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Orrpenemmre rpaHHllbl yCTOH'IHBOCTH smep C 6onhlllHM H36b!TKOM uellTpOHOB 

B HaCToruuee apeMH BeCbMa 8KTY8llbHO )lllH smepnoll H acTpo-

.'PH3HKH. HellTpOHOH36bITO'IHbie. smpa, IIO-BH)lHMOMY, arpaJOT BalKHyJO pom, B npcuec­

cax aaonrounn aaean n smepno-xnMD'IeCKDX rrpoueccax cnnTeaa aneMeHTOB. KaKne 

smpa DMeIOT CBH38HHbie COCTOS!HDSI rrpn Han6onbllleM OTHOllleHDD 'IDCna nel:i:TpoHOB 

K 'IDCny IIpOTOHOB N/Z B HaCToruuee .apeMH He SICHO. 

He DCKlllO'IaeTCH B03MOlKHOCTb cymeCTBOB8HDH CBH38HHOH CHCTeMbl 'IeTblpex 

HellTpOHOB - TeTpanellTpOHa, XOTH 6onee aepOHTHblM rrpencTaanneTCSI ero cymeCTBO­

B8HHe B B036yJKneHHOM COCTOSIHDD. Orrpenenenae aneprnn aoa6yJKneHHblX ( BDpTyanh.-:. 

HbIX) COCTOSIHDH neyCTOH'IDBblX smep rrpencTaansieT DHTepec nnsi YTO'IHeHDH rronoJKe­

HDH rpaHDllbl yCTOH'IDBOCTD D )lllH orrpeneneHDSI H30TOIIH'IeCKDX Ci3.DHOB aoa6yJKnen­

HblX COCTOSIHDH nao6apHblX yCTOH'IDBblX smep, a T8KJKe B CBSl3D '; BOIIpOCOM ' IIO­

CTaBneHHblM 51.E. 3em,)lOBH'IeM, 0 B03MOJKHOCTD cymeCTB0B8HDH nellTpOHHblX Kanenh 

C IIllOTHOCTblO ' MeHblllell nnepHoll. 

B BhlSIC!IeHDD 3TDX BOIIPOCOB pemaromee 3H8'1eHne rrpanannelKDT 3KCIIepnMeHTaM. 

IlpnMelleHne COBpeMeHHblX yCKOpHTenell .nnsi H3y'IeHDH smepHbIX peaKUDH naeT B03MOJK­

HOCTb nccne.nosaTb pa3llD'IHhle CBOHCTBa nerKHX smep. .llnsi 3TOH uenn aeCbM8 

aqiqieKTDBHO MOlKeT 6b!Tb DCII0llb30B8H smepHblH aaxaaT Me.nneHHblX OTpnnaTellbHblX 

rr -Me30HOB. OKCuepnMeHTallhHbie JWHHhle 06 oupeneneHHblX K8Hanax T8KDX pe8KllHH 

.naJOT DH<pOpMaUDIO O MeXaHD3Me aaxsaTa JT - -Me30HOB D O CTPYKType smep, a TaKJKe 

rroaaonnJOT nccnenoaaTb aorrpoc o cymecTaoaattnH nenaaecTHhlX nerKnx sinep • 

.llnccepT8UDH IIOCBSillleHa 3KCIIepnMeHT8llbHOMY nccnenoaaHDIO peaKUHH C o6paao­

llDTDH-8 D 6opa-8 rrpn aaxaaTe OTPDU8TenbHblX rr -Me30HOB sm­

pa.MH yrnepona, 830Ta D KDCnopona. Pa60Thl BbIIIOnHeHbl C IIOMOIUblO MeTo.na smep­

Hb!X !pOTOaMym,cnl!. 
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B nepBOii rnaBe 11snaraIOTCSJ HeKOTOPbie BO!IpOCbl Cl!CTeMaTIIKII nerqaiiWHK smep, 

CBSJ3aHHbie C rrpo6neMaMI! cymeCTBOBaHHSJ CBepXTSJJKenoro 1!30TOIIa ren11SJ-8 II Cl!CTeMbl 

H3 qeTbipex HeiiTpOHOB - TeTpaHeiiTpoHa. O6cylKAa!OTCSJ TaKlKe l!MeIOIIll!eCSJ CBene­

HIISJ O MeXaHl!3Me saxBaTa IT -Me30HOB nerKl!MII smpaMI! 11 HeKOTOpb!e CTpyKTypHbie 

OC06eHHOCTII 3Tl!X SJAep. 

Bo BTOpoii rnaBe 11snara10TCSJ MeTOAl!'leCKl!e BOIIpOCbI, CBSJ3aHHbie C !!CIIOlll,3~ 

BaHl!eM SJAepHblX !pOT03MYnbCl!ii H BbI6opoM SJApa-M11WeH11. 

B TpeTbeii rnaBe OllHCbIBaIOTCSI 3KCIIep11MeHTbl !IO HerrocpeACTBeHHOMY Ha6n10ne­

Hl!IO peaKIIl!ii C o6pa30BaHl!eM rennSl-8, orrpeneneHl!IO ero MaCCbl H BepOSITHOCTeii 06-

pasoBaHl!SI Ha nerKHX smpax. LlaeTCSJ o6sop orry6n11KOBaHHb1x pa6oT no no11cKaM II nsy­

'leHHIO HeKOTOpb!X CBOiiCTB 3TOI'O H30Tona. 

4eTBepTaSJ rnaBa nOCBSJilleHa noncKaM ABYX'laCTl!'IHhlX peaKIIl!ii C o6pa30BaHneM 

TeTpaneiiTpoHa np11 saXBaTe IT ~Me30HOB SJAPBMII yrnepona. IlpOBOAHTCSI cpaBHeHne 

C Apyr11MI! 3KCnepnMeHTaMI!. 

B nSJTOii rnaBe onncaHbl pesynbTaTbl 11ccneAOB8Hllii ABYX'l8CT1!'1Hb!X H Tpex­

qaCTl!'IHhlX peaKIIl!ii C o6pa30B8Hl!eM m:iep nHTIISJ-8 ll 6opa-8 npn saxBaTe 11 - -Me30-

HOB SIApaMH yrnepona, asOTa II Kncnopona. LlenaIOTCSI HeKOTOpb!e SaKnIO'leHllSJ O Me­

xaHH3Me 3TIIX peaKUllii. 

B saKnIO'leHn:e Up!!B9AeHbl OCHOBHbie pesynbTaTbl H BbIBOAbl, nony'leHHbie B 3TllX 

pa6oTax. 

LlnccepTann:11 BbmonneHa B na6opaTopnn smepHbIX npo6neM Ol1.SU1. OcHOBHhle pe-

/ 1-4/ -
synbTaTbl ony6nn:KOB8Hbl B pa60Tax H AOKnaAbIBan11cb Ha MelKAyHapoAHOII ;!1:0H-

A, · -
151 er 9 > · 

1 
.,,epeHIIlill no smepH011 <j>11s11Ke aTn11H6ypr, ClllA, ceHTst6pb 1 66 r. 11 MeJKny-

HapoAHOM COBemaHllll no !pll3HKe II XllMl!ll nerKHX Me30HOB (Lly6Ha, 1966 r. ). 

HnJKe KpaTKo nsnaraeTcst coneplKaHne nnccepTannn. 

1. 8Heprnst cnapnBaHnst HeiiTpOHOB B nerK11x smpax n ren11n-8 

/6-9/ 
B pa6oTax 11cnon1,s0Bannc1, nonyaMn11p11qecKne 4>opMynhl nnst oneHOK Mace 

Hell3BeCTHb!X smep. B o6nacTH 6on1,woro H36b!TK8 HeiiTpOHOB 3TH q>OpMYnbl, uo-

BIIAHMOMY, HeBepHhl. Lln11 nerqaiiw11x SJAep nonyaMn11pn'leCKll9 <pOpMynbI Mace npaKTll­

'19CKI! C0BCeM He npnMeHHMbI, TaK KaK HX MaCCbl H 3Hepr1111 CBSI3H M9HSJIOTCSJ MeHee 
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perynst~no; 'leM y cpeAHllX II TSJlKenhlX SJAep. Llnst np9ACKa3aHHSJ Mace H9H3B9CT-

HbIX nerqaiiwnx smep ncnon1,syIOTCSJ MeHee 06m11e 3Mnnp11'leCKl!e 3aKOHOMepHOCTll. 
/10/ . 

.H.E. 3enbAOBH'I , yTO'IHSJSJ rpaHHI!bl yCTOH'll!BOCTI! nerKnx smep c y'leTOM a<p<peK-

TOB o6ono'leK H cnapnBaHHSI HyKnOHOB, npeACKaaan cymeCTBOB8HHe HeKOTOpb!X H3 

HHX, B TOM qncne He 8 
• 

/11/ 8 
B.H. fom,naHCKHii npnwen K TOMY JKe BblBOAY O cymeCTBOBaHIIH He 

OCHOBbIBaSJCb Ha paCCMOTpeHHH .aoa6ylKAeHHb!X YPOBHeii SJApa Li 7 
ll 3Hepr11n cnapn-

BaHHSJ HeiiTpOHOB y He 8 
11 Li 9 

Ecnn .He 8 
HeiiTp~HOCTa611neH TO OH AOnl!{eH npeTepneBaTb {3- pacnan 

no cneny10m11M ABYM cxeMaM: • 

e + 13- 8 * 
I. He ( 0 ) ➔ Li ( 0, 98 MaB , l +) X Lie/3➔ Bee* (2,9 Maa,2+) ➔ 2He 4 

13- 7 
II.Hee( o+) ➔ u 8

*(3,22MaB ,1+) ➔ Li +n 

IlepBaSJ ll3 3THX cxeM oco6eHHO yno6Ha JWSJ 06HapylKeHHSJ Ha OnbITe. 

2. TeTpaHeihpoH 

Ecnn 11npo 
4 

n cymeCTByeT, TO ·aTo 03Ha'laeT, 'ITO y CHCTeMbl 'leTbipex 

nyKnOHOB eCTb ypoBeHb C 1!30TOnH'leCKHM cnaHOM T ~ 2 II OH nonll{eH npostBnSJTb-

CSJ B pasn11'1HblX SJA9pHbIX nponeccax. Hanp!!Mep, YCTOii'IHBOCTb TeTpaHeiiTpoHa CBSJ-

saHa c nonolKeHneM ypoBHSJ a -'laCTl!I!bl c T ~ 2 • CxeMa ypOBHeii a -qac;TH-
/ 12 13/ 4 

I!bl npHBeneHa B pa6oTaX ' • Bos6y)!<AeHHOe COCTOSIHl!e He np11 24 MaB, 

no-Bl!AIIMOMY, SJBnsteTCSJ CaMbIM H1!3K!!M COCTOSIHlleM C 1!30CIIHHOM T ~ 1 
/14/ 

Te 

• B pa6o-

Ha OCHOBaHHH aHannsa pacmenneHHSJ 3Hepr1111 OCHOBHblX COCTOSIHHii SJAep no 

4 
He Benl!'IHHe 1!30TOnl!'leCKOro CIIHHa oneHeHa 3Heprnst COCTOSIHHSJ C 1130CnHHOM 

1' ~ 2 11 nonyqeao saa'leH11e E *( He 
4 
)= 34, 1 MaB. Ecn11 aTa oneHKa •Bepaa, TO 

4 
OCHOBHOe COCTOS!Hlle SJApa n ne)!{HT np116n11snTenbHO Ha tl MaB BbIWe rpaHl!I!bl 

CBSJ38HHOI'O COCTOSJHIISI H. OHO pacnanaeTCSJ Ha CB060AHbie HeiiTpOHbl sa BpeMSJ, xa-

paKTepHoe nnst S!AepHhlX CTOnKHOBeH11ii. 

/12/ 
B pa6oTe o6pameHo BHHM8H1!9 Ha TO, 'ITO 113 HeCTa6nnbHOCTH SJAep 

5 
H cnenyeT · ueyCTOll'll!BOCTb TeTpaHeiiTpOHa, T.e.. M ~ 4 > 4 M n 

H3 

Ha OCHOBaHHH 3THX coo6palKeHaii MOlKHO npennonOlKHTb, 'ITO IIOIICKI! TeTpa­

HeiiTpOHa BAan11 OT MecTa ero o6pasoBannst nanyT nnwi, OTpnnaTenbHbie pesynbT8TbI 

5 

II 



B BHJ:18 npenenbHblX 0118HOK C8'l8HHI!, OnHaKo B03MO)l{HOCTb o6Hapy)l{HTb BHpTyanb­

HOe COCT0l!HHe TeTpaHeliTpOHa He HCKmO'leHa. Lln11 :9TOI'O He06XO!lHMbl :9Kcnepn­

M8HThI, B KOTOpblX npH H3B8CTHOli HaqanbHOli :9Heprnn H3Mep11eTCI! :9Heprnn BC8X 

nponyKTOB KpoMe TeTpaHeliTpOHa. 

3. PacmenneHne nerKnX nnep MenneHHhIMH ,r -Me30HaMn 

Tipn nornomeHHH MenneHHoro ,r -Me30Ha MPOM 0/:IHH H3 npOTOHOB nnpa 

npeBpamaeTcn B HeliTpOH no cxeMe ,,-p ➔ n OJ:IH8KO HeliTpOH He MO)l{e, BOCnpn-

HHTb BCIO :9HeprHIO nOKOI! M830Ha, nOCKOnbKY TaKoli npouecc npOT!IBOpeqnn 6b! 38KO+; 

_ HY coxpaHeHnn 11Mnynbca. Tio:9TOMY Heo6xon11Mo nonycTHTb, '!TO B nornomeH11n Me-

30Ha npHHHMBIOT yqaCTlle H npyrne HyKnOHbl nnpa, KOTOpb!M nepenaeTCH 'lBCTb 

3Heprnll noKOH M830Ha. OnpeneneHne qucna 'lBCTHII, np11HHM8IOIUHX yqacTne B nep­

Bll'lHOM pacnpeneneHHll SHepr1111 noKOH Me3oHa, a T8K)l{e H3y'leHue KHHeMaTH'l8CKHX 

xapaKTepl!CTHK STHX 'lBCTHII npe.ocTaBnneT 3H8'lHTenbHbili HHTepec B CBH3H C nccne­

!lOBBH!lelv. M8X8HH3Ma 38XBaTa 1T -Me30HOB H CTPYKTypbl nnpa. 

. HMe10m11ecn SKCnep11MeHTEWbHbie J:18HHbie noKa3b!BaIOT, '!TO cymeCTBeHHYIO ponb 

nrpaeT MexaHH3M npnMoro aaxBaTa ,r -Me30HOB Ha ManoHyKnoHHhlX accounaunnx 

• · ./15,16/ n 
B nnpe, '!TO cornacyeTCH C Teop11ell npl!Mb!X nnepHblX peaKUHH • pH STOM B 

B!{J:18 BllpTyanbHblX 'l8CTHU MoryT npOHBllHTbCH HeKOT0pbie H8113BeCTHble nerqaliwne 

nnpa. 

n 

OcHOBHSH 38/:18'!8 /:ISHHOI'O SKCnepHM8HT8 COCTonna B HenocpenCTBeHHO~ pern-

CTpaunn aKTOB pO)l{J:leHnn n pacnana nnep He 8 npn aaxBaTe ,,- -MeaoHoB ner-

KHMH S!Jlp8Mll, a TSKJl{e H3MepeHHH ero M8CCbl H BepoHTHOCTeli o6pa30B8HHH. Cxe-

MS pacnana He
8 

{CM, Ta6nnuy) 11peJ:1CTaBnneTCH BeCbMa BbU'O/:IHOli nnn pern-

CTpaunn TBKHX C06bITHli C ITOMO!Ub!O nnepHblX qJOTOSMynbCHli, B STOM cnyqae Ha KOH­

ue cnena He 
8 

non)l{HbI Ha6n10naTbCH naa cnena sneKTpOHOB n ABS 11anpaBneH­

HhIX B npOTHBOnonO)l{Hbie CTOpOHbl H paBHbIX no nnnHe cnena a -'laCTHU. TaKHM 

. o6pa30M, B qJOTOSMYllbCHH J:10fl)l{8H 11a6nIOJ:18TbCH T-o6pa3Hblli cnen C J:IBYMH sneKTpoH-

HblMH cnenaMH B OTllH'IHe OT T-o6pa3Hb!X cnenoa Li 
8 

H B
8 

, KOTOpbxe conpo-

6 

--· I 

i 
i 

BO)l{J:la!OTCH 0/:IHHM cnenoM sneKTPOHa nnn noanTpOHa, COOTBeTCTBeHH0. Ha6n10naTb 

BC!O KSpTHHY o6pa30B8HHH H pacnana He 8 
npn 38XBaTe 1T - -Me30HOB nnpaMH 

MO)l{HO, no-cymeCTBY, TOnbKO B qJOTOSMYllbCHH, noCKOllbKY npo6ern ·nnep J:IOCTaTO'lHO 

a* 
MSllbI, B oco6eHHOCTH a -'lSCTHII OT pacnana Be • 

3a OCHOBY nnn H3y'leHHH 6hmH npHIIHTbl peaKUHH, nponcxonnmne B peaynbTaTe 

aaxBaTa ,r - -Me30HOB nerKnMii nnpaMn ( C , N , 0 ) • KonnqecTBO :9THX nnep B 

CTaHnapTHOli qJOTOSMYllbCHH Tnna HHK4>H-EP COCTaanneT 53% acex CflO)l{HblX 

nnep. B03M0)1{Hble K8H8ilbl peaKUnli !lBYX-, Tpex- H 'l8TblpexnyqeBoro THn0B npnBe­

neHbl a Ta6nnue 1. BnnHo, '!TO B 6onbWHHCTBe :9THX cnyqaeB MO)l{HQ np0BOJ:IHTb 

• 8 
KHH8M8TH'l8CKHA aHann3 peaKUHli C uenbIO onpeneneHHll MaCCbl He . 

B :9KCnepnMeHTe HCnOnb30BannCb :9MYHbCHO!IHble KSMepbl pa3MepoM 10xox2,5 CM. 

COCTaBneHHhle H3 cnoeB :9MynbCHII HHK4>H-EP TOll!UHHOli 600 MK. KaMepbl o6nyqa-

nncb B ny'!Ke ,, -Me30HOB C :9Hepr11eli 80 MsB. Ilepen :9MYnbCHOHHOli KaMepoli 

ycTaHaannaancn qinnbTp na nneKcnrnaca, 'lT06hl Me30Hhl ociaHasnnaanncb B ce-

5 2. 
pennHe :9MYllbCHOHHOli KSMepbl, IlnoTHOCTb o6ny'leHHH COCTaBnnna 2·10 Me3/CM • 

3oHa OCTSHOBOK ,, -Me30H0B WHPHHOli B 1 CM npocMaTpHBanacb non MHKpo-

CKonoM C yaenn'leHHeM !:!25 x. PerncTpnpoBanncb u -3B83/:lbl C T-o6pa3HblMH cne­

!l8MH, IlpOCMOTpeHO 8 ·:9MYllbCHOHHblX KaMep n aaperncTpnpoBaHO 18::!83 TaKHX cny-· 

'lSeB. 3TOT MeTO/:l noncKa co6bITHli B 3HB'lHTenbHOli CTeneHH BhU{enneT 38XBaThl 

rr - -Me30HOB nerKHMH nnpaMH' TaK KaK T-o6pa3Hbie cnenbl B cj>OTOSMynbCHH MoryT 
e . 8 8 

naBaTb TOnbKO nnpa He , Li H B I a Bh!XO!l TaKHX qiparMeHTOB H3 THll<e-

nhxx nnep ( Ag , Br B 3HB'lHTenhHOli CTeneHH nonaaneH KynoHOBCKHM 6apbepoM. 

Ha OCHOBaHHH aaperHCTpnpoaaHHbIX C06bITHli C T-o6pa3HblMH cnenaMH M0)l{HO 

npoBO/:lHTb H3Y'l8HHe peaKUHli C o6pa30B8HHeM He B H TeTpaHeliTpOHa, a TaKll(e 

nccnenoBaTb onpeneneHHble KaHanhl peaKUHli C o6pa30BaHn_eM Li 
8 

H B 8 

Llnsi BhIJ:leneHHSI co6b1Tnli, cooTBeTCTBy10mnx onpeneneHHbIM Ka11anaM peaKunli, 

Heo6XO!lHMO 3HaTb sHeprHH H yrnhl BTOpH'lHblX aapSI)l{eHm:{x 'laCTHU. 311eprnn 'l8CTHII 

onpenensinncb no npo6eraM. Llnsi O!lH038pH/:lllhlX qaCTHII ncnonb30BanHCb. Ta6nHUbI Ea 

/17/ /18/ 
Kaea , a nnn MnoroaapMHhlX ( 2~ Z ~ 5) - Ta6nnuhl Tiannno • 

7 



III 

Borrpoc O a03MOlKHOCTII cymecTaoaaHIISI 
I 

He 6bm nocTaaneH a Hl60 r. 

~.E. 3enbnOal!'I0M II B.H. rom,naHCKIIM. OnHaKO CTporoe 9KCnepnMeHTanbHOe noKa-

38T0llbCTaO ero cymecTaoaaHHll no KOHUa 1965 rona OTCyTcTaoaano. 

Ha CIIHXpOUl!KllOTpOHe na6opa"-rop1111 smepHblX rrpo6neM OH~H HaMH 6binll rrpoae­

neHhl. sKcrrep11MeHThl no 11enocpencTaeH11ofi per11cTpau1111 aKTOa poJKne11nsi II pacnana 
e . -

sinep He I o6pa30BaHHblX np11 aaxaaTe OCT8HOBl!l3WIIXCSI " > -M030HOa sinpaMH yrne-

pona, a30Ta II Kl!Cnppona a cpOT09MynbCllll. 

C uenb!O nol!CKa c06hlTIIH c nayMSI sneKTpOHHblMH cnenaMII Ha KOHuax T-o6paa­

Hb!X cnenoa rroaTopHo 6bmo rrpocMOTpeHo 17267 u -aaean np11 yaen11'IeHn11 13b0x. Cne­

nhI sneKTpoHoa ynoaneTaopsinn cneny10m11M Kp11Tep1rnM oT6opa: 

1) sneKTpOHbl nonlKHbl 6hITb penSITHBIICTCKIIMII; 

~) paccTOllHl!e OT OKOH'IaHHll T-o6paaHoro cnena no nepaoro aepHa sneKTpOH­

Horo cnena He nonJKHO npeahlwaTb yTpoeHaoro cpenHero paccTOHHnsi MeJKny aepHaMn. 

0THOCIIT0JlbHOe 'IIICJIO TaKIIX pa3pb!BOa COCTaanHeT 5%; 

3) ,cnenhI aneKTpOHOa nomKHbl rrpOAOnlK8TbCll n1160 AO OCTaHOBKII B KaMepe, nn6o 

AO BhIXona aa ee npenenhl. 

Bcero cpenn 17267 u -aae3n c T-o6pa3HhlMn cnenaMn 6hmo aaper11cTp11poaa-

HO 16 co6h!TIIH C ABYMll 9JI0KTpOHaMn, np11HanneJKamnx HnpaM He B • .llaa 113 HIIX 

HanHJOTCll 3aeanaMn -rpexnyqeaoro T1ma, 13 cnyqaea 'IeThipexnyqeaoro n OAIIH cnyqafi 

nHTrinyqeaoro T11na. M11Kpocp0Torpacp11H nepaoro cny'Iall npencTaaneua Ha pnc. 1. 

.llnll KB)l{noro 3aperncTpnpoaaHHoro co6h1T11ll np·oaonnncll Kl!HeMaT11'IeCK11fi aHanna. 

BoceMb cnyqaea ynoane'rBOPll!OT KIIH0M8TIIK0 peaKUIIH 6ea ncnyCK8Hllll 11efiTpo11a. 8 9TIIX 

cny'Ial!X ll3Mepe11a Macca aTOMa He B ll 1136hITOK MBCCbl M-A. Cpen11ee 3Ha'IeHne no 9TIIM 

113MepeHl!llM M-A =(31,0:!:.0,4) Msa. CeMb cnyqaea 11neHTll!pllllllPOB8Hhl KBK peaKUIIII C 11c-

11ycKa1111eM on11oro norron1111TenbHoro 11efiTpoHa. B Ka)l{AOM 113 sT11x cny'Iaea orrpenene­

Ha Macca 11efiTpoHa, cpenHee a11aqe1111e KOTopofi nony'IeHo paaHhIM (941,ti:!:.2,2) Msa, 

llpll 3Ha'I0HIIII MaCCbl aTOMa He 8 
M=(7482,5:!:.0,4) MsB. 3To llaJilleTCfl AOCT8TO'IHO 

xopOWHM nonTaep)l{neHneM nocTOBepHOCTll KIIH0M8Tll'I0CKOI'O aHan113a, 8 onHoM cnyqae 

He ynanocb npoaec.Tn nne11Tmjl11Kaun10 KaHana peaKu1111, TaK KaK on11a qacTnua Bh1wna 

aa npenenh1 KaMepb1 n npo6er ee TO'IHO He naMepeH, a co6b1Tne He ynoaneTaopHeT 

KllH0M8Tl!Ke peaKUllll 6ea ncnycKaHnll HefiTpOHa. 

8 

no peaynbTaTaM KIIH0M8Tll'I0CKOI'O aHannaa 13 cnyqaea OTHeCeHhl K peaKUllllM 

Ha yrnepone n no··on110My cnyqaJO - K peaKUHHM Ha aaOTe n K11cnopone. HenneHTncpn­

unpoaaHHoe co6h1T11e OTHeceHo K cny'Ial!M 06paaoaa1111H He 
8 

Ha yrnepone II yq­

TeHo B ow116Ke aepOSITHOCTII. Hcnom,3yll 9TII naHHhie, Mb! llawnn OTHOCIIT01lI,Hbie ae­

pOllTHOCTll ·pa3Jill'IHh!X peaKUnfi: 

w 
1 

w 

w 

w 

2 

3 

4 

12· 8 "-c ➔ He+ ... 

"-c 12 
➔ ace Ka11anh1 

+ 2,8 . _ 8 ( 8, 0 ) 10 
-2,2 

18 8 
"-0 ➔ He+ ... 

"' {1,8 10-6 

16 
" - 0 ➔ ace Ka11anhl 

14 8 
"-N ➔ He+ ... 

- 14 
"'2,0. 10-6 

" N 

,,.-(Ag, Br) 

➔ ace Ka11anb1 

6 
➔ He + -e 

< 0,4. 10 
rr ( Ag, Br ) ➔ ace KaHanhI 

3necb np11aonHTCll aepollTHOCTII o6pa30BaHllll He 
8 

, KOTOpb!H pacnanaeTCll 
/19/ . 

no. cxeMe 1. Cornac110, na11H.hIM pa6oThl , nonH pacnaAOB no STOii cxeMe cocTaanH-

eT 88%. MO)l{HO OTM0Tl!Tb TaK)l{e, 'ITO a !pOT09MynbCIIII onnH cnyqafi C o6pa30B8H110M 
8 

He npo11cxon11T a cpen11eM 11a 1 o3 
co6b1T11fi c 11cnycKa11neM smep 

B 

8 B 
Li ll B 

Ha cpa!~Ta cymecTaoaaHHll f3 -aKTllBHOI'O l!Apa He C MBCCOH C aTOMa M"' 
• 

= (7482,5:!:.0,4) Msa cnenyeT, 'ITO sHepr.1111 caH3ll TeTpaHefiTpoHa (ecnn 011 cyme-
6 

CTayeT) He upeahIWaeT ( 3, 7 :!:.0,4) Msa. B npOTllaHOM cny'Iae He pacrranancH 
4 .4 

6b1 Ha He + n 

B rnaae III npoaene110 TaK)l{e cpaBHeHne C APYI'IIMII 9KCrrepl!M0HT8Mll. 0TMe-

'I0HO, 'ITO B HaCTOHmee apeMll llOMllMO 9KCrrepllM0HTOa, onncaHHhlX B nnccepTau1111, 
/20/ • 8 

!IMeeTCll llll!Ilb on11a paooTa , B KOTOpon !13M0Pllll8Cb Macca 8TOM8 He • nony-

'10110 3Ha'IeHne ll30b!TK8 MBCCbl M-A=(31,65:!:.0,12) Msa, 'ITO xopomo cornacyeTCll 

C HaWHMll pe3ym,TaTaM11. 
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IV 

O6aop OCHOaHblX pa6oT O a03MOlKHOCTI! cymecTaoaaHl!st Cast3aHHOil Cl!CTeMbl 

'leTbipex HeiiTpOHOa .rtaH a rnaae I• B psr.ne 3KCIIep11MeHTOa aenl!Cb IIOl!CKII peaKUl!il 

C 06paaoaaH11eM TeTpaHeiiTpoHa, H.o HI! a O.rtHOM 113 HIIX 3TO sr.npo He 6bmO o6Hapy- ' 

lK8HO. B rnaae IV .naeTCll o6aop 3TIIX 3KCIIep11MeHTOa. 

Ecn11 paCCMOTp8Tb ace aOOMOlKHhl8 peaKUIIII Ha nerKHX sr.npax C 06paaoaaH11eM 
8 8 

Li II B , TO HeTpy.nHO y6e.rtl!TbCll, '{TO a03MOlKH8 TOnbKO O.rtHa .rtaYX'laCTl!'IHSll 

peaKUl!ll o.rtHonyqeaoro Tl!rra: 

(I) 
" - c 12 

8 4 
B + n • 

Cpe.rts: aaperncTpapoaaHHbIX 18283 CT - aaea.rt c T-o6pa3HbIMII cne.rtaM11 63 co6b1T11ll 

11Men11 TOllbKO T-o6pa3Hblit cnen ll 33 C06b!Tllll l!Men11 .rtOIIOllHl!TenbHO sr.npo OT.rta'II!, 

T.e. cnen C llill!HOli MeHbWe 5 MK. Ha Kl!HeMaTHKII peaKUllll (I) cne.nyeT, 'ITO npo6er 

sr.nep B
8 

a cj>OTOSMynbCIIII .rtOnlKeH paaHll'.TbCll 37 MK a rrpe.nnonolKeHIIII, 'ITO aHepI'llll 

call'.311 TeTpaHeiiTpoHa paaHa eynro. H,a pacnpe.neneHl!ll (p11c. 2) O.rtHonyqeahlx co6b1-

T11il no .rtnl!HSM T-o6pa3HbIX cnenoa al!JlHO, 'ITO Mb! He MO)K8M abI.rten11Tb' cnyqaea, 

OTHOClIWl!XCll K peaKUl!II (1). Ha 3Tl!X peaynbTSTOa nonyqaeM, 'ITO mpXHllll'. rpaH11na 

OTHOCl!TenbHOli aepOlITHOCTI! .nayX'ISCTll'IHOli peaKUIIII C o6paaoaaHl!eM T8TpaHefiTpoHa 

np11 aaxaaTe " - -Me30HOB ll.rtpaMI! yrnepo.na C /lOCTOB8pHOCTb!O 90% He rrpeBbIWaeT 

aenl!'ll!Hbl • 

8 4 -8 "-c 12 ➔ B + n < :,,6 ,' 10 , 
R ~ 12 

1 " - C ➔ ace KaHSllbl 

/21/ 
Ha cpaaHeHl!ll c peaynbTaTaMI! pa6vTbl BllllHO, 'ITO nonyqeJIHhlfi HaMI! npe.nen Ha 

- 7 3 4 , 
.rtaa nopll.rtKa MeHbwe, 'leM .rtnll peaKUIIII " + Li ➔ He + D • 

B 3TOH rnaae o6cylK.rtaeTCll TSKlKe aonpoc O cymecTaoaaHl!II TeTpaHeilTpOHa B 

aoa6ylKJ:teHHOM COCTOll'.HIIII, a TSKlKe aonpoc O IIOl!CKax TeTpaHefiTpOHa a TpexqaCTl!'I­

HhlX peaKUlllIX. 

V • 

C nenbro 113Y'l8Hllll peaKUl!il C 06paaoaaH11eM Li a II Be np11 aaxaaTe" 

Meaouoa nerKHMII llllPBMH ( C , N 0 ) npoae.rteH aHanna 8233 CT -saea.rt a cj>oTo-

aMynbCHH c T-o6pa3HhlMII cne.rtaMn. B .rt11ci::epTanan coo6mao-rcsr , peaynbTSTbI aHa-

10 

:{ 
ii 

I 
I 
~ 

l 
11 
• ,t 

1\ 

! 
\ ,» 

,J, 
,.',i 
'\ 
11'.,\, 

n11aa .nayxnyqeab1x co6b1T11ii. Bb1.rteneHo 631 co6bIT11e .nayxnyqeaoro T11rra 6ea sr.nep 

OT.rta'III. B 3TOM cnyqae Ha nerKll:lt sr.npax a03MOlKHbl TOllbKO cne.nyrom11e .rtayxqac­

Tl!t{Hb18 11 TpexqaCTl!'IHbie peaKUHII .rtayxnyqeaoro T11na: 

" - + C 12 , ➔ LI a + He 4 (1,') 

"JT- + N 14 ➔ Li a + Li s (2') 

"-+ou ➔ Be + He 
0 

(3') 

" - + C 
12 ➔ Li 

8 + He 
3 + n (4') 

"-+ 0 16 ➔ Li 
8 

+ Be
7 

, + n , (5') 

PeaKUIIII ( 1' -3') MOI'yT 6b!Tb nerKO abI.rteneHbl no .nayM Kp11Tep11srM: o6a cne.rta .rtOnlK­

Hbl 6bITb KOnn11HeapHbl 11 /:tlll!Hbl IIX /lOlllKHbl l!M8Tb onpe.neneHHbie 3Ha'leHl!SI. H11 0/l!IO 

113 631 C06bITl!ll ge y.rtoaneTaOpll'.eT 3TIIM .rtayM Kp11Tep11ll'.M. 3aMeTIIM, 'ITO no peaK­

UHII (3') MOlKIIO 6bmo 6b1 aaper11cTp11poaaTb SI.rtpa He 8 He38Bl!Cl!MO OT MO.rtbl IIX 

pacna.na. 

~ ' 
llnll ab1.rteneHllll peaKUl!li ( 4) II _(ff) rrpOBOAllllCll o6c'IeT C06bITl!li IlO KHHeMaTll-

'leCKOil rrporpaMMe Ha aneKTpOHHOli Bbl'll!Clll!TenbHOrl MSWl!He. Bhl'll!CnllnaCb He.rto­

CTS!Olllall'. Macca .nnsr KalK.rtoro cny'lall'., cpe.rtHstll ow116Ka a orrpe.rt_eneu1111 KOTopofi paa­

Ha 5 Maa. B pacnpe.rteneHal! co6bITllil no aenl!'ll!H8 He.rtOCTaromefi MaCCbl llllll peaK-

111111 (4) Ha6nro.rtaeTCll OT'18TnHahlli n11K B IIHTepaane (930-945) ,Maa OKOno 3H8'18Hllll 

M;,_CCbl HefiTpOHa II HeT COOTaeTcTayromero n11Ka /lllll'. peaKUIIII (5}. A1Ian11a 3THX pac­

rrpe.rteneHl!li IlOKaaan, ''ITO ( 175 :!:,21) C06bITl!li rrp11Ha.rtnelKaT peaKUIIII ( 4)' a t{l!CllO ' 

C06bITl!fi peaKUIIII (5) C llOCToaepHOCTb!O 90% He npeabIWaeT 10, 

,Hcnoirb3yll'. 3TH .rtaHHbie, Mb! Hamn11 OTHOCHTenbHbie aepoll'.THOCTII peaKUl!fi 

(1'-5') 

W' 
1 

W' 
2 

8 4 8 
" - C 12 ➔ Li + He < 3. 10-

12 

" C ➔ ace KaHanhl 

_ u s s• 
" N ➔ Li +Li < 1. 10-5 

- 14 
" N ➔ ace KaHanhl 
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W' 
3 

W' 
4 

W' 

rr -0 16 e 
.. B + He 

---,------- < 4. 10 
1T -o 15 ➔ see KaHanbl 

-6 

rr-c 12 .. Li e+He 3 +n 

rr _ C 12 

-4 = 2,2.10 
.. see KaHanhI 

8. 7 -s 
rr-018 ➔ LI +Be +n < 1,8, 10 • 

16 

1T 0 .. see Kaaanhl 

Ha rronyqeHHhIX peaynhTaTOB Bl!JlHO, 'ITO JlByxqaeTl!'IHbie paasanbl nerK!!X l!Jlep 

(l'-3') e1mhHO rronasneHhI, a peaKUllll (4), rro KpallHell Mepe, B 10 pas 6onee sepo­

l!TH~, 'leM peaKUllll (5). 

Ha p!!e. S rrpe)lCTasneHbl 3HepreTl!'leCKl!e crreKTpbl BTOPll_'IHhlX 'IBCT!IU OT peaK­

Ullll ( 4). Ha 3THX pacrrpenenenl!il Bll/lHO, 'I'fO !IO'IT!I BCIO sneprmo. B 3TOH peaKUllll, 

Bhl1len1110my1oc11 IIpll aaxeaTe 1T - -Meaona, yHOCl!T HefiTpOH. 8TO yKa3hIBaeT Ha TO, 

'ITO 11peo6nanaeT TaKofi MexaH!!3M aaxsaTa, lip!! KoTopoM eaamy10 ponh !!rpaeT soa-

6ya<nenHoe cocT011H11e 51/lpa-ocTaTKa B 
11 

, 11onyqa10meroc51 nocne nc11ycKaHll11 6h1-

cTporo nefiTpOHa. B crreKTpe nellTpOHOB Bl!)leH MaKCHMYM npll 3Hepr11I1 80 Mss, 'ITO 

COOTBeTCTByeT sneprl!II B036ya(neHl!51 51/lpa B 
11 

' paBHOlf 35 MsB. 

C . " -C12 Lie H 3 TO'IK!I apeH!!ll TeOp!!!! npl!MbIX ll/lep!Ib!X peaKUl!lI B peaKUl!ll 1T ➔ + e + n 

BllpTyanbHOil 'laCTI!Ueil MQ)l(eT 6bITb 51/lpo Li 
4 

• KBa3H'lliCTl!'lHblH xapaKTep nornome­

H1!51 1T - -Me30Ha IIP!!BO/ll!T K cneumpl!'leCK!!M yrnoBblM KoppenHUlll!M npOAYKTOB paasa-

na sToil qaCTl!UhI, T.e. HeiiTpoHa ll He 
3 

• Ha p11c. 4 rrpe_ncTasneHhI pacnpeneneHl!H 

no yrnaM Mea<Jly BTOpll'lHblMl! 'laCT!!UBMH OT 3Toii peaKUllll. B OTnH'll!G OT cnyqa51 
• 4 3 

pacmenneHllll cso6oAHoro l!Jlpa Li , Kor/la yron paaneTa HeilTpoHa n He B 

0 
cncTeMe era ueHTpa Mace 6hm 6b1 180 , B_ ABHHOM cny'lae yron paaneTa OKaah1-

saeTCS1- paBHblM 150° (CM. PllC. 4): 

B Jll!CcepTaUl!ll Ha OCHOBaHl!ll nony'leHHh!X 3KCIIep11MeHTanbHbIX JlBHHbIX O sepo-

l!THOCTSIX pa3nl!'IHhlX peaKUllil C o6pa30BaHl!eM He 8 
' lI Be OT aaxeaTa rr- -MeaoHoB 

nerKl!MlI smpaMH IIP!!BO)l51TC51 TaKa<e II Jlpyr11e apryMeHTbl B rronbay Teopnn np!IMhIX 

l!JlepHbIX peaKu11ll. 

12 

VI 

0CHOBHhle peaynhT8Thl, rrony'leHHbJe B pa6o~ax, BKn10qe1IHb!X B Jll!CCepTaun10, 

MO)l(HO Cq>OpMyn!!pOBaTb cne)lyIOIUIIM o6pa30M: 

1. 3aperncTpuposano 16 enyqaes 06paaosann11 n pacnaAa csepxTg)l(enoro nao-
a , 

Tona renI111- He 11pn aaxsaTe rr- -MeaoHOB l!JlpaM11 yrnepoAa, aaoTa n K11cnopo-

Jla n 18000 enyqaes e o6paaosaHl!eM l!Jlep Li 8 n B8 

2. HaMepeHa Macea 8TOMa Hee • CooTB.eTeTsy10111ee 3!1a'leHne H36bITKa Maeeb! 

M-A = (31,0 ±.0,4) Mse. 8To a11a'leHne xopomo eornaeyeTeg e TeopeTn'leeKHMH npeJl-
/10 11/ /20/ 

eKa3a!ll!l!Ml! ' lI peaynbTaTaMH pa60Tbl • Ha 11onyqe1111oro 3118'leHHSI MaeebI 

He
1 

enenyeT, 'ITO sueprnSI esSian TeTpaHeilTpoua (eenn oH eymeeTsyeT) 11e 11pe­

BhIII1aeT ( 3, 7, i_0,4) Mss. 

3. Onpe)leneHbl OT!IOeHTenbHbJe BepOSITHOeTn pea:H:Ullil e 06paaosa11neM He 8 Ha 

e -3 a e 
paann'IHhIX l!Jlpax. BbIXO)l .ll)lep He eocTaBnSieT 10 BhIXO)la l!Jlep Li n B 

11pn aaxsaTe rr -Me30HOB SIJlpaMH S q>OTOSMynbel!H. 

4. nony'leHO, 'ITO OTHOellTenbHSSI sepOSITIIOeTb JlBYX'laeTll'IIIOH peaKUllll e o6pa-

30BaHHeM TeTpaHeilTpOHa upn aaxBaTe 1T - -Me30!IOB llllP8Mll yrnepo)la M0HbIUe, 'leM 
~ . 

2,6 .10 

5. TTpoaHanHanpoeaHo 631 eo6b!Tlle JlByxnyqesoro Tllna e o6paaosaHlleM SIJlep 

us I -ll B , S03HllK8IOIIJHX npn aaxsaTe Ir -Me30HOB SIJlpaMH yrnepo)la, aaOTa H 

KnenopoJla. nony'leHo, '!To: 

a) OTHOel!TenbHbie sepoSITllOCTH JlBYX'laeTH'IHhlX paasanoB nerKnX SI)lep ( C, N, 0) 
-6 

Mellbllle, 'l0M (2 -:-10) • 10 ; 

6) TpexqaeTH'IHaSI peaKUHSI Ha yrnepoJle rr-c 12 .. Li 8 + He 3 + n 
-4 1e · e , 

HOel!TenhHOil sepOSITllOCTb!O 2,2· 10 , a peaKUllSI ,r- 0 .. Li + Be + n 

Ha no cpaBHeHHIO e Hell, no ,KpailHeli Mepe, B neeSITb pas; 

II)l0T e OT­

!IO)lasne-

B) lI3MepeHHhie 3HepreTnqeeKne eneKTpb! lI yrnOBhle Koppenill!l!ll BTOpll'IHbIX 
12 e 3 

'laeTHU B peaKUllll rr-c ➔ Li + He + n yKa3h!BaIOT Ha To, 'ITO aaxsaT 1T - -Meao-

( 
4 12 

HOB npo11eXOJll!T Ha aeeounaunn H3 'l0Tblpex HyKnOHOB Li ) B SIJlpe C 

6. CosoKyIIHoeTb nonyqeHHblX 3Kenep11MeHTanbHhIX Jl8HHblX O peaKUHSIX e o6pa-
8 a e -

30BaHl!eM He Li II B OT aaxBaTa 1T -Me30HOB SI/lp8MH yrnepoJla, aaOTa li 

Kl!enopoJla M0)1(9T 6hITb no!HITa e TO'IKH apeHHSI Teopnll npSIMhlX SI)lepHbIX peaKunll. · 
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TAEnHUA 

CxeMbl pacnaaa He 8
. 

I He8(o+)J}.li. 8"(o_.97B M.36, f +)-if-li8-f!.:.Be8*{2,9M3q2;-2He"{88f.) 

JI He8(o+)./Lu8lJ,22M38,,+)-li 7 +n (f2%) 

Bo3MOJICHble KGHUflbl peaKl.(UU 

(() Jf- +o 16 
- He8+88 } 2~ .JllJ'-leGb,e 3oeJrJb1 

(3) 1f-+N'" ~ He 8 +He3+He3 J~ny11e8b1e J6eJrJb1 
(2)1i'-+C

12 
-He8+He

3
+H

1 l . 
(4) Jr+o'6 

-He 8+8e 7+H 1 

(5) Ji-+ C12 -He8+H2+H 1+if' 
(6) -He8+H1+ H 1+H 1+n 

(7) Ji-+ N'*-He8+He3+H2+H1 

(8) --He8+He4+H1+H 1 

(9) -He8+HeJ+H 1+H1+n 

(10) 1T-+u 15 --ne8 +t.,/+ii'+H1 

{If) -He8 +He4+He3+H1 

(12) 
(13) 

- He8+He3 +He3+H 2 

-He 8+He 3+ He 3+H
1+n 

15 

4!ny11eGb1e J6e3;Jb1 



Jl-+c12-He8+He3+ H1 

H1 

He3 

Pnc. 1. MuKpocpoTorpacj,HH cny,rng N', 1 c o6paaoBaHHeM renuH-8. 

16 

I 
'! 

I N a) 
fO 

~ 
5 ~1u1 I½ I 
0 I Ill II 1111 1111 I II I II ► 

o 20 40 60 80 RfµJ 

N $) 

5 

0 I II II II I I I II I I I I I I I II I II ., 

o 20 40 60 80 fOO RfµJ 

Puc. 2. Pacnpe.cteneHHe 0.((HOny'IeBblX co6hITHfi no .((IlllH8M T-o6pa3HbIX cne.ctOB,. 
a) 6ea H.ctep OT.cta'IH; 6) c H.ctpaMH OT.((S'IH. 

17 



\ 

-(D 00 

N
 

60
 

5
0

 

40
 

30
 

20
 to 

N
 

60
 

so
 

40
 

fO
 

5 
10

 
f5

 
20

 
25

 
JO

 

E
1.

,.
a[

M
;6

J 
J 

' 

N
 60

 

so
 

4
0

 

fO
 

20
 

JO
 

40
 

5
0

 
6

0
 

0 

£ 
ll

ti
[M

s6
] 

2 

10
 

20
 

JO
 

40
 .

 5
0 

60
 

70
 

8
0

 
90

 

E
n

[M
s
G

] 

P
1

1
c
. 

3
. 

S
1

1
e

p
re

T
H

'i
9

C
K

1
!9

 
c
n

e
K

T
p

b
l 

B
T

O
p

ll
'i
H

b
lX

 
'i
a

C
T

II
U

 
O

T
 

p
e

a
K

U
II

II
 

ir
-C

12
 ➔
 L

I 
8 +

 ~
e

 3 
+

 n 
• 

n
n

a
B

H
b

le
 

K
P

l!
B

b
!e

 
-

q
ia

3
0

B
b

lf
i 

0
6

1
,e

M
. 

"O
 

i,;
: 

0 

~
 ; ... ~
-
!
.L

-
-
-
-
-
-
-
'-

-
-
-
-
-
-
-
-
-
-
-
-
~

 

~
 

c,
, 

:::Q
) C

) 

i '::3
 ...

 
-....

.. -!
,.

_
 _

_
_

_
_

 .,_
__

._
 _

_
_

_
_

_
_

_
_

_
 _
_

, 


