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HnepHbl8 Cllnbl II onpenem1eMoe IIMII B3allMOll8ftCTBll8 M8lK.ltY OTA8libllbIM' HYJtJJO

HOM 11 ·aTOMHblM smpoM OKa3b!BalOTCSI aaBIICHmllMII OT OTHOCIITenr.non op11eHTamm cmi:

HOB H.itpa II HyKnona. Mayqen11e non 3aBIICHMOCTH yno6no npoBOAHTb Ha OCHOBlllµ![K 

peaynr.TaTOB Hccne1toBaHllft B38.IIMOA8l1CTBHH C HApOM H8l1Tp0HOB.·B AHCC8pTaUKH 

OITIICbIBaJOTCSI YHHBepcanr,a;bift M8TO)::( rronyqemrn HHqJOpMaUKH O CimHOBOl!: 34BKCHMoCTii: 

neftTpoa:-m:iepHbIX ~allMOA8liCTBKli, OCHOBaHHblft Ha HCIIOnh30BaHKK nomipH30BaHHbIX 

HeATpOHOB K nom1p11aoBaHJlblX sinepHblX Mllmenett, a TaK>Ke H8KOT0pb!8 . aKcnep11M8HTbI ·~ · 

BbmonneHHbl8 C 11cnonb30B8HK8M aToro MeTona. PacCMOTpHM coneplKaHR8 0T)::(8llbHbIX 

paanenoa nnccepTan11x. 

BBeJleHHe 

PaccMaTpHBaeT<:g: B3allMOAeficTBll8 C MpOM HeATpOHOB TaK Ha3blBS8MbIX Mallb!X 

3 
aneprH:fl: ( OT HYllSI AO 10 aB.) .Unsi: He:fl:TpOHOB C TaKHMII aseprm1MH, nalKe B cnyqae 

· -12 
caMbIX THlK8llblX si:nep ( pam1yc HApa .. 10 CM ) ' cymecTBeHHblMH OKS3b!DaJOTCSI 

nHUJb coy.r:tapeHHSI C paBHblM nyn10 op611TanhHblM MPM8H'l'.OM, Ha3bIBa8MbI8 06b1qso 

s -coy.r:tapeHHSIMK. Bo B3SHM0.[18l!:CTBHH HeATpOHOB Mllllb!X aHepr11l! C aTOMHbIMII 

/1/ 
SI.[lpaMII B03MOlKHbl ,[lBa MexaHK3Ma : pacceSIHKe ,nel!:TpOHOB Ha smepHOM ITOT8JlllRane 

6ea o6paaoBaHIISI COCTSBHoro, n:n11 KOMnayM-sinpa, 11 npOHHKHOB8Hll8 aeATpoaa BHyTpb 

S!Apa C o6pa30BSHll8M KOMnaya.a~SI.[lpa._B noTeau11anbHOM pacceSIHIIII aefiTpOHOB Ha 

aTOMHbIX si.apax cmmoaaSI aaBKCIIMO=b B3aHMonel!CTBIISI npKBOAIIT K paann:qHbIM 

n0Teau11anaM .an.SI ABYX ~P~.MOlKRblX OTHOCIIT8llbHblX op11enTaunn CITKHOB SI.r:tpa H nett-

Tpoaa • .Unsi si.r:tpa co cn~HOM B cny,i:ae s -uettTpoHoB, xor.aa op6HTanhHbIA 
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MO.M8HT B npouecce ae y'IaCTByeT, aTn: AB8 opn:enTa11n:n: COOTB8TCTBY~· CYMMapaoMy 

cnn:ay cn:cTeMbI ael!Tpoa-smpo i + ·½ ( cnn:HbI .11,1:1pa n: ael!Tpoaa napannenhHbI) 

II j - ½ ( cnn:HbI .11,1:1pa u ael!Tpoaa anTnnapannenbHb!). B cny'Iae 06pa30naausr 

KOMnayan-su:1pa B COCTO.l!Hllll C onpeneneHHb!Mll KB8HTOBbIMU ·,capaKTepn:cTn:KaMn: ( B 

TOM 'Illcne u cnn:aoM) cnn:11oaasr aann:cn:MoCTb Baan:Monel!CTBHH npn:Bo.ttn:T K TOMY, 'ITO 

ODbl'IHO 11aonro,1:1aeMbl8 B C8'I8HHHX B31l.HMonel!CTBHSI ael!TpOHOB C, srnpaMH peaoaaHCbl 

pacnanaroTCSI RB. nne rpyllllbI, on11a H3 KOTOpb!X COOTB8TCTBY8T COCTOHHHSIM KOMnaym:1-

.11,l:lpa CO CllllHOM + ½ a . ,1:1pyrasr - COCTO.l!Hll.llM co CIIHHOM i - ½ . 

Mayqeane cnnaonoll 38BHCHMOCTH H8l!Tpoa-nnepaoro llOT8H1IHana ODbl'IHO B03MOlK

HO l!Hlllb llp.l!Mb!M MeTo.ttoM, C HCllOl!b30B8Hll8M nomtpH30B8HHb!X aettTpOHOB ll norui:pn-

30BaHHbIX nnepHb!X MHlll8H&l!. CnHHbl aellTpOHHb!X peaoaaacoB MoryT Db!Tb onpenen8Hbl 

H KOCB8HHbIMH M8TO.ttaMn, H3 nccnenc:iBaanl! CBOilCTB 8MHTTnpyeMoro KOMnayan-srn

paMH nany'I0HH.II, 0.ttHaK~ ODbl'IHO 8Tll M8TO.tlbl Cl!OlKHbl B 8KCllepHM0HT81!bHOM OTHOlll0-

HHll n, rnaBaoe, ae lIBJllIIOTCH yannepcanbHb!Mll, Ma KOCB8HHbIX M8TOAOB npaKTll'I8CK08 

npnMeae11ue nony'IM nHlllb M8TO.tt onpeneneaun CllHIIOB aettTpOHHbIX p030H8HCOB n:3 

naMepeanl! nonaoro n: napun:anbaoro Ce'Iean:n B peaoaaace. 8ToT MeTon rnn:poKo nc

nonhayeTclI n ael!Tpoaaol! cneKTpocKonn:n: nnn onpe,1:1enean:n cnn:aoB ael!TpOHHb!X pe

aoaaacoB sr,1:1ep c aeBbICoKn:Mn: cnn:aaMn. IIpnMoti MeToll c n:cnonb3oBaan:eM norui:pn

aoBaHHbIX aeftTpOHOB H nonnpH30B8HHb!X nnep lIBl!.118TCH yanBepcanbHb!M ll B cny'Iae 

onpe,1:1enean:n cnnaoB ael!Tpo11Hb!X peaoaaacoB, .llo nocnenaero BpeMeau B cBnan c aK

cnepnMeaTanh.llbIMH ·TpynaoCTHMll npn nony'IeHllll Hy'IKOB nonnpH30BaHHbIX ael\TpOIIOB 

~ n: nonnpll30Ba.l!Hbllt nnepHbllt Mlllll8H81l 8TOT npnMo!\ M8TOll llCC118llOBa.llllH CllllHOBOll 

38BllCllMOCTll ael\TpO!l .. Hll8pHb!X B3aHMOll8il:cTBHll npn:MeHHl!ClI Mano. IIpHMb!M M0TOllOM 

y,1:1anocb llCCll8AOBll.Tb lllllIIb llllpa OTOMOB H0KOT0pb!X nepeXOllHb!X 81!0M0.IITOB llpll aaeprn:

nx ael!TpO.IIOB no 10 + 20 an. Ycnexn: B pa3Bl1Tllll M0TOA8 ll01!llpll38!lllll ael!TpOHOB 

· /2,3/ 
tjilll'IbTpa!lll8il 'Iepea nonllpn:aonaaayro npOTOHHy!O Mlllll8Hb I C03All.Hll8 KpllOCTOTOB 

a ' 4 l4l 
C pacTBOp8Hll8M He B He , o5ecne'IHB8!0lllllX B aenpepb!BHOM p8lKIIM8 paoOTbl 

T0MnepaTypy B H8CKOl!bKO COTblX K, H paapaoOTKa CBepxnpoBOAlllllllX Mar.llllTOB aa 

Bb!COKll0 nonn ll03BOIIHIOT H8.[10HTbCH aa lllllpOK08 pa3BHTII8 B Dl!lllKal!rneM 5ynymeM 

npnMoro M8TO)la. 11ccne,1:10BaHlllI Cllll.llOBOl! 38B.IICIBMOCTII 11ellTp011-nnepHb!X B38llMOll81\ .. 

CTBHll, 
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Teopnsr MeTo.na 

PaccM0Tpeab1 oco6eaaocTn B3anMonellcTBHSI aellTpoaaoro ny11Ka c srnepaoll MH

meahro, B03HHKaronrne npH ndnsrpH3aUHH MHme1m n ny'IKa. B naaaoM cny,1ae yno6ao 1 

paccMaTpHBBTb aellTpOIIHbill llY'IOK COCTOSIWHM H3. llBYX KOMlloaeaT, onaa H3 KOTOpblX 

nonaocTblO nonsrpH3oBaaa napannenbao, a .npyrasr - aHTHnapannenbHO no 0Taomean10 

K aanpaM8HHIO nonsrpH3aUHH B sr.nepaoll MHmean. HaTeHCHBHOC~H STHX KOMUOH8HT 

'1epe3 CYMMapay10 HHT8llCHBHOCTb 

38llHCbIB810TCSI cne.nyromHM o6pa3oM:· 

• _l_(l- P ). 
2 n 

Ce'181llISI·B3aHMOA8llCTBHSI aellTpOHOB STHX KOMUOH8HT 

B o6meM cne'lae MoryT 6b1Tb 3anncaabx: 

" p,a = 0 ,o + p N <1 pof 

H nonsrpH38UHIO P. n 

( 1) 

(1 
p • " & 

C SI,!:{pOM MHW8HH 

( 2) 

rne p N - nonsrpH3aunsr B sr.nepaoll MHmean. EcnH B nponecce B3aHMo.nellcTBHSI 

aell:TpOHOB C sr.nepaoll MHW8Hb!O KorepeHTHb18 sqic!>eKThl OK83blB8IOTCSI aecymecTB8HllblMII, 

TO 

i + 1 
2 i + 1 

(1 

c,pof m 2;·+1 

+ + 
2 i + 1 

u O - ceq:eane 6e3 nonsrpn3aunn, 

(3) 

i - CUIIH Slllpa, <1 ± - C8'18HH8 

B38HMOA8ll:CTBHSI npn CTOmtHOB~JlllSIX C napannenbHblMH H aHTnrrapannenbHblMH opnea

TBUHSIMH CllHHOB srnpa H aeli'rpo11a. B cnyq:ae cymeCTB8HHO!l IrnrepeHTHOCTII BO B38HMO

nellcTBIIII aellTpOHO~ C MIIW81lb!O KapT!Illa CIInbHO ycnoJKHSl8TCSI. TTplI paCCMOTpeHVII 

TSKHX rrpoueccoB cnenye;r Y'llITblBaTb oco6enaocTJI CTpyKTypbl II AIIH8Ml!Kll B811l8CTBa, 

B coCTaB KOToporo BXOASIT naTepecyromne Hae srnpa. B Kpa!l11eM cnyirae paccenann 

ael!TpOl!OB O'I81!b M8llb!X aaeprn!l (o6bl'IHO Meaee to-3 
8B) 118 Kpl!CTannnirecKo!l MIi-
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meIDI, Korna Bee C8'18Hlle MO>KBO C'lllTSTb HeKorepeHTllblM, OKS3b1BS8TCS: 

u
0

a4,r i(l+l) [l 

(2i + 1) 
2 + 

P~ l < 

<7 pof 
4ir l 

( 2
. ·· ( a ' , 2 
l + 1)2 + - 8 __ ) 

a; -a_:)2 

(4) 
\: 

qepea a± anecb 06oaaa11eab1 nnnHh1 paccesrnm1 ael!TponoB na. cBnaaHHhIX nnpax, 

. CH.OBS npn napannenoaol! n aHTnnapannenbHOll: opHellTSUHSIX HX cnHHOB. HJiq>OpMaUHIO 

O cnHllOBOll: 3SBHCHMOCTH H8ilTpOll-Sll18PHblX B3SHMoneltCTBH!! ( B81lH'IHllSX <7 pof ) 

yno6Ho nony11aTb na conoCTaBneHHSI nponycKaHnll: nonnpnaoBaanon Mnmenn nnn aen-

TpOIIHblX nyqxoa, nomrpH30BSllllblX napannenoao T P ) n aaTnnapannenbHO 

( Ta ) nanpaanennro nonRpnaaunn B Mnmean. B cny11ae c ael\TpoaaMn naMeaeane 

OTllOCHTenbHOi! opnellTSIIHH nonSipll3SIIHlt ny'IKa lI MHmenn o6b!'IHO ocywecTBllSlIOT 

peBepcoM aanpaaneJIHi! cnnaoB aei!Tponoa B nyqKe, HcnonoayeMble nnR aTott uenn 

ycTpoll:CTBB., HS3b!BS8Mb!8 CllHHOBb!MH poTaTopaMH, xapaKTepnayroTCH aq>q>eKTHBHOCTbIO 

cnnaoBoro poTaTopa, o6oaaa'laeMolt 'lepea cf, . 3Ta Benn'lnaa onpenenneTcSI cne-

nyromHM o6paaoM: nycTb ncxonaaSI nonSipnaaunR ny'IKa, JianpnMep, npn napannenbHO!! 

opn81lT8IIHH,paBll8 

THBllOCTb!O cp 

paBHO!! - cf,, p n 

Pn , Torna, nocne peBepca nonSipnaannn poTaTopoM c aqiqieK

nonSipnaaIIHH ny'IKB npn aaTnnapannenbllO!! opH8HTSIIHH OK83b1BS8TCH 

CooTBeTcTayromne nponycxaann nnSI Mnmean c nonnpnaaIIne!! PN 

~ n Tonmnaoll: n x 
2 /6/ 

sinep/cM 30llHCbIBSIOTCll cnenyromnM o6pa30M : 

TP ,.·T 0 [ch/3x + (v-p
0
,)sh~xl, 

Ta =T O [ ch t3 x + ( V + <p p
0 

r l sh /3. x ] , 
( 5) 

rne 

To ., e 
-(nu0 +D)x 

t3 a ( n 2 P i u ~of + 02) ½ r .. 
n P N <7 p_of 

t3 
;v=--1L 

t3 

(anecb D - aeponTHOCTb peBepca cnnaa nell:Tpona npn npoxoJKneann nM nyTn B Mn-

mean, paaaoro ennnnue nnnah1). llnR npencTaaneann axcnepnMeHTanbHhIX peaynoTaToB 

o6bl'IHO nonbayroTCH aenn'lnHoll: aq>q>eKTa nponycxaang 

mnM cooTaomeaneM: 

6 
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T - T 
( ,. --"P __ -=a:_ p n r ( 1 + </, ) sh fJ x 

T + T P a 2 ch fJ x + [ 2 v - Pn r (1 -¢,) ] sh fJ x (8) 

no1JTH Bcerna, aa ncxn101JeaneM cny11aH HefiTpoaoB 01JeHb ManbIX aaeprHff n HS.Maran-

1J8llHblX lie JlO H8.Cb1memrn qieppoMarHHTHbIX Mnmeaen, B8nH'IHH8. 

npeneopelKHMo Manon n 

p n (1 + </, ) ~h n P N O' pof x 
(a- ______ ....::,. ______ .:.;__,=-------

2 ch n p NO' pof x - p n (1 - </,) sh n p N O' po f x 

ITpn Jl0CT8.T01JHO BblCOKOfi aq>qieKTHBHOCTH c'nHHOBoro pOTBTopa ( 

lllOHHe (7) ynpomaeT=: 

c m-pnthnpNO'pof x • 

D OK8.3blB8.eTCH 

(7) 

) COOTHO-

(8) 

CoBC8M npoCTblM OK8.3b!B8.8TCH Bbip8.lK8HH8 JlnH S<pql8KT8. nponycxaam1 B '18.CTO pea-

nnayromeMcR cny1Jae ManocTH X: 

.c =-_pn PN n O' pof x · (9) 

Ma npHB8J:t8HJiblX COOTHOlll8HHfi BHJlHO, 'ITO npH H3B8CTHblX xapaKT8pHCTHK8.X Ily'!K8. 

n MHlll8HH aqiqiexT nponycxaann nonaocTbIO onpenenneT HHTepecyromee nae nonsrpn3ann

oaaoe ce1Jeane. 

B Cny'Iae pacceRHHSI aefiTpOHOB srnpaMH BJlllnH OT peaoaaacoB, K8K H3B8CTHO 
/1/ 

CITHHOB8R 38BHCHMOCTb B38HMoneficTBHR nposrBnH8TCH B. paann'IHH COOTB8TCTBYIOIDHX 

nnHH paccesrans1 a+ H a_. MaMepeanH xorepeaTaoff JlnHHbI pacceHHHH a H non

Horo C81J8Hllll pacce11HHR O' 
8 

C aenonRpll30B8HHblMH aefiTpOHllMH H nnpaMH Jlll!OT 
/6/ 

nBa Bo3MOlKHbIX Jiaoopa nnnH paccenmrn 

.i. ---------
a = a±·y..L±...l_(b-a 2 ) 

+ i 

7 
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a aar,v l (b-a2) 
+ < 

as 
rite b a ~ , Haoop, B KOTOpOM a + > a_ , Mb! OYAOM lI8.3bIB8Tb HaoopoM 11 

a npyron - naoopoM II. Tioc;1tonb1ty a ;t; a4" a~\_;,• 113 co·oTJioweHHsi: (3) 

~nnno, 'ITO MSI a1tcnepnMenTanbnoro Bbioopa peannayro~erocn B A8°ilCTBRTenbHOCTR 

na6opa nocTaTO'IHO onpenennTb 3na1t uonnpn3annoanoro ce'lennn B TOA oonacTn 

aneprnn, rne 1torepeBTBOCTb B paCC8l!BHB nettTpOHOll MHm8HblO OK83b!BSeTc;:H a:e

cymecTBena:on. Tionnpn3annona:oe ceqenne B ycnoBHl!X nona:on a:e1torepenTa:ocTH ce

'18HBH (coOTIIOW8HH8 (4)) HOBOI\ HH~opMaunn, B cpaBH8Hllll C pe3ynbT8T8MH ll3Mepe

a:nn 6e3 uonnpn3annn, a:e AaeT, 

B cnyqae H8ATpoJIHbIX pe3OHSHCOB, JtOrna B KSlKAOM ll3 pe3OH8HCOB OAHO ··113 

ceqennn, a+ nn11 a_ , paBJio eynro, nmr nonSipn~au11oa:a:oro ce1{ea:mr · 11Me8T MecTo 

COOTHOWOHH8: 

a po£ .. pa o :, 

p "' I.+ 

p .. - 1 

rne 

Arill pe3OH8HCOB CO CllRHOM i + ½ I 

Anll p83OH81ICOB CO CilllHOM I - ½ , 

Ta1t11M o6pa3oM, 11 anecb itnll onpenenenHl! cu11na nefiTponnoro pe3onanca 

( 11) 

( Benn'IHllbl p ) AOCTSTO'IBO oupenenllTb 3H8K nonllpll38UROHBOro C8'18Hlll! B 

~ pe3oaance, Ecnn TO'IHOCTb ll3Mepennn OK83blB88TCl! H8AOCT8TO'IHOfi (aTo 'ISCTO llM88T 

M8CTO Anl! c.naobIX nnn nepe1tpbIB810llll!IXCll pe30B8HCOB), TO np11 o6pa6oTxe pe3ynh
/8/ 

TBTOB yno6no BOCilOnb3OB8TbCl! M8TOAOM nnomanen , TinomaAb naA peao,llB.BCBbIM 

upoBanoM B 1tpnBoil nponyc1taJIRS1 oupenenlleTcH cneny10m11M oopaaoM: 

A(nxa 
m 

,r) aJll-T[nxa(El]}dE, ( 12) 

rAe n x - Tonmnna Mnmean; a m - ceqeane B MaxcnMyMe peaonaaca; 

r - m:apnan pe3oHanca; a (El - pe3oaaacnoe ce'<JeHne, 3anannoe ~opMy-

non Epal\Ta-B11raepa, llnll paanocT11 Taxnx unomanen, cooTBeTcTByromnx cnyqal!M 

uapannenbnon A } 
p 11 aBTnuapannenhnon ( A• ) OTBOCllTOnbBbIX op:i:eaTa-

8 
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I 
I 
I 

a aa,;.y ' (b-a2 
+ 

us 
1e b .. ~ • Ha5op, B KOTOpOM a + > a _ , MbI oy.neM H83bIBaTb HaoopOM I, 

.npyroi!: - aa5opoM II . IIoc:rrnnhKy u ;1; .. 4 rr a 1 n3 co·oT.11omemm: (3) 

IIAHO, qTO MR aKcnepnMeHTSilbHOro Bbloopa peannsyromeroclt B A8i!:CTBllT8!7bHOCTll 

~5opa .r:tocTaToqHo onpe.r:tennTb aHaK non11pn3ru:monnoro ceqeann B TOli o5nacTn 

11eprni!:, r.r:te KorepeHTHOCTI:, B pacce11nnn aeliTpOHOB Mllm8H:b!O OK83b!B88TClt ne

ymecTB8HHOli. IIonnpnsannoaaoe ceqeane B ycnoBnnx nonaoli aeKorepeaTnocTn ce

ennn (cooT11ome11ne (4)) HOBoli nn<j)opMannn, B cpaBHeHRn 'd pe3yn&TaTaMn naMepe-

11li 5e3 non11pn3annn, ae .r:taeT. 

B cnyqae HeliTpOHHblX peaoaaacoa, KOr.r:ta B K8lKAOM ll3 p830H8HCOB OAHO ··ns 

eqeHnlt, u + nnn u _ , paBHO nynro, .r:tmr nonRpn~aunoHHoro ceqeHnlt nMeeT MecTo 

OOTHOIIl8Hll8: 

U pof = p U O J 

p = -----
+ 

p .. - 1 

r.r:te 

.r:tliH p830H8HCOB CO CIIllHOM i + ½ I 

AII!I pe30H8HCOB co cnnnoM i - ½ • 

aKnM o5paaoM, n s.r:tecb .r:tnH onpe.r:teneHHlt cnnHa aeliTpOHHoro pes0Ha.11ca 

( 11) 

( Bennql!Hbl p ) .r:tocTaToqHo onpe.r:tennT:r.. aHaK nomrpnaaunoHHoro ceqeamr B 

eaoHaHce. Ecnn ToqHOCTb ll3MepeHnli OK83bIB88TClt H8AOCTaToqaoli (aTO qacTO llM88T 

8CTO AnR c.naobIX nnn nepeKpb!BS!OlllHXC!I p830HaHCOB), TO npn o5pa5oTK8 peayn&
/S/ 

BTOB YAOOHO BOCIIOnb30B8TbC!I M8TOAOM nnoma.r:teli • IInoma.r:tb HSA p830HBHCHb!M 

poaanoM B xpn:aoi!: nponycxaHRst onpenemreTCst cnenyromnM o5pasoM: 

A ( n x u 
m 

,rl afll-T[nxu(El]ldE, ( 12) 

'A8 n X - TOillllllHB Mnmemr; u m - ceqenne B MaKcHMyMe peaoaaaca; 

r - mnpnHR peaoHanca; u (El - peaoaaacaoe ceqeane, sanaHHoe <j)opMy-

1olt EpaltTa-Bnraepa. nnn paanocTn Taxnx nnomaneli, cooTBeTcTByromnx cnyqa11M 

rapannenbHOli A } 
p n aHTnnapannen&Holi ( A a ) OTHOCHT8IlbHblX op:I8HTa-

8 

nnli nomrpnsauni!: nyqKa n Mnme11n, nMeeT MecTo co0Taome11ne: 

A -A p & 

a fn A 
.:'(l+cf,lpnPNp.A afn(nxum ( 13) 

Bxomrma11 cro.r:ta :aennqnaa a/ ~n A l cna5o aa:ancnT oT napaMeTpoB peao-
n DXO'm' 

nanco:a, a :aennqnHa A (nnomai:i:r... 6ea nomipnaauni!:) MoJKeT 6bITb onpeneneHa HS 

pesyn:r..TaTOB 9KCnepHM8HTa. lfa ( 13) nnSI Bemi:qnnbl ( 1 +cf,) Pn p N • ·o.r:tHHaKOBOi!: 

nrui :acex peaoaa11co:a1 nonyqaeM: 

pA 
(l+cf,lp PN .. ~Aa 

n . P 

aen A 
afn(nx um) 

Onpe.neneane .cnmioB aeliTPOHllbIX pe30H8HCOB (Bbl6op BennqnHbI p 

.c· 

.. (14) 

) c ncnon&-

30B8Hll8M aToro COOTHOIIl8HllSl npoll3BOJ:lHTClt IIyTeM COIIOCT8Bll8Hll!I nonyqelJHbIX ll3 

H3Mepeanli Bennqna· ( 1 + cf, l P n P N C OlKHAB8MbIM aaaqeaneM. OJKnnaeMoe 

a1Jaqea11e ( 1 + cf, l p n p N M02Kll0 m:,nyqnTb nn6o 113 H3B8CTHblX xapaKT8pHCTHK 

nyqita n MHIIl8HHi nn5o.H3 o5pa6oTKH peayn&TaTOB Alllt peso11aHCOB c H3B8CTHbIMll 

cnnHaMn. 

0 n n c a n n e a K c n e p n M e a T a n & 11 o n 

y C T a H O B K ll 

06ma11 cxeMa 9KCIIepnMeHTanhHOH YCTBHOBKll nn11 nccneAOBSHHli C non11pnaoBaH~ 

Hb!Mll
0 

aeliTpoaaMll H rromrpH30BaHHbIMll SIApaMn, coanaaaoi!: B na6opaTOpHH aeliTpOHHOtt 

<j)nanxn OHHl:f, npe.r:tcTaBneaa aa pHc. 1. YcTaHoBKa pacnonoJKeaa Ha o.naoM ns 
.1"· . 11/ . 

aeil:Tpoaah1X·'1taaanoB peaKTOpa HEP • llnnaa aToro xaaana (nponeTaa11 6aaa aettT-

poaaoro ~rre~TpoMeTpa no BpeMean rrponeTa) .r:tocTnraeT 120 M, yqacToK rrponeTaolt 

6a3bl OT 20 no 120 M (oT peaKTOpa) npoxonHT B Tpy5e .r:tnaMeTpOM 800 MM n MOlK8T 

6bITb BaKyyMnpoBaH. HB:,.Heil:TpOHHOM rryqKe pacnonoJK8HbI: nom1pnaaTop neilTpOHOB 

( 11 M OT peaKTOpa). CilHHOBbiil: poTaTop (M8lKilY rromrpnaaTopoM ll 110llltpll30BaHHOtt 

.11nepaon Mlllil8HbIO)' IIOlI.llpll30BBHHall SinepHB.11 Mll1Il8Hb ( 13,5 M OT peaKTopa ) ' a 
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, 

TaKlK8 KOn1IHMaTOpb1, MOHl!TOpbl rry'Dta ll H8liTpOllllbl8 A0T8KTOpbl. KopOTKO oxapaK-

Tep11ayeM OTAenbHbl0 y3nbl ycTaHOBKll. ~ .. 

I. B KaqecTBe nonapll3aTopa HeliTpOHOB llCilOnb30B8lla rronHp1!30B8llll8H npoToH

naa M11meah. 11oAp66aoe orrncan11e npoToanoli Mnmenn n e~ ncnonb3oBanna AnH nona

p11aan1111 neliTpOHOB COAeplKllTCH B Al!CC8pTan11n OAHoro ll3 a:BTOpOB paapa6oTKll Mll-
/23/ \' . 

mean, 10.B.TapaHa ' Mbl npl!B0A0M n11mi. ee OCHOBllbIO nap_aMeTpbl. 11onHp1!38Ill!H ocy-

mecTBnHnach B MOHOKpl!cTanne nnoliaoro nanTan-Mara11eBoro anTpaTa, c ae6onhmoli 

IlpllM0CbIO rrapaM{l.rllllTlIOro 142 
Nd • M0TOAOM .. conM-aqiq>eKTa .. aa qacTOT0 38 ll 

84 I'ru, Pa3Mepbl Ml!menn:. 34 x 42 MM
2 

(nonepeK rryqKa) I! no 20 MM (anonh nyqKa). 

llocTnrnyTaH nomrpll3auna npoTOIIOB (na qacToTe 84 frn) p N ~ 0,8. 11pl! onTl!-

ManbHG li Tonmnne Mnmean (ocna6neune nyqKa nerronapHsoaaueoli MnmeHbIO rrpnMepno 
-2 

e )nonnpnaauna neliTponuoro ITY'{Ka oxa3blBaeTcn npn61IHanTenbHo paaeoli rrong-

pn3aunn rrpOTOHOB B Ml!W8HI!. 

2. Hcnollb30B8H Cill!HOBbill: POTaTop co crrnpanbHbIM Marel!Tllb!M xa11anoM I! amo-
/8/ . 

Mnnneaoli TOKoBoli qionbroli , o6ecrreqnaaromeli peaepc aanpaaneImn crrn110B aefl:Tpo-

uoa B_nyqKe OTHOCl!T8IlblIO BeAymero MarRl!THOro rrona. llnaMeTp npoXOAHOro OTBep

CTl!ll poTaTopa - OKono 70 MM. 110 pacq~THblM oneaKaM poTaTop o6nanaeT nocTaTOqflO 

BbICOKOli aqiqieKTl!BlIOCTb!O peaepca nonHp1!38Ulll! ITy'll!:a neliTpOHOB BITilOTb no aHeprnn 

.. 150 an, l13Mepenna aennql!HbI </> Ana aaeprnn E = 4 an nalIH cf, .. 0,8±. 0, 18. 

ITocne rrpOB8A8H1!5I 8Trut H3MepeHHli, nna IlOBblW8Hl!H aqiqieKTHBHOCTH poTaTopa, pa3M8pbl 
. . 2 2 

TOKOBO!l: q>Onbrll (nonepeK ITy'lKa) ObmlI YBE!nnqeHb! c 80 x 110 MM, AO 200 x 400 "4M , 

onllaKO aqlq>8KTl!BlIOCTb pOTaTopa C HOBOfl: qlOnhrOfl: eme RO 1!3M0pHnacb. 

3. B aKcrrepHM8HTaX 6blnl! ncnonb30B8llbl ABe nonHpH30B8lIHbl0 anepHbl8 MllW8JIH: 
/3/ /8/ . 

ronhMHeBBn n neliToeuan • 

llefl:TOHbl rronnpn30B8Ill!Cb T8M JKe MeTonoM, qTO ll rrpoTOlibI, B crrennanhHO Bbl

pameneoM nefl:TepnpoBaneoM Kpl!cTanne nBolinoro naaTan-Marel!eBoro Hl!TpaTa, na 

qacToTe 84 frn. KpncTann Bb1pamnBanca B repMeTHqaoM KpncTannn3aTope MeTonoM 

nocTeneaHoro canJKeang TeMrrepaTypbl 1!3 pacTBopa ABOll:Horo naHTaH-MarHnenoro 

lll!TP8T8 B Tlll!Cenon BOA8. THJK~nOBOAllblfl: paCTBOp C npnMeCb!O npoCTO!l: BOAbl, no OTHO

meHHIO x THJKenon, Menee 0,.5% roTOBHnCH MHOrOKpaTHbIMll Bbmapl!BaHl!HMI! paCTBopa 

I! paCTBOpelIHHMll ocaAXOB B THlK~no!l: BOA8. KoaneHTpattmr rrpocToli BOnbI ~ paCTBOpe 

KOHTpolll!poBanach no aa6nronaeMoMy cnrHany rrpoTonaoro MarHl!Taoro peaonaaca. B 

Te,i:eane rrpnMepeo Mecsma 1!3- rronyqeauoro pacTBopa ohm Bblpamea MOHOKpncTann, 
3 

1!3 KOToporo ynanocb Bb!p838Tb nnacTl!Hy C pa3MepaMI! 15 X 20 X 34 MM • B 1!3-
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Mepenm1x C neli:Tp0HaMn KpllCTann. Obin opneHTllP0BaH paaMepOM 34 MM 
I 

BJl0nb IIy'!Ka. 

YcnciBnsi rrpnMeaeansi MeToAa 'connA-a<pcpeKTa' K'·Aeli:TonaM B aT0M KpHcTanne aaMeT

Ho xyJKe, ireM K IIp0T0HaM, rroaTOMY H rronsipnaaunsi Aeli:T0IIOB B H8M AOnJKaa· Ob!Tb 

aaMeTl!O HHJKe, qeM rrp0T0H0B. OueHKH Jl0CTHrHyToli: Aeli:TOHl!0il: nonsipnaau~m, K~K 

na naMepeanli: cnraana Aeil:Tonaoro MarnnTnoro peaoaaaca, TaK n na peaynhTaToB 

aeil:Tp0l!HbIX aKcnepHMeHTOB, ABIOT Bennirnay p N = o, 1. 

flonsipnaaunsi SIAep IU Ho . ocymecTBnsinacb CTaTnirecKnM MeTOAOM C ncnonb-
u 7 /10/ 

H .. 10 apcTeA , coa11aaaeMoro Ba aoBaHneM BHyTpenHero MaranTaoro nonsi 

!!Jlpe ronbMHSI aneKTp0HHOil: ooonO'IKOil:. MeTannnirecKaSI ronbMlleBal! MllW8Hb, BO 

BHeWHeM MarH_llTHOM none c nanpsilKeHHOCTblO H,:: :l6 KHnoapcTeA, oxnaJK11anacb AO 

TeMnepaTypbl T : 0,3 K. Ilnsi AOCTlllK81!llll 8TOil: TeMrrepaTypbl Obin naroToBnen KpH-. 

ocTaT C OTKa'!Ko'il: a He , nOJlOOHbili: C03A8HHOMY paHee B naoopaTopnn SIJlepHbIX 

npooneM 011.HH E.C.Hera'.HOBbIM. KpnocTaT nocTpoeH no cxeMe C 38MKHYTblM KOH-

TypoM llllpKynsiunn 
3

He, HH3KOTeMnepaTypHaSI aKpaImpOBKa BaHHbl ncnapennsi 
8

He 

n npe11aapnTenbaoe oxnaJKAeHne_ unpKynnpyromero ocymecTBnSIIOTCSI B OObl'I- ,; 

HOii cncTeMe · C TpeMl! Hll3KOTeMnepaTypHblMH BBHHaMn ( a30THOli: ll ABYMSI renneBbIMH: 

4-rpa11ycaoll: n 1-rpaAycaoli:), ooecneirnBaromeli HenpepbIBaoe rroA11epJKaane cBepxana

Koli TeMnepaTypbI B Teireune 100 -+ 120 'IBCOB. MnunManbHaSI TeMnepaTypa, JlOCTHI'-,. 

ayTasi B KpnocTaTe, - npnMepuo 0,27°K, TeMnepaTypa BaHl!bI ncnapenm1 npn Terrno

Boil: aarpyaKe 1500 apr/ceK cocTaBnsieT oxono 0,3°K. MaKcnManbHb1e paaMepbI Mn

wean B nam.eM KPHOCTaTe, paCC'IIITBHl!OM Ha paooTy B MaranTe c aaaopoM 125 MM,-

80 X 150 MM
2

• BpEiMSI, Heoox0AllMOe AnSI aanycKa KpnocTaTa co CMOHTnpoBal!l!Oil: 

MllWeHb!O\ C0CTSBnSieT 6 .. 8 'IBCOB. B SKcnepnMeHTax ncnonb30Banncb Mnmenn C Ton-
2 

mnaaMn 1 n 2,8 r/ CM , no rom,Mnro, n nonepeirHbIMU paaMepaMn 80 x 120 n 
2 

80 X 80 MM • OueHKll BenU'IllHbl AOCTl!I'YT0li: ronbMl!eBoli: nonsipnaaunn l!3 peaynb-

TaTOB aeil:TpOl!l!blX aK~epnMeHTOB Jl8IOT p N = 0,5. 

4. KonnnMaTOpb!. flepeA npOTOHHOli: Ml!llISHb!O ny'!Ol{ KOMHMnpoaancsi AO 
2 

pa3MepoB, HaJlelKHO nepeKpbIBaeMbIX Ml!11IeI1blO (npnMepHo 30 X 40 MM. ) • B cnyirae, 

ecnn pa3Mepbl SIASpHoli: Ml!llleHl! oblnl! aeA0CTaTO'!Hbl JlnSI HaAelKHOI'O nepeKpb!Tl!SI 

nyirKa Ha 11e'l"eKTOP, ncnonhaoaa·ncsi 11ononanTenbHblfi KonnnMaTop, aa SIAepaofi Ml!

meabro. 

5, MoHl!TOpbl H AeTSl{T0pbl, Henom1pnaoBaHHbiil: (110 npOTOHHOli: Mnwe1m) l! rro

nllpll30B81!llblil: (MelKJlY :npOTOHHOH ll S!Aepnoil: Ml!llleHSIMn) IIy'IKl! MOHl!TOpnposanncb 

ra30Bb!Mll Heil:Tp0!iHblMH C'!ElT'IllKBMll C B F 
3 

, B Ka'!eCTBe H8l1TpOHHOI'O A8TeKTopa 
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nnll HeliTpOHOB c aHeprHllMH HHJKe 1 SB ncnonb3oaancll Ha6op raaoBhlX cq~TqllKOB 

c o6orameHllbIM 6opoM, PeaoHaHcHbJe aeliTpOHbI perncTpnpoBannc& JKnnxocT.HhlM 
/11/ 

CllHHTnnminnoHltbIM neTeKTOpOM • ITpn pa6oTe c KOpOTKOtt 1tettTpOJIHOlt BCilbIWKOtt 

( ,. 2 MKceK , BO BTOpOM axcnepnMeHTe c Ho B lKllllKOCTHOM neTeKTope_ ncnonb-

aoBaJlCll cnnttTHMllTOp C o6orameHJibIM 6opoM. CnrttaJlbl OT A!)T~KTOp()B perncTpH-

" pOBaJlHCb MHoroKaHaJlbHbIMH BpeMeHHbIMH anannaaTOpaMH. MmpopMannll na anann-

aaTOpOB Morna 6bITb nepenana B anexTponHyro Bb1qncnnTen&ay10 Mamnny n TllM o6-

pa6oTana. 

8xcnepHM8HThl C nonllpnaoBaHHbIMH 

MHWeHHMll Ha nonllpnaoBaHHOM nett

TpOll.HOM nyqxe 

'EbmH BbIIIOJlH8Hbl axcnepHMOJITbl no BbI6opy peannayromerocll B n - d Baa-

nMonettcTBHH Ha6opa nnHH paccellHHll n axcnepn¼eHThl no onpeneneHnro cnnHoB nett-

TpOHHblX peaonaHCOB llnpa 166 ·Ho B o6nacTn sHeprntt OT nynll no 150 an. 

1. Bb16op ncTmrnoro na6opa nnnH B n - d paccesurnn. Ma naMepemi:tt c Heno-
/ 12/ . 

m1pnaoBaH1IbIMH aettTpoHaMH ll nettToHaMH nonyqeahl !{Ba· BOaMO>KHbIX B n - d 

B3aHMO.i::tettcTBHH Ha6opa _i:tnnH paccellHHll (nm1 nettTOHOB i .. I,_ n npHHllTO o6oaHa-

q9Tb: · a+ = a 4 , a - = a2 ) : 

I a 2 = o, 11 :!:: 0,07 fm a 
4 

= 6,38 :!:. 0,06 Im 

II. a 2 = 8,26 :!:. 0,12 Im, a 4 = 2,6 ±. 0,2 Im. 

Ha onncaanott ycTaaoaxe 6hmn npoBei:teHbI i:tBe cep:irn u:aMepeau:tt saepreTnqecxott 

3aBHCHMOCTll s~~eKTa nporrycKaHHH nonllpnaonaHHOli nettTOHHOH MnmeHn nnll IlOJlll-
191 B • ,. 6 pnaoBaHttbIX HefiTpOHOB • . nepBOH cepnn J:l8nTOHbl bIJlll nonllpH30BaHbl napannenbHO 

nonro B MaranTe i:teltToHHoli MnmeHn, a BO BTopoli - npoTHB nonsr B MarHHT8, ITapan

nenbHOCTb n aaTnnapannenbHOCTb nonllpnaannn HeliTpoHHoro nyqxa B o6onx cnyqagx 

onpenenllnacb OTHOCHTenbHO nonll B MarHHTe neliTOHHOli MHIIIeHn. MaMepeHHll npoao

i:tHnHcb B peJKHMe pa6oTbl peaKTOpa c MOIDHOCTbIO OKono 6 KHnOBaTT n J:lJlHTenb-

HOCTbIO H8liTpOHH0!1 BCllb!IIIKH ., 60 MKCeK. EbmH Hcnonb30BaHbl OJ:lHOBpeMeHHO 

i:tBa i:teTeKTopa: aa6op 6opHbIX cq~TqHKOB ( 20 M OT peaKTopa ) n lKHJ:lKOCTHblli 

neTeKTOp 60 M oT peaxTopa). 1'.JncToe apeMll naMepeau:li B nepBofi cepnn 
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nsMepeHnfi cocTaanno oKono 7 qacoa, a ao BTopofi - oKono 8,6 qacoa. 

KoHTponbHS!I cepH!I lt3Mepeunfi C ll01.!!Ipll30B8HHblMH·• nefiTp0Hlib!M nyqKoM, 

HO oes nonnpnsannn B neilT0HHofi MnmeHn, noKasana, qTo ycTaH0BKa c 

HYll<H0fi ToqHoCTb!O annapaTypHhlX .. s¢<j>eKTOB' He naeT. PesynbTSTbl nayx cepnfi 

ll3MepeHHfi a<!><!>eKTa nponycKaHHll nonnpH30B8IIH0fi neilT0HH0fi MHmeHH nnn nonHpH30-

B8HHb!X HefiTp0II0B npencTaBneHhl Ha pnc. 2. Ifo 8THX pesynbTST0B c oqeBHHH0CTb!O 

cnenyeT1 qTo a<j><j>eKT nponyCKaHnn nnn HefiTpOH0B c aHeprnefi, oonbmefi 1 aa (Kore

peHTHbte nponeccbI B paccenHHH 1tecymecTBeHHb1), oTpnnaTeneH. OnHaKo npelKne 

qeM nenaTb BbIBOllhl oTHocnTenbHO peannayromerocn mm nefiT0HOB Haoopa, cnenyeT 

oneaHTb aosM.olKHbIH BKnan a a<j><j>eKT nponycKaHnn OT npyrnx nnep1 axonsi:mnx a 

ncnonb30~aHHb!H KpHcTann, K0T0pb!8 MoryT 0b!Tb B Tott· nnn HHOlt CT8Il8HH nomt-

pll30Ballhl, B 1tameM cnyqae (ManbI8 a<j><j>eKTbl H <p < l 
HbIMH KDHll8HTpanm1Mn n I n non!Ipnsanm1Mn p k 

nnH Haoopa Hnep c oo~eM

ynooHo aocnonb3oBaTbCH 
/7/ 

ynpomeHHbIM ll 0ooomeHHhlM· COOTHOm8HH8M 

f 

'"T+¢ 
2 

x Pn 
.,_ n. pd O d 

d N pof 

I I 
[l+I _n_1_P_N_0_p_o_f ___ ] • 

1,/d d d 
n d_ P N ° pof 

( 16) 

3aaqeHHll napaM8Tp0B, OTIIOC!IWH8C!I K HnpaM C H8HyneBblM cmtaoM, BXO.i:tHWHM B Ham 

K!)HCTann, npnaeneHbl B Taon. 1. Hs STOit Taonnnhl BHAHO, qTO cymecTB8HHhllt nnn Bhl

BOHOB O neltTOHHOM Haoope·BKnan B a<j><j>eKT nponyCKalIH!I MoryT naTb nllmb nnpa 
14 N n 189 

La. B Taon. 2 naHbI saaqeanH "asoTll~ro" n "naaTaaoaoro" qneaoa 
/16/ 

cyMMbl B , a TaKlK8 3HaqeHH!I cyMMhl STHX 1;1neHOB B pa3Hb!X npennonOJKEl.lIH!IX 

oTaocnTenbao peannsyromnxcH Haoopoa. Ilpn nonyqennn nal!HbIX aToil Taonnnhl 
N . 

ncnonb30Ballb1: ~ = 0,66 ±. O, 12, nonyqe11aoe na naMepeHnfi .HMP-cnr-
P N 

aani~ asoTa n nefiTepnH a KpncTanne npn ycnoarui:x, onnsxnx K paooqnM ; + = 2,26, cnenyromee ns npocToil Teopnn "connn-a<!><!>exTa' a naHHOM cny-
~ . 

qae ( p N ., i + l ) 1 a TaltlKe TO .O0CTOllTen&CTBo, qTo nm! 830TB, no-BHHHMOMY, 

nMeeT MecTo nepBhllt 11a6op, nocxonbKy ocHoBHa!I non!I paccenaaTenbHoro ceqeHnn 

CBSl38II8. C OTpHD:aT81Ihllb!M ~e30H81ICOM 8/2-, na1I1Ihl8 STOit Taonllllhl yoeHHT8nblIO 

yKa3bIBa!OT Ha T01 . qTo B cnyqae, n - d B38HMOH8liCTBH!I peannsyeTCll nepBb!lt 

Haoop nnna paccenHna. 3TOT• pesyn&TaT cornacyeTcn c pesynbTaTaMn oonbmHH
/14/ 

cTaa TeopeTnqeCKnx paooT (cM., aanpnMep, .) n npoTnaopeqnT Bhlaony o pea-
t 15/ nnsannn BToporo 1ta6opa, cnenanaoMy a paooTe • 

'; 
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2. Onpe.nenenne CllRHOB H8l!TpOHHl,IX\ p830HB.HCOB srnpa 
160 

Ho • CnnHbl pe3()-
IU ; ' /5 18/ 

HaJICOB Ho , KPOM8 namnx pa6oT, nccnenoaannc& KaK DpHMbIM M8T0noM 1 
1 

1111 
TaK n B naMepe11nnx nonnoro n napnnan&noro ceqenntt • B pa6oTax c nonsrpnao~ 

BaHHb!Mll nettTponaMll ll nonnpnaoBaHHbIMH snpaMll 6brn!{ :OllpeneneHbl .cnnHbl 4 Hll3-

K09H8preTHqHb1X peaonancoB ron&Mns, npnqGM cnnn ~o~nennero peaonanca 

(E • 21,0 an) onpenenen om:e:6oqno. B pa6oTe c :e:cn~~oaanneM MeTona nonnoro 

n napnnam.noro ceqenntt ynanoc& B o6nacTn aneprntt 35 + 240 an onpenennT& cnnahl 

10 peao11ancoB n 4 peao11a11caM npnnncaT& BeponTHble anaqe1ra:s cnnnon. HaMn BbI-

nonneno naa axcnepnMeJITa no onpenenennro cnnnon peaonancoB toe Ho • ITepBblll: 
/3/ 

9KCD8pllM8lIT llpOBO.QllllCH C paapemenneM nell:Tponaoro Cll8KTp0M8Tpa no Bp8M8llll: 

nponeTa oxono 0,5 MKcex/M npn Tonmnae ron&Mne:aoll: Mnmean 1 r/cM
2
• a BTopott -

2 
c paapemenneM ., 25 ncex/M n Mnmeltbro Tonmnnoll: 2,8 r/cM • B o6onx axcnepn-

MeHT.ax ncnonbaoBancs lKllnKOCT~bllt CI(lllITHllllHllll0RJib!ll: .Q8T8KTop, pacnonOlK8lIJib1ll: 

na 120 MOT peaKTopa. 3aBncnMoCTb alp(j>exTa nponycKaann nonspnaoaannoll: ron&Mn-

8Boll: Mnmenn OT BpeMeHn nponeTa nell:Tp0HOB, nonyqeanasr B nepBOM axcnepnMeJITe , 

npnBeneaa na pnc. 3. Ha TOM 2Ke pncynKe .naaa KpHBaH nponycKaJinH naruel!. Mnmenn 
/18/ 

6ea nonHpnaa11nn c yKaaanneM sneprnn peaonancoa no naJIHblM pa6oT@ • O6pa6oT-

xa aTnx peayn&TaT0B MeTonoM nnoJiumell: noaBonnna B o6nacTH aneprntt no 54 aB 

onpenenHT& cnnabl g·peaoaancoB n 2 peaoaaacaM npnlll!caT& aepoHTHble aaaqennH 

CIIHIIOB~ Ha pnc. 4 npencTaBneJia aaBHCHM0CTb Ll8T8KTopnoro cq(l'ra OT Bp8M81Ill 
. . n9L . 

nponeTAJiell:TpOII0B B ycnoBHHX BTOporo 8KCII8pllM8JITa, 3Jieprnn peaonaHcoB Ra 9TOM 
. /18/ · 

pncyRKe cnoBa .naJibl no pa6oTe . • O6pa6oTKa peaym.TaT0B BToporo a1tcnepnM81ITa 

( TaKlK8 MeT0LtOM nnomanell:) noaBonnna onpenennTh cnnRbl 12 peaoJiaHC0B 160 
Ho 

B o6nacTn aJieprnll oT 21 Lto 150 aB. CBo.QKa nMeromnxcH cel!qac .QaHJiblX o cnnnax 

Jiell:TpOHIIb!X peaoJiaHCOB impa 
160 

Ho , C yxaaaJIH8M HCToqHHKOB, npnBeLteHa B 

Ta6n. 3, Ha aToll Ta6nm1b1 n pncyHK0B 3 n 4 cneLtyeT, qTo B o6nacTn aneprnn oT 0 

no 150 9B naBeCTHbl CllllHbl BC8X .cnn&HblX peaonancon ll.Qpa 
185 

Ho I 10 peaonan-

COB llM8!oT CllllH j = 3, ll 13 peaonancoB llM8IOT cmm j = 4. Ha 9TllX aan-
' . /20/ 

Hb!X C. ncnonb3o!laHH8M M8TOL!0B M8T8M8THqecKoll: CTaTHCTHKll MOlKII0 nonyqHTb 

cneLtyromne 68-npoueHTHbie Ll0BepnTen&IIbl8 llHT8pBallbl LtmI anaqeHntl Clln0Bb!X qiyRK

11nn s ll 0TH0IIl8HllH cpeannx paccTOlIHHii D B cncTeMax ypoB11etl co cnn-

Hl!aMll j = 3 ll j .. 4: 

1,9 10-4 < s 
l ~ 3 < 6,0 10-4 
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H113Kasr 

\i=4 
-----1...!:!..L < 

< 
< 0,74 

D l == s 
CTSTHCTnqecKasr ToqaoCTb nonyqeRRb!X 

15,9 J0-4_ 

1;43. 

peaynbTaToB, o5ycnoBneaaan Ma-

nocThIO q11cna peaoaaacoB c onpeneneHHb!Mll cn11aaM11, ae no3BonsreT cnenaTL orrpe

neneHHb!X aaKnroqeanll: ax o aaMeqeaaoM B aeKoTopblx paooTax paan11qnn Memny 
/21/ 

S I + Ii ll S I - ~ , Hll O cnpaBeJ:.(n:tiB0CTll rrpencKa3aHnfi CTSTllCTl!qecxoll: 
/22/ D l== 4 

Teopllll srnepHbIX yp0BHefi nnn 0TR0il!8Rl!Sl IInOTH0CTel!: : -=n---) IO&Ho .. 0,91. 
l ., 8 

Kax noKaaann axcrrepnMeHTbl, ncnonLaoBaHRblfi B naoopaTopnn aefiTpoHnoil ~ns11-

Irn OH.HM M8T0J:l ll3y,I8lll1Sl CillllI0B0II: 3SBHCHM0CTll H8fiTpoH-srnepllb!X B3SHMOJ:l81l:CTBllll: 

oxaaancsr B8CbMa a(f>q,eKTHBllbIM. 

Qqellb nepcneKTl!BlI0 npHM8H8HH8 nnn nonnpnaan11n H8fiTp0H0B nonnp:tt30BaHHOll: 

npoToaaoll: Mnmenll, HMeromasrcn yme cefiqac nonnpnao'Baanan npo-roaallll Ml!mea& 
3 (Kpl!CTann llBOl!Horo naHTall-MarHH8BOI'0 HHTpaTa c pa3MepaMH 42 x 34 x 20 MM ) 

C nonnpn3annen no 60% -II03BonneT nonyqaTb llHT8HCHBllb!8 nyqKH llefiTpOlIOB C. BbICOKOfi 

nonnpnaannen. CnenyeT, omiaxo, OTMeTJITb, 'ITO noBenelll!e TaKoil Mnmee:JI no xo- . 

pomnx axcnnyaTannolIHipc xapaKTepncTnK noTpe5yeT eme MH0ro TeXHn11ecKofi pa5oTbl, 

B 0ClI0BH0M B aanpaBneHnn Il0Bblill8HHH CTaonnbHOCTll rronnpnaan11n n yBenn11eHnH 

paooqelt nnomann Mnme:irn:. Mo~o Taxme o=naT& yny,:imeHmi: rrapaMeTp0B rromi:pnao

Banaoll: npoToHH0il Mnwean sa cq~T npnMeHeann npyrnx M8Tonon nonnpnaannn npoTo-

HOB, 

IlonnpnaoBaHHSH nel!T0HHSH Mllill8Hb lnettTepnpOBSHHblll: KPHCTann AB0ttHoro naH

TSH-MaraneBoro HHTpaTa C npnM8CblO npoT0HoB, no 0TH0meanro K nefiT0HSM, M8ll88 
. 3 

0,5%) r:: paaMepaMH 15 x 20 x 34_ MM n nonnpll3an11el! 0Kono to% noaoonnna ycnem-

HO npoB8CTH 8KCil8pHM8lIT no Bb!0Dpy peannsyromerocsr B n - d B3aHMOA8itCTBJlll 

aa5opa nnnn paccenann. Ynyqme·ane napaMeTpon Taxon MnmenJI cnenyeT rrpoBonnn, 

B HarrpaBnennn yBennqeBnn, cTaonnnaannn n Hanemaoro onpenenennn nonnpnaannn, 
.,:.,, 

a TaKme B nanpaBnean yienn11eann pa3MepoB Mnmean, 

C03A8HHaH D naoopaTOpHll H8ttTpOHHOtt ~ll3HKH rronHpH30BaHHasr ronbMH8BaH 

Mnmel!b c BecoM no 150 r n nonnpnaannen oKono 50% ( MeTannn11ecxnn Ho B Mar-

16 



f 

llllTHOM none C H : 15 Kn:noapCT8ll oxnalKllancn llO TeMnepaTypb! T : 0,3°K B Kpn:

ocTaTe C OTK8'IKOll 
3

He ) llnn npOB8ll81lllSl ll8ATpOllllhlX 8KCll8pllM8HTOB MOlK8T C'IH

T8ThCSI· Bnonae YllOBneTBOpllT8JibllOA, flpll 11eo6XOllllMOCTll nonnpll38I!lISl Ho B 

qieppoMarHJITHOll M8TannH'I8CKOll Mll!Il81lll MOlK8T 6b!Tb ITOB~1,me11a nH6o yBenH'I8Hll8M 

ll8Cblll!SIOII!8ro·· MarHHTHOro nonn, nn6o C ncnonb30B81lll8,M ,MOHOKpDCTanna Ho • Boa ... 
' ( ., 

M~lKHO TaKlK8 ll0Bb!In81lll8 nonnpll311Ullll Ho 38 C'I~T lI8p8XOll8 Ha napaMarHllTlff!O 

Mll!Il8Hb, OllHSKO STO Bpsut nn Bbironno ll3--3a lIOlIB,nmom:erocSI B 8TOM cny,i:ae 6on1>

m:oro xonH'l8CTBa npnMec11blx nnep. ITonRpnaannn npyrnx Rll8P .B Tex lK8 ycnoBJmx, 

'ITO llM8Jill M8CT0 mm ronbMHSI, 0K83b!B88TCSI 3H8'lllT81lbH0 M8Hbmell. 3necb nene

eoo6pa3HO l!TTll no nyTH ll81lbll8Amero noHlllK8HllSl TeMnepaTypb! lI lIOBhl!Il81llISl 11a

npBlK8HH0CTll MSI'HllTHOro nomr. 

8xcnepnMeHTa1lbaoe noxaaaTellbCTBo peannaannn B n - d BSaHMoneAcTBHH aa6o-

pa nnna pacceRHHR ca, > a 2 no MH8Hll!O aBT0POB, SIBJIS18TCSI ll0CTaTO'IBO 

HanelKBNM, ll lIOBTopeHHe sn:cnepn:MeHT0B TaKoro Tnna Bpnn nn llM88T CMb!Cll, 

BNno 6b! HHT8pec11NM n:ccneAoBaTb ClmHOBYIO 3aBHCllM0CTb 38XBaTH0r0 C8'I8HHSI 

smep U N n:
139 

La, noimpnayIOII!llXCSI B ncnonb30BSIIH0A ll8l1TOHH0ll MHW81lll ll HMe

IOII!HX B aen llOCTaTO'IHO BhlC0KYIO KOHll8HTpannro. 

Hamn ll3M8p8HHSI noaBonnnn onp8ll81lllTh Cllllllhl .ctB8llU8Tll onaoro 11el1Tpo1111oro 

peao,aanca Slllpa ueHo B o6nacT:ir s11eprHA OT Rynn no 150 8B, Ko Bp8M81lll 

np0B8ll81lHSI namn:x ll3Mepe11n:n 6b!lll{ ll3B8CT!lbl Clillllbl nnmb 4 llll3K0SH8preTH'lllb!X 

peaoaaHCOB Ho) npn'l~M, KAK on:aaanocb , cnnn peao11a11ca c s11eprn~tt E • 21,0 sB 

6Nn onpeAenea omH6o'lH0, Ha ocaoBaHHn aamnx pearn&TaToB ynanoc& ·non:aaaT&, 

'lTQ peao11a11c c saeprnen 8, 1 sB, npnnncbIB8Bm11ttcS1 paaee npnMecnM s m B 

rom.MH8BOll MllmeHH, B nettCTBllT8nhH0CTll npHH8ll118lKHT 
164 

Ho, HMerom11ecsr cen

'ISC cBeneann o cnnaax 11ettTpoHHbIX peaoaancoB Rllpa 
184 

Ho (naBeCTHbI cnnHbI 

BC8X 23 Cl!llb.llb!X p830118JIC0B B o6nacTn Slleprntt OT llYnsI ll0 150 BB, CM, Ta6n. 3 

n pnc. 3,4) SIBH0 H8ll0CT8T0'lllhl llllSl peaynbT8TllBHOI'0 C0ITOCTaBneanSl C np8llCKaaaan

SIMll Teopnn. 8xcnepllM8llThl C ron&Mll8M D,0JilKHbl. 6b!Tb npoAomKellbl B o6naCTb 6onee 

Bb!C0KHX Slleprntt. 
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E 

3,92 

cl,1 

12,6 

18,I 

21,0 

21,0· 

35,3 

37,0 

37,0 
(JI 

39,4 

47,3 

47,3 

51,3 

54,0 

64,7 

71,4 

~-

__ Taei.l!lma -3 -,. -,, 

. Cmrnu HeifTpOHHblX pesoHaHCOB ~~ 165Ho 

CIIHH ccwrna E CIIHH ccwma 

4 /?,/,/5/ 83,9 4 /17/ 

3 I?./ 84,8 ::l /17/,/l~/ 

4 /3/,/5/ 85,7 3 /19/ 

3 /3/,/16/ 93,6 4 /19/ 

3 /16/ 101,9 4 /17/,/19/ 

106,::l 
- - -"--

4 /3/~/19/ 4 /19/ 

3 /3/,/17/,/19/ II7,4 4 /19/ 

(s) /3/ 124,7 4 /17/ 

4 /19/ 126,8 3 /1'2/ 
4 /3/,/17/,/19/ 12.8,4 3 /19/ 

3 /3/,/19/ 150 9 ' . (3) /17/ 

4 /17/ 150,9 .3 /19/ 

,3 /3/,/17/./19/ 169,4 (4] /17/ 

(s) /3/ 180,5 (4) /17/ 

4 /17/,/19/ 201,8 (4) /17/ 

4 /17/,/19/ 239,1 (4) /17/ 

B c1<0Ci.1tax ,n;aau Meaee .n;ocTOBepHo orrpe.n;eJieHHUe sHatiemm 
CIDIHOB ~e30H8HCOB. 
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12 19 

"" 2,51'1 fil'f '"' 57H 

Pac. 1. Ooma!I cxeMa ycTaHOBKH nnH nccnenoeaeal! c rronHpaaoeaaHhIMH ael!
TpoaaMH ·II non!lpH30BaHHblMH !1/lpaMH: 1 - aKTHBHa!I 30Ha peaKTopa 
HBP c aaMennaTeneM; 2 - aamHTHaH cTeHa aana peaKTopa; 3 - Moan
Top aenonHpH30Baeeoro ny'!Ka; 4, 11 - KonnnMaTOpbll 5 - rronHpH-
30BaHH8H npOTOHHaH MIIIIJ8Hbi 6,8,ll - CllHHOBbll! poTaTop; 7 - MOHHTOP 
nom1p1<aoaaaaoro ny'!Ka; 10 - nonnpnaoaaaaaH HllepHall MHllleHb! 12 -
aamnTa ll0T8KTOpa Ha 20 M. OT peaKTOpa; 13 - BaKyyMHb!l! uel!TpOHOBOll. 

6 

-6 
2 " 6 8 2 ,, 6 8 2 " 68 2 " 6 

10-2 ,o-' I 10 

:._,:-;"'}. E,ev 

Pnc. 2. 3aepreTH'l8CKall 38BHCHMOCTb a<p~eKTa nponycKaHBll B 8KCnepHM8HTe 
no nccnenoBaHHIO . D - d paCC8.8HHR. CaeTnhie H T0MHbl0 KBanpaTbI H 

Kpy11<1rn naIOT, COOTB8TCTB8HHO, peaynbTaTbI, nony'!eHHbie B nepeol! 
H BTOpoll cepHllX H3Mepeanl! Ha 1KHllKOCTHOM ll0T0KTOpe U Ha Haoope 
raao~~IX rrponoprrn:oaanhaux cti~T'l:JHKOB. 
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1 t•' \ I f l I I 
T(E) 

.-1 I (O 

-20 I I \ / \/L _ ... w W • ., \ I ll I \ 1 ~ / I I ~a 
"8,15 46 

-30 I I I I f I I . I / I I 41, 

~2 
12,6 

-t,O ,.____._ ____ ___.. _____ .,____ ____ ..1.-....ll.1---...1.--.J.. 0 
I 2 3 I/ 9,91 ·5 

lpeNR npoPema, HU.IIAll.CIJl<!/Hdbl 

Pnc. 3, 3aBHCHMOCTb OT BpeMeHn nponeTa a~~eKTa nponycKaHH.!I n nponycKSHH.!I 
B nepBOM aKcnepnMeaTe no onpeneneanro cnn.RoB .ReiiTpoHllbIX peao11aacoa 
nnpa 166 Ho . Ha Kpnaoii np<1nycKa11nn yKaaa11b1 a11epr1m ·peao11aacoa. 
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