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Uccnenyerca Bompoc o mepexojsie B G€3HEHTPUHHOM JIBOMHOM [-paciajie 3JeKTPOHHOM OBOJIOUKH aToMa

B BO30Y2K/IEHHBbIE COCTOsIHUA. JJIsi MOJE/IMPOBAHUS SHEPrEeTUIECKOrO CIEKTPa [-3JeKTPOHOB, 1yBCTBUTEIHLHO-

ro K Macce U MaliOpPaHOBCKOW MPUPOJIE HEATPUHO, BOIPOC MMEET MPUHIUINAAILHOE 3HAYEHUE. 3aBUCUMOCTH

[TOJIY9€HHBIX PE3yJIbTaATOB OT ATOMHOI'0 HOMEpAa YKa3bIBAET Ha ONPEJEISIONLYI0 poib Mexanusma Deiinbepra—

MI/II‘,ZLaJIa B B036y)KILeHHH aroMoB. Hamu Haﬁ,HeHBI AMIIJIUTY bl IEPEKPBbITUA BOJIHOBBIX d)yHKLII/Iﬁ QJIEKTPOH-

HBIX 000JIOYEK POJUTETBCKOTO ATOMA U JIOYEPHErO MOHA JIJIsI OJUHHAIIATH aTOMOB, JIBY XHEHTPUHHBIN TBONHOM

B-pacraj; KOTOPBIX HADJIIOJAJICS IKCIIEPUMEHTAIBHO. TOIBKO NpUGIN3UTENbHO B 1/4 Cly4aeB 0XKUIaeTCst iepe-

XOJ] B OCHOBHOE COCTOSTHHE WJIM B BO30Y2K/IEHHOE COCTOsIHIE C HAMMEHBIIIEH SHeprueil, CTpyKTypa 3JIeKTPOHHOM

060JTIOYKH KOTOPOI'O HacJIeyeTCd OT pOAUTEJIBCKOI'O aToOMa. Hepexo;x JA09€pHEro MOHa B OCHOBHO€ COCTOdAHUE B

TaKUX CJIydasaAX COIIPOBOXKIACTCs U3JTyYICHUEM (bOTOHOB y.HI)Tad)I/IO.HeTOBOI‘O JAualla30Ha, 9TO MO2KET CJIY2KUTb

ﬂOHOHHHTeﬂbHOﬁ CHFHaTypOﬁ ,HBOﬁHOFO B-pacna/:na. CpeILHHH QHEepIrud BO36y)K,H€HI/IH SﬂeKTpOHHOﬁ 000JIOUKHT

okasbiBaerca B npegesnax 300-800 5B, npuvem gucnepcnst npuHUMaeT eme O6osbinue 3HadeHus: or 1.7k3B B

Kasbpinu 10 15 k3B B ypane.
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B mowuckax orksonenmit or CraHmapTHON# MOmean
(CM) GosbIioit MHTEpeC NPECTABJISIIOT [-IIPOIECCHI,
B IIEPBYIO OvYepenb Oe3HEHTpUHHBIN IBOIHON [-pacan
(0v23), KOTOpBIl He COXpaHSIET IOJHOE YUCJO JIEHTO-
HoB. B kBapkoBom cekrtope CM aHajioruvHoe 3HaUeE-
HUE UMEIOT IIPOIECChI, HE COXPAHSIIOIIHE [TOJTHOE YUCIIO
6apHOHOB, TaKWe KaK pacraji MPOTOHA WJIM HEATPOH—
aHTHHeATpOHHbIe octmisiinu [1]. 3a pamkavu CM tro-
6oit mexanusMm 0v2[-pacmajia BeIeT K CyIIeCTBOBAHIIO
MaffopaHoBCKoii Maccel Heitrpuno [2, 3]. B addexrus-
HOIf TeoOpuu MailOpaHOBCKasd Macca HEUTPUHO, 1M, , TeHe-
pupyercs onepatopom Baitabepra pasmepuoctu d = 5
[4]. B orcyrcrBue oneparopos pasmepHocta d > 5 u
CUMMETPHUH MEXK/JIY JIEBBIMU U TPABLIMU JIEMEHTAPHbI-
Mu pepMuoHaMu aMmILIuTyna 0v2[-pacnaga sl JerKuX
HEATPHUHO IIPONOPIUOHAJIBHA 171, .

DxkcrepuMeHTajbHbIE TToucku 0v2[-pacnaja aKTUB-
HO BeJyTCs HAa MPOTSXKEHWU psijfia mecsaruiernit. B mo-
cnennee BpeMms koJutabopanus GERDA, wucnonb3yst B
KadecTBe aKTHBHOIO BEIIECTBA U30TOM 0 Ge, IOoJTydmIa
orpanmdenue m, < 0.079—0.183B ma moBepuTeIbHOM
yposae CL =90% [5]. Biuskue pesyiabrarTsl m0JLydeHbI
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koJiaboparmeit EXO [6] ¢ ncronb3oBaHmeM KCEHOHA-
136. Orpannvenne Ha MalOPaAaHOBCKYIO MAcCy HEHTPH-
m m, < 0.3 — 0.9 3B rtakxke mosydeHo Kojmabopa-
mueit NEMO-3 ¢ ucnosiszoBannem mosmbaera-100 [7].
OkcnepumenT SuperNEMO nHaxomuTcst B CTa i MOATO-
ToBkH [8]. B akTuHON ase HAXOMSTCS IKCIEPHUMEHTHI
CUORE c uzoronom 13%Te [9, 10] 1 KamLAND-Zen c
JKUJKAM KCeHOHOM-136 [11].

HeormpeieieHHOCTD BEPXHETO IIpejiesia Ha MacCy Hel-
TPUHO OOYyCJIOBJIEHA TOYHOCTHIO BBIYUCICHUH SAEPHON
gacru nporecca [12-14].

DKcriepuMeHThI 110 Toucky 0v2[-pacmaja cocpeio-
TOYEHBI Ha, UCCJIEJOBAHUU SHEPIETUIECKOTO CIIeKTPa 60-
Jiee BEpOATHOTO IBYXHEATPUHHOTO IBOWHOTO [-pacmajia
(2v20) na rpanune Ga3oBOro NPOCTPAHCTBA, [JIE COCPe-
JIOTOYEH BKJIAJ OE3HEHTPUHHON MOIBI. DKCIIEPUMEHTA~
TOPBI HEM30E2KHO CTAJKABAIOTCHA C IIPOOJIEMOil, mMOJTy-
YUBIIEH IMUPOKYI U3BECTHOCTH B CBSA3U C IONBITKAMU
U3MEPEHUsI MacChl HEMTPUHO B (-paciaje TPUTHUs: J10-
YepHUii aToOM C BBICOKOU BEPOATHOCTBHIO NEPEXOJUT B
BO30Y2KJIEHHOE COCTOSIHHE. DTO MOXKET OBITh BO30YK-
JIEHHOE COCTOSIHHE MOJIEKYJIbI, B COCTAB KOTOPOIi BXOJIAT
aKTHUBHBIE ATOMbBI BermecTBa. CaMu aTOMBI UCIBITHIBA-
0T BO3MyIeHue 3a cder “BerpaxuBanug’ (shake-up u
shake-off) wiu BHyTpeHHero paccestHusi (-3JI€KTPOHOB.
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Teopust aTux mporeccoB paszsurta B paborax Deiibepra
[15] u Murpamna [16]. CnekTrp [-3/1€KTPOHOB OCOGEHHO
3aMETHO MCKAaXKaeTCsl BOJM3U I'PaHUIBI (PA30BOIO IMPO-
cTpaHcTBa. DPDEKT 3HATUTETHHO BO3PACTAET U3-38 TO-
T'0, IYTO pa3dpOC OCTATOIHBIX IHEPTUH BO3OY K ICHUS IO~
YTH Ha TOPSJOK IIPEBBINIAeT CpejHee 3HaveHue [17].
AmnajlornaHoe BiMSTHIE MOYKHO OXKHJIATH CO CTOPOHBI XU~
MHYecKoro casura [18].

DdderThl BO30OYKICHUS 1 HOHU3AINH ATOMOB, II€D-
BOHAYAJIbHO U3yYeHHbIE B KOHTEKCTE sSIIEPHON (DU3UKU,
HAOJIIOAIOTCS B MOJIEKY/ISPHBIX, TBEPAOTEIHHBIX CHCTE-
MaxX W UTPAIOT KJIIOYEBYIO poJib B dKcrmepumenTtax LUX
[19], XENONI1T [20], DarkSide-50 [21], HameseHHbIX HA
PEruCTPAIIO B3aUMOIEACTBHUSI YACTHI] TEMHOI MaTepun
C BEIIECTBOM.

B mBoitmom (-pacmame modepHHil MOH C BBICOKOI
BEPOSITHOCTBIO OKa3bIBAETCsI B BO30YKIEHHOM COCTOSI-
HUU [22-25], 9TO yMeHbIIaeT SHEPIHI0, YHOCHUMYIO (-
aJIeKTpoHaMu. B mpenebperkeHnn oTiaqueil siapa SHepre-
TUYECKU CreKTp [-3jieKTpoHoB B Ov2[-pacuaje mpe-
craBJjisieT coboil Jiesibra (PYHKIMIO, PA3MBITYIO aTOMHBI-
Mu 3ddexTamu. JaHHBI MUK pacCMaTPUBAETCA B Ka-
gecTBe curHatypel Ov25-pacnaga. B pacnane peanusy-
ercsi CIIEHAPUil, IPU KOTOPOM B BEPOSTHOCTH JIOMUHI-
PYIOT KaHAJIBI ¢ BO3DY2K/I€HUEM BAJIEHTHBIX JIEKTPOHOB
JIOYEPHEro MOHA, B TO BPEeMs KaK CPEIHsIs SHEPIus BO3-
Oyxkuenusi, M, u ee nucnepcusi, D, HaCBIIAIOTCS CPAB-
HUTEJIbHO PEJKUMHE IIEPEX0IAMU B KOHTHHYYM 3JIEKTPO-
HOB, 3aCeJIAIONINX BHYTPEHHUE YPOBHHU.

B macrogmeit pabore mana OIeHKa BEPOATHOTO OT-
KJIOHEHHs] HEPruu [(-3JIeKTPOHOB OT SHEPrOBBIIEIE-
Husi B Ov2f—pacnagax 11 aromoB, st KOTOpbIX 212 0-
pacma HabJTI0IAJICs IKCIEPUMEHTAJIBHO.

B cpemmersizkenbx u TS2KEIBIX ATOMAX SHEPTHUA CBSI-
31 JIEKTPOHOB Ha K 060/10YKe OTJIMYAeTCs OT SHEPIUN
CB$I3U BaJIEHTHBIX 3JIEKTPOHOB IIPUMEPHO HA TPU HOPSII-
Ka (~ Z?%), mosTOMy KauecTBEeHHO ONEeHNTh MacmTab M
u D BecbMma 3aTpYAHUTEIBLHO. B BeposiTHOCTH paciia-
JIOB JIOMUHUPYIOT COCTOsIHUsI C BO30Y2KJIEHUEM BaJjIeHT-
HBIX JIEKTPOHOB, HMMEMOIINX MAJIYIO SHEPIUIO CBSI3MU.
OrneHky, OJHAKO, MPUBOMAIAT K HEOXKUJAHHO OOJIBIITIM
3HAYEHUsIM CpejHell dHepruu BO3OYKIEHUS U JUCIED-
cuu. YUYUTHIBasi TAKXKE, 9TO B MHOTOYACTUYIHBIX 3318~
YaxX TOYHOCTD BBIYUCJICHWII OrDAHUYEHA, B PAbOTE pac-
CMOTPEHBI aJIbTEPHATUBHBIE [TOJIXO0/IbI, BKJIOUAs MOJIEIIb
Tomaca—®epmu (TF) [26], mogens Tomaca—Depmu—
Hupaka—Baiinzekkepa (TFDW) [27-31], nepesarusuct-
ckuii dopmanusm Pyraana—Xaprpn-®oka (RHF) [32]
u pengruBuctckuit popmainsm JIupaka—Xaprpu—DPoka
(DHF) [33-37]. CpaBHeHHUE Pe3yJIbTATOB IIO3BOJISET OIfe-
HUTH MAcIITad HEeOIpeIeIeHHOCTEN JIEKTPOHHBIX 000-
JIOYEK aTOMOB.

Kaxx it u3 mepevnceHHbIX MOIX0I0B UMEET CBOU
[IPEUMYIIeCTBa U OTpaHUYEeHUs. B OoT/imdme oT MOJIe/Iu
TF, 8 momesiu TFDW 1m10THOCTH 3J7IEKTPOHOB B HYJIE
KOHEYHA, 9TO IO3BOJISIET OIPE/IEIUTh UCIIEPCUIO B PAM-
kax mogenu. B merome RHF BosHoBBIE byHKIMN 371€K-
TPOHOB [TAPAMETPHU3YIOTCS AHAJTUTUIECKH, UTO TI03BOJIsI-
€T OIEHUTHh OOMEHHBbIE BKJIAJbI B JUCIIEPCUI0 U JIPYTHe
HAOJII0IaeMble, OJTHAKO IIPUMEHIMOCTH METOa OTPAHU-
YeHa JIETKUMHU U CPeIHeTs2Ke/IbIMU aToMaMu. B paMkax
DHF pesyspraThl paciera OCHOBHBIX CBOWCTB 3JIEKTPOH-
HBIX 000JI09EK aTOMOB TabyJIMpPOBaHbl B paborax [33-35]
U peaJIM30BaHbl B BHJIE IIAKETOB IIPOTPaMM, TAKUX KakK
GRAsP-2018 [36, 37] u RAINE [38, 39].

Jlajiee UCIIOIB3yeTCs CUCTEMA ATOMHBIX eIuHUI] /i =
=m = e =1, ¢ = 137, rme m — Macca 3JeKTpPOHA,
€ — 3apsiJi IPOTOHA, ¢ — CKOpPOCTh cBeTa. OBO3HAYTNM
H 7, N TaMuabTOHHAH [N 3JIEKTPOHOB B HOHE C 3apAI0M
anpa Z, |Z,N) — ocHoBHOe cocrositue, Fz y — 3HEp-
TUsl CBA3U IJIEKTPOHHON 000JIOYUKHA UOHA, H zN|Z,N) =
= EZ,N |Z ) N >

laMupTOHNAH 3IEKTPOHHON OOOJIOYKHU HOYEPHETO
MOHA CBs3aH C TaMUJIBTOHUAHOM 3JIEKTPOHHON 000JI0Y-
KU POJIMTEIBCKOIO HEHTPaJIbHOIO ATOMA COOTHOIIIEHUEM

N . 1
Hzi2,2=Hzz —22;7 (1)

rje r; = |r;|, r; - KOOpAMHATA §-TO JEKTPOHA, CYyMMHUPO-
BaHUe MPOBOAUTCH 10 ¢ = 1,..., 7. B cuemyromnmuii mo-
MEHT II0CJIe BCTPSIXUBAHUSA JEKTPOHHAS 000JI0UKA J0-
YepPHEro HOHA HAXOJUTCS B COCTOSIHUMY | Z, Z ), B TO BpeMs
KaK spo uMmeeT 3apsy Z + 2. Cpennsis sHeprus BO30y K-
JIEHUS JIEKTPOHHOI 000JIOUKY JIOY€PHEr0 MOHA OIpeie-
JISIETCsI COOTHOIIIEHNEM

M= (Za Zng+2,Z|Z7 Z>
—Z+2,Z|\Hyy0.2|7 +2,7) (2)

i, ¢ yderoMm ypasuenus (1),
M :EZ,Z+2Z71ES7Z*E2+2,Z, (3)

rae E(Zj N SHEPIUs KYJIOHOBCKOTO B3aWMOIEHCTBUA
9JIEKTPOHOB C SIIPOM.

B Tabaumne 1 mpemcraBiieHbI Pe3yIbTATHI PacIeTa
sHepruu Bo30yxkaenns B mozensax TF, TFDW u DHF.
CuauaJjia HaxoaTcsl BeIMYIUHbI M, KOoTopble oTanmda-
forca or M 3amenoii B ypasHenuu (3) Ezioz Ha
Ez.5 742. Pa3HocTb 9TUX BeJIMYUH paBHA SHEPIUH JIBY-
KpaTHO¥ woHu3anuu, Is; MMeer MeCcTO COOTHOIIEHHE
M = M’ — I,. dxcnepuMeHTaIbHbIC 3HAUYeHUA [ Ha-
xoasaTes u3 rabsur [40].

B momenn TF BbramcieHns TpOBOMSATCS IO CXEME
[17]. Mogmens TEDW, siBaisisick 06061mennem mozgesu TF,
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Tabuuna 1. CpeaHsisi 3Heprusi BO30YKIEHUsI JIEKTPOHHOM 00O0JIOUKM JJOYEPHETO MOHA U €€ UCIEPCUs JJIsI OJUHHAIATHA aTOMOB, 202 3-

pacraj; KOTOPBIX HAOIIONAJICA SKCIIEPUMEHTAILHO. BO BTOPO#l KOJIOHKE IPUBOIATCA 3HAYEHUS PA3HOCTU MACC, (), HEHTPAILHBIX ATOMOB,
YYaCTBYIOIIUX B pacraje. B yeTBepTOil KOJIOHKE JaHbl HHTErPAJIbI IEPEKPBITHST 000JI0UYEK POJUTEILCKOTO aTOMa U JOYEPHETO JIBAXK b

MOHM30BAHHOIO MOHA, HaiiIeHHbIE ¢ MOMOIILIO makera nporpamMMm GRAsP-2018 [36, 37]. dasee nmoka3aHbl CpefHsisl SHEPrUs BO30Y XK ICHUS
M syekTponHOl 060s109Ku JodYepHero noHa B Mozensx TF, TFDW u DHF, Bepxusas rpanuna nucnepcun D B mozensix TF, TFDW
u pucnepcuss D B merogax DHF u RHF. Benuuuasr Mpgr n DDHF/a 6e3 ydera OOMEHHBIX BKJIAJOB IOJIYYEHBI C HCIOJb30BAHUEM

pe3yabraTroB pabor [35] u [34], coorBercrBenno. Dppy /b BKJIOUaeT oOMenHble BKJIaAbL. Jlns Beraucnenus Dryr,, 6e3 yuera u Dryur/p
C y9eToM OOMEHHBIX BKJIQJIOB HCIIOJIB3YIOTCS BOJHOBBIE (pyHKIum opburaneil B meroge RHF [32]. Dreprus nsykparHO#l moHmsanun I2

[40] okpyrasierca no Tpex snavamux mudp. I[Ipenckasanus HepeIATUBACTCKUX MOJIeJIell OrpaHIYeHbl 3HAYCHUAMHE 3apsaja aapa Z < 54

=1/2 | ;1/2 1/2 1/2 1/2 1/2
Tponece Q Cepbur- Ky Mrr | Mrtrpw | Mpar | I2 | Drp | Dippw DDHF/a DDHF/b DRHF/a DRHF/b
(x3B) Ka (3B) (3B) (3B) |(®3B) |(x3B)| (x3B) | (x3B) | (x3B) | (xB) | (x3B)
48Ca — 25 Ti | 4267.98(32 42] |0.466| 335 247 299 (204 1.25 | 243 1.70 1.65 1.66 1.61
20 22
78Ge — 16 Se [2039.006(50) | [43] |0.575| 383 246 369 [30.9| 2.16 | 3.92 2.88 2.77 2.72 2.62
2039.061(7) 5]
§28e — 82 Kr | 2997.9(3) [44] [0.597| 384 238 377 384|231 | 4.17 3.09 2.97 2.90 2.79
957r — 95 Mo |3356.097(86)| [45] |0.518| 422 246 409 |23.3| 2.78 | 4.92 3.76 3.60 3.44 3.29
100Mo —199 Ru| 3034.40(17) | [46] |0.564| 428 241 419 |24.1] 294 | 5.17 4.00 3.82 3.62 3.46
1180d —116 Sn | 2813.50(13) | [47] |0.601| 451 229 442 |22.0] 3.42 | 5.92 4.74 4.51 4.17 3.97
128Te —128 Xe | 865.87(131) | [48] [0.589| 452 206 457 |33.1| 3.74 | 6.42 5.29 5.04 4.53 4.32
139Te —139 Xe | 2526.97(23) | [47] |0.589| 452 206 457 |33.1| 3.74 | 6.42 5.29 5.04 4.53 4.32
136Xe —138 Ba | 2457.83(37) | [49] |0.606| 476 217 465 |15.2| 3.91 | 6.67 5.57 5.31 4.711 4.49
159Nd —129 Sm| 3371.38(20) | [50] [0.519 514 |16.7 6.50 6.20
280 238 Pu| 14373 [51] |0.546 774|175 14.58 | 13.90

JIOTIOJTHUTENIHLHO YIATBIBAET OOMEHHBIH BKJIAJ B HEP-
[HIO 3JIEKTPOHOB [27] U HPOCTPAHCTBEHHYIO HEOIHOPOI-
HoCTb [28]. TTocieoBaTesbHOE KBA3UKIIACCHIECKOE Pas3-
Jokenne (byHKINOHAIA TJIOTHOCTH C y9e€TOM HEOJHO-
POJIHOCTH MOXKHO HafiTu B MoHOrpadun Kupxuuna [29].
B npocreiimem Bue

Ezn = /dr <§n(r) + cln5/3(r) + 02n4/3(r) +
(4)

+ c3

M)Q

n(r)
3aech n(r) — NJIOTHOCTH JIEKTPOHOB, IIEPBOE CJlarae-

MO€e MO/, 3HAKOM MHTeTrpaJia — SHEPTHUs B3aNMOIeHiCTBUSI
JIEKTPOHOB C SJIPOM Eg N » BTOPOe cjlaraeMoe — KUHeTH-

1 / 1 /
+ /drdr n(r) Ty IJ|n(r ).

YecKas SHEPrus, TPeThe — OOMEHHAs SHEPTUsi, YeTBep-
Toe — IpaJiueHTHas nonpaska Baifizekkepa [28]. Tlocsen-
Hee caraeMoe — SHeprus B3auMOJIeHCTBHUS 3JIeKTPOHOB.

Kosddurmenrsr ¢; paBHBI
3 /3\"? A
— | = c3 = —.
4\ 7 $ TR

B dbenomMenomornueckmx MOIEIIX UCIOJIB3YETCS 3HATE-
e A = 1/5 [30, 31].
B pa6ore [30] B pamkax TFDW Bbruncisiercs suep-

3
c] = —(37r2)2/3, cy =

10 (5)

rus cBsa3u HeirTpasbHbix aromoB N, Ne, Ar, Kr, Xe
C 3aIlOJTHEHHBIME BaJICHTHBIME obosoukamu. ITapamer-
pu3anus pe3yJbTaToB jaer Fz 7z = —0.53622%38, gro
ITucema B 2KOQTD
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He CHJIbHO orim4aerca oT momemn TF, rme Ez 7z =
= —0.764Z7/3. Dmeprus KyJIOHOBCKOTO B3aMMOJeii-
CTBUS JIEKTPOHOB C SIIPOM BBIYHCJISIETCS C ITOMOIIBIO
M3BECTHON (PYHKINN IKpaHumpoBaHus. VHTerpupys 1mo
9ACTSM BBIPAXKEHUE IIJIsI ES », JaIlacuaH Iepedpachl-
BaeTCs Ha KYJIOHOBCKHN IIOTEHIMAJ sIpa, 9UTO JIaeT
JlenbTa-QyHKIMIO B HyJe, YMHOXKEHHYIO Ha Pa3HOCTH
ITOJTHOT'O TIOTEHITNAJIA U TIOTEHINAJIA SApa. DHEPTrus B3a-
MMOJIEHCTBHS ¢ sIPOM OKazbIBaeTcst pasHoit Z2(a — b),
apaMeTpbl SKpaHupyomeil GyHKImun a u b npuseje-
Hbl B Tabs1. 2 paborsl [30]|. Purnposamme qaer ES 7 =
= —1.270Z?%38 B cornacun ¢ Teopemoit upuama. Tou-
HOCTh mapamerpusanun He xyxe 0.5 %. CoorBercTByIO-
e pe3ysabTaThl A M nokaszanst B Tabur. 1. [Ipeacka-
3anus nepenstusucrckux mozeseit TF u TFDW orpa-
HUYeHbI 3HaveHuamu 2 < 54.

Cpemnne senmannsr (Z, Z|r; | Z, Z), neobxomumbre
JIJIST OTIEHKI ES » BMerone DHF, TabymupoBaHsl B pabo-
tax [32-35]. B pabore [35] oTxe/IbHO IPUBOIATCS 3HATE-
HUs E(Zj - PesynpraTs! Beranciennit M B pamkax DHF
[35] mokasaner B TabI. 1.

Mopnenn TF u DHF xopomo cornacyrorcss npyr c
JIDYTOM ¥ COIJIACYIOTCSI KAdUeCTBEHHO C IIPEJICKA3AHUSI-
vu mogesn TEFDW.

Hucnepcust sHeprun  BO30YXKICHUS JIEKTPOHHOM

000JI0YKH olpeieisieTcst (hopMyJIoit
D=(Z,Z|0},4|2,2) — (Z,Z|Hz42|2,Z)*.  (6)

C yuerom ypasrenust (1) nmeem
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1 11 1
iP= Z(Z,Z|;F|Z, Z)—(2,2]) —1Z, Z)2. (7)
ij v i !

CymmupoBanue mpoBojauTcsi B uarepsajie 1 < 4,5 < Z.
B momensax TF u TFDW npyxyacTudHas IJIOTHOCTB
3JIEKTPOHOB He OIpefieieHa, OTHAKO, yAAaeTCs OIpese-
JIATH BEPXHIOI I'PaHuIly aucrepcun [17]:

2
1= 1 _ 1
D= [ dr—n(r)-Z ! de=n(r) ) . (8)
4 r r
Beruncsienne unrerpasa or 1/ r? O pacIpee/IeHIIO
3J1eKTPOHHON T1oTHOCTH B Monen TFDW npusoaur k
3HAYEHNSIM, KOTOPbIE MOYKHO TapaMeTPU30BaTh B BUJIE

1
/drr—2n(r) = 5.812%00, 9)

Tounocts napamerpusanuu He xyxke 5 %. Besmauno D
B mozenax TF u TFDW npusemenst B Tabd. 1.

B merome DHF Bo3moxKHA OlleHKA HE TOJIBKO BEPX-
Hell TpaHUIlbI JIUCIIEPCUH, HO U caMoii jqucriepcun. B npe-
HebpekeHnn 0OMeHHBIME P dekTaMu D HAXOTATC N3
ypasrenus (7) mocse (akTopuzanuu cpeiHeil BeJudn-
HBI 1101 3HAKOM JIBOIiHOrO cyMmMmupoBatusi. CooTBeTCTBY-
IOIUE PE3YJIBTATHI, HCIIOJIB3YIOIIe TabJIMIHbIe 3HAYE-
Hust cpeanux 1/r; u 1/r? nys sjeKkTponubix opout [34],
IMOKa3aHbl B TaOJI. 1.

O6mMenHBbIE 3(PGEKTHI YIUTHIBAIOTCS IIOCPEICTBOM
YCPeIHEeHUsI ABYX-9aCTUIHOTO OMEPATOPA IO BOJHOBOI
dyHKIUN 31eKTPOHHOIT 000/I0UKHU aToMa. B omHOmeTep-
MUHAHTHOM IPUOJINKEHUN BOJIHOBasi (DYHKIMS UMEET
BUJT

5182...8 1 2 N
\IICY1(XZ~~~CYN = € 5N¢asl ¢a52 e '¢045N’ (10)

VN1
rie ¢! — BOJHOBBIE (DYHKIMM 3JIEKTPOHOB, HHJIEKC
1 =1,..., N HymMepyeT NpOCTPAHCTBEHHbIE KOOPIMHATHI
U CIIMHOBBIE WHEKCHI, NHJIEKC (¢ HyMepyeT KBAHTOBBIE
qnciaa opburaseit. B paccmarpmBaemom ciydae o =
= (njlm), tae n — rIaBHOE KBAHTOBOE YHCJIO, j — TIOJI-
HBI{l YIJIOBO#I MOMEHT, 1M — €ro 1poexiwms, | = j +1/2 —
opbuTaabHbI yritoBoit MoMeHT. PUKCHPOBAHHBIN HAOOD
., QLN ) OIIPEIEJIsieT COCTOsI-
HEe 3JIEKTPOHHOI 000/JI0YKK aToMa. TeH3op €152 5N =

KBAHTOBBIX 4nces (a1, g, ..

= £1 ocymiecTBisieT aHTHCUMMETPHUIAIIHIO.
QyHKINU ¢!, ODTOHOPMUPOBAHBI. 3AINIIEM UX B BU-
Je IPOU3BeJeHUs PaJuasbHOR U yIJIOBOHU 4acTu:

njtm = Bt (75) 2, (7). (11)

Buech Rpji(r) — semecrsennas dynkums, Q% (n) -
IMIapOBOU CIIMHOP, 3aBUCAINHUNA OT €JUHUYHOI'O BEKTOPA
n = r/|r|. ObosHauuM Uepe3 s, UUCIA 3ALI0JHEHUS

ypoBHeil ¢ kBaHTOBbIMU uciaamu (njl). B ciayuae mos-
HOCTBIO 3aIOJHEHHBIX YPOBHEH, a TakxKe CIydasax, Jo-
IYCKAOIMX JUisl KaxKI0i napsl (j1) cymecrBoBanue He
6oJIee OJHOTO YACTUIHO 3AIOJHEHHOTO YPOBHS C MaK-
CHMAJBHBIM YIVIOBBIM MOMEHTOM, j™* = 3¢,;(2j +
+ 1 — 5,51)/2, MOXKHO yIpOCTUTH BbIpaxkenue (7), 3a-
MEHHB CyMMUPOBAHUE IO 3JIEKTPOHAM CYMMUPOBAHUEM
IO YPOBHSIM:

1 R T
ZD = Zl stnji(ngl|r—2|ngl) —
nj

- Z min (1, 500 1) (njllr "t n'51)2. (12)

nn’jl

Marpudnble ssteMeHThI A(7) OLPeIeeHbl COTIACHO

(njl|h(r)|n’jl) = /T2dTh(7’)anl (T)an(T)' (13)

CyMMa JuaroHajbHBIX KOMIIOHEHT 1o = n’ ypaBHe-
st (12) coBmazaer ¢ IpaBoil YacTbio ypasHeHus (7)
npu (GaKTOPU3AIUN CPEJIHEr0 3HAYCHUS I0J, 3HAKOM
JIBOWHOI CYyMMBI, KaK 9TO IPEJII0JIaraercs B OIEHKaX
TF u TFDW. KomuonenTsl n # n’ BO BTOPOM cjiarae-
MoM ypasrenus (12) cBsa3anbl ¢ 06MenHbIME D dexTa-
Mu. ObMeHHBbIE 5D GEKTHI YMEHBINAKT JUCIEPCUIO.

B merone RHF dbyukimu R, j(r) tabynmupoBaHbl
[32]. st BoIYMCII€HNS IUCIEPCHU C YYETOM OOMEHHBIX
3 PeKTOB TpebyeTcs 3HAHUE TMEPEXOTHBIX MATPUIHBIX
siementos (njl|r=t|n'jl) u (njllr=2|n'jl). B Tabmmume 2
[IPEJICTABJICHBI PE3YJILTATHI BBIYUCIEHU IS aTOMA, MO-
smbnena B meroge RHF. /ImaronasbHble MaTpudHbIe
9JIEMEHTHI CPABHUBAIOTCA ¢ TakKoBbiMU B meToje DHEF
[34]. Bamerna HEIOOIEHKA CPEIHUX BEJIUIUH B CPABHE-
uuu ¢ meromom DHF| guro obycioBieno cmerenuem B
PEJIITUBUCTCKUX MOJIEJISIX DJIEKTPOHHON IIJIOTHOCTH HA
MeHbIe paccrosius [37]. CxomHast KApTUHA UMeeT Me-
€TO Jyist IpyTux aToMOB. COOTBETCTBEHHO, JUCIIEPCHUS B
metojsie RHF 6e3 yuera 0OMeHHBIX BKJIaJIOB TaKKe MEHb-
e npeackaszanuit meroga DHE.

Cpennme snavenus 1/r u 1/r? Ha BHyTpeHHHX U
BHEITHUX OPOUTAX ATOMOB COOTHOCSITCSI TIPUMEDPHO KaK
Z :1wu Z? : 1, 9T0O HOATBEPK IAETCs 3HAUCHUAMH JAAT0-
HAJIbHBIX MATPUYIHBIX 3J1eMEeHTOB B Tabir. 2. B Tex ciy-
Yasix, KOTJIa MOJTHBINA yTJIOBOH MOMEHT YaCTUIHO 3AII0JI-
HEHHOT'O YPOBHSI HE $IBJISIETCS MAKCHUMAJILHBIM U/ HUIH KO-
rJa YaCTUYHO 3all0JIHEHHBIX YPOBHEH JJIsi HEKOTOPO
napsl (j1) nHeckosbko, dopmyna (12) ucnosbsyercs Jis
npubIMKeHHO oneHKU. [T0CKOIbKY B CpeIHeTsIZKeIbIX
U TSI2KEJIBIX aTOMaX OCHOBHOI BKJI&JI B JIMCIIEPCUIO 1A~
0T 3JIEKTPOHBI HA 3aIOJHEHHBIX BHYTPEHHUX 000JI0Y-
Kax, MOYKHO OXKHJIATh, 9TO TOYHOCTH TAKOM ONEHKH JO-
CTATOYHO BBICOKA.

TTucema B 2KOTO
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Pezynbrars: soraucaenuit D B metoge RHF ¢ yaerom
0OMEHHBIX BKJIAJIOB IIpejicTaBjieHbl B Tabs1. 1. st cpas-
HEHUsI [PUBEJEHbI PE3YJIbTATHI BBIYUCJIEHUN Oe3 ydera
obmennbix BkianoB. Cormacume mopeneit TF, TFDW,
RHF u DHF gaBasiercs ymosierBopuTesbHBIM. Jliist
[IPUJIOXKEHUNT MOXKHO PEKOMEHIOBATH 3HAYEHUsI SHEP-
run Bo3Oyxkaenust — Mpur, a1 aucnepenn — Dpyr
KaK TeopeTudeckn Hambojiee obocHOBaHHBIE. OIEHKA
Dpur/, orimmyaercs of Dpyp/a TeMm, 4TO BKIIOYaeT
oOMeHHbIe TIONpaBKu, HaiaeHHble 110 meroxy RHF. C
y4IeToM TpUOJIMKEeHN HeonpeaeaeHHocTn B Mpyrp u
Dpur b olennBaorcs Ha yposae S 10 %.

B mepenarusucrckux momensx TF, TFDW u RHF
M cnabo 3aBucur OoT Z, B TO BpeMsi Kak D pacrer
IpUMepHO Kak Z2. JlaHHOE IOBEJEHHE COIJIACYETCH C
BBIJIEJIEHHOM POJibI0 K 3/IEKTPOHOB, HEPEJIATHBACTCKAS
Teopust BO30YKIEHNST KOTOPBIX B IpoIeccax [-pacmaia
passura B padorax [15, 16].

ITapamerp Kz, npuBemenubiii B8 Tabi. 1, mpeacras-
JisleT CODOIl aMILIUTY/y IIePEeKPBITHS BOJIHOBOI (byHK-
I BCEX JIEKTPOHOB OCHOBHOI'O COCTOSIHUSI ODOJIOUKH
POJIUTETHCKOTO ATOMA C BOJHOBOU (yHKIHEH 000J109-
KU JIBaKJbl HIOHU3UPOBAHHOTO JIOYEPHErO aTOMA, DJIEK-
TPOHBI KOTOPOT'O COXPAHIJIA CBOIO MCXOIHYIO KOH(MUry-
parmio. ITockoIbKy 3apsiapl s1ep 0 U MOCJe BCTPIXU-
BaHUsI OTJIMYAIOTCSI HA JIBOWKY, COOTBETCTBYIOIIME BOJI-
HOBbIE (DYHKIIMK 3JIEKTPOHOB HE OPTOIOHAJIBHBI, BCJIEI-
CTBHUE 9€ro MEePeKPhITUE BOJHOBBIX (DYHKINN C ONUHA-
KOBBIMHU KBAQHTOBBIMH YUCJIAMH HE PABHO €IUHUIE. JTO
[PUBOJIUT K BO3OYKJIEHUIO JI0YEPHEro WMOHa. Bejmdu-
na K% 3a/aeT BepOSATHOCTL HACJIEIOBAHUS SJIEKTPOHA-
MU KBAHTOBBIX YHCEJ M, COOTBETCTBEHHO, OTCYTCTBUS
s dekToB BerpsixuBanus. st oumenku Ky Tpebyer-
¢l MHOTOYACTHIHBIA pacder merogom DHF, xoropsbrit
OBLI BBITIOJIHEH C UCIOJIB30BAHUEM IIPOTPAMMHOTO TTaKe-
ta, GRASP-2018 [36, 37]. st KaXK10r0 POIUTETHCKOIO
aToma u3 TabJI. 1 ¢ 3JIeKTPOHHOI KOHMUTrypalueil u 1moJi-
HBIM yIVIOBBIM MOMEHTOM, COOTBETCTBYIOIIAM OCHOBHO-
My COCTOSIHHIO 3JIEKTPOHHON 0DOJIOUKHU POUTETHCKOTIO
aToMa, II0JIy IeH HabOoP OOIbIINX f:[jl (r) mmamsix f, ()
PaIMaJbHBIX KOMIIOHEHT BOJHOBBIX (DYHKIIAN SJIEKTPO-
HOB JIjIsl BCeX KBAHTOBBIX uucest (njl). AHamoruauo ms
JIOYEPHET0 MOHA C 3aPsoM sjipa Z + 2 MOJydeH HADOD
PaIUAIbHBIX KOMIIOHEHT fnijl(r) AMIuTyia nepekpbi-
g Opj; BOJHOBEIX (OYHKITHIA 3JEKTPOHOB C OJMHAKO-
BBIME KBAHTOBBIME YUCJIAMH PABHA

Oust = [ (FoaOI50) + T () f750(0)) %

B onnonerepmunanTHOM npubsnykennn u 6e3 yaera o0-
MEHHBIX CJIAraeMbIX aMILIuTyaa Kz paBHa Ipou3Bele-

2 Ilucema B 2KOT® Tom 118 Bem.7-8 2023

gm0 aMunTys, O 1 B CTeTIeHH, PABHOI 3aCEeHHOCTH
COOTBETCTBYIOIIETO YPOBHSI:

KZ = H (Onjl)%njl . (14)

njl

B mmpokoMm muamazoHe aTOMHBIX HOMEPOB Z 3Hade-
uust K7 oka3biBaiorcs Osm3ku K Begamaune 0.5. Bepost-
HOCTb K% ~ 0.25 mocTaTovHO MaJia, YTO YKa3bIBaeT HA
JIOMUHUPOBAHKE B BEPOSITHOCTU KAHAJIOB C BO30OYKJIEH-
HOIT 9JIEKTPOHHOI 060s1049KOit aTomoB [22]. B ommcan-
HOM BBIIIIE TIOJXOJE Jjid Bbluucjenus Ky npeanoJiara-
€TCsl, YTO Pe3y/IbTUPYIOIasi KOH(MUIypalus J0UYePHErO
MOHA SBJISIETCS OCHOBHBIM COCTOSIHMEM IIPU HACJIEI0Ba~
HUU KBAHTOBBIX YHCEJ 3JeKTPOHOB. OJIHAKO CIIEKTPO-
CKOITMYECKUI aHaJIU3 [MOKAa3bIBAET, YTO 9TO yCJIOBHE HE
Bcerga BeinoJiasiercs. Hampumep, non T1i 111, o6pazosas-
muiica nocite Ov2[-pacnaga Ca ¢ ss1eKTpoHHOM KOHDU-
ryparueit [Ar|4s?, B OCHOBHOM COCTOSTHUH UMeeT KOHDU-
ryparmmio [Ar]|3d?. Ctporo roBops, 3ToT bakT 03HATAET,
9TO MEPEKPBITUE B TOYHOCTU paBHO Hym0: Kz = 0, cie-
JIOBaTE/IbHO, PACIaJ C BEPOSATHOCTHIO €JMHUIIA, COIPO-
BOXKJIa€TCsl BO30Y K JIeHNEM 3JIEKTPOHHON 000JIOUKH aTo-
ma. Dueprust xkonduryparuu [Ar]4s? Ti I1I npesbimaer
TaxoByIio Kouduryparmuu |[Ar|3d? na 12.73B. Anajorny-
Hasl CUTyalllsl UMeeT MeCTO B JIBOMHOM [(-pacraje aTo-
MoB Zr, Mo, Nd u U. B nepeuncieHubIx caydasax amILIu-
tyna Kz, npuBenennas B TabJ1. 1, ABIS€TCH aMILIATYION
repexojia B HanboJsiee BEpOsITHOE BO30YK/IEHHOE COCTOsI-
HU€ 3JIEKTPOHHON 000JI0UKY J109epHero noHa. [Ipumep-
HO B KaXKJIOM Y€TBEPTOM ciry4ae aBoitaoit S-pacmas Ca,
Zr, Mo, Nd u U conpoBoxK1aeTcs epexoioM 3JIEKTPOH-
HOI 0060JI0YKU ATOMOB U3 (PUKCUPOBAHHOTO BO30Y K I€H-
HOT'O COCTOSIHUSI B OCHOBHOE COCTOSIHIE C U3JIy IeHUEM Ce-
pun HOTOHOB YILTPaAPHUOIETOBOTO Auana3ona. Habo-
JieHre 3TuX (POTOHOB, IHEPIUsI KOTOPBIX XOPOIIIO U3BECT-
HA, MOXKET CJIy?KUTh BCIIOMOTATEIbHOM CUTHATY PO JJIst
UIEHTH(UKAIIIN PACITAIA.

Suanune mapamerpos Kz, M u D mno3zBosisier cTpo-
UTh LPOCTeHIne MOJEIU PACIpeleseHust Hepruu (-
ss1ekTpoHoB B 0v2[-pacnage. C BepostTHOCTbIO K 2 371K~
TPOHHAs 0DOJIOYKA aTOMA OCTAETCH B OCHOBHOM COCTO-
SHUM, C BEPOATHOCTBIO | — K% 1epexojur B BO30YK-
JIEHHOE COCTOsIHUE. YCJIOBHYIO BEPOSITHOCTH II€PEXOjia B
BO30OYK/IEHHOE COCTOsIHUE C SHEPTHEil € B MHTepBaJje de
o6o3nauum w(e/Q*)de/Q*, rne Q* = Q — I> - sHepro-
BbIJIeJIEHUE.

[TosHAS IIOTHOCTH BEPOATHOCTH IIPUHUMAET BHU/T

ple) = KZd(e) + (1 = KZ)w(e/Q")/Q". (15)

B kavecrBe w(x) ucnosb3yercsd GUHOMHAJILHOE PACIIPe-
JleJleHre, HaXofgdllee IIMPOKOe IPUMEHeHHe IIPH MO-
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Ta6auna 2. Marpuunsie snementst (njllr~1n/j1) u (njllr—2|n'jl) nns snexTponubx opburtaneit n < n’ B aToMe MonubGaena. Borauc-
JIEHUSI UCIIOJIB3YIOT BOJIHOBBIE (byHKImHU 3y1eKTpoHoB Meroma RHFE [32] ¢ BepoxkzenmeMm mo j. B HumrkHell wacTw TabMIBl ITOMEIIEHBI
JUaroHaJbHble MaTpUYIHBIE 31eMeHThl 1 = n’ pesnsrusucrckoro meroga DHF [34]; Bepxusa u Hukussa crpoku P u D Bosn orHOCATCS K

j=1+1/2uj=1—1/2, coorBeTcTBEHHO

42Mo
(ngllr—1|n’5l) 18 2S 33 48 53 2P 3P 4P 3D 4D
18 4149 7.962 3.231 -1.255  0.321
2S 9.378 2160 -0.803  0.204 2P | 9.339 -1.858  -0.626
33 3.264 —0.665  0.163 3P 3.164  0.582 3D | 2.970 -0.361
48 1171 -0.149 4P 1.052 4D 0.714
53 0.327
[34] 43.55  9.939  3.409 1.209  0.322 9.412  3.190 1.059 2.958  0.695
9.879  3.300 1.089 2.987  0.705
(njl|lr=2|n’51) 1S 28 3S 48 55 2P 3P 4P 3D 4D
18 3455. 984.9 4103 -160.1  40.94
2S 357.8  141.7 -55.02 14.06 2P | 1184 -37.69 -13.17
38 65.20 -—24.42  6.223 3P 21.34  6.697 3D | 11.17 -2.120
48 10.41  -2.564 4P 3.157 4D 0.965
53 0.748
(34] 4005. 439.4  80.03 12.73  0.830 120.7  21.93  3.243 11.11  0.930
141.5 2550  3.744 11.37  0.960

JIeJIMPOBAHNY CJIydaifHbix nporeccos [41]. Pacupenene-
Hue 00JaJ1aeT JABYMsT CBOOOIHBIMHU IMapaMeTPaMU, KO-
TOpbie (DUKCUPYIOTCS HOPMUPOBKON Ha CpejHee 3HaUe-
Hue M = fOQ* deep(€) m cpeaHuii KBajapaT SHEPIUU
D+ M? = fOQ* dee®p(e).

Onennm MakcuMaabHoe OTKJIoHeHUE, ATy .y, SHEp-
run 3-3JIeKTPOHOB OT SHEPrOBbIIEICHUs (Q*, OCHOBLIBA-
sch Ha npeackazannsax mogean DHFE. Ilpu dukcuposan-
HOIl BEpOATHOCTH, Py, YPaBHEHUE pp = fOA T dep(e)
no3BoJisieT HalTu AT ax. g pr = 0.9 orkioHenue ot
Q* me npesbimaer ATy, = 180 3B (Ca), 18 9B (Ge), 19
9B (Se), ATmax < 5 3B mua Zr, Mo, Cd, Te, Xe, Nd, U.
C BeposiTHOCTBIO p7 = (.95 OTKJI0OHEHUE HE MPEBBLIIAET
ATyax = 1.16 k3B (Ca), 0.55 k3B (Ge), 0.44 3B (Se),
0.25 k3B (Zr), 0.18 k3B (Mo), 69 3B (Cd), 22 5B (128Te),
30 3B (13°Te), 19 3B (Xe), 11 3B (Nd), ATax < 5 3B
aast U. Jliist 60Jiee TOUYHBIX OIIEHOK HEOOXOIMMa JeTaJIH-
3aIUsl IUHAMUKA MHOTO3JIEKTPOHHBIX ITPOIECCOB.

B kajiopuMeTpuuecKux AeTEeKTOpax paspelieHne 1o
sueprum jocruraer Heckoibkux k3B (GERDA), mpu
9TOM WM3MEPSIeTCs TOJHAST SHEPIUsl PEeaKIUy 3a BbIUe-
TOM 3Heprun Heiirpuno. B sxcunepumenTe SuperNEMO ¢
IIOMOIILIO TPEKOBOTO KaJjiopuMeTpa B 0v2[3-paciae ce-
JIEHA M3MEPSIETCs SHEPrust [-3JIeKTPOHOB C TOYHOCTHIO
4% npu sueprun Q. s nabmonenus 3¢ peKkTos, cBs-
3aHHBIX C BO30YXKICHUEM 3JIEKTPOHHONH O0OJIOUKN aTo-
MOB, TPeOYeTCsl pA3BUTHE HOBBIX TEXHOJOTUH, TO3BOJIS-
IOMIUX CYIIECTBEHHO YLy YIINThH Pa3peIleHne JeTeKTOPOB
10 SHEPIumu.

Takum obpasoM, st BCeX aToOMOB, 2U2[3-pacnaf,
KOTOPBIX HAOJIIOJAJICS SKCIIEPUMEHTAJIBHO, OIIPEIe/IeHbI
AMITATY/IBl [EPEKPBITUS IJIEKTPOHHBIX O0OJIOYEK PO-
JINTEJIHCKOIO0 aTOMa U JIOYepHero noHa. B aBoitHom (-
pacmage aromos 82Se, 26Zr, 1Mo, 1%ONd u 233U c Be-
POLATHOCTBIO ~ 1/4 3j1eKTpoHHAsT 060JI0YKA OKA3BIBAET-
csl B HUBIIEM BO30Y2KJIEHHOM COCTOSIHUU C KBAHTOBBIMU
YUCJIAME, YHACJIEIOBAHHBIMEU OT POIUTEIHCKOTO aTOMA.
OTH pacHabl COMPOBOXK TAIOTCS TOCIELYOIIIM IIEPEX0-
JIOM B OCHOBHOE COCTOSIHHE C XaPaKTEPUCTAUICCKUM U3~
JiyueHueM (pOTOHOB yJIbTPapUOIeTOBOrO Juaas3ona. B
aromax “8Ca, "0Ge, 116Cd, 128Te, ¥0Te, 135Xe smex-
TPOHHAs ODOJIOYKA JIOYEPHET0 HMOHA C BEPOSTHOCTBHIO
~ 1/4 mepexomuT B OCHOBHOM COCTOSIHUH M C BEPOSIT-
HOCTBIO ~ 3/4 — B BO3OYyXKIeHHOe. JJIs1 BCeX PaccMoT-
PEHHBIX CJIy4YaeB HANEHBI CpeHee 3HAYCHNE U JUCIIEP-
cusi SHeprun Bo30YyK1eHUsl. 3aBUCUMOCTb OT ATOMHOIO
HOMEpa YKa3blBaeT Ha JOMUHUPYIOIIWI BKJIAJ B JIUC-
mepcuio mexann3ma Peitnbepra—Murnasa. s 6e3ueii-
TPUHHON MOJBI JIBOHHOTO [-paciiajia Ompe e I€eHbl Bepo-
SITHOCTHBIE OTKJIOHEHUS SHEPrun B-3JIEKTPOHOB OT SHEP-
TOBBIJICJICHUS.

Pabora BbImosHEHA TpH MO JEpPIKKE
# 23-22-00307 Poccuiickoro Hayaaoro hoHa.
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