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OOPMHUPOBAHUE KJACTEPOB B JKH/IKOM BEHIECTBE

Paccmompen  obwuii  npunuun  popmuposanus  xaacmepos. OO0CHOGAHLL  2PANUL
BO3HUKHOGEHUS. PAIHBIX AZPEZAMHLIX cOCmosnuil. /[lns 600vl npouseeden pacuem 3uepeull
OUHApHOU €831 U HA IMOU OCHOBE NOKAIAHO, KAKUM 00PA3OM 603HUKAEM NEePeHACHIUEHHDL
nap u nepezpemas Kuoxkocmo.

Knacmepor copmupyiomes ecredcmeue 63aumodeticmeus. amomos Ui MOAEKY MeKoy
€000, K0zda IHepeust MAKOZO B3AUMOOCTUCMEUS 3AMETHO NPESLIULACT GHYMPEHHION IHEPZUIO
menno6ozo dsusxenusi. O6pazosanue KIACMeEPOs NPuSOOUM K YMEHOUWEHUIO KOHUCHMPAUUU
c600001bIX MONEKYL NAPA U, COOMBEMCMEEHHO, K YMEHbUEHUIO 0d6IeHUs HA CIMEHKU COCYOd.
ITosmomy 6 nepeom epybom npubiuxenuu Odgienue 6 NPoyecce CKAMUS MOKHO CUUMAMY
NPUMEPHO  NOCMOSHHBIM, A  CAM  NPOUECC — CHKAMUSL  MOKHO — PACCMAMPUEAMd  KAK
usobapuueckuii. Caedogamenvio, meniosvidesenue 6 cpede, z0e npoucxooum Gopmuposanue
0syxhasnoii cucmemvl, NPOUCXOOUM MOJILKO BCIEOCMEUE U0OAPUUECKOZ0 CKAMUS, d
YMeHbweHue KOHUEHMPAyuU Cc60000HbIX  MOAEKYl napd onpedeisiemcs 00pa3oeanuem
Kaacmepuvlx cmpyxkmyp. Ipu gopmuposanuu kiacmepuulx cmpykmyp 603HUKAEM JYUUCbLL
menyioobmen, KOMOPuLll NO2IOWAEeMCS  CMEeHKaMu cocydd, U npu Imom O0deleHus He
okasvieaem. Ilepenacviuennviil nap 6o3HuKAem 3d cuem NOBLIULEHUS MeMNePAYPylL 2d3d NPU
€20 CKAMUU 6 MOMEHM, K020d HAYUHAIOM (POPMUPOSAMBCS KIACMEPbl, d Nepezpemdst
KUOKOCMY  — K020d NOJHOCMBIO  CHOPMUPOBANACH, KAACMEPHAS CMPYKmMypa u oasienue
e3pacmaem 00pPAMHO NPONOPUUOHAILHO KYOY PACCMOAHUS MEKOY UACMUUAMU SHYMPU
JKUOKOZ0 COCMOSIHUSL NPU HEIHAUUNETOHOM CHKAMUU.

Cospemennvlil 632150 HA KUOKOE COCMOSHUE, KAK NPOMEKYMOUHOE COCMOSHUE MeKIY
2a30M U MEepObIM MELOM, OCHOBAH HA (HOPMUPOSAHUU KAACTEPHLIX CMPYKMYP U NO3COSEM
4emKo  060CHOBLIBAMb — 6CE  CBOUCMBA  KUOKOZO — COCMOAHUS U OCOOEHHO — NPUUUHY
BO3HUKHOBEHUSL Nepezpemotl KUOKOCMU U NePEHACHIUEHHO20 NAPd.

Kaioueeote cai08a: xiacmep; xuokocmn, nepezpemas Kuo0KOCmy, NePeHACHIUEHNBII NAp.

ITocranoBka nmpoGaeMbl. BenectBo B KUAKOM COCTOSIHUM HAXOJHUTCS MEKY Ta30M W TBEP/bIM
(kpucrammmueckum) tesom. BOau3u TeMIepaTypbl KUTIEHUS SKUIKOE BENIeCTBO 06Jajiaer CBOMCTBAMM
raza, a BOJU3W TeMIIepaTypbl ILJIABJEHWS — CBOMCTBAMU TBEpJAOTO Teja. B uHTepBase 3THX
TEMIIepaTyp CBOICTBA Ta30BOTO COCTOSIHUS TIOCTETIEHHO HUBEJUPYIOTCS, a caMa >KUJKOCTb HAUWHAeT
npuobpeTaTb  CBOHCTBA  TBepAOro  Teia. ITo  OObACHSETCS  CcleMUdUKON  BO3HUKAIONIETO
B3auMOJIeficTBUSA Mesky dactunamu (aroMamu, MOJIEKYJaMiu) BHYTPH JKUAKOCTH. IKCIEPUMEHTATBHO
OBl YCTAHOBJIEHBI CJIEJYIONIME OCHOBHBIE CBOWMCTBA JKUIKOTO COCTOSIHUSI: TEKY4YeCTb, COXpaHEHUe
o6beMa, BSIBKOCTh, 0O6pa3oBaHKMe CBOOOHON IMOBEPXHOCTH M MOBEPXHOCTHOTO HATSKEHMSI, MCIIapeHHe
U KOHJIeHCAIlWsi, KUIleHWe, CMAvyMBaHUe, CMEIIUBAEMOCTb, IIEPETPEB U IEPEOXJIAXK/EHUE, BOJHbBI
IJIOTHOCTH, BOJIHBI HA TIOBEPXHOCTH, coCylecTBoBanue ¢ Apyrumu daszamu. [[isg o6bsiCHEHUST TaKOTO
OTPOMHOTO KOJIMYECTBA CBOWCTB JKUKOTO COCTOSTHUS TIPeAJaraJuch pa3Hble TeOPETUYECKNEe TEOPHH.
OcHoBHBIE "3 HUX — THJIPOMEXaHWYecKas, MOJEKYJSIPHO-KMHETHYecKast, CTAaTUCTHYECKass W
KjacrepHas. Kaxjgasg W3 3TUX TeOpWil TPAaBUJIBHO ONKUCHIBAJNA TOJHKO HEKOTOPYIO COBOKYITHOCTD
u3nUecKuX CBOICTB JKUIKOTO COCTOSIHUS M HE M03BOJISIA TIOJYyYaTh BCEX CBOWMCTB TAKOTO COCTOSTHUS
C eMHBLIX TIO3WIINH, a B Psjie CIy4yaeB TT03BOJSIA KAYeCTBEHHO IMOSICHATh BO3HMKHOBEHHWE TOTO WJIH
MHOTO CBOWCTBA KUIKOCTH.

AHasm3 wuccaenoBaHuii. ImapoMexaHwdyeckas TeOpPUS TOJPAa3/eJisieTcsi Ha THAPOCTATUKY WU
ruapoanHaMuKy. [mapocratnka ocHOBaHa Ha mpuMeHeHWn 3akoHa llackasisg, a ruApoAMHAMUKA — HA
npuMeHeHnn ypaBHenmit Jitnepa m HaBbe—Ctokca. B ocHOBe MOJEKyJISIPHO-KIMHETHYECKONH TEOPHUH
UCIIOJIb3YETCST TPEATNOJIOXKEHNE, YTO CPeAHSS KUHETUYeCKash SHEpPrusl [ABUKEHUS MOJIEKYJ BHYTPH
JKUJIKOCT  TIPUMEPHO paBHAa CpelHedl 3SHepruuM  B3auUMOJEHCTBUS  MeXaAy MoJjekyJjamu. B
CTATUCTUYECKOW TEOPWH TPUMEHSIETCS MOJIEJb TBEP/bIX MIAPOB, KOTOPbIe He B3aUMOJIEHCTBYIOT MEXIY
co60oii ¢ IpUMEHEHNEM YPaBHEHUS HepKyca—erBMKa. Haub6oJiee BaykHOI Teopueil KUIKOTO COCTOSTHUSI
SIBJISIETCS] KJIACTEPHAS MOJIETb CTPOEHUS JKUIKOCTH. JTa TEOPUs MO3BOJIJIA JOCTATOYHO TOJHO MOHSTD
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cueniUKy SKUAKOTO COCTOSIHHS KaK codyeTaHue rasa U TBepporo tesa. Ilpum atom mosaranm, 4rto
KJacTepbl B BHUE TBepAoi ¢asbl MpeObIBAIOT BO B3BEIIEHHOM COCTOSIHUU B Ta3oBoil cpene. Takas
6uHApHAS] CHCTEMA HAXOAUTCS B COCTOSTHUH JAMHAMUYECKOTO PABHOBECHS W Y/IOBJETBOPSIET IIPUHIHITY
sge Hlatenmve—Bbpayna. I[logo6Hass Momesb He COOTBETCTBYET PEAJbHON JKHIKOCTH, TaK KaK HEJIb3s
MoJIaraTh, YTO KJacTepbl Npe6bIBAIOT B rase. a3 — aTo Takoe cOCTOSHEME, B KOTOPOM IIOJHOCTBIO
OTCYTCTBYET B3aWMOJIEHICTBUE MEXKJYy YACTHIIAMU BEIIECTBA, TOT/a KaK B JKUIKOM COCTOSTHUH
B3aMMO/IeHICTBHE MEXK/y YaCTHIIAMU J0CTaTOYHO 3 dEeKTUBHOE.

[Tox TepMuHOM KJjactep cJiefyeT NOHUMATb CJIOXKHYIO CUCTEMY, COCTOSIIYIO U3 OJHOPOJHBIX WJIH
PA3HOPO/HBIX HE3aBHCUMBIX COCTABHBIX YacTell, KOTOpble O6beINHEHbI OOMIMMHU (DYHKIIMOHAIbHBIMU
CBA3SIMM [T TIOJyYEHUS KAKWX-TO HOBBIX CBOICTB WJHM pe3yabTaroB. YUTO KacaeTcs pasHbIX
arperaTHbIX COCTOSHWI BeIecTBa, TO B 3TOM cJydae KJacTepbl (OpMUPYIOTCS BCJEICTBUE
B3aMMO/IEHICTBUST aTOMOB MJIM MOJIEKYJ MKy cOOOM, KOT/a SHEPTHs TaKOro B3aWMOIENHCTBHS 3aMeTHO
IIPEeBbINIAET BHYTPEHHIO SHEPIUIO TEIJIOBOTO JABMXKCHHUS.

Ilens paGotbi: pas3paboTaTh KJIACTEPHYIO TEOPHIO JKUAKOCTH KaK COCTOSIHHE, B KOTOPOM
HaXO/JATCS KJacTepbl He B rase, a B KOHJEHCHPOBAHHON cpejie, a caMa cpejia MOJHOCTBIO dKPAHUPYeET
B3aMMO/IeICTBHE MEXK/IY KJIacTepaMu ¥ TIPU 3TOM KJAcTepbl COBEPIIAIOT B KOHAEHCUPOBAHHON cpeie
TPAHCJSIIMOHHOE XA0TUYECKOe JIBM)KEHME, TaK Ha3biBaeMoe OPOYHOBCKOE /BIIKeHue. J[yisi mocTiKeHus
3TOIl 11es He0OXOANMO PEIINUTD CJIeyIONe 3a/Jaun:

- paccMOTpeThb O6Iuil MPUHIUT (OPMUPOBAHUS KJACTEPOB;

- 060CHOBATH IPAHUIIBl BOSHUKHOBEHUS PA3HBIX arperaTHbIX COCTOSHUM;

- YCTaHOBUTH YCJOBHS, KOTr/Ia 00pa3yeTcsl KOHAEHCUPOBAHHOE COCTOSTHUE;

- BBISICHUTD YCJIOBUS, B KOTOPBIX BO3HUKAET CYILIECTBEHHAS CBA3b MEX/Y KJacTepaMmy;

- [IOJIYYUTD IIOJHYIO KapTUHY BceX (PU3MKO-MEXaHMYECKUX CBOHCTB SKMJ/IKOIO COCTOSHUS.

Marepuajabl U pe3yJbTaTbl HCcCJaeJOBaHMil. [Ipyu TensyioBOM [ABMXKEHMU YacCTHUIIBI CTAJKUBAIOTCS
JIpYT C JIpPYroM, TIPUXOJSAT BO B3aWMOJENCTBHE W MOTYT O6pa30BBIBATDL HOBBIE YACTHIIBI C HOBBIMU
CBOICTBaMH, Tepsisl CBOIO MH/MBU/IYAJbHOCTb, CBOM, IPUCYIIUE e, cBOHCTBA. Tak Mpu CTOTKHOBEHUH
JIByX aTOMOB 00pa3yercs [ByXaTOMHas MOJIEKyJa ¢ OOIieil 2JeKTPOHHON 000JI0YKOH, KOTOpas
CO3/1aeTCsI BAJIEHTHBIMH 3JIEKTPOHAMHU 06OMX aTOMOB. BcieacTBue aTOro aToMbl BHYTPH MOJIEKYJIBI
NPHUCYTCTBYIOT HE B BHUJI€ OT/EJbHBIX aTOMOB, a B BH/E TOJIOXKUTEJbHO 3apsDKEHHBIX MOHOB, 00pa3yst
MOHHBIN OCTOB MOJIEKYJIBI.

[Ipn XaoTHYEeCKOM TEIIOBOM JIBUXKEHUU YACTUI[ HAnOOJIbIIEH BEPOSITHOCTBIO 00JasaeT GWMHApHOE
B3aMMO/IEIICTBIE, a TPOIHbIE, YeTBepTHbIe M 6oJiee BBICOKHE CTOJKHOBEHWS MEHee BEpOSITHBI M WX
MOJKHO He YYHTBIBaTh. 110aTOMy B mpHpoJie OCyIIECTBJSIOTCS B OCHOBHOM GUHApHbBIE CTOJTKHOBEHWS,
U, COOTBETCTBEHHO, B3amMmojeiictBusi. Hanpumep, B aroMapHOM Ta3e BHauajge (GOPMUPYIOTCS
JIByXaTOMHbBIE MOJIEKYJIbI, a 3aTeM 0pu OWHAPHOM CTOJKHOBEHUW JIBYXaTOMHOW MOJIEKYJBI CO
CBOGOIHBIM aTOMOM 00pasyercsl TpeXaTOMHas MoJieKyJa. TpexaTroMHas MOJEKyJa, CTAJIKUBAsSCh CO
CBOGO/IHBIM aTOMOM, TIPEBPAINAETCs B YeThIpEXaToMHyIo u T. A. Korzma Bce atomMbl B rasze o6pasoBajn
JIByXaTOMHBIE MOJIEKYJIBI, TO TIPOMCXOAUT OWHAPHOE B3aMMOJEUCTBUE JBYXAaTOMHBIX MOJIEKYJ C
00pa30BaHNEM CJOKHON CTPYKTYPbI, KOTOpas BHOBb CTAJKHUBAETCA C JABYXaTOMHOM MOJEKYJOH C
o6pasoBanueM erie 60Jee CJIOXKHON CTPYKTYDBHI.

[Tocrenennoe HapamuBaHue OTAEJbHBIX AaTOMOB WJIM MOJIEKYJ [Pyl OTHOCHUTEJIbHO JIpyra
MPOUCXO/UT HE XaOoTWYecKd, a ¢ oO0pa3oBaHWEM BIOJHE YIOPS/IOYEHHBIX CTPYKTYp. Takas
YHOPSIOUEHHAs CTPYKTypa SBJSETCS IIOTHOYIIAKOBAaHHBIM KJacTepoM. B 3aBucuMoctd OT BHUAA
9JIEKTPOHHBIX 060JI0YEK AaTOMOB WJHM MOJIEKYJ, (HOPMUPYIOIINX KJAcTep, IIPU HUX COBOKYITHOM
B3auMo/ieiicTBun BO3HMKAIOT KpHUCTAJJINYeCKHe CTPYKTYPBbI IIpOCTOMN Ky6HU4ecKoii,
00BEMOIICHTPUPOBAHHON, TPaHEIIEHTPUPOBAHHON W  JApyruxX KoHdwurypammii. Korga kiacrepo
00pa3yloTcsl U3 TPEXaTOMHBIX M 60Jiee MOJIEKYJI, TO, B 3aBUCMOCTU OT BHEITHUX YCJIOBHIl, BOSHUKAIOT
(pasoBble 11epexo/ibl BTOPOTO pojia, T. €. AJJIOTPOIHS KOHIEHCUPOBAHHOH Cpe/ibl.

Ecnm xsacteppl 06pasyioT IPOCTYI0 KyOGUUECKYIO CTPYKTYPY, TO BHYTPU BOKDPYT IEHTPAJIBHOTO
atoma (MOJIEKyJIBI) pacro/iaraercs NIeCTh YACTHI[, KOTOPbIe 06Pa3yioT TEPBbIH KOOPAMHAIMOHHDI
CJIOW, a COBMECTHO C IIEHTPAJbHOW YacTuilelt (OopMUpPyeTcsi OCHOBHON KJACTEP C CEMbIO aTOMAMU.
OcHOBHOIl KJactep B 0OBEMOIEHTPUPOBAHHON CTPYKTYpe COAEpPKUT [eBATH aTOMOB, a B
rpaHeleHTPUPOBAHHON CTPYKTYype — TpuHaaunarhb [1, 9].

[Tocie copmupoBaHrss OCHOBHOTO KJacTepa MPOUCXOAUT GUHAPHOE B3aUMOAENCTBHE OCHOBHOTO
KJacTepa €O CBOGOIHBIMU YACTUIAME U HAuynmHAET (POPMUPOBATHCS BTOPOIl KOOPIMHAIMOHHBIN CJIOM.
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Bo BTOpOM KOOPAMHAIIMOHHOM CJIO€ KJAacTep B MPOCTOil KyOMYeCKOH CTPYKType COIEPIKUT BOCEMb
aTOMOB, KOTOpbIE OJHOBPEMEHHO B3aWMOJICHCTBYIOT € OCHOBHBIM KJACTEPOM KaK C OTAEJbHOM
yacTulell 1 ¢ TpeMsi HOHaMU OCHOBHOTO KJIacTepa.

Knacrep B 06beMOIIEHTPUPOBAHHOW CTPYKType BO BTOPOM KOODIUHAIIMOHHOM CJIO€ COJEPIKHUT
HIecTb aTOMOB U OJHOBPEMEHHO KaK/bIH M3 HUX B3aMMOJEHCTBYEeT C OCHOBHBIM KJIACTEPOM U C
YeThIPbMST MOHAMM OCHOBHOTO KJIacTepa.

B rpaneneHTpupoBaHHON CTPYKType KJacTep COAEPKUT JBEHA/IATh aTOMOB, a KaKIbI M3 HUX
B3aUMO/IE}ICTBYeT ¢ OCHOBHBIM KJIACTEPOM M C TpeMs MOHAMHU OCHOBHOIO KJjacrepa. IIpu onpenenenuu
DHEPrun CBsi3u atoMoB (MOJIEKYJI) BTOPOTO KOOPAMHAIMOHHOTO CJIOSI CJIEAYET YUUTBIBATH CJIOKHYIO
KOMOMHAIUIO PACIIOJIOMKEHNS B3aNMO/IENCTBYIONIINX YACTHUIl M UX B3aUMHYIO 9KpaHupoBky [1, 2, 8, 9].

[Mocme cdhopmupoBaBiierocsi OCHOBHOTO —KJacTepa € MOJHOCTBIO — 3alOJHEHHBIM  BTOPBIM
KOOP/JIMHAIMOHHBIM CJIOEM HayMHAeT 3alloJHATbCA TPeTUHl KOOpAMHAIIMOHHBIM cyoil. MertomoM
MOJIEKYJISIPHOM JMHAMUKU C TPUMEHEHWEM PEHTTeHOCTPYKTYPHOTO aHasn3a ObLJIO MOKa3aHo, YTO B
JKUJIKOM COCTOSTHUM BOKPYT IEHTPAJBbHOTO aTOMa TPYIIMUPYIOTCS TOJBKO TPU KOOPIUHAIMOHHBIX
cJI0s, a Jlajiee BO3HUKAET XaoC ¢ PaBHOMEPHBIM pacnpe/enenuem [3, 10].

KosmuecTBO WacTHIl B KJacTepe ONpeessieTcsl ClIeAyoIuM o6pa3oM:
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BeIecTBa CBdA3aHa C KJIaCTEpOM HW HE HaXOJHUTCA B CB060[[HOM IIPpOCTPAaHCTBE, COBEpIIad
TPaHCJ/IANIMOHHOE  /IBUJKCHUE. ITa BEPOATHOCTb  OHNPEAECTAECTCA IIYTEM IIPUMCEHEHUA (pyHKHI/II/I
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B3aMMOJIEHCTBYIONMX YacTUIl; P, (Sk), Pep (€|) — pacripejiesieHne 3JeKTPOHHOW TJIOTHOCTH BOKPYT

CUJIOBBIX IIEHTPOB B3aMMOJEHCTBYIOMMX YacTHll B R-oM u [-om sueprococroanuax; Hyy, Hio n S —
COOTBETCTBEHHO MHTETPAJIbI KYJOHOBCKHIT, OGMEHHBIN M MEPEKPBITHS.

IIyrem pemenuss ypasHenus Illpenunrepa ¢ y4deroM  yIIMpeHHs ypOBHeH — aHepruii
B3aUMO/ICHCTBYIOIUX 3JIEKTPOHOB OINPE/IESeTCS SHEPTUS KOBAJEHTHOM cBA3M [4].

WNonHnas cBsI3b ompe/iesisieTcsl M0 BpeMeHW TPeObIBaHUS BAJEHTHBIX 3JIEKTPOHOB OJHOBPEMEHHO
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rane Py m Py — BeposATHOCTb TPEeObIBAaHUS BAJEHTHOTO JJIEKTPOHA BOJIM3W MEPBOW YACTUIBI U
COOTBETCTBEHHO BOJIM3H BTOPON YACTHUIIHI.

B mporecce oOMeHa BaJIEHTHBIMU 3JIEKTPOHAMU MEXKIY B3aWMOJEHCTBYIONIMMU YaCTUIAMU
BO3HUKAET YBEJUYEHHAS [JOTHOCTb JEKTPOHHOTO 06jaka. DTO 00JIaKO OTCTOUT OT MEPBOI U BTOPOI
B3aUMO/IEHCTBYIOINX YaCTUI[ Ha BEJUYMHY KOBAJEHTHOIO paJUyca, YMEHBUIEHHOTO Ha BEJUYUHY
TOJIIUHBI 3JIEKTPOHHOTO 06J1aKa mepekpbitusi. Torma
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TAe Py{ U Py — BCTPOEHHBIEC [UIIOJBHBIE 3JIEKTPHYECKHE MOMEHTHI HOHOB B3aMMOJEHCTBYIOMIUX

vacrui. [lossaenne unena (1—S) B (4) 06yc/a0BAEHO TeM OGCTOATENBCTBOM, YTO B3aMMOJIEHCTBHE
TOYEYHOTO 3apsiia C J[AUIOJEM He PEeAJU3yercss MPU HAXOXKIEHWH OOOUX BAJEHTHBIX 3JEKTPOHOB
BOJIM3M OJTHOTO M3 aTOMOB. B 3TOM c/iyyae BO3HUKAET /I0JIsI MOHHOH CBSI3U ¥ MOJHOCTBIO MCKJIIOYAETCS
B3auMo/ielicTBUE TOUCYHDIN 3aps/i—AUIO0Jb.

BzaumojeiicTBre TOUEUHOrO 3apsia C AUMOJIEM He PEATU3YeTCsl MPU HAXOXKJIEHNH O0OMX BAJIEHTHBIX
3JIEKTPOHOB BOJIM3W OJTHOTO M3 aTOMOB. B 3TOM cjy4ae BO3HUKAET /10JiI MOHHOH CBSI3M W ITOJHOCTBIO
UCKJIIOYAeTCsT B3aMMOJEICTBUE TOYEUHBIH 3apsaa—[unob. Takum o6pasoM, CJIOKHOE TIO CBOeit
KoHbuUrypaiuy ajeKkrpudeckoe 1ose, ¢dopMupyeMoe JMIOJNAMH, IIPUBOJAUT K TOMY, 4YTO CJeLyeT
VUUTBIBATD B3aWMHOE PACIHOJOKEHUE [UIMOJEH JpYyr OTHOCHUTEJIBHO [Ipyra, KoTopoe dopMupyercs
CTPOEHMEM KpHUCTasa. B KUAKOM COCTOSHUM JUIOJb—IUIIOJbHOE B3aUMOEHCTBIE B TIEPBOM OJIMKAMIIIEM
cioe ocyabseTcss KPYyTHIbHBIMU KOJeOAHUSIMU 3JEKTPUYECKUX [UoJell B 1iockoctsix XZ u YZ. Ito
JBe crereHu cBo6oabl. Ilpum B3amMOmeiCTBUE €O BTOPBIM M TPETBUM CJOSIMH JOOABJISIOTCS €Ile OJHA
crereHb cBOGO/IbI, 06GYCJIOBIEHHAST KOJEOAHUSIMI YACTHI[ BEIIECTBA BIOJb PAJNYCa B3anMOJCHCTBYIONIMX
yactuil. B KauecTBe mpuMepa pacCMOTPUM KOHKPETHO, KaKOW sHEpTHel CBA3U 006JAJIAI0T MOJICKYJIbI
BOJIBI B KJIacTepaxX M B KUIKOM COCTOSTHWH.

MouJiexyna Boapl TokasaHa Ha pucynke 1. Llentp mouexymnbr ormen mmdpoit 1. Ha ocHoBanmm
[IPUBE/ICHHBIX 3HAYeHUH PaJuyCcoB B3aUMOAEHCTBYIOIUX YAaCTUI[ U MEXDbSJIEPHOIO PACCTOSIHHUS B
mMosekysne OH pmna sddextusrOoro pagmyca momekyast HyO mosyuaem smauenue ~1,13 E. IlnotHOCTD
Boabl npu Temmeparype 295 K 998 kr/m3. Takoii IIOTHOCTH COOTBETCTBYET PacCTOSTHUE MEXKy
LIEHTPaMU MOJIEKYJ BOJbl B JKUJKOM KonjeHcupoBaHHOM cocrosnuu 3,106 E. [Ipyrue ocHoBHble
mapaMeTpbl BoAbI NpuBedeHbl B Tabuuie 1. Ha ocHoBaHum aTmX AaHHBIX OBLT NPOM3BEIEH pPacyeT
OUHAPHOTO B3aMMOJENCTBUS MOJIEKYJ BOJbI BHYTPH OCHOBHOTO KJacTepa, KOTOpBIi (opMupyer
MPOCTYI0 KyOWYECKYI0 CTPYKTYPY KPHUCTAJIMYECKOTO COCTOSTHUSI B/IOJb PACHOJIOKEHUS JUTOJbHBIX
9JIEKTPUUYECKUX MOMEHTOB U [1apaJlJIeJIbHOTO UX PACIIOJIOXKEHUS, a TaKKe B XKUJKOM COCTOSHUM, KOIJa
JUIIOJIbHbIE  3JIEKTPUYECKME MOMEHTDbl PaclOJIOXKeHbl JPYr OTHOCUTEJIbHO Jpyra XaoTHYEeCKU.
PesynbraTtel cBesenpr B Tabmuile 2. IlosyueHHass sHeprusi CBSA3U IS SKHIKOCTH COOTBETCTBYET
SHEPrUM TEIJIOBOTO [IBUXKEHUS B KPUTUYECKOM COCTOSTHUM, KOTOpas /s Bojbl paBHa 0,08367 3B [5].
Teopernueckuii pacuer yGenTeIbHO COBIIAJAET € IKCIIEpUMEHTOM B Tipesenax 0,4 %.

0,74 0,97

1

0,529

Puc. 1. Moaexyaa 600vl ¢ ykazanue pazmepos 6 E: 1 — yenmp monexy.ol
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Tabruua 1
Ocnognvle napamempo. MOICKYIbL 600bL
Mote- DHeprusg Monusanun, 5B Pajmychbl 2/ekTpoHoB, E D dexTHBHDIE 3aPAIbI
KyJa 6, 6, o, 7 7 3 Z Z, Z,
H>O 12,61 37,25 73,84 1,13 0,77 0,59 0,988 1,988 2,988

Tabruua 2
Anepeus bunapnozo e3aumodeticmeus MOLeKYL 600vL
SBHYMPU KIACMEPAd U 8 KUOKOM COCOAHUU, IB
Buipr 6MHAPHOTO B3aWMO/IENCTBIS
BemectBo
KOB. MOH. HaBeI. JIVITL, — JTHII. pes.
Knacrep 0,934 0,095 0,141 0,374 1,54
Kunacrep 0,934 0,095 0,141 0,187 1,36
Kugkoctb 0,067 0,007 0,010 - 0,084
Tabruua 3
H3menenue snepeuu GUHAPHOU C8A3U MOJLEKYL 800bL 68 KUOKOM COCMOSHUU O TMEMREPAMYPblL
T, K 273 293 313 333 353 373
E., (T) »B 0,493 0,467 0,442 0,416 0,390 0,364
Ecy. nap. 2B 0,469 0,460 0,452 0,442 0,432 0,423

[lst cpaBHEHUsT B HUIKHEH CTPOYKe TAaGJUIBI 3 TPUBEJIEHDI 3HAYEHMS TEILJIOTHI Tapo06Pa30BaHus,
MOJIy4eHHbIE W3 JKCIEPUMEHTAJbHBIX [JAHHBIX MO JAaBJICHWIO HACBIIEHHBIX TapoB. B o6jactu
HOPMAJIbHBIX VCJIOBUIl 9HEPTUsl CBA3M OWHAPHOTO B3aWMOJENCTBHUS TOJHOCTBIO COBIIAJAET C
BEJIMYMHON TemyioThl mapoo6pasoBanus [6]. C yMeHbIIeHHEM ¥ POCTOM TeMIEpaTypbl BO3HUKAET
JIOCTATOYHO 3aMeTHoe oTanune. Takoe oramume OGYCJOBJEHO TeM, YTO YacTb MOJIEKYJ Tapa HpHu
VOPYTOM CTOJKHOBEHUH € TIOBEPXHOCTBIO JKUJKOCTH OTPaXXaeTcss W IMO3TOMY B YCJOBUSX
JIMHAMMYECKOTO PaBHOBECHS HOTOK HACBHIIIEHHBIX 11aPOB Ha IIOBEPXHOCTb JKUJKOCTH HE COOTBETCTBYET
MOTOKY Mcrapenust [7].

BaskHo Tak)ke BBISICHUTD, KaK W3MEHSETCS TIOTCHIIMAT B3AaUMOIEHCTBUS B 3aBUCHUMOCTH OT
temnepatypbl. Ha pucyHke 2 npuBe/ieH pacyeTHbII TOTEHIMAJ B3aMMOJIEHCTBUS [ BOJDBI TIPH
HyJIeBOH TeMIlepaType M Kak TpaHcdopMupyercs IOTEHIMAJ B3aUMOAEHCTBUS IPU  Pa3JIMUHbIX
temneparypax. Ilox 4eproit 1 mso6pakeH moreHIMaJ GMHAPHOTO B3aUMOJENCTBHUS MOJEKYJ BOIBI B
JKUJIKOM COCTOSTHUM TIpH TeMmriepatype 273 K, noq yeproil 2 — npu HopMaJbHOH Temreparype 293 K n

mox d4eprod 3 — mpu Temrneparype kurnenns 373 K. BepruxaspHas JMHHSL COOTBETCTBYET
PABHOBECHOMY PACCTOSIHUIO MEXK/Y MOJIEKYJIAaMU BO/Ibl B XKU/JKOM COCTOSIHUM, PABHOMY
1/3
R, =| Ma
"Ly
; (8

rae Ma — MacCcCa MOJIEKYJIbI BOAbI; p — IVIOTHOCTb BO/IbI IIPU B 3aBUCUMOCTHU OT TEMIIEpaTypbI.
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Puc. 2. llomenyuan 6unapnozo
83aUMO0eU-CINEUS MOJIeKYTL 800bL
6 HKUOKOM COCOSIHU:
1 — nyaiv omcuema npu memnepamype 273 K
2 — nyav omcuema npu memnepamype 293 K
3 — nyav omcuema npu memnepamype 373 K

OauH MOJb Ta3a B HOPMAJBHBIX YCJAOBUSAX 3aHuMaeTr ob6bem 22,4 1 wim 0,0224 M3,
Kontenrpaiust MojieKyJ1 Ta3a B HOPMAJIbHBIX YCJOBUSIX COCTABJISIET

5
_ P _L01810° . e
K,T  k,293 w3, ©)

a o61ilee KOJIMYECTBO YACTUI[ B OJIHOM MOJIe Ta3a SBJISETCS 4ucjaoM ABorajpo, T. €., Na = 6,02:1023 ¢
paccrosinueM Mexxay Humu ~33,4 E.

B HOpMaJbHBIX YCJIOBUSX CXKAaTHE BOJSHOTO Iapa /10 PACCTOSHUS MEXKIY MOJIEKYJaMU BOJIbI
~3,35 E cocrasaser ~1000. B atux mnpezesax BOJASHOI Tap MOXKHO I0JaraTh, YTO OH IPE/CTABJISET
co60il 1IeaJbHbIil a3, COCTOSIHUE KOTOPOTO OIUChIBaeTcs ypaBHeHneM Kiamneiipona:

PV =RT =const (10)

OTCIO,[[a CJIEAYET: BO CKOJDBKO pa3 YMEHDIIACTCSA 06'b€M, BO CTOJIbKO pa3 YBEJMNYUBAECTCA JaBJIEHUE
1 IIpU 9TOM 3aTpaunlBa€TCA paéoTa. Z[JIH O/THOTO MOJIA ITapOB BO/IbI 9TO:

=RTlIn Ve
Vi) 1,68 104 JIx. (11)

[Ipu rakoii 3arpayeHHOl paboTe Mapbl BOABI JOJUKHBI PA30TPETbCS TOYTU JI0 KPUTHYECKOI
TemrepaTypbl. UToO6bl 9TOr0 HE MPOUCXOAMIO W MAp HAXOAUJCS Obl TPHU TOCTOSHHON TeMIlepaType,
HEOOXOJMMO OCYHIIECTBJISATh KOHBEKTHBHBIN TEIIOOOMEH ¢ OKpy:Kalomei cpenoii. Ilpu majpHeiiem
CKATUW TIAPOB BOJBI NP HOPMAJBHON TEMIIEpAType /10 PACCTOSTHUS MEXK/y MOJIEKYyJaMU BOJbI MeHee
3,35 E BKJIOUaeTCS 9HEPTHsl CBSA3U MEXK/Y MOJIEKYJaMU, KOTOPAasi IPEBBIINIAET JHEPIHI0 TEIJIOBOTO
JBIDKeHUsI. B Takux ycjioBugx HaumHAOT (dopMupoBarbcs Kiactepbl. [lo mMepe ux ¢opMupoBaHuUs
BO3HUKHET [Byx(das3Hoe cocrosgame. Kracreppr, o6jagas MaJjoil CKOPOCTBbIO TOCTYyHATEJIbHOTO
JIBUKEHUSI, HE CO3[AI0T [IaBJE€HUS Ha CTEHKW cocyla. /[laBieHue co37ai0T TOJBKO CBOOOIHbBIE
MOJIEKYJIbI BOJISHOTO T1apa, COBEPIIAOIINE TEIJIOBOE MOCTYTaTeTbHOe JABUXKEHHUE.

OG6pa3oBaHue KJIacTePOB MPUBOJUT K YMEHBIIEHUIO KOHIEHTPAIIMKU CBOOOIHBIX MOJIEKYJ Iapa Hu,
COOTBETCTBEHHO, K YMEHBINEHWIO [aBJeHUS Ha CTeHKH cocyna. llostomy B TepBoM Tpy6oM
npubIMKEHUN JIABJIEHUE B MPOIECCE CXKATUS MOXKHO CUUTATh NMPUMEPHO MOCTOSTHHOE, a CaM IPOIECC
MOJKHO paccMaTpuBarh Kak usobapuyeckuii. PaGora, 3arpavyenHass Ha ciKaTwe, NMPU U300apUUECKOM
Mpo1iecce COCTABUT:

_ 2 2\1 A-30
A, =1000R(3.35" ~ 28710 Ny gy 1 (12)

a pabota, 3aTpavyeHHas Ha (POPMHUPOBAHHE MOJHOW KJIACTEPHOW CTPYKTYDbI Ha TPaHUIlE Hepexoja B
TBepAyIo a3y, paBHA:

1
A =—E (T)N
K. 12 (3.( ) 0

A

coc., 1

~ 3,5 103 Ik, (13)
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rae yucyao 12 orpaxaer MakCUMaJIbHO BO3MOKHOE KOJIMYECTBO MOJIEKYJ BOJbl BOKPYI IIEHTPAJbHOM
MOJIEKYJIbI B OCHOBHOM KJIacTepe.

CrenoBaTesbHO, TEIJIOBBIIEJICHIE B cpefie, TAe TpoucxoauT QopmupoBanne ABYX(hasHOil
CHCTEMBI, TIPOMCXOJUT TOJDBKO BCJEACTBUE M3006aPUUECKOTO CXKATUS, & YMEHBIIEHHe KOHIIEHTPAIUU
cBOGO/IHBIX MOJIEKYJI Tlapa ompejessieTcss o6pa3oBaHmMeM KJAacTepHbIX cTPYKTyp. Ilepsbrii mporiecc
MPUBOJUT K POCTY JaBJEHWS B Tase, a BTOPOW — K yMeHbIICHWIO AaBJjeHus. llpu ¢opmupoBanmm
KJIACTEPHBIX CTPYKTYP BO3HUKAET JIyYUCTBI TEITOOOMEH, KOTOPBIH MOTJIONIAETCS CTEHKAMU COCY/a, 1
IIpU 9TOM JIaBJICHUSI HE OKasbIBaeT. B pesysbrare A/ naB/jeHUA Ta3a Ha CTEHKH COCy/a IOJyvaeM
caenyonyio GopMyJy:

1 1% _ AA
P:—_3 NA__J‘(VEm'dr) kE T+—2
r ” ' 1,5k,
h (14)
3necs F=(r,+r,)/2; VE, — Tpaaument smeprum cBA3H GHHAPHOTO B3aMMOJEHCTBUS; AA, -

paboTa TIpU CXKATHH OT HAYATbHOTO PACCTOSHUS MEXIY MOJEKYJaMU Tas3a 71 [0 KOHEYHOTO 7.

N3 (14) cmexyer, 94TO MEPEHACHIIEHHBIN AP BO3HUKAET 3a CYET MOBBIIIEHUS TEMIEPATypPhl Tasa
IPU €ero CXXaTuu B MOMEHT, KOT/la HAuyMHAIOT (hOPMHUPOBATBHCS KJIACTEPBI, a IEperperast KUAKOCTb
BO3HUKAeT, Korjga II0JHOCTbI0 cgopMupoBasach KJjacTepHas CTPyKTypa M JaBjeHue BO3pacTaer
06paTHO TPOTOPIIMOHAIBHO KyOy DPACCTOSHUS MEXKIy YaCcTUIIAMU BHYTPH JKUIKOTO COCTOSTHHS IIPU
HE3HAYNTEJbHOM COKATHU.

3akmouenue. Bce amnupuueckume  dopmyant  beprio, Kuaysumyca, Ban-mep-Baasbca,
Kamepaunara—Onecca n [Iutepuun MO3BOJISIOT KadeCTBEHHO IIOHATH IIOBEJEHHE PeaJbHbIX Ta3oB C
¢opmupoBanmeM KHAKOTO cocTostHus. COBPEMEHHDBIM B3IVISL[ Ha JKUAKOE COCTOSIHWE, Kak
IIPOMEXKYTOYHOE COCTOSHME MEXK/Y ra3oM M TBEp/bIM TEJIOM, OCHOBaH Ha (POPMUPOBAHMM KJACTEPHBIX
CTPYKTYP W TI03BOJISIET YeTKO OGOCHOBBIBATH BCE CBOWCTBA JKUIKOTO COCTOSHUS M OCOGEHHO NPHYHHY
BO3HUKHOBEHMS NIEPETPeTOi JKUAKOCTH 1 MEPEChIIEHHOTO Tapa.
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