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MHHOBALIMA B DHEPTETUYECKOM MAIIMWHOCTPOEHUU

BrlnoIHEHHBIE MCCIICIOBAHUS JOKA3aJId BO3MOXXHOCTh M JIOCTATOYHYIO 3 (HEKTUBHOCTD
npoiiecca 3arnojHeHus OOPHBIX HAHOTPYOOK aTOMaMH I'a30BOM CPEJibl, YTO OTKPHIBAET HH-
TepEeCHbBIC TEPCIICKTUBBI UCIIOIH30BAHUS HHTEPKATUPOBAHHBIX TYOYyJICHOB U CO3MaHUS HO-

BBIX YCTPOMCTB Ha UX OCHOBE.

KarwoueBsble ciioBa: GopoyriiepogHble HAHOTPYOKH, KaMJUISIPHBIA METOJ], KBAHTOBO-
XUMHUYECKHE pacueThl, TPOMUIb MOBEPXHOCTH MOTEHIIMATBHOW dHEPTUH, razodasHble
HAHOKOMITO3UTHI, XJIOPHPOBaHHE, OKCHUANPOBAHUE.

B Hacrosimiee BpeMsi BHUMaHUE UCCIE0-
BaTelNel MPUBIEKaOT OOPHBIE HAHOCTPYKTYPHI
Onaronapsi CBOMM YHUKaJIbHBIM (PU3UKO-XHUMH-
yeckuM cBoiicTBaM. CaM 0op mpuMeHseTcs B
BHJIC TOOABKH TPH MOTYYECHHH KOPPO3HOHHO-YC-
TOMYHMBBIX M JKapONPOUYHBIX CIUIaBOB. Ero co-
eauHeHus — HutTpua BN u npyrue — ucnons3y-
I0TCS KaK TOTYNPOBOJHUKOBBIC MaTEpHAIIbI U
JMAJIEKTPUKH. BOopHBIE aTOMBI MOTYT CoOemu-
HATCS MEXKJLy COOOH B IIEMOYKHU, CETKH, KapKa-
cel 1 npyrue ¢opmel. [loaToMmy mocnennue
JECATHIIETHS OYCHb MHOTO HcclieoBaTelleH
o0paTHIi cCBOC BHUMAHUE Ha pa3JIMYHbIE T€O0-
METPHUYECKHE M TOMOJOTHYECKUEe KOHPUTypa-
nuu 6opa (OopHBIE KiacTepbl, OOpHBIE HAHO-
BOJIOKHA, Oopansl) [1-6].

B manHoit paboTe paccMaTpUBAarOTCS 1B
croco0a 3armoHeHust O0OpHBIX HAHOTPYOOK aTo-
MaMH Tra30BOH CpeJbl: METOJ] TPOCAYUBAHHUS U
KanuJUISIpHBIA MeTon. g u3zydeHus npouec-
ca 3amoyHeHus ObuIa BIOpaHa OopHas HAHOT-
pyOka tuna (6, 6). B kauecTBe OCHOBHO# pac-
YEeTHOW CXEeMBbl UCIIONBH30BANACh MOJENIb MO-
JIEKYJISIPHOTO KJIacTepa B paMKaX KBAHTOBO-XH-
mugeckoit cxembl MNDO. s u3ydeHus mpo-
mecca ajcopOuu Oblia BBIOpaHa CTPYKTypa
anemeHTapHo sueliku BYHT, xoropas cocro-
sma u3 95 aTomoB Oopa W coaepkaia MATh
CJIOEB T'€KCArOHOB B HAMIPABJICHUH MTPOJIOTBHON
OCH TPYOKH U IIECTh I'EKCArOHOB IO €€ OKPYK-
HocTH. Ha koHIIax TpyOKH HECKOMITEHCHPOBaH-
HBIE CBSI3M OBIITM 3aMKHYTHI I1CEBJIOATOMAMH,
B Ka4eCTBE KOTOPBIX BBICTYIHJI aTOM BOAOPO-
na. Ceasp B-C B HaHOTYOyneHe Obliia BeIOpa-
Ha 1.44 A.

MexaHu3M BHeJIpeHHs] aTOMOB
O, H, CL, F B nmoioctb BYHT
METOJI0M NPOCAYNBAHUSA

BHe)Z[peHI/Ie MOJICKYJIBI aTOMOB MOJCJIN-
pOBaJIOCh MOMIArOBLIM HpI/I6HI/I)KeHI/IeM X K

HaHOTpPYOKe BIONIb MEpPIHEHIUKYIsIpa, TpoBe-
JIEHHOTO K IIEHTpaJIbHONW OcH TyOyleHa uepe3
HEeHTp OOKOBOTO YTJIEPOJHOTO TeKcaroHa c
marom 0.1 A.

I'eomerpus cucremsr «bYHT — BHenpsro-
HIUICS aTOM» ONTHMH3UPOBAACh Ha KaXJAOM
mare. BeimonHeHHbIe pacdeThl MO3BOIHITH TOCT-
POUTH PHEpPreTHYEeCKe KPUBBIE JAHHOT'O IIPOLIEC-
ca I Kaxoro aroma (cM. puc. 1).

AmHanu3 pe3ynpTaToB IMoKa3all, YTo s Ipo-
HUKHOBEHUE BHYTPh TPYOKH depe3 OOKOBYIO IMO-
BEPXHOCTh aTOMaM HEOOXOJMMO MPEOA0NIeTh
MOTCHIIMAJIBHBINA Oapbep, OTOXKICCTBISIEMBIH C
sHeprueil aktuBanuu £ . Ero Bennanna Mmoxer
OBITh paccurTaHa 1o GopMyJie:

Eoer™ Egynr ox— Egypr T E))
i€ Epyyp 4 y — TOJHAS SHEPTUS CHCTEMBI B3aMMOJIEH-
CTBYIOIIHUX 00BEKTOB (TPyOKa + BHEAPSIONIHICS aTOM
(H, O, F, C1)); Epyyp— NONHAs 95HEPTHA 60pOYIIIEpO-
HOM HaHOTPYOKH THIA (6, 6); E —>Heprus atomos O,
H,F, Cl

BricoTra sHEpreTHYecKux 0apbepoB s
KaX/I0T0 aToMa IpencTasieHa B rabuuie. Cie-
JyeT OTMETUTh, YTO MUK Oapbepa HaXOMUTCS
BHYTPH TPpYOKH. AHaTU3UPYs BETHYNHBI Oapbe-
POB, MOXHO cJieJlaTh BBIBOJ, YTO 3aIlOJTHECHHUE
BYHT MeronoM nmpocaduBaHUS BO3MOXKHO
TOJBKO JUIS aTOMa BOJAOpOAa (HauMeHbIas Be-
nnyuHa Oapbepa — £ = 3,75 5B).

OcHoBHbBIE IHEPIrETUIECCKHUEC
XaPAKTEPUCTHUKHU NMPOUECCOB BHECAPCHUSA
aTOMOB IIYTEM NpoCavYyuBaHUA

ATOMBI BricoTa 6apeepa, 3B
0 16,65
H 3,75
Cl 23,45
F 14,41
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HccnenoBanue NpoHUKHOBEHUS aTOMOB
razogasnoii cpenst B BYHT (6, 6)
KaNUUIAPHBIM METOA0M

Kak u3BeCTHO, BO3MOXHBIM CIIOCOOOM
BHYTPEHHEr0 HACBHIIICHUST OOPOYTIICPONHBIX Ha-
HOTPYO aTOMaMH SIBJISICTCS CIIOCOO KaITMJISIp-
HOT'O MPOHUKHOBEHHSI AJIEMEHTOB B MOJIOCTH TY-
Oynena yepe3 ero Topeil. [loatomy Hamu ObLIO
PaccMOTPEHO 3aroiIHEeHHe OOPOYIIICPOTHOTO TY-
oynena (6, 6) atomamu O, H, F, Cl umeHHO 3THM
CIoco0oM.

HccnenoBaiicsi BApHAHT BHEAPCHUS aTo-
MOB 4epe3 OTKPBITYIO rpaHuily TyOyneHa. [Ipu

3TOM HEHACHIIIIEHHBIE CBS3M HA T'PaHUIE MONY-
0CCKOHEUHOW TPYOKH 3aMBIKAJIMCh aTOMaMU BO-
Jopoia (Tak Ha3biBaeMas «kpaeBasi QyHKIIMOHA-
TU3AITAS).

Bbumn BBITIOTHEHBI pacueThl poliecca BHe-
JPEHUs ISl KaKJIOTO TPEAIOKEHHOTO aToMa.

3anonHenne TPyOKH MOJETUPOBAIIOCH ITy-
TEM TOIIaroBoro npudmmkenus atomos O, H, F,
Cl x TyOy/ieHy BIOJb €ro IJIaBHOW MPOJOIBHOM
ocu (¢ marom 0.1 A) 1 TpOHNUKHOBEHHEM BHYTPh
4epe3 Topell TyOyJeHa. BeIToNHeHHBIE pacdeThl
MO3BOJIMIIN MIOCTPOUTH SHEPTETHUECKHIE KPUBBIE
nportecca Bueapenus atomos O, H, F, Cl BHyTph
TyOyJieHa Yepe3 €ro OTKPBITYIO rpaHHUIly (CM.,
Harmp., puc. 2).
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Puc. 1. IIpoduiu moBepXHOCTH MOTEHIMANBLHBIX 3Hepruii nponeccos BHeapenus O, F, CI, H
B OOpOYIIIEpOIHYI0 HAHOTPYOKY (6, 6)
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Puc. 2. DHepreruueckue KpUBbIE 3aBUCHMOCTH SHEPTHHU OT PACCTOSHUS
JUIS CITy4asi IPOHUKHOBEHUS aTOMOB 4epe3 Topel] TpYOKH
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AHanu3 SHEePTEeTHYEeCKON KPUBOU IS aTo-
Ma BOZIOpOJia OOHAPYKHUII OTCYTCTBUE YHEPTETH-
yeckoro Oapbepa Ha mytu aroma H. Ilpu stom
MUHUMYM Ha KPHBOH, CBUJICTEILCTBYIONINNA 00
3¢ EKTUBHOCTH IPOHUKHOBEHHS aTOMa BOJOPO-
Jla B MOJIOCTh, HAXOMUTCSI BHYTPH TPyOKH. 3Ha-
YeHHne MUHIMYyMa SHEPTUU Ha KpUBOW, HOPMHPO-
BaHHOW Ha OCCKOHEYHOCTH, OTOXKICCTBISETCS C
SHEprued yCTONYMBOrO NOJIOKEHUS aTOMa BOJIO-
pona B nosioctu (E ).

Jns ciy4yas BHEIpEHUsSI aTOMOB KHCIIO-
pona, GpTopa u xj0pa B MOJIOCTh TPYOKH MU HU-
MyM 3HEpPTrMHM HAaXOIWUTCS 3a MpenelaMH rpa-
HUILBI TyOyseHa. [lanpHelnee MpOHNKHOBEHUE
aTOMOB B TPYOKy TpeOyeT MOIOIHUTEIbHBIX
BHEIIHUX YCIOBHH, KOTOPHIE TO3BOMISAT MPEOI0-
JeTh dHepreruyeckuit 6aprep. Kak Buano u3
pUCYHKa 2, aTOMBI, IPEOA0JIEB dHEpTreTHyIec-
KWl 6apbep, MOMaaT B CTA0MIBHOE COCTOS-
HUE YK€ BHYTpH TPYOKU. DTOT pakT HILITIOCT-
pUpyeT BO3MOKHOCTB 3anonHenuss bYHT ato-
MaMH ra30BOW CpeJbl.

3akjaoyenue

BrInmonHeHHbIE UCCIIEIOBAHUS J0Ka3au
BO3MOXXKHOCTh H JIOCTaTOUHYI0 3¢ dekTuBHOCTH
Ipolecca 3arnoIHeH st OOPHBIX HAHOTPYOOK aTo-
MaMH Ta30BOM cpellbl, YTO OTKPHIBACT HHTEpPEC-
HBIE TEPCIIEKTUBHI UCIIOB30BAHHS MHTEPKAIUPO-
BaHHBIX TYOYJICHOB M CO3JJAHNUSI HOBBIX YCTPOMCTB
Ha UX OCHOBE.
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Abstract. Today the researchers focus on the boron nanostructures due to their unique
physical and chemical properties. The boron is applied as the additive in obtaining corrosion-resistant
and heat-resistant alloys. Its connections — nitride BN and others — are used as semiconductor
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materials and dielectrics. Boron atoms can be connected in chains, meshes, frameworks and other
forms. Therefore, over the last decade a lot of researchers have turned their attention to various
geometric and topological configuration of boron (boron clusters and boron nanofibers, boranes).

In this paper we consider two methods of filling nanotubes with boron atoms of the
gaseous medium: the method of percolation and capillary method. To study the seeding process,
boron nanotube of special type was selected. We use the model of molecular cluster in the
framework of quantum-chemical MNDO scheme as the main design scheme. We study the
adsorption process in the structure of the unit cell, which consists of 95 boron atoms and five
layers of hexagons in the direction of the longitudinal axis of the tube and six hexagons on its
circumference. At the end of the tube uncompensated connection was closed by pseudoatoms,
which made the hydrogen atom.

The research performed have proved the possibility and efficiency of process of filling
nanotubes of boron with atoms of the gaseous medium, which opens up interesting prospects
for the use of intercalated tubes and the creation of new devices based on them.

Key words: boron carbon nanotubes, capillary method, quantum chemical calculations,
surface profile of potential energy, gas-phase nanocomposites, chlorination, oxidation.
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