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B peaKIIH!IX c T!IJKellbiMH HOHSMH B o5nacTH TpaacypaHoawx 9neMeHTOB o5paayiOTC!I 

rnSBRbiM o5pa30M CpaBRHTOIIhHO KOpOTKOJKRBYIIIHO HeliTpO HOI!O<jJHIIHTHbie H30TOIIbi
0 

OI!HHM H3 

OCHOBHbiX CIIOC050B pacnana KOTOpbiX !IBli!IeTCSI 4 -p8CIIB!lo BcnenCTBHe CHllbHOll KOHKy-

peH!lBH neneBHH C9'19HRH o5p830B8RHH 9TRX H30TOIIOB CTSHOB!ITCH BC9 5onee M allb!MH C poe-

TOM Z o nony'I9BH9 CB9!l9BHll 0 BOBbiX H30TOIIaX B 9TOll 05li8CTH Tpe5yeT 11pRM9BeHRR Bbl-

COitoa<j!<jleKTHBBO!I R 5hiCTpO!l9liCTBYIOII!ell MeTO!lHKR, KOTOpaH Morna 5bi TSK JKe o5ec n9'1HTL 

xopomee 9HepreTH'IecKoe paapemeaue npu peracTpanHH a -'IACTHII. MeTon co5upaaaR 

Ill 
!Ill9p-llpO!lYKTOB p98K!lBH nyTeM AllCOp51!BH B3 r830BOll CTpyu B OCHOBHOM YllOBn9TBOpReT 

9TBM Tpe5oBaHH!IM. 

U enLIO ~taaaoll pa5oTbi !IBli!Inocb uayqeaue 

IIOB <jJepMH!I C BCIIOllb30B8BBeM 9Toro MeTana. 

a -pacnana H9ATpOHOA9<jJHIIBTHbiX H30TO-

MeTO!lHKa 

Ha puc. I npencTaBneao cxeMaTH'IeCKOe H305paJKeaue YCT8HOBKB . npu ee KOIICTpynpo

BSHBB p!I!l Texaaqec~~:ux neTaneA 5hm 3aBMCTBoaaa ua pa5oTbi B.n. Muxeeaa121. 

ny'<OK yCKOpOHHbiX IIOHOB, npOXO!lH qepe3 aliiOMIIHHeByiO <jJonLry BXOI!ROrO OKHa KaMepbi, 

MHilleHb B <jJom.ry BbiXO!lHOrO OKRa, IIOIIa!lall Ha KOllli9KTOp H perac.:papOBa1IC!I BHT?rpaTOpOM 

TOKB. 

Hnpa-npol!yK T bi peaKIIBH, Bbi5BTbie H3 MHIUeau, TopM03HliHCL B o 5'heMe KaMepbi
0 

3anon

aeaaoli renaeM, H BbiHOCHliHC b 38T9M CTpyell ra3a '<9pe3 OTB9pCTH6 !lBaMeTpOM 0,5 MM B 

05'heM 11p05HHK8. nng IIOll1!9pJK8HHR nepei!S!la l!aBli9HH!I MeJKa y KSMepol! II 11p05HHKOM RCIIOllb-

30B8liC!I repMeTII3HpoaaaabiA BHKYYMRbi ll aacoc BH-1. Oa aenpepwaao oTKa'IHBan rt.nlll! 113 

05'heMa 11p05HI!K8 H HarHeTan era qepe3 C HCTeMy liOByiUeK , OXllaJKa89MbiX JKH!lKIIM a30TOM, 

B KSMepy. npu Bbi5ope BeliH'iHHbl llaBli9HH!I B Kl!Mepe HC XO!lHliH H3 B9liH'JHH 11po5eroB llpO

llYKTOB p9liKIIHH. 

Hnpa OT!lH'IB, aaxaaqeaHbie CTpyel! renuSI, B o5'heMe npo5HHKa ocaJKaa1IHCb a a c ne

IIBllllbHbiil C50pHHK 0 BbiiiOliHeHHbill B BB!le llHCKll llH8M9TpOM 10 MM, yKp9llli9HHOro Ha KOHI!e 

KpeCTOBHHblo npH IIOBOpOTe H8 90°, HaKOIIIIeHHHR 8KTHBHOCTb 119peHOCHli8Cb !lli!I perHCTpai!HH 

K nonynpOBOI!BHKOBOMy neTeKTOpy. To'<HB!I <!>HKCBIIH!I uonoJKeHHR KpecTOBBHbi npu 9KCII03HIIHH 



c6opaaKa y neTeKTopa (npa K3Mepeaaa) H B cTpye renHR (npa co6apaHHH Rnep oTnaqa), a 

TSKJKe 6biCTpblli nepe6poc ee H3 onaoro nonoJKeHHR B npyroe (aa BpeMR 0,12 ceK), o6ec

ne 'IHBancR ManbTHliCKHM xpecTOM. Oa 6:bin yxpennea aa onaol\ ocR c KpecTOBRHol\ R npaoo-

nancg B nBKJKeaae aneKTponsaraTeneM qepea cacTeMy nepenaq. 

AaanRa aaepreTRqecKoro R speMeaaoro pacnpeneneHRR HMnynhCOB ocymecTsngnca cne

nyiOUlKM o6p830M: 

YIMnynhCbi OT nonynposonaaKosoro n'eTeKTopa, y caneHHbie aapanoqyBcTBHTenbHblM 

npenycana-reneM H ycanaTeneM, npoxonRnH qepea naaetlHbie BopoTa aa aaanorouncj>posol\ npe

o6paaoBaTenb, ecna ax aMnnaTyna npeswwana nopor nacKpHMHHaTopa. 

B aaanoronncj>poBOM npeo6paaosaTene aMnnaTyna HMnynbca npeo6paaOBbiBanacb B ce-

pHJO CT8 Hll8pTH bi X HMnynbCOB 1 KOTOpbt8 rrepeClfHTbiBBnHCb 38T9M .!lB0Hl{H0 - ll9CSITHqHbiM CIJ8T"'H-

KOM. YfMnynhCbi, COOTB8TCTBOB8BWHe H3MepHeMOMY naanaaoay aaeprali, perBCTpHpOBBnHCb 

uacj>poneqaTBIOUlRM ycofpolicTBOM, BhmonaeHHhiM aa 6aae Tenerpacj>aoro annapaTa
13 1

• 

BpeMenaol! peJKJ<M nsaJKeHHR KpecTa Bbi6Hpanca s cooTBeTCTBHR c nepaonoM nonypac

rraaa H3M9pH8MOA 8KTHBHOCTH H 38A8BBnCH 6 nOKOM 8BTOM8THKH. 

6noK aBTOMBTHKR npencTasngn co6oil ueno'IKY Tparrepos, nepecqHTbiBBIOUlRX aMnynb

Cbi cj>opMHposaTena, cnenyiOmHe c 'IBCTOTol\ 50 ru. Ko a<jxpauaeHT nepecqeTa ueno'IKH a ana

san nnHTenbHOCTb UHKll8 H3MepeHHH H o6ny'I8HHH H MOP B8pbHpOB8TbCH B npenenax OT 2
6 

no 2
12 

( T = 1-800 ceK). 
UHKUS 

n pa nepexone oT o6nyqeaag " aaMepeHHIO nohaqa naTaaaa aa nsaraTenb npoaasona

nacb aanycKaiOmHM aMnynhcOM c onaoro aa Tparrepos 6noKa BBTOMBTHKH. nocne nepeMe

meaHH KpecTOBIIHhi aa 90° MaHanyn!ITOp B'i reaepaTopa aanapancg, a naaei!Hbie sopoTa oT-

KpbiBBnHCh. 

BnoK SBTOMSTHKH aanasan soceMb speMeHHhiX HHTepsanos H3Mepeaaa. MoMeHT npa

xona peracTpHpyeMoro HMnynbca OTMe'lanca Tenerpacj>HbiM annapaToM aapany c aMnnaTynol\ 

HMnynhca. 

PeaynbTBThi aKcnepaMeaTa 

CaaTea aaoTonoB cj>epMHH ocymecTBnRnca B anepawx peaKUHHX npa o6nyqeaaa MHwe-

• 2 
ael\ H3 ecTeCTB8HHOPO ypaaa H ypaHa-236 TOUUlHHOH 1,6 MP/CM yCKOpeHHblMH HOHBMH KHC-

nopona-!6, 3aepraa aoaoB H3Meaanach nyTeM nepeMemeaag npo6aaKa no panaycy s aaTep

sane 80-105 M as, nocTaTO'IHOM nnR acnapeaag 4-6 aeilTpoaos aa cocTasaoro anpa. 

npll o6ny'leHHII MI!WeHH 113 8CTeCTB8HHOPO ypaHS H86UIOU8llHCb SKTHBHOCTH C aaeprael\ 

a -IJ8CTHtl 

4 

I 

:J 

H nepaonaMII nonypacnana 30 

3aBRCHMOCTH BbiXOU8 3' 

HS pRC. 2. npaseneHbl TSK lKE 

pacnana. 

Bee 38BHCHMOCTH BMeiO 

napeaneM ael\TpOHOB H3 COCT 

BenH'IHHbi aaeprHH a 

COrnacyJOTCSJ C H3B8CTHbiMH : 

cj>epMHH-250 H cj>epMHR -248
14

" 

Ha puc. 3 npencTasnea 

pasaoll~98 M as. BpeMH saMe 

na a -qacTHU c aaeprael! · 

BIIUHO, cj>epMHI0-249 , o6pa3yK 

B pa6oTe B.n. nepen biT 

pacnana H aaepraa a -qac 

T~ = I 

nocKOnbKy B aToli pa6o• 

TOllOM, nonyqeHH09 HBMH 3H8 " 

BHnhHbiM . 

BenH'IHHa aaeprHH a 

K pasag pacnana cj>epMHR-249 

PeaynbTSThi H3Mepenag 

KBSnpaTOB. nonyqeHHOe 3H8'1E 
/7/ 

PHHS R np. 

19
Yfa pa60T, B KOTOpbiX H. 

Tana 1 aasecTHO, 'ITO MSKCB 

CTseaao npeBhiJUaeT ceqeaae 

06CTORTenbCTBO HOCHT X8p8KT 

nng peaY.UIIH, HCllOnb30B8HHbiX 
Ha6niOQaeMoe aaMH no 

250, cj>epMIIR-249 H cj>epMHR-2 

none cnyqaes pacnanaeTcH n 



lpH COOHpBHHH HUep OTUB'IH), 8 

~ ( 3a npeMH 0, 12 cex) • o6ec-

:oil OCH C KpeCTOnHHOil H npRBO-

18'1. 

RMnyn&con ocymecTnnHnCH cne-

Hbte 38pHUO'IyBCTBHT9nhHb1M 

sapoTa Ha aHanoronn¢posoil npe-

AHH8Topa. 

&ca npeo6pa30BhtBanacb s ce-

tM tlBOH"'HO-lleCSITHliHbiM C"'9T"'H-

y aHeprHli, perHCTpHposanHCb 
/3/ 

·rpa¢Horo annapaTa • 

~9TCTBHB C nepHOUOM nonypac-

KH. 

18, rrep9C"'HTbiB8IOmRX HMnynh-

HT nepecqeTa nenoqKH aaaa

RposaTbCH B npenenax OT 2
8 

HH HB UBHraTenb npOH3SOUH-

8STOM8THKH. Docne nepeMe

pancH, a nuHeilHbte sopoTa oT-

>s H3MepeHHH. MoMeHT npa

napaToM sapnny c aMnnaTynoli 

<UHRX npH OOliY'19HHH MHW9-
2 

M yCKOp9HHblMH H0H8MB KHC-

~OOHHK8 no pannycy S HHTep-

H3 COCTBSHOrO !IUpa. 

lliHCb BKTHBHOCTH C aaeprH9ll 

7,42 + 0,03 Man, 

7,53 + 0,02 Man, 

7,88 + 0,03 Man 

H nepHOUBMll nonypacnana 30 ~ 3 MHHi 2,8 + 0, 7 MHH: 0,80 + 0,08 MHH COOTneTcTneHHO. 

3anHCHMOCTH n&IXOU8 aTHX 8KTHBHOCT9i! OT aaeprHH OOMOapnapyJOIIIHX HOHOB noK83BHbl 

Ha puc. 2. DpHseneHbt TaKJKe cTaTHCTH'Iecxae owa6xa 'IHcen 3aperacTpHposaHHhtx axToB 

pacnana. 

Bee 38SIICHMOCTB BMeJOT SHU, XapaKTepHblli UnH ¢yHKUHil S036yJKneHH!I peaKUHil C HC-

nap9HH9M HeliTpOHOS H3 COCTBSHoro HUpa. 

Bena'IRHht aHeprRR a -'IBCTRU R nepaonos nonypacnana nponyKTos peaxunil ( 0 
18

,4,6n) 

CornacyiOTCSI C H3B9CTHbiMH 3Haq9HHSIMH 9RBpi'HH 

/4-8/ 
a -qacTRII H nepaonos nony pacnana 

¢epMHH-250 H ¢epMHH-248 • 

Ha pnc. 3 npencTasneH cneKTp a -'IBCTHU, H3MepeHHblil npH aaeprHR HOMOS 

paBHoA~98 Mas. BpeMH aaMepeHHH, paBHoe speMeHa o 6nyqeHHH, cocTasn!l no 400 cex. fpyn

na a -qacTRII c aHeprReil 7,53 M as H nepnoooM nonypacnana 2,8 MHH npnHanneJKaT, oqe-

sanHo, ¢epMHJ0-249 , o6paayJOmeMycH no peaxnaa U 
288 

( 0 
18 

, 5n). 

171 
B paooTe B.n. DepenhtraHa H np. npnsonHTCH cnenyJOmRe 3Ha'leHHH nepnona nony-

pacnana a aHeprHH a -'IBCTHU ¢epMHH - 249: 

T)> = 150 cex, Ea = 7,9 + 0,3 Mas. 

DoCKOn&Ky B aToll pa60T9 aHeprHH a -'IBCTHU onpenenHnBCb ¢oToaMynhCHOHHblM Me-

TOtlOM, nonyqeHB09 H8MH 3H8"'9HH9 aaeprHH a -'IBCTHU ¢epMHH-249 HSnReTCR 6onee npa-

BHRbHbiM. 

BenR'IRHa asepraa a -pacnana ¢epMRH-249 xopowo cornacyeTcH c CRCTeMaTHKoA/B/ 

KpRsaR pacnaoa ¢epMRR-249 noxa3aHa Ha pnc. 3. 

Pe3yn&TaTbt HaMepeHRR nepRona nonypacnana o6pa6aTbtsanHCh M9TOUOM HBHM9HhWHX 

xsanpaTOS. nony'I9HH09 3Ha'leHRe T l> 
/7/ 

npaxTH qecxR cosnanaeT c naHHhtMR B.n. nepenht-

I'HHB B .np. 

19
113 pa60T 0 S KOTOpblX HayqanHC? ¢yHKIIHH S030YJKU9HHR HU9pHblX peBKUHil aHanorH'IHOrO 

THna 1 a3secTHo, 'ITO MaxcaMan&Hoe ceqeHae peaxuall c acnapeHaeM n!ITH HeilTpoao" cyme-

CTseHHO npeshtmaeT ce'leHae peaxuall c acnapeHaeM '19Tbtpex R WBCTH HeliTpOHOS. 3TO 

OOCTO!IT9IIbCTSO HOCHT X8p8KT9p OOIII9H 38KOHOM9pHOCTB 0 KOTOpaR UOfllKHB HM9Tb M9CTO B 

UIIR pea~<Ulltt, HCnOn&30S8HHbiX HBMB UliH CHHT938 R30TOUOS <jJepMHRo 
Ha6nJ0!189MOe HBMH DO a -pacnany COOTHOWeaHe M8KCHM8nhHblX Sb!XOUOB ¢epMHR-

250, ¢epMHII-249 H ¢epMRR-248 CSRU9T9liBCTsyeT 0 TOM, 'ITO ¢epMHA-249 S 3H8'1HTellbHOll 

none cnyqaes pacnauaeTC!I nyTeM aneKTpOHHoro 3axsaTa. 



npeaCT8B1lRBT HHTepec orrpeaeneaHe COOTHOWBHHR a - pacrraaa H sneKTpoaaoro aax-

BaTa rrpa p ac rraae <!JepMHR-249. Orrpeaeneaae sToro cooTaoweaaR rryTeM peracTpauaa a -

p8Cll8l!8 H30TO!IOB 3iiHWT91\HHR -24 9 H K8llH¢0pHHR-249, 06pa3yJOIUHXCR !IpH 3li9KTpOHHOM 38X

B8T9 ¢epMHH-249, !Ip8KTH'!eCKH HeB03MO>KHO, T,K, SHHWTei\HHil-249 B !IOil8B1lRIOIUeM 6orrb -

WHHCTB9 crry'!aes (99,9%) HC!IbiTbiBaeT sneKTpOHHbi ll aaxBaT, a rrepaou rronypacrraaa KanH

<I>opaHH -249 COCT8B1!ReT 3.60 neT, 

OaaaKo oueaKy aona a -pacrraaa MO>KHO nony'IHTh, ocaoBbiBaRcb aa aa6nJOaaeMoll 

H8MH ITO a -pacrraay Be1!H'IHHB OTHOW9HKR M8KCHM81lbHblX BblXOllOB ¢epMHH-249 H ¢epMHSI-

248, KOTOp811 COC T8B1!ReT M 0,8, 0603H8'18SI llOlliO a -pacrraaa rrpa pacnaae <!>epMHR- 249 H 

<!>epMH!I-248 '!epe3 a l K a~ COOTBeTCTBeHHO, MO>KHO llOliY'IHTb cneay10 IUee Bblp8>KBHKe! 

a ( M 0,8 • a~ ' 
0 max 

(J 

IS 
(0 

(0 IS 

6 n) 

Sn) 

~s s 
Benaqaaa oTaoweHHR MaKCHMarrhHbiX ceqeaal! peaKuall U 0

18 
• 6n ) Fm2H 

H 

U
288

(Q 
18

,Sn)Fm
049 

Jl01l>KH8 6b1Tb 61!H3K8 K B9liH'IHHe 0,5, ITOlly'leHHOtl JlnR OTHOllleHHSI M8KCH-

MBllbllbiX ceqeam"I peaKUHil U 
288 

(0 IS , 6n) Fm 
280 

H U ~ 88 ( 0 IS , Sn) Fm H l B 

/9/ 
pa6oTe Jloaun n Jlp. • Cornacao CKCTeMBTKKe, senaqaaa a~ aon>Kaa 6biTb 6rri!3Ka K 100% . 

TaKIIM o6pa3oM , aonR a -pacrraaa rrp11 pacrraJJe <!>epMHR-249 ( a 1 ) cocTaBrrReT 

-40% . 

OcHOBbiBB !ICh aa sToil senH'IHHe, MO>KHO orrpeJJerrHTh, 'ITO Kos¢¢uuaeHT 3arrpeTa rrpa 

a -pacHaJJe <jlepMHR-249 pasea - 1. 

H apRilY c 3THMH oTibiTBMH 6binO rrposeJJeao o6nyqeaae MHweaH, o6orameaaoil ypaaoM-
285 16 

235 ( coaep>KBHHe U • 90%), np11 3Hepri!H HOHOB 0 , COOTBBTCTBYIOIUBII MBKCIIMYMY ¢yRK -

l!HII B036y>K}le!II!SI peBKlli!HU2SO ( Q IS, 5 n) , 6blll8 llOrry'!eBa 8KTHBHOCTb C nepi!OJlOM llOllypaCTIBJlB 

T ~ = 1,4 ~ 0,6 ceK H saepraell E a ~ 8,23 ~ 0,02 Mas. 3TH serrH'IHHbi xopowo cor-

118Cy!OTCSI C TBMH 3 HB'!eHI!SIMH, KOTOpble CHCTeMBTKKB aaeT llll!l ¢epMKR-246, npa yBeliH'!eHHH 

3HeprHH 6oM6apaapyJODlHX HO!IOB BbiXOJl 3TOli BKTKBHOCTH yMeHbWBliCSI B COOTBeTCTBHII C !10-

BeJleHHBM ~ly HKl!HH B036y>KJleHHSI pe8Kl!IIH !IOllHOrO CllHSIHI!SI C HCTiapeH119M llRTH aellTpOHOB, 

Ehino caenaHo aaKnJOqeaHe, qTo naHHan a -aKTHBHOCTb llpHH8}lfle>KHT <jlepMIIJ0-246, 

ABTOp bl npH3H8TG1lbHbl qrreay-KoppecnoaaeHTY AH CCCP r.H. 4>neposy 38 TIOCTORHHYIO 

TIOllllBp>KKY H rrone3 Hbl9 coBeTbr; B.M. nnoTKO, r • .H. Cya U 3HH .Ha, B.l1. KpaWOHKHHY H 

~.B. nony6oRpi!HOBY 38 !IOMODlb npK rrposeaeHKI! 3KC!Iepi!MBRTOB, COTPYilHHK8M rpyrrnbl pa

llll031lBKTpOHHKK 38 pa3pa6oTKY arrrrapaTypbr H COTPYllHI!KBM rpyllllbl rronyrrpoBOllHHKOBbiX Jle-

T9KTOpOB, rrpe.!l.OCT8BHBWHM Kp9MHH9Bbl9 a - aeTeKTOpbi . 
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·pacnana H aneKTpoaaoro aax-

~HHSI IIyTeM perH CT p8IIHH a -

yJOmHXC!I npa aneKTpoaaoM aax

J! -249 B nonaansnomeM 6onb-

lT, a nepaon nonypacnana Kana -

·CHOBbiBBSICb HB Ha6nJOnaeMOI! 

lbiXOUOB <jlepMHH-249 H <jlepMHSI

na npa pacnane <l>epMHH-249 a 

'IHTb cnenyJO mee Bbtpa"'eaae : 

( 0
15 

, 6n 

·HHOA: Jl,Jlll OTHOWeHHst M8KCH-

( 0 18 
, Sn) Fm ~6! 

B 

UOn}I(HB 6btTb 6nH3Ka K 100%, 

JIH-249 ( a 1 ) COCTBBITReT 

) Koa<jl<jlunaeaT aanpeTa npa 

Rllleaa, o6ora111eaaoJ! ypaaoM

tTCTByJOmeJ! MBKCJIMyMy <jlyaK-

OCTb c nepaonoM nonypacnana 

'· 3TH aenH,.HHbt xopo111o cor

" <jlepMHH - 246, npa yaenH'IBHHH 

Kbill8nCSI B COOTBeTCTBHH C ITO-

ICflapeHHBM fl!ITH HBJ!TpOHOB, 

'b npaaanne}I{HT <jlepMHJ0-246, 

f ,H, <l>nepoay 38 flOCTOSIHHyJO 

1 Ha, B.l1. KpalltOHKHBy R 

OB, COTpynHRKBM rpynnbl pa-

•ynn br nonynpoaonHHKOBbiX ne-

n H T 9 p B T y p a 
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