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epHhiX HCCJleAOBaHHJi 

Ta SIJlepHbiX nccneJloBa­
m. Onn II3JlaiOTCSI B co­
>B oT coo6ruennii saKniO­
:TBIIII BOCI1pOII3BeJleH B 

-- 'PHIIKe, 

c 
lUIIII OYIHYI uMeiOT 
SIIOIUYIO rrocneJliiiie ,--

1-4 • 3 
~ ,encTaanen B sa-

SI3hiKax. 
) B CTp8Hbi-Y'I8CT-

enSieT TeMaTn'Ie­
\ KaTeropnii II3Jla-
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Jlmr OnbiTOB no CHHTe3y t:taneKHX TpaHcypal:IOBblX aneMel:ITOB H t:tnst pe­

Wel:IHst t:tPYI'HX 3at:ta'l I}JH3HKH 6binH pa3pa6oTal:lbl HOI:Il:lbJe HCTO'Il:IHKH 1 noaao­

nsrJOWHe HcnonhaosaTb pa6o'lee aewecTso B Taernoil cf>aae. B fla6opaTopHH 

srt:tepHbiX peaKUHil Ol1.Hl1 onpo6osa1:1o HeCKOnbKO cnoco6os nona'IH TBept:tbiX 

pa60'IHX BeWeCTB B nna3Mel:ll:lb1e HOI:Il:lble HCTO'Il:IHKH: HCnapel:IHe BeWeCTBa 

H3 THrnsr c. BHewHHM uarpeaaTeneM 1 11
1 KaTot:tnoe pacnbmeuHe . 

121 13/ 
BeiUeCTBa 1 HcnapeHHe seruecTaa sneKTpOIIHbiM ny'IKOM • HaH6onbwne 

TOKH t:teCstTH3apsrt:tllbJX HOIIOB UHKIIa H ·nSITH3apsrt:tl:lbiX HOIIOB I}Joci}Jopa1 KOTOpb!e 

IIY)Kl:lbl t:tnst onbiTOB no CHHTeay 107 H 125 aneMeHTOB1 nony'lellbl H3 HCTO'I­

HHK81 Jicnonh3yJOIUero orpa)KaTenbllbiil ayrosoil paapsrt:t n not:ta'ly pa6o'lero 

IIi 
BeiUeCTBa HCnapeHHeM H3 TUI'nSI • B KOHCTpyKUHH H CXeMe nnTaiiHst HCTO'I-

l:IHKa 6binH caenaHbi ueKoTopbie ycosepwencTsosaunsr. 

141 . 
AHanU3 t:taHHbJX pa60Tbl nOK83bJBaeT, 'ITO HHTeHCliBHOCTb TOKOB 

paann'IHbJX MHOI'03apsrt:tl:lb!X HOIIOB I B 38BliCliMOCTH OT KOHUeHTp8UliH 

Hei!:Tpanbllb!X '18CTIIU n B pa3pstAHOfi KaMepe (B 1:18WIIX ycnOBllstX n npo-

nopunoaanblro KOnii'IeCTBY nocrynaJOruero B paapstt:t raan Q ) MOlli:IIO onn- . 

caTh Bbipa)KeaneM 

I 
- bn 

ae 
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I'Ae a H b -. OOCTOSIHHbte, ~8BHCS1lllli9 OT HOHH:3Hpyl01118I'OCSI BSIII9CTB8 H 

sapsma H_oHa. B ceoro otJepellb, noTOK napa B rasopaspsmHyro xaMepy Q 

nponopUHOHaneH JlaBneHHID napa B THI'ne p , KOTOpoe CBSI3aHO C TeMnepaTy­

pofi T pa60'I9I'O B81119CTBa H3BeCTHbiM COOTHOIII9Hli9M 

I'lle A H B 

log p = A _ Jl T , 

- nOCTOSIH!ibie, SaBHCSiliiHe OT HCnapReMOJ:'O BeiiieCTBa. 

TaxnM o6pasoM, BHllHO, 'ITO saencHMOCTb B:biXOlla MHorosapsu:tHbiX no­

HOB OT TeMnepaTypbl Tnrng 0'19Hb CHnbHaSI. 0TC10lla BbiTeKalOT llBa Tpe6oea­

HHSI: a) cTa6nnnsaunR Toxa Harpeea THrng; 6) ManaSI TennoeaSI HHepunoH-

HOCTb THf'nH. 

KoHcTpyKUHR HCTO'IHHKa 

KoHcTpyxunR HCTO'IHnxa npellcTaeneHa Ha pHc. 1. OcaoeHoe xoHcTpyx-
.. /1/ 

THBHOe OTnH'IHe OT HCTO'IHHKa, OnHCaHHOf'O B , B ysne nolla'IH pa60'19f'O 

eemecTBa. BMeCTO BHeuiH~fi ·xoaxcHanbHofi ne'IH npHMeHeH npRMOfi Harpee 

THf'nSI TOKOM, KOTOpbiH"DpOXOllHT HenocpellCTBeHHO 'lepes CTeHKH Tl:lfng (1). 

Me*llY Tn:rneM H rasopaspRllHOH KaMepofi ycTaHoeneH axpaH ns nropanlOMH­

HHR (2) ,_ ~-TnonHpoeaHHbifi no sepxanbHoro 6necxa. ·a aToM eapnaHTe Harpe-. 

Ba Tennoeag DOCTOSIHHaR BpeMeHH CHCTeMbi nona'!~ napoB pa6oiierO BeiiieCT­

Ba yMeHbiiianacb 6onhiiie 'leM Ha nopsmox B cpaeHeHnn c ,npe:lKHefi KOHCTpyx­

unefi. 

nuTaHHe THPnSI OCyiiieCTBnSI{IOCb OT perynnpyeMOI'O. CTa6nnH3HpOBaHHO­

I'O BblllpRMHTenR. Koaljx!JnuneHT cTa6nnnsamni (He MeHee 0,2%) Bbi6paH ns 
. .. . /5/ . 

KPHBOH ynpyroCTll napa UHHKa OT TeMnepaTypbl H H3MepeHHOH HaMH sa-

BHCHMOCTH TeMnepaTypbl THJ:'nSI OT TOKa HarpeBa. 

npnMeHeHne THf'nSI C HenocpenCTBSHHhlM HarpeBOM H CTa6nnH3HpOB8H~ 

~ HbiM DHTaHH9M cyme~TBeHHO yny'IIIIHnO Ka'leCTBO perynHpOBKH nona'IH pa6o­

'leJ:'O BeiiieCTBa 1 'ITO Hapsmy C npyi'HMH ycoeepiiieHCTBOBaHHSIMH Dpll~eno K 

4 
_..-· 

j-• 

. ): 

I 
\ ~ 

,j 

{ 

.,,_" .. 

PHC. 1. BHeiiiHHH BHll HCTO'IHHKa •. 1 - -THJ:'enb C pa60'IH! 

Tennoeofi axpaa. 
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yroiUeJ:'OCSI BeiUeCTBa H 

:pSIJlHYIO KaMepy Q 

' CBSI3aHO C TeMnepaTy-

MOJ:'O BeiUeCTBa. 

:a MHOJ:'osapSillHbiX Ho­

HTeKaroT llBa Tpe6oBa-

~ TennoBaSI HHepUHOH-

. .. ' ' ~ . 

'0cHOBHOe KOHCTpyK­

ysne noaa~H pa6o~el:'o 

~HeH npSIMOfi Hal:'peB 

Jea CTeHKH THrnSI (1). 

SKpaH H3 ll!OpaniOMH­

STOM BapHaHTe Hal:'pe-_ 

tpos-pa6oi!er'o BexuecT­

I C ,npe)I{Hefi KOHCTpyK-

JJ:'O: C Ta6HnH3HpOBaHHO­

[ee 0,2%) a:b16paH 11a 

HSMepe'HHoil HaMH sa-

:>M H CTa6imH3HpOBaH...; 

nHpOBKH noaa~H pa6o-

OBaHHSIMH npH~eno K 

1~ 
I 
I 

i -I 
l 
I 
I 
: 

PHc. 1. BHeiUHHfi BHll HCTO'IHHKa. 1 - THJ:'enh c pa6o~HM aexuecTBOMi 2 -
TennOBOH SKpaH. 
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I 

yaenH'ieHHIO TOKa ycKopeHHhiX HOHOBo flo)laqa He60nbWOI'O KOnH'ieCTBa aproHa 

· ( "" 0,1 cM
3 

IMHH) a o6nacTb KaTOlla · cnoco6cTaoaana cTa6:a:n:a:sanHH pa6oThi 

HCTO'IHHKa. 

Pa6oTa HCTO'IHHKOB aa IlHKnoTpoae. 06cy*lleHHe pesynbTaroa • 

1. Y c K ope H He n H H K a.· B, KS'iecTae pa6o'lef'o aemecTaa B aToM 

cnyqae B TOHKOCTeHHhiii ( TOniilHHa. 60KO~Oii CT~HKH O~l~MM) : THI'enb H3 He­

P*aBeiOIIleii cTanH sarpy*anc.s!" TeXHH'ieCKHii IlHHK. CpellHHii pacxoll IlHHKa 

ao apeM.II pa6oThr aa IlHKnoTpoHe Y-300 coc_Taan.~~n 0,035 r/<u,1.c. 
. . '+ .... 

ToK aayTpeaaero ny'IKa HOHOB Zn 10 He H3MepRnc.51 :a:s-sa saa'liiTel1b­
+ 

HO 6onbW9I'O TOKa HOHOB Zn 
2 

1 ycKbpeHHhiX Ha 5-it· rapMOHHKe 1 H- TOKa 

llPYI'HX HOHOB 0 aenH'IHHa KOTOpbiX npeBbiWana 6onee '19M Ha nop.suiOK TOK 
1o+ . _- · 

ROHOB. Zn · • Jln~ R3MepeHR.51 TOKa BhiB9ll9HHOI'O ny'IKa 6bin R3I'OTOBneH 
.·'· . - ' 10 

H90Xnalli)la9Mbifi KOnneKTOp ROHOB c·. COnpOTRBneHR9M R30n.51IlRR > 10 OM. 
.; 9 

Caraan CHRManc.11 c conporaaneHR.II 10 oM R_R3MepRnC.51 aneKTpoMeTpoM 
' /6/ 
TRna. B2-5 • l13MepeHRe aaeprRR. ROHOB C noMOIIlbiO KpeMHR9BOI'O ll9T9KT0-

/7/ ' 
pa noKasano, 'ITO a nyqKe np:a:cyTCTayeT saa'IHTenbHOe KOnRqecTao 5-sa-

, ~- . . • 5 + 
p.5IllHbiX HOHOB cephl i npR aTOM TOK H.OHOB S_ 

32 
_ H.SP9llKO npe_Bb!Wan TOK H0-

10 + - '•; . . + 
aoa Zn • B <flH3H'iecKHX onhiTax· 6hm. :a:cnonbsoaaa ny'ioK :a:oaoa Zn 10 

, 
64 5+ . . •. ,: • . . . . . 66 

I'll9 llOn.ll HOHOB S CpaBHHTenbHO MEUlao KOHTponb COCTaBa ny'IKa C 
33 . . ~ - . . 

noMOIIlbiO KpeMH:a:eaoro. )leTeKTopa ocyclecTanRnCR nocTORHi-ro:. Haa6onbwRfi· 

nony'ieHHhifi TOK ROHOB: ;n lO +·>Gbin paB~H' 0,0; MKa (10
9
: 'i~CTHil/CeK) B 

. 66 . ' ' . ·- ___ :; - . ,_,: ... ;. 

cnellyiOIIleM pe*RM9 HCTO'IHRKa: TOK 'llyi'R B RMnynbce ·1 a' =7 ·a, Hanp.51)1{9HHe 

B RMnynbC9 U a =100 B 0 )lnHTenbHOCTb RMnynbCa r :.1 MC9K1 qaCTOTa 
0 f =180 I'll, TeMnepaTypa TRI'n.ll fO =400 C. 

flpRHHMa.ll BO BHRMaHRe TO o6CT0.5IT9nbCTB01 'ITO nepesapMKa ROHOB_ 

1o+ · 6 u Zn a aaqane ycKopeHR.II MO*eT hiTb 3Ha'IRTenbHOR, Mhr R3Mepana. 
IO+ . 

Zn 
66 

OT 

Ar 7+R 

3aBHCRMOCTb TOKa ROHOB aaKyyMa 8 KaMepe ycKopaTenR R re 
4+ . - -

Ne - • naaneaae B BaKyyMHOii_KaMepe )1{9 3aBRCRMOCTR )ln.ll ROHOB 

6 

... 

i 

: 

I -

\l 
1:1 
( 

,. 

\' 
1i 
. ~l. 

I 
::)' 

~ 
J:' 
J)' 

('' 
:I 

I ,, 
' I' 
'i 
) 
·~ 
( 

i\ 

I 
;~ 
'I 

J\, 

perynRpoaanOCb- R3M9H9HR9M CKOpOCTR. OTKa'IKHo fionyqe 

ll9Hhr Ha pac. 2,· aa KOToporo BHllHO, 'ITO yMeHbweaae Ji 

C nOBbiW9HReM )laBneHR.II B KaMepe Rll9T 6hiCTpee . y HOHC 

llOM. OneaKa ycpellaeaaoro ce'ieHR.II nponeccoa, npRBOll.ll 
- ' /8/ -
sapMa no <flopMyne : 

l/l
0 

27 
exp [ -10 p f a ( {3) {3 d t] 

0 

v 
{3 

c ·. ·' V - CKOpOCTb ROHa, · £ :-··apeM.II 

· p, Topp -;.. Jlaaneaae a Kalliepe ycKOpRTenR) JlaeT lln.ll Ill 
' ·-16 2 . . 7+ 4+ 

0,8•10 _ CM • Jln.11 - Ar R Ne aTa aenR'IRHa cc 

3 pasa MeHbwe. 

>2. YcKopeHae <iJoc<P opa~ l1oHhi 4Joc4Jopa 6hmR 

noiibsoaaHRR a Ka'iecTae pa6oqero aemecTaa Kpacaoro q 
pacxoll ¢oc4Jopa ao apeM.II pa60Thi aa IlRKnoTpoHe - 0,1:: 

8KpaH (pRC~ 1 1 nos. 2) 0 3aiilRIIlaiOIIlRfi TRI'9nb- OT F 

rop.!Neii rasopa::ip.llllHOii KaMephr, coaepweaao aeo6XOllRM 

<Poe <Pope• 0TcyTCTBRe an:a: HellOCTaTO'IHa.ll nonapoaKa- aKp 

perpeay THI'n.ll, qTo'yaenH'IRBaeT nolla'l~ 4Joc4Jopa B pa3J 

sapMHoro 4J6c4Jopa nallaer. Ha p:a:c. 3 npellcraanea sap: 

<iJoc<iJopa, hony'ieHIIhiii Ha CT9Hlle HOHHhiX RCTO'IHHKOB ( ~ 
• - /4 9/ I 

cneKTpoa onacaHa B pa6orax ' ). H~ IlRKnorpoHe TOK 

HOHOB p 5+ 1 R3MepeHHhiii HHTerpaTOpOM cria6biX TOK 
. 31 . 

=5 20 MKa. T)lnR'IHhrii_pe*!fM p_a6oTb:: ;Ia __ =1_2 a~ _Ua 
0 . 

f =180 I'll, --~ ro =27q":'320 c. EbinO aeo6XOllRMO noc· 

TeMnepaTyphl THI'ri.ll BO Bp9M.51 pa60Thi1 'ITO CB.513aHO C Y 

qecTaa ae_mecTaa B THrne, a TaK*e c TeM, 'ITO :a:cnonb~ 

cTaanRn co6oii CMecb pasn:a:'IH.hrx <iJopM, · oTnaqa~~~xcR r 

HH.II npH ll8HHOfi TeMnepaType. 
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noro Konu~eCTBa aproHa 

l CTa6unH38UUU pa60Tbl 

~~eHHe pe3ynbT8TOB' 

Oo BellleCTBa B 9TOM 

·~1 ;MM) :Turenb ua He-
.. ' 

Je~Huit pacxo~ _uuHKa 

,035~:rltrE,tc. 

pstncst ua-aa 3HS~UTenb­

t rapMOHHKe, H· TOKB 

'ieM Ha nopMOK · TOK 

'~Ka 6bm, U3rOTOBneH 

> 1010 U30nRUHU OMo 

mcst aneKTpOMeTpOM 

0 KpeMHUeBoro ~eTeKTO­

ITbHOe KOnH~eCTBO 5-aa-

pe~KO np~Bbllllan TOK uo­

OBBH ny~OK UOHOB Zn 10 ~ 
' 66 

)Jib COCT8B8 ny~Ka C 

CTOstHHo:· H au6onbmuit · 
'--,_ 9 ' 

a (lO_;,~ac~u/ceK) B 
- . L.~· /'} ' ' 

e : Ta' =:7 -a, Hanpst;>KeHue 

T. ::1 . MC~K, ~aCTOTa 

0 nepeaapMKa UOHOB 

:Holt 0 Mbl H3Mepunu 

Mepe ycKopuTenst u Te 

HUe B BBKYYMHOit KaMepe 

perynUpOBanOCb U3MeHeHUeM CKOpOCTU. OTKB~KHo llony~eHHl>Ie KP_HB_l>Ie npUBe­

~eHbl Ha puc. 2, U3 KOTOporo BU~HO, ~TO yMeHbWeHue HHTeHCUBHOCTU ny~Ka 

C nOBbiWeHUEiM ~aBneHUst B KaMepe U~eT 6l>ICTpee y HOliOB C 60nbWUM 38pst­

~0Mo OueHKa ycpe~HeHHoro ce~eHust npoueccoB, npuBO~stmux K uaMeHeHH,IO 
. 18/ 
aapMa no .PopMYne : 

e.xp[ -zo 27
p f u({3)(3 dt] 

0 

v 
( (3 = 

c 
V - CKOpOCTb UOH80 -:-· BpeMst ycKo~eHHst, ceK, 

p, TOpp :... ~aBneuue B KaMepe ycKOpUTenst) ~aeT ~nst UHHKa BenH~UHy u = 
. ·-16 2 ' ,· 7+ 4+ 

0,8•10 CM • .ll.nst Ar u Ne :aTa Benu~uHa cooTBeTCTBeHHO B 2 H 

3 paaa MeHbwe. 

. 2. YcKopeHne .Poe¢ opa. 11oHbi 4Joc¢opa 61>mu nony~eHbi npu uc­

nonbaoBaauu B Ka~eCTBe pa6o~ero BemecTBa KpacHoro .Poc4Jopa. Cpe~HHit 

pacxo~ .Poc4Jopa BO BpeMst pa6oTbi Ha uuKnoTpoHe - 0,13 r/~ac. 

3KpaH (puc~ 1, nos. 2), 38WUIIIBIOIIIHit TUrenb OT HarpeBa uany.~el!HeM 

ropsi:~eit raaopaspst~aoit KaMepl>x, coBepweHHO Heo6xo~uM npu pa6oTe Ha 

4Joc4Jopeo 0TCYTCTBHe HnU He~OCTaTO~Hast nonupOBKa 9KpaHa npHBO~HT K ne­

perp(my THrnst, ~To ·yBenu~uBaeT no~a~r, 4Joc4Jopa B pa3pM,· H Bl>IXO~ nstTU­

aapst~Horo 4J6c¢opa na~ael'. Ha puc. 3 npe~cTaBneH aapMOBbiit cn·eKTP HOHOB 

4Joc¢opa, itony~eHHbiit Ha CTeH~e UOHHbiX UCTO~HUKOB ( MeTO~UKa· aanHCU ·TaKHX 
,· - . , 6 /4,9/) H - . 

cneKTpOB onucaHa B pa OTaX • a UUKnOTpOHe TOK Bl>IBe~eHHOrO ny~Ka 
+ ·- . - /10/. ' ~ 

UOHOB p 5 , U3MepeHHblit HHTerpaTopoM cna6biX TOKOB , COCTBBnstn 
31 

20 MKa. TunU~Ilbiii:. pe;>K!fM p_a6oTl>:: . l a =12 a, u a =550 B, T ='1,5 MCeK; 
0 f =180 rn, -_ . ro =27Q-320 c. Ebmo Heo6xo~UMO nocTeneHHOe nOBbiWeHue 

TeMnepaTypbl THrnst BO BpeMst pa6oTbl 0 ~TO CBSI38HO C YM9HbW9HUeM KOnU­

~ecTBa Be_mecTBa B Turne, a TaK;>Ke c TeM, ~To ucnonbayeMI>Iit 4Joc¢op npe~-
. . 

CTBBnsm co6oit- CMeCb paanu~H-b!X 4JopM0 • OTnU~BIOIIIUXCst no CKOP,O_CTU HCnapeo:-

HHst npu ~aHHOit TeMnepaType. 
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PHC., 2, 3aBHCHMOCTb H~HHbiX TOKOB 1 BbiB9ll9HHbiX H3 UHKnOTpOHa Y-300, OT 

BaKyyMa B KaMepe yCKOpHTenSI, 

8 

l1CTOt;:'.a:HK ii0HOB 1 KOT~pbiit OIIHCSH ·n H8CTOstlllei! pa6o 

HeCKOnbKHX. MeCSIUeB 9KCD·ny~THpyeTCSI Ha UHKnO'fpOHe Y -3{ 

naraeM, qTo B HCTQqHHKe TaKO~ KOHCTpyKUHH· MO*HO nony• 

Hbie HOHbi BeiUeCTB H HX. C09llHH9HR~1 llnSI HCDapeHHSI KOTO) 
0 

Harpea THrnsr H KaMepbi llO TeMnepaTyp He Bhiiiie 1000 C, 

HCDOnb30BaHHe HOBbiX pa6oqHX BeiUeCTB 0 B OC06eHHOCTH XI! 

HH~, 'HMeeT CBOH oco6eHHOCTH H CODpSI:lKeHO C onpelleneHHl 

CKHMH TpyllHOCTSIMH, 

B 3aKmoqeHHe aBTOpbi Bbipa*aroT 6narollapHOCTb aKa 

posy 3a DOCTOSIHHbi~ HHTepec K pa6oTe H o6Cy)!(Jl9HHe DOJJ: 

TaTOB, A,A, Tine'ae· 3a DOMOIUb B npoBelleHHH H3MepeHH~ H. 

XBHHKaM B.M. nnoTKO, c.r. qe6oHeHiw H A.A. EponKHHy :3 

HCTOqHHKOB 1 l1,TI. Ky3H9UOBO~ 3a DOMOIUb B CT9Hll0BbiX HC: 

nHTepaTypa 

1. A.C. TiacroK, E • .ll. Bopo6bea, P .l1. l1aaHHHKOB, B.l1. Ky.:: 
IO.TI. TpeTbSIKOB. TipenpHHT Ol1.Sm P7-4488, .lly6Ha, 19! 
75 (1970). 

2. IO.n. TpeTbSIKOB, A.C. TiacroK, n.n. KynbKHHa, B.l1. Ky: 
Ol1.HI1 p7.;.4477, .lly6Ha, 1969; AS, ~ 423 (1970). 

3. A.l1. BnallHMHpoa, B.A. CaeHKO, IO.TI. TpeTbSIKOB, Tipen 
P13-5559, .lly6Ha, 1971. 

4. A.C. TiacroK, IO.TI. TpeTbSIKOB, C.K. rop6aqes. TipenpiiH' 
.lly6Ha, 1967; AS, t..i, 21 (1968). 

5. M.von Ardenne, Tablelen der Elektronenph~ 
sik und Ubermikroskopie, Bd. 11, 8~654 V1 
Verlag der .Wissenschaft. Berlin, 1956. 

6. "PallHOH3MepHTenbHbie npH60pbi", KaTanor-cnpasoqHHK 
MocKBa ~ 1964, cTp. 10. 
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{0~6mopp. 
··~ ~ 

I UIUmOTpOH8 Y-300, OT 

l1CTO'IHHK HOHOB, KOTOpbitl: OOHC8H B H8CTOHUleii: p800Te, B TetteHHe . . . 
aecKOJihKHX· MecHUeB aKcnny8THpyeTCH H8 UHKno-rpoae Y-300 OH.HH. Mbr no-

JI8r8eM, 'ITO B HCTO'IHHKe T8KOtl: KOHCTpyKUHH MO*HO nonyttHTh MHoro38pSIA­

Hbre HOHbi BeuteCTB H HX COeJlHHeHHii:, Jl.1IH HC08peHHH KOTOpb!X HeOoXOJlHM 
0 

H8rpeB THrJIH H K8Mepbi JlO TeMnep8Typ He Bb!We 1000 C, XOTH, p83yMeeTCH, 

HCOOJih30B8HHe HOBb!X p800'IHX BeUleCTB, B OCOOeHHOCTH XHMH'IeCKHX COeJlHHe­
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