
1\'\.H.Ky3Heuoaa, 1\'\HH Ha'vt 6yK, B.H.P~>t5aKoB, B.A.XanKKH 

OEPA30BAHVIE Te 
127 

v.t3 J 127 
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BbiCOKOJ~I 3HEPrVJ.H 

lly Ci Ha lUUO rnJt 

P-624 
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OEPA30BAHI1E Te 
127 
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P-624 
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npu OOMoapnHpOBKe Menu npOTOH8MII Bb!COKIIX · 3Hepr1IH cpenu MHoroqucneHHbiX 
. AJ·65 

nponyKTOB HnepHbiX peaKuuil panuoxHMH'l'ecKHM MeTonoM obrn ooHapy)KeH IV l -Hnep-

[' 65/1 2 3 4/ . /3/ 
HbiH .H30oap Hnpa MHUieHu U • • • . KaK ycTaHoBneHo B paooTe · HaHoonee 65 

N · 65 C 65f 7r+l It!· 
Bep051THbiM npoueCCOM Oopa30B8HH51 £ 51Bll51eTC51 peaKUH51 , U lp,p j/V{. 

0nHaKO nonb!TKH nonyqHTb naHHbie 00 'aTOll pe8KUHII 1 HCnOllb3Y51 nnH OonyqeHII51 

MHllleHH II3 ~a 139 
II 1/u 197141

, pe3yllbT8T8 He nanH, noaTOMy H8M K838ll0Cb 

HHTepecHbiM elUe pa3 H3yqHTb aToT npouecc Ha aneMeHTe cpenHeil qacTH nepHonuqe

CKOH CIICTeMbl '-e· 121 .U.YI.MeHneneeaa. B HBCTOHll.leil paooTe H3yqanocb ,o5pa3oBaHHe 1/C 
' :;'127 

H3 npu o~MoapnupoBKe npoToHaMH c aH~prueil 120-660 ~as. 

/51 
JlnH of5nyqeHH51 HCnOllb30B8llC51 MeTannHqeCKHH lion Bb!COKOH qHCTOTbl • 3arpH3-

HeHHe ilona. oonee T51)Kellb!MH aneMeHT8MH MOrno Obi npHBeCTH K 38BbiUieHHOMy Bb!Xony 

Tennypa 3a cqeT peaKUHH rnyooKoro pacmenneHHH H neneHHH, CTeneHb 3arpH3HeHHo-
. $8127 . 

CTII npenapaTa obrna oueHeHa no (T 
112

=90 q ) , o5pa3YIOlUeilcH npH oonyqeHHH 

ilona npOTOH8MH C 3Heprueil 200 II 600 ~3B, 0TBeTCTBeHHb!MH 38 OOp830B8HHe 3TOrO 
x/ 

H30TOna MoryT Ob!Tb TOllbKO npuMecu oonee T51)Kellb!X aneMeHTOB • CypbMa BbinenH-
. /6/ 

nacb H3 oonyqeHHoro ilona no MeTonuKe Cafinep. • Y:l3 pannoxHMHqecKH qncToro npe-

napaTa cypbMbl 2-3 pa3a C IIHTepBallOM B naoe CyTOK np01I3BOnHlliiCb BbineneHH51 Ten-
127 

nypa. npu II3MepeHH51X BbrneneHHoro npenapaTa Te He Oblll Hai{neH. 3To n03BOll1IllO 

cnenaTb 3aKniOqeHue, qTo conep)KBHHe npHMeceil TH)KellbiX aneMeHTOB He npeBbiUiaeT 

10-~B npennonomeHnH, qTo ceqeHHe o5pa30BBHHH S B H3 aTnx aneMeHTOB cocTaBnH-
-26 217 I 

eT BenuqHHy.,.._ 10 CM , .llnH oonyqeHH51 0,5-0 18 r ilona 38n8HB8llHCb B CTeKll51H-

HyiD aMnyny nHaMeTpOM 5 MM, nnHHOH 30-35 M~ C TOllllliiHOH CTeHOK 0,5 MM, AMnyna 

38BOpaqHB8llaCb B ne cponhry t 51Bl151IOlUYIOC51 MOHHTOpOM npOTOHHOrO nyqKa H yKpen-

ll51llaCb a cneuuanbHOM nep)KaTene. 

05nyqeHII51 npoaonunucb Ha BHyTpeHHeM nyqKe CHHxpouuKnoTpoHa OobenuHeHHoro. 

IIHCTHTyTa HnepHbiX IICClleLJ;OBaHIIHo 3Hepr1I51 npOTOHOB MeHHnacb nyTeM 

xl + 
npii 3Heprii51X Bb!Ule no~ora Oopa30BaHII51 2-x n -Me30HOB npHHUIIIIII8llbHO 

B03MO)KHO oopasoaarme SB !1. 7 
B peaKUIIII :1'~0p;p2rr+) 513'27 

'53 51 



.. 

·1 

nocTaHOBKH MHWeHII Ha p83J1H'-IHbie pannyCbl op6HTbl ycKOp5IeMbiX '-!aCTHU, 

flpnMepno qepe3 qac nocne o6ny'-!ennH aMnyna c AonoM paGnaannaanacb B nepe-

ronnoA Kon6e,· conep)Kaweii 30 Mn 3/V\ HNO, 15 Mr Te , 20 Mr 58 n ne6onb-

wne Konn'-lecTaa o6paTllhiX .nocnTeneA (A~·, Se , Sn , L c/ , [ U n np. ). 

)ton 0Tf'OHH.'ICH 1 a paCTBOp B KOJ16e ynapiiB8J1CH no BbiiTanennH MeTacyphMHIIOA KHCJ1o·

Tbi1 C KOTOpOH 11p8KTH'-!eCKH ITOJlhOCTb!O COOC8)KnaJJC51 Tennyp, OcanoK 11pOMh!BaJ1CH 

KonueHTpnpoaaunoii a.::JoTHOIJ: KncnoToli n pacTBC'pHJJC51 ropH'-!eA 6M HCR . .UanbnefiwaH 

' u • /8/ 
0'-IHCTKa H Bhinenenne Tennypa npOH3BOnHJ11!Cb 110 CXeMe, Olll1CaHHOH B pa60Te .• 

npenapaTOM nnH H3MepeHIIfi CJ1Y)10l.'l aneMeHTapHblll Tennyp, HaHeceHHh!ll Ha 

nonnolliKY 113 <i:JHJ1bTpoBaHHOfi 6yMarn, 

Te /!17 
YlGMepeHnH panHoaKTHBHOCTH ( T 

112 
= 8,3 qaca) o'-!eHb GaTpynnmoTCH 

npHCYTCTBHeM B BhineneHHOM npenapaTe HefiTpononecJ:JHUHTllhiX 1130TOnOB Tennypa1 no

-26 2 
nyqaiOWHXCH H3 ilona B peaKIIHHX rny6oKoro pacwennemiH c ce'-!eHHHMH 10 CM • 

.lJ.nH TOf'0 1 'lT06bi H36aBHTbCH OT l!3J1y'leHHH 3TllX l!30TOnOB 0 KOTOpb!e npeHMyWeCTBeH-

HO HCnb!TbiB8!0T 3aXBaT Op6HTaJ1bHOf'O aneKTpOHa llJlll HCnycKaiOT IT03llTpOH 1 ll3Mepelll!H 

aneKipOHHOll KOMnOHeHTbl ll3J1y'leHH51 MHWeHH npOBOnHJ1HCb npH nOMOWll Maf'HHTHOf'O 

/9/ 
aH8Jlll3aTopa 

J.13vfepeHHH BhiiTOJ1HHJ111Cb npH HeCKOJlbKHX 3Ha'leHllHX TOK8 1 nHTa!OU18f'O 3J1eKTpo

Maf'HHT, npa K8llinOM 3Ha'-!8Hllll TOKa npoaonHJ1HCb 113MepeHHH cnana j3•aKTiiBHOCTH 

Y x) . ' 
!! cj:Joaa OT (} -H3J1yqeHHH , np11 p83J10)KeHHH 110J1y'leHHbiX KpiiBb!X BbineJ151Jl8Cb Cv-

CT8BJ15I!OlllaH c nepnonoM nonypacnana "-' 10 qac • .[lanee cTpmrncH rpacpaK 3aBncu

MOCT!l BeJlll'lHHbl panl!08KTHBHOCTl! C T 1/{'- 10 'laCOB OT TOKa, nHTB!OIUero aneKTpo

M8f'Hl!T, EcTeCTBeHHO, 'ITO nnomanb non Kpl!BOll Ha aTOM rpac{lnKe nponopnnouanbHa 

cyMM8pHOfi pannoaKTHBHOCTI! necHTH'laCOBOfi KoMnOHeHTbl B M.OMeHT H3Mepmmfi, Yf3Me-
. A I !llf- . ·. . 
peHH51 Iva I Bhineneuuoro H3 8J1!0MllHHeBOA L}lOJlbf'H-MOHHTOpa ny'-!Ka rrpOTOHOB, rrpo-

Bonnnncb TaKnM llie o6paGOM, B ::noM cnyqae npn Bcex TOKax na6niOnancH ennu-. Te l!l7 
CTBeHHhiA nepnon nonypacnana, paBHblll 15 qacaM. Ceqeune o6p830BaHHH e paccqn-

Th!Banocb no cnenyiOmeR ¢opMyne: 

x) Y 
CDoH OT (J .. ::-113J1y'leHHH ll3MepHJ1C51 C 8J1!0MllH!IeBbiM cpllJlbTpOM TOJllUHHOfi 

4 -MM, GaKpbiBaiOlUHM OKHO C'leT'-!IIKa, .[lnH naHHOH cep1111 H3MepeHllll npn BCeX 3Haqe

IIHHX TOKa BeJ1H'l!IHa CfJOHa 1 K8K H CnenOBaJ10 0)KHnaTb 1 npaKTH'leCKH He MeHS:IJlaCb, 

,I 



s 

~1!1.7 
Te 

r.ae ~ n SM - nnorua.an no.a KpHBbiMH 38BHCHMO-CTH HHTBHCHBHOCTH n3nyqemiH oT 

-'re '(I _ _ Te t!17 M rl¥-
ToKa, IIHT8!0IU8f'O 3J1BKTpOM8rHHT 8H8J1H38TOpa e H 'CJ B MOMBHT KOHU8 

o5nyqeHHH; ~e - sec MoHnTopnpyiOruel1 aniOMHHneaol1 ¢onb;n, ~~ n A.J - aToM

Hbie sec a .IIR n J COOTBBTCTBBHHO; ~ - BBC Ao.aa B- 8Mrryne; ij - .annTenb-

'noCTb o5nyqeunH Mnruemr; ONO nff-n. -:- xnMnqecKue Bhrxo.aa naTpHH H3 Af n 
- " (/1\_ e Ill '2/.f. --r-:"1'27 a-

Tennypa 113 fio.aa j /\j/ ll 1'\.'7": - ITOCTOHHHb!B pacna.aa I V0 H / e j U/V0!1/,-
Jr'l1 A I '111 Je 'A. f , 

ceqeHne o5p830B8HHH /YO ll3 1-\ , KOTOpoe Mhl rrpnHHM8J1H B H8lliBM HHTepaa-

10
-26 2/10/ ' 

ne 3HBprnH IIpOTOHOB paBHblM CM • 

3KcnepHMBHT8J1bHhlB aenuqHHhl ceqeHHll o5pa30B8HHH 

-r:. lfl.7 
I e M3 Ao.aa B 38Bucn-

MOCTH oT suepruu 5oM5ap.aupyiOruux npoTouoa, rrpe.acTaBneHbi B Ta5nuue 1. llpe.aenh

uag OTHOCHTBJ1bll8H OlliU5Ka ,ang BCBX orrpe.aeneHHH He rrpeB~IW8BT ~30%1 HO H3-38 

CHCTBM8THqeCKOfi OWII5KH MBTO.U8 H3MBp8HHH H8ll,Uii)HHb!8 ceqeHHH 1 B03MOmH0 1 B 2-3 pa-

38 OT.TiuqaTOTCH OT liCTIIHHbiX 3H8qeH!Ifi, 

Ta6n!Iua 

127 127 
3aBIICHMOCTb ceqeHnH o6pa3oBaHHH Te 113 :7 oT snepr!IH 

6oM5ap.anpyiOIUIIX IIpOTOHOB 

N2Ng 3neprnH npoTo- Ceqen!IH o6pa3o- NgNg 3nepr!IH rrpoTo- CeqennH /Q 
OIIhlT8 HOB B Mas B8HIIH Tei!J.7 B M6 OITb!T8 HOB . B fvi8B o5pa3os. 7i! 

B M6 

1. 120 0,16 12. 320 0,14 

2. 120 0,14 13. 360 0,13 

3. 160 0,24 14. 480 0,10 

4. 180 0,41 15, 480 o.n 
5. 180 0,32 16. 600 0,06 

6, 220 0,32 17. 600 0,12 

7, 220 0,27 18, 600 0,08 

8. 240 0,20 18 660 0,08 

9. 240 0,38 20. 660 0,15 

10. 260 0,33 21. 660 0,08 

11. 280 0.11 22. 660 0,13 
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06cy)K.D.emre pesynhTaTOB 

npe)K.ue· BCero, cne.uyeT OTMeTHTh0 'ITO O.lJ.HOSH8'lH8H HHTeprrpeT8UHH 8KCIIepH

MeHTanhHbiX pesynhTaTOB t.IpeSBbi'l8HHO OCnO)KHHeTCH IIpHCyTCTBJieM B. HSMep.SieMOM 
· ·-r-119 · E · /II/ 

npenapaTe /l' (//,(; O =660KaB;TI12=I3:!:_2,4t.Iaca) _
2
.3ToTJiso-

TOII ,lJ.a)Ke II pH He6onhlliOM KOacpcpHuHeHTe BHyTpeHHeil KOHBepCIIH (""'- J0 ) 0 6y ,lJ.eT 
. -r: I 27 ~ 1 I 8 . · . . -

saBbilli8Th BbiXO.ll I e . I e o6pasyeTCH npH IIpOTOHHOH 6oM6ap.uHpOBKe ilo.ua 

B peaKUH.SIX rny6.oKoro pacurenneHHH, KOTOpbre MO)KHO sarrHcaTh cxeMaTJI'leCKH cne.uyro

UIHM o6pasoM: 

a) 

6) 

1'!1.7 ( .· !1. 7n ). Te liD 
J55 . p, p. 5"2 

t!27 . .8 .)J"g fi~ k .. ·. 
~3 (p,p_ n 53 7.=2/:f:/MUH 

~ 

y; 11!1 

52 

P u /I2/ 
CornacHo nonyt.IeHHbiM HaMH .uaHHbrM, ce<reHH.SI peaKUHH THrra ( ,pX17 ) Ha Ho.ue 

H (j',QJ'Jrf1 ) Ha Tennype npH X~ ~ He SaBJIC.SIT OT aHeprHJI ripOTOHOB B IIHTepBane 
. '- I 18 

120-660 MaB. noaTOMy BKna.u, BHOCIIMbiH I@ B HSMep.SieMoe cet.IeHHe o6pasoBa-
I27 

HHH Te , To)Ke .uon)KeH 6biTh IIOCTO.SIHHbiM B 8TOM IIHTepBane aHeprHfi 1 

. 1 I8 
T.e. Te 

'iC i<IC A<e'i' 6biTh OTBeTCTBeHHbiM sa IIOBbiUieHHbie aHat.IeHJIH 8KCIIepJIMeHT8nhHO nonyqeH

HbiX cet.IeHHil B HHTepBane aueprHH 6oM6ap.uHpyrourHx' npOTOHOB 160-260 ~B. He y.ua-
. . T 1~ 

eTC.SI 06'b.SICHIITh MaKCHMYM H B TOM cnyqae, ecnn npe.unonO)KHTh0 'ITO 9 o6pasyeT-

CH rrpn o6nyt.IeHHII HO.D.a sa C'l9T peaKUIIH CO BTOpH'lHbiMH 'laCTHUaMH: 

1 ) 

2) 

3) 

4) 

.,,~T (n ). 7;; tfl7 

J53 'p e5!l 

J. 1~7 (d 3 n) 
!iii J p 

J;;r ( d,. 2p) 

7i 127 

.eo!l . 
7i 12.7 

5.2 
127 .. 

~3 { H 3
, 2pn} 

?;'a7 
52. 

...1 
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IIllii 

127 vl3 aTIIX peaKUIIit Haii60nhwiiit BKna.n B o6pa3oaaHIIe Te , .otieBII.llH01 IIpiiXO.lliiT-

CH Ha .llOn!O IIepao'it, HO OTCyTCTBIIe 9KCIIepiiMeHTallhHb!X .naHHb!X 0 cfJYHKUIIII B035y:»<.ne

HIIH ( n 1 p ) peaKUIIit Ha ito.ne He II-;;-3BOllSieT IIpOBeCTII TO'!Hhlit pactJ:eT .. 3aBIICIIMOCTII 

Bb!XO.lla IIpO.llYKTa BTOpii'IHOit ( nl P ) peaKUIIII OT aHepriiii HaneTaiOIUIIX IIpOTOHOB~ 0.n

HaK01 IICXO.llH II3 TOf'0 1 'ITO B peaKUIIII (/7,)1 ) Ha ito.ne OCHOBHYIO pOllh III'paeT rrpouecc 

· /13 14/ E · 
HeiiOCpe.llCTBeHHOf'O Bbi61IBaHIIH IIpOTOHOB 

1 
1 KOf' .na n 60llhllie aHepf'IIII CBH31I 

I!pOTOHa 1 a 'liiCllO TaKIIX Heil:TpOHOB .llOll:»<HO B03pacTaTh C aHepriieit 60M6ap.n1IpyiOWIIX 

/15 16/ 127 
rrpOTOHOB 1 

1 MO:»<HO rrpe.nrrOllO:»<IITh1 'ITO CetJ:eHIIe o6pa3oBaHIIH Te MOHOTOHHO 

ao3pacTaeT. CetJ:eHIIe o6pa3oBaHIIH Tennypa - 127 3a C'leT peaKUIIit Ha BTOpii'lHbiX .neit-

oL t.. -29 2 
TpoHax, TpiiTOHax II - qacTIIu4x 6y.neT ...., 10 eM • TaKoe 3aKniOtJ:eHIIe 6bmo 

C.llenaHO II3 COIIOCTaBneHIIH ceqeHIIit 3axBaTa 9TIIX 'laCTIIU H.llpaMII ito.na, Ce'leHIIit IIX 

o6pa30BaHIIH I1p1I 6oM6ap.n1IpOBKe CllO:»<HbiX H.llep tJ:aCTIIUaM_II Bb!COKIIX 9Hepf'1Iit II aepOHT~ 

HOCTeit IICIIYCKaHIIH IlpOTOHOB II Heil:TpOHOB B036y:»<.neHHb!MII H.llp8MII C z:::::: 50. nnH 

oueHKII BElnii'liiHbi a6coniOTHoro cetJ:eHIIH 1Icrronh3oaan1Ich .naHHbie rro BTOpii'lHbiM peaK-

_/ 1 11 18/ _,,a7r - o') -r-t/27 
UIIHM Ha 0.. -qacTIIUax ' • CetJ:eHIIe peaKUIIII oJ 5:,::1 Y' ~ 7T 1e5.~n 

~ ~ ' /19 20/ 
Ha BTOpii'lHb!X Me30HaX 1 OUeHeHHOe Ha OCHOBaHIIII aHallii3a lliiTepaTypHbiX .naHHb!X 1 

1 

-28 2 
.llOmKHO 6biTh MeHbWe, '!eM 10 CM B o6naCTII aHepf'IIII HaneTaiOIUIIX IIpOTOHOB 

150-350 Maa. 

TaKIIM o6pa30M 3a ctJ:eT BTOpii'lHbiX peaKUIIit He y .naeTcH o6'hHCHIITh Ha6niO.naeMyiO 

3BBIICIIMOCTh ceqeHIIH o6pa3oaaHIIH Te 
127 

oT ·-aHepriiii 6oM6apn1IpyiOIUIIX rrpoToHoa. HaM 

127 
Ka:»<eTcH, 'ITO IIOBbiWeHHbiil: BbiXO.ll Te rrpii aHepriiii 6oM6ap.n1IpyiOIUIIX rrpoTOHOB B 

o6nacTII 220 Maa MO:»<H.o o6'bHCHIITh o6pa3oaaHIIeM Tennypa no peaKUIIII J:;? { p,plT+_} ]i;:? B aToM cnyqae yaenii'leHIIe cetJ:eHIIH o6pa3oBaHIIH 

127 
Te ·nprr aHepriiii rrpoTOHOB MeHee 230 Maa MO:»<Ho o61>HCHIITh ocywecTaneHIIeM 

•. peaKUIIII p+p ~p+n + 7r+ BHyTpH H.llpa C IIOCne.nyiOIUIIM BbineTOM II3 

+ 
H.llpa IIpOTOHa II n -Me30H£l 0 npii yaenii'leHIIII aHepriiii HaneT8IOIUef'O IIpOTOH81 no-ali-

.lliiMOMY 1 yaellii'lHBaeTCH -aepOHTHOCTh BbineTa Heil:TpoHa, 'ITO IIpiiBO.llHT K yMeHhWe-

127 
HHIO cetJ:elmH o6pa30BaHHS! Te • 

Cne.nyeT OTMeTIITh1 'ITO rrpu IICcne.noaaHHII peaKuHH { p, p 7T+) /3 4/ 
Ha Me.llii 

1 

• 



• 

8 

¢YHKUHH B036Y*.ll9HIIH HE rrpoxo.aiina qepe3 MaKCIIMyM, a Ha6mo.a,anocb milllb 38Me.ane

H!Ie pOCTa C9'19HIIH peaKUUII B IIHTepBane 8Heprnil. 480-660 M8B, 

B bl B 0 .ll bl 

I. Pa.auoxHMII'IeCKHM MeTO.llOM 6bino o6Hapy*eHo o6pa3oBaHne '7;. /.tY.rrpu 6oM6ap

.anpoBKe :Jl1.T- rrpoToHaMn c 8Heprneil. 120-660 M9B, 

2. Han6onee BepoHTHOil. peaKuneil.. oTBeTCTBeHHoil. 3a IIOBhillleHHhiil. Bhixo.a Te 
127 

. . -1/J.~ ( )m IJ.=f. 
B HHTepBane 9Heprnil. rrpo:--oHOB 160-260lv\8B, HBnHeTcH peaKUHH J p, p71t /~ ., 

r3 .. r~ . 

PyKO!IliCb IIOCTyrrnna B II3.ll8T9nbCKlill OT.llen 

26 OKTSI6pSI 1860 T'O.ll80 

.... 
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