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l1ayqeaHe llHHBMHKH llBH:>KeHHSI MoneKyn B KOHlleHCHpOBBHIIb!X 

CHCTeMax rrpellCTaBnSieT 6onhlIIOli HBY'!Hblli ·HHTepec, T.K. xapaKTep 

H ·oco6eHHOCTH llBH:>Ke.HHSI MoneKyn orrpe11ensnoT CBOliCTBa C8Mb!X 

pa3Hoo6pa3Hb!X ~H3H'!eCKHX SIBneHHli:.rrpoueccoB rrpH6nH:>KeHHSI ~H-

3H'!eCKHX CHCTeM K COCTOSIHHIO TepMOllHHaMH'!eCKOI'O paBHOBecrrn, 

rrpoueccoa rrepeaoca H T.11. XapaKTep llBH:>KeHHSI MoneKyn. orrpe11e

nSieT TBK:>Ke 38KOHOMepHOCTH B38HMOllelicTBHSI pa3H006pa3Hb!X H3-

ny'!eHHli ( aneKTpOMaI'HHTHoro, aeliTpOHHOI'O H T.11.) C aeruecTBOM. 

Oco6bre TPYllHOCTH rrpellCTaBnSieT H3y'!eHHe MOneKynSipHb!X 

llBH:>KeHHli" B :>KHllKOCTH, T.K. 110 HBCTOSIIUero BpeMeHH HeT HB/lelKHb!X 

MeT0/10B, Il03BOnSIJOIUHX TeopeTH'!eCKH Bb!'!HCnHTb C llOCTaTO'!HOli 

TO'!HOCTb!O OCHOBHbre paBHOBeCHb!e H KHHeTH'!eCKHe xapaKTepHCTH

KH :>KH/lKOI'O COCTOSIHHSI Be1IIeCTBa. IToaToMy 6onblIIOe 3Ha'!eHHe 

rrpHo6peTa!OT pa3nH'!Hhie 9KcrrepHMeHT8nhHbie MeTOllbl H3y'!eHHSI 

11HH8MHKH MoneKynSipHb!X llBH:>KeHHli B )l(HllKOCTSIX, cpe11H KOTOpb!X 

oco6oe MecTo aaHHMaeT MeTOll aeyrrpyroro pacceSIHHSI Me11neHHhIX 

HeliTpOHOB. 3TOT MeTOll B rrpHHUHITe IT03BOnSieT rrony'!HTb rronay10 

HH~OpMBUHIO O rrpocTpaHCTBeHHO-BpeMeHHb!X KoppenSIUHSIX 8TOMOB 

B lKHllKOCTH. 

B llHCCepTBUHH rrpHBe11eHb!. peaynhT8Tbl nccne110BaHHSI. aTOM

HbIX llBH)KeHHli B llBYX THrrax :>KH/lKOCTeli, 06na11a10mnx KBK HeKo

:repeHTHb!M ceqeaneM pacceSIHHSI aeliTpQHOB ( Bo11a), TaK n rron

HOCThJO KorepeHTHbIM ( :>KHllKHli CBHHeu)' rrpn'!eM .OCHOBHoe BHHMa

HHe rrpn paccMoTpeanu nonyqeHHhrx 11aHHbIX Ha ao11e y11eneao aaa

nHay KB83IIyrrpy:roro pacceSIHIISI HeliTpOHOB. 
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B nepBOH rnaBe J:1llCC8pT8UHH COJ:18p>Kl!TClI 0030p OCHOBHli!X 

T80p8Tll'18CKH~ pa60T1 paCCMaTpHBS!OmHX CBlI3b !1HH8Mll'l8CKirXj xa·

palCl'epHCTHK BemecTBa C C8'18HHeM HE;)l'.npyroro _paccelIHHlI He~Tpo

HOB H HOCHmnx. o6mnii xapaicTep, np11MeHHMblH m:rn nJO0blX cncteM. 

TaKHM 06m11M MeTO!lOM ormcaHttlI AHHaMHKll BemecTBa HBnHeTdlI 

M8TOJ:1 npocTpaHCTB8HHO-Bp8M8HHblX KoppenlITHBHblX <pyHKUHH BaH-

x /1/ 0 . . . ,!,A, : 
oBa • TM8'188TClI, '!TO !1B8>K!lbl illl'l"!-'epeau11anbHOe C8'18Hlil8 

KorepeHTHOI'O paccelIHHlI M8J:tn8HHblX HeiiTpOHOB lIBnlieTClI <pyphe

o6paaoM nonHOH KOppenlITHBHOii <pyHKUHH G ( r , t) , K0TOpalI B 

Knaccn'!eCKOM npeJ:tene npeJ:tCTaBnlieT co6oii KOppenlITOp nnoTHOCTH 

'18CTllU CIICTeMbl B !lBYX paanH'!HhlX TO'IK8X npocTpaHCTBa B !188 

pa3HhlX MOMeHT~ BpeMeHH. B TO )K8 BpeMlI J:tBa)KJ:tbl J:tH<l><!>epeHUHanb

HOe ce'!eHne H8KorepeHTHOI'O paccelIHHlI lIBnlieTClI 1pypbe-06pa30M 

aBTOKOppenlITIIBHOH <pyHKUHH G. ( i, t) • KOTOpalI onHCh!BaeT J:tHHa

MHKY OTJ:tenbHOH '18CTHUhl, '!TO. COOTBeTCTByeT H8HHT0p<pepeHUllOH

HOMY xapaKTepy HeKorepeHTHoro pacceHHHH. Boo6me roBoplI, ny

TeM J::BOHHOI'O <pypbe-npeo6paaoBaHHlI J:taHHhix, nonyqeHHblX H3 9K

cnepHM8HTOB no HeynpyroMy paccelIHll!O HeiiTpOHOB, MO>KHO BOC-

CTaHOBHTb <pyHKUHIO G( r,t) (nnn G ( r ,t) .• ) 11 TaKHM o6pa30M 

nony'IHTb' nonHyJO llH<popMaUHIO O BpeMeHHOM noBeJ:teHHII KnaccH'!ec

KOH )KIIJ:lKOCTll. OnHaKO Ha npaKTHKe 9Ty HJ:18IO O'leHb TpynHo ocy

mecTBIITb:: npHXOJ:lHTClI np116eraTb K paanH'IHbIM npn6n11>K81U!b!M 

onncaHHlIM aTOMHblX !tBH>KeHHH B )KIIJ:lKOCTlIX. KaK npaBnno, conoc

TaBneH_lle Tebpnn c axcnepnMeHTOM npoBOJ:tllTClI Ha ypoBHe ce'le

HHii paccelIHlllI HeiiTpOHOB, npn ncnonb30B8HIIH..J:tnlI pacqeTa KOp

penHTllBIIblX · <pyHKUllH TeX nnn lfHblX MOJ:tenbHblX npeJ:1CTaBneH11ii. 
·~, 

Jlnn o6~HcHeHlllI peayn~TaToB no neynpyroMy pacceHHaJO HeiiTpo-

HOB JKlf!lKOCTlIMII. npeJ:tn0>K8HO MHOI'O paan11'!Hb~X · MOJ:teneii, '!aCTb 

na KOTOphlx paccMoTpeHa B·aTofi rnaBe n_ 11cnonbaoBaHa npn aHa

n11ae nony'leHHblX 9Kcnep11MeHTanbHbIX naHHblX. 

Bo BTopoii rnaBe n11cce·pTau1111 naeTclI on11caane axcnepHMeH- · 

TanbHOI'O MeTona I! annapaTypbl, npIIM8HlIBlllHXClI aB.TOPOM,J:lnlI l!C.;. 
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cnenoBaHlflI Heynpyroro pacceHHlflI MenneHHhIX HeiiTpo~oii B )KlfJ:1-

KOCTHX. Bee Il3MepeHlflI BblllOnHeHbl Ha ycTaJIOBKax, ncnonbay10-

mnx B K8'18CTBe HCTO'IHlfKa .HeiiTpOHOB lfMnynbCHbIH peaKTOp Ha 

0blCTpb!X HeiiTpOH8X (HEP)•. nono6Hble lfCClteJ:loBaHl!lI1 KaK npa

BI!n01 npOBOJ:llITClI Ha peaKTOpax Henpepb!BHOI'O neiiCTBllll. Coanaane 

B Ha'!ane 1961 r. nepBoii B MHpe ycT.aHOBKII J:tnlI HaMepem1ii c 

xonOJ:tHb!Mlf HeiiTpOH8Mlf, ncnonbayJOmeii lfMnynbCHblH IICTO'IHl!K Heii

TpOHoB, If ,»epBbie npoBeJ:ttlIHble Ha nett 9KcnepnMeHTbl no KB83ll-, 

ynpyroMy nexorepeHTHOMy pacceHHlfJO HeiiTpo110B ira pltlle Bonopono-

conepl1rnmHx lKHJ:IKOCTeii noxaaann, '!TO HEP lIBnHeTclI o'!eHb 

nepcneKTllBHhll'4 annapaToM nnH TaKoro pona nccnenoBaHnii. 

a) YcTa·noBKa J:tnlI HaMepeHnii HexorepeHTHoro 

pa cc e lI H ll lI x on o !1 H hi x He ii T po Ji o B: PeaKTop HEP reHe

pnpyeT 0bICTpb!e HeiiTpOHbl nepllO!lll'!eCKl!MI! llMIIynbcaMll 11onyllllf-

-l . 
pllHOH "' 40 MKCeK IIpll '!aCTOTe l!OBTOpeHlflI 3 i- 50 ceK • HM11ynbc 

0bICTpb!X iiefiTp~HOB IIOIIanaeT Ha B0/:10p0/:IOCOJ:18p)Kamnfi 3aMenn11-

Tenb• paCIIOnO)K8HHbIH Ha paCCTOlIHllll 5 CM OT. OTpalKaTenlI peaK-

Topa. 3HeprnH xonoJ:tHhlX HeiiTpoHoB, 11ana10mnx Ha o6paaeu, 011pe

J:1enHeTclI 11onocoii 11ponyciaHHlI 6epnnnneBoro <pllnbTpa, pacnono

)KeHnoro · BIInoTHyJO K aaMennHTenJO. O6maH nmrna 6noxa 6epnnnnH 

32 cM, nonepe'!Hoe -ce'!eHne - 12 x 12 cM
2

• Pacnono)KeH11e <!>nnb.Tpa 

BnnoTHyJO K aeMenn11Ten10 yBen11'!nBaeT IIOTOK xononHhIX HeiiTpo

HoB, nana10mnx Ha o6paaeu, B 'l8Tb1pe · paaa no cpaBHeHHJO co cny

'!aeM, Korna 6epHnnnii naxonHTClI Bnann OT .aaMennnTenH. Bbmr

pbilll B lfHT8HCIIBHOCTll CBlI38H C TeM, . '!TO 6ep11nnnii nrpaeT pom:, 

OTpa)KaTenlI TeIInOBblX ll 0b!CTpb!X HeiiTpOH0B. XononHhl8 H8HTpo

Hhl, nm1 KOTOpblX 6ep11nnnii IIpoapa'!eH, BblBOlllITC.II lf3 rny6l!Hbl 

aaMennH10mero _6noxa 'aaMenn11Tenb - 6epnnnnii'_, rne 11noTHOCTb 

TeIInOBbIX, a 3H8'1IIT, II xononHhlX H8HTpOHOB, cymecTBeHHO Bbillle, 

'18M Ha KpaJO OllHOI'O 3aMenn11TenlI Ilpll OTOllBllHYTOM 6epnnnnn. 

C uenb!O no11onHnTenbHOI'O yBenH'leHlflI IIOTOKa xononHhIX 

HeiiTpOHOB aaMennnTenb n 6ep11nn11ii oxna)KllaJOTClI no TeMIIepaTy-
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phi lKRJJ.K_0ro 830Ta. C 0/J.HOll CT0p0HhI, npll'. n0H!l'.l!:{eHRI! TeMnepBTY,

phl pe3K0 yMeHbwaeTCSI ce•rn1me Heynpyroro pacceSIHHSI 6epal;!

nnSI, TaK 'ITO nponycKaHHe xonOJJ.HblX 1,1ellTpOHOB it,11nbTpOM np11~n~

JKae'I:CSI K 1 •. C .Jlpyroll CT0p0HhI, oxnaJKJJ.eHHe 3aMei:inHTemI CJl$11-. 

raeT MaKCHMYM MaKCBenn0BCKoro pacnpeneneHRSI HellTpOHOB, ~hi-

X0JJ.SIIUHX H3 aaMeJJ.nHTemI,B CT0p0HY MeHbWHX SHeprnli, ·yaenn'I:n

Ba.11 BbIXOLl xon0JJ.HhIX HellTP0H0B. B JlaHHOll ycTaH0BKe oxnaJKJl$HH~ 

3aMeJlnHTenSI JJ.O TeMnepaTyphl lKHJJ.K0ro aaoTa .npHMepH0 B 3,5! pa

aa yaenH'IHBano IIOTOK xon0JJ.HhIX 11ellTpOHOB. 

3ueprHSI 11eliTpOHOB, pacceSIHHhlX o6pa3UOM Ha yron O ~ 

0 0 . 
75 ~ 4, onpenenSieTCSI no apeMeHH nponeTa naaecT110~0 paccToSit 

HHS! L 2 MeJKLlY o6pa3UOM H JleTeKTopoM. PaccTOSIHHe L 2 

Morno H3MeHSITbCSI OT. 10 JJ.O 45 MeTp0B. LlnSI peI'HCTpaUHH paQ
# 

CeSIHHhIX HellTpOHOB. ncnonh30Bai1cSI CUHHTnnnSIUHOIIHhill JJ.eTeKTop 

10 2 
Ha 0CH0Be CMeCH Zn s (Ag)+ ~ 2 0 3 nnoIUaJlb!O 2000 CM • :pit,-
4,eKTHBHOCTb. neTeKTopa nm1 xon0JJ.HhIX HellTp0H0B C0CTaBnSieT .. 145%. 

XonoJJ.Hhie HellTpOHhI, aoo6me roaop.11, He SIBnsrro!I'csr MOH Of pdMa!

TH'IeCKHMH. OnHaKO Hanli'Il18 peaKoro o6phIBa cneKTpa X~>n0JlHh1X 

HellTpOHOB npn E := 5,2 ·Msl'l,.BO MH0rHX cny'!'.aSIX (H a 'IaCTH0PTH 

npu nay'IeHHH KBaauynpyroro pacceSIHHSI a· JKHJJ.l:OCTSIX) noaaonil-

eT cnenaTb TaKRe JKe BbIB0Jlhl H3 SKCnepHM8HTa, K8K npn Hamj'IHil 

MOHOXpOM8TH'IeCKOll nHHHH E =:' 5,2 'MSB. IloK·aaaHo, 'ITO. B SfOM 

cny'Iae paapewaromasr cnoco6HOCTb ycTaHoBKH onpenensreTcsr BllI-

paJKeHHeM ~E/E='2r/T 

CeSIHHoro HellTpOHa·, a r 

•. rne T - BpeMSI perHCTpaUHH pap

- nonywnpnHa 6eprinnneaoli rpaHHU~I, 

onpenenSieMaSI B 0CH0BH0M cpeJJ.HHM BpeMeHeM lKH3HH nellTpOHll 

B 38MeJJ.nHTene. B paCCMaTpHB8eMOll ycTaH0BKe r .. 120 MKCeKj H 

nnsr SHeprnn 6epunnueaoll rpaHHUhl ~ E/ E = 1,8% npn nponeTH~ll 

6aae L 2 = 17 M H ~E/E = 0,6% npn L 2 = 45 M. 

CaeTOCHny ycTaH0BKH yno6Ho xapaKTepH30BaTb HHTeHCHB• 

H0CTb!O HellTpOHOB, ynpyro pacceSIHHbIX BaHaJJ.HeM, npHXOJJ.SIIUe~CSI 

Ha apeMeHHoli Kanan onpeneneHnoll wnpHHhI. BaeneHne· TaK.oll ,i:a

paKTepncTHKH o6ner'IaeT cpaBHeHHe MelKJJ.Y co6oll paanH'IHhIX jc

TaH0B0K no BpeMeHH npon.eTa, nocKonbKY rpaJJ.yHp0BKa BCeX yet-
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TaH0B0K, KaK npaanno, BhIIT0nHSieTCSI no ynpyr0MY pacceSIHHIO Hell

Tp0H0B BaHaJJ.HeM. HHTeHCRBHOCTb ynpyro pacceSIHHb!X HellTpOH0B 
3· 

Ha _o6paaue BaHaJJ.l!SI pa3MepaMH 10 X 7 x0,6 CM npn M0IUH0CTH 

peaKT0pa 1 KBT n nponeTHOll 6aae L2 = 17 M C0CTaBnSieT 

"'20 OTC'IIMHH Ha 32 MKCeK WHpHHY KaHana aHannaaTopa npn it,o

He ., 1 OTC'I/MHH. 

OnncaHnaSI ycTaH0BKa KaK no.·paapewaromell cnoco6HOCTH, TaK 

n no caeTocnne, SIBnsrnacb onnoli na ny'Iwnx B MHpe nnsr nccne

JJ.0BaHHSI KBaanynpyroro pacceSIHHSI xon0JlH_h!X HeliTpOIIOB. K C0JKa

neauro, 6nonorl!'I8CKaSI 3aIUHTa peaKTopa no3B0nSina np0B0JJ.HTb H3-

MepeHHSI Bcero nHWb Ha 0JlHH yron pacceSIHHSI: Heo6XOJJ.HMOCTb 

H3Me!leHHSI yrna pacceSIHHSI B Ll0B0nbH0 WHp0K0M_JJ.Hanaaoke npH 

npoaeneHHI! SKcnepHMeHT0B no K0r_epeHTH0MY pacceSIHHIO Hellrpo

H0B noTpe6oaana C03JJ.8HHSI H0BOll ycTaH0BKH, YCTpaHSIIOIUell yKa-

3aHHbill BhIWe HeJl0CTa TOK. 

6) YcTaHOBKa JlnSI ,H3MepeHHH K0repeHTHoro 

p a CC e SI H H SI Me JJ. n e H H bl X He ll T p 0 II OB. B OCH OBY ee pa60Thl 

nonoJKeH TaK Ha3bIBaeMblll MeT0Ll u o6paTHOll reoMeTpHll u' B KOT O-

p OM SHeprnsr HellTpOHOB, nanaIOIUHX Ha pacnonoJKeHHhIH B SKCne

PRMeHTanb!I0M aane o6paaeu, onpenensreTcSI no apeMeHH nponera 

paccToSIHHSI aaMenn·nTenb - o6paaeu ( L 1 "' 10 M), a sHeprnsr pac- · 

ceSIHHhlX HelirpoHOB onpenenSieTcSI nonoc~ll nponycKaHn.11 6epunnne-

aoro 4,HnbTpa. n_pn HCn0nb30BaHHH ycTaH0BKH C 6ep11~nHeBbIM 

4,KnbTpOM nepeJJ. JleTeKT0p0M H3MepSI8TCSI C8'I811He nepeJJ.a'IH SHep

rHH HellTpOHOM aT0MaM o6paaua .: ,(B 0TnH'Il!e OT npeJlMJlyIUero 

MeToJJ.a, rne nay'Ianocb "HarpeBaHne' xonon11h1x HellTpoHoa). Yc

TaH0BKa noaaonsrna ocymecTanSITb nnaaHoe H3MeaeHne yrna pac

ceSIHnsr· HellTpoHoB B npenenax OT 3 no 90°. KonnnMa~HSI ny'IKa 

BapbHp0Banacb B 3aBHCHM0CTH OT yrna pacceSIHH.11 11 C0CTaBnsrna 
0 0 

1 . npn M~nbIX yrnax pacceSIHHSI u 5 - npn 6onbWHX. B Ka'IeCT-

Be Ll8T8KT0pa, pacnonoJKeHH0P0 11a paCCT0SIHHH 1~3 MOT o6paa-

2 ua, HCn0nb30Bancsr CUHHTHnnSIUHOHHblH JJ.eTeKT0p nnomaJlb!O 150cM • 

LlnSI H36eJKaHHSI BeCbMa cymeCTBeHHOPO npn H3Mepe_HHSIX Ha Ma,-
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nh1e yrnhI paccesm1rn Ha B03Ayxe Bee nponeTHOe paccTosmne OT 

aaMeAnBTenn AO AeTeKTOpa (B TOM qncne n MecTopacnonoMeH1Ie 

o6paaua) BaKyyMIIpOBanocb, 

Y CT8HOBKa Il03Bonnna nonyqaTb 9KC11ep1IMeHTanbHble /.18HHhie 

no pacceSIHIIIO HeHTpOHOB B CBIIHUe llplI OTHOCIITenbHO Manb!X 3Ha
o I 

qeHIISIX nepe/.18HHOI'O CIICTeMe IIMnynbCa K ( K < 2A - ) • 8K-

cnep1IMeHT8nbHhie peaynbTaTbI B 06nacT1I 6onhw11x 3HatieH11H K 

0 -t . 
( K > 2A ) 6binlI nonyqeHhl Ha /.IBOHHOM cneKTpOMeTpe MeAneHHhIX 

• . /2/. · 
HelITpOHOB , 

B KaqecTBe MOHOXpOM8TOpa HeHTpOHOB, 118/.18IOWIIX Ha o6pa

aeu, cnyMIIT MexaH11qecK11H 11pephIBaTenb, apama10w11HCSI c11HxpoH

Ho C /.IIICKOM peaKTOpa C · 38/.18HHblM C/.IBIII'OM <p83bl, B 38BIICII

MOCTII OT Ben11q11Hhl C/.IBIII'8 <p83bl 110 OTHOWeHIIIO K MOMeHTY IIM

nynbca MOWHOCTII peaKTOpa poTop npephIBaTenSI 11po11ycKaeT Hei!:-

TpOHbl 011peAeneHHOH 9Hepr1rn E O (nplI npoBeAeHl!II 9KC11ep1IMeH-

TOB co CBIIHUOM Eo COCTaBnnna 15,2 M9B), C11eKTpbl HeHTpO

HOB, paccenHHhtX Ha yron 37,5°, 1I3Mepnn1Icb Ha 11poneTHo~ 6a3e 

AnlIHOH 5,5 M; 11p11 yrnax pacceSIHIISI 45°, 84°, 96°, 109° II 121 ° 

IICIIOnb30Banacb 11ppneTH8SI 6aaa AnlIHOH 10,67 M, 

B TpeTbeH rnaBe /.IIICCepT8UIIII OIIIIChlB8IOTCSI 9KCnep1IMeHTanb

Hbie peaynbT8Tbl 110 KB831Iy11pyr0My pacceSIHIIIO HeHTpOHOB B BO/.le 

II 11pOBO/.IIITCSI IIX 06cyMAeH1Ie, K Haqany npoBeAeHIISI /.18HHbIX IICCne

/.10B8HIIH 6hm BbmonHeH pSI/.1 pa6oT 110 pacceSIHIIIO :irnnO/.IHbIX Hei!:

TpOHOB B BO/.le 
131

, B KOTOpblX 6hinll nonyqeHbl KpaHHe npOTIIBO

peqHBble peaynbT8Tbl OTHOCIITenbHO Ben11q11Hbl yw1IpeHIISI .K~aa11yn

pyroro IIIIK8, B CBSl3H C 9TIIM 11pe/.lCTaBnSinOCb BeCbMa IIHTepec

HhlM 11poBeAeH11e 1IccneA0BaH11H KBaa11y11pyroro pacceSIHIISI HeHTpo-

-3 
HOB B BoAe _c paapewa10111eH cnoco6HoCTbIO (~E/E"" 6·10 ) aa-

-2 
MeTHO nyqweH, qeM 11peAenbHoe paapeweH11e ~E/E .. 4• 10 , AP-

CT11rHy Toe B 11peAhl/.lYlllllX pa6oTax. 

HaMepeHHSI C BOAOH 11p0BO/.llln11Cb B IIHTepBane TeMnepaTyp 

OT -3°c AO +6o
0
c. ,!lnn YMBHb!lleHHSI MHOI'OKpaTHOI'O pacceSIH~SI 

nccneAOB8HIISI B OCHOBHOM Bb!IlOnHSinlICb Ha o6paaue BOAbl Tonprn-

8 

·! 

'I 

! 
,,f 
I 

I 
I 

\. 

I 
• 

r 

) 

HOH 0,2 MM (npo11ycKaH1Ie o6paaua ~0,9), PeaynbTaTbI 11aMepeH11H 

11ocne BbJqllT8HIISI <pOHa, H3MepeHHOI'O 11p11 IIOM91IleH11n nycToro 

KOllTeHHepa B nyqoK xonpAHhIX Hei!:TpOHOB, np11B0/.111n11cb K IIOCTOSIH

HOH 9<p<peKTIIBHOCTII /.IBTeKTOpa II nc11paBnSin11cb Ha 11ponycKaH11e 

6-M11nn11MeTpOBOI'O cnon anIOMHHIISI, H8XOAHBwerocn Ha nyTII pac

CeSIHHOI'O 11yqKa, 11 Ha ocna6neH11e nY.qKa•B Boanyxe (Ha nponeT~ 

HOH 6aae yqacTOK AnllHOH 5 M .He 6bm B8KYYMIIPOBaH). 

B MO/.lenn Henpepb!BHOH All<p<pya1111 MoneKyn *IIAKOCTII 'IlHK 

KB831Iy11pyroro paCCBSIHIISI MOH09HepreT11qecKHX HeHTpOHOB HMeeT 

nopeHUeBy qiopMy c nonywiipnHoH, 

~Ee2hK
2 

0 ( 1) 

I'/.le o· -K09<p!pHUlleHT C8M0/.1Hqi<py3HII MOneKyn BO/.lbl, B_ MOAenn 

CKaqKoo6pa3HOH /.IH<p<py.:IHII KB83Hy11pyr11H IIHK T8KMe 06naJ.1aeT no-

. peHueBOH <pOpMOH npn ycnOBIIH, qTo BpeMSI CKaqKa T I MHOI'O 

MeHbwe BpeMeHH Kone6aTenbHOI'O /.IBHMBHHSI To • B 9TOM cny-

qae, ecnn cpeAHHH KBaApaT CMemeHnSI 38 BpeMSI T I MHOI'O 6onb-

we cpeAHero KB8AP8T8 OTKnOHeHHSI MOneKynhI OT nonoMeHIISI paB

HOBecnn, 

2h 
~E"'--(1-

T 0 

-2w 
e 

2 ), 
1 + K D T

0 

I'Ae . 2W - ae6aH-BanepOBCKHH i!iaKTop. 

Ilp11 CTyneHqaTOH <pOpMe 11aaa.romero HeHTpOHHOI'O cneKTpa 

[<l>(E),,, 0 ann E > E 
• 0 

<l>(E)dE .. EdE ann E.$'.Ec} 

(2) 

KBaanynpyroe paccenHne npnBO.QHT K pa3MhtTIIIO rpaHIIllhI ·cneKTpa, 

noKaaaiio, qTo IIPH npeAIIOnOMeHHII nopeHUeBOH <pOpMbl nnHHII ywn

peH11e 6epnnn11eBOH rpaHIIUbl CBSI38HO C nonyw11pnHOH ~ E COOT

HOWeHHeM 

SEO ·1 
~E"' · -- -t---;/~•·t+ .5c; 

1T 0 
(3) 
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i-1, 
i 

1-· 

rne t O -apeMSI nponeTa,- cooTBeTcTayromee aaepr-1111 E 0 6ep1rn

n11eaon rpaHl!UhI, ~t -nonyw11p1rna rpaHl!UhI B wKane apeMeH11 

nponeTa. C y'IeToM annapaTypHoro p;:iapeweHl!SI ~ t 
< 

Bbl'Il!CnSI-

nocb no qiopMyne 

~t =/c~t )2 
-(~ 

iso 
2 

t ) 
BaHan. 

rne ~t 11 ~t 
H2 ~ BaHan. 

nonyw11p11Ha nnsi BO)lbl II BaHaJ:ll!SI 

COOTBeTCTBeHHO. 

0TMe'IaeTCSI, 'ITO OCHOBHSSI ow116Ka B onpeneneHl!II aenl!'Il!Hbl 

yw11peH11SI KBaa11ynpyroro n11Ka casia:iaa co cnoco6oM 0TneneH11SI 

KBa311ynpyrOI'O paCCeSIHIISI OT nonnoJKKII, o6ycnoaneHHOil Heynpy

I'IIM paccesiHl!eM. ITocKonbKY nonnoJKKa cna6o MeHSieTCSI c aHep

r11eil pacceSIHHbIX HeiITpOHOB, Mb! np11H11Man11 ee noCTOSIHHOil B 06-

naCTII 6ep11im11eaoii: rpaH11UhI. PaccMoTpeHHhie B n11ccepTau1111 npy

r11e cnoco6h1 Bh1neneH11SI KBaa11ynpyroro n11Ka np11aon11n11 K 11aMe-

HeH1110 ~t He 6onee qeM Ha 25%. 
H 2 o, 

·If 
tEx.10 ev // 

/ 

20 

15 

10 

5 

,,,,,,,,,, 
_,,.,,,,, 

_,,.,. . 

/ ,,,,✓ ,,,,,,,-// 

// 

/// 

/ 
/ 

/ 
/ 

1 280 300 320 · 3't0 T {°K) 
P11c.1. TeMnepaTypHaSI 3aBIICl!MOCTb nonyw11pl!Hbl KB8311ynpyroro 

nHKa nnsi BOJ:lbl. CnnowHaSI KPIIBaSI - _SKCnep11MeHTanbHbie 
naHHhiei nyHKT11pHaSI - pac'IeT no Monen11 HenpepbrnHoil 

n11¢¢ya1111. 

10 

;r 
:I 

\ 

} 
'i) 

ll 

-1 
~ 
J 

I . 
1--!a p11c. 1 np11aeneHbl SKCnepl!MeHTanbHbie 3Ha'IeHl!SI ~E 

nnsi BOJ:lbl B 3aBl!Cl!MOCTI! OT TeMnepaTypbl o6paaua, nony'IeHH.,Ie 

113 1!3MepeHl!ll ,pacceSIHIISI HeiITpOHOB Ha yron 0 = 75° ( K 
2 

-

0 -2 = 3, 7 A ) • Ha STOM JKe p11cyHKe nyHKTIIPOM HaHeCeHbl 3Ha'Ie-

HIISI ~E , paCC'Il!TaHHble no qiopMyne Henpepb!BHOil n11¢¢ya1111 

( 1) Ha OCHOBe 3Ha'IeHllil D , 113MepeHHb!X 'MeTOJ:IOM cnllHOBOI'O 
/4/ 

axa • KaK BIIJ:IHO 113 p11c. 1, SKCnep11MeHTanbHble 3Ha'IeHl!SI 

~E np11MepHO B ~- paaa MeHbWe OlKl!)laeMbIX 113 Monen11 Henpe

pb!BHOil J:lll<p<py311ll BO BCeM 11ccnenoaaHHOM TeMnepaTypHOM n11ana30He. 

YMeHbWeH11e ~ E no cpaBHeH1110 co 3Ha'IeHlleM, naBaeMbIM 

( 1 ) • MOJKHO 06'1,SICHl!Tb CKa'IK006pa3HbIM MexaH!l3MOM m1¢¢ya1111 

B aone. B np11aeneHHoil Hl!JKe Ta6n11ue npencTaaneHhI 3Ha'IeH11SI 

cpenHeI'o BpeMeHI! KOne6aTenbHOI'O J:IBl!lKeHIISI MOneKyn BOJ:lbl T 0 

B 38BIICl!MOCTI! OT TeMnepaTypbI, pacC'Il!TaHHbie no qiopMyne (2) 

np11 11cnonb30B8HIIII SKCnepHMeHTanbHbIX 3Ha'IeHHil ~E . B .noc-

nenHeil KonoHKe Ta6n11uh1 na10Tcsi 3Ha'IeH11SI cpenaen nn11Hh1 cKa'I-

Ka f , nony'IeHHhie np11 npennonoJKeH1111 r 
1 

= 0 113 COOTHOWe-

HIISI £ 2 = 6D r 
0 

T°K 
12 

TO X 10 CeK 
- 8 
f X 10 CM 

274 3 1,4 

277 2,5 1,4 

290. 1,9 1,5 

313 1,1 1,5 

333 0,8 1,5 

CpenHSISI nn11Ha c·Ka'IKa f OK83bIBaeTCSI He ;3aBHCSimen OT TeM-

·nepaTypb1 o6paaua 11· cocTaansieT np11MepHo nonoa11Hy cpenHero 

paccTOSIHl!SI MeJKJ:IY MoneKynaMI! BOJ:lhl. Ha 38BIICIIMOCTI! To OT 

TeMnepaTypbl onpeneneHa SHepI'IISI aKTl!BaUl!II J:lll<pqiy3l!OHHOI'0 CKS'I-

Ka E ( E · = 3,5 + 0,8 KKan/Monb). 
8KT. aKT. -

8 'IeTBepToii: rnaBe n11ccepTau1111 np11BOJ:ISITCSI SKCnepHMeH-

TanbHbie pe3ynbT8Tbl no KOI'epeHTHOMY pacceSIHIIIO Menne!IHblX Heii

TpOHOB B JKIIJ:IKOM CB!IHUe II npoBOJ:IIITCSI IIX cpaaHeHHe C paanl!'IHbl-

11 



Ml_{ TeopeTl!'IeCKl!MII MonenRMII, B1,16op CBIIHUa B Ka'IeCTBe 061>eK

Ta 11ccnenosaH11ii BhI3BaH cneny10m11M11 np11'I11HaM11: so-neps1,1x, 

CBl!Heu pacceHBaeT HeiiTpOHhl nO'ITII ndnHOCTb!O KOrepeHTHO (ce

'IeHl!e HeKorepeHTHoro pacceRHIIR, no KpaiiHeii Mepe, B 1000 pa3 

M0Hhllle Ce'IeHl!R KorepeHTHoro pacceRHIIR); B0-BTOphIX, TBepnhIH 

CBl!Heu o6nanaeT O'I0Hb npoCTOH Kp1!CTannorpa¢11'IeCKOH CTPYKTy

poii (Ky611'IeCKoii), TaK qTo OH l!MeeT TOnhKO aKyCTl!'IeCKl!e BeT-
1 

B11 Ko1IeoeH11ii, 'ITO cymecTseHHO ynpomaeT aHan113. nony'IeHHhIX 

pe3ynhT8TOB, 

· l13MepeH11R nposon11n11cb np11 TeMnepaTypax 

290°C 11 350°C (TeMnepaTypa nnasneH11R CBl!HUa 

/ 0 
06pa3ua 20 C, 

327°C). Ton-

m11Ha o6pa3ua sapb11posanacb OT 5 .r:io 20 MM. ,Ung 113y'IeH11R sn11g

H11R MHoroKpaTHoro pacceRHIIR cep11g 1!3MepeH11ii 61,ma nponenaHa 

Ha o6pa3ue, KOTOphIH COCTORn 113 gqeeK CBIIHUa pa3Mepc:>M 

5x5x5 MM
3

, pa3neneHHhIX .MelKny co6oii -neperoponKaM11 113 c11nh

HO nornomaromero MaTep11ana ( KBJ:IMl!ii B an10M11H11eBOM KOlKyxe), 

0TMe'IaeTcg, 'ITO C'IeT B KaHane BpeMeHHora aHan113aTopa 

m11p11Hoii dt OT CBIIHUa N nocne Bhl'IIITBHIIR ¢oHOBhIX 1!3MepeHl!H 

oT,nycToro KOHTeiiHepa onpenenReTCR B ycTaHOBKax no MeTony 

BpeMeHI! np_oneTa C ¢11nhTpOM nepen neTeKTOpOM B J:IOBOnbHO xopo

meM np116n11lKeH1111 cneny10m11¥ Bh1palKeH11eM: 

oo EO 

N=KdtJJ dEdE'<l>(E) 
0 0 

d 2a / 

d!ldE if, (E')u(E')o(t- aL1 -

vE 
aL 2 -) 
yE' (4) 

rne E 11- E' - aHepr11g nanaromero II pacceRHHoro HeiiTpoHoB, 

<I>( E) - cneKTp HeiiTpoHos, nana10m11x Ha o6pa3eU; d 2a /dn d E '.:. 

J:1B8lKJ:lhl n11¢¢epeHu11anbHOe ce'IeHl!e pacCeRHIIR HeiiTpOHOB Ha o6pa3-

ue; if, (E ') - ¢yHKUIIR nponycKaHl!R xononHhIX HeiiTpOHOB 6ep11n-

n11eBhIM ¢11J!bTpoM; £( E ') -a¢¢eKTIIBHOCTb neTeKTOpa, 
aL1 aL2 

o(t------)- ycnos11e per11cTpau1111 HeiiTpoaa B MOMeHT y'E" yE 

a =y :; ; . m _ -Macca HeiiTpOHa; L/ II L2 -_paCCTORHIIR OT 

3aMenn11Teng no o6pa3Ua II OT o6pa3U? q.o neTeKTopa; K - HeKo

Top1,1ii napaMeTp ycTaHOBKII, onpe.11enReMh!H 113 Kan116pOBO'IHhIX 

12 

1!3MepeHl!H C BaHan11eM; E O - M8KC11ManbH8R 9Hepr11g H0HTp0HOB, 

nponycKaeMhIX 6ep11nn11eBhlM ¢mn,Tp0M, (Tip11 pa6oTe Ha J:IBOHHOM 

cneKTpoMeTpe C'IeT B KaHane speMeHHoro_aHan113aTopa onpene

nReTCR aHanorll'IHhIM BhlpalKeHl!eM), BcnencTBl!e TPYJ:IHOCTII 1!3Bne.,. 

'I0HIIR Benl!'IIIH d 2 a/ d {l d E' 113 9KCnepl!M0HTanhHh!X CKOpOCTeii 

C'IeTa N , nocnenH11e cpasH11Ban11 c a6con10THhIM11 Ben11'I11Ha-

MIi, paCC'Il!TaHHhlMII no ¢opMyne (4), 11cnoni,3yg TeopeTl!'IeCKl!e 

Bh!p8lK0HIIR nnH d 2a / d!l d E ' 11 9Kcnep11MeHTanhHO onpeneneH-

~hie 3H8'I0HIIR <I> ( E) , if, (E ') 11 d E ') • 

113 9KCII0PIIM0HTanbHhlX naHHhlX Bhl'Il!Tancg BKnan . MHoro¢o

HOHHhIX II MHOrOKpaTHhIX npoueccos. MHoro¢oHOHHOe pacceRHl!e 

paCC'Il!ThIBanocb B ne6aeBCKOM HeKorepeHTHOM np116n11lKeHHII cor-
. . /5/ 

nacHo pa3nolKeH1110 WenaHnepa • BKnan MHoroKpaTHoro pac-
.. /6/ 

CeRHIIR OnpenenRnCR no MeTony, npennolKeHHOMY KoKl!HhlM ~ 

c y'IeTOM KOHe'IHhIX pa3MepOB o6pa3ua. Pe3ynhTaThl pac'IeTOB 

IIOKa3hIBa!OT, 'ITO C poCTOM K pe3KO B03pacTaeT BKnan MHOro-

¢oHOHHh!X npouecCOB B 06my10 KapTIIHY pacceRHIIR, TaK 'ITO IIpll 

6onh11111x -ltw MHOro¢oHfHHOe pacceRHl!e CTaHOBIITCR J:IOMl!Hllpyro-

m11M. TioseneH11e MHoroKpaTHhIX npoueccos · n11aMeTpanbHO npoT11-

sononolKHO, Tip11 Man1,1x yrnax pacceRHIIR npaKTl!'IeCKII ace KBa-

311ynpyroe pacceRHl!e B lKIIJ:IKOM CBIIHUe o6ycnosneHo MHoroKpaT

HhIM pacceRHl!eM, 

Ha p11c. 2 npencTasneHhI B npocTpaHCTBe nepeMeHHhIX w 

II K IIOllOlK0HIIR. iicex aeynpyr11x MaKCIIMYMOB, npORBl!Bml!XCR B 

cneKTpax HeiiTpOHOB, pacceRHHh!X TBepJ:lhIM II lKIIJ:IKIIM CBIIHUOM, 
0 -1 0 -1 

B 06nacT11 0,8 A < K < 3 A naHHhie pa3611sa10TCH Ha 2 rpyrr-

IIhI, 'ITO YK83h!Bae·T Ha Hanl!'Il!e B lKIIJ:IKOM CBIIHUe J:IBYX TIIIIOB KOn

neKTIIB~hIX B036ylKJ:10HHii, xapaKTep113y10m11xcg CBOIIMII n11cnepc110H

Hh!MH COOTH01110HIIRMII. no aHanor1111 C TBepnhIM CBIIHUOM 9TI! B03-

6ylKJ:10HIIR MOlKHO IIHTepnpeT11poBaTb KaK. npononbHhie II nonepe'I

Hhle Kone6aHl!R B lKIIJ:IKOM CBIIHUe, np11'IeM BpeMR lK1!3HII 9TIIX Bh!COKO-

( 12 -1 0-1 
'I8CTOTHhJX B036ylKJ:IElHIIH w ~ 11·10 pan.ceK . K ~ 1 A ) OK83hJBaeTCR 

-13 • . 
O'IeHh ManhIM (~t~ 1,3,10 ceK). Kp11sag n11cnepc1111 nonepe'IHhIX Ko-

ne6aH11ii B lKIIJ:IKOM CBIIHUe nelKl!T, 3aMeTHO Hl!lKe aHanor11'I-

HOJ\ Kpl!BOH B non11Kp11cTanne, B TO spe,-,ig KBK 
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Kpl!Bhie .1:mc11epc1111 11po11onbHhIX Kone6aH11ii 6n11aK11 11pyr K 11pyry 

B 06011x <jlaaax. Ha-aa MHOrO<jlOHOHHOro pacceRHIISI He y11~nOCb 

c11enaTb K8KOro-n1160 BblBOJl8 O IIOB0Jl0HIIII 1111c11epCIIOHHOii KPIIBOii 

11nS1 11po11onbHblX KOne6aH11ii B lKIIJlKOM CBIIHUe B o6naCTII 6onbllll!X 

3H8'1eHl!ll K ( K > 3A. -I)• 
DpoBeJleHO cpaBHeH11e SKC11ep11MeHTanbHblX peaynbTBTOB C 

• /3/ 
11on11Kp1!CTan_n11•1eCKOii MOJienbIO lKl!JlKOCTII HrenhCTa<jlqia , 11pe11-

11onara10meii, 'ITO OJlHO<jlOHOHHOe KorepeHTHOe pacceRHl!e HeiiTpOHOB 

B )Kl!JlKOCTII MO)KHO Olll!C8Tb T8KIIM )1{0 c11oco60M, KaK II OT 11on11-

KpucTanna, ecn11 38M0Hl!Tb JlllCKpeTHbie BeKTOpbl o6paTHOii perneTKII Ha 

CTPYKTypHblii qiaKTOP )Kl!JlKOCTII S(K) • Dp11 paC'leTe IICIIOnb30Banocb 

y11poma10l!lee 11pe1111ono)KeHpe o cymecTBOBamm 'IIICTO 11po11onhnoii 11 

JlBYX BbIPO)KJleHHbIX 'IIICTO 11011epe'1Hb!X BeTBeii KOne6aH11ii. DpllHl!Ma

noch, .;TO ClleKTp 'IBCTOT Z(w )L JlnR -11po11onbHblX Kone6aH11ii B lKIIJlKOM ' 

CBIIHUe TOT JKe, 'ITO II B TBepJlOM CBl!HUe, B TO BpeMSI KaK Bllll ClleKT

pa '18CTOT Z(w)T JlnSI 11011epe'IHbIX KOne6aH11ii B lKl!JlKOM CBIIHUe 

11011611pancS111nS1 11ony'leHIISI YllOBneTBOPl!TenbHOPO cornaCIISI SKC11e

p11MeHTa C MOJlenhIO (p11c. 3). 

~I:) ... 
3" 
';:;;' 

0,2 

0.1 

f 
W·/OfZ ID If 

P11c.s. C11eKTphl 'IBCTO't. Z(w)L II Z("w)T 11nR )Kl!JlKOro CBHHUa, 

HCIIOnh30B8HHble -•· B pac'IeTaX . 110 11onnKpHCTannn'leCKOii 

M0Lien11 ( c11no111HaS1 n11H11S1). ll1Tp11x-11yHKT1fpHoii n11H11eii 110-

KaaaH ClleKTP 'I8CTOT Z(w)T JlfiS! TBepA~ro CBIIHUB llpll 

KOMH8THOii TeM11epaType. DyHKTllpHoii n11H11eii IIOKa3aHa 

H113KO'IaCTOTHaSI 'JaCTb Z (w)L • no OCH op1111HaT Jl8Hbl 

3H8'JeHHSI z (w) _f ceK•PBll -:.1; 110 OCH a6cu11cc - 3Ha'JeHIISI 

w B pa11.ceK • 
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I 
i 

HecMoTpsi Ha 0'leHh rpy6b1e :npe11nonoJKeH11si, non11KpncTannn

'!ecKaS1 M0/lenb Yll0BneTB0pHTenbHO 0illlCbIBaeT 0CH0BHbie oco6eH

o -1 
H0CTll KapTHHbl pacceSIHIIS! np11 K > 1,5 A • O11HaKO M0/lenb co-

BepweHH0 He 06'bSICHS!eT 3KCnepnMeHTanbHbIX peaynbTaT0B B 06-
\ 0 -1 . 

naCTll ManbIX '3Ha'leHHll K ( K < 1,5 A ) • OlKHllaeMaSI H3 M0-

11enH llHTeHCllBH0CTb pacceSJHHbIX Heil:TpOHOB c YMSHbWeHHeM K 

ace CllnbHee. 0TKn0HS!eTCSI OT 3KCnepHMeHTanbHO Ha6mo11aeMoii, H 
0 -1 

npH K .. 1 A C0CTaBnsieT Beere .. l /30 0-T. peanbHOii llHTeHCHB-

H0CTll pacceSIHHbIX Heil:TpOHOB, 'ITO SIBHO yKa3bIBaeT Ha cymeCTB0Ba

HHe HeK0Toporo npe11ena npnMeHllM0CTll HCnonb30BaHHOii M01len11. 

nocKonbKY nonnKpHCTannn'leCKaSI M0/lenb He 0ilHCbIBaeT 3K-

cnepnMeHTanbHbIX peaynhTaT0B B o6naCTH ManbJX K , 6binO 

npoBelleHO cpaBHeime noliy'leHHblX llaHHbIX C I'llllP0llllHaMH'leCK0ii 

/7/ 
M0llenbJO • TTpn llHTepnpeTaUHH peaynhTaT0B no pacceSJHIIJO Heii-

Tp0H0B, I'lle . Mbl HMeeM 11eno C .Q0B0nbH0 6bICTp_o' 113MeHSIIOIIlHMH-

CSI B npocTpaHCTBe ll BpeMeHH <pnyKTyaUHS!Mll nnoTH0CTH ( (L) .; 

12 -1 . 
, "'10 pa11,ceK ), cornacHo penaKcau110HHoii TeopnH pacnpocTpaHe-

/8/ . . 
HHS! 3ByKa He06XOllllMO Y'IHTblB8Tb 3aBHCllM0CTb K03lp<pllUlleH-

T0B CllBIII'0BOii TJ n o6'beMHOll TJ BSl3K0CTeii H Tennonpo-

B0llH0CTH ,\ OT '18CT0Tbl W TTpe11nonarasi, '!To BpeMeHa pe-

_naKCaUllll TJ ll 71' B lKllllK0M CB!!HUe C0BilallaJOT, pac'leT np0B0llHncsi 

npn cne11yJOmeil: aaBHCHM0CTH Koaqxjlnu11eHTa nornomeHnsi aByKa r 
OT 'laCT0Tbl 

r(w) = ...1 
p 

T/ '+ 4/3 TJ ---
l+w 2 T 2 

+ ( ..:£_ - 1) C 2 

C 0 
V 

D K
2 

T. 

(L)2 +(DTK2) ~ 

I'lle p -nnoTH0CTb CBllHUa, ,-- -BpeMSI penaKCaUllH 7/ ll T/ '; 

CV H C p -y11enbHbie TennoeMK0CTll npn Il0CT0SIH~0M 06'beMe 

H llaBneHHH; D = _,\ __ ; C -CK0p0CTb 3ByKa npn wr« 1 • 
T O . 

(5) 

. Cp f 
0 -

B o6naCTll K ., 1 A I'llllP0llllHaMH'ISCKaSI M0/lenb npn i- =(4t2)• 
-13 

• 10 CeK ropa3ll0 ny,iwe 0ilHCbIBaeT 3KCnepnMeHTanbHbJe pel-

3YnbTaTbl; 'leM M0/lenb nonnKpllCTanna. O11HaKO pe3K0e OTnll'lije 

paC'leTa OT 3KCn_epllMeHTa C yBenH'ISHIIeM K Il0K83bIBaeT, '!TO 

y'leT B M0/lenn 3aBHCHM0CTH KHHeTH'leCKllX K03!p!pHUlleHTOB TO/,lb-. 

Q -..-t 
KO OT 'iaCT0Tbl HSll0CTaT0'ie!r 11nsi K > l A , 
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Yen OB lie npnMeHHM_0CTll KnaCCll'ISCKOii I'llllPOllllHaMH'leCKOii 

TpaKT0BKll Tpe6yeT, 'iT06bI BpeMeHHaSI '¥:}Cana paccMaTpHBaeMb!X 

1 · 
npoueccoB (-- 11nsi pacnpocTpaHeHHSI 3ByKa n 1/DT K

2 
11nsi 

c· K 

TennonpOBOllHOCTll) 6hma MH0I'0 6onbwe BpeMeHn, penaKC8Ullll T • 

1 
T,e. 1/ CK» T ; 1/D K 2 >>r • TTpn yaennqeHllll K ( -- « T > 

T CK 

cymeCTBYJOIIlllii B lKllllK0CTll noKanbHbiii nopS!/l0K KaK 6bI u3aMopa-

lKHBaeTCSI' B Te'ieHne paccMaTpHBaeMOI'0 BpeMeHH, ll lKllllK0CTb, 
~/ -

cornacHo , BeneT ce6si no1106Ho TBSPll0MY Teny. nony'leHHbie 
I 

3KCnepnMeHTanbHbJe peaynbT8Tbl ll llX cpaBHeHne C TeopeTU'ieCKII

Mll M0llenS!Mll n0/lTBeplK/laJOT 3TI! yTaeplKAeHl!SI. Onpe11eneHHOe ape-· 

( ) 
-13 o.-1 

MS! penaKCaUllll r = 4+2 •10 CSK noKa3bJBaeT, 'ITO npHK> 1,5A 
1 - -

ycnoBne CK<<r xopowo BbI_nonHsieTcsi, 11 B aToM cny'lae nonnKpllCTan-

nnqecKaSJ M0ll9nb lKII.QK0CTII ycneWH0 0nllCbIBae'!' peaynbT8Tbl 3Kcnepu

MeHTa •. npn yMeHbWSHllll K npn6nnJKaeMCSl K nepeX0.QHOil: o6naCTII 

~l_.,r 
CK 

'rne He cnpaBellnJIBbl Hll nonnKpl!CTannu'leCKl!il:, HI! I'llllP0llll-

HaMl!'ISCKllii Il0AX0/lbI, II naHHble 3KCnepuMeHTa He onHCbJBaJOTCS! 11c

nonb30BaHHblMH M0/lenS!Mll, TTpnMeHHTenhHO K lKllllK0MY CBllHUY nepe

-10-1 
X0/l K 'iHCT0 I'llllP0lll!HaMll'ISCK0MY onncaHllJO 0JKllll89TCSI npn K < 10 'A 

. - . 
l-ITOI'll npoBelleHHb!X nccnenoaaHHii CB0/lS!TCSI K cne11yJOIIlllM 

0CH0BHblM M0MeHTaM: 

1. Ha 6aae llMnynhCH0I'0 peaKT0pa Ha 6bJCTpblX HeiiTpoHaX 

C03ll8Hbl ycTaH0BKH llnH ll3y'ieHllSI .QllHaMllKll aemecTBa MST0.Q0M 

Heynpyroro pacceSIHHSI MenneHHblX HefiTp0H0B. 

2. TTpoBelleHbl ll3MepeHRSI Heynpyroro pacceSJHllS! HeiiTpOHOB 

B Bone ll lKllAK0M CBllHUe. 

3. l-13 aHannaa nony'leHHbIX naHHblX no HeKorepeHTH0MY KBa

anynpyroMy pacceSIHIIJO HeiiTpOH0B B BO/le ycTaHOBneHo, 'iT0 CKa'I

K006p~3Hblll MexaHl!3M llll!p!pY3llll SJBnSieTCSI ll0MllHllPYJOIIlllM npouec-

. 0 0 
COM llll!p!py3llll B BO/le B o6naCTll TeMnepaTyp OT 1Cll060 c. 

4. Onpe11eneHb1 aHa'ieHn si cpe11Heii nnnHbI CKa'!Ka II cpe11Hero 

BpeMeHll u oce11noii"' JKl!3HII MoneKynbI B0/lhl B 38Bl!CllM0CTll "OT 

TeMnepaTyphl. 

5. l-13 attannaa nony'leHHhIX .Qal!l!hIX no KorepenTH0MY pac

cesinnJO HeiiTpO!!0B B lKl!llK0M CBlll!UC ycTal!0Bneno nann•me llBYX 
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THilOB BhICOK0'18CTOTHhlX KonneKTHBHhlX B036y.lKneHHii, xapaKTepH-

3YIOlllHXClI nacnepCHOHHhlMH · COOTHO!lleHHlIMH, aHallOI'H'IHhlMH 38-

KOHaM nacnepCHH npononbHhIX a nonepe'IHhIX KOne6aHHii B TBep

noM CBHHUe. 

6. Ilony'leHa oueHKa BpeMeHJt penaKcau1111 061>eMHoii 11 cnB11-

' I'OBOii BlI3KOCTeii B .lKllnKoM CBllHUe. 

7. IlpoBeneHo cpaBHeHHe SKCnep11MeHT8llbHhlX peaynbT8TOB 

C non11KpllCTanna'leCKOii MonenblO'.lKHnKOCTll.H rHnpon11HaM11'leCKOii 

Monenb!O, Y'lllTblB8IO!lleii 38BllCllMOCTb KHHeTH'leCKHX KosqupnuneH

TOB OT '18CTOT1,J, H YK838Hhl HX npenenhl npnMeHHMOCTH. 
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