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TOM 

IfbiX 

PanHoBKTUBHblt'l pacnan c ncnycKaHHeM npoTOHOH n nocue.auee speM5t CT£l.'l npenMe

/ l-5/ 
pHna 3KcrrepHMeHTB1IhHbiX nccnenosaHH!ir • VIHT9pnpeTaUHH pe.:JynhTaToB, nonyt.teH-

B lly6He
141

, nocmrmeHa nocneamHr pa6oTa B.M. ronbll8HCKoro
161

• ConepmaHHf' pa6o-

Tn/
61 

cPaKTIP-19CKH CBO.ll.HTCH K JlOK838TenbCTBY TOro, '-ITO B ,Uy6He HB flBYX rrpHMcpax OT

Kpb!TO ncnycKBHHO 3ana3D.btBaJOmHx npoTOHos. OnaaKo 6e3 Tpyna MO>KHO ycTl.lHOPtHTb, 4TO 

HM€HHO 3TOT M9X8HH3M npOTOHHOrO pacrra.na YK83b!B80TCS1 BO BC9X ny6nHKBJIHHX rtyGneHCKOA 

rpynrrbt KBK HaH6onee sepostTHbnl. CaMo no ce6e 3To o6cTOHTenbCTBO He MO}f(eT cny>KHTb 

0C HOB8HHeM .n.nst cneuHanhHoro BhiCTyrrneHHH. Uenb UACTosuuet1 3aMeTKH - yKa38Tb H8 pst.n 

orne6o'-IHbJX yTseplf<UeHHfl n ouenoK , KoTopbre aorrycKaeT B.H. ronhrtaHcKnn rqJJl nJ-tanH3e Ha-

lllHX pe3yflbT8TOB. 

16! 
npOCll9llHM 1 HBITpHMep, KRK B DH8liH3HpyiOTCH so:3MO>f(Hhll? B8pH8111't.l II..J.01ITIHfJHK£1IlHH 

T,, = 0,085 ~ 0,015 """. 

B pa6oTe
141 

yKB3h1BaeTc H , 4.T0 rrpoTOHhi c 3HOJ..WHE.!ft 5 ,'I\3B ncnycKaJ0TC~ 113 so36y}f{ -

neHHoro cocTOHHIHI aoqepnaro H.upa nocne 0 -pacnana Or:J.HOC1) H3 nerKliX n30Tonos Heo-
17 20-21 

Ha Hnn MBrHHH ( Ne , Mg ) . 3Kcneptn.teHTfi.JJhJJI ,J'? .-lBHHhiP ue no.:Jsonnrn1 :re naTb 

6onee onpeaeneHHbte D!.lDO.D.bi. B.H. ro:rhnancKI!il nt.JTU~Tcn cnenaTb Hbi6op Mf'>hilY ·~THMH 

H30TonaMH H nenaPT 3TO H~KoppeKTH<I. OH 0CHOBbinaeTCH HH Cf\uux npcncKA3arnis:~x ftliH ne

pHono B fl+ -pacnaaa Ne 17 , Mg
20 

, \lg
21 17

-
91

• Pac•<eThl llllJOT cneny10n1He 311ll'ICHnH 

( c ToqHoCTbJO no <jJaKTopa 2-3): O, I; 0 , 7; 0,3 ceK, coOTH<'TCTR<'HHO . CTonb 3H041!T8liblWH 

H8TO'-IHOCTb OU9HOK Jl9li8CT B9ChM8 pHCKOBBHHbiM HCITOJ1b30BAHIHJ 3THX pacqeTOB an~! H1l9H-

THQHfKBUHH H3flY"--BT91HJ . T eM He M9Hee 8TO llG1J80TCfl . B.}f. ronbJl8HCKHf\ cpa3y )l(9 J.f CKnto-

20 
ttaeT M g , TaR KBK 3Kcrrepn:MeuTanhHOG 3HBLJ9HI10 r., B C9Mb p83 M9Hblll9 pllC 1ICTHOrO. 

17 21 
Ne H M g ) , OH PetuaH nanee BOilpOC 0 Bvt6ope M€>KJlY OC TBBUIUMH. CH K8HLl1Ill8T8MH 

1 10/ 
flpeAca , KOTOpblfl H86..._ 

21 
oTnaeT npenno4TeHHe M g 0CHOB8HHeM 3TOMY cny)l(HT p860T8 

JIJO!l8n rrpOTOHHbiA H3llyr.taTellh C T.,. ~ (0, 69 ~ 0,03) ceK H naeHTH~Hunposan ero KBK 
17 

Ne • npencTaBns:J:eTC51 CTp8HHhiM , noqeMy B 3TOM cny4ae B.VI. ronh.QBHCKOro He CMY-

maeT pacxo.>K.n.eHHe a 7 paa Me>K~i pacqeTo~ R aKcnepl.MeHTOM • TaKHM o6pa3oM 

BbiBon, qTo B lly6He nony4eH Mg • 

JJ.enaeTcH 

Oum6o•rHOCTb :.Toro 3aKnJ0 48HHS1 cefiqac H9COMHeHHa, P. 6enn " np.
11 11 

nonyqHnH 

rrpOTOHHblf H3lly t.taTenb C 1'9MH >Ke CBOtiCTBBMR, tt'TO H D lly6HO, H HLJ,eHTHQ:!HUHpOB8/n£ ere 

KBK N e • Ha.ne*HOCTb 3 Toro pe3ynhTaTa rrpancTBBll5IeTcH 6e3ycnoaHot:\ , TBK KBK Ka-

H81lCKH8 ¢H3HKH HCTIOTib30B8nf! npocTeAwyJO peaKU~ TRna ( , xn ) H rrpoaenH 3KcnepR~ 

MeHTbi C BbiCOKOtl CTBTI!CTBqeCKOii T04HOCTblO. 

3 



Horo 

OcraHOBH MCSl r0neph Ha HneHTJ .. ufmKaUHH • T~DKenoro" rrpoToHHo ro H3nyqarens:r , nonytteH

e n y6He
141

. 3TOT H3 ny'-!aTenb HCnycKaeT npOTOHbl C aReprHefi 2,5 Mae H HMeeT 

Tl> = 23 ceK. HaH6onee eepoHTHO (,. aTo YK838HO 
+ 

/ 4 / 
B ), l.JTO npOTOHbl Bb!n9T8 10T H 3 

B036y}f{ll9HHOrO COCTOHHlHI ITOCne P -pacnaaa . 

K HaCTOSlW e My speMeHH nocrHrH yTbi 3Hat.tHTe nbHbie ycnexH a npencKB38HHJ.I Mace He 

H.JBeCTHbiX Slllep C ITOMOUibJO pa3nt-flH:lbiX nony8MIIHpiPieCKHX ¢opMyn. nonytt9HHb ie pe3ynhT8Tb[ 

HOCOMH9HHO none3Hbl UnH pS1!l8 OU9 H OK . 0nHBKO H8!l0 HM9Tb BBH.Uy , qTo TOl.:(HOCTb TB KHX 

p8Cl.J9TOB YM9HbU189TCfl ITO Mepe ynaneHHSI O T o6naCTH H3B9CTHbiX H30TOIIOB. 3 TO 6binO yq 

T9HO IlpH n epBOH8'18nhHOfi Hfi9HTI1¢HK8UHH ~r TH}f{enoro* IIpOTOHHOrO H3nytt8T9n5I 8/
4 1

; H8TOt.t 

HOC1'b p8C 1.J: € TOB MBCC ITO IIOny3MITHpHt.t8CKHM tflopMynaM H ITpH 6 nH>K8HHOCTb H8lllHX 3 H8HHti 0 

X8p8KT€pHCTHK8X nnepHbiX p98KHHti: IIpHB9nH K H9KOTOpOH: H 90rrpenen e HHOCTH B Hfi€HTH¢HK8-

/ 4 / 
U HII H30T ona . B .uenaercH BbiBOll , '-ITO rrpoTOHbi c EP = 2,5 M 8a ITOHBnHlOTCH npH pac-

nanc oanoro 113 H30Tonoe ( Br , K r ) 
70

-
72

• 

YIHTepnpe TH pyn S T y ·.JaCTb H8lllHX pe3ynbT8TOB, B . Yf . ronbU8HCKHtt 38Bbllll89T T0 1.JHOCTb 

nonySM I1H pHl.J9CK HX OUC HOK H npHXOll:HT K HeBepH blM 3 8KniOt.teHHHM. flpem.ne acero, OH HCKnJ0-
70 71 

48eT H3 paCCMOTpenHn Br H Kr H8 TOM OCHOBB HHH , t.tTO 3 TH H!lp8 .QO n >KHbl HCITb!Tbl -

BBTb csepxpa3pemeHH biM {:J + - pacnau c T I> = 0 ,04 ceK. OnHaKo aToT aoeoa He MOJKeT 

6b!Tb y6eanTenblfbiM, T8K K8K OH uenHKOM OCHOBbiBBeTCH HB nony8MI1HpiP-18CKHX OUeHKBX MBCC 

flllep , /l8 n 9 KHX OT o6nB CTH 11 3BeC TH biX. 

no MH9HHJO B. YI . ronh.UBHC lt.OrO, 8llHHCTBeHH8H B03M0)f{HQCTb Hll9HTH$HK8UHH Tst)f{enoro 
7U 58 16 

H3 ny4a Ten51 npoTOHOB - 3TO K r , KOTOpb111 o6pa3yBTC51 a peaKUHn N i ( 0 , 4n ) , 

HMetowe H nopor 73 M s a . H e o6ocnoaannocTb 3Toro BbiBO.ua crana 6eccnopnoA nocne nawHx 

6onee Il03llHHX H 3 M epeHHH ~YHK~HH B036y*ABH H S1 anH 3TOro H3 n y q arenst . 0K838nOCb, I.JTO 

YlKB npH aHeprHH HOHOB KHC110p0ll8 ~ 60 Mae C9'1 9HH9 o6p830B8HHR H3 n y'-!aT9n!l llOCTHra -

eT 38 M9THOfi aenH l.JHH b i. 3TH !l8HHbl9 ' B npoT7~onon.Q)f{HQCTb 3BKnJOt.t9HH lO B.Vf. r onbll8HCKO 

r o , Bbii.J9pKHB810T 113 CIIHCK8 K8Hlli1,0,8TOB Kr • 

/ 6/ 
0tuH60l.:(Hblfl X8p8KTep HOCHT H npH BOUHMbl H 8 8H8fl l13 CX9Mbl B03HH KHOB9H H S1 npOT OH -

58 20 
Horo H3 ny'-!eHHII a peaKUHH Ni ( Ne , a 4n ). OTnpaeHol\ TO '-!KOtl e aTHX paccy>Kae -

nHn x cny}f{HT ce t.t e nH e o6pa30BBHH51 *Tstmenoro* nporonnoro H3nyt.taTenH
14 1

• B Kat.teC T Be 

141 12 149/l:;y 
onopHoii aKcnepHMe HTanbHOit TO'iKH 6epeTCH ce'-!BH>fe peaKUHH P r ( C 4 n ) Tb , 

nepeC'-l:HTBHJ-IOe K 6on ee TH }f{enoit 6aM68pll HpylOLUeJ1 '-I8C THU9 - HeOHy. J.13 ·Cp8BH8HHH 3 THX 
+ 

C€'-!9 HH H B. l1 . r onbll81ICK11H IlOJlYI.IBCT Olt€HKY log ft ll11S1 {:3 - pacnana Ha npOTOHHO - Hec-

T86HnbHbiH ypoaCHb ao q epu ero Rnpa . 3ToT paci.JeT u eBepen , noCKOJlbKY ue yt.tTeHbt TPH Bll}f{-

ll hi X 06CT0}1Ten bCTBB . 

I. B cnyqae pea KUHH Ni + Ne 6onee cymecTee HHYto ponb, '-!BM e peaKU><H 
141 12 149 

Pr ( C 4n ) Tb , HrpaeT >J CnapBHH e npOTOH0 B , T8K KBK B nepeot1 peaK-

4 

UHH <jmrypHp)'toT llllpB C 6onhW IH 

YMCHbUI€lfHlO BepOSITHOCTH HCII8pt 

2. Ecrm aaJKe n He )''-!11 T biE 

peaKUHH Pr 
141 

( C 
12 

4n 

8KUUH Cyi.U9CTB9HH09 BnHHHl18 OK 

cocro51HHSI n3oMepHbiM. CeqcnHe 

pon~JKHBymero a 

Tb B e 20 pa3 

- 8KTHBHOrC 

M9Hh!ll9 , l.J8 

3. npn nepexoae OT yrncp 

( HOH, 4 n ) B 22 p8Cl8 HB OCHOI 

lli0HHS1 cet.teHH Sl CBS138H C BbiCOKC 

HH8 peaKLUIH Cn860 38BHCHT OT 

Ms yKa38HHoro cneayer, q 

H 30M€ 

Bbii! . 0 6cyJKile Hne ero a
141 

npellliOJKeHHblil /
41 

HM .. 

Horo pacnaua He pa3pa6oTaHa, 1 

H30TOilb' MOryT HM9Tb rrpoTOHHC 

51llep npeacTaBn51eTCII enonHe pe 

ro M9X8HH3M8 KBK ' $aHT83HH * l 

KBM 06Rapy>Kl!Tb ero. 

B CT8Tb9 ronbll8HCKoro H~ 

nne ananorHttHO Hcnyc K aH H IO 3ar 

stnpa n e OK83biB89T HHK8KOrO Bl 

HO 3!l9Cb HCIIyCK8JOTCH B 036y)f{.U• 

CKpbiB89T B8>KHbie CTOpOH bi 3TOT 

3 8Il83!lbiB8IOmHMB fip0TOH8MB H 

a -t.t8CTHU8MB. 3TO COilOCTBI 

o60HX c nyqBRX B OCROBHOM COBf 

KOnHtrecTae HRbte pa3nBt.JHH. B.Yf . 

212 214 
JKH3HH Po H Po anA H 

a TSI>Kenoro H3nyt.IaTenH rrpoTOH< 

nH'-!HB - KOnH'-!eCTB9HH09. B n ye 

( )
/14 , 

B o6naCTH pellKHX 39Menb 
+ -

{:J - pac nalla He MBHbwe 10 
212 214 

Po H Po • BMecTe c Teto. 



t>Kenoro" npoToHnoro H3nyt.taTenH, nony4eH

JO TOHht c ::meprHeA 2,5 Mse H HMeeT 

/ 4 / 
3.38HO B ) 1 l.ITO npOTOH bl B b ln6T8fOT H 3 

enh HNe ycnexH a npeacKa3aHHH Mace He

cpnqecKnx ~OpMy1!, 0o1!y'<8HHhl8 pe3y1!bT8Thl 

BUD HM6Tb BBHny, '-ITO TOt.tHOCTb T8KHX 

l 8CTH H3B6C THbiX H30TOnoe. 3To 6bJnO ytt

JrO~ ITpOTOHHOrO H3nyqaTenH a
141

; H6TOt.t 

~ ynaM H npH6nH>K6HHOCTb H8WHX 3 H8HH fi 0 

'KOTOpO~ H eonpeaene HHOCTH B HJl9HTHQlHK8-

I C E" = 2,5 M as noHB1!HJOTCH npH p8c-

OB, B.vt. ronbllBHCKHtt 38Bb!W89T T04HOCTb 

M 38 Kflf0'-19HHSIM . npe>K.o,e acero, 01-1 HCKll lO-

::>CHOB8HHH , l.ITO 3 TH 51.Up8 .tlOn>KHbl H'CITbiTbl 

i = 0,04 ceK. OaHaKo 3 TOT nason: He MO>KeT 

389TC51 HB nony3MITHpHl.I9CKHX OU9HK8X MBCC 

9.51 B03MO>KHOCTb H.ll9HTH$HK 8UHH T51r
6
enoro 

paayeTCH B pe8KUHH N i 
58 

0 , 4n ) , 

:> BhiBona cTana 6eccnopHoH nocne HawHx 

lnH 3 Toro H3nyYaTenH. 0Ka3anocb , 'lT O 

3G9HH9 o6p830B8HHH H3llYYBT91151 .llOCTHra 

:lOn_Q>i<HOCTb 38Kllf0t.t6HH!O 8.11. fOJlb.ll8HCKO -

161 
3 B H 8llH3 CX6Mbl B03HHKHOB9H H S1 npo T OH 

) • 0Tnp8BHO~ TO'IKMt B 8TH X p8CCY)f{A8 -

/ 4 / 
;JOTOHHOrO H311Yt.t8T9ll51 B K8'<8CTBe 

iHe peaKunu Pr 
141 

( C 
12 

4n 
149/1 :;y 

)Tb , 

! Y B CTHU€ - H90Hy. Ha ·CP8BH€HHH S THX 
+ 

D1!H f:3 - pacn8A8 118 npoTOHHo- nec -

H 9BepeH, ITOCKOllbKy He yt.t:T9Hbl TpH BB)f( -

;eC TB€H1-IYfO pOllb , 1.J€M B pe8KIHUf 

·fHe npOTOHO B 1 T8K KBK B nepBOH peaK -

unn <jmrypnpyJOT HApa c 6onbWHM neAOCTBTKOM nei1Tponoe. 3To npnBOAHT K 3H8'< l!Te1!b HOMY 

yMeHbWBHHlO eepo 51THOCTH ncnapet-nHI HetiTpOHOB H K CHH>K9HHJO ceqeHHH H Y>KHOti peaKUHH. 

2. EcnH aa>Ke n He y t.tHTbiBBTb aTo o0cTOHT91IhCTBo, TO cneayeT cKa3aTb, qTo BbJ 6op 

p e 8 Kunn Pr 
141 

( C 
12 

4n ) Tb 
149 

L11!H cp8Bl!8Hitll neyAa'<eH. H a ce q e nne a Toti pe-

8KUHH CYI.U9CTB6HHOC nnHHHl16 OK83LlB8eT TBK H8.::\J ,f 7~~Mhlt\ ~~"8¢Ql9KT 3Kp8HHpO BK H"' OCHOBHOrO 

cocTo51HHH n3oMepHL>IM. CeqenHe o6pa30BBHIHI 14J~ auo!'vtB.'lbHO :-.taJio H3-3a HanH4tu:r K O -

po1~?''m symero a - aKTH BHoro H30Mepa fb • B c uny TaKoif sKpaHHpoBKH BbJxon 

Tb B a 20 paa M8Hhiiie, qeM y COC8AHHX llilep 6ea 1130M8pOB. 

3. npa nepexo.o.e OT yrnepona K H60HY B. vt. ronh.O.BHCKHH yMeH hJJJaeT Cf''l6J-nt:e peaKUlfH 

( HOH, 4 0 ) B 22 p838 H8 OCHOB8HHH pa60Tb/ 
13 1

. 0DH8KO nony•;el!l!bti1 /
13 1 

3<jltjleKT YM81!b 

llieRHH C8!.!9HHH CB5138H C BblCOKO:C'J ll6flHMOCTb10 T~>K9flb1X HJl~p . lln51 II9.[lenHIJtHXC"'H H.O,ep C9 l.J.6""1 

/1 2/ 
Hl18 pe8KUIHI C1!860 38BHC IIT OT COpT8 6oM68pDHpy!OlU8~ '< 8CTHUbl ( CM,, HBrJpH Mep, ). 

11 a yKB38HHoro cnenyeT , '<TO npHBODHMhle 11
161 

ouenKH log ft n H UJ8 H hl OCHOBBHHtL 

/ 4 / " 
npenno>K9HHbi~ B H 3 0M9pHbl11 M9X8HH3M ITpOTOHHOrO p8Cll8!l8 p8CCM8TpHB89TC~I anep-

Bbi~. 06C)')I{)l8BH8 ero s
141 

nMeeT C8MOCTOHT81!bHbtll x8paKTep. Teo p HH aTor o THrJ8 npoTon-

HOro p8Cll8Jl8 He p83p860T8H8 , H ITOKB H9 flb3H QOCT8T01.JHO JlOCTOBepHO rrpe.D.CK838Tb, K8KH9 

H30TOllh' MoryT HM9Tb npoTOHHO-aKTHDH bte H3oMepbt . BMec T e c TeM cymecTBOBBHH e TBKHX 

/ 6/ 
HJiep npe.ncTaBnHeTCH enonHe peanbHbiM. Knac c HlPBK8UH5l B H JJ.eH B03MO>KHOCTH H30M9pH o -

ro M9X8HH3M8 KBK "' cJlaHT83HB' BpHO flH 6y,aeT CIIOC06CTBOB8Tb 3KCIT9pHM6HT8nhH bl M fTOITblT"" 

K8M 06R8py)f{HTb e ro. 

8 CTBTb€ fOJlbJl8HCKOrO H8CTotiqHBO npOBO.IlHTCH MhJCllb, 'lTO O TKpbiTO e B ,ll y6He frBI19 -

HH9 a HanorH'lHO RCnyCKBHHJO 38IT83.1lb!B8JOWHX HetiTpOHOB, fiB KO T Opoe K)'llOHOBC KU rl 6apbep 

H.O.p8 H9 OKB3b!B89T HHKBKOrO BllHHHHH: w Han6apb9pH bJC H ITOOf58pbepH bi6 npOTOHhi M rHOBeH-

+ 
no anecb ncrrycK8JOTCH soa6y"'A8HHbtMH nponyKT8MH {3 -p8cnaaa•. T aKaH TO'<K8 apeHHH 

cKpbtaaeT eamHbie cTopOHhi aToro HBneHHH . B pa6oTe
141 

nonqepKHBaeTc51 pa .~HJnta Me)f(ny 

38IT83.UbiB810IDHMH flp0TOH8MB H HetlTpOH8M H H npOBOllHTCSl 8H8JlOrHH C ~~" .n nH HHOnpo6e>KH blMH• 

a -q8CTHU8MB. 3TO COIIOCT8B119HH9 BIT011H9 rrp8BOM9pHO, TBK KBK M€X8HH3Mbl pacnana B 

o60BX cnyttastX B OCHOBHOM COBIT8.ll8JOT . Kat:I eCTB9 HH b iX p83J1H4Htf BeT, Mor y T 6biTb T OllbKO 

KOJ1HqecTB6HH b19 pa3n~1~H . B.H. ronhOBHCKHA e e pHO OTM€489T, qTo napUH811bH06 -~)eMH 

>KH3HH Po 
212 

a Po .o.nH acnycKaHHH ~~"anHHHonpo6e>KHbt X.. a -qacTHU ~ 10 ceK, 

Kopo"e ( ~ 10-
18 

ceK ). OnnaKo ~To p8~ -a TH>K9nOrO H3J1YY8T91151 rrpOTOHOB - cytneCTB9HHO , v v 

nHYBe - xonHqecTBCHHoe . B lly6He y.>Ke rronyYeHbl 6onee TH>KenbJe npoTOHHbie n a nyt.taTenH 

' I 141 
( B o6naCTH pe.llKHX 39M6Jlb ) 1 01151 KOTOpblX C06CTB9HH09 Bp9M S1 Bblll€T8 npOTOHOB nocne 

{:3+ -p8crrapa He M8Hbwe to- 12 
ceK. 3necb y"'e n e T8K ae1!HK8 paamma co c n yqa e M 

212 214 
Po H Po • BMecTe c TeM npouecc ocTancn T eM >Ke caMbiM . 
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