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OBIIAA XAPAKTEPUCTUKA PABOTBI

AKTYyaJbHOCTh TeMbl HCCIeT0BaHUA. B ycIoOBHSX pa3BUTHS HOBBIX
TEXHOJIOTHH, T/Ie TOYHBIE XapaKTEPUCTUKH KHUIKOCTEH WIparoT OCOOCHHYIO pOJIb,
HE00X0ANMO TITy0Xe N3ydHTh UX IOBEJCHUE 110] BO3JCHCTBIEM BHEUIHNX (DaKTOPOB,
TaKUX KakK TEMIIepaTypa, AaBICHHWE, BHEIIHHE MO PA3IMYHBIX 4YacToT W Ip. B
YCIOBUSIX OECHPEIEACHTHO OBICTPOTO Pa3BUTHSI HAHOTEXHOJIOTHH ¥ HHHOBAIMOHHBIX
METOJOB IPOU3BOJICTBA TOYHOE 3HAHHME CBOMCTB JKUAKOCTEH CTAaHOBUTCA KpaiHE
HEOOXOAMMBIM I ONTUMM3AalUHM IIPOIECCOB M HAXOXACHHWA WHHOBAIMOHHBIX
penieHni. B 4acTHOCTH, KUAKOCTH C MHOTOATOMHBIMHU MOJICKYJIAMH, COCTOSIIIUMH U3
JBYX 1 00Jiee aTOMOB, UMEIOT CIIOKHYIO MOJIEKYJISIPHYIO CTPYKTYPY, UTO U ONIpeessieT
TaKhe MX CHelU(pHYECKHe XapaKTEPUCTUKH, KaK BBHICOKHE HOJSPHOCTH, BSI3KOCTh M
CIOCOOHOCTH K 00pa30BaHHIO BOJJOPOIHBIX CBSI3EH.

[MTonsspHBIMM Ha3bIBAIOT JKUIKOCTH, B MOJIEKYJaX KOTOPBIX CYIIECTBYET
pa3zesneHue 3apsioB, TO €CTh TUMONbHBIA MOMEHT. Takoe pa3jieneHue BO3HUKAET U3-
3a TOTO, YTO BJICKTPOHBI B KOBAICHTHBIX CBS3SX PACHPENCIAIOTCS MEXIY aTOMaMH
HeonnMHAaKoBO.  IlodApHOCT  KHMAKOCTEH  ONpEnersieTcss  IPOCTPaHCTBEHHOMN
CTPYKTYpPOH HuX MOJNeKyld. B TeXHWYeCKMX ¥ TPUPONHBIX Cpenax >KHAKOCTH
UCIIBITHIBAIOT BJIMSIHWE DPA3IMYHBIX BHEIIHHWX (DAaKTOPOB, YTO YaCTO MPUBOIHUT K
HapyIICHUIO UX AMHAMHUYECKOrO paBHOBecHs. llcciienoBaHUs MOKa3bIBAIOT, YTO MPHU
BBICOKOCKOPOCTHBIX BO3AEHCTBHAX JKUIKOCTH BEAYT ceOsl MHAUE, YeM B CTaOMIBHBIX
YCIIOBUSIX WJIM B YCJIOBHSX MEIJICHHOTO Bo3aeHcTBus. Hanpumep, ux BSI3KOynpyrue u
aKyCTHYEeCKHE XapaKTepUCTUKH OTJIMYAIOTCS OT YCIOBMH MEIUICHHBIX WU
paBHOBECHBIX IpolieccoB. [loBeneHne YMOMSHYTHIX XapaKTEPUCTHUK OIpeaeseTcs,
KaK XapaKTepOM BHEIIHEro 4aCTOTHOT'O BO3JEHCTBHS, TAK U OCOOCHHOCTSIMH TEUCHHUS
perlaKCalMOHHbIX POLECCOB B CAMOH KHIKOCTH.

CreneHb M3Yy4YeHHOCTH HAay4YHOIl TeMbl. /{1 aJeKBaTHOI'O TEOPETHUYECKOTO
ONMUCAaHUs JUHAMHYECKUX CBOWCTB IMOJSIPHBIX M MHOTOATOMHBIX JKHJKOCTEH
HEOOXO/MMO HCIIONIB30BaTh CTPOTHE METOJbl CTATHCTHYECKOM TEOPHH IKHIKOTO
COCTOSIHMSI, KOTOPbI€ YYHUTHIBAIOT HMX MOJICKYJSIPHYIO CTPYKTYPY M BHYTPEHHHE
peTaKcallMOHHbIE TPOLIECCHI MPOTEKAIOIINX B HUX. B 3TOM HanpaBiieHMH OCHOBHBIMH
SIBJSIFOTCSL PSIl HAYYHBIX PaboT 3apyOexHbix yuensix [1,4,9-13,17-21], a Taxke
OTEYECTBEHHBIX yueHbIX [8,14-16]. Takue ucciaemoBaHus MO3BOISIIOT Gosee TiTy6oKo
TIOHSATh MEXaHU3MBI, OTIPEIEIAIONINE THHAMHYECKOE MTOBeICHHE XuAKocTer. [ToaTomy
OJTHOM M3 KJIIOYEBBIX 3a]a4 TEOPUH JKUJIKOTO COCTOSIHUS SIBISICTCS IMPUMEHEHHE
MOJICKYJISIPHO-KMHETHYECKOTO TIOAXO0Ja K IWHAMHYECKHM SBICHHSIM. OJTa 3ajgada
SBIISICTCS OCHOBHBIM HAIPaBJICHWEM HACTOSIIETO HWCCIEIOBAaHUS W OCHOBOM JUIs
JAIBHEHITNX HaAY9IHBIX pa3paboToK B TaHHOH 00JIacTH.

Cpf3b HCCICIOBAHHMS € TMPOrpaMMaMH M Hay4YHOl TeMATHKOI.
Huccepranuonnas padota BeinonaHeHa B 2021-2025 1T. B COOTBETCTBUH C TEMaTHKON
Hay4HBIX HCCJIEIOBaHWM  Kadenpel TeopeTmueckod  ¢usumku  TapKuKCKOro
HallMOHAJILHOTO YHHMBEpcUTeTa 10 TeMe «TeopeTndeckoe HCCieOBaHUs BOIPOCOB
(U3MKM  KUAKOCTEH, Ta30B M IUIA3MONOJOOHBIX cpex». OHa COOTBETCTBYET
NPUOPUTETHBIM HAaIpaBIeHUsM (IporpaMMaM) Hay4YHBIX W HayYHO-TEXHHYECKUX
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uccienoBanuii B Pecriyonnke Taxukucran Ha nepuon 1o 2030 rona (Ilpunoxenue x
nocraHoBiieHuio IlpaBurensctBa PecriyOnmuku Tamkukucran ot 28 ¢espans 2025
roga, Ne 114), mompaszmenam 13. «Maremarnka ¥ (QyHJaMEHTaJIbHbIE HAYKH
(uccnenoBaHus B 00JIaCTH TEOPETUUECKON (DU3MKHU, MAaTEMAaTUKH U MX TPHIOKEHHH.
Hcnonp3oBaHne MaTeMaTHKH B HPOTHO3HMPOBAHWU TEXHOTEHHBIX M MPUPOIHBIX
MPOLIECCOB, MHXECHEPHOM NTPOEKTUPOBAHUY U JPYTHX COBPEMEHHBIX HAIIPABICHHUAX)».

Heab wuccaeqoBanusi - SBISAETCA pa3BUTHE W INPUMEHEHHE METOAA
KMHETHYECKOTO YpPaBHEHMsA I MCCIECJOBAHUSA JUHAMUYECKHX BSI3KOCTHBIX U
AKyCTUYECKHX XapaKTEPUCTHK TOJAPHBIX M MHOTOATOMHBIX JKHUIKOCTEH C
KBaszucepudeckumMu MoseKylaMu. B mpomecce mccienoBaHHMsA NPHUHAMANAch BO
BHUMaHHE YIJIOBas OPHUEHTAIMs CIOXHBIX MOJIEKYJ, YTO IO3BOJIIET OoJiee TOYHO
OLICHUTh CTPYKTYPHBIE OCOOEHHOCTH, a TaKXe IMHAMUKY BHYTPEHHUX COCTOSHHN
JKUJIKOCTEH.

3agaum uccieA0BaHNS!

-TMIOJIy4eHHE AaHAIUTHYECKUX BBIPAKEGHUH M [JUHAMHYECKHX MOIyJel
yIpYroctd M KO3(GQHUINEHTOB BSI3KOCTH >KHIKOCTEH C Y4ETOM pPEITaKCAIIMOHHBIX
MPOLIECCOB NMPH HAINYUH TU(PPY3HOHHOTO HITH SKCTIOHEHIIMAIFHOTO 3aKOHA 3aTyXaHHs
MOTOKOB;

-BBIOOpP MOTEHIMAJIOB B3aWMOAEHCTBUS YaCTHI, MOZAEIHbHO-TEOPETUUECKOMN
paguanbHON GyHKINH pacnpenesneHus 1 K03 GHUIMEHTOB TPEHUS 11 MHOT0aTOMHBIX
U MOJIIPHBIX XKUIKOCTENH;

-IIPOBOJICHUE YHCJICHHBIX PAacUyeTOB KOA(P(PHUIMEHTOB CIBUTOBOI U 00BEMHOI
BA3KOCTEM U MOAYJIEH YNpPyrocred MHOIOATOMHBIX M IIOJSPHBIX JKHUJIKOCTEH B
IIMPOKOM HHTEpBaje H3MEHEHHS TEPMOIMHAMUYECKHX IapaMeTpOB M YacTOTHI
BHEIITHETO BO3/ICHCTBUS;

-MCCJIEJOBAHNE YAaCTOTHON AMCHEPCHH aKyCTHYECKHX MapaMeTpPOB CIIOMKHBIX
(MHOTOATOMHBIX W TOJISIPHBIX) JKHIKOCTEH C y4eTOM MPHPOABI 3aTyXaHHsI
pENaKCUPYIOIUX TOTOKOB;

-IPOBEJICHHE  YHCIEHHBIX PACYETOB CKOPOCTH  pAaCIpOCTPaHEHHA U
K03(PHUnINeHTa TOTIOMEHNS aKyCTHUECKUX BOJH B IIMPOKOM JMAna3oHe U3MEHEHHH
TEPMOJAMHAMHUYECKMX MAapaMEeTpOB U  4YacTOThl BHEHIHETO BO3JECHCTBUS B
MHOTOAQTOMHBIX U MOJIAPHBIX KHIKOCTSX.

OO0bekT McCJIeAOBaHMA  SBISIETCS  TUHAMUYECKHE  BSI3KOYNpyTHe U
aKyCTHYECKHE CBOMCTBA MHOTOATOMHBIX JKHIKOCTEH ¢ KBasHC(HEPUIECKUMU
MOJIEKYyJIAMH ¥ TOJISIPHBIX JKUAKOCTEH. AHANM3UPYIOTCSd WX IMOBEICHHE IIpU
Pa3NUYHBIX BHEIIHWX BO3JCHCTBHSX, 0c000€ BHUMAaHHUE YJENSETCS MOJCKYJISIPHOU
CTPYKTYpE M THUILy MEKMOJIEKYISIPHOTO B3aNMOICHCTBHSI.

IIpeaMer  MccjeAOBaHMA  SABIAIOTCS  TEOPETHYECKHE  3aBUCHMOCTH
BSI3KOYNPYI'HX M aKyCTHYECKHX CBOMCTB KBa3MC(EPHUECKUX M MOJSIPHBIX KHUIKOCTEH
OT UX MOJEKYJSPHOH CTPYKTYpHI, BHEIIHUX YCIOBUN M BHYTPEHHUX XapaKTEPUCTHK
CHUCTEMBI.

TeOpeTl/l‘lECKﬂﬁ OCHOBBI HCCJI€A0OBAHHHA BKJIHOYACT B cebst METOABbI
KUHETHYCCKOTO YpaBHCHHUA, YHUCIICHHBIX pPACYECTOB C NMPUMECHCHHEM COBPEMEHHBIX
KOMIIBIOTCPHBIX MNPOrpaMMHBIX CPCICTB, a4 TAKXKE APYIrue€ NOAXOJbI, ITO3BOJIAIOMINE

4



MOJICIIUPOBATh W AaHAJIM3UPOBATh JWHAMHYCCKHE U aKyCTHYCCKHE CBOWCTBA
)uakocted. [lepeyrcieHHbIE METOMABI MO3BOJSIOT KOPPEKTHO BBIYUCIATH JIFOOBIC
3alaBacMbIc MapaMeTpPhl U JCTATBHO HCCICIAOBATh MX 3aBUCHMOCTH OT Pa3JIMYHBIX
BHEIIIHUX U BHYTPEHHUX (DaKTOPOB.

Hayunast HoBU3Ha:

-NMpoOBe/IeHbI YHCICHHBIE Pacu€Thl 3aBUCUMOCTEH KOX(QQHIMEHTa TpeHUs § U
BPEMEH peNaKCalii T U T, B MHOTOATOMHBIX M IOJISIPHBIX JKUAKOCTSIX C YUETOM
MOTEHIIMATa MEKMOJIEKYIIIPHOTO B3anMoecTBus (moternuanos Jlenapn-J>xoHca
IITokmaiiepa) ¥ MOJENBHBIX ACIEKTOB PaJHATBbHON (DYHKIMH paclpeesicHUs OT
TEPMOJVHAMHUYCCKHX TAPAMETPOB U OPUCHTALIMU MOJICKYIL.

-MOKA3aHO, YTO IIUPUHA YACTOTHOW TUCTICPCUU KOI(PPHUIIMECHTOB CIABHUTOBOM
ns(w) u obbemuoi 7y, (w) BA3KOCTEH, a Takxke Momyiel caBuroBoit w(w) u

00bemMuO# K (w) yopyrocreil OnpeaesieTcs: XapakTepoM 3aTyXaHHs PENaKCHPYIOLINX
NOTOKOB: Tpu Iu((Y3MOHHOM 3aKOHE 3aTyxaHHs HaOmrojaercs Ooiee IIHPOKast
o6sacte auctepcuu (~10°T1), B To BpeMms Kak MU 3KCTIOHEHIMATLHOM 3aTyXaHUH
00IacTh CyIECTBEHHO CyxkaeTcst ~107 '), uTo OTpaXkaeT pasiuuue BO BPEMEHHOM
CTPYKType peaKCallMOHHBIX POLECCOB;

-yCTaHOBJIEHO, YTO IPU KCCIIEIOBaHUM YaCTOTHBIX 3aBUCHMOCTEH B 00JacTH
wT K 1, koTopast ABNIsIETCS XapakTepHOo Juist (i (Hy3MOHHOTO MEXaHU3Ma 3aTyXaHusl,
K(w) crpemutcs k annabarudeckomy 3HaueHmio K, a j(w) ymeHpImaercs no 3akoHy

3

~wz; ko3 uireHTs! Ng(w) u Ny (w) CTpeMATCS K CTATHYESCKUM 3HAYCHUSIM 1) U 1)y
1

10 3aKOHY ~@2; B BRLICOKOYACTOTHOH 00MacTu (wt > 1) HanpoTHB, HAOTIOIAETCS CIIaT
BaskocTelt ng(w) u Ny (w) nponopuuoHansHo ~w™ !, a 3Havenus p(w) u K(w) He
3aBUCST OT YACTOTHI BHEITHETO BO3JEHCTBHS M HAXOJSITCS B COOTBETCTBUH C TEOPHUECH
IlBanuura;

-M0KAa3aHO, 4TO NMpH WT K 1 U IKCIOHEHIMATBHOM MEXaHU3ME pelaKcaluu
U(w) n K(w) npHOIIDKAOTCA K aCUMITOTHYECKMM 3HAUEHUSAM, a KO3()(UIHEHTHI
C/IBUTOBOM U 00BbeMHOM BsizkocTeit 1g(w), Ny (w) COXpaHSIOT CTaTHYECKUI XapakTep
(ns uny). B obmactu BeicokuxX 9acToT (wT > 1) momymu u(w) u K (w) craHoBsITCS
NOCTOSHHBIMH, a K03 duimeHtsr Bsaskocteidl Ng(w) , Ny(w) yOBIBAIOT MO 3aKOHY
~w ™2, 4To cornacyercs ¢ MOJIOKEHUAMHU 00N PeakcallMOHHON TEOPHH;

-10Ka3aHo, YTO BO BCEX PACCMATPHBAEMBIX JKUJIKOCTAX C KBa3HUC(HEPUUECKIMHU
MOJIEKYJIAMA W TIOJIIPHBIX JKUJAKOCTSAX PEIaKCAI[HOHHBIE MPOIECCHI OOYCIOBIECHBI
B3aUMOJICHICTBUEM TPAHCISIIIMOHHBIX JBIKEHHH MOJEKYI M WX CTPYKTYPHOU
MEPECTPOUKOM, YTO OmIpeAeNseT XapakTep OTKIMKAa JKUAKOCTEH Ha BHEIIHEe
BO3/CHCTBUE;

-yCTAHOBJIEHO, YTO  INIUPUHA  YaCTOTHOW  JHCHEPCUH  CKOPOCTH
pacnpoctpaHeHuss W KO3(pQHIMEHTa TMOIJOMIEHHS aKyCTHYeCKUX BOJH B
MHOTOATOMHBIX M TOJIIPHBIX JKHAIAKOCTSIX OIMPEACIIECTCS XapakTepOM 3aTyXaHHUs
peTaKCHpYIOIHUX TOTOKOB: a) mpu muddysmoHHOM mporecce ~10° I'm, a mpu
SKCMOHEHIMANBHOM Iponecce ~10% T, 4TO COOTBETCTBYET KAaK AaKyCTHYECKHM
JAHHBIM, TaK W pe3yibTaTaM OOIIel perakcallmOHHONW TEOpUH.

IMonoxkeHnsi, BBIHOCUMbIE HA 3ALIUTY:
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- vacroTHas jucrepcus KodpdumueHtoB Bsskocreir ng(w) u Ny (w),
moxyneir ynpyrocreit u(w) u K(w) npu auddy3uOHHOM U IKCIOHEHIUAIHLHOM
XapakTepax 3aTyXaHHs PeIaKCUPYIOMINX MOTOKOB;

-3akoHoMepHOcTH ToBexeHus K(w) m p(w), a takke ng(w) u ny(w) B
HU3KOYaCTOTHOM M BBICOKOYACTOTHOM 00JIaCTAX;

- mnoeenenme wmomyieit ympyrocreit K(w) w pu(w), xosdduimeHton
Bs3KocTeH Ng(w) u Ny (w) MpH MpenebHBIX 3HaYeHUAX WT > 11 wT K 1;

-CBf3b PENAKCAI[OHHBIX MPOLECCOB B YKUIKOCTAX C KBasUC(HEpHICCKHUMH
MOJIEKYJIAMHU H MOJIAPHBIX XKUAKOCTAX C TPAHCISIIIHOHHBIMY JBUKEHUAMU MOJIEKYI U
UX CTPYKTYPHOH IEPECTPOMKOM IPU B3aUMOJCHCTBUM C BHEIIHUX IOJIEH.

Teopernveckasi 1 IPAKTHYECKAS 3HAYMMOCTD UCCIETOBAHUS 3aKIFOYACTCS
B TOM, YTO MOHMMAaHHE BSI3KOYIIPYIHX M aKyCTHYECKHX CBOMCTB MKHIKOCTEH C
KBa3uC(HEPHIECCKUMHU U MOJSIPHBIMUA MOJICKYJIAMH CIIOCOOCTBYET PACKPBITHIO TOHKON
CTPYKTYpPBI MOJICKYJSIDHOTO CTPOCHHS B YCIOBHSAX BHEIIHETO BO3MYIICHUS.
Pa3paboTka TEOPETHYECKHX MOJENCH, OIMCHIBAIOIINX BIHSHHE MOJICKYJISIPHOM
CTPYKTYpPBl M BHEIIHHX (PaKTOPOB (YIJIOBOW OPHEHTALMH MOJCKYJ, TEMIICPaTypBbl,
IUVIOTHOCTH) Ha aKyCTHYECKHE CBOWCTBA JKHIKOCTEH CIIOCOOCTBYET YTOYHECHHIO
CYIICCTBYIOIIMX  TCOPHHA  BS3KOYMPYrOro  MOBEACHUS W PACIPOCTPAHCHHS
AKyCTHYECKUX BOJH B IOJSPHBIX M KBa3UC(EPUUECKUX JKUIKOCTSAX, YTO SIBIAETCS
HOBBIM B3IJISAZI0M Ha (pU3HUECKUE CBOICTBA TOJOOHBIX CHCTEM.

[MpakTHyecKasi 3HAUUMOCTD UCCIIEIOBAHUI MO3BOJSIFOT OIICHUTh M OMPEICIHUTh
YHCJICHHbIE 3HAYEHHs BI3KOYNPYIMX WU aKyCTUYECKMX CBOWCTB MHOIOATOMHBIX U
HOJSIPHBIX KUIKOCTEH MPH PasHbIX BHIaX BHEIIHEro BO3JEHCTBUS. Pe3yibraThl
HPOBEAEHHBIX BBIYUCIICHUH JONOIHSIOT CYIIECTBYOIINE CBEICHHS O BI3KOYIIPYTHX U
aKyCTHYECKUX XapaKTEePHCTUKAX HCCICIYEMbIX KUAKOCTeH. DTO MaéT BO3MOIKHOCTH
YUHTHIBATH OCOOCHHOCTH WX MOBCICHHS IIPU Pa3HBIX DPEKHMaxX 3KCIUTyaTaluu,
BBUIBJISAITH CBSI3b CBOWCTB JIQHHBIX JKHAKOCTEH C MX MOJEKYJIPHBIM CTPOCHHEM H
ONTHMH3UPOBATh YCIOBHS paGOThl pPa3MMYHBIX TEXHOJOIMYECKHX YCTAHOBOK.
Matepuansl AWCCEpPTALMA MOTYT OBITh IIOJE3HBIMH CTyIEHTaM (H3UYCCKHX,
XUMUYECKHUX U JIP. CIENUATbHOCTEN PH BBINOJIHEHUH JUIUIOMHBIX M MarucTEPCKUX
paboT, COUCKATENSAM, TOKTOPAHTAM U ACTIHPAHTAM.

CreneHb /0CTOBEPHOCTH Pe3yJbTATOB [JHUCCEPTANMH TTOITBEPXKIACTCSA
BBICOKOH  KOPPEKTHOCTHEO  HCIOJIB30BAHHBIX  aHAJMTHYCCKHX  BBIPAKCHHIA
KUHETHYECKUX YPABHEHUM IS OMHO- M JBYXYaCTUYHBIX (DYHKLHUH pacrpenesieHus,
ypaBHEHUsI Uil OWHAPHOW IUIOTHOCTH TUmA CMOJIYXOBCKOTO, HCIIOJNB30BaHHBIX
HOTCHIMAIOB MEXMOJICKYISIPHOTO B3aUMOJEHCTBHS U YHCICHHBIX PACUYETOB, XOPOILO
COTNIACYIONIMMHUCS C OKCIIEPUMCHTAIBHBIMUA JaHHBIMA M TPUHIHIAMH OOIIei
PpeJaKCalMOHHOM TEOpHH.

CooTBeTCTBHE AMCCEPTAUMM MACIOPTY HAYYHOWH CIEHMHAJBHOCTH: TEMA,
METOIBI HCCIEIOBAHUSI W NPEIJIOKEHHBIC HayYHbIE IOJIOKEHHUS, COOTBETCTBYIOT
nacnopry HayuHo crenuansHoctn 6D060403-teopernueckas ¢usuka ((pusuka u
mareMarnka) B 4dacté 1. 1 «Teopusi KOHIEHCHPOBAHHOTO COCTOSIHHS MAakKpOCKO-
NHYECKUX W MHKPOCKOITMYECKMX KIACCHYECKMX W KBAHTOBBIX CHCTeM. M3ydenue
Pa3IMYHBIX COCTOSHUI BemecTBa M (H3MUECKHUX sIBICHHI B HuX. CTaTHCTHYECKast
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(u3MKa U KHHETUYECKasi TEOPHsl PABHOBECHBIX U HEPABHOBECHBIX CHCTEM», B YaCTH II.
5 «Pa3BuTHe TEOpUM M MCCIEAOBaHME OOLIMX CBOWCTB M 3aKOHOB HEIMHEWHOMN
JUHAMHMKH HEpPaBHOBECHBIX CHCTEM», B 4acTH I. 6 «MojenupoBanue (Gpu3N4ecKux
SIBIICHUI.

JInyHbIA BKJIAJ COUCKATe/s YUEHOH CTeNeHU B MOATOTOBKeE AUCCEPTAlUU
ABJISIETCS OIIPEACISIONIMM B BBIOOPE METOZOB M pa3pabOTKe aJrOPHUTMOB PEIICHHS
MOCTAaBJICHHBIX 33734, YCTAHOBICHWH OCHOBHBIX 3aKOHOMEPHOCTEH NPOTEKaHUS
JVUHAMHYIECKUX TIPOIECCOB B IKHUIKOCTSX, HPOBEACHHM UYHCICHHBIX pacueToB C
HCIIONIb30BAaHUEM HOBEHIINX KOMITBIOTEPHBIX IPOTPAMMHBIX CPEICTB, 0OpaboTKe,
aHAIM3€ ¥ UHTEPIPETALNH PE3yIbTaTOB.

Arnpodanust u BHeaApenue. OCHOBHBIEC PE3yJIbTAaThl paOOThI U3JIOKEHBI Ha:

6th International Scientific and Practical Conference «Science, Education,
Innovation: Topical Issues and Modern Aspects», 2022. (April 16-18, 2022). Tallinn,
Estonia;, pecny0iukaHCKOH Hay4YHO-TIPAKTHYECKOH KoHMepeHnn «B3anMocBs3b
HayKH{ C IPOM3BOJCTBOM B IIPOIECCE YCKOPEHHOW HMHAycTpuanusauuu PecrnyOnuku
Tamxukucran», dymanoe, 2022, (22-23 anpens 2022r.); pecyOIuKaHCKONW HAydHO-
NpaKkTHIeCKOW KoH(pepeHInn «MaTreMaTHuecKoe U KOMITBIOTEPHOE MOJECIHPOBAHNE
(pM3MUYECKHX TIPOLECCOB», MOCBAIICHHON «/IBalaTHICTHIO M3YYEHHS W Pa3BUTHUSA
€CTECTBEHHBIX, TOYHBIX W MaTEeMaTHYECKHX HayK B cdepe HayKH M OOpasoBaHUS.
Hyman6e, 2023, (9 ¢epamss 2023r.); MeXIyHapOAHOH HAYIHO-TIPAKTHYCCKOU
koH(pepenunn «HoBble nocTmkeHHMs B OOMacTH  €CTECTBEHHBIX HAayK U
MH()OPMALMOHHBIX TEXHOJIOTUHM», TOCBSLICHHON «/lBaqlaTUIIETHIO H3ydYeHUS U
pa3BUTHA €CTECTBEHHBIX, TOYHBIX M Maremarhdeckux Hayk Ha 2020-2040 rr.».
Hyman6e: u3g-so «PTCVYy», 2023, (30 maii 2023r.); MeXAyHApOIHOW HAaydHO-
npakTudeckoii koHpepeHuun «CoBpeMeHHble npoOiemMbl (GU3NKH U XUMHHU
MOJIMMEPOBY», MOCBAIICHHOW 75-eTHI0O 00pa3oBaHusi TaKUKCKOTO HAIMOHAIHHOTO
yHuBepcutera u 20-1€THIO U3y4YeHHsS M Pa3BUTHS €CTECTBEHHBIX, TOYHBIX H
MaTeMaTHYECKUX HayK B cepe Hayku U odpazoBanus (2020-2040 rr.), (dymanbe, 10
okTsI0ps 2023); pecyOIUKaHCKON HAYYHO-TIpaKTHIecKor KoHpepeHnnu «IIpodmemsl
M TEHICHUUH pPa3BUTHA TOYHBIX, MATEeMaTHYECKHX M €CTECTBEHHBIX HAyK»,
TOCBSIIIEHHON JIBAJIATWIICTHIO HM3YYEHHs M DPAa3BUTHS €CTECTBEHHBIX, TOYHBIX M
MaTeMaTHYECKUX HayK B cepe Hayku U oopasoBanus (2020-2040 rr.), (ymante, 28
Mas 2024 roma); pecmyONMKaHCKas — Hay4YHO-TIpaKTH4YecKas  KOH(epeHuus
«AKTyanbHble TPOOJIEMbl (PU3MKH KOHICHCHPOBAHHOTO COCTOSHHS», MOCBSIICHHAS
35-meTHi0  TOCYJapCTBEHHOW  HE3aBHCHMOCTH Pecnybimku — TamkukucTtaH U
«/IBalIaTHICTUIO M3YUCHHSI U Pa3BUTHUS €CTECTBEHHBIX, TOUHBIX ¥ MaTEMaTHYECKUX
HayK B chepe Hayku u obpasoBanus», §0-nmetuto mpocgeccopa IllepmaroBa M., 85-
neturo mpodeccopa Jxamomosa M. (Xymxkana, 20-21 mas 2024); MexmayHapo HON
Hay4HOH KoH(epeHIH «DPu3nueckue U TeXHUUeCKHe Hayku B rpoctpanctse CHI:
npoOyieMbl M TNEepCrleKTHBH  pasButus», (dymande, 29-30 HosOps 2024);
MEKIyHApOIHOH Hay4qHO-IIpakTHueckoil KoHpepeHun «[Ipobnemsl U nepcreKTUBBI
pasButus ¢usmueckux Hayk», (Xymkann, 11-12 mapra 2025); mexmyHapogHOI
Hay4HO-TIPaKTHYeCKOH KoH(pepeHunu Ha TeMy «CoBpeMeHHbIe NMpoOiIeMbl (GU3NKH
HOJIYTIPOBOJHUKOB M JIMAJICKTPUKOBY», MOCBSIIEHHON 20-1IeTHIO U3YUYEHHS U Pa3BUTHS
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€CTECTBEHHBIX, TOUYHBIX U MareMaTtuueckux Hayk B 2020-2040rr» B 061acTH HayKu U
obpazoBanus u 35-neruro Kadeapsl (HU3MYECKOH 3IIEKTPOHUKH Ta/KMKCKOTO
HaIlMOHANBLHOTO YHUBepcuTeTa ([Aymanoe, 30 ampernst 2025).

IMy6aukannu no Teme quccepranuu: [1o pesynbraTtaM padoThI OITyOJIMKOBAHO
Bcero 16 pabot, u3 KoTophx 5 crareil B m3manmsx u3 [lepeuns BAK npu Ilpesnnente
PecrryOmmmkn Tamxukuctad, 1 cTatbs B npyrom m3maHum u 10 paGoT B MaTepHuaiax
MEXIYHAPOJHBIX U PECITyOINKaHCKAX KOH(PEPEHINH.

Crpyktypa u o0beM auccepTanuu. Jlyccepramusi COCTOMT W3 BBEICHHS,
YeThIpex TJaB, CHHCKA JIUTEPaTyphl W IpuinokeHus. Paborta omybnmkoBana Ha 140
CTpaHHIIaX MAIIWHOIMMCHOTO TeKCTa, BKIo4as 9 Tabmui, 31 PHCYHKOB M CIIHCOK
auTeparypsl u3 173, HAaMMEHOBaHHH.

KaloueBble cj0Ba: MHOrOaTOMHBIE U IIOJISIPHBIE JKUAKOCTH, (QYHKIHUS
pacrpeiesieHus, MOTEeHINA B3aUMOICHCTBHS, IIOTOK, pelaKcalus, aKyCTHKa.

Bo BBesmenum 00OCHOBaHA aKTYaJIbHOCTh TEMbI HCCIIEAOBaHUS, CHOpMyIn-
pOBaHBI LENM M 3aJadd paboTHl, JaHa OLECHKA CTCICHH H3YyYEHHOCTH NPOOIIEMEI
BBIOpaHBI 00BEKT U IPEAMET MCCIICIOBaHNS, BBIICICHEI HAY4Has HOBH3HA, BHIHOCHMBIC
Ha 3alLIMUTY MOJOKCHUs, TEOPETHIECKAsl M IPaKTHYEeCKast 3HAYMMOCTh HCCIICIOBAHHS.

B mnepBoii riaBe mpeacTaBieH 0030p IKCHEPUMEHTAIBHBIX HCCIICIOBaHUI,
TEOPETUYECKUX ITOJXOJ0B M YHCICHHBIX METOJOB, NMPUMEHSIEMBIX NPH H3YYCHHH
BSI3KOYNPYTHX M aKyCTHYSCKHUX CBOMCTB )KUAKOCTEH. [lokazaHo, 4TO CylIEeCTBYIOIINE
TEOPETHYECKUE U KOMIIBIOTEPHBIE METOJIBI HCCIIEIOBAHMS B HEJOCTATOUHOMN CTEIICHH
OTpaKaloT JWHAMUYECKHE TIIOBEJCHUE OJKUAKOCTEH C Yy4€ToM BHYTPEHHHX
penaKcaliOHHBIX MPOLIECCOB.

Bropasi ri1aBa nocssieHa U3y4EHUIO BA3KOYIIPYTUX CBOMCTB XKUIKOCTEH, IIe
pelaKCUpyoIIie IOTOKM 3aTyXaloT [0 CTENIEHHOMY WIIM DKCIIOHEHIHNAIBLHOMY
3akoHaMm. Vcrmonb3ys  UMIyJbCHbIE  MOMEHTBI  JIByXYacTHUUHBIX  (YHKIHA
pacnpezneneHusl Uil (YHKIUH OWHApHOH IUIOTHOCTH, IOJIy4eHO YpaBHEHHE THIIA
CmoinyxoBckoro. Ha ocHOBe HepaBHOBECHOW OHHAPHOW IUIOTHOCTH IIOCTPOCHEI
ypaBHeHus 0000IEHHON ruapoauHaMuKy. [asee, ucrnons3ys Pypee-npeodpazoBanue
10 BPEMEHH U TTOJCTaBIIsIA MOTyYSHHBIE PE3yIIbTaThl B TEH30P HAIIPSOKCHUS, HalICHBI
JMHAMWYECKUe BRIpakeHus s N (w) u )y (w), a Takxke u(w) 1 K(w):

a) npu 1o AuPy3MOHHOM 3aKOHE 3aTyXaHHs TIOTOKOB!

ns(w) = % + #Iow drr3 %fl)fj;o G, (r,1y, w) %:}D )
My (@) = 22 [P dr 3 20D (Y06, (L 0) 9o(1R DR, (@)
p(w) = ST BT [ g 20D (.6, 1, 0) P
®3)

K(w) = Ky + 202 (2 4r 3 20D (42 6, (1, 0) o (R DR, (4)

rae
2nn?c3w oo AD(|7]) p+oo S S
K () = ZEE2 [ dr 3 2ER T2 6, (o, 0) o (IRDAR,  (5)



aP T (0P\? . i N
K = n( ) +—(—) - agmabaTWdecKuii OOBEMHBIH MOIYNb YIPYTOCTH

an nCy \dT/
KUIKOCTH
2
G,(r,1,w) = M(e ?1(sing, — cospy) — e~?2(sing, — cosp,)),
4TTrTry
2 . - , - .
Gy(r,r, ) = —%(3 ?1(sing, + cosp,) — e~ ?2(sing, +
1
5y 1990 _[ (ag(ﬁ)) (ag(rl)) ] _ %
COS(PZ)): oo = 3 on "\ n r +yT ar )l P1 =7 (r—m),
a 1 m Ba?
2 = ;(r +1), a=Qwtyz T= 5 0T g @F 2TV -IUKJIAYecKast
* * ‘P(T) .,
4acToTa, w* = wT — mpuBeneHHas vacrora, P*(r) =—= - OpuBeNEHHBII

MOTEHIMA MEKMOJIEKYIISIPHOTO B3anMoAenHcTBus, ff —Koa(b(lmuI/IeHT TPEHHUS.
0) IpH SKCIIOHEHIINAILHOM 3aKOHE 3aTyXaHHUs IOTOKOB!

_ nkTt 27'[17. kTo3ty o0 0O* (|T|) ag(I7) ré
nS( )= 1+(wD)? | 15 1+(wro)2 f or dr, ©)
2 kT o 9P* (I )
Ny (w) = :1;(0; )T;’f L O(r)r dr, )
2
nkTw?  2m w?(2) e a0 () ag(IF))

ww) = 1+(w)? + n*kTo>1 1+w(2(;)2 fO or ar ridr ®)

2( 0" a0 (Irl)
K(w) = K, — =n?kTa>1, ( )zf Po(r)r? dr, ©)

rae
o wZ(T—O)z ® d0*(|7)

K. (0) = ?nszJ%o - o) -~ @o(r)rddr. (10)

o] 0

B Bepaxkenusax (1)-(10) mpm ompeneneHHOM BbIOOpE MOJIENH KHUIKOCTH
cuutaem O(|7]) u g(|7|) usBectupiMu [1,2]. [To3TOMY HpH TPOBEAEHUS YHCIEHHBIX
pacuetoB ng(w), Ny (w), u(w) u K(w) Ha ocHoBe Bhipakenuii (1)-(10) HeoOxoaMM
BHIOOD IIOTCHIHANAa MEKMOJEKYISIpHOro B3aumMmopeiictBus P (r) u paauanpHOiM
(hyaKImn pacupenencHus g(r).

B Tperbeii riaBe mpoBeleHbl uucieHHbIe pacuersl Ng(w), Ny (w) , p(w)
u K(w) Ha OCHOBe OIpEIENCHHOTO BHIA MOTEHIHANa MEXMOICKYIIPHOTO
B3aumoeiicteust @ (r) u pamuansHoit GyHkimu pactpenenenus. Cormacuo [1,2], mst
TOJIPHBIX ~ KAAKOCTEH  MOTEHIHAT  MEXMOJEKYISIPHOTO  B3aHMOJICHCTBHS
D, (1,04,0,,&, — &) BoiOUpaem B Bune norennuana llltokmaiiepa:

(60,060 = £) = 4[(2) = (2] 222760,y . &0 — ). (1)

T

rac
V(04,0 ,¢q — &p) = 2cos0,c0s0), — sinf,sind,cos(&, — &) (12)



Iotennman (11) mpencraBisier coOoil coueTanue moTeHIMana JIeHHap-
xonca (12-6) n norenunana Keezoma, T.e. BTOpoii WieH B IpaBOH 4acTH BBIPXKEHUS
(112).

[pwu aHanm3e BA3KOYNPYTHX CBOHCTB MHOTOATOMHBIX KHKOCTEH PACCMOTPEHBI
HETIOJISIPHBIE KUAKOCTH, COCTOSINUE M3 KBAa3UC(HEPHIECKUX MOJICKYH, 00JIaJarolIinx
cUMMeTpuel, Omm3koil K mapoBod. BaxHO XapaKTepHCTHKOM TaKMX MOJEKYI
ABJISIETCA AllEHTPUIHOCTh, KOTOpAsl OIMCHIBAET OTCYTCTBHE Yy MOJICKYNbI IEHTpa
cumMmerpud. Hampumep, Monekynsl ¢ cumMmeTpuer, Takue kak merad (CHa) wmm
mokenn yraepona (CO.), obmagarot cummerpueid. CornacHo [3], At 3THX KUAKOCTEH
JMTIONIGHBIA MOMEHT MoJiekyn paBeH Hymo (d, =0ud, =0). Iostomy mpu
UCCIIEJIOBAaHUM  BSIBKOYNPYTMX CBOMCTB TaKMX OKMJIKOCTEH B  IIOTEHIHAIE
MEKMOJIEKYJsIpHOTO  B3amMmojelcTBus (11) orpanmummcs norteHuuanzom Jlennapa-

JxoHnca:
12 6
Dy (1) = 4e [(ﬂ) -9 ] (13)
PanuansHyro GyHKIHIO pacrpeaeicHuUsI anMeM B cefywolieM Buze [4]:
(7= y(pexp(— D), (14)

rae y(p*) — GunapHast QYHKIIUSI pactpeieNICHUs IBYX HOHOCTeﬁ.
B kauectBe KoHTakTHOTO 3HaueHus Y(p*) Ha paccrosunu 0 < r < o (r = 1)
UCIIONb3yeM Bhipakenue [5]:

*Y — 2— *)
y(p) =575, (15)

rae p* —Noa L MPUBEICHHAS IIOTHOCTh KUAKOCTH.
B I/IHTepBaJ'IC 0 <r <20 musty(p*) UCHONB3yeM aHAIMTHIECKOE BBIPAKCHIE
(o) = S5 Cestr D), (16)
KOTOpoe OBLIO OTy4eHO B pabote [6] kak perneHue ypaBHeHHs [lepkyca-MeBuka s
TBEpABIX ctep, rae
C = Zh=oHnJ™ Hy =1+ P ,

r[()(())] @
s (-0 o

4p*

2 _ . 2mi
S1= 22 (=14 5" + 2] jmexp(ED),

(19)

PackpsiBast B (16) cymmbl 1 ucmosb3yst Beipaskerus (17) - (19), wst y, (o *,7) B
uHTEpBANe 1<r<2 moxydnm
Coeto D 4Z¢ ¥ (1+an)(r=1)

r(1-p*)?

yi(p*r) = (20)

rac
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1
Cozg(H0+H1+H2)’ to=v(1-2ay),

€, = Nocos[yB(r — D] + Nysin[yB(r - D], B =2 (g +1x5) |

* * 1 Hy+H V3
y=2p"(1=p"),a; =500 +x2), No = Hy — 1; ?, Ny =—(H, — H,) .

B wuntepBane 2<r<5 (1.e. 20<r12<50), cormacHo [7], pellieHUe ypaBHEHUS
Iepkyca-eBuka umeeT Bux
* *2 2
y2(p) = E B (21)
Crenys [7], maHHOe pelneHus BKiaga Y, (o *) Majo, MO3TOMY B HHTEpBaie
2<r<5 ero npenebperaem, T.¢. y, (o *) = 1. INostomy Beipaxkenue (14) ¢ yuerom (15),
(200 u (21) nopu 3agannom D,y (r) momexyn skuakoctu (13) omnpemensier
ananmutinaeckuilt Bun g(|7]) B obmactu 0 <r <5, kak (yHKIMA TEMIEPATYPHL,
IIIOTHOCTH MHOTOATOMHBIX JKHIKOCTEH ¢ KBasuchepruuecKuMu MosieKynamu. [1oaTomy
P YHCICHHBIX pacyeTax pauaibHyl0 (QYHKIHIO PaclpelcieHUs MPUHIMAEM B
CICAYIOUNX BUAAX:

9(p%1) = y(pexp(— =), (22)
9:1(p%7) = y(px,)exp(— ), (23)
92(r) = exp(= 22, (24)

kT
Bripaxxenne ans ko3ddunmenra tpeHus [, momydeHo B padbote [8], koTopoe

HUMECT BU
B2 = pa [ V2O (r) g(r)dF, (25)

19 a .
(rz E) - paamnanbpHas yacTh onepatopa Jlarmaca. C yaeToM BhIpaKeHU N

e V== —

r2or

(22)-(24) BeIpaxenue (25) mpUHAMAET BH
B? = po (fol VZO(r) g(p*1)d7 + flz V2D (r) g,(p*,1m)d7 +

+ [PV20(r) g, (r)d?) . (26)

Monacrasnss Beipaxkenus (14) u (22)-(26) B (1)-(10), npoBeném YuCIECHHBIN
pacuer K03 PUIHEHTOB CABUTOBOM 1), (w) 1 00beMHO# 1)y, (w) BA3KOCTEH, MOIyIIeit
00wéMHOM K (w), penakcanmonnoit K, (w) u ciBurosoit ((w) yrnpyrocrei B mInpoKOM
JIUama3oHe TEePMOAMHAMHYECKUX MMapaMEeTPOB COCTOSHHSA [UIS MHOTOATOMHBIX
KHIKOCTEH.

B kauectBe xmakocTell ¢ KBa3HCHEPHUECKHIMH MOJEKYIaMHU PacCMOTPEHBI
xuakuii meran (CHg), terpadropmeran (CF4) w aumokcun yriepoga (COz).
MosnekymsipHbIe TapaMeTpsbl, BXOsAIue B moTeHman Jiennapa-/xonca (e/k, 6) B3SITbI
nu3 pabot [1,9], a COOTBETCTBYIOIINE SKCIEPUMEHTAIbHBIC 3HAYCHHUS IUIOTHOCTH U
temnepatypst u3 [10].

Jis cpaBHEHHS PE3yJbTAaTOB YHCICHHBIX PAcU€TOB C IKCIICPHMEHTATbHBIMU
JaHHBIMHU B TabJl. | TpuBeneHsl 3HaYeHus N (w), paccuutanubie o Gopmyiaam (1) u
(6) npu mpuBexéHHOU wactore 107° mms xuakux CH, m CF, B 3aBHCHMOCTH OT
TEMIepaTypbl H IUIOTHOCTH. M3 TaOnMIpl cieayeT, 9YTo pacyéTHBIC JaHHBIC
COTJIaCyIOTCS C OKCIEePHUMEHTAIFHBIMH JaHHBIMH. CoriacHoO maHHBIM TaOm.l,
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YHCJICHHbIE 3HAaYE€HHs OTHOLICHUS 1), (®)/15(®) COOTBETCTBYIOT IPUMEPHO UHTEPBAITY
1-10 npu puxcupoBaHHO yacToTe. B cooTBETCTBHM € penakcaoHHon Teopueit [11],
B JIaHHOM MHTEpBaie MpOsIBIsAETCA BKJIaA CTPYKTYpHOH peNakcalliy B BSI3KOYIPyTue
CBOMCTBA KUIKOCTEMN.
Tab6muma 1
H309acToTHBIE 3aBUCUMOCTH 1) (W) OT TEMIIEPaTyphl U INIOTHOCTH
ams xugxnx CHy u CFy (wT = w* = 1079),

Meran (CHg) Terpadropmerane (CFy4)

T, K| p, /e e M C T,K| P, | TlsMlac

| o | o e fip [ o g
100,0 | 440,0 |0,1590 | 0,2047] 0,1747| | 90,0 |19065|3,5000 | 3,0406|2,4706
120,0 | 4130 |0,09800,1180] 0,1027| |110,0(1814,0[1,4700 | 1,6853|1,4033
140,0 | 380,0 |0,0660 | 0,0726] 0,0655| |130,0(1713,0|0,7420 | 1,0551] 0,8794
150,0 | 361,0 |0,0520 | 0,0575| 0,0529| |150,0(1604,0|0,4570 | 0,7032|0,5801
160,0 | 339,0 |0,0370 | 0,0452| 0,0423| |170,0(1478,0[0,3100 | 0,4741]0,3865
170,0 | 312,0 |0,0820|0,0346| 0,0329| |190,0(1339,0(0,2310 | 0,3527|0,2799
180,0 | 277,0 |0,0250 | 0,0251] 0,0240| |200,0(1225,0[0,2000 | 0,23670,1925

Ha puc. 1 u 2 mpuBeieHB! 4aCTOTHBIE 3aBUCUMOCTH 1g(®) ¥ ((w) IS KHIKOTO
MmetaHa ipu T=100 K u T=150 K. BugHo, 9T0 00:1aCTh YaCTOTHOH qucTIepcHu 1)¢(®) U
u(w) , BerumcnenHas corsacuo Gopmy (1) u (3), cocTaBiser 5 1eKaj, 4To coBnagaeT
C O3KCIIepUMEHTANBHBIMU JaHHbBIMH [11,12]. Pe3ymbTaThl, 4acTOTHOW IHCIIEpCHH,
MOJTydeHHOM cornacHo dopmyie (6) mwist ng(w) u (8) mnst u(w), HarT npuMepHo 2
JIeKaJIbl, YTO SIBIISIETCS PE3YJITATOM IKCIIOHEHIIMAIBHOTO 3aKOHA 3aTyXaHHsl IOTOKOB,
YTO COOTBETCTBYET pe3ylibTaTaM PeJIaKCAllMOHHON TEOPHH U IKCIIEPUMEHTAIBHBIM
nanaeM [11,12].

i 0.4
025 —1, .8 =
— 1, doop. 1 N op s
oz0r 2, dop. 6 03l , thop. 1
— 3, cpop. 8
3 05 = \ 3, tpop. 1 J
g . 8 a2l — 4, dop.3 | ]
= — 4, op. § T i’
< 010 \ /4
01 /
0.08
\"--\.
e —
0.00 - — N R
1074 1 10

10 0001 0010 0.100 1 10 0001 0010  0.100 100

Puc. 1. Uzorepmuueckass uactotHas Puc. 2. HW3oTepmuueckas 4acTOTHas
3aBuCUMOCTD Ng(w) xuakoro CHa: 1 u 3aBucumocts p(w) xuuxoro CHy: 1 u 2
2 npu T=100 K; 3 u 4 npu T=150 K. npu T=100 K; 3 u 4 npu T=150 K.
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[onspHble KUAKOCTH - 3TO JKUIKOCTH, COACPXKAIIUE MOJSPHBIC MOJCKYIBL
[puMepamMu TakMX >KHUIKOCTEH SBISFOTCS BOJAA, 3TAHOJ, METAHON, aMMHaK M Jp.
VuaureiBas popmynst (11), (22)-(25) B Beipaxenusx (1)-(10), MokHO mpoBecTH
YHCIIEHHbIE pacueThl Kod(duientoB  casuropoi 1s(w) m obbemuOM 1y (w)
BA3KOCTEH, Moayieit 00séMHOM K (W) , penakcannonnoi K, (w), annabaruaeckoii K
U caBuroBoit U(w) ympyrocreii B MIMPOKOM [THANA30HE TEPMOIMHAMHYIECKUX
HapaMeTPOB COCTOSHHMS U YacTOT IS HOJIAPHBIX JKHIKOCTEH Ha IIPEMepe METHIIOBOTO
cnupTa ¥ BoAbl. B Tabn. 2 u puc. 3-7 mpeacTaBieHbl Pe3yJbTaThl 3THX PACUYETOB.
OTMeTHM, YTO MOJICKYIJISpHBIC MapaMeTpel, BXomsmiue B noTeHuuan llltoxmaiiepa
(dg, db,i, 0) , B3aTHl U3 [3,9]. U3 Tabn. 2 cienyer, 4yTo MOJy4YEHHbIE TEOPETUUECKHE

PE3YIbTAaThI HAXOAATCSA B KAYECTBEHHOM COIJIACHH C DKCIIEPUMEHTAJIbHBIMU JaHHBIMHU.

Tabmuua 2
W3ouyacToTHbIE 3aBUCHMMOCTH KOI((QHUIUCHTOB CABUTOBOH M OOBEMHOMN
BSI3KOCTEH OT TeMIIepaTyphl U INIOTHOCTH Ui Boabl (w* = 10-5, 61 =7/6, 0. = /3, & -

&=0).

P, 15, Mlla - Ny, Mlla - Nv/1Ns
t, °C| xr/m® dopm. | dopm. dopm. | hopm. dop.(7)/| dop.(2)/
[13]] [13] | [13] | (6) (1) [13] | (M (2) | [13] | pop.(6) | pop.(1)

7 1999,99/1,4300| 0,7499 1,4737 | 45000 2.0980 3,4105 3 1469 2,7978 12,3143
10 |999,73]1,3100| 0,7404 1,4605 | 4,0300 1,9984f 3,3267| 30763 2,6992 2,2779
15 |999,1311,1400| 0,7248 1,4384 | 33800 1.8428| 3,1922 2 9649 25425 2,2193
25 {997,07(0,8880| 0,6939 1,3926 2,4700 1,5666| 2,9390, 2,7815| 2,2577] 12,1105
40 |992,20/0,6530| 0,6488 11,3217 1,8400 12281 2,5972| 2 8178 1,8929 1,9651]
50 |988,00|0,5470| 0,6199 11,2740 | 1 4800 1.0444) 2,3932 » 7057| 1,6849 1,8785

., Mllac

108 104 0.001 0.010  0.100 1 10
o*

Puc. 3. UYacrornas 3aBucumocth Puc. 4. UYacTroTHas  3aBHUCHMOCTH

kod(punmenta  caBuroBoii  n(w) kodpdunmenta  oOvemuOUW 1), (w)

BSI3KOCTH METaHOJIa IPU TEMIIEpPaTypax BS3KOCTH METAHOJA MPH TeMIlepaTypax

t=10 °C (muum 1,3), t=40 °C (quuuun t=10 °C (muuum 1,3), t=40°C (nmHHUK

2,4) u COOTBETCTBYIOIIUX m  2,4) u COOTBETCTBYIOIIHX M
13



IUIOTHOCTSX  MpH  (UKCHPOBAHHBIX IUIOTHOCTAX NP (DUKCHPOBAHHBI
0:=30°, 0,=45°, &-£=0°; nuaum 1,2 mo  0:=30°, 6,=45°, £1-£,=0°; nuaum 1,2 mo
¢dopmyne (6) u muunu 3,4 o dopmyine dopmyie (2) u suann 3,4 o Gopmye
D). ).

0.42E

n., MIIa-c
e o
.-

00

6,, pan.

0,, pan.
Puc. 5. 3aBucumocts 7 (w) Meranona ot yrioB 01 u 0, npu pukcupoBaHHOM &1-
£,=0° u remneparype t=20 °C, muanu 1 mo popmyne (6) u muann 2 o Gopmyme (1).

U3 puc. 3-5 BumHO, uto Ng(w) 1O pasHOMY 3aBHCHT OT 3aKOHA 3aTyXaHHs
PENaKCUPYIOLIMX MOTOKOB, YTO OOYCIOBIEHO YYETOM BKIAJO0B PElaKCalHOHHBIX
MPOLIECCOB.

CormacHo puc. 6 u 7, 06JacTH YaCTOTHOM AMCHEPCHH MOAYJEH CIBUTOBOH
u(w) u obnémuol K (w) ympyrocrei Merarnosa npu temmneparypax t=30°C u t=50°C
npu Gukcupoanubix 01=30°, 0,=45°, £1-£,=0° Ha ocHOBe dopmyi (3) u (4) ABISAIOTCS
WMpPOKKUMH (KpuBble 3 1 4), T.e. ~105 I'u, a Ha ocHoBe opmyn (9) u (10)

10- 1

30 4
8-
3
25-
<
= =
= 3 4 ©
- — 20f 2
o 4 ~< /A
= S 1
= 3 M qs[
ok 1 100
104 0.001 0010  0.100 1 10 100 104 0.001 0010 0.100 1 10 100

w* o*

Puc. 6. 3aBucumocts caBuroBoro u(w) u oowemuoro K (w) mMomyneit ynpyroctu
METaHoJIa OT 9acTOTHI Ipu Temmneparypax t=30°C (quanu 2,4), t=50°C (muanu 1,3)
U COOTBETCTBYIOIIMX WM IUIOTHOCTSIX NpU (ukcupoBaHHbIX 01=30°, 0,=45°, &-
&,=0°. JIunuu 1,2 o popmynam (3) u (4), muauu 3,4 no popmyiam (9) u (10).
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Puc. 7. 3aBUCHMOCTB penakcalnoHHOro Moayist ynpyroctu K,.(w) ot yrios 01 u 02
npu  GukcupoBaHHO#H &1-£,=0°; (a)- I METHIOBOrO CHOHMPTA HPH TEMIEpaType
t=20 °C o dopmyme (4); (b)- mis meTmnoBoro cnupta mpu Temmeparype t=20 °C no
dopmyre (10); (C)- anst Bogs! npu Temmeparype t=15 °C mo dopmyie (4); (d)-
Jutst Boabl ipu Temmepatype t=15 °C o dpopmyie (10).

SBISIIOTCS y3Kumu (kpuBbie 1 u 2), T.e. ~10° [, 4TO COOTBETCTBYET OOIIEit
penakcanmonHoi Teopuit [10,11]. CiegoBaTenbHO, 00NACTh YACTOTHOH AUCHEPCHH
BA3KOYNPYTMX CBOMCTB MOJAPHBIX JKWJAKOCTEH TECHO CBsS3aHa C IIPUPOJIOH
BOCCTAHOBJICHUSI PaBHOBECHOH CTPYKTYpPBHI M CJOXXHBIM B3aHMOJECHCTBHEM MEXIY
MOJIEKYJIAMH, a TaKXe BJIMSHHEM pa3IM4YHBIX (DAKTOPOB, TAKMX KakK pa3sMepHbIe
3¢ EKTHI, OpUEHTAINS MOJICKYJL.

YerBepTas T1iaBa TOCBSIICHA MCCIEAOBAHUIO AaKyCTHYECKHMX CBOMCTB
MHOTOATOMHBIX M MOJSIPHBIX XHUJIKOCTEH C Y4ETOM BHYTPEHHHX pEJaKCallMOHHBIX
nporeccoB. IlodydeHsl auHaMu4eckue BeIpakeHus st ckopoctd C(w) u

K03 duIEeHTa TOrIOIIEHUS 0.(®) 3BYKOBBIX, BOJIH KOTOPBIC HMEIOT CIICIYIOLIHH BUIT:
1

C(w) = Cs {1 = Eu(w) + Kr(w)]}, @7)

2pCE
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(@) = 525 [2ny(@) + my (@), (28)

rae Cs = \/% - azmabaruueckas CKOpocTh 3ByKa, a p(w), K. (w), ns(w) un ny(w)

omnpenensirores 1o popmyiam (1)-(10).
Pe3ynbTaThl YHCIEHHBIX pacyeToB KOd()(UIUEHTa MOTTIOICHUS IPUBEACHE B
Tab1. 3 u 4 u Ha puc. 8-10 U CpaBHEHBI € IKCTIEPIMEHTATFHBIMU pE3yIbTaTaMH.

Tabmuma 3
W30uactoTHast 3aBUCUMOCTh KOG GHUIIUCHTA MOTJIOICHHS OT TEMIIEPATYPBI
U IUIOTHOCTH AJ1s Bozibl (w™ = 10-5, 01 = 1/6, 02 = /6, &1 - & = 0).

t oC Cs. M/c a/w? - 10*, mt-c? (popm. (28))
[’13] p, Kr/M® [i3] C y4ETOM ¢ yaetoM opm.
[13] [13] | dopm. (6) u (7) (Hu(2)

7 999,99 1434,92 | 4,280 1,154 1,336

10 999,73 1447,29 3,760 1,092 1,277

15 999,13 1465,96 | 3,070 1,000 1,189

25 997,07 1496,73 | 2,160 0,853 1,048

40 992,20 1528,89 | 1,510 0,697 0,894

50 988,00 1542,57 | 1,210 0,620 0,818

B Tab1. 3 mpuBeneHsl TeOpeTHYSCKHe 3HAYCHUS KOI(Q(UIHMEHTA TTOTIOICHHSL
0/®? B 3aBUCUMOCTH OT TEMIIEPATYPHI M ILIOTHOCTH, BEIYUCIIEHHBIE 1O (hopmyte (28) ¢
yaetoM popmyi (1)-(2) u (3)-(4) mpu yactote ©* = 10~° 1 PUKCHPOBAHHBIX 3HAUCHISIX
yrioB 61 = /6, 02 = /6, & - & = 0 st Boxsl. M3 TabauIs! crietyeT, 9To MoaydeHHbIe
TEOPETHYECKUE  PE3yJIbTaThl  HAaXOAATCS B  KAadeCTBEHHOM  COMJIACHU  C
AKCTIEPUMEHTAJIbHBIMU JJAHHBIMHU.

Ha puc. 8 a, b mokasaHbl 3aBHCHMOCTH H30YaCTOTHOTO Ko3(hduimeHTa
TIOTJIONIEHHS 3BYKOBBIX BOJIH 0/®? JUIsl METUJIOBOTO CIIMPTA U BOJBI OT yrioB 01 u 0,
npu puKCHpoBaHHO# &1-E,=0° u mocTostHHOM Temmieparype. Ha puc. 8 ¢, d mpusenena
YaCTOTHAs IUCTIEPCHst 3BYKOBBIX BOJH C(m) AJIsi METUIIOBOTO CIIMPTA M BOJBI OT YIJIOB
01 mpu pukcupoBanHbIX 0,=1/6 u £1-£,=0° 1 mocrosiHHOI Temmnepatype. W3

16



H dopm. (6)n (7) -

< sl w2 I dbopm. (6)n (7)

K dopm. (1)u(2)

aiw?, 10714 ¢?
alw?, 107"

Bl dopm. (8) v (10) Ll cpopm. (8) w (10)
T~ opm. (3) u (5)

ll ¢opm. (3) n (5)

C,wic

Puc. 8. 3aBucumoctb kod(umuenta nornomenns o/w? u ckopoctd C(m)
3BYKOBBIX BOJIH OT yryioB 01 m 0, mpu ¢ukcupoBannod &-£,=0° (a) u (b)- s
MeTUIIoBOro crmpTa npu Temueparype t=20 °C; (¢) u (d)- 1t Boabsl npu TeMmepaType
t=40 °C.

PHCYHKOB BHHO, YTO KO3 (HIIMEHT MOTIIOMIEHHS X CKOPOCTh PACIPOCTPAHEHHUS 3ByKa
3aBHUCAT OT 3aKOHA 3aTYXaHMUSI PEITAKCHPYIONINX TIOTOKOB MO-Pa3HOMY.

B Tabn. 4 w 5 nmpeacTaBiieHBl Pe3yJbTaThl YUCIECHHBIX PacyeToB
3aBucuMoctH @(w) oT Temmeparypsl W mioTHOCTH it xuakoro CHs m CFa,
paccuuTaHHbIe TI0 popmyte (28).
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Tabnuua 4
3aBucuMOCTb 0/®? OT TEMIIEPATYPBI U TIOTHOCTH 11st kuakoro CHa
NpH IpUBEERHOM yacToTe w* = 1075,

T, K p, kr/m® c, M/c a/w? -10%4 mt-c? (hopm. (2))

[10] [10] [10] [10] dopm. (4) | dopm. (3)
100,0 440,0 14440 0,338 0,657 0,24
120,0 413,0 1245,0 0,380 0,516 0,189
140,0 380,0 1040,0 0,576 0,484 0,182
150,0 361,0 926,0 0,730 0,514 0,197
160,0 339,0 797,0 1,070 0,603 0,237
170,0 312,0 646,0 1,840 0,835 0,336
180,0 277,0 483,0 4,100 1,421 0,583

Tabmuna 5
3aBUCHMOCTH K03((HUIKMEHTA MTOTJIOMICHHUS 3BYKa OT TEMIIEpaTyphl
¥ IDIOTHOCTH JJIs sKHAKOro TeTpadropmerana (CFa) (w* = 107°),
T p, Kr/m® o e a/w? -10*, mt-c? (popm. (2))
K[10] [10] [10] [10] ¢bopm. (4) ¢dopm. (3)
90,0 1906,5 1097,0 3,520 3,665 2,585
110,0 1814,0 963,0 2,540 2,808 1,761
130,0 1713,0 830,0 2,210 2,521 1,484
150,0 1604,0 694,0 2,590 2,634 1,500
170,0 1478,0 562,0 3,730 3,094 1,739
190,0 1339,0 428,0 7,230 4,734 2,675
200,0 1225,0 362,0 11,900 5,373 3,033

W3 Ttabm. 4 m 5 ciepyer, YTO TOJIyYEHHBIE TEOPETUUECKHE PE3yJIbTATHI
HaXOJIATCS B KAYECTBEHHOM COTJIACHHM C SKCIIEPUMEHTAIbHBIMH JAHHBIMU.

Ha puc. 9 a, b mokaszan pe3ynaprar YHCICHHOTO pacdyeTa YacTOTHOM
3aBUCHMOCTH KO3((HIUEHTa TOINOIEHNS 3BYKOBBIX BOJNH 0/’ A1A MeTaHa U
JIMOKCH[TA YTIIepo/ia IIPH IBYX TEMIIEpaTypax, a Ha puc. 9 ¢, d mpuBeeHbI YaCTOTHAS U
TeMIIepaTypHasi 3aBUCUMOCTH CKOPOCTH 3ByKa C(®) I )KUAKOTO METaHa M KUIKOTO
JMOKCHIa yriepoaa cornacHo ¢opmynam (27) u (28) ¢ yderom nud¢dy3noHHOrO M
SKCIOHEHIMAAbHOTO 3aKOHOB 3aTyXaHHs MOTOKOB.
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Puc. 9. UYactoTHBle M TeMIepaTypHble 3aBHCHMOCTH Ko3(dHUIUEeHTa
MOTJIOIIEHUS U CKOPOCTH 3BYKOBBIX BOJIH JUUIS )KMIKOTO METaHa U IMOKCHIA YIiepoa:
(a) -mnst CHy, nuauum 1 v 2 npu T=150 K u nunanu 3 u 4 npu T=120 K; (b) -nms CO,,
qvaun 1 1 2 nmpu T=110 K u uauu 3 u 4 npu T=170 K; (¢)- wi CH,; (d) -nas CO,.

W3 puc. 9 BuaHO, uTO 0ONAacTh YaCTOTHOM JMcHepcud o/0?
C(w), ycra"oBsieHoe Ha ocHOBe (hopmyn (1)-(2), sBnsercs mmpokoi, T.e. ~10°Tn, a
Ha ocHoBe (8)-(10) - y3koif m cocrapiser npumepHo ~102 I, Y4TO COOTBETCTBYET
0011IeH peaKcallMOHHON TEOPHH JKHIKOCTEH.

[TomydeHHBIE TaHHBIE MTOKA3bIBAIOT, YTO aKyCTHYECKHE CBOMCTBA MOJISAPHBIX U
MHOTOaTOMHBIX KHIKOCTEH 10-pasHOMY pearrpyloT Ha 3aTyXaHHE PeJIaKCHPYIOIINX
HOTOKOB. DTO CBA3aHO C PA3IMYMSAMHU B IPUPOAE PEITAKCALMOHHBIX MEXaHU3MOB,
KOTOpBIe (POPMUPYIOT JJaHHBIE CBOWCTBA. Y CTAaHOBJICHO, YTO ()OPMHPOBAHHME JAHHBIX
CBOMCTB 00YCJIOBIEHO HE TOJBKO MEXMOJEKYISIPHBIMU B3aUMOJCHCTBUSMH, HO H
JUHAMUKOM BOCCTAHOBJICHHS PAaBHOBECHOM CTPYKTYpBI, a TaKkXKe BIHMSIHHEM
OPUEHTAITMOHHOW CTPYKTYPHI MOJIEKYJI U BIMSHUEM MacIITaOHbBIX 2P (HEKTOB.

19



BbIBO/IbI

1. Jlns »Kuakocteil, MOJEKyJbl KOTOPBIX HMEIT cdepudeckyo dopmy,
MONTy4eHO YypaBHEHHE OWHAPHOM IUIOTHOCTH 4YacTHIl B KOH(UTYpalMOHHOM
TPOCTPaHCTBE M HalijieHo ero obmiee pererne [1-A,6-A,7-A].

2. YuuThIBas 3aKOHBI 3aTyXaHUS PENAKCUPYIOIINX MOTOKOB B MMITYJLCHOM U
KOH(UTYpalMOHHOM TMPOCTPAHCTBAX, IOJYYEHBl JHHAMHYECKUC BBIPAKCHUS UIA
KO3 QUIMEHTOB BS3KOCTEH W MOMYJIeH YIpyrocTu )uukocteit [1-A,2-A,6-A,7-A,10-
Al.

3. IlpoaHanu3upoBaHBl JUHAMUYECKHE BSI3KOYNPYTHE U aKyCTHYECKHe
CBOMCTBA TMOJISPHBIX JKUAKOCTEH C y4ETOM OCOOCHHOCTEH WX MOJIEKYJISIPHOM
CTPYKTYpbl TpU BBIOOpE TOTEHLMANAa MEXKMOJIEKYJSPHOIO  B3aUMOACHCTBHUS
Dy, (1,04,0,,&, — &) B BUIE B3aMMOJEHCTBHS MOJSPHBIX MOJEKYNI C OOJBLIMM
JUMONBHBIM MOMEHTOM. [l ciydass MHOTOAQTOMHBIX JKHJIKOCTEH paccMOTpPEHBI
HETIOJSIPHBIE  JKHJIKOCTH €  KBasHC(EPUUECKUMH MOJEKYJaMH IIPH  IIOMOIIN
noteniuana Jlennapa-/xonca. [lpu sTom pamuanbHas GyHKIus pacmpeneneHus g(
|r|]) u Ounapuast GpyHKIMS pacnpenenaeHus IByX nonocreii Y(o*) pasjeneHsl HA TpU
obmactu: ipu 0<r<c wmcnonb3oBaHO BelpakeHne Kapuaxana—Crapnuara; npu 1<r<2 -
BeIpXEHHE Beprxeiima; Ha paccTostHMsIX 2<r<5 OnHapHas QyHKOUS pacupeneseHHs
CUMTaeTCs Majoil u He yunTbiBaercs [3-A,4-A,9-A,15-A,16-Al.

4. TlpoBeneH YHMCIEHHBIA pacdeT 3aBUCHMOCTH KO3()(UIMEHTOB BA3KOCTH H
MOJyJed yHnpyrocTd OT IUIOTHOCTH, TEMIIEpPaTyphl U YacTOThl B MHOTOATOMHBIX U
MOJIIPHBIX KUIKOCTAX. IToka3aHo, 4TO 06JaCTh YaCTOTHOM AMCHEPCHH HCCIETyEMBIX
KUIKOCTeW Tpu  AUGQPY3MOHHOM MEXaHH3ME 3aTyXaHHs SIBISIETCS IIHMPOKOM
(~10°T1), a B ciydyae SKCHOHEHIIMATLHOTO MEXaHU3Ma 3aKOHA 3aTyXaHHsl SBISETCS
y3Koit (~10%T'1), 4To HAXOAUTCA B COOTBETCTBUU C PE3YJIbTATAMH PEaKCAIMOHHOM
teopuu [3-A,4-A,8-A,10-A,11-A,14-A].

5. IIpoBenieH UMCIEHHBII pacdyeT CKOPOCTH pacnpoCTpaHeH!s 1 Ko dHULIneHTa
TIOTJIOIIEHHS] aKyCTHYECKUX BOJH IJII MHOTOATOMHBIX W TOJIIPHBIX KHIKOCTEH OT
TEeMIIepaTypsl, IUIOTHOCTH M YIJIOBOW OPHMEHTAllMM MOJEKYJ JUIsl TOJSPHBIX
xugkocTeld. OnpeneneHpl 00JaCTH YaCTOTHOW JUCIIEPCHM aKyCTHYECKHX CBOMCTB
MHOTOATOMHBIX JKHJIKOCTEH C KBa3HC(EPHUECKUMH MOJEKYJIaMH | MOJSIPHBIX
KHUIKOCTEH C y4ETOM BIHSHHAS HPHUPOIBI 3aTYXaHHS PETAKCHPYIOMINX IOTOKOB.
[Moy4yeHHbIe pe3yIbTATH CPABHEHBI C SKCIIEPUMEHTATBHBIMY JaHHBIME [5-A,12-A,13-
Al.

PexomMenaganuu no NMPAaKTUY€CKOMY UCIOJIb30BAHUIO PE3YJIbTATOB
HCCJICI0BaAHUA

B pa60Te MpCAJIOKEHA TCOPUS KUAKOI'O COCTOSAHUA HAa OCHOBE MOJICKYJISIPHO-
KUHETUYCCKOro mnoaxoaa K AWHAMUYCCKHUM SBJICHUAM, pacKpbIBarolas MNIpupoay
BHYTPCHHUX PCIAKCAIIMOHHBIX MEXAHU3MOB B JKHJAKOCTAX, a TAKIKC HUX BJIMAHHC Ha
JAUHAMHWYCCKUEC BAZKOYIIPYTrUe€ U aKyCTUYCCKHUEC CBOICTBAa MHOTOATOMHBIX U TOJIAPHBIX
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KuAKocTel. B mporecce ucciienoBaHusl MPUHATH BO BHUMAHUE YIIIOBBIC OPUCHTALIMH
CIIO)KHBIX MOJICKYJ, @ TaKKe BIMSHHEC BHYTPCHHHX PENaKCALMOHHBIX IPOLECCOB,
OPOUCXOSIIMX B KHUAKOCTSIX B IIMPOKOM THANA30HE H3MEHEHU I TePMOTHHAMUYECKUX
NapaMeTpoB M YaCTOThl BHEIIHWUX BO3ACHCTBHIl. Pe3ynbTaThl YMCICHHBIX PacuéToB
pacUIUpsIIOT ~ CYLIECTBYIOUIyI0 0a3y MaHHBIX O BS3KOYNPYIHX  CBOMCTBax
PacCMOTPEHHBIX JKHUIKOCTCH, a TAKKe YCTaHABIMBAIOT 3aBHCHMOCTH BSI3KOYIIPYIHX
CBOWCTB OT MX MOJICKYJSIPHOTO CTPOCHHS, YTO [aeT BO3MOXKHOCTh ONTUMHU3HPOBATH
YCIIOBHS pabOTHI Pa3IUYHBIX TEXHOJIOTHIECKUX YCTPOUCTB.

Matepuansl IUCCEPTALNKA MOTYT OBITH MONE3HBIMU CTYICHTaM (DH3HYCCKUX,
XAMAYECKHX W [p. CHCLHAIbHOCTSH NpPH BBIMONHEHWH WMH JUIUIOMHBIX paboT, a
TaK)Ke MAarkcTpaM, COUCKATEIsIM, NOKTOPAHTAM M AacCIHUpaHTaM MNP BBIMOJTHCHHUH
Hay4YHbBIX padorT.
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XYCYCUATU YMYMUHU KOP

My6pamuu MaB3yu TaXKUKOT. Jlap 11apouT pyuid TEXHOJIOTUSIXOU HAB,
KH XOCHSITXOU MOEBHX0 aXaMUSTH MaxcycC TOPaH, OMy3HIIN aMUKH padTOPU OHXO
TaXTU TabCUPU OMMJIXOU OepyHa, O0a MOHaHAM TeMmepaTypa, Quuop Ba
MaloHX0oU OepyHan Jopou OacoManaxou TYHOTYH, 3apyp meboman. lap 3amonu
pyuin OecoOMKaW HAHOTEXHOJIOTHS Ba YCYJIXOM HWHHOBAaTCHOHHU HCTEXCOJOT,
JIOHUIIU TaKUK OouJ] 0a XOCUATXOU MOEHX0 Oapou OanaHj OapJOIITaHU paBaHIXO Ba
&bTaHn poxXX0oHN HaBM HHHOBATCHOHA HIXOAT 3apyp Merapaal. A3 qymiia, MOebX0e, KU
a3 Mollekynaxou Omcéparoma mbopataHz (a3 my € OemTap aToM), TOPOU COXTOPHU
Mypakkab MeOOoIIaHy, KA MaxX3 XaMHH COXTOP XOCHATXOM MaxCyCH OHXOPO MyalsH
MeKyHa, a3 KaOwmIn KyTOWIH OanaHA, Yacmakil Ba KOOWIMAT 0a TamIKwin OaHAXOU
XHAIPOTEHI.

TaBpe MabIymM acT, MOEBXOM KyTOM - HH MOebxoe MeOomaHm, Ku a3
MOJICKYJJaX0u KyTOHOK wuOOpaTaHi Ba OHXO a3 cababu TakcuMoTH HOOapobapu
JMIEKTPOHXO Jap OaifHM aToMX0 nap OaHIXOM KOBAJCHTH, MOMEHTH UIIOIHU
radipucudpit nopana. KyrOuinm MoebXo TaBacCyTH COXTOpHU (Pa3ou MOJICKYIax0u OHXO
MyaiisiH kapja MeniaBaj. Jlap paBaHIXOM TEXHUKA Ba TaOUHU, MOCHXO 3EPHU TabCHUPU
OMHJIXOM TYHOTYHH OepyHa Kapop MeErHpaH], KA HH XOJaT akcapaH OowcHu
BalipOHIIABUY YCTYBOPMM JMHAMMKUM OHXO Merapjaa. TaXKMKOTXO HMIIOH
MeIUXaHI, KA JTap XOJIATH TabCHUPXOU OalaHACyphaT, MOCHX0 HHCOAT 0a mapowuTh
YCTYBOp € TaBCHUPXOH CyCT padTOPH Ourap HUIIOH MEAUXaHA. MacayiaH, XOCHITXOU
YaCTaKWI0 YaHAUPHA Ba aKyCTHUKUH OHXO a3 IMApOWUTH PaBAHIXOH CYCT ¢ MyBO3WHATH
(dapk mMexyHaHA. Padropm 4yHHH XOCHATXO XaM a3 XYCYCHSTH TabCHpPH OepyHAH
TayinpéOaHaa Ba XaM a3 XyCYCHATXOHM YapaéHU paBaHIHN PEIaKCATCHOHA Jap XyAd
Moeb BoOacra acr.

Japavyau kopkapau WJiMUU NPodjeMand MaBPUIN oMy3uIl. bapou TaBcudu
IypYCTH Ha3apHABMM XOCHATXOM JIWHAMHUKHM MOEBXOHM KyTOi Ba OucépaTtoma,
I/ICTI/I(bOI[aI/I YCyJaxon MyHiaxacCu Hazapusad CTATUCTUKUU XOJIATH MOE€L 3apyp
MeOOIIaa, KH COXTOPU MOJICKYJaBUH OHXO Ba PABAHIXOH PEIAKCATCHOHUU COXTOPHU
Jap oHXo 6aamaniomaaapo 6a Hazap merupani. Jlap UH caMT SK KaTOp KOPXOU UIMHUH
omuMmoHHN xopmud [1,4,9-13,17-21] Ba ommmonm BataHu [8,14-16] acoctapuHaH.
UyHHH TaXKHKOTXOM WJIMA WUMKOH MEIHMXall, K MEXaHH3MXOH MyalsHKyHaHAau
padTopu TMHAMUKHAN MOEHX0 aMUKTap (paxMu/ia MaBaH. A3 UH Py, sSKe a3 Ba3u(axon
ACOCHH Ha3apusIM XOJaTH MOEh TATOMKH YCYJTU MOJICKYJIaBA-KHHETHKA 0a X0IUCaxou
JUHAMUKA meOoman. MH Ba3uga caMTH acOCHH TaXKHUKOTH Ma3Kyppo TalIKWI JA0AA,
3aMuHae 0apoU TaXUsIXOW MHUHOABAM WIMMA Jap WH coXa MeOoma.

PoOutan TaxKukoTr 060 OGapHOMaxo (J10MXaxo), MaB3ybXou uiaMmii. Kopu
JUCCEePTATCHOHA MYBOMHKH MaB3yHM TaAKUKOTHH Kadenpam (u3MKaW Ha3apHIBHU
Jonumroxu mummnu ToqukuctoH 6apou comxon 2021-2025 “Taakuky Ha3apHsIBHH
Machallaxou (GU3MKau MOEbHX0, Ta3X0 Ba MyXHUTXOU IIa3MaMoHaH” wapo rapaua. OH
6a camMTXxOoM a(3aNMATHOKH TaXKUKOTH HJIMHA Ba WIMHIO TEeXHUKA map Yymxypuu
Touukucton 6apou naspau To cos 2030 (bo kapop xykymarn Yymxypuu ToqukucToH
a3 28 ¢espanu comu 2025, Ne 114), 3epbanau 13. “Maremarnka Ba WIMXOH OyHENA
(TaxKUKOT Jap coxau (U3NKau Ha3apHsBH, MaTeMaTHKa Ba TaTOUKK oHX0. VcTrdoman

3



MareMaThKa [ap OsSHIAOMHHM paBaHAXOM TEXHOTCHA Ba TabWi, TapXpe3HxOH
MyXaH/IHCH Ba CAMTXOH AUTAPU MYOCHP)” MyTOOUK acT.

Makcagu TaxKMKOT a3 WHKUIIO) Ba TATOMKH YCYIM MYOIMIIAXOU
KUHETUKHA 0apou OMY3MIIM XOCHUATXOM IUHAMHUKUU YaclaKil Ba aKyCTUKHU
MOEBXOHM KyTON Ba OMcCépaToMau MOJICKYJIaxOsIIOH TaKpubaH chepit uéopat
Mebomran. dap pagTi TAXKUKOT 62 OPUEHTATCHUSIXOM KyHYHUH MOJICKYJIaXOH MypaKkKkao
Ba HHYYHHH TabCUPH PABAaHIXOU NOXMIMH PETAKCATCHOHH, KU Jap MOEHX0 Aap COXau
BaceH TarHUpPOTH MAapaMeTPXOHM TePMOIMHAMHKA Ba GacoMamy TabCHpH OepyHa pyx
MeIMXaH[ , JUKKAT Zoja IyA. MIH aman HMKOH dapoxaM MeoBapas, Ki padTopH MOeb
Ba poOWTam OH Jdap caTXW MOJEKyJdaBid 0o Oaxommxuy Oemrrap, Ha TaHXO 00
Ha3apJOLITH XyCYCHATXOU COXTOPH, Oainku 60 JHHAMHKAW XOJATXOU JAOXHJIMALIOH,
ap3E0@ kapja 1aBaj.

Bapou pacunan 6a xanad, Bazugaxou TaXKUKOT YYHHH MyailsiH 11y TaHT;

-XOCWII KapAaHu UGPOJAXOU AHAIMTUKA Oapou MOIYIXOW JUHAMHKUHU
YaHAUPH Ba K03QGUTCUEHTXOM YaCIaKHK MOEBX0 00 TapHA3APIOIITH PABAHIXOU
pelakcaTCHOHA nap MaBpuad 6a Hamygud auddy3uoHi € 3IKCIOHEHCHAH
XOMYIIIIIABUH CEIXOU I'YHOTYH.

- WHTUXOOM TIOTEHCHMANM XaMTabCUPOTH OaifHM3appaxo, (YHKCHSIH
TaKCUMOTHU DPajivaliid, Ba KO3((PUTCUEHTH COUII Oapou MOebXoHm OucEépaTomMan
MOJIEKYJIAaXOSIIOH TAKpHOaH COXTOPH cepi AoIITa Ba MOEHXOH KYTOH;

- TYy3apOHUJAHU XUCOOXOW anani 0apou KOIPPUTCHEHTXOM YacClaKuu
JaFXKUIIA Ba XayMid Ba MOIYJIXOM 0a OHXO MYBOGHMKHU YAHAUPUU JIAfKUIIA Ba
XaYMHHU MOEBXOM OucépatoMaid MOJIEKYJIAXOALIOH KBazuchepid Ba MOEBXOHU
KyTO# ap coxau Baceu TaFHUPOTH NapaMeTPXOU TEPMOIMHAMUKI Ba 6acomMaan
TabCUPU OEpyHa;

-TaXKUKW JAMCHepcusii OacoMaguM MapaMeTpXOM AaKyCTUKHH MOEbXOU
Oucéparoma Ba KyTrOiWl 00 AapHA3apAOLITH TaOWMATH XOMYIIIIABUU CEJIXOU
penakcaTcMoHA Ba 0aXOIUMXUMU TabCUPH MEXaHM3MM pellakcatcusi 6a padropu
AKYCTHKUH OHXO;

- TY3apOHWIaHM XHUCOOXOW amanid O0apou CypbaTH TAaxXHIIABA Ba
Ko3hpuTcueHTH GypyoypAn MaBYXOU aKyCTHUKA Jap JOUpau BaceH TaFUHUPOTH
3UUM, TeMIIepaTypa Ba 6acoMmall 6apou MOebX0oU OHUCEpaTOMan MOJIEKYJIAXOSIIOH
kBasucdepn Ba MOEbXOU KyTOH.

OO0BeKTH TaXKUKOT XOCUATXOM JUHAMHUKUU YACIMAKHIOUAHJAMPHA Ba
AKYCTHKUHM MOEBXOM OucépaToMau MOJIEKYJIaXOsIIOH KBasuchepid Ba MOEHXOU
KyTOl MeOornana. PadTopu OHXO TaxXTH TabCUPOTH T'YHOTYHU OepyHa TaxJIvI
Kapla MelaBaj, TaBa4yyyx Maxcyc 6a COXTOpPH MOJICKYJIaBH Ba OaifHUMOJIEKyJIaBH
J0[1a MelaBal.

Magsyn (npeamer) TaXKHKOT BOOACTarMM HAa3apUsSBUU XOCHUSATXOU
YACMIAKUIOYAHIUPHA Ba aKyCTUKUU MOEBXOU KBaszuchepidl Ba KyTOH a3 COXTOPH
MOJIEKYJIaBi, IIAPOUTH OepyHa Ba XyCYCHSTXOM NOXWIMM CHCTeMa HOOpat
Mebormma.



AmnmapaTH Ha3apuiABHH TaXKHKOT VYCYJIXOM MYOJIWIaW KHHETUKH,
xuco0xou aganupo 60 uctudoaa a3z GapHOMaxou MyOCUPH KOMIIIOTEPH Ba AUTAD
paBaHIXOpO nap 6ap Merupan, KU OHX0 UMKOH MEINXAH/ XOCHUSATXON THHAMUKM
Ba aKyCTUKHUH MOEBXOPO MOMEICO3M Ba TaxJjWiI KyHaH[I. YCYIXOM 3UKpIIyAa
UMKOHUST MEIUXaH[l, KU Xap T'YHa MapaMeTpxOoH A0Jaallyapo AYPYCT XUcoO
Kapaa, BoOACTarnxom OHXOpPO a3 OMWIXOM T'YHOTYHH O€pyHH Ba JOXWIA 00
TaCUiT TAXKUK Kap/ia 1aBa.

HaBoBapuu wiMum TaXKUKOT Aap OH acT, KU aBBaJIMH Oop:

-xucobxou afgaanu Kosggurcuentu couu (f3), BAKTXOU penakcanus (T Ba
To) BoOacra 0a 3uuil, TeMIepaTypa Ba OpHeHTaTcust 0apou MOebX0oH KBasuchepin
Ba KyTOH OOpM aBBaj aHYOM J0OJa IIydaHI, 0O JapHa3apAOINTH HHTHXOOHU
MOTEHCHUANIN XaMTa'bCUPOTH OaifHMMOeKynaBi (moTeHcnanxou Jlenapa-YoHc Ba
IITokmaiiep) Ba XyCyCHSTXOM MOJACIUU (YHKCHUSHM TAKCUMOTH DalldajIiy
MOJIEKYJIAX0;

HUIIOH JOAa IMyA , KM CoXau Jucrepcusu 6acomanauu kodppurcueHTxou
Yyacrmakuu JIarxumi ng(w) Ba Xaymil ny(w), MHYYHUH MOJIYJIXOHM YaHIUPUU
nafxumi u(w) Ba xaqymi K (w) a3 XyCyCHsITH XOMYIIIIIABUU CEJIU PejaKCaTCHOHN
BoOacra acrt: Aap xoJiaTh Xomylumabuu Jud@y3uoHN coxau JHCIEPCUs Baceb
(~10° Xc) mymoxuaa Memanas, Jap X0JIe KM XOMYIIIIaBUNA 9KCIIOHEHCHATIMU UH
coxa 6a TaBpu Haszappac kamrap Memasan (~10% Xc), ku oH (apKusSTpo gap
COXTOPH PaBaHIXOU PEIaKCATCHOHA UHBUKOC MEKYHAI.

— MyaHsH rapaufl, Ku XaHT'OMH TaxXKUKH BoOacTarmxou Oacomani nap
coxau bacomaaxou nact (wt < 1), ku 6apoun xoMmyunmaBuu AUQPPY3HUOHI XOC acCT,
MOJTyTTH XayMun yaHaupi K (w) 6a xymynu aquadbatun xyn Ks Maiin MexyHan, gap
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XOJIe KU MOJIYJIM YaHAMPHUH JaFKUi U(w) THOKU KOHYH ~w?2 KOXMII Meébas;
Ko3hpuTcueHTxon dvacnakd ng(w) Ba ny(w) map wH MaBpua 0a KUMATXOH
1

CTATUKHMU XyI 1) Ba Ny MyBOOUKU KOHYH ~w?2 HA3[UK MEIIABAHI; Map COXau
b6acomanu 6ananng (wt > 1) bapbakc, Koxuim K03(GHUTCHEHTXOH YacHakil 1)s(w)
Ba 71y (w) Myranocuban 60 ~w~! MymIoxXpma MemaBaj, Aap UH XOJ KAMATXOH
Monyiaxon uaHmupi u(w) Ba K(w) a3 Gacoman Bobacra HameliaBaHq Ba 0a
Xynynxou Oacomamu OamaHn MyBOGUK MeIaBaHI, KU aap Hazapusu CBaHCHT
MYausiH LIyJaaHI.

— HUIIOH JoJia IIyJ, K1 Jap X0JaTu 6acoManxou nact (wt « 1) xaHromu
YOH [JOLITAaHM MEXaHM3MHU JKCIIOHEHCHAIMU PENaKCATCHsI, MOIYIXOU YaHAUPH
u(w) Ba K(w) 6a KAMATXOM ACHMMITOTHHM XyJ Malj MEKYHaH, Jap XOJie KH
KO3(D(OUTCHEHTXON YaCmakuu Jarkumi 1g(w) Ba xaymit ny(w) XycycusTu
CTAaTUKWH XyAPO HUTOX MEIOPaHI (TbHE 1) Ba 1y ). [lap coxam 6acomaaxou OanaH
(wt > 1) Moaynxon u(w) Ba K(w) goumi MoHAa, Ko3(DPUTCHEHTXON Yacraki
ns(w) Ba 1y (w) MyBOQUKM KOHYHH ~® ™% KOXUII MeEOaH I, Ku 60 MyKappapoTu
Ha3apHsii YMyMHUH PETakcalliOHi MyBOQUKAT MEKYHA/I.

— UCOOT Iy, KU JAap XaMad MOEHhXOM MaBPHIN TaxKHKEPTa, sibHE 60
MOJIEKyJlaXou KBasucepit Ba KyTOH, paBaHAXOUM PEITAKCATCHOHH a3
XaMTabCUPOTXOU TPAHCIATCUOHUU MOJIEKY/IAX0 Ba TAa4YJUIU COXTOPHH OHXO
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BoOacTa MeOOIIaH/, KU UH OMUII XyCYCHSITH XUCETH MOEBXOPO O6a Tabcupu 6epyHa
MyaisiH MEKyHa.

— MyaiisiH IOy, KH COXaW IHCIIEpCUsSN 0acoOMaguy CypbhaTH ITaxXHIIABi Ba
ko3¢ purcuentT QGypyOypau MaBUXOM aKyCTHKHA Jap MOEbX0 00 MOJIEKyJIaxou
kBazuchepii Ba MOEHXOHM KyTO#l a3 XYCYCHSTH XOMYIIIIABUHM CEJIM PEJIAKCATCHOHM
BOOACTa acT: Jap XoJiaTH KOHYHU NudQy3uoHid coxaum aucrnepcus Baceb (~10° Xc)
MYIIOXHUJIa MEIIaBaj Ba Aap XOJe KU Jap XOJIATH XOMYIINIABUM SKCHOHEHCHAIHU
Cenxo MH coxa 0a TaBpu Hazappac xyparap memasan (~10% Xc), ku 6a MablIyMOTX0U
aKyCTHKA Ba WHYYHWH HATU4aXxOM Ha3apusid YMYMHH DEIaKCaTCUOHA MYTOOHMKAT
MeKyHaJ.

AXaMHAITH Ha3apusABA Ba WJIMHIO aMajJdd TaXKHKOT Jap OH acT, KH
OMY3UIIN XOCHUATXOM YACIMAKHUIOYaHINPA Ba aKyCTUKHH MOEBXO MOJIEKYJIAXOSILIOH
KBazucepi Ba KyTOit 6a TapKi aMHKH COXTOPH MypaKkKaOH MOJIEKYJIaBH 1ap MapouTH
omyoxon OepyHa MycommaT MeKyHan. Taxusum MOIETXOM Ha3apusaBH, KU TabCUPU
COXTOpPHM MOJICKyJIaBil Ba OMMWIXOU OepyHit (0a MOHAHAM OPEHTATCHSIM KyHYUH
MOJIEKyJIax0, TemIlepaTypa Ba 3W4il) 0a XOCHATXOM aKyCTUKHH MOEbXOPO TaBCHU(
MEKyHaH/I, 0a TAKMIJIM Ha3apUAXOH MaBuyaa ouj 6a padTOpH YacrakUIOYaHIUPA Ba
MaxXHIIABUM MAaBYXOM aKyCTHKA Jap MOCHhXOM KyTOW Ba KBasucdepid paBOHA
rap/n/iaacT, KM MH SIK Ha3apusid HaBH XyCYCHSTXOM (DUBMKUM YYHHH CHUCTEMAXO
Mebormas,.

AxaMuaTH amanad TaJAKUKOT WMKOH MeIuXall, KM KUMaTXO0U paKaMUu
XOCUSTXOM YaclaKUIOUYaHIUPpH Ba aKyCTUKUU MOEbX0oH OucépaToma Ba KyTOu J1ap
XOJIATXOU TYHOTYHU TabCUPOTU AUHAMHUKHA MyalsH Ba 0axory3opy Kapaa
maBaHa. Hartudaxom xucoOxou pakaMi 0Oa3aum MaBYyyJau J0Jaxo oujg 0a
XOCHATXOW 4YacHaKHIOYaHIMPHA Ba aKyCTHMKHU MOEBXOM Oappacuilygapo Baceb
HaMyaa, IMKOHUST GapoxaM MEOpaH, Ki padTOpH MH MOEHXOPO Jap MIAPOUTH
TYHOTYHH Kopid ©0a xuco® rtupudra, HHUYHHMH BOOACTATUH XOCHSITXOU
YacnakHIOYaHIMPHA Ba AKyCTUKMHM OHXO 0a COXTOPH MOJIEKYIaBUU HH MOEBX0
MyaiisiH Kapaa maBaj. MHUyHUH, TAXKUKOT UMKOH MeIUXal, KU MapTXOU KOPUU
TaxYU30TXOM TEXHOJOTHM Ba JACTTOXXOM TYHOTYH TaH3UM KapJa IIaBaH/.
Masoaxou aucceprarcus 0apou JOHHUIIYYEHU UXTHCOCXOW (U3MKA, XUMHUS Ba
JUrap COXaxo Jap MYpOU KOPXOW MAUIUIOMH Ba MarucTpi, UHYYHUH Oapou
YHBOHYYEH, TOKTOpaHTOHU PhD Ba acnupanToH Mydum MedoIIaH/I.

Hykraxou 6a XuMosi NeIIHUXOAIIABAH/IA

— nucnepcusiu 6acoMaauu K03hPUTCHEHTXOM YaCIaKUU JaFKuIi 1)s(w) Ba
xayMi 1y (w), MOIYIXOW YaHIUPHHK Jaf kUi U(w) Ba xaumin K (w) map MaBpuan
60 konyHXx0H MU((HY3NOHI Ba SKCIIOHEHCHAT XOMYIIIIIABUH CEITXON PeIaKCaTCHOHM.

— Kouaaxou padTopH MOAYJIXOHM YaHAupuu Xaumi K(w) Ba marxumi u(w),
MHYYHUH KO3()(UTCHEHTXOM dYacmakuu Jafxuimi 7ng(w) Ba xaymi 7y (w) map
coxaxou 6acomajy racT Ba O6ajaH.

— padTOpH ACUMIITOTUKHU MOAYJIXOH YaHIUPUH xayMil K (w) Ba IaF KU
U(w) Ba XyCyCHSITH CTATUKMH KO3(D(OUTCHEHTXOW YacTaKUK JIAFKUIIA 1s(w) Ba
xayMi 1y (w) 1ap coxaxou GacoMau mact Ba GanaHm.



— aJOKAMaHAWM pPaBaHAXOMU PEIaKCaTCUOHH Jap MOEbXOU TOPOU
MOJIEKYJIaXOu KBa3uchepid Ba MOEBXOHM KyTOH 00 XapakaTXOu TPaHCISATCUOHUH
MOJIEKYJIaX0 Ba TAYAUIN COXTOPUM OHXO XAHTOMH XaMTabCHUPOT OO MaiIoHXOU
OepyHa.

Hapayan 3BTHUMOTHOKHHM HATHYAXOM TaxKUKOT 00 caxexuu OanaHiu
nhomaxou AaHAJUTHKUM HCTUDOJAIIYAar MYyOOWIAXOU KHHETHKHA Oapou
(DYHKCUSAXOM TAKCUMOTH sIK3apparil Ba Iy3appari, MyoIwIan 3WYUN OWHAPHUH
HaBbU CMOIIyXOBCKUH, uctudonan MOTEHCHAIIXOU XaMTabCUPOTH
OafHUMOJICKYJIaBA Ba XUCOOXOM paKaMil, KM MyBOGHKATH XyO 0O HAaTH4aXou
TaypubaBil Ba MabIyMOTXOM Ha3apHsIH YMyMHUH PETaKCATCUOHH TOPaH/, TACAUK,
Merapaas.

MytobukaTu prcosna 6a IMHOCHOMAN UXTHCOCH WIMM: MaB3yb, yCYIXOU
TaxXKUKOT Ba IEIIHUXOAXOU WIMHA MyBOGHUKATH Iyppa 60 IIMHOCHOMAaN UXTUCOCH
M 6D060403 — ¢usukan HazapusiBid (¢pu3Mka Ba MareMaTwka) Jgopaj,
MaxcycaH Kucmu 1 «Haszapusu XonaTu KOHIEHCHH CHCTeMaXOu MaKpOCKOIH Ba
MHUKPOCKOIUU KJIACCUKH Ba KBaHTHA. OMY3UIIM XONATXOM T'YHOTYHM Monda Ba
xonucaxou ¢usukin gap ouxo. MU3MKaM CTATUCTHKN Ba HA3apUSIM KUHETHKUU
CHCTEMaXOW MyBO3WHATH Ba FAHPUMYBO3UHATAY; KUcMU 5 «HKumodu Hazapus
Ba TaXKUKM XOCHUSTXOM yMyM#l Ba KOHYHHUSATXOM IWHAMUKAW FalpuXaTTUU
CHCTEMaxoH FAHPUMYBO3UHATI» Ba KUCMH 6 K AMCHIIACO3MH XOANCAXOH (PUBHKI.

CaxMu maxcuy ToBTaynabu napédtu mapayan WiMi Jap TaXKHKOT Jap
UHTUX00 HAMyJaHM YCYJIXO Ba Taxysd alTOPUTMXOM XajUId MachalaxXou
ry30LITAIlya, MyaiisiH KapAaH! KOHYHUSTXON aCOCUH PaBaHAXOH IMHAMUKM Aap
MOEBX0, TY3apPOHUAHU XIUCOOX0N pakamil 60 nctudoaa a3 6apHOMaxon MyoCHpH
KOMITIOTEPH, KOPKap/I, TAaXJIWI Ba Tacupl HATHYAX0 XaJKyHaHa Mebommas.

TacBu6 Ba amalnco3uum HATHYAXOM OMccepTaTcusa. Hatmyaxou acocuu
TaXKUKOT Myappud# Iy1aasi aap:

6th International Scientific and Practical Conference «Science, Education,
Innovation: Topical Issues and Modern Aspectsy», 2022. (April 16-18, 2022). Tallinn,
Estonia; xoudepeHcHsn YyMXypUSBUH WIMi-amanid «Xambactaruu uWiM 00
UCTEXCPJIOT Jap paBaHIM CAaHOATKyHOHHH Oocypwbaté UYymxypuun TOYHKUCTOHY,
Hyman6e, 2022, (22-23 anpenu 2022r.); KOHMEPSHCUSIH YYMXYPUSBUA UIMHIO aMali
«Mozenco3un MaTeMaTHKiA Ba KOMIIIOTEpUHM paBaHAXou (u3uki» Oaxmmma Oa
«buctconan oMy3umn Ba pyman (GpaHxow TaOMATIIMHOCH, JAaKWUK Ba PUE3N aap coxau
unmy maopudy, dymante, 2023, (9 pespamn 2023r.); koHpepeHCHs N GaiHATMIIATHH
im0 amamuu «KomM&0mxom HaB Jap coxau WIMXOWM TaOWMATIIMHOCA Ba
TEXHOJIOTUSIXOM MTTHIIOOTH», Oaxmuaa 6a «bucTconan oMmy3um Ba pyuau GaHxou
TaOUaTIIMHOCH, TaKuK Ba puésn nap conxou 2020-2040 rr.», dymanbe, 2023, (30
maiin  2023r.); KoH(epeHcHsAn OalHAIMWIIATNN WIMA-aMalil Jap MaB3yH
«Macownnmu MyocupH (pu3uKa Ba XUMHUSH TOIMMEpX0» Oaxmuaa 6a «75-comaruu
TabcucéOun [Jonmmroxu mMumiuu ToyukuctoH» Ba «bucrcomam omys3umn Ba
pymnu paHXou TaOMATIIHHOCH, TaKUK Ba pUE3it fap coXau wimMy Maopud (conxou
2020-2040)», (Odyman6e, 10 okrsiops 2023); koH(EPEHCHSH YYMXYPHIBHH HIMHIO
amanuu «MYIIKHJIOT Ba TAMOIOJNIXOM PYIIAM HWIMXOH [TaKWK, MaTeMaTHKa Ba
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TabWaTmMHOCA», Oaxmmaa ©6a «bucTcoam oMy3uIml Ba pymad (axxon
TaOMATIIMHOCH, MaKWK Ba pué3d map coxam wmiamy maopud (2020-2040 rr.)»,
(Oymran6e, 28 mas 2024 roma); KOH(pEPEHCHUSM YYMXYPHIBHH HIMA-aMalil TaxTH
YHBOHH «MyaMMoXon MyOpaMu (H3MKaWm XOJNaTXOM KOHAEHCH» Oaxmmma 6a 35-
coJlaruu MCTHKJoNU nasnaruu Yymxypun ToumkucroH Ba “Bucrcomnan oMmy3umn Ba
pymau GpaHxou TaOMATIIMHOCH, TAaKUK Ba pué3il map coxau wimy Maopu¢” Ba 80-
conaruu npodeccop llepmaTo M., 85-conaruu npodeccop Yamonor M. (Xyuanm, 20-
21 maitn 2024); xonpepeHcusiu uaMun daliHaIMmIanuu “HUimxon Gpu3nKi Ba TEXHUKHA
nap daszou UJIM: macpanaxo Ba nypuamou pyuir”, (Jyman6be, 29-30 Hosi6pu 2024);
Kondepencusn OalfHanMmianuu wiMi-aMalnil TaxTH yHBOHM «MyaMMoXo Ba
IypHamou pymimu wimu ¢usnka», (Xymkanm, 11-12 maptu 2025); xoHbepeHCHIN
OalfHaIMWIIaIMM WIMA-aManid fmap MaB3yn «Macownum Myocupu — (GHU3HKan
HUMHOKMIJIXO Ba AMAJICKTPUKX0» Oaxmuna 6a «bucrconan omysum Ba pyminu panxon
TaOMATIIMHOCH, JaKWK Ba pué3n 6apou comxon 2020-2040» nap coxaum uinM Ba Maopud
Ba «35 - conaruu kadeapan snekTpoHuKan Gpusukin» (Jymanoe, 30 anpenu 2025).

HMHTHIIOpOT a3 pyHH MaB3yM OHUCCEPTATCHA: Jap acoCH HATUYaXOHu
TaAKUKOT 16 Kop Hamp ImIygaact, KA a3 OHXO 5 Makoia Jap MadaJulaxou
takpu3maBangan KOA Haznu [lpesunentn Yymxypun ToyukucroH, 1-makoia
Jap Hampusu gurap Ba 10 MaBogm KOHGEPEHCHSXOM YyMXypUsSIBA Ba
OafiHaIMUITANIH.

CoxTop Ba XauMH JUCCEPTATCHUS . TUCCEPTATCHS a3 MYKaJIuMa, 4op 600 Ba
pyiixatu agabuért mbopar act. Xaymu aucceprarcus 140 caxudan MaTHH YOMPO
TaIIKWI 101a, oH a3 9 — yaasai, 31-pacm Ba 173- HOMIyu pyiixatu agabuérxo ubopar
Mebormas,.

Kanumaxon kanumii: Moebxou Oucépatoma Ba KyTO#, (YHKCHSN TaKCHUMOT,
MOTEHCHAIM XaMTabCUPOT, CEJI, pellaKkcaTcHs, aKyCTHKa.

MYXTABOU ACOCHUHU KOP

Jap MyKaimMa axaMHATH MaB3yHM TaXKUKOT aCOCHOK ILIyna, Makcal Ba
Basu(axou KOp MyaiisH IIyAaacT, CaTXd OMY3HUIIH Machaia 0axory3opi rapamnaaact,
OOBEKTH Ba MPEAMETH TAXKUKOT HHTUXO0 HAMylIaacT, HABOBAPUXOHU HIMH, HYKTaXOH
0a XUMOsI TICIIHUXO/IIaBaH/a, aXaMUsITH Ha3apHsBi Ba aMJIANK TaXKUKOT HUIIOH
J0/1a Iy aaHz.

Jlap 600u aBBaJI HaTHYaXOM MaBJIyMH TaXKUKOTH TaypuOaBd, Ha3apusABi Ba
MOJECJICO3NMU KOMITIOTECPHUHU XOCHATXOU LIaCl'Ia.KI/II-O‘[aH}II/Ipﬁ Ba aKyYCTUKUH MOECHXO
MEUIHUX0/1 rapauaaacT. Huion noga urynaact, KM ycyJaxou Ha3apusBil Ba METOJIXOU
MOJECJICO3NMH KOMIIIOTEPUN MaByyda CaTxXu KO(pI/II/I TaBCI/Iq)I/I XOCHATXO0N AUHAMHWKHUU
MO€bX0po 00 JapHa3apAOLITH PAaBAHAXOH PENaKCATCHOHA HAJOPaHN.

Jlap 600u 1y1oM 0a TaXKUKH XOCUSTXOH YaCTIaKUIOUaHIUPI MOEBX0, KH CEITXOH
penakcaTcHOHN 60 KOHYHXOH Jlapadarii € 9KCOHEHCHAII XOMYIII MeIlaBaH I, OaxImia
mynaact. TaBcudu Myounaxon KHHETHKAN HOTHI07 6apoy (yHKCHSIXOU TAaKCUMOTH
sK3apparii Ba Jy3appard oBapjaa InygaacT Ba 00 Takd 0a MH Myoamiaxo, 00
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JapHa3apaoITy GpIyKTyaTCHAXOM MUKECH KaJIOH Ba UCTH(O1au Naiiiapnain MOMEHTH
uMItyJci 6apor GYHKCHSU TAKCUMOTH Jly3appaTarii, Myoauian HaBbu CMOITyXOBCKHI
Oapou 3uuMd OMHAPA XOCHI rapauaaact. Xam3aMoH, 00 JapHA3apIOLITH 3UYMU
OMHApUH  FAMPUMyBO3HMHATA  MYOIMJIAXOM THIAPOJAUHAMHUKAM YMYMHA  XOCHIL
rapaugaact. bapnan a3 tabamnory BakTir Oypbe gap GopMyian TeH30pH MUAIAT 00
Ha3apJOIITH CelH 3W4Yny OMHapu HCTU(OIa HaMyAa, HPOAaXOH aHAIUTHKUPO Oapon
K03(p(PUTCUEHTXON AUHAMUKHM YaCIIaKMM Jafkuli ng(w) Ba xaumi 71y (w),
WHYYHUH MOJYJIXOW YaHIMPHHU JTaFKUIli f(w) Ba xauymid K (w) XOCHIT HAMyTaaH/I,
KU TIAKJIA 3¢PUH JOPaHI:
a) xaHromu 60 KOHYHHU Ju(dy3UOHA XOMYIII IIYIaHH CENIXO:

kT 2nn’o3 oo AQ(IF]) (+oo ag(I71])
ns(w) = 1:1((0:)2 + 2 Js drr3—rf G, (1, rl,w)&, (1)
2nn?o3 atb(lrl) +00
ny(w) = f drr®—"=[__ G, (r,1y,w) po (|71 a7y, )
_ nkT(wr) 2nn?o3w 3 00(7]) ag(ryl) >
‘u(w) T 1+ (wr)? fo dT'T' or fO GZ ) ory rdry
. @)
2 ] AD(|7]) p+oo > >
K(w) = Ks + =5 [ dr 3= = [ 76, (r,1, 0) @ (I D7, (4)
KA
2nn?c3w oo AD(|7]) p+oo S S
K@) =222 [ dr 3 2R 726, (@) 9o (IRDAFR, (5)
ap T (8P\>2
K, n( Bn) +E(E)n— MOJYIN YaHIUPUM XaYMHHU aadabaTHd MOeb
Oyna,
G (r,r,w) = %(e ?1(sing, — cos@,) — e~ P2(sing, — cos<p2))
G,(r,r, ) = —T[’(j%:)(e ?1(sing, + cosp,) — e ?2(sing, +
T 0g(r1) 99(r1) 9g9(r1) _a,
cosp,)), @o(Ifil) = 5= o [n (T)T +yT (7)n] s P =3 ~(r—m),
a 1 m Bao?
g = ;(r +1), a=Qwty)? T= 2w 0T g O 2my- OGacomamn
- X ‘D(T)
IaBph, "' = wtT— Oacomaaun oBapmamyma , DP(r) -OTEHCHAITH
XaMTabCUPOTH OAaHIUMOJIEKYIaBh acT.
6) XxaHroMU 60 KOHYHH 3KCITOHEHCHAITH XOMYyLU LWYAaHW CEX0:
_ nkTt 27rn kTo3 To o0 dQ*(|7]) ag(I7]) 4
nS( )= 1+(wt)? 15 1+(<o‘ro)2 or or dr, (6)
271:n kTo31y oo d* (|r|)
nV(C‘)) 3 1+(wTtg )gf %o (T)T3 dT (7)
(@) = JHTW? 7m0 wz(%")z R LG ®)
ww) = 1+(wT)? 15n o To 1+wz(f_0)2 0 or ar
T
2n_, (D) w0t a0
(w) = Ks —-n*kTa1, 1+w2(fr_o)z N o (r)r3 dr, 9)
T

K1



2(70)> g
K, (0) = Zn?kTodr, — &) S [ 220 o ()3 dr (10)
(@0 o

Hap upomaxou (1)-(10) 60 naTHX06HM MOmETH Myaiisau Moeb, D (|7]) Ba g(|7])
MabIyM xucoOmma memaBasz [1,2]. A3 MH py, XaHTOMH Ty3apOHHIAHH XHCOOXOU
amanin 6apon 7s(w), ny(w), u(w)Ba K(w) 60 ucrudoma a3z upomaxou (1)-(10)
MHTUXO0M TIOTEHCHAIM XaMTabcupoTd Gaiumonexynasid @(|7]) Ba dysxcusu
takcumotu pamuani g(|7|) sapyp acr.

Jap 606m cetom xucobxou paxamuu 75(w), ny(w), p(w)BaK(w) 60
uctrdo/aa a3 HaMyId AMUKU XaMTabcupoTH Gaitnumorexynasi O(|#]) Ba hynkcusu
takcumoTn pamuani g(|7]) udpo rapaumact. Mysoduxu [1,2], 6Gapon Moebxou
KyT61 QYHKCUAN XaMTabcupoTH OaitHumonekynasi @,y (1, 0,4, 0, , &, — &) XaMuyH
noteHcuanu LlITokmatiep nHTHX00 Kapaa MenaBas:

o\12 o\ dgd
(1000 80— §) = 42| (2) = (2)] - 22200, 0 80— ). (1)
KU Jlap HHYO
V(0,,0y,¢q — &p) = 2cos0,c050), — sinf,sinB,cos(&, — &) (12)
Horencuanu (11) a3 cymmaum mnorercuanu Jlennapa—Youc (12—6) Ba
noteHcuain KeesoM, ki TabCUpH 4o3u0an AUIIOIN-TUIIONPO HHoJa MCKYHA Ba XaMUyH
y3BH IyIOM Jap KucMu poctd udonan (11) Bopun rapauaaacr.
Jap MaBpUIHM Tax)TMIM XOCHATXOHM YacHaKHIO-4YaHIUPHA MOEBbXoH Oucéparoma,
MO MOEBXOU FaHPUKYTOMPO MaBpHIHM OMY3HII Kapop J0JEM, KU a3 MOJIEKYJIaXou
kBasuchepi noboparan, ssbHe MOJIEKYJIax0e, KU MIaKIM OHXO Ha3auk Oa cdepukit act
Ba JIOPOM CHUMMETpUSIM KapuO Kypamiakia MeOomanj. XYCYCHATH MYXUMH YyHHH
MOJIEKYJIax0 TapaMeTpu aceHTpil MeOomiaj, KU MabHOM HaOyJaHM MapKasu
CHMMETPHSI JIap MOJIEKy1axopo udoaa MeHamosi. MacajiaH, MOJIEKYJIaXOM MOHaH/N
meran (CHs) &€ nyoxcumm xap6ou (CO2), mnopou cummerpust Mmeboman. bap acocu
Kopu [3], 6apon YyHHH MOEHX0 MOMEHTH JHUITOJINK MOJIEKyIaxo Oapodap 6a cudp act
(d, =0Bad, =0). A3 ¥H py, XaHTOMH TaxXKHUKH XOCHATXOHM YaCMaKHIO-4YaHIUPUH
YYHHH MOEBHX0, Jap IOTCHCHAIN XaMTabcupoTH OaliHmmouniekynasi (11) tanxo 6o
noteHcuain JIeHHapa—YoHc Maxay MeIlaBeM:

O, (r) = 4¢ [(g)12 - (g)ﬁ]. (13)

Dyukceuau paguani TakeuMoTu g (|7 |), Tubku [4], 6a maxnm 3ep Kabyi
Kapla MelaBa;

g(I7)=y(p"exp(—2LD), (14)

KU gap oH y(p*) - GyHKCHSIM TAKCUMOTH OMHAPHUM 1y XaT, I=rp/c - macodau
OeBoxXuAM OafHM MOJIEKYJIax0, Ba 0- TUAMETPU MOJIeKyja MeOoriai.

Xanromu uHTHX00U y(p*) map Macodau 0<r<o (map Hazmukuu r=~1) a3
nudonau nemnuxoakapaan Kapuaxan sa Crapnusr [5] ucrudona medapem:

2—px
Y(*) =025, (15)

T
KH Jap OH p*:E Nyo3 % - 3UYHMH OBapJalryaan Moebh MeOoImas.
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Hap docunan 1<r<2 (spHe 0<r12<20) 6apou Y(p*) nudonan aHaTUTHKUPO
ucruoma medbapem, ku Beprxeiim [6] xamuyH xammm myoawnau Ilepkyc—EBuk
Oapou cepaxou caxT MEMIHUXOT KapaaacT.

— -2
yi(p*1) = %Zfzo Cesir1), (16)
Kugap w0 € =3 Fh_oHnJ™  Hy = 14297,

b= a5 ) e (- (07)]. @

2

= -5 -4+ (- 00), a0

4p* 2
2p* _ . 2mi
S1= 1_pp* [((-1+ xJt + x,] l)] ,J:eXP(( :l)),
xp= |ft [f2al =Bt (19)
1,2 = x s’ = 4

Babau kymomanu cymma gap udogau (16) Ba 6o ucrudoaa a3 udomaxou
(17)—(19), 6apou y, (p *,r) nap docunan 1<r <2 X0CHJI MEKYHEM:
Coefo(r—1)+§cley(1+a1)(r—1)

yl(p *, T) = r(1-p*)>2
KI/II[aPOH Cozi(H0+H1+H2), t0=y(1—2a1),
. V3
€1 = Nocos[yB(r — D] + Nysin[yB(r — D], B =5 (%1 + x3) ,

y=20"A=-p") s = %(x1 +x3), No = Hy — H1+H2’ N, = g(}h —H,).
Hap docunan 2<r<5 (20<ri2<50), myBoduxu [7], xaam Myoauiaau
IMepkyc—EBuK makIu 3epuHPO O0paL:
* *2 2
yalp#) = G (21)
Bo mapHazapaomti kopu [7], TABCUPU XUCCATHH Y, (0 *) Aap MH WHTEPBAI
kaM Oyna, 6uHoOap uH nap docunan 2<r<5 oHpo Oa Hazap HAMErupeM, s’bHe
v, (p*) =~ 1 memaBaza. A3 uH py, udpogau (14) 60 napuazapaomru udogaxou (15),
(20) Ba (21), Gapou MOTEHCHANN XaMTabcUpOTH OaiiHnmosekynasit (13), mrakmm
AHJIUTHKUN (QYHKCHSIM TAKCUMOTH paauainuu g(r) map ¢ocwran 0<r<5 MyaiisH
MeKyHaJ, KM OH Oa TeMIepaTypa Ba 3HYMHM MoOebXoW Oucépatoma 060
MoOJIeKyJIaxou kBa3uchepin Bodbacra mebornaa. XaMUH TapHUK, XaHTOMU XHUCOOX0U

anani GyHKCHSM TAKCUMOTH Paaliipo ap MIAKIXOU 3epUH KaOylI MEKyHeM:
o)

(20)

glpx1) =y(pexp(——-), (22)
9:1(p%,7) = y1 (o T)exp(- ), (23)
92(r) = exp(- =), (24)

Hap xopu [8] 60 uctudona a3 ycynu (yHKCHUSM aBTOKOPPENSCHOHHUU
HMITYJICXO Ba MyalsiH KapJlaHu KyBBau MHEHAU XaMTabCUPOT Oa 3appa, udonau
3epuH Oapon Ko3gucueHTH cout f 6a JacT oBapaa IIyaaacT:
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B* = po J," V20 (r) g(r)dF, (25)

10 a
KU Jap WH YO p - 3U4UH MOED Ba V2= =3 (rz 5) —KHCMU paJualiii onepaTopu

Jlammac me6omana. bo napuasapnounitu udponaxou (22)—(24), udogau (25) maximm
3epUH METHPa/I;:

B? = po (fol V2O(r) g(p*,1)dr + flz V2D (r) g,(p*,1)d7 +

V2o g, (r)d?) . (26)

Hdonaxou (14) Ba (22)—-(26) nap udonaxou (1)—(10) ry3omira, XuCOOKyHUN
agaann KO3 GUCHEHTXON YaCITaKUK JaF KU 1) (w) Ba xaumi 17y, (w), MOIYIXOU
gauaupuu Xaymi K (w), pemakcarcuoni K, (w) Ba marxumi u(w)-po aap coxan
BaceM IapaMeTPXOM TEPMOJMHAMHUKHA 0Oapou MOebXOou OucépatoMa aHYyoM
MEIUXEM.

Ba cudaTtu MoebXOoM AOPOM MOJIEKYJIaxou KBasuchepi GappaciiaBaHia:
Meranu moeb (CHg), Terpadropmeran (CFi) Ba ayoxcuam kap6oH (COz)-po
UHTHUX06 MeHaMoeM. [TapameTpXou MOJIEKyIaBi, KU Aap MoTeHcHanu JIeHHapa—
Yomuc acr (e/k, 6) a3 kopxou [1,9] rupudrra nryaa , KUMaTxou TaypuOaABUY 314N Ba
TeMIepaTypa MyToouku kopu [10] uctudoma urymaassm.

Bapou Mykoucan MUKIOpU HAaTUYaxOU XUCOOXOM ajaaid 00 MabIyMOTH
TaypubaBd, gap damBaad | KuMaTXou HaszapusBuu ng(w) Bobacra 6a
TeMIlepaTypa Ba 3U4i oBapma ImygaaHa, ku 60 uctudomaa a3 popmynaxou (1) Ba
(6) nap 6acomaau Hucbaran nacru 6apou CHs Ba CFs xuco06 mymaana. A3 yaasan
aiiéH act, KM HaTUYaXou OamacTomMama 060 MabIyMOTH TaypubaBi gap
MyBOGHUKATH cudaTi Kapop aopana. THOKM MabIyMOTH YaaBaid 1, KUMaTXou
Ny(®)ms(w) Takpuban gap ¢ocmnam 1 To 10 Gapou Gacomamu JOUMEI Kapop
nopana. MyBoduku Haszapusiu penakcarcuonn [11], map unH docuina caxmu
pelTakcaTCh COXTOPH JIap XOCUSITXOU YaCTaKuIO-4aHIupi MOSHX0 YOU JJopaj,.

Yansayml. Bobacraruu nzobacomanu ng(w) a3 TeMmnepaTypa Ba 3U4i
6apou moesxou CHa Ba CF4 (wt = w* = 107).

Meran (CHg) Terpadropmerane (CF4)

T, K| p, kr/d s Ml € T K| P | TeMaC
(bopm. [bopm. KI'/M bopm.  [hopm.
[11]| [10] [10] () (1) [11] [10] [10] () )

100,0 | 440,0 [0,1590|0,2047|0,1747 90,0 |1906,5|3,5000 | 3,0406|2,4706
120,0 | 413,0 |0,09800,1180(0,1027| |110,0|1814,0|1,4700 | 1,6853|1,4033
140,0 | 380,0 |0,0660 |0,0726|0,0655| [130,0|1713,0|0,7420 | 1,0551|0,8794
150,0 | 361,0 |0,0520 |0,0575|0,0529| |150,0(1604,0(0,4570 | 0,7032|0,5801
160,0 | 339,0 |0,0370|0,0452|0,0423| |170,0|1478,0|0,3100 | 0,4741|0,3865
170,0| 312,0 |0,0320|0,0346|0,0329| [190,0|1339,0|0,2310 | 0,3527|0,2799
180,0 | 277,0 |0,0250 |0,0251|0,0240{ |200,0(1225,0(0,2000 | 0,2367|0,1925
12




Hap pacmxou 1 Ba 2 Bobacraruu GacoMamun xoadduuuentxou ny(m) Ba
u(w) , 6apou meranu Moeb aap Temnepatypaxou T=100 K Ba T=150 K numon
Jola IIygaaHa. A3 pacMxO AMJa MelIaBaj, KM COXau AMCHEepCHsH OacoMaauu
ns(0) Ba u(w), ku 60 ucrudona a3z hpopmynaxou (1) Ba (3) xucob Kapaa myaaacr,
TakpubaH 5 Aexagapo TAIIKWI MeAnxai, Ku 00 MabllyMOTH Ta4yprOaBUU KOPXOH
[11,12] myBodukar MmekyHan. CoxaxXou OHCIIEpCUsSH OacoMani, KU TUHOKHU
dbopmynau (6) 6apou ns(w) Ba (8) Gapon u(w) 6agact omagaana, Takpuban 2
JeKazapo Talkwil MeauxaHn. MH HaTtuya 0a KOHYHHM OKCIIOHEHCHAIH
XOMYIIIIIABUM CEIX0 acocu &praacT, KM 0Oa Hazapusd peIaKCATCHOHH Ba
MabIymMoTu Taypubasuu [11,12] MyToOuK MekyHan.

02sf -1 . —
1. dop. 1 2, thop 2
0.20 — 2, dop. 6 03l 3, zop. .
3 TN \ 3, pop. 1 °p

02l — 4 dop. 3 |

L]
£ o.
— 4, ¢op. 6 =
0.10f
01 /
0.05[
e
T
000l = R

107 1074 0.001 0.010 0.100 1 10 1074 0.001 0.010 0.100 10 100

N5 MMase

Pacm 1. BoOactarum ©Oacomamuu Pacm 2. BobGactarum  0Gacomanuu
n30TepMHUH 1), (w) Gapow MeTaHH Moeh H30TepMHH U (w) 0apoW METaHH MOEb:
(CHa): xatxou | Ba 2 nap remneparypan  xarxou | Ba 2 nap temneparypau T=100
T=100 K; xarxou 3 Ba 4 pap K; xarxom 3 Ba 4 map Ttemmeparypau
temneparypau T=150 K. T=150 K.

Moebxou KyTOM - UH MOEBX0ECT, KU a3 MOJIEKYIaX0H KyTOHOK HbopaTaHI.
Mucou YyHHH MOEBX0 00, 3TaHOJ, METaHOJ, aMMHaK Ba Faiipa meborana. bo
napHazapaointu popmynaxou (11) Ba (22)—(25) nap udonaxou (1)—(10), meTaBoH
XUCOOX0oHU agaguu KOIPGHUIIUSHTXOHU YaClIaKuu JIAFKUIIA N (w) Ba xaymi 1y, (w),
Moaynxou daHaupuu Xaymin K(w), pemakcarcuonn K,.(w), agumabatii Ks Ba
gapxkumi  W(w)-po 6apom MOEBXOM KyTOA Jap CcOXaW Baced MapaMeTpXOou
TEePMOIUHAMUKUN XOJIaT Ba OacoMaaxo 0apoum MoehXou KyTOH, map MECOJA
CIUPTH METUJIN Ba 00 aH4OM JauxeM. Jlap yaaBaiau 2 Ba pacMxou 3—7 HATUYAX0U
WH XUCOOXO0 MEIIHUXO/T 1Ty 1aaH/I. K,al?m MEKYHEM, KU [TapaMeTPX0Hu MOJIEKYJIaBUU
noteHcuanu Iltoxmaiiep (d, db, ,0) a3 xopxou [3,9] rupudrta mynaang. Az

yansamy 2 GapMeosin, Ku HaTI/I‘{aX,OI/I HazapusBUH OagacToMana 00 MabIyMOTH
TaypubaBi MyBoHKATH cCHATH TOPAHI.
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Yansamu 2. Bobacraruu nzo6acomanuu Ko3hPUCHEHTXOH YaCTAKMHU JIAFKHUIIA Ba
XayMHUH a3 TeMIepartypa Ba 3u4il 6apou 06 (w* = 10-5,0:=n/6, 0.=n/3, & - & =

0).
P s, Mlla - ¢ 1y, Mlla - ¢ v /Ms
t, °C| kr/m® dopm. | dopm. dopm. | popm. bop.(7)/| pop.(2)/
[13]] [13] | [13] | (6) @) (3] | ) | (@ | [13] |dop.(6)| pop.(1)
7 1999,99|1,4300| 0,7499 1,4737 45000 2,0980 3,4105 31469 2,7978 2,3143
10 |999,73|1,3100| 0,7404) 1,4605 4,0300 1,9984) 3,3267| 30763 2,6992 2,2779
15 |999,13|1,1400| 0,7248 1,4384 3,3800 1,8428 3,1922 2 9649 25425 12,2193
25 |997,07|0,8880| 0,6939 11,3926 | 2 4700 1,5666| 2,9390 2 7815 22577 21105
40 1992,20|0,6530| 0,6488 1,3217 1,8400 1,2281) 2,5972 2 8178 1,8929 1,9651
50 [988,00(0,5470| 0,6199 1,2740 1,4800 1,0444] 2,3932 2,7057 1,6849 1,8785
0.5F L . 1
250 g
04}
, 20"
E 0 % 15
z,, 0.2- P 1.0t
=
04} osf
0.0} ] o
105 10% 0001 0010 04100 1 10 108 g% 0001, DO10) Codoo A 10
w* ¢
Pacm 3. BobGacraruu Oacomamuu Pacm 3. BobGacrarum 6acomanuu
KO3(hGUIMEHTH YaclaKuu JaFKUMIA KOIGOHUIMEHTH Yaclmakud  XayMi
ns (W) 6apou METaHOJI map ny(w) Gapon  MeTaHOJ  Jap

Temriepatypaxou t = 10 °C (xarxou
1,3), t 40 °C (xatxou 2.,4) Ba
3MYUXOM MYTOOMKH OHXO XaHTOMH
noumid Oymanu 6: = 30°, 02 = 45°, &, -
& =0°; xatxou | Ba 2 60 popmyman (6)
Ba xaTtxou 3 Ba 4 60 dopmymnan (1)
XUCcO0 TTymaaHs.

Temmepatypaxon t=10 °C (xatxom
1,3), t=40 °C (xaTxou 2,4) Ba 3UINXOU
MYTOOMKHA OHXO XAH[OMH TOUMM
O6ynmanu 6: = 30°, 02 =45°, & - & = 0°;
xatxou | Ba 2 60 dopmynau (7) Ba
xaTxou 3 Ba 4 60 ¢hopmyau (2) xucod
IygaaH/.

A3 pacMxou 3-5 auna memasaj, Ku Ng(w) BobacTa 6a KOHYHH XOMYILIIABHH
CEeNIXOM PEJaKCaTCHOHM a3 Xamaurap (apk MekyHaa, ku mH 00 cababu 6a XucoO
rupudTaHd caxMHU paBaHAXOM peJaKcaTCHOHN Mebomal.
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1., MIIac

6,, pa.

0,, pan.
Pacm 5. BoGacraruu ko3 GuimenTu yacnakuu narxummn g(w) 6apor MeTaHo a3
KyH4YX0H 61 Ba 0> nap maBpunu noumii Oynanu & - & = 0° Ba remneparypau t = 20
°C; xartu 1 60 popmyinau (6) Ba xatTu 2 60 Gopmynau (1) Xucob mrymaacr.

MyBoduku pacMxou 6 Ba 7, COXaxoH AUCIEPCUSIN 0aCOMaJUU MOJYIXOH
yauaupuu marxumi y(w) Ba xauymun K(w) MeETaHOJ map TeMIlepaTypaxou
t=30°C Ba t=50°C nmap maBpuau nqoumia Oynanu 0: = 30°, 82 = 45°, & - & = 0°, ku 60
dopmynaxou (3) Ba (4) xucob mygaann (xarxo 3 Ba 4), Baceb Oyna, TakpubaH
10°Xc-po Talikuia MeauxXaH, gap Xojie ku 6o dopmymnaxou (9) Ba (10) un coxa
TaHrrapasz 6yaa (xatxo | Ba 2) 6a Hazapusu ymymun penakcarcuonu [10 ,11]
MyBO(hUKH MebomIa.

10- " ] T v v -
8 % 4
3
25-
<
B =
= 3 4 =)
=4 =20 2
3 3 / 1
e ol M 450
o 1 10
104 0.001 0.010  0.100 1 10 100 104 0.001 0.010  0.100 1 10 100
o* o*

Pacm 6. BobGacraruu MoOAyNIxoW YaHIUPUU Jarkumi u(w) Ba xayMmi
K (w) 6apou MeTaHoII a3 bacomas 6apou TemnepaTtypaxou t=30°C (xatxo 2 Ba 4),
t=50°C (xatxo 1 Ba 3) Ba 3UUMXOM MYTOOUK, aap MaBpuau noumi Oyaanu 0:=30°,
0,=45°, &1-£,=0°. Xatxou 1 Ba 2 60 ¢dopmynaxou (3) Ba (4), xarxou 3 Ba 4 00
dhopmymnaxou (9) Ba (10) xuco6 mrymaanm.
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: e 4 e 7
o,pan. "’\\\l, : 8,pan. ‘°\\\L
15

15

Pacmu 7. BoGacraruu Moaynu yanaupuu penakcaiuoni K, (w) a3 kyHaxou 6.
Ba 0> nap maBpuau qoumid Monaanu & - & = 0°; (a) - 6apou CIUPTH METUII XaHTOMHU
temneparypau t=20°C 00 ¢opmynaau (4); (0) - 0apou COUPTH METHI XAHTOMH
temnieparypau t=20°C 60 ¢popmynau (10); (B) - 6apoun 06 map Temneparypan t=15°C
60 popmyiman (4); (r) - 6apou 00 nap Temneparypau t=15°C 60 dpopmynan (10) xucod
LIyaacT.

A3 UH py , coxau qucnepcusan 6acoMaauy XyCyCUSITXOU YacakuIoYaHIupUH
MOEBXOM KyTOH 00 TabuaTu OapKapopllaBUM COXTOPM MYyBO3MHATH Ba
BobOacrarum Mypakka® OalfHM MOJIEKyIax0o, XaMUyHHH 0O TabCUPH OMIIXOHU
IYHOTYH, 0a MHCIHM TabCUpPU aHI03a Ba OPHUEHTATCUAU MOJIEKYJaxo CaxT
aJIOKaMaH[ acT.

Bo6u yopym 6a TaXKUKOTH XOCHSTXOM aKyCTHMKHH MOEBXOM Omcéparoma Ba
KyTO# 00 JapHa3apIOIITH TaOWaTH XOMYIIIIABUU CEU PEIaKCAaTCHOHN Oaximmaa
LIy/1aacT, KU CEJIXOM PEJIaKCCHOHT 00 KOHYHXOM JapadaBil & SKCIIOHEHCHAINT XOMYIII
Merapaana. bo ycynn myoannaxou kunerrkii 6apou cypbatu C(®) Ba KO3QPUITHEHTH
bypyOypa a(w) MaBuu cano, npoaaXou aHATUTUKUH 3epUH 0a JacT oBapja LIyJaaH/:

C(w) = Cs {1 + ﬁ E,u(a)) + K,(w)]}, @7
a(@) = 35 [t1s(@) + ny (@), (28)
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ku Cg = \/% - CypbaTu aguadaTii caiou, p - 3UMUUU MO€b, Y = z—z, Ba i(w), K, (w),
ns(w) Ba Ny, (w) myBoduku hopmymnaxou (1)-(10) myaiisH MemaBaH.

Hartuyaxou xucoOkyHun pakamuu koadduuuentu Gypybypau camo nap
yamBaixon 3 Ba 4 Ba pacmxou 8-10 oBapma mrygaaHa Ba 00 MabIyMOTXOHU
Ta4ypubaBi MyKOHUCa Kap/a IIyaaaHs.

Yansamu 3

BobGacraruu nzobacomanu xosgduipent Gpypyoypan cano a3 remieparypa

Ba 3u4ii 6apou 00 (0" = 105,01 =7/6, 0. =n/6, & - & = 0).
t, °C p, Kr/M® Cs, M/c w/o? 10%, mt-c? (hopm. (28))
[13] [13] [13] C y4eToM ¢ yaetoM opm.
[13] | dopm. (6) u (7) Hu@)

7 999,99 1434,92 | 4,280 1,154 1,336
10 999,73 144729 | 3,760 1,092 1,277
15 999,13 1465,96 | 3,070 1,000 1,189
25 997,07 1496,73 | 2160 0,853 1,048
40 992,20 1528,89 | 1510 0,697 0,894
50 988,00 1542,57 | 1210 0,620 0,818

Jap uaasanu 3 BoGactaruu Kumarxou kodddurmentn GypyOypau camao o/w? a3
TeMIepaTypa Ba 3W4id OBapna HiyAaaHi, Ku 00 gopmynau (28) 60 mapHazapaonITH
dopmynaxou (1)-(2) Ba (3)-(4) xauromu Gacomamau ®*=10" nap MaBpuIHM JOUMMA
MoHaHu KyH4xoH 0:=71/6, 0.=7/6, &1-E:=0 xuco0 nrymaact. A3 yaaBa Auja MenaBa,
KW HaTHYaXxOW HazapusiBUM XOCHJIIIYAa 00 MabiIyMOTH TauypuOaBii nap MyBodUKaTH
cudarii Kapop A0paH/.

Hap pacmu 8 a, b Bobacrarnu kodpdunueHTH m300acomManu Ko3(pGHUCHEHTH
bypyOypau cago o/w? 6apou CIMPTH METHIIA Ba 00 a3 KyH4xoH 01 Ba 02 nap MaBpuIu
JouMu MoHmaHu & - & = 0° Ba TemmepaTypau Ba jgap pacmu 8 ¢, d mucmepcusu
6acomanu cyppati cano C(w) 6apou cnupTH METHIIH Ba 00 a3 KyHuH 01 gap MaBpuan
JnouMit MoHIanu 02 = 1/6, & - & = 0° Ba TeMnepaTypau oBapja LIy1aacT.

A3 pacmu 8 MabTyM MemraBan, ku kodhdurcentn pypyoypa o/w? Ba cyphaTu
C(w) maxHImaBuu cajo a3 KOHYHH GypyOypau Celld peakcaTCHOHH a3 xamaurap hapk
MeKyHa, Ki 6a Xxucob ruprudTaHu caxMH paBaHIXOH pelakCaTCHOHA Meboras.

Jap qagBanu 4 Ba 5 HaTUYaxou XUCOOXoM amaanuu BodbacTaruu Ko3pPuTceHTu
bypyOypau MaBUXoH calio a3 TeMIepaTypa Ba 3udid OBapa Iyaaans, ku 60 hopmynan
(28) xanromu Oacomamun ®* = 10~° Gapoum MeraHu Ba TeTpad)TOPMETaH OBapia
IyTaaH]I.
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W dopm. (6)n(7)

B dopm. (1)n(2) Kl dopm. (6)n(7)

K dopm. (1)n(2)
4

aiw?,107%c

Bl dopwm. (8) u (10) Ll dopm. (8) w (10)
W dopm. (3) u (5) 12417 W dopm. (3) u (5)

Pacwm 8. BobGacraruu kosdducentu pypyoypa o/o? Ba cypbaru C(m) MaByxou
cajio a3 KyH4xou 61 Ba 0> qap maBpuam goumu Oynanu & - & = 0°: (a) Ba (b) - 6apoun
cnupty MeTwitit 6apou temneparypau t=20°C; (c) Ba (d) - 6apou 06 gap Temneparypan
t=40°C.

Yansanu 4
Bobacrarnu koadurcentu GypyOypau cano a3z Temneparypa Ba 3udit 6apou MeTaHH
Moeb (0* = 107).

T, K p, kr/m® c, M/c o/w? -10*, mt-c? (popm. (2))

[10] [10] [10] [10] dopm. (4) | dopm. (3)
100,0 440,0 1444,0 0,338 0,657 0,24
120,0 413,0 1245,0 0,380 0,516 0,189
140,0 380,0 1040,0 0,576 0,484 0,182
150,0 361,0 926,0 0,730 0,514 0,197
160,0 339,0 797,0 1,070 0,603 0,237
170,0 312,0 646,0 1,840 0,835 0,336
180,0 277,0 483,0 4,100 1,421 0,583
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Yansanu 5
Bobacraruu ko3¢ durcent GypyOypau MaB4H cajio a3 TeMIepaTypa Ba 3udit 0apou
terpadropmeran (0* = 107%).

T, p, Kr/M° ¢, M/c o/®? 10, Mt-c? (popm. (2))

K[10] | [10] [10] [10] bopm. (4) | dopw. (3)
90,0 1906,5 1097,0 3,520 3,665 2,585
110,0 1814,0 963,0 2,540 2,808 1,761
130,0 1713,0 830,0 2,210 2,521 1,484
150,0 1604,0 694,0 2,590 2,634 1,500
170,0 1478,0 562,0 3,730 3,094 1,739
190,0 1339,0 428,0 7,230 4,734 2,675
200,0 1225,0 362,0 11,900 5,373 3,033

A3 yanBanxou 4 Ba 5 GapMmeosis, KU HATUYaXOW Ha3apusBHUU Oa gacT omana 6o
MabJIyMOTH TauprbaBii MyBodukaTH cudaTi JopaH.
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Pucmu 9. Bobacraruu koaddurcuentu pypyOypa Ba cypbatu cano a3z bacoma
Ba TemIiepaTypa 0apou METaHU MOEb Ba AYOKCHIM KapOOH: (2)-0apon MEeTaHH MOEb,
xarxou 1 Ba 2 6apou Temnieparypau 150 K Ba xarxou 3 Ba 4 6Gapou remneparypau 120
K; (b)- 6apou nyokcuau kapOoH, xaTxou 1 Ba 2 nap temneparypau 110 K Ba xatxou 3
Ba 4 nap temmneparypau 170 K; (c)-6apou metanu moes; (d)- 6apou 1yokcuau KapOoH.
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Hap pacmxou 9 a, b Haru4am XucoOXoW ajanuu BoOacTtaruum Oacomaji
ko3 durcentu GypyOypau maBuu cano o/m* Oapou MeTaH Ba AyOKCUAN KapOoH Gapou
Jly TeMIlepaTypa HUIIOH J0/ia IIyaacT, Ba nap pacMxou 9 ¢, d Bobacraruu dacomanii
Ba TeMIepaTypaBuu cypwati cago C(®) 6apou MeTaHH MOEh Ba IYOKCHIH KapOOHH
Moeb THOKH Gopmynaxou (27) Ba (28) 60 mapHa3apHomTé KOHYHXOU Au(ddy3HOHi Ba
IKCIMIOHEHCHANN XOMYIIIIABUU CEIXOH PEJIaKCATCHOHHA OBapAa IyIaaHl.

Hap pacmm 9 coxam mmcmepcusin Oacomammu Kodpducuentu ¢ypyOypau
MaB4XoH caj1o o/w? Ba cypbatu cano C(w) 60 uctudona a3z popmynaxou (1)-(5) xucod
rapauja Ba HUILOH J04a LIyaaacT, ki 6acoMaii Baceb Oyna Takpuban 10° Xc -po
TAIIKUIT MEAUXaa. AMMO Jap MaBpuIu aap xucooxou a/m? Ba C(w) a3 popmymnaxou
(6)—(10) uctudona HaMmyaaH, XyAyAH COXaH JUCIIEPCHAM TAHT rapauna, Takpuoan 102
Xc-po TAIIKKI MEAUXakd, K UH HaTHYa 00 Ha3apusd yMYMHH PElTaKCaTCHOHT Oapou
MOEBHX0 MYyBO(UK acT.

Ma’bHyMOTXOI/I 6aﬂaCTOMaﬂa HUOIOH MEOAUXaHZ, KU XOCHUATXOU aKyCTUKHUH
MOEBXOM KyTO#l Ba Ouc€paTomMa a3 XOMYIIIIABUHM CEJM PEIaKCaTCHOHI 0a TaBpu
TYHOT'YH BOOACTaaH/1, 3¢p0 TAOMATH MEXaHM3MXOH PEIAKCATCUOH, KU Jap HMIAKITHPHU
UH XOCHATXO CaxM Mery3opaHn, a3 xam (apk mekyHaa. MyaiisH Imyn, KM 9yHHH
XOCHATXO HA TAHXO a3 XOCHATXOU XaMTabCUPOTH OalHUMOJIEKYJaBd, Oalku a3
JMHAMHKaW OapKapopIIaBUU COXTOPH TABO3YHH, TAHCUPU COXTOPU OPUEHTATCUOHUH
MOJIEKYJIaX0 Ba TAbCHPH MaJNAaX0H aH03aBA HU3 MyalisiH MEIlIaBaH/I.

XyJiocaxon ymyMmi

1. Bapou MOE€BHX0H MOJICKYJIaXOSIIIOH COXTOPH Cepit ToIITa, MyOAUIand 3UIHN
OouHapuu 3appaxo aap dazon KOHGUrypaTCHOH# OapoBap/a NIyAa Ba XaUIH YMyMHHU
oH édra mymnaact [1-M,6-M,7-M].

2. bo HazapOIITH KOHYHXOH Jjapayarii Ba 9KCIIOHEHCHAA 6apou XOMYIIIIaBHA
cenxo nap ¢a3oum HMIyJIC Ba KOH(QUIYypaTCHOHH, H(omaxoW aHaIUTHKE Oapoun
KO3((UTCEHTXON YacllaKhM JIaFKUII Ba XauMil Ba MHIYHHH MOAYJIXOHM YaHIUPHU
JIaFKUII Ba Xa4MUH MOEBX0 0a mact oBapaa mynaans [1-M,2-M,6-M,7-M,10-M].

3. XocHATXOM AMHAMUKUH YaCHaKHIOYaHIMPH Ba aKyCTUKHUM MOEBXOM KyTON
00 Ha3apAOIITH COXTOPH MOJEKYJaBMHM OHXO TaxXJWj Kapia IIydaHia, Ku Oapow WH
MOTEHCHAIH XaMTabCUPOTH OaitHuMonekynaBin @D, (7,04, 0, ,é, — &)  xXamuyH
XaMTabCUPOTH MOJIEKYJIaXoH KyTO# 60 MOMEHTH AMIIONNH KAJIOH MHTUX00 IIIy/aacT.
Bapon wmoepxom Omcéparoma, sSpHE MOEHXOHM FAWPUKYTOMH MOJEKYIaXOSIIOH
kBasucdepit, mnoreHcuanu Jlennapa-Yonc wuctudoma rapaumn. Jlap wH MaBpup,
¢byHKcusiu TakcuMOoTH paauaii g(|r|) Ba GYHKCUSH TAKCUMOTH OUHapuH 1y XaT Y(p*)
6a ce pocumia TakenM mypaana: gap gocunan 0<r< ¢ nponan Kapraxan—CrapnuHr
ucrudonaa mynaact; nap ¢ocmnam 1<r<2 wudomam Beprxeiim; nap ¢ocmman 2<r<5
(yHKCHSAM TAKCUMOTH OMHAPHMHU 1y XaT XypA xucobupaa imyna, 6a Hazap rupudra
Hamemagan [3-M,4-M,9-M,15-M,16-M].

4. Xucobxou pakamit 6apon K03()(QUTCEHTXOM YaCIaKHIOUaHIUPA XauMAd Ba
JIAFKUII Ba MOJYJIMXOH YaHUPHH JIAFKHII Ba XaqMii 0apor MoebXxou Oucéparoma Ba
KyTO# Zap coxau Baceu 3u4i, TemIeparypa Ba 6acomaj aHqoM jaoja myaasa. Huioxn
JOIa WIyJ, KU COXau JUCIepcHsn 0acoMajyd MOEbXOM TaxKHKIIyAa 00 MEeXaHHU3MH
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nupdysuonit Baces (Takpuban 10° Xc) 6yaa, nap MaBpUAM KOHYHH SKCTIOHEHCHAMH
XOMYIIIIABUM CEJIXOM PpEJIAKCATCHOHHA COXaW JUCIepcHsId 0OacoMaau TaHITap
(takpuban 107 Xc) act, ki 06a HaTUYaXOH Hazapusik PEHOMEHOJIOTHU PeIaKCaTCHOHN
myBo(uk act [3-M,4-M,8-M,10-M,11-M,14-M].

5. Xucobxou pakamit bapou cypraTs axHIIaBi Ba kKodpdurceHTH Qypyoypan
MaBYXOHU aKyCTHKA Oapom MOebXoH Omcéparoma Ba KyTOit BoOacTa a3 TeMIiepaTypa,
3WYil Ba OPUEHTACHSH KyHUHUH MOJCKyJIaxo (0apowm MOEBXOW KyTOW) aHYOM IOAa
mynaHa. MHHTaKaxoM AUCICPCHSAN 0acoMald XOCHATXOM aKYCTHKHUH MOEBXOH
oucéparoma 60 MOJIEKyTaXxoH KBazucdepit Ba MOebX0H KyTO# 00 Ha3apAOIMITH CaXMHU
CEJIXOM XOMYIIIIIABUU PEIaKCATCHOHM MyaiisH mynana. Hatugaxou 6a nact omana 60
MabJIyMOTXOH TauprOaBi MyKouca kapaa myaana [5-M,12-M,13-M].

TaBcusaxo onx 6a nctudogan aMaIuM HATHYAXO

[Jap uH Kop Hazapusie 0apoH X0JIaTH MOEH MEIIHUXO/ LIIyAaacT, KU Jlap acocH
YCyJIM KUHETHKaW MOJIEKYyJNaBil 0a paBaHAXOM AMHAMUKA XOCHJ IIyjaa, TaOuaTH
MEXaHN3MXOH JOXMIINHM PEIaKCaTCHUsIpO Iap MOEbHXO OIIKOp MEKyHal, WHIYHHH
TabCHUPH OHXO 0a XYCYCHATXOM AWHAMUKHHM YaCHaKWIOYaHAWPHA Ba aKyCTHKHH
MOEBXOM OncéparomMa Ba KyTOMpPO TaxJIWil MeHaMmosiA. Jlap paBaHANM TaxKUKOT
OPEHTATCHSXOM KYHYHH MOJIEKYJIaXOHM MYypakka® Ba TabCHPH PAaBaHAXOHM OXWINH
pEeNaKcHOHH, KM Jap MOEBXO Jap COXaW Baced TardupEOMH mHapaMeTpXou
TEepMOJMHAMUKI Ba OacoMaay TabCHPOTH OepyHa pyX MeauxaHi, 0a Hazap rupudra
mynaana. Hatugaxom XMCOOKYHHMXOM a/iajiii MOWroXy MabIyMOTH MaBdyna oup Oa
XYCYCHATXOM YacCMaKUIO-UaHAUPHA Ba aKyCTUKUU MOEBXOHM TaXKHUKIIaBaHIApO Baceb
HaMyJa, WMKOH MeIUXaHJ, KA paTopy OHXOpPO JAap MIAPOMTXOM TyHOT'YHU
IKCIUTyaTacHOHM 0a Hazap rupudTa, BOOACTArnU XyCyCHUSITXOU YacHaKHIOYaHANPH Ba
aKyCTUKUU MH MOEBXOPO a3 COXTOPU MOJEKYJIaBHHM OHXO MyalsH MEHaMOSHJ, KU
G6apon wuctudoman MIAPTXOM KOPH PaBaHAXO Ba TAYXU30TH TYHOTYH MYCOHJAAT
MEKYHaJI.

MaBoaxon amccepraTcusi METaBOHaHA OapoW MOHWIIYYEHH (DaKyITEeTXOU
¢u3MKa, XUMHS Ba JUrap MXTHCOCXO XAHTOMH HYPOU KOPXOW IWIUIOMH, WHYYHHH
6apou MarucTpoH, OHUIIYYEH, ToKTopaHTOHU PhD Ba acnupaHTOH ap BakTH HYpou
KOPXOHU MM Myu OomanI.

Makos1axo ouj 6a MaB3yH JMCCEPTATCHS

[1-M] Banamxonsona, C.JI. YactoTHas aucriepcusi BS3KOYNPYTHMX CBOWCTB
MOJSIPHBIX  JKUAKOCTEH B  CIydae OKCIOHEHIHMANBHOTO 3aKOHA  3aTyXaHUs
penakcupyromux motokoB / C.Omunaes, .M. Axmonos, C.J[.bamamxonzoma //
M3eectust HAH Tamkukucrana. Otaen. gus.-mar., XUM., T€OJI. U TeX. Hayk, 2024.-
Nel(194).-C. 41-49.

[2-M] Banamxonzona, C.JI. CTpyKTypHas peakcarys i BI3KOYIPYTHUX CBOWCTB
noJisIpHBIX kuakoctei / JI.M. Axnonos, C.J1.banamkon3ona / Bectuk Tamknkckoro
HallMOHAJILHOTO yHUBepcHuTeTa. CepHsi eCTECTBEHHBIX HayK, 2025.-Nel.-C.126-138.

21



[3-M] Banamxonszona, C.Jl. YncneHHbI pacdyeT 3aBUCHMOCTH BSI3KOYMPYTHX
CBOWCTB TMOJISIPHBIX IKHIKOCTEH OT mapameTpoB coctosHus / .M. Aknonos,
C.J.banamxonzona // Joxmaaet HAH Tamkukucrana, 2025.-T.68.-Ne4.-C.372-380.

[4-M] Banamxonszoma, C.JI. HccrenoBanue 3aBHCHMOCTH BS3KOYIPYTHX
CBOWMCTB MHOTOQTOMHBIX XHUIKOCTEH OT TEPMOIUHAMUYIECKHUX ITaPAMETPOB COCTOSHUS
! M. Axnomos, C.J|.Bamamkonzoma // Tlonmutexuwmdeckuii BecTHuk. Cepus:
WHTEIJICKT. mHHOBauu. MuBecTunnu. -2025. -Ne 2 (70). -C.27-34.

[6-M] banamkonzona, C.JI. HccrmemoBaHne aKyCTHYECKHX — CBOMCTB
MHOTOATOMHBIX ¥ TIOMSIpHBIX Jkuakocteit /JI.M. Axnomos, C.J.Bamamkonzona //
Bectauk JlanraprHCKOTO TOCYOapCTBEHHOTo yHHBepcHuTeTa. Cephsi eCTeCTBEHHBIX
Hayk. -2025. -Ne 2 (31). -C.52-65.

MakoJiaxoe, Ki 1ap HAIIPUSIXOU TUTap oujJ 0a MaB3yu JUCCEPTATCHS YOI I/
[6-M] Bamamxonszona, C.JI. WccrenoBanusi CABUTOBON BSI3KOCTH IOJISIPHBIX
JKHJKOCTEW C yueToM peiakcaroHHbIX npoueccoB / C.Jl.banamkonzon / Mononoii
uccienosareib, 2022.-Nel.-C.319-323.

Hampusixo nap MmaBoau KOH(PPOHCX0U WIMIA

[7-M] Banamxonzona, C.JI. McceqoBaHus 3aBUCUMOCTH BI3KOCTHBIX CBOMCTBA
MOJSIPHBIX  JKUOKOCTEH OT TEPMOAWHAMHYECKHX MMapaMeTpOB  COCTOSHUS /
C.[.bamamxonson // The issue contains 6th International Scientific and Practical
Conference «Science, Education, Innovation: Topical Issues and Modern Aspectsy.
Scientific collection interconf, 2022, Ne104. (April 16-18, 2022). -Tallinn, -Estonia.
P.250-254.

[8-M] Banayonzoma, C.JI. XoCHATXOM 4Yaclaku¥ MOEBXOUM KyTOh a3
napamerpxou TepmoauHamukuu xomat /C.JI. bamayonszoma // Masoaxou
KOH(pEepeHCHIn YyMXYPHUSIBHU WIMA-amanit «Xambactarum uiM 060 HUCTEXCPIOT Aap
paBaHIU caHOATKYHOHMH Oocyppati Uymxypun Togukucron», Kucmu 1., Jymmante,
2022, (22-23 ampenu 2022r.) C.129-131.

[9-M] Banavonzona, C./I. Taxkuku KO3PPUIHEHTH YaCAKHU MOEHXOU KyTOH
00 caxmu paBaHmxou penakcarcuonit / C. Oxunaes, C.Jl. bamagon3ona // MaBoaxoun
KOHQEepeHCHAN YyMXYpPUSBHH WIMHIO aMalil «MOJEJCO3MHM MAaTeMaTHKA Ba
KOMITIOTEPUH paBaHIXOoM GHU3MK» Oaxmmmna 0a «OHCTCONIaM OMY3MIN Ba PYLIAH
(aHxoM TaOMATIIMHOCH, MaKWK Ba pué3it map coxaum wiMy maopud», Jymanbe, 9
dheBpamm 2023 rona, 47-51.

[10-M] Banamkonzona, C.J1. MiccienoBanne BI3KOCTHBIE CBOWCTBA MOJSPHBIX
XKHUJKOCTEH ¢ ydeToM penakcanmoHHbix mporieccoB / C. OmunaeB, JI.M.AkmomoB,
C.[.banamxkonzona// Maymyy MaBoaxou kKoH(pepeHCUsu OalHAIMUIAINNA HIMHUIO
amamuu «KoME0Mxon HaB Jap COXaW WIMXOM Ta0MATIIMHOCHA Ba TEXHOJIOTHUSXOU
UTTUI00TI Y, Oaxmuaa 6a « brucrconan oMy3um Ba pyman haHXOU TaOMATITHHOCH,
JMaKUK Ba pué€3nt map comxou 2020-2040 rr.». Jymanbe: vamp. «PTCY», 2023, (30
maitn 2023r.), c. 84-86.

[11-M] bBamamxonzoma, C.JI. WcciemoBaHwe YacTOTHOW — IHCIEPCHH
JUHAMUYECKUX  MOJIYJed  YyOPYyrocTH  MOJSPHBIX  JKHAKOCTEH B Cilydae

22



9KCIIOHEHIIMAIILHOTO 3aKOHA 3aTyXaHWs penakcupyromux notokoB / C. OpuHaes,
O.M.Axnonos, C.[.banamkonzona// Maoaxon KOHGEPSCHCHSIN OalHAIMUILTIATIHN
WIMA-amMaiit 1ap mMaB3yu «Macousn MyocupH (U3MKa Ba XUMUSU TTOJTUMEPXO»
baxmuga 0a «75-conmaruu TabcucéOuu JJOHHMIITOXM MWILIMKM TOYHKHUCTOH» Ba
«bucrconan omy3umn Ba pymau (paHxou TaOMATIIMHOCH, NaKUK Ba PHE3N aap
coxau My Maopud (comxou 2020-2040)», dymanbe, 10 okrsaopu 2023, ¢.134-138.

[12-M] Banamxonszonma, C.JI. Pacuer CKOpOCTH pacmpOCTpaHCHHs 3ByKa B
nosipHelx  kunkoctsix  / JI.M.Axnmonos, C.Jl.banamxonzoma // Masoaxou
KOH(EpeHCHsIN YyMXYPHSBUU WIMHUIO aMaui «MYIIKHIOT Ba TaMOIOJIXOU DPYLIIX
WIMXOHU JIaKUK, MaTeMaTHKa Ba TaOMaTmMHOCHY, Oaximmaa 6a «buctcoman omy3uin
Ba pymau GaHXoW TaOMATINMHOCH, HAKWK Ba PUE3N Jap coxaw WiIMy Maopud
(2020-2040 rr.)». 28 maiiu 2024 roxga. ¢. 296-299.

[13-M] Banamxonszoma C.JI. HWccrnemoBaHue 4acTOTHOM — JTUCIIEPCHH
ko3 duIlMeHTa TOTJIONMICHNS 3ByKa MOJAPHBIX kuakocted / J[.M.Akmomos,
C.J.banamkonzona / KondepeHcusin 4yMXypUsSBUM WIMI-aMalid TaXTH YHBOHHU
«Myammoxoun MyOpamu (pu3MKam X0JaTXOW KOHACHCH» Oaxmmmiaa 0a 35- cosaruu
UCTUKJIONN AaBiaTHH Yymxypuu TouyukucTOH Ba “bucTconaun OMy3WII Ba PyIIIU
(aHxoM TaOMATIIMHOCH, JAaKUK Ba puésit map coxau wimy Maopud” Ba 80-comarun
npodeccop LlepmaToB M., 85-comaruu nmpodeccop Yamonos M. Xyqarn, 20-21 maiin
2024. c. 27-30.

[14-M] Banamxonszona, C.J1. Bsskoynpyrue cBoiicTBa MOSIPHBIX KUAKOCTEH B
cllydae CTEIICHHOTO 3aKOHa 3aTyXaHHUs pelaKCHPYIMHX MoTokoB / JI.M.Axmomos,
C.A.banamxon3ona / MaBoaxou koH(pepeHcusu wiMun OafiHamMmumammu “Unvxon
(u3nki Ba TexHUKRA nap ¢dazou MJIM: macpanaxo Ba qypHamon pymy”’, 29—30 HOsOps
2024. c. 51-55.

[15-M] Banamxonzona, C.JI. PemakcaiMOHHbBIE TPOIECCH M BA3KOYMPYTHX
CBOWMCTB moJisipHbIX xkuakoctedt / J.M.Axaonos, C.JI.banamkon3zona / MaBoaxou
KondepeHcusn OaiiHaIMWLIAIMK WIMi-aMalii TaxTh yHBOHM «MyaMmMMoX0 Ba
JypHaMou pyury uimu Gpusukay, Xymkan, 11-12-ymu mapt 2025. c. 226-231.

[16-M]  Bamamxkonsoma, C.JI. 3aBUCHMOCTh  BSI3KOCTHBIX  CBOICTB
MHOTOAaTOMHBIX ~ JKHAKOCTeH OT mapamerpoB coctostHus /  JI.M.Akmomos,
C.A.banamxon3ona / MaBoaxon KoHpepeHCHIH OalHAIMIIIIATUN WIMA-aMaliil ap
MaB3yHu «Macowiu Myocupr (U3UKal HIMHOKHIIXO Ba TUDJICKTPUKXO» Oaxmmiga Oa
«buctconan omysum Ba pymau (aHxoM TaOMAaTIIMHOCH, NAaKWUK Ba puésit Gapon
coimxon 2020-2040» nmap coxaum wiM Ba Maopud Ba «35 - comarmm kadenpan
aneKkTpoHukan pusukiy. dymande, 30 anpens 2025. ¢. 114-119.

®expacTu MaHOabX0H UCTUPOAAITY T
1. Tupmpensaep Ix., Keprucc Y., bepa P. MonekynspHast TeOpHsi ra30B U )KUIKOCTEH
// M.: 1, 1961.-930 c.
2. Kamnan N.I'. MexmonexkymspHble B3auMoAeHCTBU. Du3nueckasl HHTepIpeTalus,
KOMITBIOTEPHBIE pacyeTsl U MozeibHble noteHnuans! / M.: BUHOM. JlaGopaTtopus
3HaHul, 2012.-394 c.

23



3. OcunoB O.A., Munkua B.U., I'apnosckuit A.J[. CrnpaBo4YHUK IO AMIOJIBHBIM
MoMeHTaM // M: «Bpicmas mkoaa», 1971.-416 c.

4. IOxnosckuit W.P., T'omoBko M.®. Craructudeckas TeOpHs KIACCHUECKUX
paBHOBecHbIX cucteM // Kues: HaykoBa mymka, 1980.-372 c.

5. Odinaev S., Akdodov D., Mirzoaminov Kh. Study of frequency dispersion of shear
and bulk viscosity coefficients for liquid argon, krypton and xenon under different
parameters of state // Journal of Molecular Liquids, 2011.-V.164.-No.1-2.-P. 22-28.

6. Wertheim M.S. Exast solution of the Percus-Yevick integral equation for hard
spheres. — Phys. Rev. Lett., 1963, 10, Ne 8, p. 321-323.

7. Smith W.R., Henderson D.J. Analitical representation of the Precus-Yevick hard
sphere radial distribution function. — Molecular Physics, 1970, 19, Ne 3, p. 441-446.

8. OmgunaeB C., AnxamoB A.A. MonekyispHas Teopusi CTPYKTYPHOM penakcanuu u
SIBIICHUY TIepeHoca B xuakoctsx // lyuran6oe: Jouwum, 1998.-230 c.

9. Pun P., llepyn T. CoiicTBa razoB u xxunkocreii // JI: «Xumusy», 1971.-709 c.

10. Muxaiinenko C. A., lynaps b. I'. AkycTuueckast penakcarys B )KHJIKOM METaHe U
teTpadTopmerane // ®u3nka HU3KKUX Temmeparyp, 1976.-T.2.-Nel1.-C.93-104.

11. JluroBun T. CTpyKTypHast U CABUIOBasl pellakcalus B KUAKOCTAX. [DPusndeckas
akyctuka, 11, gacte A. mox pen. Y. Ma3ona] / T. Jlutosun, K. I»Buc // M.: «Mup»,
1968.—C.298-370.

12. MuxaitnoB WN.I'., ConoBbeB B.A., CoipaukoB lO.II. OcHOBBI MoONEKyIsIpHON
axyctuku // M.: Hayka, 1964.-514 c.

13. Holmes M.J., Parker N.G., Povey M. J. Temperature dependence of bulk viscosity
in water using acoustic spectroscopy // Journal of physics. Conference series, 2011-01,
Vol.269 (1), p.012011-7.

14. Opgunaes C., AkmonoB J.M. Teopusi penakcalliOHHBIX MPOIECCOB, SBICHUN
MepeHoca, YIpyrux U akyCTHUECKUX CBOWCTB pacTBOPOB AuieKTposuToB / C. OnnHaes,
/I Nyuran6e. M3nanencreo-KB/I «Marbaay. -2022. -190 c.

15. Komunos K., 3apumnos A.K. Cratucruueckas Teopust pelakCalluOHHBIX IPOLECCOB,
ABJICHUH IIEpeHOCca, YHNPYIHMX W aKyCTHYECKHX CBOMCTB MAarHUTHBIX J>KHUAKOCTEH //
Hyman6e. U3nanenctBo-YI'B «Matbaay. -2018. -208 c.

16. AOnypacymoBa A.A. CraTHCTHYECKas TEOpHUS PETIaKCAlMOHHBIX SIBICHUN W
JUHAMHYECKUX IPOIECCOB MEPEeHOCAa B JKUAKOCTSAX C IPOM3BONBHBIMH (opMamu
Mojekyn. Jluccepranusi Ha COMCKaHWE YYEHOH CTENeHH JOKTopa (DU3UKO-
MaTeMaTHueckux Hayk 1o crernuanbHocTH 01.04.02 — «Teoperwueckas Qusmkay,
Hyman6e, 2025, 297 c.

17. ®penkens, .M. Kunernueckas Teopust xuakocreii / Jlennnrpan: Hayka, -1975. —
592 c.

18. ®uep, 1.3. Crarucruueckas Teopus xxuakocreit // M.: ®duzmarrus.1961. - 280 c.
19. Kirkwood J.G., Buff F.P., Green M.S. The statistical mechanical theory of transport
processes. 111 The coefficients of shear and bulk viscosity of liquids // J. Chem. Phys. -
1949, -V.17. N.10. —P. 988-994.

20. MaxnaponoB, M.M. Teopus BsizkocTH xuakoctedl I. OcHOBHbBIE monoxeHus //
Kypnan puzndeckoit xumun. -1980, -T.54. -B.2. —C.307-311.

24



21. banmaes b.b. Hu3ko4acTOTHBIE CABUTOBBIE BA3KOYIPYTHE CBOUCTBA XKUIKUX CPES.
Juccepranuss Ha COUCKaHMS YYEHOM CTENEHHM MOKTOP TEXHMYECKMX HayK II0
crneruanpHocT 01.04.14- «Tennodusuka u TeopeTndeckas TeIUIOTEXHUKa», Poccus,
r. Yunaun-Ym, 2004, 287 c.

AHHOTADMUSA
auccepranuu  Banagxonsona  CynaiiMoHm:koHa  Jlomapa:koH Ha  Temy
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NOJISIPHBIX KUAKOCTEeD), INPEACTABJICHHON HA COMCKAHME YYEHOH CTeleHU
nokropa ¢unocopun (PhD) — nokropa mo cnenmaasHoctu 6D060400-Pusnka
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KiawueBple cJI0Ba: MHOTOATOMHBIE W TOJSPHBIC JKUIKOCTH, (YHKIUS
pacrpezenenysi, IOTeHIMaJl B3auMOJAEICTBYUSA, TOTOK, pellakcalus, akyCTHKa.

Lenbio padoTsl SBISETCS pa3BUTHE W NMPUMEHEHUE METOJa KMHETHYECKOTO
YpaBHEHHS JJIs HCCIENOBAHUS [MHAMUYECKMX BSI3KOCTHBIX M aKyCTUYECKUX
XapaKTepUCTHK TOJSIPHBIX W MHOTOATOMHBIX JKHIKOCTEH ¢ KBasHC(EpUICCKUMHU
MOJIEKYJIaMH.

O0beKkTaMn HccIeA0BAHUS SBISIOTCS JAMHAMHUYECKUE BS3KOYIpPYIHE U
aKyCTHYECKHE CBONCTBAa MHOTOATOMHBIX JKHIKOCTEH ¢ KBasHC(HEPUICCKUMHU
MOJIEKYJIAMH U HOJSPHBIX KUIKOCTEH.

Metoabl ucciaenoBanusi. Meroasl KUHETHUYECKOTO YpaBHEHUs, YHCIEHHBIX
pacyeToB ¢ MPUMEHEHUEM COBPEMEHHBIX KOMIIBIOTEPHBIX MPOrPaMMHBIX CPEACTB, a
TaKKe JIpyrue TMOAXOAbl, TO3BOJSIONIME MOJACIUPOBATh W  aHAJIU3UPOBATh
JIMHAMMYECKUE W aKyCTHYeCKHEe CBOIcTBa »uakocted. llepeuncieHHbie MeTO/AbI
MO3BOJISIFOT KOPPEKTHO BBIYHCIATH JIOOBIC 3aJaBacMble IMapaMeTpbl H JCTaIbHO
HCCIIEIOBATh UX 3aBUCHUMOCTH OT PAa3JIMYHBIX BHEITHUX U BHYTPEHHUX (PaKTOPOB.

Hayunasi HOBHM3HA mccienoBaHus. Paccuntanbl K03()(UIUMEHT TpeHUS U
BpEMeHa penakcanuu Juisi KBasuchepuiyecknux W TOJSAPHBIX KUAKOCTEH C YIETOM
KOHKPETHBIX ~MEKMOJICKYJSIPHBIX ITOTEHIMANIOB. Y CTaHOBJIEGHO, 4YTO 00JacTh
YaCTOTHOM  JUCHEPCHU  BS3KOCTEH, MOAYJEH YINPYrocTH M  aKyCTHYECKUX
XapaKTepUCTUK ONpEeNeIsieTCsl MPUPOoJaM 3aTyXaHHs PEIaKCUPYIOUIUX MMOTOKOB:
TG Py3nOHHOE 3aTyXaHHEe MAET IMUPOKYIO JUCICPCHUI0, IKCIIOHCHIIMAIBEHOE - Y3KYIO.
OrnpenieneHsl XapaKTepHble YaCTOTHBIE 3aBUCUMOCTH MOJTYJIEH YIPYTrOCTH U BA3KOCTEH
B HU3KO- ¥ BBICOKOYACTOTHBIX 00JACTSIX I 000X MEXaHU3MOB.

O6Jacts npuMeHeHus. Pa3pabotaHHas TeOpHs U MOTYYCHHBIC PACUETH MOTYT
WCIIOJIb30BAThCs ISl aHAjlu3a W MPOTHO3MPOBAHUS BA3ZKOYIPYTMX U aKyCTHUECKUX
CBOWCTB MHOTOATOMHBIX M MOJISIPHBIX XKUJKOCTEH B HIMPOKOM JUANa30HEe U3MEHEHUI
TEPMOJMHAMUYECKHUX MMAPAMETPOB U YACTOThI BHEUTHUX BO3/IEUCTBUH, YTO BAXKHO IS
ONTUMU3AIMY TEXHOJIOTUYECKUX TIPOIECCOB M PadOTHl Pa3IMYHBIX YCTPOWCTB.
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MaTepnanLI TAKKE MOJIE3HbI CTYACHTAM U UCCJIICA0OBATCIISAM B obactu (1)I/I3I/IKI/I, XUMHH
M CMCXXHBIX HAYK ITPHU BBIIIOJTHCHUN HAYYHBIX U y‘Ie6HBIX ITIPOCKTOB.

AHHOTATCHUSAN
nucceprarcusu banayonsona Cyaaiimonyonu Jogapuon nap mas3yun “Omy3uimu
XOCHSITXOM 4YACNAKHI0O YaHIUPA Ba aKyCTHKHM MOebXOM KBa3ucdepapit Ba
KyT0#” 6apou napédru napayan niamuu foxropu gpancadpa (PhD) - noxrop a3 pyn
uxtucocu 6D060400-Pusuxa (6D060403 - duzukan HA3aApUsIBiA)

KanunBoxkaxo: Mmoebxonm Oucépatoma Ba KyTOH, (YHKCHSM TaKCHMOT,
MOTEHCHAIH XaMTabCUPOT, CEJI, PeJIaKcaTCHsl, aKyCTHKa.

Maxkcaau wH pucosia MHKUIIO) Ba TAaTOMKHM YCYJIM MYOJHMJIaXOW KUHETHUKI
Oapor OMY3WIINA XOCHUATXOU TUHAMUKHHU YacHakil Ba aKyCTHKHH MOEHXOU KyTOit Ba
OmcépaTroMan MOJIEKYIaXOsIOH TaKkpuOaH cepit mbopaTt MedoIIa.

Ob0bekTn  omy3um. OOBEKTH  TaxXKUKOT  XOCHSITXOM  JHHAMHKUH
YaCIaKUIOYaHAUPA Ba aKYyCTHMKUM MOEBXOM OucEparoMau MOJIEKYJIaXOsIIIOH
KBazuc(hepit Ba MOCHXOU KyTON MeOOIIIaH .

Yceyaxon TagKHKOT. YCyld TaxXKUKOT, YCYIXOM MYOJWIau KHHETUK,
xuco0xou amamupo 00 uctudoaa a3 OapHOMAXOW MYOCHPU KOMIIOTEpH Ba Jurap
paBaHIXOpPO Aap Oap MErupaj, KM OHXO MMKOH MEIUXAH/ XOCHUATXOM TUHAMHUKA Ba
AKyCTHMKUU MOEbXOPO MOJEJICO3M Ba TaxJIMJ KyHaH]. ¥YCYyJIXOU 3UKpPUIYJa UMKOHHUAT
MeIUXaHJ, KM Xap TCyHa IapaMeTpXou J0Jaallyaapo AypycT XucoO Kapia,
BOOACTaruXOW OHXOPO a3 OMHIIXOM T'YHOTYHH OepyHH Ba JOXHIIN 00 TaCHI TaXKHK
KapJa maBaj.

HaBoBapuu wuamum Taakukor. KosaddurcmeHnTn coumm Ba BaKTXOH
pemakcarcus Oapon MOebXoW KBazuc(epit Ba KyTOd 00 Ha3apHOIITH MOTCHCHAIXOH
XaMTabCUPOTH OalHUMOJIEKYJIaBi XHCOO Kapha IymaHn. MyalsH HIyd, KH COXau
JUCTIepCcHsin 0acoMaIiy XOCHSITXOW YaCIHaKid, YaHIUPA Ba aKyCTUKA a3 XYCYCHSTH
XOMYIIIIABUU CEIXOM pPEeJTaKCaTCHOHA BoOacTaaHA: Jap MaBpUAM XOMYIIIIABHU
quddy3uonii aucnepcusiv Bacebpo 0a Bydya Meopaj, Jap XoJe KU XOMYIIIaBHH
JKCIIOHEHCHANIA AUCTIEPCUSU TaHTPO 0a By4dyn Meopas. Bobactarnu xocu G6acomanu
MOJIyJIXOH YaHUPHA Ba YaCHaKid 1ap coxaxou 0acoMajay mact Ba OanmaHm 6apou Xapay
MEXaHU3M MyailsiH Kapja myiasz.

Coxau TaTouK. Hazapusu Taxusmryna Ba xuco0xou OamacTomana METaBOHAH]T
Oapor TaxXJII Ba MEIITYUU XOCHSATXOW YACIAKAI YaHIUPA Ba aKyCTHKHHA MOCHXOU
Oucéparomii Ba KyTOil 1ap coxXau BaceH napaMeTpXoHu TEPMOIMHAMUK Ba 0acoMaaxou
aHre3anaan OepyHa uctudoja maBan, Ku 0apon 0€XCo3uM paBaHIAXOW TEXHOJIOTH Ba
KOpU JACTTOXXOU T'YHOTYH MYXUM acT. MaBOJaX0 WHYYHWH 0apou JOHUINYYEH Ba
MYXaKKAKOHH coxau (pr3uKa, XMMHUS Ba HIMXOH MapOyTa XaHTOMH Ty3apOHHUIaHU
TaJKUKOT Ba JIONXaXOU TabIUMi Mypuan.
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ABSTRACT
of the dissertation by Balajonzoda Sulaymondjon Dodardjon titled “Investigation
of Viscoelastic and Acoustic Properties of Quasispherical and Polar Liquids”,
submitted for the degree of Doctor of Philosophy (PhD) in the specialty 60060400
— Physics (6D060403 — Theoretical Physics)

Keywords: polyatomic and polar liquids, distribution function, interaction
potential, flux, relaxation, acoustics.

The purpose of the dissertation is to develop and apply the kinetic equation
method to study the dynamic viscous and acoustic characteristics of polar and
polyatomic liquids with quasispherical molecules.

The objects of research are the dynamic viscoelastic and acoustic properties of
polyatomic liquids with quasispherical molecules and polar liquids.

Research methods. The study employs the kinetic equation method, numerical
calculations using modern computational software, and additional approaches that
enable modeling and analysis of the dynamic and acoustic properties of liquids. These
methods allow accurate computation of any required parameters and detailed
investigation of their dependence on various external and internal factors.

Scientific novelty of the study. The friction coefficient and relaxation times for
quasispherical and polar liquids have been calculated with consideration of specific
intermolecular potentials. It has been established that the frequency dispersion ranges
of viscosities, elastic moduli, and acoustic characteristics are determined by the nature
of the decay of relaxing fluxes: diffusive decay results in a wide dispersion range, while
exponential decay produces a narrow one. Characteristic frequency dependences of the
elastic moduli and viscosities in both the low- and high-frequency regions have been
identified for both relaxation mechanisms.

Scope. The developed theory and the obtained calculations can be used to
analyze and predict the viscoelastic and acoustic properties of polyatomic and polar
liquids over a wide range of thermodynamic parameters and external frequencies,
which is essential for optimizing technological processes and the operation of various
devices. The materials are also useful for students and researchers in physics,
chemistry, and related fields when conducting academic or scientific work.

27



	Автореферат Сулаймон Баладжонзода_Руси_ИСЛОХШУДА
	Автореферат Сулаймон Баладжонзода_Тоҷикӣ

