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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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SArAOKN BOAbI N APYT X AHOMAJIbHbIX
XNOKOCTEW: «MEOJIEHHBIN» 3BYK, PEJIAKCUPYIOWWE
CKMUMAEMOCTb N TEMNJIOEMKOCTb

BpaxxkuH B.B.

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

[IpoBeneH aHaNKM3 MPUYHMH CYNIECTBOBAHUS «OBICTPOTO» 3BYKa Ha TEParepIiOBBIX YacTOTAaX B PA3JIMYHBIX JKUJIKO-
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
CJIBUTA HA COOTBETCTBYIOIIUX YaCTOTaX. B «HOpPMaNBHBIX)» )KHIKOCTSX MPEBHINICHUE 3HAUYCHUSI 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 ObUIM W3yYeHBI HAMU JIJISI MHOTHX OKCHUIIHBIX U XaJIbKOTCHUTHBIX CTEKOJ B OOJIACTH Pa3MBITHIX (ha30BBIX
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
KHUJIKOCTSX CBsI3aHA HE C aHOMAJIBHO «OBICTPBIMY 3BYKOM, a C TeM, YTO «HOPMAJIbHBII» 3BYK B TAKUX JKUIKOCTSIX SIBIIS-
€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
JIOCTYITHBIX METOAWK U3MEPECHHS. AHAIOTUYHOE aHOMAIILHOE YBEIIMYCHHUE COKUMAEMOCTH M TETUIOEMKOCTH HaOJIro1aeT-
csl, KaK U3BECTHO, JIJIs BceX (UIFOHUIOB B OJIM3KOM OKPECTHOCTH KPUTHYECKOH TOYKH KHUJIKOCTh-ra3. Ha TepareprioBbrx
4acTOTax IMPH 3TOM HAONFOAeTCS aHOMAIILHO «OBICTPBIN» 3BYK, UTO TAKXKE CBS3aHO C PE3KUM POCTOM BEIMYHHBI MO-
nynst cxarus B(w) Ha BeICOKHX yacToTax. Bmecte ¢ Tem, Juis aHOMaJIbHBIX KUAKOCTEH 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 NMPNPOAE PUSNYHECKNX PAKTOPOB, OINPEAENAOWNX
N3MEHEHVE TEPMOONHAMWNYECKWNX NMOTEHUWAIOB
B PEAKUVAX KOMITJIEKCOOBPA3OBAHA B BOAHOM
PACTBOPE

EBcTturHeeB M.I.

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

Ob6cyxnaercs COBpeMeHHas MpoOIeMaTHKa TEPMOJUHAMUUECKOTO aHalli3a PEaKIUi HEKOBAJIEHTHOTO KOMILIEKCO-
o0Opa3oBaHusl 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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OAKTOPbI POPMNPOBAHUNA SKOJTIOI'MYECKOIO
COCTOAHNA KOHTUHEHTAJIbHbIX BO/,

Kpbinos A.B.

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

dusznyecKre 1 XUMHUYECKUE CBOMCTBA MPUPOIHBIX BOJ (OPMHUPYIOT KaYECTBO CPEIBl M OMPENEIISIOT 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
KOHTHHEHTAJBHBIX BOJ OMPEIEISIOTCS THIIOM BOAHOTO O0BEKTa, €ro MOPPOMETPUUECKUMH XapaKTePUCTUKAMH, TPO-
(uUecKuM CcTaTyCcoM.

Ha ocnoBe MHOrONMeTHHX HaOMIONEHUH HA Pa3HOTUITHBIX BOIHBIX OOBEKTaX MPEICTaBICHBI MOCICACTBUS BIUSHUS
3aperyJIMpOBaHusl, U30BITOYHOTO TOCTYIUICHHUSI OPraHMYECKUX U OMOTeHHBIX BEILECTB MPU aHTPOIIOTCHHOM M 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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METOAOJIOI MYECKUE MNYTU PA3PABOTKU
BVNOSHEPIETUYECKUNX KITACCNDPUNKAUNOHHbIX
XAPAKTEPNCTUNK MOJIEKYNTAPHO-K/TACTEPHbIX

CTPYKTYPHbIX TNIEPECTPOEK BO/bl

PaxmaHuH HO.A.

HUN3Yu OC um. A.H.CbicuHa @'Y «L{CIl1» ®MBA Poccuu,
OBYH «®HLUTI um. @.®.9pncmara» PocrioTpebHagsopa,
r. Mocksa, Mbitniym Mock. o6r.

Bopna siBisieTcst caMbIM MacCUBHBIM YHHBEPCAIBHBIM 110 (popMe (KHIKOU, TBEpAOH, ra3000pa3Hoi u naxe, o Jlxe-
panbay [lonmaky, B BUe XOJIOMHOM BIEKTPOHHOM IJ1a3Mbl) U 3araJIOYHBIM O0OBEKTOM MaTepUAIBHOTO MHpPA, YTO B Me-
JTUKO-OMOJIOTUYECKOM OTHOIIICHUH ONPEIeIIieT HeOOXOAMMOCTh pa3paboTKH ee OMOIHEPTreTHUSCKHUX KITaCCU(UKAIIIOH-
HBIX XapaKTePUCTUK Pa3IMYHBIX MOJICKYISIPHO-KIIACTOPHBIX CTPYKTYPHBIX MTEPECTPOCK.

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

- 10 MECTYy TPOUCXOKJICHHS: MOBEPXHOCTHAs (peyHasi, 03epHasi, 0OJIOTHAs, MOPCKasi), Mo3eMHas (TpyHTOBasI, ap-
TE3WaHCKasl, pOJHUKOBAs, MHQUIBTPAIIMOHHAs), BO3MyIIHAS (TyMaHHasl, BI&KHOCTHAs, O0JlauHasi, Ty4dHasl, JOXKJIeBasl,
rpajoBasi, CHeXKHasl);

- TI0 YPOBHIO MHHEPAIIN3AIIMH: TIPECHAs (IMCTIIUITMPOBAHHAS, TUThEeBast ), MUHEpaIbHasl (COJIOHOBaTAsl, COJICHAs, pac-
COJIbHAs);

- TI0 TEMIIEPAType: XOJIOIHAS, TePMaJIbHAs;

- 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 MTOKA3aTeJIsiM PaIUOAKTUBHOCTH (0- 00BEMHOM, - 00bEMHOIT) C JeTALHOW MPU HEOOXOIUMOCTH paciindpoB-
KO KOHKPETHOI'O HOPMHUPOBAHHOTO PaIUOU30TOITHOTO COCTaBa, B TOM YHCIIE TI0 COACPIKAHUIO PaJIOHA:

PasBurtue uccienoBanuii B 00nacTi OMOGU3NKH BOJBI ONPENSISICT HEOOXOIUMOCTh HAyYHOTO 000CHOBaHUS €€ HO-
BBIX, 00JIE€ CIIOKHBIX KjacCU(PUKALMK C yYETOM €€ Pa3IMyHOrO BOJOPOIHO-KUCIOPOAHOTO 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 pU3NYeCKUX 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 Aedopma-
[IMOHHBIX KOJIeOAHUH, BBISBIISIEMBIX MTPH HH(PAKPACHOU CIIEKTPOCKOIMH BOJIHBIX 00Pa3IoB, IPUMEHEHHE KOTOPOH 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 CONIEPKAaHMS TSDKEIOTro M30TOIa Bogoponaa-aenTepus B auanazone  10-300 ppm, MO3BONMBIINI TIPU COTIO-
CTaBJICHUU PA3IMIHOTO COJICPIKAHUS ICHTEPHS B BOJIC C €€ OMOJIOTHIECKUMH d(PPEKTaMHU BBLICIHUTE MaPAMETPhI IOBbI-
MIEHHON OMOJIOTMYECKON aKTUBHOCTH <«JIETKOW» BOIBI.

PesynbraThl NpOBEACHHBIX UCCIIEI0BAHUN ITOKA3aJIM, YTO IPUMEHEHHBIE METOIUUYECKHUE MTOJIX0/IbI K aHAIU3y MoJie-
KYJSIPHO-KJIACTEPHBIX MEPECTPOEK BOJIBI, MOABEPracMoil (U3NUECKuM criocobam ee 00pabOTKH, MO3BOJISIOT BBISIBUTH
orpe/ielIeHHbIC B3aUMOCBSI3H 3THX MEPECTPOEK € TOH WIIM HHOW (OPMOI aKTHBAIMH OMOJIOTMYECKOM aKTUBHOCTH 00pa-
0OOTaHHOW MU BOJIBI, YTO CBUJIETEILCTBYET O MIEPCIIEKTHBHOCTHU Pa3BUTHUS JAIbHEUIINX CCIIeIOBAaHUN B 001aCTH KBaH-
TOBOH (pU3MKHM sBICHUI W OMOPHU3UKH BOJIbI B HAIIPABICHUH [TOUCKA ITyTEH, CPEIICTB U METOJIOB MIPOJUICHHSI aKTHBHOTO
3J10pPOBOTO JIOJITOJIETUS )KUBBIX OPIaHU3MOB.
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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. | 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 CBOHCTBAMHU. DTO HEOOXOAMMO JJIsl OCYIIECTBICHHUS SHEPTETHUECKUX PEaKIMi HaKoILIe-
HUS ¥ BBIPAOOTKH HEPTHH 1 IPeoOpa30BaHus ee B TIIIOKO3Y, U Jajiee, B APYTHe caxapa. DTOT MPOLECC OCYIECTBISETCS
BBICIIMMH PaCTEHUSIMU B pe3yabrare (OTOCHHTE3a, U AJISl €r0 OCYIIECTBICHUS HE00X0AUMO (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 U CONMPOBOXKAACTCS MIIHM MpEBapsieTcs MOsSBICHUEM CBOOOAHOW BoAbl. IloBpexneHne mMem-
OpaH, CBsI3aHHOE C U3MEHEHHEM CTPYKTYPHI H CBOWCTB (M3MEHEHUEM MX TEKY4YECTH), MOXKET OBbITh BBI3BAHO N3MECHEHH-
SIMH COOTHOIICHHSI BOAHBIX 000JIOUEK M COCTOSHUSI CBA3aHHOM BOJBI. OOpaTMOCTh 3TOTO MPOLecca HEMOCPEACTBEHHO
BJIMSCT HA JKU3HECIIOCOOHOCTh M Ha MPOLIECCH KaK 3alacaHusi SHEPrUd Ha OCHOBE JIAMEJUISIPHBIX U TPaHAIBHBIX TH-
JIAKOMJIOB XJIOPOIJIACTOB, TAaK W MOTPEOJCHMST SHEPTUH, 3aKITIOYEHHON B XMMHUYECKHX CBS3SX COCTUHEHHUH, KOTOpast
MIPOMCXOJUT B KPUCTaX MHUTOXOHIpHU. M3MeHeHne TemMmepaTypbl XapakTepu3yIoTcs OBICTPBIM M3MEHEHHEM (u3nye-
CKHX COCTOSIHUH BOJIBI M BOJHBIX pacTBOpOB. [Ipu aToM cocras, miiotHOCTh, pH skuaxux ¢pakunii BOAHBIX PacTBOPOB
MOXET CYIIECTBEHHO Pa3IM4aThCs M MPEACTABIATH COO0I0 MHOKECTBO BapUAHTOB (PU3UUECKUX COCTOSHUI (Teib, 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
pazuuiy: ~155 — ~1246 ppm [1]. Panee Hamu Ob110 YCTaHOBICHO, YTO MPH MOTPEOICHUH BOIBI C CONEPKAHUEM JICH-
tepust 750 ppm, HaOMIOOAEeTCS YCHIIEHHE aHTHOKCHAHTHOTO MOTEHIMAaja B TKAHsIX TIEYCHHU U B IUIa3Me KpoBH Jlabopa-
TOPHBIX KMBOTHBIX [2]. Mi3BecTHaA TeopHs M30TOITHOTO PE30HAHCA U BIMSIHUE Cpebl ¢ cofaepxkanneM 370 ppm 1o 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 GpopMupoBaHue MEPEeKPECTHON afanTaluy 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 U 3aMEAJISICTCs P OoJiee MpoI0II-
KHUTEIbHOM Bo3zaeicTBuU. [Ipn 3TOM B mepBble JBe Heaenu HaOMoaeTcsl HapylIeHHe PEAOKC PaBHOBECHS B KPOBU U
TKaHSX TOJIOBHOTO MO3Ta B CTOPOHY YCHJICHHSI ITPOIYKIIMU CBOOOIHBIX paJuKalloB, KOTOPOE BHIPABHUBAETCS 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 SIBIISIIOTCS] PE3YJIBTaTOM KOMIIEHCAaTOPHBIX peaklysiX Ha JeiTepueBblid crpecc. Ha done crpeccoBoil peak-
LIUH, BBI3BAHHON N3MEHEHUEM COZICPKaHMs IeHTepHs B OpraHn3Me, BOSHUKAIOT KOJIeOaHus IEMKOLMTapHOTO 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.

Jluteparypa:

[1] G.L. Villanueva, M.J. Mumma, R.E. Novak, H.U. Kaufl, P. Hartogh, T. Encrenaz, M.D. Smith, Strong water isotopic anomalies in the martian
atmosphere: Probing current and ancient reservoirs, Science, 348(6231), 218-221. (2015).

[2] S.V. Kozin, O.M. Lyasota, A.A. Kravtsov, E.V. Chikhirzhina, V.A. Ivlev, K.A. Popov, A.A. Dorohova, V.V. Malyshko, A.V. Moiseev, A.V.
Drozdov, S.S. Dzhimak, Shift of Prooxidant—Antioxidant Balance in Laboratory Animals at Five Times Higher Deuterium Content in Drinking
Water // Biophysics. V. 68. N2, P. 289-294. (2023.). DOI: 10.31857/S0006302923020163

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

[4] A. Kravtsov, S. Kozin, A. Basov, E. Butina, M. Baryshev, V. Malyshko, A. Moiseev, A. Elkina, S. Dzhimak, Reduction of deuterium level
supports resistance of neurons to glucose deprivation and hypoxia: Study in cultures of neurons and on animals, Molecules, 27, 243, (2022).
[STA.A. Basov, L.V. Fedulova, M.G. Baryshev, S.S. Dzhimak, Deuterium-depleted water influence on the isotope 2H/1H regulation in body and
individual adaptation, Nutrients, 11, 1903, (2019).

[6] A.V. Syroeshkin, N.V. Antipova, A.V. Zlatska, [.A. Zlatskiy, M.D. Skylska, T.V. Grebennikova, V.V. Goncharuk, The effect of the deuterium
depleted water on the biological activity of the eukaryotic cells, Journal of Trace Elements in Medicine and Biology, 50, pp. 629633, (2018).
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B ¢usuke u xumuu MarautHbie u30TonHbIe 3 dexte (MUD) naBHo u3BecTHb! [1]. HegaBHO ObuM 0OHApPYKEHBI
MWD B xxuBoit npupose. KnHernka ananTanuu KISTOK OakTepuii £. col K MUTaTeabHOU cpejie, 00oralleHHOW MarHuT-
HBIM M30TOTIOM Maruusi, Mg, WJeT CYIIeCTBEHHO OBICTpee MO CPABHEHHIO CO CPEOH, 00OTANIeHHON HEeMarHUTHBIM
BMg [2]. Obnapyxensl MO B 9KCTIEPUMEHTAX € APOXIKEBBIMH KIIETKaMHu S. cerevisiae, 000TACHHBIMU Pa3TnIHbBIMU
n3oTonamu Maraus. KoHCTaHTa CKOPOCTH TIOCT-PaIUAIIMOHHOTO BOCCTAHOBIICHHS KJICTOK, OOTYYCHHBIX PEHTICHOBCKH-
MU JIy4aMHU W KOPOTKOBOITHOBBIM Y® HM3ITydeHHEM, B JIBa pasa BhIIIEC B KJIETKaxX, 000TaleHHBIX Mg, M0 CpaBHEHUIO
¢ KJIeTKaMu, oborameHHbpiMu Mg [3].

Bonee Toro, karamurndeckre 3(GdekTsl MarHuTHOTO M30TOMA Mg 0OHApYKeHbI B peakiuu ruaponuza ATO, ka-
TaTU3UPYeMOH MHUO3MHOM - BRXHEWUIITUM MOJICKYJISPHBIM MOTOPOM KJIETOUYHOW OMOIHEPTeTUKH, UCTIOIB3YIONUM XH-
MUYecKyro dHepruro AT® s BeIOMHEHMST MeXaHu4eckoil pabotel. CkopocTh pepMmenTaTuBHOTO ruaponusa AT B
cpesie ¢ MarHUTHBIM Mg B JIBa pa3a BBIIIE, UeM CKOPOCTH TOH e peakIiuM B Cpefiax ¢ HeMarHUTHRIMU **Mg uiu Mg,
AHanornuHseiii 3pGEKT SASPHOTO CIMHOBOTO KaTaln3a O0OHAPYKEH B SKCIIEPUMEHTaX C IIMHKOM B Ka4eCTBE KohaKTopa
Muo3uHa. CKopocTh (hepMeHTATUBHOTO ruiposin3a AT® B peakIIMOHHON Cpe/ie ¢ MATHUTHBIM H30TOTIOM, ¢7Zn, BBIIIE HA
40-50% 1o CpaBHEHHUIO CO CKOPOCTSAMHE B Cpe/iaX ¢ HEMAarHUTHBIMU M30TOMaMu, Zn nu %Zn [4].

MWD onHO3HAYHO CBUACTEIBCTBYET, YTO B XUMHKO-MEXaHUYECKOM IpoLecce, KaTaIUu3upyeMOM MOJICKYISIPHBIM
MOTOPOM, UMEETCS TUMHUTHUPYIOIIasl CTaausl, KOTOPasi 3aBUCUT OT ANIEKTPOHHOTO CIIMHOBOTO COCTOSIHUSI pearcHTOB, U
9Ta CTaausl YCKOPSETCS sIACPHBIM CIIMHOM MarHuTHOTO u3otomna [1]. M3BectHo, uto ruaponus AT®, karanuzupyembiid
MOJICKYJISIPHBIM MOTOPOM, COITPOBOXKAAETCS 3HAUYUTEIILHOW KOH(DOPMAIMOHHOM MEpecTPOUKOi MakpoMoeKyibl. [Ipu
STOM HMEIOT MECTO JIETUApaTalis U peruapaTanus aMUHOKUCIOTHBIX Tpynn. Mexy TeM, CylIecTBYIOT JIBa H30Mepa
MOJIEKYJT BOJIbI, Pa3JIMYAOUIMECS 110 B3aMMHOM OPHEHTAILIMH SIEPHBIX CIIMHOB BOAOPO/IA, @ UMEHHO: ortho-H,O ¢ napai-
JIENILHON OpUEHTALUEN TIPOTOHHBIX CIUHOB U para-H,O ¢ aHTHNapauIeNbHOM OPUEHTALMEN IPOTOHHBIX CIIMHOB [5].
Mwmerorcs 0cHOBaHMs MOJIararh, 4To MOJIEKYIbl 0rtho-H,O MME0T NpeuMyeCTBEHHOE CPOJICTBO K L-aMHMHOKHCIIOTaM.
ITepemenienne NPeMMyIIECTBEHHO CBA3aHHBIX MOJIEKY ortho-H,O npu KoH(QOpMalMOHHOM NpEBpPaIeHH MaKpOMO-
JIEKYJBI 3aTPYHEHO, a CITUH-BpAIlaTeIbHbIC B3auMoIeiicTBHs POTOHOB (I = '2) cimmikoM citaObl, 9TOOBI 00ECIEUNTh
TOIKHYI0 3((GEKTUBHOCTD ortho-para niepexonoB. Maruutaeie Mg (I = 5/2) u “Zn (I = 5/2) cnocoOHbI yCTpaHUTh
CIIMHOBBIH 3ampeT, 00ecreunBas HEOOXOIUMYO CKOPOCTh KOHBEPCHUH H30MEPOB BOJIEL. JleTaabHble MEXaHU3MBI SITICPHO-
T'O CTUHOBOTO KaTalin3a B OMOMOJICKYJISIPHBIX MOTOPAX U MEPCIIEKTUBLI TPUMEHEHHS CTA0MIBHBIX MArHUTHBIX U30TOTIOB
B MEIMIIMHCKOW (hPU3UKE — 33a]]au¥ TATbHEHUIITNX UCCIICTOBAHIIMA.

Paboma svinonnena npu nodoepocke Munucmepemea nayku u gvicuie2o oopasosanus Poccuiickoti @edepayuu, mema
AAAA-A19-119071890015-5.
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B noxmane OymyT npejicraBieHbl COOCTBeHHBIE [ 1-7] u nuteparypHbie JaHHbIE [§-12] 10 U3y4YEeHHUIO CTPYKTYPHI BO-
JHBIX PACTBOPOB HU3KOMOJIEKYJIIPHBIX YIJIEBOJOB C MIOMOIIbIO cBeTOpaccesiHus [2, 6, 8, 10-12] u nonsipumerpun [1-6],
a TaKKe paHee He OMyOJMKOBaHHBIC TAaHHBIE TI0 U3yYEHHIO BOAHBIX PACTBOPOB YITIEBOJOB METOJOM aHaIU3a 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 obcyxzieH oOHapy)KEHHBIM B XO[e HAllMX HCCIEI0BaHUN (PEHOMEH CYLIECTBOBAHUS «KpUTHYE-
CKUX» KOHLEHTPALUXH, IPH KOTOPHIX KOHIIEHTPALMOHHBIE 3aBUCUMOCTH KOJTMUYECTBEHHBIX XapaKTEPUCTHK (PU3HYECKUX
CBOMCTB pacTBOpa COMIACOBAHHO MPETEPIIEBAIOT U3JIOMBI. DTH «KPUTHUYECKHE)» KOHLEHTPALUH, O-BUIUMOMY, pasze-
JISIIOT 00JIaCTH KOHUEHTPALUH € Pa3InYHOM CTPYKTYPOH pacTBOPa, Ul KOTOPBIX XapaKTEpHO 00pa3oBaHUE CYyIPaMepOoB
[4] pa3nU4YHOIO CTPOCHUS.
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Wzyuenne 6nonornyecknx 3pQekToB B BoJEe ¢ N3MEHEHHBIM H30TOMHBIM COCTaBOM HA4YasloCh Cpasy MOcCIe ToiIyye-
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
YBEIMYEHHOH KOHLEHTpauuei aeirepusi, rae Obuin 0OHApyKeHbI HEOXKUAAHHO OOJBIINE U30TOMHBIC 3(p()EeKThl aKTHBa-
LMOHHOTO XapakTepa B TO BpeMs KaK BHICOKHE KOHLIEHTPAIUU ACHTEpHsl B BOJIE BCETa MPUBOAMIN K HMHTHOUPOBAHUIO
pa3nnuHbIX QYHKUMI BIJIOTH 0 ruOeny opranu3mos [ 1, 2]. K HacrosimeMy BpeMeHN MOKHO CUUTATh MMOHATHBIM 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 GonbIMHCTBE CllyyaeB perucTpUpyrOTCs 3HAYNTEIbHBIE N30TOMHBIE A(-
(eKTHI, B TOM yKciie HEMOHOTOHHOTO TUMa. [Ipu nHTEepnpeTanuy pe3yasTaToB BOSHUKACT BOIIPOC O (PU3NUECKHUX XapaK-
TEPUCTUKAX BOJBI C N3MEHEHHBIM U30TONHBIM COCTaBOM.

Mseectho, uto cmecu H O-D,0 oTHOCATCS K nacanbHbiM pactBopaM. Camblil 6051b110H H30TONHBIA 3 deKT (0Kom0
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. [Tony4yeHHbIi rpaduK sSBISETCS JINHSHHBIM 0€3 aHOMAaJIBHOTO MOBEJIe-
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
oKa3zajnach HepazauuuMoin B Boze 4 n 150 ppm. TemnoemkocTs Boas! Cp ¢ yBEeIMUEHHON KOHIIEHTpalUen JeHTepus 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
NEUCTBUIO (PU3NIECKUX, XUMUYECKHUX U OMOJIOTHYECKHUX MMOBPEXKIAIOIINX (aKTOPOB SIBISETCS aKTyalbHOU 3a1aueii co-
BpeMeHHOH Onodusuku. KioueBbIMH y4acTHUKaMHU PEryJsMH OTBETa KJIETOK Ha JEHCTBHE CTPECCOBBIX (PAKTOPOB
SBISIFOTCSL akTUBHBIE (opMbl Kucnoponaa (ADK) — BeicokopeakIMOHHBIE MPOAYKTHI MeTabonnM3Ma Kuciopoaa, odna-
JIAIOIIHE IUPOKUM CIIEKTPOM (PM3HOIIOTHUECKOTO M maTtopusnonornueckoro aevictsust [1]. [lpu Tpancaykumm curaa-
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 OEJIKOB-MHILICHEH MPOUCXOIUT 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
(peoKc-aKTHBHBIX COCAMHEHHH ), CO3/1aBasi eI HAIPaBJIEHHOTO MIEpeHOca 3JIEKTPOHOB HiTH pepokc-ueny [3]. Hampas-
JIEHHE U CKOPOCTh IIEPEHOCA EKTPOHOB B PEAOKC-IIETIAX 3aBUCIT OT COOTHOLIEHHS KOHIIEHTPALNH BHYTPUKIETOUHBIX
PEIOKC-aKTUBHBIX COEIMHEHUH, KOTOpOE ONpeAeNsieTcsl peoKc-roMeocTazoM KieTku. Ilognep:kanue 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 aJalTallu KIETOK K OKUCIUTENBHOMY cTpeccy. OnHaKo MpHU MPEBHIINIEHNN ONPEAEIeHHOIO opora akTH-
Baruu Nrf2 3amyckaercst 3KCIpeccHsi TeHOB, MPOAYKTHI KOTOPBIX CIIOCOOCTBYIOT Pa3BUTHIO OKUCIUTEIBHOTO CTpecca 1
nociuenyouel rnoenn kietok [6]. Takum 00pa3om, peoKC-perysus KICTOUYHBIX TPOLIECCOB OCYIIECTBISIETCS CIOXK-
HOW CETBhIO B3aMMOJACHCTBUH MEXIY OKHUCIUTEISIMH M BOCCTAHOBHTEIISIMHU, ONPEACISIIONICH CIeUpUIHOCTh OTBETa
OMONIOTHYECKOH CUCTEMBI.

KonmuecTBeHHas xapakTepuCTHKa YHUKAJIBHOW CETH B3aUMOEHCTBUIN, ONPEAETAIONIed BUIOBbIE U UHANBUyallb-
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
o0aaeT XUHOMIHOM CTPYKTYpoil. CBs3M MEXIy MOHOMEpaMH 00pa30BaHbl SP>-THOPUIN30BAaHHBIMH aTOMaMH YTIIe-
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 00paTMO ynpasisiTh ¢ nmoMousio pH [4] u ypoBHs BlIaXXHOCTH [5], a Takke BapbH-
pysl peloKCc-CTaTyC MOHOMEPOB C TIOMOIIBI0 HOHOB METAJUIOB U JPYTUX areHToB [6]. Takue BEINYMHBI KOHLEHTPALUU
HEKOMITIEHCUPOBAHHBIX CIIMHOB MOTEHIIMAIBHO MOTYT OBITh TOCTATOYHBIMHE Il BOSHUKHOBEHHUSI 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 OOHApPY’KEHBI IPU3HAKY JTHa-, apa- U GeppoOMarHUTHOTO BKIa10B. OTMETHM, YTO MPU3HAKH MAarHUTHOTO YHOPSI-
JIOYEHHUS COXPAHSIIUCH BIUIOTH 10 KOMHATHBIX TEMIIEpaTyp. POCT KOHLIEHTpallny BO/IbI MPUBOJIMII K 3HAUNTEILHOMY 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 SyMEJIaHHWHA OT BIaXKHOCTH M TONMMPOBAHUS NOHAMU MEAM B COYETAHUH C KOHTPOJIBHBIMH JKCIIE-
PUMEHTAMHU IO OLEHKE KOHIEHTPAIUH MOTEHIHAIbHBIX MPUMECHBIX MATHUTHBIX HEOPTaHWMYECKUX MOHOB TOBOPST O
TOM, YTO HAaOJIIOJAeMbIi BKJIaJl B MArHUTOYIIOPSIOYEHHOE COCTOSIHUE CITUHOB B JAHHOM MaTepuaie COACPKUT OpraHu-
YECKYI0 KOMITOHEHTY.

Paboma 6vina evinonnena npu nodoepocxke PH®, npoexm Ne 19-73-10154.
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[Ipu onncanun > QeKToB, BHI3BIBAEMBIX B 00pa3iax KUAKOW BOIBI Pa3TUUHBIMU BHEITHUMHU BO3ACHCTBUSAMH (TEp-
MUYECKHUI WIN paiMalliOHHBIN HarpeB, N3MEHEHNE JaBJICHUS, BBEJIEHUE IOCTOPOHHUX MAKPO- MITM MUKPOYACTHI, B T.4.
HaCBIILIEHUE ra3aMH U Ap.) 0OBIYHO MCIIOIB3YIOT MAKPOCKOIMYECKHIE XapaKTEPUCTUKHU CPEAbl M JTUHAMUYECKUE MTapame-
TPBI TOTOKOB ¥ HEPAaBHOBECHBIX MporieccoB. KoppeKkTHbIN Moa0op mapaMeTpoB B COOTBETCTBYIOLIMX CUCTEMaX ypaBHe-
HUH TI03BOJISIET BOCIPOM3BECTH HKCIIEPUMEHTAIILHO U3MepsieMble OPYTTO-XapaKTEPUCTHKH 00pa30B U UX 3aBUCHMOCTD
OT BPEMEHH, HO Ha JJa€T MPEACTABIEHNS O COCTOSTHUH BEIIECTBA U €T0 JIOKAJIbHBIX N3MEHEHHSIX Ha MOJIEKYJISIPHOM YPOB-
He. Mcnonb3oBaHuEe MOJEKYISPHO JUHAMHUYECKUX PAcdeToB Ul OONBIIMX aHcaMOiIel MOJEKyJ IMO3BOJSIET MEepelTH
Ha MHKPOYPOBEHb M OLIEHUBATh MHTETPAJIbHBIE XapaKTEPUCTUKH, COMIOCTABUMBIE C SKCIIEPUMEHTAIBHO U3MEPSIEMBIMU
(¢u3nUeCcKUMH BEIMYMHAMH, HO B OCHOBHOM JIJIsl PAaBHOBECHBIX TporeccoB. OHAK0, OCHOBHON MHTEpEC MPEICTaBIs-
eT coboil HepaBHOBECHAs CTaUsl AMHAMHYECKOTO MPOLEecca, HHUIMUPOBAHHOTO BHEITHUM BO3IICHCTBHEM, MOCKOJIBKY
MMEHHO OHA B CYIIECTBEHHOW CTENEHN NPEAONPEEIET XapaKkTep MOCIEAYIOUIEN TUHAMUYECKON 3BOIIOIIMHA CUCTEMBI.
WzyuyeHne HepaBHOBECHBIX IMHAMUYECKHUX MPOLIECCOB TPeOyeT UCTIONB30BAHMS KIIACCHUECKON MOJIEKYISIPHON JMHAMH-
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 HACTOSILEES BpeMsl HAJCKHBIX KOHCTPYKIMH Takoro pona HeT. EMMHCTBEHHOH ajb-
TEPHATUBOW MEPEUNCICHHBIM MOJAXO0AAaM SIBJISIETCS HEAMITMPHUUECKas MOJNEKYJIsIpHas AMHAMUKA, B KOTOPOW MOTEHIIMAI
OIIpeIeTIsieTCsl peIlleHHEeM KBAaHTOBOM 3JIEKTPOHHOM 3aJa4d, a IIOTOMY MO3BOJISIET ONMUCHIBAThH JIIOObIC BapUaHTHI TIepe-
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 (POPMAIBHO MOAPA3AEICH Ha CTaJNH, YacTh KOTOPBHIX XapaKTepH3yeTcs CyIICCTBEH-
HOM JIOKaJM3auueil sHepru Bo30yKICHHS, HHUIUUPYIOMEH KapAMHAIBHYIO PEOPTaHU3alMI0 CUCTEMBI, & OCTaJIbHBIC
— JWCCHUMNANMel YHEPTUH NPH paclpocTpaHeHuH dPQeKTa Ha IPUIIKAINE CIOHN BELIECTBA U MOCIEAYIOIEH penakca-
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 HapsKEHUEM, CBSI3aHHBIM ¢ BHEIPEHHUEM HHOPOJHOM YaCTHUIIBI, B TOM YHCIIC TTO]] 1aBJICHH-
eM. CnekTp paccMOTpeHHBIX 3(p()EeKTOB BasKeH C TOUKU 3peHHs (PYHKIHOHHUPOBAHUS JTIOOBIX OMONOTHUECKUX CHCTEM.
[lomyuaemble JaHHBIE TO3BOJISIOT OLIEHUBATh XapaKTEepPHbIE BPEMEHA Mepepaclpeie]IeHHs SJHEPTUU MEXy pa3IndHbI-
MU CTETIEHSIMH CBOOO/IBI; BEPOSITHOCTH JUCCOLMAIIMOHHBIX U HOHU3aLMOHHHBIX MPOLIECCOB; CTENECHB JIOKAJIBHOTO 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-IMHAMHYECKHUX XapaKTEPUCTUK BOJIBI B pACTBOPaX. DTO MO3BOJUIIO YCTAHOBUTh, YTO THPATHBIC 000JIOUKH
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 macrosme#i pabore onmucaH Moaxo/, OCHOBAaHHBIA Ha METOJIC TeParepIioBON CIEKTPOCKOIIUU BPEMEHHOTO paspe-
menus (THz-TDS), mo3Bomsiontuii aHaIM3upoBaTh TMHAMUYECKIE THAPATHBIE 000J109KH 0eKkoB. CyTh METO/Ia 3aKITI0-
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 oxomno 334 mr/mi. M3 auanekTpudeckoi MPOHUIIAEMOCTH BBIICIISIIOTCS B PEIAKCAIMOHHBIX 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. AHAJIOTHYHBIC TIPOSBIICHUST HAONIOAAIUCH U JUISL IPYTUX THUIIOB OMOMOJICKYJ: 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 OOJACTIX THUApPATAIMN, HAIIPOTUB, CTPYKTYypa 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 Il HATUBHOM KOH(opManuu Oenka. Taxoke 1t THIPAaTHBIX 000JI0UeK HATHBHOTO OeJIKa XapakTep-
HO MEHBIIIEE KOJIMYCSCTBO BOJOPOIHBIX CBSI3CH M TCHJICHIUS K YMECHBIICHUIO UX CPEHEH SHEPTUHU MO0 CPABHEHHIO C HE
HaTUBHBIMH KoH(opManusiMu. Cam GakT YHHKATBbHOCTH THAPATHOW 000I0UKH OeTka B HATHBHOW KOH(GOPMAITUH 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-Bumumomy, HaTUBHAs KOH(OpMAIUs He cama 1o ceOe OTpeIesieT aKTUBHOCTh OCJIKOB, HO MPHU yYaCTHH UX JIUHA-
MHUYECKUX THJIPATHBIX 000I0UCK.
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st HaHowacTul nryHruToBoro yriepoaa (LLY) ycraHoBneH psig MeXaHH3MOB OHOJIOTMYECKON aKTMBHOCTH, 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 (DYHKIIMOHAIBFHOIM aKTHBHOCTH BCJIEACTBHE 0OMEHA OEIKOB KOPOHBI C N3MEHEHHON KOH-
(opmanueii ¢ mynom Oenka B 0CHOBHOHM KoH(opMaiin. OKUCIUTETLHO-BOCCTAHOBUTENbHAS akTUBHOCTH LY 00ycioBmne-
Ha CIIOCOOHOCTBIO €ro TMApPaTHON 000JIOUKM HAaKaIJIMBaTh aKTUBHBIE (POPMBI KHCIOpoaa Aaxe 0e3 akTHBHOW TeHepaliu
nocieanux. B mpucyTcTBUM THON-COAEpIKaIIMX OSJIKOB 3Ta CIIOCOOHOCTH MPOSIBISICTCS B UX aHTH/TIPOOKCHIAHTHOM JICii-
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
axtuBHOCTH L1V, conpspxenHast ¢ o0pa3oBaHueM (Qpakuuii u3 pasTUuHbIX KOHGOPMEpPOoB Oelika, OPMHUPYIOIIMX MeTacTa-
OMIbHBIC AUHAMUYECKHE OCJIKOBBIE KJIACTEPhl Kak Mpoodpa3 Oe3MeMOpaHHBIX OpraHesul, (yHKIMOHAIbHAS 3HAYMMOCTh
KOTOPBIX TIOJTy4aeT MHOTOYHCIIEHHBIE SKCIIEPUMEHTAIIbHBIE TOTBEPKICHUSI.

[Ipu uccnenoBaHNM MeXaHU3Ma MOJICKYISIPHOM M KOJUTOWHON pacTBOPUMOCTH MOJIEKYJT CBIBOPOTOYHOIO albOyMu-
Ha (CA) B BOAHOI cpefie B IIUPOKOM JHaria3oHe KOHIICHTpalui Oelika U BIMSHUS Ha 3TOT mponecc npucytcTsust LY
METOJIaMH CIIEKTpocKonun KomOuHanmonHoro paccessaus (KPC) n aunamuueckoro ceeropaccesinust (JJPC) 6buta ycTa-
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 MHTCHCHUBHOCTEH NBYX MUKOB TpH 3450/3250 cM' COOTHOCHTCSI C YBETHMUYCHUEM YHCIIa 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. [IpOTHBOMONOKHO HANpaBJIeHHOE «Pa3phIXJICHUE» BOIOPOIHBIX CBS3EH (yBETUUEHHE COOTHO-
LICHUS] MHTCHCUBHOCTEH) MU JajbHEHIIEM yBETMUCHUN KOHLIEHTPAIMU Oellka 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 KpymHBIX Kinactepos. [Ipu aToM aucnepcus octaeTcesi CeIMMEHTAMOHHO CTa0MIBHOM, HECMOTPS Ha ILIUPO-
KO€ pacIpeziesieHre KiacTepoB 1o pasmepam. B aucnepcun LY ¢ poctom konuentpaunu a0 0.1 mMr/mi HaOmonaercs
TOJIBKO CTAOMITU3aIIHsI CUCTEMBI CBS3EH C MOSBICHUEM KJIACTEPOB pagnycoM ~60 HM, ITOCIIe Yero JUCTICPCHsl TepsIeT cTa-
OounbHOCTB. Bunmumo, snextponnas crpykrypa LY takoBa, 4To He criocoOHa reHepupoBaTh HOBBIE Ae(EKTHI B CUCTEME
BOJOPOIHBIX CBsi3ei. B mpucyrcTBum B OenkoBoii aucnepcuu LY konmonaHas cTabMiIbHOCTD AUCTIEPCHU 0Oecreyn-
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.
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[1] s.5. Tonyposckuii, 1.b. CraBposckuii, 1.B. lupoxos, ®.1. Pomanuxun, I"H. Bonmapenko, A.B. JlutBuroB, M.O. DtpekoBa, A.A.
Kapabunenxo, B.A. Kmmnvnmnk, O.C. Menseznes. Hoble BO3MOXHOCTH /IS aHaJIH3a OHOJIOTMUECKON POITH BOIOPO/A, METaHa U IPYT X OOMapKepoB
AKTHBHOCTU MHUKPOOHOTHI KHIIIEUHHKA MPH UCTIONB30BAaHNUH MIEPECTPANBACMON JIMOTHOMN JIa3epHON CIIEK-TPOMETPUH MOTIIOMICHNS U CEITEKTHBHBIX
CEHCOPOB Bomopozia u kucyopona// Ontuka u criekrpockomnust, Tom 132, Bemt. 3 ctp. 303-309 (2024). DOI: 10.61011/0S.2024.03.58150.35-24

24



2024 BOAHbIE PACTBOPbI B BUOJTIOTNMYECKUX CUCTEMAX

YcTHbIN poknap,

ABSTRACT - 7TH ALL-RUSSIAN CONFERENCE "PHYSICS
OF AQUEOUS SOLUTIONS"

HIGH DILUTIONS OF TWO HOMEOPATHIC DRUGS IN
AQUEOUS SOLUTION TRANSFER THEIR OPTICAL
PROPERTIES TO WATER WITHOUT ANY DIRECT PHYSICAL
CONTACT

Sukul A.C.,**, Singh R.K.,? Pande N.,®* Sukul A.*

" Professor (Retd.) and President, Department of Zoology, Visva-Bharati University, Santiniketan,
Sukul Institute of Homeopathic Research, Birbhum, West Bengal, India.
2 Assistant Professor, Department of Botany, Government General Degree College, Mangalkote,
Purba Bardhaman (Affiliated to University of Burdwan), West Bengal, India.
3 State Aided College Teacher, Department of Geography, Panihati Mahavidyalaya, Sodepur,
Kolkata, (Affiliated to West Bengal State University) West Bengal, India.
4 Director, Department of Homeopathic Research, Sukul Institute of Homeopathic Research,
Birbhum, West Bengal, India.
*e-mail: ncsukul @gmail.com and ORCID: htpps://orcid.org/0000-0001-5888-3369

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.

25



®
BOAHbLIE PACTBOPbI B BUOJIOTMYECKNX CUCTEMAX ‘ Egggggpoa

YcTHbIN poknap,

PEIYNAUNA KINETOYHbLIX NMPOLUECCOB B YCJ/1I0BUAX
OKNCNNTEJIbHOIO/TANOINEHVPYOWEIO CTPECCA

Fopyako U.B., F'puropbeBa A.B.%, PeyT B.E.!, MapTuHoBuu I.I".%,
Cokorsnos A.B.23, NaHaceHko O.M.3

" Benopycckuii rocyaapCTBEHHbIV YHUBEPCUTET,
np. Hesasucumoctu, 4, MuHck, 220030, Benapycb
2egeparnbHoe rocyfapCTBeHHOE BIOIKETHOE Hay4YHOe y4YpexneHne
«VIHCTUTYT aKCNEPUMEHTaTbHON MEeaULNHBI »,
yn. Akagemuka lNasnoBa, 12, CaHkT-[leTepbypr, 197022, Poccus
3 ®eneparnbHoe rocygapcTBeHHOE BIOOXETHOE yYpexgeHme
«DepeparnbHbI HaYyYHO -KITMHUHYECKNI LIEHTP (PU3NKO-XUMUNYECKON MEANLIMHBI UMEHN aKkagemmKka
10.M. JlonyxvHa ®egepanbHOro MeauUKo-bMonorn4ecKoro areHTCcTaa »,
yn. Manas lNuporosckasi, 1a, Mocksa, 119435, Poccus
e-mail: irinagorudko @gmail.com

KiroueBoit 0cOOCHHOCTBIO HEUTPODUIIOB SBNISICTCS HANWYHME B UX a3ypo(QWIBHBIX IpaHylax (hepMeHTa MUesore-
pokcunassl (MIIO), katanusupyromero oOpa3oBannue akTUBHBIX GopM rajgorenos (ADI'). B cuiry BEICOKOH peaknoH-
Holi ciocooHocTr ADI™ Hapsity ¢ akTuBHBIMU popmamu kucnopoaa (ADPK), oOpasyromumucs B pe3ynbTare akTUBa-
uun HAJI®H-okenaasel, BEIMOMHAIOT Oakrepunuanyto ¢pynkuuro. [loseimennoe obpasoBanne AOK/ADIT nmpusogut
K Pa3BUTHIO OKUCIUTEIBHOTO/TaOTCHUPYIOIIETO CTPECCa, HHUIMHUPYIOIIETO 1eCTPYKTUBHBIC MPOLIECCH B OpraHu3Me.
B 10 xe BpeMss ADK BBINONHSIOT BaKHYIO POJIb BHYTPH- U MEKMOJIEKYIISIPHBIX MECCEH/PKEPOB B PETYISILUH pa3iny-
HBIX KJIETOUHBIX MPOLECCOB. B mocienHue ronsl HAKONMIOCH 3HAYUTEIBLHOE KOJIMYECTBO SKCIEPUMEHTAIBHBIX JIaH-
HBIX, CBUJICTEIBCTBYIOUINX O TOM, YTO B PETYJISLUIO BHYTPUKICTOYHON M MEXKKJICTOUHOW CHTHAJIM3AIMN BOBJICUCHBI
takke ADI. B ommmune ot ADPK, B3anMoaelcTBHE KOTOPBIX ¢ (PyHKIMOHATBHBIMU TPYNIIaMH OMOJIOTHYECKUX 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). Ilpu atom nocie moguduranun ADPI psix MoseKyn IpuoOpeTaroT CocoOHOCTh CBsI-
3BIBATBHCSI C PEICNITOPHBIMU CTPYKTYpaMH KJIETOK M aKTMBHPOBATh MPOLECCH BHYTPUKJICTOYHOW CHUTHAIM3AILNUH, T.C.
BBICTYIIAIOT B Ka4eCTBE MEIMATOPOB, CHOCOOHBIX MepenaBaTh MH(OpManio MeXIy KieTkamu. Hamu ycraHoBieHO,
YTO CHIBOPOTOUHBIN aJIbOyMUH YeJI0BeKa, MOTU(PHUINPOBAHHBINA THITOTATONTHBIMI KUCIOTAMH, HHAYIIHPYET aKTUBALINIO
HAJI®H-okcnaasel u aerpanynsiuio Heitpodminos. [yt TpaHcayKUuu curHana IpHu JISHCTBUU TalOTeHUPOBAHHO-
ro aapOyMHHA BKJIIOYAIOT MHTETPHH-3aBUCUMYIO aKTHBALHUIO (ochaTuAMINHO3ZUTON-3-KHHA3, 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 JnnuaoB JIHII u nmnasmarnuecknx MeMOpaH KJI€TOK, B HU3KMX MUKPOMOJISIPHBIX KOHIICHTPALUSIX OKa3bl-
BaJIM IpaiiMupyromuii >3p(eKT Ha HEUTPOPUIIBI, yCHIIMBas aTOHUCT-MH Iy IMPOBaHHYyI0 npoaykuuio H O, u rerpamyns-
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
AKTHBHBIX MOJICKYJI, PETYIHPYIOIINX KJICTOYHbIEC MPOLIECCHI.

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 HeogHOpoaHocTedt (CMH) B BOIHBIX pacTBOpax, 1o XUMHUUIECKOH KITacCH-
(bMKaIU¥ CYUTAIONINXCS NCTHHHBIMHE, U3y4aeTcs JaBHO, HO JI0 CHUX MOP HET IMOJIHOTO TTOHUMAHHS IPUPOIBI JAHHOTO SIB-
nenus [1-6]. YeranosneHo, uto CMH — ycroiiunBsie 00pa3oBaHusi, POPMHUPYIONMIUECS TIPU IPUTOTOBICHUN PACTBOPOB
1 COXPAHSIOIINE CTAOMIBHOCTD Ha MPOTSHKEHUHN TIPAKTHIECKU O€CKOHEYHOTO BpeMeHH (rofs! [7]) B pamkax jJadboparop-
HOTO JKcTiepuMenTa. bombie Bcero cBuaerenscTB Hammuuss CMH ommcano it BOMHBIX pacTBOPOB OPTaHUKHU, 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].
[ToxazaHo, 4TO B pacTBOpax caxapoB ¢ KoHIeHTparueit 0.5 Monbp% An cocrasmser okono 0.005 s TiroKo3s! 1 PpyK-
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%.
O6némuas monss CMH B aTux pactBopax noBosbHO Benuka ~0.1%. [lokazano Takke, 9TO ¢ POCTOM KOHIEHTPAIUH 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, KOTOPBIE 3aBUCST OT KOHIIEHTpALUU caxapa. lHTepecHo, 4To /IS pacTBOPOB TPErasio3bl 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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[Ipumenenune HuzkoTemneparypuoi miasmel (HTII) B cenbckoM XO3SHCTBE M MUILEBOW MPOMBIIUICHHOCTH B I10-
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 BCXOXKECTH, @ TAKIKE MOXKET MOBBICUTh YCTOHUMBOCTE K HEOJIaronpu-
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 uccieqoBanuidl. Kpome Toro, mia3mMeHHas oOpaOOTKa MOYBBI U BOABI MOKET CIIOCOOCTBOBATH Yiydlle-
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 npomsitennoctn HTIT aktuBHO ncnonb3yercs A Ae3MHGEKIUN U CTEPUIN3aLlu TPOAYKTOB. JKC-
MEpUMEHTAIbHBIC JAaHHBIE CBUCTENBCTBYIOT O TOM, UTO IIa3Ma 3(p(HEKTUBHO YHHUTOXKAET NaTOTeHHBIC 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 nacrosimeit pabote npencTaBieHbl pe3ysbTaThl IPUMEHEHUS ManorabapuTHOr0 MHOTO()YHKIMOHAIBHOTO 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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[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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N3MEHEHWVE OKUC/IMTE/IbHO-BOCCTAHOBUTE/IbHbIX
CBOWCTB BOAHbIX PACTBOPOB MNPV BUEPALIVIOHHOM
BO3/ECTBU

NecuH B./., CapapoBa E.A.
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Bubpanmonnoe Bo3aelicTBIE HA KOJIOUAHBIC BOAHbBIC PACTBOPHI MIMPOKO MPUMEHSETCS] B TEXHUYECKHX CPE/ICTBAX,
MpeAHa3HAYCHHBIX IJIS1 TPAHCIIOPTUPOBKH M M3MEHEHHS (PH3UKO-XMMHUYECKHUX CBOMCTB pacTBOpoB. M3BecTHO, YTO Te-
YeHHE BOAHOTO KOJUIOMJIHOTO PAacTBOpA Uepe3 KAWIIISAPHI U TIOPUCTHIE CPEAbl COMPOBOXKIAETCS MOSIBICHUEM JOKaJIb-
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 uccnenoBanny BOJHOTO pacTBOpa U3 CKBKMHBI MOA3EMHOTO XpaHUIHUILA MeTaHa OblTo 0OHapy-
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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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
npubopocrpoenue, 2019, 1.29, Ne 2, ¢. 103- 108.
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VICCNEOOBAHVE MOKA3ATE/IEV POXOAEMOCTU
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Mowuca C.C., HedoegoBa E.J1.

MHY P® — IMBI PAH
e-mail: butalana07 @list.ru

UccnenoBanus 3¢h(hekToB MOHMKEHHOTO MAarHUTHOTO IOJIsi Ha OMOJIOTHYECKHE CHCTEMbI TPUBJICKAIOT BHUMaHUC
yuenbix [Binhi, 2017; Erdmann, 2021], mOCKoIbKY B MEXILIAHETHBIX TOJIETaX YEJIOBEK, )KUBOTHBIC U PACTEHUS TIOTIa-
JIAIOT B YCIIOBHSI OKPY’KAOIIETO MArHUTHOTO TIOJSI, BETMYMHA KOTOpOro coctapisieT okoyio 1 HTa. I[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
mporecchl B opranu3me. Ocraercs 10 KOHIA HE BBISCHEHHBIM BOTIPOC O BIUSHUH Ha OMOOOBEKTHI N3MEHEHHOH BCIIE/-
CTBHE ATHX (PAKTOPOB cpenbl oOuTaHus. B Hammx npenpaymux padorax [Moisa, 2015, 2016, 2019, 2020] moka3aHo
BIIMSTHAE THIIOT€OMAarHUTHBIX YCJIOBHUW Ha SMOPHOHAILHOE Pa3BUTHE POTOBOW KaTymiku Planorbarius corneus, BCXo-
KECTh U Pa3BUTHE MPOPOCTKOB CEMSIH BBICIIUX PACTEHUH U (PU3UKO-XUMUYESCKUE CBOMCTBA POCTOBBIX Cpel JUIS KJle-
TOYHBIX KYJIBTYP MJICKOITUTAIONIKX. [leNTbi0 HACTOSTIET0 NCCIIe0OBaHUS OBUIO U3yUSHHUE B MOJCIBHBIX KCIIEPHUMEHTAX
BIIMSTHHSI THIIOT€OMAarHUTHBIX YCJIOBHI Ha Pa3MHOKECHUE JKUBOPOJISIINX MOJUTIOCKOB. JKUBOpOXIeHHEe — cioco0 BOC-
MIPOU3BEICHHSI TIOTOMCTBA, TIPH KOTOPOM 3apOJIBII Pa3BUBACTCS BHYTPU MaTEPUHCKOTO OpraHn3Ma. B kauecTBe 00bekTa
HCCcIeoBaHus ObUT BBIOpaH KUBOPOISIIIIA MOJITIOCK Melanoides organifera, o0nanaomunii BEICOKOH 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
(hopMUpOBaHMS PAKOBHHBI y 3apOJIBINICH U HEOMArOMPHUATHBIX yCIOBHIX. Ha MpOTSDKEHUM BCETO MEepUoia dKCIICPH-
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
HEONaroNnpusATHYIO YCIOBUS JIJISl €0 pasMHOxeHus. OnpenenstonumM (HakTopoM JTESHCTBHUS TOHKEHHOTO 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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e-mail: bronkos627 @ gmail.com

Hanouactuisl, monagast B OM0JIOrHYECKYIO Cpely IOKPBIBAIOTCS clloeM OMOMOJIEKyY. B ocHOBHOM 3TO OeJKH, 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 cTaOMabHOCTD TaKUX KOMIUIEKCOB MOXKET BIHSTH O0JbIIOE KoJIM4ecTBO GakTopoB. K mpumepy, KHCiIoT-
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 APYTUMHU MOJIEKyJIaMH OCJIKOB M ¢ OKpY>Katoliel cpenoi B uenoM [3]. Tak ske Temmeparypa MOXKET BIIH-
ATh Ha BTOPHYHYIO CTPYKTYpPY OCJIKOB, Be[b MPH MOBBIIICHUN TEMIIEpaTypbl MOKET IPOMCXOJUTD JAeHaTypanus Oenka.

B pabote MBI paccMaTpuBaeM BIMSHUE TaKWX BHEHIHUX (DAKTOPOB KaK KUCIOTHOCTB CPE/bl M TEMIIepaTypa Ha B3a-
MMOZICHCTBHE HAHOYACTHII U OenKoB. Tak e 1Jis MccaeoBaHus ObUIHM BBIOpAHBI J1Ba BHJIA YACTUL, OTHUYAIOLINXCS Pa3-
Mepamu, ¢ PyHKIMOHATIBHBIMU TPYIIIaMHU Ha TIOBEPHOCTH M 0€3 HUX.

500 -

555 =
ok @ HEWL+AU

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:
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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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Bonnble pacTBOpbI, B TOM WIM WHOM BHJE, IPUCYTCTBYIOT IPAKTHYECKH BO BCEX KMBBIX cucTeMax. /laxe B mpo-
CTEHMIINX pacTBOPAX YaCTO NMPUCYTCTBYIOT paCTBOPEHHBIE Ta3bl M HAHOMY3bIpH. [101 BAMSIHMEM pa3HBIX BHEIIHUX BO3-
NEWCTBUIM MOTYT MEHSITHCS TapaMeTphl 1aXKe TaKkoro, Kazaiochk Obl, mpocToro oowvekTa [1,2]. ['opa3no Bce cioxHee B
KOJUTOWAHBIX PAacTBOPaX, Yalle BCErO BCTPEYAIOLIMXCS B MPHUPOAE. BOIBIIMHCTBO OMOMOTHYECKUX 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
OenxoB. M3BecTHO, YTO M3MydeHue Ha irHe BOMHBI 1064 XOpOIIo MOMIOMAeTcst BOAOH, YTO AENAaeT BO3MOXKHBIM HCIIONB30-
BaHME TaKWX JIA3€POB I XUPYPrUUECKUX BMEILIATENIBCTB. XOPOIIO M3YyUYeHO BIMSHHUE MOJOOHOTO Ja3epHOI0 CKajbIIes Ha
OMONOrMYecKre TKaHH, OTHAKO, OCTAETCS C71a00 M3YUEHHBIM BOIIPOC O BIMSHUN UMITYJILCHOTO JIA3EPHOTO M3ITyYeHHUSI 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 n3yyeHre BIUSHUS TPOAOIKUTEIBHOTO HMITYIBLCHOTO JIA3€pPHOT0 U3ITyYeHHS 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 oOmyueHHs pacTBOPBHI UCCIENOBATIMCH C MOMOLIbIO (HOTOHHOW KOPPEISLMOHHOM CIEKTPOCKOIUH, 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 CBUICTEIBCTBOBATH O YaCTHMYHOH (hparMeHTanuu OeJKoB B pacTBope. Bo Bcex ciry-
Yasx yBEJINYMBAIOCH MOIIOLICHNE OSJIKOBBIX paCTBOPOB B 00JIaCTH 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
XapaKTEePUCTHKAMHU OKa3bIBAeT BIMSHHUE Ha OCJIKOBBIC KOJIOM/BI, XapaKTep U3MEHEHUI 3aBUCHT OT BPEMEHH BO3JCH-
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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KOHLEHTPALMOHHBIE M MJIOTHOCTHbIE
XAPAKTEPUCTUKN CYBMUKPOHHbIX
HEOJQHOPOAHOCTEWN B BOJHbIX PACTBOPAX CAXAPOB.
BO3MOYXHbI HOBbIV KPUOMPOTEKTOPHbIA ®AKTOP

[MeHbkoB H.B.
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r. MywwHo, yn. UHctutyTckas, g. 3
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Kak m3BecTHO, B BOAHBIX pacTBOpax HHU3KOMOJIEKYJSPHON OPraHWKM CIIOHTAaHHO OOpa3ylOTCS CTaOMIIbHBIE HEOJI-
HOpoaHOCTH. OHM OBUTH 0OHAPY)KEHBI M H3YYAJIUCh C TIOMOIIBI0 METOZIOB cBeTopaccesHus [ 1-8] 1 HEKOTOPBIX IpyTHUX
[9,10]. YcraHoBnEHO, 4TO pa3Mepbl ATUX HEOJHOPOJHOCTENH COCTABISAIOT COTHM HAHOMETPOB, ITO3TOMY B HAIIHUX 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 Halell HegaBHel padoTe [6] 1 onpoOoBaH Ha pacTBOpax HEKOTOPBIX caxapoB. Takxke, kanuOpys UHTEH-
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
wiotHoctt CMH: 0.2 — 3%. Uncnosas kounerrparms CMH B ykazanHbIX pacTBopax cocrasiser ~102 — 10 cm3, a ux
oobémHuas o ~0.1 — 10%. Ilomydennsie nanHble moka3sBatoT, 4To0 CMH, X0Th 1 Mano3aMeTHBI (KM3-32 MaJoTO KOH-
Tpacra), HO SIBJISIOTCS CYIIECTBEHHOM YacThiO BOAHBIX PACTBOPOB CaxapoB U, O BCEH BUIMMOCTH, APYTOil OPraHUKH
Toxe [8].

Konnenrpauus un o6sémuas gonss CMH B pacTBOpax IIIOKO3bI M ¢aXxapo3bl MOHOTOHHO BO3PAacTalOT C POCTOM KOH-
LIEHTPALMU caxapoB MIPU YMEHbIIAOLIEMCsl KOHTpacTe. [Ipu 3ToM 171 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 npoliecca KprokoHcepBaluu. Kak n3BecTHO, pa3Hble caxapa, BJISSCh HEMPOHHUKAIOIUMHU B KJIETKY KPUOTIPOTEK-
TOpamu, o0JIanaroT pa3Hoi 3((GeKTUBHOCTHIO. [IpuiaraeTcst HeMalo YCUIHi B Moa0ope cMeceil 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
OHHM MOTYT BBICTYIIaTh B KaUECTBE 3apOJbIIICH WK, HA00OPOT, HHTHOUTOPOB POCTa KPUCTAIUIOB Jbja. [laHHOE Harpas-
JieHne, 0e3yCIIOBHO, IPEACTABIISICT HHTEPEC ISl AaIbHEHIIEr0 CCIeIOBaHMS.

Jluteparypa:

[1] M.F. Vuks, L.V. Shurupova. The scattering of light and phase transition in solutions of tertiary butyl alcohol in water. Opt. Commun. 1972
5:277-278.

[2] M. Sedlak. Large-Scale Supramolecular Structure in Solutions of Low Molar Mass Compounds and Mixtures of Liquids. III. Correlation with
Molecular Properties and Interactions. J. Phys. Chem. B 2006 110:13976-13984.

[3] N.F. Bunkin, G.A. Lyakhov, A.V. Shkirin, A.V. Kobelev, N.V. Penkov, S.V. Ugraitskaya, E. E. Fesenko, Jr. Study of the submicron heterogeneity
of aqueous solutions of hydrogen-bond acceptor molecules by laser diagnostics methods, Phys. Wave Phenom. 2015 23(4):241-254.

[4] N.F. Bunkin, A.V. Shkirin, G.A. Lyakhov, A.V. Kobelev, N.V. Penkov, S.V. Ugraitskaya, E. E. Fesenko, Jr. Droplet-like heterogeneity of
aqueous tetrahydrofuran solutions at the submicrometer scale. J. Chem. Phys. 2016 145(18):184501.

[5] N.F. Bunkin, G.A. Lyakhov, A.V. Shkirin, S.V. Krivokhizha, A.A. Afonin, A.V. Kobelev, N.V. Penkov, E. E. Fesenko, Jr. Laser diagnostics of
the mesoscale heterogeneity of aqueous solutions of polar organic compounds. Phys. Wave Phenom 2018 26(1):21-35.

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

33



®
BOAHbLIE PACTBOPbI B BUOJIOTMYECKNX CUCTEMAX ‘ Egggggp%

[7]1 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. Lig. 2024 410:125638.

[8] N. V. Penkov, N. A. Penkova, V. A. Zhmurina, and A. G. Pogorelov. Natural Submicron Heterogeneities in Aqueous Solutions of ATP. Phys.
Wave Phenom. 2024 32(3):178-186.

[91A.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, Chem
Phys Chem 2014 15:195-207.

[10] L. O. Kononov, Chemical reactivity and solution structure: On the way to a paradigm shift? RSC Adv. 2015 5(58):46718-46734.

[11] K. W. Yong, L. Laouar, J.A.W. Elliott, N.M. Jomha. Review of non-permeating cryoprotectants as supplements for vitrification of mammalian
tissues. Cryobiol. 2020 96:1-11.

[12] K.A. Murray, M.I. Gibson. Chemical approaches to cryopreservation. Nat Rev Chem 2022 6:579-593.

34



2024 BOAHbIE PACTBOPbI B BUOJTIOTNMYECKUX CUCTEMAX

YcTHbIN poknap,

3ABNCUMOCTb CBOVCTB PACTBOPOB OT MEXAHUYE-
CKOW OBPABOTKM PACTBOPAEMOIO BEWECTBA

PoanoHoBa H.H.!, NeHbkoB H.B.?, CnatuHcKkas O.B.13 Tapacos C.A.

"OO0O0 «HIN® «MATEPUA MEOVKA XOJIOWHI »; OenaptameHT Hay4Hbix nccnegoBaHumii n pas3paboTok;
2WHcTuTyT Bnoghmankm knetkm PAH — obocobneHHoe nogpasneneHne denepanbHoro
ncene[qoBarenbeKoro yeHTpa «[ywmHCKni HayYHbIv LEeHTP Guonorndeckmx ncernegosaHmi PAH »;

3 MockoBckuvi rocynapcTBeHHbIi yHusepcuteT um. M.B.JlomoHoBcoBa
rodionovann @ materiamedica.ru

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
MEXaHHYECKOH 00pabOTKH CyXOro MOpOLIKa, HCIOIb3YeMOTO JAJIsl IPUTOTOBJICHUS TaHHBIX PAaCTBOPOB, a TaKKe CpaB-
HUBAJH MOJTYYEHHBIN PEe3yNbTaT C BIMSHAEM MEXaHUIEeCKOM 00paboTKH yKe TOTOBOTO pacTBopa. B kauecTBe 00bEKTOB
HCCIeoBaHus BEIOpaHbl MOPOMIOK Cyib(ara HATPHUs U MOPOIIOK JIAKTO3bl MOHOTHIPATA, a TaKXKe PacTBOPBI, PUTO-
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 PACTBOPOB CyNb(hara JIAKTO3bI U JaKTO3bl MOHOTHApaTa: (1) MOpOIIOK pacTBOPEH ACIUKATHBIM (0e3 BCTpsi-
XHMBaHU) TIepeMelInBaHieM; (2) OPOIIOK pacTBOPEH MEPEMEIIMBAHUEM CO BCTPSIXMBAaHHEM 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 uccnenoBanny pacTBOPOB Cylb(ara HATPUS OKAa3aJl0Ch, YTO BCTPSXMBAHHE TOJIBKO MOPOLIKA, HIIM 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.
BerpsixuBanue nmopoika rnepes pacCTBOPEHUEM NMPUBOAUT K YMEHBIIEHUIO MHIPOANHAMUYECKOTO AMAMETpa YacTHI] pa3-
MEpOM MeHee 1 HM, ABJIAIOIMMHUCSA 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 OIICHUBAaEMble XapaKTEPUCTUKH pacTBOpoB. O
HAaKO BCTPSAXMBAHUE MOPOIIKA C MOCIETYIONUM BCTPSIXMBAaHUEM TOITY4aeMOro pacTBOpa, MPUBOIUT K U3MEHEHUIO 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 YBEITHMYCHUIO MMokazatens (A/m?), yka3pIBalOLIeMy Ha yBeIHUe-
HUE YNCIIa BOJOPOJHBIX CBA3EH.

Takum 0Opa3oM MoKa3aHo, YTO HE TOJILKO MEXaHHYECKUE BO3/ACHCTBHE Ha pPacTBOP, HO M HA CyXOH MOPOIIOK, HC-
MOJIBb3YEMBbIH AJIS1 IPUTOTOBIICHHS PACTBOPA, OKa3bIBACT 3HAYMTEIBHOE BIMSHUE Ha (PU3UKO-XMMHUYIECKHIE CBOMCTBA pac-
TBOpOB. Hasto oTMeTHTh, 4TO MBI OOHAPYKWIIN BIMSHHE MEXaHUYECKOTO BO3ACHCTBUS U Ha MOPOILIOK HEOPTaHHMYECKOH
COJHM, ¥ Ha MOPOLIOK OPraHMYECKOrO BEIECTBA, OJJHAKO XapaKTep OKa3bIBaeMbIX 3()(EKTOB 3aBUCHT OT KOHKPETHO-
ro nopoiuka. [lpyauMas 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 npeaBapuTesbHas o0padorka BogstHoro napa MK-u3nyyennem Moxer cre-
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 TURJIEKTPHUYECKYIO MOCTOSHHYIO [1]. DTH cBolicTBa TUIMHMYHBI A7 BoAbl EZ, koTopas oOpasyercst Ha THAPO-
¢uIBHBIX TOBepXHOCTAX [2]. DTa opma BOABI CYIIECTBEHHO OTIMYACTCS OT «0OBEMHOI MO CBOUM (DU3UKO-XUMHYE-
CKUM CBOWCTBaM M Ouonornueckoil aktuBHocTH. KapOonarueie n ¢ocdarusie Oydepsl, MOgBEprHyTHIE BO3ACHCTBUIO
CoHu, obmagany noBbIieHHOH Oy(epHOH eMKOCTBIO IPH TUTPOBAHWN KUCIOTON WITH IIEN0Ubl0. ITH 3((PEKTH OTCYT-
CTBOBAJIM MPH 00pabOTKe BOJBI M BOIHBIX PACTBOPOB HEOOTYUEHHBIM BIaKHBIM BO3AYXOM, YTO MOTYEPKUBACT OCOOYIO
poinb UK-m3nyuenus.

B xone uccnenoBanus Biussaust CoHu Ha pacTBopeHHbIe B Boze (hepMeHTHI [3] ObUT0 0OHAPYKEHO, YTO KPaTKOBpE-
MeHHoe BozaeiicTBue CoHu 3amuimaer takue pasHble QepMeHTH Kak mienouHas (ocdarasa, Mepokcuaaza XpeHa u
KaTajasza, OT TEIUIOBOTO MOBPEKACHUS, OKHCIUTEIFHOTO CTPEcca U MOTEPH aKTUBHOCTH TTOCIIE BO3ACHCTBHS ICHATYPH-
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 pa3nnuHbIx 001acTax, OT XUMHYECKOM MHKEHEPHUHU JI0 TIpUMe-
HEHHS B MEJUIMHCKOH MPaKTHKE.
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TuMyc — eHTpaIbHBIH OpraH UMMYHHOH 3aIUThI, GOpMUPYIOMHA My T-TUM(ONHUTOB, paclo3HAIOUINX OaKTepu-
aJbHBIC, BUPYCHBIE, OMyXO0JeBble aHTHreHbl. C BO3pacToM THMYC NMpeTepreBacT HHBOJIIOLHUIO, KOTOPasl yCyTryomsieTcst
JIeiCTBIEM SHIOTEHHBIX U 3K30TeHHBIX (pakTopoB. Llenbio uccnenoBanust ObIJIO OLIEHUTH pPa3BUTHE BO3PACTHBIX U3MeE-
HEHHMI B TUMYCE MPH MOTPEOIICHMH OPraHU3MOM BOJIBI C Pa3IMUHBIM COACPIKAaHUEM ACUTepHsl. DKCIIEPUMEHT ObUT 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, MOTPEOISBIIMX BOLY CO CTAaHAAPTHBIM COACPIKaHUEM ACHTEpHs, polecc Npoinudepauy KIeTOK-Tpeie-
CTBEHHHKOB U MX JalibHelIIel TudGepeHInpOBKY MPOTEeKal BOIHOOOpa3Ho. K KoHIy sKcIiepuMeHTa 0TMEUanoch CHH-
YKEHHE aKTUBHOCTH TUMOII033a, CBUETEILCTBYIOIIEE O HACTYIUIEHUH MHBOIIOTHBHBIX U3MEHEHUH. Uepes cyTku nocie
Hayasa SKCIIEPUMEHTA Y KPbIC, TOTPEONSBIINX BOLY C MOHMKEHHBIM COICPKaHUEM JICHTepHs, OTMEUAI0Ch MHOTOKpAT-
HOE€ MPOMOPLUUOHAIFHOE YBEIMYCHUE COACPKAHUS B TUMYCE THMOOIACTOB U OAHOBpEeMEHHO AupdepeHIrnpoBaHHbIX
T-KIeTOK, 4TO yKa3blBaJIO Ha aKTUBAIMIO TUMOIO33a U MOATBEPKAAI0 paHee TOJyuYCHHbIC JaHHbIE 00 aKTUBALUU TH-
MOII033a y B3pPOCIBIX )KMBOTHBIX NP MOHMKEHUU COAEP KAHUS JeHTepus 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 SKCIIepIMeHTa HaOII01aI0Ch MOBTOPHOE YCHIeHHE AU PepeHINPOBKY TUMOLIUTOB, a Yepe3 TPU HEJeIH — yBe-
nueHue nponudepanun auMdoonactos B Tumyce. Uepes 4 Hezenn 0TMEUEHO MpoaobKatoieecs GopMUpoBaHHe pe-
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 CBUCTENBCTBYIOT, YTO MOTPEOIEHNE BOJBI C TIOHIKEHHBIM COACPKaHHEM JACHTepHs aKTUBH-
pyeT THMOTO33 U 3aMENJISIET HHBOJIIOTUBHBIE MIPOIIECCH B THMYCE.

Hccnedosanue svinonneno no eocyoapcmeennomy 3adanuio Ne FGFZ-2022-0035.
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puropsesa [.B.%, Nlopyako W.B.:, KocteBuu B.A. 23, TopbyHoB H.I1. 2,
ManaceHko O.M. 3, CokosioB A.B. 23

" 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 peakysx, KaTaJIu3upyeMbIX reM-COACPKAIUMHE Tie-
pOKcHIa3aMu MIeKonuTaromux (Muenonepokcuaazoit (MI10), nepokcnaaszoit 303MHOGHUIOB, TaKTONEPOKCHAA30H, Tie-
pokcunazunom 1), HOCl u HOBr sBmsitorcst HanOosee peakiMOHHOCIIOCOOHBIME M HTPAIOT BaXKHYIO POJIb B (PU3HOJIOTH-
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 HEepeleHHbIX 3aa4u. DiyopeclienH — OpraHn4eckoe COEIMHEHHE, OTHOCHINEECs K CEMENCTBY KCaH-
TEHOBBIX Kpacuresiel. M3oTHonuanarHele TpOU3BOIHBIE (QIIyopeclienHa HCIONb3YIOTCS B OMOXUMHHU, MOJICKYJISIPHOM
OMONOTHM U MEIMLIMHE B KauecTBe (ryopodopoB assi 0OHApYKEHUsI aHTUTEHOB U aHTUTel. Panee Hamu ObUTO 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. Llensio Ha-
cTosieil paboThl SIBUJIOCH MCCIICAOBAaHNE BO3MOKHOCTH MCIIOJIB30BAHUSI PEaKIUU OpoMHUpoBaHUs (uryopeclenHa, B
pe3ynsraTe KOTOpoit oOpasyercs 03uH Y, 115 peructpanuu npogykund HOBr B cycniensun neiitpodunos. [lokaszano,
YTO TIpH JTOOABJICHUU B CyCIICH3HIO HeWTpodunoB B docdarno-coneBom Oydepe (pH 7,35), conepxamem diyopec-
teud (5 MxkM) u NaBr (30 MM), cTaHAapTHOTO MHAYKTOpA aKTUBallMU HEUTpodmioB ¢opodonoBoro 3dgupa PMA (50
HM) peructpupoBagoch 2,5-KpaTHOEe yBEIMUYE€HHE HHTEHCHUBHOCTH (IIyopecleHMH Ha AJUHE BOJIHBI 540 HM mpu ee
BO30YX/ICHHH Ha JUTMHE BOJIHBI 520 HM MO CPaBHEHHUIO C HECTHMYIHPOBAaHHBIMU KJIETKAMH, YTO CBHUAETEIBCTBYET O
npoxaykuuu HOBr u o6pa3oBanuu r03uHa Y. Ba)HO OTMETHTB, 4TO TIpH akTUBaIuu KieTok PMA B orcytctBue NaBr B
KJIETOYHOH CyCIIEH3UH Ha UCTIONB3YEMbIX JUIMHAX BOJH BO30YXICHHsI/PETUCTPAIMU HE OBLIO BBISBICHO JOCTOBEPHOTO
YBEJIUYEHHSI MHTEHCUBHOCTHU (DIyopecLeHIMH. TO TOBOPHUT O TOM, YTO B ITOJJOOPAHHBIX YCIOBHUSX BBISBISIETCS HUMEHHO
nponykuus kiaetkamu HOBr. [l oneHky BKJaga APyrux OKCHIAHTOB, OTBETCTBEHHBIX 3a MpeoOpa3zoBaHusl (iyopec-
LEMHA B 3031UH Y B CyCIIEH3UHM aKTUBUPOBAHHBIX HEUTPO(MIIOB, HCIIOIB30BAIN HHTHOUTOPBI Pa3INnYHbIX ()epPMEHTHBIX
cucreM (nHruouTOp cOopku u akruBauun HAJIPH-okcuaassl — DPI, uarudutop MIIO — 4-ABAH, narubutop unmy-
nubensHoit NO-cuntassl — L-NAME). UnaynupoBanHoe PMA npeo6Gpa3soBanue dyopeciierHa B 303UH Y B CyCIICH-
3UM HEUTpOQHUII0B HHrHOUpoBasnoch B npucytcTBun 4-ABAH nim DPI, noareepxnas, 4to 1 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 cycrnien3nn PMA-akTHBHPOBaHHBIX HEHTPO(UIOB, CBUACTENLCTBYS 0 ToM, uTo ONOO™ He BHOCHT cy1iie-
CTBEHHOT'0O BKJaja B mpeoOpazoBanue ¢yopeciernta B 303uH Y. TakuMm o0pazom, (ryopecierH mpeacTaBisieT 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 évicuieco oopazosanus Poccutickou @edepayuu (epanm Ne 075-15-2022-315
Ha opeanusayuio u pazeumue Hayunozo yenmpa mupoeoeo yposus “@omonuxa’”).
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MocTepHbI goknap,

AATUNK AMP 1A WCCNEQOBAHUA
NMNoABOAHbLIX OB bEKTOB

TapacoBa A.A.Y, 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 yHUKambHBIMEA (U3UKO-XUMHUYECKHUMHU XapaKTePUCTUKAMHE, K KOTOPBIM OTHOCSITCS OOJIbIIAst TUDJICK-
Tpudeckas mocTostHHast €=80 M HU3Kasl NEKTPONPOBOIHOCTh. CoueTaHne ITUX CBOWCTB MO3BOJISIET CO3/1aTh MPEIEIBHO
KOMIAKTHBIN JaTyuk curHana AMP niis nccnenoBanus moABOIHBIX 00BEKTOB. MBI peann3oBanu pezoHaHcHbd LC KoH-
Typ JaTyuka Ha 0a3e CONICHOMA C MHAYKTHBHOCTBIO L 0e3 moaKmoueHus: K HeMy BHEIIHeH 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
OoKpykeHus. Ho mpu norpykeHuu cojeHOU1a B BOAY JAaHHAs EMKOCTh BO3PACTAET Ha BEIMUMHY JAUIIEKTPUUECKON I10-
CTOSIHHOM Boapl, T.e. B 80 pa3. Ecnu yactora KoHTYpa Oiu3Ka K JapMOPOBOH, TO BHYTPH KaTyIIKH BOBMOXKHO YCHJICHUE
CUrHasa saepHOH MHAYKLUUH OT MPEIEeCCUPYIOMUX CIUHOB. [Ipy 3TOM AaHHBINA KOHTYP JOJKEH OBITh MHIYKTUBHO CBSI-
3aH OOBIYHOM, MOAKIIIOYAEMOH K IPUEMHHUKY C TOMOIIBIO KaOelsl, KaTyIIKOW, UMEIOIIeicsl B KOMIUICKTE 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 COJIEHOMJIa OT BOJBI. 3aTO YIPOUIAETCA €€ KOHCTPYKIMS M MaHUIYJSLIUN C HEH MpPH HCCIETOBAHUU TO/BO-
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! ipoBonmi 3kcriepuMentsl Ha 0.5 T knmuanyeckom MPT Bruker Tomikon S50. BecnipoBoanas karymika Oblia
peanu3oBaHa Ha 0a3e 10 BUTKOBOTO COJNICHOMA C BHYTPEHHUM IHAMETPOM 2 CM, HAMOTAHHOTO MEIHBIM IPOBOAOM
nuametpoM 2 MM. Ero nnaykrtuBHocth L=1.2 MkI'H, a pe3oHaHcHas yactoTa B Bojie coctaBuia 21.08 MI'n, uto coot-
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 COJICHOMAA MBI pa3Mellaid HEKOTOPBIX OOUTAaTeNe akBapruyMa — PacTEeHHs, MOJUTIOCKH, PHIOBI 1
npoBoamwn ux MP-ckanupoBanue. B pesynbrare noiydann n3o0paxxeHus, Ha KOTOPBIX CHTHAJ OT 3TUX 00bEKTOB ObLI
B 2.5 u Oonee pa3 cUIIbHEE, YeM MPH UCTIONB30BaHUHN 0OBIMHON (prpMEHHOH KaTyIKu O0e3 CoJIeHoua.

[Ipu uccnenoBanuy XKUBBIX 0OBEKTOB HAA0 00OpaIiaTh BHUMAaHNE Ha BO3MOKHOCTB MOBBIIICHUS JIEKTPONPOBOIHO-
CTH BOABI U3-32 OMOJIOTNYECKON aKTUBHOCTU. UTOOBI HUBEIMPOBATh 3TH MPOLECCH MOYKHO MCIOIb30BaTh IUCTUILTUPO-
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,

rMMAPO30JI 3OJIOTA. OT CMHTE3A K PEWLWEHUIO
MPAKTUYECKKNX SAOAY

JdemeHTbeBa 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

D ekt mokanu3oBaHHOTO MOBEPXHOCTHOTO M1a3MoHHOT0 pe3oHaHca (JIITIIP), npucymmit Hanodacturiam (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
«TOPAYHX» TeM, 00CYKJaeMbIX B HAyYHO-TEXHHUECKoM coobmiecTse B nocieauue 20—30 snet. [Ipu aTom omHOM 13 Kitro-
YeBBIX 33]1a4 ABJISIETCS MOUCK IMyTel ynpaieHus nonoxenuem JITIIIP kak B ®UAKHMX, B 4aCTHOCTH, BOJIHBIX Cpelax, TaKk
1 Ha MJIaHAPHBIX MOJIOKKAX.

[IpencraBieHsl pe3ynbTaThl UCCIEA0BAaHUM, TOCBAIIEHHBIX KOJUIOMIHO-XUMHUUYeckoMy cuHTe3y HY 3o0mota ¢ 3agan-
HBIMH CTPYKTYPOH M CBOMCTBAMH, a TAK)KE UX MPUMEHEHMIO JUIsI pEILIEHUS MPAKTHUECKUX 3a7ad.

OcHOBHBIE TOAXOIBI, TO3BOJIAIONIHE peryaupoBars Mopdonoruo HY n obecneunts HacTpoiiky ux JIIIIP na 3anan-
HYIO JUIMHY BOJHBI B IIUPOKOM ONTHYECKOM AMAIIA30HE, CBA3aHBI C CO3JaHUEM KOMIIO3UTHBIX CTPYKTYyp. [Ipencrasien
METOJI CO3/IaHHsI KOMITO3UTHBIX CTPYKTYP SAp0/000I0UKa U CIIOCOOBI MX JOTIOIHUTENFHON (QYHKIMOHAIN3ALMH (HAIPH-
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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MpurnaweHHbIN goKNapg,

TPAHCPUHUNTHbBIE UNCNA B TEXHOJIOI NI
PA3BABJIEH/NA BOAHbIX PACTBOPOB

Ky3bmuH B.W.,* TbiTuk A./1.,2 CyBopoBa O.B.?

" 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 CTPOCHUU BEIIECTBA JABHO U YCICIIHO UCIONb3yeTcs B Hayke. [IIupoko U3BECTHO HcC-
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 MOJCKYiy. TeM He MeHee, H3BECTHBI JJaHHBIE O 3aBUCUMOCTH YCTOHYHBOCTH (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 COCTABIISIONIMX €€ BIIEMEHTOB, HO U OT YMCia, MPOU3BEACHHBIX C HEH «MAHUITYIIS-
Ui pa3Horo pona (pa3daBicHHe, IepeMEeITUBAHIE, BO3ICHCTBHE (PU3NICCKIUMH TOISIMH). YTOOBI IMETh BO3MOKHOCTh
OJTHOBPEMEHHO pa0oTaTh Ha Pa3HBIX MacmTabax, HapUMeEp, KWIOrpaMM-METP-CEKYHIa U aTOMHBIC €IMHUIIBI, HE00X0-
JTUMO UCTIONB30BaTh CUCTEMY TpaHC(HUHUTHBIX yrcel. Kak ormeuan P.Bap — «... U1 cucTeMbl cuuciIeHus UMeeTCsl 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 npeacTaBiIsITh GUINKO-XUMUYCCKUE BEJTMUUHBI B KJIacCe TPAHC(UHUTHBIX YUCEII, YIUTHIBAsI BCE 3Jie-
MeHTBI cucTeMbl. OOCYXTaeTCsi METOJ UCCIIEJOBAaHUS BOSMOXKHBIX KPUTHYECKUX COCTOSTHUH BEIISCTBA B TEXHOJOTHH
MHOTOKPATHOTO pa30aBlICHUS U MEXaHUYECKOTO BO3/ICHCTBUSI HA BOIHBIC PACTBOPHI JIOIMICHIHA 10 JAHHBIM JTFOMU-
HECLEHINH.

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

®EHOMEH ®OPMNPOBAHVIA U 1D POCTA
HAHO®VBEPUNT OKCUMAPOKCUAOB ATKOMUHNS
NP OKVNCNEHVN NAPAMW BO/bl MOBEPXHOCTU
YKUIAKUX CMIABOB Me(Al),
rOE Me = Hg, Ga, In, Sn, Bi, Pb, I PACT/IABA Al

XopgaH A.H.,* Konuua I.M.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 HaHODUOPUIT OKCUTHAPOKCHIA ATIOMUHUSI IPU OKUCIICHUH T1apa-
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 U aHAJIM3 YCIOBUI MPOTEKAaHUs pEaKLNi OKUCIICHUS TTapaMy BOJIBI JKUIKHUX pacTBOopoB Me(Al) mo3Bo-
JIWIIA TIPEAJIOKHUTH Psii HOBBIX J1a0OPAaTOPHBIX HAHOTEXHOJIOTHH, HMEIOIIUX MEPCIEKTUBBI MPHUKIIATHOTO HCIIONb30-
BaHHA. OCHOBHOM BKJIaJ B pa3BUTHE ITOTO HANpABIEHUS HAHOTEXHOJIOTMI BHECIN HCCIEN0BAaHNs, BBITOJIHEHHBIE B
LSPM UPR3407 CNRS Bo ®panmuu [2]; a Taxxe B Poccun, B pesynsrare corpygandectsa ®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 HaHOPUOPHILT B OTCYTCTBHHM KUAKO(pA3HOTO rensd. Bece cMHTe3MpoOBaHHbIC 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 ncepnodemura Al O, 4,6H,0 mocnenosarensno tpanchop-
MHUPYETCS B KpUCTAILTMIECKUE (aspl: y-, 0-, u a-Al,O,. OTKpbITast MOPUCTOCTH U MOHOJUTHOCTE 3D HAHOCTPYKTYphI
COXPAHSIOTCS MIPH OTXKHIE, HO JINHEHHBIE pa3Mepbl 00pa3oB H30TPOMHO M KPaTHO YMEHBIIAIOTCS, HO NU3MEHSIOTCS
uXx (hu3nvecKue CBOWCTBA: 00bEMHAs MIOTHOCTH OT ~ 0,02 10 3 r/cM3, oTKpeITast MOPUCTOCTH OT 99,6% 10 25%,
oonee 100 pa3 ymeHbIIaeTcs yaeabHas NOBEpXHOCTb. [Ipennokena konnuecTBeHHas GU3NIECKasi MOJIENb, OMCHIBA-
rotas sBoonuio 3D HaHOCTPYKTYpHI ipu oT)uTe [4,5]. OCcoOBIi HHTEpEC A UCCIICNOBAHUHN MPECTABISICT CEeJICK-
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 ISl CO3/laHMsl (PYHKIIMOHATLHBIX HAHOMATEPHUAJIOB: HETMHEHHBIE ONTHYECKUE CPebl, (o-
TOHHBIE KpucTaibl, 35eMeHTsl onTuku UK, TT'n u I'T'u, ceHcopHble ycTpoiicTBa.

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—ausapkoMeTpust —METO U3yUCHUsI CBOMCTB BOAHBIX M HEBOJHBIX 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
M3MEPEHUS YaCTOTHOHM 3aBUCUMOCTH TAHTCHCA JUAJICKTPUUCCKON MPOHUIIAeMOCTH. [ 1Iesnoro psia CoIbBEHTOB MO-
nexyisipHoi u moHHou npuponst (Cs, K, Na, Li, Ca, Cl, NO,, HSO 4»+-) OTH 3aBUCHMOCTH HOCST KBa3HCHEKTPAIbHbIN
XapakTep ¢ BHIPAKCHHBIMU ITUKAMHU, YACTOTHOE MTOJIOKEHUE KOTOPBIX CIIeNN()UIHO B OTHOIICHUH PACTBOPEHHOTO BETlle-
crBa. [lomyyaemee nuku 0OBIYHO MMEIOT WHPHUHY mopsaka 10-20 k.

Huzkas yactora 3acTaBisieT NPEANONOKUTh, YTO U3MEHEHHE TaHT€HCA AUAICKTPUUECKUX MOTEPh CBSI3aHO HE C Ka-
KM JINOO BO30YXKICHUEM MOJICKYJ COJIbBEHTA, HO C BO30YX/IEHHUEM KOJIcOaHUH B UX COIBBATHBIX 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 BeNMUYMHE MPOBOJUMOCTH, OCHOBHBIC ITOTEPHU CBSI3aHBI UMEHHO C U3MEHEHUS 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 CHSATH opMy AUX 3TOTO KOHTYpa, KOTOpasi B CBOKO O4epe/lb MOXKET OBITh OITUCaHa OTHOCH-
TEIBHO MPOCTON SKBUBAJICHTHON CXEMOIA.

Kak oxa3zanock, popma AUX mosydaromerocss KOHTypa JJisl IyCTON KaTyIIKh UMEeT KBa3H TaycCoBy QOpMy C He-
OOJIBIIION aCUMMETPHUEH, U YaCTOTHBIC 3aBUCHMOCTH 2T0 U 3T0 MOMEHTOB 3THUX KPUBBIX (IUCTIEPCHUH U aCHMMETPHH)
HOCSIT TIOYTH MOHOTOHHBIH XapakTep ¢ MaJICHBKUMH 0COOEHHOCTAMU He npeBbimarommmMu 10%. [Ipu BHeceHnu B Ka-
TYIIKY BOAHOrO pacTBopa AUX CTaHOBUTCS CYIIECTBEHHO aCUMMETPUYHEE, U BEIUYUHBI TUCIICPCUU U aCUMMETPHUU
HaUYMHAIOT CYIIECTBEHHO 3aBUCETH OT 4acTOThl. Kak 0Ka3anock, 4aCTOTHBIC 3aBUCUMOCTH acuMMeTpuu 3Toit 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 IEPEXOAHbBIC (3aBUCSLINE OT BPEMEHH) MTPOLECCHl U3MEHEHUsI KOH()OPMALIMK CYNpPaMOJICKyIIsp-
HBIX CHCTEM, OIPaHUYHUBILIKICH COMIOCTABICHUEM Pa3INYHbIX KOH(OpMaLHii, TO €CTh, COIIOCTABICHUEM PAa3IMYHbIX 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
3NIeMEHTapHOM 00BbeMe (Pa30BOTrO MPOCTPAHCTBA MO3BOJIMIIO BBISIBUTH HAapaMeTp, XapaKTepPU3yIOLIMN TIIyOHHY B3aUMO-
JEUCTBHS TOJICHCTEM, COCTABJIAIONIMX CIOKHYIO CHCTEMY - I - KonmM4ecTBO 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 OMMUCATH MPOLIECC CAMOOPTraHU3aLMH CYTIPAMOJICKYIIIPHBIX CHCTEM BOJHBIX pac-
TBOPOB (YCJIOKHEHHUE CTPYKTYPBI 3TUX CUCTEM) IIOCPEACTBOM TEH30PHOTO IIPOU3BEACHHUS MATPHL] B3aUMOACHCTBHUS IS
KJIACCUYECKHUX CUCTEM MJIM TeH30PHOTO MPOM3BEACHHS MaTPHILL INIOTHOCTH U1l KBAHTOBBIX cucTeM. [1oCKobKy MaTpu-
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
X0Jie KOTOPOU CTPYKTYpPBI JIMTaHJa U PeLeNTOpa JOJKHBI ObITh KOMIUIMMEHTAPHBI (CXeMa «KJII0Y — 3aMOK»). Kommu-
MEHTApPHOCTb CTPYKTYP MOXKET OBITh ONHCaHa C MOMOIIbIO MAaTPULl B3aUMOJCHCTBYS IMTaHaa U peuenropa. Peakuus
MOJIEKYJISIPHOTO pacro3HaBaHUsI MOXKET CONPOBOXKAATHCS Mpeaopranusanueil perenrtopa (Onarogaps MoaupULIUPYIO-
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 KOHTAKTHON PeakLUU MOJIEKYJISIPHOTO pacrno3HaBaHus. [1o-
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.

Jlureparypa:

[1] W. Mpuroxxun. HepaBHoBecHas cratucTrdeckas Mexannka, M.: Kamxusiit fom «JIMBPOKOM»y, 1, (2009).

[2] S. M. Pershin, A.F.Bunkin, Observation of temperature evolution of relative concentration ortho/para spin-isomers H,O by four-photon
spectroscopy, Laser Physics, 19(7), 1410-1414 (2009).

[31Y. Gorovoy. The Relationship between Symmetry and Specific Properties of Supramolecular Systems. Symmetry, 14, 2070 (2022). https://doi.
org/ 10.3390/sym14102070

[4] N.V. Penkov, N.A. Penkova. Infrared emission spectroscopy for investigation of biological molecules in aqueous solutions. Phys. Wave
Phenom. 29, 164-168. (2021)

[5] N. Penkov. Antibodies Processed Using High Dilution Technology Distantly Change Structural Properties of IFNy Aqueous Solution.
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Nzyuenwne nporieccoB caMoCOOPKH B BOJHBIX PACTBOPAX CYIPaMOJICKY/ISIPHBIX CUCTEM MPEACTABIISIOT OTPOMHBIN 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 00NIaamy OAKTEPUITIHBIMU, ONOAKTUBHBIMU CBOWCTBaMU. B pesynbrate BaH-Aep-BaaIbCo-
BBIX, 3JICKTPOCTATUYCCKUX B3aMMOJICHCTBU, BOIOPOIHBIX CBSI3¢H MOTYT 00OPa30BBIBATHCS MTPOCTPAHCTBEHHBIC I'elTb-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-cepedpsabiii pactBop (LICP), CTpyKTYpHBIMEH €IMHUIIAMUA KOTOPOTO SIBIISIFOTCS IBUTTEP-U-
oHbl MepKanTuaa cepedpa (MC), obpasyromue MONOKUTENLHO 3apsKEHHbIE KIacTepHble nenouku -[Ag-S(R)] -, rme R
— ocrarok L-mucrenna. [1pu BBeieHNH CONCH-MHUITUATOPOB, B COCTaBE KOTOPBIX €CTh, HAPUMED, CYIb(aT-aHHOH, B CU-
cremax Ha ocHoBe LICP mpoucxonut reneodpazoBanue. Cynb(har-aHUOH, BRICTYIIAET B KAYECTBE OTPHUIIATEIHHO 3apsKEH-
HOTO JINHKEpa MeKIy KinactepaMu MC, KOTOpble UMEIOT MOJOKUTEIbHBIN 3aps. MMeeT 3HaueHne U BBOOAUMBIN BMECTE
C DNEKTPOIUTOM KaTHOH, HampumMep, Cu?* MOBBIIIACT MPOYHOCTh TaKMX THiporencii [2]. BreaeHue B TaHHYIO CHCTEMY
roJIrcaxapuia 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
JKCHEPUMEHTBHI C L[CP—X?)—NaZSO R L[CP—NaZSO - CHHTE3 POBOIMIICS IO ABYXCTaquiHON MeTonuke [3]. Ha neproii
CTajIMU CHHTE3UPOBAIIM Telb-TIPEKYPCOP U3 BOAHBIX pacTBopoB L-Cys u AgNO,; na Bropoii crapuu B LICP no6asnsiu
X3, a B ciy4yae TPEXKOMIIOHEHTHBIX CUCTEM — PAcTBOP AIIEKTPOIMTA — UHUIIMATOPA TelIc00pa30BaHus, COICPKAIIETO
cynbgar-annon: CuSO,, Na,SO,. IIpu sTom xonuentpanus L-Cys B o6pasiax cocrasisna 3,0 MM, MonspHoe coOT-
HOIIICHUE MCXOJHBIX KOMIIOHCHTOB L—Cys/AgNO3 —1,25-1,27; xounentparms X3 — ot 0,0075-0,0175 mr/mi. Ceusos =
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.

Jluteparypa:

[1] S. Khizhnyak, P. Komarov, M. Ovchinnikov and etc, Mechanism of gelation in low-concentration aqueous solutions of silver nitrate with
L-cysteine and its derivatives, Soft Matter, 30, 5168-5184 (2017)

[2] A. Arppuanosa, /1. Bumnaeserkuii, C. Xmxkusk, I1. [Taxomos. MccnenoBanue mporeccoB reaeo0pa3oBaHust B IUCTEHH-CEPEOPSIHOM pacTBOpe
nipu fobasneHun cynbharoB Metamion, Bectaux TBI'Y, Cepust: Xumus. T. 3. Ne 53. C. 21-29 (2023)

[3] G. Zenikov, S. Khizhnyak, A. Ivanova, The Self-Organization and Gelation Processes in a Cysteine—Silver Solution Containing Chitosan and
an Electrolyte. Colloid J 86, 370-380 (2024).
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J111st Ka4eCTBEHHOTO MOJICITMPOBAHUS )KUAKHX HOH-CEJIEKTUBHBIX 0aphepOB Ha OCHOBE ITPOCTHIX A(UPOB B BOJIE B JIaH-
HO paboTe MpOBENCHO cpaBHEHUE MekaToOMHBIX ToTeHInanoB GAFF, OPLS-AA/CM1A, CHARMM36 u COMPASS
C LIeJIBIO0 HAWTH HAWJTYYIINH HoTeHIuall. B kauecTBe OCHOBHOTO BELIECTBA JIJIsl MOACIMPOBAHHS UCIIOIb30BAJICS AUN30-
npornuiossiid 3¢up (DIPE).

C ucnonb30BaHNEM BBIOPAaHHBIX MOTEHIIMAIOB IPOBEACHBI PacueThl IIIOTHOCTH U BsiskocTu DIPE B ananasone 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 XopoIuro BOCIPOU3BOAST INIOTHOCTE, OTKJIOHSSCH OT dKCIIEpUMeHTa He Oomnee dyeM Ha 4-5 %. On-
Hako, GAFF u OPLS-AA/CM1A naroT cruibHOE OTKIOHEHHE s BA3KOCTH. D10 o3HayaeT, yTo GAFF u OPLS-AA He
MOAXOIAT [ MOACTUPOBAHHS KHUIKUX MeMOpaH Ha ocHoBe NpocThiX 3¢hupoB. 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 1ieniom mnokasait y10BJIETBOPUTEIBHOE OMMCAHUE PACTBOPUMOCTH U KO PHUILINCH-
TOB pacHpeneneHus, 1 Aajl TOUHOe 3HadeHue it Mexdasnoro HatspkeHus. COMPASS naet 3HaueHust o 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 HAaWTYdIIAM JUTsI Ka9eCTBEHHOTO MOICITNPOBAHNS HOH-CEIICKTUBHBIX 0aphepoB HA OCHOBE TPO-
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
BOJI€ TIPY YBEJIMYEHUH HAINPsHKEHHOCTH MOJBUKHOCTH MOCTIE ONPEETIEHHOT0 3HAaUeHHs HAIPSUKEHHOCTH 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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[IpomomkeHsl HCCIEAOBaHUS XapaKTePHBIX 0COOCHHOCTEH momydeHHou ¢ momolnsio KPC momockl coOCTBEHHBIX
gactoT (CY) MeKMONEKYISIPHBIX KojeOaHuii BOBI IS TIOJIOCH! PACTSHKEHUS BOTOpoaHoi ces3u 184 cm™ [1,2]. Meton
onpenenenns CY noapobuo 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 TOYKU U IUIOTHOCTh TOYEK Ha EAMHUYHBIN CTIEKTPAIbHBIN HHTEPBaJ, KaK OTHOIIEHHE YHCIa TOYEeK Ha IIH-
puHy 310 nonockl. [Togdop mapameTrpoB aaropurMa JaeT BO3MOXKHOCTb OT()HUIBTPOBBIBATH TOYKH C BHICOKUMH TLIOT-
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 TIapaMeTpaMu, YTO U HCCIIEIOBAHHbIE CHEKTPaIbHbIE TOYKM BOABI: CPEIHUMH 3HAYCHUSIMHU U CTaH-
JAPTHBIMU OTKJIOHSHHUSIMH 110 00€HM KOOp/IMHATaM, U HAKJIIOHOM allpPOKCUMUPYIOIIEH HX MPSIMO# 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 ¢ wioTHOCTHIO 710 0.01 - 0.02. IIOTHOCTH BCeX CIOEB CHaNaloT K BHICOKOYACTOTHOMY Kparo M COIH-
xarotcs. [lyig MoenbHbIX HaOOPOB MOA000T0 CTPYKTYPUPOBAHNUS MO BETMYNHE TUNIOTHOCTH HET, MOXKHO YBHJIETH JIUIIIb
ANIEMEHTBI TAKOTO CTPYKTYPUPOBaHUS U B cTOpoHy BY Kpast majieHus IUIOTHOCTH HE HAOIIOAAeTCsl, CKopee BUIHA TEH-
JCHINA K YBEJINYCHUIO TUIOTHOCTH.

OOHapy»XeHHOE B BOJIE TAKOE MOBEACHUE TUIOTHOCTH ToUeK ¢ n3MeHenueM CY faet ocHOBaHME JUIS TIPETOTOKEHHUS
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).
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[Iporeccer caMOCOOPKH € ydacTHEM HU3KOMOJIEKYISIPHBIX resieo0pa3oBareiieii, B pe3yyibTare KOTOPhIX 00pa3yroTcs
CYIIPaMOJICKYJISIPHBIE CUCTEMBI, B ITOCJICHEE BPEMs TIPUBJICKAIOT BCE OOJIBIIE BHUMAaHUS MCCIIENOBAaTENed. JTH Mpo-
1IECChI CaMOCOOPKH C y4aCcTHEM HU3KOMOJICKYJISIPHBIX COSIMHEHHUH IPECTABIISIOT CO00H YHUKAIBLHOE SBJICHAE C TOUKH
3peHus pyHIaMEHTAILHOW U MPUKIIATHON HayK. SIpKUM MPUMEPOM TaKOH CUCTEMBI SIBIISICTCSI BOJHASI CCTEMa Ha OCHO-
Be L-1mucrenna u coneii cepedpa (tucrens cepedpsiablii pactop - LICP). He cMoTpst Ha TO, YTO HEaBHO OBLI BEIIBUHYT
BO3MOXHBIH MEXaHH3M CaMOCOOPKH JIaHHOW CUCTEMBI 1 e€ HeoObIYHbIe cBOMCTBA [ 1,2,3], BCE emé ocTaeTcss HeM3BECT-
HBIM CTPOEHUE YACTHII, KOTOPbIE (POPMHUPYIOTCS B Pe3yJIbTaTe MpoIecca caMoCOOpPKH.

B nmannoii pabore Hamu uccienoBaiuch BoxHble pacTBopbl L-nmctenn/AgNO3 n L-umctenn/AgNO2, ciyxa-
e IMpeaIIecCTBeHHUKaMu Tens. Llenpro ucciaenoBanus ObLIO YTOYHEHHE CTPYKTYPBl arperaroB, 0Opa3yHOIIMXCS B
ATHX PACTBOPaX, C MOMOIIBIO PA3IUYHBIX (PU3UKO-XUMHUECKUX METOJIOB MCCIICIOBAHUS: U3MEPCHHUE JI3€Ta-IIOTCHIH-
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 YPOBHS KUCJIOTHOCTH CPebl OBLIO JOOABICHO Pa3IMYHOE KOJIHYECTBO THAPOKCH[A KaIHs B UC-
xonubiid LICP. JlaHHBIC, TTOMyYeHHBIE METOIOM TYpOMIUMETPUYCCKOTO aHAIN3a MTOKa3aJId, YTO CHCTEMa 00JIaaeT u30-
ANEKTPUUYECKON TOYKOM M BENET KaK MOJUAIICKTPONUT. M3MepeHus n3era-moTeHIana MOATBEPAUIN JaHHBIM TE3HC.
JlOTOMHUTENBbHO TOATBEPKACHO U YTOYHEHO CTPOCHHUE arperaroB pe3yibraTaMu YD-CIeKTPOCKOMUH, TTOKa3aBIIUMU
3HAYHUTEIBHBIC U3MEHEHHSI B UX CTPYKTYpPE MPH IIEPEeXo/ie U3 KUCIOH 001acTi pH B 1IeI0UHYF0, 4TO TaKkKe MOATBEPIK/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 mokasainu, 4To MccieryeMas cucTeMa He 00I1ajaeT TOKCHYHOCTHIO 10 OTHONICHUIO 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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PactBopumocts monusuamMIoBOTO criupta (I1BC) B Bozie Bo MHOTOM onpeiesnsieT HupoTy ero npumenenus. [IBC-nox-
JIOKKH M paIMallHOHHO-CIINTHIE THAPOTEIH BBI3BIBAIOT MPAKTHUECKUI HHTEPEC MTPH pa3paboTKe HOBBIX JIEKaPCTBEHHBIX
¢opm. OnnoBpemenHo pactBopsl [IBC sBisitorest ynoOHOW MOAETBHON CHCTEMOM IS MCCIIEIOBAHUS BOABI M BOJO-
pacTBOPUMBIX 00BEKTOB. COBPEMEHHBIE METOJBI MO3BOJISIIOT (PUKCHPOBATh CYIICCTBEHHOE M3MEHEHHE (U3MUECKUX
CBOMCTB BOAHBIX PacTBOPOB B Pe3yJbTaTe BO3ACUCTBHS (PAKTOPOB PA3TUUHON MPHUPOABI (IEKTPHUECKOTO TOKA, JIEK-
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 Il BOAHBIX PaCTBOPOB NMAHTOBEI'MHA B OTBET Ha AEWCTBHE CBEPXIIMpOKononocHoro OMMU manoil uHTeH-
cuBHocTH (1x101 — 1x101*Bt), onpenenennoro s Habopa yactot 1.0, 42.25, 61.2, 98 u 150 I'T'1i, ocymecTBisBIIe-
rocsi py NOMOIIX peodpazoBaTens GOHOBBIX n3nydeHui (marent PO Ne 2154870). B pesynbrare Bo3neicTBUs OBLIO
3apErUCTPUPOBAHO U3MEHEHUE INIOTHOCTH U IUAIEKTPUUECKHUX CBOMCTB BOAHBIX PACTBOPOB.

B nacrosimieii pabote nccnenoBana 4yBCTBUTENBHOCTH BOABI K OMMU ¢ mapamerpamu [1] ¢ ucrnonb3oBaHueM BO3-
MOXHOCTE! paananroHHoi xumuu. [lepBonavansno DMU-Bo3aelicTBui0 moaBepranach Boja 1 ki 4ucTotsl (p = 17.5
MOw/cm). B ob6pasier o6paboTanHoi 1 HeobpaboTanHoit 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 criextpsl iporyckanus paguanioHHo-ciiThIX [IBC-rumporeneit Ha 0CHOBE KOHTPOIBHOM
(mynkTHp) 1 00paboTaHHOH (JTMHMS) BOJBI, HA BCTaBKe crpasa obmast ¢popmymna [I1BC
U cXema releo0pa3oBaHus 1O/ ACHCTBUEM Y-00ITydeHus

XapakTepuUCTHKH 00pa3oB 00paboTaHHOW M KOHTPOJBHOHM BOIBI, @ TaKXKE MOJEIBHBIX BOMHBIX pacTBopoB [IBC
JI0 TaMMa-o00TydeHns (PUKCHPOBAINCh METOJaMH CIIEKTPO(OTOMETPUHU M TWHAMHYECKOTO cBeTopaccessaus. C 1momo-
mpio MIK-criekTpocKoniy uecie[0Baliuch Ielid, TIOTYYeHHbBIE B PE3yIbTaTe PajualliOHHO-UHAYIIUPOBAHHON CIINBKH
I1BC. B UK cnekrpax obpasios (Puc.1) nposiBuinch pasnuyus B mojocax moriomierus 3100—3600 cm™!, o0ycios-
JICHHBIX BaJICHTHBIMH KoseOanmsimu O—H-cBsizeld B3aMMOIEHCTBYIONINX THIPOKCHIIBHBIX TPYIII, a TaKXKe B TOI0CAX
nedopmarronnsix konebannit O—H B cocrae C—O—H (1125-1030 cm ') 1 CTPyKTYpHO-4YBCTBUTEIBHBIX KOJCOAHMUIT
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
pe3yibTaTe BO3ACUCTBUS MIUPOKOTIOIocHOoro OMU.

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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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) — npupoaHble MUHEPATIBL.
O0a MuHEpana UMEIT CXOXKHE CTOIOYAThIe KPUCTANIMYECKUE CTPYKTYPhI, KOTOPbIE OPUEHTUPOBAHBI BJOJIb Iapame-
Tpa ¢ UX JIEMEHTApHBIX stueeK. CTOIOUKY MUHEPAJIOB MPEICTABICHBI MTOJUIIPAMHU aTFOMUHHS/KPEMHUS U KaJbIUS, a
taroke Mmonekynamu H,O:  [Ca,[Al(OH)]-12H,0F* — srrpunrur u [Ca,Si(OH)]-12H,0]*~ taymacut. I[Ipoctpanctso
(xaHaIbI) MEX]y CTONOMKAMH STTPMHIUTA 3anojHeHbl annoHamu SO, 1 Monekynamu H O, a B ciydae ¢ TaymacuToM
KaHaJbl 3a1I0THEHbI TonbKo annonamu SO > u CO,”.

OTH MHHEpAJIbI TIPEJCTABISIOT HHTEPEC C TOUYKH 3PEHUS XUMHH CTPOUTEIHHBIX IIEMEHTOB U OSTOHOB TI0 TOW MPUYH-
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 STTPUHTHTA, INOO TayMacuT (GopMu-
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 CBOMCTB BOIHBIX PACTBOPAaX B MPUMIOBEPXHOCTHBIX 30HAX 3TTPHHTH-
Ta U TayMacuTa.

Jlyis wiccnenoBaHUs CBOWCTB BOJHBIX PACTBOPOB B MPUITOBEPXHOCTHBIX 30HaX TTPUHTHTA M TayMacHUTa WCIOJb-
30BaJICS METOJ KIIACCHUYECKOW MOJICKYJIIPHOW JWHAMUKU. B KadecTBe MOTEHIMAa, OMUCHIBAIOIIETO B3aUMOJICHCTBHS
MEX[y YacTHLaMH, Oblila mpuMeHeHa MonuduurpoBannas Bepcus cunosoro nons ClayFF-MOH (2, 3]. Panee na npu-
Mepe MOJISIMPOBaHUsS STTPUHTUTA U TIOPTIaHauTa [3, 4] OBLJIO MOKa3aHO, YTO YUYET B SIBHOM BHJIC YIJIOBBIX B3aHMO-
neiicteuii Me-O-H Mexy KaTHOHAMU METaJUIOB W TUAPOKCHIIBHBIMH TPYTIIIaMU TIO3BOJISIET 3HAYUTEIBHO YITYYIITUTh
BOCIIPOU3BEICHUE MEXaHUUECKHUX M KOJICOATEIIbHBIX CBOWCTB 3TUX MUHEPAJIOB.

B pesynbrare MoaenupoBaHus BEIYMCICHBI CTPYKTYPHBIC U JUHAMUYCCKHE CBOMCTBA BOJHBIX PACTBOPOB B MPHIIO-
BEPXHOCTHBIX 30HaX ATTPUHTUTA U TayMacuTta. OnpeieseHbl IICHTPHI aJICOPOIIH Ha TIOBEPXHOCTIX 000UX MUHEPAJIOB.
ITokaszaHo, 4To Kak JUlsl STTPUHIUTA, TaK W JUIS TayMacuTa Habmonaercs oomen mosekynamu H,O mMexny 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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[Tony4yeHnue oNTUYECKH COBEPILICHHBIX MOHOKPHCTAIIOB (DTOPHUIOB SBISIETCSI HEOOXOANMBIM YCIOBHEM UX MPAKTHU-
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 nepBoii (haze mpouecca npenBapuTesIbHO 00€3rakeHHYIO IIMXTY, TOMELICHHYIO B Ie4b ¢ rpadu-
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 MIOCIIEAYOIeH OTKAaYKOM CHOBA /10 popBaKyyMma. 3aTteM TUreib Harpesaiu o Temmeparypsl 1000 — 1400°C B 3aBucHMO-
CTH OT CIIEKaeMOro Marepraia B n3dbIrounoi armocgepe (202,7x[1a) nneprHoro rasza aprona (Ar) mwim $GTopoBogOpoaa
(HF), nmn rerpadropmerana (CF,) n BeiiepkuBany B Teuennn 6 — 8 yacos. Bo Bropoii (haze npouecca TeMreparypy Ha
Harpesaresie Aeiald YyTh BbIIIE, YeM B MPEBIIYIIEM Ilare, TeM CaMbIM MO3BOJISIS PACIIIABUTH YacTh IIUXTHI HaXO[s-
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 gocTrKeHns: MakcuMallbHOTO 3ddekra (MUHUMAIBHOTO COAep KaHuUs BOABI) MPEISIOKEHO HCIONb30BaTh YHCT-
Ky, BKJIIOUAIOIYI0 JBe (a3bl. B pe3ynprare npuMeneHus pa3padoTaHHOW TEXHOJIOTHHU MTOTYYCHBI 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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[2] FOcum B.A., Capkuco C.D., “Crioco0 MpUroTOBJICHHS LIMXTHI JJIs BBIPAIIMBAHUS MOHOKpHCTAaLIOB (ropunos” Ilatentr PO Ne2747503
05.05.2021.
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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
($U3NKO-XUMHUYECKHX (a1copOIMoHHO-A1((y3HOHHBIX) METOIOB Cenapauuy ¢ GU3NIECKUMHU METOAAMH MX OIpeaese-
HUS.

Takum oOpazom, B paboTe M3y4ajaoch B3aUMOACHCTBHE YACTHI IEIOYHO3EMENBFHOTO 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
(Mnm pekrMe KHUIISILETo CII0sl) C UCTONb30BaHUEM IIEIOYHO3EMEIIbHBIX METAJUIOB B Ka4eCTBE COPOLIMOHHBIX 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, TAaKMM Kak TeTTepHAasl OUUCTKa (T/1¢ He0OXOAMMO HAJIMUYME XMMHUYECKOTO CPOJCTBA MEXIY COPOCHTOM M 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:
[1] Espe, Werner; Max Knoll; Marshall P. Wilder (October 1950). "Getter Materials for Electron Tubes" (PDF). Electronics. McGraw-Hill: 80-86.
ISSN 0883-4989. Retrieved 21 October 2013. on Pete Miller's Tubebooks
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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 uccienonareneii [2, 3]. boapmoro nporpecca JOCTUT MPOIECC CHHTE3a COSANHEHHS — HAHO(DUOPHITBI BbI-
paIIUBaIOT B JTa0OPATOPHBIX YCIOBUSX BO BIaKHOU atMocdepe. Ha maHHbI MOMEHT CTOMT 3a/1a4a B IOCTPOCHHUH CTPO-
roil (PU3NKO-XUMHUYECKON MOIETIH POCTa CTPYKTYP.

B ocnoBy nocrtpoenus sieria teopust GyHKIHOHANA SJIEKTPOHHOMW IIOTHOCTH. Mcmonbp3oBaHHE METOAaA, OIHAKO,
OTpaHUYEHO BBIUYUCIUTEIBHBIMU CIOKHOCTSIMH KaK CO CTOPOHBI BRICOKHX amIapaTHBIX TPeOOBaHMM, TaK U HEOOXOIH-
MOCTBIO MOJIEIMPOBATh JUINHHBIE TPAEKTOPUH aTOMOB pacCMaTPHUBAEMBIX CTPYKTYp. JIuTeparypHsle JaHHBIE XKe JEMOH-
CTPUPYIOT IPUMEHEHNE METOAA B OCHOBHOM JUIsl CTaTUYECKUX PacuéToB [4].

st perienust npoOsieMbl ObUTO IPUHSITO pEeIIeHHE CO3/1aTh MekaToMHble noTeHmai sl Al-O-H Ha ocHoBe MammH-
HOro 00y4eHUs MO JIaHHBIM KBAHTOBBIX pacyéToB. Vcroiap30BaHMe TaKUX MOTCHIMAIOB TO3BOJSIET 3HAYUTEIILHO pac-
LIMPHUTH TOPU3OHTHI IPUMEHEHHS KJIACCHYECKUX METOA0B MOJICKYIISIPHOI TUHaMUKU. B noknazne OyayT mpeacTaBieHbl
MepBbIE TaHHBIE IO UCIOIB30BAHUIO MOJIENIEH I ONMMCAHMUS IPOIIECCOB POCTAa HAHOCTPYKTYP OKCUTHIPOKCHIOB aJIro-
MUHHS.

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

Jluteparypa:
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[2] J-L. Vignes, L. Mazerolle, D. Michel, A Novel Method for Preparing Porous Alumina Objects, Key Engineering Materials, 132-136, 432-435
(1997).

[3] II. MaptsinoB, P. Acxamymnus, I1. FOaunnes, A. Xonan, HoBblif MeTO/ CHHTE3a HAHOMATEPHAIOB HAa OCHOBE KOHTPOJIUPYEMOTO CEIEKTUBHOTO
OKHCIICHHUS KHUAKOMeTaTIecKux (a3, HoBble nmpombliuieHHbIe TexHOMOrnH, 4, 48-52 (2008).

[4]1S. Lijima, T. Yumura, Z. Liu, One-dimensional nanowires of pseudoboehmite (aluminum oxyhydroxide y-AlIOOH), Proceedings of the National
Academy of Sciences of the United States of America, 113(42), 11759-11764 (2016).
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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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[IpuponHble MUHUCTBIE MUHEPAIIBI IIMPOKO MCIIOIB3YIOTCS B KAUECTBE aJICOPOSHTOB [l OYMCTKHU BOJIBI OT KATHOH-
HBIX PaJMOHYKINAOB. B TO jke BpeMs ocTaeTcs akTyalbHOW 3a1a4a nmoucka 3QpQeKTUBHBIX aIcOPOCHTOB PagHOHYKIIH-
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
cunoBbiM nosieM ClayFF [1] nzyueno B3aumoneiicTBue Xiop—, noi— u cenen—conepxammx AFm-¢as ¢ BomasIMu 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 CBS3EH C MOBEPXHOCTHBIMU THAPOKCHIAMH. BhruncieHHble cBOOOIHBIE SHEPTUH A/ICO-
pOLMKM aHMOHOB XJIOpa M MOJa COCTaBIAIOT —2,75 n —1,58 KKkan/Moiab COOTBETCTBEHHO. TakyKe aHHOHBI XJI0pa UMEIOT
MEHBIINH K03 (GUIHMEHT MoBepXHOCTHON Au((y3Un IO CPaBHEHUIO C aHHOHAMH HOJIa, YTO CBUIECTEIBCTBYET 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 B3aUMO/IEHCTBUE ONUCKIBaeTCs noreHranamu Jlennapa-/Ixonca n Kynona. /lns Bepu-
(uKanuu MOAETH PacCYMTaHbl CBOOOIHBIC SHEPIHH COJbBATALIMN CEJICHAT- U CEJICHUT-aHHOHOB, a TAKKe NX K03 uim-
eHThl 1M Py3ud B BOTHOM PACTBOpE. YKa3aHHBIEC MapaMEeTPhl XOPOILO CONIACYIOTCS C M3BECTHBIMHU AKCIIEPUMEHTAIb-
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, ATOMHCTHYECKOE KOMIIBIOTEPHOE MOJEIMPOBAHHUE THAPOKAIIOMHUTA KaK aJcopOeHTa
PaanOaKTHBHBIX QHUOHOB M3 BOJHBIX pacTBOPOB, XKypHain ¢pusnueckoi xumun, 96(4), 535—537 (2022).
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CrnieKTpocKonus SACPHOT0 MarHUTHOTO pezoHanca (SIMP) siBisieTcst pacipocTpaHEHHBIM METOOM HCCIIECHOBaHMS
CTPOEHUS] OPraHNYECKUX MOJIEKYJ, a TaKXKe COCTaBa CIIOKHBIX CMECEH OpraHu4ecKoro MpoucxoxaeHns. CrekTpocKo-
nust SIMP ObiBaeT TBEpAOTENBHOM U KUAKOCTHOU. B TBepaoTensHOi cnekTpockonuu SIMP o0pa3isl ananu3upyoTcs B
HaTUBHOM BHJIE, a B CIIy4ae KUAKOCTHOU — B )KHKOM, T.€. 00pa3el TBep0ro arperaTHoro COCTOSIHUSL HEOOXOIMMO pac-
TBOPUTH B COOTBETCTBYIOIIEM pacTBopuTee. Hallle Bcero HCIob3yIoT ) KUIKOCTHYIO criekTpockonuio SIMP, mockonbky
JAaHHBIM TIOAXOJIOM MOKHO TMOJTy4aTh CHEKTPBI O0Jiee BHICOKOTO pa3pelIeH sl BCIEACTBUE OHOPOAHOCTH pacTBOpoB. B
KHUIKOCTHOH cniektpockonuu IMP st pacTBopeHus ucciemxyeMoro oopasia UCIoIb3yIoTCs JeHTepupOBaHHbIC pac-
TBOPHUTEJH, YTO HEOOXOMMO JJIsl HACTPOHKM MarHUTHOTO 1ojis. Hanbosee 4acTo nenonb3yeMbIMU MOJSIPHBIMU 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 TSOKENYI0 BoMy-d,. JlaHHbIH pacTBOpUTENH 001aaeT PAIOM IPEUMYLIECTB M HEJOCTATKOB B MCIIOJIb-
30BaHUM. OAHUM U3 IPEUMYILECTB ABISAETCS TO, YTO BOJA SIBJISIETCS 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 THAPOKCHIIbHBIE, KAPOOKCHUIIbHBIC, aMUHHBIC U IPYTUE 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
BEIIECTB BCIIEICTBUE CBOEH JEHMIEBU3HBI OTHOCUTEIBHO APYTUX MOJSIPHBIX AEHTEPUPOBAHHBIX PACTBOPUTENEH.

Pucynok 1. Cnekrpomerp IMP Bruker Avance NEO 700.
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HecmoTps Ha [oCTHKEHHS TOCIEAHUX JIET B OTEUECTBEHHOM M MUPOBOH MEIHUIIMHE, 3a00J1eBa€MOCTh apTeprUanbHON
runeprensueri (Al') ocraercs Ha BbicokoMm ypoBHE [1]. IIporHOCTHYECKYIO 3HAYMMOCTh UMEET JOCTHKEHHUE LIEJIEBO-
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 cTOMKHe MeTabOoIMYecKre HapyIIeHUs y JIAIl ¢ OKUPEHHEM (THUTIEpypUKEeMUsi, THITepT-
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 IOYCUHAsl SKCKPELHS BBIIIE, YTO CIIOCOOCTBYET OBICTPOMY M JIETKOMY BBIBEICHUIO UX U3 Op-
raHu3Ma, He noaseprasich onorpancopmanuu. B nporusononoxkHocts 3tromy, aunoduibusie JIII (¢ yaetom ocoben-
HocTell (huibTpanuy TUNOQUIEHBIX 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 YBEIMUCHUE 00beMa KUPOBOH TKaHM, TO TpH 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, 00J1a1asi COOCTBEHHON pEeHHH-aHTHOTEH3NH-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 HapylIEHUSIMHU BakHasi poiib oTBoauTcs Onokaropam PAAC — unru-
ourtopam anrnorensuH npespamaroniero Gepmenta (MAIID) u antaronucram penentopos AT 11 (APA 11 /capranam),
OKa3bIBAIOIIMM BIIUSHUE Ha KIIIOUYCBBIC 3BCHbBS maToreHesza Al, oxupenusi, caxapHoro auadera u ap. [3]. Jlunodums-
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 coueranuu A" u oxxupeHust, yauTbiBas, ogHako ux HI13, cBsa3anHble ¢ uX mpodu-
JIeM pacTBOpuUMOCTH. [ uapouiabHOCTD U TUNOGMIBHOCTS aHTUTHIIepTeH3UBHBIX JIIT siBIIsieTcs onpenensommM aciex-
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.
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OnHUM M3 KITIOUEBBIX (PAKTOPOB MATOTeHE3a MIMPOKOTO CIIEKTPa 3a00JIeBaHNi, BKIIIOYAs OHKOJIOTHYECKHE U HEBPO-
JIOTHYECKHeE, SIBISICTCS Bocnaienue. Hapsay ¢ MTOKMHAMH, IUPOKO M3BECTHBIMHU OCIIKOBBIMH MapKepaMu BocHase-
HUS1, 0COOBII HHTEPEC MPEICTABIAIOT HU3KOMOJICKYIISIPHBIE COCAMHEHHS OKCUIIMITUHBI — OKHUCIICHHBIE METaOOIHUTHI 10-
JTMHEHachILeHHbIX KUpHBIX KucioT (ITHXKK). M3MeHeHus: B KOHIEHTPALUK U COOTHOIIEHNH OTACIbHBIX OKCHITUITMHOB
HaOMIOAAIOTCS TIPH PAa3IMYHBIX 3a00JI€BaHUSIX M aKTUBHO PUMEHSIIOTCS I N3y4YEeHHUs MX TaToreHe3a. MUIEHbIO 1IH-
POKO M3BECTHBIX JIeKapcTBEHHBIX cpeacTB (JIC) mpoTHBOBOCTIANUTENBHOTO IEHCTBUS, TAKUX KaK acCIIMPHH, HOynpodeH,
WH/IOMETAIIMH U JIp. SIBISETCS MMEHHO PETyIsus OMOCHHTE3a OKCHIIMIIMHOB [ 1], MpH 3TOM 1 HOBBIE MTpenapaThl, pazpa-
OaTbIBacMbIE KaK PEryJISTOPHI IPOLECCOB BOCHANICHHS MPU Pa3THYHBIX 3a00JIEBAaHUAX, TAKXKE BIUSIOT 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 M3-32 HU3KUX KOHIICH-
Tpauui 3TUX COeANHEHNUH B OnMojorndecknx oObekrax. OAHAKO B TOCIEAHNE IOl Pa3BUTHE MACC-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 Ka4eCTBE MOTEHLIUAIBHBIX OMOMapKe-
POB IIMPOKOTO crieKkTpa 3abonesanuii [2]. Mconb3zoBanue TBepro(a3HOM IKCTPAKIMN HAPALY C H30TOMHO-MEUCHHBIMH
COCIMHEHHUSIMU B KayeCTBE BHYTPEHHUX CTAaHAAPTOB OOECIICUMBAET BBICOKYIO CIEHU(PUYHOCTH M TOYHOCTH KOJIHYE-
CTBEHHOTO OIPEeNICHHUs OKCUIIMIIMHOB B CIOKHBIX MaTpuiax [IpeacTaBisiocs HHTEPECHBIM pa3padboTaTh MOIXObI K
KOJIMYECTBEHHOMY OTIPEENICHUIO OKCHIIMIIMHOB B Pa3IMYHBIX BOAHBIX OMOIOTHYECKUX MaTpPHLAX 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
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W3zoronublii pe3oHaHC - HeHOMEH HETMHEHHOTO N3MEHEHUSI KHHETHKH XUMHUYECKUX, ONOXUMHUECKUX U OHosIornye-
CKHX peaklUi MpH ONPECIEHHBIX B3aUMOCBSI3aHHBIX H30TOIHBIX COCTABOB XMMHUYECKHX 2JIEMEHTOB.

W3oronHblil pe3oHaHC 1T aMUHOKUCIOT, enTuaoB 1 OenkoB (snementsl C, H, N u O) Ob11 npeackazan TeopeTu-
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
M30TOITHOM COCTaBe KHCJIOPOJa, YTO U ObUTO MOATBEPKACHO B OnbITax [4]. DKcliepuMeHTalbHbIe JaHHBIE TAKKE MOKa-
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:
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B ¢dapmaneBTiueckoil MpOMBIIIJICHHOCTH BOAA AJISl MHBEKIMK A0JbKHA UMeTh pH B nmamazone 5-7, anekTporipo-
BogHocTh npu 20 °C gomxHa ObiTh He Bhime 1,1 MKCM/cM, Takke OrpaHUYMBACTCS MaKCUMajlbHas KOHLIEHTPAIMs
psiia pacTBOPEHHBIX BELIECTB U MPEANUCHIBACTCS MUKPOOHOIOTHYECKash YMUCTOTa, YTOOBI HE BBI3BATh HU TOKCHUECKUX
peakuuii, HM muporeHHoro »ddekra (pharmacopoeia.regmed.ru/pharmacopoeia/izdanie-15/2/2-2/voda-dlya-inektsiy).
[Ipeanonaraercs, 4yTo NpH ABOHHON JUCTHIUISLIMU WIM MHOM CIOCOOE MOITYYEHHs] BBICOKOOMHOM BOIBI OYIyT OTCYT-
CTBOBATh YaCTUIIbI B3BEILICHHOTO BEIIECTBA, CyOMUKPOHHBIE YaCTUIIBI U HaHOYAaCTHIIBI. Jlaxe ecnu mpeHeOpeds npume-
CSIMM B BOJIE ISl MHBEKIMH, KOHICHTPALUsI KOTOPBIX HIXKE Mpesiesia 0OHAPYKEHUSI COBPEMEHHBIX METOJIOB 3JIEMEHT-
HOTO aHaJHM3a U aHaJlu3a OPraHMYECKUX BEIIECTB, TO U TOT/A COCTaB BOABI JUIsl UHBEKIUI HE OMUCHIBAaeTCS (hopMyIon
H,O. B BBICOKOOMHO¥ BOJIE IPUCYTCTBYIOT CIIEAYIOIIME BHIBI MOJIEKY U noHoB: HOD (16 MM), OH(H,0) , H'(H,0) ,
0,,N,, CO,, HCO,, C032', Ar, COMFOOUTN3UPOBAHHBIC €-, KIHETUYECKH 3aXBAaYCHHBIC N 1 HAHOYACTHIIBI, OPTAaHUYCCKUE
u cunmukataeie [ 1]. Takoit ciaoxHblil MuHEepan aeMoHcTpupyeT 3ddext Tungans [2]. Okazanock, 4YTO B CBETOpaccessHAe
BBICOKOOMHOM BOJIBI IVIaBHBIHM BKJIAJ OKa3bIBaeTe coepkanue aertepus. O0eqHEHUE 10 ICHTEPHIO BOJIBI CO 3HAYCHHUS
H/D=140 ppm (reoxumudeckas HOpMa JAJsl BOCTOYHO-EBPONECHCKON PaBHUHBI) 10 5 ppm NPUBOAMUT K 3HAYUTEILHOMY
CHIDKEHMIO KOHLIEHTPAIMY MJIOTHOCTHBIX HEOAHOPOAHOCTEH, PABHO KaK M NMPH 3aMeHe MPOTHs Ha aehTepuii [3]. Dd-
¢dext TuHaans MOXKET OBITH KOJTMYECTBEHHO ONMCAH MPU UCTIONB30BaHUH Ja3epHBIX METO0B MaJIOYTJIOBOTO CBETOpAc-
CesTHMS WJTH IMHAMHUYECKOTo cBeTopaccesiHus. B cBeTopaccesHie 1aloT BKJIa] CyOMUKPOHHBIE YaCTHIIbI, OITMCAHHBIC TIO
Mozien 0a0CTOHOB, M THTAHTCKUE JIeHTepuii-3aBUCUMBIE TeTepodasHble KacTephl (MM SMYIIOHBI, HITH CYTIpaHaMOoJIe-
KyJISIpHBIE KOMILIEKCHI [ 1]) ¢ pa3mepamu OT HECKOIBKUX MUKPOH 70 100 MKM, onrcanHbIe 1o Mozenu auccunannu Koo-
MoropoBa->Xyxoutkoro. O06eaHeHe BBICOKOOMHON BOJIBI IT0 COACPKAHMIO IEHTEpHs IPUBOIUT K CHIKCHHIO TIOUTH Ha
MOPSIZIOK BPEMEHU CIIMH-CIIMHOBOM peylakcaliii MpOTOHOB, UTO YKa3blBaeT Ha pacnpeneiaenne HOD no moeepxHocTH
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
ONTHYECKast aKTUBHOCTh D- 1 L-aMMHOKHUCIIOT Tak, 4TO B 3aBUCUMOCTH OT pH MOXHO ynpaBisITh XUPaIbHOCTBIO pac-
TBOpa, MEPEKITIoUasi ero ¢ MUHyca Ha 1iroc [5], mogoOHo 3akony TBepAnciIoBa B KIETOYHBIX OMOCHCTEMaX. DTOT 3P QeKT
XOPOILIO OMUCAaH B OPraHNYECKOM XMMHH, KOTJ]a XUPAJTBHOCTh YHAHTHOMEPOB YIPABISAETCS ¢ TOMOILBIO PACTBOPHUTEISL.
J1st 0OBsICHEHHSI TAKHX SIBJICHUH PUAyMaH OpUTMHABHBIN MEXaHNU3M «cepikaHT-coiar». CormacHo 3TOH KOHIETINH,
CJIe0BaNIO OBl OXKMJATh, YTO BHYTPU TUTAHTCKUX MHUKPOHHBIX KJIACTEPOB WJIM HAa MOBEPXHOCTH BHHOTPAIHBIX TPO3ICH
0a0CTOHOB MOJICKYIIBI BOJIBI YKJIaAbIBAIOTCS B YIIOPSIOUCHHBIE XUPAJIbHbBIC CTPYKTYpHI. JleficTBUTENbHO, TPH ATUTEIb-
HBIX U3MEPEHHIX ONTUYECKOW aKTHBHOCTH B BHICOKOOMHOM BOZIE MEVICHHO (POPMUPYIOTCS] TUHAMUYECKHUE XUPATbHBIC
CTPYKTYpBI. AHQJIN3 CIIEKTPOB YaCTOTBI BCTPEUAEMOCTH TaKUX CTPYKTYp 3a 70-80 4acoB 3-MUHYTHBIX U3MEPEHUH I10-
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 BOJIE XOPOIIO OOBSCHICT HHIYKINIO CYOMUITTMMETPOBBIX INIOTHOCTHBIX HEOJHOPOAHOCTEH HaHOYACTHLAMH [5],
KOTOpBIE BBICTYNAIOT B KAUECTBE HAYAJILHOW TOUKH pOCTa MPOTSHKEHHOW XMPaIbHOM Cpesibl.
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MexaHnuecKkoe aKTUBUPOBAHHME TPUBOIUT K M3MEHECHUIO CTPYKTYPHBIX M (PU3UKO-XUMUYECKUX CBOWCTB TBEPJIO-
TO Tela: DIEKTPHYCCKUX, ONTHUSCKUX, (POTOAMUCCHOHHBIX, MATHUTHBIX. [[Jst TOMOOHBIX cHUCTEM ¢ Pa3BUTOH jaedek-
THOHM CTPYKTYpOW M HAKOIUICHHOW M30BITOYHOW CBOOOIHOW SHEPrHel HAPYIIAETCS COCTOSHUE TEPMOIMHAMUYECKOTO
paBHOBeCHS, YTO 00ECIIEUNBACT €if TIOBBINICHHYIO PEaKIIMOHHYIO CIIOCOOHOCTh. [laHHBIH (hakT 0COOCHHO TpUBJICKaTe-
JICH JUTSL TOCTYDKEHUS 3aJ1ad MEMIIMHCKOW MEXaHOXUMUU - CHUIKCHHUE JI03bI, yYBeNIn4YeHHE 3(PPEKTHBHOCTH U MTUPOTHI
TEpareBTUYCCKOTO OKHA JUIS JICKAPCTBEHHBIX CPEJCTB MOCIE MPOU3BEACHHOTO BEICOKOMHTEHCHBHOTO MEXaHUYECKOTO
Bo3neicTBuUs. [lenv dannotl pabomel - U3y4eHUE CBOMCTB in Situ (MOBEPXHOCTHBIX, AMHAMHYECKUX, AUCIICPCHBIX, XH-
MUYECKUX, OMOIOTUIECKUX ) MOAU(DHUIIMPOBAHHOTO MOPOIIIKA JTAKO-CAMH/IA TTOCIIE TPHOOXUMHUECKOTO IIHKJIA B PEKUME
MEXaHUYEeCKOTO HArpyKEHHUsS C MPUMEHEHHEM KOMILICKCA aHAJIUTHYSCKHUX TOJXOAOB JUISi BOSMOKHOCTH YIIPABICHHS
(hapMarieBTHYECKUMHU CBOWCTBAMHU JICKApCTBEHHOTO BelecTBa. MapmarieBTrueckas cyocranius nakocamu (Lcs) mpo-
TUBOAMHIIETITHYECKOTO AericTBus (Jiangsu China); HoxkeBast MelnbHHIIA CO METOUHBIM JBUTareneM 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 CieKTphI» pacipe/iesieHus: aHcaMOIIel 9acTHIl Jia-
KOCaMHJla B BOJHOM pacTBOpe B HHTEpBatie OT 1 10 120 ~ m 1eMOHCTPUPYIOT (eHOMEH JUCIIEPCHOCTH, 3aKIIFOYArOIIU -
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
CaMOIIPOU3BOIBHO 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-NoTeHIMAala TPOUCXOaUT B repBbie 30-50 munyT. [laHHBIH QakT MOKET yKa3bIBaTh HAa HAOyXaHHE HAHOIUCIIEPC-
HBbIX OMKOHTHUHYAJIBHBIX YaCTHUI] B BOJHOM pacTBope Lcs. MccnenoBanus KWHETUKH PACTBOPEHUS C IPUBJICYCHUEM OPH-
TUHAILHOTO MOJ1X0/1a, OCHOBAHHOTO HAa M3MEHEHUHU BO BPEMEHH UHIMKATPUCHI JIA3EPHOTO CBETOPACCESHHUSI, ICMOHCTPH-
pyeT 3-X KpaTHOE YBEITUYCHNE CKOPOCTH PACTBOPECHHUSI, 00YCIOBICHHOE YBEITMUSHUEM YHCIIa IUCITOKAIIUH U MOSIBICHUIO
TOYKH 1epernda npu t,, ~20 MUH COOTBETCTBYET PABHOBECHOMY BPEMEHN MEXaHUYECKON aKTHBAIIMK CYOCTaHIMH M K-
THBAIUH MIPOIIecca TMOEIH KIIETOYHOTO OMOCceHcopa B BOIHBIX pacTBopax Les. Pesynsraret CTKP npogemoncTpuposa-
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
(hapMareBTHYECKUMH CBOMCTBAMH, B IMOBBIIICHUH TPOYHOCTHU JICKAPCTBEHHBIX MATPUIL IIyTEM MPEIBAPUTEIBHOTO Je-

(bOpMa]_[I/IOHHOFO YOPOYHCHHA BCICACTBUC CTPYKTYPHBIX MEPECTPOCK IMPU MEXAHNYCCKOM HAIrpy>KCHUU.
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HaHnowacTuliel B JIeKapCTBEHHBIX CPEJICTBAX, MOMAAast B OPraHU3M, MOTYT ObITh MICTOYHHUKOM MEXaHUYECKOTO CTH-
MYJIHPOBaHUS OUOJOTHYECKUX CUTHAIOB, U3BECTHOTO KaK MexaHOoTpaHcAyknus [ 1]. Hanmpumep, ux nmpucyTCTBHE B OT-
JICNIEHBIX KOMITAPTMEHTAX OpraHM3Ma MOXET TPUBOIUTH K BHICBOOOXICHUIO XUMUYECKUX TPAHCMUTTEPOB U BO3HHK-
HOBCHHIO HEHPOHHBIX UMIYIIBCOB [2,3]. Kak oka3aioch, OMOMeXaHHYECKHe BO3/ICHCTBUS HE MCHEE BaKHBI, YeM TPaJTH-
IIMOHHO UCCJICyeMbIC HIOTCHHbIC OMOXUMUYECKHUE TTOKA3aTelH )XUIKUX cpell oprann3ma (pH, oKucmTenbHO-BOCCTa-
HOBUTEIbHBIC MTOTCHITUANBI, KHHETHYECKUN M30TOMHBIN A((EKT, XMpaabHbIE TPEBPAIICHUS, KaTallu3) UM IK30TCHHAS
CTUMYJISIHUS (SIIEKTPOMArHUTHBIE TIOJISL, TEMITEPaTypa, YIbTPa3BykK). [lonoKuTebHBIC M OTPUIIATEIBHBIC YEPThI OMOME-
XaHUYECKOW CTUMYJISIMH YaCTUIAMHU TUCTICPCHON (ha3bl SK30I€HHOTO U SHJOTCHHOTO MPOUCXOXKICHUS HCCICITYOTCS
Bcé ¢ Oomblnell akTHBHOCTBIO. Oco00e 3HAaYCHUE MTPHOOPETAIOT U3yUCHHE (PU3UKO-XUMHUIECKUX MEXaHU3MOB BO3MOXK-
HBIX MEXaHOTPAHCITYKUUOHHBIX MPOIECCOB, BHI3BIBAEMBIX YaCTHIIAMH PA3HOTO HEPAPXUUYECKOro YpOBHSA [3], KOTOpbIE
JIOJKHBI COTIPOBOXKIATHCS Pa3padOTKONW METOIUK KOHTPOJIS TUCTIEPCHOCTH KUJIKUX JIEKAPCTBEHHBIX CPEJICTB.

B nmoxmane 00001IeHbI JaHHBIE TI0 OIICHKE AUCIIEPCHOCTH BaKI[MH HOBOTO MOKOJICHUS Ha ocHoBe VLP-uacTuil u Bo-
JTHBIX PAaCTBOPOB JICKAPCTBCHHBIX PACTUTEIBHBIX MPENapaToB aHTHOAKTEPUAIEHOTO M TIPOTUBOBOCIIATUTEILHOTO JICH-
CTBHSL.

Paccmotpensl TanneMHbIe TOAX0/b1, 00beauHstonme cnekrpaibabie (MK-Oypse HIIBO, POA, MC) u hapmakoku-
HETHYECKHE (apPEHUYCOBCKas KMHETHKA) C XEMOMETPHUYECKONH 00pabOTKON (KOJIMYECTBEHHAS KOPPEISIIHS «CTPYKTY-
pa-akTuBHOCTHY - QSAR 1 MeTox m1aBHBIX KOMITIOHEHT - PCA) SKCIiepUMEHTAIIBHBIX PE3yJabTaTOB.
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Besonachbie 1 3 (heKTHBHBIC — STUMH CIIOBAMH MOKHO OITUCATh COBPEMEHHBIE MENTHIHbIC 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 NCCIeNOBaHUs 3aKII0YaeTCsl B pa3padoTKe HOBOTO AKCIIPECC-METOAA KOHTPOJIS Ka4ecTBa BOAHBIX pac-
TBOPOB MENTHIOB. bBITH HCCIeI0BaHbI JIeKapCTBEHHBIE TpenapaTsl Ha nojunentuanoi ocHose (Koprekcun, Lepedpo-
mu3uH, Perunanamun, PenoOpeitn CM), npenaparst MoronientuoB (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

L1 uM 1.1 nM

Yo
B

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

[Tprunna HaOMIONIAEMOTO PaJMOTEIIIOBOTO M3Iy4YEHHUs] BOAHBIX PACTBOPOB MENTHIOB B MUJTUMETPOBOW 00IacTH
CIIEKTpa — MPHUCYTCTBUE HAHOPAMEPHBIX YACTHUI] TENTH/IOB 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 BbI3bIBaeT COMHEHMSI, UTO UCTIOJIB30BAHUE YCTOSIBIINXCS BO33PEHNUI M UCTIOJIB3YEMBIX TEOPHUI PEaKIIMOHHOM CII0-
COOHOCTH OpPraHMYECKHX COCAMHEHHH, 0a3UPYIOMINXCS, B IEPBYIO Ouepesib, Ha TEOPUH aKTHBUPOBAHHOTO KOMILJIEKCA,
He M03BOJISET aJIEKBAaTHO ONMUCATh MPUPOAY B3aUMOAECHCTBHUS IEKTPOMAarHUTHOTO M3JIy4YEHHUS 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 3 PEareéHTOB U MOJIEKYJ pAaCTBOPHUTENS KaK TUCCUIIATUBHYIO CTPYKTYpY Ilpn-
roxkxuna (JICIT) ¢ cooTBeTcTBYIOMMME TOTOKaMu SHTporuu [1]:

P(AS)/dE + 20 d(AS)dt + w2 (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 PACTBOPUTEIISI COMBBATHOM 000m0ukn. W3 ypaBHEHUS ClieAyeT pe30HAHCHBIN MEXaHU3M IOTIIOIIECHUS HEP-
THH 3JIEKTPOMArHuTHOTO 1oJist. Crnalble Mol pacioioKeHbl B MUKPOBOJTHOBOM JTHAITa30HE M XOPOIIO M3BECTHO WC-
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 npornyckaeT (TacCUBHBINH TPAHCTIOPT) TOJIBKO HE MOJISPHBIE MOJICKYJIbl, HE3aBUCHMO OT UX pa3Mepa: KUc-
JIOPOJI, TUOKCH] YIIIEPOJia, CTEPOUIbI, aHTHONOTHKH. 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
akBanopusbl. B mocnenaue 20 et Hamu ObUIa TIpOBe/IeHA OOJbINas paboTa MO B3aMMOCBS3H XapaKTEPUCTHK Bpalla-
TEIBHOTO JBUXKEHUS CO CBOMCTBAMU BEIIECTBA. bbIIo MOKa3aHO, YTO MOJNEKYIbI B )KHJIKOM 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-
peHILIUs, CHUKAIOIAsi CKOPOCTh TPAHCISIUU. B MPOTUBHOM CiTy4yae TaKUX CKOPOCTEH TpaHCIOpTa JOCTUYb 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 JiekapcTBeHHbIX 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 IIepexoia - MeHee 1 Mc, KOHCTaHTa CKOPOCTH MeIUIeHHOTro repexoaa > 1 ¢, a F mnorHocTs noToka panu-
OTEIUIOBOI SMHUCCHUH.

JlaHHasi KUHETHYECKasi CXeMa yKa3bIBaeT Ha TO, YTO KIMEHHO MEAJICHHBIE CyIIpaMoIeKy/sipHble nepexoast HY sipis-
IOTCSI ICTOYHUKOM PagUOTEIUIOBON 3Muccuu. [IpeacrapieHHas BblLIe cXxeMa peajn3yema Ipy COOIIOCHUH 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) o0s3aTenbHbIM ycIoBHeM Takke siBisiercs popma HY, oHa momxHa OBITH CIIOXK-
HOM 1 Hecepuuecko, yTo OyeT CriocoOCTBOBATh CTAOMIM3ALIMH [IJIa3MEHHOI'0 y4acTKa.

W3znydyenue HaHOUACTHUL] B MM-JHAaIIa30HE ITO3BOJIMIIO pa3padoTaTh IMCTAHIMOHHbBIE METOIbI KOHTPOJIS 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 ctatbst (OPC.1.7.0001).
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[pocnmmun (npocmuaust xnopun, Prospidii chloridum, PrsCl)) — ankumipyroniee aHTHHEOITACTHYECKOE XUMHUO-
TEpaneBTUUECKOE CPENCTBO, XapaKTepU3yolleecs UTOCTaTUIECKUM, IPOTUBOBOCIIAINTENbHBIM, HMMYHOCYIIPECCUB-
HBIM JeiicTBUeM. [IpuMensieTcss HapyKHO W BHYTPb AJISl JICUEHUS] HOBOOOPA30BaHMI KOXKH M CIM3UCTBIX 000JIOYEK,
Pa3IMYHBIX BUJOB TUIOCKOKIJIETOYHOTO paka, CHCTEMHOMN KpacHOH BOJTYaHKH, pepakTepHOro (TpyIHOIECYUMOI0) peBMa-
ToUAHOTO apTpuTa [1]. B CBSA3M C AMUTEIBHOCTHIO TEPANEBTUYECKOTO JICUEHHS TALIMEHTOB 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 Metoya YDO-CD miist uaeHTUPUKAINT U KOJIMYECTBEHHOTO OIpeIeTICHNUs IeHCTBYOIIE-
r0 BElIeCcTBa PrsClz.

OObekT uccnenoBanus — JiekapcTBeHHas cyoctanius npocnuaus xiopug (« YHUTEXIIPOM BI'Y», comepxanue
neicrpyroiero Bemectsa 99,0 — 102,0%); BomHbIe pacTBOpsI ¢ KoHIeHTpatuei ot 0,05 10 0,2 Moinb/i1 aiis YO-CD ana-
sm3a. CeKTphI IONIONIEHHS ¢ ONIPEAEIEHUEM aHATIMTUYECKOH JUTMHBL BOJIHBL (A, , HM) B uHTepBase o 200 10 400 am
MOJIy4eHb! ¢ ucrnons3zoBanueM YOB-cnektpodoromerpa Agilent Cary 60 (CLLA). Banunanuonnsie napameTpsl ompe-
JICJICHBI B COOTBETCTBUE C permamenToM O0mel papmakoneiinoi cratbt ODC.1.1.0012 «Banuaanus aHaIUTUYSCKUX
MeTOoIuK». [1s nccnenoBanyst TOKCHYHOCTH BOIHBIX PACTBOPOB ObLII IPUMEHEH METO. Spirotox, OCHOBaHHBIN Ha OIpe-
JIeIeHUH BPEMEHH JKU3HH (T, MUH) U dHepruu aktupaiuu (0°°E, k/[/MOJIb) KIETOUHBIX MEPEXonoB. s CHIKEHHS
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
SHEPrUH aKTHBALMH KJICTOYHBIX IEPEXOI0B B COCTOAHME rubemu coctasuia 0°°E =91,5 = 4,0 (x/lx/monb). ITpu npuro-
ToByeHnHu pactBopa PrsCl, B Boze, oGeneHHOIl 110 neliTepuio, SHeprys akTHBalMu coctapuna o°“E =155,5 + 38 (xIx/
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
MIPOMaxoB MPOBeJCHA C UcHonb3oBaHueM Q-kputepus. [IpaBUIbHOCTE METOAMKH MOATBEPIKACHA [0 OLIEHKE CBOOOA-
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 orieHKEe TOKCHYHOCTH METONIOM Spirotox ObLIO MOKAa3aHO, YTO B BOAHBIX PACTBOPAX C MOHWKEHHBIM 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 (hapMaleBTHUECKOM MTPaKTH-
Ke JUTsI OTIpeIeTICHUS ICUCTBYIOMIETO BEMIECTBA B CYOCTAHITIMH M TOTOBBIX JICKAPCTBEHHBIX (popMax.

Jluteparypa:
[17 A. Kladiev, E. Stepanova, E. Solomko, et al, Anti-angiogenic properties of prospidin in vitro, Russian Biotherapeutic Journal, 3(8), 4550,
(2009).

69



[0]
BOAHbLIE PACTBOPbI B ®APMALIUU ‘ Bogroix
PacTteopos

MocTepHbI goknap,

VCCNEAOBAHVE CBOUCTB ®APMALIEBTUYECKUNX
CYBCTAHLI CYNbPATA LIMHKA C NMOMOLLbIO
NK-CMEKTPOMETPUWN: KAYECTBEHHbIN
KOJIMYECTBEHHbIN AHATN3

Ky3bmeHko E.E., KongnHa A.M.

Poccwvickmn yHuBepcuteT apyxbbl HapogoB Haponos umexun lNatpuca JTymymoOes!,
117198, r. MockBa, yn. Muknyxo-Maknas, 6
e-mail: kuzmenko_ee @pfur.ru

B pabore npencraBneHa HOBass METOJIMKA KOJIMYECTBEHHOTO OIPEJICICHUST COACPIKAHMS BOJIBI B HEOPTaHHMUECKUX
cyOcrannusx ¢ ucnonb3oBanueM MK-criekrpomeTpuu. Metos ¢ IpucTaBKoi HApYIICHHOTO MOJIHOTO BHYTPEHHETO OT-
pakenus (HI1IBO) obGecrnieunBaet ObICTPYIO M BHICOKOKAUSCTBEHHYIO OLICHKY MCCJICyeMOro 00pasiia, He Hapylas ero
LEJIOCTHOCTH. B JaHHOM HCCIIeIOBaHNY OBbUIH U3Y4EHBI CYOCTaHIIMY Cylb(hara IMHKA ¢ PA3IMUHBIM KOJTHUECTBOM 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 naHHbIX. Ha pucynke 1 A mpeicraBieHbl pe3yabTarhl ONpeesICHHs COJep KaHusl BOJIbI B CYOCTaHIIUSAX, 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).
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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] MOXKET OBITh MPUMEHEH JIJIsl KOTMUECTBCHHOW OLIEHKH COJEPIKaHUS BOJIBI B KPUCTAIOTHPATHBIX (Op-
Max HEOpraHM4YecKux (hapMareBTHUSCKUX cyOcTaHImid. Pe3ynbraThl XeMOMETpHUECKOl 00pabOTKH OTKPBIBAIOT 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 (papMareBTUYCCKUX CyOCTaHIIMI OJMHAKOBONH HEOPIaHUYECCKON MPUPO/IbI, HO Pa3IUYHON KPUCTAJUIOIUIPAT-
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 «/nokcaaer» SBIAIOTCS OTEUECTBEHHBIMU [IUTOCTaTHYECKUMH TperapaTaMy U HaxoIsIT MpUMeHe-
HUE JJIs JICUeHUS Psifia HeOIUIACTHYECKUX COCTOSHUM. OHAKO 3KCIIepUMEHTaNbHas HHPOPMALHs O THAPATAIMN JIaH-
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)

Kanmopumerprniyeckum METOIOM OMpeAeNieHbl SHTAIBIINNA PACTBOPEHHS 000MX IIUTOCTATUKOB B BOZE B (PHU3MOJIOTH-
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
KOHIICHTPAIMHA PACTBOPEHHOTO BEMIeCTBA (HEAIEKTPOIINT), a B pacTBopax «IIpoctmamnaay (1:2 armekTponnT) oOHapyKH-
BaeTCs BBIpAXCHHAsI KOHIIEHTPAIIMOHHAs 3aBUCUMOCTb, KOTOpPask YIOBIETBOPUTEIHHO OMUCHIBAETCS B paMKaxX BTOPOTO
npuommkennst [lebas- Xtokkens. [TokazaHo, 9TO OTKIIOHEHUE OT MPEACIFHOTO 3aKOHA BBI3BAHO B3aWMOICHCTBHEM 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 cyonmuMannu «Jnokcaneray mpu 298 K paBna 158.543.7 x/[/M01b, a SHTAIBIHS THIpPA-
Taruu — 154.6+3.7 xJ[>x/MOIb.
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JlekcTpaH — MHEPTHBIM NoNKcaxapua Al IPUMEHEHUS in Vivo, COCTOSIINMA U3 IIIOKO3bI, COETUHEHHOH 0~ 1,6-TITHKO-
3UJHBIMH CBS3SMH, C BO3MOXHBIMU OOKOBBIMH LiemsiMU. [IpoayienToM cyOcTaHIMu, HCIIOIb3YeMoil B (hapMalieBTHYe-
CKOH MPOMBIIIUIEHHOCTH JJIs1 BOCCTaHOBJICHHUS TeMOJMHAMUUECKUX HAPYLICHUH, BRICTYTIACT KyIbTypa Lactobacillaceae
u Weissella. Hanbonee BocTpeOOBaHbl BOAHBIC PACTBOPHI JeKCTpaHa ¢ MoieKysipHoi maccol 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, TIOATBEPIKIAIOIINE MTOUIMHHOCTD BeulecTBa. OHAKO, ONpeAeiieHne YUCICHHOTO U 00BbEMHOTO pacipezee-
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 AONOIHEHU cyiecTBytomux H/[.B kauecTBe ncTtouHnka gekcTpaHa BICTYIHII JIEKAPCTBEH-
HbIi npenapaTr Peonomurmokun (Rpg) 10%, a taxxe B pa3Begenuun 1:100. Ananu3 pasmepa 4acTHL IPOBOIAMIICS Me-
TOAOM AMHAMHUYECKOTO JazepHoro cseropaccessuus (DLS) ¢ momomrsio nazepHoro Hanocaiizepa Zetasizer Nano ZSP.
JU1g XapakTepUCTHKH HIMPUHBI TPaHYJIOMETPHUECKOTO PacpeIesIeH!s YaCTHIL IO pa3MepaM MPUMEHSIIN HHIEKC MOJH-
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 noaTBepxkaaeTcst 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 paszoasnennom (1:100) obpaste cHmkaercs (PDI=0,20), 9To yka3piBaeT 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, %

Peonomurmroxun 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 npeacTaBiIeHbl Pe3yabTaTbl HCCIIEIOBAHUS IUCIIEPCHBIX HAHOPa3MEPHbBIX CBOMCTB Peomnonumito-
KHHA BOJTHOTO PacTBOpPA, COMEPIKAIIETO JeKCTpaH ¢ MoneKyisipHoil Maccoi 30-40 k/la (Dex35). Ilony4yeHHbIe pe3yib-
TaThl MOTYT NPEICTABIATh HHTEPEC AT pa3paOdOTKH AONOIHUTEIBHBIX HOPM U KPUTEPUEB OLICHKH KauecTBa )KU3HEHHO
Ba)KHBIX JICKAPCTBEHHBIX BEILECTB IPYMITbI KOJJIOUAHOTO KPOBE3aMEHUTEIIEH.

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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HaHOMaTepI/IaJ'IBI O6HaI[aIOT YHUKaJIbHBIMU (1)I/I3I/IKO-XI/IMI/I"ICCKI/IMI/I cBoricTBaMH. MIMEHHO Takue CBOfICTBa, KakK I10-
BBIINICHHOC 3HAYCHUEC yI[eJ'H:HOfI iomaan MmoBEpXHOCTU U JIOKAJIM30BaHHBII HOBerHOCTHLIﬁ M1a3MOHHBIN PC30HAHC,
OTKPBUIN ITyTh JUIsi THHOBALIMOHHBIX IPUMEHEHH B 00IaCTH MEJULIMHBI, XUMUHU U (apmanmu [1,2]. B coBpemenHo#i
(l)apMaL[eBTI/I‘-IeCKOf/i MMPOMBIIIIICHHOCTHU BCC 60.]'[66 3HAYMMbIMU CTAHOBATCA JICKAPCTBCHHLIC IIPCTIapaThl (.HH) Ha OCHO-
BE 6I/IOJ'IOFI/I‘-ICCKI/I AKTUBHBIX HAHOYACTHI] (Hq) B BUJIC X KUAKHUX JICKAPCTBCHHBIX (l)OpM, TAC paCTBOPUTECIIEM, 3a4aCTY1O,
SABJIACTCA BOJA. HCCMOTpH Ha UX IMOTCHIMAJI, HEMAaJIOBAYKHOM Saﬂa‘{eﬁ JJI IPOBU30POB OCTACTCA KOHTPOJIb Ka4€CTBa
JaHHBIX JIIT. O6pamaﬂ BHUMAHUC HA COBPCMCHHBIC IMOAXOAblI K UCCICAOBAHUIO U KOHTPOJIHO KaYCCTBCHHLIX XapaKTC-
PUCTUK HAHOIPETApaTOB, CTOUT YUCCTh HC TOJBKO TPYAOCMKOCTL U JJIUTCIBHYIO HpO60HOI{FOTOBKy, HO 1 OTCYTCTBUC
BO3MOXXHOCTH HenHBa3uBHOro aHanu3a JII1 Ha ocnoBe HY [3]. B mpencrasiieHHol paboTe MCCISIOBaH COBPEMEHHBIH
HaHO-(QEepPMEHTHBIN Mpenapar Ha OCHOBE MOAN(UIIMPOBAHHON THaTypOHHU/Ia3bl, HAPABJICHHBIA HA TEPAIUIO U TPOQH-
JIAKTUKY BOCIAJIMTCIIbHBIX 3a6OHCBaHHﬁ. OcHOBHOI1 EJIBKO UCCJIEAO0OBAHUA 6BIJ'IO I10Ka3aTb BOSMOKHOCTbh HECMHBA3UBHO-
r0 KOHTPOJIS. HAHOCTPYKTYPHBIX MpenapaToB 06€3 BCKPHITHS NEPBUYHON YITAKOBKH.

B BOJAHBIX pacTBOpax HY BCTYIIAIOT B BaH-ﬂep-BaaHBCOBLIC BBaHMOHCﬁCTBHﬁ MMOBCPXHOCTH K TOBEPXHOCTHU UJIH KC
JUITOJIb-TUITIOJIbHBIC B3aHMOﬂeﬁCTBHﬂ [4] Taxxe JJI HUX XapaKTCPHBI MMOBBIIICHHBIC 3HAYCHUS HAIIPAKCHHOCTU 3JICK-
TPUYICCKOI'O IOJId, YTO CHOCO6CTByeT (bOpMHpOBaHI/IIO KBa3UIIJIa3MEHHBIX 06T>CKTOB H3 CYHIPaMOJICKYJIAPHBIX 3JICKTPO-
HOB [5] brito 3aMCUYCHO, YTO IIPpU KaKTUBALITUUN» HY IIyTEM HAarpeBaHUus NN KC CBETOBOI1 AKTHUBAllUU MPU JJINHE BOJIHBI
412 HM, Ha6J'IIOI[aCTC$I HX U3JIYyYCHHUC B MUJUIMMETPOBOM AHAIIA30HE AJIMH BOJIH. Hmenno peructpanus CO6CTB€HHOFO
PaaAuOTCINIOBOIO U3JIYUCHHA OT MOJIAPHU30BAHHBIX 6I/IOJ'IOFI/I‘-ICCKI/I akTuBHBIX HY sgBnsgeTcss HOBBIM MCTOAOM HUX KOHTPO-
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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., Taii0si1, TaliBanb), HACTPOCHHBIE HAa aHU30TPOITHOE H3MEPECHIE BIOJIb OcH Z. 13-
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/M?. I3MepenHns poBOAWINCE He MeHee 7 pa3. KOHTposibh M3MEHEHHs PasMEPHOTO CIIEKTPa MCCIEIYyEeMBIX 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 00padaThIBAIMCH ¢ TOMONIBIO MakeTa mporpaMmHoro odecnedenus Origin ProLab (CLA). [pencrasnen-
HBIC Ha pUCYHKe | pe3yabTaThl CCIeIoBaHuUs COOCTBEHHOTO pauoTerioBoro u3nydenns HU mopudunupoBanHoii 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
a Complex Shape as a Tool for the Quality Control of Pharmaceuticals Containing Biologically Active Nanoparticles. Pharmaceutics, 15(3):966,
(2023).
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e-mail: chemist2014 @yandex.ru

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 KOHIICHTPAIMi HEIEKTPOJIUTOB HAOIIOMAIOTCS aHOMAIUK KOHIICHTPAIMOHHBIX 3aBUCHUMOCTEH psina (usuye-
CKHUX CBOICTB, U 3Ta 00J1aCTh HauboIIee XopoIno uzydeHa. O01acTb CpeHUX U OOJIBITNX KOHIIEHTPALUH H3y4YeHa 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.

Jiis aHanm3a CTpOCHUS MOJIEKYJISIPHBIX arlioMeparoB B BOJAHBIX pacTBopax ALIH MbI ucciiegoBanm MexMOICKyYIIsp-
HbIC B3aUMOJICHCTBHS B KJIACTEpaX BOJA-allCTOHUTPHUI KOHEYHOTO pa3Mepa, Imojarasi, 4To arjoMepaThl B PacTBOpPax
COIOCTABUMBI 110 Pa3MepPy U CTPYKTYpPE C MCCIIEI0BaHHbIMU Hamu Kinactepamu. Crpoenne knactepos (CH,CN) - (H,0),
OBLIO PacCYMTAaHO METOJIOM TEOpUH (YHKIMOHAJNA TUIOTHOCTH ¢ (hyHKIMoHaoM B3LYP/cc-pvdz ¢ yuerom aucrepcu-
oHHOM nonpasku [ pumme D3 [2].

[TomyueHHbIe TaHHBIC O B3aMMHOM PAaCIOIOKEHUU MOJeKyn Bobl 1 AI[H B kimacTepax MCIIONB30BaHbI ISl HHTEP-
MPETaNnH 3KCIIEPUMEHTAIBHBIX JJAHHBIX U TIOCTPOCHUS MOJICITH BOJHBIX PACTBOPOB allETOHUTPHIIA.

JlaHHBIN MOAXOA K OMHUCAHUIO CTPOCHUS BOMHBIX PACTBOPOB IMPEICTABISCTCS MEPCHIEKTUBHBIM JJI OMUCAHUS 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. Abpamosu4, 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 o PentrenoBckoli tudpakroMeTprny Obliia H3ydeHa crienu(rKa KpHCTAII000pa3oBaHus U3 Iie-
PECHIEHHBIX BOAHBIX pacTBOpoB CuSO, Ha MMaJKuX CTEKISHHBIX MOJJI0XKKAX; IPH 3TOM B BOJAHBIA PacTBOp J00aBIIs-
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
cuHroHuei. [Ipu 3ToM 171t TaHHOTO KpUCTajla SHEPIreTHIECKN 0oiee BBITOMHON KPUCTAIUTMYECKON CTPYKTYPOH SIBIISI-
eTcs TPUKJIMHHAsE CHHTOHHS, T.€. Ha IIaJIKUX MOIJIOKKaX OyIyT BEIpAcTaTh MUMEHHO TIeHTaruaparsl. Kak Obu10 mokazaHo
paHee, B pacTBOpax, MPUTOTOBJICHHBIX HA OCHOBE OOBIYHON MPUPOAHON BOJIBI C COAep KaHueM JieiTepus 157 ppm B mpo-
necce HaOyxanus Haguona mpoucxoaur pasmMaTbiBaHHE NOIMMEPHBIX LEMOYEK B 00BEM KUIKOCTH MEPIEHANKYISIPHO
MOBEPXHOCTH MOJIMMEPA; ITOT MPOLECC BIUAET HAa CMHIOHHIO BbIpamuBaeMoro kpucramia CuSO,. MenHo, 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 BOIHBIN pacTBOp CyCleH3MM CyOMHUKPOHHBIX YacTHl HaduoHna 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 00ETHEHHOM 10 JIEHTEepHIO BOIBI, 0CATOK Ha IaJKOW MOAJIOKKE sBIseTcs neHTaruaparom. [lokasano, 4ro 00-
Jy4deHHUE yIBTPa3ByKOM cycrieH3un yacTuil Hadnona B mpouecce BbIpalinBanus KpUCTaUIA IPUBOIUT K TOMY, UTO 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 crocoOHsI popMUpOBaTs MUKPOHHBIE arperarsl 3a c4eT 3¢ GeKTa pa3mMaTbiBaHUsI TOJTMMEP-
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
JCUTEPHUIO BOJBI C JOOABICHUEM CyCIIEH3UN CyOMUKPOHHBIX yacTHll Hadmona o0ycioBieHa 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
WHKYOMPOBaHHSA). DTOT MEPEHOC OCYIIECTBISIETCS P MOTPYKESHUH CTEKIITHHOTO (UIakoHa ¢ HeOOMyYeHHBIM (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
BCTpPsXUBaHUH 00pa3noB. st 0ObsicHeHus ObUIa pa3BUTa TEOPETHUECKAs MOJIEIb, OCHOBaHHAS Ha KOHIIETIH 0a0CTO-
HOB (a00peBuarypa bubble, stabilized by ions). badcton ¢ pagunycom R = 100 HM cTaOMIU3UPOBaH 3a CYET aJICOPOIHH
aHHMOHOB, T.. ero 000J04Ka oTpuLaTenbHa. [lydoK 3MeKTpOHOB HHAYIHPYET HEOAHOPOAHYIO crity KynoHa Bmonb 1mo-
BEPXHOCTH 0a0CTOHA, UTO MPUBOIUT K BOSHUKHOBEHUIO paIMaIbHBIX KOJIeOaHUH Ha COOCTBEHHOI YacTOTE B TUTarepro-
BOoM Juanasone. [lockonabpky 6aOCTOH 3apshKeH OTPULATETIBHO, 3TH KOJIeOaHUs JOIKHBI COMPOBOXKIATHCS U3ITyUCHHEM
ANEKTPOMArHUTHOM BOJHBL. JIJI1 MOIIHOCTH M3IYYEHHUS SJIEKTPOMArHUTHOW BOJIHBI OTAEIBHOTO 0abCTOHA MOiTyueHa
TeopeTHdeckas 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 MPUBOAMTS K 3 (dexTaM HHKyOauu: 6a0CTOHBI B MHKYOHpYyeMOM 00pasie pe-
30HaHCHO BO30YKIAIOTCS NIEKTPOMArHUTHOM BOJIHOW OT OOMyYEHHOTO AIICKTPOHAMK 00pasiia, B pe3yabTare 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 Cpeliax, B YaCTHOCTH, U3y4aTh HAHOOOBEKTH OMOJIOTMYEeCKOH PUPOIBl B HATUBHBIX ycoBUsX. He Menee Baxk-
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).

OCHOBHOI1 LeNBIO JOKJIaa SBISIETCS JEMOHCTPALUs PeajbHbIX BO3MOKHOCTEH pa3paboTaHHOTO B KOJJICKTHBE Jia-
3€pPHOTO YABTPAMUKPOCKOIA “‘CBETOBOIO TOJIOTHA”, PabOTAIOIIEro B PEKUME PETUCTPAllMK 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] 1 OCOOEHHOCTAX BHYTPEHHEH CTPYKTYpPhl BOSHUKAIOIIUX HA X OCHOBE arperaroB, 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 YHUCIE IS LIeIeH MEJUIMHCKON TUarHOCTHKH. B yacTHOCTH, MPUBOISAT-
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
MarHuTHOro pe3oHanca (IMP) st aHanm3a nBmKeHHS KUIKOCTEH (COKa) B TKaHIX (PIOIMBI M KCHIIEMBI CTEOIIST pac-
TEHUH ¥ KOPHEBOI CHCTEMBI IIPU BHIPAIIMBAHUY B YCIOBUSAX TUAPOTOHUKH. OCO00€ BHUMAHUE YISISITH METOJIUKE 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 TIOBHINICHHOM ajire3nel, oOHapyxeHHoe panee [4]. [IpencraBieHbl pe3ynbTaThl SKCIIEPUMEHTOB M0 OHOIOTHYe-
CKOH JISTEKI[UH MATOTEHOB U MOJUTFOTAHTOB OKPYKAIOIIEH Cpe/Ibl, B YaCTHOCTH CBEpXHM3KOH KoHIIeHTpamuu (10-15ppb)
O,, myTeM U3MEpEHNs IMHAMUKH XKHUJIKOCTHON Cpelibl B cTebie pactenuii Nicotiana tabacum v Solanum lucopersicum.
JlabopaTtopHble ¥ MMOJIEBBIE UCIIBITAHUS TIOKA3aJId BHICOKYH) YCTOHYHBOCTh TOAO0OHBIX OMOCEHCOPOB B €CTECTBEHHBIX U
rOpoJICKHuX 3KocucTeMax. OCHOBHBIM MTPUMEHEHUEM TIOJYYCHHBIX PE3YJIbTaTOB SIBISIOTCS HAYYHO-00OCHOBAHHBIC 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 KOMILIEKCaX B BUIEC aBTOHOMHBIX UCKYCCTBEHHBIX arpOIKOCHCTEM, OCOOCHHO B YCIIOBU-
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.
[4] C. epummn, E. Crenmanos, [I. ApréMoBa, DKCIIepIMEHTAIBFHOE HCCIEA0BAaHNE BapHAalUil aAre3uy MOJIEKYI BOJBI B IIOBEPXHOCTHOM CIIOE,
Co6opHuuk Te3ncoB moknanoB, VI Bceepoccuiickas konpepenius «®Dusnka BOAHBIX pacTBOpoB», .86, 13-15 mosOps 2023, Mocksa, OOO
"MECOIJI", 2023 © Uncturyt obmeit ¢pm3ukn nm. A.M. [Ipoxoposa PAH. DOI: 10.24412/c1-35040-2023-86-86

[5] Clauw, H.; Van de Put, H.; Sghaier, A.; Kerkaert, T.; Debonne, E.; Eeckhout, M.; Steppe, K. The Impact of a Six-Hour Light-Dark Cycle on
Wheat Ear Emergence, Grain Yield, and Flour Quality in Future Plant-Growing Systems. Foods 2024, 13, 750. DOI:10.3390/foods13050750
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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
mposieBaet a3y MOJOAOCTH U MPOAOIDKUTEILHOCTD KU3HU MbItiel [6]. KoHTakTHBIH (THApaTHOMN) CIIOI BOJBI C Ma-
KPOMOJIEKYJIaMU WJIM HaHoJacTHIamMu SiO, MposIBIISET CTPYKTYpY Jibja Ha ciekrpax KP u BPMb B BOAHBIX CycrieH3HsaX
SiO, [7]. OcraBanoch HEACHBIM KakK (paklMOHMPOBAHUE BOJbI B KOHTAKTE C BO3IYXOM BJIUAET Ha KOd(P(HUIMEHT aare-
3UM U Ha BBICOTY MOABEMA MEHHCKA B Kanmwuisipe. i U3ydeHus aare3uy MoBEPXHOCTHOTO CJI0S BOABI MBI HCIOJIB30-
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 BBICOTa MEHHUCKA ¢ IIyOHHBI 5-10 MM coctaBmsia (44-46 mm). Kacanue mosepx-
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
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PaccMmoTpens! pe3ysbTaTsl UCCIIEJOBAHMM, B KOTOPhIX HA OCHOBE M3YUYEHUS KOMIUIEKCOM 3KCIIEPUMEHTAJIBHBIX Me-
TOJIOB YCTAHOBJICHBI U OMHCAHBI KITFOUEBbIE (PH3UKO-XMMUYECKHE 3aKOHOMEPHOCTH BOJIHBIX CUCTEM OHOJIOTHUECKH aK-
TUBHBIX BemecTB (BAB) HU3KHX pacueTHBIX KOHIIEHTpAIMH, MOJTYYEHHBIX METOJOM JICCATHUHBIX pa30aBlIeHUN 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,
J3eTa-MOTeHIIMAIa HAHOACCOI[ATOB, HHTCHCUBHOCTH (uryopecieHnny, YO-noromeHus, QU3NKO-XUMHUIECKIX XapaK-
TEPUCTHK M HAMJICHHBIX C MCIOJIb30BAHHEM 3KOTOKCHKOJIOTHYECKUX TECTOB OMOJOTMYECKMX CBOMCTB pa30aBICHHBIX
CHCTEM NPAKTHYECKH BaXXHbIX BAB (mecTunnaoB, peryasTopoB pocTa U pa3BUTHS PACTEHUI, JIEKAPCTBEHHBIX Ipera-
paroB). CorliacoBaHHOCTh HEMOHOTOHHOTO M3MEHEHHs IMapaMeTPOB HAHOACCOIUATOB, (PUIUKO-XUMHUYIECKHX U OUOIIO-
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 pacTBOPOB BAB 1 BiMsiHIE THTIOMAarHUTHBIX YCJIOBHI Ha (PyHKIIMOHUPOBAHNE OPraHU3MOB. BhIsIBIICH-
HbIE 3aKOHOMEPHOCTH 3aKJIAJIbIBAET OCHOBY HOBBIX TEXHOJIOTMH B CEJIBCKOM XO3MCTBE, OXpPaHE 3KOCUCTEM M IPYIHX
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 nHabmionanoch Bo3pacTaHHE OTHOCHTEIBHOTO COACP KaHUsI OPTO/TIapa-M30MEPOB BOABI OT ONPEEsieMOTo 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
kosiebarenpHO—BparareapbHo monoce 101-000 1 nMEroIUX YacTOThI IEHTPOB 7355,557 e 1 7354,599 cm!, cooTBeT-
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, 00pasyeMbIX pH KUIIEHUH, MOKET OBITh CBA3aH ¢ 00€IHEHMEM PABHOBECHON CMECH U30MEPOM Ma-
pa-H,O 3a cuer ero Gonee BBICOKOH aKTMBHOCTH B KOHJIEHCALMU W 00pa30BaHWHM MUKPOKAIesb, IMMEPOB U TPUMEPOB
BOJIBI.
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MICROWAVE DIELECTRIC RELAXATION OF UNIVALENT AND
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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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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 HCCIIeIOBAHUE MTyTEH peslakcallii SHEPTUH ¢ HaualbHO BO30YKIICH-
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 peJIAKCAIlNU Ha4albHOW SHEPTUH BO30YKACHUs KilacTepa.

2. Ilepepacmpenenenre HauaIbHOM SHEPTUs BO3OYKACHUS KiacTepa Mo 3pQEeKTUBHBIM MOJIaM B 3aBUCUMOCTH OT
JUIATENBHOCTH TUHAMHUYECKON HBOJIOIMH.

3. AKTHBaUuWs HU3KOYACTOTHBIX ABHKCHUI MOJICKYJI, @ IMCHHO JIMOPAIIMOHHBIX U MEKMOJICKYJISIPHBIX KOJICOaHHH,
[Py HaYaJIbHOM BO30YXIeHHHU Ae(hOPMALMOHHBIX KOJIEOaHNH.

4. OueHKH BpeMeH IepepacnpeieieHus] SHEPTUU BO30YKICHHS KiacTepa MEKIy KoJeOaHUSIMHU B Pa3HBIX CIEK-
TpaibHbIX 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 NOAPOOHO HccieoBaHbl B padoTax [1-3]. [maBHas nepdropyrneponHas ernb MEMOpaHbI sSIBJIsI-
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 paseneHus noHoB H u OH™ B ycTaHOBKAx 110 BOAOPOIHOM
sHepretrke. C OHOHM CTOPOHBI, MPOTOHHAS MTPOBOUMOCTD MOJIMMEpPA 3aBUCHT OT KOHIIEHTPAIIMU BOJBI B HEM, U TIPO-
BOJIMMOCTH TTOJTUMEPA PACTET C YBEITMUYEHUEM KOJIMYeCTBa BOJBI BHyTpH MeMOpansl [1]. C apyroii croponsl, 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].

DKcIeprMEeHTAIbHO YCTaHOBIeHO, 4To 3HaueHne KIIH nemonnsoBaHHO# Boabl, oxucieHHoi (Mc*, pacTBop romy-
6oro 1Bera) u BoccTanoBieHHOW Gpopm MC (McH?, GecriBeTHBII pacTBOP) PE3KO YMEHBIIACTCS HA HAYAIbHOM JTare
BBIMauMBaHMUs MEMOpaHBI B TAHHBIX pacTBOpax. [1o cpaBHEHUIO ¢ JEMOHU30BaHHON BOMOH, pacTBopsl MC, 00pa3oBaB-
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 ISl Ipoliecca CylecTBeHHOro uaMeHnenus 3nauenust KITH pactBopos cBs-
3aHO C aKTUBHBIMH TP PY3HOHHBIMH ITEPEHOCaMU HOHOB B IIPUTIOBEPXHOCTHON K MeMOpaHe 00IacTH 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 BOIHM3H IMMOBEPXHOCTH MeMOpansl [S]. [Ipu 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 Takke TUCCOMUAIIUK ATUX TPYII ¢ HopMHUpOBaHHEM
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 Obuin mosrydeHs! JaHHBIC O BIMSHUM PAaCTBOPOB, IMOMYYSHHBIX MO TEXHOJOTHHU MOCIEI0BATEIBHBIX pa3Bele-
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
yMeHbIIaIuch (0Tuuus 10 51%, cormacHO CHTOBOMY aHaJM3y), pa3Mephl KPUCTAIUTOB JIAKTO3bI TAKKE M3MEHSITUCD
(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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"
7975 L . : 48321 .M .
’ 21,595 T
* 4,830
7,970 . <
4,828
w<n 7,965 °<_ 21,590 4 I o
a 4,826 _
7,960 - -
21,585 | 4,824+
7,955 4,822
7,950 - 21,580 4,820 T
Naktoza  faktoza MWuTakTHan Naktosza INakrtosa WuTakTHas Naktosa Jlaktosa MWHTakTHas
¢ PMP AT c PMNP Boabl nakTtosa ¢ PMP At c PMNP eoabLl naktoza ¢ PMNP At c PMP sogel nakroza

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 OOBACHST MTOOOHOE N3MEHEHHE CBOMCTB JIAKTO3BI, SBIISETCS BIMSHUE Ha-
HOITY3bIPbKOB 1 HHBIX (MIIOTHPYIOIINX CYIPaMOJIEKYISIPHBIX CUCTEM, BOSHUKAIOIMINX MTPH HHTEHCHBHBIX BUOPAITMOHHBIX
BO3JIEUCTBUSIX, SBJISIONIUXCS HEOTheMIieMon coctanistolieit PITP. IlpunoBepXHOCTHBIE CIIOU KUJIKOCTH 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
TTO3BOJISIET CBSI3aTh HEOOBITHBIC CBOMCTBA PACTBOPOB MOCIIC BHOPAITMOHHBIX BO3ICHCTBHIA [2] 1 OMOJIOTHIECKYIO aKTHB-
HOCTB TIPerapaToB, MoydeHHBIX u3 PIIP, moaTBep X AcHHYIO B KIIMHHYECKUX UCCIIEIOBaHUAX [3].
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doi.org/10.17116/jnevro202412406162
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[Tpu cMemMBaHUK BOITHOTO PacTBopa Cylb(pozamenieHHoro GprainomuanuHa Meau SONHCuPc (10 monb/i) co pac-
TBOpoM XxJjiopHoro skene3a FeCl, (10 monb/m) 4epes 24 yaca HaOMI01aI0Ch BBIJIEICHUE U3 PACTBOPA TBEPIOH 00bEM-
HOU (pakuuu (TasonraHIHA, COPOBOXKIABIICECS] H3MEHEHHEM LIBETa PacTBOPa ¢ rory0oro Ha 3eseHbli. OnTudeckas
MHUKPOCKOIHS TIOKa3aj1a TPEXMEPHYIO CETUaTYIO CTPYKTYPY BBLACTHUBIIEHCS PpaKiK, COCTOSALIYIO U3 OTAEIbHBIX ariio-
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
¢TamonnannHa He YMEHBLIACTCS, OAHAKO HAOMIONAeTCsl YMEHbLICHUE MOMIoIIeHus B oonactu 580-620 HM 1 pocT B 00-
nactu 700-750 HM, 9TO CBHAETEIBCTBYET 00 M3MEHEHUH CTpOoeHuUs 00paszyembix SON*CuPc acconmaros, compoBok/ia-
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® (aBTokOppensuoHHO# (DYHKIIMA MHTEHCHUBHOCTH) 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,
ruapoPoOHBIX APPEKTOB 3aTparuBaeT BaKHEHUIIHE 00IACTH €CTECTBO3HAHMS, BKIIOUAIOIIUE (PU3HUYECKYIO U KOJIOUA-
HYIO0 XUMHIO, MOJICKYJIAPHYIO OHOJIOTHIO, OM0pu3uKy U T.A4. CunTaercs, 4To GOpMUPOBAHUE a30BBIX IHIPATOB, arpera-
s aMpuUIoB, KOHGOPMAIMK MaKPOMOJIEKYJI, 00pa30BaHUE MULIEIUT M ABYXCIOWHBIX MEMOpaH B 3HAUNTEILHOM 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 Bojie. B pabore MeTogamMu KaJopUMETpUH, H30TEPMUYECKOTO HACHIIICHHS, ICHCUTOMETPUH, TUHA-
MHYECKOTO PACCESHHS CBETA M MOJICKYIAPHON TMHAMHUKH MTPOBEICHBI OOMIMPHBIE TEPMOJUHAMUYECKUE U CTPYKTYPHBIC
WCCIIeIOBaHUsI COJIbBATALlUK M B3aUMOJCHCTBUS PACTBOPOB THAPOPUIBHON MOueBHHBI (MU) U IPEeUMYILIECTBEHHO T'H-
npodoobHnoii TerpamerunmMoueBuHbl (TMMu) B Boge, stuinenmukone (Or) u popmamune (PA) B mMpoKoM Temrepa-
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 BBICOKOW OYHCTKH MCCIIEIOBAIN BIUSHUE JJIUTENBHOTO BO3JICHCTBHS TMIIOreoMar-
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 1 JuinHOM 50 M, CTEHKH M JHO KOTOPOU MOKPBITHI U3HYTPHU N30JIMPYIOLINM MarHUTHOE T110JIe TepMal-
noeM. B neHTpanbHbIX 0051acTAX KaMepbl FeOMarHuTHOE noJjie Obi1o moHmxkeHo B 40 pa3 (~1 MxTi). AHaJIOTHYHO OMBIT-
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 OJMH pa3 B HEJEN0 B OJHO U TO e Bpems. OqHOBpe-
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 HaOroAanock noswienue BennunH OBII u pH n cHwkeHne aMIUIMTYABI TOKOB B MPOOax BOABI B THIIOT€OMar-
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
3NEKTPONPOBOJHOCTD U BOCIPUUMUYHUBOCTE BOJIBI K BAPHALIMSM BHEIIHEH cpezpl. Fi3MeHeHHbIe CBOMCTBA BOJBI CIIOCO0-
HBI JUINTENBHO COXPaHITHCA B T€OMArHUTHOM roiie. [lonmydeHHble pe3ynbTaThl MO3BOJSIOT MPOTHO3UPOBATh PEAKIUH
KHUBBIX CHCTEM.
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WzBectHO [1], ruapaTHbIe CI0M aHTUQPU3HBIX OCIKOB MUMEIOT CTPYKTYPY I'€KCAarOHAJIBbHOTO JIbJA, YTO TO3BOJISET
MIPOBECTH 3UMHIOIO CIISTUKY 0€3 YKpBITHS 0T MOopo3a. OtMeTuM [2], uto B ciekTpax OH monocsl KOMOMHAIIMOHHOTO pac-
cesaust (KP) B kpucramiax OenKoB JIM30IMMa M TayMaTHHA JOMUHHUPYET XapakTepucTudeckas yacrora 3200 cm™' rek-
caroHasibHOrO JbAa [h Tem BbIle, YeM CoBepIICHHEE CTPYKTypa KpucTaiuia. Hanpotus, Bkiaja 3Toit komnoHenTa, 3200
cm!, B HM3K09acTOTHOM Kpbuie OH nonockl KP criekTpoB BOJHBIX pacTBOPOB MHOTOATOMHBIX CIIUPTOB [3] yMeHbIIACT-
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
ab1a 3200 cM! HU3KOYACTOTHOTO KpbLIa MPH YBEIMYCHHH KOHIICHTpalun HaHodacTull 1o 4x 10" cm. Tlpeanonoxenue
0 GOpPMUPOBAHNY JIHIOTIOJOOHOH CTPYKTYPHI B THAPATHOM 000JI0YKEe HAHOYACTHUI] TOATBEPKACHO PerucTpanueli HoBOH
CTOKCOBOM KOMIIOHEHTHI CIIEKTPA BBIHYXAEHHOTO paccestHuad MaHnaensiiTaMa-bpuiuitosHa B BOIHON CyClIeH3MH HAaHO-
gactun SiO, muamerpom 350 u 100 HM ¢ KOHLEHTpanue 3x10% 1 2x10" em3, cooTBETCTBEHHO, cO casuroM 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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Puc.1. (a) - capur nearpa OH momoce! OT KOHIIEHTpAIHH SiO2 B CTOPOHY KOMITOHEHTHI JIbJa U
(b) — cnexrp BPMBb ¢ nunmeit ~14.3 [Ty
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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 JIMana3zoHe (MakCUMyM B 3es1€HOM nuanasone). [lomydeHo 3-4 kpaTHOe MpeBBIIEHHE CKOPOCTH TEOpETHYE-
ckoro npenena ucnapenus: 1.45 kg{m*h) npu nocrostanoit Conana: q = 1 kW/m?. Apropsr ucrnons3oBanu 14 pasHbIx
METOZIOB NMPOBEPKHU SIBJICHUS U MOMYUYWIN NMOATBEpKAeHHE. HecMOTps Ha THIATENbHOCTh U3MEPEHNH, MEXaHU3M fBJIe-
HHUSL OCTAETCA MOKa HESACHBIM. ABTOPBI ONepupoBain ¢ MoHoMepamu H O 6e3 yuéra ux CMHOBBIX OTIMYHMH, a TAKKE
HOBBIX CBOWCTB MOBEPXHOCTH, KOTOPHIE MBI B3I 32 OCHOBY B HAlllEM MTOMCKE MEXaHM3Ma U3 MEPBBIX MPUHIUIIOB I10-
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) ¢ oTHoIeHneM opro/mapa=1:1 [2], uTo cooTBeTcTBYeT Temieparype ~30 K (T.e. imybokomy «Iepeoxax-
JICHUIO» ), TIOATOMY BOJIa CTPEMUTCS K paBHOBECHOMY OTHOMICHHIO (0/m=3:1) mpH M0ObIX BO3ACHCTBUIX HEE C 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 CHMHOBBIX M30MepoB H,O u ycnosus doTomorexy-
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 oTHOLIEHHEM 3:1; (2) - GoTOHBI (11MHa BOHBI 532 HM, ~18 797 cm) 0be-
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.

Januwie ucciedosanus npogoounucy npu noddepaicke epanma PH® 23-42-10019

Jluteparypa:

[11Y. Tu, J. Zhou, Sh. Lin, M. Alshrah, X. Zhao, and G. Chen, Plausible photomolecular effect leading to water evaporation exceeding the thermal
limit, PNAS, 120(45) ¢2312751120 (2023). doi.org/10.1073/pnas.2312751120

[2] Pershin S.M. and Bunkin A.F., “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).

[3] Xavier Michout Anne-Marie Vasserot, Luce Abouaf-Marguin, (2004) “Temperature and time effects on the rovibrational structure of
fundamentals of H20 trapped in solid argon: hindered rotation and RTC satellite,” Vibr. Spectros., 34, 83-93.Chen, G., Lv, G., Tu, Y., & Zhang, J.
"Discovery of the photomolecular effect in hydrogels” (2023).

[4] X.Wei, P.B. Miranda, and Y.R. Shen, Surface Vibrational Spectroscopic Study of Surface Melting of Ice, Phys. Rev. Lett., V. 86 (19), 1554-
1558 (2001)

[51 K.B. Jinesh et. al., Experimental Evidence for Ice Formation at Room Temperature, Phys. Rev. Lett., 101, 036101(4) (2008)

[6] H. Yui, H. Fujiwar, T. Sawad, Spectroscopic analysis of total-internal-reflection stimulated Raman scattering from the air/water interface under
the strong focusing condition, Chemical Physics Letters, 360, 53—58 (2002)

[7]1 E. V. Stepanov, V. K. Konyukhov, and S. M. Pershin, Laser Analysis of the Evaporation Dynamics of Water Spin Isomers, J. Phys. of Wave
Phenomena, 32(3), 81-88 (2024). DOI: 10.3103/S1541308X24700225

[8] A.b. 3enbaoBuy, A. JI. Byuauenxo, E. JI. ®pankeBud, MarHUTHO-CIIMHOBBIE Q) EKThI B XUMUH U MOJIEKYIsIpHO#T ¢usuke, YOH, 155(1), 3-45
(1988)

92



2024

YcTHbIN poknap,

OB BbEMHAA BA3KOCTb 1 OTPUUATEJIbHAA ANCITEPCUA
CKOPOCTUV BbICOKOYHACTOTHOI'O 3BYKA B
OKPECTHOCTW OCOBOW TOUYKW/ COCTOAHNA BOAHOIO
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" MockoBckui rocyqapCTBEHHbIN TEXHNYECKnN yHnBepentet uMm. H.9. baymaHa,
2-a9 baymaHckas yn., 5, 105005, Mocksa, Poccus
2 IHCTUTYT uHXXeHepHow ¢puaunkun, CamapkaHECKUA rocynapCTBEHHbIV YHUBEPCUTET
um. L. PawwvgoBa, YHuBepcutetckmii 6ynbBap, 15, 140104, CamapkaHg, Y36ekuctaH
e-mail: leonard.sabirov @ gmail.com

Bonuble pacTBOphI METHITIPOU3BOIHBIX MUPHUANHA (MUKOIMHOB) ¢ KoHueHTpanuen 0.06—-0.08 monbHoM nomm (M/])
IPU HOPMAJILHOM JIaBIEHHH BO3yXa M Temmeparype £,~70°C UMeoT MUHUMYM TEPMOJIMHAMMYECKOH yCTONIHBOCTH
(Tak Ha3pIBaeMyI0 0coOyI0 TOUKY Ha ()a30BOM IuarpaMme TeMIlepaTypa—KOHLIEHTpaNus) U TIO3TOMY YIOOHBI Ui U3Yy-
YCHUS CTPYKTYPHBIX MPEBPAILEHUH B OKPECTHOCTU 0CO00H TOUKU. [TpOayKTUBHBIM METOJOM U3YUCHHUS CTPYKTYpPHBIX
MPOILIECCOB B KHUIKOCTSX U pacTBOPax ABJSIETCS LIMPOKOIIOIOCHAS aKyCTHYECKast CIIEKTPOCKOIHSI, B YACTHOCTH JTUCTIEP-
CHUsl CKOPOCTH 3BYKa.

B nanno# paboTe 3KCIepUMEHTaIbHO UCCIIe0BaHa AUCIEPCHSI
V, we CKOPOCTH 3ByKa B pactBope 4-metwimnupuanHa (4MII) B Boge ¢
1600 kourentpanueit 0.06 M/ B anamnaszone yactot ot 15.4 MI'nt 10 6.1
['Tu. CxopocTh ynbTpa3ByKa H3MEPsIIach aKy CTOONITHYECKUM METO-
JIOM, OCHOBaHHBIM Ha SIBJICHUU TU(PPAKIHUH JIA3EPHOTO M3ITyUCHHUS
Ha YyNbTPa3BYKOBBIX BOJIHAX. [ 'MIEp3BYK M3ydaics 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 no 4.8 I'T'y HaGromaeTcst MONOKUTENNBHAS TUCTIEP-
cus (dV/df>0); 2) B y3kom auanaszone gactot ot 4.8 1o 6.1 I'T'1y Ha-
1450 - onronaercs orpuiarenbuas aucrepeus (dV/df<0); 3) B quanazone
. = ; . m . i TEMIepatyp ot flS 1o 70 °C 3BHCHMOCTh V(t) na gactore 2.6 I'T

HUMEET CIIOXKHBIM XapakTep W M0 3TOH MPUYMHE XapakTep TUCTIep-
CHH B 3TOM JIMara3oHe TeMIIepaTyp Aajiee He 00CyKaaeTcsl.

1550

1500

3aBHCHMOCTH CKOPOCTH 3ByKa V (M/C) OT J1ora- COBOKYIIHOCTh JKCIIEPUMEHTAJIBHBIX JAHHBIX IIPU 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. penakcarmoHHON Teopur. OKas3anock, 4TO MPOCTONW BapHaHT TEO-

PHH C OTHUM BPEMEHEM peJlaKcaluu T (penakcanus 00beMHOM BsI3-
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=10.8%10"" ¢, B unTepBane £>70 °C n=14 cIl u =4.14x10"" ¢ (cooTBer-
CTBYIOILIME PEJIaKCALlMOHHBIC KPUBBIC M SKCIIEPUMEHTAIbHbIC JaHHbIC MOKa3aHbl Ha pUCYHKe). Paznnune 3HadeHUi T
1 1 00yCIIOBJIEHO, OYEBUJIHO, PA3JIMYHOMN JIOKAJIBLHON CTPYKTYypO pacTBoOpa MpH TEMIEpaTypax Huke u Bbie /. 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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e-mail: stepanov @itep.ru

TpaaunmoHHas TOYKa 3pSHHS Ha IJIaBIICHUE COCTOUT B clieAytomieM. [1o Mmepe HarpeBaHust TBEpIOTO Telia B 00IacTh
TEMIIEPaTyp HUKE TOUKHU TUIABJICHHUSI, MOJICKYJIbI BCE OOJIbBIIE U OOJIBIIE YBETUYHNBAIOT aMILTUTYAY CBOUX KOJIEOaHH OT-
HOCHUTEIIFHO PaBHOBECHBIX MOJokeHUH. [locTymieHre Kaxk01 HOBOH TOPIMH TeIlIa MPUBOAKT K POCTY TEMIIEpaTyphI
tena. OJHaKO NpU MPHOIMKEHUN K TOUKE TUIABJICHUS TIPUTOK TeIlIa PACXOAYETCs yXKe B OOJBIICH CTEIIeH! He Ha yBe-
JIUYCHUE aMIUTUTY/IbI KOJICOAHUH MOJICKYII, a Ha pa3pbIBBI MEKMOJICKYIISIPHBIX CBsI3€H, HA HAKOIJICHHE B KPUCTAJLITHYC-
CKOU pelieTKe CTPYKTYPHBIX AS(PEKTOB PA3THYHBIX TUIIOB. UTOOBI 00€CIIeUnTh MOIBO/ TEIUIA, HA IIOBEPXHOCTH TBEPIOH
(ha3bl TOJHKEH CYIIECTBOBATh TPAUCHT TEMIIEpATypPhl, HHAUYE MPOIECCHl e(heKTo0Opa30BaHMs U TUIABJICHUS MTPOTEKATh
He OyayT. B ycnoBHsX TepMOIUHAMHUYECKOTO PAaBHOBECHS, HAIIPUMEP, TIPU MTOCTOSHHON TeMIlepaType, paBHOW TeMIie-
parype TUTaBICHHS, TBEp/as ¥ KUAKas Ga3bl OyyT COCYIIECTBOBATh CKOJIb YTOIHO JIOJTO MPH JIF0OOM UCXOAHOM COOT-
HOIIIEHUH 00BEMOB TBepoi (a3l U kuaKocTH. [1naBneHue — HepaBHOBECHBIH MpoIiece, YTOOBI €T0 3aIyCTUTh, HYKHO
CO3/IaTh TIEPErPeB MOBEPXHOCTh TBEPIOTO Tela (HarpeTh ¢ BBIIIe TeMIIEPaTyphl IJIABICHUS), TIPH 3TOM BO3ZHUKHET
TEIUIOBOM MOTOK, B IPUITOBEPXHOCTHOM CJIOE€ TBEpAOH (ha3bl HAYHETCS Tpoliece 1e(heKTo0O0pa3oBaHMsI, COMPOBOXK/IAI0-
IIWICS TOTIONIEHUEM CKPBITOW TETUTOTHI IIJTaBICHUS.

MeTon mo3uTPOHHON aHHUTHIISIITMOHHON CIIEKTPOCKOIIUH MO3BOJISICT O0OHAPYKUTHh HAKOTUIEHUE JIe(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
BoIe. [pu 0 °C criekTpbl H3MEPSUTHCh 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, JIeJl BOKPYT' UCTOYHHUKA €+ pacTasil, U IKCIIEPUMEHT 3aKOHUWICA. [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

MOBCPXHOCTH JIbJA.
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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 MetonoB UK-Dypre-ciekrpockoniu B nHppakpacHoMm auanazone (1000 - 5000 cm™) u cnekrpo-
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
JIEMIOHU30BaHHOM BOJIBI MOJIEKYJISIPHBIM BOJIOPOJIOM OCYILECTBIISITN € TOMOIIBIO BOJOPOJHOTO 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 MOCIIE TeHEepaIMy B 3aKPBITOH crucTeMe. MakcuMaibHble H3MEHEHHS B 3HAUYCHUHU 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 si7ep TakKe MOTYT Kak 0cia0deBaTh, TaK M yCHIMBaThes. B cpenneM ymenbienne ko3 duimenta npomycKkanust -
CTWJUIMPOBAHHOM BOJIbI, HACBIIIIEHHON MOJIEKYISIPHBIM BOIOPOJIOM, cocTaBiseT 15 %.

B nuanazone niun BosH 190...1100 HM UHTEHCUBHOCTH MOTIOMICHUS AUCTUUITMPOBAHHOM BOJIBI, coepKallel 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 nosepxuoctnoro Harspkenust (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 abcopOupoBaTh MOCTOPOHHKE YacTUIBl. Peopranusanus ceTKu BOIOPOAHBIX CBSA3EH 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

96



[0]
METOAbl UCCNEQOBAHMWSA BOAHbIX PACTBOPOB ‘ EZETbl)ipo

YcTHbIN poknap,

BAPVAUN OTPNUATEJIbHbLIX ASPOVOHOB
NP PACIIbIJTEHUW BOAHLIX PACTBOPOB

Boratblpes P.A.,* LUnpoHocoB B.I".2

" Wikona-rumHasns MBOY Ne83 r. VixeBsck, yn. Xonmoroposa, 22,
2 HayuHo-nccnegoBatenbckum LeHTp ‘IKAP?,
2426014, r. Vixesck, yn. Apxutektopa .. bepuia, 29,
e-mail: ikar@udm.ru
mob. +7(912) 003-71-71 (MTC, WhatsApp, Viber, Telegram)

WzBectHO [1], 9TO Bapmanus BIa)KHOCTH B TOA3EMHOU TaOOpaTopry KOPpEIUpyeT ¢ Bapualueld adpoOHMOHOB U JIU-
JIApHOTO CUTHaJla paccesHus Ha a’po3oiisix. bojiee Toro, HemaBHO [2] 0OHAPYKEHO CETEKTHBHOE 00OTaIleHUE BO3ILY-
Xa B MOA3EMHBIX MOJIOCTSX MOJOKHUTEILHBIMU a3poroHaMu. HampoTus, mpu 3eMIETpSICCHUSX 0OHapY)KeHa UHBEPCHS
3HaKa 1 oOoramieHue oTpuuareiabHbIMU 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 BOJHBIX PACTBOPOB HUCHOJB30BaNKCh pactBopsl NaHCO, (OB*-3) u 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 pacbuIeHHE BOJIBI M BOJHBIX PACTBOPOB MTPOBOIMIIN HA THIIOBBIX yB-
naxHUTEIX. Bentunsaropusiit ysinaxuurens Philips HU2510/10 u ynerpassykooii (¥Y3) ysnaxkuaurens Air Cooler Fan.

Wsmepenns xonunentpauuit (N sm.3ap./cM3) oTpULaTENbHBIX a9POMOHOB MPOBOJAMIIM C MOMOIIBIO CYETYMKA HOHOB
Candup-3M. B npouecce pacnblieHHs: HCXOAHBIX BOIHBIX pacTBOpoB (OB*) t~240 C. IlepBrie n8a-OB*-1,2 c mapame-
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- aspowmonsl (OH") He 3apeructpupoBanbl: N~ 0 (311.3ap./cM3) 1715 BCeX BOIHBIX pacTBopoB (t=240 °C) npu pac-
MBIJICHUU BEHTHISATOPHBIM yBiaxuutenem Philips HU2510/10;

2-  xounentpamws (OHY): N ~ 1.6:10° 115t Bcex BOTHBIX pacTBOPOB MpH pachbuicHun Y3 yBnaxkautenem Air Cooler
Fan npu t =24 °C;

3-  xonnenrpaiwst (OHY): N ~24.7-10% mis Bogroro pacrBopa OB-1 nocre snekrponusa, pH=6,35; OBI1=-320 mV,
MUHepanu3ausa=3 Mr/i; npu Y3 pacnsuienun npu t =24 °C;

4-  xounenrpanust (OH): N ~ 5.6:10° qust Boguoro pacteopa OB-3 nocine snekrponusa, pH=11,46; OBII= -797
mV, Munepanuzanusi=2890 mr/i; npu pacnbuieHnn Y3 npu t =24 °C;

5-  konmentpaiums (OH) N ~ 38.6-10° mns mepBbix ABYX BOAHBIX pacTBopoB (OB¥*-1,2) mocne snektponusa,
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 (DOHTAHE PACTIBUTUTENSI BOAHOTO PACTBOPA IOCIIE AIIEKTPOIM3a M TPH TOBBIIIE-
Huu Temrepatypsl t =70°C. Otcrona cieayert, uto Y3 BO3/A€HCTBHE HA BOAY ABJSIETCS ONPEACISIONM (PaKTOPOM TeHe-
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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ra3opasenuTe’bHbIe U YAbTpa(QuiIbTpaOHHbIE MEMOPaHBI, YIIAKOBOYHBIC MATEPHAIIBI).

[IpoBenenHbIe UCCIEIOBaHMS BA3KOCTHBIX XapaKTEPUCTUK BOAHBIX pacTBOPOB noiauBuHMIOBOTO criupta (I1BC) mo-
KazaJjd, 4To JaHHas CUCTeMa BBEIET ce0sl, KaK HeHBIOTOHOBCKAs KUAKOCTh. MccienoBanus NpoBeAeHbl Ha POTAIMOH-
HoM peomerpe Physica MSR 501 (Anton Paar) ¢ pabounmu y3namMu «KOHYC — IIIOCKOCTB)» U «IIOCKOCTh — IJIOCKOCTh
B IaIia30He MOCTOSHHBIX CKOPOCTel caBura ot ¥ = const B wmurepBaie 10°<y<103,C' aByx pexxMMax TCUCHHS:

1 — onHOHaIpaBIeHHas! MOCTOSTHHASI CKOPOCTh CIIBUTA OT Y = CONst;

2 - xose0aTebHBIH MepHoaMYeCcKHil IIPollece CBKTA =Y, Sinwt NPy 4acToTe m=const B uuTepsane 1010°<o<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
CYILLIECTBEHHOE PA3JINYKE 110 BA3KOCTHBIM XapaKTEPUCTUKAM BCEX HMCCIIEOBAHHBIX CHCTEM M UX M3MEHEHUs NpU U3Me-
HEHUH CKOPOCTH CIBUTa.

Hcnonp3oBanne MeToaa TMHAMUYECKOTO cBeTopaccesHus (Zetasizer Nano ZS), B untepBaie temmneparyp ot 10 °C
10 70 °C, 9To COOTBETCTBYET 00IAaCTH MeTa CTA0OMJIBLHOCTH Ha JUarpaMMe, COCTOSHUS TTOKa3ald, YTO B ATOM TeMile-
parypHoil obnmactu B BogHoM pactBope [IBC moryt mpucytcTBoBarh  cTpykTyphl [IBC, KOTOpBIE M3MEHSIIOT CBOM
pa3Mmep Ipu U3MEHEHUH TeMnepaTypbl. [lomyueHHbIe pe3ynbTaThl MOKAa3bIBAIOT OMPEAEIEHHYIO 3aBUCUMOCTD 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 TPEANOoNIOKUTh, YTO YBETHUEHUE pa3Mepa AUCTIEPCHBIX YacTUI] IIPU MOBBIIIEHUH TEMIIEPATYPHI CBA3aHO C Pa3-
BOpauMBaHueM KiTyOka makpomonekyn [IBC npu nepexone AuCHepcHO CHCTEMBI K TOMOTEHHOMY PacTBOPY.

[Tpu paccmoTpennn auddy3HoHHOTO ypaBHEHUS TIEpEeMELICHUS] THOKOH MaKpOMOJIEKYJIBl B PaCTBOPE MPOBOIMIOCH
MOCJIEZI0BAaTEILHOE BBEIEHNE CHUJI BHYTPEHHETO TPEHUs, KaK MPU PacTsKEHUH LIENTH MaKpOMOJIEKYJIbI, TaK U MPH BO3-
MOKHOW 3aTOPMOKEHHOCTH BpAIlIEHUS KayKI0N OT/IENBHOM e MaKpOMOJIEKYJIbI OTHOCUTEIBHO COCETHUX LIeTel. DT
MO3BOJISIET MPEANOJIOKNTh, YTO JJIS IUIOCKOM MHOTOCErMEHTHOM LENMU JOJKHA MPOSBIATHCS KBaJpaTU4HAs 3aBUCH-
MOCTbB CHJIBI COPOTHUBIIEHHSI TEUEHUIO KaK OT CKOPOCTH PACTSKEHUS IIETTH MaKPOMOJIEKYJIbI IO HAPABJIEHUIO TEUEHMUS,
TaK ¥ OT yIVIa OPMEHTALMU CETMEHTA 110 OTHOIIEHUIO K HAalpaBJIEHUIO TEUEHUS, YTO MOKET MIPUBECTH K aHOMAJIbHBIM
o0J1acTAM Ha TeMIIepaTypHOW 3aBUCHMOCTH Ka)KyIETOCs YBEIMYCHHUS pa3MEepPOB AUCIICPCHBIX YaCTHIL B PACTBOPE.
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Bona ¢ no6aBkamu yriiepoaHbIx HaHouacTUL ((yIUIepeHbl, HAaHOTPYOKH, rpad)eH) MOKET OBITh UCTIOIB30BaHO 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 Boxbl 1 Boab! ¢ 10OaBICHHEM YIIIEPOIHBIX HAHOTPYOOK TayHUT. M3Mme-
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.
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cTpouTeNbHbIH KypHaI, Nel, ¢.40-45 (2009).

[3] A. Jlerenxo, A. MBanos, M. Masypenko, B. Hukutun, 1O. Ilyxapenko, H. YapbikoB, Pu3uko-xuMu4ecKkue CBOICTBA BOAHBIX JUCIEPCUI
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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 CYUTAETCS CTPYKTYpPHBIE MPOLECcChl. MakcHMyM MHTEHCHBHOCTH B pa3bl MPEBBIIAET UHTEHCHUB-
HOCTB CBETOpacCesHUS n3-3a PIyKTyalnid KoHIeHTpauuH [1].

g ucecnenoBanys pa3MepoB, TMHAMUKU M TEMIIEPATypHOTO MOBEAECHUS 3TUX CTPYKTYp MUCIHOIB30BaH MHOTOYIJIO-
BBII aHanmu3arop pasmepoB yactul] Photocor Complex, paboraromuii Ha OCHOBE METO/Ia AMHAMHYECKOTO PACCESTHUS
cBeTa. TexHUUeCcKHe XapaKTEpUCTUKN U METOANKA U3MEPEHHUs OMHCaHO B [2].

B nccrenoBaHHBIX pacTBOpax 3aperucTpUPOBAHO HANMYHE CTPYKTYpPHBIX 00pa30BaHMi Ha JIBYX CYILECTBEHHO pas-
JUYAIOIINXCS TPOCTPAaHCTBEHHBIX MaciuTadax - 150-300 um u 1.5-2.5 HM, - KOTOpBIX OyAeM Ha3bIBaTh L-CTPYyKTypBhI
(large structures) n S-cTpyKTypsI (small structures), cOoTBeTCTBEHHO. B pactBope ¢ koHueHTparueit x=0.06 M.j1. cpen-
HUM pazmep L-ctpykTyp 155 HM 1 He 3aBUCHT OT Temmepatypbl. Pasmep S-cTpykTyp yBennuuBaetcs ot 1.7 10 2.4 HM
¢ poctoM Temrepatypsl oT 18 1o 55°C. B obnactu temmnepatyp 25<t<40 °C L-cTpyKTypbl B pacTBOpE HE PErUCTPUPY-
fotcsi. B pactBope ¢ konnentpanueit x=0.08 M.11. 3aperucTpUpOBaHbl TOIBKO S-CTPYKTYPBI CO CPEAHUM pazMepoMm 2
HM, TOCTOSIHHBIM B MCCIIEIOBAHHOM TEMIIEPAaTYpHOM HHTepBasie. B pacTBope ¢ koHuenTpanueil x=0.1 M.1. umerorcs
L-cTpykTypsl co cpenHuM pazmepoM 260 HM 1 S-CTPYKTYpbI co cpeqauM pazmepoM 1.9 am. O6a pazmepa cinabo 3aBUCSIT
OT TeMneparypsl. B pactBope ¢ koHueHtpanueit x=0.2 M.11. peructpupytorcsi L-cTpykrypsl co cpeanum pazmepom 240
HM, cJ1a00 3aBHUCAIIMM OT TEMIIEpaTyphl. B pacTBope 3aperucTpupoBanbl TAKKe U S-CTPYKTYPBI, HO TOJIBKO JIUIIb MIPH
temneparype 18°C (1.7 am).

BuiBoabl: Bricokasi MHHTEHCHBHOCTB CBETOPACCESIHHS B OKPECTHOCTH 0COOON TOUKH HAOIIOIAETCsl BCICACTBUE J0-
MOJTHUTENBHOTO (HapsiLy ¢ TepMOAWHAMUYECKMMHU (PIyKTyallMsIMU KOHIEHTPALMU) MEXaHU3Ma CBETOpAcCesHUS — Ha-
JMYUE ONTHYECKUX HEOAHOPOAHOCTEH, OTPaXKAIOIIMX 0COOCHHOCTH JIOKAIbHOM CTPYKTYpPHI pacTBopa (L-CTpyKTyphl 1
S-cTpykTypbl). OueBUIHO, YTO JAJIsl BEISICHEHHSI BECOBOTO BKJIaa OT KQK0TO THUIIA CTPYKTYpP B OOIIYyI0 HHTEHCUBHOCTh
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 MHTEpBaje THIEP3BYKOBBIX 4acTOT. OCHOBHOW BKJIQJ B SKCIEPUMEHTAIBHO HAOIIOAAEMYIO ITUCIIEPCUIO TH-
Mep3ByKa JaeT B3aUMOJIEHCTBHEM 3BYKOBBIX BOJIH C S-CTPYKTYpaMH B PacTBOPE.

Jluteparypa:

1. MLF. Vuks. Light scattering in gases, liquids, and solutions (Leningrad State Univ., 1977) (in Russian).
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HAHOCTPYKTYPHBIX SBICHHH B XHUAKOCTSIX METOIOM AWHAMHYECKOTO paccesHus cBeTa. “MHTerpamust oOpa3oBaHMs, HAyKH M IPOM3BOJCTBA”,
COOpHIK MaTeprualioB HayqIHO-IIpaKTHIecKoi KoH(pepentyn, Kapmm, 22-23 centsops 2020 . C.310-314.

3. M.A. Anisimov, Critical phenomena in liquids and liquid crystals (Gordon and Breach Science Publishers, Philadelphia, 1991).

4. Schnider G.M. Phase behavior and critical phenomena in fluid mixtures under pressure // Ber. Bunsenges. Phys.Chem. 1972 V. 76, Ne3/4. C103.
325-331

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 HAIMYHNE U IBUKCHNE HAHOOOBEKTOB B Hell. [Ipu 3ToM caMu 00BEKTHI HE BHIIHBI, HAOIrO/A-
€TCsI PAJIEEBCKOE PACCEsTHUE Ha OT/ICJIbHBIX HAaHOPa3MEepPHBIX 00beKTaX. J[aHHBIH SKCTIEPUMEHTAIBHBIH METO/I U3BECTCH
yxke naBHO. B 1925 romy 3a pa3paboTKy M MCCieoBaHus TaHHBIM MeToaoM Puxapyn 3urmonmu Obut ynocroern Hobe-
JICBCKOW MPEMHH 110 XUMHHU. XapaKTepHBIHA BH/I MOJISl 3pEHUS YIBTPAMHUKPOCKOIa mpeacTasieH 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, @ 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 ((PHUIBTPBI, 0OpaTHBIN ocMmoc) [2], Ha cofiep)KaHNe HAaHOPa3MEPHBIX MPUMecei. DKCIepu-
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:

[1] Onucanue metona yasrpamukpockornuu: [caitr]. URL: http://npcounter.ru/ (zata obparenus: 01.09.2024).

[2] K. Popov, Y. Vainer, G. Silaev, V. Kuryakov, M. Trukhina, E. Koltinova, V. Trokhin, M. Oshchepkov, M. Butakova, A. Oshchepkov, Potential
Nano/Microcenters of Crystal Nucleation in Reagent-Grade Purity Solvents and Their Differentiation by Fluorescent-Tagged Antiscalant. Crystals
2024, 14 (7), 650. https://doi.org/10.3390/cryst14070650.



2024

MocTepHbI goknap,

AHATNIS NMPUMEHVMOCTN METOOA NHTPOCKOIUA
PAONOBOJ/IHAMUW ONA NCCNIEAOBAHUA KOHUEHTPALUNA
BOAHbLIX PACTBOBPOB B EMKOCTAX KOHEYHOI'O
PASMEPA

OBuuMHHUKOB [.A.,*! KpacHbix C.10.,! bapaHoB C.A.,! Bap6uH H.M.,*23 KyaHblweB B.T.!

YpanbCKuii TEXHUHECKNA MHCTUTYT CBSI3U U MHOPMATUKK (Gpunnasn) Cnbupckoro rocyaapCTBeHHOro yHM-
BepcuteTa cBssn n nHpopmatuku (YpTUCU Cubl YTU), yn. PenivHa, 15, EkatepuHbypr, Poccus
2Ypanbckuii MHCTUTYT [ocyRapCTBEHHOW MPOTUBOINOXapPHOMN
cnyx6bl MYC Poceun (YpUITIC), yn. Mupa, 22, EkatepnHbypr, Poccus
3Yparnbckuni rocygapctTBeHHbIN arpapHbivi yunepeutet (OIF60Y BO Ypansckuii FTAY),
yn. Kapna JinbkHexta, 42 EkatepuHbypr, Poccus
e-mail: oda @urtisi.ru

[Ipu nccnenoBaHnn BOJHBIX PACTBOPOB B €MKOCTSX KOHEUHOIO pa3Mepa METOIOM WHTPOCKOMHHU AIIEKTPOMarHuT-
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 3akiouaeTcs B OONydYeHHH SYeHKU ¢ BOAHBIM PAcTBOPOM PaJMOBOIHAMH M JACTEKTHPOBAHMS 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 OBBILIEHUS TOYHOCTH MCCIEIOBAHMS H, 10 BO3MOKHOCTH, YMEHBIICHHUS BIMAHUS CIIy4alHbIX (akTOpoOB, 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
uccnenosanus. B padore paccmarpusancs auamnazon ot 100 MI'a go 4 I'T'm.

JList TOBBIIEHHSI YHUBEPCAIBHOCTH pacCMaTprBaeMOro METOJa U pacIIMpeHHs 00JacTH MPUMEHEHHUS BBITIOJIHEHA
OIIEHKa BJIMSHUS TOJIIMHBI CTEHOK EMKOCTH M €€ MonepedyHoro pasmepa [1-3]. Marepuan Juid 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¢ ¢unreHTs oTpaskenns coctasisiioT 0.938, 0.886, 0.877; na wacrore 2 I'T'1 K03 pUIIMEHTHI 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, npu KoHueHTpanuu coiau NaCl 1% yxe nauunas ¢ yactotsl 0.8 I'T' koaddu-
LUEHT OTPAXKEHUS JJI BCEX KOHTEHHEPOB ABIAETCS OMHAKOBBIM.

[omy4enHble pe3ynbTaThl ObUTH MOATBEPKICHBI HATYPHBIM 3KCIIEPUMEHTOM, HCIIONB30BAIMCH KOHTEHHEPHI ¢ TMole-
PEUHBIM pa3MepoM 5 cM u 25 cM, yacToTHast 00acTh uccienoBanus cocrasisuia ot 2.5 [Ty no 3 I'T'u. [Tomy4enHbIe KO-
3G PHUINEHTHI OTPaKCHMS YKIIABIBAIOTCS B MOTPELIHOCTD U3MEPEHHI, HE 3aBUCAT OT pa3Mepa U3MEPUTEIBHON STUCHKH
U TIOATBEPKJIAIOT pe3yabTaThl MAaTEMaTHYeCKOr0 MOJIEIMPOBAHNS.

Jluteparypa:

[1] M.U. ®unkensiureitn, B.JI. Menaenscon, B.A. Kyres, Pagnonokanus cioucTeix 3eMHBIX MOKpoBOB. (Mocksa: M3narensctBo «CoBeTckoe
pamuo», 1977) c. 9-46.

[2] J1.M. BpexoBckux, BomHBI B ctonCTHIX cpenax. (2-e n3a. Mocksa, Poccuiickas deneparus: Hayxka, 1973), c. 52-93.

[3] Pexomenmanust MCO-R P.527-4 Dnexrpudeckne XapaKTepUCTHKH PacIipoCTpaHeHHs paanoBoiH cepun P Ha moBepxHocTn 3emin. (06/2017).
[Onnaita]. Joctynro: https://www.itu.int/dms_pubrec/itu-r/rec/p/R-REC-P.527-4-201706-1!'PDF-E.pdf (nara obpamenust: 29 saBapst 2024 1)
[4] ¥O.B. Kopunxuii, B.B. ITaceiakoB, 5.M. TapeeB. CripaBo4HHK 110 3I€KTPOTEXHIUECKAM MaTepHataM B Tpex ToMax. TpeTse, nepepaboTaHHOe
n3nanne ToM 1. (MockBa DHepeoatomusiar 1986).
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N3BecTHO, YTO CTPYKTYpHBIE U, COOTBETCTBEHHO, CIIEKTPAJIbHBIE CBOWCTBA MOPOIIKOB JIAKTO3bI MOHOTHApATa, Ha-
CBIIICHHBIX PACTBOPAMHU BEIIECTB, MPUTOTOBJICHHBIX MOCIEI0BATEIbHBIM Pa3BeCHUEM, COMPOBOKAABLIMNMCS BUOpa-
LUOHHBIM BO3/ICHCTBHEM, OTIHYAIOTCS OT COOTBETCTBYIOIINX CBOMCTB KOHTPOJIEH (T.€. OT MHTAKTHOTO MOPOIIKA JIaK-
TO3BI M OT MOPOIIKA JIAKTO3bI MOHOTHpATa, HACBILIEHHOTO pacTBopuTeneM) [1-3]. DTo 00ycioBiIeHO pa3iInuusiMH B
(U3UKO-XMMHUYECKHX CBOWCTBAX PACTBOPOB, MCIONB3YEMBIX Ul HACBIIICHHUS MOPOIIKOB JIAKTO3bI MOHOTHApaTa. [lpu
3TOM, CTPYKTYPHO-JHHAMHYECKUE CBOMCTBA BOJBI B COCTABE PACTBOPOB TAKUX 0OPA3IIOB JIAKTO3bI MOHOTHIPATA TAKXKe
pasnuyatores [3].

HenaBHo Obia onmyOaMKOBaHa CTaThsl, OMUCHIBAIOIIAS BO3MOKHOCTD MOJTYYEHHUST 00pa3lioB ¢ N3MEHEHHBIMU (U3H-
KO-XUMHUUYECKUMH CBOMCTBaMH B pe3ylbTaTe BUOPAIIMOHHOW 00pabOTKH BOABI WIIM JIAKTO3bl MOHOTHpPAaTa COBMECTHO
C IpyTUM BEIIECTBOM, HO HaXOASIINMCS B OTAeIbHOM (prakone [4]. B HacTosmeit paboTe onmcaHbl pe3ynbTaThl Hccie-
JIOBaHUS DJIEKTPOXUMHUUYECKHX CBONCTB PACTBOPOB JAKTO3bl MOHOTHMJIPATA, HACBIIEHHON pacTBOpaMH, MOITYYEHHBIMU
M0 TaKOW TEXHOJOTHHU (4 pa3lNMYHBIX TECTHPYEMbIX 00pasia), WM KOHTPOJBHBIX 00pa3loB (JIaKTO3a, HACHIILICHHAS
pacTBOpPHUTENIEM, a TAKXKE JIAKTO3a WHTAaKTHAas ). JJIs1 IPUTrOTOBIEHUS paCTBOPOB 00Pa3Ibl JAKTO3bl PACTBOPSUIUCH B Jie-
MOHM30BaHHOW Bosie B KoHIeHTpanuu 0,2%. M3mepeHus npoBOJWINCE B IEHb MPUTOTOBJIEHHS pacTBopa. M3 kaxmoro
MOPOIIKA TOTOBHJIM 10 6 PacTBOPOB IJIsi TECTUPOBAaHUS ynenbHoU snekrpornpoBognoctu (YOII), pH u oxucnuresns-
HO-BoccTaHoBUTENbHOTO NoTeHuuana (OBIT). B xone skcriepiMeHTOB ObIIH BBISIBIICHBI CTATUCTUYECKH 3HAYMMBIC Pa3-
JIUYHS U3MEPSIEMBIX MTapaMeTPOB.

[Tokazanu, 4TO HNEKTPOXUMHUYECKUE CBOHCTBA PACTBOPOB YETHIPEX TECTUPYEMbIX 00pa3IIOB Pa3IHYAIOTCS: Pa3InIus
o 3HadeHuto YOIl nocruraror 22% u paznuuus o 3HadeHuto OBII nocturatot 53 MB, paznuuue 3nauenus pH noctu-
raet 0,15 ex. (Bo Becex ciyuasx p<0,05). Kpome Toro, CBOHCTBa pacTBOPOB YETHIPEX TECTUPYEMBIX 00Pa31I0B OTINYAIOT-
Csl OT JIAKTO3bl, HachleHHOU pacTBopuTenem: no OBII — no 40 mB, o pH — 10 0,15 ex. (Bo Bcex ciyuasx p<0,05). [To
CPaBHEHHIO C JIAKTO30M WHTAKTHOW CBOWCTBA PaCTBOPOB YETHIPEX TECTUPYEMBIX 00pa3uoB oTnuyatorcs: mo ¥YIII — no
35%, mo OBII — go 55 mB, mo pH — 10 0,3 exn. (Bo Becex ciayuasx p<0,05).

Takum o6pa3om, OBIIIO MOKa3aHO, YTO 0OPA3ILbl JIAKTO3bI MOHOTH/IPATa, HACBHIIICHHBIC PACTBOPAMH, TOIyUYECHHBIMU
B pe3yJbTare BUOpannoHHOW 00paboTKH (OnMcaHHOM B [4]), O CBOUM (HU3MKO-XMMUYECKUM CBOHCTBAM Pa3IHYaroTCs
MEXIy COO0H 1 OTIMYAIOTCS OT KOHTPOJICH.

Jluteparypa:
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Hacrosimiass paboTa mocBsiieHa BOIIPOCY MCCISIOBAHMS BIUSHUS HU3KOYACTOTHOTO BHOPOAKYCTHUYECKOTO Mayiod-
HEPreTHYECKOTO BO3ICHCTBHS B Tuara3one yacToT ot 7 1o 100 ' Ha pasnuvHble (PU3UKO-XMMHUYECKHE TPOIIECCHI, TIPO-
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 TEXHOIOTHH. Tak, U3BECTHBI PE3yJIbTaThl, CBSI3aH-
HbIC C U3YYCHHUEM COHOXMMHUYECKUX pEaKIMil B BOAHOU cpeae (Hampumep, CUHTE3 MEPOKCUAA BOAOPOJA, OKHCICHUE
nonoB xene3a (II) u T.a.) [1-3]. OTaenpHO CTOUT OTMETHTD, YTO PACCMATPUBAEMBIC COHOXHUMUYESCKUE TIPOIIECCHI HETIO-
CPEIICTBEHHO CBSI3aHbl C HEOMHOPOAHOCTBIO BOJIBI KAK PEaKIIMOHHON Cpellbl, a TAKKE HATHMUUEM CBEPXHU3KOH 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
MPOIECCOB, MPOTEKAIONUX B HU3KOUACTOTHBIX BUOPOAKYCTHUECKHX IMOJISIX. B 4acTHOCTH, SKCIIEpUMEHTAIIEHO YCTaHOB-
JieH U 00BsICHEH 3P(PEKT «HHU3KOYaCTOTHOTO TOPMOKEHHUS OKHCIUTEILHO-BOCCTAHOBUTEIIBHBIX POIIECCOB 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 KUJIKOCTH, U JIOKa3aHa TPaKTHYEeCKasi BO3MOXKHOCTh HU3KOYaCTOTHOTO BHOPOAKYCTUYECKOTO YIPABICHHUS JIOKAJIb-
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].

OKCIEPUMEHTAIBHO JOKA3aHO BIMUSHUE HU3KOUACTOTHBIX BO3ICUCTBUM HA COCTOSTHUE CYNPaMOJICKYISIPHBIX COCoU-
HEeHMIT MeIUIMHCKHX npenaparos Momuson i Moke. Ha 0CHOBAaHMH MONYYEHHBIX PE3y/IbTaToB BBIACHEHO, YTO aKyCTH-
YEeCKOE T0JIe TPUBOUT K M3MEHEHUIO OMOXUMUYECKON aKTHBHOCTH TMpenaparoB [9]. B cBsi3u ¢ 3TUM, MPOBOIUIHCH UC-
CJIETOBaHUS 110 U3YyUCHUIO HU3KOUYACTOTHOTO BO3ICUCTBUS HA BCXOKECTh CEMSIH: YCTAHOBJICHO YCKOPEHUE IPOPaCTaHUs
00pas3IoB, IPU ATOM 3aBUCUMOCTh OT BPEMEHH BO3JICHCTBHS HOCUT HEJIMHEHHBINA XapaKkTep.

Jluteparypa:

[1] Maprymuc M.A. OcHoBBI 3ByKOxuMHH. MockBa, Bricmmas mkomna, 1984, 272 c.

[2] Gudkov S.V., Baimler I.V., Lyakhov G.A., et al. Effect of mechanical shaking on the physicochemical properties of aqueous solutions. Int. J.
of Molecular Sciences, 2020, vol. 21, no. 21, pp. 1-13.

[3] Oxucnenne xene3a(ll) B moe HU3KOUACTOTHBIX BHOpoakycTnueknx Bo3naericTuii / A. C. CaBuna, E. 1. Tlentioxun, H. A. Boraros [u np.] //
VYenexn B xuMun 1 XuMudeckoi rexuonorun. — 2022, — T. 36, Ne 13(262). — C. 144-146.

[4] Byrkun, H. ®@. baGcToHHas cTpykTypa BOABI M BOAHBIX PaCTBOPOB AIEKTPOIHUTOB. Ycrexu ¢usmdecknx Hayk. 2016, T. 186, Ne 9, C. 933-952.

[5] Maprymuc U. M., Ionosunkuu B.H., flumu A.M. CoBpeMeHHbIE MOIXOABI K ONHMCAHMIO JUHAMHUKH KABUTAI[MOHHBIX ITy3BIPBKOB M
KaBUTAIMOHHOTO obiaka. Mopckue HHTeuIeKTyanbHble Texaororun. 2023, Ne 2-1(60), C. 320-326.

[6] OcobeHHOCTH OKHUCITUTENBHO-BOCCTAHOBUTEIBEHOTO TIpOIlecca B IMoJie Hu3KodacToTHOro Bo3neiicteust / I. H. danees, B. C. Bongsipes, H. A.
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 EcrectBennsie 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
1p.] // HeobpaTtnmele porieccs B mpupose U TexHuke : Tpynsl JIBenanaroit Beepocceniickoit kondepennun. B 2-x Tomax, Mocksa, 31 sHBaps —
03 2023 roma. — MockBa: MocKoBcKnil rocynapCTBeHHBIH TeXHIHUEeCKHiT yHUBepcuTeT nMeHn H.D. baymana (HannoHaIbHBIN HCCITeI0BATEIBCKHI
yauBepcutert), 2023, C. 38-41.
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JBr>KeHue 1000H MOJIEKYIIbI MOKHO ITPEJCTaBUTh B BUJIE CYMMBI IBYX (JOpPMalIbHO HE3aBUCHMBIX ABMKCHUH — nepe-
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. OpUEHTALUI0 MOJIEKYJIbI, B KOTOPOH €€ cOOCTBEHHBIC OCH KOOPAMHAT COBMAAAIOT C OCSIMU KOOPAMHAT MO-
JIeTM B LIEJIOM, Ha30BEM Oa3060u. JIrobas qpyrasi opueHTalMsl ONUCHIBACTCS apaMeTpaMu BPAILCHHs, IEPEBOISILIETO
MOJIEKYTy U3 0a30BOIl OpMEHTAIIMH B TEKYILYIO0. JTH MapaMeTphl BpaIIeHUsI MbI OyeM HCIIOJIb30BaTh B Ka4€CTBE KOOP-
JMHAT MPOCTpPaHCTBa OpueHTali. ba3zoBas KoHUTypaLus, onuchIBaeMasi mapaMeTpaMy HYJIEBOTO BPALICHUSI, CITYKHUT
JUISL 3TOTO MPOCTPAHCTBA HayaJloM KoopauHat. Haubosee ynoOHO 0ka3anoch OMKCHIBATH BPAIICHUS C MIOMOILBIO 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
OTMCAHUS BpAIIEHHs MPHU MOMOIIM KBaT€pHHOHA 3aKJIOYAETCs B TOM, YTO TPU MHHUMBIE KOMIIOHEHTHI KBaT€pHHOHA
OTMCBIBAIOT OCh BPALICHUS, a IeHCTBUTENbHAS KOMIIOHEHTA paBHa cos(¢/2), TAe ¢ — yroi BpaleHus. Takum o0pazom,
MOAOOHO TOMY, KaK MOJIOKEHUE U TIEpEMEIICHIE MOJIEKY B IPOCTPAHCTBE OMUCHIBACTCS PAINyC-BEKTOPOM H BEKTOPOM
MepeMelIeHNs, OPUEHTALUS MOJIEKYJIbI 1 €€ BpallleHHe B TPOCTPAHCTBE OPUEHTAINI ONMHUCHIBAETCA KBATEPHUOHOM OpH-
EHTallUM U KBaTEPHHOHOM BpallleHUsI.

C HOMOIIIBIO TAKOTO METO/IA HAMH OBUTH M3y4YEeHBI KOPPEJSLUH MOCTYNaTEeIbHOTO U BPAIATeIbHOTO ABMYKEHHH MoJie-
Ky Bozibl [2]. OmpezeneHs! yIiIoBble CKOPOCTH 3TUX MOJIEKYII, PACCUMTAHbI X aBTOKOPpESIIMOHHbIe GyHKINH. CIIeKTpBI
atux (yHkumii Ha naTepBaie ot 200 10 1000 cM!' XOpoIIo BOCIPOU3BOST COOTBETCTBYIOLINE YYACTKU AKCIIEPUMEHTAIb-
Hbix KP-cniekrpoB Bozp! [4]. McnonszoBanue Gopmyasl [ puna-Ky6o mo3sonuio paccuurars K03)(HUIMEHTH! Bparareib-
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 TpenoIaraeTcs, YTo €CIM MOJIEKyJla pAaCTBOPEHHOTO B BOJIC ra3a UMeeT HeOOoJbIINe pa3Mephl, TO 00pasy-
IOIIAsiCsl BOKPYT Hee THpaTHast 000J104Ka MpUHUMAaET (GopMy, OIHM3KYIO K Jozekasnpy 5'? mim nonmaapy 5'26%. Kiarpar-
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 pacTBOPEHHOTO B BOZE T'a3a HE JOCTATOYHO, YTOOBI PH yCIOBUSAX (TeMIieparype U AaBJICHUU) 00pa3o-
BaHMs ra30BOT0 THpaTa €ro KpUCTaIUIM3alusl HaYMHAIACh BHYTPU BOAHOTO oObeMa. [103ToMy, Kak MOKa3bIBaeT OIIBIT,
oOpa3oBaHre Ta30BOr0 THApaTa HAYMHAETCS HAa TPaHULE Ta3 — KuaKas BogHas (aza. B wactHocTH, Ha rpaHUIle BOIO-
pon—Boza obpasyrorcs ruaparel KC2 (nmpu nasnenunsx no 400 MIla), Henasro oTkpeIThiii C| ¢ FeKCaroHaabHOM CTPYyK-
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 CTAOMIIM3ALUS TOJACKAIPUIECKPH MOJIOCTH, TO KPUCTAIIIN3A-
LUsT KJIaTpaTHOTO THAPATa U HAYMHAETCs ¢ 00pa30BaHMs Ha TPaHUIIC pa3zelia ra3 — BogHas (paza Takoi MOJIOCTH U Tocie-
JYIOILETO MIPUCTPauBaHMs K Hel MoJoOHBIX nostocTei. [Ipn 3ToM Ha TpaHuLe pa3aena U3 CMEeXHBIX JOJIeKayIpoB 00pasy-
10TCS (PparMeHTBI TeKCaroHAIBHOM TIIOCKOH CTPYKTYPBI, COAEpIKaIllel BaKaHCHU. DTH BaKaHCHU TOCTPAaUBAIOTCS AajblIe
110 onocteit 5'%6%, 51263 win 5'26* B 3aBUCKHMOCTH OT TOTO, KAKUE W3 HUX MOT'YT OBITh CTaOMIM3HPOBAHBI MOJICKYJIaMH T'a3a,
1 IPOUCXOJIUT POCT KPUCTAJIIOB I'a30BOT0 TMIpaTa.

B pabore nmokazaHo, 4ToO MpH TAKOM MEXaHU3ME KpPUCTAIUTN3AIMU KJIaTPAaTHOTO THApaTa ¢ FTeOMETPHUYECKON TOUKH 3pe-
HUSI BO3MOXKHO 00pa30BaHUE U3 CMEKHBIX JOIEKadIpOB M HEKPUCTAIUIMIECKOH CTPYKTYpH!I B Buae cripanu 30/11, cocro-
sei u3 Tpex crmpaineit 101. Takast cTpykTypa sIBIsieTcst TMHEHHOH MOACTPYKTypoid onurona (5, 3, 3). B npoctpancTse
E, ee monekasiphl cieTka HCKaKEHbI (BHELIHUE peOpa CTPYKTYPhI JUIMHHEE BHYTPEHHHUX MEHBIIE, YeM 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
TNceBIoNeproa (Ha OJUH T0JEKadIp), TO MOJIOCTH HOITHOCTHIO HCUE3aI0T U MOTyvaeTcsl pparMeHT CTPYKTYPBI KpHCTa-
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 uccneoBaHNN KOMITJICKCOB TIEKTHHA METOaMHu KoMOuHannonHoro paccestaus ceta (KP) u MK-crnektpocko-
muu (cM. Harpumep [ 1, 2] U npUBeIEHHYIO TaM JTIUTEPATypy) MPAKTHUECKU BCE UCCIICTOBAHUS BBIMOIHSIIOTCS HA MOPOIII-
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%
THJIpOTeNieit IUTPYCOBOTO MEKTHHA, BhIICPKAaHHBIX B TeueHue 2 Henenb (Wet) mpu 40C, u 00pasiioB TOTO e refisi, 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).

b | 1——Pec - Quarz, dry
1——Pec-Wat
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
2 2
g 20000 M
2
=
10000 1740 .
\_hd—w \
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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 JIHHH (425, 589, 1262 cM-1) npomnagaT Win CHIBHO 0CIa0IsSIOTCs B THaporese, a TuHun 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 TaKXKC IMOABJICHUEC JIIOMUHCCUCHINU B T'U-
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/polym 16020287
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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
WHTEHCUBHBIX KOPOTKONEPHOAHBIX BHYTpeHHUX BosiH (KBB). Pesynbrars! criekTpaibHOR 00paOdoTKH MOTyUeHHbIX JJaH-
HBIX MOKa3aHbl Ha pHC. 1, IIe OHM CPABHUBAIOTCS C KJIACCHYECKUMU CIEKTPOM BEPTHKAJIBHBIX CMEIIEHNUH KUAKOCTH,
npeqnoxkeHHbIM K. 'apperrom 1 B. Mankow [1]. Kak BugHO Ha pucyHke, aMmntyaa 3apeructpupoBanasix 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 paGore Takke mpejcTaBlieHbl YUCIICHHBIC OIICHKH BO3MOXHOTO BiusiHus ogo0Hbix KBB Ha qankHee pacrnpoctpa-
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
napaboJMUecKoro ypaBHeHus, oka3anu, yto KBB, Bo3myaronime BepTHKaIbHbINA MPO(UIL CKOPOCTH 3BYyKa, 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:

[1] Garrett C.J.R., Munk W.H., Space-time scales of internal waves: a progress report, J. Geophys. Res., vol. 80., pp. 291-297, (1975).

[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
TEPMOJMHAMHUYECKUX, THMHAMHUUECKUX M CTPYKTYPHBIX CBOWCTBax. Boga HeoOXomuma JIjisl )KU3HU U, CIICAOBATEIHLHO, 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 TMEPEeX0/ia KHUIKOCTh-KHIKOCTh, KOTOPAs UCIOJIB3YeTCs JIJIsl OOBSICHEHUS] HaOIFOIaeMOro aHOMAaThb-
Horo nioBezieHus [1]. BombIoit mHTEpEC NMpeICTaBIsSeT H3yUYeHHE ITOBECHHUS BOJIb B KOH(DaHHMEHTe (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.

Teopernueckoe onmrcaHue BOJbI UCIIOIB3YET PA3IMYHbBIE TIOAXObBI, BKIFOUAIOIINE TIEPBONPUHIIMITHOE MOACIUPOBa-
HUE C UCTIOIH30BaHNEM MAITUHHOTO 00yUYEHUS, METOIBI MOJICKYJISIPHOM TMHAMKKH C UCTIOJIB30BaHUEM IOy (DEHOMEHO-
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, ONMHUCHIBAEMOMN TOAOOHBIMHU TIOTCHIIH-
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 PACCMaTPHUBAThC KaK COCTOSINAS M3 CMECH JIByX THIIOB YaCTHII, COOTBETCTBYIOIINX 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
THUTIA CTEKJIA C TIEPEXOAOM MEXKIY dTHMH CTEKIaMH. JTOT Tepexo] ObLT paCCMOTPEH B JIAHHOM JIOKJIa/Ie B paMKax MpH-
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:

[1] Paola Gallo et al, Water: A Tale of Two Liquids, Chem. Rev. 116, 7463—7500 (2016).

[2] Yu. D. Fomin, N. V. Gribova, V. N. Ryzhov, S. M. Stishov, and Daan Frenkel, Quasibinary amorphous phase in a three-dimensional system of
particles with repulsive-shoulder interactions, J. Chem. Phys. 129, 064512 (2008).

[3] R. E. Ryltsev, N. M. Chtchelkatchev, and V. N. Ryzhov, Superfragile glassy dynamics of one component system with isotropic potential:
competition of diffusion and frustration, Phys. Rev. Lett. 110, 025701 (2013).

[4] B. H. Pepxos, E. E. Tapeesa, 1O. /1. ®omun, E. H. [Tiiok, CrioxxHble ha30BbIe JHAarpaMMbI CHCTEM C H30TPOITHBIMHI ITOTEHIIMAIAMU: PE3yIIbTaThl
KoMIbIoTepHOTO Moaenuposanus, YOH 190, Ne5, 449-473 (2020).

[5] B. H. Porxos, E. E. Tapeesa, 0. /1. ®omun, OcoOeHHOCTS THIA "TACTOYKHH XBOCT" ¥ MEPEXOH CTEKJIO-CTEKIIO B CHCTEME KOJUIANICHPYIOMINX
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
KOHIICHTPAIIUU KOMITIOHEHT [2,3]. B To e BpeMst BOIHO-CITUPTOBBIE CMECH, HA000POT, IEMOHCTPUPYIOT MAKCUMYM CKO-
poCTH 3ByKa B 3aBUCHUMOCTH OT KOHIeHTpauu [1]. IIpu 3TOM 10 cuX MOp HET yIOBIETBOPUTEIBHOTO OOBSICHEHUSI 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
nuHnn OpeHkens npu go0aBieHUH OoJiee Jerkoro koMrnoHeHnrta [3]. B To e BpeMs B BOJHO-CIIMPTOBBIX CMECSAX MakK-
CUMYM CKOPOCTH 3ByKa OOBSICHSCTCS 00JIee CHIIbHBIM B3aUMOJICHCTBHEM MOJICKYII B CMECH, UEM B YHCTOW CUCTEME, UTO
COIJIaCyeTcsl C BHICKa3aHHBIMU paHee noraakamu [1].

Jlureparypa:

[1] N.T. Muxaiinos, B.A. Conosses, FO.I1. Ceiprukos, OcHOBEI MoneKyisipHO# akyctiku (Hayka), riasa 4 (1964)
[2] Y.L. Kachanov, B.E. Kanischev, L.L. Pitaevskaya, J. of Engineerin Physics 44,1-4 (1983)

[3] Yu. D. Fomin, E.N. Tsiok, V.N. Ryzhov, V.V. Brazhkin,, arXiv:2405.01891 (2024)
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W3BecTHO, 4TO MATHUTHBIC U AIEKTPUUIECKHE KOHNYECKU-BPAIIAIONIMECS MO CIIOCOOHBI MHAYIUPOBATh CIOKHBIC
MHOTOMacIITaOHbIe B3aUMOJICHCTBHS B ABYMEPHBIX (2d) Koymouansix cuctemax [ 1]. beuto mokazano, yTo oguH U3 na-
paMeTpoB MMOTEHIIHANA - YTOJI MPELECCHH OIS - KapJHUHAIBHBIM 00pa3oM BIHMSACT Ha XapaKTep B3aUMOJICHCTBHUS YacTHIL
1 Ha (a3zoBylo quarpammy. Tak, Ipy MaJIbIX yIilaX CHCTEMa BeJeT ceOsl OA00HO 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
KPUBH3HOMH ¢ 1ByMst MaciuTabamu JuinH. B sxcniepumenTtax amst co3nanus 2d KOJUIOMIHON 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 MUHHHHTA, TO €CTh, SIBJIATHCSA TOUYKAMH, K KOTOPBIM CHJIBHO TPUTSATUBAIOTCS KOJIJIOW-
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 miaBieHust u3BecTHBI Tpu cueHapust [3]: (i) Teopust bepesunckoro-Kocrepimua-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 pe3yabTare TUCCOIMALMH AUCKIMHAIIMOHHHBIX KBaApymnoiel; (iil) ciieHapuil riaBieHus, Ipenio-
xeHnHbld bepnapaom u Kpaycom (BK): mepexon TBepmoe Temno - rexcarnueckas ¢asa MPOUCXOAUT IMOCPEACTBOM 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 Oecropsiika, BBI3BAHHOTO 3aKPEIUICHUEM B PETYIIAPHBIX y3hax 2d pemeTky, TBepaas ¢asa cra-
OMnM3HpyeTCs, TOra KaK 3aKpEeTICHHE B CTyYalHBIX MECTax (MEXA0Y3/IUAX) AeCTa0OMIU3UPYyeT KprcTall. B aTom ciry-
Yae TPaHCISIIMOHHBIN MOPSI0K pa3pymaeTcs, YT0 IPUBOAUT K PACIIMPEHUIO 00JIACTH CYIIECTBOBAHHS OPUEHTALMOHHO
YIOPSA0YEHHOM )KUAKOCTH (TeKcaTnueckoi (ha3bl) 1 BO3SMOKHOCTH MCCIIEJOBAaHHS ee CBOMCTB. Takast MozieIb MMHHUHTA
MOJKET IPUBECTH K CMEHE CLIEHAPHs TUIaBIEHHS OT MepeEX0a MEPBOTO PO/Ia U30TPOITHAS KUAKOCTh - KPUCTAILI 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
crynensku 1.35; MogenpHas cuctema ¢ 1e(OpMUPYEMBIM TOTEHIIMATIOM, IPUMEHSIEMbIM JIJIsl OTTUCAHUS TOBEACHUS KOJI-
JouA0B — oTeHuanom l'epua ¢ a=5/2; cucrema ¢ morennuanom Jlennapa-/>xoHca.

Jluteparypa:
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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,
HCCIIeIOBaHUE CTPYKTYPBI BOAHOTO PACTBOPA AMOKCAHA MPENCTABISIET OONBIION HAayUYHBIH MHTEPEC KaK ¢ AKCIIEPUMEH-
TaJIbHON, TaK U C TEOPETHUUECKOW TOUKH 3peHHs. MeTo/l MONEKyIsIpHON TUHAMHUKH TO3BOJIIET MCCIIEI0BATh XapaKTe-
PHCTHKH pacTBOpa, HEAOCTYITHbIE SKCIIEPUMEHTAILHBIM TEXHUKAM, a TAKKe CII0COOEH MPOBEPUTH COOTBETCTBHE CYIIIE-
CTBYIOIINX CHJIOBBIX IOJIEH 3KCIIEPUMEHTAIBHBIM pe3ybTaTaM.

B macrosimeit pabote [ 1] mpoBoAUTCS CpaBHUTEIBHBIN aHAIN3 CETEH BOJOPOIHBIX 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€H Ha aToM KHCJIOPOAA M YAEIBbHOE YMCIIO BOJAOPOAHBIX CBA3EH BOMA-BOJAa M JIMOKCAH-BOJA, MOJIY-
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 YMCENl BOJOPOJHBIX CBSI3€H BOAA-BO/Ia M AMOKCAH-BO/IA. 3aHNKEHHBIE 3HAYEHHs YUCIIA CBS-
3eit Boma-Boza B Mogenn OPLS-AA/CMI1A comtacyioTcst ¢ 3aHMKEHHUEM DHTAIBINHU pacTBopeHus [6]. Oba cuitoBbIX
MOJIS1 aZIEKBATHO BOCHPOM3BOJAT IKCIIEPUMEHT [5] MO HUKHEMY MOPOTY MEPKOJISIIIMY CETH BOJOPOJIHBIX CBsizel. B oT-
muare oT OPLS-AA/CMI1A, Hauano nepkonsiuy B Mojienii CMUTa 04eHB OJM3KO K SKCIIEPUMEHTAIBHOMY BEpXHEMY
nopory nepkosissuuu. [Ipy HU3KMX KOHIEHTPAUsIX JUOKCAaHa B pacTBOPE MPHUCYTCTBYIOT KJIaCTephl U3 2-3 MOJIEKY -
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
Hacmaenenus.
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PaccmarpuBaroTcst BEpCHU UCIIONB30BaHUSI AlIIPOKCUMAIIMN pauaibHOM (OMHAPHOIT) KOppenanoHHON (DYHKIIUHN Ha
OCHOBE HaDOPOB: HELIEHTPAJILHBIX XU-KBaJPaT PACIPEICICHUI C ABYMS CTEIICHIMHU ¢BOOObI [1-5]; dyHkumii Dpmuta
[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 MOCPECTBOM BAPUAIIMOHHOTO MPUHIUIA (GYHKI[OHAJIA CBO-
OOIIHOM PHEPTHH 10 pagralibHON (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 (OMHAPHOHW M pajMaIbHOMN), ToNydeHHbIX B “runepienHoM” (HNC) npubiamKkeHnu Ipu SKCTpeMalIbHBIX 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 MOJTydeHa OleHOY-
HBIM TPSIMBIM BapHallMOHHBIM METOOM (yHKIHOHaNIa cBOOOAHOM sHepruu B «runepuenHoin» (HNC) anmpoxcumanyn
[1, 4, 5] c noay4YeHHOU U3 SKCIEPUMEHTOB IO MOJIEKYIISIPHON TUHAMHUKE [6].

No | TIpsiMo#i BapHallMOHHBII METOJ, UCIIOJIB3YIO- | Pe3ynbrarel MeTO1a MOJIEKYJIIPHOM IMHA-
LU NPEUIOKEHHBIE alllPOKCUMALUU pau- MUKH JJ15 paguanbHoi (onHapHoit) QyHK-
abHOU (OMHAPHOW) KOPPENSIMOHHON GYHK- | MU pactipenenenus 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 npumep (GUTHHTA KOPPEISAIIUOHHON (PYHKIIMK BTOPOTO TMOpsiaKa (OMHAPHOHN M pajnaibHON), KOTOpas
MoJTydeHa METOAAMH MOJEKYISIPHON TWHAMHUKH [6], IOCPEICTBOM CyMMBI C BecaMu Habopa HEeIeHTPAIbHBIX XU-KBa-
JpaT pacrlpeieNeHHi ¢ IByMsI CTENIeHsIMHA CBOOOIBI [4-5].

[IpuBOASTCS MEPCTIEKTUBHBIE AITOPUTMBI BBIYUCIEHINH MHOTOIICHTPOBBIX HHTETPAIOB, KOTOPBIE BXOMAT B BBIPAXKeE-
HUS psia auarpaMM (DyHKIOHAIa CBOOOIHOW DHEPTUH 10 OMHAPHON KOPPEISIMOHHON (DYHKIIMH BTOPOTO MOPSAKA
(OunapHO# 1 pamuanbHOi) [1], ¢ TOMOIIBIO yKa3aHHBIX allIPOKCUMAIUH [4].
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B nacTtosieit pabote, KoTopast SBISETCS] TPOAOIKEHUEM psijia padoT MO U3YUYCHHIO CTPYKTYPHBIX MEXaHU3MOB 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 OTHOW JIOMIOJHUTENBHOM CBSI3BbIO Y JbJa V, 4TO 00BACHSETCs Ooiee BBICOKMM JaBICHHEM €ro KpUCTasn3a-
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 obue arombl. CTpyKTypa ibJa V XUpanbHO HEUTpaibHa U COCTOMT U3 CIOKEHHBIX B CTOTIKY Yepe-
TYIOIUXCS MTPaBBIX U JIEBBIX CIIOEB. 37IECh COCETHUE CIIOU CBA3aHBI BOJOPOAHBIMH CBSA3IMHU, KOTOPBIE MOJIEKYJIBI OTHOTO
101 00pasyroT C MOJIEKYJIaMH APYTOTO CJIOS.

[IpeanonoxeH cieayomuii CTpyKTYpHO-IU(PPy3HOHHBII MEXaHN3M IEPEX0I0B MEXkK /Ty 3TUMH JibaaMu. [Ipu nepexo-
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 CJIOH (IIyCTh 3TO MPaBbIE CIIOH), a U3 KaKIOH CTPYKTYPHOH €IUHUIBI HEUET-
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(OpPMAaLUK «TBHCT-BaHHA», PUKCUPOBAHHON CeIbMOW MOJIEKYJIOH. B pesynbrare B Hell copepikarcs JBa MATH3BCH-
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 CBSI3CH, YTO MPUBOAUT K OOBEMOLICH-
TPUPOBAHHOM YKJIAJKE MOJIEKYI.

Knacrepst n3 MoJieKysn BoJbl, 00pa3yromecs B XHIKOH (aze BOMTU3U KPUBOH TUIaBIeHUs BOAKI [2], MOTyT hopMupo-
BaTbCs U3 CTPYKTYPHBIX €IMHULl, COOTBETCTBYIOIINX 33JaHHOMY JABJICHHUIO.
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N3ydenne cTpyKTYpHBIX XapaKTEPUCTUK MOJIEKYJIbI CaXapo3bl B BOAE UMEET NMPaKTHUECKOE 3HAUEHHUE IS psijia 3a-
nad. Kondopmanus monekyn u o0pazoBaHue BOAOPOJHBIX CBSA3EH ONMPENENsSIOT CBOMCTBA MPOAYKTOB B MHILEBOH MPO-
MBILIIJICHHOCTH, @ TaK)K€ BO3MOXHOCTH CTaOMIIN3aK OeJKa B PacTBOPE, UYTO BasKHO /s (papMarieBTHUECKON 00IacTH.

DKCIeprUMEeHTaIbHOE H3y4YeHHEe KOH(POPMAaIK caxapo3bl B BOIHOM PacTBOPE SBISIETCS CIOKHOM 3a7auei n3-3a Obl-
CTPBIX CTPYKTYPHBIX U3MEHEHHH. D()(HEKTUBHBIM HHCTPYMEHTOM AJISI TAKUX MCCIECIOBAHHUMN SIBIISIETCS METOJ 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 ucnonp3yeTcst MOTEHINAI MEKaTOMHOTO B3aUMOJCHCTBHSI, KOTOPBIH IOKa3aJl XOPOIIYyI BOCIHPOU3BOIU-
MOCTb HKCIIEPUMEHTAIBHBIX KO3 PHUINeHTOB 1uddy3uu U BI3KOCTH [3], It UCClIeA0BaHUS KOH(GOPMALMHA MOJIEKYIbI
caxapo3bl B BOJHOM pacTBope. M3 aHanu3a TpaekTopuid MOJTy4eHO HECKOJIBKUX YCTOMUMBBIX KOH(OpMannil IIMKO31A-
HOM cBs3M (TIOKa3aHbI HA PUCYHKE BBIIIE), 9TO COTIIACYyeTCs ¢ OoJiee paHHUMHU BBEIYACIHTEIBHBIMU paboTamu [4]. [Toka-
3aHO, YTO Hanbosee cTaduiIbHas KOH(OpMaLus OIMKe BCeX HAXOAUTCSl K KPUCTAJUIMUECKOH [5], 4yTo moaTBepxkIaercs
JKCIIEPUMEHTAIBHBIMU JaHHBIMU [6]. Ji1st Kax10i KOH(pOPMaLMK pacCUnTaHbl BPEMEHA J)KU3HU U BBISIBICHBI BOZLOPOA-
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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biphasic bisperylene imide chromonic liquid crystal, Magn Reson Chem., V. 59, No. 4, P. 408-413 (2021).
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[Ipu oOcyxaeHnn npoieccoB pacTBopeHus [1, 2],(B 4acTHOCTH, B BOJIE) PA3IUYHBIX BEIIECTB KBAHTOBBIE COCTOS-
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 paclpeeiieHU BEpOSTHOCTEH COCTOSIHUH OCHMILIATOPOB, UX MaTpH-
bl JIOTHOCTH, @ TaK)KE BOJIHOBBIE ()YHKIIMU YHCTHIX COCTOSHUN KBAaHTOBBIX cuUcTeM. OOCyXKIaeTcs pacmpeeiicHue
BEPOSITHOCTEH, 3aJ1a1011[e€ KBAHTOBOE COCTOSIHUE OCLIIIISITOPA C IEPEMEHHOM 4acTOTOM, UCIOIb3yeMOEe B MOJICTIU 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 BEPOSITHOCTEN MOIOKUTEIBHOTO U OTPULIATENIBHOTO 3HAUCHUN MTPOCKIUI CIIMHA HA Ha-
MIpaBJICHUE OCH X, & MHUMAs YaCTh €CTh MTOJIOBUHA PA3HOCTU BEPOSTHOCTEH MOIIOKUTEIBLHOTO U OTPULIATEIBHOTO 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 B3aMMOJICHCTBIE KBAHTOBBIX CUCTEM (MOJICKYJ) U UX CBOMCTB MPH KJIACCHYSCKOM BO3JICH-
CTBUH (BCTPSIXMBAaHUE COCY/IOB) IPH pacTBOpeHUH. [[MOHEpCKUi BKIIaJ] 3TUX PE3yJIbTaTOB B MOHUMAaHUH KBAaHTOBBIX U
KJIACCUYECKUX MPOLIECCOB B KBAHTOBOM MEXaHUKE U UX IPUMCHEHUSIM B COBPEMEHHBIX KBAHTOBBIX TEXHOJIOTHUIX 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 BOOpoCc 0 MHOXKECTBE (€JMHCTBEHHOCTH) JIOKAJIbHO PAaBHOBECHBIX KOH(UTYpaLMid MTOTEH-
IUATBHON SHEPTUU MYJIBTHATOMHOTO Kiactepa. MosekyIsipHas CUCTeMa, COCTOAIIAs U3 MHOKECTBA, BOOOIE TOBOPS,
pa3HbIX aTOMOB, UMEHYETCSI MyJIBTHAaTOMHBIM KiacTepoM. [Ipeanaraercs popmaansM mocTpoeHus BCell TMHEHKN MHO-
TOYaCTUYHBIX MOTEHLHMANIOB JJIsl ONMUCAHUS MPOU3BOJIBHON MOJICKYJISIPHOM cucTeMbl. BBoaaTcs m o0Ocyxgarorcs 1mo-
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
MOCTPOEHHUH BIIOJIHE OIPEAETICHHON KOH(PHUTYpaluy aTOMOB KJlacTepa, Kak O eAMHCTBEHHO BO3MOXKHOM. JlaHHBIN anro-
PHUTM paccMaTpUBAeTCs Kak crocod pemeHust mpoodieMbl BBIOOpa KOH(PHUTYpaly aTOMOB KJIacTepa B Ka4yeCTBE JIOKaJb-
HO PaBHOBECHOM MpH KiaccuueckoM (opmare onucanus. [1ogpoOHO H3ydaroTCsi MHOKECTBA JIOKAJIbHO PaBHOBECHBIX
KoH(UTypanuii OMHApHOTO U MHOTOYaCTUYHOTO MOTEHIIMAIa MAaKCUMAJIbHONW YaCTHYHOCTH. PaccMOTpeHo Takke MHO-
KECTBO JIOKAIBHO PABHOBECHBIX KOH(PUTIYpalUil THHEHHONH KOMOMHAIIMM OMHAPHOTO ¥ MHOTOYaCTUYHOTO MOTECHIUA-
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 YIVIEPOAa MCCIEIYeTCs] BOMPOC O MPUYMHAX TMOSBICHUS 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, KOMIIAKTHBIM U €CTECTBEHHBIN (hOopMaT onmucaHus MyJIbTHATOMHOTO KJacTepa, MMEIOIIUI epCreK-
TUBHBIN oTeHIMaN 00001meHus. Kpome Toro, 3To moHsTHE MO3BOJIMUT B H3BECTHOM CMBICIIE PEIINTh pobieMy BbIOOpa
pelIeHni U3 MHO)KECTBA BO3MOXKHBIX MPU ONMCAHUHN MOJIEKYJISIPHBIX CUCTEM.

Ki1ioueBble cjioBa: KylTOHOBCKas MOTECHIMAIbHAS SHEPIUs, JIOKAJIbHO PABHOBECHbBIC KOH(UTypalnu, MpodieMa Bbl-
0opa pereHnid, MyJIbTHaTOMHBIN KJIACTEP, BBIYUCIUTENBHBIN SKCTIEPUMEHT, TPaJUEeHTHBIH CITyCK, MHOTOYaCTHYHBIE I10-
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.
Peaxmyst OKCHATHIIMPOBAHHS CIIUPTOB MOKET OBITH MPECTABICHA CIEAYIOICH CXeMOH

C,H,0 C,H,0 C,H,0
ROH——rk:Ham ROC3H40H——>k1_H363_ RO(C:H:;O);H——H‘Z‘H&M UT. I

310 HEeoOpaTHMas MoCIeAoBaTeNIbHAS 110 CIUPTY Peakiys, KOTOpasi MOKET UMETh MHOTO CTaJfii, HO B JAHHOM CITy-
4ae pedb, B OCHOBHOM, UJET O [EPBOI CTafiK PEaKLUH, XapaKTepU3yeMOil KOHCTaHTOH 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 4asMoieKys CupTa 3a cuéT 00pa3oBaHus BOZOPOIAHBIX CBS3EH.

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)) )

rae Bce 0003HAYEeHHUs TOHATHBI, @ N-3aBUCSILAS OT TEMIIEPATYPhl M KOHIEHTPALMH CIIUPTa KOHCTAHTa, KOTOpast peI-
CTaBJISIET U3 ce0sl YMCIIO MOJICKYJ CIIUPTA B IMHEWHOM IIETIOYEYHOM CIIMPTOBOM acCOIMATE.

Takum 00pa3oM ncciienys KUHETHKY PEeaKUN OKCHATHIUPOBAaHUS CIIMPTOB, HAPSAY C KHHETHUECKUMHU MapaMeTpa-
MU peaKiyy, MOKHO HaAXOIUTh apaMeTPhl aCCOLUALINH CIIUPTOB, HX TEMIIEPAaTypHbIC 3aBUCIMOCTH, TIOBEJICHHE B pac-
TBOPUTEIISIX, CTPYKTYPHBIE MIEPEXO/bI H T. [I.

Jnst cupro C| u C| | HaOMIOMAETCS M3MEHEHNE TPEHIOB TEMIIEPATYPHBIX 3aBUCUMOCTEH MapamMeTpa 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 BOJBI MapaMeTp N YBEJIWYMUBACTCS C POCTOM TeMIeparypbl. /s BOABI 3TO SBJICHUE MO3BOJISIET 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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e-mail: vfkbuyec @ gmail.com

Kputnueckne napameTpsl BOAHO-OPIraHUYECKUX PACTBOPOB HEOOXOAUMBI ISl cO3AaHus 3PPEKTUBHBIX (IIOMTHBIX
XMMUYECKHUX TEXHOIOTHH. [l BOJBI Mepexof] B CBEPXKPUTUUECCKUN PEKUM HAOIIOAACTCSI IPU IaBICHUSIX, TPEBBILIA0-
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(PHUKALMH MTPOLIECCOB SKCTPAKIMH JIUTHUHA BOJHO-3TAHOJBHBIMU CMECSIMH TPEACTaB-
JSieTCs 1Ienecoo0pa3HbIM MPOBECTH aHAIM3 00IacTel TeMIeparyp U AaBICHUH, B KOTOPBIX MPOMCXOIHUT 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 cocrosnusi [lenra-Poduncona [3] ¢ momompio nporpammuoro komiuiekca COCO simulator [4]. Bout pac-
CMOTpeH anana3oH remieparyp ot 298 K 1o 823 K npu nanennn 3.2 MIla u 13.0 MIla. Ha temneparypHoii 3aBucuMO-
CTH IJIOTHOCTH BOJHO-3TAHOJIBHOW cMecH npu aasieHuu 3.2 MIla umeercs paspois. [Ipu nasnennn 13,0 Mlla pa3psis
oTcyTcTByeT. [lepexon BOAHO-3TaHONBHON CMECH B KPUTHUECKOE COCTOsIHUE Mporcxoaut mpu 520 — 570 K. Habnrona-
€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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JIBe paznuunbie (opMbl aMOP(HOTO JIbJA - BBICOKOH M HU3KOW TUIOTHOCTH - YK€ JIaBHO TIPUBJICKAIOT MHTEPEC yue-
HBIX, IPUMEHEHHE X IUPOKO PACIIPOCTPAHECHO B KPUOKOHCEPBAIIUHU, KPOME TOTO, BAYKHO €T0 TEXHOJIOTMUECKOE MpUMe-
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 (ha3bl HE ABISIFOTCSI TEPMOJMHAMUYESCKH YCTONYHUBBIMHE, CYIIECTBYEeT MHOKECTBO KaK Te-
OpPETUYECKUX, TAK U SKCIIEPUMEHTAIBHBIX JOKA3aTEIbCTB, MOATBEPKIAIOIINX ATy TUIIOTE3y. B yacTHOCTH, CKauOK IJI0T-
HOCTH W THICTEPE3UC MPOSIBISIFOTCS BO MHOTHX HccienoBanusx. Ho Takas xapaktepHasi 0COOCHHOCTh IEPEXOI0B 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 MIPEBPAIICHUN MEXTy aMOP(HBIMHU JIbJIAMHU BBICOKOH M HU3KOW TUIOTHOCTH H BU3Y-
AJIBHO OLICHUTH pa3Mep “KpuTHdeckux 3apojbleii” [3]. Oocyxnaercs 3pPpeKTHBHOCT MPEATIOKESHHOTO JIECKPUTIITOPA
U TIEPCTIICKTUBEI.

Jluteparypa:

[1] C. Tonauer , M. Seidl-Nigsch, T. Loerting High-density amorphous ice: Nucleation of nanosized low-density amorphous ice // Journal of
Physics: Condensed Matter. 2017.—V. 30(3). P. 034002.

[2] J. L. Abascal, E. Sanz, R. Garcia Fernandez, C. Vega et al. A potential model for the study of ices and amorphous water: TIP4P/Ice // The
Journal of chemical physics. 2005. — V. 122(23). P. 234511.

[3] A. Garkul , V. Stegailov Molecular dynamics analysis of elastic properties and new phase formation during amorphous ices transformations.
(2022) // Scientific Reports. 2022. V. 12(1). P. 13325.
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13
97
112
14
98
85
104
76
77

113
78
79
58
59
105
64
44
45
26
60
38
41
15

>Xenwurosckan E.A.
>KmypuH B.A.
3anopoxxHbin E.H.
3eHukos I.P.
3uHHypos b.[.
3ybapes P.A.
Kaawnpos LLLA.
KawypwuH O.B.
KepHbax C.B.
Knagves A.A.
KonbToBep B.K.
KoHpgpaTiok H.[.

KoHoHoB J1.0.

KoHcTaHTnHOB P.P.

KoH4yekos E.M.
Kpanickun A.B.
Kpacosckun B.W.
Kpbinios A.B.
KyabmeHko E.E.
KyabmuH B.U.
Kypbakos B.H.
KycTtos A.B.
INeperes O.B.
JlecuH B.W.
Jlobbiwes B.A.
MaHbko B.W.
MapTuHoBuu ..
MapyeHkoBa J1.A.

Maxamagues M.T.

106, 114

71,

27
86
46
54
61
99
47
80
69
16
15
17
87
28
48
88

70
42
100
89
65
29
18
116
19
72
107



~ ®dusuka
ABTOPCKUWN YKA3ATEJ1b ‘ BogHbIx
PacTteopos

Movica C.C.
MonbkoBa E.A.
MoTosunos K.A.
Haraes E.U.
HasapeHko 10.B.
Haszapos A.A.

Hekpacosa H.B.

HoBakoBckasa HO.B.

OBumHHMKOB [.A.
Odomuepos E.H.
MNeHbkoB H.B.
MepwwnH C.M.
MeTpos I'.B.

MnoxoTHUKoB K.3.

PaxmanuH 10.A.
PoaunoHosa H.H.
Poxkosa H.H.
PbikknHa U.C.
Pbixos B.H.
Cabwupos J1.M.
CapkucaH B.K.
CmupHos I'.C.
Cracb N.E.
CtenaHos E.B.
CrtenaHos C.B.
Ctynb B.A.
Cysoposa O.B.
CbipoewkunH A.B.

TapapywkuH E.

122

30, 90

31
20
32
108
73
55
21
101
67

22, 33
81,91, 92

68
117
10
35
23
82
109
93
49
56
102
83
94
118
50
62
51

TapacoBa A.A.
Tumyenko C.J1.
YcneHckan E.B.
®depocees T.B.
®omuH 0. 1.
XopaH A.H.
Lunok E.H.

LLinpoHocos B.T.

LLynneuosa A.A.

KOcum B.A.

HénoHckaa O.W.

HArnosa H.B.

39
95
63
119
110
43
111
96
120
52, 53
36
37






dusuka

BopaHbix

PacTsopos




