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HccJien:oEalllie noBen:eHIDI OCT8HOBHEllllIXCR B BemecTEe qacTHU
pacnan:oB ll 38XEaTOB - saHRMaeT OOJihWOe MeCTO E q;nsKKe 8JieMeHTap
HWC qaCTHU. Ente B I947 r. YHJiep 38M8TllJI, qTo OTPHU8T8./Il,HO sapR
~eHHhle qaCTHUhl MOryT 3aXE8TlIB8ThCR 8TOMaMH R odp830Bh!BaTh "8K30-
Tli'l8CKHe 8TOMhl". )lJllI yn:odCTBa Mhl Besn:e dyn:eM roBOPHTb O MesoaTo
Max, HM8R B Bnn:y, qTo Bee CK838HHoe·oyn:eT, B OCHOBHOM, cnpaEen:

JIHEO H UJIR Tex ceyqaeB, Korn:a Ha OUHOM H3 YPOBH8R CHCT8Mhl EM8C
TO M880H8 H8XOUHTCR OTPHU8T8JihHO 88p!IIK8HHUR dapnoH. 06pa80B8HHe 
MesoaToMa ( B doJiee o6meM.c~ae, MesoMciJieeyJiu) ooycJIOEJie110 ey
JIOHOBCKHM B88HMOU8RCTBH8M MelKn:y OTPHU8T0./Il,HO 38pRIK8HllhIM M030HOM 
H nOJIOIKHT0./Il,HO 88pRIK8HHHM Rl:qlOM. )laJihHetturaR cyn:hda M080H8, 88XBa
THBillerocR Ha OUHH H3 YPOEHeA MesoaTOMa, B 8Ha'lJl!T0JihHOll CTeneHH 
orrpen:eJIReTCR CEORCTBaMH M8308TOMa. MesoaTOMHaR CT8UHR B H0KOTO

pux c~aRX cymeCTBeHHO BJIHR8T Ha BepORTHOCTH 88XE8T8 M880HOB 
Rl:ql8MH. 

IloMHMO dom,moro "rrp8KTM8CKOro" 8HaqeHHR (UJIR HHTeprrpeTaunn 

onh!TOB ITO 38XE8TY Me80HOB Rn:p8MH) HCCJI~UOB8Hne 8K80TnqeCKHX )"-, 
rr-, K-, p ••• - 8TOMOB npen:CT8BJIReT 8HaqnTeJibHh!R C8MOCTORT0JihHh!R 

HHTepec. 3TOT HHTepec odyCJIOBJieH K8K H0KOT0ph!Mn HeOOWi,HhIMH CBOR
CTBBMR C8MHX HOBhIX 8TOMOB, T~K H E03HHK8IDmHMH B CBR3H C 8TllM HO
Bh!MH E03MOIKHOCTRMH U./IR pemeHHR san:aq Rn:epHOR q;H3KKH H q;H3HKH SJie
MeHT8pHhIX qacTnu. B KaqecTBe npHMepoB ycnemaoa peaJU1saunn sTnx 
B03MOIKIIOCTett MOIKHO YK838Th H8 orrpen:eJieHne pa8MepOB Rn:ep no M830-
peHTreHOBCKOMY H3~0HHID B M8308TOM8X, Toqaoe H3MepeHHe M8CChl rr-
H K""-M030HOB (eyqme 0,01 %), H3Mepeime MarHHTHhIX MOMeHTOB 8HTHIIpO

TOH8 f p = (-~83±0,I0)/4p H ~--rHIIepoHa fl~-= (-I,48 ± 0,37~N' 
odaapylKeHH~ PRn:a HOBhIX RBJieHHA, T8KHX K8K j,,i -K8T8JIH3 Rn:epHhIX 
peaKURA CHHTesa H80TOnOB Bon:opon:a, MOOHHOe n:eJieHHe TRIK0JihIX Rn:ep 
H n:p. 

HsyqeHHe SK30TM8CKRX 8TOMOB BWIBWIO T8KIKe HOBHe B08MOIKHOC
TH U./IR HCCJieUOBaHIDI CTpOeHIDI BemecTB8. OK888JIOCh, qTo "TRIK8Jihl8" 
(no cpaBH8HHID C SJI8KTpOHOM) OTpHUaTeJihHO 3ap!IIK8HHhle qacTHUhl RBJIR

moR B0ChMa ITOUXOURmRM rrpodHHM T0JIOM U./IR HCCJien:oBaHIDI CTpOeHHR 
BemecTBa. 0rpHUaT8./Il,HO 88pRIK0HHh!R M080H 38MemaeT B 8TOM0 (MOJieKy
Jie HJIH H0KOTopoA CTpyKType) OUHH H3 SJI0KTpOHOB, noBen:eime saxBa
TRBWerocR B 8TOM (MOJieeyey) M030H8 cymeCTB0HHHM o6pa80M dyn:eT on
pen:eJIRThCR ero cTpoemteM H CB0l1CTBaMH. HaClJID)laH ITOB8,ll8HHe M830Ha 
B MOJieKyJie H perHCTPHPYR H8KOT0ph!e xapaKTepnCT:mtH M8808TOMHWC 
(Me30MOJI0KYJIRPHhIX) rrpoueccoB HJIH HX IIpORBJierurli, Harrpm11ep oco6eH-
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HOCTll 3aXBaTa Me30HOE HnpaMn XHMWieCKl! CER3aHHllX aTOMOE llJIR xa
paKTepl!CTllKl! pacrrana. c:rurnattttoro B MesoaTOMe (Me30MOJieeyJie) Meao
im, MOlKHO IIOJIY'lllTb npHMbte naHHue O CTpoeHlln 8TOMa (MOJieeyJII.:) • Mu 
l!MBeM, TaKl!M o6paaoM, B xopoweM IIpll61IRlKBHllll "MeqeHIDi" 3JieKTpOH. 
B rrpmnume, T8KOtt nonxon naeT B03MOl!HOCTl, "aoHnnpOB8Tl," MOJieey:,ry 
l!JIH oTneJibHue ee ttacTH n rro:,ryttaTt, CBenemm o ee cTpoeHHn. 

HacToamaH nnccepTruum nocMmetta aKcnepHMeHT8JibHOMY naytj:e
HllIO IIl!OHHl:DC aTOMOB ll MOJieKyJI. Bee OCHOBY IIOJIOEBHll pa60Tll, B KO
TOPllX 06HapylKeH ll l!CCJIBUOBaH aKcnepHMeHTaJil,HO aaXBaT OTp~aTBJil,
HO 38pRlK8HlillX IIHOHOB RDJl8Ml! Cllll38HHOrO BOUOpona, BIIepBue Ha6mo-

.l(BH nepexnaT, ni,roHon c pir-a-roMon Ha arm.m z. H nepeXBaT IIHOHOB 
C aTOMOB CBR3aHHoro Bonopona B MOJieeyJiax, l!CCJienoBaH MexaHH3M ne
peXBaTa n aTOMHmi aaXBaT rinoHoB, nayg:eHa nepeaapan;Ka ocTaHOBllB
lllliXCR IIHOHOB Ha anpax, BnepBue Ha6IDJnea pa!Ul:aJ:UiOHHlllt aaXBaT nno
HOB RnpaMn, H3yg:eHU HeKOTOpue oco6eHHOCTll XHMH~8CKHX CBRaett BO
nopona B MOJieKyJiax. Bee 3KcnepHMeHTll BllIIOJIHeHU Ha CHHXPOIUiKJIOTpO
He lliIIl Ollim. 06HapYJlteHne RBJieHmr 3axaara mroHon R,llpaMn caR·aaHHoro 

BO.l(OpO.Ila, HapRAY C ycTaHOBJ!8HJ,18M OCHOBHLIX ocoOeHHOCTeH H TeopeTn
tteCKViM 00'I>/lCH8HJ,!eM noro /lBJieHifll, 6UJIO aa.perncTpifPOBaHO rocy,llapcT
BeHHLIM I\O!AJITeTOM Conera l:IIfHMCTpOB CCCP no )leJiiu.r If300peTeHnA ll OT
KpL!T llH D I\Uttecrne OTKphITl1/l 11 aaHeceHO B rocy,llapcTBeHH!lll peecTp 
OTKPllT IITT aa lb 164. 

K Ha'IDJIY 3KCnepHMeHTOB, OIIHCl:ll!aeMWC B HaCTORmett n:11ccepTa
nllll, 6UJIO B!lllOJIHeHo 60JibWOe ttHCJIO pa6oT, IIOCBflm8HHHX HCCJienoBa
HllIO MeaoaTOMHHX nponeccoB. B 'IDCTHOCTH, K TOMY BpeMeHll (I96I r.) ' 
6uJI UOBOJibHO rronpo6HO 1rnyg:eH aTOMHlllt aaXBaT f - -Me30HOB B cmra
Bax H XHMnqeCKl!X COe!Ul:HeHIDix. B peayJibTaTe 3THX HCCJienoBaHlltt 6u
JIO ycTaHOBJieHo, ~TO aTOMHIDi aaXBaT ,,M--Me30HOB IlpOHCXO!Ul:T IlpH
MepHO B COOTBeTCTBHH C Z -aaKOHOM, IIOJiyg:eHHUM <liepMll H TeJI
JiepoM (E. Fermi, E. Teller, Phys.Rev.~, 399, 1947 ) Ha OCHOBe 
rpy6ott oneHKn ITO MOUeJIH aTOMa ToMaca--<l?epMH. 

Iln:OHHue aTOMU ::)KCrrepHMBHTa'JibHO nayg:aJ!llCl, MaJio., K Ha'IDJIY 
Hallil!X 3KCIIepl!MeHTOB 0LIJil1 113BeCTHU 3 pa60TU, B KOTOpllX IlpOBepR
Jiac1, cnpaBBUJIHBOCTb z -aaKoHa UJIR o6paaoBaHHR II-MeaoaToMoB. B 
pa6ore CTnpHca n np.(M.B.Stirns et al.Phys.Rev.jQ§_,455,1957) 6uno 
IIOKa3aHo, ~TO aaxBaT OCT8HOBHBWHXCR ITHOHOB JIHTHeM B LiP' nonaB
JieH cwu,ttee, qeM cJienoBaJio oun:aTb no z -aaKOflY. :Eme 6oJiee aaa
'lliTeJII,HUe OTKJIOHemm OT Z -aaKOHa B CTOPOHY 6oJiee P83KOtt aaBH
CHMOCTH OT Z 6WIM ycTaHOBJieHU IlaHOBCKHM c C0TPYUHHK8MH IlpH none-
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Kax aaXBaT8 OCTaHOBHBlill1XCR Ir-Me30HOB RnpaMn Bonopona E EOUOpO
noconepJKalJU{X BemecTBax (w.K.H. Panofslcy et al. Phys.Rev. 78, 
825, 1950; Phys.Rev. BI, 565, I95I). 06HapylKllTn aToT aaxBaT rpyrr
rre IlaHOBCKoro He ynanoc1,, B rrepEoll pa6oTe 6UJia ycTaHOBJieHa Bepx
HRR rpa~a UJl!I EepORTHOCTl! W 3aXBaTa IIHOHOB Bono~onoM, CER
aaHHUM B LiH (WLiH <: 3· ro-3) H B CH2(WcH2 ..( ro- ) . B CJienyro-
mett pa6ore rpyrrrru IlaHoEcKoro arn rpaHnqHue oueHKn dwrn EnEOe oc-
Jia6JieHu: WLiH .( 6.I0-3 l'l w0H

2 
< 2• I0-3 • . 

nJIR 06MCHeHllR CHJ!l,HOrO IIOU8BJieHl!R 3aXB8Ta OCT8HOBl!Bllil!XCR 
lll'!OHOE anpaMn CM3aHHoro Eonopo·na (B CH2 l'l LiH ) IlaHOBCKHH, cne
nya ~epMn n Te~nepy, rrpenrronomn, qro E BonoponoconeplKlllllRX Eeme
CTBax IIpORCXO!Ul:T rrepeXEaT III!OHOB c aToMOB Bouopona Ha 6oJiee TH

JKenue aroMu: 
pir + z ~zrr + p . (I) 

IIo MOUeJ!l! IlaHOECRoro nepeXEaT Me30HOB o6ycJIOBJieH crreuH¢HtteCKl!MH 
CBOHCTBaMH MeaoaToMa Bonopona. IIpn: rrocal{Ke IIHOHa Ha 8TOM BOUOPO
na o6paayercH HettrpaJibHM pir-cncTeMa,.paaMepu Koropon rrpHMepHo· 
B 250 paa MeHl,We paaMepOB aTOMa Bonopona. 06paaoBaBWaRCR pir-CHC
TeMa IIOKnnaeT MOJieKyJIY n 6JIYJKnaeT E EemecTBe. lla-aa OTCYTCTBHH 
SJieKTpOHHOtl OOOJIOtzKll 3Ta CMCTeMa MOJICBT Ott8Hb 0JIM3KO no.1401iT11 K 
il.IlPY T/lllCeJioro aroMa, ll npt'l O,IIHOM ll3 TaKifX CTOJ!KHOBBIIMll C T!IJKOJ!Ul! 
aTOMOM IIHOH MOJKeT nepexaaTMTI,C/l Ha Hero. 

TaKHM o6pa30M, K Ha~aJIY Hallil!X 3KCIIepllMeHTOB (1961 r.) aax
B8T OCT8HOBRBllillXCH IIHOHOB anpaMn crurnaHHoro Eonopona He na6JIJO[laJI
CR. 0TCYTCTBH0 aToro aqxteKTa o6~RCH/lJIOCl, HaJIR'meM rrepeXBara; ECe 
npencraBJiemm o MeaoaroMHUX npoueccax B BonoponoconeplKllmHX Eemecr
Bax ,rro cymecrBy, n:cttepmreammr, MoneJibRl IIaHoBcRoro. 

B nepnol1 rnane .lll'!CcepTan1111 onncunariTc!I nocTa11onKa aKc/ep11-
MeHTa, o6HapyJKeHlle aaxEaTa ITHOHOB RDJl8MH CBR38HHOro BO[IOpona r, 2, 
nepBUe- 3KCII0P,HMeru IIO H3y~eHHIO OCHOBHHX OCo6eHHOCT8R 06HapylKeH
HOrO RBJie~ 13•4 , IIOl!CKH rrepeaapaUKH 0Cf8HOBHBWHXCR llliOHOB Ha 
anpax / 5, 6 , tta6JironeHne pannanuoHaoro aaXBaTa rrnoHoE RnpaMu/7 I. 

JlJm ·Ha6JIIOU8HllR aaXBaTa OCTaHOBllBllil!XCR IIl!OHOB anpaMn CBR3aH
HOro Bonopona yno6ao acrroJI1,aoBar1, peaKnmo rrepeaapaUKH rrnoHa Ha 
IlpOTOHe: 

rr + P -n<> + n_ . <2> 
3Ta peaKnM HMeeT CBott xapaKTepHIDt "rro~epK" (pacnan n° - 2 q ) , 
~TO ll03BOJIReT HanexHO EUUeJIRTl, ee Ha ~oHe npyrnx rrpo@CCOB. IIepe
aapaUKa Ilpli "eyJieBott -3Heprnn" IIHOHOB IlpOl'ICXOitHT C BepORTHOCT!,IO 
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~so%. 06pasyDIU{eCJI rrpH pacrrane n°-MesoHa <(-KEBHTH ncnycKa
IOTCR C yrnoM pasneTa, .l!SMeHRlll!IlliMCJI OT I5?°· no I80°; SHeprIDI KaE
noro .1"" -KBaHTa saKmo'!eHa B HHTepBane 55 L. Ea- L 83 MsB. Ilocnen
Hee OOCTORTenbCTBO IlOSBOMeT BHOpaT

0

b nM perHCTpru.um d""-KBaH
TOB ueTeKTOpH C BHCOKHM 3HepreTH'!eCKHM rroporoM H cosnaTb ycTaHOB
Ky C BeCbMa HMSKHM YPOBHeM perHCTpru.um q)oHa. OCHOBHOH q)OH npn 
paOoTe Ha CHHXpOlUIBJIOTpoHe MeTonaM.11 aneKTpOHHKH CBRSaH C perHCT
pauHett KOPOTKOERBYJ!lero f - H <f~HSJIY'leHHR OT HaBeneHHO! panzo-
8KTHBHOCTH H d"'-HSny'leHHR H RnepHWC pacmerrneHRA ("sBesn"), CBR
saHHHX C S3XB8TOM HettTpOHOB. Ecna HCllORbSOB8Tb neTeKTOPH, He'{yB
CTBHTenbHHe K "saes,naM", n ycraHoanr1, :meprerl'fllecKnlt . nopor 
per.l!CTP8UHH H3ny'!eHHR),,. 20-30 MaB, TO MOEHO Ollll!:n8Tb O'IeHb HHSRH! 
ypOI!eHb perHCTpnpyeMOrO q)OHa, IlOCKOnbKy f - H a -HSnytJeHl!R 
Rnep (B TOM 'IHCne H nerKHX) orpaHH'!eHH CEep:xy 3HeprIDIMH IO-I5 MaB. 

CBottCTBa RnepHoi pe8KIU4H (2) (B TOM 'lHCne Hee BepORTHOCTb) 
He 33BHCRT OT Me308TOMHO! CT8ItHH, odycnoBneHHOi KyROHOBCKHM BS8.1!
MoneACTBHeM. Il03TOMY JID6oe YJ,18HbWeHHe BHXona n°-MeSOHOB npH sax
BaTe rr--M030HOB RUP8MH CBR38HHoro BOnopona cnenyeT npHnncaTb 
yMeHbwemm BepORTHOCTH TaKoro SaxBaTa. HaMH 6wro IlOK8S8HO 8KCile
pHM0HT8nbHO, 'ITO S8XB8T rr--MeSOHOB CROEHHMH Rnp8MH, C KOTOpHM' 
XHMHtJeCKH CBR38H Bonopon, He npHBOitHT K oopasoBaHHID n°-MeSOHoB5•6t 
TaKHM oopasoM, sanaqa CBOIU{TCR K perHCTP8UHH n°-MeSOHOB npH OCTa
HOBKe rr--M830HOB B Ml'!llleHSIX ll3 aemecraa nma :,,.. H,,_ H cpaBHeHHH 
HX BHXOUOB C BHXonaMH n°-MeSOHOB OT BonopouHoA MHWeHR (H2> npH 
OCT8HOBKe B Hett rr--MeSOHOB. 

Bee OIIl!CHE30MHe E H3CTOffilleA UHCCepT8UHH aKcrrepHMeHTH BHITOn
HeHH E OUHOA IlOCT8HOBKe. CxeMa OITHT8 npHBeueHa Ha PRC. I. lb!OHH 
c aHepr:e:en ~80- MaB IlpOXOIU{RH qepes TpH CUHHTHMRUHOHHHX C'leT'UI
K8 I-3, TOpMOSRll1}m q)HRbTp ~ H OCT3H8BRHB8Jll!Cb E MHW0HH M. Jl;IR 

per.l!CTPBUHH d"-KB8HTOB OT pacrraua n°-MeSOHOE, BOSH.l!KaKl!l\IDC npH 
OCT8HOBKe B MHWeHH rr--MeSOHOE, 6HnH .l!Cll0RbSOB8HH qepeHKOBCRHe 
crreKTpO~eTpH rronHoro nornomeHHR, M8RO'{yBCTEHT0nbHH0 K q)oey IlOCTO-
pOHHero HSny'IeHJUI / 8/. . 

Jvm H8R8UKH H K8RMOPOEKH anrrapaTypH E KatJeCTBe MHWeHH, rro
MemaeMott MeEny crreKTpOMeTp3M.I!, HCITOnbSOB8RCR UUKd Bonopon, sa
nHTHi B CTeKnRHHHi UbDBp. 3HepreTJllleCKHe rropom crreKTpOM0TPOE EH-
6npanncb p8I!HllMH ~20 MaB. IlpH 3TOM aq;q)eKT.l!BHOCTb perHCTp8UIDI 

r-KE8HTOB OT p8Cil8U8 IJ°-MeSOHOB OWI8 0Jll{SK8 K 01U{HJme, 8 ypo
BeHb q)oHa - O'!eHb HRSKHM; C yuaneHHeM MH!lleHH CKOPOCTb CtJeTa COB-
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rrauelid rrauana B 20000 pas. IIpaKTWieCKH Becb CtJeT anrrapaTypH 6un 
CBRSaH C OCT8HOBK8MH rr--MeSOHOE B Bouopoue; rrpH YMeHbllieHHH TOR!l1M
Hli TOPMOSmI{ero q)HRbTpa H yEe.llltJeHJm aHepl'ID'! rr--MeSOHOE no 65 Mall 
CKOpOCTb C'!eTa COBrrauellllli rrauana 6onee tJeM E 300 pas H Haxounnacb 
Ha ypOEHe, COOTEeTCTBYJOllleM .l!SBeCTHOi EenHtJHHe ceqeHIDI rrepesapRU

Kl'l rr--MesoHoB npn ·:non :meprnn. TaKl'!M oOpasoM, a :iKcnepn
MeHTax C IKHUKOBOnoponHoi M.l!WeHbID 6uno llOK8SaHO, 'ITO HCITORbsyeMaR 
annaparypa uaer EOSMOEHOCTb npoBOUHTb 'nccnenoEaHIDI rrepesapnUKn 
OCT8HOEHBWHXCR rr--MeSOHOB C TO'lHOCTbID, Ha naa nopmma Eenwmuu 
npeBlilllaD.lleH rrpeuen, nocrHreyrui paaee. 

IIocne npoBeueHHSI npenaapnrenbHHX 3KCIIepHMeHTOB EHUKOEOUOpou
H8R MHilleHb 6una saMeHeHa MHWeHbro HS IIORH8THReHa. IlpH 3TOM OHJIO 
o6HapyaeHo, 'ITO CKOpOCTb·cqera COEnaueHHtt CHHlKfl8TCR He no ypOBHR 
q)OHa, a TOJibKO Ha uaa IlOPRUKa EeRHtJHHH; perncTpHpyeMHil aqxfeKT CBR
saH C npoueccoM, HuYII1MM E MHllieHH; C yuaneHHeM MID!ICHH HS IIy'IK8 
cKopocr1, C'leTa nanana eme E 300 pas. 

OTHOWeHHe BepORTHOCTeH oopasoBaHIDI n°-MeSOHOB B peaKUHH (2) 

UM BOUOpoua H Il01I.1!3THJI0H8 nonyqeHO paEHilM Wctt /wH = 
-3 * z. = (7,7!I,3).IO · 

ftrJ'n,11 ;II/ 
fl/,' l;I f I 

1/ If ;''i 4 ,, 
fl 2 

f 4f I; 
f ,I 
f,1flf/l 

M Puc.I • 

!, t ~ t ~~,i~", 

CxeMa OllHTa • 

4 ,f /! 
!//! lf I 

fl I 
fl 1;1 /!/ /I 

l'///.A 

* IlepBOH3'!anbHO H3MH 6una noeytJeHa nM __ OTHOWeHRR: WcH~/wHt 
MeHbIDM BeJI.l!'l.l!Ha /I/. 3necb npHEeneHH pesynbTaTH .Hanmx 6onee TO'I
HHX .l!SMepeHHI, B KOTOPHX OWIH npHHRTH cneUHaJibHHe MepH nM HCKJIJO
'!eH.l!R CHCT0M8TH'!eCK~ OlllHOOK B onpeuenemm '!HCJia OCT8HOEOK B EMU-

ROM Bouopone RE CH2 9
/_ 

5 



IlOJIY'IeHirne HBM.11 3Ha'IeHIDI OTHomemm 'Wctt /u1 npeBlllllBIOT B 
~ HH,:, 

Hee1t0JI1>1to pas BepxHIOIO rpaHH'IHYIO oueHKy rvm WCH,. , IIOJIY'IeHflYIO 
rpyIIIIOli IlaHOBeitoro. 06e pa60TH I'pYII!IH IlaHOBeKoro OK838JIHel, om.11-
60'IHHMH. Ilosn:Hee (I964 r.) 3TOT BHBOU 6WI IIOU:TB~lKn:eH HBMH Ha6mo-
n:eHHeM p8nHall;HOHHOrO 38XB8T8 Jr -Me30HOE .Hlij)BMII / ( B TOM 'l{l{eJie 
H JIHTHeM H yrJiepon:oM), npHBon.amero K HeIIyeKaHIDO OU:HHO'IHHX d-RBaH
TOE e :rneprIIett E .r > 50 MaB e Eepo.HTHOeTl,JO (I-3) • ro-2 , 'ITO np.11-
MepHO Ha IIOp.HU:OR BeJilitmHH npeBll!llBeT IlOJIY'leHflYIO rpyrrrrott IlaHoEeKoro 
BepXHIOIO rpaHHUY nJI,H 3TOH Eepo.HTHOeTH. Taitott lll:e peayJil>TBT no pan:.11a
UHOHHOMY 38XBBTY 6HJI IIOJIY'l{eH B !966 r. B JIHBepuyJie (H. Davies et al. 
Nucl.Phys. Z§_, 673, !966 ). 

Hoene Toro RBK HBM yn:aJioe1, HB6mon:aTb peaRUmo (2) HB .anpax 
eB.H38HHoro Bon:opon:a, MH npennpHH.HJIII IlOilHTKY .113YlJ:eHH.H 38Bl!eHMOeTH 
EepO.HTHOeTH W 38XEBTa IIHOHB .Hlij)BMH Eon:opon:a E npoeTHX eoen.11He-
HHRX THII3 Z H 11.. OT aap.an:a Z BTOMB, XlIMlI'leeIGI eE.H38HHOro 
e EOn:opon:oM 73/_ B eneIJ,HBJII,HWC KOHTPOJII,HIDC OIIHTaX 6HJIO IlOK838HO, 
'ITO U:JI.H .an:ep Li , Be, C, Ae. ~ Ti.. , Cu .11 pg Bepo.aTHoeT1, rrepesa
p.anitn oeTBHOBIIBIIIHXe.H IlHOHOE / / W (Ir ,¾-rr°) rv (2-6) • IQ-5 • 
IIosn:Hee MH rrpen:npHHRJIH rroHeK/6/ rreEesap.anitH oeTaHOBHBlllliXe.a ITHO
HOE Ha Jiermrx .anpax 1%, 1'\J H 3 CL, Ha KOTOPHX aTa peaRIJ,H.H 
aHepreTH'JeeRH B03MOlKH8 (aHeprOEHU:8JI8HHe ,.._,. 3,5 MaB). 0Kasa.1Ioe1,, 
'ITO H UJIR aTHX .an:ep EepO.HTHOeTI, rrepesap.anitH rron:aBJie/a n:o ypoBH.H 
w L. ro-4 TaKHM o6p830M, oeHOBHBa.ae1, Ha n:aHHHX 5, 6/, MU eirn:

T8JIH, 'ITO Bee rr°-r,1830HH, o6pa3y!OlllHeC.H IIPH OeTBHOBRaX Ir-M830HOB 
B EemeeTEe :z,, ... f-1,.,_ • o6yeJIOBJieHH peaRU.11ett (2). 

IloeJie rrpenBap.11TeJIE,HOH R8JIH6pOBKH aiterrepHMeHTBJII,HOH yeTBHOB

RH e IKlfnKOEOUOPOUHOtt MIDlleHl>IO 6HJIH en:eJiaHH .113MepeHH.H e M,~rM.11 
Hs L:1H , (CH)n.. , CH2 , H2o, Ti.H2 .11 c5oiJ8 (rrJieKeHrJiaea) • Ilo
e1toJI1>Ry IJJHpHHa Ha IIOJIYBUeoTe RPHBOli o_eT8HOEOR IlHOHOB eoeTaBJIRJia 
2,5 - 2,0 r/eM2 C, Bee MHIIleHII HMeJIII TO'.rrmHHY ~3 r/eM2 C H,. BH6Hpa
JIHeb e OnHHBROBOli TOpM03HOH enoco6HOeTI,IO II OUHH8KOBHX pasMepoB. 
Bepo.HTHoen 38XE8T8 IIHOHOB .anpaMH eB.H38HHoro Eon:opona (W) onpe
n:eJI.HJiaeb IIyTeM epaBHeHH.H eitopocTett C'leTa Ir <(d"'-eoErran:eHIIH (No Y) 
n;JIR HeeJien:yeMoro BemecTB8 li UJIR Bon:opona. IlOJIY'IeHHHe BeJIH'll!HH 
Bepo.aTHOeTett w IlpIIBen:eHH Ha plie. 2. KaK BHnHO H3 3TOI'O pHeyH
Ka, EepO.HTHOeTI, 3aXEaTa Ill!OH8 .Hlij)OM CM38HHoro Bon:opon:a p =W/n 
pe3IW YMeHI,II18eTe.H C poeTOM Z • 3TO YMem,rneHne OIIl!CHBaeTC.H 38-
BHCHMOCTl,RJ 

P ~ const • z-3 • (3) 
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JJ,Ba aKerrepHMeHTa / 4/ 6HJIH BHilOJIHeHH HBMH UJI.H rrpoEepKII cnpaEen:JIH
BOeTH Mon:eirn rrepeXEaTa IlaHOECKoro. B rrepEOM OIIHTe eoeyn: EHCORoro 
UBBJieHIDI HBIIOJIH.HJIC.H aTBHOM Cils· lliruTHOeTb aTBHB MOlKHO 6HJIO H3Me
H.HTl, nyTeM H3MeH8Hru! n:aEJieHHR B npen:eJiaX OT 0,0035 n:o 0,390 r/eM~ 
OKaaaJIOCb, 'ITO BepO.HTHOeTb 38XB8T8 IIHOHOE .Hlij)BMH CE.H38HHoro EOU:0-
pon:a He 38El!CHT OT IlJIOTHOeTH aTaHa. B OIIHTBX C paeTEopaMH .11ecJie
n:0EaJIOCb, KBR l{3MeH.HeTC.H EepMTHOeTI, W npH paCTBOpeHHli E MeTH-

JIOBOM cm1pTe CH30H Tll.tCJIUX COJiel! LiCl !,f NaJ • EC/I!,! ueXlllll'-3M 

rrepeXEaTa HMeeT JIORaRI.HHtt xapaitTep (Bon:opon:Hutt MeaoaTOM He 6JIYlK
n:aeT E EemecTBe), TO n:o6BBJICHHe B MeTHJIOB!ffl CIIHpT T.Hlll:eJIIDC aTOMOB. 
He UOJilKHO EJIIDITI, H8 BepO.HTHOCTb aaXBaTa IIHOHOB BOUOpOUOM ClIHpTa, 
'ITO H Ha6JIIOU8JI0Cb Ha onme. Ilo aTHM pesyJibTBTaM 6HJI cn:eJiaH EHBOU, 
'ITO MeXBHH3M rrepeXBaTa lIHOHOB E Eon:opon:oeon:eplKBmHX EemecTEBX (T.e. · 
MexaHH3M rron:aEJieHH.H) .HBJI.HeTCR 6oJiee eJIOlKHHM, qeM npen:rroJiaraJIOCI, 
paHee. B 'IBeTHOCTH, cnen:OEBJIO OlKHUBTl>, 'ITO HHTeHCHBHOCTb rrepeXEa
Ta eymecTEeHHO 38BHCHT OT MOJieeyJUIPHOli 1;TpYKTYPH BemecTEa. 

BTopa.a rJIBBB llOCE.H!llCHa aKenepHM0HTBJII,HOii npoEepite MOU:6JIH 
60JI1>WKX MesoMone1tyJI H H3YlJ:eHHIO BJIHRHHR cTpoeHWI MOJieityJI Ha BepoRT
HOCTb saxEaTa llHOHOE eE.H38HHHM BOn:opon:oM (rroHeKaM CTPYKTYPHIDC arp
c_peKTOB). 

IlOJIY'IeHHHe HBM.H paHee pesyJibTBTH (rJI.l) IIOR838JIH, 'ITO Mexa-
·HH3M nepeXBaTa IlaHOBCKoro, eeJIH OH cymeeTEyeT, .11rpaeT ETOp~cTerreH-

p 

1 

1J 

1J 

z- , rn 111:> z 
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P.11c. 2. 

3aEHCHMOCTb npHEen:eHHOii Be
pO.HTHOeTH 38XB8T8 ITHOHOB 
.Hlij)BMH CE.H38HHOrO EOUOpon:a 
p OT z .Hnpa aTOMB, C KOTO
PHM CE.H38H Eon:opon:. Ilp.aMa.a-

-eTeneHHa.H 38BHeHMOCTI, z - 3 



HYID pOJib B nonaBJieHrur 3axB8Ta _IlHOHOB eBJI38HHhlM nonoponoM, noe
KOnbKY · uemill pnn aKenepHMeHTaJibHWC q;aKTOB ue HaxonnT ochneae1mR 
B MOU8JIH IlaHoBeKoro. repmTellHOM (c.c.repmTellH. l[3T~, 43, 706, 
1962) 6wro llOK838HO, 'lTO KOHeTBHTll nepeXBaTa Me30HOB e 8TOMOB BO
nopona Ha 8TOMll npyrnx aJieMeHTOB UOJIEHll ena6o 38BHeeTI, OT.Z• 

3KerrepHMeHTll llOUTBepnwrn: 3TO npeneKa3aHHe. IlpH T8KOii 38BHeHMOeTR 
KOHeT8HT OT Z B MoneJrn: IlaHoBeKoro HeB03MOEHO no~Tb o6aapy
E8HHYID H8 onuTe Z -38BHeHMOeTb BepORTHOeTR saXBaTa IJMOHOB eBJI-
38HHhlM BOUOPOUOM. 

IlpH HaJI~HH pesKoll 38BHeHMoeTH BepO.HTHOeTH W OT sap.Hna 
z (,., z-~) no6aBJieHHe K BonoponoeonepMmeMY BemeeTBY YEe He-

6oJibIDHX npIDV,eeen 8TOMOB e OOJII,IDHM Z (nanpHMep, nona) UOJIEHO no
naBnnTb B MoneJIH IlaHOBeKoro saXBaT llHOHOB eBnsaHHh!M BonoponoM. 
Ha OllllTe, OUH8KO, BepORTHOCTI, saXBaTa IIHOHOB BonopoI(OM MeTIDIOBO
ro errapTa BOOOllle He saBHeHT OT nooaiineHHH Li , Na , CL H J B 
3H8tJMTeJibHHX KOHU8HTp8UHHX. B MoneJIH IlaHOBeKoro eKopoeTb nepeXBaTa 
I(OJIEHa B03paeT8Tb e yBe~eHHeM qnena eTOJIKHOBeHHR pir-aTOMa e 
8TOM8MH z. OnHBKO H8 OIIHTe TaK08B03paeTaHHe He naominaeTeR. 
BaponTHOeTb saXBaTa IIHOHOB Bonopon;oM aTaHa H3H8'l8JlbHO M8Jl8 
( ~ ro-2 WH2 ) H He 38BHeHT OT IIJIOTHOeTH aTaHa. CHoBa npHXOUHTCR 
KOHeTaTnpOB8Tb, qTo H3H8'laJibHM,,MaJIOeTb BepORTHOeTH 38XB8Ta llHO
HOB BonoponoM aTaHa odyenoBneHa npoueeeaMH B eaMoll MOJieeyne aTa
Ha, a eTanHH "6nyEnaHHH" pIT-aToMa naeT MaJI!:rlt BMan B rronaBneHHe 
38XBaTa. 

nnn 00'1,JleHeHHR 3THX pesyJibTaTOB IlOHOMapeBHM 6una npennoEe
Ha MOU0Jlb OOJ!bIDHX Me30MOJieKYJI (].~.IlOHOMapeB. H~, £, 232; 1965; 
H~, .§, 388, 1967). B paMKaX aTOit MOU0JIH 6uno llOK838HO, qTo npH 
oeTaHOBKaX IIHOHOB B BOI(OponoeonepMmeM B0UleeTBe 4n. H n. qaeTb HX 

etc 38XB8THB80TCR Ha M0308TOMHll0 ypOBHH n• R30RnpOB8HHHX Me-
308TOMOB Z Ir; npyrM HX qacTI,, saMema10111aR aJieKTPOHH, eB.!13HB8JOO!He 
8TOMll Z H H B MOJieeyne, rronanaeT Ha OOlllHe I()IR Z H H Me30MO
JieeynnpHue ypOBHH, o6pasyR Z II7i-eReTeMY. CornaeHO oueHKaM BaiITMa
Ha (A.S. Wightman, Ph,ys. Rev. zz., 521, 1950),npH 8UH808T~eeKOM 
rrepexone H3 HerrpepHBHoro erreKTpa B nneKp0THmi llROH srurnaTHBaeTeR 
aa ypOBHH e n = 14. OnHaKo aaepreTnqeeKHe ypoBHH aToMB Bonopona 
B eneTeMe Z -H, I()IR KOTopwc n > no V 2(~ v=z-+1~, l!Bnl!DTC/1 06111mrn 
YPOBHRMH Been eHeTeMH (].M.IIOHOMapeB. l{HeeepTarum. Ollill1, nyoaa, 
I965 ) • 3neeb R - M0llC'I>/l,lt0pH00 paeeTOJIHHe B M0308TOMHHX h = e = 
= m 1i = I ennHRUax. YEe n;n,a z .( IO n0 "-' 6-7 H, enenoBaTeRb-
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HO, 38XB8T IIHOHOB nponexonnT H8 OOll!He YPOBHH eneTeMH Z -H. 
13 MoneJIH OOJ!I,IDHX Me30t.10Jl0RYJI rrpenrronaranoeb, 'ITO B nepBOM 

npROJIHEeHHR Bee aJieRTPOHll MOJieRyJiu p8BHOnp8BHll E OTHOllieHHH 8TOM
Horo (MoJieRyn,apaoro) srurnaTa MesoHa, T.e. npenrronaranoeb, qTo 
HM00T MeeTO Z-38KOH Ha eT8UHH rroea!U{H M030Ha. 13 3TOM enyqae 
BepOHTHOeTb 38XB8T8 Me30H8 H8 OOll!He Me30MOJieeynnpaue ypOBHH B MO
neeyn.e t'.rnHtL eeTb PH = · 1iZ ~ n • OcHOBHM Ee tJaeTr, saxBa-
THBmHXeR MOJieeynoit Me30HOB l-P H = m : ~ n orryeKaeTeR EHH3 
no aHepreTHqeeKHM ypoBHRM irr -aTOMOE H 38XB8THB8eTeR RnpaMH Z • 

Ta1rnM oOpasoM, Ha c:ra.it1111 a:rouuoro (MoJ1eKyn11puoro )3aXBa:ra mZ/ :mz+n)

qac:rb IIIIO!IOB BUKJll)qae:rc11 !13 nrpu: 3TII III!OHll ·!18 Mory:r 
38XB8THTbeR eBR38HHllM BonoponoM. TOJ!bKO M8JIM qaeTI, IIHOHOB; 
~ = mZ + ~ rv- z-1, OCT8HOBHBlliHXeR B BonoponoeonepEBIJ{0M Eell!ee:r

Be lrn.H n.. , KOTopa,a norranaeT aa o61J{He MeamnoneRyMpHlle ypoEHH n, 
MOEeT I(8Tl, BRJian B 38XB8T IlHOHOB eBR38HHHM BonoponoM. IlOHOMBpe
BHM OllJIO IIOK838HO, 'ITO e OOlllHX ypoBHeit N M030MOJIBKYJ!ll IIHOH 38 
etJeT ROHKYPHPYIOlllHX OEe- H pannaunol!Hwc rrepexonoB rrorranaeT Ha pa3-
neneHHlle YPOBHH n ll ·n• M0308TOMOE.pir H Z Ir e BepORTHOeTJI-
MH WNn ll WNn' , eoOTBeTeTB0HHO. Ha 3TOit eT81lHH nponexonHT ey-
meeTBeHHOe rrepepacrrpeneneHHe "OOlllHX" IIHOHOB MelKw BOUOPOUOM H 60-

Jiee TRIK0JlllM 8TOMOM Z , rrpWieM WNn'/WNn = Z • TaRHM o6pa-
30M, eor~aCHO MOU0JIH OOJ!bIDHX MB30MOJ!eRyJI BepORTHOeTb 38XB8T8 IlHO
HOB eEn3aHHHM EonoponoM 

a n z 
W=·mZ+n 

z-2 ,--., z-3 
' 

(4) 

rne az - KOa(ptHUHeHT nponopLU10H8JlbHOeTH. 
MoneJib OOJ!blliHX Me30MOJ10KYJI eeTeeTBeH!lllM o6p830M 06'.bfle!IHJ!a. 

OTeyTeTEHe· "a~q;eRT8 IIJIOTHOeTH" B EOUOponoeonepEal!lHX BBl!leeTBaX H 
OTeyTeTBne·rrepeXEaTa Ha rrpHMeeH TREenux 8TOMOB E Eono~onoconepEa~ 
lllHX EemeeTBax. ITo eymeeTEy,Borrpoe o rrepeXEaTe MeaoHoB B Bonopono
eoneplKiilJlHX Bell!eeTEax OllJI H8I(OJirO eHnT e IIOBeeTKH I(HR, IIOCKOJ!bKY 
M030MOJieKynnpHuit M0X8HH3M rronaBJieHHR 38XB8T8 IIHOHOB eER38HllhlM BO
noponoM' nonHoCTbID 06'1>J1eHHJ1 Bee oeHOBHue oeo6e.HHOeTH Ha6monanmero
en RBJl0HHH. 

Pa1_1ee H8MH 6una HayqeHa Z -38BHeHMOeTI, BepORTHOeTH 38XBa
T8 llHOHOB RnpaMn eMaaHHoro Bonopona Ha rrp~epe 6nHapHUX eoennHe
mm a;9MeHTOB BToporo nepnona Ta6nHUu MeHneneeEa ( z ~ 8). B pa-
6oTe IO/ oonaeTb naM,eHeHIDI z 6una HeeROJibKO paelliltpena. ,U.u.lI 

9 



Z ~ 8 uaHHJW xopomo OIIHCIDlaIOTC.H 3aEHCHMOCTI,JO (4), Torua KaK E 
rHIU)Hnax NaH H CaH2 IIHOHU 3axBaTIDlaIOTC.H BonopouoM 3Ha'IBT8JII,
HO aq;q;eKTHEHee, qeM 3TO CJien,yeT H3 q;opMJJIH (4). B q;OpMJJIY (4) BXO-
URT KoaifxtRIJ;HCHT az , orrpeneJI.HeM!ill H3 OilUTa. Koaitq;RIJ;lleHT az 
Y'lllTIDlaeT B03MOlKHHe OTKJIOHeHM 3aKoHa rrocaUKH IIHOHOB OT Z -3aKO
Ha, oco6eHHOCTH XHMHtJeCKOro CTpoeHR.H naHHOtt MOJiecyJiu H rrp. nJIR 
aTOMOE ETOporo rreplmna Ta6JIRIJ;H MeHneJieeEa au,....,I, Torna KaK IIPH 
rrepe_xone K TpeTheMY H tJeTBepTOMY rrepHonaM ( Na H Ca) KoaifxtH
uneHT .a z 3Ha'IHTeJihHO E03pacTaeT: a Na = 3,6 + 0,6 H Bea = 
= II,0 + 1,4. 
. H3MepeHR.H 3aXBaTa IIHOHOE .HIU)aMH Bonopona, EiOllHIIl8ro E coc-

Ta.B CJIO~Hb!X coe~nHeHHtt THIIa zK zm Hn, noKa3aJIH lII, qTo B aToM 
CJIY'lae q;opMJJia (4) I!pHHHMaeT BHn (~.H.IlOHOMapeB. H~. 6, 388,1967) 

a , 'l)'(Z')-2 + a '-) ·z-2 

. W : z . z ' y + ~ I : ll (5) 
mZ + KZ' + n 

( V ,11 -v' - tJHCJio CBR3ett Rnep z 11 z' c BonoponoM). Pe-
3Y JihTaTu /II/ xopomo coBrrauann c rrpencKa3aHHRMH MoneJIH 6oJihlllliX 
M830MOJieKyJI, KOTopa.H no3EOJIWia C 8URHOH TO'IKH apeHHR OIIHCaTh aa
XEaT IIHOHOE B CJIOlKHWC Eonoponoconepm:a111HX coenHHeHH.HX paaHWC KJiac
COB. 

ITpH H3Y'l8HHH aaXBaTa E CHMM8TpHtJHUX CHCTeMax Elina 
R (Z Hn)q, E KOTOpux HM88TC.H q Tom:neCTBeHHWC Eono

ponoconep1K8111HX rpyrrn, cE.HaaHHWC c ueHTpaJihHUM aTOMOM win rpyrrnoii 
aTOMOE R , 6uJio ycTaHOEJieHo nonaBJieHne Eepo.HTHOCTH aaXBaTa E 
q pas/II/. -

KaK ll3E8CTHO, CEOttCTEa Ee111eCTEa onpeneJIRIOTCR He TOJII,KO TH
IlOM ll 'IHCJIOM aTOMOE, EXOllHIIIHX E COCT8B MOJieKyJiu, HO li reoMeTpnett 
MoJieKyJiu, ee CTPYKTypott. llpHtJeM cTpyKTypa coennHeHHii oKaaID3aeT 
EeChMa 8Ha'll1TeJihHOe BJIH.HHHe Ha liX CEOttCTEa. B pa6oTel12/ MU rrpen
IlpHH.HJIR rrorruTKy H3ytJeHHR EJIIDIHHR CTpoeHH.H MOJieeyJI Ha aaxEaT nno
HOB cE.HaaHHUM BonoponoM. OKaaaJioch, tJTO ycJIOPHR aa~BaTa nnoHOE 
EonoponoM aJinq;aTH'l8CKHX coennHeHHtt He H3MeH.HIOTC.H I!pH yBeJIHtJCHHH 
UJIUHU mmetiiton MoJieKyJIU (oT c5tt12 no c17H36 H (CH2}n) H npH ne
pexone K U.HKJIH'l8CKOH MOJieKyJie. B C6H6 3aXBaT rronaEJieH IlpHMepHo B 
nEa paaa no cpaEHeHHIO C MOJieeyJioii C6H12• TaKlKe HM8IO!ll8li UHKJIH'lec
KOe CTpoeHHe, '!TO, IIO-EHnHMOMJ, CE.H38HO C H3MeHeHHeM THIIa r:116pH
UR8aUHH CER3H C-H I!pH nepexone OT aJIHq;8TH'leCKHX K 8pOM8THtJeCKHM 
coenirneHIDIM. CoEirnneHHe aHatJeHHtt 'W nJIR npoIIHJIOEoro a¢HPa H ero 
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H30Mepa yKa3ID388T Ha OTCYTCTEHe 60Jih!IlliX H30MePHHX ait,¢eKTOE E 38X
E8Te nHOHOE. IlpoEeneHHUe HCCJienoEaHH.H noK838JIH, '!TO npocTp8HCTEeH
HOe cTpoeHHe Eonoponoconepm:a111HX coennHeHnii _He oKaauEaeT 3aMeTHoro 
EJIIDIHIDI Ha Eepo.HTHOCTb aaxEaTa IlHOHOB .HIUJaMH CE.H3aHHOro Eonopona. 
3TO naeT E03MOlKHOCTI, ll3y'IaTb oco6eHHOCTH XHMH'l8CKHX CB.H3eii Z -II 
Ha OCHOEe CTaHnapTHHX q;opMJJI MoneJIU 60JiblllHX M830MOJieKyJI, He3aEH
Cll!MO OT CTPYKTypu 3THX coennHeHHii. 

B 1973 r. MH EepeyJIHCb K Eonpocy 06 aq;q;eKTe TOlKnecTE8HHHX 
rpy//l2/. OKaaaJIOCb, 'ITO 8CJIH I!pH o6pa60TKe pe3yJibTaTOE pa6o- r 

TH II/npnHRTb nJIR HaCH111eHHWC coennHeHHii yrJiepona ac=2,05±0,04/I2{ 
MOlKHO cneJiaTb BlIBOU, '!TO B llCCJienoEaHHHX COJIRX sq;q;eKT TOlKnecTEeH
H!:DC rpyrrn He l1M88T M8CTa. AHaJil13 peayJibTaTOE H3MepeHH.H W nJIJI 
p83JIH'lHHX TliIIOB opraHHtJ:eCKllX MOJieKyJI, conep1K8l!IHX Tom:necTEeHHue 
rpyrrrru, ll COJieli aMMOHHR C'HOBUMH,60Jiee TO'lHUMH 3HatJeHH.HMH Koaq;q;H
uueHT8 8z yKa3UBaeT Ha OTCyTCTBHe a<W;eKTa Tom:necTE8HHWC rpynn 
B opraHHtJeCKHX MOJieeyJiax n COJIRX aMMOHHR. Ha6JironaeMoe nonaBJieHHe 
3aXBaTa c B 60Jib!IlHHCTEe CJIY'laeB CHJibHO OTJIH'laeTC.H OT q H B 
CJiyqae opraHHtJeCKHX MOJieeyJI o6ycJiaBJIHBaeTC.H, no-BnnHMOMJ, HHD.YK
THEHUM BJIH.HIDieM 3aMeCTHTeJieii (CM.rJI.IY): B03MOlKHO, '!TO B COJIRX 
aMMOHHR rronaBJieHHe CB.H3aHO C noJI.Hpll3YIDIIIHM neiiCTEHeM aHHOHOE KHC
JIOT. 

BMecTe C TeM,H8!IlH HOBUe H3MepeHH.H rronTEepm:na10T EIIBOn O neii
CTBHH aq;qieltTa Tom:necTBeHBHX rpynrr B OCHOEaHH.HX. B Ta6JI. l rrpHBe
neHH Bee IIMeJOOllieC.H naHHUe no IICCJienoBaHHIO aToro a{MeKTa E ocHoEa
HllRX. 0Ha EKJIIOtJaeT E ce6.H pesyJibTaTU Hamux H3M8P.8HHli C MHlll8HRMH 
AUOH)3, B(OH)3 H zr (OH)4 H naHHUe pa60TH /llt.•KaK EHnHo H3 
Ta6JIHUH l, aq;q;eKT I!pO.HEJI.HeTCR UJIR OCHOEaHHtt BnOJIHe y6ennTeJII,HO. 

Ta6Jimi;a I. 

CoennHe- I 

HHe W • 104 q o/w 'Coenn-
:: HWa HeHHe Wa · 10

4 lq -t - W3 

KOH 6 7+2 ffITI l I,l.:!;0,3 AUOH) 3 
6 3+1 8/ll/3 2,4.:!;0, 

5
1

7'.;:1'4/II/ ' - , 
Ca(OH) 2 2 I,9.:!;0,4 A;L(OH) 3 5,6.:!;I,O 3 2,7.:!;0, 
Cd(OH) 2 

3, ~r' 2/II/ 2 l ,8.:!;0,6 Zr(OH) 4 2,2.:!;0,8 4 4,8.:!;l, , - , 
Ba(OH) 2 2,5±,0,7 2 2,2.:!;0,6 B(OH) 3 5,6.:!;l,O 3 3,3.:!;0, 

* Wy EH'!HCJIRJIOCb no ~OPMY~e (5) npn ao= 1,28 .:!; 0,15 nJIR KHC
JIOpona. 
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CTaTHCTWJeCRHtt 8H8JIH3 naHHllX Ta6n~u I naeT COOTHOWeHHe C.. = 
= (0,99 ± 0,07) q ·- TaKRM o6pa30M, aq;¢eRT TOEneCTBeHHIDC rpynn 
He Ha6monaeTcR ~ conett n opraHHqecRroc MoneRyn, conepgalllHX TOK~ 
necTBeHHl:le BonoponoconepgamHe rpyrrrru. IlpoRBneHHe a@eKTa ToMuecT
BeHHIDC rpynn TOJU,KO B OCHOB8HWIX npencTaBneTCR CTpaHHHM ll He HMe
eT 06'1,RCHeHHR. 

B TpeTbeii rnaBe OITHCHBaIOTCR aRcrrepRMeHTU, B KOTOp!DC 6WI 
BrrepBue Ha6moneH rrepeXBaT ITHOHOB c aTOMOB Bonopona Ha aTOMU z, 
H3~ancR MexaHH3M rrepeXBaTa ll aTOMHHft 3aXBaT ITHOHOB, BnepBue Ha-
6nroneH H nccnenoBaH rrepeXBaT ITHOHoB c aToMOB CBR3aHHoro Bonopona. 

no rrpOBeAeHHH HamJPC OITUTOB 6WIO rrpeAITpmIHTO HeCKORbKO norru
TOK 06HapyEeHHR nepeXBaTa ITHOHOB C aTOMOB Bonopona Ha aTOMll Z 

B CMeCRX H2 +Z. Bee OHH ORa3anHCb HeycrreWHNMH. B pa6oTe (O.A.3att
Ml-l,ll;Opora H np. JK3'1'1!, 11'. !852, !963), BlllIOnHeHHOtt B OIDIB Ha UHqi
¢y3HOHHOH KaMepe, onpeneJIRnacb UOJIR IlllOHOB, 38XBaTllBWHXCR 8TOM8Mll 
He, no6aBJIREwerocR B KaqecTBe rrpHMeCH K Bonopony. B npenenax oum-
6oK H3MepeHHtt pe3ynbTaTH COBrrana.1rn C npencKa3aHHRMll Z -3aROHa. 
He 6wr Ha6mneH nepeXBaT nHOHOB B ra30BIDC CMeCRX Bonopoua c He H 

830TOM B EepRJIH (D. Bartlett et al. Phys. Rev., 122, 1452, 1964), 
KOHUeHTpalU{ll[ npHMecett B 3TOM aKcnepHMeHTe COCT8BJIRnH HeCKOHbKO 
npoueHTOB. HeynaqHUMll OR838JIHCb eme nBe nonUTKH ( K. Derrick et 
al. Phys.Rev., .121, 82, 1966) IlOHCK8 nepeXBaTa B ~UKOH 
CMeCH H2+n2 C ITOMOIJlbID CUHHTHnJIHUHOHHl:DC ,r'-TeneCKOnOB H B Bonopou
HOtt rry3HJ)bKOBOH KSMepe C Manott npRM8CbD He (~I%). 06utRM HenocTaT
KOM aTHX aKcrrepHMeHTOB 6Wia Manwi CT8TllCTHqeCKaR TOqHOCTb pe3ynb
T8TOB, o6ycnoBneHHM HH3KOH a@eRTHBHOCTbD anrrapaTypu. rnaBHOtt Ee 
npliqHHOil,Heycrrexa 6unH rrpocqeTU B IlOCTaHOBKe orrma: BCe norrUTRH 
o6HapyEeHWI nepeXBaTa rrpoBOUMHCb no aHanorHH c naHHUMH o rrepex
BaTe MIDOHOB IlpH Manux KOHUeHTp8UHRX npRMecett z. 

TaK KaK BpeM!I Q3HH /f -Me30Ha B p )'- - -aTOMe 3~aqnTenbHO 
npeBuwaeT nnnTenbHOCTb Bcex R8CR8UHIDC rrepexonoB, TO Ilpll Manux ROH~ 
ueHTp8UHRX IlpHMeCH z 11-..:Me30H ycrreBaeT UOCTH% K-op6llTU H, UJIH
TeJU,HO rrpe6HBM Ha Hett, a@eKTHBHO nepeXBaTHB88TCR IlpH CTOHKHOBe
HHH pr--aTOMa C 8TOM8MH Z nage Ilpli MaHIDC KOHU8HTpaUHRX 8TO
MOB Z ( f:: ro-3). llHM K8PTHH8 RMeeT MeCTO IlpH nepeXBaTe Jr -Me-
30HOB. TaK KaK CKOpOCTb RUepHoro 3aXBaTa H3 HH3IlllIX COCTORIDUI: pir-
8TOM8 BeCbMa BenHKa,-TO nepeXBaT Ir-Me30Ha Ha aTOMU Z B03MOMeH 
TOnbKO C BUCOKHX YPOBHett pir-aTOMa H HHTeHCHBHO MOEeT HUTH JIHllll, 

IlpH 6o;u,mruc KOHUeHTpao;:wnc aTOMOB npRMeCH z. 

12 

IlepeXBaT nnoHOB '(I)'6un 06HapyKeH HaMH B 6HHapHIDC ra30BUX 
CMeCRX Bonopoua c He, Ne, Ar, N2 /I3/_ B H3MepeHHRx llCITORb-
30B8nHCb ra3oBue MHWeHH BllCOKoro naBneHHR, npencTaBJIRIDIJlHe co6ott 
wapoBue CT8JU,HUe cocyuu 06':r,eMOM 900 CM3 C TOnlllHHOH CT8HOK rv6 MM 
ll ~ 3 MM - B 38BllCHMOCTli OT npeneJU,HOro uaBneHHR ra30EOH cMecn. 
3aXBaT OCTaHOEHBIIlliXCR nHOHOB BonopOUOM HneHTll~HUHPOBancR no peaK
UHH (2). Mmnem, HarronHRnaCb BOnoponoM, K KOTOPOMY 38T8M non ll3-
6UTOqHllM naBneHHeM·no6aBJIRnOCb pa3JllillHOe KOJIHqeCTBO ra3a z , 
T.e. ll3MeHRH8Cb OTHOCHT8nbHaR KOHUeHTpaUHR C ra3a Z Ilpll ~HKCH
poBaHHOH rrnoTHOCTH Bonopona. ,I1;m KaEuott cMecH ra3oB 6Wia HaiiueHa 
38BllC1!1MOCTb CKOpOCTH cqeTa nap l"-KBSHTOB N¥4 OT TOHllllilil:l 
TOpM03RIJlero ~liHbTpa R • Pe3ynbT8Tll OUHOH ll3 ceplltt TaKroc H3Mepe
Hlitt IlpHBeueHU Ha pnc. 3. 

N11(R,C),omH.eg. 
I 

200 

150 

100 

50 

0 

H2• N2 

=i:--1---1---<-----l--~---o----':l-
18 20 22 12 1L 16 R -2c 

,cCM 

Pnc.3. 
KpHBue Bmcoua n°-Me30HOB OT 
ra30BOii CMeCH H2+ Z Ilpll pa3-...J) 

• nH'lHHX KOHUeHTpao;HRX a3oTa ll 
rrnOTHOCTll BOUOpoua B MllW8HH 

Io-2 0 0 
~ = 9,7• 1,i: , rue 1,i: = 
= 4,2•Io22 aTOMOB/cM3 -rrnoT
HOCTb ~UKoro BOUOpona. KoH
ueHTpao;HM a30Ta YK838Hll UHqi
paMH y KpllBIDC. IlyHKTnpHaR Kpll
BaR npoBeueHa no TOqKaM, rrony
qeHHHM C BaKyyMHpOB8HHOH MH
W8HbID. 

B o6meM cn~ae BepoRTHOCTb Ruepaoro 3aXBaTa BOUOPOUOM OCTa
HaBHHB8DlllerocR B ra30BOH CMecn H2 + Z IlllOHa 

W (C) = P(C) • q (C) , (6) 

rue P(C) - EepORTHOCTb aTOMHOro 3axBaTa IlllOHa BOUOPOUOM B CMeCH; 
q (C) - BepORTHOCTb 3aXBaTa IlllOH8 IlpOTOHOM B pir-aToMe IlpH Hann

'll'IH KOHKYPllPYD!lero npouecca rrepeXBaTa; C - OTHOCHTenbHaR aToMap-
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Ha.ff KO~eHTparum II~HMeCH Z , C = nz/1,i , Di - 'UICJIO 
aTOMOB i EI CM. To~HO paCC'lll:TaTb EepOHTHOCTI, aTOMHOro saXBaTa 
E HaCTOHmee EpeMH He rrpencTaEJIHeTCH E03MO~HHM. ~ 

JI;m orrpeneJieHHH 38KOHa aTOM,oro saXBaTa IIHOHOB HaMH 6WI Bbl
IIOJIHeH crreuHaJibHiill 8KCIIepm.1eHT/r4 • HaH60Jiee rrpoCTHM UJIH Ramero 
MeTona HEJIHeTCH H3ytlel!He aTOMHOro saXBaTa E CMeCHX rasoE, rue Ee
pOHTHOCTM saXBaTa IIHOHOE pa3Jilil1fllliMH HnpaMH orrpeneJIHIOTCH rrepBOHa
qaJibHOH rrocaUKOH IIMOHa Ha aTOM. }I;m HCKJIJO~eHMH rrepeXBaTa Mbl HC
ITOJI1>30EaJIH rasoByro CM8Cl, 3He +N2.Ir-Me30Hbl OCTaHaEJIHBaJIHCI, Era-
30EOH MI!llleHH BblCOKoro naBJiemm, H8IIOJIH8HHOH CMec1,ro He3 H N2 , 
~XBaT Ir-Me30HOE B He3 E I5% CJIY~aeE corrpoBo~naeTCH rrepesapHUKOH 

Ir + He~1-rr° + H3 • (7) · 

B CJIYqae lK8 saXBaTa rr -Me30HOB SinpaMH N rr7esap.1IUKa pe3RO rro
naBJiel!a (BepoRTHocu ee He rrpemmaeT ro-4/ 6 • 3To rrosEoJIHeT pas
neJIHT1> rrpoueccbl saxBaTa Ir-Me30HOB JinpaMH He 3 ll N H perMCTpM
poBaTb saXBaT rr -Me30HOE TQJII,RO JinpaMH He3 ITO peaKUMM ( 7) • 113 rro
Jlytl8HHIDC pesyJI1>TaTOB CJienoEaJIO, qTo rrepEOHaqaJ!bHaH rrocaUKa rmo
HOE Ha aTOMbl re.mm-3M asoTa B rasoBOH CMeCM llpOHCXOUMT rrporropmro
HaJII,HQ TOpM03HHM crroco6HOCTJIM 8TOMOB. 

AHaJIH3 8KCrrepHMeHTaJI1>HHX n;amrax ITO rrepexBaTy /I3/ IIOKasaJI, 
qTo E CMeCHX Bon;opona C npyrHMH rasaMH HMeeT MeCTO nepeXBaT IIHO-
HOE C aTOMOB Bon;opon;a Ha aTOMbl Z, rrepeXBaT CTaHOBllTCJI sa-
MeTHHM llpH KO~eHTpaIUIBX C ~ 0,I, B OTJIWllle OT ji--Me30HOE HMeeT 
MeCTO rrepeXBaT Ha aTOMbl He, IIpHqeM era HHTeHCHBHOCTl, Hec~eCTBeH
HO OTJIHqaeTC.II OT HHTeHCHEHOCTH rrepeXBaTa Ha npyrHe aTOMbl. ,lij)yroii 
EalKHOH oco6eHHOCTI,JO rrepeXBaTa OKasaJiac1, HesaBHCHMOCTI, ero HHTeH
CHEHOCTH o·r naEJieHHJI ra30BOH CMeCH - HHTeHCHBHOCTI, rrepeXBaTa sa
BHC.HT TOJII,KO OT ROHUeHTpau,rn npllMeCll C. 

IloJiyqeHHHe peayfilTaTbl aHaJIH3HPOBaJIHCI, Ha OCHOBe CJienyromeii 
¢eHOM8HOJIOrlil1feCROH MOD;eJIH: I) llil:OHH TOpM03HTCR B CMeCH raaoB 1-!2+2 
H 3axEaTHBaIOTCJI Ha BHCORHe ypOBHH Me308TOMOB {Me30MOJieRyJI) BOUO
pona H rasa Z C BepORTHOCTRMH, rrporrop1U40HaJI1>HHMH HX aTOM!lliM 
TOpM03HHM crroco6HOCTRM. 06paayI001aRCH MOJieKyJia H~ 6HCTpO UMC
COUHHPYeT C o6pasoEaHHeM E036y~n;eHHOro pir-aTOMa. 2) B peayJI1>Ta
Te CTOJIRHOEeHm!: B036ylKn;eHHOro pir-aToMa C aToMaMH Bonopona H llpH
MeCH Z IIHOH aaXBaTHBaeTCJI IIpOTOHOM HJIH rrepeXBaTHBaeTCJI Ha 
aTOM Z • 3) CROPOCTl, 3aXBaTa IIHOHa llpOTOHOM B pir-aToMe rrpo
rropUHOHaJil,Ha 'UICJIY CTOJIRHOBerudi pir -aToMa C aTOMaMH I-! H Z 
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) 

~ = B.1,i + bnz + g. 3nec1, g - CKOPOCTI, saxEaTa rrnoHa rrpo
TOHOM B H30JIHPOEaHHOM plI-aTOMe, oHa He 38BHCHT OT CTOJIKHOEeHHH. 

CROpOCTI, nepeXEaTa IIHOHOE Az = f. Ilz. 
B llpHHRTHX o6o3Haqemmx BepORTHOCTb q (C) paEHa: 

= 1 +Je.C + g/ana 
1 + (A+~)C + g/~ 

q (C) (8) 

rne ;\ = f/a H £.=b/a -OTHOCHTeJ!bRHe CKOPOCTH rrepeXBaTa H sax
BaTa Ir-Me30Ha llpOTOHOM llpli CTOJIKHOBeHWIX pir-aTOMa C aTOMaMn Z 
llpH C = I. Ha6Jiron;aEW8RCH HaMH HesaBHCHMOCTI, q (C) OT nH 03Haqa

eT, qTQ CKOpOCTl, g MaJia no cpaBHeHHID C ~ H Az.. !Ipu g =0, 
11 = const H .;t:_ = const ¢opMyJia (8) xopowo OIIHCHBaeT rro

JiytieHeyro H3 orrHTa saBHCHMOCT1> q (C}. HaiineliHHe aHaqeHHH A rron

'UIHRIDTCH JIHHeiiHoii saBHCHMOCTH 
11 = (0,7 ± 0,2)z • (9) 

}I;m KOS@;HUHeHTa ~ 6wm IIOJIYqeHbl aHaqeIDUI, COBIIana10mHe ,E rrpene
JI8X rrorpeWHOCTR,c eyJieM. HepaBeHCTBO A·> J?- ~ 0 UJIH Bcex CMecefi 
CEHD;eTeJII,CTEYeT 06 OTCYTCTBHH saMeTHoro_BJIHJIHHJI CTOJIRHOBeHHfi. 
pir + Z Ha CROpOCTl, 3axBaTa IIHOHa rrpOTOHOM E pir-aTOMe. 

C'U!Tan B cKopocTJIX ~ R Az RoacppIDUieHTH an f He aaBH
CJilllRMH OT TeMIIepaTypbl H IIJIOTHOCTH EOD;Opona HJll!: MBHRKX!\RMHCH C HH
MH OUMH8ROBO, IIOJIY'lll:M UJIH rrpHBeneHHOH (K YCJIOBH.IIM lKHD;KOrO BOn;opo

na) KOHCTaHTbl rrepeXBaTa Ir-M830HOB oueHey: 

A~,?3xIOII z c-1 • (ID) 

3TO rroqTH Ha n;Ba IIOPJIUKa BeJI~Hbl rrpeBb!WaeT llpHBBD;8HffYIO KOHCTaH-
TY ~~ 8•I09 z 0-I (c.r.EacHJianse R np. JK3T<1>, 49, ID42,I965; 

A. Piacci et al. Nuovo Cim., 52A, 1274, 1967). 
Bun;eJieHHOe IIOJIOlK8Hll8 cpeUM CMeceii 1-!2+ Z 3aHHMaeT CMeCb 

H2+n2• TaK KaK dlr-aTOM 8JI8RTpOHeiiTpaJieH, MO~HO OlKHU8Tb, qTO 
B CMeCH H2+n2 6yn;eT RUTH HHT8HCHBHHH o6paTHfr rrepeXEaT IIHOHOE OT 
nefiTepHJI R BOUOpo ny, T. e. /\ ,,g. I. Ha OIIb!Te r 5/ EeJIH'IBHbl 11 H 
~ UJIR CMeCH H2+n2 OKa3aJIHCI, paBHHMH: /\ = 0,4 ± 0,I, £-= 

=.I,3 ± 0,4. 3HaqeHHe ~ UJIH CMeCH H2+n2 IIOJIYqeHO 6JIH3RHM K 8UM
IIHUB, T,e. BBpORTHOCTH 38XBaTa Jr-M830H8 llpOTOHOM E.plr-Me308TO
M8 llpH CTOJIKHOBBHllH MeaoaToMa C aToMaMH Eonopona H neiiTepHJI rrpaK
TJil1feCRH OUMH8ROBbl. 3TO REJIR8TCR ecTeCTBeHHHM CJieD;CTBH8M Toro, qTo 
8JI8RTpOM8rHllTHble CBOHCTBa 8TOMOE J-! H n B8CbM8 6JIR3KH. }I)m CMeCH 
H2+n2, E OTJil{qHe OT CMeceii Eonopona C upyrIDliH aJieMeHTaMH, ~ 7 I\. 
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I 

'I I. 
1: 
• 

3TO 03HaqaeT, ~o IlpH CTOJIKHOBeHHH pir-Me308TOM8 C 8TOMOM neilTe
pn.a Rnepmill 38XB8T Ir -Me30H8 IlpOTOHOM B pir -Me308TOMe 6onee EepoR

TeH, qeM rrepeXEaT Ir-Me30H8 K nebpOIJY. 
Il03UHe/lG,l?/MH npOUOJll!G!JIH HsyqeHHe nepeXBaTa !IMOHOE. B HO

BHX, 6O11ee neT8JlbHHX H 6O11ee Toq~ OITHT8X 6HJIO YCT8HOEJieHO, qTo 
3KCrrepRMeHT8JibHHe U8HHHe xopowo OIIRCWl8IOTCR BllJ)81KeHReM UJIR EepORT

HOCTH RUepHoro 38XE8T8 nHOH8 EOUOPOUOM B CMeCRX H~ Z 

1 
w (O) =-------- (ll) c1 + sH 0)(1 +Ao) s 

o ;\ H z 
c UEYMH E8phlij)yeMHMll napaMeTpaMH S ~ H • 3nech so = s,;-
OTHOCHTeJibHaR(no Eonopony) TOpM03H8R crroco6HOCTh 8TOM8 Z UJIR 

lillOHOB, RMelOll(HX "HyJ1eEy10" KHHeTHl!eCKYJO aHeprHID. HaHJIYllwee orrnca

HHe naHHHX UJIR Ecex ra30E, KpOMe CO2, UOCTHr8JIOCh rrpH 

/I = Ac1/ 3 , s ~ = A = const. (12) 

TOT ¢aKT, qTo KOHCT8HT8 nepeXBaTa ;\ l'I napaMeTp s~ , Olil'!Cbl-

BaD~V.TT aTOMHUll saxaaT, onpe~eJIHDTCH O~HOll l'I TOil xe KOHCTaHTOTT A, 
03HaqaeT, qro 8TOMHml: 38Xl!8T Ill!OHOE H nepeXB8T (Me308TOMH8R nepe-

38pHUK8) llpOHCXOWJT, E nepBOM rrpH6JIHIKe.lilm, no OUHOMY H TOMY !Ke 
MexaHH3MY• B Eos6y11tneHHOM -pir-aToMe Ir-MesoH mixoUHTCR H8 6onh
woM paccTORHHH OT IlpOTOHa H 38XE8TWl8eTCR aTOMOM Z K8K CE06on
Hl:lii (CM3hJO llHOH8 C npoTOHOM B E036y11tneHHOM Me308TOMe MOIKHO, no

BHUHMOMY, E xopoweM npH6JIHIKeHHH rrpeae6peqb). 
Jlio60ilHTHO OTMeTHTh, qro no~eaaue H3 onma 3H3qeHHR S ~ 

6JIH3KH no ESJIHqJl:He K qncny a11eKTpOHOE BO EHew11en 06011o~e 8TOM8 
z. 3TO MOIKHO paccMaTpHE8Tli K8K YK838HHe H8 TO, qTo B 8TOM
HOM 38XE8Te Me30HOE rrpeJ.iMYllleCTEeHHO yqaCTBYJOT a11eKTpOHH BHewaen 

060J10~H 8TOM8 Z • ,llJIH Bcex ra30B, - KpOMe CO;:,, 3Hal!eHl'U'I 
A onnc1rnanTca 11v.Hellaoll saancID1ocnn OT zl7J (pnc.4) 

~H 
uo l! 

s ~ = (7,1 ± 0,1)( Z l/3 ..:. I). (13) 

C.nenyeT OTMSTHTh, qTo B HHTepBaJle H3M8H8HHR Z OT He no Ar 38-
EHCHMOCTb /\ . ( z ) ' orrpeneJIReMM COOTHOliieHHRMH (12)-(13). COBlI8-

naeT B rrpene11ax rrorperuHocTeil c HBIUHM rrpe11tHHM pesy11hT8TOM/l3/ A= 
= (0, 7 ± 0,2) z. 

B CT8THCTHl!8CKOfi MOUSJIH 8TOM8 ToMaca-<repMH KE8IIJ)8TH panny~ 
COB aTOMOB rrporropl.U'!OH8JihHH Z l/3 (II.raM6om. CT8TllCTHqecKM Teo

PM 8TOM8 ll ee rrpHMeHeHHR. WI, M., 1951). B T86JIHUe 2 rrpHBeneHH 
paccqHTBHHHe no aKcrrepHMeHTBJibHHM U8HHHM OTHOilleHIDI KE8IIJl8TOB pa-
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X 

f 
i 
I 
I 
l 
i 

·\ 

A 
y 
\ 

H 
wcoE 8TOMOE Ne , Ar , Kr H Xe (B eUHHHU8X ao) K BenuqnHe S o· 
3HaqeHHR pannycoE 8TOMOE nonyqeHH MeTOUOM peHTreHOCTPYKTYPHoro 
8H8JIH38 (II.raM6om. CTaTHCTHl!eCKM TeOpHR 8TOM8 Hee npHMeHeHIDI. 
ID!, M •• 1951). RaK EllUHO H3 Ta6mm;u 2, 3aBv.C!n.{OCTI, r 2 ( z ) xo
powo onHCWl8eTCR ~OPMYJIOfi (13). 0Tc10na cnenyeT, qTo BepORTHOCTH 

5H 
0 

20 

15 

10 

5 

I 

I 
I 
I 

I 

CO2 f /I;/ 

J
•/1/ 

•" / ' / 
~ _/ 

/ 

I I 
I 

/ 

.I 
£ 

3 , 2113 

Puc. 4. 

38EHCHMOCTb OTHOCHTeJibHOfi 
aTOMHOil ~OpM03HOfi cnoco6-
HOCTH SH OT Z • IlpRMM 
s~ = (7~1 ± 0,l)(Z l/3-1). 
IlyHRTlij)OM nOK838HH rrorpew
HOCTH B orrpeneneHHH 38Bll
CHMOCTH ;1 = (0, 7±0,2) Z • 

8TOMHoro 38XE8T8 Me30HOE H OTHOCHTeJlbHHe CKOpOCTH rrepeXEaTa UJIR 
OUH08TOMHHX raaoE rrporropJ.UIOH8JlhHH reoMeTpHl!eCKHM ceqeHHRM 8TOMOE. 

ras 

r 
2/SH 

r2/Sft 
r o 

·Ne 

2,88 
l,00 
0,35 

J..r 

3,64 
1,15 
0,31 

Kr 

3,98 
0,97 
0,24 

Ta611~a 2 

Xe 

4,35 
·o,96 

0,22 

3aBHCHMOCTh OTHOCHTeJlbHOfi CKOpOCTH nepeXBaTa J\ OT KO~eHT

P8!.UIH rrpHMeCH C CER38Ha, no-EHUHMOMY, C TeM, qTo nepeXBaT IlpOHC
XOUHT H3 HeCKOJihKHX B036YEUeHHUX COCTORW pir-aTOMa. BKnan K81K
noro COCTORHHR n B nepeXBaT orrpeneJ1ReTCR He TOJibKO COOTHowe
HReM MeEny CKOpOCTRMH rrepeXEaTa H neB036y11tneHHR pir-aTOMa, HOH 

17 



EepOJITHOCThID o6pa30BaHIDI 3Toro COCTORHIDI Y'n• C yEeJI:wieH.HeM 
KOHUeHTpan;H.H C BKJian nepeXBaTa H3 COCTOJIHHH C EHCOKHMH E036YlKUe
HIDIMH 6yneT paCTH, qTo npHEeneT K o6enHeHHro aaceneHHOCTH COCTOR~ 
Hllfi C M8HhlllliMH B036YlltU8HliRMH, T.e. ,r'n = r' n (C)~ !IOCKOfilKY ce
qeHHe nepeXEaTa pacTeT C HOMepoM B036yatneHIDI pir-aTOMa, 3TO npn
EeneT K pocTy A c yEenWieHHeM KOHUeHTpamm C. K TaKOMY lKe acp
cpeKTY 6yneT IlpHBOIUrTI, ll o6eUHeHll:e 88C€JI8HHOCTH COCTOJIHIDi: pir-aTO
Ma C M8JIHMH E036yatneHIDIMH, ll3 KOTOp:wc E OCHOBHOM npoucxonRT Jinep
HHfi 3aXEaT mmHa npoTOHOM ( GJ,.,1/n3 ) • 

Il¥oEeneHHOe HaMH nayqeane 3aXBaTa IIHOHOB CBJI88HHll'.M Bonopo
UOM/IO, I/ IIOKaaano, qTo 3TOT acpcpeKT MOllteT 6HTI, HCIIOJII,30BaH nnJI 

nccneuoBaHIDI xapaKTepa CBJiaeil Bonopoua B n:,1ecKnx coennHeHIDix. 
IlepBHe nonuTKH peannaarwn nono6Holl nporpaMMH 19/ noKaaann, qTo B 
60nblllHHCTBe cnyqaeB Ha6JIKlnaeMH8 Ha OIIHTe 3cp(p8KTH npOJIEJIBHHJI oco-
6eHHOCT8H XHMWIBCKOii CBJI8H aTOMOB Bonopona COCTaBJIRDT ~ 102%. 
XOTJI M830MOJieeyRRpHW:i MBX8Hli3M ITOUaBJI€HHJI 38XE8Ta IIHOHOB cnaaH
HHM EOUOPOUOM YUOBJI8TBOPHT8filHO o&!,JicH!leT RM8JOOIH8CJI naHHHe 19 , 201, 
UM Haneumoro BHneJieHHJI 11XRMHqecKHX acpcpeKTOB" He06XOUHMO RMBTI, 
6onee Toqttyro OU€Hey POJIH npyrruc B08MOlltH:WC M8X8HH3MOB ITOU8BJI8HIDI 
saxEaTa IIHOHOE CEJI38HHHM BOUOPOUOM. 

B pa6oTel2I/ 6HHa npennpHHllTa ITOITHTKa y.nytrulHTI, npelKHJ)ID OUBH
KY B03MOlltHOro BKJiaua rrepeXEaTa - OUHOro ll3 T8KHX Mexairn:3MOB, B no
uaEJieHll:e aaxBaTa IIHOHOE CBJI3aHHHM BOUOPOUOM. B Bouopouocouepllt8111HX 
XHMWI€CKHX coenHH8HHJIX rrepeXBaT, €CRH OH HMeeT M€CTO, npOHCXOUHT 
Ha ¢oHe B€CI,Ma HHTeHCHBHWC (~ Io2- 104) M830MOJieeyRRpHWC M€X8HH8-
MOE rronaBJieHIDI 38XB8T8 IT'OHOB CBJI38HHHM BOUOPOUOM, qTO 8aTpYUHll8T 
ero Ha6nroneHRe. B OIIHT8X 211 B KaqecTEe MHmeHeH HCITOfil30EaJIHCI, CH

CT8MH z. ~ + X : paCTBOpH lKHUKOCTell CsHs+CCI4 n C1off22+CCI4, 
CMellilIB8JOOIHXCJI E JIID6:WC npoIIOPUIDIX ll cna6o B88HMouettcTBYJOOIHX ,npyr 

c ,npyroM nprr pacTBopemm, rr raaomrn cuecn CH4 + Ar If c2H
4 

+ Ar , 
a TaRJW cuecb !120 + D?.0. Bo Bcex CJI,'llaax ROJ!Hl!BCTBO Bel!leCTBa ZmHn 

B Ml'Ill8HIT qlttKC:rpcaaao, Tf8M€HRJI8Cb TOJibRO ,!{OJIR npm.rncn x. Ilpn oClpa
ClOTRe ,naHHUX npe,!tIIOJiaraJIOCb I llT O noca.l{Ra nnoHa Ha ROMnOH8HTI,! CMe
c ll nponop1wottaJibHa v.x TOpM03Hl,!M cnocoClHOCTRM. 

YcTaHOEJIBHO rronaEJI€HHe 38XBaTa IIHOHOB BOUOponoM M8T8Ha H 
3'l'HJI8H8, 88BHCJil!lee OT KOHUeHTparum raaa-rrpHMeCH (Ar ) • OHO o6yc
JIOEJieHo rrepeXBaTOM llllOHOB aTOMaMH aproHa C 8TOMOB Bonopoua MOJie
KYJIU C.Jln· !IO-EHUHMOMY, HM8€T M8CTO CJieny.RIIUrll M8X8HH3M rrepe-
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XEaTa: aaXBaTHBlllHllCJI Ha OUHH li3 06111HX Me30MOJI8KYMPHIDC ypoEHeli 
CHCTeMH (inirHn nnoH, onycK8JICI, EHH3, nocTnraeT, HaKOHeU, paa
ueJieHH:WC YPOEHell pir-H err -aTOMOE. OOpaaoEaBmHHCJI pir-aTOM noKH
uaeT MOJI8KYJIY H, 6JIYlltUaJI B B€1!l€CTEe, npn CTOJIKHOEBHIDIX C BTOMaMH. 
C H Ar MOlKBT nepenan HM ITHOH•, ITO peaKUHH (I). MexaHH3M nepeXEaTa 
EKnroqaeTCJI E MOMBHT OTUeJieHIDI pir -aTOMa OT M830MOJIBKy.aH CmirHn • 
IlepeXBaT IIHOHOE C aTOMOB CEJI8aHHoro,BOUOpoua IlpOHCXOUHT Mettee HH
TeHCHBHO: KOHCT8HTH nepeXBaTa nHOHOB C MeaoaTOMOB<prr) , o6pa-
3YIOl!lHXCJI B BOUOpouoconeplltalIIHX BemecTBaX, \/\A.)=(/\Cl.)= 5,0:tG,7 
li < /\c)= I,O;t0,4 MeH1,me 3HaqeHHll COOTBeTCTBYIOOlHX KOHCTaHT /IA, = 
= 8,8 + 079, /\cr = 8,4 + 0,9 n /\c. = 5,5 + 0, 7 UM cMeceii 
H2 +l-;r I (Bee /\'i.. npnB';;neHI,1 K Ci..= 0,5). EcJin cqnTan, qTo 
liHTeHCHBHOCTI, nepeXBaTa rv n 4 ( n -rJiaBHOe KBaHTOBOe qncno B03-
6yatneHHoro pir-aToMa), a~o paanWIHe He KaateTcJI HeOIKl!IU8HHHM, noc
KOJinKY pir-aTOM o6paayeTCJI npn paaEaJie Me30MOJieKyJIH zm ~ C 
MeHI,IDHM B036yatueHHeM, qeM,npli paaBaJie Me30MOJieKyJIH Hjr. IIpoue
naHHHe OllHTH II03BOJiliHH KOHCTaTHPOB8TI,, _qTo nepeXBaT IIHOHOB UMeeT 
MeCTO He TOJII,KO B MeXaHnqecKIDC (raaoB:wc) CMeCJIX 8TOMOB, HOH B 
XRMnqecKHX COeUHHeHHJix li HX CMeCJIX. 3TOT MexaHH3M pa6oTaeT ECer
na, Korna o6paayeTci MeaoaToM Bouopoua pir B npHCYTCTERR npyrnx 
aTOMOB Z (cBo6onHHX liJlll CEJI3aHHIDC). 

IloCKOJII,KY HHTeHCHEHOCTI, rrepeXBaTa IIHOHOB Ha aTOMH Z E 
CMeCJIX H2+ Z li zm~ + Z aaMeTHO paannqaeTCR, yqeCTI, nepeXBaT 
IIHOHOB B BonoponoconepRtalIIHX coeunHeHIDIX no HMelOlIU™CJI uamrnM o 
nepeXBaTe B CMeCJIX H2+ Z : ·,HeB03MOlKHO. ,UmJ 1rnyqeHHJI nepeXBaTa IIHO
HOE C < pir >- aTOMOB. o6pasyIOl!lHXCJI Ha CEJI3aHHOM EOUOpone. MH 
cpaBHHBaJill nepeXBaT nnoHOB Ha yrJiepon B qicTOM MeTaHe, aTaHe,, 
3THJieHe KB CM8CJIX 3THX raaoB C EonoponoM IS/_ IloCKOJILKY B CMeCJIX 
H2+ C.Hn OCHOBHaJI UOJIJI BOUOPOUH:WC Me30aTOMOB o6paayeTCJI H8 CB0-
6onHOM Bonopoue, OK83HBaeTCJI B03MOlK!IllM BHUBJIHTI, K8H8JI nepeXBaTa 

pr,-- + (c > cm~ -.-y c-r,- + p (I4) 

H cpaEHHTl, ero HHTBHCHBHOCTI, C llHTeHCHEHOCTI,ID npouecca 
<p-,;-> + (c > c ~ --~c7i-+ P, (I5) 

KOTOp!id1 HMeeT MeCTO B XRM.lftJeCKJb: coennHBHHJIX THna CmHn. 
B PRDY OnHOTHIIH:WC XHMWieCKIDC COBUHHeHHll - H8Cl,IIJl8HH:WC yrJieBO

nopouoB q.Hn xapaKTep XHM.lf'leCKOH CBJI3H C-H He ll8MeHll8TCJI npn 
nepexone OT onttoro C08UHHBHHJI K npyrOMJ'. IloaTOMY K03cp(pliUHBHTH,8c• 
BmHCMeMHe no 3KCIIepHMeHTanhHHM attaqeHIDIM BepOJITHOCTell W no 
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q;OpMYJI0 (8) llpH £_ = g = 0, IJ;OJ!lltHH 6HJIH 6H IDvl0Tb OtmHaKOBHe 
3HaqeHIDI O:JIR ECeX MOJI0Kj'JI CH • Hanaqne nepeXEaTa Ir-M030HOB 

mn , 
Ha yrJiepon: dyn;eT llpHEOIJ;HTb K 3aBHCHMOCTH K03qxpHIUI0HTa ac OT "KOH-
ueHTPaI.UfH" aTOMOE yrJiepon:a B 3THX MOJieeyJiax, no KOTOpo:ii MOlltHO cy
IU1Tb 06 HHTeHCHBHOCTH npouecca (!5). To ate caMoe cnpaBen:mrno n 
JJ;JIR pRn;a HeHaCIB!l0HHHX yrJieBon;opon;oB. KaK noKa3aJIH H8MepeHHR, K03!p
¢HUH0HT ac B npen:enax norpeWHOCTeft H8MepeHHft MOHOTOHHO YMeHbwaeT
CR _c yBem11qeHHeM "KoHUeHTpauan" yrJiepon:a B MOJieKynax Cm8n_ o6onx 
PRO:OE coeIU1H8HHii. B TO ate BpeMH npn nepexone OT nOJill3THJI8Ha H 
l.UlliJIOreKC8Ha K 3THJI8HY, llM0J0018MY npn on:nHaKOBOM 8HaqeHRH KOHU8HT
paua11 yrJiepon;a n:pyroft Tnn XllMnq'eCKllX CB.!I8eft, K03nnreHT aC Me
H.!I0TCR CKaqKOM, aHaJIOrflqHRM Ha6mon;aBWCMYC.!I paHee O • KoHCT8HTa 
<Ac>= I,6 ± 0,2, 3TO coEnan:aeT B npen:enax norpewHocTeft naMepe
HHii co attaqeHneM(Ac>: = I,O ± 0,4, noeyqeHHIIM paHe/211. Ilo ¢eHo
MeHonornqecKoii Mon:em/13/ KOHCT8HT8 < I\ C > paBHa OTHOWSHlUO CKO
pocTeft nepeXBaTa (!5) n n:eBoa6yatn;eHHR, npHBOUHmero K aaxBaTy (2) 
E CTOJ!KHOB0HIDIX M0808TOM8. C 8TOMaMn CB.!I8aHHOro Bon;opon:a. EJIR80CTb 
BeJIH'!HHhl <Ac > K en:nunue oaHaqaeT, qTo .cKopocTn nepeXBaTa ( 15) 
n n;eBoadyatn;eHH.!I, llpHBOUHmero K 88XB8TY (2), O:JIR_ <prr)-MeaoaTOMOB 
OIJ;HH8KOEH, 

B npen;enax norpe'wHOCTeii Il8MepeHHii KOHCT8HT8 nepeXBaTa nHOHa 
co CBOdon;Horo Bon;opoua Ha yrJiepon: MOJISicy'JI Cmfi:n OIJ;HHaKOBa n:JI.!I 

aToMa yrJiepon:a, BXOWimero B COCT8B MeTaHa, 3T8Ha Il 3TRJieHa, Ac = 
= 4,6 + 0,3 n coBnan:aeT co attaqeHneM Ac = 5,0 + 0,5, KOTopoe 
MOlltHO ;O~Tb HHTepnoJIRUneft n;aHHIDC/I?/ 0:JI.!I CMecett H2+ z B TOM 
ate nnana30He KOHUSHTpaunii )rJiepon;a. 

qeTBepTa.a rJiaBa noCB.!Imeua 3KcnepnMeHTaJibHOMY nayqeurno oco
deHHOCTeii XHMnqecKHX CB.!Iaen Bon;opon:a B·HSKOTOPHX THIT8X coen;nHeHHtt. 

KaK dWio noKaaauo B npen:Hn:ymnx rJiaBax, ncnmaBwnft .an;epuuft 
88XB8T Bon:opon;oM, BXOUHmHM B MOJieeyJiy, nnoH npn aaXBaTe MOJieKj'JIOft 

'. 
aaMemaeT OIJ;HH na 3JISI<TPOHOB. CB.!I8Il, yn;ep~aromntt aTOM BOIJ;Opon:a B 
MOJieKyJie, n OK83W!aeTCR Ha MeaoMoJieeyJIRpHoft opdnraJin, odecneqnBaIO
me:ii CBR31, Z - H, BepORTHOCTb Toro, 'ITO npn n:eB036yatn;eHHn CHCT0MH 
nnoH o6paayeT ll80JIHPOB8HHHil plr-BTOM, 3aBnCHT nOMHMO n:pyrnx ¢aKTO
poB OT pacnpen;eJieHIDI.nJIOTHOCTll aJieKTpOHOB CB.!I8ll Melltn:y Z H H. 
ECJill MH CMOllteM xopowo Y'!8CTb BJIH.!IHH8 IIJlYI'HX ¢aKTOPOB, T8KHX K8K 
M880MOJI0KYJI.!IPHOe non:aBJieHne H BJIHRHHe nepeXEaTa nnoHOB, TO IlOJIY
'lHM MeTon: llp.!IMOro 8KCnepHM8HT8JibHOro H8Y110HIDI pacnpen;eJieHH.!I nJIOT
HOCTH aJieKTPOHOB CBR3M Z - H,0CHOB8 n:JI.!I TaKoro non:xon:a 6wra aa-
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JIOllteHa HaWllMll onmaMn no H3y'!8Hill0 M880MOJI8KYJIRPHOro MexaHH3M8 
non:aBJieHll.!I aaXEaTa nnOHOB CB.!I88HH!lM BOn;opon;oM (rJiaBH I H 2) n nay
qerurn nepeXBaTa nnOHOB (rJiaBa 3). KaK OK888JI0Cb, nepeXBaT C 8TO
M8 CB.!I38HHOro Bon:opon:a nponCXOIJ;HT Mettee HHTSHCHBHO, 'ISM co CB06on:
HOro (B 3-5 pa3), Eonee Toro, B p.an:y OJJ;HOTHilHHX coen;nHeHHft, KOTO
pue MOryT npen;cTaBJI.!ITb HHTepec 1J;JI.!I H~CJien;oBaHIDI, OTHOCHTSJibHOe 
BJIMHHe nepeXBaTa nnoHOB C 8TOMOB CB.!I8aHHoro Bon:opon:a COBCeM He
B8JIHKO. IIoaTOMY n:o pa3pa60TKll MeTon;a TO'lHOro ytieTa BKJian;a nepex
B8Ta nnoHOB nepeXBaT B IJ;OBOJibHO xopoweM npndJinllteHHH MOlltHO He npn
HHM8Tb BO BimMaHne. Ha 8TOli OCHOBe HaMll dHJIO npen:npnH.!ITO HSCKOJib
eo nonHTOK nayqeHIDI oco6eHHOCTe:ii XllMH'lSCKHX CB.!I3e:ii Bon:opon:a B 
cneunaJibHO BH6paHHHX Ha6opax Bon;opon:ocon:epatamnx coen;nHeHnft. 

KncJI~TH H OCHOB8HIDI .!IBJI.!IIOTC.!I xopoWllM npnMepoM coen;nHeHIDi, B 
KOTOPHX on;Ha ll Ta ate CB.!I3E Z -H peaKO QTJIHqaeTCfl no CBOllM CBO:ii
CTBaM. Ilpn nepexon:e OT rHIIJ)OOKHCe:ii MeTaJIJIOB K KllCJIOTaM CBO:iiCTBa 
CB.!I3H 0-H pe3KO MSH.!IJOTC.!I. B TeOp.llli 8JI8KTPOHHHX CMemeHn:ii (].TuMMeT •. 
OCHOBH ¢nantieCKO:ii opraHH'l8CKO:ii XllMllH. MOCKBa, "Mnp", !972) Jier
KOCTb, C KOTOpo:ii KRCJIOTH n:nccouanpYJOT B_BOO:HHX paCTBopax, CB.!I3ll
B0TC.!I C yMeHbWeHHeM 8JI0KTPOHHO:ii nJIOTHOCTil y npoTOHa. 3TO lJ;OJilltHO 
llpO.!IBJIRTbC.!I B YM8HbW8HHH BepORTHOCTH 38XBaTa nnoHOB llpOTOH8MR Kll
CJIOT C YBSJIH'leHHeM CHJIH KHCJIOTH. Hnate H3JIBraIDTC.!I peayJibTaTR nay
'l8HM aaXBaTa Il'OHOB Bon;opon;oM KHCJiopon:ocon:epatamnx KHCJIOT H rnztPo
OKHCeft MeTaJIJIOB 221. IlOJIY'leHHHe ll3 onHTa 3Ha'leHIDI w; JJ;JIR nccne
IJ;OBBHHHX coen:nHeHH:ii npHBen;eHH B Ta6JIHU8 3. TaM ate JJ;JI.!I cpaBHeHIDI 
n;aHH BuqnCJISHHHe no ¢0PMYJI8 (5) C yqeTOM aqxteKTa TOlltJJ;0CTB0HHHX 
rpynn Ollllin;aeMue 3H8'l8Hll.!I BepO.!ITHOCTe:ii aaXBaTa w! H noKaaaTe-
Jill KOHCT8HT n:nccouaaunn KnCJIOT B BOIJ;HHX paCTBOpax pKr- 3n:ecb .E:. = 
= w ~ / w ! - non;aBJieHne aq¢eKTa no cpaB11eHHID c oun:aeMRM no 
MOUSJIH dOJibWllX M030MOJISKYJI, 

JLJIR KllCJIOT nepBo:ii rpynnu rr0-Me80HH OT peaKUHR (2) He ua6mo
n;aJIRCb, B Ta6nnue 3 npHBen;eHH BepxHRe rpaHn'lHHe oueHKn BeJin'lnH 

a . 
W x n E.. Ha 90 % -HOM YPOBHe IJ;OCTOBepHOCTll. Ilo BeJIH'lnHe no-

n:aBJieHn.!I nccJien;oBaHHHe HaMH BemecTBa pacnan;aJOTc.a Ha Tpn rpynrru: 
c. ,,., I, ~ .- 2-4 n c.. ~ 20. ,UJlH OpTo6opHO:ii KHCJIOTH n rHIIJ)O

OKRCe:ii aJIIOMnHH.!I H·UHPKOHH.!I 3HatieHHR BepMTHOCTe:ii 38XB8Ta B npene
JiaX owndoK naMepemr:ii coBnan;aJOT c ounaeMRMn no Mon;eJIH 6oJibwnx Me
aoMoJieeyn. 3TO 03Ha'laeT, 'ITO pacnpen;eJieHRe 8JISKTPOHHO:ii nJIOTHOCTll 
B CB.!I3.!IX 0-H B rnn:pOOKllC.!IX MeTaJIJIOB, CJia6ott opTodopHo:ii KHCJIOTe H 
Bone npm1epHO on;nHaKOBO. C YMSHbWeHneM 3JI0KTpOHHO:ii IlJIOTHOCTH y 
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npoTOHa B PJHCY Zr ( OH) 4 ••••• H2S04 npotJHOCT:& CBSI3li npoTOHa 
C KliCJioponoM YM8H:&llia8TCil ll, COOTB8TCTB8HHO, BOapacTaeT CliJia KliC:;: 
JIOTll. 

Taomma 3 

l{HCJIOTa w: • 10 .. WH • 104 c Plti )C 

H2S()4 0,2 4,0 ±,0,5 ~20 - 3,0 
HNJ3 0,2 6,2 ±,0,7 ~30 - I,3 
H2C204 O,I 4,3 ±,0,5 ~40 - I,3 

H2~eo3 0,9 ±. 0,5 5,6 ±,0,4 3,7 ± 2,I 2,6 
Hj>04 I,6 ±. 0,4 4,0 ;t0,5 2,5 ±. 0,7 2,I 

N aHC03 2,I ± 0,5 4,8 ;t.0,7 2,3 ± 0,5 3,9 

Hj303 . 5,6 ± o,r 6,2;t0,7 r,r ± 0,2 9,2 
AI(OH) 3 5,6 ± r,o 5,0 ;t0,6 0,9 ± 0,2 9,2 
Zr (OH) 4 2,6 ± 0,8 2,6 ;t0,3 r,o ± o,4 -

KaK ycTaHOBJI8HO_Ha OilllTe, no B8JIJillliHe PKr KliCJIOponoconeplK8-
ll!He KliCJIOTll ~xom MOlKHO paaneJIHT:& Ha tJ8Tupe KJiacca. BHYTPli Kall!:!{O
I'O KJiacca KliCJIOTll HMeIOT O!lliHaKOBYIO CTPYKTypy. Ec;rn ITOJIOlKHTeJI:&HIDi 
aap11n J.l8HTpaJI:&Horo aToMa ITPliHHT:& paBHHM cpopMaJI:&HOMY Sapi!ny e = m-n , 
TO M8lKIJY HHM li CliJIOfi KliCJIOTll (onpen:eJIHeMOfi B8JIHtJHHOfi pl{I) MOlKHO 
YCTaHOBliT:& IIOJIYKOJilitJ8CTB8HHHe KOppeJIHJ.lHli (TaOJIHJ.la 4). 

TaOJIHJ.la 4 

e 0 I 2 3 

pKr 7-II I,5-3,0 0-;--3 -IO 

CorJiaCHO KJiaCCli~HK81.lHH TaOJIHl.ll,l 4 H 3HatJ8HHHM PKr (TaOJIHl.la 3~ liC
CJI8!{0BaHHll8 HaMli B81118CTBa MOlKHO pacnOJIOlKHT:& B IIOPil!lKe yOHBamm Cli
Jlll B CJI8IJYKXI!Hfi Pil!l: 

H2so4, HNo3 (e=2) 

H3Po4 , N aHC03, Ht,eo3 , H~2o4 (e=I) · (I6) 

H3Bo3 , AI(OH)3 , Zr(OH) 4 (e=O). 

Ma COITOCTaBJieHlii! p11na (16) C pacrroJIOlK8H.118M KliCJIOT no CliJI8 no onpe
!l8JI8HHOMY HaM:u li3 onUTa napaMeTpy E.. (TaOJIHJ.la 3) CJienyeT, tJTO ooa 
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p11na COBrranam, eCJili liCKJl!OtJHT:& opraHHtJeCK,YIO maBeJieByIO KliCJIOTY 
H2C204. TaKID/1 o6paaoM,Ha6monaeTCi! KOppeJIHl.lliil M8lKIJY YM8H:&lli8Hli8M 
BepOHTHOCTli 3axBaTa C::-· IlliOHOB npOTOHaMli KliCJIOponoconeplK8IIUIX 
KliCJIOT li YB8JllitJ8Hli8M illC CliJIH. B paMKax liCITOJI:&3Y8MllX HaMli rrpen
CTaBJI8HHfi STO 03HatJaeT, tJTO C YB8JllitJ8Hli8M CHJill ltHCJIOT paCTeT HOH
HOCT:& CBi13li 0-H. 

Ilp.n li3,YtJ8H.11li ocotieHHOCTefi XHMlitJ8CKillC CBil38H B pa3JilitJHllX co
erurneHHHX liCITOJib3YIOTCi! pa3JIHtJHll8 ~li3litJ8CKH8 li XHMHtJ8CKlie M8TO!lll: . 
crreKTpOCKOillii! HMP. l1K-crreKTpocKOIIHH. liCCJienoBaHlie peaKl.l.UOHI!Oll: 
cnocoOHOCTli MOJI8K,YJI li np. OnHaKO Ece liCIIOJI:&3yeMHe B H8CT0illll88 Epe
Mil M8TO!lH i!EJIHIOTCi! nocTaTOtJHO KOCB8HHllMI1 li UM8IOT CBOli orpaH.111:Je
HHH. Harn M8TO!l, tJ,YECTE.11T8JI:&Hllfi K pacnpeneJieHll!O nJIOTHOCTli SJl8KTPO
HOE CEil3li z-H, i!EJIH8TCH OOJiee npi!MHM, nosTOMY npencTaBJIH8TCR liH
TepeCHllM norrUTaTbCil onpeueJIHT:& 3KCII8pHM8HT8JlbHO ero E03MOlKHOCTli. 
Xopollili:ii nyT:& !lJiil peaJili3al.lHH nono6Hofi nporpaMMH COCTOliT B li3YtJ8Hlili 
aaxEaTa rr:uottoB RnpaMH Eonopona B p11ny Bonoponoconep1K8IIUIX coe!lHHe
Hllli C li3E8CTHl1Mli pa3JilitJHRMli B xapaKTepe CB/!38~ Z - H H cpaBHeH.11.11 
noJiyqaeMHX Ha OIIllTe li3M8H8Hli:ii B pacnpene_JI8Hlili SJ18KTPOHH0li nJIO'l'
HOCTH CB/13H Z - H - ITO nonaBJI8HlilO ,£ , C .113M8H8HHHMH B xapaKTepe 
CB/13H Z - H, KOTOpue MOlKHO Oll!:HD;aT:& Ha OCHOEaHlili li3B8CTHOH ~li3lilW

XHMHtJ8CKOll: liH~OpMal.lHH. 
Mu li3YtJ8JIH liH!lYKl.lHOHHOe BJIHHHH8 (llH!lYKl.lHOHHHli sipte1,T) pas

JllitJHllX SJieKTpOHHOaKJ.l8ll'i'OpHllX saMeCTHT8Jiefi X Ha aaxBaT IIHO,OB i!!ffiU-
Mli Eonopona B opraHlltI8CKHX coe!lHHeHHHx T:una Cm8n-~k 19 • 237. 
0TpRU8T8JibHllli liHIJYKl.lliOHHHll: s~~eKT COCTOHT E CM81118Hlill SJI8KTPOHHO:ii 
IIJIOTHOCTli CB/13eil C-X, C-C ff C-H non neliCTBli8M SJI8KTPOHH08Kl.lenTop
HOro saMeCTHTeJIH X E HanpaBJieHliH saMec·T11TeJIH. CMemeH.ne aJieKTpoHHoli 
IIJIOTHOCTH nepenaeTCR OT aTOMa K aTOMY B aanpaEJI8Hlili saMeCTliTeJIH, 
K8K STO, HanpUMep, IIOK83aHO Hlill!:8 !lJii! XJIOporrponana 

H 
i 

H-C 
t 
H 

H 
+ 
C 
t 
H 

H 
l 
C --+Cl 
1 
H 

BeJllillliHa HH!lYKl.lHOHHOll: noJIRp:usauHH CBR3efi 38BHCliT OT SJ18KTPOOTpli
uaTeJibHOCTH aaMeCTHTeJIH 3x· B H8lli8M CJiyqae SJI8KTpOIIHOaKJ.lenTopHHX 
saMeCTHTeJiell: HX liH!lYKl.lHOHHOe BJIMHHe D;OJilKHO IIpliBO!lHTb K yMeH:&Ule
HHIO SJI8KTpOHHOll: ITJIOTHOCTH y 8TOMOB BOUOpona B 38MemeHHHX C08!lHHe-
Hlii!X Cm8n-k1k no Cp8BH8Hlil0 C HCXOD;HHMH ,YrJieEonopon;aMH 9n H n • 
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Ha1160Jiee CHJil>Hl:ill a!pteKT HadmouaeTCJI rpm MeTHJil>HHX rrpo:irn
BOUHIDC ( c ~ 2-t5). 3TO CB.fI38HO C TeM, 'ITO B H8CWl{8HHHX coerume
Hli.fIX I1HuYIUU!OHHl:ill a!pteKT Ha1160Jiee Cl1Jll>HO CKa3!IB88TCR Ha aTOMe yr
.rrepoua, HaXOU.fll!l8MCR B ,:/., -llOJIOlK8Hl1H K aaMeCTHTemo. 3aMeTHO M8Hl>
WHH a!pteKT ( c."" I,6) B CJiytiae XJIOP - H HHTponeHTaHa H IUfK)IOreK
caHOHa CM3aH C TeM, 'ITO aJieKTpOHHHe alpf:eKTH CJia6o nepeuamCJI no 
HaCWl{eHHOH uenn. KaK BllUHO ll3 pnc.5, aa6JIIOuaeTCR tteTKM KoppeJIJI
Ull.fI MelKny 3HatieHll.fIMll nouaBJieHll.fI saXEaTa llHOHOB RJJJlaMR Bouopona 
MeT11JI1>Hux rpynrr n nHnyKUHOHHUMn KOHCTaHTaMH saMecTnTeJieli Oz. Ilo
UBBJieHHe auepHoro saXEaTa YUOBJI8TBOPllT8Jil>HO OllllCIIB88TCJI JIRHellHOH 
aaBHCHMOcT1>10 oT Or UJUI MeTHJII,HUX rrponaBOUHUX 

£ 

't 

3 

2 

C: = (4,7 ± 0,6)0z + (0,6 ± 0,2). (I7) 

CH1 X 

0.1 0.2 0.3 O.lt 0.5 0.6 0.7 (S1 

Pnc. 5. 3aBHCllMOCTl> rrouaBJieHll.fI C: OT HHuYKUHOH
HUX KOHCTaHT aaMecTnTeJiell bi B MeTHJil>HUX rrpo11a
BOUHUX. B CK06KaX _,lta38HU 38M8CTllT8Jlll X. !IpRMM 

OilllC!IB88TCR ypaBH8Hll8M (17). 

3aM8THM, 'ITO Ha OCHOB8Hllll 38BHCHMOCTH (I7) MOlKHO orrpeueJIHTI, llHuYlt
lUIOHHYIO KOHCTBHTY 6z UJIR rpynrru COCI, no H8CTO.fil!l8rO BP8M8Hll He
H3B8CTHYIO B XllMHH. OHa OK83UBaeTCR paBHOll 0,9 ± 0,I. 

~nHellHM saBHCllMOCTl> B8JIH'lllHH nouaBJI8Hli.fI 38XEaTa llllOHOB RDJ)8-
MH Bouopoua M8THJ!l,HUX rpyun OT HHI(YKlUIOHHOll KOHCT8HTH 38MeCTHT8JI.fI 
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(K8K H KOppeJUIUll.fI M8lKuY nouaBJieHHeM aaXEaTa C. ll aJieKTpOOTpHUa
T8Jll>HOCTl>IO 38M8CTUT8JIJI 3x) UOK83!IB88T, 'ITO rrouaBJieHHe 311XEaTa llHO
HOB o6ycJIOBJI8HO CMemeHHeM SJI8KTPOHHOll llJIOTHOCTH OT Bouopoua. 

B aKcrrepHMeHTax, OllHCaHHUX B §§ I,2 IY rJIBBH, OHJIO llOKasa
HO, 'ITO K081pf:HUH8HT 8z (nouaBJieH:ae c£ ) KOppeJI11POB8H C aJieKTPOH
HO' Il'OTHOCTl>IO y IlpOTOHa B MOJieeyJie~ B 8KCllepUM8HTax C rHJJJlHUa
MH 24 MH orrpen;eJIHJill Koa@;HUHeHTH a z UJI.fI paua rHJJJlllUOB rrepexou
HHX M8TaJIJIOB (B H8KOTOpux CJiy'IMX UJI.fI unrHJJJlHUa H TPHI'HJJJlHUa ou
Horo n Toro lKe aJieMeHTa). 

.lJ.JIJI rHJJJlHUOB nepexouHux H coceuHHX C HllMH 1118JIO'IHUX ll 1I18JIO'l
HOSeMeJI1>HUX M8T8JIJIOB 4-6 nepnouoB Ta6JllllUl MeHueJieeBa Ha6JIIOuaeTCR 
OUHHaROEM saKOHOM8pHOCTI, H3M8H8Hll.fl K08(!XpllUH8HTa a z : YMCIIl>W8HllC 
rrpH nepexoue OT meJiottHoseMeJII,Horo MeTaJIJia K MeTaJiey IY rpynnu n 
rrpaKTll'l8CKll llOCTO.fIHHOe 8H8tieHne a z UJIJI MeTaJIJIOB IY li Y rpynrr. 
IlOCKOJII,KY UJI.fI npoTOHnpOB8HHOro Bouopoua 8z➔0,MOlKHO Ilp0ll3BCCTR 
oueHKy M8CWTa6a OTHOCRT8Jil>HOro li3M8H8HH.fl aJieKTpOHHOH llJIOTHOCTH B 

aTOMe BOUOpoua B rHJJJlllll8X MeTaJIJIOB BHYTPll KaJKuoro rrepnoua. AHa
Jlll8 llOJiytt8HHUX uaHHHX ITOK83b!B88T, 'ITO 3JI8KTpOHHM llJIOTHOCTl> B aTO
Me Bouopoua yMeH1>maeTC.fI ITO'ITH BUBOe rrpn rrepexoue OT rHIIJllillOB I-II 
rpynn K rHJJJl~UaM aJieMeHTOB IY-Y rpynn, rue EOUOPOU H8H60JI88 aJieK
TpOilOJIOlKHTeJieH. 

B HCCJI8UOB8HHHX H8Ml1 napax MeTaJIJIHtieCKHX rllJJJlliUOB H8CT8XHO-

•· MeTplltI8CKOro COCTaBa TiH I,65 - Ti H2, vHo,78 -VHr,6 li 
N BHo, 95 - NBHr, 7 xapaKTep CB.flan Me-!-! cymecTBeHHo He MeH.fieTc.fI c 
yBeJIH'leHneM couepll!'.8HAA Bouopoua B rnJJJlnne - B rrpeueJiax rrorpewHoc
Tell HaWHX ll8MepeHnH aJieKTPOHHM llJIOTHOCTI, y IlpOTOHa B aTHX rrapax 
l'lll!JlllUOB ounHaKoBa. 3TO corJiacyeTCJI C peayJI1>TaTaMH ll3MepeHUit HMP 
B rnl!Jl11nax·cocTaBa TiHI, 6I - 'llHI, 97 rrpn TeMrrepaTypax HHlKe 3I0°K 
(B. Stalinsk;y et al., J. Chem.Phys., 34, 1191, 1961). 

CoBepmeHHO HHa.fI KapTnHa Ha6JI10naeTC.fI rrpn H8M8H8Hllll COCTaBa 
rHIIJlHUOB penit038M8Jil>HUX aJieMeHTOB. Ha PHC. 6 np11BeueHa saBRCl1 -
MOCTI, KOa!ptnuneHTa a z OT Z llJIR Bcex H3Y'l8HHHX HaMn rHIIJll1UOB 
MeTaJIJIOB. IloJiytieHHHe 8KCllepID11eHTaJil>HH8 8HatI8HH.fI az{ Z ) pacrra
uamca Ha UBe rpynnu n pacrroJiaramCJI BUOJil> UByX IIpRMUX. Ilpn aTOM 
Ha OUHY IlpRMYIO (I) rrorrauam 3HatteHHR a z llJIR HOHHHX rHJJJlHUOB (KH, 
CaH2, BaH2) n HeKOTOPUX TPlirlil!JlHUOB ( Y , La ) , a Ha JJJlyry10 ( II) 
8H8'!8Hli.fl 8 z UJUI MeTaJIJIHtI8CKHX rHJJJlllUOB. C aToil TO'!Kli speHIDI JIIO

dOITHTHO paCCMOTpeTl> llOBeneHHe nap UlirHJJJlHU-TpnrRJJJlll~ PBUK088M8JII,
HHX 8JI8M8HTOB. KaK BHUHO 118 pnc.6, rHJJJllill YHI,68 nonauaeT Ha rrpa-
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MJIO MeTaJ1JI.HqecK11X rlliij)HUOE, Torua KaK TpHrHiij)HU y H2,9 Jle!KHT Ha 
rrpRMOii l:OHHHX rnnpHUOE. JTO uaeT OCHOEaHHe cqnTaTL Tpnrnupnn HT'
TPHR HOHHW/1 rHiij)HUOM. AHaJlornqHUM o6pa30M EerryT ce6R rHiij)H!(bl ;ran'.:.. 
TaHa. C;renyeT 38MeTHTh, qTo E cnyqae La HCKJIJOqeHO EJIHRHlle KpHc

T8JIJIHqeCKOii CTPYKTYPhl r.Hiij)HUOE, TaK K8K OHa OUHHaIWBa y LaH2 H 
LaH3 • n paMKax rrpeucTaEJleHuir Mouenn 6omurnx Me30MOJ1eey;r pas-
Jlttqne E 3HaqenHRx K03~~rumeHTOB Bz unR rHiij)HUOE OUHOro 3JleMeHTa 
o6yCJIOEJICHO pas;rnqHoir SJleKTpOHHOll ITJIOTHOCTLJO Ha aTOMe EO!(opoua E 
3Tl1X rHiij)Huax. AHaJIH3 y~aBHeHHir IIpRMHX I H II 

aHOH. = (3,02 ± 0,I2)Z - (47,8 ± 2,7), 
aMeT. = (I,49 ± 0,06)z - (27,8 ± I,5) 

(IS) 
(I9) 

IT03EOnRCT cueJlaTL EblBO!( 0 TOM, qTo UnR rlliij)IlUOB HCCJleUOEaHHHX HaMlI 
3JleMeHTOE rrpnEeueHHBR Ha OUHH aTOM Eouopoua lIJIOTHOCTI:, 3JleKTPOHOE 

· B !IOIIHNX ru,Ilp!~,IiaX npmiepHO B .l(Ba pa3a B11l1Ie, tieM B MeTaJIJlll'!eCKMX. 

a, 
I 

Puc. 6 

3aEHCl!MOCTL K03~fil(HeHT8 
8z OT'8TOMHOro HOMepa 

MeT8JIJl8 Z • 

OcHOEHblC pesyJILTaTbl, H3JIOlKCHHble E unccepTaUHH: 

I• C03,IiaHa 3KCrrepnMeHTaJILHaR YCT8HOEKa Ha 6ase qepe!IBOECK11X 
crreKTpoMeTpoE rro;rttoro nor;romeHHR u cunnTIIJlnRUHOHHHX ct1eTqmtoE, rro-
3BOJIRIOll!BR 3ipfCitTI1BHO penicTpHpo:ean rr°-Me30Hbl OT peaKUHH ( 2) IIpll 
B8CI:,M8 HH3ItoM ypOEHe ~OHa. 3TO rrpHMepHO Ha UEa rropRuKa BeJXHqHHbl 
YJIY'IlllHJIO YPOE8Hh, Ha KOTOpOM MO~O H86JIJ0!(8TL 3~eKT ( W ~ ro-5) • 

2. i3nepne 3KcrrepnMeHTaJIJ,HQ Ha6J1JOUeH 38XE8T OTpfil(aTeJILHO 38pR
lKeHHHX OCTaHOEUBlllHXCJI ITHOHOE RupaMU CER38HHoro Eciuopona E Eouopono-
coueplKall!HX EemeCTE8X Z H H H3MepeHa ECPORTHOCTI, 3Toro rrpouecca 

m.i 2 
W • IIOK83aHO, trro 3TOT 3aXEaT pe3KO IIOnBBJleH ( no ypOBHJI ,.., IO- ) , 
ero Eepom'HOCTL _w ,_ z-3 1 rue Z -aTOMHIDi HOMep 3JleMeHTa, C 
KOTopw,1 xm~uqeCKH CER3aH Eouopon. 
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3. 3KcrrepnMeHT8JILHO rrpoBepeHbl npeucKa38HHR MOUCJUI nepexEa
Ta IlaHOBCKoro, IIoKa3aHo, '!TO rrouaEJleHHC 3aXBaTa ITHOHOB CER381IHW,l 
EonopouoM HMeeT JIOKaJILHIDi xapaKTep H o6yCJIOEJleHo He MeXBHH3MOM 
IIaHOECKoro, a KaKHM-TO IlHblM MeX8Hll3MOM, EKJla!( MexaHH3M8 IIaHOECKO

ro E nonaEJ1eHne 3aXEaTa Man. 
4. 3KcrrepRMeHTaJILHO IIOKa3aHo,.qTo EepORTHOCTh nepesapRIUtll 

OCT8HOEHEllillXCR IIIlOHOE Ha Rupax '- ro-4 UJIR pRna nnep OT Li no 
Pb, KPOMe 3tte. 3TO naeT E03MOlKHOCTh IlCITOfil30E8TL RU8PHYIO 

peaKU.HJO Irp - n°n UJIR BIIneJ1eHlifI 38XEaTa ITHOHOE Rupar,m :eouopo

ua, EXOll;ffll!ero E MOJ1eeyJ1II. 
5. IIOJIY'leHH!le 3KCrrepHMeHTafilHilC pesymTaTb[ ITOCJIYlKHJlll OCHO

EOH UnR nepeCMOTpa rrpeucTaEJleHllll O MexaHH3Me 3aXIJaTa ITHOHOE CER

saHHUM EOUOPOUOM H cosua~ MOUeJIIl 60J1Lllll1X Me30MOJ1eKyJ1. 
6. IlpoEeneHII CHCTeMaTnqeCKHe Il3MepeHlifI :eepORTHOCTil 3aXEaTa 

ITHOHOB BOUOJ)OUOM B CJIOlKHHX MOJ1eKyJ1ax ZmZ'-11n pa3Jl~Horo TilIIa, 
Ha 60filll!OM sKcneprMeHTaJILHOM MaTepnaJie ITOKa3aHa crrpaEeUJIIlEOCTL 

MOUeJIH 00Jlhllll1X Me30MOJ1eey;r. 
7. nrrepB!le 3KCnepHMeHTaJlbHO Ha6J1JOUeH panHaJJ,HOHHIDi sax:eaT 

IlllOHOB Riij)aMn. IloKa3aHo, qTo BepoRTHOCTL 3TOro rrpouecca COCTaBJIR

eT (I-3)•rn-2 UnR PRUa JIUep OT Li UO PB • 
8. BrrepB!le 3KCIIepHMeHTaJILHO Ha6JIJOUeH nepeXEaT ITHOHOB C aTo

MOB :eouopoua Ha aTOMbl Z B CMeCRX BO!(Opoua C upyrHMH rasar,m 
(He, Ne , Ar , Kr, Xe , N2 , co2). II01tasaHo, '!TO rrepeXEaT ITHO

HOB IIpOHCXOUHT H3 B036YlKUeHHHX COCTORHllll piraTOMa, qTo orrpeueJIR
eT era pe3KOe OTJIH'!He OT rrepeXEaTa MJOOHOE: a) rrepex:eaT IlHOHOE HH
TeHCHI!HO nponcxounT rrpH KOHJJ.eHTpaJJ,HRX rrpHMecn Crv O,I; 6) BepoRT
HOCTL. rrepeXBaTa He 3aBHCHT OT ITJIOTHOCTH :eonopoua H orrpeuenReTCR 

TOJILKO KOHIJ,eHTpaJJ,Hei\ IIpl!Mecn; E) rrepeXBaT IlHOHOE H8 aTOMil He oun
HaKOB ITO HHTeHCHEHOCTH C nepeXEaTOM Ha upyrne aTOMII; r) IIpHEe!(eH
HaR KOHCTaHTa rrepeXEaTa IIHOHOB rroqTn Ha !(Ea ITOPRUKa EeJlnqHHil rrpe
EwnaeT rrpn:eeneHttyJO KOHCTBHTY rrepeXEaTa MIOOHOE. 

9. 3KCIIepHMeHTaJILHO ycTaHOBJleH 38KOH aTomo 38XEaTa IIHO-
HOE B CMeCRX Hz+ Z: sH = (7,I + O,I)~( Z -I). IIOKasaHo, 

0 -
qTo OTHOl!leHHe S ~-:eepORTHOCTell 38XBaTa IllIOHOB BTOMaMH Z H H 
H OTHOCHTe~LHaR CKOPOCTL rrepeXEaTa ITHOHOB E CMeCRX H2 + Z orrpeue
JIRKJTCR onHoii H TOH lKe saEHCl!MOCTI:,!O OT BTOMHoro HOMepa Z : S ~ = 
=(?,I± O,I) (Z I/3 - I); /\ = S ~ cI/3• IlOK83aHo, qTO :eepORT

HOCTH aTOMHoro sax:eaTa H KOHCTaHTil rrepeXBaTa rrporropJJ,HoHaJILHbl reo
MeTpH'leCKilM ce'ieHHRM BTOMOB ( r~/S: -1). YcTaHOBJleHa CJla6aR 
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saEl:ICl:IMOCTI, KOHCT8HTl1 rrepeXEaTa /\ OT KOHI.l8HTpar.wH IIPHM8Cl:I ,,.cz • 
IO. i3rrepne SKCIIepl:IMeHT3JJLHO Ha6monell rrepeXEaT nl:IOHOB C aTO

MOE CEfl3QJIHOro nonopona Ha aTOMll, Z • IToKa3aHO 1 'ITO l:IHT0HCl:IB -

HOCTI, ~Toro rrpouecca B 3-5 pas CJJa6ee, 'l0M E CJIY'l30 CBOClOUHOro 

nonopoua. 

II. 13 p,rny r11npoo1t1:1cen M8T8JJJJOB l:I Kl:ICJJOPOUOCOU0Pll!alIU1X Kl:IC

JJOT ycTaHOEJJeHa pe3KM 3aBl:ICl:IMOCTI, nonaBJJ0HIDI Bep~THOCTH 38XBa-_ 

T8 IIl:IOHOE JII(paMI:1 CBJI38HHOro Bonopona OT Cl:IJJl1 KliCJlOTl,l. 3TO no3BO

JJJI0T, E np1:1mume, Iip8UJJOlKl:!Tl, a6COJUOTHyID illlt8JlY UJJJI KJJ8CC1icf;H1tal.ll:ll:I 

npoTOHHllX Kl:ICJJOT. 

12. 81tcrrepl:IMCHT8JJLHO ,no nouaBJI8HlllO nepoJITHOCTl:I saXEaTa rrno

HOE HUpaMl! nonopoua £.. E npOli3EOUH11X opram1'lec1rnx COGUl:IH0filiH 

H80JJIOUGHO l:13B8C'l'HOe E XliMlil:I llHllYKI.lHOHHOe EJJID!Hl:10' 38MGCTl:IT8Jl8H X 
118 SJJCKTpOHHyIO IIJJOTHOCTL E CBH3HX C-11 STHX C08lIHH81Il1ll. nJIJI M8-

Tl!JILHUX npo113EOUlll1X CH3X YCT8HOEJJ81!8 Jll:IHeiiHaJI 3aBl:ICHMOCTL nonan

JICHHJI 3DXE8Ta OT HHllYKIU10HHl1X !WHCT8HT 38MGCTHTeJJeii Oz • 
13. rro BepOJJTHOCTJIM 38XE8Ta IIHOHOE BOUOPOUOM E rHI(pHll8X 

!.ICTaJIJIOB c.14umua oneHKa 3JI8KTpOHHOH ITJIOTHOCTH Ha IIpOTOHe B J,IOH

!iblX rJ-IJ(p1max, KoropaH OKa3aJiacb npmiepuo B ? pa:ia ClOJJhllle, tteM B 

l,ICTaJIJll,ICCKl'X. Onpe,l\elleHO OTHOCJ"l'P.JlbHOC l!:JMCHCHJ,10 ::JJICKTpOHHOll 

ITJIOTHOCTI! JIU aroue BO.l\OPD.l\a npn nepexo,l\e OT rn,l\pJ,IJ(OB MeTUJJJIOB 

II rpyrmu K IY rpyrme 4-6 nep110.l\OB ra6J1m-1i. i,!ett.neneeBa. Onpe.nenetto 

OTHOCHTP.JlbHOC pa3JIJ-l'll!e B 3JJ8KTpOHHOil IIJIOTHOCTn Ha aroue BO,l\Opo.na 

B napax .llM-TplffM.llPIU ,llJ!/1 y ' La ' Ce I! Er • 

0CHOEHl1G pe3yJILTaTl1, l:13JJOlKGHHl18 E nnccepT8LWH, 6wrH UOJJOlKe

Hll Ha MelKnyHapouHllX 'rmu¢epeHI.lHJIX no cf;H3l:1Re EUCOKHX 3Heprnii l:I CTpYK

Type Rn:pa (,Uyl~Ha 1971 r. , CaHTa-•I>e 1975 r.), Ha II ilceco103HOM co

nemaHl:ll:I no aneMe1iTapH11M npoueccaM n Xl:IMHH n11co1tHX a11eprnl1 (Mocrrna, 

1971 r.)' Ha II HceCOI03HOM COE8l!l8HHH no rHUPHU8M (l{neE' 1974 r.)' 

Ha CeCCIDIX 0TU0JI0Hlifl JIUePHOll cf;l:13H!UI All CCCP H ony6JJHKOEaHl1.E pa6o-

Tax /l-241. 11acTL npencTannemrux pesym,TaTOE cccrannna npe.nMer 

oTKp!ilT!IH, 3apenrcrpnpoBaHHoro rocy.napcrBeHHUM i{o1.rnrerou Coner a 

MnH11crpon CCCP no ,llenau i,y306pereHJ1il 1-1 orKpurv.tl 28.8.75 r.; el!le 

O)ll!a 'laCTb BOilJJia B JUlKJI pa6or, OTMe'leHHUX n 1972 r. nepBOil 

npeimetl OH.9!,f. 
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