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l1Cil0Jlb30BOHKe HHTp8T8 nenniOJ103bl B ICB'ieCTBe neTCKTOpB OCICOJlKOB neneHHSI 

Ill 
OblnO BnepBble npennomeHO B pa60TG ~neliwepa H npal!ca B 1963 rony • Tpanne-

HUe HHTp8T8 UeJ1J1IOJ103bl, Oony'ieHHOrO OCICOJlKBMH neneHHSI, npOH3 DOJlHJ10Cb B KOH

UeHTpKpOB8HHOM pacTBope KOH. Cnenbl ocKonKoB neneHHH HMenu !jlopMy ICoauqecKux 

nyCTOTeJlbiX K8H8J10D JlH8MeTpOM CBbiille 1 MK H pernCTpHpODBJlHCb C noMOWbiO on-

TU'ieCKOrO MHKpOCKOna. 

B 1964 rony 3THMn aaTopaMH 6hinO o6napylKeao, 'iTO cnou HIITpaTa nennro-

J103bl UMeiOT OTHOCHTeJ1bHO BbiCOKYIO 'iYBCTBHTeJ1bHOCTb K 38pSIJKeHIIbiM 'i8CTHU8M, 

OHH o6nanaroT cnoco6aoCTbiO perucTpuposaTb a - 'iBCTHUbi c sneprnetl S. 2,2 Mss 

/2/ 
c sljxjleKTHBIIOCTbiO, 6nuaKotl K 100% . B nanbaenwux 3KcnepuMeHTBJ1bH biX uccne-

JlOBBHHSJX ObiJlO ycTanoaneao, 'iTO HHTpaT nenmonoaLt cnoco6en perncTpHposaTb TBK

me 0JlH038pS!JlHbie 'i8CTHUbl llpOTOHbl H neflTpOHbl B OOJ18CTH M OKCKM.1JlbHblX ynenb-

/ 3/ 
HbiX noTepb 38eprHH 3THX 'i8CTHU, T.e. B CBMOM KOHUe 11po6era 

neTeKTOpbl H3 HHTp8T8 

14/ 
KOB ObiCTpblX nel!TpOHOB , 

uennronoabi ObinH npHMeaeHbi nnn perncTpauaa noTo

/5/ 
uay'ieHHH pacnpenen~"'IIHH 6opa D cnnasax , onpeoe-

neauH saepruu 
/6/ 

a - 'i8CTHU no JlHllMeTp8M CJleJlOB • Qqeub B8li<Hb!M H HHTe-

peCHblM llpHMGHGHHeM 3THX JlCTeKTOpOB SIBJlHeTCSI HX HCnOJ1b30BOHHe JlJlfl p e rHCTpa 

/7 / 
UKH TSilKenol! KOMllOHeHTbl KOCMH'ieCKOrO H3 l1Y<JC HHSI • HnTp8T UeJ1JllOJ10.3 bi D Kll-

<JeCTBe JleTeKTOpll a - <JBCTHU HMeeT pHil npenMywecTB no cpaBHennro c HnepHblMH 

a M ynbCHHMB. Oa He<JyBCTBKTeneH K BBJlHMOMY caeTy, K Y -ny<JaM H nerKllM a a-

pHll<eRHbiM qacTuuaM. 

npyrHM BBlKHblM npel!Myl!leCTBOM 3TIIX JlCTe KTOpOB 5TBJ1SieTCH npoCTOTO HX 

00p800TICH; npOCMOTp uennyJlOl!JlHblX JlCTC'KTOpOB MO>KHO 11p0113 B OJli!Tb 11pH y a ennqc 

HHH 100-150x, 'ITO HBMHOrO yC J:OpHeT Jl800p CT8THCTHKH llpH nOIICKBX pellKHX C06bl-

Till! . 
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UenhiO aacT05I IUell pa6oThJ 11answc n non6op o6paauoa HH Tp aTa nenniOnoa hl , aa

a6onee flO.llXO.llliiUHX .ll11 ll perHCTpBURH 38pllli<9HHbiX 'lliCTRil H HflJl!OCTpBUHll B03MOlK

HblX npuMeaeaul! aToro n e TeKTopa n n ll pem e aall p aan H'IHbJ X aKcne paMeHTBnhHbiX aa -

.!18'1 . 

B aTHx aKcnepaMe arax RCIIbl Tb!BanHc h paanH'IHbl e o6pa3Ubi HHTpaTa n Tpaane-

TBTB U91111101103bl , HCfl011h3Y9 Mbl9 B KB 'IE'CTBe OCHOBbl KHROfl119RKH HJlR B K8 '19CTB9 

n on eno'IHbJX MaTepuanoa. 3TH o6 p aau bi o6ny<JanHCh aa aoan yxe 
2 H 

a - '18CTHU8MR 

OT npenapaTa Cm , HMeiOIUHMH aaepra10 oKono 5 ,8 M aa B re oMeTpHH, o6ecne-

'IRB8JOIU9 1! fl0flY'l9/IH9 HE'flp9pblBHOrO C!l9KTp8 'IBCTHU HB !IOBepXROCTH .ll9T9KTOpOB, 

06pa60TKB o6ny 'l911/lblX o 6p83UOB npOH3 BO.llH118Cb B 40% paCTBOpe NaOH a Te '!e -

aue aecKonbKHX qacoa npa KOMHaTHoll TeMnepa Typc . n ocn e o6pa6oTKH ne TeKTOp bl 

paccMaTpaaan.IICh liB MHKpocKona x M EH- 3 npa yac n n'!eHHH 100 -400X. 

3 TH aKcnepaMeHTbl noKaaan a , 'ITO aa o 6paauax IIHTpaTa u enniOn03bi, c nyli<HB-

WHX !IO.ll110 lKKOJ1 KHIIO!lfl911KH, C119.llbl a 'IBCTHU HM911H !j>opMy M9flKHX KOHH 'ICC-

KHx yrny t5nenull ; nopor p e r ucTp auun a 'IBCTnn nnn TaKoro I!HTpaTa uenn ron oa bi 

6bin aal!nea paBHbi M 5 1,5 M ae:.. Ha cnonx Tpaau eTaTa uennrono3bJ 6b111M aa p erHcT-

pHpOBliHbl a - '!aCTHUbi c aaeprnen ~ I .lv\ aa TBKlKe a BHne KOHM'WCKIIx y rny 6 -

fl9HHI!, OTflH'lli!OIUHXCSI He p OB/!Oe! CTpyKTypol! CT9HOK. 

H a c nonx T9XHH 'l9CKoro anTpaTa uennrono3bl, o6pa6oTaHH biX 11ocne o6ny'leHRll 

B pacTBop ax NaOH B T9'19 HH9 fl l!TH 'lliCOB npH KOMHBTilOJi T9M!Ie paType , 6 bJnll 

nonyqeabl cnen bi a - 'lliCTHU, HM9IOIUH9 !j>OpMy nycTOT91lbiX UIWII H.1PH'I9CKRX Kli -

aanoa ( p a c . 1). nnaaa TaKHX cnenoa n ocTarana 20 MK nn n npoa pa'laoro u c n nynoana, 

Onpen<~nea H bitl 113 pac npeaen e aan n po6e roa n opor 'IYBCTBHTenhnocTH K a - •Iac 

THUliM nnn .llbiM'!aToro uenny n oun a coc TaBHn :5 1,3 Maa, nn n npoapa qnoro u ennyno -

aaa 5 2, 2 Maa. Ha 9THX o 6 paaua x p e rac Tpapoaanach oTnen b llbJe a- '1 8CTI!U bl C 

aaep r liSIMH .. 2 M aa u 3,8 M 9B, COOTB9 TCTB9 HHO. 

3 TH A9 T9KTOpbl 6bl11 H o6ny'le Hbl TliKJK9 RO IIBMR 
10 

0 , n Ne 11 
40 

Ar c aaep-

r HSIMH 7 Maa 11a ayKnoa . 

J13 Ofl biTOB C HOHBMH KHC110PO.ll8 t5bl110 aatlne ao, 'ITO 3TH IIOHbl o6pa3yiOT 

npoTSIJK9HHbie cnenhl, aa'!HHB SI c MBKCHManhaoll 9Hepraa 130 M aa. On aaKo H3 - 38 

¢nyKTyaual! uoaaaauHoHHblX noTep b nnaaa c ncaoa a uennynoaae o6LI 'IHO MHoro 

M9HbW9 npo6era ROllS KHCnopona , XOTSI OTA911bllbl9 Cfl9 Abl HM911H .ll11HIIY AO 120 MK. 
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16 ~0 
Ne 

40 
0 Ar a uenn ynoane. Kax Ha pac. 2 npencTaaneHbt cnenhl noaoa 

cnenyeT H3 pnc. 2, sTH cnenhl HMBIOT ljlopMy cna6o cyJKatomnxcH 

xouaqecxax rrycToTenhlx xaaanoa. BbtcoxaH qyacTBKTenbuocTh neT eKTopoa H3 uenny

nouna n o 3BOnSIB T HCnOnb30B8Tb BX K8K B Onb1T8X , CBSI38HHhlX C perHCTpauaeA ner-

KBX '!8CTHU p , a , Li , TSK H B SKCnepHMBHTSX no H3y'!OHHIO COCT8B8 TSilKB-

/7 / 
noA KOMnOHBHTbl KOCMH'IOCKOrO H3ny'IOHHSI 

HaMB 6binB npOH3BOUOHbl MOTOUB'IOCKHO onhlTbl flO onpeneneHHIO KOHUOHTpBUHH 

Li H B a aemecTBe c noMOllibto tlennynonnHhtX neTeKTopoa. B sTHx sxcnepu-

MBHTBX HCnOnb30BBnHCb CnOH ~TOpHCTOrO nHTHSI H 6opHOA KHCnOTbl , HMOBlliHO TOn-

muuy Maoro 6 onhme n p o6era Hnep 
7 

Li • a 

pe8KUHSIX 
6 

Li ( n , a ) 8 
H 

I 
H 

10
B ( n • a 

~ H , o6p83YtolUHXCSI B SIUOpHbiX 

7 
Li 

3TH pe8KilHB SlBflSIIOTCSl 3K30TBpMH'IOCKHMH CO 3H8'1CHHSIMH Qm • paBHblMH 

COOTBBTCTBOHHO 4,64 H 2, 78 Msa. Ha nonto 

3 
2,65 H 1 MsB COOTBOTCTBOHHO , H8 nonto 1 H 

a - '18C THU npHXOAHTCSI aaeprHH 

H Li - 1, 9 H 1,8 Mae. 3TH 

p08KilHH X8p8 KTOpH3ytoTC SI 6onblliHMH CO'IOHHSIMH AnSI TennOBblX HOATpOHOB, p8BHblMH 

-22 -21 2 
COOTBOTCTBO!HI0-9.10 H 3,8. 10 CM AnSI nHTHSI B 6opa. 

10 
7,5% H B .. 19%, flOSTOMY KoaueaTpauHH aaoTona COCTBBnSIOT 

CO'IOHHSl peaKU HH HB OUHHHUY BOCa 3THX aneMOHTOB 6yAyT cymeCTBOHHO HHlKO. 

0AH8KO OHH UOCT8TO'IHO BblCOKH, 'IT06bl npOH3BOUHTb H3 MepeHHe COAOplK8HBSI STHX 

aneMeHTOB e cpenax. 

B onblTax c 6opoM a - '18CTHUbi H HOHbl 7Li HMetoT aueprnto HHJKe nopo-

ra perHCTp8UHil B HHTpaTe uennton03bl H nOSTOMy BCe '18CTH!lbl, BblnOT810UlBO H3 

npenapaT8 1 6ynyT perllCTpHpOB8TbCSI H8 AO TO K T ope. 

B cny •rae nnTHSI aneprHH a -qacTHU H nouoa ~ H Bhime nopora peracTpau aa, no

aToMy 6yAyT perHCTpHpOB8TbCSI B OC HOBHOM '18CTHUbl, HCflblT8BlliHO nornomenue B Cnoe. 

H aMH 6blnH npoaeneabi onbiTbi no onpe n e n eaato qyecTBHTenbHOCTH MeTona aa

MepeHHH KOHll9HTp8UHH nHTHSI H 6opa C UOMOlUbto BHBlliHOrO JlOTOKTOpa. C 3TOA 

UOflbiO B KH'IOCTBO MHU!OHOI! 6binH Bbi6paHbl XnOpHCTbll! nHTHA ( Li Cl) H xap6nn 

6opa ( R, C) . CnoH sTHx a e mecTB HMenu Tonwauy, npeBbilllaemyto npo6er uau6onee 

aaepreTu'!ecxax qacTHU, o6pa.3yaMblx e poaxuna c neATpoaeMH. K cnoHM npnxnaAbi-

aanncb annoTHYto nnacTHHxu 11 3 npoapaqnoro T exnnqecxoro HHTpaTa uenntonoabi n 

38TOM o6pa3Ubl H ABTBKTOpbi o 6 nyqanHCb flOTOKOM TennOBb!X H< ATpOHOB. Oocne 06-

ny'IBHHll JleTOKTOpbl o6pa6aTb!D8UH Cb B palKHMe, YK838 HHOM Dbtllle, H H8 onTH'IOCKOM 

MHKpOCKOne onpenenSJnllCb nnOTIIOCTh CUOAOB 3 8pH>KOIIIIblX 'IBCTHU. 
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nns npenapaTa, coAapJKamero 6op, nnoTuocTb cneAOB qacTJm 6blna a 6-7 pa•a 

Ha puc. 4 a,6 npeAcTaaneubl cjloTorpaljluu AaTalt-
6onbme, qeM AnH cno11 !13 Li F . 

Topoa, o6nyqeHHbiX y npenapaToB, c oAapJKamux nHTHit a 6op. 

Ma uaMepeuablx a aTHX onb!TSX aaaqaaHit nnoTuocTH cneAOB qacTIIU 6&m on-

peAenea nopor qyBCTBHTenbaocTH MeToAa a npeAnonoJKeuua, 
'ITO M8ltCHM8nbaaB H3-

MapuMaB nnOTROCTb cnaAOB narltHX '18CTBD 6yAaT paBHBTbC!I 10 

neneu paBBblM 10 - 9 aT/aT Ani' cpeA, coAapJKamux nHTHll, u 

AnSI cpen, coAepJKamux 6op. 

2 
TplcM . Oa onpe-

:l:. 1,5.10 -IO aT/aT 

MeTOABJta saemaero neTaJtTopa ua HHTpaTa nenmonoabl MOJKeT 6b1Tb ucnonbao-

aaaa JtaK AnSI aaMepeaaSI KoaueuTpauuu, Talt u nns panuorpaljluu o6paauos, coAepJKa-

mux nuTHII H 6op. 

B aa~~:niO'Ieuae aaTophi Bblpa>I<SIOT rny6oKyiO npHa uaTenbHOCTb qneuy-Koppec-

noaAeuTy AH CCCP r.H.~neposy aa nocToRuuoe suHMauue K pa6oTe . H rpynne aK

cnnyaTauuu na~~:noTpoua Y -300 OMHM so rnase c E.A .3arepoM, o6ecne'IHBWHM 

npoaeAeaue o6nyqeuuA o6paauoa TSIJKenblMH uouaMa. 
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