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Kpamkoe codepxxaHue:

ObocHosaHO Hanu4ue romeHyuasbHoeo bapbepa Ha epaHuue
pasderna e3aumodelicmayrouux Yacmuy. dopmuposaHue nomeHyuarb-
Ho20 bapbepa 8 30He KOHMaKma CyuwecmeeHHO ya8enu4dueaem 3Hep-
euro cesisu buHapHoao e3aumoldelicmeusi. [lokasaHO, KaKyto COB0KYI-
Hocmb pasHbix 83aumodelicmeuli HeobxoOuUMO y4Yumbigame MpU ycC-
maHoeneHuu sHepauu 6uHapHoUl ces3u.

KntoueBble crioBa: 6uHapHoe g3aumodelicmaue, nomeHyuarnbHbil ba-
pbep, a3Hepausi cesi3u.

BBeneHue

PasBuTne coBpemMeHHOro matepuanoBeieHnsi OCHOBaHO Ha NOCNEAHUX
JOCTWKEHUAX HAHOTEXHOMOMM. OTO Co3AaHNE HOBbLIX KOMMO3ULMOHHBIX Ma-
TepuarnoB Ha HaHOYPOBHE, 060CHOBaHME HaHOTpubonorum n ap. CoBepLueH-
CTBOBaHME HAHOTEXHOMOMMA OCHOBAHO Ha YETKOM OnuMcaHuM BCEX BO3MO-
XHbIX CBSI3EN MEXOy aTtoMamu, MOrieKyrnamu, Krnactepamm ¢ aHanmsom pa-
3HbIX arperatHbIX COCTOsIHUA. Bo Bcex aTux criydasix peLlaroLlyto porib Bbl-
NONHAT GUHapHbIe B3aumodencTeud. buHapHoe B3aMopencTene sBnseT-
CSs1 OCHOBHbIM MEXaH13MOM B npoLiecce opMUPOBaHMS MPOCTLIX N CIIOKHbBIX
MOJSIEKYST, @ Takke pasHbIX KNacTepHbIX CTPYKTyp. B HacTosLwee Bpemsi pas-
paboTaHo GornbLUOe KONMYECTBO KBAHTOBO-MEXAHMYECKUX METOAOB pacyeTa
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3HEPIMIN CBA3UN B CITOXKHBLIX MOMEKYNSPHBLIX CTPYKTYpax. YTobbl nonyymTs Xo-
poLlee coBnageHne ¢ aKCcnepuMeHTanbHbIMM SaHHBIMW, UCMIONb3YHOT pasHble
annpokcumaumn. Npy 3TOM NPUMEHSIIOT CIOXHbIA MOTeHUMan B3anMoaen-
CTBMS MU YCINOXHSIOT BUA, BONTHOBOM (PYHKLMK, YTO B KOHEYHOM UTOTE HE Mo-
3BONISIET NPUMEHATL paspaboTaHHble MOAenn Ansl aHanmsa LUMPOKOro Krac-
ca B3aMMogencTByoWmMX Yactuy,. Jaxe gna Gonee npocTbiX B3aMMogewn-
CTBYHOLLMX YaCTUL, KaK aTOMbl BOAOpo4a npv obpasoBaHUm MOSEKYbl BOOO-
poda nony4vann Xopoluee COBMageHWe 3HEpryM guccoumauum nyTem KOH-
CTPYVMPOBaHNS BOSTHOBOMW (PYHKLIMM C BOMbLUMM KONMYECTBOM MOMPABOK.

Monekyna Bogopoga MHTEHCUBHO m3yvanachb B 30-e rogbl npoLuso-
ro ctonetusa. O63op aTnx pabot gaH B pabdote (Mombaw, 1952). MNpuse-
AeM UTOroeyto Tabnuuy, B3aTyo U3 3Ton paboTsbl (Tabn. 1).

Tabnuya 1 — MeToabl pacyeTa v pesynbTaThl ONpeaeneHnst paBHOBECHOIO PacCTOsIHUSA,
3Hepruu gnccoumnaumm n aeKTMBHOro 3apsaa Morekynbl BOAOpoaa
Tabela 1 — Metode prora¢una i rezultati odredivanja izjedna¢enog rastojanja,
energije disocijacije i efektivnog punjenja molekula vodonika
Table 1 — Calculation methods and the results of determining equalized distance,
dissociation energy and efficient hydrogen molecule charge

MeTop Re, A D, 3B z
1. Fantnepa-JloHgoHa 0,80 3,2 -
2. N'ynpa-MunnukeHa 0,73 3,47 1,193
3. Xunnepaaca - 3,6 -
4. BaHra 0,76 3,76 1,166
5. BentHbayma (1) 0,77 4,0 1,193
BewnHbayma (2) 0,77 41 1,190
6. Po3eHa ¢ y4eToM nonsipnsauum 0,75 4,02 1,19
7. Dxemca n Kynugpxa
C yyeTom 5-Tu uneHoB 4,507
C yyeTtom 11-Tn YuneHoB 4,685
C yyeTom 13-Tn UneHoB 0,74 4,698
C yyeTOoM nonpaBokK 0,74 4,722 +0,013
OkcnepumMeHTanbHoe 3HaYeHve 0,7395 4,73 +£0,04

B metoge lManmtnepa-IloHgoHa umcnonb3oBanack 06bl4Has Teopus
BO3MYLLEHMA B KBAHTOBOW MeXaHuKe ONs onpeaeneHus KoBaneHTHOMW
cBsA3M 6e3 yyeTa B3aMMOAENCTBUS ASIEKTPOHOB M BO3HUKHOBEHUS] MOHHOWM
CBS3X BCreAcTBME nongapusaunm mornekynbl Bogopoga. NMoatomy 6bino
Nnosly4eHO Marsioe 3Ha4YeHMe Heprum guccoumnaumun.

Cnatep y4yen B3auMMOAEWNCTBME CMWHOB SMNEKTPOHOB U MOMy4YUs
NPaKTUYECKM Maso oTinyarLeecsl 3Ha4yeHne oT TOoro, YTo ObIno nony4e-
Ho ["anTnepom un JIoHOOHOM.

B meToge N'yHoa-MunnukeHa yyTeHo, 4TO ypaBHeHue LpeauHrepa
pacnagaeTcsd Ha ABa ypaBHEHMsI AN OBYX 9NeKTPoHOB. [pn aTom Ka-
XObIN 3MEKTPOH HaxoguTCsA B OCHOBHOM COCTOSIHUM MOHW30BaHHOW MO-
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nekynbl Bogopoda. B aTom meToge He yy4TeHO B3auMMOOencTBUE SfeK-
TPOHOB M NONSApM3auunsa ANEeKTPOHHbIX opbuT obonx anekTpoHoB. NMoaTo-
My TaKke Nony4yeHo Masioe 3HaYeHne IHeprum uccoumaumm.

B metome Xunnepaaca B pe3ynbTupytowen BOSTHOBOW (OYHKUUU Y4-
TEHbl BCe BO3MOXHble BO30YXAEHHble COCTOSIHUS MOMeKynbl BOAopoaa,
YTO TaKke He npeacTaBnseT ocoboro nHTepeca.

B metome Banra 6Obina npumMeHeHa pesynbTupytlollass BOMHOBast
YHKUMS C y4EeTOM MNepecTaHOBKM 3NEKTPOHOB. [lory4yeHO HeCKOMbKo
nydwiee 3HadeHune, HO NO-MPeXHeMYy 3aMeTHO OTNMYyaeTcs OT aKcnepu-
MEHTanbHO NOy4YEHHON BEMNNYUHBI.

B metoge PosenHa pononHuTenbHo 6bina ydTeHa nonspusaums
Bcneactene o606LLeHNsa BaneHTHbIX 3NeKTPOHOB MCXOA4HbIX aTOMOB BO-
aopoaa. Y4yet asrneHuns nonspusauum 6bin nponsseaeH BCneacTeme npe-
OblBaHNA 060MX SNEKTPOHOB Y O4HOro M3 si4ep aToMoB Bogopoda 6es
4YeTKOro onpegerneHus BEPOATHOCTU BO3HUKHOBEHUSI TAKOrO0 COCTOSAHUS.
Kpome aToro achdpekt B3aMMOOENCTBUS SFIEKTPOHOB YYTEH TONbKO MNpw
nx pacTtankmsaHum 6e3 npuTsKeHus BcneacTane obmeHa.

B meToge BenHbayma yuTeHo, 4TO MOneKkyna BoAopoAa MOXeT npe-
OblBaTb B rOMEONONSAPHOM M reTepornonsipHOM cocTosiHUAX. Koadhdumum-
€HT CBSA3U B BOSTHOBOW OYHKLMM MeXAY 9TUMU COCTOSHUSIMU paccMmaTpu-
Barncs Kak BapuvauMOHHbIA NapameTp, KOTOPbIN AOSMKEH HAaXOAUTbLCA Me-
xay 0 n 1. B yactHocTu OH Gbin onpegeneH kak 0,256. Takas gocraTou-
HO rpybasi BapmaumMoHHasa Teopusa He Jana Xenaemoro pesyrnbrara.

B metoge [xemca n Kynuaxa BonHoBasa dyHKUMA npeacrasnsanach
B BUAe psga ¢ BapnaumoHHbIMKU KoadduumeHTamn. B pesynbTaTe, Ucno-
nb3ysa 13 yneHoB B 06Ller BONMHOBOM (PyHKUUK, BbINO NonyyYeHo 3Have-
HWe, coBrnajarllee C dKCrnepuMeHTanbHoO namepeHHbiM. Ha atom 6bina
nocTasneHa Touka u 6onbLue K Monekyne Bogopoaa He Bo3BpaLlanuch.

Bo Bcex meTogax adhdeKkTUBHLIN 3apsa saep aToMoB Bogopoda Z
paccMmaTtpuBarncs Kak BapuauWoHHbIM napameTp, KOTOPbIN onpeaensncs
N3 MUHUMYMa 3HEpruM B3auMoLencTBua. ATOT napameTp okasancsa 6o-
nblUe eanHuLe, a 3TO NPOTUBOPEYNT 3aKOHY COXpaHeHUs 3apsaa.

BapuaumoHHasa maTematuyeckas mogenb [xkemca n Kynnoka He
OoTpaxkaeT hn3nyYecKoe COCTOAHME MOSEKyNnbl Bogopoaa. YUTobbl pesyrb-
TUpyloLwasa BONHOBasa yHKUMUS NS ABYX BaNeHTHbIX 3f1IEeKTPOHOB COCTO-
ana u3 13 4neHoB, 3TO NPOCTO He BO3MOXHO. CaM ke BapuauVOHHbIN
MeTOA sBnsieTcs 6onblle MaTteMaTUYECKOn, YeM M3NYeCKon Mogerblo.
B aTOM CcBA3M BO3HMKNA UWernb: co3faTb afeKBaTHY KBaHTOBO-MeXaHu-
4YecKylo Mogesnb C y4eTOM B3aUMHOM Nonspmsaummn npy obmeHe anekTpo-
Hamu, KoTopas nossonurna Obl nonyyaTb NpaBUIbHbIN pe3ynbTaT 6e3
NPYMEHEHNSA BapnauMOHHOMO MeToda U OOOCHOBbIBATb ABYXHYACTUYHYHO
KBaHTOBYIO MeXaHVKy aHanusa opMMpPOBaHUS pasHbIX NPOCTbIX U CrOo-
XHbIX MONEKYNSAPHbLIX CUCTEM, a TakkKe KnacTepHblXx o6pa3oBaHun B pa-

3HbIX arperatHbIX COCTOAHUAX
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[na pocTmxeHns NOCTaBreHHOW Lenv HeobxoaumMo peLumnTb crneay-
oLLMe 3apaum:

— MpaBWNbHO NPEeACcTaBnsATb BOMHOBYIO (PYHKUMIO ABYXYaCTUYHOM
KBaHTOBO-MeXaHW4YeCcKon moaenu;

— YTOuHUTL MeTon [anTnepa-JloHAoOHa MPUMEHUTENBLHO K OBYyX4a-
CTUYHOWN KBAHTOBO-MEXaHU4YeCcKon MOOENM;

— paspaboTaTb YeTKyl0 TEOPUIO BO3HUKHOBEHUSA NOHHOWN CBSA3M;

— 060CHOBATb NPUYMHY BO3HUKHOBEHUSA OTpULLATENBHOMO NoTEeHLMa-
nbHoro 6apbepa BcneacTeBre obMeHa BaneHTHbIMU 3reKTpOHaMu;

— MPOU3BECTU pacyeT aHeprum guccoLmanmm Mornekynbl Bogopoaa u
CPaBHUTb C 3KCNEepUMEHTanbHbIMN JAaHHbLIMMU;

— HamMeTUTb NyTWU COBEPLLUEHCTBOBAHNA MOAENW C Lenbio ee npume-
HeHus K 6onee CNoXHbIM KBAHTOBO-MEXaHUYECKUM CUCTEMaM.

lMocnepoBaTenbHO PacCMOTPUM MOCTaBMEHHbIE 3a4a4u.

BonHoBas pyHKUMA AByX4acTUYHOMN
KBAHTOBO-MEeXaHN4eCKOW CUCTEMBI

CxematuyHo OGuHapHOe B3aMMOLEWNCTBME [OBYX HE3aBUCUMMbIX Ya-
ctuy A n B, a Takke Haubonee BeposiTHasi TPAEKTOPUS OBWKEHUSA Ba-
NEHTHbIX 3NEKTPOHOB NpuBeAeHbl Ha cur. 1. PesynbTupytowas BOSHO-
Bas PyHKLUMA BUHApHOro B3aMMo4encTBums ¢ y4eToM oOMeHa BaneHTHbI-
MW 3MeKTpOHaMK, KOTopasi onpeaensieT Cunbl NPUTSXKEHUS, a 3TO CUM-
MeTpMYHasa BOMHOBas (PYHKUMS, KOTopasi NpeacTaBnsieTcs cneayowmnm
obpasom:

@a,b = \Pa,lle,Z + \Pa,z\l"b,l . (1)

®ueypa 1— Cxema GuHap-HOTo B3aUMOAENCTBUSA
Slika 1 — Sema binarne interakcije
Figure 1 — Binary interaction scheme

&>



34ecb BOMHOBbIE (PYHKLMN MPUMEHUTENBHO K OTAENbHbLIM 3MEeKTPOo-
HaM CIIO)KHOWM aTOMHOW UIN MOSEKYSISIPHOW CUCTEME NpeacTaBnaAlTCcs B
BUae

1/2

* *

LPA(B) i eXp _?Va(b) (2)

roe Z M n* - COOTBETCTBEHHO 3PEKTVBHbLIN 3apsig U 3ddeKTUBHOE
rnaBHoe KBaHTOBOE yucno ans BaNeHTHbIX 3NEKTPOHOB
B3anmogencTeyowmnx vactuy A n B. TIpUMEHUTENBLHO K Monekyne
Bogopoaa Z =1un*=1. Qna atomoB BOOOPOOA PagUyChl Iy = 1, =
0,529 A, a mexbagepHoe pacctosiHme R,, = R, = 0,7395 A. 3Tn paHHble
nonyvyeHbl M3 aHanmMsa CrnekTpa W3fyYeHus MONeKkynbl Bogopoda W
ABMNATCA JOCTAaTOYHO HAAEXHBIMU.

MpumeHasa BonHOBYO yHKUMIO (2) npou3BegeM pacyeT KoBamneHT-
HOW CBSA3N aTOMOB B CaMOM MPOCTOM Cilyyae, Korga obpasyeTcs Moseky-
na Bogopoga.

,D,ByX‘-IaCTVI‘-IHaFI KBAHTOBO-MEeXaHN4eCcKad

MoJenb

[ns BonHoBon dyHKumKM (1) cTaumoHapHoe ypasHeHue LpeauHrepa
B HEPENATUBUCTCKOM NPUONMXEHUN NPUHMMAET BUA:

ﬁ,@a,b = Ea,b@a,b ’ (3)

roe H’ - BoamyLarowmin YneH obLiero raMmnbToHMaHa aByx B3anMo/e-
NCTBYHOLLMX LLeHTpOB A U B; Ea,,, - 3Heprnsa GUHaApPHOro B3aNMOLENCTBUSI.

BoamyLiatowmin uneH obLero ramunbTOHNMaHa B KoopAuHaTax Xunnepa-
aca npeacTtasnseTcs B BUAe crneqytowero onepatopa:

H =——— 4+ —+ . (4)
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Queypa 2 — ObLasn cxema B3auMogen-cTBusi OQHOW napbl S11EKTPOHOB YacTuy A n B
B GMHapHOM NpuGnKeHNN
Slika 2 — Sema interakcije jednog para &estica elektrona A i B u binarnom pribliZzavanju
Figure 2 — Scheme of the interaction of one pair of electron particles A and B in binary bonding

3pecb R, — paccTosiHve Mexay sapammn B3anMogenCcTBYOLLMX YacTul
AnB.

Ha cwur. 2 npuBegeHa cxema GMHAPHOro B3aMMOAEWCTBMS U COO-
TBETCTBYOLLME 0603HAYEHMS.

Pewas ypaBHeHue (3) ona cMMMeTpUYHON BONTHOBOMW (PYHKLMM, Bbl-
paxeHHoun B cooTBeTcTBMM C (1) 1 ¢ yyeTom (4), nonyvaem Ans GuHapHo-
ro B3anMoaencTBus:

oun _ H1,1 +H1,z
“ T 1+Ss
B cBoto oyepeab
H,, = ”‘Pa (r, )Y, (r,, )H"Y, (r, )Y, (1,,)dE,dE, — kynoHoBCKuiA
WHTEerpan,
Hy, = [[ 90,0, (0, VH ¥, (1,,)%, (1, )dE,dE, —obmenein
MHTEerpan un
S = [[W. 0,09, (5., (7., (7, )dE dE, — MHTeTpan nepekpuiTys.

Mpu BbIMUCIIEHNAX MHTErpanoB KyNOHOBCKOro 1 OBMEHHOro, a Takke
WHTerpana nepekpbITUS NUCNOMb30Banucb BUNONAPHbLIE MHTerpansl, 3Ha-
YeHUs KOTOopbIX NpuBedeHbl B paboTte (Mombaww M. 1952).

OHepruo oTTanknBaHs areKTpPoOHOB

[, ¥, G, ) —, ()%, (0, )dE S, (6)

()

1
(340



erko BblMUCIUTL, ecrin obpaTHoe pacctosHue 1/r , pasnoXuTb B psd Mo
06paTHbIM CTENEHSIM PACCTOSIHWS MEXIY B3aMMOAENCTBYOLLMMMN LLEHTPaAMM:

1 1 N A p—-(A+])
N zra,lRa,b P, (cos®), (7)
Up ‘R —(r, -7, )‘ 2=0

—

Ra,b

TOYHO BENMKO, TO B (7) MOXHO OrpaHUYUTLCS ABYMS YrleHaMu pasrnoxe-
HUSA, T.€., BTOPbIM NPUGIKEHNEM.

BoipaxkeHue (5) no3sonsieT nonyyaTb KOBanNeHTHYO CBSI3b [0 PaBHO-
BECHOr0 pacCTOsIHUSI MeXAay B3aumoaencTByoLWwmuMm Yactuuamu. Mpu pac-
CTOSIHUSIX, MEHbLUMX PABHOBECHOrO, A onncaHus GBUHapHoro B3anmopne-
MCTBMS MCMONb3YIOT pasHble annpokcumaumn. Hanbonee xopoluee coena-
[AeHVe Npu MarblxX 3HAYEHUSIX PACCTOSIHUIA MEXAY SApaMu aToMapHbIX Ya-
CTWL, NO3BOISAET Nony4YaTh annpokcumaums flleHHapga - [bxkoHca Buaa:

U(r) = —r%+r%, ®)

roe P,(cos@) — waposas dyHkumns Jlexanapa. MNockonbky aocTa-

MocTosiHHbIE a 1 b B noTeHumane JleHHapaa - [koHca onpeaensioT-
CSl NO 3HAYEHWIO AHEPIUM CBA3WN N PaBEHCTBY HYIIHO NEPBON NPOU3BOLHOWM
OT BblpaXkeHus (8) Ha paBHOBECHOM PacCTOsAHUN, T.€.,

6 . _ 12

a=2E,R,,; b=E,R.,. (9)

KOHKpeTHbIN pacyeT KOBaneHTHON SHEPrun CBA3M aTOMOB B MOJIEKY-
ne Bogopoda npueedeH B T1abn. 2. lNonyvyeHHoe 3Ha4YeHne KoBareHTHON
CBA3M coBnagaeT C BbINOSIHEHHbIMKM pacyeTamu no metody lantnepa-
JloHgoHa (tabn. 1). 10 BNOMHE MOHATHO, TaK Kak pacyeT KoBaneHTHOW
CBSA3Y NPOU3BOAMICHA B COOTBETCTBUMN C 3TUM METOAOM.

Tabnuuya 2 — BenvunHa KOBanNeHTHOW, MOHHOW M HaBe4EeHHOW CBSA3M Npy 0OMEHHOM
B3anmoaencTesuu, aB
Tabela 2 — V/rednost kovalentne, jonske i indukovane veze pri uzajamnoj interakciji eV
Table 2 — Value of the covalent, ionic and induction bonding at the mutual interaction eV

Monekyna MapameTpbl
Ra,b, A EKoeA EuoH. E63aLlM Ecs”ps3, ECB.,SKCI’].
Ha 0,7395 3,19 0,598 0,911 4,70 4,73+0,04

WHTerpan nepekpbiTusa S crnegyeT paccmatpmBaTh, Kak BEPOSTHOCTb
nepexofa BaNeHTHOrO 3fleKTpOHa OT OOHOW B3auMMOAENCTBYIOLLEN 4a-

CTULbI K APYrOW.
(355
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NoHHaga cBa3b

MoHHas cBA3b onpeaenseTcs BepPOSTHOCTbIO NpebbiBaHns obomx Ba-
NEHTHbIX 3NEKTPOHOB BOMM3N OOQHOro M3 Yactuy,. B aTom criyyae Bo3HuKa-
eT nonapusaums Monekynbl, kKoTopas yuntblBanacb PoseHoM. BenununHy
noHHon ceasn Jlannyc MNonunr (Monudr J1., Monwudr M. 1978.) npeanoxun
onpeaensaTb YUCTO IMMUPUYECKM MO BENTMYMHE OTHOCUTESNBHOW 3NEKTPOO-
TpUuaTenbLHOCTK, nonaras anga propa anNekTpooTpuLaTenbHOCTb PaBHON
4. [1na HeKOoTOpbIX MONEKYN Takon NoAxo Aasan npaBusbHbIA pesynbTar.
Hanpumep, ona monekynbl BoAOpOA4a 3neKTpooTpuuaTenbHOCTb paBHa
Hynto, a, crnefoBaTenbHO, U MOHHas CBA3b paBHa Hynto. Ha camom gene
npebbiBaHWe OBYX 3MeKTPOHOB BOMM3N OQHOMO M3 aTOMOB BMOSHE pearb-
HOe cobbITMEe N MOHHAas CBA3b He AOMKHa BblTb paBHa HyrHo.

Cnegytowmin war B 3ToM HanpaeneHum obin cgenaHd B pabote (Ko-
yncoH Y. 1965). [lons MOHHOW CBA3M onpegensinacb no BennyMHe guno-
NBbHOMO 3MEeKTPMYECKOro MOMEHTa pesyrbTUPYIOLLEro CUMOBOro LieHTpa
Monekynbl. B cnyyae monekynsl BogopoAa AUMONbHbLIA 3MNeKTpudeckui
MOMEHT oTcyTCcTBYeT. [109TOMYy MOHHAas CBA3b paBHa HyIH0, @ 3TO He Tak.

Onpegenutb OOM0 MOHHOW CBSA3UM MOXHO ©onee nNpocTbiM CMNOCO-
©0oM, a MMEHHO NO BPEMEHN NpebbiBaHNSA BaNeHTHbIX 371IEKTPOHOB BONU-
31 B3aUMOOENCTBYOLWMX YacTuy,. Bpemsa npebbiBaHNSA BaneHTHOro anek-
TpoHa B6MM3M 0QHOMO U3 AAep paBHO:

2
r= (10)
\%

n

roe r, U v, — COOTBETCTBEHHO paauyc n-l opouTbl BpaLLeHUsi BaneHTHOro
3NEKTPOHA U ero CKOPOCTb BpaLLlleHUs Ha aTon opbute. Oba 3T napameTpa
onpefenstoTcs M3  3aKoHa COXpaHEeHMs MOMeHTa umnynbca. B
COOTBETCTBUM C Mopenbo atoma no bopy-3ommepdenbay CcKopocTb
ABVDKEHUSI BaNEHTHOrO 3MeKTPOHa B 3a4aHHOM 3HEPreTM4EeCKOM COCTOSIHUM
& U3 3aKOHA COXPAHEHMSI MOMEHTA UMMyIbCa U PaBEHCTBA LIEHTPOOEXKHOM
N LEHTPOCTPEMUTENBHOW CUIN BbipaXkaeTcs crieqytoLmm odpasom:

AV
S npu [ =0;
2¢,hn
v, = . , 11)
Ze
—_— npu [ 2>1;
2e,h4JI(1+1)
roe n° — 3ddEKTUBHOE [faBHOE KBaHTOBOE 4WUCMO;, € — 3apsan
AneKkTpoHa; h — noctosHHas [naHka; & — AOuanekTpuyeckas

&>



npoHMUaeMocTb Bakyyma, Z~ — 3ddeKkTUMBHbIA 3apsn sapa aTtoma.
KBaHTOBO-MexaHn4yeckasi 3aBUCUMOCTb OT as3uMyTanbHOro KBaHTOBOIO

yucna |/ B BuOEe KOpHS KBagpaTHoro +//(/+1) cBa3zaHa ¢ Tem, 4TO

9NEeKTPOH B coctodHuM Cc | > 1 B nepuree mnpoOHMKAET BHYTPb
3MEKTPOHHOro ocToBa U 3OPEKTUBHBIN 3apsa sapa Bo3pacTaeT. B cBoto
ovepenb

_H_ L 7 =y-8/2, (12)

roe Ey — sHeprua MoHM3aLMM atoMa Boaopoada, & — SHeprust MoHU3aLmm
B3aMMOJENCTBYIOLLMX aTOMOB, & — PpaccMaTpMBaeMoe JHepreTudeckoe

COCTOsIHVE; S — MHTerparn nepexkpbITua u ¥ = 47[80<r>€,. /e — apdeKTUBHBIN
3apsa M30MMPOBAHHOIO HEMTPanbHOro aToma, ornpeaenseMblii Mo 3HAYEHMO
SHEPrM NOHM3aLUMN @, 1 cpedHero 3HayYeHus paguyca atoma <r>

Ecnm 14 u T, BpeMsi npebbiBaHNsI BareHTHOrO 3fIEKTPOHA COOTBET-
CTBEHHO BOMM3M NepBOK M BTOPOM B3aUMOLENCTBYHOLLUX YacTuL, TO BEPO-
SATHOCTb HaxXOXAEHWS BaNeHTHOro aneKkTpoHa B6n3n nepeon YacTulbl:

P=—tt 1|, (13)
T,+7, T,+7,

a BONM3M BTOPOW YacTULbI:

(P!

T
P, = — (14)
7, + 7, T, + 7,
Kak B nepeoM, Tak 1 BO BTOPOM cCliydadX BO3HUKaAET MOHHaA CBA3b.
B pesynbtate BepOoATHOCTb BO3HUMKHOBEHUA 005N MOHHOW CBSA3U paBHa
CyMMe 3TUxX BepOFITHOCTeVIZ

©=P +P,. (15)

Bce oguHakoBble yacTuupl B cootBetcTBum € (13) — (15), He 3aBucu-
MO OT UX CTPOEHUS, Ha BNM3KNX PacCTOsTHMAX Npu BMHapHOM B3anmopae-
ncTeum ¢ BepoAaTHocTbio 0,5 MoryT npebbiBaTh Apyr OTHOCUMTENBHO Apyra
B BuAe otpuuartenbHbiXx MOHOB. OgHako npu 9TOM crieayeT yuuTbiBaTb
BEPOATHOCTb OOMeEHa BaneHTHbIMU 3IEKTPOHaMK B NpoLecce B3anmope-
NCTBUS, KOTOpas onpeaensaeTcsi BENUYMHON UHTerpana nepekpbitus. MNo-

>
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3TOMy creflyeT paccmaTpmBaTb COBMECTHYI BEPOATHOCTb CrieayoLero
COObITUSA: BaneHTHbIW 3NEKTPOH C BEPOSATHOCTLIO Py HaxoguTcs B6Nu3n
atoma A n He nepexoauT K atomy B ¢ BeposTHoCcTbO 1 — S, a BaneHT-
HbI 3NIEKTPOH C BEPOSTHOCTbIO P, npebbiaeT B6nM3nM atoma B u nepe-
XOAUT K aTtoMy A C BEPOSATHOCTLIO S. YunTbiBast MAEHTUYHOCTb aTOMOB U
HepasnMYNMOCTb ANEKTPOHOB, MOHHAA CBA3b AN MOMeKyrbl Bogopoaa

_2PP,S(1-9)e’

uon.

16
47r€0Ra,b (16)

KoHKpeTHbI pacyeT, BbINOSHEHHbIM Mo (16) Ana Monekynbl BO4Opo-
Aa, npueeeH B Tabn. 2. Pe3ynbTupytowlee 3Ha4eHne COBMECTHO C KOBa-
NEHTHOW CBA3bIO JaeT 3HadeHune 3,79 aB. Pesynbtat nonydaercsa 6nms-
KM K 3HA4YEHMIO, KOTOpoe BbIno nony4vyeHo PoseHom (Tabn. 1).

HaBeneHHas QHEepPIrunA CBFI3I/I1)

Kpome aToro cnegyeT yuuTbiBaTh cnegyrowee ob6CTOATENbCTBO.
ONeKTPOoH, Nepexoast OT OQHOro atoMa K ApYroMy, YaCTUYHO OTpaXkaeTcs
N 3adepXunBaeTca Ha rpaHuue pasgena B3aMMOAEWCTBYHOLMUX aTOMOB.
BepoaTHOCTb Takoro cobbiTnsa paBHa npoussegeHuto Pq(1-S). OgHoBpe-
MEHHO 1 BTOPOW 3MEKTPOH, OTpaxaeTcs OT rpaHvubl pasgena ¢ BeposT-
HOCTbIO Po(1-S). Bo3HuKWwee ob6nako aNeKTPOHHOW MAOTHOCTU Ha rpaHu-
Le pasgena cosgaeTt oTpuuaTenbHbln 6apbep, KOTOpbI B3aMMOLENCTBY-
€T C MOHHbIM OCTOBOM MEPBOM N BTOPOW YacTuy. B pesynbTtaTte BO3HUK-
HeT AOoMOoSTHUTENbHAasa SHeprus CBA3n

_2PP,(1-5)%¢
83aUM. 4”80 O’SRa,b

E (1- D) (17)

roe D — koadhduumMeHT Npo3payHOCTN NoTeHUnansHoro 6apbepa.

Pacuet no (17) npuBegeH B Tabn. 2. PesynbTupylowas aHeprus
CBAA3N SIBNSIETCA 3HEprven guccoumnaumm u coBnagaeTt C KCnepuMeHTa-
NbHbIM 3HaveHneM. BosHukaeT Bonpoc, Kak pa3paboTaHHyl Moperb
onncaHnsa BUHapPHOro B3aMMOAENCTBUS MPUMEHUTb HE TOMbKO K MOMEKy-
ne Bogopoaa, HO U K Apyrum Gonee CrnoXHbIM MOMEKYNSipHbIM U aTOM-
HbIM CUCTEMaM.

" 37oT BUA CBA3M 6biN YTOMHEH aBTOPAMM U MO3BOMWM CO3AATh (PUINUECKYI0 MOAENb
hopmMnpoBaHNs GUHapPHOro B3aMMOLEWCTBKS, @ Ha NpUMepe MOMeKynbl BOAOPOAa Moka3aTb
3(pPEKTUBHOCTL NPEANOXKEHHOW MOAENMN.

>



OnucaHnsa CnoXHbIX MOJNEeKYNAPHbIX CUCTEM

[Byx4acTnyHas KBaHTOBAs MeEXaHWKa NPUMEHUTENbHO K CrOXHbIM
MOJEKYNAPHbIM cucTeMam paspaboTaHa n onucaHa B pabotax (Mpeun-
xuH J1. 1. 2004) n (MpeumxuH J1. . 2008), a ona KOHAEHCUPOBAHHbIX CU-
cTeM BnepBble npumeHeHa B paboTte (MpeunxuH J1. U., Bacunenko A. I'.,
Cnupugonos H. B. n gp. 1990). B ocHOBY npeanoXeHHON u3nyeckom
MOZENU NONOXeHbl crefytowme npuHUMbI:

1. B kaxxgom GuHapHOM B3aMMOOENCTBUMN YYUTLIBAIOTCS KOBANEHT-
Hble CBA3U:

a) BaneHTHbIX 3MNEKTPOHOB MEPBON KPaTHOCTU WMOHM3aAUUKW OpYyr C
Apyrom; ©) 3NeKTpoOHOB BTOPOW KPATHOCTM WMOHM3AUMW C BareHTHbIM
3MIEKTPOHOM MEPBOM KPATHOCTU MOHM3ALUKU, INEKTPOHOB TpeTben KpaT-
HOCTWN MOHM3ALMKN C NEPBOW M BTOPOW KPATHOCTbIO MOHU3ALMN U C) dnek-
TPOHOB BTOPOW N TpeTben KPpaTHOCTU MOHMU3aLMK ApYr C APYroM U T.A4.

BornHoBble (OyHKUMN B3aUMOAEWCTBYIOLLUX YacTuL onpenendawTcs
no cdopmynam (1) n (2). Ana paccTostHMN MeHbLLe PaBHOBECHOro Ans
aTOMOB MpUMeHseTca annpokcumaumns JleHHapaa-[XoHCcoHa, a ong Mo-
NeKynsapHbIX cuctemM — annpokcumauusa Mopsa.

2. [lonsa MoHHOW CBA3W AN1S B3aUMOAENCTBYHOLLUX YacTuL, onpeaens-
eTca no BpemeHn npebbiBaHNSA BareHTHOrO 3fekTpoHa BONM3WM Kaxaown
YacTuupbl B GUHApPHOM B3anMOOENCTBUM C yHETOM MX 0606LLEHNS.

3. YuutbiBaetca obpasoBaHve OTpULATENbHOrO MOTEHUNanbHOro
Gapbepa mMexay B3aumMOoOeNCTBYHOLWMMW YacTuMLaMK, KOTOPbIA B psge
crny4asx B OCHOBHOM onpeaenseT aHepruio GUHapHOM CBA3W.

4. PacyeT aneKTpoH-AMMNONbHON U AMMNONb-AUMNOSIbHOW CBA3EN Bbl-
NOMHAETCA C y4eTOM MPUCYTCTBUS BCTPOEHHbIX 3NEKTPUYECKNX MOMEH-
TOB B 4YacTuuax MOHHOro OCTOBA.

MonyyeHHble pe3ynbTaThl ONpeaeneHns aHeprnin GUHaAPHOM CBA3N C
y4yeToM 06pa3oBaHNSA OTpULATENBHOrO NOTEHLMANbLHOro 6apbepa Mexay
B3aMMOLENCTBYIOLWNMM YacTULaMM MO3BOMWUMAN HE TOMbKO MNpPaBUbHO
obocHoBaTb hOPMUPOBAHME CIOXHbBIX MOMEKYNSAPHbLIX CUCTEM, HO U MO-
Ny4nTb CTPYKTYPY MHOIMX KnacTepHbix obpas3oBaHuii B pasHbiX arperar-
HbIX COCTOSHUAX. [INA HAaHOMNMEHOK YCTaHOBNEHO HOBOE arperaTHoe Co-
CTOSIHME B BMAE NIIOTHO YNakoBaHHOW CTPYKTYpbl 6€3 HanMuna mexkna-
cTepHbIx nycToT (MpeuunxuH J1. U. 2012).

BbiBOAbI

MpoBeneHHble UccrnenoBaHns opMUpoBaHUS GUHAPHOW CBSI3W Mo-
3BONUNN Ha MpUMepe MOoneKyrnbl BOAOPOAA, Kak AOCTAaTOYHO W3BECTHOW
CTPYKTYpbl, YCTAHOBUTb Hanuyue oTpuuaTernbHOro noTeHumnansHoro 6apb-
epa Ha rpaHvue pasgena B3anMoaencTByoWMX YacTul. Hannyme takoro
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noTeHumanbHoro 6apbepa CyLeCTBEHHO YBENMYMBAET SHEPIU0 CBSI3V Ou-
HapHoro B3ammogencTeus. [lokasaHo, Kak MPaBWUIbHO YYWUTbIBATb OO0
MOHHOW cBs3n. PaspaboTaHHasi OByx4yacTUYHasi KBaHTOBasi MeXaHuka
yCMNeLLHO NpUMEHeHa ANt NOSNyYeHUst 3Hepruii cea3m BMHapHOro B3anmo-
AENCTBMS MHOTUX CIOXHBIX MOMEKYNSAPHbIX CUCTEM M MO3BOMMNA NpaBu-
NbHO ONMcaTh KIMacTEePHYI0 CTPYKTYPY pa3HbIX KOHAEHCMPOBAHHbLIX cpes,.
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INDUKOVANI POTENCIJAL IZMEBU INTERAKTIVNIH CESTICA
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Sazetak:

U ¢&lanku je objasnjena pojava stvaranja potencijalne barijere na
pragovima razdvajanja Cestica u interakciji. Stvaranje potencijalne bari-
Jere u kontaktnoj zoni znatno povecava vezanu energiju binarne inter-
akcije. U radu su navedene razliCite vrste interakcija relevantne za
stvaranje energije binarne veze.

Kljuéne redi: binarna interakcija, potencijalna barijera, vezana energija.

INDUCED POTENTIAL BETWEEN INTERACTING PARTICLES
AT NANOLEVELS
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¢ Belarusian National Technical University, Minsk, Republic of Belarus

FIELD: Nanomaterials
ARTICLE TYPE: Original Scientific Paper
ARTICLE LANGUAGE: Russian

Summary:

One has substantiated the existence of a potential barrier at the
interface of interacting particles. The formation of the potential barrier
in the contact area significantly increases the binding energy of the bi-
nary interaction. It has been shown which sets of different interactions
should be taken into account when establishing the energy of binary
binding.

Key words: binary interaction, potential barrier, binding energy.
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