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P9-8119 

M.n.Hoaeoaa11, A.6.Ky3eeqoa, B.A.DpeibeHAOPt 

PACQET HAKODilEHHJI MHOr03APJl,QHLIX HOHOB 
B YCKOPHTEilE TJIJCEilLIX HOHOB 



HaKonneHBe MH0ro3apJIJ:UILIX B0H0B B penJITBBBCTCK0}4: 
:meKTP0HH0M Koni.:ue 6wno paCCM0TpeH0 B pa6oTax /I-4 / • 
OCHOBHOH TPYJ:UI0CTLIO npB pacqeTax CTan BLI6op ceqeHBH 
H0HH3aUBH B0H0B :JneKTP0HaMB, Il0CK0nLKY 3KCnepHMeH­
TanLHLle ,naHBLie B ,nuana30He 3HeprBH :JneKTP0H0B 10-
20 M3~ ,nm1 6onLWBHCTBa :JneMeHT0B OTCYTCTBYIOT ., pa-
6oTax 2- 4/ ceqeHHJI swqucnJIHHCL no cl>opMyne B3 /s , no­
nyqeaaoi B xnaccuqecxoM npa6nIDKeHHB. 3Ta cl>opMyna 
y.zi;osneTB0PHTenLH0 cornacyeTCJI C 3KCnepHMeHTanLHLIMB 
,D;aHHLIMH ,D;nJI B0,D;0po.zi;a B renHJI, 0,D;HaKo y:>Ke ,nnJI a30Ta 
0Ha .zi;aeT CHnLH0 .3aHH:>KCHHLIH pe3yni.TaT. Ilo:JTOMYB / 4/.zi;nJI 
a3oTa 61,m BBe,D;eH HOPMHposoqawi xo34>tl>u:uaeHT k H ... 5 .zi;nJI 
cornacoBaHBJI ceqeHHH C 3KCnepHMCHTanLHLIMH .zi;aHHLIMH. 
,Un.JI OCTMLHLIX :JneMCHTOB BBB.IlY OTCYTCTBHJI 3KCnepH­

MeHTanLHLIX .zi;aHHWX TaK0ro cornacoBaHBJI He np0B0,IlBn0CL 
H ,D;nJI HHX ceqeHHJI, HCilOHL3YCMLIC B / 4/, no·BH,IlHMOMy, 

JIBJIJIIOTCJI CYIJl~CTBCHHO 3aHIDKeHHLIMH. 

B pa6oTe 161 npose,neH 6onee cTporui pacqeT ceqeaui 
B0HH3aUBH, ucnon1,3y10I1lBi Mo.zi;eHL XapTpu-«>oKa·CneiTepa, 
e nonYKnaccuqecxoe npB6HH:>KeHHe npoeKTBBHLIX onepaTopos 
B3 /7 / • B /6/ ,nnJI mupoKoro ,nuana3oHa :JneMeHT0B nonyqe­
HLI nonHWe ceqeHHJI H0HB3a:ueu 3anonueaawx no,no6onoqeK 
npu :JHeprHH :JneKTP0H0B 20 M3B. B :JTBX ce11eHBJIX yqTeHa 
KaK npJIMaJI B0HB3allBJI, TaK B H0HH3a:UHJI, CBJI3aHHaJI C 34>­
cl>eKTOM O>Ke. IlpaqeM BKna,n 0>KC·H0HH3a:uee B noHHoe ce­
'leHBe 0Ka3L1BaeTCJI BCCLMa CYIJleCTBCHHWM, H B HCK0TOpwx 
cnyqaJix ,Ila)l(e npeB0CX0,IlHT BKna.n npJIMOH H0HB3a:UBH. 

B 6onee Il03J:UICH pa6oTe / a/ ,c ecnonL30BaHHCM MCT0,IlH· 
KB /6/ H 6onee ,neTanLH0ro yqeTa O>Ke·B0HB3a:UHB, 6LIHH 
aai,neaw see ceqeaHJI B0HB3a:UHH .zi;nJI xpenT011a B npose,nea 
pacqeT HaK0ilJICHBJI ero HOH OB B 3JICKTP0HH0,M K0JIL:Ue. 
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UenbIO ,ri;aHHoii pa6oTbl .11BJI.11eTc.11 pacqeT HaKonneHH.11 

MHoro3ap.11,D;HbIX HOHOB p.s:.z:i;a T.H>KenbIX 3neMeHTOB, Ha OCHo­
BaHHH HOBbIX ,ri;aHHbIX no ceqeHH.HM HOHH3aUHH H napaMeTpOB 

3neKTPOHHOrO KOilbUa, xapaKTepHbIX .z:i;n.11 C03,IJ;aaaeMoro 

ycKopuTen.11 T.11>Kenblx HOHOB /YTH/. B ocHoay pacqeTa 

nono>KeHa CHCTeMa .z:i;uqxfJepeHuuanbHbIX ypaBHeHHH ,IJ;n.11 H3-

MeHeHH.II BO BpeMeHH nnoTHOCTeii HOHOB B KOilbUe / 4/. IIapa­

MeTpbI KOilbUa npe.z:i;nonaranHCb nocTO.IIHHbIMH. 

, . Bo3MO~J>! 6hlnH .z:i;aa nyTH pemeHH.11 3a.z:i;,aqH. Ilepablii -

npoaecTH .z:i;n.11 Ka>K.ri;oro _ 3neMeHTa. nonHblii pacqeT acex 
ceqeHHii .HOHH3aUHH amWiorHqHo · /8/ H BTopoii - B3.11Tb H3/6l 

ceqeHH.11 .z:i;n11 3anonHeHHhlx no.z:i;o6onoqeK, a He,ri;ocTalOll\He 

ceqeHH.11 nonyqHTb • c n,OMOllU>IO ,. nHHeiiHoii HHTepnon.11n:e:H. 
Hn~ 3KCTpanon.HUHH. KaK BH,IJ;HO H3 (8/ :nepBbIH ny:Tb Tpe6yeT. 

.z:i;n.11 Ka)K,!J;oro 3neMeHTa npoae,ri;eHH.H,.Jft>Jihworo 06.'beMa rpo­

M03.z:i;KHX ablqucneHHii. II03TOMY- npe,ri;cTaamieTc.11 pa3y~HblM 

H36paTb BTopoii. nyTb, npH ycnoaHH, _qTo p_a3nHque· a p~:-

3ynbTaTax pacqeTOB nonyqaeTC.11_ npH 3TOM He CnHWKOM, 

CYllleCTBeHHbIM. 
lionee ,IJ;eTanbHbIH yqer ceqeHHH O>Ke-HOHH3aUHH B /8/ 

,z:i;aeT nonHble ceqeHH.11,. HeCKOilbKO . OTnHqa:IOll\HeC.11 O'.f /6 /. 

qT06bl,OUeHHTb, KaK CHilbHO 3TO BilH.HeT Ha nponecc Ha­

KonrreHH.11 HOHOB, Mbl npoaenH pacqeT HaKonneHH.H HOHOB 
KpHnToHa, B KOilbUe no ceqeHH.IIM, npHBe.ri;eHHbIM' B /8/ ' H 

a /6/ /c nHHeiiHoii HHTepnon.11nueii .J~n.11 n:poMe>KyToqHbIX 
ceqeHHH/. IIpuqeM_ OCHOBHbIM KpHTepueM, no KOTOpOMY}dbl 
npoao,z:i;HnH cpal3HeHHH pacqeTOB, 6blnO He KonHqeCTBO. HOHOB 

COOTBeTCTBYIOlllHX 3ap.11,D;HOCTeii, . a HX pacnpe.z:i;eneHHe no 

3ap11,z:i;aM. KonHqeCTBO HOHO_B onpe~en.11eTC.II B OCHOBHOM 
nrroTHOCTbIO CTPYH ,HeiiTpanbHbIX aTOMOB, aapbHpy.11 KOTo­
PYIO, MO>KHO nonyqHTb Tpe6yeM.oe qHcno _HOH OB a. KOnhne. 

Ilo3TOMY ' ace npHBe,ri;eHHble HIDKe pacqeTI,i' 6hlnll c.z:i;enallbl 

.z:i;nH e,IJ;HHH'IIIOH nrroTH09TH ., CTpyH. Tpe6yeMyro 'nnOTHOCTL 
MO>KHO nerKO HaHTH, HCXO,IJ;.11 H3 3a,IJ;aHHOI'O .· qncna IIOHOI$ 

. .· . ' { ~ 

B KOnbne. . '.• 

Pacnpe.z:i;eneHHe . .>Ke HOHOB no 3ap.11.ri;aM npH H3MeHeH.HH . ' -, ' 
' ' . 

nrroTHOCTH_ CTPYH He ,MeH.HeTC.11 H 3aBHCHT IlJIWb,OT COPTHO-
weHH.11 Me)K,!J;y COOTBeTCTBYIOll\HMH ,ceqeHHHMH HOHH3aUHH. 
B .3TOM pac~pe.z:i;eneHHH HHTepec npe.z:i;cTaan.11eT Zn- nopo­

roablii 3ap.11.z:i; Holioa, KOTOpble Hem.3.11 Tep.II.Tb npH ycKopeHHH 

4 
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I\ 
I 
; 

·' 

H3·3~ Haqana JlaBHHHoro nponecca noTepb. HMeHHO HCXO,It'1 

H3 3Toro_ Zn, Heo6xo,IJ;HMO Bb16HpaTb rpa,ri;HeHT ycKop,iro~ero 

MarH,HTHoro non.11 a YTH. 
JlaBHHHhIH nponecc noTepb HOHOB MO>KeT HaqaTLC.11 npH 

onpe,z:i;eJieHHhIX ycJIOBH.IIX B CHJil>HO liarpf)KeHHOM HOHaMH 

KOJILUe, ecJIH noTep.11 HeKOTOporo HaqaJILHOro qHcJiaHOHOB 

npHBO,IJ;HT K 3aMeTHOMy yMeHLWeHHIO Macchi H yaenHqeHHIO 

ycKopeHHJI KOJILUa, a 3TO, B CBOIO oqepe.ri;L, Bhl3bIBaeT 

HOBhle noTepH HOHOB, npeBbIWaIOll\He HaqaJILHhle. 3.z:i;ecL 

Heo6XO,IJ;HMO Bhl6HpaTL TaKHe YCJIOBH.11 ycKopeHH.11, qT06bl 

HCKJIJOqHTL noTepH HOHOB Ha aceii ,IJ;nHHe ycKopeHH.11. 

OcTaHOBHMC.11 no.npo6Hee Ha onpe.neneHHH Zn . KaK 
cne.z:i;yeT H3 /9/, YCJIOBHe, npH KOTOPOM ace HOHbl C ,ri;aHHbIM 

z OCTaIOTC.11 npH ycxopeHHH B Kom.ne, ,IJ;a>Ke ecnH HOHhl 

MeHLWHX 3ap.11,D;HOCTeii 6y,z:i;yT IIOTep.HHbl, HMeeT BH,IJ; 

r.z:i;e f z= 

Wo 
~ z .. "n!!-

01 a 

AM to N (n) 

m r.i..N~n=Z 

1 
Z (l+fz) ~ C , 

/1/ 

- 4>aKTOP Harpy3KH KOJILUa HOHaMH, 

AH Zo - _Maccoaoe qucno H aToMHhlii HOMep 3JieMeHTa, 

M H m - ~accbl 'HYKJI
1
0Ha H 3JieKTPOHa, Y-l- - pen.11THBHCTCKHii 

4>axTop nonepeqHoro 0-ro ,ri;BH>KeHH.11 3Jit:KTPOHoa,N e· qucno 
3JieKTPOHOB B KOJILUe, N \n) - ~HCJIO HO HOB C 3ap,i.z:i;oM Z = n , 

n I - 'qacToTa KOJie6aHHii O,IJ;H03ap.11.nHoro HOHa B KOJILUe, 
a - _MaJihIH pa3Mep KOJILUa, Wo - BenHqHHa YCKopeHH.11 KOJIL• 

na 6e3 yqeTa Harpy3KH ero HoHaMu. 

Y CJIOBHe /1/ nonyqeHO B / 9 / ,IJ;JIJI HeHarpy>KeHHOro 

KOJILUa ( f 2 « 1). ,D;n,i uarpy>KeHuoro ero BM He H3MeHHT· 

CJI, ecnH npeHe6peq1, 34>'1>eKTaMH, CB'13aHHhIMH C BnH.IIHHeM 
KOJie6aHHii HOHHOro cryCTKa Ha ,ItBH>KeHHe neHTpa 3JieKT· 

po~Horo KOJILUa. BenHqHHa C B /1/ 3aBHCHT OT 3aKOHa 

BKJIIOqeHHJI ;1,KopeHH.11, TaK, IIPH MrHOBeHHOM BKJIIOqeHHH 
ycKopeHHJI ( C=l/3,6. f z npe,ncTaBJIJieT co6oii IIOJI.IIPH3aUHIO 

neHTpa HOHHOro crycTKa C 3ap.11.z:i;oM Z OTHOCHTeJILHO 

neHTpa 3JieKTPOHHOro KOJILUa /B e,nHHHnax Manoro pa3Mepa 

KOJILUa a /. B cnyqae He CnHWKOM 60JILWOii uarpy3KH 
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KOJibUa ( f z I~ 1} B03MO>KHa CTa6HJIH3aUHJI riaBHHHblX no-' 
Tepb BQHOB u · npu HapymeHHH YCJIOBH.ll /1/, ecJIH MaKcu­
MaJibHO B03MO)KHaJI BeJill'IHHa I; z /npu f z =0 / He npeBbllllaeT 
1. flanpuMep, npu C .1/3,6 u Ha'lanbHOM fz ... 1/3 npouecc 
CTa6Hnu3aUHH noTepb B03MO:>KeH ,nJIJI f z ~ 2 . Ilpu 3TOM 
npoue11T OCTalOUUIXC.ll B KOJibUe HOHOB HeB,,?K H 1 ero 
Mo>KHo oueHHTb no Ta6nuuaM, npuBe.nenHhIM B 9 • ,ll;n.11 YTH 
B03MO>KHOCTb TaKoii CTa6HJIH3aUHH ne npe,ncTaBJI.lleT 60Jib­
wor.o, BHTepeca, TaK KaK B HeM npaKTH'leCKB Bcer,na ,f z 1>>l. 
Bonee Ba:>KHbIM -.JlBJIJleTC.ll ro, 'ITO, KaK 6y,neT noKa3aHO 
HH)Ke, npu onpe,neneHHoM pacnpe,nenenuu uonoB no 3apJ1- . 
,naM. Kor.na BKJia,n HOHOB HH3WHX 3ap.11,noB B CYMMapHyw 
Macey KOJibUa HeBeJIHK, MO:>KHO noTepJITb 3TH HOHbl npu 
ycKopeHHB, coxpaHJIJI B KOJibUe HOHbl 6onee BbICOKHX 3ap.11-
AOB. 3To no3B0JIJleT noBblCHTb rpa,nneHT ycKop.11101uero 
MarHHTHoro nonn H YMeHbWHTb ,nnHHY YCKOpHTem1. 

KaK cne,nyeT H3 /1/, BeJIH'IHHa fz 3aBHCHT OT ,nByx 
nepeMeHHblX BeJIH'IHH z H fz' ,neiicTBHe KOTOpbIX npoTHBo­
IlOJIO>KHO. Bena npu KaKOM-T_O z cymeCTByeTMHHHMYM f z ' 
TO 3TO Z H .llBJIJleTCJI TeM noporOBblM 3ap.11,noM, KOTOpblii 
Mbl y>Ke He HMeeM .npaBa TepJITb H3-,~a µaqana JiaBHHHOrO 
npouecca noTepb. TaKHM o6pa3oM, ycnoBHJI ,nnJI noporoBoro 
Z cne,nyroiuue: · 

Zri(l +fzn) •>(Zn-l)(l+f7n~1 ), 

Zr/ 1 + f z n> 1> (Zn +l)(l+fzn+l ) • /2/ 

B cnyqae CHnLHO Harpy>KeHHoro uoHaMH ICOJibUa 
fz 1>fz •>fz 1·»1.·HYCJIOBHJl/2/npHHHMaIOTBH,n' 

~1 n M .. z . ,; z.. ; 
I 0 NI~ . I 0 N~) 

n= Zn · l z na Zn . . 1 ( z · ) + '> n·> ( :Z ) - • ,, /3/ 
.N1 n .. N:i n., -.)••::";: 

HepaBeHCTBa /3/ y,no(juw ,nJIJI oueHOK TeM; 'ITO OHH ·ue 
3aBHCJIT OT napaMe-rpoB: ICOJibUa. B &TOMHoro Beca 3JieMeH­
Ta, a 3aBHCJIT }lllWb OT; pacnpe,neJieHBJI BOHOB no 3apJI,naM. 

6 

,! 

I~ 

' l 

Ilo CpaBHeHHIO c TO'IHblM ycJIOBHeM /2/ OHR MoryT ,naBaTb 
Zn, 3aHH>KeHHoe Ha e,nuHHuy. B Hawux pac'leTax ,nn.11 z n 

Mbl HCilOJib30BaJIH TO'IHOe YCJIOBHe /2/ H cne.nywUUie napa-

M Zo (n) -3 
MeTpbl -- = 50 , I N . / N = 10 . Ilo,ncTaBJIJ1J1 Ha:e:-

rn Y'l. . n= I I e 

,neHHoe, Zn. B /1/, Mbl onpe,nenuM W o u, cne,noBaTeJILHO, 
.nonyCTHMblH rpa,nueHT BHeWHero MarHHTHoro nOJIJI. 

_Ba>KHblM napaMeTpoM ,nn.11 YTH .1IBJIJ1eTc.11 TaK>Ke Benu-

A .' . 
'IHHa z-- , KOTopaJI onpe,nen.11eT ,nJJHHY ycKopeHHJI ·L 

n. 

Heo6xo,nHMYlO .nn.11 nonyqeHHJI 3a,naHHoii 3HeprHH BOHOB E / 2/. 

Eo 
. ·L '= eEKynf z n 

.A. 

Zn 
/4/ 

3,necb E Kyn,;. e Ne - . co6cTBeHHoe 3JieICTpuqecKoe none 
11 Ra 

ICOJIL:Qa Ha ero Kparo •. ,ll;JIJI ueneii'q>H3H'lecKoro 3KcnepuMeH-
Ta E0 ,non>KHa 6wTJ.e, ,~ 10 Mi3/HYK11. ·. . 

CpaBHeHHe pacqt{-i-on no 6 H /8/ npoBo,nunocb HaMH 
n:pu napaMeTpax ICOJibUa: .R -= 4 CM, a ,.. 0,2 CM,Ne"" 10 13 ; 
,nnHTeJil,HOCTb CTPYH HeiiTpaJibH~X 'aTOMOB T1 = s.1O-5 ceK, 
ee CICOpOCTb V = 5.10 4 CM/CeK. Pe3yJibTaThl pac'leTOB np11-
Be,neHbl .B 11a611. 1. 

H3' Ta6J1Hllh1 BH,nHO, 'ITO npu npeMeHH HaICOilJieHHJI 
TH,~ 1,5.10 -4 ceK Zmax /3'apJI,n HOHOB, 'IBCJIO KOTopwx MaIC­
CHMaJibHO/ OTJIH'lalOTCJI Jle 6onee 'leM Ha e,nHHHUY, a Z n 
Boo6ine He OTJIH'laIOTCJI. 3TO ronopHT O TOM, 'ITO HeICOTOpoe 
pa3JIH'IHe cetieHBii HOHH3aUHH ICpHnTOHa B /6/ H /8/ npaICTH-

'• 

qecKH He cKa3wBaeTCJI Ha onpe,neneHHH noporonoro 3apJ1,na 
BOB OB · z n • Ilo3TOMY B ,n~JibHe:e:wux pacqeTax MW noJIL3o­
BaJIBCL cetJeHHJIMH HOHH3aUHH H3 161 , npOBO,nJI JIBHeiiuyw 
HHTepnonJIUHK> ,nJIJI ~poMe>KyTO'IHhlX h?qeaaii. Cne,nyeT 3a­
MeTBTL JITO B cpe,nHeM ceqeHBJI B 6 aeCKOnbKO Bhlme, 
qey B 7 . II03TOMY noJiy'laIOnteecJI B ,nanLHeiiwux pacqeTaX 
z n npH Bhl6ope rpa,nueHTa M&rHBTHOro nOJIJI B ,n~Hhl 1L 

cne,nyeT yYeHbWaTL Ha o,nuy - ,ItBe e.nBHBUhl, 'IT06hl KOM-
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neHCHpoBaTL HCKOTopyro HCTOqHOCTL pacqeTOB H He IlOTe­

p.llTL HOHLI npH ycKopeHHH. 

liLIJIH npoBe,IleHLI pacqeTLI HaKOilJICHHJI HOHOB ,IlJIJI Tpex 

3JICMCHTOB: KCCHOHa (Z o• 54' A .. l3l),11eo,IlHMa (Zo-60,A-144) 
a PTYTH (Zo .so, A -200). OcHOBHLle napaMeTpLI KOJILna 

H CTpyH aTOMOB Te )KC, qTO B B pacqeTax no KPHilTOHy. 

BapLBPOBaJIOCL qHCJIO 3JICKTPOHOB Ne, ,IlJµITCJILHOCTL HM­

DyJILCa CTpyB Ti H BpeM.11 HaKODJICHHJI TH • Pe3yJILTaTLI 

pacqeTOB npBBC,IlCHLI B •a611. 2-4. B HBX ·L COOTBCTCTByeT 

E O = 10 M3B/HyKIIOH, na - IlJIOTHOCTL CTPYB HeiTpanLHLIX 

aTOMOB, Heo6xo,IlBMa.11 ,IlJI.11 nonyqeHB.11 I N1 /Ne ... 10-3 • · 

KaK CJIC.IlYCT H3 •a611u11 2-4, ,IlJIJI Ne =- 10 13 MO)KHO 

paccqaTL1BaTL Ha Z 0 • 8-U npu T8=/1,s - 2/.10-4ceK. 
C pocTOM Ne noporosa.11 3apJ1,IlHOCTL, ecTeCTBCHHO, pac­

TeT, ,IlOCTHra.11 17-2:4 npB Ne= 5.10 13 
• 

PacqeTLI noKa3anu, qTo ,IlJIJI 3a,IlaHHOro 3neMeHTa no­

poroua.11 3apJ1,IlHOCTL npaKTBqecKH He 3aBBCHT OT ,IlJIBTCJIL­

HOCTH CTpyB HeiTpaJILHLIX aTOMOB B onpe,IleJIJICTCJI JIBWL 

qacnoM 3JICKTpOHOB B KOJILUC B BpeMeHeM HaKODJICHHJI. 

Ilo3TOMY ,IlJIHTCJILHOCTL CTpyH cne,IlyeT BLl6HpaTL H3 KOH· 

CTPYKTHBHLIX coo6pa)KeHHi, a TaK)KC HCXO,Il.11 H3 Toro, qTo6w 

npH HMCIOIQCHCJI DJIOTHOCTH CTPYH n a nonyqHTL Tpe6yeMoe 

qucno BOHOB B KOJILne. 

,lJ;pyrHM napaMeTpOM, D03BOJIJIIOUUIM MCHJITL qacno Ho­

HOB B KOJILUC, JIBJIJICTCJI CKOPOCTL CTpyH V • ECJIH xapaK­

TepHoe BpeM.11 HOHH3aUHH r O HeiiTpaJILHoro aTOMa 3aMCTHO 

MeHLme
4 

upeMeHH ero nponeTa qepe3 KOJILUO r v / npH 

V•S.10 CM/CeK 3TO BLIIlOJIHJleTCJI ,IlJIJI Ne-/3-5/.10 13 /, 

npaKTHqecKB noJIHaJI HOHH3aUHJI CTPYH npoBCXO,IlHT uapac­

CTOJIHHJIX, MeHLWHX Manoro pa3Mepa KOJILna, H qacTL 

3JICKTPOHOB KOJILUa Be yqacTByeT B nponecce BOBH3aUBH. 
B 3TOM cnyqae, yBeJIHqaua.11 CKOpOCTL CTPYH B, cne,IloBa­

TeJILBO, nonuoe qucno aToMOB B Beii, MO)KHO noBLICHTL 

qacno HOB OB B KonLne 3a cqeT 6onee noJIHoro acnoJIL30Ba.; 

BB.II ero HOBH3Hpy~ei cnoco6BOCTB. Ilpil o6paTBOY ycno­

BHH ( ry <<r O ) B3MeHeBHe CKOpOCTB CTPYH He BJIBJleT Ba 
qacno HOHOB B KOJILne. 

' B 3aKJIIOqeHHe aBTOPLI BLlpa)KaroT 6narO,Il&PHOCTL 

H.H.HBauouy, A.M.KaMHBCKoii, 3.A.IlepeJILmTeiiBy, 
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B.Il.Capam::i;eBy, yKa3aBWHM Ha onacHOCTL naBHHHoro npo­

~ecca DOTepL HOHOB. 
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