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Hcc~e,JtOBaHWI C IlOJIIIPH30Ba.HHHMli M8~8HHHMH H8i1TpOHru.m, Hatia.TH8 
Il011TH 50 ~8T Haaa.n BCKOpe IlOCJI8 OTKpHTM H8!TpOHa, IlPOltOJDKalOT pa3Bll
EaTI,CJI. Ify1lltll IlOJIJip11tso:sammx: H8ITPOHOB 003,JtaH!l BO MHormc Jia6opaTopn
JlX Mllpa H HamJlll nm:poxoe npm118H8Hl1I8 B g)l!amte SJI8M8HTapHWC ,mcT~, 
R.Jt8PHO:lt H HeitrpoHHott g)l!amte H g)l!amte KOH,Jt8HCllpO:eammx: ope.it. B '18.CT
HOCTR, aRTyaJII,HHMll JiBJIJIDTCJI 11tCCJI8,ltOBB.HWI CllllHOBOil 3aBllCllMOCTH B38.l!MO
,Jt8itCTBlISI HeitrpoHa C H,Iij)8.MII, npoBepxa'aaxOHOB COXpaHeHM Tl8THOCTH H 
Bp8M8HHO:lt mraa.pHaHTHOCTR, H3y<l8Hl1I8 xapaxTepHCTlillt H CTPYKTYPH Jl,ltpa H 
T.,Jt. Jl)I.II np0B8.Jt8HM TaRoro po,Jta HC~8,JtOEaHJ1II H800XO,ItHMO ID/18Tl, Ha6op 
IlOJIJipll3~0HHHX M8TO.ltHR, nepeKpHBallllIDC llllIJJOKYJO o6JiaCTI, 8Heprllil: HeilT
pOHOB. 

,IlnccepTa.t:Om Il0CBIIlll8Ha pa3B11tTlilll ,JtByx acneRTOB IlOJIIIPH3~0HHHX 
HCCJI8,JtOEaHJ1II C M8~8HHHMI'[ H8fiTpoHaMH: I) M8T0ltl{'l'.8CKHM paapa6oTKaM no 
IlOJIJipll:3~ R aH8.JII!3Y IlOJIJipli3~ HeitrpOHOB H 2) HCil0~30B8HlIJD IlOJill
pli30:eaHHHX H81TpOHOB ,ItJilI pemerum H8KOTOPWC aRTyaJII,HWC 3a,Jta11 R.Jt8PHOI 
H HeitrpOHHOI g)l!sHRH. MaTep~ ,ItRCC8PTllWll'I li3~0llt8H B IJJlTH r.na:sax, 
KpaTR08 CO,Jt8pimH1'[8 KOTOpWC ,JtaHO HlD!t8. 

B r.naBe I onncaaa-TeopeTH"lecRWI n sxcnepHMeHTaJIJ,HaJI paspa6oTxa 
HOBOro M8TO,Jta llOJIJipR3aIUIH M8~8HHHX He:ltTpOHOB nponycxaHlteM Tl8pe3 
IlOJISipll30Bru!HYJO npOTOHHYD Mlllll8Hl, (IlffiJ). 3TOT M8TOlt llOJiy,IWI Ha3BaHli8 
M8TO.ita npoTOHHoro WWil>Tpa (MIIQ). 

Paaee Jl[3B8CTHH8 M8TO,lt!l IlOJillplit3~ OCTaBJIHJII! "6Moil" o6JiaCTI, 
8Heprd HeitrpOHOB llpl![M8PHO OT IO aB ltO 700-200 K8B, T.a.·pesoHaHC
HYD o6JiaCTI,. Taxo:lt M8TO.lt 6WI npe~Ollt8H B I/_ Bero OCHOB8 ~elltHT 
'Ip83~0 C~HaJI CIIRHOBaJI saBKCHMOCTI, ceqeHIDI paccemnm Heii'rpoHa 
Ha npoTOH8. ,lLna M8~8HHHX HeitrpOHOB Cmil'~8TH08 C8118HJl[8 6'$ pacceJI
HRR: B 20 pas npeBOCXOltlilT TPKIIJI8TH08 C8Tl8Hl1I8 {re • Bc~8.JtCTB11t8 8TOro 
H8IlOJUipzsoB8.Hlllil!: Ily<lOK CTaH8T llOJIJIPHSO:BaHHHM, eon ero nponyCTKTI, 
Tlepes IIllM (pzc. I) • 
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II 
n. p 

11 

n. 

r;. 6. 

6 = ¼ ( 15'5 + 6t) » 6, 

Pl!c. r. IIOJIJipZ3~ ·. M8TOltOM npOTOHHoro 
~Tpa: 6s lit Ot -C8Tl8Hl!II CHHI'
~eTHOro z TpmIJieTHoro ~ p -paccea
rum; nOJ1Hoe ce"leHlte paccemum: paB
HO 5't , 8Cll ClllitHH H8itrPQHa JI 
npOTOHa IJapa.7IJI8~HH, K __ l ( ~ +- 6"t ) , 
eon oHJ1·aHTJmapa.7IJienHH. 

B /I-4/ ,JtaHa TeOpB'JI Mm. IIOJIOlltHM 'A,7IJI 

o6ntHOCTK, 11TO ~Tp CO,Jt8pllT llOJIIIPZ30:saH
HH8 J1Jtpa co CllllHOM l. ,t O. BaaHMO,Jt81cTBK8 
s -HeitrpoHa npOKCXO.JtHT no lJ.BYM CllllHOBliM 

KaHaJiaM 1 :! =- I :t ½ , xapaxTepKsyeMWC Wlll:HaMlt paccemnm a.,:t. z cooT
BeTCTBYJllll,lMlt ceqelllmM!I 6':t. • HcnonsyJI HSB8CTHHI onepaTop wnnm pac-

l
trD6M:Sh,10ii;l,<il Eflhtrrjyl 

11ll~J;BHK m:::.,r.10Bim1Q a 
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ce.lIHllJ!: 

A _ I-t 1 -+ - 1-o.. -+ 2. (ct-t--Q.-) I~ (I) 
-"' ~- 2.I+-1 o.,-t 1.:t+1 - 2..I-+1 ' 

r.n;e I R $ - onepaTopH cmma JJ,IU>a .11 HeilTpoHa, ycpe,ll;IUIJi no Ha'tJ:aJil,
HHM CIIl!HOBHM COCTOSIHIJ!M HettTpoHa JI JJ.IU)a H npllMeHHJI OllTlNSCKYJO T80-
pel,\Y", llOJJY'IID4 llOJIHOe C8'!8Hlt8 BB!UIMO.D;8ilCTIDIH: 

S= Oo - Op TW\.. 1~ , . (2) 
r.n;e t \'\, .II t N - Ha~Hli8 llOJllipllB~ H8ilTpOHa ll JJ,IU>a, S'o - ll0JIH08 
C8'!8Hll8.B OTCYTCTBH8 llOJllipl!BaIUm: 

6"'0 = :;: 
1 

6"+ + ci..;~1 S_ , (3) 

bp - ll0Jllipll88IU{OHH08 C81J8Hlt8: 

Dp =- 2,~-t-1 (6"_ - 0 -t-). (4) 

:3TR ypaBHeHRJl llOJIY'IeHU ~ oB06o,ItHoro l!BOJIHpoBaHHoro ~. B TeIIJio
Boil·o6.naoT:e: CHJILH08 BJll!Jllm8 OKaBJmallT·xm.nr'leOKali·CBIIBI,, ,nmrru,mKa R 

CTPYKTypa KpBcTwa. IlpooTHe <lX>PMYJIH Moimo llOJJy1Jlr.l'I, ~ aHeprd IDDlt8 
rpalllmll 6parroooKoro o6pesamm, r.n;e ~·· XOJIO,ItHoro RpROTaJJJil'l'lecKoro 
B8~90TBa llOMHMO norJio~erum l!M88TCJI TOJlliKO ynpyroe H8KOrep8HTH08 pao-
oemme: 

r,n;e 
6' = 6'0 - ¾ ! ~ - S-p "t)\. t N , 

S'o = s-l:~ + (5' c. ., 

I ~ o; = ·l:-1- -1 . s-,~c.. , 

(5) 

(6) 

(7) 

__ 1_6:0 + I l6". -o.) 
0 

6'P-I+1 ~~t- 2..I.+-1 c.- c.+ , (8) 
6'L\'l<. R ~ - H8KOrepeHTH08 08'!9Hll8 JC. C81J8HJ:t8 BaxBaTa ,rpm H8llOJIJI

p:e:soBalillllX -qaoT~. · 
Ilepexo,wi: Tenepr, K npoTOHHOMY g)wll,Tpy R :e:onoJII,syJI ll8B80THH8 ,n;aH~ 

HHe o oe1teHR11X, nOJIY'Il'IM npll E > I aB 
G"'p = "'"';l- L -\-t E. /1=-~ r-1 (~+ E/'1-1 s-o r 1 

( ,,h E/ b 300 J., <9> 
r,n;e G"'p .n;aHO B 6apHB.X, E-B xaB. Ilpx E <.<. I33 xaB nOJmp:a~oHHoe ce-
1JeHJ1e Op H8 88.BllCllT OT 8H8PI'D R paBHO I6,7 6, 'ITO OOCTaBJI/leT 82% 
nOJIHoro ce1JeHllll pacoeRHJISI~ Tax xax npx E = I33 xaB Op Il8,ll;a8T B 2 
pasa, TO aTa 8Hepr:w1 JlBJIJl8TCH, nO-BH.D;HMOMY, npa.KTR'l80Kl'IM npe,neJIOM 
npllMeHRMooTR MII!II. · Ilpll E <.<. I aB, T. e • B o6JiaoTR npm.!0Rm100TR yp. 
{5-8), BM88M 

6"0 = 79, 7 + I, 58 E -I/2 , 
6',, = 26,5; 
6"p = 53,I ·+ I,58 E.-I/2 , 

r.n;e ce1JeHRJl .n;aHH B 6apHB.X, a aHeprJm B MaB. 
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(IO) 
{II) 
(I2) 

llcnoJII,sys llOJIY'ISHill,18 wpaxerum, MOlltHO Bll1JRCJmTI, nOJllipl'lsyiaeyJO 
cnoco6HocTr, PR nponycKaHRe npoToHHoro g)wll,Tpa T: 

P=- t. t, Cr"' n. 6' p x L cr3> 
T::. \ 0 ~~p ( \~ Y\,O,iX) c.tl l"N ~G'pX), (I4) 

r,n;e T0 :.~)lp (_-"'-'Co>') - nponycKaIDie HenOJmpl'IBOBaHHoro qwu,Tpa. 
C YBSJIR<IeHHeM TOJllltmW g)wll,Tpa X nponyOK8.Hll8 na,u;aeT, a noJIHpRByxIIIM 
cnoco6HOOTI, pacTeT, nosTOMY qaKTop Ka"IJSOTBa P1 T g)wll,Tpa KaK noJIHpl'l-
saTopa H8ilTpOHOB llM98M OllTRl,\VM npll TOJ!IIIRH9 ~L 

Xo= ('2-'1)-1 tn,L(-1+(1"/v)/L(S+f-42./\IZ.) -3>]}, {I5) 

r,n;e --J=-fNrtop ,J1.t=V1..(.6o-t~6:i} IlpR j-N<.<I, T.e. V/fA-<<I,w.pa-
JJteHBe (I5) ynpomaeTOH: _1 

X 0 -;:::.. 2.fA- · (I6) 
JJ,Jm 0~9HOK MOlltHO nQJII,SOBaTLCH {I6) npH JIJ01ott llOJlllpH88IU{l'l npoTOHOB: 
Oll1116Ka npR 8TOM He npeBOOXO,ll;RT IO%. 

JJ,Jm 8KcnepRM8HTaJII,HOil. npoBeprui: Mm B pesym,TaTe 6oJII,moro J.Ull(JUl 

IlOOJ18,ll;OBa.Hmi no .u;ima,Ml'l'l8CKOil nOJIJipH88IU{l'l npOTOHOB 6HJia 708~ nep
JlaJi B CCCP, HO TpeThll B MBpe {noCJie WpaHW/W H CIIIA) IIl1M 5 •6 • IlpoTo
HH 6wm: noJIHpl'IBOBaHH MSTO,ll;OM OOJm,ll;-Bqq8KTa B MOHOKPllCTa.JIJie ,ll;BOi!Horo 
JIB.HT8.H-M!U'IDl8BOro Hl'ITpaTa {JIMH) CI% npRM0CLIO Heo,D;HMa. PasMepH Rpl'IO
Ta.Ma JIMH 6wm: cJie,IIY]'.l!lm,m: IlJIO~ 3,3x2;3 c.,l,, To~a no llY"fKY 
o, 75 CM, o6':b8M 5, 7 or./1. MlmpoBOJIHOJlaJi HaKa1JKa npOKBBO,ll;l!JlaCI, Ha 'la0-
TOT8 37 ~ (wmra BOJIHbt 8 MM). Ilp:a: T8Mll8paType I,5 K 6wra ,ll;OOTBrHYTa 
noJIHpllsanmi: npOTOHOB (36±3)% (no R3M8peHIIIIM O noMO~IO JIMP). 

,..,..,,__.. 

~- CxeMa paBM8~9HJlH nOJil!PHBO
BaHHOil llPOTOHHOil MHll19Hll Ha 
ny-qK8 H8!Tp0HOB OT KMnyJII,0-
HOrO 6HCTporo peaKTOpa HEP 
npll pea.ms8IU{l'l M8TO,D;a npo
TOHHOrO @tlll>Tpa. 

:3Ta IIl1M B Ka'I90TB8 npOTOHHOro 
(j}wn,Tpa (p:ao.2) 6_HJJa YCT8.H0Bll8Ha 
Ha O,ItHOM l!3 H8tt'rpomwx: ny-qKOB RM

nyJII,CHOI'O 6HOTporo peaKTOpa (HEP) 
JIHw Ollilll, pa6oTaBWero C 'laCTOTOtt 
5 I'n. B KO:lm8 6asH npOJieTa WIJIHOit 

IBM 6WI YCT8.H0Bll9H HettTpoHHHil ,11;8T8KTOp. MeTO,ll;OM BpeWIDI npOJI8Ta KB
M9psIJiaOI, 8HepreTJA8CK8.Jl saBlllOJIMOOTI, nponyo:ita.Hilll if!JIJII,Tpa B OTCYTCTBR8 
:a: npll H8.JllNIDI noJIHpllBaitl'lll npoTOHOB B nmpOKOM ,u;BaI]aBOH8 8Heprd 72 ,3? 
lls (I4) CJ18,D;Y8T, 'ITO llHT8HCKBHOOTI, OT@tlll>Tp0BaHHOI'O HettTpoHHoro ny-q
Ka BOspaoTaeT npll BKJIIO'l9Hll np0TOHHOii nOJmpllSanmc. ~ xapaKTep110-
TJIKll BTOro B03paOT8.H.11Jl o6wmo nOJll,SYl7rOJl BeJill1IRHOit 
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t,i =- T /T0 --1, (I7) 
uasUBaeMott ajxleKTOM 0):tHOKpa.THOro nponyc:icawm. C y-qeTOM (14) IlOJIY'IIIM 

~-1 =- C.)(p ( t; h,6",i}() c.ti.. U·N n.C>p)() -1. {IS) 
B pesouaucuott OOJiaC.TH dwx. uadJIIU];eH 8ipl)eKT e1 ~I,5% H •dOJiee 19% B 
XOJ1O):tHO2 OOJJaCTH. ll3 nepBoro 3Haqewm npH H8B8CTHOtt IlOJISIPRBanmt npo
TOHOB dwxo onpe,n;eJieHo DOJISIPRSa.IUIOHHoe ceqeHHe 5"p = (IS, r±I, 2) 6, 'ITO 
B npe,n;eJiaX OIIIHdKH COrJiacyeTCJI . C Omt,n;a8MliM BHaqeHJIIeM. 

XoTJI HadJm,Il;eHHe qeTRoro aqqieKTa c.1 ue ocTaBliLJio coMHelid B 
IlP8,Bl!Jll,HOCTR HOBOro MeTo,n;a IlOJISipR3anmt, npe,n;cTaBJIHJIOCI, He JmlllHHM 

yde,n;E:Tl>CJI B Ha.Jilil:'Ilm IlOJISIPRB~ Heii'rpoHHoro :a:y<ma C IlOMOl!II,D no,n;x:o,na:
II!ero aHaJIRBaTopa 'nOJISipR38QIDI. IIpocTeil.:r:!mM H Jl8rKO,D;OCTYIIHHM JIBJIJieTOJI . 
aH8Jll13aTOP Ha OCHOBe HaMaI'IDI'leHHoro xeJiesa. llmlCTmnta ll8Jl83a TOJlll!K
HOtt 2 cM R IIJIOII18,lt&D IOxIO c,l, ycTaHa.BJmBaJiaci B MaI'HllTHOM no.ne I,6 T 
Ha paccT<>JIHKH 2,5 M OT ~Tpa. · llsMepJIJiac1, :mepreTH'lecKaJI saBHcH
MOCT:& aqxileKTa ,D;ByXKpa.THOro nponycKBJUtJI: 

j+-1- p .LO ·c X) 
. 'c..:i,:. 1 -t-L =. ..,;h., n,6'"P,l=.e. > (I9) 

r,Ite j + - cqeT ,n;e:eKTOpa IIpH Dapa.7IJI8Jl:&HO2 WIH aHTRnapa.JJJieJI:&HOit OpH
eHTaIUUt IIOJISIPR38.1Ullt IIPOTOHOB, Q p, \:~ - IIOJISipH3~0imoe ceqeHHe Jlte

Jl83a. H3MepeHHaJI IIOJISIPH3~ P HeiiTpOHOB ,nrut XOJIO,ItHHX II[ TeIIJIOBWC 
HettTpOHOB COCTaBKJJa 42 H 35% COOTB8TCTB8HHO. Tale Kale aHa.JIKaaTOP H3 
xeJiesa He padoTaeT B pe3OHaHCHOito6JiaCTH, TO ,nrut OU8HKHIIOJIJipH38QIDI 
HeitTpOHOB dwxo IIICIIOJl:&3OBaHO 8KCIIepHMeHTaJI:&HOe 3Ha,qeHJ1e . t1 • ll3 (I3) 
H {IS) IIpH 01 = 0 IIO.nytIJ/IM • /. --, 

P=-cJ1.(1..-t-'t.i)'/i.(1+f.""f 1
~ ~2..'i:.-1, c20> 

qTO B HameM c.nyqae .u,aeT \) -::::. I7%. 
Ta.KJ/IM o6pasoM, pes,JI:&TaTl:l OOOHX 8KCIIepm.1eHTOB IIO 0):tHOKpa.THOMY R 

,nBYJCKpaTHOMY nponycKaHD> IIO,IlTBep.nwm padoTocnocodHOCTl> Milli. BnepBl:le 
dWI llOJIY'i8H IIOJISipH30BaliHll1!: nyqOK p83OHaHCHIDC HeitTpOHOB C 8HeprHett ,IlO 
IO K83.XOTJI 8KCnepliM8HTa7II,HOe 3HaqeHJIIe IlOJISipH3atili;III ,IlOBOJI:&HO CKPOMHO, 
IlP8HMYll!8CTBa HOBOrO MSTO,n;a dwm HaCTOJII,KO oqeBJII):tHl:l, qTo .u,aJI:&HettmaJI 
paspa.6OTKa ero 6wra BIIOJll!e OIIpa:aitaua. Ewia C03,IlaHB. IIIIM BTOporo IIOKO
JieHRJI / 7/. XOTJI OHa onepRpOBa.Jia Ta!Clle B B~MM ~3OHe, HO CYII!8CT
B8HHO IIpeBOCXO,Il;RJ]a nepBym. TOJlll!KHa dwra YB8Jll!1UHa B TPH pasa 1,1 COCTa
BWia 2 CM, qTo 6JIK3KO K oIITm.wu,uott. IlpH npoqEC: paBHl:lX yCJioBHJIX aTo 
IIpHBe~O K 60Jiee qeM .ztBYXKpa.THOMY YB8J!Hq8IDll) IIOJISIPH88.UJ/Ili[ uettTpOHOB. 
Y.nytmeHHe KaqecTBa KPRCT8JIJIOB JlMH, O):tHOpo):tHOCTH M'll'HHTHoro IlOJISI H 
CHm!teHRe TeMIIepa.TypH ,IlO I,2.K IIO3BOJmJIO IIO,IlHJITI, IIOJISIPH3~ II!)OTOHOB 
,IlO 44%. -Cyw.sa. 8THX qs&TOpOB IlpRBeJia K YB9Jlll'i8HHll IlOJISIPR3anRK uettT
pOHOB ,IlO 51%. B ,IlBa pasa 61:lJia yBannqeHa IIJIODil,Ill, <pHJI:&Tpa, qTo Ilpa.KTH

qeCKH CKOMII8HCHpoB8JIO na.neHHe J!HT8HCKBHOCTH sa cqeT YB9JIKq8Hl!Jl TOJI-
lltlIHH. 0~8M MliIII0Rli 6WI pa.BeH 28 cM3 , , 
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! 

Ha 6aae npoTOHHOro qiHJII,Tpa BTOporo IIOKOJieHJ/IJI 6WI CO3,IlaH BpeMSI
IIpOJ18THH2 cneKTPOMeTp noJISipll3O:aaHHHX uettTpOHOB ,nrut IIICCJ18,IlOBaHHJI 
B3aHMO,Il8KCTBRJI C IIOJIJipH3OB8HRHMH ~ (pHC. 3). 

' 

~- CxeMa BpewmpoJISTHOrO 
cneKTpOMeTpa nOJISipH3OBaHHHX 
HeitTpOHOB Ha m.myJII,CHOM dHCTpOM 
peaICTope HEP: I - 8.KTllBHaJI soHa, 
2 - B8.KYYMRPOBaHHJ:ltt HeitTpOHOBO.Il, 
3 - nmdep, 4 - KOJIJIHMaTOPH, 
5 - MOHHTOp n:ytma HeitTpoHOB, 
6 - BllCOKOila.KyyMHini arperaT, 
7 - M9KTPOMarHHT, 8 - llrTOH
Hlitt q)wn,Tp, 9 - TOKOBaJI JI:&ra, 
IO - CllJIIHOBUil poTaTOP, I -.MO
HHTOP noJISipIII38QIDI, 12 - KOJIJil![
Ma.TOP, 13 - H,IJ;8l)HaJI llOJISipK30-
BaHHaJI MPIIll8H:&, 14 - 8JI8KTpOMar
HHT, 15 - lJ8RYYMlipOB8JJHH2 HeitT
pOHOBO~, 16 - HaCOCHaJI rpynna, 
17 - nyJI:&Tl:l ~pa.BJieHRJI HacocaMH 
R MU'HHTaMH, IB - KOMIIpeccop, 
I9 - M8KTpOHHaJI amrapa.Typa, 
20 - rasroJI:&~epH, 21 - sanurra 
,IteTeKTOpl;I.~ 22 - Hei1TPOHHH2 ,n;e
TeltTOp, 2.:, - BaK~_po:samrait 
HeilTpOHOBO~. 24 R 25 - ,n;eTeKTO
pu Ha dase npOJieTa 60 III 120 M, 
26 - JIOBytDKa uettTpOHOB. 

liCTOinmKOM HettTpOHOB JIBJIHJICJI peaKTOp HEP, B 8KCnepHMeHTaJI:&HOM sane 
KOTOporo Ha pa.CCTOJIH.lffl II H 13,5 MOT aKTHBHOtt 3OHH dHJIH ycTaHOBJI8HH 
M8KTPOM8.I'HHTH. B nepBOM MarIU!T0 pacnOJiaraJICJI IIpOTOHHl:lK ~TP, a BO 
BTOpOM - RCCJI8.ztYel&'lJI MHIIl0H:&. Melli,IIY MarHHTaMH HaxO,n;wICJI omm-iJlmnmep 
Ha OCHOBe M8TO,D;a TOKOBOtt qJOJII,rR. KOHCTPYKUHJI ~eP,a III ero napaMeTpH 
6WIII llOJIY'l8Hll Ha OCHOBe TeopeT.R'l0CKOrO WI8Jlllsa B 87. ~JIRililep o6ecne
qJ,IB8JI peBepc noJISipIII3anmt HeilTpOHOB C aHepr:e:ett mute IOO aB. J];1Ifl perllCT
paium HettTpoHOB Ha 6asax npoJieTa 20, 60 H 120 M ycTaua:ammaJia.c:& ~e
TeKTOPHM amrapaTypa, CBJI3a,mtaJI C BpeMeHHHMH auaJIKSaTOpa.Mll 11 HaKOllH
TeJII,HHMII ycTPQitCTBa.Mll / 4 , 91_ B nyqKe nepe.n ~TpoM dwx ycTaHOBJieH 
MOHHTOP .llliT8HCl!BHOCTR, a sa q)wn,TpOM - MOIDITOP IlOJISIPIII3~-

c ,Il8llHHMH napa.MeTpa.MH IlOJISIPIII3~OHHl:l2 Hei1TpoHHl:l2 cneKTPOM8TP 61:lJI 
J,ICilOJl:&3OBaH ,nrut JICCJ10,IlOB8HWi BsaniO~ettcTBHJI llOJISipH3OB8HHl:lX He!TpOHOB 
C noJISipR3OB8.HHHM]I[ JI,IlpaMH rOJII,Ml[JI • .ITi9.Jn,Hei!mee COBepmeHCTBOBaHlile CII8KT
poMeTpa dwro CBH:3allO C nepeXO,IlOM B 4-MM ,ItHana3OH MKKpoBOJIHOBO! Ha.Ka'!-
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KH. Ewr COS,Itall IIpOTOHHW 4!RJll,Tp Tp9T1>9rO IIOKOJISHM / 4,9,IO/, B KOTO
pOM Ilpli T8MII8paType 0,95 K 6wra ,ItOCT:1:tI'HYTa nOJmplis~ npOTOHOB 70%, 
tJTO JOS,OJlliJlO nOJIY'IBT::E, peKOP;D;HYD nOJIJ!PRSanm:> pesOHaHCHHX HeitTpOHOB 
67% IO. Ha cneKTPOM8Tp8 CST.HM <I!Wn,TpOM 6wm npOB9,It8HH HCCJ18,It0Ba
HM BSB.liMO,ItettcTmm nOJmpliSOB8.l!HliX H8iiTpOHOB C nOJmpliSO:ea.HHUMR Si,JU)8.MR 

rOJll,MR!l, asoTa, JiaHTaHa H .zteitTepWI. 
Ho:BH:ii M8TO,It nOJIJ!PRSanwI M8.ltJ18HHl:DC HSilTpOHOB Halll8Jl npm.t9H8Hlie B 

npaKTliK8 HS:ilTpOHHOro SKcnepRM8HTa. B ClllA 6WI COS,Itall aHaJIOI'lI'llillit 
cneKTPOM9Tp R Bl:UIOJIHeH umtJI HCCJ19,ItO:aamtli BSaRMO,IteilCTBRH HettTpOHOB C 
IIOJI.flpliSOBaHHID.m ,It8JimlllfMliCSI Si,IU)8.MR. B HAS (MOCKBa) COS,ItaH TaKO:il lle 

CIIeKTpOMeTp. B JIH<I! 6wra npO,ItOJillt8H8. nOJmpli38IO!OHHaSJ nporpa.r,,!l&l Ha peax
TOpe R6P-30. B RlI.lI (rpeHo6JI::E,) IlpOBOMTCSI pa60TH no IlpRM8HeHllll npOTOH
HOro q/Wll>Tpa B KatJ9CTB8 a.HaJlllSaTopa nOJmpHSanwI paCC8JUIHWC T8IIJIOBHX 
li XOJIO,llHHX HettTpOHOB. B KEK (flnoHRSI) paspa60TaH IlpOTOHHml <J!wn,Tp C 
IlpO,ItOJI::E,HOil (B,ItOJl::E, ny-qKa) nOJmpRS810leil .1tJlSI HeitTpOHHl:DC SKcnep.l!MeHTOB. 

B JIMH Bnepwe 6Wia ,ItOCT:1:tI'HYTa BHCOKaSJ nOJIJ!PHSainISI npoTOHOB. EwrR 
Ha.:il'AeHH BSII!SCTBa c 60Jll,mett Komi;eHTP8IO!ett BO.ztopo'Aa, B xoTopwc .ztOCTHI'
HYTH TaKHe xe HJIR ,lJjalK9 60JI88 BHCOKH8 nOJISl!)HS~. TeXHOJIOI'Wl RX Ilpll
rOTOBJ18HliSI SH8.~T8Jl::E,HO CJIOlltHee, tJeM JIMH. C TO'lltl![ :ate speHHSI KatJSCTBa 
TaKOI'O IIOJmpRsaTopa BHHrPHm HeBeJIWt. HanpIDASp, H8ll'JlY'illl88 MliCJlltM08 
BSII!eCTBO - ~CTHfi: BO,ItOpO,It npH noJISJpliSanID! 70% 'Aa8T BHHrpHm B qa.KTOpe 
KatJecTBa p:z..T MeHee tJeM B 'ABa pasa • .I{Jm peaJI::E,HWC Bell!eCTB Taxoil 
BHHrPHlll 811!8 M8H1>me. B STOM WraH9 HCnOJll,SOB8.Hll'.e JIMH .1tJ1S1 npoTOHHOI'O 
<J!wn,Tpa RS-sa CBOeil npOCTOTH SIBJISl8TCSI onpaB,Ita.HHHM Ha nepcneKTHBy. 
IlOSTOMY RCCJ18,ItO:saHli9 xapaxTepHCTHK JIMH nOJI88HO li Heo6XO'A1WO. Ollllca
Hlie Ta.KlDC RCCJI8,ItOBaHRil npRB9,It8HO B I'JiaBS 2. 

CorJiaCHO (13-14) noJI.flpRSa.I.tHOHHHe xapaxTepRCTllKll IIpOTOHHOI'O qJH.lll,
Tpa onpe.zteJIJmTCSI noJIHHM R llOJmpllSa.I.tHOHHHM cetJeIDISIMR BSaRMO,It8ilCTBRH 
0 0 H Dp • Tax KaK JIMH SIBJISISTCSI cpaBHRTeJI::E,Ho cJIOXHHM XRMR'IeCKHM 

coe,nmieHHeM, a HMSHHO, ero <lJoPMYJia Lo..~M~>lN01),i2 ;.2\/H,2.0, TO 
B nOJIH08 cetJeHRe 01) llOMKMO BO.ItOPO'Aa saMSTHH:il BKJia.It BHOCSIT miyrne 
SJieMeHTH. MOHOKpliCTaJIJI JIMH OJiaI'O'Aap.!i poMOoami~eCKOiii TpHI'OHaJil,HOii 
CTpyitType HM98T <Iio:PMY IIJIOCKOtt meCTlJYI'OJll,HOil IIJiaCTRHH, TpliI'OH8Jll,HaSJ 
OC::E, KOTOporo nepn8H.nHKYJISIPHa ee IJJIOCKOCTR. YCJIOBRH ,ItllH8.1,m'i8CKOii no- , 
JISl,PRS~ Tpeoym Opli8HT~ TpHrOHaJI::E,HOil OCH ne:pneH,ItUKyJI.flpHO M!ll'HRT_. 
HOMY IIOJID. Ilplll 8TOM 8CJlll TpHrOHaJI::E,HYJ) OC::E, HaIIpaBRT::E, B,ItOJll, OCR~, 
TO llp0llSBOJll,HaSI opReHT~ IIJiaCTBHH B IJJIOCKOCTlll cetJeHM ny-qKa He oy
,IteT CKaSHBaT::E,CSI Ha cetJeHRH BsaHMO.zteilcTBlilSI HettTpoHOB C KPRCTaJJJIOM. 
HMeHHO TaKOe paCIIOJIOX8Hli9 KpllCTaJIJia OHJIO peaJIHSOBaHO B Ha.mRX KOHCT
pym:tllSIX IlpOTOHHWC 4!RJll,TPOB'4 nplll TaKOft reoMeTplillt owm ll18M8peHH HeiiiT
pomw:e xapaxTepRCTmtlll JIMH 4/. 
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lfaMepeHHSI nponycKaHWI T0 HenoJI1IpnsoBaHHHX KPHCTaJJJIOB pasHIDC 
TOJllltliH llp0BO,ItHJillC::E, B RHTepBaJie T8MIIepaTyp 1-295 K • .I{Jm liSMepeHHiii B 
o6JiaCTli :3Heprntt 0,005-50 sB HCnOJI::E,80:saJiaC::E, .1tJlll1Ha npOJieTa 60 M. Ilpll 
RSMepeHRSIX Hm!te 0,005 sB ,It8T8KTOp YCTaHaBJmBaJICSI Ha paccTOmmH 14 M 
OT ~eHTpa peaxTopa. Ms cepmi: 8KCnepm.1eHTaJI::E,ma: ~ no IlpOIJYCKaHIIlO 
OWIO 0Ilp9,It8Jl8HO ll0JIH09 cetJeHRe BSaHMO,IteilcTBHSI OM Ha O}J}:Iy MOJI8KYJIY 
JIMH (p11c. 4 ).Ha OCHOB9 STRX .ztaHHI:DC, a T8.Kllte JIHTepaTYPHHX .ItaHHIDC 0 
cetJeHIDDC SI,Itep, KpOMe BO.ItOPO'Aa, BXO.wmtme B JIMH, OWIO BH"mCJISHO C8tJ9Hli8 
pacceSIHlllSI 6"s He:ilTpoHa Ha npoToHe (p11c. 5). Ilplll E < 0,1 sB ns cetJe
HRSJ 6'M B!NlllTaJilllC::E, TOJl::E,KO H8KOrepeHTH08 11 SaxBaTHOe cetJeHWI 8JI8M9H
TOB, a npn E > 0,1 sB - nOJIHHe cetJeHWI. 

PHi, 4, IloJIHoe cetJeHHe BSaIDl!o
.iiecTmm QM HSilTPQHa C MOJie
ItYJIOii JIMH B SaBHCHMOCTli OT 
8Heprlillt HeiiTpoHB. E. npll KOMHaT
HOft T9MII9paTYP9 (CB8TJible ~O'lltl![) 
n yope.u;aeHHoe no RHTepBaJIY 
T8MII9paTyp 1-77 K ( T8MHHe 
TOtJKR). 
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~. CetJSHHSI paooeSIHlllSI HeiiT
poHa Ha IlpOTOHe KpliCTaJJJmSa.I.tH
OHHOii BO,Itbl JIMH. CB8TJibl8 TO'lltl![ 
IIOJJY'l8HH ~T8Hll9M oetJeHH:il HS
KOrepeHTHOro paoceSIHHSI n saxm
Ta B08X OCTaJI::E,HI:DC SJ,Itep, BX:O,wi
ll{IDC B JIMH, HS 8KCll8pliM8HTaJI::E,HO
I'O 08"<19HWI MOJISKYJibl JIMH; TSMHHe 
TOtJKH nOJIYtJSHH BWIHT8Hll9M 
nOJIHI:DC cetJeHlitt. 

AiiaJlllS XO'Aa oe"<lemm E>s ( E) B lllHTSpBaJie 0,5-50 aB llOitaSaJI, tJTO OHO 
xopomo OllllOHBaeTCSI BHpal!tSHlieM _ 

¾ le.)/ fls,cJ.of. = 1+ K /1E , _ (21) 
r.zte 6'".s,c.t .. r. - oetJeHHe pacceSl!illSI Ha OBo60.ItHOM npoToHe, K - cpe.u;BSISI 
KlllH9THtJ:90KaSJ :meprllSI aTOM:1 BO.ItOPO'Aa B JIMH. EWIO Ha:il'ASHO, tJTO Hm!t8 
77 K B9JilitJRHa R He saBRCHT OT TeMnepaTypH H paBHa O,II±o,02 sB. 
B IIpOM8xyTOtJHOil o6JJaCTli SHeprd OOOTBeTCTBj'Dlllle Kpl'IBHe Ha pll'C. 5 He 
CTllKYlOTOSI, T.K. B Hett llPOSIBJlHD'l'CSI KOrepeHTHHe 8qJqJSKTH Ha CTPYRTYP8 
KPHOTaJIJia. B XOJIO.u;Bott OOJiaOTH BHXO,It 09tJ9HHSI o's Ha ypoBSH::E, HeK9re
P9HTHOI'O pacoeSIHWI Oi,!c, Ha IIOJIHOOT::E,D CBSISaHHOM Ilp0TOH9 npaKT~80Kli 
OCYJ118CTBJm9TOSI mme l MSB. OTCJ!Wl C.lle.JJYeT, tJTO o6JiaCT::E, IIpliMSHJIMOOTJJ: 
yp. (5) COOTBSTOTByeT 8T0li rp~e. 
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Onpe.n;eJI8Hli8 3HepreTH'l8CKOtt aamrcID40CTH noJIJipRSmzylOHHOrO ceqeHlitJI 

G'p 6WIO C,JJ;eJUWO .ItBywi M8TO~. B nepBOM lits ma: npoBO,ItWilitCl> litSMepe

HlitJI 3q$3KTa O'AHOKpaTHOro nponyc:itaHWI t1 C KpHCTa..7IJI8.MJI[ .lIMH TOJmtmlOit 

0,915 CM Ha 6ase nponeTa I4 M lit I,835 CM Ha 6asax ·19 H 60 M. B ml

T9pBM9 sHeprd 0,5-50 sB lit9 9KcneplitM9HTB.7II,HHX ):t8.HlmX t,t no yp. (I8) 
npz 6'1 = 0 onpe.n;eJillJIOCI> simqeHRe BBJil!'mlW 1°N h-6'p X , a saTeM £!IH
cimaJioc1> c noMOIItl>D yp. (21). Hawlytmlee olllitcrume .n;ocTlitI'aJioc1> nplit K = 
= 0,I6±o,02 aB, qTo B npe.n;eJiaX ~oihtott oum6Klit corJiacyeTc.a: co sHaqeHR

eM R HS RsMepeHd nponycKaHRH 1 0 • SKcTpanOJJJJnW! aTott samrcm&ocTH 

K E=-0o c litCnOJILSOB!UllIBM HSBBCTHHX sHaqemrl! Yv, 6"'y1dod. H X ,JJ;aJIO 

sHaq9Hli9 npoTOHHOil nOJUipRSaizy[Ji'[ + Iv , KOTOp09 lit 6WIO RCnOJILSO:eaHO ;rI.1I.f! 

Ha.XOJ!f,ll;9HRH aHepr9Tli'l9CKOil SamIClitMOCTlit Op • Xo.n; ceqeHRH B o6.naCTH 

0,5-50 aB, RopwpoBaHHoro Ra Op
1

c..t0S'. , noxasaH Ha KplitBOft plitc. 6 TBM

HHMR Kpym<&m. 

I'f.· 6. IloJIH09 nOJillpHSmzylOHH09 ceqeHJl[e 
i> (KplitB8Jl 1) H ceqeHHe o-t (KplitBM 2). 

SKcneplitM8HTaJILHli8 Tom COOTB9TCTBYJ>T 
cJie,eyDllllM ycJiommM: Ha Kpnott l 60JILume 
CB9TJil19 KPYJ[ltl! nonyqeHH ]1[9 litSM9P.8Hd 
aq$3KTS ~~ C .ItBywi npoTOHHHMR qm.m,Tpa
MR; T8MHH9 lit CB8TJil18 MEUI0Hl>Klit9 KpyxIUI 
n~0Hli HS lit9M9p0Hd ajxll8&Ta c.1 C 
0~ npOTOHHliM ~TpOM paSHO~ TOJmtmlli 
B npe,JJ;IIOJIOll8Hl1[JI[ 5; = 0 R 0-f =:£"Op CO-

I 1 :r,. 
1 1 , OTB8TCTB9HHO • Ha KP.litBOit 2 Tom nonyqe-

,.. .- , ., ,.. Hli COBM8CTHO!. o6pac!OTKOtt H9CKOJILIWX ce-
E.n pzft llSMepemrl! -~-1__!. lk,_!IPH pasHHX TOJI

lIU:IHSX H nOJillpH3W4Wil, qJWlbTpOB. 

Hmite aHeprM 20 M3B nOJillpRSaIU!OHH00 ceqeHRe HaXO,ItWIOCI, lit9 aKcne-

pIIM8HTaJILHlilC ):t8.HlmX t.1 no yp. (I8) B npeJinOJIOllt8HliH 6"'-1 ""'-½op 
(M:1.JI9H.bKR8 CB8TJil19 KPYJOOI Ha Kp~ott I pHC. 6).TaK llt0,KaK H ceqeHJl[0 

pacceRl!Wl 6"s , llOJUIPll38lzy[OHH09 ceqeHJl[e 6""p BWCO,Jl;RT Ha ypoB9Rl>, COOT

B9TCTBYJ.]IIW1 llOJIHOCTblO CBH3aHHOMY npoTOHY, HlOlt9 l MaB. B npoM0JltYT0'3:HOit 

o6JiaCTll CllTyaIU!H C Op OCTa9TCH H90np9,It9JI9HHOtt. ,llJill ceqeHRJi pacce.a:

HlitJI 6'!, Ta&a.a: Heonpe.n;eJieHHOCTb (CM. PRC. 5) He litM00T CY!ll0CTB9HHOro 

npaKTll'i8CKOrO sHaqerum, TaK KaK B yp. (14), OlllitCW3SBllt8M nponycKaHHe 

qll:IJU,Tpa, BM9CTO !&l.KpOCK0~9CKOro ceqeRHH \'1-ti"o npoTOHa ,JJ;OJWIO BXO

,ll;RTb MaKpOCKOIDf48CK08 C9'3:9Hli9 \tl. M 6°' M MOJJBKYJIH .lIMH, r.n;e V\.1-\ - tmCJIO 

MOJI9KYJI B I cr.i3 , a () M O'AH03Ha'3:HO Ollp0,ll;9JI9HO HS 3KCll0plitM0HTOB no 

nponycKaHIDJ H8llOJIJ'Ipll30saHHOro ~Tpa. 3Toro H9JIL3H citasaTI> 0 C9'3:9HR

RX 6"p ll 0,t • l1x: TO'llt00 sHaqeHRe UM09T llpaKTZ'3:8CK09 3Ha'3:9Hlit0, oco6eH

HO 9CJill ~TP npe.n;HaSHa'l0H ~ onepHpOB!UllIH B T0llJIOBOtt o6.nacTlit. B 

CBHSll C 9TllM HaMR 6HJill npe,JJ;IIpmuITH R3M0p0HRH nOJUiplit98UlitOHHOrO C0'!9HlitH 
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G"p .lij)yrHM M0TO,JJ;OM C HCnOJII,SOBaHR9M ruraJill'.SaTopa noJIJipH3aizy[J1[ IJY'lKa 
Ha 6ase BTOporo npOTOHHoro qwII,Tpa. B OCHOB0 3TOro M8TO,JJ;a JI0l!WT yp. 

(2). 
!JyCTI, llY'!OK HeiiTpOROB C noJIJipHsaizyiett f)\. na,JJ;a9T Ha npOTOHHm!: 

qwII,TP C noJIJipHSmzyleil i"N . Ilepe.n; qnIJII,TpOM pacnoJiollteH ClllitH-qwmIIep 

C aq$3KTRBHOCTbll nepeBopoTa 'f' . 0603.Haqaji nponycKaHHe qwn,Tpa C 

Bl1KJIJJ'l8HHHM ll BKJIIJ'leHHllM qm:mme poM qe pe s TV\- 11 T ce.. , n~ 

\\'\, =To lc.t...(\r-1\"\.<r,)()+ t" -1l(h1V\-<rp x)], (2~) 

To.. =-T0 Lc:.1.U·l'ln.opX) + 'P:h.'-1l(fNYlffpX)]. (23) 
Mcm;)JIJ,Sy.a: ~ nOJUiplitSaizy[ll[ nyqKa llOCJie nepBoro qwII,Tpa Blipallt0Hlit9 (13), 
nOJIBI'M, KaK .n;o.mmo 6HTI>, (1 +'f) << l 11 CHa6'1WJI nopJJ.ItKOBHMll RH,Jl;9KCa

MJI[ B9JIH'll1[Hli, OTHOCJnlll1[0CH K qwII,Tpa.M - noJIJip11saTopy11 aHaJIRSaTopy, 

nOJIY'lllM ~·aq$3KTa .ztBYXKpaTHoro nponycKallIDi 

't.,._-=. ;_ (_.-\-'f )-llltN1 V\.~p )(A) t.tUN2.h-<rp )12). 
B STOM Blipallt9Hl1[JI[, nOMHMO 6"'p , H0llSB8CTHli 'f) , trJ1 H fl'll.. 

(24) 

,llJill onpe,JJ;9JI9HHSI aq$3KTHBHOCTlit qm:mmepa 6WI llCnOJILSOBaH Jlt9JI93Hlitt 

llllitMM ~ .n;enOJI1Ipll3aizy[J1[ nyqKa noCJie nepBoro qwn,Tpa. ~aKTZ'i0CKYJD CT0-

neHI, .n;enoJIJipH~ B .n;aHHOM CJJY'U19 3HSTI, ~He o6.a:saT9Jll,HO. JJ;ettCTmI

TeJILHO, ecJIJI[ npH 11sMepeHl1[JI[ T"'- H To.. B nyqKe Me1EJJ:/ qwn,Tpru.m nocTo

HHHO HaXO,JJ;RTCH umMM, TO B yp. (22) 11 (23) Ha,JJ;O Sa.M0HlitTb f.,_ Ha H0KO

TOp00 H9ll3B9CTH00 9Ha'l9Hll0 t~ • BBO,Itll COOTB0TCTl3Y]II!Ui0 0003Ha'l9HM 

nponycxalid T ~ 11 T ~ , nonyqRM 

V>- T~-,~ , 
T - U& (25) 

'"--\\'\-
T.e. MHOJltllT9JIJI[, co.n;epllt8Jltl1[e f~ , COKP8.llili7l'CH. ,Il;Jm HWC:Ol!f,ll;9HHH nomrpll-

3~ (pWll,TpOB llCnOJILSO:saJmCI, llSMepemm aqxlleKTOB O'AHOKpaTHOro npo-. 

IJYCKaHIDI H COOTB9TCTBymiaJI npo~e.n;,ypa me o6pa60TKJI[ ~ pesOHaHCHOtt 

o6JiaCTll, OllllCaHHM nepe.n; STHM. 

,llJill peaJIR38Ulitll BToporo M9TO,JJ;a onpe.n;eJIBHHH·nOJillpHSmzylOHHOro ce

'l9HHH Op B Ka'l9CTB8 aHaJIHBaTOpa nOJillpHSaizy[JI[ 6WI HCnOJILSOBaH npo

TOHHlitt qlWII>Tp BTOporo noKOJI9HHH. OH 6WI nepeB8,JJ;0H B 4-MM ,JJ;RaIIaSOH 

Haxam H YCTaHOBJI0H BO BTOp0M MaI'HlitT9 Bp0MlUIPOJI0THOro cneKTPOM0Tpa 

nOJillpllSOBaHHHX: HettTpOHOB. Tax KaK o6a qwII,Tpa ~OHlitPYJOT B O'AHOM 

11 TOM llt0 MmtpOBOJIHOBOM ,JJ;Rana90H0, TO CllCT8Ma .n;mmMll'l0CKOit nOJillplitSa

Wll! qwn,TpoB 6Wia c.n;e.mma o6iqett (p11c. 7). Ha p11c. 8 noxasaHa aaepre

TIRecxa.a: 3aBHClitMOCTI, 3q$3KTa ~yxKpaTHOro nponyc:KaJIJm ~t. , n~eH

Ha.a: npll nOJUipHS8lµUDC nepBoro II BTOporo qwII,TpOB 65% H 42% COOTB0TCT

B8HHO. Ha pHc. 9 noxasaHa Taita.a: llt0 SaBHCllMOCTI, f!~ , HO IIPH ·HaJllitlll:'lll 

llt0JI93HOro lllll:Ml,B TOJIIqllHOit 4 MM B nyqKe M01EJJ:/ qwII,TpaMR. Hllllte 9H0prHH 

4 aB llllitMM nOJIHOCTI,I) .n;enOJISiplitSyeT llY'!OKj npll 60JI99 BHCOKOtt 3HeprHH 
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ero ,D;en0Jlfl:pll3yxnu!8 CBOtiCTBa yxy}J1JJBJDTCSI. XoTSI 8TO H He MemaeT onpe.D;e
JleHIIIO 8qqi8KTllBHOCTll qumnnepa ':f , TeM He M8H00 TO"iHOCTl, Ta&oro onpe
.D;8J10Hllf! y-MeH:EimaeTCH. lfa aKcnepRMeHTaJr:E,Hl:lX .naHHl:lX &.1, n ~ 6Wia on
pe,D;eJleHa aHepreTH'IecKaH aammRMocT:Ei If' B .D;HanasoHe 10-2 + IO aB. 
BeJililllllla 'f cJla6o arumcnT OT aHepru HetiTpoHOB, H0CKOJ1:E,KO YBS~- ·. 
f!Cl, BHllle I aB. Cpe,IUiee ee 3Ha'leHRe B yrul.3aHHOM .D;HanaSOHe OKa3aJIOC1, 
paBHWII 'f = -0,9I±o,OI. 

~- EJl9K-cxeMa BpeMHllpOJISTHOro 
cneKTpOMeTpa noMpnsoreHHl:lX HettTpo
HOB B pel!UIMe pa60TH C .D;BYMll .D;RH8.MH
'l8CKll nOJlfl:pllSO:saHHHMll MlilIISHf!Mll: 
I - MRKPOBOJIHOoo.H anrrapaTypa )l;JifL .D:ll
HaMK'iecKoti HaKa'lKll Mm!leHett~ 2 n 3 -
- cneKTpOM0Tp JlMP )l;JifL llpOTOHOB, 4 -
- pa.D;llOtJa.CTOTHaf! anml.paTYpa )l;JifL Ha-
Cl:llll8Hllf! HMP asoTa, 5 - cneKTpOMeTp 
HMP .D;etiTOHOB, 6 - npoTOHHW (J)Wll,Tp
-llOJlf!pnsaTop1_~ - cmm-qimmnep, 8 -
- npOTOHHHti qlll.lll>Tp-a.HaJlllaaTOP wm 
nOJlfl:PHSOBaHHaf! .D;8HT0HHM Mnm0Hli, 9 -
- H0HTpoHHHti .D;0T0KTOp, IO - annapa-
Typa ynJ)£1J3.7IeHllf! n KOHTPOJIH cneKTPO
M0Tpa, II - annapaTypa Bp0M8HHOro 
aHaJWsa H HaKOllJl8Hlif! cneKTPOMeTpH-
'l8CKOtt llH4JOpMa.IUm. 

C HOllOJl:E,SOBa.HlleM aKcnepH!v!eHTaJll,HHX 3Ha'l8Hlitt ~.,, > 'f', f ...,1 H -f N ~ 
corJlaOHO BHpaJK8HIIIO (24) 6Wia Hafi.D;eHa aHepreTH'IeCKaf! aaBHCllMOCTl, no
Jlf!PH98.UHOHHOro ce'leHllf! 6"'"p HeitTpoHa_ Ha npOTOH0 (60Jll,illli0 CBeTJIHe 
Kpymtn Ha KpHBOtt I pnc. 6). Ha-sa H0.D;OCTaTKa llHT0HOHBHOCTH He Yll!i
JIOCI, npoBeoTn BaMepeHllH HIDKe IO MaB. 0.D;Ha&o lJ!iHH!l0 HS 11sMepeHHtt C-1 
ll ~l. Y.D:OBJ18TBOPHT0Jll,HO CTHeylOTCf! np11 8TOtt aHeprim. SKonepRMeHTaJll,
HOe onpe.D;e.n:eH11e Dp noaBOJillJIO nepeo6pa60TaT1> lJ!iHH!le no E1 , o.D;eJlaB • 

6""-, CBo60,IJ;HHM napaMeTpOM. lfa yp. (IB) npH llSBeCTHHX E.-1 , fN H 6°p 
6Wia. Onp0.D;0Jl0Ha aHepreTll'l8CKaf! saBHOllMOOTI, 6'1 (aKonepHM0HTaJll,Hll0 
TO'lKll Ha KpllBott 2 pno • 6) • C Yl38JIH'l8Hll8M SHe pro C0'l0Hll0 6'1 llalJ!i8T 
ll OKOJIO 0,4 aB npa&Tll'l0CKH 3aHYJlf!0TCH. &ra aHeprM 6JIHSKa K 0,5 aB, 
BHlll0 KOTOpott Ha'lllHaeT pa6oTaT:Ei OllHCaHR0 (2I). C YM8H:Eifil0Hll8M aHeprim 
axcnepm.18HTaJll,Haf! Kplloo.H 6'1 .D;OCTaTO'lHO 6JIHSKO no,D;XO.D;HT K T80p0Tll
'l0CKOMY npe.D;eJIY G"1 =- ½. S'i.~c. • TaxRM o6paaoM, axcnepHMeHTaJll,HO onpe- , 
.D;eJI0HHll8 aHepreTH'I8CKlle saBHCllMOCTH OM ' Op n °" nosBOJISml' O.D;H0-
3Hatm0 pacC'lHTHBaTl, napaMeTpll npOTOHHOro @tm,Tpa B T8llJIOBOtt o6JlaCTll. 

B XO.D;0 llCCJl8.D;Ooo.Hlitt noMpm3aI~OHHHX :xapa&TepHCTmt JIMH 6HJI T8.Kllt8 
li3Y'l0H BOnpoc O cmmoBOtt Koppa~ npoTOHHl:lX CimHOB KpHCTa.JIJllIS~
OHHOtt BO.D;ll, B03HHKaD!l8tt K8.K CJl0.D;OTBH0 RBaHTOBO-M0:xaHH'l0CKOtt HepasJIH
'lllMOCTH O.D;llHaKOBWC tJa.CTmt. lia.Jm'llie Ta.KOH Kopp~ MOllt0T CKasaT:E.Cf! 
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b:lQJ. 3HepreTH'lecKaH aaBHCn
MocT1, 8qqJE!KTa ,JtBYXKpaTHOro npo-
IIYCKaHllf! E..t.. 1101)03 .ItB8. llpOTOHHHX 
~Tpa HS 1IWr. 

·\I I : .... ..l. . , ?,t+tt. · 1 
If'. ta4 t [,,. ID 

Plro. 9. To xe, 'ITO n Ha 
pnc.a; HOC llteJI03HllM IIIHMMOM 
TOJlllllil:IOfi 4 MM B llY'lK8 HetiT
pOHOB M0J!UIY @tm,TpaMH. 

Ha npo:a;ecce .D;llH8.MH'l0CKOI IIOJIJlpHsa:a;nll. JlettcTBHTeJil,HO, eCJlll llapaMOJleKy
JIH BO.D;H (IIOJIHlltt cmm 1 =D) HBXO,wITCSI B 3aMOpollt0HHOM COCTOmmH, TO B 
.D;llHaMH'l8CKOtt IIOJlfl:PH~ yqacTBym TOJl:E,KO OPTOMOJl8KYJIH BO.D;H (tJ =I). 
Tax K8.K npn T8pMH'l0CKOM paBHOB8CIIIH COOTHOfil0HK0 OpTO- H napacOCTOf!Hlitt 
paBHO 3:I, TO MaRCHMaJll,HO B03MOlltH8SI B 8TOM CJIY"iB.0 n0Jlf!pll98.Ullf! llpOTO
HOB paBHa 75%. 0.D;Ha.KO eCJIH B03MOJKHH II0pEt.lcO.D;H na napa- B opTOCOCTOSI- . 
Hne (HanpHMep, 11epea ypoBeH:Ei ~ =I, 4:2- =D), To ,naJle npn HaJIH'lnn xoppe
Jlf!D;Hll llpOTOHHHX CIIHHOB B03MOJKHa l'IX IIOJIHaf! IIOJISipna~. C IIOMOiql,JO 
HelTpOHOB ,ItOCTaTOtmO IDISKRX 8HjP:d MOJ!tHO o6HapyuTl, 3aMOpOl!teHH00 
COCTomme. CorJlaCHO Teopnn /II HeKorepeHTHoe C0'l0IDl0 (5) .D;OJilKHO 
6HTI, .D;OIIOJIH8HO 01110 O.D;Hm.l -qJl8HOM, He SaBHCJllllHM OT nOJlfl:pllSa:a;nll HeiiTpo
HOB, HO KBa,lij)!lTH'lHHM IIO J"N : 

A 6't)I.(. = - r":-1 r~ S"t~c. s~~;f c.os. (K f) > (26) 

r,D;e P - paCCTOSIHll0 M0J!UIY llpOTOHaMH B MOJl0&yJl0 KpllCTaJIJlll3~0HHOii 
- ➔\ . ..... .. Bo)tll, K-= \ \<. \ =lK. , . KO n I< - BOJIHOB!le BeKTOpll Hei1TpoHa .D;O 

H IIOCJl0 CTOJIKHOB8Hllf!. qepTa Ha.it KOCHHYCOM 03Ha'la0T ycpe.D;H0Hll0 IIO 
BC8M MOJl0&yJiaM BO.D;H, BXO~ B 8Jl0M0HTapHYJ) SI'lein<:y • Pac'leT no ns
B8CTXOI CTPYRTYP8 JlMH lJ!iJI c.o~ (K ,f) ~- Co~1 K f • BH_prura.Jl K 11epes 
aHeprm> HeitTpoHa E n ncIIQJ1:E,SySI naBeCTHoe sHa'leHlle J , llOJIY'lllM )l;JifL 

Ce'leHHSI 6"~ B (IB) 
:r o 1 5LI\.XC.o~½x) °1 -==- I +-1 6"'.:"'"'- \. -1 ;- :x , (27) 

r,D;e 
X = I,05 "Ff/2, (28) 

E ,na.HO B 11aB. TaKIIM o6pasoM, aqqieKT o.D;HoKpaTHOro npo:a;ycKaWm 
.D;OJillt0H 6!lTl> YCHJl0H B XOJIO.D;H0:11 o6JlaCTH. 
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,lf,Jm npOB9,IJ;9Hml TaKOro aKcnepllM9HTa /II/ 6WI llCnOJII,30BaH npOTOH
HllH cpMl>TP M9HI,ID9il TO,mnmrn, a llM9HHO 0,415 CM. IlOJIJIPll3a,nIDI npOTOHOB 
COCTaBWJa 68,5%. ,lf,Jm nOBHll19Hml llHT9HCllBHOCTll xono,ll;HWC HettTpOHOB 6WI 
paapa6oTaH oXJiaJK,IJ;eHHHtt .no aaoTHOtt TeMllepaTypH aaMe~em, peaKTopa 
lffiP. IJytlOK 6WI T~aT9Jll,HO cqx>pMllpOBaH ll O'll!lll9H OT 3aIJa3,It!,1Ba!OOWX 
HeilTpOHOB oXJiaJK,IJ;eHHHMll .n;o aaOTHOH T9Mll9paTypH 6epWLJm9BHM ll rpa./pllTO
BHM cpMl>TpaMll. H3M9p0Hllll npOBO,ItRlll'[CI, Ha 6aae npOJieTa 19 M. Ha p:ac.IO 
npe.n;cTaBJieHa . aKcnepllM9HTaJII,H8JI aaBllCllMOCTI, aqxi:eKTa t 1 B o6mCTll 
aHeprml: 0,5-6 MaB. C llCnOJll,30BaHll9M Hamme aKcnepllM9HTaJII,HHX ,n;aHHHX 

no ceqeHIDO paccemIB/1 He:iiTpoHa Ha npoToHe B xMo,IJ;Hoil o6mcTll (pnc.5) 
6wr pacc~TaH TeopeT~ecKml: xo.n; c1 6ea Y'l9Ta Kopp~ (Kplil38JI 
I Ha pllC. IO) ll c Y'l8TOM Koppa~ no qx>pMYne (2?) (KpllB8.!l 2). 9Kc
nepHM9HTaJII,Hll9 ,IJ,aHHH9 xopomo OllllC!lB8.IOTCJI KpllBOH l. TaIWM o6pa30M, 
nOJIYll9HHH9 ,n,aHHH9 roBOpJIT 06 OTCYTCTBllll "3aMOp0llt9HHOil", Tep~ecKH 
paBHOB9CHOH KOHI:t9HT~ napaMoneeyn BO,n;H B ,ll;llHaMH'l9CKll nOJlllpll30BaH
HOil npOTOHHOil MEll!9IDI. IlO-BlW™OMY, B npouecce ,ll;llHaMH'l9CKOH noJiflpll3a
Ullll npOllCXO,ll;llT aqxl:eKTllBHaJI nepeKatnta. MoneKyn BO,n;H ll3 napa- B opTO

COCTOJIHll9, 

3,5 

3 

w 2,5 ,--t--++---' 

2 

E. 
10 

PHc, IO. ~KT o.n;HoKpaTHoro npo
nycKaHM E:,1 B aaBllCl'!MOCTll OT 
aHeprllll HeitTpOHOB E, B MSB. CB9T
Jlll9 KPYJ!CKll - aKcnepllM9HTaJII,Hll9 
TO~ll. KpllB!i9 Ill 2 pacc~aHH B 
npe.n;nonoxeHllll OTC1,TCTBllJI ll H~
~ 113a.MOpOllt9HHOtt ', T9p~9CKll 
paBHOB9CHOH KOHI:t9HT~ llapaMO
neKyJI KpllCT~3aullOHHOil BO,n;H 
JIMH. . 

rJia.Ba 3 noc~eHa JI.IJ;9pHo-g)ll3~ecKllM llCM9,IJ;OBaH.IUIM C nOJIJipll30-
BaHHHMll H9HTpOHa.Mll Il JI,lJ;paMil Ha BpeMIIIIpMeTHOM cneKTpOM9Tpe', OllllCaH
HOM B npe.n;H.IJYillllX r~. TeopeT~9CKOil OCHOBOil TaKHX RCM9,IJ;OBaHllH 
JIBJimOTCJI Bllpallt9Hml (2-4). lfa HHX cne-pym ,IJ;B9 B03MOlKHOCTR B rrarec
KOM aKcnepllM9HT9! onpe,n;eJieHlle CllllHOB HettTpOHHIDC p930HaHCOB 

12 
Il 

wrmr pacceJIHM HeilTpoHa Ha JI,IJ;pe. 

He:iiTpoHHHil p930HaHC, B036yiir.n;aeMHil S -HeilTpOHOM, xapaKT9PR3Y9TCJI 
CllllHOM cocTa:eHoro JI,IJ;Pa 1-=-I:t. ~ • Ilo~oe ceqeHRe B3anMO,n;ettcTBM 

paBHO 
~-=- S-0 ( 1 "T _f t,., t N ) , (29) 

12 

'/ 

~, 
/. 
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r.n;e cTaTHCTMecKml: oocoooil qmtTop f B ~e 9 =- I+¼, paBeH 
I 

f =- I -1--1 J (30) 
a B ~e 1=I-1 

p =-I. (31) 
B aKcnepllM9HTax no nponycKaHmO IlOJiflPR30BaHHHX HeilTpOHOB qepea nOJIJI
Pll30Ba.HH:ylO JI.IJ;9pHYJ) Mmll9HI, R3M9pJI9TCJI aqxi:eKT .n;ByxKpamoro nponycKaHM: 

_ (1-'f) fn- tli..Cf1t1Ph,fS"oX) 
t.2,-- ~-(1+rp) fn,-{;e.._ Cf'iv.fh..(T,,X) • <32> 

3HaK aqxi:eKTa t,2,, Henocpe,n;cTBeHHO yxaaHBaeT Ha aHaqeHRe cllllHa peao
HaHca. 8Tott M9TO.n;RKOil 6~ onpe.n;eneHH CilllHH H9CKOJII,KHX .n;eCJI:rro, 
H9ilTpomrux: p930HaHCOB JI,IJ;ep rOJll,MllJI (o6aop STHX pa60T ,n;aH B 13 ). 

Onpe.n;eneHRe wrmr pacceJ!HllJI CN:t Tpe6yeT Ko~eKca aKcnepRMeHTOB, 
B KOTOpOM nOJIJipll3auHOHHlltt aKcnepllM9HT JIBJifl9TCJI, KaK npa~o. aaoop
maJ!Jlll!M. PaccMoTpllM ero Ha npllMepe pacceJ!HllJI HeilTpoHa Ha .n;eilToHe. 
TaK KaK cllllH .n;e:ilT-OHa I = I,· TO pacceJIHHe onncHBaeTCJI ,Dy6JieTHott Cv,i 

ll KBapT9THOil Q.. 4 Wifilla.Mll pacceJIHM. B SKcnepllM9HTax C HenoMpil30-
BaHHHMil qacT.nuar,m MOryT 6HTI, ll3M8p0HH nOJIHoe ceqeHRe paccemIB/1 Os' 
KOrepeHTHM WIIDia { c.olv ll H9KOrepeHTH09 .C9'19Hll9 ~::c. • CommcT
H09 pemeHRe CllCT9MH ypaBHeHRfi OTHOCilT9Jll,HO (),,2,ll (),~ .n;aeT .n;Ba Ha6o
pa wrmr pacceJIHM, 0.n;H03Ha'IHHttB!i60p Ha6opa MOllt9T 6HTI, OC~9CTBJI9H B 
nOJIJipll3aullOHHOM aKcnepllM9HT9 nyT9M onpe.n;eJieHmI 3HaKa noJiflpll3auHOHHO-

. ro C9'19HmI pacceJ!HllJI H9ilTpOHa Ha CBo60.n;HOM .n;eilTOHe: 

aP::c g;(o..~-a,t). C33) 

Hcnom,ayJI JIIlTepaTypHHe ,n,aHHHe o Ha6opax, no~ ~ = -I,6 ll 2,6 6 
npR (L.1 < ()., 4 R fL2, > ()., 4 COOTB9TCTB9HHO. 

Jry6JieTH8JI n KBapTeTHM ,ItJmHH pacceJIHM OTHOCJITCJI K wyH.n;aMeHTaJIIr
HHM JI,IJ;epHHM KOHCTaHTaM, KOTOpHe nocTOJIHHO ncnom,aymcJI ~ npoBepKR 
TO'IHOCTR JIXXjHX pememnt JI,IJ;epHott npo6JI9MH Tpex Ten. 06umpHHe T90p9TR
'19CKR9 RCM9,IJ;OBaHM BHa'IaJI9 6HJIR HanpaBJieHH Ha TeopeT~9CKml: BH6op 
llCTllHHOro Ha6opa, a noa,IJ;Hee - Ha 6onee TO'IH09 corJiaCOBaIDI9 T90p9Tll
'19CKllX 3Ha-qeHRfi C aKcnepm.i9HTaJII,HHMll, 0.n;HaKO nocAe,IJ;Hee CJIOBO npmra.rc
JI9lltRT OllHTY, TeM 6onee, 'ITO K Ha~ OllRCaHHHX .n;anee 3KCil9pllM9HTOB 
<;>6~enpRHJITOil TO~e 3p0HllJI o6 llCTllHHOCTR Ha6opa, B KOTOpOM Q,.t. < °'4• 
A.M.Ea.lr,J:tmruM 6HJIIl npOTllBOnocTaBJieHH apryMeHTH B nonI,3y aJII,T9pHaTllB
HOro Ha6opa. 

,lf,Jm pemeHM STOtt 3a,IJ;a'Ill Heo6XO,nRMO 6WIO coa.n;aTI, noJiflpR30BaHHYl) 
.n;ettTOHlfYX) Mmll9HI, (IJ.mi1). XoTJI K STOMY Bp9M9HR 6HJIIl C03,n;aHH IIIlM, pa6o
TH no ,Il;llHaMR'I9CKOil noJiflpR3aUllll ,n;eilTOHOB M9TO,ll;r CMR,IJ;-aqxi:eKTa B MlIP9 
e~e He npOBO,ItRlll'[CI,, B nepBOM 3KCil9pllM9HT9 114 no IlOJiflPR3aUllll .n;eilTo
HOBB .n;eilTepRpoBaHHOM JIMH 6wra ,IJ;OCTllrHYTa nOJIJipll3a,nIDI He M9H99 4,5% 
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ll llOKa.3aHa nepcneKTW3HOCTI, .I¥l,Jll,Heilmmc pa6oT, KOTOplle npHBeJlli K C03-
,na.Hm0 nepBOil: B Ml'!pe JlmA /IO/_ TOJIIJlllHa ll llJ!Ouia.ztI, Ml'lIIleHll 6llJlll paBHll 
3,5 CM ll I,5x2,4 ct!- COOTBeTCTBeHHO. Bwra ,ItOCTliI'Hy-Ta llOJIJipll3awtff 
,n;eftTOHOB 20%. IUllvi 6wra YCTaHOBJieHa BO BTOpOM l&U'HHTe BpeMlll!pO~STHOro 
cneKTPOMeTpa llOJIJipll30:Ba.HHllX Heil:TpOHOB (pllc. 7). 0Ha 6wra OCHallleHa'· 
pa,IUIO"laCTOTHOfi amrapaTypoil: ,nJJJI no,n;aBJieHIDI llOJIJipll3~ asoTa, BXO,Itll
lllero B mv!H, nyTeM HaClllllemm ero RMP. IloJIJipll3awtff Heil:TpoHOB OCYIIl0CTB
JIIIJUlCI, npOTOIDlllM qiwll,TpOM ll COCTaBWJa 67% npll aHeprllll Bllllle I aB ll 
~BHO YB0JIHtmBaJia.7I, C IlOHlllKeHlleM 3Heprllll ,ItO 98% Ilpll 0,0I aB. 

lisM3peHIDI /IO sqxlx3KTa r.~ 'Iepes IUllvi 6llJlll nomocTI>IO aHMOrHllH!:l 
ll3MepemmM IlOJIJipll38.IU10HHOrO C0'!0HIDI IlpOTOHOB. !3ltcneplIM0HTa.Jll,Hll0 8Ha
'I0HWI s@KTa nponycKaHll!i c.~ B .n;rumasoHe sHeprntt 10-2+102 sB npe,n;
cTaBJieHll Ha pnc. II. B pesOHaHCHOil o6mCTH 6~ Ha6JIIO,IteH OTpmi;aT~Hlli!: 
3HaK t.:i, , 'ITO 03Ha'!aeT OTpmi;aTenmrlt 3HaK llOJIJIPll38.IUiOHHOrO ce'Iemm 

6' p paccemnm HeiiTpOHa Ha ,n;eiiTOHe lI COOTB8TCTB8HHO . o..,~ < o..," . .u,m 
OKOH'IaTenHoro BllBO,Ita 06 llCTllllllOCTll Ha6opa C 0.,2. < 0.-q 6~0 npoaHa
Jlli3llpOBaH O BJ.IIDllilI0 JU)yrlIX sme p , BXO,Il;flllUDC B JlMH • TaK KaK llOJIJipll3a.Itll!i 
smep asoTa 6wra yHl!'ITOJKeHa, TO OCTaIOTCH BO,ItOPO.It (B Bll,Ite 0,5% IlpHMecn 
K TJDKe~Oii BO.rte) lI ~TaH. OneHKH ~OB BO,Itopo,n;a ll ~Talia .B C.2, 
llOKasaJlli, 'ITO OHli B 40 pas Melibme, 'ISM OT ,n;ettTOHOB, T.e. m.m MOJKHO 
IlpeHe6pe'II>. TaKHM o6pa30M, BKCilepHMeHTallHllil 3ipp3KT c.~ B pesoHaHc-. 
HOH o6mcTH onpe,n;eJIJieTCH IlOJIJipll38.IU10HHllM ce'!eHlleM ,n;eilTOHOB, a 3HaK 
ero O,l1,H03Ha'IHO YKaSuBaeT B Il~3Y Ha6opa ,wnnI pacceHHll!i C Q,.t, < Q,'t. 

8TH xe ll3MepeHl1!! Il03BOJlliJlli onpe,n;eJlliTI, BHepreTli'leCKYIO saBHCH
MOCTI, a@leKT8. t:.~ Ha llOJIJIPll30BaHHl:DC smpa.x asoTa (plIC. 12). B TellJ!o
BOfi o6mcTH Ha6.mo.n;aeTM 'IeTKHft s@leKT, Me,n;y11lllliil: SaKOHY 1 / ,r , 'ITO 
C~,ItOBMO OlKll.WlTI>, ecJlli OH o6yc~oBJieH (h-,p}-peaKIU1efi Ha asoTe. Ilo~o- : 
XHTenHmt 3HaK ~ :t IlOKa.SllBaeT, 'ITO llOJIJipll38.IU10HHOe Ce'IeHlle P8aKIUlll 
IlMOUTellHO, a 3Ha'IlIT, B Hett npeBaJllipyeT CIIHHOB!iit KaHM ~=I-! . 
XOTH BTOT pesynTaT IlPOTHBOpe'IlIT JIHTepaTypHllM ,n;a.HHHM, OH OCHOBaH Ha 
npHMOM onpe,n;e~Hlill 3HaR.a IlOJIJIPll38.IU10HHOro ce'IeHll!i lI npe,ItCTaBJIJieTCH 
Bnome Ha.rteJKHllM. 

• 3HepreTH'IeCKllil XO.It B TellJIOBOil o6mCTH BKCilepHMeHTallHOro 3\IqeK
Ta t::i, (pHc. II) C HY~eBOii IlOJIJip:1:138.IUieii asoTa Il03BOJIWI C,It~TI, KOC
Belllllltt BUBO.It O IlO~OUT0llHOCTll 3HaKa IlOJIJipll:38.IUiOHHOro ce'IeHM ~Ta-· 
Ha. TaK KaK TellJIOBOe ce'IeHlle JJaHTaHa onpe,n;eJIJieTM OTpmi;aTe~HllM pe-
30H8.HCOM, TO ero CIIHH paBeH j = I. - ½ = 3 • 

B 3rutJIJO'mTe~HOil "laCT:l:I rmw 3 o6Cyx,Ita8TCH npe,nJIOJKeHHllfi B /I/ 
MeTO,It onpe,n;e~eHll!i CIIHHOB HeiiTpOHHllX pe30HaHCOB C IlOMOIIlI>ID aHaJllisa 
IlOJIJIP:l:!9~ pacceHHHllX IlOJIJiplISO:eaHHUX HeilTPOHOB Ha H0IlOJIJip:1:I90BaHHOfi 
smepHOfi mierui. IlOKa.98.HO, 'ITO BTOT M0TO,It nepcII0KTHB8H ,nJJJI smep, 
:1:IM0DIUDC ,ItOCTaTO'IHO CHnHlle paccel!IBaT8~Hll8 pesOHaHCH. 
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1 
N ~ Pnc. II. 3\IqeKT ,ItByxKpaTHOro 
t.; 0 

-1 
ZS I 

~O I 

~ I I 

, nponycitaHll!i £2. -qepes nOJIJip:1:1-
SOBaHHYIO ,n;eil:ToHHyD Ml'IW0HI>, 
HOpMl'lpOBaHHlli!: Ha CT0Il0HI, IlOJIJl
p:1:IS~ H8iiTpOHOB f n.. :1:I B\IqeK
T:l:IBHOCTI, 'f CIIlIHOBOro qimmnew., 
B OTCYTCTBlle (cBeT~e KPYJKKH) 
ll C IlOJIJil)ll38.IU18li (T0MHH8 KpYJK
KH) smep asoTa (HlllKHllil plICYHOK). 
Ha B8pxH0M p:1:ICYffK0 IlOKa.98.H Bq>
q>eKT ,ItByxKpaTHoro nponyc.Ka.HlIJI 

~ 

~ 

"' -z_-2,s1 
e~ C X0~83HllM 111:1:IMMOM TOJIIIlll

HOil 4 MM MeJQIY IIllM 11 um,i. 
-5 ":-:----'-,--~-~---' 

10.. 1lT' 1 10 10& 
E,,a 

PHc. 12. 3qqeKT .ItBy:x:KpaTHoro 
nponyclWJlltli t2, Ha IlOJIJiplISOBaH
HHX smpa.x asoTa, Hopr..mpo:aammft 
Ha IlOJJJipll3~ H8ftTpOHOB f .,_ ll 
3qIP8KT:l:IBHOCTI, 'f' qimmIIepa, B 
~ E. --t/.2. • IlpJIMaSI ~, 
lIPOB8,It8HHaa -qepes TO'IR.l![ M0TO,ItOM 
HaHMeHl>DllIX K:aam,a.TOB, OllliCllBa-
8TCSi ypaBHeH:l:IeM 'c.,,_,I o, ';{'1-'f>) -f 11. = 
=(-0,22+0,14 E-1/.z.)~. r,n;e E 
6epeTCH B aB. 

2 ,-----,,-----,,------,,----~ 

N. 
..J 1 I I 1 , I.I I 1:1:>r I 
i: 
t. .,, 

·<:r 

} o I IJ,,f -AT IT I I I 

~ 

0 U 5 U • W 
• E~ 

TeopeTlN8CKOMY pacCMOTpeHHD npo6~8Ml:l IlOJIJipll38.IU10HHOrO aHaJllisa 
M0~8HHllX HefiT,POHOB B, B imcTHOCTB, Y~TpaxMO,ItlillX HeftTpoHOB (YXH) 
IlOCBHIIl8Ha r.nam 4. 06'b0KT&m 3Toro paCCMOTP0Hll!i HBJIJl!OTCH TaK HaSH
BaeMI:le npeo6pasOBaT8Jlli rry,ma: IlOJIJipHSaTop, CIIHH-qi.mmnep n aHa.Jm3aTOP 
IlOJIJip:1:IS~. B paMK8X O,IJ,HOMepHoro IlOJIJil)ll38.IU10HHOro aHaJmSa ,n;ettcTruie 
npeo6pas/OBaT8JIJI Ha ny'IOK OllllCHBa8TCH KBa.Iij)aTHOll MaTpmi;ett BTOporo 
IlOPJW(a 15/: 

M ~ ( \'r\,T-t V'n.-t-) > (34) 
\ VV\.._+ VY\. __ 

r,n;e Ma.Tp:l:I'IHlle 8J10M8HTH ~ ~IIHCHBaDT B8pOHTHOCTI, Toro, 'ITO HellTpOH 
C Ha'IallHOtt npoe~ett C } IlOMe ~sam&o,n;efiCTBWl C npeo6pasOBaT8-
~eM OitalKeTCSi B COCTOmum C npoe~ett L. lapaKTepHSya ny'IOK ,ItByxMep-
HliM B8KTOpoM: 

~"' ( ~~)) (35) 
r,n;e KOMllOH8HTH BeKTOpa Y\, :!. nponop~OH8.lll,Hll HHTSH?HBHOCTHM CIIHHOBWC 
KOMIIOH8HT rry,ma, H C'iBTaJi ,nJJJI IlpOCTOTll ero MOHOXpOMaTH'llD:lM, MOJKHO 
IlOJIY"lllTI, ,nJJJI IIOJIJipllsaIUIOHHllX xapaKTepllCTmt npeo6pasOBaT0JIJI M8.DYJlllR8 
Bllpax8Hll!i: 

a) Kosqxilmi;HeHT npeo6pasoBaHM 

K _ (\'\.! M "-o) 
o- (\I\.~ ho) > 
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6) IIOJIHPH3YJll!lBJl crroco6HOCTI, 

p -=- ("-~ S's M l'l-o) 
1 

L"-~ M n.o) 
B) aHaJm3HpylClll8J{ CIIOCO6HOCTI, 

r) s -q:a.KTOp 

A=- oi~ M 6i rt.-oJ , 
(k.J M n.o) 

S = (n.~ 6'i. M 6i Ylo) , 
c~t M h-o) 

(37) 

(38) 

(39) 

r.IJ;e oi, - MB.Tpm:ca Ilaymi, mTp:wc y B8KTOpa WllI M8.Tpm:(l:l O3Hatffi8T TpaHC-, 
IIOHHpOBaHHe. 

B o6uqHon (rrpo~STHO.ii wm: IIpOTOWO.ii) cxeMe IIOJISIPR3aUHOHHOro aHa
~3a C IIOJISipR3aTopoM, aHaJili3aTOpOM K qurmmepoM M81¥JJY lIKMR KO3q$!
UH9HT·rrpeo6pa3OBaHIDI YCTaHOBKH paBeH 

Ko-12, = K.,1 Ko1- (-1-t 'f P,.. A2,), (40) 

r,IJ;e HH.IJ;8KCli l K 2 OTHOCHTCH K IIOJISIPR3aTopy H aHami3aTopy, 'f - s<I>
ql8KTHBHOCTI, qwmrrepa. l13MepSieMoe Ha OIIliTe rroJISipH3auHOHHoe wm R -oT
HomeHne 

R:. Ko-12. oH· =- -1 + P-, ,4~ 
K 012. on:. 1-+ 'fo P1 A,_ 

, (41) 

r.IJ;e HH.IJ;eKcH o-H- n· 01\. O3Haqam BllKJIIO'!eHHlltt ('fJ = 1) K BKJnOqeHHlltt 
( '9 = 'f'o "f . 1). !pJillnnep, IlO3BOJISl9T orrpe,D;eJiliTI, IIPH H3B9CTHOi1 B9Jlll'llIH9 

'Po TO~KO cpe.n;HereoMeTpnqecKOe 3HaqeHKe IIOJISipH3YJXll9i1 K aHaJm3H-

PYIOOl8.ii crroco6HOCTei1: ✓ , 
- -~ R--1 p-=- 'I P,,1\2.. ==- -1- 'Po R ' 

.llJlll ero Hlll!UillH npe,D;e~ IIPH H8H3B8CTHOM 3HaqeHHH '::Po : 
- -Ir' . I R--1 
~\.Y\~\'\,.::::. \Jt.~=- 'i R-+1 

YKa3aHHM Heonpe,IJ;e~eHHOCTI, noJISipH3auHOHHOro aHaJIK3a Ha.Me,n.neHHIDC 

(42) 

(43) 

H8i1TpOHrr '3B8CTHa .IJ;aBHO. -
B 16 ,n.,m: onpe,D;e~eHIDI aqxlleKTRBHOCTH rrepeBOPOTa 6WI rrpe,n.noxeH 

M8TO.IJ; .IJ;Byx crurn--qwrnnepOB. B 3TOM c.riyqae B ( 40) BMeCTO 'f .IJ;OJIJICHO 
g)KI'YPHPOBaTI, 

If= 1 .. p,,1.f,__., 
(44) 

r,IJ;e HH.IJ;8KCH I H 2 eyMepym qurmmepli. MainmymipySI o60HMH qurmmepru.m, 
MOJKHO K3MepHT:& TPH R .-OTHOmeHIDI: R-1 , Rl.. H R,u.: H3 K0T0PHX pa3.D;9~ 
Ho orrpe.D;eJL<DDTca BeJllt'lllllll 

R.l.lR-1"2.-R1) > 
'-Po=- R1(R..2.---t)R-1'1.. 
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(45) 

,1 

~ 
j 
l 

_.,-

'f, R-1 (R-11.. - R:1J (46) 
oz..=- l ~1--1) R2. R-,-i. ' 

P=- ✓ Ul1--1)(R1..-1)R11. . .'_ (47) 
- R."'R.i. - R-,.,_ 

3TOT MSTO.IJ; Hame~ WKpOKOe IlpHM9H9HH9 B IlpaKTmte He.iiTpOHHOro 3KCIIepn
MeHTa. 

B IIORCKaX 'O3iOlltHOCTK pa3.IJ;e~eiµm IIOJISipK3YJXll9i1 K ~3KpYJXllei1 
crroco6HOCT9.ii B 15 6WI paccMOTpeH M8TO.IJ; .IJ;Byx a.HaJIR3aTOPOB IIO.lmpR3a
UllR· Koa~eHT npeo6pa3OBaHIDI TaKOil ycTaHOBKH ,nJiiI K.D;9HTII'IBHX rrpe
o6pa3OBaTMei1 paBeH 

Ko11."?> =- K; l-1+ (\f,i+'f2.)Pf\-+ %'f2.PA~) • (48) 
3.IJ;ec1, no O.ItHOMY qurmmepy_pacrro~oxeHo MeJtJJY rrpeo6pa3O00TeJISIMH. Tor,Di:I. 
K3 Tpex IIOJIHpR3auHOHHHX OTHomeHK.ii ,nJiiI K.D;0~HIDC qurmmepOB MOJKHO 
COCTaBHTb .IJ;Be KOM6KHaUHH: 

rt"=- R-1(R2.--1)R11..-R2.(R12.-R-1) =- $, c49) 

R-12. <. R-12.. - -t) 

'1.~-=- R.1Rz.l~-1l.--t)_ ,. -=- PA. (50) 
R'\ l9..2.H) ~12.-+ R:t_ \ R,it. T R1) 

TaKHM o6pa30M, BB9.IJ;9HH9 BTOpo.ii aHami3HPYIOOl9.ii CRCTeMH B JJY'llll8M c.nyqae 
IIO3BOJISl8T orrpe,D;e~I, TOmKo 5 -q:a.KTOP rrpeo6pa3OBaTe~ei1. 

CKTYauHJI CYlll9CTB9HHO K3M8HH8TCH B Y~Tpax:OAO.IJ;HO.ii O6MCTH. IlpK 
peami3auHH rrpOTOWOro BapHaHTa OHa yc~olKWISTCH 3a C~BT rrepeoTpaxe
HK.ii MeJEJJY q:ieppOM8.rHHTHHMH MSHKaMlI IIOJISIPH3aTopa H ruraJIII3aTopa (B 
IIpaKTHK9 HalIIJla mHpOKOe IlpHM8H9HH9 reOM8TpIDI ?¥orcKaHHH). B o6~eM 
~e yqeT rrepeoTpaxeHH.iiC.IJ;e~Tl, Hem3H. B 7 TaKOe paCCMOTP8HHe 
rrpoBe,IJ;eHo B HaH6o~ee pe~cTnqecKott MO.IJ;8Jlli IIOB8PXHOCTHOR .D;9IlOJISipR3a
URR YXH. B 3TOM c.nyqae 3qxp3KT .D;ByxKpaTHOro rrporrycKaHKH YM9Hl:,maeTCH: 

C n 2 ~2. · ( 
C. 2., =- 3- ~ 2. • 51) 

4 
r.ne E~ - aqxlleKT 603 yqeTa rrepeoTpaxeHK.ii. Tor,na cpe,ItHereoMeTpnqecKaH 
crroco6HocT1> paBHa 

Pn=- ✓ LJ1-n(~i)'1..-1]/er:_
1

• (52) 

)J.)II! o6HqHoro 3HaqeHmt PA~ o,s2 nepeoTpaxeHKH rro,naBJISIDr E,_ Ha 30%, 
T. e • Rr_pa!OT 3aM8THYJO p~ • · 

Ilpn peami3auHH HaKoIIRTe~Horo BapHaHTa, npe,n.noxeHHoro B /l5/, 
IIO~OCTI,X) y,DpeTCH H36exaTI, rrepeoTpaxeHK.ii (pnc. 13). YXH OT KCTO'!HllKa 
IIOCTyrram IIO 39pKaJI1,HOMY HettTpoHOBO.IJ;Y B ~OBymKy, npoxo,wi: MeHKy H 
IIOJISll)H3YJICI,. 3aTeM ~OBYJlll(a 3aKpHBaeTCH H HettTpoHOBO,ll; o~eTCJi OT 
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YXH. Jlo:aynIKa OTKpimaeTCSI, lI He:liTpOmt BblT8Kam' Ha ,IJ;8T8KTOP -qepea ILJISH
KY, KOTOpasl B STOM CJiylla.8 CJJYl!UlT aHa.Jlli3aTopOM llOJmplI3~. MammyJilI
pySI qumnnepOM Kalt Ha CTa,IJ;lilI HallYCKB., Tax lI BWiyCKa YXH, 'lTO paBHO
C:WU,HO HaJilI'llDO lJ.BYX qumnnepOB, onpe,n;eJJJml' no yp. (45) 11 (46) 8@eK-......... 
TlIBHOCTl> qumnnepa 'Po 11 npo11aoo,n;eH1Ie p A , r,n;e CTpeJIO'IKll oaHa'laIOT 
HallpaBJI8HlI8 W,'lKa YXH OTHOClIT8Jll,HO \PfilCClipOBaHHO:li B npOCTpaHCTB8 
llJ18HKlI. B /l87 Ha OCHOB8 npmnnma ,IJ;8TaJil,HOro paBHOB8CRI! 6WIO llOKa.3a
HO, 'lTO Ma.TPIIUll nponycKa.HmI ip3ppOf.BI'HllTHOii llJ18HKlI B llpSIMOM lI o6paT
HOM HanpaBJI8HlilI CBSI3aHll COOTHOW8HlI8M 

f =i-', (53> 
'lTO llplIBO,IJ;lIT K paB8HCTB8.M 

- C" . p =- A , (54) - ..., p =- A • (55) 
TaxlIM o6pa3OM, O,IJ;HOJIO:eyme-cmasi: exam llO3BOJISI8T onpe,n;~i, O,IJ;HO3Ha"!HO 
llOJISIPlI3ymzylO cnoco6HOCTI, llJ18HKlI B O,IJ;HOM HanpaBJI8HlilI 1191: 

p = «,_ . (56) 

,lleJiaJI ILJI8Hey Bl:l.ItBlII'a.IClll8:liCSI lI3 He:liTpOHOBO,IJ;8. Tax,. 'lTo6H OHa OCTaBaJIB.Cl, 
B aaaope Hru.arHlI'mBa.mlero Ma.I'HlITa .ItlDI coxpaHeHIDI HelI3MeHHHM oBOero 
Mal'HlITHOro OOCTOSIHlISI, MO'10IO lI3M8plIT!, KO8~8HT npeo6paaoBaHIDI 
llJ18HKlI (KOTOpHii B ,n;aHHOM CJiylla.8 SIBJISl8TCSI npOCTO nponycKaHHeM llJ18HKlI 
To ) B o6O1IX HanpaBJieHIDIX: 

- ' C-lo :::. Ta = TO • (57) 
Ha 8TOM BO3M0'10IOCTlI O,IJ;HOJlOBYlll8'lHO:li CX8M!i OI'palm'mBall7rCSI. 

~

l 
2 
JI~ 6 

7 

,,,,i=:b 
l'Hc. 13. CxeMa YCTaHOBKlI ,ItlIJI 
llOJISi!)lI3aqlIOHHOro alia.lll!3a YXH B 
HaKOimT8Jll,HOM BaplIB.HT8 9 __ OJtHOii 
JIOBymKo!: I - ,IJ;8T8KTOP YXH, 
2 - BXO,IJ;HaJi lI :mmyoKHaSI 3aCJIOH
KlI, 3 - 38,PKaJII,Hliff He:liTpOHOBO,IJ;, 
4 - ip3ppOM8.I'HlITHaSI llJ16HKB., 5 
- cmm~ep, 6 - aaCJioHKB. 
JlOBymKlI, 7 - JtOBymKB. YXH. 

124 3421 

.1 ~ .,r rski l 
\ \ ..----,..,:::,_., -~ \' \ J' [ ca.J'i Q:sj ]' 

6, 
I 

YXH 

6 

P11c, 1~. Cxew. c .IJ;BYM11 Jio:aym
KB.MlI: - JIOB~ YXH, 2 
- 38plt8JII,HH:li HeftTpOHOBO,IJ;, 
3 - qeppomrmrrHM nJiemta, 
4 - cmm-({lJnmnep, 5 - ,IJ;8T8KTOP 
YXH, 6 - llO.IJ;BO.wmtmi H8!TpOHO-
BO,IJ;, 

B / 20/ 6WI npewi:OJ1eH cnoco6 .ItlDI l:I3MepeHmI 5 ~lopa nyTeM 
TpeXKpaTHOro nponycxamm YXH 'l8p03 llJ10Hey, a B 121,22 OlllICaHO ero 
KOHCTPYKTlIBHO8 pemeHHe B BH,Ite lJ.BYX.ltOBYlll8'lHOil CX8M!i (p.Hc. 14). 

18 

/', 

' 

JlOByll!KlI CO8,IJ;lIH8HH ll.Pfl'.MI™ 38!)KaJil,HllM HeiiTpOHOBO,IJ;OM, Ha cepe,Il;lIHe KOTO
poro o,n;eJIB.H pa3pHB WIS! YCTaHOBKlI llJ18HKlI. Ilo o6e CTOpomt paapu:ea pac
llOJ10lK8HH ql)IlIIII18pH. ,Il:ea llO,IJ;BO,ItlillllIX H8ilTpOHOBO,IJ;8. llOJIHOCTl>IO ClIMM8TplI3Y
JOT npo~e,n;ypy H3M8peHllii. I!OMHMO. O,IJ;HO- lI .D;ByxKpaTHoro nponycKaHlill 8Ta 
cxeMa llO3BOJISI8T OCY1It8CTBlITl, TpeXKpaTHOe nponycKB.Hlie, B IlOCJ18,IJ;H8M 
c.nyqae nponycKaHHe ycTaHOBKH He aaBHCHT OT nepBOHa'laJII,HOro HanpaBJie
HRI! nytma H c Y'i8TOM (54-55) pamm 

...,1. --9J. ..., ➔) 
To.t = To~ =-T; (-\+'f>-1 p +'f'-i:A + 'P,1'f2. PSA . 

.. C-

(58) 

B CHJIY paB8HCTBa _.. "'° 
$ =- S =- S (59) 

a@leKTH TpeXKpaTHHX nponycKaHH!, cocTaBJieHmte na Tpex R -oTHomeHHH, 

paBHH 
~--" pi.+ p s A 

~" - ~+1 ::. 1-t- A;(_ ... .... _. 
'iL _ ~1.-~ _ ff'-- -t- pSA 

,..- R.1.+1 7° 1+ 0 2 
. ..1. r ➔ Z.. 

R.u.--1 p '"" A 

(60) 

(61) 

(62) 
~: R12.+"\ =- ~ + ps,t ~ ➔ 

na KoTopux MOJRHO Bbl'lllCJIHTl> Ha.6op BeJllI'lllli p , A n S . Tax KaK 

napaMeTpH TO , P , A n .S ,,BHpa.lK8.IOTCSI 'lepea JIHHeiiHo HeaaBHClIM!ie KOM-
6~ MaTpH'lHHX 3JI8M8HTOB \'Y\.t} , TO, H3M8P,HB 8TH napaMeTpli, MOlKHO 
BOCCTaHOBlITl, MaTp~ nponycxamm llJ18HKlI. B 719/ Yita3aH8. BO3MOJRHOCTl, 
onpe,n;eJieHIDI M8XaHH3Ma ,n;enOJIJipH3aqlIH YXH ip3ppOMaI'HHTHOtt llJ18HKOtt nyT8M 
cpaBHeHRI! 8KCll8PlilM8HTaJil,HO onpe,n;eJieHHoil MaTPIIUll nponycKaHIDI Cea 
pa3JllI'lHHMlI MO,IJ;eJII,mn,m npe,n;cTaBJieHRRMH. 

PBc, 15. CxeMa ycTaHOBKlI WIS! IlOJISipH-
3aqlIOHHOrO aHaJilI3a YXH B HaKOillIT8Jll,
HOM BapllI8.HT8 C OTpalK8.T8JI8M B JIOBymK8: 
1 - H3Or~Tl:d1 38PK8JII,Hl:d1 HeilTPOHOBO,IJ;, 
2 - ClllIH-g:11llmII8p, 3 - IlpSIMOfi 38pK8Jll>
Hliff HefiTQOHOBO,IJ;, 4 - <lJeppoMarHHTHaJi 
llJ18HK8., 5 - ,IJ;8T8KTOp YXIf, 6 - TO~e
BaSI 3aCJIOHK8. 7 - OTpalK8.T8Jil, YXH, 
8 - JIOBymKB. YXH, 9 - BXO.ItHaSI aaCJioHKa, 
IO - BXO,IJ;HO:li KaHaJI YXH. II - BHXO,IJ;HaJi 
3aCJIOHKa. 

B / 23/ Ilp0WJ:Ollt8Ha O~ll3 B03MOlKHHX MO,IJ;lI~ YCTaHOBKH WIS! 
H3M8peHID! MHOrOKpaTHOro nponycKa.HlISI YXH -qepea llJ18HKY, B KOTOpott RC~ 
ll0Jll,3Y8TCSI O,IJ;Ha JIOBymKB. (pnc. 15). 06a KO~a JIOBymKlI CO8,Il;lIH8HH 
H3OrHYTHM 38,PKaJll>HHM H8ilTpOHOBO,IJ;OM. BeyTpH JIO:eymKH HM88TCSI o6oJO,Ito
CTOpoHH.H! OTpamT8Jil, YXH, BWIOJIHeHHH! C BO3MOJKHOCTI,JO nepeMe~eH.HSI 
B,IJ;OJII, JIO:eymKH~ Ilpn HallYCKe YXH OT HCTO'lHHKa B JIOBymKY OTpamT8Jll, Ha-
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XO,mCTCil B O~OM HS Kpaihmx IIOJIOlE8mtil. IlOCJie Ha.118.Jl'a BWJYCI<a YXH HS 
J!OBymKH OTpruitaTeJII, npHBO'AJl[TCJl B ~e!cTBHe C H8KOTopo! 98,lt8pmtO!. 
0KOH'l8.HH8 ,nmmemm OTpamlTeJI!l no.A(SHpa8TCil Ta.Km/I o6pasoM, 11'ro6H 
SaxBaTJlTl, Hru!60JII,mee KOJDN8CTBO YXH, BJieTaDJl}IX B J!OBYJIIKY C ,Iij)yroro 
KO~; IIpemqnt8CTBOM STO! MO~ HBJil18TCH H8KOTOpoe KOHCTPYK
THBH08 ynpo'e~e ycTa.Homm. BoJiee Toro, BBe~eHHe BToporo no,IUllDllloro 
OTpallaTeM 24 IIOSBOJIR:eT OCYI!t8CTBHTl, llpOB8,PKY yp. (54-55) IJY'l'8M 
H3Mepemm .itBy.xKpaTHoro nponycKalil'IH qepes llJ!8HKY B OJtHOM H TOM lite 
HaIIpaBJI8WDI. 

CXeMa Ha pHC. 14 B 15 npe,ItHasHaT{eHa TOJil,RO wm: HSMepemm IIOJIR:
PH3anROHHHX xapaKT8pHCTHK MB.I'HRTHHX llJ!eHOK. 0JtHaKO BCil0Jll,SOBaHH8 
STIIDC WieHOR CBIISa.HO C BX ll8p0HOCOM Ha ,Iij)yrHe YCTa.HOBKH. leJiaTeA!,HO 
co.BMe11!8HH8 STBJC CTa.u;ml 8RCnepma:eHTa. B 'IJB.CTHOCTB, BOSMOl!HO OCYil!8CT
BRT!, COBM811!eHHe IIP,OTJT{Horo H HaKOJIRT8JII,HOro BapBaHTOB IIOMpHSanROH
HOro a.HaJll13a YXH 725 {p:e:c.16). no CpaBH8WW co C:X:8MO! Ha pBc.14 
BBBneHO TPH paspima WIii Tpex DJieHOK. 

12}. 1A££ ~~ .~ f 
PBc. I6, CxeMa c coBMell!eHHeM npo
Tol{Horo H HaROIIRT8Jll,HOro BaP.BaHTOB: 
I - BXO~O! KaHM YXH, 2 - npepima
T8Jll, IJY'IKa YXH, 3 - SaCJlOHKa, ;i 
- JlOJ3YIIIK8., 5 - saCJlom<a, 6 - nJiemta, 
7 - @I:iqmep,'8 - se~Hmt HeiTpo
HOBO~, 9 - ~eT8KTOP YXH, IO - sa
CJlOHKa, II - fil)81qaD!IWiCH IJJJaTqx:>pMa, 
12 -~ KC>JcyX. 

YcTa.HOmta. pa3M811!9Ha Ha WiaTqx:>pMe, KOTOpaH mmOJlHeHa C B03MOl!HOCTl,D 
IIOBOpOTa Ha 180°. B HaKOJIHT9Jll,HOM peJDtM8 HCIIOJll,3Yl7l'CH ~ JlOBYJIIKll ~ 
O.IJ;HB. IIJleHKa B JDX!oM K3 pel1Ull40B, qTo .u,aeT B03MOlllIOCTl, K3yqaTl, IIOJUIPK-
3~0HHH8 xapaKTepKCTli!IK& IIJl8HOK NIH IIOJUIPKSB.IUIH K aHa.Jmaa IIOMpKsa
zum, <rro6H aaTeM KCII0Jll,30B8.Tl, RX B npOTOT{HOM peJJtRMe WIii KCCJlenoBaHHH 
WI8HKK, YCTa.HaBJmBaeMO! B ~8HTpaJU,HOM paspHB8. HsMepemm B npoTO"UIOM 
peJmMe MOJ!HO npOBO,nH"rl, KaK co CTaIU[OHapmlM, TaK KC KMIIYJll,CHo-MO.IIY
JWpOBa.HHHM C IIOMOl!tE,D npepHBaTeM IIOTOKOM YXH. TaKaH YCTaHOBKa MOJ!t9T 
6HTb nepcIISKTKBHa WIii RCCJieno~ rpoxoro KJiaCca Mal'HBTHHX IIJIBHOK 
B HOBO!, YJlbTpax:OJl:O~Oit OOJiaCTK 24 • ' 

ilpaKTl!'I9CKR BalmliM BOIIp0COM NIH OCYil!8CTBJl8HlL'I paCCMOTp9HHHX 
CX9M IIOJIHpK3aIU[OHHOro aHaJW3a YXH SIBJ1Si0TCH CT8Il8Hl, IIOT8p!, IIHT9HCJIB
HOCTK npK MHoroKpaTHOM nponycI<aHJm YXH ttepea Mll'HBTHYD n:.J:eHKY. p/26/ 
Ha npm.1epe aan60J1:0e npocToit IIpHMo.DHelmol nBYXJIOBYlll8T{HOit cxew, 
CM. puc.I4,npOB8.l!;eH aua.ms II8peT8Ka.HKH YXH C r.E.RCB8JIJ!OBCKJIM cneKTpOM 
K3 OJtHOit J!OBymKH B ~yryD. II_pmdl,18 amumTfi8CKR8 Bl:l'lKCJl:8HlL'I, a T8Xllt8 
'lll:CJieHHl:le paC<!8T1,1 IIO M8TO;ey' MOHTe-Kap.no, .u,amm:e COBIJa)v3nqJJA peayJll,-
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TaTH, IIOKaSaJIH, 'ITO B J!OBynll{y MOllteT 6HTlo 38.XBa'leHa 38.M8THaH ~OJIR: 
(no~ IO%) OT CTapTOBOro IIOTOKa YXH 6ea CYil!9CTB8HHOro KCKalE8HlL'I 
CIIeRTpa HelTpOHOB. TeM He M9H88 WIii npoB0nemm COOTB8TCTBYDJ!HlC li3Me

pemrli, B 'iB.CTHOCTB Tpe:x:KpaTHoro nponycKaHHH, Tpe6ymcsi: BllCOKli8 IIOTO
Kli YJlli,nocTHI'HYTHe B Jillli\l? AH CCCP 11 v!HcT11TyTe Jiays-JlamKeBeHa CH.II.JI). 

BalKHLlM SJieMeHTOM IIOJISipH3~0HBHX YCTWIOBOK HBMeTCH CllKH-qpmll

IIep. lt,7IJI YXH HaH60Jiee npHeMJieMUM OKasaJICH a.,n;l18.6aTlfiecKHI ~aBi 
npe~01t8HHHit B.ll • .IfyI!pmoBUM. TeopKH TaKOro qwmnepa.u,aHa B 27-3 , 
BalltHllM npaKTlfi8CKID4 pesyJII,TaTOM KOTOpoit J!BJlfleTCH npsi:M08 aJJa.JmTlfieC
K08 onpe'AeJ!eHHe sqqieKTHBHOCTH nepeBopoTa Nii! o,nHoit cne~Hoit qiopw 
Mal'HHTHOro nOJIR:: 

-1-Kz.. 
',)=- 1+Kz.. > (63) 

rne K - IIapa.MElTp a'A]/[a6aTHBHOCTH. PemanI!ee npeHMYU1eCTBO TaKOro qwm- • 
nepa - H83aBHCKMOCTl, sqqieKTHBHOCTH nepeBOpOTa OT CKOPOCTH H8itTpOHOB 
Hmlt8 H8KOTOpOit MaKCRMaJll,HOtt - MOllteT 6HTl, HCIIOJll,30:saHO ~ 3aM9~8HBH 

XOJIOJtHHX He~~OHO' B Heo~opo,nHHX MaI'HRTHWC IIOJ!HX C ueJll,JO IIOJIY118HHll 
nyqKOB YXH 2 •31 • UpoBeneHHlottt rura.ma noitaaM B03MOXHocT1, noBllllleHM 
HHTeHCHBHOCTK YXH Kalt sa CT{8T yMeH1,meH1UI" IIOT8p!, npH 38M8~8HHH, TaK 
H aa C'leT ncmyqeHHJI MHor:e:x nyqKOB H CB§),lt8HKH RX B OJtliO M8CTO. 

·o,J:tBKM 113 :ea:iitHettm:e:x npliM0H8Hlrl1 IIOMpH30BaHHHX YXH HBJIH8TCS[ HSM8-
pelill8 8Jl9KTpH'l8CKOro ,IO![IIOJll,HOro MOM8HTa (3.IIJ,i) H8itTpOHa Mal'Hl!'rOp030-
HaHCHOit M8TOnHKOit, paccMOTpeHHo! B rJiaB8 5. OCHOBHOe Ilp0HMYUl8CTBO 
YXH 38.KJID'la8TCH B YB8Jllfiemut BpeM8Iill npe6wBaHHH HeiTpoHOB B SKCII8pH
MeHTMloHOit ycTaHOBK8, II!Jl'IBO,Il,lllll8M K cy:gellltJO pe30HaHCHOit JlHHHH H 
IIOBLllll8llltJO ea qyBCTBBT8Jll,HOCTH. Ilp8~0llt8HHl:li1 ~.JI.Illrumpo npOTOT{Hllit 
BapHaHT, B KOTOpOM YXH H8np8pHBHO npoTeKaDl' '!epea JIO~ C ~ 
OTBepcTmn.m, 6HJI pea.mao:saH rpynnott B.M.Jio6ameBa. B 2 6HJio BIIep
BHe yKa3a.HO Ha TO, qTo reOM8Tplfi8CKH8 pa3M8!Jli YCTa.HOBKH B IIIJOTOT{HOM 
BapHaHTe MOryT 6llTlo OIITHMK3HpoBaHW NIH ~ocTmit8HHHMaKCHMa.Jil,HOit 'IYB
CTBHT0Jll,HOCTH K 3.Il],i. B qaCTHOCTH, 6HJIO IIOI<8.3aHO, '!TO MOIi!~ OTBepc
TKit 'AOJI:l!tHa 61:lT.::_ B ( f'/\ )-I pas MeHl,1118 IlJIO~ BHYTP8HH8it IIOB8pxHOCTH 
J!OBymKH, rne ft/\ - ycpe~eHHaJI IIO yr:,ry naneHBH B8IJOHTHOCTl, norJ!Oil!e
HHH H8!Tp0Ha B CT8HKe JlOBymKH. 3TOMY YCJIOBHD COOTB8TCTBfeT CJl8,11,Yl(lltee 
cooTHomeHHe M8'1lJJY BpeMeH8Y npe6WBaHIDI Tit-YXH B ycTaHoBKe H BpeMeHeM 
usHK T B aaitpHToil J!OBynnte: 

T~=;'. (64) 

XOTH C IlOMOil!l,IOIIpOTOT{HOro BapHaHTa Y.u,aJIOCl, IIO'!TH Ha nopanoK 
npo,D;BHHYTloCH B OU8HKe 3.ll],I H8ilTpOHa IIO cpaBH8HHJO C llpOJ!8THOi1 MeT0,10![
KO! (H.PaMae! H np.). ero B03MOlKHOCTH IlpaKTlfi8CKI1 Hcqep:aa.HH. lfi3,Jll,
H8ttmee pa3BllTH8 M8TO.u,a CBH3a.HO C HaKOimTeJll,HHM :aaplI8HTOM, HeaaBHCH-
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MO np8WJ:Ollt8HIWM iII.MH.MepoM lI B / 33/_ Oco6eHHOCTJ,JO STOro :sapmmTa JIB

MeTca wm,JilI'l8CKllli p8ltlIM pa.60TH ycTaHOBKlI, Kor.na YXH Ha ~8JIJ,H08 
Bp0MlI SrumpalDTCJi B .UOBynIK8. 0~ lIS Jl.Il8KTlit'i8CKlI BWmWC BOllpOCOB JlB
JI/I8TCJl sa,naHJie STOro BP8M8HlI. B 33 ,347 CSwm pasmm,1 ,1tB8. JIO,ItXO,na-K 
on_pe,ne.neHlIIO Bp8M8HlI Bll,Ite!)JIOOI t q, YXH B JIOBymR8: l). JIO MHHlIJ4Y?q 

onmCSKlI lISMepemm 8.llM o.n;Horo ~ 1t 2) no MlfHlIMYMY JIOJIBoii 
onmCSKlI SKCII8plIM8HTa. B nepBOM lIO,ItXO,ne CSwro Haii,neHO ycJlOBlle 

t e =- :t T ~ (65) 
a BO BTopoM (nplI LWilllC no cpaBHeHlIIO c T IIOTepgx BpeMeHlt Ha TeXHo
.norlit'iecKJie onepawm: B ~e): 

t~ ~ T. (66) 
CpaBHeHlie o6omc cnoco6oB omm.msaIU!lI BpeMeHlI Bll.It8PJKKlI no JIOJIBol 
OllllICSKe lISMepemm 8.llM sa O.n;HO H TO llt8 BpeMJI noKaSaJilI me npaKTIDI8CKYJO 

• BKBHBaJ!eHTHOCTJ, C H860JIJ,IJIID4 IIP8HMY!IleCTBOM ( % 20%) BToporo JIO,ItX:o,na. 

Pnc, I?. CxeMa.TlI'iecxoe 1Iso6paxeH1Ie ycTa
HOBKlI WIH lISMepemm 8.llM H8ITPOHa B HaKO
JIHT8JWIOM oopmmTe: l - ,neT8KTOP YXH, 
2 H 3 - saCJIOHKlI, 4 - qieppOMal'HHTHM 
JJJ18HKa, 5 - CIIHH-4lJIIIIl!!8p, 6 - RaTymRa 
oc~YIII{erono.m, 7 - sa0.1:0H:Ka JIOBj'III
KH, 8 - COJI8HOBJt, 9 - BHCOKOBo.nTmtlt 
BBO.It, IO - H=OHOBO,It, II - SKpaH, 
12 - saseM.Jie SJieKTpo.n;, 13 - .noBYJDK8., 
14 - BHCOKOBOJ!&Tmtl\ SJI8KTPQ,It. 

B / 33 ,35/ OlllICaH pg.n OpID"JIIH8.lil,l np8WJ:Olt8mrli JIO KOHCTpyI<IUD[ 
YCTaHOBKlI B H8KOJIHT8JIJ,HOM oopmmTe. OcHomn,n.m HS HlIX JIBJmmCJl CJie

,;eyDJtKe (pHc. 17) ~ YcTaHOBRa lIM88T 8KCza.n:&HO-ClIMM8TPlI'iHYIO reoMeTpHJO, 
B KOTopol JIOBymKB. COCTOHT HS ,ItByx B8PT1IKaJIJ,HWC ,ItHCKOBWC SJI8KTPO'AOB lii 
ropHSOHTaJWIOro JIOJioro H8MeTaJJJmlI8CKOro ~ M83,I1y mn.m:. 0,ItHH 
HS SJI8KTPO.ItOB saseM1I8H lI B HeM l!M88TCJl OTB8pcTlI8 WIJl BBO,na lI BHBO,i,8. 

YXH. Ha.Jmtme O.n;Horo OTB8pcTlIH JIOJIHOCTJ,IO JIO,naBJlli8T peJ!JiTHBHCTCrutll 
s@leKT, mmTlIPYJ;llld JIOJKHHit 8.m,1. roplISOHTaJll,H08 pacIIOJIOlltElHlte JIOBYJllltlI 
80T80TB8Hm1M o6pasoM OBJlSaHO O lIOllOJIJ,SOBaHlI8M ropHSOHTSJILHoro ~
.JU)lI'i8CKOro MHOrOOJIOitHoro BKpaHa, BBO,ItOM H BHBO,ItOM YXH C JIOMOJll1,IO 
roplISOHTaJWIOro He!TpOHOBO,na H ropllSOHTaJlJ,HHM BBO.D;OM BHCOKoro Hanp!I
llt8Hl!lfi. BOSMOltHOCTJ, opH8HTaIU!lI YOTaHOBKlI B roplISOHTaJI!,HOI WIOOKOCTH ' 
TB.K, '11To6H B8KTOP reouarrurrHoro JIOJI/I CSWI Hallpa.BJI8H JIOJI8p0K OOH Sltpa
Ha, JIOSBOJI/I8T HalICSo.nee sqxplKTlIBHO HCJIOJIJ,SOBaTJ, ero SKpaHlipYD4ii(;j 
OBOIOTBa. 

IloJmpHsaTOP H aH8JIHSaTop lIOJIHpJl38IUllI YXH COBM81lt8ml B O.n;HOM 
ycTpolcTB8, nonepeM8HHO lISM8HJDJitHM OBO:a cpyma:µm apH Bll0,11;8 H BHBO.n;e 
YXH HS JIOBYJllltlI. Hruroo.n:r,masr -qyBOTBHT8JIJ,HOCTJ, YCTaHOBltlI OOOTB8TOTBY8T 
HYJI8BOI JIOJIHpHSaIU!lI ma:o.wmtero nytilta. B o6Ll'mol JIOOTaHOBKe SKOJI8pH-
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M8HTa STO oonpoBOJJi,ItaeTCJl llOTepett CllllliOBOI KOMIIOHeiTH IJY"'ll(a, KOTOPYJO 
aHaJilISaTop He nponycKaeT, T.e. JIOJIOBHHl,l ny-qKa. B 36/ CSWI llp0WJ:Ollt8H 
M8TO,It ,nBOIHoro aHaJIHsa llOJI/IplISanmt BHXO~ HS JlOBymKR YXH C ~eJIJ,JO 
JIOBHII18HlIJl -qyBOTBllT8JIJ,HOOTH YOTaHOBRH. B / 3'/ / WIJl Blll!YCKa BTOpoii ClllI
HOBOI KOMllOH8HT:l:I npeWJ:Ollt8HO y6JipaTi; cpeppOl&ll'HlITHYJO WI8HKY HS He:liTpO
HOBO,na. EOJiee T8XHOJIOrlI'ieCK1Itt BSpRa.HT npeWJ:Ollt8H B / 3B/, B KOTOpOM 
pOJIJ, Bl,IIJYCKHOro ycTpOitCTBa lII'pa8T ClllIH-qwmnep. XOTJl o6a npeWJ:Olt8HlIJl 
pemam npo6JI8M!I HCJIOJIJ,SOBaHlIH BTOpott.KOMIIOH8HTH IJY'IIKa, T8M He M8H88 

ORH npHBO~T K HeKOTOPOMY~8JmlleHlIID ~8JIJ,HOCTH ~- Bo.nee YHH
BepQaJIJ,Hllf :sapRaHT ,naH B 91, BitJIIO"Ia~ .uy6JIHpoB8.Hlie aHaJilISlipYl(Illeil 
CRCT8Mll • .Ka.lK.It8.Jl CHCTe?va nponycKaeT He!TpoH!l TOJIJ,KO O.n;HOtt ClIHHOBOii 
KOMllOH8HTll, T8M CaM!IM ,ItOCTlll'aeTCJi 'll8TK08 pas,ne.ne'e o6emc KOMllOHeHT 
B npocTpaHCTB8 lI me 0.n;HOBpeMeHHM perHCTp~. B 4o/ M8TO.n; .ltBOIHoro 
aHaJIHsa CSwr o6CYl!,Il;eH C TO'!KH speHlIJl HCllOJ!J,SOBa.HlIJl B npOTO'llHOM :sapH

aHTe HS~~HlIJl 8].{M HelTpOHa. 
B 3 I 6IJJia. npewrollt8:ria HO:saH Mo~ MeTo,na oc~p~ 

no.nett npRMeHHTeJIJ,HO K HaKOlllIT8JlJ,HOMY :sapHaHTY, a lIM8HHO: llp0WJ:Ollt8HO 
HCJIOJIJ,SOBaTJ, pas,neJIJ,Hlle BO BpeMeHH oc~pYJOlllK8 JIOJIII, KOTOplile HM

IJY,lll,CHO H8KJI8,ItWlaJOTCH Ha JIOBYJIIRY B Hall8.Jle-R B KO~e Bll,Itepmm; YXH B 
JIOBynIKe. IlpeHMYJll8CTBOM STOll MO,Itll~.JIBJI/IeTCJi llOJlH08 OTCYTCTBlI8 
BJIWllll!m cnexTpa CKOpoCTett YXH Ha IIllIPHHY pesOHaHCHO:ll JIRHlilI. 

AHaJms YCTaHOBOK WIJl HSMapeHKH 8.m,1 B Jllfil~ lI I1JIJI JIOKaSaJI, 'ITO 
OCHOBHll8 npe,ItlIOllt8HlIJl no pasmi:THID Mal'HlITOpesoHaHCHO:ll MeTO.ttHKR lISMepe
HlIH 8.m,1 oxas~c:r, B8PH!lMH H HamJIH llpaKTlNeCKOe np1IMeHeH1Ie. 

B / 32 ,331 (Sl,IJIO npOB8,It8HO TeOp0Tlit'i8CKOe pacOMOTpeHlie BJilIJlHlilI 

H80.n;HOPO.n;HOCTH Mal'HHTHoro llOJIII, B KOTO,POM OCYllt8CTBJI/I8TCJl JJapMopoBC
KaH npe~ecc:im YXH, Ha -qyBCTBRTeJIJ,HOCTJ, yCTaHOBitlI 1I,7IJl HSMepeHHH 8.m,1. 
Ewlo JIOKaSaHO, 'IITO OHa saBHCHT OT ,nRcnepcRH cpasll JJapMOpOBOKOii npe

~eccRH, WIH x_oTopott nOJiy'ieHo CJie.n;yJlllee Blipallt8HlI8: / 
- 1. -- l -t~ ~c):1 p1..(te)=-.t.)' (.1.Ho)%..'tc. tt-.::c.(1--e. J> (67) 

r.ne ¥ - rlipOM!U'HlITHOe OTHOmeHlte H8:llTpoHa, (~~o)2 - HeO.n;HO,PO.n;HOCTJ, 
llOJlJI, tc. - Bp0MlI KO,Ppe.11.lml!lI, XRpaKT8,PRSYIII{88 CKOpOCTJ, HSM8H8HlIJl 
llOJI/I B CHCTeMe KOOp,ItHHaT, CBHSaHHO:ll C HettTpOHOM. ,&9.Hll OU8HKlI 'tc:. 1I,7IJl 

npocTe:llmmt reoMeTplrll JIOBynIKH H KOH~ Mal'HHTHoro llOJIII. l¥3.Hll 
KOJIH'i8CTBeHHl,18 KpHTepRH Ha or-or~OCTJ, lI CTa6Wll,HOCTJ, MaI'HlITHOro 
JIOJIII, HCXO~ HS KOTOplllC B / 4 -4 6wra BKCll8,PlIM8HTaJIJ,HO 1ISY'll8Ha 
BOSMOlltHOCTD COS,naHHJl llOJI/I C HeoCSxo.nm,n:n.m napaMeTpaMH. 

0.n;HHM HS OCHOBHHX MOM8HTOB, onpe,ne.mmnmc BHCSop ltOHK,P8THOtt Mal'

HlITHOI CHCTeM!i, JIBMB,CJ, :ra:,nen CJiaCSoro ?&U'HlITHOro llOJIII, KOHKp0THllM 
BOlllIOllt8HlI8M KOTOpott JlBHJUlCI, paspa60TKa ropRSOHTaJIJ,HHX MHOrOCJIO:l!lmx 
IUIJIRlI.IUll!'i8CKRX nepMaJIJI08BIDC SKpaHOB C mryTpeHHe:ll COJ18HOR.n3Jil,HOH 
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Mll'HllTHOH CllCT8MOil C KOppeKTllpyDlll!Ml1! KOJIEiD;a.Mll / 4I/. 0CHOBHOtt TPY.!tHO-
CTblD B COS,IJ,illllm T8KIDC 8Kpa.HOB OKaSaJIOCI, H8.7lllllll8 M8X8lllt'l8CIUIX 
Hanpsmemrll B II8!)MaJl'JIO8BllX CJIOJDC, KOTOpwe npno~ K cmmemw mrmrr
HOtt npo~eiOCTll nepM8JIJIOSI ll, K8K CJ181CTBR8, K YM8Hl,1118Hll!D 8Kpa.Hll
pOBKR. B 47 6WIB. npe,tµIOJEeHa, a B / 42 pea.mtsoBaHa TaxasI KOHCTPYK
~ SKpaHa, KOTOpaSI nosBOJmJia CWI!,HO YM8Hl,lllllTI, MexamN8CKll8 HB.IIpiDIW

HRSI nyT8M Ilpe,!03apl!T8JI1,HOI'O o6mTRSI CJIO8B npll B8pTRKaJI1,HOM pacIIQ,JIOJEe
Hllll c6opKR. JlBa cos~ aK~a - IISITROJIOttHLltt o6'I>e!&:>M I,5 ti3 142 ,W 
K BOCbMllCJIOttrudt 06'I>8MOM 20 Jl 144/ - nOKasaJlll BHCOKYIO 8qxiieKTRBHOCT1, 
8TOI'O npneMa. )U>yroe M8TO,IO'N8CKO8 yooBepme,OTBOBaHRe Kaca8TCSI pas
Ma:I'IllNllBalllIJI n no.n;Mal'Hll'llU38.HM 8KpaHOB. B 481 6WIO npe,tµ10Jlt8HO ocy
JI18CTBJIIIT1, lIX nponycKaHReM nepeMeHHOI'O TOKa no npoBOJ:tHRKY, BLIIIOJIHeH
HOMY B Bll,11;8 nOJiott Tpy6w H npOXO.ltRlll8MY no OCH SKpaHa. B STOM OJJYlI88 
pa8Mll'lllI'll'IB8.IDTCSI BC8 CJIOll cpasy. IlpH nocTOSIHHOM no~ 6WIO 
nOJIY'l8HO CYJil8CTB8HHO8 ycMeHRe KOS~8HTa 8Kpa.HBpOBaHRSI. C D;8Jll,ID 
llCJipaBJ18HM O,!tHOI'O Opramt'leCKOI'O H8,ItOCTaTKa JJ;KJmH,IU)H'l8CIUIX 8KpaHOB -

·oTHOCllT8Jl1,HO MaJIOI'O IIO opaBHeHll!D C nonepetIHHM BHa~eHRSI IlPO,ItOJll,HOI'O 
KO3@.imUI8HTa SKpa.HRPOBaHRSI - 8KCII8p.HM8HTaJil,HO noKaSaHa BOSMOltHOCTI, 
YB8Jm'i8HRSI nOCJl8,!tH8I'O nyT8M o6opy,Itol38.Hmt IW.llr,ItOI'O qwmH.IU)H'l8CKOI'O CJIOJ! 
,IU3YXCJIO:lnoom TOpD;8BHMll nepMaJJJIOemn.m KPim!RaMI! 7451. 

Ha 6ase Kpymiora6apRTHOI'O rutTRCJiottHoro 8KpaHa 6WIR npOB8,It8Hll 
paspa6OTKR IIOJ1HOMa.CmTa6Hott CllCT8MH ~ reHepaD;RK BliCOKOO,!tHOpO,!tHOI'O 
ll BLlCOKOCTa6KJ11,HOI'O IIOCTOSIHHOI'O Ma.I'HKTHOI'O noJIJI B MmtpOT8CJlOBOM ,1tlm

IJaSOH8. B 00'1>8M8 H8CKOJil>ItHX ,It8CSITKOB .mgiioB 6wra. .ItOCTKI'HYTa O,!tHOpO.It
HOCTl, H CTa6KJ11,HOCTb IIOJIJl H8 xy"IW 3•10- K 10-? 3 COOTB8TCTB8HH0/4?/. 
0IDICaHHL18 paspa6oTKl:1 Hanl1Il:1 IIPaRTl:1~8CKO8 npm.ieHeHRe.IlaTliCJIOttliLIH 8Kp8.H 
liCIIOJll,SyeTCSI B YCT8.HOBK8 .n,,IIl RSMepeHliSI 3.IJM npOTOHa B Jllffi~ AH CCCP,· a 
BOCI>MllCJlOttliLln 3Kpa.H C.nyDT 6asott ~ npOB8~8HllSI 6KOJlOI'H'l8CKl!X Kcc.ne
,ItOBa.Hlrll: B I'Jzy'6OKOM 11MaI'HRTHOM B8KYfM8 11 
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0cHOBHLl8 pesyJ11,TaTL1 npOB8,It8HHLIX KCCJI8,ItOB8Jllllt MOryT 6HTb KpaTKO 
CqX>PMYJllIPOBaHLl CJI8,Jzyl]llKM o6pasoM: 

I. Paspa60Ta.H HOBLlll M8TO.It IlOJIHpllsarnrn M8,Il;.7.18HHllX HeilTpoHOB 
npOJIYCRa.Hll8M ~apes IlOJIHpll30Ba.HHYID npOTOHHYID Mlllll8Hl, (M8TO,It npOTOHHOrO 
qllIJII,~) • 

2. C03,Ita.Ha nepBM B CCCP IlOJIHpll30Ba.HHM npOTOHHM Mlllll0H1,; 
OCYill0CTBJl0HO ea nepBoe IlpllM0H0Hll0 B H8RTp0HHOll qlll3mte. 

- 3. BnepBHe IlOJIY'l0H IlOMpll30Ba.HHllil ~OK pesOHa.HCHllX HeilTpoHOB 
C 3H0pI'lieil BLime IO aB, BilJIOTI, .ItO IO KaB. 

4. C03,Ita.H nepBw BpeMS!npOJI8THLlll cneKTpoMeTp noJilipll30BaHHllX 
H0llTp0HOB C mllpo!WM aHepreTU~ecKUM ,n;uanasOHOM Ha RMnyJlI,CHOM llCTO~
K0 H0ilTpOHOB. 

2-1- ,. 

/ 

5 • Cos.Ita.Ha nepBM IlOJIJiplI30BaHH8.ll ,It8RTOHHM MRIDeH1,; ocymeCTBJl8-
HO ee Il9pB09 npllM9H8Hll8 B 3KCil8pliMeHTam.Hoil qlll3UKe. 

6. IlpoB9,It9Hll 3KCII9pnM9HTaJI1,HL10 llCCJl9,ItOBa.HllSI CilllHOBOil 3aBllCll
MOCTll B38.l!MO,IteilCTBM IIOJIJipliSOBa.HHllX H8llTp0HOB C IIOJIJlpll30BaHHL1Mll 
Sl.Itpa.Mli BO,ItOpO,Ita, ,It0llT0pllSI, asoTa, Jla.HTa.Ha. 

7. BnepBue 8KCII0pnM8HTaJII,HO onpe,It8JI0H llCTllHHllll Ha6op CllliHOB!,!X 

.u.mm paCCeSIHM H8ilTpOHa Ha .It8ilTOHe, B K9TOpoM KBapTeTHM .u,mma 60JI1,

me ,Ity6JleTHoil. 
8. YcTaHOBJieHLI CilliHH 0TpHD;aT0J11,HLlX HBHTpoHHLIX pesoHaHCOB asoTa 

ll JlaHTaHa, onpe,IteJIIIl!lltlll T8IlJIOBOe C9~8Hll9 STllX 8JI0M0HTOB. 

9 • BnepBLI0 llSM9peHLl H8HTpoHH!,!0 IIOJISlpll38UllOHHL18 xapaKT8pllCTllKll 
(IIOJ1H08 ll llOJIHpll88UllOHH00 ce~eHllSI) KPllCTaJIJia JlaHT8.H-MaI'Hll8BOI'O HllT
paTa, nmpoKO llCIIOJll,SyeMOI'O B Ka~9CTB9 Ma.T8pllaJia ,Il;.7.lSl npoTOHHllX qlllJll,T

poB; Ilp0B9,It9H IIOllCK KOpp9JlSlD;llll Ilp0TOHHl,!X CllliHOB KpllCTaJIJill88UllOHHOH 
BO,ItH B 8TOM KpllCTaJIJI8 C IIOMOUU,10 XOJIO,n;H!,!X H0HTp0HOB. 

IO• TeopeTU~9CKll paspa60T8.H HOBl,lli M0TO.It IIOJISipll38UllOHHOI'O 8.HaJill
sa YXH C llCil0Jl1,30BaHll0M llX HaROIIJI0HllSI B JlOBymKax; Ilpe,Il;.7.IOX8Hll KOHK
peTH!,!8 cxeMH IIOJISlpnsaunomrax YCTaHOBOK, Il03BOJISlJOmllX ocymecTBRTI, 
IIOJIHLlil OIIHT IIO ll3M9peHlllD IIOJISipll38UllOHHl,lX~XapaKTepliCTllK TOHKllX qieppo~ 
MaI'HllTHllX IIJI0HOK ,Il;.7.lSl YXH; llpe,Il;.7.IOX0H HOBUfi M0TO.It llSMepeHM aqxpeKTllB
HOCTll CID!H-¢n:mIII8poB ,It1IH M8,Il;.7.18HHWC, BRJIIO~ YJII,TpaxOJIO,n;H!,!9, H9ilTpo
HOB (MBTO.It ,ItByx <pJmIInepoB ), llOJIY'lllBllmil mllp0K09 npliM0H8Hll9 B HeilTpoH
HOM 3KCll8pliM8HT8. 

II. Ilp8,Il;.7.10llt8Ha ll T80p8T~9CKll paspa60T8.Ha HOBM MO.nng)mtauM 
MaI'HllTOpesOHaHCHOI'O M9TO,Ita ll3MepeHM 3JJM HettTpoHa C llCIIOJI1,S0BaHll8M 
HaKOIIJI9Hrut llOMpliSOBaHHllX YXH (H8KOilllT0JlDHllil Bapli8.HT M8TO,Ita); 
BII8pB!,!0 np8,Il;.7.IOX0H M9TO.It .ItBOttlioro aHaJlllsa IlOJISlpllsarnrn YXH C UBJII,ID 
IlOBl,lill8HWl lJYBCTBllT0Jl1,HOCTll yCTaHOBOK ,Il;.7.lSl ll8M8peHM 8JIM, HaID8.Itnmil 
npliM9H0Hll0 B HeilTpoHHOM 8KCII8pliM9HT8. 

12. Bl,lllOJIH8Hll HOB!,!0 T80p0Tll~8CKll0 ll 8KCil9pnM0HTaJil,Hl,l8 paspa6oT
Kll B o6JlacTU Mal'Hll:THOI'O 8KpaHllp0Ba.HliSI C U8Jl1,ID MaI'HllTHOil 88lllllTU ycTa
HOBOK .It1IH llSMepeHM 3,IlM HettTpoHa ll Ilp0TOHa; COS.ItaH 34XP8KTllBHllli 
KpyIIHOra6apHTHl,lli Ma.I'HllTHLlil 3KpaH .It1IH YCTaHOBKll ITO IIORCKY 3JIM IIpoTOHa 
MOJI8eyJISlpHOfi M9TO.ItRKOil; 003.ItaH ll BH9,Itp9H B IlpaKTmty MaI'HllT06llOJlOI'H
~8CKllX llCCJl0,ItOB8.Hllfi BHCOKO~KTllBHHH MaI'HllTHllil 8KpaH. 

EOJIDIDllHCTBO IIOJIY'l8HHllX ll OillICaHHllX B .ItllCCepTarnrn pesyJII,TaTOB 
IIOMpnsaunomrux llCCJl8~0BaHllit C M8,Il;.7.18HlillMll HBilTpoHa.Mll JIBJ.UIIOTCSI HOBHMll 
li H8.IIIJill IDllPOK00 OTpaxeHne B MRpoBOil JlllT8paTyp0, B ~CTHOCTll B 60JI88 
qeM ,ItByx ,It8CHTKaX KHlir, MOHOrpaqlllfi ll yqe6H!,!X noco6llfi IlO M8pHOH ll 
H0HTp0HHOil qlllSmte. OHR IIOJIY'lllJlll IlpaKTHqecKoe IlpliM0H8Hll9 B B0.IJYIIIIDC 
SI,It8pH!,!X neHTpax. 
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MeTo.n; npoTOHHOro qJRJI&Tpa 6WI IlCilOJI&30BaH B OK-~CKOU Ha:uno
HaJil,HOii Jia60paTOpml (CllIA), lliICTHTYT8 Jiaya-JlamteBeHa (I'peH06Jr1,), 
l1HCTHTy-Te aTOMHOii ::rneprnn HM.M.B.KyptJ:aTOBa, KEK (flnoHIDI). ,Ua.rr1,Hefurree 
paaBnTne no.nrnma IlOJI!Illil3~0HH8JI nporpa.MMa H8UTp0HHHX IlCCJI8.D;OBaHilll 
B JIHqi Ollill'I, B tJ:aCTHOCTil ,nJlfI Il3YtJ:8HIISI p-HetJ:STHHX :iqxileKTOB B HeiiTpoH
HUX peaOHaHCax, II.n:aHnpyeTCSI .n;am,Hefurree paaBHTll9 nOJI!Illil3~0HHHX nc
CJie.n;OBa.Hnil Ha coa.n;aBa9Ml1X ll np09KTllpy9MHX BllCOKOllHT8HCilBHHX llCTO"lHH
Kax HeiiTpoHOB B CCCP n aa py6exoM. 

TeopeTiltJ:8CKll9 paapa60TKll M9TO.n;ntJ:9CKllX acneKTOB no.7Illpnaa:unoHHoro 
aH8Jill3a YXH HOCSIT nepcneKTHBHUii xapaKT9p ll MOryT 6RTI, ncnOJII,30BaHll B 
llCCJI9.D;OBaHHJ!X no ~ll3HK9 TOHKllX MarHllTHHX llJISHOK C n0Mom1,ro nOJI!Illil30-
BaHHllX YXH. PSI.D: paapa60TOK no M9TO.n;HtJ:8CKOMY o6ecnetJ:eHnro 3KCll9pHMeH
TOB no noncey-3,UM H9ilTpoHa n npoTOHa H8.IIL7ill npmil9H9Hll9 B .n;eliCTBYl!l!UDC 
n coa.n;aromnxcSI ycTaHOBKax. 

0CHOBHH9 peayJ11,TaTH .n;nccepTa:unn ony6~0BaHU B H9CKOJII,KllX .n;ecSIT
Kax xypHaJII,HllX CTaTeil, .n;oMa.n;OB Ha M9Jlt,Izy'l!ap0.n;HHX ll BC8COID3HHX KOH~e
pe~nmc. coo6meHnil n npenpHHTOB OIDrn. B xo.n:e HCCJie.n;oBaHHii c.n;eJiaHO 
6oJiee 20 nao6peTeHnil, tJ:acT1, na KOTopux BKJIJOtJ:eHa B .n;nccepTa:unro, B 
tJ:aCTHOCTil, M8TO.n; .n;BOihloro a.HaRnaa ll0.7Illpnaa:unn YXH B yCTaHOBKax ,nJlfI 

naMepeHHSI 3,UM, MeTo.n; no.7Illpnaa:unoHHoro aHaRnaa YXH, KOHCTpyxa;HSI ropn
aoHTaJII,Horo MHoroCJioihloro :unmrn.n:pntJ:ecKoro MarHHTHoro aKpaHa, MeTo.n; 
paaMarHlltJ:llBaHHSI ll no.n;MarHlltJ:IlBaHHSI MarHHTHOro :mpaHa. 

)lnccepTa:uHSI HanncaHa Ha MaTepnMe cJie.n;yromnx ony6~0BaHHHX 
pa6oT: 

I. Tapa.H JO.B.' lllrumpo ~.JI. 0 H9KOTOPLIX M8TO.n:ax llOMpnaanmi: ll 
a.HaJIKaa llOJill!)ll3aIUlll HefiTpOHOB npoMe.m:yTO"IHHX aHeprmt. - ~. I963, 
T.44, mm.6, c.2I85-2I8?. 

2. Draghicescu P., Luschikov V.I., Nikolenko V.G., Taran Yu.v., Shapiro F.L. 
Neutron p:>larization by transmission through a p:>larized proton target. - Phys. 
Lett., 1964, v. 12, n.4, p.334-337. 

3. _ .I(par.K'iecey II., Jlyntm(oB B.M., HmtMeHKo B.r., T{lpa.H JO.B., 
ll!aimpo ~.!. IIOJIJipnaaIUUI HelTpOHOB nponycruum:eM tJ:epea no.1mpnao:srumyro
npoToHHyro Mlillll9HI,. - B RH.: Pa6otJ:ee COBentrume no B3aRMo.n:ellcTBl11JO H9HT
POHOB C ~. Af6Ha: 0Hlill,I845, I964, c.70-74. 

4. Jlyntm(OB B.M., TapaH JO.B., lllaimpo ~.!. IIOJmpR30BaHHSH npOTOH
HaSI Mmll9HI, KaK IIOJillpnsaTop HettTpoHOB. - R,nep. g')Ha., I969, T.IO, 
BHII.6, c.II?8-II94. 

5. Jlyntm(OB B.M., MaHeHKOB A.A., TapaH D.B. l(lmru,mqecKM no.,mpn
aa:ui,m llPOTOHOB B JiaHTaH-WI'HR8BOM mrrpaTe. - ~lli. TB9p. TeJia, I963, 
T.5, BWI.I, c.233-236. 
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6 • .I(parntiecey II., .I(parntJ:ecey M., JlyntHKoB B.M., Hera.HOB B.C., 
IJapq:eHOB J.B.' TapaH D.B. ,n:imar,,mt1eCKW1 llOJI!IPR3a:uM npOTOHOB B KpllC
TMR9 JiaHTaH-?&U'W18BOro rurrpaTa C npRMeCI,D Heo.n:m,ia. - Af6Ha, I964,
I? c. (IlperipRHT/06~e.n:. llH-Ta H,1tep. RCCJ!:9;11;.: P-I626). 

? • Jlyntm(oB B .H., TapaH D.B. ,lliIHaMll'lecKM IIOJIIIPRSa:uHS! npoToHOB 
B MlilIII9HR 60JII,moro o6~eta. - R,nep. @13., I965, T.I, mm.5, c.850-852. 

a. TapaH D.B. K pactJ:eTY HettTpoHHoro cmm:oBoro poTaTopa. - ATOM. 
aHep., I963, T.I5, mm. I5, c.4I3-4I4. 

9. TapaH D.B. IIoJillpll3a:uKSI M9;11;JI9HHHX HettTpOHOB nponycKaHHeM llX 

tJ:epea IIOJill!)RSOBaHHYJJ IIPOTOHHyID Mm119HI,. - Af6Ha, I96?, - 24 c. 
(IIpeIIpnHT/ 06~9;11;RH9H. RH-Ta s;nep. HCCJie.n:.: 322I). 

IO. HBaHeHKO A.H •• Jlyntm(OB B.H.' TapaH IO.B.' lllam!:po ~.!. 
0 CIIHHOBOtt sam1CRMOCTH BsaHM0;11;8!CTBRSI Me~eHmlX He!TpOHOB C .fI,lijl&m 

.n:elTepmi:, asoTa, J.taHTaHa, - R,nep. @13., I969, T.IO, mm.I, c.47-50. 
II. Tapa.H D.B., IIlaimp~ ~.!. 0 Roppe.llf.lQD IIPOTOHHHX CIIllHOB B MO

JI9KYJIBX RpltCTaJIJIRSanROHHOtt BO;ll;li JJaHTaH-M!U'HR9BOro mrrpaTa. - Af6Ha, 
I9?4, - 8 c. (Coo6meHlle/ 06~e.n:. HH-Ta JI,1t9pH. HCCJie.n:.: PI4-8436). 

I2. TapaH IO.B. Onpe.n:eJielille CIIRHOB HeiTpOHHLIX pesOHaHCOB M8TO;ll;OM 
nponyCRSHml IIOJIJipl'.130BaHIWX HettTpoHOB tJ:9p03 IIOJI.IIPR30B8.HHY1) MlilIII8Hh. -
B RH.: Pa6otJ:ee COB9lllaHR8 IIO B3aBMO;ll;ettcTBltil HettTpOHOB C S!,Iijl8.MI!. Af6-
Ha: OIDIH,I845, I964, c.58-69. 

I3. TapaH D.B. HexoTopHe HOBlie HanpaBJielillSI RcCJie.n:oBaH.Htt no g')Han
Re HR3Kl'.IX aHeprmt, paapa6aTnreewe B Jla6opaTop:im HelTpoHHott \l)Hamtll 
owm. - B RH.: MeTO;ll;li per:e:cTpruum Jl;ll;epHHX :e:3JIYtJ:elilll R o6pa60TRR 
,na.HlIHX: Tea. ;ll;OKJI. IllKo.m MMO;ll;liX yqeHWt arum (IJymmio, I9?0). Af6Ha: 
OH!ill,I3-505?, I9?0, c.I5-I?. 

I4: JlyntHKOB B.H., TapaH D.B., ~paHK A.H. ,lLlmaM:lr1ieCKaSI IIOJill!)l'.13a
nRSI ~ettTOHOB B KPRCTS.U:8 J.taHTaH-MaI'Hll9BOro HRTpaTa. - .II:e:C:bMB. B JKS'N, 
I965, T.I, mm.2, c.2I-2?. 

I5. TapaH D.B. l10JI11pnaattHommil aHaJillS Ha Me.Ir,lleHlib!X HettTpoHax. -
Af6Ha, I986, - 20 c. (Coo6meHRe/06~e.n:mi. HH-Ta JI,1tepH. nccJie.n:.: 
P3-930?). 

I6. TapaH D.B. K oonpocy o nOJI/ipBsa:uRZ l'.I aHaJIRae TIOJI.IIPR3anRR 
YJ11,TpaI:OJ!O,nHllX HettT,pOHOE. - ,r;y6Ha, 1975, - I? c. (Coo6meH1Ie/06~e~. 
HH-Ta Jl;ll;8pH. l'.ICCJie.n;.: F3-92:7). 

I?. HrH8.TOBl'.ltJ: B.K., TapaH D.B. licCJie~oBaHRe nponycKaHHSI Henpe
p:wmoro IIOTORa yJII,TpaI:OJIO;ll;HlDC HeilTpOHOB tJ:8P9S TOHKl'.18 RaMll'Hl'.l'I8Hlili8 
llJieHKl'.I. - Af6Ha, I983, - ? c. (Coo6meHRe/ 06'1i8.n:. RH-Ta JI,1tep. ncCJie.n:.: 
P3-83-I80). 

I8. HrH8.TOBRtJ:,B.K., TapaH IO.B. 3osMoimocTh aKcnep:eMeHTa.JIE,Horo 
RCCJ18;11;0Baliml WTpm,;Ii nponycKalill.g y;:;T_?a.XO~o.mrux HettTpOHOB g;eppOMaI'-
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HHTHHMR IIJIBHKaMR. - ,IJ,y6Ha, I982, - 8 c. (Coo6w,eHHe/061,e;IJ.. IDI-Ta 
JI;IJ.e pH. llCCJIS;IJ.. : P3-82-440) • 

I9. llrnaTOBR'I B.K., TapaH D.B. IlpoxOJK;IJ.emte ynTpaxoJio;IJ.HWC HellT
poHoB "lepes H&!aI'Iil!'IeBmle ILJiemm. - B XH.: HeitrpoHHaSI qilismta.- MaTe
pmum 6-:11 BcecoroH. KOHip. no He:ltTp. qilismte (KlieB, I983). M.: UHilll
aToMmiqx>pM, I984, T.4, c.I?-2I. 

20. A.c. I09I724 (CCCP). Cnoco6 onpe;IJ.eJierum IlOJIJIPH3aIUIOHllliX xa
paKTepHCTmt ipeppoMaI'HHTHWC WIBHOK Ha YJll,TpaxOJIO;IJ.HWC HefiTpOHax. 
IO.B.TapaH. - 0ny6JI. BB H, I985, BWI.4, c.2I3. 

2I. A.c. I0970?8 (CCCP). YcTpOll:CTBO ):t.Jm onpe;IJ.eJiemm IlOJIJipll38.IUI
OHHllX xaprutTepHCTmt ipeppOMU'HHTHWC WISHOK Ha y.m,TpaxOJIO,IJ;HliX HeilTpo
Hax. IO.B.TapaH. - Ony6JI. BB H, I985, BWI.I7, c.20I. 

22. TapaH JO.B. HoBIDi MBTO;IJ. ll3MepeHWI IlOJmPHsanHOHllliX xapaKTepnc
Tmt ipeppOMU'HHTHHX IIJIBHOK Ha yJU,TpaxOJIO,IJ;HliX HeilTpOHax. - B c6.: 
KpaTK:IIB coo6JJJ,eHlIJI owm, ,1Jy6Ha, I985, ~ I2-85, c.48-55. 

23. A.c. I2936?9 (CCCP). YcTpOll:CTBO ):t.Jm onpe;IJ.eJIBHHII IlOJIHPH3a.IUI
ommx: xaprutTBPllCTEK ipeppOM!ll'HHTHHX IIJIBHOK Ha yJII,TpaxOJIO;IJ.HWC H8:11Tpo
Hax. IO.B.TapaH. - Ony6JI. BB M, I98?, BWI.8, c.203. 

24. TapaH !O.B. Homm B03MOlltHOCTH B .IICCJie;IJ.OB8HHH MaI'HHTHllX IlJie
HOK c IlOMOJJJ,l,ID y.m,TpaxOJIO;IJ.HWC HeitrpoHOB. - ,IJy6Ha, I98?, - 8 c. (IIpe
IlPIDIT/ OdM;IJ.. mt-Ta JI;IJ.ep. HCCJie;IJ..: P3-87-220) .• 

·25. A.c. I293680 (CCCP). YcTpo:ltCTBO ):t.Jm onpe;IJ.eJieIDm IlOJIJI.Pll38.IUI
OHHHX xaprutTBPHCTmt ipeppOMaI'HHTHHX IlJISHOK Ha YJil>TpaxOJIO;IJ.HWC HeilTpo
Hax. JO.B.TapaH. - Ony6JI. B B.H,, I98?, BWI.8, c.203. 

26. JlyJJJ,mcoB B.H., TapaH D.B. PacnpocTpaHeHHe crycTKOB y.m,Tpaxo
JIO;IJ.HWC HeiiTpOHOB B 3epK8.1ll,HHX He:ltTpOHOBO;IJ.ax. - ,1Jy6Ha, I985, - 9 c. 
(Coo6w,eHHe/061,e;IJ.. IDI-Ta JI;IJ.ep. HCCJIB;IJ..: P3-85-429). 

2?. TapaH IO.B. EHCTpwl a;IJ.Ra6aTH"18CKml nepeBOPOT cnmra Hell:TpOHa. 
- ,IJy6Ha, I9?5, - I5 c. (IIpenpHHT/ 06'be;II.. llH-Ta JI;IJ.ep. HCCJie;IJ..: 
P3-85??). 

28. TapaH IO.B. BHCTpHtt a;IJ.Ra6aT:II"l8CK:irlt nepeBOpOT cmma Hell:TpoHa. 
- B KH.: HeilTpoHHaJI ipmnma. MaTepHaJIH 3-11: Beacom. KOHip. no HeilTp. 
qili3HK8 (.KneB, I9?5). M.: lUOOiaTOMmlqx>PM, I9?6, T.6, c.2I.I-2I5. 

29. Luschikov v.r., Taran Yu.v. On calculation of the neutron adiabatic s~in-

flipper. - Nucl.Instr.Meth., 1984, v. 228, n.l, p.159-160. 

30. JlyJJJ,mcoB B.H., TapaH JO.B. K pac"leTy HettTpoHHoro a;IJ.Ra6aTll"lec
Koro CllIDl-qumrIIIepa. - ,1Jy6Ha, I984, - 4 c. (IlpenpIDIT/ 06'be;II.. HH-Ta 
JI;IJ.ep. llCCJie;IJ..: m-84-I96). 

3I. A.c. 5I9064 (CCCP). YcTpOilCTBO ,IµISl llOJIY"IBHml YJII,TpaxOJIO;IJ.HWC 
Hell:TpoHoB. JO.B.TapaH. - Ony6JI. BB H, I98?, mm. 28, c.273. 
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32. TapaH D.B. 8JI0M0HTapHaJI TeopRR: M8TO,D;a onpe;IJ.eJieHWI 3Jl8KTPH
"18CKOro ;IJ.l![IIOJll,HOro MOM8HTa HettTpoHa C llOMOJJJ,I,D YJIE,TpaxOJIO,IJ;HliX HettTpo
HOB. I. IIpoTo'll!Htt BapRaHT. - ,IJ,y6Ha, I9?3, - 20 c. (Coo6w,eHHe/061,e;IJ.. 
HH-Ta suep. HCCJIS;IJ..: P3-?I47) • 

33. TapaH JO.B. 8.neMeHTapHaJI Teop:wi: M8TO,D,a onpe;IJ.eJieHWI 3JI9KTPH
"18CKOrO ;IJ.l![IIOJll,HOro MOM0HTa Heitl.'poHa C llOMOJJJ,I,ID YJil,TpaxOJIO;IJ.HWC HettTpo
HOB. .2. Ha.KOIIRT8Jll,mdt BapHaHT. - ,IJ,y6Ha, I9?3, - I? c. (Coo6w,eHHe/ 
061,e;IJ.. JIH-Ta JI;IJ.ep. HcCJie;IJ..: P3-?I49). 

34. TapaH JO.B. K C>IlTllMH38.IUill HaKOllHT8JIJ,HOro BapHaHTa YCTaHOBKH 
):t.Jm H3Mepem sJieKTpK'l:ecioro )J.HllOJII,Horo MOMeHTa HettTpoHa c noMonu,10 
y.m,T]?axOJIO;IJ.HWC HeitrpoHoB. - .Ilv6Ha., I9?4, - I2 c. Ol,enoH.coo6w,eHHe/ 
06'b9;IJ.. HH-Ta JI;IJ.ep. RCCJie;IJ..: BI-3-844I). · 

35. TapaH JO.B. Onpe;IJ.eJieHHe IIapaM8TPOB Cll8KTpOM8Tpa 3JI8KTpH"l8CKO
ro ,ll;l!IIOJII,HOro MOM8HTa HeilTpoHa Ha YJIJ,TpaxOJIO,ItEWX H811:TpoH8.X. - ,IJ,y6Ha, 
I9?3, - I5 c. (nenoH.coo6w,eHHe/06~e;IJ.. HH-Ta JI;IJ.ep. HCCJie;IJ..: 
BI-I3-?I5I) • 

36. TapaH D.B. 06 O;IJ.HOil B03MOlltHOCTll JB8JIH"l8HH!I ,zyBCTBllT8Jll,HOCTH 
YCTaHOBKll ):t,Jm H3M8p0HHII 3JIBKTPH"l8CKOro ;II.llilOJil,Horo MOM8HTa HeitrpOHa 
c llOMOIJJ,I,ID y.m,TpaxOJIO;IJ.HHX Hell:TpOHOB. _, ,Yy6Ha, I974, - 6 c. (Coo6w,e-
HHe/06'b0;IJ.. HH-Ta JI;IJ.ep. l'ICCJI8;IJ..: P3-8442). . 

3?. A •. c. 50235I (CCCP). YCTaHOBKB.. ):t.Jm l'I3Meperum 3JI8KTPll'l0CKOro 
;IJ.l![IIOJII,Horo MOMeHTa Hell:TpoHa. JO.B.TapaH. - Ony6JI. BB H, I9?6, 
BWI.5, c.I58. 

38. A.c. 545945 (CCCP). YcTaHOBRa ):t.Jm HsMepeHWI aJieKTpH"lecKoro 
;IJ.l![IIOJU,Horo MOMeHTa HeiiTpoHa. JO.B.TapaH. - Ony6JI. BB H, I9??, 
BWI.5, c.I62. . 

39. A.c. I02I265 (CCCP). YCTaHOBKa ):t.Jm l'I3MepeHIDI 3Jl9KTi>ll'l8CKOro 
;IJ.l![IIOJII,Horo MOMeHTa Hell:TpoHa. Kl.B.TapaH. - Ony6JI. BB H, I984, 
BWI.2?, c.2I5. 

40. TapaH JO.B. AHaJIH3 IlOJIHpH3a.IUill yJU,TpaxOJIO;IJ.HWC HettTpoHOB 
B ycTaHOBKe ):t.Jm H3M8peHml 3JI8KTPH"l8CKOro )J.HllOJil,HOro MOM8HTa HellTpO
Ha. - B KH.: Hell:TpoHHaSI qili3mta. MaTepHaJIH 4-tt Bcecol03. KOHip. no 
Hell:Tp. qili3HK8 C:KHeB, I9?7). M.: lUOOiaTOMHHqx>pM, I9??, T.I, 
c.200-202. 

4I. TapaH D.B. MarliHTHaJI CHCTeMa ycTaHOBKl! ):t,Jm H3M8p0lll1/l 3Jl0KT
pll"leCKOro ;IJ.l![IIOJII,HOro MOM8HTa HeitrpoHa Ha YJIJ,TpaxOJIO;IJ.HWC HettTpOHax. 
- ,IJy6Ha, I9?3, - I9 c. (Coo6w,emte/061,e;IJ.. HH-Ta H;IJ.ep. HCCJie;IJ..: 
P3-?3??). · 

42. AJieKceeB H.A., BopoHoB B.H., KoHCTaHTmIOB B.H., Tapag JO.B. 
IlilTHCJIOibnllt ipeppoMal'HHTmdt 3KpaH o6'b0MOM I,5 KY6~M. I. KOHCTP~• 
- ,IJy6Ha, I9?5, - I5 c. (Coo6w,eHH0/061,e;IJ.. mi:-Ta H;IJ.ep. HcCJie;IJ..: 
PI3-922I). 

29 



43. TapaH 10.B. TulTllCJiofilruil: qsppOMaI'HlITHHil: 8Kpa.H o6'b9MOM 
1,5 Ky6.M. 2. MarHllTHHe RSMeperum. - )Jy6Ha, 1975, - 14 c. (Coo6me
HRe/06'be,IJ;. llH-Ta smep. RCCJI9,IJ;.: Pl3-9275). 

44. ,lli9.ruI,ItKOB .n.c., ,IJ.aHRJIOB B.H., TapaH 10.B., 1IenypHOil: A.H. 
MarHRTHHft SKpaH ;rr,,IR 6ROJIOrli'IeCKmt RCCJI9,IJ;OBalllift. - )Jy6Ha, 1981, -
7 c. (Coo6meIDie/06'be,IJ;. mI-Ta smep. RCCJie,IJ;.: Pl3-8l-586). 

45. TapaH 10.B. 0 npO,D;OJll,HOM KOS@?m,UI9HT9 SKpaHRpOBalll:m MHOro
CJioilHoro ~mecKoro qsppoMarHRTHoro axpaHa. - )Jy6Ha, 1982, -
2 c. (Coo6~eHRe/06'be,IJ;. mI-Ta smep. uccJie,IJ;.: Pl3-82-790). 

46. TapaH IO.B. M1rnroOJ1oilHHe ~II'l8CKR9 Ma.I'ImTHHe 8KpaHH. -
IIT3, 1984, Bl:lll.6, c.170-175. 

47. A.c. 687391 (CCCP). MHorocJiomw:fi ropRSOHTa.Jll,Hllft qieppOMaI'
HllTHIIB sKpaH. H.A.AJieKceeB, E.H.BopoHoB, B.H.KoHCTaHTRHOB, 10.B.Ta
paH. - Ony6JI. BE H, 1979, mm.35, c.182. 

48. A.c. 571833 (CCCP). MarHHTHbtli 8KpaH. IO.B.TapaH. - Ony6JI. 
BB H, 1977, mm.33, c.155. 

49. AHocoBa M.r., EoHeB M.H., ,IJ.aHHJioB B.H., Tapa.H IO.B. Kl:llleTRKa 
pocTa R cnoHTaHHOil qaronpo~ JIRsoreHHoft KYJII,TYPH E coli K 12. < ,\ > 

B yc.noBWDC 8KpaHRpOBarum reoMa.rHRTHOrO IlOJill, - )Jy6Ha, 1986, - 8 c. 
(IlpenpHHT/06'b8,Il;~ RH-Ta smep. llCCJie,IJ;.: Pl9-86-378). 

PyKOilliCb llOCTynHJia B li9,Il;8T8JibCKllli OT,Il;eJI 
6 llIDJIJl 1988 ro,IJ;a. 

30 


