
cp-2 
OB'bE,nHHEHHYA HHCTHTYT H,nEPHYX HCCJIE,nOBAHHA 

Y,LJ;K 539.14:621.039.8 

18-85-890 

<llaM HroK 11b10ur 

METO,l),hl AHAJU13A JIErKI1X HYKJil1,LJ;OB 

C I1Pl1MEHEHl1EM l1CTOqHJ1KOB a -l13JIYqEHl1H 210 Po 

l1 rrYqKA IlPOTOHOB C 3HEPrl1Ett < 2 M38 

CneQHaJibHOCTb 01.04.16 - q>l1.3J1.Ka aTOMHOro HApa 

J1. 3JleMeHTapHblX qacTHQ 

ABTOpe~epaT nHccepT8llHH Ha COHCK8HHe yqeaoA CTeneHH 

KaHnHnaTa ~H3HKO-M8TeM8THqeCKHX HayK 

,Uy6Ha 1985 



Pa6oTa BmIOJIHeHa B ]a6opaTopHH H,JJ;epHHX peaKIJ;all 
O6!,e,ItirneHHoro IlHCT:UTyTa H,JJ;epHHX HCCJie,I(oBaHHH . 

Hay,nmil: py:KOBO~TeJn,: 
,ll;OKTop Wli3illtO-MaTeMaTH'ieCKll Hay:K, 
CTapUIIDi Hay,nnm COTPY.IUlliR t'.M. Tep-AI<om,m1 

OlJ.rmaam,HI:le OillIOH8HT!l! 
,ll;OKTOp T8XHH'ieCKWC Hay:K, 
CTapmw!: Hayr:nnm COTPY,ll;lil!K B. II. Ba;i>Bap~ 

,ll;OKTOp WH3illtO-MaT8MaTK'i8CIWX Hay:K 
CTapl!IHH Hay,nllm COTPY,ll;HHK 3.H.lllapanoB 

Be;rzyI1188 Ilp8,I(Ilpli.'!TH8: J18HKrpa,n;Crotii rocy,ItapCTB8HHlm YHKB8pCHT8T 
HM. A.A:]f.rcaHOBa. 

3an11JTa ,ItHCCePTaUIIH COCTOHTCJl: " " I986 r. 
B " , " 11a.coB Ha 3ace,I1;aHHl'! CII8IV.taJm3HpOBaHHoro, CoBeTa 
~ 047.0I~05 npn Yia6opaTopnn HeHTPOroIOH ql03HKH n ]a6opaTopnn 
H,JJ;epHIDC peaKIJ;ali 06!,e;n:uHeHHoro HHCTHTyTa 'H,JJ;epHHX HCCJie,ll;oBaHHil 
(r. ,!Ty6Ha, MoCKOBCKOH06JiaCTH). 

C ;n:uccepTaIJ;nefi MOJ!tHO O3HaKOMllTI,CJl: B 6H6JIHOTeKe 01UIH 

ABTope~epaT pa3oMaH" " 

Y11eHHH ceKpeTap1, 
CII8IIZ8Jll!3KpoBaHHoro CoBeTa 

I986 ro,I1;a. 

' IO.B. TapaH 

l 
' I 
I 
j 
j 

f 
l 
I 

OBIWI XAPAKTEPHCTIIKA PAEOI'H 

AKTy:aJII,HOCTI, npo6.JieMH. H):(epH~3ll'1JeCKHe MeTO,ll;H aHaJIHsa SJieMeHT­
Horo COCTaBa BellleCTBa l'!MeJOT 60JII>moe SHa'leHHe ,It.1Iff MHOrHX HanpaBJieHHii 
COBpeMeHHOH HaYKD H TexHHKH. IloCTOHHHOe paSBlJTHe ll' COBepmeHCTBOBaHll'e 
3Tl'!X MeTO,ll;OB, 6asHpYXJIIlHXCR: Ha HCIIOJII,SOBamm Boero apceHaJia H8~0-
TeXHH1JeCKHX ,ll;OCTHJlteHll'li COBpeMeHHOli H,JJ;epHoll qJIJSHKH, np1rne.rro K IIOJIY'lemm 
HCKJII01lll'TMI,HO BHCOKHX pesy.iII,TaTOB 8HaJIH38 no HX -qyBCTBIJTeJII,HOCTH, TO'i­
HOCTR ll' npoHSBO,ItHTe.iil>HOCTH. 

1:MeCT8 C TeM B pime IIp8KTll'110CKHX 38,I(8'l OnzyJll80TCJl: Heo6XO,ItHMOCTI, 
,I(8JII,Heiimero COBepmeHCTBOBaHll'H M0TO,I(OB aHaJIHsa. B 118CTHOCTH,3TO OTHO­
CIITCJl: K MHOI'HM 38,I(8118M, CM38HlWM C onpe,neJieID!eM co,neplltBHHH JierKHx 
9JI0M0HTOB, ,It.1Iff KOTOP:WC CYIIl0CTBYDIJtl10 M0TO,ll;H He ,I(8IOT BIIOJIHe y,noBJieTBO­
pHT0.iII,HBX pesyJII>TaTOB. TaK,H8IIpHMep, He,ll;OCT8TO"IHOH ,It.1Iff KOHTPOJIJI sar­
:PHSHeHHil OKPYllt8IOllleil cpe,ll;H HBJIH0TCJl: -qyBCTBIJTMI>HOCTI, M0TO,ll;OB onpe,I(eJie­
Hll'H 6epH.iI.iIHH. MeTO,ll;H 8H8.7Ill'38 CO,I(0PJ!t8Hll'H asoTa, OCHOBaHllllO Ha peaKIJ;aJIX 
'14 14 · N ( 11.,.tn) II N ( t, n) , He,nocTaT011Ho a@JeKTl'lBHI:l ,It.1Iff SHaJIHsa IIHIIl8BHX 
npo,nyKTOB, co,nepllt811t0X qiocqiop II q,rop, HX IIIIlpoKoe BH8.IlPeHll'e C,I(0plKl!B80T­
CJl: BBIJ,ny Heo6XO,ItHMOCTH C03,I(8Hll'H cne:a;3aJIHSHpOBaHHIDC Jia6op8TOpilii, o6o­
PY.n?B8HHIDC ycKopHT0Jil!Mll' 118CTH~. Tote 60.rree·CJIOJKHllM HBJIHeTCR: o6opy,I(OBa-

"' Hll'0 COBpeMeHHI:lX YJII>Tpa1JYBCTBIJTeJII,HIDC,Macc-cneKTpoMeTpH'ieCKHX !CTaHo­
BOK, npm11eHHeMHX npn 8H8.iIH3 e p8,ll;KHX npnpo)tHIDC pa,ItHOHY&"Il'l,I(OB ( 0Be, 
I4c H 'AP•)• 

B CMS:ll C 3Tl'!M aKTY8JII,HHMli HBJIHIOTCH 38,I(81lll' COBepmeHCTBOBaHll'H Me­
TO,I(OB aHaJIIlsa, OCHOBaHHIDC Ha perHCTp8:a;3l'l H,JJ;epHHX peaKIJ;ail, npoTeKaIO­
ll!ilX IIPII BOS,I(eiicTBHII Ha IICCJie,nyewe npo6H o( -USJIY'leHHH pa,ItHOHYK.iIH,ll;OB 
(2I0po, 238p,.. l'l 'AP•). El:rarO,I(8p!I IIpHMeH0Hll'IO HOBllX IJ36HpaT8JII,HIDC CIIO­

co6oB• Ha6Jno,I(eHHH H,JJ;epHHX pe8KD;3H npe,ll;CT8BJill'.eTCR: BOSMOlKHHM ,I(OCTHJ!teHHe 
YPOBHH lJYBCTBHTeJII,HOCTlf' TO"IHOCTU lJ npoUSBO,ItIJTeJII,HOCTM' OTBff'IaIOlllero 
Tpe6oBaHHRM npaKT:ll'ieCKHX 38,I(81l. 0THOCIJT0JII,HM npOCTOT8 lJ KOMII8KTHOCTI, 
T0XHH1JeCKHX cpe,ll;CTB ,I(onycKaeT IIIIlPOKO8 IIpl!MeHeHHe 9TlIX MeTO,ll;OB npu 
KOHTpOJie sarpa3H0Hlli1 OKPYJKaIOllleil cpe,ll;H 6epHJIJIHeU, npIJ onpe,I1;e.rreHI1I1 830-
Ta B IIlIIIleB:WC npo,nyKT8X, nplf 8H8JIH3e HeKoTopmc JierKIJX 9JieMeHTOB (Be, 
AL. , f ) B reoJIOrlllf l'l ropHo,no6HBaIOlll0H npoMI:llIIJieHHOCTII. 

Msy,reHl!e p03OH8HCOB H,JJ;epHHX peaKIJ;nfi Ha ny1IK0 npoTOHOB°C SHeprnen 
< 2 MeB H8pH,JJ;Y C npHMeHeHl'!eM HOB:WC cnoco6oB peI'lJCTp8D;3lf 9TIJX peaKIJ;nfi 
npe,I(cTaBJill'.eT 6oJII>moii IJHTepec ,It.1Iff pasBIJTlfH OTHocneJII>HO npocToro II 
,I(OCTyIIHoro MeTO,I(8 YJII>T¥81JYBCTBIJTeJII>Horo 8H8.iIH38 H0KOTOPHX pe,I(KIJX npn­
po,I(HHX pa;n:uOHYKJIH.ll:OB ( ~e, 14c If 'AP·). 

OcHOBHWI UMI, pa6oTH 38KJII0118JI8CI, B paspa6oTK0 HOBoro M0TO,I(8 
8Ham1sa 6epIIJIJIHR, OCHOBaHHoro H8 peI'lJCTpa:a;3IJ COBII8,I(eHl!H HefiTpOHOB II 
~ -KBBHTOB' l'!CIIYCKa 0MllX B H,JJ;epHoii peaKIJ;nII 9Ee ( 0( , '11 ¥) ' npoTe~eii 

001,,_,._,.,,ii/;.'llHhlu ml~ 
mll".f1LE:1:3 DteJJl?.fit'/Bi.1ilEfil 
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ITO.It ,It8llCTBll8M ex ~'laCTllU 
2
r0po. Onpe,IteJIJ!JilJCI, BHXO'AH xapaKTBPHCTll'IBCKllX 

l -K:saHTOB B pe8KUIJRX o( -'laCTllU c Ji,IU)8Mll Jierimx aJieMeHTOB ( N , AL , 
F ) c UBJII>IO paspa6oTrol MeTo.n:a aaaJil'Jsa asoTa, ocao:saHHoro .Ha penmTpa­

~m 't -rmaaToB c aaepnrefi: 87I KaB, IJcnycKaeMHX B peaKU11u I 4 N (c{,f' )I7o, 

n oueaKu -qyBCTID!TBJII,HOCTH MeTo.n:oB onpe.n:e.,:reimJI AL l! F no '¥-KBaHTaM 

11 aeiiTpoaau, 11cnycKaeMHM B peaKUIIRX ( o<, fl ) n ( ol , n. ) • May-qaJiacI> aaBH-

. CIDWCTI, BBJIIl'lllHH n~nepe'!Horo Ce'leinm PB8KU!Jll IOBe( f, '11,) IDi3 OT 8HBPrull 

6or.16ap.n;HpYJllIItl')X npoTOHOB C UeJII,IO onpe,iieJiemm B08Moru!OCTll paapa60TKll 

HOBoro BHCOKO-qyBCTmtT0JU,Horo MBTO,Ita onpe.n:eJierrim: ICJne; ocao:saHHoro aa 

per110Tpau;0u coBITa.n;eHHii 't -KBaHTOB u aeiiTPOHOB, ucnycKaeMHX np11 aToii 

peaKIJ;0Il. 

HaYtpraJI HOBll8Ha pa60TH . 

Ilpe,ItJI()jjtBH ll paapa6oTaH HOBmi MBT0.11: onpe.n;eJIBHllJI 6epuJIJI1IJI, OCHOBamnra 

Ha perIJCTpaIJ;0ll COBil8,ItBHllii 't -Jiy-qeii C aaeprueH 4,439 MaB l! HeiiTpoHOB6 

11cnycKaeMmc B peaKUl!ll 9Be(o<, tL 1). Ilpll HHTBHCHBHOCTH o(. ,-HCTO'IHHKa 2I P~ 

3.I08c-I B TBJIBCHO?.J yrJie 2TI: CTepa.n: .11:0CTHrayTa -qyBCTIDITeJII,HOCTI, onpe­

,IteJIBHllJI, COOTBBTCTByromaJI CO,It8plK8HllIO O,I MKr 6epHJIJlllJI-B npo6e.rro cpaB­

H8Hlll'.) C MBTO,ItOM perucTpaIJ;0lJ O.n;HHO'IHHX ll -KBaHTOB -qyBCTBllTeJII>HOCTI, 

aHaJIMaa Yl3eJill'IBHa .. B 50 paa Ilpll YMBHI>mBHHH 8.ltTllBHOCTll o( -HCTO'IHHKa B 

IO paa. Tarom1 o6paaoM BnepBllB BKCnepHMBHTaJII,HO noKaaaHo npeID.JYllleCTBO 

UBTO,Ita 't-n COBila,ItBHllii .11:JIII ll.11:BHTllqll'JKaUl!ll HCKOMoro KaH8JI8 JI.IJ;epHo:it pe­

aKU11H np11 aHaJillae Jieritllx SJieMeHToB_ no peaKUIIJIM ( o( , n ) llJill ( 10, n, ) • 

Ilpe.n;Jio;KBH ll l!CllHTaH HOBllH MBT0.11: aHaJillaa IIlllllBBHX npo.n:yKTOB Ha co­

,It8pl!t8Hlle 880TB 6eJIKa, OCHOBaHHmi Ha perHCT~aUIIH 't -KB8HTOB . C SHeprneit 

87I KaB, HcnycKaeMUX B peaKUIIH r4 N ( o<. ,p ) 7 O, npoTeKalOllleii: no.n: ,1teii:cT-

BllBM o( -'laCTllU 2IDpo. MaMepeHH BllXO'AH O -ItBaHTOB C imeprne:li 

87I KSB npH o6Jiy-qeHllH o( -'l8CTIIUaMH 2 r0po o6paauoB, 6.Jil'Ja~ no COCTa­

By K IlHI!lBBllM npo.n:yKTaM, CO,It8plK8Il!HX aaoT B pa8Jil'J'IHOH KOHUBHTpaUl!ll B 

.n;HanaaoHe O-II%. 

Bnepwe. onpe,I(eJieHll BBPOJITHOCTil l!CnyCKaHllJI 'tJ -KBaHTOB B pe~ 

( c{,n) Ha aJJlOMllHllll IJ cprope Il ,I(aHH oueHIGI 'IYJ3CTBIJTBJII>HOCTll MeTo,I(a 1-'11, 
COBIIa,I(BHllH .11:JIJI aHaJI1Jaa 8TIJX MBMBHTOB. .!(aw OUBHKH -qyBCTBll­

T8JII,HOCTIJ MeTo,I(oB onpe.I(eJieHl!JI AL IJ F , ocHoBaHHllX Ha perucTpau;0IJ 

1 -KBaHTOB, IJcnycKaeMUX B peaKUIIRX 27 Al ( o< ,J' ) , I9 F ( o< ,p ) IJ npll 

KyJIOHOBCKOl\1 B086yJK.I(eHllll cpropa o( -'laCTlJnru,m 2IUpo. . 

Bnepwe IJaMepeao nonepe'!Hoe ce'!eHl!e peaKUIIH IOBe( 1' ,n ) B ,ItJJanaao­

He 8HepruIJ !IpOTOHOB 893-I929 KSB lJ ,I(aHa oueruta npe,I(BJia -qyBCTBIJTeJII,­

HO~Tll onpe,I(eJIBHllJI IOBe no MBTO,I(y 1-ti. COBITa,I(eHllil, KOTOpaJI COCT8BJiliBT 

IO 8TOMOB IlJIIJ ro-II aTOMOB I□ije Ha aTOM 9Be. 
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IlpaKTll'IBCKaJI yeHHOCTI, pa60Tll 

Paapa6oTaHHaJI MBTO,nl!Ka onpe,I(eJIBHllJI 6epllJIJillJI Y.ItOBJIBTBOps!BT npaKTTI­

'leCIGIM Tpe6oBaHllJ!M 88,I(8'lll KOHTPOJIII 'lllCTOTH OKPYT.WI:JIIteil cpe'AH. IIpH 

npoBe,I(BHllll TaKoro aHaJIMaa npe,I(CTaBTJJIBTCJ! OTHOCHTBJII,HO Hecm»:tlilll.T rrpu­

roTOBJIBHlle o6paauoB B Bn,I(e TOHIGJX rrpenapaToB, y,1to6HUX )(JI.II 06."IY'!eHim 

of. -'laCTHI:(aMU. .I(OCTilrayTaJ! '!yBCTIDlTBJII,HOCTI, ailll.'IIJ8a Il08BMJIBT IIPOBO­

.n;HTI, onpe,I(eJiemre onacHHX .I(oa 6epllJIJillR Ha rrpo6ax cpammTecrI>Ho ua::oro 

06':&eMa (HanpHMep, IOO JI Boa.I(YXB), 't!To cnoco6cTByeT a1tcnpeccHocTI111a­

MepeH11il. Ilpll onpe,I(eJIBHllll Be B reOJIOrll'IBCKllX ll TBXHO.lIOril'IBCK!IX npo6ax 
KOHUBHTpau;00HHaJ! tJyl:lCTBllTBJII,HOCTI, MBTO,I(a. paapa60TaIUioro B ,n:uccepTa­

uim; COCTaWJIBT ro-2%. 3TOT MBTo;It 1.lOJ.tBT ycneUIHO ItOHKypilpoBaTI, C !.ICTO­

,ItOl1f onpe.I(eJieHllR Be no pea~m ( o , n ) BBH.ItY cBoeii a1tcnpeccuocTIJ II 

OTCYTCTBllR I!CTO'IIDJKa t -llaJiy-qeHllR c BllCOI,UM ypoBaeu aKTIIBHOCTil. 

Coa,1taHHa.11 annapaTypa perucTpau;m1 o -n coBna,I(emril uozwT 6UTI> npn­

MeHeHa .11:JIJI npaKTll'!ecm1x ne.'Ieil npll aHamrne 6ep11:rmm. Tomo.;raeHHM an­

ToMaT1rnauim ll8MepeHllll Ha HB:liTpOHHOM ,I(BTBKTOpe cnoco6cTBOB8JI8 ocymecT­

R,'IBHIIIO KOHTPOJIJl pa 60TH Bcex ya.10B ycTaHOBKII H IT08BOJIIJ.'Ia BBCTJJ IlO!lCit 

8JIBKTpil'lBCIGIX Mirnponpo6oeB 3He-C'lBT'lllKOB ! 'ITO Il£IfBBJIO K YMBHJ:,lIIBHlfFJ 

cl.oHa O.n;HHO'IHilX HeiiTpommx: IlMny,UCOB OT IOQ '!SC- ,I(O 70 '!aC-I. 

Ilpe.n;JIOlltBHHM ll IICirnTaHilllJ! MBTO.n;HK8 anamiaa rnrmeBllX npo,I(yKTOB Ha 

co,I1,epl!t8mre asoTa 6cmta 06ecne'!Jl1BaeT npuer.meuyro .I(iJI npaKTUKH TO'IHOCTI> 

ll IIpOil8BO.n;HTBJII,HOCTI, ll8MepeIDJii ll ll?,!eeT rrpeIIUYIItBCTBa no cpaBHBIDIIO C 

,lij)yr:mm JI.IJ;BpH04lall'!BCitlThlll MBTO,I(ar.m Bm1.n:y OTHOCilTBJII,HOli ,ItOCTYilHOCTU 

11 Km,maKTHOCTll o6opy.I(oBaHllR, a Taroxe 6,,1i:aro,1taps1 BHCOKoii I1a6upaTBJII>­

HOCTll peaKUl!ll r4 N ( o{ , p } I 7 0. KOTOpaJI MOlltBT 6UTI, Il,I(BHTllqll'JU(lpo:saHa no 

xapaKTBPllCTU'IBCKOii t -Jil'JHHH 871 K8Il Ha WoHB peaKU11ii, npoTBK8IOIItHX Ha 

Ji,Iij)8X ,I(pyrlfX 8JIBMBHTOB, BXO~X B COCTSB IlllI!lBBilX npo,I(yKTOB. . 

IloJiy-qeHHHe ,I(aHHHe o BBJIM'!llHe rronepe'!Horo ce'!eHl!R peaKU1111 IOne(-p,n) 

np~ aHeprull npoTOHOB B .n;HanaaoHe 893-I929 KSB llCilOJII,8yPJTCJI ,I(JIJ! paa­

pa60TKH BllCOKO-qyBCTBllTBJII,Horo MBTO,I(a aHaJillaa IOBe B oca,ItO'!HllX nopo­

,I(SX II MeTeopl!Tax. 

Ha 8SIItJJTY BHHOCJ!TCJ! CJIB,I(VlllIJll'B OCHOBHllB ITOJIOltBHllJ!: 

I. fil3TOMaTU8aUIIJ1 Jf8MepeHlli1 Ha Heii:TpOHHOM ,I(BTBKTOpe C 56 3
He-C'IBT­

'lllK81\m, o6ecne'lllBlllaR c6op II aaaJIHa noJIHoro Ha6opa ,I(aHHllX; KOTopaJI 

npuBe.;ra K reHI>ill8HllIO llX)Ha O,ItlJHO'IHHX HBii:TpOHHllX JIMIIYJII,COB OT !00 '!aC-I 

,I(O 70 '180- II gJOHa MHO."ltBCTBBHHllX C06HTllii: OT 2,5 CYT-I ,I(O I CYT-I. 

2. HOBaJ! MBTO.n;HK8 onpe,I(eJIBHllJI 6epllJIJIIl.f! no perucTpaUIIII t-n COB­

na,IteHll:li, ,I(8BmaJI npe.I(ei -qyBCTBllTBJII,HOCTil O,I MKr 
9Be npll IlHTBHCllBHOC­

TII llCTO'IHl!Ka o( -'!aCTlln 3.Ia8 c-I B TBJIBCHOM yrJie 2Tt CTepa,I(. 

3. HoBaJI MBTO.n;HKa onpe,I1,eJieHl!J! aaoTa B IlHI!lBBllX npo.n:yKTaX1 OCHOBaH­

HaJI Ha perncTpaU11I1 "'t -.iil!HllII 87! KaB B peaKUIIH r4 N ( o< , fl ) I O, npoTe-
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IW!Ollleii rra o( -'!aCTim;ax 2roPo, cnocoomm: ,I1aT1> TO'IHOCTJ, pe3yJI1>Ta1'0B B 

l!3Mepeimmx npO,IIOJ"OlrnTeJII,HOCTl>IO 5 MIIH. rrpn BeJill'IllHe KOHD;eHTpau;rrn a3oTa 

2% II l!HT6HCUBHOCTIJ l!CTO'IHI!Ka o( -'IaCTl!U I09 C-I B TeJieCHOM yrJie 2 it 
cTepa,II. 

4. Pe3yJI1>TaTl:l l!3Mepem!Jl rrorrepe'IHoro ce'IeHJJsi peaKIJ;[m IOBe(-p, n) IOB, 

IIOita3l:lBaIOJ.ItI18 MaKClJMYM 0-- = 260 MO Ilpll :meprm1 IIPOTOHOB EJiao.=I050 m1B, 

0Jlll3KOli K rrcipory 8TOM J)eaKu;rJH C oopa30B8Hl!eM IOBe B COCTMmm I'" C 

::meprueii B030y]l;,ItcHI!Jl 7I8 m1B, cpe,I1Hee 3Ha'!eHue rrorrepe'!Horo ce'!eimJI 

er :::::: IBO MO B ,I1Uana3oiie E.Jiac5 = I030-I400 KaB, JJ fa!OJ.ItlJe oueH~ npe,I1e­

J:a "J:YBCTBllT6JH,HOCTIJ orrpe,Ile.TieHl!Jl IOBe no peaKu;l'll! QBe( 'fl, n, )I B, KOTO­

paJI COCT8B}t!IeT ro7 8TOl.!OB H.im ro-II aTOMOB IOBe Ha aTOM 9Be. 

Anpooaurur paOOTl:l 

OCHOBHl:le pe3y.J.i:1>TaTl:l paOOTl:l ,IIOJIOJKSHl:l aBTOPOM Ha 3ace,I1aHl!JIX cer.nrna­

pa 0T,ll;CJia JJccJie,noBamm TR.l!teJIIJX JI,nep IaoopaTop1m JI,nepHHX peaKu;rJii u Ha 

3-ii l.!eJ?i,JzyHapo,nHoii ICOHqiepeHIJ;Irn no ffiJ3KoipoHOBHM l!3MepemJJIM, EpaTHCJiaB8 , 

OICTJI6p1, I985 ro.na. 

CTpYICTyoa H 00'1eM ,rcyJCcePTawn 

,UIJccepTaUHJl COCTOI!T 113 BBe,nemm, 'IeTupex rJiaB lJ 3aK.J1IO'I8Hl!Jl I co- • 

,nepmIT 97 CTpaHl!U Mal!IlfHOimCHoro TeKCTa I I6 TaOJll!U, 23 pncyruca lJ Cim­

COK :mTepaTypH Il3 98 HaJJMeHoBaHllii. 

CO)lEPrumE PAEOTH 

Bo BBe86HI1lJ ,IlaHa aHHoTau;rJJI paOOTl:l. B H6M IIO.lt83aHa aKTyaJI1>HOCTl, 3a­

.n;a'!ll pa3BI1TlJJl MeTO,IJ;OB aHamrna JierKUX HYKJIJJ,I(OB, lJ3JIO;JCeHo KpaTKOe co­

,!16pllt8HI!e ,I(llCCepTauirn II rrpnBe,neHl:l OCHOBH!:le pe3yJI1>TaTH I no.rry'IeHH!:le aB­

TOpoM. 

B nepBoii rJiaBe co,nepJKIITCJl o63op OCHOBHHX JI,n6PHCH!llJ3ll'ISCKl!X MSTO,I(OB 

aHamrna 3JI6MSHTHoro COCTaBa BeIIteCTBa. PaCCMOTpeH!:l IIpJJHu;rrIIl:l ll CBOliCT­

B8 HeiiTpoHHo-aKTHB8u;I10HHOro 1 '( -aKTl!B8u;I10HHOro M6TO,IIOB, aKTl!BaUI10HHO­

ro anamrna Ha rry'IKaX 3apimeHHl:lX '!aCTHU, aHa.illlaa 3JISM6HTHOro COCTaBa 

c noMoIIt1>!0 H,nepHHX peaKu;Iiil, peHTreHoqi.nyopecueHTHoro H Macc-cneKTpoMeT­

PH'!ecKoro M6TO,IJ;OB aHaJill3a. YKa3aHHHe M6TO,I(l:l aHa.,m3a CIIOCOOH!:l pemaT1> 

P83H000pa3Hl:l6 3a,na'Ill, B03HIJ'K810lllll6 B Haycnmx l!CCJI8,IJ;OB8Hl!JIX H Ha rrpoua­

BO,I(CTBe •. :a1ecTe C TeM, OCTpo OlllYIIt86TCJl HCOOXO,I(l!MOCTJ, COBepmeHCTBOB8-

Hl!Jl MSTO,Il;OB 8H8Jill38 ,pJI,na JierKl!X 3.1I6M6HTOB - oepl!JIJIIJJI, 830TB, 8JilOMl!HllJl, 

cpropa H ,I(p. 1 ,I(JIJl KOTOPHX OK831:lB810TCJl HeIIpilM6HllMHMil HJill ,na!OlltID,ru He 

BilOJIHe Y.IIOBJI6TBOpllTSJIJ,Hl:l8 pe3yJil>T8Tl:l OCHOBH!:le JI,nepHCH!llJ3ll'I6CK.Ue M6TO­

,I(l:l: H6HTpOHH0-8KTilB8u;l'JOHH!:lli, If -8KTHB8u;l'JOHHl:lli Il peHTreHoqpryopecueHT­

Hl:l:lt. Macc-crreKTpoMeTpllJI, B ocoOeHHOCTll YJI1>Tp8"J:YBCTBllT6JI1>Hl:le YCT8HOB­

KM, BKJIIO'IB!OJ.ItlJS YCKOPilT6Jill 'I8CTHU, cnocoOHa pemaT1> OOJil>mHHCTBO aa,na'I 

8HaJIH38 JierKUX 3JI6MSHTOB, B TOM 'IllCJie 38,I(B'Ill onpe,I(eJI6HllJl pe,I(KMX pa-
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,I(l!OHYKJW.IIOB ( I One, I 4c, 36 CL n .IIP·). O,nmUto BBil.IIY oon1>mo:i1 CJIO.lKHOC­

Tll ll Tpy,I(OeMKOCTil 9Toro M6TO,I(8 mnpoKoe ero llCIIOJil>SOBBHHe 88TPY.IIH6HO. 

C y'!eToM sarrpocoB rrpaKTl'lKH l'l cMemrnx oOJiacTeii HBY'IHl:lX ncCJie,I(oBBHH:lt 

rrpe,nCT8BJIJl8TCJl ~KTY8JI1>HHM paSBIJTile M6TO,Il;OB 8H8JIMS8, OCHOBBHHHX H8 

rrpl'lMeHeHHl'l OTHOCHT6JI1>HO HSCJIOJitHl:lX T6XHH'ISCKHX cpe,I(CTB. 

Bo BTOpo:lt rJI8B6 OimC8H M6TO,I( l-n COBII8,It8Hllll ll 8IIII8p8Typa ,I(JIJl ero 

rrpllMSHSHllH. 
Hcrrycita.Ime He:ltTpoHa Il o.n;Horo IlJill H6CKOJI1>I<i!X xapaKTepl!CTll'I8CKilX 

l -KBBHTOB Hepe.I(KO nMeeT MecTo B BHX~,I(HHX KaHaJiax peaKu;rJil. B c.rry'Iae 
9Be( c( ,n. )I2c rrpll sHeprnn o( -'I8CTllU E s 5,3 MsB 'lS -KB8HTll c SHeprn­

eii 4,439 MsB ncrrycKalOTCJl C B8pOHTHOC:T1>10 0,7-0,8. 113-38 ,1(8:ll:CTBIJH rrpa­

BHJI OT6opa IIO CIIIlHY ll '!eTHOCTll peaKu;rJJI ( 1' 'n ) H8 JierKTIX Jtlijl8X Hepe,I(­

KO MOJit8T IlpllBO.rtHTl> Jlllml> K o6p8SOB8Hll!O KOHS'IHHX JI,nep I H8XO~XCJl B 

BOS0YJJt.n6HHOM COCTOHHHll. IlOBTOMY H8plt,I(Y C HeiiTpoHru.ru B TaKl!X peaKu;rJHX 

(HarrpHMep, IOBe( 'fl, 'l'I, )IOB n .IIP•) ncrrycKBIOTCJI 't -KBBHTl:l, OTBe'Ia10IItlle 

rrepexo,naM B OCHOBHOB COCTOJIHHe JI,nep-npo,I(YitTOB. B MSTO,I(6 't -n COBII8-

,I(6Hllil Bl:lCOKaJl pa3pem8l0lll8JI CIIOC00HOCT1> t -cneKTp01178TplJ'ISCKOrO Tp8KT8 

II03BOJIJl6T Bl:l,neJillTJ, lJCKOMYIO peaKu;rIIO ( o( , 'h- ) l!Jill ( 'fl, n.) Ha (p()He T8-

KTIX JK8 peaKu;Itll, IIPOT6K8JDlltHX H8 JI,Iijl8X ,I(pyrI!X SJI6MSHTOB. 0,n;HOBp6MSHH8JI 

perl!CTp8UUJl H8i:iTpOH8 YCTp8HH6T (p()H 'f -CI16ICTPOM8Tp8, oOyCJIOBJI8HHl:lli 

KOMIITOHOBCKHM paccerumeM '6 -ICBBHTOB, HCIIYIIt6HHHX B ,I(pyrI!X JI,nepHHX pe-

8Ku;l'JHX: ( c< 1 0 ) 1 ( 1' I)' ) 1 ( cl., Jc/, 
1 
'{ ), ( 1' J f' I i ) lJ ,I(p • . 

.no H8CTOfilllSro Bp8M8Hll M6TO,I( perncTpau;rrH 'lf- n COBII8,I(6Hllil He rrpn­

MBHHJICJl B ueJIHX 8H8Jlll38 8JISM6HTHOro COCT8B8 B8IIt6CTB8. 

CxeMa 8KCII6pllM8HT8JIJ,HOll YCT8HOBKH ,IJ;JIJl perl!CT£8Ullll 't -n COBII8,ne­

Hllil Ilpll 8H8Jlll88 6epl!JIJIIJH no peaKu;rJH 9Be( o( ,'Y\. ) 
2c IIO.lt838H8 H8 pnc.I 

OHa BKJIIOtJaJia KaMepy w:ut o6Jly'!eHMJI oopasuoB ol -us.rry'IeHHBM rrperrapaTa 
2r0po, ,I(Ba Cu;l'JHTllJIJIJlu;IJOHHl:lX 'If -CII6KTPOM8Tp8 C MOHOKPIICT8JIJI8Mll rep­

M8H8T8 BIJCMYT8 (.rtHaMeTp - 8 CM, Bl:lCOT8 - 5 CM) 11 HeiiTpOHHl:lll ,neTSKTOP 

C 56 3He-c'IST'Il!K8Mll , pacrro.rro;iceHHID.lll B OJioKe 38M8,I(JillT8JIJl ( oprcTBKJIO) 

B 4 pH,n8X, npe,I(CT8BJIJlBl!IlfX KOHD;SHTpll'I6CKile OKpp.'JIOCTll, B neHTpe KO­

TOpl:lX,H8XO,I(llJICJl "J:YBCTBHT8JI1>mnl 06'b8M ,neTeKTOpa. BepORTHOCTl> perHCTpa­

Ullll O,ltlJHO'IHOro H8ilTpOH8, llCIIYIIt8HHOrO HS "J:YBCTBilTeJil>HOro o6'beMa, paB­

HHJI8C1, 0,48. Cl!CT6M8 IIJI8CTll'I6CKllX Cu;l'JHTilJIJIJlu;IJOHHl:lX C'I8T'Ill'KOB 1 . Oitpy-:­

X8BlllllX HellTpoHHl:l:lt ,neTeKTOP, ooecne'Il!B8JI8 88IItllTY OT KOCMH'IeCKiiX .rry'Ieii. 

9.JreKTpOHH8JI CX8M8 HeilTpoHHoro ,I(6TSKTOpa ooecrre'Il!B8JI8 perHCTP8Ull!O 

COBllB,neHllil 't -KB8HTOB ll H8llTpOHOB C pa3pem810J.It1JM Bp6MSH8M S I28 MKC, 

perncTpaunro MHOl!t6CTBemmx HeilTpomm:x: co61:lTn:ii (coOl:lTnii, B KOTopmc ,nB8 

llJill 60JI88 H8iiTpOHOB perncTpllpOll8JIHCJ, B T6'!8Hll8 rrpOM6'1CJ'TK8 Bp8M8Hll 

~ 128 me), sarrnc1, sliepreTll'!ecKoro cneKTpa "t :...KB8HTOB, saperncTpnpo­

B8HHl:lX B coBIIa,nemm·c H8liTPOHOM. 
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d) 

Puc.I a - CxeMa YCTaHOBIW .I(JJJl HSMepeimJI cneKTpOB '6-KBBHTOB 

B coBIIa,n;emm c HeiiTpomn,m peaKnIDJ ( o{ ,n ) . • I - Heii­

Tpo.HHID1 .n;eTeKTOP. 2 - 1!y'BCTBlITem.mnl 06!,eM. 3 -ifj'JY. 
4 - CD;lfHTHJIJI.fITOpH 1 5 - KaMepa C o( -HCTO'IIHHKOM 
21

0po H odpasn;oM, 6 - Kopnyc KmAepu, · 7 - npenapaT 
21

0i,o, 8 - IIO.D;JIOJKKa, 9 - IIJieHKa Al2,03 , IO - od­

pasen;, II - IIO.D;Jiomta odpasIJp, I2 - KpH!IIKa. 

6 - CxeMa HeilTpoHHoro .n;eTeKTopa. I - deToH, 2 - IIJiac­

TH'l'.ecKIJe CIJ,UHTHJIJI.f!TOPH, 3 - rpaey;mpoBaHHl:lll IIOJIH­

STlJJieH, 4 - Ka,JJ;MEil, 5 - oprcTeKJ!o, 6 - odpasen;, 

7 - 3iie-c'l'.eT'l'.llKH. . 

ABTOMaTHSaD;lfJI HSMepe.liliil 6wm BHIIMHeHa Ha 6ase 8:JJA MERA ~ c 

CllCTeMOH IIepnq>eP1JiiHoro odopy,n;oBaimJ! (rn6IGJ:ll ,n;ll'CK, KaCCeTmru MarimTO­

qJOH I ne.PliopaTop, qJOTOC'IHT!lBBTem,, TeJieTa:lln 1 ,n;ll'CIIJie:ii). IIpOMEllltyTO'l'.mru 

~OK CJIYJlt!JJI ,I(Jlf{ CBIISH 8:JJ,f C 8JI8KTpOHHO:ii CXeMOli YCTaHOBKH. Cos,n;aHH!le 

nporpaMM!l 6:wm samICaHH Ha asime aCCeM~ep H xpaimJIHCI, Ha rH6KOM 
,n;ll'CKe, 

IIporpaMMa cdopa ,n;aHHHX HaKaIIJllJBaJia B 61Wepno:ll . IIaMR:TkI 3B!il ,ttaH-

BHe 06 O,n;ll'HO'l'.H!DC lJ MHOllteCTBemmx: C06!:lTlJJIX lJ S8T8M nepemICimaJia 8TH 

,ttaHH!le Ha rn6KH:ll ,n;ll'CK qiait.'rr sa qia:ilJIOM. Ha seyane ,n;ll'CIIJieJr nporpawa 

IIpe,ttCTBBJIIIJia 'l'.HCJIO llMIIYJI:&COB, noc:i·ymrnnmx C .Kal!OtOro llS 3iie-c'l'.eT'l'.lJKOB 

sa BpeMll llSMepeimJI. 8To IIOSBOJiltlIO KOHTPOJill];>OBaT:& padOTy C118T'l'.HKOB If 

CB'CTeMH SantHTH OT KOCMH'lleCKHX JIY11eii, TBK Itait, KOr,tta no TeM B'JIB' lfHBM 

IIplJ'l'.B'HaM CBrHaJIH OT O,ItHoro B'S lIJI8TH11eCKHX CD;lfHTHJIJISITO];>OB He IIOCTYJIB­

JIB' Ha CXeMy BHpa.60T.KH CB'rH8JI8 88IltHTH (M8TKH), B08];>8CTaJia CKO];>OC'l':& 

llOCTYWiemJJI m.myJII,COB OT 3He-c11err.mKOB, paCllOJIOllteHHSX B6JIBSB S'l'oro 
CD;lfH'l'lf.1I.7IlI'l'Opa. 

Ilporpawa o6pa60T.KH ,ItBHHSX HBXO,ItBJia MHOlKeCTBeHH!le Heit'l'poHHHe co-
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6HTIJJ! lJ ?f _ n COBIIa,n;eimJl, aml.JllJ3HpOB8,Jia 8MII.7IIJTY,ItlI l! Bp0Mfi IIOCTyIIJre­

Im.lI mmyJI:&COB, cpaBimBBJia 'l'.HCJIO o,n;mIOtIHHX mmy.rr:&COB, IIOCTYIIlJBUillX OT 

KaJK,ItOro 3ire-c'l'.eT'IllKa, C HandoJiee BepOJITlWI.! 'IIIJCJIOM, BSJ!THU HS Ta6JIIJ­

n;H. B pesyJI:&TaTe 4JOpMllpOB8Jil!C:& ar.mmITy;zurne CIIeitTplI m.myJII,COB, npoHS­

BO,n;ll'JICJl OT6op C'l'.eT"lliKOB, lJMerolllITTC mmponpodoll •- 0T6Ilp0.II HeiiT:porurue co-

6HTHJl, KOTOpHe COIIpOBOJJQ:(a.JllJC:& cepnm,m l!MilYJII,COB C o.n;Horo llS 3ne-c'l'.eT­

tmKOB, IIOCTYJilIBllllfX B llHTepBa.rre BpeMeml ~ 5 MilH, MH ,ttOdllJil!C:& ymmr,me­

HlJJ! qJOHa, odyCJIOBJieHHoro l\1l!KpOIIpo6omm, 6oJiee, 'l'.eM B 3 pas a. 

ABTOM8THS8D;lf.lI llSMepeimii cnocodcTBOBaJia cdopy II aHa)UJSY IIOJIHOro 

Hadopa ,n;arurnx. \J?OH orHO'l'.HHX HeiiTpOHHHX llMnyJIJ,COB 6HJI yMeHr,meH OT.· , 

IOQ 'l'.aC-I ,n;o 70 'l'.aC- , (p()H VJHO.'lteCTBeHHHX C06IlTlli1 - OT 2,5 CYT-I ,ItO 
I cyT-I . 

D TpeT:&eii rJiaBe OIIllCBHH SKCnepm.ICHTH, npoBe.n;eHHHe C ueJII,IO paspa-

60TKU HOBHX MeTo.n;oB .aHaJIHsa Jierro1x sJieMeHTOB (De, N 
6 

Al , F ) , oc­

H0Ba1mwc Ha perHCTpaD;lfll _SI,n;epHHX peam:i;nii o( -'l'.8CTilU 
21 

Po. 

PaspadoTaHHaJI MeTci.n;ll'Ka onpe,1teJieim.1I depn:vmJI dmra ocHoBaHa na pe­

rHCTPBIWH "lf-n coBna.n;eimii B peaKD;lfn 9Be( °', n )12c. Pesy1:&TaTH llSMe­

peHllii IIpllB0,llCHH B Ta~. I. B nepBoii KOJIOI:Ke yKaSaHH o6pa3n;H, KOTOr e 

O~JllJC:& o( -'llaCTllllpMll llCT01IHHK8 2IOPO IIHTeHCllBHOCT:b!O 3.I08 C-

HS 2Tt CTepa.n;. KpoMe TOJIC.Toro MeTaJIJlli'l'.eCKoro 6epIUIJillJl u CJIOJl MeTa.'I­

Jill'l'.eCKoro Be TOJill!IlHOH 20 MKr. CM-2 Ha IIO.D;JIOJKKe llS M0.I(ll c n;eJI:b!O onpe­

,n;eJieHllJl qioHa odJIY'l'.aJillc:& TOJICTHe odpasu;H, co,n;epr.taBume pas.lill'l'.HHe sJie­

MeIITH. B KOJIOHKC 6 T86.TI.I YK839HH CKOpOCTll C'IICTa Hei1TpOHOB, llSMepeH­

HHe des COBIIa,Item1ii C "lf -KB9HTru.m. TI KOJ"OHl'.BX 2-5 yKBSaHH CKOpOCTll 

C'l'.eTa COB1Ia,n;em1ii tf -rraaHTOB C HeiiTpoHamJ npu 'l'.eTH})eX SHa'l'.eHllJIX no­

pora perHCTpau:rrn o -KBaHTOB: 2800, 3200, 3600 ll 4000 KSB. 3aBUCll­

MOCTll cKopocTll c'l'.eTa 't- n. coBIIa,n;eimii OT nopora perIYCTpnu:rm 'I -
ItBBHTOB .I(Jlfi paSJill'l'.HlIX TOJICTHX odpasuoB npllBe,n;eHH Ha :pllC. 2. 

Us cpaBHeimlI .n;aHHHX Tad.11.I O CKOpOCTll C'l'.eTa 1-n COBna,n;eHllil: ,n;Jifi 

TOHKoii r.inmeim HS Be ll ,n;Jm TOJICTHX MUUieHeii: Cu. , C, Pb O , Pt , Hepix; 

CTaJI:i;, - Bll.n;HO, 'ITO npu l!Sy'l'.eimH TOHKl!X npenapaToB, HaHecerurux Ha 

no.n;xowmtne IIO,n;JIOJKKil ( qJUJII,Tp), 'l'.YBCTBllTeJI:&HOCT:& Be COCT9BJI.IICT ~ 0, I 
MKl'. IIo,n;o6HalI cxeMa llSMepeimJl npe.n;cTaBJ1.R:eTCJI ecTeCTBElHHOii npir pemeHllll 

sa.n;atm KOHTPOJIII 1111cToTH 0Kpy'1taI0111eii cpe.n;H. IIpH 1rsy'l'.emm reoJioril'l'.ecKHx 

npo6, l,nmepaJI:&Irux cppaKD;lfii lJ T • .n;. ·KoHUeHTpau;r10HHaJI 'l'.YBCTBll'l'8JII,HOCTI, 

onpe,n;eJieHIIJI Be on;eimBBeTcJI BeJill'l'.llHoii ~ro-2%. 
B Ta6JI. 2 npnBe,n;eHH ,ll9HHHe O Jillim.lIX If -ll3JIY'l'.8Hll.lI, saperncTpllpo­

BaHHHX npll 06JIY'l'.0Hilll o{ -'Ia CTI!Uffi,111 210Po TO.'ICTHX MJ:!llleJieii llS Hep,r.a-

BeI0111e:ii' CTa:m, Pb F2 ll Al • . 
PesyJir,TaT onHTa C odpaSIJpMll nepir.aBe1001en CTaJill ,n;aeT, B OCHOBHOM, 

npe.n;cTaBJieHlle O () -KBBHTax, llCnycKaeMHX llpll B39llMo,n;e:iiCTBlill C JI,n;-
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_ _ Ta6mm.a I. 
Pe3yJII,T8TH Il3Mepemd1 CKOPOCTH C"<!eTa -)-11.. COBlla,IteIDJ1t DpII pa3Jm11HHX 
Doporax perncTpau;nn Y -KBBHTOB. Ullip~H - cxopocT:r:, c"<IeTa saI ceicy"H,Uy. 
AKTIIBHOCT:r:, cl. -ncToinmxa 210po - 3.IO c-I Ha 2TL cTepa,It. - -

Ilopor 2800 KSB I 3200 KSB 3600 KSB I 4000 K:lB - 661l!ll1t C'l0T 
· Heii:T.!2,oHoB _ 

'9iie 
20 MKr 
9ne Ha Al 
DO,ItJI. 
Pb F:z. 
BNAl 
Si 
A( 

Mg 
Cu. 
C 
PbO 
Pt 

368,s±24,0 3!3,T-=20,4 22I,s±I4,4 I42,s±2,6 2!95,r.:?,5 

5,IIr-:G,200 4,30G±o,I53 3,033±o,I30 I,96r-:G,IOO II9,3?±I,23 

o,539=0,54 o,482±o,052 o,2s2±o,033 o,2os±o,02G I44,os±I,56 
0,?62±o,058 0,292±o,035 0,242±o,030 230;??±I,90 

0,23s±o,024 O,I3o±o,OI4 o,oss±o,OI2 0,06T"--O,OIO ?9,8s±I,I6 
O,I?r±o,OI? 0,098±o,OI3 o,oro±o,009 0,055±o,OO? 8?,9z±r,2I 
o,r23±o,or4 o,o?s±o,or2 o,o4G±o,oog o,o23±o,oos ror,?s±r,3o 
o,o52±o,oo9 o,orG±o,oos o,oos±o,003 o,oo?±o,003 ?B,85±I,I4 
o,o4s±o,009· o,022±o,00G o,02o±o,oos o,ors±d,005 84,I?±r,20 
o,o3z±o,oo? o,02o±o,oos o,oro±o,004 o,ors±o,oo5 s2;os±r,09 
o,02?±o,00? o,ors±o,005· o,or5±o,oo5 o,002±o,002 ?9,ss±I,32 

ilinJII>TP 
Ha Pt 0,03?±o,008 0,025±0,00? O,OI5±0,005 O,OI3±o,005 80,?I±I,32 
Hep.llt.cTaJI:r:,0,02?±o,oo? o,ors±o,005 o,oro±o,003 o~oo2±o,oor ?6,?r±I,I3 

-u 
' I 0, 
'-' 

ff QI o,s 
:::,. 
u 0,4 
e 10,J 

Jo.a 
0,1 

0,0 

1,1 

,!s. 
a~BNAL 

3,a 

&-Pl>Fa 
4-St 

Pnc.2. 8al3ncn-
MOCTI, CKOpOCTlJ 
C"<!0T8 )'.n COB-. 

' 
Da,IteHlJ1t OT aHep-
reTB"<!8CKOro DO-

• pora perncTpaD;im • 
4 

Y-KBSHTOB, DOJIY-
118HH8JI C o<. -BC-
TO"<!IDJKOM 210po 

~6 "'° lTHTeHClJBHOCTliD 
flopoi _ ( M18) 5 8 ro8 c-1 

&-AL ,._ c,c" /2n cp.rI WrJI 

•-Mit 8.Pt.,~O TOJICTHX Mmll8H8ff. 1 

a· 

1, 

:J 

\{ 

prom AL B 381l!llTHoii rureHKe AL2. 03 (2?0 MKr/crlf'), DoKpHBBBmett Dpe­
rrapaT 210Po. MCTO'IIHHK 210po IICDyCKaJI HeHTPOHll, DOJIHUH DOTOK KOTOPHX 
COCT8BJIILJI ~I60, c-I (cM.T86JI.I). M3 ,It8HHlIX T86JI.2 06 l!HT8HClIBHOCTH 
~-KBBHTOB '709 ll !454 KSB, lTCrryCKaeMHX B peaKJ.J;l:lll 2? AL(o<,-n,)30p, 

MOlltHO SaKJIIO'tHTI>, 'IITO 8TOT DOTOK H01tT~OHOB 06IiJICHfl0TCSI peaxu;ne1t 
2? AL ( o(, 71, )30p, Dpil"<!eM YPOBHll .ff..ItPa -Op ?09 ll !454 KSB 3800.JJID)TCJ! C 
npnMepHo O,ltliHaKoBoii BepOHTHOCTm ( ~ I5%) B,KpOMe Toro,c BepOHTHoc­
T:&m ?af,, B pesyJII>TaTe 8MlJCClllT H0liTPOHa .ff..ItPO 30p o6pa3yroTCSI B OCHOBHOM 
COCTOHHlfll • .lIIIHllll 'I -KB8HTOB !263, 2236, 3498 It8B (cM.Ta6Ji.2) :ecrryc­
KalOTCJ! B pearui;un 2? AL ( o1. , p ) 30 Si. • M3 ,ItBHHllX Ta6JI. 2 MOlltHO on;eHBTI> 
-qyBCTBllT0JII,HOCTI, (~ IO MKr DO Macce lJJllT ~ 5% DO ItOHn;eHTpan;un) aHaJllT­
sa Ha Al B TOHKBX rroBepxHoCTHHX CJIOHX 06pa3n;oB {tv300 M&r/~), oc­
HOBaHHoro Ha perncTpan;llll '/ -KB8HTOB c 8Hepr"1Ieil 2236 KSB lJJllT COBDa,Ite­
Hliil c He1tTpOH8Mll 1 -KB8HTOB c 8Heprneil ?09 II !454 KS]. 

B ~ae o6pasn;a Pb F2, (cM.Ta6Jr.2) JllTHll.fI 89I KaB o6ycJioBJieHa pe­
arui;ueii 9 F ( o<, n )22 Na.. M3 ,ItaHHlIX Ta6JI. I II 2 MOJKHO HaiiTII, 'IITO Bepo­
.fITHOCTI> ncrrycRaHB.fI B aToii pearui;un 't -KBBHTOB 89I KsB, ycpe,ItHeHHaSI B 
Jt"aDaSoHe E~ = 3,5-5,0 M3B,paBHa ~II%. ·Pearui;ueii 19 F(o(,f )22 Ne 
o6Ii.R:c.wreTCSI DOHBJieHlJe JllTHlIII I2?5 KaB. l{Be JllTHllH I09 85 H I9?,05 KaB 
COOTBeTCTBYJOT '1-KBaHTBM, HCDyCK88MliM BS COCTOHHllli 19F *. saceJTJieMHX 
B pesyJII>TaTe Ky-JIOHOBCKoro B036YJir,D;0HlI.fI o( -'l8CTllU8Mll 21~o. On;eHKa MB- -

HHMaJI:r:,Hoii Maccu lT KoHn;eHTPaD;lm F , KoTopaSI MOllteT 6HT:r:, o6HapyxeHa IIpH 

perncTpau;n:0 "( -KB8HTOB I2?5 KSB HJllT Dpll H86JIJO,IteHlJll COBD8,IteHlJ1t C Heil:­
TPOH8Mll ~'-KB8HTOB 89! RSB, COCTBBJI.f!eT COOTB0TCTB0HHO I0-!5 MKI'_lJ 
0,2-I ,afo (W!JI o6pasn;oB TOJill!llH01t ~ I Mr/cM2). 

.lIIIHlJ.fI 't -llSJIY"<!eHBJt c 8Heprnett 8?I KSB, YRSS8HH8JI B Ta6JI.2, DMB­
JT.fIJIBCJ:, B pesyJII,T8T8 peaRu;n:H r4 N ( ol., f' )I? 0, ROTOpa.fI npoTeRSJia HS .f!.It-

~ax asoTa, CO,It0p.llt8BllleroCJt B CJIO8 BOS.JOIXS MeJK,Ity o6pasn;OM H npeDapSTOM 
IOpo. UeJII, ,I(SJII,He:Bmllx 8KCD8pllM0HTOB 88ItJIJO'WJISCI, B onpe,IteJI8Hllll -gyB­

CTBll'TeJ!I,HOCTD- lJ TO'IIHOCTll M8TO,It8 a1U1Jmsa mmteBHX DpO,ItyKTOB Ha CO,Itep­
.ll8HlJ8 asoTa d8JIK8., ocHOBBHHoro HS perncTpaD;im o -KBBHTOB c sHepri!ett 
8?I X&B •. ~syqa;mc:r:, o6pas~. 6JinsKBe DO CTPYKType H XllMll"<!8CKOMY coc­
TaBY .K sepey. ,naHHHe BSMepemJit iipe,ItcTaBJieHH Ha pnc.3a. Co.1tepmume 
830TB B MyK8 lJ CMecmc MYKB C HlITP8Tct,I n;eJIJilOJIOSH onpe~eJIIIJIOCI, no Me­
TO,Ity HSllMem,umx KB8,ItpaTOB C llCllOJI!:,SOB8HlJ8M pesy~I>T8TOB, DOJIY"<!eHHHX 
,ItJI.fI CTS~apTHOro o6pasna RapTO!pemI (I,3?% 830T8) lJ "<!llCToro HllTp8T8 
D;eJIJIJOJIOSH (II,I% asoTa). Ha p:ec.3a DOK838H pesy~I>T8T onpe,IteJI8Hll.fI ROH­
D;eHTpaD;im BSOT8 B pnce. CTaTBCTH"<!8OKll8 om:e6KB, yKaSaHHHe HS p:ec.3a, Mom 6HT:i; Y?,fenmeHH npH 38MeHe BOS.n:yxa, H8XO.ItSlll8rOCSI MeJK,Izy o6pasn;OM 
H Opo, ·Ha .lU)yro:11 ras, He co.1tepJK8llt:0tt asoTa. ,IJ;7UI npoBepKB cTeDeHlI 
llOJIHOTH TaRott 38MeHH 6wm npoB8,It8HH BSMepeHlJ.fI lJHTeHCHBHOOTH ¥ -JllTHllll 
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I: 
I, 

1IeTBepTM r,raBa co,nepmIT pesyJI:&TaTH :irnyqemm pea~n IOBe( 1J, n ) 
npn sHepr:11:n npoTOHOB <2 MsB, npoBe.neHHoro c neJI:&IO onpe,nMeHllJI Bos­
MOJKHOCTII pa3pa60TKH HoBoro cnococla onpe,neJieHllJI IOBe. ,UoJirOlKUBymnil 

ROCMoreHHl:lil pa,nilOfiYR.)ll!,I( lUBe(Tr/~I,6.I06 JieT) llHTepeceH B reajmsnRe 
11 acTpoqJ1rn11Re B cBJisn c sa,na'!ar.m onpe,neJieHllJI BospacTa nopo,n, nsyqe­
Hll,11 nponeccoB nnpeyJIJlll;l:l:n B Bos,nymmzx n BO,nHHX 6accefu!ax, · 1.mrpannn xn­
Mll'!ecRUx aJieMeHTOB, Bap:nannil ROC!.IB'!eCRUX Jiyqeii ll T • .n. KoHUeHTpannJI 
IOBe ll3MeHJieTCJI B npe,ne;rax OT (2-3) .ro4 aT/r B aHTapRTll'!eCRUX JI:&,nax 
.no (2-3).ro10 aT/r B noBepXHOCTH!lX CJIORX rJIYclOROBO,I(HHX llteJieso-MapraH-
nemlX ROHRpennil. -

Pea~JI IOBe ( f, o/1, )
10B llMeeT Hll3Rllll nopor no :meprim llpOTOHOB 

E.iracl =249 RaB. IIs-sa sanpeTa no CllllHY oHa MOilteT npoTeKaT:& Jmm:& npn 
YCJIOBllll nepexo,na Ha· nepB11H B036y'11,ll;emruii ypoBeH:& :r'" 10B, ROTOpllli pac­
llOJIOllt0H Ha 718 RaB BHme OCHOBHOro COCTOJIHilJI. lTOSTOMY xapaRT0pHEM 
IIpll3HaRoM 9TOH peam1;11n JIB.lJ.!IeTCJI ucnyCKaHile He:li:TpOHOB B COBII8,n0Hllll C 
i -RBBHTaMll c sHeprueii 718 RaB. .JI:nm:& He6QJI:&moe 'IlJCJIO npllpO,nHHX HYR-

JIIl,I(OB c z~ 30 llMeeT rropor ~a~n ( p,n) E a6 < 1500 RSB: 3H · 
(IOIS KSB), 14c (67I RaB), K (I233 RsB), ~l • (I03I RSB), 70 Zti 
(I458 RSB). 

3RcrrepnMeHTH npoBo.nM.ilIJC:& Ha ycRopme;re BaH-,-,ne-I'paacpa. l:!umeH:&, 06-
JiyqaeMaJI ny-qKOM llpOTOHOB, yKp8Il.,'IJIJiaC:& Ha ,I(He ll!e,nHoro nnmrn,npa <Ilapa,ne11, 
ycTaHoBJieHHoro B· -qyBCTBI!TeJI:&HOM o&her.rn ,neTeRTopa HeiiTpoaoB, ROTopl:lil 
611JI co6paH 113 nomrnTIJJi0HOBl1X 6JIOROB, co.nepJKaBllll!X 6 C'l:0T'Il1ROB C rasoM 
31Ie .BepOJITHOCT:& perncTpau;im O,nllHO'l:HOro HefiTpoHa' 11crrymeHHoro ll3 Mll­

meHil, paBHJI.irac:& O, I05±o, 005. MnmeH:& HaHocn.n:ac:& Ha Al no,nJI~ c 
IIOMom:&10 Macc-cenapaTopa. KoJIIl'!eCTBO 8TOlllOB IDBe Ha Hell ( 6.Io14 cr[2) 

onpe,neJIJIJioc:& no ypoBHIO ~ -aRTllBHOCTil. HcnoJI:&~oBaJiac:& crwTeMa RoJrmIMa­
nnn nyg:Ka. \l>oH Hei1TpOHOB, reHepnpoB8HH!lX Ha RpaJIX ROJIJIIlMaTopoB I ROHT­
pomipoBaJICJI 11 6mr npeHe6peJKID,lO MaJI, l,filHilMaJI:&Hl:lil mar· nsMeHeHilJI aHeprnn 
llpOTOHOB COCT8BJIJIJI IO RSB, 

PesyJI:&T8Tl:l 3RCIIe~uMeHTOB C MHllleH:&!O ~0Be H qJOHOBl1X 9RCilepuMeHTOB C 
MilmeHSIMH ns AL 11 Be no1tasaHH Ha pnc. 4, OHil nosBOJ!JllOT saR.1IIO'mT:&, 
'ITO Rp,maJI I (pnc.4)' IIOJIY"leHHaJI npu o6JiyqeHilHIIpoTOHaMH 1Di3e,cooT-' 
BeTCTByeT aHeprew-qec&oil saBHCUMOCTH nonepe'!Horo ce-qeHnJI pea~n 
IDBe( 1' ,n )10B. BRJia,n B afil Rpn:syro smepHHX pea~il, npoTeR810lllllX Ha 
np1IMeCJIX 3H, 14c, 55 Mn, I B n ,IU>., B03MOlltHo, co,nep,ita!llllXCJI B r.mmeHn 
mi IOBe, npeHe6pel!GlMo MaJI, MaRCIJMYM nonepe'l:Horo ce-..emm pea~n 
IOBe( -p, n )10B rrp:n saepI'Illl E;ra6. =I050 R9B COCTaBJIJieT Cf' = 26Q_ M6, 
cpe,nHee nonepe'l:Hoe ce'!eHHe B ,nHanasoHe E;rad. = I030-I400 m1B <f:::: ISO M6. 

Ilo;ryqeHHHe peayJI:&T8Tll II03BOJIJIIOT oneHilT:& rrpe,neJI -qyBCTBHTeJI:&HOCTll 
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Puc.4. 

l,8 <,9 z.o 
ErO•t•S) 

o.g ~.o 4,1 1,2. 1,5 <,4 1,5 \' •-7 

3aBHCilMOCT:& BHXo,n;a HeihpOHOB OT ::meprmr 6or.i6ap,nHpyro­
nmx rrpoToHoB Crn6,cncT.). M:nmeH:&: I - 10Be, 2 - AL 
3 -

9
Be. CnpaBa YRa3aH C'leT HeliTpOHOB Ha llHTerpa.,r:&Hllii 

llOTOR npoTOHOB 72 MRI{, Ha JieBoii mRaJie ,naHo rronepe-..aoe 
cel!eHn e peaRUll'n 10ne ( 1>, n.) , pacc'll!TaHHoe ,nJIJI 1tp1rnoil I 
C yqeTOM BepOJITHOCTil perHCTpanrrn Hei1TpOHOB' paBHOli 
0,I05. 

MeTo,na orrpe,ne.n:eHnH 10ne, ocHoBaHHoro Ha per11cTpann11 coBrra,neHHii HeiiT­
poHOB pea~n 10Be( -p,n )10B c 't-RBBHTar.in 7I8 RaI3. 3TOT npe,neJI orr­
pe,neJIJieTCJI MliHllMWil>BO ~OnyCTllMHM ypoBHeM CKOpOCTJl C'leTa '( -n COB­
na.neHnii ll COCTaBJIJieT IO 8TOMOB 10Be npu YCJIOB:nll, "iTO lIJIOl!l8,I(:& MIJme­
Hll paBHa I Ml.f', llHTeHCllBHOCT:& ny"iRa IlpOTOHOB - I014 C-I, BepOJITHOCT:& 
perllCTpannu HefiTpoHa - 0,5, t -RBBHT8 - 0,05, CROPOCT:& C"ieTa ¥-n, 
coBna,nemifi 0,7.ro-3 c-1• Ilpn o6;ryqeHnn r,mmeHe.H B ,nHarrasoHe sHeprnn 
IIPOTOHOB I030-I400 R3B TOJI!lll!Ha llX pa6ol!ero CJIOJI UOJKeT COCTaBJIJIT:& .no 
I r:rr/ CM2• Ilpn 3TOM npe,neJI -qyBCTBHTeJI:&HOCTil onpe,neJieHl!JI 1~e COCTaBHT 
ID7 8TOl40B Hml IO-II 8TOMOB Ha 8TOM 9Be. 

OCHOBHblE PE3YJI1TATbl PAEOTU 

I. BimoJIHeHa 8BTOM8Tll38Ull'Jl ll3MepeHn:li: Ha HeiiTpOHHOM ,neTeRTOpe, co­
CTOJlllleM ns 56 rrponopnnoHaJI:&HHX 3:fre-c'!eT"illROB, RoTopaJI cnoco6cTBoBa;ra 
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OCYI!l0CTil..'l0lill!O KOHTPOJIJl pa6oTll BCex Y3JIOB ;rteTeKTopa If ll03BOJilfJI8 B0CTil 
noncK pe,nrorx MIIKponpo6oeB H81Ie-C'!0T'll1KaX. 0oH O,m!HO'lHllX HellTpOHHlIX 
m.mym,coB yr.1eHbllleH OT IOO -qac-I ;rto 70 -qac-I, cpoH MHoxteCTBeHHllX HeiiT-
pomrux co6llTIIil - OT 2,5 cyT-I .rto I CYT-I. · 

2. :ripe;rt.'IOJKemi ll OCYI!l0CTB,10H8 HOBaii M0TO,m!Ka onpe;rteJieHilSI CO;rtepJJtamm 
6epmvrrm no peaKWJH 9Be(o(,'rt)I2c, OCHOB8llli8Sl H8 peI'IlCTpBil,UI1 ¥-n COB­
IW;rtemr:ii. C npm,rn1rem10M B KB'!eCTBe l!CTO~fKB o( -"1!8CTI1U npenapaTa 2r0po 
IUIT0HCUBHOCTI,J'O 3.I08 c-I B TOJieCHOM yrJie 2n; CTepa.rt ,!(OCTUrHYT npe;rteJI 
'ryBCTBl!Te.ThHOCTll O ,I MIU' 6eplfJIJIIISI. 

3. Onpe;rteJieHl:l BOPO!ITHOCTI1 38CeJieHIISI YPOBH0ll Sl,!(pa 30P(70% - OCHOB­
uoe COCTOSIIn!e '15% - ypoBeHb C 3Heprnell B036y~eHilSI 709 K3B, I5% -
;poBeHb c aHe~r:irnii B036µ,I(eHilSI 1454 KaB) , · 06pa8yro11teroCSI B peaKntm 

7 AL ( ex, n, )3Up np11 Ee£ =5,0-5,3 MaB, 11 cpe,!(HSISI BepO!ITHOCTb FI%) sa­
ceJieHl!SI ypoBH!I 891 KaB Sl,!(pa 22 Na. , o6pasYJOII{eroCSI B peaKD,Un 9 F 
( ot.,n) 22 Na. B ,mianasoHe Bo( =3,5-5,0 MaB. ,Il,aHa oueHKB -qyBCTBllTeJib­
HoCTU ueTo.rta onpe;rteJieHUSI Al n F , ocuoBaHHoro Ha per:r1cTpauun )'_n, 

COBna;rtem1ii B peami;Im ( ol. ,n). IIpI! :r1cno.%30BaHilll o( -IlCTO"l!HllKB 2r.0Po 
ImTeHCllBHOCTb!O 3,I08 c:-1 npe;rte.'! -qyBCTBllTeJibHOCTll 8Hamrna COCT8B,'LlieT 
5% no KOHUCHTpau;im n IO !'He· no rwcce AL, 0,2-I,0% no KOHUeHTpawm 
II 10-15 r.m.r no r,acce rfrropa. 

4. Orrpe;rte.1eHll BHXO~ 't_ -KBBHTOB; 1rn~c1meMHX B ~eaKu,~ 27 AHo<.,p ) 
30 Si (E)' ~ 1263, 223G H 34% 1rn::J) 11 I F(ol 1 fJ J2 Ne (B 1 = 1275 
Ka:::l) rrpu 06_;1y-qeHI111 T0.1CTHX r.mmeHeli Al u F o< -"l!aCTilU8Mll 2IOPo. 
Onpe;rteiieHl:l BHXO,!(II "-IIB8HTOB C 3Hepruei:l 109,85 ll I97 ,05 KaB, ucrryc­
IilleJ,lHX c . .rtByx HIJEHHX ypoBHeil 19 F , saceJIRer.rux B pc3y.ilbTaTe eyJioHoB -
CKoro B036~emuro< -'l8CTHU9!.III 210Po. ,Il,aHll OU0Hitll 'IYBCTlJY-TeJU,HOCTl'l on­
peneJiellll.lI At 11 F no MeTOIT!l!<e ,ocHoBam,oti BB pe1'V!CTPBUilH y,<a3BHH!,!X l-KBBHTOE, 

5, Ilpe;rtJIOJKeHa ll UCilllT8H8 HOBBS! r.!eTO,!(lllill aH8.'lI!38 ID!llleBllX npo;rtyI,TOB 
Ha CO;rtepIUlHile 830Ta 6eJIK8 , OCHOBBHHa.11 Ha peI'IICTpau;im b -KBBHTOB C 
3Heprneii 871 min, ucnycKBeMlIX B Sl,!(epHoil peaKD,UI! I4N(o<.,r )I7o. rro­
K838HO, 'ITO npu ll3y"l!eHI!ll o6p83UOB 3epHa C KOHUeHTpauueii a30T8 OKOJIO 
2% TO'!Hocu aHa:nrna ID% 

9
focT11raeTCSI B ll3Mepemmx npo;rtocDKIJTe:u,Iiocnro 

5 MllH c o( -HCTO'IHIIItO!,! .~ Dro c ImTeHCilBHOCTI,!O 109 c-I B Te.'!eCHOM 
yrJre 2 n; CTCpa.rt. 

6. 1onepe'!Hoe ce'!em1e peam1;rm IDne( '13 ,n)IOB ll3Mepeuo B .I(IJana3oHe 
aHeprm1 npoToHoB 893-I929 KaB c pa3pemeHilerll IO KaB. ITpn aHepnrn 
BJia6 = I050 KaB, 6m1s.1toii R nopory peaKWJH c 06pasoBBH11eM IDn B nep­
BOM B036YJK,!(eHHOM COCTO!IIDIII I+, ~ = 718 K3B, H86JTIO;rta,'ICSI M8KClfl,IYM 
er= 260 M6. Cpe.nnee nonepe'!Hoe ce"tieHI!e if::: 180 M6 B ,miarrasoHe aHeprm1 
npoTOHOB E~ = I030-I400 It3B. ,UaHa oueHKB npe;rte.1ra -qyBCTmJTe.,'IbHOCTll 
onpe;rteJieHll'SI One no MeTO.rtY t-n COBna;rtem1ii: ro7 8TOMOB IIJill ro-IIaTOUOB 

I~e Ha aTOM 9Be. 
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OC!IOBHoe co;rtePJl(aHne ,miccepT8UHll ll3JIOJlteHo B CJieJIYlllll1!X pa6oTax: 
I. Q8M HroK lllloHI'. AB'rOM8Tl!3aUHSI nsr.rnpemrii C06llTilll cnoHTaHHoro ;rteJie­

HifJI Ha HeiiTpoHHoM ;rteTeKTope. - Ollilli,PI0--85-442,,Ify6Ha,I985, c.IO. 
2. @au HroK llll<;mr, Tep-AKonbSIH r.1,t •. , Ka6a"lleHKo A.II. MeTo,mJKB onpe,rie­

,'lemm 6ep:u.r..J1IJJI no peaKD,Un ( o<, n ). - Olffilf, PI5-85-4II ,,Ify6Ha, I985 ,c. 8. 
3. <Z>ar~i HroK lllloHI', TeR--AKorrbSIH r.M., <i?aH BaH AH, HBBHOB !.I.TI. IIpm,m­

HeHne o( -'I8CTIIU 
21

Upo .rtJISI onpe;rteJieHIISI co;rte_pitaHI!JI Jierro1x 3JieMeHTOB 
B o6pasuax (aJIIOM!JHI1ii, prop., asoT). -Ollilli,I8-85-579,,Ify6Ha,I985,c.I2. 

4. Tep-AKonbSIH r.M., @aM Hror, lllloHI'; ,eMHH H.B., CTpnJJtoB B.@., Ka-
6a'!eHKo M.II., 1IeJIHoKoB JI.II. PeaKUHSI 0ne( -1>, n ) rrplf :mepr:un npoTq­
HoB <. 2 MaB. Bo3MOJltH!lii BllCOKO'!yBCTBl!Te.in:,HIDl cnoco6 onpe;rteJiemm IO . · 

Be. - Olliill,PI5-85-775,.IJ.y6Ha,I985,c.I2. 

PyKoma:c:& llOCTylIW!a B l13,Wl'r8JI:&C:rmi OT,D;8JI 
I 

IO .n;exa6pa I985 ro.ita. 
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