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6) CTa:6HJibHaH BO BpeMeHH s~cpe~~HB~OCTb H,OHH3aUHH; 

. B) OTHOCHTeJibHO Ko'poTKoe Bp~~.H (;,;2;·~aca)' ~acc-c~napaUHH. ,.,, 
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· ·1. Onpe,ne.neHHe. y JlbTpaCJie,nOBblX cKOJIH'leCTB pa,nHOTOKCHqHWX -

H30Tonoil' si 

B MHCTHTyTe : ctJH3liK~ ry_TeH6eprCKO,rO ' YHHBepCHTeTa 6hIJia/ 

pa3 pa6oTaHa: HOBaH; '6hICTpaH _. _ · 'MeTO,llHKa ·CJie,llOBOrO - _.aHaJIH3a 
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pa,nHOaKTHBHhIX -H30TOilOB . Sr; > Sr B -~·- o6pa3UaX. <...OKpyl!CaIOIUe8 

cp~!lhl tJ 1 . · 06hl'!Hy·10 Ma_cc-cen_apauH10 : 061,e,nHHHIOT c, pe30HaHcHO-:-

',, HOij_H3aUHOHH08 ~ c~eKTpOCKOTIHe8 B, - KOJIJIHHeapHOR reoMeTpHH, __ qTo 

.06ecne'iHBaeT BhICOKYIO. ceJieKTHBHOCTb H _ qy_BCTBHTe_JibHOCTb. 

-, npipo.nHhl~ o6pa3Uhl; HCilOJib3yeMhle .nmt _no8 , MeTO.D.HKH - 3TO' 

. •· He6o~hlllaH. qac;b »_03,nylll~oro ¢H~b;pa (.nnH c6opa 'B03,nyxa Ha, ceuepe 

'MIOHXeHa)' 3KCl1.1IyaTHpouauwerocH B _KOHUf ,anp:~JIH '1986' .r.' nocJie_ 
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KaTaCTpOcphl peaKTOpa· B qepH06h!Jie. _ ,llJI.R ·H3MepeHH8 .6h!Jia B3.RTa. 1/32 _ _­
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C03,llaJiHOro HCTO'IHHKa. nocJiyJKHJI 0CHOB08 _KOHCTpyKUHH 

H~IlOJih3yeMhl8 pa.Hee a·nHII 

HOH~;auH~i 1~1 .~Ha pHc: 

OBHB- HOHHhl8 HCTO'IHHK·c rioaepx~ociHo8 

2· _npHae,neHa cxeMa npe,n.noxeHH.oro _HaMH 
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Henocpe.ncTBeHHO · HCTO'IHHK. ·c pa36DpHa.R;:a.Mnyna) · KpenHTC.R · Ha
1 

wToKe, 'ITO nosBo;sieT. 6ucTpo BBO.llH;h · H BhlBO.llHTh' era qepe3 

aaiyyMHhl8 WJII03 a· o6'beM Ma~c_;ce~apa,Top~. 
0

BC6JJe,lly~M~H .o6p;3eU -· ., ' . . . .• / .. 
IlOMemaeTC.R _ B HcnapHTeJihHYIO KaMepy, - BhlilOJJHeHHYIO H3 TaHTaJia, 

o6orpeB ~oTOp08 °0Cy1UeCTBJI.ReTC.R: iiy,facTOt!: . 3Heprne8 KaTO,lla. 2. 

ATOMhl HCnap.RIOTC.R 1 • H ~ona,na~T B_ B0RbcppaMC>Bhl8 HOHH3aTOp, 

npe,ncTaBJI.RIOIUHR co6o8 '.' IlOJIYIO, 'aMnyny .( Hapy1rnh18 )lHaMeTp- 5 MM,, 
' '. ' . ' ,.. ' ' ' . 

, :cTeHKH .TOJIIUHHO_A:. ;,.1 MM, Macca .,5 . f'.), . r,ne HOHH3YIOTC.R H _ qepe3 
• • • , • ·." • .• ' . •• : I . 

OTBepCTHe _(IZJ 0,1~0,4 MM)' BhlT.RrH~alOTC.R 3JJ_eKTpH'IeCKHM_ noJieM; 

,i 3. 
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HarpeB · HOHH3aTopa npOHCXO,ItHT. • B pe3yJibTaTe .. 3JieKTpOHHOH 

6~M6ap.nHpOBKH ero rioae~XHOCTH. EJiar6.nip~ MaJI~M ~~~Mep~M aMnyJI@i 
I ' _./·,_""; '- , .-. ; ' • •: o· -. . 
TeMnepaTypa . ee MOlKeT .ItOCTHraTb 6oJiee 3000 C ... B .TOHKOCTeHHOH 

.TaH~aJioao8 Tpy6Ke ~03,naeTcH HYJKHl,IH .ItJIH. cTpoHUHH 60.rii,i'noR riepena.n 
. · · · .. _ · .· 0 .. · . • ·. ' - 0 · · · 

- TeMnepaTyp~ OT. 2700 C. Ha HOHH3aTope .no 1900, C Ha. HCnapHTeJie,. 

Harpea· KaTO,ItOB ocymecTBJIHeTCH .ItBYMH peryJIHpyeM@MH .. HCTOlJHHKaMH. 

nOCTOHHHO_rO TOKa ( 65. A, 10-: BJ .• · JlJIH 3JleI<TpOHHOH- 6oM6ap,nHpOBKH 

HcnoJib3 yeTcH ·. ~~.T_OtJHHK rrocTOHHHOf'.~.::_, iianpHlK~HHH ( i ooo B, • 1 Al , 

TaKJKe peryJIHpyeM@H. - ' 
!3q>q>eKTHB_HOCTb. HOHH3aUHH~ . HCTOlJHHKa TaKoro THna HCCJie_'-·' 

.noaaJI!lCb B pa6oTe 
131 , r .ne 6~JI~: noKa-3.aHo; tJTO npH aunoJIHeHHH, 

onpe.n'eJieHHl,IX yc.nOBHH no· . TeMnepaType. HCTOlJHH.Ka H nJIOTHOCTH ' 
. ,, . • ..r . ·- I,,._ *. ~ 

H3BJieKaeMoro HOHHOro TOKa, _K03q>q>HUHeHT HOHH3aUHH ~~ B,HCTOlJHHKe-

MOlKeT 61,1Tb 'cymec:;TBeHHO amue .' Bl,I"IHCJieHHOro ~- ~ . -::_ ' \ . . * ~' 
no· ypaaHeHHIO 

caxa-Jl3HrMIOpa .. npH 3TOM BeJIHlJHHa. ~ onpe.ne~HJiaCb, H3 C-;ffe,nyIOlllHX, 
. . _.,,,_ ·.- /· 
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-• tJHH@ H3B_JieKaeMOH nJioTHOCTH TOK a · 

,, 
\ 

\ 

. ' . . 

Pac~eTm.e<.· 3aBHCHMOCTH,,. 

paBHO_BeCHOH 

.110Jiyqe1rn1,1e B •· npH6JIHJKeHi:iH 
. . 

:repMO,ItHHaMHt!eCKH 

corJiaCHH c 3KcnepHMeHTOM, 
~ . . 

nJia3Ml,I, 

Ka~ 

OKa3aJIHCb · B 

H3BeCTHO, 

xopoweM_ 

YCJIOBHIO 

TepMO.ItHHaMHtJeCKH paBHOBe~HOH riJia3~1,I ~TaeqaeT .MaKCBeJIJIOBCKOe 

pacnpe.rieJieHHe Horioa H ~JieKTpo_HoB H paaeHCTBO • Hx' TeMnepaTy'p. B 
. ' ,,,,.. ~-. . . . -

paccMaTpH~~eMOM ~HOHHOM ~HCTOlJHHKe, ~pH HaJIHlJHH: npHcTeHbtJHOro 

CKatJKa noTeHuHaJia- t.U, HBJIHIOlJle~OCH flOTeHUHaJibHl,IM 6ap'bepoM .ItJIH 

;.3JieKTpOHOB, ··• no·cJie.ItH~e HMeIOT 60JibUMaHOBCKOe ~ pacnpe,neJieHH~ \ 

HaXO.ItHTCH B COCTOHHHH-:iepMO.ItHHaMHtJ~cKdro. paBHOBeCHH a6JIH3~ 
'-. . , ' ' ' ' ' ~ V ' . 
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n~6o8 3KBHITOTeHUHaJibH08 .rronepxHOCTH (Tpy6KH) . B .rronocTH 

HCTO'iHHKa. PaBHOB~CmO ':rneKTpOHOB CITOC06CTBye;:: TaKJR:e BHewHee 

_MarHHTHoe rrona crrHpan~:HHTH·-~•K~Jia~ 

3. 3K<;nepH~eHTLi' H pe3yJibTaThl 

·nepnl:l:e 3KcrrepHMeHT_hl, C HOHHl:l:~ HCTO'iHHKDM rrpononHJIHCb_ Ha 

~acc::.cerrapaTOpe , - KOMITJieKca~ > HCHAilil-2 Ol1Hl1_ 151 · PanHoH30Torr1J 
' - . ·~ .-

' CTpOHUHH panHOXHMH'ieCKH nuneJIHJIH~b_ H3 o6Jij'ieHHl:l:X ,Ha :ITY'iKe-

·rrpOTOHOB ?00 M3B cpa30TpOH8. Jl_Hil ClJOJib_r Nb H Mo. c!>paKUHH H;30TOITOB 

CTpOHUHH' ''Macc'-C'ErnapHp'onaJJaCb _ nnH-. -rro.i!y'ieHHH "'iHCTor'o _- H30Torra 
82 · >- -- - . . · : . . ., . . .. . - , · · :- ' _, 
_,Sr, KOTOpl:l:8 3aTeM HCITOJib30BaJICH. KaK MeTKa .. JlJIH H3y'ieHHH 3aBH-
. . ,,. _ .. - . .- ,, . ', . -~- ·\' .. . ' ' ' . -. - ' 

CHMOCTH-__ 3ctJ(JleKTHBHOCTH -HOHH3aUHH _:Sr· OT , era· KOJIH'ie.CTBa HCITOJib-, 

- 30BaJIHCb a30THOKHCJIUe·, p-~CTBOp~ 82Sr - 6e3 ·HOCHTeJIH- H cyMMU 

ec~ecTBeHHl:l:X H,30T~~OB Sr~ H3. KOTopi:,ix rrp'HroTaBRHBi.nHcb .o6pa3Uhl' 
', . ·, ' . . , ·, · · : ' 82 . ,' · · - . · 
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ecTeCTBeHH08 CMeCH ~Ta6HJibHl:l:X H30TOITOB Sr. CMeCH yrrapHBaJIHCb,Ha i' 
.--· • • -.:· ! ,-.·. ·-•, ,,. ·,. . '.,,.· ·.• . - '. ."' ~ ,,-· • ~: 

Ta<ctJOJibrax 10X1_0_~MM ,TOJIIUHH08 15 MKM: .·_ Ilc:>gJIE: ynapHBaHHH _ctJOJIHH_ ' 

ciiopa'iHBaJIHCb,~H3MepHJIHCb Ha 7'-crreKTpoMeTpe'inH TO'iHOro orrpene-, 
,· , ,, . ·,, . 82 ', ;-' . , ,· J_ ,- · . . •. 

JieHHH _ KOJIH'ieCTBa ,, Sr 'H , rroMemaJIHCb.' B HOHHU8 -- HCTO'iHHK Macc-

c~rrapaTopa. nocne _o~OH'iaHHH c~-;iapaUHH H}Mep.irnacb aKTHBHCJCTb • KOJI_: 

JieKTopa MaCC:-cerrapaTOpa H.orrpeneJIHJiaCb 3ctJctJeKTHBHOCTb HOHH3aQHH.~ 
, , ' . ~ . . : /' . . ~, . ' 
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Ha. _pHC. 4, rroKa3aHa 3aBHCHMOCTb 3ctJctJeKTHBHO·cTH HOHH3aQHH. 
82 . . .- · · , · 

Sr rrpH HaJIH'iHH pa3Hl:l:X BeCOBl:l:X KOJIH'ieCTB Sri IlOKa3aHo,· '{TO rrp~ 

_HOHHl,IX TOKa,x OT - 1 :_no 1, 5 MKA 3ctJctJeKTHBHOCTb HOHH3aQHH nocTHraeT 

50'7. H Bl:l:We .- _ 3a TeM HCC.nenoiiaHHH 61:l:JIH . rrpononiiceHl:l: _' B , l1HCTHTYT_e · 

ClJH3HKH ry~eH6epr~Kor9 YHHBepCHTeTa - _( r. Ma8~u •• TepMaHHH) ; rie 

rrpe";~araeMLI8 · HOHHl:l:8 ·' HCTO'iHHK 6J.rn - yc-iaHOBJieH - H'a -. cTaHnapTHOM 

_cpnaHu~ ~acc-cerrapaTOpa , RISIKo*i 1{. · - · · · 

Ha · p
0

HC. 5 iioKa3aHa. cxeMa Macc-cerrapaTOpa .RISIKO, - pa3pa-
1 • ', . ~ , ~ _ I \ 

: 60TKa H KOHCTPYHPOBaHHe ,KOTopor'-o' 61:l:JIH Bl:l:ITOJIHeHl:l:, C y'ie:TOM OITUTa 
, . , ' ' '\, . --. .· ' : . . . . . . 

pa60Tl:l: on-line cerrapaTopa ISOLDE-,2 B 'QEPH. l10Hl:l:, o6pa30BaBWHeCH -

B, HCTO~HHKe'; . H3BJieK~mCH . BU;Hr~-~;~ll(HM -. 3JieKTponoM -~ ycKO:_ 

-_ pHmcsi. IlO'f_E:!HUHin_ y~KopeHH·H_ ~oJKeT ~eHHTbCH OT, ~Cl -·no 50--KB. .Lis-e 

JIHH31:l:;' ,on~a ·. onH~O'{Hasi _ 3JI~K~p~CTaTH'ieCKaH_. . npyraSI , -:- 3JieKTpH­

'{eCKH8 - KBanpyrroJibHU8 TIJHITJieT, cpopMHPYIDT , pa3M'ep HOHHOro rry'iKa · 

nepen ~~ono'M B MarHHT Macc~'cerrapaTopa:- MarHHT ~M~~T . JiB~8HyID 
·. ·._ .• : . ' .· ._ . : , . -- ._. __ - ·. o·· . . ,· . 

ClJOKYCHpOBKY ( panHyc 750 MM; yroJI OTKJIOHeHHH '60 ;- HarrpHlKeHHOCTb 
: ; _,,, :· .• ____ · , .,."' '. ; - ,' • ' _, I _,,.,,. •. --.. , .'' .• _ . • · · • '. 

. : ITOJIH . 0,62 Tn):' · CHCTeMa men ea '.B_ ClJOFiaJibH08 ITJIOCKOCTH. Bl:l:6HpaeT:, HOHl:l: 

· Tpe6yeMo8 Mace~. cI>·opMil l:! • pa3Mep· HOHHoro' rry'iKa· KOHTpOJIHPYIDT_ci_ pH­

noM 'cKaHepoB: ITY'i~an~ X H, Y Ha ~CeM ero~ny-TH;· ;~e. 'o;OJIO' 12 ~- . 

.;.._· ~~ ~: ~, 
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PH,n _ l.lHJIHH,ItpOB . <I>apa,neH n0_3BOJIHeT H3MepHTb a6co:110THbl8. 
0

TOK 

ny_qKa H- TpaHCMUCCHJO, no BCe8 ,nJIHHe Mac·c:..cenapaTopa. B 061,1~rno'M 

p~lKHMe K~aitpy~OJibHO~TpHn~E:lTHaH JIHH3a He HC~OJI~3 yeTCH; 6,nHHO'IHaH 

· 3JieKTpocTaTH'IedKasi· JIHH3a cpopM
0

HpyeT HOHHbl8 nyqoK- )iHaMeTpoM_ oK'ono 
-- : - • , • r I. , .. , .-•. ,.. I , 

10 M~ ,' KOTOpb18 BXO,ItHT. B MarHHT •. Pa3 peweHHe Mace B 3TOM cnyqae· 

cocTaBJIHeT m/Am=700 B ,· cpoKaJibHO8 'nJIOCKOCTH. , B pelKHMe BblCOKOr:_O . .,,c-·· 

pa3pew~HHH_ npoMelKyTo'IHb18 ·, cflOKYC MelK,ny. 9JI~KTpOCTaT,H'IeC.K08 ~ ~--~ 

KBa,npynoJibHO~ JIHH3aMH. yBeJIH'IHBaeT ,nHaMeTp- UOHHO_r:o . nyqKa ,no ' \ ·, _ 

30 'MM. B 3TOM pe:xan.ie ,nocTHraeTC.sI. Jiyqwee pa3peweHHe Mace: ''"'I 

m/4~>1209: C~MMapHa~ fpa.HCMH~CH~- He 3~~HCHT ~; ~elKH~bB -~a60Tbl 

JIHH3 H COCTaB~HeT >907.. 

HCriOJib90BaJIHCb. o6pa3l.lbl ~ CTa6HJI~Horo B .Hccne,noBaHHSIX 
17 ' · 18' 10 : H 10 . - aTOMOB. · .TpaHCMHCCHH H . . .. •,_-....__ ' CTpOH_l.lHH B' ,KOJIH'IeCTBe 

3CIJqJeKTHBHOCTb. Qnpe,neJiHJIHCb no H3MepeHHIO HOHHblX TOK OB H30TOnOB 

, CTp0
1
Hl.lliH. 15-a,;,nbiR ·. o6pa3el.l - 'CTPOH

0

l.lHH. ' 3aB~pHyTbli:i B. TOHKYIO 
,.' . ... •.' . _- _/ ; •.' 

'TaHTaJIOBYIO_ CIJOJibry',··noMe_maJICH B HcnapHTeJibHYIO, Ka.Mepy HOHHOrO 
' .· .- ' - f ' - ,,.~·----:_ , Jt ·. ,.- ' .- ' +< • ' ' ••• 

HCTO_'IHHKa I H ·3aTeM · npoBO,ItHJiaCb Macc-cenapa1.1HH. / ·so _ B peMH 

pa3,neJieHHH TeMne'pa-ryp; HOHH3aTOpa QblJia IlOC;O;~HOl1 ( .,.2;00°C) ·• , a . . . .· . , 
- ~eMiiepaTypa HcnapHTeJIH perynHpOB_aJiaCb' rnK: '-IT06bl , BeJIH"IHHa 

, HOHH~ro Tdia 61,1~a cp~~6HpOBaHHoi . 

.-, Ha. pHC ,:. 6' n6Ka3aHa THDH'IHaH. 3aBHCHMOCTb. c'ia6HJIH3HpoBaHHOro 

.. HOHHOf'O TOKa CTpOHl.lHH- OT Bpe~eHH Macc-~enapal.lHH. , 
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B Ta6JIHI.1e 1~npHBe.neHb1°.ItaHHble ,no pa3peweHHIO H" TpaHCMHCCHH 
- ' - ., ~ ~ 

ycTaHOBKH RISIKO . JlJIH · .n,BYX: · 3Ha'leHH8 ,nHaMeTpOB BblXO,ItHoro 

OTBepCTHH aMny~1,1 npH pa3Hb1X HOHHblX TOKax •. 

r~6iiHua 1 

.llHaMeTp Bblxo.n.Horo OTBepCTHH, 

0,0,'4 MM •· 0 0,1 MM 

1v!OHHbl8 ·s a st- B6Sr. ·. B4Sr ssSr · B 6 . 
·· Sr 8 

.
4 Sr ·. MaccoBoe 

.TOK - T p a_H,C
0

M HCC H H pa:3peiu~HHe 

190°HA_ . 74,7. ' 757. 767.. 877. -· - (420 

300 HA . 627. 757. ·. 727. 697. :-- ··-· 867. 1420 , , 

600 HA 2 97. .· 547. 607. 337.: 567. 867. . . 1030 

1 MKA -· 137. 367.- '507. 187. 357. 697. ,/ 560 

2'MKA 117. · 137. 111.•·· 147. - 667. 

B ·.Ta6JI. 2 .· npHBeJieHa . 3<tJ!peKTHBHOCT°i;- : HOHH3al.lHH 
88

Sr npH 

pa3H_blx TeMnepa.Typax - H>HoHHblX TOKa;. IloKa3aHo, 'ITO BblCOKasi:· 

3CIJCIJeKTHBHOCTb - MOlKeT , 6b1Tb .nocTHrHyTa 3a •• .i;tocfa TO'IHO . pa3 y'MHOE; :._ 

' :BpeMH cenapal.lHH ( 1, 5-,3 'Ia.ca. J. • TeMnepaTypa, HcmipHTeJIH w· 

H9HH3aTopa H3Mepsi:nacb MH_KponHpoMeTpoM, cpaBHeHHH qepe3 , KBapueBoe 
. - ' . , 

0KHOcB CTeHKe_KOlKyxa HOHHoro HCTO'IHHKa. 
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, Bo , BpeM.H' npoae.nemrn , HCCJie;oaa'HH8 6b!JIH, OTMeqem,1 .naa 

He,raTHBHii~' ctJaKTOpat H~JIH'!He B. o6pa.3uax ecT_eCTBeHHOf'O Ca, qT_o 

npHBO.UHT · K·- CHHllCeHHIO •. :;,qiqieKTHBIIOJTH HOHH3aUHH, · a· TaKlKe 

,npHCYTCTBHe. HOHHo·ro. TOKa'. .H30TOnoB'' BOJibctJpaM·a H3 MaTepHaJia 
- ' • • ' . ; • Ii • ~ • ' 

Ka-ro.na 1, KOTOpb18 co3,naeT ':UonoJIHHTeJibHbl8 ctJoH npH H3MepeHHax. 

1 llJI.H ycTpaHeHH~: nepaoro-· ¢aKTOp~ .· Heo6~o.ztHMa 6oJiee 'TIU!iT~JlbHaSI 

XliMH~~CKa.H o6pa6oTK~ o6pa3U:a ,' a ,UJI.H BTOporo ~ ~'leHb TQq~aSI 
. ./' , : - . . . . '. '~ , ' . . - -

.IOCTHP?BK~ aMnyJibl HOHHOro HCToqHHKa, 
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