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OEll!Afi XAPAKTEPUCTilliA PAEOTl:l 

AKTyanLHOCTL npo6newu. ~Haruta TfflltBHHX HOHOB - 0,llH8 HS H8H6onee 
6ypHO paaBHB8ID111HXCH o6nacTeil COBpeMBHHOil H,llBPHOll <l>HSHKH. B CCCP paa

:BHTHB 3Toro HanpaBnBHHH 6uno CBH88HO C C08,ll8HlIBM MOlllHHX yCKOPHTeneil 
H nonyqeHHBM HHTBHCHBHUX nyqKOB HOHOB paanHqttOil M8CCU C SHeprHett ,llO 
20 MaB/a.e.M. H,llepHue peBKUHH IlO,ll ,ll8i1CTBHBM THlltBnllX HOHOB .n;anH Kaqe
CTBB,HHO HOBUB H no,llqac YHHKBllLHNB BOSMOJKHOCTH B HCCJ16,llOB8HHHX Mexa
HH8M8 cnHHHHH cnOlltHUX H.ltBPHUX CHCTBM, CHHT688 HOBUX aneMBHTOB H HSO
TOilOB, HayqeHHH pa,llHOBKTHBHOI'O pacna,lla HyKnH,llOB B6nH3H rpaHHUU HyK
noHHOtt CT86HnLHOCTH H MHOI'HX .n;pyrHX HanpaBJIBHHHX <l>HSHKH 8TOMHOI'O H,ll
pa. BMBCTB C TBM npouecc ·B88HMO,ll6ltCTBHH cnOlltHHX H,llep xapaKTepHsyeTCH 

· 6onLWHM qncnoM KaHanoB peaKUHH, lI STO npe.n;~HBnHeT cepne8HH8 TP860B8HHH 
K ,ll8TBKTHPYID1116H annapaType, cnoco6HOil perHCTpHpOBBTL H H,ll8HTH<l>HUHpO
B8TL aapHllt8HHH6 Ti8CTHUH H OCKOnKH .n;eneHHH npo.n;yKTOB H,llBPHHX peaKUHil, 
o6p88YID111HX C M8nllM ceqeHHBM B CHOlltHUX ycnOBHHX 6onnworo pa,llHBUHOHHOI'O 
<l>OHB. HaCTOHIIIBH pa6oTa IlOCBH1118H8 paapa6oTK8 HOBUX M8TO,ll0B perHCTPBUHH 
aapHllt8HHUX Ti8CTHU C OOMOIIILID ,llHaneKTpHqecKHX ,ll8TBKTOpOB (,lUl). 

0CHOBHOi1 µenLID H8CTOHmeil pa60TU ffBHnacn paspa60TK8 M8TO,ll0B nony
qeHHH BOCllpOHSBO,llHMOtt HH<l>OPM8UHH O napaMeTpax 88PHE8HHHX TiBCTHU B WH
pOKOi1 o6naCTH aHeprHtt, M8CCOBUX qHcen B cnouux pa.n;HaUHOHHUX ycnOBHHX 
npoBB,ll8HHH 8KCnepHMBHT8 C uenLID H,ll6HTH<l>HK8UHH qBCTHU nyTBM 8H8JIH88 
napaMeTpOB HX npoTpaBnBHHUX TPBKOB B ,llHSnBKTpHqecKHX MBTepHanax M 
npHMBHBHHB STHX MBTO,llOB B H,llBpHO-<l>HSHTiBCKHX aKcnepHMBHTax. 

Hay1<H8H HOBH8H8 padOTU. BnepBue paspa60T8H H npHM6H8H MBTO,ll perH
CTPBUHH H H,ll6HTHWHK8UHH ,lUl oqeHb pe,llKHX C06UTHil pacna.n;a CilOHTBHHO .n;e
JlHIIIHXCH H,llBp, nonyqeHHUX B pe8KUHHX no.n; .n;eilCTBHBM HHT8HCHBHUX nyqKoB 
THllt8nllX HOHOB. qyBCTBlIT8J1LHOCTb H ceneKTHBHOCTL ,llBHHOro MBTO~B llOSBO
nHnH HCilOllL80B8TL peKOP.ltHYID HHTBHCHBHOCTL IlYTiKB HOHOB (.n;o 1o-L4/c) H 
onpe,ll8JIHTL CT86HnLHOCTL CBMUX THlltenux aneMBHTOB T86JIHUU MeH.n;eneeBa 
OTHOCHTBJlbHO cnoHTBHHOI'O .n;eneHHH. 

Paapa60T8H MBTO,ll perHCTPBUHH THlltenux H,llep B WHPOKOM ,llH80880H6 
aHeprHil OT 0,05 ,llO I0,00 MaB/a.e·.1,1. B coqeTBHHH co cneKTPOMBTPOM H 
KHHBMBTHqeCKHMH cenapaTOp8MH M8TO,ll Il03BOnHBT HB,llBlltHO H,ll6HTH<l>HUHPOB8Tb 
npo,llyKTU H.ltBPHUX peBKUHi1 no THny HX pacna.n;a - ano<I>B-SMHCCHH H CilOHTBH
HOMY ,ll61IBHHII?• 

C IlOMOlllbID cneunanLHO paspa60T8HHUX MBTO,llOB H ,ll8T8KTOpOB npOB8,ll8HO 
HsyqeHHe HOBOro THna pa,llHOBKTHBHOI'O pacna.n;a BKTHHH,llHHX aneueHTOB B o6-
J18CTH Z=90¼95 C H861IID,ll6HHBM SMRCCHH HSOTOOOB Ne lI Mg. Koru1qecTB8HHO 
onpe.n;eneHu Hx napuRBnLHue nepHO.ltli pacna.n;a Ha ypoBHe - ro20• neT. C 
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IlOMO!llLD cneu11anLHO paapa60T8HHllX 'ABYXCn~J.lliblX 'A8T8KTOPOB Y'A8ll0Cb IlOBU
CHTL qyBCTBHT8llLHOCTb M8TO'A8 11ayqeHHH KH8CTepHoro p8Cil8'A8 TpaHcypaHO

B.blX fl'A8P H8 TPH IlOPH'AK8 H C03'A8Tb nepcneKTHBY HCCH8'AOB8Hllfl THxenux 

H'A8P c Z > 95. 
Paapa60T8H.bl HOB.ble THilbl .lUl C B.blCOKOtt XllMHqecKott H TepMuqeCKOH 

CTOttKOCTLBJ H8 OCHOBe qJTOpHpOB8HHblX nonHMepOB H non11ap11naTOB, KOTOpble 

noaBOllHBJT npOBO'AHTL SKCnepHM8HTbl B arpeCCHBHOil CP8'A8 H np11· TeMnepaTy

pax 'AO 200-25o0c. 
BnepBble paapa60T8Hbl H8'A8lKHN8 H BOCnpOH3BO'AHMbl8 M8TO'AN perHCTp8UHll 

11 H'A8HTliqJllK8UHll THxenux aapaxeHHblX qaCTHU C noMO!llbBJ 1.1anoqyBCTBliT8llb

HOro nonHMepHoro .lUl 113 IlOnllSTllll8HTepeqiT8H8T8 H 11cnonLaOB8Hbl B SKCne
PHM8HT8X no 11ayqeHHBJ Kll8CTepaoro p8Cil8'A8 B ycnoBHHX 6onLworo qJOH8 

anLqia-qacTHU ('AO 1a12 CM-2); npH HCCll8'AOB8HHHX CBOHCTB COCT8BHbIX 

H'A8P, CliHT83HpyeMNX B H'A8PHHX peaK~HX H 'AllH H8rOTOBll8HHH ~llbTPYRl!ll8-
ro 1.1aTep11ana. 

IlPAKTW!ECKAH UEHHOCTb PAEOT~ 

Paapa60T8HHN8 .lUl H M8TO'AN H'A8HTHqJHK8UHli TmK8nNX aapruKeHHNX qaCTHU 
H8llillll WHPOKOe HcnonL80B8HH6 B paan11qa1,1x qJH8~8CKHX SKCnepHM8HT8X T8-
KHX, KBK nayqeHHe HOBOro BH'A8 P8'AH08KTHBHOCTH, HCCll6'AOB8HH6 pe8KUHtt 

nonaoro CllHHHHH, H30M6pH!,IX COCTOHHHtt, aan83'AblB8Rl!ll6rO 'A6ll6Hl1H li T-'A·, 
liM6BJ~e ilJYH'A8M6HT8IlLH06 8HaqeHH6 B HayqeHHli CTPYKTYPH fl'A8P, M6X8HH3M8 
HX B38HMO'A8HCTBliH H p8Cn8'A8, OTKPNB8BJ~e H0Bbl6 38KOHOM6PHOCTH B CBOH
CTB8X CliHTe 8lipOB8HH.blX Tp8HCqiepMli6B.blX Sll6M6HTOB C Z :a, 104. 

Paapa60T8H HOBblH nO'AXO'A K npo6ne1.1e 'AOllrOBp6M6HHOro 11ayqeHHH B8p11-
au11tt ROHU6HTP8Ulili noqBeHHOro p8'AOH8 B CBH8H C T6RTOHHqeCKHMll HBll6HllH

Mli B cettCM08KTHBHblX pattOH8X li paapa60TKOH npo6n6Mbl nporH03liPOB8HHH 
38Mll6TPHC8H.ltli, nOHCK8 H8qJTeraaOBbIX M8CTOPOX'A6HHH H ceilCMOCTpOHT8llLCT

B8. 
C03'A8Hbl HOBbl6 qi11nupyro~e M8Tep11an1,1 ( 11 H'A8PHNe qJHllLTPb1 11

), KOTOp.ble 
H8Wllli WHpOKOe HcnonL30B8Hl16 B paanHqHuX o6naCTHX H8PO'AHOro X03HHCTB8o 

0CHOBHbl8 nonoxeHHH. npeACT8BllH6Mb18 K aamHTe: 

1. IlpOB6'A6HO liCCH8'AOB8HH6 B38HMO'A8HCTBllH ycKopeHHblX HOHOB paanHq
HblX sneMeHTOB T86HHI,lbl M8H'A6ll86B8 B llillpOKOM 'Al18naa0He aHeprliil C paanuq
Hb!Mli 'AHSll6KTp11qecRHMli M8TepH8ll8Mli C uenLD C03'A8HHH 'A8T8KTOpOB aapruKeH
HNX qacTHU 'Allfl 11cnonL30B8HliH liX B H'A8PHO-qJH3HqecKHX 3Kcnep.HM6HT8X li 
'APYrliX HCCil6'AOB8HliHX B CM6~1,IX q6naCTHX H8yKH H T6XHHKH. 

2. IlOR838HO, q'.{'0 npH onpe'A8Il6HHblX ycnoBHHX qJH3HKO-XHMHqecKoil o6pa-
60TKH, o6nyqeHH.blX HOH8MH 'AH5ll6KTpliqeCKHX M8Tep11anoB, MOXHO nonyqHTL 
0'AH03H8qHyn CBH3b M6X'AY IlOT6PHMH 3HeprHH qaCTHU li onTHqeCKli Bli'AliMbIM 
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npoTp8Bll8HHblM TP6KOM H T6M C8Mb!M onp6'A6Hl1TL OCHOBH.ble xapaKTepHCTHKH 
aaperHCTplipOB8HHOil qacTHU.bJ. 

3. IlpOB8'A8H.bl 'A8T8HbHbl8 11ccne'AOB8HHH ll'A8HTH~R8~0HH.b1X H cneKTpo

MeTpHqeCKHX xapaKTepHCTHK paan11qHoro BH'A8 .lUl B WHPOKOM 'AH8n880H8 

SHeprHil, M8CC H 38PH'AOB perHCTpHpyeMblX HOHOB B KPHTHqecKHX ycnoBHHX 

B.blCOKoro P8'Ali8~0HHOrO 4.JOH8_. IlOK888HO npeHMY!ll8CTBO .lUl nepe'A ,11pyrlil.!H 

M8TO'A8MH perHCTP8UHli P6'AKHX C06.b1Tliil B cnOXHblX ycnOBHHX H'A6PHO
qJli8HqecKHX 8KCnepliM6HTOB. 

4. Paapa60T8Hbl cnen11anLH1,I6 'A6T6KTOp.bl, M6TO'Abl perHCTP8UliH li H'A6H

THqJHK8UHH, noaBOllHBllllie npoBeCTH YHHKBllLH.ble SKCnepHM8HT.bl no H86llBJ'A6HllBJ 

HOBoro Bli'A8 P8'Ali08KTHBHOrO pacn8'A8 (Kll8CT6PHOH SMHCCHH); no onpe'Aene
HHBJ BepOHTHOCTH cnOHTBHHOro 'A6ll6HHH HOB.blX sneMeHTOB KOHUS nepHO'AHqec

KOtt CHCT6Mbl T86n11n1,1 M6H'A8ll66B8; no noHCKY P6'AKliX C06blTHil C8Monpo11s
BOllbHOro 'A6ll8HHH npHpO'AH.blX HanyqaTenett npH HX HHSKOH KOHU6HTP8UHH 

"-lo-14 r/r, 8 T8KXe no HCCll6'AOB8HHBJ sanaS,11.blB8BJIJl8ro 'A6ll8Hl1H H'A8P, 
cnoHT8HHOro 'A6ll6HliH HSOMepoB, CBOttCTB CB8pXHeilTpOHHOHB6.blTOqH.bJX H'A8P 

nerKHX sneMeHTOB, Bp6M6H XHSHH COCT8BH.blX fl'A6P H T.,11. 
5. ~ccne,110B8Hbl CBOHCTB8 paan11qH.blX nbnHM6PH.blX M8Tep11anoB 'Allfi perH

CTPBUHH 6onLWHX nOTOKOB aapHX8HH.blX qacTHU. IlOK888HO, qTo npH onpe.11e

neHHUX ycnOBHHX o6nyqeHHH H o6pa60TKH BnOnHM6PH.blX CTPYKTypax o6pasy

BJTCH H,116HTHqffbl6 no qiopMe li paaMepy KBHBHU TP6KOB np11 qinneHce HOHOB 
BnnOTb 'AO 1010-1011 CM-2 • Onpe,11eneHU napaMeTpbl K8H8llOB B 88BHCHMOCTH 

OT MBCC.bl, SHeprHli HOHOB,_THna M8Tep11ana H pexHM8 B.blHBll6HHH Tp6KOB. 

9TH 11ccne,110B8HHH nernH B OCHOBY T8XHOnorHli COS,118HHH YHHK8llLHNX no 

CBOHM CBOilCTB8M M6M6p8HH.b1X M8T6PH8HOB - qJlillLTPYDlllHX M8TPHU 'AllH TOHKOil 
oqHCTKH raaoo6p88Hb!X li XH'AKHX cpe,11. 

6. Paapa60T8H npocTott, SKOHOMHqHutt H lliHPOK0,110CTynH.blH M6TO'A onpe

.11eneHHH KOHU6HTP8~li pa.zi;OH8 B noqBeHHOM raae H reoTepM8llLHl,IX B0,118X, 

KOTOP.blH HcnonL30B8H npH ,11llHT8IlLHUX BP6M8HH.b1X H npOCTP8HCTB6HHblX reo
qJH8HqecKHX HCCH6'AOB8HHHX B cettCMOBKTHBH.blX pattoHax. 

Anpo6aUHH pa60T.bl. OCHOBHUe peaynLTBTl,I .11onoxeHU H8 MeX,11yH8PO'AH.blX 

KOHqiepeHUHHX no TB6P'AOT8llLHl,IM TpeKOBW ,118T8KTOp8M (KnepMOHT-~eppaH, 

~paH~H, 1969; EyxapecT, CPP, 1972; JHOH, ~p8HUllH, 1979; PHM, HT8Hl1H, 

1985); MeX,11YH8PO'AHOM KOHrpecce no WOTOrpaqJHqecKott HayKe (~pea,11eH, 
r~P, 1974); Mex,11YHapo,11Hoil KOHqiepeHUHH no qiHa11Ke Taxell.blX HOHOB (~y6Ha, 
1986); MeWH8PO'AHOtt KOHqiepeHUHH no KOCMHqeCKHM nyqaM (MOCKB8, 1987); 

M6X.11YH8PO'AHOM,CHMnoaHyMe no 8BTopa,1111orpaqiHH (YnaH~Y.11e, 1988); Bceco
BJ8HOM COB61ll8HHH 11BynK8HH8M H CBH88HHbl6 C HHM npouecc1,1" (IleTponaBnOBCK 
-KaMqaTCKHil, 1985); BceCOBJ8HOM COB81ll8HHH no cettcuonorHH (An1.1a-ATa, 
1983; T8WK8HT, 1985); BcecomaHOM COB81Jl8l!HH no cneKTpOCKOilHH (XapbKOB, 
1986; T8WK8HTS1989); BcecomaHott WKone no .1111aneKTpHqeCKHM 'A6T8KTOP8M 
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(O'Aecca, 1987; 1989); Ha aace'AaHHHX YqeHoro CoBeTa OMHW H Ha 38Ce'Aa
HHHX KOMHT6T8 no WH3HKe T.flllteJl!,JX HOHOB B nydHe; HayqHblX ceMHHapax B 
OMHM (nydHa); B TeXHHqecKOM YHHBepCHT8T8 (rnP, npe3'AeH); liHCTHTyTe 
aKcnepHM8HT8JU,HOll WH3HKH CAH (Komaue, qccP). 

CTpyKTYP8 H Od~eM AHCCepT8l@H, nnccepT8UH.fl COCTOHT H3 BBe'A6HH.fl, 
qeTblpex rnaB, 38KnroqeHHH, CO'AepJKHT 195 CTpaHHU M8illHHOilHCHOro TeKCTa, 
25 TadnHU, 65 pncyHKOB H cnHCOK nHTepaTypbl H3 190 H8HM6HOB8HHii. 

C0,1\EPJKAHHE ,lli'ICCEPTAl.lWM 

Bo BB6A6HHH nOK838H8 8KTyanbHOCTb P83BHTHH'M8TO'A8 M, H3nozeHO 
KP8TKOe CO'AePE8HHe 'AHCCepT8UHH H npHB6'A6Hhl OCHOBHble peaynnaThl, nony
qeHHble 8BTOpOM 38 nepHO'A c 1968 no 1989 r.r. 

IlepB8H rnaBa nOCBHmeHa paCCMOTpeHHIO OCHOBHhlX nonollteHHii B38HMO'A8ll
CTBHH THllt6nhlX 38piDK6HHhlX qaCTHU C BemecTBOM •. Ha OCHOBe 8H8Hli38 H3Be
CTHblX 'A8HHhlX, H8KonneHHhlX K H8CTOameMy BpeMeHH no n3yqeHHIO p83Mepa H 
CTPYKTYPbl HapymeHHOH 30Hbl 'All3Il6KTpHqecKoro M8Tepnana B'AOilb TpaeKTOPHH 
THlltenoii 38piDK6HHOll qacTHU, IlOK838HO, qTo 3T8 odnacn IlP6'ACT8BHH6T co
doii UHnHH'APHqecKHii K8H8n noH~eHHOll nnoTHOCTH n'noBblill6HHOH Tp8BHMOCTH 
BemeCTB8 no cpaBHeHHIO C OKPYllt8IOmHM M8TepnanoM. YK838HHble BenHqHHbl Me
H.f!IOTC.fl B 38BHCHMOCTH OT napaMeTpOB qaCTHUbl H THna 'AeT6KTOpa. MOlltHO 
nonaraTo, qTo Y'A6IlbHble noTepn aHeprnn onpe'AenaroT cTeneHb naMeHeHHH 
CTpyKTyphl H reoMeTpHqeCKHe p83M6Phl Il8T6HTH.oro TpeKa. BMeCTe C TeM H3-
BeCTHO, qTo npo~ecc noTepb aHeprHH aapID1teHHoii qacTnuen B BemecTBe 
HMeeT cnOlltHhlii xapaKTep, H He cymecTBY6T O~H03HaqHoii 38BHCHMOCTH M6llt
'AY ee nepBHqHoii HOHH38UHeii H napaMeTp8MH Tp8BHMOH 30Hhl H8T6HTHOrO 
TpeKa. Mcnonb3Y6Mbl6 'AO H8CTOHmero BpeMeHH MO'AenH onHC8HHH aToro npo
u~cca CHnbHO orpaHHqeHbl, K8K odnaCTblO aHeprHH 38pHllteHHOii qacTHUhl, 
T8K H CBOHCTB8MH M8T6pHana 'A6TeKTopa. 8TO odCTOHTem;CTBO, npellt'Ae BCe
ro, . odycnoBneHO TeM, qTo CB.fl3b Mellt'AY HaqanbHhlM noBpellt'A8HH8 M M8Te pnana 
H KOHeqHbJMH napaueTp8MH npoTpaBneHHOro Tp6K8 HOH8 onpe'AenHeTC.fl MHOro
qncneHHhlMH W8KTOp8MH He TOHbKO P8'AH8UHOHHO-XHMHqecKHX npoueccoB, HO 
ycnoBHii, B KOTOphlX H8XO'AHTC.fl 'AeTeKTOPhl BO BpeMH H nocne odnyqeHH.fl 
(B03'AellcTBHe nocTOPOHHero nanyqeHna, TeMnepaTyphl, BH8lltHOCTH, KRcnopo
'Aa). 

C uenbIO nonyqeHHH O'AH03H8qffOll K8PTHHbl 'AH.fl H'A8HTHWHK8UHH qaCTHU no 
H3M8peHHlO napaMeTpOB ee onTHqeCKH BH'AHMOro TP6K8 npoBe'AeHbl HCCne'AOB8-
HHH BnHHHHH 3TllX W8KTOpOB H8 perHCTP8UHOHHble CBOiiCTB8 'AH3HeKTpHqecKHX 
M8T6pHanoB. 

B o6meii cnOlltHOCTH 6bln npo8H8nHaHpOB8H 21 BH'A 'AHaneKTpHqecKHX M8-
T6p_HanoB, 8HaqHTenbHO OTnHq8IOll(HXCH no CBOelt MHKPO H M8KpOCTpyKType, 8 
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T8Kllt8 XHMHqeCKHMH CBOHCTB8MH/l-l?/. C 3TOii uenblO OHH nO'ABepranHCb 06-
nyqeHHIO H8 nyqKax ycKopeHHblX HOHOB npaKTHqeCKH BCeii TadnHUbl aneMeH
TOB MeH'A8HeeBa (OT 4He 'AO 238u/18- 23 •28 •33 •36 •41-48/. B PH'Ae cnyqaeB 
ncnonb30B8HHCo pa3naqfilie H30Tonu O'AHOro aneMeHTa c20 , 2~e, 40 ,48ca, 
49,50Ti• 52,54Cr, 56,58Fe, 74,76KnH129-136xe/18,19/, a TBKllte MOHO-

XpOM8THqHh!e nyqKH P8'AH08KTHBHhlX H'Aep 6He(T112 ~ l c); 8He(O,l c); 
9He (002 c) H 'AP•t aHeprHH KOTOPblX B8pbHpOB8n8Cb OT 0,1 'AO 50 MaB/a. 
a.u.12 ,211. 8KCil03HUHH npOBO'AHnaco npH paanHqHbJX yrnax BXO'A8 38pH
llteHHOii qacTHUbl B 'AeTeKTOp. CaM M8T8pHan 'AeTeKTOpa HCCHe'AOBanCH nepe'A 
H nocne (HHOr'Aa, HBO Bp6MH) o6nyqeHHH Ha np6'AM6T nayqeHHH ero 
XHMHKO-WH3HqecKHX CBOHCTB H Bbl6opa OilTHM8noHOro peJKHM8 BblHBn8HHH na
T8HTHoro TP6K8 npH padoTe B ycnoBHHX BblCOKoro r8MM8, am;wa H HeiiT~OH
HOro HanyqeHHH B BBKyyue .H Ha B03'AYXe npa paannqHbJX TeunepaTypaxl , 5 , 
7,10,ll,13,14,15,17,20,23,28, 31/. HayqeHbl 3aK0Ho:11.epHocTH npouecca 

TP8BneHH.fl B 38BHCHMOCTH OT KOHU8HTP8UHH H TeMnepaTypbl paCTBopa, 8 
T8KEe OT npO'AOHEHTenoHOCTH npoueccafll-2~• 52- 577. naHhl peKOMeH'A8UHH 
no Bhl6opy onTHM8HoHOro pelltHM8 odpa60TKH 'An.fl K8llt'AOro HCCHe'AY8MOro M8-
Tepnana. Onpe'AeneHhl cp8BHHTenbHhl8 xapaKTepHCTHKH paanHqffblX napTHii AH
aneKTPHKOB B 38BHCHMOCTH OT HX OCHOBHblX CBOHCTB (OpH8HT8UHH, KPHCTan~ 
n11qHoCTH, uoneKynHpHoro Beca,'Ao6aBoK), qTo onpe'Aennno Bb16op MaTepnana 
B KaqecTB6 MB wn3nqecKHX aKcnepn:11.eHTax/3- 117. Hayqeaa B38HMOCBH3o 
nap8M6TpOB npoTp8BH8HHblX TpeKOB C aHeprHeii qacTHUbl ee HOHH38UH8ii 
H8npaBneHHeM 'ABHllteHHH yrnoM BXO'A8 B nn/2,3,10,ll,i4,15,19,20,22,33, 
54,55/. ' 

B KOH8qff0M HTore nonyqeHH8H HHWOPM8UHH MOllteT 6b1Tb CHCTeM8TH3Hpo
B8H8 B BH'Ae xap8KT8PHblX BennqHH, OCHOBHblMH H3 KOTOphlX HBnHIOTCH CT8TH
qeCKHe napaueTphl - reoMeTpaqecKHe paauepu nonyqeHHoro aao6pallteHHH 
TpeKa qacTHUhl nocne npoBe'AeHHH coOTBeTCTByromero npouecca TpaBneHHH, H 
'AHH8MHqecKH8 napaueTphl - CKOPOCTH Tp8BneHHH HenoBpellt,ll6HHOro (VM) H 

noBpellt'AeHHOro B'AOilo TpeKa HOH8 M8Tepnana (VT) , nanee 6yA8T nOK838HO 
(rn. 2), qTo HCCHeAOB8HHe 8THX 'AByx napaMeTPOB B 38BHCHMOCTH OT paa
nHqHbJX ycnoBHii, nepe~cneHHhlX Bume, n03BOnHeT nonyWTb O'AH03H8qffyl0 
HHWOPMBUHIO 06 aHeprHH, aapHAe, a B HeKOTopou cnyqae, Ho uacce qac
THU, npome~WHX H OCT8HOBHBIIJHXCH BM, 

Bo BTopott rnaBe npeACTaBneHhl peaynbT8Tbl HCCil8'AOB8HHH OCHOBHblX pe
rHCTP8UHOHHblX CBOttCTB Bb16paHHhlX AHaneKTpHqecKHX M8T8pHanoB - qyBCTBH
TenbHOCTH H awweKTHBHOCTH perHCTp8UHH 8 T8Kllte H'A8HTHWHK8UHOHHblX H 
cneKTpoMeTpnqecKnx xapaKTepHCTHK72-4,?,10,lI,13,I4,I8-23,26-34/. 

PaCCMOTP8Hbl BOnpOCbl nopora qyBCTBHTenbHOCTH Hero 38BHCHMOCTH OT 
THna H CTPYKTyphl M8T6pHana, ycnoBHii o6pa60TKH, BOSA6ffCTBHH paannqHh!x 
W8KTOpOB (OTJKHra, npHCYTCTBHH KHCJIOPOA8, P8AH8UHH), IlOK838H8 B03MOllt-
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HOCTb ynpaB118lillH noporOM qyBCTBHT61lbHOCTH B p88nHqHblX YCllOBHHX WH3H

qecKoro 8KCll8pHM8HT8. 

Tim ,ll8T8KTOp8 

C11ID,ll8 MYCKOBHT (CM) 

CT8K110 ~OCW8TH08 (~C) 
Knacc WToponnacTOB (~IT) 

(II llOllHMepoB) 

IT01lH8TH116HrnHK01lb -

T6P6WT8118T (Il8T~) 
IT011uapH118TH (ITAP) 

(3 BH,ll8) 
IT011HKap60H8T {IlK) 

TpH81(6T8T (TAU) 

HHTp8T I.(61111ID1103H (HU) 
IlonH8llnH1lK8p6oH8T (AKr) 

IToporoBBH qyBCTBH-

T61lbHOCTb, MaB 

I0-15 MsB Ne 

I0-15 MaB Ne 

16 MaB 160-1-
40 MaB 4 0Ar 

12 Mali 12c 

12 MaB 12c 
1-2 MaB 4He 

2 MaB 4He 
4,5+5,0 MaB 4He . 

5 MaB H; 75 MaB 4He 

x) IlpH oClnyqeHHH H8 B08,llyXe 

Taelnuua l 

SgjlleKTHB- Ilpe,ll61lbH8H 
HOCTb pe- ,ll030B8H 88-
rHCTPBUHH rpy8K8 HS-
~OHOB npH nyqeHH~, 

T;vwe. ,% KrpX 

~95 -5·!04. 

70-90 -5•!04 

.... 95 l0t50 

~90 ---5•!02 

~90 ~5·!02 

~90 ~50 

~90 ~25 

~90 ~IO 
-90 -3 

B T8611HI.(6 l npe,llCT8B118HH H6KOTOPhl8 ;ll8HHhl6 no 8H8qeHHID qyBCTBHT81lbHOC
TH H 8WW8KTHBHOCTH perHCTp8I.(HH "l]JJ., 8 T8KE6 np6,ll61lbHHM ,ll080Bb1M 88rpy8-
K8M ,llH8116KTpHqeCKHX M8T6pH81lOB. 

BHClpaHH H8H6onee 6naronpHHTHH6 peEHMH HCn01lb30B8HHH "l]JJ. B 38BHCHMOCTH 

OT noCT8B116HHOtt 8KCnepHMeHTOM sa:zia,H. 
Hccne;ziOB8HH cneKTPOMeTpHqeCKHe xapaKT8PHCTHKH "l]JJ. B pa8nuqHOM ,llH8-

n880H6 38PH'AOB, 8Heprun H M8CC (nerKH8 HOHH, OCKOllKH ,ll6118HHH H s;zipa 
OT;ziaqH B611H8H ypaHa H Tp8HCW6PMH6BHX 8116M8HTOB), H BllHHHHH H8 HHX Bhl
COKoro woHa raMMa H anbwa-nsnyqeHHH, TeMnepaTypH H Kncnopo;zia Bo8;ziy
xa~ ITOK838HO, qTO B ps;zie cnyqaeB "l]JJ. o6na;zi8IDT YHHK81lbHHMH CBOttCTB8MH 
no Cp8BH6HHID C ;zipyrHMH ,ll6T6KTOp8MH (ITiln, K8M6p8MH, cqeTquKaMH H T.,ll.) 
,llM perHCTp8I.(HH YllbTpape,llKHX co6HTHtt pa;ziH08KTHBHOro pacna.z1a, K qucny 
KOTOpblX OTHOCHTCH K118CT6pH8H 8MHCCHH, CllOHT8HH06 ;ll6116HH6, 88ll88,llHB8ID
mee ,ll6116HH6 H T.,ll. 

Ha T8611HI.(H l c11e.z1yeT, qTo Bhl6p8HHUe "l]JJ. HM6IDT p88nHqHue noporH 
qyBCTBHT61lbHOCTH, qTo n08B01lH6T, cornacHO Tpe60B8HHID 8KCll6pHM6HT8, 
BH6Hp8Tb ,ll6T6KTOp (HllH H6CK01lbKO p88HHX THllOB ,ll8T6KTOpOB) C COOTB6T
CTBYIDII(HMH CBoncTB8MH. KpoMe 8TOro, HCn01lb80B8118Cb B08MO~HOCTb ue11eHa
npaB1l6HHoro H8M6H6lillH nopora perHCTPBUHH M6TO,ll0M o6pa60TKH, B08,ll6ttCT-
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38BHCHMOCTb OT TeMnepaTypu HarpeB8HHH OTHOCHT61lbHOro H8M6H6-
HHH ,llllHHhl TP6KOB HOHOB 40Ar(l); 48Ti(2); 54cr(3); 56Fe(4) H 

OCKOllKOB ,ll6116HHH H,ll6p 244cm(5). KpHB~H 6 - OTHOCHT61lbH06 H8-

~6H6HH6 K011HqecTB8 OCKOllKOB ,ll6116HHH OT TeMnepaTypH OTlltHra. 

BH6M TeMneraT!Bhl H C llOMOmbID YllbTP8WH0116TOBOro, raMMa H 81lbW8-H81lYqe
HH~/2,4,7, 4 , , 331. Ha PRC. l npe,llCT8B116H8 88BHCHMOCTb OTHOCHT81lbHO

ro H3M6H6HHH ;llllHHH OTOlltlK6HHHX Tp6KOB HOHOB H OCKOllKOB ,ll6116HHH OT T6M

nepaTYP.H B cnro;zie MYCKOBHT. H86Hp8T61lbHHH OTJKHr no8B01llill H,ll6HTHWHUHPO
B8Tb HOHN c a z=:!:1 BnnoTb .z10 HO HOB ~ene8a c aHeprnell -1 MaB/a. e .M. 

SWW6KTHBHOCTb perHCTP8UHH OCKOllKOB ,ll6116HHH H;ll6p npH 8TOM He M6HH118Cb 

BnllOTb ;zio TeMnepaTypH p83110lK6HHH CllID,llhl ( ~ 6oo0c). Ha pnc. 2 nOK888HO 

BllHHHHe 81lbW8-q8cTHU p881lffqHOrO W11ID6HC8 H8 88BHCHMOCTb VT/V14(dE/dx). 
nns u;zieHTHWHKau1rn cna6onoHHsyromux qacTHU c E~2 MaB/a.e.M. B Me

To;zie VT/VM (ROCT), r;zie ROCT - OCT8TOqHhltt npo6er HOH8, HCn01lb80B8118Cb 
CBH8b Me~y VT H dE/dx B ;ll8HHOll TOqKe TpeKa/21 , 30 , 337. Ha pHc. 3 no

K888H8 88BHCHMOCTb VT/VM OT ROCT ;llllH K81lH6poBoqHblX 8KCll6PHM6HTOB no 
n;zieHTHWHKBUHH HOHOB B ycnoBHHX BHCOKoro anbwa-~oHa. MoEHo BH.llBTb yny
qweHHe cneKTPOM8TpHqecKHX xapaKTepHCTHK ,ll8T8KTOpa H8 ITS~. TOqttOCTb 
H8M6p8HHH nap8M8TpOB HOHOB COCT8BJma : az::±(0,15+o,20) H aA=±l. PHC.4 

HllllIDCTpHpyeT B08MOEHOCTb H;ll6HTHWHK8I.(HH npo;ziyKTOB p88KI.(HH no 88pH,lly H 
Macce cornacHO RX cneKTp81ll>HOMY pacnpe,ll8116HHID. SKCll6pHM8HT81lbHO noKa-

38HO, qTo M8TO,ll ynpomaeTCH, 6CJIH HCn01lb80B8Tb M8rHHTHHH cneKTPOM8Tp. 

Ilpe;ziCT8B116HH M8TO,llH H;ll8HTHWHK8I.(HH CH1lbHOHOHH8HPYID,HX qaCTHI.( C 
aHeprnen B o6nac~H Esl MaB/a.e.M. no HX npo6eraM B WJ. 18 , 19/. nns no-
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15 20 25 

Pnc. 3 

Pnc. 2 
38BllCllMOCTh ll36HpaTenhHOCTH TP8B
neHllH Tp8KOB pa3nnqaux ycKopeHHHX 
HOHOB VT/VM OT dE/dx B 118T~ CAO
ll01IHllT8HhHHM o(5nyqellll8M WHID8HCOM 
8llhWa-qaCTHU p8BHill4 AHH KpHBOH 
I(,) - 0+109 CM-z 
2(X) - 7•109 CM-z 
3{A) - 4•lolO CM-z 
4(n) - l•lOlZ CM-z. 

KpnBue nonyqeu npn wnTHpoBaHnn 
3KCnepHM8HT8HhHUX A8HHHX (ToqKH). 

16 l 9'i=O 

12 

3 28 
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8
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a I 

Pnc. 4 
PacnpeAeneHHe no AHBMeTpaM TpeKOB 
,l30TOllOB 4 •6 18He H 9Li (C paaHHMl4 
HOHH38UllOHHHMH noTepmm>, BXO'AH~HX 
HOpM8HhHO B noBepXHOCTh .lI.1l H3 
AI'KHnonyqeHHblX B fi'A6PHOtt peaKUHH 
HOHOB 11a (E=I8 MaB/a.e.M.) c H;zt
paun Ta. 

80 ~ 23sU<n, • .1> 6 

m 70 ., 
::,: 

-.o 60 

' 50 ,:s: 
:s: 
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38BHCHMOCTh H36npaTenhHOCTH Tpa
BnSHllH TpSKOB HOHOB VT/VM OT HX 
ocTaToqaoro npo6era R 6ea anhwa
nanyqeHnH H B npncyTCTBHH ero 
(---la12 CM-z)B KOMH8THHX YCHOBll
HX. ToqKH - 3KcnepllMeHT8HhHH6 
A8HHH6, nonyqeHHHe npH MHOro
Kp8THOM TpaBne!IllH T~eKOB YCKO
peHHHX HOHOB IGO, 2'-Ne, ZGMg C 

4i ~~ ,, 

0 tao ... 20 

40

--- Pnc. 5. 

60 

MaCCOBOe (a~~ aHepreTHqec«oe (6) pacnpeAeneHHH OCKOHKOB 'A6-
neHHH H'A6P 36u 'nonyqeHHOe C IlOMO~hID .llll(rHCTOrpaMMH~ H 8H8-
nornqaue peaynhT8TH, nonyqeHHH6 C llOMO~hID nonynpoBOAHHKOBHX 
'A6T6KTOPOB (TOHKHe nHHHH). 0(5nyqeHH6 'A6T6KTOpOB OCKOHK8MH 'A6-
neHHH H'A6P ypaHa npOBO;l!HHOCh B reoMeTpHH 4:rr. Ton~HH8 HCTOqHH
K8 ypaHa, H8H6C6HHOrO H8 0,3 MKM nneHKY H8BC8H8, COCT8BHHna 
~50 MKr/cM2 • TpaBneHHe npoBO'AHHOCh B 20% paCTBope 6AKOro 
H8TP8 npH 7o0c B TeqeHH6 40 MHH. 

E=I,6+2,5 MaB/a.e.M. Fl,MJ(M 

nyqeHHH M8CCOBblX H aHepreTnqeCKHX pacnpeAeneHHH HCnOnh30B8ll8Ch cneAY
ID~8H 38BHCHMOCTh npo6era HOH8 ROT ero aHeprHH H M8CCOBOro qncna A: 

1/2 -1/6 
R~E •A , K81llf6poBoqHH6 KPHBH6 R(E) 'Anfl ycKopeHHHX llOHOB C 
E~I _MaB/a.e.M. H cenapHpOB8HHHX OCKOnKOB ;zienellllH HAep. Ha PHC. 5 

·IlP6'ACT8BneHH aaepreTHqec«oe H M8CCOB06 pacnpeAeneHHe napHHX OCKOnKOB 
BHHY3;zt6HHOro 'A6ll6HHH H6ttTpOH8MH H;ztep ypaaa-235 B .lI.1l Ha IlK npH o6nyqe
HHH B reoMeTpHH 4~. MeTO;ll HCnOnh30B8H 'Anfl HA6HTllWHK8UHH COCT8BHblX 

8 

H'A6P, nonyqeHHHX B pe8KUHHX C TH36HHMH HOH8MH, no xapaKT6PHCTHK8M 
IlPO'AYKTOB HX p8Cll8'A8 (anhwa-qaCTllU8M H OCKOnK8M 'A6ll6HHH) B ~OK8nhaott 
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nnoCKOCTH KHH8M8THqecKHX cenapaTOpOB. Ha p1.1c. 6 IlOK838H np1.1Mep T8Roro 

p8Cil8;zt8 H:ztP8 244Fm, n·onyqeHHOrO B pe8KL\H!.1 206Pb+40Ar. 

P1.1c. 6 
MHR~oioTorpaqiuH Tpeita COCT8BHoro H:zt
pa 4 Fm(U3 pe8RL\Uli 206Pb+40Ar~ BXO
:ztHll\6:t'O nepneH:ztURynHpHO B :zteTeRTOP 
(Kpyr), li ROppen1.1pOB8HHillC TpeKOBOC
ROnKOB ero cnoHT8HHoro :ztenemm. ,lle
T6RTOP 1.1a Il8T~ pacnonarancH B wo
KanI>HOil nnOCKOCTH raaOH8IlOnH8HHOro 
cenapaTopa. TpaBneH1.1e I,5 qaca np1.1 
7o0c B 20% pacTBope e;ztRoro HaTpa. 

B TpeTI>ett rnaBe IlOR838HO Henocpe;ztCTBeHHOe 1.1cnonI>80B8HJ.1e ,lUl B He
KOTOpux qlli3J.1qecKHX 8KCnep1.1MeHT8X, B ROTOpux 8TOT M6TO:zt ua6nro:zteHHH HB
nHnCH OCHOBHHM. 

A. ~ayqeHHe HOBoro BH:zta pa;ztHOBRTHBHoro pacna;zta (KnacTepHuil pac
na:zt) BRTHHH:ztHUX aneMeHTOB c Z=90+95/26- 34/. B nEe:ztcTaBneHHOil pa6oTe 
BnepBue o6uafy~eH 1.11.1ayqeH pacna;zt H;ztep 230Th, 2 1 Pa, 233u c BuneToM 
HOHOB Net 23 Pu C 8MHCCHen HOHOB Mg, a T8R~e O;ztHOBpeMeHHHH BuneT HO
HOB Ne li Mg 1.18 H;ztep 234u. YCT8HOBn6HH BepXHHe r~aHHL\H BepoHTHOCTH 1.13-
yqaeuoro npol_\ecca :ztnH H:ztep 235 •236u, 237Np H 24 Am, B Ta6nHL\e 2 np1.1-

Ta6nHL\8 2 

KonuqecT- taKC, N >..Kn/Act. (T/2)Rn' 
HyRn1.1:zt KnacTep BO Bellle- Kn' xrn-12 CTB8, MI' CYT mT neT 

230Th 24Ne 210 64 165 o,56 1.3x1017 

231Pa 24Ne 7+10 138 252 3,8 8,6x1015 

233u 24,25Ne 75 28 16 0,75 2 2x1017 
' 237Np 30Mg 320 122 0 0,04 5 1 4Xl019 

241A.m 34si 3,7 30 0 0,005 1,4x1017 

234u 24 •26Ne: 111 5+18 1 5 233+420 7+24 0,39 5,3x1017 

28Mg 3+13 0,23 1,1x1018 

236P\l 25Mg 3,4•10-4 689 2 0,02 1,5x1014 

235u 25 1 26Ne 
1200 233 0 <5,0 >1020 

28Mg <0,?9 .>3Xl020 

236u Ne 
>6x1018 

Mg 25,3 233 0 <4,0 

IO 

I 

(,', 

) 

Be;zteHH ycnOBHH 8RCnep1.1MeHTa H nonyqeHHHe peaynI>T8TH, B KaqeCTBe ;zteTe
KTOpa 1.1cnonI>80BancH l1Jl H3 Il8T~ HeqyBCTBHTenI>HUH K anLqia-qaCTHL\8M, HO 
cnoco6HHil perHcT.iJHPOB8TD li H;zteHTHqlliL\HPOB8TD HOHH C Z > 6 B HHTepBane 
pacqeTHHX 8Hepr1.1tt 35+85 MaB. 8!MeKTHBHOCTI, perHCTP8L\lili KnacTepoB npH 
o6nyqeHHH B reoMeTpliH 2n COCT8BHna ~ 66% Ha IlllOll\8:ztH l1Jl ;ztO 1000 cil-. 
BpeMH 3KCil03HL\lili orp8HJ.1qJ.1B8~0CI, qinroeHCOM anI>qia-qacTHL\ ~1012 CM-2 , 

v;v. ~,r/to.' 
,s r _ _ 

2sMg ', 
',, 231Pa 

"I- -,~ 
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· ... -. 0 Ne 

.... --5 I-~ '"'l.6F 

60 

I I I I 
0 • 10 20 

R,MKM (E) 

A, 

:! 
I<: 
::. 

H 

~ .. 
a: 
~ 
z 
-0 

10Ne<46M3BI 2~Ne<S4M3BI 

l ( 
:i 

RSJI!!Clp. :: 

~

I 

6. 

20 

I 

: , , 
• 1 I 

I I 
I I 
I I 
I I 
I I 
I I 
I 
I 
I 
I 

30 

B. 

.Ut PJI ( llQTO'IHllR) 

0.12Mr/ct} 

40 ff.MKM 

r. 
PRC, 7. A. PacqeTHH8 KPHBHe 88BHCHMOCTH VT/VM OT %cT' ToqKJ.1 li oqep

qeHHHit pattoH OTHOCHTCH It 8KCil8pHMeHT8llI>HHM peaynI>T8T8M K8-
n1.16poBoqHUX 8KCil8~HMeHTOB no o6nyqeHHID .lUl ycKopeHHHMH HO
H8Mli 160, 20Ne 1.1 6 Mg c anepr1.1ett E=I 9+2,5 MaB/a.e.M, 1.1 no 
HsyqeHHID KnacTepHoro pacna;zta H:ztep 23fPa, COOTBeTCTBeHHO. 

E. Pacnpe:zteneHHe npo6eroB (R) saper1.1cTp1.1poBaHHHX KnacTepoB pacna:zta 
H;ztep 23IPa C YK838HH8M npo6era OZH;zt88MOit 3H8prHH Kll8CT8p8 24 Ne C 
E=54 MaB 1.1 K8nH6poBoqHUX ycKopeHHHX HOHOB 20Ne c E=46 MaB. Ha Bpea
K8 CB) MHKpoqioTorpaqim1 TpeKa KnacTepa Ne pacna:zta H;ztpa 231 Pa.: 

r. MHKpoqiOTOrpaqiHH TP8KOB KnacTe~OB Ne, Mg H OCKOnKOB :zteneHHH, aape-
rHCTPHPOB8HHHX npH pacna:zte 23 u B ITST~. . 

;,.,,,, p II "1'" 



npeBhlill8HH8 KOTOporo C03'AaBano 6onornon g)OH Tp8Bl/1Mh!X TP8KOB H'A8P OTA8-
lllll yrnepO'A8 l/1 Kl/lCnopOA8 (M8T8plllana .llll). 38TPYAHHIOmlllil no!IICK TP8KOB 
KnacTepOB !II l/13Mep8Hlll8 l/lX napaMeTpOB. 

llA8HT!ll~KaUl/lH Kll8CT8POB no Z l/1 A ocymecTBnHnaco M8TOAOM V'J!VM 

(ROCT) nplll MHOroKpaTHOM TpaBneHl/ll/1 A8T8KTopa. TOl!HOCTD onpeAeneHl/lH aa
PH'A8 cocTaBlllna AZ::±0,15; AA=t.r. 8HeprRH KnacTepa onpeAenHnaco no 
'All!IIH8 nonHOCTb!O npoTp8Bll8HHOro TpeKa C TOllHOCTb!O ±2%. Ha pnc. 7 

npe'ACT8Bll8Hhl p8Cll8THhl8 lll'A8HTllliplllK8UlllOHHhl8 KPlllBbl8 VT/VM ( ROCT) l'I :::rncne
PHM8HT8llbHhle peaynoT8Thl, nonylleHHhle B K8HH6pOBOl!HhlX 3KCil8plllM8HT8X C 
ycKopeHHh!Ml/1 HOHaMl'! !II C aaperl/lCTPHPOB8HHhlMH H3 pacnaAa 231 Pa KnacTepa
Mlll; cneKTpanoHOe pacnpeAeneHHe 'AHliH H8il'A8HHhlX KnacTepoB B Cp8BH8Hllllll C 
Kann6poBOl!HhlMH 'A8HHHM!II H MHKpoipoTorpaipnn TEeKoB KnacTepoB Ne, Mg n 
OCKOnKa, Bhlll8T8!0ml'IX 0'AH0Bp8M8HHO l/13 fl'A8P 2 Lio. IlOK83aHa B03MOlKHOCTb 
/ 34/ yBenHlleHHH llYBCTBRTenoHOCTH M8TO'Aa Ha TPH nopHAKa Ilplll ucnonoao
BaH!lll/1 cneunanoHO paapa6oTaHHoro 'AllH 3T!IIX ueneil 2-cnoilHoro 'AeTeKTopa, 
KOTOphlil nOSBOnHeT npoBO'AHTb HaAeEHYIO H'A8HTlllip!IIK8Ulll!O KnacTepOB OT KO
POTKOnpo6eEHhlX fl'A8P OT'A8llll 38 Cll8T Y'AaneHlllfl BepXHero cnoH 'A8T8KTOp8 
npn cneunanoHOil o6pa6oTKe (plllc. 8). 

Pnc. 8. MwKpoipoTorpaipnH TpeKoB KnacTepoB, BHneTeBrnlllx npn pacna'Ae 
231

Pa !II aaper!IICTplllpOB8HHhlX a) B O'AHOCnottHOM 'A8T8KTOpe H8 g)OH8 
TP8KOB H'A8P 0T'A8lllll !II 6) B 2-cnoilHOM (BepXHHil cnon Y'AaneH noc
ne TpaBn8Hl/lH BM8CT8 C TpeKaMH fl'A8P OT'Aat!H) nplll ipnIOeHce anoip8-
qaCT!IIU ~ 1013 CM-2 H8 ]Ul. 

MeTO'A 2-cnoilHoro 'A8T8KTopa 6Hn Hcnono30B8H B 3KCnep!IIM8HT8X IlPlll 
H3Yll8Hllllll pacna'Aa 23~a. 236Pu lll 241Am H HBnHeTCH nepcneKTHBHhlM 'Allfl 
H86llIO'A8HHH 3Ml/lCClllH 6onee THE8nh!X KnacTeroB l/13 fl'A8P C Z>95 B ycnOBlllflX 
BhlCOKOro g)OH8 anoipa-qaCTlllU BnnOTD 'AO IO 5 CM-2 lll OCKOllKOB 'AeneH!llfl 
fl'A8P 'AO 106-107 CM-2 • 

Paapa60T8HHhle B 'AaHHOil pa6oTe M8TO'Ahl perlllCTP8UHlll lll lll'A8HTlllWHKaUHlll 
· P8'AKHX co6h!Tlllil KnacTepHoro pacn8'A8 C IlOMOmoIO ]Ul Il03BOHllnlll Ha6nIO'AaT0 

HOBOe g)H3lllll8CKOe HBH8Hlll8 B o6naCTlll.H8'AOCTYilHOil 'APYrlllM cnoco6aM perlllCT
P8Ullllll 38pHEeHHhlX 1!8CTlllU. 
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E. HayqeHllle pe'AKHX C06h!Tlllil CilOHT8HHoro 'A8HeHlllH TfllK8nh!X fl'A8P, CHH
T83lllpOB8HHblX B. fl'AePHb!X peamumx 12o, 35- 5r; Ha nyl!Kax yCKOPlllTeneil 

Tfli!l8]!h!X l/lOHOB,C ncnono30B8Hl/leM P8'Alll08KTHBl!h!X MHilleHeil TP8HCyp8HOBhlX 
aneMel!TOB 6h!]!lll CH!IT8 3lllPO.tJ8Hhl HAP8 C 8TOMHhlM HOMepoM Z=l02 ... 104 H HC
cne'AOBaHh! nepOHTHOCTH l/lX CilOHT8HHOrO ,l{eneHlllH • .8 'APYrOil cepttlll OilhlTOB, 
B peaKUUHX XOllO'AHOro CllHHHlllH, npH o6nyqenllllll l/130TOilOB Ta, Pb lll Bi 6onee 
THE8]!h!Ml/l lllOHaMl/1, OT Ar 'AO Fe, l/lCCll8'AOBanaco CT86HnoHOCTD TpaHc(!)epMllle
BhlX aneMeHTOB C Z=l04-i-lIO. IlOK838llO, llTO B o6naCTH 8KTlllHlll,l{HhlX fl'A8P 
B8POHTHOCTD CilOHT8HHOro 'AeneHl/lH B03paCT8eT C 8TOMHhlM HOM6POM Cl/lHT83H
pyeMoro fl'AP8 (lllHH napaMeTpOM ,iiemtMOCTH X ~ z8 /A), 8 y TpaHCg)ep1.1l118BblX 
3H8M8HTOB Bil]!OTD 'AO Z=llO nepHO,ii nonypacna'Aa CilOHTaHHoro 'A8iI8Hlllfl npaK
Tlllll8CKlll He M8HH8TCH, ~TO HBHH8TCH npBMblM YK83aHl/18M Ha CT86lllnlll3lllPYIOii1YIO 
pono a(M)eKTa H'A8PHhlX ooonoqeK B aHeprnn· AewopMnpoBaHHoro H'Apa, 'A]!fl KO
Tophlx Elll'AK01tanen0Hbli'I oapoep 'Aenemm omrnoK nnn paneH Hyn10. B cno10 oqe
pe'Ao 3TOT peaynoT8T HBllH8TCH IlO'ATBepE'A8HH8M TeopeTHl!eCKHX npeACTanne
Hllli'I o CT86HnoHOCTH CT8 B o6nacTH ABBE'Abl M~rHlleCKHX llHCen 110-114 c 
lll/lC]!OM Hei'ITpOHOB ~180. B 3KCil8PlllM8HTaX 3TOro Tl/Ina C81!8Hlll8 o6paaona
HHH COCT8BHhlX H'A8P B peaKUlllHX ClllllHIIHH H'Aep MlllllieHl/l l/1 ycKopeHHhlX HOHOB 
C HcnapeHH8M H8KOTOporo llHCna Hei'ITPOHOB, COCT8B]!fl8T oqel!o ManyIO B8nlll
lllllHY JO ~Io-35 CM2 • BpeMH EH3HH 3Tl/lX HA8P TaKEe Mano H paBHHeTCH 
---10- c, n03TOMY B ycnoBlllHX ipl/13lllt!8CKOro 3KcneplllMeHTa lllX nonyqeHl/lH 
AOCTaBKa K ]Ul 'AOJilKHa ocymecTBHHTbCH 3KCnpeCCHO. 

Pnc. 9 

l1iHKpoipoTorpaipl11H TpeKOB pacceHHHhlX 
HOHOB 54cr B Cll!O,l{e AO OTElllra (a) 
!II nocne Hero {46o0c, 6 qac) (6). 
Ha pnc. 86 Blll'A8H OCKOllOK AeneHlllfl 
aneMeHTa 106 lll3 peaKUllllll 
207Ph+54Cr. 

~nH 3TlllX 3KCnepl/lM8HTOB 6h!nlll Bhl6p8Hhl 2 Tlllna ]Ul - C]!IOA8 MYCKOBl/lT !II 
ipocipaTHOe CTeKno. llx Bhl60p 6h!n o6ycnonneH, Bo-nepBhlX, BhlCOKlllM 
ynpannHeMHM nyTeM cneunanonoro peJKlllMa oT~Hra noporoM llYBCTBHTenoHOCTlll 
no OTHOllieHl/1!0 K pacceHHHhlM lllOHaM (plllc. 9)1201 H, BO-BTOphlX, Hlll3KO~ KOH
ueHTpauHeil ypana ('AO ro-§ ru-9 r/r) BBHAY BhlCoKoro wn10enca HenTpoHoB 
BO BpeMH 06nyqeHlllfl. 
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B OKOHqaTeJioHOM HTore 61,1JIH paapa~oTaHLI YCJIOBHfl o6pa60TKH ,ll,Zl.T.o., 
qT061,1 ncnOJII,30BaHne HX B 3KCnepnMeHTe no3BOJIHJIO aaperHCTpnpoBaT~ o,n;n
HOqHue cnyqan cnoHTaHHoro ,n;eJieHHH (o,n;nnoqHue n napH1,1e ocKomtn) B Te
qeHne 1.rnorocyToqm,1x o6nyqennn Ha MOlllHOM nyqKe nonoB (~I012 c1.1-2c-1 ). 
B onblTaX no XOJIO,l.lHOMY CJIHHHHID Ha6Jiro,n;enne o,n;Horo C06LITHfl COOTBeTCTBO
BaJio ceqeHHID o6paaoBaHHfl HCKOMOro H.n;pa ~Io-36 c1.121201. 

B aKcnepnMeHTax no,n;o6noro po,n;a _61,1nn onpe,n;eneHLI He TOJioKO npe,n;eno
Hue B03MO~HOCTH ,n;aHHOro MeTo,n;a CHHTeaa, HOH HCCJie,n;oBaHH ceqaHHfl 06-
paaoBaHHfl Tfl~enux H,n;ep TpaHC<pepMHeBUX aneMeHTOB OT E HZ HOHa, Q -

peaKl.lHH, •rncna ncnapHIDUU!XCfl Hei!TpOHOB H T.,n;. Bee 3Tl1 ·uccne,n;o.d8HHfl 61,1-
JIH npoBe,n;eH1,1 Ha ypOBHe ceqennii peaKl.lHH ro-35-ro-36 cM2~ 

B. HayqeHHe pe.ztKHX C06bITHii cnoHTaHHOro ,n;enemrn B npnpo,n;HUX o6paa
l.\8X/52 ,537. Hccne,n;oBaHHfl no CHHTeay HOBl,IX 3JieMeHTOB H noHCK pe,n;KHX 
co6L1THll cnonTaHHOro ,n;eJieHHfl H,n;ep noTpe60B8JIH npoCMOTpa 60JII,WHX llJI01118-
,n;en .ll./l B ,l.lJIHTtl1rI>HLIX 3KCll03Ul.\HflX Ha nyqKax ycKopeHH!ilX HOHO.B. 8TO flBH
JIOCI, OCHOBOil C03,l.18HHfl .ll.Zl CBepx60JII,illOH nno111a,n;n ~IOO M2 ,l.lJifl perncTpa~ 
l.\HH pe,n;KHX C06bITHll ecTeCTBeHHOi! p8,lll-108KTHBHOCTH - C8MOllpOH3BOJII,HOro 
,n;eJieHHfl npHpo,n;nux H,n;ep, He o6yClIOBJieHHOro cnoHT8HHh!M pacna,n;OM 8KTHHH,l.l-~ 
HLIX aneMeHTOB. 

Heo6XO,l.lHMOCTI, n~,n;o6uoro po,n;a 3KCnepnMeHTOB 61,1na BLl3B8H8 He38BHCH
MhlM H3MepeuneM aqxpeKTa, ua6JIID,l.18BWerocH paHee 118 HeilTpOHHOM ,n;eTeKTOpe 
C yKaaaHneM Ha qpeaB1,1qailHO peAKHe co6h!THfl pacna,n;a (no HeilTpOHHOH 
BCnLIWKe npn pacna,n;e HYKJIH.iia, KOHl.\8HTP81.lllfl KOTOporo 61,1na qpe 3Bblqai!HO 
!.18JI8 ~ 10-14 r/r). ,llJIH onpe,n;eneHHfl BepOHTHOCTH caMonpOH3BOJloHOro ,n;eJI_e
HHfl H8H3B8CTHOro H3JiyqaTeJIH C IlOMOlllI,ID .ll.Zl 6blJIO BLl6paHO H8H6onee ,n;eTBJII,
HO HCCJie,n;OB8HHOe Be111eCTBO MeTeopnTa AJIJieH.zte. ,i'.l.JIH ,l.lOCTHJKeHHfl qyBCTBH
TeJioHOCTH, COOTBeTCTBYIDllleil KOHl.leHTpaunn ~ 10-14 r/r noTpe60B8JIOCI, 
~850 r Be111ecTB8, KOTOpoe B BH,n;e CJIOH,TOJilllHHOH I-2 Mr/CM~ 6blJIO pacnpe
,n;eneHO Ha nno111a,n;n ~ 100 1i. 3KCn03Hl.\11fl COCT8BHJI8 ~ IO Mee. B YCJIOBHHX 
no,n;aBneHtloro KocunqecKoro i:poHa ,n;JIH ncKnroqeHHH ,n;eneHHH no,n; ,n;ellcTBHeM 
KOC1,rnqeCKHX nyqeii. ,llJIH CHIDKeHHfl qJOHa OT ,n;eqieKTOB .lIJ( HCnOJII,30BaJICfl HH3-
KOqJOHOBl,IH MeTo,n; pe rHCTpauun napHUX OCKOJIKOB ,n;e JieHml H,n;ep B reoMeTpHH 
4,r ABYMH npOTHBOilOJIO~HLIMl'I llOJIHMepHLIMH ,n;eTeKTopaMl'I, Mellt;ey KOTOPHMH Ha
XO,ZIHJICH nayqaeMLlll npenapaT, HaHeCeHHLlii Ha noBepXHOCTH O,l.lHOro H3 ,n;eTeK
TOPOB • llocne TpaBJieHHH noHCK Tpe1toB B 0,llHOM H3 ,n;eTeKTOpOB TOJill(l1H0ll 
10-12 MKM ocy111ecTBJIHJICH c nOMOllloID HCKpOBOro MeTo,n;a; B ,n;pyroM ,n;eTeKTO
pe - no,n; onTnqecKHM MHKPOCKOnOM Haxo,n;HJICH KOppeJIHpOBaHHl,lll OCKOJIOK. 8a
perHCTPHPOB8HO 6 napHUX C06UTHll CilOHTaHHoro ,n;eneHHfl 38 IO Mee 3KCnoan-· 
l.\HH, qTo COOTB8TCTByeT KOHl.leHTpal.\HH aneMeHTa C CaMonpOH3BOJII,Hl,IM ,n;ene
HHeM ~ro-14 r/r, B npeAUonoxeHHn, qTo ero nepno,n; nonypacna,n;a cocTaB
ntteT ~ro9 neT. 8To ne npoTnBopeqnT peayJioTaTaM, nonyqeHHHM paHee B 
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no,n;o6HUX 3KCnepnMeHTax Ha Hei!TpOHHOM ,n;eTeKTOpe H nponopl.\HOH8JII,HOM 
cqeTqnKe. 

0TBJieKaHCI, OT WH3HqecKOii HHTepnpeTal.\HH ,n;aHHOrO flBTi8HHfl 1 MOXHO 
KOHCTaTHpoBaTo, qTo .ztaHHHil MeTO,l.l MOReT 6UTI, HCilOJII,30BaH ,n;JIH C03,l.18HHfl 
KpynHora6apHTHLIX ,n;eTeKTOPOB B coqeTaHHH C COBpeMeHHHMH-M8TO,n;aMH aBTO
M8THqecKoro CK8!1HpOB8HHfl, HCilOJio3Y8Mhle ,l.lJIH pacnoaHaBaHHH o6paaa no 
TpeKy. 

B qeTBepTOH rnaBe npe~T8BJI8HLI peaynoTaThl nccne,n;oBaHHil no npn1.1e
H8HHID MeTO,l.lOB ,ll,Zl ,l.lJifl peweHml HeKOTOPhlX npMK/18,l.lllllX aa,n;aq, T8KHX K8K 
a) C03,l.18Hlle Ha OCHOBe ,n;mmeKTpnqeCKHX M8Tep!.1aJIOB M!.1Kponop11CT!,JX MeM6-
paH/54-6S/ H 6) HCilOJII,30BaHHe M8TO,l.lOB Jl)l ,l.lJifl 11ayqeHHfl ~onroBpeMeHHllX 
Bapnaunii pa,n;ona B noqBeHHOM raae n reoTepMan1,n1,1x Bo,n;ax16I-7I7. 

B nepBoll qacTH rn. 4 uccne,n;oBaJIHCI, CBOi!CTBa Jill npn BhlCOKOll aa
rpyaRe nonaMl'I paannqnoro Tnna nyTeM npHMoro o6nyqemrn nyql(OM ycKopen
HHX HOHOB. IIOK83aHO, qTo TpeK coxpa,meT CBOID HH,l.lHBJ.1,n;laJioHOCTI, ,n;o npe
,neJiotll,IX anaqeHnil qmroenca nonoB na ,neTeKTo.p 1010-ro 2 /cu2 B aaBHC!.1-
MOCTH OT Aili E HOHOB, MaTep11ana ,n;eTeKTOpa, pe~nMa o6pa60TKH, napaMeT
poB TpeKa. TaRne BLICOKHe nnOTHOCTH TpeKOB 6ea BJ.1,ZIHMhlX HCK8ReHHil HX 

qiopMLI ncnOJII,30BaHhl ,ZIJifl coa,n;al!Hfl YHHKaJioHUX MaTepnaJIOB MeM6pannoro TH
na, nonyq11Bwne naaBanne 11 fl,l.(epHLJe q>HJioTph! 11 (H~). 

0 

• 0 • .. • 
• • • •• •• • 

0 ~ • a. ~·cwM, -/h'c:~<cw,-~"''&~~=~~,,,,,~,c.,(,!!AA"<~Y,. 

6. B. 

PMC. IO. MHKpOqiOTOrpalj)HH BX:O;ll,HLIX OTBepCTHll Tpe!COB' nepnen,nHKYJIHpHO 
BXO;l),fl!JlHX B CJIOH HOHOB: a) aprona C E~220 hl3E B ~II; 
6) KCeHOHa c E=I24 MaB B Il81'~; B) an1,q1a-qacTHl.l c E=2 i.laB 

B HU. 

Ha pnc. IO npe,ncTaBJI6Hhl MKKpOqiOTOrpalj)nH BXO,l.lHLIX OTBepCTHil KaHa
JIOB nop B H~ na IIST~, ~II, HU. H~ wnpoKo ncnoJioayroTCH B c1.1e~n1,1x o6nac
THX HBYKH H TeXHHKH, a caM npouecc CTaHeT caMOCTOHTeJioHOll 0Tp8CJII,ID 
npOMUWJieHHOro npoH3BO,l.lCTBa. 

Bo BTopon qacTJ.1 rn. 4 paccMoTpenu Bonpocu npaMeneHHH ueTo,n;a .ll.Zl 
,l.lJIH perncTpal.\H!.1 ano~a-qacTHl.l pa,n;ona D HCCJI6/.(0B8HHHX, r,n;e TpeyeTCH He-

15 



• 

npephlBHhlli ,lllU1T6iII,Hhlil 8H8lll13 ero KOH1{6HTP81.UU'I B IlO'lB6HHOM raae 11 reo

T6PM8HI,HblX BO~ax H8 60lll,Wl1X nno~B,!!HX 11 H TPY.llHO;l!OCTynHhlX pawoHax. 

3TOT M6TOA 11CilOHI,30B8H ,!!Hfl onpe;zieneHl1fl ;lll1H8Ml1Kl1 ;l!Bl1~6Hl1fl M8CCJ.IBHblX 
ropHblX nopo;zi, conpoBO,a;ll810il(66CH 113M6H6Hl16M IlOTOK8 rny611HHblX ra30B, 

pa;zil181{110HHblM M6T'll!KOM KOTOporo HBllfl6TCH pa;zioH. Pa3p860T8Hllhlli M6TO,ll 

M8KCl1M8HI,HO npocT, Il?3TOMY HBHH6TCH WllpOKO;l!OCTyllHblM 11 3KOHOMH'lHblM. 

,i'.{HH 11nn10cTp81{1111 KoppenHUl111 T6KTOHl1'l6CKl1X HBJJeHllli C 3M8H8U11eli P8AOH8 

H8 p11c. II npe;l!CT8BH6H8 ;lll1H8M11K8 38TYX8Hl1fl KapblMCKOro BYJIK8H8. rra;zie
HHe 8KTl1BHOCTl1 pa;zioHa BO BpeMeHH conna;ziaeT C YM6HI,UJ6Hl16M KOHH'l6CTB8 

H 11HT6HCHBHOCTH, npOl1CXOAl1BWl1X B 3TO BpeMH 36Mll6TpllC6H11ll. Pa3p860T8H

Hb1Il M6T0;£( 11cnon1,ayeTCll ;l{Hfl ilOCTOllHHblX H80H10,l(6Hl1ii C 1980 r. B cencM0-

8KTl1BHblX paliOH8X Cpe;l{Heil A31111 11 K8M'l8TKl1. 
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P11c. II. 

Pe3yHI,T8Tbl 113MepeHl1fl p8;£(0H8 B 

T. N?I 11 l/ll6. Ka pb!MCKoro BYHK8H8 B 

1982 r. I,IT - rpaw11K11 ~pe;l!Hl1X 
3H8'l6Hl1H 38 BpeMH 3IWilOHl1pOB8-

HHll ;£(6T6KTOPOB 1:' (rp8H11Uhl T 

- TOHKl16 B6PTl1K8HI,Hbl6 nHHl111 Ha 
TOtJKax Nll6 11 IH); I - nnoTHOCTii 

TpeKoB ( NT ) , np.ttBe;l{eHHBH K 

illT/CyT. MM2 ; 2 - cpe;zinee KOHl1'."" 
'lSCTBO B3pb!Bllb1X 3eMH6TpllC6Hl1Il 

(fi T ) , per11cTp11pyeMhlX H8 c/cT • 
11 K8pblMCK8ll 11 38 BpSMll T , illT/CyT; 

3 - cpe,l\Hee 3HatJeH11e aHepr1111 

(L_J.A/T))' Bbl;lle neHHOil B cyTKl1 

3a BpeMH T, (MKM/c/cyT). Apa6cK11e u11wphl B rpaH11l{ax "t' - HOMepa 

;zieTeKTopoB 6/I, I/I - Nil Ha TOtJKe lt'6, li?I - Ha TOtJKe N?l ll T.;zi. 
ill - e~ecyTO'lH06°Bbl;ll6H6Hlle aHepr11ll npll B3pblBHblX 3SMneTpHCSHHHX, 

L. (A MKM/Tc), IY - e~ecyTO'lHOe KOHH'lSCTBO B3PhlBHblX 36MH6TpHC6H11li Ha 

c/cT. "i{apb1MCK8H11 (IllT/cyT). ll{11pH8ll B6pTllK8HI,H8ll HllHllll (IO OKTH6pll 

1982 r.) - OKOH'l8Hll6 ll3Bep~eHllll. 

OCHOBHblE PESYJThTATU PAEOTU 

I. IlpOBe;zieHO 11ccne;l{OB8HHe B38llMO;llelicTBHll ycKopeHHblX HOHOB pa3-

Hl1'lHblX aneMeHTOB Ta6nHUbl MeH;lleneeBa B IllllPOKOM ;llll8Il830He aHepr.ttll C 

1<1 

p83Hl1'lHb1Mll ;llll3H6KTPll'leCKllMU M8Tep11an8Mll C uen1,10 C03;£(8Hl1H ;zieTeKTOpOB 
38pH~6HHblX 'l8CT11U ;l{HH 11Cll0Hl,30H8Hl1H 11X B fl;£(6pHO-Wl131l'lSCKHX 8KCnep11-

M6HT8X ll APYrllx 11ccne.l(OB8Hl1HX B CMeICHb!X o6naCTHX H8YKl1 11 T6XHl1Kl1. 
2. ITOK838HO, 'ITO npll onpe;zieneHHhlX ycnOBl1HX Wl1311KO-XllMl1'!6CKOli o6-

paooTKl1, o6ny'leHHblX 110H8Ml1 ;£(113H6KTp11'lSC!UIX M8Tep11anoB, MOJKHO nony

'lllTI, 0;£(H03!18'lHYIO CBH3I, M6I(;l{Y noTepHMl1 8Hepr1111 'l8CT11U H OilTll'lSCKll Bll'
,lll1Mb!M npoTp8BH6HHblM TpeKOM, ll TSM C8MblM onpe;zienHTI, OCHOBHblS xapaKTe

pllCTl1Kl1 3aperllCTpllpOB8HHOli 'l8CTlll{bl • 
3. 11pOB6,ll6Hbl ,ll6T8Jll,Hbl6 llCCH6,llOB8HllH ll,ll6HTlll~l1K8UllOHHhlX 11 cneKTpo

M6Tpl1'l6CKl1X ·xap8KT6pl1CTl1K pa 3lll1'lHOrO Bl1,ll8 ,i'.{,i'.{ B Wl1pOKOM ,!!H8Il830H6 

3Hepr11n, M8CC 11 38pflAOB per11cTpllpyeMhlX llOHOB B KPl1Tll'l6CKl1X ycnOBHllX 

BblCOKOro p8Al181{110HHOro qJOli8. 110K838HO npe.11My~eCTBO JUl nepeA ;zipyrl1MH 
M6T0;£(8M.11 per11cTpau1111 p6;£(Kl1X COOb!Tllli B cnomHblX ycnOBl1HX H,ll6pHO-WU311'le

CK.11X 3KCnepl1M6HTOB. 
4. Paapa60T8Hbl cneu.11aniiHb16 ;£(6TSKT0pbl, MBTO'Ahl per11cTpau.1111 11 H;£(6H

Tl1IJ:l11K8U1111, .Il03BOHl1Bllll16 npoBeCT.11 YH111'8iII,Hbl!l ::rncnep11M6HTbl: 
a) ltlaytJeH HDBhlli B.11.ll pa;£(110aKTl1BHoro pacna,lla (KnacTepHwil pacna;zi) 

8KTl1Hll,!!Hb!X aneMeHTOB C Z=90+95. BnepBhle·ooHap~meH 11 113y'leH pacna;zi 
H'A6P 230rh, 231Pa, 233u C Bblll6TOM HOHOB Ne; c 61'11 C 3MHCCl16Il HOHOB 

Mg .11 pacna;l{ 234u C O;l{HOBpeMeHHblM Bb1H6TOM .llBYX KH8CT6POB - Ne H Mg. 
Ilp11MeHeH11e ,llllfl per11cTpau1111 ;ziByxcnollHhlX ,i'.{,i'.{ ll03HOn11no llOAHflTI, 'lYBCTBl1-
T6HI,HOCTI, MSTO'A8 H8 Tp.11 Il0pll,!!H8 11 p800T8TI, B YCllOBl1HX qJOH8 8HliW8-

'l8CT.11U 11 oc1rnmrnB ,ll6ll6Hl1H ,l!O 1015 CM-2 11 106-107 CM-2 ' COOTB6TCTB6H
HO. 3TO Il03BOnv.no npOBO,ll.llTI, .11ccne;zi-OB8Hl1H B o6naCT.11 HB;l{OCTYilHOH AnH 

.1{pyr.11x cnocoo~n per.11cTpau.1111. 
6) Ha ny'!K8X YCKOpHTenen THJK6HblX HOHOB C 11CilOHI,30B8Hl16M p8,ll.1108K

Tl1BHblX Ml1WSHen .11 cneu.11aniiHO Bb16p8HHhlX ,i'.{,i'.{ 6wn11 Cl1HT6311pOB8Hbl .11 .11ccne

,llOB8Hbl H;l{pa C 8TOMHblM HOMSPOM 102+104. B pe8KU11llX XOHO;l{HOro Clll1HHl1H 
np.11 o6nyqeHl1.11 .1130TOilOB Ta, Pb .11 Bi THJKenblM.11 .110H8MH OT Ar AO Fe C .11c

non1,soB8Hl18M .iUl c perynupyeMwM noporoM 'lYBCTBl1Ten1,HocT11 61:lna uccne,I{o
BBHa CT8011HI,HOCTI, Tp8HC\IJepMl16BblX aneMellTOB C Z=I04+IIO. MeT0,1{11K8 06e
cneq11na .113Y'l6Hl16 peaKu.11n C C6'l6Hl16M BllHOTI, AO ro-36 cM2 • 

B) Onpe;zieneHa BepOHTHOCTI, C8MOilp0113BOHI,HOro ;zieneHl1ll H8.113B6CTHOro 
.11anytJaTenH 113 B61116CTB8 MBT60pHT8 AnneH,!!8 C 'lYBCTB.llTBHI,HOCTI,10 
-10-15 r/r, C npHM6H6Hl16M Hl13KOqJOHOB0!1 MBTOA11K.11 ll 11CllOHI,30B8HHeu 

6oniIU11x nno111a.1ten (~100 M2 ) .u,n. 
r) ltlccne;zioB8HO 38Il83AblB8lOlll68 ;zieneHue ff,!!Bp, CilOHT81IHOe· ,1{6H6Hl1~ 

.1130MBPOB, 113Y'l8Hbl CBOilCTBa CBepxHellTpOHHOl130blTO'lHblX ll,!!8p nerKHX ane
M6HTOB, onpe,lleneuw BpeMeHa m.113HH COCT8BHblX ll,I{ep H T.,ll. 

5 •. ltlccne;zioB8Hbl CBOl1CTB8' p83Hll'lHhlX non.11MepHblX MaTepuanoB ,llnfl pe
r11CTP8Ul1ll 6on1,wux.noTOKOB 38pHJK6HHblX 'l8CTl11{. Onpe;zieneHbl napaweTpbl 
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KaHanoB CKB03Hb!X TpeKoB B TOHKOnneHoqHbJX MaTepHanax B aaBRCRMOCTI/I OT 
MaCCbl, 3HeprRR ROHOB, THna MaTep111ana Ill pe~RMa BblHBlleHRH. Ha OCHOBe 
3THX HCCneAOB8HHii C03AaHa T6XHOnorHH nonyqeHRH ~RllbTPYIDiURX MaTpRU C 
aaAaHHOli ~opMoii H paaMepoM nop (BnnOTb Ao 0,03 MKM), HameAlliaH npHMe
H6HHe npH MaCCOBOM npOH3BOACTBe HAepHb!X WRllbTpOB AllH TOHKOii oqRCTKH 
raaoo6pa3HblX H ~HAKHX cpeA B paanHqHblX o6naCTHX HapoAHoro X03HliCTBa. 

.6. Paapa6oTaH npocToil, 3KOHOMHqHuli H mHpOKOAOCTynHblM MeTOA onpe
AeneHHH KOHU6HTpauRH paAoHa B noqBeHHOM raae R reoTepMallbHblX BOAax, 
KOTOpblli HCilOllb3yeTCH npR AllHT6llbHblX BpeMeHHblX R npocTpaHCTBeHHUX reo
~R3RqeCKHX RCClleAoBaHHHX B celiCM08KTUBHblX paiioHax •. 
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