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I. BseueHHe 

HayqeHHe ceqeHHA saaHMoueAcTsHA 'laCTHU H su.ep c srupaMH Ha'lanocb 

o'leHb uasHo, <j>aKTH'IeCKH eme co speMeHH uasecTHbi:: onbiTOB PoaeH<j>opua 

no paccesrHHlO a -qacTHU. K HacTosrmeMy speMeHH E sToA o6nacTH HaKon.. 

neH o6mHpHbiA SKCnepHMeHTanbSbiA MaTepHan1 OL1HaKC 6onbillaSI '18CTb STO

r'O MaTepuana OTHOCHTCSI K B3aHMOL19ii:CTBHSIM npH :3H,~prHSIX1 He npeBblill8lO

illHX HecKonhKHX uecsrTKOB Msa. Opu 6onee BhiCOKHX SHeprusrx qucno HaMe-

peHHA HecpaBHeHHO MeHbille 0 a HX TOqHoCTb BO 

TenbHO ycTynaeT TO'IHOCTH HH3KOSHepreTH'IeCKHX H3~ epeHHAo TeM He MeHee 

HMelOrnaSICSI ceil:qac SKCnepHMeHTanbHaSI HH<j>opMaUHSI IT03BOnSieT COCTaBHTb 

uocTaToqHo srcHoe npeucTasneHHe o noseueHHH ceqeJHA snnoTb uo o'leHb 

BbiCOKHX SHeprHA nopS1llK8 L1eCSITKOB H COTeH rss0 a B HeKOTOpb!X cny'laSIX 

H npH 6onee BbiCOKHX saeprusrx. 

noasrTHo, qTo cseueHHSI o noseueHHH ceqeHHA r.pu ycKopHTenbHhlX 

sHeprHSIX T ~ 30 fsB SIBnSilOTCSI 3H8'1HTenbHO 6on :!9 nonHbiMH H 6onee 

HaL1e)I(HbiMH1 qeM Te 0 'ITO nony'leHbl B OnbiTaX C KOC MH'IeCKHMH ny'laMHj 

ouaaKo H s nocneuaeM cnyqae MO)I(HO cuenaTb psru !OBon~ao onpeueneHHbiX 

aaKnlO'IeHHil:. 

llanee Mbl 6yL1eM paCCMaTpHB8Tb nHillb HHTerp lnbHbl9 BenH'IHHhi: 

ceqeaue ynpyroro paccesrausr 
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ceqeHI!e Bcex neyrrpyrnx rrpoueccoB 

11 rronHoe ceqeHne 

a 

(j) 

a in~:£ a!n 

t a eE + a In • 

( 1) 

( 2) 

( 3) 

KaK H B cnyqal' B3811MO)leil:cTBIHI :;meM€HT8pHbiX qaCTHU ( CM. MOH0-

/}8/ 
rpaqJHJO ) ceqeHHI· a

8 
f BKJIJOqaeT ceq€JII1SI Jl114JpaKUHOHHOI'O 11 ITOT€H-

UI18JihHOI'O pacceSIHI1~ u 
d 

11 uP , 11X HHTep!fJep€HUI110 U d P 

'pacceSIHI1SI qepe3 HEyrrpyri1H KaHan' u1 .. 

0 
e f 

aU 
d 

+a + u + u 
p dp I e 

H ceqeHHe 

(4) 

f1p11 M8JibiX 3H€pi'11SIX ceqeJII1€ U le , KaK rrpaBI1JI0 1 COOTB€TCTBY€T 

o6p830B8HI110 e)l11HOii: KOMII8YHJJ-CI1CT€Mbl1 KOI')l8 BO B3aHMO)l€HCTBI111 cymecT

B€HHYJO ponh 11rpa10T Bee SinepHbie HyKnOHhi. B o6nacTH BbiCOKI1X aHepr11H, 

KOI')l8 )JJII1H8 ne6pOHJ1 eBCKOii: BOJIHbl p8CC€11B8J01Ueii:CSI qaCTI1Ubl 3Haqi1TenhHO 

MeHbme pa3MepoB SI~pa-MI1meHI1, a ee 3Hepr11SI 3Ha~I1TenhHO 6onhme aHep-
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rHH CBH3H BHyTpHHnepHhlX HYKliOHOB1 OCHOBHOA BKnaa B ceqeHHe a 18 

aaeT pacceHHHe qacTHUhi Ha oaHOM HyKnoHe, HnH, 6onee p ~aKo, ee rrocneaoBa

TellhHOe paCCeHHHe Ha HeCKOllhKHX HYKliOHa;: Mpa, TaK K~ K 9TH HYKliOHbl H8XO

aHTCH B none SiaepHbiX CHll 1 TO pacceHHHe rrepBHqHOA qaC'fHUbl B 9TOM cnyqae 

HeCKOllhKO OTliHqaeTCH OT ee paCCeHHHH Ha CB060aHbiX HYKliOHax; TaKOe pacce-

HHHe IIpHHHTO H83b!B8Th "KB83HyrrpyrHM, pacCeHHHeM", 

CneayeT HMeTh B BRay, qTo 9TOT TepMHH OTHOCHT ~H K B38HMOaeil:CTBHIO 

qaCTHU H ero He Hy)I{HO iiyTaTb C 8HanoruqHbiM TepMH! OM1 IIpHMeHHeMblM aliH 

xapaKTepHcTHKH pacceHHHH qacTHUhi Ha Rape, Koraa rro:neaHee ocTaeTcH 

B cna6o B036y)l{aeHHOM COCTOHHHH H pacceHHHe rrpaKTHieCKH He OTliHqaeTCH 

oT rroanHHHo yrrpyroro pacceHHHH, XoTH, cTporo roBopi, peaKUHJO "KB83H

yrrpyroro pacceHHHH Ha Rape" cneayeT oTHOCHTh K HeylpyrnM rrpoueccaM, 

TeM He MeHee 6naroaapH HeTOqHOCTHM H3MepeHHA B 9J:crrepHMeHT8llbHOM ce

qeHHH a 
8 

f BCeraa coaep)I{HTCH 6onee HliH MeHee CYIIeCTBeHHbiA BKnaa 

9TOA pe8KUHH ( BO MHOrHX 9KCIIepHMeHT8llhHbiX pa6oTaJ: - HaiipllMep1 B He-

/26/ 
aaBHeA pa6oTe rpyrrrrbi KoKKOHH - pa3perneHHe rro a~:eprnn cocTaBnHeT 

HeCKOllhKO aeCHTKOB MaB1 B TO BpeMH KaK paCCTOHHHSI Me)l{ay ypOBHHMH 

B Rape He rrpeBbilli810T HeCKOllhKHX MaB), 

npHMepoM yrrpyroro rrpoueCC8 1 IIpll KOTOpOM Hap•> OCTaeTCH HeB036y)l{

aeHHbiM1 HBliHeTCH aH!jlp8KUHOHHOe paCCeHHHe, 

8a)I{H0 OTMeTHTh1 qTo HapO-MHllieHb MO)I{eT OCT8 38ThCH B CBOeM DC-

HOBHOM COCTOHHHH H IIpH HeyrrpyroM B38HMoaeACTBllll, 3TO HMeeT MeCT01 

B qaCTHOCTH 1 IIpli B38HMOaeACTBHH1 OITHCbiB8eMOM aH8l'paMMOA pHC, l, 

TaKHe rrpoueccbi ceAqac H83biB8JOT "KorepeHTHbiMH HeyrrpyrHMH rrpoueccaMH ... 

3THM rroaqepKHBaeTCH TO 06CTOHTellbCTB01 qTQ BCe B! yTpHHaepHbie HYKliOHbl 

B 9TOM cnyqae HBliHIOTCH COBepllieHHO 9KBHB8JieHTHbiM I ll B38HMoaeACTBYIOT 

C H8lleT8JOUieA qacTHue:A B OaHoA H TO:l!: )l{e !jlase, 

l{acTHbiM cnyqaeM Heyrrpyroro rrpouecca HBnHeT<:H "yrrpyroe pacceHHHe 

c rrepeBopaqHB8HHeM crrHHa' c ceqeHHeM a., . B TeJ cnyqaHx, Koraa ce-
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"!eHIHI H3Mep5110T•:SI B OITbiT8X C HeiTOJ151pH30B8HHbiMH ITy'IK8MH H MHilleHSIMH, 

B KOTOphiX C pal HhiMH BepOHTHOCTSIMH IIpHCyTCTBYIOT BCe B03MO:>KHhJe rrpo-

eKUHH CITHHOB, CE "!eHHe U 8 
8BTOM8TH'IeCKH BKniO'IaeTCSI B 9KCITepHMeH-

TanhHYIO BenH"'HH~ ceqeHHR yrrpyroro pacceRHHR u.,f . 

B o6nacTH aneprHH:, 6onhlllHX necKonhKHX coTeH MaB, ceqeHHe u .. 
Mano H 6biCTpO ) 6hiB8eT rrpH yBenH"'eHHH 3HeprHH nepBH"'HOft "18CTHilhi0 'ITO 

HBnSieTCSI cneACT3HeM 06WHX TeopeM 0 He38BHCHMOCTH 8CHMITTOTH"'eCKHX 

Ce"'eHHH I338HMOA~HCTBHH 'ISCTHil H RAep OT HX CITHHOB H H30TOITH"'eCKHX 

/18/ 
CITHHOB ( Cp. rnaBa X0 ) • 

Danee Mbl •>rpaHH'IHMCH o6nacThiO KHHeTH'IeCKHX 3HeprHA: aaneTaiO-

WHX qaCTHil T >_50 Mss. Bbi6op sToH: rpaHHUhl SIBnReTcR, KoHe"'HO, sec&-

Ma ycnOBHbiM H < :BSI38H B OCHOBHOM C TeM, "'TO AnSI o6naCTH MeH&IllHX 

sneprHH: HMeeTCR necKonhKO oqea& nonpo6Hb1X o6aopoB H aTnacoe aKcne-

( . /91,141,142,154,1611) 
pHMeHTSnhHbiX CE qeHHH CM., HSIIpHMep, • 

Mhi He 6ynuM KSCSTbCSI I338HMOLieiicTBHH: sneMeHTapHbiX 'ISCTHU 

/18/ 
C ueii:TpoHSMH0 3"H !I.SHHble ITO.llp06HO 06Cy:>KL18IOTCSI B MOHorpalfJHH 0 TaM 

:>Ke YK838Hbl pa6CTbl 0 rae MO:>KHO HSHTH ITO.llpo6HbiH TeopeTH"'eCKHH 8HSnH3 

TaKHX B38HMOLieH:TBHH. 

KaK rrpaBHn·>, Mbi 6yLieM yKa3hiBSTh Te aKcnepHMeHTanhHble OlllH6KH, 

KOTOpbie ITpHBOIJ.SITCR SBTOpaMH COOTBeTCTBY!OillHX OpHrHHSnhHhiX pa6oT; 

ecnH B pa6oTe HE yKS38H8 OllJH6Ka B 3HS'IeHHH OIJ.HOro H3 Ce"'eHHH - Ha-

npHMep, U In - B TO BpeMR, KSK HeTO'IHOCTH JJ.pyrHX Ce"'eHHH H3BeCTHhl 

aeHaBeCTHaR OlllHiiKa 6yaeT orrpenenSIThCSJ KaK cpeaaee KBanpaTH'IHoe: 

2 2 
8 u In = y ( 8u .,e ) + ( 8 u t ) (5) 
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CnenyeT uMeTb B array, 'ITO B axerrepHMBHTBTbHNX pa6oTax O'IBHb 

qaeTO rrpHBOllHTeH JIHllib eTBTHeTH'IBeKHB OWH6KH H fB yK83WB8WTeH 8H8'1H

TBJibHO 60JihlliHB eHeTBMBTH'IBeKHB ITOr'pBWHOeTH (HE Beerrra HeHhlB H eaMHM 

aBTopaM), B qaeTHOeTH, H3MBpBHHH HllBpHbiX eeqeH 1H HHOrrra eBH38Hbl e 

HeiTOJih30B8HHBM rrorrpaBOK HB OeHOBB OITTH'IBeKOH H apyrHX MOrreneif; BHO-

eHMBH 8Tl!M rrorpBIUHOeTh 
1
KBK ITpaBHJIO! HB Y'IHTbiBB• ~TeH, 

THITH'IHb!M MBTOllOM H3MBpBHHH HllBpHbiX eB'IB. !IIH 1 e ITOMO!l[b!O KOTOporo 

ITOJIY'IBHB 60Jiblli8H qaeTh H3BBeTHWX B HBeTOH!l[BB !pBMH ll8HHhlX 0 HBJIHBTeH 

T8K H83b!B8BMbiH "MBTOll Bbi6b!BBHHH 113 ITY'IKB B yc JIOBHHX fl"JIOXOH 11 XOpO-

meif reoMeTpHH", 

B aTOM MeTone xonnHMHpoBaHHbiif nyqoK rrepa I'IHhiX qaeTHU rroene 

rrpOXO/KllBJUIH MOHHTOpa ITOIT8ll8BT Ha Mllll[BHh (eM, me, 2) 0 38TBM '18eTHUbi 0 

paeeeHHHbiB H8 yrJibl > (} HJIH BbiBBllBHHbiB H3 IT ?pBH'IHOf'O ITY'IKB HB yrnbi 

.2: () , 6naronapH HeyrrpyrHM rrpoueeeaM B MHmBHH, perrreTpHpywTeH D • 

Ha6nwnaeMoe ee'IBHHe B3aHMorrei1eTBHH rrprr aToM, )'IBBHrrHo 1 paano: 

a ( ?.. () N (:::._() 
( 6) En 

n 
No 

rne N / N 
0

- OTHoerrTen&HaH JlOJIH qaeTrru, 3aperrreT~ HpoBaHHbiX neTeKTopoM, 

2 
a n - que no Hrrep, UpHXOllHlliliXeH Ha 1 eM f'BOME TpHqeeKOf'O eB'IBHH.Si 

IT8Jl810Il[Bf'O nyqKa, 

Eenrr yron 0 Man, To neTeKTop 3aperrreTp11p: 'BT rrpaKTH'Ieexrr Bee npo

B3arrMoneifeTBOBaBmlie B MHWBHH 'IBeTHUbi, nprr YBOJIH'IBHHH yrna CB'IBHHe 

a ( ?._ 0 ) yMen&maeTcH, oco6enno 6biCTpo B eny'lm :lapso!(BHHbiX qacTrru, 

JlJISI KOTOph!X B o6JI8CTH MHJibiX yrJIOB 60JiblllOii llKJ! 111 Jl1tl~T KYJIOHOBCKOe 

pHCCBSIHI-It', Ha KpHBOH a ( >...0 ) , H30UpMI\BJIHOii l!il puc, 3, 8TOMY COOT-

BBTCTBYBT OTpB30K AH 
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'lfaCTb BC llll 3TC H KIJHBO!l OITHCLIBGBT CYMMY Heyrrpyroro paCC951Hll51 

H yrrpyroro onaoKpllTIIoro pacce51HH51. TaK KaK B o6nacTn BbiCOKHX 3Heprni1 

yrrpyroe paCC951Hll9 ~BJ1~9TC51 B OCHOBHOM llH~pBKUHOHHWM 11 oro yrnoBoe 

pacrrpGDGJ19HHe UMBCT [93KHH ITHK Brreperr, TO llJ151 ~OJ1biUHX 3HH1{9HHH 0 

KpnnaH " t :::. e 1 HB pUC, 3 CTilHOBUTC51 fTOqTU I1pHMOH U a In 

3ToT cnyq:ai1 rrpHHHTO H83biBBTb "orrbiTOM c xopomei1 reoMeTpueif". 

non Hoe Hneprwe c eq:eHHe at orrpenenHeTCH rrn6o 9KCTparrorrHuuei1 yq:acT-

Ka BC B ToqKy 0"" 0 ( rryHKTHp H8 puc. 3) 1 111160 llm! 9TOrO HCITOJib3Y-

eTCH OllTH"'BCKBH MOJ(eJ b C napaMeTpllMII 1 HaiillBIIHbiMH rryTeM llO)lrOHKll TeO-

peTH"leCJCOH H 9KC11Bplll\ BHTilllbHOH KpHBbiX a ( ~ 0 ) lW Y"li1CTK9 Il F: • 

B o6onx CJ1Y"l851X H3Me lBHHbiB ceqeHl!51 CO!lBp)!(BT BBCbM8 31lM9TIIbiB CHCTBMa-

Tll"leCKHB OWH6KH. 

J.13 Bcero CK8311HI oro CJIBilYBT 1 qTO K 11pllBOilHMbJM Hll)!(e 9KC119pHMBH-

TBJibHbiM HeTO'IHOCTHM ceqeHllH HY)!(HO OTHOCHTbCH C JlOJI)!(HOll OCTOp0)!(fi0CTbl0 0 

ToquocTb nnepHw:. ceq:eHnA B 6orrhWHHCTBe crryqaen oKa3wBaeTcH 3Ha-

"lllTBJibHO xynweii, qeM TOqHOCTb CB'IBHHH B38HMOilBHCTBHH 9J19MeHTilpHb!X 

"l8CTHUo 

2. Ce"leHHH I3BHMonelicTnnii HYKJIOHOB n " -Me3oHoB 

C 51AP8Mll 

3KCII9pHMBHT8J1bH biB ceqeHHH HyKJJOH- II IIHOH-HABpHbiX B381IMOAeiiCTBHll 

co6paHhi B Ta6rrnuax I - V XapaKTep 9HepreTnqecKoii 3BBHCHMOCTH 9TIIX 

CB"'BHHA IIJ1JIIOCTpHpyeTCH pnc. 4-6. 

B nacToHmee npeMH nMeeTCH o6wHpHaH 9KcrrepHMeuTaJibHaH Hu¢opMa

llHSI 0 CB"'BHH51X B38HM· lABACTBHH HYKJJOHOB 11 rr -M930HOB C ¢oT09MY Jib-

CHBHo nonpo6Hb!B A8HH ,Je AJIH Han6orree HHTepeCHOH o6rraCTH 9Heprnii 

/18/ 
f9B co6p8HW 3 MOHOrpa¢HH 1 HBKOTOphle A8HHhl9 AJ1H MBHbWHX T > .. 

/138/ 
9H8prHii YKB3BHhl B KHire 
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H3 rrpneeneHHhlX DBHHhlX eHDHO, '1TO 3H8preTU48CKUA XOD HDBpllhlX ce-

'18HHfi e o6!UHX 48pTaX rroeTOpHeT rroeeneHHe C8'18Hili1 3Jl8M8HTC!pHbiX N- N 

II rr- N e3aUMOD8JICTeHii, TaK 7 e CJiyqae HYKJIOH-HDBpHl IX CTOllKHOTl8HHil e 

C8'18HHHX ITOHeJIHIOTCH MHHHMYM ITpH T ';, 200 ,.. 300 M ~e, rronbeM e pailone 

T "' 1 f::lB H ITJiaenoe CTp8MJI8HH8 K ITOCTOHHHblM 3H8'1E HIIHM rrpn 60llb!UHX 

aHeprHHX, B ce'leHHHX rrHoH-HnepHbiX e3anMoneAcTeHii o rqeTmreo rrpoHBJISleT-

CH ITHK, COOTeeTCTBYIO!UHH ITHOH-HYKJIOHHOMY p830H8HCy rrpH T "' 200 Mae 1 

H OI.Uy!UaeTCSl eJIHHHH8 CllBDYIO!UHX Tr- N -pe30H8HCOB, ) OTH TO'IHOCTb H3-

M8p8HHll 3il8Cb DOBOJibHO ITJIOXBH, 

3aM8THbl8 OTJIH'1HH OT XOila 8JI8M8HT8pHblX C8'18HII i Ha6nJOD8JOTCH JIII!Ub 

DJIH TH)KBJibiX ~1nep e o6nacTH aHepriii! T ~ 100 Mae, :'DB Ha'!IIHaJOT HrpaTb 

CY!UBCTBBHHYIO pOJib eHyTpHHD8pHbl8 ITpOUBCCbl, 3TH OTJI :'l!IH rrpoHeJIHIOTCH 

lliiiUb B yrrpyroM pacceHHJIH, ce<reHHH neyrrpyrnx e3AI!MO 1ei1cTenii a In rro

rrpe*HeMy OCTBIOTCH cpaeHHT8JibHO CJia6o 38e!ICH!UIIMI! OT SHeprHII, 

B uenoM ceqeHnH e3aiiMoneAcTBIIA c HnpaMH II3M€HSlJOTCSl c aHep-

rHeA 3Ha'!HTBllbHO 6onee rrnaBno, qeM 9JieMeHTapnbre N- N II rr- N ceqeHHH, 

AHannTH'leCKH anepreTH'!ecKyJO 3aencnMOCTb ceqe IHi! yno6Ho arrrrpoKcii-

MIIpoBaTb CyMMOH fiOCTOHHHOil a 
0 

II cpyHKUHii THITa a,· T 11 

b I [ ( T - T )2 + c ] . 
0 

Jlo nenaeHero ep8M8HII MO)KHO 6biJIO DOCT8TO'IHO y B8p8HHO rOBOpHTb 

0 rrpn6JIH3HT8JibHOM HJIH D8)K8 ITOJIHOM ITOCTOHHCTee ceq ~HHH e38IIMOil8I1-

8 
CTBII11 eo eceii o6JIC!CTI! aneprllii OT !!8CKOJibK!IX DBCHTK }e f8e DO T ,}0 fae, 

3TOT ebiBOil CJI8DOB8JI 113 DaHHbiX ITO rrpo6eraM KOCMH'IE CKHX qaCTRU e cpOTO-

SMYJibCHH, !I3 8H8JIH38 rrorJIO!U8HHSl Slil8pH0-8KTlleHOH KCMITOHBHThl KOCM!I'IBC

KHX Jiyqeii e eo3nyxe ll H3 OflblTOB ITO HCCJI8ilOB8HHIO !UllpOKHX aTMOC<j:JepHblX 

JIHBHeii, o6pa3y8Mh!X KOCMH48CKHMH 48CTHU8M!I ceepXBl!COKHX aneprHI1 ( fiOD-

/18/ 
po6nee CM, ) , BcSl COBOKYITHOCTb H3B8CTHbiX 3KCIT8piiM8HT8JibHhlX naHHblX 

yKa3biBana na To, '1TO rrpn H3MenennH aneprnn T Ha lli8CTb-BOC8Mb ITOpHD-

KOe C8'18HHSl SlDBpHbiX e3al!MOD8HCTB!Ill H3M8HSl!OTCSl BC eCSlKOM cnyqae He 

9 



6orree '-!C'!\1 n !Hl[l r il~Ja, Co:>-111('!!\f>l n CJT0\1 

onb!TaMH co cnyTJmioM "rivoToH-1''
1231

• B 

OidJill flO[lO:>!<fl8J!J,I J!Oit!1BI!Hl\11! 

3TIIX Gf1J,\T!1X l\!CTOL\OM HOIIH38-

UliOHHOrO K8ITOpWv!O'I pa 6!,\ITO f!3\!C pe HO Cl"IC 1!118 Heynpyrl!X B3ill! MODO iJCTBI!H 

KOCMHYOCKHX !IpOTOJ Oil C 5lfl[i[l:>.1!l )TJ!PpOD<J B I!I!TCjlflOJJe 8HeprHfl OT HOCKOITh

Kl!X f8B no 500 f3r, B mr:>~wcii 'WCTH 3Toro HHTepnana 1!3MepeH!fhie ce'-!eHJHI 

COB!I8JlH C T0!'-1, 'ITC f>LIJlO j)3J!CC liOJl)''!C J!O HCl :;'CKOfli!TC'riHX; !Ipll 6JnLUIHX 

3 
}Q f3B yCTBHOilri8H MOL1riCIIHbii'r, HO CIICTOMrlTII'!OC-3HeprHHX BllriOTb flO T 

Kllt"l pOCT CC''I('Hl!>I: Ip11fJJ1l!3l!TCribl!O l!il 50S~ llpH !13MCHeHI!I! 3HOpr!!l! l!!l L\Bil 

nopsJnKa ( C\1, puc. "). 011rraKo 6once IT031\HHO c'lKCI1'![l!IM('JITI>I co cnyTHI!KOM 

"npoTOJ! -2" fi0Kil:Jfl1ll, 
2 3 

'!TO XOTil II oGnaCTI! 1 ~ 10 4 10 f:1n COYl!lll!O 

H Il03pC!CT.ClCT, Dpll ,\LlrihHCiiU!CM YTlCll!!'-!OJ!I!I! :C)HOpr'l!!l OHO Jl HpOHOJJaX nlUH-

/92/ 
OOK l!3M0pE'H!!lr OCTf OTCII f!OCTOHHJII,JM 

!-lenL31l BMOCT? C TOM HO OT!\!OT!!Tb, ';TO 

/23,92/ 
Tax poeT Hll ?puoro ce•reHHII B o6JwcTn 

yCTil!IOBJJC'Ilflbli\ B pa6o-

sneprui\ 6~nbmllx HecKOJJhKI!X 
I 

I!GCHTKOB f3B
0 

Ilb13b!BL!eT cepbC3HLIO COl\!I!GHI!Il 0 TL!K K8K BOCbMCl TO'-!HLI~ 1!3-

MepeHli>I FJ oonaCTI! 10-30 f313 CC'!01Il!H ">J10:..10I!T<'l[llli>IX N- N ll IT- N B3~HIMO-
L\OHCTBH!J, OllpCJlOriH O!UHX B 

pylliHBCl!OT HUKaKoi'r :eHilCIIUIIll K ux B03pCJCTUHHio, DocKOllhKY TC'JW\I\~TPil'IOCKne 

!13!\!Cpel!IIH l![l CllyT 1I1Kf\X O'!Oilb CJIO)Kilbl, IIC I!CKH!O'ICIIO, 'ITO :JL((:Cb ~38MOWe-

l!bl KL!KI!C-TO l\!0TO; ll'lOCK!le Oll!ll0Kl1 1 XOTII OUOHKJl CC'IOH!!i'r ll3iH!l\!OL(eiiCTI31lfi 

KOCMl!'IeCKI!X IIpOTO 10!\ C IIJ1f1AMH TJ0:3LIYXI1, BI>IIIOJlJie!ll!bie TOll )KO rpy11110rt 

111/ 
lfJlL3HKOI3 B OliL!Tf:lX J:.:t I'Of>ClX l Tf1htl\.0 :yK:l.'3h!l.1Lti0T lin pOCT 5I/10pfiOr'O Ce-

') •) 

YPt!IHI: llf.Jl!Ci:lil.3liTl'/ b!VJ IL1 30'';) D ll\lT'"J•'\iJJ!c' T ~ 10~ 4 10-J J':w .• 
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TOM, qTO B nerKHX H cpeaHHX ~apax qHCJlO ITpOTOHOE H HefiTpOHOB rrpH6nH-

3HTeJlbHO oanHaKoBo, B cnyqae yrnepoaa, rae 9TH qrcna B ToqHoCTH paBHbl 

apyr apyry, ceqef!Hil B38HMOaefiCTBHH ITpOTOHGB H He 1TpOHOB, H COOTBeT-

+ 
CTBeHHO 1T H TT -Me30HOB 0 B006111e He p83nl qa!OTC~ H HX pa3-

aeneHHe B Ta6nnuax I - V YK83b!B8eT Jllllllb H8 p l3JlHqHe B MeToae H3-

MepeHHH, 

fln~ B38HMOaefiCTBHH C T~)l(eJlb!MH ~apaMH, rae HMeeTC~ 60JlbiiiOH H36bi

TOK HefiTpOHOB, aOJl)I(H8 ITpOHBJl~TbCH 6onee CyllleCT~IHH8H H30TOITHqeCK8H 

38BHCHMOCTh, OaHBKO HMe!OIIIHeC~ cefiqac 9KCITepHMe~ T8JlhHbie aaHHbie eme 

neaocTaToqHhi an~ Toro, qTo6bi MO)I(HO 6bmo caenaTJ. KaKne-nn6o orrpeae-

neHHbie 38KJliOqeHHH, 

qTO KacaeTC~ 38BHCHMOCTH HaepHb!X ceqeHHH or M8CCOBOrO qHCJl8 

Hapa-MHIIJeHH A , TO BO BCeM p8CCM8TpHB8eMOM HH rep Bane 9Hep!'lrT\ ~-

HHe C1 In c xopolllefi ToqnocTh!O OK83hiBaeTc~ rrporrc punonanhHhiM A 2/3 , 

T,e, Bo3pacTaeT rrporropunonanhHO yBennqenniO reoMETpnqecK 0 ro ceqeHH~ 

~apa (eM. pnc. 8), Eme 6onee ToqnyiO arrrrpoKCHMaurriO 9KcrrepnMeHTanhHhiX 

aaHHhiX aa10T 9MrrnpnqecKne ljlopMynhi THrra ljlopMynhi rrpeano)l(eHaofi Bnn-

/167/ 
Jlll8MCOI!OM 

0,69 -2 -t/a- -4 -1/a,._ 2 ' 
u 1n(T,A)a44A !1+3,9.-10 A 'lu(T)-33]-9ol0 A La(T)-33] }M6, 

rae a -38BHCS11118H OT 9HeprHH ITOCTOHHH8H BenHqH. ra, 6m!3K8~ K ITOJlHOMy 

ceqeHH!O N - N HJlH 17- N B38HMOaefiCTBHH ( COOTB nCTBeHHO B cnyqae, 

x/ 
Koraa C ~apOM CT8JlKHB8eTCH HyKJlOH HJlH 1T -Me30H) , 

x/ 
¢opMyna BnnnnaMCOHa rrpHMAHHMa nnH HUep, TH)I(enee nHTHft• 
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<J>opMynbi THIIa : 7) IIpHroaHbl ami TOrO, '!T06bi ITO 3KCITepHMeHTanb-

HbiM Ce'!eHHSIM 0 H3Be< THbiM anSI HeCKOnbKHX aneMeHTOB IIpH TOM )!(e 3Hep-

rHH T . 
1

, orrpeaemiTb ce'!eHHSI a 1n anSI apyrnx 3Ha'!eHHfi A • 

3aBHCHMOCTb ceqeHHSI yrrpyrHX B3aHMOaefiCTBHH Ue£ (a, cneaoBa-

TenbHo, H rronHoro ceqeHHSI at ) OT MaCCOBOro qHcna A OKa3biBaeTCSI 

3aMeTHO 5onee CHJlbHOH! H3BeCTHbie 3KCITepHMeHTanbHbie 3Ha'!eHHSI a e£ 

arrrrpOKCHMHpyJOTCSI CT· ~rreHHOH tPYHKUHefi A O '
8 4 

• 3TO CBSI3aHO C a<lJ<iJeKTaMH 

/88 102/ -
B3aHMHOH 3KpaHHpOBKH BHYTPHHaepHbiX HyKnOHOB 

0 
• 

3. CeqeHHH 33aHMoaeficTBHfi aHTHHyKnOHOB H K -Me3oHoB 

3KCIIepHMeHTaniHaH HHtPOpMaUHH 0 ceqeHHSIX B3aHMoaefiCTBHH C Hapa-

MH aHTHHyKnOHOB, I< - H K -Me3oHoB co5paHa B Ta5nnuax VI- X • KaK 

BHaHO, aaHHb!X 3aecb ITOKa erne aOBOnbHO Mana, a HX Oll!H5KH BeCbMa BenH-

KHj BO MHOrHX cnyqa:IX anH OpHeHTHpOBKH ITpHXOaHTCH ITOnb30B8TbCH pe3ynb

TaTaMH pacqeTOB IIO :>ITTH'!eCKOH MOaenH, rrapaMeTpbl KOTOpOfi rroao5p8Hbl 

TaKHM o5pa30M 0 qTo5bi pacqeTHbie KpHBbie IIpOXOaHnH qepe3 H3BeCTHbie 

3KCrrepHM8HTanhHbl8 T JqKHo 

KpoMe aaHHbiX, rrpHBeaeHHbiX B Ta5nnuax, ceil:qac H3BeCTHo erne aBa 

H3MepeHHSI ceqeHHH yrrpyroro pacCeS!HHH K + -Me30HOB B tPOT03MynhCHH 

(5e3 yqeTa B3aHMoae~CTBHH C BOaopoaoM): 

518 + 78 .15 

261 + 51 . .15 

II pH 

rrpH 

T 

T 

75 :t. 25 MaB H 

130 :t, 20 M 3B. 

KaK H B Cj:iy'!ae aneMeHTapHbiX B3aHMoaeikTBHfi
1

ceqeHHH K -Me30HOB 

38M8THO M8Hqllie 1 a C e'!eHHSI B3aHMOae:ifCTBHSI aHTHHyKnOHOB 38MeTHO 5onh

IIle COOTBeTCTB8HHO ce'!eHHM . IIHOH- H HyKnOH-MepHbiX B38HMOae:il:CTBHMo 

BospacTaHHe HJ:ll!pHbiX ceqeHH:if B38HMoae:H:cTBHfi K -Me30HOB rrpH 

T • 0,6 H 1 f3B OTpt )!(aJOT COOTBeTCTByJOrnHe M8KCHMYMbl B ceqeHHSIX 

K ± - N B38HMoae :il:CT mfi. 
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npn O"leHb BhlCOKllX 9HeprHHX MO*HO O*llABTb 0 "lTC Ce"leHHH B3BllMO

AeHCTBllH "l8CTllU ll BHTll"l8CTllU C HApBMll CTBHYT OAHHB~0Bb!Mll 0 KBK 9TO 

cneayeT ll3 AllCIIepCHOHHhlX TeopeM 0 paBeHCTBe BCHMIITOTH"leCKHX ceqe

Hllllo TaKaH BCHMIITOTH"leCK8H o6naCTb Ceftqac eme aaneco He AOCTHrHyTa, 

3aBHCllMOCTb ceqeHHH OT MBCCOBOrO qncna A MO)! eT 6b!Tb rrpn6nn

*eHHO rrpeACTaBneHa TeMII *e QJYHKUIIHMH 0 "lTO II B CJiy"lae HyKnOH- H IlllOH

SIAepHb!X B38llMOAenCTBllHo 

4. BaanMonencTBne Hnep 

3KcrrepnMeHTanbHbie ceqeHnH BaanMonencTBnn nBy:: Hnep c 9Heprnen, 

6onbllleil: HecKonbKnx necHTKOB MaB Ha HyKnoH, co6paHb B Ta6nnue XI • 

3Tn naHHhie Kpail:He CKYAHhi, oco6eHHO B o6nacTn BbiCO~ nx aHeprnil:, rue nx 

enHHCTBeHHbiM HCTO"lHHKOM HBnH~TCH OIIbiTbl C KOCMH"leCKllMll nyqaMn, TaK 

K8K nneHTllQJHK8UllH HaneTa~mnx HUep B 9TllX OilbiT8X HBrmeTCH BeCbMa 

TpyUHbiM uenOM 0 TO 06bi"lHO paCCMBTpllB8~TCH cpenHne J:BHHbie AnSI HeCKOnb

KllX rpyrrrr swep: 

nerKne SIUpa c Z 3 + 5 ( Li, Be, B ) , cpenHee z ::: 4, 2; 

cpeUHHe Sinpa c Z = 6 + 9 ( C, N , 0, F l, cpenHee ~-:::. 7; 

cpeJlHee Z "' 15. 

B rrocneJlHeil: rpynrre oKono 10% cocTaBnSI~T HJ:lpa *ene 3a ( Z .. 26}, a 

BCe H):lpa C Z > 30 ):l8~T BKnaA < 1%; B COOTBeTCTBHH c 9THM rpyrrrry TSI-

*enbiX KOCMll"leCKHX SIAep llHorna p83JlenH~T Ha JlBe r pyiiiihi: 

cpeJlHne TH*enbie Sinpa c Z = 10 .. 19 (cpeJlHe Ol Z: 12,8) 

n 

oqeHb TSI*enbie HJ:lpa c Z ~ 20 ( c peJlHee Z : 2 3). 

B Ta6nHue XI IIHTb rrepeqncneHHbiX rpynrr o6oaHaqeHbi cooTBeTCTBeHHo 

K8K SIJ:lpa n, CP, T, CT, OT. 

13 



CnenyeT occ 6o ocTaHoBHThCSI Ha B38HMoneiicTBHHX 6biCTpbiX neH:TpoHoB 

c HJlpaMH, TaK KaK neH:TpOH rrpencTaBnHeT co6oii o'leHb pbiXnyiO cHcTeMy, 

B KOTOpOH HyKnOH ,J 06bi'IHO H8XOJlSITCSI H8 naneKOM IIO cpaBHeHHIO C paJlH-

yCOM Sl)lepHbiX CHJI paCCTOSIHHH Jlpyr OT Jlpyra, TO BeCbMa '18CTO C Sl/lpOM-

MHllieHbiO B38HMO~eHCTByeT nHllib OJlHH H3 9THX HyKnOHOB1 a BTOpOH IIpOJlOn

)KaeT JlBI!)KeHRe IIJ18KTH'IeCKR 6ea R3MeHeHHSI CBOei'O rrepBOH8'18nbHOf'O HM-

rrynbca, TaKoii Kalan Heyrrpyroii peaKUHR rrpHHHTo Ha3biBaTb peaKuHeii cTpRrr

IIHHra ( CpbiBa), H a rrpaKTRKe 9T8 peaKURS11 KaK rrpaBHnO, He OTJlenHeTCSI OT 

Jlpyi'OI'O KaHana H~yrrpyi'OI'O )leii:TpOH-SIJlepHOI'O B3aHMO)leHCTBHSI - JlR~paKUR-

OHHoro R KynoHoB;Koro pacrnerrneHRSI neH:TpoHa, 

TaKRM o6pac oM, rronHoe ce'leHRe Heyrrpyroro nei!.TpoH-smepaoro B3aHMo-

)leHCTBRSI 

U In u + u 
at a 

( 8) 

rne u a - ce'le.me rrornorneHRH, 

l13BeCTHbie C eii'laC 9KCIIepRMeHT8nbHbie /l8HHbie 0 Ce'leHHSIX B38RMO

JleHCTBRSI neH:TpOHl)B rrpRBeneHbi B oTnenhHOii Ta6nRue XII. 

B o6nacTR aEieprRH:, 6onhrnRx HeCKOnhKRX coTeH MaB, rne ceqeHHSI He

yrrpyrRx B38RMO)leHCTBRH Sl)lep C SIJlpaMH B rrpenenax OlliR60K H3MepeHHH CTa

HOBHTCSI IIp8KTH'Ie<;KH IIOCTOSIHHbiMH 1 HX MO)KHO arrrrpOKCHMHpOB8Tb ~yHKUHeii 

u = rr ( R + R -2, ~ R )
2 

In I 2 
(9) 

14 



rae R I II R 
2 

- cpeaHIIB paaiiyCb! CTanKIIB8101IliiXCSI Siaep J ~ R - ;,1llHIIM8nb-

HOe nepeKpb!TIIB, HB06xoaiiM08 anSI Toro, 'IT06bi npc II30Wna peaKUIISI, Oo 

n /37,38/ 
OUBHK8M 6paaTa II BTepca anSI COrnaCOB8Hl SI C 3KCnep1IM8HTOM 

10- 13 
CM II 

A "' -14 
u R = 8,6•10 CM, 

3Mn1IpnqecKaSI <jlopMyna ( 9) nyqwe Bcero npm~eHIIMa anSI Haep-Mnme-

Heii B o6nacTII cpeaHIIX 3Ha'IeHIIii A II HaneTaiOmii:: Siaep Me )Kay 
4 

He 

II 
4° Ca. BHe 3TOH o6naCTII <jlopMyna aaeT HBCKOnbKO 3BBhlWBHHhl8 CB'IBHHH 

no cpaBHBHIIIO C 6onee TO'!Hb!M paC'!eTOM no OnTII'I•!CKOH Moaenn; T8K 
1 
llnH 

B38IIMoaeiiCTBIISI 
4° Ca + 

207 
Pb 3TO 38Bb!W8HII8 COC:TaBJIHBT OKano 5-10%, 

4 4 r / 10/ 
a llnH B38IIMOI1BifcTBIISI He + He - y)Ke OKOnO .:0% , 

H3 npiiBeneHHhlX naHHhlX BIIIlHO, 'ITO aKcnepii~mHTanbHaH nH<jlopMaunH 

0 CB'IBHIISIX B381IMOI18HCTBIIH C SII1p8MII 0 KOTOpOii Mil CBH'I8C pacnonaraeM, 

HBnHeTCSI 3H8'IIITBnbHO MeHee nonpo6HOH II TO'IHOH 0 'IBM aHanorH'IHBSI HH

<jlopMaUHH 0 Ce'IBHIIHX B38HMOLIBHCTBHH aneMBHTapH >IX '!8CTHU, 3aKJIIO'IBHHH 0 

KOTOpb!B cei1'!8C MO)KHO CI18JI8Tb Ha OCHOBB 3KCnepJ[M8HT8nbHbiX llBHHbiX, BO 

MHOrHX cnyqaHX HMBIOT JIIIWb rpy6o Konn'IeCTBBtHwii xapaKTep. Oco6enno 

nJIOXO H3BBCTHO nOB8118HH8 CB'IBHHH ynpyrHX B381IMJDBHCTBHH 'I8CTHU C H.Qpa

MU H CB'IBHHSI B38HMOaeRCTBIIA aByX Hl18p, 

B aToA o6nacTH Tpe6yeTcH ewe 6onbwaH aKcrrepnMeHTaJibHaH pa6oTa, 
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Puc. 1. KorepeHTHbiH Heyrrpyrui1 rrpouecc c po)f(/l8Hl!eM TT -Me3oHoB. 

BHyTpHSIIlepHbiH HYK.TIOH N' B pe3y.TibTaTe !38HMonei1cTBHSI c Hane

TaiOmHM HyK.TIOHOM N ITO.Tiyl.JaeT .TIHIIIb He6oJ biiiY!O 0Til8'-1Yo KOTOpaSI 

rrepenaeTcSI SIIlPY KaK uenoMy. DHOHbi o6pa3 yroTCSI HaneTaromnM 

HYK.TIOHOM B BepxHei1 BepiiiHHe. TaK KaK rre1= enaBaeMbiH SIIlPY HM

rrynbc M8.110 ITHOHbl Cll.TlbHO K0.11.11HMHpOB8Hbl 3 o6naCTH M8.1lb!X yr.TIOBj 

3TO o6CTOSIT8.1lbCTBO SIB.TISI8TCSI xapaKT8pHOH l.J8pTOH HeyrrpyrHX KO

repeHTHbiX rrpoueccoB. 
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Pnc. 2. DpnHuHrruan ,HaSI cxeMa OIThiTa no H3Mepemuo SI!lepHhiX ce'!eHHfi 

ME'TO!lOM BE i6biB8HH51 l!3 nyqKa. 1\IT - MOHHTOp, K8ITH6pyiOillHH 

rrepmi'!HhiH Iy'IOK 'l8CTli:U; M - Ml!llleHb H3 HCCnenyeMbiX SI)lep; 

D - neTeKTop, perHcTpHpyrowHfi nee qacTHUht, BhineTaromHe non 

yrnaMH 0 60J blllHMH (} , 
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"I I' ,!1 
: ~ . Ta6JIH!Ja '. 

jrOJIHOe ceqeHIIe B3ai!MO~e~CTBIIH rrpOTOHOB II HeMTpOHOB 

Hsai!MO;lle~cT- T 6t [Mb] 
JIIITej)aTypa 

Bll:e 

I 2 3 4 

p + He4 
48,8 :!: 0,5 M3B 391 

X 
[68} 

53 :!: 4 272,7 ±'1,3 [46] 
I36 :!: 5 II? • :!: 0,8 [I35] 
I49 :!: 5 II2,4 ±o,8 (I35] 
630 :!: IS ISO :!: !3 (IIO] 
970 ±IQ II6 ± I7 (!48} 

I ± o,oo3 r3B I 52 :!: 8 (I02] 
n + He

4 
47,5 :!: I2 M3B 377 :!: I2 [99] 
77,[:!: I 22!,5 :!: 4,4 [!28] 
88 ± I4 !99 :!: 6 [99] 
88,! :!: I !95 :!: 4,0 fi28) 

no, J ± r !54,9 ±3,0 (1:28] 
I29,·f ± I !36,0 ± 2,8 (I28] 
I47 :!: 6 II4,5 ± I,O [135) 
ISO,'I ± I I2I,4 ± 2,4 [£28) 

6 
I ± o,oo3 r3s !99 ±II (I~) 

p + Li I8 1L ± 01 05 r3s 252 :!: 5 [26] 
p + L17 408 ±IQ M3B !94 :!: 8 tl2?1 

7 
I8,1 ± 0,05 r3s 250 :!: 5 [26) 

n + Li 85 :!: 28 1.13B 3!4 ± 6 [6I] 
280 :!: 45 !64 :!: 7 {851 
?65 ±3Q 22!,2 ± 4,7 (34) 

9 208 ±4 M3B 24., :!: 4 (llo) p + Be 

3!5 :t 8 229 :!: 8 [701 
408 :!: IO 242 :t 6 [I27] 
650 ± 5 272 :!: 7 U3I) 
860 ±so ~ 5I6 :!: I6 [58] 

2,2 :!: 0,!3 r3s 3D I :!: 5 [I24,I25] 
!8,4 :!: o,os 2?8 ±4 (26) 
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1 2 5 4 

n + Be
9 85 ± 28 ),\3B 43! ± 8 [6!] 

95 ± 26 396 ± 4 [72] 
!56 ± 3 258 ± !4 [!59] 
270 ± 60 229 ± 3 [7!] 
280 ± 45 225 ± 4 [8!i] 
380 ± 50 233 ± 4 [761 
4!0 ± 20 23! ± 4 [!33] 
500 ± 70 249 ± 3 [761 
590 ± 80 26! ± 4 [75. 76] 
630 274 ± 4 [76] 

12 
!,4 ± 0,2 f3B 308 ± I3 [62] 

p + c 208 ± 4 L\3B 296 ± 4 [70] 
3!5 ± 8 292 ± 6 [70] 
408 ± IO 285 ± 4 li27J 
650 ± 5 340 ± IO [!3!] 
860 ± 50 ~ 405 ± 23 [58) 
902 ± IO 392 ± 24 [33) 
907 + 23 362,0 ± 2,4 [!26] 

- 30 
967 ± IO 374 ±34 [24) 

I ± 0,003 f3B 370 ± 9 [!02) 
2,2 ± !3 367 ± 8 [!24,!2~ 

3 ~390 
XX f!I] 

20,6± 0,05 335 ± 7 [26] 
.12 47,5± !2 LI3B 984 ± 20 [99] n + C 

48,80 ± !,80 969 ± 9 [36) 
50,oO ± !,90 930 ± 9 [36) 
52 ± 1,5 892 ± 22 p:60] 
52,5 ± 2,0 9!2 ± 9 [361 
54,5 ± 2,! 878 ± 9 [361 
56,6 ± 2,2 844 ± 8 [36] 
58,8 ± 2,3 808 ± 8 [36] 
60 ± !,5 789 ± !2 [!60] 
6!,0 ± 0,5 674 ± 62 [65,66] 
6!,! ± 2,4 782 ± 'l [361 
63 ± !,6 784 ± 5 li58,I6~ 
63,5 ± 2,5 775 ±7 [36] 
66, I ± I,O 67! ± 42 [65,66] 
66,! ± 2,7 740 ± 7 [36] 
68,9 ±5,o 698 ± 9 [361 
7!,2 ± ·o,5 60! ± 4! [65,66} 
72,0 ± 3,2 666 ± 6 [36] 
75,3 ± 3,5 654 ± 6 [36] 
76,7 ± 0,5 6!4 ± 3! [65,66) 
78 590 ± !5 [II9) 

~7 



[, 

il 
i'' 
~ 
i I 2 3 4 
f 

t ,, 
i 78,9 ± 3,8 6I7 ± 6 (36] 

8I,2 ± I,o 585 ± I7 [65,66] 
82,8 ± 4,0 582 ± 6 [36] 
84 ± 1,5 57!± 6 fl601 
85 545 ± IO UI9) 
85 ± 28 550 ± II [6I) 
85,5 ± ~5 602 ± I9 [65,66] 
86,9 ± 4,3 555 ± 6 [361 
88 530 ± IO [II9) 
88 ± I4 560 ± 8 ~] 
88,2 ± I 547 ± II [128] 
9I,3 ± 4,6 535 ± 6 [361 
92,3 ± 7 520 ± 80 (65,66] 
93,4 ± 0,5 5I8 ± 6 [65,66] 
95 ~ 'E,5 508 ± 5 [I58,160] 
95 ±'26 498 ± 3 [72] 
%,0 ± 4,8 509 ± 6 [36) 
97 ± 5 500 ± I2 [132) 
97,2 ± 1,0 494 ± 4 (65,66] 
98,I ± I 490 ± IO [128) 
99,4 ± 4 5I8 ± 4 [65,66] 
100 470 ± IO [II9] 
IOI,o± 5,0 472 ± 6 [36] 
IOI,I± 0,5 466 ± 7 [65,66] 
106,o± 5,3 456 ± 5 [36) 
I06,s± 2 508 ± I8 [65,66] 
IIO,o± I 439 ± 9 [II9) 
III 437 ± 8 [50) 
II1,s± 5,7 435 ± 7 [36) 
II4 420 ± 15 [II9) 
II? ± 2 408 ± 4 [160) 
II? ± 5 392 ± 6 [I32l 
II7,s± G,o 405 ± I2 [36] 
1!9,61 I 403 ± 8 [!28] 
126 ± 2 390 ± 5 [r6o] 
I29,LJ! I 375 ± 6 [128) 
I31 365 ± IS [1!9] 
139 ± 3 355 ± 3 [I02] 
!40 ± 5 349 .t 4 [1:32) 

I4fJ,9± l 346 ± 7 [!28) 
150,9± I 341 ± 7 (I28) 
!53 ± 3 330 ± 3 [159, I60] 
155 270 ± 20 [II9] 
I56 ± 5 325 ± ID [I32l 
160 ± 30 2% ± 6 [73) 

l"' 



I 2 3 4 

I69 ± 4 323 ± 3 [I5 l) 
I80 ± 7 3II ± 9 fn ~1 
I90 ± 40 29I ± 9 (7 S] 
220 ± IO 296 ± 3 [13. ~] 
220 ± 45 285 ± 60 [7S] 
270 ± 60 288 ± 3 [7C) 
280 ± 45 279 ± 4 [8>] 
35I,5 ± IO 285,3 ± I,6 (Hl 
380 ± 50 286 ± 2 [7 >1 
4IO ± 20 297 ± 3 [n s) 
500 ± 70 306 ± 2 (7 ;] 
590 :!: 80 3I9 ± 2 (7>, 76} 
630 324,0 ± I,5 [IO>) 
630 ± 85 338 ± 5 (? ;) 
765 ± 30 342,I ± 3,7 [3+] 
I,4 ± 0,2 ras 378 ± IO (6~) 

5 ± 0,4 3I9 ± 20 (B) 
8,3 ± 345 :!: IS [I35) 

n + z14 47,5 ± I2 1\3B IIIO ± 25 (99) 
85 ± 28 656 ± 2I (EI] 
88 ± I4 636 ±IQ [S 9] 
88,2 :!: I 622 ± I2 ~28) 
95 ± 26 570 ± 7 [~ 2) 
98,I ±I 564 ±II [l:28) 
IIO,O ± I 508 :!: IO [r2 8) 
II9,6 ± I 471 ± 9 [I< 8) 
I29,4 ± I 437 ± 9 f!< 8) 
I40,9 ± I 407 :!: 8 [I< 8) 

p + 016 
I50,9 :!: I 389 ± 8 ll< 8) 
208 ± 4 M3B 395 ± 8 [';a) 
3I5 ± 8 379 ± IO Col 
408 ± IO 406 ± 3 ~' 7) 
650 ± 5 416 ± 30 [r: I] 
907 + 23 469 ± IO [G 6) 

- 30 
I ,± 01 03 f:JB lt75 ilj.lj. [H 2] 

16 
Lt7,5 ± I2 1220 i 25 e 9J n + 0 Msa 
85 ± 28 765 ± 30 [EI) 
88 ± Ilt 743 ± 15 e·9J 
88,2 i I 731 ± IS [I ~8] 
93,lt ± 0,5 ?21 ± 13 [ )5,66] 
95 ± 26 663 ± '1 [ 72] 
97,2 i 1,0 675 i 9 [. )5,66] 
98,I ±I 648 ±B II ~8J 
IOI,I ± u,s 649 ± Ilt r >s,66J 



I 2 3 4 

!06,8 ± 2 668 ± 42 [65,66] 
!09 ±II 656 ± 6 [5] 
IIO,O ± I 58! ± !2 (!28] 
II? ± !5 598 ± 6 [5] 
II9,6 ± I 53? ± II [!28] 
!29,4 ± I 49? ± IO [I28] 
!32 ± I2 5!8 ± 6 [5] 
!40,9 !: I 45I ± 9 [I28] 
I49 tii 4'13 ± 6 [5] 
150,9 t I 44I ± 9 [128] 
!56 t 3 430 ± 4 [!59] 
I69 t 4 430 ± 5 (I 57) 
!69 t 9 43! ± 6 [5) 
270 t 60 3?2 ± ? [?I) 
280 .: 45 380 ± 8 (85] 
351,5 :: 2,0 366 ± 3 [II] 
380 :: 50 3?6 ± 6 [76] 
4!0 :: 20 2?8 it. 5 [!33) 
500 :: ?0 398 ± 4 [76] 
590 '· 80 40? ± 5 [75, 76] 
630 j 85 422 ± 9 [?6] 
?65 :! 30 460,? ± 6,0 [34] 

n + Mi43 85 :! 28 M3B 1030 ± 20 [6!] 
p + A.l27 208 :! 4 MaB 592 ± IO (?OJ 

3I5 :! 8 580 ± I6 [?0) 
650 :! 5 ?IO ± 32 [I3I] 
830 ± !5 ) 530 ± 4 (64] 
860 ± 50 ~?50 :!: 50 [58] 
902 :!: IO 823 ± 30 [33] 
2,2 ± 0,!3 raB ?39 ± 24 [124,!25] 
!8,4 ± 0,05 68? ±IQ (26) 

27 
4?,5 ± I2 M3B !?50 ± 35 [99] n ... Al 

48,80 ± !,80 1690 ± 24 [36) 
50,60 ± I,90 !680 ± 23 (36] 
52 ± I,5 I62? ± 4I ti60] 
52,5 ± 2,0 !630 ± 2! [36} 
54,5 ± 2,I !620 ± !9 [36] 
56,6 ± 2,2 !530 ± !9 [36] 
58,8 ;1: 2,3 !500 ±IS [36] 
60 :!: !,5 !439 ± 25 [!60] 
6I,I ± 2,4 !5!0 ± !8 [36] 
63,5 ± 2,5 !453 ±I? (36] 
66,! ± 2,? I406 ± !6 [36] 
68,9 ± 3,0 !343 ± !9 (36] 
?2,0 ± 3,2 !3!9 ± IS [36) 
?5,3 ± 3,5 I2?2 ± !5 [36] 

40 



1 2 J 4 -
78,9 :!: J,8 1254 :!: 15 [J6] 

82,8 :!: 4,0 ll84:!: J..4. [J6J 
84 :!: 1,5 ll88:!: ll [160] 
84 :!: J4 ll40 :!: JO [)9] 
85 :!: 29 ].].20 +_20 [61} 

86,9 :!: 4,J llOJ + ].J [J6] 
88 + 14 1200 :t 25 [99] 
88,2 :!: 1 1026 :!: 22 [128) 
9J,4 + 0,5 1067 :!: 29 (65,66] 
95 :;: 26 99J :!: ].]. [72) 
96,0 ± 4,8 10J2 :!: ].J [J6] 
97,2:!: 1,0 1046 ! 2J (65 ,66] 
98,1 :!: 1 99J :!;20 [128) 
101,1;!: 5,0 955 :!: 12 [J6] 
101,1 :!: 0,5 920 :!: 50 (65,66] 
106,0 :t 5,J 910 + 12 [J6] 
106,8 ± 2 1064 :t 1JO [65,66J 
110,0 88 :!: 18 [ 65] 

III 905 ± 18 [50) 
III,s± 5,7 889 ± 12 [36) 
liS ± 30 733 ± 12 [73] 
II? ± 2 833 ± 8 (160] 
II? ,s± 6,0 818 ± 12 (36] 
II9,6± I 816 ± 16 [128] 
126 ± 2 799 ± 17 [160] 
129,4± I 763 ± IS [128) 
139 ± 3 729 ± II [160) 
140,9± I 705 ± 14 (128) 
150,9± I 672 ± 13 [128] 
153 ± 3 677 ± II [159,160] 
lAO ± 35 575 ± 13 [73] 
190 ±4Q 540 ± 28 (73] 
220 ± 45 576 ± 21 [73.) 
240 ± 50 576 ± 12 [73) 
270 ± 60 555 :!: 8 [7fl 
280 ± 45 566 ± 18 [85] 
J51 5 + 10 '' 565 ± 4,5 (I:() , - 15 

380 ±so 582 ± 8 [76] 
410 ± 29 587 ± 7 [133] 
500 ± 70 612 ± II. [76] 
590 ± 80 631 ± 9 [90,16] 
630 ± 85 645 ± 7 (75, 76] 
765 ± 30 660,2± 7,3 [34) 
1,4 ± 0,2 r::lB 703 ± 18 (62] 
5 ± 0,4 614 ± 33 [13] 
8,3 600 ± 23 (H6] 

281 !52 n + Si 93,4 ± 0,5 M:JB II36 (65,66) 
97,2 ± 1,0 1067 ± 42 (65,66) 
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I 2 3 4 

IDI,I ± 0,5 I040 ± 90 [65,66] 

)2 106,8 ± 0,5 925 ± 220 [65,66] 
p + s 208 ± 4 MsB 680 ± 20 [70] 

315 ± 8 686 ± IS [70] 
)2 

410 ± 20 fd<JB 6?2 ± 9 [I33] n + S 
p + Cl3~.5 208 1 4 740 ± 20 [70] 

n + c1 3~ 5 
315 ± 8 740 ± 20 [70] 
?6,7 ± 0,5 MsB I420 ± 85 [66] 
8I,2 ± I,O I597 ± 59 [66) 
85 ± 28 1380 ± 30 [6I] 
85,5 ± 0,5 1371 ± 59 [66) 
93,4 ± 0,5 I382 ± 58 [66] 

95 ± 26 I280 ± 20 [72) 
9?,2 ± I,O 1336 ± 40 (66] 
99,4 ± 4 I332 ± I9 [66] 
IOI,I ± 0,5 1380 ± 75 [66) 
I06,8 ± 2 I260 ± 90 [66] 
4IO ± 20 742 ± 9 [133) 

n + A139,~ 4?,5 ± I2 M<lB 2080 ± 45 [99) 
88 ± I4 I480 ± i:O [99) 

p + Ca.4(\1 830 ± I5 MsB > 720 ± IO (64) 
n + Ti47,9 6I,O ± 0,5 MsB I905 ± 90 (66] 

66,I ± I·,o 22IO ± 80 [66) 
71,2 ± 0,5 I880 ± 80 [66) 
76,7 ± 0,5 I?60 ± 90 [66] 
8I,2 ± I,O I900 ± 57 [66) 
85,5 ± 0,5 I?72 ± 59 [66) 
92,3 ± 7 I73? ± I5 [66) 
93,4 ± U,5 I650 ± 4I [66) 
97,2 ± I,O 1565 ± 29 (66) 
99,4 ± 4 I628 ± 20 [66] 
IOI,I ± 0,5 I5?4 ± 54 [66] 

F ,5, 9 
I06,8 ± 2 I490 ± 80 (66J 

n + e 51 ± 2 MaB 2350 ± 100 [161) 
59 ± 2 2200 ± roo (I6I) 
69 ± 2 2150 ± IOO [I61] 
79 ± 2 2000 ± IOO [16!] 
90 ± 2 1850 ± 90 (I6I) 
93,4 ± 0,5 1947 ± 48 [65,66] 
9?,2 ± 1,0 1874 ± 37 [65,66} 
IOI,I ± 0,5 I?35 ± 80 [65,66) 
104 ± 2 I?50 ± 80 [16I) 
I06,8 ± 2 I940 ± 185 [65,66) 
III 1680 ± 30 [50) 
!56 ± 3 1238 $ I6 ti59) 

410 ± 20 I0?3 - 12 133} 

42 



----
1 2 J 4 

p+Cu6J,5 902 * 10 MaB 15JO ± 160 [JJj 

2, 2 :1: 0.1J raa 1534 ± 85 [1: 4,125] 

18,4 :1: 0.05 1J60 ± 20 [26] 

n + cu63 •5 47,5 * 12 14aB 2810 * 70 [J6] 

48,80 * 1,80 2680 :1: J5 [36] 

50,60 :1: 1,90 2770 :1: J3 [J6] 

51 * 1,5 2600 ± 70 [161] 

52 * 1,5 2630 :1: 50 1160) 

52,5 * 2,0 2740 ± 31 [J6) 

54,5 * 2,1 2720 :1: 31 [36] 

56,6 * 2,2 2690 ± JO (J6] 

58,8 :1: 2,J 2620 ;1: 28 (36) 

59 ;1: 2 2550 :!. 70 [161] 

60 :1: 1,5 2559 ± 40 fl60] 

61,0 :1: 0.5 2440 :1: 20 [66] 

61,1 :1: 2,4 2630 :1: 28 [J6] 

63,4 :1: 2,5 2630 :1: 27 [36] 

66,1 :t 1,0 2495 :1: 80 [66] 

66,1 ;1: 2,7 2540 :1: 26 [36) 

68,9 :t 3,o 2520 ± 36 [36] 

71,2 :1: 0,5 2450 :1: 103 [66] 

72,0 ;1: 3,2 2490 :1: 24 [J6) 

75,3 * 2,5 24.10 :1: 22 (J6] 

76,7 :1: 0,5 2150 :1: 100 [66] 

78,9 :1: 3,8 2370 ± 21 [J6] 

81,2 * 1,0 2335 1: 65 [66] 

82,8 :1: 4,0 2250 :1: 20 [36) 

84 * 1,5 2260 t 22 [160 1 
84 ::1: J4 2,50 :1: 40 [J9) 

85 ::1: 28 2220 :t 40 [61) 

85,5 :1: 0,5 2225 :t 70 [66) 

86,9 :1: 4,3 2220 :1: 19 [36) 

88 * 14 2265 .:t J5 [99) 
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1 2 J 4 

-· 
9l.,J :1: 4,6 21)0 : 19 [J6] 

92,J :1: 7 2l.J9 :1: 19 [66] 

9J,4 :1: 0,5 2204 ± 56 (66] 

95 :1: 2; 2000 :1: 20 [72) 

96,0 :1: 4,8 2050 :1: 19 [J.J6) 

97,2 :1: 1,0 202J :1:: J9 [66) 

99,7 :1: 4 2ll8 :1: 2J (66) 

101,0 , 5,0 1970 :1: 17 [J6) 

101,1 • o, 5 1880 :1: 70 [66) 

106,~5,J 1860 :1: 17 [J6) 

106,8:1: ~ 19J5 :1: ].].0 [66) 

].].]. 1870 :1: JO [50) 

l.l.l.,5 : 5,7 1790 ± 17 (J6) 

].].5:1:25 1520 :1:: 60 (7J) 

l.l.5:!: JO 1490 :1: 20 [7J] 

l.l.7± 2 1702 :1: 10 [160l 

l.l.7,5:!: 6,0 1680 :1: 17 (J6] 

126 .:t L2 1627 :1: 22 [160) 

1J9 :1: ) 1490 :1: 20 [160] 

145 .:t )0 l.J10 ± 40 [7J] 

15J :1: J 1J76 :1: 18 [159' 160] 

155 :1: )0 1)00 :1: 40 [7J] 

180 :1: J5 1250 :1: JO [7J) 

190 :1: 1.0 ].].50 :1: 40 [7J] 

220 :1: 1.5 l.l.50 :1: J5 (7J] 

240 :1: 50 ].].50 :1: 20 I7JI 

270 * 60 l.l.45 :1: J2 [n) 
280 :1: 45 ].].90 :1: 20 [85) 

J51 5- •10 ll.J8 :t 9 [n} 
' -15 

J80 :t 50 l.170 :t JO (76) 

4J.U :1: 20 ll87 :1: 14 [1JJ) 

500 :1: 70 1210 * 20 [76) 

590 * 80 1250 :1: 40 [75,76] 

6JO :1: 85 l.J10 :1: JO (76) 

765 .:t JO l.J10 :1: 24 [J4) 

1,4 :1: 0,2 ra:~~ ].)88 :1: J9 [62) 

J 1260 XX [140) 

5:1:: 0,4 ll58 :1: J4 [J.J) 

8,J 1217 :1: 48 [J.J6] 

65,4 
n + Zn 85 :t ::8 Mall 22].0 :1: 40 [ 61) 

1!. + Cdll.2,4 48,80 :1: 1,8~ lla:B JJ70 t 5J (J6) 

50,60:: 1,90 J400 ± 5o (J61 

52 :1: :.,5 JJ76 ± 52 [160) 

52,5 ;: 2,0 JJ90 :1: 49 [J6] 

54,5 " 2,1 J450 ± 48 (J6] 
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2 J 4 
-

56,6 ± 2,2 J440 ::1: 47 [J6] 

58,8 ± 2,J )500 :1: 45 [J6] 

60 :t. 1,5 JJ24 :1: 48 [160} 
61,1 ± 2,4 )500 ::1: 44 (J6) 
6),5 ± 2,5 J540 ::1: 4J [J6) 

66,1 :1: 2,7 J5JO ::1: 42 [J6) 

68,9-t J,O )580 % 49 [J6]-

72,0 ± J,2 J52U :1: )9 (J6] 

75,J ± J,5 J540 .± J8 [J6) 

78,9 .± J,8 J5JO :1: J8 1)6) 

82,8 ± 4,0 )400 ::!: J5 [J6) 
84 ± 1,5 JJ41 ± Jl [160] 

86,9 ± 4,J ))20 ± J5 [36) 

9l,J .± 4,6 )240 ± J5 (.36) 
9J .± 1,5 J146 :1: 61 [160] 

96,0 ± 4,8 )170 :1: J4 [36) 

101,0 :1: 5,0 )020 ± J5 (J6) 

102 ± 2 )08) i: 52 [16o] 

106,0 :!: 5,J 29JO ± J5 [J6] 

111 2850 i: 60 [50) 

111,5 .± 5,7 2820 ± J5 (J6] 

117 .± 2 2686 :1: J7 (160] 

117,5 ± 6,0 2660 :1: JJ [J6) 
126 ..± 2 2568 ± )0 [160) 

1J9 :1: J 2)49 1: 19 (160] 
410 ± 20 1848 :1: 21 (DJ] 

n + sn118,7 85 ± 28 M3B )280 ± 60 [61) 

95 .:t 26 J180 ± JO [72] 

190 i: 40 190 ± 70 (7J] 
270 ± 60 1870 ± )0 [71) 
280 :1: 45 18)0 ± JO [85) 

)51 5 + 10 
1887 ± 15 [n) 

' 15 
)80 ±50 1880 ± 40 [76) 

500 ± 70 19)0 ± JO [76] 

590 ± 80 1980 ± 40 [75, 76] 

6JU .:!: 85 20)0 :1: 40 [76] 

1,4 ± 0,2 rsB 2202 .± 62 [62] 

5,0 ± 0,4 1986 ± 88 [lJ) 

8,J 1805 ± 57 [1J6] 

n + Sb121,8 
51± 2 MsB )400 .:t 100 [161] 

59 ± 2 JJOO ± 100 [161) 

69 ± 2 J550 :!: 100 [161) 

79 ::1: 2 JJ50 :t 100 (Hu.) 
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[! 
1 1 J 4 

I 
I 

[161] I 90% ; Jo50 * 100 
104% 2 J050 % 100 [261] 

'I' lll 2910 % 60 (50] 

765 * JO 2149 * 74 [J4] 

n + BalJ7,4 156 * J MsB 2476 * 88 [15~ 

181 
n + Ta 51* ; M3B 4100 :t 150 [161] 

59*: J950 :t 150 D.6ll 

71 * : 4200 :t 170 [16.ij 
80 i: : 4200 i: 170 [16Jl 
90 :t : 4100 :t 150 [161] 

104 * 2 4150 :1: 150 [16JJ 

n + wl8J,9 
270 * 60 M3B 2610 :t 50 [71) 

J80 * 50 2690 :t 40 [76) 

500 * 70 27JO a JO [76] 

590 * 80 2780 * 60 [75, 76] 
6JO 1: 85 2820 * 50 [761 

200,6 
n + Hg 61 0 0 ~ 0,5 MsB J770 * 490 (66J 

66,1 ~ 1,0 5000 :i; 400 [66] 
71,2 ~ 0,5 5J20 * 575 [66) 
76,7 ~ 0,5 4J10 * 200 [6o) 
81,2 :t 1,0 4985 :t 150 [66] 

85, 5 :t 0,5 4680 % 150 [66] 
92,J :t 7 4765 * 120 [66] 
9J,4 :t 0,5 4Jl5 * 150 [641 
97,2 :t 1,0 4450 :t 105 [66] 

99,4 :t 4 4697 * 50 (66) 
101, 1 :t 0,5 4525 :t 180 [66) 
106,8 :1: 2 4540 * 255 (66) 
1ll 4200 ± 80 [50) 
280 :1: 45 2800 * JO (85) 

p + Pb 
207,2 

8JO :t 15 I!I3B > 2080 :1: 40 [64) 
1 :1; o, OOJ r3B Jl55 :1: 450 [102] 
J J300 XX [140] 
18,4 ::t o,o5 3290 :t 100 [26] 

n +'Pb207,2 47,5 :1; 12 M3B 4460 * 100 [36] 
48,80 t 1,80 4290 * 52 (36] 
50,60 t 1,90 4290 :1; 50 [36) 

52* 1,5 4274 ± 67 (i60J 
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1 2 J 4 
52,5 :t. 2,0 4JOO :t 50 (J6] 

54,5 :t 2,1 4410 :t 48 [;l6] 

55 4220 :t 70 (1J4] 
56,6 :i: 2,2 4J90 :t 46 [J6) 

58,8 :1: 2,J 44JO :t. 45 [J6] 
60 :t 1,5 42J6 :1: 52 [160] 

61,0 :t. 0,5 4590 ;t 225 [65,66] 
61,1 :1: 2,4 4460 :1: 44 [J6] 

6J,5 :t 2,5 4640 :1: 4J [)6 ] 
64 ±1,5 446) :i: 82 [160] 

66,1 :i: 1,0 4550 :1: 160 l65,66J 
66,1 ;t 2, 7 4610 ± 42 [J6] 
68,9 ;t 2,0 4620 ± 55 [J6) 

71,2 :i: 0,5 4650 ± 195 [65,66) 
72 :i: 1,5 4762 :1: 94 (160) 

72,0 :i: J,2 4690 ± 40 [J6] 
75,J ;t J,5 4760 ± J9 [J6] 
76,7 :t 0,5 4590 ± 225 [65,66] 

78,9 "' J,8 4790 ± J8 (J6) 

79 • 1,5 4742 1:: 52 [160] 

81,2 :i: 1,0 4450 :1: 160 [65,66] 

82,8 .:1: 4,0 4780 :1: J7 [J6) 

84 :i: 1,5 4685 ± 48 [160) 
84 :1: J4 4470 :t 110 (J9) 
85. 27 45JO :1: 90 [61) 

85 4870 :t 60 [l.J4] 
85,5 :t 0,5 4650 ± 195 (65,66) 
86,9 ± 4,J 4750 :1: J6 [J6) 
88 :t 14 48JO :t. 40 [99) 

9lJ "' 4,6 4690 ± J6 [J6) ,jl 
92,J "" 7 4605 ± 120 [65, 66) 

.ii 9J :t 1,5 4762 1:: 66 [160] 'I ., 
9J,4 :1: 0,5 46JO :t: 90 [65, 66] 
95 :i: 26 4480 ± JO (721 
96,0 :t 4,8 4690 ± J5 [J6] 
97,2 ± 1,0 4595 ± 65 (65 ,66] 
99,4 :1: 4 4605 ± 120 (65, 66] 
100,7± 12 4569 ± 46 [961 
101 .:1: 5 4560 ± J5 (J6] 
101,1 :t 0,5 4410 :1: 120 [65,66] 
102 :1: 2 459J ± 64 [160] 
106,0 :i: 5,3 4450 :1: J4 [J6) 
106,8 .:1: 2 4740 t 209 [65,66] 
111 4250 t 80 (50] 

111,5 .:1: 5,7 4400 ± J4 (36] 
115 :i: JO 3710 ± 60 (7J) 
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r 
I --------------------------------------

1 2 J 4 

117 :i: 2 4214 '*' 44 [160j 

117,5 :t: 1.,o 4210 ± J4 (J6] 

126 ;!: 2 J917 ± 64 [160] 

lJ9 ± J J691 :i: 41 [160) 

15J ± J J499 ± 26 (15:) '160] 

180 ± J5 J060 :i: 60 ['lJ] 
190 '*' 40 2850 * 100 [7J] 

220 * 45 2990 ± 140 [7J] 

240 ± 50 2880 ;!: 50 (7J] 
27U :1: 60 2840 :1: JO [711 
280 ± 45 2890 ± JO [85] 

J5.1,5 + 1 ) 2828 :t. 14 [lll 
J80 ± 5o ·5 2810 ± 50 [76) 

410 ± 20 2890 ± JO [lJJ) 

500 ;!: 70 2850 ± JO 176) 

59U ± 80 2920 * 70 [75, 76] 

6)0 * 85 2940 * 70 (76) 

765 * JO Jl06 * 45 [45) 

1,4 :1: 0,2 I' an )209 ± 55 [6J] 

5 ± 0,4 25)4 * 105 [D ] 
8,J 2556 :1: 100 (1J6) 

209 
45 ± 8 

Man 4800 :1: 400 [161] n + Bi 
52 ± 6 4400 ± 400 [161) 

60 ± 9 4150 ± )50 [161] 

70 ± 8 49)0 ± 400 (161) 

78 ± 10 4790 * )00 (161] 

90 ± 10 4750 ± JOO [161] 

105 ± 16 4670 ::1: JOO (16]) 

111 4270 ::1: 80 [50] 

122 ± 16 4220 ± JOO [16JJ 

142 ± 22 3740 :1: J50 [161) 

170 ± 25 J200 ± 450 [161] 

1,4 ± 0,2 ran 3275 ± 62 [62) 

2J2 
410 ± 20 Man J210 ± 40 [lJJ) n + Th 

n + u2J8,1 45 ± 8 MoB 5000*. 400 [161] 

48,80 t 1,80 4760 ::1: 7J [J6] 

50,60± 1, 10 4820 :1: 69 [J6] 

52 ± 6 4JJO *- 400 [16JJ 

52,5 ± 2, ) 4680 :1: 68 fJ61 

54,5 ± 2, L 478o :1: 65 (J6J 

56,6 ± 2, ~ 4680:!: 6J (l6] 

58,8 ± 2, l 4690 ± 61 [J6] 
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-----------------------
1 2 J 4 ------------------

60 ± 9 4J60 ± J50 [161] 

61,1 ± 2,4 4800 ± 59 [J6) 

6J,5 ±. 2,5 4860 ± 57 [J6] 

6~1 ± 2,7 5040 ± 56 [J6) 

68,9 ± J,O 50JO ± 64 (J6] 
70 ±. 8 5200 ± J50 [161] 
72,0 ± J,2 5100 ± 5J [J6) 

75,J "' J,5 5120 ± 51 [J6) 

78 ±. 10 5150 ± JOO (161] 

78,9 .:1: J,8 5070 ± 51 [J6) 

82,8 ± 4,0 5220 ± 50 [J6) 

85 ± 28 50JO ± 100 [61) 

86,9 ± 4,J 5190 ± 49 (J6] 

90 ± 10 5100 ± JOO [161] 

9l,J ± 4,6 5190 .:1: 49 (J6) 

95 ± 26 4920 ± 60 [72) 
96,0 .:1: 4,8 5200 ± 49 [J6) 

.101, Oi5,0 5080 ± 49 [J6) 

105 ±. 16 5000± 400 [161] 

106,0 .:1: 5,J 4920 .:1: 51 [J6] 

111,5 .± 5,7 4820 ± 54 [J6] 

117,5 .:1: 6,0 4610 ± 66 [36] 

122 ±. 16 4800 ± JOO (161) 

142 .:1: 22 4190 .:1: J50 [161] 

170 = 25 JOOO+ 450 [161] 

190 .:1: 40 3280 ± lJO [7J] 

270 ± 60 J290 ± JO [71) 
280 .:1: 45 J140 ± 50 (85) 
J80 ± 50 J250 :1: 60 [76] 

410 ± 20 J2JO ± 40 [lJJ] 

~00 ± 70 3270 ± 50 [761 

590 ± 80 J290 ± 70 [76, 75] 

6JO ±. 85 JJOO± 80 [76) 

1,4 ± 0,2 raB J640 ± 91 [62) 

x)B npl1Be.neHHoe 3HaqeJIMe He BKJIJHeRO ceqenMe ,m11 yrnoB 8 <::ro0 • O,nRl.KO 3Ta qacu 

ceqeJIHII ne3Haqi!TeJI:oHa no cpaBHeHI!I> c noJIIIhiM I!IITerpaJI:oHuM ceqeHHeM. 

xx)Buq11cneno no 3Kcnepi!MenTaJI:OHOMY ceqeJIHI> ynpyroro pacceHHI!H sa HYJie3on yroJI 

c-t= 4nJ3ee(o)' /k . 
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TatlJinL\a n 

Ce'lel!l:e Heynpyroro B3aiD.!O)IC:1CTBllll npOTOHOB II HefiTpOHOB 

B3ai!MO-
,nei1CTBI!e 

Oin [u6] Jll!reparypa 

------------------
1 2 J 4 -,_ 

1077 :t 4,4x [46] p + He 5J ' 4 tl3B 
6JO ± 15 126 :t 14 [110] 

970 :t 10 9J ± lJ [148] 

1 * o,oooJ ra:a lll :t 10 [102] 
,_ 

92 :t 50+ [156] n + P.e 90 ' 50 IA3B 

6 
p + Li 18,, * o,oo5 ra:a 194 ± 5,4 [26} 

p + Li6,9 .180 M3B .149,0 ± J,O [104) 

p + L17 18,< :t 0,05 ra:a 208 ± 5,5 (26) 

9 
[108) p + Be 99,: .t 0,5 M3B 

2)1 :t 6 

180 172 r 17 (104] 

185 169 ± 17 [109} 

240 169 :t 17 [109} 
)05 151 :t 15 [109] 

650 ± 5 191 ± 8 [131] 
860 :t 50 169 :t 15 [58) 
2,2 :1: O,lJ ra:a 2)6 ± 4,0 [124,125] 
18,, ± o,05 227 :t 4,8 [26] 

2J,: :1: 1,1 180 [9 J 
9 

[62] n + Be lf ± 0,2 ra:a 187 :t 12 
P + c12 60 MaB 215 .:t 15 [49] 

77 .:1 5 218,7 :t 7,7 [90] 

95 .:1 5 2)~5 .:t 7 ,J (90] 

99,J ± 0,5 245 .:t 7 [108) 

llJ ± 5 219,4 ± 7,2 [90] 

lJJ ± 5 22J,l :t 6,J [90] 

1)4 :1: 4 220 * 24 [51) 
180 212,J ± 4,8 (104) 
185 204 ± 20 (1o9] 
240 202 t 20 (109] 

290 199 ± 20 [Do) 
J05 lfl7 t 18 [109] 



1 2 J 4 

650 :!: 5 227 * 12 (1J1] 
860 :!: 50 209 ± 22 (58] 
902 ;1: 10 2)0 :1: 20 (JJ] 
907 +2J 241,9 :!: 8,4 (126] -JO 
967 ;1: 10 254 ± J7 (24} 

1 ± o,ooJ rs:s 258 ± 17 [102] 
2,2 :t O,lJ 260 :1: 6 [1.24,125] 
2,78 ± O,l7 2JO ± ].2 [J5] 

5 210 :1: 20 [2J) 
].0 21.5 :1: ].0 [2J) 
17 +17 210 :1: l5 [25) -7 
20 1.90 :!: 20 [2J) 
20,6 :!: 0,05 254 .:1: 6,4 [26) 
2J,J :1: l,l 210 [9] 
JO 2JO ± lO [2J) 
J2±l8 256 :1: l5 [1.68) 
80 270 ± 20 (2J) 
250 )80 ;1: 50 [2J) 
500 J70 .:t 60 [2J) 
600 220 + 20 [149) -26 

n + c12 55 :1: 2 liiSBX:X 276 :t 25 [l5J] 
6]. ± 4,5 200 ± 1J [129] 
81 :1: 2 XX 202 ± 20 [16J] 

95 "' 26 22J ± 7 (72] 
105 ± J XX 2)4 ;t 8 [16J) 
140 ± 4 XX 221 :1: 9,5 [l6J) 

270 ± 60 145 ;t 6 [71) 
JOO + 10 20) ± JJ [17] 
J?l,5 - 15 !S 200,8 ±. 4,7 ++ [12) 
76" ± )0 198 ± ].8 [J4) 
1,4. 1: 0,2 r:JB 201 .:t 1J [62) 
') + 0,4 2)5 ± 16 [1J] 
b,J 218 ;1: 8 (J.J6] 

p • t'll4 80<} MSB ;::. 260 [1.4) 
?,2. .lf).) ]':JB ~ 290 (14] 
'5.1.0) ~)50 [14] 
1.01 260 :t u.o [162] 
(lr/ .. liJB) 

l(; 
Mou [48] p : 0 4? J95 .1: ?.'( 

'JO/? l ?'.16 .t l c) [126] )0 

I I. ~: n,ooJ ran 2% .t 50 [102] 

·'>I 



1 2 J 
-----l9 _____ -------

p + F 99,1 :1: l,5 Ms:a J5J ± 7 

24,J 
p + Mg 99,4 ;;t: l,5 

27 
p + A1 60 

77 ± 5 
95 :t 5 
99,7 ;l: l,5 

UJ ± 5 
1J4 ;;1: 5 

1J4 :t 4 

180 

.185 
240 

290 

J05 

650 .± 

710 
860 ;;1: ~0 

902 ± J 0 

Ma:a 

Ms:a 

2,2 ± c ,D rs:a 

n + AJ. 27 

p + SJ2 

--4 
18,4 :1: o,o5 
23,J± ~.1 

55 ± 2 
81 :t 2 
84 :1:: Ji 

95 ± 2t 

105 i: XX 

140 ;;1: I XX 

JOO 

J51,5 -~ 1~ 
765 ± .10 

1,4 :t 11,2 
3,6 ± ,,,7 
5 ± o, .. 
a,J 

J2 
(15+50 I 

Ys:axx 
XX 

ra:a 

rs:a 

p + ca40,1 99,J :1:: 0,5 Ms:a 
180 

J99 :1:: 11 

420 ± JO 

444 ± 14 

415 :t 1J 
4JO ± 12 

408 i: lJ 

424 :1: lJ 

J72 ± J7 

J90 ± lO 

-408 "' 4.1 
JSJ ± 41 

416 ;l: 42 

JJ4 :t. JJ 
418 ± 22 

440 ± 40 

J94 ± 10 

J70 ± 29 

50J i: 16 

J,98 ± 11 

472 :t 15 

400 
<: 499 ± 40 

412 ± J3 
430 % 50 

418 .± 15 

428 ± 10 

418 % 14 

390 ± 2J 
~395 ± u++ 

392 ;;1: 10 

414 ± 23 

430 ± 56 
381 ;!: 27 
380 ± lJ 

52 

680 i: 100 

580 ± 16 

524 ;!: 14 

4 

[108] 

[108] 

[491 
(90] 
(90] 
(108] 

(90] 

[9o] 
[51] 
(104] 

[109) 
[1o~) 

[130] 
(109) 

[131] 
(28) 

[58] 

(J3) 

[124,125] 

[153) 

[261 
( 9) 
[163] 

(163] 

[39) 

[72} 
[16J] 

[16J] 

[111 
[12) 

[J4] 
(62) 

[21) 
[13) 
[1J6] 

[168] 

[108) 

[104) 



__ 1 2 3 4 
-45 

L!SB 634 :1: 18 [108] p + So 99,2 ;t: 0,5 

p + Ti47,9 99,9 ;t: 0,5 !.laB 674 ;1: 19 [109) 

P + u51 99,.1 * 0,5 L!SB 692 ± .19 [.108) 

p + Fe55,9 6.1 ±. 4,5 L!SB 6.17 ± 40 [129) 

98,7 ;t: 0,5 747 ± 2.1 (lOB) 
180 662 ;t: 19 [104] 

2, 78 ;t: 0,17 raB 690 ± 28 (35] 

J2 790 .± 120 [.168) 

(15.;-50) 

37 590 :1: 50 [41] 
(2&+58) 

77 610 ;1: 60 [ 41] 
(58 "': 121) 

175 ± 75 690 :r 50 [77) 
178 790 * 250 (41] 
(.121.;.387) 

325 :1: 175 570 * 70 [77] 
500 910 +140 [15] 
600 -136 

[77) 860 ± 280 

n + Fe55,9 37 rsB 600 ± 40 [41) 
(28 -+ 58) 

77 620 * 50 [41] 
(58 +121) 

178 670 ±DO [41] 
(121~387) 

58.7 
[108] p + Ni 98,5 .± 0,5 IISB 771 ± 22 

c 58.9 
P + a 98,5 :1: 0,5 1.\SB 780 ± 22 [108] 

P + Cu63,5 77 :1: 5 MSB 746 * 21 [90) 

95 :1: 5 774 ± 22 (90) 

99 :1: 0,5 835:1:23 [90) 

113 ± 5 751 :1: 25 [108} 

134 :1: 5 779 :1: 23 (90) 

134 :1: 4 752 ± 68 [51} 

185 746 ;1: 75 [109) 

240 667 * 67 (109) 

290 717 * 72 (DO) 
305 608 * 61 (1o9) 

650 :1: 50 850 ± 17 rn11 
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-----------------------
1 2 J 4 ----

860±50 728 ± 17 (58) 
902:tl0 740 ± 52 (JJ] 
2,2-t 0,1J ran 914 ± 44 [124,125] 

""4 899 .± )8 [15J] 

5,7 89) [20) 

18,4 850 .± )2 [26] 
2),1 715 j: 20 [1J7] 
2J,J 740 .± 20 [10] 

n + Cu
63

•
5 55 ± 2 Llan XX <:: 1122 :1: lJ [16J] 

81 ± 2 XX 840 ;1: 4) (16J] 
84 ;1: )4 78o :1: 81 [J9] 

95 .± 26 782 ;1: 10 [72] 

105 .: J XX 
77J :1: lJ [16J] 

140 ·' 4 
XX 

741 :1: lJ [16J) 

270 " 60 57) :1: 2) [71) 

)00 755 ;1: JJ [11] 
)51 ' +.10 

•·' -15 
!!0: 774 * 18 ++ [12] 

765 " JO 742 .1: 2J [J4) 

1,4 , o,~ 674 ;1: J4 [62) 

J,6 ;· 0,7 704 ;1: 1,40 [21] 
5 ;1: (•,4 598 * 25 [.u] 
B,J 626 "' 29 [1J6] 

P + Zn65,4 
99,1 :1: 0,5 Man 857 :1: 24 [108] 

p + <lr91,12 98,8 :1: 0,5 Man 1077 :1: JO [108] 
• 92,9 

p + Nb 98,8 :1: 0,5 L\an 1094 :1: Jl [loa] 

p + Ho 
96 

99,1 i: 0,5 M::m 1119 ;1: )1 [loa] 
106.4 98,9 :1: 0,5 tJaB 1189 :1: JJ [1os] p + Pd 

p + Al07,9 77 ± 5 Man 989 :1: )8 [90] 

95 .± 5 1050 :1: JG [90] 

98,8 :t 0,5 1194 ;1: JJ [1DE] 

ll) :t 5 1125 .± )8 [90] 

lJ4 ;1: 5 1077 :1: 41 [go] 

p + Cd 
112,4 S48 ± 0,5 !l3JJ 1267 :!: )) [ ]_cl_.J 

lJ~ ± .t 1286 :!: 10) [5l] 
2J,l 

f;JB 114(, ± 40 [L:l'l] 
2),) 1180 :1: 25 (10) 

n + Cdll2,4 55±2 ex E.JJJ " 1546 ;1: 17 [16Jj 
81 J: ,xx L'·\9 ;i: 54 (lf;J] 
105 :!: )XX 1198 ;l: Jl [16%} 

'•! 



------ ---------
1 2 3 4 -

140 .:t 4xx 1073 .:t 19 [1631 

I 114,8 
P + .n 99,3 ;t 0,5 l!SB 1275 j; 46 [108] 

180 1165 :1: 34 [104) 

,, 118,7 
P + "n 61 :1: 4,5 IASB 995 :1: 70 [1291 

99,1 ± 0,5 1292 :1: 36 [108} 

650 ± 5 1285 :t 70 (131] 

860 :1: 50 1110 :1: 30 [58) 

,, 118,7 351 5 +10 MSB tf 1293 ;1: ."8 ++ [121 n + vn ' -15 
1,4 .:1: 0,21 f SB 1158 :1: 63 (62] 

8,3 1218 ± 50 [136] 

p + Sb
121

•
8 

902 ± 10 llaB 115):1: 22 [33) 

P + Lal38,9 98,8 .:t 0,5 !.!SB 1450 * 4l [108] 

p + Pr1 40• 9 98,6 :t 0,5 IASB 1446 :1: 40 (loa] 
p + Nd144 •3 98,6 .:t 0,5 !.ISB 1496 :1: 42 [108) 

P + Eu152 gg,t, .:t 0,5 IAaB 1632 :1: 46 [108) 

p + Gd157· 3 98,3 ± 0,5 !.laB 1596 :1: 45 [108) 

p + Tb158,9 98,7 :1: 0,5 MaB 1619 i: 45 [108) 

p + Dy-162,5 98,2 :t 0,5 MaB 1630 :1: 46 [108] 

p + Ho164• 9 99,1 :1: 0,5 MaB 1640 :1: 46 [108) 

p + Tu168•9 99,3 :t 0,5 II8B 1637 :1: 46 [108) 

p + Hr78 ,5 98,8 :t 0,5 LI8B 1700 :1: 48 [108) 

P • Ta181 98,3 :1: 0,5 loi8B 1710 :1: 48 [108) 

5,7 raB "' 1500 [96) 

p + w 183• 9 99,3 :1: 0,5 l.!aB 1733 .:t 48 [108) 

p + Re186 • 2 99,0 :1: 0,5 MaB 1730 :1: 48 [108] 
P + Pz195,1 99,3 :1: 0,5 MaB 1815 :1: 51 [loa) 

P + Au197 99,4 :1: 0,5 I.!SB 1757 :1: 49 [108] 

180 1660 :1: 50 [104] 
p + T1 204,4 99,6 ± 0,5 MSB 1791 ± 50 (108) 

p + Pb207,2 60 I.!SB 1825 :1: 100 [49) 

6.1 :1: 4,5 1490 :t 77 [129] 

77 ± 5 1665 :1: 60 [90) 

95 :1: 5 1756 :1: 67 [90} 

99,2 ± 0,5 1831 :1: 51 [108] 

113 :1: 5 .1716 :1: 56 [90] 

134 ± 5 1834 :t 62 (go) 

134 :1: 4 1782 :1: 143 [51] 
185 1550 i: 155 (109] 

240 1570 :1: 157 (109] 

305 1480 :1: 148 [109) 

650i-5 19)0 :1: 110 [131] 

860 :1: 5o 1680 ;t 40 [58] 

902 :± 10 1660 t 50 [33] 
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----------------------
1 2 J 4 

2,78% 0,17 ra:s 1630 % 74 [35] 

"'4 2050 :1: 1J [15J] 
17 +17 

-7 1740 ± 90 [ 25] 

18,4 :t. 0,05 1750 ± 126 [ 26} 
23,1 1810 ± 60 [137] 

2J,J 1 '750 :t JO [10] 

JO 1550 * 1)0 [311 
23 :1: 1'; 2150 ± 100 [168] 

3,5 ± .03 1670 :1: 170 [117] 

7.103 1810 i: )80 [ 78} 

(5.103 ·1,J.l04 ) 

7.44 5300 + 800 
(78] 

(5.104 ·1,3.105 ') 
-1400 

n + Pb207,2 55 ±2 Ma:s "" < 2337 :t. 21 [163] 

81 * 2 
'J(JC 

1977 ± 30 (163) 

81 :t. 3·. 1680 i: 180 [J9) 

95 :1: 2•· 1740 * 45 [72} 

105 * .• ll:X 1715 :1: 41 [163) 

140 :1: ' X>C 1704 ± 24 (16J} 

270 :1: loO 1420 :1: 28 [71) 
JOO 1720 :1: 80 (17) 

. 10 ~ 1848 * 42++ [12) )51, 5 . ·15 
765 ± :o 1771 * 62 [34) 

1,4 :1: ( ,2 ra:s 1727 ± 45 [62] 

J,6 :1: ( ,7 1930 ± JOO [21) 
5 ::1: o,, 1670 :1: 79 [13] 

a,J 1713 :1: 66 [136] 

n + B1209 1,4 :1: ( ,2 ra:s 1793 :1: 55 [62] 

p + Th2J2,1 99,2 * 0,5 Ma:s 2006 :1: 56 [108) 
P + u2J8,1 98,9 :1: 0,5 Ma:s 2066 ::1: 58 [108) 

185 1900 ;1: 190 (109] 
2)0 20)0 :1: 203 [130) 

240 1770 ;1: 177 [109] 

290 1830 .r 18J [130] 

305 1600 .± 16o [109] 

650 :1: ! 2215 ..;t 104 [131} 
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1 2 

18,4 :t o,o5 
n + u238 ,1 1,4 :t 0,2 

ran 
ran 

J 

1860 

1887 ±. 98 

[26} 
( 62] 

x) CM.npHMeqaHHe x) K ~a6HH~e ill, 

+) nonyqeHo npH HeKo~opNX npe~onoaeHHRX o neHHqHHe 6t . 
xx)YKa3aHHoe sHaqeHHe A:l npe~c~annae~ co6oa nHmD He~oqHoc~D ~~ 

3WW6K~HBH00 3HeprHH nyqKa He0~pOHOB, qTQ n HeCKOHDKO pa3 M6HDID€ 3Hepre~aqecK00 
mHpHK~ HellTpOHrlOrO fiHKa, B o6naCTH T~50 Man a~O aKBHBaneH~HO <an~eHHD 

ceqeHHH ~nR cpe~Hero 3HaqeHBR T, 

++)npHne~eHHoe aaaqeHHe Moae~ 6~~D aan~meHo Ha nenHqHay, He npen~na~~YD IQ%. 
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-------
2 3 4 --

860 ;: 50 ~ )60 ;: 50 (58) 
902 t 1C 45) :1: 27 (JJ] 
2,2'*' o,u raB 2)6. :1: 17 [124,125] 
18,4 ;t. 0,05 215 :1: 11 [26} 

n + AJ. 27 84 ;t. )4 II3B 710 :1: 40 rJ91 
95 :t 26 575 :1: 19 (72] 
J51 5+lO 170 :1: 10+ [12] ' -15 
765 *- JO 268 :1: 12 [J4] 
1,4 i: 0,2 raB .289 :t 29 [62) 
5 :1: 0,4 2JJ :t. 42 (j,J) 
8,J 220 ;1: 26. [1J6] 

P + Cu6J,5 )40 :1:. 1 I43B 515 [147) 
902 ;1: 10 790 :1: 168 [ JJ) 
2,2 :t 0,1) raB 620 :1: 17 [124, 125] 
18,4 ;1: 0,05 510 ;1: 25 1:26] 

c 6),5 
n + u 84 * J4 llaB 1)70 .:t 70 [J9] 

95 ;1: 26 1218 .:t 22 [72) 
270 • 60 572 :1: 2) [71] 
J51,5 + 10 )64 :t 16 + [12) -15 
765 :t JO 568 :t )) p4} 
1,4 .:t 0,2 rn 714 :1: 52 fp2) 

5 :t 0,4 572 i: 42 [1J) 
8,) 591 :1: 56 [p6j 

Ag107,9 
)40 :t 1 MaB 884 ~47) p + 

n + sn1.18, 7 )51 5 +lO M3B :;a.589 :t 24 + [ 12] ' -15 
1,4 :t 0,2 raB 1044 :1: 88 [ 62] 
8,) 587 :t 76 ~J6] 

p + Pb207,2 )40 :1: 1 MaB 9)4 ~'·7) 
18,4 * 0,05 raB 1540 :t 77 (26] 

n + Pb207,2 84 :1: J4 2790 ± 140 [J9) 
95 :1: 26 2740 :1: 54 [72] 
2'10 :1: f.>O 1420 :1: 1+1 [71] 
J51,5 + lO ~'H9 .t: ,,o•· [12] -15 
765 .l: )0 1))5 .1: ll [J4) 
1,4 .t o,? r~B 1.111<2 ~ ll. (?2} 

' ·*- 0,4 fl64 .i: 131 (u) 
8,) 84) j: 121 [1J6] 
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I 2 J 4 
i 
~ n + B1209 1,4 :t. 0,2 raB 1482 i: 8) [62} 
'I I, n + u2JB,l 1,4 .± 0,2 raB 175) ± 2)4 [62] 
'I 

t 

I x)CM,rrpHMettmme x) K Ta6JIHU8 W. 
! +)ITpHBe~eHHOe 3HatteH !8 MO~eT 6HTb 3aHIIl\t8HO na BeJIII<IHHY, He rrpeBHmallillYll 20-25;.;. 

Ta6JIII!ja rv 

!IOJIHHe cetteHll.l B3aHMO)IeiiiCTBHi1 Cjf- Me30HOB 

ll:m:mm-
)18llCTBHe T c5't [~o~c5] TIHTepaTypa 

I 2 3 lf 

'Jr-+ He 46 ± 6 Mall )25 .± 50 [155) 

60 ± 8 89 i: 18 [84] 

68 i: 10 )00 ± 20 i55] 

105 207 ± 24 [84) 

15) :t 9 266 :t 16 (44] 

2)0 ::t: )0 150 .± 15 [101) 

27) :!: 7 220 ::t: 20 [111 ,11J] 
))0 t 6 150 ::t: 15 [111' 112' 1D] 
446 ::t: 12 111,5 .± 4x [56) 

6)0 ± 1) 116,4 ± J,5x [56] 

710 :t 1) 120 ±. )X [56] 

760 ± 1) 12),) ::t: J,5x [56] 

829 ± 14 126,) :± )X (56] 

884 ::t: 14 1)2 ,2 :t )X (56] 

958 ± 14 1)),6 % )X [56] 

960 ""110 [29] 

970 167,4 :t. 5,4 [40) 

1,16 ± o,o15raB 1J0,5t 4x [56) 

1,66 ""1)5 (29) 

1,67 140,7 :!: 8,1 (401 

qr: 116,9 
2,26 104,7 .± 1,5 (40] 

85 lda:a ~242 ± 10 [57] 

gr-. Be 
9 85 !daB ~25) ± 20 [57] 

140 :± 7 560 ::t: )2 (100,101] 

184 ± 7 58) ± 24 (100 ,101] 

197 ± 7 594 .± 26 [100,101) 

240 ± 7 526 ± 20 [100,101] 

)50.± 7 J6a '!: 21 [100,101] 
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I ? J ) 

----· .. -----------------------------------~ ·------------
970 ± 15 27) J: 18 (64) 
4,2 ra:s )0;> ± 27 [ 166] 

'}I~ + Be:9 442 ± 8 J,:an )66 ± J4 [ ·'17] 
2,86 :r. o,lJ I' an 2)4 ± 9 [ 125,124] 

'Tf-+ c12 85 Ma:s J44 ± 1J [57] 
140 ± 7 6J8 ± J1 [100,101] 
184 ± 7 654 ± 24 [100,101] 
197 ± 7 661 ± 21 [100,101] 
216 ± 7 666 ± 20 [100,101] 
226 ± 7 614 ± 2J [100,101] 
256 :± 7 547 ± 24 [100,101) 
290 ± 7 502 ± 20 [100,101] 

JJ5 * 7 469 ± 19 [100,101) 
J6J * 7 440 ± 11 [100,101) 
)9) ± 7 411 :t 14 [100,101] 
490 )10 ± 5 [971 
540 J05 :1: 5 (97] 
590 Joo ± 4 (97] 
600 ± 9 286 ± 19 [64) 
710 )20 :t 5 [97] 
800 ± 12 JJ7 ± 22 [64) 

8)0 )10 ± 7 [97) 
900 )05 :t 7 [97) 
915 ± 25 )8) ;t 20 (1) 
970 ± 15 JJO ± 25 [64) 
1,055 ran )25 ± 7 [97) 
1,200 * o,Ol8 )51 ;t 26 [64) 
1,256 JJ5 ;t 7 [97] 
l,Jo * o,o2 )01 +24 [152] -22 
J,66 266+ [59) 
J,76 264+ [59] 
),86 26)+ (~9] 

J,96 262+ [59) 
4,06 260+ [59] 
4,16 259+ [59] 
4,2 J86 ± 2J [166] 
4,26. 257+ [59] 
4,46 255+ [59) 
5,46 254+ (59) 
4,66 252+ [59] 
4,76 251 + [59) 
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I 2 ) 4 ------
11+ 12 + c 442 :1: 8 MaB )66 :1: )) [47} 

21 86 ± O,lJ raB 280 ± 12 [).24,125] 
J,96 259+ [59] 
4,06 258+ [591 
4,16 257+ [59] 
4,26 256+ [59] 

+ 
4,46 254 [59] 
4,56 25)+ [59] 
4,66 252+ [59] 
<,-76 251+ (59] 
4,86 250+ [59] 
4,96 249+ [59] 
5,06 248+ [59] 
5,16 248+ [591 
5,26 247+ [59] 
5,)6 246+ [59] 
5,46 245+ [59] 

'J( 16 + 0 85 MaB ~ 466 :1: 18 [57] 
140 :1: 7 792 ± )2 (100,101] 
184 :1: 7 827 ± )4 [100,101] 
197 ± 7 826 .:1: )) p.oo,1ol] 
216 :t 7 75) :1: 25 [100,101) 
226 :1: 7 739 :1: 27 [100,101] 
256 ± 7 68) * )l (100,101] 
290 :1: 7 640 :1: 25 (100,10ll 
))5 :1: 7 557 :1: 24 [loo, 101] 
)6) :t 7 52) ± 10 [100,101) 
)9) :1: 7 498 :1: 14 [100, 101] 

'Ji-+ Al 27 85 !JaB ~ 62) ± 25 [57) 
970 ± 15 659 ± 46 (64) 
1,)6 ± 0,2 raB 7 5)0 ± 20 [64] 
2,)6 576+ [53) 
2,46 566+ [59] 
2,56 559+ [59] 
2,66 55l+ [:•9] 
2,76 5)9+ [)';•j 
2,86 53''+ [?::; 
;,o6 5171- (-- ; ~ 
3, lG )I))~ L·- ~ J 
3,26 ~)6' [>'JI 
J, .16 !.))+ ~>"'j 
J, 46 4'3)' [::•1 
3,56 4-1?1- :/ J] 
11 GC ~1))' [:;'_t] 
•,?b ,161 ,. !",,,! 

:_~' _) 



1 2 J 4 

J,86 451+ [59] 
J,96 446+ [59] 
4,06 439+ [59] 
4,16 4)0+ [59] 
4,2 826 * 42 (166] 
4,26 424+ (59) 
4,36 418+ [59] 
4,46 406+ [59) 
4,56 404+ [59) 
4,66 395+ (59] 
4,76 390+ [59) 
4,86 J8o+ [59] 
5,06 )70+ [59] 
5,16 367+ [59) 
5,26 )57+ [59] 
5,36 )50+ (59) 

UJT+ + Al27 442 ::1: 8 MaB 782 ::1: 46 (47] 
2,16 raB 266+ [59) 
2,26 267+ [59] 
2,36 269+ [59) 
2,46 270+ (59] 
2, 56 27].+ [59) 
2,66 273+ [59] 
2,76 273+ [59] 
2,76 274+ [59] 
2,86 .:1: O,lJ 588 :1: 22 [124,125] 
2,86 276+ (59) 
J,06 277+ [59] 
J,l6 279+ (59] 
J,26 279+ (59) 
J,J6 280+ [59] 
J,46 281+ [59] 
J,56 283+ (59) 
3,66 28)+ [59] 
3,76 284+ [59] 
J,86 285+ (591 
J,96 286+ [59] 
4,06 287+ [59] 
4,16 288+ [59] 
4,26 289+ [59] 
4,36 290+ (59) 
4,46 291+ [59) 
4,56 292+ (59] 
4,66 292+ (59) 
4,76 29)+ [59] 
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l. 2 J 4 

4,86 295+ [59} 
4,96 295+ [59] 
5,06 296+ [59} 
5,l.6 296+ (59] 
5,26 297+ [59] 
5,J~ 298+ [59] 
5,46 298+ [59] 
5,66 Joo+ [59] 
7,76 Joo+ [59] 
6,J6 JOJ+ [59] 
6,56 J04+ [59} 
6,76 J05+ [59] 

'11-+ ca40,l. 970 i: 15 II3B 908 ± 56 [64] 
l.,J6±0,2 r:as ) 720 ± JO [64) 

1i-+ cu6J,5 85 
)(:as 

~ 990 ± l.5 [57] 
4,2 r:as l.620 .:1: ll8 [l.66) 

rt++ cu
63

• 5 442 :1: 8 M:aB l.68J .:1: 205 [47) 

2,86 ± o, . .J r:as l.2J5 +70 
-J5 [l.24,l.25) 

"Jf- + Cdl.1.2,4 
., 

85 • ll:aB ~ l.590 .:1: 70 [57] 

~ + CdlJ.2,4 442 ± 8 II3B 2428 .± 5JO (47] 

'Jr-+ Pb2o7,2 85 M:aB 2400 ± l.l.O [57) 

J.,J6 ± o,; ru 2l.OO .:1: l.OO [64) 

------
XfipHB6l6HH06 3HaqeHH6 He HBHH6TCR qHCTO 3KCnepHMeHTaHDHOR B6HHqHHOR; ORO nonyqeHO C 
nOKO~Dm OnT~eCKOR MOleJH lHH napaKeTpoB, no~o~paHHUX no 3KCnepHM6HTaHDHOMY ~~e
peHUHMDHOMY ceqeHHm t;:)e~(9) . 

+)B pa~oTe[sg] YKa3aHU H~~D OTHOCHTenDHHe SHaqeHHH ceqeHHR. llpHBeleHHUe B ~HHOR 
Ta~HH~e ceqeHHH nonyqeH~ HOpKHpOBKOR ~HHUX pa~OTU[S~Ha suaqeRHR, BUqHcneRRUe 

c noKO~Dm onT~ecKon Ko~enH lHR napawetpos, RaHnyqmHK o~pasoK cornacym~Hxca c 

lPYrHKH H3B6CTHUMH 3KCnepHKeHTaHDHHMH laRRHKH. 
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TaOJIIIJ:m v 

CeqeRHH ynpyrHX H HeynpyrHX B3aKMO~enCTBHn 3f- Me30HOB 

Bsal!llo- T " Cee [M61 Gin [K61 J!HT epaTypa. )!ellCTBHe 
I 2 3 4 5 -
'if-+ He 

4 
60 :1: 8 MaB 37 :1: 12 52 :t 22 [84) 

105 74 :1: 14 133 ± 38 (841 

153 ± 9 95 :1: 8,4 171 ± 12 (44} 
230 :t 30 51± 19 99 ± 12 [101] 

273 ± 7 75 ± 9 145 ± 15 l1.11,113) 
330 :t 6 47 :1: 5 103 :t 12 [111, 112, 113} 

446 :1: 12 J1,5 *- 4 8) :1: 3,5 [561 X) 
630 :1: 13 24,5 :1: 3,5 91,9 ± 3 [56] ") 
710 ± lJ 23 ± 3 97 .:1: J [56] ~J 

760 ± lJ 29 ± 3,5 94,3 ± 3 [56] X) 

829 ± 14 25 ± 3 101,J ± 3 [56] ") 

884 ± 14 J2 ± J 100,5 ± J [56] ") 

958 * 14 J5 ± 3 98,6 ± o,o {56) ") 

1,16 ± o,o1 5 raB J6 ± 4 94,5 ± 4 [56] ") 

CJT++ He
4 50 *- 20 II3B 40 :1: 2 [Jo] 

CJf-+ Be9 140 ± 7 llaB 287 ± 38 273 :1: 20 [100,101] 

350 *- 7 218 ± 27 150 * 16 1).00,101} 

970 ± 15 76 *- 15 197 ± 9 (64) 

4,2 raB 125 :1: 1.8 1.77 ± 9 [1.66] 

CJi\ Be
9 

442 ± 8 llaB 1.28 ± 27 238 .:1: 20 [47) 
2,a6 :1:. o,D raB 41.,5 ± 3,5 1.92% 8 [1.24,:25) 

en-+ c12 21.6 .:1: 7 II all 31.6 .± Jl. )50 .:1: 24 (1.00 01.01.) 
230 :1: JO J07 .± 37 ['74] 
256 :t 7 221. .:1: J9 )26 :t )1 [1oo,101] 

290 :1: 7 233 ± )2 269 ± 26 (1.00 01.01.} 

350 ± 7 166 .:1: 21. (100 ,1.01.) 

600 ± 9 70 :1: 1.6 21.6 .± 1.0 (64) 
800 ± 1.2 99 ± 1.9 2)8 ± 1.2 [64) 

91.5 ± 25 89 :1: 1.2 294 ± 1.8 [1.) 

970 :t 1.5 78 ± 21. 252 :1: l.J (64) 
1.,2oo t o,o1.s rn 1.05 ± 22 246 ± 1.4 (64) 

l. 51 +0,1.8 
' -0,25 240 ± 1.4 [35) 

4,2 1.67 ± 22 21.9 ± 8 [1.66] 
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1 2 J __ +_12 ___ _ 
CJi' + C 442 ,, 8 MsB 

2,66 ± o,u 
4,60 .:1: 0,15 

128 .:1: 26 

66,6 ± 7 

x) 

~- + Al27 970 ,, 15 MSB 
4,2 raB 

217 ± 41 
)56 ± 41 

)i+ + A1 27 
442 ~. 8 M3B J72 ± J7 
2 86 ± 0 1J raB 160 +14 • • ~0 

4,60 :1: 0,15 

')r- + Ca40,l 970 :t 15 MSB 

'Jt-+ Se55,9 l 51 t 0,18 raB 
• - 0,25 

~- + Cu63 •54,2 faB 

5,a> 
11,16 

16,16; 

:+- 6J,5 
~ + Cu 442 :1: 8 MaB 

2,86 " o,D raB 

4,60 " 0,15 

~- + Cd
112

'
4

5,86 

11,16 

16,66 

raB 

'JT+ + cd112
•
4 

442 :1: 8 raB 

'1f-+ Snll8,7 970 ±. 15 MaB 

"Jt++ sn
118

• 7 4,60 i 0,15 fSB 

'lr+ Pb207 • 2 216 :1:7 MaB 
250 ± JO 

256 ± 7 
290 .:1: 

970 .±. L5 

51 + 0,18 
1, ->, 25 raB 
5,86 

11,16 

16,166 
+ 207,2 

'Jr + Pb 4 1 60 ±. 0,15 faB 

290 .:1: 60 

895 :1: 9J 

997 :1: 175 
445 + 60 

- 2J 

1674 :1: JJO 

Ce4~rlKR nonyqeHo Teu Me cnoco6oM, ~To K ceqeHKe 

K Ta6JIK!18 lY, 

iJu 

4 

2)8 .:1: 20 

21J ±. 8 

182 ± 8 

442 .:1: 20 

470 ± 10 

410 .:1: 25 
428 + 15 

-12 

J44 :1: lJ 

618 :1: 27 

705 ± J7 

725 :t 25 

675 ::1: JO 

616 ::1: 50 

672 :1: 40 

686 ± 106 
790 + 41 

-26 

689 :1: JJ 

12)0 :1: 50 

1120 :1: 80 

1240 % 70 

754 ::1: 200 

1199 % 52 

1241 :1: 190 

2J56 .:1: 152 

215J .:1: 194 

24JO :1: l8J 

2J1J .:1: 175 

1690 :1: 100 

1600 :1: 95 

1610 :t 80 

1830 :1: DO 
1100 :1: 120 

1912 ± 161 

5 

[471 
[124, 12 5] 

[118] 

[64] 

[166] 

[47] 

[124,125} 

[118) 

[64] 

[J5] 

[166) 

[1J7] 

[1J7] 

[137) 

[47] 
[124, 125] 

(118) 

(1J7] 

(1J7] 

[D7) 

[47] 

[64] 

(118] 

(100,101] 
[74] 
(100, 101] 

[100,.101) 

[64] 

[J5} 

[1J7] 
[1J7] 

[1J7] 

[n8) 

G"t t CM, ll~l1M84ClHKe X) 



~!JlL.':::l_ 

Ce1leHHll H3811MO;ll8iiiCTBilll 8HTI1llpOTOHOB c 8TOMHb!MH ll,llpaMi! 

..,.-
6~1.16] df!.!Cl] c)t[!.!Clj llHTepaTypa 

']JffO .n 
2 ____!; __ -----------------

Be9 
4JO ;, JO 50) [55] !ASB 

500 ± 25 484 :1: 60 [6J] 
700 :1: J5 425 :1: 50 [6J] 

c12 106 ± J2MSB J45 .± 60 474 :1: 76 X 819 :1: 97x [2] 
169 ± )1 255 :1: 45 )60 ± 65 X 615 .± 79 X [2] 
)00 ± 15 87 ± 232 568 ± 102 655 :1: lJO [6J] 
470 )68 ± 60 X [89) 
700 ± 35 221 :1: 98 4J6 .± 19 657 .± 79 [6J] 

Cu6J,5 455 :1: 40 M3B 250) [55] 

:iMY!!bCI1H 40 ± JO MSB 108) ± 225 (7] 
55 :1: 15 259 + 250 (54] - lJ8 

72 .. 4J 6J4 + ll2x 
- 8J [81] 

85 :1: 15 674 + 244 
- 218 [54) 

llo * 40 55) + 74 
- 82 {7] 

120 ± 80 716 [5J) 

125 ± 25 868 :1: 138 [541 

140 :1: 25 604 + 100x [81] - 75 
140 :1: 100 10JO + J04x [19) - 190 
175 ± 25 587 :1: 9J [54) 

182 ± 18 507 + 97 
- 70 [81) 

192 ± 4J 624 ±. 62 [7] 

212 :1: 12 704 + 140 
- 100 [81] 

215 ± 15 845 + 422 
- JJ8 [54) 

?JB ± 12 604 + 142 
- 97 [81] 

+ 
[19] 8!.1yJlbC!Ul 140 ± 100M3B 1600 ± 400 

+ 80 
150 - 140 5JO t 70 1210 :1:. 64 174" :1: 97 [6] 

2 •'' 
l';~H 740 :1: 2J [22] 

Pb207,<' 650 ± JJ Man 2)30 :1: 285 [6J) 
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x) 
ITpi!Be,JJ;eH!!Oe 3Hal!el l!e liBJilleTCll Cel!eHI!eM Jll!lllb aHHMfi!JiliUI!OHH!dX npouecCOB II He 

BK1lPJllaer BKJia,JJ;a .ll~ r11x Heynpyrux KaHaJioB. 

+) B Cel!eHIIll He BKJ!iJ':eH BKJia)l B3al!MO.Uei1CTBMll C BO.llOPO.llOM rpoT03MYJibClll!, 

Ta6JIMUa 1~1 

+ 
ITonRoe ce'ler 11e B3ai!MOJ~ellcrBI!ll K - Me3oRoB 

il,JJ;po T crt [116] TI11reparypa 

-----
c 12 190 = 30 l3B 110 ± 10 [81] 

374 .± 4 171 ± 6,3 [53] 
467 .± 4 177,9 :1: 5,4 (53] 
537 .± 5 187,1 :1: 5,2 (53] 
594 ± 5 188,4 ± 4,9 [53] 
697 = 6 195,4 :1: 4,7 (53] 
794 ± 6 201,8 :1: 4,3 (53) 
890 :1: 7 202,2 :1: 4,7 (53] 
998 ± 8 202,6 .± 4,5 [53) 
1,146 ± 8 ]'3B 202,7 ± ~.4 [53) 
1,626 .± 11 195,6 ± 4,2 [53] 
2,107 ± 14 188,0 ± 4,2 [53] 

il27 190 ± 30 1• SB 280 ± 20 [81] 
Cu63,5 190 ± 30 II3B 650 .± 40 [81] 

+) 75 ± 25 ~ 3B 673 :1: 81 [76] 3My.~bCllll 

1)0 ± 20 496 ± 59 [76] 

Nsl07,9 190 ± 30 II3B 720 ± 50 [81] 
Pb207,2 190 ;l: 30 l.l3B 1450 ± 100 [81] 

+) 
B Cel!BHI!ll He BKJID' BH BKJ!a.ll B3aKMO,JJ;el1CTBI!ll C BO,li;OpO.llOM ~OT03MYJ!bCI!I!, 
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..:lli b muJa . .\!!!.. 
CetJeHHil u eynpyroro B3ai1MO.llellcTBJ/fil 1( + - M830HOB 

5I.npo T 

c12 

Al27 
cu63,5 

4,6o :1: o,15 raB 
4,6o :1: o,15 raB 
4,6o :1:. o,15 rsB 

9YYHDCHH 54 + 20 
- 25 

75 :1: 45 

94 :1: 25 

125 :1: 25 

140 + 50 

- 40 
175 :1: 25 

225 .:1: 25 

270 :1:: 30 

275 ± 75 

+) 
JMyJI:bCilll 40 :1:. 20 

+) 

50 :1: 10 

70 :1: 10 

75 :1:: 25 
80 :1:: 20 

90 :1:. 10 

120 :1: 20 
uo :1: 20 

135 .:1: 25 

155 * 15 
160 .:1: 20 
180 :t 10 

198 ± 8 
200 :t 20 
212 ± 6 

MaB 

MaB 

bi.n [Mb} ---
136 :1: 21 

254 :1: 33 
430 :1: 120 

156 + 45 
- 28 

133 + 27 
- 19 

98 + )0 
- 20 

303 ± 65 

181 + )O 
- 23 

269 :1: 50 
319 :1: 50 

249 + 27 
- 22 

230 :1: 25 
222 ± 24 X 

178 + 44 
- 36 

81 :1: 15 
405 :1: 75 X 

140 :1: 19 
389 :1: 47 X 
155 :1: 2J 
218 :1: 30 

238 :1: 23 
425 :1: 42 X 

277 :1: 29 
235 :1: 30 

278 :1: 22 
420 j: J2 X 

336 ± 56 
277 ± 29 
353 :t 50 

480 ± 75 
426 + 120 

- 90 
458 :t 68 

Ji11Teparypa 

[118} 

[1181 
[us} 

~~ 
~1~ 

~~ 

~ 

~6~ 
~ 
~ 
~0~ 

~~ 

[116} 

t93, 95] 

[93, 95] 

[161 
fll6) 

[93, 95] 

[116) 
[.16) 
(9J, 95] 

[150) 

[116] 
[150) 

[150) 
[116) 
[150) 

B Ce'leHJIIe He BKJ!Jl'lell BKJ!a,ll B3aJIIl,IO,lle~CTBJII~ C BO,llOpO,li;OM cjloT03M)' JIDCIII!, 
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Te.6JIM!ja !Y 

IT I!!Hble ce'lem!H B3aMMo~ertcTBMD K - Me30ROB 

H;:po T 6-t [ 116] llmepa.Typa 

c12 )26 ± ) M::m )06,0 ± 10,7 [45] 

442 ± 4 ))8,2 ± 9,4 [45] 
514 ± 4 )51,5 ± 8,4 [45] 
615 ± 5 )52,9 ± 8,2 (45] 
780 ± 6 324,7 ± 7,2 (45) 
908 ± 7 )0),9 ± 7,1 [45] 
1,029 : 8 faB 287,9 "' 5,6 (45) 
1,)78 "' 10 272,0 ± 4,8 [45] 
1,619 ± 11 262,7 ± 4,8 [45) 
1,867 ± 12 257,8 ± 4,7 (45] 
2,114 ± 14 252,7 ± 4,7 [45] 
2,158 ± 14 251,7 ± 5,2 [45] 

Ta6JIM!ja x 

Ce'leH!ll Heynpyrnx B3aiiJMO~encTBI!Il !( - Me30HOB 

l!.ttpo T 6Lil [u6} llnTepaTypa 

3uyJI.DCllll 55 ± 5 M3B 427 :1: 70 [4] 
~ 54 

65 .± 15 6J4 + 6 (4] -68 

65 .± 15 469 + 59 
- 47 ['121] 

95 ± 15 422 + 47 [121] 
125 ± 15 4)1 :;: ~~ {121] - - ·~·J 

270 ± JO 4lfl :1: )5 [106] 

3KyJI.DCilR +) 40 * 10 1.!31< 1100 ± 108 ~7] 
60 .:1: 10 9?.<1 ..t 70 II'' I 
75 :1: ~ 570 ..t 100 G:'l l 
---------------

+) 
(! y IOTO~! ncupn fn.:w Ha KY .'!O:IOBI!~Oe 0'1 'f(' rrl1..1t1.lF1.lHte. 

,o 



Ta6JIIIIIa XI 
CeqeaHH Heynpyroro B3aHYO~e"CTBHH ~BYX ~ep 

B3a1010- T 6i.n £•61 JhJ reparypa 
.r;ellcnwe (na BY'ItJIOH) 

t + cl-2 105 lla:a 519 ;i: 100 (Dol 
o£.+ c12 60 lla:a 640 :1: 100 (nol 

t + AJ.27 105 lla:a 910 ;i: 150 [no] 
t + cu63• 5 105 lla:a 1800 :1: JOO [no] 

c£ + Cu6J,5 60 lla:a 1800 ;t JOO [1JO] 

o£.+ :llly.U.CJIII 42,5 :1: 10 lin 2100 • 700 [87] 
52,5 :1: 10 1500 * 500 [87] 
88 + 8 6J4 + 60 [14J] - 50 

95 
689 + JJ [169) 
618 + 74 [104) 6 ra:a 
64J +AS 

6 - 70 [15ll 

8 689 +190 [9&1 -12) 
10 64J + 90 [122] 

- 70 
12 724 * 45 (a] 

20 627 + 58 
- 50 

(122] 

40 700+100 
- 80 [122] 

166 469 + 164 [12J) 
- 97 

JOO 4)4 :1: 115 [67} 

500 491 :1: 218 (146] 
J.10J J7J + )6 [42 1 4J,8o] - 48 

I+ 3MJ'.IIloCI'lll '> o,J r&B 78) + )60 
- 187 [D4) 

>1,55 805 + 84 [52] - 70 
?1,55 941 + 126 

- 100 [8J,145] 

>1 9)9 + 15) 
- 115 )22] 

CP + 3MJ'ilbCHI! )'O,J 810 + 90 
- 74 :1.34] 

)' 1,55 9J6 + 64 
- 56 

)2) 

71,55 9)5 + 74 
-64 :8J, 145) 

>7 970 + 76 
- 6~ 

\25] 

CT + 3MYJil>C111! ?1,55 1Jl2+ 120 
:8J 1145) - 100 

'II 



I <: J 4 

T + 3yYJibCHII >o,.3 raB 1323 +200 [1.34} -154 

>1,55 11.36 +120 [52} -100 

>7 109.3 +125 [122] -J.OO 

OT + 3yYJI:I.CHSI > 1,55 !'all 1556 +255 [8.3,145] -192 

>1 1.360 +.395 [122] -250 

t + Ta181 105 II8B .3500 :t 500 [1.30] 

ol+ Talm. 60 lin .3600 :t 500 [DoJ 

t + tf.38,1 105 llaB, 4400 :I: 700 g.JoJ 
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1'a6JII!IJa m 

Ce'leHIIll B3mwo.nelicTBl!H .n:etirpoHOB c aroMHhlMI! HJipaMI! 

-· 
.:;;po ,Jiil HYK..10H) 6ee[u6] 051: (M6] ba. ( M6j 6u,(M6] IJt [ MG] JlJn epa T ypa 

·--~---------· 

Be9 80 !.:all - JJO+JO 185 +19 512+25 - [uo] 

c12 80 M::m 4JO + 40 2J7 + 24 667 + JJ [Do} 
J25 1J:i. + 15 161 + 8 185 + 12 J46 + 9 456 + 8 [79] 
J25 llO + ll 185 + 5 [103] 

AJ.27 80 M:.m 5JO + 50 465 + 47 996 + 50 [uoJ 
325 :•87 + 19 J45 + 5 [1oJ] 
J25 490 + 40 16UO +170 [28) 

l,05+o,1or::m 290+72 [114) 

Cu6J,5 80 M::m 910+190 850+90 1760+l70 [uo] 
J25 665 + .10 [103} 

l,05+o,1orall 550+137 [114} 

Cdll2,4 J25 Mall 1009+.15 [1o3] 

Ta181 80 M3B 3130+300 [Do] 

Pb207,2 80 1630+250 .1810+.180 3440+170 [Do] 
J25 148.3+25 [103) 

1,05~0 rall 950+237 [n4) 

B1209 80 llaB 3550+180 [J.Jq 

u238,1 80 !ti3B 1750+250 2060+200 3810+150 [Do] 
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