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AHHoTauus. B naHHOi pabore n3y4aroTcsi 0COOCHHOCTH B3aHMMOICHCTBUS IBYMEPHO-
T0 CJ1o4a BC3 C MOJICKYJIaMH, BXOJAIIMMU B COCTaB JbIMa U SABJIAIONIMMUCA OIIACHBIMU JJIA
370pOBbs uelioBeka. HaMu ObLi BHIOpaHBI CIIEAYIOIIME MOJIEKY/IbI: yrapusii ra3 (CO), cepo-
sonopon (H,S), cepructeiii ras (SO,). Llens nccnenoBanus: yCTaHOBICHHE BO3MOKHOCTH CO-
31anus Ha Gase cnoucToro Marepuana BC, ceHCOpPHOTo ycTpoHcTBa, CIOCOOHOro (hUKCUpO-
BaTh MPUCYTCTBUE PACCMaTPUBAEMbIX MOJICKYJ IPH UX HU3KOW OOBEMHOW KOHIICHTpAIIUHU B
Bo3ayxe. OKcul yriiepo/a, OH e YrapHbIid Ta3, CHUTaeTcs Harbolee OnacHbIM B ClTydae BO3-
HUKHOBEHUS TIOKapa. YTapHbIi ra3, B CpPaBHEHUH C KHCIOPOIOM, MOXKET Oolee 3(pQeKTHBHO
MPUMBIKATh K TEMOIJIOOHMHY, YTO BIIEUET 32 COOOH yXy/AllIeHHE CIOCOOHOCTH KPOBH IOTJIONIATh
KHMCJI0pOJL. B B3 ¢ 3TMM HacTynaer kucnopoanoe ronoganue. Cepuuctsiii raz SO, Gecse-
TE€H, HO 00JIaJIacT JIOBONBHO PE3KHM 3allaxoM M 00pa3yeTcs B Cliydae, €CId B TOPIOYEM WU
B3pPBIBUATOM BEILIECTBAaX COAEPKUTCA cepa. Kpome TOro, CepHHCTBIN Ta3 SOOBUT U MOXKET
00pa3oBaTh CEPHYIO KHCJIOTYy Ha TOBEPXHOCTH IVIa3 WM JIBIXaTSNbHBIX IMYyTeH B ClIydae uX
nopakeHus. MoXKeT BBI3bIBATh OTEK FOPTAHU U JIETKUX, BocnalieHue OpoHxoB. OmacHast KOH-
LEHTpaI¥sl I )KU3HU cocTaBisieT Beero 0,05 % make nmpu KpaTKoBpeMeHHOM abixaHuu. Ce-
posonopon (H,S) Tak ke, Kak U CEpHUCTBIH ra3, OECLBETEH, ONHAKO MMEET CIIaIKOBAThIi BKYC
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u 3anax. Croco0eH BBIACTATHCS BO BpeMs IOXKAPOB U TIPU THUEHUHM OPTaHUYECKUX BEIIIECTB.
Kpaiine smoButhIii ra3, mopakaeT 1ia3a U ApIxaTefabHble yTH. CMepTENbHO ONacHast KOHIIEH-
Tpalys Jaxe B ciaydae KpaTkoBpemeHHoro apixanus Bcero 0,1 % [1; 2].

KuaroueBble cjioBa: ABYMEpHBIN CIIOM, yrapHBIN ra3, CepoOBOAOPOMA, CEPHHUCTHIA Ta3,

cercopnoe ycrpotictso, DFT, B3LYP.

Monocnoit BC; npencrapisier coboi rek-
caroHaJIbHYIO CEeTKy U3 aTOMOB Oopa U yriieposa.
Jis MopenupoBaHus Mporiecca MPUCOSTUHEHHUS
aromos (CO, SO,, H,S) 6bu1a cMonenupoBana
paciuMpenHas snemenTapnas srueiika BC,, cocto-
stiast u3 24 aToMoB Oopa ¥ 72 aTOMOB yIJIepoja.
KpaeBbie a3 exTbl ObLTH UCKITIOYEHBI ITyTEM 3a-
MBIKaHHS TICEeB0aToMaMu Bojpopoaa. [Ipumep
paciuMpeHHol aiemMenTapHoi suekiku BC npen-
CTaBJIeHbI Ha pUCyHKe 1. PacdeTsl mpoBOaMINCH
B paMKax TeopuH (pyHKIIMOHAIA TNIOTHOCTH, C UC-
noib3oBanueM (ynkimonana B3LYP, koropsiit
XOpoIo cedsi 3apeKoOMEeHIOBANl ISl pacuera rpa-
(eHOIOIO0HBIX CTPYKTYP ¥ HIMEET XOPOIIYIO CXO-
JUMOCTB C DKCIIEPUMEHTAIbHBIMU JaHHBIMH.
Hy»XHO OTMETHTB, U4TO TaHHBIH (QyHKIIMOHAT TIpe-
BOCXOJIUT IO CBOEH TOYHOCTH BCE M3BECTHBIC He-
SIMIIUPUIECKUE METOBI U XOPOIIIO MPUMEHUM IS
MOMCKAa OCHOBHBIX 3JI€KTPOHHO-IHEPTeTHUECKUX
XapaKTepUCTUK MHOTOATOMHBIX cucTeM [3; 4].

Jnunae! cs3eit B-C ObLIH HaMK ONTHMHU3H-
POBaHBI JUISl UCTIOJIb3YEMOT'0 METO/Ia U (DYHKIIH-
oHana ¥ cocTaBmim 1,48 A.
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Hamu Oblma paccumTana dSHEpTHs CBA3U
aTOMOB paccMaTpuBaeMoro (pparMeHTa OJHO-
aromuoro cinos BC, no ¢popmyrne (1). [lannbie
JUI pacueTa ObUTH TMOJy4YeHBI IMyTeM KBaHTO-
BO-XMMHUYECCKUX PAaCUYCTOB U NPECACTABJICHBI B
Tadnuie.

E

CB

Eges — (NgEg + NCEC)‘ (D

Tor dakr, yTo 3HAYCHIE FHEPTUU CBSI3H T10-
JYYHIIOCh OTPHIATEIBHBIM, MOJATBEPXKIAET CTa-
OWJILHOCTh pacCMaTpPUBAaEMOM CTPYKTYpHI [5; 6].

B naHHOM TyHKTE MPEACTABICHBI PE3Yilb-
TaThl MCCIENOBAHUS TpoIecca MPUOIMKEHUS
MOJIEKyiIbI MOHOOKcHAa yriiepoga CO (Moreky-
Ja yrapHoro rasa) k cioro BC,. beuim pacemot-
peHbl Oe3nedeKTHBIN U AeeKTHBIH clion. B ka-
gyecTBe Jedekra paccMaTpuBaIach OJUHOYHAS
BaKaHCHUs B IIEHTpe cliosl. J{jst momy4eHus dHep-
TeTHYECKOW 3aBHCUMOCTH IIpoliecca MPUCOCI-
Heaus CO x cioro, mojiekyna CO HOpMalbHO
npHOIKANIACh K IIeHTpaibHBIM aToMaM (B 1 C)
WIH K UKTUBHOMY aTOMY, KOTOPBI OTOXJIECTB-
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Puc. 1. ®parMenT paciuMpeHHoH dieMeHTapHo sueikiku BC,

OHepruu oJMHOYHbLIX aToMOB U ciaosi BC, (E), N — 4yucjio aTOMOB B clioe,

, — dHeprus cBszu caosi BC,

Atom C BC;
-37,39 -3314,18
72 -

-37,36

EC
Atom B
E, 5B -24.39
N 24
Ec, 5B
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JISICS HaMU Kak BakaHcus (puc. 2 u 3). llar, ¢
KOTOPBIM Tpoucxonuio npubnmkenane CO co-
crasisan 0,1 A, monexyna 6blna pasBepHyTa K
CJIOI0 aTOMOM yriepona. Pacder moreHIua b-
HOW SHEPTUU Ha Ka)KJIOM IIare mo3BOJIHII MOIy-
YUTb SHEPTECTUUCCKUC KPUBBIC HpI/I6J'II/I)KeHI/IH
MOJIEKYIIbI YTapHOTO Ta3a K BRIOPAaHHBIM aJIcop-
OLIMOHHBIM LICHTPAM.

dopmyna ans MpoBeNeHUsT HOPMUPOBKH
IIOTEHUMAIBHON SHEPT U CTPYKTYPHI:

E=Epes 1 o~ (Epes T Eco)- )

B cniyqae npubnmkennst CO k 60py, MUHH-
MYM DHEPruM He HaOIltoaeTcs pUcyHKe 2a.

B cnyuae npubmmkenus aroma CO K Guk-
TUBHOMY aTOMY (BakaHcus), Ha rpaduke HaOIto-
JA€TCs. MMHUMYM SHEPTHH, NPUXOIAIIUICA Ha
pacctosuue 1,4 A (puc. 3a). I[Ipu 5ToM nporcxo-
AUT HE3HAYUTCIbHOC N3MCHCHNE IUPUHEBI 3aIl-
pelIeHHON 30HBI pacCMaTPHBAEMON CTPYKTYpPHI
¢ atomoM CO, AEg ~ 0,01 »B. [lanHO€ U3MeHe-
HUE MOXXHO pacCMaTpHUBAaTh KaK OTKIIMK CHUCTE-
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MBI Ha TPUCYTCTBUE BOJIM3H OJMHOYHOU MOJIe-
KyJIbl YTapHOTO Ta3a.

CrnenyrommM 3TaroM Hallero uccienona-
HUsS CTajJ0 M3y4YeHHE Mpolecca MpuOIIMKEeHHS
MOJIEKyIbI OKcuaa cepbl SO, (CEpHUCTBIN ra3)
u cepoogopona H,S k cioro BC,. Ananorny-
HBIM 00pa30M MPOU3BOMIUIICS pacyeT MOTEHIU-
aJTBHOW 3HEpPTHH aJcopOluu, KaK B cllydae ¢
Mosiekysor CO, mar npuoIrKeHUs MOJIEKYI K
cioto coctaun 0,2 A. IIpoBeneHHbIE pacyeThl
nokasanu, uTo npu npubmmwkenuu SO, u H,S x
MOBEPXHOCTHOMY aToMy B, moreHiuanbHas
JHEPrHs CUCTEMBI BO3PACTACT, KaK MOKa3aHO Ha
pucyHkax 4a u Sa.

[Ipoduiau MOBEPXHOCTH MOTCHIMAILHOM
SHEPruH Mpouecca npuommkenus aroma SO,, H,S
Kk cioro BC, mpencrasiienbl Ha pucyHkax 4 u 5.

Takum 006pa3om, ObLT U3yUeH MPOIIECC MPH-
coequnenus monekyn SO,, H,S n CO x aromam
0OpOYTIIEPOTHOrO CIIOsI, U YCTAHOBJICHO, YTO a/l-
COpOIIHsI BO3MOXHA JIMIIb B OTHOIIEHUH MOJIC-
KyJI YTapHOTO ra3a U TOIBKO B CJOE, CoIepKa-
II[eM BaKaHCHUOHHBIN Je(eKT.
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Puc. 2. Monexyna CO najg atoMmoM B paciuupeHHON aneMenTapHoi siuetiku BC,
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Puc. 2a. IIpouiib OBEpXHOCTH NMOTEHIMANBHOM Hepruu npucoenunenus CO k cnoro BC,
B [TOJIOKEHHUHU HaJI aToMoM B
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Puc. 3a. [Ipouiib oBEpXHOCTH MOTEHIMANBHOM Heprun npucoenunenus CO k cnoro BC,
B [IOJIOXEHHUHU HaJl (PUKTUBHBIM aTOMOM
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Puc. 4. SO, Ha pacuupennoi snemenTapHoi srueiiku BC,, mpucoenuneno nax atomom B
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Puc. 4a. IIpoduib OBEpXHOCTH NIOTEHIMANLHO# SHEpruy npucoeaunernus SO, k coro BC,
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Puc. 5. Monexyna H,S nan cioem BC,, monoxenue nang atomom B
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Puc. Sa. IIpoduib MOBEPXHOCTH MIOTEHIMANIBHO# SHepruy npucoeuuenus H,S k cioro BC,
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Hcnonb3oBanue OeCIPUMECHBIX M Oe3jie-
dexrHpIX aByMepHBIX croeB BC, B kauecTse
MPETEHCHTOB Ha POJIb CEHCOPHBIX YCTPOHCTB B
OTHOLIEHUH KomnoHeHToB apiMa SO, H,S u CO
CUMTaeM HE I1eJIeCO00pa3HbBIM.
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Abstract. In this paper, we have studied the interaction between two-dimensional sheet
BC, with carbon monoxide (CO), hydrogen sulfide (H,S) and sulfur dioxide (SO,) molecules.
These molecules are part of a fire smoke and are extremely hazardous to human health.
The aim of our study is to find out the possibility of creating a sensor device based on the BC,
sheet material, which is capable to registers the presence of the molecules in the air. Carbon
monoxide, which is also carbon monoxide, is considered the most dangerous in the event of a
fire. Carbon monoxide, compared to oxygen, can be more effectively adjacent to hemoglobin,
which entails a deterioration in the ability of blood to absorb oxygen. In this regard, oxygen
starvation occurs. Sulfurous gas (SO,) is colorless, but has a rather sharp smell and is formed
if sulfur is contained in combustible or explosive substances. In addition, sulfurous gas is
poisonous, and can form sulfuric acid on the surface of the eyes or airways if affected. It can
cause swelling of the larynx and lungs, inflammation of the bronchi. A dangerous concentration
for life is only 0.05% even with short-term breathing. Hydrogen sulfide (H,S), like sulfur
dioxide, is colorless. However, it has a sweet taste and smell. It is able to be released during
fires and during rotting of organic substances. Extremely poisonous gas, affects the eyes and
airways. A deadly concentration even in the case of short-term breathing is only 0.1%.

Key words: two-dimensional layer, carbon monoxide, hydrogen sulfide, sulfur dioxide,
sensor device, DFT, B3LYP.
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