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Spe.aenh B.B., rBoa.aeB B.A., <PoMH'IeB B.A. 0THOllleHHe Ce'IeHHA 

06pa30B8HHSI H30MepHOA rrapb! & 44 B peaKUHSIX C TSJ >KenbiMH HOHa 

MH 

VI3MepeHa 3HepreTH'IeCKaSI 4a~~HMOCTh OTHOWeH!df ce'l:eHHA 

o6paaoBaHHSJ H30MepHoA rraphl 5c B peaKUHS!f 

Ae
27 

(Ne20 , 2pn), Ae 27 (Ne22, an+2p3n) 5
32 

(0 
6 

, 3pn). 
44m 

<PyHKUHH Boa6y>K.aeHHSJ pea!JIHA , rrpHBO.llJ'~Hx K o6paaoBaHHJO 5c 
H 5c 44 , a TaK>Ke 5c H 5c , HMeJOT BH.ll, xapaKTep-

HhlA .anSI peaKUHA, IIpOXO.llS!lllHX 'Iepea COCTaBHOe S!.llpO. Ha OC HOBa 

HHH 3HepreTH'IeCKOA 38BiiCHMOCTH H30MepHOrO OTHOWeHHSI .aenaeTCSI 

Bb!BO.ll, 'ITO H30T01lbl CK8H.llHSI 06paayJOTCSI B peaKUHS!X C rrapaMeT

paMH CTOnKHOBeHHSI, C OOTBeTCTBYIOWHMH yrnOBbiM MOMeHTaM, MeHh-

lllHM j ,. 25 li 
KpHT, 

n penpMHT 061oeAMHeHHOro MHCTMTYT B BAepHbiX MCCAeAOBaHMil. 

,lly6na.l963. 

p- 1277 
Brede! V. V., Gvozdev B.A., Fomichev V.A. 

Ratio of Cross Sections for Production of an 5c 44 
Isomer Pair in 

Reactions Involving Heavy Ions 

The energy dependence of the ratios for the production of an 5c 
44

'
44

m isomer pair 

in the reactions J 7 
(Ne

20
,2pn), At

27 
(Ne

22 
,an+2p3n) 5

32 
(o

16
, 3pn) 

has been measured. The excitation functions of the reactions leading to the production 
44m 43 43 46 

of 5c and 5c , as well as 5c and 5c have the shape characteristic o 

the reactions occurring vi1;1 the compound nucleus. According to the energy dependence 

of the isomer ratio a conclusion is drawn that the scandium isotopes are produced in th• 

reactions which have the collision parameters corresponding to the angular momenta 

less than J crit. = 25h . 

Preprint Joint Institute for Nucleai Research. 
Duma. 1963. 
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l.Ba e.ueHHe 

V1ccne.UOB8HHe 3Hep r eTH'leCKOH 38BHC HMOCTH OTH OWe HHH Ce '! e HHH 06pa30BaHHH H30Mep

HO fi napbl C 60.TlbWOH pa3HOCTb!O CilliHOB HB n HeTCH nepcneKTHBHbiM MeTO.UOM H3y'leHI!H Mexa

H1!3Ma H.UepHb!X peaKUI!H. B e nH'lHHa 3TOrO OTHOWeHHH .UOllMHa cy we CTBe HHO 3 8 BHCeTb OT yr· 

llOBOrO MOMeHTa, BHOCHMOrO HaneTaiOweil 'l8CTH Uei1 B S!.UpO. Y f'llOBOH MOMeHT 1 B CBO!O oqe

pe.U b ,Onpe.uenSieTC S! 3HeprHei1 I! M8CCOH HaneTaiOU-teil 'l8CTI!Ubl H MeXaHH3MOM SI.UepHOH peaK-

UHH. 

8 cnyqae peaKUHH, H .UYWI1X '-1e p e3 o6pa30BaHHe COCT a BH Oro H .U pa, BHOCHMbiH yrnoaoA 

MOMeHT pacT e T C yBe.TIH'leHHeM 3HeprHH HaneTaiOweif 'l8CTI!Ubl, 'I TO .uon}i{Ho npHBO.UHTb K 

pOcTy H30MepHOf'O OTHO WeH HH, T.e. OTH OWe HHH Ce'!eH HS! o6pa30BaH HH H30Mepa C 60.TlbWHM 

Clli!HOM K Ce'!eHHIO 06pa30B8HHH H30Mepa C MeHbWHM CllHHOM. npH npHMbiX SI.UepHb!X B3aH

MO.UeHCTB HS!X B H .UpO BHOCI1TC5l MeHbWH if yrnOBOH MOMeHT npH TOil )!{ e 3HeprHH Ha.TieTa!OwHX 

'l8CTHU. 8 STOM C.Tly'lae C.Tie.uyeT OM H.UaTb MeHbWefi Be.TIH'li!Hbl H30MepH0f'O OTHOweHH!I. 

8 peaKUHS!X C TH Me .Ti b!M H H O HaMH, cor naCHO TeOpeTH'leCKHM OUeHKaM, B H.UpO MO:>KeT 

6b!Tb BHe ceH 3Ha'H!Te.TibHb!H yrnOBOH MOMeHT B HeCKO.TlbKO .UeCSITKOB e.UHHHU h 

60.TibWOli yrnoaoil MOMeHT .UO.TIMeH OKa3bJBaTb cywecTBeHHOe B.TlHHHHe Ha MeXaHH3M SI.Uep-

HbJX peaKUHH C THMe.Tib!MH HOHaMH. 

H aMH H3y'lanocb H3 0MepHoe OTJJoweHHe 
44,44m 

44m 44 
a ( Sc ) I a ( Sc ) B peaKUHSIX C TSI:>Kellbi-

MH HOHaMH, V13oMepHaH napa Sc S!BllHeTCS! y.uo6 HOH .U .TIS! npoae.ueHHS! 3KCnepHMeHTa, 

H COOTBeTCTBY!OWee H30MepHOe OTHOweHHe H eO.U HOKpaTHO HCC.Tle.UOBa.TIOCb B peaKUHS!X C ner-

/ }-4/ /5-7 I 
KHMH '!aCTHUaMH H HH3K03HepreTH'lHbiMH TSI :>Ke.TibiMH HOHaMH • 8 peaKUHS!X C nerKH-

MH 'l8CTHUaMH BO ace x C.Tly'laSIX Ha6.TIIO .U aeTCS! n~pBOHa'!allbHblli pOCT H30MepHOf'O OTHOweHHS! 

C aHeprHe if HaneTa!OwHX 'l8CTHU, KOTOpblH HHTepnpeTHpyeTCS! KaK cne.UCTBHe o6pa30BaHH!I 

COCTaBHOrO H.Upa. npH 60.TlbWHX 3H e prHHX Ha6mo.uaeTCS! cna.u H30MepH0f'O OTHOllleHHSI, 'ITO 

y Ka3bJBaeT Ha B03pacTa!OWY!O pO.Tlb MeXaHH3Ma npSIMOf'O BbJ6HBaHHSI HYK.TIOHOB npH 3THX 3Hep

f'H!IX, B peaKUHHX c H OHaMH a3oTa c MaKCHManbHOif aHeprHeif 28 Maa Ha6mo.uancH poeT H3u-

Mep HOf' O OT HOWeHHH C yBe.TIH'leH H ~M 3HeprHH. 

2. M e T o .u H K a 

J-130TOllbl CKaH.UHS! nony'la.TIHCb B peaKUHSIX: 

a TaKM e 

20 44,44m 
( Ne , 2pn) Sc 

22 
(Ne 

32 16 s (0 

44,44m 
, an + 2p 3n ) Sc 

44,44m 
3pn) Sc 

3 

3KCnepHMeHTa 



27 20 .J.3 ,1f ( !Ve ' a 1 2p 2n) Sc 

27 22 n 
Af ( !Vc , a 2n 1 2p 4n) Sc 

32 16 .J.3 
s (0 ap 1- 3p 2n) Sc 

27 22 45 
AP ( Nu , 2pn) Sc 

B Ollb!T8X C HeOHOM 06!!y'!8!!11Cb CTOllKII 113 6-12 8!!lOMIIHI!eBniX cpO!!br TO!!LUIIHO H OT 3 

LlO 9 M K. 8 Ollb!T8X C KIIC!!OpOLlOM 06!!y'I8!!11Cb CTO!lKII B !llOMIIHI! eBb!X cpO !!br TO!!LU IIHOH 6 MK, 

2 
Ha K OT Opbie 6bi!!O HaHeceHo 0,6-0,7 MrlcM cepbi. 

06 !! y'!eHI!e llfl0113BOLl ii!!OCb Ha BHyTpeHHeM n y'!Ke UIIKJlOTpOHa Y -300 fla6opaTOp1111 H!l.ep

Hb! X p e a K ulli\ OV! H V!. T o K IIOHOB B pa3Hb!X OllbiTax cocTaBnstn OT 0,1 M Ka .no 2 MKa, aHep

riiH IIOHOB - OT 40 M3B JJ.O } 75 N\3B, BpeMH 06!!Y'1eHIISl - O T }5 M IIH . LlO 2 'laC. 

B 60!!bWIIHCTBe cny'!aeB noc ne o6ny '! e HI!H npol13 BOLl ii!!OCb XIIM II'! eCKO~ Bbi.QeneHIIe CKaH

Ll iiH. 0 6 n y'!eHHbi e MIIWeHII p8CTB 0p5!!! 11 Cb B CMeCII CO!! SlHOH II 830THOH KIICJ!OT B npHCYT C TBIIII 

H OC IITenei\ CKBHL\ 11 51 II LlpyriiX 3JleMeHTOB, o6pa3ylO!l.(liXCSl B p e3y !! b T a T e HLJ.epHb!X peaKlliiH. 

Ea K oil weno'lbiO oca ,K.n anllch r11 JflOOKIICII, 11 nyTeM o5paboTKII ocaaKa Kap6oHaToM aMMO Hill! 

C K aHLJ. II H nepeBOL\!i !!CH B paCTBOp. V!3 paCTBopa C KBHLI.IIH BbJ.Qe!!Sl!! CSl B BI!JJ.e cj:loccj:laTa. Bb!XOLJ. 

C K B H LJ. II Sl onpe.Qe!!Sl Jl CSl BeCOBb!M MeTO.QOM. 

raMM8-11 3!!y'!eHIIe o6pa3UOB 113Mepst!!0Cb H8 CUIIHTII!!JlSlUIIOHHOM cneKTpOMeTpe CO CTOKa

H 8 !!bH b!M aMn!! IITYLJ.HbJM aHa!!l!3aTopoM AV!- 1 00. V!Hcj:JopMaUI!H c aHanR3 aT opa aBTOMaTII'-IeC K II 

C filiChlB8!!8C b Ha JleHTy C8MODIICU8, n nowaJJ.b lliiKOB y -niiHIIH 113M e pstna c b nnaHIIMeTpoM . 

CxeMa pacnaaa H3oMepHofi naohl 
4~44m 

Sc 181 
rrp eacTaBn e Ha Ha p11c. 1 • K aK cne -

LJ.y e T 11 3 C XeMbl, paC lla.Q II30MepHOrO II OCHOBHOrO COCTOS!HIIfi fipO XOLJ. IIT B OCHOBHOM '!epe3 
44 

ypoBe Hb 1160 KaB Sl LJ.pa Ca . no 113MeHeHH!O IIHTeHCIIBHOCTII 3TOH y -niiH IIII co Bp eMe H el\4 

MO}K H O onpe.neni!Tb 1130MepHOe OTHOWeHIIe, He BBO.QSl .QO !IO!!HIITenbHblX nonpaBOK Ha acj:Jcj:leKTIIB-

H OC Tb C '! e T HOfi ycTaHO B KII K Y - ny'-laM pa3HOil 3Hepr1111. 

K p 11B b i e 11 3MeH eHIIH IIHTeHciiBHOCTII co apeMeHeM y - !!IIHIIH C E ; 1160 Kaa 
y 

II 8 H HIIrii!!S!U II O H HO fi !!IIH IIII C E 
y 51 0 Ka B BO BCex O!lb!T8X XOpOWO COOTBeTCTBOBa!!ll 3a-

BII C IIM OCTII 

r .n e ,\ 
1 

,\2 

] = A e ->-../ + . .-, e-A2t 
1 2 

0 ,011 7 5 }/qac BepOHTH OCTb p8Cfi8Ll 8 

0 ,178 l /'-!ac aepoHTHOCTb pacrraaa 

- apeM H rr o cne KOHua o6ny'-!eHIIH. 

44m 
Sc 

' 
Sc

44 
H Sc 

43 

nyTe M a npO K CIIM 8 UII II 3KC n ep!! MeHTa!!bHhlX TO'-IeK Ll BHHOfi cPYHKUIIeH ITO MeTO.Qy H8 11MeHbLU IIX 

KBa .npaT O B H a 3 !! e K TpOHHO - C'-!eTHOll: M8WIIHe M-20 H8XOLJ.II!!I!Cb rrpeLJ.3KCfiO H eHU11 8!!bHbie M H O}!{!! -

Te!!l! A 1160 -
1 

A 1160 

2 

A 510 
1 

A 510 

2 
VI 3 oM e pH oe o TH oweHII e orrpea enstnocb rro cj:lopMyne: 
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rae 

Ll!IH 

t 
1 

no 

43 
Sc 

a" 

- BpeMH 06IIy'l8HHH. 

5.10 

A4- A I 
x2 

---:qrrro 
2 

~ 
I 

-A2 t I 
1- e 
1 - e-i\--;,rt 

1 -ex2 ti 
J - e-AI C I 

A1 CTpOHII8Cb cpyHKUHH B036y:>KLI8HHH peaKUHH, 

CooSJbeTCTBy!OmHe cpyHKU HH soa6y >KLI eHHH nnH 
44 

Sc H 

IIpHBOLl srmel! K 

43 

44m 
Sc 

Sc CTpOH!IHCb IIO 

A 1 C yqeTOM H30MepHbiX OTHOlll8HHll - Ll liH 
44 

Sc H cornacHo 

SID 
(A 

2 

-,\ 1 t 1 \ 
1 - e ___ " _1 __ _ 

-X t 
1-e2I ,\

4
-,\

1 

• ¢yHKUHH B036y>KLieHHH Ll!ISI Sc46 
orrpenenHnacb rro y -nHHHH 890 K.9B C 

y'leTOM 9cpcpeKTHBHOCTI! y -crreKTpOMeTp a. 

<l>yHK UHH soa6y>KLieHHH Hcrrpa BIIHIIHCh Ha rrpo6er HLiep OTLIB'lH. EhiiiH nposeneHbi crreuH

anhHhle OllhlThl no OrrpeneneHHIO 3BBHCHMOCTH rrpo6era HL!ep OTL18'lH B peaKUHH 

16 44m s ( 0 , 3pn) Sc oT f3HeprHH. B 9THX OIIhiTax MHweHb npencTasnsrna co6o10 4 cnoH 

2 
cepbl TO!IlllHHOl! 0,6-0, 7 MriCM , Me>K LIY KOTOpb!MH B K8'l8CTBe -IIOf'IIOTHTenel! pacnonaranOCb 

2 4-
no 5 8IIIOMI!HH8Bb!X cpO!Ibf' TO!Ill(H HOH 0 ,6-0,9 M r lcM • no pacrrpeneneHHIO 8KTHBHOCTH Sc 

44m 
B IIOf'!IOTHTe!IHX 6bi!IH OIIpeneneHbl CpeLIHHe npo5er H H llep OTL18'IH Sc B 8!IIOMHHHH 

LIO E = 30 /11\s B lpHC. 21. 3aBHCHM OCTb npo5er-sHeprHH OK838II8Cb IIHHel!HOl! B 9TOA o5-
SI.O. 

/l8CTH 9HeprHl!. npo5er SIL!ep CKBHLIHSI B 8II IO MHHHH IIpH 9HeprHHX LlO 70 M~B OIIpenenHnCH !IH-

Hel!Hol! 9KCTp8IIOIISIUHel!. 

Heo6XOL!HMO OTMeTHTb, 'ITO H3MepeHHbl 8 IIp05erH B 6 p83 MeHbWe p8CC'lHT8HHbiX no 

E 
191 3 5 

131 n cpopM yne opa H B paaa MeHbWe IIpO eroB, BbiTeKBIOll(HX H3 • pH'lHH8 paCXO>KLieHHH 

131 
C He SICH8. 

3. Pe aynbTBThi H o6cy>K n eHHe 

27 22 
¢ yHKUIIH B035y >KLieHH H L!IISI peaKUHl! 

27 
A1' 

20 
+ Ne AI' + Ne H 

32 16 s + 0 

npeLICT8BIIeHbl Ha pHC . ;J-5. Bc:e OH H HMeiOT BHL!, XapaKTepHbil! Ll!ISI peaKUHl!, HL!yll(HX qepe3 

cocTaBHoe S!LlpO . B Tex cnyqagx, KOf' LI 8
1

K pOMe I!CnapeHHSI CB050L!Hb!X HyKIIOHOB 
1
B03MO>KHbl 

peaKUHH I I, I 1
1 

cpyHKUHH B035y>KLie HHH HMeeT LlB8 MBKCHMyMa. 05pama-

~ 27 n 
'ITO Sc rronyqaeTCSI B peaKUHSIX Af + Ne 

a x n axp 

e T H8 ce6SI BHHMaHHe TOT cp aKT, H 

5 32 + 0 16 
B OCHOBHOM 38 C'ie T HCIIapeHHSI a 'iaCT HUbl H LIBYX Hel!TpOHOB HJIH npo-

TOHa . 

A5coniOTHbie aHa'ieHHSI ceqe HHll peaKuHl! He orrpenenSIIIHCb. OnHaKo ,no rpy5hiM oueHKBM 1 
44m 

OHH COCTBBIIH IOT H8CKO!IbKO Ll8CH TKOB MH!IIlH5apH B M8KCHMyMe KpHBb!X B035y>KLieHHSI Sc 

3aBHCHMOCTH H30MepH biX OTHOWeHHl! LIIISI 
44, 44m 

Sc OT 9HeprHH B035y>KLieHHSI Ll!IS! 

p83Hb!X peaKUHll rrpeLICTBBIIeHbl H8 pHC. 6. npeKpameHHe pocTa H30MepHOf'O OTHOWeHHSI C yse

IIH'ieHHeM sHeprHH rrpH E*"' 55Mss TpynHo o61>HCHHTb rrpoueccaMH rrpS!Moro Bhi5HBBHHSI HYKIIOHOB 

5 



KaK B peaKUIHIX c nerKHMH qacTHUaMH. BHD. cpyHKUHH Boa6y >KD.eHHH yKa3biBaeT Ha TO, 'ITO H 

npH sHeprHHX Boa6y >KD.eHHs:I, 6onbwHx 55 MsB, b6paaoBaHHe H30MepHOH rrapbl CKaHD.HH HD.eT 

qepe3 COCTaBHOe s:!D.pO. 

3aBHCHMOCTb ~30MepHOf'O OTHOWeHHH OT 3HeprHH MO>KHO 06bHCHHTb, npeanonarast, 'ITO 

o6pa30BaHHe H30MepHOH napbl CK8HD.HH IIpOXOD.HT '!epe3 COCT8BHOe HD.pO C Yf'llOBb!M MOMeHTOM, 

He IIpeBb!W810lllHM f npeKpaweHHe pOCTa H30MepHOI'O OTHOW eH H51 npH 3Hepi'!i H 
KpHT. 

"'55 MsB yKa3biBaeT Ha To, 'ITO 3Ha'leHHe J COCTaBil51eT "' 25 Ti HanH'!He KpH-
KPHT. 

TH'IeCKOI'O yrnOBOI'O MOMeHTa D.O /l W.HO npHBeCTH K yMeHbWeHHIO Ce'!eHH H o6pa30B8HH51 H30TO

nOB CK8HD.H51. 3TO COf'/l8CyeTCs:! C M8/lbiM 3H8'!eHHeM a6COniOTHOI'O ce'le HHs:!, Bb!TeKa !OlUHM H3 

H8WHX OUeHOK. rHnOTe3a cyweCTBOB8HHs:! KpHTH'IeCKOI'O 3H8'1eHH51 yrllOBOI'O MOMe HTa T8K >Ke 

/10/ 
cornacyeTcs:I c pe3 y nbTaTaMH OIIbiTOB AH aepco Ha H D.p. • ABTOp bi noKa3anH, 'ITO B peaK-

0 27 16 
At + 0 UHH rrpH sHeprHa 160 MsB 6onbwa51 qacTb. nonHoro ceqeHH51 / 0,5 1 6apH/ npH-

XOD.HTC51 Ha peaKUHH, npHBOD.s:IlllRe K o6pa3oBaHH JO T51 >KenbiX cppar MeHTOB I F 0 N, C !. 

6wna CD.enaHa nOnhlTKa paCC'IHT8Tb SHepreTH'IeCKHH XOD. H30MepHOI'O OTHOWeHHs:!, HCnOilb

/11/ 
3Ys:! K8CK8 D. H YIO CT8THCTHKY, npeano>KeHHYIO B pa6oTe 1 MOD.HcpHUHpOB8HHYIO npH MeHHTellb-

HO K H8 W HM peaKUHs:!M. X OT51 IIO/ly'!eHO xopowee COI'/l8CHe C 3KCnepHMe HT8/lbHblMH D.8HHb!MH 

/ eM. Cll/lOWHble KpHB b!e pHC. 6 / , He c neayeT nepeoueHHB8Tb 3TO COBnaD.eHHe, T.K. npHWilOCb 

cae naTb HeKOTOpbie HecTporo o6ocHoBaHHbie rrpeano>KeHHs:! I B 'laCTH OC TH, o MynbTHITO/lbHOCTH 

H 0 'IHC/l e HCnyCKaeMb!X y -KB 8 HTOB / . 

Pacq e Tbi D. /151 peaKUHH 
Ar27 + Ne20 

B OCHOBHOM CBOD.HilHCb K cne D.YIOWHM ny HKTaM: 

l. no K8CK8 D. H OH CT8THCTHKe Ha sn e KTpOHHO-c'leTHOH MaWHHe M-20 6bl/lH paCC'IHT8Hbl 

K8CK8D.bl y -nepeXOD.OB. nepeXOD.bl npeD.n0/181"'8/lHCb D.HnOilbHb!MH, IIapaMeTp a 6blll 

. I ll / 
Bbi6paH paBHbiM 4. B OTIIH'!He oT y'IHTbiBancs:I 3arrpeT nepexoaoB Me >KD.y c o cT051HHs:IMH co 

CfiHHOM 0. 

2. Pacnp eaeneHHe BecoB cnHHO B cocTaBHoro s:I D.pa B ce'!eHHH e ro o6pa30BaHHs:I 6 panocb 

npOnOpUHOH8 /lbHhlM CnHHY D.O ] max 1 r ae ]max onpeD.e/151/lOCb no nonyKnaccHqecKOH ¢opMy -

ne. 

3. '-IHcno Y -nepeXO D.O B B K8CK8D.e 6blll0 B351TO paBHb!M f + 3. 

4. CTpOH/l8Cb 38BHCHMOCTb H30MepHOf'O OTHOWeHHs:! OT M8KCll'M8/lbHOI'O CnHHa , BHOCHMOI'O 

B COCT8BHOe 51D.p0 / pH C. 7 f . 

5. 3Ha'!eHHe j Bbl6HpallOCb paBHb!M 25 
KpHT. 

6. Bbl'tHC/ls:IIlCs:I cpeD.HHH yrnoBOH MOMeHT 

/10 H8M H npH D. 8HHOH 3HeprHH B036y >K D. eHH51. 

Ti 

, yHOCHMbiH TpeM51 HCnaps:I!OlllHMHCs:! HyK-

7. no p83HOCTH j - r H8XOD.H/l0Cb C OOTBeTCTBy JOlllee H30MepHOe OTHOWeHHe no KpH-
' max 

BOH pH C . 7. 

CnaD. KpHBOH H30MepHOf'O OTHOWe HH51 o6ycnOB/leH TeM, 'ITO npH 601lbWHX 3HeprH51X B03-

6y>KD.eHHH HCnaps:!!OWHeCs:! HYKilOHbl yHO Cs:!T H3 COCT8BHOI'O s:!D,pa 60/lbWHH Yf'llOBOH MOMeHT. 

CornacHe c SKcnepHMeHTanbHbiMH aaHH biM H B o6nacTH sHeprHH B036y>KaeHHs:I 30-40 MsB Mo-

>KeT 6hlTb ynyqweH O IIpH BBeD.eHHH IIOIIp8BKH Ha IIpOHHKHOBeHHe CKB03b KYIIOHOBCKHH 6apbep. 

27 22 Ae + Ne AHanorH'IHbie B bl'IH c n eHHs:I rrpoH3BOD.HilHCb H D.lls:! peaKUHH c J = 26h 0 

KpHT. 
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npH M 81Ib1 X 9He 'l rH 5!X B 0 3 6yrK.Qe H HR Y 'IHT bi B 81I OCb HC nape HH e a -qaCTHUbl H Hel1Tp0H8, npH 

6o nb w Hx - HcnapeH He n a y x np o T o HoB H T p ex Heii T ;.>O HOB. B o 6n a cTH gH e prH il: 70-80 Msa pac

'leTH bi e 3H8'! e HH5! · HY /K HO y cp e.Q HHTb C y 'le T OM B e C OB nepeK p blB8 10 LUHXC5! cpyHKUHll B036y/K .Qe

HH5! p e aKuH il: I a n I H l 2p3n I . 

32 16 
Lln5! H30MepH blX OTHOWeHHll B p e aKUHH 5 + 0 B bi'IHcne HHll He npoH3sonHnocb. He-

6 0 1IbWOil: fiO .Q b eM H30MepHOrO OT HOWe HH5! npH 6 0 1lbW HX J!ep rH5! X B 0 36y>K.Q eHH5!, BH .QHMO, CBS!-

3aH c p e aKuH e il: I a pn I Ha 4% npHM e cH H3 0 T o na 5 

Vf3 H8 W HX Ofl biTHblX .Q 8HHblX Tp y.U H O cnenaTb K 8 KH e -nH60 38KniO 'l:eHH5! OTHOCHTe1IbHO npH

'IHH bl B03HHKH OBeHHSI KpHTH'IeCKOI'O 3H8'1eHH5! yr nO B O!'O M OMeHT8 npH o6pa30B8HHH COCT8BHOrO 

H n p a . Mo/KHO npen nonO/KHTb, 'ITO o cyLUecTanH e T c5! Me x aHH3M KacaT e nbHbiX coynapeHHll, 

npenno /K eHHbill KaycpMai;IOM H BonbcpraHroM, Korn a ueHTpo 6 e/K Hbie CH1lbl npH 6onbLUHX napa-

1121 
MeTpaX COy .QapeHH5! np e n5!TCTBYIOT fiO/lHOMy C 1IH5!HH!O 5!.U ep 

AsTOpbl Bblp8/K B lOT rny 6 oKy !O 6naron apHOCTb r . H . <Pnepoay H B.B. BonKOBy 38 MHOro

KpaTHOe o6cy /K neHH e pa6oTbi, A.H. <PHnHnc o Hy H 'lne HaM pyKOBO.UHMoll HM rpynnbl 38 o6ec

ne'! e HHe Han e/KHOll pa6oTbl UHK 1IOTpoHa so speMH o6n y 'l e HH il: , H.IO. WHpHKosoll H V1.V1. We

noHuesy aa p a c'!eTbi Ha sneKTpOHHoil: cqeTHoll M a w HH e , A.r. Wasae 38 noMOLllb npH XHMH'Iec· 

KHX B bi.QeneHHSIX H 3.Ll. n o K p OBCKOll 38 fiOM OLllb B o 6pa60TKe CfleKTpOB. 
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3HepreTH'16CKHe 38BHCI1MOCTH H30MepHOrO OTHOW6HHH B p68KUHHX C TH>K6lJbiMH 

HoHaMH. CrrnowHbiMH nHHHHMH rrpoaeaeHbi pacc'!HTaHHbie KpHBbie. 

? 

6 

5 

.3 

2 

I 

0 
5 10 15 ,go 25 30 

38BHCHMOCTb H30M6pHOrO OTHOW6HHH OT M8KCHM8lJbHOrO ClJHH8 COCT8BHOrO 

Hapa, p8CC'!HT8HH8H ITO K8CK8AHOH CT8THCTHKe, 


