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CneKTpbl HeiiTpOHOB npH B38HMOL1eiicTBHK TSIJKenblx BOBOB 

c su1paMH cpeL1Hero Beca 

npHMeHsmcsi MeTOll BpeMeHH nponeTa C HCBOnb30BaBHeM ecTec-r
BeHHOH MOllynsiuHH nyqKa UHKnOTpoHa Y-300 ,nng RaMepe11111 HelTpoe
HblX cneKTpOB npu o6nyqeHHH MHWeHeii Ha Fe .• Ca. • lfo • Rb. • Sa 

40 22 11 
qacTHuaMlf Ar • Ne • B ~ H llOCTynHOM R3Me~BHIO IIBTepeane 

3HeprHlf (5-12 M3B) Bee cneKTpbl HMeIOT BHll esp(-,.-); napaMeTp T 
MeHsieTcsi B '}Peaenax 1,5-2,5 M.3B. Ha ocHoBe LllillHoii a npei:tbl

i:tyweii pa6oT1~ aenaeTC51 Bb!BOll O TOM, 'ITC OKodio 40 M3B 3Hep

rHH aoa61,)l(J:teHHSI COCTaBHb!X Slllep. nonyqeHHblX B o6ny'leHB.SIX '18CTH-
uaMH Ar • CHHMaeTC51 B Blflle y -HanyqeHHSI. , 

TipenpHHT 06'be.naeeaaoro HHCTHTYTa su1epahlx eccne.noBaaal. 
· Jly6aa. 1964. 

Kumpf H., Kumpf L., Shi- Shuang- i P-1765 

Neutron Spectra in Heavy Ion Interaction with 
Nuclei 

The neutron spectra were measured by bombarding Fe, 
Cu, Mo, Rh and Sn targets with Ar. 40 

, Ne 22 • B
11 

projecti
les. The time-- of- flight method was used

7 
the natural modulation 

of the Y- 300 cyclotron beam being made use of. In the ener, 
region ( 5-22 MeV) available for measurements all the spectra 
have the shape exp ( __ E ) ; the parameter T varies within · 
1.5- 2.5 -MeV. According 1io the results of this paper and of th 
previous one (.JETP, § 1545 ( 1964)) a conclusion is dra 
that about 40 MeV. of the excitation energies of compound nu 
lei obtained in bombarding Ar, 40 with the projectiles is carried 
away by y - radiation. 
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I, B B e n· e H II e 

KaK xopowo 113B0CTHO, ycKop~HHbl0 T>DK0nbre HOHbl J:l8IOT IlO'iTH yHHK8IlbHb!0 B03MO)K

HOCTII nnst nony'ieHHst stnep c onpeneneHHOJ! BhICOKOJ! sHepr11el! B036ymneHHst, 3To ooycnoa-
• 

neHO TeM, 'iTO llO oop830B8Hllll COCT8BHOro llllP8 He HMeIOT M0CT8 K8CK81lHb1e npouecCbI, K8K 

B cnyqae oonyqeHHll npOTOH8Mll Bb!COKOJ! sHepr1111, Tst)Kenble 'i8CTl!Ubl nepell8IOT ll1lpy-M11we

Hll Bb!COKl!l! yrnoaol! MOMeHT, KOTOpb!l!, 0J:lH8KO, M0Hee onpeneneH BcnencTBHe p83Hb!X napa

MeTpOB CTOnKHOBeHHll, np11 KOTOpb!X npOIICXOJ:lllT CflllllHlle stllep, CaMyIO HenocpencTBeHHYIO

IIHcjlOpMau1110 00 STIIX Bh!COKOB030Y)KJ:l0HHb!X ypOBHllX C Bb!COKIIM cnHHOM MOryT ll8Tb 11cny

W0HHb!0 B030Y)KJ:leHHbIMII Hllp8Mll 'i8CTl!Ubl, Jlnst oonacTH cpenHHX II TH)Kefib!X HJ:lep T8KH

Mll 'i.:lCTHU8Mll llBfilllOTCll H0l!Tp0Hbl, 0J:lH8KO nonyqeH11e CB01l0HHJ! 0 Bb!COKHX ypOBHlll< llllep 

113 H3Mepeml! xapaKTepHCTHK, neil'rpo11on, ncnymc11m,1x cocTan111,1Mn stAPBMH, B paMKax cTaT11-

CTH'iecKol! Monen11 llBnsteTCll He IIpOCTOl! 3atfaqeJ!, II Mb! HBXOJ:ll!MCH, O'i0BHllHO, TOilbKO B 

Ha'iane nyTH K ee peweHHIO, 

Mo}KHO C yaepeHHOCTblO npenuonaraTb, 'iTO OCH0BH8H nonst Hel!TpOHOB, nonyqa10w11xcst 

B llJ:lepHb!X peaKIIHllX C Tst)l{0flblMH 'i8CTIIU8Mll H8 MHweHHX cpenHero aeca, CBll38H8 C 113-

ny'ieH11eM Hel!TpoHOB 113 cocTaBHbrx l!llep, 8 pa6oTax
11

•
21 

ohmo Hal!neHo, 'iTO 50-80% acex 

llll0pHbIX CTOilKHOBeHl!l! npHBOJ:lllT K pe8KUllllM cnHllHllll C ncnyCK8HH0M OllHHX TOfibKO Hel!

TpOHOB (oT 3 llO 1i .. 8 paooTe
131 

nonyqeHbl H0l!TpOHHb!0 cneKTpbl 11cnap11TenbHoro 

T11na II CHMMeTpH'iHbl0 OTHOCHT0nbHO 90°. yrnOBbie pacnpeneneHHll. 3TOT cjl8KT roBOpl!T 

0 TOM, 'iTO IICfiOilb30B8HHe CT8THCTH'i0CKOJ! MOJ:lenH B J:l8HHb!X 11ccne1lOB8HllllX llBfilleTCll 

anonHe onpaa.aaHHhIM. 

8 H8CTOl!Wel! CT8Tbe COOOlll8IOTCll pe3ynbT8Tbl H3MepeHHJ! Hel!TpOHHb!X cneKTpOB C 

noMOUlblO MeTOll8 BpeMeHH nponeTa H8 UllKfiOTpoHe Y- 300 011Sll1 non yrnoM elab •145°, 

06nyqan11cb MeTann11qecK11e MHWeHH s/leM0HTOB cpenHero aeca Fe , Cu , r.lo , Rh , Sh 
(() 22 II 

'i8CTl!U8Mll Ar Ne II B , nvr BbIOope eme oonee T,i:)1{0fihIX Mlll.U0Hel! aepostTHOCTb 

neneHHll COCT8BHb!X stnep CT8H0T 38MeT~Ol! H BMecTe C 11cnap11TenbHh!Mll Hel!TpOH8MH 

oyllyT perHcTpHpoBaTbCll Hel!TpOHbI neneHHll, tl oonyqemrnx eme 6onee nerKl!X M11weHel! 

11cnycKaH11e 38pll)K0HHbIX q8CTIIU MOrno Obi 38Tpy/lHHTb HHTepnpeT8UHIO Hel!TpOHHb!X cneK-

TaK K8K Ofib!Tbl npOBOJ:lHnllCb H8 BHyTp0HH0M nyqKe UIIKilOTpOHa, TO B03Hl1Kfl8 _Heooxo

llllMOCTb 11cnonb30B8Hllll TOfiCTblX MHW0Hel!, 
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II , 3KCII8£HM8HT8nbH8H '18CTb 

npHM8HHnCH M8T0.ll BpeMeHH nponeTa C HCII0nb30B8HH8M ecTeCTBeHH0I! M0.llynHUHH 

nyqKa UHKnoTpona Y-300, Jjcne.llCTBHe neBbIC0K0II pa6oqel\ qacT0TLI yc·KopHTem1 - 4,6 Mru 

(nepHO.ll .:,H 6 HceK) II Manoi! rnHpHHhI crycTKa co6cTB8HHOI! M0.llynHUHH 
141 

M0)KH0 npHMe

HS!Th .ll0CT8T0'IH0 .llnHHHbte nponeTHbl8 paccT0HHHH (3,8 M) H nony'IHTh xopornee 3HepreTH

'i8CK08 pa3perneHH8 Jl8)1(8 Ha BHyTpe·aHeM ny'!Ke. HeKOTopoe Hey.ll06CTBO C03.ll88T HM

nynhCHblil pe)Kl!M ycKopeHHH, K0T0pblil npl!M8HH8TCH .llnH nyqrneil CT80llnhHOCTH paoOTbl 

Ul!KnoTpoHa, TaK KaK ycKope1111e npollCX0.llllT T0nhK0 aa I MCeK C nepepb!B0M 5-10 MCeK, 

TO H8.ll0 C03.ll8Th Heneperpy)KaJOllly!OCH annapaTypy II npe.llyCM0Tp8Th C00TB8TCTBy10uty10 

onOKllpOBKY B HHTepaane M8)K.lly llMnynhC8MH, 

Ha pllC, I 11ao6pa)KeHa cxeMa onhIT0~, no.a M.'IKCIIM8nhll0 B03M0)1(Hb!M yrnoM 

( 0,.b ~115°) pacnono)KeH KonnHM8T0p H3 )Keneaa H CM8CH napacpHHa C 6opHol\ KHCn0T0il 

aecoM 350 Kr. Konn11Marop HaueneH Ha MHrneHh qepea nneKc11rnacoaoe 0KH0 B KaMepa 

UHKnoTpoHa, OH aarnm.uaaT CUHHTHnnHUII0HHblll C'l8T'IHK OT pacces!HHblX H8l!Tp0H0B, a TaK

)1(8 OT Hel!Tp0H0B H y -KB8HT0B, B03HHK8!0ll1HX B peaynhT8T8 noTepb '18CTH IIY'IK8 aa 

.llY8HT8X II B 0CT8T0'iH0M raaa,_ 06 3cpq,eKTHBH0CTH KonnHM8UHH M0)KH0 cy.llHTh no T0MY, 

'ITO C'i8T Hel!Tp0H0B yMeHbll188TCH B - _10 paa, ecnH npooHHK BblABnraeTCH na 15 CM 113 

Itl!Kn0TpoHa,_ npH 3T0M 0CTaeTCH neK0T0pblll cpon OT pacces!HHb!X nel!Tp0H0B, K0T0pblll CTa-

THCTH'i8CKII pacnpe.lleneH no Bp8M8HH II C0CT8BnH8T 30-100% C'leTa nel!Tp0H0B. 3To cp0H 

orpaHH'IHB88T B03M0)KH0CTII npH. H3MepeHHH nel!TpOH0B B o6nacTH Bbillle 10 M3B, OKa3a

nocb T8K)K8 Tpy.llHO npoeoaHTh 113Mepenll!I II0.ll .llpyrHMH yrnaMll 0TH0CHTenbH0 ny'IK81 T8K 

K8K T0f'.ll8 B Konm1M8T0p nona)laeT 6onhrne neilTp0H0B H Y -KB8HT0B H3 K8Mepb! yCK0pH

T01l!I, 

M11we11H 113 Fe , Cu , Mo , Rh xpenHnHCh B BH.lle nHCT0B na cneuHanbH0M 

rrpooHHKe, Onoao H8H0CHn0Ch na M8.llHY!O oxnaN<naeMyJO noaapxH0CTb, naKnoHHY!O 0TH0Cl!Tenb

H0 11Y'IK8 no.ll yrnoM 20°. 

3xpaHHpOBK8 OT pacceHHH0f'0 M8f'HHTH0f'0 II0lISI UHKn0Tp0Ha ocymecTBlIS!nacb H8CK0nb

KHMH ClI0S!MII Tp8HC,POpM8TOpHOf'O )K8ne3a, Henb3SI cymecTB8HHO yMellbWIITb nponeTHy!O 

6a3y_, ll0T0MY 'ITO .ll8libHel!weMy. DpH0lill)K8HH!O <P3Y K UH~lI0Tpony Me~aeT ClllibH0Ei 

MarHHTH0e none, no 3T0ll npli'IHHe HaMepeHH!O 

Bb!We 3 M3B, JleT8KTOp HeilTp0H0B C0CT0HT H3 

poM 40 x 50 MM 11 6hICTporo q,oTOyMHQ)KHT8lI!I 

.ll0CTynabt Tonbxo Hel!Tp0HhI c 3Hepreell 

/5/ 
nnacTH'lecxoro cuHHTHnnsiTopa paaMe-

x) 
K14 FS SO C Hll3K00MHblM .ll8lil!TeneM. 

noBblW8Hlle 3Cj)cpeKTIIBH0CTII perHCTp8Ullll nyTeM yaelIH'leHIISI p83Mepoa CUIIHTHlilIHT0pa He

uenecoo6pa3HO, T8K KaK OT 3T0f'0 yxy.llW8!0TCSI ycn0BIIH Konnl!M8Ullll, 

x) . 
J,faroTeanHaaeTCH q,HpMol\ Kapn Uel\cc, Heaa. 
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Ha pHc. I noKaaaHa 6noK-cxeMa aneKTpOHHoi! annapaTyphI, BpeMeHHOl! ananHaaTop 

nocTpoeH no llpllHUllllY npeo6paoosaHll>I Bp8Me'mi· B aMnnHTYllY, e: I OtlllH!!8tlU8TOro tlllOtl8 

·<P3Y nepetla10Tc:>1 nono;<<11Tenb::b1e 11MnynbCbI c noMOlUbIO KaToalioro noBTop11'ren11 1 qepeo 

cornacosa1mbll! Ka6enb 113 aana ycKop11Ten11 Ha nynbT, rae Haxoa11TC>1 ocTanb11a11 qacTb. 

annapaTypb!. OTp11uaTenbHb!B l!MnynbCbl C aHoaa ct:>3Y aan11pa10T orpaHll'll!Tenb, KOTOpb!l! 

11HT88T T8KOl! >Ke Ka6enb .onHHOl! 100 M. CHrHan C orpaHll'll!Teng npoX0tlllT •-iepea 0blCTpbIB 

B opoTa I II oanycKaeT Tp11rrep I. tlopoTa I OTKpb1Ba10Tc>1 6noKOM "aaaep>KKa" nocne 

Toro; KHK a~nnHTy.ua aq Hll .llY8HT8x .0.0CTHrna ·caoero M8KCliMUJ1bHOro 38M8q8HIHI. OHR 

aaKpbma10Tc>1 npemae, '18M aMnnHTyaa B'I Ha<i,rnaeT yMeHbWllTbC>I, tlopoTa I aan11pa10Tc>1 -

TaK>Ke nocne Kamaoro 11Mnynbca, aanycKaBwero Tp1u-rep 1; Ha MepTBoe BpeM>1 5 MKCeK. 

MeTKH Bp8M81!11 nonyqan11cb nyTeM cjJ0pMHpoBaHHSI CIIHyColltlanbHOro 11anp>1>K81!1!>1 B'I, no

CTyna10mero OT 113M8pl!TBnbHOl! 8MKOCTII B CT8HK8 KaMepbl UIIKnOTpoHa qepea cornacosaH

Hbll! Ka6enb (cM, p11c. I). Ecn11 c <P3Y npowen c11rHan qepea sopoTa 1 11 aanycT1m Tp11r

rep 1, OTKpbmaIOTCSI BOpoTa II H nponycKll!0T cq,opMI!pOBal!l!b!C HMnynbCbl B'I, Cnetly10-

w11l! no BpBMBHII penepHb!l! HMnynbC onp0KlltlbIBaeT TpHrrep II , C11rHanbI OT Tp11rrepoB 

110tlaIOTCSI Ha KaCKatl npeo6paaoBaHll>I BpBMBHII B aMnn11Ty llY Ha naMne 6A3n. ,ilanb'!-18 

IIMnynbChl 3atlBp>KHB8IOTC>I, yc1rnl!B810TC>I II cjJ0pM11pyIOTCSI C UOMOIUblO nHHIIII 3atlep>KKII 

(npOtlOn>KIITBnbHOCTb IIMnynbCOB 2 MKCeK), Ha 100-Ka11anbHbll! aHamrnaTop OHi! nponycKa10T

CSI B TOM cnyqae, ecn11 aMnm!Tytla n11Hel!Horo c11rHana OT I 1-ro tllll!Otla npeBb!waeT nopor 

tlllCKp11MIIH8TOpa, 

Jlmpcpepe11u11anbHag n1111el!HOCTb CK0HCTpy11pOB8HHOro npeo6paaoBaTen_11 BpBMBHII B_ aM

nn11Tytly ny'IWB :!:_3%. WHpHHa 1111K8 OT y -KsaHTOB, 06p_aay10w11xc>1 B MOM8HT nonatl8Hli>I 

qacTHU ny'!Ka Ha MllWBHb, c_ocTaBn>1na 6-10 HCBK B 38BIICl!MOCTH OT paJlHyca H 3Ha'IBHH>I 

MarHIITH0ro nong. np11 H3MBHBHIIH tlpyr11x napaMeTp0B ycKOpl!Teng WHpl!Ha H nono>KBHl!e 

3Toro Ul!Ka npaKTll'IBCKII He MBHS18TCSI. TaK, K npHMepy, npH CIIH>KBHHII aMnn11Tytlbl B'I 

OT 150 tlO 90 KB OH CMewaeTC>I He 6onee 'IBM Ha 3 HCBK, B TO BpBM>I KaK HBCTa6HnbHOCTb 

B'I O0bl'IHO HB oonbWB 'IBM :!:_10 KB, Xopowag CTaollnbHOCTb BCBH ycTaHOBKll BM8CTB C 

UHKn0Tp0HOM 1103B0n>1na B cnyqa11x Manon CK0pOCTII C'leTa npoB0tll!Tb '!aCOBblB 3KCl103HUHI!, 

To'ltta11 Kam16poBKa BpeMeHHol! WKanhI np0Botl11nacb tl0 H nocne Ka>Ktloro 11aMepeHHS1 c 

U0M0UlbI0• Kan~6poBaHHbIX Ka6enel!. rpatlyHpOBKa nopora tlllCKpllMl!HaTopa B nHHBl!H0M 

Kattane B 8tll!Hllll8X 3HeprHH npoTOH0B 0Ttla'!H 0b!na ocyuieCTBneHa C U0M0IUb!O M0H03Hepre

TH'IBCKIIX Hel!TpOHOB 113 peaKUllll II(d,n)lle 
3 

Ha Hel!TpOHH0M reHepaTopa Hr-200. B X0tl8 

pa60Tb! nopor KOHTpon11ponanc11 C noM0IUblO KOMllTOHOBCKOl!_ KpOMKH OT y -ny'lel! IICTO'IHH-
137 

Ka Cs • 3cpcpeKTHBHOCTb perHCTpauHH HBi!TpOHOB C 3HeprHel! Elab onpetlemmacb C 

noMOIUbJO npocToro cooTHoweH11>1: 
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l'.!l8 B - . nopoi- S 8.!ll!HIIUSX 3H8pl'HH npoTOHOS, (1• - C8'18HH8 (n - p) S38HMO.!l8llCTSUSI, 

n - 'IHCllO STOMOS so.aopo.aa s I cM
3 

CUIIHTl!llll!ITOpa, h - 81'0 TOlllllll_Ha, TaK KSK Mlllll8-

Hll 61,11111 TOllCThlMII, paCC'll!TblS8118Cb H8KOTopa11 cpe.aH!l!I 8Hepr1111 60M6ap.a11pyrom11x '!SCTIIU 

no tpopMy11e: 

V 

Eo V 
JE•E(l--)dE 

E =· V E 

tio-;)dE .. 
.!._ ( 2E

0 
+ V), 

3 

KYllOHOSCKllll 6apbep. MHO:>KIIT8llb ( 1 - ...Y) Becosoll <PYHK
E 

i-.ue E
0 

- allepi-11si ny'!Ka, 

Ullll ycp8.UH8Hll!I E (1 - .J_) 
E 

npe.UCT8B11!18T co6oll xo.u nollHOl'O C_8'18HIISI peaKuHll s K11ac-

Cll'l8CKOM cny'!ae; MHO:>KHT8llb. E Y'IIITblS88T s H8KOTOpOM np11611H:>K8Hllll pocT 'IHCllS Hell

TpOHOS s KSCKa.ae H YM8HbW8HHe TOpMO3HOll cnoco6HOCTH C POCTOM aHepi-1111 ny'!KS, 

nepexo.u s c11cTeMy U,M, ocymecTs111111c>1 c noMOlllbIO cpe.aHell no MHWeH11 aHeprHH 

ny'!Ka E no COOTHOW8HHHM: 

E 

N(E 

Emo mn -V + ~ab -2cos0 v'l!Elabm0 m 
lab ---M* n 

d 2u 
) =·-

dE d1 
~ (_E_/, 

d~ ab d'}l ab Elab 

3.uecb mo ,mn ,M* - MSCCbl Ha11eTSI01Uell '!SCTl!Ubl, Hel!TpOHa H COCTSSHOl'O H,!lpa; E Ei.b 
aHepl'HSI Hel!TpOHOS s CHCTeMe U,M, II s na6opaTOpHOll CIICTeMe COOTS8TCTSeHHO. CTpo

1'0 rosop11, nonyqeHHb18 no STOpOMY ypaBHeHHIO ce'!eHIISI ~ 
dE dfl 

OTHOCSITC!I .!lllH 

pa3HblX aHeprHll HellTpOHOB K p83Hb!M yrJi~M s CHCT8Me U,M, 0,uHSKO .ua:>Ke s Clly'!ae 06-

0 . 
11y'!eHl!SI M8.!lll IIOHSMII Sl)l'OHS MSKCIIMSllbHOll aHeprllll Yl'llY Olab = 145 .!11111 H8J!TpOHOS C 

0 
aHepi-11ell E CM= 4 Mas cooTBeTcTsyeT yi-O11 0 CM= 159 , a .!lllH aHepi-H11 E

O
M=12 Mas, 

OCM = 153°, 

Pe3ynbTSTh1 

\ 
Ha p!!C, 2 II 3 npe.acTas11eHbl s K8'18CTS8 np11Mepa Hel!TpOHHb18 cneKTphl, nony'leH-

Hb18 s o6ny'l8HHSIX M8,!lll II O11osa HOHSMII aproHa pa3 .. blX aHepr11ll, KaK Sll.!lHO 113 aTHX 

rpacpl!KOS, s npe.ue11ax OWH60K MO:>KHO see cneKTpbl 

M8CWTa6e npHMblMII lll!HHSIMII, 111111 :>Ke s s11.ue N(E 

npe.UCTSSllSITb S 11orap11cpMll'18CKOM 
E 

) .. exp(-_), tlellll'IIIHS T. KOTOpyro T . 
Mb! YCllOSHO H83OSeM TeMnepaTypoll, SIBllHeTCSI e,UIIHCTSeHHblM napaMeTpOM, KOTOpblll MO:>KHC 

H3Slle'!b 113 113MepeHHOl'O cneKTpa, TaK KSK HHT8psa11 aHepi-1111 Hel!TpOHos, S KOTOpOM S 

,uaHHblX yc11OSIISIX y.aa11ocb H3M8pHTb cneKTpbl, orpaHH'leH CHH3y, TO Mb! He MO:>KeM onpe

.aellHTb 6011ee .!l8TSllbHYIO tpOpMy cneKTpos. 
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npH pa3HblX SHepl"H!IX ny~Ka cneKTpbl HMeIOT n0'!TH• 0,!lHH8K0Bblll HaKn0H, npH 6onee 

BHHMaTenbH0M paccM0TpeHHH o6HapylKHB8eTC!I, '!TO TeMnepaTypa HeMH0l"0 pacTeT· C SHep

rHell, 

B Ta6nHue 1 co6paHbl peaynbTaTbl acex 0Ub!T0B, B nepB0M CTon6ue yKaaana MHWeHb 

H 60M68p.!lHpyIOW8S1 '18CTHU8 BMeCTe C M8CC0BblM 'IHCnOM C0CT8BHOl"O S!,!lpa. tlo BT0p0M 

CTon6ue - cpe,!lHSISI SHepl"HSI B036ylK,!leHHSI COCT8BHblX Sl,!lep, Bbl'IHCn.eHH8!1 H3 cpe,!lHell (no 

rny6eHe MHWeHH) sHeprHH ny'!Ka E H pacnaK0B0K no Ta6nHue Mace 1
61

• B cnyqae MHoro

H30TOUHblX MHWeHel! npOBOJlH/IOCb ewe ycpe,!lHeHHe no BCeM H30TonaM, 8 TpeTbeM CT0/16U e 

T86/IHUbl C0.!leplK8TCSI H3MepeHHble_ TeMnepaTypbl B Msa. KaK BH,!lHO, npH paBHblX SHepl"HSIX 

H Cu apronoM TCMnepaTypa mn:<e '!eM, a o6ny'!emrnx apro-

HOM Mo H Sn • .D.nSI KOM6HH8UHH Rh+·Ar TeMnepaTypa npHMepHO paaaa TeMnepaType 

·,!l/lSI Cu+ Ar ToT cpaKT, '!TO npH o6ny'leHHH '!8CTHnaMH Ar 
40 

TeMnepaTypa He na,!laeT 

C pOCTfM Maccoaoro 'IHCna, MOlKH0 6blno 6bl 061>SICHHTb TeM, '!TO 6onee nerKHe COCTaa

Hble Sl,!lpa M0l"YT C 6on&well aepOSITHOCTblO HCUyCK8Tb aapS1lKeHHble qaCTHUbl H npH STOM 

OX/18JK,!laTbCSI, npH o6ny'!eHHH Me,!lH H MOnH6,!leHa '18CTHUaMH Ne 
22 

Ha6nIO,!laeTCSI 0,!lHaKo 

HOpMa/lbH8SI aaaHCHMOCTb TeMnepaTypbl OT A , XOTSI 38pSl,!l COCT8BHOl"O 11,!lpa H3 Cu +Ne 
22 

40 
ewe Ha 8 e.!lHHHU- MeHbWe sapSl,!l8 COCT8BHOl"O Sl.!lpa Cu+ Ar • Jlanee MOlKHO npe,!lnona-

raTb, '!TO BblCOKHI! yrnoaoll MOM_eHT a o6ny'!eHHSIX aprOHOM Be,!leT K aHOManbHOMY pocTy 

TeMnepaTypbl C pOCTOM A • B '18TB8pTOM CTon6ue Ta6nHUbl 1 npHBO,!lHTCSI .!lnSI cpaaHeHHSI 

MaKCHMa/lbHbUI yrnoaol! MOM8HT J max Bbl'IHCneHHblll no KnacCH'!eCKOMY Bb1palKeH1110, 

J = ..!..(R
1

+:R
2

)y2µ(E- -,V 
max b ) . 

3.!leCb RI _R2 -pa.!lHYCbl CTanKHB8IOWHXC!I Sl.!lep, µ - HX npHBe,!leHH8SI Mace a, V -Kvno-

H0BCKHII 6ap&ep H E - cpe.!lH!ISI sHeprH11 ny'!Ka a cHcTeMe n,M, KaK cne.!lyeT ylKe Ha 

coo6palKeHHI! paaMepHOCTH
171

, SHeprHSI. Hel!Tp0HOB MOlKeT 38BHCeTb OT cnHHa J 

Ton&Ko a KOM6HHSUHH ~ • nosToMy a n11TOM cTon6ue co.!leplKaTc11 aenH'IHHbl 

2
11.!lpa 

~x 
2c 

r.!le ch 
2 

- Taep.!loTen&Hblll 
2c ' 

MOMeHT HHepUHH COOTBeTCTBy10wero COCT8BHOl"O 11,!lpa. Ha 
J 2 

Ta6nHUbl BH,!lHO, '!TO npH paBHb!X eoa6ylK.cteHH!IX aenH'!HHbl ~ npaKTH'!eCKH He pasnH-
2c 

'l!llOTCSI, nosTOMy Henb3SI 06bSICHHTb 8HOMBnbHYIO saBHCHMOCTb TeMnepaTypbl OT A Ha 

OCHOae rpy6oro npeanonoJKeHHSI O TOM, '!TO BO acex CTOnKH0B8HH!IX C yrnOBb!MH MOMeH-

. TaMH annoTb LIO J o6pasyIOTC!I COCT8BHbie 11.ctpa. HaaecTHO, 0,!lH8KO, •'!TO peaKnHH non-
max /S/ , 

H0l"0 CIIHSIHH!I He npOHCXO.ct!IT npH 6ortbWOM J • B HeKOTOpOM npH6/IHlKeHHH MOlKHO 

C'IHTaTb, '!TO COCTaBHble 11.ctpa o6pasyIOTC!I BO acex CTOnKHOBeHH!IX C J 
\ 

M8HbWHM HeKo-. 

Toporo KpHTH'l8CKOl"O J KrH K COlKSneHHIO, Mano '!TO H3BeCTHO O saeHCHMOCTH JK,U 

OT M8CC0BblX 'IHCen !1.ctpa H '!aCTHUbl, 

/2/ 
Ha OCHOae ,!l8HHOI! H npe,!lbI.!lywell pa6oT MOlKHO caenaTb Bb!BO,!l O cpe.ctHell 

SHeprHH, yHOCHMOI! y -KB8HTaMH E • B pa6oTe
121 

6bl/lH H3MepeHbl <pyHKUHH B036ylK.cte-
,o y 

HHS! peaKuHI! Cd(Ar , xn) x=4-7. OHH oKasanHCb CMeweHHblMH a CT0pOHY Bb!CWHX SHeprHI! 

7 



/ I/ 
no Cp8DH8Hlli0 C ananorll'!Hh!Mll pe8KUll>IMII Hil oonee nerKnX '!8CTHU8X • CpenHIOIO 3Hepr11!0 

y -KB0H.TOD MO>KHO oueHl!Tb no cjlopMyne: 

E = E - PZB -•xE , y ex n::::,:l n n 

rne E .. cpenn,i,i 3nepr1rn _aoaoy)!(nen11S1 nn!I peaKUHII Xn 3n - 3Heprll!I CB!l311 n -Toro 

neilTpoHa , En - cpenH!!!I 3Hepr11S1 onHoro Hei\Tpona • .[lm1 Toro, '!TOObI onpene1111Tb cpentt1010 

3Heprli!O uei\TpOHOB H3 H8llll!X 113MepeH11il, nano 3H8Tb neTa/IbHJ!O cjlopMy cneKTpa npll Hll3-
< • • n -.!L 

KliX 3Heprll!IX Hei\TpOHOB, Hanp11Mep, CTeneH.b ll B Bh!p8)!(eH!lll E e ~ n11SJ CII8KTpa. 

XoTSJ Mb! aHaeM· cneKTphI TO/IbKO Bb1llle 4 M3a, MO)!(H0 naTb rpaH11uy n 5 J,5, T8K KaK 

npu n > 1,5 MO)!(HO Ohl/IO Obi aaMeTIITb OTK/IOHeHIISJ OT npHMOil, Ec1111 n 6epeTc>1 

a npenenax 0,5 -S.. n ~ 1,5 11 11c110111,ay10Tc11 naiiab1e nacT011meil paoon,1, TO nony'!HM nn,i 
. -

acex peaKu11il 4n -7n , E y =37 - 44 Marn, Mo)!(HO TBKIIM ot5paaoM yTaep)!(.LJ.BTb, '!TO 
. . ffl 

B COCT8BHbIX ,inpax, nony'!eHHblX np11 OOMoapn11poBKe T8KOil TSJ)!(enol! '!8CTl{Uel! KBK Ar 

11cnycKaH11e Y -KB811TOB Hil'!IIHBeTC!I J>Ke IIpH 3HeprHII B030J)!(neH!l>I H8MHOrO Bhlllle 3Hep• 

r1111 CB>l311 Hel!Tpona. ToT cj)BKT, '!TO 3HeprHH, Bh!CB8'!1!B8eMaSJ y -KB8HT8MII ( 40 M3B), 

0.!l!IHilKOB8 .!l/1!1 4n no 7n 11 He aaa11c11T OT 3aepr1111 aoaoy)!(.LJ.eHHH, MO)!(HO IIHTepnpe-

Tllp0B8Tb TBK, '!TO J)!(e B MBKCIIMJMe 4n -pe8KUIIII 
0

M8KCIIM8/1bH1Ai\ Cnl!H J >J , np11 
. max Krit 

.!l8/1bHel!llleM yae/11I'!9HIIII 3Hepr1111 '{8CTliU cnHHbl COCT8BHb!X Hnep He npeBUWBIOT JKrit • 

AaTOpb1 Bb1pa)!(a10T rnyooKyIO t5naronapHocTb r.H.<Pnepoay Ii H.A.KapHayxoay, np11-

HliM8Blll!IM aKTHBHoe yqacT1Ie a ot5cy>Knen11>1x, A.H.<P1I1111nc0Hy II ero rpynne aa ot5ecneqe

H!le HB.LJ.e)!(HOl! paooTbI u11K110Tp0Ha, AaTopbI np11aHaTenbHbl M.H.Me.D.Be.D.eay sa npenocTaa

nenHbifi HM rrnaCTl.Pl0CKHH CUHHTllJlllf.l:TOp. 
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Ta6nnua 1 

Pe,o.t4u.s, 
£e,c T ('""" 

r,.,,·,u 
R"' zc 

Fe+- fir - {00 {,6 65 71 

96 108 f,6 7f 8( 

Cv+-Rr 78 f,S 53 4t 
10~ 9~ 1,6 6S 6Z 

1oz f,6 7f 13 

110 f,7 76 86 

Ho 1-flr 7'1 1,9 6', .38 

136 83 2.f 72, 49 
9( 2.S 80 59 

~h~Rr 77 (,5 6o 37 

143 90 1,6 78 S2, 

104 1,7 SD 69 

Sn1-flr 68 f.7 62 . 28 

f6D 81 f.9 76 41 
95 f.9 89 S6 

109 2,f {02 7y 

CvR1 Nee2 72 e.1 45 4e 
No+Ne22 

72 1.5 47 2f, -
{18 82. f.6 · 55 .36 

Ho -t-8 11 54 f.6 23 7 

167 59 1,8 26 9 
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PHc. 1. CxeMa onb1Ta. 
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fl't' +Cu 

• 

4 s 6 7 8 9 10 11 fZ. 13 

Eel'/ /1138. 

P11c, 2, CneKTpbI H~ijTpOHOB a c11cTeMe u,M, np11 o6nyqemrn Me.n11 
IIOllaMII At • Cpe.!lHf!ll 8Hepr11,r 60M6ap.n11py!0UlHX 'lBCTIIU 
a na6. c11cTeMe: x 175 M,aa; • 210 M,aa; 0 230 M,aa; 
0 250 M9B, 
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