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A H H 0 T a U H H 

C ITOMOlUbiO O.llHOKpHCTannH'I9CKOro CIT9KTpOMeTpa HCCne.aoaanHCb CIT9KTpbl y 

KBBHTOB npH o6ny'!eHHH Cu , Ta W · H u - MHLU9Heit HOH8MH 0
16 

B HHTepaa-

ne 3 1-ieprHit 80:...140 M3a, 

Ha K8)K.llblit 8KT o6pa30B8HHH COCT8BHOrO H.llpa Ha6nJO.ll89TCH K8CK8.llHOe Merry-

CK8HH9 20-30 MHrKHX y -KB8HTOB, 

n.apa, 

06cy)K.ll89TCH BnHHHHe yrnoaoro MOM9HT8 H8 M9X8HH3M pacna.aa B036y)K.ll9HHOrO 

<\bstract 

Using the one-crystal spectromete..r y- quantum spectra have been investigated by 
exposing Cu, Ta, W and U- targets to the 1_6 ions in the energy interval 
80-140 \1e V. 

The cascade emission of 20-30 soft y- quanta per each act of the compound 
nucleus formation is observed. 

The effect of the angular momentum on the mechanism of the excited nucleus 
decay is discussed. 



1. B s e n e H H e 

8 pe8KUHSIX C TSI)KelJblMH HOH8MH HMeiOTCSI 60ilbWHe B03M0)KHOCTH LlllS! H3y'!eHHSI 

B WHpOKOM LlH81l830He 3HeprHil: MeX8HH3M8 o6pa30B8HHSI H p acnana COCT8BHOrO S!Llpa . 

npeHMyWeCTBO TSI)I<enoil: 'i8CTHUbl 38Kill0'!8eTCSI B TOM, '!TO 3HeprHSI B036y)KLie­

HHS11 38pS!Ll H M8CC8 COCT8BHOrO S!Llp8 MoryT 6biTb onpenerreHbl 3 H8'!!1TellbHO TO'!Hee, 

'!eM s cny'!ae a -'!8CTHU l1 neii:TpOHOB 1 rne CyWeCTBeHHbl rrpoueCCbl rrpS!MOrO B bi 6H-

B8Hl1SI HyKrrOHOB. HapSILIY C 3Tl1M llpH 3HeprHSIX HOH8 BbiWe KyrrOHOBCKOrO 6apbepa 

COCT8BHOe S!LlpO o6nanaeT Bb!COKHM MOMeHTOM KOilH'i eC TB8 LlBH)KeHHSI 1 KOTOpbli! cy-

wecTseHHO CK83biBaeTcSI Ha MexaHH3Me ero pacrrana. 

B rrocneLIHHe ronw Ha rry'!K8X ycKopeHHhlX HOHOB 6wn rrpoaeneH pSILI 3Kcne p!1MeH­

TOB ITO H3y'!eHHIO BllHSIHHSI yrnoaoro MOMeHT8 H8 cPYHKUHH B036y)KL!e HH51 1 yrrrOBb!e pac­

rrpenerr e HH51 HCil8p5110WHXCSI HYKilOHOB H OCKOilKOB nerreHHSI Llll51 60ilbW Oil: rpyllllbl S!Llep. 

TeopeTH'!eCKH e HccnenosaHH51 s o6nacTH pacrrana spawa10werocSI SILipa aeCbMa 

orpaHH4eHbi 0 

06W 851 K8pTHH8 HCil8peHH51 'i 8C THU H3 COCT8BHOrO 51Llp8 C B blCOKHM MOMeHTOM B 

KB83HKrraccH'!ecKoM CT8THCTH'ieCKOM npH6rrH)K e HHH 6birr a paccMoTpe Ha B.M. CTpyTHH­

/1/ 
CKHM 

B pa6oTe rrony'!eHw swpa)KeHH51 LlllS! cpenHeA KHHeTH'!eCKoi! sHepr1111 11 MOMeHTa 

HcnapSIIOWHXCSI Heii:TpoHos. KorrH'!eCTBeHH bi il: aHarrH3 noKB3hiBaeT, 'iTO s npouecce oc­

TbiB8HHSI KOMil 8 YHLl-51Llp8 HyKilOH8MH MO)KeT 6b!Tb yHeCeH 8 llO'iTH BCSI 3 H e prHSI B036yJK­

!leHHSI S!Llp8 H llHWb HeKOTOp8S! 'i8CTb yrrrOBOrO MOMeHT80 npennonaraeTCSI' 'iTO OCT8-

TO'!H8SI 3HeprHSI H yrrrOBOi! MOMeHT np11 nepexone B OCHOBHOe COCTOSIHHe YHOCSITCSI 

K8CK8LlHblM HCilyCK8HHeM MS!rKHX y -KB8HTOB. 

/2/ r.A. nHK-nH'i8KOM B MOLierrH He38BHCHMb!X '!8CTHU p8CCM 8 Tpl1B 8eTC SI l1Crry-

CK8HHe HyKnOHOB H3 CHilbHO spawa10werocSI S!Lipa. B cnyqae 6onbmoA s H eprHH apawe­

HHSI y COCT8BHOrO S!Llp8 npeLICK83hlB8eTCSI *ueHTp06e)KHhli!• M eX8HH3M HCrryCK8HHSI HyK-

llOHOB 0 

OueHKH, rrposen e HHbie s paMKax sToi! MonenH, T8K)Ke yKa3hiB810T Ha To, '!TO 

llOCne HCrryCK8HHSI H e ii:TpOHOB y S!Llp8 OCTaeTCSI BhiCOKHil yrrrOBOi! MOMeHT0 

3KcrrepHMeHT81lbHO Y -H31ly'!eHHe, B03HHK810ll..lee llpH p8Cil8Lle COCT8BHOrO S!Llpa, 
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Hccneaoeanocb a onwTax npH o6nyqeHHH 

80 ~sa131 • 
Sn -MHWBHH HOHBMH yrnepoali c 3HeprueA 

Ha KB>K.llbllt aKT pacnaaa cocTasHoro Rapa Ha6moaanocb a cpeaHeM 11cnycKa-

IJH9 15 y -KB8HTOB C SHeprHeit • 0,7 i'V\360 

C nyCKOM 6onbWoro QHKnOTpOH8 MHOr038pS1.£lHbiX HOHOB (0V111VJ) Ol1b!Tbl B 3TOM 

uanpaeneHHH npoaon.)I'\ BnHCbJ H npeaeapHTenbH h!e pe3ynbTt! Tbl (annapaTypHbJe cneKTpb!) 

npH o6nyqeuHH Cu , Ta - MHWeHeA HOHBMH o
16 

11 ~e 
20 

6b!liH ony6nHKOBBHb/
41

• 

8 uacTOSIWetl pa6oTe Hccneaouamtcb y -cneKTpb! npH o6nyqeHHH Cu , Ta 

\V If U - MHWBHelt yCKOpBHHblMH HOH8MJ1 0
16 

B IIHTBpBane 3Heprllil 80-140 ~36 

(a na6op8TOpHOlt CHCT9M9 KOOp.£lHH8T)o 

2. YcnoBHSI aKcnepHMeHTa 

0J!WTW npoBO.lllf!lHCb Ha BHyTpeHH9M nyqKe 300 CM UHK.'10TpOH8 TSlmenwx HOHOB 

na6op8TOp1111 Sl.llBpHWX p98KUHtl 06b9.£lHH9HHOrO HHCTHTyT8 Sl.llBpHWX HCC.'19.£lOB8HHlt, 

TpexaapSIUHb!B HOHbl KHcnopoaa, ycKopeHHbie euy·rp11 KBMepbl UHKnOTpoaa, nonaaa· 

nH HB MHW8Hb0 yKpenneHHYIO HB Cl19UHBnbHOM np06HHK9o V1HT9HCHBHOCTb ny'iK8 COCTBB­

nHnB B Ol1b!T8X OT 1 .£l0 7pA o 3aeprHH HOHOB Morna B8pbHpOB8TbCSl 110M9W9HH9M 

MHWBHH H8 pa3nl!'iHblii pB.llllYC yCKOpBHHSl H .ll.'lSl cpHKCHpOB8HHOrO nonO)I<9HHSl onpe,aenH· 

/5/ 
nacb SKcnepHMBHTBnbHO np TopMomeHHJO HOliOB o

16 
B Af· -.:j:lonbrax c own6Koll, 

He npeabrwaJOwelt 3%. 

8 KB'iBCTBB MHWeHeA I!Cnonb3osanHcb Cu, Ta , W u e cponbrH C 9CT9CTB9H-

HbiM H30TOI1HbiM COCT8BOM 0 KOTOpb19 Kp911H.'lHCb K OX.'18)l<Ll69MOit M9.£lHOit 110B9pXHOCTI1o 

PaeioTa Ha BHyTpeuueM nyqKe noTpe6oeana Hcnonb30BBHHH -ToncTblX' MHweuelt eo 

H36emaHH9 npHM9CH cpOHOBOrO H3ny'iBHHSl C M9.£lHOit no,anomKifj TO.'llUI1H8 MlfW9H91t 

6 011biT8X COCTBBnSina OT 25 LlO 100 /1. 

f10TOK 'i8CTKU 1 118Ll810WHX H8 MKWeHb0 KOHTponHpOB8.'1CSl KBK C 110MOWI>IO qya­

/6 / 
CTDHT9.'1bHOro sneKrpDHHOrO perHCTpaTopa 0 TBK H BC9BO.'lHOBOro HBitTpOHHOrO C'iBT• 

'iHKa 11 F 3, pacnono>Keauoro KaK noKaaaao a a pHC. 1. 

y - lf3ny'i9HH9 B lfHTepaane 3HeprHl\ 0 005-1,0 ~SIB perHCTpHpOB8.'10Cb cpOTOYMHO• 

>KHTeneM <P3Y-33 c KpHCTannoM "'a J ( Tf) (0=-30x 14 MMl, pacnonomeHHbiM. BHe 

K8M8pbl UHKJ10Tp0118 Hc'l p8CCTm1HifH 5 M OT MHW9Hif 0 VlMnyJlbCbl OT t1JOTO:rMUOmlfT9nSI 

110.£l8B8.'1HCb H8 BXO.ll 1UU-K6H8.'lbHOrO 8Mfi.'lHTYLlHOro 8H8nlf38T0p8 Ak!-100/1, 
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rpa.llylfp0BK8 CIIeKTpOMeTpa IIpOBO.lllfll8Cb C IIOMOWb!O y -lfCTO'lHHKOB llg 203 

r. 137 r- 60 
( 1'-' y =0 ,279 Mss), Cs (0,660 Mse) If ... o (1,13 If 1,33 Mss). AnnapaTypHbie 

C 137 'I 203 2 
cpo pMbl lllfHHA S H ' g IIpe.llCT8BlleHbl H8 pHC. • 

.[l1151 lfCKll!O'leHifSJ cp0H8 KOMIITOHOBCKOrO pacceSJHif51 Ha nyTH OT MHWeHH .llO KpHC-

T811118 rry'IOK Y -KB8HTOB .llB8)K.llbl .lllf8cpparMHpOB81ICSJ (pH Co 1 ) o 

cf:>oTOyMHO)!(IfTellb MOr 6b!Tb p8Cll01IO)I(eH IIO.ll .llByM51 cplfKCHpOB8HHblMH yrnaMH K 

' 0 
HanpaeneHH!O na.llaJOwero ny'IKB 1\. = 20 If 

3cpcpeKTifBHOCTb CrreKTpOMeTpa IIO.ll p831IIf"'Hb!Mif yr118Mif onpe.lle1151118C b llO lllfHiflf 

qg 203 E y = 0,28 Mse c noMCWb!O ClfllbHoro HCTO"'HHKa ycTaHoaneHHoro a MecTo-

-7 
paCIIOliO)KeHHe MlfWeHif H COCT8B1151118 2,2•1 0 , "'TO H8XO.llHTC51 B XOpOWeM COrna-

Clflf C pacqeTHb!Mif .ll8HHb!Mif . 

3. 3KCllepHMeHT81IbHble pesyllbT8Tbl 

.[lliSJ IIOTOK8 "18CTHU 
12 

10 CeK If 3Heprlflf lfOHOB KHC110pO.ll8 80 Mse CKOpocTb 

c'leTa y -KB8HTOB COCT8B1151118 100-500 lfMII./CeK, "'TO ll03B01IIf110 . IIOlly"'HTb XOpOWy!O 

CT8TifCTif'leCKY!O TO"'HOCTb B annapaTypHhlX CrreKTpax. 

i~J pH T8Koa CKOpOCTif C"'eTa Bep051THOCTb O.llHOBpeMeHHOH perlfCTpaUHH .llBYX KBaH­

TOB npe He6p e)KHMO Mana, II03TOMY .llaHHble H3MepeHH51 rrpe.llCTaB1151!0T CfleKTp O.llHHO"'-

HbiX y -KeaHTOB. 

Ha orrbiTe 6bmo o6Hapy)KeHo, "'TO cywecTBeHHbiM HCTO"'HHKOM cpoHa 51B1151eTc51 

TOpM03HOe H31Iy'leHlfe 3JleKTpOHOB B KaMepe yCKOpHTe1151o 0CHOBHa51 "'aCTb CIIeKTpa 

( r .lle 

ll1IHTY.ll8 ycKOp51!0lllero H B IIp51)!<eHH51 Ha .lly8HT8X UlfKliOTpOHa; B Ollb!T8X 2 Vo < 160 Ka). 

cf:>oH , o6yC110BlleHHblif aKTHBauHefi 31IeMeHTOB K8Mepb! yCKOpHTe1151) HMeeT IIp8KTH-

'leCKH HenpephlBHhlH ClleKTp .llO 3HeprHH 1,0 Mse, O.llHBKO HHTeHCHBHOCTb ero 

COCTaB1151118 He 6onee 2% OT H861I!O.ll8eMoro 3Q:JcpeKT8• TopM03HblM lf31Iy"'eHHeM HOHOB 

B M8TepH81Ie MHWeHH MO)I(HO npeHe6pe"'bo 

B OCHOBHOM BCe H3MepeHHSJ npOBO.llH.lll1Cb B IIOliO)KeHHH C"'eT"'HK8 llO.ll yrliOM 

0 
01 = 20 K HanpaeneHH!O na.llaJOwero ny'lKa. 
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06p.:.!UOTI<a aunapaTypH !JIX ClleKTpOtl 11p01i 3BOL1HJWCL C y'ieTOM 11p1160pHOH l !JOpM bl 

171 
!llliii1H Cl!eKTpOMeTpa H Sq:J t.!JeKTiillHOCTH Kp11CTBJ1J18 , 

Ha pHc, 3 npuuen8H HCnp.::tsnetHJI.>~ii cneKTP y -KBBHTOB 1 llOJly'ieHH Liii npH o6-

llyLJeHH II 
r , .u -M11W eHI1 11 0 H8MII 0

16 
C S H e prHeii 95 M as . 

Ys eJ1!1LJeHile 0Wl16Kl1 B 0 6J1BCTH MaJl GIX SHeprHii CB5138HO C p e3KHM B03pilCT8HHeM 

1!-Jo ua n n 51 F: y < 130 Kss, llo OCH OpL1HHBT OTJlO/KeHa CKOpOCTb C'leTa }' -KBBH-

T OO B OTHOC11TellbHblX enHHHUBXo 

i \6C OliiOTIIY IO HHTeHCHBHOCTb 113lly'leHH51 M bl 6yneM BL1p8/h8Tb 'lepe3 napaMeTp II) 

LJHC!IeHHO pBBHhlH CpenHeMy 'IHC!Iy }' -KB8HT'JB 0 HCIIyCKBeMLIX rtpH p8CllilL1e OL1HOJ"'O 

51.upa . BenH 'II!H a i7 MO>KeT 6L1Tb onpeneneua: 

rne 

a 
c 
~ 

0 

v ~ 
--- )'_ l:'_ 

"n a!' ~n ''o 

- 110JlHOe "'HC!IO }' - KBBHTOB 0 no - llOTOK 60M6apL111PYIOll.lHX 'lBCTHU 1 
,.., 

y 
x) 

Ce<JeHHe o6p830BBHH51 COCTBBHOJ"'O 51L1pB, ycpenHeHHOe 110 TOllll.lHHe MHWeHH 't 

'!fiC!IO pa60T8!0LUHX SIL1ep1 fi,O - scpcpeKTHBHOCTb CrteKTpOMeTpa B npennOJlO)Ke-

HHH H30Tp011HOJ"'O pacnpeneneHH51 Y -KBBHTOB, 

OueHKH, nposeneHHbie TBKHM MeronoMJ .nnH peaKUHH Cu +f) 16 .na10T 11 - 30. 

Cpen H5151 aHeprH51 y -KsBHTOs pacc'lHThlBanacb KBK 

11 .0!151 c n eKTpa p11c. 3 

E = r;, ~r J IY 
r r 'Y <1 Ey _ 

OK83anacb paaHoA Ey =0,33::!:.. 0,03 Mas. 

HeKOTOphle cseneHHSI o6 yrnosoM pacnpeneneHHK }' -KSBHTOB S peBKUHK 

Cu + ') 16Mo>!<Ho rrony'!HTb H3 cpasueHH.R cneKrpos, H3MepeHHbiX rro.n yrnaMH 

1\ = 20° H (J 2 = 115° K H8IlpBBJleHHIO rtOTOK8 HOHOSo KaK SH.llHO 1!3 pHCo 4
1 

Yf'llOBOe 

pacnpen e neuHe s HHTeHcKsHoli 'lBCTH crreKTpa 6nH3KO K K30TponHoMy. Ha6n10naeTCH 

ll11Wb Hf:60!IbW851 1 BbiXO,llSIW8SI 38 npe,nellbl CTdTHCTH'IeCKHX OWK60K 0 p83HHU8 S 06JlBCTll 

a u e pr11A Ey _::: 0,4 Mas. 

H.1 pnc. 5 npKseneH y -cneKTP peaKUiiH Ta + o16 , nony'leH .!biH npH 

a u e prlili HOHOS KKC!IOpo.na • 80 Mas. 3Hepi"'HSI 60M6ap.nHpy10WiiX '18CTHU 6bl!IB Sbt6pa· 

H8 B61IH 3 1i Ky!IOHOSCKOJ"'O 6apbepa L11IR yMeHbWeHHR SK!18L18 .neneHHSI 51,llep 110.!1 neltCTSH-

eM T51>Ke!lblX HOHOB • 

) 
- T /8/ 

X llpH onpeneneHHII a HCI10llb30B8lli!Cb T 8 0peTK'ieCKKe L18HHLie OM8CB 

11 0 C e 'leHKIO o6 pa30S 8HH51 COCTJ'SHOI"'O 51Llp8 110L1 nel!CTBKeM TR>Ke!lb!X KOHOB, 
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!{o H8WHM OUBHK8M 'HICJJO 
y -KB8HTOB H8 8KT pacrraaa B pe8KUHH 

20 rrpH cpeaHell 3HeprHH cneKTpa Ey =0,5 !. 0 ,05 M3B. 

OrrpeaeneHHWH HHTepec npeacT8BJJSIBT HCCneaOB8HHB y 

rraae M8rH'iBCKOrO COCT8BHOrO Siapa . Vl30TOITbl M8rH'iBCKHX Siaep C B HHU8 ( Z = 82) 

MOrnH 6WTb rrony'iBHhl B H8WHX OITWT8X rrpH o6ny'iBHHH 

B 3THX 3KCITBpHMBHT8X B8:>KHO 3H8Tb BKnaa OT pB8KUHH C BblilBTOM 38pS!:>KBHHbJX qac-

THU THIT8 0 16 , p x n ) H ( 0
16

, a x n ) 
1 

npH H8JJY!'iHH KOTOpblX T p y aHO Orrpeae-

ilY!Tb z COCT8BHOrO Siapa. 

Ha ocHOB8HHI1 Kp11BbiX B036y>KaeHI1SI , nony'ieHHbiX np11 o6ny'ieHI111 Bi - HOH8MH 

~ /9/ ' 
14 

B orrbiT8X B . A.KapHayxoBa , MO}KHO npeanonaraTb, 'iTO B HaweM cny q ae npH 

80 M 3B B OCHOBHOM 6y ayT HaTH peaKUI1H ( f1_6 , 3n ) 
3H B prHH 110HOB KHCJJOpoaa < 

H ( o16 , 4 n ) • 

Ha pHc. 6 npeacTasneH y - cneKTp pe8KUHH 

cocTaBHoro 11apa Pb OT'iBTITI1BO aa6moaaeTCSI ysenH'iBHHe >KBCTK OC TH H3nyqeHH SI 

no cpaBHBBHIO C COCBaHHM SiapoM T8ililH SI , nony'iBHHblM B OITb!TB 

JJ11HHSI) • CpeaHSISI 3HBprHSI H3ilY<iBHHSI ITO OUBHK8M COCT8BJJSIBT 

'iHCJJO KB8HTOB H8 KOMD8yHa-Siapo V ,..._. 15. 

4 . 06cy>KaBHHB pe3y ilbT8TOB 

Ta + f"l_tJ cnnow aaSI 

8 pB3YilbT8TB DOCT8BJJBHHWX 0!1WTOB nony'iBHhl HBKOTopwe CBBaBHHSI 0 xapaKTepe 

Y - H3ilY'iBHHSI B036y:>KaBHHOrO Siapa np11 B38HMOaeliCTBHH C TSI:>KBilblMH HOH8M11 0 Ha 

K8>KabiH 8KT o6pa30B8HHSI COCT8BHOrO Siapa H86moaaeTCSI oa H OBpBMBHHOB HCITYCK8HHB 

6onbworo '!Hcna Y -KB8HTOB B ai18IT830He 3Hepr11it 0 ,3 - 0 , 7 M3B. 

Vl3 DOilJ'iBHHblX pe3yilbT8TOB cneayeT, 'iTO DOJJH8SI 3HBpr11SI 1 J H OCHM8SI y - 113-

ny'iBHHBM,HB 38BI1CHT CyWBCTBBHHO OT M8CCW KOMD8yHa - ga p a H COCT8BJJ SIBT BBJJ H 'iHHY 

9- 11 M3B. 

flpe}Kae 'iBM caeJI8Tb npeanoJJO/KBHHB OTHOCHTBJJbHO MBX8HI13M8 HCITyCK8HHSI 

KB8H7JOB, o6paTHMCSI K pHC. 7, rae npHBBaBBbl 
y - cnBKTpbl anSI BO:J6y>KaBHHOrO 

Siapa Tf , f!OilY'iBHHOI'O B pe8KUHH 

TBDJJOBWX HBHTpOHOB/
1
0/ 

Ta + 0
16 

H B onbrTax no paawauHOH HOMy 38xBaTy 

0T'iBTJJHBO BHaHO K8'iBCTB BHHOB p83ilH'iHB B CDBKTpax : 

K810UlBB B pe8KU11l1 
Ta + 0

16
, cywecTBBHHO MS!r'ie T oro , KO T o p oe Ha6n10aaeTCSJ npH 

paaHBUHOHHOM 38XB8TB TB!1ilOBOrO HBHTpOH8. 
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HaM npeacTa8JI5!eTcH, 'IT0
1 

cornacHo nmoTe3e CTpynrHcKoro
1 

3TO pa3ml'iHe 8hr3-

aaHo TeM, 'iTO nim pacnaae 8pawa10weroc51 Rapa H3Jiy'ieHHe Y -K88HT08 npo»cxo-

LlHT H 3 COCTOS!HHit C 60JibUlHM yrJI08b!M MOMeHTOM. npH8eaeM HeKOTOpb!e OUeHKH LlJl5! 

8036y )!{Ll e HHOT'O 5!.Q.p8 py6HLlH5! 8 Ollb!T8X Cu + 016 • 

3HeprHH HOH08 0
18 

100 ~35 COOT8eTCT8yeT 8036y)KLleHHe COCT8BHOT'O 5!Llp8 

- 80 ~98 H M8KCHM8JlbHb!it Yf'JI080H MOMeHT j - 55 if 
'llBX 

Yz 
11 j max = ( 2 At rn ( E - IJc )] ( ~ + R 2 ) ' 

rae ,IJ,.t 'l1 M8CC8 HOH8, Rt, R 2 - paaHyChr Raep qacTHUhi » MHweHH; 

E - KHHe TH'iecKaR 3Hepr»R HOHa; Be - KynoH08CKHil 6apbep 8 cHcTeMe ueHTpa Mace. 

2 
.. .. -v.------: 

r (-\ 3 +-\'/1. )' 
0 ! ".! 

Be e z r z1 

CpeaH»il yrno8o.it MoMeHT MO)KeT 6hiTb nony'ieH np» ycpeaHeHHH no np»uenbHOMy 

napaMeTpy H no 9HeprHH HOH8 (T. Ko 8 Ollb!Te HCllOJlb3088JiaCb .,TOJICT85!., MHWeHb) 

H pa8eH - 30 -tr 

nocne HCnapeHH5! HeilTpOH08 MOMeHT 5!Llp8 llOHH3HTC5! • .LJ.aJibHeilWHil nepeXOLl 

8 OCH08HOe COCTOS!HHe 6yaeT npOHCXOLlHTb HCnyCK8HHeM Y -K88HT08 1 KOTOpbre yHe-

cyT OCTaTO'iHOe 8036y)!{LleHHe H MOMeH"I:o Toraa, 8 06Ul <.'!M CJiyqae, 'iHCJIO H cpeLlH5!5! 

9Hepf'H5! KBaHT08 6yayT 388HCeTb OT MOMeHTa 5!Llpa llOCJie HCnyCKaHH5! HeilTpOH08. 

H a onhrTe a peaKU»H Cu + () 16 Ha6moaaeTC5! KacKaaHoe HcnycKBHHe - 30 

y -K88HT08, CneayeT 38MeTHTb1 'iTO npH oueHKe II He y'iHTb!8aJIC5! 8KJiaLl np5!Mb!X 

npouecco8, HLlYWHX 6e3 o6pa3088HH5! cocTa8HOro Rapa. noaToMy 8 pacqeTe 6panocb 

HeCKOJibK O 38Hif)KeHHoe 3Ha'ieHHe LlJIR ;; • KaqecT8eHHO 8JIH5!HHe yrno8oro MOMeHTa 
c 

Ha x a paKTep lf3Jiy'ieHH5! HCCJieLl08aJIOCb T8K)Ke npH 06Jiy'ieHHif Ta If W - MHWeHeil 

IIOH8MH 0 18 h ~ 14" 

npii lf3MepeHHH y - cneKTpoa peaKuHA Ta + 016 If W + Nl4 aHeprHR 

6oM68pLlHPYIOWHX 'i8CTHU 8hi6Hp8JI8Cb T8KHM o6p830M 0 'iTO COCTa8HOe 5!Llp0 TaJIJIH5! 

o6naaano OL1HH8K080lt aHeprHeil aoa6y)KaeHHR. 

Y8eJIH'ieHHe cpeaHeil )KeCTKOCTH cneKTpa npH o6ny'ieHHH HoHaMH a3oTa ( pHc . 8) • 

no-BHLlHMOMy 1 C85!38HO C TeM 0 'iTO 8 Ll8HHOM CJiyqae 8036y)!{LleHHOe 5!Llp0 If MeeT cpa8-

HHTeJibHO MeHbWHil yl"'JI080it MOMeHT. 

VIHTepecHo npo8eCTH cpaaHeHHe y -cneKTpo8 peaKUH.it Ta + 0
16 

H W + 0
16 
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(pH c. 6), r .ae npo.a yKTOM CllHSIHIHI SIBll~JOTCSI coce.auue 11.apa Tf u Pb • HaM 

npe.acTaBnSieTc SI, 'ITO paanaque s xapaKTepe cneKTpos CBSiaauo c npoSisneuHeM Mara-

qecKo~ CTpyKTyphl COCT8BHOro Sl.apa Pb • 

Cne.ayeT aaMeTHTb, 'ITO 'IHCno H sueprHSI Y -KsaHTOB 6y .ayT 38BHCeTb T8K)I(e 

B npHHUHne , cse.aeuHSI o MYllbTHnonhHOCTH uanyqeuHSI MO)I(HO nony'IHTb npu ua­

MepeuHH CneKTpOB UO.Q p83 1lH'IHb!MH yrll8MH K Bb!6p8HHOMy HanpasneHHI00 

npH o6nyqeHHH MHWeHH TSI )I(eJlbl MH 'I8CTHU8MH MOMeHTbl COCT8BHbi X SI.aep pacno­

naraJOTCSI s nnocKOCTH, nepne u.anKynSipuoA uanpasneuu10 na.aa10wero nyqKa. B aasKcu-

MOCTH OT MYllbTHllOllbHOCTH yrnosoe pacnpe.aeneHHe 

B npe.aenax 3KCnepHMeHT81lbHbi X owu6oK s peaKUHH ua6nJO.aaeTCSI 

H30Tponuoe pacnpe.aeneuu e y 200 H 115° K -KB8HTOB npH H3Mepe HHH llO.Q yrnaMH 

u anpasneHH JO nyqKa (pHc. 4). 

O.au a Ko , s KcrrepHMeHT BllbHO auuaoTporrHSI s yrnosoM pacrrpe.a~neuuu 6y.aeT ua-

6nJO.aaTbCSI llHill b B TOM cnyqae , eCllH speMSI )i(H3 HH KOMnayu.a-SI.apa OTHOCHTellb~O 

HCllyCK8HHSI y -nyqei\: 6y.aeT MeHbille BpeMe HH CTOllKHOBeHHSI C 8TOM8MH MHWeHHo 

B ClJy q ae Me.auoil: MHWeHH H 3He prHH HOHOB KHCllOpo.aa 100 Mas KOMnayu.a-SI.apo HMee:r 

8 
CKOpOCTb 7•10 CM/CeK H cpe.auee speMSI aTOMHbiX CTOllKHOBeHHil: COCTaBJlSieT 

-15 
r - 10 ceK. BpeMSI HcnycKaHHSI soa6y)l(.aeuubiM SI.apoM 30 KsauTos, no-sa.aHMOMy, 

-15 
cymecTseuuo 6onbwe qeM 10 c e K H s onbiTe 6y .aeT ua6nJO.aaTbCSI uaoTponuoe 

pacnpe.aeneuHe y -nyqeil:. 

C 3 TO il: TO'IKH 3peHHSI peayllbT8Tbl MoryT 6b!Tb nonyqeHbl npH HCll01Ib30BaHHH 

raaoo6paauoil: MHweuH, r.ae nnoTHOCTb pa6oqero semecTsa MO)I(eT sapbHposaTbCSI 

s wHpOKHX npe.aenax. 

C .apyroi\: CTOpOHbi, 38BHCHMOCTb K03cpcpHUHeHT8 aHH30TpOnHII OT nliOTHOCTH MHWe· 

HH MO)I(eT .Q8Tb HeKOTOpyiO HHcp0pM8UHIO 0 BpeMeHH )I(Ji3HH COC T8BHOrO _ SI.Qpa no OTHO-

WeHHIO K K8CK8.0y y -KB8HTOBo 

H aM npe.acTasnSieTcSI, 'ITO 3TH H3MepeHHSI npe.anO'ITHTellbHO nposo.aHTb s onbiTax, 

r.ae o6paayeTCSI M8rH'IeCKOe COCT8BHOe S!.QpO. 

MarH'IHOCTb 11.apa, KBK aTo HMeeT MeCTO .anSI peaKUHH W + ~6 •. npHBO.OHT K 
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yBelll.PieHI!!O :>KeCTKOCTli liany'leHliH li yMeHbWeHH!O cpenHero 'lHCna McnycKaeMbiX 

y -KB8HTOB, 

Ha ocHOB8HHli 8Toro MO)KHO npenrronaraTb, 'ITO np11 11epexone Boa6y:>KneHHoro 

M8f'l1'leCKOrO Hnpa B OCHOBHOe COCTOS!HHe, OTHOCI!TeJibHhl~ BKnan HHTeHCHBHOCTI1 KBanpy-

nonbHoro li3Jiy'leHH51 6yneT 6onbwe . OnHaKo 8Ta f'HITOTeaa Hy:>KnaeTCH B 8KCnepi!MeH-

T8JlbHOW npoBepKe, 

5. OnbiTbi c u - MaweHb!O 

HaMH 6WJI8 cneJI8H8 ITOTIWTK8 OUeHHTb K8K pe8JIH3yeTC51 yf'JIOBO~ MOMeHT np11 

neneHHli Hnep non nefiCTBI!eM TS!.»<eJibiX 110HOB, 

8 H8CT051Wee BpeMS! l13BeCTHhl OnhlThl no yrnOBOMy pacnpeneneHI1!0 OCKOJIKOB 

Ill/ /12/ 
neneHI151 non ne~CTBHeM T51:>K8JlbiX HOHOB 

1 
1 rne H86monaeM851 8Hl130Tp0ITI151 

51BJI51eTC51 CJiencTBHeM 60JibWOf'O MOMeiiT8 COCT8BH0f'O Hnpa. 

0npeneJII1Tb 113 8TI1X OITbiTOB non!O MOM8HT81 nepexonHwero B OTHOCHTeJibHOe 

nBH:>KeH!i8 OCKOJIKOB neneHliS!' He npenCT8BJI518TC51 B03MO:>KHblM 0 T8K K8K HeonpeneneH­

HOCTb T8KHX napaMeTpOB K8K T8MnepaTypa Hnpa, MOM8HT HHepUHli B CenJIOBOW TO'l­

Ke l1 .lJ.p, He no3BOJ151eT yCT8HOBI1Tb KOJIH 'leCTBeHHy!O CB513 b Me:>Kny K08cpcj:JHUI1eHTOM 

8HH30TpOITlil1 li Yf'JIOBbiM MOM8HTOM B036y:>KneHHOf'O COCTOS!HHS!, 

C npyro~ CTOpOHbi, l13 naHHhiX, ITOJIY'l8HHbiX H8 HeneJIS!WHXCS! Hnpax cnenyeT, 'ITO 

Blin y - cneKTpa l1 cpenHee 'lliCJ!O liCnyweHHb!X KB8HTOB 'lYBCTBHTeJibHbl K MOMeHTY co-

CT8BHOf'O Hnpa. 

238 
B onbiTe MHW8Hb H3 U o6nyqanacb liOH8MI1 KHCnopona c 8Hepr11e~ 

- 140 M8B. 

8 cnyqae '18CT114HO~ nepen8'll1 MOM8HT8 COCT8BHOf'O Hnpa B036y.»<neHHblM OCKOJI ­

K8M, Mbl O.»<!in8JIH cywecTB8HHOrO OTJ!H'IHS! B cpopMe cneKTpa OT peaynbT8TOB, noJiy'leH­

HblX npH CnOHT8HHOM liJ!li BbiHy:>KneHHOM neneHHI1 H8 MenneHHblX HeiiTpOH8X, 

CnnOWH851 Kpl1B851 H8 pHC, 9 npenCT8BJ1518T CIT8KTp Mf'HOBeHHOf'O y -11 3Jiy'leHH51 0 

I 101 
nonyqeJ-IHOrO ITpH neneHI1H yp8H8 TeiTJIOBbiMli H8~Tp0H8MH j 8KCIT8p11MeHT8JlbHbie 

TO'IKH - naHHbie ITO o6ny'l8HH!O TSI :>KeJib!MH HOH8MI1, 

rlpH 8H8pf'HI1 H OHOB Q 
16

, p8BHO~ 140 M8B, C848HI18 nen8Hli51 np8KTH'l8CKI1 COBna-
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.aaeT C CO'iOHI1eM o6pa30BBH11H COCT d BHOrO H.Opa, fi03TOMy pBC'iOT cpe.aHero 'ii1Cl18 

y -KBBHTOB MO>I<eT 6biTb C.OOJ18H C 60llbWO!l TO'lHOCTbl0 0 Vfa HBWHX .OBHHblX 
238 -

cne.ayeT, 'ITO npn .amen11a tJ HOH8Mif 0 16 V = 12 !_2. 

Xopowee cornac11e a cpopMe cneKTpoa 11 a cpe .aHeM 'li1Cne 

BKT ilOlleHI1SI B Clly'lae 06l1y'leHI1H Me.OJIOHHblMI1 Hel'lTpOHBMif 11 TI! >I< Oll b !Mif 'iBCTHU8MIJ 

yKB3bJBBeT HB T0 1 'ITO npa .a e neHI!If TH>I<OllblMH HOH B MH npilKTH'leCKH BeCb yrnOBO!l MO-

MOHT nepeXO.OHT B OTHOCHTe,1bHOe .ODIOI<eHI10 .OBYX OCK<lllKOB
0 

AaTopbi 6naro.aapH bl B. A. Ea611Koay 11 B.A. KapHayxoay aa noneaH ble .aacKyccHa. 

P11c. 1. CxeMa <~KcnepHMeHTa. 
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PHc. 2. Annapa}[fH ble cneKTpbi y -HCT0 411HKOB Hg ( 8y = 0,23 M 8B) 

H CS { Ey = 0,66 M 8B ' ) am1 KpHCTanna "'l'a J ( Tf) (a 30x 14 MM ). 
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PHc. 3. 06pa6oTaHHbiA Y -cn eKTp peaKUHH Cu + 016 anH .. ToncTo ll " MHWeHH 
npH 8He prHH HOHOB - 95 M 8a, 
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P 4 Y C " A. - 20° (} 115° HC, , -cneKTpbl peaKUHH U + ' 1 16 flO.ll yr11BMH -1 - H 2 .c 

K uanpaaneHHJO ny'fKB npH ::~ueprHH nouoa 95 Msa, 

1.0...-------------------, 
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I 

I 
I 

0.'2. O,l.j 0.6 0. ~ 1,0 

Pnc. 5, CneKTP y -KaaHTOB npH o6nyqe HHH Ta -MH WeHH HOHBMH o
16 

c 9HeprHe l! • 80 Msa. 
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4 e pe3 3 KCTIBpHMeHT8llbHhlC T04KH 1 C OOTBeTCTByeT pe8KUHH W + 016; SHeprHst 

H OHOB 80 . M 8 8. 

1.0 

075 

OS -

025 

NJ'· E 0 ( OTH. eg) 

t 

0 

.....--
/ ' /' ......_ 

,/" ......... 
/ ......... 

/ ' I ........_ I -........_ 

~0 2.0 30 

..... 
....... 

40 50 

PHc. 7. CneKTp H3liY'IBHHst ao36y)!(LlBHHoro stnpa Te , nony4eHHbill: nyHKTHpHast KpHaaSJ -

B OTibi T8X TIO p8LlH8UHOHHOMy 38XB8Ty TeTiliOBbiX HBl!TpOIIOB; CTiliOWH8SI KpHB8SI -

naHHbie peaKuHH Ta + 0
16 

• 
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Puc. 8. CneKTphi Y - KB8HTOB B036y)K.aeHHoro s:~.apa Tannus:~: crrnowHaH KpueaH 

coO TBeTCTByeT peaKuuu Ta + 0t6; 3KcnepuMeHT8nbHbie TO'!KU- W + "l
14 

. 

w....---------------------, 

Q75 

qs 

0,25 

-E N38 

02. 05 0.6 1.0 
238 

Puc. 9. 3Hepre Tu'!ecKul! cneKTp y - nyqel! npu .aeneHuu U uoHaMu Kucnopo.aa 

c 3Hepr!fuel! - 140 M:;~e. CnnowHaH KpueaH y - cneKTp, nony'!eHHbiH npu .aene­
HUU U S TennOBbiMU Hel!Tp0H8MU; 3KCnepuMeHT8nbllbie TO'!KU - .Q8HH iole H8CTOH­

wel! pa6oTbi. 
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