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JlanHass paboTa MOCBAIICHA HCCICIOBAHUIO PABHOBECHBIX COCTOSHHUM aOCTPAKTHBIX IBYX(a3zHBIX
CHUCTEM C YYETOM CHUMMETPUI Ha pUMepe COPOLUN 00BEKTOB JBYX COPTOB HA M'CKCATOHAIBHYIO TIOCKOCTb.
B niepoM npuOIKeHIH MOA00HBIC TPOLIECCHI YIIPABISIOTCS HEKOTOPBIM K03(D(HUIMEHTOM pacnpeecHus,
KOTOPBI JIETKO MOXKET OBITh H3MEPEH Ha ombITe. OJTHAKO ONPEICIICHUE BEPOSITHOCTH 00PA30BAHUS TIPU ITOM
KOHIJIOMEPATOB OJHOTHUITHBIX OOBEKTOB TaK MPOCTO ONPEACIUTh HEBO3MOXKHO. B naHHOMN paboTe mpuBeACHO
TOYHOE pellleHHe JaHHON BEPOSITHOCTHOW 3a[a4uH, a TaK:Ke 00CYKACHBI BOIIPOCH HAPYIIEHHUS 3aKOHOB CTa-
THUCTHUKH, KOTOPBIE MOT'YT [IPOUCXOUTh B pe3y/IbTaTe B3aUMOICUCTBHSI COPOUPYEMBIX 00BHEKTOB.

[IpennoxxeHHass METOAMKA MOCTPOCHHS (HOPMYIT JIETKO MOXET OBITh 0000IeHa Ha WHBIC CHMMET-
pHYHBIE CTPYKTYPbI, OTJIMYHBIC OT FE€KCArOHANBHbBIX, @ TAKXKE HA HHYIO CTPYKTYPY LIEHTPOB COPOLMH, OTIINY-
HBIX OT IJIOCKOCTH. Pe3ysbraThl paboThl MOTYT OBbITh IPUMEHEHBI JJIS HCCIICIOBAHUS peakinii oOMeHa B 3a-
Jayax ajcopOLuK 1 XUMHYECKOTO PaBHOBECHS MPHU HAJIWYHMU TeX WIM HMHBIX CUMMETPHUH B COYETAHUH C Be-
POSITHOCTHBIM PACIpPEICICHUEM.

KiroueBble cjioBa: MareMaTnyecKoe MOJCIUPOBAHUE, CHMMETPUSI, CIIY4alHOCTh, paclpeeiiCHue,
peakiyu oOMeHa.
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In a first approximation, sorption processes am@atterized by equilibrium isotherms with constant
or variable coefficients. But the equilibrium caeints reflect only the amount of the sorbed congm,
but not the geometry of its distribution in thelsemt phase. A cluster analysis of the distributibobjects
during their sorption can lead to completely unetpe results. Moreover, as shown in this papergther-
gence and decomposition of clusters of various r@se objects does not affect the current equilibrcoef-
ficient, it is a low-energy process that can vesllbe carried out using the thermal energy ofeheiron-
ment. Thus, by manipulating the probabilities af formation and destruction of clusters, it is tiedically
possible to achieve very interesting effects uthtocreation of vibrational reactions of the creatand de
composition of clusters. Although the implementataf all these theoretical model projects is a endibr
chemists. Not everything that is real in theory barput into practice. It should also be noted thigt prob-
lem is closely intertwined with the theory of pdatmn, where the conditions for the appearandefaofitely
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long clusters with a random distribution of defeictsspace are also sought. In the future, a motaildé
study of all these effects is expected.

So, for modeling, we chose the simplest hexagomdhse structure. We assume that the sorption
isotherm is known to us from experience. Specifigegimental measurements of the sorption isotheawe h
already been carried out in our laboratory and iphbtl earlier. Our goal is to conduct a clusteryai of
the adsorbate using the solution of the model pmbhnd highlight the most interesting patterns tioatd
subsequently be confirmed by microscopic studies. €rlier numerical experiments showed the pdggibi
of clusters of objects of the same type duringrteerption. In this paper, we give a mathematinloiduc-
tion to the problems of this problem using the eplenof studying the equilibrium states of abstriab-
phase systems during the sorption of objects ofkiwds on the hexagonal plane. Then the issuesssiple
violation of a simple probabilistic picture in thpeesence of interaction of sorbed objects are dimll This
is all the more important because in such conglatesrcertain interactions between similar objectgass-
ible, which can violate a simple probabilistic pict. In this regard, the issues of violation of ldes of sta-
tistics that can occur as a result of the inteosctif adsorbed objects that can violate the exauatien of the
probabilistic problem are discussed here, and nastfar modifying the formulas in this case are josad.

Conclusionit should be noted that the proposed method fostrocting formulas can easily be ge-
neralized to other symmetric structures other thexagonal, as well as to a different structureaspton
centers other than the plane. The results of thi wan be used to study exchange reactions inrtl@gms
of adsorption and chemical equilibrium in the preseof certain symmetries in combination with alyatail-
ity distribution, as well as to predict and desigw reactions with a theoretically predicted result

Keywords: mathematical modeling, symmetry, randomness,ildigion, exchange reactions.

BBegeHue

JlanHas pa0oTa MmocBsIIeHa YUCTO MaTeMaTHUECKON mpolieMe, XOTs MOJIeNH, aHa-
JIOTUYHBIE TIOCTPOEHHOU 3/1€Ch, MOTYT HMETh PEAIbHOE IPUMEHEHUE B HEKOTOPBIX 3a/1a4ax
XUMHU4Yeckoro oomena. Ilpu MojenupoBaHuK MPOIIECCOB B MHOTOKOMITOHEHTHBIX CUCTEMaX
YacTO BO3HHMKAIOT MPOOJIEMbI CTATUCTHUECKOTO pacHpeneieHus 00bEeKTOB, IPUYEM C CO-
XpaHEHHEM HEKOTOPBIX CHMMETPHUH, ONIpee/IIeMbIX YCIOBUAMHU 3a1aui. B nanHoi pabote
NIOKa3aHO peIleHUe ITUX NMPo0JieM Ha IMpUMepe MOJENbHOH 3a/aun O CllydyallHOM pacrpe-
JieNleHMH 0OBEKTOB JIBYX COPTOB Ha IUIOCKOCTH € TeKCAaroHaJbHOW CTpYKTypoii. Panee Ha-
MU OBUIN MPOBEAEHBI MOJEIbHBIE SKCIIEPUMEHTHI, ONUCHIBAIOLINE BO3MOXKHBIE d()(EKTHI,
CBSI3aHHBIC C BOSHUKHOBEHHEM KPYITHBIX KJIACTEPOB OJHOTUIIHBIX OOBEKTOB MPH UX COpPO-
iuu [1]. TIpu 5TOM HaMH KCIOJIB30BAIACh OMBITHBIE H30TEPMBI COpPOIMU U3 pador [2, 3].
Kpome moctpoeHusi TOUHOTO perieHus 3a/1aud, B JAHHOW paboTe pacCMOTPEHBI U HEKOTO-
pBIe BO3MOXKHBIE BapHAHTHI PACIPEICICHUN IIPH BO3MOXKHBIX HApYHICHUSAX BEPOATHOCT-
HBIX 3aKOHOB, CBSI3aHHBIX C B3aMMO/ICHCTBHEM COPOUPOBAHHBIX OOBEKTOB.

TeopeTnyeckas 4yacTtb

Wtak, umeeM TpEXMEepHOE MPOCTPAHCTBO, 3aMOJIHEHHOE O0BEKTAMH JBYX COPTOB:
C,,C, - IOJU WU BEPOSTHOCTH 3THUX OOBEKTOB B MpocTpaHcTBe C, +C, =1. Kpome Toro,
MyCTh UMeeTCs OECKOHEYHasl TJIOCKOCTh C T'€KCarOHAIBHOW CTPYKTYpOW, Ha KOTOPOH B
CTAaTHCTUYECKOM PABHOBECHH C MPOCTPAHCTBOM TAK)XKE HAXOJATCS T€ KE OOBEKTHI ABYX
COPTOB: HX J01u 0003HAa4YUM 4epe3 a,,d,; a +a, =1. ['ekcaroHainbHas CTpyKTypa H03BO-
JSET KaXKI0OMYy O0BEKTY Ha IIIOCKOCTH UMETH IO IIecTh coceneit puc.l . Jlonu 0o0beKTOB Ha
IUIOCKOCTH &, ,8, CBSI3aHbI C JOJSIMU TeX ke 0OBEKTOB B IPOCTPAHCTBE YPABHEHUEM!

A =K(e) 2, (1)
G C,

rae K(c,;) - HekoTopas GpyHKIUS, CBA3BIBAIONIAsl pacrpeeieHine 00bEKTOB B IIPOCTPAHCT-
BE C paclpe/esICHHEM HX JKe Ha IUIOCKOCTH. B peanbHbIx 3amavax ¢ynkmus K(c;) moxer
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OBITH MOJIy4€Ha U3 OIbITA, OJHAKO, ONBITHBIM ITyTEM HEBO3MOXHO MOJIYYUTh CPEHEE UHC-
JI0 coceielt TOTo JKe THIA Y KaXJI0ro U3 00BEKTOB.

Puc. 1 ®parMeHT MI0CKOCTU C HEKOTOPBIM CIIy4allHbIM paclpeesIeHIeEM
00BEKTOB JIByX COPTOB.

B npocreiimem ciydae K(c,) =1 3agava pemaercst craHIapTHBIME (HOPMYJIaMH TEO-
pHH BeposTHOCTH [4].
O0o03HauuM 4epe3 &, - JOII0 OAMHOYHBIX OOBEKTOB IEPBOr0 TUIA HA IIOCKOCTH, a

qepe3 &y, ,8y,,3,8,,,85,8 [A0IH O0BEKTOB IEPBOTO TUIA, UMEIOLIUX COOTBETCTBEHHO

OJIHOTO, IBYX, M TaK jajee - J0 LIECTH COCEJel TOro ke TUNa. AHAJIOTMYHO Yepes3
Ay, Ay, 8y ,8h3,8,,,8,5,8ys - 0003HAYMM JOJIM OOBEKTOB BTOPOrO THIA HA ILUIOCKOCTH,

MMEIOIINX COOTBETCTBEHHO OT HYJIS JIO IIECTH COCEACH CBOEro tuma. TakuM oOpa3om,
AMEEM.

Ao ta,ta,ta;ta,tasta,=q (2)
Aoty T, TaAp+ta,, ta,sta,,=a,

B cootBercTBHM CO cTaHAAPTHBIMH (OPMYITAMU BEPOSATHOCTHOTO PACHpPEACTICHUS
UMEEM:

8, =cCi(1-¢, )" ; &y, =c.Coey(1-c, )" (3)
6 6
a =Y a,=¢(q+c,) =c; a,=) a, =c(q +c) =¢, ; K(cl):zi—ijzl
m=0 m=0 2

B ciyuae koncrantsl K(C,) = K, #1 Takke MOKHO BOCIIOJIb30BAaThCSl BEPOSTHOCT-
HBIMH (pOpMYTIaMH, IPECTAaBUB HeKoe (popMalibHOE CUTO, KOTOPOE MPOMYCKAeT K MIOCKO-

CTH TOJIbKO HCKHE IOJIH ql(cl), g, (Cz) BCEX OOBEKTOB BHEIIHETO MPOCTPAHCTBA B COOT-
BETCTBUH C MPABUJIAMH.

_1.%(C) _
a(c)+a,lc,)=1; =K 4)
e+ fe)= 58 i,
Perrenue cuctemsl ypaBHeHuit (4):
—_ Cl — ClKO — CZ — CZKO_l
= = , 0,(c,)= = , 5
e a+Ki'c, Kg+e, () Ko aiki O

a JIoM 00BEKTOB C Pa3sHBIM KOJHYECTBOM COCEAeH MOXHO HalTH 1Mo (opMmysiaM, aHaio-
rugHbeIM Gopmynam (3):
— ma~mfq _ 6-m , - mmfq _ 6-m
a, = 0,Cea"(1-6,)" ; &, =6,Cfa7 (L-q, )", (6)
OTKY/Ia CIICyeT:
6 6

a=>a,=4(+%) =0 a=Ya,=qq+% =0

m=0 m=0
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C
at 90
PaccmoTrpuM teneps ciiyuai, KOrja BeJIMYUHA K(cl) HEIOoCTOsiHHA. B pamkax umc-

0

TOW CTATUCTHKU MOXHO pelIaTh 3Ty 3aady 4HCTO (OpMallbHO, MOACTaBUB B (HOPMYIIBI
(4, 7) Benuuuny K(cl) , BMecTo K, . OnHako, ecnu HenocTostHCTBO BenuuuHbl K(c, ) cBs-
3aHO C B3aUMOJICHCTBUSAMHU MEXIY COCEIHHUMH OOBEKTaMH Ha IIJIOCKOCTH, TO (OPMYIIBI
CTaTHCTUKU MOTYT OBITh HapyIIeHbI U KOPPEKTHOCTh Gopmyra (6, 7) —mox Bompocom. B
9TOM ClIydae peliCHHE 3a7a9d O JIOJIIX 0OBEKTOB C Pa3HBIM KOJMYECTBOM COCEICH MOKET
UMETh HE EUHCTBEHHOE pelieHne. J[eCTBUTENBHO, BBEIEM MPOU3BOJIBHYIO MOJTOKUTEIb-

HYIO () YHKIIHIO IZ(Cl) U COOTBETCTBYIOIIHE CH OJIH:
Se)e GK@) sy G o
=—2— g,(c,)=—=2—,G,+0,=1 (8)
ac) R G a.(c.) O
Tenepsb ¢ MOMOIIBIO HANIMX TPOM3BOJILHO 3aJaHHBIX (PyHKIHH (8) MOKHO TaKKe
IMPOU3BOJIBHO 3a4aTb U JOJIN O6’BCKTOB Ha IIJIOCKOCTU.

8, = Cq Gy (1_ al)G_m ; 8om = 0,Cq 05 (1_ a; )S_m’ 9)
rae Bemumuuabl O =0, (C) Bemumcnsiores mo popmynam (5),a G =G (C) - mo mpous-
BOJILHBIM (opmyiam (8).

3aMeTHM, YTO TaKoe MPOM3BOJIBHOE 3a1aHue Jaoeil B Gpopmysie (8) HUKaK He cKa-
3p1BaeTcs Ha kodddurmente K (Cl) . JlefictBuTenbHO, 1o hopmyiam (9) umeem:
6 6
8=>8,=aG+%) =0 8,=>8,=¢@+qf=q0; (0
m=0 m=0
2% - 4% - k()
at a6
Taxum 06pa3oM, SKCIIepUMEHTATbHOE H3MepeHHne 3aBucuMoctd K (cl) emé He ja-

€T moctaTouHo MH(MOPMAILIUU O paclpeieIeHHH 00BEKTOB IO JOJISIM C OMPEeIEHHBIM KO-
JUYECTBOM coceneld nannoro Buaa. OMHAKO, MU HATWYUHU JOTIOTHUTEIFHOM HHPOPMAITIH
dopmyns (5-10)M0OKHO MOIUPHUIMPOBATH B COOTBETCTBHHU C 3TON MH(POPMAIHEH.
[Tpumep 1. IIpenmnonoxuM, 9TO MapHOE B3aMMOJICUCTBUE MEXKIY OOBEKTaMU OJHOTO
BHIa TOBBIMACT (MM MMOHMXKAET) BEPOATHOCTh UX MOSIBICHUS B [ pas3, TOrJa U3 ypaBHE-

HUS JUIA BEPOSITHOCTU BOZHUKHOBEHHUS aphl 511, HaIéM.
8, =G4 (1-4)7 = faCial-a)™ = §1-8)" = Aaill-q)”
K  _ K(c,) (11)

= ~ 6 6
(clK(cl)+cz) (cK(e) +c,)

Henuneitnoe ypaBHenue (11) mo3BoJICT BBIYMCIUTD BEIUYHHY IZ(Cl) gepes OCTallb-
HBIC YK€ U3BECTHBIC BEJIUUMHBI, 3aTEM MOACTaBUTH ¢€ B popmyiisl (8-10), mosryuuB, Takum
o0pa3oM, Bce HCKOMBIE pacrpeaenacuus. Caemyer, 0OHaKO, y4eCThb, 4To npuomkenue (11)
paboTaeT TOJIBKO MPH MalbIX 3HAYEHUSX C;, KOIJa BAPHAHTAMU C OOJIBLIMM KOJINYECTBOM
cocezieit MOXKHO peHeOpeyb.

[pumep 2. IIpeanonoxum, 4To Mexay OOBEKTaMH TIEPBOTO THIA €CTh HEKOTOpOE
B3aMMOJICHCTBHE, B TO BpeMsl, Kak OOBEKTHI BTOPOTO THIA HE B3aUMOJICHCTBYIOT JPYT C
npyrom. Torma MOKHO TPEAIONIOKUTh, YTO BCE paclpeieiieHuss 00bEKTOB TIEPBOTO THTIA
TOJTHOCTBIO ompenensrorcs Benuunnoi K (1), BemmumHb &; B 3TOM Clydae MOKHO Olle-

HUTB 110 Ppopmyste (9), mopcTaBuB B HEE:
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KO o) G

o) kwre (12)

W)= e

O6cyxaeHue pe3ynbTaToB

3amMeTuM, 4TO OmHMCcaHHas 3/1eCh MOJIENb JIETKO 0000IIaeTcst Ha 11000e Apyroe Ko-
JINYECTBO COCCZ[Gﬁ Ha IIJIOCKOCTH, OTJIMYHBIX OT IICCTH, a caMy IIJIOCKOCTH BITIOJIHE MOKHO
3aMEHHUTh, HEKMMH IIEHTPaMU MPUTSKCHHS, TUTABAIOIIMMHU B TOM € MPOCTPAHCTBE. 3ame-
THUM TaKXKEC, 4TO ITOCIICAHECEC AOITOJITHCHHUEC ITO3BOJISIET BBOAUTH B paSBI/ITYIO 341ECh TeOpI/IIO
IIPOU3BOJILHBIC JOMOJIHUTEIIBHBIC BapUalliH, CBSI3aHHBIC C OCOOBIMU CBOWCTBAMHU B3aMMO-
I[eﬁCTByIOIHHX OG’bGKTOB Ha ITJIOCKOCTH, HapymaIOH_II/IX BepOHTHOCTHOG OIINCaHUueC Hpouec-
ca.

3aknoyeHue

[IpencraBnennas 3aech padoTa JO0CTAaTOYHO aOCTPAKTHA U HE UMEET MPSIMOTO Mpak-
TUYECKOTO0 MPUMEHEHUs, OJHAKO OHA KacaeTcsl MPUHILHUIIOB MOJIETUPOBAHUS IPOIIECCOB
oOMeHa B XMMHH TpU HATUYUH CUMMETPUN OTHOCUTENBHO THIIA B3aUMOJEHCTBYIOIIHUX
MOJIEKYJI ¥ BIIOJHE MOKET OBITh IMOJIE3HA MPU CO3/IaHUU AHAJOTUYHBIX MOJIENeN paBHO-
BECHBIX paclpeziesieHui B pealbHbIX 3a7adax. OTMETUM Takke, YTO MOJEIH, PACCMOTPEH-
HBIC 3/ICCh, MOTYT OBITh TOJIC3HBI U B TCOPUHU MEPKOJISALINU [5], I/1e TakKe OI[CHUBACTCS Be-
JMYMHA KJIACTEPOB BEPOSTHOCTHBIX O0BEKTOB, MPEACTABISAIONUX 1e(EKThI CTPYKTYPHI.
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