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I. B B e a e H " e 

Vf HTepec K H3yYeJHUO 38XB8 T 8 OCTBHOBHBlllHXCfl OTpHUBTenbH b lX 

He' o6ycnOBneH cnea y iOWHMH 06CTOHTenbCTB8MH . Bo-nepBbiX , Hapo 

77 - Me30HOB H.Op8MH 

3 
lie HBnHeTcH oa-

HOH H3 npOCTeiill!HX H yKnO HHblX CJ.ICT€M , 8 CH n y 1.fero HB ee npHMepe Cp8BHHTenhHO nerKO 

MOryT 6biTb npocne>KeHol OCHOBH bl€ 4 €pT bl M€XSHH3M8 nornoiUeHHfl ITHOHOB H.ltp8MH. Bo - BTO-
3 

pbiX , cymecTaoaanHe otteHh 6n H3Koro no sn eprHH CBSJ3H K He 3epKa nhHoro Hapa H' 

ITpHBO.OH T K pe.OKOH B03MO>K HOCTH HCCne.QOBBHHfl rrpouecca nepe3 8pfi.OKH ITHOHO B H8 SI.Opax . 

HaKOHeU , B cny 1I8e 38XB8T8 ITHOHOB renHeM-3 MOX<H O HB.OefiTbCSI HB 38 M € THbl ii Bbi XO,ll npo 

ueCC8 p8.Q H8UHOH HOrO 38XB8T8 , H.Uymero 6e3 p83B81I H H.Opa. 

B cooT aeTCTBHH c 38KOHaMH cox paneHH H npH a a x aa Te rr--M€30HOB r enHeM-3 MO -

ryT HaTH cneayiOwne npouecCbi: 

- 3 3 0 
11 + He ~ II + 71 . ( I) 

1T + He 3 
~ H 3 + ·y . (2 ) 

- 3 
(3 ) 11 + He ~ n • d . 

- 3 
11 + He ~ n + d + y . (4 ) 

3 
11 + He ~ p + n + n . (5 ) 

3 
71 • He ~ p + n + n + y (6 ) 

T eopeTH'!ecKoe paccMoTpeHne npouecca 3axBaTa 11 - Me3oHoB renHeM-3 6bino npo -
/ I / / 2 / 

BeaeHo Meccna H CTpyMHHCKHM • B pa6oTe Mecc11a 6binO nony'!eHo cooTHOWeHne Me>K-

ay BepOH T HOCT H MH p83nHqH b iX KBHBnOB H CfleKTp y - KBB HToB. CTpyMHHCKH M T8K>Ke 6bi -

nH BhP.IHcne H bi OTHOC HTenhH b ie aepoHTHOCTH paanHl.£HbiX npoueccos. Cne KTp y - KB8HTOB 

II aei\TpOHOB B npouecce (4 ) 6bin Bbl'll!CneH HM C y 'leTOM B38HMOlletlCTBH>I B KOHe'!HOM COC -

TOH HHH . B o6enx pa6oTax npn pac l.£eTax npeanonaranoch , YTO aaxsaT DHOHO B nponcxonnT 

TOnbKO H3 S - COCTO>IHH>I TT - Me308TOM8 o 3TO aonymeHHe BnHHeT TOnb KO HB OUeH -

Ky a6coniDTHOM sepOHTHOCTH 38 XB8T8 . 0 THOWeHHe sepOHTHOCTe~ p83nH l.£H b iX K8H8nOB npaKTH

l.{€CK H H e 38BHC HT O T TOrO , C KBKOrO ypOBHH npOHCXO.llHT 38XB8 T , T8K KB K BOnHOBBH cf>y HK -

um: TT - Me30H8 H e BXO.O.HT B OTHOlll eHJ.t:e BepoHTHOCTeH , 8 p83HOCTb 3 HeprHH ypOBH eA 

TT -M€30BTOMB MHOrO MeHbWe MBCC bl DHOHBo 3H8 l.£HTenbH8H Heonpea.eneHHOCTb pe3ynhT8 -

TOB 3THX p8Cl.£eTOB C B 51 3 8H 8 C H3 BeCTHbiMH Tp y .aHOCTSIM H TeOpHH C HnhHOPO B38IiMO.O.eHCTBHH . 

nHlUb B OD. H O M c nytrae , 8 HMe HHO , B pac l.£eTe T B K H 83bi B8€MOro OTHOW GHH H naHOcf>CKOro , T . e . 



l 

OTHOJUeHJHI Me>K.Uy aepoi!T HOC TIIMII peaKulltl ( I) 11 ( 2), ynaeTCII o6otlTH 3TH TpynHoCTII ny 

TeM npHBn9\.f9HHH 3KcnepH M8HT8nbHOf.t BenH'l{H Hbl OTHOWB H H Sl naao¢lCKOr'O llnR BOll,OpO.ll8 . 

HaCTOSIWSSI pa60T8, TSKJKe KSK II HSWe npenBapRTenbHOe C006WeHRe /
3

/ , IIOCB<I!UeHa 

H3y\.feHHlO 38XB8T 8 ITROHOB Rllp8MH He
3 C o6p830B8HH 9M TpRTH Sl B KOHeqHQM COCTOHHHH. 

Dony'leHHSH 3KCII e pRMe HT81lbH8SI aenH'IHHS OTHOIUeHHH DaHO<jJCKOrO llii SI He 
3 

HCIIOIIb3YeTCSI 

Ha oc Hoae pacqe ToB CTpyMHHCKoro nn11 onpeneneHHII SlllepHoro <jlopM<jlaKTopa 11 cpenHeKaan

paTII'!Ho r o pan11yca Hllpa, cooTaeTCTByrower o pacnpeneneHHID ueHTpoa Hy KnOHOB, .-
P eaynbTSTbl 113y'!eHIIII npyrHx npoueccoa aaxaaTa nROHOB renlleM-3 6ynyT npenCTaa-

neHbJ BO BTOpotl 'ISCTII pa60T bi , 

'II, DOCTSHOBKS 3KCnepHM e HT8 

lln11 HccnenoaaHHII aaxaaTa nHOHOB renHeM-3 Hcnonb3onanac b nu<jl<jlyaHOHHaH KSMepa 
/ 4 / 

BbiCOKOrO aaaneHHSl B M8r'HHTHOM non e 

CxeMa pacnono)f{eHHH yc Ta HO BKH HB nyqKe rrHouoa noKa 3aHa HB pHc. 1. rr -M830Hbl 

o6paaoabraannch Ha CIIHXpOUIIKnoTpoHe Ol1Hl1 a peaynhTaTe 6 oM6apnHpOBKII BHyTpeHHel! 6e -

p Hnn11 e aoil MHilleHII (2 ) TOnWIIHo ll 5 MM npoToHaMII c 3Heprlleli 680 Maa. Dy'IOK rr - Me-

aoHOB c IIMnynhCOM 2 17 Maa/ c, c<jlopMnpoaaHHbili cnanaiDWHM noneM ycKopii Tenll , no axona 

B KSMepy ( 8 ) npOXOil llll '!epea OTKIIOHSIIOWIIH MSrHHT ( 4) , KBSilpynOIIbHYIO IIIIH3Y ( 5) H CHC 

TeMy KOIIIIHMBTOpOB (3) H (6 ) , Depen KaMepotl, HOpMBIIbHO K TpaeKTOpHII ny'IKB, pacnona 

ranCII MellHblil nornOTIITenb ( 7) TOIIWHHO li 45 MM, B e nH'IH HB MSr HIITHOrO nonH B KBMepe H 

B38HMH09 pac nonO)i(9HH8 KAM9pbl , nornOTHTU1I5t H KOnnHM8TOp8 ( 6) ITOU6Hp8nH C b T8K 1 l.JT0-

6b! OCHOBH8Sl '-18CTb rrpO XO.OSllUHX l.f8CTHU MHHOBana 1.JYBCTBHT8nbH Lltf cnort K8M8pbi 1 8 KOnH 

t.t8CTBO OCT8HOBOK M930HOB 6binO 6bl M8KCHM8nhHbiM. 0nTHM8nhH8H B9nlP-IHH8 M8r'HHTHOrO 

nomT OKaaa.~ach paaHoi1 6000 apcTen. lln11 Bbi6opa TOn WIIH bi nornoTJITenSI 6 brna H3MepeHa 

llHlp<jlepeHU JI 81lb!HlSI KpiiBSSI npo6erOB, l1 3MepeHHSI 6b!IIH BbinOnHeHbl C nOMOWb!O TeneCKOII8 

H3 Tpex c nHHTHnnHUHOHH bi X cqeT'I..{HKOB . Ha puc . 2 npnae nen bt pe3ynhT3 T bl H3MepeHHS1, T aM 

>K e ITOK 838H8 cxeM8 H3MepeHHS1 , no OC H Op.ll.HHB T OTno >KeHa aenHYHH8 1 nponopUHO H8.rJb ii851 

l.IH Cny OCTUHOBOK t:J:8CTHU B 2-CBHTHMeTpOBOM rpa¢HTOBOM 6nOKe , JJOMemeHHOM Me>K.ny 

Cl.leT1.1HK8MH C 2 H C 3 

n pH TOpMOJKeHHH Me30HOB B K8Mepe , HBJJOnHeHHOfi renHeM-3 !10 08 BneHHs:I 17,5 BTM 1 

OOH8 OCT8HOBK8 Me30H8 B cpenneM npHXO.UHnacb HB O.llHH KB.llp . n p H MeCb OCTBHOBOK ~ 

Me30HOB COCTBBnH nB 25% OT ITOnHOrO l.IHCna OCTBHOBOK . 

finq,¢y3 110HH8H KSMepa pa6oTana B ycnOBHHX 3H8'111TenbHOtl HOHHOl! aarpy3KII , C031l8B8 -

eM01:\ n pOXO.IlHWHMH qepe3 KBMepy t:J:8CTHU8MH H ¢oHOM B o6n8CTH p ac nonomeH HH yCT8HOBKif o 

HaH60nbwH:e ocno>KHeHHSI Bbt3biBBnH Me.nneHHbie neHTpOHhi, KOT O p bte c 6onbWHM ce 1.1 enHeM 

4 

( - 5000 6apH ) aaxaa TbiBBIOTCII a r e nnn - 3, o6paayH npoTou n TPHTHO ( n 

3ifxt>e KTRBHOil: MepoH 3 8IUHTbl OT HHX 6LinO T lllB TenbHOe n epeKp biTHe 6eTOHH 

TB>KHoro npoeMa e 3 KcnepHMe HTBnhHOM aane . K poMe T o r o, yc T anoaKa 6bt 

KSIIbHOH 3 BWIITOii 113 6eTOH8 , 6opa II CBIIHUS, 3 TH Mepbl CllllbHO Chil3111111 <j> 

ocTaaan cs:I 3H8t:J:HTenbHbiM . Ha KB>K.llOM Kanpe MO>KHO 6bin o na6niO.na T b necSI 

peaKUIIH a axeaTa MenneHHbiX HeliTpOHOB, H anH'!He TaKoro <jloHa npaKTH '!eCK 

TepnpeTaUHH co6biTHli 3axaaTa Me3oHoB llllpSMII He 
3 

, HO npHBOilHno K -y 

MeHH BOCC T8HOBneHHSI 'lyBC TBHTen bHOC TII KaM e pb! . ll iiKII pa60Tbl KSMepbl C 

Dpoue cc nepeaapllllKII ( I ) 11 pan naUIIOHH bi tl aaxaaT ( 2) HBIIIIIOTCII llE 

pea KUHIIMH CO CTporO onpeneneHHblMH 3Hepr HSIMII BTOpii'IHblX 'ISCTIIU, 3 Hep 

B 3TH X peaKUIISIX COCTaanl!eT 0, 19 Mae H 3,28 M a B COOTBeTCTBeHHO, n oa-r 

6b! T b Bbi.ll e neHbl nyTeM H3MepeHHR n po6erOB st.nep TpHT HSI, 

B bt.nene H He cnyttaea pa.n HaUHO HHo r o aaxaa T a M o}lceT 6biTb c.nen a Ho ne: 

npH H 3MepeHH H C fleKTp8 npo6erOB BTOpH'I..{HblX 1.18CTHU, TBK KB K rrpo6e r T p H1 

( 2) paaeH 5 ,6 MrfcM
2 

( Hnll 22 MM llpll ll8BneHHII 17, 5 STM, ) . 

B bi.UenenHe co6btTH ii nepeaap51n KH ocno}f{HSieTcH T eM , liT o rrpo6er TpH 1 

Ull ll Ma n II COCTSBIIS!eT 0, 25 Mr / cM
2 

(Hnll I MM np11 llSBIIeHHII 17 ,5 STM ) , 

npo6era TpHTIIH OT peaKUIIII ( J) 38TPYilHSieT np11 npOCMOTpe lllleHTH<jJHKSUHK 

38p51.UKH B K84eCTBe OAHOn y qeaoH 3Be3Abl , n p H He6naronpH51THOA OpHeHT8U~ 

OTHOCHTenbHO cneaa Me30H8 TBKH e cnyqa J.t: T py.O HO OTnH'I..{HTb OT 6e3nyqeBbJ; 

MeaoHoa, C npyro ii CTopoHbi, cywecTBYIOWaH no TO !"J JKe npii'IHHe TPYilHOCTI 

peHHSI npo6era H y rno a B npOCTpBH CTBe H e fT0 3 BOn 51eT BBeCTH T8KH € KpHTE 

TOphie o6ecne'!HIIII 6bl B03MOlKHOCTb KOHTpOnHpOBB Tb nponyCKH np11 npOCM0 1 

6op cnyqaes ne pe3 apHilKII no npo6ery BTOPH'IHOii 'ISCTHUbi 6 bin nononHeH a 1 

q eabtx ocTaHOBOK no MaccaM ocTaHOBHBUHiXC51 Me3oHoa. B peaynhTBT P. MO H< 

1..{HTb fTOll HOe 4HCno ITHOH H blX 38€3.0 1 y KOTOpbtX n po6er BTOpHliHOir l.JB CTHll bl 

po~ xopowo H3Mep"e"'oii aen H'IIIHbi , B 3To 'IIICno 6ynyT axoniiTb 11 ace c ny 

KH . 3 a T e M an5t orrpeneneHu5t '-£Hcn a co6b!THH nepeaapHllKH cne.ayeT Bbtl.JeCTh 

n po u eccoa a :1bt6pa HHOM HHTepaane npo5eroa. 

T aKHM o6paaoM , an !""! 13bineneHH51 peaKUHH nepeaap5t.llKH Heo6xo.o.HMO nrv. 

HOe pa3peureH H e flO M8CC8M OCTBHOBHBWHXCSI Me30HOB. llnst 3 TOrO 6btn llpOB( 

MeHT npn 3 H8l.fHTenbHO 5onbwei1 no Cp8BHeH H lO C OllTHMBnbHOf:t aenH'I..{HHOH J. 

B KBMepe . Bbtxon peaKUHH pallHBUHOHHoro 3B XBBTB omH.nancSI fTOl.ITH a TPH 

Bbtxona peaKU HH nepe3apst.UKH nHOHOB ( c yYeT oM r eoMeTpH1.1ecKo i1 ::xPQJe KTH B 

UHH ) • no 3 TOJ.IY C U8 11bl0 yaenHLJe HH 51 T01..£HOCTH onpe.neneHHSI OTHOWeHHH n aH 

peHH e B bi XOfl 8 3 TOf! peaKU HH 6bJnO caena HO KBK B OllbtTe 1 rae BbtnenHnBCb I 

p 5IDKH, TBK H a onbtTe npB onTHMBllhHOti nenJ·P·UtHe MBrHHTHoro nonst , r .ne P· 

5 



y sepO<tTHOCTSlMH pe aKu ><tl ( I ) 11 ( 2) , yna eTC<t o6oi!TII 3TH TPYilHOCTH ny

R 3 KCrT 9 p H M 9 HT8nbH O ii B enHqHHbl OTHO W e H H H DaH~CKOrO .OnR BO.O.OpO.na. 

pa6o Ta , T aKJKe KaK H Ha llle npeusapHTenhHoe c oo 6 me HRe
13 1

, nocsHtlleHa 

T 8 ITH OHOB Hllp8MH He3 
C o6 p 8 3 0B8 H H9M T p R T i f51 B KO H 9 ttHOM C OCTOHHHH . 

rr e p HM9HT 8 n h H8 SI aenH1.1HH8 OTHOW9HH 51 TiaHO<i>C K Or O .O.nH He 
3 

HCllO n b3Y9TC51 

~Tos CTpyMHHc Ko r o n nH onpeueneHHH HnepHoro ~opM~BKTopa H cpenHeKsan-

ca <tapa, COOT SeTCTSYJOtller o pacnpen ene HI!IO u e HTpOS HyKnOHOS, 

bl H3yqeHH51 !lpyrHX n pou eCCOS 3aXSaTa IIHOHOS renHeM-3 6yuyT n pe!lCTaS

qaCTH pa60Tbi , 

'II, n ocTa HOSKa 3KCne pH MeHTH 

•Jl0SHHH 51 3HXSaTa IIHOHOS r enHeM-3 HCIIOnh30D8HaCb )lH~~Y3HOHH851 KHMepa 
/ 4 / 

•HH 51 B M 8 r H HTHOM none 

::; n o n o>K9 H JHI ycT 8 HO B KH H8 nyqK e IIH O H OB DO K 838H 8 H 8 p HC . 1. Tr - M930H b i 

Ha CHHxpoUHKnoTpo He OIHH1 s p e3yn hTHTe 6oM6apuRpOBKH sHyTpeHHeA 6e -

~ HH ( 2 ) TOnllJIIHOii 5 MM npOTOHaMH c 3HeprHeii 680 M as . n y 'IOK 1T - Me -

.c o M 2 17 Mani c , c~opMnposa HH bitl c nanaJOtlliiM no neM ycKopHTenH, uo sxoua 

pOXO)lHn qepe3 OTKnOHSl!OtllHII Ma r HHT ( 4 ), KSanpynonhHYIO nHH3 Y ( 5 ) H CHC

>pOB (3 ) H (6 ) , n epen KaMepol! , HOpManhHO K Tpae KTOp1111 n y qKa , pac nona -

10rnOTHTe nh (7 ) TonmHHOii 45 MM. B enHqRHa MarHHTHor o nonH s KaMepe 11 

•fl O }i(9 HT.f 8 IC8Me p b i 1 n ornO T WT U nH H KOnnHM8T Op8 ( 6) rT0.0. 6 H panH C b TB K , lJTO 

tC T b ripOXO .O. ~HUHX '48 C TliU M H HOBa n a tiy B CT B H T enbH LIJ1: c nort K 8M9pbt , 8 K OnH 

OK M 930HOB 6binO 6bi M 8 K C HM8nhH bi M . 0nTHM8nhH8 51 B9ni.Pt HH8 M BrHHT HOrO 

paDHOif 6000 apcT e)l , n n H Bbi6o pa TOn iUHHbl nornOTHTen <l 6bina H3Mepena 

aSl KpH 885l n po6eroB. Vl3M9p9 H lHJ 6bln H BbtflOnHBHbi C ITOMOlnblO T BI1BC K OIT 8 

n nH U HO HH b i X c '-I e T'tJHKOB . H a p uc . 2 npHae.ne H bi pe3ynh T3Tbt H3Mepe H nH . T aM 

~eMa H3 M e p e HHH . Oo OC H O p.OH HBT OTnO )KBH 8 B911H'-IHH8 1 llpOITOpUHO H8nbll3H 

K qaCTliU B 2 - caHTHMeT pOBOM rpa~HTOSOM 6noKe , noMetlleHHOM Me >KIIY 

2 H C 3 

) )K9 H HH M B30 HO B D K 8 M epe , HanonHBH HO ti r enneM-3 JlO .0 8BnB HHS1 17,5 8 T M 1 

Me30Ha S cpeaHeM npi!XO)lHn HCb Ha O!lUH K8!lp , n pHMeCb OCT 8 HOBOK ll 

\nHnB 25% O T ITOilHOrO Y HCI18 OCT 8HOBOK . 

1H 8H K8MBp8 pa60T 8 n8 B ycnOBHst X 3 H8Y HTBilhHOt:l ROH H OA 3a r p y 3KH , C03Jl8B8 -

iiMH q e p e3 K 8Mepy Y8C T HU8 M H R !fJO H O M B o6naC TH p8CITOI10>K9 HH H yCT 8 H OBK I1. 

ltO>KHB HHst B b 13biB811H M 9Jl11 B HH b 1B H 9t:lTpOH bi , K O T Opb19 C 6 onbW HM CBY B HHBM 

4 

( - 5000 6a pH ) 3axsaTbi Ba JOTCH n r e m rH-3 , o 6 pa3 yH npoToH 11 TpHTH.It ( n + He 3 ~ H 3 + p ). 

3 <f$e KTHBHOJ1 M e poii 3 8lllHTbl OT H H X 6 b Jn O T W8 T B n bHOe n epeK p b i T IIB 6 e T OHH bi MH 6 n O Kll M H '~1•) d 

T8>KHOrO npoeM a a 3 KcnepHMeH TBilhHOM 3ane . K p o Me T aro , yc T BHOBKa 6btna O Kpy )Ke Ha no

KBnbHOfl 3 8WHTOJ'\ H 3 6eTOH 8 , 6opa H C DH HUB . 3 T H MBpbl C HilbHO Cl1 d 3 HnH cfloH, H O a c e >KB OH 

ocTaeanc st 3HBYHTB n h H hi M . Ha KB }K!lOM Kaape M O >K H O 6btno H a 6 nJOJJ.B T b n.ecstTKH c nyqae e o T 

peaKU H H 3 BXBB T B M ea n e HH h i X a e fiTpOHOB. H a nH Y H e T a Koro ¢aH a npaKTHYBC KH He M e wano HH-

T epn peT BUHH c o 6biTH ti aaxeaTa M B30HOB st .npaMH He 
3 

, HO npH BOaHno K y e e nHYBHH IO epe -

MBHH BOCCT8HO B nBHH st Y Y BCTBH TBilbHOC T H K 8 M 9 p b l. ilHKn p8 6 0Tbi KBMBpbi COC T S B n H il 25 C BK . 

npouec c ne pe3ap511lKI! ( I) II pan HHUI!OHH bl tl 38XS8T ( 2) <ISn HIOTCH nsyx'laCTHqHbiMH 

peaKHHHMH CO CTpOr O o npenene HH biMH 3He prHHMH STO pHqHbiX qacTHH, 3He pr HH Hnep TpHTHH 

s 3TH X peaKUHHX COCTHSn HeT 0 , 19 M ae H 3,28 M a s COO TSeTc TseHHO. n o aTOMy OHll Mor y T 

6 bi Tb Sbi)lene Hbl n;neM 1!3 MepeHII 51 npo6eros Hnep TpHTHSI, 

B b weneHH e c nyyae a pa a Ha U HO HHo r o aaxeaTa MO)l<e T 6btT h c n.en a Ho Henocpe.n c TBe HHo 

npl! H3 MepeHHH c ne KTpa npo6eros BTOp HqH biX qaCTHU , TaK KH K n po6er TpHTH<I OT peaKUHH 

(2) pase H 5 ,6 Mr f cM
2 

( HnH 22 MM npH nasne HHI! 17, 5 aTM,) . 

B biJlellB HH B C06b! TH I1 n epe 3 8pHI1 KH O C 110)f{ H51 € T CSI T BM, Y T O n po6er TpHTHSI O T 3 T O tf peaK 

UHH Ma n H cocTa nn <JeT 0 ,25 Mr l cM
2 

(HnH I MM npa n asn eHHH 17 ,5 a TM ). M a na" s e nHqHHa 

npo6era TpHTH H OT pea KUI!H ( I) 3 aTp yllH<JeT npH npOCMOTpe IllleHTH~HK8UH IO cnyqaes nepe -

3apHilKI! S Kaq eCTSe O)lHOn y qesO H 3Se31lbl, n pH He6naronpHHTHO A OpHe HTHHHH c nena TpHTHH 

OT H OCHTBll b H O Cll€Ll8 Me30 H 8 T 8 KH € c n y YBH Tpyll HO OTllH Y HTb OT 6ean y q eBbi X O C T 8HOBOK 

Me3o Hos. C npyr oii c TopoHhi , cywecT SYJOtllHH no TOll >Ke npHqHHe TPY!lHOCTh Toqno r o H3 Me-

peHH<I npo6er a H y r nos B npOC Tp8HC TSe He II03SOn HeT SSeCTH T8KHe Kp i!TepHH OT60 pa , KO 

TOpbie o6ec ne qHnl! 6 hi B03MOlKHOCTb KOHT pOnHpO S8Tb nponyCKH np H npOC MOTpe , n oaTOMy OT-

6op cnyqaen ne pe3ap<t!lKH no n po6er y sTopnqHOII qacTHU bi 6bin ao nonHeH a Ham<30M 6e3ny

Y e B biX OCT8H OBO K no M8CC8M OCTBHOB H Blll H XCSl M€30HOB. 8 p e 3yllbT 8 T P. M O>KHO 6bl ll0 rrony 

t.tHTb n o nHOe YHCllO n HOH H b l X 3 B B3ll , y KOT OpbtX npo6er BT Op H Y H Oil Y8CTHU bl MBHbi.U e HeK OT O 

poJi xo po w o H3 Me pH e '-foii eenHqi! HLI , B sTo qHcno 6ynyT sxonHTh H s e e c n yqa 11 ne p e3ap<!!l 

K H . 3 a T eM IlllSI Onpe n e n e HU Sl YH C118 C06biTH H n epe3 apH.O KH c n eayeT B b ll:J€ CTb <f>o H O T .a p y r HX 

n po u eccoe e ~bl6 paHHO M H HTepean e npo 6 e r oa. 

T a KH M o6pa30 M, ll ll !l 13bi.UeneHH H peaK U HH nep e3a pst llKH Heo6xon. H Mo nMe T b n o c TaTo Y 

Hoe pa3pelllBHH e IT O M8C C8M OC T 8 HO BH B I.UHXCH M930 HOB . llns:~ 3 TOrO 6blll npoeeae H 3KCnepH -

MeH T n p H 3 H 8 YHTellhHO 6 on bwei1: n o Cp8BHeHHIO C O ITTH M8ll b HOi1 BellH YH HOtf MB rHHTHOIO 001151 

a KaMe p e . B Lt x oa peaKUHH paanaunoHu oro 3 axea T a O>K H.aancH rrot.tTH a T PH paaa M 9 Hh i.U HM 

Sbi XOIIB pe a KUHI! nepe38 p 51 1lKH nHOHOB ( C y qeTOM r eOMeTpHqeCKOH ~~eKTI!BHOC TII perUCTpa 

U HH) . no3TO~IY C U8ll b l0 y BellH 4€HH Sl TOYHOCTH O n p eaen e HH fl OTHOWe HH ~ naHo¢CKOI O H3Mepe

peHH 9 B bi X Oil8 3 T Oif peaK UH11 6b1Jl0 CD.€118 HO K B K B Oflb!T€ 1 r ne Bblll€11SI118C b pe8 K U IH I nepe3a 

pHllK H 1 T B K H D 0Ilb!T9 npH O ITTH M8 llbH O n B 9 11HYH H9 M81HHTHOrO non 51 1 rae peaKUH fl ( J) Jie 
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Bbiaenstnacb . Hapstny c 3 THM npencTaanstnocb uenecoo6pa3HbiM nposecTH onbi T H npH noHH 

lKeHuoM naarreHHH He 3 
a KaMepe, KOTOpbiA no3aOrr<IeT BhiJlerrHTb peaKUHIO (I) Herrocpen 

CTBeHHbiM H3MepeHHeM npo6erOB SHl.ep TpHTHSI. fiaHHbte 06 YCllOBHHX OTibiTOB H 06'beMe 3K C 

nepHM€HT8nbHOrO MaTepHana npHaeneHbi a Ta 6 nHue 1. 

H.oMep 
3KCfl03HUHH 

n 
III 

H, 
3pCTeJ] 

12000 

6000 

12000 

Ta 6rrHua 

P, 

a':'Moc¢ep 

17,5 

17,5 

6.5 

s 

Yncrro 

!jJoTo rpa!jJH A 

6400 

7650 
19100 

B pe3yiibTaTe OTHOWeHHe naHo¢cKoro Jln<I He onpeaenstnOCb KBK OTHOW€HH e OTHO-

CHTenbHOA aepOSITHOCTH p€8KUHH nepeaapHllKH , BbiJleneHHOfi B 3KCfl03 HUUH I 1 K OTHOCHTenb -

HOfi aepOSITHOCTH npouecca paAHBUHOHHOrO 38XB8T8 1 Bbill€JleHHOrO B 3KCIT03HUH51X H II.. 

PerJICTpauH<I ne pe3 ap<I1lKH mwHoB npH noHHlKeHHOM naarreHI!II a KaMepe He Bbi3biBarra 3aTpyn

HeHHti: , OllH8KO npH 3TOM CHllbHO OrpaHH1.J:HB8l18Cb B03MQ)f{HQCTb Ha6opa CT8THCTHKH H3-38 HH3-

KOtl 3<jl¢eKTIIBHOCTH perl!cTpBUIIII co6biTI!tl paJliiBUIIOHHoro 3axaaTa. B bi6op aerri!'II!Hbi MarHIIT-

HOrO ITOJ1S1 B 3 TOA 3KCfl03HUHH H e 6bill CBS138H C H3MepeHH€M OTHOUI€HHSI naHOciJCKOrO, 8 6bin 

o6ycnoaneH 38ll81.J:€ti: paaneneHHSI BTOpHYHbiX rrpOTOHOB H neHTpOHOB OT 38XB8T8 ITHOHOB re -

III!eM-3, 

III . . 3Kcnepi!MeHTBIIhHbiii MaTep11arr 11 ero o6pa6oTKa 

norry'leHHbll1 3KCilepHMeHT81IbHbiH M8Te pH81I llOJ]BeprarrCH JlByKp8THOMY npOCMOTpy, npo

CMOTp ITpOH3BOllHnCH rrpH ITOMOWH CTepeonyn . E b illO yCT8IIOBll€HO, tJTO noc ne llByKp8THOrO 

rrpocMoTpa 3<jJ¢eKTHBHOCTb Ha6rriOneHHSI ocTaHOBKH Me3oHa B KaMepe 6 mi3Ka K 100%. PerHcT-

pHpOB8ll R C b TOllbKO T8KHe CllYYBH , y KOTOp blX T01.J:K8 OCT8HOBKH Me30H8 6bin8 B HllHA H8 060 -

HX xanpax. 

npH IIpOCMOTpe 6biii8 BBeJl€H8 CII€JlYIOW8<I KII8CCH!jJHK8UH<I C06biTHI\ : 

..L.l!1s.. - OllHOlly1.J:eB851 3 Be3ll8, o6p830B8HH8S1 OC T 8 HOBHBWHMCSI M€30HOMj npo6er B TOpHqHoH 

38pSI>K€HHOt:\ tt8CTHU bl llOJl)f{eH 38K8Hl.fH B8 TbCS1 B ttyBCTBHTellbHOM CnOe K8Mepb1 . 

-L..ru!.. - TO )f{€ C8 MOe , HO BTOpH'liH8S1 38pSI>K€HH8R tt8 C THU8 BbiXO.QHT 38 npeAenbi l.J:YBCTBH -

T€llhHOrO CllOSI K8Mepbl • 

--.!!!!. 

!...e 
Q£1:. 

X 
Q£1:. 

Ubi . 

MHoronyqeaaSI 3Be3na. 

- crry'laii pacnana J1 - M e3oHa; aneKTpOH pacnana BHneH. 

- 6e3nytteB8H OCT8HOBK8 M€30H8 B YYBCTBHTenbHOM cnoe. 

- 6eanyqeB8H OCT8HOBK8 Me30H8 C HeSIBH biMH npR3H8K8MH cne.na BTOpH'liHOA tt8CTH -

6 

~3B 

oueHK 

(crren 

~ 

naeTc 

cneaa 

11neHT 

1.J:8C TH J 

BHTen: 

abre o 

::meKT: 

npo6e. 

SITHOli 

BUllHM 

UllpOBI 

(Harro: 

HOB B 

pOB8ll l 

11e 

" 
pllpOBI 

KIICIIOf 

Hbl B 

HoMe ! 
3KCITO~ 

3HUHH 

1 

II 
Ill 

nHBBnE 

napaM< 



~3B cny~a fi OCT8HOBKH M830H8j BTOpHqHSR 38PR*8HH8R ~8CTHU8 no BH3yanbHOA 

OU8HK8 HM88T HOHH38UIU0 1 6nH3KYIO K M HHHMBnbHOA, 8 3H8K KpRBH3Hbl cne)la - HeonpeneneHHbiA 

( cnea KOpOTKHil HnH COCT8BnSieT M8nbii1 yron C H811p8BneHHeM M8rHHTHOrO ITOnH), 

--~n~u~e~-- - cnyqail pacnaaa rr -Meaoaa; Jl -M830H OCT8H8BJIHB88TCSl B K8M8pe H pacna-

aaeTcH. 

Bee 8TH C06biTHH nerKO H!leHTH<!>IIUI!pyiOTCSI 110 X8p8KTepHOMY 1!3MeHeHHIO Kpi!BII3Hbl 

cneaa OCT8HOBHBWerOCH M830H8 1 8 T8K>K8 KpHBH3H8 H HOHH38UHH cnena BTOpHI.{HOfi q aC THU bi , 

11aeHTH<!>IIK8liHSI aaTpy!lHHTenbHa an11 Tex cnyqaea rpyrrrrbi n K, KOrJlB Cn en BTOpHt{HOA 

qacTI!Ubi oK63biBaeTcSI a6nH311 rpaHI!Ubi qyacTBI!TenbHoro cno11 l!nll y o6nacTI! npoaana qyac,T-

BHTenhHOCTH, B TBKHX cnyqaSJx co6biTIHI oTHOCHnHcb K Knaccy co6btTHA nH. E eanyq e -

Bbt8 OCT8HOBKH M830H8 MOryT 6biTb o6ycnOBn9Hbl C06btTHHMH ~t e - pacnaaa c HeBI!llHMbiM 

aneKTpoHOM pacnaaa 113-38 6nH30CTII ocTaHOBKH K o6naCTH HeqyacTBI!TenbHOCTII, KopOTKO-

rrpo6eJKHbie co6biTHH aaxaaTa ITHOHa He 
3 

, B TOM qi<cne cnyqaH rrepeaapSillKH c He6naronpH-

HTHOA OpH9HT8UHet\ BTOpHt{HOrO nyqa OTHOCHT8nbHO cneaa M830H 8 H fiHOHHbte 3B83llbl C He 

BH!lHMbiM nyqoM, T8KJKe MOrnH IIMIITHpOB8Tb 6e3 n yqeByiO OCT6HOBKY Me30H8, K Hel!!{eHTII<!>H-

UHpOB8HHbiM C06biTJ.HIM OTHOC HnHCb cnyttBH, H8XO.C.SllUH8CSl B CnO)f(HbiX yCnOBHSIX Ha6n JO.ll8HHR 

(HanoJKeHHe cne!lOB H J:lp,), n n11 ueneil onpeaeneHI!SI ITOnHOro 4HCna OCT6HOBCK 11 - M830-

HOB B 8KCIT03HUHRX H II peri!CTpl!pOB8ni!Cb rr~te -pBCITBJl bl , KO T Opbi8 HJl8HTHQlHUH-

pOBBnHCb B COOTB8 TCTBHH C BHJlHMOCTbiO a n eKTpOHB p8CIT8Jl8 1 T . e . TBK >Ke, KBK H cnyttaM 

~t• - pacnaaa . 

3 
" -M830H bl rrpH 38XB8Te B He Jl810T TOnbKO OJlHony1.feBbi8 3883./lbl . no aTOMY aaperHCT-

pHpOB8HHbl8 MHOrony1.f8Bbl8 3 883./lbl cneayeT OTH8CTH K 38XB8Ty ITHO HOB stnpaMH yrnepOJl8 H 

KHCnopona , BXOJlSHUHMH B COCTBB rrapOB M8THnOBOI"'O CITHpT8 . P83ynbT8Tbl rrpo CM:::> Tp8 CB8.ll8 -

Hbl B T86nHUY 2, 

Ta6n11 ua 2 

HoMep 
4HcnO OCT8HOBOK M 830 HOB ITO rpynrraM t.IHcno cnyqaea 

aKcno- "'"" - pacnaaa 

3HUHH 
I nK I nH ~te OCT OCTX lie :JB nn HeH.08HT. ~te OCT 

IJ.e 3B 

I 1102 2828 989 648 223 286 32 11 5 189 75 25 
II 1329 3395 1233 593 309 376 13 !57 104 40 22 
Ill 427 1272 427 764 62 185 32 62 67 78 9 

YlaMepeHHH npo6eroa 'l.bii10nHHnHcb Ha perrpoeKTope, npH ITOMOWH KOTOpOI"'O BOCCT8H8B -

nHBBnBCb K8p'rHH8 C06LITHSI B npOCTp8HCTBe. Y O.llHOny1.f9BbiX 3B83.ll H3MepSinHCb Cneay IOIUH8 

napaMeTpbi: 

I) anHHa c neaa ocTaHOBHBwerocSI MeaoHa , 

2) KOOp.llHH8Tbl T01.f8K OC78HOBOK M830H8 H BTOpH1.fHOfi 1.f8CTHU b1 1 
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3) [lnHHB H WHpHHB cneaa BTOpH4HOti 48CTHU bi 1 

4 ) yron Me>KLIY H8IIp8Bn9HHeM BbtneTa BTOpRl.JHQj;'l t.I8CTHUbi H ropH30HT8nbHO ti nnoc -

KOCThlO. 

npn BbJlUfcneHHH n po6era Yt.IHTbiBanacb 38BHCHMOCTb rrnoTHOCTH ra3a OT pacnpeaeneHIHI 

TeMrrepaTypbl B 'IYBCTBI!TeiTbHOM Cnoe K8Mepb!, 8 T8K>KB BBO!{HIT8Cb ITOITp8BK8 HB YCB!lKY 

nneHKH H KOH9tJHYlO lliHpRHY cneLIB. 

I~ H3MepeaHe OTHOWBHHH naao~cKoro B He
3 

A. OrrbiTbi npH BbiCOKOM aasneHHH renHH-3 B KBMepe 

B 3KCIT03HUHH I anH BbiaeneaHH co6biTHI< rrepeaapH!lKH rrepsoaa'!anbHO 6bino orrpeaene

HO nonHoe 1.!HCnO 3B93a , o6pa30B8HHbiX OCT8HOBHBlliHMHC51 IIHOH8MH C npo6eroM BTOpHl.JHOA' 

'IBCTHUbi < 0 ,5 MrlcM
2

, Bb16op HHTepsana npo6eros 0- 0,5 MrlcM
2 

6biiT o6ycnosnea aByMH 

2 
coo6pa>KeHHHMH , Bo-rrepBbiX, np.o6er 0,5 MrlcM (2 MM rrpn aasneHHH 17,5 BTM) SIBnHeTcSI 

TBM MHHHM8ITbHb!M npo6erOM, KOTOpbll< fi0!{!{8BTCS! 8KKyp8THb!M 113MBpBHHS!M, 8 3TOM MO>KHO 

6b!ITO y6eaHTbCS! Hpll H3MBpBHJo!H CITY'IBBB rrepe38pS!!lKH B OITbiTB ITpH ITOHH>KBHHOM !l8BITBHI!I! 

He
3 

B K8Mepe, T8K K8K Hp06P.r TpHTI!Si OT pe8KUHH rrepe38pS!!lKH B 3TOM CITY 'IBB COCT8B 

ITHBT 2,5 MM, Bo-BTOpb!X 0 ~~BKTI!BHOCTb H86ITIO!lBHHS! C06b!THS! Hpll ITpOCMOTpe , HMB!OWBrO 

TBKY!O !{ITHHY BTOpli'IHOrO ny'la, 6biiT8 6nH3KOA K JOQ%, 

Ha rpynrrbi aseaa I nK co6b!THSI c rrpo6eroM < 0 ,5 MrlcM
2 

6biiTH H3Bneqeabi aenoc 

peacTBBHHhiMH H3MBpBHHS!MH npo6eroB, n nH Bbl!{BITBHHH KOpOTKOITp06B>KHb!X fiHOHHb!X 3EI::.3a 

H3 6eany'IBBb!X OCT8HOBOK ( rpynrra OCT H OCTX ) 6b!nl! ITpOBB!lBHbl H3MBpBHI!H M8CC MB30 -

HOB, OrrpeaeneHHe Mace MB30HOB npoH3BOilHnocb no HMrrynhcy H OCTBTO'IHOMY npo6ery, 

HaMepeHHH BhiiTOn HHnHCb aa penpoeKTope c rrpHMeHeHHeM wa6noHOB rrepeMeaaon KpHBH3Hbi , 

npH Bbi1.JHCneHHH HMnynhCOB yqHTbiB8n8Ch Hep8BHOM9pHOCTh \..1:8rHHTHOrO flOnSI ITO BbiCOT9 

'IYBCTBHTBITbHOrO CITOH K8MBpbl , npH 1!3MBpBHI!H M8CC 6b!ITH BBB!lBHbl CITB!lYIOIUHB KpHTepHH 

oT6opa : 

I) an~~na cneaa Me3oHa L ~ 50 MM, 

2) yron H8KITOH8 cneaa MB30H8 B TO'IKB H3MBpBHHR p8!li!YC8 KpHBH3Hbl K ITITOCKOCTH , 

rreprreHaHK y nRpaoll aarrpasneHHIO MarHHTaoro nonH, He npeBbiwan a <;; 30°, 

nnH 011pBilBliBHH R p83pBWBHH5! 6binl! 11pOBBJlBHbl H3MBpBHH5! M8CC MB30HOB B rpynnax 

C06biTHH p.e nK II nH , T.e. ITO CnyqaHM aOCTOB9pHbiX OCT8HOBOK MlOOHOB H 

nHoHoB, oTo6paHHbiX E cooTseTCTBHH c yKaaaHHhiMH KpHTepHRMH , Ha p11c , 3 rroKa3BHhi 3TH 

peaynbT8Tb! , nnH rrpHHHTOA rpaHHUbl paaaeneHHR 125 M3Bic
2 

rrepeKpb!THe rHCTOrpaMM M!OOH

HbiX H llHOHHblX M8CC H9B9nHKO H COCTBBn fleT OKOnO }Q%. 3TH pe3ynhT8Tbi 6blnH HCITOnh30 -

B8Hbl npH Bb1Ll9n9HHH flHOHHblX C06biTH fi H3 6e3nyt.I9Bb1X OCT8HOBOK M930HOB ( rpyiiiibi OCT H 

oc rx ) . H3MepeHHbte cneKTpbi Mace qacTHU, Bbi3naawHx 6e3nyqeabte ocTaHOBKH, npHBeLieHbi 
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l-IB pHC . 4. Yf3 pHCYHKOB BHJlH0 1 t{TO C06biTHSl rpyiTITbl OCTX B OC H OBHOM HBnHIOTC H OCTBHOB

KB MH TIHOHO B . 0THOCHT9nbHO 6onhW09 YHCn O OC T8HOBOK ITHOHOB COJl9p>KHTC 51 H B rpynne OCT. 

fiOIIHO e '-IHCIIO ITHOHHbiX OCTB HOBOK, COileplKBlUIIXCH B 6e3ny'leBbiX OCTBHOBKB X ( rpynnbJ OCT II 

OCT X ), HB XOil iiiiOCb C yqeTOM KO~~IIUIIeHTB OT6 opa. Ha OCHOBBHIIII II3MepeHIIH pacnpeaene-

HH~ oc TaHO R0K no nnnH e cne.aa Me3oHa L 11 y rny a 9 TOT KO~IIUIIeHT 6bin HBl!lleH 

paBHbiM 0,61 + 0,03 • 

0KOlP-18TenhHO tln51 B brnen9 HH 51 KOpO TK OITpo6e>KHbiX ITHOHHbiX 3B93,ll H3 6eanyt.teBb1X OCT8-

HOBOK 6btn8 p8CCM0Tp9 H8 B03MO>KHOCTb TOrO, 1-ITO 6e.'3nytteB8H OCT8HOBK8 MO>K9T 6biTb o6yc-

nosneHB ITJIOHHOH 3Be3110l! C 6biCTpOH BTOpii'IHOl! 'IBCTIIUel!, ny'l KOTOpOl! He BlllleH 113-38 

6 ni!30CTII K 061IBCTII He'!yBCTBHTenbHOCTII . C 9 TOI! uenbJO B KaMepe 6bin8 HBl!lleHa 30H8, orpa-

HHti9HH8Sl ITO BbiCOT e 1-£YBCTBHT enbHOro CnOSI , B KOTopot:t rrpaKTHl.J9CKH ace a n eKTpOH bl OT p.e

pacnaaa 6hinll BHilHhi. He~eKTHBHOCTb Ha6nJOile HHH ny'!a y ITIIOHHol! 3Be31lbi a aToll 3oHe 

6btn8 npeHe6pe>KHMO MBnOt\ BCneAC T BH9 T QT 0 1 1-£ TO BT OpHttHbi9 1-£8CTHUbi OT ITHOHHbiX 3B93,ll 

C09118JOT IIOHH38UIIJO CylUeCTBeHHO 6onbWYJO MII HII MBnbHOl! . 4l!cno 6e3ny'leBbiX ITHOHH biX OCTB-

HOBOK 1 H8XOilSUUHXCH B 3 T Ot\ 30H9, 38T9M 3KCTpanonHpOB8nOCb H8 B9Cb 06DeM "'YBCTBHT9nb -

HOrO c noH K8M9pb1 B COOTB9TC TBH H C ITOnHbiM "'HCnOM OCT8HOBOK M930HOB. 

P eaynhT8T bi Bbi,ll9neHH51 ITHOHHbiX 3893.0 C rrpo 6 erOM BTOpHqHbiX 1-£ 8CTHU B HHTepaane 

0 - 0,5 MrfcM
2 

no rpynnaM OCT BHOBOK npiiBelleHbl B Ta6n11ue 3. 

T a6 n11ua 3 

( nK OCT X OCT Bcero 

442 + 21 182 + 16 154 + 19 778 + 33 

CneKTP npo6eros BTOpii'IHhiX 'IBCTHU 113 9KCIT03HUHII I noKa3aH HB p11c. 5,a. OH nony

'!eH a pe3ynbTBTe H3 Mepe HHH aniiH hJ nyqel! B rpynnax co6bJTIIA I nK 11 I nH. flpH'IeM H3 

rpyiTITbl 3Be311 1 nH B CITeKTp BKnlO'IBnl!Cb TO/IbKO Te CIIY'IBII, y KOTOpbiX C/Iell BTOpH'IHOl! 'IBCTHUbl 

6bJ/I 6e3 {j - 9/IeKTpOHOB II HMe/I HOHH38UHJO ITOpHilKB IIOHH3 8UHII OCTBHOBHBWerOCH Me30H8 0 Ta

KH e C06bi TII H MOrnH paCCMBTpHBBTbCH KBK TpHTHeBbJe OT peaKUHl! ( 1) II ( 2) • 3TH 1Ip113 HBKH 

OT6 0pa 3B93.U 6 binH BB9.ll9H bl H8 TOM OC HOB8HHH 1 ttTO C.'I9ll TSDKenot:\ OCT8H8B.'IHB810Ul9:R CH qac

TIIU b l C npo6eroM < 14 MrfcM
2

, KBK 9 TO CneayeT H3 8H8/IH38 3Be311 I IlK, He HMee T {j 

ane KTpOHOB. EnaroaapH aToMy 
1 
ycTpBHHnacb B03MOJKHOCTb nponycKOB 3Be311 c 3BKB!RHBBJO!UH

MIICH npo6eraMH BTOpll'IHbiX 'IBCTHU, KOTOpble MOr/111 I!Me Tb MeCTO npH HlleHTH~HKBUHIJ C0-

6bJ TIIH I IIK 38 C'leT He'!eTKO B llll llMOl! OCTBHOBKII BTOpii'!HOl! 'IBCTIIUhl. flpH 9TOM, KOHe'!HO, 

He c KonhKO no3pacTaeT cfJoH OT HeMoHoxpoMBTII'IHbiX 'IBCTHU. KpoMe Toro, HHTepsan rrpo6e 

ros 0 - 0,5 MrfcM
2 

llOITO/IHeH CIIY'IBHMH, BbJAe/IeHHbiMII H3 oe3/Iy'!eBbl X OCTBHOBOK. 

flp11 onpeaen eHHH 'IHCna CIIY'!BeB nepe38pHAKII ITHOHOB Heo6XOAIIMO BbJ'IeCTb cfJoH OT 

11pyr11x npoueccos, llBJOlUHX BKnaA B HHTepsan rrpo6eros 0 - 0,5 MrlcM
2

• flpHHSIToe 3Ha'le-
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J-Ufe qJOH8 HBJlSleTCSl CpeaHeti. B8JlH'-IliHOi't M8>K.U y p C.:1)'.1i> T ..'I TOM JlH H8ti HOil 3KCTpEt110Jl~I UIIH ypon 

H Sl ¢aHa H3 c oceaHero HHTepaana npo6oroa 0,5 - 1, 5 l\ lf'i cM
2 

H peaynhTfiTOM 3KCTpanonn 

UHH H 3 3 TOr'O HHTepaana J3 IIYilb. T aK KDK J3811Hl..JHI£8 (jJ0 11 8 COC T 88Jl5l8T OKOJlO 8%, TO Heonpe-

neneHHOC Th a Hel1 cyll!ecTaeHHO He anHMeT ao T O '-IH OC Tb OKOHYaT e nbHoro pe3ynhT BTa. HH .iJ<e 

B T86J1HU8 4 npHB8.Ll8Hbl .Ll8 HH bl8 , K8C810liiH8CSl Bblll8JleHHS1 p88KUHH ( }) • 

BbiJJ. e n e HH e peaKUHH panHaUHOHHOro aaxaa T a 6bJno npoaeneHo no MaTepHanaM 3 KcnoaH -

11 1111 I 11 II • 11aMepeHH btli cneKTp npo6eroa BTOpiiYHbtX YBCTIIU 113 aKcno3 11UIIII II np11ae -

neH Ha p Hc . 5 ,6. B 3 T O T cneKTp, T 8K)f(e KaK M" a cneKTp npo6eroa aTopHYHbiX l.{8CTHU H3 

3Kcno3 HUHH 1, HBPSI.LlY c co6biTHS1MH rpynnbJ I nK, BKilJOl.{ 8 Ha l.fB CTb co6bJ THi1: rpynrtbl 1 nH, 

yaoaneTBOpRIOWIIX yKa3aHHbtM Bbtwe npii ::J HBKBM . CpeaHIIi1 npo6er TPIITIIR OT peaKUIIII ( 2 ) oKa -
2 

::Jane<~ paBHbtM 5,56 ~ 0 ,0 1 MrlcM • OH coanaaaeT c OlKII!laeMbtM 3 HaYeHIIeM npo6era Tpii-

THR c 3Hepr11 et1 3,28 M aa. 3<!><!> eKTIIBHOCTb per11 c TpauH11 an<~ cpeaHero npo6era 6btna pac -

C YHT8H8 M8TOtlOM CllYY8AHblX H CflhlT8HH~ C HCITOJlb30B8 HH8M 3 K CTT8 pHM8HT8JlhHbiX .Ll8HHbiX 0 

pacnpe.neneHHH OCT8HOBOK M830HOB 110 Bb!COT8 H panHyCy K8MPp bl . cJ>oH OT .npyrHX peaKUHt\ 

6bl ll onpe.neneH ITO tiJliUK8f:tlllHM y ttaCTK8M CITpBBB H Cll8B8 OT ITHK8 1 CB S1 38 HHOr'O C 3TOA peaK-

u11eA. 

P eaynbTBT BbtneneHIIR peaKUIII! pa!liiBU>IOHHoro aaxaaTa B 3Kcno31!UIIRX I 11 II coaep 

JKI!TCR B T80n11Ue 4. 

T a6n11ua 4 

PeaK - H oMep 11HTepaan 3 aperiiCT- 3<J><J>eKTIIB- 0KOHtt8T8 Jlb-

UIIR 3KCITO - npo6eroa, p ll p0B8HO <l> 0 H HOCTb pe - HOe ttHCJIO 

3 HUHH MrlcM2 c n y q aea riiCTp8UIIII cnyttaea 

"- +He 
3 
.. tf +Jl I 0 - 0 ,5 778 .:t 33 6 1 .:t 4 1,0 7 17,2 t 33 ,0 

• 3 I 4,8 - 6,3 3 20 t 18 104 t 9 0,7 1 t 0 ,02 304 ,5 +_ 29,2 " + ·He ->II +y 
II 4 ,8 - 6,3 402 + 20 127 + 10 0, 73 + 0 ,02 376,0 + 32,3 

0THOW9HH 8 TiaHoq,cKOr'O .D.Jlst rellHSl-3 H8 OCHOB3HHH 3 KCrT8pHM9HT8JlbH b iX .D.B HH biX 3KCITO -

3 11111111 I II II MO>KeT 6biTb Haf:tC.eHO H3 Bblp8)f(8HHS1 

p 3 ~ 

He 

N"o (N 1 +N
11 

N1 (Ny1 + Ny n) 
(7) 

r.ne N 
1 

H N 
11 

- nonHoe 1.fHcno ocTBHOBOK nHOHOB a 3KC IT03 HUHS1X I H II ; N )'t H 

N yn - qH c no c n y y aea panHaUHOHHoro aaxaaTa, aaperHcTpHpoaaHHbiX a cooTBe T C T ByJOIU H X 

3KCIT03HUHRX 1 H N"o - YIICno cnyqaea peaKUII II nepeaapR!lKII B 3KCII03HUIIII I. 

K ITOnHOMY 1.JHCny ITHOHHbiX OCTB HOBOK r KpO Me 3 aperHCTpHpOB8HHbiX O.D.HOilyt.teBbiX 3B83.ll, 

T8K>K8 cnenyeT OT H8CTH H T e fiHOHH ble C06biTHSI 1 KOTOpb19 OK838JlHCb Cpe.D.M 6ean yY8BbiX OC 

T8HOBOK 11 a rpynne IJ.e aa , C aToll uenbiO Obtnll llcnonb30 B8H bt peaynbTBTbt H!leHTII<!>IIKa-

10 



j 

J 

UHH C06btTHH - pacnana, rTOCKOJlbK Y n 3 TOM cnyqae OC T OHODHBlltHACQ fl - r-.Je3o H noc -

Toae pH o per HCTpHpyeTcn no - p D.COCllly . npH 3 TOM npennona r anaC b OllHJIQKOP.Bfl 3rf•<~eK-

TH BHO C Tb Ha6n10/1€HIHT 3neKTpOH8 lll5t C06b!T H i'! ue - pac na.aa H 'ITIJ.e - pacnana. B 3Kcno -

3 HHHn I 'Ht cno nHOHHbiX co6 biTHil a 6e3ny Y e B hiX ocTaHOBKax 6IAno nony'-teno noyrvHT cnoco6a -

MH: H8rTOCpt',lC TB€HHO H8 OCHOBB HHH H3M8p€HH 51 M8CC M€3 01108 H C HCrTOJlb30118I-IIf eM CB9Jl8 Hifl1 

0 - pAcnanax . Ll.aHHbl€ 0 rTOJlHOM lfHCJl€ TIHOHH biX OCT8HOBOK rrp H Be.neH bl B T86JlHUe 5. 

T a 6 n H u a 5 

3Kcno- 4Hcno OC T 8 HOBO K no rpynnaM 
nonJ·lO€ 11H C JJO OC T B HOBOK 

3 HU1Hl 
OCT OCTX 3B83llbl " IJ. e 3B 

3930 + 63 446 + 29x / 155 + 33 453 1 + 75 

479 + 6 1 

II 4724 + 69 428 + 94 115 + 65 5267 + 133 

xl Ha oc HOBBHHH H3MepeHHfl Mace Me30HOB. 

J1cnonb3YI! l!aHHble Ta6nHU 4 H 5 0 H3 BblpalKeHHI! ( 7) nonyYHM 0 YTO OTHOUJeHn e naHO~ o-

CKOrO B He S B OrTbiT8X npH Bb!COKOM .ll8BJ18 HH H B K8Mepe p8BHO: 
A 

p 3 
H e 

= 2 o27+ 0 ol 9 . 

6 . 0 n bl T npu H H 3KOM .08BJ18HH H re nH H -3 B KBMepe 

n pH nOHHlKeHHOM aaaneHHH r enHH-3 B Ka Mepe (6 0 5 aTM ) peaKUH~ nepe3apRI!KH nuo

HOB MOlKHO B~l!enHTb Henocpei!CTBe HHhlM H3MepeHHeM npo6erOB Rl!ep TpHTHR , npo6er TpHTU n 

OT p€8KUHH rtepe3ap51!lK H B 3 T OM CJlyqae COCT8BJ1518T 2,5 MM, B OT peaKUHH p8!lH 8U HOHHOrO 

3aXBa Ta - 56 MM, J13MepeHHblfi c neKTp npo6eroB BTOpHYHbiX YaCTHU B HHTe paa n e 0 -J Mr/cM
2 

npHaeaeH aa puc . 6 0 a , CpeaHuli npo6er TpHTHn OT peaKUHH (I) OKa3a nc n paBH biM 

0 0 247 .± 0 0 00 3 MrlcM
2

• Cneaa aT nHKa 0 cooTaeTcTay~wero peaKUIIH ( I) o a HHTepaan e npo -

6eroa 0 - 0 0 J Mr /c M
2 

aenHYHHa cpOHa HeH3BeCTHa B CBI!3H C TeM 0 YTO npH npOCMOTpe KO 

pO TKOnpo6elKHLie C06biTHI! B 3TOM HHTep13ane npo6eroB perHCTpHpy~TCn C 3cpcpeKTHBHOCTb~ 0 

M8HbW €i:\ }00%. noaTOM Y y pOB€ Hb <f>OHB , KBK H B OTTbiTBX rrpH Bb!COKOM Jl8BJ19HHU, 6b!Jl 011 -

penene H KBK cpeaHee 3H8 1.f8HH 9 peaynhTBTOB JlHHBfiHOJ.i 3KCTp8ITOJ1S1UHH 113 COC 8 .UHero IIIIT P.p 

Ba na cnpaaa " :o>KCTpanonnUHH ypoaHn cjloHa H3 :o>Toro HHTe paana a Hynb, B 3KCil03HUHU 111 

6b! J1 0 .3nperH C TpHpOB8HO H€60JlbUI09 YHCJlO C J1y1.f89B p8.0H8UHOHHOrO 30XB8T8 B CBST3H C HH 3 -

KO t'f gQJ¢ex THBHOCTblO perHCTpauHH n y Yei:\ TBKoii nnHHbl . CneKTp npo6croa DTOpH4Hurx •-t aC TliU 

H3 :o> Tol"l 3KC il03 HUIIH B HHTepaane npo6eroa I - 8 Mr lcM
2 

no Ka3a H Ha pnc . 6
0
6 , 3<pcjle KTHB -

HOCTb perHCTp8UHH .08 HHOA .OJlHHbl CJ18!l 8 BTOpH4HOA 48CTHU bl TBK*e 6bJJ18 p8C C4HTnH B \18TO 

.UOM CJly1.faAHbiX HCIT b! T8HHA C HCITOJ1b30B8HH€M H3M e peHHOfi TOTTOrpa~HH OCTQHOBOK M930HOB 

a :o>To11 :o>Kcno3 HUHH, Pe3ynbTaT BblaeneHHH peaKUHii ( I) " ( 2 ) npe!lcTaaneH a Ta5nHue 6. 

Ha OCHOBaHHH 3THX pe3ynbTaTOB OTHOWeHHe naHOcpC KOrO B 

II 

3 
He nonyYeh ;lBBHbiM : 



p 
5 

= 2,32 + 0,54 
He 3 -

T a 6 n H u a B 

• ---·- • 3aperHCT----------;:,.,-,.------;:,--------
YiHTepaan 

npo6eroa, 
Mrl cM2 

;.:i<jl<jleKTl!B- 0KOH'I8T9flb-

PeaKUHS! 

,.- +:HeT-+H 3+,o 0, I + 0,4 
_, a a -

rr +He -+ H + ·y 5,0 + 6,0 

pHpoaaHo 
co6btTHA 

308 +_ 17, 6 

33 + 5, 7 

¢> 0 H 

46,2: 4,7 

4 + 1,4 

HOCTb pe- Hoe qHcno 
rHCTpaUl!l! cny'!aea 

0,94 ~ 0,02 278,2 : 20,3 

0,24 + 0,02 119,8 + 26,4 

8 
3a OKOH'IaTenbHYIO B9flH'IHHY OTHOW9HHS! llaHo<jJCKOrO B He npHHHTO CpeUR9B3H9WeH-

HOe 3Ha'!eHHe nayx H93aBHCHMbiX H3MepeHHtl A H B : 

P 
1103 

• 2,28 ~ 0,18 

0THOCHT9flbHb19 BepOHTHOCTH peaKUHtl nepeaapHUKH H paUHaUHORHOrO 3aXBaTa nony'I9Hbl 

cnenyJOIIIHMH : 
3 

W(H 
3
rr 

0
) • ( 15,8 + 0,8)%; W(H y) = ( 6,9 + 0,5) %. 

V. 06cp<A9HH9 ~flhTaTOB 

3 
B pa!SoTe B.B. CTpyMHHCKoro noKa3aHo, 'ITO OTHoweHHe llaHoij>cKoro a He MO)!(eT 

6biTb Bbipa)!(9HO 'l9p93 OTHOW9HH9 llaHO<jJCKOrO B BOUOpone H OTHOW9HH9 KBaUpaTOB MaTpl!'I

HbiX 3fl9M9HTOB ( HU9pHbiX <jlopM<jlaKTOpoa) npOU9CCOB nepeaapstUKH H panHaUHOHHOrO 3aXBaTa 

flHOHOB, 0THOW9HH9 llaHO<jJCKOrO B BOUOpone B HaCTOSIIII99 BpeMS! H388CTHO C XOpowe tl TO'!-

HOCTbiO H paBHO : 
/5/ 

PH e 1,583 + 0,021 

BcneucTaHe ManoR aenH'IHHbt nepeuaaaeMoro HMnynhca a npouecce nepeaapstAKH ero 

MBTpH'IHbltl 3n9M9HT MO)!(HO npHHHTb paBHbiM 9UHHHU9, !l03TOMy OTBOW9HH9 llaHO<jJCKOrO B 
3 

He 6yneT aaauceTb TOnhKO oT stuepHoro MBTPH'!Horo aneMeHTa npouecca pauuauHoH-

Horo 3BXBBTa, 8 peaynhTBT9 HM99T M9CTO cneuyJOIIIee COOTHOW9BH9: 

p - · 
He 3 

PH w+ :M "'H EM "+ ·m 3 ~ 
~----~<-->1 

F "'H + :m w Earn " +: M 

(8 ) 

rue PH -oTaoweHHe llaHo<jlcKoro a aouopone, F - stnepHbitl MaTpH'IHbitl aneMeHT npo-

UeCC8 paQH8UHOHHOrO 3 8XB8T8 1 W -3HeprHH <jJOTOHa B p9BKUHH (2), W H - aHeprHS! <jJOTO-

aa a npouecce aaxaaTa nuoHa aonoponoM, m -Macca Hel!TpoHa, " -Macca 
,.o 

Meaoaa, M -Macca TpHTHH, E -aaeprast, BbiUenHJOIIIBS!CS! a npouecce ( I), E H -aHep-

rust, BbtnenstJOmastcst npH nepeaapHnKe 

a Maalc
2

). 

rr -M930HB B BOUOpoue (MaCChi H aaeprHH '!aCTHU 

12 



p b - 2,32 + 0,54 
He 3 -

Ta 6 nuua 6 

3Ijl<jleKTHB- 0KOH'IBT91lb----- - ------- -~-------------------~~~------~-------------
HHTepaan 3aperHCT-

npo6eroa, 

IV!f' I CM2 

' 0, 1: 0,4 

5,0 + 6,0 

pHpoaaHo <P o H 

COOb!TIIIl 

308 +_ 17, 6 46,2 + 4,7 

33 + 5 , 7 4 + 1, 4 

HOCTb pe - HOe '-IHCnO 

f'HCTpBUHH c nyqaea 

0,94: 0,02 278,2 :!: 20,3 

0 ,24 + 0,02 119,8 + 26,4 

8 
IT9/JbHY~ B9llH'IHHY OTHOW9HIIS1 naHO<jlCKOI'O B He llpHHSl TO CpellR9B3b9WeH-

lBYX H93BBII CHMb1X 113M9p9HIIll A H B : 

p HoB • 2,28 : 0,18 

llbHbl9 B9pOHTHOCTII p e aKUIIll n e pe3apHilKH H paaHaUIIOHHOI'O 38XBBTa llOilY'I9Hb1 

8 
( 15,8 + 0,8) % ; W(H y) = ( 6,9 + 0,5) % . 

V. 06CyJKil9HB9 pe3yllhTaTOB 

8 
B.B. CTpyMHHCKOI'O llOK83aHO, 'ITO OTHOW9HH9 naao4>cxoro B He MOJK9T 

> '!9p93 OTHOW9 HH9 naHO<jlCXOI'O B BOilOPOil9 B OTHOW9HII9 KB81lp8TOB M8TpH'1 -

(gaepHb!X <jlopM<jlaxTopoa) npoueccoa nepe3apnaxu H paa11auuoaaoro 3axaaTa 

9HH9 naHO<jlCKOI'O B BOil0 p01l9 B HaCT05Ill!99 Bp9M51 H3a9CTHO C XOpowetl TO'!-

o : 

pH • 1,583 : 0,021 /
5

/ 

119 Manon a e nH'IHH b1 nepeaaaaeMoro nMnynhca a npouecce n epe3ap5IIlKH ero 

·M9HT MOJKHO npHH51Tb paBHb1M 91lHHHU9. n o3TOMY OTHOW9HH9 naHo<jlc x o r o B 

38BHC9Tb TO/JbKO OT Slll9PHOI'O MaTpH'!HOI'O 31l9M9HTa npOI:I 9CC8 paaHai:IHOH -

8 pe3yllbTaTe IIM99T M9CTO cneay~mee COOTHOW9HH9 : 

p • · PH cu+ :M "'a 
Hea ~ -------~ ( f' + m 

8

] ~ 
F "' +:m "' ---- ) . a Eam f' +: M 

(8 ) 

HOW9HH9 naao<jlcxoro B BOilOpolle , F - 5IIlepHb1ll MaTpH'1Hb1ll aneMeHT npo-

JBHOrO 38XB8T8 , CU - 3H9pr'HH <jlOTOHB B peaKUHH (2 ), cu H - 3Hepr1151 <jloTo -

3 8XB8T8 ITHOH8 BOaopoaoM , m - Macca ael!Tpoaa, f' - Macca "0 

-MBCCB TpHTIIH, E - a a eprn51 , Bbtllenu~ma5ICH B npouecce ( I), E H - aaep-

BHCH npn nepe3apunxe " - M930H8 B BOilOpolle ( MBCCbl H 3HeprHH '!aCTHU 

12 

MaTpH4H bt l1 'meMeHT npouecca paauauHOHHor o 3axaaTa coanaaaeT c <jlopMtjlaKTOpoM 

F 1 , aaeae HHbi M W H¢<jlo,/
6 1 

llll51 onHCBHH 51 pacce51HH51 an e xTpOHOB 5lllPBMH He • H H 3 , 

3xc nepHM9HT8/JbHa51 3BBHCHMOCTb IjlopM<jlaKTOpa F 1 OT n epeaaaaeMoro HMnynbca, n ony 

'19HHBS1 a on btTax X otjlwTaaTepa H ap/
71 

ang o6nacTH nepeaaaaeMbiX HMnynbcoa I - 5rm -~ 
rryqwe acero OllHCbiBaeTC51 np11 YC/JOBHII , KOI'Il8 OllHO'IaCTH'IHb19 BOIIHOBbte <jlyHKUHII Bb1ollpa 

~TC51 B auae <i>YHKUHH raycca HIIH ¢yHKUHII HpBHHI'B c o 3Ha'!9HII9M cpeaHexaaapaTII'IHOI'O 

paauyca: 

( 1,5 ~~:~)fm ll ll51 <jlyHKUIIH raycca , 

r = ( 1,7 + 0 , 1) fm ang <i>YHK UHH MpanHra. 

Hcnorrb3 Y51 3TH pe3yrrbTBTW,MOJKHO Bb1'1HCilHTb aerrii'IHHY <jlo pM<jlaxTopa F 
1 

ang nepeaaaa

eMor o HMllYilbCa q 
2 

• 0,47 fm -
2 

, COOTB9TCTBY~lll9f'O npoueccy paaHaUBOHHOI'O 3BXBB 

T B lliiOHOB, C Y'I9TO M H9 0llp91l91l9HHOCTH B BbiOOpe OllHO'IBCTH'IHOl! BOllHOBOtl <jlyHKUIIII nony -

'IMM : 

F1
2
(0,47) • 0,69 -,!: 0,05, 

n ocne llOilCTaHOBKII 3TOI\ B91lii'IHHbl B ( 8) llOny'IIIM OJKIIIl89M09 3 Ha'!9HH9 OTHOW9HII51 na

HOtjlCKOI'O a He 3 

Teop. 

f' 8 - 2,47 + 0,16. 
He -

C 3TOi\ B9/JH'IHHOii CneayeT Cp8BHHB8Tb 3KCll9pHM9HTa/JhHbitl p93YilbTaT : 

p 
3KCll , 

8 
He 

2,28 + 0, 18. 

Kax BllllHO, cornacue anonae yaoaneTaopnTerrbHoe, 'IT O cauaeTe rrbCTByeT o cnpaaeanHBOCTH 

HCllOilb30B8HHOI'O M9TOil8 pac'!eTa OTHOW9HHH B9p05ITHOC T9tl npOU9CCOB nepe38pHilKH II paall -
8 

BUHOHHoro aaxaaTa ITHOHOB He 

3KCll9pHM9 HT81lbHa51 B9/JH'IHH8 OTHOW 9HH51 naao<jlCKOI'O B 
8 

He MOJK9T Ob!Tb HCllOilb-

3oaaHa an51 He3aBHCBMOt! oueHKB <jlopMijlaxTopa F 1 ang n e p eaaaa eMoro BMnynbca 
~ - 2 

g = 0,47 fm , T,e , llllSl TOil 00/JBCT:< nepeaaBa9MbiX IIMllYilbCOB, KOTOp851 npaKTII'I9C -

KH HellOCTyiTH8 B OITbiT8X ITO pacceHHH IO 3 1IeKTpOHOB. n pn 3TOM OK83 bi B8eTCSI
1 

qTQ 

F
2 

( 0,47) = 0,75 + 0 ,06 • 
I -

Ha OCHOBaHIIH 3 TOI'O pe3y~bTaTB MOJK HO llOilY'IIITb CB91l9HH51 0 Cp91lH9KB81lpBTH'IHOM paany-

C9 51/lpa. f.1 3 - 3 a Manon aenH'IHHbt n epeaa aaeMoro HMnynbca a npo[lecce ( 2) pa3Horo THna 

OllHO'!aCTHqHbie BO/JHOBb19 <i>YHKUHH, HCll01lb30BBHHbie HaMH (<jlyHK I:III51 raycca , Mpanara II 3KC 

llOH9HTa), B npeaen ax 2 - llpOI:19HTHOI'O pa3opoca llB~T OllHHBKOBbl9 3Ha'!9HH51 Cp91lH9KB81lpa 

TH'IHOI'O p aaayca. Ero aenB'IHHa paaaa: 

= ( 1,4 :t 0,2) fm -

13 



l ~ 

Tiony qeHHbie OTHOCHTenbHble aepoHTHOCTH peaKUH:ti n epe3apHA KH H p8AH8UHOHHOf'O 38X 

BBT8 ITHOHOB B He
3 

IV(H
3Jl) = ( 15 , 8 + 0 , 8 )% W( Il

3
y)= (6,9 + 0,5) % 

/ 2 / 
3H8'1HTe nbHO OTnHqBIQTCH OT T eo peTHl.J:eCKHX OUeHOK BbiXOAB 3 THX peaKUH:ti, KOTOpbie ITO-

nyqeHbl paBHbiMH! 

W(Il 3"~ = 11,4%, 
3 

W(Il y) = 4, 6% . 

E onhrnH e OTKnoHeHHR 3THX oueaoK OT 3KcnepHMeHTanhHoro pe3ynhTaTa c Kopee acero caH -

3B Hbi c TeM, qTo npH pacqeTax OTHOCHTe nbHbiX aepoHTHOCTeA' rrpouecco a rrepe3 apHaKH H pa

aHaUHOHHoro 38XB8T8 B OTnHlJHe OT pacqeTa OTHOilleHHR TiaHo£Pc KOf'O HCITOnb30BB nBCb TeOpHs:!. 

B03Mywe HHii , rrpHMeHeHHe KoTopoii B a-roM cny'l8e Marro orrp8Bl!8HO. 

ABTOpbl 6n8rOa8pHbl 6. noHTeKOpBO H 6 . B. CTpyMHHCKOMy 38 o6cyJKaeHHe pe3yllbT8TOB 

H .A. r. )f( yKOBy, H.B. n e6eaeay, 8.11 . Ope xoey, 8 . 4>. n oeHKO , A. r. noTeXHHy , A. l1 . T oK8p

CKOH, E . A. llie8HeBoii 38 rroMowb B H3MepeHHSIX H rrpoeeae HHH 3KcrrepHMeHTOB, 

nHTepf! T yp8 

1. A.M.L.Messiah, Phys. Rev,, ~ 639, 1952, 

2. 6.8. CTpyMHHCKHil. n perrpHHT 011HI1, E - 10 12, ny6H8, 1962 ; nHlliiO MH8SI p860T8. 

ny6H8, 196 1 ; The 19 62 Intern, Conf, on High- E nergy Phys, at CERN, p . 17. 

3. O .A. 38I1MHaopor8 , M. M. KyniOKHH , P.M. Cyn>~ee , 11 .8. 4>8 rrOMKHH , A. H. 4>HnHrrrroe, 
B. M. UyrrKo - CHTHHKO B, IO..A. Wep 68 KOB, )f(3T4>, 44, 1180, 1963. 

4 . r. M. AneKC8Hl!pOB, O . A. 38I1MHl!Opor 8 , j\\ , M . KyniOKHH , B. n . n ew KOB, P.M . CynReB, 
A. l1 . 4>Hl!Hlll!OB , B. M. UyrrKo-CHTHHKOB n IO.A. lll ep68KOB. nT3, l . 69, 1964. 
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7. H ,Co!la rd, l'< .Hofs ta dter, A .Joh a n sson, R ,Pa rks, M . Rynevel d , A ,Walker, 
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p H c . I. CxeMa pacnono)KeHHH ycTaHOBKH Ha nyqKe Me3oHoa. 
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