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Ka'lamtBB A.K. • .ap. P14 - 12236 
Ha)"leaae TeMDepaeypaoro paapyweHBSI so.aopoaHhiX CBS13ell: s soae 
M9TO.QOM 38XB8T8 "--Me30HOB BO.QOpOl!OM 

HaMepeaa aeposrTaocn. W aaxsaTa ,--Meaoaoa soaopoaoM BOllbi 
B IIRTepaane TeMDepSTyp -120 ••• + 44CJ"C. 3KcnepHMeHT8llbHO noK838HO, 
'ITO npB nepexo.ae OT 0°C K KpiiTB'IeCKOMY COCTOSIHIIJO sepOSITHOCT'b W 
B03p8CT89T R8 100%, 8 npB TeMnepaTypaX HHJKe HynSI II Bb!We KpHTB­
'19CKOI, ann on. l!O 44()°C, W •COIISt. 3TH pe3yllbT8Tbl 03H8'18JOT, 'ITO 
npa a6pa30B8BBB BOl!OpOGBhlX CBS139ll: B BOlle aneKTpOHH8SI nnOTHOCTb B BTOMe 
ao.aopo.aa yMem.waeTCsr. nony'leHHbie peayllbTBTbi xopowo cornacyJOTCSI 
c Mo.aellbJO paapyweaasr so.aopoaBhiX cs513ell: so.ahl npa aarpeaaaaa, npeano­
JKeaaol XarracoM, XacTa.aoM a Ea'leHSHoM. 

Pa60T8 Bblnonaeaa B na6opaTOPBII SlllepHbiX npo6neM OH.RH. 

npeupBIIT 06t.el1BB&BBOrO IIBCTRTYTS sraepHbiX IICCneaOBSHHA. Lly6H8 1979 

KAchalkin A.K. et ai. P14 - 12236 

Investigation of Temperature Breaking of Hydrogen 
Bonds in Water by Pion Capture in Hydrogen 

The probability W of negative pion capture by hydrogen 
has been measured for water in the temperature region 
-120-.+ 440 C. As the experiments show, the probability W increases 
by lOO'l(. when temperature is raised from 0° to critical one 
and W does not change. These results indicate that the forma-
tion of hydrogen bonds leads to substantial decreases in electron 
density in the hydrogen atoms of water. The experimental results 
can be well described by the borxi-breaking model of water 
proposed by Haggis, Hasted, and Buchanan. 

The investigation has been performed at the Laboratory 
of Nuclear Problems, JINR. 

Preprint of the Joint Institute for Nuclear Research. Dubno 1979 

0.QHOH B3 BaJKHeii:WBX OC06eHHOCTeii: BO.QOpO.Qa JIBJIJieTCJI ero 

CUOC06HOCTb K o6pa30BaHBIO BO.QOpO.QHbiX CBJI3eii:. liOJibWOH BHTepec 

K 3TOMY TBrry XBMB'IeCKOrO B3aBMO,QeHCTBBJI 06'bJICHJieTCJI ero 

orpOMHOH pOJibiO B cl>B3B'IeCKBX, XBMB'IeCKBX B OC06eHHO 6BOJIOrB­

qecKBX npoueccax. CoapeMeHHble npe.QcTaBJieHBJI o npupo.Qe Bo.Qo­

po.Qnoii: CBJI3B ll03BOJIJIIOT paCCMaTpBBaTb ee KaK CBJI3b ,QOHOpHO­

axuerrTOpHOrO TBrra 111. 

HaB60Jiee B3y'leHHOH CBCTeMOH C BO.QOpO.QHbiMB CBJI3JIMH JIB­

JIJieTCJI BO.Qa12 1 • Bo.Qa 3aHBMaeT o.Quo H3 nepablx MeeT B pJI.QY 

COe,QHHeHBH, B KOTOpbiX BO.QOpO.QHaJI CBJI3b rrpOJIBJIJieTCJI HaH60Jiee 

CBJibHO /
21

. HarrpHMep, HaJIB'IHeM BO.QOpO.QHbiX CBJI3eii: 06'bJICHJieTCJI 

CTpaHHaJI 3aBBCBMOCTb UJIOTHOCTB BO.Qbl OT TeMrrepaTypbl: rrpB 

p =· 1 a•M. UJIOTHOCTb Jlb,Qa MeHbWe, 'leM UJIOTHOCTb BO.Qbl, rrpB'IeM 

UJIOTHOCTb BO.Qbl MaKCHMaJibHa rrpB 4 ° C. C'IBTaeTCJI, 'ITO BO.QOpO.Q­

Hble CBJI3H 0- H ... 0 BO.Qbl pa3pyWaiOTCJI rrpB HarpeBaHHB. Ilo 

MO.QeJIB liepuana B cllaynepa 13 : no .QaHHbiM peuTreuocTpyxTypuoro 

aBaJIB3~41 B pa6oTbl / 51 ao.Qa, uarpeTaJI BbiWe 200"C, TepJieT 

CBOHCTBa aCCOUBBpoBaHHOH JKB.QKOCTB. 0.QHaKO COrJiaCHO 6oJiee 

HOBbiM rrpe.QCTaBJieHBJIM, BO.QOpO.QHble CBJI3B BO,Qbl CyiUeCTBYIOT, 

XOTJI B BCe B MeHbWeii: ,QOJie CJiyqaeB, BUJIOTb .QO KpBTB'IeCKOH 

TeMrrepaTypbl 374,15° C. B 1952 r. X3rrBcoM, X3CTH.QOM B Jiaqe­

H3HoM16· 7 / 61a1Jia rrpe.QJioJKeua Mo.QeJib TeMnepaTypuoro pa3pyweHBJI 

BO.QOpO.QHbiX CBJI3eii: BO.Qbl, C UOMOIUbiO KOTOpoii: y.QaJIOCb 06'bJICHBTb 

3aBBCBMOCTb CTaTB'IeCKOH .QB3JieKTpB'IeCKOH UOCTOJIHHOH f s B Terr­

JIOTbl BcnapeHBJI L oT TeMnepaTypbl. Cornacuo 3Toii: MO.QeJIB, 

BO Jlb.QY cymecTBYIOT BCe B03MOJKHble BO.QOpO.QHble CBJI3B BO.Qbl, 

T .e. BCe aTOMbl BO.QOpo,Qa peaJIB3YIOT BO.QOpO.QHYIO CBJI3b; B ~B,QKOH 

BO,Qe rrpB 0 ° C pa3pyweHO 90/o BO.QOpO.QHbiX CBJI3eii:, B ,QOJIJI pa3py­

WeHHbiX BO.QOpO.QHbiX CBJI3eii: f T yBeJIB'IBBaeTCJI C yBeJIB'IeHBeM 

TeMrrepaTypbl ,QO 1000/o rrpB KpBTB'IeCKOH TeMrrepaType. 
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R3BeCTHO, qTo o6pa30BaHHe BO~OpO~HOH CBH3H Bhl3hlBaeT H3-

MeHeHHe liJH3HKO- XHMHqeCKHX XapaKTepHCTHK Bell.leCTBa /TeMne­

paTyphl xuneuux, TennoThl ucnapeuux, uuliJpaxpacuoro cneKTpa 

KOne6aHHH CBH3H H ~p./. 0~HaKO no 3THM H3MeHeHHHM He y~aeTCH 

O~H03Haquo CY~HTb 0 xapaKTepe H3MeHeHHH 3DeKTpOHHOH nnoT­

HOCTH B a TOMe BO~opo~a, T .e. 06 H3MeHeHHH HOHHOCTH CBH3H 

0- H · TaK, HanpHMep, B pa6oTe /S/ Ha OCHOBe HJyqeHHH cneKTpOB 

JIMP ~enaeTCH BhlBO~ 06 yBenuqeHHH 3DeKTpOHHOH nnOTHOCTH B a To­

Me BO~opo~a npu o6pa3oBaHHH Bo~opo~uoii: CBH3H 0- H ... 0 , 

Tor~a xax B pa6oTe 191 no cnexTpaM .HMP ycTauoBneuo yMeHbwe­

HHe 3DeKTpOHHOH nnOTHOCTH npH o6pa30BaHHH BO~OpO~HOH CBH3H. 

IJo-BH~HMOMy, XHMHqecKHe C~BHrH JIMP MOryT He HaXO~HTbCH 

B npHMOH CBH3H C 3DeKTpOHHhlM OKpylKeHHeM npOTOHa. JTO BH~HO 

H3 TOrO, qTo XHMHqeCKHe C~BHrH B px~y H303DeKTpOHHhlX MODeKyn 

CH 4 , NH3 , H2 0 , HF npuMepuo o~uuaxoBhl ll0,1B TO BpeMx xax 

HOHHOCTb CBH3H B HHX pa3nuqua. oonee TOro, B CH4 HeT BO~opo~­

HhlX CBH3eii:, a B NH3 , H 2 0 H HF OHH eCTb H ponb HX pacTeT 

npH ~BHlKeHHH no 3TOMy pH~y. 

Pauee uaMH 6hlna ycTanoBneua xoppenxuux MelK~Y BepoxT­

HOCTbiO 3aXBaTa 77- -Me30HOB XHMHqeCKH CBH3aHHhlM BO~OpO~OM 

H liJH3HKO- XHMHqeCKHMH BenuquuaMH /KOHCTaHTaMH ~HCCOUHaUHJ 111, 

HH~YKUHOHHhlMH nocTOHHHhlMH 1121 I, CBH3aHHhlMH c cocTOHHHeM 

JnexTpouuou o6onoqxu aToMa Bo~opo~a. R3 3THX JKcnepuMeHTOB 

Cne~yeT, qTo no H3MeHeHHIO BepOHTHOCTH 3aXBaTa OTPHUaTeDbHO 

3apHlKeHHhlX nHOHOB BO~OpO~OM XHMHqeCKHX COe~BHeHBB MOlKHO 

CY~HTb 06 H3MeHeHHH 3DeKTpOHHOB nnOTHOCTB B aTOMe BO~Opo~a 
/13/ 

/eM., uanpBMep, /. 

HacTOHIUaH pa6oTa HMena uenbiO onpe~enBTb JaBHCHMOCTb 

KODBqeCTBa BO~OpO~HhlX CBH3eB B BO~e OT TeMnepaTyphl no B3MeHe­

HBIO BepOHTHOCTH 3aXBaTa 77 --Me30HOB BO~OpO~OM BO~hl. R3MepeHBH 

Bhlnonuenhl ua nyqxe rr- -Me30HOB c 3Heprue8 80 M3Bcuuxpouuxno­

Tpoua OR.HR. 3axBaT nuonoB Bo~opo~oM B~eHTBiiJBUHPOBancx no 

peaxuuu x~epuoii: nep€1-3apx~KB: 

770 rr +P-•n+l___.2y /1/ 

Ha OnhlTe H3MepHDHCb CKOpOCTB cqeTa nap Y -KBaHTOB OT peaKUHH 

/1/ npu B3Meueuuu TeMnepaTyphl T MBweuu. Mepou H3Meueuux 

BepoHTHOCTH JaxBa Ta W cnylKuna Benuquua 

4 

p 
T 

WT- W25 ----
w 25 

/2/ 

Ru~eKChl y BenuqBHhl W o603HaqaKIT TeMnepaTypy MBWeHB B ° C. 

B uawux nepBhlX 3KcnepBMeHTax 1
14/ B B3Mepeuuxx npu 220 ° C 

BO~a o6nyqanBCb nyqKOM nBOHOB B nnOCKBX KIOBeTaX B3 HeplKaBeiO­

IUeB CTanB. B HaCTOHIUBX onhlTaX npB TeMnepaTypax BhlWe KOM­

HaTHOB BCnODb30BanaCb MHWeHb BhlCOKOrO ~aBneHBH, COCTOHIUaH 

H3 Tpex Tpy6ox H3 ueplKaBeiOil.leB cTanu I h = 250 .w.w,, RBHYT. = 

= 18 MM, TODUIBHa CTeHOK - 2 MM/, ycTaHOBDeHHhlX BnDOTHYIO ~pyr 

K ~pyry B nnocxocTH, nepneu~uxynxpuou nyqxy. HarpeBanue MB­

weuu ocyiUeCTBnxnocb noTOKOM ropxqero B03~yxa. TeMnepaTypa 

xouTponupoBanacb Me~L-xouciauTauoBou IT -": 385° C/ unu xpo­

Menb- alliOMeneBou I 'I' > 385 ° C/ TepMonapaMB B no~~eplKHBanacb 

nOCTOHHHOB C TOqHOCTbiO ±/2-5/°C npB nOMOlUB TepMOperynHTOpa 

Ha OCHOBe KOHTaKTHOrO MBDDHBOllbTMeTpa. 

OcTanbHhle B3Mepeuux 6hlnB Bhlnonuenhl npu aTMocliJepuoM ~aB­

neHJt:H I p = 1 a111.w.j. )J.nx B3Mepeuu8 co nb~OM npu TeMnepaType 

HBlKe uynx I -10 B -120° C/ ne~ B nnocxou cTanbHOB KIOBeTe no­

Mell.lancx B CTeKDHHHhlB COCY~ )J.biOapa, npH -120° C- Ha~ lKH~KBM 

aJoTOM. RJMepeuux co nb~OM npu 0° C H Bo~ou npu 0° C B 4°C 

npOBO~BDHCb B CTeKDHHHOM COCy~e )J.biOapa; npB 3TOM norpeWHOCTb 

onpe~eneuux TeMnepa TYPhl cocTaBnxna < 0,1 °C. 

PeJynbTaThl H3Mepeuuii:, BhlnonueHHhlX co nb~OM npu TeMnepa­

Typax -120, -10 H 0° C B BO~OB npB TeMnepaTypax 4, 25, 220, 

300, 385, 410 u 440 ° C, npuBe~eHhl B 111a6Auije B ua pucyHKe. 

B 11a6AUije yxaJaHhl TaKlKe Juaqeuux JclKPeKTHBHhlX TOpM03HhlX Ton­

IUBH MHweueu L\ B e~uuuuax z/c.w 2 yrnepo~a. nonyqennhle MeTo~oM 

BHTepnODHUBB 3KCnepBMeHTallbHhlX ~aHHhlX/15 ~ B 3HaqeHBH f T B3 

pa6oThl 16/ 

KoppeKTHOCTb npoue~yphl onpe~eneuux qucna ocTaHOBOK nuonoB 

B MBWeHHX pa3nBqHOB TOpM03HOB TOlllUBHhl npoBepxnaCb Ha MBWeHHX 

H3 LiH , , TOpM03HaH TODIUBHa JCOTOphlX B3MeHHDaCb OT 0,9 ~0 

5,4 z/c.w 2 . 

R3 •a6Auijr.l B pucyHKa BB~uo, qTo BepoHTHOCTb JaxBaTa W ue 

3aBBCBT OT TeMnepaTyphl ~DH llb~a, yBenBqBBaeTCH C pOCTOM TeM­

nepaTyphl .BO~hl ~0 KpBTBqecKOB H npB ~allbHeBweM nOBhlWeHBB 

TeMnepaTyphl OCTaeTCH noCTOHHHOB. IlpB ;JTOM He Ha6DIO~aeTCH 
3aMeTHhlX B3MeHeHBB npB I1Ja30BOM nepexo~e ne~-)I(B~KOCTb B npB 

4° C, T .e. TeMnepaType, COOTBeTCTBYIOIUeB MaKCBMallbHOB nnOTHO-
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Ta6Auija 

T°C ~sa /l,r/CM-2 p : Wr - ""•' 
" '11/a, 

< p,. :> 'w'T·Irf 1:1-
-!20 ;re.n I h 3,? -0,09.±0,05 

-IO -"- 4,0 -0' !2,±0' 06 ._o, IO,±O, 04 3,5,±0,2 0 

0 -"- 5,4 -0,!0.±0,06 

0 :lltH,nK. 6,2 -0' 05,±0' 0? 
·-0,04+0,05 3,?,±0,3 0,09 

4 -"- 6,2 -0. 03,±0. 06 I -

25 -"- !,? ... 6,2 0 jfJ,03 0,00.±0,03 3, 9,±0, I O,II 

22o/I4 I! -"- !,4 'II 3,8 0,!6.±0,03 

220 -"- 3,0 0,!3_±0,04 
) 0, !5,±0, 03 4,5,±0,2 0,38 

300 -"- 2,6 0,2?,±0,!4 0,27.±0, !4 5,0.±0,? 0,62 

385 cBepXRp. 0,9 H I,I 0,83_±0,07 

410 -"- 0,9 0,?8.±0,!0 0,8!.±0,05 7,!.±0,3 I,OO 

440 -"- 0,9 0,79,±0,!0 

CTH. E,II.HHCTBeHHbiM 06'b.IICHeHHeM Ha6mo,ll.aeMOrO 34JqleKTa MO)I(eT 

6b1Tb pa3pyWeHHe BO,IJ.OpO,II.HbiX CB.II3eH 0- H ... 0 npH DOBbiWeHHH 

TeMnepaTypbl. Ero Henb3.11 o6'b.IICHHTb HB clla30BbiMH nepexo,11.aMH 

Jie,IJ.•)I(H,IJ.KOCTb H )I(H,II.KOCTb·nap, HH H3MeHeHHeM DJlOTHOCTH Be· 

~ecTBa MHWeHH. B aHanorH'IHbiX 3KcnepHMeHTax c 3TaHOM /a xo­

TopoM, KaK H3BeCTHO, HeT BO,II.OpO,II.HbiX CB.R3eii/ nepeXO,II. ra3·)1(H,II." 

KOCTb H H3MeHeHHe DJlOTHOCTH B 110 pa3 He BJlH.RJlH Ha BeJlH'IHHY 

BepO.RTHOCTH 3aXBaTa I 16/. 

CornacHo MO.D.enH X3rrHca16 •71 . npH TeMnepaType T aTOM 

BO,II.OpO,II.a B MOJleKyne BO,II.bl C BepO.RTHOCTbiO f T HaXO,II.HTC.R BHe 

BO,II.OpO,II.HOH CB.R3H H C BepO.IITHOCTbiO (1-fT) o6pa3yeT BO.II.OPO.D.HYIO 

CB.R3b. B 3TOM npe,II.DOJlO)I(eHHB BepO.RTHOCTb 3aXBaTa DHOHOB DpH 

TeMnepaType T MO)I(eT 6b1Tb 3aDHCaHa B BH,II.e: 

WT"'WOfT+W 1 (1-fT ). /3/ 

6 

I 

' ,, 

~='!!L_~ 
r w25 H20 

I 
10 

0.8 

0.6 

0.4 

02 

00 I 

-Q2 

-m 0 m 200 n> :;Joo 
r·c 

--------- ' 
Tot~Ku - :JKcnepuMeHIIIUAbHble 3Ha'leHu.R eeAU'IUHbl PT • OIIIHocu­

JJeAbHOZO U3MeHeHU.R eepO.RIIIHOCIIIU W npu U3MeHeHUU 1/leMnepalllypbl 

0111 25°C (}o T. • - (Ja3a Ae<} I h ; o - xu<}KaJf ao(}a u • • ceepx­

KpUIIU'IeCKU.R xu<}KOCIIb. KpueaJf noAy'leHa no (JopMyAe /4/ npu 

q = 2,0!:_0,1. 

r,11.e W O H W 1 • BepO.IITHOCTH 3aXBaTa DHOHOB aTOMaMH BO,II.OpO,II.a, 

HaXO,II..R~HMHC.R BHe H B BO,II.OpO,II.HOH CB.R3H, COOTBeTCTBeHHO. KoM-

6HHHpy.R ypaBHeHH.R /2/ H /3/, MO)I(HO nony'IHTb: 

PT 
f - f 25 T_ 

/4/ 1 
f25 + q-1 

r,ll.e q;:Wo/W 1' no npe,II.DOJlO)I(eHH.RM X3rrHca H .II.P· ,II.Jl.R Jlb,ll.a fT<O =0' 
T.e. W1 ""WT<O H ,II.Jl.R caepXKpHTH'leCKOH BO,II.bl f T>Tc"" 1, T.e. 

w0 ""W • TaK 'ITO .D.n.R napaMeTpa q nony'IHM 
T>Tc 

wo 
q;:- : 2,0 ± 0,1. 

w1 
/5/ 

KaK BH,II.HO H3 pHCYHKa, KPHBa.R, npoae,ll.eHHa.R DO clJopMyne /4/, 
npH q = 2,0±0,1 xopowo cornacyeTC.R c HaWHMH ,ll.aHHbiMH. 
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TaKHM o6pa30M, BO,li,OpO,ll, "CB060,li,Hb1X" MO,ll,eKyn BO,ll,bl 3a· 

XBaTbiBaeT llHOHbl B,li,BOe 3~eKTHBHee, qeM BO,li,OpO,ll, MOlleKyn, ac­

COUHBpOBaHHblX 3a cqeT BO,li,OpO,li,HblX CBJI3eii:. llonyqeHHbiH HaMH 

pe3yllbTaT HaXO,li,HTCJI B KaqecTBeHHOM COOTBeTCTBHH C KBaHTOBO" 

MexaauqecKBMB pacqeTaMB, BblnonaeHHhiMH s nocne,li,HHe ro,ll,hl 
117

/ . 

Cornacao nocne,li,HHM, aa a ToMe so,ll,opo,ll,a MoneKyn BO.ll.hl, scTynaw­

IIUIX B BO,li,OpO,li,HylO CBJI3b C o6pa30BaHBeM ,li,BMepa (H 2 0 )2 , yMeHb­

WeHDe 3lleKTpOHHOH llllOTHOCTB COCTaBllJieT /0,03-0,04/e. 

KaK y:lKe ynoMBHanocb Bblwe, BhiBO.ll.hl o aanpasneHHH nepepac­

npe,ll,eneHBJI 3neKTpoaaoii: nnoTHOCTB CBJI3H 0- H, npoacxo,li,JIIUero 

npB o6pa30BaHHB BO,li,OpO,li,HOH CBJI3H, ,li,OCTaToqHO npOTHBOpeqHBbl. 

06'bJICHeHBe 3TOMY 3aKnwqaeTCJI, no- BH,li,HMOMY, B OTCYTCTBHH 

a,ll,eKBaTHblX 3KCnepBMeHTallbHblX MeTO,li,OB, ll03BOllJI10llUIX npocne­

,li,BTb 3a H3MeHeHHeM 3lleKTpOHHOH llllOTHOCTH B aTOMe BO,li,OpO,ll,a, 

BXO,li,JIIUeM B COCTaB CllO:lKHOH MOneKynbl. Tpa,li,HUHOHHble MeTO,ll,bl 

BMelOT HH3KYIO qyBCTBHTellbHOCTb K 3lleKTpOHHOH llllOTHOCTB B 

aTOMe BO,li,OpO,ll,a, KOTOpaJI COCTaBnJieT Many10 qaCTb OT BCeX 

3lleKTpOHOB CllO:lKHOH MOneKynbl. B TO :lKe speMJI llHOH H36HpaTellb" 

HO qyBCTBBTeneH TOllbKO K TOR qaCTH 3lleKTpOHHOH llllOTHOCTH 

MOlleKyllhl, KOTOpaJI CB.Il3aHa C aTOMaMH BO,li,OpO,ll,a, qTo pe3KO ysena­

qaaaeT qyscTBHTenbHOCTb aawero MeTo,ll,a. 

Mbl npH3HaTenhHbl A.B.:lKenaMKOBY H H.H.XosaHCKOMY Ja no­

MOIUb B pa6oTe. 
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