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I. OHUAH XAPAKTEPllCTill'A PAEOTLI 

ijeJII, pa60TU COCTOR.118 B llCCJie,n:oBal!IlRX, C ncnoJILSOBaHJleM 110JIJIPll-
30B8HHI,IX Heil:TpoHOB .II smep, H8KOTOpUX oco6eHHOCTeii B38.IIMO,n:eflcTBllJI pe
SOHBHCHHX HeiiTpoHOB C .fln:P8Mll, CBJl38HHHX. CO CJIHH8MJl B38lll'.10,D;8MCTBYJOI$1X 
'I8CT.IIU, lls pesyJILT8TOB T8K.IIX .IICCJie,n:oBaHHit y,n:aeTC.lf JIOJIJ'!HTI, JlHTepec
HYJO llH!pOPMBUHJO O CTPYKType smpa Hero B036Yl!UIEiHHHX COCTO.fIHllH. B pa-
6oTy BKJIJO'IeHI,I HCCJie,n:OBaHH.FI CUHHOBOH 38BllCHMOCTll ITOJIHHX Heil:TpOHHUX 
ceqeHHii P.fI.n:8 pe.n;KoseMeJI1,uux SI)lep n HccJie,n:oBaHM HapyrneHH.FI npocTpaH
CTBeHHOii 'IeTHOCTH B HeKOTOpux p-BOJIHOBUX pesoHaucax CJIOlKHl,IX R,n;ep • 

AKTyaJILHOCTL 38,[(B'Ill o6ycJIOM8H8 TeM, 'ITO ll3 pesyJILTaTOB, IlOJIY
qaeMLIX B :rncnapHM8HTax C fIOMpH30B3Jl!IJ!l.m !Wi-i•rpoJJaMll II nn:pm.rn, MOlKCT 
6UT1, IlOJIY'IeHa .l!Hq>OJ)Ma~' He,n:OCTYilH8.fI ,n:pyrnM MCTO,n:8M. llMeHHO TBRllMl'I 
RBJUllOTCJI peayJILT8Tl,I llCCJie,noBaHllH, BJIJO'!eHHI,IX B HBCTOJllcylO pa6oTy. 3TH 
HCCJie,n:oBaHM IlOSBOJI.IIJI.11 noJIJ'IBTI, OUCHK,Y MHHMOH 'IBCT.11 CilllH-CII.IIHOBoro 
'IJieHa B OilTll'leCKOM noTeHIUJaJie. EWI TaKJKe aKcnepHMeHTaJILHO .n:oKaaaH 
pesoHaHcHI,Iit xo.n: P-He'IeTHOit 38BHCHMOCTll noJIHUX neil:TpOHHUX ceqeHHfl OT 
CIDIP8JI1,HOCTH HeilTpOHOB H nOJIY'IeHU oueHKl'J M8TpH'lHUX 3JieMeHTOB CJia6o
ro B38HMO,n:eiicTBH.FI B CJIOlKHUX smpax. 

EaaoBUe YCTBHOBKH'.11 aKcrrepHMCHTaJII,HHe MeTOJU!Kll. llcCJie,n:oBaHH.FI 
npOBO,ItllJI.l!Cb Ha HMIIYJII,CHOM peaKTope lffiP-30 ]a6opaTOpHH HeiiTPOHHOil !pH-
3HKll OWIB. EwI.11 ncuoJihaOBaHU o6a pcliUlMa pa6oTH peaitTopa: co6cTne.HHO 
peaKTopHI,Iit H 6ycTepHI,Iit (co'!eTaHHe peaKTOpa c JI.l!Hei1IruM YCKOPHTeJieM 
3JI8KTPOHOB ]Y'J-40). Ha YHllKaJILH()M peaKTOpc lffiP-30 MOlKHO npoBO,n:llTI, 
peKo~e no CBCTOCHJie HCCJie,n:OBaH.11.fI no BpeMCI!H rrpoJieTa B YCJIOBH.FIX 
YMepeHHoro aHepreTH'Iec1ti:>ro paapemeH.11.FI. 

HeiiTpoHH noJI.FipnsoBaJI.11c1, paspa6oTaHHHM B JIH~ OWIB MeTo,n:o~ npo
nycKBHM ~ 'lepe3 noMpH30BalIHYJO rrpoTOHHYIO MHlllCHI,. B 3KCnepHMeH
T8X .11cnom:aoBaJ18CI, cneIUJ8.1U,HM npOTOIIHM MH1ll8ff6 60JILlllOi1 niioma,nH, 
y,n:o6HrurB 3RCilJIYaTaIUJn H o6ecne'!llBaBWM B03MOlKHOCTL npoBe,n:eH.l!Jl npo
.noJUtHTeJILHI,IX .11a11epeHllil:. 

.ll.Jul peBepca HeilTpoHHOH noJI.FipH38Ullll, H8JUI.nY C 06l,l'IHUM.II MeTO,n:BMH, 
IlPHM8HJLIIOI MeTo,n IlOBOIJOT8 pa60Ta10I11eil npoTOHIIOH M.HllleHH Ha rno0 • 3TOT 
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MBTO,n OHJI npe.zvro~eH ll ocymecTMeH B rrpouecce BLIIlOM8llil.f[ HBCTORmeft 
pa60TLI. OH ll03BOJI/i8T cpaBllilTBJil,HO OLICTPO peBepcnpoBaT1, IlOMPll38Wl!O 
HeilTpoHOB BCBX aHeprHfi, noMpll3YBMllX MllillBHI,IO. 

IloJUipll38WlH llCCJie,noBaBIIIBXCH Mep ocymecTBJLIIJIBCl, MBTO,ll;OM ropTepa
Poyaa B cneunaJ!l,HO paapa6oTaHHOM KPllOCTaTe c paCTBOPBHlleM·3tte B 4He . 
BO BHemHeM IlOJie, 003,D;aBaeMOM CTa~apTHUM aJIBKTpOMarHllTOM. 

ABTOMaTlltrBCKOe ynpaMemre :mcnep.0MeHTOM, aHaJl.03 ll HaKOIIJIBllile 
cneKTPOB no BPBM8llil npoJieTa, a TBK~e nepBOHatraJ!l,Hafl o6pa60TK8 pe-
3YJibTaTOB ll3Mepellllll npOBO~llCl, C IlOMOmhlO CllCTBMll, 003,ll;aHHOft Ha oc

HOBe M8JIOR SR,!. 

HaytrHaH HOBll3Ha peayJil,T8TOB paOOTLI. Ilpa~ntreCKll BCe aKCilep.0MeH
T~H!18 pe3yJI1,TaTL1, BKJI!Otr8ll!rne B HBCTOSIIey!O paOOTY, IlOJI,YtreHU, BilBpBI,Ie. 
8To B anatrnTeJ!l,HOft cTerrellil ooycJioBJieno YllilKBJihHOCThIO coa.naHHoil B 

JIH<I> Olliil1ycTal!OBKll ,nJI/i_llCCJie,D;oBallilil C IlOMPll30B81iliblMR HeilTpOHaMll ll 

MpaMll. 

Haytrna.H H rrpaKT.litrBCKBH UeHHOCTl, pa6oTll. HaytrHaR ueHHOCTl, pe-
3YJ!l,T8TOB. HCCJI8,ll;OB8Hllil, BK.1Jl0'!8HHLIX B HBCTOSIIeyIO ,ll;llCCBPTBU.0!0, COCTOHT 

B lIOJI,YtJ:eHHll HOBOft HHq>OPMBUllll O CBOHCTBaX aTOMHLIX MBP ll llX B036y~

,ll;8H!ILIX COCTORUllll. 
Pe3yJ!l,T8TLI ncq.ne.noBairnn CII!f!IOBOii 3amtCHMOCTll lIOJllILIX HeftTpOHHUX 

cetreHllft_pe,D;K038M8J!l,!lllX.M8P lIO,ll;TBeplK,ll.aIOT npe,nCK838HM OllTWl'.BCKOft MO
,neJ!ll O MBJIOCTll CIIHH-CllllHOBOro lIOT8HUll8Jia' B HeiiTpOH-MepHOM B3a.liMO
.neftcTBllll. Ilo.rrytJ:eHHaR B 3TllX llCCJ!B,ll;OBaHMX aHepreT.BtrBCKBR 3aBHCllMOCTl, 
cmrn-cnHHOBOro ceti:eHM B38llMO,D;eftCTBM neilTpOHOB C H8KOTOPUMH MPaMll 
YK83LIB88T Ha npoRMeHHe BO B38llMO,ll;8RCTBHH llOMpll30BaHHLIX HeftTpOHOB 
C ll0Mpll30B8HHUM.0 .II,IU)8Mll cpaBHllTBJ!l,HO KOpDTKOlKllBYmllX npoMell!;yTO'IHl,IX 

COCTORUllll. 
PeayJI1,T8TH HCCJie.nonanllft a1xfJeKTOB Hapymeium npocTpaHCTBBHHofi 

'!6THOCTll B p-pe30H8HC8X HBKOTOpLIX smep rro,nTBep.D;llM cnpaBe,IVIHBOCTl, 
Mo,D;eJ!ll, B KOTopoft aTH aiMieKTLI CBII3HBaIOTcH·co cMelllHBaHHeM cJia6L1M Baa
llMo.neficTBlleM BOa6ylK,ll.eHHHX cocToRllilfi MBP, .liMBIOU1lli rrpin.11Bon0Jio1KHYIO 
'!6THOCT1, H O,ll;llH8KOBUft CilllH. Borue.nnrne B ,ll;llCC8pT8Ull!O llCCJIC,ll;OBaH.lm acf>
(j)BKTOB HapymeHM npocTp8HCTB8HHOii '!8THOCTli B neiiTpOHIILIX pe30H8HC8X, 

IlO-Bl1,IJ;Ill1!0}JY;HB71RIOTCR H8'!8JIOM l!OBOro narrpaMBHM B J,1CCJI8,ll;OB8HHRX 

c~oftCTB KOMII8YH.D;-COCTOHHJ.1ll Mep. 
C03,ll;8HHaR B npouecce BLl!IOJ!HBIIM HaCTORmBli pa60T1i(yHJ.1K8J!l,H1lH yc

T8HOBK8 npe,D;CTllBMeT HeCOMl!elllIYIO npaKTll'!BCK,YIO ueHHOCT:Ei ,nJili rrpoBe.ne
H!,1.f[ pa3Jlll'!IIWC arwnep.m.10nTa.'Il,llllX UCCJI8)-IOB8Hilli C Il0Jmpl!30Ba1IHW,m ne.ll

TpO!IaMll ll MP11Mll. 8To rrpo,neMOJICTPllPOBaHO BLIIl?Meill!eM Ha YCT8HOBKe 
iiHTepeCHliX <pli3l!'!8CKllX llCCJI8,ll;OBam1ft, K8K BOillC,ll;illl!X B. l18CTOflmY!O .nuccep-

2 

11 

\ 
I 

T8U.0JO, T8K ll He BOme,nnrnx B nee. 0,nHa H3 M6TO,ll;lltJ:8CKllX paapa60TOK, BLI
IlOMeHH!lX B npouecce coa,naHM ycTaHOBKH, aaperncTpllpOBaHa B Ka'!BCTBe 
Hao6peTeHM. 

IlOJIOlKeHllH H pesyJil,T8Tlfp BHHeceHHUe Ha aawTy •. 

I. C03,D;aHHe Ha peaKTope .lffiP-30 YllilKaJ!l,HOH ycTaHOBKll ,nJili npoBe,D;eHM 
llCCJie,nOBaHllli C rroMpll30B8HHliMH HeftTpo~aMll H MPaMll, BKJ!I0'!8!0ill8H B ce-
6.H CJIB,D;yIOmHe OCHOBHUe yaJIH: 
I.I. IlOJIHpH38TOp HeilTpOHOB - IlOJI/ipll30B8HHYIO rrpoTOHHYIO Mllill8Hl, 60JI1,

WOH IIJioma,nu. 
I.2. CHCTeMY rrpoBO,ll;Kll H peBepca IlOJI/ipH38Ullll lIY'!K8 neftTpOHOB B nrnpo

KOil 06JI8CTJ.1 aneprHft. 
I.3. KpHOCTaT C paCTBopenReM 3tte B 4He ,nJili Il0Mpll3aunn MBP C OXJia~

,nellileM pa6otJ:ero BemeCTBa MllWBllil trllCTLIM 4He c U6J!l,IO HCilOJ!l,30B8-

HM MHWBHH Ha nytJ:Ke MB,IVIeHHUX HeftTpOHOB. 
2 • .f{nepHO-<pii3HtJ:6CKlle HCCJie,nonanrut, BLllIOJIHeHHHe Ha C03,ll;8HHOH ycTa

HOBKe:-
2.I. HcCJie,D;OBaHM CITHHOBOft aaBliC.liMOCTll no~HUX HBHTPOHHUX ceti:eHllft He

KOTOpux pe,D;K03eM8J!l,HllX MBP B 8KCnepllMBHTax C IlOJI.HpH30BaHHID.m 
HeHTpOH8Mll ll SI,npaMll. 

2.2~ 11CCJI8,ll;OB8HHH 81NJ8KTOB Hapywemrn rrpOCTPaHCTBBHHOH '!8THOCTH B 
ITOJ!HUX ceti:ellilRX B3aHMo.neilCTBllH H8ITOMPH30B8HHUX MBP C IlOJI/ipH-
30BaHHUMH HBHTpOHaMll, HMB!OilllfMl! aneprHn, OJ!ll3KH8 K p-peaoHaHC8M 

HCCJie,D;OBaHHUX Mep. 

Anpo6axma pa60TU li ny6.mucarm0. Pe3yJI1,T8Tli BKJ!IOtJ:8HHHX B ,ll;llCCep
T8U!,1IO MBTO,nB~eCKHX paapa60TOK H qJ1!3HtJ:eCKHX J.1CCJie,D;OB8Hmi HeO,nHOKpaT-
110 ,ll;OKJ!8,ItllB8JlllC1, !18 paaJ!llti:HHX BC6COI03HllX H Melll,IzyH8po,nHliX COBemallil
RX ll KOHq>epeHUMX, r.ne duJ!ll C OOJ!l,ll!HM HHTepecoM BCTpetieHli HaytrHott 

00lll8CTBeHHOCTbD. 
OCHOBHl,le M8T8pHaJIH, BKJIIOti:eHHUe B ,nuccepTaUHIO, onyOJ!llKOBaHH B 

18 neti:8THHX pa60T8X. CnHCOK aTruc pa6oT rrpHBe,neH B KOHUB 8BTope-
q>epaTa. 

06'LeM H CTpYKTYpa l@CCepTagHH. ,ll.l'lccepTaUJ.1.f[ COCTOHT H3 BBe.nerum, 
mecTH rJiaB.: rro.npaa.neJieHHWC Ha 20 naparpaq,oB H co.nepm:amnx.oc110BH1,1e Ma
Tepn8Jlll pa6oTH-, 38KJIIOti:eHwt. npHJiol!eHHt! H cnHcKa UHTHpoBaHHotl JIHTepa
TYPll• Boero B ,nzccepT8UHH 2II CTPBHHU MaWHHOITHCHoro TeKCTa, BKIOtJ:8H 
12 T86JIHI.t, 34 PHCYHK8 H 6H6JIHorpa\lllm Ha 135 H8HM8HOB8Hllli. 

IT. KPATKOE CO,UEPJ[AlillE ,UHCCEPT.AUIDI 

Bo BBe~erurn KP8TKO oxap8KTepH30B8HO MBCTO MBTO~OB HeffTpOHHOtl 
<llHSHKH B 8KcrrepllM8HT8J!l,HLIX HCCJie~OBaHMX CBOtlCTB,aTOMHHX SI,nep ll OT-
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MeqeHH cneuv,cpnqecJWe B03MOlKHOCTll, npllCYll\lI8 llCC~e,noBaIDIJIM C llCITOJll,30-
B8HlleM·noJUipll30B8HHHX'HeiiTpOHOB' ll R,nep. OTMeqeHH T8Kl!re B03MOlKHOCTll 
llCC~e,ri;oBaHllii, C .11CIIOJll,3QB8HlleM llOJUipll30BaH.lillX H8liTpOHOB, 3(!q)8KTOB 
HapyweHllJI rrpocTp8HCTB8HHOii qeTHOCT.11 B R,nep!IUX B38illllO.Il;Ci!CTBilHX. Jla
Ha 00:1\aSI. xapaKT8p.11CTima . ::n<enepHM8HT8Jll,HOH. YCTaHOBKil, llCIIOJll,30BaHHOH 
IIPll npoBe,nemrn llCC~e,noBaHllH, BltJIJOqeHJlliX B H8CT0Jlieyl0 .nnccepTamtIO. IIe
peq.11c~eHbl no~qeHHHe :mcnepnMeHT8Jll,Hble pe3yJU,T8Tbl ll BHBO.Il;bl, IIOK838-
ll8 HayqHaJI HOBH3H8 paOOTll. B KOIIUC BB8,Il;8HHJI CCIKJPMY~llpoBaHbl IlO~OlK8HlfSl 
l1 pe3yJU,T8Tbl, Bb1H8C8Hflble Ha 38ll\lITY, ll OIT.11CaHa CTPYKTypa ,nnccepT811;Hll. 

r~aBa I JIBJIJI8TCJI BBO,Il;IIOH R npo6~eMaM, CBH38HHblM C ,n.11ccepTauneft, 
ll COCTOllT ll3 4 naparpaqKJB, B KOTOpblX paccMo~peHbl H8ROT0pble OCHOB
Hbl8 TeopeTnqecKHe BOI!pOCbl B38J!MO,Il;8HCTBM IIOJUipll30B8HHblX 1!8HTPOHOB H 

R,nep. 
B nepBOM naparpacpe ICOPOTKO paCCMOTpeHbl 00ll\lI8 BOIIPOCR B3aHMo,neft

CTBllJl pe30H8HCHblX HeHTPOHOB C MP8Mll. IlpHMeHnTe~bHO K 3a,naqaM, KaCa
lOll\lIMCSl .nnccepTaUHll, paccMOTpeHHe orpaHHqeHO no~ ll8HTPOHHRMli ce
qenllJIMll ll npoueccaMH, o6yCJIOM8HllliMH S-H8HTPOH8W'I (HeHTPOHBM.11 Cop-
6llT8Jll,HblM MOM8HTOM € = 0). 06cylli,naIOTCJl BOIIpOCR IIOB8,Il;8H.11Jl I!OJIHOrO 
HeftTpOHHoro ceqe11M KaK B o6~aCTl1 pa3peweHflblX pe30H8HCOB, TaK H B 
06~acTMycpe,n11eHHIIX ceqenlill. 

BTopoii naparpacp IlOCBSllll8H paccMbTpeHHIO CIIHHOBUX oco6eHHOCTeii 
B38HMO,Il;8HCTBM HeiiTpOHOB C R,npaMll. OcHOBHOe BHUMaHHe 3,Il;8Cb T8KlKe 
y,ne~eHo CJiyqaro .s-11eiiTpOHOB, Kor,na Ha R.npax co CIT.11HOM I~ 0 npou;ecc 
MOlKBT .. :H,Il;T.11 IIO .nBYM CIIllHOBUM KaH8~aM, C ITO~ CITHHOM J = I '! '/1,. 

CIIllHOBaJI 38BHCHMOCTb ITO~Hux 11eiiTpoHflblx ceqeHHii B c~qa_~ .s ,Heil:
TPOHOB, O'l6Bll,nl!O,ITOJIHOCTb!O ·xapaKTepn3yeTCJl CetJellllSIMll 0-t. H 5"_ ITpo
ueccoB, .11,Il;Yll\lIX ITO KaH8~aM C ITOJIHUMH CIIBHaMli d = I "±. !/1. . IIpaKTli'lec
Kll, O,nll8KO, '!811\6 I!OJU,3YJOTCJI T.H. ITOJUipH3811;HOHHUM (llJlll CIT.1111-CIIHHOBUM) 
ceqeaneM. 

. o'ro~ = T ~ (Ei"+ - G"":). 
(I) 

&llecTe C ceqea.11eM B OTCYTCTBlle ITOJUipH38UHil: 

G' -:: . !..:.!. CJ 
0 :1-tf + 

+ -1.- 0 
11:·d. - ' 

(?) 

S'r4 ~ , ecTeCTB8HHO, T8KlKe ITOJIHOCTblO O?RCRB86T CID!HOByJO 38BllCUMOCTb 
ITOJIHUX ceqeHHtt ~ 5-HeilTpOHOB. Ilo~yqeirn: BUp8llteHHH, CBSl3!iB8l0ll\lIEl ITM
H!ie ceqenRli ~ ITOMpH30B8HHblX Hei1TpOHOB U ITOJUIP.ll30B8HH!IX smep C no
Mp.ll38UIDIM.ll nyqKa H · meH.11 H · ceqe11v.srMH ~ , I,_ (HJlll ceqeHHJIMH ~ , · 
G" po~). PaCCMOTpeHH: 06~8CT.ll pa3 pellleHflblX pe30ll8HCOB H ycpe,nHeHH!IX 
ce-qell.llii. B ITepBOM c.nyqae· 3118K rroJIJip.H3au;HOHHoro ceqeHHH aa,naeT c'rnrn 

., 

,i 

j 

pe30H8Hca, 8 BO BTOpOM - IlOMPH3auHOHHOe Ce'!eHHe y,naeTCJI CBH38Tb co 
CITl1HOBOH 38BHCHMOCTblO p8,Il;l1yca ITOT6HUll8JU,HOro pacceSlllrut .ll S-BOJIHOBOil 
HeiiTpOHHOil C.ll~OBOil ~YHKUHeil SI,npa. 3-ra CBJI3b HMeeT BH,n: 

·(6i, 0 t..>.:: 1; .. 
1 

r~jj6R'- + 
1~1.fs1

t:.So], (3) 

r,ne E n ~ - anepr.llH n BOJIHOBoe q.110~~ HeilTpoHOB, o ~'A- .ll 6. S
0 

- pa3-
HOCTH pa,nHYCOB ITOTeHll;Ham,Horo pacceJlHllH .115-BOJIHOBUX Cl1~0BUX ®'HK-
UI!li B CITHHOBUX K8H8MX C '} = 'I -:!. %. . . 

Jla~ee BO 2-M ITaparpa~, .ItJUI noJIHoTu 063opa, paccMoTpenu CJie,ny
Ullie BOnpocu cnell;Hqi.HKH B38HMO,neiicTBM IIOMPH30B8HHhlX S-HeiiTpOHOB C . 
8TOMHblMH SI,np8Ml1: 

l. CrutHOBaJI YITOP.ff.nO'leHHOCTb CHCT8Mhl KOMnayn,n-R,nep, B03HHK8IOll\eii B pe
aym,TaTe 38XBaTa IlOJUipH30B8HHh!X HeilTpOHOB H8ITOJUipH30BaHH!IMH SI,npaMH. 

2. C,nBHr HeiiTpOHHUX P630H8HCOB, o6yc~oMeHHUii P83Jlllq.118M MarHHTHblX 
MOM6HTOB ncxo,n11oro SI,npa H COOTBeTCTBYJOmero KOMnay11,n;-cocTOHHHII. OTOT 
C,nBHr ITPOHB.iISieTCJI ITPH. H8JlllqHH M8rHHTHoro ITOJIJI Ha.H,npe, KBR B 3KCITe
PRM8HTax C ITOAAPH30BaHHHMH HeiiTpo!laMH H H8IlOMPM30B8Hllb!MH MPaMH, 
TaK H B o6~aTHOtt CHTYBUIIH. 

3. T.H. R.n8PH8Sl ITpeueccM HBHTPOHOB, T.e. BP811\6HMe HeiiTPOHHOR ITOJIJI
PH3811;HH BOKpyr HarrpaMeHHSI ITOMP.ll38UIIH R,nep B MHllleHH. H,nepHaJI npe
uecc.llJI HeiiTpOHOB o6yc~oMeHa CIIBHOBOR 38BHCMMOCTblO 8MIIJIBTy,nu ynpy
roro pacceJIHllJI HeilTponoB Ha R.npax. 

.n.,m Bcex 3THX RMeHHii ITO~yqeHl,( xapaKTepH3YIOll\lie HX COOTHOllleHHJI. 
B TpeTbeM ITaparpa~ ITO,npo6Ho paccMOTpeHU YCM~8HHh!e B C~OlK!illX 

R.npax P-HeqeTHlle aqq>eKThl _B yITpyroM KaHaRe B38HMO,Il;6HCTB.11Jl MeMeHHUX 

HeiiTpOHOB C Sl,npaMH. TaKHx aqq>eKTOB iBa: BP811\6HHe Heil:TpOHHoil ITOMpH-
3811;H.11 BOKpyr HMIIym,ca.neil:TpOHOB B H8ITOMPM30BaHHOii H,nepHott MRlll6HH 
(P-HetJ:eTHOe ,IJ;BoiiHoe HettTpOHHO-OIITHtJeCKOe ITpe~o~eHlle) H 38BHC.llMOCTb 
IlOJIHoro Heil:TpoHHoro ceqeHHJI H6ITOMpH30BaHHh!X R,nep OT CIIHpam,nocTn 
HeiiTpOHOB (P-HeqeTHH:ii HeitTpOHHO-OITTHqecKHii ,n.11XpOH3M). OcHOBaHHeM 

~ OTHeceHHJI OOOHX 3THX 3!pp8KTOB K YITpyroM,Y KaHa~y B38llMO,neilCTBHJI 
HeHTPOHOB C MPBMH JIBJIJI6TCJI TO, qTo o6a 8qq>eKTa (BTopoil, ITO Kpafu!eil 
Mepe, qK>pMaju,Ho) o6yCROM6Hhl 38BHCHMOCTblO OT CIT.11pam,aocTH HeilTPOHOB 
BMIIJilfTy,nu ynpyroro pacceJIHHH tteiiTpoHoB BITepe,n. IIepBh!it aqq>eKT_onpe,n;e
MeTCJI HCTHHHhlM nepepacceJIHRe~ HettTpOHHOil __ BOJIHhl H CBH38H C ,neiiCTBH
Tem,nott qacTbIO aMITJll!Ty,nu pacceJIHrui:, a BTopott no OITTHqecKott TeopeMe 

KBaHTOBOii M8XaHHKH CBH3irn C. MHHMOii 'I8CTI,JO 81.UIJilITy.n;u HeiiTpOHHoro pac
C0JIHHJI. 

3H8tµJT8Jll,HOe yc.0:~eHHe P-He'!eTHh!X a®eKTOB B C~OlKHUX SI,npax, B 
CP8BH8HH.ll C aua~orHqHh!MH acfJIJeKTaMH B HYMOH-HYMOHHOM B38HMO,Il;6HCT-

5 



Bllll, B H8CTO.ffill8CBP8Mll o6~RCIUI8TCJI B paMKax Mo.n:eJlli CM8llll!B8!01!1llXCJI M8P

HllX COCTORHllli, llM8IOI:U!X rrpOTHBOilOJ!OlKl!He lJEiTHOCTH ll O,IU!HaROBIDi crnrn, Bo 

B38HMo.n:eiiCTBllll Heii'l.'POHOB C MP8Mll B030yll(,I(emrn:e M8PHll8 COCTORHlill rrpo

RBJJJUOTCR B Bll.ll:C HeilTpOHIIHX pe30H8HCOB, Pe30H8HC8M, B030YlK.I(88MllM Heil

TpOH8Mll C OTJlli'l8IOl!1lllAflCR Ha e,n:llHHIJY opOHT8JU,HllMH MOM8HT8Mll, COOTBeT

CTBYIOT KOMIIay~-COCTORHllR npOTHBOilOJ!OlKHOli l{8THOCTH. lLruI HeiiTpOHOB 

M8JlliX 3Heprnil BepORTHOCTD B030YlK.n8HllR M8PHllX COCTORHHH OllCTPO n~a

eT C pOCTOM op6HT8JIDHOro MOM8HT8. B_3TOM CJIY'l88, rrpHMeHHT8JU,HO K 38-

.n:a'le O CMCl!IBB8Hllll COCTORHHi1 rrpoTHBOITOJ!OlKHOfi '18THOCTH, MOlKHO orpalll

l{IITDCJl pacCMOTpeHHeM J!lllllI, ItoMIIayu.n:-cocTORHHH, B036YlK.n8CMllX s- ll p

HCiiTpOH8Mll, T, e. paCCMOTpemrnM CM81IlllB811HR COOTB8TCTBYIDll1llX .s- ll p-pe-

30H8HCOB. 11pll 3TOM, ll3-38 Heo6xo,n:HMoro .n:JIR..,_CM81IlllB8HHR YCJIOBM O,n:llH8-

KOBOCTll CilllHOB.COCTORHHH, CJie.n:yeT paCCM8TpllB8TD TOJll,KO p-peaoH8HCll, 

nMeIOl!1lle - crrnuu d = I 1 % ... 
PaCCMOTpeHa 38BHCHMOCTD peaOH8HCHOil '18CTll 8MIIJlliTY.D:ll ynpyroro 

pacceRHllR l!CHTPOHOB BIIepe.n: OT Cilllp8JIDIIOCTll ueiiTpOHOB; PaCCMOTpeHne 

np0Be.ne110 B T.H • .D:BYXYPOBHCBOM Ilpll6JilllK8HllH, T.e. B npe,n:IIOJIOJKeHHn, 

'ITO OCHOBHOi-i: Bl{J!a,n B STY 38DllCHMOCTD ,naIOT ,nna 6Jllll!t8HIIll!X pe30ll8HC8 C 

O,n:llH8KOB!1Mll CITHHaMH: O,n:llH .S -pe30H8HC ll O.D:llH p-pe30H8HC. B peayJID

TaTe T8Koro p8CCMOTpemm IIOJIY'ICH!l BupalKeHM, CBR3HB8IOl!1lle BeJllilJHHH 

P-HelJeTHllX 11ei1TpOHHO-OIITlll{8CKHX .n:nxpoll3M8 H .nBOilHoro JiylJerrpeJIOMJie

HM C :rneprne:li HeliTpOHOB ll rrapaMeTp8MH CM8llll!B8101!1llXCR .pe30H8HCOB. 

B rrpaKTlllJCCKH llHTepecHOM CJiylJae 0JIH30CTH 3Heprllll HeilTpOHOB K 

sueprm1 p-pe30H8HC8 pa3HOCTD IIOJIIIHX He.liTpOHHllX -celJeHHH G"'-t H O -
.n:JIR _Hei-i:TpOHOB C IlOJIOJKllTeJU,HOfi H OTpm.taTeJIDHOH CI1llp8.7IDHOCTRMH, xapaK

TepH3YKllll8R P-HelJeTHl-lli Hei1TpOIUIO-OIITlllJ8CKHii .n:nxpoll3M, .n:aeTCR B!,tpaJKe

HHRMH: 

6 r; -: 6\ - c;_ :; 2. P(e 1 G"'p (.e)) 

0>(E) ~ 2.Ws.r J ,rs"(i1) r;'IJEJ 
~-E1 rr"'CE) rip"CE) 

(4) 

-, 

r,ne 6"f ( E,) - 061llJHOe 6p8llT-BHrHepOBCKOe C8'18Hlle B p-pe30H8HCC, Wl p -

M8TPH'IHH'1 3Jl8MCHT CJia6oro B38HMO,neilcTBl!R, B3RTllll Mell{,lJ,y CM8llll!B8Kll!1ll

MHCR COCTORHHJIMH, E. - saeprM HeiiTpOHOB, El - sHeprHR - s-peaoHaH-
~ -

ca,· rs o (E) - 38BllMl!1lle OT saeprHH HefiTPOHOB IIOJ!Hlle HefiTpOHHlle llll!-
i r 11 ( 

PHHH !>- H p-pe30H8HCOB, rp ,11 e.) - Hei\TpOHHM llll!pHH8 p-pe30H8HC8 B 

K8H8Jie C IlOJ!HllM MOM8HTOM Hei1TpOH8 J = I/2. CJie.n:yeT OTM8TliTD, 'ITO 

3H8R BeJ!lllJHHH 1) ( &) OCT8eTCR Heonpe,neJieHHllM; K8K B CM3H C Heonpe

.n:eJieHHOCTDKl 3H8K8 M8TpH'IHOro 8JieMeHT8 'N 3 f> , T8K li B CM3H C Heorr-
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pe,neJieHHOCU!O 3H8KOB 8MIIJIHTy,n HeilTpOHHbIX nmpm1 J r~" H J rr" 
B lJeTBepTOM rraparpaipe p8CCMOTperrn 3qlll8KTll B nporryCKBHHll He:liTpo

HOB, o6ycJioBJieHHHe HBliTPOHHOii IIOJIRPH38~1eii ll 38BHCMMOCTDIO IlOJIHOro 

HeHTPOHHoro Ce'leHllll R,nep MHllieHH OT opneHT8Ul1ll CITHHOB HeiiTpOHOB~ Ilo

JIY'l8Hll 061!1lle BllpaJKeHHR ,nJIR IIOJIRPH38Ul1.II H l1HT8HCHBHOCTH IIY'IR8, npo

@c!JIDTPOBBHHOro qepea MHWBHD, CelJeHHe R,nep KOTOPOH 38BllCHT OT opneH

T8Ul1ll CllllHOB HeiiTpOHOB. PacCMOTpeH TaKJKe T.H. 3rfJIJeKT npouyCK8HM 

E. = :j ➔ - j_ 

j-t -tj_ 
(5) 

. r.ne 'j ;t - llHTC-HCHBHOCTll IlpOqillJ!DTponammro tf() pe3 Mlllll811D IIY'IR8, IlOM

pll30B8HHOro rrapa.1IJieJIDJIO H 8HTl!rrapaJIJICJJI,HO BHOpaHHOMY 11anpaB.Jie11mo. 

3Ta BSJllilJHlla 06HlJIIO l1CIIOJID3YCTCR npll ll3BJl8'{()flllll ll3 3KCIICpl!MCHT8JID

llllX .I48HHllX lfHqIOpM8Ul1H O 38flHCHMOCTll IIOJIHbIX. HeiiTpOHHUX C8'18Hllii OT 

0Pll8HT8Ul1ll CllllHOB HeiiTpOHOB, Ha rrp0Be,ne1u1oro paccMOTpeHHR IIOJiyqaeT

CSI CJI8AYK>Ulee BllpaJKeHHe .nJIR aqxpeKTa nponyc!WIIHJI 110Jl.flpll30B8Hlf0ro !JY'l

R8 C rrepBOH8'18Jll,HOH IlOJIRpll3aU11eii f: B upe.n;noJJOJKeJrnll, 'ITO Ce'lel!M 

R,nep MllW8HH O + .I(JIJI HeiiTpOHOB C npoeru.umM.11 CllllHOB .5 ~ = t 1/.,_ CM38Hll 

C ceqenneM fj • - B OTCYTCTBlle 110Mpl'l38Ul1H COOTIIOllieHHeM 6"'1 :: . G"o ( i :1 ol.) 

u o ·h ~- -{.::-'f., V '•'-'oV-.) (1, - 'f0.ii!l1)1Jla MHW81111, .fI.l1/cM2). (6) 

Ilpll llCCJie,noBaHHRX CIIllHOBOii 38BHCllMOCTH IIOJIHUX HeiiTpOHHUX CelJeHnii Ha 

Mlllli8Hll C R,nepHOH IIOJUipll38Ul18H 1\ l1MeeM Q( = f I G"'po.t.- • B CJI,Y'lae HC

CJie,noB8Hllii P-HetJeTHOii 38BIICHMOCTll 110.JJHUX HeliTpommx C8'18Hllii OT Cilll

pa.!JDHOCT.11 BeiiTpOHOB Ilpll 3HeprIDIX, 0Jl.113KHX R P-PC30H8HCy, c( paBHO ".? , 
BBe.n;eHHOMY COOTHOtlJSHUeM ( 4) ' eCJIH C'IIIT8T.b G",. = ~ p ~ a rro.n -:, :t 
IIOHHM8TD IU!TSHCHBHOCTH, KOTOplle IIM8Jlll Oil MCCTO Ilplf H8Jlli'lllll TOJIDRO 

pe30H8HCHoro B38llMO,neliCTBM MCllOzy H8iiTpOH8MH ll R.llP8Mll, 

B KOHUe rraparpaipa paccMOTpe!f BOllpoc 06 OIITHMH38U11H TOJll!1llHU MH

WCHH, O'leHD cymecTBGIIH!lH rrpvr ll3MepCHllRX M8Jll-lX sqxiJeRTOB. 

B rJiaBe Il Kp8TKO paccMOTpeim llCilOJ!h3YCMUe ceiiqac MSTO.D:11 OpHeH

Tlf POBBHHR M~P H IlOJIJipll3~H MB,nJICHHUX.HeiiTpOl!OB. 

IlepBlli(naparpaq, IIOCBm!1eH M8TO,Il8M Op.l'leHTllpOB8HHR .II,llep, B H8M 

paCCMOTPBHH 1{8R CT8'l'll'{8CRHe, T8K If .n:HH8Mll'lecKl'Je MeTo.n:u opneHT.IIPOBB
HM Mep. 

IlpHMeHl!TeJIDHO R CT8T.l'J'JeCKHM MeTo,naM npHBe,neH!l OCHOBHlle. COOTHO

WeHRR, xapaKTepnay10111lle,aT.ll MeTo,n:u. 0TMC'l8llll TPY.n:HOCTH, B03Hl!K8lOIIU!e 

npn HCTIOJll,3QB8HHH CT8THlJSCRHX MeTo,noB. Ocoooe BHl!M8l!lie y,neJieHo IlpaK

T.l'JlJeCKH H8HOOJiee 'I8CTO llCI10JID3ye:Jior,zy- M8TO.IfY lIOJIRpll3aI.{ID1 M8P aTOMOB 

HCKOTOpllX nepeXO.n:Hf,IX 3JI8M8HTOB, H8 ROTopux l!M8IOTM 60J!Dl!llfe BHYTP.11-
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OTOMH1!e ( "cmipxTOHKRe" )r.mnmTHhlO ITO.JUI. <1TOT MOTO,!( IIOJIY'll!JI H83B8HUe 
MeTo.nn ropTepa-Poy3a • 

113 ,IUIH8Mll'IOCIDIX MOTO,!(OB Opll8HT8IUll1 MOP pacCMOTpeH Jllllll1, MeTO.U 
11 COJill.n;-::icppeKTa", llll'lpOKO rrpm~e!LfICML!ll ceiltJaC ,UJLil IIOJIYtieHl1Jl )tOCT8TO'Ill0 
K8tJOCTBOIU,illX IIOJUlpl130BaHH1lX rrpoTOHHHX MJ11IIOHeil. OcHOBHOe BHUM8HJ1e 
y,ueJieHo .aap11aHTY !10.JlllpU30B81IHOM rrpOTOHHOit M111IJeH11 C padO'IllM BSlll8CT
BOM - MOHOKpHCT8JIJIOM .I(BOHHOro JI81!TaH-MarH11eBoro Hl1TpaTa, rrpaKTl1'ISC
KR ilCIIOJII,30BaHHOMY B ,IUICCepTaIUIOHHOit padoTe ,nJUl C03,U8Hl1.fl rrpOTOHIIOH 
Mlllll8!Ul-IIOMPH3QTOPD pe:,oJiaJICJ!IJX HeJ1TpO!IOB. 

Bo BTOPOM rraparpacpe odcyl!\I(aIOTC.fI MeTO,!(ll IIOJllipl138U1111 MS,!(JleHHhlX 
HeiiTpOHOB, OCIIOB8Hl!UO Ha llCIIOJlh30B8Hl1ll Cill!HQBOH 38BllCllMOCTl1 B3811MO
.neiicTnim H8iiT))OHOB C BCII1CC'l'D011. PaCCMOTpeHH MSTO,D;hl, llCIIOJih3YIOll111e CI111-
HOBYIO 38}U!Cl1MOCTh MarHllTHOro paccemum: Me,!(JieHHblX ueiiTpOHOB, 11 MeTo.n 
C llCIIOJl:&30BaHl1eM CIIl1HOBOii 3aBUCJ1MOCTll B3illlMO,UelicTBM l!OHTPOHOB CM
parJJ1. EoJihmee BHl!M8Hl1e y,ueJieHO IIOCJie,nHeMJ MeTo.ny' B tJaCTHOCTll, nc
IIOJih30BaHll!O ,nJUl IIOJl.flpll381Ulll Me,UJI811HllX HeiiTpOHOB MSTo.na rrporrycKaHM 
tJepe3 rroJUipll30BaHHYIO npoTOHHYIO Ml!lllSHh. PaccMoTpeHo llCIIOJih30BaHne ,n.Jlll 
IIOMPll381Ulll pe30H8HCHHX HeiiTpOHOB IIOJI.flpll30B8HHOi1 IIPOTOHHOH MlllllSHll C 
,D;BOill{!,!M JI8HTaH-MarnneBh!M HllTpaTOM. 3Ta ,MJ111ISHI,, cpaBHUTSJihHO rrpocTa.fl 
KOHCTPYKTllBHO ll B SKCIIJIY8T8!.Ull1, .flBJl.fleTC.fl .nocTaTO'IllO xopollll1M IIO.Jlllpl1-
38TOPOM Me,nJieHHhlX 11ei1TpOHOB D nrnpoKOH o6JI8CTl1 nx :meprnit. 

B rJiaBe lli .nan 063op JI,nep110-(llll311tJeCKllX llCCJIS,D;O.BaHllli, BhllIOJIHeHHh!X 
C llCIIOJih30B8Hll8M IIOJllIPll30B8HHHX neitTpOHOB n ,mep. B o63op BKJllO'ISHhl 
pa60Thl, B TOH llJill llHOli Mepe CBJ138HHblS c'norrpoc8Ml1, paCCMOTpeHHblMll B 

.nnccepTaIUin. 
IIepBirti riaparpatl) IIOCBJllll8H UCCJI8,I.(O&UlllHM CllllHOBOii saBUCIIMOCTU IIOJI

HbIX CS'ISHUR B3811Mo,neitcTBll.fl neiiTpOHOB C JI,np8Ml1. 3.nech paCCMOTpeHbl RaK 

pa60Tbl ITO ll3Y'ISHUIO CIIl1HOBOH 38BllCl1MOCTU rrpo~eccoB, CBJI38HHHX C odpa-
30BamrnM KOMIIayH,n-JI,npa, Tar< fl padOThl ITO nsytJeHll!O Cill!HOBOfl 38BJ1CUMOC
Tll ,D;JillH pacce.fIHM HSHTpOHOB Ha JI,npax, CBJI3aHHOH, B OCHOBHOM, CITO

TeHIUI8JihHHM pacceJIHneM HeitTpOHOB. 
Bo BTopoM rraparpact.e omicmrn 11cc;re,no.BaHll.fl upouecca ,neJieHll.fl JI,nep 

B SKCIIep11MeHTax C IIOJI.flpll30B8HHIJMJ1 Hetl:TpOHaM11 ll IIOJllipl130BaHHIJM1l JI,np8Ml1 
235 U n 239 p l,,f • , . · · . 

B TpeT:&eM rraparparpe paCCMOTpeHbl 11CCJIS,ItO.BaHl1.fl Marm!THHX MOMSHTOB 

KOMIIayH,It-COCTOfIHl1H JI,nep, BHITOJIHeHHble B JIH~ Ollilli C llCIIOJih30B8HllSM yc
T8HOBKU .IJ,JU! IIOJI.flpH3a~n JI,nep, orrncaHHott B HaCTO.fllllSli .nnccepTa!.Ul~. 

qeTBepTUH rraparpa~ IIOCB.flll1eH llCCJie,ItOBaHIDJM HapyllleHU.fl npoCT.PaHCT
BeHHOH '!eTHOCTl1 BO B31lliMO,It8HCTBllf!X M8,WX8HlillX H8HTpOHOB 'co CJIOJKHHMll 

JI,np8M11 • .llaH KpaTKllli o63op llCCJIS,ItO.BaHnil B Heynpyrnx R8H8Jl8X B3aMMO
.nettcTBll.ll HSliTPOHOB c JI,np8Ml1, rrpoBO,IUIBIIIWCC.fl .no I980r, Ilo.npo6HO pac-
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CMOTpSHll doJiee II03,ll;H.118 pa60TI1 TIO l!CCJI8,It0Dill!ll!O P-H8'!8THHX neiiTpOHHO
OIITntJeCKllX .rtBoiiHoro JIYtienpeJioMJieHWI n .nnxpol13Ma. 

IY rJia.aa CO,IteplKllT IIO.Itl)OdHoe orrncaHRe aKcnepllM~HTaJihHOH YCT8HOB
KR, C03,D;8HHOH D RadopaTopnn Heil:TpoHHoft ipll3UKR Ollilli ,!(JI.fl rrpone.rtemm 
nccJie,nonallllit C TIOJUIPl130BaHH!iMll HeftTpOH8Ml1 ll JI,npaMn. 

B rrepBOM rraparpaqie C(!lOPMJJIUpoB8Hll TpedOB8Hl1.fl K YCTSHOBKe, Bh!Te
K8IOIIWe H3 crre~!pllrul llCCJIS,ItOB8H.ltii IIOJI.flpll30B8HHUX MUIIICJISH Ha nytJ1ce rro
JI.flpnaonammx Me,n;JieHHHx HeftTpOHOB, a TSRllte YR838HO' Kalt 3TII T_pe6ornJH,lff 
y,noBJieTBOpmoTC.fl B OIIllCHBaeMoH YCT8HOBKe. IIpnBe,IteHH OCHomme rrapaMeT
PH ll-CTO'IHlfRa neil:TpoHOB - UMIIYJll,CHOI'O peaKTopa HEP-30, Ha KOTOPOM 
CMOHT.HpoBaHa _ycTSHOBKa. Barrncmrn OCHOBHHe -COOTHOmemm, xapaKTepn3y10-
ll111e MSTO.It HSHTPOHHOH CIISKTpOCKOlllffl no BpeMeHn IlpoJieTa, KOTOphlit llC
IIOJih30.BaJIC.fl rrpn BblIIOJIHSH11ll_BCex smepHO-!pll3ll'ISCKJ1X llCCJie~o.aaunii, BO
llle,nmnx B H8CTO.IIIUYIO .nnccepTamno. 

Bo BTopoM rraparpaqie pacCMoTpeua cxeMa ycTaHOBKn n orrncaim odIIWe 
4Jll3lltJeCKne IIPllll!.UlIIH ee pa60TH. YcTaHOBKa, np11 llCIIO.IU,30.Ballllll ee ;IJ,JUI 

llCCJie,nOBaH11il IIOJIHHX HeliTpoHHHX cetJeH.rm:. COCTOMT ll3 uoc~e,ItOBaTeJIJ,HO 
paCUOJIOllteHHHX Ha HeiiTpOHHOM ITYtIKe IIOJI.fIPll3aTopa 118.ilTpOHOD - IlOJIJipl130-

.BaHlIOli IIpOTOHHOU Ml11ll8IIB, CHCT8Mll peBepca .11 IIpOBO,D;Kll IIOJI.Apl13a!.Ulll IIY'IKa 
OT IIOJI.fIPll38Topa .no llCCJie,nyeMoli MllllleHn, COOCTBSHHO .HCCJie,nyeMOH MlfIUellil 

(IIOJI.fIPll30B8HHOll llJW HeIIOJI.flpll30.BaHH08) ll ,IteTeKTopa HeitTpOHOB. floJUipn-
38TOp H8XO,!(llJIC.fl Ha paCCTOJIHn:ll 32M OT aKTllB!IOK 30Hbl peaKTopa. PaccTo
mrne Mel!\I(y IIOJI.fIPll38TOpOM .If llCCJie,nyeMoii MJ,IIIISHh!O COCTSBJI.fIJIO 2,5-3M. 

IIpoJii:!THM 6aaa OT pf,lSKTopa ,Ito ,neTeRTOpa BLldllpa.JiaCb B 38BnCl1MOCTll OT 
TpeoyeMoro aHepreTntJeCKoro paspelllemm 11 MorJia cocTaBJI.fITh rrpnMepHo 

120, 60 n 4DM. B YCTSHOBKY BXOMT_TaRJKe MOHUTOpHbie HeiiTpOHHHe CtieT
'IllKR ,D;Jlll KOHTPOJI.fl llHTeHCUBHOCTll rrytJKa R ero IlOJI.flpl13a~n ll CllCTeMa 
anaJin?a n HaKonJiemm BpeMJI-rrpoJieTHHX crreKTpon. B CBJI3ll c TeM, tJTo 
06HtIHO llCCJie,nyeM!le S@leKTH OR83HB8IOTC.fl M8JIHMH, ,!(JI.fl IIO,ItaBJieHll.fl BKJia
.na B pesyJihT8TH OT B03MOlltHHX HeCTa6llJIJ,HOCTeil arrrrapaTypu, ll3MepeHM 
C peBepcoM HSHTPOHHOK IIOJI.flpll38~R tJaCTO tiepe,noB8JillCh. TaKaJI ycTaHOB
Ka II03BOJI.fleT 11CCJie,noBaT:& aHepreTH'!eC!iYD 38Bl1Cl1MOCTh ll3MeHeHHJI npos
patIHOCTU Mll~eHe~ C ll3MeHeHl1SM HanpaBJieHHJI HeliTpOHHOK IIOJI.flPR30U11ll, 
T,e. ~OJIYtI8Tb cooTBSTCTBYIDIIWe 38BRC.GMocTH IIOJIHHX HeiiTpomrux cetJellllit 
ncCJie,nyeMHX smep. 

B TpeT:&eM rraparpaqie orrncaH IlOJI.fIP.H38TO.P HeiiTpoHOB - ITOJI.flpll30B8H
HM IlpOTOHHM M111ll8H:&. ~llleHh rrpe,ItCT8BJI.fl8T codoit MOHOKpl1CT8JIJI .ItBofu10-
ro ~8HT8H-MarH11eBoro HllTpaTa, IIOMS!llemrna B CBq-peaoHaTop, H8XO~
C.fl B r0

-Hoil: B8HHe reJIUeBoro KpnocTaTa B ropn30HTaJihHOM, neprreH,IUIKY

JllIPHOM rrymcy MarHnT~OM IIOJie CIIe!.Ulam.Horo S~SKTPOMarHnTa. KpncTaJIJI
ilOJI.flpnsaTop nMeeT OIITllMaJihHYID TOJIIIU'IHY (rro IIY'IKY):::: l?MM H norrepetJ-
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mrn pa3Mepl:I - 60MM llO BepTllKaJlll H 50MM no ropll30HTaJlll. KpllcTaJLJJ opll-
8HTllPOB8H OCl>JO l' no MarlU!THOMY no.mo. Ilpll 3TOM B pa6oqeM noJie C Han
))lllK0HIIOCTl>RJ 2DK3 ,!).JUI HaKatJJ{ll npOTOHHOil noJJJipH3aunn Heo6XO,IU!MO CBll
ll3JIY'l_CHlrn c .nmrnoii BOJIJll:I -::: 4MM. .IJ.;m o6ecneqemm O.IUiopo.IUioii no Mll
rne1m ll CT86HJI1>HOY. npOTOHHOH noJJJipll3aUHH noJie 3JieKTpOMarHHT8 lllllMMll_]O
BaHlleM c,ne.'laHO B 06'b0Me MHllleHH O.JU{OpO.JU{l:IM C TOtJHOCTl,IO HC xylKe IO • 
a BeJlllqnHa MarHllTIIOro noJJJI H tJaCTOTa llCTOtJHH!ill CBq-ll3Jiy'leHll.H (JiaM
Illl o6paTHOH BOJIHH) CT86llJlll3llpOB8Hl:I C TOH lite TO'IHOCT:bJO. 

i{pnocTaT. o6ecnetJllBalOII\llii Ha npoTOHHOH MllllleHll TeMITepaTypy OKOJIO 
IK B YCJIOBillIX. IIOB11llle1111oi:i TCilJIOBOil Harpy3KH OT cBq-H3JIY'lel!HSI (npn
MepHO O,IBr), HMCeT ,nBC reJilleBl:Ie B8HHl:I: 6oJII,DzylO (-;,,, 25JI) 4°-HyRJ H 
MaJiyRJ ( :::e. IJI) 1°-HyRJ. MaJIM BaIIHa tJepea cne.unaJU',Hl:Iil peryJlllpyeMHii . 
CHapylKll BCJJTllJll, JJOCTOSIIIHO no,nnHTl:IBaeTCSI lKll,nKHM reJIHeM .H3 60JII,lllOH 
BBHHH H OTK8tJl1BaeTCS1 MOIIUIHM 6ycTepIIHM H8COCOM EH-4,5. B pa6oqnx yc
JIOBJUIX ,nOJUffilill lKll.D.KOro re.mm B 4°-HYRJ BaHHY IIPOH3BO,nHTCSI O,nHH pa3 B 
CYTKll H HC BJIHSICT Ha pelKllM pa60TH 1°-Hoil B8Hlll:I C MHllleH:blO. 

KOHTPOJI:b 38 npOTOHHOii IlOJJJipll3aUHeii B npOJ:leCce 38nyCKa MHllleHH 
ocymecTBJUieTcSI·JJo cnrnaJiy rrpoToHHoro MarHHTHoro pe30Hanca. BpeMR 
·.n:ocTlllKCHHSI pa6otJeii IIOJJJIPH38UllH COCTaBJUieT OKOJIO tJaca. B pa6oqnx yc
JIOBllJIX IIPOTOHHM IIOJJJIP1!38IlllSI MllllleHll. KOHTpOJillpyeTCSI no BeJll!qnHe rrpo3-
patJHOCTH MHllleHH ,nJIR HeiiTpOHOB, onpe.n:eJIR8MOR C noMOIUl,10 MOHllTOpHl:IX 
CtJ0T'l_llKOB. , 

TaKM MHlllCll:b 1103BOJIReT ,nJll'JTeJil>HOe BpeMII pa60T8TI, C npOTOHHOH 
rroJIRpH38Illleil 60-70% H o6ecJJeqnBaeT 110.nyqeHHe qMJII,Tpauneii IIY'llill qe
pe3 Hee nonepetmo noJIRpll30BaHHOro HeiiTpOHHOro ny'l_KB C IlJIOIUa,n:bRJ OKO
JIO 30c~ H IlOJISlpll38UHCil B 06JI8CTll HeiiTpOHOB pe30H8HCHl:IX 3HeprHii, rrpll
MepHO paBHOH npoTOHHOH noJIRpll38IlilH MmlleHH. IloTepSI llHTeHCllBHOCTH rryq
lill B T8KOM IlOJIRpll38TOpe COCTaBJIJieT rrpn6JIH3llTCJII,HO IlOpR.nOK. 

:B tJeTBepTOM rraparpaipe OilllCaHl:I CllCT8Ma npOBO,Il,Kll IlOJIJII)H30BaHHOro 
nytJKa ll TPH CllCTCMl:I peBepca 11ei1TpoHHoil rroJ1Jipll:'i8UllH, HCilQJII,3yeM1:Ie B 
YCT8HOBKe. HcnoJII,30BBHlle HeCKOJil,IWX MeTO.I{OB peBepca o6yCJIOBJieHO OT
cyTCTBlleM xopomero YHHnepcaJII,Horo MeTo.n:a, Ka~ H3 HcrroJII,3yeM1:Ix Me
To,noB HMeeT H ,noCTOHIICTBa H He.n:ocTaTKH. 

B HatJaJie rraparpaqia paccMOTpeHO IlOBe.n:eHlle HeilTpOHHl:IX ClIHHOB B 
rrepeMeHH!lx MarHllTHl:IX IlOJIRX H rrpHBe.n:eHH COOTHOllleHHR, xapaKTepll3YJOIUlle 
3TO IlOBe.n:emrn B .D:BYX npe,n:eJII,HHX CJIY'IBSIX: B a.nua6aTHtJeCKOM (rrpn Me.n:
JICHHOM ll3MeHeHHH IlOJIR) ll B Hea,nua6aTHtJeCKOM (npH 6HCTpoM H3MeHeID:!ll 

IlOJIR) • 
CllcTeMa npoBO,Il,Kll IlOJIRpH30BaHHOro nytJKa, TeCHO CM38HH8Sl C CHC

TeMaMll peBepca HeilTpoHHoa IlOJIJIPHSBUHll, cos.n:aeT Ha IlYTH IlYtJK8 OT no
MpH98TOpa .n:o HCCJie.n:yeMoli MmneHH Mal'HRTHHe IlOJIJI HYlltHOA KOHqJHI'YpaunH 
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H B8Jlll'lHHH, 06ecne'IHB8JOI1llle OTCYTCTBHe .n:eno.'l.fipH38Ililll nytJ:Ra B c.nytJati
HHX MarID:!THHX IlOJUIX H, npH He06XO,IU!MOCTH, npocTpaHCTBeHHoe Bpamelille 
HetiTpOHHOH nOJJJipHS3Ullll. B YCT8HOBKe HCnOJl1>3yeTCSI ITOBOpOT IlOJIRpll3aUHH 
nyq_Jill Ha 90° B a,nua6aTHtJeCKH Mer-unomeMCSI B.I{OJII, rryqKa M8rI!llTHOM ITOJie. 
TaKoil IlOBOPOT Heo6xo,n:HM K8K npn IlOJIYtieHHH rrpo,n:oJ .... HO IlOAAPU30BBHHOro 
IlYtJ:Ka, T8K If B 0.JU{OM H3 IfCITOJil>3yeMl:IX MeTo,non peBepca IlOJIRPH38UllH. 
KoHqMrypailllSI H BeJill'IHHa MarHHTHHX rr~Jien o6ecnetJ:HBaeT 90°-Huii a,nua6a
TlltJeCKllH IlOBOPOT IlOJISlpll38Ullll ,n:JISl HeiiTpOHOB C anepr.HRMH B o6JiaCTH He 
ID:!lKC 100 aB • 

.UaJiee OllHCaHH TPll llCilOJll>3YeMl:Ie B ycTal!OBIW U9TO,D,a penepca neH
TpOHHOll ITOJIRPH38Ull.H. Ilpll pa6oTe C norrepetJ_fIO noJIRp.H30BBHHHM.H HeilTpo
HaMH B pa3JIHtJ_Hl:IX YCJIOBillIX HCilQJII,3YRJTCJl Bee Tpll MeTo,na, a rrpn pa6oTe 
C npo,nOJII,HO IlOJIRPH30BaHHHMH IICllTpOHaMH - TOJII,l{O .n:Ba (rrepBHH .H Tpe
THil). 

IIepBHfi MeTo.n: COCTOHT B ll3M6HeHHH HanpaBJICHM rrpoTOHHOH.IlOJJJIPll38-
UllH OTHOCllTeJU,HQ HarrpaBJieHM M8rID:!THOro IIOJISI Ha IIPOTOHHOH M.Hlll0Hll. Ta
KOH MeTo.n: o6ecnetJ:eH crrellllqMKOll ,nHHaMHtJ:eCKOH IlOJ!Slp.H38UllH .H rrpaKT.Hqec
Kll ocymecTBJIJieTCSl He60Jil>nmM (Ha ::::. 403) H3MCHeHHeM MarH.HTHOro IlOJISI 
Ha rrpoToHHoil MllllleHll .D:JISl rrepecTpoilKll aJieKTpoHHoro rrapaMarnHTHoro pe-
30HaHca c o.n:noro 3anpemeHHoro rrepexo.n:a na .n:pyroil • .UocToHHCTBaMH aTo
ro MeTo.n:a SIBJISIRJTCR ero He3aBHCHMOCTI, OT 8HeprllH HeilTPOHOB ll TO, 'ITO 
peBepc ocymecTBJIJieTCSl npaKTHtJ:eCKH 6e3 H3MeHeHHii qM3.HtJ:CCKHX YCJIOBHH 
Ha rrytJ:Ke. He.n:ocTaTKH - Me,!T.JleHHOCTI, ("nepeKatJ:Ka" rrpoTOHHOil IlOJISlpll38-
UHH 3aHHMaeT B JiyqmeM c.nyqae He Menee tJaca) .H Tpy.n:HOCT.0 B no.ny'l'.emrn 
O.JU{oro H Toro lite 3H8tJ:9HHSI IlOJJJIPH38Ullll ITOCJie K8JK,n:Oil rrepeKa'lltll. 3TOT 
MeTo.n: peBepca lllHPOKO llCilOJil,3Y9TCJl B 8KCITCPHMCHTe .I{JISl KOHTpOJIJI. 

BTopoft.MeTo.n: peBepca, pa3pa60TaHHHii B nponecce co3,naHM orrncu
BaeMoii YCTaHOBKH, - 6oJiee 6uCTpllii,H T8K ~e He orpaH.Hl!eH CBepxy rio 
3Hepnrn HeiiTpOHOB, RBK .H rrepmnl MeTo.n:. B 8TOM M9TO,n:e .I{JISl peBepca rro
JIRp.H98Illlll nyq_Jill pa6oTaIOlllM rrpoToHHM MnweHb, BMecTe c ee Mar1rnToM, 
38 BP~MII IO-I5c IlOBOpaqnnaeTCSI Ha 180° BOKpyr BepTHKaJII,HOil ocn, npo
XO.IVl!Ueil qepe3 cepe.nuHY M.Hlll6Hll. TaKoil IlOBOPOT M911JI6T Ha o6paTHYlO rrpo
CTpaHCTBeHttylO opneHT8Il.HIO noJIRpll38Ullll llj'tJ:lill Ha BHXO,n:e ll3 npoTOHHOil 
MHllleH,H. IIpH,· 8TOM B CllTY8UllH, :imr.n:a IIOJie MarHHTa H IlOJ!e MarID:!THOro 
KaHaJia ,I{aJiee llO xo.n:y rrytJ:Ka OK83HB8IOTCSl BCTpetJ!illMH, B nytJ:OK BBO,nHTCSl 
TOKOBaSl <fioJII,ra, o6ecnetJ:HBaJ:llllM Hea,nua6aT.HtJ:ecKoe npoxolK,I(eHHe nytJ:KoM 
06JI8CTH llSMeHeHHJI HanpaBJieHHR IlOJISl. K He,noCT8TRBM MeTo.n:a CJie.n:yeT OT
HCCTll ero 9H8tJHTeJII,HY10. TC:XHH'l9CR,Yl0 CJIOlltHOCTl>, a T8KlKe B09MOlltHYIO an
rrapaTYPHYIO acHMMeTpHD, IlOCKOJII,R,Y rpll3HtJ:eCKlle YCJIOBHSI Ha rrytJ:Ke, BOo6me 
rOBOpSI, MeHIUlTCSI ll3-38 IlOBOpoTa MHllleID:!. IIpaKT.Hl!ecKHtt OilliT pa6oTH C 
8THM M9TO.I{OM peBepca IlOJIJIPll3anHK, 0.JU{aKO, IlOK838JI, qTo npH xopornea 

HaCTpottl<e CHCT8Mll YJt838HHM 8CHMM8TpM He upeBOCXO,IUIT ro-4. 
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TpeTJl.il Jl3 JlCilOJII,30B8!Ul!,JX MeTO,ll;OB penepca IIOJI.HPJl381.Urn HBMTPOHOB 

- caMHii 6LICTpHii. B STOM MBTO,J~e MarHHT C IlOJUIPJl30_BaHHOH npoTOHHOM Ml1-

UJBHI,!O OCTaBa.'ICil HCfiO,l{BlliKHl:lM H 6HJI ycTaHOBJieH TBKllM o6pasoM, 'ITO noc

TOJIHHO BR.TJJOtJ:eHHaJI TOKOll3il (!JOJibra pa3MB!ll8JI8Cb 38 ITPOTOIIHOH MJllJJBHI,IO 

(rro xo,n:y rry'!Ka). Penepc noJUip113a1.um nyttKa ocymecTMJIJICJI Jl3MeHeHHeM 

38 BpeMJI, MCHI,lllee le, HanpaBJieHHJI Be.n;ymero MarHUTHoro IlOJIJI B C8KI.Ul1l 

KaHaJia B8.D;YU1ero IIOJUI, nerrocpe,ncTBBIIHO CJI8.IJ;OB8Blll8H 38 TOKOBOH cp()JibroH. 

ECJill nanpaBJieHUJI IlOJl8H B <JTO}i CCKI.Um 11 Ha Y'IBCTRe rrepe.n; cp()Jibroii COB

na,naJIJl, TO 38 ctteT HeOJiblllOH BeJIJl'UIH!l IIOJIJI qJOJII,rJl, CYMMapHoe IlOJie B 

pattone cp()JibrH Jl3MCH/IJIO TOJII,IW BCJ!Jl'IHHY, HO He HarrpaBJieHne. IlpJl STOM 

H8MTpOiru rrpOXO,IUlJIJl oc5JmCTI, cp()JII,1'11, coxpaHJIJI op11eHT81.U!IO CIIHHOB H rrpo

CTpaHC'l'B8l!HO ll no OTHOUJ8Hlll0 R HarrpaBJiemlIO MarHHTHoro IlOJI.H. B CJIYttae 

BCTpe,moro HanpaBJieHH.fI l!oJiei1 B oc5JiaCTJl cp()JibrH, cpoJir,ra oc5ecnetJ:J!BaJia 

()LJCTpoe ll3M8HCHHe 11anpaMCllll.fI IIOAA 118 IlYTH H8MTPOHOB H, TeM CaMLIM, 

H88,l{Jl308TJltJ:HOCTI, IIPOXOl!Ul;8Hl1.fI Hei-iTpoHaMZ 3TOM oc5JiaCTJl~ HeilTpom.r CHO

Ba npoxo,l{J!J!Jl o6JiaoTb B patione cpoJibl'11, coxpaHJIJI npocTpa11cTBe11nyro opu

eIITBUllIO CIIUHOB, Jl OK83UU8JfllCI, 38 cp()JlbrGH co CIIUH8lllli, penepcnpoBBHH!l

MJl uo OTHoUJemoo R narrpan.r1enmJ BC.IJ;YU1ero IIOJ1.H. .UaJir,HefuilM npono.n;Ka no

MpnsoBaHHoro nyttKa .n;o MCcJie.n;yeMoi1 Mnmenu·(rrpn o6onx nanpaBJieHJ1.fIX no

Jieii B C8KI.Ulll KaHaJia B8.D;Y!llCro !IO.JUI 38 cp()Jibroii) OCYU1eCTBJiilJI8CJ, a,n:na6a

TlltJ:8CKll, B MarHHTHOM noJie 11yJKHoH BCJ!JltJ:HHH n rmmpnryp8U1JH. K He.n;oc

TBTKaM 3TOro MeTo.n;a penepca CJie.n;yeT OTHeCTH HCnOJib30BaI!lle a,n:na6an1-

qec1<oro npocTpaHCTBCHHOro flOBO_poTa HeiiTpolliIOM 110JlilPH38Ullll, t{TO orpa

HlltJ:HBaeT era npHMeHHMOCTI, no aHeprnn Hei1:TpOHOB CBepxy, a T8KlKe Heo6-

XO,IUlMOCTI, CqJa3llpOB8HHO C peBepcOM H3MCHHTI, MBr!UITHOe noJie Ha nytJ:KC. 

IIocJie.n;Hee, rrplf HCIIOJIJ,3QB8HHJl ,neTeKTOpOB, tJ:YBCTBHT8JIJ,HbIX K M8I'HHTHOMY 

ITOJIIO, MOJKeT rrpllBCCTH K,annapaTypHofi acHMMeTpllll. 

,UJUI ,noJiytteHM nyttKa rrpo,l(c;IJ,HQ IlOJIJipH30B8HHHX HeiiTpOHOB nerroc

pe.n;cTB8HHO 3a 06JiaCT1>10 noneµetrnoro peBepcHpyeMoro rroJIJI pacnoJiaraJICJI 

COJie HOH.IJ; C rrpo.n;OJIJ,IIHM IIOJieM, B ROTOPOM pa3M8lll8JICJI llCCJie,eyeM!lii oc5pa-

3 el.l. B 3TOM CJIJ'!ae IlOJUIPH38Ull.fI ny'!Ka a,n:na6aTHtiecllli IIOBopatJ:HBaJiac1, OT 

rronepetIHOM B 06JI8CTH peBepc,1pyeMoro noJIJI .n;o rrpo.n;OJIJ,HQli B COJieHOH.n;e. 

B ITJITOM naparpaqie orrnca11a CllCTeMa, UCl1QJIJ,3JeMaJI .n;Jlil noJiilpH38Ullll 

llCCJie,n:yeMHX .FI.n;ep. B HameM CJIYttae HCCJie.D;YeM!le .FI.n;pa IIOJiilpH3YIOTCSl CTa

TllttecKH C llCIIQJil,3QB8HHeM Bll8111Hero M8r!IllTHOro IlOJIJI C H8nPJilKeHHOCTJ,JO 

::;:. 15K8, C03,ll;8B8CMOro CTan.n;apTHUM ::J,IICKTpoMarHHTOM, npH TeMnepaTYpe 

MHUJeHH (2-3).m-2
K; 06ecnetrl1B88MOH KPHOCT8TOM C paCTBOpeHHeM 3He B 

4
He. 

OcHoBH!lM aJieMeHTOM cHcTer.ru .n;JIII noMpnsaUllll H.n;ep JIBJiileTcJI RpHo

cTaT c paCTBOpemrnM 
3

He B 4He, paspa6oTaHHHii B JIH1> 011ffi1 CITCUIJ8JIJ,HQ 
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,nJI.fI rrpoBe,n:emm llCCJie.n;oBaHHil: C IlOJIJIPH30B8HH!lMH 1:eiiTPOHaMH H il.n;paMZ. 

Hil3KOTeMnepaTypHaJI tJ:aCTJ, KPHOCTaTa B!lllOJIHeua no Tpa,l{JlW!OIIHOit Tpex-

68tJ:ROBOH cxeMe C 830THOi1 H .n;BYMJI remrnBllMH B8HHBMJI, o.n;na ll3 KOTOpllX 

OTKBtJ:HBaeTCJI H8COCOM BH-6 .IlO TeMnepaTYPll ,::, IK. CBepXHH3KOTeMnepaTyp

HM ttaCTJ, KPHOCTaTa pa6oTaeT c HerrpepHBHOH UllPRYJiilUlleM 
3
ue, o6ecne

tJ:HB88MOH OTKBtJ:KOli rasoo6p83HOI'O 3tte H3 B8JIH!l !IICllapeHM. C BllXO,lla CHC

TeM!l OTKBtJ:Kll 3He nocTyrraeT B ClleUIJaJII,illm 3MeeBHK, IIOCJie.n;oBaTeJIJ,HO 

npOXO,n/Ill\llH qepe3 Bee Tpll B8llilli HH3KOTeMnepaTypHoii tJ:8CTll K~HOCT8T8, 

I',llC OXJl8JK,D;89TCJI,ll~ 1K ll KOH.n;eHcnpyeTCJI. CKOH,lleHcnpoBaHJI!lli He ITOCTY

naeT B 3MeeBHK BaHHU llcllapeHHJI H OXJial!Q:(aeTC.fI .n;o 0,6-0,7K, a 3aTeM 

npoxo.n;nT no rrpOTHBOTOtJ:HO, TeIIJI006MeHHHRY, r.n;e .I(OIIOJIHHTeJibHO oXJialK

.n;aeTCJI BCTpetJ:HUM IIOTOKOM He, .D:JlqqJYH.nliPYlO!llHM H3 Ballilli paCTBopeHIDI B 

BBHHY ncrrapeHM. 0XJial!Ul;eHHHi1 TaKHM o6pa30M 
3

He pacTBOPJI8TCJI B BaHHe 

paCTBOpeHHSl C norJIOllleHHeM TerIJia. 

Hanc5oJiee CJIOlKHHM H OTB8TCTBe!UillM Y3JIOM RpllOCTaTa .fIBJI.fI8TCJI era 

cnepXHH3KOTe~nepaTypH8R 'l8CTJ,, BKJIIO'l8!0!1l8JI B ce6JI B8HHy Hcnape1111JI, 

npoTHBOTOtJ:Hllli TerIJI006MeHHHK H BBHHy pacTBopeHHJI, CM38HHY!O C ROHTeil:

HepoM .n;JI/I HCCJie.n;yeMHx MUUJeHeii. IlpOTHBOTO'IH!lil: TefIJI006M8HHHK (orrpe.n;e

JUI!OU\ll'H ::JJieMeHT CBepXHH3KOTeMilepaTYPHOH ttaCTH) - Henpep!lBHOI'O THl!a, C 

60JIJ,lJJQM 11Jl011la,Iµ,IO Tel1Jl006MeHa, 'ITO ll03BOJIJJ:eT IIOJIY'l8Tb ,ll0CT8TO'lll0 HH3-

RYIO npe.n;eJIJ,HY!O TeMnepaTypy. 

0TJ!JltJ:HTeJIJ,HOli oco6eHHOCTJ,!Q OITHCUBaeMoro KPHOCTaTa .fIBJI.fICTCJI HC

llOJll,30B8HHe KOCBeHHoro T8IlJI006MeHa Mew pa6otJ:HM BemecTBOM MHI118HH H 

XJia.n;oareHTOM - paCTBOPOM 3tte B 4He. KocBeHHUM TeHJI006MeH rrpHMeHeH B 

CBJI3H C HeB03MOlKHOCTJ,JO npJIMoro OXJI8l!Q:(8Hl1Sl HCCJie.n;yeMOli MllllleHH ~aCTBO

poM ll3-3a60JibillOroceqeHHSl 38XBaT8 Me,n.neHHUX 11ei1TpOHOB JI.n;paMZ He. B 

ra6otJ:HX YCJIOBHJIX KOHTeil:Hep C HCCJie.n;yeMHM 06p83UOM aanoJIHeH lKl1,llKHM 

He, KOTOplltt ttepes crrel.Ul'8Jll,HHH TeIIJioo6MeHHHK CBJI38H C paCTBOpOM. ,ll,JIJI 
yJiytJ:illeHHJI TerIJionepe.n;atJ:H Mew 

4
He H paCTBopoM, T8IIJ!006MeHHHK UMeeT 

()OJII,myIO ITJIOll(~ TeITJionepe.n;atJ:H (OKOJIO 0,6M
2 ) rum co CTOPOHH 

4
He, TaK 

n co cropoHU pacTBopa. 

HsMepeHl1Sl TeMrrepaTypu pacTBopa, 4He n KOHTeil:Hepe Mllll1e1m 11 Koprry

ca B8HH!l pa~~BopeHIDt ocy!lleCTBJIJIIOTCJI yroJIJ,HllMll TCpMOMeTpaMZ conpoTHB

JieHHJI, IlpOF.aJIB6pOB8HH!lMH 110 MarHHTHOMY TepMOMeTpy C 1.lep1rn-MarHHeBHM 

llHTpaTOM. 

,ll,JIJI o6edrreqeHM rrpo.IJ;OJilllliTeJIJ,HOH pa60TH KPHOCTaTa des Henocpe,llCT

B8l!IIOI'O IIPHCMOTpa co CTOPOH!l 06CJIYlKIIBEIIO!llero rrepcoHaJia. .llMeeTCJI CHCTe

Ma ,l{JlCT8HUllOIIHOro KOHTPOJIJI H yrrpaBJielll1/I pa60TOH KpllOCTaTa. 

KpHOCTaT HMeeT CJie,l{yIO!l\ll'e OCHOBH!l8 TeXHHttecKHe xapaKTepncTHKH: 

I. KOJIHtJ:eCTBO ra3006pa3HUX 4He H 3tte, HCnOJib3JCM!lX B Herrpep!lBHOM 

3aMKf!YTOM.I.Ul'M9 paCTBOpeHHil, COCTaRJiffiOT COOTB9TCTB9HHO 130 H 70 JI. 
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2. Ilpe,n:e.111,HM TeMnepaTypa pacTBopa, .n:ocTnraeMaH n~n pa6oTe 6e3 Mar
HllTHoro TI0JIJI C M8KCl1M8.JH,HOii: CK0P0CTI,IO unpey.1unurn He, paBHOil: npnMep
H0 2,4.I0-4M0.7ll,/C, C0CTaBJJJieT 0K0.7!0 I,6.I0-2K. 
3. Ilpn pa6oTe c MarrrnTiillM TI0JieM B I5K3 Ra K0HTeil:Repe MlllllGRll npe,n:eJII,

HM TeMrrepaTypa 4He n K0JITeil:Repe B03pacTaeT B I ,5-2 pa3a, 3T0, Il~-Btt
,nllM0MY, CBfl38H0 C narpeB0M 38 Cti:eT HGC1'86I'!JII,HOCTeii: TI0JJJI ll Bll6paunil: 
KOTeil:Hepa c o6pa3UOM B rroJie. Ha pnc.I rrpnBe,n:eHH narpy3oti:HHe xapaKTe
pllCTllKll Kpll0CTaTa npn 1!8.7Ill'Il1ll M8HllTHOro ITOJIR Ha K0HTBiiHepe M.muem1. 

Q, ,p,/c 

I 
20001 

1500 t 
I 

I 
,0001 

I 

500t 

0 

f 

r 
j· 

50 100 150 T, 

... 
Pllc.I. 3aBllCl1M0CTI, TeMnepaTyp OT TGIIJIO

BOil: Harpy3Kll co CT0P0HH 06pa3ua 

rrpn CK~OCTll UI'!PRYMWlll 3He · 
2,4.IO MOJ!I,/C. O -paCTB0p, ~ -
IIOBGPXH0CTI, B8H1rnpaCTB0p8HllH,O 
- 4He B KOHTeil:Repe 06pa3ua. T -

TeMnepaTYp~ B MK. 

4. BpeMH OX.7!81!\nGHM KPllOCTaTa OT KOMH8TH0ii: .no rrpe,n:eJII,HOil: TeMnepaTy
PH C0CTaBJJJieT OK0.710 CYTOit. 
5. Pacxo.n: ra3006pa3Horo reJIM ll3 re.7IlleBHX BaHH B pa6oti:llx YCJIOBI'!HX: 
,::,0 230.7!/•rnc (4°-HaH Bamia) ll ~ 20.7!/ti:ac (I0-HafI B8HHa). BpeMH MGlli,ey 
,I(0.7IllBK8Mll lKIU(KOro reJIM B 3TH B8HHH COCT8BJIJIGT C00TBGTCTBGHH0 Ill 
IO CYT0K. 

B K0HUe IIHToro rraparpaqia o6CYli\n88TCH llCII0.7ll,30B8HRHil MGTO,I( IT0JJJI
Pll38Ull.11 R,nep, IlOKa38RO, 'ITO B 60JII>IllllliCTB8 CJIY'l88B YCJI0BM, ,I(0CTlllKliMHC 
B 0lll'lCHBaGMO!:l CHCTGMC, He,n:oCT8T0'lHH ,nJJJI IT0.7!Rpll38U.11ll R,nep MGT0,I(0M 
"rpy6oil Cll.71l,J 11

, B YCJI0BllHX 3TOH C.11CTGMH M0liteT 6HTI, npHMeHeH MGT0,I( 
ropTepa-Poy3a, .KOTOplltt ll llCTI0.7ll,30B8.7ICH .I(JIJI II0.7Iflpll38Wl.11 MCC.718,I(OBaB
llillXCH pe,n:Ko3eMeJII,HllX R.nep. 

B TI0C.718,n:HGM rraparpaqie 3T0ii: r.718BH paCCM0TpeHa CllCTGM8 perncTpa
Ull.11 HeliTp0H0B ll yrrp8B.718HM 3KcnepMMGHT0M. MaJI0CTI, HCC.718,I(0B8BlllllXCH acp
weKT0B npe,n'hHB.,'I.fI.718 Il0BllllleHHUe Tpe60B8HM K T0'lH0CTH .113MepeHllii:, a, 
CT8.7!0 0liTI>, ll K 6HCTpo,n:eii:CTBHIO CHCTGMH perHCTP8UI!ll Heii:Tp0H0B ll aHa
.mrsa npeMJI-llpoJieTJmx cne1tTpon. 

,II..rJJI perncTpaunH HettTpOHOB IIPUMeHHJI.11CI, 6ucTpo,n:eii:cTBYJCU\fl8 CUllII-
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Tll.71.7IRUll0HHHe ,n:eTGKT0PH - ,n:eTeKT0P C L. i -CTGRJI0M l1 t-.n:eTGRTOp C h -
"!-R0HBePT0P0M • .UeTeRTOp C lri -CTGRJI0M l1Cl10.7!I,30B8.7ICH rrpn HH3KIIX 
aneprRRX HeliTp0H0B, r.n:e OH llMGGT ,I(0CT8T0'IH0 BHC0RYIO aifxI,eKTllBH0CTI, • 
IlpH 60.7188 BblC0IDlX aneprimx llCII0.JII,30B8.JICH ,neTGltT0p C i, - y - K0HBCp
T0p0M. 

Eo.TlI,lllafI rrp0,I(0.JllKllTGJ!I,H0CTI, ll3Mepemrn C tJ:8CTb!M penepcoM HCHTPOHHOit 
IT0JJJipH38UllH TI0Tpe6oBa.Jia 8BT0M8Tl138Ullll ynpaMCHllJ'I penepcoM C H8R0II.7Ie
Hll8M ,I(BYX BPGMR-rrpo.JieTHhlX Cil8KTP0B, C00TBGTCTB0B8BlllllX pa3.Jill'lHHM na
npaB.JieHIDIM noJJJipll38UllH. 3To 6bl.7IO ocymecTB.Jiel!0 C II0M0IJII,IO CTI8Ull8.7ll,HOH 
CHCTGMH, C03,I(8HHO:i1 Ha 0CII0Be M8.JI0M 3IWI. Ta1taH CllCTCMa H8pJ'I,I(y C yrr
paB.JIGHHeM penepcoM ll H8ROIIJIBHlleM ,n:nyx BPCMR-npo.JieTJll,IX crreRTP0B o6cc
Il8'lllBa.JI8 perHcTpaunro cti:eT0B M0RllT0pHHX cti:eT'lllK0B, rrpocTeiilllyro rrpe,nna
PHTe.JII,flYJO o6pa60TI{;y' pe3y~I,T8T0B H3MepeHllil, a T8Rllte np0T0_R0J!I,flYIO pac
rreti:aTey 'l8CTl1 llHqx:>pMaUllll, H8ROIIJIGHH0H B K8li\n0M.H3 UllK.JI0B llSMepeHHH 
C gillKCHp0B8HHHM HanpaB.JieHllGM IT0.7!Rpll38Ullll. IlpoTOKQJII,!{afI llHqx:JpM8UHJ'I 6u
.7!8 0'IGHI, Il0.JI83H0H Kalt ,nJUI K0HTpO.JIJ'I sa pa6oToii BCeii YCT8H0B!'Jl, T8K ll 
rrpn OY.0H'I8TGJ!I,HOtt o6pa60TKe pe3y.1II,T8T0B l13MepeRHii. 

0cH0Bfllie xapaRTGpllCTllltll CHCTGMH aHa.Jlll38 ,n:eTeKT0PHHX MMITJ.7II,C0B l1 
perncTpaun.11 BpeMJ'I-rrpoJieT1rnx crreKTpon cJie,n:yrolJllle: 6ucTpo,n:eitcTB11e - .n:o 
I05 . CT8TlICTH'l8CKll pacnpe,n:e.JieHHHX l1MITY.7IbC0B B ceeya,n:y' 'IHC.JIO BpeMeH
HWC KaH8.JI0B B Kall\ll:0M 113 CTIGKTP0B - .n:o 2. rn3 , llll1pl1H8 K8H8.JI8 - OT 
IMRC l1 BHllle. HaKOIIJIGHHYIO CHCTeMott l1Hqx:JpM8UlllO M0JKH0 rrepe,n:aB8Tb Ha 6a-
30BYIO 3IWI ,nJUI noc.Jie.eyromeli o6pa6oTKll. 

B r.JiaBe Y pacCM0TpeHH llCC.JIG,I(0BaHllH CTIHHOB0ii 38Bl1CHM0CTll·rro.JlllliX 
HeliTpommx cet1eHHH, rrpone,n:eHHHe !!8 Olll'lC8HHOit YCT8H0BRe. C I'!Cil0.JlI,80-
BaHlleM TI0.7!RpH30B8HHHX HGHTPOHOB ll J'I,I(ep 6H.7Ill l13MCpeHH aqxpeRTH rrporryc
I<8HHH na MHIIIGHF!Xf co.n:eplKalJIHX pe,I(Ko3eMe.JibHHe R,npa 141p I'" , 

159T .e, , 
I65Ho, I67E r l1 69T"". 

B KatIBCTBe MHlllGHCH llCIIQ.7ll,30B8.7II'!CI, 'IllCTble MeTa.JJ.IDftieCKHe_ll llHTep
MeT~tJ:CCKlle o6pa3UU c llCCJie,n:0Ban11rnMHCR J'I,npaMH, weppoMarHHTHHe npH 

CBepXHll3RHX TeMnepaT~pax. TOJilll,llH8 o6p83UOB 110 llCC.Jie,n:yeMHM R.nPaM co
CT8B.JIJ'I.JI8 ( 1-1, 5). I02 R.n/cr.i2, TI.JI0J.Ua,I(I, - 0K0.JI0 30cr;. H.r(pa II0.JIJ'IpH30B8-
.rMCI, MeToioM ropTepa-Poysa. IlpaRTnti:ecKH .n:ocTllrJIYTM rroJJJipHS8UIIH coc
Taa'IHJ!a. 50-50%. IloJIRpU38UHJ'I llta, .n:ocrnraeMaH npn HCIT0JII,S0:98HHHX cBepx
Husruix TeMTiepaTypax B COOTBilTCTBYIOillllX CBepXT0JIKllX IlO.JIHX, 6.JIH3K8 K 
IO()%. l1MGBlllafI MGCTO IT0TePH TI0Mp.,rnaumr o6yc.JIOMGH8 HerroJUruM MarRHT
HllM H8CH1!18HlleM lKeCTRHX pe,I(K0SGMGJ!I,]!HX TI0JllrRPVJCTaJl.,'lll'!GCKI'IX WGPP0Mar
HGTllK0B B HCTI0JII,30B8HH0M,B ycTaH0BKe BHellJHeM TI0Jie::: I5K3. 

l13Meperum rrpcB0,I(H.JIHCI, B 6ycTepHOM pellf.llMe pa60TH peaKTopa lffiP-30 
Ha Ilp0JieTH0fi 6a3e I20M. HellTp0Hll perHCTPUP0Ba.JillCI, .r-.n:eTeKT0P0M c 

1-'l - f- R0HBepTopoM. IlOJIHpll88UllJ'I HeaTp0HOB peBepcupoB8JI8CI, IT0B0poT0M 
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lIOMp1'130B8HHOH rrpoTOHIIOH Ml'JllleHl'J, IlpO.IJ:OJllKll:TeJil,HOCT!, ru,m.na 1'13MepeHl'JH 

C (pHKCl'IPOBaHHi.M narrpaBJieHl'JeM Hefl:TpOHHOH lIOMPl'l38Wm COCT8BJISIJ18 OKOJIO 

200c.)J,ru:r KOHTPOJIR 38 B03MOJKH1IMH arrrrapaTypHmrn aqilieKT8MH O,!UiH pa3 B 

CYT!Ul IIPOBO,!UiJl8C!, "rrepeKatJKa II npOTOHHOii IIOMPl'l38WlH (peBepcl'lpOBaJIOC!, 

[IarrpaBJiemrn lIOJlllpl'l38L(lnl IIPOTOHOB MHllleHH no OTHOllleHmo K IIOJl10 Ha Heil). 

Pa6otJHe H3MepeHH.R: C i{8li\llW,1 U3 UCCJie)lOB8HHllX o6pa3D;OB rrpoBO.D:UJIHC!, He

npepUBHO B TetJeHne 8-IO CYTOK, 

113MepeHM npoBO,!UiJIHC!, c Hei1TpoHaMH B o6JiaCTU ;meprl'lii OT HeCKOJil,

Kl'IX aB .D:O I05::iB, T, e, l'JCCJie.n;oB8Jll'ICl> H 06JiaCTl> pa3pelll~HHUX pe30H8HCOB_, 

l'I o6JiaCTb ycpe)lHeHHUx cetJeHl'lil, 

113 U3MepeHl'lii B o6JiaCTl'I pa3pcllleHHUx pe80HaHcoB Ha 5 l'ICCJie.n;o-
. \$ • 

Barumx R)lpax Y.JlaJIOCb U.D;eHTl'l(!ll'ID;l'IPOB8Tb crurnu OKOJIO 230 HeitTpOHHUX pe-

30H8HCOB, 3HatJl'ITeJibH8R tJacu ::JTl'IX CIIl'IHOB orrpe.n;eJieHa. BITepmrn, 

Ha pl'lc.2 B KatJeCTBe rrpl'JMepa rrp1rne.D:eH ytJaCTOK o.n;Horo H3 BpeMII

npoJieTHi.X crreKTpon, rroJiytJeHHoro n l'laMepeHHRX c Tep61'leM .UM o6JiaCT.ll 

pa3pclileHHUX pe3oHaHCOB. BBepxy ua ::JTOM pl'ICYHKe .D:Jlll Toil lKe o6JiaCTH 

aHeprHii rrpHBe.n;eH aKcrrepHMenTaJ!bHIJM aqxpeKT rrporrycKaHM, anaK KOTQporo 

B .n;anHoM pe80Hance II03BOJllleT orrpe.n;eJIHTb CIIBH pe80HaHca. 

Tb 

(l10t~f J•t (l(ll . . ·.. . U.fh.~ 
0 • . .~~\ •. 
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PHc,2. 06JiaCTb pa3pemeHHUx pe-

30HaHcoB 
159

T ~ : BH.ll3Y - O,!UiH .1!3 

3KcnepHMeHT8JlbHi.X CfIOKTPOB, rro

JIYtJeHHUX 38 20 tJ8COB 1'13MepeHIDi, 

BBepxy - aqxpeKT rrponycKamm. 

llilWPU MeJK,Izy KpHBUMH - 3Heprl'IH 

pe30HaHcon B aB, t- - HoMep 

KaHaJia npeMeHHoro aHaJIH3aTopa 

(lill'lpHHa KaHaJia IMKc). 

EoJiee l'IHqx>pMaTHBHUMH OK838Jll'ICb pe3yJ!bT8TU 1'13MepeHl'JH B 06JiaCTl'I 

ycpe)lHeHHUX cetJeHIDi. 3TH pe3yJ!bT8TU rrpe.n;cTaBJieHU Ha Pl'IC,3 B BH.D:e 

auepreTHtJeCKHX 38BHCl'IMOCTeii 110MPH38Il;UOHHUX cetJeHHit l'ICCJie.D:OBaHHUX 

R)lep. Taru1e 38BUCl'JMOCTl'I JierKO lIOJIYtJUTb .1'13 3KCnepHMeHT8JlbHUX 3qlpeKTOB 

rrporryCKaHl'IR no COOTI!Olllelill!O ( 6) c IIClIOJ!b30B8Hl'l8M f!YlKHi.X napmieTpOB 
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IIYtJKa H Ml'JlIJ8Hl'I. 3aMeTill,le 1'13MeHemm IlOJIYtJemrux I!0JUipl'l381.(,lOHill,IX ceqe

l!HH B o6JiaCTl'I Hei1TpO!IHUX aHeprHit .llO IO0K::iB II03BO.'UI!OT npe.n;rroJI0lKUTb, 

tJTo uadJl!O)laeMUe rrpoo;eccu CBR:3aHU He c rroTem.maJibHb!M pacce.R:Hl'leM, a c 

33XB8T0M ueitTpOHOB B KOr,may1m-cocTOJIBM, T, 8. co CllUHOBOll 38Bl'ICl'IMO

CTb!O HeiiTpoHHux Cl'IJIOBUX WYHKL(llit. 
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Pl'Jc.4. 3uepreTl'ltJecKa.R: aa

Bl'ICHM0CTb pa3HOCTei1 Cl'JJIOBhlX 

qJYHKD;l'Jt'I ,I\M .llBYX Cil.0HOBUX 

COCTOJIBl'IH C d = 1 -i }'~ • 

MolKHO .llOIIYCTl'ITb (ociOCHOB8Hl'Je 3TOro .n;orrylljeHl'JR llpl'IBe,D;eHo B lipl'I

JlOlK8Hl'IH 2 ,!UiCC€-pT8D;UH), tJTO B paccMaTpl'IBaeMoii o6JI8CTll 3Heprl'li1 Ha HC

CJie)lOB8HHUX:R.llP8X OCH0BHOfi BKJIB.D: B o6cyllU(aeMUe rrpo1,eccu )l8JOT .S -Hefi

TPO!ill, ToJ:'ha '.c l'ICJJOJib30BamrnM cooTHOIIJeHUR (3) cnl'IHOBYID aanncHMocT1> 

II0Mpll38UHOHHUX cetJeHIDi MOlKHO nepectJl'IT8Tb B cmrnoByIO 38BllCl'IMOCTb 

.S -BOJIHOBUX HeitTpOHHUX Cl'IJI0BUX qiymuurn. Ila pnc. 4 rrpHBe.n;eHU pe3YJ!b

T8TH TaKoro rrepectJeTa. 3.n;ec1, .llJlll zcCJie.n;oBa1mux R.nep .uaim ::mepren1-

qecKl'Je 38Bl'ICID.IOCTl'I pa3HOCT0H Cl'IJIOBUX qJYHKL(llH 6 :;> 0 ,I\M .llBYX B03M0l!UillX 

ClIUHOB K8118Jl8, OTtreCeHHUe K COOTBOTCTBY!Ol!lJIM cpe.n;m11.1 3118tJeHl'Jfil,1 CHJIO

BUX qJYIIKL(llH, B CBR:3lf C WJIYKTY8IU11IMli HefiTpO!lllhlX I!llIPHH pe30H8HCOB 

IIOHTpOHHI,ie CUJIOBUe IIJYHKD;Ul'I, lIOJIYtJOHHh!0 ycpe.n;HellUOM l!0 orpaHHtJeHHOMY 
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"HICJIY pesoHaHCOB, T8KlKe cpJlYKTYllPYIOT, T. e. :mcrrepllMeHT8JII,HO no.nyqeHllble 
CllJIOBl,le cpy1rn:rurn Bcer,na co,neplKBT ,llOIIOJ!JillT8JII,HYIO, 11cpl13l1'!8CKYIO" ,nllCIIep
ClllO. Tamm ,nllCIIepcmI, paCC"llITammn no cpe,nHIDII IIJIOTHOCTJJM pesoHaHCOB 

l1CCJ!8,llOBaHlillX smep, BKJ!IO"leHa B Olllll6KY npllBe,neHHUX Ha Pl1C.4 8H8'18Hllii 
OTHOCllTCJII,Hl,IX pa3HOCT8H CllJ!OBl,IX qJYHKUllil. 3Ta ,nonoJ!JillTCJII,H8R Olllll6Ka 

,nJIR BCCX l1CCJI8,llOBaIIImX M8P JIBJUI8TCR rrpeo6Jia.rr.aI001e.i1. 
B :mepreTll'l8CKllX 88BllCl1MOCTRX pa8HOCT8H Cl1JIOBUX qJYHKI.Um, KaK l1 

B.llCXO,nJil,IX 38Bl1CffiJOCTRX IIOJUipl188UliOHHl,IX ceqeµnfi, Ha6.mo,naeTCR rrpoMelKY

TO'!HaR CTPYKTypa, CM38JIH8R, ITO-Bll,IU!MOMJ, co cpaBHllTCJII,HO KOPOTKOlKllBY
IUHMll npoMClliYTO'!Hh!Mll COCTORHllRMll. C;re,nyeT OTM8TIITI, ITOBhlW8IIHYIO qyBCTB1l

T8JII,HOCTI, IIOJUIP1138UliOHIIhlX 3!-WII8PllM8HTOB K rrpoRBJieHllRM TaKoii CTPYKTY
pu. 3Tq o6ycJIOBJI8HO TeM, 'ITO npOM8lliYTO"lHHC cicTORHM HMeIOT onpe,neJieH
HH8 CIIlllill l1 B IIOJUipll3aI.UlOIIJillX l18MepeHHRX no,nqepKHBalOTCR. K TOMY JKe, 
B CllJIY crreUHqillKll IIOJUipl138UliOHHHX ll3MepeHnii, COOTB8TCTBYIOIUHO 118MCHe
HM ceqeauii ua6.mo,naIOTCR JIBlllJ, 88 C"l8T ll8M8H8HllR opneHT8Ulil1 Clllll!OB Heii

TPOHOB, rrpn H8l13Mel!HHX npO"lllX YCJIOBllJIX, 'ITO no8BOJUI8T o6uapylKllBaTI, 
oqe111, MaJIUe l13MCIIeH1lR ce"!ettnii. 

3aM8H"lllBl,IM .flBJlll8TCJI, ll3 IIOJJY"l811IIhlX CIIllHOBHX 88BllCllMOCT8H .S -BOJI
HOBHX 11etlTpOHHUX CllJJOBh!X qiyuro.um, c,neJiaTI, ou;eney czm11-cnllHOBOro "lJl8H8 

Us~ B orrTll"leCKOM MepnoM rroTel!UliaJie. IlocKoJII,KY rrpoMelliYTO'!Han cTpyK
Typa He Y"lllTl,IB8t:JTC.H llpll ycpe,nneHHOM orrncaHllll K8pTl1Hl,I onTll"l8CKOH MO
,neJII,IO, npe,ncTaBJUieTc.fl ne;recoo6pa8HHM rro.ny"!llTl> ycpe,nneHH1,1e no sueprnu 

CllllHOBl,18 38Bl1Cl1MOCTll CllJJOBHX qiyHKI.Utit. ECJ!ll, KpOMe 3Toro, ,nJIR IIOBUWe
HM TO"IHOCTll, npoBeCTll ycpe,nneHlle pe3JJII,T8TOB no BCeM llCCJie,noBaHHHM 
smpaM, TO ,n;Jl.fl T8KOH ycpe,nuenno.il p83HOCTll £ -BOJIHOBUX ueiiTpOHlillX Cll

JIOBHX <PYHKUllii noJiyqaeTC.fl CJIC.JlYIOIJlaR otieH.Ka: 

(~ So/~
0

) = -0,035 + 0,020, 

r.ne .$., - cpe,nHne a·uaqeHM S-BOJIHOBUX CllJIOBHX qiyHKUHH ,nJIR COOTB8TCT

BYIOUUiX smep. 
HeBUCO.KaJI.TO"ll!OCTI, IIOJIY"l8HHOro pe8yJII,TaTa 011p8B,lll,IB88T rrpoBe,ne

Hlle ,naJI1,11efuuero paccMoTpenM 11e oqe111, cTporo, B paMKax·npocTefunen-on
Tll"!ecKott Mo,neJill*, Kor,na MPO npe,ncTaBJUieTCR iM ne.i1TpoHoB c¢epnqecKott 
KOMIIJJeKCHott nOT8HUli8JlbHOH .flMOtt C pe8KHM CK8"IKOM noTel!Uli8Jl8 Ha rparume: 

1,( = 0, IIpll I" > ~ ; 
1,( = P. e, 'I,/ -+ i J.,. 11 , npn ,. <. ti.. • 

3,nec1, ~ - p8,nllyc smpa. Cpe,ll!Ille rrapSMeTpu TaKoro rroTeHUHaJia l1M8IOT 

* HeMllpOBCKlltt IT.3. CoBp8M8HHUe MO,ll8Jlll H,nep. ATOMH8,ll8T, M.,1960. 
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cJie.nyroume anaqeuM: 

~- I2 A e. 'l,1 ~ - 40MsB, 1 ~ it ~ - 3MaB, l:i. ·::: I ,45 \I .ff ro- CM ( .fl - M8CCOBOe 
'UICJIO smpa). 

B 3TOH MO,ll8Jlll 06JiaCTl1 p9,rut038M8JlbHUX. H,nep COOTBeTCTByeT M8KCl1MYM peso
HaHca HeiiTpoHHOH CllJIOBOH qJYHKUHll. B IIPllJJOlK8Hl1ll 3 MCC8pTan1rn IIORa3a
llO, 'ITO ,nJIR T8KllX smep CllJIOBaR 4lYIIRIU!.fl CBH3al!a, B OCHOBHOM, C MHllMOfi 
"I8CTI,IO oqTnqecKoro noT8HUli8Jia,n 3T8 CBR:3!, mr.eeT Ell,ll: 

+ .s;; ~ _J._ 
j...,'Lj:!' 

(7) 

.. 
r.ne .$; ll 1A :! - CllJIOBUe qJYHKUllll ll TIOTeHIU18JIU B RaHaJJax co CIIl!H8Mll 
1 = I :t 'ii . C llCJIOJI1,30B8HHeM COOTHOW8Hl1JI ( 7) , B npe,nnOJIOlK8Hllll Ma
JJOCTll 'vis~, MOlKHO no.ny"lllTI, COOTHOlliCHl1e, CM3HBBIOmee ero MHllMJIO qacTI, 
C pa8HOCTI,IO. CllJIOBHX qJYHKUllil B ,nByx CflllHOBHX !<81!8Jl8X ll MHl1MOH "l8CTblO 
IIOJIHOro IIOT8I!Uli8JI8: 

__ oSo -\ ,, 
- -- .J\ovi V\. 

So 
:S~ lll~!> (8) 

Ilo,ncT8HOB.Ka CIO,lla 3RCII8pllM8HTaJibHOro 3H8"I8HM ycpemreHHOH pa3HOCTI! Cll
JIOBhlX qJYHKUlili ,naeT CJie,nyrowyIO OUCHKY MHl1MOH "l8CTl1 CIIllH-CnllHOBOro no-
Te!IUliaJia: 

::J.,,,'\A~,= (0,IO + 0,05)MsB. 

TaKllM o6pa80M, MHlfMaJI "l8CTI, CIIl1H-Cill1HOBOro IIOTCHilllaJia B onTll"l8CKOH 
MO,lleJlll OICa3HB88TCR 0~8Hb MMOH.J3oJiee TO"IHHe p8C"l0TH ,ll8IOT eme MeHb
wyIO oueney: 

j,., 'us~= (0,03 + 0,04)MsB. 

B rJiaBe YI onncaHU llCCJie,noBaHHR HapyweHllJI npocTp8HCTB8HHOH qeT
HOCTH B IIOJIIIhlX HeitTpomrux ceqenruuc, BKJ!IO"leHHl,le B :n:nccepTallllIO. B 3Tl1X 
llCCJI8~0B8HHJlX M8TO,llOM BP8M8Hli rrpoJieTa 118Y"l8JIOCI, aHepreTll"!eCKOe noBe
ieHlle aaBHcMMocTn noJIHblx Hei!Tpomrux ce"!eHnit R,nep 81B t- , IIIc o1 , 

I7 s ~ , I 27 J , 139 {, 91 u 238 L) oT crrnpaJibHOCTH uefiTpoHoB rrpn .sueprn

ruc Hei!TpOHOB, 6Jil13KHX K CJI86UM Hll8KOBOJibTHHM p030H8HC8M 3TllX Mm.Eu
JIO llCCJie~(JB,i3Ho II £880H8HCOB. 3 ll8 3TllX pe80H8HCOB (pe80H8HC B Br ll 
.llBB peaoHaHca B II Cd ) 6uJlll BnepBUe 06napyllte111,1 B cneUHSJII,Ho npoBe
~eHHUX B JIH~ 0Mffi1 IIOllC.KaX CJl86WC pe80H8HCOB. Ha 4 ll3 llCCJI8,llOB8HIIhlX 
P880H8HCOB P~He"leTIIhltt 3iplleKT B IIOJIIIhlX He.i1TpOHI11,1X ce~eHHJlX 61,(JI 06Hapy
llteH. 

HaMepeHHR BpeMJ1-npoJieTHUX CII8KTPOB npoBO,nllJlllCb C o6p88Il;8Mll TOJI
IUHHOi!, 6Jlll8KOtt K onTl1M8Jll,HOlt TOJIIIU!He B ,IU3e ,llJlllHll CB06ommro rrpo6era 
,ItJISl Hei!TpoHoB HYlKHWC aHeprBfi. PeBepc CIII!paJII,HOCTll ne:ttTpoHoB ocy~ecT-
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BJJ.fLJICJl C UCilOJih3OB8Hll8M paccMOTpem10ro Bl:lll!C TpeT1>ero MeTO,na peBepca. 

;Il.,m KOHTpoJIH, KaK 11 B 113t.Je_pem1roc CflllHOBOii 38BllCllMOCTJII IIOJIHllX Heil:Tpon:.. 

HHX cetiettnfi, 611JI ncnoJI1,aoBaH nepB11H MeTo,n peBepca. IIpo,noJilK.llTem,HocTh 

ll3M8pUT8JU,HOro 1UlKJI8 C (pUKCUPOB8HHHM 3H8"!0HJll8M cnnpam,HOCTll COCTaBJI.fI

Jia 30-50 c. Heil:Tporumii ,neTeRTOp (c I.ii -cTeKJIOM llJI.1'1 c 1'1-( KOHBBPTO

poM) pacnoJIDI'a.iiCJI H1:1 npoJieTHoil: 6aae 60 M. l1sMepeHnn c o,nHMM o6paauoM 

npOBO,nllJIHC1, nenpepHBHO B T8"!8HJll8 H8CKOJl1,KllX COTBH "!8COB. 

113 3KCII8pl1Me!IT8JIJ,HUX BpBMJI-npoJieTHllX cneKTpoB (,nJI.fl HeiiTpOHOB C 

.UBYM.fl cnnpaJibHOCTRMll) IlOJIYt{8JIUCI, anepreTllt{8CKll8 38BHCllMOCT11 a@leKTOB 

npo,CKBl!ll,I. Ha pnc. 5 n K81ICCTBe rrpUMepa npnBe,neHll ytiaC~Klt CIIeKT

poB IIc~ ll 139 11 °' C HCCJl8,UOB8BIUllMI!C,I peaoHaHcaMll ll COOTBeTCTBYRllJU18 

acppeRTU nponycKaHH.fI, nepec'IHTanuue K noJIHoil: noMpnaal(HH neiiTpoHoii. 

"' S? 

6,94 4,53 

~ 
16 t n15 

139Lo 

"' 12 ~ g 
z 

z 
4 

0 

50 

40 

~ H f I --g t ~ 
~ i_::r-v 
~ 

-40 ' 8 1 s -s ,. J En 
'---r.,_J,----'-,-'-,---,L--f __ TL_ --

-150 

-200 

lO Q9 0,8 0.7 0.6 o..s En 
120 140 160 180 200 22-0 240 t .-"--r--+ 

110 120 130 140 150 160 170 

Pm~. 5. BpeWI-npoJieT1111e cneRTpu n acppeKTll nporrycKaHWI 

,nJIH IIIc«-u 139 LQ. Ha ropnaoHTam,uoft ocu npn

Be,neHH ttoMepa KaHaJIOB aH8Jlll3aTopa ~ n aneprnn 

HBHTPOHOB E., B aB. CTpeJIRaMll C r(lltppaMH YK838Hl1 

noJiollte1m,1 u aHeprnn peaoHaHCOB. 

O6pa6OTK8 3KCIIepUM8HT8JU,llllX"P83YJU,T8TOB ,nJI.fI a@leKTOB rrponycKa

HM C llCilOJ11,30B81Ill8MCOOTHOill8HIIfl(6) ll C Y'ISTOM, B CJiy'lae Heo6xo.nn

MOCTH, llCK8llteHllli crreRTpa ,!l;OITJI8pOBCRl1M ylllllpe!IBBM ll H8,UOCT8TOt{HO Bll

COKllM 3HepreTll"I8CKHM paapemem1eM, IlO3BOJI,I8T IlOJIY'IllTI, COOTBeTCTBYRl

mne 3HatieHll.fI neJIH'lHHll Plet)• BBe,neHHoil cooTHOWeHJlleM (4). PeayJU,TaT11 

T8KOH o6pa60TKll rrpllBe,neHU B Ta6mme I. TaM lite ,naHll TOJ!UU1Hl,I HCIIOJU,3O

BaHHHX MHWB!leil u·napaMeTpH HCCJ18,UOB8HHllX pe3OH8HCOB. Bo BCCX CJIY"l8-

JIX, KpOM8 238u , ,UaHll rrapaMeTpll, Hail,ne.HHUe 1'13 Bp8WI-IIpOJI8Tlll1X CIIBKT

poB, IIOJIY'I8HHIDC B Olll1CHB89l,rux U3Mepemrnx. 
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lfa 3!18t{0filll1 Pf Er }MOI':)'T OHTI, paCC'Il!Ta!IH COOTBeTCTBYIOIUHe MaTp.l'ltIHHe 

sJier.rnuTu CJra6oro Mepuoro B3W:lBOAeirCTB11.fl, cMeW.l'IBa10mero $- n p-pe3o

naHcH. B pm.max .nnyxypontteooro npm5JrHJKeHrur 3TO MOlKHO c.neJiaTI> c nc

no~1,30BaH.l'leM COOTHOlliBHHJI (4). ,llJuI T8Koro pactieTa HBOOXO.D;liMO 3HaTI, 

BXO,IT}Itn.l'IB B COOTHOlliCH.l'le (4) napaMeTpH CMBlli.l'IB8IOtnliXCJI pe30H8HCOB, BKJIIO

t{afl 3H8Kll aMIIJUfTY.U .l'IX HCMTPO!IlillX nmp.1rn. IlOCKOJII>KY T8K8JI .l'IRqJOpMamm 

B JTOJIHOM OO'beMC BO BCex H8lli.l'IX CJIY'I8JIX OTCYTCTBYBT, IIOJIYtIBHHHe 3Hatie

HWl M8Tplitill!1X aJieMeHTOB- 6y,nyT HMeTI, HBO,nH03H8t{H!1H, OI.J;8H0t{lillH xapaKTep. 

B Ta6;mue 1 Ilp.l'IBe,neHH ,pe3YJII>T8TH ~CtieTOB MO,nyJiei1 MaTpWII!HX 3JIBMCH

TOB \v.$f' (3H8K ITOJIYt{.l'ITI, HCJII,3JI .1'13-38 HB.1'13BCCTHOCT.l'I 3ll8KOB 8MIIJI.l'ITY.U 

ueiiTpommx Illl1pm1). PactieTH npone,nem,r n npe.nnoJIOJKeH.l'IRX, tITo: 

I. lfacJie.nonamrue _ pe3011a»cu SIBJUl!OTCJI p-peaoHattcaMl'I co cn.l'IHaMl'I, np.1'1-

romn,rMH .l(JUl CMClli.l'IB8H.l'ISl C .5 -pe30H8HC8Ml'l. 

2. CMe!lllUl8llliC n.ner C "6JU!JKalilli.l'IM C.l'IJII,l!HM 11 ..S -peaonaHCOM ( · S. -pe30HaH-

COM c MaKCilM8JII>HJ1r.t ana-qe11.l'leM -ne.lllitillllll • r .. "' / < ,": ,! - F.l). HcnoJII,aonaHHhre 

npu pac-qeTax rrapaMeTpu TaKllx peaona11coB npune,neHl1 B Ta6.llliue I. 
3. OCIIOBHaJI .D;OJ!JI !Je.UTpOHHOM lli.l'lp.l'IHH HCCJIB.D;OB8HHO-ro peaoHanca CB/l38Ha 

C K8H8-JJOM C llOJI!llIM MOMBHTOM neiiTpOHa j = 1/2. 

!10.nytieHHh!e TaKHM o6pasoM 3Hatiemm ,na!OT HIDK!rne on;e1mn Mo,nyJiei1 MaTpntI

Hh!X 3JJ8MCHTOB. Ilpn 3TOM, KOHCtIHO, .UOJJlKIIO Qf,ITI, ·cnpane,u,mrno rrepnoe m, 

IIpl!H.fIThlX BHIIlC .n_orrymemfii. jJ.,m_ YTOt{HBHHJI IlOJIYtI!}HllHX 3H8t{BHni1 MaTp.l'l'!HllX 

3JICMBHTOB HYJKHa ,I(OIJOJUUlTCJII,Jl8JI .l'IHqJOPMan;nR O napaMeTpax CMCilll1Ba10tn.l'IXCR 

pesonrumon. 

Ifa Ta6.'l1!Ull 1 c.rre,nyeT I t{TO ,nJJJI 4 pe30H8HCOB, r.ne P-HetieTHHii 

sqqieI<T 611JI 06napylKc11, snaticmm hvs p I JieJKaT B npe,ne;rax (0, 3-3). rn-3sB. 

B ,nnyx peaoHancax !IC.JJ;OCTaTOtI!la TO'{l!OCTI, .1'13Mepeuni1, XOTJI .l'IMCIOTCSI YI<a-
38HI!Jl Ha MaTpm,rue 3JICMCHT!1 Toro l!tC TTOPJI,D;Ka. B OCTaJJI,HllX CJIYtIBRX Jlll-

60 MaTpll.'{llllC 3JieMCIITl1 MCHI>llle 2. I0-4all, JI.1'100 paBll!l JIYJIIO ll3-38 ltCBb!IIOJ!

l-Ie!IHJI TipllHJITOro DHllie .nonymeH.l'IJI I. 
B pairnax ,nnyxypOBIICBOPO rrpllO.lllil!temm. B MO,UCJUf C!l!emHBa!OOlllXCJl. l{OM

nay11.n-cocTOJIH.11ii, C .l'ICl!OJII,30BaH.l'ICM BUPaJKCHHJI (4) aqii)eICTH, na6.mo,nemme 

Be peaouancax ,,roryT OiiTI, COTIOCTaBJieHH C aHaJJOPlftIHHM.11 3ippCI<T8M.l'I, 110JIY

t{BHIII™-ll Ha TCIIJIOBblX HCilTpOHax. TaI<oe conocTaBJieH.l'le HMeIOllUlXCJI T8IIJIO

Bl1X .r(8H!ill0 C ,UaIIH!lMll lf3 JIBCTOJitnCii paOoTH naeT xopolllO corJiacyJOlli.lleC.fl 

peayJJI>TaTH. 3To corJiacne .naeT .nonoJIHnTeJII>HOe yI<aaaH.l'le Ha KOppeKTHOCTI> 

* Kolomensky E. A., Lobuehev V .M. • l'iroshkov A. ll. • Smotri tsky L. l,i. , 

Titov Ii.A., Veenu V.A. Phys.Lett., 1981, v.107B, p. 272. 

Becna B.A., KoJJ0MeHcm1ii 3.A., Jlo6allleB B.M., IlnpoJKKoB A.H., Cr.mT

P.l'IIlKnil JI.M., T.l'IToB H.A. Il.l'lcI>Ma B Ji[3T<P, 1982, T.35, c.351. 
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orrncaHHJI paccMaTpHBaeMoro JIBJIBH.l'IJI B MO.r(CJJ.11 CMCilll1B8!0ll\.l'IXC.fl ROMI18YH.U

COCTOJIHni1, oco6eHHO CCJill YtICCTI,, t{TO CaM.l'I a@JCKThl (TCITJIOBb!C n peao

HaHCHHe) OTJilftl8I'JTCJI Ha MHoro !10PJI.nl<OB. 

06HapylKeHHHe OOJII,llloe ycnJJenne .l'I peaouaacuoe none.nen.l'le a@leKTOB 

Hapylllemm npocTpaHCTBeHHoii tieTHOCTH B IIOJIHHX neiiTpoHHHX ce-qe1rnruc 

CJIOlKHHX R,nep npe,ncTaBJJJIIOT co6oii UHTepecuoe R,nep110-qi1rn1ftlecKoe JIBJie-. 

II.Ile. Ero naytielille Il03BOJUieT rJiy6lKC TIOIIJITL CTPYKTYPY R,D;pa .l'I ero B03-

6yllU{eHHHX COCTOR.Hll:ii. ,UaJJ1,nefumle HCCJIC.D;OB8lillJI 3TOro JIBJICH.l'IJI 6esyCJJOB

HO I.J;EJJiecoo6pa3HU, oco6eHHO B uanpaBJIC!lll.l'I 118XOllU{8IlliJI M8Jlb!X Ma·rplltIHHX 

3JieMeHTOB. 3TO Il03BOJUfT COITOCT8BUTI, arwuep.1'1Me!IT8JII,IIOC pacnpe,neJielille 

MaTp.l'lt{H!1X 3JieMeHTOB co CJIYtI8iillllM pacnpe,neJreHliCM, CJJC.D;yIOtnnM li3 CTa.;,. 

T.l'ICT.l'ltiecKoro TeopeT.l'(t{CCI<oro paccMoTpeH.l'IR, 

B 3aI<Jl!Ot{8fillH Ha OCHOB8H.l'IU rrp1mc.nemrux B ).UlCCepTa.IJ.ll MaTepnaJIOB 

C.r(CJI8HH CJie,nyromne BllBO,nH:· 

1. Peapa6oTaHa n ycnelllHo aI<cI1JJyaTnpyeTcJI 11a peaI<Tope 11EP-30 JIH<l? omm 
YCT8HOBI<a ;II.J!JI nccJJe;II.OBa!Ur:ii C IIOJIJip.1'130B8HH!lM.l'I HCHTpOHaMH .l'I MPaMl'I 1 

BI<JilOt{8!0tnafl B CC OJI CJie,nyromne OCHOBiillC Y3Jibl: 

I. I. IloJIJipll30B81IHaJI rrpOTOHHafl MHIIlCHI, - IIOJIJIP.1'138TOP M8.r(JlCIIHhlX HeiiTpo

HOB B lli.l'lpOI<Oii 06JiaCTH nx 3Heprm!:. 

I. 2~ CncTeMa peBepca rroJIJipnaan;nn HeilTpoHHoro nyt{Ka, ncnoJII,3JJOlllafl Me

To,n noBopoTa Ha 180° pa6oTaromei1 MHIIlCillr-rroJIJip.l'lsaTopa, paspa6oTaHHHl1 

npn C03.r(8HI!ll H8CTOJitnCii YCT8HOBI<H. 

I. 3. CneI.J;HBJII,fll:lll Kp.l'IOCTaT c pacBopeH.l'leM 
3

He B 
4

He Ha 'TeMrrepaTypy 

(2-3). I0-2K, .l'ICITQJII,3JCMhlH .r(J!JI IlOJJJip.1'138I.J;li.l'I R,D;ep Ha nytIKC MC.ItJ!BHlillX 

HCi1TpoHOB. 

2. IIpoBe;II.e.Hbl HCCJIC,UOB8H.l'IJI C!Illl!OBOn 38BliC.l'IMOCTll !10JJI1!1X CBt{CJI.llil B38HMO

nei1cTBHJI H8ilTpOHOB 3HeprHJIMH no IOOKaB C HCI<OTopmm pe.D;K03BMCJII,Hl1MH 

R.D;paMH. Pe3JJII,T8TH 3TliX .l'ICCJJe,UOBBirnii MOl!tHO CqJOPMY,(UlpOB8TI, CJIC.llYIO!IlllM 

o6paaoM: 

2.1. B o6JI8CT.l'I paapellleH!U,IX pe30HaHCOB )J,JIJl 5 .l'ICCJIB;II.OB8HH!1X R,nep 

.l'l.r(8HT.l'lqJl!I.J;.1'1poB8HH CllllHbl OKOJIO 230 Heil.TpOHHb!X pe30HaHCOB. IioJII,lliaJI 

t{8CTI, CIWHOB IlOJIYt{CHa BrrepBUC. 

2.2. lfaMepemm B OOJI8CTlf ycpe,nHe.HHb!X Cetielillil ,naJJH ,nJJJI HCCJI8.D;OB8HHHX 

JI.nep o-qeIU, CJia6yro aaBHcHMoCTI> ycpe.ntteHHHx ce-qe1rntt OT crrnna. 

2. 2. I. Ha IIOJIJIP.1'138Ul10HIIHX ce-qem1ii IIOJIYtICl111 pa3HOCTfl S-BOJI!IOBhlX HCil.

TPOHHHX C.HJJOBUX q,ymaum B K8H8JI8X co CilliH8Mfl d ;:: I"! 1/2. • 
2.2.2. XapaKTep aHepreTlll!CCK.llX 38BliCHMOCTCii IlOJJJIPH3an;.1'10.HHb!X ce-qeHnit 

ll pa3HOCTCi CHJJOBUX IPYHKillrli Ha HBKOTOPUX JI,npax YK83HB88T Ha npoJIBJJe

H.IIe KOpOTKOl!tlfilY!IUIX npoMeleyTO'!Hb!X COCTOJIHHfi. 

2.2.3. Ycpe,JtHeH!IIIC no 3Hepr.lmM .l'I .l'ICCJIB.r(OB811HHM JI,np8M Hefl:Tpomme CHJIO

BHe qJyl!KI.J;HH B .ztBYX CIIHHOBh!X K81I8JJ8X OTJJHt{aIOTC.fl !IC Oo.Jiee t{CM Ha 5%. 
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2. 2. 4. Ha CllilHOBOi1 aaB.IICID.IOCTll ycpe,nHeHirn.x 5 -BOJIHOBHX Hei1TpOHHllX C.II
JIOBHX <pj'HRI.Ulli IIOJIY'l8H8 OI.(8HK8 MH.IIMOll 'l8CTI1 CllilH-CillfHOBOrO 'l.lleHa B orr
Tl1'!8CKOM IJOTeHI.(llaJie: j t>\ '\,\ g = (0,03 + 0,04 )MaB. 
3. IIpoBe,neHH 11eeJI8,D;OB8IUISI P-HetJeTHOii aaB.IICHMOeT.II IJOJI!illX HeitTpOHHllX 
eetJeHllii OT eIII1pam,HoeTI1 HefiTpOHOB ,nJISI pSI,na CJia6HX HHaKOBOfilTHHX pe
aoHaHCOB HSKOTOpIDC C.10lK.HUX SI,nep. IIOJIYtJ8HU CJI8Afl0lllll8 oeHoBHUe peaym,
T8Tbl ! 
3. I. Ha II .IIeCJie,noBaIIHIDC peaoHaHeOB Ha 4 o6HapylKeHH P-HetJeTHHe 
aqxlleKTU. 
3.2. B peaoHaHce 139 t,~ e aHeprHei1 0,75aB no.nytJeH eaMUii 6om,mon na 
l13B8CTHblX B HaeTOSlll{ee BpeMSI aqxlleKT HapymeHHSI rrpoeTpaHeTB8HHOH tJeT
HOeTH B SI,nepHmc npoueecax. PeaoHaHemrn eetJeHUSI .nJISI HeiiTpOHOB paaHHX 
ellilpafilHOeTeii OTJ!ll'l8IOTeR a,nee1, rrp.llMepHO Ha I5%. 
3. 3 •. Pe30HaHeHoe IJOBe,ne1me Ha6JIIO,neHHHX a@leKTOB .II llX B8Jill'll1HU naxo
,n;f!TCR B eorJiaem1 e rrpe,neKaaaHllRM.II Mo,neJ!ll CM8Illl1ll8IOlllllXCR 110 '!eTHOeT.II 
B036ylK,IleIUillX eoeTORHHM SI,nep ll e eoOTB8TeTBYIOlllllMI1 eTaT.1IeTll'18eK.llM.II 
01.(CHKaMll, oeHOBaHHUMll Ha rnnoTea e ymmepeaJII,HOeTII CJia6oro .B3aHMO

,neiieTBM. 
3~4. HeCJie,noBaHHR P-HetJeTlillX a@)eKTOB B IJOJIHblX HeilTPOHHHX ee'!eHH.IIX 
OOJill3H p-peaonaneoB ,naJOT IIOBblM MCTO,D; .113Y'l8HHR B036~8HHUX eocTOR
H.llii SI,nep; rroaBOJIRIOlllllH 110.nytJaTb YHHKam.rry10 .1mcpopM8I.(llIO • 

' 
B 11p11.1IOlK8HM BUHeeeHH rpoM03,nK.lle H BelloMoraTem.nue MaTep.11aJIU. 

B np.11JIOlK8HHH I 11p.11Be,neHU Ta6JUrn;11 ellilHOBOll 3aB.lle.l!MoeTH ,nJUIH paeceH
H.IIR H 3HatJelllli1 MarHHTHllX MOMCHTOB HeilTpomrn.x peaoHaHCOB, OTHOCR
lllll8CR:K o6aopHoii rJiaBe III. TaM lite .nruru T86JI.1Ill;11 errHHOB peaOHaHCOB, 
IIOJIY'!8H1lHX B ,nnccepTal.(HOHHOll padoTe. 0 eo,neplKaHHH npHJIOJK8Hl!H 2 .II 3 
roBOpHJIOeb BUlle. 
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