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YnbTpaxo.rio,nHbJMH HeihpouaMH /YXH/ 6y,neM .Ha3bJBaTb 

HeiiTpoHhi ·c :meprue~,MeH.bUJeii Epp= 2rrA
2 

Nb_' r.ne N·I.Jucno . 
m 

g,nep a e.nuuuue o6beMa, h - KorepcnTuaH .nnuua pacceHHHH·; 
m - Macca Heihpoua. )lJJH MC,UH E I'p = I' 7. ro .. 7 

36, ,UJJH 
amoMHHHH E I'p = 0,55.1 0 -· 7 :Ja. YXH ucnhiTbJBaiOT nonuoe 
OTpa~eHHC OT CTCHOK npH JJW6WX yrJJaX na,neHHH H MOryT 
aau.ny :noro ·y.nepm.f·aaTbCH a 1aMKiiyToM· cocy.ne / 11. 

B HaUJeH ripe,nhi.UYIUCH pa6oTe f:t / YXH noJJyi.JaJJHCh Ja
MebneHne~ ~ennoawx HeHTpouoa ua .no6~BOI.JHOM JaMe.nnu
Tene-KoHaepTope H1 aJJIOMHIIHH , ycTaHOBJJeHHOM B OTKa· 
I.JaHHOM Me.nHoM HeHTpouoao.ne. AmoMHHHH 6hiJJ · Bbi6paH 

. H3" 3a TeXHHI.JeCKOH npO.CTOTbl ero HCITOJib30BaHHH: OH Y.U.OB" 
JJeTBOpHeT Tpe6oBaHHHM HH3KOrO ,!J.~BJJeHHH napOB, ,!J.OCTa· 
TO"I.JHOH· TepMHI.JeCKOH H pa,nHaU~OHHOH CTOHKOCTH~ O.n.HaKO 
c TOI.JKH 3peHHH Bb!XO,na 'YXH aJJioMHHHH .n.aJJeKO He onTHMa-· 
JJeH: H 3.: 3a OTHOCHTeJJhiiO 6'oJJblllOH BeJJHI.JHHbl Cei.JeHHH 3aXBa
Ta T~JJbKO MaJJaH ·.nonH' · o6pa3YIOIUHicH a aJJioMHHHH YXH 
BbJxo,nuT Hapy~y: TeopeTni.JecKoe paccMoTpeHue" Bhixo.u.a · 
YXH··u3 KoHaepTopoa ripom!.neilo a pa6oTax ,13/u·/4/. · · · 

B nepaoii H3 HHX JKciiepuMeHTaJJhHO no.n.Tsep~AeHo; 
'ITO BO,li.OpO,li.CO,!J.ep~ai.UHe KOHBepTOpbi, HanpHMep; rH~pH,ll. 
UHPKOHHH, .n.aiOT ITOTOK YXH ua:nopH,li.OK 6onl.we, 'leM aniO
MHHHeBLIH KOHBepTOp, rrpuiteM ·., BbiXO~ B03pacTaeT· ettie B 

. uecKOJJbKO pa3 npu oxna)K.u.euuu KoimepTopa .u.o TeMnepaTypLI 
~HJ(Koro ·a30Ta. '0ITbiTbl ·npOBO,!J.HJJHCb Ha peaKTOpe C MaJJbiM 
HeiiTpOHHbiMITOTOKOM'/ "'10 10 . H/CM 2ceK/,T.e;aycnOBHJIX, 
KOr,!J.a He B03HHKaeT npo6JJeM OTBO,!J.a Tenna H pa.n.nauHOHHOH 
CTOHKOCTH KOHBepTopa. B HaCTOHI.Ueii pa6oTe 'C006I.UaiOTCJI 
pe3yJJbTaTbl onpo6oBaHHJI HeKOTOpbiX KOHBepTO· 
pOD Ha peaKTOpe C ITOTOKOM 10 

13 
H/CM 

2
ceK.· 

3 



B pa6oTe 12 I onHCaHLI 3KcnepHMeHThl no y~ep)KaHmo 
YXH B 3aMKHYThiX o6'beMax·. IIony'IeHHhie apeMeHa y~ep)Ka
HHH ~TIH Me~HhiX COCY~OB 6LtnH nO'ITH Ha nOpH~OK MeHhWe . 
0)KH~aeMLIX 3Ha'IeHHH ~nH H~eanhHO rna~KOH noaepXHOCTH 
'IHCTOH Me~H. BpeMeHa y~ep)KaHHH ~nH cocy~oa H3 6epHimHH · 

H nHpOTIHTH'IeCKOrO rpadJHTa. 6binH TOrO )Ke nOpH~Ka, 'ITO 
H ~ITH Me~HhiX COCY~OB, HeCMOTpH Ha C}'Il{eCTBeHHO MeHbWHe 
ceqeHHH 3axaaTa ~nH 3TIIX M:aTepnanoa, H 6hmH MeHhWe 
O)KH~aeMhiX · Ha 2 nopH~Ka. B ~aHHOH pa6oTe npHBO~HTCH 
pe3yTihTa'fbl ~anhHeHWHX 3KCnepHMeHT.O~ no y~ep)KaHHIO 
YXH a cocy~ax H3 Me~H n cTeKna. OnncaH: TaK)Ke nponop-. 
nHoHani.HhiH C'IeT'IHK YXH c 'renHeM-3, o6na~aiO~HH.6onb
weH 3dJI!JeKTHBHOCT.hiO , no , cpaBHeJIHIO C .HCnOTih30BaHHhiM. 
B. / 2/ C:QHJITHjinH:QHOHHhiM ~eTeKTOpOM. . 

§1. IIPOIIOPL(HOijAJihHhiH CfJETlJHK·YxH 

HcnonL3oaaHHhie a pa6oTe 12,1 C:QHHTH~_ nH:QHOHHhle ~e-. . . 

TeKTOphi ~aaanH. pa3TIH'IHhie .. CKOpOCTH C'IeTa. npH _O~HOM 
_H TOM )Ke iiecoaoi.f KonnqecTae Li 6 0H·H 20,HaHeceHHoro 
Ha' C:QHHTHTITIHTOP ' Zn s·. 3TOT _lbaK:r MO)KeT 6biTJ. 06'bHCHeH 
KpynHo3epHHCTOH KpHcTannHqecKoH CTPYKTypoH ,qer.eKT_op
Horo . CTIOH, npH_'Ie~ TOTII:QHHa· ~pHCTan~HKOB 60TihWe OHTH
ManbiiOH, . a . )3 npoMe)KyTKaX. _ ,:Me)K~y HHMJI BepOHTHOCTh 
nornoweHHH Heii:TpoHa. Miuia. · Ecn11 .3To TaK, TO 3dJI!JeKTHB
HocTh · pef:HCTpa:Qm~ YX~ TaKHM. ~eTei>TOpo_M ~On)I(Ha 6hiT~~ 
MeHhWe, 1_. B. CBH3H, c 3"!HM 6hm._pa3pa6oTaH nponop:QHo-.., 
HanbHhiH. C'Ie_T'IHK, B KOTOpOM nornOTHTenh -YXH - renHH- 3 -
Haxo~HTCH_ B ra30BOH .I!Ja;3e H o~Hopo~HOCTh norno~aro~ero 
CJIOH He. BM3hiBaeT CO¥HeHHH. ·:; . 

, .,C'IeT'IHK /pH C .. 1/ -.H~,rOTOBTIHTICH B BH~e_: :QHTIHH~pa. H3 
Hep)Kaaero~eH cianH · pa~HycoM;. 5 CM, H BLICOTOH,. 5 eM. 

· Bo ·anyTpeimeH.nonoc-r.H UHnHn~pa Me~HhiM 3KpanoM rii~ene
Hhi 2 J<aMephi, no :QeHTpy KOTOPhix nponi~yT~I Hll;H ~~~o~LI/ 
TonwHHOH 15 MKM. YXH axo~HT, D. C'IeT'IHK~_qepe;J a . .nroMH.-., 
HHeaoe oKno. · TonwmroH 60 MKM, 3aKphiBarowee · o~Ho H3 
OCHOBaH~H nH.riHJi~pH-.iecKOH KaMepbi. YXH MorxT OTpa~aTb.
C}l ·oi _cTeHoK KaMephi,' IT03TOMY 3lPI!JeKTHBHhiH nyTh ~o HX 
nornoweHHH MO~eT. npeBbiWa Th. nmieHHbie pa3Mepbl K~M~pi.I. 
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· .l{nH YMeHhnieH:HH 'IYBCTBHTenhHOCTH ~en!inopa K n!imoBhiM 
HeHTponaM -~aBneHHe rennH- 3 B C'IeT'IHKe 6hinO yMeHhWeHO 
~o 5 mop; npH KOTopoM e~e ne na6nro~anoch 3aMeT.Horo
CHH)KeHHH 3dJI!JeKTHBHOCTH perHcTpa:QHH YXH. TaKoe ~aane
nHe nanonHHrowero ra3a cnHwKoM Mano, 'ITo6hi ocyitiecTBHTL 
pe)KHM pa3pH~a nponop:QHoimnheoro C'IeT'IHKa H 'IT()6hi 
3a~ep)KaTh B ra3e npo~yKThi peaK:QHH 

3 . 
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Pirc. 1. a/ CxeMa C'IeT'IHKa YXH: 1 - HHTh - aHo~; 2 -
H30TIHTop; 3. - KOpnyc; 4 - OKHO - aJIIOMHHHH, 60 MKM; 
5 ~ WTOpKa - Me~b, 10 MKM; 6. -· CaTI.hHHK; 7 - 3TieKTpO~hl 
I!JopMHpoaaHHH 3neKTP-H'IecKoro nomi. '6/ AMnnnTy~HhiH 
cneKTP C'IeT'IHKa YXH. IIyHKTHpoM noKa3aH cneKTp npH 
3aKphiTOH WTOpKe. . 
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ll03TOMy B C'ICT'I~K .D;06aBJUIJIC1I 6annaCTHLill ra3, ap~OH, ,D;O 
·.D;anneniu. 760 mop n yn-ieKncni.Iii ra3 /.D;o ··, 5 mop/ ,IJ;nn 
CTa6nmi3anHH rrponecca ra30BOro ycH:neHHn. HecMOTp.& .na· 
To, 'ITo co,D;ep)Kanne "aprona. :B··cMecH: cocran.iumo == 990/o, 
OTHQCHTCnLHaH ~fanOCTI:,, CC'ICH~H 3aXBaTa H. Heyrrpyr;oro 
Pll,CCCHHHH neiiTponon B aprone ,D;enae:r narpe_n H JaxnaT 
YXH · Ha aToMax aprona. cpannnTenLHO Manon~poHTHLIM 
rrponeccoM I"" 40/o/. ,lJ;nn orrpe,D;enenn» !bona oT 6onee 6LICT
PLix, 'ICM YXH, neiiTpo:HoB' o6e KaMepLI C'ICT'IHKa Mornn 
rroo•iepe.D;no rrepeKphlnaTLCH M:e.D;noii ;~ 10 MKM/ rronyKpyr
noii IDTOpKOH. IJpn HCKOTOPLJX H3MCpCHHHX .inTOpKa ycTaHaB
nnnanacL n cpe,D;nee rrono)Keime, rrpii 3TOM pa6o'laH rrnmna.D;L 

. . 2 
.D;CTCKTopa y,D;nannanacL H cocTaamma ·,., 60 CM • AnroMHHHe-
noe OKHO C'ICT'IHKa He rrporrycKaeT neiiTpOHhl c 3Heprneii, 

7 ···- .. " . 
MCHLIDCH 0,55.10- 36. ,lJ;nn 6onee 6LIC!P~IX HCHTPOHOD 
BCpOJITHOCTL OTpa)KCHllH 3aBHCHT OT 3HeprHH H yrna Ila.IJ:e"' 
HHJI. Pac'leT rrporrycKaHHH amoMnnnenoro OKHa, ycpe,D;HCH" 
noro no. crreKTPY E'dE n nnTep~ne. I o;ss..;-1 ,7 /10-~ 3e 
B rrpe.D;rronO)KCHHH H30Tporrnoro pacrrpe,D;enennn cKopocTeH: 

· ireiiTponon, ·,D;aeT nenH'IHHY f = 0,40. M3MepeHHH rroKa• 
~ann, 'ITO B O,IJ;HHaKOBLIX ycnOBHXH IIPOIIOPIIHOHanLHLIH C'ICT

.. 'IRK pcrHCTpHpyeT B 1,5 .pa3 6onLmyro , CKOpOCTh C'ICTa 
YXH, 'ICM cnnHTnnnxnnoHHhlii .D;CTCKTop /rrpn pane'IicTne 
o6nyqaeMLIX .YXH nonepxnocTeii ct.ieT'IHKOn/* • ·: ... 

B ,D;anLHCHIDCM rrpe,D;rronaraeTCH cna6,D;HTL C'lCT'IHK OK-
• .... ' . '• I ·" ..., - · .. 

HOM, Mano rrornmnaiOIIIHM H Mano OTpa)KaiOIIIHM HCHTpOHLI, 
'ITO 3Ha'lnTenLno · ynyqmnT ero' caoiicTna Kai<. ,D;eTeKTopa 
YXH. . 

§2. BO,l(JIHOil H TH,l(PH,l(aHPKOHHEBhlil· 
KOHBEPTOPhl YXH 

HeiiTponono,D; c BO,IJ;HHLIM KOHBepTopoM YXH 6Lm yc
Tanonnen na KaHane N!!3 peaKTopa HPT-M:· ~HA31IM~H.B.Kyp-

, ... * TaKHM o6pa3o~, · ;~lbeK~~nirocTL c~nii~nnn.Hnnimnoro 
.D;eTeKTopa cocTanii»eT 0.,3 7 0,5, . n)r.D;a· KaK a· '/2(' ona 
~PHHHManacL, Pll,BHOH: 1. ·c . yqe.Tql.{. 3TOrO yMe'HLJ!HlCT,C.Il_ 
PlJ-.3nnqne MC)K.D;y na6nro,D;ennoii :8 /2/ H .. O:>f\U.D;anmeiic·» cKo
'poCTLIO C'leTa. " . . ' . • ., ... 
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'IaTona. HeiiTponono.D;oM Hnmmach H3ornyTaH 3neKTpono
n.nponannaH MC,D;HaH Tpy6a C BHYTIJCHHHM )J.HaMCTpOM 90 MM 

H . .D;nUHOH OKOno 6 Mempoe. IlnOTHOCTh llOTOKa Ten
nOBLIX neiiTponon y Topua neiiTponono,D;a cocTann»na 
..,2.10 13 u/cM 2 ceK. CxeMa ·Konnejnopa YXH. noKa3ana na 
puc. 2a: KonnepTop npencTannHn H3 ce6n nnocKyro nu
nnn.D;pnqecKyro aMnyny H3 aniOMHHHn c TOHKOH nepe.D;neii 
CTCHKOH TOniiiHHOH 0,25MM. qepe 3 aMnyny HenpephiBHO 
npoKa'IHBanach nona no 3aMKHYTOMY KOHTypy. 

CKopocTL c'leTa YXH nponopnuonanLHLIM C'ICT'IHKOM 
C aniDMHHHCBhiM OKHOM nnoma.D;blO 60 CM 2 COCTaBnnna 
'' 100 CeK - 1 H YMCH~IIJH.hacb no ·• 50 Ce'K - 1 3a 8 MCCJIIICB 
3KCnnyaTaiiHH KaHana, HCCMOTpH Ha npHHJIThiC MCPLJ· no 
npenoTnpamenmo nonananun aTMoc¢epf.oro B03.D;yxa n ne.iiT
po:Hono.D;. <!>on neiiTponon c 1neprueii 6onLIIIeii, qeM rpanuq'
na_n 3ne'prun nnn Menu, cocTannnn ·1 Oo/o OT c.'leTa YXH. 

C nenLIO BLI6opa onTHManLnoro KonnepTopa YXH nnn 
pa60Thl Ha peaKTOpe C nocTaTO'IHO BhiCOKHM llOTOKOM 
neiiTponon 6Lm .co3nan neiii-pononon YXH na · CKB03HOM 
Kaca TenLHOM Kanane N!!7 peaKTopa 11 PT- M. HeiiTponono.D; 

~ ' . 

npe,D;CTaBnnn co6oii 1nCKTpononuponaHHYID MC.D;HyiO Tpy6y 
BHYTPCHHIIM nnaMeTpoM 65 MM H nnnnoii oKono 10 Mempoe. 
lhMepenne noTOKOB YXH npoH3BO.D;Hnocb c noMOIIILIO Tlponop
nnonanLnoro H CIIHHTHnnHIIHOHHOrO C'ICT'IHKOB, pacnonarae
MhiX na KOHIIC liCHTpOUOBOna. C npOTHBOllOnO)KHOrO KOHIIa 
neiiTpononona ncTanruwncL Konnepn)pLI YXH H3 pa3nH'IHLIX 
MaTepnanoB. IlpH HCllhiTaHHHX KOHBCPTOpLI pacnonaranHCL 
n6nn3n aKTnsnoii · 30HLI peaKTopa a noToKe TennonLIX neiiT-

12 2 POHOB ~. 5.10 H/CM c.eK Ha paCCTOHHHH OKOnO 5 M OT 
,D;CTCKTOpa. 

HcnLITLIBaeMLIC KouaepTopLI H3 amoMHHHH, MarHH.II H 
rH,D;pH,D;a IIHPKOHHH ·rrpencTaBnHnH C060H ,D;HCKU ~ 62 MM X. 

X 5 MM. IlpH pa6oTe C KOHBCpTOpOM H3 rH,D;pH,D;a IIHPKOHH.II) 
6Lm Ueo6xonnM nocr'aTO'IHO . :}!IJQJeihHBHLIH TCIInOOTBO,D; C. 
KOHBCpTOpa, B KOTOpOM B pe3ynLTaTC pa,D;HaiiHOHHOrO na
rpena Bhi,D;CnHCTCH .zi.o HeCKOnLKHX ,D;CCHTKOB BaTT Tenna. 
llpH OTCYTCTBHH 3QJQJCKTHBHOrO TCIInOOTBO,D;a HCH36C)KCH 
pa3orpeB.KOHBCpTopa Ha HCCKOnLKO COT rpa,D;yCOB, COIIpo
BO)K,!J;aiOIIIHHC.II B ycnOBHHX BaKyyMa B HCHTPOHOBO,D;C BLIXO.Ji~M 
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aTOMOB BO~Opo~a H3 rn~pntia UHPKOHHH. Tennoc~eM ocy
tqeCTBnMCH C ITOMOIULJO UHpl<:ynnpyiOIUHX ITO Me~HLIM Tpy~ 
6aM BO~LI nnn )KH~Koro a3oTa /pnc. 26/. Tpy6KH npnnan
BanncL· K TOHKOCnOHHOMy Me~HOMY ITOKPLITHIO Ha llOBepx
HOCTH nnacTHHKH H3 rn.ripn~a UHPKOHHH *. MarnneBLIH KOH;. 
BepTOp BO H36e)KaHHe B03MO)KHOrO paCITLineHHH MarHHH 
Ha CTeHKH HeHTpOHOBO~a ITO~ ~eHCTBHeM peaKTOpHOrO 06-: 
ny'leHHH pacnonaranc1J: BHYTPH TOHKOCTeHHOH /""" 0,25 MM/ ·. 

aniOMHHHeBOH aMnynLI, oxna)K~aeMO~ npOTO'IHOH BO~OH 
/pnc. 2a/ .. .D:nH ynyqmeHHH TennoKOHTai<Ta Marnneaoii nna
CTHHKH c.oxna)K~ae.Moii Bo~oii aMnynoii nocne~HHH 3anonHH
nacL nnepTHLIM ra30M. AniOMHHHeBLIH KOHBepTop 6Lm H3-
roToBnen H3 cnnaaa A,n-1. Pe3ynLTaTLIH3MepeuniiBLIXO~OB 
YXH H3 -pa3nH'IHLIX KOHBepTopoa npn~e~eHLI B Ta6n: · l. 
flpH. HCITLITaHHHX KOHBepTOpLI pacnonaranHCL B O~HHaKOBOM 
neiiTponnoM noToKe; perncTpaunH YXH npoH3Bo~nnacL BLI~ 
meonncaHHLIM ~BYXKaMepHLIM nponop~HOHanLHLIM C'leT'IH
KOM C nno~a~LIO BXO~Horo OKHa Ka)K~OH KaMepLI '0> 30 CM 2• 

OiiiocnTeni.no BLicoKnii BLixo~YX,H H3 rn~pH~UHPJSOHneaoro 
KOHBepTopa yKa3LIBaeT H:a ero · nepcneKrH:lmociL B Ka
'leciae HCTO'IHHKa · YXH. HcnLITanne Ko:HaepTopa n3 rn~pn~ ·. 
~a UHPKOHHH B Te'leHHe rionyTopa MeCHU~B pa60TLI peaK
TOpa . /'IHCTOe BpeMH o6ny'leHHH OKOno 20· CYTOK/ He. 
noKa3ano 3aMeTHoro CHH)KeiniH BLixo~a YXH.' · 

§3. OECY)J(,I(EHHE P!J3YJlbTATOB IIO Bb/XO,I(AM 
· YXH H3 KOHBEPTOPOB 

KaK BH~Ho H3 pe3ynLTaTOB 3KcnepnMeHTOB, ace nccne
~oaaimLie ,KOHBepTopLI ·~aiOT 3mi~mTenLHo 6onLmnii BKna~ 
YXH, 'leM ncnonL30BaHHLiii B pa6oTe 12 1 aniOMHHHeBLIH 
KOHBepTop. Cornacno pa6oTe /J/ BLipa)KeHne. ~nH noToKa 

.*ABTOpLI BLipa)KaiOT rny6oKy~ .. 6naro~apHOCTL 
P .E.illTpanennnoii H A.H.ConoBLio 3a pa3pa6oTKY Texnono
rnn HaHeCeHHH Me~Horo llOKpLITHH Ha llOBepXHOCTb rH~pH~a 
UHpKOHHH. 

8 

4 

-:' 

~ 

., 

'] 

l t 

~--n\~"\~ 

,, 
II 

,t 
I 
I 

II 
In 
I 

I 
I 

c:t) 

I 

II 

I 

fi 

I ~I 'I I.,. '.Jllli 
1,1,,,1, ~111;1 
•,1,'1 I I I I' I \' ,· '·I I I ,II-~ 

{ ' 
~ 

~ 

\c 

ca 

p. Q) I I I 

ooP.=:E 
1-<~=t~:::~ 
P.a>::f~~= 
a>=~=to><""' 
~==~o .... 
==P.o Sl 
·O~I:t =~ 
~Q=· ~~ 
)= ~J:...C'I~ I 0 
0 '"'........ p.C'I » = \0 tor'"' .~1=: 
tJ:: I )= p. 
~=t ·=·=o oNu:= =~ 

l:t::) s~oot ~,= 
·~,...,... ~ .... 

-.......~ --·~""' ,.Q ~~=to=~ .... ~ 
o~::r~.a> 

·~ :E-= ..... )= l:t 0 = ..... - = ~ .. = 
><I~ P.~:tg.~ 
;>. Q)~Of-<Sl 
.... -=~l=lp.~ '"' = Q) ~ 
p. = I tJ:: ~ 
0 •• ~ ~=I 
~~~-=o .... 
-0 l:t·~ ··a>:= •• Q) ·~ 
~ ~-~ P.~'== ~ =0 o,o .Q~ 

!-< ~ 
~""'MP.' a>tn .... Q) =C'I 
~ ::il ·~~('I') =· ~ 
~~~= ~o 
a>a>~O·~~ 
>< = ~ )= ::E 0 
U:= o := 
=~)= ~=:-.......~ 

·~ ~::ss_~o 
NSlO~J::: .Q) 
.~0~ :~ 
u~=='==a> 
= ~o::iia>= 
ll..uo~:=~=t:= 

9 



·· .. : 

10 

Jq 
0 

"" 0 .. 
"" "' "" = 0 
:o; 

I>C 

"' :tl 

"" ~ .., 
ttl 

"" 1-4 '-
a: 

g} =t 
1!1: 

~ ~ E-< ~ 

~ 
:11) 

"" () 

,.q .. 
() 
0 

""' 0 :o; 
u 

"" 0 .. ... ., .. 
"' "'{ 

;.a a,.. 
.. ;;:; CD 
() () 

·ott! ....... 
P.f<t:: 
0:0)::11 
"'""S: uo 

ot 
i 
0 = 0 

"" .. 
,;: 

"' ::t: 

CD 

"" 
1.,~:~ = oq- "" () 
~~g~ 
t:: 1-t = CJ 

1 CD 0 0 .. '""""' 
1 F.-q:::::a:;: = 
i 

jg, 
Po>. 
0 .. .. "' 
"""" "' 11) 

"" t:: = :II 
0 "' :O:E-< 

!If 
0 = 
~ ~ 

() () 
() 

0 0 
=\0 "' 

!:! -.. ,. 
CD::t 

"" '!~- .! 
:tl • I 
00 
~--
~""t 
t:: 
0 

"" t::: 

8 
1-4 

lll 
\0 ... 
~· 

lll 
() 

4" 

0'\ 

lSI. 

~ 

(\J .. 
4" 

=-
'4" 

II 
~ 

lll 
0 

Ill 
\0 

lSI. 

~ 

"' (\J '6· '1:, 
1-4 1-4 

·N ~ 

g: 

I . I I I I = = J: = = I I I I . I 

co r:--· ·co 
(\J 4" - 4" 0 co (\J 4" 

I I I I I = = = a: c 
I I I I :I 

.1· .! 
I I 

... 
~ 

(\J 

I I I = J: = I I I 

tJ' 
0 
~ 
0 
'0 
0 ~ 0 ~ ~ ~- ~ 
1-
~0~ 
""'t'8 

7 ... " :.. 0 ::a ...... 
.::z: -

0 

0 0 0 0 .o 
o ·~oooo 
0~0000 
4" oo .1'<\ 1-4 "' 1-4 

:g~ .~ .... ~ ... .l.., J .... 
. ·. ~ ... ~ ....... ... . .. '* .. -~ :;:-~- :t-

'.l:--·1. .I..J,.~~-
':-=t ~ nJ l'f..l n.l nJ 

r 

;1 

;. 

')'' 
(-

)-

r 
"(·. 

I 

I 
I 
J 

.~ 
:\ 
~ 

I 
I 

)'· 
I 
)' 

(' 
1 
'\-~ 

I 
!\ 
i 

I 
-I 
I 

., 

i"· 
· .. \ 

YXH B6JIH3H BO,D;Jmoro KOHBepTopa · MO)KeT 6LITL _ 3arracaHo * . B BH,IJ;e 
· . ·. ¢ .• Eeu · - ·k E dE ¢, E : , 2 

¢- _o J --- ==-o (-c-~) K. 
-- ,4T~o k+ a(l-1 k') 8 TH cp /1/. 

r,IJ;e ¢o • IIOJIHLIH ITOTOK TeiiJIOBLIX HeHTpOHOB Ha KOHBep
TOp, . 'Ecu - rpaHH'IHaH :meprHH ,IJ;JIH ~e,IJ;Horo KaHana·, 
T H - TeMIIepaTypa TeiiJIOBOrO CIIeKTpa HeHTpOHOB, k ,k' -
K03ciJciJHUHeHTLI ITpOXQ)K,IJ;eHiiH ¥XH qepe.~ amoMHHHeBoe ~OKHO,,._ 
ycpe,IJ;HeHHLie rio yrnaM rra,IJ;eHIIH ,IJ;JIH H3oTporrHoii H Harrpaa- ' 
neHiioii KOMIIoHeHT rroToKa YXH cooTBeTCTBeHHO. Ko3cllclla
I{HeHT ' ·~ orrpe,IJ;eJIHeTCH xapaKTepHCTHKa~m HeiiTpOHOBO,IJ;a 
H paBeH "~ 0,3, 

,lJ;JIH _OI{eHKH k H k 'i MO)I(HO IIOJiy'~HTb BLIPI!-)I(_eHHH 

2 .·• 
TT/2 (1 -R(Oj). r(O). casO·sinOdO, 

k == 2 f 1- R2(0) T 2(0) 
/2/ 

0 

17/ 2 ( 1-R(0))
2 

r(O) · 2 • 
3 f cos 0 szn 0 dO , 

0 .1- R 2( 0) T 
2(0) . 

k' /2 'l 

r,IJ;e 0 - yron rra,IJ;eHHH YXH Ha rpaHHUy BaKyyM·amoMa
HHii; R(O) - Ko3ciJciJauaenT OTpa)l(eiiHH YXH OT 3TOH rpan'a
I{~I, r(O) ~- ciJaKTOp· OCJII:_l.6JieHHH. HeHTpOIIHOH ~OJIHLi IlpH 
O,IJ;HOKpaTHOM IIPOXO)I(,ZJ;eHHH OKHa KOHBepTopa .· 3a C'leT 3a· 
xaaTa H.~eyrrpyroro pacce.HHHH. 

OueHKH HHTerpanoa· /2/ a/2'/ ,IJ;aiOT nocne ycp~,D;HeHHH 
no. rra,IJ;aiOII{eMy crreKTPY E d/t 3HaqenHH k "'0,3 · H :k' ,_, 0,4. 
,lJ;JIH cllaKTopa ocna6neHHH IIOTOKa YXH amoMHHHeBLIM. OKHOM 
KOHBejJTopa kcp cornacno /1/.nony'IHMouenKy k ~P ,., 0,6. 

* BLrpa)l(eHHe /1/ rronyqeno H3 ycnoBHH 6ananca IIOTOKOB 
Ha r:paHHI{e KOHBepTOP.-:BaKyyM. C yqeTOM·' CKa'IKa IIOTeH· 
I{HaJia Ha 3TOH rpaHHI{e. 

II 

---: .. -
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3dJtiJeKTHBHOCTb ~eTeKTOpa npH onTHManbHOM Janon
HeHHH ero renHeM-3 onpe~enneTCH B OCHOBHOM .KOJtiJtiJu
UHeHTOM npoxo:>K~eHH» YXH qepe 3 TOHKOe aniOMHHHenoe 
OKHO. Ecnu npene6pe<Ih norno~nenueM neii:Tponoa B aniO
MHHHeBOM . OKHe ~eTeKTOpa," TO HHTerpHpOBaHHe /2/ ~aeT 
·~mi ycpe~nennoii no yrnaM na~eHH» YXH JtiJtiJeKTHBHOCTH 
~eTeKTOpa: 

£(E) - ,.,:1- x - X arctg ,./1- X , 
EAf 

X c· --E--., 
/3/ 

r~e E AP - rpaHHtiHa» JHeprun amoMHHH». Cpe~nee no 
cneKTpy 3HatieHHe JtiJtiJeKTHBHOCTH ~eTeKTOpa COCTaBn»eT 
£"" 0,4. 

C ytieTOM npHBe~eHHbiX tiJaKTOpOB ocna6neHHH nOTOKa 
YXH amoMHHHeBhiMH OKHaMH KonaepTopa n ~eTeKTopa 

cornacno /1.2/ u tlJopMyne /3/ pa6oThi 121 o:>Ku~aeMa» 
cKopocTh ctieTa YXH ~nn ao~nuoro KOHBepTopa ~on:>KHa 
6biTh panna 

I neT 
_cf:_o ( _E Cu / 

4 Tu 

e -t f sneTexp(:- LJ __ Oc 250ceK /4/ 
Kcp -- --; SueT 

1 I 
a• sk 

13 I 2 -r 400('K npu ¢ 0 = 2.10 11 eM ceK, '-•a;= , ~nuue KaHana 
P. = 5,5 M, ~utlJtiJyJHOHHOH ~nune L = 4,7 M, nno~a~H 
CetieHHH KaHana S k = 70 CM

12 
H nno~anH BXO~HOrO OKHa 

~eTeKTopa S neT = 60 cM2• 3KcnepuMeHTanhHO nonyqennan 
CKopoCTh ctieTa YXH 100 ceK-L oTnuqaeTC» oT O:>KH~aeMoii: 
npHMepno B 2,5 paJ~. Ilonyqennoe pacxo:>Kneuue Mo:>KeT 6biTh 
CBH3aHO C TeM, <ITO B ~aHHOM cnyqae TeOpHH nudJtiJyJHH 
HBnHeTCH ~OBOnbHO rpy6hiM npu6nH:>KeHHeM. 

0TnocuTenLno HJMepenuii Bhixonon YXH H3 paJnH<IHhiX 
KOHBepTopoa, nponeneHHhiX B KacaTenhHOM Kanane, cne~yeT 
OTMeTHTh, <ITO Teopun I 3 I npe.U:cKaJLIBaeT cne~yiO~He oTno
menu» Bblxo~oB YXH HJ ucnonhJOBannhiX naMH KonaepTopoa: 

¢ n ( 400°K): ¢ (300'K): ¢ (300'K): ¢ (lOO'K) 
At Mg . ZrH1 ,9 Zr~,9 

= 1 : 4,1 : 8,5 : 32. 

12 

IH3Mepennb1e naMu oTnornenun oKaJannch paanhiMn: 
1 : _2,1 : 6,5 :- 11,5, <ITO JaMeTHO_ OTnHqaeTCH OT pactieTa ... 
Bhrxo~ YXH HJ Zr H1 , 9 KonaepTopa Mor necKonhKO 
yMeHbiiiHThCH H3-3a tiaCTHtiHOrO BbiXO~a BO~opo~a H3 rn~
pH~a· npn narpeae KonaepTopa ~o- 250°C ~nn npnnaiiKH 
Tpy6oK oxna:>K~ennn. He ncKniOtieno, :<ITO na BhiXo~e YXH 
H3 TH~pH~a l(HpKOHHH_ C~eCTBeHHO CKa3biBaeTCH .HanHtiHe 
B HeM .~eO~HOpO~HOCTeii: pa3·MepoM nopH~Ka ~nHHhl BOllHbl 
YXH. Ynpyroe paccennue na 3THX neo~nopo~nocTnx yaenn
tiHBaeT ~nJ!HY nyTH YXH ~o Bhrxo~a HJ KOHBepTopa, .<ITO 
OCo6eHHO C~eCTBeHHO npH HH3KOH TeMnepaType KOHBep
TOpa, Kor~a ceqenne neynpyroro paccennun 3HatiHTenhHO 
yMeHbiiiaeTCH. 

§4. 3KCIIEPHMEHT.b/ IIO Y,l(EP}J(AHH/0 Yial 
B 3AKPb/Th/X COCY,l(AX 

H3Mepenne i:JpeMe:H'" y~ep)Kauun YXH npon3BO~Hnoch ·· 
C nOMO~biO YCTaHOBKH, CXeMa KOTOpoii: npe~cTaBnena Ha -
puc. 3. B KatieCTBe cocy~oa ~nn y~eP.:>KaHH» .YXH ucnonb-
30Banucb Tpy6LI BHyTpeHHHM ~HaMeTpoM 8-9 CM n ~nnnoii 
2-3 Mempa 113 pa3nlltiHhiX MaTep~anoB. ABTOMaTHtieCKH 
ynpaBJIHeMble BeHTIInH, tiepeJ KOTOpbie npOH3BO~HnCH ifa
nycK YXH B o6neM u BhiiiJ:CKanne nx na ~eTeKTop, npnao
~HnHcb B ~BH:>KeJine C:>KaTbiM B03~yxoM. BenTnnn o6ecnequ
aann nnoTnoe 3annpanne o6neMon, a KoTopblx y~ep:>Knaa-

. JIHCh YXH, <ITo MHHHMII3Hpoaano yTetiKy neii:Tponoa 113 
o6neMa qepe3 ~nenn. Bo apeMn H3Mepennii: B cocy~ax no~
~ep:>KHaancn BaKyyM 10 - 4 mop. 06pa6oTKa BHyTpe:Hneii 
noBepXHOCTII Me~HbiX Tpy6 npOII3BO~Hnacb nyTeM 3JieKTpo
nOJIHpOBKII. B pa3JIHtiHbiX 3JieKTpOnHTaX. ,!J;JIH o6pa60TKH 
CTeKJIHHHhiX Tpy6 npnMeHHJIHCb cna6bie paCTBOpbl nnaau
KOBOH Ku.cnOThi. PeJyJihTaTbi JKcnepnMeHTOB cy~necTnenno 
3aBHCeJIH OT cnocoGa II TJnaTenbHOCTH·06pa60TKH noBepx
HOCTeii::. B Ta6n. 2 H na rpatiJnKax puc. 4 .n_5 npnae~eHbi 
HaHJIYl.fliiHe. 113, noJiytieHHhiX pe 3ynhTa TOB •. 

H3MeH_enue cneKTpa -Heii:TpOHOB ocyi:QecTBnHJIOCh no~'b_
eMOM ·-nnn. onycKanneM cocy~a, ·a KOTOP()M ~OJI)I(Hbl ,xpa
HHThC» HeHTpOHhi, ~a onpe~eneiiHhlH ypoBeHb OTHOCHTeJibHO. 

13 



Puc. 3. CxeMa 3KcnepuMeHTa no y.nep)KaHHIO YXH: 1 -
Tpy6a -. cocy.n .nnH HaKonnennH YXH; 2,3 - axo.nHoii u 
Bhixo.nuoii KnanaHbi YXH; 4 - .neTeKTOp YXH. 

• 
N1oo 

1~------L-----~------~-------L~-----L------~ 
50 100 150 200 250 CeK. 

Puc. 4. 3aaHCHMOCTh qucna HeiiTpoHoB, ocTaawuxcs a 
Me,AHOM cocy.ne ~ 85 MM,,OT BpeMeHH xpaHeHHH t. 1. ,L\nH 
cneKTpa YXH 1,5 M/ceK ::: v~ 3 M/ceK. 2. ,IJ;ns cneKTpa 
YXH 3,2 M/ceK ~ v$. 5,7 M/CeK. 

14 

ueiiTpouoao.noa. . Ilpu 3TOM He_iiTpOHhi .IlOn)f(Hhi H3MeHHTh 
CBOIO ~ -KHHeTH'Ie_CKyro 3HeprHIO- Ha ae.ll.H'IHHy mgh , r.ne ~ - _ 
ycKopeuue cao6o.nuoro·na.nenHH, h- pa3HOCTh ypoaueii 
HeiiTpouoao.na H cocy.na, in - Macca HeiiTpoiia. PerH:cTpauH:n 
ueiiTpOHOB .npo:H3ao.nimac·:b c noMOJUhiO nponopuuoHanLHoro 
cqefqu:Ka c · amoM'uu:HeaLIM ·OKHoM. B :HeKoropbiX cnyqasi 
.nnH yaenuqe:Hii.H 3tlJcbe.~TH:auocTu perilcrpauuii ileiiTpouoa Ma- · ·' 
JlbiX CKopocTeii .neTeKTOp orryc:KancH'. onio.CHTeJILHO:ypoBHH. 
cocy.na C TeM; 'IT06bLHeiiTp0Hbl nepe.n nona.nauu'eM;B .neTeK-
TOp npno6penn a none THroreunn nononunrenbHyiD aueprniD. 

§5. OECY)f(,l(EHHE .PE3_YJibTATOB •· 
3KCIIEPHMEHTOB : llO . Y,l(EP)l(AHH/0 YXH-

B cnyqae u.neanLHo rna.nKoii·· noaepiHOCTH c pe3Koii 
rpaum:ieii aemeCTB.O·BaKyyM noTeHIJ;HaJI B3aHMO.IlCHCTBHH 
YXH co c~eHKaMH C()cy.na HMeeT BH.Il CKa'IK~: u "-' u 1-i u 2 • 

,IJ;eiicTBHTenLHaH ·qacTb '3Toro noTeuu:uana 3a.naeTcH H3-

. . ·· · .. '- 2. Reb 
ae CTHLIM B~Ipa)Keuue M U 

1 
= 2 rr n. N · ---· - • . . . m . ,L\JIH MHHMOH 

qaciu cornacHo Is. 6 1 MO)KHO npHH.HTb · 
' . ~: 

~N . 
U 1

=--(a +a ) v, 
.2 · 2 · . C · Hy 

/5/. 

r .ne ·a.c H a Hy: - ce'leHHe. 3axaa ni. H n_eyripyrciro- paccesnu.li'' 
COOTBeTCTBeHHO, v·- CKOpOCTh lieiiTpOHa. llpH.HeynpyroM 
pacceJiH'uu. Iia· ·c~eliKe cocy.iia ynLTpaxono.nHLie FieiiTponLI · 
npuo6peTaloT 3Hepr:Hro nop.11,AKa 3HeprHH TerrnOBbiX.KOJie6a:Huii· ' 
aTo:Moa 'cocy~a · Ii c· aepoirubciLro, 6nu3Koii ·K' =e.nuuuue, · 
BLixo.nif'T H3 .n:Hana.3oua YXH. TaKHM.o6pa3o:M:, o6a npouec
ca - 3axBa·f' u u~ynpyroe pacce11ime, ·- .narori.(u{i':BKria.n B ·· 
MHHMyro 'laCTb n·oTenu:uana U, npuao.n.HT K Bbi6bn3amiiO YXH 
u3: cocy.na. PaccMa.TpHaaH ·o6a 3TH npouecca Kaic riorrioiUe:Hue 
Y)CH ... ·· CTe~K~Mii ·. cocy.lia, . .nn.H i K03cbrbntiHeHTa nornonieu:H.H 
fl ne,ifrpo~a. C 3Hep~~e.~ .. E ( E<E rp) _ ~pH O~HOM CTOJIICHOBeHHH !' 

CO CTeHKOH He"I:pynuo TIOJif'IHTb Bbipa)KeHHe ,. · · ·. · · 
·:· 2r(x · · ·. -: : · 

f.l. "' , . r 11 « n , /6/ \11 - _x2 · • · 
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.u 
r,D,e· 11 = ...::L 

E 1'2 
x = (---) 1 .cos 0, 0 - yron na,D,eHH.H Heii:T-

E rp . . Ur 

poHa Ha cTeHKY cocy,D,a. 
Ecnll BHYTPH cocy,D,a ·Heii:TpoHhi pacnpe,D,eneHbi paaHo

MepHo no o6neMy H HJOTponHo no HanpaaneHHID BeKTopa 
CKOpOCTH, TO cpe,D,HHH no yrnaM na,D,eHH.H Ha CTeHKY COCy,D,a 
K03«1JtfJHu;HeHT nornmu;eHH.H. 6y,D,eT paBeH .. 
- . 2/TT · • 2n .· ·. 1/2 1/2 .--
fl. =· 2 f fl. cos O·sm 0 dO ;, ~ ( arc·:sm · ' - y v 1- y) , 171 

. 2 
·o E Y 

r,D,e y 
E rp 

~HC~O HeHTpOHOB, OCTaiDIIJ;HXC.H B COCy,D,e K MOMeHTY 
apeMeHH. t nocne ero HanonHeHH.H, paaiio: 

E max 

I N
0

(E)e:Ap(- :jlt) dE. 

Emin 

N(t) ~,e-At 
/8/ 

3,D,ecb N 0 ( E) - cneKTP Heii:TpOHOB B cocy,D,e B MoMeH~ ero 
JanonHeHH.H; a - cpe,D,H.H.H ,D,nHHa npo6era Heii:TpoHa Me~.D.Y 
.D.BYM.H CTOITKHOBeHH.HMH; V - CKOpOCTb HeHTpOHa; )\ .; 
'10-J Jjce1< - nOCTO.HHHa.H ,8-pacna,n;a CB060,D,HOrO Heii:T
poHa; E min H E max - MHHHManhHa.H H MaKCHManbHaH 
3HeprHH HCJIOIThJyeMoro cneKTpa YXH. 

·II pH HcnonLJoBaHHH umpoKoro 3HepreTH'IecKoro cneKT
pa YXH «<JopMyna. /8/ noKaJbiBaeT, 'ITO JaBHCHMOCTh o: 
BpeMeHH lJHCna OCTal()IIJ;HXC.H B COCy,D,e HeHTpOHOB OTITHlJaeT
C.H OT 3KCnOHeHu;HaiTbHOH H He MO~eT 6b1Tb XOpOIIIO OnHCaHa 
KaKHM-nH60 O,ll,HHM 3$$eKTHBHbiM BpeMeHeM y,D,ep~aHH.H; 
KaqecTBeHHO 3TOT BhiBO.D. no.D.TBep~,D,aeTc.H HaCTO.HIIJ;HMH 
3KCnepHMeHTaMH iKPHBa.H 2 Ha pHC. 4 H KpHBa.H 1 H~ pHc.5/, 
BblllOITHeHHbiMH C nyqrneii: CTaTHCTHlJeCKOH TOlJHOCTbiD, lJeM 
B pa6oTe 12 1. . 

llocKonhKY jKcn~pHMeHTanbHa.H JaBHCHMOCT~ N(lj He 
MO~eT 6biTb OnHCaHa 3$$eKTHBHbiM BpeMeHeM y,D,ep~aHH.H, 
B OTITH'IHe OT pa60Tbl /2/' BMecn) BpeMeHH y,D,ep~aHH.H B 
HaCTO.HIIJ;eii: pa6oTe H3 H3MepeHHbiX 3HalJeHHH N(t) MeTO,ll,OM 
HaHMeHhiiiHX KBa,D,pan)a no «<JopMyne/8/ onpe,D,en.Hnc.H J«b$eK
THBHhiH napaMeTp . 71 , KOTOpbiH MO~eT fihiTb cpaBHeH 

8KCn 

16 

,. 

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

10 

1~----~----~~--L-----L-~~L-~~L---~L-~ 

20 '. 40 60 80 100-

~He. 5. To ~-e, 'ITO H ila pHc. 4,,n;n.H CTeKn.HHHhiX cocy,D,oB 
~-so MM: 1. ·Jiopco,D,ep~amee cTeKno, cneKTp 1;7 M/ceKS. 
~v~ 4,3 M/ceK. 2. 1ieJ6opHoe cTeKno; · cneKTp 3,2 M/ceK< 
<v< 4,2 M/CeK. · ·· -
- - ·:"f--

c Teo~eTH'IeCKHM J~aqenHeM T!Te·op .KpHBhie 
... . .~, 

npoae,D,eltithie qepe3 · 3KcnepHMeHTanhHble ,TO'IKH H:a' pHc. 
4,5, pacct.iHTaHhi .D.n.H naiip;ennLrx JHa'leJIHii ·:Tiaicrc!B :.pac
'leTe TlaK:cri · npHmiManocb,' 'ITO naqanhHhiH cneKTp .. .YXH 
B HHT.e}niane OT E min ,ll,O E max .HBIT.HeTC.H MaKCB~JirioBCKHM, 

T.e.N0 JE)_·,.~·E 1j2~E, ~ 3~;eK.;HBHOCTh ~ereKTbpa ~e JaiJHCHT 
OT 3HeprHH ne~TpoHa. . . .. " . 

KaK ·aH~Ho · ~3 Ta6n. 2, .D.n.H Me.D.H H 6eJ6opHoro c1'eKna 
HMeeT: Me~TO '!ma~HTen&HOe pac_~O~Ae~He _M~~_ijy iJ aKcn H . 

Tl Teop • Iionee Toro, npH· Hcnoni.Joaaii~H O.D.Horo H Toro 
:»<:e Me,D,HOrO COCy,D,a naj)a~eTp Tlakcn paJITH'IeH·;,ll,ll.H pa3Hb1X 
yqacn((m Hcnon&JyeMoro cm~KTpa YXH: Xoi-11 :rroT pa36poc-
3Ha'lenHii_·718Kcn ,ll,ll.H Me,D,H 'laCTHlJHO MO:»<:eT fihiTb CB.H3aH: 
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C OTJIH~HeM HCTHHHOro CIIeKTpa JIJ 0 (E). OT MaKCBeJIJIOBCKOrO 
/crreKTp .. YXH- He H3MepHncH B Ka)K.n;OM 3KcrrepHMeuie/H c 
HaJIH'IHeif :mepreTH'Ie·cKOH-. 3aBHCHMOC1;H 3ijldJeKTHBH~CT~ .n;e
TefTop~. -·TeM · He-·:MeH:e-e<caMoe :6onhiiioe KOJIH'!ecjBeHiioe 

paCXO)K.lleHHe . Me)K.n;y. 7] :;JKC:ri~ f!. ·1]' Teop .n;aeT OCHOBaHHe 
C'IHTaTb, . 'ITO- H:MeeT.o. :MecTo:· llOIIOJiHJITeJibHbiH M;eXaHH3M 
rrornomeHHH ·yxH B cTen:Kax cocy,na, OTJIJI'IHhiH oT_ o6m·errpH- · 
HHTOrO ·.MeXaHHJMa,. H3JIO)KeHHOro.·Bbiiiie. .. ' 

-- ·Y.iioBrreTBopH~eJii.noe corna'c~e. ~;:Kc~-H-·7,Teop··, nonyqeH:. 
Hoe . ;D:JIX 6opco.n;ep)Kam:~ro cTeK.na, JIHIIIb ~.o.n;TBep)K.n;aeT 
3T.OT' BLIBO.Q;:,yKa3bii~aH;-Ha:.K_oppeKTH9CTh n!ojmH .D;JIH Ma
TepHaJIOB C 60JiblliHM · Ce'!eHHeM 3aXBa Ta HeHTpOHOB .. ·- . 

· ,ll;JIH BbiHcnen:H1.: M:exaHHJMa rrornomeHHH YXH B cTeH-
~ . ·.. . 
Kax cocy.n;oB rrpe.n;cTaBJIHeTcx HHTepecHbiM IqyqeHHe cneKTpa 
HeiiTpoHoB, BbiTeKaiOIUHX H3 JIOByniKH •. TaKHe 3KcrrepHMeHTbi 
HaMH · IIJiaHHPYIOT C H. 
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