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NICCIIEIOBAHUYA BETA-PACIIAIIA SIIEP C ITOMOIIBIO
CIIEKTPOMETPA ITOJIHOT O ITOIJIOIMEHWU S
TAMMA-JIYUEN

A.A.brixos, B.II.Butman

BBenenmne

CunoBast Qymxmms GeTa-pacmana Sg+ — 9TO IUIOTHOCTL IPHUBENEHHON BepOSTHOCTH 6eTa-
MEPEXOIOB B 3aBUCHMOCTH OT YHEPTHUH BO36Y KIeHUs modepHero sapa. CumoBble GyHKIIUT MOTY T
6LITD BBIYMCIIEHLI TEOPETHIECKN Kak BEPOSITHOCTD BO3OYKIEHNUS SIIpa BHEITHUM TOJIEM 3aTaH-
HON 9acTOTHI. B cHIIOBLIX QYHKIIUAX sifep, YIATeHHbIX OT TOIOCHl CTabMILHOCTH, TOMUHUPYIOT
pasperennbie MepPexXoabl TaMOB-TEIEPOBCKOTO TUIA, KOTOPLIM IIPU TEOPETUIECKOM PACCMOTPe-
HII COOTBETCTBYET BHEIHEe T10JIe, NMefollee CIIUH 1 4eTHOCTH 1T 1 m3ocnmu 1, 9To copmamaer
€ KBAHTOBLIMI YMCIIaMU TTHOHA B p-BoTHe. [[pUHIITIIATLHBIM SIBIISETCST BOIIPOC O TOM, IMEET JIi
OTKIIWK SIIpa Ha TaKoe IMoJle PE30HAHCHLIN XapakTep WiN 3aTyXaHue Kolebaunil CTOIbL BETNKO,
YTO CUJIOBBIE (PYHKINU GeCCTPYKTYPHBI.

CucremaTnyeckne nccaenoBauus Sg+ onin HadaTsol B JIMAD B 1980 rony. K Tomy Bpemenn
B [IEPHe 6nimn yike m3MepeHLI S+ GOJBIIOrO 4HCIIa saep, U Pe3oHAHCHON CTPYKTYPLI o0Ha-
py&Keno He OblIo. BBIBOI 0 CcTaTHCTUYECKOM XapakTepe Sg+ CUNTAJICS ONHUM U3 BakKHeHIINX
pe3yabLTaToB, monydenubix na yeranoske [SOLDE B 70-x romax. CytmecTBoBaia, OnHako, mpoTH-
BOTIOJIOJKHast TOYKa 3PEHNs, OCHOBaHHas Ha psfie KOCBeHHBIX JaHHBIX, YKa3bIBaIOMINX, 9T0 Sg+,
BO3MOJKHO, UMEIOT PE30HAHCHLIN XapakTep. llompobHocTn muckyccum MOKHO HalTu B 0630pe
[1]. Hitst SKcrepuMeHTanbHOTO MCCAETOBAHS Sﬁ+ B JINAD 6b11 cozman criekTpoMeTp TOJTHO-
TO TIOTJIOMIEHTsI TaMMa-JIydell u Oblta pa3paboTana MeTOMNKa 06pabOTKM HKCIIePUMEH TAThLHBIX
TTAHHBIX.

Meton mpsaMoTo m3MepeHus: BEpOSTHOCTEN 3acesleHns ypoBHed [F-pacmaioM OblT Tpenaoken
B pabore Pymncrama (1972). Ero npumnnm 3akiiovyaercs B U3MEPEHUN Y-M3ITYYeHUs GOTBITIMI
KpHUCTautaMu B reoMeTpun, 6iuskoit K 47. Korma sgdek THBHOCTH TOTHOTO TOTITONEHNST KacKar-
7la KBAHTOB BeJIMKa, TO aMIUINTYda CUTHAIA B CIIEKTpOMeTpe OyIeT ompenesiThes CyMMapHOi
SHepTHUeN KacKalla, TO €CTh YHEPTUEN YPOBHS, 3aceleHHoTo [3-TiepexonoM. B mocmenytormmx pabo-
Tax ¢ MOMOIIBIO TTOCTPOEHHBIX CHEKTPOMETPOB OLIIIN M3MEPEHBI CTIEKTPLI PAa PAINOaK THBHBIX
M30TOMNOB U OlpeneseHbl cuiioBble GyHKINE nx J-pacmana. Onmako, B CHITy psia TEXHUIECKUX
NPUYNH, B CHEKTPOMeTpax yaaloCh MOJYYNTh TeJecHbIn yrosa Toiabko 80% oT 47, 4To npuse-
70 K PE3KOH 3aBUCHMOCTH >(PMEKTHBHOCTHU TOTHOTO TIOTJIOMIEHNSI OT YHC/Ia KBAHTOB B KaCKaJle.
[Ipn obGpaboTke 5KCHEPUMEHTAILHBIX MaHHBIX HEM3BECTHBIE CXEMBI Paclajia M30TOMOB MOJIe-
aupoBaiuck Ha JBM B mpemmosoxennn cTaTHCTHIECKOTO XapakTepa Kak (J-pachafa, Tak 1
paspsanKu Bo30y KIEHHBIX COCTOSHUH -TEPEXOIaMi, YTO, €CTECTBEHHO, He MOTJIO He CKa3aThCs
Ha HadeKHOCTH PE3yILTATOB.

B 1979 rony B JINAD cosmecTro ¢ HUU D JIT'Y 6B cipoekTUpPOBaH U TOCTPOEH CHEKTPO-
MeTD MOJIHOTO MOTJIOIIEHHs TaMMa-Jydell co 3HaUMTEeNILHO JIYUIIUME XapakTepucTukamu [2].
B mportiecce nsmepennit peruncTpupyeTcs Kak CIEKTp MOIHOTO TOTJIOMIEHNS Y-Tydell, TaKk 1 OH
Ke B COBIAMIEHWN C TMO3NTPOHAMHU. JDTO aeT BO3MOKHOCTEL PasfnennTh 3hPeKThl, CBI3aHHbIE C
97EKTPOHHBIM 3aXBATOM U TO3UTPOHHBIM PAaCIaIOM.
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Puc.1. DxcnepnvenTambaas (TOYKN) I pacdeTHas (KpuBast) GYHKINN OTKINKA CIEKTPO-
MeTpa TOJIHOTO HOTJIOLIEHN .

PyHKIMS OTKINKA CHEKTPOMeTpa IJis KBAHTOB PAa3HON YHEPTUU PAacCUNTBHIBAIACH METOIOM
Monre Kapsio no crnenmansio cosmannoii nporpamme SIGMA [3] u onpenensiiach skcnepu-
MEHTAJHLHO TP W3MEPEHNN KaIubpOBAHHLIX TaMMa-UCTOYHUKOB € TPOCThIMI creKTpamu. Co-
BIlaJleHne pacdeTa W SKCIEpUMeHTa B IHUKe IMOJHOrO norjoinenus He xyxe 1%, a B obmactn
HelpepbIBHOTO pacipenenenus e xyxke 5%. Ilns nmpumepa ma puc.l mpuBenennl pacdeTHas u
SKCIepUMeHTadbHas QYHKIINKT OTKI/IMKa JIJIsi KBAaHTOB ¢ sHeprueit 478 k3B, To ecTh B obnacTu
SHEpPTHUH, Hanmboilee CIIOKHOW M MOIEITUPOBAHMS.

CunoBble pyHKnuu OeTa-pacnaia U NepeHOPMHUPOBKA
AKCUAJIBHO-BEKTOPHON KOHCTAHTHI B3aUMOOENCTBHUS
B TSXKEJbIX HEUTPOHONEePUIUTHBIX ANPax

OTkpbiTHE U TCCTeNoBanme aHAIOTOBBIX PE3OHAHCOB CTUMYIIHPOBAIIO HHTEPEC K MCCIIENTOBAHIIO
3aPsI0BO-OOMEHHBIX BO30OYKNCHUI B siApax, B IEPBYIO ouepeb KO/IEK TUBHBLIX BO30Y KIEHUN TH-
na ['amoBa-Temmepa. C Toukn 3pennst MUK pOCKOMMYIECKOTO TTOIX0Ma YTH BO30Y KIEHUs TPENCTa-
BJISIOT cOBOM YaCTHYHO-ILIPOYHbBIE COCTOSHUS ¢ U30CIUHOM T=1, cnuHoM 1 YeTHOCTHIo [T =171,
Bo3MmoxkHBI Tpu BeTBU raMOB-TeJIEPOBCKIX BO3OYKIIEHNI € PA3HBIMEU MPOEKIUSIMHU M30CIIHA.

Bos6yxnenus Tuna (pn~') ¢ u, = —1 naxomsarca B anpe Z+1, N-1; BosOyxnenns tuna (np~')
¢ i, = +1 maxongrcs B sape Z—1, N+1; Bosoyxnenns tuna (nn™') u (pp™') ¢ p, = 0 — B
tom ke snape 7, N. Cocrosnus ¢ p, = —1 Bosbyxkmatorcs B (37 -pacnajie, OQHAKO Pe30OHAHC

['amoBa-Temnepa, B KkoTopoM 3akifodeHa GoOJbIlas YacTh CHILI DYTOTO KOJJIEKTUBHOTO BO30Y-
KIIEHUSI, PACIOOKEH 3HAYNTEILHO BohIllle dHeprum (3~ -pacmafa. OH MoxeT OBITL BO30YKICH
B peakiun (pn) Wiaw Apyrux peakumsax nepesapsnku. Cocrosuus ¢y, = +1 Bo3byxKmaoTcs B
BT-pacnage. Bonpoc o ToM, MOT'YT /I IIPU 5TOM IPOSBILTECS OTHOCUTEILHO Y3KIe PEe30HAHCH
KOJIJIEK TUBHOMN IIPUPOILI, OCTAaBAICS OTKPLITHIM.

B pa6ore [4] B pamKkax cxeMaTU4ecKoi Mofiesn GbIIH TIPOBEICHBI PACUETEI MOJIOKEHUS TIIaB-
HOTO MaKCUMyMa B Sg+ s HedTponomeputnTHHIX snep ¢ N>7 niast obnactu 20 < Z < 100.
buino mokasamo, 9To 5>TOT MaKCHMyM BO MHOTHX CJIVYasgX PaclooKeH HIKE OCHOBHOTO CO-
CTOSHUS pachalalollerocs aapa, To eCTh MoKeT HablogaThes npu ST -pacname. DTu pacueTs
TO3BOJIIIN BEIOPATH 00MACTh fAzep NI MONCKa PE30HAHCOB B .S g+

OcHoBHOII HKcIeprIMeHTaILHON 3aadeil I CIeKTPOMeTpa MOJTHOTO TIOTJIONIEHNs ObIIO MC-
celoBaHre CHIOBLIX (PYHKIWI [(-pachaia HEHATPOHOMEPUIINTHBEIX M30TONOB PEIKO3eMeILHOIM
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0bacT, yIOAJIEHHBIX OT MOJIOCHI CTabUIBHOCTH, € Ielblo OobHapyXeHus pesonaHca |'amoBa-
Tennepa ¢ p,=-+1 u onpenenenus ero xapakTepuUCTUK. Y Ke B TEPBBIX dKCIEPUMEHTaX Oblila
obHapy KeHa pe3OHaHCHas CTPYKTypa B S+ psima msoronos [5]. IlambHeilnine 5KCIepUMeHTHL
MONTBEPANIIN 5TOT pe3yabTaT. s onpenenenus 3aBUCUMOCTH TIOJIOKEHN 1 WHTEHCUBHOCTE
PE30HAHCOB OT MAaCCOBOTO YHCIa OBLIHN MIPOBEHEHBI MCCIENOBAHNS Sz+ IS TPYIILL Aep ¢ ONHIM
suagennem 7: Lu, Tm, Cs, Dy, Ho. [IpoBonunuch Taxike m3mepenus: BeEpoSTHOCTER 3acesieHus
ypoBHel [-pacmanoM Ml OTIAETHHBIX N30TOMOB, MPENCTABISIONINX NHTEPEC ¢ PU3NIECKON N
MeTONMYECKON TOUeK 3peHus.

Amanms Bcell COBOKYITHOCTH TTOJTY Y€HHBIX TAHHBIX TIOKA3LIBAET, UTO MPU HOCTATOYHOM yilalre-
HUX OT 067IaCTH CTaOMILHOCTH PEe30HAHCHLIN XapakTep Sg+ HabmMIonaacs IpakTHYeCKN BCerma,
TO eCTb SIBJIEHIEe HOCUT YHUBEPCATbHBIN XapaKTep, TpUUYeM IJIs HEKOTOPBIX VIIaJeHHBIX sep
HabmomaeMble pe3oHaHCHI BOMpatoT B cebs 6oiblnyio YacTh cuibl ['T-Bo36yknennit p, = +1.
Pesymbrarsl oTkpbiTus sToll KomnoneHThl 1 'T-pe3onanca 6bltH nom0KeHbl Ha 4-0f KOoH(pepeH-
UK [0 AApaM, YAAJeHHBIM 0T mosiockl crabuabioctu [6]. Ha puc.2 npusenena onpenenenmast
HKCTIEPUMEHTAIHHO U PACCIUTAHHAs HaMU TeopeTndeckn B npubnmxennn RPA Sg TITSL M30TOMA
Tysutus ¢ MaccoBbiM amciiom A=159. Popmbr 1ByX rpadukoB GIu3KM, HO abCOTIOTHBIE 3HAYEHTS
pacueTHLIX BEPOSTHOCTEN MPEBLIMIAIOT YKCIEPUMEHTAIbLHBIE TIOUTH B TPU pasa. AHamormamnas
KapTWHa HabII0IaIach U 718 COCETHUX M30TOMOB TVJIIIINS.
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Puc.2. CpaBheHue 5KCIepUMEHTANBHON U pacyeTHONl CcuiaoBBIX (QYHKIUR [-pacnama
159

[Tonasnenne nomuoit cuitbr ['T-Bos3byxnenuiit B 2-3 pasa HabIIomaeTcs TakxKe U B peaKIMIX
(p,n), 9TO MOKET GLITEL OMMCAHO TTPOCTO TEPEHOPMIPOBKON KOHCTAHTBI aKCHAIBHO- BEKTOPHOTO
B3anMofieiicTBuUS B simeproit MaTepun. O6Hnapykennoe namu nonasienne cuibl ['T-Bos6y x nennit
B AT-pacnage, oueBUIHO, UMeET Ty K€ MPUUNHY — HePEHOPMIPOBKY aKCHaJIbLHO-BEK TOPHOIT KOH-
CTaHTBHI.

['T-pesonanc B m3oTomax TYAIus MNOCTATOYHO IIUPOK, YTO CBA3AHO € TEM, YTO DTU SAIpa
SABISIOTCS NeopMUPOBaHHBIME. BhIcOKOHEpreTHYHAS YacTh 5TOI0 Pe30HAHCA Ha ONbITE HE Ha-
6monaeTcs (puc.2), Tak KaK 9acTh CHILI pe30HaHCa HaXOMUTCS BBIIIE SHEPTUH pachana i ee
BEJINUMHY B pacueTe MOKHO TOJILKO oleHuTh. [losTomy B [6] mpuBenena muis onenka s>ddek-
TUBHOT'O 3HAYEHWS aKCUAJIbHON KOHCTAHTHI A m30TonoB Tm. boitee y3kue pesoHaHCHI MOITK-
HbI HabIIO/IAThCS IPU pacnane chepuuecknx snep, 6an3knx K Marmdeckum. B obiractu penkmx
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3eMelTh Takue sifpa pacrofiokenbl Boau3n sapa ¢ Z=64 u N=82. C stoil nenbio GblsT mccmeno-
BaH OMH M3 TaKUX PE3OHAHCOB B Sp+ M30TONA HUCIPO3US ¢ MaccoBbiM umciaom A=147 (Z=66,
N=81). Sg+ sToro m3oroma mpencTasieHa Ha puc.3. [ TaBHBI MakCHMyM HMeeT IIHPUHY OKOJIO
0.3 MsB u pacnonoxen na 2.4 M»sB Huxke smeprum pacnana, 4To MO3BOJSET MNPOCIENUTH
MoBeJleHNe KEeCTKOTO XBOCTa CHUJIOBON (PYHKIIUKW W ONpeNe/MTh Ha onbiTe mnomHyio cuiry ['T-
BO3Oy xmeHnit. B pabore [7] k Ss+ HMTmT)y nobaBieHbl pe3yabTaThl H3MepeHHit Sp+ elle OBYX
usoronos aucnposus — 49Dy u YDy, Tam ke nposenen TeopeTuuecknii aHaIu3 B paMKaX ca-
mocoriacoBanuon Teopun HF4+RPA ¢ cumamun Cxkupma ¢ ygeToM KOHTHHYyMa U CIIapUBAHIS
KaK MJIs HeYeTHBIX W30TONOB MWCIPO3Ws, TaK W AJS YeTHBIX, MaHHBIE O KOTOPBHIX B3ATHI W3
auTepaTypbl. B nesoM monyuenbr crenyloline pe3yiabTaTh

1. [Ipu n3menenun aucia veilTpoHoB oT 81 no 85 Gopma cunoBOil GYyHKIINN MeHsSEeTCs c1abo,
BEPOSTHOCTH TEPEXOMOB MaacT, a SHEPTHUS TITaBHOTO MaKCUMyMa MTPUOINKaeTCs K OCHOBHOMY
COCTOSTHUIO MAaTEPUHCKOTO SIIpa.

2. Ecnu B sHepTrusax MakKCUMyMOB B JOYEPHUX SAfpaxX HabIIOMAtOTCs GOIBINON CKaYoK MpH
nepexomne dyepes o6osiouky N=82 u yerHO-HeuyeTHBIE d>PPEKTHI, TO SHEPTUU, OTCUUTAHHBIE OT
OCHOBHOT'O COCTOSIHUSI MaTEPUHCKOTO sifpa, SBISIOTCsS TiiaBHOW ¢yHKiueid. Takoe moBenenue
TIpeNCcKa3biBaeTCs Teopueil W MpeKpacHO COTITACyeTCs ¢ SKCIEPUMEHTOM.

3. BeposTHOCTHU BO3OYKIEHWS PE3OHAHCOB B 3aBUCUMOCTH OT MaCCOBOTO UKC/Ia B TEOPUU U
B SKCIIEpUMEHTE TONOOHBI, OTHAKO, KaK W B cIyvae ¢ W30TOMaMW TYJIUs, TeOpus IpeBhIIIaeT
HKCIEPUMEHT NMPUMEPHO B Tpu pasa. [lias Bcex smep Oblam onpenesienbl GpakTOphbl TOMABIEHUS
['T-Bo36y K menuii ¢ WCIOIML30BaHmeM pasHbIX moTennnasoB CKupMa U onpemerieno Hambosee
BeposiTHOe 3Haverne >GPeKTUBHON akcmanbHoil KoHcTanTbl: 0.75(8) miast smep ¢ MacCOBBIME
unciaamu Bommsn A=150.

pi o
3 2
Z 20k 1< 20 i
: 2
A %
10 Qs 10+ Q]
5\t | |
0 1 " ores e o 1 1 1 0 1 1 | 1 | 1
0 2 4 0 2 4 6
E,MoB E,MaB
Puc.3. Cunosas pyuxuns S-pacnaga '*™Dy. Puc.4. Cunopas ¢pyuknus (-pacmanma '“CAg.

Wcnonbayst criekTpoMeTp MOJIHOTO morJiolienus, noctpoentbiii B [IUAPD, Mbr ncciaenoBain
Gera-pacnan HedeTHo-HeueTHLIX m3oTomnoB “Ag u 1%In., Usmepenus mpoommanch Ha Macc-
cemapatope GSI B muamio ¢ myukom Tsaxkenoix nonoB UNILAC B pamkax mporpaMMmbl mccie-
NoBaHms suep B 061acTU ABaKIbl Marumdeckoro aapa 1°°Sn. Pesynbrarsl monTeepauin peso-
HAHCHBII XapakTep Sg+ (CM. pmc.4) U IpencTaBiISIOT BO3MOXKHOCTH COBMECTHOTO aHAlN3a C
HCTOTB30BAHTEM TOTYYeHHBIX paHee MaHHbIX 71 9eTHO-YeTHBIX SIep.
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KOHKypeHI_II/Iﬂ MeX Ay NCIIyCKaHneM I'aMMa-KBAHTOB
N SMHICCHEN 3allasAbIBaOIIINX YaCcTHUIl

Ucnyckamme wacTui u3 cocTosHWIT, BO30OYKIaeMbIX Tpu (-pacmafe, sBISeTCs 0COOEHHOCTHIO
sfep, yIaJdeHHbIX OT o0JacTu CcTabmibHOCTH. BeposTHOCTHL SMUCCUU YaCcTUI U UX CHEKTPhI
3aBUCAT KaK OT BEpOSTHOCTI BO30YKOEHUSI ypoBHell beTa-niepexonaMi, TaK U OT BEPOSTHOCTH
pacramna >TUX COCTOSHUMN 10 YaCTUIHOMY 1 Y-KaHaJlaM.

3a1'[a3,[[]:IBaIOU_II/Ie IIPOTOHBI

Ilns wmcenemopanmii 66110 BEIOpano fmpo 47Dy, KpeMHHeBLI IeTeKTOp permcTpHpoBas
3ala3IbIBalolle IPOTOHLI ¢ reoMeTpudeckol sddextusnoctbio 20% or 47 u paspemennem
30 k5B, a Nal nerexTop peructTpupoBas CIeKTp MOJTHOTO MOTJOMIeHNs. Takoll pexKuM TO3BOIISIIT
OTIPeNEeTSITH BEPOSTHOCTH pachiaia mo Kananam (£p), (4v) u (Spy) B 3aBECUMOCTH OT YHEPTUE
BO30YKICHN.

buinn nmonyuensl ciaenyrolme pe3yabTaThl

a. Ha puc.h mokazan mpoTonHbIll criekTp. BumHo, 4T0o OH He SBISETCSs CTATUCTUYECKUM —
BUIHBI HECKOJIBLKO NOCTATOYHO OCTPHIX MIKOB.

6. Ilporomnas BeTka npu pacnane ocHoBHoro cocrosuus 4Dy (I"=1/2T) pasna
4.5(20)x10™*, a mpu pacmane msomepnoro cocrosuus ( [T=11/27) cocrasaser menee 107°.

B. (vp)-coBnamenns B Tpenenax MOUPEITHOCTH He HabIIOMalOTCs, TaKIM 00pa3soM BepOsT-
HOCTH TIPOTOHHBLIX MEPEXofIoB Ha Bo30y & nennble coctosuns 6Gd mpenebpexumo mama ( Menee
1% ot nepexoma Ha OCHOBHOE COCTOSHIUE).

[To skcnepuMeHTATBHBIM HaHHBIM Oblila OlpefesieHa YHepreTuYecKas 3aBUCUMOCTD BeJTUYN-
wel 1,/ 15T; , roe I3 — BepOSITHOCTH 3acerleHus IpH S-paciajie YPOBHEN, eKaIInX B Ol peeseH-
HOM SHepreTHYecKoM HHTepBaje, [, — NHTEeHCHBHOCTDL IIPOTOHOB, MCILYCKAaeMbLIX B COOTBETCTBY-
folreM nHTepBasie, 1; — KO>PPUINEHT TPAHCMUCCUH, OIPENEIISIONINI BEPOSITHOCTD TTPOXOK ITe-
HUS TIPOTOHA depe3 MOTEeHNalbHbI 6aphep. JTa kKe 3aBUCUMOCTH Oblila pacCunTaia B paMKax
CTAHIAPTHOTO CTATUCTUYECKOTO MoNnxona. Pe3ynbraThl pacdeTa U 5KCIEpUMEHTa TTOKa3aHbl Ha
puc.6. Hu o xakom coriacum TOBOPpUTH Hesb3s. Kak BumIHO m3 puc.H, B MPOTOHHOM CIEKTpPe
BUIHBI HECKOTBLKO MHTEHCUBHLIX JiHwi. CaMble cuiabnbie n3 HuxX uMmetot sueprun 2.0; 2.18; 2.54
n 3.26 MbB. Paccrosnms mexny nukamu kpatibl Benmuune 0.18 M»B. Habmonatommecs B
CIEKTPe MIPOTOHOB KOPPENAIINT JOIKHBI OTPa)aTh KOPPEIAINN YHEPT Ul yPOBHEH WHTEHCUBHO
3acessieMbIX F-pacianoM, To eCTh YPOBHEN, B BOTHOBBIX (PYHKIINSIX KOTOPBIX BETUKN KOMITOHEH-
ol ['T-Bo30y K mennii. Anamorudmbie KOPPEISIIUT MOKHO YBUIETH pn GeTa-pacrmaie U Ipyrux
sep. Mbl mpoBesu aHaIU3 IUTEPATYPHBIX NAaHHBIX YHEPIETUYECKNX WHTEPBAIOB MEKIY YPOB-
HIMU, THTEHCUBHO 3acelisieMblxX paspeliienabiMu ['T-lepexomamMu B cpenHux m TsKeTbIX Sapax
(A > 20). PaccmarpuBanuch nepexonsl tuna 07 — 11 npu pacnage 4eTHO-4eTHBIX saep u
nepexonsl 17 — 07 mpum pacnmane HedeTHO-HeWeTHLIX sAnep. BLIscHWIACH yAUBATENIbHAA 3aKO-
HOMEDPHOCTb: 3TU WHTEPBAILI B TONABIIAIONIEM YUCIe CIYyYaeB yIOBIETBOPSIOT COOTHOIIEHUIO:!
E =2hw/nA, rne A - maccosoe uncsio, an = 1, 2, 3, 4. Beruunna sueprerudeckoro Kosdduiiu-
enta hw = 53(5) M»B [8]. BameTnm, 4T0 paccTOAHNS MeXKIY TUHUSMI B TPOTOHHOM CIIEKTPE
COOTBETCTBYIOT 3Havennio hw, Takxke pasaomy 53 MbsB. Obmapykentoe siBienne He yKiIambi-
BaeTCs B PaAMKI CYIIECTBYIOMINX (PEHOMEHOTOTMYECKUX SIIEPHBIX MOJEEN.
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Puc.6. CpaBrenne 5KcIepnMeHTaIbHOI SHep-
reTiaeckoit 3asucumoctu Beanannst L, /15T ¢
paccUYNTaHHON O CTATHCTHIeCKON MONemn.

Puc.5. CnekTp 3ama3aeIBaollnx IPo-
tonos 4" Dy.

3aHa3,[[I:IBaIOU_II/Ie HEiITpOHbI

1 IepBBIX ONBITOB 110 UCCIEIOBAHIIO KOHKYPEHIINN MEK/IY UCIYCKaHUeM 3alla3/lblBatOIImX
HEeTPOHOB 1 Y-KBAHTOB U3 COCTOSHUI, JICKAIUX BBIIE YSHEPIUN CBSI3U HEATPOHA, MbI BLIODaJIH
sapa pyOuanms ¢ MacCOBLIME unciiaMn 92-94 1Mo cIemyIomnmM cooopaKeHmsIiM:

a. Pagnoax TuBHLIE MCTOUHUKN PYOUAMS, MOdydYaeMble IpU Ae/IEHUN YpaHa IPOTOHAMU Bbl-
JEAI0TCS Macc-CellapaTopoOM ¢ BBICOKON >PQPeKTUBHOCTEL 1 6e3 BCAKUX IpuUMecell, 4TO oYeHb
BayKHO [PU U3MEPEHUN MaJIOMHTEHCUBHOIO XBOCTa CIEKTPa HOAHOIO MOIJIONICHNS.

6. Pacmanmabie xapakTepucTHKR >THX H30TONOB — Hepuon Homaypacnana 1y, sHEprus pac-
nama ()3 U SHEPTWS OTMeNleHnst HelTpoHa B, B OYepHUX sapax 1 BeININHA HENTPOHHON BETKN
pacnapa b, xopolo usBecTHbl. X 3HaueHUs OpuBeneHbl B TabIuIe.

B. Jlng mzoromos “*Rb u ?*Rb mmeroTcs xopoltio n3MepeHHbIe Heli TPOHHBIE CIeKTPhI, TpIYeM
s “Rb msMepenbl mapiuaibEble HelTPOHHBIE CIIEKTPE Ha BO3GYKIEHHBIE COCTOSHUS odep-
Hero sanpa *Sr.

Tabmuma

OcuoBuble XapakKTEPUCTUKE paciaga W30TOMOB PyOImims

AT [Tisc | Qs MsB | B, MsB | b,, %
92 154(12) | 8.111(12) | 7.366(12) | 0.0109(12)
93 | 5/2 | 5.83(3) | 7.485(15) | 5.237(6) | 1.40(3)
94 |3 | 2.702(5) | 10.304(30) | 6.785(14) | 10.1(6)

[IpaxTuueckn Bech pacman “*Rb npomcxomut ma yposrn muxke B,. B oxwo Qs—B, nomanaer
we Gonee 0.01% pacmanos,unymnx mo xamany (7). Tak kak HefiTponHas BeTKa COCTaBISET
0.011% pacnanoB, To OTHOIIEHNe HEHTPOHHOIO KaHala K raMMa-KaHaJly B 5TOM OKHe GOJIbIIe
eUHUITEL.

CnexTp nonHoro norjomenus vy-aydeil Rb noxasan ma puc.7, a noaydeHHble U3 HEro Be-
posTHocTn pacnana “’Rb no xamamy (v ) mpusemensr na puc.8. 3 pucyHKoB BuIHO, 4TO
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3aMeTHOe KOJIMYeCTBO ~Y-JIyUeld MCIYCKaeTcsl ¢ YPOBHEN ¢ sHeprueil Bo3OyKAeHus BIIOTH 1O
SHEPIUN pacnana, 4To bosiee uem Ha 2 M»sB npesbittaeT sHepruto oTnesenus weiiTpona. Mak-
CUMYM 3aceJieHus MPUXOMUTCs Ha ypoBHU B patione 4 M»sB n cymmapnoe 3acenenne ypoBheit
npu sHEprun Beime B, cocrasnser okono 3%.
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Puc.7. CuexTp MOIHOTO MOTIIOIIEHNS Puc.8. BeposTrocTn pacnana “>Rb no xana-
y-nmyueii “Rb. 1y () B 3aBUCHMOCTH OT SHEPT U KOHETHOTO

COCTOSAHNA.

Cnex1p nosnsoro noriomenus **Rb 1 cooTBeTcTBYyIONIE €My BEPOSTHOCTH paciiaia 110 KaHa-
ay (f~) mokasaner Ha puc.9 w puc.10. 3ameTHOe YMCIO Y-ITyUeil TaKKe NCIYCKaeTCs ¢ yPOBHETT,
Ha 2.5 MbB npesbimatonux sHepruo oTheleHns HeHTPOHOB, HO BOIU3N ()g Y-CHEKTP IPaKTU-
YeCcKn OTCYTCTBYeT.

Ucnonw3yst onybnmkoBaHHble NaHHBIE MO HENTPOHHBIM CIIEKTPaM, MbI OITPENeSIiINn OTHOIIIE-
HIle BEPOSTHOCTEN paspsIKu ypoBHeil mo weiTponnomy (Ig,) n ramma ([g,) kanamam P(E) =
14,/ 13, yepenuennoe mo mnrepBasam 0.2 M»sB, uro 6amsko ¥ paspelnienuio Hallero crekTpo-
MeTpa B obiaactu 5 M»sB. He6naronpusTubiM obcTosTenscrsoM mias “°Rb apiasercs To, 4ro
IIJISE HETO MMEIOTCSI TOJBKO M3MEPEHUs WHKITFO3MBHOTO HelTpoHHOTO crekTpa. Ho Tak xak Ha
BO36YKIEHHBLIC COCTOSHUS nodepHero *2Sr unet Beero 14% HellTpoHOB, TO HeolpeNeIeHHOCTD B
HEl TPOHHOM CIieKTpe He chiibHO nckaxkaeT P(F) no sneprum mepsoro yposns B “*Sr (0.8 M»B).
Ha puc.11 nokazana 3aBuCIMOCTD P(E) mrst 2Rb. Ias “Rb numerorcs mapruuaabHble HeH TPOH-
Hble CIEKTPHI IS pacliajia Ha OCHOBHOE U TPU BO3OYKIMeHHBIX cocTosHus 213, 433 u 986 ksB.
Buavenus P(F) nns >tux ypoBHell nokasamnbl Ha puc.12. Ha 5Tux Xe pucyHKax mpuBeneHsl
pPe3VIbTAThl PAcueToB 10 CTATUCTUYECKON MOMmean ¢ AByMs Habopamu mapameTpoB. Bumho,
YTO IJIS W30TOMOB PYOUMMST B 3TOM MOMXOME MOJIYUAIOTCS CUIBHO 3aHWKEHHbIe NHTEHCUBHOCTH
raMmMa-paspsiKi.

ITapHbIe KOppensanuu CBEPXIPOBOAAIIETO THUIIA
B obstactu Z—=64, N=82

dnpa ¢ MarndeckuMu gnuciaMu MPOTOHOB U HEHTPOHOB BaKHBI JIJISI TTPOBEPKU Pa3TNIHBIX
STIEPHBIX MOJIENTel W TeopeTHYeCKUX TOIXON0B, TTOXTOMY COOBITEeHNe O BO3MOXKHONW MarmndHO-
ctn gnpa *°Gd npusnekno BHIMaHIE TEOPETHUKOB U YKCIEPUMEHTATOPOB K MCCIICNOBAHNIO €ro
CBOICTB.
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Puc.9. CuexTp MOIHOTO MOTIIOIIEHNS Puc.10. Beposrroctn pacmama “*Rb mo ka-
y-nmyueii “*Rb. Hasy () B 3aBHCHMOCTH OT SHEPTUH KOHEU-

noro cocrosinus (% na 57.3 xkoB).

C ommoft cTOpPOHDBI, HEKOTOPBIE CBOWCTBA HTOTO AMpa XapaKTEPHBI ISl MaTUYECKUX SIIED.
B uacTHOCTH, TIepBLIM BO36YKINEHHLIM cocTosHueM sapa 46Gd sBngercs cuabHO KOJIeKTH-
BU3HPOBaHHBIL ypoenb 1"=37, xak u B gape 2°*Pb. C npyroil cTopoHbBI, 5>TH CBOHCTBa HOCAT
TOJIBKO KaueCTBEHHBII XapakTep. Marmdeckue cBoiicTBa Sfep ¢ 3aMKHY THIMI 060109KaMi 00y-
CJIOBJIEHBI HAJIMYUeM OOJIBIIION YHEPTETUUECKON eI, pa3lesstonieil 060I0UKM, YTO TPUBOIUT
K 3HAUYMTEIBLHOMY TONABIEHNI0 TapHbIX Koppenstuuii. [losTomy nist oTBeTa Ha BOIpOC, SIBIIS-
ercs am aapo 6Gd mBakIbl MarumyecKuM, HY:KHO ObLIO ONPENe/IUTh B HeM BEIMUMHY HapHBIX
koppersnnii. C 5Toil Hesbio MBI poBesn nccrenopanne Sg+ anpa 7 Th, nis koToporo 4eTHo-
YeTHBIM OCTOBOM siBiseTcsi cucreMa Z=64, N=82, To ecTh MOKHO ObIIIO TTPENTOIOKUTH, UTO
9TO SLIPO UMEET [IBaZK/Ibl MAIMYECKIIL OCTOB ITIOC IIPOTOH B COCTOSHUN hyq/2, Tak Kax y 17" T'b
["=11/27. B sToM mpenmonoxenun B Sg+ HOTKEH HabIIONATHCS TOILKO ONUH HHTEHCHBHBIH
K, COOTBETCTBYIOMINI ONHOYACTHIHOMY Tepexony 7(hi1/2) — v(hgse). CymecTBenno, ato B
caygae pacmana ‘7 Th I'T-mepexomsl MeXIy APYTUMHI OPOHTAISIME 3alpelleHbl MpUHITHIOM
Maynu. [Ipr Hamwunm napHBIX KOPPESIINNA OKa3bIBAIOTCS BO3MOKHBIMI TTEPEXObI ¢ Pa3PbIBOM
KYTepOBCKOIl Haphl, HaXonsdlleiics Ha ypoBHE hyq/y, B pe3y/IbTaTe Yero MOSBUTCA BTOPOH pe3o-
HAHC, CBSA3aHHBI ¢ TIEPEXOaMI Ha COCTOSHUS THIA Thy1/2[vhg/a, Thi1/2]lT. OTHOmEHNE HHTEH-
CUBHOCTEN 5TUX PE3OHAHCOB ONPENENIeTCsl BEPOSITHOCTHIO OOHAPYKUTH KYIEPOBCKYIO Mapy Ha
opbuTamm hyy/;, a IX 3HEPreTHIeCKoe pacIlelieHre onpeneseTcs BeTNINHON cIapiBaTeIbHON
TN,

Honyuennas B pesyabTaTe obpaborkn Sg+ mis 7™ Th nokasama wa puc.13. [lux mpu suep-
run 1.4 M»sB cooTBeTcTBYeT OnHOUACTUYHOMY MEPEXONY, a IIMPOKON MaKCUMYM TIPU SHEPIUH
okomo 3 MsB TpexuacTH9HEIM mepexomaM ¢ pa3pbiBOM Hapbl TPOTOHOB Ha YPOBHE fiq1/9. s
ompernesieHns TapaMeTPOB HapHLIX KOPPeIsIuii OLIIH IPOBEeNeHbl pacdeThl Sg+ B IPUOINKEHIN
RPA+BCS co cranmapTubim nabopoM mapamMeTpoB Momenn. U3 cpaBHenus pacdeTa n SKCIEpPH-
MeHTa oIy YeHbl 3HadeHus maphoil Koppensmmonnoil yuxmmun A=1.0(2) M»sB n BepostHOCTH
HallT; Tapy MPOTOHOB Ha YPOBHE hyq/s, V? =0.12 - 0.14. Cnenyer no6aBuTh, 4To OpU pacraje
HM5Gd ( Z=64, N=81) Tax xe mabmonaeTcs pesonanc ¢ sueprueii 4.7 M>B n Manbiv snauenmem
logft , KoTopBIl MOXKHO OOBACHNTE TOTBKO Pa3pBIBOM Maphl Ha ypoBHE hij/. Takum obpasoM,
MBI IPUXOIHUM K 3aK/II0UeHIIO, 4To eciau aapo 9Gd B 0CHOBHOM COCTOSHIN MOZKHO C ONpeNeseH-
HBIMW OTOBOPKaMI CUMTATH MBAKIIBI Marm4ecKuM, To NobaBileHre K HEMY BCEro OTHOTO HYKJIOHA
MPUBOAUT K TIOSBIEHWIO CYIECTBEHHBIX MapHBIX KOPPEJAINil U K yTpaTe STUX CBONCTB.
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Puc.11. OtrHourenne mHTeHCUBHOCTE

pacnana “’Rb no xanamam (8n) u (87)
Ha OCHOBHOe cocTosHme °2Sr.

Puc.12. OTHoulenne uaTeHCUBHOCTEN pacia-
na **Rb no xamamam (Bn) u ($7y) na ocHos-
HOe cocTostHMe (1) I Ha BO36YXKIEHHBIE YPOB-
Hu **Sr 213(2), 433(3) u 986(4) k>B.
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Puc.13. Cunoas dpynkums 6eTa-paciana gapa 4™ Th.

N3mepenne sHepruii 6eTa-pacmnaga

Macca sBiseTcs omHON 13 PyHIAMEHTAIbHBIX XapaKkTePUCTUK aTOMHBIX Sep, MOYTOMY
n3ydeHue SIepHOd MacCOBOI TIOBEPXHOCTH €CTh OfAHa 13 OCHOBHBIX 3ajlad SIIepHOW (PU3MKH.
B obnactu, ynanenHoll oT TOJIOCH CTabMIILHOCTH, SKCIIEpUMEHTAIbLHbIE 3HAYEHUS MacC saep
MOJIYYal0T B OCHOBHOM W3 OINpeNeeHnll SHePruil uxX albda- uian Hera-pacnania. FerecrBenno,
YTO (-pactiajl TPUTOIeH TOIBKO [ ompeneienus Mace Taxennx snep (N>84). Oupenernenne
SHepTHH [-pacmaa sBIASeTCS YHUBEPCATHLHLIM METOIOM WCCIIENOBAHNS MaCCOBOM MOBEPXHOCTN
B o0JTacTu ynaJeHHbIX OT MOJOCHI CTabMIBLHOCTH sAep.

[Tockonbky pacnan ynajleHHBIX sfep MPOUCXOMUT, KaK MPaBUio, Ha MHOIO YPOBHeEN, TO mc-
HOJIB30BaHIE CTAHIAPTHLIX METOIOB ONpeNesIeHus (Jg MOXKET NPUBECTU K OGOIBIINM HOTDEL-
nocTssM. HaMu 6b11 mipesioxken MpUHINTNAILHO HOBBIM METOI M3MepeHul snepruit (-pacmama,
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cBOOONHBIN OT METOMNYECKIX OIMNOOK CTaHIaPTHBIX MeTONOB. [IpuHIINT MeTona COCTOUT B Cle-
nyioteM. [Ipw GompImx s>Heprusx Bo30yKIeHNs B TsKenbx sapax (A>100) mmoTHOCTEL ypoB-
Hel, Ha KOTOPbIe BO3MOXKEH [3-paciall, NJOCTUTaeT COTeH u maxke Toicsd ma 1 M»B. Paspsnka
9TUX COCTOSHUN TPOUCXOMNT KacKalaMu Y-KBAaHTOB. CTEKTPOMETP MOIHOTO TOTJIOMIEHNS CYM-
MUPYeT SHEPI IO KBAHTOB KacKaa, Mo3TOMY I'pDaHUIa Y-CleKTpa OyIeT onpeneiasThCs YHeprueit
TIOCITETHETO YPOBHS, 3aCelIIeMOro [F-pacianoM (€-3axXBaTOM), TO eCTh dHepPTHell paciaia Hccie-
JIYEMOTO siIpa ¢ TOYHOCTBIO N0 (PIYKTYAIMil pacCTOSHUN Mexny ypoBHsMu. s onpenenenmns
()5 10 IpaHulle CIEKTpa HEOOXOMUMO aHaJIM3UPOBATH (POPMY CIEKTpa BOIM3N I'PDAHUYHON dHEP-
run. [[moTHocTs 3acenenus ypoBHeln 3-pacmanom OmpeneaseTcs BhIpaKenmeM:

](E) = Sﬁ-l' (E) T1/2f(Qﬁ - E)v
rne Sg+ — cunosasi Gynkuus F-pacnana, 1/, -nepuon momypacnana, [(Qs — F) — dyukims
®epmu. Ecm Sg+ m3BecTHa, TO MOKHO MONYUNTh () PUTHPYS 3KCHepUMEeHTaIbHEIC 3ace/leH-
noctn, Tak Kax f(Qpz — I) xoporo nsectia, a T/, ompenenseTcs B H9TOM Ke HKCIEPUMEHTE.
Onmaxo Sg+ obbrano memssecTHa. IIpm pasyMHBIX mpenmonoxeHusx o dpopMe Sg+ BOM3N (g,
OCHOBAaHHBLIX Ha pe3yIbTaTax SKCIepPUMEHTa, OlIMOKa Hallero MeTona B ()g oOBIYHO HE IIPEBLI-
maeT 80-100 x»B.

[Ipu m3mepenun HeUTPOHOMEPUIIMTHBIX slIEP DHEPTUS pacliajia MOXKeT ObITh OlperneseHa
Kak To I'paHulle y-CIeKTpa, Tak U 1Mo SHepre TUYeCKON 3aBUCUMOCTH OTHOIIEHUS BEPOSTHOCTE
e-saxBata un JT-pacnana. Ilpu sTom He urpaer ponu Hu popma Sp+, HUI CIOKHOCTL PaspsaKu
BO30OYKIEHHBIX cocTosiHUM. [lorpenrHocTs onpenesnseTcs B OCHOBHOM CTATUCTUKON U KOHEUHBIM
paspellieHreM CleKTpoMeTpa, U B JIyUIINX onbiTax cocTasiaseT okoio 30 koB. B patore [9]
npuBeneHo 64 3navuenus (Jg , U3MEpPEHHBIX HaMM, U3 HUX 32 ompenesensl Buepsele. CpaBHeHME
32 pamee m3MepeHHLIX 3Hadennii Qg ¢ MpuBeneHHbIME B 0630pe Bamctpa n Aynn (1985) mam-
HBIME [OKa3aJio, 4To, 3a HCKJodenueMm onHoro ciaydas (Y'Eu), onu coBmamaior B mpenenax
OMHOKPATHON TOTPEITHOCTH. DTO CIAYKUT MOATBepKAenneM >pPEeKTUBHOCTHU TPEMTOKEHHOTO
MeTOIA.

3akirodeHne

[TonBemem ocHOBHBIE MTOTHU HAINX UCCIETOBAHWI.

1. PaspaboTan HOBBII MeTOM UCCIAENOBAHNS CTPYKTYPHI S/l€p, OCHOBAHHBIN Ha PEruCTpallni
KacKa/ioB Y-KBaHTOB B 47-TeoMeTpUN METEKTOPOM C BBICOKOU 3(PQPEeKTUBHOCTHIO TOITHOTO TIO-
rromenwsi. [[pumvenerme sToro MeTonma K mccmenoBanmio J-paciaa sifaep, yIOATeHHbIX 0T oba-
CTU CTaOMITLHOCTH, TIO3BOJUIIO B MPSMBIX U3MEPEHUIX N0Ka3aTh CYIIECTBOBaAHWE PEe30HaHCHOMN
CTPYKTYPHL Sg+ KaK YHUBEPCAILHOTO CBONCTBa aTOMHBIX SIep.

2. PaspaboTaHbl MeTONBI TEOPETUIECKOTO pacieTa CTPYKTYPHL g+, KOTOPBIE OYeHb XOPOIIIO
OTMUCBLIBAIOT TOJOKEHWs 1 WHTEHCUBHOCTHU PEe30HAHCOB 0e3 MCIOoNb30BaHus KaKnx-a11bo ¢BoOOII-
HO BapbUpyeMbIX MapaMeTpoB, KpoMe OmHOTO — 3(h(OEeKTUBHON KOHCTAHTHI ¢J1aboro akcuaabHO-
BEKTOPHOI'O JIENTOH-HYKJIOHHOTO B3aNMONEHCTBHS.

EcTecTBEHHO BO3HMKaeT BONPOC — SBISETCS JIU CYHIECTBYIOIIAs TEOPUS JIUITL CIOCOGOM
onucanms OOJBINOTO YKCIa YKCIePUMEHTAIbHBIX TAHHBIX OTHOCUTEILHO MAJbIM YHUCIOM Tapa-
MeTPOB, TO €CThb SIBASETCS MPOCTO XOopolleil (HPeHOMEHOJIOTUIECKON MONeTbIo, WU Ke Teopus
cnocobHa 1 Ha 60sbiee. B wacTHOCTH, cIOCOGHA 7T T€OPUS OMUCHLIBATDL paciiall HabItomaeMbIX
PE30HAHCOB MO pasnnyHbiM KanagaMm! OKa3aaoch, 9TO B paMKaX CYIIECTBYIOIINX MOIEIel Mbl
HEe MOXKEM B psiie ciydaeB Najke KadeCTBEHHO ONMCATh paclall pe30HaHCOB HU 1O OJHOMY U3
HabITIoIaeMBIX KaHaloB paciafa ( MPOTOHBI, HENTPOHDI, TaMMa-KBaHTEI). Pacxoxknemnme sKce-
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pUMeHTa 1 pacdeTa NOXONUT N0 HECKOILKWNX MOPSAKOB, TpUYeM B DKCIIEPUMEHTAIbHBIX TaHHBIX
MPOSIBISIIOTCS ONpeie/ieHHble 3aKOHOMEePHOCTH, KOTOpble He YKIAIbiBAIOTCI B pAMKHU CYIIEeCTBY-
IOINX TPENCTABIEHUN 0 CTPYKType snpa. Hanubie mo xoppersinontnonn ~ TOHKOW cTpyKType”
mpuBenennbie B pabore (8], GakTuueckn yKasbBalOT Ha CYIIECTBOBAHUE KAKUX-TO HE YUNTHIBA~
€MbIX B MOMIEJISX TpaBuil oTOopa, ClieloBaTe/TbHO, NOJIKHBI CYyIIeCTBOBATHL 1 KaKie-TO crernudn-
JecKrue KBaHTOBBIE YHUCIa, COXpaHeHne KOTOPbIX, C OTHOW CTOPOHBI, TPOSIBISIETCS. B PE30HAHCHON
CTPYKTYpe CUIIOBBIX (PYHKIIN, &, C APYTOil CTOPOHBI, TPUBOAUT K yCUIEHUIO TUOO0 K TIOMaBICHITIO
pacrana >THX Pe30HAHCOB M0 Pa3INnYHbIM KaHasaM.

Mb1 BUAMM, UTO MCCAEIOBAHUS paciiajla TaMOB-TeIIePOBCKIX PE3OHAHCOB, BO3OYKIAeMbIX B
OeTa-pacniane yIaJeHHBIX sIep CTaBsiT CEPhEe3HYIO 3aady — HeoOXONMMO CpOpMyInpoBaTh Te-
OpuIo siApa, OCHOBAHHYIO Ha (PYHIAMEHTAIbHLIX CUMMETPUSIX 1 HE MCHOJIb3YIOUIYIO (heHOMEHO-
JOTMYECKUX MOTEHIINAIIOB TUMA CIUH-OPOUTAIIBHOTO B 5GdeKTUBHOM cpenHeM 1oje. BakHoCTh
MOJIYYEHMST HOBBIX SKCIIEPUMEHTABHBIX HaHHBIX 0 BO3Oy:KAeHun u pacnane |'T-pesonancoB e
BBLI3LIBa€T COMHEHUS.
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