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CyﬂpaHaIlMOJIEKyHﬂprle KOMIIJIEKCBHI BOAbI

Cvupnos A.H. (1,2), JJanmmun B.b. (2), baasimes A.B. (2,3), JIebenes .M. (2),
Cobipoemikun A.B. (antonvs@mail333.com)(2,3)

(1) - UuctutyT dusuko-TexHudeckux npoodiem, (2) — 'ocyaapcTBeHHBIN oOKeaHOTpaPUUECKUl HHCTUTYT, (3) —
Poccuiickuii yHuBepcUTeT ApYy>KOBI HAPOJIOB

O6Hnapyxensl cynpaHaamonekysipasie (CHM) KoMmIiekesl ynopsgoueHHoi Bobl ¢ pazmMepamu ot 10
qo 100 wMkM, 4yepenayrommecss C MEHEe YHOPSJOYEHHBIMU ydacTkamu. [IpuMeHeHue na3epHOU
UHTEpPEPOMETPUU TO3BOIIIO BHU3YaTU3UPOBATh JNUHAMUKY O0pa30BaHUs, OCHWUIAIMU u arwkeHus CHM
komIuiekcoB. [TokazaHo, 4To, HECMOTpPS HA BpeMsl pesiakcanu okojio 1-2 cekyna, CHM KOMIUTEKChI OCTalOTCs
OpUEHTHUPOBAaHHBIMU 110 HAINpaBICHUIO BEpX-HM3. Pasmepbl M mnpocTtpaHCTBEHHOE pacnonoxenne CHM
KOMIUIEKCOB DPA3JM4YHbl JUISl JIETKOM M TSKEJNIOW BOJBI, a TaKXKE€ 3aBUCAT OT COCTaBa BOJHBIX PAacTBOPOB.
[TokazaHo, 4TO IpH CMENICHUH 3TaHOJa ¢ BoAoW uiu Tsxénod Boael ¢ HyO, cnupt (mm D,0O) 3anonuser
CHaJaJila y4acTKU HEYIOPSIA0UEeHHOMN BOJIbI, a 3aTeM pearupyer ¢ CHM komruiekcamu. OOCY Iar0TCs YCIOBUS
TEPMOJMHAMHYECKON U KuHeTHueckoi cradmmm3aru CHM koMruiekcoB
Beenenue

Kunkast Boia UMEET OYCHb CIIOKHYIO CTPYKTYPY, U MHOTHE €€ OCOOCHHOCTH JI0 CHX IOp HE HAIIU
yeTkoro oOwsicHeHus [1]. Jlis Boapl XapakTepHa SPKO BBIPAXKEHHAs CIIOCOOHOCTh K CaMOOPTaHM3aIluu
BCJIEJICTBHE OOpa30BaHMs BOAOPOIHBIX cBs3ed [2, 3]. [lepBHYHBIMU CTPYKTypamMH MOTYT SIBIISITHCS JHUMEPHI,
TPUMEPHI, ..., OJIUTOMEPHI, U3 KOTOPHIX B JalbHEHIIEM 00pa3yloTcs LUKIWYECKHUE CTPYKTYpbl B OCHOBHOM
IATH- M IIECTHWICHHBIE, KOTOpBIE naiee (OpMUPYIOT pa3iUyHbIE MPOCTPAHCTBEHHBIE MHOTOTPAHHUKH.
Haubonee mnpuBnekaTenbHbBIMH SIBISIOTCS MHOTOTPAHHUKH, HMEIONIME OChb CHMMETPUM TMSTOrO MOpsSAKa
(tomexa’ap W WKOCAadAp), TaK KaK 3TO OOBSACHSAET MHOTHE CBOWMCTBAa BOJbBI, HAlpPUMEp, €€ TEKy4ecTb,
CIIOCOOHOCTH 00pa30BBIBATH Ta30BbI€ TUAPATHI U Ap. M3 3TUX CTPYKTYPHBIX 3JE€MEHTOB B JajbHEHIIEM MOTYT
00pa30BBIBATHCS UIMHHBIE IEMH M MPOCTPAHCTBEHHBIE CTPYKTYPHI, 3aloHsAoUEe Bech 00beM. CTpyKTypa
KUIKON BOABI OblIa mpeaMeTroM oOmupHbIX uccienoBanuii [4-10]. [lpeanokeHHBbIE pa3IudYHBIE TEOPUH U
CTPYKTYpHbIE MOJIEIM BOJAbI 00JaNalOT T€M HEIOCTAaTKOM, YTO, C OJHOM CTOPOHBI, YJOBJIETBOPUTEIHHO
OOBSCHSIIOT TOJIBKO YacTh HAONIOaeMbIX SBJIEHUH, C Jpyrod, - 4YacTo MNPOTHUBOpEYaT OJHa ApPYTOH.
Hmeromuxcss B HacToslliee BpeMs SKCIEPUMEHTAIBHBIX JaHHBIX HEIOCTATOYHO, 4YTOOBI Ppa3pelIuTb 3TH
nporuBopeunsi. [IpuMeHsBIIMECS paHEe TEOPETUYECKHME W SKCHEPUMEHTAIBHBIE METOAbl HCCIEHOBAaHUS HE
MO3BOJISIIOT JIETAJIbHO BBIICHUTBH CIIOXKHYIO CTPYKTYpy Boxbl. [lo3Tomy akTyanabHOH siBisercss paspaboTka
HOBBIX MOJIXOJIOB M SKCIIEPUMEHTAIILHOM alnaparypsl IJsl CHATUS NMPOTHUBOpeuni. V3ydueHne CTpyKTyphl BOABI
B XX CTOJNETHH TOPOAWUIO MHOXKECTBO KOHLEHIHMHA, I OONBIIMHCTBA KOTOPBIX NPU3HAIOTCS HAJIUYUe
YIOPSIOYCHHBIX JOMEHOB B BOJIe. JTH TeopuHu (CTPYKTypHBIX aedekroB CamoiiioBa, CTpyktyp bepHapa-
Qanyepa, «ruznparoB» llonmunra, mepuaromux kinactepoB ®panka u Bena m MHOrue Apyrue) MHTEHCUBHO
JTUCKYTUPOBAIHCH B 1IEJIOM psifie MoHoTpaduii [4-6]. Kak UTOT 3THX JUCKYCCHUN MOXHO OTMETUTD, YTO, C OJTHOU
CTOPOHBI: 1) JOCTOBEPHO PKCIEPUMEHTAILHO B BOJE HE OOHAPY)KEHO NAIBHETro MOpsIKa, 2) BpeMs KHU3HH
KJIACTEpOB OIICHUBAETCS HE Ooiiee 10"°-10” cex.; u 3) ecTb OCHOBAHUS IMOJIATaTh O HAIMYUU KOOTIEPATHBHBIX
MIPOIIECCOB B BOJIE, CBSA3AHHBIX C MepeMeriennemM opueHTanmoHHbiX L u D nedexroB brepymma [7]. Metoabt
paccessHMs PEHTTCHOBCKOTO W3JIydeHUss wWid HeuTtpoHoB [11, 12] He mnoarBepkmaroT oOpa3oBaHUS
YIOPSIIOYEHHBIX CTPYKTYp € pa3Mepamu OOJIbIIe JECSITKOB aHICTPEM, YTO HE COTJacyeTcs ¢ JaHHBIMH I10
TUCTEPE3UCHBIM TEMIEPATypHbIM aHOMAJIUSAM TMOKa3zaTedsl MpeaomyieHuss BoIbl [13] win aHOMalbHBIM
paccesstHUEM CBETa B BOJAHBIX pacTBOpax OpraHMUYecKUx coeauHeHui [14]. Knactepsl Boabl TeOpeTHUECKU
paccYUThIBAETCSl OOBIYHO TOJIBKO IJIsi JECSATKOB MOJIEKYJ, Wind BOauM3n Mexdasnoit rpanunsl [4, 13, 15].
OnHako [UIs BOJBI OYEHb CYIIECTBEHHA SIPKO BBIPAXKEHHAsT CIIOCOOHOCTh K CaMOOPIaHU3allMM BCIIEICTBHUE
o0Opa3oBaHMsI BOJOPOAHBIX CBSI3eM M KoomepaTuBHBIX 3(dexToB. MHOrue cBOWCTBAa BOABI, HANpUMEp, €e
TEKy4eCTb, CIIOCOOHOCTH O0Opa30BHIBATH Ta30BbIE THIPATHL, MPEAINONaraloT 00pa3oBaHHE MPOTSHKEHHBIX
YIOPSIOYCHHBIX CTPYKTYpP (CM., HallpuMep, KOHTHHYaJIbHYI0 MOACNb BOAbI [16). JlaHHBIE MO aKyCTHYECKON
SMHCCHUU M3 BOJHBIX pacTBOpoB B obOmactu ot 500 I'm mo 2,5 k[’ mpeamosaraioT UCTOYHUK T€HEPALUU
3BYKOBBIX BOJIH C TUHEHHBIMHU pa3MepaMy Ha MHOTO TIOPSIKOB OOJIBIIIMMHE, YeM MOJIEKYJISIpHBIC KiacTtepsl [17].
Hamu 6p1u10 06Hapy>keHO B npeapinyieit padore (A.H. CmupnoB u ap., «MccnegoBano B Poccumn», 2004), uro
B BOJI€ JIBIDKEHUE YacTHIl TUAPO(MUIBHBIX CYCHEH3UH, OTIMYAETCS OT JIIOOBIX BHMJIOB KOHBEKIIMHM BBICOKOM
CTETEHBIO  YIOPSAOYEHHOCTH M AHM30TPONHOCTBIO U OBICTPO BOCCTAaHABIMBAETCSA TIOCHIE  JIIOOBIX
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TUAPOIMHAMUYECKIX BO3MYIIIEHHNA. JTO YKa3bIBaJO Ha TO, YTO CTPYKTYphI, 00pa30BaHHbIC YIOPSIA0YCHHBIMU
ruradirckumMd CHM  KomruiekcaMu BOJBI  BBITIONHSIOT POJIb HANPABISIONINX, BIONb KOTOPBIX JBHXKYTCS
TUCTIEpCHBIC YacTHUIbL. J[Js1 BBIIBICHUS 3TUX CTPYKTYpP, KOTOPBIE JOKHBI OTIUYATHCA OT «00BEMHOI» BOJBI
KOO(QQHUIMEHTOM TIPEJIOMIIEHHSI CBETa, MBI B HAcTOsIIeH paboTe NPUMEHWIM METOJI JIa3epHOH
uHTEpPepoMeTpuu, 0COOEHHOCTh KOTOPOM 3aK/II0Yanach B MCIOJb30BAHUM aMIUTUTYIHO-(a30BOM MOIYISIIUU
pacmMpeHHOro Ja3epHOro My4Ka MPH MPOXO0KIACHUH Yepe3 CIOH BOIBL. DTOT METO/ NEHCTBUTEIHHO TTO3BOJIHII
OOHapYXUTh OPUEHTHPOBAHHBIC BIOJIb HOPMAaJIM K MOBEPXHOCTH BOABI cynpaHaamonekyisipasie (CHM)
KOMILICKCHI

JKCNepUMeHTAIbHAN YaCTh

Hcnonvzyembiil Memoo nazepHoii unmepgepomempuu COCTOAN B cienytomeM. JIyd oT reiamii-HeoHOBOTO
nazepa (JITH-208A, momHuocTh - 1,9-MBT, nuamerp myuka j1azepHOro usinydeHus: Ha pacctosauu 40 mm ~0,6
MM, JTUHEHHOE OTKJIOHEHHUE IyYKa OTHOCHTEIBHO F€OMETPUYECKON OCH MocagouHbIX MecT u3nyuatens — 0,06
MM) IPOMyCKalIu yepe3 cucremy JuH3 (x40), Ha onpeIeIeHHOM PacCTOSTHUHM OT KOTOPOTO pacrojaraii KIOBETY
C McclelyeMbIM pacTBOpoM. ONTHYECKYI0 KapTHHY IMPOESLUPOBAIM Ha 3KpaH pazmepoM 30x60 (cMm), Tak 4TOOBI
MPOEKIMs KIOBETHl 3aHMMalla BCIO IIUPHUHY HKpaHa. JlJis MOKYMEHTHPOBAHMS BHU3yaJbHBIX HaOIOJIEHUN
JMHAMUKHU JABIKEHHSI YaCTHUIl AUCTIEpCHOM (ha3bl ucronb3oBanu mudpoyio kamepy TwinkleCam Pro (cencop —
CMOS, 640*480 nukcenelt, HachIIIEHHOCTh 1BeTa 24 O6uToB, 16, 7 MuH. RGB true color)unu Bumeokamepy
Sony Handycam Video 8§ (CCD-TR401E PAL). 3anucu Buaeokamepbl B JalbHEHIIEM OIU(PPOBBHIBAIA B
dbopmare avi wim mpeg4. (PesynapTaThl HacTosmied pabOThI HE 3aBHCEIM OT CHoco0a BHIICO3AIHCH.)
[IpencraBnenHble B paboTe pe3ynbTaThl CHENaHbl C HCIOJB30BAaHMEM CTAaHIApTHOM 1-cM KBapleBOi
(bAI00pOMETPUUECOKI KIOBETHI, B KOTOPYIO BHOCHIIN 3 MJI pacTBopa. [lonydeHHble pe3yabTaThl HE 3aBUCENIN OT
UCTIOJIBb30BaHUs |-CM KBapIIEeBOM KIOBETHI MJIM 2-CM CTEKJISTHHOM KIOBETHI i (poTokonopumeTpun. OTaenbHbIe
KaJIpbl BUJICO3AIUCH TIOJyYaJld OCTAaHOBKOM ¢uibMa B mporpamme «Arcsoft Videoimpression 1,6» B 3amaHHbBIN
MOMEHT BpeMeHH. OObIYHAs yacToTa pa3BepTKU - 15 kaapoB B cekyHay. Kaap 3amomuHamu, moyib3ysich
yKa3aHHOU mporpamMmoi, B ¢opmare jpeg. OnTudeckoe yBEIMYCHHE Ha JIA3PHON YCTAHOBKE ONTHMAIbHBIM.
Hanee, ecimu 3T0 HEOOXOAMMO, MPOBOIWIN KOMIIBIOTEPHYIO O0pabOTKy uH300pakeHUs] (QHAJOTUYHYIO
YBEJIMUYEHUIO U MPOSBICHUIO (POTOCHUMKA) 110 METOIMKE, YKa3aHHOW HUXKeE.

Komnviomepnas obpabomka yugposwvix xaopos eudeozanucu. JPEG-¢haiin odpadateiBaiy ¢ TOMOIIBIO
nporpammbl Adobe Photoshop (6 nnu 7 Bepcun) mo cieayomeMy alroputMmy. 3agaHHBIA (O MPOTPaMMHON
JMHEHKE) y4acToK u300paxenus konupoBanu. [lanee ysenuuuBanu B 10-15 pa3 ¢ coxpaneHreM Nponopuuii u
OMKyOM4YecKnuM MaciiTadbupoBanueM. WM3o0paxenue nenanu uepHO-OenbiM. Jlms ydmied BU3yanm3anuu
n300pakeHUs] MPH TEYaTH MCIOJIb30BAIM H3MEHEHHs TOJBKO SPKOCTH M KOHTPAacTHOCTU. Bce pucyHKH
COPUEHTHPOBAHbI TaK, YTO BEpPX M HU3 PHUCYHKAa COOTBETCTBYET BEpXHEH M HIDKHEH 4YacTH MCCIETyeMOro
pacTBopa.

Yucnennoe u maccogoe pacnpeoenenue dacmuy no pasmepam (pasmepHvle CNeKmpwvl) CYCNeH3Uu
OTIPENIEIISITN C MOMOIIBIO JIA3€PHOT0 MaJOyIJIOBOTO0 M3MEpHTENs nucnepcHocTH (particle sizer) Malvern 3600
Ec kak onmcano B pabore [18].

Peaxmusvl. Vicnionb30Banu TUCTUUIMPOBAHHYIO MUPOTEHHYIO BOJY, OUHMIIEHHYI0O Ha cucteme MilliQ
(Academica). ITocine o4MCTKHM BOJY MCIOJB30BAIN ISl MCCIEIOBAHUS HE paHee, yeM 4epe3 CyTKu. Boay u
3TaHOJI KBaIM(UKALKKU X.4. TIEpe]l UCTIONb30BaHUueM (puiabTpoBain 4yepes siaepHble Gpuiabtpsl (MAD, [IyOHa) ¢
nuamerpom 1op 0,2 mxm. [Ipenmapar nmaTeKCHBIX 6-MKM IIAPUKOB ISl (PIIyOITMTOMETPUM OBLI IMOJTYYEH OT
¢dupmel «IDC». 99,9 % Tsxenast Boga coorBercTBoBana TY 95-1893-89.

PesyibTaThl

Busyanuzayus cynpanaomonexkynsapusix KOMIIEKco8 00bl.

Hns  Busyanmzanmun CHM  KOMIUIEKCOB MBI MCIOJIB30BAIM  MOAU(UKAITUIO J1a3€pHOTO METOJa
HabmoaeHus1, onucanHoro Boime. ITpucyrcrBue B Bogje CHM KOMIIEKCOB BBI3BIBACT aMILIMTYAHO-(Da30BYyIO
MOAYJISIIHIO JIa3epHOro u3nyyeHus. [Ipu npocmoTpe npu 60JIbIIOM YBEIUYEHHH HEOOIBIIOrO (hparMeHTa BOobl
C TIOBEPXHOCTHIO 2X2 MM OTUETJIMBO BUJHO 3aKOHOMEPHOE YepeIOBAaHHE CBETJIBIX M TEMHBIX Y4acTKOB (pHc. 1).
Caetiible 00J1aCTH UMEIOT IIAPOOOPa3HYIO CTPYKTYPY U COSIUMHEHBI CEPBIMHU TMepeTshKkamu (puc. 2), oOpasys
HETPEPhIBHYIO CETh CIIO)KHOOPTaHW30BaHHBIX (GuOpwul. OOm@as oOpHeHTalMss H30THYTHIX HHUTEH U3
1apooOpa3HbIX KOMILJIEKCOB HAIpaBieHa MO HOPMajlM K IMOBEPXHOCTU BOJbI, YTO XOPOILIO HJUIIOCTPUPYET
noBOpOT n300paxkenust Ha 90° (1Ba Kaapa BepxHero psja Ha puc. 2). Hutu u3 CHM KOMIUIEKCOB BO MHOTHX
MOJIOKEHUAX COCIMHAIOTCA MEXIY CO00M MOonepeyHbIMU MOCTUKAMHU, 00pa3ysl CIUIOUIHYIO IPOCTPAHCTBEHHYIO
cetb. Pasmepsr otaensHoro CHM komruiekca coctaBisaor 30 — 80 mMkM, uro cineayer u3 puc. 1 u 2. Ilpu
HCCIIEIOBaHUM BOJbI B 1-CM KIOBETE pa3yMeeTrcsi MPOUCXOIUT HajlokeHue 3¢ (HEeKTOB aMIUIUTYIHO-(Ha30BoM
MOAYJISIIIMM HAa PA3UYHBIX CIOAX 00pasiia, OJHAKO OCOOEHHOCTH 00pabOTKH M300pakKeHUs TaKOBBI, YTO
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Puc. 1. lIpocmpancmeennan cmpykmypa i OUHAMUKQ CynpanaoMojekVIAsprsix KoMniexcos 6oobt. llpedcmasiens susvatusayuu
CHM komnnexcos & buoucmunmposannon aode. Kaxcowlii omoenshsiil pucyHOK coomeemcmeyen niowaou cevenus soost 2x2
MM (1-em krogema). Bepxnuit pao pucvikos: ooHo u mosce uzobpaxcenue npu nosopome na 90 °. « By u «H» - obosnavaiom eepx
u Hu3 Kiogemsl, coomeemcmeento. Cpeonuit pao: usmenenue pacnonoscenus CHM xomnnexcoe eo epemenu. Hao xaxcoviu
Kaopom HHI’{}FUI’IUI} aUdeocLeMKY VKAsano epeMa 8 CeKyHOoax. Huxenuii pAao, uoeHmuyHbli ('P{’(}”(’.U_l'. ROJVHEN UIMeHeHHeM
APKOCHU § KON Pacmuocinu.

OIMIIUSMHU «SIPKOCTBY/«KOHTPACTHOCTHY» MOXXHO MHEMOHUYECKH BBIJICIUTH
OTJENbHO OY€Hb TOHKUH CJIOW U clienaTh Kak Obl Cpe3 B TOJIIIIE BOJBI, KaK
TO TIOKA3aHO JUIsl BTOPOTO U TPETHETO psijia Ha puc. 1.

[IpocTpaHCTBEHHOE pPACHOJIOKEHUE OTHOCUTEIBHO JpYyr Apyra
CHM KoMIUIEKCOB MMEET SIPKO BBIPa)KEHHYIO AMHAMUKY. [losBieHue-
ncue3HoBeHre HOBbIX CHM KOMIUIEKCOB MM HMX NEPEMEILIECHHE JIETKO
¢bukcupyercs 1uuppoBoil BHUIACOCHEMKOH. YacTe BUAeO3amucH MpU
packaznpoBke yepe3 0,5 cekyHIpl NMpeACTaBiI€Ha BO BTOPOM M TPETbEM
psany puc. 1. Kak cinenyer u3 3Toro Buaeopsiga, IMHAMHUKA MOSIBICHUS-
ncue3sHoBeHns: CHM KOMIUIEKCOB MMEET CEKYHAHYI0 KMHETHKY, TO €CTh
Bpems penakcanuu 30-80 mxm CHM kommuiekca coctasisieT He meHee 0,5
cekyHapl. Kunetmka ocuuwmisiuun CHM  KOMIIJIEKCOB 3aBHCUT  OT
TEeMIIepaTyphl, MPUCYTCTBUS
, PacTBOPEHHBIX BEIIECTB WJIM HAJIW4YUsA B
Puc. 2. Hpocmpancmeennioe  pacnosowcenne  CHM — PACTBOPC paAUOAKTUBHBIX COGI[I/IHeHHfI.

KOMILTERCO6 GO, Tpedemaeieno VeCINNERNoE

wsodpaxcenne 15 niouadn nepeozo Kadpa uz cpediezo paoa BOHee CBETIJIbIC y‘laCTKI/I BOJbI
puc. | fnpaswit eepxnuit yeon). Bepxuza (copuzonmainian) ~
cmopona wobpaxenns coomeemcmeavem 00 s, HeHCTBHTeHBHO SABJISIFOTCA CHM

KOMIUIEKCaMH, TO €CTb MMEIT Oojee
YIOPSIIOYEHHYIO CTPYKTYpY, BEpOSTHO ¢ 0Oojee IUIOTHOM YNAaKOBKOH, YTO
MOJTBEPKAACTCSI MCCIEIOBAHUEM IPOXOKICHUS 3aTOIICHHOM CTpyu depe3
OUIUCTUITUPOBaHHYIO Boy (puc. 3). Ha 3ToM pucyHKe XOpOIIO BUIHA CTPYs
TonmuHOM okoso 400 MKM W 3a30pbl MEXKIYy HEW W OKpYKalollel BOIOU
tonmuHolo 100-200 mxM. Kpast 3a30poB u3pe3aHHBIC, MPUUEM BBIEMKHU U ru o somomsensot iuocmusmposamnoi sove cnp 1 1f
BBICTYIIBI KpaeB uMeroT pazmep 50-100 Mm. 3a30pbl HAMHOTO O0JIee TEMHBIE, /" i e il 7 Homs
YeM OKpY’Karolas BOJA WIH CTPYA. SICHO, UTO MEXAY CTPYCU U OKPYIKAFOLLEH  wrpucsssanm amsomy (50 st pocnaopa o
BOZOI0 BO3HMKACT MPOMEKYTOUHBI Cl0i. Ha (hOTOrPaHi OTUCTIIMBO BHIHO, s s doms i s o 05
Kak CTpys ynapser B cepuueckoe oOpasoBanue (CHM komruiekc), KOTOpBIH

IO [ERI

ALY godh!

) KPACHEcD ¢
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OCTaBJII€T BMATUHY Ha €€ MIOBEPXHOCTH U MOJIy4aeT UMITYJIbC IO HOPMAJIH K IIOBEPXHOCTH CTPYH.
Kak Oyzner nmokazano Hmxe (puc. 9), HaOM01aeMble ONTHYECKHE HEOTHOPOIHOCTH B BOJHOM PacTBOpPE
MOKHO 3aperucTpHpoBaTh M C MOMOLIbI0 (QUPMEHHOTro MpuOopa Ha OCHOBE MAaJIOYIJIOBOIO HM3MEpHUTENsS
mucnepcHocTd. IlpoctpancTBeHHoe pacnonokenne CHM  koMmiekcoB M UX OpraHu3anus 3aBUCUT OT
XMMHYECKOro coctaBa BoJbl. Ha puc. 4 mpeacraBieHsl Kaapsl ¢ H300pakeHUeM CTPYKTypbl koMnoHoBku CHM
KOMIUIEKCOB B JUCTWUIMpoBaHHON  Boge (1),
MHOI'OKOMIIOHEHTHOM coyieBoM pactBope (2) u 70%
cuptoBoM pactBope (3). B mpemapate mnpupogHOit
MUHEPAJIBHON BOJIbI XOPOILO BUIHA OoJiee BBIpAXKEHHAs
apxutekTonnka CHM KoMIUIEKCOB, 4Yepeayromuxcs ¢
T g e S s ¥ IIACTHHYATBIMH  YYaCTKAMH M «ITyCTOTaMm». B
soda. 2 — npenapam npupeoHoll Munepansof 60ost « Bopacosur.3 — 70% cnupmosas CIIMPTOBOM pPaCTBOPC MPCKHCHU YCTKOU OpraHUu3alun
racmot CHM KOMILIEKCOB HeE MPOCIEKHUBAETCA — KapTHHA
pa3MbITa, CBETJIbIE yYaCTKM HE HMEIOT  YETKO
BBIPA)KEHHBIX KpaeB U Kak Obl pa3pbixiieHbl. [locienHee HaOM0I€HNE OYEHb XOPOILO COrjIacyercs ¢ moTepei
KOOIIEpAaTUBHOCTU NPU IE€TEPOr€HHON KOHBEKLIMH, ONMCAHHOM B mpenplaymei cratee (CmupHOB A.H. u ap.,
2004) B 70% pactBOpe 3TaHONA. ITO COOTBETCTBYET U BIMSHHUIO TEMIIEPATYPHL.

Pasmeper CHM kommuiekcoB pa3ivuHbl y JErKoW W Tsokénod Boxapl. Ha kaapax MIHOBEHHOTO
pacnpeneneHus 3TO MPOSABIACTCSA IOCIE IPUTOTOBICHHUS
cmecu 50% H,O um D,O. Ha puc. 5, A crpenkamu
otMeueHbl CHM KOMIUIEKCHI C JIMHEMHBIMU pa3Mepamu
150 u 40 MKM, BO3HHMKAIOLIUE IIOCIE TPEXMUHYTHOIO *» 0o
MEXaHMYECKOIO  IEpEeMEIIMBAHMUs  YKAa3aHHOM  CMECH. nor- >
Ob6pazoBanue 6osee kpynHsix CHM KOMITIEKCOB, TO €cTh i \ / 0
CIIOCOOHOCTh K OOJIbIIIeH KiIacTepu3alluu, MPU HaTUIUH a4t
monekyn D,O um HOD cornacyercss ¢ UeiIbIM psiioM
mapaM€ETpoOB, YKa3bIBalOIINX Ha 60.]'H)Hly}0 HHCPIHUOHHOCTDH Puc. 5. CHM kosnaexcos pezxoit u maxceroit oow. A — 50% cvecns
CUCTEM, COJIEPKalIUX B MOJIEKYJIE BOJbI JEUTEpUl BMECTO AERUR N IMORION (708, e SUER0 SN COMRTR R

150 mxn. Cmpeaxasm yiaszannt kpynmoie i weaxue CHM konnaexest,

npotusi. Tak gt apaa DO mo cpaBHEHHIO €O JbAOM B — Pasnocmusiit oGvesnsiii cnexmp 6-MKV 1GMEKCHBIX WaPUK0S,

. o L:I'L'}h.‘.rlfJHpUr’.'HHHI:J'.\' & 1ézKot u mscénon eoce. Ha ecmasxe noxazan

N€TKOM BOJXBI: BpeMs penakcauuu B 1,5 pasa Beime, a UCXOONbE OGHEANbL CHEXMP AAMEKCHbIX WAPUKOS § ACKO 600C.
MOJBM>)KHOCTh MEHbIIIE Ha Mopsiaok [S]. bonee kpymnHbie
pasmepsl CHM koMIUIEKCOB, coaepXallux AeUTepHil,
OOBSCHSIIOTCS W Pa3HUIIEH MOJBHBIX OOBEMOB JIETKOW W TSDKEIOW BOJBI, pasznuyaromuxcs Ha 0,6 %
(®usnueckue BenuuuHbl. CrpaBouHuk. —M.:DHeproatommspar. — 1991.). VMIMeHHO Ha 3Ty BEIMUYUHY
pa3nuyaTCs Kaxyluecss paaunychl 6-MKM JIATEKCHBIX YaCTHUIl MPU UX CYCIEHIUPOBAHUU B JETKON U TSHKEION
Bojie (puc. 5, B).

Kak cnengyer u3 pucynkoB 4 u 5 komnoHoBka CHM KOMIIIEKCOB, BUJ UX YEPEAOBAHMS C YUYaCTKaMH
HEYNOPSA0YEHHONM BOJBI 3aBUCUT OT XMMMUYECKOIO COCTaBa BOJHOro pactBopa. C ydeToM JaHHBIX O
cekyHIHOM BpemeHu penakcanun CHM komriekcoB (puc. 1) ciaeayer oXuaaTh JUIMTEIbHON (OT CEKYHI — 0
NECSTKOB CEKYHJl) TIEPEeCTPOMKHM IIPOCTPAHCTBEHHOM CETM U MEPECTPONKU CyNpaHaAMOJIEKYJIIPHBIX
KOMIIEKCOB IPU CMEIIEHUH BOJIbI U 3TAaHOJa, WU JIETKOH U TSHKENOM BOJIBI.

Jlunamuxa cmeutenus sHcuoKocmell.

BoHo-cipTOBEIM pacTBOpaM IMOCBSIIIEHO MHOTO HcclefnoBaHuit (cMm., Hanpumep [14, 19]). Oagnako
noJaBJsgoniee OOJIBIIMHCTBO 3THUX pabOT paccMaTpuBaeT yxe cpopMupoBaBUIMiics pacTBOp. B Hacrosimei
paboTe MBI MPOBENU HUPPOBYIO BUICO3AMKUCH COOBITHII CMEIIEHUS 3TAHOJNA U BOJABI C IMOMOIIBIO JIa3epHOU
unTeppepomerpun. [lokaapoBoe m300paskeHHE 3TOTO Hpolecca MPHUBEICHO HAa pHUC. 5. AJMKBOTY 3TaHOJA
BHOCWJIM B BOAY B BHJE Kamiu, 0e3 pe3Koro BOpPHICKA, YTO oOTpaxkaeTcss Ha Kajape «0,5». CoOblTus,
pa3BHUBaIOIIMECS NPU CMEUIEHHM, MOXKHO pa3JeluTh, KaK MHHHMMYyM, Ha Tpu crtaauu. llepBas cragus -
TUIPOJIMHAMUYECKOE CMEIIEHHE PacTBOPOB, KOTOPOE 0OecreyrBaeTcsl B TEUEHUM MEPBBIX ABYX CEKYHI U
3aKaH4YMBAeTCs 00pa30BaHMEM MaKCHMAJIbHO ONAJICCIHMPYIONMIEH cpeabl (Ha BUAEOpsAIe — Kaap 2 CEKYHIBI).
HNanee mo 19 cexynay MyTHOe wu3o0paxkeHue mnpeodpasyercs B CeTh SPKUX (GUOPWILI, pa3IeieHHBIX
3aTeMHEHHBIMU y4acTKaMH. DTO - BTOpasi CTaus ¢ AIUTEIbHOCTBIO 17 cekyna. Ha TpeTbeii ctanuu puOpuiLib
MEJIJICHHO PAacCcachIBAIOTCS M MOJIHOCTHIO BUIUMO HCUe3aroT 1Mo ucreueHun 50-70 cekyHn (cpaBHH Kaapbl «65»
u «180»). CnexyeTr 0co00 MOJUEPKHYTh, YTO €CJIM HA CTAJAMU paccachlBaHus ceTd (pubpmin (Hampumep, Ha 75
CEKyH/Ie OT Hayasia Mpoliecca) B3MyTUTh PACTBOP TPEXKPATHBIM MEPEMEIINBAHUEM MATOYKON BECh OMMCAHHBIH
IpoIiecc MOBTOPUTCS 3aHOBO, HO BTOpasi M TPEThs CTaJAUU OYIyT MEHEE [UIUTEIbHBIMU. JTO SBJICHHE MOTJIO ObI

B
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-14,0 0,0 0,5

0,7 1,0 2,0

3,0 4,0 5,0 6,0 7,0 11,0

180,0

17,0 19,0 27,0 33,0

65,0

Puc. 6. Busyanuzayus npoyecca opazosanua pacmeopa 600sl u smanona. Henpepoishas
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ObITh  OOBSICHEHO
B3aMIMOJICHCTBHUS 3TaHOJA C IBYMS
tunamMu (a3 BOJbI, HaXOJIAIICHCS B
cocrase CHM xommiiekcoB u B
HEYTOPSIA0YCHHBIX
XapaKTePUCTHUCCKHE
muddy3un cnuprta B BOAE MHOTO
MeHblIe BpemeHu penakcaunn CHM
KJIACTEPOB, UTO MPUBEJIET Ha MIEPBOM
Tame K 00pa30BaHUIO
CIMPTOBOTO PAacTBOpa, a Ha BTOPOM
K BHEJIPEHHWIO JTAaHOJNA B COCTaB
CHM koMIIeKcoB.
JleficTBUTENBHO,

:,wq(;pomm BUOCOCHEMKA, HAYAN0 - 00 GHECeHUA anuxeomsl »manora. B 3 wmi 6odel,

nosmeugennol 6 I-cym kwosemy, enocuau kanmo odvemom 0.5 amn smanona. Hao kawcowvim
KAOPoM YKA3aHO 6PeMaA 6 CeKVHOAX. 3a HYNe6oll MOMEHM 6PeMent 6b10pan nocieonull kaop,
HEGOIMYUfeHHOT 600bI Neped NOAGICHUEM HPPHeKmos creuenin IManoaa ¢ 6000o.

o0pazoBaHWEeM BHYTPEHHHX

KOMIIJICKCBI

«2», puc.

Ha

30HaX,
BpeMeHa

CHM

1)

N00aBJICHUH 3TaHOMAa K OKOHYAHUIO
CTaJMU TOJHOTO MOMYTHEHHS (Kajap
6) oOpraHmsylTcs
acconuartsl ¢ 00pa30BaHUEM NPOMEKYTOUYHBIX 30H, BRINIAAMIMX Oojee TEMHBIMH, Kak U Ha puc. 5-3 (puc. 7,
2). ®opmupoBanue cetn GuOpuut (kagp «19», puc. 6) cONpoOBOKAAETCS UX YTOJIIIECHHEM, Pa3pbIXJICHUEM U

«rakyH» (puc. 7, 3). Dran -

L= L 7 AT 7
IIOMY THEHH ABJISIETCS °f0‘§31%%0 5 8574 ws Ny 7
=3 y % 0”0 9 o e 267
OK30TEPMUYECKUM, 2 [8.8%9% ppSi0uy & o ‘
]
N It

dhopmupoBanue /i o%, Qo
pa3pbIXJeHHBIX (ubpumn — 0
SHIOTepMUYECKUM (puc. 7,

Odc\o ( 0012348 swIsWIEW

0 o

4). Takas TEPMOXHMUYECKAs . Q? 2 giég 03 {j{" ¢ "6 '
KUHETHUKA COIJIACYeTCd  CO Lo 09-5& ° %%"g@ IPHQ ﬁg %M
cxeMoit nporecca, O30 0 N 4515 = a2
BKJIIOYAIOUIEH  CIIEYIOIINE
MPOLIECCHI:
1) O6pa3zoBanue i
Puc. 7. Cmaouu cyeutenus smanona u 6oow. 1— CHM xaMniexcs: 600w 6o dofasienus cnupma (100parcentie noyweno us xaopa «05 na

BOJHO-CITUPTOBOI'O aCTBOpa e, 6), 2~ Vnaxoexa CHM XoMniexcos 6006 npu Maxcismaibnom HOMYMAEN I cMect (UI0Gpaxcenue noneno e xadpa « 2,0s na puc. 6),
F ! I /. ! /X F

(konmentparust — C;) B

HEYIOPSI0YCHHOU BOJE,

COTIPOBOKIAETCS i Hoity S
BBIZICJIEHMEM  DHEPTUM W orremioom 4

00BEIMHEHUEM
KOMILJIEKCOB B (DUOOMILITBI.
2) Buenpenue
3TaHoIa B CHM-KkoMIIEKCHI bi (o)

koHueHTpauuu C,, uTo Tpedyer 3arpaT
SHEPruM Ha paspylIeHUE U MEpPECTPONKY
ctpyktypsl CHM KoMILIEKCOB.

O0603HaUMM  pPacCUYETHYI0O KOHEUHYIO
KOHIEHTpPALuI0 100aBIEHHOIO 3TaHOJa Kak
Cad. Torma IIOBTOPEHHE nporecca,
MpeACTaBICHHOr0 Ha Buaeopsne (puc. 6),
BO3MOXHO IpHU IMMOBTOPHOM INICPEMCHIMBAHUU
pactBopa gaxe mocie 65 CeKyHAbl, €Ciu
Ci>Cy>Cy.  Pucynox 8 wmmmocTpupyet
cTpoeHue cetu GuUOpWIT Ha CTagud HX
MaKCHUMaJIbHOI'O  pa3BUTHA  IIpU  JOBYX
yBenmuueHusix. Ha puc. §,A xopomo BuiaeH

Crpenkasu yazans «pazsmumues ofiacmu (cpaswume puc. 4-2 u 4-3). 3

ROMOUBI0 GEIWNEPIHONKOND MEPMOONOOT (ROCMOINNGR BPEMENI

OOPATOEANIR  (PUOPWUEAPHIX  copyRmyp  (UBoGparcenue notydeno us kadpa «19» wa puc. 6,
(coomeememayiouuli naowaou eoow 2x2 Myl Kaopa Wudposcil suOeachEMKN CMEMIENNS IMANOAa © 600M0 (puc. 6) Komuposanu u
NG, KK ORNCANG & pasoene « Ixcnepumenmansias wacmoy. Janee onx | u

TAKIRIMINGAIN  CEPWM  HEEMaM. Mz NIOOPAMRCENIUE 2 uCRONbIOGANN  MOALKD O
Tepmoxiuneckas  Kunenuka cMeentd manona i aoow. Peaicmpaipio meMmnepamypsl ocyujecmeiim ¢

NPT & NOMOULIO NEPCONGALNO20 KuMnbiomepa ¢ npospavsuay obecnevenuem B Bywuna,

Puc. 8. Accoyuameir CHM komnaexcoeé npu cmeuienuu chupma c
6000i0. Hzobpaxcenuss A u B nonyuensr uz xadpa «17» na puc. 6, ¢

pazmepom no copuzonmant 1,4 mm u 7,5 mm.

Paspraxnenue accoyuamos CHM xomnnexcos na cmacuu

4). Vuacmox

3 wroOparcents HCNOLIOCANN OO NS
129) & npocpavme Adobe Photoshop, Yaacmku, omuociuueci & NEYNOPROGHENNOMY 8600NO-
CAPKOCTbY 1

smenee S0 meex.), ROKPOMON0 FTUTHSEA BORUAE BN ROKPS RTHEM,
CI lM coeounennozo ¢ ALT xowempyiapui o.mon. B Bywmuwa (HHLU TBIT Munsopasa PP, 2 Cepnyxos), Peaucmpapwo cuewana ¢ AT

OCHOBC

BOJHO-
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accouuart u3 cemu mapoodpaszubix CHM komruiekcos, pazmepamu 6onee 200 MkMm.

Pasnpie konnentpammu C; u C, 3TaHONAa B Pa3IMYHBIX (ha3ax 00eCIeYMBAIOT OOJBIICE pa3lIndre B
nokazarensx mnpenomseHns CHM KOMITJIEKCOB M HEYMOPSJOYEHHOTO pacTBOpa. IDTO pa3ivyuve MO3BOJISET
oJIy4uTh pazmepuble ciekTpbl CHM kommiiekcoB (Ha cTaauu paccacblBaHus ceTH GUOpMILI — puc. 6) mo100HO
KJIACCHUECKUM M3MEPEHUSIM pPa3MEpPHBIX CIEKTPOB YacTHI] B3BelleHHOro BemiectBa [18, 21]. JlanHble mo
pa3MEpHBIM CIIEKTpPaM — YHUCIEHHOMY ¥ OOBEMHOMY
pacmpeneNneHno - TMoKa3aHbel Ha puc. 9. Bumgno, uto 30
MaKCHUMyM pa3MEpHBIX CIEKTpOB — OKosio 40 MKM, HO 15
CHM koMIIIEKCHl CO 3HAYMMOM YUCIEHHOW M MacCOBOM
JIoNell  MOXXHO  OOHApYXHUTh  TPU  Ka3yaIbHOM
uccneaoBanuu ot 15 mo 120 mxm (puc. 9, A). bauzkue 20-
mo ¢opMe KpUBBIE UYHCICHHOTO H  OOBEMHOTO o \\
pacnpeneneHni yKas3bIBaloT Ha TO, YTO MOBEPXHOCTb, B °
kotopyto BrnuchiBaeTcss CHM kommnekc, Onm3ka K
chepuueckort. Ilpu MexaHMYECKOM IepeMEITUBaHUH
TAKOI'0 T'€TEpOreHHOro pacTBopa (puc. 9, Ha BCTaBKeE)
MaKCHUMyM YHCIIEHHOTO PpacHpe/leleHUs] CMEIAeTcsl 10
15 MM, a o6beMHOro yBenuuuBaercs 10 50 MKM, Mpu
STOM 3HAUUTEIBHO YBEJIUYMBACTCA IIMPHHA CIIEKTPOB
(MOXkHO O0OHapyxuTh yactumbl oT 1 mo 120 mkwm). "‘1 """""" T{;" i
VYBenuueHne MakcUMyMma OOBEMHOIrO pacIpeneieHUs U

th

=

MEM

104

MKM

IMAPUHBI CIHCKTPa TOATBCPIKAACT H3JIOKCHHLIC BBIIIC ; .2
Puc. 9. Pazsmepnwie enexmper CHM rkosmrexcos: ofvemnoe (omrpeimsie
MIpCAIOJI0XKEHUA O pa36yxaHI/H/I U Pa3pbIXJICHUU CHM KpVaCKN) 1 uNclennoe  (wepnsie Kpyowkn) pacnpederenus. B xoeemy
AAIEPHOZO  MAAOV2I06020  NIMepumens  ouchepenoemu  (particle  sizer)

iz 2 F ¥
KOMIIJICKCOB HpH BHereHHH B HuX 9TaHOIIA. Malvern 3600 Ec enocum 10 s Gucdncmiposanion eode. B kavecmee
,Z[I/ICHeprI/IpOBaHI/IC BHUJIUMBIX HpI/I J‘Ia3epHOI\/'I rfmiru HENOABIOGATH  NVCIVIO  KIogemy win  kwosemy ¢ sodoil. B eody
o doGaenin ymakon € Kommecmee | M1 GHAIOZNMHO ©  RPOHECCOM,
MaﬂoyFHOBOI/I I[I/I(l)paKLII/II/I CHM KOMIIJICKCOB BIIJIOTH OO npedemasnenno wa puc. 7. Yepes 30-60 cexvno (na cmaouu paceacseanis
PUOPULIAPHEIX  CIIPVEINYP)  NOCTe  6HECEHNA  WINKBOMBL  CHUMBIGATI
1 MM OTpakaCT IyTh IOJYyYCHHSA HCTUHHOI'O BOJHO- pazmepisle  chekmpsl. Jlanee ermouan MazHUMRYIO Mewalxy npuoopa
CIIUPTOBOTO pacTBopa B KOTOPOM C1=C d=C2 (Veaoerse edunns ckopoci nepemenmeanus — 3) n uepes 3-5 cexynd
HeoG ’ o a nepeMemeann chosa cunmeteanu pazvepnsie cnekmpor CHM xommiexcos,
€00X0ANMMO OTMETUTH COXPaHCHHUEC YCTOUYMUBOCTHU HIMO ROKAZAHO HA ECMAEKE.

CHM KOMIUIEKCOB Ha CTaJWH paccachiBaHus (HUOpHILT:
CHM koMIUIEKCHl MNPOJOJIKAIOT CYIIECTBOBATH JIECATKA CEKYHJI TIpU OTCYTCTBUM MEXaHUYECKOTO
nepeMenInBaHus.

Crnenyet 0co00 MOAYEPKHYTh, UTO COOBITHS, CBA3AHHbBIE C TPEXCTAIUWHBIM B3aUMOJCICTBHEM ATaHOJa
Y BOJIBI, 3aKJTIOYAIOIIMECS B MOCIICOBATEILHOM MPOHUKHOBEHUH CIUpPTa B (Da3bl HEYMOPSJOUECHHOW BOIBI U
CHM komruiekcoB, He OOYyCJIOBJIEHBI cHeruUKOW CMENIEHWs HWMEHHO JTaHoJia C BOJAOK. Takyr ke
MOCIIEZIOBATEILHOCTh COOBITUN MOKHO HAONIOAATh U MPU CMEIICHUU TSHKENOUM U JIETKOM BOJBL. DTOT MPOIECC
oTinyaeTcs OoJiee ObICTpOil KMHETUKON. AnnkBOTYy DO sTaHONma BHOCWIM B JIETKYIO BOAY B BHJIE Karuid, 0e3
peskoro BOpbicka. CoOOBITHS, pa3BHBAIOIIMECS MPU CMEUICHHH MOXKHO pPa3AeNuTh, KaK U JUIS CMEIICHUs
3TaHOJIa C BOJOK, HAa Tpu craguu. [lepBas cragus - THIPOJMHAMHMYECKOE CMELIEHUE PacTBOPOB, KOTOPOE
obOecrieunBaeTcss B TEYCHHWM TMEPBBIX JBYX CEKYHJ UM 3aKaHYMBaeTCs OOpa3oBaHWEM MaKCHMAaIbHO
onayiecuupytomen cpenbl uepes 0,6 cexynn (mas 3taHona — 2 cexkyHnasl). Jlamee x 3 — 4,9 cexyHnne myTHOE
n300pakeHue mpeodpasyercs B CeTh ApKUX (GUOPHUILI, pa3AeNeHHBIX 3aTeMHEHHBIMH yYacTKaMU. DTO - BTOpas
CTaausl C JUIMTEIBbHOCThIO 2,5-4,3 cexyHawl (mis 3TaHona — 17 cekyHn). Ha Tperbeit cramum QuOpuiibl
MEJIJIEHHO PaccachlBalOTCA M MOJHOCTBIO BUJIMMO HCUYE€3alOT Mo ucrteueHuu 20 cekyHn (s staHona - 50-70
CEKYH[I).
Oo0cy:xneHne pe3yJibTaToOB

N3yueHnto CTpyKTypbl BOJBI TIOCBSIIIEHO MHOKECTBO pabOT M M37aHO MHOXKECTBO MoHorpadwuii [1-6, 8,
11, 19, 22]. OcHoBHble Teopuu (KBapuenoJoOHOH CTpyKTypsl bepnapa-®aynepa, usruba csseit Ilomua,
CTPYKTYpHBIX TmycTtoT CamoiiyioBa, CTPYKTypHBIX naedexktoB Dopciaunma, «ruapata Bonab» [lommHra,
accounanui OiikeHa, Mepuammux kiactepoB Ppanka-Bena, oxHopomHoll cTpykTypbl OpeHTiInxepa-
QorenbxyTa) KOMOMHHUPYIOTCSI M JOINOJHSAIOTCS W HOBBIMH  HMJAEAMH, TpU3BaHHbIE OOBSICHUTH
9KCIIEPUMEHTAJIbHBIE JIaHHbIE. JTO TeOpHsl BoaHOro nosnumMepa I'mpepa-Bupria, monenu Ileppama, Haprena,
3anenunoii, Caiimonca, CapkucoBa-ManenkoBa-JlaTeBckoro u MHorue apyrue. Bce 3Tu  Teopum
paccMaTpuBalOT CTPYKTYPY BOJIBI C XapaKTEPHBIMU pa3MepaMu J10 10 M. B HacTosimeii paboTe HaMH MTOKa3aHO
CYIIECTBOBAHUE CYNPAHAAMOJICKYISIPHBIX KOMIUIEKCOB BOJIbI C pa3MepaMu MOpsIIKa 10° - 10" m. [Tomy4yenubie
HaMU JIaHHbIE HE BCTYNAIOT B MPOTHBOPEYHE C M3BECTHBIMU PAHEE Pe3yJIbTaTaMH, a MOCBSIIECHBI COOBITHSIM B
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BOJIE M BOJHBIX PACTBOpPAaX TaHAEMHO HE3aBHCUMBIX [23] (TO eCTh HECOMPSKEHHBIX H3-32 BPEMEHHBIX
paznuuuil) OT COOBITHMI B HAIMOJICKYJSIPHBIX KJAacTepax BOJIbI, TaK Kak BpeMmeHa penakcanuun CHM
KOMIUIEKCOB (TMTaHTCKUX — MO CPAaBHEHUIO C HAIMOIEKYJISPHBIMH KOMIUJIEKCAMHU) COCTaBISIOT OT OJHOU N0
JeCATKOB CeKYHIBI (Tabm. 1). M3710KUM COBOKYITHOCTh BO3MOXKHBIX ()aKTOPOB, CIIOCOOCTBYIOIINX 3aPOXKICHUIO
Y YCTOHYHMBOCTH CTOJIb KPYITHBIX 00pa30BaHUIA BOMBI.
Tabauna 1. XapakTepHble pa3Mepbl 1 BpeMeHA peJIaKCallii MOJIEKYJISPHBIX KJIACTepoOB

u CHM komniiekcoB

Hassanue Pazmepul, | Bpemsa penaxcayuu, cex | Cceblika
M
Monexynapuwvie Knacmeput <10” ~107" [4, 11]
CHM komnnexcol 600ut (I mun) 10>-10" 1 Puc. 1u?
CHM komnaexcel 600no-cnupmoswie (I mun) 10* 10-30 Puc. 8u 9

Yenosus popmuposanus cynpanaomonekynisapHulx KOMNIEKCO8 800bL.

WNunnuupoBanue obpazoBannss CHM KOMITJIEKCOB MOXKHO OKUAATh NPU BO3HHUKHOBEHHUH B BOJE
YCTOMUUBBIX JIOKAJIbHBIX HEOJHOPOAHOCTEH, MOAOOHBIX LIEHTpPaM KOHJEHCAlMU IMpH OOpa30BaHUM BOJIHBIX
a’po30e, ¢ KoHuenTparweit 10° WTyk B THTpe, 4TO COOTBETCTBYET KOHIEHTPALHH KIACTEPOB, OLCHHBACMAs C
TOYHOCTBIO JI0 MOPAJKA IO JaHHBIM Ha puc. 2. IIpu uccienoBaHusIX CBEPXYHUCTHIX IO a3pO30JIAM IOMEIEHUN
O0bUT0 0OHApY’KEHO, YTO OOpa30BaHHE BOJHBIX a’PO30JICH MPOMCXOIUT Ja)Xe NMPU MAKCHUMAIbHOM OYHUCTKE
BCJIEJICTBHE KOHJECHCALUS OUNONbHLIX MOJIEKYJ BOABI Ha HAHOA’PO30JIAX M HMOHAX, BO3HHUKAIOIIMX IIpU
JeMCTBUU KOCMMUYECKHUX JIyuell U pajnoakTuBHOro ¢oHa [24, 25]. DTy *e poJib MOTYT BBIITOJHATh U HOHBI H+
mwm OH™: Bokpyr noHa, (popMUPYIOLIETO HEOJAHOPOIHOE SJIEKTPUIECKOE T0JIe, HEMEIICHHO OPUEHTUPYIOTCS
JIUIIONIN BOJIBI C 00pa30BaHMEM IUIOTHOM MMIPaTHONW 00OJIOUKH.

O6pazyromuecs CHM komIieKChl, BEpOATHO, UMEIOT AMIOIbHBIA MOMEHT (Kak M HaJIMOJIEKYJISIPHbIE
KJIacTephbl) MOAOOHO MUKPOHHBIM YaCTHIIAM BOAHBIX a’po3oiieil [26, 27]. DTo cnocoOCTBYeT UX OpUEHTALUU
BJIOJIb HOPMaJId K TIOBEPXHOCTH BOABI (puc. 1) U oOpa3oBaHuIO CBsi3e (puc. 2) MEXIy OTACIbHBIMU
kinactepamu. Takoe (opMupoBaHHE NPOTSHKEHHOM (BIUIOTH O CM) MPOCTPAHCTBEHHOH ceTH (hpaKTaabHON
CTPYKTYpbI criocoOcTByeT cradmmm3armu CHM KoMIUIEKCOB BCIICICTBHE MUHUMHU3ALNUN CBOOOHOW IHEPTHH
BO (pakTajbHbIX CTpyKTypax [28]. Hamm yxe ynomuHaizoce oOpa3oBaHue (PpaKTaJbHBIX CTPYKTYp B
rpaHyJspHBIX razax [29] (cM. npeasiayuryto padoty - A.H. CmupHoB u n1p.). Cienyer NoJ4epKHyTh, YTO Ps
(bpakTaabHOIN CTPYKTYpPHOM OpraHU3alluy «IUIIOIU BOJbl — HAHOMETPOBBII KJIaCTep C JUMOJIBbHBIM MOMEHTOM —
CHM xom1uiekchl» HE 3aKkaHuMBaeTcs. B mpupoaHbIX Bojgax (KpYMHBIX 03€pax, MOPSIX U OKeaHax) CJIeZ0BaJo
Obl OXuaaTh (GopMHpoBaHUE Oojiee KPYIHBIX CTPYKTYp, O Ye€M B Halleld Trpynmne IOoJdy4YeHbl MepBble
MIpEIBAPUTENIbHBIE PE3YJIbTATHI.

TepMoanHaMUuyecKOll ¥ KHHETHYECKOW crabmnu3auuu  oOpazoBaBumierocss CHM  komiiekca
CHOCOOCTBYIOT CIIEAYIOIINE SIBICHUSA. XOPOILIO M3BECTHO, YTO MEXIY YHOPSAOYEHHON MPUIOBEPXHOCTHOU U
00bEMHOI BOJIOM BO3HUKAET CKAYOK JICKTPOXUMHUYECKOTO nmoTeHImana nopsaka 100 mB [30]. Takum oOpazom,
MeXIy ynopsaodeHHoi ¢azoit CHM kommiiekca u ¢a3oii HEymopsI0uYeHHON BOABI BO3MOXHO 00Opa3oBaHHeE
rpaguenta motenmmana 1o 10° B/eM, a ams mosepxuoctHOro ciosi CHM KoMIieKca 5TH 3HAYCHHS MOTYT
JIOCTHTaTh W OONbIIMX BenmuduH [31]. DnekTpuueckas COCTABISIONIAs TOTO TpaaueHTa NpuBOoauT dddekty
YIUIOTHEHMsI YIIAKOBKH JUNOJEH Boasl [24, 32], npudyeM noBepxHocTHBIN ciaoii CHM komIulekca coxMmercs u
COPUEHTHPYETCS, NPUBOJS K BO3HUKHOBEHHUIO BUPTyaJbHOM MeMOpaHbl, CIIOCOOCTBYIOIIEH CTaOMIM3alUU
CTPYKTYpbl BHyTpeHHero cojaepxxumoro CHM kommiekca kak Ouojormueckass MeMOpaHa CTaOMIM3UpPYeT
conepxumoe kietku. [Ipu stom Ha moepxHocT CHM kommiiekca OyJeT WHas IJIOTHOCTH BOJOPOIHBIX
CBsi3ed, 4eM BO BHeIIHel (a3e, 4TO CIOCOOCTBYET CTAOMIM3ALMM KOMIUIEKCOB. YIUIOTHEHHE THAPATHOM
000J109KH CTIOCOOCTBYET O0JIee TIIOTHOM YITaKOBKE MOJIEKYJ BOJIbI, MOBBIIEHUIO I0THOCTH CHM KomIiekcoB
[0 CpPaBHEHHIO C OOBEMHON BOJOM M JIbJAOM, MOHM)KEHUIO DPACTBOPSIONIEH CIOCOOHOCTH, YBEITUUYEHUIO
MoKa3aTessl NPEIOMIICHUS W W3MEHEHHIO JIPYTHX CBOWCTB (3TO M3MEHEHHE CBOWCTB Bojabl B ¢aze CHM
KOMIUIEKCA M SIBJISIFOTCS, C Halled TOYKM 3PEHHs, OCHOBAaHHEM BO3MOXKHOCTM HX BU3yalIM3alMM IIpU
WCIIOJIb30BaHNU Ja3epHod wuHTedepomerpun). Kak Oonee pemkoe coOwbitme, dem ocuwuamus CHM
KOMILIEKCOB (puc. 1, TpeTuil psi) Mbl HaOIIOAAMM UX CIMIAHUE U «OOMEH» CONEPKUMBIM MpH IpocMoTpe 15
cekyHa (225 kaapoB) HENPEpHIBHOTO BHUAEOPSA, OTAEIbHBIE KaIpbl KOTOPOro mHoka3aHbel Ha puc. 1. Ilpu
obpazoBannn CHM kommiexca II tuna (tabum. 1) pa3Hulia B KOHLIEHTPALMKM 3TaHOJIa BHYTPU KOMILIEKCa U BO
BHEIIHEN HeynopsaoueHHOW (a3e crnocoOCTBYET YBEIMUEHHUIO AJIEKTPOXMMUYECKOTO IOTEHIMala M, Kak
CIIEICTBUE, YBeInunBaeT Bpems penakcauuu CHM komrmuiekca Ha OpsAAoK.
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[Tpu mocTpoeHnu (a3pl BOJABI KaK €IUHOTO aHCaMOJIs U3 CTPYKTYPHBIX 371eMeHTOB (B ToM yrcie 1 CHM
KOMIUIEKCOB) CBOMCTBA BOJAHOM CUCTEMBI HE SIBJISIOTCS MIPOCTOM CyMMOI CBOMCTB CTPYKTYPHBIX 3JIEMEHTOB, HO
MpHOOpeTaeTCss HOBOE KaueCTBO — CBOMCTBO KOOMEPAaTUBHOCTH. B TakoM aHcam0iie OTHEIbHBIE CTPYKTYpPHBIE
3JIEMEHTHI MOTYT MEHSTH CBOIO ()OPMY U pa3Mepbl, CUCTEMa KaK Obl UCTIBITHIBAET OECKOHEUHble CIPYKMYpPHbIE
nepexoovl. DTH TepexoAbl (MU TPOIecCC HU3MEHEHHS CTPYKTYpbl) MOTYT MPOUCXOJUTH C TeHeparueit
CONMUTOHOB. [Ipy MOCTPOCHUH Pa3IMYHBIX MOJEICH KHIKOH BOJBI OITyCKaeTcs (aKT MOCTOSHHOTO HAJTUYHS B
Heil THAPAaTHPOBAHHBIX HOHOB BOJOPOA M THAPOKCHIA B Komndectse 6,02:10'° B murpe. [To HaureMy MHeHHIO,
9TH HMOHBI UTPAIOT PEIIAIOINIYIO0 POJIb B CO3AaHUU CTPYKTYpHI BOJbl. OHU 00pa3yroT Kak Obl THUHAMHUYECKYIO
CBEpXpeIIeTKy U, Oyiarogapsi AaJbHOJIEHCTBUIO SJEKTPOCTATHUECKUX CHJI, O00ECIEeYMBAIOT CTAOMIN3ALINIO
aHCcaMOJIsl M €ro YyTKOE pearupoBaHue Ha JIFOObIE BHEUTHHE BO3JCHCTBUS (DJIIEKTPOMArHUTHBIC, aKyCTUYECKUE,
TeroBble U 1p.). [Ipm 3TOM MOXKHO OXUAAaTh, YTO BO3MYIICHHS, BBI3BAaHHBIE STUMHU BO3JICHCTBUSIMU,
pPacIpOCTPaHSIOTCS B aHCAMOJIe CBEPXPEIIETKU KaK COTMTOHBI.
3aki0ueHue

B mHacrosmeit pabore M3MOXKEHBI OKCIIEpUMEHTaNbHBIE (akTbl 00pa3oBaHUS U JIUHAMHKH
CyIpPaHaIMOJIEKYJISIPHBIX KOMILJIEKCOB BOJIbI ¢ JIMHEMHBIMU pazmepamu 30-100 MKM U BpeMeHEM pellaKcalnu
CBBIIIE OJHOW CEKYHJIbl, YEPEAYIOUIUXCSI C MEHEE YIOPSIAOYEHHBIMU YUacTKaMu BOJBIL. [l MX BU3yanu3anuu
MPUMEHEH HOBBIK TOJAXOJ C HCIOJb30BAHUEM JIA3€PHOTO  M3IYUYEHUS, [O3BOJISIIOIIETO  YJIOBUTh
HE3HAYUTENIbHYI0 pa3HUIly B TMOKa3aTelsx mpejoMieHus AByx wMukpodas Bomel. Kak crienctBue
cymectBoBanuss CHM kommiiekcoB, OOBEAMHEHHBIX B MPOCTPAHCTBEHHYIO CETh, OMNHCAHBI SBJICHUS
AHU30TPOITHOTO HEOPOYHOBCKOTO BHKEHUS TUAPOMUIHHBIX JUCIICPCHBIX YACTHUI] U TPEXCTATUHHBIC ITPOILIECCHI
oOpasoBaHus pacTBOpOB 3TaHoN-Bosa 1 D,O-H,0. B 06cyxnennn pe3yabTaToB pacCMOTPEHBI KHHETHYECKUE U
TEPMOJIMHAMHYECKHE OCOOCHHOCTH 3apoxiaeHuss u crabwimzanun CHM xomruiekcoB. OOHapykeHHBIE B
HacTosled padoTe CympaHaaMOJIEKYJSpHbIE KOMIUIEKCHI BHOCST CYUIECTBEHHbIE KOPPEKTHUBBI B
MPEICTaBICHHS O CTPYKTYpe BoAbl. OHAKO OHM HEMPOTHBOPEUYHBO BKIIOYAIOT B CeOsl BCE paHee MOyYCHHBIE
JKCIIepUMEeHTaIbHbIe (haKThl, Kacawomuecs opranuzanuu H,O B MUKpooObeMax M BpeMeHax pellakcaluy Ha 5
U, cooTBeTcTBeHHO, 10 mopsaxkoB MeHbIIMX, ueM TakoBble i1 CHM kommiekcoB. Hanuuue
CYNpaHaJAMOJEKYJISIPHBIX KOMIUIEKCOB B BOJIE MO3BOJSET OOBSICHUTH MHOTHE SKCIIEPUMEHTaJbHbIe (DAKTBHI,
KOTOpBIC paHee He UMEH CTPOUHOTO, IOTUYHOTO 0OOCHOBAHHUS, HAITPUMED: YBEIMYEHUS TEILIOEMKOCTH BOJIBI B
unrepsane 10-20 °C B 5-17 pa3 1m0 CPaBHEHHIO C APYTUMHU MOIAPHBEIMU JKUIKOCTSIMHU, aHOMAJIUU B CKOPOCTH
pacrpocTpaHeHus 3BYKOBBIX BOJIH M UX JUCIEPCUIO, 1 MHOTHE Jipyrue. Ha ocHOBaHMU pa3BUBaEeMbIX aBTOPAMHU
Mpe/ICTaBICHU MOMKHO IMpeacka3aTh psa HOBbIX 3d¢ekToB. Tak, Hampumep, MOJIyYEHHBIE PpPe3yJIbTaThl
OTKPBIBAIOT COBEPIIEHHO HOBYIO CTPAHHUIlY B M3YUYEHHUU MPOLIECCOB B MPUPOJHBIX (B TOM YHUCIE U MOPCKHX)
BOoZax. ABTOpPHI HacToseld pabdOThl aKTHBHO HCIIOJIb3YIOT MOJYYEHHBIE PE3yJbTaThl M PAa3BUBAIOT HX IS
OOBSICHEHUSI MHUKPOCTPaTU(UKAINKA TMOBEPXHOCTHOTO MHUKPOCIOS MOPEH M OKEaHOB, (POPMUPOBAHUS IIBETA
MOPCKOH BOJIBI, 3HEProMaccooOMeHa okeaHa M atMocdepbl. B mpakThueckoil miaHe pe3yjbTaTbl HACTOSALIETO
HCCIEA0BaHUSI MOTYT CITY>KHTh OCHOBOM JIJIsl HOBBIX MPOCTBIX MO MCIOJHEHHUIO JIA3€PHBIX METO/I0B dKCIIpecc-
KOHTPOJISI KauecTBa M OMNEPATUBHOTO OINpeAeNieHUS MOJJIMHHOCTH >KUIKHUX TMPO3pPauyHbIX pPacTBOPOB OT
JIEKapCTBEHHBIX BEIIECTB J0 MUIIEBBIX MPOAYKTOB.

Jluteparypa

1. Pusztai L. How well do we know the structure of liquid water?// Physica B: Condensed Matter. — 2000. -
276-278. — P. 419-420.

2. Bonommn B.II., Xemurosckas E.A.,. ManenkoB ['.I'., HaGepyxun FO.U., Teituk J.JI. CTpyKTyphl ceTOK
BOJIOPOAHBIX CBSI3€d W JWHAMUKa MOJICKYJI BOJbI B KOHJEHCHPOBAHHBIX BOJHBIX cucTtemax// Poccuiickuii
Xumnueckuit XKypnan. —2001. — T. XLV. - Ne 3. http://www.chemnet.ru/rus/journals/jvho/2001-3/31.pdf

3. Chen B., Ivanov I., Klein M.L., Parrinello M. Hydrogen bonding in water// Phys. Rev. Lett. — 2003. —
V.91(21): 215503.

4. Antonuenko B.A., NaseinoB A.C., Unsun B.C. OcHoBbl ¢usuku Boabl. — Kues: HaykoBa mymka. - 1991. —
669 c.

5. 3aunenuna I'.JI. «®usnyeckue cBOMCTBA U CTPYKTypa Boab». — M.: M31-B0 MOCKOBCKOTO yHHUBEPCUTETA. —
1998. — 185 c.

6. CamoiinoB O.4. CTpykTypa BOJAHBIX PaCTBOPOB 3JIEKTPOJUTOB U ruapatanusa noHos. M.: U3a. AH CCCP. -
1957.

7. Antonchenko V.Ya., Davydov A.S., Zolotariuk A.V. Solution and proton motion in ice-like structures// Phys.
Status Solidi (B). — 1985. - V. 115. - N 2. - P. 631-640.

8. Plumridge T.H., Waigh R.D.J. Water structure theory and some implications for drug design//Pharm.
Pharmacol. —2002. — V. 54(9). — P.1155-1179.



http://www.chemnet.ru/rus/journals/jvho/2001-3/31.pdf

Onexrpounslii xypaan «MMCCIIEJOBAHO B POCCHUI» 421 http://zhurnal.ape.relarn.ru/articles/2004/038.pdf

9. Colson S.D., Dunning Jr. T.H. The structure of nature's solvent: Water// Science. — 1994. - V. 265,5168 — P.
43-44.

10. Kusalik P.G., Svishchev .M. The spatial structure in liquid water// Science. — 1994. - V. 265,5176. — P.
1219-1221.

11. Opneun-I'py3 T. SIBnenus nepeHoca B BOgHbIX pacTBopax. M.: Mup. — 1976. — 595 c.

12. Wilson K.R., Cavalleri M., Rude B.S., Schaller R.D., Nilsson A., Pettersson L.G.M., Goldman N., Catalano
T., Bozek J.D., Saykally R.J. Characterization of hydrogen bond acceptor molecules at the water surface using
near-edge x-ray absorption fine-structure spectroscopy and density functional theory// Journal of Physics:
Condensed Matter. 2000. — V. 14, No. 8. — P. L221-L.226.

13. Kounes N.H., Bunnnuenko M.b., Cmupnosa JI.B. TemnepaTypHble aHOMaIuU CHEKTpA IMOIJIOIEHUS U
nokasaress npejaomieHus Boabl// MccnenoBanue BoJbl U BOJHBIX CUCTeM (u3ndeckumu metogamu. JI.: Uzn.
Jlen. yauB.— 1989. - Boin. 6. — C. 42-51.

14. Bykc M.®. JIusnexktprudeckas mospu3aius CIUPTOB B pacTBopax// MccienoBanre BOBI U BOAHBIX CUCTEM
¢uznueckumu meropamu. JI.: M3n. Jlen. yaus.— 1989. - Bem. 7. — C. 172-180.

15. BoiitemoB B.B., Kakopun C.A., TpycoB A.A. DIEKTpPOOPUECHTAIMOHHBIE HCCIEAOBAHUSI
3JIEKTPONPOBOTHOCTH BOJa-TBepaoe Teno// MccnenoBanrue Boibl U BOAHBIX CHCTEM (U3UUYECKUMHU METO/IaMHU.
JI.: N3x. Jlen. yauB.— 1989. - Bein. 6. — C. 75-83.

16. XKykosckuit A.Il. O60cHOBaHNE KOHTUHYaJIBHON MOJIENH CTPYKTYphI BoAbl MeTogoM UK-ciekTpockonuu//
K. crpykt. xumuu. — 1981. —T. 22. — C. 56-63.

17. CmupuoB A.H. I'eHepanus akyCTHUECKUX KOJe€OaHMH B XMMHYECKMX PEAKUUAX M (PU3MKO-XUMHUYECKUX
nporeccax//  Poccwmiickuid ~ Xxumudeckuid  xkKypmam. - 2001. - T. 45, - C. 29-34.
http://www.chemnet.ru/rus/jvho/2001-1/29.pdf

18. Ceipoemikun A.B., Cuntok T.®., Jlebenes .M., [TInereneBa T.B., Kupssnor C.B. M3y4eHue anTaronn3ma
B TOKCHYECKOM JICWCTBUM WOHOB MEIW W IIMHKA B BOJHBIX PAacTBOpax Juisi pa3paOOTKU HOBBIX METOJIOB
9KOJIOTHYECKOT0 MOHUTOPHHTA 3arpsi3HeHUsI TPUPOAHBIX BOj// Meteoposorust u ruaposorus. — 2000. - Nel0. -
C.55-61.

19. Lamanna R., Cannistraro S. Effect of ethanol addition upon the structure and the cooperativity of the water
H bond network// Chemical Physics. — 1996. — V. 213. No. 1-3. — P. 95-110.

21. Ceipoemikun A.B., I'pe6ennukoBa T.B., baiikoBa B.H., KoBaneBa A.A., Jlebenes U.M., buketos C.D.,
[InereneBa T.B., ®pomoB B.A. HoBblli moaxoa K HCCIEAOBAHUIO NATO(MU3MOJIOTHHM KIETKU: H3Y4YECHUE
pacripeieyieHusi KJIETOK 1o pa3mepam u ¢GopMe Kak METOJ| JUAarHOCTHKA W MOHHUTOpPWHTa 3a0oieBaHui//
Knunnueckas nabopatopHas quarsoctuka. — 2002. - Ne5. — C. 35-40.

22. Lopez E., Ortiz W., Quintana .M. Determination of the structure and stability of water clusters using
temperature dependent techniques// Chemical Physics Letters. —1998. — V.287 —No. 3-4. — P. 429-434.

23. EpmioB 10.A. TepMmoaunHamuka KBa3upaBHOBECH B Omosiormdeckux cucremax. - M.: BUHUTU. - 1983. -
138 c.

24. Jlanmmu B.b., A6mokoB M.IO., [1aneit A.A. [laBnenue napa Haj 3apsokeHHou karuteit// XK. du3. xumun. —
2002. —T. 76. - Ne10. — C. 1901-1903.

25. Jlammmu B.B., Tlaneit A.A., [TonoBa U.C. Tanaka Macaus, SImomoto Kamyxu. Crioco6 Bo3nelcTBHS Ha
atMocdepusbie oopazoBanus. Ilarent PD Ne 2112357.10.10.1997.

26. Konnpatees K. 4. A3pozons u kmumat// Dxonorudeckas xumus. — 1998w — T. 7(2). — 73-85.

27. Iupsea C.O. O HEKOTOPbIX 3aKOHOMEPHOCTAX MOJSApHU3ALMM M JUCHEPrUPOBAaHUS Kallld B
anektpocraruueckoMm moje// KTD. — 2000. —T. 70. — Beim. 6. — C. 20-26.
http://www.ioffe.ru/journals/jtf/2000/06/p20-26.pdf

28. Ponnyrun B.U. ®pakTanbHbie CTPYKTYpHI B qUCTIepCHBIX cuctemax// ¥Ycemexu xumun. — 2003, — T, 72. - No
10. C. 931-959.

29. Puglisi A., Loreto V., Marini Bettolo Marconi U., Vulpiani A. Kinetic approach to granular gases// Phys.
Rev. E Stat. Phys. Plasmas Fluids Relat. Interdiscip. Topics. — 1999. - V. 59(5Pt B). — P. 5582-5595.

30. bpoackas E.H., Pycano A.l. MammHaHOE MOAeTMpOBaHNE MUKPOKIIacTepoB Boabl// MiccenoBanue BObI U
BOAHBIX cucTeM ¢puzndeckumu mMetogamu. JI.: M3xa. Jlen. yaus.— 1989. - Bem. 6. — C. 29-42.

31. Coulson C.A., Maccoln A., Sutton L. Dipole sums and intermolecular interaction coefficient// Trans. Farad.
Soc. - 1956. - V. 48. - No. 106.

32. Sutmann G.. Structure formation and dynamics of water in strong external electric fields// J. Electroanal.
Chem. — 1998. — V. 450. — No. 2. — P. 289-302.



http://www.chemnet.ru/rus/jvho/2001-1/29.pdf
http://www.ioffe.ru/journals/jtf/2000/06/p20-26.pdf

