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npoAonmeHHe pa6or no noHcKy caepxrRmen~x aneMeHTOB /CT3/ 

B npHPOAe Tpe6yer pa3pa60TKH H C03AaHHR B~COK04YBCTBHTeJlbH~X 

MeTOAHK, no3B011R~HX HenocpeACTSeHHO HAeHTH~H~HpOBaTb HYK!IHA 

no :A H!IH .Z.C ~enbiO nposeAeHHR TaKHX HCC!IeAOBaHH£:1 B fla6opaTOPHH 

RAePH~x peaK~H~ OHRH paspa6ar~aaercR swcoK04YBCTBHTenbH~t1 Macc

cneKrpoMeTp 11flHAH.A11 /1/ C nasepHWM HCT04Hl!IKOM HOHOB. B~6op na

sepHoro HCT04Hlo1Ka HOHOB /flHH/ npeACTaBJlReTCR HaM onpaBAaHH~M 

HS-aa Manoro pacxoAa ae~ecraa, aosMomHoCTH npoaeAeHHR noKanb

Horo aHa!IH3a, OTCYTCTBHR ceneKTHBHOCTH H0HH38~HH H CB060AW OT 

HOHHWX KOMnOHeHT-, He· CBR3aHHWX C MaTeptotaJlOM MHWeHH. BamH~M 

npeHMY~ecraoM flHH a 3KcnePHMeHTax no noHCKY CT3 a npHPOAe RB

nReTCR TaK*e M811Wt1 BWXOA MOJleKYilRPHWX COeAHHeHH£:1, KOTOPWe MO

ryT CilY*HTb npH4HHO~ nORBileHHR ~HOBWX MBCCOBWX JlHHH£:1 B o6na

CHI C ,A> 250. 
8 HBCTOR~eH pa6oTe onHCWBaeTCR KOHCTPYK~HR MaKeTHOrO flHH, 

a raKme npHBeAeHw aKcnepHMeHTailbHWe pesynbrarw, xapaKrepH3yKJ

~He ero pa6ory. 
HsMepeHHe xapaKTepHcTl!IK flHH npoBOAHilOCb Ha aKcnepHMeHTanb

H0£:1 ycraHoBKe, 6noK-cxeMa KoTopot1 npHaeAeHa Ha pHc.1. OcHOBHw

MH ysnaMH YCTaHOBKH RBJlRIOTCR: OnTH4eCKHt1 KBaHTO~eHepaTOP, 

nasepHWH HCT04HHK HOHOB, Macc-cneKTPOMeTp, AeTeKTOP HOHOB C 

BWXOAOM H8 sanOMHHaiO~H~ OC~H11110rpa~. 

B Ka4eCTBe HCT04HHK8 nasepHOrO H3Jly4eHHR HCn011b30Ba11CR 

TBepAOTeilbHWH OnTH4eCKHH KBaHTOBWt1 reHepaTop flTH n4-5, pa60TaKJ

~HH a pemHMe aneKrpoonTH4ecKoH MOAY11R~HH A06POTHOCTH. AnHTenb

HOCTb 11a3epHoro HMnyilbCa 12 HC. H3MepeHH8R 3HeprHR Ha AJlHHe 

B011HW H3Jly4eHiiiR A= 1, 06 MKM COCT8BI1R118 = 3 •1 Q - 2 ,ll)l(. flasep no-

3B011R11 pa60T8Tb KaK B pe)l(ii!Me OAiiiH04HWX noc~OK, TaK ill H8 4aC

TOT8X 12,5; 25 H 50 r4. 4aCTb H311y4eHHR naaepa OTBOAH!IaCb Ha 

~0T03JleMeHT ~3K-09, 3neKTPH4eCKHH CHrHan C KOTOporo HCnOJlb30-

aancR AJlR sanycKa pasaepTKH OCQHnnorpa~a. OcHOBHoH me noroK 

H3Ily4eHlo1R ¢oKYCHPOB811CR I1HH30~ Ha noaepXHOCTb HCCJleAyeMOro o6-

p834a, HaXOAR~erOCR B flHH. $OKYCHpOBKa OCy~eCTBilRJlacb nOABH)I(HOH 

11HH30~ C ~OKYCHWM paCCTORHHeM .F = 75 MM. nnoTHOCTb MO~HOCTill na-

3epHoro H311Y4eHHR AOCTHrana .Be11H4HHW 2x1Q9 Br/cM~ Ha pHc.2 

npHBeAeHa KOHCTPYK~HR flHH. 0CHOBHOH yaen n03BOfiRI1 ~OKyCHpoBaTb 

naaepHOe H3Ily4eHHe Ha noaepxHOCTH Mii!WeHH 6e3 HapyweHHR B8KYYM8 

a Cii!CTeMe. C~KYCHpoBaHHoe H311Y4eHiote nonaAano Ha o6paae4 4epea 

60KOBOe OTBepCTHe B 3KCn8HAepe. Yr011 naAeHHR COCT8BI1RI1 45 ° K 

noaepxHoCTill MHWeHH. Bo Hs6e)I(8HHe aanwneHHR $OKYCHPYIO~eH I1HH3W 
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PHc.J. CxeMa sKcrrepHMeHTanbHOH ycTaHoBKH: I- HaCTpoe~
~ reiTHH-HeOHOB~ nasep; 2 - OITTHqeCKHH KBaHTOBhlft re
HepaTop; 3 - pas~enHTen:oHaH nnacTHHa; 4 - ~TosneMeHT 
4'13K-09; 5 - HefiTpa.TibHbie CB6TO~HJlbTpbi; 6 - JIHH.; 7,8 -
BXO~HOH H Bb~OAHOH naTpy6KH MarHHTa; 9 - CeKTOpHhlfi Mar
HHT; 10- npHeMHoe ycTpoHCTBo; II - sanoMHHaro~ 
OC!1HJIJ10rpaol>. 

60KOBOe OTBepCTHe 3aKp~aanOCb CMeHHO~ CTeKilRHHO~ nnaCTHHOH. 
MHWeHb KpenHnaCb HS AHe Herny60KOH /h=3 MM/ 4SWKH, COeAHHeH
HOH co CKaHHPY~~HM ycrpoHcraoM. CKaHHPOBaHHe npoHSBOAHnocb 4e
pea ropH30HTaJ1bH~H H aepTHKSnbH~H WTOKH ABYMR 3neKTpOABHrare
IlRMH. nno~aAb cKaHHpoaaHHR MHweHH cocraanRna /20x30/ MM 2,4awKa 
BnflOTHYIO 6b1Jla npHmaTa K nepeAHeH KPbiWKe 3KCnaHAepa, a npH BKJ110-
4eHHH cKaHHPY~~ero ycTpoHcTea ABHranacb no ee noeepxHOCTH. OT
cyTCTBHe 3a3opa MemAY 4aWKOi:1 H CTeHKOi:1 3KCnaHAepa RBnReTCR He-
06XOAHM~M ycnOBHeM AnR YCTpaHeHHR TOKOB yTe4KH, npHBOAR~HX 
K np060RM B~COKOro HanpR>KeHHR. 

~nR $OpMHpOBaHHR H YCKopeHHR HOHHOrO ny4Ka npHMeHRnacb Tpex
aneKTPOAHaR ~enesaR OnTHKa/2~ neps~H 3neKTPOA-3KCnaHAeP 6~n 
H3rOTosneH s BHAe Tpy6KH AHaMeTpoM 35 MM H AnHHoH 100 MM. Paa
Mepbl BbiXOAHOH ~enH COCTaBnRnH /3x 1 0/ MM 2 .,llanee 6biJ1H YCTaHOB
neHbl BTOpot1 H TpeTHti aneKTPOAbl C COOCH~MH ~ellRMH. 5b1Jla npeAyC
MOTpeHa B03MOmHOCTb HX nepeMe~eHHR OTHOCHTellbHO 3KCnaHAepa 
s nPeAenax 50 MM. B HaCTOR~eH pa6oTe see H3MepeHHR npoBoAHilHCb 
npH 3a3eMneHHbiX BTOPOM H TPeTbeM aneKTPOASX. noABOA BbiCOKOro 
HanpRmeHHR 40 KB Ha 3KcnaHAep ocy~ecTBnRnCR 4epe3 npoxoAHOt1 
KepaMH4eCKHi:1 H30JlRTOp, pacnOJ1Q)!<eHHbli:1 Ha BepXHeM $JlaH"'e KaMepbl 
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PHc.2. KOHCTpyK~HH MaKeTHOro ilHH: 1 - KOpnyc HCTO~HH

Ka; 2 TipiDKHM.HOe yCTpofiCTBo; 3 - t.ramKa; 4 - MHIIIeHb; 

5 - 3KCTiaHAep; 6 - BblCOKOBOnbTHbti.J. BBog; 7 - MOCTHK 

nepeMe~eHHH gneKTpogos; 8.- Tpy5Ka nogsoga ra3a B nepe-

3apHAHoe YCTpOHCTBO.; 9 - illTOK BepTHKanbHoro CKaHHpO

BaHHH; 10 - CTeKJHIHHa.R: nnacTHHa;, }} - cl>oKyCHPytOn:(aJI 

nHH3a; 12 - BTOP9fi 9neKTpog; 13 - TpeTHfi 3n~KTpo~; 

14.- nepe3apHgHoe ycTpoHcTso. 

HCT04HHKa. naaepHaR nnaaMa, 
ro H3Jly4eHHR Ha noaepxHQCTb 

APeH$oaoH Tpy6Ke 3KCn8HAepa 

HOHHoro OY4Ka. B peaynbTaTe 
M~ B~TRrHB8I1CR, yCKOpRnCR ~ 

40K. 

a·6paa~aaHHaR nOA ,qeHCTBH~M .MOIJ.IHO

TBepAOro Tena/3-~/, pacwHpRnacb a 

1o1 AOCTHrana y~na $OPMHpOB8HHR 

1!13 KB83HHe~Tpal1bH.oill naaepH_oH nnaa

¢opMHpo~ancR neHT04H~~ HOHH~H ny-

Mar~~TH~H .cn~~TPOMeTp 6~11 CKOHCTPY~POBaH Ha OCHOBe 3JleKTpo

MarH~Ta en-57 A /e/. Yron noaopoT.r.:i ~OHOB a MarH~THOM none c;OCT_aa

JlRJl 60 °. MemnpniOcHbiH aaaop 100, MM_,. yrilbl aaxe.3Ta +5° no rqp~-

30HTan~ ~ +2° no aepT~Kan~. ~~cnepc~R cneKTPOMeTPa 18 MM/~ ~'P· 

pa3peweH"e -.A/!'J.A =.600. 
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AnR H3MepeHH~ HOHHoro ToKa AO MarHHTHoro aHanHaaropa Hc
nonbaoaanc~ MOHHTop, npe~craanR~~H~ co6o~ MeAHY~ nnacrHHY paa
r.o~epaMH /100x45/ MM 2 , pacnonO>KeHHYIO Ha paCCTORHHH 750 MM OT 
TpeTbero 3JleKTPOAS. CHrHan HOHHOro TOKS perHCTPHPOBancR 4epe3 
Harpyao4Hoe conporHsneHHe 1 KOM oc~Hnnorpa~OM C8-11. Ko3$$H
u,HeHT BTOPV14HO~ 3MHCCHH MOHHTOpa npH 3HeprHH HOHHOfO ny4Ka 
40 KB COCTaBnRn 30%. 

AereKropoM HOHHoro roKa nocne MarHHTHoro aHanHaaropa cny
~Hn 3neKTPOHH~~ yMHO>KHTenb B3Y-2A, noAKn~4eHH~M K·ycHnHreniO 
C MSKCj.ijMSJlbH~M K03$~HU,HeHTOM ycHJ1eHHR 102. YCYlneHHbl~ CHrHan 
aanHc~aanc~ Ha 3KpaHe aanoMHHa~~ero ocu,Hnnorpa$a. 

0rKa4Ka HCT04HHKa ocy~ecranRnacb HacocoM HOPA-250, ocranb
HO~ 06beM Macc-cneKTPOMerpa 0TKS4HBancR HaCOCOM BA-0,5. npe
,qeJlbHbiH BSKYYM 8 CHCTeMe - 4·10-S MM pT.CT., np1o1 pa6ora~~eM 
HCT04HHKe aaKyyM Kone6ancR 8 npeAenax /9-12/xlo-£ MM pT.cr. 
13 3SBHCHMOCTV1 OT 4SCT0Tbl CJle_AOBSHHR naaepHbiX nOCbiJlOK 1o1 Mare
pHaila MHWeHH. 0TCIOAS CileAYeT, 4TO CKOPOCTb fS300TAeileHHR H3 
pa6ora10~ero HCT04HHKS COCTSBJlRJlS BeilH4HHY 2x10-a Topp n/c. 

3KCnEPHMEHTAJlbHbiE PE3Yflb TATbl 

B pa6ore 6~nH HCcneAoBaH~ raKHe MarepHan~, KaK C, Al ,Ni, 
Cu , Y , Mo , Ta , Pb. a raK)I{e HeKorop~e cnomHble ee~ecTea. 
~3MepeHHe xapaKTepHCTH~ HOHHOfO TOKa npOBOAHilOCb 8 ABYX pe>KH
MSX: e pe>KHMe cao6oAHOro paanera nasepHo~ nna3Mbl "' a pe)I{VrMe 
YCKOpeHHR HOHOB. 8 CJly4ae CB060AHOro PS3JleTa Ha M0Hio1TOP noAa
BSJlOCb HanpR>KeHHe CMe~eHHll U = -20 8. Per14CTpHpyeMoe 414CJlO 
HOHOB cna6o aaeHceno or MarepHana MHweH~o<t 1o1 a cpeAHeM cocraanR
no -10 11 4aCTHU, 3a HMnYllbC npl-1 nllOTHOCTH MO~HOCTH naaepHoro 
~any4eH~o<tR 2x10 9 Br/cM 2.npeAponaraR, 4TO paaneT oAHoaapRAH~X 
HOHOB npOHCXOAHT H30TponH0/7~nony4HM o6~ee 4HCnO HOHOB, 3MI4T
n1pyeM~X nnaaMo~ -1 0 14. B ro >Ke epeMR nonHoe 4J.1CilO aroMOB, abl-
6poweHHbiX c noaepxHOCTH o6paa~a, ... 3x1 016 /no ou,eHKSM o6De.Ma 
o6paaoaaewerocR KpaTepa/. TeM caM~M creneHb HOHH3a~HH cocTas
nReT -0,3%. 

6biJ1H npoBeAeHbl YICCJleAOBaHHR 3aPRAOBOfO pacnpeAeneHHR 8 HOH
HOM ny4Ke. HaKCHManbHaR KPaTHOCTb HOHI43a~HH, Ha6Il~AaewaRc~ a 
HawHx ycnoe~.o~Rx, He npeeblwana Z=+6. Ha pHc.3 npeAcraaneHa aa
BHCHMOCTb KOJlH4eCTBa BbiT~HYTbiX HOHOB OT aaPRAS AfT~ HHKenR npH 
nnoTHOCTH MO~HOCTH naaepHoro H311Y4eHHR 2x10 9 Br/cM~ AHanorH4-
Hoe aapRAosoe pacnpeAeneHHe 6blno xapaKrepHo H AflR APYfHX Hc
cneAosaHH~x MHWeHe~, 4TO RBil~eTCR THnH4HbiM AllR HOHHO~ KOMno
HeHT~ JlS3epHO~ nna3M~ npH YKS3SHHOH nllOTHOCTH MO~HOCTH lo13J1y-
4eHHR. 

HcnonbaoeaHHaR a Hacro~~eH pa6ore 3KcnepHMeHTanbHaR MeTo
AHKa noaaonRna raKme H3Y4HTb 3HepreTH4ecKoe pacnpeAeneHHe 
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PHc.4. BpeMeHHoe pacnpegeneHHe 

HMTiynbca TOKa OAH03apHgHhlX HOHOB 

TaHTaJia. 
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~oHos paan~4HO~ aap~AHOCTH. Ha pHc.4 npHBeAeHo speMeHHOe pac

npeAeneHHe HMnYflbCa TOKa AflR 0AH03apRAH~X HOHOB TaHTana, BHA

HO, 4TO speMeHHOe pacnpeAeneHHe xapaKTepH3YeTCR TpeMR MaKCHMy

MaMH C pa3flH4H~M speMeHeM 3aAepmeK OTHOCHTeflbHO HMnynbCa na3epa. 

OocKonbKY speMR nponeTa a Macc-cneKTpOMeTpe OAHHaKoao AflR scex 

Tpex KOMnOHeHT, TO pa3DH4He 80 speMeHH 3aAeP*eK C8~3aHO C paa

flH4H~M speMeHeM APe~~a s 3KcnaHAepe. TaKHM o6paaoM, 3HaR Macey 

HOHa H AflHHy APe~$080~ TPY6K~, a TaK*e BpeMeHHOe pacnpeAefleHHe, 

MomHO nocTPOHTb KPHBY~ 3HepreTH4ecKoro pacnpeAeneH~R. 3Ha4eH~R 

3Hepr~H, COOTBeTCTBY~~X MaKC~MyMaM KOMnoHeHT, npH8eAeH~ Ha 

PHC.4. 
~TepeCH~M 8 3T~X 3KCnepHMeHTaX pe3YflbTaTOM 6wno npOAB~me

H~e 8 o6naCTb 3HeprH~ MeHbWe 10 38 H o6HapymeH~e MaKCHMyMa B 

3HepreTH4eCKOM pacnpeAeneH~~ AnR 3THX ~OHOB. 3TOT OHK, 8HAHMO, 

HMeeT 3Ha4eH~e AflR nOH~MaH~R npo4eCC08 B3aHMOAeHCTB~R naaepHo

ro ~3fly4eHHR C Be~eCT80M H paaneTa nna3M~, TaK K8K B 3TO~ 06-
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nacn1 3Hepren14ecKoro pacnpeAeneH~R aaper~cTp~poaaHbl VI Mone-
KyilRPHble ~OHbl TVIna c~ 1 , c~ 1 • Feo+t. Tao+t, TaO~!. 
Cs.P-

2
1 VI AP· Ham11..1~e B 3Toi1 o6nacn-1 3HepreTVII..I€CKoro cneKTpa 

OTHOCVIT€11bHO 60I1bWOrO KOJ1VI4€CT88 /HeCKOilbi<O npO~€HTOB/ KOMn-
11€KCHbiX CO€AVIH€HVIi1 no3BOJ1R€T npeAnOJlO>KVITb, 4TO nORBJ1€HVI€ VIC
HOB CO CT011b Hl-131<0~ 3HeprY!e~ MO>K€T 6b1Tb o6yc110BJ1€HO MexaHH3-
MOM B3a~MOA€~CTBHR Jla3€pHO~ n1183Mbl C noeepXHOCT biO MHW€HH, , H8 
KoTopyto naAaeT ~311Y4€HHe. AnR AeTanbHOro onpeAeneHHR npHpOAbl 
M81103HepreT~4eCKOrO M8KCY!MyMa, nO-BHA~MOMy, Tpe6yeTCR npose
A€HH€ AOnonHHT€11 bHbiX 3 Kcne PHM€HTOB. 

CpasH~aaR peaynbT8Tbl, nony4eHHble HSMH, c A8HHbiM~ pa6oT Is-to/ 
no onpeAeneHHto 3HepreTVI4eCKHX cneKTpoe a naaepHO~ nnaaMe, MO>K
HO 38KJ1104HTb, \..ITO AaHHaR M€TOAHK8 4YBCTBVIT€!lbHeH 8 o6naCTitl Ma-
JlbiX 3H€prHi:1. 3TO n038011H110 06Hapy)f{lt!Tb €\l.l€. OAHH M8KCVIMYM 8 
3HepreT~4€CKOM pacnpeA€11€Hitlltl VI YCTSHOBHTb, 4TO B OCHOBHOM OH 
OTB€TCTB€H 38 nORB11€Hitl€ B 11aaepHOi:1 n11a3M€ KOMnneKCHbiX CO€A~-
H€HHi1. 

3ToT peaynbTaT npeAcTaBnReTCR CY\l.I€CTBeHHbiM npH C03AaH~~ 
Bb1COK04YBCTBHT€11bHOi1 ycTaHOBKH 11m1A~1A 11 Al1R no~t~cKa CT3 a np~t~po
Ae, Tal< KaK nPOCTbiM o6peaaHH€M 3H€preTH4€CKOrO cneKTpa CO CTO
POHbl MSJlbiX 3H€PrHi1 MO)f{HO Ha H€CK011bKO nOPRAKOB yMeHbW~Tb I<OJllti-
4€CTBO MOJ1€Ky11RpHbiX C0€AHH€HHi1 B VIOHHOM nY4K€. ~ei1cTBVIT€11bHO, 
B H8WMX 3KCnepMM€HTaX Mbl He Ha6ntoA81111 MOJ1€.Ky11RpHbiX HOHOB C 
3Heprlo1eti nOPRAKa 100 38 H8 ypOBH€ 4YBCTBVIT€1lbHOCTio1 1.0-4 OT 
no111;10rO TOKa. 

TaKio1M 96paaoM, npoBeAeHHble Ha MaKeTe I-1Cc~eAoBaH~t~R noATBep)f{
ASIOT nepcneKTio18HOCTb lo1CnO!lb3088-HHR naaepHOrO· :HCT04HI-1Ka A11R 
BbiCOK04YBCTBHT€!lbHOro Maccoaoro aHaiJH3a. AnR paapa60TKH pa6o-
4ero eapl'lal·'fTa HCT04HHK8 Macc-cneKTpOMeTpa 11m1AV1A 11 , Ha H8W B3r11RA 
He06XOAI-1MO npOAOJ1)f{€Hitl€ ~3Y4€Hio1R xapaKTepHCTHK naaepHOi1 nna3Mbl 
H paapa60TKH Clt!CT€M lti3BJ1€4€HHR H $OpMHpOBaHitiR ~OHHOrO ny4K8. 
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PyKon~cb nocTynHna e H3AaTenbCKHH OTAen 

25 HOR6pR 1981 roAa. 

Bblwen e ceer o4epeAHOi:1 HOMep )t(ypHana 114l~t~3HKa 3neMeHTapHbiX 

4aCH11.1 It! aTOMHOrO .RApa 11 , TOM 12, Bbi!'l. 6. noAn\IICKa Ha )l{ypHaJl 

npOBOAL-ITC.R B areHCTBaX VI OTAeJ'leHYI.RX 
11 COI03ne'-l-n1 11

, B OTAelleHH

.RX ce.Rs~t~, a TaKme y o6~ecraeHHbiX pacnpocrpaH~t~TeneH ne4ar~t~. 
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