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CIIBBIIHOIIEHHS BJACTUBOCTEHR Y TOMOJIOTTYHHUX PAJAX
BYIJIEBOJIHIB

JocaimkeHo KopemsIil MiXK BIaCTUBOCTSIMH TOPIOYHUX PEYOBHH Y TOMOJIOTIYHHX PSAaxX H-aJKaHIB
Ta H-CIHUPTIB JOBKUHOIO Nc=1-20 11 BU3HAYCHHS CIIOCOOIB MiABUIICHHS 301KHOCTI METOAMK OIIHKH
napameTpiB nmokexHoi Hebesneku. IIpoBeneno n1o0ip mapameTpiB peUOBHHH, SIKI MOXKYTh OyTH MoJie-
JOI0YMMHU; IO HUX BITHECEHO JOBXHUHY KJacTepy. 3BEepHYTO yBary, II0 Hapasi BIACTHBOCTI PEYOBHH
MPOTHO3YIOTh 332 TPYOO3EPHUCTOI0 MOJICIIIIO MOJIEKYI, SIKa Ma€ AUCKPETHICTh, HE OMHUCY€E KOPOTKI MO-
JIEKYIH, TIOTpedye IHANBIAyaIbHOTO MiaXoay. Bumaineno 6 mocnmioBHAX PiBHIB BIACTHBOCTEH pedOBU-
HU, SKi CTBOPIOIOTH JIAHIIOT ()OPMYBAaHHS MEBHUX MapaMeTpiB MOKekHOT HeOe3neku. [lokazano, mo €
«apuMeTHYHI» MapaMeTpu PEUOBHHHM, SIKi HANpsSMY 3aJIe)KaTh BiJl KiIbKOCTi meBHUX artomiB. Cepen
HUX «IOBXXMHAa» Kpalle BiIOMBae i30MepHi, KOHPOPMHI, KIacTepHi BiJIMIHHOCTI, 3 SKAMHU TIOB’s3aHi
aHOMaJIil mapaMeTpiB BYTJICBOJHIB. 3aJIEKHOCTI KJIAaCH(IKOBAHO Ha <JIIHIHHOIO» Ta «EKCIIOHCHIIIHHO-
ro» tumy. JliHiiHMH OMMC TEMJOTH BHUMApOBYBAaHHS BiJ Nc OKPEeMO H-aJIKaHIB Ta H-CIOHUPTIB Ja€
R=0,999. ExcrioHeHI1i{iHa anpoKCUMAIIisl TeMIIepaTyp KUMiHHA t,,; Ta cnanaxy {., H-aJIkaHiB 3a YacTKa-
MU 3MiHH Ne Mae R=0,999. TToka3aHo HaABHICTh KOPEJSIIl MK Lo, Ta tgy, 8¢ 3 CHCTEMHOIO BiIMIHHIC-
TIO, TIIO CBIIYUTH MPO HE TMOBHY MOMIOHICTh KIIACTEPHOTO CKIAAY 3a MHUX TeMIIeparyp; Mix I Ta ty, —
MeHIIIa KOpeJsLisl, ane ii HasBHICTh CBIMYHUTH MPO YaCTKOBY MOJIOHICTH KitacTepHOro ckiany. CtBope-
HO YHiBepcaibHy (hOpMYJy Ui IPOrHO3YBaHHS TEIUIOTH BHIIAPOBYBaHHS BYIJIEBOAHIB 10 roMoioriy-
HUX KJaciB, sika Mae R=0,996. Onuc nynbcamiii 3MiHN 1, ByTJIeBOAHIB 3/1iICHEHO Ha MiACTaBi 3MiHH
MPUHIMIIB OpraHizaimii Ki1acTepiB y TOMOJOTIYHOMY psAy 3 BpaxyBaHHSIM iX JOBXKHHH Ta MOJISPHOI
MacH, mo aae R=0,9997. 3a ananoriyHIMH MPUHIUATIAMH PO3POOIICHO POPMYITY AJIS OTHCY PO3YHHHOC-
Ti y BOAL BYIJICBOJHIB, SIKa MPAIO€ 3 3aI0BUTFHOI0 TOUHICTIO. JloCmipkeHHs MoKa3ano, mio JAOBXKHAHA
KJIacTepy € BU3HAYAJIbHUM TTOKa3HUKOM, 32 SIKUM MOJTYJTFOIOTHCS BIIACTHBOCTI PEYOBUHH.

KuiouoBi ciioBa: ByrieBo/Hi, TyCTHHA, B’ A3KiCTh, TOBEPXHEBHI HATAT, BOJOPO3UYMHHICTb, Xapa-
KTEpHI TeMIIEpaTypH, KJIacTep, MokKeKHa Hebesneka

1. Beryn

@D13UKO-XIMIYHI BJIACTUBOCTI PEUOBHH OOYMOBIIIOIOTH yC1 HAMPSMKHU iX BUKOPHC-
TaHHS Ta 30epiranns. He € BuHATKOM 1 Taka cdepa aismbHOCTI, K «IloxkexHa 6e3mexay.
BinnoBinHuii HayKOBHI HAMPSIMOK MOKHA C(OPMYITIOBATH K «MaTepiallo3HABCTBO HAJI-
3BHYAtHUX cTaHiBY. [Ipy IbOMY BUpIIITYIOTHCS MMUTAaHHS MOBEIHKM PEUOBHH Ta MaTepia-
JB 3a MiJBUIICHUX TEMIIEPATyp, TUCKIB Ta 1HIIMX arpeCUBHUX (PAKTOPIB MOXKEXKI, IO
Oyze BU3HAYATH CTIMKICTh Oy/1IBETbHIUX KOHCTPYKIIiH Ta MOKEKHOI HABaHTaru. Y Mexax
BIJIMTOBITHUX JIOCITIDKEHb OKPEMUM Ta OLIBIII CKJIQJIHUM 3aBJIAaHHSAM € BU3HAYCHHS TOPIO-
YOCTi, PEKMMIB BUHUKHEHHSI, TTOIIMPEHHS Ta 3aBEPIICHHS TOPIHHS MaTepiajiB, 30KpemMa
BYTJICBOJIHIB; TaK, )KOJHA ICHyI04Ya pO3PaxyHKOBAa METOJIMKA HE € JIOCTATHBO YHIBEpPCAallb-
HOIO JIJISl TIPOBEJICHHS BiJNMOBiMHOTO mporHo3yBaHHs [1]. Tomy, ocoO6muBO 1s1 TBEpAMX
PCUOBHH, TIOIIUPEHI CKCIIEPUMEHTAIbHI METOJM BHM3HAYCHHS BJIACTHBOCTEH [2].
Po3B’s3aHHS O3HAUEHUX MHUTaHb MOTPEOy€e PO3YMIHHS KOMILIEKCY BIUIMBIB YCiX (i3uKO-
XIMIYHHMX BJIACTHBOCTEH PEUOBHMHH Y iX B3a€MO3B’SI3Ky Ha MEBHUI mapaMmeTp, SIKUil BU-
3Ha4Ya€ KOHKPETHUH aCIeKT MOBEIHKK Ta HEOE3NMEYHOCTI MaTepiajiB IMiJl Yac MOXKEeXKi.
Lle, y cBoto uepry, noTpedye BUSHAYCHHS PIBHIB Ta MOCIIJJOBHOCTI TAKOTO B3a€MO3B’SI3KY
NEeBHUX NapameTpiB pedoBuHHU. Ha nanuii yac Taki 3aBIaHHS OCTATOYHO HE BHPIIICHI Ta
noTpeOyIOTh MPOBEIEHHS MOATBIINX JTO0CIIKECHb.
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CucreMaTn30BaHi JOCTIPKEHHS B 00JIaCTi O3HAYEHO! MPOOJIEMU TOTIOMOXYTh
YTOYHHUTH ICHYIOYl METOJHMKHU Ta PO3POOUTH HOBI JUIS MPOTHO3YBAaHHS mapameTpiB (i-
3UKO-XIMIYHMX BJIACTHUBOCTEH PEUOBHH 32 YMOB PO3BUTKY MOXKEX, Y TOMY UMCHI i mMa-
paMeTpu MOXKeKHOT HeOe3MeKH. Y IbOMY HAaMpSIMKY Maike He PO3TJIIHYTHUM MUTaHHIM
€ BpaxyBaHHs y BIJIMOBIIHUX METOJUKAX Ta MOJIETSAX OCOOIMBOCTEH HAIMOJICKYIISIPHOI
OyJ0OBH PEUYOBHMHHM, HE ICHYE UITKMX MapaMmeTpiB Kl BIJOMBAIOTh y PO3paxyHKaxX HasiB-
HICTh Ta BIAMIHHICTh TaKMX CTPYKTYp. AJle came HaJMOJIeKYyJIsIpHy OyJa0BYy Hapa3i BBa-
KalOTh MIHIMQJIBHOIO CTPYKTYPHOIO OJMHUIIEI0 pedoBHHHU. llepenbadaeTscs, mo npo-
BEJICHHS BIJMOBIHUX JOCTIKEHb JO3BOJUTH MIJBUIIUTH aJ€KBATHICTb MPOTHO3YBaH-
Hs 0araTbOx MapaMeTpiB PEYOBHMHU Ta MIABUIIUTH PiBEHb 3a0€3MeUeHHs MOXKEKHOI
Oe3rneku B3araii.

O3HauyeHuil cTaH NUTaHHS IPOTHO3YBaHHS (PI3MKO-XIMIYHUX BJIACTUBOCTEN PEYOBHMHU
CBITYUTH MPO aKTYaJbHICTh Ta MEPCHEKTUBHICT MPOBEACHHS JOJIATKOBUX JOCIIIKEHb
II0JI0 CTBOPEHHSI HOBOTO PO3paxyHKOBOro 0asucy sl pi3HUX oOjacTeil maTepiajo-
3HaBCTBA.

2. AHaJi3 JiTepaTypHUX JaHUX Ta MOCTAHOBKA NMPo0dJieMu

Bupimenns o3HaueHoi npoGieMu nependayae MpOBEIEHHsS TOCTIIKEHb y JBOX
TUTOIIMHAX: BUSBJICHHA (YHIAMEHTATBHOTO MOKA3HUKAa PEUOBHHH, 32 SIKUM MOKHA
MIPOrHO3YBAaTH il NEBHI (PI3UYHI BIACTUBOCTI, Ta BIUIUB IIbOT'O MOKA3HUKA HA MMapaMeTpH
nmokexkHoi HeOe3nekn. HalmpocTinmmii crociO BUSABICHHS O03HAYCHHX KOPENAIINA MOJIs-
ra€ y Bi3yaJlbHOMY CITIBCTaBJICHHI MacIITA0OBaHUX rpa(iyHUX 3aJIeKHOCTEN Ta aHATI3Y
iX HenHIMHOCTEH.

[TopiBHIOBAaTH MOKa3HUKH BJIACTUBOCTEH PEUOBHHHM (y MeEXKax OJHIET 3a1eKHOCTI
ab0 MIX iX pI3HUMH THUIIAaMH) HEOOX1IHO 32 CTaHJApPTU30BaHUX YMOB: 1) 3a 0JIHaKOBOI
TeMIepaTypu — ajie Jllaa30Hu ICHYBaHHS PEYOBHMH JAHOTO T'OMOJIOTIYHOTO PsiAy B OJ-
HOMY arperaTHoMy CTaHl MOXYTb HE MEpPEKPUBATHUCS; 2) MiJl YaC OJIHAKOBHX MPOIIECIB,
HaAMPUKIIAJ, 32 TEMIEPATYPH TUIABJICHHS a00 KHUITIHHS — ajie MPH I[bOMY Y PEYOBHHI Mi-
CTUTBCS pi3HA KUTBKICTh eHeprii. Takoxk 3ayBakMMO, 1110 3 JOBIIKOBUMH JTaHUMU [3, 4]
9acTO BHABIISETHCS HEMOXXJIMBUM JOTPUMATHCH Tepiioi abo npyroi metomuku. [Ipo-
0JIEMOIO TIPH PO3PaxXyHKOBOMY MPOTHO3YBAaHHI € OCHHJIAIIINHICTE a00 CTYHIHYACTICTh
3MiHU MIEBHUX MMapaMeTPiB PEUOBHHH Y TOMOJIOTIYHOMY PSY, IO CyYaCHUMHM MPaKTHY-
HUMH METOJIMKaMHU PO3paxyHKiB HE BpaxoBYeTbcs. [IpUYMHOIO 1IUX aHOMAJil MOXYTh
OyTu 0COONMBOCTI Oprasizanii HaliMEHIIO1 HaJAMOJEKYJISpPHOI OylIOBH PEUYOBHUH SIK B
MeXax OJHOT'0 TOMOJIOTIYHOIO PSAY, TakK 1 A PI3HUX KIaciB.

HanmonexynsipHa OymoBa Mae pi3Hi XapaKTEpPUCTUKH TS PI3HUX arperaTHUX CTaHIB.
JI1st TBEpIOro — BOHA MEPEBAYKHO PETYIISIPHA; NIEpeXil Y PLAKUMA cTaH BIIOYBAa€ThCs 3a TEM-
riepaTyp TUIABIEHHS ty;, aJie 1€ HEe 3aBXKIU CYNPOBODKYETHCS 3MIHOIO KPUCTAIIUHOI Oy/10-
BuU. Lleit mporiec mpoxXoauTh 3a TEMIIEPATypH «IIEPEXOIY» ty, AKa 1HOJI 30ITaeThes 3 ty,, a
iHOM1 — Hi [5]. Y piAKOMY CTaHi MOXKYTh 3JIMIIATUCS (PparMeHTH KPUCTAIIUHOI OYyI0BH Yy
BUIIIAI KJIACTEPIB 3 PI3HUM KOOPIUHAIIMHUM YHCIIOM, a TAaKOX OKpemi Mosekyiu [6]. Toxi
BUHUKAE HEPETYIsApHa Oy0Ba 3 MEBHOIO MPOIMOPIII€I0 BMICTY BKa3aHUX CKJIAIOBHX,
NPUYOMY 3a 301TbIICHHS TEMIEPATYPH PIIUHU 3MEHIIYETHCS YaCcTKa KPYMHUX Kiac-
TEpiB Ta 301TBIIYETHCS YacTKa OKPEMUX MOJIeKys. TUM HEe MEHII, JJIT OKPEMHX pe-
YOBUH, HAPHUKIAJ, A1 MYpPAIIMHOI KUCIOTH, BiAMIYA€ThCS CTa0lIbHE BUIIAPOBY-
BaHHS y BUTIAA1 AuMepiB [7].

Jlnst OLIBIIOCTI PEYOBHMH Yy Ta3omoAiOHOMY CTaHI MOXKHa OYIKYBaTH HasBHICTh
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JUIIIe MOHOMOJIEKYJIsIpHOTO ckiany. Lle mepeabayae mocTaTHICTH JUisl TPOrHO3YBAHHS
MPOIECIB TOPIHHA PEYOBUH y Ta30MOMIOHOMY CTaHI KOPHCTYBAaHHS TMapaMeTpaMy Ta
BJIACTUBOCTSIMH OKPEMHX MOJIEKYJ 0€3 T0JaTKOBUX IMPHITYIICHb. AJie BiIOMO, IO ik
9yac TOPiHHSA Ha HOTr0 MPOMIKHHX CTalisIX YTBOPIOKOTHCS MEPOKCHUIHI CTIONYKH [8], a mij
gac pPO3BUTKY (I3MYHOTO camMo3aliMaHHs BYTiUIs — TepokcuaHi komruiekcu [9]. L
MPOMIKHI CHOJYKH HECTIMKI Ta pO3KJIaJaloThCs, 10 NPU3BOAUTD J0 MOAAIBIIONO PO3-
BUTKY IPOIIECIB BUHUKHEHHs rOpiHHA. Toxal ¥ [ ra3onoAiOHOro CTaHy Iepej yTBO-
PEHHSM MEPOKCHIHUX CITOJIYK MOXKHA Tepe0aunuTH MepIry CTajito 1HIIiaIli TopiHHs 3
YTBOPEHHSM HaJMOJEKYJISIpHOI Oy/I0OBU Y BUTIIAI MEPOKCUIHUX KiacTepiB. Tomy Bpa-
XyYBaHHS KJIaCTEPHOI OyZI0BH PEUOBHHHM JJO3BOJISIE€ TIPOTHO3YBATH HE JIUIIE TEMIEPATypH
miasneHHd [10], a Takox i npouecu ropinHs [11], mpudyomMy cTpyKTypa NEpOKCUIHUX
KJ1acTepiB (KOMILJIEKCIB) MOKE BIIPIZHATHUCS 3a PI3HUX KOHIIGHTpAIlIi TOPIOYO0] PEUOBH-
HU Ta OKMCHHUKA y CYMIIIII.

Tak, momMiueHO B3a€EMO3B’S30K MK BJIACTHUBOCTSAMH PEYOBHHHM y TBEPJOMY CTaHI
Ta JESIKUMU MapaMeTpaMM IMOXKEXKHOI HeOe3neku y razonofioHomy crani [12]. Take
SIBUIIIE MOJKJIMBO, HAMPHUKIAJ, 32 YMOB y XBHJI CTUCHEHHS (POHTY TOJYM s, 1€ MO-
XKYTh YTBOPUTHUCS TIPOMIKHI HaJIMOJICKYISAPHI MPOAYKTH Ta K OLTBII BaXKKi — KOHJCH-
cyBarucs. Take MpUMyIIEHHSI TOTpeOye MepeBipKy, HA TIEPIIOMY €Talli — OMOCEePeIKO-
BaHOi. OTHUM 3 MOKJIMBUX TECTIB TAKOTO B3aEMO3B 3Ky € BUSBJICHHS OCIMIIALIHHOCTI
MIEBHUX MApaMETPiB y TOMOJIOTIYHOMY STy OPTaHIYHHUX CIIONYK. A TIOSCHEHHSM TaKoi
OCHMJISILIIKHOCTI MOXKE OYTH PI3HMIA IPUHIINI KJIACTepU3allil «IapHUX» Ta «HETIapHUX
MOJIEKYIT 3a KiJIbKICTIO aToMiB kKapOoHy [10], 60 MOHOMOJIEKYJISIpHHI CTaH HE HAIa€ Ti-
JICTaB ISl TOSICHEHHS TAKOTO €(eKTy.

[Ipo 3MiHM y HAAMOJEKYISIpHIA OyJ0B1 MiJ yac (pazoBUX MEPEXOAIB CBIAUUTH Ha-
SBHICTh TaKUX MapaMeTpiB pEUYOBUHU SIK TEIUIOTA TUIABJICHHS Ta TEIUIOTa BUMIAPOBYBaH-
Hs1. OCKIJTBKH BIJIMOBIIHI TIPOILIECH TOTPEOYIOTh MOTJIMHAHHS MEBHOI KUTBKOCTI TEII0-
TH, TO LIeH MPOLIEC MOKHA MOPIBHATHU 3 MPOTIKAHHAM XIMIYHOI peakxiii, BHACIIIOK SIKO1
YTBOPIOIOTHCS 1HIII XIMIYHI CTIONYKH. Tak camo sk 3a XIMIYHMX peaKiliil yTBOPIOIOTHCS
HOBI MIPOAYKTH, TaK i 3a (a30BOTr0 MEPEX0ay YTBOPIOETHCS HOBA HAJAMOJIEKYISIpHA Oy-
7I0Ba 3 1HIIMM CTYIIEHEM KIlacTepu3allii (pu IJIaBJICHHI Ta BUMIAPOBYBaHHI 1IEH CTYIiHb
3MEHIIYEThCS @K O MOHOMOJIEKYJISPHOTO CTaHy). HaiOinbin OMU3bKUM aHAIOTOM €
MpoLEC PO3KIAIaHHA MMOJIMEPONOAIOHUX CIOIYK M1 BIUIMBOM TeMIIepaTypH.

Tax, a3eoTpoIHI CyMilll pIIUH MOXHA BBa)KaTWU TaKUMH, 32 SIKUX iX CKJIaJ MicC-
TUTH JIMIIE OAHOTHUITHI KJIACTepH, TOMY TaKi CyMilllli MO>KHAa BBa)KaTH HOBOIO XIMIYHOIO
PEYOBHHOIO 3 HOBHUMH (DI3MIYHUMH BIIACTUBOCTSIMHU. 3a IHIINUX CKJIAJIB CYMIIICH JaHUX
PEYOBHUH ICHYE JiesiKa YacTKa IbOT0 a3€0TPOIMHOTO KJIacTepy y 3arajbHiil CyMilll Kiac-
TepiB. A3€0TPOITHI CYyMIIlll HE MIAKOPSIIOTHCS 3aKOHAM aJUTUBHOCTI BHECKIB CKJIAJIOBUX,
TOMY XapaKTepHi TeMIepaTypyu MOXKYTh OYTH SIK MEHITUMHU, TaK 1 OUIBIIUMHU 32 BIIIO-
BiJIHI 3HaUEHHS JIsi okpeMux kKommoHeHTiB [13]. Ile o3Hauae, 1m0 y cymirr yTBOPHOETh-
csl OUTbLIMI 00 MEHIIMIA KJIacTep MOPIBHAHO 3 IHAUBIAYaJIbHUMU PiIUHAMHU.

[Iporao3yBaHHsI IIMPOKOI HOMEHKIJIATYpPH MapaMeTpiB pEYOBUHU 31HCHEHO y PO-
60Ti [14] Ha mpuKIaal PO3TISAY MOJEKYIH H-CIUPTY (nc=2—12), K CyKymHOCTI TBep-
X KyJThOK OOMEXKEHOI KUIBKOCTI, SIKi 3alOBHIOIOTH MEBHY MATPUIIO BIAMOBIIHO 10
rpy0o3epuucToi mozaeni monekynu. Onna kynbka mpexactasisie OH-rpymy, a iHmn —
rpynu atomiB kKapOoHy 1o 2—4 mryku. ToOTO A MonIeIrOBaHHS TPYITyBaHHS aTOMiB
KapOOHY BiIOYBAETHCA 3a «PYUYHHUM)» MEXaHI3MOM, a OTPMMaHI 3a pe3yJbTaTaMi TaKOTo
MPOTHO3YBAHHS 3HAYEHHS T'YCTHHHU, TEIJIOTH ApOyTBOPEHHS, TOBEPXHEBOTO HATATY Ta
BUJILHOI €Heprii coipBaTallii /Ui CHUPTIB HE BiIOMBAIOTH OCIMJISIIIHOCTI IIUX IapameT-
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piB, a MaloTh JiHIIHUI XapakTep. KpiM Toro, 1aHa MeToAuKa HE MpPAIO€e JIJIsT METaHO-
ny. 3a paxyHOK T'pYITyBaHHS JOBKHH CIIUPTIB aBTOPU BPaXOBYIOTh MEBHI BHYTPIITHBO
MOJIEKYJISIPHI €JIEKTPOHHI €(DEeKTH, MIKMOJIEKYJISIPHY B3a€EMOJII0, ajie HANpsIMy HE Bpa-
XOBYIOTh HaJMOJIEKYJIsIpHY OynoBy. ToMy, 3a HACTYITHUM aHaJli30M, O3HAYeHa MOJIEIb
0e3 J0/IaTKOBUX MPHUITYIIIEHb HE Oy/ae TmparffoBaTH IJis OiIbIN JOBTHUX H-CIHUPTIB, Ha-
MIPUKIIAM, I IPOTHO3YBaHHS T'yCTHUHH.

AHanoriyny rpy003epHUCTY MOJETh MOJIEKYJT BUKOPUCTOBYIOTh W JIJIsi IPOTHO3Y-
BaHHS BiacTHBOCTel H-ankaHiB [15]. [lpu npoMy, onepyroun rpymnyBaHHSIM aTOMIB Kap-
O00HYy 10 2—4 MITYKH PO3PaxOBYIOTh YMOBHI MIKMOJIEKYJISIPHI CHJIOBI IOJISI, IO JJO3BO-
JIsil€ BU3HAYATHU TaKl BJIACTUBOCTI SIK TYCTHHA, TEIUIOTa MapOyTBOPEHHS, MOBEPXHEBUI
HATAT Ta KOEQIIIEHT BHYTPIMIHBOI Audy3ii 11 H-ajikaHiB 3 nc=5—17. HmwkHe obme-
KEHHS Mpale3JaTHOCTI JaHOT METOIMKU BU3HAYAETHCS OUTBIIOI0 KOJIUBAIBHICTIO 3MIHU
BJIACTUBOCTEH y TOMOJIOTIYHHX PsAAax JJIs MaluX JOBXKUH MOJIEKYJ Ta HEMOXKIIUBICTIO
il 3acToCyBaHHS JUISl MEPIIUX WICHIB TOMOJIOTIYHUX PsiB. JJUCKpPETHICTH 1000pYy cXe-
MU 3TPYNOBAaHUX KYJIbOK BUKIMKAE TAKOXK JIUCKPETHI MOMUJIKK PO3PAXYHKY. ICHYIOTBH
aHAJIOTIYHI PO3PAaxXyHKU M Juisl OUIBII JOBTUX MOJEKYJ, ajie J00ip Habopy «KYIbOK»
3MIIHCHIOETBCS OKPEMO I KOYKHOT MOJICKYJIH, HAIPUKIIAM, I OKTako3aHy nc=28 [16].
Po3po6iroroTh aHANMOTIUHI METOIUKH JUISl HASBHOCTI Y MOJICKYJIaX CIA0KHX MOJSAPHUX
Ta iHmMX rpyn [17, 18] 1 HaBiTH 115 CTAaTUCTHYHA acolliiioBaHa Teopis PiIAUH 3aCTOCOBY-
€TBCS IS MOJICKYJISIPHOTO MOJIENIIOBAaHHS MoJiiMepHuX cuctem [19]. Ane BiamoBinaHi
CXEMHU MOJICITIOBAHHS MAIOTh BXKE O3HAYECHI BUIIE MTPOOJIEMHU, TOJIOBHOIO 3 IKUX € BIJCYT-
HICTh BpaxXyBaHHs OyJIOBU TUMYACOBUX HAJIMOJIECKYISIPHUX CTPYKTYP.

[TpoBenenuit aHai3 JOCIIKEHb, TPUCBAYCHUX aHAII3y Ta MPOTHO3YBaHHIO BJac-
THUBOCTEH PEYOBHHH Y TOMOJIOTIYHUX psAJiaX BYTJIEBOJIHIB, MMOKa3aB, 10 Y HUX MepeBa-
Kae OJHOOIYHMM MAXiM A0 BHUPIMIEHHS IOTO NMUTAaHHS. [ MoIemtoBaHHS CHUIIOBUX
TOJIIB, SIKI YTPUMYIOTh MOJIEKYJIM pa30M y BUIJISIII PIAUHH, 1110 ¥ (Hopmye ii BIacTUBOC-
Tl, 3aCTOCOBYIOTh JIUCKPETHE BIJOOPaKEHHS MOJIEKYJ Y BUIJIA/I IEBHUM YMHOM oOMe-
XKEHOI KUTBKOCTI KYJIbOK. AJie TIPH IIbOMY HE PO3TJISAJAI0Th HASBHICTH HAJAMOJIEKYIISP-
HUX CTPYKTYp KIJIACTEPHOTO TUITYy Ta CHOCOOIB IpyImyBaHHS MOJIEKYJ 3a MPUHITUIIOM
«MapHOCTI-HeMmapHOCT». ToMy Taki Mojenl 1aroTh moxuOky 61u3bko 7 % [14] 1 He Bi-
T00paKarTh KOJMBAIBLHOCTEH 3MIHU MTApaMeTPiB y TOMOJIOTIYHUX psiax.

TakuM yMHOM, Ha TaHWUH MOMEHT HE ICHY€ METOMK MPSIMOTO BPaXyBaHHS HAIMO-
JeKynspHOi OyZ0BM PEYOBHMHHU Ui MPOTHO3YBaHHS MHapaMeTpiB ii (Pi3MKO-XIMIYHHX
BiacTUBOCTE. OnocepeIKOBAaHUM IIJISXOM BUXOAY Ha OylOBY IIMX CTPYKTYp € BUSB-
JICHHSI aHOMAJIii y 3MiHI IEBHUX MapaMeTpiB BIACTUBOCTEH PEYOBUHH, SIKi MOXKHA TIO-
SICHUTHU Ta ONUCATH 3 BpaxXyBaHHIM HAsSBHOCTI MEBHUX KIJIACTEPIB y TBEPJIOMY Ta PIKO-
MY CTaHl pEYOBHHH.

Buxonsuu 3 mpoBeZieHOr0 aHai3y, HEBUPIIIEHOI YaCTHHOI MPOOIeMH aJeKBaT-
HOTO TIPOTHO3YBAaHHS MapaMeTpiB (i3MKO-XIMIYHUX BIIACTMBOCTEH PEYOBUH, 30KpeMa
BYTJIEBO/IHIB, € BIACYTHICTh I'PYHTOBHOI'O Ta YITKOI'O MapameTpy AJid BpaxyBaHHS iX
Ha/IMOJICKYJISIPHOT OyTOBH.

3. MeTta Ta 3aBIaHHA JOCJTiIKeHHSA

Mertoro naHoi poOOTH € BCTAHOBJICHHSI BU3HAYAIHHOTO TTApaAMETPy PCUOBHHHU JIJIS
PI3HUX arperaTHUX CTaHIB Ta MPOLECIB, SIKUI JO3BOJISE MPOrHO3YBATH MEBHI MapameT-
PH PEUOBUHH 3 HAWMEHIIOI OXHOKOIO.

JI7st JOCSITHEHHS TIOCTaBJICHOT METH Tiepe0aueHO BUPIMICHHS TAKUX 3aBIaHb:

— IpOaHali3yBaTH PiBHI B3a€EMO3B’ 3Ky (Pi3UKO-XIMIYHUX BEJIMYUH Y TOJI1 BIACTH-
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BOCTEH PEYOBHUHU;
— BUSIBUTH OCOOJMBOCTI 3MiHHM TTapaMETPiB PEYOBUHHU y TOMOJIOTIYHUX psAgax BYT-
JIEBOJHIB Ta 3alIPONIOHYBATH PO3PAXYHKOBI MOJIEI.

4. MaTepianu Ta MeTOIM AOCTiIKEeHHS

O06’exToM A0CTIKEHHS € (HI3UKO-XIMIUHI BIIACTUBOCT1 BYTJIEBOIHIB.

[IpeameTom AOCIIKEHHS € KOPENALIiiHI 3aJIe)KHOCTI MK mapamMeTpamMu (i3uKo-
XIMIYHHMX BJIACTUBOCTEH BYIJIEBOHIB.

['imoTe3010 AOCTITKEHHS € MOXJIUBICTh BUSIBJICHHS CHHXPOHHHUX aHOMAJIIH y 3Mi-
Hl JIeSKHX MapaMeTpiB (P13UKO-XIMIYHUX BJIACTUBOCTEM PEUOBUHU SIK HACIHIIOK 0COOIH-
BOCTEH HAJMOJEKYISPHOT OyI0BH, 110 I03BOJUTH BCTAHOBUTH MOKpPAIIEHI KOPETSALiiH1
3aJIeKHOCTI.

MeTo1oM NOCHIIKEHHSI € MPOBEJCHHS MOPIBHAJIBHOTO aHalli3y BIJIHOCHO MOje-
JIIOI0YOT0 MapaMeTpy — KIUIbKOCTI aTOMIB KapOOHY y BYTJIEBOJHI JJIA CHOJYK JAHOTO
TOMOJIOTIYHOTO PsiAy a0o0 3a YaCTKOIO 3POCTaHHS JAHOTO MOKA3HUKA 31 BCTAHOBIICHHSM
napHux abo 6araropakTOPHUX KOPEISIIHIX 3aJIeKHOCTEHN 3 TIOITYKOM BUXOJly Ha BU-
KOPHCTAHHS ITapaMeTPiB HAJMOJICKYJIIPHOI OY/I0BH.

Y po6oTi npoBeACHO aHaMI3 JaHUX 1010 3MIHU (PI3UYHUX BIACTUBOCTEH Yy TOMOJIO-
TYHUX psaxX BYTJICBOJIHIB Ha MPUKIIAl H-AIKaHIB Ta H-CIIUPTIB 13 TOBKUHOKO KapOOHO-
Boro jaHirora nc=1-20. /[ns mopiBHSUIBHOTO aHaJi3y 00paHo HACTYIHI ¢i3uuHi Ta (Pi3u-
KO-XIMIYHI BJIACTUBOCTI: TeMIIepaTypa IUIaBJICHHS t;, KUMMHHS ty,,, CHaNaxy t., camoc-
NajaxyBaHHs t.., TYyCTUHA P, PO3YMHHICTh Yy BOJI Y, B’SI3KICTh V, IOBEPXHEBUN HATAT G,
TeruioTa BUmapoByBaHHsa Hg,,. Lli BmactuBocTi abo € Ge3nocepeHbO MapaMeTpaMu Io-
KEKHOT HeOe3mekn, ab0 BpaXOBYIOThCS ISl IIPOTHO3YBAHHS MOBEIIHKA TOPIOYUX MaTe-
plaJiiB MiJ] yac MokeKi a00 MOBEAIHKY BOTHETaCHUX PEYOBHH IT1]] Yac i1 raciHHSL.

3HaueHHs MapaMeTpiB JJsl BI3yaJIbHOTO CIIBCTaBJICHHS MaciITaboOBaHO y Mexax
Bix 0 mo 10. [{ns mapameTpiB, siKi 3MIHIOIOTBCS Ha 0araTo MOpsIKiB (B’ SI3KiCTh, PO3YHH-
HICTb), BXKMBAHO HE MPOCTY MPOMOPLIMHICTD, a OUIBIN CKIaAH1 (DYHKIIT MepepaxyHKy.
Jlns macmitaOyBaHHs TpuidHATO meBHI GyHkmil f(x); mis H-ankadiB: f(p)=(20(p—
0,4)+2),  f(6)=500(c-0,01),  f(y)=6y"',  fv)=3v"",  f(Hyum)=(Hym/15+3),
f(t)=(t,+200)/30, T(teum)=(twnt170)/70, f(t.)=(t..—200)/35, f(t.,)=(t.,+190)/40; nnst H-
cmpriB:  f(y)=6y"",  f(v)=(v-0,5)/2,  f(p)=200(p-0,79),  f(5)=1000(c—0,02),
f(Hppun)=Hpun/ 10, f(t,)=(t,,+130)/20, f(teum)=teu/40, f(t.,)=t../20, f(t..)=(t..—200)/30. s
3’sCyBaHHS BIIXWJIEHBb 3aJI€KHOCTI MK JBOMA MapaMeTpaMu, SKi BUSBUIU OIU3bKHIA
XapakTep 3MiHU Y TOMOJIOTITYHOMY Py, MacIITaOyBaHHS 3A1MCHIOBANIOCS Y MeXaxX BIJ
0 mo 1 (Big HAaWMEHIIIOTO /10 HAWO1IBIIIOr0 3HaUYeHHs). J[aH1 1110/10 3HaUYeHb OOpaHuX Ma-
pameTpiB I JOCHIKYBAaHUX PEUYOBHUH TOJIOBHUM YHMHOM JOOMpaNNCh Ha 1HTEPHET-
pecypcax PubChem Ta NIST [3, 4].

Kopenauiifai 3aneXHOCTI I TapaMeTpiB PEUOBUMHU, L0 PO3MIISIIAIOTHCS, Oyay-
BaJIUCS BIJIHOCHO MOJIETIOIOYOTO MapaMeTpy — KiJIbKOCTI aTOMIB KapOOHY y BYTJIEBOJIHI
JUISL CTIONTYK JTAaHOTO TOMOJIOTIYHOTO Psiy ab0 32 4aCTKOIO 3POCTAHHS JIAHOTO MOKAa3HU-
Ka, TAKOX PO3TJISAIAIHNCS B3a€EMHI KOPEJAIii MidK IICBHUMH MTOKA3HUKAMU BJIACTUBOCTEH
pevoBHHU. MaTeMaTHUYHUI OMKMC TEBHOI 3aJIEKHOCTI CTBOPIOBABCSA HA MiACTaBi MO0Y-
JOBH JIiHIHN «TpeHIa» y MporpaMHOMY cepenoBuii «EXcely», mpuaomy omuc moriHoMoOM
PO3IIISIIaBCS B OCTaHHIO uepry. Hamami 115 3amexHicTh 32 HEOOX1THOCTI KOpUTYBa1acs
BBEJICHHSIM JI0JIATKOBHUX MTapaMETPiB.

VY xoni aHani3y, 110 IPOBOIUTHCS, OUIKYBaHUMHU npocpinﬁMH 3MiHH 3aJISKHOCTEH €
THIMHWA — OCKUTBKY HACTYITHHUI TOMOJIOT Y PsITy BYTJIEBOJHIB HOPMAIbHOT OY/I0BU JIOB-
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MK Ta BaXXKYWH 3a MOTEPEAHIO CIONyKy Ha (pikcoBane 3HaueHHs, rpyny CH,, abo Ha-
OJVMDKEHUNM 1O €KCIIOHEHIIIMHOI 3aJIE)KHOCTI — OCKUIBKA BHECOK NOBKWHU Ta Bard 1€l
TPYNH y 3arajbHUM MmapaMmerp 3MeHIIyeTbes. Tak, y paay H-aJIKaHiB 3pOCTaHHS «apud-
METHYHUX» MapaMeTpiB peYOBUHU BIIOYBAE€THCS HA CTalle 3HAUYEHHS: JOBKHHHU MOJICKY-
M — Ha Anc=1, cTEXIOMETPUYHOTO KOE(IIEHTY peakiii ropinHsa — Ha AP=1,5, MonsipHOi
Macu — Ha AM=14 r/moib, ToOTO 3pocTaHHs BIOYBAa€THCS JIHINHO; ajie YacTKa 3pOCTaH-
HS [IUX MTapaMeTpiB HA YACTHHI TOMOJIOTIYHOTO PSY BiJl €TaHy JI0 €HKO3aHy 3MIHIOETh-
ca 3a npuHIunoM (Ana—An)/A, y mexax: r3=0,75-0,052, r,=0,875-0,052, r,=1,0-
0,0526 (puc. 1). Bkazani mapametrpu noBoAsATh cede imeHTuuHo 3 R=0,999. V psany u-
CHUPTIB 3pOCTaHHS TOBXHHH MOJEKYIHU BiOyBaeThcsi Ha Anc=1 (ajie mouuHawouu 3
Nc+0=2), KoedimieHty B — Ha AP=1,5 (ane mounnaroum 3 f=1,5), MoIApHOI Macu — Ha
AM =14 r/monp (asie nounHarouu 3 M=32), TOMy Jiana3oHu 3MIHM YaCTOK 3POCTAaHHS
LUX [apaMeTpiB BIJ €TAHOIY [0 €HKO3aHOJYy BIJHOCHO H-aJKaHIB BIJIPI3HAIOTHCS:
rs=1,0-0,053, r=0,4375-0,054, r,:=0,5-0,05 (puc. 1). [lapameTpn 3poCTaHHsA LUX I10-
Ka3HHUKIB Ta YaCTOK iX 3pOCTaHHS MOKHa BUKOPHCTOBYBATH Y 3aJIC)KHOCTSIX MPOTHO3Y-
BaHHA 1HIIMX MOKA3HUKIB Yy AKOCTI KaJiOpyIOUUX Ta MOJAEIIOI0UHX, ajie 3 HUX Ui Bpa-
XyBaHHS 0COOIMBOCTEMN KiIacTepHOi OymoBH ab0 eekTy riaolymi3aii JOBruX MOJICKYI
MiIXOIUTH JIUIIE Nc.

1 +# r 300
091‘ I M., r/MOIb

R

\ -

0s 120 250
0.7 1 - 200
0,6
0.5 - 150
0.4 -
03 | - 100
0.2 1 - 50
0,1 -

0 0

T T T T T T T T T T T T T T T T T T
1 23456 7 8 910111213141516171819
Puc. 1. 3mina a0coJII0OTHOTO 3HAYEHHS Ta YACTKH «apu(PMEeTHYHUX)» MapaMeTpiB y pALy H-
ankaniB: 1, 2, 3 — 3MiHa yacTok 3pocTanus Nc, M, B; 4 — 3poctanns M

AHani3 BIAacTUBOCTEH BYIJIEBOJHIB MPOBOAMBCS BUXOASYU 3 MPUIYILIEHHS ICHY-
BaHHA KJIaCTEPHOI OYZI0BH 3 MEBHUM KOOPAWHAIINHUM uncioMm. [Ipuiinaro, 1mo kiacre-
PH BYIJIEBOJHIB OJJHAKOBOI JOBKMHH 3 OJIHAKOBOIO MOJISIPHOIO Macow (popMmyroTh pe-
YOBUHY 3 OJIHAKOBOIO Temreparypoto riasienns [10]:

t,,=101,85In(nw)-452,37, °C, (1)

71e Ny — MOKAa3HAK JIETKOCTi IABICHHS Ny=NcesMes”; Neews — CKBIBANCHTHA TOBKHHA
KJIacTepy, sKa PO3PaxXOBYETHCS 3 BPAaxXyBaHHIM OCOOJIMBOCTEH TOMOJIOTIYHUX KJIaciB Ta
130MepHOiI OyZ0BH, I JUMEPY JITHIMHUX MOJIEKYN — L€ KUTbKICTh aTOMIB KapOoHY y 0e3-
TIEpPEPBHOMY JIAHIII031 32 YMOBH CIIOJTYYEHHS KIHLEBUMH a00 HE KIHIEBUMH aTOMaMH Kap-
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60HY; M — MOJISIpHA Maca KJ1acTepy, MponopiiiiHa 0 Horo KOOPAWHAIIIMHOTO YuCiia Bi-
JTHOCHO MOJIIPHOT Macl MOHOMEPHOTO CTaHy (KOOpAUHALIIHHE YHCIIO «1»), T/MOJTb.

[Toka3HUK «IETKOCTI TUIaBJICHH» Nepeadadae OUTbIINN BHECOK Y (POpMyBaHHS t,;
JOBKUHU KJacTepy, Hik Horo moisipHoi macu. Ll dopmyna mo3Bossie onTuMizyBaTH
JUIS pO3PAXyHKIB OUIKYBaHMM po3Mip KiacTtepy. [[is mpoBeieHHs Takoro aHamizy 3a
dbopmyoro (1) BupimyeTbesi 3BOPOTHA 3a/1aya: 3a BIIOMOIO TEMIIEpaTypOlO TIIaBIECHHS
BU3HAYAETHCS MOKA3HUK «JIETKOCTI TUIaBJICHHs». [lam — ONTUMI3YEThCS CITIBBIIHOIIIEH-
HS MiX MOJISIPHOIO MAacoOl0 KIJIAcTepy, HOro KOOPAWHAIIMHUM YHCIIOM Ta JTOBXHHOIO,
gKa 1 € BUXITHUM MapaMeTpoM ONTHUMI3allii Ta BUKOPUCTOBYETHCS ISl TIOLITYKY KOPEs-
11{ 3 IHITMMU BJIACTUBOCTSIMU PEUOBUHH.

J1J1s1 pO34MHEHOTO Y BOJII CTaHy BYTJIEBOJIHIO MPOMIXKHOIO JIAHKOIO Y KJIACTepi Mpu-
HHATO MOJIEKYJTy BOJH, 11O 30UIbIIIYE JJOBKUHY KIIACTEPy Ha «1», ajie BUX1IHUN TPUHLIUI
OyZ0BM HAMEHIIIOTO TaKOTO KJIACTEPy BU3HAYAIM 32 METOAMKOIO JUIsl TBEPAOi PCUOBHHH
3a t,,; [10], sxa mepenbauae BuzHaueHHs KoedilieHTy Kiactepusamii K, Ta Micis kiac-
Tepu3allii 3a JOBXKHUHOIO KapOOHOBOTO JaHIora. 3 gpopmynu (1) 3a BimoMoro t,; BU3HAYa-
€ThCS TMOKA3HUK JIETKOCTI IJIABJICHHS Ny, 00UPAEThCs KUIbKA 3HA4YEeHb KOe(DillleHTY Kilac-
Tepu3anii y po3unsi Ko,y 3 BIATIOBIIHUMH MOJIIPHOIO Macolo0 Kiactepy M Ta T0BKHUHOIO
KJIACTEPY Neyoy (KA BIAMOBIAAE naHiit Moxeni). Ane 3a GopMyJIow Ui MOKa3HUKA Ny
BHHHKAE PAJ BIANOBIIHAX PO3PaXyHKOBHMX 3HA4Y€Hb JOBXKHMHH KJIACTEPY Ncposp. MOETD
KJIaCTepy 3 €KBIBAICHTHOIO JIOBXKHHOIO N(yoy KA JA€ HAMMEHINy MOXMOKY iTepamii 3
Ncposp TPUMMAETBLCA 38 XapaKTEPHY JUISA JAaHUX YMOB ICHYBaHHS PEYOBUHHU.

5. Pe3yabTaTn aHamizy piBHiB (i3MKo-XiMiYHUX BeJTHYHH Yy MOJIi BJIACTHBOC-
Tell pe4YOBUHHU

Jlis po3yMiHHSA MeXaHi3MIB ()OpMYBaHHS NEBHUX IMapaMeTpiB MOXKEKHOI HeOe3-
MKW Ha PUC. 2 HABEJCHO «TE€HETHYH1» PIBHI B3a€EMO3B 3Ky MapaMeTpiB BIACTUBOCTEN
PEUYOBHMHHU TMOYMHAIOYM 3 aTOMAapHOTO pPIiBHA uepe3 (opmMyBaHHS NEPBUHHUX (PI3UKO-
XIMIYHHUX BJIACTUBOCTEN 70 (GOpPMYBaHHS MOKEKOHEOE3MEUHUX BJIACTUBOCTEH 3 BIAIMO-
BIJIHUMU TTapaMeTPaMHU.

Buxinni ymoBu cepenoBuiiia He0OXiTHO BIAHECTH JI0 MEPBUHHOTO PiBHS (aKTO-
piB, SIKi BU3HAYAIOTh 3MIiHM Y BIACTUBOCTSIX PEYOBMHU. BUXiTHUM (HaKTOPOM TaKOXK €
aTOMapHUH CKJIaJ peYOBUHHU, 110 (HOpMYE MOJISIpHY Macy M.

Ha npyromy piBHi ¢akTopiB mpaifroe crocid oprasizaiiii aToMiB y MOJEKYIYy: TH-
MU XIMIYHUX 3B’S3KIB, CTPYKTYPHI OCOOJIMBOCTI MOJIEKYJIH, IO Oy/ae MPOSBISATHUCS Y
PI3HHX CEpEIHIN JOBKUHI MONEKYIH ¢, Ta KIIBKOCTI KAPKACHUX aTOMIB Nc.

Ha nanwmii yac BBaXkaroTh, 110 111 1Ba PiBHS i ()OPMYIOTH BIACTUBOCTI pEYOBHHH Ta
SK MONPABKY BPAaXxOBYIOTh MIKMOJIEKYJISIpHI 3B’ SI3KH. AJie aHamii3 nokazas [10, 12], mo
Ha BJIACTHUBOCTI PEYOBHMHHU 3HAYHUU BIUIMB HaJa€ HAIMOJICKYIsipHa OymoBa. Togi kepy-
IOUUMH TIapaMeTpaMH CTAIOTh €KBIBAJIECHTHA JOBXKHUHA KJIACTEPY, MOTO MOJIIpHA Maca Ta
KUIBKICTh KapKaCHUX aTOMIB. BinmoBiAHO, BCl HACTYMHI PiBHI BIACTUBOCTEN PEYOBHHU
OyayTh BU3HAYATHCA caMe BIACTMBOCTSIMH KJacTepiB. Y TOH ke 4yac, I TBEPAOTO, pi-
JIKOT0, Ta30MO0A10HOTO CTaHIB Ta JIs MPOIECIB TOPIHHS CHIBBIAHOIICHHS BMICTY IHX
KJIacTepiB, IX po3Mip Ta MPOCTOpOBa OyA0Ba OYAYTh PI3HUMHU.

YeTrBepTUM pIBHEM NPUMHSITO BJIACTUBOCTI, MOB’s13aH1 3 (Da30BUMU IMepexoaamH,
CHEPreTUYHUM CTAaHOM MOJIEKYJI, MPOTIKaHHIM XIMIUHUX PEaKIliid, a TaKOX ImapamMeTpu
(b13UMYHOTO CTaHy PEYOBUHHU.
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TemmepaTypHi MeXi HOIIN- Temmnepatypa Tuck Budyxy,
peuHs moirym’ s, TMIIIT cranaxy, te, P.us

MacoBa IIBHAKICTE
BUTOPSHHS, Vi,

HopmanbHa mBUAKICT
TOLITHP. TOJIYM’ 5, Uy

Jliniiina msun. Vi,
TIOIIUPESHHS TIOTyM 5T

Konmenrpartiitai Mexi 1mo-
ump. nosmyM’st, KMIIIT

TemnepaTypu TITiHHS Ta
caMocIajlaxyBaHHs, t,,

MiHiMalTbHa SHEPTis
3anajaroBaHHs, B,

Temmepatypu ropis-
HsI T2 BUOYXY, trops Lans

Kucnesnit Temnmora 3ro- Tuck HacuueHoi

iHgeKe Ta 3

psHESA, Qrop

Temneparypa
IUIABJICHHS, ty;

Temneparypa
KUIMHHS,

mapi, Py,

Temnota yTBO-
PpCHHA, HVTB

Enepris aktu-
Baiii, B,

Temmora
mnaBaeHHs, Hy,

Temora Buna-
poByBaHHA, H..n

®di3uyHI BIACTUBOCTI pe-
yoBuuH, C,, A, P, ¥, V., G

________________________ a |__________________________'l
BHecok y xiMiuHi Ta (i3u4Hi BIaCTUBOCTI : | ExBiBaNieHTHA TOBXXKMHA HAMEHIIIOTO KnaCTepy,

|
I |
: HaJIMOJIEKYJISIpHOi OyI0BU PEUOBUHU | | KUIBKICTb KapKaCHHUX aTOMIB, Mg, leep exas Ne exn |

Brecok y ximiuHi Ta (izudHi
BJIACTUBOCTI OKPEMHUX THIIIB
XIMIYHHUX 3B’SI3KiB

CepenHsi JOBKHUHA MOJIE-
KYJIY, KUTBKICTh KapKac-
HHX aTOMIB, leep, N¢

Brecok y ximiuHi Ta (i3udHi Bia-
CTHBOCTI OKPEMHX OCOOJINBOCTEH
OyIIOBH MOJIEKYITH

IToyaTkoBi yMOBH Monsipna maca, M | |AToMapHHH CKJIaJ PEUOBHHU a00 MOJICKYJIU

Puc. 2. PiBHi B1acTHBOCTeil pe4oBMHU Bil GyHIaMEHTAJIBHUX 0 MOXKeKOHeOe3MeUHUX

IT’sTuit piBeHb BIAMOBIIA€ TapaMeTpaM MePeXxo1y CTAI[IOHAPHOT XIMIYHOI peakIii y
TaKy, [0 CAaMOIIPUCKOPIOETHCS 3 BUXOJIOM Ha TPOIIEC TOPIHHA, a TaKOXK piBHOBAra mpo-
uecy ropinas. ToO0To Ha 1IbOMY PiBHI BUHMKAIOTh BXKE MapaMeTpy MOKEXKHOI HeOe3eKH,
asie Ti 3 HUX, K1 MPOSBIISAIOTH ceOe sIK MPOMIXKHI 3 PyHJaMEHTaIbHUMHU BIACTUBOCTSIMU
pedoBuHH. {7151 TBEpAMX BYTJIEIIEBUX MaTepialliB CaMOIPUCKOPEHHS PeaKIlii KOHIEHCO-
BaHOI'O CTaHy MMOYMHAETHCA 33 TEMIIEPATYPH TIIHHSA, JJIs Ta30BUX MOBITPSAHUX CyMIIIeH —
3a TeMIepaTypu caMocnanaxyBaHHs. [Ipy oMy Oyab-SKy TOpPIOUYY CHCTEMY MOXKHA 3a-
MIAJIUTH, SKIIO EHEPTisi BACOKOTEMIIEPATYPHOTO JKepelia € OUTBIIOI0 32 MiHIMAIIbHY €He-
Prito 3amatOBaHHS JaHOI peUOBUHH. Tak0oX Ha IIbOMY PiBHI BPaxOBaHO Te, IO JUIs ra30-
BUX TOBITPSHUX CyMillIel TOPIHHS MOYK€ BUHUKHYTH JIMIIE Y IEBHOMY Jllalla30H1 KOHIIE-
HTpAIIiil — BiJ] HIDKHBOI 0O BEPXHBOI KOHIIEHTPAIIIHOT MEX1 MOIIUPEHHS TTOJIyM s1.

locTwii piBeHb CKIAAIOTh MMapaMETPH, SIKI YTBOPIOIOTHCS BHACIITOK HAasBHOCTI
MIEBHOTO JIAHI[IOTA TPYIYBaHHS BJIACTHBOCTEH PEUOBUHU IMOMEPE/IHIX piBHIB. Tak, TeM-
neparypsi Mexi nomupenHs noiaym’s (TMIIIT) ta remnepaTypa cnanaxy GpopmyroThes
y BUIVIAJI TEBHUX 3HAYEHb BHACIIJOK HACTYMHOTO JAHIIOTa (paKTOpiB: aTOMapHUU
CKJIaJl — MOJISIpHA Maca MOJICKYJIM — HasIBHICTh MEBHUX XIMIYHUX 3B’SI3KiB — HAsBHICTh
MIEBHOI CTPYKTYPH MOJICKYJIA — HAasiBHICTh HaIMOJICKYJISIpHOI OYZOBU Y BHUTJISIII TIEBHOI
CTPYKTYpH KJacTEPiB — CHIBBIHOIICHHS KJIACTEPIB Ta MOJEKYJ Y PiUHI 3a JaHO1 TeM-
nepaTypu — TEMJI0Ta YTBOPEHHS MOJEKYJ — TEIJIOTa BUMIAPOBYBAHHS — MOYATKOBI YMO-
BU — THCK HAaCHYEHOI Mapu — KOHILIEHTPALlis Mapy — BJIACTUBOCTI JKepelia 3anaitoBaH-
HS — KOHIIEHTpaIlliHi Mexi1 nomupeHHs nonym’s — TMIIII (temnepatypa cnanaxy). Y
[IbOMY JIAHIIOTY TOTIEPEIHINA MapaMeTp BIUIMBAE HA MOXKIUBICTh BU3HAYCHHS HACTYTI-
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Horo. [lodyaTkoBi yMOBH BHUSIBIUIMCS PO3TAIIOBAHMMHU Y I[bOMY JIAHIIIO31 JIe€Ch TOCepe-
IIMHI, X04a 32 CXEMOIO BOHHU BiJIMOBIAIOTH MEPIIOMY PiBHIO (akTopiB. OCKIIBKH, SKIIO
TeMIepaTypa pedOBUHHU € OUIBIIOIO 3a KPUTUYHY, TO MOXKE pyHHYBaTHUCs a00 HaaMoe-
KyJsipHa Oys10Ba, a00 cama MOJIEKYJIa; TO/1 PO3TallyBaHHs JIAHKU «I10YaTKOBI YMOBU» Y
JIOT1YHOMY JIaHI[I031 OyJe paHilie. A BIACTUBOCTI JKEpeia 3aMajloBaHHsS MOXHA BBa-
&KaTh PaKTOPOM, SIKUH JIOKAJIbHO 3MIHIOE [TIOYaTKOB1 YMOBH y FOPIOUil CUCTEMI.

6. Pe3yabTaTi BUSIBJIEHHS 0COOJIMBOCTEl 3MiHM MapaMeTpiB pe4yOBHHHU Y I0-
MOJIOTIYHHMX PsiiaX BYIJI€BOJAHIB

Posrnsinemo xapakTep 3MiHM HapaMeTpiB H-ajJKaHIB Ta H-CIOUPTIB 3 JOBXHHOIO
KapOOHOBOTO JIAHITIOra MOJIEKYJIH 10 nc=20 HUIIXOM iX CHiBBIJIHECEHHS y BIJHOCHUX
koopauHatax (puc. 3 Ta 4). Po3risHyTo HacTymHi MacmTaboBaHi mapameTpu [3, 4]: Te-
MIlepaTypa IUIaBACHHS ty;, KAMIHHS tg,;, Cagaxy t., caMochaiaxyBaHHS t.., TYCTHHA P,
PO3YMHHICTh Y BOJI 7Y, B’S3KICTh V, MMOBEPXHEBHUM HATST G, TEIJIOTa BUIIAPOBYBaHHS
(mapoytBopenHs) Hy,;. MacmTa® 3HaueHb KOXKHOTO MapameTpy 3a0e3MedYeHo y Mexax
Bix 0 1o 10, mpuuoMy asisi mapaMmeTpiB AKi 3MIHIOIOTBCSA Ha 0araTto po3psiaiB BKHUBAHO
HE MPOCTY MPOMOPIINHICTD, a OLIBII CKJIaIHI QYHKIIT I MepepaxyHKy, SKi 3a3HAYCHO
y po3aiii «MaTepiaiay Ta METOH JOCITIKCHHS.
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Puc. 3. CniBBiHOIIEHHSI 3MiHM BJIACTHMBOCTEH H-AJIKAHIB y BITHOCHUX KOOPAMHATAX

3 oOpaHuX AJi MPOBEICHHS aHATI3y apaMeTpiB JUIIe t;, OB’ a3aHa 3 BIACTUBOC-
TSMHU PEYOBHHHU y TBEPAOMY CTaHi, y SIKOMY MOXKHAa OYiKYyBaTH SIBHUH BHECOK Mi>KMO-
JEKYJISIPHOT B3aeMOJIT y mporiec (opMyBaHHS BIAaCTUBOCTEeH peuoBuHH. He 3Bakaroun
Ha IIe, BC1 MapaMeTpH 3/1€01IbLIOr0 Ha YaCTUHI JAOCIIKYBAHOTO JIlalla30Hy MalOTh KOJIU-
BaJILHOCTI 3MIHH BIJIMOBITHUX 3aJICKHOCTEH Y TOMOJIOTITYHOMY PsIy, ajie 1ed epexT mis
THUX CAMUX WIEHIB TOMOJIOTIYHOTO PSTy CHOCTEPIraeThcs HE CHHXPOHHO JUIS BCIX TMapa-
MeTpiB. Tv HEe MEHIII, MOKHA 3HAWTH JIeSKi BIAMOBITHOCTI /ISl IEBHUX €(EKTiB, IO CIIO-
CTEPIraroThCA 31 301TBIIEHHSAM JIOBKUHA KapOOHOBOTO JIAHIIIOTA.

VY OBIAKOBIM JIITEPATYpl TEXK 1HO/I 3yCTPIUAIOTHCS «OMHUCKH». TOMY 10 «KOJUBATb-
HOCTE» 3aJIe)KHOCTeH HEOOX1THO CTaBUTHCHh 3 OOEPEKHICTIO Ta MOBTOPHO IMEPEBIPSTU
NEBHI JIaHi 3a IHIIMMHU JDKepenamu, ado 3a MOBEAIHKOIO 1HIMX napamerpiB. Hanpuxam,
HEJIOTIYHOI0 BUTJISIIAE aHOMAJIisl OYTaHOY JUTS 3aJIS)KHOCTI Il TIOBEPXHEBOTO HATATY,
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sKa Ma€ JHIMHAN XapaKTep; aje CHHXpPOHHA aHOMaTisg MOMITHA i Jutst B’ s13kocTi. Ha 3a-
NexXHOCTIX Hyyy Ta p H-aJIKaHIB TIOMITHI CHHXPOHHI aHOMAJIii Il €TaHy Ta MpOIaHy,
110 MOYKHA TMOSICHUTHU BIICYTHICTIO 0araTb0X KOHPOPMHUX CTPYKTYP 31 CKIaJHUMHU POp-
MaMH, 110 BU3HAYa€ OUIBITY IIUTHHICTh YIMAKOBKH MOJIEKYJ (METaH Ma€ MEHINY IIiJIb-
HICTh yHakoBKH uepe3 BiACyTHICTH 3B’ 513Ky C—C). Toai BUXOOUTh, IO ICHYIOThH IEBHI
aHoMaJIil y MOJICKYJISIPHIM Ta HAAMOJICKYJISAPHIN OyJI0B1 pEYOBUHH, SIKI MOXYTh MPOSB-
JISITUCS SIK CHHXPOHHO, TaK i He CUHXPOHHO y 3HAYEHHSX NIEBHUX IMapaMeTpiB.

SIBuiLle 3MIHM BIACTUBOCTEW BYIJIEBOJHIB, KpaTHE 5 KapKacCHUM aToMaM Yy iX 0es-
HepepPBHOMY JIAHI[I031 MOSCHIOIOTh «IIEHTAHOBOIO 1HTEP(DEPEHIII€I0», 110 MPOSBISIETHCS Y
cTabutizaiii kKapOOHOBOTO JIAHITIOTA JIAHKaMH 1O 5 KapKacHUX aToMiB (H-OyTaHon mae 4
KapKacHUX aTOMH KapOoHy Ta | okcureH). Moiekyau OUIbIIOT JOBKUHU OyIyTh OTPH-
MyBaTHl J0JAaTKOBI KOH()OPMHI KOH(Irypalli BHAcIIOK neperuny. Toxl, KpiM BIUIUBY
HasIBHOCTI HaIMOJIEKYIIIPHUX CTPYKTYpP, Ha €(PEKTUBHY TOBKMHY MOJIEKyTH abo KiacTe-
py OyJie BITMBATH ycepeaHeHa TOBKUHA KOHGOPMHHNX KOH(Irypalliid JaHOI MOJEKYJIH.
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Puc. 4. CniBBiHOIIEHHS 3MiHH BJIACTHBOCTEH H-CIIMPTIB Y BITHOCHUX KOOPAMHATAX

PosrnsiHemo gesiki Kopeundilii Mik MMEBHUMH TapameTpaMu. Tak, KOpemsilis Mix
psAdaMu 3HAYEHb ty,,; Ta t., H-aJdKaHiB cTaHOBUTh R=0,999. fxiio mais nux psiaiB Haii-
MEHIIIe 3HaueHHs npuiiHATH 3a 0, a HalOIbIIe 3a 1, TO cepenHe BIIXUICHHS OyJe cTa-
HOBUTU 1,6 % 3 MakcuManbHUM BiaxuieHHAM y 13 %. ToOTO, BUKOPUCTAHHS ty,, IS
MPOrHO3YBaHHA t.; a00 TeMrepaTypHuUX Mex nomupeHnHsa nonym’s (TMIII) mae mig
co0oro TijcTaBH, ajie, BOJHOYAC, i 00’ €KTUBHY MMOXMOKY BHACIIJIOK HE TTOBHOI BiIMOBI-
JTHOCTI TPO(DUTIO0 3MIHU ty; Y TOMOJOTIYHOMY psy H-alKaHiB 0 npoduto t.,. Lls He-
BIJIMOBIHICTh MPOCTEXKYETHCS Ha PUC. 3: 3ANEKHICTh IS t., MAa€ HE3HAYHI KOJIUBAaJb-
HOCTI, TOA10H1 10 THUX, IO CIIOCTEPITalOThCS IS t,;,. AHATIOTIYHUHN cMOCciO omucy t., ue-
pe3 t,; mae R=0,98 3 cepennim Bimxunennasm 13 %. st H-ciupTiB 32 03HAYEHOIO Me-
TOJMKOIO OIIHKU KOPETSIlis MK psiaMd 3HA4€Hb t,, Ta t, H-aJKaHIB CTaHOBUTH
R=0,99 3 cepennim BiaxuneHusm — 7,3 %, MakcumaibHuM — 24,4 %; aHAJIOTYHHI OIHC
t.; depe3 ty; mae R=0,97 3 cepeanim BigxuieHHsMm 28 %. ToOTo, 3a TemmepaTypHHX
YMOB «t.;» 3aJIMIIAETHCS MEBHA YacTKa KJIAacTepiB, SIKI TPYNYIOThCs a00 3a MPUHIUIIOM
«IapHUX», a00 «HEMapHUX» MOJIEKYI.
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3 00paHuX Il aHAJI3y BJIIACTUBOCTEH PEYOBHHH XapaKTepOM HAMOLIbII HAOIMKE-
HUM JI0 JIHIMHOTO BiJ3HAYAIOTHCS Juine H,,, 17 H-aJiKaHiB Ta H-CIUPTIB, a TAKOX IS
tn H-cUpTiB 10 nc=14. g "H-cnupTtiB dopmyna H,,,=37,3+4,75(nc—1) k/x/Momnb 3a-
oesmeuye R=0,999 ta cepenue Bimxuiaenus 0,8 %; mis H-amkanis Hg,,=3,5+5,1(nc-1)
k/lx/mons — R=0,999 3 cepennim BiaxuinenHsm 2 %. Jns H-cnupTiB ¢opmyna
tn=66+17,7(nc—1) °C 3a6e3neuye R=0,999 3 cepennim Binxmienusam 1 % mus ne= 1-14,
OUTBIIICTh HACTYIHUX PO3PAaXOBAHUX ty,; BYIJIEBOJIHIB HA/lAlOTh 3aBUIICHE 3HAYCHHS.
OOMexeHHsT OCTaHHBOI (POPMYIH MO JOBXKUHI MOJIEKYJIW BUKIMKAHO THM, IO MpsiME
BpaxyBaHHsI KUIBKOCTI aTOMIB KapOOHY HE BpPaxOBYE MOXJIHMBHUX €(eKTiB MIoOymizamii
JIOBTUX MOJIEKYJI, @ TAKOK HAassBHOCTI KJIACTEPIB Ta CIIOCOOIB X YTBOPEHHS.

[1naBHI 3a71€XXHOCTI 3 €KCIIOHEHIIIITHUM XapakTEepOM MO>KHA MOJIEIIOBATH Ha 0asl
«apu(MeTUYHNX» BIACTUBOCTEH MOJIEKYJIH: JOBXKHHHU KapKAaCHOTO JaHIIOra, MOJISPHOI
MacH, CTEXIOMETPHYHOTO Koe(]iIlieHTy peakiii TOpIHHS; aje 3 HUX NMepeiTH Ha KOH]O-
pMHY a00 KiacTepHy OyJI0BY MPOCTIIIE Yepe3 MmapaMeTp «JIOBKUHI». HYacTka 3pocTaH-
HS KIJTBKOCTI KapKaCHUX aTOMIB 3MEHIIYETBCS ISl OLIBbII JOBTUX MOJICKYI: Fne=(Ncp —
Ncn-1))/Nen-1)- JJ1s H-aNKaHiB MIABHICTIO XapaKTEPU3YEThCA ty,, TA HE3HAYHI KONUBAHHA
Mae t.,. Ha mijgicTaBi rh, MOXHa 3alIpOIIOHYBATH HACTYITHI 3aJI€KHOCTI uis iX onucy y °C
i giana3zoHy ne=1-20 (mis Metany B3ATO e=7): {n=100/r¢ 057_185 (R=0,999 3 ce-
penniM Bigxmienusm 5,7 °C), t.,;=100/r.. 0472_»36 (R=0,999 3 cepeaniM BIAXUICHHSIM
3,2 °C). Asie OLIBIIICTD IHIIMX TTAPAMETPIB PEUYOBUHH MAIOTh 3AJICKHOCTI 3MiHH y TO-
MOJIOTTYHHUX PsIIax 3 KOJWUBAJIbHOCTSIMH, CTYIIHYACTICTIO a00 OKPEMUMHU aHOMAisIMHU.
Jlyis BpaxyBaHHS IIUX SIBHII HEOOX1HO PO3YMIHHS IX IPUPOAU Ta MOMKIUBHUX MOJIEIEH
JUTSL OTIHCY, IPUYOMY y3arajJbHEHUH IMiIXiA U IIbOTO HE TpaIfioe, a HeoOXiaHEe BHE-
CEHHS 1HAMBIAYaIbHUX KOPUTYBaHb.

Sxmo OpaTu A0 yBaru MOXKJIMBICTb Ti€l caMoi JOBKHWHU HACTYMHOT'O TOMOJIOTY 3a
YMOBH BpaxyBaHHS KOH(OPMHUX 3MiH a00 3a BU3HAUYCHHS JIOBXKUHHU KJIacTepiB 3 Bpa-
XYBAaHHSIM €()EKTY «IapHOCTI-HEMAapHOCTI», TO BUKOPUCTAHHS YaCTOK 301JIBIICHHS CTa€E
CKJIQJHIIIIUM, OCKUTBKH TOJIl MOXKYTh OyTU BUMAJKH 3 =0 abo Bix emHuMHU. Takox 3a
UM TIPUHIIAIIOM HEMOXKJIMBO OIHMCATH «HETATHBHI €(PEKTH» Yy TOMOJIOTIYHUX PsJIax,
KOJIM TIapaMeTp Ma€ HETUIOBY 3MiHY Ha MEBHINA MUISHIN 3anexHocTi. Tak cebe moBo-
IWTH t,, y 0araTboX TOMOJIOTIYHHMX Psax BYIJICBOJHIB i mepiiux romosioriB [20].
[TpoBeneHo crnpody ampoOKCUMYBATH t,; H-aJIKAHIB Yepe3 YaCTKU 301IbIICHHS JOBXKHUHU
iX MOJIEKy/nIH Ta AUMEpY (AMMEPU HEMapHUX MOJIEKYJ 3a KUIbKICTIO KapKAaCHUX aTOMIB
BUSBJIIFOTBCSL HAa «1» KOPOTIIMMH, HIK KUTBKICTh KAPKACHUX aTOMIB JBOX MOJIEKYIN):
t.,.=(-390+162/ rnco’g’?’)-(l—rnc eKB)O’4, 1€ Ine exz — JACTKA 3MIHH JOBXHHH KJIacTEpa MiX CY-
CIIHIMU romosioramu; (GopMyiia He MpaIIoe JUIsl METaHy Ta €TaHy, OYMHAIOYH 3 Mporna-
Hy orpumano R=0,99 3 cepennim Bigxmnenusm 10 °C. To6To, Kopensiii 3a OJJHUM Tapa-
METPOM MAIOTh MICIIE JIUIIE B OKpEMUX BUNaakax. [|Jis anekBaTHOrO MpOrHO3yBaHHS 1,
HEOOX1JTHO BpaxyBaTu OUTBII HIXK JUMEpPHY OyJIOBY Y TBEpJIOMY CTaHI METaHy W €TaHy Ta
BIJINIOBIJIHY Macy KJacTepy. A Juisl IPOTHO3YBAaHHS t.; HEOOXITHO JI0JaTKOBO BPaxOBYyBa-
TH BEJIMKI CTEXIOMETPHYHI KOe(IIIEHTH peakiiii TOPiHHS MEPIIMX TOMOJIOTIB BYIJIEBO/I-
HIB, 1110 MOTpeOye OUIBIINX TEMIIEPATyp AJIsi YTBOPEHHS BIANOBIIHUX KOHIICHTpAIIiil.

Temneparypy KUIiHHS MOKHA BBKATH TEMIICPATypOI0 PYHHYBaHHS HaJIMOJICKY-
JSpHOT OYZI0BU 1O MOHOMOJICKYJISIPHOTO CTaHy ab0 J0 HAaMEHIIIOro CTal0iIbHOTO Kilac-
Tepa (MypallliHa KHUCJIOTa BUMAPOBYE y BUTIAAI aumepiB [7]). Lle poOuTs t,,, aHajori-
YHOIO JI0 TeMIEepaTypH Mipomi3y. SIKIIo mpoaHaiizyBaTH MypamuHy KHCIOTY 3a (op-
mysoro (1), To BigmosiaHo 110 t,,=8,3 °C Ha MOMEHT ILIaBICHHS I Hel MOKHA 3arpo-
TIOHYBATH ICHyBaHHS CyMillli TeKca- Ta rentamepiB. BUXoIuTh, 110 3a 301IbIICHHS TEM-
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MepaTypu iX BMICT 3MEHIITY€ETHCS, YTBOPIOKOTHCS KIACTEPU 3 MEHIIIUM KOOPAUHALIHHUM
YHCIIOM, a 32 ty,, JUMEPU MYPAIIMHOI KUCIOTH a00 BUHUKAIOTH 33 MOJLUTY Ta Ieperpy-
MyBaHHS KJIACTEPIB, 200 111 TeMIieparypa € JOCTaTHHOIO JIIS MOI0TaHHS JUMEPaMU, SIKi
ICHYIOTb, CHJI MIDKMOJIEKYJISIpHOI B3aeMoiiid. Came Ha 11ei mpoliec BUTPAYaEThCs TEMIIO-
Ta BUTIAPOBYBaHHSI.

Panime namu Oyna 3amponoHOBaHa yHiBepcajibHa (hopmyna AJis MPOTHO3YBaHHS
Hpun A7 pI3HUX TOMOJIOTIYHMX KJIAciB  TOJSIPHUX Ta HEMOJSPHUX  PIiJIUH:
H,,=8.912- 1O'4TKHH+5n(TKHH—273)/MO’05 (N @1 pigMH 3 OOHIEIO IMOJIIPHOIO TPYIIOIO
CTAaHOBUTH «1», 3 OLIBIIOI KITBKICTIO — «N—1»); ane o06aacTk ii 3aCTOCYBaHHS BUSBU-
jacss 0OMEKEHOI BHACIIIOK TOTO, IO I aHami3y Oyyo oOpaHo J00ipKy BYTJICBOIHIB
PI3HUX TOMOJIOTIYHUX KJaciB 3 nc=1-8. Y nmotouHiit poOOTI HAMHU MTPOBEACHO KOPEKIIIIO
1i€i popMynu I7st JOCHIIKYBAHOTO JI1ala30Hy N Y BUTIISIAL

Hp=5 10T 0t %+0,025k T, M %, K [5k/MOTB, (2)

ne T — Temneparypa kuminng, K; M — monsipaa maca, r/monb; k — koeditieHT romo-
JIOTIYHOTO pAy: «1» — miast H-cnupTiB, «0,5» — I cOUpTIB 130MepHOi OymoBH, «0» —
JUTSI aJIKaHiB, (PEHOJIIB.

Jlnst Garathox 3ayie)KHOCTEH Ha pHuc. 3 1 4 BIAMIYCHO HASBHICTH OCHMJISAILIMHOCTI
abo mynbcamii. Iy MOSICHEHHS Ta BpaxyBaHHS TaKWX aHOMalid Hamu OyB mependaue-
HUH KJIACTEPHUN MPUHIUIT HAJAMOJIEKYIISIPHOT OyIOBH BYTJICBOAHIB (IEPEBAKHO Y BUTJIS-
Il TUMEPIB) Uil MPOrHO3YBaHHS TEMIIEPATYp IUIABJIEHHS Y TOMOJIOTIYHOMY psiAy, IO
nepeadavae yepryBanHs OyJOBU MOJIEKYJI 3 MapHOI0 a00 HEMapHOK KITBKICTIO aTOMIB
KapOoHy ab0 CTymiHYaCTI 3MIHU y Oy/I0B1 KJIacTEpiB OUTBIIOL IOBKUHH. 3 BpaxXyBaHHAM
I[LOTO TIOJIOKEHHSI OYB PO3pOOJICHNI MMOKAa3HUK «IETKICTh IUJIABJIEHHS» Ny Ta HA HOTO
ocHOBI (opmyna (1) ans mporuo3yBaHHs t,, MacuBy 3 90 CHIOJYK Pi3HUX TOMOJIOTIYHUX
KJyaciB ByrneBoAHiB [10]: ankaHiB HOpMaJIBHOI Ta 130MEpHO1 OYJI0BH, aJKEHIB, aJKiHIB
Ta IUKIOAIKaHIB 3 KUIBKICTIO aTOMIB KapOoHy a0 15. OgHak momanblididi aHai3 BH-
SIBUB, 10 00JIACTh 1i BUKOPUCTAHHSI OOMEKEeHa caMe IIMM 1HTepPBaJIOM JIOBKUH MOJIEKYJIT
Ta BIJIMOBIHUM J[iala30HOM 3Ha4YeHb MOKa3HHKa Ny. AHaJI3 Toka3as, 1o ¢opmyna (1)
JUTst OLITBIN TOBTUX ajKaHiB, HK 15 aTomiB KapOoHY y Oe3nepepBHOMY JIaHIIO31, HAJA€e
KOPEJIALIIO JIUIIE 32 YMOBH BpaxyBaHHS MOYaTKy KOHGOPMHHUX MEPETBOPEHD 3 TNI00YIi-
3alli€l0 Ta BIAMOBIIHUM CKOPOUYEHHSM JaHIora. [ 1o0yny 3a 1aHOK0 METOAMKOIO MPUIA-
Ma€eMO SIK JIAHKY JaHIora 3 JOBXKUHOI0 «1». Jlns minBuieHHs kopensuii popmyny (1)
Oyn10 MO (IKOBAHO Y BUTJISIII:

t,,=102,46In(ny) — 455,22, °C, (3)

o 3a6e3neuye R?=0,9997 nns nobipku 40 crnonyk H-aJIKaHIB Ta H-CIHPTIB y MEXax
Nc=1-20 ta ny=13-165, puc. 5.

Po3risiHyTo Takok MUTaHHS — SKYy JOBXKHHY KJIAcTepy NMOBHHEH MaTH TEKTaH,
C100H20, Bimmosiguo mo ioro t,,=115,2 °C, mo6 signosigatu Gpopmymi (3); BUIBUIO-
csi — 56, T06TO 144 aromu kapOOHY KJlacTepy MOBUHHI OyTH y ri00yiax Mo Horo Kpasx
(o 72 atromu). Yucno 56 npuOIU3HO BIAMOBIIAE KITBKOCTI «KYJIbOK» (50 1IT.) 32 ymMoO-
BU MOJICNIIOBAHHS JAUMEPY T'€KTaHy Y MeXaX CTaTUCTHUYHOI acoliifoBaHOi Teopii piauH,
KOJIM OIHA «KYJIbKa» MOJIeNi mpecTaBisiec 4 atomu kapoony [15].



ISSN 2524-0226. Problems of Emergency Situations. 2023. N 2(38)
100 -
t °C

50 1 L e

-50 - ra
100 - &

-150 A

é

-200 -
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PosrisiHeMo MOKIUBICTh BpaxXyBaHHS KJIACTEPHOI OYJOBH PEYOBUHHU JUIS MOJIE-
JIIOBAHHSI YTBOPEHHS 1HIIMX MapaMeTpiB. BBaxkaemo, 1o 3a Temneparyp OuIbIIuX 3a i,
BUHUKA€E PO3UMH KJIACTEPIB 3 PI3HUM KOOPAMHALIITHUM YUCIOM aK 10 MOHOMOJIEKYJIs-
pHoOro ctany. ToJi BiAMOBiIHE NMPOTHO3YBaHHA Mepedadae 3aCTOCYBaHHS CTATHUCTHY-
HUX METOJUK. AJie BCE )X TaKH CIPOOYEMO OINMUCATH 32 MPUHITUIIOM JIOBKUHU KIIACTEPiB
(dhopmyBaHHS 3aJIEKHOCTI JIJIS1 PO3YMHHOCTI1 Y BOJII.

Bigomo, 1110 HaBITh JeKUIbKa MOJIEKYJ PO3YMHHUKA 1HO1 MOXYTh CTPYKTYPYBaTH
yBeCh po34uH. ToOTO, MOJIEKYTH BOJIU KJIACTEPU3YIOTHCA y CBOIO HAJAMOJEKYISAPHY
CTPYKTYpY MapajieIbHO MOJIEKYJ1 PO3UNHEHOI PEUOBHHHU, & TOMY IOBTOPIOIOTH ii Oy10-
BY. To/i KUTBKICTh MOJIEKYJ BOJH Nyjp0, ACOLIHOBAaHUX O€3MOCEPEAHBO OJIHIEI0 MOJICKY-
7010 (200 KJIacTepoM) PO3UYMHEHOI PEYOBHHHM, MOYKHA OIIHUTH 32 KIJIbKICTIO aTOMIB Kap-
OOHY Ta rifiporeHy ByriieBoIHIO (Tadu. 1).

BynoBy HaliMeHIIOro Kiactepy JUisi pO3YMHEHOTO BYTJIEBOJIHIO OLIHWJIM 32 PaHi-
e po3poOJIECHO METOMKOI BH3HAaYeHHs Oy0BU Ta KoedimieHTa kinactepusarii K,
BYIUIEBOJIHIB y TBepaomy ctaHi [10]. 3a ¢opmyroro (3) 3a BigoMor0 t;; BUSHAYAETHCS
MOKA3HMK JIETKOCTI TUIaBJIEHHS Ny, 32 SIKUM 3 BUKOPUCTAHHSAM MOJISIPHOT Macu KJiacTepy
M Ta odikyBaHOro KOe(IIIEHTY KJIAacTepH3alil BYTJI€BOIHIO Y po3unHl Koy (Tabm. 1)
ONTUMI3Y€EThCS YEpe3 Cepilo MapajesibHUX PO3PAXYHKIB OUYiIKyBaHA €KBIBaJIEHTHA JOB-
’KHHA KJIACTEPY Neposp-

Toni icHye Taka 3akjiajieHa y MOJIeIb €KBIBaJIEHTHA JOBKHUHA KIACTEPY Ny, AKA

Ja€ HalMEHIy MOXMOKyY iTepamii BIJTHOCHO Ncposp, 11 MPUHAMAIOTh 3@ XapaKTEPHUH Ia-
pametp peuoBuH. Cepemus moxuOka iTepaiii ajs H-ankaHiB ckiama 2,7 %, ang H-
CIUPTIB I Mojeni 3 Tabi.1-5,5 %, mist tpuMepHol Mozemi (Neyo=3(Nc—Ncgox))—D %0,
IS TeTpaMepHOT (Neyor=4(Nc—Ncgor))—60,5 %o. Alte i H-cupTiB 3 Nc>15 kpariy 301k-
HICTh PO3paxyHKy 3a0e3neuye TeTpaMmepHa MOJECIb.
JIJis IpOrHO3yBaHHS PO3YMHHOCTI BYTJIEBOJHIB (H-aJIKaHIB Ta H-CIIUPTIB) y BOJI HA Ti-
JCTaBl po3pO0JIEHUX MPOMDKHUX MapaMeTpiB (KUIbKICTh MOJEKYJ BOJH, SKI acOLIIO€
MoJieKyJa abo Kiactep BYrJieBOAHIO N0, €KBIBAJIEHTHA IOBXKUHA JIHIHHOTO KacTepy
3a y4acTIO MOJIEKYJ BOJHU Ncippo) Ta MOJSIPHOI Macl M MOHOMEpY 3alpOIIOHOBAHO arl-
poKcuManiiny gopmyiny:

51085 ©a. r. Tperybos, J1. M. Tpedinoea, €. A. CnenyxHikoB, . Jl. COKOMOB Ta iH.



ISSN 2524-0226. Npobnemu Haa3BuMYanHUX cuTyauin. 2023. N 2(38)

7
Y= 6’3410 59 > MI/TT . 4
NHZO'nd+H20' '
Ta6u. 1. [lapameTpn MoseKyJ1, KJacTepiB Ta pO3YUHHOCTI y BoAi (MI/J1) ByrJieBOAHIB
Byrnesonens | M, r/mMoib | Ny ‘ Ncposp ‘ Neaox | K. | Nermzo ‘ Ni20 ‘ Yexen [4] | Yposp ‘ Koposa
H-aJIKaHH
Mertan 16 14,3 59 6| 6 12 | 31 22,0 37,00 6
Etan 30 14,2 59 6| 3 928 60,0 61,9 3
[Iponan 44 13,6/ 5,7 6| 2 8 | 27 62,4 67,9 2
Byran 58 22,00 8,7 8| 2 8| 35 61,0 40,9| 2*
[lentan 72 24| 91 91| 2 8 | 43 38,0 27,4\ 2*
I'ekcan 86 33,5 12,3 12 | 2 10 | 51 9,5 9,2| 2*
lenran 100 351 12,5 13| 2 12 | 59 3,4 3,7 2*
OxTan 114 48,8| 16,9 16 | 2 18 | 67 0,66 0,74 2%
Honan 128 51,7 17,5 17 | 2 24 111 |0,22 0,15 3*
Jlexkan 142 63,6/ 21,1 20| 2 30 |164 |0,052 0,044 3*
VYHaekaHn 156 66,2| 21,6 21| 2 40 |171 |0,014 0,014 4*
Honekan 170 77,4 24,8 24 | 2 52 {197 |0,0037 0,0047 4
Tpunexan 184 80,6 25,5 25| 2 52 |213 |0,0047 0,0041 4*
Terpanexan 198 90,0f 28,1 28 | 2 90 |343 |0,00033 |0,00037 6
[TenTanexan 212 93,6/ 28,8 29 | 2 144 |550 |0,00004 |0,00004 9
I'excanexan 226 101,5| 30,8 31| 2 153 |586 [0,00002  |0,00003 9
I'enragexkan 240 105,3| 31,6 32| 2 54 1209 |0,0023 0,0029 3
Oxraznekan 254 112,0] 33,2 33| 2 47 1183 |0,006 0,005 2,5
Honanexan 268 116,3| 34,2 34| 2 140 |540 |0,00004 |0,00004 7
Eiiko3an 282 121,8| 35,4 35| 2 60 (244 |0,0019 0,0015 3*
H-CIIUPTHU

Metanon 32 32,71 11,7 | 12,0 | 6,0 3 4 o0 17139,8| 1
Etanon 46 279| 104 | 105 | 3,5 4 5 0 3719,3| 1
[Iponanon 60 248/ 9,3 | 10,0 | 25 5 6 ) 1142,7) 1
Byranon 74 353| 129 | 125 | 2,5 8 18 63,2 63,8| 2
[Tentanon 88 39,3| 13,8 | 150 | 2,5 10 22 22,0 20,9| 2
I'ekcanon 102 55,0 18,7 | 175 | 2,5 12 26 59 8,3 2
lenrranon 116 60,9| 20,2 | 20,0 | 2,5 18 60 1,07/0,81 2
OxTanoun 130 73,7/ 238 | 225 | 2,5 20 68|0,54 0,45 2
Honanon 144 81,0 257 | 250 | 2,5 27 94/0,14 0,10 2,5
JexaHoun 158 90,9| 28,3 | 275 | 2,5 36 128|0,037 0,027 3
VYHIekaHoT 172 102,3| 31,4 | 30,0 | 2,5 39 138(0,019 0,018 3
Honekanon 186 107,4| 32,4 | 325 | 25 56 196|0,004 0,0034 4
Tpunexanon 200 116,8| 34,8 | 350 | 2,5 68 242|0,0014 0,0013 4,5
Terpanexanon 214 125,0] 36,7 | 375 | 2,5 96 342|0,0003 0,00028 6
[TenTanexanon 228 133,3| 38,7 | 40,0 | 2,5 84 305|0,0005 0,00046 5
I'ekcagexanon 242 137,6] 39,5 | 425 | 2,5 144 520(0,00004 |0,000041 | 8
I'enragexanosn 256 144,0| 40,9 | 45,0 | 2,5 209 759|0,00001 |0,0000075| 11
OkTanekaHo 270 152,01 42,7 | 475 | 2,5 340 | 1241|0,000001 |0,0000008| 17
Honapnexanon 284 157,7| 43,8 | 50,0 | 2,5 336 | 1232|0,000001 |0,0000008| 16
Eiiko3anon 298 162,1| 44,6 | 52,5 | 2,5 308 | 1134|0,0000015 |0,0000012| 14
* — YKOpOYEHI KJIacTepu: KJIaCTepH3allis He 3a MiclieM KpaitHboro KapOoHy.
P T e og1esan dEng'I e r‘1ngDO TP TT YT AT T T T s
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OTpUMaHO KOPEJAII0 PO3PaXxOBAHOI PO3UYMHHOCTI Y BOJI 3 JTOBITKOBUMH JIaHU-
mu [4] s H-ankaHiB R=0,986 3 cepennim Bigxuienusm 20 %, mist H-cniuptie R=0,999
3 cepeHIM BiaXuiIeHHs M 15 %.

He3Bakaroun Ha 3HA4YHI BIIXWICHHS BBa)XAa€EMO OTPUMAHUMN PE3yJbTaT JA0OpUM,
OCKUIbKM PO3YMHHICTB Y BOJ1 JUISl PO3TISSHYTHX TOMOJIOTIUHUX PSAIB 3MIHIOETHCS Ha 7
NOPAJKIB (HaBITh HE BPAXOBYIOUM HEOOMEXKEHY PO3YMHHICTh NEPIIUX TPhOX H-
cnupTiB). il TOCSATHEHHSI TAKOTO Pe3yJabTaTy MOBEJIOCh 3MIHUTH OYiKyBaHY CHCTEMY
KjacTepiB (BigHocHO Mojeni aas TBepaoi peuownu [20]). Jlns H-asikaHIB 10 OKTaHY
koeimieHnT kinactepusaii He 3MiHuBcs (K=2), a Hagam Horo moBenoch 30UTbITYBaTH
ax 1o K=9 nns rekcanekany. Ilpu mipomy mponopiiiiHo 30UTbIIYETHCS €KBIBaJECHTHA
JOBKMHA JIIHIHHOTO KJIACTEPy 3a Y4acTIO MOJICKYJ BOJU Ncipo; ¥ Popmymi (4) 3acto-
COBaHO CTyMiHb «3,40», 1110 YMOBHO OonUCye 00’€M, SIKHi1 3aiiMae KJ1acTep pa3oM 3 aco-
IMOBAaHUMHU MOJEKyJaMu BoAH. JlJis H-CIUPTIB 3HAmO0OMIAcs 1e Oulbllla KOPEKIis:
3MEHILEHHS KJacTepy 10 MoHoMepiB K=1 nmns nerkux cnuptiB Ta 361nbmeHHs 10 K=17
TS OKTAICKAHOy.

7. O0roBopeHHs1 pe3yabTATiB 3MiHH BJACTHBOCTEH y TOMOJIOTIYHHX psiax
BYIJIEBO/IHIB

3a pe3yapTaTaM MPOBEJIEHOTO JOCTIIKEHHS Ha MiJCTaBl CUHXPOHHOCTI KPUBHX
BHSIBJICHO MapaMeTpH (PI3MKO-XIMIYHHX 3aJeKHOCTEH, SKi MOXHa BHUKOPHCTOBYBATH
JUTST B3aEMHOTO TPOTHO3YBaHHS. Ha mincTaBl OCHMISAIIMHOCTI Ta CTYMIHYACTOCTI Je-
AKUX KPUBHMX 3pOOJIEHO MPUIYILEHHS II0J0 KJIACTEpHOI OYJOBU PEYOBUHH 3 PI3HUM
MIPUHITAIIOM KJIaCTepHU3aIlii pi3HUX MPEICTaBHUKIB TOMOJIOTIYHOTO PSITY BYTJIEBOJHIB.
VY TakoMy pasi BINOBIJHI MapaMeTPU PEUOBUHU CTAIOTh 1HAUKATOPOM HAJIMOJIEKYJIsp-
HO1 OyZ0BH, 110 JO3BOJIsiE€ MPOBOAUTH ii MoAenoBaHH. CIIUPAIOYUCh Ha TaKy METOIU-
Ky OTPUMaHO CIM MaTEeMaTUYHUX BHUPA3iB, K1 MPAIIOIOTh 3 JOOPOIO KOPEIAIIE0, IS
TECTyBaHHS MpaIe3JaTHOCTI Pi3HUX MPUHIIUIIIB OMKCY: 32 JOBXHHOIO MOJIEKYIH (KiJb-
KICTIO aTOMIB KapOOHY), 32 JJOBKUHOIO KJIacTepa, 3a YaCTKOIO 3pOCTaHHS JOBXKHUHHU MO-
nexynu (KJIacTepy), 3 BUKOPUCTAHHSIM B3aEMHHUX KOpesiiii Mk mapamerpamu. OCHOB-
HOIO BIJIMIHHICTIO pO3pOOJIEHOTr0 MiAXOAY € MOIIYK HUISAXIB AJi BpaXyBaHHs HaJMOJe-
KYJISIpHOT Oy/TIOBH pedoBHUHU. JIJIS IIbOTO BUKOPHUCTOBYETHCS TOKA3HUK JICTKOCTI TUIaB-
JICHHSI PEYOBHMHM, KU BPAaXOBYE JOBXKHUHY Ta MOJIIPHY Macy MOJICIbOBAHOTO KJIaCcTe-
py. JloBxxkuHa Kiactepy HE 3aBXkAM MPOMOPIIiHHA JOBXKHWHI MOHOMEPY, a KOE(IIlieHT
KJIacTepHu3aIlii MOKe PI3HUTHCS JJIs pi3HUX romoJioriB. CaMe Takui IMiIXiJ] cTae OUIBII
YYTJIWBHUM JO BJIACTUBOCTEH PEUYOBMHH, HIXK 0Oa3yBaHHS pO3paxyHKIB Ha MapameTrpax
MOHOMEPHOTO CTaHy.

VY AochiaKeHHI MpoaHalli30BaHO AUHAMIKY 3MiH (Qi3UYHUX Ta (PI3UKO-XIMIYHUX
BJIACTUBOCTEH y TOMOJIOTIYHMX psiIax BYIJIEBOJHIB Ha NPUKIAAl H-aJKaHIB Ta H-
CIIUPTIB: TEMIEPaTyp MJIABJICHHS t;, KUMIHHS ty,,, craigaxy t., caMmocrnagaxyBaHHS t.,
T'YCTHUHA P, PO3YUHHICTH y BOJI Y, B’ A3KICTh V, MOBEPXHEBUN HATST G, TEIUIOTA BHUITAPO-
ByBaHHS H,,,. BusBieHHIO Ta aHAMi3y MiJIATaiy BU 3JICKHOCTEH — HASBHICTH JIiHIM-
HOro ab0 €KCIIOHEHIIIMHOTO XapakTepy, a TAKOX iX aHOMaJil — OCHMJISALINHI, CTyIiHYac-
Ti, OIMHOYHI BIIXWUJIEHHA BiJ 3arayibHOi 3aiexHocTi. [li oco6mmBOCTI moTpeOyOTh MOo-
SICHGHHS Ta croco0iB BpaxyBaHHsA. Ha naHWit MOMEHT MpakTU4HI pO3paxyHKH HE Bpa-
XOBYIOTB ITUX SIBUIII.

JIiHIifHUN XapaKTep 3aJeKHOCTI y TOMOJIOTIYHOMY PSAY € MPOMOPLUIHHUM «apud-
METHYHUMY, HAKOMNYYBAJIbHUM BJIACTHBOCTSIM PEYOBHMHHU (IIpHIMEMO iX 3a kiac 1): ki-
JIBKOCTI aTOMIB KapOOHY a00 KapKacHIW JTIOBXWHI MOJICKYJIH, a TaKOXX MOJISIpHIA Maci
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a00 CTeX1OMETPUYHOMY KOe(DIIIEHTY peakilii TOpiHHS, aje OCTaHHI HE 3aBXKIH Ipallio-
I0Th JUISL MOJIEKYJI 130MepHOi OynoBH. Taki BIACTUBOCTI PEUOBUH MOBOJAATH ceOe Tak,
HIOWTO J0JIaTKOBA JIAHKA HACTYITHOT'O TOMOJIOTY 3aliMae OKpeMe 1H/IUBIyallbHE MICIE Y
IPOCTOPOBii Mojeni (opMyBaHHS BIAMOBIAHOTO MOKa3HHWKA. 3aJIe)KHOCTI, HAOIMKEHI
710 JTIHIMHUX TaKOX 1HOJI BUHUKAIOTH 32 YMOBHU HaKJIaJaHHS MPOTUJICKHUX EKCITOHEH-
HIAHUX eekTiB (Kiac 2), aKl IpONOpLIiHI 3MEHIIEHHIO YaCTKH BHECKY «apu(pMeTny-
HOT'0» TIOKa3HUKA I HACTYITHOTO TOMOJIOTa. 3 IEBHUMH CIPOIIEHHIMH JI0 IIMX KIIaciB
MOXKHa 3aJydUTH HACTYIHI 3ajexHocTi (puc. 3 Ta 4): kmac 1) t,, ta Hy,, crnupTis;
kiac 2) t., coupris, v Ta H,,, ankaHiB.

3aneXHOCTI 3 eKCIOHEHUIMHUM XapaKTepOM TaKOK MO>KHA MOAUIMTH Ha 2 KJlacu
(puc. 3 Ta 4): xiac 3) nepeBaXHO €KCIMOHEHIIMHI — { .. Ta Y CIIUPTIB, ty,, Ta t., aJIKaHIB;
KJjac 4) eKCIOHEHUIWHUN XapaKTep 3 HaKJIaJaHHSIM 1HIINX 3aJeKHOoCTel — t,;, o, p aj-
KaHIB Ta CIUPTIB, t.. Ta Yy ajkaHiB, v cnupTiB. CKopiIie 3a BCe Ii 3aJeKHOCTI B TEPITy
4yepry HakJIaJaloThes 3 JTHIMHUMY, a Y APYTY — 3 10JAaTKOBUMH. TOOTO BIACTHBOCTI pe-
YOBUH 3 €KCIIOHEHIIIHHUM XapaKTepOoM 3MIHHM 3HaUY€Hb MOBOASTH ce0e Tak, Haue J0AaT-
KOBa JIaHKa HAaCTYHOTO TOMOJIOTY HE 3ailMae Miclid, aje BIANOBIAHHUI €JIEeMEHT CTae
BaXYMM HA MEBHY YaCTKY.

JliniiiHi 3amexHOoCT (kiacu 1 Ta 2) 3 METOIO MPOTHO3YBAHHS MOYKHA OINHUCYBATH
piBHSHHAMU By Y=ax+bh. Tak, mis H-cnupTiB GopMyna MpOrHO3yBaHHS TEIUIOTH BH-
MapOBYBaHHS 32 JIOBKMHOIO KapOOHOBOTO JIaHLora (y SIKOCTI «apU(pMETHYHOTO0» MOKa3-
HUKa BJIACTHBOCTEH peuoBuHHM) 3a Gopmynoro H,,,=37,3+4,75(nc—1) x/[x/Monb 3a0e3-
neuye R=0,999 3 cepennim Biaxunennsm 0,8 %. 3aMicTh nc MoHa OyJI0 BUKOPUCTATH
HII «apUPMETUYHI» MOKA3HUKU — MOJISIpHY Macy M a0o cTrexioMeTpuyHHiA KOEQIIlieHT
peakiii TopiHHSA B, sIK1 y OJTHOMY FOMOJIOTIYHOMY PsiIy MatOTh OJJHAKOBUH IIIar 3MiHHU, TO/1
y piBHSHHI Y=aX+h 3MIHHTBCS CKJIaJI0Ba «ax».

[IpakTu4Hi pO3paxyHKH 4acTO IPYHTYIOTHCS HE Ha «apu(METUUHHUX», a HA eKCIie-
PUMEHTAIBHUX BIACTUBOCTSX, SIKi JIETKO BCTAHOBHUTH, HANPUKIAM, tqy [1, 9], Ta Tex
JI03BOJISIIOTH BUKOPUCTOBYBATH JIiHIMHI 3aJIe)KHOCTI. AJle, sIK TIOKa3yloTh JlaHl puc. 3 Ta
puc. 4, )K0/leH 3 mapaMeTpiB He MOBOAUTH ceOe aOCOMIOTHO 1JEHTUYHO A0 IHIIUX, 10
POOUTH HEMOKIIUBUM TaKUW MIAX1J JUIsl TOYHOTO MPOTHO3yBaHHSA. TWM He MeHI, Taki
KOpeJIALii MPeCTaBISIOTh IHTEpeC K TEOPETUUHUH, TaK i MPAKTUYHUH.

VYHiBepcallbHI 3aJIEKHOCTI, K1 JT03BOJSIOTH PO3PAaXOBYBATH BJIACTUBOCTI PI3HUX
TOMOJIOTIYHHUX KJIaciB MaroTh OUIbII CKJIaAHUN XapakTep Ta MOBUHHI BPaXOBYBaTH
MPUHIIUIIOBY PI3HUIIO MK IIUMU BYTJIEBOIHSAMU. Tak, /Ui IMPOKOi HOMEHKIIATYypH BY-
TJIEBOHIB po3pobiieHo hopmyiny (2) miist mporHo3yBaHHs Hy,, Ha mMijicTaBl 3HAYECHD tyy,
M Ta xoedilieHTy TOMOJIOTTYHOTO psxy. st noGipku 3 21 crnonyku pi3HMX rOMOJIOriY-
HUX PsAiB (aJdKaHiB, CIIUPTIB, Mi€HIB, (DEHONIB, KETOHIB, TIIKOJEH, albJEeriIiB, apoMa-
TUYHUX Ta HITPO- CHOJIYK HOPMAJIBHOI Ta i30MepHOi OynoBu) otpumano R=0,996 3 ce-
penHiM BiaxuneHHsM 1,3 kJ[/Mob.

Jns neskux mnapamMeTpiB JIaHWH aHajli3 BHUSBUB HASBHICTh SIBUINA <«IIAPHOCTI-
HETIApPHOCTI» K YepryBaHHs BJIACTUBOCTEH MOJIEKYJ 3 MApHOI0 Ta HEMApHOK KUTBKICTIO
KapKacHUX aTomiB. HallOuIbIl YiTKO y BChOMY JTOCTIIKEHOMY Jiana3oHi nc=1-20 1e npo-
CTeXKYETHCS IS t,,;, H-aIKaHiB Ta t;, H-CIUPTIB. J[J1s1 OCTaHHIX 1151 3aJIC)KHICTh JIBA a3y 3Mi-
HIOE YePTYBaHHS OCIMJISIIIMHOCTI (TOOTO ICHY€E TIIe i CTYIMIHYACTICTh): MICJISA 5 aTOMIB Ka-
pOoHy y Mosiekyi (6 KapkacHUX aTOMIB, BpaXOBYIHOUM OKcureH) Ta nepea 10 aromamu (10
KapKacHHX aTOMiB, BPaXOBYIOUH OKCHICH), III0 MOKE OYTH MPOsIBAMHU «IIEHTAHOBOTO ede-
KTy» a00 3MIHOIO TOUKHU KJIACTEpHU3AIlii 32 IOBKHHOIO KapOOHOBOTO JIAHIIIOTA.

JlJis H-aJIKaHIB CYTTEBA KOJMBAIBHICTh HA BCHOMY JIOCIIKEHOMY Jliara3oHi JOB-
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KUH MOJICKYJI CIIOCTEpIraeThest auIe s t,,. g iHmmX napameTpiB NMEBHI BIAXUJICH-
Hs BiJl 3arajbHOi TEHJEHIIIT 3aJIeKHOCTI CIIOCTEPIral0ThCs JUIIE Ha YaCTUHI 00paHOTO
Jiana3oHy TOMOJIOTIYHOTO PAJY, a JIedKl MaloTh LIIKOM TUTABHUM XapakTep, HAMPUKIIA/,
tm H-aTKaHIB. TakoX MOMITHI BIIXWJICHHS HE 3a MPUHIIMIIOM KOJHUBAJIBHOCTI B 00J1aCTi
MEPIINX YJIEHIB TOMOJIOTTYHOTO psiay (10 mpomnany abo Oyrany) 1 v, Hyun, P, O, Y, e
10 MOXXHA TaKOX IMOB’S3aTU 3 BIICYTHICTIO «IIEHTAHOBOTO» e€(eKTy, kUil Oyzae meB-
HOIO MIpPOIO MPOSIBIISAITUCS Y BIACTUBOCTAX OLIBII JOBTUX BYTJIEBOJHIB. [losicHEHHsIM
MOJKE TaKOX OYTH Te, [0 MOYMHAIOUHN 3 OyTaHy Pi3KO 30UIBIITYETHCS KUTBKICTH KOHPOPM-
HUX KOH(]Irypamiii MoJeKyJsu, TOJ1 AesIKl 3 HUX BUSABIISIIOTBCSA Y CUCTEMI MIKMOJIEKYIISIP-
HOT B3a€MO/Iii OLIBIIT KOPOTKUMH, BIIMOBIIHO, OUTBIII KOPOTKOI CTAa€ YCEpEeIHEHA JI0B-
KUHA UX KOH(OpMHUX KOHQirypauiid. Takox, pi3ka 3MiHa XapakTepy 3aJIeKHOCTI
crioctepiraerbes s te. micist ng=5. s v, t,. Ta HE3HAYHO VIS B’S3KOCTI BUHUKAE e
olHa 00JacTh BIAXWICHb, AKI HE TMepefdadae TEHACHINS IUX 3aJIKHOCTEH, MiCIs
Nc=15, mo Moke OyTH TOB’SA3aHO 3 BUHUKHEHHSAM TJIOOY/i3allii JOBTUX MOJICKYIL.
B’sa3kicTh mpaiioe sk Omip TEKYy4OCTI — PO3TATHEHHIO MOJIEKYJI, OCIWIALINHICTL Ha
IIbOMY BIZPi3Ky TOBOPUTH MPO TE, IO «IMAPHI» Ta «HEMApHI» MOJCKYJIH TJI00YIT3yIOThCS
Mo-pi3HOMY. 3BepTae Ha cebe yBary moaioHICTh rpadikiB IS t. Ta Y, IO MOXKE CBIAUYUTH
po OJIM3BKICTh HAJAMOJEKYJISIpHOI OyJ0BH PO3YMHIB OJHAKOBUX MOJICKYJ y BOMI Ta Y
MOBITP1 — y BUTJIAI BOJIO- a00 MEPOKCHIBMICHUX KiacTepiB. Takuii camuii edekT cro-
CTepIraeThes M s H-cOUpTIB. MK H-aJIkaHAMH Ta H-COIUPTAMH € L€ OJJHA aHaJIOTis:
VIS te. TOYMHAIOYH 3 Nc=12 3HAYEHHS BUSBISIOTHCS MEHIIUMH 32 ty,,; TOMY BUIIAPOBY-
BaHHS B yMOBaX JOCIIIKCHb BIIOYBAETHCS 32 3MEHIIECHOT TEMIIEPaTypy BIAHOCHO tp,
TOJ1 TIapa, 1O YTBOPIOETHCS, MOKE MICTUTH O1IBIINY YaCTKY KJIaCTEpIiB.

Jl1st H-ciupTiB 3 Nc<S BiJACYTHI €(EeKTH BIIXUICHB BiJl TEHICHIINA 3MIHU rpadiy-
HUX 3QJIEKHOCTEH (KpiM t,; METaHOIy Ta €TaHONIY, a TAKOX P Ta G METAHOIY), IO Je-
MOHCTpY€E MPHUHIUIIOBY PI3HULIO Yy Oy/lI0BI PEUOBMHU H-CIMPTIB Ta H-aJIKAHIB Y P1JIKO-
My cTaHi. A Tpadik t,;, H-CIHPTIB JEMOHCTPYE AWBHY MOMIOHICTH 10 Tpadiky mjs H-
ankaHiB 3 R=0,996, npuuomy anaii3 3a JOBKHHOIO MOJIEKYJIH HE BpaxoBye rpymy OH,
Haye 3a KJacTepHu3allil y TBepAui CTaH BOHA € OOKOBOO; TaKOXX BIJI3HAYMMO, IO JJIS
METaHOJy Ta €TaHOJly HEraTUBHUM e(deKT OUIbII IHTEHCUBHUMN, HIXK JIJIsl METaHy Ta eTa-
HY, IO CKOpIIlIe 32 BCE BU3HAYAETHCS 1X OUIBIION MOJSPHOI0 MAcol0. 3HAYHOK KOJHU-
BAJILHICTIO Y BChOMY Jl1ala30H1 JOCIIDKEHUX 3HA4Y€Hb Nc BiJI3HAYAIOTHCS p, V, G H-
CIUPTIB; HE3HAYHY — Ma€ Y Ta t,.. OOMexKeHa PO3UYUHHICTh y BOJII H-CIIUPTIB MOYMHA-
€TbCSI 3 H-OyTaHONY, MPUYOMY SIKIIO MPOMUITIAPOKCUIIbHY TPYNy HNPUMHITH SK OAHY
JaHKY KapOOHOBOTO JIAHITIOTA MOJIEKYJIH, TO BiAMOBIIHA 3aJIE)KHICTh OTPUMAE OIU3bKHIMA
xapakrtep 10 t.. [lounnatoun 3 nc=14—16 momiTHI CyTTEBI aHOMAIIT y 3aJIEKHOCTSIX TSI
Heuws P5 Vs tee temy Liun. [T IEPIIMX TPHOX MapaMeTpiB 1€ MOYKHA TMOSICHUTH THM, IO
BIJIMOBITHUX H-CIUPTIB € OLIBIIO0 3a CTaHIapTHY. ToOTO, BiNMOBIIHI MapaMeTpu Ha-
BEJICHO ISl MIABUIIEHUX TeMmIepaTyp. 3 1HIIOro OOKYy MOXJIMBI SIBHINA Tao0yizamii
JOBTUX MoOJIeKyJ. [IpUMITHUM TakoX € Te, 10 JesKi TapaMeTpu MOBTOPIOIOThH MPOdisib
IHIIOrO MapaMeTpy Ha YacTUHI OOpaHOro Alama3oHy JAOBXKHWH KapOOHOBOTO JaHIIOra,
SIK, HAIPUKIA, ti Ta to; UL «IOBrUX» crupTiB. [TogiOHUMM TakoX € 3aJeXHOCTI IS
p Ta G: 3aBUILEHE 3HAYCHHS BIAHOCHO TEHJEHLII rpadikiB Uisi METaHOIY, HETaTUBHUN
eeKT 3aNeKHOCTEH MiCIs TPUACKAHOIY (U1 TOBEPXHEBOTO HATATY JUIs MOOYIOBH ITi-
JLHOT 3aJISKHOCTI HE BUCTAYMIIO JIaHUX, ajie, HallpUKIa, il Tekcaaekanony 6=0,0285
H/m 6inmpma 6=0,0295 H/m Hix 118 moaekaHoiy). BuHukae mpumyiieHHs, mo JesKi
BJIACTUBOCTI H-CITUPTIB BU3HAYAIOTHCS JIUIIC JIOBXUHOK KapOOHOBOTO JIAHITIOTA, A JIe-
SIKi — JIOBKUHOIO KapOOHOBO-TIIPOKCHIIBHOTO JIAHITIOTa, TOOTO KOPETIOIOTh 3 OUIBII J0-
BIUM JIQHITIOTOM Ha «1», HI’K KapOOHOBUH.
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BpaxoByroun HasiBHICTh Y CIHUPTIB TAPOKCUIBHOI TPy FOBOPATH MPO iX CXUIIb-
HICTh JI0 acorfiamii 3 yTBOPEHHSIM HAJAMOJEKYISIPHOT OyJOBH 3a PaXyHOK BOJHEBOTO
3B’s13Ky. Tak, y rentaHosii BCTAHOBJICHO HAsBHICTh AUMEPIB, TPUMEPIB, TETpaMmepiB [6].
MoxJIHBO, Pi3HI BIACTUBOCTI BH3HAYAIOTHCS HASBHICTIO HAaWMEHIIIOr0, HAHOUIBIIOTO
abo ycepenHeHoro kinacrepy. Tak, s 6araTbox BIACTUBOCTEH, MOB’S3aHUX 3 BUIApO-
BYBaHHSM, ()OPMYBaHHS MEBHOTO TMapaMETPy BHU3HAYAETHCS ICHYBAHHAM HAaWMEHIIIOTO
kiactepy. Tak caMo y po3paxyHKY t., HEa3€OTPOIHUX CyMIIIeH B3a€EMOPO3UUHHHX Pl-
IUH 32 Manux (10 5 %) JOMIIIOK BaXXKOKHUILISTYOTO KOMIIOHEHTY t.; HE M1JIBUIIYETHCS.
J171s1 617IBIIOTO BMICTY BUCOKOKHIUISIYOI PIUHU 3aCTOCOBYIOTH 3aJI€KHICTD i1 BHECKY BiJ
4acTKU BMICTY [1]. AHANOTI4HO, SKIIO Yy P1AMHI HA JaHUH MOMEHT MPUCYTHI KJIaCTEePH 3
PI3HUM KOOPAMHALIMHUM YHCIIOM, TO Ha BJIACTHUBOCTI PIAMHU OyJe CTBOPIOBATH OlJIb-
Wi BIJTUB HASBHICTh HAWMEHINWX (JICTKOKHUIUISYUX) KiacTepiB. TakuMm 4HMHOM, NEsKi
napaMeTpu PeUOBMHU MOXKIIMBO MTPOTHO3YBATH 3a JAHUMHU 1010 MOJIEKYJISIPHOTO PiBHS
oprasizariii pe4oBUHH, a IJIs IHIIUX — HAJAMOJIEKYJISIPHOTO PiBHS.

Icaye Temmeparypa nepexoay KpUCTaIiqHOI OyZ0BU PEUOBHHH ty, SIKA JJIS aliKa-
HIB 30iraeThcst abo € TPOXU OUIBIIOO 3a ty; [S], rpadik 3amexHOCTI A1 H-aJIKaHIB BU-
SIBIISIETHCS. MEHIII KONMMBAIbHUM. T00TO BimOyBaeThes yHi(iKalisl CTPYKTYp HaaMoJie-
KyJsipHOi OynoBU. OCKIJIBKU HE CIOCTEPIraeThesi pi3Koi 3MiHU 1IHTEHCHBHOCTI BUIIApO-
BYBaHHSI MOYKHA BBa)KaTH, 1110 y LIed MOMEHT KiactepHa OynoBa 30epiriaca. [ns cymi-
nieil kmactepiB 3a 30UIbIIEHHS TEMIIEpaTypu BiJ IUIABJIICHHS 0 KUIIHHS MpaIoe ixX
ycepeJHeHa eKBIBaJCHTHA JOBKMHA 3 MOCTYIMOBUM 301IbIICHHAM YaCTKH KIACTEPIB 3
MEHIINM KOOPJUHAIITHUM YHCIIOM a00 MOHOMEPIB, 1110 MPAIIOE HA 3MEHIIEHHS aMILTi-
TYIU MyJbCallill 3HAYeHb XapaKTePHUX TEMIEpaTyp y TOMOJIOTIYHOMY psny. Tax, mms
3aJIeKHOCTI t., MyJbcalli NOMITHI, aj€ y MEHILIOMY CTYIIEeHI HIXK s t,, Ta 0e3 aHoMa-
T JUTS IEPIIUX YWICHIB TOMOJIOTIYHOTO PSTY.

3a TaHUMU TPOBEJCHOTO aHaJi3y HaMOLIBII YiTKO BIUIMB KiIacTepHOi OymoBU pe-
YOBUHU MPOSBISETHCS B OCHUIISALIMHOCTI 3aJI€KHOCT1 IS t,; alkaHiB Ta cCOUpPTiB. Tomy
Ha MiJICTaBl MOMEPEAHBO MPOBeAeHUX aocaikensb [10, 20] po3pobaeno dopmyny (3),
sIKa OMHCY€E 3MIHY t;; BYIJIEBOJHIB Ha 0a3i po3poOJIEHOTO MOKa3HUKA JIETKOCTI TUIaB-
JIEHHS Ny, SIKAW 3aJICKUTH BiJl €KBIBAJICHTHOI JIOBXUHHU Ta MOJISIPHOI MacH KIIacTepy.
®opmyna (3) onucye t,; H-aJKaHiB Ta H-CIUPTIB Yy Jliara3oHi JIOBXUH KapOOHOBOTO Jia-
Hifora Nc=1-20 ta Ny=13-165 3 R*=0,9997.

['onoBHOIO CKIIaMHICTIO KOpHUCTyBaHHS (hopmyinoro (3) /sl MpOrHo3yBaHHSA t; €
HEBIJIOMICTh CTPYKTYPHUX OCOOJIMBOCTEH KiIacTepy, ki He0OXiJHO BpaxyBaTH JJisl BU-
3HAUEHHs HOro JMOBXHHHM Ta TMOKa3HUKA Ny Tozl 1HIIMM NMPaKTUYHUM HAMPSMKOM 1l
BUKOPHUCTAHHSI CTa€ MOMJIMBICTH OIIHIOBATH CTPYKTYPHI OCOOJMBOCTI KIAcTepy 3a
YMOBH IIPOBEACHHS PO3PaXyHKY Y 3BOPOTHOMY HANPSMKY.

Takox po3rIIHYTO MOJIENb BOJOPO3YMHHOCTI PEYOBHHH Y HA OCHOBI MPHUHIIHUITIB
KJIaCTepHOi OyZOBU: BPaXOBAHO OYIKYBAaHY JOBKHMHY BOJOBYTJIEBOJIHEBOTO KIAcTepy,
KUIBKICTh aCOI[IHOBAaHUX MOJEKYJ BOAH, MOJISIPHY Macy MOHOMEPY BYIJeBOAHIO. Po3-
pobneHo popmyny (4), sika TpaIoe 3a JOMOMOTO0 JaHuX Tabi.l, M0 103BOJIsAE MPO-
rHO3yBaTH Y MacuBy 3 40 criofyk H-aJikaHiB Ta H-criUpTiB 3 R=0,99 Ta cepennim Biaxu-
neHasM 20 %, 110 € HETIOTaHUM Pe3yJbTaTOM, OCKUIBKH Y 3MIHIOETHCS Ha 7 TMOPSJIKIB.
HasiBHICTh MeXi pO3YMHHOCTI TOBOPUTH PO 3B’ SI3yBaHHA YCi€l MacH BOJHU y MILIEIOIO-
J10H1 CTPYKTYPH JAHOIO KUIBKICTIO pO3YMHEHO1 pedoBUHU. [1oai6HICTh rpadikiB 3MiHU
Y 7Sl H-aJIKaHIB Ta H-COUPTIB Ta t.. CBITYUTH MPO MOAIOHICTh HAAMOJEKYISIPHUX CTPY-
KTYp 32 YMOBH acolialii ByrJeBOIHIO Y KJIACTEPH 3 BOJOI0 a00 3 KUCHEM MoBiTps. Toxi
npolecH iHimiamnii BUHUKHEHHS TOPIHHS y BUIVISAAI KIACTEPHUX HAIMOJCKYISIPHUX
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YTBOPEHb MEPOKCUIHOTO TUIY MOKHA OMHCATHU MPOLECaMU PO3YMHHOCTI. Y BHUIAJKY
camocIiajlaxyBaHHSI MOXHa PO3TJITHYTH MOJIETh MEPOKCUTHOI PO3YMHHOCTI Ta301o/1i0-
HOT'O CTaHy BYTJIEBOJHIO Y MOBITPI.

VY naniit poOOTI OKa3aHO, IO JESKI BIAXWICHHS Y 3aJIEKHOCTAX 3MIHU MEBHUX Ia-
paMeTpiB y TOMOJIOTIYHUX PsAaX BYTJICBOHIB BU3HAYAIOTHCS BIAMIHHOCTSIMH Y iX Kiac-
TepHii OyZI0B1: yTBOPEHHS PI3HUMH BYTJIEBOAHAMH KJIACTEPiB 3 PI3HUM KOOPIUHAIIHHUM
YHCIIOM, KJIACTEPIB 3 PI3HUM MICLIEM KJIacTepu3allii BOX MOJIEKYJ 3a JOBXHHOIO BYTJIe-
BOJIHIO 32 NPHUHIIMIIOM «ITAPHUX-HEMAPHUX» MOJICKYI, TI00YITI3aIli€r0 JOBTUX MOJEKYIT
ByIIIeBOAHIB. To/l BU3HAYALHUM MTapaMEeTPOM BJIACTUBOCTEHM pedOBUHU 0OpaHO EKBiBa-
JICHTHY JIOBXXHHY KJIACTEPy 3 BUKOPUCTAHHAM Yy SIKOCTI KOPUTYIOUOTO TTapaMeTpy MOJIsIp-
HOT MacH MOJIEKYJIM 200 KJIacTepy, 10 BUKOpPUCTaHO y ¢popMmyiax (3) Ta (4).

AJe mig 4ac MOJENIOBaHHA 3a PO3POOJIEHOI0 METOAMKOI € YMOBHHI MOMEHT,
KU TOJIATa€E y TOMY, 10 MOJENh OyIOBU KiacTepy 0a3yeTbcs Ha MEpIIOMY IPUITY-
HIEHHI, SIKE MpPAaIo€ sl MEBHOTO Yi€Ha TOMOJIOTIYHOIO PsiAy ByriieBojHIB. Tomi yci
1HIII MOJIEN1 KJIACTEePIB BIAIMITOBXYIOTHCS BiJ ITI€T cXeMU. TakoX 3aJIMIIUINCh OCTaTOY-
HO HE BCTAHOBJICHMMH NMPUYUHU (HOPMYBaHHS JTIHIHHUX a00 €KCIOHEHIIMHUX Tpodi-
JIei 3a1€KHOCTEH, KOpesLis NEBHUX MOKa3HUKIB H-CIIUPTIB 3 JOBKHUHOIO KApOOHOBOTO
ab0 KapOOHOBO-TIIPOKCHJIBHOTO JIAHIIOTA, L0 MOTpeOye MOAANBIINX JOCHIIKEHb.
IIpoBeneHi MOCTIKEHHS Ta BCTAHOBJICHI PO3PaXyHKOBI 3aJICKHOCTI BaJiHI y Mekax
Nc=1-20 st H-aJIKaHIB Ta H-CIIUPTIB Ta MOXE OyTH JOCITIDKEHO iX MOIIMPEHHS Ha 1HII
TOMOJIOT1YH1 KJIaCH BYTJICBOJHIB. Y TOYHEHHIO MIJISITa€ METO/IMKA OIIHKYA Oy/I0OBU Ta JOB-
KUHHU KJacTepy; NoTpedye po3IIMPEeHHS HOMEHKIIaTypHa Ta KUIbKICHA 0a3a CIOJYK AJIs
MiATBEPIXKEHHS Mpale3JaTHOCTI YHIBepcaabHOi opMyiu (2), sika mporHo3ye Hyy.

VY mopanemoMy nependavdacTbes MPOBECTH PO3IIMPEHE MPOTHO3YBaHHS 0OpaHUX
napaMeTpiB BJIACTUBOCTEH PEUOBMHU 3a PO3pOOJIEHUMH MPUHLUIAMH, Y TOMY YHUCIHI
napaMeTpiB MOXKEKHOT HeOe3MeKH, Al PO3IMIMPEHOI HOMEHKJIATYPH TOMOJOTIYHUX
KJIaciB BYTJIEBOJHIB. MoJieJlOBaHHS HAIMOJICKYJISIPHOI Oy/I0BU TIpH 1IbOMY Oyze MaTu
1HUBIIyalIbHI OCOOJMBOCTI, K JIJIi KO)KHOTO TOMOJIOTTYHOTO KJIacy, TaK 1 BCEpeauHI
X KJIACiB, M0 XapaKTePU3YETHCS YMOBHICTIO BHACHIJIOK HEMOXJIMBOCTI MEPEBIpKH
MOJIeTIi KJIaCTePiB HaBITh HA PIBHI CY4aCHUX METOIIB TOCIIHKECHb PEYOBHHH.

8. BucHoBkn

1. Bunaineno 6 piBHIB BJIIACTUBOCTEH PEUOBUHHU, SIKI MOCHITOBHO (POPMYIOTh MEBHI
napaMeTpu, 110 BU3HAYAIOTh MOKEXKHY HeOe3MeKy peuoBUHU: 1) BUXiIHI YMOBH cepe-
JIOBHUIIA, aTOMapHUHN CKJIaJ PEUOBHHHM; 2) CIIOCIO opraHizaiii aTOMiB y MOJEKyy; 3)
croci0 opraHizaiii MOJIEKYyJl Y HaMOJIEKYJISIpHY CTPYKTYpY; 4) BIacTUBOCTI, OB’ A3aH1
3 (I3MYHUM Ta XIMIYHMM CTaHOM, a TaKOX 3 IX 3MIHOIO; 5) KPUTHUYHI Ta PIBHOBaXHI
YMOBH TIPOIECY TOPiHHS; 6) pe3yibTyloui MmapaMeTpH, siIKi BU3HAYAIOTh BHUHUKHEHHS
MOKEKHOT HeOEe3MeKH Ta MoIupeHHs ropinHs. [TapameTpu nonepeaHix piBHIB MOXKYTh
OyTH BUKOpHUCTaHI Ui BU3HAYEHHS MapaMeTpiB HACTYMHUX piBHIB. [lapamerpu pevo-
BUHU TOJUJICHO HA «apuU(pMETHUHI», SIKI MPOMOPLIiHHI aTOMapHOMY CKJIaJy Ta MalOTh
YiTKy AUCKPETHICTh 3Ha4YeHb (piBeHb 1), Ta €KCIIEPUMEHTANbHI, SIKi HE MalOTh MOKIJIH-
BOCTI ITPOCTOTO PO3PaxXyHKY Ta YITKOI AUCKpEeTHOCTI. Toal «apudMeTHIH1» MOKa3HUKH
(KIIBKICTh KapKaCHUX aTOMIB, CTEXIOMETPUYHUI KOe(ILI€HT peakilii rOpiHHS, MOJISpHA
Maca) BU3HAYEHO SK 3pY4HI JJIs KadiOpyBaHHS 1HIIUX BIACTUBOCTEH LUIIXOM Bpaxy-
BaHHS iX aOCOJIIOTHOTO 3pOCTaHHs ab0 y yacTKax. AJle cepell HUX JIMIIE KUTbKICTh Kap-
KaCHUX aTOMIB € THYYKUM MOKa3HUKOM, SIKMH MOXKE BiAOMBATH 3MiHU y OYyI0BI MOJje-
Kynu abo Kiactepy.
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2. TlpoBeneHuii aHasi3 3MiHM BJIACTUBOCTEH y TOMOJIOTIYHHX psiiaX H-aJKaHIB Ta
H-CIIUPTIB TOKa3aB, IO JKOACH 3 MapaMeTpiB PEUOBHHU HE MOBOJUTH ceO€ MOBHICTIO
1ZIEHTUYHO JI0 1HIIIOTO, TOMY THUIIOB1 PO3paxXyHKH, HAIIPUKIIA, TEMIIEPATypU CHalaxy 3a
3HAYEHHSIM TEeMIEPaTypH KHUIIIHHS, MalOTh CUCTEeMHY MOXHOKy. KpiMm Toro, mepeBaxHa
OUTBIIIICTH 3aJIEKHOCTEHN ISl BIIACTUBOCTEH BYTJIEBOIHIB Ma€ CYTTEBI aHOMATI1 y JIOT14-
HIi MOCI0BHOCTI 3MIHH JJAHOTO MOKa3HUKA Yy BUTJISIII KOJUBAJIBHOCTI, CTYIIHYACTOC-
Tl, OMUHOYHUX MYJIbCAlll, «HEraTUBHUX» €(EKTIB (3MiHA HANPSIMKY 3a1eKHOCTI). [e-
SK1 3 IUX aHOMaJIii MOKHA OINMUCATH Y pa3l BpaxXyBaHHs I100YITi3allii TOBIUX MOJEKYJI
(sx 3MiHA 1X €KBIBAJICHTHOI JOBXWHH) Ta KJIACTEPHOI OYJ0OBU PEUOBHHH, KA BiIPI3HS-
ETHCSI TS «TAPHUX» Ta «HEMAPHUX» MOJICKYJ BHACIIIOK YePTyYBaHHS MPUHIIUIIIB Kiac-
Tepu3anii. BusHadaibHUM apaMeTpoM BIACTHUBOCTEW PEYOBUHHU OOpPaHO €KBIBAJIEHTHY
JIOBXHHY KJIACTEPy 3 BUKOPUCTAHHSM Y SKOCTI KOPUTYIOUOTO MapamMeTpy MOJISIPHOT MacH.
KrnacudikoBano 3aie)XHOCTI 3MiHM BJIACTMBOCTEH Ha JIHIMHI Ta €KCIOHEHIIIHHI, Ta Ha
NpUKIIaIl JACSKUX 3aJeKHOCTEH MOKAa3aHO MOXKJIMBICTh iX alpoKCUMaIllli BiJIHOCHO
«apu(PMEeTUYHNX» MOKA3HUKIB. ANPOKCUMAIs TEIJIOTH BUIAPOBYBAHHA 332 OKPEMHMHU
dbopMynamu JiIsl H-aJIKaHIB Ta H-CIIUPTIB B1Jl KUIBKOCTI aTOMIB KapOOHY y MOJIEKYJI JUIs
Nc=1-20 mama R=0,999. Po3pobaeHo yHiBepcaibHy opmyny (2) Ha MPUKIAII Tpe-
cTaBHUKIB 10 rOMOJIOTIYHUX PAJIIB, sIKA MPOTHO3YE TEIUIOTY BUnapoByBaHHs 3 R=0,996
Ta cepenHiM BiaxmwieHHsIM 1,3 k/[x/Monb. 3a 4acTKOIO 3pOCTaHHS JOBXKUHU MOJICKYIIH
y pAoy H-aJIKaHIB allpOKCUMOBAHO 3aJIeKHOCTI JJI TEMIEPATyp KHUITIHHS Ta CHanaxy 3
R=0,999. Po3pobiieHO yHIBEepcalnbHy 3alIeXKHICTh (3) M1 MPOTHO3YBaHHS TEMIIEpaTyp
TJIaBJICHHS BYTJICBOJIHIB Pi3HUX TOMOJIOTIYHUX Ps/IIB HA MiJCTaBl BUSHAYCHHS OYIOBH,
€KBIBAJICHTHOI JOBXMHHM KJIACTEPIB Ta iX MOJSIPHOI MacH, siKa JJIsl H-aJKaHIB Ta H-
crupTiB 3 ng=1-20 3a6e3neuye R?>=0,9997. 3 BUKOpUCTAHHAM TaKUX CaMHX «apudpme-
TAYHUX» MMOKAa3HUKIB KJIACTEPHOI Oy10BU po3pobieHo ¢opMyiry (4), sKa MPOTHO3YE PO3-
YUHHICTH y BOJ1 H-aJKaHiB Ta H-ciupTiB 3 R=0,99 Ta cepeanim BiaxmieHasm 20 %, 1o
€ HETIOTaHUM PE3YJIbTATOM, OCKUIBKH PO3YMHHICTh 3MIHIOETHCS Ha 7 TIOPSAKIB.
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CORRELATION OF PROPERTIES IN HYDROCARBONS HOMOLOGOUS SERIES

Correlations between combustible substances properties in the homologous series of n-alkanes
and n-alcohols with a length of nc=1-20 were studied in order to determine ways to increase the meth-
ods convergence for assessing fire hazard parameters. The cluster length was added to the substance
modulating parameters set. It should be noted that substances properties are often predicted using a
molecule coarse-grained model, which has discreteness, does not describe short molecules, and requires
an individual approach. It is shown that there are substance "arithmetic” parameters that directly depend
on the certain atoms number. Among them, "length” better reflects isomeric, conformal, cluster differ-
ences, which are associated with parameters anomalies of hydrocarbons. A vaporization heat linear de-
scription from n¢ separately for n-alkanes and n-alcohols gives R=0,999. Exponential approximation of
the n-alkanes boiling point t,, and flash point tg, by nc change fractions has R=0,999. It is shown that
there is a correlation between tg, and ty,, but with a systematic difference, which indicates that the clus-
ter composition is not completely similar at these temperatures; between tg and tn, there is a smaller
correlation, but its presence indicates clusters partial similarity. A universal formula for predicting hy-
drocarbons vaporization heats of 10 homologous series has been created, which has R=0,996. The de-
scription change hydrocarbons pulsations of in ty, was carried out on the cluster schemes alternation
basis in homologous series, as well as taking into account their length and molar mass, which gives
R=0,9997. According to similar principles, a formula for the hydrocarbons solubility in the water has
been developed, which has the satisfactory accuracy. The study showed that the cluster length is a de-
termining factor by which substance properties are modulated.

Keywords: hydrocarbons, density, viscosity, surface tension, water solubility, characteristic tem-
peratures, cluster, fire hazard
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