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B cratbe BnepBBIe paccMaTpUBaeTCs BOIPOC O HOBBIX MYTAX, HANPABICHHBIX HA CHUYKEHUE SHEp-
ro3aTpaT NpH XMMHKO-TEpMHUECKOH 00paboTKe cTayiu, HeoOXOAMMON Ijisi oOecredeHrnss KOppO3uOHHON
CTOMKOCTH CTaJbHBIX MOA3EMHBIX TPyOONpPOBOAOB. AKTyallbHasi Ha CErOAHSIIHUN JEHb MHUPOBas IMpo-
OneMa Mo MpeayNpeXICHUI0 TEXHOICHHBIX KaTacTpod, CBA3aHHBIX C pa3pyLIEHHWEM IMOA3EMHBIX TpyOo-
MIPOBOAOB, PELIAETCS Yepe3 TEOPETUIEcKoe 00OCHOBAHHUE 3JIEKTPOHHON MoJenu 00pa30BaHUs MOJIEKYJIbI
BOJIOpOJIa HAa MpHMeEpe MoAeinn aToma Bojopoaa H. bopa ¢ ucmonb3oBaHWeM ABYXaTOMHOH MOJENH
ctpoenus Beniectsa .M. Openkens.
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In article is considered for the first time a question of the new ways directed on decrease in ener-
gy consumption at chemical and thermal processing of steel, corrosion firmness of steel underground
pipelines necessary for providing. The world problem actual today according to the prevention of the
technogenic catastrophes connected with destruction of underground pipelines, is solved through theoreti-
cal justification of electronic model of formation of a molecule of hydrogen on an example of model of
atom of hydrogen of N.Bora with use of diatomic model of a structure of substance of Ya.l.Frenkel.
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W3BecTHO, 4TO mepen NpeanpUSITHIMH,
JKCIUTYaTUPYIOIIMMU OMACHBIE MPOU3BOCTBEHHBIE
00BEKTBl KOMMYHAJIBHOTO XO35HCTBa, OCOOCHHO
OCTPO Ha CEroJHs CTOMUT 3ajJjadya CHWKEHMs aBa-
pHUIHOCTH MOA3EMHBIX TpyOompoBoaoB. B nacto-
sIee BpeMs 3KCILTyaTHPyeMbIE TOA3EMHBIE BOJO-
BOJIBI U Ta30lPOBOJBI B OOJIBIIMHCTBE CBOEM JaB-
HO BBIpaOOTaM pecypc, a 3aMeHa ux TpeOyeT 3Ha-
YUTENbHBIX KaUTaIbHBIX BIOKECHHUH.

[lo mpoTSHKEHHOCTH MOA3EMHBIX TPYOO-
MPOBOAOB JJIsl TPAHCIIOPTUPOBKU HEePTH, rasza, BO-
Ibl U CTOYHBIX BoA Poccus 3aHMMaer BTOpoe Me-
cto B mupe nocine CHIA. OnnHako Her Apyrou
CTpaHbl, TA€ 3TH TPYyOONPOBOJAHBIE MAarkCTPaIH
Obutn OBl Tak M3HOLIEHHI. [lo omeHkaMm crenuanu-
croB MUC Poccun, aBapuiftHOCTE Ha TpyOOITPOBO-
Jax ¢ KaXIbIM IOIOM BO3pacTaeT U B 21-if Bek 3TH
CHCTEMBl KHM3HEOOEeCTeueH!s] BOLUIM HM3HOLICH-
HeiMu Ha 50-70%. VYTeuku u3 TpyOOHpPOBOIOB
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MNPHUHOCAT CTPaHE OTPOMHBI SKOHOMHUYECKHU U
sKonoruyeckuii ymep6. OcobeHHO O0ibIIOE KO-
JMYECTBO aBapHil NMPOHCXOAUT B TOpojax B pe-
3yNpTaTe€ yT€YeK BOIBI M3-32 M3HOLICHHBIX KOM-
MYHUKAIUA — KaHAJTU3aIMOHHBIX, TEMJIOBBIX U BO-
JONPOBOMHBIX cereil. V3 aBapuitHBIX TpyOOIpoBO-
JIOB BOJla TpOCavrBaeTCs B IPYHT, MOBBIIAS Ypo-
BEHb I'PYHTOBBIX BOJl, YTO BEIET K 3aTOILICHHIO
MOJBAJIOB M IMOA3EMHBIX KOMMYHHKauuid. Boznu-
KaloT TPOBajibl U MPOCAIKH T'PYHTa, a TaKkKe He-
paBHOMepHBIE 0caaku (HYyHIAMEHTOB 3aHUHA U CO-
OpY)KEHHI, YTO TPO3UT UX oOpyIeHueM [1].

B Poccuiickoii ®enepanuu obdmias mpoTs-
JKEHHOCTh MOA3EMHBIX He(dTe-, BOIO- U Ta3ompo-
BOJIOB COCTAaBJISIET OKOJI0 17 MUJITMOHOB KHJIOMET-
POB, TIPH 3TOM H3-3a MOCTOSHHBIX MHTEHCHBHBIX
BOJTHOBBIX M BHOPAaMOHHBIX MPOLIECCOB, YYACTKH
3TUX KOMMYHHMKALUH MPUXOAMUTCS MOCTOSHHO pe-
MOHTHPOBATh WJIM TOJHOCTBIO 3aMeH:Th. Becbma
aKTyaJIbHBI BOIIPOCHI 3aIIUTHl OT KOPPO3HH U JUIS
HeTaHOW u HedrerazomoObIBaroLIell oOTpacien
BBHJY arpeCCUBHOCTH CpEA M YKECTKHX YCIIOBHMH
9KCIUTyaTallud METAJUIOKOHCTPYKIMHA. Y OBITKH,
BBI3bIBAEMbIE TUAPOYAApaMU M KOpPpO3HEH, co-
CTaBIISIIOT HECKOJBKO COTEH MUJUTMApIOB J0JUIa-
poB 1 0ok0i10 S50 THICSY TOHH YEPHBIX METAJIOB B
rox [1].

ABTOpBI CTaTbH yK€ JaBHO BEOYyT HCCIIe-
JOBaHUS, HalpaBJICHHBIC Ha PEIICHHE BOMPOCOB
CHIDKEHHS PHCKA BO3HUKHOBEHHS M IOCIEICTBHH
TEXHOT'CHHBIX KaTacTpod MpHU IKCILTyaTalluH MOJ-
3eMHBIX TpyOorpoBoaoB [1 — 5].

B nanHO#l craThe aBTOPBI MpEdararT
TEOPETHUYECKOEe OOOCHOBAHHUE JIEKTPOHHON Moje-
JM MOJIEKYJIbI BOJOpOJAa KaK IEpBOW CTYICHHU B
MOCTPOCHUN MOJEIH JKUAKOCTH M TBEPAOro Teja.
VYnpasnsis Gpa3oBbIMU NEpexX0JaMy TAKOTO TBEPIO-
ro Teja KakK CTajb, MOKHO CYIIECTBEHHO CHU3UTh
9HEPro3arparbl IpU XUMHKO-TEPMHUUECKON €€ 00-
paboTke, HEOOXOMMMOHN [UIA oOecreueHus] Koppo-
3MOHHOW CTOWKOCTH CTaJbHBIX MOJ3EMHBIX TPYyOO-
HPOBOIOB.

W3BecTHO, YTO aToMbl — 3TO KBaHTOBAH-
Hble 00pa3oBaHMsl, M, CIEIOBATEIbHO, MOJIEKYJa,
COCTOSIILAsl U3 aTOMOB, TaKK€ KBaHTOBaHA, O YeM
CBHUJICTEIBCTBYIOT CIIEKTPHI MOJIEKYJSPHOT'O BOJO-
poxa.

BzanmopeiicTBie AByX aTOMOB BOIOPOAa
1o o0pa3zoBaHHsI MOJIEKYJBI omnpenensercs Kyio-
HOBCKHM B3aUMOJICHICTBUEM 3aps/IOB siiep aTOMOB
(TPOTOHOB) W DJEKTPOHOB M B3aWMOJICHCTBHEM
MAarHUTHBIX TIOJNEH BpAIIAIONIMXCA BOKPYT sIEp

SJIEKTPOHOB C 3apsiOM e, TaKk Kak dJIEKTPOH, Bpa-
LIAIOUIMHCA BOKPYT siipa aToMa, MpPEACTaBIseT
co0o0if BUTOK TOKa, CO3AAIOLINIA MarHUTHBIN MOTOK
BJIEKTPOHA MarHUTHOU MHIYKIUEH By.

Paguyc nelcTBHS  3IIEKTPOMAarHUTHOTO
B3aMMOJICUCTBUS MPAKTUYECKH HE OrpaHHyeH, Mo-
3TOMY IpH COJIMKEHUH IBYX aTOMOB Bozxopona H
u H |, uMeronmx Ha CBOMX DJIEKTPOHHBIX 000J10Y-
Kax 3JIEKTPOHBI, OCYILIECTBIISIETCS] B3aUMOJICHCTBHE
MEKAY MarHUTHBIMHU TOJISIMUA aTOMOB, B pe3yJibTa-
T€ MPOUCXOAUT «3aMBIKAHUE» MATHUTHBIX MOJICH ¢
o0pa3zoBaHHEeM 3JEKTPOHHBIX map. B astom mo T
JIptoncy 3akmroyaercsi BO3HHKHOBEHHE CBS3EH
MexIy aTomamu [6].

I[lo MU.E. TamMy B3aMMOAEHCTBYIOIUI
aTOM HE MOXET OTIaThb Ha MOJICKYJSIPHYIO CBSI3b
0oJice IOJIOBHHBI CBOCH COOCTBEHHOM dHEpruu [7],
MO3TOMY C OCHOBHOM OpOWTBI 3JIEKTPOHA CBS3b
aTOMOB OCYLIECTBUTH HeNb3s. 15 OcyIIecTBIeHHS
CBSI3U JIBYX aTOMOB IIOCIJICIHUE JOJDKHBI IIPHITH B
BO30YkJeHHOe cocTosHue. OO0pazoBaHUE MOJICKY-
JBl BOAOPOJA MOXKET MPOHM30MTH TOJBKO TOra,
KOrIa 3JeKTPOHBl aTOMOB HAaXOAATCS Ha IEPBOM
BO30Y)KJIEHHOM YpPOBHE — Ha PACCTOSHUU YETHIPEX
BopoBckux paanycoB OT sipa HpU COOTBETCTBY-
IOLIEM JaBJICHUU U TeMIlepaType, YeMy U COOTBET-
CTBYIOT 3eMHbIE KJIMMAaTHYECKUE TEMIEepaTyphsl U
JaBJIeHHUsI. DTO KOCBEHHO MOATBEP)KAACTCS HEBO3-
MOXHOCTBIO JJIUTEIBHOTO CYIIECTBOBAHMUSA aToO-
MapHOTO BOAOPOJAA B 3€MHBIX YCJIOBUSX, HU TIPH
KaKMX HU3KUX JAaBJICHUAX M KIMMATUYECKUX TEM-
nepaTypax.

MarHuTHble TIOTOKH, CO3JaBaeMble 3JIEK-
TPOHAMHU JABYX CONM3HMBIIMXCS aTOMOB BOIOpO.A,
B3aMMOJICUCTBYIOT APYT C APYrOM M NPUXOIAT B
€IMHCTBEHHO BO3MO)KHOE YCTOMUMBOE COCTOSHUE,
KOrJa HampaBjeHUS 00OMX MAarHUTHBIX ITOTOKOB
coBnagaroT -N-S-N-S-, u ux ocu Haxomgrcs Ha
OJTHOM NPSIMOH.

JBmxyiecss o opOUTAISIM 3apsiKEHHbIE
YaCTUIbI (3IEKTPOHBI) OJHONO aToMa MepeMela-
IOTCSI B DJIEKTPUYECKUX M MAarHUTHBIX HOJSX JpY-
TOro aToMa, YTo NPUBOIUT K CUTYyalHuH, IPU KOTO-
POl TOCTENeHHOE BpPAaILIEHUE 3JIEKTPOHOB COCE-
HUX aTOMOB CHHXPOHH3HUpyeTcs. Boibiyio dacTb
BPEMEHM 3JIEKTPOHBI BpAIAIOTCS B IUIOCKOCTSIX,
HOPMaJIbHBIX KpaTdalIlleMy pacCTOSHUIO MEXIY
SAOpaMi aTOMOB CUMMETPHUYHO OTHOCHTENIBHO IIeH-
Tpa cummerpun cuctemsl C. J[Ba aToma Bogopona,
JIBIDKYIIMECS B Pa3HbIX HANPABJICHHUSX C Pa3HBIMU
ckopoctsimu Vi uV, , «cuenuBIIHEcsS» MpH
COMMKEHUH MarHUTHBIM U KyJIOHOBCKMM B3auMo-
JNEUCTBUSIMH, COCTABISIIOT Tpel MOJIEKYJSIpHOE

TEXHUKO-TEXHOJIOTUYECKHE INTPOBJIEMbI CEPBUCA Ne1(23) 2013 37



B.II. I'yces, I1.C. Opnos, JI.A. ['ondobuna

o0OpazoBaHHe, KOTOpOE TMPHUBOAUT B3aMMOJCH-
CTBYIONIIYIO Mapy aTOMOB BO BpAILATEIbHOE JBU-
*xeHue (puc.2).

CucreMa U3 JBYX aTOMOB, KaXXJIbIi U3 KO-
TOPBIX UMEET TPU CTEIEeHH CBOOOJBI, MOTyYaeT 2
BpAaIIaTeIbHBIE CTEIICHU CBOOOIBI.

B pesynbrate KynonoBckoro Bo3nencTBus
U IEHCTBUSI CYMMAapHOTO MarHUTHOTO MOTOKa HH-

Z[YKI_II/IGI;I BZ, ATOMBI «TIOATATUBAKOTCA» JOPYI' K

IpyTy 10 paccrosHus mopsaka 17,95 pammycor
Bopa. DnekTpoH Ka)kaoro U3 aTOMOB OKa3bIBaeTCs
B IOCTaTOYHO CHJILHOM MarHUTHOM ITIOTOKE CBOETO
cocena. Cuna Amnepa F, mepemernaer 31meKTpoH
Ka)X/10T0 U3 aToMoB ¢ opbutanu 4Rp Ha 9Rg opOu-
Tajdb W MPOUCXOOUT B3anMHOe mepeceueHue 9Rp
opOuraneii nByx atroMoB (puc. 2) ¢ 00pa3oBaHUEM
SIIEKTPOHHON CBSI3U MEXIy aTOMaMH
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Pucynox 1. CUHXpOHH3anusi BpaleHUsl 3JIEKTPOHOB IPeA MOJIeKYJISIPHOTo 00pa30BaHMs

Pucynok 2. Csi3piBaHHe opOuTAasIeii mpeaMoJieKyJIsIPHOT0 00pa30BaHus (3JICKTPOHBI BPAIIAIOTCS B IMIIOCKOCTH
HOPMAJIBHOM OCH, COSIUHSIONIEH aTOMBI BoZiopoa; 9Rg opOHTAIHN OKAa3aHbI TOJBKO B 00JIACTH CBSI3HIBAHMS)

ATOMBI BOJOPOAA, CONMKAACH 3a CUET CHII
KyJIOHOBCKOTO B3aMMOJEHCTBUS, 00pa3yloT mpo-
CTPaHCTBEHHYIO CHCTEMY MOJEKYNbl U3 ABYX IO-
JIOKHUTENFHO 3aPSHKEHHBIX MIPOTOHOB M ABYX 3JICK-
TPOHOB Ha JIByX B3auMHO mepecekaronmxcs 9Rp
opOuransx, mourtu kacaromuxcs 4Rp opOutaneit
cocena. DIEKTPOHBI MOJEKYJIbl, HaXOAALIMEcs Ha
9Rp opOutansx, OONMBIIYI0 YacThb BPEMEHH Bpa-
HIaloTcsl BOKPYr oburero nentpa macc. [Ipu obpa-
LICHUH 3JIEKTPOHOB BOKPYT OOIIEro LEHTpa Macc
ciibl  KyJIOHOBCKOTO MPUTSKEHUS! MPEBBILAIOT
CHJIBI OTTAJIKUBAHHUSA SIIEP aTOMOB, IOATOMY MOJie-
KyJia SIBJISIETCS] YCTOMYMBBIM 00pa30BaHUEM.

Tak kak no Tammy W.E sHeprus BHenHero
B3aMMOJCHUCTBUS HE MOXKET OBITH OOJIBILE TTOTOBH-

HBI COOCTBEHHOTO 3HAUCHHUSI YHEPTHUH CTaTHUYECKO-
ro 3apsza [7], To cOnmkeHne IBYyX aTOMOB BOJO-
pozxa, BO3MOXKHO TOJNBKO Ha paccTosiHHuE, Oojbliee
nByx bopoBckux paanyca.

Bo3HUKHOBEHHE MOJEKYIAPHOH  CBSI3U
Mexay aromamu 1o I. Jlproucy 3akmiouyaercst B
o0pa3oBaHMU DJIEKTPOHHBIX map [6], koropsie mo-
SIBJIAFOTCS TIPY B3aMMHOM TiepecedeHun 9Rg opOu-
tasneii [8].

[To N.E. Tammy [7] 3anpemnieHo mepeceye-
Hue bBopoBckoit opOutanu. B coorBercTBUM €O
BTOpBIM mocTysnaroM H. bopa u B cuiny mpunuuna
Heomnpenenennocrelt B. ['elizenOepra 3amperieHo
CMbIKaHue (KacaHue) JIOOBIX oOpOuTanmel IByX
aTOMOB APYT C APYrOM:. JIIOOBIE 3JIEKTPOHHBIE Op-
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OuTany AByX aTOMOB OTTAJKUBAIOTCS JIPYT OT APY-
ra B CHJIy KYJIOHOBCKOTO B3aUMOACHUCTBHS 3JIEK-
TPOHOB, TaK, OyATO Ha BCEX OpOUTANAX MMEIOTCS
3IIEKTPOHBI.

B mporuBHOM ciydae mojekyma Obl pac-
nanack nocie GopMaaTbHOro 0OMeHa aTOMOB 3JIeK-
TpoHamu [8].

B pesynbraTe MOXHO TOBOPUTH O IBYX-
aTOMHOM CTPYKType C COOCTBEHHBIMH 3JIEKTpPOHA-
mu Ha 9Rg, HaxomsamMucs BOIm3u opoutam 4Rp
cocenna. B cBs3M ¢ ueM pe3KO pacTyT CHIIBI OTTaJ-
KHMBaHUS NIPH NpubamkeHnu opoutanu 9Rg ogHOro
aToma K opoutanu 4Rg npyroro. PaccrosHue Mex-
Iy aToMaMH BOIOPOJAA YBEIWYMBACTCS, W OJIEK-
TPOHBI CHOBA YXOJST Ha OPOHUTY BpAIICHHS BOKPYT
o01Iero nHeHTpa Mace, Tak Kak UX SHEprus He Mo3-
BOJISIET UM HaXOJOHUTHCS Ha BTOPOW pa3peleHHON
opOutamu. Jto He aaer coMkHYThes 9Rp m 4Rg,
4YeM BBINIONHSETCS TepBbId moctynatr bopa wu
npuHOUN HeonpeaeneHHocter ['efizenOepra. Ort-
Cloa HEU30eKEeH TOCTOSHHBIN KoneOaTelbHbIH
MPOILIECC, TTOCKOIBKY BCE BPEMs C ONpPEACICHHBIM
MEPUOJIOM M3MEHSIETCSl PACCTOSIHHE MEXKIy aToMa-
MU B MOJIEKYJE OT Rpin > 9Rpg + 4Rp 10 Rnax < 9Rp
+ 9Rg. Cucrema u3 JByX aToOMOB IOJIyYaeT EIie
OJHY CTEIEHb CBOOOIBI — KOJeOaTEIbHYIO.

PasnokeHne CHUCTEMBI CHJI KYJIOHOBCKOTO
B3aMMOJCHUCTBHSI 3apSKEHHBIX YaCTHIl MTOKa3bIBa-
€T, YTO CTaTHYeCKasl CUCTeMa, COCTOsIIasl U3 de-
THIpEX 3apsA70B, HU MPU KaKOM MX B3aUMHOM pac-
MOJOKEHUN HE MOXKET HaXOOUTHCS B YCTOMYHMBOM
cocrostHuM (paBHOBecuH). Ha ocHOBaHMM TEOpEMBI
C. UpHiioy  ycTOMYMBOE CTaTHUUYECKOE pacIperie-
JICHWE 3JICKTPUUYECKUX 3apsAA0B, HAXOMAIIMXCS Ha
KOHEYHBIX PAacCTOSHUSIX JAPYT OT Jpyra, HEBO3-
MOXXHO [9], Tak Kak MoJeKyla He NpeACTaBIIsET
CTaTUYECKYIO CUCTEMY 3apsAaoB. EE€ ycToHYMBOCTS,
TaK Xe Kak M aToMa, MOXeT ObIThb olOecredeHa
TOJNIBKO HEIPEPBIBHBIM JIBW)KCHHUEM YacTHIl (IBU-
JKEHHEM DJIEKTPOHOB BOKPYT LEHTpa Macc U Kolie-
OaTeNnbHBIM MpoLeccoM siziep atoMoB) [8].

BcneactBue yero Monekyia, ¢ TOYKH 3pe-
HUS KJIaCCHYeCKOW (H3MKM, HE MOXkeT (3a pen-
YalIIMM HCKIIOYEHHUEM JOOOBOTO CTOJKHOBEHHS
aTOMOB) o00Opa3oBaTbcsi 0€3 MONyuYeHHs Bpalla-
TENBHBIX CTENEHEeH CBOOOABI W B NPUHIMIE HE
MOXET CYIIECTBOBaTh 0€3 KoneOaTeNbHON CTEIeHH
CBOOOBI, YTO COOTBETCTBYET BBIBOJIAM KBAHTOBOM
(U3MKN O HAJTMYUH HYJIEBBIX KOJICOaHUH.

Cucrema cuJjl, CBS3BIBAIOIIAS YETHIPE Ma-
TepHaJbHBIX 00BEKTa (Ba NMPOTOHA W JBA DJICK-
TPOHA), SIBJISETCSI BEKTOpHOW cymmoid cun Kyio-
HOBCKOTO TMPUTSDKEHUS W OTTAJKWBAaHUS M CHJI
AIIEKTPOMArHUTHOTO B3aUMOJCHCTBUS MAarHUTHBIX
NOTOKOB (T0JIel) B3aUMOJICHCTBYIOIIMX AaTOMOB.
CoOnmxeHue saep aTOMOB MPEKPATHTCS, KaK TOJb-
Ko opoutans 9Rp omHOr0 aroma comusutcs ¢ 4Rg
apyroro. st yCTOMYMBOCTH K€ MOJIEKYJIBI HE0O-
XOAUMO, YTOOBI ANEKTPOHBI OOJBLIYIO YacTh Bpe-

MEHH HaXOJWJIUCHh B MPOCTPAHCTBE MEKIY SApaMHU
— B 001acTH CBSI3BIBaHMS, BPAIIAsICh BOKPYT IICH-
Tpa Macc YeThIPEX MacCOBOWM CHUCTEMBI, 0Oecedn-
Bas  TOBBIIICHHYIO IUIOTHOCTh  BEPOSTHOCTH
HaXOXKJICHUS DSJICKTPOHOB B MEXBSIACPHOM IIPO-
CTPaHCTBE MOJICKYJIBI.

s oOpa3zoBaHHMs CBSI3M HEOOXOUMO,
YTOOBI MPOU3OILIO MPOHUKHOBEHUE OpPOUTANIH O
HOrO0 aToMa B OpOWTAaNh JAPYroro aToMa, TO €CTh
nepekpeiTHe  (TepecedcHre) opOuTanel, Koraa
AJIEKTPOHHAS Tapa CTAHOBUTCA OOIICH ais sijep
CBSI3BIBAEMBIX ATOMOB.

CpenHee pacCTOSHHE 3JIEKTPOHA OJHOTO
aToMa OT sApa COCEQHEr0 aTroMa COCTaBIISCT
13,1Rg. Ilepexon anmextpona ¢ 13,1Rg Ha 4,0Rp
touHOCTHIO 110 0,1 % COOTBETCTBYET SHEPTUU JIHC-
COoIlMalui MOJIeKynbl, paBHoH 2,35 3B, Ha koto-
phle yBETUYHIIACH 11O aOCOMIOTHON BEIMYUHE I10-
TEHIMAJIbHAS 3HEPTUS KaXJO0ro U3 aToOMOB B MO-
nekyne, cocraBuB — 15,9 3B.

Takum 00pa3oMm, aBTOpaMH ObLIA MOITyYe-
Ha YCTOWYMBAs JIBYXaTOMHAs MOJIENIb MOJEKYJIbI
Bozopona o S.M. ®penkento [10] (Pucynok 3),
UMEIOIAsl pa3Mephl, OIMpPENSIsieMbIe B3aUMHBIM
TIOJIOKEHUEM JIBYX BO30YKIICHHBIX aTOMOB.

YBenuueHne mpyu 3TOM CyMMapHOTO 3apsi-
Jla sep JBYXMAcCOBOM CHCTEMBI BJEUET 3a co00it
cokpamenue boposckoro pammyca B 1,9 pasa mo
3HAYCHUS KMOJIEKYJISIPHOro bopoBckoro pamuyca»
Ro=Rg/1,9:

h?.g
R =n"—-—"0 1
" my-x-Z-€* -1 M)
roe: n =1, 2, 3, ... — HOMep CTauHOHAPHOI opOu-

Tanu, Z — 4YHCIIO MPOTOHOB B Mosekyie; k = 0,95
— TONPaBOYHBIA KO3(PPUIHMEHT, YYHUTHIBAIOLINH,
YTO B MOJIEKYJI€ IPOTOHBI Pa3HECEHHBI.

DTO NPUBOAUT K yMEHbILICHHIO (10 abco-
JIOTHOM BENMYMHE) BEIMYMHBI ITOTCHLIUAIBHOM
9HEpruM cucTeMbl. PaccrosHue (a) Mexmay aToma-
MH Tazoo0pasHoro Bogopoaa (H) B monekyne pas-
HO CpeHEMY MEXbIJCPHOMY PACCTOSHHIO!

a=(13,1Rg/ k- Z) = (13,1Rs/ 1,9), 2
KOTJIa 3JIEKTPOHBI M POTOHBI 00pa3yloT 1Ba Mps-
MOYTOJIbHBIX TPEYrOJbHHUKA, B KOTOPBIX MOJIEKY-
nsipHas opburtans IRy KaIoro U3 aTOMOB MOUYTH
Kacaercsi MOJeKyJsipHOH opOutamun 4R, cBoero
cocera.

B momyuyeHHON ABYXaTOMHOM MOJIENM Ta-
3000pazHoro Bomopoaa (Pucynok 3) BparieHue
3JIEKTPOHOB CTPOr0 CHHXPOHM3HpOBaHO. OHU Tie-
peMeraroTcs o opOMTaM, OZHOBPEMEHHO y4acT-
Bys B KPYrOBOM JIBIKeHWH (IIOKa3aHHOM (uryp-
HBIMH CTPEIKaMHU) BOKPYT OOILEro IIEHTpa Macc Mo
pamuycy 6,17R,, oOecreunBas TOBBIIICHHYIO
TUIOTHOCTH BEPOSTHOCTH HaXOXKACHUS 3JIEKTPOHOB
MEKAY aTOMaMH.
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Pucynok 3. JIByxaToMHasi MOJeJIb CTPOeHHsI MOJIeKyJIbI Boropoaa no SI.H. ®@penkento (pagnyc H. bopa
YCIIOBHO HE MOKa3aH)

Opbutel Ha Pucynke 3 mnokaszaHbl 37-
JUTICHBIMU JIMHUSAMH TI0 JeBATOH BopoBckoii mo-
nekynsapHoi opoutanu 9R,.

[Ipn HaxOXIEHHU BJIEKTPOHOB HA KOHYCE
CBSI3U CHJIBI MPUTSDKEHUS] MEKIY aTOMaMH OIpe-
JENSIOTCA MapajulelIorpaMMOM  CHJI  B3auMOJeH-
CTBHSI MEKIY SAPAMHU M 3JIEKTPOHAMH.

Ecnu snekTpoH HaxoauTcs B mpemenax
KOHYCa CBSI3U, CHJIa IPUTSDKEHUS MEXKAY aTOMaMH
(B MakcuMyMe) paBHa YABOCHHOMY 3HA4YCHHIO CH-
JIBl IPUTSDKEHUST MEXIY SAPOM aToOMa U KIYKHM»
anekTpoHoM. [lpu obpaieHnn 37eKTpOHOB O Op-
OuTansaM 3a MmpeaeriaMyu KOHyca CBSI3H CHIIBI KyJIO-
HOBCKOT'O MPUTSKEHUS MaJaroT 10 MOMEHTa, Kora
TUIOCKOCTH  BPAIICHUS DJIEKTPOHOB CTAHOBSITCS
NEPIeHINKYISIPHBL TPSMOH, COEOUHSAIOUIEH aTo-
Mbel. Ho B 3T0O Bpems yBennumBaeTcs MarHUTHas
COCTaBJISAIONIAS CHJI MPUTSDKEHHUSI aTOMOB, W JAei-
CTBHE CHJI IPUTSDKEHHS OCYILECTBISIETCSl BCE Bpe-
Msl HaxXOXKAEHHS 3JIEKTPOHOB B 3TOM IIPOCTpaH-
CTBEHHOM IIOJIO’KEHUH.

Bpamenune Bokpyr oOmiero meHTpa macc
He 3ampelaer BpalleHne dJIeKTpPoHa B 000 1py-
r'Oil MJIOCKOCTH 110 OpOUTe, HAaIlpUMeEp, MOKa3aHHOM
MYHKTUPHOW JINHUEH B IJIOCKOCTH YepTekKa.

WHTepecHb! Ba SKCTPEMAIBHBIX MOIOXKE-
HUS 3JIEKTPOHOB. Ha NPSAMON JHHUM MEKIY aro-
MaMH U Ha TOH )K€ MPSAMOH, HO 32 aTOMaMHu BOJO-
poxa. B mepBoM ciydae cuiibl IPUTSDKEHHS IIpe-
BBIIIAIOT CHUJIBI OTTAJKWBaHMA MOYTH B 42 pasza, a

BO BTOPOM CHJIBI OTTAJIKMBAHUS MPEBBILIAIOT CUIIBI
nputskeHust B 1,44 pa3. COMKHYTbCS HWIM KOC-
HYTBCSI IpyT npyra opoutanu 4Rou 9R, He Moryr,
TaK Kak B 3TOM Cllydae PE3KO BO3PACTAIOT CHIIBI
OTTAJIKWBaHUS 10 OTHOIIEHHUIO K CHUJIaM MpPUTSDKE-
aust (B 10,9 pas), u 370 03HAaYaeT MEPEXOi K-
TpoHOB ¢ 9R; Ha opOutans 4R, Cuibl oTTaNKu-
BaHHUS MPHU 3TOM BBIIOJHSIOT TEPBBIA IMOCTYJAT
Bopa u npunnun HeonpeneneHHocreil I eiizenoep-
ra.

Pe3koe m3MeHeHME CHJI MPHUTSDKEHUS Ha
CHJIBI OTTAJIKMBAHUS B TE€UEHHE OAHOrO IEPHOAA
BpalICHHs CTUMYJIUPYET KoJeOaTeNbHbIN MmpoLecce,
U PACCTOSHHS MEXIy aTOMaMd TO YMEHBINAIOTCS
nout 10 (4 + 9)'Ro, TO pacryr (mpu Hakauke
OHEPTUH U3BHE), JOCTHrass MaKCHMaJIbHO BO3MOX-
HOTO 3HauyeHus, 4yTh MeHsbIero 2-9'Ry, ecimm cu-
cTeMe He COOoONIeHa OMOJHUTENbHAS JHEPIrus
JIMCCOIIMAITHH.

CaMOCTOSTETEHO MOJIEKYJIAa Pa3pyIIUTHCS
HE MOXKET, TaK KaK MpU YBEIWYCHHH DPACCTOSHHS
Mexay aromamu 10 (2:9— 0,1) Ry Bozpacraer cuna
Yroia MeXIy DJEKTpOHAMHU
(v cunamu B3aumonecTus) crpemurcs k 0, u na-

MNPUTAKCHUSA aTOMOB,

JlaeT 3HaYCHUE CHJIIBI OTTaJKNUBaHuA. B pesynbrarte
P NPOXOXKACHNUHU 3JIEKTPOHOB Yepe3 LIEHTP KOHY-
ca CBSI3M CWJIA MPUTSHKEHUS NMPEBBILIAET CHITY OT-
tajkuBaHus B 8 pa3. Takum oOpa3om, momaydaercs
yCTOIYMBas caMOpErylIupytomascs TMHaMu4ecKas
CHUCTEMA — MOJIEKYJIa BOAOPOAA.
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O6ecneveHue KOppO3UOHHOU cMOLIKocMu cma/ibHbIX N0J3eMHbIX Mpy6onpo8odos nymem
yhpassieHus ¢azosvimMu nepexodamu npu mepmoobpabomke Ha 6ase meopuu ...

PazpymmThcst MONEKyna MOXET TOJIbKO B
TOM Cllydae, eClId 33 BpeMsl paBHOE MEHBIIE TIOJI0-
BHHE ITEpU0/ia 00OpalleHus JIEKTPOHA BOKPYT sapa
aToMa aMILTUTYJa KoiedaTeapHOro mporecca mpe-
BBICHUT pacCTOssHHE paBHoe SRy, a paccrosHue
MEXKAy aToMaMu mpeBbicHT 18R,.

Ha paccrosaun 13,1R, HaxomsaTcs sapa
aTOMOB BOJIOPO/Ia B MOJIEKYJIE IPYT OT JIpyra. JTo
pacCTOSHUE SBISICTCS CPETHUM PACCTOSIHHEM, KO-
TOPOE JIOIDKEH MPEONIONIETh AJICKTPOH «UYKOTO»
aToMa BOJIOPOJa, YTOOBI TOYTH KKOCHYTHCS» BTO-
poro Bo30YKJIEHHOTO YPOBHS aToMa OT sJIpa CBOE-
To cocela MpU CPEIHEM PACCTOSHUHM MEKIY Iiep-
BBIM BO30YXIICHHBIM YPOBHEM COCEla U BTOPHIM
CBOMM YpOBHEM BO30yxjaeHus, paBHoM 2,8 nu. B
pe3yabTaTe Ka)Iblii W3 DJIEKTPOHOB B MOJEKYIEe
OJTHOBPEMEHHO MPUHAIIISKUT ABYM aTOMaM U CBSI-
3aH (Haxojsch Ha 9Ry cBOEro aroMa) co CBOUM si/I-
poM 3Hepruelt 1,76 5B, a ¢ 4y>)KUM aTOMOM, HaxXo-
nsace ot Hero Ha 13,1Ry , aneprueit 1,21 5B, uto
COOTBETCTBYET moctynary Tamma.

[lepemerienure ayiekTpoHa aToMa BOJIOPOIA
¢ opourtamu 4R Ha 9Rp opOuTans, npu obpasosa-
HUW MOJIEKYJIbI, COOTBETCTBYET 3aTpaTe SHEPTHH
AE4 95 = 1,88 5B. Ha 310 e 3HaueHHWe yBeNu-
YUTCA OTPHIIATENbHAS TOTEHIMAIBHAS JHEPTHUs
Ka)KJIOrO M3 AaTOMOB CHCTEMBI.

Ha AFsg 90 = — 0,261 5B mipu c:xaTHH Kax-
noit 9Rp opbutanu 1o bopoBckolr MonekyaspHOR
opoutanu 9R, yBenuuuTcs mo abCOMOTHON BeEH-
YUHE TOTEHIMAIbHAS JHEPTHS KaXKJIOro aroMa B
MOJIEKYJIe.

Ilpu cxatum kaxnoil 4Rp opbutamu 1o
BopoBckoit monekynsipaoir opbutamu 4,1R, mo-
TEHI[MAJIbHAST SHEPTUS KaXIO0TO 3JIEKTPOHA CHUCTE-
Mbl Ha 3TOM OpOWTANU TaKKe YBEIWYUTCA Ha
AE4B,40 = 0,590 9B.

Taxum oOpa3oM, mpu oOpa30BaHUU MOJIE-
KyJIBI BOIIOpOJIa OTpHUIaTeIbHAs MOTCHIIMAIbHAS
SHEPTHUs KaXJJIO0r0 aTOMa CHCTEMBI YBEIIMYUTCS I10
a0OcomrorHoil BenuuuHe ¢ — 13,55 5B no — 15,90 »B
—-81,173 paza.

Yactp yBenuueHHUs MOTCHIUATLHON 3HEp-
Uy yerBepToit opoutanu AFEp 49:

AE4 = 4AE4B,40 / 1,173 -9= (— 0,590 .

4/1,173-9) =-0,223 (»B) 3)
HE00XOJMMO TIPUILITIOCOBATh K SHEPTUHU 00pa3oBa-
HUS MOJICKYJTBI:

AE4B,QB + AE()B,go +AE4 = —1,88 - 0,26

—0,223=-2,363 (3B), 4

Tak Kak mnpu e€ oOpa3oBaHUH OJHOBPEMEHHO
«Ipocefanu» W KOHEll, U Havyajo BEKTopa Iepe-
MeIleHns eKTpoHa Ha 1,88 5B.

B pesynbrare noixy4uM 3HaYeHUE YHEPTUU
00pa3oBaHMsA MOJEKYJIBl BOZOPOAAa C TOYHOCTBIO
1o 1 %.

Ilogpem osnextpona c opOutamu 4Rp Ha
9Rg opOutane npu 0oOpa3oBaHUM MOJIEKYJBI BOJIO-
poxa uaer Oe3 3aTpar SHEPTUU M3BHE 3a CUET I10-
HWKEHHS TTOTEHIUAJIbHOW YHEPTUU CUCTEMBL. Mo-
JIeKyJa SHEpreTHYecK: Oonee BBIrOIHA, YeM aTOM.
Hecmotps Ha moabem 3iekTpoHa ¢ opbutanu 4Rp
Ha 9Rp opOurtans mpu 0Opa3oBaHUM MOJIEKYJIBI
BOJIOPOZA, DIIEKTPOH B MOJEKyNe Bogopona ¢op-
ManbHO ocTtaercs Ha 4R, bopoBckoil Monekymsp-
HoOW opOutanu, Tak kak 9R, opOurtanp cocemHero
aToMma moutu «kacaercs» 4Ry opburanu maptHepa.
OTO KOCBEHHO MOATBEPXKIAIOT CIIPaBOYHBIC JAH-
HbIC. 3(PEKTUBHBINA THaMETP MOJIEKYJIBl BOAOPOAA
dy =023 um=230-10 (m). duamerp dyg Bo-
poBckoit MonekynsipHon (4Rg) opOuramu cocras-
JISIET:

dwo=2-4Ry=2-4Rp/19 =
=2-4-528-10 *%/19=
=222,3-10 ~* (u), (5)
9TO0 C TOYHOCTHIO 3,4 % COOTBETCTBYET CHpaBOY-
HBIM JIaHHBIM, @ YUYHUTBIBAsi PACCTOSHUE DIIEKTPOHA
(rmaxomsmierocst Ha 9Ry) ot 4Ry opbuTtanu B Mose-
KyJi€ BOAOPO/ia MOIyYHM:
dio=2- (4Ro + 0,1Rg) =2 - (4Rg +0,1Rp) /1,9 =
=2.(4-528+5,28)-10 2/1,9=
227,87 - 10 ~*2 (m), (6)
MOTPEIHOCT  onpeneneHuss 3QQGEeKTUBHOrO aua-
MeTpa MOJIeKynbl Bonopona He mpesbimaer 0,93
%.

IIpu cooluieHnn MoJeKyne BOAOpPOnA
sHeprun 2,35x2 5B mocHemHsAs AUCCOIHHPYET.
Ilepeceuenue opbut, u cxxkatie opoOuTaneii ucuesa-
er, a 9Ry yBenmuuBaercs a0 9Rp, orOpackiBas
aTOMBI JIPyr OT Apyra.
9Rp aromoB nepexonar Ha 4Rg opOuTanu, Tak Kak
npu oOpa3oBaHUM MOJIEKYJBI 3JEKTPOHBI OBLIH

ONeKTpoHbI ¢ opOuTanei

noguatel ¢ 4Rp opbutaineii Ha 9Rg opOutanu cu-
noit AMriepa 6e3 3arpar sHepruu u3 BHe. [lpu auc-
COLIMAIIMU MOJIEKYJIBI SJIEKTPOH COCEHEr0 aToMa ¢
4,1R, orOpaceiBaercs Ha 9,01R, ot sapa cocena,
Ha 4TO 3aTpauuBaercs >Heprus 2,113 5B, paBHas
NOTEHLHATy 00pa30BaHMsI aTOMApHOr0 BOAOPOAA
cocrasisitomyto 2,11 B. Ha mepemerenue siek-
TpoHa ¢ 9Ry Ha 9Ry 3arpaumBaercs sHeprus 0,261
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9B. B urore sHeprus quccoUUAA aTOMa BOJOPO-
na cocrasiister 2,37 9B, dro ¢ Tounocteio 10 1,0 %
COOTBETCTBYET CIIpaBOYHBIM JaHHbIM 2,35 5B [11].

Tax xaxk yxxe npu 0°C 6onee 50 % morne-
KyJl BOZOPOJA JOCTUTAIOT CKOPOCTEH mopsiaka
1500 m /¢, BCe OmHCaHHBIC BBIIIE MPOIECCHI OCY-
IIECTBIISIFOTCS 32 JIOJH CEKYHIbI (32 BpeMsi MopsiI-
xa 10 ~° ¢ u Menee).

BrIBoaBI

C ocHOBHOI opOUTHI AnekTpoHa Rp mMore-
KyJSIPHYIO CBSI3b MEXKIY aTOMaMH BOAOPOJa OCY-
LIECTBUTH HENB3s, TaK KaK B COOTBETCTBHH C MO-
crynarom W.E. TamMa B3auMoeiCTBYIOIMNA aTOM
JIOJKEH OTAATh Ha MOJIEKYJSIPHYIO CBSI3b /0 TOJO-
BUHBI CBOCH COOCTBEHHOH »Hepruu (3amper Ha
nepeceueHne bopoBckoit opbOutanu). B3aumuoe
nepeceyeHre BO30YXACHHBIX opOuTaned ABYX
aTOMOB O3HauyaeT oOpa3oBaHHE SIEKTPOHHOU CBSI-
3u. B MOMeHT 00pa3oBaHMs 3JIEKTPOHHON CBSI3H
MEKAY ABYMS aTOMaMH MOJIEKYNa IOJy4aeT IBE
BpalllaTelbHbIE U OJHY KOJIEOaTEIbHYI0 CTEIEHH
cBoOOAbl. B cuny mpuHIMIA HeompeaeneHHOoCTe!
B. I'eitzenOepra u nocrynaros H. bopa 3amperieno
cMbIKaHue (KacaHue) MOJeKylsipHOH bopoBckoit
opourtanmu ¢ 4Ry 9Ry cocemHero aroMa, a TaKxe
KacaHue JI0ObIX OpOMTanell oJHOro aroma OpOu-
Tajed APYyroro, mO3TOMY MOJEKYJa MOXKET Cylle-
CTBOBATh TOJBKO NMPH HAJIMYMK HYJEBBIX Kojeba-
HUH, TOATBEPKAask BBIBOIBI KBAHTOBOW (DM3HKH.

B nenom npeanoxeHHass MOZIENb O3B0~
€T ONpeNeNuTh CTPOCHHE U Pa3Mepbl MOJEKYJIbI
BOJIOpOJa B HEBO30Y)KIEHHOM COCTOSIHUM M 00b-
SICHSIET C TIO3ULIUHN KITACCHYECKOH (PU3UKH paccTo-
SHUE MEXKIy aToMaMd B MOJEKyJe BOAOpoJa, a
TaKXKe NPUYMHY HYJIEBBIX KojeOaHuid. Pa3zmepsl
MPEACTaBIEHHON IBYXaTOMHON MOAEIN MOJEKYJIbI
ONPEIENSIIOTCS B3aMMHBIM PACIONOKEHHEM JIBYX
BO30Y>KICHHBIX aTOMOB. Y CTOHYMBOCTD MOJICKYJIBI
obecrieunBaeTcs: KyJIOHOBCKUM B3aHMOJICHCTBHEM
aTOMOB, HENPEPHIBHBIM JBHKCHHUEM 3JIEKTPOHOB
CBSI3M BOKpYI' LIEHTPa Macc CHUCTEMBI M KoJjeOa-
TEBHBIM IPOLIECCOM SIIEP aTOMOB.
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