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·B MHOr'HX o6JiaCT/]X lj)H311KH . : nrnpOKO 
,._,. t 

HCIIOJih3 yIOTCH TBep,noTeJihHUe · TpeKoaue. .ne,TeKTopu_ . Ha · ocHoae · rroJIHMepoa 

-(CRc39, cii~ss): npeHMYm~cTaa · Hx· HCIIOJih3oaaHHH: .nocTaTo_'lHO rro.npo6Ho ., /' 

-~ H3noiiceiiu :· a "!OHorpaljJHHX [:t, 2] , e 'laCTHocru,, _ . a _3Kcpep.HMeHTax~ ·) r.ne 

.: Tpe6yeTCH perHCTpHpOBaTb H,npa B_ nrnpoKOM .UHarra30He ,3HeprHl!:. B rrpHCYTCTBHH, ' .; .. ' -. . ' - .; . ·. . . . ) . - . . ,-· , - . 
1-KBaHTOB; 3JieKTPOHOB H; HeHTpOHOB, IIOTOKH •. KOTopux BO i MHOr'O. pa3 

rrpeairn1a10T . IIOTOK, perHCTpHpy_eMu; .. sr.nep. nci.n'o6HaH CHTyauHsi .. B03HHKJia •11pH 

rrpda~.neHHH ··HccJie.noaaHHH c:HJI&H11x B3aHMo.nelfc:TBHH·- MeJK.ny nerKHMH • H.npaMH ·.a 
• • C j • > ' ~ • A • • • ; /, • > • - ' 

o6nac'.J'H ,: ynhTpaHH3KH~ .c1Heprnlf: CTOJIKHOBeHHH {rrpo~KT · LESI) · -[3]: B 

HMIIYJihCHUe ! IIY'!KH _UOHOB, o6pa3yIOmHecl! a' •. , 3KCII_epHMeHTe. HCIIOJ!b_3 YIOTCll 
• ·- t '. ~-· ·- . > 

. pa3pll,nax . '• (IIHH'l-3ljlljleKT). · <I>OpMHpOBaHJrn , ra30BUX caMOClKHMaIOm!c!XCll 

. BUCOKOBOJ!hTHOr'O - HMIIYJI&Ca. :H . CJKaTHe '·11Jlli3MU COIIp_OBOJK,nae_TCll · HHTeHCHBHUM 
< . , ~ . 
peHTre_HOB CKHM H 3JieKTpOMar'HHTHUM H3Jiy'le~HeM: · 31.t!)SIJKei!HUe rrpo,nyKTU 

H.nepHUX peaKUHlf: (p, t; a, 3
He) perHcTpHpYIO!_;~ :c 110Mom1,ri . TpeKoaux • 

.11eTe.KTopOa CR~39, pacrmnoJKeHHux:· B' aaicyyMHOH KaMepe. ,TpeKoaue· . .neTeKTopu 

, _CR-39. rrpe.nrronarae:Cll. TaKJKe ,· HCIIOfh30B!_LTh H 11p1(. HCCJie,noaaHHllX "peaKUHH. 

H,!{epHOr'O,. C_HHTe
0

3a B 3apll,UOBO-HeCHMMeTpH'lHUX. MIOOH_HUX: MOJieKynax; [4] • B 

ci'6oHX cny''laHX "it;~ 'rrpa;HJ!bHOH; H~TeprrpernUHH.' IIOJIY'leHHU;. 3Kc1epHM;HTaJibHUX 

·, • -~,na~Im~. Heo6xo.nui.rn' Y'lHTUBa~h ~3MeHeHHe perH~TpHpyJCimHX. CB08CT~ .zieTe~Topoa 
I· ."". . · . ,, 1, .. ' • •. • · ' · · . · 

CR;-39 B .BaKyyMe, 

BJIHllHHe BaKyyMa · na .. per~cTpHpyIOm~e caolfcTaa TBep.noTei11,Hux 

.neTeKTopoa .. n3yqanoc& a pll.ne ·pa6oT Ii cBll3aHo c: occ:i6eHHOCTllMH _MeXaHH3Ma 

06pa3o~aHHll .H IIpOHBJieHHH TpeKOB ll.U~P Ii a'eniecTBe .neTeKTopa·; ,B· 

6uii"~ rrpoae.neHO , HC·C~~hciaamie' BJI~llHHll TeMrrep~Typu -~ .naii.,;eH~ll Ha ;J~3Mepu 

, • TpeKOB ll,nep 56Fe H 'toNi. B CR-39, . .- B pa6oTe [6] H3Mepl!JI0Ch r3MeHeHHe.., 

·; ~HaMeTpo_a ': i-peKoB a.:qacTHU rrpH .nn~TeJihHOH (.no .. 7 ~a coil)·· au.neplKKe B 

BaKyyMe; IIpH .U8;BlleHHH OCTaTO'!HUX · ra30B .. ·5xl0-~- MM ..• PT,. CT. o6pa3UOB ·, 
IIPOH3B0.ztCTBa· pa3JIH'!H~~ _ljJHpM •.. Pe3yJihTaTU ·.IIOJIHMepHoro .neTeKTOpa CRc-39 

--- 1 \ ,,' 
•. H3~epeHHH 110K·a3aJIH, · '!TO rrocne .nni1Ter.1,11·oro ·.:rrpe6_miaHHll .. _ o6ny'leHHUX_:; .. 

, . ··•.•· '. -3· . : . 
. ;_o6pa3UOB rrpH .naaJieHHH SxlO ,, MM PT: CT.. rrpH O,UHHaKOBOM pelKHM~ . HX 

"'Tpaar.eHHH, .nnal>ieTp TPJKOB .. yMeHhll!aJJcll. npH6JIH3HTeJJhHO B ··.uaa pa3a. 

>oco6eHHO CHnbHUH "BaKy.yMHUJ:i 3ljlljleKT".: ·o6HapyJKeH- B. BUl1~JIHeH,HOA 

, pa
0

60Te. [7] : YcTaHOBJ!eHo, ·.'ITO'. CR-39 rrpaKTH'leCKH 110JJHOCTblO 

crroco6HOCTh · perHCTpH.poaaTh O(~'!a
1
cT~UII ~c 3HeprH~H. 5; 57 M3B . 110CJJe BLI;i~plKKH 

. ·-s· .. ·. . . .· . . . ;-
B ·aaKyyMe IIpH .naaJJeHHH· "'·10 MM pT. CT. B ,Te'!eHHe ;.. 9-qacoB, 

· _l.leJJblO HaCTcrnme81 pa60'.ll . llBn>IJJac~-: ·. IIJJOBepKa' ~e3yJJhTaTOB pa60TU . [7] . Ii 

12erHCTp_Hpy°IOIJl~lf : crroco611ocTH HCIIOJ!h3 yeMU_X Tp_e_KOBUX 

· _.!l~::{eKTopoa ~3 rro'JJHMepa. CR:..39 IIOCJJe IIX .UJJHTeJJhH08.: BLl/l~plKKH.,B BaKyyMe ripH 
.. · '• .··-s: .. : , .. " . 

i.!eH&ll!e . '!eM 10 ·'· MM PT; CT. 
. . ·l'rn-,,--l.-;_'"'•~-.-.:-_-:~ •. --.-... '.'"",.-t-•·•"'.';~-=) 

·1~1; !.::,.:::·;·; ":.:::j: .. :~:~i:.:r: i. 
~ ~s;1s11tiorEKt;:·LJ ~ 

.... ~ ..... :~ ; . \ w;s;~~~ 



3KCIIE!pH!leHTaJibHal! Y.CTal!O~BKa 

.llJill i· npoee,neHHll HccneioBaHHll HaMH 6uJia .co3,naHa H~bWal! · 
• "" • _.' I ' 

COCTOllll\Hll H3 .. BaKyyMHOl! KllM0pH ' H CHCTeMH '3KC!lepHMeHTaJibHal! · ycTaHOBKa, 

BHCOKOBaKyyMHOl!'OTKaqKH. 

Ha . pH~·YHKe 1 11.pHBe,neH .llpH~·UHIIHa~bHHli qepTelC KaMepH •.. Kopnyc 

BaKyyiiao'l! KaxepH (1) 'BHlIOJIHeH B ,, BH,ne UHJIHH,llpH~eCKOr~ cocy~a H3 
' '' '' ' - ' - - ' ' - • 3 ' ' - , 

·~ HepxaBe1>mell: CTaJIH ',nHalli:eTpOM . 90 MM,. H _ 061>eMOM . 500 CM 7 • BHyTpH ·KaMepH 
' / - , -.· . . - ... ·, ' - '' -- - - ' , ' ·, . - . -

pacnoJiaraJIHCb· HCcJie,nyeMHll. o6pa3eu· (2) TpeKoaoro • .neTeKTopa'. H3. CR-39 ·H 

-· HcToqHhK ~-~;cTHU 241Am ·' (3) ; 06pa3eu '(.nHclt ,nHaMeTpoM · 10 · MM H-_ToJI;H~ol! 

O; 5 MM) Haxo.nHJICll • a" tpHKCHpoaaHHOM1 noJioxeHHH_ Ha,_nciBepxiiocTH ~cTCiJia (4) • -', 
· · · - ,· ' - , · , · . ~ · · , - ,z41 ·--. -

. , ~CToqHHK · a-qacTHU, H3rOTaBJIHBaJICll. nyTeM - HMIIJiaHTaUHH ,c ll,nep ' Am B 

- aJIIJMHHHeB YD tpOJibl'Y Ha r.i!y6HHY O. 5 + 1 - MKM." YroJI BhlJie_ra a-qacTHU no 
~ . ' -· . ' ' ' . . -. 0. . - -

·oTHOWeHHll K · IIOBepxHOCTH. tpOJibrH 6HJI He_ MeHee 60 •' HHTeHCHBHOCTb 

a-HCTOqHHKa 'B ,TeJieCHO·M_"y_rne BHJie;a· qacT_HU COCTaBJI.IIJ!a'. 35 'EK •. ,AJIIOMHHHeBall 

tpoJILra· yKpennl!Jiacb Iia apama10melli:cl! .ii;epxil.TeJie · (5) ;· ,llep:UTeJib. · HMeJI ,nea 

tpHKCHpOBaHHHX ·no.JioxeHHll: B O,IIHOM IIOJIOJCeHHH <tpOJibra- HaXO,IIHJiaCb', Ha,n 
· .. -,,· .- . ., ' - .. '. .-

- Il_oBepXHOCTblO o6pa3Ua 'H'a paccTOl!HH'H 1 MM' H a':HCTOqHHK 06.riyqaJI ,neTeKTOp .-

B ··.npyroM - ··aHe 30HH B03MOXHoro o6JifqeHHll '.neTeKiopa: nonoxeHHe. ,nepxaTeJill 

(5) K~HTpOJIHpoaa~OCb C 110~011\~ll 3JieKTpHqe~K~X KOHTaKTOB (Ha pHCYH~; He. 

i!lOKa3aHlil) •. , KoHCTPYKUHll , KaMepH 'no;BOJil!Jia llepeMell\aTb ; ,n~plCa~eJib 6e3_'. 
- . - . ~ ·. -

HapyweHHll ·B.' Hell BaKYYJ:!a· 
. '-. ~ 

. CHCTeMa BHCOICOBaKyyMHOl! OTKa<iKH 06ec11eqHBaJia _BaKyy1,rnpoBaHHe.-KaMepH 
~ ~6 -.,, - . ' - ' . , ' ,· - , . ..-, , " .• : · . ··. ,.,_ __ - ~,-' - .• 

,no ,naBJieHHll ,2xl0 MM pT. CT •. .llJill npe.noTBpameHHll 11011a,naHHll. napoB ,MaCJia 

)I.Hqitpy;H~HHoro· · · H_acoca , B " '. 061,eM · KaMepu, . Mex,ny ·. HeR · H · · 'ii'acoc~M 

· ycTaHaBJIHBaJiacb '.CneuHaJibHal!. noaywKa, ·norpyxeHHail 11 · JCH,IIKHll '. a30T •. 
. _ . ..._ . . . . . ' -~·. ,,, 

YCJIOBHll npoae,neHHll, HCCJie,noBaHH8 

·Hc~ne.ndaiHHH · · _npoao,nHJIHCb c· o6pa3UaMH .• H3 · IIOJIHMepa ,CR-39 

Acrilic and · Plastics•, • H<qi~p~H- Ameri;;-~ · 

(JIIJ6e3HO. npe.nocTaBJieHH□ro 'Halli aa~opa~H ·p~6;Tll -[7']) • ME!TO,IIHKa ~poae,neHHll -
• I ·• • - - • ., . . ·, - •,· ! ·. . • 

npoH3Bo,ncTBl\. ft>HPJ:IH ., Perslior 

.. Qflli!TOB' 3aKJIIJqaJiaCb B :- CJie,nyDmeM. ,, 06pa3eti TpeKOBoro • .neTeKTOpa _ H3:, 
- • • i' • • • '•• '• < ➔ • ' ~ • • " • • •,' •• V, • ·-

HCCJie,nyeMO.f O' IIO~HMepa :3aKpe'nJil!JICl! B KaMepe Ha , noliep'xHOCTH CTOJia (pHC .' ' 

1) •• KaMepa · ~iJ.KyyMHpoitaJiacb ' H _:,~6pa3eu· ~;.11.~pXHBa.Jicl! B aa1tyy1,1e·· .no 

o6JiyqeHHl! ,. llpe~ll era ripe6uaaHHll B Ba~nMe" 1!3MeHl!JIOCb ~T. 1 '.no 12 qaco~, 

;aTeM npoH3B'o~HJI~~b '.' o6nyqeHHe. 'TPE;!KOBoro .ne-reKTopa. Ha~O,IIHD\HJllCll '' ]l 

BaKyy,rnol! KaM~pe a-H~ToqHH~OM. .llJIHTeJibHOCTb ~6JiyqeHHll · COCTaBJil!Jia 1 MH~ 

HJIH .• ·2 • 11irn. :, nocJie' -o6Jiy<ieHH~ o6pa~iilil" BH,neplCHBi;HCb . B •aaKyy~e B ,·T~'IE!HHe. 

BpeMeHH _llpHME!pHO 10 qacoB. fiO- OKOHqaHHH· ·onina.•B KaMepy Hanycm;a~cll,· 

J; 
i 
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B03.IIYX H np □ H3B0,IIHJiaCb CMeHa o6pa3U~. fiOCJie 'npoee,neHHll . cepHH 'OlIHTOB C 
' . . ~ ... . - . ' 

10 .. - .·20 ·o6pa3Ua-MH IlpOH3B0,IIHJiaCb HX '. 'o6pa6oTKa .IIJlll np □l!BJieHHH TpeKCB 
. . ,_ . •,... ·, 

', a-qacniu B lIOJIHMepe CR-39. o,6pa6oTKa ~0B0.IIHJiacb no. CTaH,napTHOH 

. npoue.nype ... Bee· .. o6pa3Ull .naHHoli cepHH norpyJICaJIHCb B · ii'aHHY c pac'!"BopoM - , ,. ;__ - ... -· -- . ·o. ·-. _,.,;;r·:: 
Na0H(6N) H TpaBHJIHCb npH ,TeMnepaTy!Je 60 C, B TeqeHHe, 2. qac□B', . .llJill 

• ' ' • :. • ' '. , •• ➔ • -~·-· /;''" f • 

'KOHTpoJI_ll 3a npoueccoM TpaBJieHHll B, Ka~,noli .cepHH npttcyTCTBOBaJI' 06pa3eu H3; 

·cR-39 •· 'o6nyqeii~e KOTOporo, npOH3B,o,n~JIOfb npH aTM□ cq>epHoi.i · ~aBJieHHH ., . 

06pa6oTaHJme ',TaKHM > o6pa30M ' TpeKOBue· .neTeKTOpU npOCMaTpHBaJIHCb noi.x 

M~KpDCKOlIOM C UeJib~:onpe,neJieHHH KOJIHqecTBa npol!BJieHHUX TpeKOB a-qacTHU.· 

·~C~OBIIH . llpoBe,!\eHHll 0-flHTOB llpHBe·;eHu B '. ,Ta6;;HUe . 1. TTnoT_HOCTb .• tpOHOBHX •. 

TpeKoB 61rna ri'peHe6pelKHMO' MaJia ,· MeHee O; 005. . lIJIDTIIOCTH TpeKOB a-qacTHU . ' - ' - . . . ..... ) 

·OT HCToqHHKa :· 

Bb!BO,nH j 

B HaCTOHil\eH.pafioTe HCCJie,noBaJIOCb_BJIHllHHe,.KOTOpOe OK!l3HBaeT.BaKyyMc 
· · ~.. -6 , : .., ·_. ' - '._ ,_ ~- -6. ·. , - "' . . •. ~ 

,_ ... (2,2xl0 .MM,pT. CT. :s P :s 8xl0, M_M pT •. ,cT,), Ha cnoco6HOCTb ,neTeKTopa 

CR~39• perncTpHpo~aTh a-qacTHUlil. JlJill npoBe~eHHll 'KOJJHqecTBeHH!lX 'OUeHb~ 

I,. 

" ; • I - ••· ; • • 

npOH3B0,llHJICll. ·no,ncqeT/ qffcJia --TpeKOB . cx'-'qacTHU .' 'c .. 3HeprHeli 5, 57 M3B. OT 
' "', .· 2 4 1 ' - .. · ·{ '·, . . .- '. - - ' . · . '.• . ~ . -'. - . 

HCToqHHKa • Am. EHJIH · ,IlpOBe,lleHlil Oll!.:1TU C : BapHaUHlc?H _Bpe,MeH_H ,_npe6.!lB~HHH 

o6pa3UOB B BaKyyMe xaic .no' 06JiyqeHHll ,'' Taic H noc'.ne; npoBO,lll!JIHCb. TaKJKe 
1 • - ' : - -· ·-4 .. ·-~•-.~:..6• .•. ~ 

·, HCCJie.no,BaHJrn npH pa3JIHqHlilX .naaJieHHl!X OT .SxlO.. ')lO .2xl0' .. : MM PT •. ·CT: 

OCHO;HUMH.BHBo,naMH.Hameli pa6oTu HB;ll~TCl!CJie,ny1>mHe • 
' . ' - . 

1) BlilBO,IIH ailTopoB. pa60Tlil [7] o ... lIOJIHOM· Hcqe3HOBeHHH TpeKOB ,B. CR~39': 
. . . , ··. ... . '-s : .· ·... -. --· - -

ripH·, 3KCilOHHp □BilH.HH ero B BaKyyMe (P,' <10 .,· .MM .pT. · CT.) Ha npoTHlKeHHH 

.neTeiicipa · a-tiacT11ua~~ lie no.ri.TBep~.11.aIOTCll (cM _ 
' '· ' 

·6oJiee · 9 .q nocne o6Jiytieiittll 
, - -- ' '· 
pHC. :2., 3). 

2) .npe611BaHHe lIOJIHMepa CR-39 B BaKyyMe (2, 2x10-6 .M·M 'p:I"~ CT.· :s P :s 

8>110-
6

,'MM pT. 'CT •. )··B .TeqeHHe-·BpeM~HH ~ :S 12'q ,no H lIDCJie □fiJiyqeHHH. 
llpHBO)lHT: K ,:yMeHbWeHHIO perHCTpHpyiouieli ·cnoco6Hoc:'T.H ,neTeKTopa :He 'fiDJiee ,c•' 

; . ..... ~ . - , ' . ~ ,' 

. qeM Ha 15 .% • 

YqHTHBal! cymecTBeHHoe ·pacxox.neHHe 

. pa6oTH H. pa6cJTu' [?J, ,a TaKJICe 
-• . , , ~. I 

• 611JI0· 61i1 ueJiecoo6pa3HUM. ·npoeecTH:· ,naJibHelil!IHe 

MeJIC.nY', r•e3yJibTaTaMH . liaCTOSIIl\eH 

3KTyanLHOCTb 
, ' . "\ 

.naHHOH npo6JieM11, 

HCCJie.noeaHH.ll B 3TOM 
HanpaBJieHHH,~ -

. \ B .3aKJIIOqeHHe aBTOpH 

:noJie3HHe 
BlilpaJKalOT. '6Jiaro.napHDCTb BHT .M •. ''EllCTPHUKOMy'· 3a 

• , . • : ' ·- ' ~'" , .• ,: ~ . • • 'I 

' ' .11!:',S~YC~HH H : HHHUHHp□BaHHe •. ,na1rn1x. 'Hcci:e.noBaHHA. 

.•• A.11>.HoBropoJloBy 33 H3l'OTOBJieH,He a-HCTOqHHKa,. :a TaKJKe Rl.M. BaJiyeay,, 3a ,lIOMDil\b ,.. . 
nptt· npoee.neHHH .7.KcnepH.MeHTa. 
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·' 
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. I , _.,. 0 90 JOI· 

PHC. 1. BaKyyMHall,"iaMepa:. 

;-

1 

3 

2 

4 

.1 - KOpnyc BaKyyMH~a:_:KaMepU;. 2 - o6pa3eQ Tp!!KOBOro ,neTeKTOpa H3 
' . . ' -~ . . , 

CR-'39; 3 - .. a-,HCTO'IHHK; 4 .. ~ CTOil; 5 
1.. . . ·- ·-

·.--PHC. 2. <lJOTOrpalJlHll .TpeKOB .B. ,neTeKTOpe CR-39-, .·o6ny<IE!HHOM B Te'!eHHe 1·· MHH_ 
,: ' : -, -. 241 - · . , . ·.' ~, ' 

a-'!aCTHUaMH OT HCTO'IHHKa .. Am npH aTMOC~IJ.HOII )laBneHHH. 

,;-:----

...... ~ .... 

·" 
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·A 
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I 1 ; ~ 
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! i ,. 
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: ¾_ . :. 

·-J,·.·. . . 

·, : 
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• I 

/ 

Ta6JiHUa 1.' YCilO_BHll. npoBe,neHHll Oill,ITOB 
----•./ " 

06pa3eu I BpeMll Hairnllr.Ite- .na.BneH.ire, .nn·H· Tenb :' I Bpe.1111 Haxollr.It. e-
. HHll B BaKyyMe . -6 HOCTb ' · HHll B ··BaKyy11e 

CR~39 .no o6ny'leHHll, 10 . o6ny'le-: iioCJie o6ny'le- _ 
'1. MM pT.CT, HH_ll, MHH HHll; 'I ~ 

8 3_,4 ·1. 10 

9 a· 
I 

1 10,5 

-~:- 1 .. 3,8 1 ,9· . __ .-

11 2,2 .. · 1' · 10 

AAP"' 11. . 2, 6,"· 1 10 . 

-10. 3 .. 2 10 

12 6· 12 -. 
10 4;6 2 10 

10. ·4,·6 2· 11,5 

· Perb. 
10 ;:3,2 2 . 10 

' 
-10 .3,5 2 10. 

"' o6pa3eU CR-39 npO.H3B0JlCTBa American Acrilic and Plastics; 
i, - . • ·. . . . ·, •. . 

-~-- - --- CR'-39 npOH3BO;!ICTBa cpHJJM!l Pershor :,- " 

PHC. 3. ·,i,oTorpalJIHll- TpeKOB B ,neTeKTOpe. CR-39,. HaXO.!\HBOieMC.ll B 

3x10-
60

1111·pT. CT.~- 9 '!aCOB ,no·Ji-10 'lllCOB IlO~;e ero o6Jiy'leHHll-B 

; 1 IIHH-~.:qaCTHUaMH OT. HCTO'IHHKa 241Am; 
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