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WATER AND ITS DIELECTRIC SIGNATURE.
NEW MARKER FOR BIOSENSING

Feldman Y.D.

The Hebrew University of Jerusalem, Institute of Applied Physics,
Edmond J. Safra Campus, Jerusalem 91904, Israel
e-mail: yurif@mail.huji.ac.il

Whenever water molecules interact with either dipolar or charged systems, the main water dielectric relaxation peak
broadens. If a solute is dipolar in nature, new solute-water clusters are created due to dipole-dipole interactions. It
leads to the “red shift” of the dielectric loss maximum frequency. In the case of ionic solutions, another cluster structure
develops, due to dipole-charge interactions and a “blue shift “is observed. In the general case when a solute molecule has
both charged and dipole groups, the dielectric loss maximum demonstrates a “red” or “blue” shift, depending on the entity
concentration. In all aqueous solutions, the water-solute interactions can be considered as dipole-matrix interactions in
which water is the dipole subsystem. The phenomenological 3D trajectories approach was applied to the results of
isothermal dielectric measurements of different concentrations of the following aqueous solutions: Hydrocarbons, NaCl
and KCIl, AMP and ATP, Amino Acids and proteins [1-5]. The parameters of the main water peak define a trajectory
that can clarify the nature and rate, at which water interacts with the solute. In this paper, we extend this approach
from comparatively simple solutions to the complexity of Red Blood Cells (RBC) suspensions by monitoring the RBC
cytoplasm under different external conditions [6,7]. Dielectric measurements of RBC suspensions in the frequency
region of 100 MHz to 50 GHz as a function of aging or external glucose concentration also reveal a distinct time point
or glucose concentration after which the spectra are radically changed. The conclusion is that the dielectric response
of the cytoplasm in microwaves is due to the water therein and its interaction with physiological active components in
cytoplasm. This opens a window of opportunity to exploit this for the non-invasive monitoring of diabetes or to non-
invasive control of the quality of Stored RBC in a Blood bank in order to manage the inventory.
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3ATrAQKU BOAbI U APYTUX AHOMAIJIbHbIX
XXUOKOCTEWU: «<MEOANEHHbIW» 3BYK, PEIAKCUPYIOWMUE
CXKUMAEMOCTb U TEMNJIOEMKOCTb

BpaxkuH B.B.

UHCTuTyT ¢hnamnkm Bbicokux gasneHmi PAH,
Kanyxckoe wocce 14, r. Tpouyk, r. Mocksa 108840, Poccus
e-mail: brazhkin @ hppi.troitsk.ru

[IpoBeneH aHaNM3 MPUYHH CYNIECTBOBaHUS «OBICTPOTO» 3BYKa HA TEPareplioBbIX YacTOTaX B Pa3IMYHBIX YKHJIKO-
ctsix. [TokazaHo, 4TO BETMYMHA CKOPOCTH «OBICTPOTOY» 3BYKa XOPOIIIO OMUCHIBACTCS CTAHIAPTHON (OPMYIION U3 TEOpUU
ynpyroctu: VI = ((B(w)+4/3G(w))/p)"?, tie p — IIOTHOCTD KUIKOCTH, a B(w) u G(w) — Moayar 00bEMHOTO CIKATHS H
C/IBUTA HA COOTBETCTBYIOIIUX YACTOTaX. B «HOPMAJIbHBIX» JKUIKOCTSIX MPEBBINICHHE 3HAYCHUS CKOPOCTH «OBICTPOTOY
3ByKa HaJl CKOPOCTBIO 0OBIYHOTO 3ByKa cocTtanisieT 10-20%, py 3TOM OHO TOYTH MOTHOCTHIO ONPEACIISETCS BKIAJIOM
Monyist ciaBura G(w) Ha BBICOKMX YacTOTaxX M OOHymseTcst Ha TuHuH DpeHkens. B To ke BpeMs B TaKUX KHUIKOCTIX
(manee Ha3BIBAGMBIX «aHOMAIILHBIMIY), TAKUX KaK BOJA, PACIUIaB TEJLTypa M €ro coeAuHeHui, orpomuoe (50-150%)
MIPEBBIIIICHUE CKOPOCTU «OBICTPOTO» 3BYKa HaJ| CKOPOCTHIO «HOPMAJIBHOTO» CBS3aHO, MIIABHBIM 00pa3oM, C CHIIBHOM
YaCTOTHOM 3aBUCHMOCTBIO MOYJISI 0OOBEMHOTO CKaTHsl B(w). AHOMAIIEHO HU3KUE 3HAYCHHUSI PEITAKCUPYIOIIETO MOJTYJIS
CKaTus paHee ObUTH U3YYCHBI HAMH JUISI MHOTUX OKCUJIHBIX U XaJIbKOTCHUIHBIX CTEKOJI B 001aCTH Pa3MBITHIX (Pa30BBIX
MpEeBpaIIeHU T0J] IaBJIcHHEeM. B aHOMabHBIX JKUAKOCTSIX TaKKe MPOMCXOMIAT Pa3MbIThie (ha30BbIC MPEBPAICHUS B
IIMPOKOH 001aCTH TeMITepaTyp U AaBICHHIA, YTO TPUBOJIUT K PE3KOMY CHHKCHHUIO MOJYIICH CIKATHS U CKOPOCTEH 3ByKa.
Takum 06pa3oM, peKOpIHO OOJIBIIAs Pa3HUIIA MEXKITY CKOPOCTIMHU OBICTPOTOY» U «HOPMAJIBHOTOY 3BYKa B aHOMAaJIbHBIX
KHUJIKOCTSIX CBSI3aHA HE C aHOMAJIBHO «OBICTPBIMY 3BYKOM, a C TEM, YTO «HOPMAIIbHBIN 3BYK B TAKHUX JKUKOCTSIX SIBIISI-
€TCSl aHOMAITLHO «MEJIJICHHBIMY, @ MOJIYJIH CKaTHS — aHOMAJIbHO MaJIbIMU. YJIBTPa3BYKOBBIC UCCIIEIOBAHMS aMOP(HBIX
ab108 H,O nuskoit mnornoctu (low density amorphous - 1da) u Beicokoit mnotHoctr (high density amorphous - hda)
MTOKA3bIBAOT, UTO X MOJYJIb CKATHS, JCHCTBUTEIBHO, B 4-5 pa3 MpEBhINIACT MOAYIIb CKaTHs BOjbl. Pa3MbIThie (pa3oBbIe
MIPEBPAIICHHUS B BOJIC U PACIUIaBe TEJUTypa MPUBOIST TAKKE K aHOMAIBLHO OOJBIIMM 3HAYSHUSIM TETIOEMKOCTH — B 1.5-2
pasa BhIIIIe, YeM Y «HOPMAIIbHBIX) JKUIKOCTEH, T.€. Uil aHOMAJIbHBIX KHUJIKOCTeH XapaKTEePHBI HE TOJIBKO aHOMAJIBHOE
(HEMOHOTOHHOE) TIOBEJIcHHE (PU3MUECKUX BEIMYHH, HO U MX aHOMAJIbHbIC a0CONFOTHBIC 3HAYCHUS JJIs1 OOJBITUHCTBA
JOCTYTTHBIX METOJIMK U3MEPEHUS. AHAIOTHYHOE aHOMAJIbHOE YBEITMYCHUE CKUMACMOCTH M TETIOEMKOCTH Ha0II0/1aeT-
csl, KaK U3BECTHO, JIJIs BceX (UIFOHUIOB B OJIM3KOM OKPECTHOCTH KPUTHYECKOH TOYKH KHUJIKOCTh-ra3. Ha TepareprioBbrx
4acTOTax MPH 3TOM HAONIOAeTCsS aHOMAIILHO «OBICTPBIN» 3BYK, YTO TAKXKE CBSI3aHO C PE3KUM POCTOM BEIIMYUHBI MO-
nyns cxarust B(w) Ha BRICOKHX YacToTaX. BMecte ¢ Tem, JUisT aHOMaIbHBIX KUJAKOCTEH U CTEKOJI B 001aCTH Pa3MBITHIX
(ha30BBIX MPEBPAIICHHI BHICOKAS CKUMACMOCTh M TEIUIOEMKOCTh, KaK U OOJIBIIIOE TIPEBHIINICHUE «OBICTPOTOY» 3BYKa HaJl
«HOPMAaJIbHBIMY, HE 0053aTEIbHO CBSI3aHBI C OJM30CTHI0 KPUTHUECKUX TOYEK U UMEHOT MECTO MPH JHOOOM CIICHAPUU
pasmbITOrO (ha30BOTO MPEBPAIICHUS.
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O NPUPOOE ®PUSUNYHECKUX ®DAKTOPOB, ONMPEAEJIAIOWUX
USMEHEHUWUE TEPMOAUMHAMUYECKUX NMOTEHUWNAJIOB
B PEAKLUUNAX KOMMJIEKCOOBPA30OBAHUA B BOAHOM
PACTBOPE

EBcTturHeen M.I1.

UHCTUTYT nepcrnekTuBHbIX nccrnegoBaHuii, CeBacTornonbCKui rocy[apCTBEHHbIN YHUBEPCUTET,
yn.YHnBepcutetckas, 33, Cesacrononb, 299053, Poccuvickas ®egepauyns
e-mail: evstigneev@mail.sevsu.ru

Ob6cyxnaercs COBpeMeHHas MpodIeMaTHKa TEPMOJUHAMUUECKOTO aHalli3a PEaKIUi HEKOBAJIEHTHOTO KOMILIEKCO-
o0pa3oBaHusi B BOAHOM cpelie U BO3MOKHOCTh JEKOMITO3UIINHU BKJIa/1a Pa3InUHBIX (PU3NUECKUX (PaKTOPOB B IKCIIEPH-
MEHTaJIbHO U3MepsieMble TEPMOJMHAMUYECKUE MOTEHLMAIBI Ha YPOBHSX dHEepruu ['nb0ca, SHTAIBNNHU, SHTPOIHU U
teroeMkoctH [ 1, 2]. Ha mpumepe pa3nuuHbIX KJIaccoB OMOIOrHYECKH-BAXKHBIX B3aumoaeicTeuid — aurang-/IHK/PHK,
00pa3oBaHrE CTIKUHT-KOMILJIEKCOB MajbIX MOJIEKYJ, B3aUMOACHCTBHS XO35IMH-TOCTh — AEMOHCTPUPYETCS] HEMOJTHOTA
CYLIECTBYIOLIEH CHCTEMBI 3HAHUI B YacTH POJIM BOJHOTO OKpYKeHHs. BriepBble 00cykaaeTcsi BO3SMOKHOCTh HEIMITH-
PHUECKOTO pa3/eieHus TOJSPHOTO U HEMOJISIPHOTO BKJIQJ0B B M3MEHEHHUE TEIUIOEMKOCTH M MPUBOAMUTCS 00OCHOBAaHUE
MPUPOBI TOISIPHOTO BKIaaa [3].

Jluteparypa:

[1] M. Evstigneev and A. Shestopalova, Application of Computational Techniques in Pharmacy and Medicine (Springer Netherlands), Structure,
Thermodynamics and Energetics of Drug-DNA Interactions: Computer Modeling and Experiment, (2014).

[2] V. Kostjukov and M. Evstigneev, The energetics of small molecules binding with nucleic acids, J. Chem. Thermodyn., 139, 105887, (2019).
[3] M. Evstigneev and A. Lantushenko, The fundamental origin of polar and non-polar contributions to heat capacity changes on hydrophobic
hydration in aqueous solution, Phys. Chem. Chem. Phys, submitted, (2024).
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O®AKTOPbl ®OPMNPOBAHUA 3KOJIOTMYECKOIO
COCTOAHNA KOHTUHEHTAJIbHbIX BO[

Kpbinos A.B.

UHCTuTyT Gnonorun BHyTpeHHux Bog uM. .. lNanaHuHa PAH,
152742, Poccus, SipocnaBckas o6n., Hekoysckuii p-H, rnoc. bopok

dusnyecKre 1 XUMHYECKUE CBOWCTBA MIPUPOIHBIX BOJ (POPMHUPYIOT KAYECTBO CPEbl M OTNPENENISIOT COCTaB, CTPYK-
Typy ¥ (pyHKIHOHUPOBAHUE COOOIIECTB TUAPOONOHTOB. KiTIoueByIo posb B COCTOSSHMM KOHTHHEHTAJIBHBIX BOA UTPAIOT
nuddys3HbIe M TOYEUHBIE TOCTYIUICHHUSI OMOTeHHBIX U OPTaHMYECKUX BEIIECTB, N3MEHEHUE KIIMMara, 3aperyIupoBaHue
CTOKa PEK, U3bATHE OHOJIOTHYECKUX pecypcoB. CKOpOCTh M HampasieHne TpaHC(HOpMaLui SKOIOTHIECKOTO COCTOSHUS
KOHTHHEHTAJIBHBIX BOJ OMPEICIISIOTCS THIIOM BOJHOTO 00BEKTa, €ro MOPPOMETPHUECKUMH XapaKTEPUCTUKAMH, TPO-
(uUecKuM CcTaTyCcoM.

Ha ocnoBe MHOrONMeTHHX HaOMIONEHUH HA Pa3HOTUITHBIX BOIHBIX OOBEKTaX MPEICTaBICHBI MOCICACTBUS BIUSHUS
3aperyJlnpoBaHusl, U30BITOYHOTO TOCTYIUICHHSI OPTaHMYECKUX M OMOTCHHBIX BEIECTB MPU aHTPOIIOTCHHOM H 300TCH-
HOM BO3/I€HCTBUH, TNI00AIILHOTO U3MEHEHHSI KIMMara U 3arpsi3HEHHUs TOKCHYECKMMH BEIIECTBAMU HA BUAOBOW COCTaB
1 KOJIMYECTBEHHBIE XapaKTEPUCTUKN BHYTPEHHUX M KOHTYPHBIX COOOIIECTB THIPOOHOHTOB, a TAKKE HA IKOJIOTHIECKOE
COCTOSTHHE BOZOEMOB M BOJOTOKOB PA3HBIX MPUPOAHBIX 30H.
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METOOOJIOTMYECKUE NMYTU PA3PABOTKHU
BUOJHEPITETUHECKUX KITACCUDPUKALMOHHDBIX
XAPAKTEPUCTUK MOJIEKYJIAPHO-KJIACTEPHbIX

CTPYKTYPHbBIX MEPECTPOEK BOA4bl

PaxmaHuH 10.A.

HUNS4YulrOC um. A.H.CbicuHa @IBY «LJClM» ®MBA Poccun,
OBYH «®HLUTI um. @.®.9pncmara» PocrioTpebHagsopa,
r. MockBa, Mbituwmn Mock. o611.

Bopna siBisieTcst caMbIM MacCUBHBIM YHHBEPCAIBHBIM 110 (popMe (KHIKOU, TBEpAOH, ra3000pa3Hoi u naxe, mo Jxe-
panbay [lomnaky, B BUe XOJIOMHOM AIIEKTPOHHOM IJ1a3Mbl) U 3araJIOYHbIM OOBEKTOM MaTepUAIBHOTO MHpPA, YTO B Me-
JTUKO-OMOJIOTUYECKOM OTHOIIICHUH ONPEeIIsieT HeOOXOAMMOCTh pa3paboTKH ee OMOIHEPTreTHUSCKHUX KITaCCU(UKAITIOH-
HBIX XapaKTePUCTUK Pa3IMYHBIX MOJICKYISIPHO-KIIACTOPHBIX CTPYKTYPHBIX MTEPECTPOCK.

K Hambonee mpocThiM ee KilacCH(HUKAIHIM, CBSI3aHHBIM, B OCHOBHOM, C MECTOM €€ HaXOXKJICHHSI H COJIEBBIM COCTa-
BaM, OTHOCSTCS:

- 10 MECTy MPOUCXOKJICHHS: MOBEPXHOCTHAs (peyHasi, 03epHasi, 0OJIOTHAs, MOPCKasi), Mo 3eMHas (TpyHTOBasI, ap-
TE3WaHCKasl, pOJHUKOBAs, MHQUIBTPAIIMOHHAs), BO3MyIIHAS (TyMaHHasl, BI&KHOCTHAs, O0JlauHasi, Ty4dHasl, JOXKJIeBasl,
rpajoBasi, CHeXKHasl);

- TI0 YPOBHIO MHHEPAIIN3AIIMK: TIPECHAs (IUCTIIUTMPOBAHHAS, TUThEeBast ), MUHEpaIbHasl (COJIOHOBAaTAsl, COJICHAs, pac-
COJIbHAs);

- TI0 TeMIIEpaType: XOJIOIHAs, TePMalIbHasl;

- 110 JIeueOHOMY IPQEKTY: JIedueOHO-CTOIOBAs, JIcuecOHas;

- o BenmmunHe pH: kucnasi, HelTpaabHas, IETOYHAS,

- 10 (popmMe 0Opa3zoBaHMS KPUCTAIIIOB MIPU 3aMOPaKUBAHUH BOJIBI U IT0 COOTHOIICHHUIO 8 BUIOB MOJIMMOP(HBIX JIbJI0B
(nerramepoB Bonbpadena) npu ee pa3MopakuBaHUY;

- 10 )OpME HAXOXKJICHUS B )KUBBIX 00BEKTAX W OKPYKAIOIICH Cpe/ibl: CBOOOIHAS M CBS3aHHAS,

- TIO MTOKA3aTeyIsiM PaIUOAKTUBHOCTH (0- 00BEMHOM, J- 00bEMHOIT) ¢ JeTaLHOW MPU HEOOXOIUMOCTH paciindpoB-
KO KOHKPETHOI'O HOPMHUPOBAHHOTO PaIUOU30TOITHOTO COCTaBa, B TOM YHCIIE TI0 COACPIKAHUIO PaJIOHA:

PasButue uccienoBanuii B o0nacTi OMOGU3NKKA BOJABI ONPENSISCT HEOOXOIUMOCTh HAyYHOTO 000CHOBaHUS €€ HO-
BBIX, 00JIee CIIOKHBIX Kiaccu(PUKALMK C yYETOM €€ Pa3IMYyHOrO BOJAOPOIHO-KHCIOPOAHOTO U30TOITHOTO COCTaBa, pas-
MEPHBIX M JHEPreTHYECKUX MOJICKYJISPHO-KIIACTEPHBIX BEJIUYMH, aKTUBHOCTH aKIEITEPHO-JIOHOPHBIX IECKTPOHHBIX
0OMEHHBIX MPOLIECCOB M BEJIMYNH OKHCIUTEIbHO-BOCCTAHOBUTEILHOTO TIOTEHITHAIA.

B Hammx uccieoBaHusX 1Mo UCIbITaHuto Oosee 20 pU3nIeCKUX METOIOB BO3JICHCTBHS HA BOAY ObLIN arnpoOupoBa-
HBI CJICIYIOIUE METOAMYESCKUE IIPUEMBbI JIJIsl OTIPE/ICTICHHS KIIacCHU(PUKAIIMOHHBIX XapaKTEPUCTHK Pa3IMuHbIX 00pa3IoB
BOJIBI:

- ABcTpHiiCKast METO/IMKA IIBETOBOTO Pa3JIOKECHUS CBETOBOTO JIy4a, POIYCKAeMOT0 Yepe3 BOAY, I7Ie 110 M3MEHEHUIO
JIOJICH IIBETOBOTO CIIEKTPa OMPECIISICTCS HAIPABICHHOCTh OTCIICKUBAEMOT0 OHOJIOTHYEeCKOTo 3 (ekra;

- Opurunanbnas (B.K. KonapaTtoB) MeTouka orpe/ieieHrs COOTHOIICHUS TIOIYTUIONIA/ICH BaJICHTHBIX U Aeopma-
LIMOHHBIX KOJIeOAHUH, BBISBIISIEMBIX MTPH HH(PAKPACHOU CIIEKTPOCKOIMH BOJIHBIX 00Pa3IOB, IPUMEHEHHE KOTOPOW I10-
3BOJIMJIO B pe3yjibTaTe uccieoBanus 0osee SO pa3iMuHbIX BOJ, ONPEACIUTh TAKKE KIACCU(DUKAIIMOHHBIC [TOKA3aTeIIH,
KaK MIPOTOHUPOBAHHAS BOJIA, 3JICKTPOHHO-HACKIIIICHHAs BOJA, 3aPSA0BbIM OallaHC, IO COOTHOIIEHUIO KO3 (PHUIIMEHTOB
TpaHC(OPMAIIUU TIOJIOC BaJICHTHBIX U JIe(pOPMAIMOHHBIX KOJIeOaHU 00pa3lioB BOABI U H3MEHEHHUIO €€ OMOJIOTHYECKON
AKTUBHOCTH;

- OpurunaneHas (Crexun A.A., SIkoiesa [.B.) cucrema cTpyKTYypHO-IHEPreTHUECKUX MTOKA3aTelIei KayeCcTBa BOJIbL:
OMoOKaTaJIuTHYECKas aKTMBHOCTH (koHuenrpamus HO-,, Mr/m), oKuCIuTenbHO-BOCCTaHOBUTENbHBINA noTeHuman (Eh,
MB-), TepMoaMHAMUYECKUIT TIOKa3aTeNb (qUHAMUYECKasl BI3KOCTh (Ll CAaHTHUITya3), CTPYKTYPHPOBAHHOCTH (q cp, %)
Y SHEPTeTHUYECKOE paclpeielicHe CTPYKTYPUPOBaHHOM (a3bl (A ¢, OTH.€II.), O3BOJIUBIINI pa3padoTaTh MPUMEpPHEIC
BEJIMYNHBI HU3KHX, CPETHUX, BEICOKUX U DKCTPEMAIBHO BHICOKHX YPOBHEW OMOIHEPTeTUYECKON aKTHBHOCTH IMUTHEBOM
BOJIBI;

10
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- Meron siA1epHO-MarHUTHOTO PE30HAHCa JJIsl OIPEACIICHHS BOAOPOJHO-KUCIOPOJAHOIO U30TOIIHOIO COCTaBa BOJIbI, B
TOM YHCIIE COMIEPKaHUs TSHKEIOro M30TOIa Bojoponaa-aenTepus B Auanazone  10-300 ppm, MO3BONMMBIINI TIPH COTIO-
CTaBJICHUU PA3IMIHOTO COJIEPIKAHUS JIEHTEpHs B BOJIE C €€ OMOIOTHUECKUMHE d(PPEKTaMU BBIICINTH TapaMeTPhI TIOBBI-
MIEHHON OMOJIOTMYECKON aKTUBHOCTH <«JIETKOW» BOIBI.

PesynbraTsl NpOBEACHHBIX UCCIIEI0BAHUN MT0KA3aJIM, YTO IPUMEHEHHBIE METOAMUYECKHUE MTOJIX0/IbI K aHAJIU3Y MOJIe-
KYJSIPHO-KJIACTEPHBIX MEPECTPOEK BOJIBI, MOABEPracMoil (U3NUECKuM criocobam ee 00pabOTKH, MO3BOJISIOT BBISIBUTH
oTpe/ieNIeHHbIC B3aUMOCBSI3U 3THX MEPECTPOEK C TOM WIIM HHOM (POPMOI aKTHBAIMH OMOJIOTHYECKOW aKTHBHOCTH 00pa-
0OTaHHOW MUMH BOJIBL, YTO CBUJIETEIHCTBYET O MIEPCIEKTUBHOCTH PA3BUTHS AAbHEHIIINX HCCIIEIOBAHNN B 00IACTH KBaH-
TOBOH (pU3MKHM sBICHUI W OMOPHU3UKH BOJIbI B HAIIPABICHUH [TOUCKA ITyTEH, CPEIICTB U METOJIOB MIPOJUICHHSI aKTHBHOTO
3J10pPOBOTO JIOJITOJIETUS )KUBBIX OPIaHU3MOB.
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MICROSCOPICALLY DIVERSE DYNAMICS
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The influence of water on the dynamics of biomolecules is an important topic of research. THz spectroscopy
enables the measurement of small changes in the water network dynamics at the biomolecule-water interface. Recent
applications of the technique have witnessed significant progress in various scenarios, including aqueous solutions,
molecular crowding, self-assembly, electron transfer and phase separation, unraveling the interplay between structure,
dynamics, and thermodynamics of biological water. I will highlight and discuss a few interesting applications with my
personal insights into the microscopically diverse behavior of water.
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Bona B OMONIOTHUECKUX CHCTEMaX MOXKET HAXOAMTHCS B PAa3IUUHBIX arperaTHbIX COCTOSAHUSX. OIHAKO B YKUBBIX
KJIETKaX OHa OOBIYHO MPEACTABICHA B BUAE PACTBOPOB C PA3HOM CTENEHBIO MIIOTHOCTH, COICPKALINX HOHbBI, HHEPTHBIC
COCAMHEHHMS, a TAKXKE Ta3bl B Pa3IMYHBIX KoMnapTMeHTax. OJHOHN U3 KPUTUYECKH BaXKHBIX 0COOCHHOCTEH COXpaHEeHUS
KHU3HECIIOCOOHOCTH U 00PAaTUMOCTH COCTOSTHUM OMOJIOTHYECKUX OOBEKTOB SIBISICTCS PETYISLUS COCTOSHHUS aKTUBHBIX
¢dopm xucnopoza u 06bEM cBoO0HON BoAbI. IIpu 3TOM Takue abroTHdyeckre GakTopbl Kak TeMIieparypa U JaBjeHUE
UTParOT KPUTHUYECKH BaKHYIO POJIb B COXPAaHEHHH KOMIIAPTMEHTANM3AUUHN U QYHKIMA MeMOpaH, KOTOpbIe pa3AessiioT
PacTBOPHI € Pa3INYAIOUIMMHUCS CBOWCTBAMHU. DTO HEOOXOAMMO JJISl OCYILECTBICHUS SHEPTeTHUECKUX PeaKknii HaKoIIe-
HUS ¥ BBIPAOOTKH HEPTHH 1 IPeoOpa30BaHus ee B TIIIOKO3Y, U Jajiee, B APYTHe caxapa. DTOT MPOLECC OCYIECTBISETCS
BBICIIMMU PAaCTEHUSIMU B pe3yibTaTe (OTOCHHTE3a, U JAJISl €T0 OCYIIECTBICHHS HE0OX0AMMO (POPMHUPOBAHHE CTICIIHAIIH-
3MPOBaHHBIX MEMOPAaHHBIX CHUCTEM, IJie MPOUCXoauT pyHKuuoHuposanue ¢orocucteM | u Il. ArperarHoe coctosiHHe
B BUJIC KPHCTAIJIOB MOXKET NMPHUBOIUTH K MEXaHWYECKOMY HEOOpaTHMOMY MOBPEKACHUIO MEMOpaH. JTO XapaKTepHO
JUIS. HU3KUX TeMIIEpaTyp M CONPOBOXKAACTCS MIIM MpeaBapsieTcs MOosBICHUEM CBOOOAHOM Boabl. IloBpexneHne Mem-
OpaH, CBsI3aHHOE C U3MEHEHHEM CTPYKTYPBI H CBOWCTB (M3MEHEHHEM UX TEKYUECTH), MOJKET OBITH BHI3BAHO H3MEHEHHM-
SIMH COOTHOIICHHSI BOAHBIX 000JIOUEK M COCTOSHUSI CBA3aHHOM BOJBI. OOpaTMOCTh 3TOTO MPOLecca HEMOCPEACTBEHHO
BJIMSCT HA JKU3HECIIOCOOHOCTh W Ha MPOLECCH KaK 3arlacaHus 3HEPrHd Ha OCHOBE JAMEIUISIPHBIX U TPaHAIBHBIX TH-
JIAKOMJIOB XJIOPOIJIACTOB, TAaK W MOTPEOJCHMST SHEPTUH, 3aKITIOYEHHON B XMMHUYECKHX CBS3SX COCTUHEHHUH, KOTOpast
MIPOMCXOJUT B KPUCTaX MHUTOXOHIpHUH. VM3MeHeHne TemMrepaTypbl XapakTepu3yloTcs OBICTPBIM M3MEHEHHEM (QH3Hye-
CKHX COCTOSIHUH BOJIBI M BOJHBIX pacTBOpOB. [Ipu aToM cocras, miiotHOCTh, pH skuaxux ¢pakunii BOAHBIX PacTBOPOB
MOXET CYIIECTBEHHO Pa3IMyarhCsl ¥ MPEACTABIAThH COO0I0 MHOKECTBO BapHaHTOB (PU3UUECKUX COCTOSIHUH (Telb, Cy-
CTIEH3Hs1, MOHOCIION, cBOOOIHAs BoAa) U Onosorndeckux GyHkuuit. JKu3HecrnocoOHOCTh COXpaHseTCs TOJIBKO B CITydae
LEJIOCTHOCTH MEMOPaHHON CHCTEMBbl KOMIIAPTMEHTOB, COXPaHEHHUS aAPECHOTO 1IEJIEBOTO0 0OMEHA MEXKIy pa3INnIHbIMU
KOMIIapTMEHTaMU U CyOKOMIIapTMEHTAaMH, YTO MOAPa3yMEBaeT MOCTOSHHBIM 0OMEH BOJHBIMH PacTBOpaMH, HOHAMH,
MOJIEKYJIaMH, U CIIOXKHYIO PETYJISLHUI0 COCTOSHUS MOJIEKY U MOJIEKYJISIPHBIX KOMIUIEKCOB. JINHAMUYECKUE COCTOSTHUS
MOTYT COTIPOBOX/IATh JIOObIE MPOLIECCH IEPBUYHOTO M BTOPUYHOTO METabO0IM3Ma, TaKUe KaK JIbIXaHue, GOTOCHUHTE3,
¢depmenrtaruBHbIe peakuuy. [lepemenienrne BOAHBIX pACTBOPOB MEX/TY KJIETKAMU PAa3IMYHBIX TKAaHEH, UX OTAEIbHBIMU
KOMIapTMEHTaMU M CyOKOMIapTMEHTaMH 00eCIeYrBaeT BCE MPOIECCH MEPEMEICHNs KUIKOCTEeH, KaK Ha JJIUHHBIC
JTMCTAaHIMM (OT BCACBIBAHMS A0 TPAHCIUPALMH U TYTTAIlMK Yepe3 JIUCThS U UX CIICIMaIN3UPOBAHHbBIE CTPYKTYPHI), TaK
W Ha CpelHUE M KOPOTKHE JUCTAaHIMU. BhICOKas cTeneHb 0OpaTUMOCTH MEPEXOHBIX COCTOSHUI SIBIISETCSI CBOHCTBOM
KJIETKH KaK >KMBOH CHCTEMBI.
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Ha Mapce coneprxanue AedTepus B JIeAHUKaX Ha MOJIOCaX, HAa BEPIIMHAX TOP U 3KBATOPE UMEIOT ropasao OOJIbIIYIO
pazauiy: ~155 — ~1246 ppm [1]. Panee Hamu ObLTIO YCTaHOBICHO, YTO MPH MOTPEOICHUH BOJBI C COEPKAHUEM JACH-
tepust 750 ppm, HaOMIOHAETCS YCHIIEHHE aHTHOKCHAHTHOTO MOTEHIIMAaJa B TKAHIX MEYCHU U B IJIa3Me KPOBH Jlabopa-
TOPHBIX KMBOTHBIX [2]. MI3BecTHA TEOpHs M30TONHOTO PE30HAHCA U BIMSIHUE Cpeibl ¢ coaeprxkanreM 370 ppm no aei-
TEpHIO HAa aKTUBHOCTh MUKpOOpranu3mosB [3]. OnHako uccienoBaHus BIAMSHHUS Ha OpPraHU3M MIIEKOIHMTAIOLINX BOBI,
COOTBETCTBYIOILEH 110 JEUTEPHIO BEpXHEMY MapCHAaHCKOMY JHaNa3oHy, paHee He MpOoBOAMINCE. Ha ceronHsHuii 1eHb
W3BECTHO, YTO KOJIcOaHUs] KOHLIEHTPAIMU ACHTEpPHs B MMTHEBOM BOJE B HEOOJIBIIOM JHAara3oHe MOTYT MPHUBOIUTDH K
aKTHBAI[MOHHBIM (32 CUET peaau3alii PeakUui aJanTaluyd opraHu3Ma) 1 nHruoupytomumm 3¢ dexram [4-6]. B padore
MPEACTABICHBl PE3YJbTAThl KCIICPUMEHTOB, JOKA3bIBAIOIINX PAa3BUTHE CTPECCOBOH peakuuu Ha (GoHE MOTpeOICHHUs
MUTHEBOTO PalioHa ¢ cozaepkanueM neirepus 1200 ppm u ¢popMupoBaHre MEPEKPECTHOMN afanTalyuy B TKaHSIX TO-
JIOBHOTO MO3Ta K JEHCTBUIO MMMOOHMIM3AIMOHHOTO cTpecca. beuio yctaHoBiIeHO, 4yTO moTpedieHne 1abopaToOpHBIMH
YKUBOTHBIMHU ITUTHEBOTO palllioHa ¢ KoHUeHTpauuel aeirepust 1200 ppm NpuBOIUT K HAKOMJIEHUIO ASHTEPHs B KPOBU
U TKaHsX, a CKOpocTh n3oTonHoro D/H oOMeHa MakcuManbHa B TIEPBYIO HEACTIO M 3aMEAJISIeTCs TP OoJiee Mpood-
KHUTEIbHOM Bo3zaeicTBuU. [Ipn 3TOM B mepBble JBe Heaenu HaOMoaeTcsl HapylIeHHe PEAOKC PaBHOBECHS B KPOBU U
TKaHSIX TOJIOBHOTO MO3Ta B CTOPOHY YCHJICHHSI TPOILYKIIMU CBOOOIHBIX paJMKaloB, KOTOPOE BHIPABHUBACTCS B UETBEP-
TYI0 HEZIeTo oKkcnepuMenTa. [1o Mepe nmocTyruienus neiTepusi, B OpraHu3Me MPOUCXOAUT aKTUBALNS AHTHOKCHTAHTHON
CHCTEMBI, a TaK)KE€ YCHJIEHHE SKCIPECCUH MPOBOCHAIUTEIBHBIX MOJIEKYT B MIEPBbIE TPU HEJENN HKCIEPUMEHTA. DTH
MIPOLIECCHI SIBJISIOTCS] PE3yJIBTaTOM KOMIIEHCAaTOPHBIX peakUusxX Ha JedTepueBblil crpecc. Ha ¢one crpeccoBoil peak-
LM, BBI3BAHHON N3MEHEHUEM COZICPKaHMsI ICHTEepHs B OpraHu3Me, BOSHUKAIOT KOJIeOaHus JIEMKOIUTapHOTO U MeTabo-
JMYECKOTO MPOQUIIS KPOBH J1a00PATOPHBIX JKUBOTHBIX, & TAK)KE UUCICHHOCTH MUKPOOHOMa KHIIICYHHKA.

YcraHOBIEHO, YTO ATTUTEIBHOE TIOTpeOIeHUE YTSDKEIEHHOH e TeprueM BO/IbI ¢ KoHIeHTpanue aeirepus 1200 ppm
CIOCOOCTBOBAJIO PA3BUTHIO NMEPEKPECTHON afanTaluy K ASHCTBHIO UMMOOMIN3aMOHHOTO cTpecca. Takum o0pazom,
n3Menenue uzoronHoro D/H cocraBa Ha oHE MUTHEBOTO palMoHa ¢ KOHUEeHTpauuei aeitepust 1200 ppm npuBoguT
K pa3BUTHIO a/IallTAlIMOHHOTO CHHJIpOMa U aKTUBAIMH 3aIIUTHBIX MEXaHU3MOB K JIEHCTBHUIO CTpECCa MHOM MPUPOJIBI.

Paboma evinonnena npu ghunancosotl noodepoicke cocyoapemeennozo 3aoanus FOHL] PAH Ne122020100351-9.
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B ¢usuke u xumuu MarautHbie u30TonHbIe 3 dexte (MUD) naBHo u3BecTHb! [1]. HegaBHO ObuM 0OHApPYKEHBI
MWD B xuBoii npuposne. Knnerrka agantanuu KieTok 0akrepuit £. col K muTaTeabHOM cpee, 000rameHHON MarHuT-
HBIM M30TOIOM Maruus, Mg, UJIeT CyIECTBEHHO ObICTpee MO CPaBHEHHUIO CO CPENoi, 00OTaIeHHOW HeMarHUTHBIM
BMg [2]. Obnapyxensl MO B 9KCTIEPUMEHTAX € APOXIKEBBIMH KIIETKaMHu S. cerevisiae, 000TACHHBIMU Pa3TnIHbBIMU
n3oronamu Maraus. Koncranra ckopocTu mocT-paAnaiioHHOTO BOCCTAHOBIICHHSI KJIETOK, OOTYYEeHHBIX PEHTTEHOBCKH-
MM JTy4aMH{ HJIH KOPOTKOBOJIHOBBIM Y@ u3irydeHueM, B IBa pa3a BBIIIC B KJIETKaxX, 000TalleHHbIX Mg, 10 CpaBHEHHIO
¢ KJIeTKaMu, oborameHHbpiMu Mg [3].

bonee Toro, karanmutudeckue 3PpQeKkTsl MarHUTHOTO M30TONa Mg oOHapyeHbl B peakiuu ruaponusa ATO, ka-
TaJU3UPYEMON MUO3HHOM - BaKHEUIIMM MOJICKYISIPHBIM MOTOPOM KJIETOYHOW OMORHEPreTHKHU, MCIOJIb3YIOMNUM XH-
MHUYECKYyI0 SHepruto AT® 11t BBIOTHEHUST MeXaHHu4ecKoi paboTel. CkopocTh hepmenTaTuBHOTO Tuapoinza ATO B
cpele ¢ MarHUTHBIM Mg B J1Ba pa3a BBIIIE, YeM CKOPOCTH TOMH JKe PEakIMM B Cpeax ¢ HeMarHUTHRIMU “*Mg win 2Mg.
Amnanornunsiii 3QdeKT SAepHOro CIIMHOBOTO KaTalu3a OOHAPYKEH B SKCIIEPUMEHTAX C LIMHKOM B KauecTBe Ko(akTopa
muo3uHa. CkopocTh (hepMeHTaTiBHOTO ruaponn3a AT® B peakIMOHHOH cpeie ¢ MarHUTHBIM M30TOTIOM, ¢’Zn, BBIIIE HA
40-50% 1o CpaBHEHHUIO CO CKOPOCTSAMHE B Cpe/iaX ¢ HEMAarHUTHBIMU M30TOMaMu, Zn nu %Zn [4].

MHD opHO3HAUHO CBUAETEIBCTBYET, UTO B XUMHKO-MEXaHMUYECKOM IpOLEcce, KaTaIUu3UPyeMOM MOJEKYISIPHBIM
MOTOpPOM, UMEETCS JTUMHUTUPYIOLIAsl CTaAMsI, KOTOpask 3aBUCUT OT AJIEKTPOHHOTO CIIMHOBOTO COCTOSIHMSI PEarcHTOB, U
9Ta CTajusl yCKOPsIETCA s/IEPHBIM CIIMHOM MarHuTHoro usoromna [1]. 3BectHo, uto ruaponu3 AT®, katanusupyeMslil
MOJICKYJISIPHBIM MOTOPOM, COTIPOBOXIACTCS 3HAYUTENbHOW KOHPOPMAIMOHHON MepecTpoiikold MakpoMoiekyisl. [Ipu
9TOM UMEIOT MECTO JIETHIpATalUs U peruapaTanys aMUHOKUCIOTHBIX TpynI. Mexay TeM, CYLIECTBYIOT JBa H30Mepa
MOJIEKYJT BOJIbI, Pa3IMYAOMIMECS 110 B3aMMHOM OPHEHTALIMH SIEPHBIX CIIMHOB BOAOPO/A, @ UMEHHO: ortho-H,O ¢ napan-
JIENILHON OpUEHTALUEN TIPOTOHHBIX CIUHOB U para-H,O ¢ aHTHNapauIeNbHOM OPUEHTALMEN IPOTOHHBIX CIIMHOB [5].
Mwmerorcs 0cHOBaHMs MOJIararh, 4T0 MOJIEKYIbI 0rtho-H,O MMEoT NpeuMyeCTBEHHOE CPOJICTBO K L-aMHUHOKHCIIOTAM.
I[Tepemenenne NPeMMyIECTBEHHO CBA3aHHBIX MONIEKYN ortho-H,O npu KoH)OPMAMOHHOM NMPEBPAIEHMH MaKPOMO-
JIEKYJTbl 3aTPYAHEHO, a CIHH-BpaIlaTeIbHbIE B3aUMOIEHCTBUS TPOTOHOB (/ = Y2) cUIIKOM cllabbl, 4TOObI 00ECTICUnTh
TOIKHYI0 3((GEKTUBHOCTD ortho-para niepexonoB. Maruutasie Mg (I = 5/2) u “Zn (I = 5/2) cnocoOHbI YCTPaHUTh
CTIIMHOBBIH 3ampeT, o0ecieunBasi HEOOXOANMYIO CKOPOCTb KOHBEPCHU H30MEPOB BOJIBL. [leTanbHble MEXaHU3MBI SIEPHO-
r'O CIIMHOBOTO KaTaJln3a B OMOMOJIEKYIISIPHBIX MOTOpaX U MEPCIEKTUBbI MPUMEHEHHS CTAOMIbHBIX MATHUTHBIX H30TOIIOB
B MEITUIIMHCKOH (pr3nKe — 3a/1a4u JaIbHEHITNX HCCIICAOBaHNH.

Paboma svinonnena npu nodoepocke Munucmepemea nayku u gvicuie2o oopasosanus Poccuiickoti @edepayuu, mema
AAAA-A19-119071890015-5.
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B noxmane OymyT npesicraBieHbl cOOCTBeHHBIE [ 1-7] u nuteparypHbie AaHHbIE [8-12] 10 U3yYEHUIO CTPYKTYpPBI BO-
JHBIX PACTBOPOB HU3KOMOJIEKYJIIPHBIX YIJIEBOJOB C MIOMOIIbIO cBeTOpaccesiHus [2, 6, 8, 10-12] u nonsipumerpun [1-6],
a TaKKe paHee He OMyOJMKOBaHHBIC JaHHBIE 110 U3yYCHHIO BOAHBIX PACTBOPOB YITIEBOJOB METOAOM aHaJIM3a TPEKOB Ha-
Houactul (NTA). Ocoboe BHUMaHKE OyAET yAeICHO BOIPOCaM IPOOOTIOATOTOBKH U BOCIIPOM3BOJUMOCTH U3MEPEHHUI B
BOJHBIX PacTBOpax yIiieBoJoB. B psze ciryuaeB mi1st cpaBHeHUs OylyT NPUBIEKATbCs JAHHBIX U3MEPEHUI B HEBOTHBIX
pacTBopax (1 HE TOJIBKO YIJICBOIOB).

OtnenpHO Oyaer oOcyxzieH oOHapy)KEHHBIM B XO[e HallMX HCCIEIOBaHUH (PEHOMEH CYLIECTBOBAHUS «KpUTHYE-
CKUX» KOHLEHTPALUXH, IPH KOTOPHIX KOHIIEHTPALMOHHBIE 3aBUCUMOCTH KOJTMUYECTBEHHBIX XapaKTEPUCTHK (PU3HYECKUX
CBOMCTB pacTBOpa CONIACOBAHHO MPETEPIEBAIOT U3JIOMBI. DTH «KPUTHUYECKHE» KOHLEHTPALUH, TO-BUUMOMY, paszie-
JISIIOT 00JIaCTH KOHUEHTPALUH € Pa3InYHOM CTPYKTYPOH pacTBOPa, Ul KOTOPBIX XapaKTEpHO 00pa3oBaHUE CYyIPaMepOoB
[4] pa3nU4YHOIO CTPOCHUS.

Jluteparypa:

[1] L.O. Kononov, D.E. Tsvetkov and A.V. Orlova, Conceivably the first example of a phase transition in aqueous solutions of oligosaccharide
glycosides. Evidence from variable-temperature 1h nmr and optical rotation measurements for a solution of allyl lactoside, Russ. Chem. Bull., 51,
1337-1338 (2002).

[2] A.V. Orlova, R.R. Andrade, C.O. da Silva, A.I. Zinin and L.O. Kononov, Polarimetry as a tool for the study of solutions of chiral solutes,
ChemPhysChem, 15, 195-207 (2014).

[3]A.V. Orlova, A L. Zinin and L.O. Kononov, Mutarotation in aqueous solutions of d-levoglucosan: A supramer approach, Russ. Chem. Bull., 63,
295-297 (2014).

[4] L.O. Kononov, Chemical reactivity and solution structure: On the way to a paradigm shift?, RSC Adv., 5, 46718-46734 (2015).

[5] A.V. Orlova, N.N. Kondakov, Y.F. Zuev and L.O. Kononov, Temperature dependence of specific optical rotation of an aqueous levoglucosan
solution, Russ. Chem. Bull., 67, 2155-2156 (2018).

[6] A.V. Orlova and L.O. Kononov, Polarimetry as a method for studying the structure of aqueous carbohydrate solutions: Correlation with other
methods, RENSIT, 12, 95-106 (2020).

[7] L.O. Kononov, K. Fukase and N.F. Bunkin, Editorial: Chemical reactivity and solution structure, Front. Chem., 11, 1293697 (2023).

[8] M. Sedlak, Large-scale supramolecular structure in solutions of low molar mass compounds and mixtures of liquids: I. Light scattering
characterization, J. Phys. Chem. B, 110, 4329-4338 (2006).

[9] D. Rak and M. Sedlék, Solvophobicity-driven mesoscale structures: Stabilizer-free nanodispersions, Langmuir, 39, 1515-1528 (2023).

[10] M. Sedlak, Surfactant-free self-assembled mesoscale structures in multicomponent mixtures comprising solids, liquids, and gases:
Nanoparticles, nanodroplets, and nanobubbles, Front. Soft Matter, 3, 1225709 (2023).

[T1TN.V. Penkov, V.A. Zhmurin, A.V. Kobelev, E.E. Fesenko and N.A. Penkova, Dispersed, optical and concentration characteristics of submicron
heterogeneities in aqueous solutions of sugars, J. Mol. Liq., 398, 124281 (2024).

[12] N.V. Penkov, V.A. Zhmurin, A.A. Manokhin, A.V. Kobelev and N.A. Penkova, Capillary effects of submicron heterogeneities in aqueous
solutions of sugars. The additional mechanism of microfluidics, J. Mol. Liq., 410, 125638 (2024).
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Wzyuyenne 6uonornyeckux 3pdexkToB B BoJE ¢ H3MEHEHHBIM M30TOIHBIM COCTaBOM HAa4aJlOCh Cpasy MOCIE Molyye-
HHUS KOHIIEHTPUPOBaHHOM Tshkenoi Bozibl D,O B 1933 1. JlnurensHoe BpeMst OCHOBHAs 4acTh MCCIIEI0BAHUI OTHOCHIIACH
K 3¢ dexraM, HabII0JaeMbIM B KOHIIEHTPUPOBAHHON TSHKENIOW BOZAE, HO ObLIT OMyOJIMKOBAH TAKKE Psil padOT ¢ HEMHOTO
YBEJIMYEHHOH KOHLEHTpauuei nerepus, rae Obuin 0OHapy>KeHbl HEOXKUIAHHO OOJBIINE U30TOMHBIE 3P (eKThI aKTHBa-
LMOHHOTO XapakTepa B TO BpeMs KaK BHICOKHE KOHLIEHTPAIUU ACHTEpHsl B BOJIE BCETa MPUBOAMIN K HMHTHOUPOBAHUIO
pasnuuHbIX QYHKUMH BIJIOTH A0 ruOenu opranu3mos [ 1, 2]. K HacTosiieMy BpeMeHH MOKHO CYMTATh MOHSTHBIM MeXa-
HU3MBI KHHETUYECKUX ¥ TepMoAMHaMuueckux s dexros uncroii D, O. CymecTsyromiee B npupoe GppakmOHUPOBAHUE
W30TOIOB BOJOPOZA MpH (ha30BBIX MEpPeXoaax BOABI MO3BOJIMIO OOHAPYKHUTh aKTHBUPYIOLIEE BIMSHUE TAJIOW BOIBI C
00eTHEHHBIM KoJm4YecTBOM aeitepus [3-5]. C nosBIeHHEM TEXHOJIOTUU MOITY4YEHUS BOABI ¢ OOJIETYeHHBIM COCTABOM,
70 2 ppm 10 ASHTEPHIO, 3HAYUTEIHFHO BBIPOCIIO KOJMUECTBO PadOT ¢ M3MEHEHHBIM H30TOITHBIM COCTABOM BOJIM3H €T0
MPUPOIHOTO copepkaHus okoio 150 ppm. B GonpmMHCTBE CllyyaeB PerHCTPUPYIOTCS 3HAYNTEIBHBIC H30TOMHBIE A(]-
(eKTHI, B TOM YKCIie HEMOHOTOHHOTO TuMa. [Ipy HHTEpIpeTaniy pe3yinbTaToB BOSHUKAET BOMPOC O (PU3UUECKUX XapaK-
TEPUCTUKAX BOJBI C N3MEHEHHBIM U30TONHBIM COCTaBOM.

Hseectho, uto cmecu H O-D,0 oTHOCATCS K nacanbHbiM pactBopaM. Camblil 6051b110H H30TONHBIA 3 deKT (0Komo
20%) nabiromgaeTcsl B BEJIMYMHE BSI3KOCTH. B paMkax maeaabHOro pacTBOpa MOTPEIIHOCTh M3MEPEHUS BSIZKOCTH IS
paziueHust 00BIYHOM BOBI U BOABI ¢ 4 ppm Aeltepus gonkHa cocTapisaTh 0,00001 cn3, KOTOPYFO HENb3s JOCTUTHYTH C
MTOMOIIBIO KAITMJISIPHOTO BUCKO3UMeETpa. Mcronp3ys 4acTOTHBIM METO/, Mbl U3MEHHWIIN CKOPOCTH YIBTPa3ByKa B BOJIE C
norpemmHocTthio 0,000001 M/c B ananazone copepskanus aeitepus 4-125 ppm. Mcnons3oBanu Boxy, coaepxkairyo D=4
+ 1 ppm, 80=849 £ 15 ppm, "O=222 + 3 ppm. [Tomy4yeHHbIi1 rpaduK sBISETCS INHSHHBIM 0€3 aHOMAJIBHOTO MOBE/IC-
Hus [6]. BennunHbI CIMH-CIMHOBOH penlakcaliiy MpOTOHOB BOABI B MHTEpBasle KOHIEHTpauuii neitepus 1953-4 ppm
MOHOTOHHO yYMeHbIaeTcst oT 1888 1o 1710 Mc, 4To 3HAUUTENFHO OTIIMYACTCS OT BETUYHUHBI 347 MC, OITyOJIMKOBAaHHOH B
[7] u MHOTOKpaTHO IUTHpYeMoi. M3MepeHa Takke KWHeTHKa HaOyXaHus CEMSIH TOpOXa M IApUKOB THIPOTEIIs, KOTopast
oKaszayack Hepaznuuumoil B Boae 4 u 150 ppm. TertoemkocTs Bosibl Cp ¢ yBEIMYEHHON KOHLEHTpaLuel aerrepus B
untepsaie 0,1 — 1% neiitepus Takxe okasanack JUHEHHOH [8].

[Tony4eHHble pe3yabTaThl MOKA3bIBAIOT, YTO M3MEHEHUSIMHU PACCMOTPEHHBIX (PH3MUECKUX XapaKTepPUCTUK B BOJIE C
HEOONBIINM U3MEHEHHEM COJepPIKaHUs ASHTEPHsl OTHOCUTEIBHO MPUPOTHON BOJIBI HENB3s OOBSICHUTH HEMOHOTOHHBIC
Ononoruyeckue n30TonHbIe 3HHEKTHI.
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Wzyuyenne MexaHW3MOB aJanTalliy KJICTOK K CTpeccy W pa3paboTka cnocoOOB peryssiiid UX PEe3HCTEHTHOCTH K
NEeUCTBHUIO (PU3NIECKUX, XUMUYECKHUX U OMOJIOTMYECKHUX MOBPEXKIAIOMINX (HaKTOPOB SIBISIETCS aKTyalbHOW 3a1adeii co-
BpeMeHHOH Onodusuku. KioueBbIMH y4acTHUKaMHU PEryJsMH OTBETa KJIETOK Ha JEHCTBHE CTPECCOBBIX (PAKTOPOB
SBIISIFOTCSL akTUBHBIE (GopMbl Kucnopoaa (ADK) — BeicoKkOpeakIIMOHHbBIE MPOAYKTHI MeTa0onM3Ma Kuciopoaa, olna-
JAIOMIHE IUPOKUM CIIEKTPOM (PH3HOIIOTHUECKOTo U natopusnonorndeckoro aevicteust [1]. [pu Tpancaykunu curxa-
70B B KieTkax ¢ yyactueM APK (penokc-curHaiu3alum) B CEPHH 3JIEKTPOH-TPAHCHOPTHBIX MPOIECCOB MPOUCXOIUT
HaIIPaBJIEHHBIA NEPEHOC JIEKTPOHOB OT OenkoB K O, 4TO W3MEHSET KOH()OPMALHMIO M aKTHBHOCTh OMOJIOTMYECKUX
MOJICKYJISIPHBIX «MaIluH». M3MeHeHne akTUBHOCTH OCJIKOB-MHUILICHEH MTPOMCXOJUT B PE3yNbTaTe OKUCICHUS ACTPOTO-
HUPOBAaHHBIX THOJIOBBIX TPYIII IUCTEHHOBBIX OCTATKOB [2]. JlaHHBII MeXaHU3M HE SBIISETCS CIeUU(PUUECKUM VIS psiaa
PEIOKC-aKTUBHBIX COEMHEHNIN M 3allyCKaeTCsl KaK dHIOTCHHBIMM, TaK M 3K30T€HHBIMH aKIIEITOpaMH JIEKTPOHOB. B
TpaHCIOPTE IEKTPOHOB OT HAYAJILHOIO JJOHOPA K KOHEUHOMY aKIIENTOPY MOTYT y4acTBOBATh HECKOJIBKO MTOCPEIHUKOB
(pemoKc-aKTHBHBIX COSAMHEHNH ), CO3/1aBasi LIETIH HAIPaBICHHOTO MEPEHOCca IEKTPOHOB WK petoke-1end [3]. Hampas-
JIEHHE U CKOPOCTh IIEPEHOCA EKTPOHOB B PEAOKC-IIETIAX 3aBUCIT OT COOTHOLIEHHS KOHIIEHTPALNH BHYTPUKIETOUHBIX
PEIOKC-aKTUBHBIX COEIMHEHUH, KOTOpPOE ONpeAeNseTcsl peJoKc-roMeocTa3oM KkieTku. [logaep:xannue penokc-romeo-
cTaza SBISIETCSI OCHOBOW HOPMAJIBHOM JKM3HEIESTENbHOCTH KIETOK M OCYILIECTBIISIETCS B PE3YNBTATe COMPSKEHHOTO
¢yHKronnposanus cucteM reHepanun APK U aHTHOKHUCINTENBHON 3aIIUTHI, a TAaKXKe CHCTEM TPaHCMEMOPaHHOTO
TpaHCIOpPTa PEAOKC-aKTUBHBIX COETMHEHNH [4].

KiroueByto ponbs B mojaepKaHUU PEIOKC-TOMEOCTa3a KJIETOK MIIEKOMUTAIOIIMX MPH CTPECCOBBIX BO3IEHCTBHAX
urpaet akTop TpaHcKpunuuu Nrf2, akTHBHOCTb KOTOPOT'O PETyJIMPYETCs ¢ y4acTHeM peoKkc-3aBucumoro oenka Keapl
[5]. B Hopmanbubix ycnoBusix Keapl HexkoBaneHTHO cBsizbiBaeT Nrf2, uTo 00yciaBauBaeT HalpaBlICHHBIH TPAHCTIOPT
U Aerpaganuio Oenka B mporeacome 26S. YMEepeHHBIH OKHCIUTEIBHBIA CTPECC U MEKTPOPUIBHBIC areHThl HapyIIaoT
B3anmozelicTaue B komriiekce Nrf2-Keap, B pesynbrare Nrf2 akTUBUpYyeT TPaHCKPHUIILHIO COTEH I'€HOB, YYaCTBYIOIINX
B 3allIUTE U aJalTalllu KIETOK K OKUCIHUTENbHOMY cTpeccy. OnHaKo MpHU MPEBBIIIEHNN ONPEAEIEHHOI0 opora akTH-
Baruu Nrf2 3amyckaercst 3KCIpeccHsi TeHOB, MPOAYKTHI KOTOPBIX CIIOCOOCTBYIOT Pa3BUTHIO OKUCIUTEIBHOTO CTpecca 1
nociuenyouel rnoean kietok [6]. Takum o0pa3om, peoKC-perymsaLus KICTOUHBIX MPOLIECCOB OCYIIECTBISETCS CIOXK-
HOW CETBhIO B3aMMOJACHCTBUH MEXIY OKHUCIUTEISIMH M BOCCTAHOBHTEIISIMHU, ONPEACISIIONICH CIeUpUIHOCTh OTBETa
OMONIOTHYECKOH CUCTEMBI.

KonmuecTBeHHas xapakTepuCTHKa YHUKAIBHONW CETH B3aUMOACHCTBUH, ONpeNesIoniel BUIOBbIE U MHINBUIYalb-
HBIE 0COOEGHHOCTH PEIIOKC-TOMEOCTa3a, SIBISETCS HEOOXOAUMBIM 3TalloM Ul CO3IaHMs MOAXO0NO0B IubdepeHunanum
(U3NOITOTHUECKHUX U MATOPHU3HOIOTHYECKUX MPOLIECCOB C yyacTHEM aKkTHBHBIX (opm kuciopona [7]. [lokazano, uto
pa3auuus BEITUYMH NapaMETPOB PEAOKC-TOMEOCTa3a B OMYXOJIEBBIX M HOPMAIBHBIX KIETKaX MOTYT CIIY>KUTh OCHOBOM
JUIs1 pa3paOOTKU HOBOHM CTpAaTeruy TapreTHON MPOTHBOOITYX0JIEBOW TepaIny.
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MenaHuHBI SBISIOTCS IUPOKO PACIPOCTPaHEHHBIM KJIACCOM OMOJIOTHYECKUX MOJMMEPOB, PEICTABICHHBIM CPEAN
BCEX LAPCTB KMBBIX OPTaHU3MOB U B OOJILIIMHCTBE TKAaHEH W opraHoB uesioBeka [ 1-3]. Kapkac MoHOMepOB MenaHUHA
o0iaaeT XHHOMIHOM CTPYKTYpoil. CBsi3M MEXIy MOHOMEpPaMH 00pa30BaHbl SP>-THOPUIN30BAaHHBIMH aTOMaMH YIJie-
poza u a30Ta. DTO NPUBOAUT K PsiAy NPUHLIUIHAIBHBIX OTAMYUM STHX MaTepHajioB OT OCJIKOB, HYKJICHHOBBIX KUCIIOT U
nojucaxapuaoB [1]: B TOM 4nciie K BBICOKOH XUMHUYECKOH YCTOHYMBOCTH U d(PPEKTUBHON ENOKATU3aMK CIIMHOBON
IUIOTHOCTHU. M3BECTHO, UTO KOHIEHTpALHUS AIEKTPOHHBIX PAMKaJIOB B MEJaHWHAX MOXET JOCTHraTh 3HaUeHH Oojee
1019 na rpamm [4]. Ero MmoxxHO 00paTiMo ynpasisiTh ¢ noMousio pH [4] u ypoBHS BiakHOCTH [5], a Takke BapbH-
pysl peloKCc-CTaTyC MOHOMEPOB C TIOMOIIBI0 HOHOB METAJUIOB U JPYTUX areHToB [6]. Takue BEINYMHBI KOHLEHTPALUU
HEKOMITIEHCUPOBAHHBIX CIIMHOB MOTEHIIMAIBHO MOTYT OBITH IOCTAaTOUHBIMH IS BOSHUKHOBEHHSI MAarHUTOYTIOPSA0UCH-
HBIX (pa3. B cBsI3U ¢ 3TUM npeACTaBIsSET HHTEPEC UCCIICAOBAHNE BIUSHNS KOHIICHTPALUH BOJBI U IpyTuX (HaKTOpPOB HA
MOTEHINAIBHOE MATHUTHOE YIIOPsI0OYeHNE B MeJIaHMHAX. B Hamrell paboTe Mbl McCIe0BaIN BIMSIHUE KOHICHTPALMH
BOJIBI M MIOHOB M€Y Ha MarHMUTHBIN OTKJIMK 3yMEJIaHMHA B IIMPOKOM JIUana3oHe TeMieparyp. B cyxom symenanune
ObUTH 0OHApYKEHBI IPU3HAKY THa-, apa- 1 GeppoOMarHUTHOTO BKIa10B. OTMETHM, YTO MPU3HAKH MarHUTHOTO YIIOPS-
JIOYEHHUS COXPAHSIIUCH BIUIOTH 10 KOMHATHBIX TEMIIEPATyp. POCT KOHIIEHTpALMK BO/IbI MPUBOIWII K 3HAUUTEIILHOMY CHU-
KEHUIO KaK MapaMarHUTHOU, TaK M ()eppOMAarHUTHON KOMIIOHEHTBI. DTO KOPPETUPYET C paHee OTKPBITON aKTHBALEH
«pancake bonding» MexIy panuKaiaMy B yBIQKHEHHOM dyMeJanuHe [7], To eCTh ¢ HHIyLUPYyEeMOW BOIOH KOHBEpCHEH
paJMKaIoB M, COOTBETCTBEHHO, MIOTEPEil MaTepHaIoM MapaMarHUTHBIX CBOMCTB. BBenenne nonos Cu?* mpuBOIHIIO K
MPAaKTHYECKU MOJHOMY MCYE3HOBEHHIO (PEPPOMArHUTHOTO M JTUAMATHUTHOTO BKJIAZA, YTO KOPPEIUPYET C peakiuen
BOCCTAHOBJICHUS PaJMKaJlaMi CEMUXHUHOHA, BXOAAIIMMHE B CTPYKTYpy MesaHuHa, noHoB Cu?* 1o Cu'" [8].

B pesynbrare npoBeeHHo paboThl ObLI CACTaH CIACAYIOUINN TPEBAPUTEIbHBIN BHIBOA: BHISIBICHHBIC 3aBUCHMOCTH
MarHUTHBIX CBOWCTB dyMEJIaHHWHA OT BIA)KHOCTH U TONMMPOBAHNS HOHAMH MEAM B COUETAHUU C KOHTPOJIBHBIMH JKCIIe-
PUMEHTAMHU IO OLEHKE KOHIEHTPAIUH MOTEHIHAIbHBIX MPUMECHBIX MATHUTHBIX HEOPTaHWMYECKUX MOHOB TOBOPST O
TOM, YTO HAaOJIIOJAEMbIi BKJIaJl B MArHUTOYIIOPSIOYCHHOE COCTOSIHUE CITUHOB B IAHHOM MaTepHaje COACPKUT OpraHu-
YECKYI0 KOMITOHEHTY.

Paboma 6vina evinonnena npu nodoepocxke PH®, npoexm Ne 19-73-10154.
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[Tpu onucanun >QQeKToB, BEI3BIBAEMBIX B 00pa3uax >KUAKOW BOJBI PA3TMYHBIMU BHELIIHUMH BO3ACHCTBUSIMU (TEp-
MUYECKHUI WIN paiMalliOHHBIN HarpeB, N3MEHEHNE JaBJICHUS, BBEJIEHUE IOCTOPOHHUX MAKPO- MITM MUKPOYACTHI, B T.4.
HaCBIILEHUE ra3aMH 1 Ap.) 0OBIYHO HCIIOIB3YIOT MAKPOCKOIMYECKHIE XapaKTEPUCTUKHU CPEbl U TUHAMUYECKUE Iapame-
TPBI TIOTOKOB M HEPABHOBECHBIX IMporieccoB. KoppekTHbIN Moa00p mapaMeTpoB B COOTBETCTBYIOIINX CUCTEMaX ypaBHe-
HUH TI03BOJISIET BOCIPOM3BECTH HKCIIEPUMEHTAIILHO U3MepsieMble OPYTTO-XapaKTEPUCTHKH 00pa30B U UX 3aBUCHMOCTD
OT BPEMEHM, HO Ha JJaeT MPEACTABIEHNS O COCTOSHUH BEIIECTBA U €T0 JIOKAJIBHBIX N3MEHEHUSX Ha MOJIEKYJISIPHOM YPOB-
He. Mcnonb3oBaHuEe MOJEKYISPHO JUHAMHUYECKUX PAcdeToB Ul OONBIIMX aHcaMOiIel MOJEKyJ IMO3BOJSIET MEepelTH
Ha MHKPOYPOBEHb M OLIEHUBATh MHTETPAJIbHBIE XapaKTEPUCTUKH, COMIOCTABUMBIE C SKCIIEPUMEHTAIBHO U3MEPSIEMBIMU
¢u3nUecKUMH BEIMYMHAMHU, HO B OCHOBHOM JUJIsl PABHOBECHBIX TpoleccoB. OHAK0, OCHOBHOM MHTEPEC MPEACTaBIIs-
eT coboil HepaBHOBECHAs CTaUsl AMHAMHYECKOTO MPOLEecca, HHUIMUPOBAHHOTO BHEITHUM BO3IICHCTBHEM, MOCKOJIBKY
MMEHHO OHA B CYIIECTBEHHOW CTENEHN NPEAONPEEIET XapaKkTep MOCIEAYIOUIEN TUHAMUYECKON 3BOIIOIIMHA CUCTEMBI.
WzyuyeHne HepaBHOBECHBIX IMHAMUYECKHX MPOIIECCOB TPEOYyEeT UCTIONB30BaHUS KIACCHUECKON MOJIEKYIISIPHON TMHAMU-
K{ B IPUOIKEHUH OOJIBIIOr0 KAHOHUYECKOTO aHCaMOIIsl, IPUYEM C MOTEHLIMAIAMH, KOTOPbIC MTO3BOJIMIIN Obl OMHCATh,
B TOM YHCJIC, MOHU3AL[MOHHBIEC U JUCCOLUAIMOHHBIE Tpoliecchl. [locTpoeHne Takux MOTEHIHANIOB MPEACTaBIsIeT cO00M
BEChMa CJIOKHYIO MPOOJIeMy, U B HACTOSILEE BpeMsl HAJCKHBIX KOHCTPYKIMH Takoro poja HeT. EMMHCTBEHHOH ajb-
TEPHATUBOW MEPEUNCICHHBIM MOJAXO0AAaM SIBJISIETCS HEAMITMPHUUECKas MOJNEKYJIsIpHas AMHAMUKA, B KOTOPOW MOTEHIIMAI
OIIpeIeNIsieTCsl peIllCHHEeM KBAaHTOBOW 3JIEKTPOHHOH 3a7auM, a MOTOMY MO3BOJISICT OMUCHIBATH JIIOObIE BAPHAHTHI Mepe-
pacnpeneneHyst AEeKTPOHHON TIIOTHOCTH M COOTBETCTBYIOIIEH peopraHu3alluy CUCTEMBI siaep. OrpaHUuYeHUEM TOTO
MOAXOA SIBISETCS] OTHOCUTEIBHO HEOONBIION MOJEKYJSIPHBIN pa3Mep CHUCTEM, KOTOPbIE MOXKHO MOJEIHPOBATh, YTO
MpeaonpeneneHo OOMbIIMMH BBIYUCIUTEILHBIMY 3aTpaTaMH Ha CTaIMH PELICHUS AIEKTPOHHOM 3a1aun. OHaKo 1000
CJIOXHBIN MpoIiecc MOXKET ObITh (POPMATBHO MOAPA3ACICH Ha CTaJnH, YaCTh KOTOPBIX XapaKTEPHU3YeTCsl CYIECTBEH-
HOM JIOKaJM3auueil sHepru Bo30yKICHHS, HHUIUUPYIOMEH KapAMHAIBHYIO PEOPTaHU3alMI0 CUCTEMBI, & OCTaJIbHBIC
— JWCCHUMNAIMel SHEPTUH TIPH pacipocTpaHeHHH 3G eKTa Ha IpUIIeKALINE CION BELIECTBA U MOCIEAYIOMIEH peakca-
uuu cucteMbl. Hanbonee nHTEpECHBI M 3HAYMMBI IMEHHO CTaJiMy NepBoro tuna. M o0 ux xapakrepe MOXHO CYIUTb,
aHaJM3UPYS TMHAMUYECKHE TPACKTOPUH, TOCTPOCHHBIE B HEAMITUPUYECKOM NpHOIkeHun. MeHHo 3ToT moaxon Ol
MPUMEHEH HaMU MIPH U3Y4eHUH 3P PEKTOB, MHUIMUPYEMBIX B HEOONBIINX KiIacTepax BoAbl (1) JOKaIbHBIM pa3orpeBoM
cucTeMbl; (2) MOMIOMIEHNEM SHEPTHH BO30YKACHUS B Pa3IMYHbBIX 001acTsIX HHPPaKpacHOTo quana3ona; (3) o0beMHbIM
CKaTheM U (4) JTOKaJIbHBIM HapsHKEHHEM, CBSI3aHHBIM C BHEPEHHEM HHOPOAHOHN YaCTHIIbI, B TOM YHMCIIE MO]] JaBICHH-
eM. CnekTp paccMOTpeHHBIX 3(p()EeKTOB BasKeH C TOUKU 3peHHs (PYHKIHOHHUPOBAHUS JTIOOBIX OMONOTHUECKUX CHCTEM.
[Tomyuaemble JaHHBIE TO3BOJISIOT OLIEHUBATh XapaKTEPHBIE BPEMEHA MepepacipeieICHHsI JHEPTUN MEXK1y Pa3IndHbI-
MU CTETICHSIMH CBOOO/IBI; BEPOATHOCTH JUCCOLMAIIMOHHBIX 1 HOHU3aLMOHHHBIX MPOLIECCOB; CTENICHB JIOKAJILHOTO Pa3o-
rpeBa CUCTEMBI U €€ KOMITIOHEHTOB B CIIy4ae pacraja.
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MHOXeCTBO HCCeIOBaHUN OMOMOJIEKYJT OBLITO MOCBSIIEHO WX THAPATHBIM 000JI0YKaM, O] KOTOPHIMH TOHUMAJIOCh
HEOOJIBIIIOE KOJIUYECTBO CIENU(UISCKU CBSI3aHHBIX Ha TIOBEPXHOCTH MOJIeKya Bojbl. [losBuBmiascs B Havane 2000x
rr. Teparepuosast (TI') cIeKTpOCKOMUs MPOIEMOHCTPUPOBaia HEMPEB30HAEHHYIO UyBCTBUTEIBHOCTh MPU aHAIN3E
CTPYKTYPHO-TMHAMHYECKUX XapaKTEPUCTHK BOJBI B PACTBOPAX. DTO MO3BOIMIO YCTAHOBUTH, YTO TUAPATHBIC 000IOUKH
OMOMOIIeKyNT 00JIaafoT MPOTHKEHHOCTHIO MOpPsiika HaHOMEeTpoB. OHM OBLIM HAa3BaHBI TMHAMHYECKUMH THIPATHBIMU
000JI09KaM¥, TIOCKOJIBKY BOJIa B HUX HE TOJIBKO CTPYKTYPHO, HO W JHHAMUYECKH OTIMYAETCS OT OKpykeHus. B psme
pabot ObwTO MMOKa3aHo [1], 4To THApaTHBIE 0OOIIOYKK OEIKOB MPOSBISIFOT 0coOeHHOCTH TI'11 criekTpoB, Korma OeinKu
HaXOJATC B (DYHKIIMOHAIBHBIX COCTOSIHUSX, BKITIOUasi HATUBHYHO KOH(opManuio. OTHAKO 3TH 0COOCHHOCTH Ha YPOBHE
MEXMOJICKYJIIPHON CTPYKTYPhI U JMHAMUKU BOJIbI OOBSICHEHBI HE OBLIH.

B nacrosmeit pabore onucaH MOAX0/, OCHOBAaHHBIA HAa METOJIC TeParepIioBOi CIEKTPOCKOIIUN BPEMEHHOTO paspe-
menus (THz-TDS), mo3Bomstontuii aHAIM3UpOBaTh THHAMUYECKIE THAPATHBIC 000JI09KkH 0eKkoB. CyTh METO/Ia 3aKIT0-
YaeTcs B aHAIN3€ KOMIUIEKCHOW JMAIEKTPUIECKON MTPOHUIIAEMOCTH BOMHOW (ha3bl JOCTATOYHO KOHIIEHTPHPOBAHHOTO
pacTBopa Oelika, B KOTOPOM IPAKTHYECKH BCS BOJA SIBISCTCS TUAPATHOU. [[1st ObIYbero ChIBOPOTOYHOIO aibOyMUHA
(BCA) 310 okono 334 mr/mi. M3 ausnekTpudeckoi MpOHUIIAEMOCTH BBIICIISIOTCS JBa PETaKCAIIMOHHBIX U OJIUH KOJIe-
OareNbHbIN MOJICKYJIIPHBIC MTPoLiecchl. OHU HHTEPIIPETUPYIOTCS KIIACCHUSCKUM 00pa30M, KaK pesiakCalusi CBA3aHHBIX U
CBOOOTHBIX (MU CJIa00 CBSI3aHHBIX) MOJICKYJT BOJBI H MEKMOJICKYIISIPHBIC KOJICOaHUS Ha BOJOPOTHBIX CBA3SX.

Ha npumepe BCA B Tpéx xoHpOpMAITIIX TTOKa3aHO, YTO (PPAKITUS CBOOOTHBIX (MK CJIa00 CBA3AHHBIX) MOJIEKYI B
THJIPaTHBIX 000JI0YKax OeKa OKa3bIBaeTcs 00Jiee MHOTOYHMCICHHON, HO YCpeTHEHHAS CBSI3aHHOCTh BOJBI OOJIBIIE, YeM
B HEBO3MYIIEHHOM COCTOSHUHM. AHAJOTHYHBIC TIPOSBICHUST HAONIONAINCH U JUIsl IPYTUX THIIOB OMOMOJICKYN: HYKJIe-
oruzos [2], JAHK [3], MoHO- u monucaxapusioB [4], GoCchOMUNHUIHBIX JTMIOCOM [5], 4TO, MO-BUIUMOMY, ONPEICISICT
crenuduKy ruaparanud OHOMOJIEKYI. DTO OOBACHISTCS TEM, YTO B THAPATHBIX 000IOUKAX YCHIIUBACTCS CBSI3bIBAHUE
MOJICKYJI BOABI B TICPBUYHBIX CIIOSIX, a B Ooyiee OTHaNEHHBIX OOJACTSIX THApATAIMN, HAIIPOTUB, CTPYKTYpa BOIBI HE-
CKOJIBKO pa3pylIeHa, [0 CPABHEHHIO C BOAOH HEBO3MYMIEHHOW. Takke nHEpreTHYecKue paclpeneieHns BOJOPOIHbBIX
CBsi3el B TUPATHBIX 000JI0YKAX OKa3bIBAOTCS CYXKCHBI.

HauGonee uHTEpEeCHBIN pe3ysbTaT 3aKJIIOYaeTCs B TOM, YTO BCE yKa3aHHbBIC MPOSBICHHS THIpaTAllUM HauOosee
CHJIBHO BBIP@XKCHBI ISl HATUBHOM KOH(opManuu Oenka. Taxke Ui THAPATHBIX 000JI04eK HATHBHOTO OEJKa XapaKkTep-
HO MEHBIIIEE KOTUIECTBO BOJOPOIHBIX CBSI3EH U TCHICHINS K YMEHBIIICHUIO UX CPEIHEH YHEPTUH IO CPABHEHHIO C HE
HaTUBHBIMH KoH(opManusiMu. Cam GakT YHHKATHPHOCTH THAPATHOW 000IOYKH OeTka B HATHBHOW KOH(GOPMAIIUH OTME-
qaJics ISl pa3HbIX OeJKoB U paHee [6,7]. OnmHako TpUMEHEHHBIN B HACTOAIICH padoTe METOIMIECKHU ITOIXO/] BIIEPBhIE
MTO3BOJIWII ATH OCOOCHHOCTH OIMUCATh KOHKPETHBIMU ITapaMeTpaMHU MEKMOJIEKYISIPHON CTPYKTYPbI B TUHAMHUKH BOJIBI.

[osmyueHHbBIE TaHHBIE JOOJIHSIOT MPEICTABICHUE O CBSA3U CTPYKTYPBI OSIIKOB € X (DYHKIIMOHAIBHON aKTUBHOCTBIO.
[To-BuumoMy, HaTUBHAsI KOH(OpMAIUsS HE camMa o ceOe OmpeessieT aKTUBHOCTD OEJIKOB, HO TPU YYaCTHH UX JIMHA-
MHUYECKUX THJIPATHBIX 000I0UCK.
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Jnst HanowacTun nryHrutoBoro yrepona (LLY) ycraHoBneH psii MeXaHU3MOB OHOJIOIMYECKOH aKTUBHOCTH, KaK He-
ciequ(uIecKux, Tak 1 00yCIOBIECHHBIX B3aUMOACHCTBUEM C OMOJOIMYECKUMH MHUILCHSMH C Y4acTHEeM BOIbl. B ogHOM
ciydae 310 cnocobHocts LY B BomHOM cpene aacopOupoBaTh M MEPEHOCUTh HU3KOMOJICKYJISIPHBIC JIMTAH bl (3KUPHBIC
KHCIIOTBI, TOPMOHBI, METa0OJIUTHI U T.I1.), YTO B IPUCYTCTBHHU OEJIKOB-TIEPEHOCUUKOB CIIOCOOCTBYET 0OMEHY MKy HUMH U
LY nocpencTBoM 00pazoBaHust OETIKOBOM KOPOHBI. ITO NPUBOIUT KaK K PETY/ISILIMH HACBIIICHNS OeJIKa TUTaHAaMH, TaK 1
(OpPMHUPOBAHHUIO AOTIOTHUTEIBHON (DYHKIIMOHAIBFHOM aKTHBHOCTH BCJIEACTBHE 0OMEHA OEIKOB KOPOHBI C N3MEHEHHON KOH-
(dopmanueii ¢ mynom Genka B 0CHOBHOH KoH(popMariy. OKHCINTETbHO-BOCCTAHOBUTENbHAA akTHBHOCTE LY 00ycnosie-
Ha CIIOCOOHOCTBIO €ro TMApPaTHON 000JIOUKM HAaKaIJIMBaTh aKTUBHBIE (POPMBI KHCIOpoaa Aaxe 0e3 akTHBHOW TeHepaliu
nocieanux. B mpucyTcTBUM THON-COAEepIKaIINX OSIIKOB 9Ta CIIOCOOHOCTH MPOSIBISICTCS B MX aHTH/TIPOOKCHIAHTHOM JICH-
ctBu. MemOpanoTponHas aktuBHOCTh LY Biusier Ha Mopdonornyeckre cBOUCTBa MeMOpPaH M UX POHUIIAEMOCTh, KaK
MOKa3aHO Ha MpuMepe OETKOB aKTHH-CIEKTPUHOBOTO KOMIUIEKCA SPUTPOLMTOB MOBBIIIEHHEM UX TEPMOYCTOHUYMBOCTH U
YCHUJIGHHEM KJIETOUHOH arperanuy. @u3nonorndecku Handonee 3HaYMMBbIM SIBJICHHEM TMpeAcTaBisieTcs (hazoo0pasyromast
axtuBHOCTD L1V, conpsbxeHHas ¢ 00pa3oBaHreM (ppakuuii U3 pa3TMyHbIX KOHPOPMEpPOoB Oenka, POPMHUPYIOIINX METACTa-
OMIbHBIC AUHAMUYECKHE OCJIKOBBIE KJIACTEPhl Kak Mpoodpa3 Oe3MeMOpaHHBIX OpraHesul, (yHKIMOHAIbHAS 3HAYMMOCTh
KOTOPBIX TIOJTy4aeT MHOTOYHCIIEHHBIE SKCIIEPUMEHTAIIbHBIE TOTBEPKICHUSI.

[Ipu uccnenoBaHNM MEXaHU3Ma MOJICKYIISIPHON M KOJUTOWAHON PacTBOPUMOCTH MOJIEKYJ CHIBOPOTOYHOTO ajibOyMH-
Ha (CA) B BOAHOI cpefie B IIUPOKOM JHaria3oHe KOHIICHTpalui Oelika U BIMSHUS Ha 3TOT mponecc npucytcTsust LY
METOJIaMH CTIeKTpocKonn KomOuHanmonHoro paccesiuus (KPC) u qurnammueckoro ceetopaccesnust (JJPC) Ovta ycra-
HOBJICHA OMPEEINSAIONIas pOJIb CUCTEMBI BOJOPOJHBIX CBA3EH BOJIbI B BOSHUKHOBEHMH HAAMOJIEKYJISIPHOIN OpraHu3aiiuu
B mucniepeusix Bona+CA; sona+L1V; Boga+tCA+LIY. D10 ObUI0 HHTEPIPETHPOBAHO CTPEMIICHUEM CETKH BOAOPOTHBIX
CBSI3€H BOIIBI BHITOJIKHYTh MaKpOMOJICKYJIbl 1 HAHOYACTHUIIBI K MECTaM €€ HapyIIEHHS C 3allOJTHEHHEM Je(EKTOB CETKU
U CO3JjaHreM 00JacTell MOBBIIEHHON KOHIIGHTpauK MoJieKyln u yactui. [lockonbky ciekrpsl KPC B o6mactu yactor
3200 — 3600 cm!' 00ycoBIICHBI BaJICHTHBIMU KosteOaHussMu OH-rpyTin Bo/ibl B CETKE BOIOPOIHBIX CBS3CH, yMEHBIICHHE
COOTHOIIICHUSI MHTCHCUBHOCTEH NBYX muKoB Tpu 3450/3250 cM!' COOTHOCHTCS C YBEITMUCHHUEM YHCIa JOHOPHO-aK-
LENTOPHBIX CBs3eH U WX crabmim3anued [1]. DTo mpoucxonuT B AuanazoHe KoHIeHTparwmii oenka 0,1-0,3 mr/mi. B
3TOM CIIydae peruCTPUPYIOTCS KiacTepsl Oenka auamerpoM okono 100 HM, pa3Mep KOTOPBIX HE MEHSETCS C POCTOM
KOHIeHTpauuu Oesika. [IpOTHBOMONIOKHO HANpaBJICHHOE «Pa3pBIXJICHUE» BOJOPOIHBIX CBs3CH (yBEIUUYEHHE COOTHO-
LICHUS] MHTCHCUBHOCTEH) MU JajbHEHIIEM yBETHMUCHUN KOHLIEHTpAMK OeJIKa COMPOBOXKAACTCS MOSBICHHEM PacTy-
IIMX KJIaCTepOB JPYIoro THMa pa3MepaMy B HECKOJIBKO COTEH HM. BeposiTHO, 3TO 00yCIIOBIEHO TEM, YTO YBEJTHUCHHE
KOHIEHTPALUU OEJIKOBBIX MOJIEKYJ MPUBOAUT K TOSBICHHIO HOBBIX, OOJiee KPYMHBIX Ae()EeKTOB U (GOPMUPOBAHUIO B
HUX OoJsiee KpynHBIX KinactepoB. [Ipu aToM aucnepcus octaeTcss CeIMMEHTAMOHHO CTa0MIBLHOM, HECMOTPS Ha ILIUPO-
KO€ pacIpeziesieHre KiacTepoB 1o pasmepam. B aucnepcun LY ¢ poctom konuentpaunu a0 0.1 mMr/mi HaOmonaercs
TOJIBKO CTaOMITU3AIIHS CUCTEMBI CBS3EH € MOSBICHUEM KIIaCTEPOB pasnycoM ~60 HM, ITOCIIe Yero JUCIIEPCHs TEPSIeT cTa-
OounbHOCTB. Bunmumo, snextponnas crpykrypa LY takoBa, 4To He criocoOHa reHepupoBaTh HOBBIE Ae(EKTHI B CUCTEME
BOJIOPOZIHBIX CBsi3ei. B mpucyrcTBum B OenkoBoii nucnepcuu LY komnmonanas cTaOUiIbHOCTD AUCIIEPCHU 0OecTeyn-
BaeTcs IaBHBIM 00pazom acconuanuein CA u LLIY ¢ obpasoBannem 0enkoBoil KOpoHBI BOKpYT HaHo4dacTull. [1pu sTom
W3MEHEHUS B CETKE BOAOPOJHBIX CBSI3€H BOABI MPOUCXOIAT IUIaBHO, O€3 Pe3KHX nepenagoB. MoKHO MpennonoKuTh,
YTO BOJAHAs CHUCTEMa yNpaBisieT MpollecCaMi WHKOPIIOpAMK M PACTBOPEHUS MO0 MyTeM M3MEHEHHs KOH(POpMaIuu
MaKpOMOJIEKYJ U aJaNTallud UX CYHIECTBYIOMINM Je(eKTaM CTPYKTYPBI BOJbI, IMOO MyTeM BO3HUKHOBEHHS OCITKOBOM
KOPOHBI MJTH KJIACTEPHOM OpraHU3allii BO BHOBb CO3aBaeMbIX AedeKTax.

Paboma evinonnsemcs 6 pamxax 6100xcemuvix mem FWME-0222-2019-0065 u. FMEN-2022- 0006.
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Introduction. Recent years have seen an upsurge in interest in studying the role of microorganisms of the large
intestine (microbiota) of animals and humans and their capacity to generate a number of metabolites that may exert
both protective and provocative influence on the development of metabolic, cardiovascular, and other non-infectious
diseases. Those food components (primarily complex carbohydrates and dietary fiber) that are not absorbed by our body
in the small intestine reach the large intestine, where they are fermented by the microbiota with a much larger set of
enzymes for their utilization. As a result of their metabolism, a large number of low-molecular-weight compounds are
produced in the colon: gas biomarkers (hydrogen, methane, and hydrogen sulfide), short-chain fatty acids, etc.

In this work, our attention was focused on studying the time dependences of the concentration of hydrogen and
methane in the exhalation of the subject after taking two portions of water, which were saturated with hydrogen and
methane, respectively. Particular interest in these gases is due to the fact that the analysis of the kinetics of their
appearance in the exhaled air allows diagnosing such a disease as bacterial overgrowth syndrome in the small intestine
(SIBR). Concentrations of oxygen and carbon dioxide were simultaneously recorded in the exhaled air.

The aim of our study was to obtain experimental data to analyze the process of absorption of H, and CH, in the
gastrointestinal tract and the process of their release through the lungs.

Methods. Concentrations of CO, and CH, were measured by the multichannel diode laser spectrometer, for O,-
electrochemical sensor, and for H,-MIS sensor were used [1].

Results. 5 adult volunteers participated in the pilot study. They drank 150 ml portions of water that was saturated
with hydrogen and methane at a pressure of 1 atm above the surface of the water. The levels of H, and CH, increased
in breath by 35-60 ppm with a max on 8-12 min and returned to the baseline level in 45-55 min after drinking H,+CH,-
saturated water. The ratio of H, exhaled/H, ingested (~60%) is higher than CH4 exhaled/CH4 ingested (~50%), which
may reflect different intestinal wall permeability for these gases. Results of the tests with H2- and CH4-saturated water
allow to understand better the kinetics of this gaseous biomarkers, generated by the gut microbiota.

Conclusions. First time kinetics of both (hydrogen and methane) release in exhaled air were assessed in humans
using multichannel diode laser spectrometer. It is possible to combine this test with taking lactulose or glucose for
the regular breath testing because microbiota-produced gases appear in 60-70 min, the time needed to reach the large
intestine.

References:
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Background: High dilutions (HD) of drugs have been used for more than 200 years in homeopathy, a therapeutic
system followed in many parts of the world. Homeopathic drugs are prepared by serial dilution followed by mechanical
agitation in several successive steps. These HDs are called potencies. Water in direct contact with a potency acquires
optical properties of the potency. Here we show that water does the same without any direct physical contact. Optical
properties are determined by electronic and vibrational spectroscopy. Methods: The 200 cH potencies of a plant extract
Nux vomica and an animal product Sepia officinalis were obtained from the marked. The drugs were in 90% ethanol
which was diluted with deionized and distilled (DD) water 1:100. So, the EtOH content in the drug solution is 0.09%.
This is virtually water. Each diluted potency of a drug was kept in a 30 ml brown glass bottle. A narrow test tube
containing diluted EtOH solutions was dipped into a potency of the bottle. After one hour each test tube was taken out
and its water content was analysed by UV and FT-IR spectroscopy. The same samples were also tested spectroscopically
before one hour exposure. For UV spectroscopy, baseline was set with 0.09% EtOH. Results: Water in each test tube
after one hour exposure acquired the optical properties of the concerned drug kept in the brown glass bottle. Discussion:
It is possible that electromagnetic radiation (EMR) might have carried the specific information of the optical properties
of the potentized drug in the bottle, and then transferred the same to water in the test tube. Conclusion: Two potentized
drugs tested could transfer their optical properties without direct physical contact to water.

Keywords: Homeopathic drugs, Nux vomica 200 cH, Sepia officinalis 200 cH, Water, Optical properties, Transfer,
UV and FT-IR spectra.
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KiroueBoit 0cOOCHHOCTBIO HEUTPODUIIOB SIBISICTCA HAIMYKE B MX a3ypoHUIbHBIX IpaHyiax (epMeHTa MHeJoIe-
pokcunassl (MIIO), katanusupyromiero oOpa3oBanne akTHBHBIX GopM rajorenos (ADI). B cury BeICOKOH peakuoH-
Holi ciocoonocTr ADI™ Hapsiny ¢ akTuBHBIME (opmamu kuciopoaa (ADPK), oOpasyromumucs B pe3yibTare akTHBa-
uun HAJI®H-okenaasel, BEIMOMHAIOT Oakrepunuanyto ¢pynkuuro. [loseimennoe obpasoBanne AOK/ADIT nmpusogut
K Pa3BUTHIO OKUCIUTEIBHOTO/TaOTCHUPYIOIIETO CTPECCa, HHUIMHUPYIOIIETO 1eCTPYKTUBHBIC MPOLIECCH B OpraHu3Me.
B T0 %*e Bpems ADK BBINONHSIOT Ba)KHYIO POJIb BHYTPH- U MEKMOJIEKYIISIPHBIX MECCEHIKEPOB B PErYJISLUN pa3Iny-
HBIX KJIETOYHBIX IIPOLECCOB. B mocienHue roasl HAKOMWIOCHh 3HAYUTEIBHOE KOJIUYECTBO HKCIEPUMEHTANIBHBIX JIaH-
HBIX, CBHJICTEJIBCTBYIOIIUX O TOM, YTO B PETYJISAIMIO BHYTPUKJIETOYHON M MEXKKJIETOYHON CUTHAIM3allMd BOBJICUEHBI
takke ADI. B ommmune ot ADPK, B3anMoaelcTBrE KOTOPBIX ¢ (PyHKIMOHATIBHBIMU IPyNIIaMH OMOIOTHYECKUX MOJIe-
KyJI OCYIIECTBIISIETCSl Yepe3 PeaKkMy OKUCICHHUS (B CiIydae pedoKC-PEeryIsiul MOAN(PUIHPYIOTCS PEUMYILECTBEHHO
SH-rpymmst), HOCI u gpyrue A®I" yuacTByIOT HE TOJNBKO B PEaKkUUsAX OKHCIeHUs (Hampumep, okucienue Cys, Met,
Trp u His GenxoB), HO ¥ B peakUusIX 3aMELICHUS] 1 TPUCOCANHEHHS TaJOreHOB (HanpuMep, raloreHnpoBaHne OOKOBBIX
ueneit Arg, Tyr u Lys B 6enkax). I1pu atom nocne moguduxanun ADI psg Moiekyn npuoOpeTaroT cnocoOHOCTh CBsI-
3bIBaThCs C PELENTOPHBIMHU CTPYKTYpaMH KJIETOK M aKTHBHPOBATh MPOIECCHl BHYTPUKIETOUHOW CUTHAJIN3ALNH, T.€.
BBICTYIIAIOT B Ka4eCTBE MEIMATOPOB, CHOCOOHBIX MepenaBaTh MH(OpManio MeXIy KieTkamu. Hamu ycraHoBieHO,
YTO CHIBOPOTOUHBIN aJIbOyMUH YeJI0BeKa, MOTU(PHUINPOBAHHBINA THITOTATONTHBIMI KUCIOTAMH, HHAYIIHPYET aKTUBALINIO
HAJ1®H-okcnaassl u aerpanynsiuuio HeiTpodunos. [yt TpaHcayKuuu curHama Npu JICHCTBUU TaJIOTeHUPOBAHHO-
ro anpOyMHHA BKJIIOYAIOT MHTETPHH-3aBUCUMYIO aKTHBALUIO (ochaTHIMINHO3UTON-3-KIHHA3, THPO3UHKUHA3 U TIepe-
CTPOWKY aKTHHOBOTO IIUTOCKEJIETa B HEUTpodmiIax. AKTUBHPYIOIIEE JeHCTBUE Ha 3K30LUTO3 IPAHYISIPHBIX OCIKOB U
nponykuuio H O, HeHTpopuiaMu 0Ka3bIBAIOT TAKKE JUIIONPOTENHBI HU3KOH miotHocTy (JIHIT), Mmomudumposannbie
MpY JHCTBUY THIIOTAJIOUAHBIX KUCIIOT. IHTEpECHO OTMETHUTB, YUTO XJIOP- M OpPOMTUAPHHBI (HochaTHINITXOIMHA, OTHOTO
13 ocHoBHBIX JunuaoB JIHIT u masmMarnuecknx MeMOpaH KJI€TOK, B HU3KMX MUKPOMOJISIPHBIX KOHIICHTPALUSIX OKa3bl-
BaJIM NIpaiiMupyromuii >3p(eKT Ha HEUTPOPHUIIBI, yCHINBas aTOHUCT-MHYMPOBaHHY0 poaykuuio H O, u nerpamyis-
muto. [Tocne Bzaumoneiicteust ¢ HOCI BbIsIBIEHO TakkKe U3MEHEHHE HEKOTOPBIX PErYJSTOPHBIX CBOUCTB JakTo(epprHa
u MIIO B otHOmIEeHNN HEHTpOuIOB. [Ipeanonaraercs, 4To B 0CHOBE ()YHKIMOHAIBHOTO MEPEKIIIOUCHHUS OCIIKOB TIOCIIe
ux Mmoaudukayu npu aeiicteun ADIL nexut odparnmoe N-rajJoreHupoBaHNEe OCHOBHBIX aMHUHOKHCIOTHBIX OCTATKOB.
[IpuBeneHHBIE NaHHBIC HAIVISITHO JEMOHCTPUPYIOT, yTo ADI-MoanpuupoBaHHbIE MOJIEKYJbI, 00pa3yromuecs mpu
B3aMMOACUCTBHH C MPOAYKTaMHU peakiui, karaausupyembix MIIO, npeactapisiror coO0H HOBBIH Ki1acc OMONIOTHYECKH
AKTHUBHBIX MOJIEKYJI, PETYJIUPYIOIIUX KIETOUYHbIE IIPOLECCHI.

Paboma svinonnena npu noodepocke Munucmepemea nayku u evicuie2o oopasosanusi Poccuiickoti @edepayuu
(epanm Ne 075-15-2022-315 na opeanusayuro u pazgumue Hayunozo yenmpa muposoco yposus “@omonuxa’).
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SIBnenue GpopmMupoBaHus CyOMUKPOHHBIX HeogHOpoaHocTe (CMH) B BOIHBIX pacTBOpax, 0 XUMHUICCKOH KITACCH-
(bMKaI¥ CYUTAIONINXCS NCTHHHBIME, U3y4aeTcs JaBHO, HO J0 CHX ITOP HET ITOJIHOTO TIOHUMAHHSI IPUPOABI TAHHOTO SIB-
nenus [1-6]. YeranosneHo, uto CMH — ycroiiunBsie 00pa3oBaHusi, POPMHUPYIONMIUECS TIPU IPUTOTOBICHUN PACTBOPOB
Y COXPAHSIOIIHNE CTA0MIBHOCTD Ha MPOTSHKEHUN IPAKTHIECKU O€CKOHEYHOTO BpeMeHH (ros! [7]) B pamkax Jadoparop-
HOTO PKCTiepuMeHTa. bombine Bcero cBuaerenscTB Hanmauss CMH onmcaHo [uist BOMHBIX pacTBOPOB OPTaHWUKH, KOTO-
pBIE€ PETHCTPUPOBAINCH METOJJAMH CBETOPACCESHUSA. DTH METOJbI MTOKA3BIBAIOT, YTO MPAKTHYECKH BO BCEX PACTBOPAX
pasmepsl CMH cocTaBistoT COTHH HAaHOMETPOB, OHAKO OHU HE IMO3BOJITIOT ONpeneiaTh miotTHocth CMH. B Harmmeit
HemaBHeH paboTe ObUT ONMCAH M pealn30BaH KOMIUICKCHBIN TOAXOM, TIO3BOJIMIOMNN onpeaenaTh pasmMepsl CMH, ux
muddepeHnaTbHbI KodhGUIHESHT TpeIoMIICHHS (An) OTHOCHUTEIHHO OKPYIKAIOIIETO PacTBOpa M KOHIICHTPAITHIO [6].
[ToxazaHno, 4TO B pacTBOpax caxapoB ¢ KoHeHTparueil 0.5 Monbp% An cocrasmisier okono 0.005 1y TIFOKO3bI B PpPyK-
to3el 1 0.01 msa caxapossr. [t Bcex TpEX pacTBOPOB 3TO COOTBETCTBYET B 1.8 pa3 Oombliell KOHIIEHTPAIMH CaxapoB
B CMH 1o cpaBHeHHIO CO CpeIHel KOHIIEHTpAIUell B pacTBOpE, YTO COOTBETCTBYET IUNIOTHOCTHOMY KOHTpacty ~3%.
Oo6wémuas monss CMH B aTux pactBopax qoBosibHO Benuka ~0.1%. [lokazano Takke, 9TO ¢ pPOCTOM KOHIIEHTPAIUH Ca-
XapoB B PacTBOpax MHTEHCHUBHOCTH paccesHuss CMH yBenmnunBaercs He TUHEHHO. DTO MOXKET OBITH CBSI3aHO C JIByMS
(hakTOpaMu: ¢ HETMHEHHOM 3aBUCUMOCTRIO KoHIIeHTpannun CMH w/mimm ux An OT KOHIIGHTpAITUH caxapa.

B nacTosimeli pabote ObITH OmpeneneHbl 3HaYeHHsI An /Il paCTBOPOB HECKOJIBKUX XOPOIIIO PACTBOPUMBIX B BOJIC
caxapoB (TTIOKO3BI, MaJbTO3bI, CaXapo3bl, TPErano3sl) B AuanazoHe koHueHTpauuit 0.5-1.5Momp%. YcraHoBieHO, 9TO
C POCTOM KOHIIEHTPAIMH TIIOKO3bI, MAJIbTO3bI U caxapo3sl oT 0.5 10 1.5 mompe% An ymensimaercs ot 3naueHuit ~0.01
10 3HaueHui ~0.001. ITpu noBbILIEHUH KOHLEHTPALMUH YKA3aHHBIX CAXapoOB MPOUCXOAUT YMEHBUICHUE ONTUYECKOIO,
a 3Ha4MT, TNIOTHOCTHOTO KOHTpacta CMH. U3 storo cnenyer, uto CMH He sSBISIFOTCS accolmaraMy CO CTaHIApTHOU
CTPYKTYPOH U COCTaBOM, KOTOPBIC 3aBUCST OT KOHIIEHTpAlWU caxapa. lHTepecHo, 9To JUIst paCTBOPOB TPETaJIO3bl Ha-
omonaetcs manoe 3Hauenne An~0.001, kotopoe He MmoHOTOHHO MeHseTcs (0T 0.001 mo 0.003) B ykazaHHOM nuana3oHe
KOHIIEHTPAKH. DTO TOBOPUT O 3aBUCUMOCTH XapakTepucTuk CMH He TONBKO OT KOHIIEHTPAIlNH, HO M OT THIIA caxapa.

Ota ocoberrnocth CMH B pacTBopax Tperano3sl (10 CpaBHEHHIO ¢ IPYTUMH MPOAHATH3UPOBAHHBIMH CaxapamH)
WHTEpPECHA He TOJIBKO C TOYKHU 3peHus (PU3rdecKor XUMHH, HO U OnoJIoruH. [IpearnonouTensHo, OHa MOXKET OOBSCHUTD
HEPACKPHITYIO JI0 CHX TTOp 3arajIky KPHO3AIMIUTHBIX CBOHCTB TPErasio3bl, KOTOpas IO CPABHEHUIO C JIPYTHMHU CaXxapamu
MIPOSIBIISIET HAaOOMBITYI0 AP PEeKTUBHOCTD [8]. Manoe 3HaueHrne An 03Ha9aeT MaJIblif IIIOTHOCTHBINA KoHTpacT CMH, To
€CTh MaJIyI0 TeTEPOTeHHOCTh PACTBOPOB, UYTO OMPEAEISET HU3KYIO BEPOATHOCTh (POPMHUPOBAHMUS KPUCTAIUIOB JIbJIa B
pacTBOpax Tperago3bl. ITOT acleKT TpedyeT Oosee ITyOOKOTO UCCIIeIOBAHMS.
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[Tpumenenune Huzkoremneparypuoit miasmel (HTII) B cenbckoM XO03HCTBE W MUILEBON MPOMBILUICHHOCTH B T10-
CJICIHUE TOJbI BBI3BIBACT MOBBIIICHHBIH nHTEpec. OIHUM M3 KITIOUYeBbIX HampasieHuid npuMeHenuss HTII B cenbckom
XO3SICTBE SIBISIETCS] CTUMYJISIIMSL POCTA PACTEHUN M YIy4IlIEHHE BCXOXKECTU ceMsH. MccinenoBaHus MoKa3bIBaloT, 4TO
00paboTKa CeMsH IJ1a3MOM CIIOCOOCTBYET MOBBIICHUIO HX TPOHULIAEMOCTH M aKTHBALIMH META00JIMYECKUX IPOLIECCOB,
YTO MPHUBOIUT K OoJiee OBICTPON M paBHOMEPHON BCXOJKECTH, @ TAK)KE MOKET MOBBICUTh YCTOHYMBOCTB K HEOIaronpu-
SATHBIM YCJIOBHSIM OKPY’KaIOLICH Cpe/ibl, TAKMM KakK 3acyXa M TeMIiepaTypHble konedanus [1,2].

[IporuBonarorennas oopaboTka Mo4BbI M pacTeHui ¢ ucrnonszoBanueMm HTII takxe npencrasisier coboil BakHOE
HampasiieHHe uccieqoBanuii. Kpome Toro, miuasmMeHHas oOpaOoTKa MOYBBI U BOABI MOXKET CIIOCOOCTBOBATH YJydIle-
HUIO YCBOCHHMS UTATEIBHBIX BEIIECTB pacTeHHsIMUA. Hanmpumep, akTuBHBIE POPMBI a30Ta, 00pa3ylouecs B pe3yabrare
TUIa3MEHHOM aKTHBALMH, MOTYT YCKOPATH MPOLECCHl MUHEPATU3alMy B TIOYBE, MOBBIIIAS JOCTYMHOCTh MUTATEIBHBIX
3IIEMEHTOB JJIs1 KOPHEBOM CUCTEMBI PACTCHUH.

B numesoit npomsitienHoctd HTI akTuBHO ncmonb3yercst sl Ae3UHGEKINH U CTEPUIIN3ALUH POAYKTOB. DKC-
MEpUMEHTAIbHBIC JAHHBIE CBUJCTEIBCTBYIOT O TOM, UTO I1a3Ma 3 (HEKTUBHO YHUUTOXKACT NAaTOTCHHBIE MUKPOOPTaHH3-
MBI, Takue kak Salmonella spp., Listeria monocytogenes u Escherichia coli, Ha moBepXHOCTH NHIIEBHIX TPOAYKTOB, HE
W3MEHSS UX OpraHoJICITHYECKUE CBOUCTBA [3]. DTO MO3BOJISET YBEIMUNTE CPOK XPAHEHUS TPOAYKTOB. J[OMOTHUTENIEHO
HTII naxoauTt nmpuMeHeHHe B 00pabOTKe yNaKOBOYHBIX MaTepuasioB, 0OecreunBasi NX CTEPHIM3ALUIO U YIydlleHHE
OapbepHBIX CBOMCTB.

B nactosmeit pabote mpeacTaBieHbl pe3yibTaThl IPUMEHEHHUs] MajorabapuTHOTO MHOTO(QYHKIIMOHAIEHOTO UCTOY-
nuka HTII « CAPKO» B pemieHnu 3a/1a4 yirydmieHus] METOAWKY TIPUBUBKH CaJIOBBIX pacTeHui [4], a Takke 00paboTku
MUILEBBIX MIPOIYKTOB C IIEIIBIO YBEITUUEHHSI CPOKA COXPAHHOCTH.

Hccneoosanue svinonneno 3a cuem epanma Poccutickoeo nayunoeo ¢onoa (npoexm Ne 23-29-00856).
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[3] E-M. Konchekov, V.V. Gudkova, D.E. Burmistrov, et al., Bacterial Decontamination of Water-Containing Objects Using Piezoelectric Direct
Discharge Plasma and Plasma Jet, Biomolecules, 14, 181, (2024).

[4] E.-M. Konchekov, L.V. Kolik, Y.K. Danilejko, Enhancement of the Plant Grafting Technique with Dielectric Barrier Discharge Cold Atmospheric
Plasma and Plasma-Treated Solution, Plants, 11, 1373, (2022)
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N3MEHEHUE OKUCJTIUTEJIbHO-BOCCTAHOBUTEJIbHbIX
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Bubpanmonnoe Bo3aelicTBIE HA KOJIOUAHBIC BOAHbBIC PACTBOPHI MIMPOKO MPUMEHSETCS] B TEXHUYECKHX CPE/ICTBAX,
MPeAHAa3HAYCHHBIX 1JIs1 TPAHCTIOPTUPOBKH M U3MEHEHHS (PU3UKO-XMMHUYECKHX CBOMCTB pacTBOpPOB. M3BecTHO, YTO Te-
YeHHE BOAHOTO KOJUIOMJIHOTO PACcTBOPA Yepe3 KAMUIUIAPHI U TIOPUCTHIE CPEAbl COMPOBOMKIAETCS MOSBIECHUEM JIOKAIIb-
HBIX AJIEKTPUYECKUX TOJeH (IOTEeHLMAIOB TEUSHNs), BBI3BAHHBIX (POPMUPOBaHNEM 00BEMHBIX AJIEKTPHUECKUX 3apsI0B
[1,2], 9TO IOMKHO COMPOBOXKAATHCA KaK M3MeHeHHeM penokc-noreHnmana (Eh), Tak m u3mMenennem MUHEPaIbLHOTO
cocrasa cpeabl. B [3] 6bu10 okazaHo, 4yTo KoJeOaHMs IaBICHUS C YaCTOTOW ® B PACTBOPAX, COACPKAIIUX KOJUIOMIHBIC
Y4acTHUIbI, GOPMHUPYIOT JIOKAJIBHBIE IIEKTPHUECKUE 0OBEMHBIC 3aps/Ibl, BHI3BAHHbIC KOJICOAHUSIMU IPaIMCHTa JaBICHUS
P- (AP/AX) (). Ilpu uccnegoBaHuy BOJHOTO pacTBOpa U3 CKBAXKMHBI MOA3EMHOTO XpaHMIIUILA MeTaHa ObTo 0OHapYy-
KEHO, HaIIpUMep, YTO KpaTKOBpeMeHHOe BHOpoBo3eiicTBHE ¢ yacToTol 20 K1l B TeueHne 4 MUH CONPOBOKAACTCS KaK
nocreneHHbIM cHkeHneM Eh ¢ +28 MB o — 162 MB 3a 24 vaca (cM. puc. 1), Tak BbITaJeHHEM B TBEPAYIO (a3y 4acTHIL,
cofiep KallluX OKCHJIBI kKeJle3a U pAaCTBOPEHHBIE B BOJIE COJIM. 32 CUET PACTBOPEHUSI YINIEKHUCIIOTO Ta3a MPH JaJlbHEHIIeM
XpaHEHUH BOJIHBIM PACTBOP CHU3WIJI BOCCTAHOBUTENBHBIN MOTEHIMA A0 -144 MB.
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s g3 d 2B 282 ==
S & & 3§ g g g & 5 §5 §
o 9o 9 BB Q@ o L 9@ o © o
» »» o £ & &8 8 B T % 5
» L% ]
£ 2 8% 2 8§ = & &« 2 ny
8y
30
0 -—-
-30
gg .4_19_23-39
-180 1862 -145 -144

Puc.1 I'paduk uzmenenuii Eh B xone skcniepiMenTa 1mo BUOPOBO3/ICHCTBHIO

Jlureparypa:

[1] M.I'/ Tazumos, P.A. MakcyToB, K.M. Kaznees. Dnexrpu3zanus Ipy 0OCBOSHHUH U IKCIUTyaTalluy CKBaXkuH» // Tatapckoe KHI)KHOE M3aTeIbCTBO,
Kasansb, 1972, 80 c.

[2] B.1. Jlecun/ Bo3HuKHOBEHHE BOJIH IFIOTHOCTH HICKTPUUESCKHX 3apsI0B IIPY TEUSHNH JKHUKUX KOJIOMIHBIX pacTBopoB // HedTsaHoe xo3siicTBO,
2005, Ne4, c. 37-39.

[3] B.II. Iladapeu. Peanmsanmss mpueMHO aHTEHHBI HAa MEXaHHM3ME DJICKTPOKHHETHYECKOIo SIBJICHHS «HOTeHuMan tedeHus» // Haydnoe
npubdopoctpoenue, 2019, 1.29, Ne 2, ¢. 103- 108.
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WCCNEOOBAHME NOKA3ATEJNIEN POXXOAEMOCTH
XsoroaAawnMxX MoJIUTIIOCKOB MELANOIDES
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e-mail: butalana07 @list.ru

UccnenoBanus 3¢h(hekToB MOHMKEHHOTO MAarHUTHOTO IOJIsi Ha OMOJIOTHYECKHE CHCTEMbI TPUBJICKAIOT BHUMaHUC
yuenbix [Binhi, 2017; Erdmann, 2021], moCKoiIbKYy B MEXILJIAHETHBIX MOJIETaX YEIIOBEK, )KUBOTHBIC U PACTEHUS MOTIa-
JIAIOT B YCIIOBHSI OKPY’KAOIIETO MAarHUTHOTO TIOJIsI, BETMYUHA KOTOporo coctapisieT okoo 1 HTn. [lomoOHbIe ucce-
JIOBaHUSI UMEIOT 0CO00E HATPABJICHNUE B HACTOSIIIEE BPEMS B CBS3H C pean3alneil MPOeKTOB KOCMUYECKUX IMOJIETOB B
OKOJIO36MHOM MPOCTPAHCTBE, B TOM yucIie mojeToB K Jlyne u Mapcy. B MofienbHbBIX SKCIIEpUMEHTaX HaMHU YCTAaHOBIICHO
[Memmn, 2010, 2012; Moisa, 2015, 2016, 2019, 2020] u3MeHeHne OKUCIUTECIIBHO-BOCCTAHOBUTEIIBHBIX CBOMCTB BOJIBI
O] BO3/ICHCTBUEM THIIOTE€OMAarHUTHOTO moiisi. Boma crmocoOHa oTpaxkars BHEHmIHHE (HDaKTOPBI BO3IEHCTBUS B CBOUX
CTPYKTYPHBIX U3MEHCHHSX, KOTOPhIE COOTBETCTBEHHO OKa3bIBAIOT HETIOCPECTBCHHOE BIUSHUE HA (PH3UOJIOTHUCCKUC
nporeccel B opranu3me. OcraeTcs 10 KOHIIA HE BBISCHEHHBIM BOTIPOC O BIUSHUHM Ha OMOOOBEKTHI N3MEHESHHON BCIIEI-
CTBHE ATHX (PAKTOPOB cpenbl oOuTaHus. B Hammx npenpaymux padorax [Moisa, 2015, 2016, 2019, 2020] moka3aHo
BIIMSTHHE THITOT€OMAarHUTHBIX YCJIOBHW Ha SMOPHOHAIILHOE Pa3BUTHE POTOBOW Katymiku Planorbarius corneus, BcXo-
KECTh U Pa3BUTHE MPOPOCTKOB CEMSIH BBICIIUX PACTEHUH U (PU3NKO-XHUMUYESCKUE CBOMCTBA POCTOBBIX CPEI LTSI Kile-
TOYHBIX KYJIBTYP MJICKOITUTAIONIKX. [leNTbi0 HACTOSTIET0 NCCIIe0OBaHUS OBUIO U3yUSHHUE B MOJCIBHBIX KCIIEPHUMEHTAX
BIIMSTHHSI TUIIOT€OMAarHUTHBIX YCIIOBHI Ha Pa3MHOKEHUE KUBOPOJISIINX MOJUTIOCKOB. JKUBOpOXIeHNE — CIIOCO0 BOC-
MIPOU3BEICHHSI TIOTOMCTBA, TIPH KOTOPOM 3apOJIBII Pa3BUBACTCS BHYTPU MaTEPUHCKOTO OpraHn3Ma. B kauecTBe 00bekTa
HcCcIeoBaHus ObUT BBIOpaH KUBOPOISIINI MOITIOCK Melanoides organifera, o0nanaiomuii BHICOKOH KH3HECIIOCOOHO-
CThIO. DTO — MHJIMKATOPHI KAUeCTBA BOJBL. B THIIOT€OMarHUTHOM Kamepe, MPECTaBISIONICH COO0N OTKPBITBINA CBEPXY
MWIMHIPWYECKUN CTakaH, CTEHKH W JHO KOTOPOTO OBUIM M3TOTOBJICHBI U3 JMCTOBOTO MEPMALIOS, U3ydYald BIUSHUEC
MOHMXEHHOTO B 40 pa3 reoOMarHuTHOTO MO Ha POXKIAEMOCTh MOJUTIOCKA M BOJOPOIHBIN MOKa3arenb Bolbl. BrisBieHa
3aJiepiKKa U CHIYKEHUE POXKIAEMOCTH MOJUTFOCKOB. POKIIaeMOCTh MOJIITFOCKOB B TUTIOTEOMArHUTHBIX YCIOBUSAX ObLIA B
TPpU pa3a MEHbIIIE 10 CPABHEHUIO C MOKA3ATEISIMU POKJAEMOCTH B reOMarHuTHOM mosie. Kak u3BecTHO, pa3MHOKECHHE
MOJUTFOCKA MOXKET OBITh 3aMEJICHHO IMPH HEJ0CTAaTKe KOpMa, HEAOCTAaTKe KapOOHATOB B BOJIE, YXYIIICHUU yCIOBHIMA
(hopMUpOBaHHS PaKOBHHBI y 3apOJIbINICH U HEOMArompHATHRIX YCIOBUSIX. Ha MpOTsDKeHUM BCEro mepuoja 3KCIepH-
MEHTa MOJUTIOCKU MOYYald JOCTATOUYHO KOpM. JKECTKOCTh BOJIBI ObLIA OJJMHAKOBOW B THIIOTCOMATHUTHBIX YCIOBUSX H
reoMarHuTHOM mnosie. OIHaKO B TUIIOT€OMAarHUTHBIX YCIOBHUSIX PE3KO MOBbIIIANAch KoHLIeHTpanus H', a Benuunna pH
CHIIKAJACh, T.€. TIOBBIIIAINCH OKHCIUTEILHBIC CBOWCTBA BOJIBI, YTO, B CBOIO OYEPE/lb, MPETSITCTBOBAIO (POPMUPOBAHUIO
PAKOBUHBI Y MOJUIIOCKOB U, TEM CaMbIM, Ha HAlll B3IJISA, SIBUJIOCH MPUIMHOU TOPMOKECHUS POKIAEMOCTH MOJUTIOCKOB.
Takum 00pa3oM, TUIIOT€OMAarHUTHBIE YCIOBHS YXYIIIAIN cpely OOUTaHUS JaHHOTO BHJa MOJUTFOCKOB, T.€. CO3/IaBajlH
HEONaronpusATHYIO YCIOBUS JIISl €T0 pa3MHOXeHHs. OnpeaenstonumM (GakTopoM JSHCTBUS MOHMKEHHOTO TeOMarHuT-
HOTO TIOJISl HAa M3y4YaeMble OMOOOBEKTHI SBIISICTCS U3MEHEHHE COCTOSIHUS BOJHOW cpenbl. [lanbHel e uccienoBaHust
MOKaXyT, CMOTYT JIU POJUBLINECS MOJUIIOCKH aJalTHPOBAThCS B I€0- U THIIOI€OMArHUTHBIX yciaoBHsX. [loHnMaHue
MeXaHU3MOB 3(h(heKTa THUITOTeOMArHUTHBIX YCIIOBUI Ha OMOOOBEKTHI U BOAHYIO CpeAy OOUTaHUS IOMOXKET Pa3padoTaTh
Hay4yHbIC PEKOMEHIAIUU AJIs1 JaJIbHEUIIIEr0 OCBOCHUS KOCMOCA.
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BJIMAHUE BHELLHUX ®AKTOPOB HA MNMPOLIECC
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Hanouactuisl, monagas B OMOJIOTHYECKYIO cpey OKPBIBAIOTCS clI0eM OMOMOIIEKy1. B 0CHOBHOM 3T0 O€KH, KOTO-
PBIi 00pa3yIoT Tak Ha3bIBAEMYIO «OEKOBYIO KOPOHY». ITO MPOUCXOAUT B PE3YSIbTaTe TEPMOIANHAMUKN BOJAHON CPE/IbI
1 OIOCPEIOBAHO BaH-AEP-BAaIbCOBBIMU CHUIIAMH, KYJTOHOBCKHMMHU B3aWMOACHCTBHSIMHU U 00Opa30BaHHEM BOAOPOTHBIX
cBs3eit [1]. Ha ctaOuabHOCTD TaKMX KOMILIEKCOB MOJKET BIMATH O0JIbIIOE KOMM4YecTBO (pakTopoB. K mpumepy, kucmot-
HOCTB CPeJ/Ibl MOXKET BIMATH Ha KOMIUIEKC HaHOYAcTHIL ¢ Oenkamu [2]. Tak, n3MeHeHHe KUCIOTHOCTH CPebl TPUBOJUT
K M3MEHEHUIO 3apsiia OENKOBBIX MOJIEKYI. JTO B CBOIO OuYepe/b BIHMSET Ha B3aMMOICHUCTBHE OEKa C MOBEPXHOCTHIO
HAHOYACTHUIIBI, C IPYTUMHU MOJIEKyJIaMH OCJIKOB M C OKpY>Katoliel cpenoi B nenoM [3]. Tak ske Temreparypa MOKeET BIIH-
ATh Ha BTOPHYHYIO CTPYKTYpPY OCJIKOB, BeJb IPH MOBBIIICHUN TEMIIEPaTypbl MOKET IPOUCXOJUTH JAeHATypanus Oelka.

B pabote MBI paccMaTpuBaeM BIMSHUE TAKUX BHEIIHUX (DAKTOPOB KakK KUCIOTHOCTh CPelbl U TeMIIepaTypa Ha B3a-
UMOZICHCTBHE HAHOYACTHUII U OenKoB. Tak e 1uis uccaeJoBaHus ObUIH BBIOpAHBI 1Ba BHJIA YACTHL, OTHYAIOLINXCS Pa3-
Mepamu, ¢ PyHKIMOHATIBHBIMU TPYIIIaMHU Ha TIOBEPHOCTH M 0€3 HUX.

500

o HEWL+Au ok o HEWL+Au

Size, nm

b=3 Tempe(a\uta.‘c

a)

Puc.1. Bnusaune pH n Temneparypsl Ha a) CpeIHHUNA THIPOANHAMUYECKUHN THAMETP YaCTHII
1 b) moJiokeHue NHKa NOTIOIIEHHS 30JI0THIX HAHOYACTHI] B KOJUIOMTHOM PAacTBOPE CMECH OerKka
JIM30LIMM C KOHIIeHTparuen 0.5 mg/ml 1 30J0ThIX HAHOYACTHII.

Jlureparypa:

[117J. Zhang, X. Fu, C. Yan, G. Wang. The morphology dependent interaction between silver nanoparticles and bovine serum albumin. Materials,
16(17), 5821, (2023).

[2] S. Pandit, S. Kundu, Fluorescence quenching and related interactions among globular proteins (BSA and lysozyme) in presence of titanium
dioxide nanoparticles. Colloids and Surfaces A: Physicochemical and Engineering Aspects, 628, 127253, (2021)

[3]1E. Molkova, V. Pustovoy, E. Stepanova, I. Gorudko, M. Astashev, A. Simakin, R. Sarimov, S. Gudkov. pH-Dependent HEWL-AuNPsInteractions:
Optical Study. Molecules, 29(1), 82, (2024).
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Bonnzble pacTBOpBI, B TOM WJIM WHOM BHJIE, IPUCYTCTBYIOT MPAKTUUYECKH BO BCEX JKMBBIX cUCTeMax. [laxke B mpo-
CTEMINX pacTBOPAX YaCTO NMPUCYTCTBYIOT paCTBOPEHHBIE Ta3bl U HAHOIY3bIpH. [10/1 BAMSIHUEM pa3HBIX BHEIIHUX BO3-
NEWCTBUIM MOTYT MEHSITHCS TapaMeTphl 1aXKe TaKkoro, Kazaiochk Obl, mpocToro oowvekTa [1,2]. ['opa3no Bce cioxHee B
KOJUTOWIHBIX PAacTBOPAX, Yalle BCETO BCTPEYAIOLIMXCS B MPHUPOAE. BOIBIIMHCTBO OMONOTHUECKUX KHUIKOCTEH Mpea-
CTaBIISIIOT cOOOM KOJUTOMIHBIC cHcTeMbl. [103ToMy M3ydeHue BIMSHUS (PU3UKO-XUMUYECKHX (PaKTOPOB Ha CBOMCTBA
TaKUX PacTBOPOB SIBIISETCS aKTyaJIbHOM 3a/1aueil.

OnHMM HMX TakMX BO3JCHCTBHMI SIBISIETCA JIa3epHOE, IIUPOKO MPUMEHSIEMOE B COBPEMEHHOW MenuiuHe. Jlazepsl
HIMPOKO MPUMEHSIOTCS B JUATHOCTHKE, TEPANUHU, XUPYPIrUU U KOCMETONOTnU. BozelicTBre na3epHOro M3nydyeHus Ha
OMONOrHYeCKUE TKAaHH XOPOIIO U3y4deHo. OHAKO 3J€MEHTapHbIE MPOLECChI, MPOXOIIINE B OPraHu3Me MPH JIa3epHOM
BO3/EHCTBUH, MaJIO M3y4yeHbl. OTHIM U3 BaKHEHIINX OMONOTHYECKUX OOBEKTOB SIBISIIOTCS Oenku. BiusiHue nazepHoro
W3Ty4eHus: Ha Oenku Mayio u3ydeHo. /i ucciaeqoBaHus CBOWCTB OENKOB MIMPOKO MCIOJIB3YIOTCSI BOTHBIC PacTBOPHI
OeJIKoB.

Lenbro nanHo# pabOThI OBLIO UCCIIENOBATH BIMSHUE JIA3ePHOTO U3ITyUCHHS C JUTMHOM BOHBI 1064 HM Ha BOIHBIE pacTBOPHI
OenkoB. M3BecTHO, YTO M3MyUYeHHe Ha ArMHe BOMHBI 1064 XOpOIIo MOMIOmaeTcs BOIOH, UTO AeaeT BOSMOXKHBIM HCIIONB30-
BaHME TaKWX JIA3€POB I XUPYPrUUECKUX BMEILIATENIBCTB. XOPOIIO M3YyUYeHO BIMSHHUE MOJOOHOTO Ja3epHOI0 CKajbIIes Ha
OMONOrMYecKre TKaHH, OTHAKO, OCTAeTCsl C1a00 N3yYEHHBIM BOIIPOC O BIMSIHUM UMITYJILCHOTO JIA3EPHOTO U3ITyUeHHs Ha CTPYK-
TYpY H CBOWCTBa OEJIKOBBIX KOJUIOMJIOB, XOTSI JAHHOE M3YYCHHE TO3BOJIMIIO ObI MOHATh, KaK XUPYPrUYEeCKHH Jlazep BIMsICT Ha
COCTOSIHHE OEJIKOB B OpraHM3Me MalMeHTa, B TOM YHCIIe 1 UMMYHHBIX.

B nannoii pabote mpoBeneHo n3ydeHne BIUSHUS TPOAOJIKUTEIEHOTO UMITYIBCHOTO Ja3epHOT0 H3JIyYeHHs HA CTPYK-
TYpY U CBOMCTBa BOAHBIX PACTBOPOB TPEX OENKOB: OBIUYBETO CHIBOPOTOYHOTO anbOyMuHa, au3onuma u 1gG. PacTBopsr
Obutn mpurotoBieHs! npu pH 7.4. B xauecTBe ncrounnka uznydeHus ncnonb3oBancs Nd:YAG nazep co ciaeayomuMu
XapaKTepUCTUKaMU: AJIMHA BOJIHBI M3nydeHus 1064 HM, yactora crienoBanus ummnynscoB 1 k1w, Bpems nmmynsca 3.6
HC., 3Heprust B ummyibce 8 M. PacTBopsr o0myyanu B Teuenne 30 MUHYT.

[Tocne oOyueHus pacTBOPbI UCCIENOBATINCH C TOMOLIBIO (DOTOHHON KOPPEISIIMOHHON CIIEKTPOCKOIHH, CIIEKTPO-
ckonny Y®-BHIMMOTO IMAa30HOB, (IyOpeCeHTHON CIIEKTPOCKONNH, pedpakToMeTpuu. I3MeHeH s 3aBUCAT OT THIIA
Oenka u BpeMeHHU BozaercTBus. OHAKo, BO BCEX CIydasx HAOMIOAaI0Ch YMEHBIICHHUS IMaMETpa THAPOJMHAMHYECKON
000JIOUKH PacTBOPOB, YTO MOXKET CBHIETEILCTBOBATH O YACTUYHOM (parMeHTaluy OENKoB B pacTBope. Bo Beex ciy-
Yasx yBEJINYMBAIOCH MMOIONICHNE OSJIKOBBIX PACTBOPOB B 00J1aCTH aMUHOKUCIIOTHBIX OCTaTKoB. Hamu 3apeructpupo-
BaH IpoIiecc JAeHaTypanny Oefika, BEI3BAHHBIN JIOKaJIbHBIM HArPEBOM IIIa3MBbl, €r0 arperannio, BI3BaHHYIO YAapHBIMH,
aKyCTHYECKUMH BoJIHAMH U obOpazoBanneM ADK u yacTuuHylo (hparMeHTanuio OeKOB, BBI3BAHHYIO BO3/ACHCTBHEM
m1a3mbl. [lomyueHHbIe HaMU pPe3yNbTaThl OKa3bIBAIOT, YTO 30-MHUHYTHOE BO3/JEHCTBHE JIa3€pOM C YKAa3aHHBIMH BBIIIE
XapaKTEPUCTHKAMHU OKa3bIBACT BIMSHHUE Ha OCJIKOBBIC KOJIJIOM/BI, XapaKTep U3MEHEHUI 3aBUCHT OT BPEMEHH BO3JICH-
CTBHSA U THUIA OeJKa.

Jluteparypa:

1. Gudkov S.V. et al. Effect of mechanical shaking on the physicochemical properties of aqueous solutions //International journal of molecular
sciences. —2020. — T. 21. — Ne. 21. — C. 8033.

2. Gudkov S.V. et al. Physical and chemical changes that occur in water when drops fall on a hard surface (rain, waterfall, shower) //Journal of
Molecular Liquids. — 2024. — T. 401. — C. 124686.
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Kak m3BecTHO, B BOAHBIX pacTBOpax HU3KOMOJIEKYJSIPHOM OpPTaHMK{ CIIOHTAHHO OOpPa3yloTCsl CTaOWIIbHBIE HEOA-
HOpoaHOCTH. OHM OBUTH 0OHAPY)KEHBI M H3YYAJIUCh C TIOMOIIBI0 METOZIOB cBeTopaccesHus [ 1-8] 1 HEKOTOPBIX IpyTHUX
[9,10]. YcraHoBi€HO, 4TO pa3Mepbl ATUX HEOJAHOPOJHOCTEH COCTABISAIOT COTHM HAHOMETPOB, TOATOMY B HAIIMX pa-
00Tax OHM ObUTM Ha3BaHBI CyOMHKPOHHBIMU HeogHopoaHocTIMU (CMH) [6-8]. OueBunHo, uto CMH — 310 00nactu
MOBBIILICHHON KOHIEHTPALUU OPraHNnYEeCKUX MOJICKYJI, [I03TOMY MIPEACTABIISECT HHTEPEC KOHLEHTPAIMOHHBIA KOHTPAacT
U €ro 3aBUCHUMOCTb OT KOHIIEHTpAI[MM OpPraHUuKW B pacTBope. KOHIIEHTpalMOHHBIN KOHTPACT MOXHO paccyuTarh Mo
ontudyeckomy KouTpacty CMH. Iloxxox muist ero onpezeneHuss HA OCHOBE TeOpur MU 1 METOIOB CBETOPACCEsSHUS ObLI
paspaboTaH B Haell HegaBHeH padboTe [6] 1 onpoOoBaH Ha pacTBOpax HEKOTOPBIX caxapoB. Takxke, KaauOpys HHTEH-
CHUBHOCTb PAacCesHHUs CBETA 110 CTaHAApTHBIM CYCIEH3HUSIM, pacCUMTHIBAINCH KoHIeHTpauun CMH.

B nactosmieli pa6ore nposoansock nzyuenune CMH B BOTHBIX pacTBOpax caxapoB (IIIOKO3BI, Caxapo3bl, MAJIbTO3bI,
Tperayossl) ¢ KoHueHTpanusimMu 0.5 — 1.5mons%. U3 ontrueckoro kontpacta CMH Ob10 paccuuTaHo NpeBBIIEHUE
KoHIIeHTpanuu caxapoB B CMH oTHocuTensHO cpeanero 3HaueHus B pactBope: 2 — 80%. IT0 COOTBETCTBYET IPUPOCTY
wiotHoct CMH: 0.2 — 3%. Yucnosas konientpaims CMH B ykazaHHBIX pacTBopax cocrasisietT ~10'2 — 10" cm?, a ux
oobémHas mons ~0.1 — 10%. Ilomydennsie nanHble MoKa3pBatoT, 4To CMH, X0Th 1 Mano3aMeTHHI (M3-32 MaJIoTO KOH-
Tpacra), HO SIBJISIOTCS CYIIECTBEHHOM YacThiO BOAHBIX PACTBOPOB CaxapoB U, O BCEH BUIMMOCTH, APYTOil OPraHUKH
Toxe [8].

Konnenrpauus n oosémuas gosiss CMH B pacTBOpax IIIOKO3bI M caxapo3bl MOHOTOHHO BO3PACTAalOT C POCTOM KOH-
LEHTPALMU caxapoB MPU YMEHbIIAoLEeMcs KoHTpacTe. [Ipu 3ToM 1715 pacTBOPOB Tperano3bl U MajabTO3bl 3TH 3aBUCH-
MOCTH HEMOHOTOHHBI. Takum oOpa3om, xapakrepuctukn CMH 3aBHCAT Kak OT KOHLIEHTPALMH, TaK U OT THIIA caxapa.
OTH 3aKOHOMEPHOCTH NPEJCTABISIOT HE TONBKO (PU3MKO-XHUMHUUECKUN UHTEPEC, HO U, BO3MOXKHO, ONIPEIEIISIIOT HOBBIN
acIeKT Mnpoliecca KpruokoHcepBaluu. Kak n3BecTHO, pa3Hble caxapa, SBISsCh HEMPOHHUKAIOIUME B KJIETKY KPUOIPOTEK-
TOpamu, o0JIanaroT pa3Hoi 3¢ GeKkTuBHOCTHIO. [IpuaaracTcst HEMalo YCUIUH B MOI00pe cMecel caxapoB (4acTo BMe-
CT€ C IPyTUMH KPHOIPOTEKTOPAaMH) ISl TOCTHKEHUS Hanbosee 3¢ (EeKTUBHOTO BIUSHUA Ha MIPOLECChl 00pa3oBaHus U
pocta kpuctaiuios ybja [11,12]. OqHako mpakTHYECKH BCETr/ia STOT MOA00P JIEaeTCs SIMIIMPUUYSCKU, 03 0CO3HAHUS Ha
(yHnamenTaapHOM (PHU3NKO-XxuMudeckoM yposHe. Hanmnane CMH B 3THX pacTBOpax 10 CUX TOP HE YYUTHIBAIOCH, XOTS
OHHU MOTYT BBICTYIATh B KAUECTBE 3apObIIIEH WM, HA000POT, THTHOUTOPOB POCTa KPUCTAIUIOB JibJa. JlaHHOE HaIpaB-
JieHne, 0e3yCIIOBHO, IPEACTABIISICT HHTEPEC ISl AaIbHEHIIEr0 CCIeIOBaHMS.
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He BbI3BIBacT COMHEHHMIA, YTO BHEITHEE HEMPOJOIKUTEIbHOE (10 30 MHH) BO3JICHCTBHE, B TOM YHCIIEC MEXaHHYECKOE,
OKa3bIBAEMOE HE3aJ0JIr0 J0 M3MEPEHH, BIUSIECT Ha MOJICKYISAPHBIN cOCTaB M (PU3NKO-XUMHUYECKHE CBOHCTBA BOABI U
BOIHBIX pacTBopoB [1-3]. B HacTosmiei pabore Mbl OIIEHUBAIN BO3MOKHOCTh U3MEHEHHSI CBOICTB PacTBOPOB 3a CYET
MEXaHMYECKOH 00pabOTKH CyXOro MOpOLIKa, HCIOIb3YeMOTO JJIsl IPUTOTOBIICHUS TaHHBIX PACTBOPOB, a TAKXKE CpaB-
HUBAJH MOJTYYEHHBIN PEe3yNbTaT C BIMSHAEM MEXaHUIEeCKOM 00paboTKH yKe TOTOBOTO pacTBopa. B kauecTBe 00bEKTOB
HCCIeIOBaHuUs BEIOpAaHbI MOPOLIOK Cyib(ara HATPHUs U MOPOILIOK JIAKTO3bl MOHOTHIpPATa, a TaKkKe PacTBOPBI, MPUTO-
TOBJICHHBIC M3 HHUX. B kauecTBe crioco0a MexaHOAKTHBALUMKM BbIOpaHO BeTpsxuBaHue Ha BopTekce (3000 o6/muH, 10
¢). MetogamMu 1MHaAMHYECKOTo paccestHus cBeTa U TI 1l BpeMsi-pa3perieHHON CIeKTPOCKONMNH OLIEHUBAIN TOKa3aTeNn
CJICIYIOIIUX PAaCTBOPOB CyNb(ara JIaKTO3bI U JaKTO3bI MOHOTHApaTa: (1) MOpOIIOK pacTBOPEH IeIMKaTHBIM (0e3 BCTps-
XHMBaHUs) TIepeMelInBaHieM; (2) MOPOLIOK pacTBOPEH MEPEMEIIMBAHUEM CO BCTPSAXHMBAHHEM Ha BopTekce; (3) mopo-
LIOK, TPEBAPUTEIBHO BCTPSXHYTHIM Ha BOPTEKCE, PACTBOPEH JICIMKAaTHBIM (0€3 BCTPSAXUBaHU ) TIepeMelInBaHreM; (4)
MOPOILIOK, ITPEIBAPUTEIBHO BCTPSAXHYTHIN Ha BOPTEKCE, PACTBOPEH MEPEMEIINBAHUEM CO BCTPSIXUBAHUEM HA BOPTEKCE.

[Ipu uccnenoBaHnM pacTBOPOB Cylbdara HATPUS 0Ka3aJ0Ch, YTO BCTPSXUBAHHUE TOJIBKO MOPOIIKA, U TOJIBKO pac-
TBOPA, a TAK)KE MOPOIIKA U MPUTOTOBIEHHOTO U3 HETO pacTBOpa MPUBOIAT K YBEIMUEHUIO HHTEHCUBHOCTH PacCesHUS
MOJTY4aeMOro pacTBOpa, YTO, MO-BUAMMOMY, O00yCIOBICHO (POPMUPOBAHKWEM HEOAHOPOAHOCTEH BO BCEX PACTBOPAX.
BerpsxuBanue nmopoika rnepes pacCTBOPEHUEM NMPUBOIUT K YMEHBIIEHUIO THAPOAMHAMUYECKOTO AMAMETpa 4acTHI] pas-
MepOM MeHee 1 HM, SABJIAIOIMMHUCSA HOHaM (C TUAPATHON 000I04KOM), Ha KOTOPBIE AMCCOLMUPYIOT MoJIeKybl Na,SO,
npu pacTBopeHnr. OJTHAKO HU BCTPSXMBAHNE TOPOIIKA, HU BCTPSIXUBAHUE PacTBOPA, HU MOPOIIKA U TPUTOTOBIEHHOTO
13 HEro pacTBOpa HE U3MEHSIOT Moka3aTenu T -crekTpockonnu Noimy4eHHbIX PacTBOPOB.

B nccnenoBannm pacTBOPOB MOHOTHJIpATa JIAKTO3bl YCTAHOBIIEHO, HU BCTPSIXMBAHUE TOPOIIKA, HU BCTPSXUBAHHE
pacTBOpa, MPUTOTOBIIEHHOTO U3 «MHTAKTHOTO» MOPOIIKA, HE N3MEHSIOT OLIEHUBAEMbIE XapaKTEPUCTUKH pacTBOpoB. Oni-
HAaKO BCTPSAXMBAHUE MOPOIIKA € MOCIETYIONUM BCTPSIXUBAHUEM TIOITYYaeMOT0 pacTBOpa, MPUBOIUT K U3MEHEHHIO CO-
OTHOLICHUS BKJIAJ0B (pakUuil HEOZHOPOJHOCTEH, MPUCYTCTBYIOMIMX B PACTBOPE JAKTO3BI (BKJIAJ MOHOMOJIECKYIISIPHON
(pakuuy JIAKTO3bI (C THAPATHOM 000I0UKOH) pasMepoM OKOJIO | HM yBETMYMBAETCS, TOTA KaK BKJIa] CyOMHUKPOHHON
¢paximu pazmepom 160 HM yMEHBIIAETCs ), @ TAKXKe K YBEIHMYCHUIO MOKaszaTens (A/®m?), yka3plBaoIeMy Ha yBeIHUe-
HUE YNCIIa BOJOPOJHBIX CBA3EH.

Takum 00pa3oM MoKa3aHo, 4TO HE TOJBKO MEXaHHUECKUE BO3/IEHCTBHE HA PacTBOP, HO M Ha CYXOH MOPOIIOK, MC-
MOJIb3YEMBIH AJIS1 IPUTOTOBIICHHS PACTBOPA, OKa3bIBACT 3HAYMTEIBHOC BIMSHIE Ha (PU3UKO-XUMHYECKHE CBOMCTBA pac-
TBOpOB. Hasto oTMeTHTh, 4TO MBI OOHAPYKWIIN BIMSHHE MEXaHUYECKOTO BO3ACHCTBUS U Ha MOPOILIOK HEOPTaHHMYECKOH
COJM, ¥ Ha MOPOLIOK OPraHMYECKOrO BEIIECTBA, OAHAKO XapaKTep OKa3bIBaeMbIX d(PEKTOB 3aBUCHT OT KOHKPETHO-
ro nopoiuka. [lpuauMas BoO BHUMaHHE BO3MOKHOCTBH MOPOIIKOB JIAKTO3bI M3JIyyaTh B pajnoauanasoHe (creruduy-
HO B 3aBHCHMOCTH OT MPEABAPUTEILHON MPOOOMOATroTOBKH) [2], pe3ynbraTsl JaHHOW PadOTHI B LIETIOM COIIACYIOTCS C
00Hapy>KEHHOH BO3MO)KHOCTBIO H3MEHSTH CBOWCTBA MOPOIIKOB, TOBEPIHYTHIX BCTPSXUBAHUIO COBMECTHO C JIPYTUM
MOPOIIKOM, U MOJTyYaeMbIX U3 HUX pacTBOpOB [5].
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BonsiHoit nap xoporo normomaer napakpacHoe (MK) nznydenue, u 3To0 MOXXET IPUBECTH K U3MEHEHHIO CBOICTB
BOABl. Hamm nccnenoBanus mokasanu, 4To npeaBapuTenbHas oopaborka BoastHoro napa MK-usnyuennem MoxeT cie-
JaTh Nap CIOCOOHBIM BIMSATH Ha XapaKTEPUCTHKH BOIHBIX PACTBOPOB M OMOJIOTHYECKHUX OOBEKTOB, C KOTOPBHIMH OH
KOHTaKTHPOBAJL.

B nHammx uccienoBaHusx Mbl nzydanu, kak MK-o0mydennsiii BogsHOl map, Tak HasbiBaeMblii CoHu — coherent
humidity, Bnusier Ha Bogy u Ouonoruyeckue cucremMsl. Bona, oopaborannas CoHu, mokasana 3aMeTHbIE N3MECHEHHS,
BKJTIOuasi 0ojiee HU3KUI OKUCIUTEIbHO-BOCCTAHOBUTENLHBIN MMOTEHIIMA ¥ IOBEPXHOCTHOE HATSKEHHUE, a TaKkke Oojee
BBICOKYIO TUDJIEKTPHUYECKYIO MOCTOSHHYIO [1]. DT cBoMcTBa THIMYHBI AJs BoAbl EZ, koTopast oOpasyeTcs Ha THAPO-
¢uIpHBIX TOBepXHOCTAX [2]. DTa hpopMa BOIBI CYyLIECTBEHHO OTIMYACTCS OT OOBEMHOM» TI0 CBOUM (PU3UKO-XHUMUYE-
CKUM CBOWCTBaM M Ouonornueckoil aktuBHocTH. KapOonarueie n ¢ocdarusie Oydepsl, MOgBEprHyTHIE BO3ACHCTBUIO
CoHu, oGnagany noBbIeHHOH OyQepHOi eMKOCTBIO IPH TUTPOBAHWHU KUCIOTON MIIH LIETI0UbI0. DTH 3P PEKTHI OTCyT-
CTBOBAJIM MPH 00pabOTKe BOJBI M BOIHBIX PACTBOPOB HEOOTYUEHHBIM BIaKHBIM BO3AYXOM, YTO MOTYEPKUBACT OCOOYIO
poinb UK-m3nyuenus.

B xone uccnenoBanus Biusiaust CoHu Ha pacTBopeHHbIe B Bozie (epMeHTHI [3] Ob11o 00HApy»KeHO, YTO KpaTKoBpe-
MeHHoe BozaeiicTBue CoHu 3amuimaer takue pasHble QepMeHTH Kak mienouHas (ocdarasa, Mepokcuaaza XpeHa u
KaTajiaza, OT TEIUIOBOTO MOBPEKACHUS, OKHCIUTEIFHOTO CTPECCa U MOTEPH aKTUBHOCTH TTOCIIE BO3ACHCTBHSA ACHATYPH-
pyromux BemecTB. Mol peanonaraem, uto CoHu MoxxeT cTaOuIn3npoBarh OCIIKH, U3MEHSISI CBOMCTBA OKPYIKAIOIICH
BOJIBI.

Kpome Toro, n1o0poBonbLibl ucnonab3oBann MK-o0myueHHbIH BOASHON Map B Ka4ecTBE WHTAJSIIMN B TEUCHHUE IISITH
JHEH, YTO MPUBEJIO K 3aMETHOMY MOBBIIICHHIO aHTUOKCHUAAHTHON aKTHBHOCTH MX CIIOHBI. JTOT 3QQEKT COXpaHsIcs
Jlake Mocjie OKOHYaHUs IIepHoJia MHTaJSIIKMK. DTO TMOBBIIICHUE OBUIO CBA3aHO C 00JIee BHICOKUMH YPOBHSAMH CIIOHHOTO
anpOyMHHa, 4TO YKa3bIBaeT Ha MOTEHIMAIBHYIO 1063y CoHu a5t 310pOBBS B MOBBILICHUN aHTHOKCHIAHTHOM 3aIUTHI
OpraHusma.

Hame nccnenoBanue nokassiBaert, yto MK-00myuennsIii BoasHoM nap o0agaeT cnocoOHOCTHIO H3MEHSITh CBOWCTBA
BOJIbI, OMOJIOTMYECKUX MOJIEKYJ U )KUBBIX OPTaHU3MOB. JTH Pe3yNlbTaThl YKa3blBAlOT HA HEOOXOIUMOCTH JalbHEHIINX
HCCIIeIOBaHUM BO3MOKHOCTH Mcnonb30Banusi CoHu B pa3inuHbIx 00MacTsIx, OT XUMHYECKOH MHXKEHEPHHU 10 TIpUMe-
HEHHS B MEJUIMHCKOH MPaKTHKE.
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TumMyc — HeHTpaIbHBIH OpraH UMMYHHOH 3a1uThl, popmupyroumid myn T-muMQonuToB, pacno3HalOmuX OaKTepH-
aJbHBIC, BUPYCHBIE, OMyXO0JeBble aHTHreHbl. C BO3pacToM THMYC NMpeTepreBacT HHBOJIIOLHUIO, KOTOPasl yCyTryomsieTcst
JeiCTBIEM SHIOTCHHBIX U 3K30TeHHBIX (akTopoB. Llenbio nccnenoBanus ObIIO OLIEHUTH pa3BUTHE BO3PACTHBIX U3Me-
HEHHMI B TUMYCE MPH MOTPEOIICHMH OPraHU3MOM BOJIBI C Pa3JIMUHBIM COACPIKAHUEM JeHTepusi. DKCIIEPUMEHT ObLT BbI-
MOJTHEH Ha MOJIOBO3PEIIbIX caMmuax Kpbic Bucrap, moTpebnsBIIMX BOAy ¢ KOHLIEHTpanuel aeintepust 150 (koHTpoabHas
rpynmna) u 10 ppm B Teuenue 4 nenens. [IpoBeneHo nutodmyopumerpudeckoe uccienoBanne T-mMMGounToB U NX
MPEAIECTBEHHUKOB B IEPBUYHON KYJIBTYPE THMOLIUTOB H Meprupepruieckoi KpOBH.

VY KpbIc, MOTPEONSBIIMX BOLY CO CTAHJAPTHBIM COAEPKAaHUEM JCHTEpHs, TIpoLecc NMPonuepaniy KIeTOK-TpeaLe-
CTBEHHHKOB U MX JalibHEHIICH TU(PepeHINPOBKH TPOTEKAT BOTHOOOpa3Ho. K KOHITy SKCIiepuMeHTa 0TMEeYalloCh CHH-
YKEHHE aKTUBHOCTH TUMOII033a, CBUETEILCTBYIOIIEE O HACTYIUIEHUH MHBOIIOTHBHBIX U3MEHEHUH. Uepes cyTku nocie
Hayasa SKCIIePUMEHTa Y KPbIC, TOTPEOISBIINX BOLY C MOHM)KEHHBIM COACPKaHUEM JICHTEpHs, OTMEUAI0Ch MHOTOKpPAT-
HOE€ MPOMOPLUUOHAIFHOE YBEIMYCHUE COACPKAHUS B TUMYCE THMOOIACTOB U OAHOBpEeMEHHO AupdepeHIrnpoBaHHbIX
T-KIeTOK, 4TO yKa3blBaJIO Ha aKTUBAIMIO TUMOIIO33a U MOATBEPKAAJI0 paHee MOIyuYeHHbIC JaHHbIE 00 aKTUBAIUU TH-
MOII033a y B3pPOCIBIX )KMBOTHBIX NPH TOHMWKEHUU COAEPKAHUA JeHTepust B OpraHu3Me B TeueHue cyTok [1]. Otu nan-
Hble KOPPECTIOHAMPYIOT C Pe3yJbTaTaMu MPEAIECTBYIONIET0 HCCIEOBAHNS, TTOKA3aBIIEro aKTUBAIIMIO CEKPETOPHBIX
MIPOLIECCOB B IIUTOBUHOM JKEJI€3€ U YBEINUYEHHE KOHIEHTPAIIMN THPOKCHHA B CHCTEMHOM KPOBOTOKE, SBIISIOLIETOCS
CTHUMYJIATOPOM THMOII033a, Yepe3 CYTKH Mociie MOTPpeOIeHNUs BOJIBI C HOHIKEHHBIM 10 10 ppm comepkanueM aerTepust
[2]. K TpeTbuM CyTKaM HacTyIanao HCTOLICHUE Mponrepanii TAMOOIacToB U ux 1uddepeHunpoBku. Ha 7-bie cyTkH
yCHJIMBAJIach MUTpanusi BeICOKOAU(QepeHInpoBaHHbIX T-KIETOK M3 THMyca B KpPOBOTOK. Uepes aBe Heenu mocie
Hayasa SKCIepruMeHTa HabII01aI0Cch MOBTOPHOE YeuiieHHe Au(epeHIMPOBKY THMOLIUTOB, @ Yepe3 TPHU HEeJelH — yBe-
nueHue nponudepanun auMdoodnactos B Tumyce. Yepes 4 Hezenu 0TMEUEHO poaoIbKatoieecs popMupoBaHue npe-
HIECTBEHHUKOB T-KJIETOK B TUMYCE U OHOBPEMEHHO aKTHBHAs MUTpALUs 3peNbIX T-KJIETOK B CHCTEMHBINH KPOBOTOK,
MPEBBIIAIONINE 3HAUYCHHS KPBIC, TOTPEOISIBILIUX BOAY € coaepkaHueM neiirepus 150 ppm.

[lony4eHnHble naHHBIE CBUACTENBCTBYIOT, YTO MOTPeOICHHE BOJBI C IIOHMKCHHBIM COICPKaHUEM JICHTEPHsI aKTUBH-
pyeT THMOTO33 U 3aMENJISIET HHBOJIIOTUBHBIE MIPOIIECCH B THMYCE.

Hccnedosanue svinonneno no eocyoapcmeennomy 3adanuio Ne FGFZ-2022-0035.
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Cpuropsesa A.B.', Fopyako U.B.!, KocteBuu B.A. 23, Top6yHoB H.IN. 2,
MaHaceHko O.M. 3, CokonoB A.B. ?°

" benopycckuii rocy[apCTBeHHbIN yHuBepeuTeT, np. Hesasucumoctu, 4, MuHck, 220030, Genapyce
2 ®epgepanbHoOe rocynapcTBEHHOE BIOMXKETHOE HAYHHOE YYPEeX[eHNe «MIHCTUTYT aKCNEPUMEHTaIbHOMN
menuuunHbl», yin. Akagemuka lNasnosa, 12, CaHkT-[leTepbypr, 197022, Poccus
3 egepanbHoe rocyfapcTBeHHoOe BIIKETHOE yypexaeHne «DeneparnbHbivi Hay4HO-KIMHUYECKNI
LEHTP (hU3NKO-XUMUYECKOU MeanumHbl nMeHn akagemmka tO0.M. JlonyxuHa degeparnbHOro Meguko-
buornornydeckoro areHTcTea», yn. Manas lNuporosckasi, 1a, Mocksa, 119435, Poccusi
dargr@tut.by

Cpenu axtuBHBIX (hopM rasoreHoB (ADI'), oOpa3yromuxcst B peakusx, KaTaJu3upyeMbIX IeM-COACPKAIIUMH Tie-
pOKcHIa3aMu MIleKoUTaromux (Muenonepokcuaazoit (MI10), nepoxcrnaa3oit 303MHOPHUIIOB, JTAKTOIIEPOKCHIA30H, T1e-
pokcunazunom 1), HOCl u HOBr aBnsitorcst Hanbosnee peakHOHHOCIIOCOOHBIME M HTPAIOT BaKHYIO POJIb B (PU3UOIOTH-
YEeCKUX U MaTOJIOrMUeCcKUX npoueccax. CymecTBYIOT MHOTOUHCIIEHHbIE MeTO bl peructpanun ADI ¢ ucnons3oBanneM
(ryopecIieHTHBIX 30H/I0B, OJTHAKO pa3paboTka croco0oB nzdbuparensHoi perucrpaunu AT, u, npexae Bcero, HOBr
SIBIIIETCS OTHOM M3 HepeleHHbIX 3aa4. DiryopeclienH — OpraHu4ecKkoe COeIMHEHNE, OTHOCSIIEeCs K CEMENCTBY KCaH-
TEHOBBIX Kpacuresiel. M3oTHonuanarHele TpOU3BOIHBIE (QIIyopeclienHa HCIONb3YIOTCS B OMOXUMHHU, MOJICKYJISIPHOM
OMONOTHH U MEAMLIMHE B KauecTBe (IyopodopoB Aj1si 0OHAPYKEHUSI aHTUTCHOB U aHTHTEN. Panee Hamu ObLIO MOKa3a-
HO, uTO Tocne B3aumozneicTaus ¢ HOBr, a Taxke B cucreme MIIO-H,O,-Br~ uryopecuenn npespamaercs B 203uH Y,
oOmanaromuii ayopecleHIrel Ha JiuHe BoiaHbl 540 HM mpu ee Bo30ykJIeHUH Ha JuinHe BoyHBI 520 HM. Llensto Ha-
crosieil paboThl SIBUJIOCH MCCIICAOBAaHNE BO3MOKHOCTH MCIIOJIB30BAHUSI PeakIUU OpoMHUpoBaHUs (uiyopeclenHa, B
pesynsraTe KOTopoit oOpasyercs 503uH Y, 115 peructpanuu npogykund HOBr B cycniensun neiitpodunos. [lokaszano,
YTO TIpH JT0OABJICHUU B CyCIIeH3HIO HelTpoduinoB B docdarno-coneBom Oydepe (pH 7,35), comepxkamem diyopec-
teud (5 MxkM) u NaBr (30 MM), cTaHAapTHOTO MHAYKTOpA aKTUBAIMU HEUTpodmioB ¢opodonoBoro 3¢gupa PMA (50
HM) peructpupoBagoch 2,5-KpaTHOe yBEIMUYEHHE HHTEHCHUBHOCTH (IIyopecleHIMH Ha AJUHE BOJHBI 540 HM mpu ee
BO30YX/ICHHH Ha JUTMHE BOJIHBI 520 HM MO CPaBHEHUIO C HECTHMYJIHPOBAaHHBIMU KJIETKAMH, YTO CBHUAETEIBCTBYET O
npoxaykiuuu HOBr u o6pa3oBanuu r03uHa Y. Ba)HO OTMETHTB, 4TO MpH akTUBaIuu kieTok PMA B orcyrcrBrue NaBr B
KJICTOYHOH CyCIIEH3UH Ha UCTIONB3yEMbIX JUIMHAX BOJH BO30YXICHHs/PETUCTPALIMU HE OBLIO BBISBICHO JOCTOBEPHOTO
YBEJIUYEHHSI THTEHCUBHOCTHU (DIyopecLeHIMH. TO TOBOPHUT O TOM, YTO B ITOJJOOPAHHBIX YCIOBHUSX BBISBISIETCS HUMEHHO
nponykuus kiaetkamu HOBr. [l oneHkn BKJaga APyrux OKCHIAHTOB, OTBETCTBEHHBIX 3a IpeoOpa3zoBaHus ¢iyopec-
LIEMHA B 3031H Y B CyCIIEH3UHM aKTUBUPOBAHHBIX HEUTPO(UIIOB, HCIIOIB30BAIN HHTHOUTOPBI Pa3InYHbIX ()epPMEHTHBIX
cucreM (nHruduTOp cOopku n akruBauuun HAJI®H-okcnaassr — DPL, unrndutop MIIO — 4-ABAH, unru6urop namay-
nubensHolt NO-cunTassl — L-NAME). UnaynupoBanHoe PMA npeobOpa3oBanue duryopeciierHa B 303uH Y B CyCIICH-
3UM HEUTPOQHUIIOB HHrHOUpoBasnoch B mpucytcTBun 4-ABAH nim DPI, noareepxnas, 4to 11 o0pazoBaHus 303uHa Y
B CyCIIEH3MH aKTHBHPOBAHHBIX HEHTPO(MIIOB BaXKHbI ABa aclieKTa — KatanuThuuecku aktusHas MI1O u pecimpatopHsiii
B3pBIB, Kak ucrounnk H,O,, HeoOxomaumoro st katanuza MIIO. L-NAME He okaspiBan BIMsSHUS Ha 00pa3oBaHUC
s03uHa Y B cycrnieH3nn PMA-akTHBHPOBaHHBIX HEHTPO(UIIOB, CBUACTENLCTBYS O ToM, uTo ONOO™ He BHOCHT cy1ile-
CTBEHHOT'0O BKJaja B mpeoOpazoBanue ¢yopeciernta B 303uH Y. TakuMm o0pazoM, (ryopecierH mpeacTasisieT co0oi
YYBCTBHUTEJILHBIH M CEJICKTHUBHBIH paTHOMETPUYECKUHN (IIyOpECCHTHBIN 30H7 (30H/ MEPEKIIIOUeHHUs) AT ACTeKIUH
HOBT B ’KMBBIX KJIETKaX, a TaKKe U OlleHKH Opomupytomeii akruBHocTH MIIO 1 npyrux nepokcuaas.

Munucmepcmea nayku u evicuieco oopaszosanus Poccutickou @edepayuu (epanm Ne 075-15-2022-315
Ha opeanusayuio u pazeumue Hayunozo yenmpa mupoeoeo yposus “@omonuxa’”).
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MocTepHbI goknap,

AOATYHUK AMP ONnA UCCJIEOOBAHUA
NnoABOAHbIX OB BbEKTOB

Tapacosa A.A.", AHucumoB H.B. 2

'®usnydeckunii hakynbtet, MICY umenn M.B. JTomoHocoBa,
2®akynbTeT (hyHaameHTanbHou meguunHbsl, MY umenn M.B. JlomoHocoBa,
119991, Poccwickas @egepaunsi, MockBa, JleHnHckue ropel, 4. 1
e-mail: arina.tarasova99 @ mail.ru

Bona obnagaet yHUKaIbHBIMHA (PU3UKO-XUMUYECKIMHU XapaKTEePUCTUKAMH, K KOTOPBIM OTHOCSITCS OOJbIIas TU3JICK-
Tpudeckas mocTostHHast €=80 M HU3Kasl NEKTPONPOBOIHOCTh. CoueTaHne ITUX CBOWCTB MO3BOJISIET CO3/1aTh MPEIEIBHO
KOMIAaKTHBIN Jatyuk curHana AMP 1iis nuccienoBanus moABOIHBIX 00beKTOB. MBI peanu3oBanu pe3oHaHcHblil LC koH-
Typ JaTyvka Ha 0a3e CONICHOMAa C MHAYKTHBHOCTBIO L 6e3 mogkimoueHus: K HeMy BHEIHEH eMKocTH. Pe3onancHas ya-
crora f Takoro kouTypa onpenessiercst popmyinoit 2nf=(LC) "2, rne C — cobcTBeHHast (MEKBUTKOBAsI) EMKOCTh KATYIIIKH.
B 0OBIYHBIX YCIOBHUSX 3Ta EMKOCTh MaJla - €IMHUIIBI TUKO(apaa 1 MEHee, U CONOCTaBUMa C Mapa3uTHBIMH EMKOCTSIMU
oKpy>xeHus. Ho mpu norpykeHuu cojaeHOu1a B BOAY AaHHAs EMKOCTh BO3pAcTaeT Ha BEIMUMHY AUIIEKTPUUECKOM I10-
CTOSIHHOM Boapl, T.e. B 80 pa3. Ecnu yactora KoHTYpa Oiu3Ka K JapMOPOBOH, TO BHYTPH KaTyIIKH BOBMOXKHO YCHJICHUE
CUrHaja JepHON HHAYKLIUH OT MPENeCCUPYIONNX CIMHOB. [Ipr 3TOM 1aHHBIN KOHTYp JOJKEH ObITh HHAYKTUBHO CBSI-
3aH OOBIYHOM, MOAKIIIOYAEMOH K IPUEMHHUKY C ITOMOIIBIO KaOelis, KaTyIIKOW, HMEIOLIeHcsl B KOMIUIEKTE MarHUTHO-pe-
3oHaHcHoro Tomorpada (MPT) unu cnekrpomerpa IMP.

B SAIMP u MPT mnpakTukyercss HCIONb30BaHUE WHAYKTHBHO CBSI3aHHBIX KaTyIIEK - OOBIYHOW, MOAKIIOUEHHOH K
MPUEMHHKY C MTOMOIIBIO KaOelsl, 1 U30JIMPOBAHHOTO PE30HAHCHOTO KOHTYpa, PACIOIOKEHHOTO MPEAETIbHO ONM3KO K
30HE WHTEpeca, BKII0Yasi BapUaHT WMIUIAHTHOTO UCTIONHEHUs. [ Takoro KOHTypa MpUMEHSETCsl TEpPMUH «wireless
coil» - GecripoBoHAs KaTylIKa. BEIMIPHIIT B 4yBCTBUTENFHOCTH MIPH ACTEKTUPOBAHUN CUT'HAJIa OT 30HBI HHTEpEca IpU
WCTIOJIb30BaHNU OecripoBogHOM Karymku gocturaet KQ, roe K — kosdduurenT B3anMHON MHAYKLIWU MPOBOJHON M
OecrpoBOAHOM Karyiiek, a Q — 1oopoTHOCTh nocnenHei [1]. Ho 00braH0 6ecripoBOAHYIO KaTYIIKy PEaiu3yIOT U3 ABYX
COCpEIOTOUEHHBIX IEMEHTOB — HHAYKTUBHOCTH U EMKOCTH.

BecripoBoaHO# KOHTYD, COIEpKAIIUH JHIIb COCPEIOTOYEHHYIO HHIYKTUBHOCTD, AT Te XKe MoJe3Hble (DyHKLINH,
YTO M KOHTYpP C COCPEIOTOUEHHOM eMKoCThI0. [Ipruem, Ui ynpaBieHns 4acTOTOW KOHTypa MOKHO M30JIMPOBATh YacThb
BHUTKOB COJIEHOM/Ia OT BOJBI. 3aTO YINpOULIAEeTCAd €€ KOHCTPYKIMS U MaHUIYJISALUU C HEH MpH HCCIEI0BaHUM I1O/IBO-
THBIX 00BeKTOB. OCOOCHHO 3TO KacaeTcsl UCCIICOBAHNH PACTEHUH — MEHBIIE BEPOSITHOCTh TOTO, YTO MX YaCTH MOMAILyT
BHYTPb KOHTYpPa, 00pa30BaHHOTO MTPOBOAAMH, COSAMHSIONIMMHU €MKOCTh C KOHL[AMU COJICHOUA.

Ms! ipoBonmin 3kcriepuMentsl Ha 0.5 Tin knmuanyeckom MPT Bruker Tomikon S50. BecnipoBoanas karymika Oblia
peanu3oBaHa Ha 0a3e 10 BUTKOBOTO COJNICHOMJA C BHYTPEHHUM IMAMETPOM 2 CM, HAMOTAHHOTO MEIHBIM IIPOBOAOM
nuametpoM 2 MMm. Ero nnayktuBHocTh L=1.2 MkI'H, a pe3oHaHcHas yactoTa B Bojie coctaBuia 21.08 MI'n, uto coor-
BETCTBYET JIapMOPOBOil yacToTe nMpoToHOB B moiie 0.5 Tu. [Ipu TecToBBIX M3MEpPEHUAX MBI (PUKCHPOBAIN MOBHIILICHHE
curHaia SIMP BHyTpu conenonna npuMepHo B 4-4.5 pa3 0 CpaBHEHUIO C CUTHAJIOM BHE €ro [2].

BHyTpH 1aHHOTO COJIEHOMAA MBI pa3Mellad HEKOTOPBIX OOUTAaTeNe akBapruyMa — PacTeHHs, MOJUTIOCKH, PHIOBI 1
npoBoamwn ux MP-ckannpoBanue. B pesynbrare noixydann n3o0paxxeHus, Ha KOTOPBIX CHUTHAJ OT 3TUX 0ObEKTOB ObLI
B 2.5 u Oonee pa3 cUIIbHEE, YeM MPH UCTIONB30BaHUHN OOBIMHON (prpMEHHOH KaTyIKu O0e3 CoJIeHoua.

[Ipu uccnenoBaHnM KUBBIX 00BEKTOB HAA0 OOpaIaTh BHUMAaHUE Ha BO3MOKHOCTB HOBBILICHHUS HIIEKTPOIIPOBOAHO-
CTH BOABI U3-3a OMOJIOTHYECKON aKTUBHOCTH. UTOOBI HUBEIMPOBATH 3TH MPOLECCHI MOKHO UCTIOJIB30BATH TUCTUILTHPO-
BaHHYIO IPOTOYHYIO BOIY.

Jlureparypa:

[1TR. g Higison Designing Efficient Inductive Power Links for Implantable Devices. 2007 IEEE International Symposium on Circuits and Systems (ISCAS). DOI:
10.1109/ISCAS.2007.378508.(2007).

[2] H.B. Arucumos, FO.A. ITuporos. Pe3oHaHCHBIE CBOHCTBA MOTPYKEHHOTO B BOAY COJICHOWAA. DJIEKTPOMATHHUTHEBIE BOJHBI U JIEKTPOHHEIE
cucremsl, 29 (2), 44-54 (2024).
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MpurnaweHHbIN goKNapg,

rMMAarPO30JIN 30JIOTA. OT CUHTE3A K PELLEHUIO
NMPAKTUHECKUX 3AOAYHY

OemeHTbeBa O.B.

UHCTUTYT ¢puandeckon xumum n anekTpoxmmmmn um. A.H. ®pymknHa PAH
JlennHekuvi npocnekT, 31, ctp. 4, Mocksa, 119071, Poccus
e-mail: dema_ol@mail.ru

Dddexr nokanu30BaHHOTO MOBEPXHOCTHOTO M1a3MoHHOTO pe3oHaHca (JIIIIIP), npucynmit Hanouactuam (HY) me-
TaJJIOB ¥ 00YyCJIOBINBAIOIINEI UX CIOCOOHOCTH K MOMIOLICHUIO M PACCESTHUIO U3TYUEHHsI CTPOTO ONPEACTICHHON ATTHEI
BOJIHBI, @ TAKXKE BO3MOXHOCTb €T0 HCIIONb30BaHUS JJIs Pa3IUYHbIX MPAKTUYECKUX 33/1a4 OTHOCITCS K YUCILy CaMbIX
«TOPSAYHX» TeM, 00CYKJaeMbIX B HAyYHO-TEXHHUECKOM coobuiectse B ocieaune 20—30 set. [Tpu sTom ogHO# U3 Kitto-
YeBBIX 33]1a4 ABJISIETCS MOUCK IMyTel ynpaieHus nonoxenuem JITIIIP kak B ®UAKHMX, B 4aCTHOCTH, BOJIHBIX Cpelax, TaKk
1 Ha MJIaHAPHBIX MOJIOKKAX.

[IpencraBieHsl pe3ynbTaThl UCCIEA0BAaHHM, MOCBAIIEHHBIX KOJUTOMIHO-XUMHUYecKkoMy cuHTe3y HY 3omota ¢ 3anan-
HBIMH CTPYKTYPOH M CBOMCTBAMH, a TAK)KE UX MPUMEHEHMIO JUIsI pEILIEHUS MPAKTHUECKUX 3a7ad.

OcHOBHBIE TOAXOIBI, TO3BOJIIONIHE peryanposars Mopdonoruto HY n obecnieunts HacTpoiiky ux JIIIIIP na 3anan-
HYIO JUIMHY BOJHBI B IIUPOKOM ONTHYECKOM AMAIIA30HE, CBA3aHBI C CO3JaHUEM KOMIIO3UTHBIX CTPYKTYyp. [Ipencrasien
METO/]I CO3JIaHHS KOMITO3UTHBIX CTPYKTYP SAp0/000JI0UKa U CITOCOOBI MX JOMOIHUTENFHON (QYHKIMOHAIN3ANH (HApH-
Mep, 3a CUET MPUBUBKH MOJICKYJ KpacHTENeH).

[Tokazana BO3MOXXHOCTb MCIIOIb30BaHMsI CHHTE3UPOBAHHBIX YaCTUI] B MaTEPHAJIOBEACHUH (B TIEPBYIO OUYEpE.b, IPH
peleHnr OMOMEIUIIMHCKIX 3a/1a4), @ TAKXKE B KAUECTBE CEHCHOMIIN3aTOPOB pH (POTOTEPMHUUECKOH U JTy4eBOH Teparuu
OITYXOJICH.
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BOJHbIE PACTBOPbI B MATEPVAJIOBEAEHMUM Boanbix
PacTteopos

MpurnaweHHbIN goKNapg,

TPAHCOUHUTHDLIE YACJIA B TEXHOJ10I'IA
PASBABJIEHUA BOAHbLIX PACTBOPOB

KysbmuH B.WU.," TeiTuk A.J1.,2 CyBopoBa O.B.2

" Poccuvickmii TexHonorndeckmn yHmsepentet (MUPSA), 119454, Mocksa, npocn. BepHanckoro 78
2 IHCTUTYT (hn3nHeckom XmMumn v anekTpoxummm um. A.H. @pymkuHa PAH,
119991 Mocksa, JleHnHckmi np. 31

ATOMHOE MPEACTABICHUE O CTPOCHUHU BEIIECTBA JABHO U YCIICIIHO MCIONb3yeTcs B Hayke. [IIupoko U3BECTHO uc-
MoJIb30BaHKe, HanpuMep, uncia Asoraapo (1 mons = 6.023%x10% monekys). [Tockonbky Gu3KKa MPUBBIKIA padOTATh CO
CpPEeTHUMHY BEIIMYUHAMHM, YACTO OOJBIIINE YUCIIa MACKHPYIOTCS OCPEIHEHUEM, HAlPUMEp, UCTIOIh30BAHUEM BEITUYUHBI
SHEPIHH B pacyeTe Ha OJHY MOJCKYy. TeM He MeHee, H3BECTHBI JJaHHBIE O 3aBUCUMOCTH YCTOWYHBOCTH (CTaOMIIBHO-
CTH) CUCTEMBI, HaripuMep, kiactepoB [ LK MeTaioB ot yrcia COCTaBISIFOIINX UX aTOMOB (MarmyeCcKye Yrucia aTOMOB
B kiactepe). [Ipencrapnsercs 1enecoo0pa3HbIM UCCIIEA0BATh CBOMCTBA IMPOKOTO KiTacca (PU3MKO-XUMHYECKHIX CUCTEM
B 3aBUCHMOCTH HE TOJBKO OT YKCJIA COCTABIISIIONIMX €€ AIIEMEHTOB, HO U OT YKCJa, MPOU3BEICHHBIX C HEH «MAHUITYIIS-
Ui pa3Horo pona (pa3daBicHHe, IepeMEeITUBAHIE, BO3ICHCTBHE (PU3NICCKIUMH TOISIMH). YTOOBI IMETh BO3MOKHOCTh
OJTHOBPEMEHHO paboTaTh HA Pa3HBIX MacmITabax, HapUMep, KUIOrpaMM-METP-CEKYHIa U aTOMHBIC €IMHUIIBI, HEO0XO-
JTMMO MCTIOJIB30BaTh CUCTEMY TpaHC(UHUTHBIX uncen. Kak ormeuan P.bap — «.../15s cucTeMbl CUNCIICHNS UMEETCs BO3-
MOYKHOCTB: JIN0O CIIEI0BATh €CTECTBEHHOMY PACUJICHEHHIO COCUUTHIBAEMBIX MHOXKECTB JJAHHOTO PsiJia, JIN00, HATIPOTHB,
HACWJILCTBEHHO TIEPECTPanBaTh MHOXKECTBA, YHUUTOXkKAsI KX COOCTBEHHOE CTPOCHHUE M BBOJISI MHOE, UM dyxkaoe» [1].

[pemnoxxeHo mpeacTaBiIsITh GUINKO-XUMUYCCKUE BEJTMUUHBI B KJIacCe TPAHC(UHUTHBIX YUCEII, YIUTHIBAsI BCE dJic-
MeHTBI cucTeMbl. OOCYXTaeTCsi METOJ UCCIIEJOBAaHUS BOSMOXKHBIX KPUTHYECKUX COCTOSTHUH BEIISCTBA B TEXHOJOTHH
MHOTOKPATHOTO pa30aBlICHUS U MEXaHUYECKOTO BO3/ICHCTBHUS HA BOIHBIC PACTBOPHI JIOIUTCHUHA IO JAHHBIM JIFOMU-
HECLEHINH.

Jluteparypa:
1. Bap P. Teopus paspeBHbIX Gynkmmit. ['TTHU, M.-JI. 1932.
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MpurnaweHHbIN goKNapg,

®EHOMEH ®OPMUPOBAHUA U 1D POCTA
HAHO®UBPUJIJ1 OKCUTUOPOKCUNAOOB ANMIOMUHUA
NP OKUCJNNIEHUN MAPAMU BOAbl MOBEPXHOCTH
XNAOKUX CMNJIABOB Me(Al),
'’OE Me = Hg, Ga, In, Sn, Bi, Pb, U PACIJIABA Al

XopaH A.H.," Konuua I'.IM.2

"UIHCTUTYT (hn3nHeCKo XuMum u anekTpoxummm umern A.H. ®pymknHa PAH,
JlennHckuii npocnekt, 31, 119071, MockBa, Poccusi
2 HUL KU lNMeTepbyprcknii UHCTUTYT sigepHou ¢unsnku uM. b.I1. KoHcTaHTUHOBA,
r.latunna, mkp. Opnosa pouwa, g. 1, 188300, JleHuHrpagckas o6n., Poccus
e-mail: anatole.khodan @ gmail.com

Brnepsrie penomen popmupoBanus u 1D pocta HaHODUOPHILT OKCUTHAPOKCHIA aTIOMUHHS TIPU OKHCIICHNH Mapa-
MU BOJIbI TOBEPXHOCTH KuAKOMeTaundeckoro citasa Hg(Al) 6but onucan H. Wislicenus [ 1], mo3anee anajgoruuHsie
MpoLecCchl ObUTM OOHApPYKEHBI IIPU OKHCICHUH MapaMu BOIBI TOBEPXHOCTH XHUIKHX pacTBopoB Me(Al), rne Me =
Hg, Ga, In, Bi, Pb, a takxe misa pacruiasa unctoro Al B cpene Binaxknoro aprosa [2]. Ho no Hacrosiero BpeMeHu
MEXaHU3M 3apoxeHusi, popmupoBanus u 1D pocta HaHOUOPHIITT OKCUTHIPOKCUAOB ATIOMUHHS THAMETPOM ~ 5-9
HM TP OKHUCIICHUU MTOBEPXHOCTH XKUJAKOMETaInYeckux cruiaBoB Me(Al) B auamazone temmneparyp ot 20 go 670 °C
octaércs He pelIEHHON QyHIaMEHTaIbHON (PU3NKO-XUMHUYEcKol TpobieMoil. TeM He MeHee, IKCTIepUMEHTaIbHBIC
WCCIICZIOBAHUS M aHAJIN3 YCIOBUU MPOTEKAaHUs peaKLNi OKUCIICHUS TTapaMy BOJIBI JKHJIKHUX pacTBOpoB Me(Al) mo3Bo-
JIWIIA TPEAJIOKHUTH PSIi HOBBIX J1a0OPATOPHBIX HAHOTEXHOJIOTHH, MMEIOIIUX MEPCIEKTUBBI MPHUKIIAJHOTO HCIIOIB30-
BaHHA. OCHOBHOM BKJIaJ B pa3BUTHE ITOTO HANpABIEHUS HAHOTEXHOJIOTMI BHECIN HCCIEN0BAaHNs, BBITOJIHEHHBIE B
LSPM UPR3407 CNRS Bo ®panmuu [2]; a Taxxe B Poccun, B pesynsrare cotpygaudectsa ®OU num. A.U. Jlelinyn-
ckoro 1 UDXD um. A.H. ®pymkuna PAH, rae Obun pa3paboTaHbl M 3alIaTEHTOBAHBI CIIOCOOBI CHHTE3a OKCHIHBIX
3D HaHOCTPYKTYp YTEM OKUCIICHHSI KUAKOMETANINYeCcKuX paciaBoB Me(Al), Me = Ga, In, Sn, Bi, Pb Bo BaxxHOM
BO3yXe WM aproHe [3]. YCTaHOBIIEHO, YTO BCE CHHTE3UPOBAaHHbIE OKCHIHbIE 3D HaHOMaTepHabl UMEIOT CBOMCTBA
ONM3KKE K KJIIACCHYECKUM a’poresisiM, HO HMEIOT NMPUHIMIINAIBHOE OTINYME B CIIOCO0E CHHTE3a - OHOCTaINHHBIN
npouecc popmupoBanust 1 1D pocra HaHOPUOPWILT B OTCYTCTBUHM KUAKO(pA3HOTO Tens. Bee cuHTe3snpoBaHHble Ha-
HOMaTepHaJbl SBISIOTCS PEHTTEHOAMOP(GHBIMU U COIEPIKAT, KAK XMMHUUYECKU CBSI3aHHYIO CTPYKTYPHYIO BOIY, TaK M
MOJIEKYJISIPHYIO BOZLY B MEXCIIOCBOM MPOCTPAHCTBE MPEIOEMUTHON CTPYKTYPBI, a TaKKe (PU3NUECKHU CBSI3aHHYIO WIIH
aICOPOMPOBAHHYIO MOJCKYISPHYIO BOLY Ha MOBEpPXHOCTU. OTKUT OKCUAHBIX 3D HaHOCTPYKTYyp B AuamazoHe 25 -
1700 °C cyuiecTBeHHO U3MEHSET X (PU3UKO-XUMHUECKHE CBOMCTBA: CPEAHUN TuameTp (puOpuil Bo3pactaer oT ~5
10 ~300 HM, cTpykTypa amopdHOro ruaparuposantoro ncesnrodemuta Al,O,-4,6H,0 nocnenosarensHo tpanchop-
MHUPYETCS B KpUCTAILTMIECKUE (asbl: y-, 0-, u a-Al,O,. OTKpbITast MOPUCTOCTH U MOHOJUTHOCTE 3D HAHOCTPYKTYpPBI
COXPAHSIOTCS MIPH OTXKHIE, HO JINHEHHBIE pa3Mepbl 00pa3oB H30TPOMHO M KPaTHO YMEHBIIAIOTCS, HO NU3MEHSIOTCS
X Qu3nUecKre CBONCTBA: 00bEMHAsS TIOTHOCTH OT ~ 0,02 10 3 r/cM?, oTKpbITast mopucTocTh OT 99,6% 10 25%,
6onee 100 pa3 ymeHbIIaeTcs yaelbHas TOBEpXHOCTh. [Ipemioxkena konuaecTBeHHas pU3nIecKast MOJEIb, ONUCHIBA-
romas aBoonui0 3D HaHOCTPYKTYpHI ipu oT)ure [4,5]. OcoOBIi HHTEpEC A UCCISIOBAHUHN TIPEICTABISET CEJICK-
THBHOCTb CBSA3bIBAHMS CIIMHOBBIX n30MepoB H O, kak npu popMUpOBaHMH HAHOCTPYKTYPBl OKCUTHIPOKCH/IA, TaK U
W3MEHEHHs COOTHOIICHUH OpTOo/iapa KOMIIOHEHT MPH aAcopOnuu napoB Boabl. HoBble 3D HAaHOCTPYKTYpPHI SIBISIOTCS
MEPCIIEKTUBHOW OCHOBOM IS CO3JJaHMsl (PYHKIIMOHAILHBIX HAHOMATEPHAJIOB: HEJIMHEIHBIE ONTHYECKUE Cpebl, (o-
TOHHBIE KpucTaibl, 35eMeHTsl onTuku UK, TT'n u I'T'1u, ceHcopHble ycTpoOiiCcTBa.

Jluteparypa:
[1] Wislicenus, H. // Zeitschrift Chemie Industrie Kolloide. 1908. V. 2. P. XI-XX.

[2] Vignes, J-L., Mazerolle, L., Michel, D. // Key Eng. Mater. 1997. V. 132-136. P. 432-435.

[3] Mapteinos, I1. H., Xoman, A. H., Acxagyanun, P. I11. u ap. / HoBble npomsinennsie Texnonoruu. 2008. T. 4, C. 48-52.
[4] Khodan, A., Nguyen, T. H. N., Esaulkov, M. et al. // J. Nanopart. Res. 2018. V. 20. P. 194-201.
[5] Khodan, A., Kanaev, A., Esaulkov, M. et al. / Nanomaterials 2022. V. 12. P. 3591-3613.
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CnexrpanbHas L—ausapkoMeTpusi —METO U3yUCHUsI CBOMCTB BOAHBIX U HEBOJIHBIX PACTBOPOB, OCHOBAHHBIN Ha U3-
YYCHUH MOITIOLICHUS YHEPTHH AIEKTPOMArHUTHOTO MO, CO3JaBAEMOT0 B KaTyIIKE HHAYKTUBHOCTH MIPHU MOMEIICHUH B
Hee MPOOUPKH ¢ TpoOoi. Mcmonb3yeMsblil quana3oH 4acTot JiexuT B uHTepBaie S0 k' — 2 M1t 1 00BIYHO TIPOBOASITCS
M3MEPEHHUS YaCTOTHOHN 3aBUCUMOCTH TAHTCHCA JUAICKTPUUCCKON MPOHUIIAEMOCTH. [ 1enoro psiga CoIbBEHTOB MO-
nexyisipHoi u moHHou npuponst (Cs, K, Na, Li, Ca, Cl, NO,, HSO 4»+-) OTH 3aBUCHMOCTH HOCST KBa3HCHEKTPAIbHbIN
XapakTep ¢ BHIPAXKCHHBIMU TUKAMHU, YACTOTHOE ITOJIOKEHHUE KOTOPHIX CIeNU()UIHO B OTHOIICHUH PACTBOPEHHOTO Bellle-
crBa. [lomyyaemee nuku 0OBIYHO MMEIOT WHPHUHY mopsaka 10-20 k.

Huskas yactora 3acTaBisieT NPEANONOKUTh, YTO U3MEHEHHE TaHT'€HCA AUAICKTPUUECKUX MOTEPh CBI3aHO HE C Ka-
KHM JINOO BO30YKICHUEM MOJICKYJ COJIbBEHTA, HO C BO30YX/IEHHUEM KOJICOaHUH B UX COJIBBATHBIX 000JIOUKAX, CTPYKTY-
pa KOTOPHIX crielu(UIHA U Pa3indacTcs OT MOJICKYJIBI K MOJICKYJIE M OT HOHA K MOHY. B HacTosIee BpeMst MOJIEINb 3TUX
MIPOIECCOB HE pa3paboTaHa, U UCCIeyeMbIe MK UCTIONB3YIOTCS B OCHOBHOM KaK «OTIEYAaTKH MaJbIIEBY.

C paagnou3nvecKoil TOUKH 3peHUs] BHECEHUE BOJHOTO PAacTBOpa ¢ epeMeHHoe DM mose. CyIIeCTBYIOIIee BHYTPU
KATYIIKU. TPUBOIUT K U3MCHEHUIO €ro 3JEKTPUUECKON COCTABIAIONICH, UTO OMUCKHIBACTCS ypaBHEHUsIMU MakcBesua.
[Ipu HU3KON BeNMUMHE NPOBOJUMOCTH, OCHOBHBIC ITOTEPHU CBSI3aHBI UMEHHO C U3MCHEHUS KaK aKTUBHOM, Tak U peak-
TUBHOU YaCTH TUANEKTPUUCCKON BOCHPUUMUYUBOCTH PACTBOPA.

[Iporecc ynoOHO paccMOTpeTh Kak KoJieOaHusl, MPOTEKAOIINE B CIOKHOM KOJIeOaTeIbHOM KOHTYPE, BKIFOYAIOIIEM
KaK 3JIEMEHTHI IpuOopa (Karyiika, epeMeHHasi EeMKOCTh) TaK M CBOMCTBA BHECEHHOTO BelecTBa. CKaHUPYIO 9acTOTy
BOJIM3M PEe30HAHCA, MOKHO CHATH popMmy AUX 3TOro KOHTYpa, KOTOpasi B CBOIO OYepe]lb MOXKET ObITh OMTUCaHa OTHOCH-
TEIBHO MPOCTON SKBUBAJICHTHON CXEMOIA.

Kak oxa3zanock, popma AUX momydaromerocsi KOHTypa JJisl IyCTOH KaTyIIKA UMEeT KBa3u rayccoBy (opmy ¢ He-
OOJIBIIION aCUMMETPHUEH, U YaCTOTHBIC 3aBUCHMOCTH 2T0 U 3T0 MOMEHTOB 3THUX KPUBBIX (IUCTIEPCHUH U aCHMMETPHH)
HOCSIT TIOYTH MOHOTOHHBIH XapakTep ¢ MaJICHBKUMH 0cOOeHHOCTMHU He npeBbimarormmu 10%. [Ipu BHeceHnu B ka-
TYIIKY BOAHOrO pacTBopa AUX CTaHOBUTCS CYIIECTBEHHO aCUMMETPUYHEE, U BEIUYUHBI TUCIICPCUU U aCUMMETPHUU
HauYMHAIOT CYIIECTBEHHO 3aBUCETH OT YacTOTHl. Kak 0ka3anock, 4aCTOTHBIC 3aBUCUMOCTH acCUMMETpuu 3Toi AUX nme-
IOT BBIPQKCHHBIE OCOOCHHOCTH B TEX )K€ TOYKAX YaCTOTHOW OCH, YTO W THKH HA YaCTOTHOHM 3aBUCHMMOCTH TaHTEHCA
JTUAIICKTPUYECKUX TTOTEPIO. DTO OTKPHIBACT HOBBIN MOAXOJ K MCCIEIOBAHUIO BOAHBIX PACTBOPOB YKA3aHHBIM METOIOM,
MO3BOJISICT PACCUUTHIBATH BEITMYMH TTAPAMETPOB 3KBUBAJICHTHOW CXEMBI C JIYYIITUM OTHOIICHUEM CHTHAJ/IIYM YeM IPH
TPaIUIIIOHHOM TOAXO/IE.
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Bonnble pacTBOpbI — CIIOKHBIE HEPAaBHOBECHBIE (MeTacTaOMIIbHbIC) MHOTOKOMIIOHEHTHBIE CUCTEMBI, KOTOPbIE MOTYT
cozepKaTh CynpaMoJIeKyIsipHble cucteMbl (accouuarsl). Criequduueckie cBOMCTBa BOAHBIX PACTBOPOB MPOSIBIISIOTCS HA
MakKpo- ¥ Ha MUKpoypoBHe. [Ipuroxun [1] Ha ocHOBe ypaBHeHMs JInyBuiist pa3paboTai MOIXOA K ONMCAHUIO CIOKHBIX
HEPaBHOBECHBIX KaK KJIACCHUYECKHUX CHCTEM (HCIIONb3Ysl INIOTHOCTD YUCIIa COCTOSIHUM B (ha3oBoM mpoctpaHcTBe [ nb6ca),
TaK ¥ KBAaHTOBBIX CHCTEM (MCIIONb3Ysl MaTpully IIOTHOCTH). [pemiaraemas Mmoandukamus noxxozaa [Ipuroxuna cocrout
B OTKAa3¢ paccMaTpuBaTh IEPEXOAHBIC (3aBUCSIINE OT BPEMEHH) MPOLIECCHl U3MEHEHHUs] KOH()OpMaIMy CynpaMoIeKyJIsp-
HBIX CHCTEM, OIPaHUYHUBILIMCH COMIOCTABICHUEM Pa3INYHbIX KOH()OpPMAIHiA, TO €CTh, COMIOCTABICHUEM Pa3IMUHbIX METa-
CTaOMJIbHBIX COCTOSHUH CYNpPaMOJIeKySIPHOM cucTeMbl. B aToM cityuae ypaBHeHue JIMyBHIUIS HE 3aBUCUT OT BPEMEHH.
3aMeHa B KJIIaCCHYE€CKOM ypaBHEHUH JIMyBMIUIA MJIOTHOCTH YMCIIAa COCTOSIHMI Ha BEPOSITHOCTH HAXOXKIEHUSI CUCTEMBI B
3NIEeMEHTapHOM 00BbeMe (Pa30BOTO MPOCTPAHCTBA MO3BOJIIIO BBIIBUTH MapaMeTp, XapaKTepH3YIOLIUHA NIyONHY B3aUMO-
JEUCTBHS TOJICHCTEM, COCTABJIAIONIMX CIOKHYIO CHCTEMY - I - KonM4ecTBO B3auMHOM uH(popmanuu. [l KBAHTOBBIX
CIIOXHBIX (3aIlyTaHHBIX) CUCTEM 3TOT MapameTp, Kak u 3HTponus (o HeiimaHa, XOpoI1o W3BECTEH: 3TO — KOJIMYECTBO
KBaHTOBOW B3auMMHOH mH(popmarmu. [Ipennaraemplii OIX0A TO3BOJISET B SIBHOM BHUJE YUeCTb B ypaBHeHUM JlmyBuiis
CTPYKTYPY CyNapaMoJeKy/ISIPHOM CUCTEMBI C TOMOIIBIO rpada B3anMOASHCTBHS TOACUCTEM U MAaTPHLIbI B3aUMOACHCTBYS,
c(hOpPMHUPOBAHHOM JUIs 3TOro rpad)a Ha OCHOBE MAaTPHLIBI CMEXKHOCTH.

[Ipeanaraemplil MOAXOM MO3BOJISIET ONMUCATH MPOLIECC CAMOOPTaHU3aALUH CYTTPAMOJIEKYIISIPHBIX CUCTEM BOAHBIX pac-
TBOPOB (YCJIOKHEHHUE CTPYKTYPBI 3TUX CUCTEM) IIOCPEACTBOM TEH30PHOTO IIPOU3BEACHHUS MATPHL] B3aUMOACHCTBHUS IS
KJIACCUYECKHUX CUCTEM MJIM TEH30PHOTO MPOU3BEACHHUS MaTPHLL INIOTHOCTH [UIsl KBAHTOBBIX cucTeM. [lockonbKy Marpu-
1pl IIoTHOCTH 0pTo- H O n3omepa u mapa- H O usomepa pasnu4nbl, TO OyyT CyIIECTBEHHO Pa3IHYHbI U CTPYKTYPBI, B
KOTOPBIX MPUCYTCTBYIOT 3TH U30MEPbI. «PBIXJIOCTB» 3THX CTPYKTYp pasnnyuHa [2]. YpaBHenue JInyBuiuis MoxeT ObITh
WCTIOJIB30BAHO ISl OMTUCAHUS TAKOTO Pa3InydHs.

Crnenuduueckoil peakuueil cynpaMmoJeKyJIsipHBIX CHCTEM SBJSIETCS PEAKLUsl MOJICKYISIPHOTO PacllO3HABAHUS, B
X0Jle KOTOPOW CTPYKTYpPBI JIJMTaHJa U PELeNTOpa JOJKHBI ObITh KOMIUIMMEHTAPHBI (CXeMa «KJII04 — 3aMOK»). Kommim-
MEHTApPHOCTb CTPYKTYP MOXKET OBITh ONHCaHa C MOMOIIbIO MAaTPULl B3aUMOJCHCTBYS IMTaHaa U peuenropa. Peakuus
MOJIEKYJISIPHOTO pacro3HaBaHUsI MOXKET COINPOBOXKAATHCS Mpeaopranu3anueil perenrtopa (Onarogapss MOaupULIUpPYIO-
LIeMy BO3/EHCTBHIO) [3], KOTOpOE MOKHO OMMCATh, UCIIONB3Ys ypaBHeHHE JInyBuiis. MI3BeCTHBI SKCIIEpUMEHTAIbHBIC
nanabix 00 UK crekrpax cobctBeHHOTO M3nydenus u T1'11 cexTpax noriomnienus [4,5] cynpaMoneKyaspHbIX CHCTEM
BOJHBIX PACTBOPOB HAa OCHOBE KOTOPBIX MOKHO CIeJIaTh BBIBOJ O CYLIECTBOBAHUM AMCTAHLIMOHHOTO B3aUMOACHCTBHUS
MEXIY CYNpPaMOJICKyISIPHBIMU CUCTEMaMH aHaJOIMYHOMY KOHTAKTHOW PEeakLUU MOJIEKYISIPHOTo pacrno3HaBanus. [lo-
CKOJIBKY 3Ta PEaKlHsl HEJOKaJlbHA, TO AWCTAHLUUOHHOE BO3/IEHCTBHE OCYIIECTBIISICT BOJIHOBOM MakeT cOOCTBEHHOIO
W3IY4YEHHUs] CyNpaMOJIEKyISIPHOH CHUCTEMBI, TapaMeTpbl KOTOPOTro HECYT WH(POPMALMIO O MAaTpPHUILE B3aMMOJCHCTBUSL.
VYpaBuenue JInyBuIs 03BOJISIET ONMCATD ClieU(UIECKIE CBOMCTBA CYyPaMOJIEKY/ISIPHBIX CUCTEM BOIHBIX PACTBOPOB.
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Nzyuenwne nporieccoB caMoCOOPKH B BOJHBIX PACTBOPAX CYNPaMOJICKYISIPHBIX CUCTEM MIPE/ICTABIISIOT OTPOMHBIHN Hayd-
HBIW ¥ TPAKTUYECKUH HHTEpeC. B pesysnprare Takux MpoIiecCoB MOTYT 00Pa30BBIBATHCS PA3IMYHbIC CTPYKTYPBI, KOTOPHIC
COCTOSIT M3 CyIPaMOHOMEPOB — HAHOArPeraThl, HAHOBOJOKHA. CyIIeCTBYeT BO3MOXKHOCTh TO00PaTh CyIpaMOHOMEPHI
TaK, 4TOObI TaKUE CHCTEMBI 00NIaIamy OAKTEPUITUIHBIMU, ONOAKTUBHBIMU CBOWCTBaMU. B pesynbrate BaH-Aep-BaalbCo-
BBIX, 3JICKTPOCTAaTUIECCKUX B3aUMOJICHCTBHUH, BOIIOPOIHBIX CBSI3€H MOTYT 00Opa30BBIBAThCS MTPOCTPAHCTBEHHBIC T'ellb-CET-
k. OTHUM U3 IPUMEPOB TAKUX CUCTEM SIBISIIOTCSI TUAPOTENIM Ha OCHOBE BOJHOTO PAacTBOpPA aMUHOKUCIOTHI L-1tuctenH
u HUTpara cepedpa [1]. B pesynbrare cMemieHHs NCXOMHBIX KOMIIOHCHTOB B ONPEICIEHHBIX MPOMOPIUAX MOTy4aeTCst
relb-TIpeKypcop — IucTenH-cepedpsubiii pactBop (LICP), CTpYKTYypHBIME €IMHUIIAMUA KOTOPOTO SIBIISIFOTCS IIBUTTEP-H-
oHbl MepKanTuaa cepedpa (MC), obpasyromue MONOKUTENLHO 3apsKEHHbIE KIacTepHble nenouku -[Ag-S(R)] -, rme R
— ocrarok L-mucrenna. [1pu BBeieHNH CONCH-MHUIUATOPOB, B COCTaBE KOTOPBIX €CTh, HAIPUMED, CYIb(aT-aHHOH, B CU-
cremax Ha ocHoBe L[CP npoucxomut reneodpazosanue. Cynab(ar-aHuOH, BEICTYIIAET B KAUSCTBE OTPHUIIATEIIBHO 3apsIKeH-
HOTO JINHKEpa MeKIy KinactepaMu MC, KOTOpble UMEIOT MOJOKUTEIbHBIN 3aps. MMeeT 3HaueHne U BBOOAUMBIN BMECTE
C DIIEKTPOJTUTOM KaTHOH, Hampumep, Cu?' MOBBIIIACT MPOYHOCTh TAKUX TUAporenci [2]. BBeaeHue B JaHHYIO CHCTEMY
MoJIrcaxapu/ia MPUPOIHOTO TPOUCXOKICHHUS, HATIPUMED, XUTo3aHa (X3), MOTESHIIMAIEHO MOXKET PACIIUPUTH CIICKTP TPH-
MeHeHus cucteM Ha ocHoBe LICP, Ho MokeT mpoBOLIMPOBATH HOBBIE THIIBI B3aUMOAEHCTBUI B cucteMe [3]. M3BecTHO, uTO
KaTHOHBI ME/IM 00pa3yroT KOMIUICKCHBIE COSJIMHEHUSI U C XUTO3aHOM, U ¢ L-1uctenrom. [1oaToMy 1ienbro JaHHOH paboTh
SIBIISICTCSL M3y4eHUE 0COOeHHOCTe TeneoOpazoBanus B LICP B mpucyTCTBUM KATHOHOB MEU U XUTO3aHA MTPU MHUITUAIINT
CyJb(har-aHUOHOM.

B paGore usyuensl pasauunbie komnosunuu: LICP-X3-CuSO,, IICP-CuSO,. /lng cpaBHeHus TaK e ObLIM CIeTaHbI
skcniepumenTsl ¢ IICP-X3-Na, SO, u IICP-Na, SO,. Cunres npoBoausics 1o JByxcraauinon Metoauke [3]. Ha nepsoit
CTaJIM1 CUHTE3UPOBAIIN TEIb-NPEKYPCOP U3 BOAHBIX pacTBopoB L-Cys u AgNO,; na Bropoii ctamuu B LICP no6asnsiu
X3, a B ciy4yae TPEXKOMIIOHEHTHBIX CUCTEM — PAcTBOP AIIEKTPOIMTA — UHUIIMATOPA TelIc00pa30BaHus, COICPKAIIETO
cynbgar-annon: CuSO,, Na,SO,. IIpu sTom konuenrpamus L-Cys B o6pasuax cocrasnsna 3,0 MM, MoIspHOe COOT-
HOIIICHUE MCXOJHBIX KOMIIOHCHTOB L—Cys/AgNO3 — 1,25-1,27; xounentparmst X3 — ot 0,0075-0,0175 mr/mn. C
0,3-0,7 MM.

C MOMOIIIBIO PA3TUYHBIX PUBUKO-XUMHUUECKIX METO/IOB YCTAHOBIICHO, YTO KaTHOHBI Meii Cu?’ y94acTBYeT B mporieccax
KOMILUIEKCOOOPa30BaHUs U ¢ KJIACTEPHBIMHU 1ieroukaMu MC, 1 ¢ MoNleKyliaMu XuTo3aHa. [Ipu 3ToM MOJIeKyIlbl XUTO3aHa
nepkarcst 00ocodienHo oT MC, Tak kKak 00€ TOICUCTEMbI IMEIOT ITOJIOKUTEILHBIHN 3apsil.

cuso4
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J111st Ka4eCTBEHHOTO MOJIEITUPOBAHUS )KUIKHX HOH-CEIEKTUBHBIX 0aphepOB HAa OCHOBE MTPOCTHIX 3PHPOB B BOJIE B JIaH-
HO paboTe MpOBENCHO cpaBHEHUE MekaToOMHBIX ToTeHInanoB GAFF, OPLS-AA/CM1A, CHARMM36 u COMPASS
C LIeJIBIO0 HAWTH HAMJTY4ILINH HOTeHIMall. B kauecTBe 0CHOBHOTO BELIECTBA ISl MOACIUPOBAHUS HCIIOIb30BAJICS TUU30-
npornuiossiid 3¢up (DIPE).

C ucnonb30BaHHEM BBIOpAaHHBIX MMOTEHIMAIOB POBEACHBI PacueThl MIIOTHOCTH U Bsa3koctu DIPE B auanasone tem-
neparyp 243-333 K. Pesynbrarel npusenens! Ha Puc. 1.
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Puc. 1. TemneparypHble 3aBUCUMOCTH TUIOTHOCTH (A) 1 BsiskocTH (B) nqunsonpomnuinosoro s¢upa,
paccuMTaHHbIE C UCTIONIB30BAHNEM PA3IMYHBIX TOTEHIIMAIOB

Bce 4 moTennnana XopoIro BOCIIPONU3BOAAT TUIOTHOCTh, OTKJIOHSSICH OT dKCIIEpUMeHTa He Oojee yem Ha 4-5 %. On-
Hako, GAFF u OPLS-AA/CM1A naroT cruibHOE OTKIOHEHHE s BA3KOCTH. D10 o3HayaeT, yTo GAFF u OPLS-AA He
MOAXOIAT [T MOACTMPOBAHHS KHUIKUX MeMOpaH Ha ocHoBe NPocThiX 3¢upoB. CHARMM36 u COMPASS obecneun-
BAaIOT XOPOIIYIO0 CXOAMMOCTb 3HAYEHHUH BSI3KOCTH C HKCTIIEPUMEHTOM, J1aBasi OTKIOHeHue He oounbire 10 % mpu 273-333
K. [IpenBapurtenbHbie pe3ysIbTaThl MO TNIOTHOCTH U BSI3KOCTH OMYOIMKOBaHBI B [2].

C ucnonszoBanneM CHARMM36 u COMPASS mpoBenieHa orieHka B3anMHOM pacTBopuMocTH Boasl u DIPE, pacuet
MexdazHoro HarshkeHns Mexry DIPE u Bomoid, a Takske orieHKa KO3 HUITMEHTOB pactpeie]IeHHs dTaHOIa B CUCTeMax
DIPE+sTanon+Boga. CHARMM36 B nienom mnokasas y10BJIeTBOPUTEIbHOE OMMCAHNE PACTBOPUMOCTH M KO3 PHULINECH-
TOB pacHpeneieHus], 1 Aajl TOUHOe 3HadeHue it Mexdasnoro HatsbkeHuss. COMPASS naer 3HaueHust mo pactBopu-
MOCTH, M&K()a3HOMY HATHKCHHIO U KO3 (UIIUEHTaM PacIIpeIeiCHUs 3HauuTelIbHO Xyxke, yeM CHARMM36. Takum
00pazoM, Mo pe3yibTaraM MPOBEJACHHOIO CPaBHEHHS MOXKHO 3aKIIOUUTh, YTO CPEIHM PACCMOTPEHHBIX IOTECHIHAIOM
CHARMM36 siBnsieTCsT HAaWTYUIIAM JUTS Ka9eCTBEHHOTO MOJISTTUPOBAHUS HOH-CEJIEKTUBHBIX 0aphepoB Ha OCHOBE TIPO-
CTBIX 2(UPOB.

C ucnons3oBanuem norenuuasa CHARMM36 nposeneHo ucciieoBaHuEe MOABMXKHOCTH HOHOB B Bozie U DIPE npu
HaJO)KEHUU B sUEHKe dJIEeKTpruIeckoro nosms. IIoaBMKHOCTE HccaenoBaiack NpH pas3IndHON HANPSKEHHOCTH mois. B
BOJIE TIPY YBEJIMYEHUH HAINPSHKEHHOCTH MOJBUKHOCTD TOCTIE ONPE/IEIEHHOTO 3HAUeHUs HAIIPSHKEHHOCTH HauYMHAeT He-
TUHeWHo yBennuuBarbed, a B DIPE HaunHaeT ymeHbIIaThCs M B UTOTE€ CTAHOBUTCS IIPEHEOPEKUMO MaJIOH.

Jluteparypa:
[1] Meng X. et. al // J. Chem. Eng. 2009. V. 54. P. 2353-2358.
[2] Kashurin O. et. al // Russ. J. Phys. Chem. A. 2023. V. 97(6). P. 1183-1189
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XAPAKTEPHbIE OCOBEHHOCTU WWUPOKOIO HABOPA
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KOJIEBAHMI BO[bl 184 CM' B CONMOCTABJIEHUMN C
TAKUMUW XXE CBONCTBAMU OJ1A MOAEJIbHbIX HABOPOB

Kpaunckuu A.B.

dusndeckmi nHCTnTyT M. N.H. Jlebenesa PAH,
119991 MockBsa JleHnHcknii npocri. 53, Poccus
e-mail: kraiskiav @lebedev.ru, kraiskiav2 @ gmail.com

[IpomomkeHsl HCCIEAOBaHUS XapaKTePHBIX 0COOCHHOCTEH momydeHHou ¢ momolnsio KPC momockl coOCTBEHHBIX
gactoT (CY) MeKMONEKYISIPHBIX KojeOaHuii BOBI IS TIOJIOCH! PACTSHKEHUS BOTOpoaHoi ces3u 184 cm™ [1,2]. Meton
onpenenennss CY nmoapoduo npencrasiex B [1-5]. Juanazon nonockt CH wactor cocraBmi 169 em™' — 208 cm'. B pabo-
T€ paccMaTpUBasiCs Ha0OpP CIIEKTPAIbHBIX TOYEK, MojyueHHbIX it 65 criektpoB KPC Bojbl. [Tonydyenue 3nadenuit CH
OCHOBBIBAJIOCH HA Pa30MEHNN MAacCHBa TOYEK Ha IPYMIbI, TECHO MPUMBIKAIONINE K aIPOKCUMHUPYIOIMIMM HX MPSMBIM
JUHUSM B CHEKTPAIBHBIX KOOpAMHATAX: KBajapar mupuHel nmonockl KP — kBagpar nmonoxenus: ee makcumyma [1-5].
Paz0uenue npoBoaMIIOCh B aBTOMATHUECKOM PEXKUME C MOMOIIBIO POrpaMMbl, OCHOBaHHOH Ha pa3pa0OTaHHOM HaMH
anroput™e [2]. JIns xapakTepUCTHKY KadecTBa MpUJIeTaHus TOYEK K MPSIMOW JIMHUH ONPEAEIsUIach MIUPHUHA TTOJIOCHI,
cofiep Karieil TOYKM U IUIOTHOCTh TOUEK Ha eMHUYHBIN CIIEKTPAIbHBIN HHTEPBaJ, KaK OTHOIIEHHE YHCIa TOUEK Ha IIH-
puHy 310 nonockl. [Togdop mapameTpoB aaropurMa JaeT BO3MOKXHOCTb OT(QHIBTPOBBIBATH TOYKH C BHICOKUMH TIIOT-
HOCTSIMH TIPH Pa3IMYHBIX paclpeelieHUsK ONMKalIIero OKpyKeHHsI COCEIHMUX TOYeK. PaccMaTpuBaliuCh paHTOBbIC
MOCJIEZI0BATEILHOCTH COOCTEHHBIX YaCTOT, IIMPHH MOTyYEHHBIX TOJIOC U IUIOTHOCTH TOYEK HAa €AUHIUYHOM YaCTOTHOM
uHTepBaje. bbuio 00padoTaHo TPU MOJICIIBHBIX HabOpa, CoAepIKAIIUX M0 65 ciiydaliHO pa30pOCaHHBIX TOYCK C TEMH XKe
CTaTUCTHUYECKUMHU TTapaMeTpaMH, YTO U MCCIIEIOBAHHbBIE CIEKTPAIbHBIC TOYKH BOABI: CPEIHUMHU 3HAYCHUSIMHU U CTaH-
JAPTHBIMU OTKJIOHCHUSIMH 110 00€MM KOOpAMHATaM, U HAKJIIOHOM allpPOKCUMHPYIOIICH UX MPSIMOI MPOBEICHO CpaBHE-
HHUE XapaKTEPUCTUK PaCIIPe/IeICHNH TOUYEK BOJIBI U ATUX peaTH3aIni.

Haubonee BbipaszuTebHbIC Pa3iuuus BOABI U MOJIEC HAOMIONAIOTCS U XapaKTEPUCTHK Ha OCHOBE IIOTHOCTH
To4ek. B Boze Hapsity ¢ 10BOBHO paBHOMEpHBIM 110 CY pacnpeenieHueM TOYeK ¢ HU3KOH IIOTHOCTBIO HAOIIONA0TCSE
TaKKe TPYIIIBI CO CTPYKTYPHUPOBAHHBIMU PACIIPEICIICHUAMHI U C OOMBIIMMH (TIOYTH 710 JBYX MOPSIIKOB) IJIOTHOCTSAMH.
B nenom, Ha 3aBUCHMOCTH IIOTHOCTH 4HCJa To4eK B mosioce oT ee CY mist BoABI BUAHO PACCIOEHHUE MO BEIUYMHE
TUIOTHOCTH Ha 3 CJIOs: BEPXHUM BBICOKOM MJIOTHOCTHU €O 3HadeHneM Oosee 1.0 B MakcuMyme, Ha MOPSAOK OTOPBAHHBIH
10 BEJTMYMHE TUIOTHOCTH OT CPEIHETO CJI0sl C MaKCHUMaJIbHBIM YpoBHEM OKoJI0 (.1, M MPUMBIKAIONIETO K HEMY HHKHETO
¢onoBoro ciost ¢ wrotHOCThIO 10 0.01 - 0.02. IlmoTHOCTH BCexX CI0€B CHaialoT K BHICOKOYACTOTHOMY Kparo U cOIH-
xarotcs. [lyig MoenbHbIX HaOOPOB MOA000T0 CTPYKTYPUPOBAHNUS MO BETMYNHE TUNIOTHOCTH HET, MOXKHO YBHJIETH JIUIIIb
AIIEMEHTBI TAKOTO CTPYKTYPUPOBaHHUS U B cTOpoHY BY Kpas majieHus TUIOTHOCTH He HaOJIOaeTcs, CKopee BUHA TEH-
JCHINA K YBEJINYCHUIO TUIOTHOCTH.

ObHapyxeHHOe B BOJIE TAKOE€ MOBEACHNE INIOTHOCTH TOUEK ¢ n3MeHeHueM CU mpaet ocHOBaHME /IS TPEITOI0KEHUS
0 TOM, YTO 3TO SIBJIAETCS CIEACTBHEM CYLIECTBOBAHHUS B BOJE KAKHX-TO CTPYKTYP.

Jluteparypa:

[1] A.B. Kpaiickuit 1 A.A. Kpaiickuii. O mupoKoM AHMama3oHe COOCTBEHHBIX YacTOT ONMPEEeIICHHOM B Tosioce kojeOaHuit Boasl 183 cm-1 u3
CHEKTPAIFHBIX MTapaMETPOB KOMOMHAIIIOHHOTO paccessHHsI BOABI U C1a0bIX pacTBOpoB. 5-s1 Beepoccuiickas kondepenmmst « PU3UKA BOAHBIX
PACTBOPOBY, ¢.73, UO® PAH nm. A.M. IIpoxoposa 21-23 Hos6ps 2022 1., Mocksa, Poccusi.

[2] A.B.Kpaiickuii. HexoTopsie cBOICTBa COOCTBEHHBIX YAacTOT, MOMYYCHHBIX B HIMPOKOM THAINA30HE IS MOJOCHl KoneOanuil Bomsl 183 cm-1
W3 CIIEKTPANBHBIX MapaMeTpOB KOMOMHAMOHHOTO paccesHus Boabl. CO. Te3ncoB nokmanoB 6-oif Beepoccuiickoit koHpepenuun «PU3UKA
BOJIHBIX PACTBOPOB», c.110, MO® PAH um. A.M. IIpoxoposa 13-15 Hos6pst 2023 1., Mocksa, Poccus.

[3] A.B. Kpaiickuii 1 H.H. Menpank, Hu3kouacToTHBIE CIIEKTPhI KOMOMHAIIMOHHOTO PACCESHHUS CBETa B BOAC M CIa0BIX BOIHBIX pacTBOpax.
MIPOCTPAHCTBEHHAS HEOIHOPOIHOCTH B PACTBOPE MEPEKUCH Bogopona, buodusuka, 1.57, Ne6, ¢.965-972, (2012).

[4] A.B. Kpaiickuii 1 H.H. Menbauk, OnpezaeneHne COOCTBEHHBIX YacTOT U OXHOPOIHBIX IUPUH JTMHUI MEKMOJICKYIISPHBIX KoJeOaHHU B BOJC U
B BOJHBIX pacTBOpax mepekucu Bogopona ¢ nomomsio KPC, Ontuka u cnexrpockomnus, T.124, Ne5, ¢.628 634 (2018).

[5] A.B. Kpaiickuii, H.H. Menbnuk u A.A . Kpaiickuii, OcOOEHHOCTH pacnpeieIeH s CIIEKTPAIbHBIX MapaMeTPOB MEKMOJICKYIIIPHBIX KOJIeOaHUi
B BOJIE, MONMy4eHHBIX ¢ moMomrsio KPC, Ontrka u ciekrpockonus, T.128, Ne2, ¢.195 203, (2020).
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NOBEOEHUE UMCTEUH-CEPEBPAHbLIX 30JIEN
B SABUCUMOCTU OT KUCJTOTHOCTU CPEbI
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e-mail: vazgen.vazgen200120012001 @ gmail.com

[Iporeccer caMOCOOPKH € ydacTHEM HU3KOMOJIEKYISIPHBIX resieo0pa3oBareiieii, B pe3yyibTare KOTOPhIX 00pa3yroTcs
CYIIPaMOJICKYJISIPHBIE CUCTEMBbI, B IOCJIETHEE BpEMs TIPUBJICKAIOT BCE OOJBIIE BHUMAaHUS UCCIENoBaTeIeid. ITH Mpo-
1IECChI CaMOCOOPKH C y4aCcTHEM HU3KOMOJICKYJISIPHBIX COSIMHEHHUH IPECTABIISIOT CO00H YHUKAIBLHOE SBJICHAE C TOUKH
3peHus QpyHIaMEHTAILHOW U MPUKIIATHON HayK. SIpKUM MPUMEPOM TaKOH CHCTEMBI SIBJISICTCS BOJAHASI CUCTEMa Ha OCHO-
Be L-1mucrenna u coneii cepedpa (tucrens cepedpsiablii pactop - LICP). He cMoTpst Ha TO, YTO HEaBHO OBLI BEIIBUHYT
BO3MOXKHBIH MEXaHH3M CaMOCOOPKH JIaHHOW CUCTEMBI B €€ HeOObIYHBIE CBOMCTRA [ 1,2,3], BCE emé ocTaeTcs HeM3BECT-
HBIM CTPOEHUE YACTHII, KOTOPbIE (POPMHUPYIOTCS B Pe3yJIbTaTe MpoIecca caMoCOOpPKH.

B nmannoii pabore Hamum uccienoBaiuch BonHble pacTBOpbl L-nmctenn/AgNO3 u L-uncrenn/AgNO2, ciyxa-
e IMpeaIIecCTBeHHUKaMu Tens. Llenpro ucciaenoBanus ObLIO YTOYHEHHE CTPYKTYPBl arperaroB, 0Opa3yHOIIMXCS B
ATHX PACTBOPaX, C MOMOIIBIO PA3IUYHBIX (PU3UKO-XUMHUECKUX METOJIOB MCCIICIOBAHUS: U3MEPECHUE J3ETa-IIOTCHIHU-
ana, Y®-cnekTpockonuu, nuHamMuueckoro cseropaccesiuus (ICP) u atromuo-cunoBoit Mmukpockonuu (ACM). Taxoke
MTT-TecTom ObLIa HUccie0BaHa TUTOTOKCUYHOCTH L[CP B OTHOIIEHNYU paKOBBIX KJIETOK MOJIOYHOM kene3bl MCF-7 u
HOPMAJIBHBIX KIIETOK GuOporutactoB Wi-38, 4ToOBI TIOHSATH, KaK arperarsl B3aUMOJCHCTBYIOT C KIIETKAMH TIPU Pa3HBIX
3HaueHusAX pH.

Jlyis U3MEHEHUsT YPOBHsI KUCJIIOTHOCTH CPEAbl OBUIO JOOABJICHO PA3IUYHOE KOJIMYECTBO THAPOKCHIA KAJIHUS B HC-
xonubiid LICP. JlaHHBIC, TOMyYeHHBIE METOIOM TyPOMINMETPUYECKOTO aHaIN3a MOKa3aJH, YTO CHCcTeMa 00llafiaeT u3o-
ANEKTPUUYECKON TOYKOM M BENET KaK MOJUAIICKTPONUT. M3MepeHus n3era-moTeHIana MOATBEPAUIN JaHHBIM TE3HC.
JlOTOMHUTENBbHO TOATBEPKACHO U YTOYHEHO CTPOCHHUE arperaroB pe3yibraTaMu YD-CIeKTPOCKOMUH, TTOKa3aBIIUMU
3HAYHUTEIIBHBIC U3MEHEHHSI B UX CTPYKTYpPE IPH Iepexo/ie 13 KUCIoh 001actu pH B 1IeI04HYT0, 4TO TaKkKe TOATBEPK/Ia-
10T JaHHbIC, TOJYYEHHBIE METOJIOM TUHAMUYECKOTO CBETOPACCESHUSI U aTOMHO-CUIIOBOM MUKpOCKomHU. B xome »Tux
(PMBUKO-XMMHUYECKUX HCCIICIOBAaHN ObLTa yTOYHEHA U TIOATBEPIK/IeHa CTPYKTypa oopasoBasmmxcs B LICP arperaros.

Pesynwsratet MTT-Tecta moka3zanu, 4To HccieryeMasl CucTemMa He 00JiajjaeT TOKCHYHOCTBEO 1O OTHOIICHHIO K HOP-
MaJIbHBIM KJIeTKaM (uoOporiactoB tuHUM Wi-38 U TOKCHYHA JIJIsl PAKOBBIX KJIETOK MOJIOYHOM kene3bl tuann MCF-7,
TP ATOM HAHOOJIbINAsk aKTUBHOCTh B TIOAABICHUH KIIETOK KapIIMHOMBI HaOMFOIaeTCs B KUCIIOH Cpejie.

Jluteparypa:

[1] D.V. Vishnevetskii, A.R. Mekhtiev, T.V. Perevozova, D.V. Averkin, A.L. Ivanova, S. D. Khizhnyak, P.M. Pakhomov, Soft Matter, 2020, 16,
9669-9673.

[2] D.V. Vishnevetskii, D.V. Averkin, A.A. Efimov, A.A. Lizunova, A.l. Ivanova, P.M. Pakhomov, E. Ruehl, Soft Matter, 2021, 17, 10416-10420.
[3] D.V. Vishnevetskii, et al., Soft Matter, 2022, In Print.

Paboma evinonnena ¢ pamvkax epanma PH® Ne 21-73-00134 na obopyoosanuu LIKII Tel'Y u UBMX
um. B.H. Opexosuua.
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BJIMAHUE LULMPOKOMOJIOCHOI O 3JIEKTPOMAITHATHOI O
U3JTYYEHUA HA CBOMCTBA BOAbl NO JAHHbIM
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Cysoposa 0.B., Boicoukuu B.B., KabaHoBa B.A.
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119991 MockBa, JlennHckuii npocr., 31
e-mail: office @lanacom.ru

PactBopumocts nonusuamMIIOBOrO criupta (I1BC) B Boge Bo MHOTOM onpefienisieT upoTy ero npuMeHenus. [IBC-moz-
JIOKKH M paIMallHOHHO-CIINTHIE THAPOTEIH BBI3BIBAIOT MPAKTHUECKUI HHTEPEC MTPH pa3paboTKe HOBBIX JIEKaPCTBEHHBIX
¢opm. OnnoBpemenHo pactBopsl [IBC sBistrorest ynoOHONH MOAEIBHOM CHCTEMOMW Ul MCCIEIOBaHUs BOABI M BOJO-
pacTBOPUMBIX 00BEKTOB. COBPEMEHHBIE METOJBI MO3BOJISIIOT (PUKCHPOBATh CYIICCTBEHHOE M3MEHEHHE (U3MUECKUX
CBOMCTB BOAHBIX PacTBOPOB B PE3yJbTaTe BO3ACUCTBHS (PaKTOPOB PA3THMUYHON MPHUPOABI (IIEKTPUIECKOTO TOKA, JJIEK-
TpomMarauTHoro uzinydenus (OMU), obmydenus:, akTuBHOTO nepeMeruBanus). Tak, B padore [1] ¢ TOMOIIBIO AKTHBHOM
panuoTepMOMETPHH Ha XapaKTEPUCTHYHOH npreMHoi yactore 61.2 [T Obutn mosmy4yeHsl 3HaueHUs PaguosiPKOCTHBIX
KOHTPAcTOB I BOAHBIX pacTBOPOB NMAaHTOBETMHA B OTBET Ha JAEWCTBHE CBEpXIIMpOKononocHoro OMM manoii uHTeH-
cuBHocTH (1x1071¢ — 1x10*Br), onpenenennoro mis Habopa yactot 1.0, 42.25, 61.2, 98 u 150 I'T'1, ocyiiecTBisBIIe-
rocsi py NOMOIIX peodpazoBaTens GOHOBBIX n3nydeHui (marent PO Ne 2154870). B pesynbrare Bo3neicTBUs OBLIO
3apErUCTPUPOBAHO U3MEHEHUE INIOTHOCTH U IUAIEKTPUUECKHUX CBOMCTB BOAHBIX PACTBOPOB.

B nacrosimieit pabote nccienoBana 4yBCTBUTEIBHOCTD BoABI K DMU ¢ mapamerpamu [1] ¢ ucrons30BaHUEM BO3-
MOXHOCTE! paananroHHoi xumuu. [lepBonavansno DMU-Bo3aelicTBui0 moaBepranach Boja 1 ki 4ucTotsl (p = 17.5
MOw/cm). B obpasiiel o6paboTanHoit 1 HeodpaboTanHoit Boabl BBoawiics [IBC (1% wmacc). Uepes Tpoe cyTok pacTBo-
peHHe 3aBepIIaoch C TUCKPETHBIM yBenuueHneM temrepatypsl 10 80°C. [locne 6apooTupoBanus aproHom, 00pasibl
repPMETU3UPOBAIUCH U MOABEPraIuch raMmma-oomydeHuto (Co®, normomennas no3a 50 kIp).
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Puc.1. UK cniekTpsI IpoIryckaHus paananuoHHo-cmuTeIX [IBC-Tuaporeneid Ha 0CHOBE KOHTPOIBHOM
(myHKTHp) ¥ 00paboTaHHOW (JTMHMSI) BOIBI, HA BCTaBKe crpasa oomas Gopmya [IBC
U cXema releo0pa3oBaHus 1O/ ACHCTBUEM Y-00ITydeHus

XapakTepuUCTHKH 00pa3oB 00paboTaHHOW M KOHTPOJBHOHM BOIBI, @ TaKXKE MOJEIBHBIX BOMHBIX pacTBopoB [IBC
0 TaMMa-00ydeHNsT (PUKCUPOBATUCH METOIAMHU CIIEKTPOPOTOMETPUH W THHAMHYECKOTO cBeTopaccesHus. C momo-
mpio MIK-criekTpocKoniy uecie[0Baliuch Ielid, TIOTYYeHHbBIE B PE3yIbTaTe PajualliOHHO-UHAYIIUPOBAHHON CIINBKH
IIBC. B UK cmekrpax o6pasuos (Puc.l) mposBuirck pasandus B mojocax moriomenus 3100—3600 cm!, o6Gycios-
JICHHBIX BaJICHTHBIMH KoseOanmsimu O—H-cBsizeld B3aMMOIEHCTBYIONINX THIPOKCHIIBHBIX TPYIII, a TaKXKe B TOI0CAX
nedopmarmonnbix koebanuit O—H B cocraBe C—O—H (1125-1030 cM!) 1 CTPYyKTypHO-UyBCTBUTEIBHBIX KOJEOAHMIA
rpyrn —CH,— [2,3]. 3aperucTpupoBaHHbIe CIEKTPAIBbHBIE XaPAKTEPUCTUKH MOTYT CBUJIETENILCTBOBATh O NPOSABICHUN
B KOHEYHOM TIOJIMMEPHOM IMPOAYKTE MOCIEICTBUI M3MEHEHUH CBOWCTB pacTBOPUTENS (BO/IBI) HA CTAJINHU TIOATOTOBKH B
pe3ynbTare BO3IEHCTBUS MTUPOKOTIOI0CHOTO DOMMU.

Jluteparypa:

[1] O. B. CyBopoBa, A. A. Pesuna, B. I. KanamaukoB u ap. / Te3ucsl 5-if Bcepoccuiickoit kondepenunu dusnka BogHbx pactBopos. — OO0
Mecon Mockaa, https://physwatsol.ru/documents/abstracts 2022.pdf: 2022. — C. 39-39.

[2] N.YO. TIpocanos, A. A. MarBuenko // ®usuka tBepaoro tena. — 2010. — tom 52, Bei. 10. — C. 2056 -2059.

[3] Chen, C.; Liu, X.; Wang, J.; Guo, H.; Chen, Y.; Wang, N. Research on the Thermal Aging Mechanism of Polyvinyl Alcohol Hydrogel. Polymers
2024, 16, 2486. https://doi.org/10.3390/polym16172486
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WCCNEOQOBAHME CBOUCTB BOAHbLIX PACTBOPOB
HA MEX®A3HbIX MOBEPXHOCTAX 3TTPUHIMUTA
U TAYMACUTA

TapapyuwkuH E.

MexxgyHapogHasi nabopartopusi CyrnepKOMIbIOTEpHOro aroMUCTUHECKOIro MOLENNPOBaHNS N
MHoromacwrabHoro aHammaa HUY BLI3, Pocecus, r. MockBa, yn. TannuHckas, 4. 34
evgeny.tararushkin @ yandex.ru

Orrpunrut (Ca [Al(OH),],[SO4],-26H,0) u Taymacur (Ca,[Si(OH),](CO,)(SO,) 12H,0) — npuposHbie MUHEPATIBL.
O0a MuHEpana UMEIT CXOXKHE CTONOYaThle KPUCTAUINYSCKUE CTPYKTYPhI, KOTOPbIE OPUEHTHPOBAHKI BJIOJb ITapame-
Tpa ¢ UX JIEMEHTApHBIX stueeK. CTOIOUKY MUHEPAJIOB MPEICTABICHBI MTOJUIIPAMHU aTFOMUHHS/KPEMHUS U KaJbIUS, a
taroke monekynamu H,O:  [Ca,[Al(OH)]-12H,0F* — srrpunrur u [Ca,Si(OH)]-12H,0]*~ taymacut. [Ipoctpanctso
(xaHaIbI) MEX]y CTONOMKAMH STTPMHIUTA 3anojHeHbl annoHamu SO, 1 Monekynamu H O, a B ciydae ¢ TaymacuToM
KaHaJIbl 3aII0JIHEHBI TONbKO annoHamu SO, u CO,™.

OTH MUHEpAJTbI IPECTABIISIOT HHTEPEC C TOUYKH 3PEHUS XUMHH CTPOUTEIBHBIX IIEMEHTOB U OSTOHOB IO TOW TIPUYH-
He, 4T0 00a O0TBEYaIoT 3a Ccyib(haTHyIo kopposuto 6etoHoB (ESA — ettringite sulfate attack m TSA — thaumasite sulfate
attack) [1]. [Ipu 3TOM OCTaeTCs HE pEIIEHHBIM BOIIPOC, KAKMM 00Pa30M MPOUCXOAUT POPMHUPOBAHUE TAyMacHTa B TOpax
CTPOUTENBHBIX OeTOHOB. [IpeiokeHo HEeCKOIbKO MyTel (OPMHUPOBAHUS TAyMAacHUTa: TaK HA3bIBAEMBIH MPSMOU MYTh
— 3apOXKICHHUE U TTOCIEAYIONUI POCT KPUCTAIUIOB TayMacuTa 0e3 MPUCYTCTBUS STTPUHTHUTA, JINOO TayMacuT (GpopMu-
pyeTcs MPU HAJTUYMU KPHUCTAJUIOB STTPHHTUTA U MOSBISIETCS TBEPABIA pacTBOP STUX MUHepanoB (Byadopaut) [1]. B
000HX CITydasix BOJHBIC PACTBOPBI HEOOXOIMMBI B KAY€CTBE MUTAIOMICH CPE/Ibl Ui POCTa KPUCTAIUIOB. B CBs3U ¢ 3THM
BO3HUKAET HEOOXOAMMOCTh B 3HAHUSX PA3JIMYHBIX CBOHCTB BOIHBIX PACTBOPAaX B MPUTIOBEPXHOCTHBIX 30HAX 3TTPUHTHU-
Ta U TayMacuTa.

Jyis wiccnenoBaHus CBOMCTB BOJHBIX PAacTBOPOB B MPUIIOBEPXHOCTHBIX 30HAX ATTPUHTHTA M TayMacUTa UCIIONb-
30BaJICS METOJ KIIACCHUYECKOW MOJICKYJIIPHOW JWHAMUKU. B KadecTBe MOTEHIMAa, OMUCHIBAIOIIETO B3aUMOJICHCTBHS
MEXy YacTHLaMH, Oblila MpuMeHeHa MonuunrpoBanHas Bepcus cunosoro noist ClayFF-MOH (2, 3]. Panee na npu-
Mepe MOJISIUPOBaHUs STTPUHTUTA U TOpTIaHauTa [3, 4] ObLJIO MOKa3aHO, YTO YUYET B SSBHOM BHJIC YIJIOBBIX B3aMMO-
neiicteuii Me-O-H Mexy KaTHOHAMU METaJUIOB W TUAPOKCHIIBHBIMH TPYTIIIaMU TIO3BOJISIET 3HAYUTEIBHO YITYYIITUTh
BOCIIPOU3BEICHUE MEXaHUUECKHUX M KOJICOATEIIbHBIX CBOWCTB 3TUX MUHEPAJIOB.

B pesynbrare MojenupoBaHus BEIYMCIICHBI CTPYKTYPHBIC U JHHAMUYECKUE CBOMCTBA BOIHBIX PACTBOPOB B TIPHUIIO-
BEPXHOCTHBIX 30HaX ATTPUHTUTA U TayMacuTta. OnpeieseHbl IICHTPHI aJICOPOIIH Ha TIOBEPXHOCTIX 000UX MUHEPAJIOB.
IToxaszano, 4To Kak Juisl STTPUHIUTA, TaK M JUI TayMacuTa Habmonaercs oomen mostekynamu H,O mexny TBepaoi da-
300 ¥ BOIHBIM PacTBOpOM. BeruncieHHbie Mex(dasHbie (TBEPAOES TENIO — JKUIKOCTh) SHEPTUH ITOKA3aJIH, YTO STTPHUHTUT
cTabuibHEe MPYU PACTBOPEHUU TI0 CPABHEHUIO C TAYMACHTOM.

Uccneoosanue ocywecmeneno 6 pamxax Ipoepammol pynoamenmanvivix ucciedosanuit HUY BILD.

Jluteparypa:
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[Tony4enue oNTUYECKH COBEPIICHHBIX MOHOKPHCTAIIOB (PTOPHUIOB SIBIAETCS HEOOXOAUMBIM YCIOBHEM UX MPAKTH-
YEeCKOr0 MCIONb30BaHMs. Tak, MpeuMyIecTBa MOHOKPHCTAIIOB (PTOPUIOB MPOSIBISIOTCS TOJIBKO B MOHOKpPHUCTAJUIAX
MCKIIFOUMTENIBHOTO Ka4€CTBa, HE COAEPIKAIMX PAa3IMIHbIX (POHOBHIX pUMecel (B ToM uucie coaepxamux H O n -OH
TPYIIIBL).

BButy 0coOeHHOCTH TEXHOIOTMH CHHTE3a HEOPraHWIECKUX coetnHeHni ¢propunos merogoM ['HK u3 menxoaucnepcHo-
T'0 TMOPOILIKa, HOArOTOBKA IIUXTHI JJIsl CHHTE3a, UCTIONB3Ys TPAIULIMOHHBIE CIIOCco0bI [ 1], sBisieTcst BechMa 3aTpyIHATEIBHBIM
W JIOPOTOCTOSIIIIMM MPOLIECCOM BCIICACTBUE BO3HMKHOBEHHMS ‘‘KHISILIEIO CIOS” MPU BaKyyMHPOBAaHHWH ITOPOIIKOOOPA3HON
LINXTHI, BBICOKOW yCaJIK{ CaMOH ILIMXTHI IPH M1aBieHu U T.4. [2]. C 3Toii niensio Obl1a pazpaboTana MpUHIMIHAIBHO HOBAst
TEXHOJIOTHS B BHJIE CyXOTr0 OPUKETHPOBAHHS OPOIIKOB (DTOPHIOB.

Pazpaborannas TexHoiorus nmomy4eHus tepaoro creka B ACh Bkiouaet aBe a3bl, Kakaas U3 KOTOPOH paszieneHa
Ha HECKOJIbKO 3TanoB. B mepBoii (haze mpouecca npenBapuTesIbHO 00€3rakeHHYO IIMXTY, TOMELIEHHYIO B IeYb ¢ Tpadu-
TOBBIM TETJIOBBIM Y3JI0M, Harpesanu 10 Temmeparypsl 200 — 250°C ¢ nocnemyronieil BEIAEPKKON B TeUeHUH 3 — 4 4acoB B
Bakyyme. Jlanee Turens ¢ KOMIOHEHTaMH HarpeBaiu A0 Temieparypsl 700 — 750°C u BbIaepKUBaIN B TEUEHHH 3 — 4 4acoB
1 TIOCIIEAY O OTKAYKOM CHOBA /10 (opBaKyyMma. 3aTteM TUreib Harpesaiu 10 temieparypbl 1000 — 1400°C B 3aBucuMo-
CTHU OT CIIEKaeMOro Marepuasa B u30bITouHoi armocdepe (202,7xl1a) naeprHoro rasa aprona (Ar) wim GTopoBoaOpOaa
(HF), nmn rerpadropmerana (CF,) n BeiiepkuBany B Teuennn 6 — 8 yacos. Bo Bropoii (haze npouecca TeMreparypy Ha
Harpesaresie Aeiald YyTh BBIIIE, YeM B MPEbLIYIIEM IIare, TeM CaMbIM IO3BOJISISI PACIIABUTH YaCTh IIMXTHI HaXOMs-
LIMHCA O] HarpeBaTeneM (B M3HAYaIbHOM MO3ULUKA HOCHK THUIJISI) M 3aTeM BKJIFOYAJIH MPOTSHKKY CO CKOPOCTBIO 3-5MM/
yac, 10 JOCTHKEHHS 3aHEH YacTH TUIVIA BKIIFOYAJIM PEBEPC U MPOILIECC MOBTOPSUICS 10 JOCTHKEHHS HOCHKA. TeM caMbIM
peanu3oBacs NpoLEecc 30HHON YUCTKH paciiiasa. [1o mepe peannzanuy HeCKOIbKMX HUKIIOB YMCTKH 1Y OTKITFOYAJIach C
MOCIIETYIOIM HHEPIIMOHHBIM OXJIAKCHUEM MOTYYEHHOTO MOJUKPUCTAIIIA IO KOMHATHON TEMIIEpaTyphl.

JlaHHasi TEXHOJIOTHA MO3BOJISIET MONYYUTh KaK TOTOBBIM TBEpABI O€3BOAHBIN criek (6e3 MCIONb30BaHusl BTOPOTO
3Tana), TaKk ¥ MOJUKPUCTAIUT BBICOKOTO KauecTBa. KonmuecTBo coneprkanus BOAbI B 00pa3nax MmojJy4eHHBIX CIIEKOB WIH
MOJMKPHUCTAIIIAX ONPEASISIIN ¢ ToMOoLIbio tuddeperunansHoro Tepmoananuzaropa SDTQ600, a Takxke ¢ TOMOIIBIO
cnekrpoporomerpa CD-56.

st gocTHKeHns: MakcuMallbHOTO 3ddekra (MUHUMAIBHOTO COAep KaHuUs BOABI) MPEISIOKEHO HCIONb30BaTh YHCT-
Ky, BKJIIOUAIONLYIO JBe (a3bl. B pesynbrare npuMeHeHus pa3padoTaHHOW TEXHOJIOTHH MTOyYeHbI MaTepHalibl HEOPTaHH-
YECKUX COeMHEHMI (PTOPUIOB ¢ conepkanueM Bonbl MeHee 0,05-0,06%.

Paboma svinonnena npu gpunancosou noodepacxe HUIL| “Kypuamoscxuil uncmumym” (npuxaz Ne 130 om
17.01.2024).
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B xadecTBe 3aMeHBI TpaJMIIMOHHBIM T€TTEPHBIM M KPUOTEHHBIM TEXHOJIOTHAM [1], 3a7aua OYMCTKM MHOTOKOMIIO-
HEHTHOM T'a30BO-BOJIOHACHIIIEHHONW CPENbl OT €€ OT/ENBHBIX COCTABISAIONINX, PEIIalach COYETAHUEM XMMHUYECKUX U
(bU3NKO-XMMHUYECKHX (aacopOunoHHO-A1((Y3HOHHBIX) METOIOB cenapaiy ¢ GU3NIECKUMHI METOaMH HX ONpeaeie-
HUS.

Takum oOpazom, B paboTe M3y4ajaoch B3aUMOACHCTBHE YACTHI] IEIOYHO3EMENIBFHOTO CIUIaBa C ra30BBIMU KOMIIO-
nenramu Bosayxa (N, O,, HO u T.1.). [lormoTturenem sBusics nomydennsiid apropamu Ca-Mg peakMOHHBIN CIUIaB
(Puc.1), koTopslil agcopOupyeT Biary u npovre raz000pa3Hble BO3AYIIHBIE KOMIIOHEHTHI IIyTEM POCTa XUMHUYECKHX
COETMHEHHH Ha TOBEPXHOCTH YaCTUIBI METAJIA.

[Tomy4enHsle pe3yabTaThl MOKa3alid, YTO MPOLECC MPOBEACHUS XMMHUUYECKUX peakiui B (UIBTPYIOMIEM PEKUME
(MM pekrMe KUIISILETo CJI0s) C MCIOb30BaHMEM IEIOYHO3EMEIIbHBIX METAJUIOB B Ka4eCTBE COPOLMOHHBIX MaTepH-
aJoB, siBIsieTCsl 9P GEKTUBHBIM METOIOM BBICOKOH OYMCTKH JIIOOBIX I'a30B, B TOM YHCIIE HHEPTHBIX OT HEXKEJIATEIbHBIX
ra3000pa3HbIX IpUMeCe. DTOT METOJ SIBISIETCS aJIbTEPHATUBHBIM 10 OTHOIICHHIO K TPaJIUIIMOHHBIM METOAaM OUYUCTKU
ra3oB, TAaKUM Kak TeTTepHAas OUUCTKa (II¢ HE0OXOIUMO HAJIMYKME XMMHUYECKOTO CPOJCTBA MEXIY COPOCHTOM H copOa-
TOM), @ TaKXKE€ KPHOTEHHOMY CII0CO0Y.

Puc. 1. ITonyuennsie cautku Ca-Mg craBa

Paboma evinonuena npu gpunarcosou noodepacxke HUL|] “Kypuamosckuil uncmumym” (npukaz Ne 130 om
17.01.2024).

Jlureparypa:
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Bonee 100 net Hazazn BrepBbie ObLIM MOTYyYEHBI BBICOKOTIOPUCTHIE OKCUTHAPOKCHIHBIC CTPYKTYpBI amtoMUHUS [1].
Marepuain xapakTepu3yeTcsl BBICOKOH MEXaHNYECKON MPOYHOCTHIO NIPU KpaiiHe HU3KOW TUIOTHOCTH, YEM U 110 CEeH JIeHb
MpUBJIEKaeT uccienoBarenei [2, 3]. boibmoro nporpecca JOCTUT MPOIECC CUHTE3a COSAMHEHHS — HAaHO()UOPHUITBI BbI-
paIIMBaloT B 1a0OPAaTOPHBIX YCIOBUSAX BO BIaKHOU arMocdepe. Ha maHHBI MOMEHT CTOUT 33a4a B IOCTPOCHHUHU CTPO-
roil (PU3NKO-XUMHUYECKON MOIETIH POCTa CTPYKTYP.

B ocnoBy nocrtpoenus sieria teopust GyHKIHOHANA SJIEKTPOHHOMW IIOTHOCTH. Mcmonbp3oBaHHE METOAaA, OIHAKO,
OTpaHUYEHO BBIYMCIUTEIBHBIMU CIOKHOCTSIMH KaK CO CTOPOHBI BBICOKHMX amapaTHBIX TPEOOBaHMMA, TaK U HEOOXOIH-
MOCTBIO MOJIEIMPOBATh JUINHHBIE TPAEKTOPUH aTOMOB pacCMaTPUBAEMBIX CTPYKTYp. JIuTeparypHble TaHHBIE e JEMOH-
CTPUPYIOT IPUMEHEHHE METO/Ia B OCHOBHOM JJIsl CTAaTUYECKUX PacuETOB [4].

Just perienus npoOieMbl ObUTIO IPUHATO PEIICHUE CO3/aTh MeXaToMHble moreHnuansl Al-O-H Ha ocHOBe MamuH-
HOro 00y4eHHs MO JaHHBIM KBAaHTOBBIX pacy€ToB. Mcronap30BaHMe TAKUX MOTSHLIMAIOB MO3BOJISIET 3HAYUTEILHO pac-
LIMPHUTH TOPU3OHTHI IPUMEHEHHS KJIACCHYECKUX METOA0B MOJICKYIISIPHOI TUHaMUKU. B noknazne OyayT mpeacTaBieHbl
MepBbIE JaHHBIE IO UCIIOIB30BAHUIO MOJIEJIEH [T OMMCAHUS MIPOLIECCOB POCTAa HAHOCTPYKTYP OKCUTHIPOKCHIOB aJIIo-
MUHHS.

Paboma svinonnena npu purarcogoii noddepicke no npocpamme PyHoameHmanbHuvlx ucciedosanutit HUY BIIID.

Jluteparypa:
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Academy of Sciences of the United States of America, 113(42), 11759-11764 (2016).

o4



2024 BOAHbIE PACTBOPbI B MATEPUAJIOBEAEHUN

MocTepHbI goknap,

NMPOLECCbHI CTPYKTYPOOBPA3OBAHUA B BOOHbIX
PACTBOPAX NOJINBUHUITIOBOIO CINMUPTA
NMPU UX OBJTYHEHUU BAKYYMHbIM YJIbTPA®UOJIETOM

Hekpacosa H.B., Xne6HukoBa O.A., JlomoBckou B.A., Bbicoukun B.B., KpoT A.A.

HUnemumym guszuueckoit xumuu u snexkmpoxumuu um. A.H. @pymxuna PAH
119071, Mocxea, Jlenunckuti npocnexm, 31 xopn. 4.
Natalianek@yandex.ru

Hcnonb3ys pasnuuHble coco0bI CTPYKTypupoBaHus pactBopoB [IBC MOXHO MONIyUnTh MaTepualibl ¢ 3aJaHHBIMU
CBOHCTBaMHU. Y TOOHBIMH CIIOCOOAMHU CTPYKTYPUPOBAHHUS SBISIOTCS (QHU3MUecKre MeTonsl: Y D-o0myueHue, ramma-
oOiryueHue, 00IydeHne 3JIEKTPOHAMH U HEHTpOHAMHU, OJlaroaps JISTKOCTH yIIPaBJICHHS, OTCYTCTBUIO HEOOXOIMMOCTH
N00aBIICHNS CIIMBAIOIINX areHTOB, a TAKXKE OJHOBPEMEHHOHN CTEpUIIN3ALIA MaTepHaa.

JlocTaToyHOE KOJTMUYECTBO paOOT MOCBSIIICHO BIMSHUIO OJMKHETO yIbTpadHoieTa Ha CTPyKTYPUPOBaHHE PACTBOPOB
MOJIMBUHWIJIOBOTO CITUPTA, TAK KaK KOHEUHBIE CBOMCTBAa MAaTEPUAIIOB 3aBUCAT OT CTPYKTYPBI MAaKpOMOJIEKYJT 1 B pACTBOPE,
Y Ha paHHHX CTausX reneoOpa3oBanus) [1-5].

B MeHbIIEH cTemeHH W3y4YeHO BIHMSIHAE Ha CTPYKTYpPY NOJIMBHHHIIOBOTO CHHMpTa BaKyyMHOTO yJbTpaduonera
(BY®). B ocHOBHOM 3T0 pabOThI IO BAMSHUIO TAKOTO M3JIyYCHHs HA MIEPOXOBATOCTH MOBEPXHOCTH TBEPIBIX MJICHOK
noauMepoB [6,7]. Bo3aMoxHO, 3TO cBsI3aHO ¢ ObIcTpbIM noronienueM BY® B Bo3mymrHo# atmocdepe u B BoJe.

[Tpu o6myuennu 5% BOIHOTO PacTBOPa MOIMBUHMIOBOTO ciupta BY® ¢ nnmHoi BomHbl 172 HM 00HapyKeHO, 4TO
MIPOMCXOUT U3MECHEHHE AUCIEPCHOCTH PACTBOpA ¢ 0O0pa30BaHMEM KPYIHBIX YacTHUI], XOTSI 030H, BO3HUKAIOIIUI MpH
oOyryueHnu B Boje U atmocdepe, Bnusiet Ha [IBC B pacTBope, MpUBOAS K €ro OKUCICHUIO U JeCTPyKIHH. [8,9]

W3MmeHeHne nUCHEPCHOCTH pacTBOpa OTCIEKUBAIOCH MPH TMOMOIIM BHUCKO3UMETPUM U JAMHAMHUYECKOIO
cBeropaccestus ([IPC). M3MeHeHne CTpyKTyphl 0Opa3yIOUIMXCsl MaKpo4yacTHl] HccieqoBanoch npu mnomomu WK-
CHEKTPOCKOIHU.

OO6Hapys>xeHo, YTO IpH 00TydeHUH 5% BOJAHOTO PacTBOPA MOJMBUHUIOBOTO CIUPTA BAKYYMHBIM YIbTPa(QHOIECTOBBIM
nznydenueMm (BY®) anmunoit 172 HM, uTo mpu BpemeHax oOiydeHHs Bbile 90 MUHYT MPOMCXOAWT H3MEHEHHE
CTPYKTYPBI U AMCIEPCHOCTH PAaCTBOpA C MOCICAYIOIIMM 00pa30BaHHEM CIIUTHIX (PParMeHTOB, HEB3Upas Ha TO, YTO
riyOrHa NpoHUKHOBEHUSI BY ® siBnisieTcss He3HAYUTENBHOM.
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030H-KHCIIOPOAHOI cMecH U nepokcua Boxopona. Kypuan ¢usnuaeckoit xumun , 2018, T.92, C.374-378

[9] BanmeBa A.®. Kunernka 1 MexaHH3M OKHCIICHHS MOJMBHHIIOBOTO CIHPTa B BOXHOM cpese . ABTopedepar auccepTaniy KaHIugaTa XHMH-
gecknx Hayk. Yda, 2007. C. 23
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[IpuponHble MUHUCTBIE MUHEPAIIBI IMPOKO MCIOIB3YIOTCS B Ka4eCTBE aicOPOCHTOB Il OYUCTKH BOJBI OT KaTHOH-
HBIX PaJMOHYKINAOB. B TO jke BpeMsi ocTaeTcs akTyalbHOM 3a1a4a Moucka 3pQEeKTUBHBIX aJCOPOCHTOB PaIUOHYKIIH-
JI0B B aHMOHHBIN (hopme. [IBOHHBIE CIIOUCTBIE TUAPOKCHABI U, B YACTHOCTH, IeMeHTHbIe AFm-(a3bl ABISIOTCS OTHUM
13 OCHOBHBIX KaHIUIATOB Ha 3Ty poisib. B pabote ¢ ncnonb3oBaHne MeToAa KIaCCHUECKON MOJIEKYIISIPHOM TUHAMUKH C
cunosbiM nosieM ClayFF [1] uzyueno B3aumoseiicTBue Xjinop—, noa— u ceiaeH—conaepxammx AFm-das ¢ Bogusimu pac-
TBOpamu [2—4]. Beruucnena auddysrnonnas moaBmKHOCTb M CBOOOAHAS SHEPTUS aCOPOLMK aHHOHOB PaIHOHYKIIHIOB
B TIOPOBOM M MEXKCJIOEBOM INpocTpaHCcTBe. Paccmarpuanace OazanpHas moBepxHocTh (001) AFm-da3 na rpanuue c
pactBopamu CsCl u Csl. [lokazano, 4To aHHOHBI XJIOpa ¥ HOZAA TP a7copOIMK 00pa3yIoT BHYTPHC(EpHbIE KOMITJIEKCHI
¢ 00pa3oBaHMEM BOJOPOAHBIX CBSI3EH C MOBEPXHOCTHBIMU THIPOKCHIAMHU. BbruncieHHble CBOOOAHBIE SHEPTHH aJICO-
pOLMKM aHMOHOB XJIOpa M MOJa COCTaBIAIOT —2,75 n —1,58 KKkan/Moiab COOTBETCTBEHHO. TakyKe aHHOHBI XJI0pa UMEIOT
MEHBIINH K03((GUIMEHT MoBepXHOCTHON AU (Y3UN IO CPaBHEHMIO ¢ aHHOHAMH HOJIA, YTO CBUICTEIBCTBYET O HX 00-
Jiee BBICOKOH a)(pMHHOCTH CBSI3bIBAHHMS.

Jast nzydennst quddy3nn OKCHaHUOHOB CEJIeHa C MCTIONBb30BAHUEM METOJa MOJICKYIISIPHOM AWHAMUKH pa3paboTaH
KJIACCUUYECKHUH TOTEHIIMA B3aUMOAEHCTBUS, MO3BOJIAIONINM N3yUyaTh €ro CBOMCTBA KaK B BOJHBIX pacTBOpax, Tak U B
CTPYKTYpE OTZAEIbHBIX MHHEepasoB. [loTeHIIMam OCHOBaH Ha KBAaHTOBO-XMMHYECKHX pacueTax B MOJAEIH C HESBHBIM
pactBoputesieM u coBmecTuM ¢ cuiioBbiM nosieM ClayFF. KoneOanust yrioB u cBs3ell ONMCHIBAIOTCS FApMOHHYECKUM
MOTEHIINAJIOM, MEKYaCTUYHOE B3aUMOJIEHCTBUE ONUCKIBaeTcs noreHanamu Jlennapa-/Ixxonca u Kynona. /{ns sepu-
(uKanMM MOAETH pacCYUTaHbl CBOOOIAHBIC SHEPTHHU COJbBATAIIMHI CEJICHAT- U CEJICHUT-aHUOHOB, a TAK)Ke UX KO PUIIH-
eHThI 11U y3uu B BOTHOM PACTBOpPE. YKa3aHHBIC MTapaMETPhl XOPOILIO COMIACYIOTCS ¢ U3BECTHBIMH 3KCIIEPUMEHTANb-
HBIMH JAHHBIMH.

Uccneoosanue ocywecmeneno 6 pamxax Ipoepammol pynoamenmanviwix ucciedosanuit HUY BILD.

Jluteparypa:

[1]1R. Cygan, J. Greathouse, and A. Kalinichev, Advances in ClayFF molecular simulation of layered and nanoporous materials and their aqueous
interfaces, The Journal of Physical Chemistry C, 125(32), p. 17573-17589, (2021).

[2] A. Glushak., E. Tararushkin, G. Smirnov, A.G. Kalinichev, Molecular dynamics simulation of hydrocalumite as adsorbent for anionic
radionuclides, Applied Geochemistry, 170, 106089, (2024).

[3] A. Glushak, G. Smirnov, Partial proton ordering during phase transition in Friedel’s salt, Applied Clay Science, 243, 107072, (2023).

[4] A. A. I'mymaxk, E. B. Tapapymxun, A. I. KanuanueB, ATOMICTHYECKOE KOMIIBIOTEPHOE MOJEIMPOBAHHUE THAPOKAIIOMHUTA KaK aJcopOeHTa
PaAnOaKTHBHBIX QHUOHOB M3 BOJHBIX pacTBOPOB, XKypHain ¢pusnueckoil xumun, 96(4), 535—537 (2022).
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CrnieKTpocKonus SACPHOT0 MarHUTHOTO pezoHanca (SIMP) siBisieTcst pacipocTpaHEHHBIM METOOM HCCIIECHOBaHMS
CTPOEHUS] OPraHNYECKUX MOJIEKYJ, @ TAKXKe COCTaBa CJIOKHBIX CMECEH OpraHu4ecKoro MpoucxoxkaeHnusa. CreKTpoCKo-
nust SIMP ObiBaeT TBEpAOTENBHOM U KUAKOCTHOU. B TBepaoTensHOi cnekTpockonuu SIMP o0pa3isl ananu3upyoTcs B
HaTUBHOM BHJE, a B CIIy4ae KUAKOCTHOU — B KHIKOM, T.€. 00pa3ell TBep0ro arperaTHoOro COCTOsIHNSL HE0OOXOIMMO pac-
TBOPUTH B COOTBETCTBYIOLIEM pacTBOpuUTEe. Hale BCero UCIob3yI0T )KUIKOCTHYIO ClIEeKTpocKonuio SIMP, mockonbky
JAaHHBIM TIOAXOJIOM MOKHO TMOJTy4aTh CHEKTPBI O0Jiee BHICOKOTO pa3pelIeH sl BCIEACTBUE OHOPOAHOCTH pacTBOpoB. B
KHUIKOCTHOH cniekrpockonuu SIMP st pacTBOopeHus nccienyeMoro oopasia UCTONb3YIOTCs JeHTepupOBaHHbIC pac-
TBOPHUTEJH, YTO HEOOXOMMO JJIsl HACTPOHKM MarHUTHOTO 1ojisi. Hanbosnee 4acTo nenonb3yeMbIMU MOSIPHBIMU U HETIO-
JAPHBIMU JIEUTEPUPOBAHHBIMU PACTBOPUTEISAMH ABJIAIOTCS: Tshkenas Boaa-d,, mumetuicynbporeni-d,, xmopopopm-d,
aneton-d,, xnopucteiii MeTunen-d,, meranon-d, u MHorue apyrue. s UCClENOBaHMs TIONSAPHBIX COSAMHEHUN YaIle
BCETO MCIOJIb3YIOT TSHKENYI0 BoMy-d,. JlaHHbIH pacTBOPUTENH 001aaeT PAIOM NPEUMYLIECTB M HEOCTATKOB B HCIIONb-
30BaHUM. OJHUM U3 IPEUMYILECTB ABISAETCS TO, YTO BOJA SIBIISIETCS] YHUBEPCAIBHBIM PACTBOPUTENIEM, U B HEH pacTBO-
psieTcst OONBIIMHCTBO MOMAPHBIX coenuHEeHN. OTHIM U3 HEIOCTATKOB — TO, YTO, SIBJISISACH IPOTOHHBIM PACTBOPUTEIIEM,
OHa CTIIOCOOCTBYET OOMEHY KHCJIBIX MPOTOHOB (TaKMX KaK TUAPOKCHIIBHBIE, KAPOOKCHIIbHBIC, aMUHHBIC U IPYTHE TPYII-
IIbl) B OPTaHMYECKUX COEAMHEHHUSAX, YTO MPHUBOIUT K MCUE3HOBEHUIO CHTHAJIOB MPOTOHOB 3TUX TIPYI B MPOTOHHBIX
cnekrpax SIMP. Hecmotps Ha HenocTaTky, Tsokenas Bojga-d, IMPOKO UCIOJB3YETCs I MCCIIEA0BAHMA OPraHMIECKUX
BEILECTB BCIEACTBUE CBOCH JEIEBU3HBI OTHOCUTENBHO APYTHUX MOJSPHBIX NEUTEPUPOBAHHBIX PACTBOPUTENIEH.

Pucynok 1. Criekrpomerp AMP Bruker Avance NEO 700.
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HecmoTps Ha [oCTHKEHHS TOCIEAHUX JIET B OTEUECTBEHHOM M MUPOBOH MEIHUIIMHE, 3a00J1eBa€MOCTh apTeprUanbHON
runeprensuerd (Al') ocraercs Ha BbicokoMm ypoBHE [1]. IIporHOCTHUYECKYIO 3HAYMMOCTh UMEET JOCTHKCHUE LIEIEeBO-
ro aprepuanbHoro aasienus (A/l) B ciydasx, e 0co00ro BHUMAHUS 3aCiIy’KMBAIOT MAaMeHTHl ¢ Al, o)XupeHueM u
MeTa0O0IMYECKUMH HapyleHus MU, JKupoBasi TKaHb SIBJSIETCS META0OIMYECKH AKTUBHOM, CIIOCOOHOM y4acTBOBAaTh B
perymsmun AJl [2]. mMeHHO cTOWKHe MeTabOoIMYecKre HapyIIeHUs y JIAIl ¢ OKUPEHHEM (THUTIEpypUKEeMUsi, THITEepT-
JIMKEMUS], THIIEPIMITUACMUS) ONPEACIISIIOT HU3KYI0 MPUBEPKEHHOCTh K IIPOBOANMON JIEKAPCTBEHHOW Teparuu; ycrex
ee 3(h(eKTUBHOCTH CBS3aH C OCOOCHHOCTAMHU (PapMaKOKHHETHUKH M (papMaKOAWHAMHMKH JIEKAPCTBEHHBIX MPErapaToB
(JIIT). dapmakokuHeTHYECKas KiIacCH(DUKAIMS aHTUTUIIEPTEH3UBHBIX npenapaTtoB (All) 3akimroyaercst B cnocoOHOCTH
JIC pacTBOpSATBCA B NHUIUACOAEPKAIINX WIM BOAHBIX Cpelax C MOCIEIYIOINM UX pasfesieHueM. Y TUAPOPHIBHBIX
JIEKapCTBEHHBIX CPEICTB ITOYEUHAsl IKCKPELHUs BBIIIE, YTO CIOCOOCTBYET OBICTPOMY M JISTKOMY BBIBEICHHIO UX U3 Op-
raHu3Ma, He NoABeprasich onorpanchopmanuy. B npoTuBononoxkHocTs 3ToMy, aunoduiasusie JIIT (¢ yuetom ocoden-
HocTell (huibTpauy JUNOQUIEHBIX HOHU3UPOBAHHBIX BEILIECTB MOYKaMHU) ObICTPO peabcopOupyroTcs oOpaTHO B I10-
YeYHbIC KaHAJIbIIbI, TJI€ TOJBEPTAIOTCS AajbHENIIeH TpaHchOopMalui U METa00IU3MY, IPEeBpaILasich B 0oJiee MOspHbIC
BOJIOPACTBOPUMBIMU META0OIUTHI. DTH OCOOCHHOCTH PACTBOPHUMOCTH, BEPOSITHO, M SIBJISIETCS] KIIIOUEBBIM (DAaKTOPOM,
omnpenensomuM papmaronorundeckue paznuuus JII1 B Tepanvu narueHToB ¢ okupeHueM. [T0CKoNbKy y MalieHToB
¢ Al' m o)XHpeHHEM IMEET MECTO YBEIMUCHHE 00bheMa KUPOBOH TKaHH, TO TIpH BEIOOpe KOHKpeTHOTO All HeoOxomm-
MO YUHUTBIBATh €T0 JIMNO(UIBHOCTE, IIOCKOJIBKY BBICOKUI YPOBEHB JIUIO(UIBHOCTH OIIpeAessieT Ooiee 3HAYUTENIbHY IO
TKaHeBYy10 adpUHHOCTD npenapara K aaunouutam. Jlunogunsusie JII myrem naccuBHoi Audy3un 1erko NPOHUKAIOT
B KJIETKH, YTO CIIOCOOCTBYET MX IIMPOKOMY PACHpPEACICHUIO B Pa3IMYHBIX TKaHSIX, 0COOEHHO B JKUPOBOH. JKuposas
TKaHb, 00Ja1asi COOCTBEHHON pEeHHH-aHTHOTEH3WH-ab10CcTepoHoBol cucteMoil (PAAC), MoXKeT akTUBHO MPOIYLH-
pOBaTh AHTHOTEH3WH | U3 aHTHOTEeH3MHOTeHa, BIUSIOMNK Ha moBbimeHne yposas AJl. Kpome storo, TkaneBas PAAC
KMPOBOM TKaHU IMOJAEPKUBAET HA BHICOKOM YPOBHE (DAKTOPBI CUCTEMHOI'O BOCIIAJICHUS B aAUNOLUTAX, CIIOCOOCTBYS
MOPa’KeHNIO OPraHOB-MUILICHEH U Pa3BUTHIO CEPACYHO-COCYIUCTHIX OCIOKHEHUH Y HAalUEHTOB ¢ okupeHueM. [loatomy
B JiedeHUH NauueHToB ¢ Al' 1 MeTabonuecKuMH HapyIIEHUSAMHU BakHasi poiib oTBoauTcs Onokaropam PAAC — unru-
ourtopam anrnorensuH npespamaroniero Gepmenta (MAIID) u antaronucram penentopos AT 11 (APA 11 /capranam),
OKa3bIBAIOIIMM BIIUSHUE HA KIIIOYECBBIC 3BCHbBs maTorenesza Al, oxupeHus, caxapHoro auadera u ap. [3]. Jlunoduis-
HBIE TIPEJICTABUTEH ITUX ABYX rpymi JIIT ciocoOHBI CHIKATH BRICOKYIO aKTUBHOCTH TKaHEBOW | TutazMeHHOW PAAC,
TUIIEPCUMIIATHYECKOE BIMSHUE HEPBHOW CHUCTEMBbI, YMEHbLIATh MHCYINHOPE3UCTEHTHOCTh U MacCy KMPOBOM TKaHH.
Bericokoit munoduinbHoCThIO 00nanatoT UAIID® (nepunaonpun, pamurpui u ap); APA 11 (tenmucapran); yMepeHHOM
TUNOPUIBHOCTBIO — KanTonpu, sHananpun (UAIID); upbecapran, snpocapran (APA II); muzunonpun (MAIID), Ban-
capraH, jo3aptad (APA II) oTHOCSATCS K THIPOGUIBLHBIM COSITUHEHUSIM. BBICOKas TUMOQUIBHOCTE MpeonpeeseT
npeanouTutenbHbIN BeI00Op JIIT ipu couetanuu A" u oxxupeHust, yauTbiBasi, ogHako ux HI1D, cBsa3anHbIe ¢ UX podu-
JIeM pacTBOpuUMOCTH. [ uapoduiabHOCTD U IMNOGMIBHOCTE aHTUTHIIepTeH3UBHBIX JIIT sBIIsieTcs onpenensonmm acnex-
TOM IIpH BHIOOpPE aHTUTUIIEPTEH3UBHOM TEPANIMM y MALIMEHTOB C OXKUPEHUEM U META00INYECKUMHU HAPYIICHUSIMU.

Jluteparypa:

[1] bananosa FO.A., IllansroBa C.A., UMmaeBa A.D. u ap. PacnpocTpaHeHHOCTh apTepHaibHON THIIEPTOHNH, OXBAT JICUCHUEM U €10 3 (PEKTUBHOCTH
B Poccuiickoii ®enepaumu (nanneie HaOmonarenbHoro ucciepoBanust DCCE-P®-2). Panumonanbuas ®apmakorepanusi B Kapuuomoruw.
2019;15(4):450-466.

[2] KoBanesa FO.B. ['opMOHBI )KUPOBO# TKAaHU ¥ UX POJIb B (POPMHUPOBAHHN TOPMOHAIBHOTO CTAaTyca M MaToreHe3e MeTaboINUeCKUX HapyILICHUH
y KEHIIMH. AprepuanbHas runeprensus. 2015;21(4):356-370.

[3] BacumseBa M.H., Ocamuyk M.A., CononenxkoBa K.C. AprepuanpHas THIEpTeH3Us B aMOyJaTOPHO-NOIMKIMHUYECKONH NpaKTHKE.
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OnHUM M3 KITIOUEBBIX (PAKTOPOB MATOTeHE3a MIMPOKOTO CIIEKTPa 3a00JIeBaHNM, BKIIIOYAs OHKOJIOTHYECKHE U HEBPO-
JIOTHYECKHeE, SIBISETCS BocmajieHue. Hapsay ¢ IUTOKMHAMH, IIHPOKO M3BECTHBIMU OCITKOBBIMH MapKepaMu BocHalie-
HUS1, 0COOBII HHTEPEC MPECTABISAIOT HU3KOMOJICKYJISIPHBIE COSAMHEHHS OKCHIIMITUHBI — OKUCIICHHBIE METAOOIHUTHI 110-
JTMHEHachILeHHbIX KUpHBIX KucioT (ITHXKK). M3MeHeHus: B KOHIEHTPALUK U COOTHOIIEHNH OTACIbHBIX OKCHITUITMHOB
HaOMIOAAIOTCS TIPH PAa3IMYHBIX 3a00JI€BaHUSIX M aKTUBHO PUMEHSIIOTCS IS U3yUYEeHHUs MX TaToreHe3a. MUIEHbBIO [IH-
POKO M3BECTHBIX JIeKapcTBEHHBIX cpeacTB (JIC) mpoTHBOBOCTIANUTENBHOTO IEHCTBUS, TAKUX KaK acCIIMPHH, HOynpodeH,
WHJIOMETAIIMH U JIp. SIBISIECTCS MIMEHHO PETyIsLus OMOCHHTE3a OKCHITUIIMHOB [ 1], TP 3TOM M HOBBIE MIpenapaTsl, pa3pa-
OaTbIBacMbIE KaK PErysTOPHI IPOLECCOB BOCHAICHNS PU PA3IMYHBIX 3a00JIEBaHUSX, TAKKE BIUSIIOT HA COCTaB OKCH-
JUnrHOB. [I0CTOSHHO OTKPBIBAIOTCSI HOBBIE HU3KOMOJICKYJISIPHBIE MEIHATOPhI JIMIUIHOTO 00OMEHa, peHa3HaueHUe 1
OMOJIOTHYECKYIO0 AKTHBHOCTD KOTOPBIX €Ille TPEICTOUT U3yYUTh B OyayiieM. KonndecTBeHHBIH aHann3 Kak OTAETbHBIX
OKCHJIMITUHOB, TaK M UX COBOKYIMHOCTH (TPO(UIIS OKCHIIMITMHOB), I0JIT0€ BpeMsl ObLJT 3aTPy/AHEH W3-32 HU3KUX KOHIICH-
Tpauui 3TUX COeANHEHHUH B Onojorndeckux oObekrax. OQHAKO B MOCIEIHNUE TOJbl Pa3BUTHE MAcCC-CIIEKTPOMETpHYe-
CKHUX MOJXO/IOB K aHAJTN3Y OKCHJIMITUHOB OTKPBUIO BOBMOKHOCTH ISl U3YyUCHHUSI X OMOJIOTHUECKON aKTHUBHOCTH KakK B
KOHTEKCTE YCTaHOBJICHHUS MeXaHU3MOB JeiicTBus JIC, Tak M MX pacCMOTPEHHUS B KaUueCTBE MOTEHIMAIBHBIX OHOMapKe-
POB IIMPOKOTO crieKkTpa 3abonesanuii [2]. Mconb3zoBanue TBepro(a3HOM IKCTPAKIMN HAPALY C H30TOMHO-MEUCHHBIMH
COCIMHEHHUSIMU B Ka4eCTBE BHYTPEHHUX CTAaHAAPTOB OOECIICUMBAET BBICOKYIO CIEHU(PUYHOCTb M TOYHOCTH KOJIHYE-
CTBEHHOTO OIPEeNICHHUs OKCUIIMIIMHOB B CIOKHBIX MaTpuiax [IpeacTaBisiocs HHTEPECHBIM pa3padboTaTh MOIXObI K
KOJIMYECTBEHHOMY OTIPEENICHUIO OKCHIIMITMHOB B Pa3IMYHBIX BOJHBIX OMOIOTHUECKUX MAaTPUIAX M OLCHUTH BO3MOXK-
HOCTh MPAKTUYECKOTO IPUMEHEHHS ITOyYSHHBIX PE3yJIbTaTOB B AKCIIEPUMEHTAX in Vivo | in Vitro IjIst HCCIeA0BaHUS
Pa3INYHBIX NATOJIOTUH U AJIs OLleHKH dPdekTuBHOCTH AeicTBHA JIC pa3nmuuHbIX KIacCOB B MOJIEIBHBIX IKCIICPUMEHTAX
Ha MEPBUYHBIX KIETOUYHBIX KYJIbTYPax W KUBOTHBIX.

Jluteparypa:

[1] M. Gabbs, S. Leng, J.G. Devassy, M. Monirujjaman, H.M. Aukema, Advances in Our Understanding of Oxylipins Derived from Dietary
PUFAs, Advances in Nutrition, V.6., Ne5, P.513-540, (2015).

[2] D.V. Chistyakov, A.A. Astakhova, M.G. Sergeeva, Exp Mol Pathol, V.105. Ne2. P.190-201, (2018).
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W3zoronHblil pe3oHaHC - HeHOMEH HETMHEHHOTO U3MEHEHHSI KHHETHKHA XUMHYECKUX, ONOXUMHUYECKUX B OHOJIOTHYe-
CKHX peaklUi MpH ONPECIEHHBIX B3aUMOCBSI3aHHBIX H30TOIHBIX COCTABOB XMMHUYECKHX 2JIEMEHTOB.

W3oronHblil pe3oHaHC Il aMUHOKHUCIIOT, enTuaoB 1 6enkoB (3nemenTsl C, H, N u O) Obl1 npeckaszaH TeopeTH-
geckH [ 1], mpoBepeH Ha JIUTEPaTYPHBIX JaHHBIX [2], a 3aTeM BaJIMIUpPOBaH 3KCIEPUMEHTAIBHO Ha pocTte OakTepuii [3].
Jnst Bombl Teopus mpeackasbIBaeT pe3oHaHC NMpu yABoeHuHu a0 250-350 ppm copepxkanus AedTepust 1 HOPMaIbHOM
W30TOITHOM COCTaBE KHCJIOPOJa, YTO U ObLIO MOATBEPKACHO B OMbITax [4]. DKcliepuMEHTaIbHbIE JaHHBIE TAKKE IOKa-
3BIBAIOT BO3MOYKHBIE PE30HAHCHI HA YPOBHE TNIOTHOCTH BOJIBI.

Jeitrepnii B Boge B AuanazoHe koHueHTpaunit 80-350 ppm okazasncst peryasTopoM pocTa 4eJIOBEYECKUX KIIETOK [5],
YTO MOXKET OBITh HCIIOJIB30BAHO B OMOJIOTUU M METUIIMHE.

Jlureparypa:

[1] Zubarev, R. A.; Artemenko, K. A.; Zubarev, A. R.; Mayrhofer, C.; Yang, H.; Fung, E. Y. M. Early life relict feature in peptide mass distribution,
Cent. Eur. J. Biol., 5, 190-196, (2010).

[2] Zubarev, R. A. Role of Stable Isotopes in Life - Testing Isotopic Resonance Hypothesis, Genomics, Proteomics & Bioinformatics, 9, 15-20,
(2011).

[3] Xie, X.; Zubarev, R. A. Isotopic Resonance Hypothesis: Experimental Verification by Escherichia coli Growth Measurements, Scientific
Reports, 5, article number: 9215, (2015).

[4] Rodin, S.; Rebellato, P.; Lundin, A.; Zubarev, R.A. Isotopic resonance at 370 ppm deuterium negatively affects kinetics of luciferin oxidation
by luciferase, Sci. Rep., art. 16249, (2018).

[5] Zhang, X.; Wang, J.; Zubarev, R. A. Slight deuterium enrichment in water acts as an antioxidant: is deuterium a cell growth regulator? Mol &
Cell Proteomics, 19, 1790-1804. DOI:10.1074/mcp.RA120.002231, (2020).



dusuka
BOAHbLIE PACTBOPbI B ®APMALIUU ‘ Boarbix
PacTteopos

MpurnaweHHbIN goKNapg,

DEWTEPUA-3ABUCUMbIE XUPAJIbHbIE NNIOTHOCTHLIE
HEOOHOPOAOHOCTU B BOOAHbLIX PACTBOPAX

MneteHeBa T.B., YcneHckan E.B., Jleeuukaa O.B., KasbimoBa WU.B., ChipoewkuH A.B.

MegunuymHcekmi nHentyT PY[H, MockBa, Muknyxo-Maknas, 6
e-mail: syroeshkin-av@rudn.ru

B dapmarieBrudeckoil mpOMBIIIIICHHOCTH BOJA JUIS MHBEKIUH JTOJDKHA UMeTh pH B amanazoHe 5-7, anekTponpo-
BonmHOCTh Tipu 20 °C gomkHa ObITh He BhImIe 1,1 MKCM/CM, Takke OrpaHUYMBACTCS MaKCUMallbHAs KOHIICHTPAIIHSI
psia paCTBOPSHHBIX BEUIECTB U MPEANKUCHIBACTCS MUKPOOUOIOTHYECKAst YUCTOTA, YTOOBI HE BBI3BATh HU TOKCHUYECKUX
peakuuii, HM muporeHHoro »ddekra (pharmacopoeia.regmed.ru/pharmacopoeia/izdanie-15/2/2-2/voda-dlya-inektsiy).
[IpennonaraeTcs, 4TO MPU ITBOHHON MUCTHIUISIIIMKA WIA UHOM CIIOCOOE MOJTyYEHUS] BBICOKOOMHOW BOJBI OYIyT OTCYT-
CTBOBaTh YaCTHIIbI B3BEIIICHHOTO BEIIECTBA, CyOMUKPOHHBIC YACTHIIBI U HAHOYACTHIIBI. [laxke eciiu mpeHeOpeys nmpume-
CSIMU B BOJIE JUTSI UHBEKIIMIA, KOHIICHTPAIIMsI KOTOPBIX HUXKE Tpeziesia OOHAPYKEHUsT COBPEMEHHBIX METOJIOB AIIEMEHT-
HOTO aHaJIKM3a ¥ aHaJN3a OPraHWYECKUX BEIECTB, TO U TOT/Ia COCTAB BOJBI /IS UHBEKIIUI HE OMUCHIBACTCS (POPMYIIONH
H,O. B BBICOKOOMHO¥ BOZIE TIPUCYTCTBYIOT CIIEAYIOIME BUIBI MOJIEKYN U roHoB: HOD (16 mM), OH(H,0) , H(H,0) ,
0,,N,, CO,, HCOy,, CO32', Ar, COMFOOUTN3UPOBAHHBIC €-, KIHETUYECKH 3aXBAaYCHHBIC N 1 HAHOYACTHIIBI, OPTAaHUYCCKUE
u cunmukataeie [ 1]. Takoit ciaoxHblil MuHEepan aeMoHcTpupyeT 3ddext Tungans [2]. Okazanock, 4YTO B CBETOpaccessHAe
BBICOKOOMHOH BOJIbI IIaBHBIN BKJIAJI OKa3bIBacTe cofepkanue neitepus. OOeaHEeHNE TI0 JEHTEPHIO BOBI CO 3HAYCHHUS
H/D=140 ppm (reoxumuyeckas HOpMa Uil BOCTOYHO-EBPOIEHCKON PaBHHUHBI) 10 5 ppm MPUBOIUT K 3HAYUTESILHOMY
CHI)KCHUIO KOHIICHTPAIMH TUIOTHOCTHBIX HEOAHOPOIHOCTEH, paBHO KaK W MY 3aMEHe MPOTHUs Ha nedTepuit [3]. Dd-
¢dexr Tunaans MoxeT ObITH KOJMMYSCTBEHHO OIMCAH TPU UCTIOIB30BaHUH JIA3EPHBIX METOJ0B MAJIOYTJIIOBOTO CBETOpAc-
CesTHUS WM JMHAMUYECKOTO CBETOpaccessHus. B cBeTopaccesiHue atoT BKIIa] CYOMHKPOHHBIE YaCTUIIbI, OITUCAHHBIC O
Moiesi 6a0CTOHOB, ¥ THTAHTCKUE JISHTepuii-3aBUCUMBIC TeTepo(da3HbIe KIIACTEePhI (HITH SMYIIOHBI, HITH CyTpaHaIMoJie-
KyJISIpHBIE KOMIUICKCHI [ 1]) ¢ pa3MepamMu OT HECKOJIBKHX MUKPOH 10 100 MKM, OnTUCaHHBIE 10 MOeNu quccuranuu Ko-
MoropoBa-)Xyxopuiikoro. O0eTHEeHNE BEICOKOOMHOM BOJIBI T10 COJICPIKAHUIO ICHTEPHs TPUBOIUT K CHIDKEHHIO ITOYTH Ha
MOPSIIOK BPEMEHU CIIMH-CIIMHOBOM penakcaliy MpoTOHOB, YTO YKa3biBaeT Ha pacmpeneiaenue HOD no moBepxHoctu
THTaHTCKUX KiactepoB [4]. Mexnay BHyTpenHei ¢azoii I'TK n xonTHHYanpHOM BOIOH GopMupyercs rpagueHT H' Tak,
uro Ay, > 100 MB. Hamu oGHapy:xeHo, 4T0 npu u3MeHeHnn cooTHomenus H/D npamatuueckum o0pa3oM MEHAETCs
ONTHYECKasi aKTUBHOCTh D- 1 L-aMHUHOKHCIIOT TaK, YTO B 3aBUCUMOCTH OT pH MOXXHO ynpaBisiTh XUPAIbHOCTBIO pac-
TBOPA, MEPEKIIIoYast er0 ¢ MUHYyCca Ha TUTIoC [ 5], o00HO 3aKoHY TBepAKMCIOBa B KIETOUYHBIX OMOCUCTEMAaX. DTOT AIPPEKT
XOPOLIO OMUCAH B OPraHUYECKOM XUMUU, KOTJIa XUPAJTbHOCTh YHAHTHOMEPOB YIIPABIISICTCS C IOMOIIIBIO PACTBOPUTEIIS.
Jlnst oOOBsSICHEHUS TaKUX SBIICHHUH PUAYMaH OPUTHHAIBHBIA MEXaHU3M «CepiKaHT-coinaary. CoracHO STOW KOHIICTIIINH,
CJIeI0BaJIO0 OBl OKUAATh, YTO BHYTPU THTAHTCKUX MUKPOHHBIX KJIACTEPOB MJIM HA ITOBEPXHOCTU BUHOTPATHBIX TPO3JICH
0a0CTOHOB MOJICKYJIBI BOJIBI YKJIAIBIBAIOTCS B YIIOPSIOYCHHBIC XUPAIbHBIC CTPYKTYPHL. JleCTBUTEIBHO, TIPH JTATEITb-
HBIX U3MEPEHUSIX ONITUYCCKON aKTHBHOCTH B BBICOKOOMHOMW BOJIE MEUICHHO (DOPMUPYIOTCS TUHAMHYECKHUE XUPATbHBIC
CTPYKTYpPBbl. AHAJIU3 CIEKTPOB YAaCTOTHI BCTPEUAEMOCTU TaKUX CTPYKTYp 3a 70-80 yacoB 3-MHUHYTHBIX U3MEPEHUM MO-
KaspiBaeT, 4to B Bojie ¢ D/H=140 ppm oxono 70% TUraHTCKUX KJIACTEPOB ONTUYECKH HEaKTUBHBI, 30% - onTHYecKH
aKTHBHBI, a B Bozie ¢ D/H= 3 ppm Gonee knactepoB 90% ontruecku akTUBHEI [S5]. CyliecTBOBaHNE XUPaIbHBIX KIacTe-
POB B BOZIC XOPOIIIO OOBSCHSET MHIYKIIUIO CYOMHJUIMMETPOBBIX TUIOTHOCTHBIX HEOTHOPOJHOCTEH HAHOYACTHIIAMH [ 5],
KOTOPBIC BBICTYIAIOT B KAUECTBE HAYAIbHOU TOYKU POCTA MPOTKEHHON XUPAIBHON CPE/IbL.
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MexaHWuecKoe aKTUBUPOBAHKME TPUBOIUT K M3MEHECHUIO CTPYKTYPHBIX M (PU3UKO-XUMUYECKUX CBOWCTB TBEPJIO-
TO Tela: DIEKTPHYCCKUX, ONTHUCCKUX, POTOIMUCCHOHHBIX, MATHUTHBIX. J[JIs1 TOMOOHBIX CUCTEM ¢ pa3BUTOHN Jedek-
THOHM CTPYKTYpOW M HAKOIUICHHOW M30BITOYHOW CBOOOIHOW SHEPrHel HAPYIIAETCS COCTOSHUE TEPMOIMHAMUYECKOTO
paBHOBeCHSI, YTO 00ECIIeUNBACT €if TIOBBIIICHHYIO PEAKIIMOHHYIO CIIOCOOHOCTh. [laHHBIN (hakT 0COOCHHO TIpHBIICKATe-
JICH JUTSL TOCTYDKEHUS 3aJ1ad MEMIIMHCKOW MEXaHOXUMUU - CHUIKCHHUE JI03bI, yYBeNIn4YeHHE 3(PPEKTHBHOCTH U MTUPOTHI
TEpareBTUYCCKOTO OKHA JUIS JICKAPCTBEHHBIX CPEJCTB MOCIE MPOU3BEACHHOTO BEICOKOMHTEHCHBHOTO MEXaHUYECKOTO
BO3ICHCTBUS. [[enb OanHOlU pabomul - U3yYEHUE CBOUCTB in Sifu (IOBEPXHOCTHBIX, TUHAMHUYECKUX, JUCIIEPCHBIX, XU-
MUYECKUX, OMOIOTUIECKUX ) MOAU(DHUIIMPOBAHHOTO MOPOIIIKA JTAKO-CAMH/IA TTOCIIE TPHOOXUMHUECKOTO IIHKJIA B PEKUME
MEXaHUYEeCKOTO HArpyKEHHUsS C MPUMEHEHHEM KOMILICKCA aHAJIUTHYSCKHUX TOJXOAOB JUISi BOSMOKHOCTH YIIPABICHHS
(hapMaIrieBTHUECKUMHU CBOWCTBAMHU JICSKapCTBEHHOTO BelecTBa. MapmMarieBTrueckas cyoctanmus iakocamu (Les) mpo-
TUBORMHIIETITHYECKOTO AericTBus (Jiangsu China); HokeBast MeIbHHIIA CO METOYHBIM nBUrareneM Stegler LM-250 po-
TOPHOTO TUIA; CKaHUpYIomas snekTponHas Mukpockonus (LYRA3, Tescan; UK-®Dypre (Agilent Technologies, USA);
nmuHamuuaeckoe (DLS) u crarnyeckoe (SLS) nmazepHoe cBeropaccestaue (Malvern, UK); Spirotox-OuorectupoBanue;
cpaBHHUTEIBHBIN TecT kuHeTHKH pacTtBopeHus (CTKP). «Pa3mepHbie CieKTphl» pacipe/esieHus: aHcaMOIIel 9acTHIl Jia-
KOCaMHJla B BOJHOM pacTBOpe B MHTEpBatie OT 1 10 120 ~ m 1eMOHCTPUPYIOT ()eHOMEH JUCTIEPCHOCTH, 3aKITFOYAFOTIU -
cs B yBenmueHuu nuamerpa (d, MkM) u oobemMHON 1omu (%) TpH TpOI0IHKAIIUMCS TTpoIiecce MUKpoHu3anuu [ 1,2].
[IpenmecTByrotniee peHOMEHY TUCTIEPCHOCTH PACcIPOCTPAHCHHUE BOIH HAMPSHKEHUH, TPUBOIUT K 1EPEKTHOHN CTPYKType
KpHUCTaJlJIa, HAKOTUICHUIO M30BITOUHOM CBOOOHON IMOBEPXHOCTHOM 3HEPTUU Fs MuCTepcHON CHCTEMBI M CTPEMIICHHIO
CaMOIPOU3BOIBHO YMEHBIIIUTh ATOT MapaMeTp 3a CYET arperanuy TBEPAbIX YacTHUI[ TIOPOIIKOB U YMEHBIICHUIO TUIO-
IIaJIM TIOBEPXHOCTH B Ipoliecce Bo3aercTBus. Metox DLS no3Bossier mpoaHam3upoBaTh H3MEHEHHUS B KOH(DOpMAITHH
KOJUTOMJIHBIX YacTHUI[ B pacTBOpax Lcs, Kak (YHKIIMIO OT BPEMEHH BO3JCHCTBHS: HaWOOIBIINE U3MEHEHUS CPEITHETO
JMamMeTpa 4acTHUll, MHIEKCa IMOJIMAUCIIEPHOCTH U, KaK CIICJICTBUE, YBEIMYCHUE CPETHEH CKOPOCTH CYETa U U3MEHEHUS
JI3eTa-NoTeHIMala TPOUCXOauT B repBbie 30-50 muHyT. [laHHBIN (akT MOKET yKa3bIBaTh HAa HAOyXaHUE HAHOIUCIIEPC-
HBbIX OMKOHTUHYAJIBHBIX YaCTHUI] B BOJHOM pacTBope Lcs. MccnenoBanus KHHETUKH PACTBOPEHUS C IPUBJICYCHUEM OPH-
TMHAILHOTO M0/1X0/1a, OCHOBAHHOTO Ha K3MEHEHUHU BO BPEMEHH WH/IMKATPUCHI JIA36PHOTO CBETOPACCESHUSI, JICMOHCTPH-
pyeT 3-X KpaTHOE YBEITUYCHNE CKOPOCTH PACTBOPECHHUSI, 00YCIOBICHHOE YBEITMUSHUEM YHCIIa IUCITOKAIIUH U MOSIBICHUIO
TOYKH 1eperuba npu t,, ~20 MUH COOTBETCTBYET PABHOBECHOMY BPEMEHM MEXAHUYECKOM aKTUBALIMU CyOCTaHIIMM U aK-
THBAIUH TIPOIIECCa TMOETN KIIETOYHOTO OMOCEeHCopa B BOIHKIX pacTBopax Les. Pesynsraret CTKP nponemoncTpupoBa-
JIY TIPEUMYIIECTBA CBOWCTB CyOCTAHIIMU MTOCIIC MEXaHOAKTHBAIMU: 92% BelecTBa U3BJICKACTCS B CPEIy PACTBOPEHUS
3a 10 MUHYT, 4TO cocTaBiseT 7% pa3IN4Hii C UCXOTHBIM 00Pa3IOM.

[IpoBeneHHOE HCCTIEIOBAHUE MOXKET UMETh MIEPCIICKTUBHOE MPAKTUYESCKOE 3HAUCHUE B YIIPABJICHUH YAYUYIICHHBIMA
(hapMareBTHYECKUMHU CBOMCTBAMH, B IMOBBIIICHHH MPOYHOCTHU JICKAPCTBEHHBIX MATPHIL IIYTEM MPEIBAPUTEIBHOTO JIC-

(bOpMa]_[I/IOHHOFO YOPOYHCHHA BCICACTBUC CTPYKTYPHBIX MEPECTPOCK IMPU MEXAHNYCCKOM HAIrpy>KCHUU.
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HaHnowacTuiiel B JIeKapCTBEHHBIX CPEJICTBAX, MOMAAas B OPraHU3M, MOTYT OBITh HCTOYHHKOM MEXaHUYECKOTO CTH-
MYJIHPOBaHHS OUOJOTHYECKUX CUTHAIOB, U3BECTHOTO Kak MexaHoTpaHcAykuus [ 1]. Hampumep, ux npucyTcTBUE B OT-
JICNIEHBIX KOMITAPTMEHTaX OpraHM3Ma MOXET MPUBOIUTH K BRICBOOOXKICHUIO XUMUYSCKUX TPAHCMUTTEPOB U BO3HHK-
HOBCHHIO HEHPOHHBIX UMITYIIBCOB [2,3]. Kak oka3zanock, OHOMeXaHUYeCKIe BO3/ICHCTBUSI HE MECHEE BaXKHBI, YeM TPaJIHU-
IIMOHHO MCCIIeyeMbIC HIOTCHHbIC OMOXUMUYECKUE TTOKa3aTelH )KHUIKUX cpell opranm3ma (pH, okuciuTenbHO-BOCCTa-
HOBUTEIbHBIC MTOTCHITUANBI, KHHETHYECKUN M30TOMHBIN A((EKT, XMpaabHbIE TPEBPAIICHUS, KaTallu3) UM IK30TCHHAS
CTUMYJISIUS (SJIEKTPOMArHUTHBIE TIOJIS, TEMITEpaTypa, yIbTpa3BykK). [loI0KuTebHBIC U OTPUIIATEIBHBIC YSPTHI OHOME-
XaHUYECKOW CTUMYJISIMH YaCTUIAMHU TUCTICPCHON (ha3bl SK30I€HHOTO U SHJOTCHHOTO MPOUCXOXKICHUS HCCICITYOTCS
BcE ¢ Oomblnell akTHBHOCTHIO. Oc000e 3HAYCHUE MTPHOOPETAIOT U3yUeHHE (PU3UKO-XUMHUIECKUX MEXaHU3MOB BO3MOXK-
HBIX MEXaHOTPAHCITYKUUOHHBIX MPOIECCOB, BHI3BIBAEMBIX YaCTHIIAMH PA3HOTO HEPAPXUUYECKOro YpOBHSA [3], KOTOpbIE
JIOJKHBI COTIPOBOXKIATHCS Pa3padOTKONW METOIUK KOHTPOJIS TUCTIEPCHOCTH KUJIKUX JIEKAPCTBEHHBIX CPEJICTB.

B nmoxane 00001IeHbI JTaHHBIE TI0 OIIEHKE AUCIIEPCHOCTH BaKI[MH HOBOTO MOKOJIEHU Ha ocHOBe VL.P-uactwuir u Bo-
JTHBIX PAaCTBOPOB JICKAPCTBEHHBIX PACTUTEIBHBIX MPENapaToB aHTHOAKTEPUAIEHOTO M TIPOTHBOBOCTIAIUTEIILHOTO JICH-
CTBHSL.

Paccmotpensl TanneMHbIe oAXob!, o0beaunstonue crekrpaitbaeie (MK-Oypre HIIBO, POA, MC) u dpapmakoxu-
HETHYCCKHE (appPEHUYCOBCKasi KMHETHKA) C XEMOMETPHUYECKONW 00padOTKOW (KOJMYECTBEHHAS KOPPEISIHS «CTPYKTY-
pa-akTuBHOCTHY - QSAR 1 MeTox m1aBHBIX KOMITIOHEHT - PCA) SKCIiepUMEHTAIIBHBIX PE3yJabTaTOB.
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Besonachbie 1 3 (heKTHBHBIC — STUMH CIIOBAMH MOKHO OITUCATh COBPEMEHHBIE MTENTHIHbIC TIPEaparsl, 3a CYET CBO-
eif MHOTOTTPO()UITFHOCTH B OTHOIIIEHUH TEPAITNHU Pa3IMYHBIX 3a00neBanmil. [ oToBas nexapcTBeHHast (hopMa IMenTHIHBIX
CPEACTB, NPEICTaBICHHBIX HA POCCUHCKOM PBIHKE — BOIHBIE PAcTBOPLI. [Ipy u3yueHNH QU3NKO-XMMUYECKUX CBOICTB
BOJIHBIX PAaCTBOPOB TpEraparoB Ha MENTHIHOH OCHOBE OblIa OOHapykeHa crienn(puueckas WHIYKIUS TIOTHOCTHBIX
HEOJTHOPOIHOCTEH, KOTOpasi TIO3BOJISIET MPEIOKATh HOBBIN IKCIIPECC-METOJ] KOHTPOIISI KaueCcTBa BOJHBIX PACTBOPOB
NENTUAOB. []enb NCCleNOBaHUs 3aKII0YaeTCsl B pa3pabdoTKe HOBOTO AKCIIPECC-METOAA KOHTPOJIS Ka4ecTBa BOAHBIX pac-
TBOPOB MENTHIOB. bBITH HCCIeI0BaHbI JIeKapCTBEHHBIE TpenapaTsl Ha nojunentuanoi ocHose (Koprekcun, Lepedpo-
mu3uH, Perunanamun, PenoOpeitn CM), npenaparst MoronentuoB (DSIP, Cemakc, Menanoran-2). Merox, ¢ momo-
IIBI0 KOTOPOTO HAOMIOAAIH CICHU(PHUYECKYI0 HHAYKIUIO TUIOTHOCTHBIX HEOTHOPOIHOCTEH — TMHAMUYECKOE JIa3epHOE
cBeTopaccesiaue, mpuodop Zetasizer Nano ZSP (Malvern Panalytical, Worcestershire, UK) [1]. PaguoTremioBoe usmyde-
HUE BOJHBIX PACTBOPOB MENTHAOB (PMKCUPOBAIACH IPU U3MEPEHUHU IMUCCHH ¢ TToMo1tbio o0opynoBanus TES-92 (TES
Electrical Electronic Corp., Taipei, Taiwan) [2]. Bbuto nmoka3aHo, 4To J00aBJICHUE TICITUIHBIX KOMIUIEKCOB B PacTBOP
BBI3BIBAET crienndudeckoe (s 6momonexyn) popMrupoBaHue MIOTHOCTHBIX HEOIHOPOJHOCTEH pa3iIMdHOTO pa3Mepa
(pucyHoK 1), cpen HUX MOKHO BBIICITUTH TPU YCIOBHBIE TPYITBL: THAPOIMHAMUYECKH pannyc nentuaa (1o 10 nm),
6006cTonb! (10-1000 nm), ruranTckue rerepodasnbie kiaacrepsl (6onaee 1000 nm).

SEMAX SEMAX

1.1 pM 1.1 mM

Yo
B

d (nm)

Pucynoxk 1. Cnenndudeckast HHIYKITHS MTIOTHOCTHBIX HEOTHOPOTHOCTEH BOJHOTO pacTBOpa
MOHOIIENTHIHOTO Tipernapara Cemaxc.

[Tprunna HaOMIONIAEMOTO PaJMOTEIIIOBOTO M3Iy4YEHHUs] BOAHBIX PACTBOPOB MENTHIOB B MUJTUMETPOBOW 00IacTH
CIIEKTpa — MPUCYTCTBUE HAHOPAMEPHBIX YACTHUI] TENTHJIOB HEMPaBHIBLHONH QOpMBI [3], JOMOIHUTENLHBIM aKTUBUPO-
BaHHbBIX HarpeBoM npu T=34°C. Dmuccust 31eKTPOMArHUTHOTO U3JIyYeHUsI BOAHBIMU PACTBOPAMHU HAOIIONAIACH U IIPU
pasBenennu B cootHomenuu 1:1000, cuna curaana npu nM KOHIEHTPALHSIX BOTHBIX PACTBOPOB cocTaBisiia =~ 49% (ot
MCXOIHOTO pacTBopa). [lokazarenn paguoTerioBoro u3IydeHns BOCIPON3BOAUMBI ¢ 10% MoTpemHocThio.

OOHapyXeHHOE paJnOTEIIOBOE M3JIy4YE€HHE BOAHBIX PACTBOPOB IENTHIHBIX JIEKAPCTBEHHBIX CPEACTB MO3BOJISIET
MPEATIOKUTH HOBBIH SKCIPECC-METOJ KOHTPOJIS KaueCTBa MO TOKA3aTeNI0 MOATUHHOCTD 0€3 BCKPBITHS YIAKOBKH.
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He BbI3bIBa€T COMHEHMSI, UTO UCTIOJIB30BAaHUE YCTOSIBIINXCS BO33PEHNUI M UCTIOJIB3YEMBIX TEOPHUI PEaKIIMOHHOM CIIO0-
COOHOCTH OpPraHMYECKHX COCAMHEHHH, 0a3UPYIOMINXCS, B IEPBYIO Ouepesib, Ha TEOPUH aKTHBUPOBAHHOTO KOMILJIEKCA,
He M03BOJISET JIEKBaTHO OMUCATh MPUPOAY B3aUMOAECHCTBHUS IEKTPOMAarHUTHOTO U3JIyUYEHHUS C MOJIEKYJIaMU OpraHuye-
CKOTro BelecTBa. Jlonrue rofpl OCHOBHBIM MPEMATCTBHEM K Pa3BUTHIO aJ€KBATHOTO MOAX0AA B TAHHOM 001acTH OBLIO
WTHOPUPOBAHHUE BPALICHUS MOJICKYN B )KUAKOH (ase u poiu SHTponuiHOrO (axropa. Panee HaMu ObLIO MPEATIOKEHO
paccMaTpuBaTh pEAKIIMOHHBIX KOMIUIEKC U3 PEareHTOB U MOJIEKYJ pAaCTBOPHUTENS KaK IUCCUIATUBHYIO CTpyKTypy llpn-
roxkxuna (JICIT) ¢ cooTBeTcTBYIOMMME TOTOKaMu SHTporuu [1]:

d*(AS)/dt* + 21 d(AS)/dt + o (AS) =F  cos(o,t + ¢ ) (1)

OpnuauM 3 (hakTopoB, obecneunBaromux cymecroBanue JCII, sBisieTcs neficTBIE BHEITHEH BO3MYIIAIOIICH CHITBI,
oOecrieunBaroii TOTOK HTporuu. E€ neiicTBre MOMMKHO pacpOCTPaHSAThCS Kak Ha MOJICKYJBI PearcHTOB, TaK M Ha
MOJIEKYJIBl PACTBOPHUTEIIS COMBBATHOM 000m0uku. W3 ypaBHEHUs CiieyeT pe30HAHCHBIN MEXaHHU3M IOTIIOIICHUS YHEP-
THH 3JIEKTPOMArHuTHOTO 1oJist. Crnalble Mo pacioioKeHbl B MUKPOBOJIHOBOM JTHAITa30HE U XOPOIIO M3BECTHO HC-
MI0JIb30BAHUE MUKPOBOJIHOBOU CIIEKTPOCKONHH B CTPYKTYpHOM aHanu3e. OAHAKO B3aUMOACHCTBYIOT TOJIBKO MOJICKYJIbI,
MMEIOIIHE JUITOJBHBI MOMEHT M PeaIM3yIOIINe BpaIlaTeIbHYI0 CTENeHb CBOOO B [2].

Bona coctouT u3 opro- u mapa-u3oMepoB [3] ¥ TOJNBKO BPALIAIOIIMKCS M30MEp CIIOCOOCH B3aUMOCHCTBOBATH C
AIIEKTPOMATrHUTHBIM M3JIyYCHHEM B MUKPOBOJIHOBOM JIMana3oHe (PEe30HAaHCHOE M3MEHEHUE BPAIIaTeNIbHBIX YPOBHEH).
K 4yemy 3TO MpUBOAMT B MPHUPOJIE B JOKJIA/IE PACCMOTPEHO Ha MPHUMEPE TPAHCIOPTa BOJBI Yepe3 MEMOpaHbl OeIKaMu
AKBaIrlOPUHAMH.

MemOpana npomnyckaeT (TacCCUBHBINH TPAHCTIOPT) TOJIBKO HE MOJISPHBIE MOJICKYJIbl, HE3aBUCHMO OT WX pa3Mepa: KUc-
JIOPOJI, TUOKCH] YIIIEPOJia, CTEPOUIbI, aHTHONOTUKH. B muTeparype He 00CyKIar0TCs MPUYHUHBI TAKOW H30MpaTeIbHO-
cti. MOXXHO ToJiararh, 4To U30MPATeILHOCTh O0YCIIOBIICHA 3aIIUTON MO3Ta OT CIa0bIX 3JIEKTPOMArHUTHBIX U3ITyUeHUH,
B MIEPBYIO OUEPE/b, KOCMUYECKOTO MPOUCXOKICHHUS U B MUKPOBOJTHOBOM JIMAINIa30HE U BBITIONHSIOT 3Ty 3aIUTY OCIIKH
akBaropussl. B mociieaane 20 net Hamu ObLIa TIpOBe/ieHa OOJbIIas padoTa MO B3aUMOCBSI3M XapaKTEPUCTHK Bpalla-
TEIBHOTO JBUXKEHUS CO CBOMCTBAMU BEIIeCTBA. bbl1o MOKa3aHo, 4TO MOJIEKYIBI B 5KHJIKOM arperaTHOM COCTOSIHUU Bpa-
IIAFOTCS U TPU STOM IOJIIPHBIE MOJICKYJIBI TIOIJIONIAIOT PHEPTHIO B MUKPOBOJIHOBOM quarma3oHne [2]. Takum obpasom,
yepes OeIOK HIyT MOCIESIOBATEIBHO HE OT/CIIbHBIC MOJICKYJIBI BOJIBI, @ UIET IIeMo4YKa, o0pa3oBanHas 3a cuét BC omgHOTO
13 U30MEPOB (HE BPAIAIOIIETOCS ) MOJICKYJ BOJBI (ITapa-u30Mep), TEM CaMbIM JIMKBUIUPYETCSI BEPOSITHOCTHASI KOHKY-
peHIIUs, CHUKAIOIAasi CKOPOCTh TPAHCISALUUU. B MPOTUBHOM Cilyyae TaKUX CKOPOCTEH TpaHCIOpTa JOCTHYb HEBO3MOXK-
HO, KOTJIa KaXKJIyF0 MPUOIIKAIONIYIOCS MOJIEKYTy HEOOXOIMMO OPHEHTHUPOBATh U OJHOBPEMEHHO OTOMPATh YHEPTHUIO
BpalIaTeIbHOTO IBUKCHUSL.

K uemy 3710 mpuBoAUT? DTO MPUBOJUT K TOMY, UTO B MO3T IIPOHUKAIOT TOJIBKO HE BPAIIAIOIIHUECS MOJIEKYIIbI OTHOTO
U3 IBYX U30MEPOB BOJIBI, KOTOPBIC HE B3aUMOJICHCTBYIOT CO CIa0BIMH AIIEKTPOMArHUTHBIMU TTOJISIMU.
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denomen paauoTeryioBor smuccuu Hanodacturl (HY) B dapmanmm mo3Boami co3aarh HOBBIE IKCIPECC-METOBI
KOHTPOJISI KauecTBa JekapcTBeHHbIX npemaparoB (JIIT) [1,2]. Hamu npennoxena Monenb, B KOTOPOH Ha HAHOYACTH-
1[ax HeMpaBWIbHOW (OpMBI (GOpMHUpYETCS TPAUEHT DICKTPHUECKOTO MOTEHIIMANIA CO CBEPXBBICOKOW HATPSIKEHHOCTHIO
aneKTpudeckoro mois: 6onee 105 B/cM. Dto ciocoO6cTByeT hopMUpOBaHHIO TITa3MOMOO0HOM CTPYKTYpBI Ha y4acTKax
MOBEPXHOCTH HaHouacTull. [11a3momno00HbIe 00pa30BaHuUs HAHOUACTHUI] M3TYYat0T B Auana3oHe ot 75 I'T'i, nucnonssys
9HEPTHUIO TETUIOBBIX KoteOaHui. [IToTHOCTE TOTOKA pauon3ITyYeHus] B MM-Halla30HE MOKHO YCHIIUTh HE TOJBKO MPH
MOBBIIIICHUN TEMITEPATYPhl, HO U MPU BO30YK/IEHNUH OEIKOBBIX HAHOYACTHIIHI B BUIAMMOM Juaras3oHe. [y pacTBOpoOB
MTOJTUTIETITH/IOB MOYKHO OTIHCATh MEPEX0/l HAHOYACTHI] B BO30YKJEHHOE COCTOSHUE MOXKHO IIPH MOMOIIHU CIIEAYIOIIeH
KUHETHUYECKOH CXEMBI:

hv, k. « Meonenno, F T\

NP<k—>NP NP

rae NP — HeBo30y>kaeHHast HaHouacTuna, NP* - HaHo9acTHIa C M1a3MONOJOOHBIM yYacTKOM, BPeMsl pelaKkCaluu
PaBHOBECHOTO Ilepexoia - MeHee 1 Mc, KOHCTaHTa CKOPOCTH MeIUIeHHOro repexoaa > 1 ¢, a F miorHocTs notoka panu-
OTEIUIOBOI SMHUCCHUH.

JlaHHasi KUHETHYECKasi CXeMa yKa3bIBaeT Ha TO, YTO KIMEHHO MEAJICHHBIE CyIIpaMoIeKy/sipHble nepexoast HY sipis-
IOTCSI UICTOYHUKOM PaguOTEIUIOBON 3Muccuu. [IpencrapieHHas BblLe cxeMa peajindyema IpH COOIIONEHUH JIBYX YC-
noBuii: 1) HY cnocoOHa k 00paTrMbIM KOH(OPMALMOHHBIM IIEpPEX0JaM, CTUMYIUPOBAHHBIM HCTOUHUKOM SHEPIHH, a
MEIUICHHBIH Mepexo] K MIa3MON0I00HOMY OOBEKTY MOXKET ObITh CPaBHUM C aHAJOI'OM HEMOHOTOHHBIX IEPEXOJOB Y
MHUKPOBOJIHOBBIX U3Tydarenei [3]; 2) o0si3aTe’bHBIM yCIOBHEM Takke siBisercs popma HY, oHa jmomkHa OBITH CIIOXK-
HOM 1 Hecepuuecko, yTo OyeT CriocoOCTBOBATh CTAOMIM3ALIMH [IJIa3MEHHOI'0 y4acTKa.

W3znydyenue HaHOUACTHUL] B MM-Halla30HE [T03BOJIMIIO pa3paboTaTh JUCTaHIIMOHHbBIC METO/IbI KOHTPOJISI KauecTBa Jie-
KapCTBEHHBIX IPENaparoB, B TOM 4yHcie, 0e3 BCKPHITUS IEPBUYHON yIIakoBKU [4,5]. HoBble MeTOBI Takke MO3BOJIMIN
KOHTPOJIMPOBATh KaueCTBO MO MoKa3arento «llomHHOCTY HOBOW IPyNIIbI JISKAPCTBEHHBIX MIPENapaToB, MOTyYEHHBIX
Ha OCHOBE I'paJyaJlbHOW TE€XHOJOI'MH, B YACTHOCTH, NPH MOMOIIM BUOPALIMOHHBIX UTEpalMid, A1l KOTOPHIX BBEACHA B
locynapctBennoit @apmakoriee HoBast ctarbs (OPC.1.7.0001).
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[pocnmmun (npocuaust xnopun, Prospidii chloridum, PrsCl)) — ankunupyroree aHTHHEOIIACTUYECKOE XUMHUO-
TEpaneBTUIECKOE CPENICTBO, XapaKTepU3yoleecs qUTOCTaTUIECKHM, IPOTHBOBOCIIAINTEIbHBIM, HMMYHOCYIIPECCUB-
HBIM JeiicTBUeM. [IpuMensieTcss HapyKHO W BHYTPb AJISl JICUEHUS] HOBOOOPA30BaHMI KOXKH M CIM3UCTBIX 000JIOYEK,
Pa3IMYHBIX BUJOB IUNIOCKOKIJIETOYHOTO paka, CHCTEMHOMN KpacHOM BOTYaHKH, pe(ppakTepHOTro (TPYIHOIECYUMOT0) PeBMa-
TOUAHOTO apTpuTa [1]. B CBA3M C AMUTEIBHOCTHIO TEPANIEBTUYECKOTO JICUCHUS TALIMECHTOB aKTyaJIbHbIM BOIIPOCOM OCTa-
eTcs CHIKEHHE TOKCHYHOCTH TEePaIruy MPOCHUIUS XJIOPUAa, a TAKKe pa3padoTKa SKCIIPECCHOTO M JOCTYITHOTO METO/1a
KaueCTBEHHOTO M KOJIMUECTBEHHOTO aHaM3a Ha OCHOBE (popMalibHO 3anpeIéHHBIX N—G* DIIEKTPOHHBIX TIEPEXOJIOB C
Y4acTHEM MOJICKYJISIPHBIX OpOUTanei.

L]eny paboOTHI - OLIEHKA TOKCHYHOCTH M CIOCOOBI €€ CHI)KEHHS Ha MPUMEpE KJICTOUYHOW KYIBTYPBI Spirostomum
ambiguua, a Taxxe pazpadorka Metoa YDO-CD aiist uaeHTUDUKAINT U KOJIMYECTBEHHOTO OIPE/ICIICHHUs JICHCTBYOIIE-
r0 BElIeCcTBa PrsClz.

OObekT uccnenoBanus — JiekapcTBeHHas cyoctanius npocnuaus xiopug (« YHUTEXIIPOM BI'Y», comepxanue
neicrpyroiero Bemiectea 99,0 — 102,0%); BomHbie pacTBOpbI ¢ KoHIeHTparuei ot 0,05 10 0,2 Moins/n ais YD-COD ana-
sm3a. CeKTphI IONIONIEHHS ¢ ONIPEAEIEHUEM aHATIMTUYECKOH JUTMHBL BOJIHBL (A, , HM) B uHTepBase ot 200 10 400 am
MOJIy4eHBbI ¢ ucnonszoBanueM YOB-cnekTpodoromerpa Agilent Cary 60 (CILA). Banunanuonnsie napaMmeTpsl ompe-
JICJICHBI B COOTBETCTBUE C permamenToM O0mel papmakoneiinoi cratbt ODC.1.1.0012 «Banuaanus aHaIUTUYSCKUX
MeTOIUK». [l1s uccnenoBannss TOKCHYHOCTH BOAHBIX PACTBOPOB ObILI MPUMEHEH METO Spirotox, OCHOBaHHBIN Ha OIpe-
JIeNIeHUH BPEMEHH XKU3HH (T, MUH) U dHepruu aktupanuu (0*“E_ x/[/MOJIb) KIETOYHBIX TepexonoB. JIis CHUKEHHUs
TOKCHMYHOCTHU MIPUMEHSIACh BOJa, 00€HEHHAs 110 cojiepxkanuto Jeiitepus (Cambridge Isotope Lab, Inc, ddw, 4 ppm).

[IpoBeneHo uccnenoBaHue TOKCMYHOCTH BOAHBIX PACTBOPOB MPOCHHUIMS XJIOpHIAa METOOOM Spirotox. Bemmuuna
SHEPrUM AKTHBAIMH KJIETOYHBIX IEPEXOIOB B coCcTOstHME rudenu coctaBuna o*“E =91,5 £ 4,0 (x[x/momns). [Tpu npuro-
ToBnenuu pactopa PrsCl, B Bozie, 00eieHHOM 10 JeiiTeputo, sHeprus akTuBaluu coctapuna 0™ E =155,5 + 38 (k/lx/
MOJTB).

Cnektp nornomenus BoaHbIx pacteopos PrsCl, B untepsane ot 200 10 400 M B 1Mana3one KoHueHTpanuii ot 0,05
MOJIB/1T 10 0,2 MOJIB/JT ITPEJICTaBIICH XapaKTePHBIM MAaKCUMYMOM TIpH 282 HM ¥ MUHUMYMOM Tipu 254 uM. Paccunrannoe
3HaYeHHe KOIPHUIIMEHTa MOJIIPHON SKCTHHKIMK cocTaBisieT £=3,89 + 0,24 (iaemonb'ecm™) (n = 35). Onenka rpy0bix
[IPOMaxoB IMPOBeJCHa ¢ Ucnonb3oBanueM Q-kpurepusi. [IpaBUIBHOCTE METOAMKH MOATBEPIKACHA MO OLIEHKE CBOOO-
Horo wieHa «a» (0,092 + A0,127) B ypaBHenuu quHeiHOCTH A=f (C, MOJIB/J); JI0Ka3aHbI MPEIU3NOHHOCTh METOIUKH
npu onpeneneHuu kodhduimenta sxkctuHkuu (3,89 + 0,24) u BHyTpriabopaTtopHasi BOCTIPOU3BOAMMOCTE C OIIEHKOM
ommnoOKu cpennero (g,% = 2,1).

[Ipu orieHKE TOKCHYHOCTH METOJIOM Spirotox ObLIO MOKA3aHO, YTO B BOAHBIX PACTBOpPAX C IOHMKEHHBIM COOTHOIIIE-
aueMm D/H, TokcnaHocTh cHmkaetcs B 1,7 pasa. Pazpaborana n BanmuauposHa Metonnka YDO-CO onpeneneHus IpocCu-
TSI XJIOPHJIA B BOJHBIX pacTBOpax. Pe3ynbraThl ncciieioBaHusl MOTYT ObITh IPUMEHEHBI B (hapMalleBTHUECKOM MPaKTH-
Ke JUTsI OTIpeIeTICHUS ICUCTBYIOMIETO BEMIECTBA B CYOCTAHITIMH M TOTOBBIX JICKAPCTBEHHBIX (popMax.
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B pabore npencraBneHa HOBass METOJIMKA KOJIMYECTBEHHOTO OIPEJICICHUST COACPIKAHMS BOJIBI B HEOPTaHHMUECKUX
cybOcrannusix ¢ ucnonb3oBanueM MK-cnekrpomerpun. Meto]| ¢ IpUCTaBKONH HAPYIIEHHOTO TIOJHOTO BHYTPEHHETO OT-
pakenus (HI1IBO) obGecrnieunBaet ObICTPYIO M BHICOKOKAUSCTBEHHYIO OLICHKY MCCJICyeMOro 00pasiia, He Hapylas ero
LEJIOCTHOCTH. B JaHHOM HCClleIoBaHNU ObUIM U3YYeHBI CYOCTaHIINY Cylb(daTa IIMHKaA C PA3IUYHBIM KOJIHUECTBOM KPH-
cTayoruaparHoil Bozsl. [1o nHGpakpacHBIM CrIeKTpaM BO3MOXKHO OMPEIETUTh KOJTMUYECTBEHHOE COIep)KaHne BOJBI B
oOpasnax nuHKa cyibdara, UCTIONB3Ysl MaTeMaTHUECKYt0 00padOTKyY, BKIFOYast pacyeT IUIONaU 10/l KPUBOH 1 aHaIIN3
pe3yIabTaToB ¢ MPUMECHEHHEM METOJa TIaBHBIX KOMIOHEHT [1,2]. []ens WccmenoBaHms 3aKIIOUACTCS B OMPEICICHUH
COZIepKaHMs BOJIbI B pa3iIMuHbIX (hOpMax KpUCTaIUIOrHapara cyiabdara nuHka ¢ npumeHennem MK-cnexkrpomerpun. B
paboTe MCIONIB30BAUCH TTOPOIIKK THAPATOB Cyib(ara MUHKA (MOHO-, Tekca- u renrarujpar), UK-crnekrpodoromerp
Cary 630, cympHblil mkad Binder FD23, a takxe nporpammuoe obecrieuenne OriginPro 2021 uist craTucTuueckon
00paboTky aHHbIX. Ha pucyHke 1 A mpencraBieHbl pe3yabTaTbl ONpeIeIeHus COepKaHusl BOJIbI B CYOCTaHIIHSX, OC-
HOBaHHbIE Ha pacdy€Te TUIOMIAH TT0/T KPUBOM MUKa U pe3yasraTsl 3D-00padoTku MeTofom ritaBHEIX KomnoHeHT (MI'K)
JUIst 00pa3IoB NOCiIe BRICYIIMBAaHUS B CylHiabHOM mikady npu remneparype 105 °C B teuenne 3 1 (Pucynok 1B).

Mnowage mka=277 0469
x| —Zn80,-H,0 T —

2080, THO r

084

06+

0.4

024

00 T T T T T
4000 3500 3000 2500 2000 1500 1000

BonHoBoe 4ucro, oM’

Pucynok 1. A: Pacuér mutomanu nvka mox KpuBoit oopasia ZnSO 4x7H20. B: 3D-MI'K mns obnactu MK-cniekTpos,
COOTBETCTBYIOIIEH KOJIEOaHNIO THAPOKCHIIbHOM Tpymibl (3635 - 2568 cm).

Coneprkanue BOJbI HIMEET MPSIMYIO 3aBUCUMOCTh OT HHTEHCUBHOCTH KOJIeOaHM THAPOKCHIIbHOW Tpynibl. [TosTomy
JTAHHBIA METOJ] MOYKET OBITh MPUMEHEH JJIsl KOJIMUECTBCHHOW OLIEHKH COJEPKaHUS BOJABI B KPUCTALIOTHIPATHBIX (Op-
Max HEOpraHM4YecKux (hapMaleBTHUECKUX cyOcTaHImid. Pe3ynbraThl XeMOMETpHUUECKOH 00paObOTKH OTKPHIBAIOT BO3-
MOXHOCTh puMeHeHuss MK-criekrpomeTpun U1t Ka4eCTBEHHOTO aHaIn3a 00pa3loB yKe TOCie BHICYIINBAHUS, KOT/Aa
cocraB (apMaleBTUYECKUX CyOCTaHIMH CTAHOBHUTCS PAaBHO3HAUYHBIM 110 KOJIMUYECTBY KPUCTAJUIOTHUAPATHON BOJBI, HO
COXPAaHSIETCsI UCTOPHS POOOTIOATOTOBKH, ITO3BOJIAIONIAS PA3INUaTh 00pasiibl METOJIOM ITIABHBIX KOMIIOHEHT.

HoBble moaxonbl K KaueCTBEHHOW M KOJMUYECTBEHHOW OLICHKE OTKPBIBAIOT BO3MOKHOCTH ONEPATUBHOTO KOHTPOJIS
KadecTBa (papMaleBTUYCCKUX CyOCTaHIIMI OJMHAKOBONH HEOPIaHUYCCKON MPHUPOIbI, HO Pa3JIMYHON KPUCTAIIIOIH PAT-
HOU (OPMBI.

Jlureparypa:

1.G. H. Jeffrey, J. Basset, J. Mendham, Analise Quimica Quantitativa (LTC Livros Técnicos e Cientificos, Rio de Janeiro), 741-57, (1992).

2.H. Yan, X. Song, K. Tian, Y. Chen, Y. Xiong, S. Min, Quantitative determination of additive Chlorantraniliprole in Abamectin preparation:
Investigation of bootstrapping soft shrinkage approach by mid-infrared spectroscopy, Spectrochimica Acta Part A: Molecular and Biomolecular
Spectroscopy, 191, 296-302, (2017).
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«[Ipocnunun» u «Jlnokcaaer» SBIAIOTCS OTEUECTBEHHBIMU IUTOCTaTHYECKUMHU NpenaparaMy 1 HaXoIsT IPUMEHe-
HUE JJIs JISUCHUS Psifia HEOTUIACTHYECKUX COCTOSHUI. OHAKO dKCIIEpUMEHTaIbHAs HHPOPMALHSI O THApATAllN J1aH-
HBIX COEJIMHEHUH U B3aUMOJEMCTBUN MEXKIY MOJIEKYJIaMU PAaCTBOPEHHBIX BEIECTB MPU KOHEUHBIX KOHIIEHTPALMSAX B
BOJHBIX PACTBOPax KpaiHe orpaHUYCHa.
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Pucynok. Ctpykrypusie Gpopmyinsl «IIpoctuamaay (BBepxy) u «JImokcameray (crpana)

Kanmopumerpruiaeckum METOZOM OTIpeAeIeHbl SHTAIBIINN PACTBOPEHHSI 000MX IMUTOCTATUKOB B BOJE B (DH3UOJIOTH-
YeCKOM TEeMITepaTypHOM HHTEpBalle, a Tak)Ke JIaBICHHE TapOB B ra30BOH (hase I pacdera SHTAIBIHNH CyOInMaIiu
«/Imoxcanera». YcTaHOBIEHO, YTO TIPH BHICOKOM pa30aBIIC€HNH YHTAIBIUHN pacTBOpeHHs «/lMoKcazeTa» He 3aBHUCAT OT
KOHIICHTPAIIMHA PACTBOPEHHOTO BEMIECTBA (HEAIEKTPOINT), a B pacTBopax «IIpocmmamnaay (1:2 amekTpoint) oOHapyKH-
BaeTCs BBIpAXCHHAsI KOHIIEHTPAIIMOHHAs 3aBUCUMOCTb, KOTOpPask YIOBIETBOPUTEIHHO OMUCHIBAETCS B paMKaxX BTOPOTO
npuobmmkennst [lebas-Xiokkens. [TokazaHo, 9TO OTKIIOHEHHE OT MPEACTHHOTO 3aKOHA BBI3BAHO B3aWMONCHCTBHEM Ka-
THOH-aHUOH. DHTAJBIHIH U TETNIOEMKOCTH PAaCTBOPEHHSI O0OOMX IMPETIapaToB MOJIOKUTENBHEI, TIPH 3TOM TETUIOEMKOCTh
pacTBOpeHns «Jlnokcaneray 3HaYUTEIHHO OOJIbIIE BCIEACTBHE BBICOKON THApodoOHOCTH MONEKYIHI «JlokcageTay.
YcTaHOBIIEHO, YTO dHTANBIHS cyonmnManmn «Jnokcaneray mpu 298 K paBra 158.543.7 k/[»/M01b, a SHTATBINS THIPA-
Taruu — 154.6+3.7 xJ[>x/MOIb.
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JlekcTpaH — MHEPTHBIM NoNMcaxapua AJsl IPUMEHEHHS in Vivo, COCTOSIIHN U3 TITIOKO3bl, COSMHEHHOH - 1,6-TIHKO-
3UJHBIMH CBS3SIMH, C BO3MOXXHBIMH OOKOBBIMH LieTsiMU. [IpoaynienTom cyOcTaHIIMM, UCIIONB3YeMOl B (hapMmaneBTHye-
CKOH MPOMBIIIUIEHHOCTH JJIs1 BOCCTaHOBJICHHUS TeMOJMHAMUUECKUX HAPYLICHUH, BRICTYTIACT KyIbTypa Lactobacillaceae
u Weissella. Hanbonee BocTpeOOBaHbl BOAHBIC PACTBOPHI JeKCTpaHa ¢ MoieKysipHoi maccoit 30—40 k/a u 70 xa,
o0najiaroye BOJIEMUYECKUM, IUYyPETUIECKUM, AETOKCUKAIIMOHHBIM U aHTUTPOMOOTHUYECKUM JeiicTBusiMu. KoHTponb
KauecTBa CyOCTaHIIMU M BOJHBIX PaCTBOPOB Ha OCHOBE jAeicTByromei H/I, BkimovaeT pa3nnunbie GPU3UKO-XUMUYECKHE
METO/IbI, TIOATBEPKIAIOIINE TOUIMHHOCTE BeulecTBa. OHAKO, ONpeeiieHne YUCICHHOTO U 00BbEMHOTO pacipesee-
HUS YaCTHII, a TAKXKE UX IEKTPOKUHETHIECKON YCTOWYMBOCTH, NMEET BayKHOE 3HAUCHHE NMPH OLEHKE CTa0MIBLHOCTH,
pacTBOPUMOCTH, O€30I1aCHOCTH, OMOIOTHYECKOW aKTUBHOCTH U OMOJOCTYMHOCTH JIEKAPCTBEHHBIX CPEACTB ACKCTpaHa.
Llenv pabomut - pazpabOTKa HOBBIX ITOJXOI0B HA OCHOBE METOJIOB JIa36PHOT0 PACCESIHUS K KOHTPOJIO Ka4yeCTBa BOAHBIX
pacTBOPOB AeKCTpaHa /i AONOIHEeHN cyiecTBytomux H/[.B kauecTBe ncTouHnKa AekcTpaHa BBICTYIHII JIEKAPCTBEH-
HbIi npenapaTr Peonomunmokun (Rpg) 10%, a takxe B pasBenenuun 1:100. Ananu3 pasmepa 4acTHIl IPOBOIMIICS Me-
TOAOM AMHAMHUYECKOTO JazepHoro cseropaccessuus (DLS) ¢ momomrsio nazepHoro Hanocaiizepa Zetasizer Nano ZSP.
Jl1 XapaKTepUCTHKY HIMPUHBI TPaHYJIOMETPHUUECKOTO PacpeesIEeHUs YaCTHIL IO pa3MepaM NMPUMEHSIIN HHJEKC MTOJTH-
muctiepcHocTH (PDI). Cratuctudeckast 00paboTKa TaHHBIX OCYIIECTBISUIACH C UCIONb30BaHKeM t-recta CThlofieHTa U
onHo(dakTopHOTO AuctiepcHoro aHanm3a (ANOVA). Paznmuuus cuuranuck 3HaauMbIiMu 1ipu p < 0,05.

W3-3a u3MeHeHNsI TPOTEKaHUsI XMMUYECKUX PEaKkni B cpee, 00eTHEHHOW AeHTepreM, TTOSBIsSCTCS KUHETHYECKHUN
nzoronHblid 3dekt [1]. B cBs3n ¢ 3TUM OBUTH MPOBEACHBI UCTIBITAHUSI CBOMCTB KOJUIOMJHBIX CHUCTEM B Pa3IHYHBIX
Bosiax. Pesynbrarsl MeTona DLS neMoHCTpupYIOT YHUMOAANBHBIE, Y3KUE TTUKH PACIIPEAeTIeHUS KOIJIOUIHBIX YaCTHIL B
pactBope aekctpana 10%, kak B enuHunax uHTeHcHBHOCTH (I, %), Tak u equHMIaX 06beMHON KoHUEHTpauuu (V,%):
DLMean:7,6HM u DV‘Meﬂn=5,6HM. MoHoucnepcHOCTh 00pa3iia moaTBepxkaaeTcs uaaekcom PDI=0,22, 3HaueHus koTopo-
TO YyBCTBUTENBHBI K IPUCYTCTBUIO arperaroB B pacTBOpax: OAHOPOIHOCTh YaCTHI] B MOMYJISALUN PUBOANUT K Y3KOMY
PE3YIBTUPYIOIIEMY paclpeesieHHIO N0 pazMepaM 1 HeOombuM 3HadeHusiM PDI, uto onpenensier MOHOANCHIEPCHOCTD
obpasma. 3nauenne PDI B pazdasnenHom (1:100) obpasie cHmkaercst (PDI=0,20), uyTo yka3siBaeT Ha OOJBIIYIO OHO-
POAHOCTD KOJIJIOMAHOTO pacTBopa (Taom. 1).

Tabmuna 1. XapakrepucTrka IUCTIEPCHOCTH 00pa3IloB KOJUIOUAHOTO KPOBE3AMEHHTES TI0 TaHHBIM MeToma DLS.

Pa3mep£SD, HM PDI &, mV

Uccnenyemsrii oOpasert
Intencity,% Volume, %

Peonommmurmroxun 10% 7,6+£2,6 5,6+1,9 0,22 -0,7

Pazeenenue 1:100 (0,1%) 10,7+4,0 7,4+2,7 0,20 -0,6

B paGorte BriepBble MpeacTaBIeHbl PE3yAbTaThl HCCIEI0BAHUS TUCTIEPCHBIX HAHOPAa3MEPHBIX CBOIMCTB Peonomnumito-
KHHA BOJIHOTO PacTBOPA, COIEPIKAIIETO MeKCTpaH ¢ MoneKyisipHoit Maccoit 30-40 x/la (Dex35). IlonydyenHblie pe3yib-
TaThl MOTYT NPEICTABIATh HHTEPEC AT pa3paOdOTKH AJOIOIHUTEIBHBIX HOPM U KPUTEPUEB OLICHKH KadecTBA )KU3HEHHO
Ba)KHBIX JICKAPCTBEHHBIX BEIECTB IPYMIIbI KOJJIOUAHOTO KPOBE3aMEHUTEIEH.

Jluteparypa:
[1] Uspenskaya, E.V.; Pleteneva, T.V.; Kazimova, 1.V.; Syroeshkin, A.V. Evaluation of Poorly Soluble Drugs’ Dissolution Rate by Laser Scattering
in Different Water Isotopologues. Molecules; 26: 601. (2023)
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Hanomarepuaibl 001aaroT yHHKaIbHBIMUA (PU3UKO-XUMHUYECKUMH CBOMCTBaMU. VIMEHHO Takue CBOWMCTBA, KaK I0O-
BBIIIICHHOE 3HAUCHUE YIEIbHOHN IIOMIAIN MOBEPXHOCTH U JIOKAIM30BAaHHBIN ITOBEPXHOCTHBIN IJIA3MOHHBIN PE30HAHC,
OTKPBUIN ITyTh JJIsi HHHOBAIIMOHHBIX MTPUMEHEHUI B 00JIACTH MEAMIIMHBI, XUMUU U dapmaru [1,2]. B coBpemenHoOI
(hapMareBTHUECKOW MTPOMBIIINIEHHOCTH BCe 00JIee 3HAYMMBIMH CTAHOBSITCS JiekapcTBeHHbIe nipenapatsl (JI[1) Ha ocHo-
Be OMOIOrMYeCcKr akTUBHBIX HaHodacTull (HY) B Bue )KUAKUX JCKapCTBEHHBIX (POPM, T paCTBOPHUTEIIEM, 3a4aCTYIO,
SIBIISIETCS. BojIa. HecMOTpst Ha WX MOTEHIMAI, HEMaJOBaXKHOH 3aj1a4eid JIJIsl MPOBH30POB OCTAETCS KOHTPOIIb KauyecTBa
nansbpix JII1. OOpamiasi BHUMaHUE HA COBPEMEHHBIC TIOAXO/BI K UCCIICOBAHUIO M KOHTPOJIFO Ka4eCTBEHHBIX XapaKTe-
PUCTHK HaHOIIPENapaToB, CTOMT YYECTh HE TOJBKO TPYAOEMKOCTh H JUTUTEIHHYI0 MPOOOTIOATOTOBKY, HO M OTCYTCTBUE
BO3MOXXHOCTH HenHBa3uBHOro aHanu3a JII1 Ha ocnoBe HY [3]. B mpencrasiieHHol paboTe MCCISIOBaH COBPEMEHHBIH
HaHO-(hepPMEHTHBIN Mperapar Ha OCHOBE MOAH(DHUIIMPOBAHHOW THATypOHH/IA3bl, HATIPABICHHBIN HA TEPAITUIO U IPOQU-
JIAKTUKY BOCIIAJIUTEIbHBIX 3a001eBaHnid. OCHOBHOM IEJIBIO UCCIIEIOBAHSI OBLIO MTOKAa3aTh BO3MOXKHOCTh HEHHBa3UBHO-
T'O KOHTPOJIISI HAHOCTPYKTYPHBIX MPEnaparoB 0€3 BCKPHITUS TIEPBUYHON YITAKOBKH.

B BomHbIX pactBopax HY BcTynarot B Ban-/lep-BaanbscoBbie B3anMoieliCTBISI TOBEPXHOCTH K TOBEPXHOCTH WITH KE
JTUTIONB-TIUIIOJIBHEIE B3auMOecTBUS [4]. Tarxke /Ui HUX XapaKTePHBI MTOBBIIICHHBIC 3HAYCHHUS HANIPSYKCHHOCTH 3JICK-
TPUYECKOTO TIOJISL, YTO CIIOCOOCTBYET (JOPMHUPOBAHUIO KBA3UILIA3MEHHBIX 00BEKTOB U3 CYNMPaMOJIEKYISIPHBIX AJIEKTPO-
HOB [5]. Bputo 3ameueHo, uTo npu «akTuBanum» HY myTem HarpeBaHHs WK K€ CBETOBOW aKTUBAIIUU IIPH JJIMHE BOJIHBI
412 um, HaOMrOAeTCA MX M3ITyUYEeHUE B MUJUIMMETPOBOM JIMAIa30HE JUTMH BOJH. IMEHHO perucrpariusi COOCTBEHHOTO
PaJMOTEIIIIOBOTO U3ITyUEHUS OT MOJIIPU30BAHHBIX OMOIIOTUYECKU aKTUBHBIX HY sIBIIsIeTCSs HOBBIM METOJIOM UX KOHTPO-
i KauecTBa [6].
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Pucynok 1. Knnetnka Bo3pacTaHus U pellakCalnd COOCTBEHHOTO PaIHOTEIIOBOTO m3nydeHuss HY
MOIU(HUITMPOBAHHON THATyPOHHIa36I.

s nuccnenoBanns qaHHOTO (heHOMEHA MCIIONB30BAIMCh TATYMKN JETEKIHH dIEKTPOMAarHUTHOTO n3mydenus: TES-
92 (TES Electrical Electronic Corp., Taii6si1, TaliBaHb), HaCTpOCHHBIC Ha aHU30TPOITHOE U3MEPEHHE BIOJb OCH Z. W3-
MEpEHHUS TPOBOAMIINCH 0e3 BCKPBITHS IIEPBUYHON YITAKOBKHM MPH aKTUBAIIMH ITyTeM HarpeBanus 10 37 oC mpu moMomm
TBEepAOTEIBHOTO TepMocTara ¢ 3nemeHTamu Ilensre (Termo 24-15, Poccus). @oHOBOE M3TydeHHWE HE MPEBHIIANo 1
MKBT/M2. I3MepenHns poBOAWINCE He MeHee 7 pa3. KOHTpoias M3MEHEHHs pa3MEPHOTO CIIEKTPa HUCCIEIyEMBIX 00-
pasmoB OCYIIECTBISIICS P IMOMOIIK METOAa JUHAMHYECKOTO JIa3epHOTO cBeTopaccesHus ZetasizerNano ZSP (DLS)
(MALVERN Instruments, MansepH, Benmukoopuranus). 3MepeHns Kaxmaoro oopasia MpoBOAMINCE HE MEHEe 7 pas.
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Pesynbrarsl 00padaThBAIMCH ¢ TOMOIIBIO MakeTa mporpaMmHoro odecnedenus Origin ProLab (CILA). [pencrasnen-
HBIC Ha pUCYHKe | pe3yabTarhl HCCleIoBaHuUs COOCTBEHHOTO paauoTerioBoro m3nydenns HU moaudunupoBanHoii ru-
QITypOHUIA3bI, IEMOHCTPUPYIOT HEOOXOIMMOCTh aKTHBAIMH 00pa3I0B IPH U3MEPEHUH, YTO ITOJTBEPIKIACT OMMCAHHYIO
paHee KBa3MpaBHOBECHYIO KMHETHUYECKYI0 cxeMy [7]. Ha rpaduke nmoka3aHa KMHETHKA BO3pacTaHUsI IUIOTHOCTH ITOTOKA
AJIEKTPOMArHUTHOTO CHTHAJIA M €r0 PeNlaKCaIliy IIPHU MPUCYTCTBUHU WJIM e OTCYTCTBUU aKTHBALIMU CBETOM C JUTHHOM
BOJTHBI 412 HM.

Hosrit mogxox k koHTpoiro kadecTBa JIII Ha ocHOBe Guomornyecku akTMBHBIX HY OTKpBIBaeT MIMPOKUN CHEKTP
BO3MOYKHOCTEH JIJIsl CTaHapTH3AIMH ITOJ00HBIX MPEenapaToB 06€3 BCKPHITHS MEPBUYHON YITaKOBKH.

Jluteparypa:

[1] Johny J., van Halteren C.E.R., Cakir F., Zwichoff S., Behrends C., Bdumer C., et al. Surface Chemistry and Specific Surface Area Rule the
Efficiency of Gold Nanoparticle Sensitizers in Proton Therapy. Chemistry — A European Journal, 29(50), (2023).

[2] Fu L., Lin C.T., Karimi-Maleh H., Chen F., Zhao S. Plasmonic Nanoparticle-Enhanced

Optical Techniques for Cancer Biomarker Sensing. Biosensors (Basel), 13(11), P. 977, (2023)

[3] Joudeh N., Linke D. Nanoparticle classification, physicochemical properties, characterization, and applications: a comprehensive review for
biologists. J Nanobiotechnology, 20(1):262, (2022).

[4] Luo D., Yan C., Wang T. Interparticle Forces Underlying Nanoparticle Self-Assemblies. Small, 11(45), pp. 5984-6008, (2015).

[5]1 Gao Y., Li M., Sun C., Zhang X. Microbubble-enhanced water activation by cold plasma. Chemical Engineering Journal, 446:137318, (2022).
[6] Petrov G. V., Galkina D.A., Koldina A.M., Grebennikova T.V., Eliseeva O.V., Chernoryzh Y.Yu., et al. Controlling the Quality of Nanodrugs
According to Their New Property—Radiothermal Emission. Pharmaceutics, 16(2):180, (2024).

[7] Syroeshkin A.V., Petrov G.V.,Taranov V.V., Pleteneva T.V., Koldina A.M., Gaydashev [.A., et al. Radiothermal Emission of Nanoparticles with
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J1J1s BOTHBIX PacTBOPOB XapaKTEPHO MOSBICHUE MUKPOTETEPOTEHHOCTH, YTO OOBSICHSICTCS TTOTHBIM FUTH YACTHYHBIM
pa3pylIeHHEeM CETKH BOJOPOIHBIX CBsI3€i B BOJIE M 00pa30BaHUEM Pa3IUYHBIX MO CTPYKTYpe ariomeparoB. B oOmactu
MaJIbIX KOHIICHTPAIM HEIEKTPOIUTOB HAOIIOMAIOTCS aHOMAIWY KOHIICHTPAIIMOHHBIX 3aBUCHUMOCTEH psina (usmue-
CKHUX CBOMCTB, U 3Ta 00J1aCTh HauboIIEee XOpoIo u3ydeHa. O0IacTh CPeIHUX U OOJIBINUX KOHIICHTPAIUN H3y4eHa OTHO-
CUTEIBHO ¢1a00.

B noknazne mpencTaBieHbl pe3yabTaThl SKCIIEPUMEHTAIBHOTO U3YYCHHUST BOJAHBIX pacTBOpOoB aneToHuTpria (ALIH)
BO BCEH 00yacT KOHIIEHTpanui. B3anMosneiicTBue Mexay Moiekyinamu Boasl U ALIH mpu oOpa3oBaHuM pacTBOPOB
MIPUBOJIUT K MEPECTPOUKE CTPYKTYPhl 000MX KOMIOHEHTOB. B pactBopax Boma — AILIH BO3MOXHBI pa3iU4HbBIC BHIIBI
B3anMoyelcTBuil: Boga—Boaa, ALlH-Bona, ALIH-AILIH. Ha ocHoBe aHanu3a psjga U3NYECKHX CBOWCTB BCS 00JACTh
CYIIECTBOBaHUS BOIHBIX pacTBOpoB ALIH Obuta paznenena Ha 5 pa3nuyaronuxcs o CTPyKType uHTepBaiion: X = 0—0.1,
0.10-0.35, 0.35-0.60, 0.6-0.9, 0.9-1.0 m.n. ALIH [1]. OcobeHHOCTH CTPYKTYpPBI B K&KIOM M3 HUX OBbUIM OOBSICHEHBI
00pa30BaHUEM Pa3THYAIOIINXCS 110 CTPYKTYPE MOJICKYIISIPHBIX arjioMepaToB.

Jyis aHanm3a CTPOCHUS MOJISKYIISIPHBIX arlioMeparoB B BOAHBIX pacTBopax ALIH MbI ucciemnoBamm MeXMONCKYIISP-
HbIC B3aUMOJICHCTBHS B KJIACTEpaX BOJA-allCTOHUTPHUI KOHEYHOTO pa3Mepa, Imojarasi, 4To arjoMepaThl B PacTBOpPax
COTIOCTABUMBI TI0 Pa3MEPY U CTPYKTYPE C MCCIeN0BaHHbIMU Hamu KiacTepamu. Ctpoenne knacrepos (CH,CN) - (H,0),
OBLIO PacCYMTAHO METOJIOM TeOpUH (YHKIIMOHANA IIOTHOCTH ¢ (hyHKImoHanoM B3LYP/cc-pvdz ¢ yuerom maucnepcu-
oHHOM nonpasku [ pumme D3 [2].

[TomyueHHbBIe TaHHBIC O B3aMMHOM PAaCIOIOKEHUU MOJIeKyn Bobl 1 AI[H B kimacTepax HCIIONB30BaHbI ISl HHTEP-
MPETaNnH 3KCIIEPUMEHTAIBHBIX JJAHHBIX U TIOCTPOCHUS MOJICITH BOJHBIX PACTBOPOB allETOHUTPHIIA.

JIaHHBIN MMOIXO/ K OMMCAHUIO CTPOCHHS BOJIHBIX PACTBOPOB IMPEICTABISCTCS MEPCIECKTUBHBIM Il OIMCAHUS Me-
KMOJICKYIISIPHBIX B3aUMOJICHCTBHIA M CTPYKTYPBl PACTBOPOB Pa3IUYHOTO cocraBa. ClieayeT OTMETHTh, YTO MOTO0OHBIH
MOJIXO0J] paHee OB MCITONIBL30BaH ISl OTIMCAHUS CTPYKTYPBI BOJAHBIX PACTBOPOB JICKTPOIUTOB [3].

Paboma svinonnena 6 pamxax memuvl « Monexyisipnoe cmpoenue u HAOMOLEKYAAPHASL OP2AHUZAYUSL UHOUBUOYATHHBIX
sewjecms, 2ubPUOHLIX U PYHKYUOHATbHBLIX Mamepuanosy (121031300090-2).

Jluteparypa:

[1] A. . Abpamosuy u JI. B. JlanmmHa, AHamu3 CTPYKTYpbl BOJHBIX PACTBOPOB AllETOHUTPUIIA HA OCHOBE M3Y4CHHUs 00BbEMHO-yIPYTHX CBOWCTB,
KypHan puznueckoit xumun, 88, 815-821 (2014).

[2] T.B. bornan, /1.A. ®upcos, B.I1. Yeprkora, u A.M. Abpamosud, Pacuer ctpoenus knacrepos (CH,CN), u (CH,CN),_-H,O meromom Teopun
(yHKIMOHANA IOTHOCTH, JKypHal cTpyKTYpHOH Xumun, 65 (11), 134865 (2024).

[3] AK. JIamenxo, A.FO. 3aceukuii, MI3MeHeHns CTPyKTYPHOTO COCTOSHHS, JHUHAMHUKU MOJIEKYN BOJBI M CBOMCTB pacTBOPOB MPH MEpPEXofe K
3MEKTPOIUTHO-BOAHOMY pacTBopHTento, JKypHan cTpykTypHoii xumun, 39(5), 851-863 (1998).
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B skcnepumenTax no PentreHoBckoi nudpakroMeTpunu Oblia H3ydeHa crequ(uKa KpUCTaioo0pa3oBaHus U3 Te-
PECHIIEHHBIX BOAHBIX pacTBOpoB CuSO, Ha AKX CTEKISHHBIX MOJIOXKKAX; IPH 3TOM B BOAHBIA pacTBOp 100aBs-
J1ach CyCreH3us CcyOMUKpoHHBIX yacTull Hadpurona. Kak n3BecTHO, 3 NepeCHIIEHHBIX BOAHBIX pacTBOpoB CuSO, moryT
ObITh BeIpamiensl nenTaruaparsl CuSO,*x5SH, O ¢ TpukiauaHol curronuei u Tpuruaparsl CuSO,x3H,O ¢ MOHOKIMHHOK
cuHroHuel. [Ipu 3ToM 1711 TaHHOTO KpHCTajlla SHEPreTHIeCKU 0oJiee BBITOJHON KPUCTAJUINYECKON CTPYKTYpPOU SIBIIS-
eTcs TPUKJIMHHAsE CHHTOHHS, T.€. Ha IIaJIKUX MOIJIOKKaX OyIyT BEIpAcTaTh MUMEHHO TIeHTaruaparsl. Kak Obu10 mokazaHo
pasee, B pacTBOpax, MPUTOTOBJICHHBIX HA OCHOBE OOBIYHOM MPUPOAHOM BOIIBI C cOAepKaHueM Jieiitepus 157 ppm B mpo-
necce HaOyxanus Haguona mpoucxoaur pasmMaTbiBaHHE NOIMMEPHBIX LEMOYEK B 00BEM KUIKOCTH MEPIEHANKYISIPHO
MOBEPXHOCTH MOJIMMEPA; ITOT MPOLECC BIUAET HA CHHIOHHIO BhIpamuBaeMoro kpucramia CuSO,. UMenHo, npu Bbi-
palyBaHUU KpHCTAUIa U3 MEPECHIIIEHHOTO pacTBOpa Ha OCHOBE NMPUPOIHON BOJBI 0CAIOK Ha MOJIUMEPHOHN MOAJIOKKE
npencrasnsgeT cobor tpuruapar CuSO,*x3H,0. B 1o e BpeMs1, €ClIM NEPECHILEHHbIH PACTBOP NPUIOTOBIEH HA OCHOBE
00eTHEHHOH O IS TEepHIo BOIBI (CoepKanue AeHTepust 3 ppm; B 3TOM ciryyae 3(h(eKT pazMaTbIBaHHUsI OTCYTCTBYET), TO
KPHCTAJUIMYECKUH 0CaI0K Ha MOJMMEPHOM MOLIOKKE MpecTaBisger coboi nenraruapar CuSO,x5H,O. Ilokazano, 4to
n00aBJIeHNE B BOTHBIN pacTBOp CyClIEH3MH CyOMHUKPOHHBIX YacTull HauroHa Takke BIUSET HA CTPYKTYPY KPHCTaIIIH-
YEeCKOTo 0CajKa Ha IMIaJKOH CTEKISIHHOM moJytokke. FIMeHHO, eciii pacTBOp MPUTOTOBIIEH HA OCHOBE MPUPOAHOM BOJIBI,
TO KPUCTAJUIMIECKUI 0CaIOK IPEICTABISET COO0M cMech TPUTHpaTa M IEHTaruipara, a €Cji pacTBOP IPUTOTOBIICH HA
OCHOBE 00EIHEHHOM MO IEHTEpHIO BOIBI, 0CATOK Ha IIaJKON MOAJIOKKE SBIsieTCs neHTaruapatom. [lokazano, uro 00-
Jy4deHHUE yIBTPa3ByKOM cycrieH3un yacTui Hadrnona B mpouecce BbIpallBaHus KPUCTAIUIA IPUBOIUT K TOMY, YTO KpH-
CTaJUIMYECKUI 0CaZOK U3 PACTBOPOB Ha OCHOBE OOBIYHOM M 00CTHEHHOH 110 IEHTEPHIO BOJE ABJSIETCS TIEHTAruApPaToM
CuSO,*x5H,0. B sKkcniepuMeHTax Mo JMHAMHUYIECKOMY CBETOPACCESHUIO OBLIO TOITYYEHO, YTO CYyOMUKPOHHBIEC YaCTHUIIbI
Hadwuona B npupoaHoii Boge criocoOHsl popMUpOBaTH MUKPOHHBIE arperarsl 3a cdeT 3¢ GeKTa pa3MaTbiBaHHs TOTUMEP-
HBIX BOJIOKOH, & B 00CTHEHHOH 110 ISUTEPHUIO BOJIC TAKUE arperarbl He 00pasyroTcs, T.e. B TOM Cllydae pa3Mephbl YaCTHIL
Hadwuona nopsinka 100 — 200 aM. B 3THX 3kcniepuMenTax ObIJIO TaKKe MMOKa3aHO, YTO YIBTPa3ByK pa3pyllaeT arperarsl
yactun Haduona B cycrnieH3uu Ha OCHOBE MPUPOAHOM BOJIBI; B pe3yabrare pasMepsl yactun Haduona B cycrieH3usx Ha
OCHOBE PUPOJHOHN 1 00CAHEHHOH 110 AEUTEPHUIO BOJIBI CTAHOBSATCS] OMUHAKOBBIMH. MOKHO yTBEPKAaTh, UTO pa3HUIA B
KPUCTAUTMYECKUX CTPYKTypax ocajKa Ha IIaIKOH MOJIOKKE ISl PACTBOPOB Ha OCHOBE MPHUPOAHON U 00ETHEHHOW MO
JEUTEpUIO BOJBI C J0OABICHUEM CyCIIEH3UN CyOMUKPOHHBIX yacTull Hadumona oOycnoBieHa pa3MaTbiBaHuEM / OTCYT-
CTBHEM pa3MaTbIBaHHs MOJUMEPHBIX BOJIOKOH C MIOBEPXHOCTH ATUX YACTHII.
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B skcnepumente mo oOmyueHHIo 00paslioB BBICOKOPa30aBIeHHOTo BoaHOro pactBopa NaCl u JenoHH30BaHHON
BOJIBI 3JICKTPOHHBIM ITyYKOM C SHeprueit 6 MeV ¢ amuTenbHOCThI0 uMIynibea T = 1.5 psec Obu10 0OHAPYKEHO, UTO Psilt
CBOMCTB 00Jly4eHHOT0 00pa3ia AUCTAaHIMOHHO ‘‘TiepeHocATCs” Ha HeoOIy4eHHBIH 00paser Toi e kunkoctu (3ddext
WHKYOMPOBaHHS). DTOT MEPEHOC OCYIIECTBISETCS TP MOTPYKEHUH CTEKJITHHOTO (U1akoHa ¢ HeOOIyUYeHHBIM (MHKYOH-
pyeMbIM) 00pa3IioM BHYTPh OOTYYSHHOTO 00Opasiia B TeueHue yaca. DPPEKTUBHOCTh, HHKYOUPOBAHHS OI[CHUBAJIACH 110
BeIMYHMHE K03 (UIMEHTa TOMIOIIEHHS Ha JUTHHE BOSHBI A = 600 HM 11 HeoOryueHHoro obpasna. Kak uzsectno, Boaa
HE IMOTVIONIAET Ha ATOH JJIMHE BOJIHBI, HO HA 3TOH JUIMHE BOJIHBI LIEHTPUPOBAHA M10JI0Ca MOTIOLICHHUS THAPATHPOBAHHBIX
ANIEKTPOHOB, T.€. B OOJTYYEHHBIX 3JIEKTPOHAMH 00pasliaX Takoe MmoriomeHue ectb. OKa3anoch, 4TO B HHKyOHPYEMBIX
o0pasiax TakKe MOsBISETCS MOTIOMICHNE Ha 3TOH AJTMHE BOJIHBI, IPUYEM 3TOT 3(h(HEKT MpOosIBISETCS TPU HHTEHCUBHOM
BCTpsXUBaHUH 00pa3noB. st oObsicHeHus ObUIa pa3BUTa TEOPETHUECKAsi MOJIEIIb, OCHOBAaHHAs! Ha KOHIICTINH 0a0CTO-
HOB (a00peBuarypa bubble, stabilized by ions). badcton ¢ pagunycom R = 100 HM cTaOMIU3UPOBaH 3a CYET aJCOPOIHH
aHHMOHOB, T.€. ero 000J0YKa oTpuLaTenbHa. [1ydoK sMeKTpOHOB HHIYLIUPYET HEOAHOPOAHYIO cuity KyinoHa Bronb mo-
BEPXHOCTH 0a0CTOHA, UTO MPUBOIUT K BOSHUKHOBEHHIO PaIMaIbHBIX KOJIeOaHUI Ha COOCTBEHHOM YacTOTE B TUTArepiio-
BOoM Juanasone. [lockonabpky 6aOCTOH 3apshKeH OTPULATETIBHO, 3TH KOJIeOaHUs JOIKHBI COMPOBOXKIATHCS U3ITyUCHHEM
ANEKTPOMArHUTHOM BOJHBL. JIJI1 MOIIHOCTH M3IYYEHHUS SJIEKTPOMArHUTHOW BOJIHBI OTAEIBHOTO 0abCTOHA MOiTyueHa
TeopeTHyeckas oueHka / ~ 6:10"° B, T.e. Takas MOIIHOCTb OueHb Maia. [loka3zaHo, 4TO B pe3yibrare BCTPSXUBAHUS
00BbeMHasI IIIOTHOCTH 0A0CTOHOB MOYKET YBETUUUTHCS Ha 4 TTOPsIKA 0 CPABHEHMIO C HAXOASIIMMUCS B TOKOE KUAKUMHU
obpazuamu. [Ipu 3ToM MHTETrpanbHas MOLTHOCTD M3Ty4YeHUs ancamons 6adctonoB B o0beme 100 M nocturaer 1 MBT.
Wznydenue ¢ Takoli MOIIHOCTHIO MOXKET MPUBOAUTH K 3 (exTam HHKyOaun: 6a0CTOHBI B MHKYOUPYEeMOM 00pasLie pe-
30HaHCHO BO30YKIAIOTCS NIEKTPOMATHUTHOM BOJIHOW OT OOJyYEHHOTO AIIEKTPOHAMH 00pasiia, B pe3yJabrare 4ero Bo3-
HHUKaeT MOoronieHue Ha JyrHe BoiaHbl 600 HM. Mozenb, 0CHOBaHHYIO Ha M3JTy4eHUH 0a0CTOHAMU 3JIEKTPOMAarHUTHON
BOJIHBI B TUTareploBOM JHana3oHe, MOKHO MCIIONIb30BaTh AJsl 00bsCHEHUS 3P PEKTOB AUCTAHIMOHHOTO BO3ACHCTBHS
BOJIHBIX PacTBOPOB JpyT Ha jpyra [1-4].

Jluteparypa:

[1] Penkov N. Antibodies processed using high dilution technology distantly change structural properties of IFN y aqueous solution // Pharmaceutics.
—2021. — Vol.13, Nel1. — P.1864. https://doi.org/10.3390/pharmaceutics 13111864

[2] Jerman I. et al. Molecular signal transfer of highly diluted antibodies to interferon-gamma regarding kind, time, and distance of exposition //
International Journal of Molecular Sciences. — 2024. — Vol.25, Nel. — 656. https://doi.org/10.3390/ijms25010656

[3] Novikov V.V. and Yablokova E.V. Interaction between highly diluted samples, protein solutions and water in a controlled magnetic field //
Applied Sciences. —2022. — Vol.12, Ne10. — 5185. https://doi.org/10.3390/app12105185

[4] Petrova A. et al. Phenomenon of post-vibration interactions // Symmetry. — 2024. — Vol.16, Ne8. — 958. https://doi.org/10.3390/sym16080958
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PazpaboTka u coBepiIeHCTBOBaHHE METOJJOB ONTHYECKON MUKPOCKOIIMM HAHOYACTHL] Pa3HOHM MIPHUPOJIBL, B TOM YHCIIE
OMOJIOTHYECKOH, SBIISETCS] OJHUM M3 aKTyaJIbHBIX HAlPaBJICHUH COBPEMEHHON (POTOHUKH. ITO OOBSICHACTCS HATUINEM
psiia IPUHINIHAIBHBIX TPEUMYILECTB METOIOB ONITUYECKOW MUKPOCKOIINH, TAKUX KaK BBICOKHE ONEPAaTUBHOCTD U WH-
(hopMaTHBHOCTB, MPOCTOTA U MaJIO€ BpeMsl MOATOTOBKU 00pasia, 00JIbIIas, 10 CPAaBHEHHIO C AJIEKTPOHHOM U 30HI0BOH
MHUKPOCKOIIMEH, TOCTYITHOCTD aImnaparypsl, a TaKkke, YTO Ype3BbIYaifHO BasKHO, BOBMOKHOCTD IPOBOIUTH U3MEPEHHS B
BOJHBIX Cpelax, B YaCTHOCTH, U3y4aTh HAHOOOBEKTH OMOJIOrMYECKOM PUPOIBl B HATUBHBIX ycloBUsX. He MeHee Bax-
HBIM JIOCTOMHCTBOM ONITHYECKONH MUKPOCKOIIUH SBJISIETCSI BOSMOKHOCTD JOCTHKCHUS YyBCTBUTEIBHOCTH JOCTATOYHON
JUISL HaJIS)KHOW BU3yaIM3allii OMMHOYHBIX YaCTHUI] CBEPXMAJIBIX pa3MepoB (10 €AMHUL] HAHOMETPOB U MEHEE, BKIIIOUast
OZMHOYHBIC aTOMBI U MOJICKYJIBI).

OCHOBHO#1 LENBIO JOKJIaAa SBISIETCS JEMOHCTPALUs PeajbHbIX BO3MOKHOCTEH pa3paboTaHHOTO B KOJUICKTHBE Jia-
3€pPHOTO YABTPAMUKPOCKOIA “‘CBETOBOIO MOJIOTHA”, pabOTAIOIIEro B PEKUME PErUCTPAllid CUTHAJIOB YIPYTOro pac-
CesiHMSI, B pa3HbIX NMPUMEHEeHUsX. [loka3zaHo, 4TO MOMUMO BH3yaJH3ally OJMHOYHBIX HAHOYACTHI U OTPEIEICHUS UX
THIPOJMHAMUYECKOTO pajinyca, CO3IaHHBI MUKPOCKOM MO3BOJISIET MOMydaTh HHPOPMAIMIO O MpoIeccax arperanuu
M3y4YaeMbIX HAHOYACTUI] U OCOOEHHOCTSX BHYTPEHHEH CTPYKTYpPbhl BOSHMKAIOIIMX HA X OCHOBE arperaros, B YaCTHO-
CTH, OLICHMBATh INIOTHOCTh YIAKOBKH HAHOYACTHI] B HAOIIOJACMBIX arperarax.

O6cyxnatoTcs BO3MOKHOCTH MTPUMEHEHHUS] METOIOB ONITHYECKONH MUKPOCKOITUH 715l M3yYEHHsI B BOAHBIX pacTBOpax
HAHOYACTUL OMOJIOTMYECKOM MTPUPOJIBI, B TOM YHUCIIE IS LIeNel MEIUIMHCKON TUarHoCTUKHU. B yacTHOCTH, MPUBOIAT-
Csl IPUMEPBI IPUMEHEHUS CO3/1aHHOTO MUKPOCKOTIA AJISl XapaKTepH3aluyd HaHOYACTHII B CHIBOPOTKE KPOBH YENIOBEKA
(arperatbl anbOYMUHOB, JTUTIOTIPOTEHHBI U JIP. )
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B noxnane paccMaTpuBaeTcsl MpUMEHEHHUE 3ICKTPOXUMHUYECKON umIieancHo# ciekrpockonuu (DUC) u saepHoro
MarHuTHOTO pe3oHanca (SIMP) mis aHanm3a HBHKEHHS )KUIKOCTEH (COKa) B TKaHIX (PIIOIMBI M KCUIJIEMBI CTEOJIST pac-
TEHUH ¥ KOPHEBOH CHCTEMBI MIPH BBIPAIIMBAHUY B YCIOBUAX TUAPOTOHUKU. OCO00€ BHUMAHUE YIIEISLTH METOINKE U3-
meperuit OUC u moowibHbIME SIMP [1] cercopaMu, MX HOBOMY PUMEHEHHIO JUTsl PEIICHUS 33124 META0O0JIOMUKH [2]
C LIETBI0 paHHEU MUAarHOCTHKHU CTPECCa M MaTOreHoB pacTeHuid. OTAEeNbHBIN HHTEPEC 31eCh MPEICTABISCT MarHUTHAs
Y THAPOAMHAMUYeCcKass 00paOOTKu BOABI [3] [T MppHUTAINH, a TAK)KE CIIOHTaHHOE ()OPMHUPOBAHHE KOHTAKTHOTO CIIOS
BOJIBI C TIOBHIIICHHOMW ajare3uel, ooOHapyxeHHoe panee [4]. [IpencraBineHbl pe3ynbTaThl SKCIIEPUMEHTOB M0 OHOIOTHYe-
CKOH JISTEKI[UH MATOTEHOB U MOJUTFOTAHTOB OKPYKAIOIIEH Cpe/Ibl, B YaCTHOCTH CBEpXHM3KOH KoHIIeHTpamuu (10-15ppb)
O,, myTeM U3MEpPEHNs IMHAMUKH XKHUJIKOCTHOMU Cpelibl B cTebie pactenuii Nicotiana tabacum v Solanum lucopersicum.
JlabopaTtopHble ¥ MMOJIEBBIE UCIIBITAHUS TIOKA3aJId BHICOKYH) YCTOHYHBOCTh TOAO0OHBIX OMOCEHCOPOB B €CTECTBEHHBIX U
TOpOJICKHUX 3KocucTeMax. OCHOBHBIM MTPHUMEHECHUEM TIOYYCHHBIX PE3YJIBTATOB SBISIOTCS HAYYHO-00OCHOBaHHBIE TEX-
HOJIOTMH BBICOKOM MPOTYKTUBHOCTU B TOUHOM CEJILCKOM XO3MCTBE, B MEPCIEKTUBHBIX BEPTUKAIBHBIX THIPOTIOHHBIX
¢depmax. bonee uem 200-kpaTHOE MPEBBIIICHNE YPOXKAWHOCTH HAJ TPAJUIIMOHHBIM BBIPAIIMBAHUEM U UCIIOJIh30BAHUC
Pa3IMYHBIX TPYHTOBBIX CyOCTPATOB CTABUT ATOT TOAXOJI B PSIJT BRICOKOIIEPCIICKTHUBHBIX TEXHOJIOTUH JIJISI UCTIOJIb30BaHUS
B MMIJIOTUPYEMBIX KOCMUYECKUX KOMILUIEKCaX B BUEC aBTOHOMHBIX UCKYCCTBEHHBIX arpOPKOCHCTEM, OCOOCHHO B YCIIOBH-
SIX JUIMTEIBbHBIX MUCCUH K JPYTUM IITAHETAM U MHBIX KOCMHUUECKUX MPUIOKEHUIX [5].

Jluteparypa:

[1] Windt Carel W. , Nabel Moritz , Kochs Johannes , Jahnke Siegfried , Schurr Ulrich, A Mobile NMR Sensor and Relaxometric Method to Non-
destructively Monitor Water and Dry Matter Content in Plants, Frontiers in Plant Science, 12, 2021, DOI:10.3389/fpls.2021.617768

[2] Nagana Gowda GA, Raftery D. NMR-Based Metabolomics. Adv Exp Med Biol. 2021, 1280:19-37. DOI:10.1007/978-3-030-51652-9 2.

[3] Kernbach, Serge & Pershin, Sergey, 2023, Dynamics of capillary effects in spin conversion of water isomers. DOI:10.21203/rs.3.rs-2578255/v1.
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KaBuranmonHast 00pa0b0TKa BOJIbI COITPOBOXKIACTCS O0OTAIIEHUEM opro-H,O cnuHoBbIMU H30Mepamu Ha 12-15% 1o
naHHbIM 4-hoToHHOU criektpockormu [1] m MPT [2], a Takke yBennYeHHEM BBICOTHI OABbEMA MEHUCKA B KAITMJLISAPE
[3]. Baxxno neuebHOE CBOMCTBO TaKOH BOABI: OBICTPO PacTBOPSIET MOYCUHBIE KAMHH OKcanaTa Kanbsius [4]. M3BecTHO,
9TO BoJa (ppaKMOHUPYETCS U BHITAIKUBACT HAHOC(EPHI CYCIIEH3UHU OT ITOBEPXHOCTH Ha JICCATKH MUKPOH [5], a Takxke
nposieBaet ¢a3zy MOJIOAOCTH U MPOAOIDKUTEILHOCTD KU3HH Mbltiel [6]. KonTakTHBIN (THapaTHON) CIIOH BOIBI C Ma-
KPOMOJIEKYJIaMU WJIM HaHoJacTHIamMu SiO, MposIBIISET CTPYKTYpY Jibja Ha ciekrpax KP u BPMb B BOAHBIX CycrieH3HsaX
SiO, [7]. OcraBanock HeACHBIM Kak ()PAKIMOHMPOBAHHME BOJBI B KOHTAKTE C BO3IyXOM BIMAET Ha KOO()PULIMEHT are-
3UM U Ha BBICOTY MOABEMA MEHHCKA B Kanmwsipe. [l U3ydeHus aare3uy MoBEPXHOCTHOTO CJIOS BOABI MBI HCIIOJIB30-
BaJI TOHKHE CTEKJITHHBIE KaTWJUIAPHI ¢ BHYTpeHHUM quameTrpoM 300 Mxm. Kammmiaps! niavnoit 100 MM mocTaBisiiu
naptueit u3 1000 mwr ¢ mocne pasnoma kanwuigpa. CKO HEPOBHBIX TOPLOB Kamwuisipos mox 900 cuuzmn pazdpoc
BBICOTHI oAbEéMa MeHHcKa 110 ~0.1 M. ITociie copTHPOBKH KanmuuIIpoOB MO TPYMIAaM ¢ OJMHAKOBON BBICOTOH MofbEMaA
MEHHCKA M3-3a €CTECTBEHHOTO pa3dpoca BHYTPEHHETO JUaMeTpa Mbl MPOBOAMIM W3MEPEHHsI OIHOBPEMEHHO Ha 2-4
KallWIIsIpax, yCTaHOBJIEHHBIX C HHTEPBAJIOM 5-8 MM C MOTPYKEHHEM MIIM KaCAHUEM TIOBEPXHOCTH Y CTEHOK KIOBETHI U
otaanéuHo ot Hux. OOHApYKEHO YCTOMYMBOE YBEIUUYEHHE BHICOTHl MEHUCKA AUCTHIUIMPOBAHHON BOJBI TIPU KacaHUH
noBepxHocTH (51-53 MM), ToTHa Kak BHICOTa MEHHUCKaA ¢ IIyOuHBI 5-10 MM coctaBisa (44-46 mm). Kacanue nmosepx-
HOCTH OKOJIO TUIEHKH HadHoHa [5] yBeTHUUBaeT BHICOTY MEeHHCKa Ha 2-3 MM. O0CyKaaeTcsi MeXaHU3M OOHapYKEHHOTO
(pakLMOHUPOBAHUS BOIBI HAa JIBE COCTABIISIONINE, KOTOPBIE «TEPSIOT» YCTOHUMBOE OTIMYUE MIPHU NEPEMELIMBAHIH U
TpeOyIOT BpeMs (~4 4acoB) Uil BOCCTAHOBIICHHS.

Jlanuvie ucciedosanus npogoounucy 6 pamkax npoexkma PH® 23-42-10019

Jluteparypa:

1. S.M. Pershin, A.F. Bunkin, Temperature Evolution of the Relative Concentration of the H,O ortho/para Spin Isomers in Water Studied by Four-
Photon Laser Spectroscopy , Laser Phys. 19(7), 1410-1414, (2009)

2. S.M. Pershin, A.F. Bunkin, N.V. Anisimov, and Yu.A. Pirogov, Water Enrichment by H20 ortho-Isomer: Four-Photon and NMR Spectroscopy,
Laser Phys., 19(3), pp. 410-413 (2009)

3. S. Kernbach, S.Pershin, Dynamics of capillary effects in spin conversion of water isomers, arXivev:2302.03753v1 (28 Dec 2022)

4.N.V. Gvozdev, E.V. Petrova, T.G. Chernevich, O.A. Shustin, L.N. Rashkovich, Atomic-force microscopy of growth and dissolution of calcium
oxalate monohydrate (COM) Crystals, Journal of Crystal Growth, 261, 539-548 (2004).

5. J. Zheng and Gerald H. Pollack, Phys. Rev. E 68, 031408, (2003)

6. C.E. IToctHoB u np. Tpyas! 6-if koudepeniyn «Dusrka BOAHBIX pacTBOpoBy», ¢.101, Mocksa, 13-15 HosiOpst 2023; https://awoda.info/

7. C. llepumin, A.Bynkun, M.JlaBbiioB, A.@énopos, M. I'pummn, CTpykTypa Jibla THIPATHBIX CIOEB MaKPOMOJIEKYI M HAHOYACTHII, JaHHAs
KOH(epeHIHs.



® -
METOAbl UCCNEQOBAHMUSA BOAHbIX PACTBOPOB EZETbl?po

MpurnaweHHbIN goKNapg,

®U3NKO-XUMUYECKUE 3AKOHOMEPHOCTU
BOOHbIX PA3BABJIEHHbIX CUCTEM BUOJIOMTMYECKMU
AKTUBHbIX BEWECTB - KJ1l0M K CO3OAHUIO HOBbIX
CEJIbCKOXO3ANUCTBEHHbIX U MPUPOOOCBEPEAIOLNX
TEXHOJIOMMN

PbhkkuHa U.C.

UHcTuTyT opraHnyeckon n gousndeckou xummm uM. A.E. Apbysosa OUL|
KasaHckui Hay4HbIi LeHTp PAH, Poccns, 420088, KasaHb, yn. Akag. Apbysosa, 8.
e-mail: irina.s.ryzhkina @ mail.ru

PaccMmoTpens! pe3ysbTaThl UCCIEOBAHUM, B KOTOPhIX HA OCHOBE M3YUYEHUS KOMIUIEKCOM IKCIEPUMEHTAIBHBIX Me-
TOJIOB YCTAHOBJICHBI U OMUCAHBI KITFOUEBbIE (PU3UKO-XMMUYECKHE 3aKOHOMEPHOCTH BOJIHBIX CHCTEM OMOJIOTHYECKHU aK-
TUBHBIX BemecTB (BAB) HU3KHX pacueTHBIX KOHIIEHTPAIMH, MOJTYYEHHBIX METOJOM JCCATUYHBIX Pa3OaBlIeHUN U BbI-
JIEP’)KaHHBIX B YCIIOBHUSX €CTECTBCHHOTO WM MOHIKCHHOTO YPOBHEH BHENTHUX (m3mdeckux moinei [1-10]. C moMorisio
pa3pabOTaHHOTO aJTOPUTMA BBISBICHA B3aUMOCBSI3b HEMOHOTOHHBIX KOHIIEHTPALMOHHBIX 3aBUCHUMOCTEH pa3mepa,
JI3eTa-MOTeHIIMAJIa HAHOACCOI[ATOB, HHTCHCUBHOCTH (ryopeciieHny, YO-nornomeHus, GU3NKO-XUMUYECKUX XapaK-
TEPUCTHK M HAHJICHHBIX C MCIOJIb30BAHHEM IKOTOKCHKOJIOTHYECKUX TECTOB OMOJOIMYECKUX CBOWCTB pa30aBICHHBIX
CHCTEM NPAKTHYECKH BaXXHBIX BAB (mecTunmaoB, peryisTopoB pocTa U pa3BUTHS PaCTEHHUH, JIEKAPCTBEHHBIX Mperma-
paroB). CorliacoBaHHOCTh HEMOHOTOHHOTO M3MEHEHHMs ITapaMeTPOB HAHOACCOIMATOB, (U3UKO-XUMHUYECCKUX U OMOJI0-
IHYECKUX CBOWMCTB CUCTEM B MHTEPBajle HU3KMX KOHIEHTpalui obecreunBaeT MporHo3 0uodpGpexToB pa3daBieHHBIX
BAB Ha ocHOBe uX (pU3MKO-XUMHUYECKOTO CKpUHHHTA. Pa3paboTaHHbIi 110/1X0/], 00JaJatollnii HHTEPIIPEeTAIHOHHBIMU
Y IPOTHOCTUYECKUMHU BO3ZMOXHOCTSIMH, U YCTAHOBJIEHHBIE 3aKOHOMEPHOCTH 000CHOBBIBAIOT HEMOHOTOHHBIE BapHAIIH
CBOMCTB BOJIHBIX pacTBOpPOB BAB 1 BinsiHEE rUIIOMarHUTHBIX YCJIOBHI Ha (DYHKIIMOHUPOBaHUE OPTaHU3MOB. BhIsBIICH-
HbIE 3aKOHOMEPHOCTH 3aKJIAJIbIBAET OCHOBY HOBBIX TEXHOJIOTMM B CEJIBCKOM XO34MCTBE, OXPAHE SKOCUCTEM M JPYIHX
00JIacTsIX KU3HEACATEIHHOCTH YEJIOBEKA.
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BriepBble, HACKOJIBKO HaM M3BECTHO, OOHAPY)KEHa CITMHOBAsI CEJIEKTUBHOCTH MPOLECCOB, MPOUCXOISIINX B Mapax
HaJl TOBEPXHOCTHIO KUIALIEH BOJIbI, MPUBOAANIAS K 3HAYUTEILHOMY YBEIMYEHHIO B Iapax 1o Mosekyn opro-H,O.
Hamu mabmionanoch Bo3pacTaHHe OTHOCHTEIBHOTO COAECPKaHUsI OPTO/Tapa-u30MEPOB BOABI OT ONPEeIsieMOro KBaH-
TOBOW CTaTHCTUKOM paBHOBecHOro 3HadeHus 3:1 go 5:1. Jlng aHanmza conepaHMsl CIIMHOBBIX M30MEPOB MOJIEKYIIBI
H,O B mapax HaJi NOBEPXHOCTBIO BOJIbI OBLI MCIIOIB30BaH NMEPECTPAUBACMbIN JHOHBIH asep. CeKTpaabHbIA aHaIn3
conepxanus, opro- u napa-H,O mpoBoausIcs ¢ UCTIONB30BAHUEM JIMHUH MOIIOMICHUS 3THX MOJIEKYJI, TIPUHAIEKAIIUX
kosebarenpHO—BparareabHoi nonoce 101-000 1 UMErOINX YacTOThI IIEHTPOB 7355,557 em! 1 7354,599 cm!, cooTseT-
ctBeHHO. [Ipu HarpeBanuu BoAbl 0T KoMHaTHOU Temmepartypsl (20C) mo Bropo#t daser kunenus (~80C) Habiaroganoch
OTHOILIEHUE COJEPkKaHMsI OPTO- U Mapa-u3oMepoB ~3:1, XxapakTepHoe A HOpMaJbHBIX YCIoBUH. Bo Bpems BTopoi u
Tpetbeit a3 kuneHus (80-90C) opTo/mapa OTHOIICHHE YBETUYHIOCH 0 5:1. BO3MOXHBIN MEXaHU3M YBEITUYCHUS JTOJTU
opro-H,O B mapax, 06pa3yeMbIX pH KUIIEHUH, MOKET OBITh CBA3aH ¢ 00€ITHEHMEM PABHOBECHON CMECH U30MEPOM Tla-
pa-H,O 3a cuer ero Gonee BBICOKOH aKTMBHOCTH B KOHJIEHCALMU W 00pa30BaHWHM MUKPOKAIesb, IMMEPOB U TPUMEPOB
BOJIBI.
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Edmond J. Safra Campus, Jerusalem 91904, Israel

The microwave dielectric relaxation of aqueous solutions of univalent (KCl, NaCl, Nal) and bivalent (CaCl,, MgCl,)
electrolytes at concentrations between 0.1 and 1 M at 25 °C was investigated using a vector network analyzer (0.5<v <
40 GHz). The spectra of these electrolyte systems are characterized by a symmetrical broadening of the main relaxation
peak and were fitted using the Cole—Cole equation. In our analysis, we provide insights into the underlying physics of
the relaxation events at microscopic and mesoscopic scales by using a 3D phase space trajectory that is based on the
interactions of the relaxing dipole units with their surroundings and Frohlich’s B function. The effect of the solutes
on the H-bond network of water with increasing concentration is evident in the microwave dielectric spectra through
decreasing dielectric strengths and relaxation times. It was found that the number of perturbed water molecules is higher
in the case of bivalent electrolytes and appears to be proportional to the ionic radius. In our approach, the particular
dependence between the broadening parameter o and the relaxation times t reflects the rate of interactions between the
elementary dipole units and their surroundings. We provide a quantitative analysis of the level of perturbation caused by
the presence of ions in the hydrogen-bond network of water. It was found that the H-bonded network of water is highly
perturbed in univalent systems compared to bivalent systems due to weaker bonded hydration shells. Finally, we found
significant differences between the dielectric response of NaCl and Nal. The differences, originating in the counterions
Cl" and I, which are characterized by large ionic radii and consequently weaker electric fields in their vicinity, confirm
that the effect of weakly hydrated ions should not be neglected in microwave dielectric spectra analysis.
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B3AUMOOENCTBUE BHYTPU U MEXXMONEKYJIAPHbIX
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Knacrepsl MosieKyt BOfIbI OCTAIOTCS OOBEKTaMH HHTEHCHBHBIX HCCIICIOBAHUI B CBS3U C MOMBITKAMHU HANTH KITIOUH K
HEOOBIYHBIM CBOMCTBAM BOJIBI B KHJIKOM U TBEPIOM COCTOSIHUSX. HecMOTps Ha To, YTO N30JMPOBAHHBIEC KITACTEPHI BOIBI
HE MOTYT paccMaTpHBaThCS KaK MOJENHN Ul JOJTOBPEMEHHON ITUHAMUKHU B KHIKOH BOJE, OHU SIBJISIIOTCS YIOOHBIMU
o0BbeKTaMHM JJIsl aHAJIN3a TUHAMUKH CETOK BOJAOPOTHBIX CBsI3€H Ha KOPOTKHX BPEMEHHBIX MHTepBajax [l]. B manHom
JOKJIajie OymyT MpeaCcTaBICHBI PE3yIbTaThl MOJCTUPOBAHUS KOJJICKTUBHON TMHAMHUKH MaJIbIX KIaCTEPOB MOJICKYJT BOJIBI
(ot TpuMmepa 1o nenTamepa). Llenbio paboThl ObLIO HCClieIoBaHUE MYTEH pelaKcali YHEPTUH ¢ HadyaJIbHO BO30YKICH-
HBIX KOHKPETHBIX TUIIOB ABMKEHUS B Kitactepe. [Ipu 3ToM sHeprust HayaibHOTO BO30YKICHHS KJIacTepa BapbUpoBajach
B mpezenax oT 1.2 1o 4.6 kkai/MoJb B pacueTe Ha MOJIEKYTy. TpaeKTOpUH JBMKEHUS ATUTEIBHOCTHIO 0 100 1ic Opun
MOCTPOEHBI B PaMKax HEAMITMPUYECKOW MOJICKYJSPHOW IMHAMHUKHM B npuOmmxkenun bopra-OmnmnenreiiMepa ¢ 1marom
0.3-0.5 ¢c. Cuipl, neiictByronme Ha siapa ObUTH pacCYMTaHbl HA OCHOBAHWH PELICHUS 3JIEKTPOHHOH 33/1a41 METOJOM
MP2 (BTOpO#i mopsAoK Teopun Bo3mylueHni Memnepa-Ilneccera) ¢ paciimpeHHbIM ABYX3KCIIOHEHTHBIM O0a3ucoM. s
aHaJM3a CIEKTPAIbHBIX XapaKTEPUCTHK TUHAMUKHU ObLI MpUMEHEH MeTo[ 3(P(EKTHUBHBIX MOI. DTOT METOA SIBISIETCS
MoauduKaneld MeTos1a IIABHBIX KOMIIOHEHT M TI03BOJISIET BBIICIATE U ONUCHIBATh KOJICKTHBHBIE IBH)KEHHS B aTOMHBIX
1 MOJIEKYJISIPHBIX CUCTEMAX C CHIIbHOW aHTapMOHWYHOCTBIO MOTEHIMaNa B3auMoeHCTBH [2]. CrekTpaabHBINA COCTaB
Beaymux 3¢ dexkTUBHBIX Mo ObIT onpeneneH ¢ nomolbio Oypee-npeodpa3oBanus, a YHEPTHUsl, COCPEIOTOUCHHAS Ha
MOJIaX ONPEAEIEHHOTO THUIIA, — MHTETPUPOBAHUEM 10 COOTBETCTBYIOIINM CIEKTPAIBHBIM JHANIa30HAM.

B noknane OyayT mpeacTaBieHbl ClIeAyIOIUe Pe3yIbTaThl:

1. OcHOBHBIC KaHAJBI peJIAKCAIlMY Ha4albHOW SHEPTUH BO30YKACHU KilacTepa.

2. Ilepepacmpenenenre HauaIbHOM SHEPTUs BO3OYKACHUS KiacTepa Mo 3(PPEeKTUBHBIM MOJIaM B 3aBUCUMOCTH OT
JUIATENBHOCTH TUHAMHUYECKON HBOJIOINH.

3. AKTHUBaUus HU3KOYACTOTHBIX ABHKCHUI MOJIEKYJI, @ IMECHHO JIMOPAIIMOHHBIX U MEKMOJICKYJISIPHBIX KOJICOaHMH,
[Py HaYaJIbHOM BO30YXIeHHN Ae(hOPMALMOHHBIX KOJIEOaHNH.

4. OueHKH BpeMeH IepepacnpeieieHus] SHEPTUU BO30YKICHHS KilacTepa MEKIy KoJeOaHUSIMHU B Pa3HBIX CIEK-
TpanbHbIX HHTepBanax (20-350, 400-1000 u 1200-1700 cm™).
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OKCHEepUMEHTAIBHO UCCIIE0BAHO BIMSHUE IPOTOHOOOMEHHOH nonnMepHoi MmeMOpansl Haduon Ha xoadduuuent
noBepxHoctHoro HaTspkeHus (KITH) BomnbIX pacTBOpoB, nBYX (hopMm MermineHoBoro cuHero (MC) u ackopOHMHOBOA
kucnotel (ACK), mpuroToBIeHHBIX Ha EMOHN30BaHHON Bojie. CBolicTBa MeMOpanbl HaduoH npu ee B3anMOIeHCTBUH
C BOJHBIMH PacTBOpaMH HOAPOOHO uccienoBaHbl B padoTax [1-3]. I'maBHas nepdropyrieponHas 1ernb MeMOpaHbl SBIIs-
ercs rupodoOHOI yacThio nonuMepa. bokoBsie nenu ¢ cynsgorpynnamu 00nagaoT ruapoPpUIbHBIMA CBOWCTBAMU U
CIOCOOHBI a1COPOUPOBATh MOJIEKYJIbI BOZbl. BHYTpH MeMOpaHbl, pu ee BEIMAYUBAHUU B BoJie (POPMUPYETCS CTPYKTYpa
THUTIA IJTMHIPAYECKUX MHUTIEIUT C 3aII0JTHEHHBIMH BOJIOW KaHalaMu ¢ pa3mepoM (2...3) aM [1,2]. Ha moBepxHOCTH 3THX
KaHaJIOB ITPOMCXOJUT AUCCOLHUALNS KOHIEBBIX CyIb()OTpyI MNoIMMepa IO CXeMe:

R —SO0;H + H,0 & R—S05 + Hs0",

Y BHYTPEHHSS TIOBEPXHOCTh CTAHOBUTCS OTPHUIIATENFHO 3apsbkeHHOW. BHYTph kaHanoB 3(h(peKTHBHO BTATHBAIOTCS
KaTHOHHI [ 1,2], 9TO UCTIONB3yeTCs TS TPOCTPAHCTBEHHOTO paseneHust noHoB H u OH™ B ycTaHOBKAx 110 BOAOPOIHOM
sHepreTrke. C OHOIM CTOPOHBI, TPOTOHHAS MTPOBOUMOCTD TTOJIMMEPA 3aBUCUT OT KOHIIEHTPAIIMU BOJBI B HEM, U TIPO-
BOJIMMOCTH TTOJTUMEPA PACTET C YBEITMUYECHUEM KOJIMYEeCTBa BOJBI BHyTpH MeMOpansl [1]. C apyroit ctoponsl, Mopdoro-
THsl 1 MOHOOOMEHHBIE CBOMCTBA MeMOpaHbl HamoH MO3BOMNSIOT UCTIONB30BaTh €€ B Ka4eCTBE MATPHIIBI [Tl CO3IaHHS
KOMITO3UITMOHHBIX CTPYKTYp 3a CUET BHEIPECHHSA B HEE PAa3NUYHBIX XUMUYECKUX DJIEMEHTOB [4], A BBIPANMBAHHS
KpHCTAILIOB [5].

DKCIepruMEeHTAIBHO YCTaHOBJIEeHO, 4To 3HadeHne KIIH nemonnszoBaHHO#N BOAbI, OKucieHHOW (Mc*, pacTBop roiy-
6oro 1Bera) u BoccTanoBieHHOW Gpopm MC (McH?, GecriBeTHBII pacTBOP) PE3KO YMEHBIIACTCS HA HAYAIbHOM JTare
BBIMauHMBaHMsI MEMOpaHBI B TAHHBIX pacTBopax. [1o cpaBHEHHIO ¢ JEMOHM30BAaHHON BOIOH, pacTBOpEl MC, 00pazoBaB-
muecs B mporecce auddy3nn ux KOMIIOHEHTOB B MeMOpany, nmetoT MeHbinnit KITH: ra 20% mns Mc™ u Ha 24% ms
McH°. nst pactBopa ACK (5 /i) nporcxoaut yBenuuenue 3HaueHus KITH va 15 %.

Hanuuue y3xoro BpeMeHHOT0 HHTEpBaia JUisl Ipoliecca cyliecTBeHHOro uaMeHnenus 3nauenust KITH pactBopos cBsi-
3aHO C aKTUBHBIMH TP PY3MOHHBIMU IIEPEHOCAaMU HOHOB B IIPUTIOBEPXHOCTHON K MeMOpaHe 001acTH U ¢ peopraHu3a-
1Mell CeTKU BOJOPOIHBIX CBsI3eil BoAbl. MoienbHbIE HEOMITHPHUYECKHE KBAHTOBOXUMUYECKUE PACUEThI TIOATBEPIKIAIOT
BIIMSTHAE YaCTUYHOTO PACKPYYHBAaHUS OOKOBBIX IIETeH MoJuMepa, KOOPIUHUPOBAHUS UMH COJICPIKAIIMXCSI B PACTBOPE
MOHOB, a TaK)Ke€ 00BEMHOTO COOTHOIIEHUS THAPOMUIBHBIX U TUAPOPOOHBIX (hParMeHTOB B MOJEKYJISIPHOH CTPYKType
Ha PEOJIOTHIO BOIHBIX PACTBOPOB BOJIHM3H IMMOBEPXHOCTH MeMOpaHsl [S]. [Ipr KoHTakTe MEMOpaHBI C TOCTATOYHBIM KOJIH-
YeCTBOM MOJIEKYJI BOJBI SHEPIeTHUECKU BEITOIHBIM OKA3bIBAETCS PACKpyUHBaHKE, B IIpenenax 15 A, G0KoBbIX menouek
Hadwuona, koTopsie 3akanunBarorcs cyiabdorpynmnamu —SO*H, a Taxke TUCCOMUAIINK ATUX TPYIII ¢ GopMHUpOBaHHEM
MOHOB THIPOKCOHHS M CTPYKTYPHBIX aHHOHHBIX OCTaTKOB —S(03 , npudeM HOHHbIC mapsl SO3 ... H30" cnocobHb!
KOOPIUHUPOBATH KaK MIPOTOHOAOHOPHBIE, TAK M MTPOTOHOAKIIETITOPHBIC YaCTHUIIHI.
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Hamu Obiin mostydeHs! JaHHBIE O BIMSHUM PAaCTBOPOB, MOJYYEHHBIX MO TEXHOJIOTHUH MOCIIEI0BATEIbHBIX pa3Bee-
uuit (PIIP) anTuTen, BKIIIOYAIONIYIO BUOPAIMOHHOE BO3ACHCTBHIE NPU KaXKIOM Pa3BeICHUHU, Ha CTPYKTYPHbIE CBOHCTBA
naxTo3sl [1]. U3MeHeHuns Oblin 0OHApY>KEHBI HA BCEX YPOBHSIX CTPOCHUSI: Pa3Mepbl TPaHyJI JaKTO3bI MTOCIIE HACBIICHHSI
yMEHbIIANUCH (OTIaHYHs 10 51%, COrTacHO CHTOBOMY aHANN3Y), Pa3Mephbl KPUCTAJUIUTOB JAKTO3bI TAKKE N3MEHSIIMChH
(monmymupHHa MUKOB PEHTIEHOCTPYKTYPHOTO aHaiu3a ominyaiach 10 13%), MEHAIMCh pa3Mepbl KPUCTAITHUECKON
pewerkn (Pucynok), PamaHoBCKHe clieKTphl paccesHusi 00pas3oB JIaKTO3bl OTIMYAIMCH B AMANa30HaX TOPCHOHHBIX
KoJIeOaHHH JIaKTO3bI (YBETHMYCHUE HHTEHCUBHOCTH 110 33% okoino 761cm™ n mo 16% oxono 783cm ™). DT pesynbrars
MO3BOJISIIOT YTBEPIKAATh, YTO HACKHIILICHUE PACTBOPAMH, OITYUYEHHBIMHU 110 TEXHOJIOTHH TTOCIICA0BATEILHBIX PAa3BEACHHM,
HEOOpaTUMO MEHSET KPUCTAJUIBI JTAKTO3HI.
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Pucynoxk. [TapameTpbl KpuCTaINTHYIECKUON pemeTKH (a, b, C) TaKTO36I pa3THIHBIX 00PA3IIoB,
onpenenennbie MeTogoM PCA. * — ommune oT WHTaKTHOMH J1akTo36l (p<0.05),
** — oToMaMe OT JTakTO3bI, HackImeHHo# PIIP Boxsr (p<0.05).

Bo3MOXXHBIM MEXaHU3MOM, KOTOPBIH ObI OOBSCHSIT TOT0OHOE U3MEHEHHNE CBOICTB JIAKTO3HI, SBJSIETCS BIUSHUE Ha-
HOITY3bIPbKOB 1 HHBIX (MIIOTHPYIOIINX CYIPaMOJIEKYISIPHBIX CUCTEM, BOSHUKAIOIMINX MTPH HHTEHCHBHBIX BUOPAITMOHHBIX
BO3JIEUCTBUSIX, SBIISIOMIUXCS HEOTheMieMon cocTasJstolieit PITP. [IpunoBepXHOCTHBIE CIIOU JKUAKOCTH BOKPYT HaHO-
MTy3BIPHKOB C BO3MOXKHBIMH (DIIOTHPYIOMIMMHI YaCTHUIIAMH MOTYT SIBIATHCSA KaK 30HAMH HEPaBHOMEPHOTO PACTBOPEHHS
W PeKpHCTAJUIN3alNHU JAKTO3bl. Paznmmuus B popMe U CTPOCHNHN JaHHBIX CYNPaMOJIEKYISIPHBIX CUCTEM, BO3ZHUKAIOIITHE
M3-32 Pa3IUYHBIX W3HAYAJIBHBIX CYOCTAHIIMH, MOTYT NMPUBOAWTH K WX CHeNU(UIECKUM BO3AeHCTBUAM. OXHO3HAUYHO
MOYKHO YTBEPKAATh, YTO TIOKa3aHHOE B HAIlIel paboTe BIMSHUE PACTBOPOB HA KPUCTAIUTMYECKYIO CTPYKTYPY JTaKTO3BI
TTO3BOJISICT CBSI3aTh HEOOBITHBIC CBOMCTBA PACTBOPOB MOCIIE BUOPAITMOHHBIX BO3ICHCTBHIMA [2] 1 OMOIOTHYIECKYIO aKTHB-
HOCTB TIPerapaToB, MoydeHHBIX u3 PIIP, moaTBep X AcHHYIO B KIIMHHYECKUX UCCIIEIOBaHUAX [3].
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[Tpu cMemBaHUK BOITHOTO pacTBopa cylb(pozamenieHHoro Gpranomuanua Meau SONHCuPc (10 momb/i) co pac-
TBOpoM XxJjiopHoro skenes3a FeCl, (10 momb/m) vepes 24 yaca Hab/01a10Ch BBIIEIEHHE U3 PACTBOPA TBEPIOH 00bEM-
HOU (pakuuu (TasonraHIHA, COPOBOXKIABIICECS] H3MEHEHHEM LIBETa PacTBOPa ¢ rory0oro Ha 3eseHbli. OnTudeckas
MHUKPOCKOIHS TIOKa3aj1a TPEXMEPHYIO CETUATYIO CTPYKTYPY BBIACTHMBILIEHCS QPpaKiy, COCTOALIYIO U3 OTACIbHBIX ario-
MEpaToB CO CPEIHUM XapaKTEPHBIM pa3MepoM nopsika S MkM. Llenpro qanHoi paboThI SBIISIIOCH H3yUCHHE MEXaHU3Ma
00pa3oBaHus CYNPaMOJICKYIISIPHOM CTPYKTYpPBI (hTaJOIMaHHHA B BOJAHO-3TAHOJIBHOWM CMECH.

[Tpu u3MepeHnH CIeKTPOB MOMMIOIIECHHS ObIT0 00HAPY>KEHO, YTO HHTEHCUBHOCTH Q-TIOJIOCHI B CIIEKTPE TOTIIOICHHUS
¢dTamounannHa He YMEHBIIACTCS, OAHAKO HAOMIOHaeTCsl YMEHBIICHHE MorIomeH s B oonactu 580-620 HM u pocT B 00-
nactu 700-750 HM, 9TO CBHICTEIBCTBYET 00 M3MEHEHUH CTPOeHMUS 00paszyembix SONHCuPc acconmaros, compoBoskia-
IOIIEMCsI CHIDKCHUEM YKcia arperaroB H-tumna u poctoM umnciia arperatoB J-tuna (KOTopsle Jaiee MOoryT (hopMUpOBaTh
MHUKPOCTPYKTYpPBI, coOMparomuecs B «<00beMHYI0 ceTky») [1-3].

Pesynbrars! m3meperniit AK® (aBTokoppensiuoHHO# (YHKIIMA MHTEHCUBHOCTH) HHTEHCUBHOCTH PACCEsHHS U Bpe-
MEHHOM 3aBHCHMOCTH MHTEHCHBHOCTH pacCesHUsl B CMECH IOKa3alld, YTO 3Ta 3aBHCHMOCTh U u3Menenue AK® co
BpEMEHEM BEIyT ceOsl aHAJOTUYHO TAKUM 3aBUCHUMOCTSIM B TelIsIX MOJIMMEPOB, JKeJlaThHa 1 OenkoB [4-6], onlHaKo ecTh
Y OTJINYHSL.

[pennonaraercs, 4To KIOUEBYIO POIIb B (JOPMHUPOBAHUY CYNPAMOJICKY/ISIPHOH CTPYKTYPBI B CMECH BOJIBI M 3TAHOJIA
UTpaeT U3MEHEHHE CTPYKTYPBI PACTBOPA OT CUCTEMBI CIUIOIIHON CETKH MOJIEKYJ BOJBI Ha OCHOBE BOJOPOAHBIX CBS3EH
K CHCTEME OTACIBbHBIX KJIACTEPOB, 00BEIUHSIONINX HECKOIBKO MOJIEKYJI PACTBOPSIEMOTO BEILIECTBA U pacTBOPHUTEN [7].
Pe3ynbrarsl 1aHHOW pabOTHI MOTYT HAHTH MPUMEHEHNE B MEJULIUHE M OUOJIOTUH.
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[Ipobnema MOHMMaHUS ¥ KOTMYECTBECHHOTO OMMCAHUS COMbBO(OOHBIX MIIH, B YACTHOM Cllydae BOAHBIX PACTBOPOB,
ruapoQoOHBIX APPEKTOB 3aTparuBacT BaKHEHUIITHE 00IacTH €CTECTBO3HAHMS, BKIIOUAIOIIUE (QH3MUECKYIO U KOJITOUI-
HYIO XUMHIO, MOJICKYJIAPHYIO OHOJIOTHI0, OMOpH3HKY U T.1. CunTaercs, 4To (OpMUPOBAHKE ra30BbIX I'HIPATOB, arpera-
st aMpUUIOB, KOHGOPMAIMK MaKPOMOJIEKYJI, 00pa30BaHUE MUIIEIUT M ABYXCIOWHBIX MeMOpaH B 3HAYNTEIBHOH cTe-
MEHU KOHTPOJIHMPYIOTCS dPdeKkramu THApOPOOHOH THApATAUN U CBS3aHHOTO ¢ HEeH rUapodOoOHOTO0 B3aUMOACHCTBHS
[1, 2]. Psan TeopeTHUECKUX M AKCIIEPUMEHTAIBHBIX UCCIIEIOBAHUI YKa3bIBAIOT HA HAJIWYHE CONbBO(GOOHBIX 3 deKToB
(C3) B pactBopHTeNnsx ¢ ceTkamMmu H-cBsizell, 0qHAKO HE MOXKET OJHO3HAYHO OTBETUTH Ha BOIPOC 00 MICHTUYHOCTH
HaOMI0MaeMBbIX SBJICHUH MMEIOIIMM SHTPONUIHYIO npupoay 3¢gdexram ruapodoOHON ruapatanu U rHAPOPOOHOTO
B3aMMOZACUCTBHA B Boje. B pabore MeTogamMu KaJopUMETpUH, H30TEPMUYECKOTO HACHIILICHHS, ICHCUTOMETPUH, INHA-
MHYECKOTO PACCESHHS CBETA M MOJICKYIAPHON TMHAMHUKH MTPOBEICHBI OOMIMPHBIE TEPMOJUHAMUYECKUE U CTPYKTYPHBIC
WCCIIEIOBaHUs COJIbBATALlMK M B3aUMOJICHCTBUS PACTBOPOB THAPOPUIBHON MOUEBUHBI (MU) M IPEUMYILIECTBEHHO T'H-
npodoobnoii TerpamerunmoueBuHbl (TMMu) B Bone, stunenmukone (Or) u popmamuzae (PA) B mmpokoMm Temmepa-
TYpHOM HHTEpBaje. DKCIIEPUMEHTAIBHO MOKa3aHO, YTO CONbBO(OOHOE B3aMMOAeHCTBIE MEKAy MoJeKynamu TMMu
YCHIIMBAETCSI C POCTOM TEMIIEpaTyphl U yObIBaeT B psagy Boga>DA>>0r. Bo Bcex Tpex pacTBOPHUTENSX B 00IACTH MaJIbIX
n06aBok TMMu 1o JaHHBIM JTUHAMHYECKOTO PACCESIHUS cBeTa HabmomaeTcst 00pa3oBaHue HAHOPA3MEPHBIX KIIaCTEpPOB,
pasMep KOTOPBIX 3HAYUTENBHO YBEJINYMBACTCS C POCTOM KOHIICHTPALMH HEAJIEKTPOJINTA, YTO HAXOAUTCS B COITIACHH C
JAHHBIMH KOMITBIOTEPHOTO MOAEITMPOBAHMSI BOAHBIX pacTBOpoB TMMu.
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Ha monenbHOI cucteme — Bojie BEICOKOW OYMCTKU MCCIIEI0BAIN BIUSHHUE ATUTEIBHOTO BO3EHCTBHSI THIIOreoMar-
HUTHOTO TIOJISI HA €€ OKHCIUTEIbHO-BOCCTAHOBUTENIBHBIE CBOMCTBA: OKUCIIUTENBHO-BOCCTAHOBUTENBHBIN MOTEHIINAT,
BOJIOPOJIHBIN TIOKa3aTelb U deKTpruueckue TokH. [IpoOsr Boas! (40 M) B CTEKIISTHHBIX OIOKCAX ¢ PUTEPTOM KPBIIKOH
noMmerany Ha 50 CyT B TUIIOI€OMarHUTryIo Kamepy (OIBIT) - OTKPBITYIO C OJHOM CTOPOHBI HMJIMHIPUIECKYIO TPYOy
nuametpoM 10 cm u JummHOM 50 cM, CTEHKH U JHO KOTOPOM MOKPBITHI U3HYTPHU U30JIMPYIOLIMM MarHUTHOE T110JIE TepMall-
noeM. B neHTpanbHbIX 0051acTAX KaMepbl FeOMarHuTHOE 1oJjie Obu1o moHmxkeHo B 40 pa3 (~1 MkTi). AHAIOTHYHO OIIBIT-
HBIM HCCIIEIOBAaHMSAM B TaKyIo e TpyOy Oe3 mepMauios - KaMepy ¢ FeOMarHUTHBIM I0JieM (KOHTPOJIb) B LEHTPaIbHYIO
obnacTh momerany nmpoOsl Bosbl. M3Mepenne BeIMUnH U3y4aeMbIX MapaMeTpOB MPOU3BOIMIN C IIOMOILBI0 HOHOMEPA
N160MMU co cnenuanbHBIMA U3MEPUTENBHBIMY JIEKTPOAAMH OJUH pa3 B HEJENI0 B OJHO U TO ke Bpems. OgHOBpe-
MEHHO C 3THM B Ipo0ax BOABI MPOM3BOAMIACH KPYIIIOCYTOUHAs! PETUCTPALMs DIEKTPUUECKUX TOKOB. 1o mcreueHnn
50 cyt mpoObl BOABI U3 TUIIOT€OMAarHUTHOTO MOJISI MOMEIIAIN B TEOMarHUTHOE I0JI€ U UCCIIE0BAIN CBOWCTBA BOJBI
eme 30 cyTok (BoccTaHOBUTENbHBIN neprox). [Tokazano nmoseimenue Bennunnasl OBIT va 30 MB, cumkenue pH Ha 0,3
W aMIUTUTYAbI TOKOB Ha 5 MKA TIOZ BIMSHUEM THIIOI€OMarHUTHOTO nojisi. B mepuon marHUTHBIX Oyph BO Beex mpobax
BOJBI HaOMroAanock noseienue BesmunH OBII u pH n cHwkeHne aMIUIMTYIBI TOKOB B MPOOax BOABI B THIIOTEOMAr-
HUTHOM T10JIe. MarautHble Oypu 0Ciadisiii BO3eHCTBHE IMIIOT€OMAarHUTHOTO MOJIsl Ha BOAY. B BoccTaHOBUTEIBHOM
MEPHOJIE COXPaHsIACh BOHUKIIAS B TMIIOT€OMAarHUTHOM I10JI€ pa3HUIla BEIMYMH U3y4aeMbIX NTapaMeTpoB, CHIKAJIach
ANEKTPONPOBOJHOCTD U BOCIPUUMUYHUBOCTE BOJIBI K BApHALIMSM BHEIIHEH cpefbl. Vi3MeHeHHBIe CBOMCTBA BOJBI CIIOCO0-
HBI JUINTENBHO COXPaHITHCA B T€OMArHUTHOM roiie. [lonmydeHHble pe3ynbTaThl MO3BOJSIOT MPOTHO3UPOBATh PEAKIUH
KHUBBIX CHCTEM.
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CTPYKTYPA JIbA TMOPATHbIX CJIOEB
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e-mail: pershin @kapella.gpi.ru

WzBectHO [1], ruapaTHbIe CI0M aHTUQPU3HBIX OCIKOB MUMEIOT CTPYKTYPY I'€KCAarOHAJIBbHOTO JIbJA, YTO TO3BOJISET
MIPOBECTH 3UMHIOIO CIISTUKY 0€3 YKpBITHS 0T MOopo3a. OtMetnM [2], uto B ciekrpax OH monocsl KOMOMHAITMOHHOTO pac-
cesaust (KP) B kpucramiax OenKkoB JIM30IMMA M TayMaTHHa JOMHHHUPYET XapakTepucTudeckas yacrora 3200 cm™' rek-
caroHasibHOrO JbAa [h Tem BbIle, YeM CoBepIICHHEE CTPYKTypa KpucTaiuia. Hanpotus, Bkiaja 3Toit komnoHenTa, 3200
cm!, B HH3K09acTOTHOM Kpbute OH nonockl KP criekTpoB BOJHBIX pacTBOPOB MHOTOATOMHBIX CIIUPTOB [3] yMeHbIIaeT-
Csl C TIOBBILIEHUEM TeMIIEpaTyphl BIUIOTH 110 ucyezHoBeHus nipu 60°C. Ilpu stom R. Shen ycranosun [4], yTo napamerp
MOPsI/IKa BOJIbI KOHTAKTHOM CJIO€ BOJIa-BO3/IyX BBIIIE, UEM B KBAa3MKUIAKOM CJI0€ HAa IOBEPXHOCTH MOHOKPHCTAJIIA JIbJA.
[To3nHEee 3TOT BBIBOJ MOATBEPAMIICS U3MEPEHNEM CTPYKTYPHI JIbJIa B TOHKOM CJI0€ BOJIBI PH KOMHATHOM TeMIepaType
[5]. OTcrona cnenyeT 0XHuIaTh, YTO KOHTAKTHBIN CIO0H THAPATHOM 000JI0YKH HAHOYACTUI] MOXKET UMETh CTPYKTYPY JIbJa
[h. D10 TpebyeT 3KcIepUMEHTaTBHOTO 000CHOBAHMSI, UTO SIBJISIETCSI IPEAMETOM HACTOSIILEH paOoTHI.

BriepBble, HACKOJIBKO HaM MU3BECTHO, OOHAPYKEH CIBUT rpaBUTAlMOHHOTO HeHTpa OH-nonocsl KoMOMHAIIMOHHOTO
paccesiHus B BOIHOH cycrnensun Hanodactu SiO, (muamerpom 350 um) 10 10 cM™' B CTOPOHY XapaKTepHOM 4acTOTHI
apaa 3200 cM™! HU3KOYaCTOTHOTO KpbUIa IPU YBETMYCHUH KOHLEHTpaly HaHodactu 10 4x 10" em?. TIpeanonoxenue
0 GOpPMUPOBAHNY JIHIOTIOJOOHOH CTPYKTYPHI B THAPATHOM 000JI0YKEe HAHOYACTHUI] TOATBEPKACHO PerucTpanueli HoBOH
CTOKCOBOM KOMITOHEHTHI CIIEKTPa BBIHYAEHHOTO paccestHus MaHnzaenpiiTaMa-bpuiuiiosHa B BOIHOM CyClIEH3UH HaHO-
gactun SiO, muamerpom 350 u 100 HM ¢ KOHLEHTpanue 3x10% m 2x10" cm3, cooTBeTCTBEHHO, cO caBurom 14.3 I'T,
Kak B 0OpaTHOM HalpaBIICHUH, TaK U, BIIEPBbIC, BIEepEa. YcTaHoBieHo, uTo cABUr 14.3 I'T1 cOOTBETCTBYET CKOPOCTH
3Byka 2900 M/c u 3ameTHO Oombine u3BecTHOro casura 7.5 I'T' B Bone koMHaTHOM Temneparypsl. CylniecTBEHHO, 4TO
M3MEpEeHHask CKOPOCTh 3ByKa COBIAJAET C 0KMIAEMBIM 3HAYEHUEM BO JIbJ]aX P SKCTPAMOIALUHN TUHEHHOTO CHUKEHHUS
CKOpPOCTH 3BYyKa C MOBBIIIEHUEM €T0 TEMIIEPATyPBI.
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HenaBHo [1] oTkpbITO HOBOE siBlIeHUE B (hM3MKE BOABL: «(POTOMONEKYISPHBIA 3PPEKT» — YBEIMUCHUE CKOPOCTH
WCTIAPEHUS OTKPBITON MOBEPXHOCTH BOJBI O€3 €€ mepmMuyeckoeo Hacpesa Py HeTPEPHIBHOM OCBEIICHUH CBETOJHOIOM
B BU/IMMOM JlMana3zoHe (MakCUMyM B 3es1€HOM nuanasone). [lomydeno 3-4 kpaTHoe NpeBbIIEHHE CKOPOCTH TEOpETHYE-
ckoro npenena ucnapenus: 1.45 kg{m*h) npu nocrostanoit Conana: q = 1 kW/m?. Apropsr ucrnons3oBanu 14 pasHbIx
METOZIOB MPOBEPKHU SIBICHUS U MOTYUYWIN MOATBEpKAeHHe. HecMOoTps Ha THIaTenbHOCTh U3MEPEHHH, MEXaHU3M SBJIe-
HHUSL OCTAETCA MOKa HESACHBIM. ABTOPBI ONepupoBain ¢ MoHoMepamu H O 6e3 yuéra ux CMHOBBIX OTIMYHMH, a TAKKE
HOBBIX CBOWCTB MOBEPXHOCTH, KOTOPHIE MBI B3s5UIM 32 OCHOBY B HAIllEM ITOMCKE MEXaHM3Ma U3 MEPBBIX MPUHIUIIOB T10-
BBIILICHNSI CKOPOCTHU HCTIapeHUsI 03 yBEIMUEHHs SHEPTUH.

Msl oOHapyxuiau [2], 9TO BOJAa CONEPKHUT OPTO- (MMEEeT MarHUTHBIM MOMEHT M BCEIAa Bpalaercs) U mapa- (He
MarHuT ¥ 9acTh MOJIEKYJ He Bpamaercs) usomepsl H O. Bosee Toro, Bona - HEpaBHOBECHAS KHUIKOCTh (IO CIIMHOBOM
TEeMIIEpaType) ¢ OTHoIeHreM opro/mapa=1:1 [2], uTo cooTBeTcTBYeT Temieparype ~30 K (T.e. mmybokomy «Iiepeoxiax-
JICHHUIO» ), TIOATOMY BOJIa CTPEMUTCS K pAaBHOBECHOMY OTHOLIEHHIO (0/m=3:1) mpu M00bIX BO3ACHCTBUAX HEE ¢ KOHBEP-
cHueil mapa-opTo (MIOBOPOTOM CIMHA NMPOTOHA). M3BecTHO [3], 4To 3aKOH COXpaHEHMs CIIMHA 3arpelnaeT MOBOPOT CITUHA
nporona B H O, HO Karanu3arop (MOHBI, MOJIEKYIIbI TPUILIETHOrO O, ¢ HEOXHOPOAHBIM MarHUTHBIM IOJIEM) CHUMAET
3ampeT, 0COOCHHO B CMEIIAaHHBIX KBAaHTOBBIX COCTOSIHUSIX OJIM3KO pacrofioKeHHBIX YpOBHEH 000ux m3omepoB. B Boxe
BCEIJla €CTh KaTaJln3aTop: paCTBOPEHHBIN TPUILIETHBINA KUCIOPOJ C MAarHUTHBIM IOJIEM CIIMHOB JIBYX 2JIEKTPOHOB Ha
pasHBIX OpOUTax, KOTOPHIH obecneunBaeT KonBepeuio uzomepos H O B Boze.

Cnin-konBepceus Oe3 3aTpar SHEpruu [3], KBAHTOBbIE OTIMYMs CIMHOBBIX M30MepoB H O u ycnosus goromorexy-
nsipHOTO 3 dexTa [1] maroT HOBBIM MEXaHN3M MOBBIMICHUS] CKOPOCTH UCTIAPEHUS BOAIBI 0e3 e€ HarpeBa ¢ y4ETOM HOBBIX
CBOWCTB moBepxHocTH Boabl. Tak (1) - y moBepXHOCTH BO/IBI 00pa3yeTcsl CI0H JIbA0MON00HBIX CTPYKTYp [4-6] ¢ opTO M
napa uzomepamu H O [7] u paBHOBecHbIM oTHOMIEHHEM 3:1; (2) - GoToHb! (anuHa BomHbI 532 HM, ~18 797 cM™) oe-
CIEYMBAIOT YCJIOBHS Pe30HAHCHON Hakauku Monekyibl H O Ha Beicokuit yposenb (~18 796 cm™'), koTopblii peakcupyer
0 TIEPEXOIaM COCTaBHBIX KosebaHuil v1-v2-v3 ¢ pa3HbIM uucioM GpoTtoHoB ~ 0-82; (3)— HEKOTOpBIE U3 ITUX YPOBHEH
oxnoro usomepa H,O Gam3K0 pacronokeHbl K yPOBHIO JPyroro M30Mepa U 00pasyloT ¢ HUM CMEIIEHHOE KBaHTOBOE
COCTOSIHME C KOHBEPCHUEH CIIMHA B CTOPOHY PaBHOBECHOTO OTHOIIeHUs o/m=3:1 [7]; (4) — yBenuueHue 4ucia BCeria
Bpamaromuxcs opro-H,0 B MOBEPXHOCTHOM CII0€ IbI0NOA00HBIX CTPYKTYP yBEJIUYMBAET BEPOATHOCTH MCIIAPEHHs €3
NoTpeOIeHNs TOTIOJTHUTEIBHON YHEPTUH.
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" MockoBckui rocyqapCTBEHHbIN TEXHNYECKnN yHnBepentet uMm. H.9. baymaHa,
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e-mail: leonard.sabirov @ gmail.com

Bonuble pacTBOphI METHITIPOU3BOIHBIX MUPHUANHA (MUKOIMHOB) ¢ KoHueHTpanuen 0.06—-0.08 monbHoM nomm (M/])
NpH HOPMAJILHOM JIABJIEHUH BO31yXa M Temreparype £,~70°C UMET MUHUMYM TEPMOIMHAMHYECKON YCTONYMBOCTH
(Tak Ha3pIBaeMyI0 0cOoOyIO TOUKY Ha (a30BOM IuarpaMme TeMIleparypa—KOHIEHTPALKUs) U IIO3TOMY YIOOHBI AJIS U3y-
YCHUS CTPYKTYPHBIX MPEBPAILEHUH B OKPECTHOCTU 0CO00H TOUKU. [TpOayKTUBHBIM METOJOM U3YUCHHUS CTPYKTYpPHBIX
MIPOLIECCOB B JKUAKOCTIX M pacTBOpax SIBJIAETCS IIUPOKOMOJIOCHAs aKyCTHYECKasl CIIEKTPOCKOIUS, B YaCTHOCTH JHCTIEp-
CHsI CKOPOCTH 3BYKa.

B nanno# paboTe 3KCIepUMEHTaIbHO UCCIIe0BaHa AUCIEPCHSI
CKOPOCTH 3ByKa B pactBope 4-metwimnupuanHa (4MII) B Boge ¢
koHneHTpauueit 0.06 MJI B quanazone yactot ot 15.4 MI'ny 1o 6.1
I'Tu. CxopocTs ynpTpa3Byka U3MepsiIach akyCTOONTHYECKUM METO-
JIOM, OCHOBaHHBIM Ha SIBJICHUU TU(PPAKIHUH JIA3EPHOTO M3ITyUCHHUS
Ha yIbTPa3BYKOBBIX BOJIHAX. [WMIep3BYK H3ydascs MO CIEKTpam
paccesaust Mannensimtama-bpunmosna npu yrax 45, 90 n 135°,
YTO COOTBETCTBOBAJIO yacTtoraM ~2.6, 4.8 m 6.1 I'T'w.

OcHOBHBIE pe3yNnbTaThl UCCIEAOBaHMM: 1) B AMana3oHe yacToT
or 15.4 MI'n o 4.8 I'T'y HaOromaeTCsi MONOKUTENbHAS TUCTIEP-
cust (dV/df>0); 2) B y3xom nuanazone yactot ot 4.8 10 6.1 I'T'n na-
1450 - onroaercs orpuiarenbuas aucrepens (dV/df<0); 3) B quanazone
. = ; . m . i TEMIepatyp ot flS 1o 70 °C 3BHCHMOCTh V(t) na gactore 2.6 I'T

HMMEeT CIIOXKHBIN XapaKTep U MO ATOH NMPUYHMHE XapakTep JUCIep-
CHH B 3TOM JIMara3oHe TeMIIepaTyp Aajiee He 00CyKaaeTcsl.

V., mlc

1600

1550

1500

3aBHCHMOCTE CKOPOCTH 3ByKa V (M/C) OT J1ora- COBOKYITHOCTh 3KCHEPUMEHTAIBHBIX JAHHBIX MPH TEMIIEPATy-
pudma gacrorsl f (I'n) B pactBope 4MII-Boma:  pax <45 °C u £>70 °C 6bLia IpOAHAIM3UPOBAHA C TOYKU 3PEHHS
m-t>70°C,o0-t<45°C. penakcaroHHoN Teopun. OKa3anock, 4TO MPOCTONW BapHaHT TEO-

PHH C OTHUM BPEMEHEM peJlakcaluu T (penakcanus 00beMHOH BS3-
KOCTH) aJIeKBaTHO OMHMCHIBACT 3aBUCUMOCTH V(f) B nnamazone yactot oT 15.4 MI' no 4.8 I'Tu. IIpu sTom mapamerpst
peflaKkcallMoOHHOTO Mpolecca pa3InyHbl B HHTEpBaiax temmeparyp <45 °C u £70 °C. B unrepsae t<45 °C o0beMHast
Bsi3kocTh N=22 cll u Bpems penakcaumu 1=10.8x10" ¢, B unTepBane £>70 °C n=14 cIl u 1=4.14x10" ¢ (coorBeT-
CTBYIOILIME PEJIaKCALlMOHHBIC KPUBBIC M SKCIIEPUMEHTAIbHbIC JaHHbIC MOKa3aHbl Ha pUCYHKe). Paznnune 3HadeHUi T
1 1 00yCIIOBJIEHO, OYEBU/IHO, PA3TIMIHOMN JIOKAJILHOM CTPYKTYypOH pacTBOpa MpH TeMIeparypax Huke u Boiue . Oco-
OCHHOCTH CTPYKTYPHOH OpraHM3alii KOMIIOHEHTOB PAacTBOpPa MPUBOIAT K MPOSBICHUIO MHTEPECHOTO (HU3NUECKOTO
SBJICHUSI — OTPHULATEIBHON JUCTIEPCHU CKOpOCTH 3ByKa Ha yactore 6.1 I'Tm. Ouenka macmraba mpoCcTpaHCTBEHHOM
HEOJHOPOAHOCTH T, PUBOMALIEHN K OTpUIATENbHON qUcTiepcyH, faeT »~10 HM, U 3Ta BeIHMYNHA IPUMEPHO OJMHAKOBA
nipu <45 °C u £>70 °C.
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TpaaunmoHHas TOYKa 3pSHHS Ha IJIaBIICHUE COCTOUT B clieAytomieM. [1o Mmepe HarpeBaHust TBEpIOTO Telia B 00IacTh
TEMIIEPATyp HUKE TOUKH TUIABJICHUSI, MOJICKYJIbI BCE OOJIbIIE U OOJIBIIE YBETUYUBAIOT AMILTUTYIY CBOUX KOJIeOaHUH OT-
HOCHUTEIIFHO PaBHOBECHBIX MOJokeHUH. [locTymieHre Kaxk01 HOBOH TOPIMH TeIlIa MPUBOAKT K POCTY TEMIIEpaTyphI
tena. OJHaKO NpY MPHOIMKEHUH K TOYKE TUIaBICHUS TPUTOK TETjIa PacXoyeTcs yKe B OOJBIICH CTEIIeH! HE Ha yBe-
JIUYCHUE aMIUTUTY/IBI KOJICOAHNH MOJICKYII, a Ha pa3pbIBBI MEKMOJICKYIISIPHBIX CBSI3€H, HA HAKOIIJICHHE B KPUCTAJLTHYIC-
CKOH peIIeTKe CTPYKTYPHBIX JIe(PEKTOB pa3IMuHBIX TUIIOB. UTOOBI 00€CIIeUnTh MOJBOJ TETLIA, HA TOBEPXHOCTH TBEPION
(ha3bl TOJHKEH CYIIECTBOBATh TPAUCHT TEMIIEpATypPhl, HHAUYE MPOIECCHl e(heKTo0Opa30BaHMs U TUIABJICHUS MTPOTEKATh
He OyayT. B ycnoBHsX TepMOIUHAMHUYECKOTO PAaBHOBECHS, HAIIPUMEP, TIPH MTOCTOSHHON TeMIepaType, paBHOW TeMIie-
parype TUTaBICHHS, TBEp/as ¥ KuAKas Ga3bl OyyT COCYIIECTBOBATh CKOJIb YTOIHO JIONTO MPH JIFOOOM UCXOIHOM COOT-
HOIIIEHUH 00BEMOB TBepoi (a3l U kuaKocTH. [1naBneHue — HepaBHOBECHBIH MpoIiece, YTOOBI €T0 3aIyCTUTh, HYKHO
CO3lIaTh TEpErpeB MOBEPXHOCTh TBEPJOTO Tejia (HAarpeTh e BHIIIE TEMIEPaTyphl TUIABIICHUSI), IPH 3TOM BO3HHUKHET
TEIUIOBOM MOTOK, B IPUITOBEPXHOCTHOM CJIOE€ TBEpAOH (ha3bl HAYHETCS Tpoliece 1e(eKTo00pa3oBaHMsI, COTIPOBOXKIAI0-
IIWICS TOTIONIEHUEM CKPBITOW TETUTOTHI IIJTaBICHUS.

MeTon mo3uTPOHHON aHHUTHIISIIIMOHHON CIIEKTPOCKOIIUHU MO3BOJISET O0OHAPYKUTh HAKOIUICHHE 1e(DEKTOB BaKaHCH-
OHHOTO THITa B TBEPJIBIX TelaX. [lesio B TOM, U4TO MO3UTPOHBI JTIOKATU3YIOTCS B TAKUX Je(PEKTax, IPUIEM BpeMsl KU3HH
e+ 3aBUCHUT OT THIIA MPUCYTCTBYIOIIHNX JTe(PEKTOB.

B nanHo# pabore mpoBeIeHbl H3MEPEHHSI BpEMEHHBIX aHHUTHIISIIUOHHBIX CIICKTPOB BO JIbY, HAYHHAs OT -7.6 °C 1
BhIe. [pu 0 °C ciekTpbl K3MEPSUTHCh B TEUEHUE TPEX CYTOK B YCIOBUSAX, MAKCUMAIBHO MPUOIKEHHBIX K pABHOBEC-
HbeIM. [Ipu 3TOM comracHO mapamMeTpaM aHHUTHIISIIUOHHBIX CIIEKTPOB TPOIIECC TUIABJICHHS JIbJ]a OTCYTCTBOBAJI. 3aTeM
ObLT co3nmaH neperpeB nmoBepxHoctH Jbaa +0.1 °C (crektpsl u3mepsmuch B Teuenue 30 u) u nanee +0.4 °C. Crycrts
JIBOE CYTOK, JIe/JI BOKPYT HUCTOYHHUKA €+ pacTasiyl, U IKCIIEPUMEHT 3aKOHUWICS. [lapaMeTpbl aHHUTHIISIIUOHHBIX CIICK-
TPOB TIOKA3bIBAIOT, YTO HAKOTUICHNUE CTPYKTYPHBIX AE(PEKTOB, CBI3aHHBIX C IMMOTJIOIIEHUEM CKPBITON TETUIOTHI IIIaBICHUS
P OTPHIIATEIILHBIX TEMIIEpaTypax HE MPOUCXOAUT. Takke TeIIoTa IUIaBJIeHHs HEe TIOTIONAeTCS U IPU TEMIIEpaType
rianeHus. CKphITas TEIUIOTa TUTABJICHHSI HAYMHACST TIOTJIONIATHCS PEIISTKOH JIbla TOJIBKO IIPH HEOOJBIIIOM IepPEeTrpeBe
MMOBEPXHOCTH JIbJIA.
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then ice around the e* source melted and
the source dropped down to the Al container
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Puc.1. [TapameTpsl IByX3KCIIOHEHIINATIHHOTO PA3IOKEHNS BPEMEHHBIX aHHUTHIIAIIMOHHBIX CIIEKTPOB JIbJIa: CIIeBa -
WHTEHCHBHOCTH W BPEMEHa )KHU3HH €+ B 3aBHCHUMOCTH OT TEMIIepaTyphl JIbJa, a CTipaBa — B 3aBUCUMOCTH OT BPEMEHHU
M3MEpEeHHS TIPH Pa3HBIX MeperpeBax MOBEPXHOCTH JIb/IA.
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C npumenenneM MeronoB UK-Dypre-ciekrpockonuu B nHppakpacHoM auamazone (1000 - 5000 cm™) u criekrpo-
CKOTIMHY TIOTVIOIICHHS B YJIBTparoieToBOM, BUAMMOM U OmmxkneM MK nuanazonax (190...1100 aM) Obla ncciienoBana
KWHETHKa HACHILEHHS/00eIHEHH MOJICKYIISIPHBIM BOJOPOIOM OTKPBITOM M 3aKPBITOM BOAHBIX cucTeM. HacelmeHue
JIEMOHU30BaHHOM BOJIBI MOJIEKYJISIPHBIM BOIOPOJIOM OCYIECTBIISLTN € TOMOIIIBIO BOJIOPOJJHOTO FEHEPATOPA, B COCTAB KO-
TOPOTO BXOJIHJT BOIOPOIHBIN 31eMeHT [ 1,2], coneprkaniuii mpoToHOOOMeHHY0 MeMOpany Haduon N117 Tommuaoi 175
MkM [3,4]. B cucreme «H,O-H,» oOnapysxeH koneOarebHbIA MPOLECC, NPOSBISIONIMICS Kak B pesxume renepanuu H, B
oobeme H,O, conpoBoxnaromuiicss BHEAPEHUEM MOJIEKYI BOAOPO/IA B AUCTUIIMPOBAHHYIO BOAY, TaK M NpH 1 y3un
MOJIEKYJ BOAOPO/Ia B 00beMe BOABI MOCTIE TeHEepalMy B 3aKPBITOH cucTeMe. MakciMasbHbIe H3MEHEHHS B 3HAUCHUHN KO-
s pununenta npomnyckanus MK nzmydenus: HabaroqaroTcsi B 001aCTH MOJI0C MPOMYCKaHUS ¢ MUHIMYMaMH TP JUTMHAX
BOJH 1643 cm! 1 3410 cM™!, KOTOpBIE COOTBETCTBYIOT (DyHIaMEHTAIBHBIM KoJieOaTebHbIM Niepexonam. Habmonaemoe
YIIUPEHHE MOJ0C CBUICTEIBCTBYET O PEOPraHU3allu CETKH BOIOPOAHBIX CBS3EH, MPH KOTOPOH BO3HUKAIOT Kak Ooiiee,
TaK ¥ MEHee MPOYHBIE CBSA3HM MEXKTy MOJIEKyJIaMH BOJIbl, IPUYEM JIOKAJIbHBIE CTEPUUECKHIE OTPAaHUUYEHHSI TOJIBUKHOCTH
UX si7iep TakKe MOTYT Kak 0cia0deBaTh, TaK M yCHIMBaThes. B cpeqneM ymenbienne kodpduiuenta npoycKanust -
CTWJUIMPOBAHHOM BOJIbI, HACBIIIIEHHON MOJIEKYISIPHBIM BOIOPOJIOM, cocTaBiseT 15 %.

B nuanazone niun BosH 190...1100 HM UHTEHCUBHOCTH MOTIIOMICHUS AUCTUIMPOBAHHOM BOJIBI, COAEpKAIIEH pac-
TBOPEHHBIN MOJIEKYJISIPHBIN BOIOPOJ, CHUKACTCS, MPUYEeM HanboJiee cynecTBeHHo B ooacti 195—205 uwm.

[IpucyTcTBHE MOJIEKYIIPHOTO BOAOPO/A BIUSET HA PEOJIOTHUECKHE CBOMCTBA BOABI, KOTOPBIE 3aBUCAT OT KOJIMYECTBA
PacTBOPEHHOTO B HEH MoneKynsipHoro Bogopona. Koaddunuent nosepxuoctaoro narsuxenust (KITH) Boxsr ymenbina-
eTCsl IIPU YBEITMUYEHUU BPEMEHM T€HEpallnu Boioposia B pacTBope. YMeHblnenue KITH cBuaerenscTByeT 0 CHUXKEHUN
SHEPTUU CBSA3H MOJIEKYJ B CETKE BOJOPOAHBIX CBSI3€H BOJBI M, COOTBETCTBEHHO, YBEIUYCHUH CIIOCOOHOCTH BOAHOTO
pactBopa abcopOHpoOBaTh OCTOPOHHKE YacTUIBI. Peopranusanys ceTKu BOZOPOAHBIX CB3EH MPH BHEIPEHUH MOJICKY-
JIIPHOTO BOIOPOJIA OTPAXKAETCS TAKIKE HA U3MEHEHUH BOIOPOAHOTO mokasaress cuctembl «H, O-H ».

Jluteparypa:

1. Xu, T. Ion exchange membranes: State of their development and perspective, J. Membr. Sci. 2005, 263, 1-29. https://doi.org/10.1016/j.
memsci.2005.05.002.

2. Wang, Y.; Chen, K.S.; Mishler, J.; Cho, S.; Adroher, X.C. A review of polymer electrolyte membrane fuel cells: Technology, applications, and
needs on fundamental research, Appl. Energy 2011, 88, 981-1007. https://doi.org/10.1016/j.apenergy.2010.09.030

3. Mauritz, K.A.; Moore, R.B. State of Understanding of Nafion. Chem. Rev. 2004, 104, 4535-4586.

4. Ninham, B.W.; Battye, M.J.; Bolotskova, P.N.; Gerasimov, R.Y.; Kozlov, V.A.; Bunkin, N.F. Nafion: New and Old Insights into Structure and
Function. Polymers 2023, 15, 2214./https://doi.org/10.3390/polym15092214
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WzBectHO [1], uTO Bapmanus BIa)KHOCTH B IOJI3EMHOHN J1a00paTOpHH KOPPEIUPYET C BapualMed adpOMOHOB U JIH-
JapHOTO CUTHaJla paccesHus Ha a’po3oiisix. bojiee Toro, HemaBHO [2] 0OHAPYKEHO CETIEKTHBHOE O0OTAIICHUE BO3MY-
Xa B MOA3EMHBIX MOJIOCTSX MOJOKHUTEILHBIMU a3poroHaMu. HampoTus, mpu 3eMIETpSICCHUSX 0OHapY)KeHa UHBEPCHS
3HaKa U oOoramieHue oTpuuareIbHbIMU asporoHamu (OH), Kak mpeaBecTHUKA, C YCUICHUEM BETMUMHBI OTHOILICHHUS
[3], MexaHU3M KOTOpOTO MoKa HesceH. M3yuenue 3Toro MexaHn3Ma ¢ KOHTPOJIEM OKUCIIUTEIbHO-BOCCTAHOBUTEIBHOTO
noteHuuana u pH sBisercs mpegMeToM HaCTOSIIEr0 COOOIICHUS.

B KauecTBe MCXOMHBIX BOIHBIX PACTBOPOB UCTIONBb30BaMUCh pacTBopbl NaHCO, (OB*-3) n o6parHoocMoTHYECKAs
Bona (OB*-1), oOpaboranHbie AnnekTponu3oM Ha ycraHoBke “UKAP” (mon.04) mpu Hanpsokernnu U=10-30 B u Toke
I=1-10 A mo cxeme onbITOB [4]. AHOZ U3rOTOBJICH U3 TUTaHAa ¢ OKpbITUeM OPTA, KaToa B BUJE CETKU U U3TOTOBIICH U3
HEMarHUTHOM HeprkaBerolel ctanu. JlanpHelee pacbUIeHNE BOJBI M BOJHBIX PACTBOPOB ITPOBOIMIIM HA TUIIOBBIX yB-
naxHUTEIX. Bentunsaropusiit ysinaxuurens Philips HU2510/10 u ynerpassykooii (¥Y3) ysnaxkuaurens Air Cooler Fan.

Wsmepenus xonunentpauuit (N sm.3ap./cM3) oTpULATENbHBIX a9POMOHOB MPOBOJAMIIH C MOMOILBIO CYETYMKA HOHOB
Candup-3M. B npouecce pacnblieHnss HCXOAHBIX BOIHBIX pacTBopoB (OB*) t=240 C. Ilepsrie nBa-OB*-1,2 c napame-
tpamu: pH=6,35; OBII=199 mV, munepanuzanus = 3 mr/m; tpetuii-OB*-3: pH=9,32; OBII=47 mV, MuHepanuzanus
=2890 MI/1 IpOBEACHBI U3MEPEHUS KOHIICHTPALUI OTPULATEIILHBIX a9POMOHOB Ha PACCTOSIHUU 25 CM OT yBIQXKHUTEICH
1 TIOJTYYEHBI CIENYIOIINE PE3YJIbTaTh:

1- aspowmons! (OH") He 3apeructpupoBanbl: N~ 0 (311.3ap./cM3) 17s BCeX BOIHBIX pacTBopoB (t=240 °C) mpu pac-
MBIJICHUU BEHTHISATOPHBIM yBiaxuutenem Philips HU2510/10;

2-  xonueHtpauus (OH): N ~ 1.6:10° anst Bcex BOIHBIX pacTBOPOB IpH pactbuieHnd Y3 ypiaaxuauTenaeM Air Cooler
Fan npu t =24 °C;

3-  xounenrpanus (OHY): N ~ 24.7-10° ans BognHoro pactsopa OB-1 nocne snektponusa, pH=6,35; OBII=-320 mV,
MUHepanu3ausa=3 Mr/i; npu Y3 pacnsuienun npu t =24 °C;

4-  xonnentparms (OH): N ~ 5.6:10° mmst BogHoro pactBopa OB-3 nocie snekrponusa, pH=11,46; OBII= -797
mV, Munepanuzanusi=2890 mr/i; npu pacnbuieHnn Y3 npu t =24 °C;

5-  xonuenrpamus (OH) N ~ 38.6:10° mis mepBbIX IByX BOAHBIX pactBopoB (OB*-1,2) mocne smexrponusa,
pH=8,83 OBII = -100 mV, munepanuzanus=168 mr/n npu Y3 pacnbuieHHH Ipu HarpeBanuu 1o t =70°C.

Takum 00pazoM ycTaHOBICHO, YTO (1)- BEHTHMIIATOPHBIH YBIQKHUTEIb HE 00CCIIEUMBACT TUCCOIMALIMIO MOJICKYII
BOJBI U HE MPOM3BOAUT OTPULATEIBHBIX a3POMOHOB; (2)- MakcUMalbHass KOHIEHTPANUsl OTPULATEIbHBIX a9POHMOHOB
(OH") mocTturaercst B yabTpa3ByKOBOM (POHTAHE PACIIBUIMTENS BOAHOTO PACTBOPA MOCIIE BIICKTPOIN3a U MPH TTOBBILIE-
Hun Temrepatypsl t =70°C. Otcrona cieayert, uTo Y3 BO3ACHCTBHE Ha BOAY SBISIETCS ONMPEACISIIONIM (haKTOPOM T'eHe-
paiyy OTpULaTEIbHBIX a9POHOHOB, @ HE TOJBKO BIAKHOCTH [1-3].

Jluteparypa:

[17 S. M. Pershin, M. Ya. Grishin, et al. LIDAR Sensing of Aerosols Induced by Air lons. Bulletin of the Lebedev Physics Institute, Vol. 50, No.
12, pp. 559565 (2023).

[2] JI.b. Be3pyxos, u np. Habmonenne n30bITKa MOTOKHUTEIBHBIX a9POHOHOB B ITOA3EMHBIX TONI0CTAX/ [eomaraeTnsm u aspoHomust. T. 62. Ne 6,
cTp. 755-768 (2022).

[3] Warden, S., Bleier, T., and Kappler, K., Long term air ion monitoring in search of pre-earthquake signals,J. Atmos. Solar-Terr. Phys., 2019, vol.
186, pp. 47-60. https://doi.org/10.1016/j.jastp.2019.01.009

[4] B.I'. Illnponocos. Bapuarin oKHCINTETEHO-BOCCTAHOBUTEIFHOTO MOTEHINANA U cTabmin3anuy pH mpH 2JIeKTpoITi3e BOAHBIX PACTBOPOB. 5-51
Bcep. xondepennus "duznka BogHbIx pactBopos”. CO. Tp., ¢.122. (2022).
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[TonMBUHWIOBBIN CHIMPT MMEET IIUPOKOE MPAKTHYECKOe MpUMEHeHHe (OMOMETUIMHCKUE MaTephalibl, COPOSHTEHI,
ra3opasenuTe’bHbIe U YAbTpa(QuiIbTpaOHHbIE MEMOPaHBI, YIIAKOBOYHBIC MATEPHAIIBI).

[IpoBeneHHbIe UCCIEIOBAHMS BA3KOCTHBIX XapaKTEPHCTUK BOAHBIX pacTBOpoB nojuBuHmIOBoro cnupta (I1BC) mo-
Kazajd, 4To JaHHas CHUCTeMa BBeIET ce0sl, KaK HeHBIOTOHOBCKAs JKUAKOCTh. MccinenoBanus NpoBeeHbl Ha POTALMOH-
HoM peomerpe Physica MSR 501 (Anton Paar) ¢ pabounmu y3namMu «KOHYC — IIIOCKOCTB)» U «IIOCKOCTh — IJIOCKOCTh
B Iala30He MOCTOSHHBIX CKOPOCTel caBura ot ¥ = const B wmuHrepBaie 10°<y<10%c’ nByx pexxuMax TCUCHHS:

1 — ogHOHAaIpaBICHHAs TOCTOSIHHAS CKOPOCTh CABUra OT Y = CONSt;

2 - xonebaTeNbHbIH IIEPUOMYECKUI MPOLECC CIIBUTa y=Y, SNt PU 9acToTe m=const B uuteppaie 1010°<w=<10°c";

HccnenoBanus 1Mokas3aid, YTO MOJYYEHHBIC dKCIIEpUMEHTalbHbIe 3aBucuMoct 1 = f(¥) mns cuctem [1BC-Boma
(Cp=4 06.%) c M= 2.1 - 10*u M, = 8.1 - 10* kaueCTBEHHO, B CaMOM OOIEM BHJIE, aHAJIOTHYHBI JIPYT-1PYTy. OTH
PEOJIOTHYECKUE 3aBUCUMOCTH MOTYT OBITh YCJIIOBHO pa3JiesIeHbl HAa TPHU YaCTOTHBIX MHTEPBaja, B KOTOPHIX HAOMI0aeTCst
CYLIECTBEHHOE Pa3IMYHe MO BA3KOCTHBIM XapaKTEPUCTHKAM BCEX MCCIICAOBAHHBIX CHCTEM M MX U3MEHEHHS IIPHU U3Me-
HEHHUU CKOPOCTH CIBUTA.

Hcnonp3oBanne MeToaa TMHAMUYECKOTO cBeTopaccesHus (Zetasizer Nano ZS), B untepBaie temmneparyp ot 10 °C
1o 70 °C, 9To cOOTBETCTBYET 00JIACTH METa CTa0MIBHOCTH Ha AMarpamMMe, COCTOSIHUS TTOKa3ald, YTO B 3TOW TeMIle-
parypHoil obnmactu B BogHoM pactBope [IBC moryt mpucytcTBoBarh  cTpykTyphl [IBC, KOTOpBIE M3MEHSIIOT CBOM
pasmep npu U3MEHEHUH TeMIiepaTyphbl. [lomydeHHble pe3ynbTraTsl MOKa3bIBAIOT ONPEACICHHYIO 3aBHCUMOCTh pa3Mepa
MOJIEKYJIIPHOTO KilyOKa. PasMep 3aBMCHT He TONBKO OT TEMIEpaTyphl, HO M OT MoseKynspHoi maccel M, [IBC. Yem
BBIIIIE MOJICKYJISIpHAs Macca, TeM OOJIBILIETO pa3Mepa MOJIEKY/ISIpHbIE KITYOKH 00HAapY>KUBAIOTCS B AMCIICPCHON CUCTEME.
MOXHO TIPEAIONI0KNTh, YTO YBEIHMUCHHE pa3Mepa TUCTIEPCHBIX YaCTHUI] IPH MOBBIILICHUN TEMIIEPaTyphI CBSI3aHO C pa3-
BOpauMBaHueM KiTyOka makpomonekyn [IBC npu nepexone AuCHepcHO CHCTEMBI K TOMOTEHHOMY PacTBOPY.

[Tpu paccmoTpennn auddy3HoHHOTO ypaBHEHUS TIEpEeMELICHUS] THOKOH MaKpOMOJIEKYJIBl B PaCTBOPE MPOBOIMIOCH
MocJeI0BaTeIbHOE BBEICHHE CHJI BHYTPEHHETO TPEHUS, KaK MPH PacTSHKEHUH 1IeTTH MaKPOMOJIEKYIIbl, TaK M IPH BO3-
MOXXHOH 3aTOPMO’KEHHOCTH BPAIICHUSI KKJOH OTACIBHOMN e MaKpOMOJIEKYJIbl OTHOCUTENBHO COCETHHUX Lemel. ITo
MO3BOJISICT MPEANOIOKUTD, YTO AJISI TUIOCKOM MHOTOCEIMEHTHOM LIEMH JOJDKHA MPOSBISITHCS KBaApaTH4HAs 3aBUCH-
MOCTb CHJIBI COTIPOTHBIICHHUS TEUEHHUIO KaK OT CKOPOCTH PACTSKEHHMS IIETTH MAKPOMOJICKYIIbI TI0 HAIIPABJICHUIO TCUCHHS,
TaK M OT yIVIa OPUEHTALMN CETMEHTA MO OTHOLICHMIO K HAMPABJICHUIO TEUEHHS, YTO MOKET IPUBECTH K aHOMAJIbHBIM
o0nacTsM Ha TeMIIepaTypHOH 3aBUCHUMOCTH KayKyILIETOCs YBEJIIMUCHUS Pa3MePOB AUCIIEPCHBIX YACTHIl B PACTBOPE.

97



® -
METOAbl UCCNEQOBAHMWSA BOAHbIX PACTBOPOB EZETbl;po
B

MocTepHbI goknap,

BJIMAHUE YINEPOAHbLIX HAHOYACTUU
HA OKUCJIUTEJIbHO-BOCCTAHOBUTEJIbHbIU
NMOTEHUWMAN BOObl

Bap6uH H.M.,"? Bypymb6aeB A., 2 KyaHbiweB B.?

" YpanbCkuii MHCTUTYT rocyaapCTBEHHOM MPOTUBOMNOXapHoU cryx6bl MHC PO,
Mupa 22, EkatepuHbypr, Poccus
2 CnbupcKknvi rocygapCTBEHHbIN YHUBEPCUTET TENIEKOMMYHUKALUNA N HOPMATUKK,
Ypanbckui TEXHUWHECKNN MHCTUTYT CBS3N 1 nHhopmMmatuku, PennHa 15, EkatepuH6bypr, Poccus
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Bona ¢ no6aBkamu yriepoaHbix HaHouacTul ((yJuiepeHsl, HAaHOTPYOKH, rpad)eH) MOKeT ObITh HCIIOIB30BAaHO B COJI-
HEYHBIX KOJJIEKTOpaxX MPsIMOTO MOMIOMICHUS] COTHEUHOTO M3iyueHHs [1], a Takke Kak BOja 3aTBOPEHMSI [IEMEHTHOTO
KamHsl 1 O6etoHa [2]. B pabote [3] nzyuanacs yaenbHas SIeKTPOIIPOBOAHOCTD U M3MeHeHne pH Takoil BOAbI.

B nameit pabote nzyueno noseaenue OBII Bonel 1 BoAbI ¢ 100aBIeHHEM YIIIEPOJHBIX HAHOTPYOOK TayHHT. M3me-
PEHHUS IPOBOAMIIMCH C MTOMOIIBIO TPO(heCcCHOHAIEHOTO U3MepHTelis kKadecTBa Bogsl WMM 97 npu temneparype 21°C.
[Tony4enHble pe3ysbTaThl IPUBEACHBI HA PUCYHKAX 1 1 2.
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Puc. 2. 3aBucumocts OBII Boga + TayHUT OT BpeMEHHU U3MEPEHMUS

Pasnuuue B pesynprarax, 110 HallleMy MHEHHUIO, CBSI3aHO C U3MEHEHUEM HOHHOTO MPOU3BEICHUS BO/BI, BBI3BAHHOIO
copOIell akTHBHBIX YacTHI] HA IIOBEPXHOCTHU YIIIEPOAHBIX HAHOTPYOOK.

Jlureparypa:

[1] M. Mopo3osa, A. 3aiikoBckuii, HaHO)KUIKOCTH Ha OCHOBE YIJIEPOJHBIX HAHOMATEPHAJIOB JUI KOJUIEKTOPOB HPSIMOTO cOOpa COJHEYHOU
sHepruu, muckMma B XKTD, 50, Nel13, c. 43-46 (2024).

[2] 1O. ITyxapenko, U. Aybakuposa, B. CtapoBéproB, DPHeKTHBHOCTE aKTHBALIUH BOJIbI 3aTBOPEHHMS YIIIEPOAHBIMH HAHOYACTHUI[AMH, HHIKEHEPHO-
cTpouTeNbHbIH KypHaI, Nel, ¢.40-45 (2009).

[3] A. Jlerenxo, A. MBanos, M. Masypenko, B. Hukutun, 1O. Ilyxapenko, H. YapbikoB, Pu3uko-xuMu4ecKkue CBOICTBA BOAHBIX JUCIEPCUI
CMEIIaHHOTO HAHOYIIICPOAHOro MaTepuasa (yuIeporIHOTO ThIa (4acTs 2), BecTHnk rpaxxpancknx wHxeHepos, Ne3, ¢.117-122 (2010).
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@ MockoBckui rocynapCTBEeHHbIV TeEXHNYeCKnn yHnBepenteTt, MockBa, Poccusi.
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e-mail: rasullobar@mail.ru

Bonnble pacTBOpBI HEINEKTPOIUTOB MallbIX KOHLEHTpAaIUi 00pa3yloT ONpeAeiIeHHbIH KJIacC pacTBOPOB, KOTOPHIC
o0naziatoT (PU3NIECKUMHU CBOWCTBAMH, HEXapaKTEPHBIMHU /715l OOJIBIIMHCTBAa OMHAPHBIX KUAKHUX cMeceid. [Ipexkae Bcero
3TO HEOOBIYHBIH POCT MHTEHCUBHOCTH MOJICKYJISIPHOTO PACCESIHUS CBETA B Y3KOM WHTEPBAJie MAJbIX KOHIICHTPALUH,
MPUYUHON KOTOPOTO CYMTAETCS CTPYKTYpPHBIE MpoLecchl. MakCHMyM MHTEHCHBHOCTH B pa3bl IIPEBHIIIAET MHTEHCHB-
HOCTB CBETOpacCesHUS n3-3a PIyKTyalnid KoHIeHTpauuH [1].

Jig cenenoBaHus pa3MepoB, TMHAMUKN U TEMIIEPATypHOTO MOBEAECHUS 3TUX CTPYKTYpP MCIOJIB30BaH MHOTOYTIIO-
BBII aHanmu3arop pasmepoB yactul] Photocor Complex, paboraromuii Ha OCHOBE METO/Ia AMHAMHYECKOTO PACCESTHUS
cBeTa. TexHUUeCcKHe XapaKTEpUCTUKN U METOANKA U3MEPEHHUs OMHCaHO B [2].

B nccrienoBaHHBIX pacTBOpax 3aperucTPUPOBAHO HAIMYKE CTPYKTYPHBIX 00pa30BaHMi Ha JIBYX CYIIECTBEHHO pa3-
JMYAIOIIUXCS TPOCTPAaHCTBEHHBIX MaciuTadax - 150-300 um u 1.5-2.5 HM, - KOTOpPBIX OyAeM Ha3bIBaTh L-CTPYKTYpHI
(large structures) n S-cTpyKTyphI (small structures), cooTBeTCTBeHHO. B pactBope ¢ koHueHTparueit x=0.06 m.1. cpen-
HUH pasmep L-cTpykTyp 155 HM 1 He 3aBHCHT OT TeMieparypsl. Pasmep S-cTpykryp yBennuuBaercs ot 1.7 1o 2.4 HM
¢ poctoM Temrepatypsl ot 18 no 55°C. B obnactu temmeparyp 25<t<40 °C L-CTpyKTypbl B pacTBOpe HE PETUCTPHUPY-
torcs. B pactBope ¢ koHuentpanueil x=0.08 M.z, 3aperucTprupoBaHbl TOJIBKO S-CTPYKTYPBI CO CPEIHUM pa3MepoM 2
HM, TOCTOSIHHBIM B MCCIIEIOBAHHOM TEMIIEPAaTYpHOM HHTepBasie. B pacTBope ¢ koHuenTpanueil x=0.1 M.1. umerorcs
L-cTpyKTyphI cO cpenHuM pazmepom 260 HM 1 S-CTpYKTYpbI co cpeaHuM pazmepoM 1.9 am. O6a pa3mepa ciabo 3aBUCST
oT Temrneparypsl. B pactBope ¢ koHueHTpanueit x=0.2 M.JI. perucTpupyroTcs L-CTpyKTYpBsl CO CpeTHUM pazMepom 240
HM, cJ1a00 3aBHUCAIIMM OT TEMIIEpaTyphl. B pacTBope 3aperucTpupoBanbl TAKKe U S-CTPYKTYPBI, HO TOJIBKO JIUIIb MIPH
temneparype 18°C (1.7 am).

BruiBoabi: Bricokasi MHHTEHCHBHOCTD CBETOPACCESIHHUS B OKPECTHOCTH O0COOOH TOUKM HAOIIONAETCS BCICACTBHUE JI0-
MOJTHUTENBFHOTO (HapsiLy ¢ TEpMOAMHAMUYECKHUMHU (PIYKTyallMsIMH KOHLEHTPALMK) MEXaHW3Ma CBETOpAcCEsHUs — Ha-
JMYUE ONTHYECKUX HEOAHOPOAHOCTEH, OTPaXKAIOUIMX 0COOCHHOCTH JIOKAJIbHON CTPYKTYPBI pacTBOpa (L-CTPYKTYphI U
S-cTpykTypsl). O4eBUAHO, UTO AJISI BBISICHEHHUS] BECOBOT'O BKJIa/Ia OT Ka)I0TO THIIA CTPYKTYP B OOIIYI0 HHTEHCHUBHOCTD
CBeTOpaccessHUsI HEOOXOIUMBI TAbHEHIIINE UCCIIeIOBAHMS.

PacnipocTpanenune 3Byka B MpOCTPAHCTBEHHO-HEOAHOPOIHOW Cpelie MPUBOAUT K MPOSBIECHUIO MPOCTPAHCTBEHHON
JUCTIEPCHUH, COITPOBOKIAIOIIEHCS IPU ONPEIEIEHHBIX YCIOBUAX YMEHBIIIEHHEM CKOPOCTH 3ByKa C POCTOM €T0 YaCTOTHI
B Y3KOM HHTEpBaje THIEpP3BYKOBBIX 4acTOT. OCHOBHOW BKJIQJ B DKCICPUMEHTAIBHO HAOIIOJAEMYI0 JUCIEPCHIO TH-
Mep3ByKa JaeT B3aUMOJIEHCTBHEM 3BYKOBBIX BOJIH C S-CTPYKTYpaMH B PacTBOPE.
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5. Kpusoxmxka C.B., Cabupos JI.M., Typakynos f., Yraposa T.M. 13ydenne cekrpa paccesHHs CBETa U PaCIpPOCTPAHCHNUS YIIbTPa U THIIEP3BYKa
B pacTBOpe 7Y - MUKoIHH - BoAa // [Tucema JKOTO, 1980. - T.31(2). - C.746-749.
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MeTtoz yabTPaMUKPOCKOIIUU MO3BOJISET MPU MOMOIIU CHEHUATBLHOTO OCBEIICHHS KUIKOCTH MOIIHBIM JIy4OM CeTa
BH3YaJIBHO JICTEKTUPOBATh HAJIMYHUE U IBUKCHUE HAHOOOBEKTOB B Hell. [Ipu 3ToM caMu 00BEKTHI HE BHJIHBI, HAOTrO/IA-
€TCsI PAJIEEBCKOE PACCEsTHUE Ha OT/ICJIbHBIX HAaHOPa3MEepPHBIX 00beKTaX. J[aHHBIH SKCTIEPUMEHTAIBHBIH METO/I U3BECTCH
yxke naBHo. B 1925 romy 3a pa3paboTKy W McCieoBaHUs TaHHBIM MeTonoM Puxapn 3urmonmu Obut yaoctoen HoOe-
JICBCKOW MPEMHH 110 XMUMHH. XapaKTepHBINA BHJ MOJISl 3pEHUS YIBTPAMHUKPOCKOIIa mpecTaBieH Ha Pucynke 1. B cdo-
KyCHPOBaHHOM FOPU30HTAIBLHOM JyUe Jla3epa, B LICHTPE Kaapa, BUAHO PacCestHUE OT OTACIbHBIX YaCTHUL, BHE JIyda — HE
BuHO. OTpaHUUYEHUH, CBA3aHHBIX C TUPPAKIIMOHHBIM TPEACIIOM 37IeCh HET, TIOCKOIbKY, BUJHBI HE CAMU YaCTHUIIBI, a
paccesiHue ot Hux [1].

Puc. 1. XapaxTepHsIii BU 1MOJIS 3peHUS YABTPAMHUKPOCKOIIA TIPY HAOIIOICHUH HAaHOYACTHUI]
(R=55 um) B BozIe

bnaronapst BOSMO)KHOCTH BH3yaJIN3alli{ YaCTHI] TAKUM CTIOCOOOM CTAHOBHUTCS BO3MO)KHBIM ITOJICYNTATh UX YHCIIO B
enuHuIEe 00beMa — U3MEPHUThH YUCIIEHHYIO KOHIIEHTPAINIO, a TaKXKe MCCIIe0BaTh ITOBEIEHUE YaCTHUI] B PEATbHOM Bpe-
MEHHU TIPU BO3JEHCTBUM HA HUX PA3IUYHBIX (PU3NYECKUX TMOJIEH, HAalpuMep, MarHUTHOTO.

MuHNMaNbHBIA pa3Mep YacTHIl, KOTOPBIE MOXKHO JE€TEKTUPOBATh JAHHBIM METOJIOM OIPEENIeTCS MOITHOCTHIO U
JUTMHHOW BOJIHBI OCBEIIEHHS (J1a3ep), YyBCTBUTEIBHOCTHIO IIU(PPOBON KaMephl, NUCIOIb3YEeMON ISl TETEKTUPOBAHMS
M300pakeHUsI ¥ MaTepHalioM YacTUIl. MeTaIMueCcKie YaCTUIIBI TOCTAaTOYHO XOPOIIIO PACCENBAIOT CBET, UTO MO3BOJISET
JIETKO JIETEKTUPOBATh TaKue 4acTHilbl pasMepom 10 10 am. Jlns nanoyactun SiO, Wi JIATEKCHBIX HAHOYACTHIL, IPU
OJTMHAKOBBIX TIapaMeTpax Mpuoopa, MUHUMAIBHBIN AETEKTUPYEMBINA pazmep OymeT okoino 90 HM.

B pabote mpezncraBieHbl pe3yabTaThl HCCIEAOBAHHS Pa3IMYHBIX 0OpA3IOB BBICOKOYMCTON BOABI, MPOIIEAIICH
MIPEeIBAPUTENBHYIO OUNCTKY ((PUIBTPBI, 0OpaTHBIN ocMoc) [2], Ha conmepkaHNe HaHOPa3MEPHBIX MpUMecei. DKCTepu-
MEHTAJIbHO MTOKa3aHO, YTO IMPOIECC YIBTPa3ByKOBOTO AucrieprupoBanus (Y3/]) 4ucToil BOAbI ¢ UCTIONB30BaHUEM I10-
TPY’KHOTO aKTUBATOpa MPUBOIUT K TOSBICHUIO HAHOPA3MEPHBIX YaCTHUIl B BOJIE M KOHIIEHTPAIHS UX JIMHEIHO PacTeT C
yBenmmueHneM Bpemenn Y 3/1. [Toka3zana BO3MOKXHOCTB I€TEKTHPOBAHUS METOIOM YIBTPAMHUKPOCKOITUU CyOMUKPOHHBIX
OaxTepuil B Bojie, AE€TEKTUPOBATh KOTOPHIE METOAAMHU ONTUYECKON MUKPOCKOIIMHU JOCTATOYHO CIOKHO M3-3a MX MaJIbIX
pa3MEPOB M HUZKOW KOHTPACTHOCTH.

Jluteparypa:
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[Ipu nccrnenoBaHnn BOJHBIX PACTBOPOB B EMKOCTAX KOHEUHOTO pa3Mepa METOJOM HHTPOCKOIUHU 3JIEKTPOMArHUT-
HBIMHU BOJIHAMH PaJHOIMana3oHa KpailHe BaKHO MOA00paTh YaCTOTHBIM HANa30H MCCICAOBAaHNS U OLICHUTH BIUSHHE
HETIOCPEACTBEHHO STYEHKH (EMKOCTH), €e Marepraia i FreOMETPUIECKIX pa3MepOB Ha KOHEUHBIN pe3ybTar.

CyTp MeTofa 3aKitouaeTcs B OONMydYeHHH STYCHKH C BOAHBIM PACTBOPOM PaJHMOBOJIHAMH U JAECTEKTHPOBAHHS OTpa-
KEHHOTO curHaza. [lo Beln4ynHe ypoBHsI OTPaKEHHOTO CUTHAJIa MOKHO CYAWTBH O JIUIEKTPUYECKON MPOHHUIIAEMOCTH
BOJIHOTO PAacTBOpA U, KaK CIEJICTBUE, O KOJIMYECTBE MTPUMECEH, copepKaluxcs B HeM [1].

JU1st TOBBILIEHUS TOYHOCTH MCCIEIOBAHMS H, TT0 BO3MOKHOCTH, YMECHBIICHUS BIMSHUS CIIydailHbIX (DakTOpOB, Ha-
pUMeEp, PE30HAHCHBIX Pa3MEPOB CaMOM €MKOCTH, U3MEPEHHE HEOOXOAUMO BBIMOJIHATH B IIMPOKOH MOJNIOCE YacTOT.
Haubonee npeanouturenen CBY nuana3zoH B BUILy Majloro pa3Mepa aHTeHH M BBICOKOH pa3peliaroniei crnocoOHOCTH
uccienoBanus. B pabore paccmarpusancs nuamna3on ot 100 MI' go 4 I'T.

JList TOBBIIEHHSI YHUBEPCAIBHOCTH pacCMaTprBaeMOro METOJa U pacIIMpeHHs 00JacTH MPUMEHEHHUS BBITIOJIHEHA
OIIEHKa BJIMSHUS TOJIIMHBI CTEHOK EMKOCTH M €€ MONepevyHoro pasmepa [1-3]. Marepuan uisd CTEHOK EMKOCTH € BO-
JTHBIM PacTBOPOM MPHHAT 3a TacTuk [19T[4].

ComracHO MOJTyYeHHBIM pe3yabTaTaM MaTeEMATHYECKOTO MOJIEIMPOBAHUS CHIEIAHbI CIETYIOIINE BBIBOBIL:

- TOJIIIIMHA CTEHKH M3MEPUTENBHON S4YelKu B ciryyae ucnonb3oBanus [I1DT nimacTuka He BIMAET Ha MOJyYEHHBINH
pe3ynbraT (paccMaTpUBAINCH TOIIIUHBI CTeHOK 1 cM 1 20 cm);

- B clly4yae cpeibl ¢ MalbIMU MOTepsiMU (Bofa Oe3 mpuMmeceil), Ha yactorax a0 2.5 [T nabmonaercs paznuuue B
ko3¢ GUIMEHTax OTPaKCHUS IIPU paccMaTpUBaeMbIX pa3mMepax KoHnTeinepa 5 cm, 25 cm u 100 cm. Tak Ha actore 1 [Tt
ko3¢ ¢unmeHTs oTpaskenns coctasistioT 0.938, 0.886, 0.877; na yactore 2 I'T' K03 PULIUEHTBI OTpaKEHUS] COCTABIISI-
ot 0.891, 0.877, 0.877; Ha wactote 2.5 ['T11 koaddurments otpaxenus coctaBisitor 0.876, 0.876, 0.876 nns TonmuH
5cMm, 25 cm u 100 cM COOTBETCTBEHHO;

- TIpY YBEJIMUCHUN KOHLEHTPAILIUHU COJIH, TO €CTh IPH BO3pACcTaHUH MOTEPh B cpeze, KOIDUIIMEHT OTpaKCHUSI MEHEE
3aBHCHM OT Pa3MepoB KOHTelHepa, Tak, pu koHueHTpanuu coian NaCl 1% ysxe nauunas ¢ yactotsl 0.8 [T kosddu-
LUEHT OTPAXKEHUS JJI BCEX KOHTEHHEPOB ABIAETCS OMHAKOBBIM.

[Tony4enuble pe3ynbTaThl OBUTH MOATBEP)KICHBI HATYPHBIM 3KCIIEPUMEHTOM, UCIIOJIB30BAIMCH KOHTEHHEPHI € TIOTe-
PEUHBIM pa3MepoM 5 cM u 25 cM, yacToTHast o0acTh uccienoanus cocrasisuia ot 2.5 [Ty o 3 I'T'w. [ony4ennbie ko-
3G PHUINEHTHI OTPaKCHMS YKIIABIBAIOTCS B MOTPELIHOCTD U3MEPEHHI, HE 3aBUCAT OT pa3Mepa U3MEPUTEIBHON STUCHKH
U TIOATBEPKJIAIOT pe3yabTaThl MAaTEMaTHYeCKOr0 MOJIEIMPOBAHNS.
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W3BecTHO, YTO CTPYKTYPHBIC U, COOTBETCTBEHHO, CIICKTPaIbHbIC CBOMCTBA MOPOIIKOB JIAKTO3bI MOHOTHIpaTa, Ha-
CBIIIICHHBIX PAaCTBOPAMHU BEUICCTB, MPUTOTOBICHHBIX TOCIEIOBATEIBHBIM Pa3BeIcHUEM, COTIPOBOXKIABIIIMMCS BHOpa-
IIMOHHBIM BO3/ICHCTBUEM, OTIMYAIOTCS OT COOTBETCTBYIOIIMX CBOMCTB KOHTPOJIEH (T.e. OT MHTAKTHOTO TOPOIIIKA JaK-
TO3BI U OT MOPOIIIKA JIAKTO3bI MOHOTHJIPATa, HACKIIIEHHOTO pacTBoputeseM) [1-3]. DTo 00yCIIOBIIEHO pa3iHyYusIMU B
(PMBUKO-XMMHUYECKUX CBOMCTBAaX PacTBOPOB, UCIIOIB3yEeMbIX JIJISl HACBIIICHHS MTOPOIIKOB JIAKTO3bI MOHOTHApaTa. [lpn
3TOM, CTPYKTYPHO-IHHAMUYECKUE CBOMCTBA BOJIBI B COCTaBE PACTBOPOB TaKUX 00Pa3I[0B JAKTO3bI MOHOTHJIPATa TAKKe
pasnuyatores [3].

HenaBro Oblna omyOMKOBaHA CTaThs, OMUCHIBAIOINIAS BO3MOXKHOCTh MOydeHHsI 00pa3IoB ¢ U3MEHEHHBIMU (hr3H-
KO-XMMHUYECKAMHU CBOHCTBAMH B pe3yJbTaTe BUOPAIIMOHHON 00pabOTKH BOJBI WX JIAKTO3bl MOHOTHPATa COBMECTHO
C IpYyTHIM BEIIECTBOM, HO HaXOMSAIINMCS B OTJeNIbHOM (hitakore [4]. B HacTosIei paboTe omnrcaHbl pe3yibTaThl HCCie-
JIOBaHUS JICKTPOXUMHUUECKUX CBOWCTB PACTBOPOB JIAKTO3bI MOHOTHIPATa, HACHIIICHHON pacTBOPaMHU, MOIYYCHHBIMU
[0 TaKOW TEXHOJIOTHH (4 Pa3IMYHBIX TECTUPYEMBIX 00pa3iia), WM KOHTPOJIBHBIX 00Pa3IoB (JaKTO3a, HACKIIICHHAS
pacTBOpHTENIEM, a TAKXKE JTaKTO3a WHTAKTHas). [lJisT MPUTOTOBICHHS pPAaCTBOPOB 00PA3IIbl JTAKTO3bI PACTBOPSUIHCH B Jie-
HOHU30BaHHOU Boje B KoHLeHTpanuu 0,2%. V3MepeHus: mpoBOAWINCH B JIEHb IPUTOTOBICHUS pacTBopa. W3 kaxaoro
MOPOIIIKa TOTOBWJIM 110 6 PacTBOPOB JUIsl TECTUPOBaHUS yuenbHOU anekrporpoBogHoctu (YOII), pH u okucnurens-
HO-BOccTaHOBUTENBbHOTO noteHIana (OBII). B xozie skcriepruMeHTOB ObUTH BBISIBIICHBI CTATUCTHYECKH 3HAYUMBIC Pa3-
A9 U3MEPSICMBIX TAaPaMETPOB.

[Tokazanu, 4TO AMEKTPOXUMHUYECKUE CBOMCTBA PACTBOPOB YETHIPEX TECTUPYEMBIX 00Pa3I[0B PA3IUYAOTCS: PA3THIHUS
o 3HadeHuto YOIl nocruraror 22% u pasnuuust o 3Hadennto OBII nocturaror 53 mB, paznuuune 3nauenus pH noctu-
raet 0,15 ex. (Bo Bcex cimyyasx p<0,05). Kpome Toro, CBOHCTBa paCTBOPOB YETHIPEX TECTUPYEMBIX 00Pa3IIOB OTIHYAIOT-
Csl OT JIAKTO3bl, HachleHHOU pacTBopuTenem: no OBII — no 40 mB, o pH — 10 0,15 ex. (Bo Bcex ciyuasx p<0,05). [To
CPaBHEHUIO C JIAKTO301 MHTAKTHOW CBOMCTBA PAaCTBOPOB YETHIPEX TECTUPYEMBIX 00pa3ioB oTn4aroTes: mo YIII — 1o
35%, mo OBII — go 55 mB, mo pH — 10 0,3 exn. (Bo Becex ciayuasx p<0,05).

Takum 00pa3oM, OBLIO MOKa3aHO, YTO OOPA3Ibl JTAKTO3bI MOHOTH/PATa, HACKIIIIEHHBIC PACTBOPAMH, ITOTYYCHHBIMU
B pe3yibTare BUOPAMOHHON 00paboTky (ormMcaHHOH B [4]), 10 CBOUM (DU3UKO-XMMHUYECKAM CBOMCTBAM Pa3INYarOTCS
MEXJTy COOOH M OTIIMYAIOTCS OT KOHTPOJICH.
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Hacrosimiast paboTa mocBsieHa BOIPOCY MCCICIOBAHUS BIUSHUS HU3KOYACTOTHOTO BHOPOAKyCTUYECKOTO Mallod-
HEPreTHYECKOTO BO3JICHCTBHS B Tnarna3one yacToT ot 7 1o 100 ' Ha pa3nuyHble (PU3UKO-XUMHUECKHE TIPOIIECCHI, IPO-
TeKarolle B BOAHOHU cpene. B mocnennee BpeMsi BHUMaHUE 3HAYUTEILHOTO YHUCIIA HAYYHBIX KOJUICKTUBOB MPHUBICKACT
paccMaTpuBaeMBbIi TUAITa30H YaCcTOT HE TOJBKO IO MPUYNHE MAIOM3YYCHHOCTH JIAaHHOW 00JIACTH HAYYHOTO 3HAHUS, HO
U B CBSI3M C MIPUKJIAIHBIMU BOIPOCAMU, BO3HUKAIOIIUMHU B TEXHUKE U TEXHOJIOTUH. TaK, U3BECTHBI PE3YNIbTaThl, CBSI3aH-
HbIC C U3YYCHHUEM COHOXMMHUYECKUX pEaKIMil B BOAHOU cpeae (Hampumep, CUHTE3 MEPOKCUAA BOAOPOJA, OKHCICHUE
nonoB xene3a (I1) u T.a.) [1-3]. OTaenpHO CTOUT OTMETHUTH, YTO pACCMATPUBAEMBIC COHOXHMUYESCKUE TIPOIIECCHI HETIO-
CPEIICTBEHHO CBSI3aHbI C HEOIHOPOAHOCTHIO BOJIBI KaK PEAKIIMOHHOM CPEJIbl, a TAKKE HAIMYUEM CBEPXHHU3KOM KOHIICH-
Tpaluu Pa3IMYHbIX COJICH Jake B BOJIC BHICOKOW CTEIICHU OYUCTKH [4, 5].

B cBsi3u ¢ atum, Ha kadenpe duzuku PXTY um. J[.U. MenaeneeBa mpoBOIsATCS CHCTEMATUIECKUE MCCIICIOBAHUS
MIPOIECCOB, TPOTEKAIOIUX B HU3KOUACTOTHBIX BUOPOAKYCTHUECKHUX IMOJISIX. B 4acTHOCTH, SKCIIEpUMEHTAIEHO YCTaHOB-
JieH U 00BsSICHEH 3P(PEKT «HU3KOYACTOTHOTO TOPMOXKEHHUS» OKHCIUTEILHO-BOCCTAHOBUTEIBHBIX MPOIIECCOB B OTKPHI-
TBIX COCYAaX B 3aBUCUMOCTH OT KOHTaKTa ¢ KuciaopoaoM [6]. Ha ocHOBaHMU MOIYUYCHHBIX PE3YyJIbTATOB B JaldbHEHIIeM
M3yYeHO MPOCTPAHCTBEHHOE PacIpe/Ie]ICHUE ra30B B 30HE COHOXUMUYECKOTO ACHCTBHUS B TOBEPXHOCTHOM U IITYOMHHOM
CJIOE KUJKOCTH, ¥ JIOKa3aHa TMPaKTHYEeCKasi BO3MOXKHOCTh HU3KOYaCTOTHOTO BHOPOAKYCTHYECKOTO YIIPABJICHHUS JIOKATb-
HOW KOHIICHTpAIlMel ra3000pa3HbIX peareHTOB Ha MK (a3HOU TpaHHMIIe U B TITyOWHE pacTBOpa Ha IMIPUMEPE YITICKUCIIOTO
rasza v ra3000pazHoro ammuaka [7]. [lomyueHHBIH pe3yabTaT IMeeT NPaKTHYCCKYI0 3HAYMMOCTh JIJISl HHTCHCU(UKAIIH
MacCOOOMEHHBIX TPOIIECCOB B TEXHOJIIOTUYECKUX YCTaHOBKax. /[oka3zaHO BIMSIHME HU3KOYACTOTHBIX FApPMOHHYECKUX
KoJIeOaHWH Ha TIOBBIIICHUE JI0 5 pa3 CKOPOCTH XMMHYECKUX IMPOIECCOB 00pabOTKH MOBEPXHOCTU KOHCTPYKIIHOHHBIX
MaTepHaJIoB «TPABHIBHBIMU pacTBOpamMm» [8].

DKCIEPUMEHTAIBHO JOKA3aHO BIMSIHUEC HU3KOUACTOTHBIX BO3ICUCTBUM HA COCTOSTHUE CYNPaMOJICKYISIPHBIX COCIH-
HEHMIT MeIUIMHCKHX npenaparos Moauson i Moke. Ha 0CHOBaHMH MONYYEHHBIX PE3y/IbTaTOB BBICHEHO, YTO AKyCTH-
YEeCKOE T0JIe TPUBOIUT K U3MEHEHHUIO OMOXUMUYECKON aKTHBHOCTH mpenaparoB [9]. B cBsi3u ¢ 3TuM, MpoBOAMIHCH UC-
CJIETOBaHUS 110 U3YyUCHUIO HU3KOUYACTOTHOTO BO3ICUCTBUS HA BCXOKECTh CEMSIH: YCTAHOBJICHO YCKOPEHUE IPOPaCTaHUs
00pas3IoB, IPU ATOM 3aBUCUMOCTh OT BPEMEHH BO3JICHCTBHS HOCUT HEJIMHEHHBINA XapaKkTep.
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Boraros, A. JI. Huxomnaes // BecTHHK MOCKOBCKOTO TOCY/IapCTBEHHOTO TeXHHYecKoro yHuBepcutera M. H.D. baymana. Cepust EcrecTBennsie
Haykn. — 2020. — Ne 1(88). — C. 80-92.

[7] UccnenoBanne ¢puznko-xuMuiecKux 3PQeKToB, BO3HUKAIONINX B HU3KOUACTOTHBIX ManodHeprermuecknx nomsx / H. A. Boraros, B. C.
Bonnsipes, A. C. CaBuna [u 1p.] / Yenexu B xumun 1 XuMmuaeckoi rexHomoruu. — 2021, — T. 35, Ne 14(249). — C. 25-27.

[8] ViccnenoBanne BIUSTHUS HU3KOYACTOTHRIX BHOPOAKYCTHUECKHX MOJIeH Ha aOCOpOINIO YITIEKUCIIOTO ra3a Ha IpaHuIe paszena (a3 KuIJKoCTb—
raz / B. C. bonmsipes, H. A. Boraros, A. C. Casuna [u 11p.] // BecTHuK MOCKOBCKOTO TOCYJapCTBEHHOTO TEXHHUYECKOTO yHUBEpcuTeTa nM. H.O.
Bbaymana. Cepust EcrectBennbie Hayku. —2023. — Ne 6(111). — C. 55-69.

[9] BrusiHre HU3KOYACTOTHBIX MAJIOIHEPTETHUESCKUX BO3NEHCTBHI Ha cocTosHue HomamHona / B. C. bonmsipes, H. A. boraros, A. C. CaBuna [u
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JIBrrKeHue 1000 MOJIEKYIIB MOJKHO MTPEACTABUTH B BHE CYMMBI IBYX (popMasibHO HE3aBUCHMBIX IBUKECHUH — Iepe-
MEIIEHNs IEHTPa Macc MOJIEKYIIBI M BPAIIEHUsI BOKPYT OCH, MTPOXOASIIEH uepe3 3TOT HeHTp. B3anMHoe pacnonoxkeHue
LEHTPOB Macc MOJIEKYJ U X NepeMeIIeHNe aKTUBHO U3y4YaeTcs Kak SKCIEPUMEHTAIbHO, TaK U B XO€ KOMITBIOTEPHOTO
MoJienpoBaHus. [opa3no MeHblle BHUMaHUS OKa3bIBAIOT BPAIICHUIO MOJIEKYN U MX B3aUMHOW OpHeHTaunu. Mexity
TEM JIJIsl X OMHUCAHUS MOKHO HCIIONB30BaTh METO, MOAOOHBINH TOMY, KOTOPBIA UCTIONB3YETCSl ISl TPOCTPAHCTBEHHBIX
MOJIOKEHNUH U TTepEMEILICHUI.

Jnst peanu3ayy 5TOro MeToa AJ1sl MOJIEKyJl KayKI0ro TUIa JOJKHA OBITh 3a/1aHa COOCTBEHHAS IeKapToBast CHCTEMa
koopanHat. OpHUEHTALUI0 MOJIEKYIbI, B KOTOPOH €€ cOOCTBEHHBIC OCH KOOPAMHAT COBMAJAIOT C OCSIMUA KOOPAMHAT MO-
JIeTM B LIEJIOM, Ha30BEM Oa3060u. JIrobas qpyrasi opueHTalMsl ONUCHIBACTCS apaMeTpaMu BPAILCHHs, IEPEBOISILIETO
MOJIEKYTy U3 0a30BOIl OpMEHTAIIMH B TEKYILYI0. JTH MapaMeTphl BpaIIeHUsI MBI OyZeM HCIIOIb30BaTh B KA4€CTBE KOOP-
JMHAT MPOCTpPaHCTBa OpueHTali. ba3zoBas KoHUTypaLus, onuchIBaeMasi mapaMeTpaMy HYJIEBOTO BPALICHUSI, CITYKHUT
JUISL 3TOTO MPOCTPAHCTBA HayaloM KoopauHat. Hambosee ynoOHO Oka3anoch OMMCHIBATh BPALICHHUS € MIOMOIIBIO KBa-
TEepHUOHOB [1] — MOANMUIMPOBAHHBIX KOMIUIEKCHBIX YHCEN, COACPIKALINX OAHY JEHCTBUTENBHYIO KOMIOHEHTY H TPH
MHUMBIE. OpHEHTaIUs MOJIEKYJIBI B TAKOM IIPOCTPAHCTBE OMHUCHIBAETCS] KBATEPHUOHOM BpAIIEHHS, TEPEBOASIIETO 3Ty
MOJIEKYTy U3 0a30BOH OpHEHTAMU B TeKyIlyr0. CpaBHMBas KBaTEPHUOHBI HAYaJIbHON M KOHEYHOH OPHEHTAIINH, JIETKO
BBIYHCIINTH KBaTEPHUOH BPALIEHHS, TIEPEBOAIIECIO MOJIEKYIY M3 Ha4aJlbHOW OpHEHTAllMu B KOHeUHyto. HamsiiHocTs
OMHCAHUs BpAIIEHUs NMPHU MOMOIM KBAaTEPHHOHA 3aKJIOYAETCS B TOM, YTO TPU MHUMBIE KOMIIOHEHTHI KBaTEPHHOHA
OIMCBHIBAIOT OCh BPALICHUS, a ICHCTBUTEIbHAS KOMIIOHEHTA PaBHa cos((/2), TAe ¢ — yroi BpameHus. Takum o0pazom,
MOAOOHO TOMY, KaK MOJIOKEHUE U TIEpEMEIICHIE MOJIEKY B IPOCTPAHCTBE OMUCHIBACTCS PAINyC-BEKTOPOM H BEKTOPOM
MepeMEIIeHNs, OPUEHTALUS MOJIEKYJIbI M €€ BpallleHHe B TPOCTPAHCTBE OPUEHTALNI ONKCHIBAETCS KBATEPHUOHOM OpH-
EHTallUM U KBaTEPHHOHOM BpallleHUsI.

C NOMOIIIBIO TAKOTO METO/IA HAMH OBUTM M3y4YeHbI KOPPEJSILIMK MOCTYNAaTeIbHOTO U BPAIIATEIbHOTO ABHKEHHUN MOJie-
Ky Bozibl [2]. OmpezeneHs! yIiIoBble CKOPOCTH 3TUX MOJIEKYII, PACCUMTAHbI X aBTOKOPpESIIMOHHbIe GyHKINH. CIIeKTpBI
aTuX (yHkumii Ha naTepBae ot 200 1o 1000 cM' XOpomIo BOCIPOM3BOIAT COOTBETCTBYIOIINE YYACTKU AKCIIEPUMEHTAITb-
ubIx KP-cniekrpoB Bozp! [4]. McnionbzoBanue Gopmyast [ puna-Ky6o mo3onuio paccuurars Ko3()(OUIMEHTH! Bpalaresib-
HOH 1 dy3nu BOABI PU Pa3HBIX AAaBICHUSAX U TEMIIEpaTypax.

[ToMuMO 3TOTO, HAMH OBIIIH ONIPEACIICHBI M OIIMCAaHbl OCHOBHBIC OPHUEHTAIIMN MOJIEKYJI BOJIbI Ha PAa3HBIX PACCTOSHUSX
OT ITOBEPXHOCTH OeKa [3] 1 munuaHoN MeMOpaHBbl, a TAK)KE B3aUMHAasi OpPUEHTALIMS MOJIEKYJ B BOAHBIX pacTBopax TBA
u TMAO.

Jluteparypa:

[1] Bomommnu B.II., Habepyxun FO.U. «Ommcanne BpamareIbHBIX IBIDKEHHH MOJICKYT B KOMIBIOTEPHBIX MOJEISX BOJBI C ITOMOIIBIO
kBarepHHOHOBY», POHCUT, 12(1):69-80, (2020)

[2] Bomommn B.II., «Koppensmust mOCTynaTeIbHOTO M BPAIIATEIEHOTO JBIDKEHHS MOJIEKYN BOJABI B MOJEKYIISIPHO-JHHAMUYCCKUX MOIEIAX»,
POHCHT, 13(2):141-148, (2021)

[3] Bomommu B.IT., Mensenes H.H., «Opuenranust Moiekys BoAbI BOIN3HM MI00yIsipHOTO Oenka», XKypH. CTpyKT. Xumuh, T. 62, Ne5, c. 745-757,
(2021)

[4] Bomommu B.II., HaGepyxun O.U., «ABTOKOppensnMOHHBIE (YHKIUH MOCTYNATeILHOW M BPAIIATENbHOI CKOPOCTH B MOJICKYISIPHO-
JTMHAMAYECKUX MOJIEIISIX BOJBI M MIX CIIEKTPB», JKypH. cTpyKT. xumun, T.64, Ne2, 105637, (2023)
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OOBIYHO TpenIonaraeTcs, YTo €CIM MOJIEKYJIa pACTBOPEHHOTO B BOJIE ra3a UMeeT HeOOobIINe pa3Mepsl, To 00pasy-
IOIIAsiCsl BOKPYT Hee rHpaTHas 000J04Ka NPUHUMACT (GopMy, OIM3KYIO K Jofekadpy 5'? nim nommaapy 5'262. Knarpar-
HBIC Ta30BbIC THUAPATHI BO MHOTHX CIIy4asX COAEpXaT OOJNbIIOe KOJTMYECTBO MosocTei 5'2. PemeTka U3 MOJIEKyI BOJIBI
B HUX CTa0MJIM3MpPOBaHa MOJIEKYJIaMH Ta3a. B wacTHOCTH, Kax/1ast U3 mojocTel 5'% MoxeT OBbITh 3all0JTHEHA MOJICKYIIOM
rasa, eciu ee pasmepbl Menbie 4.2 A.

KonnyecTBo pacTBOPEHHOrO B BOZE T'a3a HE JOCTATOYHO, YTOOBI IIPH yCIOBUSX (TeMIeparype 1 AaBIeHUH) 00pa3o-
BaHMs ra30BOT0 THpaTa €ro KpUCTaIUIM3alusl HaYMHAIACh BHYTPU BOAHOTO oObeMa. [103ToMy, Kak MOKa3bIBaeT OIIBIT,
o0Opa3oBaHue Ta30BOr0 THApaTa HAYMHAETCS HA TPaHUIE Ta3 — XKuaKkas BogHas (aza. B wactHocTH, Ha rpaHuIie BO1O-
por—Boza obpasyrorcs ruaparel KC2 (npu nasnenunsx go 400 MIla), nearo oTkpeIThIid C | ¢ reKCaroHaabHON CTPyK-
Typoii (400 — 700 MIla), C, co CTpyKTypo# BOJHOIO Kapkaca B Buje CTpykTypsl abaa Il (700 MIla — 2 I'Tla) u C, co
CTPYKTYPOH BOAHOTO Kapkaca B BHIE CTPYKTyphl Jbja Ic (Beime 2 ['Tla). B ruapare Bogopona co crpykrypoit KC2
Ka)J1asi MoJIOCTh 5! MOXKET cofepKaTh JI0 JABYX MOJICKYJION BOJOPO/IA, a MoJ0CTh 5'26% — 10 ueThipex.

Ecnu pa3mepsl MOJIEKyIbI ra3a TaKoBBI, YTO BOZMO)KHA CTAOMITU3ALIUS TOACKAIPUICCKPH MOIOCTH, TO KpUCTaJUIN3a-
LUsT KJIaTpaTHOTO THApaTa U HAaYMHAETCs ¢ 00pa30BaHusI Ha TPaHUIIe pa3zelia ra3 — BoAHas (paza Takoil monocTu u moce-
JYIOILEro MPUCTPauBaHMs K Hel TOA0OHBIX nostocTei. [Ipn 3ToM Ha TpaHuLe pa3aena U3 CMEXHBIX JOIEKadIpoB 00pasy-
10TCS (PparMeHTBI TeKCaroHAIBHOM TIIOCKOH CTPYKTYPBI, COAEpIKaIllel BaKaHCHU. DTH BaKaHCHU TOCTPAaUBAIOTCS AajblIe
10 mosiocteit 5262, 5'26° wim 5'26* B 3aBUCHMOCTH OT TOTO, KAKUE U3 HUX MOTYT OBITh CTaOMITM3UPOBAHbI MOJICKYJIaMH I'a3a,
1 IPOUCXOJIUT POCT KPUCTAJIIOB I'a30BOT0 TMIpaTa.

B pabore nmokazaHo, 4ToO MpH TAKOM MEXaHU3ME KpPUCTAIUIN3AIMU KIIaTPAaTHOTO THApaTa ¢ FTeOMETPHUYECKON TOUKH 3pe-
HUSI BO3MOXKHO 00pa30BaHUE U3 CMEKHBIX JOIEKadIPOB M HEKPUCTAIUINIECKOH CTPYKTYpHI B Buae cripanu 30/11, cocro-
sei u3 Tpex crmpaineit 101. Takast cTpykTypa sIBIsieTcst TMHEHHOH MOACTPYKTypoid onurona (5, 3, 3). B npoctpancTse
E, ee onekaIphl CIIETKa UCKXKEHBI (BHEIIHKUE PeOpa CTPYKTYpbI INIMHHEE BHYTPEHHUX MEHbIIE, 4eM Ha 5%). CTpykTypa
MOXET pacTy HEOTPAaHUUEHHO B JUIMHY, HO €€ JMaMeTp OrpaHHYEH.

Kpucrammmueckas ctpykrypa KC2 (ee Bomusblii kapkac — e X VI) cocrout u3 nonocteit 5 u 5'26%. Ona noydaercs
13 CTPYKTYpbI osuTona (5, 3, 3) BBEIGHNEM B MTOCIIEIHIO CETKU TUCKIMHALNHN, MPUBOAAIINX K IMOSBICHUIO ITOJIOCTEN
5'26* (aHanOrMuHBIM 00pPa30M TaK paHbIle ObUIA PACCMOTPEHA CTPYKTYpa OnHOI n3 ¢as JlaBeca).

B nacrosmeit pa6ore nokasano, uro kpucramyeckuit nen XVII (on e BoaHbIi Kapkac ruapara Bogopona C)
COCTOMT W3 JIMHEWHBIX MOACTPYKTYp nojuromna (5, 3, 3), B KOTOPHIX B Kaxayto cnupainb 10, U3 101eKasIpoB BBEAEHA
TUCITUPALHS C YITIOBOM KOMIIOHEHTOH B —72° M CIIBUTOM Ha MOJIOBUHY TICEBAONEPHOa (T.€. Ha OUH AoneKkasap). CiBur
o0ecrieunBaeT pacupsMIICHHE CIIUPaid, a J00aBIEHHE LIECTOrO YIIa — BO3MOXXHOCTD YKJIAIKH B KPUCTAJUINYECKYIO
CTPYKTYpY B E..

Ecmu B crimpans 10, 3 1onexasnpos BBOAUTH JUCIUPALIMIO C YIIIOBOW KOMIIOHEHTOU B +72° U CZIBUTOM Ha MOJIOBUHY
TriceBoNeproa (Ha OJUH T0JEKadp), TO MOJIOCTH HOITHOCTHIO HCUE3aI0T U MOyvaeTcsl GparMeHT CTPYKTYPBI KpUCTa-
mueckoro BogHoro ypaa [I(IX). Oxnako B otmune ot npaa XVII Bo npay II(IX) aTi ¢pparMeHThI CBA3aHBI MEXKIY
co0oii He yepe3 o01IHe aTOMBI, a Yepe3 BOAOPOIHbIC CBSI3H.

CTpyKTypbl HEKOTOPBIX JPYTUX BOIHBIX JIBJOB POACTBEHHBI CTPYKType nonutona 240.
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ITpu nccnenoBaHuM KOMITJICKCOB MIEKTHHA METOIaMU KoMOUHaImonHoro paccestuus ceeta (KP) u MK-cnekTpocko-
muu (cM. Harpumep [ 1, 2] 1 npuBeAEHHYIO TaM JTUTEPATypy) MPAKTHUECKU BCE UCCIICIOBAHMUS BBIMOIHIIOTCS HA MTOPOIII-
Kax WM Ha 00pasiiax refiei, BEICYIICHHBIX Ha Pa3IHYHBIX MOUTOKKAX, B TO BPEMsI Kak B MPAKTHUCCKUX MPUMEHEHHUIX
HCTONB3YIOTCS TUaAporend. B nanHoit padote Merogom KP-criekTpockomuu MpoBEACHO HCCIenoBaHue 00pasios 2%
THpOTeNieil IUTPYCOBOTO MEKTHHA, BhIACPKAaHHBIX B TeueHue 2 Henmenb (Wet) mpu 40C, u 06pasiioB TOTO e Tefisi, BbI-
CYIICHHBIX Ha BO3/yXe Ha KBapieBoi momiokke (Dry). Crnexrpsl KP cHuManu mpu Bo30yKaeHUH Ja3epoM ¢ A = 785 u
1064 um. BeisiBrneHHbIe paszinuyust Mexay KP-criekTpamu eKTHHA B CyXOM M OOBOJHEHHOM COCTOSTHHSIX MPE/ICTABICHBI
Ha Puc. 1. (au b).
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60000 - | 22— V\T:tera | 2 Pec - Wat - Lum, wet|
3- Pec (dry)-quartz
4 — Quartz 2574 new
- 1746
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30000+ 2334 2008 | 2252
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(1] 3000

Frequency shift, cm’ [ shift, an
Puc. 1. Pazmmuns B KP criekTpax mekTHHA B CYXOM M THIIPOTEIEBOM COCTOSHUAX: a: CIEKTp paccesHus

B T'HJIpOTeNie MeKTHHA (KpacHBIX, 1) mocie BRIYUTaHus CrieKTpa Boabl (cuHuii, 2); KP-criektp BrIcyIieHHOTO 00pasia

reKTrHA (3eNEHBIH, 3) MOoCce BEIYUTAHUS CIIEKTPa KBAPIEBOM MOMTOXKKH (4€pHBIH, 4); b - KPC-ciekTpsI «Cyxoro»
obpasma (3enéusiii, 1) u ruaporens (KpacHbIi, 2) TIOCIIe BRIYUTAHUS CTICKTPOB BOABI U JIIOMUHECIICHITHH.

OBanaMu BbIIETICHBI HanOOJIee XapaKkTepHbIe OTauamsl. Bo30yxmenue Ha A = 785 HM.

B ruzpporene nexTrHa BO3HUKAET IMIMPOKAst TIOMHUHECIIEHTHAS TT0JI0Ca, KOTOPOI HET B CIEKTPaX «CyXHX» 00pa3IoB.
Takske B THApOTENE IO CPABHEHUIO C «CYXHM» 00pas3IioM MOSBIIETCS mupoKast monoca 2334-2808 cm! 1 psii HOBBIX
muHnit (299, 465, 490, 733, 961, 1274, 1348 cm! u HecKombKO JMHMIA B quanazone 1399 — 1637 cm!). B To e Bpemst
HECKOJIbKO JIHHHH (425, 589, 1262 cM-1) npomnagaroT Wik CHIBHO 0CIa0IsSIOTCs B THIpOrene, a TuHur 632 u 686 cm!,
a taroke 1050 u 1080 cM™!' MEHSIIOT COOTHOIICHHE HHTEHCUBHOCTEH.

Taxum obpazom, obHapyxeHo nossiaeHne B KP-cekrpax ruaporesneil TMHNH, OTCYTCTBYIOIINX B CHEKTPaX CyXHX
o0pasnoB u mo gactotam Omm3kux K xonebanmsm C—OH, COO-u (OH)COOH rpymnm. YBennueHHe HHTEHCUBHOCTH
KoJie0aHmnii TaKux I'pyInIir OTHOCHUTEIBHO KoJIEOaHHU I IMUPaHO3HBIX KOJICI, a TaKXKE IMOABJICHUEC JIIOMUHCCUCHIWU B T'-
JpOTeJIe TO3BOJISAET MPEANOI0KHUTh, YTO CIIEKTPOCKOIINS THAPOTENIel MOXKET 1aTh JOMOJHUTEIHHYI0 HH()OPMAIHIO O
CPaBHEHHIO CO CIIEKTPOCKOITNEH CyXHUX 00pa3IoB.

Jluteparypa:

[1] Phillip M.Wu, Ching Yi Chung, Yan Ruei Chen, et. al. Vibrational and electrochemical studies of pectin—a candidate towards environmental
friendly lithium-ion battery development. PNAS Nexus, 1, 1-8, (2022) https://doi.org/10.1093/pnasnexus/pgac127.

[2] G.A. Davydova, L.L. Chaikov, N.N. Melnik, et. al. Polysaccharide composite alginate-pectin hydrogels as basis for developing wound healing
materials. Polimers 16, 287 (19 pages) (2024). https://doi.org/10.3390/polym16020287
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[IpencraBieHsl pe3yapTaThl HATYPHBIX M3MEPEHHUN THAPOJIOTHYECKUX XapaKTepHCTUK MOPCKOH Bonbl B Kapckom
Mope, nony4deHnsie B xoze skcneauun «11Y MOTU-NO PAH-2024» na HUC «IIpodeccop Momauanos» netom 2024
rozia. 3aperucTpUPOBAHHBIE C TOMOIIBIO KBa3UCTAIIMOHAPHBIX BEPTUKAIBHBIX LIEMOYEK C TEPMUCTOPAMHU, a TAKXKE MPH
HenpepsiBHOM CTD-30H1MPOBaHNT KOPOTKOIIEPHUOAHBIEC BAPHUALIMH TEMIIEPATYPbI IIO3BOIHIIN OOHAPYKUTH IPUCYTCTBHE
WHTEHCHBHBIX KOPOTKONEPHOAHBIX BHYTpeHHUX BosiH (KBB). Pesynbrars! ciekTpaibHOi 00paOOTKH MOMyYeHHBIX J1aH-
HBIX MOKa3aHbl Ha pHC. 1, IIe OHM CPABHUBAIOTCS C KJIACCHYECKUMU CIEKTPOM BEPTHKAJIBHBIX CMEIIEHNUH KUAKOCTH,
npegnoxkeHHbIM K. I'apperrom 1 B. Mankou [1]. Kak BugHO Ha pucyHKe, aMIunTyaa 3apeructpupoBanisix KBB cyme-
CTBEHHBIM 00pa30M MPEBOCXOAUT (HOHOBBIC 3HAUCHHSI, XapaKTepHBIC [l METIKOBOAHBIX akBaTopuil. [lo-Buaumomy, 310

ANY3

CBSI3aHO C TeM, 4TO 3aperucTpupoBanHbie KBB mpencTaBistor co6oii “XBOCTBI I[yTOB COTUTOHOOOOHBIX BOJH [2].
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Puc. 1. CnexTp BepTUKaJIbHBIX CMEIIEHNI H30TEPM B CJIO€ MUKHOKINHA, COBMELIEHHBII ¢ TEOPETUYECKHUM CIEKTPOM
lapperra-Manka: a) o pe3yybraraM U3MEpeHUi B ceBepHOit yactu Kapckoro Mopsi; 0) 1o pe3ysibraraM U3MEpeHUH B
10’KHOM yactu Kapckoro mops

B pabore Takke npejicTaBiIeHbl YUCIICHHBIC OIICHKH BO3MOXHOT0 BivsiHUs 110100HbIX KBB Ha nanbHee pacmpocrpa-
HEHUE aKyCTUYECKUX CUTHAJIOB C Hecyllel yactoTol f = 3 k['1, yacTo mpuMeHseMbIX Ha MEJIKOBOJbE ISl TIOJIBOIHOM
aKyCTUYECKOW HAaBUTALIMU U 3BYKOIIOJBOJHOM CBSI3U. PacueTsl, BHIMOIHEHHBIE C TOMOIIBIO METO/Ia IIMPOKOYTOJIBHOTO
napaboIMYecKoro ypaBHeHus, okazanu, yto KBB, Bo3myIaronire BepTHKaIbHBIN MPO(HIL CKOPOCTH 3BYKa, IPUBO-
JISIT K CYIIECTBEHHBIM M3MEHEHUSIM MEePEIaTOuHON (DYHKIIMH TOABOIHOTO aKyCTHYECKOTO BOJTHOBO/IA MTPOTSHKEHHOCTHIO
B HECKOJIBKO COTEH MeTpOB. [Ipu 3TOM moTepu npu pacupoCTpaHEHUN MPAKTUUYECKU HE U3MEHSIOTCS.

Konmarxmmuule uzmepenus ObLiu nomyueHvl 6 pamKkax HayuHo-06pazosamenvHoll npozpammul «llnasyuuil
yuugepcumemy (coenauernue Ne 075-03-2024-117).

Jlureparypa:
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[2] Ky3bkun B.M., JlaBposa O.1O., ITepecénkoB C.A., Ilernuxos B.I', Cabunun K./I., AHu3oTpornHoe noie (HOHOBBIX BHYTPEHHHX BOJH Ha
MOPCKOM IeJIb()e U ero BIUSHUE Ha PaclpoCTpaHeHHE HU3KOYaCTOTHOIO 3ByKa, AKYyCTHUYECKHIl )KypHal, ToM 52, ctp. 74-86, (20006).
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Bona — camast pacripocTpaHeHHas! )KUAIKOCTh Ha 3eMIle, a TAKXKE BEIISCTBO ¢ HAMOOIBIIUM KOJIMYESCTBOM aHOMAIHN B
TEPMOJMHAMHYCECKUX, TMHAMHUYECKUX M CTPYKTYPHBIX CBOWCTBax. Boma HeoOXomuma /sl JKHU3HU U, CIICAO0BATEIILHO, SIB-
JISICTCST BXKHEHIITUM O0OBEKTOM JIJISl COBPEMEHHBIX MICCIICAOBAHUN B 00JIACTH XUMHUYECKON (PU3UKU U (PH3HUECKON XHUMHUU.
HecmoTpst Ha CBOIO MPOCTOTY B )KUKOM COCTOSTHHU, OHAa HMEET YPE3BhIYAHO O0TaTyro (Da30BYIO JHarpaMMy, Ha KOTOPOit
MIPECTABIICHBI PA3IMYHBIC THITBI JIHIOB, aMOp(HBIC (a3bl M TEPMOIMHAMUICCKHE aHOMAJINH, & TAK)KE THITOTETHYCCKAS
KPUTHYECKAsl TOYKA TEPEX0/ia KHUIKOCTh-KHIKOCTh, KOTOPAsk UCTIONB3YeTCs JIIsl OOBSICHEHUS] HAOFOIaeMOTO aHOMATh-
Horo nioBezieHus [1]. BonbIioit mHTEpec nmpeIcTaBIseT H3ydeHHe MOBECHUS BOJIbI B KOH(DaHMEHTe (OrpaHUYeHHOM Te-
OMETPHH) JJIsi OMOJIOTHH, TEOJIOTHUH | JIPYyTUX 00JIaCTeH, IJIe CBOMCTBA MaTepHalia CUIBHO 3aBHCAT OT IMIOBEIICHHS BOJIBI B
IETIsX, TIOpax U T.JI. B CBsI3M C 3TUM aKTyallbHBIM SIBJISICTCS] ONMCAHKE TTOBEJICHUS BOJIBI HE TOJIBKO B TPEX, HO U B JIBYX
M3MEPEHHUSX.

Teoperndeckoe onucaHue BOJbI UCIIOIB3YET PA3IMIHBIC TIOAXO/IbBI, BKIFOUAIOIINE TEPBOIPUHIIMITHOES MOJICIHPOBA-
HUE C UCTIOIH30BAHNEM MAITUHHOTO 00yUYEHUS, METOBI MOJICKYJISIPHOH TMHAMUKH C UCTIONB30BaHUEM ITOJTY(EHOMEHO-
norudeckux noreHiuanos (SPC/E, TIP4P/2005 u T.1.) [1]. B To *e Bpemst 1151 Ka4eCTBEHHOTO TIOHUMAHHUS [TOBEICHUS
BOJIbI HCIIOJB3YIOTCS MPOCThIC (DEHOMEHOJOTUYECKHE MMOTCHIIUANBI, XapaKTepU3yeMble HAJIMYMEeM JBYX MAacCIITa0OB
(Tak Ha3wiBaeMble core softened potentials) [1-6]. Oka3zanock, 4T0 B CUCTEME, OMHUCHIBAEMON MOAOOHBIMHU TOTCHIIH-
ayaMu, HaONFOJaeTCs MEJ bl PSIJl HEOOBIYHBIX SBJICHUH, BKIFOUAs MAaKCUMyMbl HA KPUBOW IUIABICHUS, CTPYKTYpHBIC
Mepexobl B TBEpIOH (asze, TepMOIUHAMHYECKHE aHOMAIMH, TIOA00HbBIE HaOM0MaeMbIM B Bojie [2-4]. Hammume nByx
MIPOCTPAHCTBEHHBIX MACIITA00B MPUBOANT K KBa3MOWHAPHOMY MOBEJICHUIO — B 3aBHCUMOCTH OT TEPMOJMHAMHYECKUAX
MapaMeTpoB CUCTEMa MOXKET PaCCMaTPHUBAThHCS KaK COCTOSINAS M3 CMECH JIByX THIIOB YACTHII, COOTBETCTBYIOIIUX Ka-
KJIOMY M3 IMPOCTPAHCTBEHHBIX MacmITab0oB. BHHApHBIE CHCTEMBI UMEIOT TEHIICHINIO K (OPMUPOBAHUIO CTEKIa [2-6].
[Ipu 3TOM B 3aBUCHMOCTH OT COOTHOIICHHUS MPOCTPAHCTBEHHBIX MAcCIITA00B B CUCTEME MOXKET (POPMHUPOBATHCS IBA
THUIIA CTEKJIA C TIEPEXOAOM MEKY STHMH CTEKIaMH. JTOT Tepexo]] ObUT pacCCMOTPEH B IAHHOM JOKJIA/Ie B paMKax MpHU-
ONMDKEHUS CBSI3aHHBIX MOJI JUISl IBYX M TPEX M3MEPCHHI, a TaKiKe METOJaMH KOMITBIOTEPHOTO MOJEIUPOBaHuUs [2-6].
XapakTepHoii YepTOH MOTyYeHHBIX PEIICHUN SBISIETCS HAIMYKE 00IacTell BO3BPATHOTO MEPEX0/ia B CTEKIIO, KOT/Ia IPU
YBEJIMYCHHUH TUIOTHOCTH CHCTEMa CHayaia CTEKITyeTCs, 3aTEM CTEKJIO IEPEXOIUT B JKUKOCTh, a IOCIE 3TOTO CHCTEMa
CHOBa CTEKIIyeTCH.

Jluteparypa:
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competition of diffusion and frustration, Phys. Rev. Lett. 110, 025701 (2013).
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KoMIbIoTepHOTO Moaenuposanus, YOH 190, Ne5, 449-473 (2020).
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TBepabIx chep, TMD 167, 284 (2011).

[6] Y. D. Fomin, E. N. Tsiok, V. N. Ryzhov. Glass transition in a two-dimensional core softened system. RENSIT 12(1), 161-166 (2020).
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N3BecTHO, YTO CKOPOCTH 3BYyKa CMECEH MOTYT IEMOHCTPHUPOBATh Pa3IU4HOE KauecTBEeHHO moBeaenue [1]. Taxk,
CMECH CXKIDKEHHBIX OJIArOPOJIHBIX T'a30B KaK MPABHIIO AEMOHCTPUPYIOT MUHUMYM CKOPOCTH 3BYKa B 3aBHCHUMOCTH OT
KOHIICHTPALUU KOMIIOHEHT [2,3]. B To e BpeMst BOIHO-CITUPTOBBIE CMECH, HA000POT, IEMOHCTPUPYIOT MAKCUMYM CKO-
pOCTH 3ByKa B 3aBUCHMOCTH OT KOHIIeHTpanuu [1]. IIpu 3TOM 10 cuX 1Mop HET yAOBIETBOPUTEIBHOTO O0BSICHEHUS T10-
JOOHBIX Pa3IMyYUi B MIOBEJICHUU Pa3IUYHBIX CMECEH.

B nanHO# paboTe MBI MOKa3bIBaeM, YTO B CIy4ae CO CMECSIMH OJaropoJHbIX I'a30B BOSHUKHOBEHHWE MUHUMYMa Ha
KOHIICHTPAIIMOHHON 3aBHCUMOCTH CKOPOCTH 3ByKa MOXET OBITh CBSI3aHO C 3(PPEKTHBHBIM MPUOINKESHUEM CUCTEMBI K
muHnn OpeHkens npu g00aBieHUH OoJiee Jerkoro KoMrnoHeHTta [3]. B To e BpeMs B BOJHO-CIIMPTOBBIX CMECSX MaK-
CUMYM CKOPOCTH 3ByKa OOBSICHSCTCS 00JIee CHIIbHBIM B3aUMOJICHCTBHEM MOJICKYII B CMECH, UEM B YHCTOW CUCTEME, UTO
COIJIaCyeTcsl C BHICKa3aHHBIMU paHee noraakamu [1].

Jluteparypa:
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[2] Y.L. Kachanov, B.E. Kanischev, L.L. Pitaevskaya, J. of Engineerin Physics 44,1-4 (1983)
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W3BecTHO, 4TO MATHUTHBIC U AIEKTPUUIECKHE KOHNYECKU-BPAIIAIONIMECS MO CIIOCOOHBI MHAYIUPOBATh CIOKHBIC
MHOTOMacIITaOHbIe B3aUMOICHCTBHS B IBYMEpHBIX (2d) kommouansix cucteMax [1]. Bputo mokaszaHo, 4To oMH U3 na-
paMeTpoB MMOTEHIIHANA - YTOJI MPELECCHH OIS - KapJHUHAIBHBIM 00pa3oM BIHMSACT Ha XapaKTep B3aUMOJICHCTBHUS YacTHIL
1 Ha (a3oBylo nuarpammy. Tak, Ipy MasbIX yrilaXx cCHCTeMa BeJeT ceOsl TOA0O0HO ABYMEPHOM CHCTEME C YHCTO OTTAJIKH-
BaTeJIbHBIM MOTEHIIMAJIOM MSTKHX JUCKOB. [Ipu Gonmpimx yrmax — mono0Ho obodmenHol cucreme Jlennapa-Zxonca
¢ (nm)-norerunanom [2]. [Ipu cpeanux yrinax nperneccuu mnojsi — nogo0HO CUCTEME ¢ IOTEHLMAIOM C OTPUIATeIbHON
KPUBH3HOH ¢ 1ByMsi MaciuTabamu JuinH. B akcriepumenTtax amns co3nanust 2d KOJUIOMTHON CUCTEMBI OOBIYHO UCTIONB3Y-
€TCsl BOAHBIN pacTBOP KOJUIOMIHBIX YaCTHIl, 3aKIIOYEHHBIN MEKIY ABYMS CTEKJISHHBIMM IJIacTHHaMU. B ciydae, ecin
paccTosiHIe MEXy TJIAaCTHHAMU CPABHUMO C Pa3MEPOM KOJUIOMJIOB, CUCTEMY MOJKHO CUYMTATh 3(p()EKTUBHO JBYMEPHOIA.
B rtakoii cucteme Oomnploe 3HaYCHUE TPUOOPETAIOT Ae(EKThI TIIACTHH, HAPUMED, UX HIEPOXOBATOCTb. DTH Ae(EKThI
MOTYT CTaHOBUTBCS LIEHTPAMH NMUHHMHTA, TO €CTh, SBJIATHCS TOUKAMH, K KOTOPBIM CHJIBHO MPUTATHBAIOTCS KOJJIOW-
HBIC YaCTUIBL. becropsaok MOKET BIMATH HA CLIEHApUM KpHcTau3aunu/miasneHust 2d cucrem. Tak, B oTiuuue ot
TPEXMEPHOTO Ciyuas, I7ie TUIaBJIeHHE BCETJa MPOMCXOIUT MOCPEICTBOM CTAaHAAPTHOTO MEPEXO/a MEPBOro poja, At
MHUKPOCKOIIMYECKOTO onucanus 2d miaBiaeHust u3BecTHsI Tpu cueHapus [3]: (i) Teopust bepesunckoro-Kocrepiuna-Ta-
ynecca-Xanbnepuna-Henbcona-Sura (BKTXHS), B pamkax kotopoii 2d ruaBieHue MPOUCXOTUT MOCPEICTBOM IBYX
HETIPEPHIBHBIX MIEPEXOA0B ¢ POMEXKYTOYHOH rekcarndeckoi ¢a3oi; (ii) raBieHue NoCpeCTBOM Iepexoia MepBoro
poza, HapuMep, B pe3yabrare TUCCOIMALH AUCKIMHAIIMOHHHBIX KBaApymnoie; (iil) creHapuil riaBieHusi, Ipeisio-
xenubli bepnapaom u Kpaycom (BK): mepexon TBepmoe Temno - rexcaruueckas ¢asa MPOUCXOAUT MOCPEACTBOM He-
npepbIBHOTO nepexoaa tumna bepesnnckoro-Kocrepnuna-Tayneca (BKT), a mepexon rekcarndeckas aza - H30TpONHAs
KHUJIKOCTh — MIOCPECTBOM Iepexoia MepBOro posa.

B pabote npencraBieHsl pe3ynbTaThl KOMIIBIOTEPHOTO MOACIMPOBAHHUS I TPEX MOJIeIeH cilyJaiiHoro muHHUHTa. B
cllyyae 3aMOPOKEHHOTO OeCIopsi/iKa, BEI3BAHHOTO 3aKPEIUICHHEM B PETYISIPHBIX y371ax 2d pemeTky, TBepaas ¢asa cra-
OunM3HUpyeTcs, TOra KaK 3aKperyieHre B CITyYalHBIX MecTax (MEXI0y3JIUsIX) JeCTa0IN3upyeT KpucTal. B aTom ciy-
Yae TPaHCISIIMOHHBIN MOPSI0K pa3pymaeTcs, YT0 IPUBOAUT K PACIIMPEHUIO 00JIACTH CYIIECTBOBAHHS OPUEHTALMOHHO
YIOPSA0YEHHOM )KUAKOCTH (TeKcaTnueckoi (ha3bl) 1 BO3SMOKHOCTH MCCIIEJOBAaHHS ee CBOMCTB. Takast MozieIb MMHHUHTA
MOJKET IPUBECTU K CMEHE CLIEHAPHs TUIaBIIEHHS OT IepeXoa NEPBOTO POA N30TPOITHAS KUAKOCTh - KPUCTAJLI K CLIeHa-
puro no BK ¢ yuactuem rexcaruueckoit ¢asbl. M, HakoHel, TpeThbst MOAEID - | aycCOBCKHMI MMHHUHT - B 3aBUCHMOCTH OT
DIyOWHBI IMKH MOXKeT TpeBpamiath cueHapuit Tuna bK B BKTXHS [4]. B kauecTBe mpuMepa 00CYyKIAI0TCs CUCTEMBI
C MUHHUHTOM: C TIOTEHIIMAJIOM MSTKHUX JAMCKOB JUIsl n=12; ¢ MOTEHLMANIOM C OTPHUIATENIBHON KPUBHU3HOHN C HIMPUHON
crynenbku 1.35; MogenbHas cuctema ¢ Je()OpMUPYEMBIM ITOTEHIIMATIOM, TPUMEHSIEMBIM JUISl OMTUCAHUS TOBEACHUS KOJI-
JouA0B — oTeHuanom l'epua ¢ a=5/2; cucrema ¢ morennuanom Jlennapa-/>xoHca.
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soft-disk system: First-order versus continuous transition, Physica A, 644, 129841 (2024).
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JIMoKcaH SBIISETCS MIMPOKO PACIPOCTPAHEHHBIM MPOMBIIUICHHBIM PacTBOPHUTEIEM, OOTaJarOIUM PSIIOM BasKHBIX
cBOMCTB. Hampumep, TMoKcaH COCOOCH CMEIIMBATHCS C BOIOHM B JIIOOBIX MOJBHBIX COOTHOWICHMSAX. B cuiy aToro,
HCCIIeIOBAaHUE CTPYKTYPBI BOAHOTO PACTBOPA AMOKCAHA MPEICTABISET OOJNBIION HAydYHBIH HHTEPEC KaK ¢ HKCIIEPUMEH-
TaJIbHON, TaK U C TEOPETHUUECKOW TOUKH 3peHHs. MeTo MONEKyIIpHON TMHAMHUKHU TO3BOJIAET MCCIIEI0BATh XapaKTe-
PHUCTHKH pacTBOpa, HEAOCTYITHBIE SKCIEPUMEHTAILHBIM TEXHUKAM, a TAKXKe CIIOCOOEH MPOBEPUTH COOTBETCTBHE CYILIe-
CTBYIOIINX CHJIOBBIX IOJIEH 3KCIIEPUMEHTAIBHBIM pe3ybTaTaM.

B nacrosieii padote [ 1] mpoBoAKTCS CpaBHUTEIBHBIN aHATN3 CETEH BOAOPOIHBIX CBsI3€H B BOAHOM pacTBope 1,4-1u-
okcaHa B cIOBBIX moisix Cmuta [2] 1 OPLS-AA/CMI1A [3] ¢ monenbro Boasl TIP4P. PaccunTeiBaercst obOmiee uncio
BOJIOPOJHBIX CBSI3€l Ha aroM KHCJIOPOAA M YAEIBHOE YMCIIO BOJOPOAHBIX CBA3EH BOAA-BOJAa M JMOKCAH-BOJA, IOJIY-
YEHHBIE pe3yJIbTaThl CPABHUBAIOTCS C SKCIIEPUMEHTAIBHBIMH JAHHBIMU 110 PEHTI€HOBCKOMY paccesHuto [4]. BBogurcs
TreOMETPUUECKUI KpUTEPHI TEPKOJISILIMM CETH BOJOPOIHBIX CBsi3el. [1omokKeHns: pacCUNTaHHBIX TOPOTOB MEPKOIISAINH
CPaBHHBAIOTCS C SKCIIEPUMEHTOM 0 MIMPOKOMOJIOCHON AMANEKTpUUEcKoi criekTpockonuu [5]. Pacuersl npoBonsarcs
B nporpamMmmHoM nakere LAMMPS, anann3 MonekyasipHO-TUHAMUYECKUX TPAEKTOPUH OCYIIECTBISETCS C MOMOIIBIO
nporpaMMHbIX aketoB TRAVIS u MDAnalysis.

O6a cHIIOBBIX IMOJISI XOPOLIO OIMCHIBAIOT SKCIIEPUMEHTANBHBIE JaHHbBIC [4] M0 00IeMy YHCTy BOJOPOIHBIX CBS3EH
Ha aToM Kucnopoaa. OIHAKO pa3nuus B CETSIX BOAOPOIHBIX CBSI3€H MEKIY HCIOIb3YEeMbIMH MOACTSIMU HAOMIOAAIOTCS
TOJILKO aHAJIM3€ Y/IENbHBIX YHCENl BOJOPOJHBIX CBsI3€H BOAA-BO/IAa U AMOKCAH-BO/IA. 3aHMKEHHBIE 3HAYEHMsI YUCIIa CBSI-
3eit Boma-Boza B Mogenn OPLS-AA/CMI1A comtacyioTcst ¢ 3aHMKEHHUEM DHTAIBINHU pacTBopeHus [6]. Oba cuitoBbIX
MOJIS aZIEKBATHO BOCIPOM3BOJAT KCIIEPUMEHT [5] MO HUKHEMY MOPOTY MEPKOJISILIMKA CETH BOJOPOJIHBIX CBsA3el. B oT-
muare oT OPLS-AA/CMI1A, Hauano nepkonsiuy B Mojienii CMUTa 04eHB OJM3KO K SKCIIEPUMEHTAIBHOMY BEpXHEMY
nopory nepkosssuuu. [Ipy HU3KUX KOHLEHTPALUAX JUOKCAaHA B pacTBOPE MPHUCYTCTBYIOT KJIACTEPhI U3 2-3 MOJIEKY TU-
OKCaHa, 4TO COITIACYETCs C IKCIEPUMEHTAIBHBIMU JAaHHBIMU 110 PacCEsHUIO pEHTTEHOBCKUX Jiyuel [4]. CunoBoe mnose
OPLS-AA/CM1A neMOHCTpUpYET MEHEE BBIPAKEHHYIO CETh MOJIEKYJ TMOKCaHa MPU MOJIBHBIX Joisx > 0.20.

Aemop brazooapum Konopamioxa H J{., Konanuuyka U.B. u Hopmana 2. 3a npodykmuervle HayuHble OUCKYCCUU U
HaCmasnenus.
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(2024).

[2] Smith G.D. et al., A revised quantum chemistry-based potential for poly (ethylene oxide) and its oligomers in aqueous solution, J. Comput.
Chem., 23(15), 1480-1488, (2002).
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[5] Hernandez-Perni G. et al., Detection of percolation phenomena in binary polar liquids by broadband dielectric spectroscopy, Int. J. Pharm.,
291(1-2), 197-209, (2005).

[6] Bakulin I. et al., Properties of aqueous 1, 4-dioxane solution via molecular dynamics, J. Chem. Phys., 155(15), 154501, (2021).
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PaccmarpuBaroTcst BEpCHU UCIIONB30BaHUSI AlIIPOKCUMAIIMN pauaibHOM (OMHAPHOIT) KOppenanoHHON (DYHKIIUHN Ha
OCHOBE HAOOPOB: HELIEHTPAJIbHBIX XU-KBAAPAT PACIPECICHUI C AByMsI CTEIICHAMHU cBOOObI [ 1-5]; GpyHKIui Dpmura
[4]; ¢ yu€TOM KBa3HKPUCTAIITMIECKOTO Toaxoa [2, 4, 5] 1uist 11esieil BBIMOIHEHUS CTPYKTYPHOTO aHAIN3a M BEIYUCICHUH
COTJIACOBAaHHBIX TEPMOJNHAMHYECKHX CBOWCTB 301151 CO c(hepruecKr CHUMMETPUIHBIMH dacTuiamu ¢ Jleanapa-/xonca
MapHBIM B3aMMOJICHCTBUEM B MOJIEIIU ITPOCTOM KHJIKOCTH MOCPEICTBOM BapUAIIMOHHOTO MPUHIIUIA (YHKIIMOHAIA CBO-
OOIIHOM PHEPTHH 10 ParalibHON (OMHAPHON ) KOPPENISIIMOHHON (DYHKIIMU BTOPOTO TIOPS/IKa B KIIACCHUECKOH pPaBHOBEC-
HOM CTaTHCTUYECKO MEXaHUKe B TPEXMEPHOM TpocTpaHcTse [1, 4, 5].

BeinonHeHo npeBapuTenbHbIe CPAaBHEHUS IaPaMETPOB MEPBOr0 MaKCUMyMa KOPPEISIIIMOHHON (DYHKIIUH BTOPOTO
nopsiika (OMHApHOW W pajHaIbHOM), oNyueHHbIX B “runepuenHoM’” (HNC) npubimKeHnd Ipu SKCTPEMaIbHBIX 3HA-
YEHUSIX YKa3aHHOTO (PyHKIMOHATa CBOOOAHOU 2HEpruH [ 1, 4, 5], ¢ pe3yibTaTaMu MEeTOIa MOJICKYJISIPHON THHAMUKH [6],
cM. Tabmuy [4].

Ta6auna. CpaBHEHHE BBICOT 1-0r0 CTPYKTYpHOTO MakCHMyMa pajinaibHO (OMHapHO) (GYHKIIUU pacipeeieHus
g(r), KoTopasi COOTBETCTBYET pajinaibHON (OMHAPHO) KOPPEISIMOHHON (GYHKINU /i(7), U KOTOpas IMOJTydeHa OleHOY-
HBIM TPSIMBIM BapHallMOHHBIM METOOM (yHKIHOHaNIa cBOOOAHOM sHepruu B «runepuenHoin» (HNC) anmpoxcumanyn
[1, 4, 5] c noay4YeHHOU U3 SKCIEPUMEHTOB IO MOJIEKYIISIPHON TUHAMHUKE [6].

Ne | TIpssMo#i BapyallMOHHBII METOJ, UCIIOJIB3Y0- | Pe3ynbrarel MeTo1a MOJIEKYJIIPHOM IMHA-
LU NPEUIOKEHHBIE alllPOKCUMALUU pau- MUKH JJ1s paguanbHoi (bnHapHo#) QyHK-
abHOU (OMHAPHO) KOPPENSIMOHHON (GYHK- | MU pactpenenenus g(r): g(r) = h(r) +1
uuu h(r) [1, 4, 5]. [6].

T p h,. h,. T p e
1. [2.64 0.85 1.21 2.22 2.75 0.835 1.038 B CpPEIHEM
2. [2.68 0.55 0.82 1.754 |2.75 0.55 1.07 B CpPEIHEM

[Ipencrasien nmpumep (GUTHHTA KOPPEISAIIUOHHON (PYHKIIMK BTOPOTO TMOpsiaKa (OMHAPHOHN M pajnaibHON), KOTOpas
MoJTydeHa METOAAMH MOJEKYISAPHON NWHAMUKH [6], IOCPEICTBOM CyMMBI C BecaMH Habopa HEeIeHTPAbHBIX XH-KBa-
JIpaT pacripeieNeHHi ¢ IByMsI CTENIeHsIMHA CBOOOIBI [4-5].

[IpuBOASTCS MEPCIEKTUBHBIE AIITOPUTMBI BBIYHCICHH MHOTOIIEHTPOBBIX HHTETPAIOB, KOTOPHIE BXOJSAT B BBIpaXKe-
HUS psia auarpaMM (DyHKIIOHAIa CBOOOIHOW SHEPTUH 10 OMHAPHON KOPPEISIMOHHON (DYHKIIMH BTOPOTO MOPSAKA
(OunapHOI 1 pamuanbHOi) [1], ¢ TOMOIIBIO yKa3aHHBIX allIPOKCUMAIUH [4].

Jluteparypa:
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[3] S. Press, Linear Combinations of Non-Central Chi-Square Variates, The Annals of Mathematical Statistics, 37(2), 480-487, (1966).

[4] E. Brikov, In: Integral Methods in Science and Engineering. IMSE 2022. Constanda, C., Bodmann, B.E., Harris, P.J. (eds) (Birkhduser, Cham),
On a Variational Principle for Equilibrium Free Energy Functional of Simple Liquids, (2023).

[5] E. Arinshtein, A Model of the Liquid—Crystal Phase Transition and the Quasicrystal Model of Liquid, Theoretical and Mathematical Physics,
151, 571-585, (2007).

[6] J. Johnson, J. Zollweg and K. Gubbins, The Lennard-Jones equation of state revisited, Molecular Physics, 78(3), 591-618, (1993).
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B HacTosieit padore, KoTopasi SBISETCS MPOAOIHKEHUEM Psiia padOT 10 U3YUYEHHUIO CTPYKTYPHBIX MEXaHH3MOB Iie-
PEXOA0B MEXY KPUCTAIUIMYECKUMHU BOAHBIMHU JIb1aMU [ 1 U IpUBEAECHHBIE TaM CCBUIKH |, NCXO/ U3 cTpoeHus apa0B I11
u V IpeiokeH CTPYKTYpHO-TUPPY3HNOHHBIA MEXaHU3M MEPEXOI0B MEKTy HUMH.

IToka3zano, 4To cTpyKTYpsl JAbA0B III 1 V cOCTOAT U3 MOUTH OJUHAKOBBIX CTPYKTYPHBIX €IMHUL, OTIMYAFOIIUXCS
TOJIBKO OJIHOW JIOTIOJHUTENBHON CBSI3BbIO Y JibJa V, 4TO 00BACHSETCS 0ojiee BBICOKMM JaBICHHEM €ro KpUCTalIn3a-
UM U3 )KUIKOCTH. B 00enx cTpyKTypax 3TH CTPYKTYPHBIE €IUHMIBI CKIAIbIBAIOTCS B OJUHAKOBBIC XUPAIbHBIC CIIOH.
Crpykrypa npaa Il sHanTHOMOpP()HA M COCTOUT U3 CIOKEHHBIX B CTOIIKY CJIOEB OHOTO 3HAKA XUPATbHOCTH, CBSI3aHHBIX
MexXIy co0oii uepes obure arombl. CTpyKTypa j1bJa V XUpanbHO HEUTpajIbHa U COCTOMT U3 CIIOKEHHBIX B CTOIIKY Yepe-
TYIOIUXCS MTPaBBIX U JIEBBIX CIIOEB. 37IECh COCETHUE CIIOU CBA3aHBI BOJOPOAHBIMH CBSA3IMHU, KOTOPBIE MOJIEKYJIBI OTHOTO
101 00pasyroT C MOJIEKYJIaMH APYTOTO CJIOS.

[Ipeanonoxen cieayromuii cTpykTypHO-I1((y3HOHHBII MEXaHU3M IIEPEX0I0B MEXK Ly 3TUMH JibaaMu. [Ipu mepexo-
ne npaa V B 11 (1) pByTCs CBsI3M MEXKLy CIIOSIMH M IOTIOTHUTENbHBIE (TI0 CpaBHEHHMIO cO JIbAoM I11) CBSI3M B CTPYKTYpHBIX
eIMHMLAX, (2) COXPaHSIOTCS BCE YETHBIE CIIOM (IIyCTh ATO MpaBbIe CIION), a U3 KaKAO0H CTPYKTYPHOU €MHUIIBI HEeYeT-
HBIX (JIEBBIX) CJIOEB YXOMAT ABE ONpeesICHHbIC MOJICKYIIBI BOIBI, (3) HEUETHBIE CJIOM MEHSIOT CBOIO KOH(OPMAIUIO Ha
KOH(OPMALIUIO MPABBIX CIIOEB, (4) YeTHBIEC M HEYETHBIC CIION OOBEIMHSIOTCS Yepe3 O0IIHe aTOMBI B IPABYIO CTPYKTYPY
npaa 111 Ilpu TakoM MexaHn3Me U3 CTPYKTYpbI JibJa V 1oJKHA YUTH 1/7 MOJIeKy I BOJBI, @ OCTAaBLIMECS MOJICKYIIBI BOIBI
COXPAaHSIOT 2/3 CBOMX MCXOAHBIX BOJOPOAHBIX CBsI3€H. Yieamune MOJIEKybl BOABI MOTYT 00pa30BbIBaTh HOBBIC CIIOU
cTpykTypsl ipaa I, Ho yxe 1o nupdy3noHHOMY MEXaHU3MY.

O6parnsrii nepexon 111 B V npoucxonuT no anaxornaHoMy Mexann3my. OJJHaKo B 3TOM ciIydae B CTPYKTypy Jbaa 111
HYXHO 100aBUTH e1e 1/6 0T ICXOAHOTO Yrciia MOJIEKYI BOABI (JUTS 4ero MOKHO, HAalpUMeEp, pa3pyIUTh OJHOCTHIO 1/7
Bcex cioes Jbaa I11), mpuaeM ucxoqHble MOJIEKYIIbl BOABI COXPAHSIOT 2/3 CBOMX MCXOAHBIX BOIOPOAHBIX CBS3CH.

[IpeanoxeHHBIN CTPYKTYPHBIH MEXaHU3M IMO3BOJISIET €CTECTBEHHBIM 00Pa30M COXPaHHUTh MaKCUMaJbHYIO OOIIYIO
HOArPYIITY IPYIIT CUMMETPUH CTPYKTYp Jib10B 11 u V.

Crpykrypy ab1a Ih MoxkHO paccmaTpuBaTh Kak COCTOSIIIYIO U3 IIECTU3BEHHBIX LUKIOB B KOHPOPMALIH «KPECITIOM.
CrpykrypHast equnauna isaa 11, coorBeTcTBytomias 6osee BEICOKOMY JaBICHUIO, COCTOUT M3 IIECTU3BEHHOTO IIMKJIa B
KOH(OpPMaLUK «TBHCT-BaHHA», GUKCUPOBAHHOW CEAbMON MOJIEKYJIOH. B pesynbrare B Hell comepikarcs JBa MATU3BCH-
HBIX nuKiIa. [Ipu emte Oonbliem naBieHUH CTPYKTYpHas enuHuna Jpaa [l mepexoqut B cTpyKTypHYIO eAMHULY Jbaa V
gyepe3 00pa3oBaHKE JIOTIOTHUTEILHON CBS3M BHYTPH LIECTU3BEHHOTO IIMKJIA U, COOTBETCTBEHHO, JIBYX YETHIPEX3BEHHBIX
uukinoB. Jlen VI, oOpasyronuiics mpu erie 0osbIIeM JaBJIeHNH, COCTOUT U3 LIENOYEK ECTU3BEHHBIX LUKIOB C AByMS
JIOTIOJTHUTENIBHBIMU CBA3sSMHU BHYTpU HUX. HakoHen, ykinaaka MoJeKyll BoJsl BO 1bay VII onpenensercs KoMIpoMUCCoM
MEXy IUIOTHEHWIIEH YHaKOBKOM M TETPa’IpHUECKUM XapaKTepOM BOJOPOIHBIX CBS3EH, UTO MPUBOAUT K 00BEMOLICH-
TPUPOBAHHOM YKJIAJKE MOJIEKYI.

Knacrepsr 13 MosieKysn Bobl, 00pasyroniecs B )HUIKOH (a3ze BOIM3M KPUBOH IIaBICHHS BOABI [2], MOTYT (OpPMHUPO-
BaTbCs U3 CTPYKTYPHBIX €IMHULl, COOTBETCTBYIOIINX 33JaHHOMY JABJICHHUIO.
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[2] G.A. Lyakhov, I.A. Shcherbakov, and M. A. Shermeneva. Layering Phase Transition in a Liquid Solution with Cross Hydrogen Bonds: Bond
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N3ydenne CTpyKTYpHBIX XapaKTEPUCTUK MOJEKYJIbI caXxapo3bl B BOjI€ MMEET MPAKTHUUECKOE 3HAYEHHE IS psijia 3a-
nau. Kondopmanus mosekyn 1 o0pazoBaHue BOZOPOJHBIX CBSA3EH ONMPENeNsiOT CBOMCTBA MPOAYKTOB B MHUILEBOM MPO-
MBILIIJICHHOCTH, @ TaK)K€ BO3MOXHOCTH CTaOMIIN3aK OeJKa B PacTBOPE, UYTO BasKHO /s (papMarieBTHUECKON 00IacTH.

OKCHeprUMEHTaIbHOE H3y4YeHHE KOH(POPMAIIK caxapo3bl B BOIHOM PacTBOpE SBISIETCS CIOKHOM 3a7aveit n3-3a Obl-
CTPBIX CTPYKTYPHBIX M3MEHEHHH. D(H(HEKTUBHBIM MHCTPYMEHTOM JJISl TAKUX MCCICAOBAHUHN SBISIETCS METOI MOJICKY-
nsipHOW ArHamMuKH. OIHAKO OH TpeOyeT MOAXOSIIEro Ul CHCTEMBbI MOTEHIMAala, a MOMCK TaKOBOTO JJIsl paCTBOPOB
YINIEBOAOB BeneTcs 10 cux nop [1]. 3a mocnegnue msaTh JeT ObUIM MPEATIOKEHBI HECKOIBKO MOTCHIHAIOB, KOTOPbIE
aKKypaTHO BOCIIPOM3BOAT B3aMMOEHCTBUS B BOAHBIX PACTBOPAaX MOHO-, TU- U Toducaxapuaos [1-3].

Ramachandran plot
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B pabote ucnonb3yeTcst NOTEHIMAI MEKaTOMHOTO B3aUMOACHCTBHSI, KOTOPBIN MOKa3aJl XOPOIIYI0 BOCIIPOU3BOIM-
MOCTb HKCIIEPUMEHTAIBHBIX KO3 PHUINeHTOB 1uddy3uu U BI3KOCTH [3], It UCClIeA0BaHUS KOH(GOPMALMHA MOJIEKYIbI
caxapo3bl B BOOJHOM pacTBope. M3 aHanu3a TpaeKTOpUi NOIy4E€HO HECKOJIBKUX YCTOMUYMBBIX KOH(OPMALUIl IITMKO3U/I-
HOW cBs3M (TIOKa3aHbI HA PUCYHKE BBIIIE), 9TO COTIIACYeTCs ¢ Ooyiee paHHUMHU BBIYACIUTEIHHBIMU paboTamu [4]. [Toka-
3aHO, YTO Hanbosee cTaduiIbHas KOH(OpMaLus OIMKe BCeX HAXOAUTCSl K KPUCTAJUIMUECKOH [5], 4yTo moaTBepxkIaercs
9KCIIEPUMEHTAIBLHBIMU JaHHBIMU [6]. i1t Kax10i KOH(pOPMAaLMK pacCUnTaHbl BpPEMEHA )KU3HHU U BBISIBIICHBI BOAOPO/-
HBIC CBS3M, CTA0MIM3UPYIOLIHE e€.

Hccenedosanue noodepacano Ilpoepammoii cmpamezuueckozo akademudeckozo auoepcmea «IIpuopumem-2030»
(coenawenue 75-15-2024-200 om 06.02.2024).
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[Ipu oOcyxneHnn mporeccoB pactBopenus [1, 2],(B 4aCTHOCTH, B BOJIC) Pa3IMYHBIX BEIECTB KBAHTOBBIC COCTOSI-
HUSI MOJICKYJI BEIIECTB OIMCHIBAOTCS BONHOBBIMU (DYHKIIMSIMU, HAIPUMEDP, OCIHUJUIATOPOB M KyOuTOoB. B nmoknase
paccMaTpUBaeTCsl BOBMOKHOCTD 3a7aBaTh 3TU COCTOSIHUS paclpeiesieHusIMU BeposiTHOCTeH. [IpencTaBieHsl npuMepsl
KBaHTOBOTO OCIIWIIISATOPA U KyOuTa (crimH-1/2), a Takxke 00CY»kTaeTCsl COCTOSHUE KYIUTOB (IIPOU3BOJIBHBIX CITHHOB).
Jlar 0030p MOCTPOCHYSI B SBHOM BHJIE YCIIOBHBIX paclpeelieHH BEPOSATHOCTEH COCTOSIHUN OCIMILIATOPOB, UX MaTpH-
bl JIOTHOCTH, @ TaK)KE BOJIHOBBIE ()YHKIIMU YHCTHIX COCTOSHUN KBAaHTOBBIX cuUcTeM. OOCyXKIaeTcs pacmpeeiicHue
BEPOSITHOCTEH, 3a/1a1011[e¢ KBAHTOBOE COCTOSIHUE OCIMIIISITOPA C IEPEMEHHON 4acTOTOM, UCOIB3yEeMOE B MOJIETH Pac-
TBOPEHUS BEIIECTBA B COCYIE MpPU €ro BCTPsAXUBaHUU [3]. Mbl onuilieM MaTpUYHBIC 3JE€MEHTHl MaTPULIBI TUIOTHOCTH
KyOuTa, BRIPA3HB UX YepPe3 BEPOITHOCTH CIIMTHOB Ha HAIIPABIICHUS OCEH X, Y, Z. Tak, BEpXHUI 2JIEMEHT TIEpPBOTO CTOJIONA
SPMUTOBOI MaTPUIIBI INIOTHOCTU €CTh BEPOSITHOCTH MOJIOKUTEIBLHOM MPOEKIUY CIIMHA Ha HampaBieHue ocu z. Hikuuit
AIIEMEHT IMEPBOTO CTOJIOIA SPMUTOBON MAaTPHIIBI IFIOTHOCTU €CTh KOMIUIEKCHOE YHCJIO, IIPUYEM €ro JICHCTBUTEIbHAS
YacTh €CTh MOJOBUHA PA3HOCTU BEPOSITHOCTEH MOIOKUTEIBHOTO U OTPULIATENIBHOTO 3HAUCHUN MTPOCKIUI CIIMHA HA Ha-
MIpaBJICHUE OCH X, & MHUMAs YaCTh €CTh MTOJIOBUHA PA3HOCTU BEPOSTHOCTEH MONIOKUTEIBLHOTO U OTPULIATEIBLHOTO 3HAUE-
HUH MPOEKIINI CITUHA HAa HaIlpaBJICHUE OCH Y. BTOpo# cTONOCI] SpMUTOBOI MaTPHUIILI TUIOTHOCTH KYOUTa OMPEACISIeTCS
ONMHICaHHBIMU 3JIEMEHTAMU TEpBOro cTondIa. JlaHHOe paccMOTpPEeHHEe MOXET OBITh HCIIOJIE30BAHO TPU 00CYKICHUU
TEXHOJIOTUH, BKITFOUAIOIINX B3aMMOJICHCTBUE KBAHTOBBIX CUCTEM (MOJIEKYIT) M UX CBOHCTB MPHU KIACCHYSCKOM BO3JICH-
CTBUH (BCTPSIXMBAaHUE COCY/IOB) IPH pacTBOpeHUH. [[MOHEpCKUi BKIIaJ] 3TUX PE3yJIbTaTOB B MOHUMAaHUH KBAaHTOBBIX U
KJIACCUYECKHX MPOLIECCOB B KBAHTOBOM MEXaHUKE U UX MPUMEHEHUSIM B COBPEMEHHBIX KBAHTOBBIX TEXHOJIOTHUSIX OTME-
YeH B CBA3M co 100-1eTHUM 100MIeeM KBaHTOBOW MEXaHHKH [4].

Jluteparypa:

[1] G. A. Lyakhov, V. I. Man’ko, and I. A. Shcherbakov, “Action of classical fields on quantum systems within the Schrédinger—Robertson
uncertainty relation,” Phys. Wave Phenom. 30 (3), 169-173 (2022). https://doi.org/10.3103/S1541308X22030049

[2] G. A. Lyakhov, V. I. Man’ko, N. V. Suyazov, I. A. Shcherbakov, and M. A. Shermeneva, “Physical mechanisms of activation of radical reactions
in aqueous solutions under mechanical and magnetic effect: Problem of singlet oxygen,” Phys. Wave Phenom. 30 (3), 174—181 (2022). https://doi.
org/10.3103/s1541308x22030050

[3]1G. A. Lyakhov, V. I. Man’ko, I. A. Shcherbakov, and N. V. Suyazov, *"Impact of Classical Vibrations and Magnetic Fields on Quantum Objects,”
Physics of Wave Phenomena, 2024, Vol. 32, No. 2, pp. 67-72. ISSN 1541-308X, Physics of Wave Phenomena, © Allerton Press, Inc., 2024.

[4] M.A Man’ko, ""Comments on 100 Years of Quantum Mechanics: New Results in Its Understanding and Applications in Modern Quantum
Technologies,” J. Russ. Laser Res., 45, 251-257 (2024). https://doi.org/10.1007/s10946-024-10209-2
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B noxnazne obcyxnaercs BONpoOC O MHOXKECTBE (€JMHCTBEHHOCTH) JIOKAJIbHO PABHOBECHBIX KOH(QUTYpalMid MOTEH-
IUATBHON SHEPTUU MYJIBTHATOMHOTO Kiactepa. MosekyIsipHas CUCTeMa, COCTOAIIAs U3 MHOKECTBA, BOOOIE TOBOPS,
Pa3HbIX aTOMOB, UMEHYETCSl MyJIbTHAaTOMHBIM KiacTepoM. [Ipeanaraercsa popmaan3m MocTpoeHus Bced TMHEHKH MHO-
rOYaCTUYHBIX MOTEHLMAJIOB JJIsl ONMUCAHUS MPOM3BOJIBHOM MOJICKYJISIPHOM cucTeMbl. BBoaaTcs n oOcykparorces mo-
HATHA “MaTpuibl GOPMBI” HIH “MOPQBI” IS Ka’KAO0TO U3 MHOTOYACTHYHBIX MOTEHIHaI0B. Onpeaensercs aaropuTm
MoCcTpoeHHs GYHKIMH MOTEHIMAIBHON SHEPTUM MYJIBTHATOMHOTO KJlacTepa TakK, YTOObI MOKHO OBbLIIO ObI TOBOPUTH O
MOCTPOCHHUH BIIOJIHE OIPEACTICHHON KOH(PHUTypaluy aTOMOB KJacTepa, Kak 0 €AMHCTBEHHO BO3MOKHOM. [laHHBIN anro-
PHUTM paccMaTpUBaeTCs Kak crocod pemieHust mpoodiaeMsl BEIOOpa KOHGHUTypalruy aTOMOB KJ1acTepa B KauecTBE JIOKaJb-
HO PaBHOBECHOM MpH KiaccuueckoM (opmare onucanus. [1ogpoOHO H3ydaroTCsi MHOKECTBA JIOKAJIbHO PaBHOBECHBIX
KoH(Urypanuii OMHapHOTO U MHOTOYaCTUYHOTO MOTEHIIMANa MAaKCUMAIbHOW YaCTUYHOCTH. PaccMoTpeHo Takke MHO-
KECTBO JIOKAJIbHO PABHOBECHBIX KOH(PUTIYpalUuil TMHEHHOH KOMOMHAIMM OMHAPHOTO M MHOTOYACTUYHOTO MOTCHLMA-
n0B. [TokazaHo, 4YTO B MOCIIEAHEM CIIy4ae MHOKECTBO JIOKAJIbHO PABHOBECHBIX KOH(PHUTYpaLni ONpeaeseTcs IIaBHbIM
00pazoM OMHApHBIM MoTeHHaIoM. OO0IIKe NOCTPOSHHS U BEIBOABI HIUTIOCTPUPYIOTCS Ha TPUMEpPax BOCIIPOM3BOACTBA B
KaueCTBE JIOKAJIbHO PaBHOBECHBIX CTAHAAPTHBIX KOH(QUTYpaMi MOJIEKYJ BOABI, MeTaHa, 3TuiIeHa 1 Oensouna. Ctposites
MOAXOSIINE TOTEHIHAIBI, UMCIOIINE YKa3aHHbIe KOH(UTYpaAIlMK B KauecTBe M00anbHBIX MUHIMYMOB. Ha mpumepax
OIMCaHMsl KJIACTEPOB BOABI, OCH30JIa U YIVIEpPO/a UCCIEeAYeTCsl BONPOC O MPUYHMHAX IMOSBICHUS MHOXKECTBA JIOKAJb-
HO PaBHOBECHBIX KOH(Urypanuii. Obcyx)naeTcs alropuTM MOCTPOCHUSI CIOKHON, KOMITIO3UTHON MaTpUIBl (POPMBI ISt
KJIACTEPOB, COCTOSIINX U3 MHOXKECTBA OJJMHAKOBBIX MOJIEKYII. Mcronbp30BaHne OHATHS ““MaTpUIIb! POPMBI” TTO3BOJISIET
€CTECTBEHHBIM 00Pa30M YUeCTh B MOJICKYJISIPHON CHCTEME BCEBO3MOKHBIE LIETIOCTHBIE CYObEMHHUIIBI, & TAKKE OITUCATH
MIpEJEIbl, B paMKax KOTOPBIX 3TH LEIOCTHOCTH BOCIPOU3BOAATCA B HEU3MEHHOM BHUAe. [1o MHEHHIO aBTOpa MOHATHE
MaTpHIbl (OPMBI, KOMIIAKTHBIN U €CTECTBEHHBIN (hopMaT OnmMcaHus MyJIBTHATOMHOTO KJacTepa, NMEIOIIUI MepCIeK-
TUBHBIN oTeHIMaN 00001meHus. Kpome Toro, 3To moHsTHE MO3BOJIMUT B H3BECTHOM CMBICIIE PEIINTh pobieMy BbIOOpa
pelIeHni U3 MHO)KECTBA BO3MOXKHBIX MPU ONMCAHUHN MOJIEKYJISIPHBIX CUCTEM.

KitroueBble cjioBa: KylIOHOBCKas MOTEHLIMAIbHASI SHEPTUS, JIOKAIBHO PABHOBECHBIE KOH(PHUTYpannu, mpobiema BbI-
0opa pereHnit, MyJIbTHaTOMHBIN KJIaCTEp, BBIYACIUTENbHBIN AKCIIEPUMEHT, TPaAMECHTHBIN CITyCK, MHOTOYaCTHYHBIE MO~
TEHIMaNbI, Marpuua GopMsl, Mopda.
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O6bekramu uccnenosanus 6bun cuptel C -C (Bkimountensho), C10 u Boma. Temneparypa nsist ciupToB Oblia B
npenenax 60-180 °C, s Boast 90-150°C. lanenue 1,4 MPa.

P CaKIusl OKCUITHUIIMPOBAHUA CIUPTOB MOXKCT 6I>ITI> npeacraBjCHa cne;[y}omef/i CXCMOﬁ
C,H,0 CoH,

0
ROHmﬁ ROC2H4OHm—> RO(C2H40)2H

C,H,0
6

— U T. 1.
ko, ,Hab6JI.

3T0 HEeoOpaTHMas ToCIeA0BaTeIbHAS 110 CIUPTY PEaKys, KOTOpasi MOKET UMETh MHOTO CTaI{ii, HO B JAHHOM CITy-
4ae pedb, B OCHOBHOM, HJET O [IEPBOI CTafuK PEaKLUH, XapaKTepU3yeMOil KOHCTaHTO# ckopocTr K .

W3 nutepaTypHBIX JaHHBIX U3BECTHO, YTO CKOPOCTH 3TON PEAKLUH B YCIOBHUAX OCHOBHOTO KaTain3a Ha Ha4aJlbHOM
y4acTKe JUIsl IEPBUYHBIX CTUPTOB HOPMAJIBLHOTO CTPOSHHSI IMEET NIEPBBIC MOPSAKH 110 KOHIEHTPALMSIM OKCH/Ia STHIICHA
u Katanuzaropa. OXuJaeMblidl TakKe TIEPBBIH NOPSIIOK 1O KOHIEHTPALMU CIUPTa He HaOmomaeTcst. DTO CBA3BIBAIOT C
accolManyen 4asMoiIeKys CupTa 3a cu€T 00pa3oBaHusl BOAOPOJHBIX CBSI3EH.

B pesynbrare HamMx MCCleNOBaHUI yaaaoch mokaszarh [1,2], 4TO CKOpPOCTh peakiHu OKCUATUIMPOBAHMS JAaHHBIX
CIIHPTOB, KOTOPBIE KaK M3BECTHO, CYLIECTBYIOT B BHJIC JIMHEHHBIX LETIOUYEUHBIX aCCOIMATOB, UIMEET NEePBBIN MOPSI0K
HE M0 KOHIIEHTPAI[ MOHOMEPHBIX MOJIEKYJI CIIUPTA, a 10 KOHIEHTPALWHU 3THX aCCOLMaTOB. sl MPOTOYHOTO peakTopa
WeaJbHOTO CMELICHUS ypaBHeHHe umeeT BHL (1)

W= (Co°-C)/t=k,nabn Ck C (Cc°-nC)) )

e Bce 0003HAYCHNUS! TOHATHBI, @ N-3aBUCSILAS OT TEMIIEPATYPbl U KOHIICHTPALUK CIIPTa KOHCTaHTa, KOTOpast Mpe/-
CTaBJISIET U3 ce0sl YMCIIO MOJICKYJ CIIUPTA B IMHEWHOM IIETIOYEYHOM CIIMPTOBOM acCOIMATE.

Takum 00pazoM ucclienys KHHETHKY Peakii OKCHATHIMPOBAHUSI CIIUPTOB, HAPSLY C KHHETHYECKUMH MapameTpa-
MU pEeaKify, MOKHO HaAXOIUTh apaMeTPhl aCCOLUALNN CIIUPTOB, HX TEMIIEpaTypHbIC 3aBUCHMOCTH, TIOBE/ICHHE B pac-
TBOPUTEIISIX, CTPYKTYPHBIE MIEPEXO/bI H T. [I.

Jns cupro C| u C| | HabM0aeTCcss M3MEHEHNE TPEH/IOB TEMIIEPATYPHBIX 3aBUCUMOCTEH MapameTpa n, 4To COOT-
BETCTBYET U3MEHECHHUIO TPEH/IOB TEMIIEPAaTyPHBIX 3aBUCUMOCTEH psia GU3UKO-XUMHUYECKHX U CHEKTPAIbHBIX CBOMCTB
9THX CITUPTOB.

Jnst runpodobubIx cimpros C,-C, ¢ pocTOM TemIiepaTypbl apaMeTp n yMeHbmaeTcs. Jlis ruapopuibHeIX CIMPTOB
1 BOJABI MapaMeTp N YBEJIWYHUBACTCS C POCTOM TeMreparypbl. /st BOABI 3TO SIBJICHHWE TO3BOJISIET MOHATH, TOYEMY CKO-
pOCTb 3ByKa B BOie UMeeT MakcumyM npu t = 70-80°C.

Jlureparypa:

1. Cryms B.51. //Kypuan ¢pu3ndeckoit xumun. KuneTrnka peakiiuyn OKCHATHIINPOBAHUS H-JIeKaHoMa ¢ yuéroM BiausHus accormanuu. T. 90. Ne4. C.
532-538 (2016).

2. Cryns B.S1. //Kypuan ¢pusmdeckoit xumun. KinHeTrnka peakiiuyn OKCHAITHINPOBAHMS METaHOIA ¢ YIE€TOM BIUsIHUS acconnanun. T. 94. Ne 3. C.
411 — 417 (2020).
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Kputnueckne napameTpsl BOAHO-OPIraHUYECKUX PACTBOPOB HEOOXOAUMBI ISl cO3AaHus 3PPEKTUBHBIX (IIOMTHBIX
XMUMUYECKHUX TEXHONOTHH. {7151 BOJBI Mepexo] B CBEPXKPUTUUECCKUN PEKUM HAOIIOAACTCS IPU IaBICHUSIX, TPEBBIIIAI0-
uux 22 Mlla, Toraa kak Juist 3TaHONA U €TO CMECeil ¢ BOJOM TaHHBIN mepexo/l y>ke BO3MOXKEH pu Aasinenusax 12 Mlla
[1]. B wactHOCTH, A1 MHTCHCU(PHUKALIMHU MTPOLECCOB SKCTPAKIUH JIUTHUHA BOTHO-3TAHOJBHBIMU CMECSIMH MPEACTaB-
JsieTcs 1enecoo0pa3HbIM MPOBECTH aHAIM3 00NacTel TeMIeparyp U AaBJICHUH, B KOTOPBIX MIPOMCXOJUT MEPEX0] pac-
TBOPOB B CBEPXKPUTHUYECKOE cOCTOSHUE. J{JIs1 3TOM 1€ MOKHO BOCIIOJIB30BATHCS 3aBUCUMOCTBIO IFIOTHOCTH (uItonaa
OT TeMIepaTypsl U AaBieHMs. CBOWCTBO pPe3KOT0 U3MEHEHNUs IJIOTHOCTHU MPH MEPEXO/IE B CBEPXKPUTUUECKUE YCIOBHUS
MOXET OBITh MCIIOJIB30BAHO IJISl TOYHOTO ONpEACICHHUs TeMIepaTypbl nepexona [2]. T GyHaaMeHTaIbHbIE BBIBOIBI
MOCITY KM OCHOBOH JUISI pa3pab0TKU METOJMKH ONpPeaeSICHUS KPUTHUECKUX MTapaMeTPOB BOAHO-3TAHOIBHBIX CMECEH.

[110THOCTB W PHTPONHS BOAHO-3TAHOIBHBIX PacTBOPOB (51 Mac.% 3TaHosa) OB pacCYUTaHBI C UCTIOIb30BAHUEM
ypaBHeHus cocrosnus [lenra-Poduncona [3] ¢ momombio nporpammuoro komiuiekca COCO simulator [4]. bsur pac-
cMOTpeH auana3oH remreparyp ot 298 K 1o 823 K npu nasnennn 3.2 MIla u 13.0 MIla. Ha temnepatypHoii 3aBHcHMO-
CTH IJIOTHOCTH BOJHO-3TAHOJIBHOW cMecH npu aasieHuu 3.2 MIla umeercs paspois. [Ipu nasnennn 13,0 Mlla pa3psis
oTcyTcTByeT. [lepexon BOAHO-3TaHOIBHOIN CMECH B KpUTHUYECKOE cocTosiHre nporcxoaut npu 520 — 570 K. Habmrona-
€TCsl aHAJIOTUYHOE TIOBEJIEHNE TEMIIEPaTypPHOI 3aBUCUMOCTH SHTPONHMH BOJHO-3TaHOIBHOM cmecH. [Ipu naBnenun 3,2
MIla umeeTtcst pa3psiB, a npu aasienun 13.0 MIla pa3psiB orcyTeTByeT. OnpeneneHsl ycaoBus 1is pa3oBoro rnepexoaa
BToporo tuna. [loay4yeHo, 4To nepexos B CBEpXKPUTHUECKUH peKNUM pacTBopa 3Tanona 51 macc% npoucxonut mpu 573
K. IlomyueHHble JaHHBIE TIO3BOJIST MOKHO MCIIONB30BaTh JUIsl BEIOOpa YCIOBUH IEMOIMMEpU3aliY JINTHUHA.

Jluteparypa:

[1] CRC Handbook of Chemistry and Physics. 102nd Ed. / ed. Rumble J.R. Boca Raton, FL: CRC Press, 2021.

[2] Tsai J.-C., Chen Y.-P. Application of a volume-translated Peng-Robinson equation of state on vapor-liquid equilibrium calculations // Fluid
Phase Equilib. 1998. Vol. 145. P. 193-215.

[3]1 D.Y. Peng, D. B. Robinson, A New Two-Constant Equation of State, Industrial and Engineering Chemistry: Fundamentals 15 (1976) 59-64.
https://doi.org/10.1021/i160057a011. S2CID 98225845.

[4] COCO simulator software. https://www.cocosimulator.org/index.html
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JBe paznuunble (opMbl aMOP(HHOTO JIbA - BRICOKOW M HU3KOH TUIOTHOCTH - YK€ JIABHO MPUBJICKAIOT HHTEPEC yUe-
HBIX, IPUMEHEHUE X IUPOKO PACIIPOCTPAHEHO B KPUOKOHCEPBAIIUU, KPOME TOTO, BAXKHO €TI0 TEXHOJIOTHUYECKOE IPUMe-
HEHUE, HallpUMEP, B KPHOIICKTPOHHON MUKPOCKOITUHU U AIIEKTPOHHO-ITy4eBas JuTorpaduu. OCOOCHHO MHTEPECHBI UX
B3aMIMHBIC MPEBPAIICHHS UHYIIUPOBAHHbBIE JTaBJICHHEM, KOTOPBIE BO MHOTOM HAIIOMHHAOT (Da30BBIi MEPEXO0]T TIEPBOTO
pona. HecmoTpst Ha TO, 4TO 3TH a3kl HE SABISIOTCS TEPMOJMHAMUYCSCKH YCTOHYHUBBIMHE, CYIIECTBYEeT MHOKECTBO KaK Te-
OpPETUYECKUX, TAK U IKCIIEPUMEHTATBHBIX JJOKA3aTeIbCTB, TOATBEPKIAIOLIUX ATy TUIIoTe3y. B yacTHOCTH, CKavOK IJI0T-
HOCTH W THCTEPE3UC MPOSBISIFOTCS BO MHOTHX HccienoBanusx. Ho Takas xapaktepHasi 0COOEHHOCTh MEPEXOA0B Iep-
BOTO POJIa, KaK HyKJIeaIus, paHee Malio 00cyKaanack B muteparype. [Ipeamnonaraercs, 4To “3aponbIiiy HOBOH (ha3el” B
TaKHX TPEBPAIICHUSIX CIUITKOM MaJibl, YTOOBI SKCTICPUMEHTAIILHO HAOMIOATh UX oOpa3zoBanue [1].

B nmanHoli paboTe paccMaTpHBArOTCS MPEBPALICHUS MEXKAY aMOpP(HBIMH JIbJaMHU HU3KOH M BBICOKOH TUIOTHOCTH,
WHAYIIUPOBaHHbIE JTABICHUEM, B pAMKaX METO/a KJIACCHYSCKON MOJICKYJISIPHON TUHAMKKHY 11t Mozenu Bojbl TIP4P/Ice
[2]. [IpemnoskeH NeCKpUITOp JUIS KiTacCU(UKAIIUH JIOKATBHON CTPYKTYPBI U alTOPUTM, IO KOTOPOMY MOXHO BBISIBUTH
KJIACTEPBI OJTHOTO aMOP(HOTO JIbJIa BHYTPH JAPYTOT0. DTO IMO3BOJISET YBUACTH ITPOIECC 00pa30BaHUS M POCTA KJIACTEPOB
HOBOH (ha3bl B MPOIECCE B3aUMHBIX MPEBPALICHUN MEXTy aMOP(HBIMHU JIbJIaMU BBICOKOI M HU3KOW TUIOTHOCTHU M BU3Y-
AJIBHO OLICHUTH pa3Mep “KpuTHdeckux 3apojbleii” [3]. Oocyxnaercs 3pPpeKTHBHOCT MPEATIOKESHHOTO JIECKPUTIITOPA
U TIEPCTIICKTUBEI.
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