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I. RHETTl@IB 

0.IOmM HS BalKHelllmx HanpaBJiemrl!: ~8mtll 8TOMHOI'O H,Iijl8 smJJJieT-

CJI H8YtJ8lil'l8 B086yJOJ;eHHHX COCTOJimrl!: ,mep. OcHomme napaMeTPU, xa
prutTepRSYJ)llllie TaKHe COCTOJIHHSI, - :no :meprwr BOS6yJOJ;emur, BpeMJI 

lm8HH, napl(lla.m,HHe lllllJllJHH, 'I8'lHOCTl>, CllHH, Mal'ImTmd MOMeHT. 

Bee 9Tl! BeJIHtzmm HCCJI8,ItyDTCJI M~To,n;ru.m ,mepHo! cneKTp0CKOnim~ a 

cru.m H,Iijl8 B BOS6yllt,n;emmx COCTOmmmc llOJiytzamcg B pesy.m,TaTe ,mep

HHX peruannt cSMOro pas.mrtmoro Tmta. Jlytzme Bcero JISYtJ8HH lil'ISIIIHe 

COCTOJ!Hl'IJ!, xy1le - BUCOKOB086yllt,n;8HHH8. ~ecTByeT, O.n;HaKO, o6JiaCTI, 

,Il;OBOJil>HO.BHCOKOro BOS6yJr.I(eHHJI, H8YtJ8HH8J! OtzeHI, llO,Iijl06Ho. Taityl) 

B08MO!tHOCTl> .n;aeT'HeitTpoHHan: cneKTp0CKOllHJ!, lICllOJil>SynIIWI B88H

MO,IJ;eitcTBRe M8.It,7!8HHHX Heit'l'poHOB C H.lU)SMH. }J;m cpe~ JI TSIEeJIHX 

smep xqm aueprim BOS6YJr.Itemm 6 - 8 MeB, o6ycnoBJieHHott aueprReit 

CBSISK H6i1TpoH8 1 Cpe,IJ;Hee paCCTOJIHHe ~ YJ)OBHRMH - llOPJW(a H8-

CKOJII,KWC aB.3TO llOBBOMeT, RCilOJil>BYJ! HeitTpoHH C BHeprReA 11.0 KHJIO

aneKTpoHBOJil>Ta, HS~TI, 11.M ~Oro SJ,1ij)a ,Il;8CJ!TKB, a HHOr.tta R 

COTlil'l YJ)OBHel. ' -· 

B pesym,TaTe o6umpHHX RcCJie.D;oBSHd, Be,nym;nxCH :eo MHoI'HX .na-

6opaTopm MRP8 Ha Iij)OT.aJtemm llOCJI8JtH)DC ~TB neT, 'nOJiytzeHa 

6oraTM HHqiop,m.nwr O CBO!CTBSX HeitTpoHHHX peBOHSHCOB npaKTR'I8C

KR Bcex CTad:wa,HHX lI H8KOTO:pHX pa,ItHOSKTRBHHX ,mep. Onpe,D;eneuo 

BHepremecKOe llOnOJltelil'le pe8OH8HCOB 1 EX He!TpoHHaJI nmpmm. Bo 

MHOrRX CJiy'IMX onpe,D;eneHH pA)tl(SWJOHHH8 nmpmlH R CIIRBH ypoBHel. 

0 6bE.DJ1HEHlibH1 "1HCTV!TYT 

~L~:" ~ ~;i(!,fX t•1C cnf .Q08AHt1rt 

6M6nv10TEKA 



Bee 9TB ,ttall}IHe JIOSBOJIJJJm ycTaHOmtn ~e.nmt pJl;I( SaKOHOMOPHOCTeff B 

C'fPYKTypEl Jl,lij)a JI MeX8BJ!:SMe pe~ ·c Me~emoom HeffTpoHBMR, cos

,ttaTl> TeOpeTll'ieCRHe MO.n;emr. 

B HaCTOJm{ee BpeMll Ha JIOBecTKe .ItlUI CTOHT sa.n;a,m JIOJryqeHlIJt 

RatieCTBeHHO HOBO! imqx,~. pacnmpsmnei 1tpyr ll81lIHX SHrumff 0 

KOMIISYH,,Il;-COCTO.lllmH. K tmCJIY HanpaJ3Jie:imtt, .n;annux TrutyJ) mI/popMaUllll, 

MOltHO OTHeCTH HCCJie.n;oBrume s@'}eKTOB Mal'HHTHoro H s~eKTPHtieCKOro 

cBeprromwx BSaHMo.n;ettcTBd B HettTpomnzx pesoHaHcax. 

Ha6Jll'.UJ:eHHe CBeprroHKott CTpyKTypH B OllTlr'IeCKHX CJieKTpax B 

CBoe BpeMII llO3BO~O onpe.n;eJIHTL MaI'HRTHHe MOMeHTU CTa6MI,HHX 

a,n;ep. IIos.n;Hee SHatmTe~HWi: nporpecc B HCC~e.n;o:aamm CBepXTOHKHX 

Bsam.m.n;eiicT:emi ,Il;MO OTKPHTHe Meoc6ayapoM 6eSOT,ttatIHOro Hcnyc:itamm 

H nor~ome:im.e: raMMa-KBaHTOB. IIpH STOM cymeCTBemmM HBJ!liJIOCL TO, 

'!TO lllHpllHa Ha6.mo,naeMO:lt B sxcnepm,reHTe ~ 6~ llOPH,l)lta lfJnr MeHL

me 8Heprmi: CBeprroHKoro BSaHMO,Il;eHCTBHJI. lvIJI HeiiTpoHHUX pesoHaH

COB CHT~ cymecTBeHHO OCJIOJlWieTca TeM, ~TO co6CTBeHHM lllHplfHa 

pesoHaHca Ha 3-4 nopsr,ItKa 6o~me aHeprHlf cBeprroHKoro BSaHMo.n;ett

CTBHJI. O.Il;HaKO sa.n;atia SaMaJitIHBa, TaK Kalt IIOSBOJUieT npoHlfKHYTL B 

o6MCTL He:e:syqemnzx CBOfiCTB a,n;ep: H3M8J)llTL MarHRTHHe MOMeHTU KO¥

nayu.n;-cocTomntli: H lfSMeHeHHe /poPMH a,n;pa npn BOS6y.llf,Itemm .n;o sHe~; 

rmI 5 - 8 MaB. 

Hmte 6Y]IYT OllHCaHH 8TB HCC~e.n;OBaHRII, npoBe.n;emme no.u; py

KOBO,Il;CTBOM H npn HeJiocpe.u;cTBeHHOM yti8CTIDI aBTOpa B nep:e:o.u; I97O

I980 r.r. B Jia6opaTop:e::e: HeiTpoHHoil q>HSHKH OIDilf, H paccMOTpeHU 

no;ryqeHHUe pesy~TaTH. 

MaTep:e:MH, Bome,nm:e:e B .n;nccepTaum>, Ony6JlllltOBaHH B BR.n;e CTa

Teit B zypHaMX n ,Il;OKJra,ItOB Ha BCeCOJJ3HllX n Melr,eymlp0,Il;HHX KOHlpe-
peBnJJJIX /I-I5/. .. 
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2. MAilrn:THHE MOMEHTU KOMIIAW-COCTomrn:L! .flUEP 

CymecTByeT pJl;I( M8TO,Il;OB onpe.u;e~eJUIJI Mal'HHTHUX MOM8HTOB 

Bos6yl!U{emmx cocToa:imtt a,n;ep. Han60JII,11Iee pacnpocTpaHemre no-

Jiy,mJIH MeTO.u;H, OCHOBaHHHe Ha s@?eKTe Mecc6ayspa H BOSMYme-

mm yr~oBllX xoppeJIJill;IIfi, c noMOIJll,lO KOTOPU:X: Ha.KOITJieHa 061llllp-

HM HHCpOl)MB.IUm O Mal'HHTHUX MOMeHTax a,n;epHUX YJ)OBUeft • Orpa-
' ' ' 

HlfCieHHeM neJ)Boro MeTO,tta no SHeprn:e: SIBJmeTca HeBOSMOZHOCTL Ha6-
i 

m:memm HecMememmtt JIHHHH np:e: suepnm: raMMa-nepexo.n;a, npeBUmal(J]leii 

IOO KsB, a no BpeMeHH Jm3HH COCTOffiil!J'I ,Il;OCTyIIRHM sm.imeTCR llHTe~ 

BM BpeMeHH I0-5 - IO-II C • MeTO,It BOSMY!lleHHl:lX yr~OBHX KOppeJUI-
- ,•, ' l ,, ,, " 

~ SIBJmeTca 6o~ee ymmepc~HUM :e: no aHepr:im Bos6yl!U{eHHoro coc-

TOmmJI, H no BOSMO'1tHOCTH npo.n;:mmyTLCJI B O6J:ra.CTL MEllil>llmX BpeMeH 

DSHH, OltJISKO H JI,JfR Hero KOMIIayu.n;-cocTommJI, BOS6y3,ll;aeM!le np:e: 

SaXBaTe HettTpoHa, JJBJlSIDTCH He,Il;OCTymmMH. 

BnepBUe Ha BOSMOltHOCTL HSMepemm Mal'HKTHUX MOMeHTOB HettTpoH-

HUX peSOHSHCOB yxasM ~.JI.IllaJmpo/I6/. HM 6~o npe.u;mllteHO l!C-

no~SOBaTL JI,JfR onpe.n;e~eHHJI MarHHTHHX MOMeHTOB SHepreTMtiecKHtt 

C,Il;BlII' HettTpoHHHX peSOHSHCOB, BOSHHKaKl]ld_sa Ctl~T cBepXTOHKoro 

BSaHMo.n;e!CTBllSI MBrHHTHOro MOMeHTa g.n;pa C BHYTPlmTOMHUM Mal'HHTHUM 

no~eM B SKCnepm,reHTax C llOJUipHSOBaHH!lMII HettTpoHSMJ! llJIH a,n;paMR. 

PaccMOTIJl™ no.1tp06Hee MexrumsM llOJIBJieHHg n Be~ TaKoro 

c.n;B:e:ra. lvIJI H,Iij)a-MmIIeHH co cIIHHOM I, npoeKIOiett c~a m H Mal'

HliTHUM MOMeHTOM ;u0 np:e: no~ollteHMH MarHHTHOro noJUI H sHe~ 

reTl'!lrecxoe COCTOmme H3M8HSI8TCJI Ha. ,BeJ.lll1DllfY }'Ir, H ,n / I , . AHa

~OrHtIHoe CMemeHHe HM88T MeCTO JI,JfR KO~aYH,IJ;-COCTOJJHWl: a,n;pa noc

ne saxBaTa nettTpoHa. Pesy~Tnpyxmee HSMeHeime sneprmr nepexo.n;a 

Me:ar,n;y pacCMaTpHBaeMID.m COCTOJmJl!JIMl! 

11Ern,m• ·= -H (JUt> j' -;uo ';). (I) 
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.llmt no.nyqemm OKOHtiaTeJII,HOro BHpa.lleHWI, OIDICHBallllero C.JU3RI' 

HeiiTpoHHoro pesommca Ll Eo , HYJIOIO llJJOCYMMHJJOBaTI> i!Em,m' no 

BCeM B03MOl!CHHM COCTOSllUIRM C ytieTOM CTaTHCTR'leCKHX BeCOB }I saceJieH

HOCTett IlO.nyp0BHett: 

tJ.£
0

: L W(m)•W(tn 5 ) (I.1mm~/ JM) a£ m,tn' (2) 
m,rn 1 · • 

OTHOCRTeJII,HasJ saceJieHHOCTI, ypoBHSI sm:pa-MmlleHH C npoeianrett tn MO-

xeT 6HTI> srumcaHa B BHJte 

W ( rn) =- e • f!/XP (...L;/;' • 1; ) . (3) 

CB/l3I> W { 1n) · c no.7mpnsawrett sr.rtep J ,,v Blll)ameTCSI cooTHomeHHeM 

Em W(m) = <rn> =I fu. 
m 

(4} 

.llmt npoeimmr cmma HettTpoHa h? s cTaTHCTR'!ecKd Bee W{m~) BH

palltaeTcsr -qepes llOJUipl!SBWrJJ. HeltTJ)OHOB f n . 

W{±3/'.2)= ½(t::tfn). (5) 

HaKoHert, { I -31n m 
1 

/ J M ) - KoaqxlilmHeHTH K.rre6ma-roM£1Ha. Yc

JIOBReM HOpMHpoBKH BupalleHHSI (2) SIBJISieTCSI 

E W(1nJ:W(m 1 )(l1mm-!,/]fVl) 2
; t. C6) 

m,m~ 
HCIIOJII,Sysr coornomemm (3) - (6), MOJtltO IIOJiytil!TI, BupalleHll'.e .wm 
BeJmtl'.lIHI,[ C,m3HI'8 .0 £ 0 • B . o6~eM BH,Ite OHO JJ:OBOJII,HO rpoMOS,ItKO • 

HO IIpaKTlt"leCRlt 8KCIIel)llMeHT MOlleT llpoBOJtKTI>CSI, ecJilt paBHa HyJIJJ 

O)Via JI3 .n;Byx IIOJUipl!Sal.td :f N lt7m .:f n • a TOr~ BspazeHHe 

II!)lt06peTaeT ,l(OCTaTOtUtO IIJJOCTOil mm. IlpK f n = 0 

/J.£0 = -JNH (Jll,-JU;) 1 J=I-f (7) 

tl Eo = ·-.1H H { [ 1 - {2r+~)(I+1Jlf'Ag-;uo}; 7-=I+½. 
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IIPR f tt :0 

!l£0 = -f /nH[(f-t I} JUo -JW-t], J=I- ½ CB) 

IJ. Eo = - ff n H [( f + 2 i't-1 ) JU-B -JUo], J =I+ '½, 
C,m31tr OTC'lHTHBaeTCSI OT COCTOJDIB.fI ~ OTcyTCTmre o6emc IIOJISiplISartHil. 

IIo.n:cTaBJISISI 'lHCJiemme sHatJemm B orteHKy /J.£0 t::: H (JUe - JU o) , 

IIOJ!ytIHM II!)lt /-/ = I0
6 ~ lI jLI I - /Uo = f. jU ,¥ ( - SU(ep-

Hmi MarHeToH) Ll E0 = 3.I0-6 sB. OTc.JQna BH.ltHO, tJTO TOJII,KO BHYT

pemme uo.rur Ha sm:pax pe,ItKoseMeJII,HIDC aJieMeHTOB, r.n;e Hz ( 4 - 7)· 

•ro6 3, MOrYT o6ecnetJHTI, C,m3I:II', ,l(OCTymratt HSMepeHHJJ. BTOPHM 

Tpe6oBrumeM,npe.zti,SIBJISieMHM K 11cc.rre.n:yeMiiiM .fUtPSM, SIBMeTcsr HaJIHlil!e 

Hl'ISK08HepreTHtJeCKIDC peSOHaHCOB~ TaK KaK CTOJII, MaJIHe C,IU3HI'H He

BOSMOJKHO 3aperHCTpl!p()BaTI, npll 60JII,IIIlIX. 3Heprnmc pesoHrutCHWC Hei!Tpo

HOB 1ts-sa·6ucTporo yxy.n;memm paspememrn no BpeMemi: IIpoJieTa c 

J)OCTOM 8Heprmr (CM • .n;a;ree (13)). K CtJaCTI>I0,060ID11 Tpe6oBalll!RM 

HEm.liy'tJlllRM o6pasOM y.n;oBJieTBOp.fll)T SJ.1(pa HeKOTOpmc pe,ItKOSeMeJII,HHX 

aJieMeHTOB, T8KlIX,KaKTep6Htt, .ztl!CllJJ03Hit, roJII,Mlrli: n ap6Rtt. OHR n 

llOCJIYDJI}I o6~eKTOM HCCJI0,1(0Bamut. 

2.I. MeTo.roma aKcnepl'!llf~H"ta 

Hs .n:Byx Ba!)ltaHTOB 8KCIIel)llMeHTa "':'? IIOJISiplI30BaHllHMZ Sl'.,I!Jl8.Ml'I 

mm IIOJUipl!SOBaHHHMlI HeitTpoHaMR, 6HJI BH6paH uepBwi. IIOJIHl)llSOBaH

HHB HettTpoHH 6HJIH HCIIOJ!DSOBaHH B 8KcnepIDJ1eHTe, llp0Be,1(8HHOM B 

BpyrureilBeHe, O)V{8KO npil 3TOM i1Me0TCSI P.fUt 06CTOSIT8JII,CTB,OCJIOJK-

HSillllflIX mtT~pnpeTamm ,l(aHHHX ll IIOJiyqeHne Ha.n;eJ!tHHX pesyJII,T8TOB, 

II03TOMy OH He IIOJ!ytIHJI pa3BilTRII. Kalt c;re.n;yeT ilS :eupaxe:mm (7), 

Heo6XO.n;HMO H3M8PRTI> C.n;BMI' pesoHrutCa y IIOJUipHSOBaHHWC sr.rtep IIO 

OTHomemm K HeIIOJUipl!SOBaHHHM. .llJrst IIOJUiplt3artIDI pe,ItKOSeMeJII,HWC 

sr.rtep c~eCTBeHHI:,tM 0Ka3HB80TCSI Hanwme BHJTpemmx MarHlITHHX IIO

Jieft H Ha H,I(paX. IIPR .n:ocTaTotJHo HHSKRX TeMIIepareypax T uo.7mp:n:-
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3anruI BeyTpll ,I(OMeHOB B qx:ippoMaFIDITHUX MeT~eCKIOC qom,rax H3 

pe.mmseMeJII,HUX aJieMeHTOB oKasl:lBaeTcst 6Jmsxott x e.mnume. )lettcTBll

TeJII,HO, corJiaCHO Y.SBecTHOH <IoPMY~e-BPR,7lJDOOHa.'' 

.£ = !.I!:_!. tdli(-ZI+t-:;e)· _ _:t_ a;t, (L;;e) - ·. (9) 
JH 2I 2I ~I 2I 

r~e Je = .i!:!.l:!. • Ilo.I(CTaBJISIJI .I(Jist onemm f',,, I= 3/2 JI 
, KT . . .. 

;;e = 3, IIOJIY'IHM f ,v = 0,90. OTC~ BR.I(HO, 'ITO ,I(OCTaTO'IHO 

mraxott TeMIIepaTypofi ,I(Jist IIOJIYlieHruI TaKOii IIOJUipJISrunm npn /" /{ = 

2.ro-5 sB stBJisteTCJI. T = 77 MK. Tarure Ter.mepaTYIJH B cTannoHap

HOM pe.JKHMe M0'1teT ocSecne'llITI,. pcqipID!tepaTop C pacTBOpeHireM 3He B 

4tte. B HameM 3RCIIepJIMeHTe lICIIOJ!l,30BaJICst IIO,I(061mtt peqipmtepaTop, 

paspacSoTaHH!ltt 11 nsroToBJiemmii. B.Il.A.nqnIMeHROBHM u O.H. OB'IlilIH.lIRO

BIDII I 3 I JI ocSecne'!lIBaBurnti TeMnepaTypy OROJIO. 30 MK Ha Mm!leHn. 

llsMepeHne nponycrumIDI neilTpoHOB IIPOBO.I01JIOC1, IIO .MeTO.D;y Bpe

MeHJI IIpoJieTa Ha HMIIyJII,CHOM peaRTOpe MBP-30 / 3/ • -CxeMa 3RCIIeplI

MeHTa IIOKa3aHa Ha PRC. I. IlytIOR HettTpoHOB OT peaRTOpa IIO Baey

YMHHM HeiiTpoHOBO,I(8M IIO,I(XO,I(IIJI R_ KpJIOCTaTy, B ROTOpoM H8XO,I(IIJI8C1, 

llCCJie.nyeMali Mll1IleHb. IIpn 3TOM IIy'IOK qoJ)MlIPOBaJICJI ROJIJmMaTOpoM R 

npoxo.mm -qepes BCIIOMoraTeJII,HyD MHWeHb, Ha3H8'!eHRe KOTopott cSy,neT 

ocScy,It.I(eHo HHl!te. PaccTostHlie OT peaKTOpa ,I(O KPROCTaTa COCTaBJIRJIO 

OKOJIO 32 M. HefiTpoH11,npoWe,I(Wl!e -qepes MlmleIDI,pel'lICTpllpoBaJillCI, ,I(e

TeKTOpoM, pacIIOJIOXeHHID/1 B 3KCIIepJIMeHT8Jll,HOM IIaB}IJ!l,OHe Ha paccTOst

HRlI 58, 5 M OT peaRTOpa. lKJI.nKocTmn! CnmtTl'L1JJUlln!OHHW! ,I(eT_eRTOP, 

IIpe.I(HaSHa'!emruil ,I(Jist pacSOT IIO HefiTpOHHOfi CIIeRTpoCROnIDI / 2/, 6HJI 
paspacSOTaH JI JII3I'OTOBJieH B JIHi. 

HaROIIJieH11e BPCMCHHllX CJTCl{TpoB BCJIOCI, Ha ocSopJ.UOB3HID! 113ttepn-

TCJJI,HOro neHTpa JIH<li."' IIepBhle ::irccrrepm1eHThl rrpoBo.IOimwr, c 11crroJJ1,·so

BaHneM TOI{OBOro M8TO.Ua pcr1icTpaunn HCll'l'poHOB, a B .n:am,HeiimeM 

rrpnMeH.1IJiac1, oucTpo,Iieiic'l'Byim1aJI ciHcTeMa Ha oase uaJJoii ·::iBM TPA 13 • 4/. 
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Puc. J CxeMa 3ItCII8lllIM8HTa no JISMepemIIO M8I'HllTH11X MOM8HTOB 

HCftTpommxpesoHaHCOB. I - HeiiTpOHOBO,IUl, 2 - KOJI

JIID,IaTOphl, 3 - . perrepHaJI BCIIO!-,roraTCJII,HM I\IIllllCHI,, 

4 - 1tpJiocTaT c pacTBopemreM 3He B 4He, 5 - nccJie

.izyer.iaJI MJil!lem, 6 - .I(~TeitTop HeiITpoHoB. 

B K3'tf8CTBe MID!IeHeii IICIIOJII,30B3JJllCI, rpoJJI,rn ll3 P8JJ:K038M8JII,Hl,IX 

M8T8JIJIOB, qieppoMarHUTHble rrpn HJI3KIIX TeMIIepaTypaX If o6Jia.Iiaialllle 

60JII,Ilil!M CBepXTOIDCHM MaI'HllTHhlM IlOJieM. B T86JIHne I IIPIIBe,I(eHbl HeRo

TOp!lC xapaKTepHCTIOOI HCIIOJtb30B8HHHX MIDileHeii • 

TArunrpa I 

Ilap&reTJ)H MJIIlleHeil MJI HSMepemm MaI'Hll'l'HWC MOMeKTOB. 

HccJie~~ 16?£r 161,JJ!I 163.l)_y l59Tt, 165Ho 
R30TOII ( ~O'Aep.) (23%) (I9%) (25%) (!00%) (100%) 

ToJJlltHH8 20 
(H.I('.. ll30T/c,}) • IO I,5 3,6 4,7 18 6 
To'IRS KJ:Jpn, 

K 20 87 8? 219 20 
IloJie Ha s.npe 

H, 106 B ?,O 5,2 5,2 3,I 7,3 

.JU O I _JUN -0,56 -0,4? +0,6? +2,0 +4,I 
IlOJ1JII)H88ItltlI 

fN IIpJ1 30 MK 0,96 0,84 0,92 0,98 0,99 
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,lJ,rrJr paspymemm rroMpnsamm Te1.mepaTypa na MIIlllenn rroB11rnaY,acI> 

.no 0,5 - I,5 K. OcTaTO'IHM JJOJI.IIJ)U3arnm rrop.rr.mta 0,I - 0,2 Y'flITHBa

JiaC:& B ICOHff'IHOM pac"IeTe. 

)l,rrJr ROHTpoJI.II Bpet!eHIIOU- ll!KaJIH aliaJIH38TOpa lI JJOJiytiemm na,ne.llt

HOH Bpm.1e1rnoii npllll.H3ICl! cIIeICTpoB, 1l rry'-qrrn IIOCTOfilIHO Haxo,nu.JiaCL 

BCIIOMOraTe.'II,H8.ff .!•1!lUlleHI,' .rr.npa ICOTOpoir !IMeJm rro.nxo.nmune pc30H8IICI:I, 

6JIJI3H.l1C. HO He nepcICp1maI:m1recsr C HCCJIC.nyeMrn.m. 

Ha pnc, 2 IIOita3aH yt!8CTOIC ClieIC'rpa, IIOJiytl8HIIOro B o.nnoir II3 

ceprrii rrnMepcnnsr c .nncrrpomrnM. 

N 

f0o/ 

DJ'S 

0,50 

0.25 

Sb Oy-152, . Oy;_f§__L~ 
6.2V 5.1/5 US J.(}9 2.?2 
1 I i ·1 I 

/Jy-163 
111 

Ir 
130 

0 1.__..__ ___ ___1~ _ _;._; _ _J... ____ _._ ____ ..__~ 

1JOO ,. t 500 100 900 1100 

Pnc, 2 Y11acTOR 3H.Cnepm,4eHT8JII,HOrO cneICTpa, IIOJ!yt!CHHOro 

sa 6 tiacoB usMepemm c ,nncnposHeM. BBepxy _y:imsa-: 
HU 'JI30TOITH3SI npl!H3,nJiemiocTI, JI :rneprn.H pe30H8H-' ., ., 

. COBB sB, 

CneKTp , llOJIY1ieHl!Iltt sa HeCKOJI:&RO 1!8COB IlpH .nrumofl: rer.mepa7. 
( ;. ;~ . ' 

TYIJe, nepe,naBSJic.a: Ha SBM ESC~ lI sallllcUBaJicsr Ha MaI'HllTicyil JIBHTY 

]J,,1ISI .nam,He~ea: o6pa6oTIO'(. 3aTeM Ter.mepaTYJn H3MeHJJJiac:&, lI npo--;. 
BO,nwIOCI, HOBOe llSMepeHHe. )(Ba TaruDC cneRTpa COCTaBJIJJJil![ napy ]J,,1ISI 

COBMeCTHOff 06pa60TI01. JJ,,m RBJll'.JtOro HCCJie.nyeMOro JJ.npa Ha6J!l)aJIOCI, 

no 30-40 nap, IIJ)l['reM ~ napa O6pa6aTHBaJiac1, HesaBicm.tO oT 

.npyrmc. 

8 

:,f 

J 

'I 

I 
l 
ii 
II ,, 
,' 

Ir 

i' 
!\ 

~ I, 
j 
ii 
,; 

2,2. 06pa6oTICa 3ICC!IeprmeHT3JThH!1X ,n;aIIHI:IX n pe3yJI:&T8Tl1 

Orrpe,ne;remrn c,nBIIl'a pesonaHca B cneRTJJe c rroJUipl!30Bannmm 

Jf,ll;pru,m OTHOCl!TCJI:&HO ero IIOJ!OJKeIDUI B cneICTpe ,nJJJT H8IlOJI.IIJ)H30Bairnoir 

1-.mmeun ( TOllliee, ]J,,1ISI l\!lillICID1 C MaJIOir OCTaTO"IHOM !IOJl.lIJlU3amrefi) 

,,..-() tr* Iij)OBO'Al!JIOCI, CJie,cyD!tlIM o6pa3OM. O603HatmM ti:epes :I-G H T ~: 1DrC-

JIO OTC1JCTOB B t. -OM KaHaJie BpeMeHHOro aH8JllI3aTopa ]J,,1ISI ,nByx 

pacCMBTJll!B8CMIDC cneRTpoB. PasJil'l'lme MC3JIJ cneRTpaMR MO%CT 6HTI, 

o6yCJIOBJICHO pa3HO! MOIIIHOCTI,D peaRTOpa, s@eRTHBHOCT:&D ,neTCRTOpa 

H T.,n. STO pasJIH1me MOJJQIO YlJCCTI,, YJdHOlltM O,nHH HS cneRTpoB H8 

ROHCTaHTy. Pasmma B co6CTBCHHOM qx>He .n;eTeRTOpa sa 1lpeWI HSMepe

mm yti:HTHBaCTCSI .no6aBJieimeM ROHCTaHTH. liaRoHeq, C.nBHr no BpeMeH

HOtt nma.n:e Tpe6yeT TpeT:&eff ROHCTaHTll ]J,,1ISI BapI,HpoBaHJm. SwmmeM 

BBpaJteHHe 

.7: = ( 7, * - ;) .7"" LI. t) K + di 
" '- dt- 'f' 

H 6Y11,CM HCRBTI, MmmMyM ~OHaJIEl 

.X-2 == I:_(!7•
0

·- 7-).z W· . {. ' ' , ... 

(IO) 

(II) 

Bap:&:Hpy.a: napaMeTpH At, I< :e: ¢ • B BBpaltemnt (II) W,: OSHa

lJ88T CTBTRCT:e:1lecltd :aec RBJll'.JtOI TOinaI, a CYMMB, 6epeTc.a: no BCeM 

Rall8.J!aM. ·m:o~ B pesoHaHc. 

TaRaJI o6pa6oTKa Iij)OBO.u;MaCI, OT,IteJI:&HO ]J,,1ISI ~off napa 

cneRTpoB, a B cneRTpe - Kalt ]J,,1ISI pesoHaHCOB KCCJie.nyeMOro llSOTOna, 

Tmt :e: ]J,,1ISI penepma pesoHaHCOll, Hs TpeX JJapaMeTpo:e, BXO.nim!HX B 

(IO)• K K ¢ 3aMeTHO RoppeJJJIPYl)T MeJ!Ocr co6off. HO He ROppeJIJI

-pym c ~ t • Tax 1JTO omn:6RB K H ¢ He nmtJmT Ha TOtmOCTI, 

onpe,neJieHJI.a: LI. t . 8Ka11eHlire l1 t p • HaitneHHoe no penepmD,1 peso

HaxcSM. xapaxTePJlSOBSJIO C.ztB)II' BpeMeHHOfl: nntaJill aHaJD[SBTOpa JVI:e: • 
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:1 

CMememre cTapTODOro HMIJYJibCa. Pa:ilioCTI, C = l.l t - 4 tpoTHOCHJiaCI, K 

C,1U3III'Y. o6yCJIOBJieHHOMY lICKOMIIM s@eKTOM CBepXTommro B38llMO,ll;6RCT

BIIB. IIoCJie no.irytiemm T )J,]III Bcex nap cneKTpc>B; )J,JUI Ralii,IJ;oro pe...: 

30Hanca pacc'IHTI1DaJIIICb cpe,ll;Hlie 3HalJeIDUI < 't > 11 ,IJ;llcnepcmr JJ{Z-) • 

Cpamreime ,IJ;llcnepc1m sKCIIepllMeHTaJlbHUX BCJIWIDH Z- c .nncnepcueit, 

o6ycJIOBJICJ-ll!OH TOJlbKO CTUTJiCTIIltoH tmCJia OTC'!CTOB B CIICKTpe, no

Ka3U.1Ill xopomee corJiac:ne, '!TO YKa3HBaJIO na OTCYTCTBHe 3H8tmTeJib

HllX HeytITeHHUX C.irytI8:iiHUX onm6oK. SKcnepmneHTaJibHHe 3HalJeHJIB < z-> 
ll JIX Olllll6KJI )J,JUI Bcex llCCJIC,ll;OBaHHIIX pe30H8HCOB npl!Be,nenu B Ta6JI. 2. 

CooTBCTCTBYJ(II!HC :mepreTlilJCCRRC C,ll;BHrIJ:. 

6£
0

:: -,;, r, · tc-;:. <. iz- > L-t £0 '>'/4 ,, (I3) 

r.ne fl E
0 

B sB, ( 'l > B Mrtc u npoJieTnoe paccTomrn:e L B M. Mar

HHTHHe MOMCHTH !IO.irytI8Jll!Cb 1!3 (?) IIPlI IIO,ll;CT8HOBKC l13BeCTHHX f,,v , 
cmrnoB ) /I? I , H H /l"o . B Ta6J!1IQe np11Be,neHH TaruKe !J = 

/Uc/;t . 
2.3.06croeime pesy.m,TaTOB 

MaJioCTb ll3Mep.!!CMIIX s@>CKTOB Tpe60B8J'8 ,neTaJibHOrO paccMOTpeHJIB 

B03MOXHHX no6olJHHX npINIDI, nMHTHpyiillll!X lICKOMlle C,1U31II'II. B CB.!I3ll C 

3THM 6WI npoBe,neH pJI,ll; 3KCnep1IMeHTOB II pac'!CTOB. B nepByro O'!epe,ll;b 

61,IJlO rrpoBepeHO BJIIunme lI3MeHeHJIB TCMIICpaTypll. .ii,ur 3TOro 6wro npo

Be,neno H3Mepemre, r,ne TeMIIepaTypa JAeHJIJI8Cb OT 4K .no IOK, T.e. Ha 

nop.!I,ll;OK 60JlblllC. 'ICM B 3KCIIepm.mliTe. 110 6es IIOJI.!IPH3aumr •. C,nBnr pe-

30H8HCa He 6wr o6napy,iteH. B OT,ne.'lbHOM 3KCnepHMel!Te npoBCPRJIOCI, Bpe

M.!I ycTaHOBJieHJIB IIOJ!.!IpU38I.Olll npH ,ll;OCTHlKCHUH 38,ll;8HHOit TCMIIepaTypH 

JI 61,IJlO IIOK838HO, 'ITO CT8UJIOHapHa.!I Il0.1!.IIpll38IlWI ycTaHaB.'lJ1BaeTC.!I 

nprutTI1'!eCKH O,ll;HOBpeMelil!O C ,ll;OCTIDKCimCM CTauuoHapHoit Te1,mepaTypll 

0,03 K. 

10 

JI 

j 
l 
li 
l 

J 
/, 
!: 
:, 

1,1 

1 

' ! 
I 
ii 

I 
t 
f 1 

';1 

~ 

I e':l 
~ 

IQ 
0 
0 

! 

~ 
~ 

0 

"' a 
! l'.Q 

"' :r: 
~ 
~ 

'f 
0 
H 

I 
I 

() 

~ 
'<:3 

0 
i::: 0 :r: 
(I) 

I "' I:,., 
V 

(I) 

&! ~ 

~ 
E-t 
:r: 

I 
f:l 

l'.Q 

"' l.J.J() 
0 
:,: 
(1) 

t 
I 
~ 

gJ ~ 0 
LO r::-- C\2 co - -0 er) C\2 0 0 0 

+I +I +I H +I +I 
H er) (X) er) 0 LO 

• H en N 
0 s::jt 0 -0 0 0 
I I I I . 

0 t- s::jt r::-- 0) C\2 -H er) s::jt 0 0 H 

+1 +I +I +I +I +1 
C\2 er) r::-- s::jt (X) LO - -0 s::jt H 0 H 0 

I I I I 

' 

r::-- co 
0) - -er) a, - 0 s::jt en er) er) CO H H 

+I +I +I +I +I +I 

~- ~ H Cl) H s::jt 
er) -H co H 

I H H 

! I 

H C\2 N N C\2 s::jt - - -er) co C\2 'SI' er) er) 

+I +1 +I +I +I +I 
r::-- co co co co r::---<.O er) H 0 'SI' C\l 
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Jj,)m onemw B08MOlltHOro BJIWllIIDI OCTaTO'lliOH M8IqlOCKOIDI''!CCROil 

IIOJIRI)H88Will f IV , MOryI!lei! ll8M8HHTI, q>opr.zy- peaOH8HCHOH KpllllOH 

Tn = To c~ (f~.f no") (I4) 

6wm rrpoBe,D;eHH crre~am,HHe pactreTu Ha oBM, rioKaaaBnnm oTcyTcTmm 

TaKoro aqqieKTa • 

TSKHM o6pa80M, BCe rrpoBepo,nme 8KCIIepl!M8HTH H pactreTH IIOKa-

88.mI, 'ITO HBMepsreMUe C,I03lll'll CBlISamt co CBepxTOHKHM B8aIIMO,ll;eitcTBR

eM, a Haff.Il;emme 8Ha11emm MaI'HlITHHX MOMeHTOB KOMll8YH,!(-COCTO.!llilrlt 

llpe,ll;CTSBJUDOTCH o60CHO:BalJlWMR. 

PaccMOTpeHne ,ll;aHHHX Ta6,mmH 2 IIOK85W388,T, 'ITO TO'IHOCTI, on

pe,D;eJie.mm M8I'lmTHllX MOMeHTOB Hel38'JIHKS, MJIHRMaJll,HaJI onm:6Ka COCTaB

JIHeT 0,4 JIAH • Tpy.zmo OD,JJ;aTI, S&reTHoro yJiy1II1IeHRH TO'IHOCTR B 

6Jlltlli8iimee BpeMlI, TaK RaK yxe B ,ll;SHHOM 8KCII8pJIM8HTe onm:6Ra co

OTBeTCTByeT c,IllmI'y pesommca Ha ro-4 oT co6c~mrofl IllJilpmIH peso

Htmca r ~ O,I aB. Ma.n:oBepoHTHO Talate 3H8tmT8JII>HOe Yl38Jm118Hne 

,mc.na ypoBHel H H,D;ep, ;u,lilI KOTOpwc 6YJJYT HsMepeHH Mal'lmTHHe MOMeH

TH. 8TO CBlIBaHO C Tpe60Blllm8M 6oJII>nmx IIOJiel Ha smpax n HaJilll'IDI8M 

HRBKOBOJII>THHX peBOHaHCOB. O.mraxo yze Ta m$)PMaURII. ItOTOpruI IIO

JIY'i8Ha B omrcammx aitcnepmreHTax, MOJCeT ,ItaTI, 06my11 XBpaKTeIJRcTR-' 

ey M8I'lm'l'HHX MOMeHTOB ItOMIIaYH;ll;-COCTOmntlt pe,ll;It038MeJII,mDt: H,ll;ep H 

IIOSBOJIJieT IIpoBeCTK CpaBHeHJle C Te01)8Tl1118CIOD.m oneHitaMB: STEC Be-

JmtmK. 

. IIo-mmmmMY, nepJ30it TeopeT:necitOit pa6oToit, B ItoTopol IIOJIY-

11eHa onemta MaI'lD!'rHllX MOMeHTOB ItOMIIaj'H,It-COCTOmmit H,D;ep, JIBJI.treT

CH pa6oTa KyRJil!Ha/181. B H8it paCCMOTpeHHe B8,ll;8TCH B paMKaX CTa

TRCTR'J8CitOI !&>,Il;8Jllll, H IIOJiytlemme pesyJII>TaTH OTHOCHTCH K cpe,ll;HHM 

IIO MROrmt ypoBJUIM. B 8TOI pa6oTe ;u,lilI 11HarpeTOro" ~ c BOS6yz

,ll;8HH8M IIOp!J,ll;lt8 8H8prl[Jl CBJISH Heih'poJm ;nJUI ycpe,mre:moro ff -<I>ax
Topa IIOJIY118HO :eupalt8HJ[8 
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i =;;~I,., = .9 IP tr .P , 
(!5) 

r,D;e 51, n p ' - rrpoTOmrutt ll noJ!Hllii MOMeHTII HHepnmr smpa. IIpn

HllMBJI JJ)IJI mtX TB8MOT8JII,llll8 8Ha11emur, aBTOp 1281 ,ll;M oneHey 

g = Z/A,. (16) 

r,D;e 2 n ,4 - sapa,u; R Maccoooe 'IIICJIO paccMaTpRBaeMoro SO(pa. 

IIIJIYKTyanxm BOKpyr cpe,D;Hero BHa11emm xapaKTepRBYJ!)TCH BupallteHHeM 

4J/j = [(A-2)/2] ¼. (I7) 

EoJiee IIO,D;po6Hoe R CTporoe paccMOTpeHRe c RCIIOJII,SOBaHHeM 

MeTo.IJ;a TeMIIeparypHHx·~ I'pma npoBe.IJ;eHo B pa6oTax BynaTH

uafl9,20/. J/I9/ B KBa8ImJI8.CCll'I8CltOM rrp:a6Jrn.1KeHmI ;II,lIH ~ rro.n:yqeHo 

TO ate Bupalltemre (16), KaK R y KYKJil!lta, HO qJJiyltTyarnm IIpRMepHo 

B.IJ;Boe MeHI,me. B .IJ:PYI'OH pa6oTe ByHa~HHa /ZO/npoBe.IJ;eHH pac11eTII 

]I)IJI H,D;ep pe.ztKOS8M8JII>HOH o6JiaCT.Il 6es liCIIOJII,3,0Bamtll KB88lIRJiaCClI-

11ecKoro IIIJR6.7IlDlt0mm. lIOKa38HO, 'ITO Kl388llKJ.18CCif'I8CK08 BHatJeHRe. 

(!6) .IJ;OCTHl'aeTCH rrpn 6oJiee BHCOKRX aHeprHHX B036YJ1Ut8Hl!JI H,ll;pa, 

118M aHeprRH CBlIBR HeffTpoHa. l!ncJiemru:e pactreTH, Ilpo.IJ:8JI8HHH8 B/20/ 

;nJUI 1)8.ztKOBeMeJII,HHX H,D;ep, ll3Y1J8HHHX B Hanmx aKcrrepm.teHTax, IIOBBO

JmJ!lI IIOJIY'IIITb j = 0,28 (ycpe.mremre npoBe~eHo Hru.m: no WITH 1rsy-

11eHHHM HBOTOIIaM). 8Ta BeJil!'mHa Memme i! /A ~ o, 4, IIOJiy"l88MOtt 

;nJUI H,D;ep pe,ll;ROS8M8J!I,HOI 06.Jiacrn. l!TO KacaeTcsr qi.JiyK-ryanmt, TO 

OTM81188TCH, 'ITO Olia MO.llteT 3amIC8TI, OT aHepnm napmoc itoppe~ 

;nJUI HeilTpoHOB Llh l'I IIpoTOHOB 4 p • 8To MOJlteT H8CKOJII>KO YBe

Jllf<llITI, .n;RCIIepcm:i 9 . B pa6oTe BJio:xmm H HrHaTDKa /2!/ IIpoBe.IJ;eHO 

pacCMOTpe:ene MaI'mrrllllX MOMeHTOB BOS6y,,r.n;emmx: H,D;ep B pru.max CTa

THCTB'l8CKO! MO.IJ:e.71ll WIJI cq,epH11ecronc n .IJ;eqx>p?,mpo:aammx H,D;ep H no

JIY118HH pesyJII,TSTH, cxo.mrue C rrp:rme,IJ;eHHHl\m BHme. lIOKa38HO BJIWr

:ene 060~011e,mo! CTpyltTypH Ha MaI'HHTmle MOM8HTII H,D;ep. 

13 



I., 
1,. 

,Ilpyrott IIO,ttXO'A, IIO.cyMllltpoCKOmrqecrmtt,npJJMeHeH BopoHOBHM n 

COJIOBI,e~/22/. Ka1JecTBel!Hldt peSyJII,TaT, IIOJiytI~HHHtt m.m, noKaSH-
' . . 

BaeT, 13'.TO 8H81JeHlllI MaI'HnTHWC MOMeHTO:B.KOMIIaYH'A-COCTOmmii: O~-

IO'l'CJI 6Jm:3KllMH: K MOMeHTaM OCHOBHHX COCTOmmit H,D;ep. 

TaKoBH·TeopeTR1Jec:rme ouemm Mlll'HHTHHX MOMeHTOB, C KOTOJ)HMl'I 

MOltHO COIIOCTaBJIJITI, 8KCnepnMeHTaJII,lllle pesyJII,TaTH, noJiy'IJeHlllle HaMl'I. 

,Il;JrJI CpaBHeHnJI MH 6y,IJ;eM paccMaTPJtBaTI, 8KcnepnMeHTaJII,HHe. 8Ha-

1JeHnJI fJ -qiaKTOpoB ,nJIJI Bcex H,D;ep n peSOHaHCOB KaK e,l:tltl{WI: CTa

Tl'ICTl'fllecrmtt aHcaM6JI&, TaK KaK B npnBe'AeHHHX BHllle TeOpeTlltJeCKnX 

oueHKaX H,D;pa, 6JinsK1Ie no A n no 'Aeqx:>pmxnm, npaKTR1Jecim He 

pa3Jm1J8DTCJI. KaK BJWIO na Ta6JIRUH 2 n p:e:c. 3 , pas6poc BeJlltlmH 

fl SaMeTHO llpeBHlllaeT onm6Kn naMepeHnJI. STO nOSBOJIJieT OT'A8JrllTI, 

'AP!CnepclD'.l D q:, , CBJI3aHHyx> C <pH3H'IJ6CKOtt llpllpo'AOft MaI'HnTHHX MO

MeHTOB, OT 'AP!Cnepc:im .lJcu, , CBJISa.mtOii c onm6ruu.m KSMepemtlt. B 

'A8Jll,HeitmeM 6y'AeM IlJ)lllmMaTr,, "ITO Ha6.71IW1eMaJI 'Al'!Cnepcim J) H JIB-

JIJieTCJI CytlMOft 8T:HX 'AP!CIIepcd 

.I) /.I = .D tp .+ .I) "~ (!8) 

Ilp:e: BH'IJRCJieHE:n Cpe'AHeI'O 8H81JelmJI ( i > Heo6XO'AP!MO rrpmmMaTI, BO 

BHBMaJme paaJllllmYJ) TO'IJHOCTb H3MepeHd ,nJIJI paaHHX pe8OHaHCOB, a 

Taroite HaJIRlme ipl'!aH1Jecxnx quryKTyaUd j -q:mtTOpa, IIO8TOMY yc

pe'AHeHHe 'AOJllltHO llpoBO'Al'!TI,CJI C BecaM:H 

-2 - f w;_. ""' ( .D</' + tl9t" ) • 
(I9) 

'· 

r'Ae tJ ,9 ,.: -onm:6Ka nsMepeHHJI ,nJIJI i -ro pesommca. Tax KaR 

Be.7D'l"Ilma ..D 9' sapaHee He ns:secTHa, pac1JeT npoBo'Al'IJICJI c noCJie'Ao

BaTeJII,HHMH rrp:e:6.mmemun.m. B Ka1JecTBe nepBoro npH6mmemut ,nJIJI ( f/) 
6wro 

0

BSJITO Cpe'AHee apnq.MeTH'IJeCKOe IIO 9 pesOHaHCaM. Bwm llCKJID-

13'.eHH 'ABS pesoHaHca Tep6:wr c 8Hepr11eft 4,99 H II,I aB, T.R. RX 

onm6:rm sHatmTeJII,HO npeBUill8DT onm6:rm ocTSJII,mzX. IloJiy1JeHHaJI 
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-1 
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PHc. 3 

111
T/5 161Dy 1s1Dy 16SHo t67Er 

4.99 272 4.35 3.93 0.46 

159T6 l 1s9Te 1s1Dy 1s3Dy 1ssHo 16JEr 
3.35 11.14 3.69 1.11 127 ass 

3HB.1Jemm 9 -qiaKTOpoB ,nJIJI BCeX HCCJie'AQBSHHHX pe
SOHaHCOB. BBep:xy YK838Jm HSOTOllHM llpl!Ha,ItJielltHOCTI, 
H anepr:wr pesoxauca B aB. 

BeJm1mHa ( g )
1 

= 0,3I 11cnoJII,aoBSJiacr, ]{aJiee ,nJIJI pac1JeTa Ha6.7l!Wle

MO! ]{HcnepcHH 
!J 

D 4 =; ~ (Ji -<7>.,)<= 0, 1/S 
,=1 

ROTOPaJI BHStmTeJII,HO llpeBHCKJia 'AP!CllepclD'.l, CBJISSHHyll c Olllll6KaMH 

llBMepemut ,nJIJI TeX lite pesoHaHCOB 

.IJoUt = J ~ (tJJ,)-< = 01 12 
C. 

OTCJW! HS,OCHOBal!lm COOTHomemm (IB) 6HJia IIOJiy'IJeHa ouemta ,nJIJI 

qlll8R'IJ8CKOtt 'Al'!Cllepcmi: .1J 'P = 0,33. CJie,TzyllltRe rrp:e:6Jnmemm, B ROTO

PHX lICIIOJ!I,8OBaJDl!CI, neca (19) IIpll pac1JeTe ( 'J) H .lJ H , IIOK888JIR 

6HCTpyJJ _ CXo.mmocTr,, a BRJIJJqeHlle )tByx Ollytll8HBHX paxee pe BOJUlll

COB Tep6im HB Merut7IO pesyJII,TaTa ns-aa·nx MaJIHX CTSTll[CTJi'IecRD:X 

B8COB • 0ROH1JST8JII,HO 6WIO no.7IY1J8HO 

<J) = 0,34 ;' DH = 0,38 ; JJ,,, = Q;'.26. 
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I,: 

06wmrur npone.nypa nOJIY1Iemrsr cTagital)THoil oll!H6KH cpe,IO!ero sHa

~emm RS Ha6~eMOil ,ItllCnepcmr npmlO,ItllT K pesy.m.TaTy 

< 9 > = 0,34 ± 0,22 • 
]J;m oneHKll'. onm6KH ,ItllCnepcmI Bocno.m.syeMCJI coornomemreM 

[ · ] lh ti.DH= 2/(n-·1) _DH • (20) 

Bupruite:ime {20) cIIJXU3e;immo ,nJIJI CJIY'I8fiHoit BH6opKR 067.eMOM n. Be

Jllttmml, pacnpe.IJ;eJieHHoil no HOp&lJII,HOMy saKoey c ,Itllcnepcnett , 

paBHOH .DH • B Ham6M CJ.!Ytiae 8TO yCJioBHe ,nJIJI 9 ypoBHeit 

MOJJIO C'IJHTaTI> BHllOJIH8HlWM, noCKOJil>ey OCHOBHOit BRJia,ll; B J) H ,IJ;aeT 

qi1rn1AecKM ,Itllcnepcrur .D 'f' • Ilo aToit lite npwmHe IIpHeMJieMoit onen

Kott omn6KH A1><p JIBJIJI6TCJI L1.l)tp ~ A.l)I-/ = ~19. 
0KOH'mT6Jil>HO m.reeM .JT,lI$l qllISR~ecKoit ,ItllCnepcmI lI cpe,IO!eKBa.IJ;paT~OrO 

OTKJIOHeHRa: BeJ:llI1llllill 9 
I)'P = 0,26 ± O,I9 :e: AJ = 0,5I ± 0,20. 

Om:e:6Ka BeJIH'lllllli L\. 9 noJIT{eHa KaK MS,I!;llaHHOe. SHa~e:ime RS HHTep

BaJia om6oK .1) rp • 

BmmmeM el!le pas HToroBHe pesy.m.TaTH aKcnepm.reHTa: 

(tJ) = 0,34 ± 0,22 .1 j = 0,5I ± 0,20. 

C 8TRMR ,IJ;a:HHI:lMlI MOltHO conocTaBJIJITl> pacCMOTpemme BHllle TeopeTR

~ecKHe onemm. BR,u;Ho, ~o KaK cpe,IO!ee sHa~eHRe r:e:poP.taI'lm'l'Horo 

ornomeHllJI, TaK lI Be.mrcmHa ero ip.JiyK'cy8nRH corJiacymcJI c npe.IJ;cKa

srumm.m cTaTHcTJ11JecKOtt reop:im. Bpsm JIR neJiecoo6pasno 6_oJiee no.IJ;

po6Hoe conocTaBJI8Hll[8 C pasHHMK pa60TaMH, nocKo.m.ey pasmr<me Jie

Jll!T BHYTI>J!I neonpe,D;eJieHHOCTll H sKcnel)lD4eHTaJII>HWC H TeopeTJ11JeCKJOC 

onenoK. TaitHM o6paSOM, M03HO C,IJ;8JISTI, :mmo.zi;, ~ OimCaHHe Mal'HllT

HWC MOMeHTOB KOMIIaYHJt-COCTOmmit JI.IJ;ep l5 paMR8X CTaTHCTJ!1!8CROI MO.D;e

Jm JIBJIJieTCJI npaBOMepm,tM ,H uo.IJ;eJil> noJIY13}JJIB no.IJ;TBepz,u;e:ime ellte B 

O,IO!Oit 06JiaCTH. 
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3. M::IDHEHIIB CPEilHEKBAllPA'IWIH0ro PA,lll1YCA IDIP.A. 
. I!PM. 3AXBATE PE30HAHCH0I'O HEtiTPQHA 

B paCCMOTpeHl!HX BHll!e 3KCnepHMeHTax no HSMepemno MaI'lmTHllX 

MOMeHTOB KOMIIa~-cocTommil: JI.IJ;ep 6wro ncno.m.SOBaHO l3JllUilme CBepx

TOHitoro MarHHTHoro BSaIIMO.IJ;eficTBM Ha noJioJKemre HettTpomioro peso

HaJica. B ,IJ;aHHOM pas.IJ;eJie 6yJIYT o6c~TI,CJI 8KCnepnM8HTU, B KOTO

pux 8JI8KTpocTaTK'!ec1me CBepXTOHI\Oe BSaJ!MO,IJ;eitcTBl!e noSBOJIJIJIO 06-

HapyDTI, HSMenemre cpe,IO!eKBa,IJ;paTWmoro pa,ItllyCa sapJI,IJ;a R,IJ;pa npH 

sax:aaTe pesoHB.HcHoro nettTpona. 

0TKpllTRe aqiqieKTa Mecc6ayspa c ero ~SBWiafiHo BUCOKHM sHep

reTK'!eCKHM paspemeJUieM ,IJ;aJIO TomoK nsyiremm eqiqieKTOB cBepXToHKHX 

BSruIMO,IJ;eilcTBHit. Ilo~TlI cpasy xe nOJIBIDIHCI, nepBHe pa6oTU no HSMe

peim::, HSOMepnux xm.mtreCKHX C,IJ;BHroB raP.11.ra-JIHJDiii. TaKHe C)tBlll'lt Ha6-

JIIQIJ;a.IOTCJI IIpH cpaBIIeHHH y -:nepexo,IJ;oB WI.II o,IO!oro :e: Toro lite JI.IJ;

pa, BXO,!Umlero B pasHUe xm,m-qecKHe coe,IJ;HHemm, ecJIR qiopn.ra smpa B 

OCHOBHOM H HSOMepHOM COCTOJIHruIX pasJIH'IH8. BeJIHtmHa C)tBlll'a MOJ!teT 

6UTI> np:e:6.1IDeHHo srumcaHa B BH,IJ;e 

11.EIS,v 1Jf <f1(0J/<.1J <~;?>' (2I) 

T.e. nporropn1mna.m.na paSHOCTH 8JI8KTpoIIHUX ITJIOTHOCTeit Ha MeCTe 

JI.IJ;Pa y .ItBYJC xm,m,:i:ec!U'IX coe.IJ;miemrlt H pasHOCTlI cpe,IOieKB8,IU)aTKlll!WC 

pa,I!;llYCOB JI,IJ;pa B OCHOBHOM H Bos6~eHHOM COCTOJIHHJIX. Hs BHpaN.emm 

(2I) BH,IO!O, ~TO HSMepemre HSOMepHoro c.IJ;BHra noSBOJIJieT onpe,D;eJIRTI, 

HSMenemre cpe,IO!eKBa,IJ;paT~oro pa;iceyca JI.IJ;Pa np:e: Bos6~emm, eCJm 

HS .zi;py:t'liX excnepm.reHTOB HJIR pac~eTOB HSB8CTHa Be.mrcnma 4/ f/l(o)/Z. 

lfaCTO pemaDT H o6pa:rnyD Sa.IJ;a-qy: onpe,IJ;eJIHB L1 ( 'c: 2 ) WI.II Mecc6a

yapoBCROro ,mpa, HSMepJIDT l\ /1.f{OJ/ 2 WI.II pasJllilllllDC coe,IJ;:e:Heimtt, 

KY.IJ;a BXO,IJ;:e:T ,nrumoe JI.IJ;po. 3a 20 JieT, npomlWllIDC c rroJIBJieHRJI nepmoc 

pa6oT rro XSOMepHOMy C)tBHry, 8TH HCCJI6,I(OB8BR.fl no.nytmJIX l!ll[J)OitOe 
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pacrrpoCTpaHe1me,R me odCTOJITeJII,mnl: odsop ,WiH B iro7H,naMeHTaJII,HO:l1 
MOHO:rpaq,llR /z3/ • ,, 

HadJIIQD;emre M:eccdayapoBCKOro crreKTpa IIJ)8RTR1IeCKR BOSMOJltliO 

WIH aneprRR raMMa-rrepexo,noB rrop~ R .HRlKe IOO KaB, rroaTOMY 

RSMepe1me ,1 < 'l:,Z > IIpOBO~OCI, TOJII,KO ]J)Iff HlISIIIlIX BOSdyJli,Il;emmx 

ypoBnett B smpe. Ha BOl!MOJKHOCTI,.IIpOBe,neHRJI aHB.JIOI'lrnillXRCCJie.no

BaJmfl ]J)Iff ypoBHett, aneprlUl BOSd~eJilUI KOTOpJ':lX COOTBeTCTByeT 

anepI'lIR CBJISR nettTpoHa B smpe, dwro -ylW.SaJIO B padoTe HrHaTo:Bll'Ia, 

0cTaneBR'i8 R llepa 124/. IlpoBe.ne:mrue m,m one:mm rro:itasa.im, tITO 

HadJIIQD;aJI C BUCOKOtt TO'Il!OCTI,ID IIO~Ol!CeIDie neftTpoHHUX pesoJiaJICOB B 

pasHUX :xm.m11ecKIDC coe.IJ;JµIeIDIHX, MOJICHO IIO C.IJ;Bl!I'Y pesoHaJICHOit ' 

aaeprm,r orrpe,ne~TI, nsMeHeHRe < 't.z) rrpn saXBaTe aett~poaa. IIPH 

8TOM Olm OlllipaJIRCI, Ha TO'IHOCTI, KSMepeHIL'I C,IJ;BHI'a pesOHB.HCa, ;n:oc

TnrayTyJD Hatm B 8KCIIepRMeJITax IIO Mal'HRTHUM MOMeHTaM. OrrTmm:CTR

~ecIQ!e one.mm rrosBoJULllll oim,naT1,, ~To :xm.m;qecKJ!l c.IJ;Bnr pesoaanca 

COCTaJ3UT OKO~O ro-4 aB, ~TO saMeTHO doJII,me OmKdOK B RSMepe:mm 

.1. E O • rum 8TO Bll,IJ;HO RS Tad~ 2. O,nmuco B 8KCIIepm.reHTe IIO 

:xm.m11ec1tOMY C.IJ;Bl!I'Y eCTI, ,IJ;OIIO~TeJII,Hmi a@,eKT, cymecTB6HHO OC~OJ!t

HSD(Jitirll IIO.rrytremre ay.mo:lt RHqJOJ)MalllllI. }Jj)~o B TOM: ~TO KMeeTCJI 

rrpmmmma.m,HM HeOdXO,Il;llMOCTI, cpaBHeJilUI·pesoHaJICHUX npoBMOB B 

crreKTpe rrporrycruunm aeitTpoHoB ~epes Mm11e1m, RsroToMemme Rs pas

HHX :xm,nrqecrui:x coe.IJ;RHeimfi. Ho, ruut RSBecrno, ipop&a pesoaaaca cy- • 

111ecTBeHHO SaBRCHT OT ,noIIIL7IepoBCKOro ynmpe!mH , KOTopoe-·tBSisaHO 

c xapaKTepoM 1to~edrumtt 1tpKcT8JLlm'IeCKo:l1 pemem·aeHR. 3To 

II!)HBO,IOIT It pas.lm'Dlll B qJOpM8 peSOHrutCJWX IIpOBaJIOB, KOTopoe MOl!CeT 

mmTRpoBSTI, c.IJ;BRr rro 1tpafi:He:ft Mepe Toro xe rrop.ftln(8 BeJIK1DIBH, tITo 

R RCKOM!rll: aqxpeRT. 
Hue dY]JJT ormcrum aKcrrepm.reaTu rro KSMepemm XHM!'NecKoro 

c,IJ;Bnra aelTpoHHoro pesoaanca 238 t{ B pasJll'!'IllllX coe,nmtemmx, 

MeTO,IOIKa orrpe,ne~eHRH R rrpoBepRK 8qq>ElKTa Ro~edamrll ltpRCTaJIJmttec-

18 

'f 

Roil pemeTRK, a TaIO!te rrp:ime;n:eao R odcµ,neao RSMeHeIDie cpe.IJ;HeKBa.IJ;

paTl!llHoro P8Jt;IIYCa H.IJ;pa 
238 U rrpn SaxBaTe peSOHaJICHoro He:ltTpoHa. 

3. I TeoplUl XRMH~eCROro cmmra HeitTPQHHOro pe3QJI81{Ca 

KaR yxe oTMe~a.iroc1, Bume, :xmmtrecRntt c.IJ;Bnr ae!Tpommro peso

Hrurca HMHeTcJI aaa.iroroM MeccdayapoBCKoro nsoMepHoro c.IJ;Bnra, )J)IJI 

KOToporo RMeJOTCJI odcToJITeJII,HUe 1rsioxemm TeopeTWiecKRX ocao✓23~
Ma: RcIIoJII,syeM rro.nxo.n, pasBnTitli B 123_1, )I)IJI rroc~e.n;ymtero ns~o

xeHWr. 

Ky~OHOBCKOe a~eKTpocTaTR'ieCKOe BSaml!O,IJ;eilcTBne Me'ltJJ:Y sm
poM n 8~8KTp0Hatm B aTOMe MOJKHO srumcaTI, B BH,IJ;e 

U = -e<fj' .Pel~e),Pp(~) dT ;;,z:- (22) 
. Ji"e-Zp/ . e f>• 

r,ne fe(~e) lI _J>f'(~,.) - IIJIOTHOCTlI a~eRTpoHOB n IrpOTO

HOB, a RHTerpa.iru depyTCJI IIO IIpoCTpaHCTBY, SrumMaeMOM;y a~eRTpoHa

MlI n IIpoTOHaMlI. 3ammieM .na.iree paS~OateHlie 

1 o0 t 27i('t:l) · -
/le-Fri = h f_/ff;; L ]+~ v,hl (0r, (fp) Yem (0e,<fe). (23) 

3,nec1, Ytm - ccpe~ec:rme ~. 'r< R ~> - MeHI,mM n 

dOJII,maJI lIS Be.mrnm / ~e / n / ~pl • IIo,ncTaBJlfIII (23) B (22), Mil 

IIOJIY'll™ 8ReKTpoCTaTR1Iec1toe CBepxTOHROe BSam.ro,neitcTBRe B BR,IJ;e CYM

MH M;yJII,TKIIOReit nopsmKS t . He~eTHUe ~eJW. OdP81118DTCJI B HyJII,, 

KaR 8TO Me;n:yeT H3 coodpagemnt Cm.!MeT!)HlI, ~eH C .t = 2 OIIKCU-

BaeT KBa.IJ;pyIIOJII,Hoe BBam.ro,nettcTBRe H cefttmc aac He RHTepecyeT, 

a ~eJW c -t ~ 'f MaJIU H MOryT 6llTI, orrymeHU. TaKHM odpaSOM, 

Mil MOJteM 3aIDIC8TI, BllPBJlteHHe ;rtJIJI a~eRT~ec1toro MOHOIIOJII,HOro 

B3aml!O.IJ;8itCTBlUl, :n:amtero OCHOBHOtt BIUia;n: B C,IJ;BRI' YIJOBHSI: 

rr __ -ez rr ~ (~J_pp(i;,J clT dr::-. 
v 0 - JJ "l:> e P 
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BeJmlllilla Cl;, xapaKTepnsyeT pas.mrtme ~mepreTINeCKJDC cocTomurli 

,IµIH: "roJioro" smpa, T.e. IlOJJHOCTl,10 JilIJlleHHoro SJieKTpoHOB, ll Mpa 
~-

c 8JI8KTp0HHHl,m o6oJIOtraa!lm. Ha6JIIQI];emre 8TOro pas.7llI'mH HCBOSMOlKHO' 

Ha6JIIQnaeMOii Jll3JIJieTCR TOJI1,KO SHeprllR nepexo,n;a Me,imy ypoBH.RMH, 

HanpHMep, SHeprrur rru.1Ma-KBaHTa HJlli HeiiTpoHa. B cBOIO oti:epe.w,, 

C,n;Bllr aHeprmr npe~oJJaraeT cpaBHemm ti:eM-Jill6o OTJlli'l:a:rannxcR ne

pexo,n;oB. 0Tcxma BeJIH1IDHa C,n;Bm'a ti£ a MOllteT 61,1T1, rrpe,n;cTaBJieHa B 

Bll,Il;e 

AEo =(Va.-_ Va), -{V/,:- Vo);! (25) 

I.tmppu I II 2 YKB,ShlBaJJT Ha-pas:iru:e xm.mti:ecKne coe,Il;llHerum, a 

SBeS,D;O'lltOH IIOMeti:e:iru: BeJilI'l:llHhl, OTHOC.Rll1ll6CR It Bos6yx.neHHOMY coc

TORHll!O smpa. BhlpruiteHJie (25) MOJKHO npollJIJilllCTpllpoBaTl>,CXeMOH Ha 
. . . --

pnc. 4. IlyHKTnp:iru:e JIIDllill YKB,Simam OCHOBHOe ll Bos6yx.neHHoe coc-

TORHllSI', "roJioro"rouia , W - aHeprrur. cooTBeTCTBYlllllero nepexo,n;a. 

!erito Bll,Il;eTl>, 13:TO paSHOCTl, 3Heprllii nepexo.n;oB B Bell{eCTBaX I lI 2· 

npnBo.n;nT It cooTHomemm (25). Ilo,n;cTaHOBRa B (25) sHati:eHID1 U.; 

HS (24) ~ OCHOBHoro n Bos6yx.neHHoro COCTOmmii R,Il;Jla B o6onx 

xmm-qecruci coe.u;imemm:x Il03BOJIReT IIOJiy'l:llT:6 ,D;OCT8T01JHO TO'l:H0e' . HO 

CJIOlKHOC BupalKemre. 

B pe3yJI1,T8Te PMa ynpomemnl BupalKeHJie (25) npllBO,I(RTCR It 

Bll,Il;y 

l!.£0 = _; JTe.z.Zt1.,Pe{o)-11<Z:./,>. (26) 

STo cooTHomeHHe o6hl'l:Ho HCilOJI1,3yeTcR-npll onncaH1l1l ll3OMepHoro 

C,ItBllI'a. HeKOTOpoe yTO'l:H~H:He ero, CBRSaHHoe'b HCIIOCTORHCTBOM
0 

IIJIOTHOCTll 3JI6KTpoHOB B Iipe,n;eJiaX R,D;pa, 6y,n;eT paCCMOTpeHO me. 
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PHc. 4 CXBMa C,n;Blll'a ypoBHJI B pe3yJJI,TaT€ SJICKTpocTaTli'JecKoro 

B3aJIMO.n;eticTBHR H.JJ;pa C 3JieitTpoHHoii o6OJIO"lliOH. IlyHKTH
poM IlOKa3aHH OCHOBHOii H BOS6yJK,I{eHHHH ypoBJrn: "ro.1roro" 
R,D;pa. Ill 2 - COOTB8TCTBY.ntlll8 ypoBHH B pasJlli'l:Hllx 
:x:m.mti:eCKHX COe,D;HHemmx. 

3.2. SKcnepm.mHTaJil,HOe llCCJie,n;oBaHlrn xm.mti:eCKHX C,n;Blll'OB 

HeiiTpoHHoro peSOHaHCa 238 l/ 

8KcnepHM6HT npoBO.I(liJICR Ha peaKTope lIBP-3O, pa6OTaBme111 B 6yc

Tep~OM pelEHME! /IO/• CxeMa 8KCnepHMeHTa IlOKasaHa Ha p11c. 5 • B Ka-

ti:eCTBe Hcc.1re,n;yeMoro sJieMeHTa 6wr Bhl6paH 238 ll , HMe:ranntt y,n;o6-

Hllff ,D;JIR Ha6.7IX1IteHHR pesoHaHC npll 8HeprnH 6,67 sB H ,D;OCTyn:iru:ii B 

Bll,Il;e :xm,nrqecKHX COe,Il;llHeJml.1 pa3Jlll1JHOH BaJICHTHOCTH. Ilponycruurn:e 

HeiiTpoHOB 1l3MeJllLl!OC1, no MeTO,IJ;y BpeL!eH.II npoJieTa.-HeiiTpoHH perncTpll

poBaJIHci c~T~OHHHM ,n;eTeKTOpoM c 6 l i - cTeKJioM. IlpoJieTHM 

6asa COCTaBJIRJia OKOJIO 55 MeTpoB. 

Kalt y-.e.e orueti:a.1roc1, Bhlllle, nsMepeHHe XllM1lti:ec1toro C.n;Bl'II'a peso-
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HaHCa Tpe6yeT oqem, TO"ll!Oro cpaBHemm OTHOCl!ITeJII,HOro llOJIO%emm 

pesoHaHCHoro_ npoBMa B cneKTpe ;n:,ur pasJll'I'Cl'.HHX :xm.m'le~IUIX coe.rtm1e_

mtl!. Balltmn.t yciroBireM arucyparnoro H3Mepe:mm .rIBJISieTcJI qacTaJI cMe

Ha o6pa3D;OB, qTo IIplIBO;o;HT K yCTpaHeHlIIO 011m60K l!l3-3a ,Itpeilqa anna

paTYl)ll, ll3MeHeHHJI MOJJUJOCTll peaKTopa ll T.;r:(. B HaIImX .ll3Mepemmx 

6Wia lICllOJ!I,30BaHa CllCTeMa, ll03BO~Uialt ,IJ;HCTamzy!OHHO ycTaH~-
' 

BaTh B ~OK HeilTpoHOB .mo6ofi ll3 TpeX o6pasn;oB. Y~eHl!le CMeHOil 

o6pasn;on, a Tarotte mmoMeHRe cneitTpoB, KOHTpoJII, sa KaqecTBOM l!l3-

-~~----· □ .. ·,. 
~~f!}j -□, n = ::1 □ 

0 

l•50.-60M - □ ,: 

PE:c. 6. - CxeMa aitcnepnMeH~a- no nsMepe:mm XlIMlfCiecitoro c;r:(Bn:ra;, . 
HefiTpoHHoro pesoHaHca. I, II 11 Ill - o6pasll;ll ns pas-

_ •. ,- .. '1!" ~:' .. •~'. ,' ;- , .. ~ ,..-.. ?, '· •· .. •_- .' .• .: •·_, •. ~;-''. 

HHX coe,IJ;HHeHHil ypaHa l!I COOTBeTCTByxmIIe cneKTpli B . 
·•'.•n~ SBM TPA--i. , •. ·R, - penepmtlro6pasen; Tl,, 

, "A; .H Ae. : - 6m:iqt ynpaBJiemm CMeJ{Oil o6pasn;oB, . 
.D - ;r:(eTeKTop, T - Tail:Mep, C - cqeT1Dlltll 

MOJmTOpHHX l!I cTapToBwc m,myJII,cc:>B, ·· VK ~ · - · BpeMeH,;_ 
. ,·'.'·-' '-'l LHoir KO.Jtl'IPOBl!tRK,·. cc •;.. KOHTpoJIJiep KapKac:a· KAMAR. 
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MepeHHJI npoBO;r:(lIJIJICh c IlOMOlllI:>D MBJIOfi: a~M TPA-~ /-to/ . 06pa

sen; BBO~CJI B.Ilytl91t Ha 5 MHHyT, no OKOlfl!alilll!I 3~pa HaKOMeH

HWi cneKTP KOHTpoJmpo~CJI Ha nponopll;l!IOHaJl!,HOCTb Il0Ka38HID!M,MO-· 

Hl!ITOpa, CpaB~CJI C paHee HaKOMeHHHM cneKTpoM l!I npx y;r:(OMeT-
< • ; • • ' • • , • ~ •, 

nopeJmH sa;r:(8HHLIM 1tpirrepKJIM';r:(06aBJUIJICJI K cooTneTcTBYJllteMY cneKTPY, 

xpaHStlltElMYCH .. . B~ OCHOBHOfi: II~ SBM, llOCJI~ 'qero B nytIOK. BBO)tWICJI . 

Me,eymiRI o6paserc. EcJIJI cneK~He y,n;o~ernopg.n Yl(338HHHM "itp~e
Pl!IJIM, TO OH c6pacHil8JIM,n sru.rep·~oBT~p&jICJI 6 TeM ie"66paJiio~. 

K8K lI B H3Mepemmx MarHHTH!lX MOM~HTOB, iIIy'nte noc~~JIHH~jH~X~~ 

]:(Mac:& penepHrur mem, li:s -rep6u , pesoHaHCH Koroporo · 6~ · · · 

;n:,ur KOHTpoJIJI npn o6pa6oTKe. •• ' . 

·: ·' Krut IIpaBMo, · HaKOIIJieHl!le TpeX cneKTpoB npo~oJDKaJIOCh OKOJIO 

ro· ,facoB, Iioc.ire' 3TOI'O HaKOIIJieHHrur miq)OpMan;HS! ·s~nncmiaJiach Ha 

Mlll'HirrHYJl JieHTy 6asoBoil SBM ;n:,ur ;r:(am,He:ttmea 06pa60TK1I.11 sanyc~

CJI CJie.eyil]ltl'!il IO-~COBO:lt n;lIKJI l'I3MepeJmJI. - .IT.ml Ka%]:(Oft Tpo:ltKl!I o6pas

ll;OB npoBo;r:(Moch o6J:r<mo I6-20 n;nKJioB, qTo6H o6ecneqnn Heo6xo.IJ;H-'. MYJJ CTaTRC~eCKyJO TO"lllOCTh, . , 
.; •:•. 

Bcero nsMepeHRJI npoBO,IJ;HJil!!Ch c· WITI,JO pa3Jil!l'lmBMll no xm.mqec-

KOMY COCTaBy o6pa3D;8Ml!I, Jrl'.3.KOT6pwc: COCT~Ch ~poil!tl!I WIJ! .naH

HOro R3MepeHHJI, KpoMe Toro, 6wm npone.nelpl;~KcnepnMeHTH c Har

peTHMR'o6pasuar.m n o6pasn;ru.m pa3HOil Tomnm,m; (BHYTPl'! l!l~MepeHHJI c 

;r:(aHHOtt,Tpoimoit o6pasn;oB TOJlll1lIHH no ypaHy;6HJIH O.rtmiaKOBH c Toq-
' . •. 

HOCThlO He xyJJte I%), Ha pnc. 6 noita3EUIO,D;lllI Jrl'.3 Tpe:il:: cneKTpoB, nOJIY-

qemmx sa IO qacon c~9{oro BpeMeim nsMepeHRJI. . -
06pa6oTKa cneKTpoB, lIMeD!laJI ueJII,10 Oilpe;r:(eJlltTh OTHOCHTeJ!b:mtlt 

,·- ·\ . •: ··t__,,. : {~ .:•_~, ., .. _r_, _~·, ".i_ ,·1, :•~ •:":.;·, ·\·:·~. t · . .'.:·· _, • ~ ' 

C;r:(Bl!lr pesOHSHCOll, : I!pOBO,Iti:tlraC~ ~.JJMOl'll"lll9 o~pa6oTKe ·npl!I ll3Mepemm 
_-;:· ;;. ~; . ~.-... ·· 3 \c\,.• -.: -~: .. ,,~· ~ . · . 

Mal'Hl!ITHWC MOMeHTOB. lfc~CJI MJrIHl!IMyM 'WHKUlIOHaJia 
: .. -. '·, .. . ~·-. . - . ' - ' . 

x,2 = f. [~-(t) - /Vil' (cJ]Z 

t., 1Vz(t)+l'.''7_(t:) 
(27) 
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I. 

! 

r.ne Nz (t) H #;zlt) - Jll3a cpamnmaeMHX cneKTpa, Nj (t) 
IIeper.remmti CIIeKTp, CO,Ilel).'ltalJtltli Bap:&upyeM!ile IIapaMeTpu A ,,,.4 t-
11 IV.a • 

~7 ( t) = A [ IV-;; ( t -t td) -t- N 8 ] - ' - . (28) 

Hs TpeX CIIeKTpoB, ll3Mepemmx sa IO-imcoBoit WIBJI,COCTaBJI.!tlllICI, 

Tl)ll IIapll ,ItJilI o6pa6oTRH corJiaCHO (2;,), I!pll1!eM pe30HaHCll ypaHa 

11 Tep6:rur 06pa6aTHBa.1mcr, aHaJIOI'JilmllM o6pasoM. Ha pnc. '7 noRa

SaHH I'RCTOI'paMMH pacnpe,IleJieHM BpeMemmx C.ItBHrOB Meir.ey peso

HaHCaMl'I 6,67 sB B nape liOz - UFy lI penepmiMl{ pesoHaHcru.m Tep-

6:rur 24,5 aB B 3TlIX ite cneKTpax. 

KaK y-JKe OTMeimJIOCI, Biillle, KOJie6aHHJI KPRCTaJIJill1IeCKOit pemeTRH 

II!)lIBO)UIT K HCRWltemno 6pe:l1T-mtrHepoBCROit q>OJ)M!:I HettTpoHHoro cetre-

N 
I\ sB 2ll 

11051 I 209 6.67 n, U 
\ 

2,4.~ 14.4 11.1 l sB n, 159 Tb \ 
\ 4.99 135 
\ 

'· 1,0' 

0,5 

0 500 1000 t 
PHc. 6 8ItcrrepnMeHTaJI:&mtlt CIIeKTP O.ItHOro HS o6pasn;oB 238 ti. 

BpeM11 HaROIIJieHM .IlaHHOro CIIeKTpa 3 traca, 
t - HOMep BpeMeHHoro RaHSJia IIO 2 MKC. 

24 

HlIJI B peSOHaHCe • 3TO lICRWlteime, B006nte roBQP.fI, .pa3JIRtrHO ,ItJilI 

pa3JIHtmHX pemeTOK, II08TOMy MOlltHO O,m,ll;aT:&. trTO IIPH no,nroHKe 

l(Byx CII6KTpoB pesyJII,THJlYR]ltllit Cl(BHr 6YJJ,eT 3aBJIC6TI, OT ,Itl!aIIas_o

Ha BpeMemmx KaHaJIOB, IIO KOTOpoMy IIpoBO,nl!TC.fI no,nroHKa. IIpmAe

poM TaKOi!: 38lmCHMOCTH MOryT CJIYll!lITI, pesyJII,T8Tll, npe,ncTaBJieHHlle 

l3 Ta6,mme 3. 3TH pe3yJII,T8Tli llOJiytreHll KaK cpe,ItHRe us ? UHKJIO,B 

Ta6.:!!!!!!a 3 

Cl(Bl!r L1 t pesoHaHca ypaHa b,6? sB IIPH pasJrirnmx ,Itl!aIIa

·soHaX rro,nrom ( A -t B eµmmax I0-3 KaH~*) 

IIapa ,ItnanaSOH IIO,ItroHKH "t.z -t,~ (KaH.) 
o6pasn;oB 

40 I? II ? 

U03-U,1,ieT II,3 ± 2,9 3,3 :!: 3,0· -IO,I :!: 3,3 -!8,8 ± 6,I 

UF'f-UO.z. IO,I ± I,5 - - 0,7 :!: I,? -!4,3 :!: 3,I 

*]llm pe30HaHCa 6',67 SB 6 t: = I0-3 KaHaJia COOTBeTCTByeT 

.1 E ~ 15 MKSB. 

.ItJilI nePBOtt napu H 28 ..: .ItJilI. BTopott, a I!pHBe.nemme onm6KH .IIBJIJDOT

C.fI CTaTHCTll1!ecron.m' noJiytreHHHMR I!plI llO,ItrOHKe. ltaJiee 6YJI,yT pac

CMOTpeHll IIO,Iijl06HO BOIIpoCH, CB.fISaHHlle c ytreTOM KOJie6rumtt KplICTaJI

JllI1IeCKOi pemeTltllt. 

3,3. YtreT KOJie6aHHtt KplICT8JIJI1Itl8CKOi pemem 

Bonpocy 3aBlICmlOCTH·HeiTpoHHOrO Cetrelllm B pe30HaHCe OT Ten

JIOBOrO ,ItBmtemm lI KOJie6amtlt 8TOMOB MmIIeHH IIOCB.Rllt8HO SHatr:e:TeJII,

HOe KOJllI1ieCTl!O pa6oT, O,ItHaKO 60JII,maJI traCTI> RX IIpeCJie,no:sana IIPHK

Jia,ItHHe n:em, CB!!SaHH!le C pactreT&m peaKTOpoB, :wm. OIIpe,IteJieHHeM 

peSOHaHCHllX II8paM9TpoB,r,Ite He Tpe6oBaJiaCI>TOtrHOCT:&, Heo6XO,Itl!

MSJI B .nrumott pa6oTe. TeM He MeHee MaTeMaTHtrecKd amrapaT, pas

Bl!:Tlitt, H8I!pm.rep B pa6oTax 125•261, Mor 6JlTI, I!pIDdeHeH .ItJilI Hanmx 
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I. 
! 

pac~eToB, ecJIH 6u y,wlJI0Cb noruisaTb aRcnepmreHTa.m,Ho, ~o Trume 

pac~eru npaBHJII,Ho rrepe.n:aJOT oco6eHHocrn ce~elmsl B o6mcTFI neiiTpoH

Horo pesoHaHca. 

HccJie.n:o:aa:tmJI XlIMH'IecRoro c,ItBHra pesoHaHca rrpoB0.n:IL11liCb c 

IIJITI,10 pas.7IlllJJimm II0 :xm~eCR0MY C0CTaBY o6pasnar.m H3 ecTeCTBeH

H0ro ypaHa: MeTaJI.7IlftieCKIItt ypan, · ti 02 , ll 03 , ti F'I • H
2 

o n ypa;.. 

HM HllTpaT llO2 ( NO3 )~ ·fH.1.O. Heo6xo;v;m.to 6UJI0 .JJ,JllI arnx BemecTB 

HaiiTH II0JJ:X0.wmlY!J M0,ll;6JII,' 0imCHBalleyl!l crreRTP R0Jre6amtil pemeTRll 

n o6ecrre~aDeyID HYJKHYlO T0~0CTI,. 3a 0CH0BY 6UJI BSJIT rro.n:xo.n: 

)IJKeKcoHa n JJmma/25/, RoTopue .n:ocTurJIH xopomero ormcamm qiopr.tH 

n -~ 159Tb 

14 t T 
~ 

12 

10 

8 

6 

4 

2 

o, "'~~~~~"1 1 f?'h'l',.lfrn , 
-10-6-2 2 6 10 tit -2 2 6 10 12 tit 

l'lic~ 7 Pacrrpe.n:eJiemre SRCIIepm.reHTaJII,HllX 3Ha~e:imtt C,ItBIIrOB 

pe30HaHCa 6,6? aB 23 8 ti .JJ,JIJI napu 06J:83U0B 

UO.z- ll F II n pesoHaHca 24,5 aB -fs9 r & B 

Tex :ate crreRTpax. C.n:BIIr .1 t B ro-3 KaHaJra. 
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peS0HaHC0B B U3 OB II MeTa.r.Jm'ICCK0M yprure B nrn:poR0M .n:HarrasoHe 

TeimepaTyp (4 - 297 K) • .Ivm ormcamm crreKTpa ~aCT0T 0HH HCII0JII,30-

BaJIH M0JJ:eJII, HepHCTa-JiuH.n:eruM1HHa, K0T0pa!I rrpe.n;cTaBJIJieT co6oil M0-

.n;eJII, 8:iiHnrreiiHa, pacrrpocTpaHeHHyn Ha .n:Ba Bu.n:a aToM0B. 

B IICII0JII,30BaHHHX HaMll XllM0:'I6CRHX coe.n:imeH111IX Bu.n:a /,{ J( e, 
orrpe.n;eJIJillI!1efi .JJ,JIJI Bu.n:a crreKTpa JIBJIJieTCJI 6oJII,maJI pasHHUa B Maccax 

M It m. ypaHa II .n:pyrux aT0M0B, .Ivm TaRHX KPHCTaJIJI0B M0JKH0 lICIIQJII,-

30BaTI, C00TH0llleHMe Me:amy ~aCT0TaMH 0IIT1I'I6CRHX H aitYCTlI'IBCKHX 

BeTBeit K0Jie6aHHit 

Ycnr / J/akftc = ( M/m} ¼ , (29) 

KoTopoe rro~aeTcJI .n:JIJI ~e:lt!Iott nerm raJ)Mo~ecRHX 0CUHJIJIJIT0-

poB. 

Ilpn 3axB8T8 HeiiTpoHa ypaH0M KOJie6aHHJI pemeTRll BHSHBalOTCJI 

CMenteHHeM TroKeJioro aT0Ma, II0ST0M:Y B036y,K.U.alOTCJI rJiaBHHM o6paS0M 

aKYCTH~ecRHe ROJie6amm. B STOM c~e .n:JIJI BSB81llBHH0ro ~8CTOTHO

ro crreKTpa 

Pu ( I, JJ) = a 1 J' ( 4 v - t JJ ;,) + a~ l ( A v - Ii JI-< ) (30) 

Koaqqnm1rnHT Cl f rrpn HllSK0~acT0TH0M K0MII0H8HT6 .n;oJDKeH 6UTI, cy

lll6CTB6HH0 6oJII,me Cf 2 • 8T0 6UJI0 II0JJ:TB8J)l!m6H0 pe3yJII,T8TaMH pa-

60TH /,2 s/ ' B KOTopott 6UJIO II0J!Y'l6H0 .n:JIJI crreRTpa u 3 0 8 a 1 = 
+ · 1 + I + 0,90 - 0,05; 'YI JJ1 = (13 - 3) MaB; h V/4 = (52 - 8) MSB, 8TH 

pesyJII,T8Tll II0,ll;TB6pl!WUOT TalQ!te rrpm..teHHM0CTI, Bupallt6HHJI (29) .n;JIJI 

0TH0!lleHHJI ~aCT0T, B pa6oTe 1261 CX0.n:HH8 pesyJII,TaTH 6UJIH rro~eHH 

,1tJI.1I llD,1 u lie • 

Ce~eHHe C ~eT0M R0Jie6aHHit pe!lleTRH M0JKH0 38IIHCaTI, B BII.n:6 

ro ( £,, ) = J d £ ' ,<: ( £ 'J B ( £ h - £ 'J. (31) 
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I. 
I• 
1,; 

S.n;eci, B ( E) - 6pe.ll:T-mirHepoBCKoe Bupalltcmre .n;JIJI cetiemm, saBIIC.fI-

111ee TOJJI,KO OT CBOHCTB ,mpa :rr :rneprmr, BHOClIMOH HCHTIJOHOM B· .ff.JTI)O; 

$ {£) - ipy1murm rrepe.n;a'IU sHepr:im HefiTpoHOM aTOMaM pemeTKU II o6paT

Ho. lfMeSI B BIUzy t 'I'rO Hffiffl IIpl!H.fITO .D;JlJI CIIeRTpa -qacTOT B!lpaJKemre 

(30)' II rrpe,n:rro.rrarrui KpncTaJIJI I13OTpollHIDf, MOJB:HO ill!Terpa.,r (3I) sa

MeHRTI, CJ'MMOH 

6(£;,)=D(En}L {S.,~[s:j. B(En-;1,tl,y_,-'!l,v~)+ 
. J-1,,Z .r .... z 

+ S22 8 ( En -j'-1 I, v, + 'l t1 v~ ) ] + 
(32) 

+ s.;; f s.?~ a r Eh -r r 1i v, - 1 ;: J/~ J j

+ J z~ B{En-t-Jlliv~ -r-z4v~)]j; 
'IJ!eHH s,,; l'I s;;. XBpaKT8Pif3Y))r COOTBeTCTBeHHO BepOSI'rHOCTI, BO36y,it-

,n:eHIISI Ir rrorJIO111enIISI HefiTpoHOM j1A <pOHOHOB i J.I, • AnaJIOrl'I'IHO $;?~ 
H S; 'l OTHOC.frrcSI K ;z qioHOHaM ~ J-;., • 

1 + _ 00 
( ~.,+) w ( tf'-, 1 w-;i,, _ "'° ( -R,-) w (et/) w-.JU 

~f/'-4-X.. W.'(W--J'1).' , $1,.,_,:::2._ w.'(w-;u)! 
w ::./'"' .r w-yw 

~ + - ~ (c'./}w(i?~-) w-z 
l;z?-;;'/ W.'(W-tz)f S - _ ~ f 6'.z I w (t'/) w-rz (33) 

27 -#;'l W!(W-2).' 

Bepo.fITHOCTlI MHOrOqJOHOHHllX rrpoueccoB, B CBOro O'Iepe,n:i,, CKJia,n:uBaroTC.fI 

lI3 Bepo.fITHOCTefi sJieMeHTapnux aKTOB, orrpe.n;eJIJieMHx 3Hepr11e.ll: OT.D;a'IJU 

smpa £ 17 /(A+ 1), sHepne.li <p0HOHOB H cpe.n;He.li saceJieHHOCTI,R> corJiac

HO CTaTUCTHKe Eose-SliHmTeliHa: 

f- £ n 

t1_, = ( A -t 1) ,4 V-1 
Cl-, 

1-e-xp(-/.,v1 IKT) (34) 

En 
/1.,- = (A-t--t)l,JI_, 

at 
e-xp { A J/1 I KT) - 1 • 
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AnaJiorli'IHO 3aIIBCW3aJOTC.fI BUpruKeHlffi .D;JlJI ~ +- 11 ~z - , ec.mr l!CIIOJII,-

3OBaTI, Cl.z. II /, v~. BeJmtimia D {En) B (32) - STO <paKTOP .Ue6M

BaJIJiepa. 

IIp:ime.n;emuw COOTHOlliCHlISI 6wm: UCIIOJJI,3OBaHll .D:JlJI omi:camm pe-

3OHaHCHllX IIpoBaJIOB B CIIeKTpax. Ilo.n;po6HO STO paccMOTpeHO B pa6o-

Te /II/. .IT,im Hamme ueJief!: OCHOBHoft :imTepcc rrpe,n:cTaBJIJieT pasmr'!lre 

<Ix>PMH pesoHaHCHHX rrpoBaJioB .D:JIJI rrapu XIIMI!'IeCR.llX coe,n:unemrii n ero 

CB.fI3I, c RMUTHpyeMUM C.I(BllI'OM IIpll o6pa6oTKC corJiaCHO (27). Pnc. 8 

IIORa3UBaCT pa3HOCTI, 3ItcIIepIIMeHTaJJI,}lllX cIIeKTpoB ( To•m:n) .n;JIJI yimsan

HllX Ha PlICYHKe rrap Xl'IMH'ICCKHX coe,JUmenui1. CIIJIOilIHM II IIYHKTHPHa.fI 

Kp:imue - pactieT rro oIIl'IcaHHoit cxeMe. B Ka'!eCTBe rrepeMeHHoro rrapa

MeTpa .D;JlJI pac'IeTa B3.fITa Cpe.n;H.fl.fI 8HeprU.fI Ha CTerreHb CBO6o.n;u KOJie-

6aHIISI aTOMa ypaHa ( c ) t1 , CBJI3aHHM c IIaPaMeTpar.m B3BemeHHoro 

CIIeKTpa (30). Hs pncyima BH.n;HO, 'ITO 8KCIIepl!'.MeHTaJJI,Hlle TO'IKH xopomo 

OIIHCUBamc.fI TeopeTHIICCKOit Itp:imo.ll:, .D:JIJI KOTopo.ll: .n:ocTaTO'IHO Bll6paTI, 

H3 8KCIIepn:MeHTa o.n;:im rrapaMeTp ( c > ti • HecHMMeTplf!IHIDi XO.It KPHBOit OT

HOCUT8JJI,HO MlfHl'IMYMa pesonaHCHOro IIpoBaJia (RaHaJI 668).o6MCH.fieT 

IIO.fIBJiemre JIOJ!tHOro C.I(Bura, CB.fISaHHoro c KOJie6a:mrm.m KpHCTaJI.mr'IeC

KOil peweTKH. 

PaSHOCTI, .n;Byx KPHBl1X rrporrycKaHIDI orrpe.n;eJIJieTC.fI rrapaMeTpaNm 

.n;Byx peWeTOK, IIOSTOMY B 8KCIIepmteHTe rrpn COCTaBJieHl:m KOM6lrnaUlll 

HCCJie.n:yeMl:lX o6pasnoB BKJIIO'Ia~CH o.n;uH c HSBeCTHllM '!aCTOTHllM crreK

TpoM. B Ra'I8CTBe TaKHX o6pasuoB HCIIOJJI,3OBa.1IlICI, MeTaJIJIH'IeCKltll 

ypaH, .n;JIJI KOToporo 'IaCTOTHllit crreKTP 6UJI IIOJiy'IeH B pa6oTe / 25/, 

H l( 0~ /ZG/ • .IT,im .n:pyrux Be111ecTB rrapaMeTpu -qacTOTHllX crreKTpoB 

6mm orrpe.n;eJieH!l IIpll rro.n:romte pa3HOCTCit, RaR STO IIORa38HO Ha 

pnc. 8. IlapaMeTpu/B3Beme:mmx tiacTOTHllX crreKTpoB .n;JIJI Bcex o6pas

noB rrp:ime.ztemz B Ta6mme 4. 
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Tll6.:!Qfil_a 4 

IIapru.mTpll B3Bememrux tJaCTOTHllX CIIeKTpoB. 

06paaeu Cl1 /, Y1 MSB 02 l,~MsB 

UAeT I,00 II 0 0 

IA02 0,93 I2 0,07 46 

llF'f .. H2 0 0,53 ± 0,06 8 ± I 0,47 ± 0,06 28 ± 3 

U03 0,82 :!: 0,04 I4 :!: I 0,I8 :!: 0,04 54 ± 4 

llO.z {N01)2_ 0,82 :!: 0,04 I4 :!: I 0,I8 :!: 0,04 54 :!: 4 

Pnc. 8 

.1N I . 1• - Umet- U03 
[1a3J 'n ,-Umet U02[N03Ji6H20 

-1 

-2 

Uo3- U02 [N03)i 6H2o 

1 ~- ... . ... 
-1 

-2 
650 660 670 680 

3Kcnepmt.eHTaJII,Hlle pa3HOCTH cneKTpoB (TO'IKH) H 

pactJeTmte RpHBue, no.nyqemme npn (£ >u / KT = 
I, 080 ( CllJIOITIH3JI KPHBM) H < €. > u /KT = I, 038 
(nyHKTnp) 

30 

Blnue 61IJIO OTMetJeHO, "ITO pa3Jrn'!He B qiopMe pe30HllllCHOrO npo

BaJia B cneKTpe nponyCREilIH.ll HeiiTpoHOB 11epe3 paaHHe o6pa3!Ul np:imo

,n:HT K 3aBHCHMOCTH Be.1IK'llIHH C,ItBJII'a ,1 °t "o'l' ManaaoHa no.nromm, 

T,e. 'IBCJia KaHaJIOB t2 -tf cneRTPa, B Ta6~e 3 npnBe,IteHll HeRoTo

pue sRcnepnMeHTam;Hlle .namme. Ha pnc. 9 noKaSaHo, KaK TartaJI aa

BHCHMOCTb onncr:maeTC.ll B. paMKaX npllHJITOH MO,IteJIH. BM,ItHo, '!TO SKClle

pHMeHTaJibHlle TO'lRH H TeopeTll"!eCKM KpnBa.ll H.ItYT napaJIJieJlbHO, paa

JIH'!He MelK,Ity HllMlI MOlKHO OTHeCTll K HCICOMOMY ~eCKOMY C,ItBlII'y. RO

TOpllii ue 3aBHCHT OT .nnanasoua no.nromm. Ha STOM lite pHCyuKe MOlKHO 

BH,IJ;eTb, '!TO o6pa3!Ul pa3HO~ TOJIUtlillll .nam pa3HllH C,ItBlII'. 3TOT 34XReKT 

TaKlKe onnc!IBaeTCJI TeopeTll"!ecKHM pactJeToM • 

PHc. 9 

2000 

1500 

,_1000 
.!-
w 
◄ 

500 

- - "'; 20 

11.9•10 

- ;;;a. 5_52.1020 

-soob....---11---, ............... _j .......... _._.__,_~~~~__.__, 

10 20 3) lz-11 

3aBHCHMOCTb 3KCllepnMeHTaJlbHOro C,ItBlII'a OT ,n:HanasoHa 

llO,ItrOHKH t,2 - t f ,ItJI.lI nap o6pa3UOB l.l..11er - U03 (f) 
n ll Me,;, - U02 ( N03 )z · 6112 O ( j) , TOJI111RH8 

II,9 .• IOG0 , n n:r.. ti.Mer- U03 (~) , TOJill1RHa 
20 · 5,52.IO HJJ/c • Cmronnrne Kp:imuc A Eev - pac-

11eT, YlJHTHDaI<l!1HH KOJie6aHH.ll pemeTKH ,ItJIJI COOTBeTCTBy»

mnx nap. IIynKTHpoM noKasaH Ropz,n;op onm6oK ,ItJIJI pac

tJeTa. 
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TamrM o6pasoM, MOJ!OIO c.n;eJiaTI, saKJ110tiemre, 'ITO BU6pamraH MO

,neJII, y.n;oBJieTBOPHTeJII,HO ormcUBaCT 3qxpeKTII, CBH3aHHUC C KOJie6rurHH

MH RPRCTaJIJIH'lCCIWH pcmoTRII, H MO:lKCT 6UTI, HCIIOJII,30Brum .D:JIH BHece

HHH neo6XO,JJ;IIMOil: IIOIIpaBruI B 3RCIIepHMCHT8JII,HOC 3Ha'lCHHe C,nBRra pc-

30HaHCa, ItOTopoc MO:lKIIO sa:irncaTI, B BH)'(e 

LI Eex == 11£0 + 11£iv (35) 

3.n;oCI, A Eo - HCKOMUH XHMH'lOCRllli C,nBlll' pesonauca, ,1£ tv - rrorrpaB-

Ka, CBJI3aHHM C KOJie6aFm.HMH pemeTKH. OrmcaHHM rrpon:e.n;ypa orrpe.n:e

JieHII.lI rrorrpaBrur .1 E ev rrpoBo.n;wrac1, )J,71.JI Y..ruK.IJ;ofi cpaBHUBaeMoi1 rrapu 

o6pasn:oB .D:JIH 4-5 .n;narrasonoB rro.n;romm. B Ta6JIHIJ;e 5 rrpmie.n;eHU pe-

3YJThTaTu 3KcrrepmieHTOB H pac'lCTOB )J,71.JI BCCX HCCJie,ll;OBaHJ!UX o6pas-

0:0B. BeJIH'lHHU AEex, tlE t"v II 4 £ 0 SIBJUIIOTCJI Cpe,!UilThrn: ITO HCCKOJII,

Rl!M .n;narrasonaM no.n;roHRir • .D;7IR: t.i E ex H .ti E ev OHII rrpIIBe,n:eHU JIIIIJlI, 

JJ,JIJI lIJIJIIOCTpalUil'l BOJIH'IlfHU s@leKTa, TaK KaK )J,lIJI HHX illJ!eeTCH CHCTe

MaTI!'leCKM -38BHCilMOCTI, OT .n;narrasona rro.n;romm. )vI.R: Be.nwmHH XIIMH

tieCKOro C.n;Blll'8 4 £0 OKOH"l8TeJII,HUe pe3yJII,TaTU ,ll;aHU B IIOCJie,Il;IIeM 

CTOJI6n:e Ta6JIHn;I.I 5. Yita3rumue rrorpel!IHOCTH JIBJimJ'l'CJI CTaH.n;8PTHUMH 

OTKJIOHOHH.ID.rn: H BKJIJOtiaKJT B ce6JI CTaTHCTH'lCCKyIO OIJlH6Ky 3KCIIepm~eH

TaJJI,HOro snatioHHJI .1 £ ex H OIIlH6ItH rrapru.reTpoB pactieTuoro cneRTpa, • 

Bome,ll;IJlHe B 4 £ ev. B 3Tott :lite T86JIHIJ;e rrpHBe.n;eHU TOJlllUfHU o6pasn:oB 

.D:JIH ~ofi napu (i:nrcJio JI.n;ep 
238 ll Ha c,?) H pasnocTH cpe,11;Imx 

aneprIIB H8 CTeIIeHI, CB060,1J;I,1 aTOM8 ypana. OT,n:eJII,HO CJie.n;yeT CKa38TI, 

0 pa3HOCTHX aJieKTpoHHUX IlJIOTHOCTefi A.Pe(o), T8Klite npIIBe.n;eHHUX 

B Ta6JIHIJ;e. J1x 3HamtC )J,lIJI Bcex HCI!OJ!I,30:BaHHUX nap ::itllMI!'lCCKHX 

coe.n;nneHHtt HBJIJieTCH neo6XO.n;HMllM .D:JIH rrepexo.n:a R HsMeHeHHIO cpe.n:ne

RB8,ll;paTH'!Horo pa.n;ny6a .impa IIPH -38XB8Te ne:itTpoHa, KaK 3TO CJie

.n:yeT H3 Bllpru!teHHJI (26). B pa6oTe /ff// IIORa3aHO, 'ITO 3TY pas

HOCTI, M0'1!HO·ycT8HOBHTI, B paMRaX Mo,n:eJIH a@leKTllBH!lX KOHgJRI'yJ)anI!tt 
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BaJieHT.HHX 3JJeRTpoHOB, lICIIOJIL3YH 3RCIIepm~eHTaJII,.HHe .n:amrne no XH

Ml1'!8CROMY C,n:BIIT'Y peHTreHOBCRHX .mrnltii ypaHa' .n:amrue no t.recc6ay

spoBCROMY ll3.MepHOMy C.n:BHry ,n:JI.II 
237;Vp u ,n:aHHHe ITO :weRTpomro:ll 

IIJIOTHOCTU B CB060JlHHX lIOHax. IIoJiy,ICHHHC TaICliM oclpa30AI 3HatJ:emm 

~.Pe (o) .n:mru: D Taclmm;e. Onnrclrui: oclyCJIOBJieHH B. OCHOBHOM OlllliclRaMU 

aRcrrepm.1eHTOB, ,n:aBIJJllX ncxo.mrne ,n:amrue .IlJlJI pactJ:eTa t.j1t! ( o) 

3,4. JI3111enemie c:pe;n:HeRDa,npaTWIHOro :pa:mwca MJl3: 238 l/ 

rrpn 3aXBaTe pe30HaHCHOro He:llTpoHa 

B pas,n:e;re 3.I clIIJill npnBe.n:eHII COOTHOIDCHM, OIIliCIIBaJafllie XHMli

tJ:eCRlill C.n:Bllr He:llTpoH.HHX pe30HaHCOB. BIIpalltCHlie (26) JIBJIJlCTCH.XOpo

Im!M npnclmmeHneM ,n:JI.II Jierrui:x ;uep, HO Tpe6yeT yTOtJ:Hemm ,n:JI.II TRJKe

JIIIX, IIpH BIIBo,n:e (26) HCnOJU,30BaJIOCI, IIOCTOHHCTBO sJieRTpoHHo:ll IIJIOT

HOCTII no 067,e1zy .supa, a ,n:JI.II TaKoro ;upa RaK ypan aTo yc;romm He 

BIIIIOJJHJI8TCfl, JLruI oneHRH .n:onyCTHMOCTH TaKoro npn6.mmeH1IH 6IIJill 

npoBe,n:eHH pactJ:eTH /I4/ ycpemreHHoro no TCJICCHOMY yr;ry pa.n:ll8.lll,HO

ro pacnpe,n:eJICHM nJIOTHOCTeft IlpoTOHOB II 3JICKTpoHOB B ORpeCTHOCTlI 

.supa. )J.ruI npoTOHOB B fl.D:PC 6IIJIO npHHJITO qiepMllCBCKOe pacnpe,n:e.ireHlle 

.Fr ( B, t} =.fpc { 1 t e:xp [ 1-tfn3 (c:[1-ft Y;:° J-R )/t:] j-t (36) 

C ,n:eqiopMaI.UICH ,F = 0,253, .IU!\1X}y3HOCTI>Rl t = I,46 if>M lI pa

,n:HaJII,HHM napaMeTpoM R = 7, I5 WM cor;racHo pacloTe JJ,e BnTa H 

,n:p/271. IlJIOTHOCTI, 3JieltTpoHOB 61wa pacc'IJ:liTaHa no MeTo.n:y JT,ll

paRa-OORa, Pe3yJII,T8TH pac'IeTa noKa3a.HH Ha pnc. ro. BH.IUio, 'ITO 
. ' 

R rpannne fl.D:P8 .Pe(?:} YMeHI,maeTcH npHMepHo Ha 20%. TaKoit JKe 

xapaKTep pa.n:llaJibHOH 3aBlICllMOCTH HMCeT H pa3HOCTI, ,:j .Fe ('?:},n:JI.II paa

llllX xm.nrqecrurx coe,n:HHeHltii. CTporltii y,reT HenocTOHHCTBa f). fe ("c) npn

BO,n:HT R noJIBJieHl!Rl B (26) 'IJICHOB, co,n:epam!I1llX 6oJiee BHCorui:e 

tJ:eTIIlle MOMeHTH BH,n:a .1 < T ,Z,: >. 0,n:HaKO' np:mnIMruI BO BHlIMaillie He

BHCOKyRl 3KCnePllMCHTaJII,HYRJ TO'IJ:HOCTI, H TO, 'ITO nJIOTHOCTI, 3JICKTpo-

34 
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0 2 3 4 5 6 7 8 9 r [f m] 
Pnc. IO Ycpe,n:He1nrue no TeJiecHOMY yr;ry pacnpe,n:eJieHM 

3JICKTrHHOH lI npoTOHHOH nJIOTHOCTH ,n:JI.II JU
pa 23 l/ , OTHeceHHIIe R nJIOTHOCTH B 

ueHTpe .supa. 

HOB lI3MeHHeTCfl B npe,n:eJiaX fl.D:pa He CJillll!ROM CHJII,HO, MODO npHHJITI, 

C .n:ocTaTO'!J:HOH TO'IJ:HOCTI,R) aqq>eRTlIBHOC 3HatJ:eHne K.f'e(o) , Tor.n:a 

.IlJlJI XHMli'IJ:eCKoro C,n:BHra nOJiytJ:HTCH BIIpallteHHe 

4£ =2J7e 2 ZK..an (o}d<Z:.!!> o 3 · re r (37) 

lfucJiemrue pactJ:eTH nORa3aJill, 'ITO ,n:JI.II JUpa ypana K03qq>HUHeHT 

K = 0,9. BupaliteH1Ie (37) MOXeT 6IITI, HCnOJII,30BaHO ,n:JI.II IIOJ!y,ICHWI 

3RCnepHMeHT8JII,HOro 3HatJ:eHHR Ll < t ~) - 113MeHeHIDI cpe,n:HeKBa,n:paTH'!J:

HOrO pa,n:Hyca sapJI,n:a fl.D:P8 npn aaXBaTe peaoHaHCHoro He~TpoHa. Ha 

pnc. JI npnBe.n:eHH 3HatJ:emm .C.n:BHrOB pe30H8HCOB £l £ 0 ,n:JI.II pa3llllX nap 

xm,mqecKRX BemecTB B 3aBHCHMOCTn OT 6 .?e ( o) .ropnaoHT8JII,IIlle o'J1)e3-

rui: B HmitHeit tJ:aCTR pncyima nOKa3IIBaRlT Heonpe,n:eJieHHOCTI, .1 .Pel0) ,n:JI.II 
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l>Pel0J (1026cm3J 
13eJmtmHa :xm.m'!ecrwro c.zomra .6 F0 rum qiyim:rnm 
paaHOCTJI s~eKTpommx WIOTHOCTeH. ropll30HTaJII,HHe 
oTpeSKll Bimay noruisHBam Heonpe.n;e~e.HHocn 6 p e ( o) 
,ll;Jill COOTB6TCTBYIIJ!leff napH o6paanoB~ 

COOTBeTCTBYIIJ!leff napH. CWIOIIIHrut 1IpsIMaH IlpOBe.n;eHa MeTO,ll;OM HaBMeHI,IIlllX 

KBa,IU)aTOB '!epea Ha'!aJIO ROOp.rtmmT Il 8Kcnepl!MeHTaJII,Hl:le TO'!Kll, a 

l!yHRTRJlHHe .mnnm :yxasimaJOT 95% - .n;o:aepHTeJII,mlil HHTepBM~ C Y'!e- • 

TOM ROHCTaHT :a 4X>PMY~e (37), JIS HaMOHa lll)m.ioff rro~eTCJIBeJIH

'!lma 

.i ( + -f,2) 
d < z I' > = - ~ '! - O,B 

0mJI6RJI'cooTBeTcTBYJOT 95% - ,ll;OBepmeJII,HOMY lIHTep:BMy • .ztrur JI,I(ln 

:us {I cpe,D;HeKBa,IU)aTmnmil: pa.n;eyc ( z:~) , pacc'!l'ITamntli corJiacHo 

pacnpe.n;e~e:mno (36), COCTa:BJIJieT 34 'PM2 , TaK 'ITO OTHOCJITeJII,HOe 

HaMeHeHHe 

<l< "C/) / < '"l:~> ::: -°'os. 
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TaKllM o6pa30M, SKcrreplfMeHT IIOitaSIIDaGT, lJTO npn saXBaTe HeiiTpoHa 

cpe,D;HeKBa,IU)aTHTIIIllii pa.n;eye KOMllaYH,It-COCTOJIIDIJI 239 ti Ha 5% r,rem,

me, 1J6M ,ll;Jill OCHOBHOro COCTOmmJI smpa = Mmll6Hil Z 38 l{. 

IIpoBe.n;emrue s1tcrrepm.reHTUJII,HI1e n pac'!eTHHe npo:aepIUI c,D;BHrOB 

pe30HaHCOB ll03BOJI.mDT 38KJIIO'IlITI,, 117:0 na6JIRW16Mllli s<PiJeKT CBJISaH 

C 3~6RTPll1IOCKilM MOHOIIOJII,HHM BSaHMO,D;OiiCTBileM • .I{pyrnc Bll.lnl cnepx

TOHRilX BSallMO,ll;6HCTBilli He MOryT I!pllll6CTil K rro.n;o6HOMY cMememno 

ypoBHJI. JleiiCTilllTeJII,HO, MaI'HRTHOe ,ll;IlIIOJII,HOe II M6KTPU1JCCitoe KBa.It

pytIOJII,HOe B3al!Mo.n;eiicTBIDI IIPllllO.IUIT K pacmeWieHillO ypoBHJI, a C,ll;BHr 

MOJ!teT 6HTI, IIOJIY'IeH JililIII, I!pR IIO~aawrn .ir,nep, 'ITO JI 6~0 lWilOJII,

SOBaHO rrp:e: JI3Mepemm MaI'HllTHHX MOMeHTOB .ir,nep, OIIIlC8HHOM Billlle. 

KBa.n;pynOJII,HOe B38IlMO,D;eiicTBil6 ,ll;Jill '!OTHO-'!eTHOro smpa-MmIIeHH ~381) 

H RoMIIayH.11;-smpa :1
39 ll co cmrnoM J = 'l'..e Boo6me oTCYTCTByeT. 

IloJIY'IeHHoe sna'!eIDie d ( 1: ! ) oIIIlcHBaeT pas~o~T'& cpe,D;HeKBa.zu,a

TlI'!HHX paJ(}IyCoB ~36~e~or~ HJJJ)a :znl/ H ~ ~3 S l( B 

OCHOBHO_M COCTOJIHim • .ltIDr oneHRH l3JIIDIHWt B036yJK,D;emm Ha ~PMY H,ll;pa 

He06XO,D;HMO HCRJIIO'!HTI, R30TOilJl1Iecm sqqJeKT. 3To MOlltHO c.n;e~aTI>, 

~CilOJII,Syi. HarrpRMep, ~e. 
0

I!plllle,D;~HH!ie B RO~ /2B/. 
KaR noRasHBaeT miaJma pesym,T~TOB II3Mepemtit RSOTollR'!ec~ c,D;BHrOB 

OllTJI'lecrurx: Jillliltit B R30Tonax ypaHa H IIJiyTOHIDI, pa3HOCTI, cpe,D;HeKBa,D;

paTHtlltllX pa,D;IlyCOB OCHOBHHX COCTOJIHltit .t39 tf JI .:233 l,/ He npe -

BHmaeT·O;O? ~- 8Ta :ae~a CYll!eCTBeHHo MeHI>me o6cpr,ItaeMoro 
• , . ; .. ~.; 

sna11eHWI il <.'ti > , H 6ea ymep6a .D:M ,IJ;~Hellmero paccMoTpemm 

MOlteT_6HTI> orryutena. 

TaRRM o6pa30M, MOltHO 38RJIIO'!HTI,, 'ITO Hatt.zteHHOe B 8Rcrrepm1en

Te y,.reHi,me:ime cpe,D;HeKBa.D;PaTRlJHOro pa.n;Hyca cBJisaHo c B036Ylr,Il;eHReM 

smpa 239 ti , paBHHM sHeprHJI cBJisR neUT~Ha - 4,8 MsB. Ha6JID,Itae

MOe y,.rem,me:ime ( 2:1,) B paMitaX .n;aHH~ro 8KCIIepl!MeHTa He MOJ!eT 
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0THOCllTeJII,HOe llSMeHe1me Cpe,ItHeI038.n:paT~oro pa
,ltliyCa 2js u ·· B saBHcm.rocrit OT napaMe-rpa .Ilf!4JOPMa-

. mm. ./3 • To"lltott OTMe'IJ:eHO OCHOBHoe' COCTO.mme .fI,lij)a. 

6un, ~eTa.mtsl!pO~o. T.K. XllMR1!ecront c,mmr pesonanca npaKTll'l!ecKH 

He-qyBCTBllT~eH K 6oJiee BHCORHM MOMeHTaM pacnpe,lleJiemm:, KaR 3TO 

6HJid o6CYJl!,Il;eHO BWlle. Mo,mo TOJII,KO oneHIITI,, KaR BJIIDDOT pasJ!l111HHe 

napaMeTpH pacnpe,D;eJieIDIJr sapJr,IJ;a B Jr,IJ;pe na llSMeHeHIIe cpe.ItHeKBa.n:pa

Tl'f!IHoro ~ca. Han6oJiee rrpocTM cBJis1,- }J)IR pa,ItHaJ!bHoro rrapa-

MeTpa R pacrrpe,D;eJiemm (36). HSMeHemm <~~> mt 5% no.ny,raeTcSI 

IIJ)H ll3MeHemm /? IIpllI,!epHO Ha 2,5%. HecKOJII,KO CJIOlltH~e CBJI3I, 

c ,D;eqJOJ)Mrumeit. Ha pnc. 12 ITOKasaHo OTHOCllTeJII,HOe H3MeHeime Cpe.ItHe-, 

KBa,IijlaTll'l!Horo J)a.ltlIYCa Jr,IJ;pa B 3aBllCllMOCTR OT IIapaMeTpa .IleqJOJ)Maltlm 

j3 IIpll coxpanemnr 06'!,eMa. Pac1IeT IIpOBO.ItlIJICSI }J)IR qiepr.meBcRoro 

pacnpe,D;eJieHM (36) c 11apaMeTpaMR }J)IR -2.38 l( , r,D;e Ir3MeHSIJiac1, TOJII,

RO ,D;eqJOl)Ma!UIJI. To"lltott Ha KPllBOH OTMe'IJ:eHO OCHOBHOe COCTOSIHlle Jr,IJ;pa. 
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Bll)UIO, '!TO ecJill B B036YJK,D;eHHOM COCTOmnm .ff,IJ;p0 6JI1I3KO K cqiepmec

KOMY, TO 3TO IlplIBe,D;eT K H3Menemno < ~i> :npm.repno Ha 5% •. 
OcTaHOBRMCSI Tenep1, Ha conocTaBJieHRH noJiytJemrnx .Jfumrux c 

TeopHeit. To"IH!Ui pac'l!eT BOJIHOBOit <I)yioonm ItoHKpeTHOI'O KOM!IayH.U;-

COCTO.mnuI SIBJISieTcSina cero,IUISIIlIHHii ,D;eJl!> neBIJIIC>.7.IHID.lliM~ Mo,mo ormcaT1> 

cpe,D;Jme CBOHCTBa TaKKX COCTOSIHlltt B paMKaX CTaTHCTlltteCKOit Teopllll, 

BBO,Il;SI TeMIIepa-rypy T , COOTBeTCTByxmyIO 3HeprRH B036YJK,I(eHllSI 

Jr,IJ;pa £ * • TaKott no,u;xo.zt 6HJI pasBHT B pa6oTax BynaTSIHa/29 ,30/. 

Ha OCHOBe MeTO,Ita TeMIIepaTypHHX qiyHRultll I'pmi:a C y1!e.TOM CllJII,HOI'O 

B381IMO,D;ettcTBWI HyEJIOHOB H napHIDC Koppe~ CBepxIIpOBO;It81Jlero THlla 

RM 6HJIH BH'IJ:HCJieHH H3MeHeHlrH Cpe.ItHeKBa,D;paTII1!HillC J)a.ltlIYCOB Jr,IJ;ep Ilpll 

Bos6y3,1temm. Bwro noKasano, 'l!TO IIpH sneprHH Bos6YJK,D;emm smpa no

p.ff,IJ;Ka 3Hepr:im cBJisu neiiTpoHa, T.e. IIpH T ~ 0,? - I MaB, ~ < t-l) ~ 
- 0,2 ~- CoI'Jiacuof29 , 3o/, 3TO o6ycJIOBJieHo p.ff,IJ;OM IIplI1IHH: H3-

MenemrnM ~ pacnpe.zteJieHllSI 1!8CTJW;, yiiemmeHHeM aHeprllll nap-

ma: KOppeJISIUHi!;, YMemme:imeM ,D;eqiopMainm. B ,llPyrRX pa6oTaX, B 1!8CT-

HOCTH.M08eJISI H .IlP• / 3l/, TaIOKe OTMe'IJ:aJIOCI,, 'IITO C yBeJIH'l!eJmeM £ -!I 

,D;eqiop.mn;IDI ,ItOJllltHa YMem,maTI>CSI, 'IJ:TO CBSI8lll3aJIOCI, c oc.rra6JieJmeM po-

Jm: 060JI01Ie1IHott CTIJYKTYpH. 

1IB:CJiemrae oneHKH 
129' 3o/ ,D;aJOT BeJill1IHHY Ll < 'Z' -l > , coBna.ztallr

lilYlO 110 8HaKy, HO CYIJleCTBemm Memmyro, 'l!eM IIOJiy1!emtruI B OIIHCHBae

MOM 3KCIIepm.reHTe, :11'MeSI B Bll.ztY, 'IITO CTporHe 1Il!CJiemrue pac1IeTH IIpO

Be,D;eHH TOJII,KO }J)IR CqJePH1IeCK1IX Jr,IJ;ep / 3o/, a .I(JIJI ,D;ajopMllJ.XlBaHIIUX: 

.nruw JmIIII, oneHKII B KB88HRJiaCCH'l!eCKOM IIpll6JIIDKemm, npe.ztcTaBJIJieT 

HHTepec IIp0Be,lle1me }J)IR ,D;eqx>PMl!pOBaHmIX Jr,IJ;ep TaKHX · ae 'IIHCJiemnuc 

pac1IeTOB. Heo6XO.I(HMO Taroite OTMeTHTI,, 'IJ:TO BHBO.ItH CT8THCTR1!eCKOtt 

Teopmi ,D;am cpe,lllnte no MHOrllM·pesoHaHCaM 8Ha1Ie1U1JI. B CBSIBH c 

aTl'!M 6y,lleT npe,llCTaBJISITb I:HTepec .IlaJ!bHefimee aKcnepm,reHTaJII,Hoe 
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nsyqemre Bonpoca 06 HsMeHemm qiopMu H.IUJa npn BOS6yJK,IJ;emm no~

Ka :mepnm CBJISH HettTpoHa. 

EesyCJIOBHO HHTepecHIDit smmteTCJI npoBe.n;emre lICCJie.n:o,Bamrli C 

.n;eJIJimEMIICJ'I JUJJ)a?,nt, ]J,JIJ'I KOTOPHX xapaKTepHO HaJIHtme MHOI'HX HlISK0-

3HepreTlI'!eCKHX peSOHaHCOB, IIpHrO.n;H!:lX JJ,JIJ'I lISMepeHIDI. RpoMe Toro, 

npe.n;cTaBJIJieTClI HHTepeCHHM ys~TI,' 6y;n;eT JilI Ka.Kasl-JilI60 KOppeJillll;lm 

C .n;eJIHMOCTI,IO H,IUJa, Toe. C ,Il;eJilITeJII,HOll I.IlilplIHOll ypoBWI. 

4. Bl:lBOJJH 

IlpIIDe.n;emwe B ,Il;lICCepTaumr MaTepJia.Jill, IIOCBRm8H.HHe lICCJie.n;oBa

lIBJIM s@>eKTOB CBepXTOHKlIX BSaHMO.n;eiicTBJiii B HeiiTpoH.HHX pesoIIaHcax, 

IIOSBOJIR:IOT c.n;eJiaTI, HeKOTOpue BHBO.n;H. 

1. Paspa60TaH lI peaJilI30BaH JJ,JIJ'I HeiiTpoH.HHX pesoHaHCOB MeTo.n; 

H86.1!10.D;eHlUI C,Il;BlII'OB, o6ycJioBJieH.HHx CBOpXTOHimM MarHHTHIDA B3aHMO

.n;eiiCTBJieM • 

2. B 3Kcrrepm.ieHTax no nporrycmumro HeiiTpoHoB tJ:epes rroJIJipHso

BaHHHe H HeIIOJIJiplI30B8H.HHe r.rnmeim H3 pe,IJ;K03er,teJII,HHX 3JieMeHTOB 

BIIepBue nsMepeHu C.ItBHrH .II ypoBHeii nsoTOIIOB I60 Ti5 , 162 .Dy , 

I64 j) !f , 166 Ho , 168 £ r . BeJilI'IliHU C,Il;BHrOB COCTaBJI.ruOT OKOJIO ro-3 

OT co6cTBeHHofi llll!pHHir ypoBHJ'I • 

3. Orrpe.n;eJieRlil MaI'lillTHHC MOMeHTU yrta38HHUX ypoBHOii. C.n;eJiaH 

cymecTB8HHI:lll mar B o6JiaCTlI lICCJie.D;OBaHllJ'I MarHnTRlilX MOMeHTOB KOpoT-

KOmIBymiiX COCTOJllllill ( CZ-'\,.< ro-14 
C), ne.n;ocTyIIHhlX ~ ll3y,:I8HlUI 

.n;pyrm.m: MeTO,IJ;aMll. 

4. Ha OCHOB8Hllll Haii:.n;OHHh!X 3H8tJ:emrii MaI'HlITHHX MOMeHTOB lICCJie

,Il;OBaHHh!X ypoBHeil onpe.n;eJieHH cpe.n;Hee sHatJ:emre n,nepHoro /1 -ipaKTo

pa lI BeJIHtnma ero ipJry:KTyamm: OT ypoBH.!I K ypoBHIO. CpaBHeime 3TlIX 

BeJill'Il!H C o~aeMh!MlI Ha OCHOBamm TeopeTlI'I8CKIIX pactJ:eTOB IIOKa3a-
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JIO xopomee corJiacne. Te11 car.'lh!M CT8TIICTJI'ICCKa.!I MO,IJ;eJII, H.IUJa IIOJIY

'filJIU IIO.D;TBeIJllU(eHlIC B HOBOII o6JiaCTlI. 

5. Paspa60T8II MeTo,n; ll3Mepemm JOO,fillICCKOrO C.n;Bnra HeiiTpoHHUX 

pesoHaHCOB - a.HaJiora nsoMepHoro c.n;Blll'a n,nepHHX ypomrnii. Brrepooe 

npoBe.n;enu nsMepemm xm.m:tJ:ecKJuc CJ?llil'OB HeiiTpomrux pesoHancoB, 

o6ycJIOBJI8HHh!X CBGPXTOI!KlIM 3.TieitTpli'Iecmm B38lfl.!0.D;CllCTBHeM. 

6. Paspa6oTana Mero.n;rma TeopeTIPiccrtaro pactJ:eTa nsMeIIemm 

Heii:Tpommro cetiemm B o6JiacTn pesommca rrpn rrepexo,IJ;e OT o)lHoro 

XITh'IIPieCKoro coe,IJ;IIHOHM K .n;pyroMy. ::JKcrrepm.mHTaJII,HO IIOKa3al!a BU

COKa.!I TO'IlIOCTI, TaKoro ormcamm. :3Ta MCTO,Il;llKa npm,mnm.m .n;JIR: CTpo

roro ormcamm pesonaHCHoro cetiemm H MmlteT 6uT1, peKOll!en.noBaHa 

.n;JIR: peart'l'OJ)HllX pactieTOB' K TO'IHOCTH ItoTOpllX rrpe,n;'.!,ill3JilllOTCll Bee 

6oJiee BLICOKIIO Tpe6oBaill'UI. 

7. Ha OCHOBamra H3Uepem!i1 XHMlltieCKHX C,Il;BlII'OB Brrepnue IIOJiy

tJ:eHll sKcrrepHMeHT8JII,HHC .n;aHHHe 06 ll3MeHemm cpe)lHe1ma.n;paT1l'IHoro 

pa,Il;llyca saJ)JI.I(8 H.IUJa rrpn B036yil\',ll;eHim .n;o :rneprllll cB.irsrr neiiTpOHa. 

8. )I.rur lI3MepeHHOro KOMII8YJI,n-COCTOHHIDI 
239 LI (HCiiTpoHHHii 

pesoHaHC 6,67 BB 238 LI ) IIOJIY'IeHo, 'ITO < 't--j > yMeni,maeTCR rrpII

MepHo Ha 5% IIO cpaBH6HillO C COOTB6TCTBynnei:i BeJilI'IllHOH .n;JIR: OCHOB

HOro COCTO.IIHIDI. TaKOH sipiJeKT 3H8'IllT8JlliHO rrpeBLIIITaCT Olm,ll;86MIIB 

Ha OCHOBallllll CTaTllCTU'IeCKOll Teopllll. B c:rurnu C 3TID,! IIpe,Il;CTaBJIR:eT 

3H8'Il1T6JlI,HIIli llHTepec rrpoBe.n;eHHe rro.n;o6Hh!X llCCJI8.D;OB8Hllll .n;JIR: .n;pyrux 

ypoBHeii Ji n,nep. 

9. 1(llitJI HCCJI€,Il;OB8Hllll a@>eKTOB cBepXTOHKllX BSanMO,IJ;eficTBHii 

B HeHTp0HHllX pesoHaHcax OTKp!lJI HOBOe nanpaBJieHlle B HeiiTpoHHoil 

lpH3UKe, IIOSBOJIHB orrpe.n;eJilITI, 3KCrrepmiteHT8JII,HO TaKHe xapaKTepHCTH

KlI KOMII8YH,n-COCTOJ'Imrii n,nep, Kalt MarHHTHUe MOMeHTll H H3MeHeHHe 

cpe.n;neKBa.n;paTJitJ:Horo pa,Il;llyca sapJUCa H.IUJa rrpn saXBaTe HefiTpoHa. 
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