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B pesynbraTe MHUKPOCKOMMYECKHX HCCIIEOBaHWUN OOHApYKEHO, YTO MO JIeHCTBHEM
HU3KOYaCTOTHOTO yibTpa3Byka (22 k['m) B Boze mponcxoauT oOpa3oBaHue MOJIEKYIISIPHBIX
KJIacTepoB. Bu3syanuzanusi KiIacTepoB BBIINOJIHEHA IOCPEACTBOM 3aMOpPAXKUBAaHUS BO-
1p1(—22 °C), mpeaBapUTeNbHO MPOIIEANICH YIBTPa3ByKOBYIO 00pabOTKY. Y CTaHOBIICHO,
YTO KJIACTEphl B OCHOBHOM HMEIOT BBHITAHYTYIO (QopMy ¢ pasmepamu oT 50 MKM 10
780 mxMm. Kpome Toro, BBISIBJICHO HAJIHMYME MHOYKECTBEHHBIX MOJIEKYJIIPHBIX ACCOIMAIINN C
pasmepamu MeHbIIe 20 MKM.

Knrouesvle cnosa: nucTUUIMpOBaHHAas BONA; YIbTPa3BYK; 3aMOpaKMBaHUE; MUKPOCKO-
MMYECKUE UCCIIEAO0BAHM; MOJIEKYJISIPHBIE KI1aCTEPHI.
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As a result of microscopic studies, it was found that under the influence of low-
frequency ultrasound (22 kHz), molecular clusters are formed in water. Visualization of
clusters was performed by freezing water (—22 °C), which had previously undergone ultra-
sonic treatment. It has been established that clusters mainly have an elongated shape with
sizes from 50 microns to 780 microns. In addition, the presence of multiple molecular as-
sociations with sizes less than 20 microns was revealed.
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BBEJAEHUE

[NocTostHHO TPOBOAATCS HAYYHBIE MCCIEIOBAHMS, HAPABICHHBIC HA TMIOMCKU MyTEH I10-
BBIIICHUS () (HEKTHBHOCTH HCIOJIB3YEMbIX TEXHOJIOTHI M Ka4eCTBa BBITyCKAEMOH MUKPO-
3JIEKTPOHHOU IIPOAYKLIUY.

B MHKpO3IIEKTpOHHON IMPOMBIIUIEHHOCTH HAa PA3IMYHBIX STalaxX TEXHOJIOTMYECKUX
MIPOLIECCOB MIUPOKO MPUMEHSIETCS AUCTUILIMPOBAHHAS BOJIA, KOTOPasi, ABJSACH MOIAPHBIM
BEILIECTBOM, 00NafaeT NMPEeBOCXOIHBIMU PACTBOPSIONIMMU CBOHCTBaMH. VIMEHHO 3TO 00Y-
CIIABIMBACT €€ MIMPOKOE NMPHMEHEHHE, B TOM YHCIE U1 OTMBIBKM KPEMHEBBIX IUIACTHH.
[IprdyeM CKOPOCTH MPOTEKAHMS XUMUICSCKUX PEAKIHiA, B YACTHOCTH TIPH OTMBIBKE, 3aBUCHT
ot pH cpenpl. A kak OBLIO YCTaHOBIEHO B paboTe [1], mMeeTcs BO3MOKHOCTh U3MEHSTh
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(«ympaBisaTe») pH IUCTHIIMPOBAHHOM BOXBI IPU BO3IACHCTBHM HAa HEE YIBTPA3BYKOM
(Y3). OT0 MHTEPIPETUPOBATIOCH U3 MPEANIOTIOKEHHS, UTO B BOZIE MO ICUCTBHEM YIIbTpa-
3ByKa ()OPMHUPYIOTCSI BOASHBIC KJIACTEPHI, B 00pa30BaHUM KOTOPBIX YYACTBYIOT aHUOHBI U
KaTHOHBI BOJIBI, HO B pa3HOU ctereHd [1].

Lenp: myTeM MHKPOCKOIMHMYECKHX HCCICIOBAHWH ITOATBEPANTH HAIMUME 00pa3oBaB-
LIMXCS B BOJE NOJ JEMCTBUEM YIIBTPa3ByKa MOJIEKYJISIPHBIX KJIACTEPOB M OLEHUTh UX pa3-
MEpBL.

MATEPHUAJIBI 1 METO/IbI

B kagecTBe 00BEKTa HCCIEOBAHMS UCIIONIB30BATIACH AUCTHIUTMPOBAHHAS BO/IA, KOTOPAs
moMemmanack B yamku [letpu u oOpabareiBanack yinbpTpa3BykoM ¢ gactoroi 22 kl'm. s
BH3yalI3alyy 00pPa30BaBIIUXCS B BOJIE MOJCKYJISIPHBIX KIACTEPOB HCIIOIB30BAJICS METO]
3aMOpPaXKUBAHHS HCCICYEMbIX U KOHTPOJIbHBIX (0€3 mpeaBapuTenbHOH 0OpabOTKH YJIbT-
pa3BykKoM) 00pa3moB BOIEI [2]. 3aTeM BBIIONHSIIACH MUKPOQOTOrpadupoBanne U CpaBHH-
TENBHBIN aHATN3 MUKPOCHUMKOB UX TOBEPXHOCTEH.

PE3YJIBTATHI U OBCYXJIEHUE

B Tabnmune mpencraBieHbl MHUKpoOdOTOrpaguu MOBEPXHOCTEH HCCIEAYeMbIX W KOH-
TPOJIEHBIX 00pa3LoB BOIKI IOCIE MX 3aMOpo3Ku. KpoMe Toro, Tyna ske MOMEIIeHbB MHKPO-
(dororpadun BHYTPEHHUX TMOBEPXHOCTEH KpbIleK Jamek [IeTpu, B KOTOPBIX MpH 3aMopa-
JKUBAHUH HAXO/IIIIUChH JaHHBIC 00pa3Ibl.

CpaBHuTebHas Taduna mukpogororpadguii KOHTPOILHOTO U MPOLIeIIIero
npeBapuTeJbHYI0 Y3 00padoTKy(1cciieryeMoro) o00pas3ioB BOAbI MocjIe HX 3aMOPO3KH

OO6pa3sis
OOBeKT KonTponbHsrit HUccnenyemplii
CBEMKH

BuyTpenssist
MOBEPXHOCTh
Kkpbiku [letpu

[ToBepxHOCTH
3amépaieint
BO/JIBI

YcTaHOBIICHO, YTO MOCIIE 3aMOPO3KH KOHTPOJIBHEIH 00pa3er BOABI MMEET TIaIKyI0 Of-
HOPOIHYIO MOBEPXHOCTh. B oTiHYHMe OT KOHTPOJBLHOTO IMOBEPXHOCTh HCCIEIYEMOTo 00-
paslia CoAEpKHUT MOJIEKYJIpHbIE KPyITHOMACIITa0HbIe 00pa30BaHUs B BHIE BOASHBIX JIO-
MeHOB. [locpencTBoM u3MeHeHHs (HOKYCHPOBKH MHUKPOCKOINA YCTAHOBIICHO, YTO IPAHHIIBI
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ATHX JIOMEHOB PacIpOCTPaHSIOTCS BIIyOb oOpasia 3amép3eii Bonbl. [locnemanee cBumae-
TEJNBCTBYET O TOM, YTO MbI HMEEM JIEJIO C O0BEMHBIMU CTPYKTYPHBIMH 0Opa30BaHUSMH, TO
ecThb ¢ kacrepamu. OYeBHIHO, YTO OHH CPOPMHUPOBAIHCH IIPH YIETPA3BYKOBOH 00paboT-
Ke BOJIbl U MPOSBHUIINCH MPHU MOCIEAYIONIEH €e 3aMOpO3Ke, TaK Kak MpH 3aMOpPO3Ke KOH-
TPOJIBHOTO 00paslia BOJbI STOTO HE MPOUCXOAMT. M3MepeHus IMHEHHBIX Pa3MepoB JIOMe-
HOB TIOKa3aJIi, YTO OHU JIeXaT B HHTEpBaje oT 50 MKM 70 785 MKM.

Jlanee ObUT IPOBEJIEH CTATUCTHYECKHUIA aHAJIN3 T€OMETPHUECKHUX MMapaMeTPOB ITUX KJiia-
CTEepOB (CM.pHC.).

Jlyis 3TOTO OHM OBLIM MTPOHYMEPOBAHBI M C TIOMOIIBIO KOMITLIOTEPHOM MPOrpaMMbl 00-
pabotku m300paxenuii Image) n3MepeHsl ux npoAoNbHbIE (a) U monepeunsie (b) ocu, ne-
PUMETPHI U TUIOIIA/IH.
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OTHOCHTEINTFHBIE YaCTOTHI 00pa30BaHsI JOMEHOB, B 3aBUCUMOCTH OT COOTHOIICHHS
WX MPOJIOJBHBIX U MOMEPEUHbIX oceil (a) 1 ux miorazaei (b)

Ha pucyHnke nokasansl pacnpezesneHus JOMEHOB KaK [0 COOTHOILIEHUIO MPOAOIbHbBIX U
MONIEPEUHBIX OCeH, TaK W MO IIowaasaM. BuaHo, 4To pacmpeesieHue OTHOCUTENIBHBIX Yac-
TOT 00pa30BaHMs JIOMEHOB 10 BEIWYMHE OTHOLICHUS a/b OJIM3KO K HOPMAIbHOMY 3aKOHY
(puc., a). Torna kak KpuBas paclpeaeleHHss OTHOCUTEIbHBIX YacTOT 00pa3oBaHuUs JoMe-
HOB IO IUIOMIAASM IUIAaBHO CHIDKAETCS C YBEIMYEHHEM HX pa3MepoB (puc., b). OTMeTnm,
YTO IO BEIMYHMHE OTHOLICHUS ocel (a/b) MOKHO CYIHUTH O PopMe TOMEHOB.

JeTanpHblil aHAIN3 MOTYYEHHBIX JAHHBIX MOKa3aj, 4YTo MOJ ACWCTBUEM YJIbTPa3ByKa C
HaWOONIBIICH  BEPOSITHOCTEI0O B BoAEe  (OPMHPYIOTCS  JOMEHBL, y  KOTOPBIX
mwIomamm < 25%x10° MKMz, a OoJIbIIIMEe OCH MPHOIHU3UTEIBLHO B 2,5 pa3a Oonbliie MaibiX. 1o-
ClIe/IHEE 03HAYAET, YTO JJOMEHBI (KITacTephl) UMEIOT IPEUMYILIECTBEHHO BBITSIHYTYIO (hopMy.

CpaBHUTENBHBIN aHAN3 MUKpOGoTOorpaduil BHYTPEHHUX IMOBEPXHOCTEH Kpbiliek [let-
PH TaxKe BBISBIJI CYIIECTBEHHBIC PA3IIUMS MKy KOHTPOIBHBIMH M UCCIETYEMBIMH 00-
pasuamu. B KOHTpoJIbHOM 00pa3lie «MEJIKMe» acCOLUUAIMU MOJIEKYJ BOJBI PACIpPEaesICHbI
PAaBHOMEPHO I10 MOBEPXHOCTH M HAXOHAATCSA HAa OTHOCUTEIILHO 6OJ'I]>I_UOM pacCToOAHUU OpYyT
ot npyra. Toraa xak B mccleayeMoM 00pasiie pa3Mephbl acCONUAINN MOJICKYJI CTaHOBSTCSI
cymecTBeHHO OoibIe ( < 20 MKM), ¥ OHU ITOYTH BIUIOTHYIO IPHIIETAIOT JPYT K IPYTY.

3AK/IIOYEHUE

IomydeHo 3kcrepuMeHTaTIBFHOE MOATBEPKACHUE TOTO, YTO NPH YIbTPa3ByKOBOM 00pa-
00TKe BOABI B HEHl (hOPMUPYIOTCSI KPYITHOMACIITAOHBIC MOJIEKYJISIPHBIE KITACTEPHI C INHEH-
HBIMU pa3zmepamu B uHTEpBaje oT 50 MkMm 780 Mkm. OHH UMEIOT MPEUMYIIECTBEHHO BEI-
TaHYTYI0 (OPMY C IUIOMAIMH IIONEPEUHOro cedenns < 25x10° MkM%, H y HUX GoIbuIHe
HOMNEepEeUHbIe OCH MPUOIM3UTENBHO B 2,5 pa3a Oojbllle MajlbIX MOINEpedHsIX ocei. Kpome
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TOTO, BBISBIICHO (hOPMUPOBAHNE MHOKECTBEHHBIX MOJIEKYJISIPHBIX acCOLMANUi ¢ pa3Mepa-
MU MeHbIIe 20 MKM («MeTKuX» kimactepos). [lo HameMmy MHEHHIO, ¢ HAJTMYHEM TaKHX Kiia-
CTEPOB CBs3aHBI HAOMIOJaeMbIC U3MEHEHHS (PU3UKO-XUMHUYECKUX CBOWCTB BOIBI IIPU YIIbT-
pa3ByKOBOM Bo3jaencTBHUH [1].
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C nomorsto nmporpammuoro nakera TCAD Synopsys npoBeaeHO pHOOPHO- TEXHOJIO-
TMYEeCKOe MOJIECTMPOBAHUE MHUKCENS MYJIBTHITMKCEIFHOTO JJABUHHOTO (POTOANOA BHIMMO-
ro ¥ OMMKHEro MH(PaKpacHOro JUana3oHoB crekTpa. I1o pe3ynpraraM TEXHOIOTHYECKOTO
MOJICITMPOBAHUS TTUKCEIIS Ha Pa3HbIX SMUTaKCHAbHBIX MEHKaX 4KD®D0,8 u 6KOD1,5 6bI-
JIM TIOJTy4YeHBI: BEPTHKAJIbHAS CTPYKTypa MUKceIs ¥ npodwu aerupoBanus. [1o pesynbra-
TaM TPUOOPHOTO MOJCTUPOBAHUS HA PAa3HBIX JMUTAKCHANBHBIX IEHKax 4KOd0,8 u
6KO®d1,5 Obun mosTyueHbl 3HAYEHUs] MPOOMBHBIX HANpPsDKEHUH OT JO3bI JIETHPOBAHMUS
KapMaHa [0J] aHOJ] ¥ 3HAUCHHSI eMKOCTH THKCENEH; onpeieeHb! KOAQ(QHUIHUSHT OTPakeHHS
UL TIPOCBETIIAIONICTO TOKPHITUS W MAKCHUMYMBI CIEKTPaIbHOW UyBCTBUTEIBHOCTH IS
pa3IMYHON MUTAKCUHU.

Knwueevie cnosa: MoaenupoBaHue; KPEeMHUEBBIA JIABUHHBIN (DOTOIMOI; AJIEKTpHYe-
CKHE XapaKTEPUCTHKH; CIIEKTPAIbHAS XapaKTePHCTHKA.
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