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OBUAR XAPAKTEPHCTHKA PAEOW 

AltTY8JU,HOCTb npo6neMH. Ilp.111 BSaHMo,nelcT:az.111 He:lt'rpoHoB c sntP™ Be
mecTBa Ha6Jll)'AaeTca Pfm acppeKToB HecoxpaHemm qe'l'HOCTH, o6yCJioBJiemmx 
CJia61,1M BSaHMo,nelCTB.llleM HYR,JIOHOB B smpe. K HI™ O'l'HOCSlTCSl TaKMe acppeK
TH, KaK BpameHHe CnHHa nonepe11Ho-nOJIR:p.lraOB8H1IOrO Hei\Tpoaa B MOCKOC
T.111, nepneH.IUIBYJillPHOI\ HanpaBJieH.llll'.l ,IOmJteH.IIIJl np.111 npoXOl!,Il.8H.IIIH Hei\TpOHa 
11epes HenOJIRpHsOBBHHYJO wmieHl>, a T8Kllte saB.111c.111MoCTb nOJIHoro ce11eHM 
BSaHMo,nelCTBM O aeno.1Ilip.lraOB8HH!lM.H smpaM.111 }1)Ul H81TpoHOB, noJISip.11130B8H
HHX napaJJJieJibHO .Ill aHT.lllnapaJJJienHo HanpaBJieH.IIIIO .JU3mteHM (saB.1110.HMOCTb 
oe-qerum OT cn.111panHOCT.lll HelTpOHOB). COOTB8TOTByJlll.1118 oneHK.111 OTH00.111-
TeJlbHOrO H3M8H8H.111Jl nOJIHoro oe~eHWt OT Cil.lllPaJibHOOT.111 He:ttTpoHOB .Ill yrna 
noBopoTa noJISipzsaWJ.111 (B pa.ztHaHax) }1,J1J1 MH11IeHett TOJlll\.lllHOI B ,n.irnay oBo-
6o'A8oro npo6era, ocaoBSHHHe Ha paooMoTpeH.111.111 pacoe.llHM Ha P-He11eTHOM 
nOT8Hn.l/laJI8 smpa, T.e. Itor.na smpo paccMaTp.HBaeTCll JIHmeHHHM BHYTP8HH.IIIX 
CTeneHett OB06o,nu, ,naBSJI.111 npaKT.lf'q80K.lll H8.IIISMep.HMHe BeJI.11111.1/lHH rn:.G+IO~ .Ill 

noeTOMY B8JI.111Cb no.lllCK.111 YOM8H.IIIJI acppeKTOB TaKOrO po,na. B I976 ro,ny B 
pa6oTe ~opTe 6wro nucKasaHo coo6paxeH.111e, 11To pacoMaTp.HBBeMHe P-He11eT
Hiie HettTpOHHO-OnTneolt.llle e@>eKTH ,n0.71lltHH SHa-q.HTeJlbHO ycwumaTbCSl B6JI.lll-
3.lll O'AHO'iaOT.llltlHHX P-BOJIHOBHX pesoHaHCOB, .111 KOHitpeTHO 6wr ~e,nJIOXeH 
8Konep.111MeHT no .IIISMepeH.IIID yrJia noBopoTa Oil.lllHa He2TpOH8 BI 4sn' y KO
Toporo np.111 SHepr.111.111 62 eB pacnonoxeHp-BOJIHOBOI pesoHaHC c OTHOC.IIITeJlb
HO 6onmott O'AH011aCT.H11HOI KOMIIOH8HTOI. TaKott a1tcnepHMeHT 6WI BHnoJIHeH 
B 1980 ro,ny B I'peHo6Jie Ha nyqKe HelTpoaoB c eaepr.111el I,7 MeB. OXH,nae
Moro acppeKTa Ha 124sn o6aapy!teHO He '6wro, B TO 'BpeMit KBR HS II? Sn 
BpameHHe He2TpOHHOI nOJJJip.11138Wi.111 OKaSaJIOCb oqem, 6~tll.lllM, no. Kpattaell: 
Mepe, B mcaqy pas npeBHlllallUtee oneHK.111, o,neJiaHIDle aa ooHoBBH.IIIH pac
cMoTpeHM pacceJIHJUl HelTpOHOB Ha P-He11eTHOM noT8HnU8Jie smpa. Jvm 
117sn 6HJio nonyqeHo TaKllte yxasaHHe Ha saBHOHMOCTb nOJIHoro oe11eHW1 OT 
On.RpanHOCT.111 Heil:TpOHOB. 06'MlcHeH.llle 6onmott Be.,n!1I.IIIHH acppeKTOB CJI8~0B8-
JIO .111s nMBHBWelca npa1tTH11eOK.111 O'AHOBpeMeHHo TeopeT.11111eo1tott pa6oTH 
O.Il.CymKOBB H B.B.~JISM6aYMa~ B KOTopoll: youeHHl:le P-He11eTHiie HettTpoH
HO-OnT.11111ec1t.111e eqq>eKTH ►CB!ISHBaJI.I/IOb co CMellIHB8H.1118M no qeTHOCT.111 KOMIIayH,n
OOCTOSlH.1111 smep. B 8TOI\ pa6oTe 6HJIO llOK838HO, qTO }1)fR cpe'AH.lfX .Ill Tsnte
JIWC smep }1)Ul HelTPOHOB O 8HeprBJIMB B paitoHe p-pesoHaHCOB P-H8118THHe 
aqq>eRTY MOryT ,I(OOTHr8TL SHaqeHHft I0-2+10-3. )l.lUl 38:BHOHMOOTH noJIHoro 
08118Hl!Sl OT On.RpanHOOTH HeftTpOHOB npe,ncKaSHBaJICSl pesoHaHCHHI xo.n 8ql
q,8XTa C Ma.KOHMYMOM npH 8H8prID1 pesOHa.HOa. 

3l CyuntoB o.n., ~JiaM68j'M B.B. Il.lllcLMB B lK3'N, 1980, T.32, B.5, o.377. 

li"M'.aittefillhil Bllcmyt \ 
sw;r~ . tffleionnud · 

G!ti'e Jf1\r!OTEHA 
-- -~---~-



B CJIOMBWefica CHTYanHH CTaJIO Becl>Ma aKTYaJII,HllM npoBe,neHHe 8KCne
pHMeHTOB B o6JraCTH 8HeprHii HeiiTpOHOB, Blt1Il!R8llllleii Henocpe,ncTBeHHO 
P-BWIHOBOH KOMIIaYH,It-p6SOHaHC. 

OcHOBHaJI qeJll, pa60Tll. 0CHOBH8JI n8Jll, pa6QTU,COCTOSL7Ia B 8KcnepH
MeHT8Jll,HOtt npoBepxe TeopeT.H1IecIWX BUBo.n;on, ocHoBawmx Ha MO.IteJIH CMe
lll.llBaHruI CJia6UM BSa.llMo,neiiCTBHer.l KOMIIayH,lt-COCTorurn:ii H,Itep npOTHBOnOJioE
·Hoii lieTHOCTH H O,nHOro CnHHa, 0 SH8lil1T8Jll,HOM ycHJieruUI B peso1IaHCHOM 
xo.ne O,nHOro .HS P-HelieTHUX Heii'l'pOHHO-OIITH'lleCKBX a<ppBKTOB, a HMeHHO -
saBHCBMOCTH noJIHoro ce-qeH.HJI OT CnHp8.1I1,HOCTH He:itTpOHOB B o6JracTH 8Hep
r.eft P-BOJIHOBllX KOMnayH,1t-pesoHaHCOB. Heo6XO,ItBMO 6WIO BCCJie,ItOBaTI, Be.Jlli
'qll!89H 3HepreT.H'llecKHii xo.n P-HelieTHoro ajqleKTa ,ItJUl II7S'n (Ep=I,33 aB) 
H 'la (Ep=O, ?5 aB). _. 

Easonue ycTaHOBK.H ll 3KCnepHMeHT8~I,Hlle MeTO]UIBH. ,1J,Jm pemeHruI noc
Ta~HHoii sa.n;a'llH n0Tpe6ona~oc1, ucnoJI1,sonaHHe cos.n;aHHoii npB Henocpe.It
CTBeHHoM y-qacTH.H 8BTOpa YirnK8JI1,HOfi YCT8HOBK.H - HeiiTpOHHOro cneKTPO
MeTpa no npeMeHH npo~eTa C nytlltOM noJIHpH30B8HHllX pesoHaHCHllX Heih'po
HOB. B Ka-qecTBe HCTO'liH.HK8 HeiiTpOHOB HCnOJI1,SOB8~Cll HMIIY~l>CHllll peaKTOp 
.11EP-30 Ia6opaTop.e.e HeiiTpOHHOii ~HS.HRH. PesoHaHCHlle HettTpOHll nOJIHpHSO
BaJI.HCI, nponycKaHHeMHX -qepes IIOJUipRSO:srumyBJ npQTOHHYJ) Mm118H1>.B Ka'll6CTB6 
npOTOHHOH M.HmeHH HCIIQJll,SOBaJICJl MOHOKpHCT~ COJIH ,ItBOilHoro ~aHTaH-Mar
HHeBoro HHTpaTa, B KOTOPOM npoTOHll KPHCT8JLIIll!SanaoHHOA BO.n;ll IIOJIHpHSO
B8Jll!CJ, ,ItHHaMH'lleCKBM MeTO,ItOM. B 8KcnepHMeHTax npBMena:JI8Cl, npOTOHHaJI 
MIDIIeHI, 60~1,mott WlOII!a,ItH, Y.It06H8ll B 8KC~8TanHB H o6ecne'll.HB8BIIl8Jl BOS
MOlltHOCTI, npoBe,IteHWI npo,ItOJilK.HTeJll,HWC HSMepe1mtt. 

IlpO,ItOJIJ,H8H nOJUip.esanaa HeiiTpOHOB Hee peBepc o6ecne'llHB8JIHCI, co
OTBeTCTBYJ)l!IHMH KOHipHrypanHHM.B Be.u.ymero MarH.HTHoro nOJIH. HaKOWieHHe 
BpeMSIIIpOJieTHUX cneKTPOB, KOHTpOJII, nOJIHp.esana.e, ynpaMeime 8KCIIep.HMeH
TOM, a Tane nepBOH8'1l8Jll,HaJI o6pa60TK8 peSYJI1,T8TOB HSMepeHHA npoBO,ItH
~CI, C IIOMOJl!I,D CHCTe~m, COS,It8HHOA_Ha 6ase Ma~oA SBl~. 

Haytrnall HOBHSHa pa60TH sa~'llaeTCJl B TOM, 'llTO BIIepBUe HSMepeHa 
Be~'ll.HHa ll aaepreT.H'll8CK.IIA XO.It P-He'lleTHOro HettTpoHHO-OIITH'lleCKoro S<p
~KTa - 38BHC.IIMOCTI, nOJIHoro ce-qeH.HJI OT CW!p8.1I1,HOCTll He:itTpOHOB B 06-
~aCTH 3Heprim HeiiT£0HOB, BRJIJR8Dllleil P-BOJIHOBUe Heit'rpoHHUe ROMnayH.n
pesoHaHCH 117.s'n ll 39La. 

Bnepwe 8KCnep.11MeHT8Jll,HO no1tasaHo, 'llTO .esy-qaeMHit P-He'lleTHHI S<p
~RT BMeeT·pesoHaHcHHI aHepreTnecK.Hfi XO.It .e no Be~He cor~acyeTCJl 
C TeopeTH'lleCitBMH npe,ItCKaSaHHHMH, OCHOBaHHl:lMH Ha MO,IteJIH CM8lll.llB8H.HJl 
CJI86HM B38HMO,ItettcTBHeM ROMII8YM-COCTOHH.Hil. H,Itep O,ItHH8KOBOro CIIHH8 H 

npOTHBOIIO~OllHOA 'll8THOCTH. Ha np.HMepe 139L.a BH.IUIO, 'llTO P-He'lleTHUe S<p
~RTH B a,npax MOryT YCHJllllB8TJ,CJl B I05+I06 pas no cpaBHerum c HYRJIOH-
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'; .HYRJIOHHllM CJia6HM BSaHMO,ItefiCTBHeM H.,ItOCT.HraTI, BB~'llHH nopH,ItKB I□-1• 

Ha OCHOBaHHH peSyJll,TaTOB l!SMepeH.eii oneHeHU MO.IJ.Y~ M8TpH'qlillX Me
MBHTOB' onpe,IteJJJmllHe CMelll.llBaHHe 5 - H p-KoMIIayH,It-COCTOHHHtt. 

B pa6oTe 8KCIIepHMeHT8Jll,HO onpe.n;e~eHll napaMeTpH HCCJIB,ItOBaHHHX pe
SOHaHCOB. 

_ HarnaJI H npaKT.IAeCKall qeHHOCTI, pa60TH. Ilo~eHHlle B H8CTOHII!8H 
pa6oTe pesyJn,TaTu nos~ cymecTBeHHUM o6pasoM o6ocHoB8Tl> TeopeT.e
-qecxoe OID!CaHHe Hsy-qaeMHX ~eHHll CMemHBaH.HBM KOMIIayH,It-COCTOHH.Hii H,Itep, 
BMBIOIII.HX IIPOTHBOilOJIOl!UIYD 'lleTHOCTl>. 

IlpoBe,IteHHlle 8KC1IepHMeHTH no~olltHJlli HaliaJIO HSY'JBHHD P-HelieTHUX 
HefiTpOHHO-OIITH'liBCKHX ajqleKTOB B HeiiTpOHHllX pesoHaHcax. Ilo~eSHllii OllllT, 
IIOJIYliBHHllll npIII npoBe,Itelllrn HaCTOHII!eii pa60Tll, B ,nam,HefimeM 6y,IteT .ecnoJI1,-
30B8H npH It7IaH.HpoBarum H_IlOCT8HOBKe HOBllX 8KCnep.0MeHTOB. 

Cos,Ita~ YHHKaJII,Hllil HeilTpO_HHllft cneKTpOMeTp no BpeMeHH npo~eTa C 
nytlltOM no.7IllpHSOB8HHWC pesoHaHCHllX HeilTpOHOB npe'ACTaBJilleT HecoMHeHHYD 
npaKTHliBCKYD neHHOCTI, ,!VISl npoBe,IteHRfl 8KcnepHMeHTaJII,HHX HCCJI8,ItOB8HHii, 
B KOTopwc Hsy-qaeTCJl CIIHHOBall saBHCHMOCTI, pas~HtrnWX H,ItepHllX nponeccoB. 
OTO npo.n;eMOHCTp.HpOB8HO BlllIOJIHeH.HeM Ha YCT8HOBKe ~Sli'leCK.IIX HCCJI8,ItOB8-
HHH, _KBR Bome.nmmc B H8CTOHJl!YD ,It.HccepTan.ero, TaK H He Borne.nm.ex B Hee. 

IlOJIOEBHHH H pesy~I,T8Tll. BUHeceHHUe Ha 3811UlTY 
I. Cos.n;aHa CBBTOC.H~I,HaH YCT8HOBK8 ,!VISl no.7IllpH38nHH HefiTpOHOB B 

urnpoKOM 8HepreTJ/Jli8CKOM ,It.HanasoHe (OT TeWIOBllX .no HeCKO~K.IIX .n;eCHTKOB 
K8B), KOTopaa B TelieHHe MHor.ex ReT ycnemHO HCIIOJll,SYBTCJl B 3KCIIepHMeH
Tax Ha nytme peaKTOpa .11EP-30 ]a6opaTopHH-HeftTpOHHOtt ~H3HKH OHHH. 

2. BnepBUe B MHpe npoBe,IteHll aKcnep11MeHTa~1,HUe .ecc~e.n;oBaHRfl Hapy
meHRfl npocTpaHCTBBHHOil lieTHOCTH B p-BOJIHOBWC HeilTpOHHllX pesoHaHcax 
II?Sn (Ep = I,33 aB) H 139la (Ep = 0,?5 aB). B 3THX peaoHaHcax noJIY
liBHll CJie.IJ.YIOUU'IB BB~'ll!Hll a<ppBKTOB OTHOCllTB~I,HOI'O H3MeHeHIDI pesoHaHCHO
ro cetJeHM np.e nepeMeHe SHaKa crrnpMl>HOCTll HeiiTpOHOB 

G)(II?S'n) = (4,5 ± I,3)•10-3, 

Gr.)c139L.a) = (?,3 ± 0,5)•10-2 •• 
3. oKcnepHMeHTS~HO onpe,ne.neHII napaMeTpll HCCJIB.IJ.YBMUX _p-BOJIHOBHX 

KOMIIayu,n-pesoHattcoB, Heo6xo,n.HMJ1e WISl pac-qeTa P-HelieTHHX ajqleKTOB. Ha- . 
~'qlle B peaoHaHCe P-HelieTHOl'O a<ppeKTa O,nHOSHaliHO YK83llB88T Ha TO, liTO 
aTo ecTl> p-pesoHaHc co crrnHoM J= I± I/2. 

4. IloKasaHO, liTO P-HelieTHaJI saBUCHMOCTI, IlOJIHOro celieHM OT CnH
paJII,HOCTH HefiTpoHOB m,eeT HBHO BUpa~eHHllil peSOHSHCHllll 8HepreTHlieCKHtt 
xo.n;, npe.n;cxasaHHllft TeopeTlfllecKH Ha ocHoBaHHH BUmeyxasaHHofi MO,IteJIH. 

5. B paMKax MO,IteJill, OCHODaHHOfi Ha CMelll.llBaHHH KOMllayH,It-COCTOHHHfi. 
npone.n;eHo cpaBHeH.He pesyJI1,TaToB 113MepeH.Hfi acRMMeTpBH nOJIHoro celieH.HJI 
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B3aHMO'AeiCTBHH llpO'AOJlliHO-nOJIJipR3OBaHHWC HeirrpoHOB npoTZBOnOJIOlltHOI 
cnzpaJII,HOCTH B p-pe3OH8HC8X, nOJIY1IeHHWC B HaCTOJillteR pa6oTe, C pe3yJII,
TaT8MH H3MepeHHa P-aeqeTHWC 8qXpeKTOB, BWIOJIHeHHWC Ha TeJJJIOBWC Heirrpo
Hax Ha Tex lite JOU)8X. Bee HMe!lllUleCR: B HaCTOlil!lee BPeMli 8KcnepHMeHTam.
.HHe 'A8Hllli8 no HeirrpoHHO-OllTW.eclUlM P-HeqeT.IWM 8qXp8KT8M Ha HCCJIEl'AOB8H
HWC .fl,lqlBX H8XOMTCR: B 'AOCTaTOqffO xopomeM corJiaCHH MeJE,ItY co6ott. 

6. B p8MK8X ,JU3YxypoBHeBoro npH~RllteIDIH KS Haartemmx aKcnepHMeH
TaJII,HO BeJIWWH yJC\> nOJIYqe.HH HmltHHe on;eHruJ MO.IJYJiei MBTpwnmx Me
MeHTOB CJia6oro B3aHMO'AeicTBHH, npHBO.nmilero K CMem.KBaIDW KOMnay.H,It-coc
TOJIH.Wi npoTHBOnOJIOlltHOit qeTHOCTH. 

Anpo6aµg.0 pa6OTii H IIY6mnguµm. OcHOB.HHe pesyJII,TaTH, HSJIOlltemme B 
~CCePT8D;HH,'AOM8)tiiB8Jll!Cb Ha MelK.IJYHapO,IUIOff KOHg)epeHD;HH no H,ItepHiiM 
'AaHimM ,nJISl Hayrut H TeXHOJIOrBH (AHTBepneH, 1982), Ha Pa6oqeM coBe~aHBB 
no cpy.H,It8MeHT8JII,JmM BCCJie'AOBaIDmM Ha peaKTopax(I'peH06JII,, 1983), HS 
MelK,llYHapo~oit KOHqiepeHD;HH iro H,ItepHott ~HKe (!l?JiopeHI:tWl, 1983), Ha YI 
Bcecol03Hoit KoHcI>epem:c1rn no HeirrpoHHoit cpnsmce (RHeB, I983). 

OcHoBHHe MaTepnam, BRJJJDlleHHHe B ~ccePTan;m:>, ony6J?raoB8Hii B qe
mpex neqaTHWC pa6oTax. CnzcoK STBX pa6oT npBBe'AeH B KOHD;e BBTopeqie
paTa. 

06~eM H cTpyKTYpa .I@CCepTaww. JlHccepTaD;Wi COCTOHT HS BBe'AeIDlf.C, 
qeTiipex rJiaB, saRJil)qemm H CllZCKanHTepaTypu - BCero Ha II5 CTpaHBD;ax 
M8mHHOilZCHOro TeKCTa, BKJIIO'll8/I 22 pHCYHK8,_5.Ta6nBD; H.6n6uorpacpnn HS 
67 HaHMeHOBaH.lfil:. 

KPATKOE CO,llEPJKAlOO! ,lijfCCEPTAUIB1 

Bo BBe8eHBH paCCMOTpeHa CHTYanwI, CJIOllWBmaflCR: K HaqaJIY npoBe'Ae
mm pa6oT, onzcawmx B HaCTORIIleil ~ccepT8D;Hll, np.0 8TOM OCHOBHOe :mm
MaHBe Y'AM8HO SlBJleHrutM HecoxpaHeHHJI qeTHOCTH C yqaCTHeM HeitTpoHOB 
HBSKBX 8Heprml:. Ha npHMepe MeKTPOMarHHT.IWX nepeXO'AOB B H,Itpax pac
CMOTpeHH cp8KTOpii ~HaMHqecKoro, KHHE!M8T.KqecKoro H CTPYKTYPHOro YCMe
HWl P~HeqeTHWC acpcpeKTOB B H,ItepHWC B38HMO'AeitcTBHJIX. B KOHD;e BBe'Aemm 
xpaTKO cqJOIJMYnHPOBBHS noJIOllteHHH H pe3yJII,Tam, BHHeceH.HHe Ha 38111HTY, 
H 'ABHO Kpa~xoe B3JIOllteHBe CO'AePlKBHHJI ~ccepTBD;HH. 

IlepBa.R: rJiaBa llOCBRIIleHa pacCMOTpemm YCHJieHHWC HeirrpoHHO-OllTB
qecKWC a®eKTOB Hapymemm npocTp8HCTBeHHol qeTHOCTH, KOTopue BO3HBK8-
m npH npoXOE,It8HBH HettTpoHOB qepes Be~eCTBO H BH3llB8D'l'CR: CJI86IiM B3al!
MO'AettCTBReM HyMOHOB B H,Itpax. C:io.na OTHOCR:TCR: TaKBe ajxpeKTH, KBK P-He
qeTHO8 BP81Il8HHe CllBH8 nonepeqgo-noJiflpH3OBaHHOro H81TpoH8 H 38BHCR
MOCTb IlOJIHOro ceqe.wm OT CnHpaJII,HOCTH IlPO'AOJII,HO-nOJIIIPBSOBaHHHX HelT
pOHOB npH npoXOE,It8HHH qepes HenoJillpH3OBaHHiie H,ItepHHe MHill8HB. 3TB 8g>-
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_qieKTH.cB!lsrum c.Hapymruo~ett qeTHOCTb qacTbID ~TY.nH ynpyroro pacceJI
ID'Sl HettTpoHOB Bnepe'A, ROTOpasI BOSHBKaeT ll3-38 CJia6oro B38HMO'AeitcTBHH 
HYMOHOB B H,ItPax. BBR.DY Toro, qTO HeirrpOHHO-OllTHqecKHe aqxf)eKTii B npo~ 
n;eccax, CBS138HimX C o6pa3OBaHB8M KOMil8YH'A-fl.lUl8, 3H8qHTeJII,HO npeBOCXO
,nlIT aaaJiorB'llllle *KTH B o~oqacTnqHHX npon;eccax, rJiaBHoe.BHHMaHHe 
Y'AMeHo TeopeTnqecKOMY pacCMoTpemm BenzqnHH R aHepreTnqecxoro noBe
'AeHHSI aqxfleKTOB, OCHOBOHHOMY Ha CMemHBaHHH CJI86HM B38HMO'AeffcTBHeM KOM-
nayH.It-COCTOSIHHff npoTHBOnOJIOlltHOil qeTHOCTH. 

B 'AByxypoBHeBOM npM6~eHRH, T.e. B npe'AnOJIOllteHBR, tzTO cMemHBa-
IDTCSl O~H 8 - H O~H p-pe3OH8HC o~H8KOBOrO CnHH8, nOJIY'leHH wpallteHM 
,nJISl pacCMaTpllBaeMHX P-HeqeTHiiX HeffTpOHHO-OllTHqecKBX aqxpeKTOB, CB!lSH
Ba))Jlll!e 8TH acpqieKTH C aaeprnett HeirrpOHOB H napaMeTpBMH cMe1llHB8DIIIHXCSl 

pe3OH8HCOB. 
B6JIHSR p-pesoaaaca pasHocTb, noJIHHX aetrrpoHHWC ceqeantt G + H G_ 

ll,1Ul HeffTpOHOB C IlOJIOlltHTeJII,HOit H OTpHn;aTeJII,HOit CnHp8.lil>HOCT.IIMH Y'A06HO 

npe'ACTaBBTb B Bll:'Ae: 
t16 ::: G+ - 0_ ::: 12 y)(E)C5p (E), 

y){E) ~ ~ ,/ r/r~r r,,n,/.t<E) r'Ae 
(I} 

E- Ea Yr;,Y£) Ip"(£) 

3'AeCb 6p (E) - o6yqaoe 6pattT-BHrHepoBc1toe ceqeHHe B p-pesoHaHce, \¼p -
MaTpH'l.llirll W1eMeHT CJia6oro B38HMO'AeitCTBRll, B3JlTHff Mel!QIY cMelllHBBIDUU{MHCR: 
COCTO!IHH.IIMR, E - aaeprrul HeiiTpOHOB, E.s - 8Heprwt &-pesoHaHC8, rg- ,p<E) 
- saBRCRIIIHe OT aaepnm aettTpoHOB noJIHHe HettTpoHHHe llll'lp»HH S - H p- pe
soaaHcoB, ~r;

2
CE) - HeffTpoHHasI mzpHHa p-pesoHaHca B KBHBJie c noJIHHM 

MOMeHTOM aeiTpoHa,· = I/2. lloCKOJII,KY ~(E) B npe'AeJiax pesoHaHC8 MOlltHO 
CtzHT8Tb KOHCTaHTO , HS . npne'AeHHoro BHpallteIDm ,nJill .A 6 ~o, tzTO P
aetzeTHiiff aqxfleKT B IlOJlHOM cetzeHBH HOCHT pesoaaacmn! xapaRTep H 'AOCTR-
raeT M81tC.RM8Jll,HOro sHaqeHHJl npH aHeprRH pesoaaaca. 

llpHBe'AeHH TeopeTH'lleCKHe on;emm *KTOB B p-pesoHaHCax cpe'AHRX » 
TSllleJIHX H,Itep. B MllllleHSIX c TOJI!l\l'!HOff, COOTBeTCTBYJO!Ueff 'AJll!H8 CB06o~oro 
npo6era HeaTpoHa no pesoaaacaoa ~acTH ceqeHWI, yroJI noBOpoTa nOJIJipll
saD;HH (B pa,nzaaax) ll oTHOCJi!'l'eJII,Hoe HSMeHeHHe npospaqgocTn.np.0 peBepce 
CnHp8Jll>HOCTH OK838Jl.0Cb noprocKB I□-2+10-3. OTMeqeHO, tzTO 6om,ll18Jl BeJI.0-
qzaa ajxlleKTOB CBltSaHa C KHHeMaTnqecKHM ycRJieHBeM, o6yCJIOBJieHHHM TeM, 
~o np.RMecHM d -8MIIJillTY'A8 B f / I< R pas 6oJII,We, tzeM ocaoBHM p-8MILIIH
TY'AB, 8 TaKJte C ~HBM.0tz8CKHM ycMeHBeM P-HeqeTHOrO CMellllll38HHSI ypoBHett 

KOMIIBYH'A~a. 
Bo BTOpQI rnaBe 'ASH o6sop axcnep.IDlleHTanHWC McCJie'AoBaHHit Hapyme-

HHSI npocTpaHCTB8HHOft qeTHOCTH B HeffTpOHHOit OnTHKe, BWIOJIHeHHWC Ha 
TeIIJioBHX HelTpoHaX. IlpnBe'AeHH n~emme B STHX pa6oTax axcnepRMeH-
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'.l'am.mw .nBHHl.le, ltOTOpHe B ,ItaJII,HeilmeM HCllOJll,SYJOTca: B ,Itl{CC8pT8WfOHHO:ll 
pa6oTe ~ COllOCT8BJI8HWi C pesyJII,T8T8Ml'I, llOJIYt18HHHMH B H8CTOJD118H pa-
6oTe c pesoHaHCHHMH He:llTpoHBMl'I. 

BH81U3Jle paCCMOTP8HH _8RcnepHM8HTH no HSMepemm Bpamemm nonepeq
HO:ll llOJilipHsawrn He:llTpOHOB BO!tpyr H8npaBJierum .IIMIIyJII,Ca ~ OJIOB8 H ~8H
TaHa, ltOTOpHe 6~ Bl:lnOJIHeHH B HHCTHTyTe Iaya-.liamteBeHa B I'peHoMe. 
.l(Mee paCCM8TpHB810TCJl HCCJI8,ItOBaHWI P-HeqeTHOI 38BHCHMOCTH llOJIHOro ce
qem1ll OT CllHpaJII,HOCTH ~ T8ItlIOBllX He:llTpoHOB. 3.zteCh paCCMOTpeH npe.zt
BBPHTMDHH:ll aitcnepHMeHT Ha IJ.?Sn , mmoJIHeHH!dt BILL, H OlllICaHH iisMe-* _ _tt~ 
peHM, ltOTOpHe npOBO~CD B JIIDI,;J) .II HT~. B JlHff~ 6~ nOJIYt{eHH ::maqe-
HM lt0~8HTOB ac.HMMeTpHH nOJIHoro ceqerum B38HMO,Ite:llcTBM T8ItlIOBHX 
He:llTpoHoB npoTHBOno~olltHHX cnHpaJII,HOCTeA ~ 117sn H 139L,a, a T810lte 
HSMepeHH lt0~8HTH ac.llMMeTpHH ceqerum P8.ItlI8IlHOHHOro 38XB8Ta. Ha 
OCHOB8HHH no~emmx pe3yJII,T8TOB 8BTOPH llPHlllJIH It BllBO,Jzy',O TOM,qTo npBK-. 
THq8CRH BCH 3amlCID.10CTh llOJIHOro ceqeHHH qT Cmlpa.7IhHOCTK JJ.]I.H. T8JIJIOBHX 
He:llTpoHOB CBl138H8 C (n-/) - P88ltnH8H, T. e. C np0I(8CCBMH, HJCYl!ll,IMH qe
pes ltOMllBYH.zt-JI,ApO. B ~ saBHCHMOCTh llOJIHOro ceqerum OT CllHpaJII,HQCTH 
TeitlIOBllX HeATpoHOB 6Wla HCCJI8,ItOB8Ha R8R Ha HHTepecyiomeM HBC HSOTOne 
II?Sn , TaR H Ha 

79
•
81a,- H .ztpyrmc MmIIeHRX • .Jl,Jul_ o6pasI(oB 232rh , 231'u, 

8CT8CTB8HHO:ll CM8CH HSOTOnOB x.nopa H CBHHI(a no~eHH BepxHHe npe.zteJIH 
8qlpeRTa Ha ypoBHe H8CROJIDICHX 8,It.HHHI( I0-6. 

PacCMoTpemme B .ztBHHoA rMBe 81tcnep.HMeHT8JII,HHe pa60TH,llOMHMO no
.nyqemmx B HHX HHTepecHWC pesyJII,T8TOB H BllBO,ItOB,nOJiesHH eme H C M8TO
.zt.Hq8CROA TOqitH speID111. HCllOJII,SOBBHHHe B 8THX pa6oTax npHeMH, Hanpan
~emme Ha ycTpaHeHHe wm cymecTBeHHoe YMeHhmeHHe BJIMH.WI pas~oro • 
po.zta H8CTa6.HJII,HOCTe:ll Ha nOJIYt{aeme pesyJII,TaTH, HeCOMH8HHO>npe.ztCT8B
JIIDOT 60JlDmoa np8RTR'ieCRHA HHTepec ~ 8RCnepHM8HT8TOpoB. 

B TpeTheA r~aBe ,Itl{CCepTawrn ltpaTRO paCCMOTpeHH M8TO,ItE:I H glRSR'iec
ltlI8 npHHI(HllH, llOJIOJtemme B OCHOBY COS,ItaHHoro Ha .6ase .IIMIIyJII,CHoro pe
BRTopa HBP-30 Jill~ owm cBeToCHJII,Horo He:llTpoHHoro cneRTpoMeTpa no Bpe
MeHH npo~eTa C nOJilipHSOB8HHHMH pesOH8HCHUMR He:llTpoHBMI!, a T8Rllte .naHH 
OllHCaHM H xapaRTepHCTHltlI OT,ItMDHWC ys~OB YCTaHOBRH H cneitTpoMeTpa. 

TIOJiliPHSBI(HH HeATpOHOB B ,ItaHHOM Cll8lt'l'poMeTpe ocymeCTBJIII8TCJl MeTo
,ItOl.! nponyCK8HHJI HelTpOHHOro IIY'll<B qepes llOJilipHSOB8HHYJ) npoTOHHYJ> r.m-
1!18HD, ROTopH:ll 6Wl npe,iµroxeH H paspa60T8H B Jill~ owm • .UBHHH11 MeTO,It no
Jl!IPH38I(HH He:llTpOHOB Bl:lro,ItYo OT~aeTca: OT .ztpyrmc TeM, 11TO llOSBOJllleT 
8qlpeRT.HBHO nOJiliPHSOB8Th HelTpoHH B IIIHpOROA OMSCTH aaeprd (OT T8IIJIO
:ma: ,Ito H8CltOJ1DltlIX ,It8Cf.ITROB RSB), o~aeT 60JII,moa CB8TOCHJIOI H ywe-

,P8HHO:ll noTepel HHT8HC.HBHOCTH HelTpoHHoro nyqxa. MeTO,It OCHOB8H Ha HC
llOJII,30B8lilW C.HJII,HOI CllHHOBO! 38BHC.li!MOCTH B38BMO,It8ICTBll!I HeATpOHOB C 
II . . 

' Kolomensky E.A. et al. Phys.Lett.,1981,v.1078B,No4,p.272-274 • 
•• A6oB D.r. H .ztp. R~, I984, T.40, c.I585. 
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npOTOHBMH. B ,Itl{CC8pT8nHOHHOA pa6oTe ,It8HO onpe.ztM8HH8 llOJIHpnsanan, npH
Be,Ite.Hll H806XO,Itl{MH8 B npaRTR'i8CROii pa6oTe COOTHOmemm, IIapa~eTpH If '' 
rpa<pllKH, BSHTH8 HS pa60T aBTOPOB ,It8HHOro MeTo,Ita. •. . , 

B RaqecTBe MHmeHH - IlOJillpHsaTopa H8:llTpOHOB HCilO~bSOBMCJl MOHO
RpHCT~ ,ItBOimoro ~8HT8H-M8rHH8BOro HHTpaTa (JIMH), B ROTOpOM npoTOHH 
RpHcTa~anaoHHo:ll BO.ItH,noJillpHao~cb c noMollU>J) .ztHHSMHqecitoro MeTo.zta, 
HCilOJIDSYJOiqero HaCHtqeHBe CBlI H3~eHH8M O,ItHOro HS ,ItByx "sanpemeHHWC" 
STIP-nepexo.ztoB. Tio~zsaI(HH ocymecT~ach np.11 TeMnepaType ~ I K H 
nerRO ~OCTHllWM!,IX MBrHHTHHX no.moc ~ 2.104 s. He6~moe HSMeHeHHe IlOJill 
( ... 40 :3) nosBOJmeT nepecTpaHBaTbca: c o,ItHoro sanpemeHHoro nepexo.zta Ha 
.ztpyrott H no~an npoToHHYJO nOJillpHSaI(HIO RaR napaJIJIMDHYB>, TaK .11 afiTH
nap8JIJIMDHYB> HanpaMemm M8rHHTHoro IlOJill. PeBepc noJillpHsanaH TaRHM 
cnoco6oMTpe6yeT BpeMeHH OROJIO qaca. B ,It.HCC8PTBWIH M8TO,It ,Itl{H~8CRO~ 
nOJillpHSSWIH JI,Itep pacCMoTpeH H8 npHMepe npocTeAmeA CHCT8MH - MBrHBTHO
paSB8,It8HHOro Rp.l!CTaJIJia, _Co.ztepEarqero H838BHCHMl:l8 napH, COCTOHmli8 HS 
9JI8RTpommro H npOTOHHoro CllHHOB, CBfl38HHHX ,ItHilO~-,It.HilOJII,HllM B38HMO
,It8:llCTB.HeM. '. 0TMeqeHH OT~wrim peBJII,.HllX CHCT8M OT pacCMOTpeHHoA npocTeA
me:ll CHCT8MH. 

BH;a.MeH.He HelTpOHOB onpe.ztMeHHoft 8HeprHH .113 CMODIIIOro 8HepreTH
qecRoro cneKTpa He:llTpoHHott BCITHmRH HMilYJII,CHoro peaitTopa ocymecTBJm
~och C IlOMO~B> M8TO,It8 BP8M8HH IlpMeTa. B pa6oTe npHB8,It8HH OCHOBHl:le, 
COOTHomeHHH,xapa1t~epHSYJO!llH8 9TOT MeT6,It. 

CneRTpOM8Tp co.ztepuT llOJiliPHSaTop He:llTpOHOB - noJTJipHSOB8HHYJ) npo
TOHHYJ) wimeHl>, C.l!CTeMH peBepca H ROHTPOJI!l IlOJillpHsaI(Hlt, MarHBTHHI! Ra
Han ~ npoBO,Ita IlOJilipHSOB8HHHX Heit'rpOHOB OT noJIJipH38TOpa ,ItO HCM8.ztY8-
Moro o6pasI(a, ~8T8RTOP H8itTpOHOB, a T8Rllt8 CHCT8MY perHCTpanH.H no.ny
qaeMol 8RcnepHM8HT8Jll,HOI HH(p()pM8I:lHH .II aBTOMaTzqecitoro ynpaBJieHM 8RC
nepBM8HTOM, BHn~eHHYll Ha 6ase MBJioit S:BM. Cxer.r.a aKcnepHMeHTBJII,HoA 
YCT8HOBRH IlOlt8SaHa Ha pHc. I. B 1caqecTB8 HMIJYJII,CHoro HCT01UIHlt8 H'elTpo
HOB HCil~SOBMCJl peaRTOP ID>P-30. Cpe,ItWlll MODUIOCTh peaRTopa COCT8BJI!l~a ~ 20 ltBT npH 5 mm/c .II ,Ml!T8~HOCTH HelTpoHHolt BCIIWIIKH 70 MKC. Ilo
TwlpHSOB8HHM npoTOHHM Mmll8Hb CO.zteplE8.1.I8 RpHCT8JIJI JIMH C onTBMSJil,HOI 
~ peSOH8HCHHX Heit'rpoHOB T~Holt no IIY1ll<Y p: I7 MM H nonepe,mol IIJI0-
1118.Ithll 32 ·a? c OCbll CHMNeTpHH Z', HanpaBJieHHol no nyrm:y HettTpoHOB. 
KpHCT8JIJI IlOM81!18JICH B C:Bll-pesoHaTop, H8XO~CH B 1°-Hol B8HH8 rM.He
BOro KPHOCTBTa, B ropH30HT8Jil,H08 nepne.H,JtllltYJIJipHoe nyrm:y ueit'rpoHOB 
MarHHH08 no~e C H8Ilp,Dt8HHOCTl,J)::: 20 K:3, C03,It8B88M08 Cll8nH8Jll,HHM 
8JI8RTpo118rHBTOM • .u,mHa BOJIHH CBCI-HSJJY'i8HM COCTaBJIIIM:::< 4 MM. IlciTel)R 
HHTeHCJiraHOCTH nytDta B TBROM nOJillpHSaTope COCT8BJI!l8T npH6JIH3.li!T8Jll,HO 
llOps{.ItOlt. 

,lJ,Jul 06ecneqeWU1 O,ItHOpo,ItHol no MH!ll8HH H CT86~HoA npoTOHHOI no
.1Uip.1!38I(BII IlMe 9JI8KTPOM8rHBTa IIIBMMBPOB8HH8M C,It~8HO B 000.8M8 MHlll8HB 
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.O.nHOPO.ItHHM C TO'IIHOCTI,J) He xyze ro-4, a BeJIB11BHa MarHHTHoro nOM CTa-
6RJIH3HPOB8Ha CTa6wnraaTopoM MarHHTHOro nOJIR: Ha OCHOBe RMP. 

B 1(8qeCTBe CB1I-reHepaTopa HCnOJII,SOBaJI8CD ~aMIIa o6paTHOI BOJIHH 

(~OB), ~CTOTa ROTOpott CT86HJW3Hpo~aCD C TO'IIHOCTDIO .n:ytllll8 IQ-4 C no
MOinl,10 BI,ICORO'AO6poTHoro onopHoro pe3OHaTop8 npoxo,nHoro THn8. lOJII'OBpe
MeHHWI CTa6WHOCTD BHXO,nHOtt CB1I MOIIUIOCTH o6ecne~aCD CTa6.wms~
ea llHT8HWI ~OB. 

,llJm OXJiall!,I(eHWI noJIR:pHSOBaHHOil npOTOHHOI MHIIleHH B YMOBMX noBH-. 
meHHoil TeIJJIOBOil.H8rpy3Kl'I OT cBq-HSJJY'l8HWI ( ~ O,I BT) HCnOJII,SOBa~CJI 
RPHOCT8T Ha TeMnepa-rypy ~r KC HenpepHBHOI 'AOJIBBROil llW,11;KOro reJIJUl B 
OTK811.BB88M,YIO BaHHY, KOTO!)Hil nosBO~ npOBO~TD HenpepHBHYe HSMepewm 
6es ocTaHoBOR wm nonOJIHeHWireJIWI. 

KoHTpOJII, 38 npoToHHott nOJIR:pH38~ea B nponecce 3anycKS MllllleHH 
OCYIJleCTBJISLIICJI no CHrHany npOTOHHoro MarHHTHoro pesoHaHC8. 8TO'l' M8TO'A 
o6~~8eT BHCOROi ~BCTBHT~HOCTDIO R M8JlllM nOJIR:pH3anwn,t a nosBOJIR:eT 
onpe'AeJIR:Th 3HaR nOJIR:pH3a~a. BpeMfl ~OCTHllteHWI pa6oqeil nOJIR:pHS8~H 
(50+70%) COCTSBJISLIIO OKO~O q8ca. B pa6oqzx YMOB.WOC npOTOHHWI llOJIR:pH-
3anHII MHIIleHH H CBII3aHHaJI C Heil HeilTpOHHaJ! nOJISipHsanim ROHTpoJIBpoBa
JIBCh no B8JIBqHHe npospa11HOCTH npoTOHHOil MHmeHH ;rI,1rH. HeilTpOHOB, onpe'Ae
JIR:eMoil c nOMo1IU>10 MOHHTopma cqeTqHKOB MI H M2 (cM. pHc.I). K MOHHTOP
HOMY Heih'pOHHOMY cqeTllBKY M2, Haxo.nmneMYCli B Hei!TpOHHOM nyqxe sa npo
TOHHOtt MHWeHhlO, npe.I('LJIBJIIIJIHCh cne~cpHqecRHe Tpe6onamm. OH 'A~8H ne
peRpliBaTh B8Ch nyqox, o6~8'A8Th paBHOMepaott no BCeil IJJIOlll8,I(H ~BCTBR
TenHOCThlO R npoxo.Jl,IIIIIHM HeitTpOH8M, M8JlllM OM8MeHHeM HeilTpoHHoro nyq
Ra, He~:SCTBHT~HOCTI,J)R raMM8-.JJY'l8M, HH3IWM co6CTB8HHYM q>OHOM H xo
polllllM IJJI8TO. 8THM Tpe6Ol38HW!M Y~OM8TBOplLII cne~aJIDHO pasp86OTaHHWl 
nponop~OH~Hliit HeitTpoHHlil cqeTqHK C M8JIHM CO'A8PlltaHHeM 3iie. B Raqe
CTBe MOHHTOPHlll: cqeTqffKOB MI HCnOJII,SOBaJIBCh CTSB,ItapTHlie 6opHYe cqeT-
11BRH nOJII,CROro npOH3BO'AC'l'B8 T.Hlla #WI-52. 

IlpoBO~ noJIR:pH3OBSHHOro nyqKS H81TpoHOB 'AO HCMe.I(YeMoro o6pasna 
H noJJY1ieHHe HelTpowmx nyqKOB pa3JW11HOI CllHp8nHOCTH HS nepBOH8tmJI1,HO 
nonepe11Ho-:noJIR:pHSOBaHHoro aelTpoHHoro nyqKS npoH3BO'AWJHCh 3a cqeT 
CO3'A8HWI COOTBe'l'C'l':ayJJlqlDC ROHq>HI'YP~ B8.I(YlltHX MarHHTHlll: nMel. BHcT
pm! peBepc CIIHPBnHOCTH HeilTpOHOB OCYlll8CTBJISLIICli nepelt)]J)qeWJeM 38 Bpe
Mll,M8Hl,11188 I c, TORS B 8JI8R'l'pOM8rHHT8 (6), pacnMOllt8HHOM cpasy 38 '1'0-

ROBOI qio~roa, a 8@.ieRTHBHo p86OTaJI 'AO aaepral ~ 50 aB. 
licMe.I(YeMlrll o6pasen (9) noMe~CJI B CM8HOB,It (8) C nMeM, H8II

paB1!8HHliM no HMIJY~CY HBITpoHOB H BMeBIIUIM H8IIpmlt8HHOCTh,PaBHYIO 200 a. 
Ilpome;ltlllI,fe qepe3 O6pa3en aelTpoHH no BBKYYMHOMY aelTpoHOBO.ztY ~o

BO'ARJIHCh ~o HelTpoHHoro 'AeTeRTOpa, paCIIMOll8HHOro Ha paCC'l'OJIHHH 58 M 
OT Slt'l'HBHOI 3OHH peEUtTopa. B xaqecTBe 'A8T8K'l'Op8 HCIIO~SO~Cli 2IO-' 
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PBc.I. Cxeua axcnepmleHT8.lD,HO! YCTaHOBIGI ~ ,JVlll BCCJ16,l(O:eami1t 3amlCHMOCTB llOJIHOro ce~eHW! 
OT CIIHpa.lll,HOCTB HeATpoHOB B6JmsK P-BOJIHOBWC ROMIISYH.It-pe30B8HCOB. 

I - peaxTop; 2 - :aaxyyMHHe HeATpoHOBO,ne; 3 - MOHHTOpmtlt ClleTinnt MI; 4 - KOJIJmM8TOpH; 
5 - IIOJUlp}l30BSHH81i npoTOHHSli MH111em.; 6 - SJieltTpoMal'rurrH Be,eymero nOJIR; ? - TOROBSli ·.· 
qx)Jll,ra; 8 - cOJieHoH.lt; 9 - zcc.ne,eyeMi,II o6pase!l; IO - ,l(eTeitTop HeATpoHoB; II - MOHH- . 
Topmdl clleTimR M2. CTpeJIRaMH Ha nyTK nyllRa noxasami HanpaMeHWI MarlllI'l'HHX nOJieit. 



. JWTpo:mtlt ce~OHHpoBBHimi1 llW,lUtOCTmdl C~HTHJJJISmHOHmdl (n- )') 'AeTeKTop, 
B KOTOpoM Heih'poHH perHCTp.HpYJ)TCJI no K8Clt8,ItHJlM raMMa-JIYlIBM, HCIJYCitae
MHM np.H 38XB8Te Heih'poHOB B cneU118Jll,HOM KOHBepTope, pacnoJIOllte.HHOM 
BHYTPH 'AeTeKTopa. Ce~oHHpoB8HH8JI KOHCTPY:itnWI 'A8B8JI8 B03MOlltHOCTl, HC
llOJID3OB8Tl, ,neTeKTOP B pel!WMe COB~eH.Hfi C 11.HCJIOM COBllMaJJmHX HMIJYJID
COB n ~ 2, 'ITO npllllO,ItlIJIO K peSKOMY CHmte.1m10 qxma OT peaitTopa. Jl,lm 
YMeH1,memw: qJC>Ha KOCMH'IeCK.HX J]3"leff npHMeHJJJiaCl, cxeMa nponycitamw:, KO
·TopruI 38Kp!lB8JI8 Bl:lXO,n ,neTeKTOpa, KOr'Aa CYJ,IM8PH8Jl 8MIJJllITY'A8 .m,.myJII,ca 
co Bcex 6axoB npeB!illl8Jia ycTBHoBJieHmdl nopor IO MaB. 9qqle1tTmmocT» 
perHCT~H HettTpoHOB B pelltllMe 'AB():ll:Hwc COBDS'A8Hd c noporoM 0,25 MaB 
COCT8BJillJIB 40% ,tl,1Ill Hei!TpOHOB ~ IO aB. 

EoJII,mrur npo,nOJilltHT8Jll,HOCTl, HSMepeHHA C 1I8CTHM peBepcoM nOJIR:pHsa
~H Hei!TpoHOB noTpe6OB8JI8 aBTOMaTHsanmr ynpaBJieH.WI peBepcOM C Haxon
JICHHeM ,nByx .. Bpewt-npoJieT.HHX cneKTpoB, COOTB8TCTBOB8BIIIHX npoTHBOllOJIOllt
HHM CnHpaJII,HOCTJ!M HettTpoHOB. 3To OCYll!eCTBJiliJIOCl, 8BTOM8TH3HPOB8HHOll 
CHCT8Mott, cos,naHHott Ha 6ase MaJIOtt 3BM. JIOMBMO YK83aHHHX qiy~. CHC
T8Ma Ilp0.l,JSBO,ItlIJia perHCTpa~ HHqJC)pM8~n C MOIIBTOpHHX C1IeT1IRKOB, npoc
Tettmym npe,nBapHTeJII,HYJ) o6pa60TKY pesyJII,TaTOB HSMepeHRJtt, a TalOlte npo
TOKOJil,HYJ) pacne1I8TKY 1I8CTn HHqJC)pM8~H. H8KODJI8HHOA D K8)QOM H3 ~KJIOB 
HSMepeHHtt C <pHKCHp0B8HHliM HanpaBJieHRJeM IlOJISIPH38~H. IlpoTOKOJil,H8Jl .HH
<Ix>IMB~H 6HJia O'IeHl> IlOJI83HOil RaK ,tl,1Ill KOHTpOJIJI 38 pa6oToll Been ycTa
HOBIUI, T8K H npH OKOINaTem,Hott o6pa6OTKe pesyJII,T8TOB HSMepe.1mtt. 

lleTB8pi'M rJI8B8 co,nepl!GIT OnHCaHne MeTo,na HSMepeHHH 38BHCHMOCTH 
noJIHHX ce1teHHtt B38HMO,nettCTBM pesoHaHCHWC HettTpoHOB OT CIDJpaJil,HOCTH, 
npone.nypy HsMepeHHH n o6pa6oTKH pesyJil,TaToB. 3.nec1, xe npHBe.neIW pe-. 
3YJil,TaTll nsMepeHHtt lf nx cpaBH8Wle C TeopeTH1I8CKHMH oneHKBMH H ,namru
MH, IlOJIY'IeH~ C T8IlJIOBilM:1f Heil'rpoH8Mll • 

B 8KcnepnMeHT8 nsMePHJICH T8K H83HB8eMHH .ajq,eKT nponycKaHHH 

c - ~-#a 
- -t. {~+,¼) 

' (2) 

r.ne 111, H ¼ - 'IHCJIO OTC'IeTOB ,neTeKTOpa npn IlOJIJipH38UIIH nettTpOHOB co
OTBeTCTB8HHO no ll npoTHB HMnYJI1,C8, t - HettTpoHH8Jl noJIJipHsanim. oq>
lpeKT nponycKaHHH CBII38H C HSMeHCHHeM.IlOJIHOrO ce1teH.W1 npn HSMeHeHHH 
sHaxa cnHpa.,n,HocTn HeATpoHoB npocTllM cooTHomeHHeM: 

c = - ; .t16 == -n §.J{E)(Jp {E), (3) 

s,nec1, n - TOJilllllHa MMmetm B IIJJ.Pax/ ml. P-He1teTHHe a1tcnep1n1eHT8Jll,HHe 
ajq)eKTH B no.mrux C81I8HWIX B6JIHSH p-pesoHaHCOB y,no6Ho xapaKTepBSOB8Tl, 
BeJIH'IHHOi G)(E), r.ne OHa npaKT.B'IeCKH IlOCTOJIIDla. B CJIY1I88 HSMepeHlffl 
ll.It8JW OT pesonaHC8~ 'ITO 1IaCTO HMeeT MCCTO np.lI .HSMepewmx Ha TeDJIOBliX 

lff 

H xoJio,rurux aettTpoHax, neJiecoo6pasao, no-rumKMOMY, npnBO,ItlIT» a1tcnepH
MeHT8Jll,HHe saa1teHM .d (5. 

JlJm 8KCnep.HM8HT8Jll,HOro HCCJie,noBaH.WI HecoxpaHemw: npocTpaHCTBeH
HOI 1IeTHOCTH OOJIHSH Heih'poHHHX pesoHaHCOB HeO6XO,ItlIM!l JJ,ZtepH!le MmlleHH, 
.llM810llllle p-BOJIHOB!le HeATpoHH!le pesOH8HCll co CDHHOM } =I± i, T.K~ B TOM 
CJIY1I88, eCJIH CDHH p-pesOH8HC8 J=J::!:.,J!aifff!eKTa B' npH~ne 6!lTb He ,I{OJillt
HO. Hs-sa BOSMOlltHOCTei Ramero cneKTpoMeTpa 8TH peaoaaHCll ,I{OJilltHH 6!lTl, 
,I{OCT8T01IHO HHSKOBOJll,THllMH. 3TBM Tpe6OB8HWIM B 'AOCT8T01IHOit Mepe y,non
JI8TBOPHJIH HSOTOilli II7Sn H 1391,a , y KOTOp!lX RMeJWCb CJia6ue HHSKOBOJil,T
Hlle peaoHSHCll npB 8HeprHmc COOTBeTCTB8HHO I,33·aB H 0,75 aB, KOTOp!le 
C 6OJI1,WOI BepoHTHOCTl,D MOl!tHO OTH8CTH K P-BOJIHOEllM, llOCKQJll,I{y HX HeAT
poHH!le mHpBHll Ha 3 + 4 nopg;iuta MeHbme COOTB8TCTBYIOmwc cpe,nHHX HeitTpoH
HllX lllHpBH ~-peaoHaHCOB. K TOMY lite HS 8THX HSOTOnax 61lJIH O6Hapy~eH!l 
p..;.H81I8T.Hlle aifff!eKTll HS '1'8IlJIOBllX HelTpoHax. 

HsMepeHIDI nponycitarum npoBO,ItlIJillCl, MeTO,I{OM BpeMeHH npoJieTa Ha ODH
C8HHOM B!lme cneKTpoMeTpe IlOJ1flpHSOB8HHHX pesoHaHCHHX aeltTpoHOB. B Ka-

1I8CTBe wnneaen HCDOJll,SOBaJIHCl, M8T8JIJIH1IecR.He o6pasUt,I OJIOB8 B JI8HT3Ha, 
RMeBIIIHe TOJilllllHY, 6JIH3KYJ) K ODTHMBJll,HOff. B ;znie WUIH!l CB06o,nHoro npo6era 
,tl,1Ill Heih'poHOB peaoH8HCHllX·aaeprBll. 

Ilpa BCCJie,noBaHHn 'ABHHoro o6paana, B xo,ne o,nHoro ItHKJia pa6O1IHX 
HSMepeHHlt, npo,nOJilltSBWeroca OKOJIO 50 1ISCOB, np.e (pHKCBp0B8HHOM HSllpaB
~eHHB np0TOHHOI noJIJipaaanrIH OTHOCHTeJil,HO MarHHTHOro IlOJIJl aJieKTpoMar
HBTa, B IISMIITH 3BM H8K8IJJilJB8JI.HCL .nBB npeMeHHHX cneKTpa Np .. n ,¼ c 6u
CTPHM peBepcoM aeih'poHHol nOJIR:pHaa~H. IiHCTp!lit peBepc DOJIJIPH38~H 
YMeHblll8JI BKJIM B HCCJie.nyeMlltt aifff!eKT OT He.Ha6ellUWX ql]IYKTY~ HHTeH
CHBHOCTB HeiTpo.llHoro IJY1IK8 B HeCT86HJll,HOCTei annapaTYpu. JlJm KOHTpoJIJI 
sa BOSMOllH!lMH CBCTeMaTH'IeCKHMH annapaTypHl:lMH aifff!eKTBMH ~KJI!l H3Mepe
HH2 C paaHllMlt HanpaBJieHMMH npoTOHHOI IlOJIJIPH38~H OTHOCBTeJII,HO BH8DI
Hero MBrHHTHoro nOJIR: 1tepe.n;oBaJIHc1, np.e6JµranTem,Ho 1tepes Raz,Itl,le 'ABQe 
CYTOK. IIpH 8TOM CYllleCTB8HHO BCllOJll,3Ol38JIOCb TO O6CTOHT8Jll,CTDO, 'ITO H3-
ueHeHHe aanpaBJielIBH npoTOHHOI llOJIJip.1138~H .BSMewteT 3H8lt HCCJie.nyeMoro 
ajq)eKTa npB llpaKTH1I8CKH HeHSMeHHHX 8KCilepHMeHT8Jll,HllX YCJIOBHHX. CYM
Mapaoe 'IHCTOC BpeMSI Ha6opa CTaTBCTHK.H B CJIY~ae II7gh COCTBBHJIO I2 cy
TOlt, a B c.ny,me 139La - 7 cyToK. 

IIOJ]3"lewme ,tl,1Ill .n;BHHoro o6pasna B nrnuxax c <pmtc.HpoBaHHHM aanpSB
JieH.HeM np0TOHHO2 IlOJIR:pBa~ Cll8KTpll Np B ~ CYJ&MBP()B8JIHCI, H 'A8B8JIII 
,nBe napH CyYMSpHllX Cil8ltTp0B np B na , HS KOTOp!lX 38TeM HBXO,ltHJIBCI, 
3HS1IeHHH 8KCil8pHM8HT8Jll,HOro a@leKTa npoIJYCK8H.HH ,tl,1Ill 060.HX aanpaBJieHHI 
npoTOHHOI IIOJIJipH3~H. IIOJ]3"leHH!le T81W4 o6paSOM SHa1IeHWI C ,tl,1Ill .1tBYX 
ll8np8BJ!8HHI npoTOHHOA llOJIJij)BS8nHJI npoB8PfJJIHCl, Ha C'1'8TKCT1f1.I8CKYJ) cor
JiaCOBSHHOCTb H OTCYTCTBll8 JIOJDIWC aifff!eKTOB, IIOCJie 1tero ycpe;ltHJIJllJCl, II 
'ASBaJIJI OltOH1IaT8Jll,Hll8 SH81IeHWI C AlIJI .D;aHHOro o6pasna. 
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. Ha pl'lc.2 (cBepxy-) npe,ncTaBJiemt y-qacTM cne1tTpoB :e6JIHsl'I l'ISY'l!aB-
umxCSI pesoHaHCOB, 8 CHHSY npl'!Be,nemt OKOH'l!8T8JU,Hlte 3H8'1!8HWlC • ~ecr, 
WISI llOJIY'l!emm 6oJiee Har.lllJ,IUioii RaPTl'IHlt c ycpe~emt. no rpynnaM KaHaJIOB. 
CllJIOIIIHlie KPHBHe npoBe,nemt no 8KcnepHM8HTaJII,HHM TO'l!KaM B COOTBeTCTBl'IH 
C BHpalleHl'JeM (3) C HCllOJll,30B8Hl'l~M MeToia H8HM8HLllillX ~8TOB. Bl'l~O, 
'!!TO ajlpeKT l'JMeeT JIBHO BHpaxemmtt peSOH8HCHHtt 8HepreTH'l!8CRl'lii xo,n. 

4.0 

,;;- 3,0 
0 
!: 2Jl z 

to 

\33 
I 

1175n 

~ 

16 

,;;- 12 
52 z 8 

4 

139La 

~ 
0 '----'--~--'---1-.l..-...1.--

0 .....___._ _ __.__...,___._____.__ 50 

b 10 

!::. OI I l,J . ,--U l I I J ' ~:: \ .. v 
-10 

-20 

PHc.2. 

-150 

2/l 1,8 t6 1,4 t2 to QB E,. / 
-200 

to Q9 0,8 Q7 QS En 
350 400 450 500 550 t 110 120 130 140 150 160 · 170 t 

B~eM1I-llpOJI8THHe Cll8KTpu H ajlpeKTU nponyCK8HWl WIS1 II?Sn l'I 

I 9t,a • Ha ropH3OHT8JILHOft OCH iipHBe,ncmt HOMepa K8H8JIOB 
aHaJIHsaTopa t H aHeprHH ueiiTpoHoB ~ B aB. CTpeJIKaMH c 
U.l!qJPBMH YK838HU llOJIOlleHWI H aueprHlf pesoHaHCOB. 

0,nHl'IM HS B8lltHWC npeHMY~eCTB MeTo,na BpeMeHH npoJieTa WUI ,naHHoro 
a1tcnepHMeHTa JIBHJiacr, BOSMOllHOCTL ua6JID,nemm aHepreTl'J'l!ecKOro xo,na aj>

q>eKTa B pesoHaHce R O~OBpe111eHHoro KOHTpoJill no y-qacTKBM BHe pesoHaHca. 
0TCYTCTBH8 saMeTHOro ajlpeKTa BHe pesoHaHca llOSBOJilleT C'IIRT8TL, 'ITO 
Ha~aeMIDi ajxpeKT o6yCJIOB1I8H p83OHaHCHOii '18CTLIO C8118HWI. 1/i 

Hs 8KCnepHMeHTaJILHUX 3H8'1!eHHA C onpe,neJIJLllllCJ, BeJIH'l!l'JHU ~(E,:). lip.I! 
aToM B CJIY'l!ae Heo6x~,nHMocTH YllRTHBaJiocr, yumpeHHe a1tcnepRMeHTam,bo 
Ha6JIJO.I(aeMoro peSOH8HC8 B cneRTpe 38 C'l8T a@leKT8 ).loIIJiepa H H8'AOCT8-
TO'l!HO xopomero aHepreTH'l!ec1toro paspemeHWl. 

BpeMerume cneKTPH, IIOJiy-qeHHUe np.1! l'JCCJie,noBaHHH P-He'l!eT.IWX ajxpeK
TOB C BHCOKOtt CT8Tl'JCTl'J'1!8CKOii TO'l!HOCTLll, 6UJil'J l'ICIIOJU,SOBSHU·WISI ll0JIY'l8-
HWI He06XO,ttl'IMUX ,n.,ISl 8H8Jll'J38 napaMeTpoB Ep, rp H gri .l!CCJie.nyeMHX p-pe-
3OH8HCOB II?Sn l'I 139£,a • ' . . 
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H.tu>o-

MHlll8H!, 

117Sn 

I39la 

n, 

1023 I!]J/CM2 

I,3 

I,25 

~ 
aB 

I,33±o,0f 

0,75±o,0I 

H.Iux>-
wnnem, 

117
S11 

I39L,a 

6p(~) rP 
ro-24 ml- ro-3 aB 

I,s±o,2 I8o±I8 

2,8±o,4 45±5 

\ 

Li cr,1, 
ro-29 ~ 

5,4 :t 0,6 .IIHff~ 

I0,2 :t 4,0 

9 ± 2 ~ 

35 ,3 ± 5 ,5 .IIHffili 

Ta6Jnma I 

9ri Es 9If
0 

9-)(Ep) IWsiil 
ro-8 aB aB ro-3 aB ro-3 aB ro-3 aB 

16,6±2,I - 29 5,5 4,5±!,3 0,38±o,IO 

3,s±o,3 - 48,6 84 73±5 I,28±o,I2 

Ta6Jnma 2 

* ..:1 (5ih ** ..1 G"tA 
10-29 ml- ro-29 ml-

7,7 :t 2,6 0IDili 13,4 :t I, 7 ILL 

. 

37 ± 8 0IDili 49 ± 8,5 ILL 



CBO,znta 8Kcnepl!MeHTaJU,HWC pe3yJII,TaTOB, nOJij'"!eHHWC B HaCTOSDl!ell pa-
6oTe, npe.ztcTaBJieHa B Ta6Jrnn;e 1. TaM lite npnBe.zteH!:1 TOJIII\IUW ncrioJII,30B8H
HUX Mllil!eIIett H ll3MepeHH!:1e 6pallT-BHrHepoBCKHe napaMeTpH BCCJie,ItOB8HHUX 
pesoHaIICOB. 

Ha 8KcnepnMeHTa.7Il>HO Ha~eHHUX 3Ha"!eHnll ~(~). ncnOJII,3Y.R: COOTHO
meHne (I), MOlKHO nOJJY~Tl, BeJIH~H!:1 M8TplltrHHX aJieMeHTOB Wsp , o6yCJIOB
JlllBal!'.ll\llX T8KOe CMellll1B8Hlle. IlpaKTll"!eCKll, o~ruco, T8ROH pacqeT Heo~o-
3HaqeH, nocKOJil>ICY HeB3BeCTH!:1 CllHH!:1 p-pe30H8HCOB, T.e. HensBeCTHO, C 
KaKllM :S -pesoHaHCOM CMellll1BaeTC.R: .ztBHHilii p-pesoHaHc. KpoMe Toro, noJI
HOCTl,Xl OTCYTCTByeT l!Hqx:>pMa~ 0 3H8KaX 8MIIJU1TY.zt HeilTpoHHUX nmpHH CMe
WllBaIOUUDCC.il p~3oHaHCOB, a T8KJKe HHqx:>pMa~ 0 ,ItOJie B neilTpoHHoll IIIHPHHe 
p-pesoHanca npon;ecca, n,ItYmero qefj3 KaH8JI c no.71HllM MOMeHTOM HellTpoHa 
(/= 1/2, T.e. 0 BeJIH~He <~112> 2• B CB.R:3B co CKa38HHUM, ,It8l!te B 
,ItByxypoBHeBOl\1 npH6JIHl!teunn, ~ MaTp~ 8JieM8HTOB CMeW.IIB8Hn.il y,naeTC.R: 
nOJJY~Tl, JIHWl, on;eHKll no MO,ItYJIID. B noCJie~en KOJIOHR8 T86JI.1 npHBe,IteH!:1 
pesy~1,TaTu pacqeToB/Wsp/, npoBe.zteHH!:1e B npe.ztnOJioxennz, qTo r~1; 2 = 
r~ ll C ,It8HHUM p-pe30H8HCOM CMelfil!BaeTC.il 6JIHl!t8:ttnnrli CHJll,HUR d -pe30HaHC, 
T.e. p820H8HC, ID.leXlmnit MaRCIIl/laJil,HOe 3Haqe!£lle BemrcmH!:1 rn/(EP-Ed)2• B 
paMKaX ,ItByxypoBHeBoro npn6JIH11teHM TaKHe pacqeTU .ztaIOT HUl!tHlOIO on;eHICY 

BeJIH~HU /Wsp/• 
B KoHn;e rJiaBU npoBe.zteHo conocTaBJieHlle pe3yJII,TaToB li3MepeHlltt P

HeqeTHWC aqqieKTOB B p-BOJIHOBWC HettTpoHHUX pe30HaHcax C pe3yJII,T8TaMH, 
noJIYqeHH!:IMll ua TenJIOBWC ueiiTpouax Ha Tex lite SI.ztP8.X• B Ta6Jrnn;e 2 npe,n
cTaBJieHU pe3yJII,T8Tll ll3MepeHHll 3aBllCID.IOCTH noJIHWC ceqel£llit OT cxmpaJII,
HOCT.ll TellJIOBWC HettTpOHOB ,nJIJI II7S'n ll 1391.a B Bll.zte .1 (J. TaM lite npe.n-' 
cTaBJieHU 3HaqeHn.R: .1 (3" ~ pacc~Tamrne H3 pesyJII,T8TOB H3MepeHnii B p-

** BOJIHOBUX KOMII3YH.zt-pe80H8HC8X, .ll 3HaqeHH.R: A 0 U3 ll3Mepemd1 P-He"!eTHOro 
BpamelUI.R:. KaK Bll~O H3 Ta6JIH~. corJiaCHe pe3yJII,T8TOB MOlKHO C~TaTl, • 
BnOJIHe y,noBJieTBOPBTeJil>HllM. TaKlll,I o6pa30M, cpaBHeHHe 8KcnepHMeHTaJU,HllX 
pe3yJII,T8TOD noKa3HB8eT,qTo MO.zteJII, CMellll1B8Xll!UDCC.R: ROMIIayH.zt~COCTO.R:Hllll,Ha 
OCHOBe ROTopoll llp0ll3BO.ztl!JIOC1, cpaBHeHlle, ,ItOCT8TOqHO xopomo OllllCHB8eT 
B~HY n aHepreTnqecKllil: xo.n aqqieKTa. 

B 3aKJIRJ1teHliH B KpaTKOil ipop.1e Cqx:>p.!yJIRpOB8HU OCHOBHHe pe3yJII,TaTU 
n BUBO.ztll pa6orn, KOTOpHe npnne,neM HlllKe. 

J!nccepT8ll;llOHH8.il pa6oTa nocMII1eHa aKcnepHMeHTaJll,HOMY HCCJie,ItOB8HHD 
BeJUI'IBHH H auepreTB"!ecKoro XO,It8 o~oro H3 P-He"!eTHWC HettTpOHHO-OnTH
-qecKHX aqq>eKTOB, a HMeHHO ll3Y"!eHliXl saBHCliMOCTil noJIHoro ce"!eHIUl OT 
cnnpam.HOCTH HellTpOHOB B6JIH3H p-BOJIHOBHX KOMnayH.zt-pesoHaHCOB. TaKoe 
llCCJie.ztOB8Hlle HHTepecHO He TOJil,KO TeM, 'ITO OHO .R:BllJIOCl, eme 0~ no.n.
TBep~eHHeM CJia6oro B38llMO,ItellcTBH.R: HYKJIOHOB, HO n TeM, 'ITO OHO Il03BO
JIHJIO nponepllTl, TeopeTH'ieCKHe BUBO.ztll, OClIOB8HH!:1e na MO,IteJIH CMellll1B8IUl.il 
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_KOMIIaYH.zt-COCTO.R:Hlli npoTHBOilOJIOlltHOll "!8THOCTH, 0 3Hal!BT8JII,HOM YCMJieHHH 
H pe30H8HCHOM xo.ne P-He"!eTHWC aqxp8KTOB B o6J!acTH p-BOJIHOBHX HellTpoH
HHX pe30H8HCbB. 

Jvm peweHM nocTaBJieHHOll 3a,Ital!B noTpe60B8JIOC1, ncnOJII,30BaHHe 003-
,ItaHHO.ii npH Henocpe.ztCTBeHHOM Y118CT.liH 8BTOpa YHllKaJil,HOll YCT8HOBKll -
nettTpoHHoro cneKTpOMeTpa no BpeMeHll npOJieTa C IlY11KOM nOJIHpH30B8HHHX 
pesoHaHCHHX HettTpOHOB. HcCJie,ItOB8HB.il 38:BHCHMOCTH nponycKalUl.il nellTpOHOB 
OT HX CllHpaJil>HOCTH 6HJIH npoBe.zteHH l1,1m p-BOJIHOBWC pe30H8HCOB lI7S'n li 
139 J.,a • 

B pe3yJII,TaTe npoBe.zteHHUX H3MepeHHtt BnepBUe 6HJIO 8KcnepHMeHT8JII,HO 
nOR838HO, 'qTO nsyqaeMHii aqqieKT HOCHT pe30H8HCHllii xapaKTep,n no BeJIH-
1{l!He COI'JI8CY8TC.il C TeopeTH11eCIOIMH npe.ztCR838IDlS!Mll, OCHOB8IlllliMH H8 MO
,neJIH CMeW.liBaHH.R: no qeTHOCTH KOMnayH.zt-COCTO.R:HHll .R:.zt8p. Ha npHMepe 13}a 
Bli~o. 'qTO P-HeqeTHHe s@)eRTll B H.npBX MoryT YCHJUIB8T1,C.R: B rn5 + IO 
pas no cpaBHeH.liXl C HYKJlOH-izyKJIOHHllM CJia6HM B38HMO.ztellcTBneM H ,ItOCTH
raTl, BeJIH'IBH nopsI.ztKa 10-l. 

B pa6oTe'nOJJYqeHH axcnepHM8HTaJI1,HU8 on;eHKH MO,ItYJiell MaTp.llqffilX 
8JieMeHTOB, onpe.zteJIJUll!UDC CM81lll1B8HH8 CJia6llM B38.llMO.ztellCTBHeM KOMIIayH.zt-
COCTO.R:HHll pa3HOll ~eTHOCTH. • 

Pe3yJII,TaTll ,It8HHoa pa60Tll n03BOJIHJI.li cymecTB8HHHM o6pa30M 060CHO
B8T1, npaBHJI1,HOCT1, TeopeTH"!eCKoro Olll!CaHH.R: HsyqaeMHX JIBJieH.l!ll CM8W.0Ba
Hll8M KOMn8YH.zt-COCTO.R:Hllll no ~eTHOCTH. 

IlpoBe,IteHH!:1e 9KCnep.0MeHTll noJIOllillJI.li Ha~aJio H3Y1!8HHID P-HeqeTHHX 
HeiTpoHHO-OnTH'q8CKHX 8qql8KTOB B HellTpOHHHX pe30HaHC8X ll IlOK838Jill 
npaKTH"!eCeyXl npHrO~OCTl, C03'A8HHoro B JIH~ owrn HellTpoHHoro cneKT
poMeTpa·c noJIJlpH30B8HHllMH pe30H8HCHllMll HellTpoHaMll ,nJIJl pemeHM TaKHX 
~a.ztaq. IlOJI83HHii OllHT, nQJIYqel£H!:1it npn npone,neHHH HaCTOS11118ll pa6orn, B 
,It8JI1,HellweM 6y,zteT HCnOJI1,30BaH npll llJI8HHPOB8HHH H noCT8HOBK8 HOBHX 
9KCnepm,1eHTOB • 

OCHOBHHe M8TepH8JIH .ztllCCepTan;nn ony6JrnKOB8HH B pa6oTax: 
1 • .AJI~eHKOB B.n •• ~pocoB A.B •• HnaHeHRO A.H., MapeeB 10.n •• 0B1{l!H

HHKOB O.H. YcTaHOBRa ,nJIJl nOJIHpnsan;nH Me.Ir,JieHHUX HellTpOHOB Ha peaK
Tope IIBP-30. - .IT,y6ua, 1975. - 19 c. (Coo6~em1e /-06~e~. HH-T ~ep. 
.lfCCJI8,It. : 13-9396). . 
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