMU BOIOPOAA, JIei-
tepus u Tputus (a Takxke HD, HT u DT), o6pa3yior Mme3omo-
JIEKYJIbI — ME30MOJIEKYJISIPHbIE UOHBI.

Camoe BaxHOE — 3TOT MPOLIECC AEMOHCTPUPYET MEPBYIO dJ1e-
MEHTapHYI0 S1/IePHO-HOHHYIO PEaKIMIO, Ile MOJIOKUTEbHOE
SIIPO aTOMa BOJIOPO/IA TPUCOEIMHSET YACTHILY C MACCOM, OTPU-
LaTeIbHBIA MIOOH C POK/IEHUEM KBa3UHEUTPAILHOTO TAMXKEIOro
TPUTOHA, KOTOPHIA KaKk ¥ HEUTPOH CMOCOOEH MPOHUKATDh Yepe3
noJsie siapa IeTpoHa ¢ 0Opa3oBaHUEM JiedTepHil-TPUTHEBOrO
VOHA.



I'maBa 1. CTpykrypa AToma

[TyTh NO3HaHKS 3aKOHOB NPHUPOAbLI HAYMHAETCS C OIpele-
JIECHU! 3aKOHOB YHEPruH, 3aKOHOB JBHKeHHS U 3aKOHOB
(pu3nIecKux mojei, KOTopbie B3aNM000PaTHMO CBA3aHbI
Mexay co00il. [JocTOBEpHO YCTaHOBJIEHBI CIEAYIOIINE 3aKO-
HBI.

3aKoHbI YHEPrum:

— 1. 3aKOHBI POKAECHUS SHEPIUH,

— 2. 3aKOHbI KBAHTOBOM NEpe3apsAKU 3HaKa SHEPTUU ISl CU-
CTEM C HYJIEBBIM CIMHOM U CIIMHOM PaBHBIM 1,

— 3. 3aKOHbI B3aMMHBIX IIEPEXO/IOB SHEPTUU JIJ151 CUCTEM C T10-
JIyLIEJIbIM CIIMHOM,

— 4. 3aKOHBI YHUUTOXEHUS SHEPIUH,

— 5. 3aKOHBI IPOM3BOJCTBA IHEPIUH,

— 6. 3aKOH COXpaHEHU s SHEPIYH B 3aMKHYTBIX CUCTEMAX,

— 7. 3aKOHBI KBAHTOBOW KOHJICHCAIIUU SHEPTUU TP MTPEOjIo-
JIEHNH CBETOBBIX M 3BYKOBBIX 0apbhepoB,

— 8. 3aKOH NpeBpallleHu SHEPTUU ITPU HEOTHEMJIEMOU B3au-
MOCBSI3U TPUa/Ibl MOHOIIONEN B BUXPOHAX,

— 9. 3aKoHBI MHTErpallvy U AE3UHTET PALMK CTPYKTYPUPOBaH-
HOM MaTepuM SHEpPruer Kak 3aKOHbl M3MEeHEeHHsI MaTepuy,

— 10. 3aKkoHBI IEMCTBUSA SHEPTUN, €€ MEXAaHU3MbI U UHCTPY-
MEHTHI.

U npyrue.



[Ipu 3TOM CIUH SABJISIETCS] UCIIOJTHUTEJEM 3aKOHa COXpaHe-
HUS SHEPTUU U XapaKTEPU3YeT COCTOSIHUE SHEPrUU B HOCHUTE-
Jie 3apsi/ia IBUKEHUS1. DHEPrusi MArHUTHOTO (TPaBUTALIMIOHHOTO)
MOHOTOJISI B BUXPOHE MOXET ObITh MOJIOKUTETHHOW U OTpHUlIa-
tenbHOU. [lonHOE mpeBpallieHre SHepruM B 3apsiie TBUKEHUS
OT MOJIOKUTEIBHOTO 3HAYEHHS IO OTPULIATEIBHOTO BBIIOHSET-
Cs B CUCTEMAax C I1eJIbIM Y HYJIEBBIM 3HAUYEHUEM CIIMHA, a C MO-
JIyLIEJIbIM — OHO MUMEET TOJIbKO OJIHO 3HAYeHMe, UTO U MOPOXK/a-
€T B3aUMHbIE NIEPEXO/Ibl MEXTy MEXaHUUECKUMU U JIEKTPOMar-
HUTHBIMU BUXpoHamu. CivH CBsI3aH ¢ noctosiHHou [1naHka, T.e.
C KBaHTOM JEUCTBUS WJIA KBAHTOM MOMEHTA UMITYJIbCA.

duznuyeckul cMmbica nocrosuHon Ilinanka «h» muasa
3JeKTPOMArHUTHBLIX BOJH. KBaHTy HeicTBUsS momepeYHo-
ro BpaIlieH!s] MAarHUTHOTO MOHOTMOJISI, KOTOPBIA OOecrieunBaeT
€ro COOTBETCTBYIOIIMM MOMEHTOM HMITYJIbCA M C OIpPeesEH-
HOW YacTOTOM B CBOOOJHOM BHUXPOHE NMpHU pa3psike, Bceraa
CUHXPOHHO T0 BEJIMYMHE 3apsijia MPOTUBOJCHCTBYET MPO10JIb-
HO JBUTAIOIIMICS U3MEHSIOIUNCH JIEKTPUYECKUA MOHOIOJb,
KOTOPBIM 3TUM IPOIIECCOM POXKJIAET B y3JI€ Ha MOJBOJHbBI JIPY-
IOl MarHUTHBI MOHOIIOJb C MPOTUBOMOIOKHBIM 3HAKOM 3apsi-
na. [loBropeHue 3Toro mpotiecca, HO ¢ TPOTUBOMOJIOKHBIM 3HA-
KOM, ITPUBOJUT K BOCCTAHOBJIEHUIO 3HAK 3apsAa NEPBUYHOIO MO-
HOTOJISI B y37I€ Ha MOJIHOW JyiuHE BOJIHBL (poToHa. IIpoucxo-
JMT TIOJTHOE MpeoOpa3oBaHUe 3apsjaa SHEPIUK C OTHOTO 3HaKa
Ha MPOTUBOIOJIOKHBI BpallleHneM IMMyTéM nepeBopoTa -
Ha. CMH TakoM 4acTHUIIBI IOITOMY M PABEH OIHOM LIEJION ITPH-



BeIEHHOU noctogHHoM [TmaHka.

CBoOOHBII BUXPOH (DOTOHOB MOXKET HAXOIUTCSI JIUIIIH B Ye-
TBIPEX COCTOSTHUSIX:

— B CBEPHYTOM COCTOSIHUU B (popMe cepbl MarHUTHOTO MO-
HOIIOJIs1 OJHOT'O 3HAKa 3apsiia SHEPIUU C IPEeIbHbIM IJITAHKOB-

CKHMM pa3mepoM okoJio 10 3Bem,

— BOJIHOBOJIA U3 EKTPUUYECKUX 3EPEH-TIOTEHIINAJIOB OJJHOTO
3HaKa C COOTBETCTBYIOIIUM Pa3MEPOM UYETBEPTHU [IJIMHBI BOJHBI
COOTBETCTBYIOIIEH YaCTOTHI Ha AECSATH MOPSIKOB OOJIbIIE pa3Me-
pa cepbl MArHUTHOTO MOHOIIONS,

— B CBEPHYTOM COCTOSIHUU B popme cepbl MArHUTHOTO MO-
HOIIOJIS1 C MPOTUBOMOJIOKHBIM 3HAKOM T10CJIE TIePe3apsiIKU B y3-
JIe Ha TOJIBOJIHE,

— BOJIHOBOJIA U3 JIEKTPUUECKUX 3EPEH-TMIOTEHIMAJIOB C MPO-
TUBOIOJIOKHBIM 3HAKOM M C COOTBETCTBYIOIIMM Pa3MepOM YeT-
BEPTU JJIMHBI BOJTHBI COOTBETCTBYIOIIEN YaCTOTHI.

3aKOHBI ABHKEHMS:

— 1. 3akoH 6e3bIHEePIIMOHHOTO IBUKEHUS,

— 2. 3aKOHBI MHEPLUMOHHOI'O JIBUKEHU S,

— 3. 3aKOHBI BpalllaTeJIbHOrO JBUKEHUS,

— 4. 3aKOHBI NIEKTPUYECKOTrO ABUKEHUS,

— 5. 3aKOoHBI TETJIOBOT'O ¥ 3BYKOBOI'O JIBUKEHUS1, yAapHasi BOJI-
Ha.

— 6. 3aKOoHBI MEpeHoca KBAaHTOBOTO COCTOSIHUSI KJlacTepa Be-
IIeCTBA 3BYKOM,



— 7. 3aKoHbl IBUXKeHUsI-pocTa (iopkl U (payHbl, (POTOCHUHTES,
JEJIEHUE KJIETOK.

N npyrue.

3aKkoHbl (PU3NYECKUX MOJIEH:

— 1. 3aKkoHbI poxaeHUs (PUMUECKUX MOJIEH,

— 2. 3aKOHBI pOXKIEHUSA IPOCTPAHCTB-TOJIEN OT BUXPEBBIX HUC-
TOYHHKOB,

— 3. 3aKoHbl pOX/JIEHUS MMPOCTPAHCTB-TIONEN OT CTallOHap-
HBIX UCTOUYHHUKOB,

— 4. 3aKkoHBI B3aMMOAEUCTBUS (PU3NYECKUX MOJIEH.

N npyrue.

1.1 Atom

Mexny atomoM, orpenesaeHHbM HbloTOHOM, U aTOMOM CO-
BPEMEHHOW (PU3MKM CYIIECTBYET IIIyOOKOE pasjiudue, MOYTH
nporuBopeure. [lepBblil ObLT IEHCTBUTENHLHO JIEMEHTAPHBIM,
T.. «HEJEIUMblii». DTO Me/byaiiias J1eMeHTapHasi 4acTHIla,
KOTOpYIO HeNb3sl JeNuTh Jainbiie. s coBpeMeHHOW usu-
KM aTOM — 3TO eIl apXUTEKTYPHBIA MUP, BECbMA CJIOKHBIN
MO0 CBOEMY CTPOEHMIO, TPUUYEM IPOLECC OTKPHITUS COCTABHBIX
€ro yacteil U HaXOXJEHWS WIN BbISIBJICHUS] €T0 BHYTPEHHUX 3a-
KOHOB ellle JaJIeKO He OKOHYEH.

AToM — 3TO nepBoe, MOcie AEMEHTAPHBIX YaCTUIl U ATOMHBIX
s7ep, COCTAaBHOE M apXUTEKTYPHO 000JI0YeYHOe COeIMHEHME,
CO3[JaHHOE€ TIPUPOJOH MO U3BECTHBIM 3aKOHAM JIEKTPOCTATUKHU



Y MarHUTHBIX MOHOIIOJIEW. DTO POU3BEJCHUE IPUPO/IBI CIIEAYET
OTHECTU K TMEPBBIM MPOAYKTaM CaMOOPTraHU3alMK BEIECTBEH-
HBIX CTPYKTYpP — (pOpMa MHTErpaiysi MaTepru B COCTOSIHUU TIO-
kosi. CamMble TIepBbIe MPOIYKTHI — 3TO aTOMbI BOIOPO/IA U TeJus,
npejicTaBieHHbIe Ha oTo. 1B.

®oto 1B. ATOMBI BOIOPO/A U Tefus

Cxema 3/1€KTpUYECKMX NOJIE aTOMOB BOAOPOAA U TeIUs
B MFHOBEHHOM COCTOSIHMM ITYJIbCALIMI BCEX WX MATHUTHBIX MO-
HOIIOJIE.

B cuiy cTpykTyp BHElIHel 000I0YKM MPOTOHA U JIEKTPOHA,
00pPa30BABIIUICS C MOMOIIBI0 XOJIOAHOW 0€3MacCOBOU TUIA3MBI
aToOM BOJOPO/Ia UMEET ACUMMETPUYHOE BHEILIHEE SJIEKTPUUYECKOE
10J1e, KOTOPOE He MOJHOCTBI) CKOMIIEHCUPOBAHO MOJIEM 3JIEK-
TpoHa. DTO OOYCJIOBJIEHO TEM, YTO 4YacTOTa SIAEPHBIX MOHOIO-
aeid 'SMM Ha Tpu IecATUYHBIX MOPAJKA BbILLIE IEKTPOHHBIX



Y COOTBETCTBEHHO IIJIOTHOCTDb TOJIOKUTEIBHBIX JIEeKTPUIECKUX
3€pEeH-TIOTEHINAJIOB OOJTBIIIE.

Otciona creyloT U €ro OpUrMHAJIbHbIE CBOKCTBA, Kak
Ha sIIEPHOM ypoBHE B (hopMe JIEUTPOHA M TPUTOHA, TAK U HA MO-
JIEKYJISIPHOM.

Ecnu co3aath UCKYCCTBEHHO TEXHUYECKU B KOHJEHCUPOBAH-
HBIX Cpe/lax-Tejlax CMeIleHre HeUTPabHOCTU aToMa B CTOPO-
HY POXICHMS JbIPKU-Ta3elKN BO BHEIIHEW JIEKTPOHHON 000-
JIOUKE ISl BBIXOAA HECKOMITEHCMPOBAHHOTO XOJIOIHOW Oe3mac-
COBOM IIA3MOM KJlacTepa MOJIOKUTEIBHOrO MOJIsi aTOMHOIO $]1-

pa, TO BeYHbIE MAarHUTHBIE MOHOIIOJM C YaCTOTOM 10% Ty OynyT
HENPEPHIBHO MPOU3BOANTH KJIACTEPBI 3€PEH-MOTEHIIMAIOB, KO-
TOpbIE MOKHO OyeT 3aXBaThIBaTh W MPEOOPA30OBBIBATH B XOJIO-
HOE JIEKTPUYECTBO JJ1sl TPOU3BOACTBA JIEKTPOIHEPT MU, KAK ITO
yxe OblJI0 ucnonib3oBaHo B ycrporictBax H. Tecna, . I'pes, T.
Mopes, C. ®noiiga u 1pyrux. DTOT e MEXaHU3M OTBETCTBEHEH
32 MHOTOUYMCJIEHHBIE KOHTAKTHBIE SIBJICHUS] HA TPAHULIE AUDJICK-
TPUKOB, METAJIJIOB, TPOBOAHUKOB M MOJTYIPOBOJAHUKOB U POXK-
JIEHUE B HUX ABOWMHOTO JIEKTPUUECKOTO CJIOS.

Bomopon 3anumaet oco6oe nosioxkeHre B epuognIecKou Cu-
cremMe. Ero nomemaior kak B 1 Tak m 7 rpymnne nepuoguyde-
ckoil cuctembl. CXOICTBO CO IIEJIOYHBIMU META/UIAMU TPOSIB-
JiseTcsl B 00pa30BaHMM TIOJIOKUTENIBHO 3apsbkeHHoOro moHa (H
+) ¥ B BbIpaXEHHBIX BOCCTAHOBUTEJIbHBIX CBOMCTBAX, HU3KOM
CPOJICTBE K IEKTPOHY ¥ HU3KOW JEKTPOOTPHUIIATEJIHbHOCTH .
C ranoreHamu oObeMHsIET: 0Opa3oBaHue ruapua-uonHa (Na Ha-



IMOMHHAIOIIEro aHUOHHBI rajioreHoB (K+); Kak rajoreHsl, Boao-
poAd — ra3, MoJIEKyJla €ro ABYXaTOMHA; aTOMbI T'aJIOTEHOB JIETKO
3aMelIalT BOJOPO/A B OPraHUYECKUX COETUHEHUSIX. YHUKATb-
HOM 0COOEHHOCTBIO BOJIOPO/A SIBJISIETCS 0Opa30BaHUE BOIOPO/-
HBIX CBsI3el. TUMHMYHbBIE CTETIEHN OKUCIIEHUSI BOJOPOAA B COEAU-
HeHusAx — +1 u -1. B monekynsapHom Bogopoze — 0. B peaknmsax
OH TIPOSIBJISIET CBOWCTBA OKHUCIUTENS.

Mornekyna BOOOpOAA, COCTOSINIAsl M3 JBYX aTOMOB OYEHb
YCTOMYMBA U MOXET PacClacTbCsl TOJBKO MPU OYEHb BBICOKUX
temrneparypax — ot 2000 go 5000° C. Nmerotcst u ABa cOCTOSA-
HUSI MOJIEKYJIbl BOIOPO/A, B 3aBUCUMOCTH OT B3aMMHOUN OpHEH-
TallUy IEPHBIX CIIMHOB — OPTOBOAOPO. U napasoaopon. C apy-
rOll CTOPOHBI, UMEETCSI aTOM TeJvs, IAPOM KOTOPOU CITYKUT U3-
BECTHas B AcpHOM (pu3KKe anbda-yactuia. BHemnee none Ha-
CTOJIBKO CUMMETPUYHO U TIJIOTHO SKPAHUPOBAHO CTPYKTypaMu
JBYX 3JIEKTPOHOB, YTO 3TOT aTOM IIPOSIBJISIET Uy/leca MHEPTHOCTU
B XMMHUYECKUX (MEKTPUUECKUX) B3aUMOJECHCTBUSAX — OH MOJ-
HOCTBIO MTACCUBEH. JTH CBOKCTBA JIEKTPOHOB — CO3AaBaTh MOJI-
HBIW 9KpaH U3 ToJIel JIeKTPOHOB BOKPYT MOJIOKUTEILHOTO TO-
JIA1 s7ipa AJ1s KOMIIEHCALIMU €ro MoJisi (HEBUAUMOCTb) B TPEThEM
BHEIIIHEM T10JIe, KaK TBOPEHUE MPUPO/Ibl, CHIELIUATIbHO MPUBEe-
HBI 3[IECh 1711 BO3MOKHOCTH aHAJIM3a B MOCIEAYIOIINX pa3iesax
PYKOTBOPHOTO TIOCTPOEHMSI aHAJIOTUYHBIX CTPYKTYP KOMITEHCa-
MK 3apsia Macchl (0e3 pa3pyllieHust e€ CTPYKTYPbl U MUHEPTHO-
CTU JIBUKEHUSI) KJIACTEPOB AHTUTPABUTALIMOHHBIM 3apsiIOM 11
OpraHM3allii TEXHUYECKOTO Oe3BIHEPIIMOHHOTO U «HEBUIUMO-



r0» IBMKEHUS B TPETHEM IIOJIE.

HeliTpoHbl U Jipyrue HeWTpasibHbIe SApa Ha ONMpeaeeHHBIX
I'PaBUTAIIMOHHBIX TIOSICAX HAYMHAIOT Pacraj, JABUXKEHHE U T0-
CJIEYIOIITYI0 CTAOMTM3AITNIO BOJIM3U TBEPION IOBEPXHOCTH 3eM-
. B pesynbrare 00pa3yloTcsi JOCTaTOUHO CTAOMIIbHBIE MOIOKH-
TeJIbHBIC sIpa W CTaOWJIbHBIE OTpUIATeNIbHbIE MeKTPOHbL. CTa-
OUJIBHOCTD TEX U JPYTHX YKe JOCTATOYHA JISl OXJIKACHUS U pe-
KOMOMHAIIMH JIPYT C JPYTOM, C 0OPa30BaHUEM JIOTOBPEMEHHbIX
CTPYKTYp aTOMHO-MOJICKYJISIPHOTO BeIlleCTBa. ATOMBI XUMHYeE-
CKUX 3JIEMEHTOB — 3TO CHMHTE3HUPOBAHHBIC COCTABHBIE JVICKPET-
HbIe MUKPOIPOCTPAHCTBA-TIONs, 00pa30BaHHbIE W3 JIBYX 3JIEK-
TPOCTaTUYECKHU MTPOTUBOIIONIOKHO 3apSKEHHBIX U KOHIICHTpHYe-
CKM paCIOJIOKEHHBIX C(DepUyYecKUX 4acTed ¢ pa3mepamMu IieH-

o —1
TpPpaJIbHOU YaCTU ~ dapa 10 3 N HCCKOJIbKUX 2JICKTPOHOB C Xa-

—1
pakTepucTiyeckum pasmepoMm 10 O cM, BXOWSIMX B COCTaB
ceprudeckux 000I04YeK, HAXOAAIMUXCS B Clloe C(hepUYecKoro

CJIOS1 MAKPOIIPOCTPAHCTBA aTOMa pa3MepoM-auameTpom ~ 107

8 CM. ,prl" HMHU CJIOBAMU, U3 JIBYX CBO6OJ1HI>IX 4aCTul C YKa3aH-

HBIMM pa3MepaMH, IBUKYIIMXCS HABCTPEUy JpYr K Jpyry ¢ pa3-
HBIMHU, HO OMpeNesieHHbIMUA CKOPOCTSIMH, 0Opa3yeTcsi C TIOMO-
IIbIO 30HBI XOJIOOHON 0e3MaccoBOM IUIa3Mbl CBSI3aHHAS YaCTH-
1ja-aToM, C pa3MepoM c(pepbl CBOETO MUKPOIIPOCTPAHCTBA, COB-
NaJallell ¢ COOTBETCTBYIOLUIMMYU Pa3MepaMy 3aMKHYTBHIX Je-
OpOIIEBCKHX [TMH BOJIH yKa3aHHbBIX yactuil. [Ipudem no ycroi-

YUBOCTH aTOMHI citadee sijiep Oojiee yem 107 pas.



CTpyKTypa 3TOro HOBOrO MUKpPOITPOCTPAHCTBA, MOXATYH, ca-
Masi CJIOkKHAsi U3 BCEX M3BECTHBIX. Hampumep, W3BECTHO, 4TO
KaXJbIM IeKTPpOHHBIN ciion atoMa 13 K, L, M, N u T1.1., Hauu-
HaeTcsi ¢ S-000JI0YKH, Ha KOTOPOH yIEPKUBAIOTCS TOJIBKO He 00-
Jiee IByX JIeKTPOHOB ((p0TO.1) 1 TO € MPOTUBOMOIOKHBIMU CITH-
Hamu. Kaxpgas mocnemyioriast 0007I09Ka TOTO WJIM MHOTO CJIOST
MIMEET BIIOJIHE OIPE/IEJIEHHOE MAKCUMAJIbHO BO3MOXKHOE 3Haye-
HUE YMCIIA JIEKTPOHOB, pa3MeEIIEHHbIX Ha Hell. Tak, Harnpumep,
y aroma aimomunus (Z = 13) B cinoe K nmeercst b ogHa 060-
JIoUKa S ¢ IByMs 3IeKTpoHamu, B crioe L — e, S u P o6omouka
¢ 2 ¥ 6-10 3NEKTPOHAMU COOTBETCTBEHHO, a B cjloe M — 2 3jiek-
TpoHa Ha S-000JI0UKe U OJWH NIEKTPOH Ha P-o0osouke. V aro-
MOB ¢ OOJIBIIIMM TIOPSIIKOBBIM HOMEPOM BEPXHHUE CJIOM MMEIOT
D u F 060509k#, Ha KOTOPHIX MOXKET ObITh pa3MelIeHo OT jie-
cATH U Ooliee MeKTPOoHOB. Takasi CTpyKTypa aTOMHOTO MHUKPO-
IIPOCTPAHCTBA HOCUT SIPKO BBIPAKEHHBIN SIYEUCTO-CPEPUUECKUI
XapakTep C LEHTPOM B BUJIE MOJOXKUTENBHO 3apsKEHHOIO siji-
pa, OKPY’KEHHOIO BOJTHOBO/IAMH JIEKTPOHOB, 3a(PUKCUPOBAHHBI-
MU B OIPE/ICNICHHBIX CJIOSIX ¥ CIIEIMATBbHBIM 00pa3oM YJIOKeH-
HBIX Ha MOBEpPXHOCTU 000J0ueK. Takoe pa3MellieHre 3MeKTPo-
HOB OOYCJIOBJIEHO WCKJIIOUMTENIBHO TOMYIEIbIM CIIMHOM 3JIeK-
TPOHOB ¥ THOKMM M3MEHMBIIMMCS €r0 BOJTHOBOJIOM, KaK «CIIpY-
TOM» OXBATHBIIMM YacTh Chephl AUAMETPOM C JeOpOMIIEBCKOM
JUIMHOW BOJIHBI 3TOTO CBA3AHHOIO 3/1eKTpoHa. CTpyKTypa aroma
npejcTapiieHa Ha ¢poto 1B u ¢oto 2.



®oto 2. Cxema BHYTPEHHUX JIEKTPUUECKUX MOJIEH aTOMa
¢ 00pa30BaHUEM 30HBI XOJIOZHOH I1J1a3MBl.

VY Bogopozaa Ha Takoil cpepe pa3MeIlEéH TOIbKO OJUH JJeK-
TPOH. Y Tesus JBa IEKTPOHA pa3MeIlleHbl Ha 9TOU cdepe TaKuM
00pa3oM, YTOOBI IIEHTPATILHOE T10JIe EKTPUUECKOTO 3apsaa -
pa «BHJA€J0» MAaKCUMaJbHYIO0 MTOBEPXHOCTh BOJHOBOJIOB 3THX
JIEKTPOHOB HE TOJIBKO ONMKaAMIIe TOBEPXHOCTH, HO U TOCTIe-
JYIOIIUX 10 Mepe BO3pacTaHus paauyca. B naHHOM ciydae 31o
JOCTUTaeTCsl TUaMeTPaJIbHO MPOTHUBOIOIOKHBIM PACIONIOKEHU-
em. Korma simpo obnamaer 6osiee 3HAUMTESTBHBIM 3apsIIOM JIEK-
TPUYECKOTO MOTEHIUANA, TO Ha 000JI0UKe OOJIBIIEro TuaMeTpa
THOSIBJISIETCST OOJTbIIIE CBOOOIHON MIOBEPXHOCTH JIJIsI Pa3MEIIeHUS
OOJIBIIIer0 KOJIMYECTBA MEKTPOHOB. Tak, HalpuUMep, y aJTlOMHU-
HUs HAa BTOPOM CJIO€, BO BTOPOH p-000JI0UKe MOXKET Ha MOBEPX-
HOCTU c(pepbl pa3MECTUTCA YK€ 6 IMEKTPOHOB. DTHU EKTPO-



Hbl PaBHOMEPHO TMEPEKPHIBAIOT CBOMMHU BOJHOBOJAMH BCIO I1O-
BEPXHOCTH 3TOI 000J109KH. [109TOMY Ha TOBEPXHOCTH 000JIOUEK
OOJIBILIETO qUaMeTpa UX YUCIIO pe3Ko Bo3pacraeT. Takasi CTpyK-
Typa aTOMOB BO3MOJKHA JIMIIIb B JJOCTATOYHO CBOOOJHOM IIPO-
CTPAHCTBOM, KaKO€ MMEETCSI Ha MOBEPXHOCTH TUIAHET U 3BE3,
HO Takasl CTPyKTypa peajbHO HEBO3MOXKHA B INIyOWHE HIKHEH
MaHTUM 3eMJIH, rjie Oarofapsi O4eHb BHICOKOMY JIABJICHHIO OT-
CYTCTBYET JIOCTATOYHO CBOOOHOE MPOCTPAHCTBO [1Isi 00pa30Ba-
HHSI TIEpEX0/ia HEUTPOHA C OOBEMOM COOTBETCTBYIOIIMM pa3Me-

py 1013 cm B 06béM atoma BOJIOpO/IA ¢ pazmepoM paauyca 10—

8 CM, HO BO3BMOKXHO 06pa30}3aH1/Ie MIO-aTOMOB BOOOPOJa, SHEPIrud

KOTOPBIX MOXET JIMIIb MPEICTABISTLCA HE TEMIIepaTypoi Bpa-
HIaTeIbHO-KOJIe0aTeIbHbIX COCTOSIHUI, a TOJIbKO BpaIlleHUEM.

PaccMoTpeHHast CTpyKTypa pa3MeIeHust SJIEKTPOHOB B COOT-
BETCTBYIOIIMX 0OOJIOYKAX MOJTHOCTHIO UCKJTIOUAET BCSKOE OpOu-
TaJIbHOE JBMKEHUE JIEKTPOHOB B MPOCTPAHCTBE BOKPYT SApa.
OpOuTtanbHOE ABUKEHHE NEKTPOHOB, KaK U IBUKEHUE IEKTPO-
Ha U3 BO30YXAEHHOTO COCTOSIHUSI B OCHOBHOE COCTOSTHME aTOMa
JIOJDKHO TIPUBOANTH K U3JTyUEHHIO J1IeOPOMIeBCKHUX BOJTH, UTO Ha-
OJToIaeTCS Ha IPAKTUKE BBICBEUYMBAHUEM ONITHUECKUX (POTOHOB,
HO He HaOmoaaeTcs [isl aTOMOB, HAXOISIIMXCSI B OCHOBHOM CO-
CTOSIHHU.

3anuck, oTpaxkamlas pacrpeieieHue JeKTPOHOB B aTOMe
XMMHYECKOTO JIeMEHTa 10 SHEPreTUYECKUM YPOBHSIM (CIIOSIM)
Y MOy POBHSM (000JI0YKaM), Ha3bIBAETCS NEKTPOHHOU KOH(PU-
rypamueit 3Toro aroma. Tak, HampuMep, BbIIIE PACCMOTPEHHAs



KOH(UTypalysi atoma aJlOMUHUSI MOXET ObITh IpPE/ICTaBJIeHa,
Kak 1s 2 2s 22p63$ 23p.

B ocHOBHOM (HEBO30YXJEHHOM) COCTOSTHUM aTOMa BCE JIeK-
TPOHBI YAOBJIETBOPSIOT MPUHLIAITY MUHUMYMa NOTEHUMAIbHOM
SHEPIruy. JTO 3HAYMUT, YTO CHAYAJIA 3ANIOHAIOTCSA CJIOU, IJISl KO-
TOPBIX:

— IJIABHOE KBAaHTOBOE YMCJIO «N» MUHUMAJIBHO,

— BHYTPH OTHOTO CJIOSI CHavaJIa 3aroHseTcs s- 000JI04UKa, 3a-
TEM p- U Juib 3ateM d U T. 1.,

— 3aroJIHEHUE MPOUCXOIUT Tak, 4ToObl (n + 1) ObUIO MUHM-
MaJIbHO,

— B Tpefenax OTHON OOOJIOYKH 3IEKTPOHBI PaCIONaraloTcst
TakUM 00pa3oM, YTOObl PABHOMEPHO CBOMMHM BOJTHOBOJAMU TIO-
KPBITh BCIO IOBEPXHOCTh 3TOI 0O0JIOUYKHU HE COMPUKACASICh IPYT
C Ipyrom,

— 3aM0JIHEHHUE IEKTPOHHBIX AaTOMHBIX 000I0YEK BBIIOIHSET-
Cs1 B COOTBETCTBUM ¢ TpuHLMIIOM [laymu.

ATOMHBIE MUKPOIPOCTPAHCTBA MPOSBIAIT BECbMa Xapak-
TepHble cBolicTBa. Hanpumep, atom Boopona crocodeH norso-
I1aTh UJIM U3J1y4aTh BIIOJIHE OIpeJeIeHHbIE CEpUU (POTOHOB. DTO
TaK Ha3bIBAEMbIE XapakTepucTuueckue cepun bamemepa, [Tame-
Ha, Jlaiimana u 1. a. [1pu nomtomeHny (poTOHOB U3 ITOU CEPUH,
3JIEKTPOH MepexoauT u3 1S cocrosiHus B Apyrue, 0osee BHICOKO-
BO30YykJIeHHbIe cocTosTHUSA — 2P v 3S u 1. 1. V aroma renus

BO3MOJKHOCTEH ellle 0oJbllie — y Hero JiBa jekTpoHa 1S 2 Ec-
71 BO30YXAEH TOJIBKO Of¥H 371eKTpoH — 1S2S wim 1S3P u T.1.,



a ecmu 06a — 2S 2w 2P3S u T. I. Yrto 310 3HaunT? DTO 3HA-
YUT, YTO MPH TOIIOIMIEHUHN SHEPTUU EKTPOH TIEPEXOTUT B TIO-
TEHIIMAJIBPHOM TIOJIe SIpa Ha OoJiee JaEKoe PacCTOsSTHUE OT HEro,
KOTOpbIE HA3BIBAIOTCS PUIOEPTOBCKUMU COCTOSIHUSIMHA ATOMOB.
I'naBubiii Bonpoc. [loueMy npu pekoMOMHAIMK MPOTOHA
C NIEKTPOHOM, MOCJIETHUE HE Ta/IaloT JPYT Ha ApYra, Kak MpOTH-
BOTIOJIOJKHBIE 3apsI/Ibl, 2 OCTAIOTCS B IPOTUBOCTOSIHUY JIPYT APY-

ry Ha paccrosgauu 10 oM, ¢ 00pa30BaHUEM YCTOMYMBBIX aTO-
MoB? 3ameTtnm, uto mocyie 1989 roga ObLIO SKCHEpUMEHTATb-
Ho I'. JleMenbTOM yCTaHOBJIEH pa3Mep JEKTPOHA PaBHbIN OKOJIO

10 20 cm.

Kak ObUIO yXe MoKa3aHO Ha NMpUMepe HEHTPOHA, B MpoLec-
ce ero pacrnaja, u3 Hero yHocurcs 3Heprus 1,29 Mas B ¢op-
M€ 4YacTHUL (JIEKTPOHA ¥ AHTUHEUTPUHO) M KUHETUYECKOM SHEP-
T ABUKEHUSA, PACIIPECIICHHOM MeX/ly HUMHU. DTa YHECEHHAs
SHEPrus M sBJSETCS TeM OapbepoM IPOTUBOCTOSIHUS, KOTO-
PBIi JEKTPOH OJarojapst CBOEMy CTaOMJIBHOMY CYIIECTBOBA-

0 -20

HUIO B BUJIE IyJibcaiivii cpepbl pazmepom B 1 CM B MOJIy-

cchepy BOJIHOBOJOB pajiiycoM 2,4x100¢cm pa3MelIEH B aTo-
Me B c(hepUYEeCKOM CJI0€ MPU HOPMAJIbHBIX YCIIOBUSIX PAANYCOM

107—10 3 cm, u II0O9TOMY HE MOXKET YIIaCTh Ha ITOBEPXHOCTh
nporoHa. [lo Toil mpuynHe, 4yTO pasMep AUCKPETHOrO Ipo-
CTPaHCTBA BOJHOBO/JOB 3JIEKTPOHA HA TPU AECATUYHBIX IO-
psIKa IPEBOCXOIUT BHEITHUI BOJTHOBO[ JIIOOOTO aTOMHOTO sI[I-

pa.



OTcroaa, yeM MeHbIIEe «Macca» MHKPOYACTHIbI, TeM
OoJsibllie cpegHHil pa3Mep-IHAMETP €ro BOJHOBOJI0B
B MOJIHON aHajorum co cBoicrBamu DMB — yem Bblime
SHeprusi, TeM KOpodYe [JHHA BOJHbLI M BbIllle 4acTOTa
BHXPOHA.

Cdepa MarHuTHOrO MOHOIIOJISI MEKTPOHA MOXKET « HCUIMb»
TOJIbKO Ha MOBEPXHOCTHU MoTycepbl YKazaHHOTo paaunyca. Mox-
HO OOpa3HO CKa3aTh, YTO SHEPIusi B BUXPEBBIX MOJISIX aroMa
npeacranieHa hopMOH MaTeprH XOJIOMHOW 0e3MacCOBOM TIIa3-
Mbl B BUJIE IUHAMUYECKOro Cjiosi chepruuecKoro mpoCcTpaHCTBa
U3 MPOTUBOIOIOKHO JIEKTPUUECKU 3apSKEHHBIX 3EPEH-TIOTeH-
ITUAJIOB — Oaphbep.

[Mostomy nedpoiiieBckas nonycdepa-BOIHOBO, CBSI3aHHO-
ro aTOMHOTO 3JIEKTPOHA HE MOXEeT (PU3MYECKH «YyMacTb»
B IICHTP — OHA CIIOCOOHA JIUIIh OKPYKHUTh €ro. JTa ke MpUIrHa
SIBJISIETCS] OCHOBOYM 0Opa30BaHusl BCeX aTOMOB TaOuIisl MeHie-
neeBa. VI iMeHHO 3TOT (paKT JOKA3BIBAET MYTh POXKAEHUS BCEX
aTOMHBIX sJIep, KaKk U MyTh MPoTOoHA. K BeIMKOMY COXaIeHUIO
Ha KoJJTaliiepax ¥ Ha JIPYTUX TEXHUYECKMX YCTAHOBKAX IMOKa
HE HAy4YWJIUCh MOYYaTh IJIa3My BUXPOHOB C SHEpPruei, mo3Bo-
JISIOIEN MOTyYaTh HEUTPAJIbHBIE sIJIpa C OOJIBIITUM ATOMHBIM Be-
COM, YeM Macca HeWTpOHa. DTO MO3BOIIIIO OBl MTPOAHATM3UPO-
BaTh TUII ¥ BUJI pacnaja, a Tak’ke BOZMOKHOCTh CUHTE3a UCKYC-
crBeHHOro aroma. C Ipyrofl CTOpPOHBI, U3BECTHO, UTO pa3mep
MIOOHA COM3MEPUM C BHEIITHUMHU OOOJIOUKAMU SIIep, U TOITOMY
MPUCOEAVNHEHUEM MIOOHA K APy (ME30aToM) OCYILECTBIISETCS



ero npubmkeHue K siipy B 207 pas Onmxke, 4eM J71s IEKTPOHA.

ATOM B 1EJIOM 3JEKTPUYECKM HEUTpajeH. MexaHusm
MEKTPOHENTPATBHOCTU TIOSICHSIETCSI CXEMOM, TpeCcTaBIeHHOMI
Ha oto 2. Anpo aTomMa MMeeT MOJIOKUTENIBHBIN 3apsijl K TPH-
YeCKOro MOTEHIIMaa ¥ COOTBETCTBEHHO U3Jy4aeT B 47T BOKPYT
ce0s1 TIOTOK TOJNOKUTEIIBPHO 3aPSKEHHBIX 3€PEH-MIEKTPOIIOTEH-
1anoB. OOONOYKH U3 JIEKTPOHOB, 00OpPA30BaHHBIE HA PACCTO-

sgHUU-paguycax ot 0,5 — 15 x 10— cM, HocTosIHHO OGHOBIIS-
I0TCSl MAarHUTHBIMY MOHOIIOJISIMU C POXAEHUEM 3KPaHUPYIOLLIe-
ro o0Jyiaka-rMoToKa OTPULIATENILHO 3apSIKEHHBIX 3€PEH-TIOTEHIH-
asioB. BHyTpH atoma oOpa3syeTcss TUHAMHUYECKOE€ PaBHOBECHOE
MUKPOITPOCTPAHCTBO-M0JIE, 3aIIOJTHEHHOE JIByX 3HAKOBBIM JIEK-
TPUYECKUM 3(PUPOM — IEKTpUUEcKas xosoaHas iasma. [Ipo-
TUBOIIOIOKHO 3apsiKEHHBIE IOTOKU 3€PEH-3JIEKTPONIOTEHIIUAIOB
AQHHUTWIIIPYIOT C 00Pa30BAHMEM CUJIOBBIX JIMHU €K TPUYECKO-
IO I0JIS1 ¥ YHUUTOXXKEHUEM MPOCTPAHCTBA, YTO IPUBOIMT K IPU-
TSOKEHUIO UCTOYHMKOB MX MOPOAMBILMX U (PUKCALIMU MapamMeT-
POB aTOMHOTO MPOCTPAHCTBA MYTEM POXACHUS U OOHOBJIEHUS
XOJIOJHOM TUIa3Mbl U3 0e3MACCOBBIX IEKTPUUYECKUX 3EPEH-TI0-
TEHUMAJIOB C IPOTUBOMNOJIOKHBIMU 3HaKamu. HeckomneHcupo-
BaHHBIN IEKTPUUECKUNA (PP MOKET BBIBOAUTCSA U3 MEKATOM-
HOTO MPOCTPAHCTBA MPU CWIBHOUN BHEIHEW MOJsSpU3allii Be-
11ecTBa OOJIBIIMMHU 110 3HAYEHUIO JIEKTPUYECKMMHU MOTEHIMAa-
MH 1 CTIOCOOEH K 00pa30BaHMIO 0OIaKa-3apsia SMeKTPUISCKUMHU
3€pHaMU-NIOTEHLIUAJIAMU C [TOCJIEAYIOIIMM €ro 3aXBaToM U Ipe-
00pa30BaHMUEM B JEKTPUUYECKUN XOJIOTHbBII TOK TEXHOJIOTUSMU



H. Tecna, 3. I'pes.

Orcrona cieyer KU3Hb U CYLIECTBOBAHUE 3apsAJOB IEKTPU-
YEeCKMM TMOTEHIIMAIOM B MATOM (hopMe, XapaKTepu3yIollen Ha-
JIMYME aTOMHOTO MPOCTPAHCTBA B AKTMBHOW aHHUTWJIMPYIOLIEH
(popme, mpuBOASILIEN K HATMUUIO B HEM JIByX3HaKOBOro 3¢upa
30HBI XOJIOJIHOW O€3MaCCOBOM IJIA3MbI M3 TIPOTUBOIIOIOKHBIX 3€-
PEH-3JIEKTPOIIOTEHITMATIOB 00OMX 3HAKOB.

AHaJIorn4Ha 1o poXIEHUI0 U YHUUTOXKEHUIO MarHUTHAasI XO-
JIO/IHAs TU1a3Ma, KOTOpasi XapaKTepU3yeTCsl PUTSIKEHUEM IOJTI0-
COB CTALIMOHAPHBIX MATHUTOB.

OnHako rpaBUTAllMOHHAsI XOJIOHas Oe3MaccoBasi IUIa3Ma,
NOpOXAaeMasi B OCHOBHOM sIIPOM aToMa, M3Iydaiolum Oosee
JaJIbHOZIENICTBYIOIINE U OOHO3HAKOBbBIE 3€PHA-TPABIOTEHIIMAIIBL,
ommvaerca 1o ceoucrsaM. OJHOMNOJIAPHBIA I'PaBUTALMOHHBIN
3up, U3J1ydyaeMblil 3aMKHYTHIMH 000JIOUKaMHU aTOMHOTO S11Ipa,
BCJIEICTBUE €TI0 BBICOKOM IJIOTHOCTHU BBIXOJUT HE TOJIBKO Hapy-
Ky aTOMa, HO U KJIaCTepa BEILECTBA B 11€JI0M, (DOPMUPYs BHEIII-
Hee IPABUTALIMOHHOE I0JIE TAKOTO aTOMHO-MOJIEKYJISIPHOTO Be-
1IECTBA. DTO M0JI€ B3aUMOJIEUCTBYET C LIEHTPAJIbHBIM IOJIEM T$I-
roTeHus1 3eMJIM U MPOSABJISAET TAKUM B3aMMOJIEICTBUEM U Y aTO-
Ma, U KJlacTepa U3 TaKuX aTOMOB, CBOMCTBO MAcChl U MHEPTHO-
CTH.

[ToaTOMY CHapy U aTOMa BHELLTHEE IEKTPUIECKOE MOJIE A1pa
MOJTHOCTBIO CKOMIIEHCUPOBAHO BHEUTHUMM IOJISIMU 3JIEKTPOHOB,
pa3MeINEHHBIX Ha (PMKCUPOBAHHBIX 000JI0UKax. B cBSI3U ¢ 3THM,
y aTOMOB TIOSIBJISIETCSI BO3MOKHOCTh OOBEJUHATHCS B KIIACTEPHI



BEILIECTBA, BILUIOTh JI0 JKUJKOCTU U TBEPAOTO Tesa. OJIHAKO y Me-
TAJUTOB BHEIITHUE BAaJICHTHBIE JIEKTPOHBI AaTOMOB MOYTH CBOOO/I-
HBI ¥ 00pa3yIoT B OOJIBIIMX MACCUBHBIX KJIaCTepax MPOBOIHUKOB
o0J1aka CBOOOIHOTO OTPULIATENILHO 3aPSIKEHHOTO IEKTPUUECKO-
ro a¢gupa, kotopsiii no texnonorusm H. Tecna, . I'pes, T. Mo-
pesi ¥ MHOTHX JIPYTUX MOXKHO 3aXBaThiBaTh U TPe0OPa3OBLIBATh
CMEeMAJIbHBIMU CXEMaMH B X0JIO/IHOE JIEKTPHYecTBO, 0Opa-
3ysl HE3aBUCUMbIE 1 AaBTOHOMHbIE UICTOUHUKH MUTAHUS.

ATOMBI, UX aTOMHBIE $1]IpA U NIEKTPOHBI NPOSIBISAIOT MAarHUT-
HbIE CBOMCTBA, HO pa3Hble U B Pa3HbIX (pOpMax, YTO MO3BOJISI-
€T IIMPOKO MPUMEHSITh METOA, SIIEPHO-MarHUTHOTO PE30HAHCA —
CIMH s/Ipa B aTOMax yIJIepojia PaBeH HYIIO, a B aTOMax BOJOPO-
Jia TOYLENbld U T.J., CIIUH JIEKTPOHA MOJTYyLEJIbId, a €ro Mar-
HUTHBI MOMEHT OOJIbIIie YeM Yy aTOMHBIX sifiep U T. 4. HecMotps
Ha TO, YTO MarHUTHbIE MOHOIIOJIM IIUPOKOTO YaCTOTHOTO CIEK-
Tpa SBJIAIOTCA CTPOMTENSIMU aTOMOB M €ro 3JEMEHTOB (fAapa
Y 3JIEKTPOHBI), ¥ ITPA TAKOM ITPOU3BOJICTBE «OTXOAAMM» SIBJISIET-
Csl €r0 IBYX 3HAKOBBIN HEBHMMBIA MAarHUTHBIN 3up, o0pasy-
IOl MarHUTHBIE MOMEHTBI ATOMHBIX SIIEP U JIEKTPOHOB, €r0
JI0 CUX MOpP HE MOTYT 3aperucTpUpoBaTh U NMpossBUTh. OHAKO,
KaK U B CIIy4yae C JIEKTPUUECKUM (UPOM, €CIIU UCIIOIb30BATh
V3BECTHBIE METO/Ibl HAMArHUYMBAHK I HEKOTOPBIX METAJJIOB U X
CIUIaBOB, HAIIpUMeEP, MeTox JInACKaTHUHA, TO YAAETCS BbIACIUTh
MOTOKM MarHUTHOTO 3(pupa Jake U3 OOIYHOTO CTePKHS KeJie-
3a, IPA ITOM HAMarHUYeHHbIA CTEPKEHb CTAHOBUTCS MOCTOSIH-
HBbIM MarHMTOM Ha JJOCTATOYHO J0JIFO€ BPEMS. A €ro MarHUTHBIA



3pup U3 3EPeH-TIOTEHIINAJIOB TIPOSIBIISIET ce0sl B BUJIE TIOTOKOB
Y3 TIOJTIIOCOB CTAIlMOHAPHBIX MATHUTOB M 3aHUMAET IPOMEKYTOU-
HOE CBOKCTBO M0 JIaJIbHOJEHCTBHIO ¥ MPOHUKAIOLIEN CIIOCOOHO-
CTU MO CPABHEHUIO C JIEKTPUUYECKUM U IPABUTALIMOHHBIM 3(PU-
pOM.

OCHOBHOI BBIBOJ] — ISl OOBSICHEHHSI MeXaHu3Ma 00pa3oBa-
HUS1 aTOMOB HET HEOOXOIMMOCTH MPUBJICUEHHUST MEXaHU3MA Op-
OUTAIIBHOTO JIBUKEHHST aTOMHBIX JIEKTPOHOB.

1.2 HeiATpoH, NPOTOH, 1eUTPOH,
TPUTOH U AHTHYACTHIIBI

Heiitpon npapoautelis caMoro pacnpoctpaHeHHoro Bo Bce-
JICHHOW XMMMYECKOTO 3JIeMeHTa — Bofopojaa. Takue CBOMCTBA
o0BbeMa, KOTOPBIM 3aHMMAaeT HEUTPOH, KaK CIMH, Macca, HHEePT-
HOCTb, IJIOTHOCTb, MArHUTHBII MOMEHT, JIEKTPUUECKUN AU-
MOJIbHBIA MOMEHT, pacripeie/ieHre TIIOTHOCTU IEKTPUUECKOTO
3apsila ¥ MarHUTHOTO MOMEHTA, BpeMsI KU3HU U IPYTHUe — OTPU-
IAIOT €ro KaKk MaTeprajbHyl0 OeCCTPYKTYPHYIO YaCTHITy U OIpe-
JEJISIOT ero Kak HeKOe CJI0KHO-COCTaBHOE BUXPEBOE JIEKTPO-
MarHUTHOE MUKPOIPOCTPAHCTRO.

®. Butuek B cBoell KHUTe!S, pa3BuBasi, JOTOIHSAS U TIO HOBO-
My UHTEpHpeTUpys (MEepBbIi, BTOPOM 3aKOH DWHIITENHA U T.J)

5 Bunpuex ®. Tonkas (puszuka. Macca, 3¢up u 0OBEAMHEHHE BCEMHPHBIX
cuwn. — CII6.: Tlurep, 2018. — 336 c.: mn. — (Cepus «New Science»). ISBN
978-5-496-02934-6



uaen YTO u OTO, a takxke yrBepxknas KX (nmpuHumIbl e
CTAHOBJICHUS OJJMHAKOBHI ¢ npuHLMnaMu K31, ¢ Tou b pasz-
Huuer, yto B K91 oqun anekrpuueckuid 3apsag, a B KX ux
TPU U T€ LIBETHbIE), TPUXOAUT K BbIBOAY — (B MyHKTE 3 MO3UIUI
U3 Yero YCTPOEH MHUpP) — OCHOBHON KOMIIOHEHT PEalbHOCTU
O’KVBJIEH KBAHTOBBIMU ITPOLIECCAMMU.

B nanHO# KHUTE 110 aHAJIOTUU — OCHOBHOI KOMIIOHEHT pe-
AJIbHOCTH OKMBJIEH MArHUTHBLIMI MOHOIIOJISIMM .

OCHOBHOM BOIIPOC COBPEMEHHOCTHU — TJI€ PACIIONOXKEH U UTO
SIBJISIETCS [VIABHBIM UCTOYHUKOM ITPOU3BOJCTBA HEUTPOHOB? OT-
BET: OCHOBHBIMU MCTOYHUKAMU TMPOU3BOJICTBA HEUTPOHOB SIB-
JISTIOTCS s1/ipa MYJIbCAapOB-HEUTPOHHbIE 3BE3/IbI U BCE siApa CBe-
TAIIMXCS 3BE3JI, a TaK)KE IeOJIOTMYECKN aKTHBHBIX IIJIAHET TH-
na 3ewud. Jpyrumu MCTOUHUKaMU, KOTOPbIE MTOPOXKJAIOT TAKUE
MUKPOITPOCTPACTBA, SBJISIOTCS BO30OYXAEHHbIE (TEM WA MHBIM
METONIOM) OoJiee KPYITHBIE WM TsIKEJIbIe siipa aTOMOB XUMUYe-
CKHX JIEMEHTOB.

Bospact KXU3HM HEUTPOHOB 3aBUCUT OT CUJIBI M (POPMBI ITOJIEN
B 00bEeMax, I7ie OHU ITPUCYTCTBYIOT. B OOBIUHBIX YCIIOBUSX Ha IM0-
BEPXHOCTH 3eMJIM HEUTPOH pacnagaercs (doro 3), nmpeBpaina-
SICh B TIPOTOH.



doro 3. Pacnan HeUTpoHa

Kpome npoTtoHa npu pacnazie NOsIBJISIOTCS JEKTPOH U aH-
TUHEUTPUHO. KMHETHYECKUM KOPITyCKYJISIPHBIM OCKOJIKOM 3TOU
SJIEPHOM peaKkLMy, YHOCSAUIUM YacTb SHEPIuM, SBJIAETCS aHTU-
HEUTprHO. B mporecce TepMann3anuu, T.e. OXJIAXKICHUN 3TUX
YaCTHI] 10 COCTOSTHUSI TIPH, KOTOPOM MPOUCXOIUT UX PEKOMOU-
Haimsi, oOpasyercsi atoM Bojgopona. Ilepuoa nonypacmanga (10
—20 MMHYT) 3aBUCUT OT HEKOTOPBIX BHEIIHUX ycnoBui. [Ipu-
CYTCTBUE HEOOJIBIION PUMECH MPOTOHOB U JIEKTPOHOB CYIIle-
CTBEHHO YBEJMYMBAET MX BO3PACT, TaK KaK JIEKTPUUYECKUE I10-



JIS 9TUX YacTUIl OJIOKUPYIOT TPOIIECC Pa3phIXJIEHUS] BUXPOHOB
BHEITHUX 000JI0UYeK HEUTPOHOB, TEM CAMBIM 3aMEeJISIIOT UX pac-
naa. Ha noeepxnoctn YCT, snpa HEUTPOHHOM 3BE3[bl, T.€.
B OYEHb CMJIbHOM LIEHTPaJIbHOM I'PaBUTALIMIOHHOM I0JI€ HEUTPO-
HBI XKUBYT JIOJTO Oe3 pacra/ia, HaKaruTMBasiCh B TAKOM KOJIWYe-
CTBe, UTO 00Pa3yloT JOCTATOUHO TOJCTYIO atMocdepy. B koneu-
HOM MTOTe, 3TOT CJIOW HEUTPOHOB, OTAAJISAACH B 00JIACTh CJIaO0T0o
I'PaBUTALIMOHHOTO TOJISA U pacnaaasich, (GOPMUPYET CIIOM MPOTO-
HOB 1 @aHTUIIPOTOHOB, KOTOPbIE aHHUTMJIUPYIOT B3PbIBOM CBEPX-
HOBOM, T.€. TPOMCXOAUT OJHOBPEMEHHBIN BHIHYKAEHHBIN B3PbIB-
QHHUTWIISIIUS BCel aTMOCephl.

HeiiTpoH oOnamaer cTpyKTypoil U BHETHUMU-BHYTPEHHUMU
cBoiicTBamMu. BHerHMe CBOWCTBa OOHAPYKUBAIOT C TOMOIIIBIO
Pa3IMUHBIX TEXHUYECKUX CPEICTB U MPUEMOB BbIUUCIECHUN CU-
crembl usmepenni CU. K HUM OTHOCATCS BHEUIHUE MOJIsT HEeW-
TPOHOB, IIPOCTPAHCTBEHHBIN pa3Mep, CIIMH, 3aps]] MacChl, Mar-
HUTHBII MOMEHT, OTCYTCTBUE JIEKTPUUECKOTO 3apsija, Mepros
MOJTypacnaja, a TakKe B3aMMOJCUCTBU S HEUTPOHOB C ATOMHBIMU
sapamu. BHelliHue moJist 3apsijia Macchl (IpaBUTAIIMOHHBIE MTOJIS)
CO3/1aI0TCS TaKXke€ KaK U Y MIOOHOB, HO B OTJIMUME OT HUX cOp-
MUPOBaHbl CYMMAapHBIM HM3JIyYeHHUEM TPEX KOHTYPHBIX 00O0JIO-
4YeK HeUTpOHa, 00JIaJaloero HabopoM yke pa3IMyHbIX 4acToT.
BHerHee a5eKTpruecKoe rnojie HBUTPOHa, Kak v B aTOME, TTOJTHO-
CTbI0 YHUUTOKEHO aHHUTWJISILIMEN MPOTUBOMNONIOKHBIX MO 3apsi-
Ny U3JIy4aeMbIX 3€peH-3JIeKTponoTeHuanoB. Kpome Toro Heii-
TPOH ¥ TTPOTOH UMEIOT OYEHb OOJIbIIIE aHOMATbHbIE MarHUTHbIC



MOMEHTHI, KoTopbie B 1,91 u 2,79 pa3 coOTBETCTBEHHO OOJIbIIIE
10 aOCOMIOTHOM BEJTMYMHE SAEPHOTO MarHETOHA, YTO CBU/IETEb-
CTBYeT O 3HAUUTEJIbHBIX TOKaX MAarHUTHBIX MOHOMOJIEN BHYTpHU
uX 000JIOUEK.

B peanbHOM paccMOTpeHMM B OCHOBY IOJIOXKEHA CTPYKTYpa,
OCHOBaHHasl Ha 3JIEKTPOMArHWTHOW MOJE/Y (2 HE KBApPKOBOW)
HEUTPOHOB, pa3padboTanHoi B CTIH(OPICKOM YHUBEPCUTETE Ha-
YUYHOH Tpynmnoit Bo rase ¢ Xodiuraarepom!'® — 1956 ron. Dkc-
NEPUMEHTAJILHO UCCIIEIOBaHA BHYTPEHHSIS1 CTPYKTYpa HEUTPOHA
obu1a P. Xodmragrepom!” myTém n3ydeHus CTOTKHOBEHUH MTyd-
Ka 3JIEKTPOHOB BBICOKMX 3Hepruil (2 I3B) ¢ HeuTpoHaMHu, BXO-
JsmMu B coctaB nertpona (HobeneBckast mpemusi o pusmke
1961 r.). U3 31001 paboTHI CIeqyeT 3aKII0YeHue aBTopa.

3AKJIIOYEHHE

B 3asepwienue ckazamnozo ymecmuo euwe  pas
o0bpamumuCsi K paree 3ampoHymoi npooneme u nocmagunme
80NPOC O 2NYOOKOM U  BO3MONCHOM  (PUNOCOPCKOM
3HAYEHUU NOHAMUSL «3nemeHmapHas» uacmuya. Kax
Mbl 8udenu, NPpomoH U HEUmpoH, Komopvle CUUMAAUCH
INEMEHMAPHBIMU  UACMUUAMU, NPEOCMABAAIOMCS  OUEHb
caodicHbimMu - oopazoeanusmu. Iloumu ¢ yeepeHHOCMbIO
MOJICHO cKa3amoe, umo Gusuku 6yoym nocnedoeamenbHo
uccnedosams COCMAgHbLE UaACmU NPOMOHA U HEUMpoHa —

16 Hofstadter R. DJIeKTPOMAarHuTHasi CTPYKTypa siaep u HykjioHoB. M. MJI. 1958,
0. mepeBoIoB.

7R, Hofstadter, Structure of Nuclei and Nucleons, Science 136, No. 3521,
1013 (1962).



ME30HBL 00H020 UAU Opyeozo copma. HYmo oydem cozoano
HA OCHOBe 3Mo20?

Hauunas ¢ 1958 rona, monoOHast Mojienb Obljia pa3BUTa U JI0-
nojiHeHa P. BuibcoHOM c corpygHukamu u3 KoOpHeJbCKOro
ynusepcuteta, I'. lonmepom!'® u C. Beprua ¢ corpymHukaMu
no uyesm'® dpazepa u Pynko, Ham60? u Yy.

«Hetimpon cocmoum u3 msiicénoii cepoyesutl (kepHa) paou-

ycom = 0,251 03 CM, C 8bICOKOU NAOMHOCMbIO MACCHL U 3aPsi-
oa, komopas umeem oouuii 3apso ~ +0,35 e, u okpycarouieri
€20 OMHOCUMENbHO PA3PEHCEHHOL 000N0uKU (,,Me30HHOU Y-

ov1“). Ha paccmosinuu om ~ 0,251 0B oo~1 4-1 03 ey sma
00010UKA COCMOUM 8 OCHOBHOM U3 BUPMYANLHBLIX O U T Me-
30H08 U obnadaem oouum 3apsioom ~ —0,50 e. Hanvute pac-

cmosimus ~ 2,510 ey om UeHmpa NPoCMuUpaemcs 000N0uKa
U3 BUPMYANLHBIX () U JTT ME30H08, HECYUWUX CYMMAPHDBIL 3apsi0
oxkono +0,15 e.»

JpyriMu CIIOBaMHM, U3 Pe3yJIbTaTOB TUX M3bICKAHUU CIIey-
€T, YTO CTPYKTypa HYKJIOHOB Takke, KaK U B aToMe, COCTOUT
U3 TUIOTHOTO spa W BHEIHWX obojodyek. Ha pomb sapa mo-
KET MPeTeHI0BaTh HelTpaibHble K-Me30HBI, a Ha POJIb BHEIITHUX
000JIOYEK YaCTHUIIbI TUTIA HEUTPAIbHBIX U 3apsKEHHBIX TT-Me30-

8y Schopper, Phys. Blitter, 7, 316 (1961).

“W.R.Frazerand].R.Fulc o, Phys. Rev. Letts. 2, 365 (1959); Phys. Rev.
117, 1609 (1960);

2y Namb u, Phys. Rev. 106, 1366 (1957).



HOB?!,

OcHoBHas ues, Ha KOTOPOU MOCTPOEHBI T MOJIENH, 3AKJII0-
Yyaercss B TOM, UTO NPOMOH U HElmpOH UCNYCKAION 3aPsIiCeH-
Hble JT-ME30HbL, HO 3ameM 8036PAUuaON UX Ha3ao0 HA CE0U GHEU-
Hue 0oonouku. Ilpuuém ux ucnyckarue npoucxooun 8 COCrOsIHUU
C OMAUMHBIM OM HYASL MOMEHMOM KOAUMEC8A OBUICEHUSL, M.e.
OHU OONIICHBL BPAUAIMBCSL BOKPY2 YdIce HA3BAHHO020 A0PA HYKAO-
Ho8. H3-3a 3mozo u obpasyomcsi Kpyzoevle MoKU, KOmopble no-
POJACOAIOM AHOMANbHBIE MAZHUMHbBIE MOMEHNbLY.

DTO MOATBEpKIACTCS U pe3y/IbTaTaMu padOThl KoJUIaiiepa
B3IIIT-2000 B HoBocubupckom MHCTUTYTE siAepHON (DUBUKHU.
OH ObUT BbIBE/IEH HA MPOEKTHYIO SHEPrUI0 U JOCTUT TOpPOra,
MOCJIE KOTOPOTO CTOJIKHOBEHMSI 4acTWI] (JIEKTPOH-TIO3UTPOH)
B HEM HAUMHAIOT POXAATh aHTHOAPHOHBI — AHTUYACTHUIIHI TIPO-
TOHOB M HEUTPOHOB, COOOIAET YUYEHBI CeKpeTapb MHCTUTYTa
Anexceit Bacunbep?%:

«JlocTUrHyTa ~MakcUMaJlbHasl IPOEKTHas SHEpPrus
koutaiiepa — 1000 wmerasnekTpoHBOJIBT Ha IYYOK,
YTO O3HAYaeT CYMMAapHYI0 SHEpPrui0 CTOJKHOBEHHI
2000 werasnexktpoHBosbT. IlpoiiieH mopor 3sHepruu
1870 MerasneKTpOHBOIBT — MOPOr POXAEHUS OapHUOH-
aHTUOAPUOHHBIX Tap. Mbl ¢ukcupyem 10 2 ThICSY
POXIEHUI B CEKYHIY B KaXAOil TOUKe (CTOJIKHOBEHMIA),

2l Bo3MOKHO, UTO Ha3BaHHbIE ME3OHBI — TO yXke MPOAYKTHl PacraioB UCTUHHBIX
YaCTUII, HAXOIAIIMXCS Ha BHEITHUX 000JIOUKaxX siIep.

22 A. Bacuibes. lazera.py or 19.04.2011, PUA «HoBoctu». Komnaiinep
BIIII1-2000 B HoBocuOUpCKe BbIBEIEH Ha MPOEKTHYIO Hepruio. 19.04.2011 | 11:54



OHH PETHCTPUPYIOTCS».

«OmHa W3 OCHOBHBIX 3alauy HOBOTO KoJUlaiaepa —
C MaKCUMAJIBHO BBICOKOH TOYHOCTBIO U3MEPUTh ITapaMeTpPhl
AQHHUTWIALAN EKTPOH-TIO3UTPOHHON Hapsl B aJIPOHbBI —
ME30HbI 1 OApPUOHBI».

«BHyTpeHHee cTpoeHre IPOTOHOB ¥ HEUTPOHOB JI0 CUX
HOp M3YYeHO He 10 KoHua. VX crpoeHme O cuX TOp
OYeHb IUIOXO W3BECTHO — KaK pacrpesiesieH 3apsjl, Kak
pacmpeielieH MOMEHT BHYTPH 3THX COCTAaBHBIX YaCTHII.
M3BecTHO, W3 YEro OHM COCTOSAT, HO KaK 3TO0 TaM
pacrpe/iesieHO, U3BECTHO O4YeHb IUIOXO. DTOT KoJulaijep
SIBJISIETCSI CAMBIM YOOHBIM MHCTPYMEHTOM [J151 U3YYEHHUS».

Awmepukanckuil pusuk-teopetuk Jxxynuan [IIBuHrep B ocHO-
BY MAarHMTHOW MOJENH>® MaTepuy BCEX JIEMEHTAPHBIX YaCTHIL
3aJI0KWJT 1yaJIbHO 3apsKEHHbIE YaCTULIBl MAZHUMO-2.NeKmpute-
cKue OUOHbL, KOTOPBIE SIBJISIIOTCS, KAK OH CYMTAEeT COCTAaBHOM va-
CTBIO ¥ HEUTPOHOB. U ecTh Bce OCHOBaHMsI CUUTATh, KK OH IOJIa-
raer, YTO OCHOBA BCEX IEMEHTAPHBIX YaCTULL M B TOM YHUCJIE HEi-
TPOHOB U ITPOTOHOB COCTOUT U3 MOIOOHBIX OUOHOS, & HE U3 KBap-
KOB. DTO MOATBEPKAAETCS TEM, YTO MPU AHHUTWIISLIUN HYKJIO-
HAa U aHTUHYKJIOHA (JIE3UHTErpalusi MaTepuu) 3aperucTpupo-
BaH BbLJIET HECKOJIBKUX JT-ME30HOB, & HE KaKUX TO BUPTYaJIbHBIX
KBapKOB WY IEHTAKBAPKOB, KOTOPble HUKOI/1a He ObLIN KC-
NepPUMEHTAJIbHO 3apPerucTPHPOBAHbI.

AHTUHEWUTPOH OBLT OTKPHT B HarmoHanpHOW J1abopatopuun
uM. Jloypenca (bepkim) B 1956 rogy, uepes rog nocie OTKpsbl-

23 Schwinger J. A Magnetic Model of Matter, Science 165 (No. 3895), 757 (1969).



TSI QHTUIIPOTOHA.

[IpakTueckn yxe JaBHO OCBOEHA TEXHOJIOIMS IOTy4YEHUS
AQHTUYACTHIL] HA ME30HHBIX (pabpHKax U Kosutaiinepax. PoxieHue
nap aHTUYACTUIL] IPOM3BOIUTCS HE TOJIBKO C MOMOIIIBIO BCTPEY-
HBIX MIYYKOB aJPOHOB, HO U MPU CTOJIKHOBEHHUSIX MYYKOB JIEK-
TPOHOB Y NIO3UTPOHOB C Heprueu Boie 1 1'3B.

Poxxaenne 1 aHHUTWIISIIUA AaHTHHENTPOHA.

AHTHUHEUTpPOH OBbUI MOJNyYeH B MpOIecce peakivu Tepesa-
PS/IKM aHTUIIPOTOHA HA MPOTOHE XUIKOBOJOPOAHOU ITy3bIPb-
KOBOU Kamepbl. OOpa30BaBIIMICS AaHTUHEUTPOH 3aTeM aHHHUTH-
JIMPOBAJI C IPOTOHOM C OOPA30BaHUEM ISATU 3aPSKEHHBIX MHO-
HOB 1 HECKOJIBKUX JIPYTHMX HEUTPAIbHBIX ME30HOB. 3HAK 3apsa
00pPa30BaBIIMXCS TTMOHOB W UX SHEPTHsl ONPEeISIOTCS 0 KPH-
BU3HE TPACKTOPUM NIMOHA B MArHUTHOM nonie. HenrpasnbHele Me-
30HbI PACNaAAINTCs ¢ 00pPa30BaHUEM Y-KBAHTOB, IOTOMY B ITy-
3bIPPKOBOM KaMepe He BUHbI. 3aperucTpUpOBaHHAs CyMMAapHas
9HEPrusl, yHOCUMas 3apsKEHHBIMU TMOHAMU 0KoJ10> 1500 MaB,
0M3Ka K CyMMapHOM HEPTrUH TIOKOsI aHTUHEWTPOHA U ITPOTOHA.
OcTaBIHIyiocsi HEPTUI0 YHOCAT HEUTpasibHble Me30HBI. HeoOxo-
JUMO YUUTBIBATh, YTO MPU AHHUTWISILIMM AHTUHENUTPOHA C MPO-
TOHOM CYMMApHBII SJIEKTPUYECKUI 3apsi]l YacTull, 0Opa30BaB-
LIMXCS B Pe3yJIbTaTe aHHUTWIALMY, paBeH +1. [loatomy B pe-
3y/IbTaTe AHHUTWIISILIAM 00pa3yeTcsl OUH <«JIUIIHUID» MONOKU-
TEJIbHO 3apSKEHHBIA ITUOH, KOTOPBIM 3aT€M MOPOXKIAET LEeMNoy-
Ky nocyeayomux pacnaaoB. OOpa3yomuics B KOHIIE IeTIOYKU
pacraioB MO3UTPOH AHHUTHIIMPYET C IEKTPOHOM Cpejibl 00pa-



3ys oToHbI ¢ 3Heprueit 0,511 M»3B.

Otciona u clieflyeT, 4to Mojioca SHEPruu NEKTPOMArHUTHBIX
KBAaHTOB (JICOPOMJIEBCKUX WJIM KJIYOKOBBIX) JUIsI 0Opa30BaHUS
HYKJIOHOB B CUHTYJISIDHBIX TOUKax Ha Kosaiaepax wim YCT ne-
#ut B npeaenax 130—500 M»ss. Takue (OTOHBI U OTBEYAIOT
3a Mpou3BoACTBO BuanMon vyactu (0,4% 3BE31bl U TATAKTUKN)
BelecTBa-marepuu BeeneHHON.

TpéxkoHTypHBIE 000J0YKH HEHTPOHOB.

BHyTpeHHMe cBoiicTBa HEUTpPOHA, KOTOpBIE OOECIIeYMBAIOT
9TU BHEIIHWE CBOWCTBA — 3TO IIECTb 3aMKHYTHIX, B3alMHO
MIPOTUBOIOJIOKHBIX SIIGPHBIX TOJISIPHBIX BUXPOHOB U CHJIBHO
B3aMMO/IEHMCTBYIOIIMX C ONPENEIEHHON YaCTOTOM, MOJISIPHOCTBIO
Y TIOJIsSIpU3alIien.

[Mo TpéM BHYTPEeHHUM U BHEUTHMM OOOJIOUKaM HEWTpPOHA
MYJIbCUPYIOT 3aMKHYTbIe MarHuTHbie MoHoromu ['SMM, koto-
pbie OOHOBJISIIOT 3aMKHYThIE KOHTYPBI, (POPMUPYSI U3 HUX BHEIII-
HUe Tonst. Mexay TepBoil BHYTpEHHeW OOOJIOUKOW M Cpef-
HEel MPOUCXOAUT CIJIbHOE B3aUMO/eliCTBHE C aHHUTUIISIIUEH
MIPOTUBOIOJIOKHBIX MO 3HAKY 3€PEH-3IEKTPONOTEHIAIOB, YTO
MIPUBOJIUT K ITOYTH [MOJTHOMY YHUUTOKEHUIO TPOCTPAHCTBA MEXK-
JIy HUMH C TIOMOII[bI0 30HbI X0J104HO0M I1a3Mbl (¢poTo 4 Tpe-
Ths cripaBa). [lo3ToMy OHM TPAKTUIECKU TIOITHOCTHIO TTPUOJTH-
*KEHBI APYT K JIPYry HA MUHMMAJIbHO BO3MOKHOE PACCTOSIHHE,
paBHOe 1/4 nyIMHBI BOJIHBI, U ONPEAEJSIOT pa3Mep HEUTpo-
HOB MYTEM CTATUBAHUS-TIPUTSDKEHUST APYr K JPYry MCTOYHU-
KOB U3JIy4€HUsI YeTBEPTh-BOJIHOBOIOB. PaBHOBECHOE COCTOsSIHUE



MOJIOKEHU ST ICTOUHMKOB-C(ep BOJHOBOJIOB B YKA3aHHOW CXeMe
00€eCTIeunBaeTCsI PABEHCTBOM CUJI TIPUTSIKEHUST PA3HBIX 110 3HAKY
¥ BeJIMUMHE 3apsIJJOB SHEPTUH, HO Oosiee OJIM3KO pa3MenIEHHBIX,
10 CPABHEHUIO C OJMIHAKOBBIMU IO BEJIMYUHE 3apsAAAMU SHEPTUH,
HO JIMaMEeTPaJIbHO MPOTUBOIOIOKXHBIMY chepamu [DMM u 60-
Jiee yIaJE€HHBIMH JIPYT OT APYyra Ha MOJBOJIHBL

Orciona cnegyer ewmE ogHa ¢opMa JKM3HUM M CYLIECTBO-
BaHUsl 3apsAd0B JIEKTPHYECKHM NOTEHIHAJIOM B COCTOSI-
HUM JUHAMUAYECKOTO pPaBHOBECHS MOJIHOTO B3aUMHOIO YHUUTO-
JKEHUSI IPOCTPAHCTBA KOHTYpPaMU-000I0UKAMHU POXKIACHUS CJI0-
HCTOI XOJOAHOW 0e3MacCOBOH IUIa3Mbl M MPOCTPAHCTBA HEW-
TPOHA.

®oto 4. Cxembl 0007109EK HEUTPOHA, CIIEBA — HATIPABO, BHYT-
peHHsisT 000JI0UKa, COCTaBJieHHasl U3 JIByX C(ep-UCTOUHUKOB
['MM c nBymMs 4eTBepTh BOJHOBOJAMM (TUIA HEUTPATBLHOTO
K-Me30Ha) ¢ mosynienbiM CIIMHOM THTIa MIOOHA; Ta ke 000J104-
Ka B pPeaJibHOM BUj€ U3 3E€PEH-MOTEHIIMAJIOB I'PABUTAIIMOHHBIX



BHYTPH U JIEKTPUUIECKUX CHAPYXKU; JIBE, BIOKEHHbIC APYT B APY-
ra 00OJIOUKHM TIepBasi M CPEHSS; TPU, BIOKEHHBIE IPYT B Apyra
000JI0YKH, 0Opa3yIoIe HERTPOH.

['paBuTAIIMOHHBIE 3€PHA-TIOTECHIIMAJIBI ITUX 000JI0YEK UMEIOT
OIMHAKOBBIM 3HAK U BBICOKYIO IPOHUIIATEIHOCTD, [IO3TOMY IIPU
OOHOBJIEHUM W3JTYYalOTCSl Y BBIXOAST 3a Mpeesibl ITUX KOHTY-
POB, a B3aUMOJEHCTBYS C LIEHTPAJIbHBIM MOJIEM 3€MJIM POsIB-
JISIOT Maccy HeWTpoHa. TpeTbs, BHENIHsSI 0OOJIOYKA HEUTpo-
Ha MyJIbCUPYET B 00€ CTOPOHBI C POXKIEHHEM KaK TOJIOKHUTENb-
HBIX 3€pPEH-3JIeKTPONOTEHIIMAJIOB, TaK U OTPULIATENBHbIX, MPO-
SIBJISIS ANEKTPOHENTPATIbHOCTh HEUTPOHA B 1IEJIOM U MOy LIENbINA
CIHH, KaK Yy 97IeKTpoHa. B craboM rpaBUTallMOHHOM I10JIe HA T0-
BEPXHOCTU 3eMJTH 9Ta CBOOOIHAS BHEIIHSSI 000JI0UKa pacra/ia-
eTCsl C POXKJICHUEM CTAOMJIbHBIX YAaCTHIl — MPOTOHA, JEKTPOHA
U C BBIOPOCOM MPOMEXYTOUYHOIO OCTaTKa (HEMTPUHO) TMOJIOBU-
HBI BHEIITHEH 000JIOUKH M3 3EpeH-3JIeKTPOIIOTEHITMAIOB O3 Mar-
HUTHOTrO MOoHoMNoJs. OTCIo1a COrIACHO MPUBEEHHON CTPYKTYpe
HEWTPOHA U €ro 3JeKTPOHEUTPAIbHOCTH, MOCIEAHUN SBISAETCS
Y aHTUYACTUIIEeW TIO OTHOIIIEHMIO K cele.

WTak HEWTPOH — 3TO TPH BIOKEHHBIX IPYT B JIpyra 000I04-
KU CO CTPYKTYPOI HEHTPaJIbHBIX ME30HOB — TPH SIAEPHBIE 000-
J04ku (Poto 4), cocTaBieHHbIE U3 TPOTUBOMOJIOKHBIX 10 3HAKY
JIEKTPUUYECKOTO 3apsifia YACTULL CO CTPYKTYPOM THUIIA MIOOHOB —
CJIO’KHAS LIEHTPaJIbHAsI MHTET palisl MAaTEPUU-KOHTYPOB B COCTO-
SIHUY TIOKOSI. 9TO OCHOBHOE CBOWICTBO I'PaBU3JIEKTPOMArHMT-



HBIX JUNOJIeN BBICOKMX PE30HAHCHBIX YaCTOT.

HeiiTpoH He MMeeT 3MeKTPUIEecKOro 3apsijia, XOTs oOaagaeT
MarHUTHBIM U IEKTPUYECKUM JUIOIbHBIM MOMEHTAMH, UMeeT
TOJTIeJIBIN CITUH 1 Maccy, Kotopast mpuMepHo B 2000 pa3 60:1b-
11e, YeM y JIeKTPOHA. DHEPruio [isi 00ecrieueH s STUX COCTO-
SIHUI, HEUTPOH YepraeT OT MyJbCUPYIOIIUX MArHUTHBIX MOHO-
TnoJield B 3TUX IIeCT 000I0YKax. MarHUTHBIM MOMEHT MPOTOHA
TIOJIOKUTEJIEH U B MOJITOpa pa3a 0oJIbllle, YeM Y HEUTpOoHa, y KO-
TOPOTo OH OTpulIaTesieH. Pa3HuIla B Maccax-9Hepruvu HEUTPO-
Ha U MPOTOHA coctasiseT 1,293323 Mbag, koTopast npu pacmna-
Jie HEUTpOHa pacrpeessiercss Mexay ero npogykramu. Komn-
TOHOBCKasl JJTMHA BOJIHBI HYKJIOHOB COCTaBJIsIET BeIUUMHY 1,3 X

1 .. o
10— 13 CM, a C YYETOM Pa3phIXJIEHHOCTH BHEIITHEW 000IOUKH, 3a-
JIAI0IEeN 3aMyparolyi CJI0OM U MOJYLIESIbI CIIUH, pa3Mep €€ J0-

cruraer 3Hadenns 9,1 x 10 1 e Henrtpon sierko nmpoHukaer
B S/Ipa XUMHUYECKHX JIEMEHTOB TPH JIIOOON SHEPruy, BhI3bIBA-
eT siIEpHBIe PEAKLMH U CIIOCOOEH BbBI3BIBATH JAEIEHUE TSKEIbIX
snep. MeieHHbIe HEUTPOHBI, UMeEIoIIUe 1eOPOIIEBCKYIO UTMHY
BOJIHBI COU3MEPUMYIO C MEKATOMHBIMU PACCTOSTHUAMMU, CIIykKAaT
JUIS1 UCTTIOJIb30BAHUS MX B UCCJIEJOBAHUM CBOMCTB TBEPIBIX TEIl.
Bornblioe BHUMaHWe MPUBJIEKAIOT HA ce0s1 OCLIMJUIALMM JPYT
B Jpyra HEUTPOH-aHTUHEUTPOH. OCHWUIALMUA SIEMEHTaPHBIX
YacTUl — 3TO MEPUOJUYECKUM NPOLECC NMPEBPAILEHNUS YaCTHULL
OIpEZIENIEHHOM COBOKYITHOCTH JIpYT B apyra. Benyrtcs skcniepu-
MEHTaJIbHble PA0OTBl BO MHOTUX CTpaHax Mo 0OHapyKeHUIO yBe-
JIMYEHMS YUCJIa QHTUHEUTPOHOB B ITyYKE HEUTPOHOB U3 PEAKTO-



pa ¢ poCTOM JIJIMHBI ITPOJIETA, A TAKKE B OTOKAX KOCMMUYECKUX
Jy4ed U B CIHELMAJIBbHBIX JOBYLIKAX YJIBTPAXOJOAHBIX HEUTPO-
HOB — 3TO TaK Ha3blBAEMbIE HEUTPOH-AaHTUHEUTPOHHBIE OCLUJI-
AN,

[lepBass m BTOpass OWITOJAPHBIE OOOJIOUKH, BXOMISIIUE
BO BHYTPEHHIOIO CTPYKTYpy HeUTpoHa (¢poto 4), UMEIOT CTPyK-
Typy Tuna K- u 7-HOJIb ME30HA M CO3[aHbl KBAHTOBBIM PE30-
HAHCHBIM 3aXBaTOM C IOCJIEYIOUIMM KOHLIEHTPUYECKUM CJIM-
SHUEM Pa3HbIX O YACTOTAM YETHIPEX MOJISPHBIX U IONAPHO
IPOTHBOMOJIOKHBIX 3AMKHYTBHIX BUXPOHOB. OHU BJIOKEHBI IpYT
B Jpyra TakuM 0Opa3oM, YTO IOJOBHHBI 3aMKHYTHIX KOHTY-
POB U3 MOJIOKUTENBHBIX 3E€PEH-TIOTEHLMAJIOB BHYTPEHHEN 3a-
KPBIBAIOTCS OTPULIATENIbHBIMU 3€PHAMU-TTOTEHLIMAJIAMHU CJIELYIO-
111V [TOJIOBMHBI BHEIIHe!. LleHnTpanbHas cpepa mokasplBaeT CBO-
00IHOE TPOCTPAHCTBO, KOTOpOE OYyIeT 3aroTHSAThCS EHTPalb-
HbIMU OOOJIOUKaMM NpU 0Opa30BaHUM AP XMMUYECKUX 3Jie-
MEHTOB BIUIOTH /10 f/iep KajbliudA. Takas cTpyKkTypa HEUTpO-
Ha CBOMCTBEHHA €My BHA4aJjle €ro NOSBJICHUSA U JOITON KU3HU
B OIPEJICIEHHBIX YCIOBUSAX, 4O HAYaJIa Pa3phIXJIEHUS €ro BHEIII-
Hell 3apsAno-oOpasyomieil 000104kU. B3aumonencTeue Mexay
000JI0YKaMU — JIEKTPOMArHUTHOE C OY€Hb MAJIbIM PaJMyCOM

NIENCTBUA 10— cem

He#TpoH, Kak 3/IeKTpUYEeCcKr HeUTpasibHasl YaCTUIIA SIBJISET-
Cs1 OMHOBPEMEHHO M aHTHYACTHUIIeH TI0 OTHOIIGHUIO K ce0e, Kak

2 Kazapnosckuii M. B. u ap. ITucema B KT tom 32, Bbin. 1 crp.88—91, 1980 .
M.Gell-Mann, A. Pais, Phys.Rev.97,1387,1955.



1 (poroH. MrHOBEHHas CTPYKTypa HEUTPOHA C YK€ Pa3pbIXJIEH-
HOH TpeThell BHEITHeW 000I0UKOM, 00pa3yIoIiel ero ClvH, pu-
BeJieHa Ha ¢oTo 35,

doto 5. Cxema HEUTPOHA M AHTUHEUTPOHA

I7ie BHEIIHSA 000JI0YKA HAXOOUTCS B COCTOSIHUM Pa3phbIXJie-
HSI ¥ TOTOBUTCSA K pacnajy. BremHsss o6onoyka HedTpoHa (aH-
TUHEHTPOHA) CO CTPYKTYpOM JT-HOJIb ME30HA IMEpej pacnajom
IPU Pa3pbIXJIEHUH MOOYEPENHO C ONpeleIEHHON YacTOTon re-
HEepUpYeT MOJOKUTENIBHYIO MM OTPULIATEIbHYIO TIoNyceprye-



CKYI0 00OJIOUKY C TIOJTYIIENIBIM CIITHOM, T.€. CTPYKTYPY 3apsiKeH-
HBIX ME30HOB. AHAJIOTUYHBI CTPYKTYPbI BHEITHIX 000JIOUEK Iie-
pel pacnagoM BCceX aTOMHBIX HEUTPAJIbHBIX SIAEP, MOSBUBIIMXCS
npu poxjaeHnu Ha noepxHocty YCT 3BE31 M MI1aHeT Wi B pe-
3yJIbTaTe€ MOILHOTO JIEKTPOpa3psiia, WK MOIIHOTO yaapa npu
CHELMAJIbHOM CBapKe B3PbIBOM, WM IIPU BO3JEUCTBUM MAarHUT-
HBIX MOHOIIOJIEN B KABUTAIIMOHHOM MY3bIPbKE U T. JI.

Pacnan HEMTpOHa 3aBUCUT OT BHELIHUX YCJIOBUM U BO3MO-
JKEH C YYETOM HEUTPOH-aHTUHENTPOHHBIX OCLIMJUISIIUI HE TOJb-
KO ¢ 00pa3oBaHMEM MIPOTOHA, HO M AaHTUIPOTOHA.

Pacniag HEWTpOHa MOXHO paccMaTpvBaTh M KakK aKT MOHU-
3aIlUM TIOJIOBUHBI BHEITHEW OOOJIOUKM spa-HeWTpOHa (4acTH-
I[bl TUNIA MIOOHA) C UCIYCKaHWEM 3JIeKTPOHA U AHTUHEUTPUHO
3a CYET BHYTPEHHUX MPOLIECCOB U pOXkJIeHUEM IpoToHa. lono-
BUHA CpeTHEN MOJIOKUTENTbHOM (OTPUIIATENTHHOM ) 000IOUKHY Hel-
TPOHA OCJIe pacnaja Orojuiach U yxke He KOMIIEHCUPYETCs T0-
JIEM BBUICTEBIIIEH OTPHIIATEILHOM (TTOJIOKUTETBHONM) OO0OUKH,
KOTOPasi IPEBPaTUJIACh B IEKTPOH (ITO3UTPOH) pacnaja. Ocras-
mascs Tocje pacnaja MoJOBUHA BHEITHEH 0OOJIOUKH HEHTpO-
Ha BMECTE CO CpPeIHEN MOJIOKUTEIbHON MPEBPALLAET €r0 B MPO-
TOH (aHTUIIPOTOH) C TEOMETPUYECKON (DOPMOI BHEIIIHEW YacTh
MpecTaBIeHHOM Ha (oTto 6, cieBa (cripasa).

IIpoTOH B COCTOSIHUM MMOKOSI.



®ot0 6. Cxembl SIIEPHBIX AMEKTPUIECKUX 000I0UYEK MTPOTOHA
(cneBa) v aHTUTIPOTOHA (CrpaBa) 0e3 YKa3aHUsl IPABUTAIIUOHBIX.
B nonycgepuueckux caosx pokaaeTcs 30Ha XOIOqHON Oe3mac-
COBOM ILIa3Mbl, YAep:KUBasl U LIEHTPUPYS TIOJOKEHUSI MArHUT-
HBIX MOHoMojiern ' 9MM.

[Tono6Has nomycepa BHelIHell 000I0YKM B COBOKYIHOCTH
¢ momycgepoit HUKHEH MONTOKUTEIFHON YacTH 0O0JIOUKHU OTpe-
JeJsieT TONOXKUTEbHBIN 3apsi/i MPOTOHA. DHeprus, odecreunBa-
Iol1asi IPOTOH MAacCOM, JIEKTPUUECKUM 3apsIIOM, CIIMHOM, Mar-
HUTHBIM MOMEHTOM, Pa3MEpPOM U IPyTUMU ITapaMeTpaMHu, OIpe-
JeJISIeTCsl CYMMAapHOW SHEPrueil MsTh MarHUTHBIX MOHOIIOJIEH
['SMM, nynbCcupyommx ¢ pa3HOW YaCTOTOU.

Jlaxxe 1Be BHEIIHME MOJIOKUTETbHbIE OOOJOUKU TMOPOKAa-
I0T TaKOW HEIOCTATOYHBIN TMOJIOKUTENbHBIA (OTPULIATEIbHBIN )
MEKTPUYECKUI 3apsf U3 3€PEH-NOTEHIMATIOB Ha [TOBEPXHOCTU
IIPOTOHA (AHTUIPOTOHA), KOTOPHIM OAWH JEKTPOH (IIO3UTPOH)



B aTOMe BOJOpoOna (aHTMBOAOPOAA) MEPEKPHIBAET IMOJHOCTHIO
¥ JIaKe OCTAETCs U3JHIIEK — 00pa3yeTcsi aToM BOIOPO/IA C I0CTa-
TOYHO OOJIBLION SHEPrUe CPOICTBA K NEKTPOHY, KOTOPbIi CI10-
COOEH MPUCOEIMHNUTH el OJUH MTPOTOH ¢ 0Opa30BaHUEM MOJIe-
Ky/sipHoro nona. [Toatomy Gonee crabuiabHa MOJIEKYJA BOJIO-
pona.

IIpeBpamennsi CTPYKTYpPbl IPOTOHA B JBHKEHUU NMPH
yBeJUYeHNN SHEPrui HA YCKOPHUTEJSIX U KoJulaiepax.

Bruiots 10 HacTOAIIErO BPEMEHM PACUYET YBEJIWUYEHUS SHEP-
T'MY IPOTOHOB 34 CYET UX Pa3rOHA B IEKTPUUECKOM IOJIE UAET
o popmyinam CTO A. DUHIITENHA, T.€. C YYETOM PEJISITUBUCT-
cKoro 3¢ deKTa 3aBUCHMOCTH MACChl YACTHULIBI OT CKOPOCTU. DTO
rpy0as ormmoOKa BbI3BaHA TEM, YTO B IPUPOJIE HET HUKAKON Mac-
CbI — HU MacChl IOKO#, HU pensatuBucTkor Maccel B CTO. A ¢u-
3UYECKHE MTPOLIECCHl YBEIMUEHUSI MACCHl JAIOTCS JIMILb HA BEpPY
Matematuieckumu ¢gopmynamu JlopeHiia, He uMmesi 1oj coOoii
HUKAKOro (pU3NIECKOro 0OOCHOBAHUSI, B TOM YHUCJIEe OIpe/esie-
HUSI MacChl, Kak (pusmdeckot kareropun. Takum oOpa3om, Ha-
pyLIAETCs] OCHOBHOM KJIACCUYECKMU IPUHLIMII ITO3HAHMS 3aKO-
HOB MPUPO/Ibl HA OCHOBE SKCIIEPUMEHTOB, a HE U3 MAaTEeMAaTUKH,
orpaHu4eHHou HerosHoToM 110 'enemo. [IMKI0TpOHBI MO3BOJIS-
10T YCKOPATbH ITPOTOHBI A0 3Hepruv npuMepHo 20 M»aB. [lanb-
HEUIIee UX YCKOPEHUE B IMKJIOTPOHE 02PAHUUUBAENICS PENsNU-
BUCICKUM 803PACMAHUEM MACCHL CO CKOPOCMBIO , UTO TPUBOAUT
K YBEJIMUEHHIO Meprojia oOparieH s (OH MPOMOPIMOHANIEH Mac-
Ce) M CUHXPOHU3M Hapylaercs. PeanbHo, B IpUpoae yBeande-



HUE BHYTPEHHEW SHepruu npotoHa UIET no gopmyne Ilnanka,
T.€. MMyTEM YBEJIMUYEHUs] YaCTOThl MArHUTHOTO MOHOIIONSI U KO-
JIMYECTBA B 3aMKHYThIX BUXpoHax [ DMM kaxoi u3 ero 06o-
JIOUEK, a TaKke YUCIIOM Takux odosodek. [Toatomy yckopsisich
B JIEKTPUYECKOM I0J1e, TPOTOH ((POTO 6) MOITANHO MpeBpalia-
ercs B JeUTpoH (¢poto 7), TpuToH (poto 16) 1 T.1., a 1pu BCTpey-
HBIX COYJApeHUsX C aHAJIOTMYHBIMU MPOAYKTAMH YCKOPEHHBIX
AHTUIIPOTOHOB MYTEM OCEBOM MMILIO3UH, MEPEXOASAIIEN CTyCT-
KaMHU B IIEHTPaJIbHYI0 UMIUIO3UI0, TOPOKAAIOIIEe MHOT0000J10-
YEeUHYI0 CTPYKTYpY A1ep (poto 9a) u poxaanTcsa aHTUIEUTPO-
Hbl, QaHTUTEJIUN-3 WIA AaHTUTPUTHU.

IIpeBpameHnusi npoToHa B miazmouie Bauaenpa >

BBICOKOMHTEHCHBHBIE JIEKTPOUMITYJIbCHBIE KOPOTKHE (5—
50 MUKpPOCEKYH]) pa3psaabl-MPOLECCH B I1azMounie Bauaesa pe-
QIM3YIOT Nepexojibl MPOTOH-AeUTPOH-TPUTOH-TeJHIl TyTEM
KOHLIEMIIUY BO30YXKJeHUE-pactia/l-CUHTE3.

DTOT K€ METO[] O3BOJISET MOIYUUTh U3 MPOTOHOB BOJIBI T10-
9T BCIO Tabmuiy MeHzeneeBa XMMAYECKUX IEMEHTOB. ATOM-
HBII1 U SIIEPHBII aHAJIOT MPOLIECCOB B IMANa3oHe, YacTOT Ha KO-
TOphIX padoTaer peakTop BayaeBa peammzoBan Ha 30—60 MI 11
(mpousBoacTBO 3mekTposHeprun) U 30—60 [T (XomomHbIin
SIIEPHBIA pacnaf-CUHTE3 aTOMHBIX sep XUMUYECKHUX JIEMEH-
TOB B CTaOMJIBHOM COCTOSIHUM). [[11 HEKOTOpBIX 3JIEMEHTOB

25 A. B. Bauaes, H. 1. VBaHoB. DHEprus ¥ TEXHOJIOIUsl CTPYKTYPHBIX HEPEXONOB.
VuebHoe mocobue. M3ganne MI'MA. Marautoropck-1994 rog. I'K P® mo Beiciemy
obpazoBanmo. 190 crp.



MOJTyYEHBl 3HAYEHUS MPEAETBHBIX TOKOB pa3psna (KA /Mm2),
MpU KOTOPBIX €Ille BO3MOKHA PEAKIMsl MPEeBPALICHUsI-CUHTE3a
CTPYKTYpHl aToMHBIX saep: Li =23,8; Na=29,5; K =26,2; Pb =
21,6; Cs=19,1;Cu =44.0; Au = Ag=43,0; Be =39,2; Ca =78,0;
Fe =47,1;7Zn =42 .4;Pt =40,0; Sb =40,8;Sn = 43,8; Al = 14,25.
[IponomKUTeIbHOCTh UMITYJIbCA pa3psiia, KOTOpasi orpeaesser
JUIMHY IBUKEHUS KJIacTepa BOJBI 1J1sI IOCTMKEHU S CUHTE3a sIJIep
anemMeHTOB, Kojeonercs ot 20...30 go 2000...3000 mukpoce-
KyHJ. Bona, siBsionascs mpoayKToM peakIivy Mocje MPOXoxk-
JICHUSI PEaKkTopa, UMeeT CJIeIYIOle XapaKTEePUCTUKU U COCTAaB:
pH - 6,0—6,8; 1,0 — tsxénas Boga 0,05%; T,O — cBepxTsike-
nast Boga 0,05%. Takum oOpa3zoM, HaM4Me AEHTPOHOB U TPHU-
TOHOB?® B OTpa0OTaHHBIX BOJAX YKa3bIBAeT HA MEXaHU3M UX H3-
OBITKA IPK MTPEeBpaICHUsIX MPOTOHA B JBUKEHUM B TUIA3MOU-
JIe Ha ITyTH YeTBEPTh BOJIHOBO/A BBIINIEYKA3aHHBIX YACTOT U TOKA
B MMITYJIbCE JJIsI Pean3allii CUHTE3a aTOMHBIX siiep. A Takxke
JIOKA3bIBAET MPUYACTHOCTD K TAKMM TIepexoJaM yBeJINYeHHe 3a-
ps/1a SHEPrUHM MarHUTHOrO MOHOTIOJISI Yepe3 MPOU3BeIeHHUE T10-
crosiHHOM [11aHKa Ha YacTOTy — Nepexoj1 ¢ yBEeIMUEHUEM HEP-
TMY B HOBBIH OoJiee TSKENbIN JICMEHT.

BHemHwmii ¢10i 0001049k HEUTPOHA (AaHTUHEWTPOHA) UMEeT

XapaKTEpHYIO CTPYKTYPY BOJTHOBOAOB M pa3mep 9,1 x 10— B em,
a TaKKe OMpeJesIsieT CIIMH YaCTULIbl U €r0 3HAK JIEKTPUYECKOTrO
3apsi/ia — y IPOTOHA OH MOJIOKUTEIbHBIN, Y aHTUITPOTOHA OTPU-

2 TpuTHii SBJISIETCS YUCTHIM OeTa-U3JIydaTesieM, paTrioaKTHBEH.



naresibHbiid. OIMH U3 BUXPOHOB TMOJIOBUHBI BHEITHEN 000JIOUKH
B HEUTPOHE MPH pacnaje ylIeTaeT v CTPOUT EKTPOH WJIU MO3U-
TPOH, a OCTaBIIMICS (POPMHUPYET BHELITHIOW O00IOUKY POTOHA *’
WY QaHTUIPOTOHA CO CTPYKTYPOl MIOOHA.

[TomoOHBIM ke 00pa30M, Kak ¥ Ha BHEIITHEl 000JI0UKe MPOTO-
Ha, (popmMHpyeTcs 3apsi]l MMEKTPUUECKUM TOIOKUTEIbHBIM T10-
TEHIMAJIOM aTOMHBIX fIA€p BCEX MOCIEIYIOIUX XUMHYECKUX
9JIEMEHTOB.

AHHUTWIALMS POTOHA U €70 AHTUYACTHUIIBHI IPOUCXOIUT aHA-
JIOTUYHO, KaK M B CIy4yasiX HEWTPOHA W aHTMHEWTPOHA, JJIEeK-
TPOHA U IO3UTPOHA. TakuM ke 00pa30M BCKPBIBAECTCS BHEIIHSIS
000J104Ka (3aMOPHBIH CIION CO CTPYKTYPOU MIOOHA) IMPOTOHA. 3a-
TeM pacrafaeTcst HYKesexkarias 000J04YKa CO CTPYKTYpOH Tt-
HOJIb Me30Ha. TOouHee, BbIIETAET SAEPHBIM BUXPOH B ITOJIE SIAEP-
HOTO OCTaTKa, 0Opa3yeT MPOMEXKYTOUHOE COCTOSIHAE CO CTPYK-
TYpOHll T-HOJIb ME30HA, KOTOPOE U pacliajlaeTcsl Ha JBa ram-
Ma-kBaHTa. CaMbIMU TOCJIEIHUMU BBUIETAIOT BUXPOHBI, 00pa-
3yIoIIHe TIEHTPAIBHYIO U 00Jiee BRICOKOIHEPreTHUIECKYIO (BBICO-
kouacToTHy0) K-o06omouky. B cBoGomHOM coctostnun K-Hoib
ME30HBI TaKXke pacragaioTcs B TaMMa-KBaHThl Yepe3 CBOM MPO-
MEXYTOUHBIE COCTOSIHHS B (DOpPME TT-HOJIb ME30HOB. DTOT MPO-
LIECC — IIPOLIECC JIEKTPOMArHUTHOM BUXPEBOM IKCIJIO3UH C ITpe-
BpaIlleHUEM 3apsIoB TOKOSI JBYX MPOTHBOIMOJIOKHBIX YACTHIL

2 HOpenn C. II., 3axapuazen P. «DNeKTpOMarHUTHAs CTPYKTypa HYKJIOHOB»,
Mocksa, 1.JI. 1962. DKcnepuMeHTs! IOKa3bIBAIOT, YTO IIPOTOHBI UMEIOT SIPKO BbIpa-
JKEHHYIO CIIOUCTYIO CTPYKTYpY, IPHYEM, BHEITHIE CIIOM OOYCIIOBJIEHBI JT-ME30HAMH,
Jajiee K-MEe30HbL, U T. 1.



B 3apsAIbl IBVKEHUSI, KaK U B CTydae aHHUTWISIIUHN JIEKTPOHA
U TIO3UTPOHA, T.e. B 6e3MaccoByi0 (hOpMy SHEPIruu JBUKEHUS
(poTOHOB — UrpaeT camyio IJIaBHYIO POJib B MPOU3BOJCTBE IHEP-
T'U 3BE3]] U TUIAHET.

Y nporoHa, chopmMupoBaHHAs OCTABIIMMCS TMOJSIPHBIM
BUXPOHOM YacCTh BHEITHEW O0OOJIOUKH C TOJIOKUTETbHBIMUA BOJI-
HOBOJAMH M OTKPbITas 4acTh cpeanen (poto 6) NopokaaeT ero
BHEIITHEee TOJIOKUTENIBHO 3apshkeHHOE T10J1e, MpensTCTBYyIoIee
BBUIETY BUXPOHOB C BHYTPEHHUX 0OOJIOUEK U UX BO3MOKHOCTU
MOCJIETYIONIErO pacrajia — 3T0 HauOoJiee CTaOWiIbHAsT YacTHIIA
U3 YHUCJIa BCeX U3BECTHBIX.

bnaronapsi oAMHAKOBBIM CTPYKTYpaM BHEIIHHX OOOJIOYEK,
C MapaJulebHBIM CITUHOM, TETUIOBOM MPOTOH MOXET JIETKO 3a-
XBaTBIBATh TETUIOBOM HEUTPOH ¢ 0Opa3zoBaHueM jieiTpoHa (¢po-
TO 7), MOCPEICTBOM CIHUSHUSA-O0bEJAMHEHUS] OJTM3KUX IO 4Ya-
CTOTE CBSI3aHO-3aMKHYTBIX JEOPOIJIEBCKMX KBAHTOB-BUXPOHOB.
B o0omoukax mpoTtoHa ¥ HEMTPOHA MAarHUTHBIE MOHOIIONHM OC-
HOBHOE BpeMs1 HaXOISITCSl B COCTOSTHUM BPAILICHUS U JBUKEHUS
Ha BOJTHOBOJAX OT lLieHTpa K moBepxHocTH. [locne nepeceueHus
U NpeoOpa30BaHusl BUXPOHAMU MX (Pa30BbIX OOBEMOB IIPOUCXO-
JIMT TIPOIIECC COOTBETCTBYIONIETO CIUSHUS U SHEPreTUYECKOrO
YIOPSIOUMBAHKS BHYTPEHHUX 000JIOUEK TIPU POKICHUHA HOBOU
MUKPOYACTHIIBI C U3JTyUYeHUEeM-COPOCOM raMmma-KBaHTa C SHEp-
ruen 2,2 MaB. B niporiecce cusiHUs 9TUX HYKJIOHOB CYMMapHbBIT
3apsizi cpep-uctoyHnKoB ' IMM Bcex 00omouek IeTpoHa yBe-
JIMYUBAETCS, pa3Mep — YMEHBIIIAETCs, 9acTOTa U YUCIIO 000JI0-



YEK — UBMEHAIOTCA.

®oto 7. Cxema poxaeHus aedtpoHa. CieBa MPOTOH, 3aTeM
HEUTPOH, CIIpaBa JIEUTPOH.

CriuH ¥ 27eKTpUYeCKUil 3apsi] AEUTpPOHA paBeH €IMHUIIE,
CyMMapHbId 3apsj 3Heprun cpep-uctouyHnkoB [OMM Bcex

000JI0UeK YBeINYNBaeTCs BABOE, cpeanuil auamerp —4,1 x 10

13 cm, a macca B CU — 1875 M3s paBHa yOBOEHHOM Macce

HYKJIOHOB 0€3 HEepruy BbUIETEBIIETO raMMa-KBaHTa. JTa sijiep-
Hasl peakius SIBJIsSIeTCSl 3HAKOBOU (IO popmylsie — OXJiaxkiae-
HHUe ¢ 00pa30BaHUEM BOKPYT JBUKYIIMXCS MUKPOUYACTHI] CBSI-
3aHO-3aMKHYTBIX JeOpOIJIEBCKUX BUXPOHOB, OPUEHTALIMS CIH-
HOB, Aperid, 3aXBaT-CUHTE3 C PACHIMPEHUEeM BHYTPEHHErO AKC-
KPETHOT0 MHKPOIPOCTPAHCTBA HA BEJIMYMHY, COOTBETCTBYIO-
nyo sHepru 2,2 M»3B, npeoOpa3oBaHUe W CHATHE BO30YX-



JeHUsI) U XapaKTepu3yeT IOC/Ie0BATEIbHOE B3aUMOJIEHCTBIE
OBICTPBIX SIIEPHBIX BUXPOHOB — COPOC OCBOOOIMBIIIEHCS SHEP-
T'MU B BUJIE BbUJIETa CBOOOHOTO OUIOJISIPHOTO BUXPOHA B (hOp-
Me poToHa ¢ 3Heprueit 2,2 MaB. Takue nmpeoOpa3oBaHUsI BHYT-
PEHHEell CTPYKTYpbl MPOMEXYTOYHOW COCTABHOM YACTHIIBI, 00-
Pa30BaHHOM CIMSHUEM OAMHAKOBHIX JEOPOIIEBCKUX TPaBUTA-
LMOHHBIX MOHOIIOJIEW, JOTONHSIOT CBOMCTBA SIAEPHBIX BUXPO-
HOB. DTa siiepHasl peakiusi OYeHb SIPKO JAEMOHCTpPHUpYeT Iljia-
CTUYHOCTh CBOWCTB BUXPOHOB, OKa3aBIIMXCS B 3AMKHYTOM TPO-
CTPAHCTBE 3alepThIM BHEITHEH OOOJOYKOW C LENOUYHCIACHHBIM
CIIMHOM U CTPYKTYPOH BOJHOBOJIOB AHAJIOTMUHBIX 3apsI’KEHHBIM
TT-ME30HAaM, HO CBSI3aHHBIX C BHYTPEHHUMH 000I0uKaMu. BHyT-
pEHHHE BUXPOHBI, BHUIETEB B TAKOE MPOCTPAHCTBO TOCIIE B3aM-
MOJIEVCTBUS M M3MEHEeHHs B o0mieM ($a3oBoM 00bEME, 1O HO-
BOMY 00pa3yIoT BJIOKEHHbIE IPYT B JIpyra OUTOJSIpHbIE 000JI0Y-
KM, U YK€ C JIPYyTMM YacTOTHBIM CIIEKTPOM. DTa siepHasi pe-
aKIIUsI 9K30TepPMHUUECKas — JIMIIHSISI OCBOOOIUBINASICS SHEPrus,
Kak U B ciIydae BO3OYKIEHHOTO atoma, cOpachiBaeTCs B BHIE
SIIEPHOTO TaMMa-U3/Ty4eHHUsl.

[Tpu 3TOM HAaZO OTMETHUTH, UTO 3TA sIEpHAs peakiusl sBIs-
€TCsl TIEPBOM, TTOPOKIAIOIIECH elIé CTAOUIBHBIN TSKETBIN U30TOIT
BOJIOPOJA-ACUTPOH. YK€ BTOpasi peaklysl aHTUIIPOTOHA C JE-
TPOHOM (WJIM HA000POT) MAET HECTAOWIbHBIA M30TOI CBEPXTsI-
KENMoro u3oTona Bogoponaa — TputoH (tputuii). C apyroi cro-
POHBI, ipyrasi Mofo0Hasi peakiysi — MPOTOH TUTIOC AaHTUIPOTOH
u3-3a HepocratoyHocty B 906 KaB 10 moporoBou sHepruy Ha-



Yaja siIEPHON peaklMy CUHTEe3a, MPUBOIMT JIMIIb K 00pa3oBa-
HHIO HECTaOMJIbHOM MPOMEKYTOYHOM YAaCTHUIIBI, KOTOpasl HAYM-
HaeT pacragarbCs, MyTEM MOCIIEI0BATEILHOM PACIIAKOBKY BHEIII-
HMX 000JIOYEK CO CTPYKTYPOH TT-HOJIb ME30HA U U3JTyYeHUEM Ia-
Pbl COOTBETCTBYIOIIMX FAMMa-KBAaHTOB. DTO CBS3aHO C TEM, YTO
cTaOWIBHBIX sIEp JIerde MPOTOHA B HAIIEW MPUPOJIE Ha TIOBEPX-
HocTh 3emiin ObiTh He MoxeT. OlHaKo siiepHO-MOHHbIE pe-
aKLMM C YYaCTHEM MOJIOKUTEIBHBIX U OTPULIATENIBHBIX TAKEIBIX
A5ep, HaUMHas ¢ TUTaHa, UAYT B IPUPOIE U B HEKOTOPBIX IKCIIE-
puMeHTax?. B Takux city4asix, KOTOpble POBEPEHBI U I0CTOBEP-
HO YCTQHOBJIEHBI, POK/IAETCS Uy Th JIM HE BCs TAOJMIIA SIEMEHTOB
U3 OJIHOTO 3JIEMEHTA MEJU.

AHaJIOTMYHbIE TPOLIECCHl C BHYTPHUSJIEPHOU TEPECTPOUKON
BUXPOHOB MIPOUCXOMAT ITPY BHYTPEHHEM U BHEIITHEM BO30YK/ie-
HUM BUXPOHOB, KOTOPOE MPUBOAMT K JIEIEHUIO U pactary TsKE-
JIbIX s17iep ¢ 00pa30BaHUEM U BBUIETOM JIBYX OoJiee JIETKUX saep
Y HECKOJIBKMX JIETKMX JIEMEHTAPHbIX YacTHLL.

HeutpoHsl ¢ TeruoBsiMU 3HeprussMA MeHee 1 M3B, Takxke
JIETKO, KaK U B CJIy4ae ¢ IPOTOHOM, IPOHUKAIOT B si/ipa BCEX XU-
MHUYECKHUX JIEMEHTOB C 0Opa30BaHUEM MPOMEKYTOUHOTO BO3-
Oyxa€HHoro siapa. OOnyueHre BEIIeCTB TEIIOBBIMU HEUTPOHA-
MU TO3BOJISIET IPOBOIUTD IEMEHTHbIN aHAJIN3 — 3TO TaK Ha3bl-
BAaEMblil U IIMPOKO PaCIpPOCTPAHEHHBI HEUTPOHHO-AKTUBAIIM-
OHHbII aHaIM3 00pa3LoB. A 3aXBaT HEUTPOHOB SIPAMU JIPyTHX
3JIEMEHTOB C MOCTIEAYIOIIM OeTa-pacna oM, U3BECTHBIH MO/ Ha-

2 Umeercs BBuy skcriepuMenTsl LENR M.U.Conuna, C.B.AgameHKo 1 Apyrux.



3BaHMEM OBICTPHIN R- 1 Me/IsIeHHbII S-TTpoliecc, TPOUCXOISIINIA
B 3BE3/1aX, BHOCST OIpe/IeIEHHBIN BKJIA/I B TIPOU3BOJICTBO Oojiee
TSOKEIBIX XMMUYECKUX JIEMEHTOB BO Bcell BeeneHHoi.

Takum 00pa3oM, reoMeTpUYecKyl0 CTPYKTYpy W usnye-
CKMe CBOMCTBA HEWTPOHOB U MPOTOHOB OIPEAESISIOT: KOJIr4e-
cTBO 000504eK ((poTo 4—5— 6) U FIHEPreTUIECKU-YaCTOTHBIN
COCTaB BHYTPEHHUX BUXPOHOB. A 3a UX CTaOMJILHOCTH, 3apsijl
Y CIIMH OTBEYAIOT BHEIIHHE O00JI0UYKHU ¥ BHYTPpEHHEE COCTOSTHUE
BHEIITHETO TMOJIIPHOTO BUXPOHA B CTAIIMOHAPHOM TIOJIe HYKJIOHA.

Macca nokos B cucreme CH HENTpoOHA ¥ aHTUHENTPOHA PaB-
Ha 939,57 M»3B. Macca nimeer OTpulATeNbHBIM 3HAK 3apsa
M0 CPaBHEHUIO CO 3HAKOM 3apsijia IIEHTPAJIBbHOTO sIpa ero Io-
7151 TATOTeHU s 3eMJTd 1 00YCIIOBJIEHA U3JTyYeHUEM OOHOBIISIEMBIX
BOJIHOBOJIOB U3 3€pEH-TPABIIOTEHIUAIIOB, (POPMUPYIOLIMX BHEIII-
Hee M0JIe — CyMMAapHBIM 3apsiZIoM IPaBUTAIIMOHHOTO MOTEHIAIa
U3 COCTaBJIAIONIMX 000JOYKU 3aMKHYTBIX YaCTHII CO CIIUHOM V2.
LlentpanbHas simepHast obonouka (trna K-Hoinb Me30H) ¢ Hau-
OoJTbIlIel KPUBU3HOM U YaCTOTOM, 0OIaaeT OONbIIel SHepruei,
YyeM BHEITHYE U JaET OOJBINNI BKJIA/I B MHIYKIIMIO 3apsiaa Mac-
CBI TIOKOSI HEUTPOHA.

CponctBo cTpyKTypbl (POTOHA ¢ OOOJIOUEUHOW CTPYKTYPOH
HEUTPOHA U MPOTOHA MOATBEPKAAIOT IKCIIEPUMEHTAIbHBIE HC-
CJIEIOBAHMS PACCESHUSI )KECTKUX JIEKTPOHOB U raMMa-KBAaHTOB
Ha MPOTOHAX, KOTOPhIE MO3BOJIMIM OOHAPYKUTh B HUX CXOXee
MIPOCTPAHCTBEHHOE pacIipe/ie/ieHre TIIOTHOCTH JIEKTPUUYECKOTO
3apsifa, a TakKe HAWTU NMEKTPUUYECKYI0 U MATHUTHYIO TOJISIPU-



3yeMOCTH MX 00bEMaA.

[MonTBepXkaeHre YKa3aHHOW CTPYKTYpPbl HYKJIOHOB HaXOAWUM
Ha Ka’X/IOM IIIary aHaJi3a pacrajioB ¥ B3auMOJICHCTBHIA, OCOOCH-
HO YaCTUIIA-aHTUYACTHUIIA, 4 TAKXKE JIETKUX U TSOKENBIX IEMEH-
TApHBIX YACTUII, CJICAYIONIUX U3 U3BECTHOM TAOIMIIBI U30TOTIOB .
Tak, HarIprMep, C y9aCTHUEM JICTITOHOB — MIOOHHBII 3aXBaT MPO-
TOHOM C TMOCJIEAYIOIIMM 0Opa30BaHUEM HEUTPOHA U MIOOHHOTO
HeuTpuHo. [TokazaTeIbHbIM IPUMEPOM, SBJISIETCS TaKXKe pacriajl
TUTNePOHOB (0e3 y4acTusi JIENTOHOB) Ha IPOTOHbI, HEUTPOHBI U TT-
ME30HBI.

1.3 HeliTpaabHble siipa

OCHOBHBIM MCTOYHMKOM IPOW3BOJCTBA STUX YACTHIL SIBJISI-
1otrcs sapa YCT HEUTPOHHOM 3BE3/IbI-ITYIbCAPOB, & TAKKE BCEX
CBETSINUXCS 3BE3], KAPIMKOB U IUIaHeT. [Ipyrue NCTOYHUKH 00-
HapyKEHbl BO BCEX I€HEpATOpax XOJOLHOIO fAJEPHOrO CHUHTE-
3a (LENR) npu moHu3anuy BHEIIHUX OOOJOYEK sIep TSKE-
JbIX 31eMeHToB. Korna atmocdepa mysibcapa yxe nepeHachliie-
Ha HEUTPOHAMM Y TUIOTHOCTh CJIOSI MPHUJIEraloIero Hemocpe-
CTBEHHO K [IOBEPXHOCTH fA1pa 3BE3/1bI JOCTUTAET KPUTUYECKOTO,
TO CIIEKTP HEUTPOHOB HAYMHAET 00OTaIaThCsl OOJIee TKETBIMU
HEUTPAJILHBIMU siipaMu. [Ipyrou My Th MPOU3BOICTBA U HAKOILIE-
HUSI HEUTPAJIbHBIX SIZIEp TPOMCXOIUT MPY BpaIllEHUU SIJEP 3BE3
Y IUIAHET IYTEM MHIYKLIMU MEXAHUYECKUX TUIIEPBUXPOHOB, CO-

2 Ta6mana usotonos B. 3eenmaH-IrredepT U JIpyrux.



CTOSIIIETO U3 IPABUTALIMOHHOIO runepMononos. s coxpaHe-
HUsI CPEeTHEeU SHEPruM, B CBSI3U C TeM, YTO B TaKUX CHUCTEMAX,
HE MOXET MPOU30UTU TMepe3apsiika MHIYKTUPOBAHHOTO MOHO-
T0JIS1 Ha MPOTUBOIOJIOKHBIN, TPOUCXOAUT KBAHTOBbIM MEPEXOL
¢ 0Opa3oBaHMEM 3JIEKTPOMArHUTHOTO TMIIEPBUXPOHA, KBAHTO-
BbI€ TIEPEXO/Ibl B KOTOPOM AOCTYMHBI 3TOW cucTtemMe macchl. [Ipu
€ro KBaHTOBBIX MepPeXoAax MeKTPUIECKUIN TUIIEPMOHOIIOND yXkKe
crnocodeH cOpachBaTh U3JMIIHIOK WHAYKTUPOBAHHYIO SHEPrUio
B BUJIE M3JIyYEHUS] MOIIHBIX «TSKETBIX» MATHUTHBIX MOHOIIO-
JIel, KOTOPBIE B3AUMOJIEUCTBYS C IUNIOTHBIMU CJIOSIMU HEUTPOHOB
npeoOpa3yoT UX B HEUTpaJIbHBIEC Apa C BECOM B JIBE, TPU WU
YeThlpe aTOMHbIE €IUHULIBI U T. 1.

CTpyKTypa 3THX YacTHI] — EHTPAJIbHO-000I0UeYHAs U3 BOJI-
HOBOJIOB 3¢pEH-3JIEKTPONOTEHIIMAJIOB U I'PABIOTEHIIUAIOB, TIPU-
4yéM Kaxaasi 000JIOYKa BJIOKEHA OfHA B JIPYTyI0 TaKUM oOpa-
30M, YTO HaJ OTpHUIATEIbHOM Moaycepor BHYTPEHHEW Haxo-
JUTCs BHENIHSAA noycdepa MoJMOKUTENbHBIX BOJIHOBOIOB, KaK
Y B HEUTpOHE — (PoTO 4.



doto 8. Ob6onoueyHass CTPYKTypa aTOMHBIX siiep U3 000J10-
yek [OM/I.

Kaxmas obomnouka (oro 8) — OumonsgpHast Co CTPYKTypour
THIIA JT-HOJIb ME30HA, COCTaBJICHHAS U3 IBYX MIPOTHUBOIOJOKHBIX
N0 JIEKTPUYECKOMY 3HAKy 3aMKHYTBIX YaCTHI] CO CIIMHOM Y2
¥ 10 CTPYKTYPE CXOXKHUX CO CTPYKTYypoil MiooHa. Kaxas cmex-
Has TPAKTUIECKHU IMOJTHOCTBIO TPUOJIVIKEHBI APYT K JPYTY HA MH-
HUMAaJIbHO BO3MOXHOE€ PACCTOSIHUE, paBHOE 1/4 JJIVMHBI BOJHBI,
U OTIPe/IeJISIIOT pa3Mep si/ipa MyTéM CTATUBAHUSI-TTPUTSKESHU ST
JpYT K APYTy UCTOYHMKOB YETBEPTh-BOIHOBOIOB. PaBHOBECHOE
COCTOSTHHE TIOJIOKEHHSI MCTOYHUKOB-C(hep BOJHOBOIOB B yKa-
3aHHOHN cxeme OOeClevYrMBaeTCs PAaBEHCTBOM CHJI MPUTSKEHUS
Pa3HBIX 10 3HAKY U BEJIMUMHE 3apsII0B SHEPTUu, HO Oosiee 0JIH3-



KO pa3MElIEHHbIX, [0 CPAaBHEHMIO C OIWHAKOBBIMU TIO BEJIU-
YUHE 3apsiIaMU SHEPTuu, HO JUAMETPATbHO TPOTUBOIIOOKHBI-
mu cepamu [OMM u 06ojee ygaJéHHbIMH Jpyr OT JIpy-
ra Ha noyiBoJHBL. Kaxaas BHYTpeHHsIs 000JI0UKA 3aroHsAETCS
OoJiee SHEPreTUUECKMMI BUXPOHAMHU, 10 CPABHEHUIO C MPE/Ibl-
JOylien BHelHeH, T.e. B TepmuHax CH, o mepe yBenuyeHUs
aTOMHOTO Beca UJET 3alojIHEHUE HEHTPAIbHBIX 000J04YeK 0o-
Jiee TSOKENBIMU ME30HAMM THUIIA UTICUIOH Y (CM. TaOnuIily me-
30HOB). Tako¥ Mporecc MPUHIMITMATIBHO OTJMYAETCS OT 3aro-
HEHUsI aTOMHBIX 000JIOYEK YaCTHIIAMU OJHOTO JIEKTPUUIECKOTO
3HaKa (anekrpoHoB, CAII) ¢ monynenbiM criuHOM. Takum 00-
pa3oM UJIET 3aroIHEHUE LIEHTpa cpepbl HEUTPATBHOM YaCTHIIbI
BILIOTH JIO sI/Ipa KaJIbITHs.

Ha noBepxHOCTM siipa 3Be3/bl HEUTpAJbHBIE SApa JIOCTa-
TOYHO CTaOWJIbHBI, HO TIO Mepe 3alojHeHUs] UMU aTMochepsl
BCET0 MPUJIEraioero NpoCcTPaHCTBA, JATbHEUIIIETO YIUIOTHEHU ST
Y BBITECHEHU I TI0 pajinycy B HanboJiee caadble rpaBUTAIIMOHHbIS
Hosica 3Be3/Ibl, HAUMHAETCSl PACMajl BHEITHUX 000oueK (oTo
9) ¢ oOpa3zoBaHUEM TMOJIOKUTEIBHBIX WM OTPULIATENILHBIX sIIEP
C TOMOIIIBIO SIJIEPHO-ME30HHOMH IIa3Mbl. DT0 00YCIIOBJIECHO
TEeM, 4TO MOSIBJISIETCSI BO3MOXHOCTD Y IByX MarHUTHBIX MOHOIIO-
Jieil BHEITHeW OOOJIOYKW B OTIIMYKME OT BHYTPEHHUX O0OJIOYEK
MYJILCUPOBATh B CBOOOIHOE TIPOCTPAHCTBO.

AnepHo-Me30HHAs MJIa3Ma.

[Mocne pacniaga BHEIIHeH 000I0YKH, 0Opa3yIOIIel CIIVH U 3a-
PSI SA7IEp CO CTPYKTYPOM MOJNOKUTEIBHOTO MIOOHA (CITHH Y2) vy



MOJIOKUTESIBHOrO Me30Ha (cnuH (), IPOMCXOOUT pacriaj BHYT-
pEHHel HENTPaIbHON 0O0JIOUKU CO CTPYKTYpPOU MU-HOJb ME30-
Ha, KOTOpas B 3aBUCHMOCTM OT BHEUIHMX IOJIEM pacragaercs
10 KaHajy Oeta-1umoc uim Oeta-munyc. [Ipu pacniaze o kaHamy
OeTa-TuTIoC 00pa3yTCs OTPUIIATENILHO 3apsKEHHBIE SIpa, KOTO-
pbie TIPAKTUYECKN MTHOBEHHO ke OObEeAUHSIIOTCS (CUHTE3 Sifiep)
C MOJIOKUTENIbHBIMUA. OHAKO aHHUTWJISILIUU JIBYX MPOTUBOMO-
JIOXKHBIX f1IEp, KaK, B ClIy4yae, IPOTOHA ¥ aHTUIPOTOHA HE IPO-
UCXOJIUT, a UAYT CJEeIYIOIIME MPOLIECChI:

— KYJIOHOBCKOTO $I/IEPHO-MOHHOTO B3aMMOJIEHCTBUS ¢ 00pa-
30BAHUEM 3APSIKEHHBIX JIEKTPUUECKU CBEPXTIKENBIX SIEPHBIX
KJIACTEPOB C INEPBUYHBIM SAPOM, MMEIOIIUM LIEJI0YMCIEHHBIN
CIMH, €CJIM PEareHThl I0CTATOUHO OXJIAK/IEHBI,

— BBIHYKJIEHHOM KaCKaIHOM pacriakKOBKM 000JIOUEK sifIep C 11e-
JIBIM M TIOJIYLIEJIBIM CIIMHAMM C BBIIEJIEHUEM T'POMAJIHOU HEP-
I'H, Iepe1aBaeMol IPOYKTaM PEAKIMU; ITU TPOAYKTHI B hOp-
Me (PparMeHTOB SIIEPHBIX YACTHUIL CO CTPYKTYPOUl MMH-ME30HOB,
HO C MEHBIIIEW MaCCOU, SIBJISIIOTCSI CTPOUTEIbHBIM MaTepUaioM
111 HAQJICTPOMKU 000JI0UEK MEPBUYHBIX COCEIHUX sIep,

— B3aMMOJEUCTBUS OTPULIATENILHOTO SApa C MOJIYLIEbIM CIIU-
HOM C MOJIOKUTEIBHBIM JPOM C TIOTYLIEJIBIM CIIMHOM MTPUBOAUT
K 00pa30BaHMIO CTAOMIIBHOTO TSKENOTO SIIpa, T.€. UAET siaepHast
peakuus CMHTE3a (PparMeHToB SAAEp C pa3HbIMU 3HAKAMU,

— BCE 3TH IPOLECCHl COMPOBOKAAITCA KOPOTKMMH PEHTIE-
HOBCKMMM BcrblkamMy aHHUTWIsSIMU (511 K3B) anekTpoHOB
Y TIOBUTPOHOB Ha (POHE CIUIOIIHOTO TOPMO3HOTO PEHTTEHOBCKO-



ro u3nydenus ot 15 1o 250 KB, a Takke BCIBIIITKaMU 00JIaKOB
NEKTPUYECKOTO pupa.

dopmysia HU3KOIHEPreTUYECKHX sI/IEPHBIX NMpeBpaiie-
HH# B COOTBETCTBYIOIIEH IJIa3Me CBOAUTCS K CIIeAYIOLIEMY:

— POXIECHHE KOJUIEKTUBA «TSIKENIBIX» MArHUTHBIX MOHOIIO-
Jiell MaKpOBUXPOHOB PE30HAHCHOTO JIMaria30Ha B OOIIeM TOTO-
K€ C MEKTPUIEeCKUM (PUPOM U XOJOTHOM TJ1a3Mbl B MOJIE HEW-
TPaJIbHBIX AaTOMHBIX SIJIep B HUKHEN MaHTHUH,

— HAyYaJIo JBWKEHUS MAarHUTHBIX MaKpPOMOHOIIOJEeH M CO3/1a-
HUE MPOAYKTOB OT PE30HAHCHBIX B3aUMOAEWCTBUI C MTOMOIIBIO
NIEKTPOHHBIX MAKPOBUXPOHOB U XOJIOJHOM IJIa3MBl,

— JIOKQJIbHAsl YaCTUYHAsl OOMpKa siiep OT JEKTPOHOB (MK
Oera pacriaji) B HEUTPAIbHBIX aToMax, JIeKalluX Ha IMyTH BOJ-
HOBOJIa, YIBOGHHBIMU MOTEeHITUAIaMU (ha30BBIX OOBEMOB MaKpPO-
BUXPOHOB,

— COIPOBOXAEHHUE Tporiecca OOAMPKM UHTEHCUBHBIM BBIXO-
JIOM TIOTOKOB 3JIEKTPHYECKOro 3¢hrpa, CBETOBOTO M PEHTIEHOB-
CKOTO U3JTy4YeHus,

— BpeMsl ’KU3HU aKTUBHOTO COCTOSIHMS TJIA3MEHHOTO KJlacTe-

pa sep-Me30HOB B OJHOM TOUKE 107> cn pacrpocTpaHeHue
OT HEE LIENMHOM peaklvy B 47T CO CKOPOCTHIO CBETA,

— pacnaj myTéM KacKaJHOW pacHakOBKU BOJIHOBOIAMHU «Tsi-
JKEJIBIX» MATHATHBIX MOHOMNOJEN 30HOW XOJOOHOU IUIA3MBI
BHEIITHUX U BHYTPEHHUX OOOJIOUEK TEPBUYHBIX SIAEP C BhIJE-
JIHUEM SHepruv U 0Opa30BaHUEM COOTBETCTBYIOIIEH JIMHEUKH
JIETKUX U30TOMOB TaOnuiel MeHeneeBa, a Tak’ke pe30HAHCHBIX



SIIEPHBIX BUXPOHOB, 00pa3yomux (hparMeHThl 3TUX 000JI0UeK
CO CTPYKTYpPO#l MU-ME30HOB WJIM I'PABUIEKTPOMATHUTHBIX [H-
TIOJIEN,

— PE30HAHCHOE KOHIIEHTPUUECKOE HapalMBaHKUE C ITOMOLIbIO
9TUX (PparMeHTOB (KBa3UME30HOB, MO TUILy MaTPEIIEK) BHEIII-
HHUX 000JIOYEK B SIIEPHO-ME30HHOH I1a3Me Ha TIEpBUYHBIE SI/1pa
0e3 MX BHEIIHel 000N0YKM (HEUTpaIbHbIE S/Ipa) C MpeBpallie-
HUEM HX B COOTBETCTBYIOLLIMI CIEKTP TAKENBIX AAEP, IPUUEM,
YyeM OOJIbIlle aTOMHBIE HOMEP HEUTPAJILHOTO SIApa, TeM OOJIbIIe
aTOMHBIN BEC CUHTE3UPOBAHHBIX SJIED,

— CHHTE3 B S1I6pPHO-ME30HHOI 1a3Me s1iep ¢ TPOTUBOMOJIOK-
HBIMM 3HaKaMU ¢ OOpa30BaHUEM TSIKETBIX sIIep U CBEPXTSIKE-
JIbIX KJIACTEPOB PA3HOI'O TUIA (SIIEPHBIE MOJIEKYJIb), T.€. HOHHbIE
SIIEPHBIE PEAKIMU C TIOMOILIBIO XOJIOJHOM IJ1a3Mbl,

— BBUIET MOTOKAa OTPA0OTAaHHOTO W TPaHCHOPMUPOBAHHOTO
CBY u3nyyeHHss U1 MOUIHOTO MOTOKA M3TYyYEHUs ITOU IJI1a3Mbl
TBEPAOrO TeJa,

— OXJIQXAEHHUE IUIa3Mbl U MOC/IEAYIoIas HU3KOIHepreTuye-
cKasl cradwin3aiusi CO3aHHBIX M30TOMOB C MPUCOEAUHEHUEM
9NIEKTPOHOB, OOPA30BAaHMEM Ha MOBEPXHOCTH IJIAHEThI AaTOMOB,
C U3JIy4YeHHEM ONTUYECKUX U IPYTUX BUJIOB CHSITHUS BO30OYKIe-
HUS aToMa,

— BpeMs KM3HU MPOAYKTOB HU3KOIHEPreTUUECKOW sijep-
HO-ME30HHOM IJIa3Mbl Pa3IMyHO, KOJEeOJNeTCsl OT BpEMEHH CTa-
OUJIM3AIIMY U BBICBEUMBAHU I BO30Y:KIEHHBIX aTOMOB, HO HE TTpe-
BBIIIIAET HECKOJIbKMX YaCOB.



HpyrumMu cioBamu, NPoOLEcC, MPUBOASIIMIA K B3aUMOJEH-
CTBMIO HU3KO9HEPreTUIeCKUX (pOTOHOB ¥ (DOHOHOB BHICOKOU MH-

TEHCMBHOCTH OKoJo 100 Br/em? ¢ BEIIECTBOM SIBJISIETCSI HMILIO-
3Ms1 3aps/ia SHEPruM B BUAE chpepbl MAarHUTHOTO (TpaBUTALIMOH-
HOr0) MOHOMNOJISI MUKPOBUXPOHA B TOJIE aTOMa WM sjipa C MO-
MOIIIbIO BOJTHOBOJIA U3 3€PEH-TIOTEHITUAJIOB JIJTMHOW B YETBEPTh
JUTHBI BOJHBL. [1pu sHeprum takoro uznyvyenus ot 0,4 no 0,9 3B

¢ gactotoit 1—2 x 10 13 I'u u nvHe BonHbl 1,4 — 3 MUKpOHa,
cepa 3apsiyia SHEPruM UMILIO3HMEH CITIOCOOHA IMPOHMKATD JIaXke

B aTOMHOE€ SIIPO UMEsl pPa3MepP OKOJIO 10~ em. A1o0 a¢ppexTuB-
Ho otaenseT peakiim LENR (HIP) ot aHaornyHbix peakiui
['uranTckoro pezoHanca c sHeprueit porono ot 10 1o 30 Mas.

BbicokosHepreTnyeckas siiepHo -Me30HHAs IJIa3Ma —
9TO HOBOE COCTOSIHME MaTepuu, B COCTaB KOTOPOM B aKTUBHOM

30He B MaHTHU BOMm3m simpa YCT 3a Bpems menee 10 23 CEeKYH-
Jbl BXOJIAT:

— pacnajaoimuecs sapa, oOpasyollue Ha MIHOBEHHE Ipo-
ME’KYTOYHBIN KJIACTEP IJIOTHOTO 00JIaKa 3aMKHYTHIX MATHUTHBIX
MOHOIIOJIEH,

— BCE MHOTroo0pasue 1o 4acTote Bo30Y:KIEHHBIX U HOHU3UPO-
BAHHBIX 3aMKHYTBIX OMIIOJISIPHBIX SIIEPHBIX BUXPOHOB, 00pasy-
IOIIMX BHYTPEHHUE U BHEIIHUE 00O0JIOUKHU ITUX sAaep (KBa3uMe-
30HOB — FPaBUJIEKTPOMATrHUTHBIX JUII0JIEeN ),



— CMech B «IIIy0e» U3 o0yiaka 3/eKTpUIecKkoro 3pupa u Je-
OporieBcKUX (POTOHOB U ME30HOB, CBSI3AHHBIX C SIIPAMH,

— 4yepe3 MIHOBEHUE-TIPOMEXKYTOK BPEMEHU 102 cex mocre
B3aMMOJIECUCTBUS U Havasa 00pa30BaHMs KjacTepa B3auMOIEH-
CTBHIA, B €€ COCTaB YK€ BXOIUT BCE pa3HOOOpa3ne MUKPOYACTHII,
KOTOPBIE CO3JAI0TCS ABMXKYIIMMUCS U yKe MPOB3aUMOIEHUCTBO-
BaBIIIMMHU (COTJIACHO BBIIIE OMPEIEIEHHBIM CBOMCTBAM) BUXPO-
HAaMH, B TOM YMCJI€ U AHHUTWIISILIUSA SJEKTPOHOB C ITO3UTPOHA,

— HEWTpaJbHbIe sApa, O TUITY HEUTPOHOB, HO OoJee TSIKE-
JIblE,

— JIETKME 3apsKEHHbIE SA71pa, WX YaCTULIBI, B TOM YUCJIE U OT-
punaTeJbHbIe, HApPUMEpP, OTpUIlATEIbHbIE MIOOHBI, 00pa3o0-
BaBIIIMECS OT pacriajia MepBUYHbIX,

— OoJiee TsKesIble IO CPAaBHEHUIO C EPBUYHBIMU, 0Opa30BaB-
HIMECS B PE3YJIbTAaTE LEHTPAILHO-KOHIIEHTPUYECKOrO CIIUSAHUSA
MEHEee SHEPrUYHbIX 3aMKHYTBIX EPHbIX BUXPOHOB (KBa3uMe-
30HOB) BOKPYT BHEIIHMX 000JIOUYEK MEPBUYHBIX SIED,

— CBEPXTSIKEINbIE KJIACTEPHI [0 CPABHEHUIO C TSIKETBIMU, 00-
Pa30BaHHbIE KYJIOHOBCKUM HOHHO-S/IEPHBIM B3aUMOJIENCTBUEM
JIETKUX TOJIOKMUTENIBHBIX U TSKEIBIX OTPHLATEJNBHBIX SIEp
¢ oOpa3oBaHMEM SIAEPHBIX MOJEKYJl WM siIep C KJIAaCTepHOU

CTPYKTYpPOH.

ITOT Npoliecc UAET HanboJiee MHTEHCHBHO, KaK TIOKA3bIBAIOT
pe3ybTaThl «BbICTpesioB» C.B.AnaMeHKo, Mpu onpenenéHHbIX
YCJIOBUSX U B TBEPIIOM TEJIE.



[

®oto 9. Jlenenue BHelTHel 000JOYKM U paciaj

Ilocne aroro ciemyer OBHKEHUE K MOBEPXHOCTU W JAOJITast
cradmm3anusa-pacnajg ¢ oOpa3oBaHUEM YK€ W3BECTHBIX SAEp
XMUMHYECKUX 1eMEHTOB. [IoATBEpkKIEHNEM TaKOW CXEMBI KU3-
HY HEUTPAJIBHBIX sEpP CBUIECTENILCTBYIOT MPOOIEMbl, BOSHUKA-
IOIIME TIPH TIOJTHOW OOIMpPKE OT aTOMHBIX 3JEKTPOHOB TSIKE-
JIBIX SIEp IIPU TOATOTOBKE ITyYKOB TSIKEJIBIX MHOTO3apsIHBIX
VOHOB. B 3TOM Cilydae, nocie HEOJHOKPATHOIO pas3feeHUs
Ny4yKa B MarHUTHOM I10JI€ Ha TOJIOKUTEIBHBIN, OTPULIATENIbHBIN



Y HEUTpaJIbHBIA, TOC/IEAHUNA HEOOXOAMMBIA ITyYOK OIATH CO-
JEPKUT BCE ITU KOMIOHEHThI. Peakiiuu, KOTopble MpUBOASTCS
B padorax A. ®. KiazoBa Ha OCHOBE KarleJIbHOM MOJIEN sIJipa,
a Takke B pabotax A. B. BauaeBa, MOryT UITH TOJIBKO KaK sijiep-
HO-MOHHBIE, T.€. si/pa TPU pachaje MOryT ObITh KaK TOJIOXKH-
TeJIbHbIC, TAK U OTPULIATEIIbHBIE.

K Hacrosiiemy BpeMeHH Ha MOBEPXHOCTU 3eMJIA HE OCTaJIOCh
HU OJIHOTO THUIIA HEUTPAJIbHBIX SAEp aTOMOB XMMHUYECKUX 3Je-
MEHTOB KpOMe HEWTpPOHA, YTO CBUJETETbCTBYEeT 00 MX BechbMa
KOPOTKOM TEPUOJIE MOTypacnaga Ha TOM IPaBUTAIIMIOHHOM TIO-
sce. Opnako umeercsa ot 3000 go 7000 paarOaKTUBHBIX M30-
TOMNOB, JI0 CUX MOP HAXOASIIIUXCS B CTA/IMU CTAOWUIM3AlINY, T.€.
Ha MyTH MIPEBPAIlIeHNs B CTAOMIIbHBIE H30TOIBI, ITyTEM pa/IMOaK-
TUBHOI'O pacrnaja.

Pacnan TSkENbIX HEUTpPaAIBbHBIX SAep WAET C 00Opa3oBaHUEM
KaK IOJIOKUTENbHBIX, TAK M OTpULATENbHBIX Aaep. Pacnian nér-
KHMX HEUTPAJIBHBIX si/Iep UAET IO cXeMe JeJIeHHs] BHeIH el 000-
JIOUKM Ha /IBa 3aMKHYTBIX BUXPOHA C 00pPa30BaHMEM JBYX 000-
Jlouek (OJHOM BHYTPEHHEW W OJIHOM BHelHeH, oTo 6) BOJTHO-
BOJIOB IPEUMYIIIECTBEHHO MOJIOKUTENBHBIX TOTEHIIUAIOB, 00pa-
3yIOIIMX €r0 CIUH W BHEIIHEe JIeKTPUYEcKoe Mojie sjipa, 3a-
MYpawuee ero JAIbHENIINKM CIIOHTaHHBIM pacnaj. 3apsj dJeK-
TPUUYECKUM TIOTEHIIMATIOM $Ipa, OMPEeNSIIONINI YUCIO JIeK-
TPOHOB B HEUTPAJILHOM aTtoMe (POpMHUPYETCS TOJBKO BHEIIHEN
000JIOUKOM, KOTOpasi 10 Mepe YBEIUYEeHUsI TSKECTH sifipa Me-
HsIeTCs Ha OoJiee TsIKENble ME30HBI. BHYTpeHHUE 000IOUKH T10-



MAPHO HEWTPATU30BAHBI POTUBOITIOJIOKHO 3apsKEHHBIMU — (DO-
TO 4 ¥ CBOEM CTPYKTYPOI OOHOBJIEHUSI TPABUTAIIMOHHBIX KOHTY-
POB OIpPEJENIAIOT UMb CYMMapHYI0O Maccy 4YacTHUIbl, KOTOpas,
SIBJISIETCS TTPOYKTOM B3aMMOJIEHCTBUSI MPOTUBOMOJIOXKHBIX IMO-
Jiell aTOMHOT'O Siipa U IPaBUTALIMOHHOTO MOJI 3eMJIN.

Bo BHelHeM MpocTpaHCTBE aToMa ABa MAarHUTHBIX MOHO-
nosisi cepbl AByX BHEHIHUX 000J0YeK (POpPMHUPYET MOIOKU-
TeJIbHOE JIEKTPUYECKOe T0JIe, POXKAEHHOE C YACTOTOM HAKAYKU
Ha TPU JECATUYHBIX MOPSIIKA OOJIBIIIE, YEM TO JEJal0T EKTPO-
HBI Ha aTOMHBIX O0O0JIOYKAX, YTO U ONpeAesieT KOJTUIeCTBO MpH-
COETMHEHHBIX MIEKTPOHOB B HEMTPAJIbHOM aTOMe, YTOOBI TOJI-
HOCTBIO CKOMITEHCHPOBAaTh Ha HOJIb CBOE COOCTBEHHOE BHEIIIHEE
no’ie.

B menom, Takum o6pazom cpopMrpoBaHHAS] BHEIITHSS sIIEp-
Hasi 000J10uKa, uMeeT opMy cepbl ¢ MOJTOKUTETBHBIM 3apsi-
JIOM 3JIEKTPUYECKOr0 MOTEHIIMaIa, COOTBETCTBYIOIIMM aTOMHO-
MY HOMepY CTaOMJIBHOTO XMMUYECKOTO JIeMEeHTa.

DTOT MPOLECC OYEHDb CIOKHBI M 3aKJIIOYAETCS B TOM, UTO-
Obl KaxJ0e IMOJIOKUTEIbHOE 3€PHO-TMOTEHIIMala ObUIO YHUUTO-
KEHO OTPHULIATEJIBHBIM 3€PHOM IOTEHIMAJIOM BOJHOBOJA JJIEK-
TpoHa. A TaKk Kak Ha ABYX BHEIIHHX OOOJIOUKAax siipa BOMH3H
y3JIOB HAXOKAEHUSI MAarHUTHBIX MOHOMOJIEN pa3melleHsl Oosee
MOIIIHBIE [10 3HAUEHHUIO BETMYMHBI U JAJIbHOJIEMCTBHUIO MOTEHIIHA-
JIbl, TIPEBOCXOJSIIIME MOI0OHBIE TPOTHUBOIIONIOKHBIE 3EPHA JJIEK-
TPOHOB, TO 1 MECTOPACTIOJIOKEHUE TOYKHM X HEUTPaIM3alliK Ha-



XOIUTCS BOTM3U BOJTHOBO/IA JIEKTPOHOB, YAAJIEHHOTO HA PacCTO-
SHUE pa3Mepa aToMa.

[osiBUBIIIECS B pe3yJIbTaTe paclaloB HEUTPAIbHBIX sIIEP 3a-
MKHYTbIE BUXPOHBI, paHe€ BXOJMBIIIKAE B COCTAB BHEIIIHUX HEU-
TpaJbHBIX 000JIOUEK, BO BHEIIIHEM MPOCTPAHCTBE, B pe3yJibTaTe
KACKa/IHbIX PACIIAZOB ¥ B3AUMOJEUCTBUM C IPYTUMU YaCTULIAMU
Ha IyTH K TIOBEPXHOCTH, 00pa3yeT, B KOHEYHOM UTOTe, CTaOUIb-
Hble MEKTPOHBI. Tak 00pa3yloTCsl aTOMHBIE siipa U CBOOOHbIE
JIEKTPOHBI.

1.4 AtomHbIe siapa

ATOMHBIE Siipa XUMUYECKUX JIEMEHTOB, B TOM YHUCJIE U TIPO-
TOH, OOpa3yloTcsl MPH pacrage HEUTPAIbHBIX siIep B OCHOB-
HOM 10 cxeMe pacnajaa HeuTpoHa, kpome LENR. B pesynbra-
T€ HECOBMECTUMOCTHU SHEPreTUUECKOrO COCYIIECTBOBAHUS HEM-
TPaJbHBIX 00O0JIOUEUHBIX MUKPOYACTHIL M CJIAOBIX TPAaBUTAIMOH-
HBIX TOJIel, TIepBbIE PacHaJaloTCcs Ha ABa OCHOBHBIX (pparmMeH-
Ta — MOJIOKUTENIBHO 3apsKEHHOE, HECYIIIEe OCHOBHYIO Maccy, siji-
PO ¥ OTPHIIATEJIbHO 3apsiKeHHAsl YacTh €ro BHEITHEe 0OO0IOUKH,
(popmupyemast BTopori 3aMkHyTO#M yactuuieil. [lepen pacnagom
UJIeT MTHTEHCUBHBIN MPOIECC Pa3pbIXJICHUs] BHEIITHUX 000JI0UEK
s7iep B y’Ke CBOOOIHOE MPOCTPAHCTBO, COOTBETCTBYIOIIEE Clia-
OBIM OKPYKAIOIIUM TIOJISIM.

Sra BHENIHSIS 000JI0UKa CO CTPYKTYPOM, TOKa3aHHOW Ha (o-
TO 6, C 3aMKHYTBHIM KOHTYPOM B CTPYKTYp€E aTOMHOTO sijipa U SIB-



JISIeTCs1 TOW TTOBEPXHOCTHIO, HA KOTOPOM Mapa MarHUTHBIX MOHO-
nosiert 'SMM kBaHTyeT Ha BOJIHOBOJE COOTBETCTBYIOIIUE 3EP-
HA-TOTEHLMAJIOB U OIpEJEesIseT ero 3apsij MeKTPUYECKUM I10-
TeHuaaoM. [Ipu 0OOHOBIEHNH STOT ABOMHON KOHTYP U3JTy4daeT-
csl B POCTPAHCTBO HaJ siApoM, (POPMUPYS BHEIIHEE MOJIE 3TO-
ro 3aps/ia JEKTPUUECKOro MOoTEeHIMaIa s/ipa — 9TO U €CTh JIeK-
TPUYECKUH I(PUP C MOJIOKUTEIBHBIM 3HAKOM 3apsja. Takum yxe
00BEMHBIM 00Pa30M MOPOKIAETCS, YMHOKACTCS U aKKYMYJIUPY-
€TCsl CTPOUTEJIbHBIN MaTepuall U3 MEKTPUUECKUX 3EPEH-TIOTEH-
LIMAJIOB, KOTOPBIl B OTJIMYKE OT aKKyMYJISILIMU €r0 B JIMHEMHOM
Tpeke (hOTOHA, MOPOKAAET OECKOHEUHbI 00BEM, a KOIUIECTBO
9TOM CyOCTaHIIMU MPONOPIMOHATIBHO 3apsiay Macchl siapa. Takoii
ra3ononoOHbIN MekTpudeckuii aup ynanock H. Tecna 3axBa-
THTh, TPEOOPA30BATh U OTACIHTH B KJIACTEPe MEAU OT JIEKTPO-
HOB B CBOEM PE30HaHCHOM TpaHc(opMaTope U YaCTUYHO HCCIe-
JIOBaTh.

Tak poxxaaercsi NONOKUTEbHBINA 3apsi NMEKTPUUECKUM I10-
TEHIMAJIIOM aTOMHOTO SIIpa aTOMa XMMUYIECKOro dJieMeHTa, Oec-
KOHEYHBIN 10 00BEMY IEKTPUUECKUIT 3(PUP B MPOCTPAHCTBE BO-
KPYT aTOMHOTO fIpa, MEPUJIOM KOTOPOT'O SIBJISAETCS KOJINYECTBO
MIEKTPOHOB HA 00O0JIOUKAX aTOMa, MPOTUBOMOJIOKHBIE TIO 3HAKY
BHEILIHKE T0JIs1 KOTOPBIX €0 MOJHOCTHI0 YHUUTOXKAIOT.

B mone coOcTBeHHOro 3apsiia JaJbHEHINI pacrajl OCTaTKa
s/1pa 3aMeIJIseTCs U UAET YXKe MO APYIMM CXeMaM pacnaja, Kak
U B Cllyyae paJIMOaKTUBHBIX CEMEWCTB ypaHa, KOTOpble MPUBO-
JST €10, HaKOHEll, Ha IOBEPXHOCTH IJIAHEThl K TOMY WJIM KHOMY



CTaOMJIPHOMY M30TOITy — MPOIIECC SASPHON CTaOUIN3AIUY, XH-
MUYECKOU peJlakcariiy 1 MUHEPATU3aIiY, IPUBOASIINN K 00pa-
30BaHUI0 82 CTAaOUIBHBIX XUMUUECKUX JIEMEHTOB B KOpe, BOjie
u atMocepe Ha MOBEPXHOCTH TUIAHETHI. DTOT MPOIECC KOHKPET-
HO XapaKTepu3yeT MUPOKO U3BECTHAs TaOJMIIA paciipe/ieieH s
PaMIOaKTUBHBIX N30TOIOB OTHOCHUTENILHO CTAOUJIBHBIX AaTOMHBIX
syiep, T.e. TpoIece paciiajia 1mo Oera-IuIioc KaHaty MpeaBapsieT
Pa3phIXJIEHUE C OTPHIBOM YACTHIIBI C TIOJIOKUTETHHON Momycde-
POI BOJIHOBOJIOB, a IO KaHAIy OeTa- MUHYC — OTPBIB YaCTHIIbI
C OTPULIATEILHOU MOITYC(EPOU.

OOpazoBagimecs CTaOWIbHBIE SApa UMEIOT 3apsijl MEKTPU-
YeCcKOro MoTeHIMada U CIHuH, (POpMUpyeMble BUXPOHAMH I1O-
aycdep ABYX BHEHIHHMX O0OJIOYEK — BHEIHEW W BHYTPEHHEH.
DNEKTPUYECKUI 3apsAl siApa CO3JAETCS BOJIHOBOJAMU MArHMT-
HBIX MOHOMOJIEN 3TUX BHEIIHUX BUXPOHOB, C YaCTOTOH Ha TpH
JECATUYHBIX MOpsAKa OOJbIe, YeM Y JIEKTPOHHBIX 000JI0YeK
aToOMOB. DTU 0OOJIOYKU B OTJIMYME OT BHYTPEHHHUX KBAHTYIOT
BOJTHOBOJIBI HE B OTpaHMUEHHOU chepe 000JI0ueK si/ipa, a B CBO-
OO/THOM MPOCTPAHCTBE, U B TAKOM KOJTMYECTBE MO MOBEPXHOCTH,
KOTOpPOE€ COOTBETCTBYET €r0 BHYTPEHHUM MapaMeTpam, Co3/1aBast
3apsiji siipa, KOTOPBIH OIpeAessieTcsi KOMMYeCTBOM JIeKTPOHOB
B HEUTPAJIBHOM aTOME.

AToMHBIE S/ipa BXOJAT B COCTAB AaTOMOB XUMUYECKUX JIEMEH-
TOB, U3 KOTOPBIX MOCTPOEHO BCE BUAMMOe Muposnanue. Bcee-
IO CTAaOUJIBHBIX M JJOJITOKUBYIIIMX aTOMHBIX sIIep Ha 3emiie OKO-
70 300, a HaXOASAIMXCA HA MyTU CTAOWJIM3AIUK U TIOTIOJHSTIO-



IIMX 3arachl CTAOWJIBHBIX MYyTEM pacriajia Mo pa3HbIM OIleHKaM
ot 3000 o 7000.

[ToyeMy CTOJIBKO MHOTO PaJJIOAKTUBHBIX HECTAOWJIbHBIX TSI~
*kéabIx n3otonoB? [lotoMy 4TO Aapa TUX U30TOMOB O0OPaA30-
BAJIMCh B Pe3y/IbTaTe CUHTE3a TSKEBIX MPOTUBOMOIOKHO 3apsi-
JKEHHBIX fJIEP, T.€. MOJOKUTENIBHO 3aPsIKEHHOE SIAPO COSAUHU-
JIOCh C OTPUIATENILHO 3apspkeHHbIM siipoM. OOpa3oBaBIasics
JBYX si/IepHasi cUCTeMa B pe3yJibTare BHYTpEeHHE! NepecTpou-
KU SIAE€PHBIX BUXPOHOB MEJIEHHO MEPEXOIUT B PABHOBECHOE O[1-
HO si/IePHO€ COCTOSIHME, C U3JTyUYeHHeM JIMIITHUX He Pe30HAHC-
HBIX BUXPOHOB, 0OPa3yIOIINX Pa3IUYHbIC JIEeMEHTapHBIE YaCTH-
bl TIPU BBUIETE U3 BHEIIHUX 000JI0YEK TOro sijipa. Y TSKEIBIX
TPAaHCYPAHOBBIX IEMEHTOB ITOT MPOIECC MOXKET 3aHATh OUEHb
JUIATENIbHOE BpeMsl, Ha3bIBAEMOE TIEPUOAOM MOIypachaja.

HIcTOuHUKM OCHOBHOTO MTPOM3BOJICTBA ATOMHBIX sIIEP HAXO-
JsATCsl BOMIM3U TOBEPXHOCTH siiep 3BE3[ U TUIAHET — 3TO KBaH-
TOBAaHHbIE KJIACTEPHI TJIOTHOW YEPHOU sIIEPHO-ME30HHOM I1J1a3-
MBI, T.€. CMECU 3apsIKEHHBIX aTOMHBIX SIIep, ME3OHOB, MIOOHOB,
Y pacnaalonuxcsl HeUTPaIbHBIX sIIED.

CraOwibHble siipa TIOBEPXHOCTH 3€MJIM MMEIOT BHEIIHEee
MEKTPUIECKOe TIOJIe, CIIMH, MAarHUTHBIA MOMEHT, ONpEIeNEH-
HBIE 3aPsi/l MACChI, 3apsi/l EKTPUUECKUM MOTEHIATIOM, pa3Mep,
dopmy u obos104eUHYI0 CTPYKTYpY. fpa, UMelolue mops KO-
BBl HOMED 2, 8, 20, 28, 50, 82 u HekoTOpbIe Apyrue, odnaaa-
10T cpeprueckoit popmoit. Bee npyrue sIBASIOTCS CIUTIOCHYThI-
MU WJIH BBHITSIHY TBIMU SJTATICOMIaMU. BBRITSIHYTHIX siep Oosblie



CINTIOCHYTBIX. bonbimmHCcTBO AACPp UMEIOT IO HECKOJIBKO M30TO-
I1OB. HCKOTOprG 9JIEMCHTHI B ITPUPOAC MPEACTABIICHBI JIUIIb O/-

HUM CTAGHJIBHBIM M30TOIOM — 3TO Be, 19 F, 23 Na, 27 Al, 31 P,
45 Sc. 59 Co, 75 As, 89 Y, 93 Nb, 103 Rh, 127 I, 133 Cs, 141 Pr, 159 Tb,

165 Ho, 169 Tm, 197 Au, 209 ;. Oopamaer Ha ce0s1 BHUMaHKE TO,
YTO BCE ITU HYKJIU[bl UMEIOT HEYETHbIE MACCOBBIE YKCIIA B CH-
creme CU u nomyuesnsle cnvHbl. OTKya MOXHO CIEJ1aTh BBIBOJ
0 TOM, 4TO $ijipa C MOJYLEJbIM CIIMHOM Oosiee CTaOMJIBHBI, YTO
Y IOATBEPKAAETCS IKCIIEPUMEHTATIBHO.

B ocHoBy cTpykTyphl (poto 9a) aromuoro suppa rmo-
JIOKEHBl IKCIepPHMMeHTAJbHbIe Pe3yJbTaThl HCCIEIOBAHUI
[0 CTPOEHHE MPOTOHA, TUIIEPOHOB, PE30HAHCOB, ME30OHOB, K-
30TUYECKMX YaCTHLI, ME30aTOMOB U 3Ta-sAAep. Bpems xuzHu

PE30HAHCOB TOPsIIKA 1072 cex. [lepBblii HYKJIOHHBI pPe30-
HaHc 6611 OTKPHIT D. Pepmu B 1952 romy B peakuusix paccesiHus
T-ME30HOB Ha HyKJIOHaX, OH ObLT Ha3BaH A-m300apoit. Pesonan-
Cbl CTaJIM AaKTUBHO UCCJIEA0BATLCS U OTKPBIBATbCS C PA3BUTHEM
TEXHUKU BOJOPOAHBIX Iy3bIPbKOBBIX Kamep, B KOTOPBIX CTajo

BO3MOXHO Ha6J'IIO)IaTI) MPOAYKTHI pacliaga pE30HAHCOB: AO —Pp

+7, A" — p+a’. Dxsoruyeckas yactuna Z (4430) — HeoObIu-
HBIIA ME30H, HE BIUCHIBAIOLIUIACA B CTAHAAPTHBIE paMKU. Ero cy-
IIeCTBOBAHKE ObLIIO M3BECTHO U PaHbIIIE, HO TOJBKO Ceiiuac CTaslo
OKOHYATENILHO JI0KA3aHO, YTO 9TO peasibHasl IK30THUECKAs Ya-

cruia. Paxr, uro Z (4430) pacnagaercst Ha P» U T, O3HAYAET,
YTO 3TO 3apsibKkeHHast yactuia. ToT (pakT, 4To OH pachagaeTcs



OUYeHb OBICTPO, O3HAYAET, YTO PACIa]] UIeT 3a CYET CHIILHOTO B3a-
MMOJEHCTBUS. DK30TUIECKUIA ME30H Zp, U JT — ME30H. Zj,-ME30H

pacrajaeTcs Ha 7t -Me30H U Y-Me30H. Y-Me30H JETEKTUPYETCS

110 ero KaHajy pacnaia Ha W'\ — napy. COCTOSIHMS 3TOI YaCTHIIbI
¢ aHeprusimu ObuH Ha3BaHbl Zy, (10610) u Zy, (10650) B cooTBeT-
CTBMH C UX Maccamu. VccnenoBanus ce4eHni B3auMOIECTBUI
MYYKOB JIEKTPOHOB oOnactu suepruii E ~ 9 ['5B npuBenu k o1-
KPBITHIO HOBOTO ceMeicTBa yacTuil. B 1977 romy ObUTH OTK PBITHI
HEUTPAJIbHBIE Y -ME30HbI (MIICJIOH-ME30HbI) C MacCaMU B JIMa-
nazone 9.5-1113B-Y (9460), Y (10580), Y (11020). Hecmot-
ps Ha Oonbinyo Maccy Y (9460) uven maiylo HIMPUHY pac-
naga ['~53 k3B, T.e. HaOmonanach cutyanusi aHajJoru4yas ¢ J/
-ME30HOM. Y-ME30HbI SIBJISIIOTCSI CBS3aHHBIMU COCTOSIHUSIMU
U3 JIBYX YacTHI] ¢ ToJIoBUHOM Macchl Y (9460), T.e. 4700 M3B.
[To CAII cymectByer u aBa Tuna W-0030HOB — C 3JIEKTpUYe-
CKMM 3apAIoM +1 u —1 (B eAMHMIIAX JI€MEHTApHOIO 3apsa);

W* aBnsierca antruactunei mis W . Z-0030H (nmu ZO) IEK-
TPUYECKU HEUTpAJIeH U SIBJISICTCS aHTUUYACTHUIICH caMm IS ceOsl.
Bce Tpu yacTuiibl 04eHb KOPOTKOKUBYIIHME, CO CPETHUM BpeMe-
HEM KU3HH OKOJo 3-107 2 CeKyHH. DTH OO30HHBI — TSKEJIOBE-
ChI CpeJlv JIEeMEeHTapHBIX YacTull — ¢ Maccoil B 80,4 u 91,2 3B,

COOTBETCTBEHHO. Wi— U Zo—qacmubl noutu B 100 pa3 tsoke-
Jiee TPOTOHA U OJM3KM K Macce aTOMOB PYyOMIUs U TeXHEUUs
COOTBETCTBEHHO. Macca 3ThX OO30HOB OY€Hb BaskHaA [JIs IIOHU-
MaHUs c1aboro B3auMOJICHCTBH S, MIOCKOJIbKY OIpaHUYMBAET pa-



JMYC JEUCTBUS C1a00ro B3aMMOICHCTBUS. DJICKTPOMarHuTHbIC
CHJTBI, HAIIPOTUB, UMEIOT OECKOHEUHBIN PAINyC JICHCTBUS, IOTO-
My 4YTO UX 0030H-TIepeHocurK ((hOTOH) He MMeeT macchl. Bee

Tpu THIa 6030HOB UMeloT cruH 1. Ucnyckane W — umm W -
0030Ha MOXET JIMOO MOBBICUTH, JTUOO MOHU3UTH EKTPUIECKUN
3apsi UCITYCKAIOIIEH YacTUIlbl HA | eMHUIYY ¥ M3MEHUTH CITUH

Ha 1 equanuy. Z°-6030H He MOKET MEHSTb HH S/EKTPUUECKHN
3apsiji, HY JIIOOOW JIPYrow 3apsiji — TOJBKO CIIMH M MMITYJIbC. TOT
dakt, uto W- 1 Z-6030HBI IMEIOT MacCy, B TO BpeMs Kak ¢o-
TOH MacChl He MMeeT, ObUI IJIABHBIM TPETIATCTBUEM ISl Pa3BH-
THSI TEOPUH EKTPOCIA00Tr0 B3aMMOICHCTBUSI.
dTa-Me30HHbIMH siApaMu* TPUHATO HA3bIBaTh CHJIb-
HO CBSI3aHHYIO CHCTeMY 1)-Me30Ha M aTOMHOTO siapa. Takas cu-
cTeMa MOXeT BOHUKHYTh B pe3y/ibTate 00pa30BaHus Me/IJIEHHO-
IO 1)-M€30Ha BOKPYT sIApa NP B3aMMOAEHCTBUY C HUIM raMMa 13-
JIy4eHHs], TIOTOKOB JIEKTPOHOB MJIH 3aPSKEHHBIX OTPHUIIATEIHHO
T-ME30HOB BBICOKOI1 Hepruu. [To MHEHMIO aBTOPOB, B OT/IU-
que OT U-,7T- Wi K-Me30aToMoB, rie 9T1 4acTuIbl HaXOAATCS
Ha OKOJIOSIIEPHON O0O0JOUKE aHAJIOTMYHO JIEKTPOHAM B OObIU-
HBIX aTOMAaX M UX CBS3b OCYIIECTBIISIOTCS C TOMOIIIBIO 3JIEKTPO-
MAarHUTHOTO B3aVMOJIEHWCTBHUS 3MEKTPUYECKOro 3apsida 3THUX
ME30HOB C 3apsJIOM sipa, ITa-ME30HHbIE s1/IPa BO3HUKAIOT OJ1a-
rofaps CHJIbHOMY sIIEPHOMY B3aMMOAEHCTBHIO, TaK KakK 1)-Me-

3% Haider Q., Liu L. — Phys. Lett. B, 1986, v.172, p.257 Liu L., Haider Q. — Phys.
Rev. C, 1986, v.34, p. 1845.XJ0100017CoxonI'. A. u np. OOHapykeHHeE 1)-ME30HHbIX
snep. [Tucema B QYA Ne5 [102] -2000 cTp.70—95.



30H He MMeeT JEKTPHUUECKOro 3apsaa M, HaXo/sCh B MOJe
sypa, o0pazyeT KBa3UCTaOWIBLHBIA yPOBEHb B 3TOM TOJIE B pe-
3yJbTaTe CHJILHOTO B3aUMOJICHCTBUS C SIIPOM.

CornacHo peanbHOMY MPEACTABICHUIO BCE YKa3aHHbIE B3a-
MMOJICHICTBHSI YaCcTUIl B SIAPEe WM OKOJIO fJpa, B TOM YHC-
Jie, ¥ IEKTPOHBI aTOMHBIX 000JIOYeK BOKPYT sipa 0OyCIIOBIIE-
Hbl CTATHBAIOINENl 30HOH XOJI0OHOH 0e3MaccOBOIl 3JIeK-
TPUYECKOH IIa3Mbl. B s/1pe Takue B3auMOJIEHCTBUS Orpe/e-
JISIIOT €ILE U ero pa3Mep, a B aToMe — pa3mep atoma. B me3o-
aToMax Takoe B3aUMOJIECTBUE OMpe/essieT He TOIbKO OTHOCH-
TEeJIbHO CTAOHJIBHYI0 CBS3b CUCTEMBI, HO U MECTOPACIIOIOKe-
HUE TOYKU UCTOYHMKA ['DMM yacTuilpl ¢ onopoil eé Ha 4et-
BEPTh-BOJTHOBOJI U3 3EPEH-TIOTEHIIMATIOB OTHOCUTEIbHO aTOMHO-
ro siapa.

CrtpykTypa, COUH, pa3mep, macca, NMEeKTPUYECKUNd 3apsij
s71ep OT MPOTOHA JI0 pa3Mepa sjep KoHla Tabinuiibl MeHpenee-
Ba OIpeAessieTcst He KOJIMYeCTBOM MPOTOHOB U HEUTPOHOB B sIJ1-
pe, a KOJIMYeCTBOM BHYTPEHHUX OOOJIOUEK CO CTPYKTYpPOU rpa-
BU3JIEKTPOMATHUTHBIX JUMONEN U3 HEUTPAJbHBIX YaCTHI] THUIIA
7, k 1 nanee 70 Y-Me30HOB, COCTaBJIEHHBIX MOMNApHO U3 MPO-
TUBOIOJIOKHBIX YACTUI] MO CTPYKTYPE MOXOKKUX HA MIOOHBI, TO-
JIOXKUTEJILHO Y OTPUIIATENILHO 3apsSKEHHBIX — MOMycgepbl BOI-
HOBOJIOB 3€PEH-TIOTeHIIMAIOB CO CTPYKTYPOU IPaBUIIEKTPOMATr-
HUTHBIX MOHOIMOJICH CO CIIMHOM Y2, 0Opa3oBaHbl MOJSPHBIMU
SIIEPHBIMM BUXPOHAMH. DTH COCTOSIHUS siiep 00eCIeunBaloT-
Cs1 SHEPrueil COOTBETCTBYIOIIUX MArHUTHBIX MOHOIIOJIEH, BXO-



JAIIMX B COCTaB ME30HOB. DHeprus moHononss ['OMM pasha
MIPOU3BEJICHUIO MTOCTOSIHHOM [11aHKa Ha ero yacToTy myJibCallui.
Pa3smep nuamerpa ceprueckoil 000JIOYKH COOTBETCTBYIONIETO
MEe30Ha orpeieNsaeTcs NoaBoaHoM (poto 9a) mponsBeaeHus Mo-
cTosiHHBIX [[naHka m CKOpoCTH CBeTa, NEIEHHOIO Ha SHEPIUio
MarHMTHOTO MOHOMONA. Tak AJis Y-HUIICMIIOH ME30Ha 3TOT pas3-

Mep COCTaBJIsIeT BeuuuMHy =~ 1,2 X 10~ cm, a ero IOMM

10 pa3mepy>!' He MPEBOCXOAUT 107> em, u KOTOPbIN IEHTPAJIb-
HO (¢oto 9a mocepeanHe) BXOAUT B OOBEM JIPYrUX BHEIIHUX
000JI0YEK sIpa.

®oto 9a. CTpykTypa 000JI04eK aTOMHOTO siipa (cieBa), pas-
Mep obonouku I'SM]] B monBoimHB (TIOCEpeAnHe), HO Tapa
['SMM B nynabcanusix MOTYT COMMXAThCSl 10 MUHUMAJIBHOTO
npejesia B 4YeTBEPTh JJIMHBI BOJIHBI (CIIPaBa).

B stOoM cmbice CTPYKTYypa AACp, OTAAJIEHHO HANlOMUHAET

3! MuHMMABHBI TUIAHKOBCK M NIpeZEN COCTaBJISET BEJTUYMHY ~103 em.



CTPYKTYPY JIeKTPOHHBIX aTOMHBIX 0Oosodek. Tak, Harpumep,
JEUTPOH MMeeT Takou ke pasmep 4,1 ¢M, 4To U AIpo Kayb-

musa (4,1x 10 —13 CM), T.€. JI0 SiApa KaJbIUs 3apsii Macchl
BCEX MpEeAbIayux siaep ¢opMUpoBaiach 3a CYET 3arOJHEHUS
BHYTPEHHEN LIEHTPAJIbHOU chepbl TPOTOHA BHYTPEHHUMHU OUTIO-
JIAPHBIMU O0OJIOYKAMH CO CTPYKTYPOU TT-HOJIb ME30HA C TIOMO-
IIBI0 COOTBETCTBYIOIIMX U O0Jiee BHICOKOSHEPreTUIeCKUX (Tad-
JIMLIa ME30HOB). DTOT HEMAJIOBAXKHBIN (DAKTOP CBUETEIIbCTBY-
€T 0 CMeHe MeXaHu3Ma MPOU3BOICTBA aTOMHBIX sifep. [locnemy-
Iolllee YBEeJMYEeHHE MACChl M JIEKTPUUECKOTO 3apsijia sijpa 00y-
CJIOBJIEHO YK€, KaK 3a CUET 3aroIHEHUsI BHYTPEHHEN CBOOOTHOM

cepsl 000I0UKaMHK C pa3MepamMu MeHee 10~ 10 em, tax
U 32 CU€T mepepacripe/ieSieHrsi YaCTOT BUXPOHOB, (hOPMHPYIO-
IIUX BEPXHUE TAKU 000JI0UEK, B CTOPOHY YMEHBIIIEHHS UX TUa-
MeTpa — yBeJIMYEHHs 3HaUE€HU 1 YacTOT, HallpuMep, CMEHa BHEIII-
HHX TT-Me30HOB Ha k-mMe30HH U T. 1. Takum o6pazom pazmep
s7ipa ¢ yBeJn4eHueM MacChl TOJIbKO YMeHbIIAeTCs B pa3Me-
pax, B OTJIMYKE OT MPOTOH-HEUTPOHHON MOJIEJIH, COTTIACHO KOTO-
poii pa3mMep yBeJIMYUBAETCsI TTPONOPIMOHATIBHO KOPHIO KyOH-
YEeCKOMY M3 YMCJIa MAcChl s1Ipa — pa3Mep siipa CBUHIIA TPUMEp-
HO B HIeCTb pa3 Oosbllie MPOTOHA. DHEprusi (Macca B cUCTeMe
CH) atomHOrO simpa OyleT paBHA CyMMAapHOUW SHEpruM 000J0-
YeK BCEX ME30HOB, BXOAAIIMX B 3TO A1po. CIuH spa yepeayer-
Cs1 CMEHOI YETHOM Macchl B COOTBETCTBUU C MPEACTABICHUSMU
CAII Ha Heu€THYI0 K MOCeayIoeMy U30TOIy TOTrO sijipa JJie-
MEHTa C [eJIOYMCIIEHHOro 3HaYeHust Ha noiytenoe. [Tynbcupyio-



11asi BHENTHSs 000JIOUKA SIJIEP, COCTOSIIAS U3 MOJIOBUHBI BHYT-
PEHHEN U MTOJIOBUHBI BHELITHEN, 3aII0JIHAET NEKTPUIECKUM 3(PU-
POM BHEIITHETo OISl TUCKPETHOE IPOCTPAHCTBO B aTOME U OIpe-
JeJsieT CyMMApHBIN 3apsi/i TOBEPXHOCTHU sIpa NEKTPUIECKUM
MOTEeHIAIOM U cniuH. ViMeHHo (popma BOTHOBOAA BHOCHUT OC-
HOBHOHM BKJIaJl B CIIUH si/Ipa U MOXET UMETb CTPYKTYpYy MIOO-
Ha, KaKk U y MPOTOHa, /il (pOPMUPOBAHUS TIOJIYLIENIOTO CIIUHA,
TaK ¥ CTPYKTYPY cpepbl 3aKOHUEHHOTO BHEIIIHETO CJI0ST SIEKTPO-
HOB JIJIsl TeJIMsl C YETHOM MACCOU MpH ONpesieieHNH 3HAYEeHUS
LEJIOYUCIIEHHOTO cnMHa. 1o cpaBHeHuIO ¢ pa3mepaMu CTPYKTY-
pbl SAEPHBIX MarHUTHBIX MOHOMOJIEN BUXPOHOB, MMPOCTPAHCTBO
BOJTHOBOJZIOB aTOMHOTO sI/Ipa TAKOe ke «IyCTOoe, Kak Bakyym Bce-
JIEHHOW», KaK U MPOCTPAHCTBO JIEKTPOHHBIX 00O0JTIOUYEK B aTo-
Me. MUHUMaJIbHBIN pa3Mep U MakCUMaJIbHasl 4aCcTOTa MOHOIIO-
JI BUXPOHA OrPaHUYEHbI JIMIIb TUIAHKOBCKMMU TpeaeaaMu. DTo
MO/ITBEPXKJAIOT U SKCIIEPUMEHThl Ha BpyKXxelBeHCKOM KOJUIaii-
Jiepe C BCTPEUHBIMHU IMyYKaMU si/Iep 30J10Ta U ISHTOHOB ¥ MHOTH-
MU qpyruMu. Takum oOpa3oM, pornaaaeT HeoOXOUMOCTD TTPH-
MEHEHUS1 MOJIEJIM aTOMHOTO $1/ipa U3 MPOTOHOB 1 HEUTPOHOB,
He CIOCOOHOI OOBSCHUTH MHOTHE SiIEpHBIE TIpeBpaiiieHus. Her
HEOOXOMMOCTH TPHBJICUEHUS] U BECbMa HEYOEIUTENIbHOTO Me-
XaHM3MAa CHJIbHBIX B3aUMOJECUCTBUM HYKJIOHOB B sipe. OHM no-
IPOCTY MPOMNAAI0T, @ KX MECTO 3aHUMAIOT OUYeHb KOPOTKO1el-
CTBYIOII[HE 3JIEKTPOMArHUTHbIE B3aUMOJEHUCTBUS C TOMOIIIBIO
6e3MaccoBOI XOJIOAHOM TIA3MON MEXy MPOTUBOIOIOKHO-Ye-
peayIoIMMUCS OUTIONSIPHBIME 000JIOYKaMU. MeXaHW3M CHJIb-



HBIX B3aMMOJIENCTBUI B aTOMHBIX sIJIpax OIpeAessseTcss CBOW-
CTBaMH XOJIOIHOM 0e3MaccoBoOil IIa3Mbl, Oiaronapsi KOTo-
pO¥ CMEXHBIE U TTPOTUBOIIOJIOKHBIE TI0 3HAKY OOOJIOUKH T10 pa-
JMYCY sijipa NPUTATUBAIOTCS JPYT K APYTY C HAUBBICIIEN CUJION,
BO3HUKAIOILIEN MTPU MOJIHOM YHUUTOKEHUH MPEIbIIYIIEr0 COCTO-
SIHASI MEKOOOJIOUeYHOro MPOCTPAHCTBA — AHHUTUJISIUS TIPO-
TUBOIOJIOKHBIX TIO 3HAKY 3apsija 3EpeH-3JIeKTPONOTeHIINATIOB
M0 aHAJIOTMKU MeXxaHu3Ma (POPMHUPOBaHUSI TPOCTPAHCTBA aTOMa
MeXIy AIpOM M 000JIOYKaMU M3 IeKTPOHOB. MeXaHu3M cJia-
OBIX B3aMMOJICHCTBUIA, OTBEUAIOIINH 32 pa3nuHble (hOPMBI pac-
naja sijaep, CTaHOBUTCS 00Jiee KOHKPETHBIM M OTIpe/ieisieTcsl, Kak
U B Cllydyae aTOMHBIX BHEIIHHUX 0OOJIOYeK, COCTABOM BHEITHHMX
SIIEPHBIX 000JI0YEK.

BoiBoa: HamobogblIee NMpakTHyeckoe 3HaYeHue B Oy-
JyllleM B NPOU3BOJCTBE SII€PHOIl SHEPruM MOKET Wr-
paTh HOBBIl BH/I BbIHY:K/IEHHOTO U YNPaBJsSIeMOro pac-
naga saaep — LENR, kackaanbliii pacnaja siiep, 00ycJaoB-
JICHHBbIII MEXaHU3MOM <«TSKeJOi» (POTOMOHU3ANMHU Ya-
cTHll (MOJIOKUTENbHBIX HJIH OTPHUIIATEdbHbIX), COCTABJIA-
OIIUX si/IePHbIE 000J0YKH, IyTEM Je3MHTErpanua aToM-
HBIX si/lep UMILIO3UeN B HUX KJacTepa 3épeH-NoTeHIua-
JIOB BOJIHOBOJI0B M3 IYJbCHPYIOIIEr0 BUXPEBbIMHU MOJISI-
MH JIBYIIOJIOCTHOT'O THNEP00JI0H/1a TPAaBHAJIEKTPOMATrHIT-
HOrO JUIOJS ¢ 00pa3oBaHUEM 30H XOJIOJHOH Oe3Macco-
BOH IUIa3Mbl B aTOMHBIX si/Ipax (pacnaja) BILIOTH 10 4a-
CTHII, COCTABJISIIOIINX sI/IEPHbIE 000J0YKH, a 3aTEM CJIeay-



eT OBICTPBIH NMponecc peKOMOHHAIUH-0CaK/eHusl (CHH-
Te3) y2Ke B 30HAX sI/IePHO-Me30HHOM IJIa3Mbl C POK/I€HH-
€M HOBBIX 2JIEMEHTOB.

BHyTpeHHsIs1 CTPYKTypa aTOMHBIX sI/IEp aHAJIOTUYHA CTPYKTY-
pe HEUTpaJIbHBIX S7iep. BOT TOJIBKO BHEIITHEE 3IeKTPUIEeCKOE T10-
JIe ¥ CTIUH OTpeIesISIeTCs MTOJIOKUTETbHBIMU WM OTPHIIATE TbHBI-
MU TOTEHIIMAJIaMHM BHEIITHETO BOJIHOBOJIA, & TAaKXkKe JIBUKEHHEM
10 HEMY COOTBETCTBYIOIIETO BUXPOHA, C YACTOTOW Ha TPH JIeCs-
TUYHBIX MOPSIJIKA BHIIIE YaCTOTHI 000JIOUEK IEKTPOHOB B aTO-
Mme. [TaccuBHyio maccy B CH MHOYKTHAPYIOT BCE SIIEPHBIE BUXPO-
HbI, YJILCUPYIOIIKE [0 TPABUTAIIMOHHBIM 3aMKHYTHIM BOJTHOBO-
JaM 000JIOUeK pa3MYHOro paauyca. MarHUTHBIE MOMEHT, pa3-
Mep U (popmy OnpenensioT KOJIMIeCTBO BUXPOHOB, UX HEpre-
TUYECKUI COCTaB ¥ B3aUMOJICHCTBYIOIIHE MAarHUTHBIE MOHOTIONA
UX BOJTHOBOJIOB.

HecrabunbpHble aTOMHBIE Sijipa, HAXOSIIUECS Ha MTOBEPXHO-
CTU 3eMJIM, UMEIOT Pa3IMYHble KaHAIbl pacnaja :

— Oerta- 1UTI0C pacnaf,

— OeTa- MUHYC pacnaf,

— anbda pacnaj,

— CHOHTaHHOE AEJICHUE TSKENBIX e,

— IPOTOHHBIN pacnaj,

— U3JTyYeHUe HEUTPOHOB,

— U3JyYeHUe KPYIHBIX SIEPHBIX KIACTEPOB,

— BO30YK/ICHHUE Si7Iep CHUMAETCS M3JTyUYeHHEM raMMa-KBaHTOB



(cOpoc 3Heprum) ¢ IepexoaoM B OCHOBHOE COCTOSTHUE H T. JI.

Pacrian sinep oOyclOBiIeH HECOOTBETCTBUMEM CHUIBI yAepkKa-
HUS BUXPOHA BHEIITHEW 000JI0UKN HECUMMETPUYHBIM BHEIIHUM
MEKTPUIECKUM T0JIEM, KOTOPOE 3aBUCUT OT CIMHA €T0O BHEIITHE!
000JIOUKH — IEJTBII WJTH TTOYIIEIIbIN, 8 TAK)KE MATHUTHBIMH TOKA-
MU B 000JIOUKaX SApa ¥ BHENTHUMU TOJISIMU OKPYXKAIOITMU 11
po. Ecii 1o-kakum To nmpruarMHaM HapyIIUICs OOIUI CHHX POH-
HBII MArHUTHBIA TOK BO BHEIIIHUX W BHYTPEHHUX 000JI0YKaX, TO
OHO HAYHET pacnagaThcs. Takke U MAarHUTHBIA MOHOTIONb, (hop-
MUPYIOIIUI BHEITHIOW O0OJIOUKY, Yepe3 ONpele/iEHHOe BpeMs
JBUKEHUS B HEW, HAXOUT JIA3eWKYy U BbIJIETAET HAPYXKY, IPUBO-
151 SIIPO B COCTOSIHUE TOTO WJIM MHOTO pacnaja. Takoe monoxe-
HHE TO3BOJISIET M0 HOBOMY TOIOWTH K TIPOM3BOJICTBY SHEPIUU
3a CUET pacrajia saep U BooOIe K ONpeie/ieHHIo cJ1ad0ro B3au-
MOJEUCTBUA.

HasBaHHasi paguoakTMBHOCTh OOYCIIOBJIEHA MPUCTIOCOOIEHU-
eM (cTadmM3anyen 1mocie BceX N3MEHEHUN COCTOSIHMIA BUXPO-
HOB TI0CJIe CMHTE3a si/Iep WM B HOBOM MECTE HAXOXACHUS siji-
pa) BCEX UMEIOIIMXCSI aTOMHBIX sIJIEP, KaK MUKPOMPOCTPAHCTB,
K COBMECTHOMY COCYILIECTBOBAHHUIO C JPYTUMHU HMEIOHIUMUCS
BHYTPEHHVMHU U BHEIIHUMHU TIOJISIMUA U TTPOCTPAHCTBAMU B JIaH-
HOM TPaBUTAIIMOHHOM IOsice 3Be3/bl WM TulaHeThl. M Takas
crabuim3auus Ha 3emiie MPOUCXOIWIa yKe He pa3 M He JBa,
a MPOUCXOIUT MOCTOSTHHO, TaK KaK YCJIOBUSI B MECTE HaXOX[e-
HUSI BHOBb MTPUOBIBAIOIINX siiep (KpaTepbl BYJKAHOB Ha 3emiie
u orochepe ConHua) MEHAIOTCA MOCTOSIHHO HA IyTH OT SAApa



3Be3/Ibl (IUIAHETHI) K €€ MOBEPXHOCTH, 3aTeM B arMocdepe, 4To
HETPYIHO NIPOCTIeNTh Ha TIpUMepax 0Opa3oBaHUs si/iep BOIOPO-
Jia, Teusl, yriaepoaa, KUCJIopo/a, CEPbl, aproHa, pajoHa mpu ux
JIBWKEHUM OT IIeHTpa TutaHeThl. Emé Oosnee HarisaeH npumep
OTCYTCTBUSI TSIKEJIBIX SIAEP B Ta30BbIX CKOTUIEHUSIX B IIPOCTPAH-
CTBE KOCMOCA — OHU B CJIaObIX I'PAaBUTAIIOHHBIX TOJISAX HECTa-
OWJIbHBI, T.€. Te Apa, KOTOPbIe CTAOMJIbHBI Ha IIOBEPXHOCTH 3eM-
JIM, HECTaOWJIbHBI B KOCMOCE M TaM OTCYTCTBYIOT. BOT Takumu
CTabMIM3aTOPaMU, PETYIUPYIOIUMH KOJIMYECTBO U COCTaB CTa-
OUJIBHBIX M yXe 00pa30BaHHBIX sJIEp B IAHHOM MeECTe, U SIBJIsI-
10TCsl BUXPOHBI. OHM OTBEYAIOT 3a TUN W KaHaJl pacraja Inpu
JAHHOW COBOKYITHOCTH OKPY’KAIOIUX YCIOBUU. OHU CITIOCOOHBI
K JICJICHWIO ¥ 0Opa30BaHMIO SIAEPHBIX 000JI0YEUHO-KOHIICHTPH-
YECKHUX KJIaCTEPOB (HEMTPOHOB, MPOTOHOB, ajb(pa-4yacTull, siAep
Ipyrux Oosee JIErKuX 3JIeMEHTOB) BHYTpH (ha30BOro 0ObeéMa sij1-
pa. OHu oTBevaloT 3a UHAYKIMIO Macchl B CU, anekTpuyeckuit
3apsl, CTIMH M MarHUTHBI MOMEHT sijiep. OHU OTBETCTBEHHBI
¥ 32 (GOPMHUPOBAHKE CAMOH OOJIBINION SAEPHOM TNIOTHOCTH Bellle-
cTBa. IMEHHO ¢ X MOMOIIIBIO CTAHOBUTCS SICEH MeXaHU3M (pop-
MUPOBAHUsI TBEPIOCTU, BSIBKOCTU M IUIOTHOCTHM BEIECTB, KaK
(byHKIIMM yBeMYEHUs TUIOTHOCTA Pa3MElCHUS M CTaOMIIn3a-
11U (C MOMOIIBIO MPOTEKTOPHOI'O MArHUTHOTO TOJIS) EKTPHU-
YEeCKHX Y TPABUTAIIMOHHBIX 3€PEH-TIOTEHITUAJIOB B €TUHUIIE 00b-
€Ma IPOCTPAHCTRBA.



1.5 DaexTponbl

Craoicu MHe, umo maxoe 31eKmpoH,
U 8 00BACHIO mebe 8c€ OCMANBbHOE.

William Thomson

B nevicrButensHocTH B 31oM 1utare William Thomson (Baron
Kelvin) BMeCTO ClioOBa «3JIEKTPOH» CTOSUIO CIIOBO «3JIEKTpHUYE-
cTBO». OJJHAKO B COBPEMEHHOM CMBbICJIE [TO3HAHUS BBU]Y IPU-
opuTeTa JEKTPOHA, KaK «amoma» 3JEKTPUYeCTBa U MaccChl,
KaK el€ HEerMO3HAHHBIX SIBJICHUI MPUPOAbI, OTAAETCS IMPEro-
YyTeHue yKazaHHbIM (ppazam. Ho B 3Toli KHUTE pacKpbiBaeTcs
NOJIHAsl CYThb IPUPOABI MaTepuv JEKTPHYECTBA U MAacCChl,
rie HAMMEHBIIUM I10 3apsiiaM JIeKTPUYECKUM U I'PAaBUTALIMOH-
HBIM MTOTEHIIUAIOM- < AHOMOM» SIBJISTIOTCSI OECCTPYKTYPHBIE 3ep-
Ha-TIOTEHIUAJIBI (TIOJIOKUTEIPHOE U OTPUIATEILHOE) TUCKPET-
HOT'O IIPOCTPaHCTBA-TOS.

o cux nop ¢usukam Bce ellle He YJaloCh BEPHO OIpejie-
JIUTH pa3Mepbl, CTPYKTYpy 3JeKTpoHa u ero ¢opmy. M3Bect-
HO TosibKO (CAII), uTO ero paguyc 1no KpanHerm Mepe MEHbIIIE,
YeM OJJHa MWJJIMOHHAs paJnyca aToMa, HO 3TO HeBEpHO. Bmecte
C TEM HeJIb351 CUUTATh €ro TOUKOMW, He UMeloIen pa3mepoB. B no-
CJIETHEM CITydae ero SHEPrus NoIyJaeTcsi 0eCKOHEYHO OOJIBIIION,
YTO HE COOTBETCTBYET JIelicTBUTENbHOCTU. U cTaHOBUTCS Oosee
HEMOHSATHBIM YCTaHOBJIEHHOE B XX BEKE CBOWCTBO, UTO BCE 3J1e-



MEHTapHbIE YACTUIIBI — 3TO MAJIEHbKUE MArHUTHKHU, UMEIOIINE
JIBa MTPOTUBOIIOJIOAKHBIX MMOJIIOCA MATHUTA.

B 1928 rony lupak nony4us HOBOE ypaBHEHME JIEKTPOHA,
KOTOpOe ToBeJIo ceOsl KaK HEMOKOPHBIN JIKMHH, HEOCTOPOKHO
BBIMYIIEHHBI U3 OyThUIKH. TO, YTO MpPOWIM ydeHble B 3TOM
YPaBHEHUH, MIOKA3aJI0Ch UM, MATKO BbIPaXkasiCh, HEAOPA3yMEHHU-
eM. HapaBHe c peaibHO CYyIIECTBYIOIIUM OTPHUIIATENILHO 3apsi-
KEHHBIM 3JIEKTPOHOM B HEM 3aHSJI PABHOIIPABHOE MECTO MOJIO-
JKUTEJTbHBIN 71eKTpoH! «He mapagokc jim 310 ?» — mymMall HeBOJIb-
HbIA BAHOBHMK 3TOTO CTPAHHOTO OTKPBITHSA. [Jnpak BoBce HE HUC-
Kau1 3Ty yactuily. OH aKe He MOI03PEBA O €€ CYIIECTBOBAHMUMU.

Bonee Toro, yueHblii Oropoiusa CBOMX KOJUIET MPearoiokKe-
HUEM, YTO BCE YaCTULbl B MPUPOAE CYLIECTBYIOT MapamH, 4TO
KQKJOW 3apsKeHHOM YaCTUIIE COOTBETCTBYET CBOSI AaHTUYACTH-
114 C TAKOM K€ MACCOU, HO C 3apsiIoOM IMPOTUBOIOJIOKHOTO 3HA-
Ka. [lupak cripaBeyIuBO pelln, 4To €CJiv CYIECTBYET Napa i
3JIEKTPOHA — MO3UTPOH (TaK HA3BAJIM AHTUSJIEKTPOH ), TO JAOJKHA
CYLIECTBOBATh U Mapa 1Sl MPOTOHA, T.€. aHTUIIPOTOH.

[loce MHOTrOJIETHUX TPOTUBOPEUMBBIX MCCIIEIOBaHUI, B Ce-
penune 50 ronoB npoiioro Beka, KBantosas anekTpoauHaMu-
ka (K3]I) ykpernuiaa cBOM MO3WIMU, KOTJIa HECKOJBKO OJIECTsI-
IIMX TEOPETUKOB, TakuX, Kak I'. bere, C. Tomonara, 1. IIIsuH-
rep, P. ®eitnman, ®. JlaiicoH u apyrue, TONOTHWIN €€ TOJIoKe-
HUSIMHU O TOM, 4TO (POTOH pearupyer Ha MPUCYTCTBUE WU JIBU-
JKEHUE JIEKTPOHA.

[NonsTre crimnaa snekTpoHa Obi10 BBeaeHo [, Ynenoekom u C.



layncmurom B 1925 rony u3 sKCleprMEHTOB TOHKOTO paciiern-
JIEHUSI CIIEKTPAJIbHBIX JTMHUM aToMOB. [lonynenoe 3HaueHue cru-
Ha C JBYMSI BO3MOXXHBIMU OPUEHTALMSIMU CIIMHA OTHOCHUTE]b-
HO HarpaBJieHUs] UMIyJibca Obuio noareepxkaeHo I1. Jupakom
B 1928 romy. B onmbitax IlltepHa u I'epnaxa Obina orpenene-
Ha BeJIMYMHA CIIMHOBOTO MArHUTHOTO MOMEHTa, KOTOpasl OKa-
3ajlach paBHa 3HaueHWI0 MarHetoHa bopa. B mpyrux skcnepu-
MeHTax A. DiHmTelHa-a1e [aa3za u obparHoro 3¢dekra bap-
HeTTa ObLJIO YCTAHOBJIEHO JIBOMHOE TPEBBIIIEHHUE JIJIsi TUpOMar-
HUTHOTO OTHOIIEHUS CITUHA, HAJl O)KUAAEMBIM U3 OPOUTATIBHON
TEOpUU JIBUKEHUs EKTPOHOB B aromax. CIMHOBBIM MarHWUT-
HBIII MOMEHT 3JIEKTPOHA, KaK CUMTAETCS B KBAHTOBOM MEXAHUKE,
00YCJIOBJIEH CYIIIECTBOBAHUEM Y HET'O COOCTBEHHOTO MEXaHWYe-
ckoro moMeHTta — cniuHa. B CAII yTBepkaaercs, 4o Kjiaccuyie-
CKO€ TpEeJICTaBIeHUE JIEKTPOHA, KaK BPAIAIOIIUICS 3apsiKeH-
HBII OOBEKT, He IAET MPABUJILHOTO pe3yJibTaTa Jjisi OpOUTAIIbHO-
IO JBUKEHM S JIEKTPOHA B aTOME 151 TMPOMArHUTHOTO OTHOIIIe-
aus1. Kpome Toro, a5ieKTpoH 061a1aeT aHOMaJIbHO OOJIBIITM Mar-
HUTHBIM MOMEHTOM. DTOT MarHUTHBIA MOMEHT JIEKTPOHA ObLI
oTkpbIT B 1948 rony I1. Kym u I'. ®onu. AHOManbHBIM OH Ha-
3BaH MOTOMY, YTO €r0 BEJIMYMHA HECKOJIbKO IpEBbIIIAIA paHee
MPUHSTYIO BEJIMYMHY «HOPMAJIbHOTO» MAarHUTHOIO MOMEHTa —
MarHeToHa bopa. DTo OTKpbITHE BBI3BAJIO MacCy MpooseM, pu-
BEJIIINX, B TOM 4Mcie, K co3aanuio [. [IIBunrepom, C. Tomona-
roii u P. delinMaHOM HOBOW METOIMKHM BBIYUCIEHUN B KBAHTO-
BoM nekTpoguHamuke (K/1). OnHon u3 OCHOBHBIX 3a7a4 3TOU



TEOPHH SIBJISIETCS BBIUMCIICHUE (DAKTHYECKOTO, T.€. aHOMaJIbHO-
IO MArHUTHOTO MOMEHTA JIeKTpoHa. Teopusi OCHOBaHA Ha ujee
B3aMMO/ICHICTBUSI AJIEKTPOHA C BUPTYaIbHBIMU (DOTOHAMU U JaeT
pe3y/IbTaThl, BecbMa OJIM3KKE K MOMYyYEHHBIM SKCIIePUMEHTAb-
HO?

CoBpeMeHHasi HayKa paccMaTpuBaeT MEKTPOH Kak (yH-
JaMEHTAJIbHYI0 3JIEMEHTapHYI0 YacTUIly, He 00JIaJ a0y
CTPYKTYpoil u pa3mepamu. [IpoBenEHHbIE SKCIIEPUMEHTHI
TI0 CTOJIKHOBEHHMIO 3JIEKTPOHOB BBICOKMX SHEPrHUi 1aBaJIi 3HAUe-

uue okono 10717 cm.

Kak u mobas 3apsokeHHasl 4acTuIia CO CIIMHOM, 3JIeKTPOH
00J1a/IaeT MAarHUTHBIM MOMEHTOM, TIPUYEM MarHUTHBIT MOMEHT
JETUTCS HAa HOPMAJBHYK 4acTh U AaHOMAJbHBII MarHuT-
HbI MOMEHT.

HoBble JaHHBIE O MATHUTHOM MOMEHTE JIETITOHOB BbICKa3aJl
u JK. Jlomak*? Ha pabOTH MO XOJOJHOMY SIIEPHOMY CHHTE3Y
rpymmor JI. Y. VpyukoeBa. Ho kak u II. lupak oH cuuraer,
YTO MarHUTHBI MOHOTIONb JIOJI’KEH UMETh TMTOCTOSTHHBIA MarHUT-
HBII 3apsil. DTU AAaHHBIE MOTYT IMPEACKa3aTh CyIIECTBOBAHUE
JIETKOTO MAarHMTHOTO MOHOIIONISA, SIBJISIIOLIETOCS JIETOHOM, KO-
TOPBIIl B COCTOSTHUM UTPaTh IJIABHYIO POJIb B Pa3IMUHbIX 3ek-
Tax, BKJI0Yas ciaadwle sigepHble B3anumoeicTBus. C UCHonb30-
BaHUEM ypaBHEHMs, cuMMeTpun 1 KoHyca Ilyankape oH mo-
Ka3aJl, YTO YIJIOBOIl MOMEHT MOHOIIOJISI OTHOCUTEIBHO JJIeK-
TPUUYECKOTO 3apsiia SABJSETCS €IMHCTBEHHBIM LIEHTPOM CUMMET-
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pUM BpallieHus1 BOKPYT (DPUKCHPOBAHHOTO IIEHTpa. DTO SIBJISET-
Cs1 10Ka3aTe/IbCTBOM BpalleHUus1 MOHOIIOJISI BOKPYT 3JIEKTPH-
YecKoro 3apsja.

B 1989 roay I'. Demensty Obuta npucysxkaeHa HoOeneBckas
npemMus Mo (pU3MKe 32 U3MEPEHNe MAarHUTHOTO MOMEHTA JJIeK-
TPOHA C TOYHOCTBIO 10 13 3HakoB nocine 3anAron. Ha ocHoBe
(bopmysbl, BKJIOYAIOLIE TMPOMAarHUTHOE OTHOIIEHHE, pa3Mmep
COCTaBHOT'0 9JIEKTPOHA 1 €70 KOMIITOHOB CKOM JIJIMHBI BOJHbI,
nonyueHnoit Ipennom* B 1980 rogy, Dehmelt H.** (I'. [lemensr)
CUUTAET, UTO «31EKIMPOH MONCEM UMEMb DAZMED U CMPYKIMYPY »,
a e2o pazmep u3 SKCNEePUMEHINO8 NO CEEPXIMOUHOMY ONPEOeNeHUIO
MAZHUMHO20 MOMEHMA 3NEKMPOHA COCMABASIION 8EAUMUHY OKO-

10 10720 cm,

Jlpyrue cBOWCTBA JIEKTPOHA CIIEMYIOT U3 UCCIeIOBAHUNA 00-
JlaKa mossipu3aiuu (MOJsSIPOH), POXKAAIOIIETOCs NP ABMKEHUN
NIEKTPOHA BHYTPU KPUCTAJUTMUECKOW PEIIETKH U O0OYCIOBJICH-
HOTO €€ B3aMMOJICHCTBHEM C BHEITHUM 3JICKTPUUYECKUM TIOJIEM
aneKkTpoHa. CpaBHUTH MOJISIPOH MOKHO JIMIIIb C HAIJISTHOM aHa-
JIOTHEN, KOIJIa «3a YeJIOBEKOM B COJTHEUHBIN JIEHb ABMIKETCS €ro
TeHb, TaK 32 JEKTPOHOM BHYTPU KPHUCTAIIMYECKON PEIeTKU
JBUKETCST 00J1aKO OIS pU3aIiy, 00pa30BaHHOE €ro IeKTpruyie-
CKUM TIOJIeM. BcTpeuHbie aToMbl, HACTUTHYTBIE OOJIAKOM, TIOJISI-
PUBYIOTCS UM, KaK Obl CBSI3BIBAIOTCS C JIEKTPOHAMU HEBUJVIMBbI-
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MU HUTAMU. HO U 37€KTpOHY 3Ta CBA3b C OKPYKAOIIUMU €r0
aToMaMu He OOXOIUTCS IApOM: OH CTAHOBUTCS KaK Obl TSIKEJIee —
Macca yBEJIMIMBAETCS B IIECTh pa3. DTy KOMOWMHAIIUIO SJIEKTPO-
Ha C OKPYKAIOIIUM €ro COCTOSTHUEM MOJISIpU3aliiy U Ha3BaJIM TO-
JIIPOHOM.

JlOCTOBEPHO JIMIIIb YCTAHOBJIEHO, YTO JIEKTPUYECKUE 3aPsiabl
pas3aeibHO CYIIECTBYIOT B IBYX BUJIAX — IMOJIOKUTENIbHBIE U OTPU-
uaresbHble. [Ipy 3TOM pa3HOMMEHHBIE 3apsabl MPUTATUBAIOTCS,
a OTHOMMEHHBIE OTTAJIKUBAIOTCS. DJIEMEHTAPHBIE 3aPsI/Ibl UMEIOT
B 00513aTeJIbHOM TIOPSIJIKE ¥ MAaccy.

IIpu usmepenusix B cucreMe CH BO BHEIIHEM MOCTOSIH-
HOM 3JIEKTPUUYECKOM TIOJIE 3JIEKTPOH MPOSIBIsET OTPUIIATENb-
HBIW 3apsi]l ANEKTPUUYECKOro TOTEHIMAa U HallpaBJieHUe CITUHA,
a B MArHUTHOM ITOCTOSIHHOM I10JI€ — CBOM BUXPEBOM MArHUTHBIN
MOMEHT, B MOJIE TATOTEHUsI 3EMJIM — 3apsi]l MaCChl.

B kBanTOBO# 2nekTponuHamuke (K1) nousTus 3Haka 3apsi-
Jla He CYIIIECTBYET, a IO3UTPOH OIMUCHIBAETCS KaK JIEKTPOH, JIBU-
KyIIMACs: 0OpaTHO BO BPEMEHH.

DNIEKTPOHBI POKIAIOTCS B MPUPOJIE, C OJHOM CTOPOHBI, MPU
00pa30BaHUU 3apSDKEHHBIX SIIep XMMHUYECKUX SJIEMEHTOB, ITy-
TEM pacrnajga HEUTpaJbHBIX SAep, B Ipolieccax Oera-pacraja
s7Iep aTOMOB XMMHUYECKHUX 3JIEMEHTOB, MPU PACafie HEUTPOHA
U JIPYTUX HeCTaOWIbHBIX JIEMEHTAPHBIX 4YacTuil. A C Jpyrou
CTOPOHBI, TIPY B3aUMOJICICTBUM MOPOTrOBBIX (DOTOHOB C ATOM-
HO-MOJIEKYJISIPHBIM BEIIECTBOM B Pa3IMYHbIX arperaTHbIX COCTO-
sHUAX — (poTo3(p(PEKT U nap — oOpazoBaHKE.



CBoICTBa CTPYKTYpPbI JIEKTPOHA, KPOME HA3BaHHBIX SIBJIE-
HUI, MOTYT TaKXke JOMOJHUTh UCCIIEIOBAHUSI €r0 CBOWCTB MpPHU
YCKOPEHUM B KOJUTaiiepax M pacrajbl KOPOTKOXUBYIIUX 3Je-
MEHTAPHBIX YaCTHI], TAKUX KaK MIOOH, a TAK)KE€ BECbMa 3ara-
JOYHBIE sIBJIeHUs OeTa-pacmnaga KoOaibTa-60, HEUTpOHA U HEKO-
TOPBIX JIPYTUX 4YacTull. B 3THX mpeBpallieHusIX OpUEeHTUPOBAH-
HBIE 110 CIIUHY (TOJIIPU30BAaHHbIE) BHEITHUM MAarHUTHBIM TIOJIEM
pacrnajaionyecs siipa U3J1y4yaloT B OHY CTOPOHY OOJIbIIIE JJeK-
TPOHOB, YeM B JIPYryl0. DTO ke sIBJieHue HAOMI0AaeTCs U 'y aH-
TUYACTHIL. DKCIIEPUMEHTHI, BHITIOJIHEHHbIE B 9TOM HAMPaBJIeHUN
¢ 1956 no 1964 MUPOBBIM Hay4YHBIM COOOIIIECTBOM, IMOKa3aJn
0 HAJIMYMHU Y JIEKTPOHOB, MO3UTPOHOB U IPYTUX MUKPOUYACTHUIL
CJIOKHOM JIEBO- U MTPABO- BPALIATEIbHOM CTPYKTYPHI.

Bce OGombiie m Oosbllle HOBBIX JAHHBIX CBUAETEJHCTBYET
0 TOM, UTO Pa300paThCsl B CTPOCHUU SJIEMEHTAPHBIX YaCTHI] TTPU
MIOMOIIIY CYILECTBYIOUIMX TEOpUil HEBO3MOkHO. HykHa HOBas
peBomonusa. Heooxoaumo uaeitHoe nepeBoopyxerue. M 31o Ho-
BOE OPYKHE — HEBUJUMBbIH 3apsijl SHEPIUU UM MArHATHBIN MO-
HOIIOJIb, KaK HeBUIIMasi SHEpreThuecKas CyOCTaHIMS BCEro Cy-
IEr0 C BO3PACTOM KHM3HHU, CPABHUMBIM CO CPOKOM Haien Bce-
JICHHOM.

Urak, Ha pybexe XXI Beka Ha 6a3e KJIACCMUECKON U KBaH-
TOBOU (pu3uKM poauiach HoBasl (pU3MKa, XOTS €€ POCTKU ObUIN
nocaxensl . Kumu u H. Tecna B Hauane XX Beka. DTO OTHIOND
HE 3HAUWJIO, YTO BCE paHee CAEJAHHOE YYEHbIMU OTBEPrajloch
Y 3aMEHSIOCh MHBIMU B3IVISIIAMHU, IPOCTO (PpU3MKA pocia B IITy-



OUHY TUCKPETHOTO MPOCTpaHCTBA-TONs. [lefCTBUTENBHO, Kilac-
cuueckasi (pu3MKa, OTKPBIBIIAS JIIOJSAM IJ1a3a HA MHOTHE SIBJIe-
HUS IPUPOJIBI, OTBETHUBIIIAS] HA MAacCy BOIIPOCOB, CTajia B TYMHK
nepesl MUpOM OOJIBIIIUX CKOPOCTE U MUPOM HUYTOKHO MAaJIbIX
YaCTHUEK MATepuH, T.e. 3€PEeH-TIOTEHINATIOB JIUCKPETHOTO MPO-
CTpaHCTBA-TOJISI.

AaeKkTpoH B nokoe. CormacHo peaabHOMY IMPeCTaBICHHUIO
9MEKTPOH, KaK 3aMKHYTOe, a M03TOMY MHEPTHOE U CTaOWIIb-
HO€ MHKPOMPOCTPAHCTBO C MACCOM, MEKTPUUECKUM 3apsIoM
u crmHoM B CU, oOnajaer CTPYKTYPOM, BHEIIHUM ITyJIbCH-
PYIOIIIMM TIOJIEM, BHYTPEHHUM 3apsiioM dHEPruv, reoMeTpH-
yeckoil (hopMOil M JBOIHBIM MOCJIEI0BaTeJbLHbIM pa3Me-
POM B COCTOSIHMH MCTOYHHK (crepa-nmaccUBHOE COCTOSI-
HHe He U3JIy4aeT MoJisl) U noJie (4eTBepPTh BOJHOBO/ JIHC-
KPEeTHOr0 MpPOCTPAHCTBA-NOJIe — AKTHBHOE COCTOsIHHE),
a Takke BHYTPEHHUMU U BHEUTHUMHU (PU3MUECKUMM CBOWCTBA-
MU. B TaKOM COCTOSIHUM MUCTOUHUK SHEPIUM HE U3TydaeT BHEIII-
HUX nosieil. Pasmep ero BOJHOBOIA B MOMEHT Pa3psiAKU HC-
TOYHMKA SIBJISIETCS MEePOM YHEPTHM U 3aBUCUT OT €ro COCTOS-
HUS 3HAUEHUs BEJIMYMHBI 3apsiia SHepruu (CBOOOJHOE, CBSI3aH-
HOE WJIM B IBWKEHHMH) M KojieOneTcs B rpenenax ot 0,6 go 1,2 x

10 19 em. [Tpuuém, cepa 3apsiga SHEPrUU MyJbCUPYET, Bpa-

o 2
11asCh TI0 BOJTHOBOZLY, C 4yacToTou okoso 10 O Ty, IIpU KOTO-
pPOM CTapblil BOJTHOBOJ OOHOBJISIETCS HOBBIM M BBITAJIKMBAETCS
BO BHEIIIHEE ITPOCTPAHCTBO, (POPMUPYS BHEIIHEE I10JIE€ EKTPO-



Ha. [ToaTomy Gostbiiee BpeMst OKOJIO 10—2° ceKyH[ibl cpepa uc-
TOYHMKA [IEPEMEHHOI0 JUaMeTpa HaXOAUTCS B COCTOSIHUU Bpa-
IIEHUSA U U3Jy4YeHus Npu (POPMUPOBAHUM BOJIHOBOJA JIEKTPO-
Ha. M3iyyaercss MarHUTHBII BUXPEBOM MOTOK 3€pEH-MOTEHIMA-
JIOB, KOTOPBIM MOKUAAET HOBBIY (POPMUPYIOLIMICA 3aMKHYTbIA
BOJIHOBOJ. Ero KOMITOHOBCKasl JJIMHA BOJIHBI COCTaBJISIET Be-

JnunHy 2,4 X 1019 em. JleOpoiineBckast ITMHA BOJHBI 3JIeK-
TpoHa B atoMme (T.e. pa3mep ceprueckort 00IacTH JUCKPETHO-
r0 MPOCTPAHCTBA, B KOTOPOW 3MEKTPOH, Oylyuu CBSI3aH JeK-
TPUUYECKUM MOJIEM SIAPA, YKE NEPECTAET CYIIECTBOBAThH CO CBOM-
CTBaMU CBOOOJIHOTO 3JIEKTPOHA) B HOPMAJILHBIX YCJIOBUSX pe-
KOMOWMHAITMOHHOTO TETJIOBOTO PABHOBECHSI COCTABIISIET BEJTNYH-

HY 1077-102cm, a B YCJIOBHSIX BaKyyMa KOcMoca B 0oOJa-
CTSIX C TEMMepaTypoil OMM3KON K aOCOTIOTHOMY HYIIO TIPUOIH-
xkaercst K 107 — 10 cm. Takum 00pa3oM, BBICOKO BO30YX-
JEHHBIE COCTOSIHMSI aTOMOB, MMEIOIINE Ha TIOBEPXHOCTH 3eMITN
OYeHb KOPOTKOE BpeMsI JKU3HH, B TITyOMHAaX KOCMOCa MPaKTHYe-
CKM CTaOWJIbHBL. Y 3JIeKTpOHA (MTO3UTPOHA) camMasi MUHHUMAJILHO

BO3MO’KHAsi MacCa-IHEPrHsl M MEKTPUUECKUI 3apsi]] UHEPTHOTO

nokost (511 KsB u 1,6 x 10~ 19 K) B cucreme CU o0ycoBe-
Ha pa3psoM MyJbCalluii I'PABUAJIEKTPOMATHUTHOTO MOHO-
nojst (F'9MM) B Tpuajay MOHOMOJEH C MOCIe0BaTEIbHBIM
U3TyYeHHEM KBAHTOB MOTOKA JIEKTPUIECKUX, IPABUTAIIMOHHBIX
Y MarHUTHBIX 3€PEH-TIOTEHIIMAIOB B €r0 3aMKHYTOM U OJHO-
KOHTYPHOM CTPYKTYpPbI BOJIHOBOJOB (¢poTo 10).



®oto 10. Cxembl 37eKTpoHa (C/ieBa) U MO3UTPOHA (CIpaBa)
B MOMEHT U3J1y4eHHs1 UCTOYHUKOM I DMM (U€pHBIIl KOHYC) UeT-
BEPTh-BOJTHOBOOB. KOHTYp BOJHOBOAOB 3J€KTPOHA: CHHHUUA —
EKTPUYECKUE CITMPAIU, KPACHBIN- I'PABUTALIMOHHBIE CIIMPAIIU
30HTHKA €r0 4eTBEepTh-BOJIHOBOAA. KOHTYp BOJIHOBOJIOB MO3U-
TPOHA: KPACHBIA — JIEKTPUUECKUE CIIMPAJIU, CHHUI — IpaBUTa-
LIMOHHBIE CITUPAJIN.

B ommyne ot CTpyKTyphl 3J€KTPOMArHUTHBIX 3EPEH CBO-
00JHOr0 MAarHUTHOT0O MOHOIIOJISI MUKPOBUXPOHA (POTOHA,
B JIEKTPOHE TPABUTAIIMOHHBII MOHOIIONb 0Opa3yeTcsi U3 KBaH-
ToBoro mnepexoga I'MM, a cTpykTypa ero 3epeH CTaHOBUT-



Csl DJEKTPOrpaBUTAUOHHON . DheKTUBHBIN pazmep ¢azo-
BOTO 00'béMa CMPAJTBbHBIX BOTHOBOIOB IMyJTbCHPYIOMIETO T10-
J151 CBOOOJHOTO JIEKTPOHA B COCTOSIHUHM MOKOSI COCTABJISIET Be-

mmunny 1,2 x 10~'% cm 1 B 3aBucHMocTH OT CKOPOCTU JBUXKE-
HUS M COCTOSIHUAM CBAI3HOCTH B aTOME MOXET UMETh TaKOW pas3-

MEp ropasio MeHbllle YKa3aHHOro BILIOTh 10 0,6 X 1010 cM,
a [PU CKOPOCTSIX Ha YCKOPUTEJISIX TOYTH PaBHOW CKOPOCTH CBETA
B 200 pa3 MeHblIIe, T.€. IpeBpaniacTcs B MIOOH. Pa3mep ke mc-
TOYHHNKA 1eKTpoHa [ OMM B cBepHyTOM cocTOsiHUU chepbl

MOZKeT JOoCTUraTh pasmepon 10 -20 CM, a IS SIIEPHBIX YaCTHII
C MOJIYLEBIM CIIMHOM CO CTpyKTypor 'SMM, cocrasisiomux
000JIOYKH aTOMHBIX Si/IEP THIA HERTPAJIbHBIX ME30HOB, HA TPU-
IATh JECATUYHBIX MOPAAKOB MEHbLIE YKa3aHHOro. Yacrora Ko-
ne6anmii ['DMM cBOOOTHOTO 3/IEKTPOHA M3 CBEPHYTOT'O COCTOSI-
HUA C(hephI-0CHULIATOPA B COCTOSIHAE Pa3BEPHYTOIO COCTO-
SHAS YeTBEPTH JJIMHBI BOJIHBI COCTaBJISIET BEJIMYMHY OKO-

no 1,2 x 10%° T'u. Takum 00pa3oM B peajbHOM Mpe/ICTaB-
JICHMH 32 OCHOBY 3JIEMEHTAPHBIX YACTHI] C IMOJYLEJbIM CIH-
HOM TMpuHsATa KoHuenuus Jlyn ne Bpoidins — yactuia Moxker
CYLIECTBOBATh MOCJIEIOBATEIBHO B KOPIYCKYJISIPHOM (cepa)
1 B (popMe BOJIHBI (YeTBepTh BOJTHOBOAA). Ha poto 12 npusene-
Ha peajibHasi KapTMHA MTHOBEHHOIO COCTOSIHUS JIEKTPOHA-IIO-
3UTPOHA MOCJIe 3aBEpIIEHUsI TPOLECCOB BPaIlIEHUs-MOHOIONEN
C KOHJIEHCAIIMEN MEKTPUUECKUX U TPABUTAIMOHHBIX 3€PEH-TIO-
TEHIIMAJIOB IUCKPETHOIO MPOCTPAHCTBA-TOJS YaCTHII.



®oto 11. KonaeHcalus 31€KTPUUYECKON U TpaBUTALIMOHHOM
SHEpruv B COOTBETCTBYIOIIME 3E€PHA-TIOTEHIIMAJIBI HA BOJIHOBO-
Jlax 9MEKTPOHA U MO3UTPOHA.

[Tpu BBICOKOYACTOTHOM OOHOBJIEHHH BOJIHOBOJOB (hOPMUPY-
€TCsl BHEIIHee MoJie JIeKTPOHA, MpecTaBieHHoe Ha (oTo 12.



®oto 12. Pox/eHrve BHEIIHEro moJisi J1eKTPOHa, KaK aK-
TUBHOI'O COCTOSIHUSA: — CJIEBA U3JIyYEHUE JIEKTPUYECKOTO OIHO-
MOJIIPHOTO KBAHTA-1I0J1A1 OT UcTouHuKa ['9MM, — cripaBa nsity-
YEHHE OJHOINOJISIPHOTO KBaHTa-NoJs OT uctoyHuka [' MM rpa-
BUTALIMOHHOTO MoHonous. Peamsyercs no e bpoimo: yactu-
Ha-BoJIHA-TToJIe-yacTuna u3 [ YMM.

Bo30yxnéHHas Tpuaaa MOHOIOJIEH TIpu Tiepe3apsiyike
I'SMM 5351eKkTpoHa BOCHPOU3BOAUT HOBBIM KOHTYP-BOJIHOBO[I,
OTTaJIKMBas NPEAbIIYLIMI BO BHEIIHEE MPOCTPAHCTBO, (DOPMHU-
pys BHeLIHee M0JIe — 3JeKTPHYeCKoe M rPaBUTAllHOHHOE .



OO6BEM 3TOTO MONA-MPOCTPAHCTBA, KK U JJTMHA KOCMHYECKO-
ro Tpeka (poToHa M3-3a TOPH30HTA, COM3MEPHM C OOBEMOM Ha-
et Beeit Beenennoit. Ero crabubHOE 10 BO3pacTy KHU3HU MUK-
POIPOCTPAHCTBO UMEET OTPULIATEIBHBIN (IIO3UTPOH — MOJIOKU-

TeJIbHBIM) 3apsan 1,6 x 10" Kn B cucreme CH, xotst peajb-
HO B NPHPOJE HE CYLIECTBYET TAKMX 3apsAJ0B, KaK HE Cylle-
CTBYET 3aps/1a Macchl, CUJIbl U BPEMEHHU. U T. [I.

A cyniecTByeT BUXPEBOM EKTPUYECKUMI MOHOIONb — 3a-
PAZ 2NEKTPUYECKUM IOTEHIHAJIOM (MCTOYHMK) U BUXPEBOU
I'PAaBUTAIMOHHBIM MOHOMNOJb — 3apsij] I'PAaBUTAIMOHHBIM MOTEH-
UAJ0M (MCTOYHUK), KOTOPbIE POXJIAT BHEIIHUE OJIHOIIO-
JSIpHbIE€ KBaHTHI-MOJISI — HEPABHOMEPHO MO CIMPAJISIM pa3Me-
HIEHHBIE HAa €TO OTHOKOHTYPHOM BOJIHOBOJIE-KBAHTE. YKa3aHHBIE
Ha (oTo 12 0JHOMONSIPHbIE KBAHTbI BHEIITHETO MOJIsl JIEKTPO-
Ha, U3JTy4aloTCs NOCIEA0BaTeIbHO B Pa3Hble MOMEHTHI BPEMEHHU.

dopma myIbCUPYIOIIETO OIHOKOHTYPHOIO 3aMKHYTOIO BOJI-
HOBOJIA U3 IEKTPOIOTEHIIMAJIOB U T'PaBIOTEHLMIIOB ONPEaes-
€T KAaHOHHYEeCKYI (opMmy 11 BCeX JIEITOHOB — IOTyLEJIbIN
criuH. OcBOOOAMBIIMECS TIPU Pa3pPsAIKe MATHUTHOTO MOHOTIONS
€ro 3€pHa-MOTEHIUAJIBL B (POPME AaHAJIOTUYHOTO OAHOIIOJISIPHO-
ro KBaHTA-TIOJSI ONPEAENSIIOT €r0 aHOMAJIBHO OOJIBIIION MarHWT-
HBII MOMEHT. Bce 3Th aHHBIE M JIEITIM B OCHOBY O MEXaHU3-
M€ POXKAEHUS CIIMHA y JIEKTPOHA MOJl IEICTBUEM MArHUTHO-
ro MOHOIIO0JIf, T.€. BpallleH!s NPU pa3psiKe rpaBUTaIU-
OHHOTro MOoHOMOJasA '9MM B nokoe u onpeaesilOT rupo-
MArHUTHOE OTHOLIECHHUE JJIEKTPOHA.



BuenHee nposiBieHre cBOMCTB (popMbl M pa3Mepa BOJIHOBO-
JIOB-TIOJIEW 3JIEKTPOHA C BPAIIAIOIIMMCS MOJISIPHBIM MArHUTHBIM
MOHOTIOJIEM 3aBUCUT OT CKOPOCTU €rO JIBUKEHUSI U COCTOSIHMS
cTerneHu cBOOObI (CBsI3aH B aTOME WJIM MOTHOCTBIO CBOOO/IEH) —
9TO €ro CMUH, MEKTPUUIESCKUI 3apsi]l, FTeOMeTpUYEeCKasi CTPYKTY-
pa C orpeIeIEHHBIMU pa3Mepamu (JIJIMHA BOJIHbI) U UHIYKTUPYe-
mast macca (B TepmuHax cuctembl CU mmmu CI'C), a Takxe 6ecko-
HEYHO JIONIr0e BpeMsl JKU3HU, OMpeJIeisieMoe 3a1lacoM ero BHYT-
pEeHHel sHepruu B (hopMe MarHuTHOro MoHoroJs. [Ijist cpaBHe-
HUsI 3aMETHUM, UTO 3aaca BHyTPEHHE SHEPr Ui MarHUTHOTO MO-
HOTIOJSI, POKAEHHOTO MPU CHATHU BO30YXXIEHUS aToMa, JIOCTa-
TOYHO, 4TOOBI (DOTOH MOT MPOJIETETh BCIO MIyOMHY Hariell Bee-

0% cMm, 3a 14 mun-

JICHHOM W3-3a HEBUJIMMOI'O TOPU30HTA, T.€. |
JIMap/OB JIET.

BHyTpeHHUE CBOWCTBa 3J€KTPOHA, OTBETCTBEHHBIE 32 3TU
BHEIITHWE TPOSIBJIEHHS, OOYCJIOBJIEHBI IMPOIECCAMH, TPOUCXO-
JSAIIMMHA B PE30HAHCHOM 3aMKHYTOM MHUKPOBUXPOHE, B KOTO-
POM TMOJISIPU30OBAHHBI MArHUTHBIA MOHOIOJb MEPUOANYECKHU
Y BCErja ABMKETCS-BKPy4HUBaeTCs (MMILIO3UsI OCeBasi) B OHHOM
HANPABJIEHUM B CTOPOHY K LIEHTPY MOBEPXHOCTH MOIyC(ephl
(y3en), rae ucuesasi, 3apsikaeT rpaBUTaAlMOHHBIA MOHOMONb. [To-
CJIEAHUIN UCTOYHUK, Pa3pskKasiCh MHAYKTUPYET JEKTPUUECKUN
MOHOIOJIb U /IBa BHELIHUX KOHTYpPa BOJIHOBOAA /eKTpoHa. Of-
HO — NIEPEMEHHOE JIEKTPUYECKOE I0JIe-BOJTHOBOAA (BHEUIHSSA
CIUPAJIb), KOTOPOE POKAAET YKE EKTPUUECKUIA MOHOIIOJb, KaK
UCTOYHMK, YTO U PEAaHMMUPYET MArHUTHBIA MOHOMOJb — WH-



OYKTUPYET U NEePUOAMYECKU 3apsiKaeT MarHUTHbIA MOHOMOJb
Ha yJaJeHUM OT YETBEPTH [UIMHBI BOJHBI (IIyYHOCTb) B Y3e€ll.
Jpyroe — BOJIHOBOJI BUXPEBOI'O IPAaBUTALIMIOHHOTO TOJS — BHYT-
PEHHSIs1 COUPAJIb Pa3psAIKU IPABUTALIMOHHOTO MOHOIMOJ A, MOKA-
3aHHas Ha ¢oto 10.

Tak oOpazyeTcsi 3aMKHYTHII KAHOHMYECKHUIA OJTHOKOHTY PHBIH
(bazoBbIil 0OBEM C MOMYLEIBIM CIIMHOM 3JIEMEHTapHON 4acTH-
bl JEKTPOH C MAaccol B IOKOE, T.€. JIEMEHTApHasl YacTU-
1a CO CTPYKTYpPOH aKTMBHPOBAHHOIO I'PABUIIEKTPOMArHUTHO-
IO MOHOIMOJIS. YKa3aHHbIE BpallaTeIbHO-NOCTYNATeIbHbIE ABU-
’KEHUs] MArHUTHOTO U I'PaBUTAIIMOHHOTO 3apsiIoB U OINpeJesi-
10T HalpaBJIeHUE BEKTOPA CIIMHA, CITMHOBBII MATHUTHBIA MOMEHT
1 COOCTBEHHBII MEXaHWYECKMI MOMEHT 3JIeKTPOHA, a UX Mar-
HUTOMEXaHMYECKOE OTHOIIEHUE €CTh BEJIMUMHA TOCTOSIHHAS 17151
CTaOMJIbHBIX MUKPOYACTHIL — 3TO OCHOBHOM 3aKOH Npuposl. Kak
TOJIBKO NMOBEPXHOCTHBII KOHTYP JIEKTPOHA 3aMKHYJICS, ero 0oa
BHYTPEHHHUX 3apsi/ia CTAJIM MYJIbCUPOBATh, MTPOSIBIIsIS HAPaBJie-
HFE CIIMHA ¥ OOHOBJISISI-TIepen3iTyvast KOHTYPBI, CO3/1aBasi BHEIII-
HUE MTHOBEHHbIE BUXPEBbIE IMOJISI YACTUIBI — EKTPUYECKOE,
I'PaBUTALIMOHHOE Y MAarHUTHOE.

Ta sHeprusi MarHUTHOrO MOHOMOJISI, KOTOpast B (DOTOHE UIET
Ha POXKJICHUE TPeKa 13 3€PEH-IEKTPONIOTEHIIMAIIOB UTMHOHN 00-

nee 10°8 CM, B 9JIEKTPOHE UJIET Ha MoAep)KaHre U OOHOBJIEHUE
BHEIITHUX TOJIeH, T.e. yXe 00bEéMa C paJinycoM, PaBHBIM JIJIHE
yKa3aHHOro tpeka ¢goroHa. OTBET Ha BOMPOC — KAK JIOJT0 MO-
KeT aymuTcs ToT nporiecc? ['opazno Gosbiiie, 4em Bpemst KOTo-



poe Tpatut (POTOH, MpHJIeTast K HaM U3-3a TOPU30HTa, T.e. Oojee

YeTbIpHAIATU MUJUIMapaoB jet wim 4,2 x 10 2428 jer. A xa-

KMe TIOTEPU FHEPTUU €ro 3apsaa ABMKEHUs? DKCIepuMeHTaIb-
HO YCTAQHOBJIEHO, YTO 3a BpeMs (14 MUuIMapaos J1eT) JBUKEHUA
(poTOHA OYEHB TMHHOIO MYTH U3 caMblX OKpauH BceneHHoii on
«KpacHeeT» BCero JIUIIb A0 Z — 7 uiu 8.

HpyrumMu ciioBaMu, OECCTPYKTYpHOM TOUYEUHOM MAaCCUBHOM
Macchl IEKTPOH HE UMEET, a UMEET UCTOYHUK-c(epy, KoTopast
NEepUOIMYECKH U3JTyyaeT BHYTPEHHWI HanpaBJIE€HHbIA BOJHO-
BOJ| ONpE/IENIEHHBIX Pa3MEPOB U3 3EPEH-TPABIOTEHIINAJIOB, KO-
TOPbI U CO3JAE€T CYMMApHBIN 3apsiji TPABUTAIIMOHHBIM TIOTEH-
MaJIOM — 3apsid Macchl. [1pr OOHOBJIEHNH BOIHOBO/IA MPEbITY-
M U3Ty4aeTcs, Co3/1aBasi BHEIlIHEee IPaBUTALIMOHHOE OJIe, KO-
TOpPOE B3aMMOJIEHCTBYET C IIEHTPATbHBIM I'PABUTAIIMOHHBIM I10-
nem 3emiu. [ToaToMy OH UHEpPTEH U UMHUTUPYET COOCTBEHHBDI
3aps Macchl. TOYHO Takke BHEIIHWI HalpaBJIEHHBI BOJIHO-
BO/J U3 3€PEH-2/IeKTPONOTEHIMAIOB (POPMHUPYET CyMMApPHBIH 3a-
PsiIl OTPULIATENILHOTO IEKTPUYECKOrO MOTEHIMANIa U HallpaBJie-
HUE CIIMHA JIEKTPOHA, a TAKKE U €r0 BHELIHEE IEKTPOCTaTuye-
ckoe nosie. Ilpu sTOM creayer 3aMeTUTh, YTO JUHAMU3M H3I1y-
YeHUsl BHEIIHMX MOJIel 31eKTPOHA MOC/eJ0OBATEIbHO BUXPEBOM
Pa3HBIX O 3HAYEHUIO 3E€PEH-TIOTEHIMAJIOB — OJMXKe K Y311y Ha-
XOsATCS OONIbIINE 3HAYEHUS U BHITAJIKUBAIOTCS C OOJBINEH CKO-
POCTBIO, @ B IIyYHOCTH yMeHbLIAIOTCA 1O Hyns. Ilostomy onHu
pa3Hble U N0 JAJIbHOAEWCTBUIO, U MO0 Pa3HOMY IPOSIBJISIOT CBOU
CBOMCTBA OTHOCUTEJIBHO KJIACTepOOOPa30BaHMsI Ia30M000HOrO



JIEKTPHYECKOro 3cupa, u3yyeHueM KOTOPbIX U 3aHUMAJICS
Tecna.

Ha ¢oto 12 31011 cxembl yKa3aHa CTPyKTypa MOCIeJ0BaTe b~
HOM IMHAMUKHU U3JTy4Y€HU s IEPEMEHHBIX 110 BEJIMYMHE IPABUTA-
LIMOHHOTO U JIEKTPUYECKOI'0 3apsAA0B, a TAKKE UX BHEIIHUX I10-
aeu. IIpu (popMupOBaHMM BHEIIHETO AHOMAJIBHOTO MAarHUTHO-
I'O MOMEHTA BPALIAIOIINKCSA MAarHUTHBI MOHOIIOJIb HE OCTABJISIET
nocjie ce0si CTallMOHApHO YCTAHOBJIEHHBIX BOJHOBOJOB M3 Mar-
HUTHBIX 3€PEH-NIOTEHLUAJIOB, a (POPMUPYET MAarHUTHBIN MOTOK
U3 3€PEH-MarHUTONOTEHIUAIOB. pyrumu cioBamu, Bpaasch
BOKPYI' ONPEAEIEHHON OCH MarHUTHBIM MOHONOJb U3MEHSETCS
10 BEJIMYMHE, CO3AAET IEPEMEHHBIN MArHUTHBIM TOK U U3JIy4YaeT
HapyXy NOTOK MarHUTHBIX 3€PEH-TIOTEHIIMAJIOB, (POPMHUPYS AHO-
MaJIbHO OOJTBIIION MAarHUTHBIN MOMEHT. A pa3Mep ero BOJTHOBOJIA
Y ONPEAESAET BXOAAILEE U BHIXOAAIIEE U3 HETO MAarHUTHOE T0JIe
WJIM MQJIEHbKUI MarHUTHK ¢ IByMs nomocamu. Takum oOpazom
BCE JIEMEHTApHbIE YaCTULIBI C IIPOTUBOIOIOKHBIMU IEKTPUYE-
CKMMHM 3HaKaMH ¥ UMEIOIINe Maccy Bceraa OymyT MaJIeHbKUMHU
MarHUTUKaMU C JBYMs MOJIIOCAMHU.

B ommmume ot paspsaku cCBOOOTHOrO MarHMUTHOTO MOHOIIO-
Jisi, OH MPOU3BOIUT MPU Pa3psaKe BOJHOBOM U3 3€PEH-TPaBIO-
TEHIIMAJIOB, 4 HAa YJaJIEHUU B YETBEPTh JIJIMHBI BOJTHBI BOCIIPOU3-
BOJIUT U3MEHEHNUE OTPULIATEIBHOIO IEKTPUUECKOTO BUXPEBOIO
T0J151 COOTBETCTBYIOIIMMHU 3€PHAMU-IIIEKTPONIOTEHIIUATIAMHU, KO-
TOpBIE PETEHEPUPYIOT (CIIMH MOIYLEJIbIA) TOT K€ MO 3HAKy Mar-



HUTHBII MOHOIIOJIb. DTOT MPOLIECC TPOTUBOIIOJIOKEH MPOIIECCY,
KOTOPBIM ITPOUCXOIUT C MArHUTHBIM MOHOMNOJIEM (POTOHA (CITUH
uesbiil). Jpyrumu cioBamu, B CBOOOTHOM BUXpOHE (DOTOHA 3a-
ps/ika BTOPUYHOTO MAarHUTHOTO MOHOIOJISI ITPOUCXOUT Yepe3
MOCPEJICTBO MEKTPUUECKOTO MOHOIOJSA Y HAXOAUTCA B (PyHK-
LMY MPOTUBOACUCTBUS MPEIbIIYIIEMY MEPBUYHOTO MArHUTHO-
IO MOHOMOJIA. B 3aMKHYTOM BUXPOHE 2JIEKTPOHA ITPU pa3psIKe
chepbl rpaBUJIEKTPOMArHUTHOTO MOHONOJs1 ([OMM, do-
Tt0 10—12) aktuBUpyercs: Bcst Tpuaaa moHomnonei. [lpu stom
MarHMTHBIY MOHOMOJIb BBITIOJHSIET POJIb 3apsiia SHEPIUH PU I1e-
pe3apsjike, a FPaBUTALIMOHHBI MOHOIIOJIb — POJIb 3apsi/ia SHEP-
T'MU B TIOKOE. DIEKTPUUECKUH U IPaBUTAITMOHHbII MOHOTIONH 00-
HOBJISIIOT BHEUITHUI 3aMKHYTBIA KOHTYP JIEKTPOHA U (POPMUPY-
0T BHEIIIHKE JIEKTPUYECKUE U TPABUTALIMOHHBIE MONIsA. MarHur-
HBII MOMEHT MOPOKAAETCSA MAarHUTHBIM MOHOIIOJIEM.

Pazpsaka rpaButaiimoHHoro MoHomnosisi I'9MM - 310 Bpa-
HIATeJIbHOE [IBMKEHUE MO0 BHYTPEHHEW KPacHOW CIHUpaH, T.e.
JBUKEHUE CIUPAJIBHOIO 3€JIEHOIO TOPA € YBEJIMYMBAIOIIAMCS
auameTpoM. Bo BpeMsi 3TOro ABMKEHUS] TTPOUCXOAUT BO30OYK-
JEHUE 3JIEKTPUYECKOr0 MOHOIIOJSA, €r0 BHEUIHEro BOJHOBOJAA
Y pa3BEPTKA-yCTAaHOBKA 3E€pPEH-TPABIIOTEHLIMATIOB HA BHYTPEH-
HEM BOJTHOBOJIE OT OOJIBIIIETO /10 MEHBIIIEro 3HAYCHU S BEJIMIMHBI
JI0 3aMbIKaHWs1 BHEIITHEN MOBEPXHOCTH KOHTYpa JIeKTpoHa. 3a-
TeM 3TOT KOHTYp OOHOBJISIETCSI HOBBIM MEPUOJIOM OOHOBJICHU S,
a IpeAbIIYIIUI MOCAeI0BATEIbHO BBITAIKUBAETCS HAPYXKY U CO-
3AaET BHEIIHUE MOJS MEKTPOHA. BbICOKas yacTora TakuxX MO-



BTOPSIOLIUXCS] TPOLIECCOB (DOPMUPYET BO BHEILIHEM MPOCTPaH-
CTBE JIEKTPUYECKOE, TPABUTALIMOHHOE T0JIe U MArHUTHBIA MO-
MEHT, KaK OT CTallAOHAPHOTO UCTOYHKKA (HO peaTbHO TaKUX Oec-
CTPYKTYPHBIX MCTOYHUKOB HE CYILECTBYET), T.€. UHIYKTUPYIOT
Maccy, MEKTPUUYECKUN 3apsifl, CIIMH U MAarHUTHBI MOMEHT JIEK-
TpoHa B cucreme CH.

CriuH MUKPOYACTHIIBI — 3TO MapaMeTp, KOTOPBIN XapaKTepH-
3yeT CTeleHb (MOJHYI0 WIM HENOJHYI0) 3aBEpPIIEHHOCTH KBaH-
TOBOTO MepexoAa BpallaTeJIbHOM MaTepuy Mpu Mepe3apsiake
HOCUTENsI MHAYKTUPOBAHHOTO 3apsijia SHEPrUuu C OJHOrO 3Ha-
Ka Ha Jpyrod. DTOT mapaMeTp B LEJOM ompenenser ¢popmy,
THIT U COCTOSIHUE IBUKEHUSI MUK POYACTHUIIBI, T.€. 00paszyeTcs OT-
KPBITHIIA CAMOJIBUKYIIUIACS ((DOTOH) MM 3aMKHYTO-KOJIe0aTeb-
HbIIA (3NMEKTPOoH) e€ (a3oBbIil 00BEM. DTH MPU3HAKH U OTpesie-
JISIOT BUJT JIBUKEHHUS YaCTUIBI — KHHETUIECKUN WM Oe3bIHep-
IIMOHHBIN BOJTHOBOW CAMOJIBUKYIIIMICS. DTO OINpeieieHue siBIsi-
eTCsl IPSIMBIM CJIEACTBUMEM 3aKOHA COXpaHeHUs1 SHepruu. B nan-
HOM CJTy4dae 3apsiji SHEPruu JIeKTPOHA (MArHUTHBIA MOHOIIOJb)
HE MEeHsIeT 3HaK IMPU KBAHTOBOM Tepexo/ie, TOITOMY OHO HEMOJ-
HOE, a CIIMH MOJIYLIEIbIi.



Konen 03HaKOMUTEJLHOI'O
¢dparmenra.
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