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NMNEHAPHbIE OOKJIAAbI

OIIBIT OHEHKHN U CUCTEMATU3AIIUU CTPYKTYPHO-
MOJIEKYJAPHBIX XAPAKTEPUCTUK KAYECTBA BO/IbI,
BJIMSAIOIIUX HA EE BUOJIOTHYECKHUE CBOUCTBA

Paxmanun FO.A.

OI'BY «L{CIl» ®MFBA Poccuu, . Mocksa
awme@mail.ru

V3MeHeHne MOJNEKYISIPHOM CTPYKTYPbI BOJBI MMOCPEACTBOM €€ MPEIBAPUTEIIEHOTO 3aMOPaKUBAHUS TTPH-
BOJWJIO K CTUMYIISALIMHU psfa HeCeUPUUECKUX U crenn(puieckux (pakTopoB UMMYHHTETA Y OEJIBIX KpBIC.
OnHOTUIIHBIE U3MEHEHUS TUpPATAllii B KPOBU SKCIEPUMEHTATBHBIX KUBOTHBIX (O€Jble KPBICHI U MBIIIH),
BBIpA)KaBIIIHECS B U3MEHEHUH COOTHOIIICHHUSI MACCOBBIX 00BEMOB, CBOOOIHOM M CBS3aHHOM BO/IBI B OPTaHU3-
Me, OTMEYAIIUCH MPH PA3THUYHBIX IKCTPEMATBHBIX COCTOSHUAX, BOZHUKABIINUM IPH BO3JEHCTBUN BBHICOKUX U
HU3KUX TeMIeparyp, HEIPEPHIBHOTO TPOMKOTO 3BYKa, HOHU3UPYIOIIETO U JIA3ePHOTO U3ITyUCHHIA.

V3MeHeHne KOJIMYEeCTBEHHBIX COOTHOIICHUI MAaTOreHHBIX U CapO(pUTHBIX MHUKPOOPTaHU3MOB B BOIHBIX
pacTBOpax BBISIBIEHO I10J] BIMSHUEM BOJHOBBIX BO3EHCTBUM ycTpoiicTB I'panaepa (ABctpusi). M3menenue
YaCTOTHOTO JHara3oHa 3JeKTPOMAarHUTHOTO BOJTHOBOTO BO3JIEHCTBUS MPUBOAMIO K YBEIMYCHHUIO MOCTYILIE-
HUSL MakpodaroB B KpOBb U OKa3bIBaJIO BIMSHUE Ha CIEKTPAIbHYIO XapaKTepUCTUKY Bozbl. Ha mpumepe He-
CKOJIBKHX JIECATKOB PA3JIMYHBIX MUTHEBBIX BOJ, MOABEPIHYTHIX PA3IUYHBIM (PU3MUECKUM METOJaM BO3/IEH-
CTBHSI, PACCUUTAHO COOTHOIIEHUE KOA(PPHUINEHTOB TpaHC(HOPMALIUU TIOJIOC BAJICHTHBIX, AS(POPMAITMOHHBIX
U IMOPAIIMOHHBIX KOJIeOaHUH BOJIBI M X U3MEHEHUE 10T BO3IEHCTBHEM ATHUX (PAKTOPOB, a TAKKE U3MEHEHUE
OT/IETILHBIX OMOJIOTHUECKUX MToKa3areneld. Ha ocHOBe MpOBECHHBIX UCCIIEA0BAaHHM BIIEPBbIE JaHa MpeIBapu-
TeJbHas OlEHKa KaueCcTBA MUTHEBOM BOJBI IO CTPYKTYPHO-IHEPTETHUECKUM TTOKA3aTEIsIM.



MEXAHUKA U TEPMO/IMHAMUKA KIINMATA

Hurmaryaun P.U.

Uncemumym oxeanonoeuu um. 1111 [[lupwosa Poccutickotl akademuu HayK
nigmar@ocean.ru

I'moGanbHBIM KIMMaT XapakTepusyeTcs cpeiHei (10 MOBEepXHOCTH 3eMIIM MM KPYITHBIX HIMPOTHBIX 30H)
TeMIIepaTypoid, CYyTOYHBIMH U CE€30HHBIMH aMIUIUTY/IaMH ee KoJeOaHuil B pa3IMuHBIX 30HAX, OCAJKaMU U
KMHETUYECKOW PHEpPruel ee ABMKEHHUA. lI3MeHeHue kinuMara BIMSET Ha YPOBEHb OKEaHa M IOKPBITUE €T0
JIBJIOM B HOJISIPHBIX 001aCTSX.

[Tpoucxonsiiee nocieaHue IeCATHICTHS III00aIbHOE MOTEIUIEHUE HHULIMUPYETCSl YBEIMYCHUEM COJiepKa-
HUs TApHUKOBBIX Ta30B (CO,, MeTana u 1p.). [ToTerieHue BbI3bIBAET YBEIUUYEHHUE UCTIAPEHUS C TOBEPXHOCTH
OKEaHa U yBEJIIMUEHUE COEPIKAHMS BOASIHOTO Iapa, KOTOPBIN ABIISAETCS «CUIBHBIMY» apHUKOBBIM ra3zoM. Ilo-
CJIEJHEE CYLIECTBEHHO YCUJIMBAET MOMIOIIEHUE NTEPEN3ITYUEHHON (JUIMHHOBOJIHOBOM) pajilallui U K J10M0J-
HUTEJIBHOMY MOBBILIEHUIO TEMIIEPATYPhI BO3/1yXa.

Tak kak Bcs McnapuBIIascs Bjlara BO3BPAILLAETCs HA IOBEPXHOCTh 3€MJIM B BUJIE JOXK/IS U CHETa, TO C IO-
TEIUIEHUEeM KiuMara OyZleT yBeJIIMYMBAThCS YacTOTa KaTacTpO(UUIECKUX CHETOMal0B U HABOJAHEHUI.

OcHoBHbIE pu3nUeckre (HaKTOPbI, BIUSIOMINE HA KIUMAT:

1. Bnaroconep:xaHnue (KarneibHOE U MapoOBOE).

2. Conepxanue napHukoBbix rasos (CO,, MeTana u jip).

3. Temno- u MaccooOMeH MexIay arMochepoil 1 OKeaHOM, KOTOPBIN BKIIOYAaeT OOMEH BIIAroi (Kamesb-
HOU U MapoOBOM ), UCTIAPEHUE M KOHJICHCAIIUIO BOJIbI, KAllENIbHBIN TEPEHOC BObI, iepeHoc CO,.

4. OO01a4HOCTb U TBLIb, YBEIHMUUBAIOIINE allbOE0 (OTpakeHUE COTHEYHON paHalliu)

5. TlepeHoc Tenia oOKeaHCKMMHU Te4eHUAMU. [oabpcTpum.

6. AcTpoHOMHYECKHE apaMeTphl (JUIMOTHYHOCTh OpOUTHI 3eMJIH, BiIusHuE Ha opouty Benepsl, FOmu-
tepa u CarypHa, akTuBHOCTh CoJlHLIA).

[Tpo6aeMbl MaTeMaTHYECKOTO MOAETHPOBAaHUSA. MHOrOMacITAOHOCTh U CUHTYIISIPHBIE 30HBI B THPOIUHA-
MHKE OKEaHa. YCPEIHECHHUE.

DKOJIOrNYeCKUE, FJKOHOMUYECKNE U SHEPTETUUECKUE TIOCIEACTBUS U3MEHEHNUS KIIUMara.



NMNEHAPHbIE OOKJIAAbI

CTPYKTYPUPOBAHHUE BOJHbBIX U HEBO/IHBIX
PACTBOPOB: JAHHBIE ®U3NUYECKUX METOA0OB U
PE3YJbTATOB XUMHUUYECKHUX PEAKLIUI

Kononos JI.O.

HUncmumym opeanuueckou xumuu umenu H J[. 3enuncroeo Poccutickoti akademuu HAyK,
119991, Poccus, e. Mockea, Jlenunckuii npocn., 47

K nacrositiiemy BpemeHH ycTaHOBIEHO (cM. [1-4] U yka3aHHBIE TaM CCBUIKH), YTO OOJBIIUHCTBO MaKpO-
CKOITMYECKN TOMOTEHHBIX BOAHBIX M HEBOJIHBIX PacTBOPOB Pa3HOOOPa3HBIX HU3KOMOJIEKYJISIPHBIX BEIIECTB,
UCTIONB3YIOMINXCS B TTOBCEIHEBHOM JKU3HU M OOBIUHOMN J1a00paTOpHON MpaKTHKE, CTPYKTYPHUPOBAHO (HEO.I-
HOPOJHO) Ha HAHO- U ME30-ypOBHE (pa3Mep HEOJTHOPOIHOCTEH, «CylIpaMepoBy B Hallel TepMuHOIOTHH [4],
Bapbupyet oT ~1 HM g0 10°—10° HM). DTOT HOBBII THI «C1a0OTO» (€CAH CYIUTh 1O BEIHUYHUHE DYHEPTUU
B3aMMOJIEHCTBHS, KoTopas He npesbimact kT [3]), HO kpaiine 5 (HEKTUBHOTO U CaMONPOM3BOJIBHOTO CTPYK-
TYpPUPOBAHUS )KUIKOCTEH, JOITOe BpeMs He MPHUBIIEKA]I BHUMAHNUE UCCIIEIOBATENICH; 1 TOJIBKO HEJJaBHO Obliia
BBISIBJICHA €T0 BaYKHOCTH JIJIsl aJIEKBATHOTO OMMCAHUS PEaKIUi U APYTUX XUMUUYECKUX IpoleccoB (cM. [4-7]
U YKa3aHHBIE TaM CCBUIKHM). DTH HEOJHOPOAHOCTH, ETEKTUPYEMBIE NPEXK/IE BCETO C TOMOIIbIO CBETOpAacce-
SHUS U aHAJIM3a TPEKOB HAHOYACTHULI, HE SBISAIOTCS (HAHO)IMy3bIpbKaMH ra3zoB [1], Ha 4TO Takke yKa3bIBaeT
KOppeJsiLiUs JaHHBIX CBETOPACCESHUS C AAHHBIMU MOJSIPUMETPHUM (Ul paCTBOPOB XUPAJIbHBIX BELIECTB) U
pe3ysibTaTaMu XUMHU4Yeckux peakuuit. Hanbonee BeposiTHON NMpuU4MHON UX (TO-BUAMMOMY, KUHETHUYECKOMN)
YCTOMUMBOCTH (/10 3 JIET) M BE3JIECYIIHOCTH B HAacTos1Iee BpeMs cunutaercs [1,2] cynpamonexyssipHas arpera-
U] MOJIEKYJT PACTBOPEHHOTO BELIECTBA (M pAaCTBOPHUTEIIS) HAa COIbBOPOOHBIX (MUKPO)IPUMECSX , HEH30€KHO
MPUCYTCTBYIOLINX XOTsl OBl B CIIEIOBBIX KOJIMYECTBAX B BCEX XUMHUYECKUX BEIIECTBAX KOHEYHOM UMCTOTHI
Jake TI0CyIe TOTIOIHUTEILHON OYMCTKU B TAOOPATOPHBIX yCIOBUAX (HEOOXOAUMO MOMYEPKHYTh, YTO «HE CY-
IIECTBYET aOCONIOTHO YUCTHIX BemecTBy [1]).

CrpykTypupoBaHue «OOBIUHBIX» PAaCTBOPOB 3acCTaBIISET MPEAIOIArarb, YT0 XMMHUECKHE CBOWCTBA pac-
TBOPEHHBIX BEIIECTB JOJDKHBI 3aBHCETh OT CTPYKTYPHI UX pacTBOpoB. bosee Toro, n3y4as 0coOeHHOCTH pe-
arupoBaHMs BELIECTB B PACTBOPaX, MOKHO TIOIYYUTh HH(POPMAIIUIO O CTPYKTYpe pacTBOpoB. MHave rosops,
XUMMUECKasl peakliys, IpOBOMMAasl B pacTBOPE, SIBISIETCSI HHCTPYMEHTOM M3y4Y€HUsS! CTPYKTYpbl 3TOTrO pac-
TBOpa. M1 Ha060POT, /11 KOPPEKTHOTO OOCYkIEHUS PEAKIIMOHHOM CIIOCOOHOCTH M Pe3yIbTaTOB XUMUYECKHX
peakuuii HE0OXOIMMO YUUTBIBATh HE TOJIBKO CTPOEHUE MOJIEKYII PEareHTOB, HO U CTPYKTYpPY PEaKIMOHHOIO
pacTBopa, MOIYIMPOBAaHHE KOTOPOH JaeT B PYKH XMMHUKOB-CUHTETUKOB HOBBIM MOLIHBI MHCTPYMEHT BIIUS-
HUS Ha pe3yJbTaThl peakLui.

B noxnage OynyT mpeacTaBieHbl COOCTBEHHBIE M JIUTEPATYPHBIE JAaHHBIC MO0 M3YYEHHUIO CTPYKTYpPHI BO-
JTHBIX Y HEBOJHBIX PACTBOPOB C IIOMOIIBIO CBETOpaccesHus, noiasipuMmerpun, MK-cnekrpockonuu n xumuue-
ckux peakiuii. Ocoboe BHUMaHue OyAeT yAeJIeHO OOHApYKEHHOMY B XOZI€ HAIIUX MCCIIEOBaHUIN (eHOMEHY
CYLIECTBOBAHMS «KPUTHUYECKUX» KOHIEHTPALUI, IPU KOTOPHIX KOHLEHTPALMOHHBIE 3aBUCUMOCTH KOJINYe-
CTBEHHBIX XapaKTEPUCTHK (PU3MUECKUX CBOICTB pacTBOpa MIIH/HM PE3YJIbTATOB XMMUYECKOHN peakiiu (BBIXO],
CTEPEOCENIEKTUBHOCTD U JIP.) COIVIACOBAHHO IPETEPHEBAIOT U3JIOMBI. DTU «KPUTHYECKNE)» KOHILIEHTpALUH,
M0-BUAMMOMY, pa3eysiioT 001acT! KOHIIGHTPAIUK ¢ Pa3IUYHON CTPYKTYpOI pacTBOpa, Il KOTOPBIX Xapak-
TEpHO 00pa3oBaHME CYNPAMEPOB PA3TMYHOTO CTPOCHUS, U, 3HAUUT, PA3THUYAIONINXCS CBOMMH XUMHUYECKUMHU
CBOMCTBaMH.



NMNEHAPHbIE OOKJIAAbI

COJIHEYHASA CUCTEMA: B IOUCKAX BOJbI U " KU3HHA
3eaenplii JI.M., JInteak M.JI., Mutpodanos H.I.

Hncmumym kocmuyeckux ucciedosanuii PAH
lzelenyi@iki.rssi.ru

Bopna u x13Hb — B HallleM MIOHUMaHUM Beerna 1y BMecte. [loaromy noncku Bosbl B CONHEYHON CUCTEME
BCET/Ia UMEJIU IIEPBOCTEIIEHHOE 3HAYCHUE.

Ho okasanocs, 4to npupoaa ycrpoeHa cioxHee. Oka3anoch, 4To Bojia B COTHEUHOW cUCTEME BCTpPEUAeT-
Cs TOpa3fo vaule, 4eM IpeacTaBisuiocs pansuie. [lonspusie manku Mapca, BOASHOM JIe[ B IIPUIIOIIOCHBIX
paiionax JlyHel 1 MepKkypHsi, HE TOBOPsI y’KE O OKEAaHE COJIEHOM BOJbl y ciyTHUKa fOnuTtepa EBponsl — Bce
9TO MOKA3bIBAET, YTO HE MPOCTO BOAOPOL, a €r0 COCAUHEHUE C KUCIOPOAOM — SIBIISIETCS OJHOM M3 BeCbMa
pacrpocTpaHEHHBIX MOJIEKYJ] B OMKHEM K Ham kocMmoce. Ho uHbIX GopM Ku3HU, KpoMe 3eMHOMU, MBI TTIOKa
HEe O0HapyXHIU. XOTs JI0Ka3aHo, YTO JKUAKAsk BOJIa MHOT/A TOSBIIAETCS Ha TIOBEPXHOCTH Mapca U Majio KTo
COMHEBAETCsl B HAJIMUUHU Y MOJIOJOTO Mapca o3ep, peK u JaKe COJNEHBIX OKEaHOB — YOEIUTENbHBIX CIIE/IOB
JlaXke IPUMUTUBHOM JKM3HU TaM HaWTU HE yAAJIOCh.

Ho 3aro nns Beneps! (T.H. cecTpe 3eMin), NOTEPSIBIIEH CBOM OKEaHBI €111€ Ha T€0JIOTHYECKON 3ape CBOETO
CYIIECTBOBaHHMS, BCE Yalle TOBOPAT O HAIWYMH IPUMUTHBHON MUKPOOHOH KU3HU B €€ 001aKkax, a HEKOTOPhIE
yUYeHBIE — SHTY3HACThI - HAXOAAT MPU3HAKHU JIBUKECHHUS 3aTraJI0YHBIX 00pa30BaHU CTPaHHOM (hOPMBI HA CHUM-
Kax e moBepxHoCcTU. HamoMHMM, 4TO BOASHOM nap (3 PEeKTUBHBIN NapHUKOBBIN ra3), MOMABIIMNA B aTMOC-
dbepy, cnocobcTBOBAN Pa3BUTHIO HA BeHepe KoloccanbHOro MapHUKOBOTO 3¢ ¢ekTa, (Temmneparypa BOIU3H
noBepxHoctu pocruraet 500°C, gasnenue 100 arm.). [TosToMy *U3HB, €CIIM OHA TaM ACHUCTBUTEIBHO CyIIIe-
CTBYET, MOXET UMETh COBEPIIECHHO JIPYTYI0, HEOSITKOBYIO OCHOBY, 1 HUYEM He OyJeT HallOMMHATh 3€MHYIO.

13 Bcex OTKPBITHIA, CBA3aHHBIX C CYIIECTBOBAHNWEM BOJIbI HA PA3MUYHBIX 00bekTax COTHEYHOH CHCTEMBI,
KOJIOCCAJIbHOE 3HAYECHHUE B MOCIIEIHHUE TObI MPUOOPENO OTKPBITUE BKIIOYCHUN BOASIHOTO JIb/Ia B TIPUTIOBEPX-
HOCTHBIH CJIOH peroyinta BOIU3U JTYHHBIX TIOJTIOCOB (0COOEHHO F0XKHOTO). DTO OTKPBITHE, CIeTIaHHOE Ha py0Oexe
TEKYIETO BEKa, MOJHOCTHIO NiepeopMaTUPOBAIIO IUTAHBI OOIBITUHCTBA «KKOCMUYECKUX)» CTPAH, CBSI3aHHBIE C
ocBoeHueM JlyHsl. [ToMUMO OTeueCTBEHHBIX aBTOMaTnuueckux sxcneauiuil («Jlyna-25», «Jlyna-27») nocan-
KU B I0)KHOM TOJsipHOM paiione Jlynsl mnanupytor kuraiickoe (ChangE’-7), u unauiickoe (Chandrayaan-3)
KOCMUYECKHE areHTCTBa. AMEpUKaHCKas KOCMUYecKas Mporpamma «Artemis» TakyKe HarpaBiieHa Ha H3y-
YEHUE F0KHOTO MNoIroca JIyHsl U Ipeanonaraer BbICaJAKy TaM aCTPOHABTOB U ACTPOHABTOK YXKE B TEKYIIEM
JECATUIIETHH.

Bo03MO0XHO, 4TO B JIYHHOH IOJIIPHOM BEYHON MEP3JIOTE CKPBIBAKOTCS KOCMUYECKUE 3aPOBIIINA IPUMUTHB-
HOM KU3HU, KOTOpbIE 3a 4-¢ MWIIMapJa JIET CyIIECTBOBAaHUS JBONHOMN IUIAaHETHOW cucTeMbl 3emis-JlyHa
MOTJIY 3aHECTH MEX3BE3/IHbIE KOMEThI. Tak 4To MoBEpHUE — «I71€ BOAA TaM U KHU3HbY», O KOTOPOM MbI TOBOPHIIH
BHayaJjie, MOXKET OKa3aTbCs HE TAKUM YK HEMPABUIbHBIM.



NMNEHAPHbIE OOKJIAAbI

N30TONMHOE YIIPABJIEHUE ®APMAKOKMHETUKON U
METABOJIN3MOM B BOJAHBIX PACTBOPAX

CobipoemikuH A.B.

PVJ][H, Meouyunckuii uncmumym, kagheopa hapmayesmuyeckoll U moKCUKOI0SUYeCKOU XUMUU.
117198, Mockea, yn. Muknyxo-Maxnas, 6

Kunernueckuit m30TonHbIi 3 (HeKT — CHIKeHNe KOHCTAHT CKOPOCTEH XUMUYECKHUX PEaKIUH ITPH UCTIONb-
30BaHUU 00Jiee TSHKEIBIX M30TONOB — JABHO MU3BECTEH B XUMUYECKOW KMHETUKE U UCIIOJIb3YETCSl B COBPEMEH-
HOU (hapMareBTUYECKON XUMUM /7151 0OOCHOBAHHUS MTPOU3BOJCTBA JEHTEPHPOBAHHBIX AHAJIOTOB M3BECTHBIX
JIEKapCTBEHHBIX BEIIECTB. B 0oKiae noka3aHo, 4To M3MEHEHUE U30TOITHOTO COCTaBa BOJHBIX PacTBOPOB, B
MIEPBYIO OUepelb CHUKEHUE CONEpKaHHU «(OHOBOTO» ACUTEpHs, TPUBOAMUT K PSIIy HEOKHIAHHBIX P eK-
TOB: U3MEHEHHMIO KOHCTaHThI CKOPOCTU PaCTBOPEHUs CyOCTaHIIMM, aHOMAJIbHO BBICOKOMY YBEIMUEHUIO YHCIIa
000pOTOB (JEepMEHTOB, YBEIMUYCHHUIO PE3UCTEHTHOCTH KJIETOK K KCEHOOMOTHMKAM M, Ha YPOBHE OpraHM3Ma,
MeTabOIMYECKUM MEePECTPOKaM a30THOTO U yIIIEBOAHOTO oOMeHa. [ 0OBbsICHEHUSI aHOMAJIBHOTO M30TOII-
HOTO Y dekra (YBeTUdIeHne KOHCTAaHThI CKOpocTH TporieccoB B 150-200 pa3) B AoKIage JEMOHCTPUPYETCS
noBeJieHne (hapMarieBTUYECKUX MOZEIEeH Mpu 0O0CIHEHUH Cpell Mo ISHTEepHIo Ha JBa MOPsAIKA: N3MEHEHUS
(U3NKO-XUMHUYECKHUX CBOMCTB BBICOKOOMHOM BOJIBI (BKJIFOYAs CHIDKEHHE TEMITEPaTyphl 3aMep3anust 10 -2°C u
CHUKCHUE 3HAYCHHUM CIMH-CTMHOBOM penakcaruu npotusi ¢ 2000 mc 10 300 Mc), yBennyeHne CKOpoCTH pac-
TBOpeHUs (papMcyOCcTaHIINi, YCKOpEHHE MyTapoTanuu D-caxapoB B 00€THEHHOM I10 IEHTEPUIO BOAHOM pac-
TBOpPE, U3MEHEHEHNE XUPAIbHOCTH PACTBOPOB aMUHOKHUCIIOT (BIUIOTH /10 CMEHBI 3Haka) [ 1-3]. Okazanocsk, 4To
10 JAaHHBIM TIETITHIHOTO aHAJIN3a U3MeHeHne cooTHomeHust D/H sBnsieTcst cBoeoOpa3HbIM MEPEKITIoUaTeNsIM
a30THOTO MeTabou3Ma, MPUBOISIIETO K peappaHKHUPOBKE MENTHIHON KapThl (IOSBICHUIO/MCUYE3HOBEHHIO
coreH nenTtunoB) [4]. Takoil «mepekirouaTenb» MeTadbonn3mMa, Mo-BUAUMOMY, U €CTh IPUYMHA aHOMAJIBHOTO
M30TOMHOTO 3 deKTa Ha OpraHu3MEHHOM YpoBHE. Ha MOJIeIIsIX )KUBOTHBIX TTOKa3aHa Y3PPEKTUBHOCTH N30TOII-
HOTO YNPaBJICHUS ISl CO3AaHMs YHUBEPCAIBHOIO aHTHI0TA, PAJUONPOTEKTOPA U CPEACTBA IPOTUB OXKHpe-
HUA. B 1OKI1a1e ONKUChIBAeTCs OTEYECTBEHHBI 1 MUPOBOU OIIBIT IPUMEHEHUS a/IbFOBAHTOB B IIPOCTEHIIEH Jie-
KapcTBeHHOU (popme, 00eTHEHHBIX TI0 IEHTEPUI0, ISl CHUYKCHUS MMOCICICTBUN XuMHOoTepanuu. [IpuBeneHs
JaHHBIE TI0 OPUTHHAIBLHBIM pa3paboTKaM KOHTPOJIS KauecTBa MPENapaToB BOJbI, OOCTHEHHBIX IO TSHKEIBIM
n3orornaM. OOCYKIaeTcsi «CBA3Ka» M30TOIMHOTO COCTAaBa C BHIOM XHBOTO OPraHM3Ma M KPYITHBIMH TaKCOHa-
Mmu. [IpoBeneHo 00cy kK IeHUE MTOJTyYEHHBIX PE3YJIBTATOB C TEOPUEN U30TOMHBIX YaCOB IIPU CTAPEHUHU U TEOpH-
el «CIIMHOBOI0» Karajan3a B (PepMEHTATUBHBIX IPOLECCaX.

[1]Anton Syroeshkin, Tatiana Pleteneva, Elena Uspenskaya, Igor Zlatskiy, Nadine Antipova, Tatiana Grebennikova, Olga Levitskaya
D/H control of chemical kinetics in water solutions under low deuterium concentrations // Chemical Engineering Journal 377,
119827, 2019 https://doi.org/10.1016/j.cej.2018.08.213

[2] Goncharuk, V.V., Syroeshkin, A.V., Pleteneva, T.V. et al. On the possibility of chiral structure-density submillimeter
inhomogeneities existing in water. J. Water Chem. Technol. 39, 319-324 (2017). https://doi.org/10.3103/S1063455X17060029.

[3] Goncharuk, V.V., Lapshin, V.B., Burdeinaya, T.N. et al. Physicochemical properties and biological activity of the water depleted
of heavy isotopes. J. Water Chem. Technol. 33, 8-13 (2011). https://doi.org/10.3103/S1063455X11010024

[4] Zlatskiy, 1.; Pleteneva, T.; Skripnikov, A.; Grebennikova, T.; Maksimova, T.; Antipova, N.; Levitskaya, O.; Makarova, M.;
Selivanenko, I.; Syroeshkin, A. Dependence of Biocatalysis on D/H Ratio: Possible Fundamental Differences for High-Level
Biological Taxons. Molecules 2020, 25, 4173. https://doi.org/10.3390/molecules25184173.



G

CEKLUUA:
«BJIMAHUE BHELUHNX
BO3AENCTBUN HA
CBOWNCTBA BOOHbIX
PACTBOPOB>»




BJIMAHUE BHELLUHUX BO3SOENCTBUA HA CBOUCTBA BOOHbIX PACTBOPOB

BAPUALIMU JABJIEHUSI KAK ®AKTOP, ONPEAEJSIOLUIA
U U3MEHSIIOIMIA XAPAKTEP MMIEPEMEILLEHUS
MPOTOHOB B BOJE U BOAHBIX PACTBOPAX
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BonpmucTBO prznueckux U PU3MKOXMMHUYECKUX CBOMCTB BOJIBI U BOJHBIX PACTBOPOB ONPENEIIEHBI 0CO-
OEHHOCTSIMHU BOJIOPO/IHOTO CBS3BIBAHHS, KOTOPOE MPOSBISIETCS HE TOJIBKO HETIOCPEACTBEHHO B CTPYKTYPHBIX
IapaMeTpax CUCTEM, HO U BO BCEX DHEPIeTUUYECKUX XapaKTEPUCTUKAX 3JIEKTPOHHO-AEPHON AMHAMUKH. O
HOM U3 KIIFOYEBBIX COCTABIIOIIMX ITON AUHAMUKHU SABIISIETCS MEPEMEILIEHHUE ITPOTOHOB, KOTOPOE HETOCPE-
CTBEHHO ONPEAEICHO MPOYHOCTHIO U CKOPPEIUPOBAHHOCTHIO BOJOPOAHBIX CBS3EH, T.e. TpeOyeMoil sHeprueii
aKTHBALMU M TPACKTOPUEH M JUIMHOM IyTH, KOTOPHI MOXKET OBITH MpOI/IeH MOCIe0BaTeIFHO MepeMelna-
IOIIMMHUCS IIPOTOHAMH BOXOPOAHBIX CBA3EH. TpaekTopuu MOryT CYIIECTBEHHO pPa3/IM4aTbCsi COOTBETCTBEH-
HO CTEIICHU IOJIIPU3ALMY BO3HUKAIOIIUX CTPYKTYp. [IpenenbHpiMu BapuaHTaMU SIBJISIOTCS IEPEMELICHUS B
CPEIHEM B OJIHOM OIIPECIICHHOM HAIPABJIICHUH B IIPOCTPAHCTBE, B PE3YJIbTATE KOTOPOrO IIPOUCXOAUT MAKCH-
MaJIbHOE U3MEHEHUE TUIIOJIBHOTO MOMEHTA, U IIEPEMELCHUS 110 3aMKHYTBIM TPACKTOPHSM, HE TOPOXKAAOIIUE
JIOTIOJIHUTENBHOM NOJISpU3alMM CUCTEMBL. MeXaHU3M aKTHUBALlMU IPOLECCOB 3TUX JIByX TUIIOB JIOJIKEH OBITH
pa3IMYHBIM, KaK U YCI0BUs peanusauuu. [Ipu 57om 3HEprum BOAOPOAHBIX CBI3€H, OIIPENEIIAIOIINAE SJHEPIUIO
aKTHBALMU 000X TUIIOB MPOILIECCOB, KOPPEIUPYIOT C PACCTOSHUSAMH MEXKIY JIEKTPOOTPHUIIATEIILHBIMU aTO-
MaMH, KOTOpbIe M3MEHSIOTCSI COOTBETCTBEHHO (DU3MYECKUM YCIOBUSM SKcHepuMeHTa. OJIHUM U3 BasKHBIX
(bakTOpOB, ONPEACTAIONINX MEKATOMHBIC PACCTOSIHUSA, SIBIISICTCS IaBICHUE.

HesMnupuyeckue MOIEKyIIpHO-IUHAMUUECKUE PACYETHI KIIACTEPHBIX CUCTEM, ITIOCTPOCHHBIX U3 MOJIEKYII
BOJIBI, IIPY PA3JIMYHBIX HAYaJIbHBIX YCIOBUAX, IMUTUPYIOIIUX JOKAJIbHOEC U3MEHEHUE JABIICHUS, II03BOJIUIN
BBISIBUTDH Pa3IMYHbIC BAPUAHTHI Ie(hOpMAIIUU KIACTEPOB, B TOM YHUCIIE, IPUBOASIINE K CMEIICHUS TPOTOHOB.
B pesynbrare aHaim3a cOOTBETCTBYIOIUX NMPOdUiIel n3MEHEHHs MOTEHIIUAIbHONW SHEPTHH KJIACTEpOB ObLTH
MOCTPOEHBI APPEKTUBHBIE KOOPAMHATHI MIPOLIECCOB. PeneHre KBaHTOBOMEXaHNUECKUX 3a]1a4 ¢ IOCTPOEHHBI-
MH OJJHOMEPHBIMU ITIOTEHIIMATIaMU I103BOJIUIIO ONPEIECIIUTD CIIEKTPBI SHEPTETUYECKUX COCTOSHUM KIIACTEPHBIX
CUCTEM U CTEIEHb IIEPEMELICHUS IIPOTOHOB IIPU U3MEHEHUU JIaBJICHHUS.

Paboma evinonnena 6 pamkax memol « Monexkynaproe cmpoenue 1 HaOMOLEKYIAPHASL OPAHUZAYUSL
UHOUBUOYATILHBIX Beujecms, UOPUOHBIX U PYHKYUOHATbHBIX Mamepuanosy (121031300090-2).
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B pabote mpuBeneHsl pe3ynbTaThl JTUHAMUKHA HAaOyXaHHs MOJMMEPHOM NMPOTOHOOOMEHHOW MeMOpaHbI
Hadwuon B Boze ¢ pa3nuyHbIM COIEpKAHUEM JEUTEepus, MOJyYCHHbIE B AKCIIEPUMEHTaX MO (hOTOIIOMHHEC-
ueHtHoit u @ypre-UK cnexrpomerpun. [lokazano, uto rieHTpamMu HOTOTIOMUHECIICHIIUH SIBISIOTCS CYIb(O-
IPYIIIBL, JIOKAJIM30BAaHHbIE HA KOHIIAX TPYMI Nep(TOPBUHUIOBOTO 3hupa, 00pa3yromux TeGpIOHOBBIN KapKac
Hadwuona. UccnenoBana 3aBucumMoctsb ko3¢ ¢uipenta noromenus Hagpuona ot BpeMeHH BEIMAaYUBaHUS €TI0
B JICMOHM30BaHHOW NMPUPOIHOM Boze (conepkanue aeirepus 157 ppm) u B Boze, 0OCTHEHHOM 10 1eHTEpUI0
(DDW, conepxanue neiitepust 3 ppm). [Ipu HaOyxaHuu noaumepa B JEMOHU30BaHHON IPUPOIHOM BOJIE MHTE-
rpajbHbIA KO3((UIIMEHT MOMIOIIEHHUS YMEHBIIAETCS 110 MEpPe BEIMAUMBaHUs, B TO BpeMsI KaK MpHu HaOyXaHUU
B DDW unTerpansupiii k03GhGUueHT noriomeHust He MEHAETCs, M CIEeKTpalibHas IUIOTHOCTh OCTAETCs TO-
CTOSIHHOM. MI3MeHeHune crieKTpaabHOM MII0THOCTH K03 (hUIlMeHTa NomIomeHus npu HabyXxaHuu B IPUPOAHOM
BOJIC MOXKET OBITh CBSI3aH C Pa3pbIBOM XUMHUYECKUX CBsI3€i B 00beMe MOJIMMEPHOI MaTpHIIbI IO CPABHEHUIO
¢ cyxuM (6e3BoaHbIM) Haduonom, Torna kak nmpu Habyxanuu B DDW xumuueckue cBsi3u coxpansitorcs. Kak
ObUIO YCTaHOBJICHO B 3KCIIEPUMEHTAX MO (POTOTIOMHHECLEHTHOM CIIEKTPOCKOINH, Pa3pbIB XMMUYECKUX CBSI-
3eil mpu HaOyXaHUU B MIPUPOIAHOM BOJIE IPUBOJIUT K Pa3MaThIBAHHUIO MOJIMMEPHBIX BOJIOKOH B 00BEM OKpYrKa-
OlIeH )KUIKOCTH. Pa3MoTaHHBIE BOJIOKHA HE OTPBIBAIOTCS MOTHOCTBHIO OT MOJIMMEPHOM MOUIOXKKH, 00pa3ys
CTPYKTYpY THIIA IIETKW», MEPIECHINKYISPHYIO K TOBEPXHOCTH MeMOpaHbl. B skcniepuMenTax no ¢orosto-
MUHECIICHTHON CIIEKTPOCKONMHU ObLIa n3yueHa quHaMuKa HaOyxanus HaduoHa B cycrieH3usX aMUHOKHCIIOT,
MIPUTOTOBJIEHHBIX HA OCHOBE MPUPOAHOI Bosibl 1 DDW, a Taxoke nmpu 00aydeHUH YIbTPa3ByKOBBIMU M HU3KO-
YaCTOTHBIMU JICKTPOMAarHUTHBIMU BOJTHAMHM NPH HaOyXxaHUH B mpupoaHoii Boxe 1 DDW. B skcnepumenTtax
o ®ypse MK-crekTpockonuu ObUI0 U3y4eHO B3aUMOACHUCTBUE UCXOAHO THAPO(GOOHBIX MOTMMEPHBIX MEM-
Opan ¢ npuponHoii Bogoir 1 DDW ¢ yuyeroMm s¢pdexra pa3mMaTsiBaHUS TOTUMEPHBIX BOJIIOKOH.
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PEHTTEHOCTPYKTYPHbBIN AHAJIU3 MPOLIECCA
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D¢ dexTuBHAs 3aMOpO3Ka M XpAaHEHHE YEJIOBEYECKOM CHEPMBI SIBIISCTCS KpailHe aKTyajlbHOW 3ajaueii
JUIS. BCTIOMOTATEIbHBIX PENpPOAYKTUBHBIX TEXHOJOIMH. B KayecTBe MPOHMKAIOMIMX BHYTPh KIETKH KOMIIO-
HEHT KPUOIIPOTEKTOPA JJIsl 3aMOPO3KH CIIEPMATO30M 0B YaIlle BCETO UCIONIB3YIOT IIMLIEPHH, TaK KaK BOJAHbIC
pacTBOPHI IIMLEPUHA CITOCOOHBI (POPMUPOBATH CTEKIIONOI00HOE COCTOSHUE, JOCTHKEHHE ATOTO COCTOSHUS
HEOOX0IMMOE ISl TIOBBIIICHHUS BBDKMBAEMOCTH KJIETOK MpH 3amoposke [1]. s kpuokoHcepBaluu KIeTOK
UCTIONB3YIOTCSI HU3KHE KOHIIEHTpaluuu runepuna B pactBope (10-15% no o6bemy), Tak Kak OHU HE TOKCHY-
HBI /U1 KJIETOK. B muTeparypHbIX JaHHBIX HET MOAPOOHOTO M3y4YEHHs IMpOoIecca KpUCTAIII000pa30BaHus B
JAHHBIX PacTBOpPAX.

[TosTOMy 11E€TBIO JAHHOM paOOTHI ABJSETCA U3YUEHUS POIlecca KPUCTAII000pa30BaHus B KPUOIIPOTEKTOP-
HBIX CpeJlaX, OCHOBHBIM KOMIIOHEHTOM KOTOPBIX SIBJISETCS] BOAHBIX PACTBOP INIMIIEPHHA.

O1eHKa CpeHUX pa3MEPOB KPUCTAIIIOB, (DOPMUPYIOIIUXCS B M3Yy4aeMbIX PacTBOPax, a TAKXKe UCCIIE0Ba-
HUE BIMSHUS OTACTBHBIX KOMIIOHEHT KPHUOIIPOTEKTOPHBIX CPE MPOBEJCHBI C TOMOIIBIO PEHTI€HOCTPYKTYP-
Horo ananuza (PETRA III, DESY).

B Xoze mepBbIX 3KCIEPUMEHTOB OBUT M3YYEH MPOLECC KPUCTANIO00pa30BaHUS B BOAHO-IIMIIEPHHOBBIX
pacTBopax ¢ KOHIEeHTpamuen rumepuHa 12%006. ¢ 1o0aBieHreM HEMTPOHUKAIOIINX KOMIIOHEHT: albOyMHHA
(4 mr/mun) u caxapossl (0,5M) mansix 00bemoB (10-30 mkin). beuto oOHapykeHo, 4To, KaK M 7Sl BCEX JIOTOJ-
HUTEJIBHBIX KOMIIOHEHT, J00aBJICHHE CaXxapo3bl IPUBOIUT K YBEITUUEHHUIO YHCIIA KPUCTAIJIOB B PaCTBOPE, HO
UX pa3Mepbl 3HAYUTEIbHO MEHbIIE. /laHHOe HabIIoIeHHE KOPPEIUPYET C MpeanonaraeMoil GyHKuuen Herpo-
HUKAIOMKX KOMIOHEHT [2]. JloOaBneHue caxapo3bl B paCTBOP HE TOJBKO YMEHBIIAET OCMOTHYECKUH IIOK, HO
TaK)Ke MOXKET IPUBOJUTH K 00pa3oBaHMIO 00Jiee MEIKUX KPUCTAIIJIOB, YTO MIOMOTaeT n30eKaTh HEraTUBHOTO
BJIMSIHUS ITPOIIECCOB 3aMOPO3KHU Ha KJIETKU. B HacTos1Iee BpeMs B KIIMHUKAX MTPpH paboTe co criepMaTo30u1aMu
Yaie BCEro UCIOJb3YETCsl METO/ MEJUIEHHOW 3aMOpO3KH 00JbIINX 00beMoB 00pa3noB. [losTomy nanbHei-
1Iee U3ydeHue mpoiecca 00pa3oBaHUs KPUCTAIUIOB JIbJla B KPUOIIPOTEKTOPHBIX PACTBOpaX OBLIO MPOBEACHO
st 06pa3ioB oobeMoM 1,7 mir. [l momyyeHus 3Ha4eHUH CpeTHIX pa3MepOB KPUCTAILIOB, (POPMHUPYIOLIHXCS
B PacTBOpE MPH KPUOKOHCEPBAIMU, ObUIO HAIKMCAHO MPOrpaMMHOE 00eCIeYeHUe, MO3BONISIONIEe YHCICHHO
OLIEHUTH pa3Mepbl KpucTaioB. C MOMOIIBIO JaHHOH MporpamMmbl ObLIH MOJYYEHBI pa3Mepbl CPEIHUX KpH-
CTaJUIOB U151 0a30BBIX PACTBOPOB MPHU 3aMOPaKMBAHUH B OONBIINX 00beMax. BbIIo moka3aHo, 4To JIs BOJIBI
(100%) cpemuuii pazMep KpucTaLuioB cocTaBiser 2142 MM, ams 6ydepHoro pactBopa rmunepuna (12% o0.)
12+1 MKM, B TO BpeMs Kak 1 Oy(epHOro pacTBopa INUIEprHa ¢ Jo0aBlIeHueM anbOyMHuHa (4 MI/Mi) U caxa-
po3sl (0,04 M) cpeaauii pa3Mep KpUCTaUIOB, POPMUPYIOIIUXCS B PACTBOPE, COCTABISIET 9 + 1 MKM.

Takum oOpaszom, B xo1e pabOThl ObUT pa3paboTaH HOBBIM METOJ| aHaNu3a AU(PPAKIIUMOHHBIX KapTHH JUIS
KPHOIIPOTEKTOPHBIX cpesl. MeTo0M PEeHTIeHOCTPYKTYPHOIO aHajIi3a UCCIIeI0OBAaHO BIUSHUE IIUIIEPUHA, Ca-
Xapo3bl U alibOyMHHA Ha (POPMHUPOBAHUE KPUCTAJUIOB B BOIHOM pacTBope oObeMoM 20-30 MKI mpu BUTPH-
¢ukanuu. Taxke ObUTO MOKa3aHO, 4TO AoOaBieHue caxapossl (0,04 M) ymeHbIaeT pa3Mepbl KPUCTAILIOB,
00pa3yomuXxcs MPU 3aMOPO3KEe BOAHO-TIIUIIEPHHOBOTO pactBopa (12%), uto cormacyercst ¢ pe3ynbpraTami,
MOJYYEHHBIMU PaHEe METOAOM a1adaTHuYeCcKOil KaIOPUMETPHH.

1.Popov L., Greenbaum G. A., Sokolov A. P., and Feldman Y., Phys. Chem. Chem. Phys. J. 2015; 17 (27), 18063-71.
2. Luyet B, Rasmussen D. Study by differential thermal analysis of the temperatures of instability of rapidly cooled solutions of
glycerol, ethylene glycol, sucrose and glucose. Biodynamica 1968; 10: 167-191.
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B pa6orax [1,2] Ob11 00HApY)eH 2B (dEeKT reHepauu MOJISKYT IEPOKCHIA BOIOPOia B BOIHOM PAacTBOPE
MIPU MEXaHWYECKOM BO3JIeUCTBUU. BriociencTeuu npeamnoiaokeHa BO3MOKHOCTh TeHEepalliy IEPOKCH1a BOJIO-
poza B JOXKIEBOW BOJE MPU CTOJKHOBEHUH KAIIEW BOABI C TBEPAOW MOBEPXHOCThIO. B HacTosIEM JT0KIIa1e
MIPOJIEMOHCTPUPOBAHA BO3MOKHOCTh TAKOr0 MexaHu3Mma. [IprueM nmokazaHo, 4To peryimpoBaHUE UHTCHCHUB-
HOCTU CWJIBI y/apa IyTeM M3MEHEHHUs BBICOTHI MaJCHUS KaIlIM U yIvla MaJCHUsl Ha TBEPIYIO MOBEPXHOCTh
MPUBOJIUT K U3MEHEHHUIO KOHIICHTPALMHM MEPOKCHIa BOJOPO/AA M THAPOKCUIIBHBIX PaJUKalioB. YBETUUCHUE
BBICOTHI TIQJICHUS KAIUTU MPUBOANT K YBEIHUEHUIO d()D(PEKTHBHOCTH TeHEepallii aKTUBHBIX (JOPM KHCIOPO/Ia.
MaxkcumanbHasi HHTCHCUBHOCTh TeHEpAIlH aKTUBHBIX (hOPM KHCIOpO/a HAOIIONASTCS MIPH TEePIICHANKYIISIP-
HOM PACIIOJIOKEHUU TPACKTOPUHU JBUKEHUS KAl U MMOBEPXHOCTH, Ha KOTOPYIO Karuis nagaet. [lpu usme-
HEHUW yIJIa MHTCHCHUBHOCTH TeHEpAIK aKTUBHBIX ()OPM KUCIOPOAa yMeHbIaeTcsi. OCHOBHBIC MEXaHU3MBI
TeHepaIy MepPOKCHIa BOIOPO/Ia, BEPOSTHO, CBA3aHBI C 00pa30BaHWEM CHHITIETHOTO KHCIIOPOJa U JAallbHEH-
IIIMM €T0 BOCCTaHOBIIEHUEM [3], albTepHATUBHBIN IMyTh — 00pa30BaHUE MIEPEKHCH BOIOPO/A B PE3yiIbTaTe
PEKOMOMHALIMY TMIPOKCUIIBHBIX paJuKajios [4].

[1] B. Chen, Y. Xia, R. He et al. Water—solid contact electrification causes hydrogen peroxide production from hydroxyl radical
recombination in sprayed microdroplets. PNAS. 119, ¢2209056119 (2022)

[2] S.V. Gudkov, G.A. Lyakhov, V.I. Pustovoy, I.A. Shcherbakov Influence of Mechanical Effects on the Hydrogen Peroxide
Concentration in Aqueous Solutions. Phys Wave Phenom. 27, 141-144 (2019)

[3] V.I. Bruskov, A.V. Chernikov, V.E. Ivanov et al. Formation of the Reactive Species of Oxygen, Nitrogen, and Carbon Dioxide in
Aqueous Solutions under Physical Impacts. Phys. Wave Phen. 28, 103—106 (2020)

[4] J.K. Lee, K.L. Walker, H.S. Han et al. Spontaneous generation of hydrogen peroxide from aqueous microdroplets. PNAS. 116,
19294-19298 (2019)



BJIMAHUE BHELLUHUX BO3SOENCTBUA HA CBOUCTBA BOOHbIX PACTBOPOB

W3MEHEHME IOJI BO3JENCTBUEM YJbTPA3BYKOBBIX
KOJIEBAHU ®U3UKO-XUMHNYECKHX CBOMCTB
BOJHOI'O PACTBOPA, COAEP/KALIEI'O KOJIJVIOU/IHBIE
YACTULBI OKCHUIOB KEJIE3A

Jlecun B.U., Cajgaposa E.A.

Hncmumym npobnem negpmu u eaza PAH, Mockea, yn. [ yokuna, 3
v-lesin@inbox.ru

VYnpasneHue (QpU3NKO-XUMUYECKMMHU CBOMCTBAMH BOAHBIX PACTBOPOB, COAEPMALIUX MPUMECH KOJUIOWIHBIX Ya-
CTHII, C TIOMOIITHIO BHEITHUX (PU3NYECKUX BO3ICHCTBHUI MO3BOJISICT M3MEHSTh pH, pelnoKe moTeHIma, pa3Mepsl J1c-
nepcHoM (pa3bl, MOIOIIME CIIOCOOHOCTH U PYyTHe CBOWCTBA BOAHOM cpelibl. Takast BOSMOKHOCTb MOXKET CITYXKUTb
OCHOBOM HOBOM TEXHOJIOTUH PETYJIMPOBAHUS CBOMCTBAMH TEXHUUECKUX KHUIKOCTEH 0€3 MPUMEHEHHS XUMUYIECKUX
peareHToB.

B pesynbrare BOTHOBBIX BO3ICHCTBUI (CO3/1aHKE HAMPSHKEHUS CBHTA [ 1], BRICOKOYACTOTHBIE KOJICOaHMsT aBJie-
HUS [2], TOCTOSIHHBIC U TIEPEMEHHBIC AIEKTPOMATHUTHBIC TIOJIS ). BO3MOYKHO Pa3pyIICHHE KOJUICKTUBHBIX CTPYKTYP
(hpakTasbHOTO CTPOCHMSI, 00PA30BAHHBIX KOJIOMIHBIMHU YaCTHIIAMHU C yJacTHEM OKCHIOB JKeJie3a, 00IaIarolmx Ka-
TATMTUIECKUMHU CBOMCTBAMH. JTO BHIPAKACTCS B I3MEHEHUH COCTaBA OPraHMUYECKHUX BEIECTB MPU HU3KHUX TEMIIe-
parypax [3].

[Tpu 5TOM BO3MOMKEH BBHIOOp HarOOJIEeE IPUEMIIEMOTO THITA (PU3MUECKOTO BO3ICHCTBHUS C y4ETOM OCOOCHHOCTEH
TEXHOJIOTHU U (PU3UKO-XUMUYECKHX CBOMCTB HCIBITYEMOIO BOAHOIO pacTBOpa.

Harpy3ska B Buae xoneGaHmii 1aBieHU 1eicTByeT Ha He()Th aHAIOTUYHO BO3/ICHCTBUIO HANPSHKEHUEM C/IBUTa
(rpamuenta ckopoctr V -G=dV/dx) 1 puBOAXT K pa3pyIICHUIO arperaToB KOJUTOUHBIX YacTUI] He(PTH, UTO BBIpaka-
€TCsI CHIDKSHUH BSIBKOCTH [2]. Dopmyra Juist OIIEHKH CpeTHeN BETMUMHBI CKOPOCTH cBrra G MpH 4acToTe KoeOaHuit
TIOPIIHS TeHepaTopa KosiebaHui v, aMIuTUTYy/Ie KoJieOaHH TIOPITHA A, XapaKTepHOM pazMepe KOJUIOMIHON YaCTHUITbI
R, mpenanoxxennas B padore [2], cBoautcs K cieayromemy: G= 0,64vA/Rs

Ipu yneTpassykoBoM BozaeicTeuu ¢ v = 10°rm, mpu R = 10*cm, A = 10-cm, nioiyyaem orieHky G = 6,4 « 10%c™!.

Kaxk mpaBuio, it aHanm3a IpoLECCOB Pa3pyLICHHs arperaroB IMPUBIIEKAIOTCS METO/IbI CIIEKTPOCKOIIH MaJloy-
IJIOBOTO M IMHAMUYECKOTO PACCEsTHUS CBETA, UTO TPeOyeT UCIOIb30BaHKS ONTHYECKU IPO3PAaYHbIX 00BEKTOB, COZIEp-
MKAIMX MaJible KOHLIEHTpAIMU KOJUIOWAHBIX YacTull. B naHHOM pabore uccrienoBanuch peaibHble poObl BOAHOTO
pacTBOpa, ConepKaIIero ooIee JKee30 B KOHIeHTpauu 20 MI/J1 BBITOJTHEHO Ha ONTHYECKOM MHUKpPOCKoIie. brum
OLICHEHbI BapyalliK pa3MepoB ONTHYECKU HEIIPO3PauHbIX KOJUIOMIHBIX YACTHII, a TaKXKe N3MEPEHbI BEJIMUHUHbI pe-
JIOKC-TIoTeHIMana u pH.

YCTaHOBIIEHO, YTO TMOCIE YABTPa3BYKOBOIO BO3AEHCTBHS, COMPOBOXKIABLIEIOCS TEUEHUEM YKHJKOCTH, CPEIHHUE
pa3Mepbl YacTHIl, UMEBIIIHE XapaKTePHYIO I (PpaKTaIbHBIX arperatoB (GopMy, YMEHBIIMINUCH B pazmepax ¢ 50-60
MKM J10 5-10 MxM. YisTpaszBykoBoe Bo3aeiicTBue B TeueHue 30 MuH npu temiieparype 20°C conpoBoKAaaoch CHU-
YKEHHEM peJIoKC- MoTeHImana u poctoM pH. Takue Tpancdopmariyu SBISIFOTCS pe3y/IbTaToM BbICBOOOXKICHUSI 3aXBa-
YeHHbIX arperaramu HoHoB OH-, aficopOrpoBaHHBIX Ha MOTOKUTEIBHO 3aPSHKEHHBIX YaCTUIIAX OKCHJIA.

OOHapy>KeHHasi 4YyBCTBUTEIILHOCTh BOTHOTO PACTBOPA K BOJIHOBBIM BO3JICHCTBHSM OTKPHIBAET BO3MOKHOCTH M3-
MEHEHHUS! KOJJIEKTOPCKUX CBOMCTB MOJ3EMHOI0 XpaHWININA ra3a, YIPaBIeHUs! (PUIBTPAOHHBIMU CBOMCTBaMHU IO~
POIT KOJJIEKTOPOB, 32 CUET CHUKEHUSI TOJIIIMH TUICHOK CBS3aHHOM BOZbI U MOBBILIEHHS CKOPOCTHU JBHKEHHS BOJHBIX
PacTBOPOB B MOPHUCTOM cperie.

[1] Sontag R.C., Russel W.B Structure and breakup of flocs subjected to fluidstresses: I. Shear experiments // Journal of Colloid and
Interface Science. Vol. 113, Ne 2.P. 399-413,1986.

[2] JTecun B.N., Jlecun C.B. Bousitaue konebanuii 1aBleHUs HA BI3KOCTh He(DTH, coeprkaiieil KOO HbIC YaCTUITBI. AKTYyaTbHbBIE
npoOiems! HeTH U ra3a. Bem.1(24), 2019 /doi.org/10.29222/ipng.2078-5712.2019-24.art1

[3] Kacaukuna O.T., [Tucapenko JI.M., Jlecun B.W. Komtonanbie kaTanu3aropbl Ha OCHOBE OKCHIOB skene3a (3).11 Ocobennoctr
KaTaJu3UpPOBAHHOI'O OKMCIIEHUs MajibMoBoro Macia. Komtouaueiit sxypuani, T. 74, Ne 4, ¢. 503-508, 2012 .c.. 399413, 2012
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PEHATYPAIIMS BEJIKOB ITPU BO3JIEMCTBUU CJIABBIX
MATHUTHBIX TOJIEA

CapumoB P.M., MarBeeBa T.A., Haraes E.N., I'ynkos C.B.

Hncmumym ooweti puzuxu um. A.M. IIpoxopoea Poccuiickou akademuu nayx, HO®D PAH
rusa@kepella.gpi.ru

B pabote nccnenoBanioch BiausiHue runoMarHuTHBIX yenoBuit (MY, ocrarounoe mone <50 uTn) u nepe-
MenHoro MarautHoro nojst (I[leMII, 50 I'u, naaykuus 40mkTin) Ha mporecc peHaTypaiuu JTU30IuMa Ju-
3onuMa Oenka Kypunoro siiiiia (HEWL, monekynsapusiii Bec 14.3 k/la). bemox (10 mr/mur) mpenBapuTeabHO
B TEYCHUH OJHOTO yaca jeHarypupoBaiu B 6M ryanumuaruapoxiopuae (GdnHCI) ¢ nobasnennem 30mM
neruorpeurtona (DTT) B Oydepe TRIS (50 MM). Iyt penatypanuu padaBiisuid HCXOIHBIN pacTBOp B 250 pa3
oydpepom TRIS (50 mM, pH=8.0) c ¢ nob6aBnenuem BoccranorierHoro GSH (10 mM) u okucnennoro GSSG
(2.5 mM) myratuoHoB. Beisicuunocs, uyto Bo3zaeiicteue [1eMII yBenuunBaeT akTHBHOCTh peHATYpPHpPOBaH-
Horo B TeueHuu 30 munyt HEWL Ha 25% mno cpaBHeHUIO ¢ O€JIKOM peHaTypHUpPOBaHHBIM B KOHTPOJIbHBIX
ycIoBHsIX (IMOCTOSTHHOE MarHuTHoe mone ¢ uaaykuueit 40 mxTi) wiu (17.0+4.6)-10° Ex/Mr mo cpaBHEHHIO
¢ (13.6+5.3)-10° En/mr (cpeanee u SD 1o 6 He3aBHCHMBIM SKcriepuMeHTam). [Ipu 3ToM aKTHBHOCTH O€jIKa B
I'MYV (12.7+3.0)-10° Ex/mr Hao6opot Oblia 4yTh HIKe KOHTpous. Jucnepcuonnsiii ananus ANOVA ¢ dak-
Topamu: “Bpems peHarypauuu’ (rpymmsl: 0, 5, 15, 30, 60 mun) u “BozneiictBue” (rpymnmsl: [IeMII, TMY,
KOHTPOJIb), BBISIBHJI CTAaTUCTUUECKH 3HAUMMBbIe pa3nnyus A Gaxtopa Bozaerctue (p=0.026). AKTUBHOCTb
M3MepsIIach 1O MOMIONISHUIO PACTBOPAa MUKPOKOB Ha JiiTiHE BoJIHBI 450 HM, moapoodHee B padotax [1,2]. Iep-
BoHauajbHas aktuBHOCTE HEWL 110 nenarypanumu cocrasisiia (47+6)-10° Ex/mr.

Bropoii MeTos, HCTI0Ib30BaBIIMIACS AJIS1 HCCIIEI0BaHUS [TpoLiecca peHaTypauuu, — (QIyopecUeHIHs ¢ BO3-
OykJeHneM Ha JiyiuHe BOJHBI 281 HM. THTEHCHBHOCTD (hIyOpecIeHITMU ¢ TMKOM Ha JTMHE BOJTHBI ~340 HM
B OCHOBHOM 00ycIioBjIeHHas aMuHokucioTamu Trp, Tyr, Phe nmpu nenarypanun Genka 3a c4eT CHHKESHHS d(-
dekra “PKpaHUPOBKHA~ MHTEHCUBHOCTH (UIYOPECIICHIINK yBEIMYMBACTCS (IIPU HAIIUX HacTpoukax a0 ~1700
0.€.), @ TAK)KE CMEIIAeTCsI MAaKCUMYM THKa B JNIMHHOBOJIHOBYIO 0071acTh (110 338—339 um). [Ipu penaryparun
Ha000POT MPOUCXOANT YMEHBIIICHUE MHTEHCUBHOCTH (prryopectiennnu (mpumepHo 10 1300 o.e.), a Makcumym
CIIBUTAETCSI B KOPOTKOBOHOBYIO oOsacth (334-336 um). [Ipu BosnetictBum [1eMII ¢ayopectiennus 3a 30
MHHYT yMeHbImiachk A0 1344490 o.e., B TO BpeMsl Kak B KOHTPOJIBHBIX YCIOBUsIX 110 1442+29 o.e.. dnyopec-
neHnus st IMY 1554£196 o.e., 4To CBUIIETEILCTBYET O MEHbIIEH 3 (HEKTHBHOCTH MPOIECCa PeHATYPALIHH.
CratucTUyecKuil aHAINU3 MPOBEKICHHBIN TaK )K€ Kak W JJIsl aKTUBHOCTH O€JlKa MoKas3al CTaTUCTHYECKYIO
3HAYUMOCTH 110 (pakTopam Bozaeicteue (p=0.042, ANOVA). [loxoxue pe3ynbraThl ObUH 3aUKHUCPOBAHbBI U
JUTSl ”3BMEHEHUsS] MaKCHMYyMa THKa B Ipoliecce peHarypauuu. @aktudecku (yopeclueHTHbIA aHalu3 MOATBEp-
JIAJT TAHHBIE TTOJYYCHHBIE C UCTIOIB30BaHUEM TECTa Ha aKTMBHOCTH Oenka. B mrore nByms MeTonamu ObLIO
MOKa3aHo YTo ‘“‘c1a0ble” MarHUTHBIE MOJIST MOTYT OKa3bIBaTh BIMSHUE Ha MPOIECC pEHATypaIuu Oelka.

1. R.M. Sarimov, V.N. Binhi, T.A. Matveeva, N.V. Penkov, S.V. Gudkov, Unfolding and aggregation of lysozyme under the combined
action of dithiothreitol and guanidine hydrochloride: Optical studies, International Journal of Molecular Sciences, 22(5), p. 1-16,
(2021).

2. R.M. Sarimov, E.I. Nagaev, T.A. Matveyeva, V.N. Binhi, D.E. Burmistrov, D.A. Serov, M.E. Astashev, A.V. Simakin, O.V.
Uvarov, V.V. Khabatova, A.G. Akopdzhanov, N.L. Schimanowskii, S.V. Gudkov, Investigation of Aggregation and Disaggregation
of Self-Assembling Nano-Sized Clusters Consisting of Individual Iron Oxide Nanoparticles upon Interaction with HEWL Protein
Molecules, Nanomaterials, 12(22), p. 3960, (2022).
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PoranoHHbIle BCTPSXHMBATEIM — 3TO YCTPOWCTBA, KOTOPBIE MIMPOKO MPHUMEHSIOTCS ISl 0OecredeHust
NepeMEIInBaHus, adpaludl ¥ GOPMUPOBAHMS HANPSDKEHUN cABHUra B kuIKOcTsAX [1]. PorammonHsie BCTps-
XHMBATENU IIMPOKO MCIOIB3YIOTCS MPH MPOU3BOACTBE JIEKAPCTB B COOTBETCTBUU € OMO(apManieBTHUECKUMU
TpeOOBaHUSAMH, KOTOPBIE MOT'YT BapbUPOBATHCS OT IIPOCTOTO CMEIINBAHUS PA3IUYHbIX KOMIIOHEHTOB [2], 10
o0ecriedeHus ONpeIeIICHHBIX YPOBHEH HANPsHKEHUH CIBUra 7Sl yCKOPEHUs erpaaanuu oenka [3].

HccnenoBanus noqo0HBIX MPOILIECCOB HAPSAILY € SKCIIEPUMEHTAIBHBIMU METOJJAMHU TTPOBOJISATCS C TIOMOIIBIO
METOJI0B BbrurciuTenbHol rugpoauHamuku (CFD). B nocnennue aecsaTuiaeTis: 3Tu METO bl 3aPEKOMEH10Ba-
7 ce0s KaK HaIeKHBIN HHCTPYMEHT UCCIIEIOBAHMUS IIUPOKOTO KJlacca MHOTO(a3HBIX 1 MHOTOKOMIIOHEHTHBIX
TEUEHUH CO CIOXKHOM CTPYKTYypoil moToka. B cpaBHeHuu ¢ s3xcnepumenTaibHbIiMu Metonamu, CFD-monenu-
pOBaHUE NMPH HAaUMEHBIINX (UHAHCOBBIX M BPEMEHHBIX pECypcax MO3BOJISET MONyYUTh Hanboee MOIHYIO
nHpOpPMaLUIO 00 HCCIIETYEMBIX MTpoIeccax.

B Hacrosiiem uccienoBaHuy paccMaTpuBaeTcs Ipolecc nepeMeninBanyst 10 M1 BOZHOTO pacTBoOpa B BU-
asie Ha 20 MJI IpU AMHAMU3AIUK HA poTaunoHHOM BerpsaxuBarene IKA MS 3 basic B Teuenue 10 cexynn.
PoranuoHHbIi BCTPSXHUBATEh COBEPIIACT KOJeOaTeIbHbIE IBUKEHHUS CTOJIA [0 KPYTOBOW OpOUTE TUaMETPOM
4.5 mm, ¢ yactotoit 3000 06/mMuH. B Mojienu ObIIO clienano AOMyIIeHNne, YTO BUajia IUIOCKO CTOUT Ha POTAallU-
OHHOM CTOJI€ Y COBEPILAET JABHKEHUE 10 OPOUTE BMECTE CO CTOJIOM.

Mozens ocHOBaHa Ha YMCJIEHHOM penieHMH ypaBHeHHMH HaBbe-Crokca. B kadecTBe moaxoma Kk Monemnu-
poBaHUIO TYpOYJIEHTHOCTH BBIOpaH 3apeKOMEHAOBaBIIMK cebs meron KpymHbiX Buxpeil (LES) ¢ mozpensio
nozaceroyHoi Bsizkoctu WALE. [t MonennpoBaHust rpaHullbl pasaena a3 5KUIKOCTh-BO3IYX PUMEHSIETCS
metoz, Volume of Fluid (VOF). Jlns pacuera pacrupeneneHus: KOHIICHTPAIIUN BEIIECTBA B BOJIE KuaKas (asza
paccMmarpuBaeTCsl IByXKOMIIOHEHTHOM, M, COOTBETCTBEHHO, PELIAIOTCS YPaBHEHUS IEPEHOCA KOMIIOHEHTOB.

B xone pa®oTel mpoBeeHO MOJETUPOBaHKE Ipollecca AMHAMU3AIMK Ul ABYX BapUAHTOB JOMYIICHHUS O
Ha4YaJIbHOM paclpeieTIeHUH KOHIIEHTPAIMY BEIIECTBA — B BU/IE IUIOCKOTO CJIOS B BEpXHEH yacTu 00beMa BOIbI U
B BUjie c(hepruecKoil Karum B LeHTpe oObeMa Bozbl. [lomyueHs! kapTuHbl pacnpeneneHus (a3, KOHIEHTpaIuu
BEIIECTBA, CKOPOCTU U JABJIEHMS OT BPEMEHHM Ipolecca. Pe3ynpraTsl pacueToB NOKa3ajiH, YTO Ha Ha4yaJIbHOM
JTane Mpolecca MPOUCXOIUT PE3KOe TIEPECTPOSHNE CTPYKTYphI pacnpeneneHus $has, GopMUpOBaHUE BO3IYII-
HOTO si7ipa B IIEHTPE U KOJIBLIEBOTO TEYCHUS BOJIBI BO3JIE CTEHOK Ha BBICOTE BCEH BUAJIBI, jasiee IO100HOE KBa3HU-
YCTaHOBUBILIEECA-TIEPHOINUECKOE TEUEHUE COXPAHSAETCS Ha BCEM IIPOTSHKEHNH MPOLIECCa BILIOTh 10 OCTAHOBKHU
BUAJIbl. AHAJIN3 CTPYKTYPbI TEUEHUS, [I0KA3bIBAET HAJIMUNE BUXPEN B KOJIBLIEBOM 3a30p€ BOJIbI, TaK KaK IIPOLIECC
KOJIeOATEIbHBIN, TO JIOKAJIH3aLUs BUXPEBBIX CTPYKTYP AMHAMHYECKH MU3MEHSETCs. XapaKTepHasi CKOpOCTh MO-
TOKa COCTaBMJIa OKOJIO 3 M/C, IIMPUHA KOJIbIIA TEUEHHS - PUMEpHO 6 MM, yncio Peitnomnbaca - 18000, Gomb-
IIYIO0 YaCTh BPEMEHHU MPOILECca YPOBEHb TUCCUMAIIMK SHEPTUU cocTaBisul okoio 0,24 Bt. Ananu3 auccumnanuu
SHEPIUU MTO3BOJIWJI BBIIIOJIHUTH OLIEHKY HarpeBa pacTBopa 3a BpeMs Ipolecca, HarpeB coctaBui okoio 0,057°C.
PazpaboranHast METOMKA MOXKET ObITh HCIIOIBb30BaHA [Tl ONTHUMHU3AIIMH MIPOIecca TMHAMHU3AINH.

[1] P. Alpresa, S. Sherwin, P. Weinberg, M. van Reeuwijka Orbitally shaken shallow fluid layers. I. Regime classification. PHYSICS
OF FLUIDS 30, 032107 (2018)

[2] S. Tissot, M. Farhat, D. L. Hacker, T. Anderlei, M. K"uhner, C. Comninellis, and F.Wurm, “Determination of a scale-up factor
from mixing time studies in orbitally shaken bioreactors,” Biochem. Eng. J. 52, 181-186 (2010).

[3] G. Bai, J. S. Bee, J. G. Biddlecombe, Q. Chen, and W. T. Leach, “Computational fluid dynamics (CFD) insights into agitation
stress methods in biopharmaceutical development,” Int. J. Pharm. 423, 264-280 (2012).
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ilyabaymler@yandex.ru

N3BecTHO, YTO MPU ONTUIECKOM MPOOOE BOIBI IPOUCXOAUT 00pa30BaHKE TUIA3MBI, B XKHUJIKOCTH PacIpo-
CTPaHSIOTCS yIapHbIe BOJHBI, HAOM0MaeTCcs (POPMUPOBAHUE KABUTAIIMOHHBIX My3bIpEH, MPOUCXOTUT WHTCH-
CUBHOE XMMHUYECKOE M3MEeHeHue camoi cpeasl [1, 2]. bpuio ycTaHOBIEHO, YTO MOPOroBasi MHTEHCUBHOCTD
Ja3epPHOTO M3IYYCHHS, HEOOXOAMMAs JJIsi ONTUYECKOTO MPoOO0si BOMIBI CYNIECTBEHHO CHUXKACTCS MPH J00aB-
nennn Hanouactul] (HY), ocoberno wactui metaos [3]. B HacTosIeit paboTe rccieaoBaHo BIUSHUE KOH-
[EHTPAIMA HAHOUYACTHII, NX (HOPMEI, pa3Mepa, MaTepuaia U CTCIIEHU OKUCICHHOCTH HA WHAYLUPOBAHHBIC
ONITUYECKUM MPOO0EM (PU3HKO-XUMUIECKUE CBOMCTBA TINIa3MbI (TIPOCTPAHCTBEHHOE U BPEMEHHOE pacmperie-
JICHUE, ONITUYECKHUE XapaKTEPUCTUKH ), TPOIIECCHI TeHEPAIIUU aKyCTUICCKUX KOJIeOaHU, TMHAMUKH Pa3BUTHS
KaBUTAIMOHHBIX IMy3bIPEH, reHepaluu THAPOKCUIBHBIX PaJUKaIOB, MOJEKYISIPHOTO BOJOPO/AA, KUCIOPO/A,
nepekucu Bojopoza [4]. O6HapyXeHO, UTO KOHIICHTPAIUsI HAHOYACTHII ONIPE/IEIISIET, HACKOJIbKO NHTEHCUBHO
OyleT MPOUCXOIUTH JIa3ePHBINA MPOOOI BOIHBIX KOJJIOUIHBIX PACTBOPOB HaHOUACTHUI]. HanbombInas WHTEH-
CUBHOCTH CBCUCHUS TNIA3MBI, aKYCTUYECKUX CUTHAIOB U CKOPOCTH IUCCOIMAIIMY MOJIEKYJ BOJBI U 00pa3oBa-
HUSI HOBBIX XUMHUECKUX MPOAYKTOB HAOMIOAaeTCs pu KoHIeHTpanuu Harnouactuil 10'° HY/mn mpu oOmyde-
HUU KOJUIOMJIOB HAHOCEKYH/IBIM UMIYJIbCHBIM Ja3epHBIM M3JIydeHUEM Ha JyiuHe BosiHbl 1064 um. Wccneno-
BaHUE BPEMEHHBIX Pa3BEPTOK M300pakKeHUH TIa3Mbl PU TTOMOIIIHA BHICOKOCKOPOCTHON KaMephl MMOKa3hIBAET,
YTO CKOPOCTH ABMKCHUS CTCHKH KaBUTAIMOHHOU MOJIOCTH B MOMEHT ONTHYECKOTO MTPOO0ST IMEET MPEICTHHOE
snauenne 15000 m/c. KaBuTannoHHble My3bIpH C TUIA3MOUM MPU 3TOM BO3JCHCTBYET APYT HA JIpyra Mocpe-
CTBOM YJIapPHBIX BOJIH. YCTAHOBJICHO, YTO CBETUMOCTh IJIa3Mbl B HAUOOJBIICH CTETIEHN KOPPEIUPYET C MPO-
1eccaMu TeHepaluy MepoKCUa BOAOPOJA U THAPOKCUIBHBIX PAJUKaIOB, @ UHTEHCUBHOCTh aKyCTHYECKUX
CUTHAJIOB B OOJIBbIIICH CTEMEHU CKOPPETUPOBAHA CO CKOPOCTHIO 00pa30BaHUsI MOJICKYISPHBIX KHUCIOPOAA H
Bonoposa. [Toka3aHo, 4TO MHTEHCUBHOCTh YKa3aHHBIX MPOIIECCOB, HAOMIOIAEMBIX MIPH ONTHYECKOM MPOOoe
KOJUJIOMJIHBIX PacCTBOPOB HAHOYACTHII, 3aBUCUT OT MaTepHaa U pa3MepoB HaHo4acTHll. DU3UKO-XUMUYECKUE
MPOIIECChI, HAOIIOaeMBbIC TIPU ONITHYECKOM MPOO0E KOJUTOUAOB TaKKE MOBEPIKEHBI BIHSIHUIO PACTBOPEHHBIX
B KOJUJIOMJIE Ta30B.

[1] Vogel, A., Lauterborn, W., & Timm, R. Optical and acoustic investigations of the dynamics of laser-produced cavitation bubbles
near a solid boundary. Journal of Fluid Mechanics, 206, 299-338. (1989)

[2] Bruggeman, P. J. et al. Plasma—liquid interactions: a review and roadmap. Plasma sources science and technology, 25(5), 053002.
(2016)

[3] Kennedy, P. K., Hammer, D. X., & Rockwell, B. A. Laser-induced breakdown in aqueous media. Progress in quantum electronics,
21(3), 155-248. (1997)

[4] Baimler, 1. V., Simakin, A. V., & Gudkov, S. V. Investigation of the laser-induced breakdown plasma, acoustic vibrations and
dissociation processes of water molecules caused by laser breakdown of colloidal solutions containing Ni nanoparticles. Plasma
Sources Science and Technology, 30(12), 125015. (2021)
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Cy1iecTBYyIOT paboThl, KOTOpbIE TOKA3bIBAIOT, YTO MPOLECCHI, MPOTEKAIOIIKE B T0Je HHPPA3BYKOBOTO BH-
OpOaKyCTHYECKOTO BO3JICUCTBHS, MOTYT MPUBOJUTHh K U3MEHEHUIO KUHETUKA XUMUYECKUX peakuumid [1]. U3
MIPEJICTABICHHBIX paHee 3KCIIEPUMEHTANIbHBIX JaHHBIX CIEAYET, YTO B MOJI€ HU3KOYACTOTHBIX BO3CHCTBUIA
npoucxoauT u3aMeHenne pH Boawl [2]. DT0 0OBSCHSAETCS CIBUTOM KapOOHAaTHOTO paBHOBECHs BOibL. B Ha-
cTosiiei paboTe ycTaHOBIEHO, 4To 3 ekt n3menenus pH u, kak cieacTBue, KOHIEHTPALUs paCTBOPEHHOTO
CO2 3aBHCHT OT TIOJJaBAa€MOM B CHCTEMY YacCTOTHI U BPEMEHHU BO3ICUCTBUS (pHUC. 1), ClieI0BaTEIbHO MOKHO
nogo0parh TakMe YacTOThl U BPEeMsl BO3/IEHUCTBHUS, KOTOPbIE MPUBEAYT K JOCTUKEHUIO OINPE/IeJICHHbIX 3Haue-
HUN KOHUEHTPALUU YIIIEKUCIIOTO rasa.

Puc. 1. Hzmenenue pH 600b1 npu pasmuuHvlx 4acmomax

B xone skcniepumenTta otoupanu S0 M1 BoJsI B MEPHBIN IIWIIMHJIP, TpoBoain u3mepenue pH. Jlanee Bu-
OponopIleHb NOrpy:Kajiu B UIWINHAP (00BEM BOJBI, 3aKIIOUYEHHBIA MEXLy HUKHUM KpaeM MOPIIHS U THOM
cocyna coctanisii 30 mut). C reHeparopa 1moaaBaicsi CHHYCOUAIbHBIA CUTHAIT 3aIaHHON 9acTOThL. B TeueHue
gyaca CHCTeMa IoJIBeprajgach BHOPOAKyCTHUYECKOMY BO3lelcTBHIO, pH u3Mepsiin ¢ uaTepBasioM B 10 MUHYT.
[Tocne vero Bo3zaeiicTBHE MpEKpaIIaIoCh U aHAIOTMYHO M3ydaiach pejakcalus cucteMbl. Bo Bpems BuGpo-
aKyCTHYECKOrO BO3JIEHCTBUS B 00pasiie BOJAbl HaOMIOAAETCs MOSBICHHE OOJIBLIIOTO KOJIMYECTBA MYy3bIPHKOB
ra3a pa3JIM4yHOrO pa3Mepa U UX XaoTUYHOE JIBIXKEHHE 10 BceMy cocyay. C MOBbIILIEHHEM 3HAYEHUS YaCTOTHI
CKOPOCTb JBUKEHHUS ITy3bIPHKOB 3aMETHO YMEHbILIAETCSI.

C yueToM mpeiecTByOIMX padoT 0 HACKIILIEHUH BOABI YIVICKUCIIBIM Ta30M B I10JI€ HU3KOYACTOTHBIX BO3-
JNEUCTBUM [3], MOXKHO clieslaTh BBIBOJA O TOM, YTO CYUIECTBYET BO3MOXKHOCTb yIPaBJICHUS KOHUEHTpALUEH
PacTBOPEHHBIX B JKUJKOCTHU I'a30B C MOMOIIbIO HU3KOYACTOTHOT'O BUOPOAKYCTUUECKOTO BO3/IEHCTBUSI.

Paboma evinonnena npu noodepoicke eparnma Ponoa cooelicmaus UHHOBAYUAM 8 PAMKAX CO2NAUEHUs
184491'V/2023.

[1] Mopo3zo A.H., ®aznees ['H., boraroB H.A. u np. BnusiHue HM3KO4AaCTOTHBIX KojeOaHWN Ha MPOLECC BOCCTAHOBICHHS
MeTuieHoBoro cunero. Bectouk MI'TY um. H.O. baymana. Cep. EcrectBennsie Hayku, 2022, Ne 1 (100), c. 141-156.

[2] IenTtioxun E. U., boratoB H. A. BausiHue HU3KOYaCTOTHBIX MaJOdHEPreTHUEeCKUX Bo3eHcTBUI Ha pH BonHON peakuoHHON
cpensl // dusndeckoe odpazoBarue B BY3ax. 2021. T. 27, Ne S4. C. 27-30.

[3] 3otkur A. II., boraroB H. A. MHTeHcH]uKanus MaccOOOMEHHOro Iporecca B CHCTEME '"Ta3-)KHIKOCTh"' TPU ITOMOIIA
nH(pPa3ByKOBOTO Bo3eicTBus // dusndeckoe oOpa3oBanue B BY3ax. 2021. T. 27, Ne S4. C. 51-54.
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BNUAHUE BHELUHWUX BO3SOENCTBUI HA CBOWNCTBA BOAHLIX PACTBOPOB

KOMILJIEKC NBII-nox B IOJIE HU3KOYACTOTHBIX
BUBPOAKYCTHYECKHX BO3JIENCTBUI

Kokopun H.A.', Boraros H.'?, Ilentioxun E.'?, CaBuna A.'?, 3oTkun A.'?

! Poccutickuil Xumuko-mexnono2uyeckuil ynusepcumem um. JI.H. Menoeneesa, Mockea
’Mockosckuit Tocyoapemesennoiii Texnuueckuti Ynueepcumem um. H.D. Baymana, Mockea
nkokorin074@gmail.com

[Ipu MexaHn4YecKoM BO3MYILEHHHU KUJIKUX CpeJl CYIIECTBEHHO BO3PACTAET IUIOIIA/Ib TPAHMIIbI pa3/iesia Kul-
KOCTh-T'a3 U, KaK CIIE/ICTBUE, IOBEPXHOCTHAS SHEPIUsl CUCTEMbI. DTO BEIET B MEPBYIO OUepe/ib K YCUICHUIO Mac-
cooOMeHa Mexkay (hazamu, YTO B EPCIIEKTHBE MOYKHO MCIIONB30BaTh /U1l KOHTPOIUPYEMOM 1oja4uy ra3000pa3HbIX
KOMITOHEHTOB B pE€aKIIMOHHYIO cpeny [1].

B xauectBe crmocoba ucclenoBaHUSI JAHHOTO BOIPOCAa MOXET OBITh
MIPEATIOKEH METOJl HU3KOYACTOTHOTO BHUOPOAKyCTUYECKOTO BO3/IEHCTBUS
C TOMOIIIBIO YCTPOMCTBA [2]: HU3KOUACTOTHBIE MEXaHUYECKHE KOICOaHUs
(TOPOILIIACTOBOIO MOPIIHS MOAIOTCS B PACTBOP, MPUBO/S K BOSHUKHOBE-
HUIO JIOKAJIbHBIX 00MacTell My4yHOCTH U pa3peskeHus. BeneacTsue Takoro
SIBJIEHUSI TIPOMCXOIUT YIaJieHWEe WJIM, HAIpOTUB, HACBIIIEHHE pacTBOpa
OIpeeIEHHBIMA KOMIIOHEHTaMH U3 ra30Boi (a3bl.

Oco0blif MHTEpeC BBI3BIBAET MOBEICHHUE B YCIOBHUSIX HU3KOUYACTOTHOIO
BHUOPOAKYCTUYECKOTO BO3ACUCTBHS KOMILUIEKCOB HOJIa C IEPEHOCOM 3apsa
[3, 4], mOCKONBKY B psifie CITydaeB MPOUCXOAUT UX HeoOpaTumMast auccormanys. [1omo0HbIe mpoiiecchl MOTYT OBITh
paccMOTpEHBI Ha [TpUMepe KOMILIEKCa MOJTMBUHIWITHUPPOIUIOHA ¢ MoKy IsIpHbIM nozgoM (I1BI1-uom).

B npemmectByromumx paboTax coo0manock, YT0 FHHTEHCUBHOCTh 00€CIIBEUMBAHHSI KOMILJIEKCA B OOITIEM ClTydae
BO3pACTaeT 10 Mepe MOHMKEHHS YAaCTOThI U YBEJIMUEHHSI MOILIHOCTH BO3JICUCTBHUS, @ 3aBUCUMOCTh U3MEHEHHUSI OI1-
TUYECKOW TUTOTHOCTH OT BPEMEHH JInHelHa (puc. 1).

BBujy sBHBIX pu3HAKOB MeK(ha3HOTO B3aUMOJECHUCTBHS ObLIIO BBIIBUHYTO MPEANOIOKEHHUE O BO3MOKHOM BbI-
JIeTICHUN MOJIEKYJISIPHOTO MOJia MU pa30aBieHn KoMIuieKca Booi. [lonTBepkaeHneM ToMy BBICTYIIAeT IpaKTu-
YeCKHU IMOJHOE OTCyTCTBUE A(dekTa npu pazdaBieHUN MaAJIONOISPHBIM HU30MPONIIOBEIM CIMPTOM. BinsiHue no-
JISIPHOCTH PACcTBOPUTEJISI OLIEHUBAJIOCH C MIOMOILBIO CEPHU PACTBOPOB M30MPOIMIIOBOIO CIIUPTA B BOJIE, KOTOPBIE,
oCJI€ CMCHICHUA ¢ OAMHAKOBBIM KOJIMYCCTBOM IIpCriapara, InoABECPrajivuCb HU3KOYaCTOTHOMY BI/I6p03Ky0TI/IIICCKO-
My BO3IEUCTBHUIO B TeueHre 30 MuHYT mipu yactote 15 'l 1 BbIxomHOM MonHOCTH 5 B. M3MeHeHue ontnyeckon
TUIOTHOCTH TIOJIBEPTHYTHIX BO3JIEHCTBHIO 00PA3II0B OTHOCUTEIILHO KOHTPOJIBHOM MPoOBl AA TIpH pa3iIMyHbIX 3HA-
YEHUSIX TUANIEKTPUUECKOI TPOHUIIAEMOCTH € MIPEICTABIICHO B Taou. 1.

€ 78,500 78,367 78,218 77,785 77,017

AA 0,338 0,221 0,186 0,163 0,101
Tabn. 1. 3a6ucumocms u3MeHeHUs C6eMOoNno2N0WeHUs: OM OUIIEKMPUYECKOU NPOHULAEMOCTIU PACMBOPUMEs

Puc. 1 — HUsmenenue onmuueckoi
NJLOMHOCMU 80 BPEeMeHU

Kak BHUAHO, C TIOHMKCHHUCM € NMHTCHCHUBHOCTD O6CCHB€‘II/IBaHI/I5{ TAKXKC IMaaacT, 4TO IIPCABAPUTCIIbBHO MOXET
CIIYXXHUTb INOATBCPKACHUCM BIIMAHUA PACTBOPUTECIIA HA YACPIKAHHUC 12.

1] C. BorocmoBckwii, A. MemannuH u A. KoBaenko, CHHTE3 BRICOKOAUCIIEPCHOTO KapOOHaTa Kb B CTYACHICCKOM ITPAKTUKYME
1o xumuu, CoBpeMeHHbIe HAayKOEMKHUE TEXHOJIOTHH, BbII. 11-2, ctp. 265-269, (2018).

[2] MTatenT Ne 206891 Poccwmiickas ®enepartist, MIIK BO1J 19/08. YeTpoiicTBO 17 MHTEHCH(PHUKAINN XUMHYIECKUX MPOIIECCOB B
xuakoit cpene : Ne 2021111178 : 3asBneno 20.04.2021 : ony6mmkoBano 30.09.2021, brom. Ne 28 / MensmmkoB B. B., bonasipes B.
C., boraroB H. A., Berpoa O. b., CaBuna A. C., 3otkun A. I1., ®anees I'. H., Ky3nernos H. H. ; materroo6manarens Poccuiickuii
XUMUKO-TEXHOJIornueckuil yuusepcuret uM. J. 1. Menzneneesa. — 8 c.

[3] H. boraros, A. CaBuna, A. 3otkut u E. Xanamkan, BiusHie HUI3KO9aCTOTHBIX aKCHATBHBIX KOJeOaHUI Ha OMOXWMHYECKHE
CBOMCTBa HOMMHOJA , YCTIEXH B XUMUU U XUMHUYIECKOW TEXHOJIOTHUH, TOM 34, BbIT. 12, cTp.. 12-14, (2020).

[4] H. Boraros u B. Bonsipes, Moa-kpaxManbHblii KOMIUIEKC B [OJIe HU3KOYACTOTHBIX AKyCTHUECKHX BO3CHCTBHUIA, MOTOAGKHbIH
Hay4YHO-TEXHUYECKUN BECTHHK, BBII. 6, (2014).
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WCCJEJOBAHME BOJHBIX PACTBOPOB YEJIOBEUYECKHNX
WUMMYHOTJIOBYJMHOB C 1OBABJIEHUEM
HAHOYACTHI] OKCHJIA KEJIE3A TP BO3JENCTBUUA
N3JIYYEHMS Nd: YAG JIABEPA B 3ABUCHUMOCTH OT
TAPMOHMKH U MOIHOCTH JA3EPHOTO UMITYJILCA

Haraes E.U., CapumoB P.M., MarBeeBaT.A., Cumakun A.B., baiimiep U.B., I'yikos C.B.

HUncmumym ooweti pusuxu um. A.M. Ilpoxoposa Poccuiickoti akademuu Hayx,
119991 I'CII-1, 2. Mocksa, yn. Basunosa, 0. 38
nagaev_e@kapella.gpi.ru

Pa3BuTHe na3epHOil TEXHUKU MO3BOJIMIO MPOBOIUTH XUPYPTrHUYECKUE ONEpaluyu, paHee HEJOCTYIHBIE C
HCIOJIB30BaHUEM CYIIECTBYIOMUX MeToJ0B. OHUM U3 BHUJIOB BO3JEHCTBUS JIA3€PHOIO CKaJIbIIENs HAa TKaHU
SIBJISICTCS JTa3€PHO-UH Ty ITUPOBAHHBIA ONTUYECKHUIN TIPOOOIA, B pe3yIbTaTe KOTOPOTO yaajsieTcss Onomarepual.
Ho ocraercst Manon3yueHHbIM BONPOC O B3aUMOJICHCTBUU M3JIyUCHUS Ja3€PHOTO CKAJIbIIEsl Ha OTACNIbHbIC
KOMIIOHEHTBI OMOJIOTUYECKUX CUCTEM, K IIPUMEPY, Ha PacCTBOP OCJIKOB in-vitro.

B nannoit paboTe ¢ NOMOIIBIO ONTHYECKUX METO/IOB MPOBEICHO MCCIIEIOBAHUE BIMSHUS JTa3€PHO-UH]TY-
LUPOBAHHOTO ONTHUYECKOr0 MpoOOsi Ha CBOMCTBA BOJHBIX PACTBOPOB UEIOBEUECKUX MMMYHOIIIOOYIMHOB U
BOJIHOTO pacTBOpa UMMYHOINIOOYJIMHOB ¢ JOOABJICHHEM HAaHOYACTHI] OKCHA Keje3a, MOKPBITHIX LUTPaTOM
Hatpus. Pa3zmep HaHouactui 6601 267 HM, UX KOHIIEHTpanuss ONTHUYeCKMMH METOJaMU (IMHAMUYECKOe CBe-
TOopaccesiHue, CreKkTpockonuss Y®O-BUIUMOro AMana3oHoB, pedpakToMeTpus U (QIIyopecleHTHas CHEeKTpo-
CKOIIHSI) TTOKa3aHo, YTO MOCJe OOIydeHus Jia3epoM Ha JyuHe BoJHBI 1064 HM ¢ BpemeHeM ummyibca 10 HC
4acTh OEJIKOB B paCTBOPE Pa3pyllaloTcs, IEHATypUPYIOT U 00pa3ytoT arperarsl. UHTEeHCMBHOCTH 00pa30BaHUs
arperaroB 3aBUCHT OT BPEMEHM BO3JCHCTBHS U OT SHEPrHMM UMIYyibca. Tak, B cay4yae SHEPruu umiyibca 1
M/Ix cpenHnii pasmep arperatoB coctaBui ~230 HM, Toraa Kak B ciydae 3Hepruu 1.7 mJIx ~ 126 HM, HO nx
KOJIMYECTBO ObUIO OOJIBLINM, YeM B MEepBOM ciiydae. OcTalbHBIMU METOAAMHU TaK K€ 3apEruCTPUPOBAH TPEH]
Ha (pparMeHTAIMIO W arperamuio, HO JIOJIsl HATUBHBIX OCJIKOBBIX MOJIEKYJ Oblia Bbimie. B ciyuae moGasie-
HUS HAaHOYACTHI] OKCHJIA JKejle3a K OETKOBOMY pacTBOpPY HE ObLIO 3adMKCHPOBAHO OOpa30BaHUs arperaTtoB
6enok-HaHouactuna. [locne obmydenus nazepom c sHepruer ummysbca 4 Mk U JUIMTETbHOCTBIO UMITYJIbCA
~3.6 HC ObuTa OOHapy»)eHa (parMeHTaIusl HAHOYACTHII, IPUYEM €€ MHTEHCUBHOCTh 3aBUCENIa OT TAPMOHUKH
(B cimyuae 2-0¥ TapMOHUKH, COOTBETCTBYIOIICH JJTMHE BOIHBI 532 HM MHTEHCUBHOCTH TIpoliecca ¢hparMeHra-
uu 01 HanOoJkIeH ). C MOMOIIBIO CIIEKTPOCKOTHH YD-BUANMOTO JTUANIA30HOB U pePPAKTOMETPUH TTOKA-
3aHO, YTO YacCTh OCJIKOB B paCTBOPE pa3pyIlIaroTcs, uTo nmoarsepxkaaetcs ganabiMu JIPC (mocie 30-MuHyTHO-
r0 BO3/IEUCTBUS THIPOAMHAMUYECKHUI TUaMeTp MOJIEKyJl Oellka CHU3HWICS Ha ~2 HM).
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U3MEHEHUE ®U3UKO-XUMUNYECKUX CBOUCTB
BOJHBIX KOJVIONJI1OB UMMYHOIJIOBYJIMHOB B
3ABUCUMOCTHU OT UX KOHIUEHTPAIIUU, UHAYKIIUU
MATHUTHBIX ITOJIEX U UHTEHCUBHOCTH
MEXAHUYECKHNX BO3JIENCTBUN

MargeeBa T.A., Haraes E., MoabkoBa E., Capumos P.

Huemumym obweti gpusuxu um. A.M.Ilpoxoposa PAH, 119991 Mocksa, yr. Basunosa, 38
matveevata@kapella.gpi.ru

Jiis pa3paboTKu METOAOB KOHTPOJIS Ka4ecTBa OCIKOBBIX MPENapaToB B BOAHBIX KOJUIOMAAX BAXKHO yCTa-
HOBUTH BO3MOXKHOE BIIUSIHUE CTOPOHHUX (PH3UUECKUX BO3ICUCTBUN. BhuTH MiccenoBaHbl MEXaHUYECKOE Tie-
peMeruBaroiee BozzaeiicTeue ¢ yactoramu 4.4 u 12 I'u, ammnutynoi 20 MM, JUIMTENIBHOCTBIO 5 C U BO3JIEH-
CTBHUE MEPEMEHHOT0 MAarHUTHOTO 1oJig ¢ yactoramu 8§ u 50 ', unaykuumeit 55 MkTH, IIUTENBHOCTBIO 5 MUH.
[TpuMeHsIIMCh METOIBI, UCCIEAYIOMNE (PU3UKO-XUMUYECKHE CBOMCTBA paCTBOPOB (yIeIbHAs dIEKTPHUSCKAsT
MIPOBOJUMOCTb, BOJAOPOJHBIN MOKa3aTelb, OKUCIUTEIbHO-BOCCTAHOBUTEIBHBIN MOTEHIIMAT U COJEpKaHUe
KHCIIOpOJia) ¥ ONTUYECKHE CBOMCTBA (abcopOIMoHHas U (PIyopecleHTHAsI CIIEKTPOCKOMUS, JHHAMUYECKOE
CBETOpaccesiHue 1 pepakToMeTpusi), a TAKXKE PEOMETPUS U YAbTPA3ByKOBask CIIEKTPOCKOMUs. B moarorosu-
TEIHHOU YaCcTH pabOThI UCCIETOBAINCH BO3MOXXHOCTH IPUMEHEHUS 3asIBIICHHBIX METOJIOB JIJISl HCCIICIOBAHUS
BOJIHBIX PAaCTBOPOB MMMYHOIIIOOYJIMHA B IIMPOKOM JHAana3oHe KOHIEHTparuil. /s uccineqoBaHus UCIONb-
30BaJIM JIEMOHU30BAHHYIO BOJY U BOJHBIC PACTBOPHI MMMYHOTIIOOYIMHA. J1J1s M3ydeHuUs BAUSHIS MAaTHUTHBIX
MOJIE Ha PacTBOPHI UCHOIb30BAIN 3-OCHYIO YCTAHOBKY MO 3KCHO3UIIMKA MarHUTHBIMU MOJSIMU, COCTOSIIIYIO
13 TpeX Map KaTylIeK pacloilOKEHHBIX TEPHIEHAUKYISIPHO APYT APYTY.

B pesynbrare uiccnenoBaHusi ObUTH BBISBICHBI CTATUCTUYCCKU 3HAYUMBbIE 3(DPEKThl BIUSHUS MPUMEHEH-
HBIX BHEUTHHUX BO3/ICHCTBUI Ha BOJHBIE pacTBOPbI UMMYHOIIIOOynnHa. Hanbonsimme 3¢ dexrsr Habaronanucy
MIPH MEXaHUYECKOM BO3/eicTBUU. BhIpakeHHOCTHh d(deKTa 3aBUcesia OT KOHIEHTpanuu Oenka, OT 4acTOT
Bo3zeicTBus. st psiaa xapakTepucTuk 3¢ (EKThI s BOJBI  pacTBOpa Oelka HOCHIIA Pa3HOHAIIPABICHHBIH
xapakrep. [lomydeHHbIe pe3ynabTaThl YKa3bIBAIOT HAa HEOOXOAMMOCTh y4yeTa MapaMeTpOB MEXaHUYECKOTO H
MarHUTHOTO BO3JIEHCTBUI MpHU padoTe C BOJHBIMU PACTBOPAMH OCIIKOB.
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UCITIOJb30BAHUE AKTUBUPOBAHHOI'O IIJIAZMON
PACTBOPA KNO, VIS YIIYHIIEHUA POCTA U PASBUTHUSA
XJIOIMYATHHUKA B YCJIOBUAX 3ACYXHU

IHo6enonocuen P.B.', Kazannesa /I.B.!, [Tacxun M.O.!, Jlykanun B.I.!,
Aunbikun [1.B."%, Amypo M.X.}, Pamupnosa /I.K.%, I'ynkos C.B.!

"HUnemumym obwent pusuxu um. A.M. Ilpoxoposa Poccutickoti akademuu HAyK,
119991, 2. Mockea, Poccus, yn. Basunosa, 0. 38
Unemumym pynoamenmanvuvix o6uonocudeckux npobnrem Poccutickou akademuu Hayk,
Dedepanvrulil uccnedosamenvckull yeump “lywunckutl Hayynvii yeHmp OUONOSUYECKUX UCCIe008aAHUL”
@I'BY "I[IHL]BP" Poccuiickoul akademuu Hayk, 142290, Ilywuno, Poccus, yn. Uncmumymckas, 0. 2
S Uncmumym sioeproit puzuxu Axaoemuu nayx Pecnybnuxku Y36exucmarn,
100214, o. Tawkenm, Y36ekucman, n.Yayeoex, yi.Xypocon, o. 1
‘Hayuno-uccnedosamenbckuil UHCMumym cenekyuu, CeMeH0800CmEd U A2POmexHOL0cUU GbIPAUUBAHUSL
xnonxa, 100140, Vzoexucman, Tawxenmckas oonacmo, Kubpaiickuil pation, yi. Yuusepcumemckas, o. 2
E-mail: pobedonoscevroman@rambler.ru

3acyxa — OJlMH U3 OMacHeHInX (aKTOPOB, KOTOPHIN CEPbE3HO OTPAHUYMBAET CEBCKOXO03SICTBEHHOE MPO-
M3BOJICTBO M HETaTHBHO BIIHSIET HA yPOXKAMHOCTbD, TA3000MEH M (DOTOCHHTE3 CEIbCKOXO3SHCTBEHHBIX KYJIBTYP
B apUIHBIX ycaoBusx. st ocnalneHus BIUSHUS 3aCyXU PUMEHSETCS MHOKECTBO CIIOCO00B OOpBOBI — OpO-
IIEHUE TIOYBBI, ONPEICNEHHBIN TIaH TOCaJKU PACTeHUH, 60pb0a C COPHOI PacCTHUTEIHHOCTHIO, BHIBEACHUE
3aCyXOyCTOMUMBBIX COPTOB pacTeHH. B HacTosiee BpeMst akTUBHO Pa3BUBAIOTCS U MCIIBITHIBAIOTCS Pa3HOO-
Opa3zHbIe MOIXOBI C UCIIOIB30BAHUEM IUIA3MO-aKTUBUPOBAHHBIX BOIHBIX PACTBOPOB AIEKTPOIUTOB IS YITyU-
IICHUS] POCTA U Pa3BUTHs PACTCHHUNA. B 1aHHOM HCClIeIOBaHUM MPECTABICHbI PE3ybTaThl IpuMeHeHus 1%
niasMo-aktuBupoBanHoro pactBopa KNO, (1% ITAP-KNO,). Cemena xnomyarauka (Gossypium hirsutum
Cultivar C-5707) npeaBapUTeIbHO 3aMaYMBAIUCh B TEUCHNE CYTOK U TPHUIKAbI IPOMBIBATIUCH B TUCTHILUIAPO-
BaHHOW BOJIe TIOC)Ie 00paboTKH. B KauecTBe KOHTPOJIECH UCTIONH30BAIUCH CEMEHA XJIOMYaTHUKA, 00paboTaH-
HbIE JIMCTUILTMPOBAHHOM BO/I0H 1 1% He akTuBHpoBaHHbIM pacTBopoM KNO3 (1% HAP-KNO,). Cpasy nocie
MOCAJIKA PacTEHUs IOMEIAIH B YCIOBHUS, UMUTUPYIOIIYIO 3aCyXy. Pe3ynbrarsl nmoka3anu, 4T0 YBEIHUMUIOCH
COOTHOIIICHHE XJIOpOopHUIa a K XJIopohwuty b y rpynn pacTeHuil, ceMeHa KOTopbix obpabarsiBasiuchk 1%
HAP-KNO, u 1% ITAP-KNO,. UHTEHCMBHOCTb aCCUMUIISILIAM Y PACTEHHH, CEMEHA KOTOPBIX 00pabaThiBa-
muck 1% HAP-KNO,, Ha 25 neHb 10cIie NOsBIICHUs BCXO/I0B YBEINYMIIACk, IPUMEPHO, B 2 pasa. [Ipu sTom,
BCE TPYMIBI paCTeHUH TaK U HE JOCTHUIIN «HYJIEBOW» OTMETKH, YTO IEMOHCTpUpPYET Hanudue >ddexra 3a-
Cyxu. ¥ IpymnIbl pacTeHui, ubk cemena Obutu 06padoransl 1% ITAP-KNO,, yBenuuuancy MakCUMabHbIH
u 3¢ dexrruBHbINA KBaHTOBBIH BbIXof GoTocuctemsl 11 (PCII), ckopocTs nepenoca 3nekrponos B OCII Ha 5%
u 30% coorBercTBeHHO. KBaHTOBBIN BBIXOA (hiryopecieHInl HeQOTOXUMHUUECKOTO TYIICHUs XJopoduia,
Ha000pOT, yMeHbmics Ha 50%.

24



G

CEKLUWUA:
«BOOHbIE PACTBOPDI
B BUOJIOT NHECKHNX
CNCTEMAX>




BOAHbIE PACTBOPbI B BUOJIOTNMYECKNX CUCTEMAX

JAUCIIEPCHBIE U OIITUYECKUE XAPAKTEPUCTUKHA
ECTECTBEHHBIX MUKPOT'ETEPOI'EHHOCTEN
BOJHBIX PACTBOPOB CAXAPOB

IlennkoB H.B.

QUI] Iywurnckuil HayyHwlil yenmp ouonoeudeckux ucciedosanuil PAH, o. [lywuno, yn. Hncmumymckas, 0. 3
nvpenkov@rambler.ru

B 1972 1. BepBbie ObUTM OOHAPYKEHBI ONTUYECKHE HEOJHOPOTHOCTH B CMECH TpeT-OyTaHOJ/BO/IA, YTO aBTO-
PBI CBsi3aIM ¢ (DOPMHUPOBAHUEM KJIATPATONONOOHBIX CTPYKTYD [1]. B manpHeliieM MHOrOKpaTHO OATBEPKAAIOCH
HaJIMuMe HEeKMX MUKporeTeporeHHocter (MI') B TaHHOM pacTBOpe, HO MHTEPIPETALMY U Ha3BaHUs UM JJaBaJINCh
pazuble. K nanaoMy MomeHTy MI™ 00Hapy>KeHBI B COTHSIX JPYTHUX (TIPEHMMYIIIECTBEHHO BOIHBIX ) PacTBOPOB [2]. 310
TOBOPUT 00 YHHBEPCATIBLHOCTH SIBIICHUSI 00pa30BaHusl ecTecTBEHHBIX MI™ B pacTBOpax, CUMTAIOUIUXCS HCTHHHBIMH.
Vkazanuble M OTIIMYAIOTCSt OT OOBIYHBIX KOJUTOWIHBIX YACTHI] OUYEHb MaJIbIM KOHTpacToM. OHM NPaKTHYECKH HE
PETUCTPUPYIOTCS KIIACCHYECKUMU METOIAMU PEHTTEHOBCKOIO U HEUTPOHHOT'O PACCESHMS, @ TOJIBKO BEICOKOUYBCTBH-
TEJILHBIMU METOZIaMU paccesiHUs cBeTa. CeroHs HeT COMHEHMH B Hannuuu MI' y MHOIMX «HMCTUHHBIX» PacTBOPOB,
omHaKo ocraérest Borpoc 00 ux mpupone. Hanbomee obmenpunsaToil cunraercst Bepcus, uto MI™ npencraBnsror
co0o#t 001acTH PacTBOpa € MOBBIICHHBIM COJACPKAHMUEM OJHOTO M3 KOMIIOHEHT, BeAyIe ceOst KaKk CTaOHIbHBIE
qacTUIIbL. MeXaHU3MBI MOIIEPKaHMUs MX CTaOMIBHOCTH MPEeUIarairch pa3Hble, U B 5TOM BOIPOCE HET KOHCEHCYCA.
O0630p padoT 1o nzydeHnto MI' B BOJHBIX pacTBOpax pazIMuHON OpraHUKU OOHAPYKUBAET HEJOCTATOK BHUMAHUS
K caxapam. Caxapa OTHOCSITCS K OTHOMY M3 B)KHEHIIINX TUIIOB MOJIEKYJI, Y4aCTBYIOLIUX B OMOIOrMUECKUX IpoLiec-
cax, CBSI3aHHBIX C SHEPTETUKOM, OMO3AIIUTOM, are3relt KIIETOK, KIETOUYHBIM pacro3HaBaHueM u Jp. Bee 3t mpo-
LIECCHI M3yUYEHBI JAJIEKO HE TIOJTHOCTHIO, TIPH 3ToM Haimuue MI™ 1 MX BO3MOXKHast poJib B OMOJIOTMYECKUX MPOIeccax
710 CHX TIOp BOOOIIE HE pacCMaTpUBAIIUCh.

B nacrosiei paboTe riccre[oBaIiCh BOIHBIC PACTBOPBI TPEX CaXapoB: ITFOKO3bI, (DPYKTO3BI U caxapo3bl. Meron
muHamudeckoro ceeropaccesiHus (ICP) HanéxHo peructpupyet B HuX MI' ¢ ruiporHaMM4ecKUMH JJMaMETpaMU
~100 HM, HapsTy ¢ MOHOMOJIEKYJISIpHOH (ppakieii caxapoB ~1 HM. [Toka3aHo, 4TO ¢ pOCTOM KOHIIEHTpAIMH caxa-
poB pasMepsl MI™ MeHstoTCs €11a00, @ MHTEHCUBHOCTD PAcCEsIHUS, BO3PACTasi, BHIXOIUT HA ILIATO WM HPOSBISET
MaKCHUMYM OKOJIO 3-4 Momb%. DTO OIHO3HAYHO CBHIETEIBCTBYET, UTO HaOmonaeMble MI™ He SIBIISIOTCS TPUMECHIO.
IIpu 3ToM XapakrepucTiky M1 3aBUCAT OT KOHLIEHTPALIMK U THUIIA caxapa. boree nopoOHo rcciie10BaHbl pacTBOPEI
caxapoB ¢ koHIeHTpaiuen 0.5 Monb%. [1o oTcyTCcTBHIO IenoNnspu3aluy pacCeTHHOTO CBETA CAEIaH BBIBOJ O TOM,
gro (hopma MI" Ormuska k chepudeckoii. [1o yrmoBoii 3aBUCUMOCTA MUHTCHCUBHOCTH PacCEesTHUS ObLTH PACCUUTAHBI
auameTpbl nHepuuu MI, KoTopble COOTBETCTBYIOT YacTuiiaM B 1.5-2 paza 0oibLIMM, YEM MX TUIPOJMHAMUYECKUE
JMaMETpPBI. DTO TOBOPUT O TOM, uTO MI" He SIBJIAIOTCS CIUIOIIHBIMU YacTHIIAMH, a TIPECTABISIOT COOOH PHIXJIbIC
cyomukponHble oopazoBanust. Kpome JICP ucnons3oBascs MeTon a3epHoil Tudpakivy, OCHOBAHHBINA Ha APYTHX
MPUHIIMIIAX U3MepeHust pazMepoB. C MOMOIIBIO ATOTO METO/IA Pellaiach 00OparHas 3a/1a4a; oIOUPaIUCch Ko du-
LUEHTBI IpenomieHrss M1, ipy KOTOpBIX U3 U3MEPEHHOM MHIUKATPUCHI PaCCESHU 110 TEOpUU MU pacCUUTBIBAINCH
pasmepsl MI, onpenensiemsie JICP. Okazanock, uto MI' omi4aroTest OT cpebl Mo KodpPUIMEHTY TPEeTOMIICHUS
menee yeMm Ha 0.01-0.005 (3aBucuT OT caxapa). IT0 COOTBETCTBYET /10 1.8 pa3 Gorblieii KOHIIEHTPAIMK caxapa B
MI, yem B pacTBOpE B cpeaHeM. BapraHT OHMKEHHOM KOHLIEHTpaluu caxapa B MI' reopetndecku BO3MOXKEH, HO
KaKEeTCsI HepeaTMCTHYHBIM. VI3 XapaKTepHUCTHK paccesiHust olieHeHa KoHtieHTparms MI': 6onee ~10" mor!. MI™ 3anu-
marot 6omee 0.1% (Bo3MoxkHO, MHOTO O0J1ee) oT 00111ero 00béma pactBopa. Takum o6pazom, MI sBrstFOTCS CyTIie-
CTBEHHOM YacCTbIO BOAHBIX PaCTBOPOB, & IUCIIEPCHBIE U ONITHYECKUE XapaKTepUCTUKY MI™ OTIIMUarOTCs 1aske MEXKTY
CTPYKTYPHO OIM3KUMH MOJIEKyJIaMu, X oOpa3zyromumu. OcoOblii nHTEpec mpencranisiet 3Hauearne MI™ caxapos (u
HE TOJIBKO) ISl POLIECCOB OMOIOTMYECKOr0 M XMMUYECKOTO XapaKTepa, KOTOPOe €IIé MPECTOUT YCTaHOBUTD.

[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] Sedlak, M. 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.
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N3IMEHEHUSA MUKPOI'ETEPOI'EHHOCTH BOIHBIX
PACTBOPOB CAXAPOB IIPHU ITPOXOKJIEHUN
YEPE3 KAIIWJJISIPBI. BO3MOXKHBIA MEXAHU3M
MHUKPO®DJIOUINKHN

AKmypun B.A., Kooenes A.B., Manoxun A.A., [lenbkoB H.B.

QUL Ihwunckuil HayuHbld yenmp ouonocuueckux uccieoosanuti PAH, e. Ihywuno, yn. Mncmumymckas, 0. 3.
zhmurin.vasya@mail.ru

Brnepsrie siBinenne GpopmupoBanusi MukporereporeHHocteld (MI') B pacTBopax, CUMTAIOIMUXCS HCTUHHBIMH,
ObU10 00HapykeHo B 1972 1. [1]. CoBpemenHoe npeactapienue o MI™ 6but0 chopmynupoBaHo B cepuu paboT
M. Sedlak [2]. lanHOe siBIIeHHE 3aKII0YAETCS B HATMUYMU CYOMHUKPOHHBIX 00JIacTei pacTBOpa C MOBBILICHHOM
KOHLIEHTpaIMel OTHOTO U3 KOMIOHEHT. OHM COXPaHSIOT JIOJTOBPEMEHHYIO CTAOUIBHOCTh M0 HEBBIICHEHHBIM
JI0 KOHIIa IPUYMHAM U BeIyT ce0si Kak OpOyHOBCKME YacTUIbl. DTO sBJIEHUE, O€3yCIOBHO, UMEET (hyHaMeH-
TaJbHBIA WHTEpec. B wacTHOCTH, B OMONornueckux mporeccax Hamumuue MIT 10 cux mop BooOIIe He yUUThI-
BaJIOCh. BO3MOXKHBI Takke NpuKiIaaHbie cieactsus Hanmuus MI. Tak, B mociennee BpeMs pacT€T UHTEPEC K
MUKPOQIIOUIHBIM ycTaHOBKaM. OTMEUEHO, YTO MHOXKECTBO XUMHUECKUX PEaKLUi Mo psay MapaMeTpoB Mpo-
TEKalOT MHaue B MUKPOQIIIOUIHBIX YCIOBUSX, HEXEIU B 00bEMHBIX pe3epByapax. TunuuHoe oObsiCHEHUE, CBS-
3bIBAIOILIEECS C TOYHBIM KOHTPOJIEM TEMIIEPATypbl 1 PAaBHOMEPHBIM CMELICHHUEM KOMITOHEHT, HE BBIACP)KUBAET
kpuTukd. Cpeau BO3MOXKHBIX ITPUYKH, HanOoJIee BEPOSATHON BUIMTCS M3MEHEHHE XapakTepuctuk MI. Dta Bep-
CHs1 BBICKa3bIBAJIaCh paHee [3], OIHAKO 10 CUX MOP HEACHO, KAaK MIMEHHO BIMSIOT KallWJUISIpHbIE YCIIOBUSA HA MI.

Hamu 6but mpoBeieHbI SKCTIEPUMEHTBI ¢ TPEMs BOJHBIMHU PACTBOPAMM CaxapoB: INIOKO3bI, (PPYKTO3bI, ca-
xapo3bl B KoHLeHTpauuu 0.5 monb%. B 3TMX pacTBOpax METOIOM AMHAMHYECKOIO CBETOPACCESIHUS HAIEKHO
peructpupytorcs MI' ¢ pazmepamu oxosno 100 HM, Hapsity ¢ MOHOMOJIEKYIISIpHOHM (pakuueii okono 1 HM. Pac-
TBOPBI MMPOKAYMBAIIMCH Y€PE3 KAMMIUIAPBI U3 OOPOCHIIMKATHOTO cTekia JuymHoi 20 cMm ¢ quamerpamu 13.5 u 5
MKM. DTO XapaKTepHbIe TUaMETPbl MHOIMX MUKPOQIIIOUIHBIX YCTAHOBOK, a TAK)KE KPOBEHOCHBIX KAalMJLISIPOB.
[Tocne nmpoxoxaeHus: yepes KarmuIsipbl IPOUCXOAUT CHUKEHHWE MHTEHCUBHOCTH paccesHust oT ¢pakuun MIT
pu c1abo MEHSIOLIEMCS MX Pa3Mepe BO BCEX pacTBOPAx caxapoB. ITO CBSA3aHO JMOO CO CHM)KEHUEM KOHIICH-
Tpauuu MI, 1100 ¢ yMEHbIIEHHEM HX KOHTPAcTa OTHOCUTEIBHO OKPYKAOILIEro pacTBOpa, HO BTOPOIl BapHaHT
MIPEACTABISIETCS MAJIOBEPOSITHBIM. JTO HE MOXKET OBbITh 00bSICHEHO (DUIBTpaLIUeii, TOCKOJIbKY AUaMETP KaIlui-
JsIpoB Ha 2 mopsiaka Oombie pazmepa MI. To ects mpoucxonut paspyiiearne MI™ B pe3ynbrare mpoXoKIeHUs
yepe3 Kanwuisip. B mouckax oObsicHeHus: ObIII0 00paIieHo BHUMaHUE Ha TO, YTO COCTOSIHHE BOJIBI B PACTBOPAX
caxapoB ¢ MI" oTinuaercs ot Tex e pacTBopoB 0e3 MI (ripu uX pa3pylieHun) U3-3a FHIpaTalMoOHHbIX dPQek-
TOB [4]. B kanmuisipe COOTHOLIEHKE TUIOMIAAN CTEHKH K 00bEMY pacTBOpa HAMHOTO OOJIbllIe, YeM B OOBEMHOM
pesepByape. MaTencuBHOE B3aumoseiictere MI' ¢ ruiporiibHOM TOBEPXHOCTHIO KaTMILUISIPA MOYKET BIIHSTH Ha
WX CTa0MIIBHOCTH 32 CYET OTTATHBAHUS MOJIEKYJI BO/IbI M3 cTPYKTypbl MI'. Taxoke cHmkeHue koHIeHTparuu MI
MOXET IMPOMCXOIUTh M3-3a B3aumoaencTsust MI™ Apyr ¢ Apyrom, MOCKOJIBbKY MPU ABMKEHUU Yepe3 Karuuisp
OHU MOTYT KOHIEHTPHPOBATHCSI B €0 LHEHTPAIIbHONW YacTH MPU 3aTOPMOXKEHHBIX MPUCTEHOUYHBIX ciosx. Oba
(akTopa Takke MOTyT BIMTh Ha pazMepbl MI, KoTOpble B pacTBOpax caxapo3bl YMEHbBIIAIOTCS, a B pacTBOpax
IJTFOKO3bI ¥ GPYKTO3bI YBEIMUUBAIOTCA. PacTBOpBI (PPYKTO3bI MPOSBIIAIOT HAUMEHBLIEE pacCesiHUE U HauboJIb-
it pa3opoc nannbeix. OcobenHoctu MI™ B pactBopax ppykTo3bl ormMeuanuck u panee [4]. [lomydennsie naH-
HBI€ TPEICTOUT OCMBICIIUTh B CBETE BO3MO)KHOTIO BIMSHUS KAMIIISIPHBIX YCIIOBHI Ha caxapa B OMOJIOTHUYECKUX
Ipoleccax, XUMUYECKUX PEeaKLUsAX U IPyTrux (pyHIaMeHTaIbHbBIX U MPUKIAIHBIX O0IACTAX.

[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] Sedlak, M. 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] L.O. Kononov, Chemical reactivity and solution structure: on the way to a paradigm shift? RSC Adv., 2015, 5, 46718. [4]
Penkov, N.V. Application of Terahertz Time-Domain Spectroscopy to Study the Microheterogeneities of Solutions: A Case Study of
Aqueous Sugar Solutions. Photonics 2023, 10, 887.
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HYDRATION LAYER OF CONDUCTING PROTEINS
DEMONSTRATES SPECTRAL FEATURES OF FLOATING
WATER BRIDGES IN THE THz-IR FREQUENCY RANGE

Motovilov K., Gorshunov B., Gagkayeva Z.

Moscow Institute of Physics and Technology, Institutsky lane 9, build. 2, Dolgoprudny, Russia, 141701
k.a.motovilov@gmail.com

The groups of Teschke, Fuchs, and Wexler have done groundbreaking work on the properties of floating
water bridges in recent years. They revealed several essential traits in the dielectric response of these
dynamic systems [1]. Among them is a sharp increase in the contribution of translational vibrations to the
dielectric response near 200cm™ and signs of predominance among other aqueous proton cations of the
hydronium cation H,O". In one of the most well-studied proton conductors — heteropolyacids (HPA) family
H,PW O, xnH,O — the prevalence of H,O" features the increased proton mobility [2]. Our study found that
the proteins responsible for electron and proton transfer in living organisms have similar spectral features to
floating water bridges and HPA, which indicate increased proton mobility. We used cytochrome ¢ from the
bovine heart and electrogenic bacteria Shewanella oneidensis MR-1 in our study [3]. These proteins seem to
structure water into electrically constrained form like in floating water bridges without the participation of a
strong external electrical fields. Bovine serum albumin, a protein that doesn't assist in charge transfer, won't
display the same spectral characteristics or charge conductivity as one that does, even if they have equal
hydration level.

The Russian science foundation supported this work, grunt number 19-73-10154.

[1]O. Teschke, J.R. Castro, D.M. Soares, Translational vibration modes — The spectral signature of excess proton transport in water,
Physics of Fluids, vol. 30, 112104, (2018).

[2] D.I. Kolokolov, M.S. Kazantsev, M.V. Luzgin, H. Jobic, A.G. Stepanov, Characterization and Dynamics of the Different Protonic
Species in Hydrated 12-Tungstophosphoric Acid Studied by 2H NMR, The Journal of Physical Chemistry C, vol. 118, pp. 30023-
30033, (2014).

[3] Z.V. Gagkayeva, B.P. Gorshunov, A.Ye. Kachesov, K.A. Motovilov,. Infrared fingerprints of water collective dynamics indicate
proton transport in biological systems, Physical Review E, vol. 105, 044409 (2022).
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I'MAPATUPOBAHHBIX DOYMEJIAHUHOB
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'Mockosckutl ¢husuko-mexnuueckuti uHCMmumym (20Cy0apcmeennblil YHueepcument),
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’Department of Physics, Swansea University, Singleton Park, SA2 8PP, Wales, UK
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DyMellaHUHBL, IUTMEHTHI KOYKU YEJIOBEKA, ITPEJICTABIISIIOIINE COOON pa3In4HbIE TPOU3BOAHBIE TOJTUUHA0I-
XMHOHA, 00J1a/Ial0T YHUKAJIBHBIM COYE€TaHHEM (PU3NYECKUX M XMMHUYECKUX CBOMCTB. Marepuan yke Hamieln
MHOTOUYHCIIEHHBIE TIPUMEHEHUS B 001aCTH OMO3IeKTpOHUKH. OHAKO, ero TUpaTallMOHHO-3aBHCUMAs TIPO-
BOJMMOCTB HEJIOCTATOYHO XOPOIIO u3ydeHa. Kpome Toro, 10 cuX mop He CymecTByeT padoT, yUUTHIBAIOIINX
OJTHOBPEMEHHO KOHTPOJIb BJIAXKHOCTH, A TAK)KE PA3IMYHbIE KOHIIEHTPALMU JOIMPOBAaHUS HOHAMU METAJIJIOB.
B nmanHOi#l paboTe MBI MpencTaBiisieM MepBOe MOJ00HOE MCCIIET0BAaHUE TPAHCHOPTHBIX M PETaKCAIMOHHBIX
XapaKTEePUCTUK CHHTETHYECKOTO dyMellaHWHa, TonupoBanHoro noHamu Cu** (0 mmon/r, 0.06 mmoi/t u 0.46
MMOJI/T), IPH KOHTPOJIMPYEMBIX BEJTMYMHAX TUApaTaluy B quana3zone yactor 107 ' - 1 MI'm [1].

W3mepenus: mpou3BOAMINCH MOCPEACTBOM MMIlenaHc-ananmuzaropa MFIA Zurich Instruments mpu mo-
CTOSIHHOM TeMIepaType U Pa3InYHbIX KOHTPOJIMPYEMBIX CTENEHSX yBIakHEHUs. [[1s aHanm3a u3MepeHHbIe
uMIeIaHChl 00pa3IoB OBLIM MEepecUYUTaHbl B BEIMYMHBI KOMIUIEKCHBIX IUAICKTPUYECKON MPOHUIIAEMOCTH
U MPOBOAUMOCTHU. BbIJIO NOKa3aHO, UTO HE3aBUCUMO OT CTEIEHM YBIJIAXKHEHMS NP MTOCTOSHHOW TeMIleparTy-
pe, Bce 00pasibl 3YMEIaHUHOB IEMOHCTPUPYIOT TOJIBKO OJIHY penakcaiuto I'aBpuisika-Heramu, a Hu3Kkoua-
CTOTHOE TIOBEJICHUE XOPOIIIO OMTUCHIBACTCS MO/IeIbI0 aHOManbHOU mud dy3uu [lyaccona-Hepucra-Ilnanka [5]
(mpumep ¢urta A 9ucToro symenanuHa rnpu 50% oTHOCUTENBHOM BIaKHOCTHU NpuBeneH Ha Puc. 1).

Puc. 1. Jlusnekmpuueckue cnekmpul yucmozo cunmemudecko2o symenanuna npu 50% omu. énaxcHocmu.
3axkpawennas obracms noo Kpusvlmu coomeemcmeyem exkaady peraxcayuu I aspunaxa-Hezamu.
Yepuas nyHKMupHas auHus COOmeemcmaeyem 8Kaady Mooeiu aHoOMaibHou ouggysuu.
Pezynemupyrowas mooens npedcmasiena cniowHo KpacHou JuHuetl.

Msl o0Hapyxuiad, 9T0 HOHBI Cu?’ HE BBI3BIBAIOT MOSBICHHUS TOMOJHUTEIBHBIX PEIaKCAIIMOHHBIX IMPO-
1IECCOB, HO YAaCTUYHO 3aMEJUISIOT T€, KOTOPhIE MPUCYTCTBYIOT B YHUCTOM 3yMenaHuHe. KpoMe Toro, MOHBI
M€Y YMEHBIAIOT MPOBOAUMOCTh MaTeprasia. Mbl CBsi3bIBaeM pernakcanuio [ aBpuisika-Heramu ¢ cuaTe30M
Y UCTOIIICHUEM apOMATUUECKUX TPOTOHUPOBAHHBIX CEMUXHWHOHOB B cucTeMe. [Ipr HU3KOM coniepsKaHuH BOJIbI
apoMaTHYeCKHUE He3apsDKCHHBIE CTEKW MMEIOT KIIFOUEBOHM BKJIAJ B YBEITWUYCHUS OOIIEH MOJISIPU3YEMOCTH Y-
MeJIaHWHA, B TO BpeMs KakK d(PPeKThl JeCTEeKMHTa OKa3bIBAIOTCS MPUHIUIHUAIBHOE BIMSHUE HA CHUKCHUE
MOJISIPU3YEMOCTH MPU BBICOKOM COJZIEPKaHUH BO/IBI. BT 0O0HApYKEHBI TOMOJIHUTEIBHBIE CBHIETEIHCTBA, CO-
IIACYIOIINECS C paHee MPEeIIOKEHHBIMUA MOACIISIME [6], TPEANoIararoiMMi KOOPAUHAIINIO MEXKTY TIOJBUK-
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HOCTBIO IPOTOHOB U MMOABUKHOCTBHO CCMHUXHWHOHOBLIX pPaJIMKaJIOB. ITo CyHICCTBY, MOHbI MCIH IIGfICTByIOT Kak
JIOBYIIKA UI paUuKaJIoB, yMCHbIIAA IMOABUKHOCTD, YTO IIPUBOJAUT K YMCHBIICHUIO IMOABUIKHOCTHU ITPOTOHOB
", CJICA0OBATCIIBHO, IPOBOANMOCTHU.

Paboma ovina evinonnena npu noodepoicke epanma PH® Nel9-73-10154.

[1]P. A. Abramov, S. S. Zhukov, M. Savinov, A. B. Mostert and K. A. Motovilov, Phys. Chem. Chem. Phys., 2023, 25, 11601-11612.
[2] Scarfone, A. M.; Barbero, G.; Evangelista, L. R.; Lenzi, E. K. Anomalous Diffusion and Surface Effects on the Electric Response
of Electrolytic Cells. Physchem 2022, 2 (2), 163—178.

[3] Bedran, Z. V.; Zhukov, S. S.; Abramov, P. A.; Tyurenkov, 1. O.; Gorshunov, B. P.; Mostert, A. B.; Motovilov, K. A. Water-
Activated Semiquinone Formation and Carboxylic Acid Dissociation in Melanin Revealed by Infrared Spectroscopy. Polymers
2021, 13 (24), 4403.
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JAUHAMUNYECKHUE 'MIPATHBIE OBOJIOYKHX MOHO- 1
HOJIMCAXAPUIOB

IlennkoB H.B.

OUI] Iywunckuil HayyHwlil yenmp ouonoeudeckux ucciedosanutl PAH, o. [lywuno, yi. Hncmumymckas, 0. 3
nvpenkov@rambler.ru

I'maparanys 6GruoMoneKya — ouH U3 (PyHIaMEHTAIBHBIX MPOLECCOB, JISKAIMX B OCHOBE MOCTPOCHHUS KUBOH
Marepuu. TOJBKO B BOIHOM OKpPYKEHUH BO3MOXKHO (POPMHMPOBAHHE HATMBHON KOH(OpMaIMK OONBIIMHCTBA OHO-
Mostekyd. [Ipu 3ToM He TONBKO BOJia BIUSIET Ha CTPYKTYpPY OMOMOJIEKYII, HO M OMOMOJIEKYJIbI BIUSIIOT Ha CTPYKTYPY
BOJ/IbI, OpMHPYS TUApaTHBIE 0007104YKH. To ecTh ruapaTupoBaHHAsi OMOMOJIEKYIA SIBISETCS SIMHON B3aUMOCO-
IJIACOBaHHOW crcTeMOM. OTHAKO B OOJIBIIMHCTBE CITy4acB OCHOBHOE BHUMAHUE Y/EISIETCS] U3yUEHUIO CTPYKTYPBI
OMOMOJIIEKY/ B TTOJTHOM OTPBIBE OT MX T'MApaTHBIX oOosouek. Hapsiay ¢ OenkaMu, HyKJICMHOBBIMH KHUCIOTaMH U
JIMITHIAMH, caxapa (yIIeBO/IbI) SBJISIFOTCS OTHUM U3 (DyHIaMEHTaJIbHBIX TUIIOB OroMontekyi [1]. Caxapa obnamaror
HauboJee MPOCTON CTPYKTYPOil, HO Jaxe UX TUpaTHbIe 00O0JOUYKH M3YyUYEHBI HEAOCTATOYHO, XOTS MCCIEAYIOTCS
yxke 6ornee 100 et [2]. Apkum monTBep>KACHUEM TOMY SIBIISIETCS OTCYTCTBUE KOHCEHCYCA 110, Ka3aJ10Ch ObI, TIPO-
CTOMY BOIIPOCY: caxapa sBJISIOTCSI KOCMOTPOIAMH WJIM Xa0TporaMu? DTOT BOIPOC CTABUTCSI B COBPEMEHHBIX Ha-
YUHBIX UCCIIEA0BAHUAX !

Hacrosmuii popbIB B UCCIE0OBAaHUU THApaTalliy MPOU3OLIEN ¢ NOsABIEHHEM Meroza TepareproBoi (TI')
CTIEKTPOCKOIMH, KOTOPBIH ITOKa3aJl, 4TO THAPATHBIC 000IOUKH OMOMOJIEKYS HE OTPAaHUYMBAIOTCA 1-2 CIOSMU CHITb-
HO CBSI3aHHOM BOJIBI, @ BKJIFOYAIOT TaKoke Oosee oTAaNEHHbIe 001acTH THIPATAIMU C W3MEHEHHON MOJIEKYIISIpHOI
JMHAMUKOW. PsitoM aBTOpOB OHM OBUTM Ha3BaHBI TMHAMUYECKUMU THIPATHBIMU 00ooukaMu [3]. B Hammx pa-
6orax ObLT pa3zpaboTaH MOIXOM, MO3BOJISIOMIMI Ha Oa3ze Merona TI'I CIEKTPOCKOMUU BPEMEHHOTO pa3peleHust
AHAIM3UPOBATH B PaCTBOpPaX rMJpaTHbIE 000I0UKH OMOMOJIEKYIT JIF0OOTO THIA, KaK IOOYIPHOTO, TaK U (hUOpuII-
JSIPHOTO [4]. DTO MO3BONIMIIO PACIIUPUTH MPEACTABICHHE O THApaTay 0emkoB [5], GpochommunmuIHbIX TUIocoM
[6], nyxneorunos [7], JHK [8].

B Hacrosteit pabote ykazaHHBIN TOIXO/ ObLT IPUMEHEH TSl HCCIIeJOBAHUS THpaTauy caxapos. [IpoBomu-
JIOCh CPaBHUTENBHOE UCCIIEI0OBAHNE BOIHBIX PACTBOPOB CIIEAYIOIIMX CaxapoB: HE 00JI1aIat0IINi 3apsiIoM MOHOCA-
Xapuj TII0K03a, €€ CTEPEOM30MEp TaJlakTo3a U NOoJIMCcaxapy/Ibl HA OCHOBE IVIIOKO3bI — IEKCTPAH U aMUJIONIEKTHH;
3apsHKEHHBIA MOHOCAXapy/l TaJIaKTypPOHOBAs KMCIIOTA U TIOJIMTaJIaKTyPOHOBAst KUCIOTA. B ruaparHbIx 06omoukax
MOHOCAXapHi0B 0OHAPYKEHO OTHOBPEMEHHOE YBEJIMUEHHUE CBA3aHHOCTU MOJIEKYJI BOZABI M YBEJIMUYEHUE KOJIMYE-
CTBa CBOOOIHBIX MOJEKYI BOJIbI. JTa JIBOMCTBEHHOCTh HAOMIONANach HaMU JUIsl OONBIIMHCTBA OMOMOJIEKYJI, YTO
SIBJISICTCS] OJTHAM M3 OCHOBHBIX IIPOSIBJICHUI MX JJMHAMHUYECKHUX THAPATHBIX 00onouek. Kpome Toro, 3adukcupoBa-
HO YBEJIMYEHHE KOJIMYECTBA U SHEPIMU BOJIOPOIHBIX CBA3EH, a Takke BpeMs TOBOPOTHOM peslakcaliii CBOOOIHBIX
MOJIEKYJ Bozibl. To ecTh AMHAMUYECKHE THAPATHBIE 000I0YKH HEOAHOPOIHBI M B HUX MOYKHO BBIICITUTH OOJIACTH C
Pa3HbIMU CTPYKTYPHO-IMHAMUYECKUMHU XapaKTepUCTUKaMU. Takoke oKa3aHo, 4To akcuanbHast opueHTanys OH(4)
IPYMIIBI CaXapoB, B OTIIMYHUE OT SKBATOPHAIBHOM, CIIOCOOCTBYET YIIMPEHHIO PACTIPEEICHHs SHEPT Uil BOTOPOIHBIX
CBsI3el B THApaTHBIX 00ooukax. [ maparanys noacaxapuaoB 3aBUCUT OT TUIIA TNIMKO3UIHBIX CBA3EH U BBIpa)KEHA
crnabee, YeM y COCTaBIAIONINX MX MOHOcaxapuaoB. [locnenHee 0ObsICHIETCS TEM, UYTO HA KaXKIytO INIMKO3HIHYIO
CBsI3b MoONIMcaxapua npuxoaurcs norepst a1syx OH-rpynn cocrasisitommx MoHocaxapuios, a OH-rpynmsl, oue-
BUJTHO, SIBJISIFOTCSI OCHOBHBIM (haKTOPOM T'HJIpaTaliiy Caxapos.

[1] T.W. Rademacher; R.B. Parekh, R.A. Dwek. Glycobiology. Ann. Rev. Biochem. 1988, 57, 785-838. [2] Scatchard, G. The Hydration of
Sucrose in Water Solution as Calculated from Vapor-Pressure Measurements. J. Am. Chem. Soc. 1921,43(11),2406-2418.[3] S. Ebbinghaus,
S.J. Kim, et al. An extended dynamical hydration shell around proteins. Proc Nat Acad Sci USA. 2007, 104,20749-52. [4] N.V. Penkov, N.A.
Penkova. Effective medium model applied to biopolymer solutions. Appl. Spectrosc., 2021, 75, 1510-1515. [5] N. Penkov, V. Yashin, et al.
A study of the effect of a protein on the structure of water in solution using terahertz time-domain spectroscopy. Appl. Spectrosc., 2018, 72,
257-267. [6] N.V. Penkov, V.A. Yashin, K.N. Belosludtsev. Hydration shells of DPPC liposomes from the point of view of terahertz time-
domain spectroscopy. Appl. Spectrosc., 2021, 75, 189-198. [7] N. V. Penkov, N. A. Penkova, V. I. Lobyshev. Special role of Mg2+ in the
formation of the hydration shell of adenosine triphosphate. Phys. Wave Phenom. 2022, 30, 344-350. [8] N.A. Penkova, M.G. Sharapov, N.V.
Penkov. Hydration shells of DNA from the point of view of terahertz time-domain spectroscopy. Int. J. Mol. Sci., 2021, 22, 11089-11104.
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IVIAHAPUH: OITUMAJBHBIX OB BEKT
JIJIS1 U3YUEHUS CJABBIX U CBEPXCJIABBIX
BO3JIEMCTBUU B BOJHOM CPEJE

Tupac X.I1.!, Tupac H.P.!; HoBuko K.H.?, Boeiikos B.J1.

"HUnemumym meopemuueckoii u sxcnepumenmanvroi ouogpusuxu PAH, [Tywuno Poccus,
142292, Hnemumymckas yn.3
’Mockosckuil 2ocyoapcmeenHblil yHusepcumen, ouonozuveckuti paxynomem, Mockea, Poccusi,
tiras1950@yandez.ru

Bbuonorus — Hayka 06 00beKTax, MO3TOMY BOJIHBIC )KUBOTHBIE — HAaMOOJIEe MOAXOIAT Il U3ydeHUs1 OUO0II0-
ruyeckux A3QeKToB B BOJE U BOAHBIX pacTBOpax. Pereneparius npecHOBOAHBIX TNIOCKUX YEpBEH — IIaHApUit
- SIBJISICTCS] OAHOM M3 HauboJiee YyBCTBUTEIBHBIX OMOIOTHYECKUX TeCT-cucTeM. bbuta pazpaborana cucrema
JTMHAMUYECKOM MOp(HOMETpHH pereHepaluy IUIaHAPUH in Vivo, KOTOopasi BKIIOYaeT HEMHBA3UBHBIN KOHTPOIb
MopdoreHesa METooM LU(PPOBON MPUKU3HEHHOW MOP(HOMETPUN M PETUCTPALMIO cBEepXciaboil GpoToHHOI
smuccuu (CCDI), uto 1o3BoIIIET PErUCTPUPOBATH ClIa0ble U CBEpXCi1adble BO3AECHCTBHSI HA IPOLIECC PEreHe-
paunuu.

B xaxxnoit skcnepuMeHTanbHO# rpymnie ucnoib3yercs no 30 mnanapuit Girardia tigrina — Gecnonoi na-
OoparopHoii pacel, ymHOM B 8-10 MM. Paspaboransr 4 ctannaptaeie oneparuontsie npoueaypsl (COII) pa-
OO0THI ¢ TUIAaHAPUSAMH, BKIIIOYAs OTOOP KMBOTHBIX, ONEPALHMIO 110 JEKAUTAIUH, [IH(PPOBYIO PETUCTPALUIO U
aHamu3 n300pakeHNi perenepupyronmx mianapuii. CCOD peructpupyercst XeMuTtoMuHOMEeTpoM broTokce
7A B pexxume cueta (HoToHOB. [lmaHapuy OMEMAIOTCS B CTEKJISIHHBIE cOCyabl ¢ 30 MJI BOABI IPU U3yUEHUH
XUMUYECKUX (PaKTOPOB U BO (iakoHbI ¢ 15 mut Boas! ipu u3ydennn CCDI.

Ha nanHo#i cucteme ObUTH TOTy4€HBI JaHHbBIE O ICHCTBUH OMOJIOTMYECKU aKTUBHBIX NENTUIOB PETYIIATO-
POB (CTUMYIISITOPOB M UHTHOUTOPOB) MOpQOreHe3a )KMBOTHBIX U pacTeHH B KOHIeHTpauusx ot 10° M o
10-°M, a takske aeiicTBue caadbix MarHuTHBIX mosieid ot 50 MkT 1o 130 uT [1-3]. OcHOBHOE TOCTOMHCTBO
CUCTEMBI B TOM, YTO OHAa PETUCTPUPYET JEHCTBUE HA YPOBHE LI€JIOr0 OPraHMU3Ma, YTO M103BOJIIET IPOBOAUTH
HauOoJee aJeKBaTHYIO TPAHCISALUIO NOJYyUYEHHBIX CBEJIEHUI HA Jpyrue 3yKapuora, B TOM YHUCIIE Ha I103BO-
HOYHBIX )KMBOTHBIX.

[1]. Hleiiman .M., Tupac X.I1., bano6anosa 3.®. Mopdorenetndeckast pynkuus HeiiporentuoB. Ousnonornyeckuii x. CCCP.
1989. T.75, Ne 5, C. 619-625.

[2]. Lednev V.V., Ermakov A.M., Ermakova O.N., Rozhdestvenskaya Z.E., Srebnitskaya L.K., Tiras Kh.P. Modulation of the effect
of pharmacological agents by weak and extremely weak alternating magnetic fields on a model of regeneration of the planarian
Girardia tigrina. // Biophysics. 2005a. V. 50 (Suppl. 1), P. S130-S133.

[3]. Kh Tiras, U Vorobeva, K Novikov, V Voeikov, V. Emelyanenko, G Davidova, A Skripnikov. Peptide regulation of plant and
animal morphogenesis: general mechanisms and specificity of action / IOP Conf. Series: Materials Science and Engineering, 487
(2019) 012020
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WATER SERVES AS A PRIMARY TARGET FOR THE
ACTION OF HIGH DILUTION OF HOMEOPATHIC DRUG
ON BOVINE SERUM ALBUMIN

Nirmal Chandra Sukul, Raj Kumar Singh, Nibedita Pande, Anirban Sukul
Sukul Institute of Homeopathic Research, Santiniketan, West Bengal, India.

Homeopathic drugs are usually used in extremely high dilutions containing no original drug molecules but
they still produce biological effects. High dilutions (HDs) of a drug prepared by serial dilution with a solvent
medium 1:100, followed by mechanical agitation in several steps are called potencies. Water molecules play
an important role on protein structure and function. We focused our observation on water molecules associated
with BSA. High dilution (HD) of a homeopathic drug is thought to be specific water structure which produces
therapeutic effects on man. HDs also produce effects on animals, plants and even proteins in aqueous solution.
What is the primary target of HDs on organisms or on protein? The present study addresses this question. Can-
tharis 30 cH, a homeopathic potency used for burn injuries, has been tested on bovine serum albumin (BSA)
in-vitro. The protein has been exposed to heat at 75°C for 10 mins, cooled down to room temperature and then
treated with Cantharis 30 cH. The treatment was done by two methods, direct and indirect through water. (i)
Direct method: The Cantharis potency solution was mixed with BSA solution directly.

(i1) Indirect method: The drug solution and BSA solution were kept in two separate test tubes which were
connected by a water filled tube. The two ends of this tube were plugged by cotton balls in such a way that
there would be no exchange of solutions between the two test tubes. Only water in the two test tubes maintains
contact.

The results from both the methods are almost similar. The treated and untreated protein solutions were
analysed by Fourier Transform Infra-Red (FT-IR) spectroscopy. The treatment effect was evident on water
molecules associated with BSA. Treatment of heat exposed BSA with Cantharis shows a marked change in
absorbance intensity as compared to untreated heat exposed BSA. Hydrophobic interactions are responsible
for the collapse of the protein chains in aqueous solution.

Absorbance intensity and frequency shifts of both OH-stretching and bending bands in direct and indirect
treatments are comparable. These parameters indicate interaction of Cantharis solution with water molecules,
in the hydration shell of BSA.

The results indicate that Cantharis 30 cH interacts with water molecules which in turn influence BSA. It is
concluded that the homeopathic potency converts first water structure which then affects the protein. Based
on the results on this experiment we can assumes that the primary target of all homeopathic potencies is water
which constitutes the major component of all living organisms. All biomolecules are suspended in water.
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BJIUAHUE BOJHOI'O OKPYXXEHHUA HA TIAPAMETPDBI
CIHEKTPOB 211P PAIUKAJIOB CEMUXHWHOHOBOI'O U
HUTPOKCUJIBHOI'O TUIIOB

Yerpinwok JLIO.!, JIoumoBckmii C.0.%, Tuxonos A.H.}

"Mocroeckuii ecocyoapcmeennwiil ynueepcumem umenu M.B.Jlomonocosa, Xumuueckuil paxynvmenm,
119991, Mockea, Jlenunckue 2opot, 0.1, cmp.3
Uncmumym obweu gpuzuxu um. A.M. I[Ipoxopoea Poccuiickoii akademuu Hayk,
119991, Mockea, yn. Basunosa, 0.38
‘Mockosckuii cocyoapcmeennblil ynusepcumem umenu M.B.Jlomonocosa, @uzuueckuil paxynrvmen,
119991, Mockea, Jlenunckue 2oput, 0.1, cmp.2
E-mail: leila_ust@mail.ru

CBoOOIHBIC paIUKaIIBl 00Pa3yIOTCs B OMOJIOTHUYECKUX CUCTEMaX PACTHTEIBHOTO U JKUBOTHOTO MPOUCXOXK/IE-
HUSI B IPOLIECCax EKTPOHHOTO TPAHCIIOPTA, CBA3aHHBIX € (PyHKIIMOHMPOBAHUEM LIETIEH IIEKTPOHHOTO IEPEHO-
ca XJIOpOIUTACTOB M MUTOXOHIpUH. B Onodusnuecknx 1 OMOXMMHUYECKUX UCCIIEIOBAaHHUSX B Ka4eCTBE MH/IMKA-
TOPOB CBOOOJTHBIX PaJIMKAJIOB YaCTO MCIIOIB3YIOTCS COSTUHEHUSI, KOTOPBIE CTAHOBATCS TapaMarHUTHBIMU B pe-
3yNbTaTe B3aUMOJICHCTBUS ¢ KOPOTKOKUBYIIIMMH PaKajIaMi OMOJIOTHYECKOTo MPOUCXOKIeHUs. B yacTHOCTH,
B KayeCTBE MHAMKATOpa aKTHUBHBIX (OPM KUCIOpOIa Hcnonbiyercs 4,5-auruapoxkcndenson-1,3-nucyabsdonar
HaTpusi, n3BecTHBIN Kak TalipoH. CBepXTOHKas CTPyKTypa U nmapameTpsl criekrpa DIIP cemuxuHoHoBoro paau-
kaia TalipoHa 3aBUCAT OT Cpeabl, BKIIOYas €€ MOISIPHOCTb U KUCIOTHOCTb, a TAK)KE IIPUCYTCTBUE B HEM HOHOB
MeTaJIoB. B Harieii padote [1] pe3ynbTarsl SKCIIEPUMEHTAIBHBIX HCCICOBAHUN TaKUX 3aBUCUMOCTEH ObLIH
OOBSACHEHBI C MPUBJICUEHUEM JAHHBIX KBAHTOBO-XHUMUYECKOTO aHAJIN3a JIEKTPOHHOM CTPYKTYpPbI 3TUX paJluKa-
JIOB. YCTaHOBJIEHBI NPUYUHBI U3MeHeHH criektpa DIIP pagukana Taiipona B Mopckoii Bozie (puc.1).

Puc. 1. Cnexmpwvr IIIP paoukana Tau-
pona (T) 6 npecnoii (a) u mopckoii (c)
800e, a makaice ouazpamma pacuje-
nieHusi cnekmpanohulx aunutl (b, d).
Cnexmp (c) npedcmasnsiem coboti cy-
Nepno3UYUI0 CUZHAL08 OM 08YX MUNO8
paouxanog: c6o600Hozo (b) u uonHol

napot T"—Mg”* (d).

AHAJIOTUYHBIN TOIXO/ sl KBAHTOBO-XMMHUYECKOTO MOACITUPOBAHUS BIMSHUS BOJHOTO OKPY)KEHHUS Ha
criektpsl DIIP cBOOOIHBIX paanKaioB ObLI MPUMEHEH HAMH paHee MPH MCCIIeJOBaHUH TapaMarHUTHBIX COe-
JUHEHUH HUTPOKCWIIBHOT'O THIIA, UCIIOJIb3YEMBbIX B KauecTBe pH-uyBcTBUTEIbHBIX 30H10B [2,3]. ITokazano [1-
3], 4To cozmanue Mozenel paauKaI-pacTBOPUTEND ¢ 000JI0UKOM, cocTostmier u3 40-50 TUCKPETHBIX MOJIEKYIT
BOJIbI, B3aMMOJICHCTBYIOIINX MEXIY COOOH M C paJMKaIoM, B COUCTAHUU C UCIIOJIb30BAaHHEM COBPEMEHHBIX
npuOIKEHUH B paMKax MeToa (pyHKIMOHAIa IIOTHOCTH TO3BOJISIOT MPABMIIBHO PacCUUTATh MapaMeTphl
cniekTpoB DIIP u 00BsCHUTH UX 3aBUCUMOCTh OT COCTaBa BOJHOTO PacTBOpa.

[1] S.O. Liubimovskii, L.Yu. Ustynyuk, and A.N. Tikhonov, Superoxide radical scavenging by sodium 4,5-dihydroxybenzene-1,3-
disulfonate dissolved in water: Experimental and quantum chemical studies, J. Mol. Liq., 333, 115810, (2021).

[2] L.N. Ikryannikova, L.Yu. Ustynyuk, and A.N. Tikhonov, DFT study of nitroxide radicals. 1. Effects of solvent on structural and
electronic characteristics of 4-amino-2,2,5,5-tetramethyl-3-imidazoline-N-oxyl, J. Phys. Chem. A, 108, 4759—4768, (2004).

[3] L.N. Ikryannikova, L.Yu. Ustynyuk, and A.N. Tikhonov, DFT study of nitroxide radicals: explicit modeling of solvent effects on the
structural and electronic characteristics of 4-amino-2,2,6,6-tetramethyl-piperidine-N-oxyl, Magn. Reson. Chem., 48, 337-349, (2010).
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CBOHCTBA ITOTOKA MOJIOKA, KAK CJIOKHOHA
MNOJIMAUCHEPCHOM )KUJIKOCTHU

Haskun J/LIO.!, Xakumos A.P.!, lopoxoB A.C.!, FOpouka C.C.!, I'ynkoB C.B.%, llIkupun A.B.?

1 Dedepanvhbiii HayuHblll azpouHdicenepublil yenmp BUM, Mocksa
2Uncmumym ooweu ghusuxu um. A.M. Ilpoxoposa Poccuiickotl akademuu Hayk, Mocksa.
dimgagqa@mail.ru

Mosoxo sIBJISIETCSI CIIOKHOM KOJUIOUTHOM CUCTEMOM ¢ MHOXKECTBOM KOMIIOHEHTOB B cocTase. Cojiep:kanue
OCHOBHBIX 3JIEMEHTOB B COCTAaBE KOPOBBETO MOJIOKA MOJKET BapbHUpPOBAThCS B 3aBUCHUMOCTU OT MHAMBH]Y-
QJIBHBIX (PU3UOJIOTHYECKUX 0COOEHHOCTEH JKMBOTHOTO, CE30HA, IEpUOa JIAKTalluH, YCIOBUN COACpKaHuUs, a
TaKke MopoJibl )KUBOTHOTO. [IoMUMO BOJIbI, KOPOBBE MOJIOKO coAepkUT 4,7-4,9% nakro3sl, 3,6-4,2% xupa B
Buje Tooyn; 3,2-3,4% 6enka [1]. [ToMrMO OCHOBHBIX KOMIIOHEHTOB, B MOJIOKE COJIEPIKATCSI MUHEPAITBI, JKH-
pOpacTBOpUMBIE U BOAOPACTBOPUMBIC BUTAMUHBI, MOYEBHHA, COMAaTHYECKUE KIETKH, OAKTEPUN U aHTUOHOTH-
K. MOJIOKO BJIIETCSI MyTHOU CPEOM, C MAJIBIM CBETOIIPOITYCKAaHHUEM.

W3mepenue mapamMeTpoB KadecTBa MOJIOKA SBIISICTCS CIOKHOM 3a1a4ell n3-3a OOIBIIOr0 KOJTMYECTBA KOM-
MIOHEHTOB PA3JIUYHOIO pa3Mepa U (PU3NYECKUX CBOWCTB, pACTBOPEHHBIX B HeM. Hampumep, pusznyeckue pas-
Mepbl MOJIEKYJI )KHpa U COMaTHYECKHUX KJIETOK HAMHOTO ITPEBBILIAIOT pa3MepPhl MOJIEKYJI O€lKa U JIAKTO3bL, UTO
TpeOyeT 3HAYUTEIHHOTO BPEMEHH Ha aHAJIW3, UCUUCIIIEMBbId MUHYTaMH. B pesynbrare, ycTpoicTBa, Crocoo-
HbIE TOUYHO M3MEPATH MapaMeTphl KauecTBa MOJIOKAa pabOTalOT C MOJATOTOBICHHBIMH MPOOAMU MOJIOKA U HE
CIOCOOHBI MPOBOIUTH MOTOYHBIM aHATU3 B MPOIECCE JTOCHHUS. B MOJIOYHBIX IUTaHTax JOWJIBHOM yCTaHOBKH
IpOTeKaeT TypOyJIEHTHBIM MOTOK MOJIOKOBO3AYITHON CMECH, C MOCTOSIHHO U3MEHSIOIIEHCS TIPOTopLueii Mo-
noko-Bo3ayx [2]. CoBmecTHO paszpadbarsiBaemoe ®HAILL BUM u MO® PAH ycrpoiicto (puc. 1) cmocodbHo
IIPOBOJIUTH MIOTOYHBIN aHAIN3 COIEP>KAHUS )KMPA U COMAaTHUECKUX KJIETOK B MOJIOKE HE HapylIas Ipolecc 10-
€HUS U UMes BO3MOXKHOCTh COPTHPOBATh HAaJJauBAa€MOE MOJIOKO M IIPEIOTBPAIIATh [1011a/IaHNE HEKAYECTBEH-
HOTO MOJIOKA B OOIIYIO IUCTEPHY.

Moi10Ko sIBIIIETCS MHOTOKPAaTHO PacCEMBAIOIIEN CPEIO, €ro ONTHYeCKas TONIMHA IPU 3alI0JJHEHUH TOH-
kol TpyOku npessitiaet 10. [Ipu 3ToM, ABMKEHME ra3a B IOTOKE MOJIOKOBO3LYIIHOM CMECH NMPOUCXOIUT Obl-
CTpee ABMKEHMSI )KUIKOCTH. PU3NUecKHe CBOMCTBA MOTOKA HAKJIAJbIBAIOT OTPAaHMUYEHUS: MaJoe BpeMs Ha
aHamm3 (<0,1¢) mpu BBICOKOM CKOPOCTH MOTOKA (>1M/C), a TakKe HETOIHOE 3aN0THEHHE [IIAHTA KUIKOCTHIO
(B cpennem Ha 30-40%).

Puc. 1. Cxema nposedenus usmeperuil ycmpoiicmeom (A) u napamempuvl npomeKanus NOMoKa 8 usmepu-
menvHou Kamepe ycmpoticmea (b).

[1] R.G. Jensen, A.M. Ferris, C. J. Lammi-Keefe, The composition of milk fat, Journal of Dairy Science, No74, 3228-3243, (1991).
[2] V.V. Kirsanov, A.V. Shkirin, D.Y. Pavkin, Laser Fluorescence and Extinction Methods for Measuring the Flow and Composition
of Milk in a Milking Machine, Photonics, 8, 390, (2021).
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AJCOPBLUSA BSA HA 30JI0TbIX HAHOYACTHIHAX ITPH
PA3SJ/IMYHBIX 3BHAYEHUSAX KUCJIOTHOCTH CPEAbI

MouasbkoBa E., Capumos P., I'yikos C., [IyctoBoii B., Cumakun A.

HUncmumym ooweti puzuxu um. A.M. Ilpoxoposa Poccuiickoti akademuu Hayk, Mockea, Basunosa, 38
bronkos627@gmail.com

HanouacTuiibl mOBCEMECTHO MPUCYTCTBYIOT B Onocdepe: B Boje, BO3AyXe, IOYBE U MPOHUKAIOT B Opra-
Hu3M uesoBeka [1]. [ToaToMy BasKHBIM SIBISICTCS] U3yUEHHUE SIBIIETCS MOBEJACHHUSI HAHOYACTHI] B Pa3IMYHbBIX
cpenax opraHusma.

OpHMMHU U3 OCHOBHBIX COCTAaBJISIONIMX KOMIOHEHTOB KJIETOK U JKUJKOCTEH OpraHu3Ma SIBISIFOTCS OCJIKH.
[Ipu momajmanny HAHOYACTHI] B OPTaHU3M Ha MX IMOBEPXHOCTH oOpa3yercst OenkoBas kopoHa [2]. [TosTomy,
IyOOKOro n3ydeHus TpeOyroT B3auMoiecTBrs uHTepdelica 6e0K - HAHOYACTUIIA, U3MEHEHUS KOTOpBIE MTPU
ATOM TPOUCXOAST. ABTOpamu [3] ObUTH TOTYYEHBI PE3yJIBTaThl, KOTOPHIE TEMOHCTPUPYIOT BIUSHUE pazMepa
HAHOYACTHIl Ha aKTUBHOCTh O€JIKa U €ro CTPYKTYpY, IPH YeM HAHOYACTHUILIbI MEHBIIIETO pa3Mepa OKa3bIBAlOT
MEHBbIIIEE BIMSHUE HA IPUBECHHBIE TAPAMETPBI.

B pabote mpencraBieHbl UCCIeIOBaHUs B3auMOACHCTBUS Oeka BSA ¢ 30710ThIMHM HaHOYACTHUIIAMH TIPH
Pa3HbIX 3HAYCHUSIX KUCIOTHOCTH cpeabl. [lokazaHo BnusiHue agcopOuuu BSA Ha arperaiuio 3010ThIX HAHO-
yactull B 1uana3one 3HadeHuit pH 2.0 - 4.0. Tak ke, ObU1a ycTaHOBIIEHA 3aBUCUMOCTh MpoduiIel arperauu
OT pa3Mmepa HaHoyacTHll. benok crabunusupyeT B KUCJIOW cpele HaHodacTulbl pasMepoM 8 u 20 M. Ilpu
YBEJIMUYEHUU HAHOUACTHUI] J10 pazmepa 50 HM Mpu KUCIIbIX 3HaueHusAxX pH npeobianaroT nporeccsl arperaiuu.

Puc. 1. Brusnue xuciomnocmu cpeovl Ha (puzudecKue XapaxmepucmuHKki KOIIOUOHbIX pacmeopos BSA
(10"°ml’), AuNPs S8nm (107 mL’), BSA (10" ml') + AuNPs 8nm (1012 mL"): (a) pacnpedenenue uacmuy
no pazmepam, (0) Maxcumym no2nowjeHus, (8) OIUHA 8OIHLL MAKCUMYMA ¢hyopecyeHyuu

[1] L. Katz, K. Dewan, R. Bronaugh. Nanotechnology in cosmetics. Food and Chemical Toxicology, 85, 127—137, (2015).

[2]J. Wolfram, Y. Yang, J. Shen, A. Moten, C. Chen, H. Shen, M. Ferrari, Y. Zhao. The Nano-Plasma Interface: Implications of the
Protein Corona. Colloids Surf., B, 124, 17-24, (2014).

[3]A.Vertegel, R.Siegel, J.Dordick. Silica Nanoparticle Size Influences the Structure and Enzymatic Activity of Adsorbed Lysozyme.
Langmuir, 20, 16, 6800-6807, (2004).
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Mockosckuii eocyoapcmeennsiti ynusepcumem umenu M.B. Jlowonocosa, puzuueckuil ghaxkynvmem
Mocxea 119991, I'CII-1, Jlenunckue 2opwt, dom 1, cmp. 2
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Heoxunanno 6ompume sddexrsr 3amenst H,O na D,0O BIUIOTH 10 rubey )KUBBIX OPraHu3MOB ObLIK 00Ha-
py»ensl emie B 30-ThIX roj1ax MpoIIOro CTOIETUS Cpa3y MOCIIE MOTyUeHHs EPBBIX 00Pa3LOB TSHKEIOH BOJIBI.
K cepenune 50-ThIX TO0B CTANIO SICHO, YTO MPOCTEUIINE KUBBIC OPraHU3Mbl MOTYT KHUTh B uncToii D,0, HO
i MaexonuTaroumx 30% pactBop yxe saBisercs TokcudHbIM [1]. Tlo-Buaumomy, nepBoe UCIOIb30BaHUE
D,0 B MEAMIMHCKHX LENSAX OBLIO OCYIIECTBIEHO emte B 1950 romy ¢ nenpio onpeneneHus KoanuecTsa BObl
B OpPraHMU3Me 4YesloBeKa [2]. DTOT MpsAMOIl METO ONPEAEIICHUs COAEP KAHUSL BOJIbI B OPraHU3Max B3pOCIIBIX,
JeTel, MIIaZieHIIeB U OEpeMEHHBIX JKEHILIUH, CTIOPTCMEHOB, a TAKXKE B BETEPUHAPHBIX UCCIIEIOBAHUSAX UCTIOJb-
3yeTcsl B HacTosiliee Bpemsi ¢ ucnoisibzoBanuem meronoB AMP, UK u macc-cnekrpockonuu. Mcnonb3oBanue
D,0 B Ka4eCTBE M30TONHO-MEYEHHOTO peareHTa 001a1aeT MUPOKUMHU BO3MOKHOCTAMM JUISl H3yYEHHUST METa-
00JINYEeCKNX TOTOKOB B HOPME U MaTojoruu. IIlpumMeHeHne coBpeMEeHHBIX METO/I0B MacC-CIIEKTPOCKOIIUU U
XpoMarorpaduu no3BoJsOT aHATU3UPOBATh IPOLECCH CHHTE3a U ACTPaallii HyKJIEHHOBBIX KHCIIOT, OEJIKOB,
JKUPHBIX KUCJIOT, JIMIKIO0B K yrieBonos [3]. Ha ¢antomax B mpucyrctun D,O ¢ ucnonb3oBaHueM METONOB
ommkHel MK criekrpockonuu U HeMpOHHBIX ceTeit ObuIa MPOIEMOHCTPUPOBAHA BOSMOKHOCTh HEMHBA3UBHOTO
ONIPENENEHHS BOIHO-TUITMAHOTO cocTasa cpebl [4]. K 3naunmbivM s pexram D, O cienyer otHecTH yBenmye-
HHUE PE3UCTEHTHOCTH OUOTOIIMMEPOB, KJIETOK U XKUBBIX OPTaHU3MOB K SKCTpEMaJIbHBIM yciIoBUsM [1]. B kaue-
CTBE YCIICIIHBIX IPUMEPOB MOKHO MPUBECTU CTAOMIN3AINIO IEPOPATBHBIX BAKIIUH MPOTHUB MOJTMOMUETUTA U
KeNTol muxopaaku [5], 3pPpeKTUBHYIO KOHCEPBALIMIO ITOYEK U ITEYeHHU MBIIIeH [6-8], mpoTekTopHOE NeiicTBre
TI0 OTHOLIEHHIO K TamMa-paauanuu [9]. Jlo6aeka B parmon 10% D,O 3amennser karaboanyecKue Npouecchl
U 3aMeJISIeT Pa3BUTHE BO3PACTHOM TYTOyXOCTH 32 CUET CHMYKEHUS BEIPAOOTKH YHIOTEHHOTO OKUCIUTEILHOTO
ctpecca B ynutke Mbitei [10]. OmyxoneBbie KJICTKH aKTUBHEE, YeM HOPMAIbHBIE KJICTKH WHTUOUPYIOTCS TIPH
YBEJIMUEHUHU KOHLUEHTPALNUU JEUTepUsl B IUTHEBOM BOJIE, YTO MPUBOIUT K YBEIMUEHUIO IPOJLOJIKUTEIILHOCTH
YKU3HU 3apaKEHHBIX KUBOTHBIX, @ B HEKOTOPBIX CiIydasX K X u3jedeHuro. [Ipu 3Tom coBMecTHOE NpUMEHe-
HUE XUMHOTEpanuy Wik OOIydeHUs ¢ ynorpeOlieHueM IeHTeprupOBaHHONW BOIBI MPUBOIUT K MOJIOKUTEIb-
HOMY cuHepreruueckomy aeiicteuio [1, 11, 12]. OnTUMUCTUYHBIE PE3ylbTaThl HE BCKPHIBAIOT JCTAIbHBIX
MEXaHU3MOB 3aIUTHOTO AeHCTBUsE D,0, HO CTUMYJIUPYIOT JAIBHEUIIME UCCIIEI0BAHUS.

[1] B.W. Jlo6wmmes, JLII. Kanuanuenko. M3otonnbie a3¢dextst D20 B 6monornyeckux cucremax. Hayka, M., 1978 [2] P R Schloerb
et al. The measurement of total body water in the human subject by deuterium oxide dilution; with a consideration of the dynamics of
deuterium distribution. J Clin Invest 10:1296-1310. (1950) doi: 10.1172/JCI102366. [3] Jonghyun Kim et al. Metabolic deuterium oxide
(D20) labeling in quantitative omics studies: A tutorial re view. Analytica Chimica Acta 1242, 340722, (2023) https://doi.org/10.1016/j.
aca.2022.340722 [4] S.S. Spink et al. Shortwave infrared diffuse optical wearable probe for quantification of water and lipid content in
emulsion phantoms using deep learning. Journal of Biomedical Optics 28, 094808, (2023) DOI: 10.1117/1.JB0O.28.9.094808 [5] A.Sen
et al. Role of heavy water in biological sciences with an emphasis on thermostabilization of vaccines, Expert Review of Vaccines, 8:11,
1587-1602, (2009) DOI: 10.1586/erv.09.105 [6] M.Wenzel, J.H. Fischer. Organ-Konservierung durch Schweres Wasser. Einfluss von
D20 Konzentration und Temperatur auf die Organ Schwellung. J. Clin. Chem. Clin. Biochem. 21, 83-89, (1983). [7] S. Shimada et al.
Heavy Water (D20) Containing Preservation Solution Reduces Hepatic Cold Preservation and Reperfusion Injury in an Isolated Perfused
Rat Liver (IPRL) Model. J Clin Med. 8, 1818. (2019) doi: 10.3390/jcm8111818. [8] M. Fukai et al. Combination of Cold Storage in a
Heavy Water-Containing Solution and Post-Reperfusion Hydrogen Gas Treatment Reduces Ischemia-Reperfusion Injury in Rat Livers.
Transplant Proc. 55, 1027-1031, (2023) doi: 10.1016/j.transproceed.2023.03.061 [9] J.A. Laissue et al. Protection of mice from whole
body gamma irradiation by deuteration of drinking water: hematologic findings. Exp. Hematol. 15, 177-180, (1987). [10] S.Hou et al.
Dietary intake of deuterium oxide decreases cochlear metabolism and oxidative stress levels in a mouse model of age-related hearing loss.
Redox Biol.17, 102472, (2022) doi: 10.1016/j.redox.2022.102472.[11] J. Jandova et al. Deuterium Oxide (D20) Induces Early Stress
Response Gene Expression and Impairs Growth and Metastasis of Experimental Malignant Melanoma. Cancers 13, 605, (2021) https://
doi.org/10.3390/cancers13040605 [12] A.B. KocenxoB u np. OOGparumMoe aeiiTepupoBaHIE TKAHEBOW JKUAKOCTH M OHOIIOINMEPOB B
HOpPMAJIbHBIX U OITyXOJIEBBIX TKAaHIX MbIel. brodusuka, 63,1021-1026, (2018).
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WATCHING LOW-FREQUENCY VIBRATIONS
OF WATER IN BIOMOLECULAR RECOGNITION
BY THz SPECTROSCOPY

Yao Xu, Martina Havenith

Lehrstuhl fiir Physikalische Chemie II, Ruhr Universitdt, 44801 Bochum, Germany
Email address: yao.xu@rub.de Martina. Havenith@rub.de

Terahertz (THz) spectroscopy has turned out to be a powerful tool which is able to shed new light on
the role of water in biomolecular processes. The low frequency spectrum of the solvated biomolecule in
combination with MD simulations provides deep insights into the collective hydrogen bond dynamics on the
sub-ps time scale. The absorption spectrum between 1 THz and 10 THz of solvated biomolecules is sensitive
to changes in the fast fluctuations of the water network. Systematic studies on mutants of antifreeze proteins
indicate a direct correlation between biological activity and a retardation of the (sub)-ps hydration dynamics
at the protein binding site, i.e., a “hydration funnel”.! Kinetic THz absorption studies® probe the temporal
changes of THz absorption during a biological process, and give access to the kinetics of the coupled protein-
hydration dynamics. When combined with simulations, the observed results can be explained in terms of a
two-tier model involving a local binding and a long-range influence on the hydration bond dynamics of the
water around the binding site that highlights the significance of the changes in the hydration dynamics at
recognition site for biomolecular recognition.’ Water is shown to assist molecular recognition processes.*

[1] Meister, K.; Ebbinghaus, S.; Xu, Y.; Duman, J. G.; DeVries, A.; Gruebele, M.; Leitner, D. M.; Havenith, M. Long-Range
Protein—Water Dynamics in Hyperactive Insect Antifreeze Proteins. Proc. Natl. Acad. Sci. 110 (5), 1617-1622, (2013).

[2] Grossman, M.; Born, B.; Heyden, M.; Tworowski, D.; Fields, G. B.; Sagi, I.; Havenith, M. Correlated Structural Kinetics and
Retarded Solvent Dynamics at the Metalloprotease Active Site. Nat. Struct. Mol. Biol. 18 (10), 1102—-1108, (2011).

[3] Xu, Y.; Havenith, M. Perspective: Watching Low-Frequency Vibrations of Water in Biomolecular Recognition by THz
Spectroscopy. J. Chem. Phys. 143 (17), 170901, (2015).

[4] Bellissent-Funel, M.-C.; Hassanali, A.; Havenith, M.; Henchman, R.; Pohl, P.; Sterpone, F.; van der Spoel, D.; Xu, Y.; Garcia, A.
E. Water Determines the Structure and Dynamics of Proteins. Chem. Rev. 116 (13), 7673-7697, (2016).
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HepanuroaktiBHbIe 30TOMBI OMOreHHBIX deMenToB (PH/'H, "*O/70/'°0O) oka3bIBatOT CyIIECTBCHHOE BIIHSI-
HUE Ha CKOPOCTh OMOXUMUYECKUX PeaKluil, PU3NOIOTHIECKUE TPOIECChI, POCT M PA3BUTHE OJHOKICTOYHBIX
Y MHOTOKJIETOYHBIX OPTaHU3MOB C Pa3JIMYHBIM YPOBHEM UHTCHCHBHOCTH YHEPIeTUYECKOr0 OOMeHa U 0OMeHa
BemiecTs [ 1, 2]. Cpeau BceX HEPaTUOAKTUBHBIX U30TOMOB 0CO00E MECTO 3aHUMAIOT M30TOIIBI BOIOPO/IA U KHUC-
JI0pO/ia, KOTOPhIE, TOMUMO OPTAHMYECKUX U HEOPTaHMUYECKUX COCIMHEHHM, B MEPBYIO OUYepeab BXOAST B CO-
CTaB BOJIbI, IOCKOJILKY BOJIA SIBISIETCS HE3aMEHUMBIM PAaCTBOPUTENIEM JIJIsi BCEX OMOIIOTHYECKUX 0OBEKTOB, B
KOTOPBIX IPOTEKAET MOIABISAIONIee OOMBITMHCTBO OMOXUMUIECKUX PEaKuid. B CBSA3M ¢ 3TUM 3HaYEHHE BOJIBI
JUISL OCYIIECTBICHUS (PU3MOJIOTHYECKUX MPOIIECCOB YPE3BBIYANHO BEITUKO, HO OHO MOXKET OBITH BEChMa pas-
HOOOPa3HBIM U Pa3IMYHBIM JUIS KaXI0T0 U3 IeBATH ee u3oTononoros: 'H,'°O, 'HD'O, D,'°0, 'H,""O, 'HD"O,
D,"0, 'H,"0, 'HD"O, D,"®0. HekoTtopsle U3 HUX, COAEpKaLIUE NPEUMYIIECTBEHHO O0JIee JIETKUE M30TOIIbI,
CIIOCOOHBI B OTPENETCHHBIX KOHIIEHTPAIMSIX OKa3bIBaTh CTHUMYIIHUpYIOIIEEe AeHCTBHE Ha (YHKIIMOHATHHYIO
AKTUBHOCTb KMBBIX CUCTEM, JIPYTUE€ W30TOMOJIOTH, B TOM YHCIIE MPEUMYIIECTBEHHO TSKEJIbIe N30TOIIbI, CIO-
COOHBI TOPMO3HUTH TMPOIECCH KU3HENEATETPHOCTH, 0COOEHHO TIPHU BBICOKUX KOHIIGHTpAIUsaX aeirepus. B
psifie ciryd4aeB HAOMIOAH, YTO YMEPEHHBIEC KoJIeOaH!sl KOHIICHTPALlUHU IeHTepus (KaK B CTOPOHY YBEITHMUEHUS,
TaK U B CTOPOHY YMEHBIIIEHUS €TO COJEPIKAHUS B BOJIC) CIIOCOOHBI YCHIIHBATH ()YHKIIMOHATBHYIO aKTUBHOCTh
KUBBIX CUCTEM [3, 4]. B cBsi3u ¢ 5TUM OYeHBb BaXKHO MOHUMATh MEXaHU3MbI PeaTH3aIii H30TOMHBIX Y dek-
TOB U OCOOCHHOCTH PEryJsiui OOMEHHBIX MPOLECCOB B OpraHU3Me MpU MOIU(PHUKAIIMKA U30TOIMTHOTO COCTa-
Ba MUTHEBOTO paryona [3]. Kak u3BecTHO, comep:kaHue U30TONOB B MPHUPOAHON M OyTHIMPOBAHHOW BOJE
BO BCEM MHUpPE Pa3IMYHO B 3aBUCHMOCTU OT reojiokanuu. [1oaToMy paznuyHbie pallMOHbI MUThS TPUBOIST
K U3MEHEHUIO CONEpIKaHUs CTaOWIBHBIX U30TOMOB BO BHYTPEHHUX MOTOKAX BOABI OpPraHU3Ma YEJIOBEKa W
KHUBOTHBIX. Tak:ke COOTHOIICHHE N30TOMOB BHYTPUKJIETOUHOM BOJIBI B )KUBBIX CUCTEMAaX 3aBHCHUT OT MeTabo-
JTUYECKON aKTUBHOCTHU M OTpeOneHus nuiy. OMHUM U3 BO3MOXKHBIX MEXaHU3MOB JIOJITOCPOYHON a/IafTalluu
opranm3ma K Moaudukanuu nzotonHoro D/H cocTaBa MUTHEBOTO palMoHa SBISETCS U3MEHEHHE TUHAMUKH
mosekyasl JJHK. Bpiio ycranoBieHo, 4To nonagaHue aroMa JedTepus B BOJOPOIHBIE CBSI3U MEXAy MapamMu
A30TUCTBHIX OCHOBaHMUI B 3aBUCUMOCTH OT €T0 JIOKAJIU3alUud MOXKET MIPUBOJIUTH KaK K YBEJIIMUEHUIO BEPOSTHO-
CTU BO3HUKHOBEHUSI OTKPBITHIX COCTOSIHUM, TaK U K YMEHBILIEHUIO [5].

[1] 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. 629-633, (2018).

[2] V.I. Lobyshev, Biphasic response of biological objects on variation of low deuterium concentration in water, International
Journal of High Dilution Research, 17(2), pp. 1213, (2018).

[3]A.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).

[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).

[5T A. Basov, M. Drobotenko, A. Svidlov, E. Gerasimenko, V. Malyshko, A. Elkina, M. Baryshev, S. Dzhimak, Inequality in the
Frequency of the Open States Occurrence Depends on Single 2H/1H Replacement in DNA, Molecules, 25(16), 3753, (2020).
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Pa3BuTre HaHODU3UKY 1 HAHOTEXHOJIOTHIA JeNIaeT Ype3BbIUAHO aKTyalbHOU 3a71a4y pa3padOTKH U COBEp-
[ICHCTBOBAHUSI METOJIOB TMarHOCTUKHM HAHOYACTHIL. B 4acTHOCTH, 0COOEHHO OCTPO CTOHMT BOMPOC O paspa-
0OTKe OTepaTUBHBIX METOJIOB U3yUEHHUSI OMHOYHBIX HAHOUACTHI] B BOJHBIX PACTBOPAX. DTO CBSA3AHO C TEM,
YTO MPU U3YYCHUH HAHOYACTHII B TIOPOIIKAX MJIM B3BECAX aHCAMOIIEBOE YCpEIHEHUE, MIPHUCYIIee TaKUM H3-
MEPEHHSIM, IPUBOTUT K MOTEepe YacTu nHpopMaruu o0 n3ydaeMbix HaHodacTurax. CyIecTBeHHO TaKxke To,
YTO METOJIbI AIEKTPOHHOM MHUKPOCKOIIMHA HE NPUMEHHUMBI JUISI U3YUYEHHUS YACTUL B BOJHBIX PaCTBOpax, 4To
HCKITIOYAeT BO3MOXKHOCTh M3Y4YCHHsI 00BEKTOB OMOJIOTHUYECKON MPUPOIBI, a TAKXKE W3ydaTh HAHOUACTHIIBI, B
YaCTHOCTH KOJUIOWHBIC, HEMTOCPEICTBEHHO B BOJIHBIX pacTBopax. ONTHYECKHEe METONBI CBOOOIHEI OT Tepe-
YHUCIIEHHBIX HEIOCTATKOB M 00JIIAI0T PSAAOM MPUHIIUITHATBHBIX JOCTOMHCTB, TAKMX KaK, BEICOKAsI ONIEPaTUB-
HOCTh, BO3SMOXKHOCTh MTPOBEICHISI M3MEPEHU B BOAHBIX CPEIax, B TOM YHCIE in Vivo, IPOCTOTA MPOILETYPhI
M3MEPEHUM, TOCTYITHOCTh anlapaTypbl U P APYTUX.

JlokIaj mocCBsIeH OOCYXKICHUIO PEaTbHBIX BOSMOXKHOCTEH JIa3epHOM yIBTPAMUKPOCKOIUY B 3a7a4aX JIH-
ArHOCTUKYU OJMHOYHBIX KOJUIOWIHBIX HAHOYACTHUI] B BOJHBIX PACTBOPAX, C IEMOHCTpPALMEN PE3yJIbTaTOB, MO-
JTYyYEHHBIX C MPUMEHEHHEM pa3pabOTaHHOTO BBHICOKOYYBCTBUTEIHHOTO JIA3EPHOTO MHUKPOCKOIA «CBETOBOTO
JTUCTay, pabOTAIOIIETO B PEKUME PErHCTPAIIUN CUTHAIOB YIIPYTOro PACCESIHUSI CBETA, U MOCIEAYIOIIETo aHa-
TU3a WHANBUAYAIbHBIX TPACKTOPUI OPOYHOBCKOTO JIBIDKEHUS OJMHOYHBIX HaHOUACTHIl. PaccmarpuBaroTcs
MIPUMEPBI PE3YyIbTaTOB, NOJIYYEHHBIX B XO/I€ U3YUEHUS psiia KOJUIOMAHBIX HAHOYACTHUL B BOAHBIX pacTBOPAX.
CpaBHMBAIOTCS pe3yJIbTAaThl U3YyUEHUS KOJUIOMAHBIX HAHOYACTHUIl C MPUMEHEHHEM PAa3BUTOTO METOJa, C pe-
3yJIbTaTaMU IOJIyYEHHBIMH C UCIIOJIb30BAHUEM METO/IA TUHAMUYECKOTO PACCESHUS CBETA U MMPOCBEUYHNBAIOLLIEC-
IO AIEKTPOHHOIO MUKPOCKOIIA.

Hccnedosanus 6wiiu noodepxcanvt 6 pamxax npoekma PH® Ne 22-22-00998

40



BOAHbIE PACTBOPbI B BUOJIOTNMYECKUX CUCTEMAX

WCMOJb30BAHUE BOCCTAHOBJEHHOI'O BOJHOI'O
PACTBOPA JIUIS1 IOATOTOBKU UHKYBALIMOHHOM
CPE/JbI

Horopesos A.T.

@I'FYH Uncmumym meopemuueckou u sxcnepumenmanviou ouoguzuxku PAH,
142290, Ihwuno Mockosckoti oonacmu, yi. Mucmumymckasn 3, MTOF PAH
agpogorelov@rambler.ru

[Tpu srexTposm3e BOJHOTO pacTBOpa B KaMepe KaToja HaKaIuTiBaeTCs BOCCTAHOBIICHHAS (DPAKIIHSI BOTHO-
ro pactBopa (electrochemically reduced water) — karonut. Ota ¢paxius, MOKa3bIBas MEIOYHOES 3HAYCHUE
pH, o0nasaeT aHTHOKCUIAHTHOM aKTUBHOCTHIO. [Ipemonaraiot, 4To moTpeOIeHne KaToJinTa KOMIICHCHPYET
BO3pPAcCTHOE HAKOILJICHHE aKTHBHBIX (OpPM Kuciopoaa B opranusMme. [Ipu Bceil npuBiekareabHOCTH BbICKa-
3aHHOM TUIIOTE3BI CIIEIyeT YUUTHIBATh Cleaytoliee 00cToaTenbcTBo. KaTtonut npexae, ueM nomnajaeT B TKaHU
OpraHM3Ma, CMEIINBACTCS B IIPOCBETE KEIyI0THO-KUIIIEYHOTO TPAKTa C CEKPETOM, YTO HETIPEICKa3yeMbIM 00-
PasoM MOXKET U3SMCHUTH €ro CBOMCTBA. ﬂpyrI/IMI/I CJIOBaAMH, aHTHOKCHJIaHTHBIﬁ CTaTyC KaToJIMTa MOXET OBITH
3HAYUTCIIbHO HUBCIIUPOBAH B (1)I/ISI/IOJ'IOFI/I‘-ICCKI/IX YCJIOBUSAX. IToxoxkas CUTyalls BO3HUKACT B Ha60paTOpHOM
SKCIEPUMEHTE, TJI€ UCIIONb3YIOT OyepHble BOJHbIE PACTBOPBI Ha OCHOBE KaroyuTa. [loaTomy 1enb naHHOTO
HCCIIEIOBAHMSI COCTOUT B TOM, YTOOBI H3YUUTh, B KAKOI CTENEHH 3aMeHa JUCTUIUTMPOBAHHOMN BOJIbI KATOJIUTOM
BJIHMSIET HAa PEJIOKC CTATyC TOATOTOBICHHOW (PU3NOJIOTHUECKON CPEJIbI.

Ha ocHOBe moiryueHHBIX JJAaHHBIX CICTaHO CIIeAyolee 3aKIfoueHre. 3aMeHa KaTOJIUTOM JUCTUILTUPOBAH-
HOM BOJIBI HE BIIMSICT HA KACJIOTHOCTh (PU3UOJIOTHIECKOTO Oy(hepHOro pacTBOpa, HO MEHSET €r0 OKUCITHTEIh-
HO-BOCCTaHOBUTEIbHBIN MOoTeHIMAaI. M 3TO BBI3bIBAET CIBUT PEOKC cTaTyca (PU3UOIOTHUYECKOTO pacTBOpPa B
CTOPOHY aHTHOKCHUJAHTHOTO COCTOSIHUS. Takasi TEHIEHILUS CTI0COOCTBYET KOMIIEHCAIIMU IIEPOKCH/ 1A BOAOPOAA
(0.2 MM) B 3KCHIEpUMEHTATIBLHON MOJEIN MHAYLIUPOBAHHOTO amomnTo3a. TakuMm oOpa3oM, aHOMaJbHO HHU3-
KO€ 3HaYCHUE OKHCIUTEIHHO-BOCCTAHOBUTEIILHOTO MOTEHIIMAJIA KaTOJIUTA TTO3BOJISIET MOJICIIHPOBATH in Vitro
YHHUKAJIBHBIC CUTYaIlHH, KOTOPBIC PEATU3YIOTCS B KJIETKE TOJBKO JIOKAIBHO B PE3yJbTare KOMIICHCATOPHOTO
otBeta. [IpumMepom City)KUT CUTHAIBHBIN Kacka/l, aKTUBUPYEMBIil TP B3aUMOJIEHCTBUU MOJIEKYJIbI IEPOKCUIA
BOJIOpOJia U AUCYAb(GUIHON CBSI3U aMUHOKUCIOTHOTO OCTaTKa LIUCTEUHA, B 00JACTH TUPO3UHKUHA3HBIX WU
IUCTICTIICBBIX PEICTITOPOR.

Hccnedosanue svinonnero npu noooepacke Poccutickoco nayunoeo ¢honoa, npoexm Ne 20-16-00019,
https://rscf.ru/project/20-16-00019



BOAHbIE PACTBOPbI B BUOJIOTNMYECKNX CUCTEMAX

JIMCTAHTHOE B3AUMOJIEMCTBUE
CYIIPAMOJIEKYJIAPHBIX CUCTEM BO/IHBIX
PACTBOPOB KAK ITPOLECC HEPEJIAYU U PELEIILINA
NHOOPMALIUAU U TPAHCJIALIUU CUMMETPUU

Loposoii IO.M.!, IlennkoB H.B.

'@ OY BO «Apocrasckuil 20cy0apcmeeHublil MeXHUYECKUL YHUBEPCUMENY,
150023, Poccus, 2. Apocnaeéns, Mockosckuii npocnekm,88
Unemumym ouogusuxu knemku, Dedepanvhblil ucciedosamenvckuil yenmp «[lyuunckutl Hayunwviil
yeump ouonocuueckux ucciedosanuti PAHy, Ilywuno, Mockosckas oon. 142290, Poccus
gorovoyj@mail.ru

ChopMupOBaHO TEOPETHUECKOE OMHUCAHHME JAWCTAHTHOTO B3aUMOJICHCTBHUS MEXIY CyHpaMOJICKYJISIPHBIMU
CHCTeMaMH BOJHBIX PAaCTBOPOB, OCHOBAHHOE Ha CTATUCTUUECKOH (hu3mKe CIIOKHBIX cucteM [1]. Metonamu cra-
TUCTUYECKON (pr3nKku OBbLT MoTy4eH MHBapHaHT Ic, XxapakTepu3yromuil creneHs aedopmannu (pa3oBoro mpo-
crpaHcTBa [100ca CroXHOHN (CYIpaMOJNIEKYIISIPHOI) CHCTEMBI B PE3YJIbTaTe B3aUMOJICHCTBUS €€ TIOICUCTEM, a
CJIEJIOBATENILHO, U3MEHEHHUSI CHMMETPUU TAaKOU CUCTEMBI [ 1].

Monenbio cynpaMoNeKyIsIpHbIX CUCTEM BOAHBIX PACTBOPOB MOCITYKUJI CUCTEMBI CBS3aHHBIX OCLWIISITOPOB,
COBEPIIAIOIINX TPYIIOBBIE KoJeOaHus (M3ruOHbIe U IMOpaIlMOHHBIE). J{MCTaHTHOE BO3/IEHCTBIE paccMaTpHBa-
JIOCh KaK BO3JIEUCTBHE COOCTBEHHOTO M3IIyYEHHUS! OJHOM CYNpaMOJIEKYJISIPHOW CUCTEMBI Ha Apyryr0. OCHOBBI-
BasICh HAa M3BECTHBIX 3KCIEpUMEHTAIBHBIX JaHHbIX 00 MK cnekrpax n3nyuenus n TIn-criekTpax MoniomeHus
[2,3], Ha maHHOI MomenH OBLIO JOKA3aHO KOJTHMYECTBEHHOE U KaYeCTBEHHOE COOTBETCTBHE KOHTAKTHOTO M JIHC-
TAQHTHOTO THIIA B3aUMOJCHCTBUS CYIIPaMOJIEKYIIPHBIX cUCTeM. B 000MX THIIaX B3aMMOAEHCTBHUS MPOUCXOIUT
MOJIEKYJIIPHOE pacIO3HABaHHUE CYIIPAMOJIEKYJISIPHBIX cucTeM. [Ipu 1ucTaHTHOM BO3J€ICTBUN IPUEMHUK U3Me-
HSIET CBOIO MPOCTPAHCTBEHHYIO CTPYKTYPY U CUMMETPHIO, BOCIIPHHUMAsl COOCTBEHHOE M3ITyYeHUE HCTOUHHKA.
Mepoii Takux U3MEHEHUH CITy’KUT BeIM4YHHA Ic, KoTopas ObUIa paccyrTaHa Ha OCHOBE ATUX JAHHBIX KaK JIOTa-
pudm nedopmarun pazoBoro oobema ['mo6ca. KonmuecTBeHHBIC 1 Kau€CTBEHHBIE 3aKOHOMEPHOCTH N3MEHEHUS
BEJIMUMHBI apamerpa Ic mpu 06oux THMax B3auMonecTBUM OMu3KHU (CocTaBistoT oT 1% 1o 4%).

WNudopmannonHast TpaKTOBKa AUCTAHTHOTO BO3AECHCTBUS COCTOUT B TOM, YTO OHO aHAJIIOTMYHO paboTe MH-
(dopMaIMoHHOTO KaHaia. VICTOUHWK M NMPUEMHHUK WH(POPMAIMU MPECTABICHBl UCTOYHUKOM U MPUEMHUKOM
JMCTAHTHOTO BO3/ICHCTBUS (CYNPAaMOJIEKYIISIPHBIX CUCTEM), HECYIIMX WH(POPMAIINIO, COCTOSIIYIO U3 COOCTBEH-
HOTO M3JTy4eHus ucrounuka. [Ipu sTom Benmmuuna Ic onpenenseT npormyckHyro cnocoOHOCTh HHPOPMAIMOHHO-
ro KaHaJja, a TakXKe OMpe/ieNisieT pelenivio CUrnaina npueMHukoM. MuadopmanmonHslii cMbici Ic cocTout B TOM,
yro Ic XapakTepusyeT KOIMYECTBO B3aUMHOW MUKpOHH(popMaIu (MHGOPMAIIMK O KOOPJHMHATAX U UMITYJIbCAX
9acTUIl, KOTOPOI 00JIaaeT epBasi CHCTEMa O BTOPOIA, a BTopasi CUCTeMa O TIEPBOiA).

YcraHOBIIEHA aHATIOTHSI MEXK/Ty AUCTAHTHBIM B3aUMOJEHCTBUEM U KBAaHTOBBIM KaHaAJIOM CBs3U. C 3TOH TOUKH
3peHus, napametp Ic onpenensier KOMMUECTBO B3aMMHON KBAHTOBOW MH(OPMALIUK 1 ONTHCHIBAET CTETICHb 3aITy-
TaHHOCTHU COCTOSIHMM KBAaHTOBOH CUCTEMBIL. B CBOIO ouepenb, CTENEHb 3allyTaHHOCTU ONpPENENSET IJIOTHOCTh
KOJIMPOBAHUS, T.€. MPOITYCKHYIO CIIOCOOHOCTh KBAHTOBOTO KaHalla CBS3U.AOCTPAKT JOJKEH ObITh HAlMCaH Ha
PYCCKOM $I3BIKE.

IlonmyuyeHHble pe3ynbTaThl MO3BOJISIOT TPAKTOBATh JAUCTAHTHOE B3aUMOJAEHCTBHE CYyNpPaMOJIEKYJSPHBIX CH-
CTE€M BOJHBIX PACTBOPOB HE TOJBKO KaK (PM3UUECKUI M (PU3UKO-XUMHUECKUH MpoIece, HO U KaK MPOLECcC HH-
(opMaIMOHHBIH.

[1] Y. Gorovoy. The Relationship between Symmetry and Specific Properties of Supramolecular Systems. Symmetry, 14, 2070
(2022). https://doi.org/ 10.3390/sym14102070 [2] N.V. Penkov, N.A. Penkova. Infrared emission spectroscopy for investigation of
biological molecules in aqueous solutions. Phys. Wave Phenom. 29, 164—168. (2021) [3] N. Penkov. Antibodies Processed Using
High Dilution Technology Distantly Change Structural Properties of IFNy Aqueous Solution. Pharmaceutics, 13, 1864. (2021)
https://doi.org/10.3390/ pharmaceutics 13111864
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U3MEHEHUS ®YHKIIMOHUPOBAHUSI TUTIO®U3APHO-
TUPEOUJHOI OCHU NPU JJIUTEJHbHOM NOTPERJEHUUA
BOJIbI ABYCTOPOHHUM U3MEHEHUEM
COJIEP)KAHUSA JIEUTEPUS

Araosa H.B., O6epunxun C.C., Tumoxuna E.IL., Sirnos B.B.

HUUN mopgonozuu uenosexa um. ax. A.11. Asyvina
@I'BHY «PHILX um. ax. b.B. [lemposckozo», Mockea, Poccus
yvaglova@mail.ru

Posb cTabUIbHBIX H30TOMIOB OCHOBHBIX OMOT€HHBIX 3JIEMEHTOB JI0 CUX TIOP MaJIO M3y4eHa U SIBIISIETCS IIePCIeK-
THBHBIM HalpaBJieHHeM Ono(pU3NIECKIX, OMOXUMUIECKUX, MOJIEKYIISIPHBIX, TEHETUUECKHX U IPYTUX UCCIIEI0BA-
HUiA. I3BECTHO, YTO CIBUTH B COAEPKAHUH ACHTEPHUS B BOJIE OKA3bIBAIOT pa3InYHbIe 3P(PEKTH B OMOTOTHUECKIX
cucremax [1]. OnHako ero BAMSHUE HA CUHTE3 M CEKPELMIO TOPMOHOB IIUTOBUIHON KEJIE3bl U3yUEHO HEI0CTa-
TouHo [2]. Llenpb uccnenoBaHus — OLEHUTh JUHAMUKY CEKPEIMU TUPOUIHBIX M TMITO(U3aPHBIX THPEOTPOITHBIX
TOPMOHOB IIpH IBYCTOPOHHUX C/IBUT'AaX B COJIEPKAHUU JIEUTEPHs B IUTHEBOU BOJIE U OLIEHUTH BO3MO)KHYIO POJIb
Na*/I-cumnioprepa (NIS) — 0CHOBHOTO MepeHOCUHKa Ho/la — B M3MEHEHUN (PYHKIIMY IIUTOBUIHON JKEIIC3hI.

DKCHepuMEHT MPOBEJCH Ha B3POCIBIX KpbICaXx-caMIlax JMHUK Buctap, KoTopbie moTpedsiin 00eTHEHHY O
neiirepuem ([D]=10 ppm) u oboramennyto neiitepuem ([D]=500000 ppm) Bony B Teuenue 21 aus. OneHka
00I11er0 THUPOKCHHA U TPUHOATHPOHUHA M UX CBOOOTHBIX (PpaKLUii, a TAaK)Ke€ TUPEOTPOITHOTO TOPMOHA B ChI-
BOPOTKE KPOBH BBISIBHJIA OBICTPYIO PEAKIIMIO IIUTOBUIHOM KeJle3bl Ha M3MEHEHUs OalaHca AeUTepus/IpOTHS.

HccnenoBanue (pr3nonornueckux rnokasareneil He BBISIBUIIO CYIIECTBEHHBIX Pa3IMYHMid B CyTOYHOM IOTpe-
OJ1eHUH BOJIbI C MOIM(UIIMPOBAHHBIM cofiepykaHueM neiirepus. OLeHKa MPUPOCTa MacChl Tella U MOTPeOIeHUs
BOJIBI 110KA3aj1a, 4To MOTpedieHne 00eAHEHHOM AeHTepreM BOIbl ObUIO aHAJIOTMYHO KOHTPOJIBHOM IpyIIe U He
BIIMSUIO HAa (PU3UOJIOTUYECKUI POCT KUBOTHBIX. Y KPBIC, TOTPEOISABIIMX OOOTALICHHYIO JIeiiTepueM BOAdy, Ha-
MIPOTHUB, YBEIMYCHUE MACCHI Tella ObLIIO HE3HAYUTENILHBIM. JTH (DaKThI COIIACYIOTCS C UMEIOLMMUCS JAaHHBIMHU
O HETATMBHOM BJIMSHMM BBICOKMX KOHIEHTpamui D, O Ha kieTounsblii MeTabonmsm u npoimdepanmio [1].

Hacrosiee nccnenoBanue okas3bIBaeT, YTO ABYCTOPOHHUE U3MEHEHUS COIEP KaHUS JEUTEpUs B OpraHu3-
M€ aHaJOTHYHBIM 00Pa30M MOIYIHPYIOT BHIPAOOTKY TOPMOHOB IIMTOBHIHOMU KeJI€3bl U (PYHKIHUOHATBHYIO
aKTUBHOCTH TUIIO(H3a, HO PEAKIMS IIUTOBUIHOM kene3bl u runodusza pasnuuaercs. CoOCTBEHHas peaxius
KJIETOK IIUTOBHUIHOM KeJe3bl 3aKJII04aIach B YBEIUUYEHUN CUHTE3a TOPMOHOB, @ TUPEOTPOITHBIX BEIIECTB I'U-
nodusa — B yMEHBIIEHUH BBIPAOOTKH THUPEOTPOIHOTo ropMoHa. OreHka ypoBHei NIS B CbIBOpOTKe BBISBHIIA
IIOCTENIEHHOE YBEJIIMYEHHUE Y KPBIC, OTPEOABIINX BOAY, OOOTAIICHHYIO NEHTepUueM, U HUKAKUX pa3Indui
B IpyIIe, NoTpeOsiBIIei BOLy C MOHMKEHHBIM coliepkaHueM neiTepus. YpoBau NIS B 0o0eux rpynmax He
KOPPEIMPOBAJIH C YPOBHEM TOPMOHOB LIUTOBHIHOM KeJe3bl U BHIPAOOTKON TUITO(PHU30M THUPEOTPOITHOTO TOP-
MoHa. [loydyeHHble JaHHBIE TOKA3bIBAIOT, YTO LUTOBHUIHAS jKeJe3a 00aaaeT 6osee BBICOKOM YyBCTBUTEINb-
HOCTBIO K M3MEHEHMSM COJEpKaHMs JEUTepusi B OpraHU3Me, YeM THIIOTalaMO-TUNo(U3apHBIA KOMIUIEKC,
KOTOPBIM pearupoBai No3Ke, HO TaKXKE aHAJIOTMYHO B CIy4yae ACUTEpUpOBAaHUS WM YMEHBLIECHUS COAEpKa-
HUS AeUTepHs B OpraHu3Me. JTO YKa3bIBA€T HA PA3IMYHYIO YyBCTBUTEIBHOCTD XKEJIE€3 BHYTPEHHEH CEKPELUU
K U3MEHEHMIO COZIEP KaHMsl IeUTepUs. DTO MPEANONIaAraeT, YTO CKOPOCTh IPOAYKLNN TOPMOHOB IIUTOBHTHOM
KeJIe3bl MOXKET 3aBHCETh OT TPAJIMEHTOB JIeHTepHs B KPOBU/TKAHIX U IIMTO30JI€/OpraHesiaX, KOTOpble, BO3-
MOXKHO, HapyLIalOT CEKPETOPHBIN mpoliecc He3aBucumo oT NIS.

Hccnedosanue svinonneno no eocyoapcmeennomy 3aoanuro Ne FGFZ-2022-0035.

[1] Yaglova N.V., Timokhina E.P., Obernikhin S.S., Yaglov V.V,, Emerging Role of Deuterium/Protium Disbalance in Cell Cycle and
Apoptosis, International Journal of Molecular Sciences, V. 24, N. 4, 3107, (2023).

[2] Srmoa H.B., O6epauxun C.C., Tumoxuna E.I1., o B.B., Peakus runoduzapHO-THPEOUTHON OCH Ha KPAaTKOBPEMEHHOE
U3MEHEHHUE CONIePIKaHUs JeHTepus B oprannsme, bromt. sxcn. 6uon. mex., T.171, Ne 2, C. 232-234, (2021).
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JTNHAMUKA KOJIMYECTBEHHOI'O COJIEPKAHUS
OBUIEHN BOJIbI, EE CBOBOJHOM U CBSI3BAHHOHN
®PAKIMUN TP BHIPAJKEHHBIX HETATUBHBIX

BO3JIEUCTBUAX ®PAKTOPOB OKPYKAIOIIEN CPEJbI
HA )KUBBIE OPTAHU3MBI

Teaenkona O.I.¢, ®apamyk H.®.!, Paxmanun 10.A.2

'®@IrbOY BO «CI'MY» Munszopasa Poccuu, e. Cmonenck, npocnekm I aeapuna, 0.48a, k.54
@I'BY «1[CII» ®MBA Poccuu, 2. Mocksa
SOI'BOY BO « CIT MY » Munzopasa Poccuu, . Cmonenck, 1 Akademuueckuil npoeso, 0.21
olesyatelenkova@yandex.ru

Bona siBisiercst He OAHOPOIHOMN KHUIKOCTBIO, @ TETEPOTEHHOM CHCTEMOM, KOTOPast BKIIIOYAET B CE0s AKHUJIKYIO
(cBOOONIHYI0) M CTPYKTYpUPOBAHHYIO (CBA3aHHYI0) (ppakiun. OHa UTpaeT poib CTPYKTYpPHO-DHEPTETHUYECKO-
ro Kapkaca OeITKOBBIX TEJI U JPYTUX OpraHMYecKuX coelnHeHni. benok u Boia 00pa3yloT eIuHYI0 CUCTEMY,
KOTOPYIO Helb3s Pa3Je/IuTh Ha KOMIIOHEHTHI 0e3 HapylIeHUs ee BHYTpEeHHero coaepkanus [1].

W3yueHne mporueccoB ruapaTaiy OUOMOINMEPOB B )KUJIKUX CPelax OpraHu3Ma JaeT OObEeKTUBHYIO MH-
¢dbopmanuio o ITyOrHEe HapyIICHUH U CTETICHH aJlalTalliy )KUBOTHBIX T1O]] BIMSHUEM BHEIIHUX (hakTopos [2].
B pe3syinbrare ananusa 3KCIEPUMEHTAIbHOIO MaTepuaa, yCTAHOBJICH XapakTep JMHAMUUYECKON B3aUMOCBS3HU
MEXIy (yHAaMEHTAIBHBIM (PU3UKO-XUMHUYECKHAM MPOLIECCOM THIPATAIH, KOTOPBINA SBIISETCS YHUBEPCAIIb-
HBIM /IS HEOPTaHUYECKUX U OPTaHUYECKHUX BELIECTB, U OMOIOTHYECKUM MPOIIECCOM aJanTaliy, KOTOPBIH
MIPUCYI IS BCETO KUBOTHOTO Mupa. OOHapyKEHHE TaKOH CBS3U CYIIECTBEHHBIM 00pa3oM paciiupseT npe-
CTaBJIEHUs 00 aJaNTUBHBIX MEXaHW3Max OPraHu3Ma B SKCTPEMaJIbHbIX YCIOBUAX. CMBICI 3TOTO PacIIMpPEHUs
3aKJII0YaTCsl B TOM, YTO M3BECTHBbIE OMOXMMHUYECKUE U (PU3UOIOTHYECKUE MEXaHU3MBbI IPU UX HATPSIKSHUU
B IIpoOliecCe aJanTalyy NPUBOJAAT B KOHEYHOM CUETE K M3MEHEHUSIM Ha YPOBHE MEKMOJIEKYJIIPHOTO B3aUMO-
JeUCTBUS MEXTy BOJIOW U MOJIEKYJIOH roumepa u (popMupoBaHHio 6oJiee yCTOMYUBON THAPATHON OO0IOUKH.

YcraHOBNIEHA CBA3b MEXY KOJIMUYECTBEHHBIM IOKa3areneM (pakiuid BoJbl B KPOBU M CTAAUAMU Pa3BH-
TUS aJalTallMOHHOTO CUHAPOMA IIPU IKCTPEMaJbHBIX BO3JEHCTBUSAX Ha opraHusM. IlokazaHo, 4yTo cocTos-
HUE BOJIbl B KPOBU MOXKET CIIY’KUTh HAJIE)KHBIM KPUTEPUEM JUIsl ONIPENIEICHHS PE3UCTEHTHOCTH OPraHU3Ma U
CTaJU¥ UCTOLIEHUS €ro aJalTalMOHHBIX BO3MOKHOCTE!. [Ipu 3TOM BBIsBIICHA ClleyIOIIas 3aKOHOMEPHOCTD:
coziep)KaHue CBS3aHHOW BOJIbI TIOBBIIACTCS B CTA/IMU PE3UCTEHTHOCTH B PE3yJIbTaTe BKIIOUYEHUS (PU3HOIOTH-
YEeCKUX M OMOXUMHUYECKHUX MEXaHU3MOB CPOYHOI afanTaiuu. Ecim ske Bo3aeiicTBrue Ha OpraHu3M MpoJIoJhKa-
€TCs ¥ HACTYIAeT CTaJus UCTOLICHUS, KOTJa alallTallHOHHbIE BO3MOXXHOCTH OPraHM3Ma MCUYEpIaHbl, TO CO-
JIep’KaHUE CBA3aHHOM BOJ/IbI CHUKAETCS. DT U3MEHEHHUS B COIEP>)KAHUU CBSI3aHHOM BOJIbI MOTYT IIPOUCXOAUTH
MIPH TOCTOSIHHOM WJTM M3MEHEHHOM B JIF00YI0 CTOPOHY COZIep)aHUK 001eii BojsI [3, 4].

W3meHeHnne BHYTPEHHEN Cpelibl OPraHu3Ma 4eI0OBEKa, BOZHUKAIOLIEE BO BPEMs SKCTPEMAJIBHBIX BO3/CH-
CTBHIA Ha HEro U 3a00JIEBaHUM, IPUBOJUT K CABHUTY COAEP KaHUS CBSI3aHHOM U CBOOOIHOM BOJBI B KPOBHU. DTO
ABJISICTCS HeCTIEN()UIESCKUM MTOKA3aTeIeM COCTOSHUS OpraHu3Ma, MPAKTUYECKU HE U3MEHSAETCS B 3aBHCUMO-
CTH OT TI0JIa B IIpeieiaX 3pesioro BO3pacTa U MO3BOJISIET OTHECTH ATOT MOKa3aTelb K psiay 0a3uCHBIX MmapamMe-
TPOB 3710pOBbs [4].

] Paxmanun 10.A., Konnparos B.K. Bona — kocmuueckoe siBnenue. — M.: PAEH, 2002. — 427 c.

] ®apamyk H.®., Paxmanun FO.A. Bona — cTpykTypHast ocHoBa ajanrtanuu. — MockBa-Cmornenck, 2004. — 180 c.

] ®apamyk H.®. CocrosiHre mpoueccoB ruaparanyy B XKUAKUX Cpeax OpraHu3Ma IpH BO3/ICHCTBHM BHEIIHHX (haKTOPOB U
HCKOTOPBIX 3a00NeBaHusAX: ABTOped. auc. Tok. Mea. Hayk: 14.00.16 / CTMU. — M.: PY npyx0b1 HapomoB, 1994. — 33 c.

[4] Dapamyk H.®., Hukutua [ A., Ko3mosa JI.B. u ap. CTpykTypa Bombl B KpoBHU: KIHHUYeckue acniekTsl / [Ton. pex. mpod. H.O.
@apamryka. — Cmonenck: CI'MA, 2007. — 300 c.

1
[2
3
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CTPYKTYPHBIE U ®YHKIIMOHAJIBHBIE
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TPAHCIIOPTUPYIOLIUX HAHOYACTUL IIVTAZMbI KPOBH
HHPU CBOBOJHOPAAUKAJIBHOM OKUC/IEHUHU

Jlankun B.3. !, Tuxaze A.K. ', llapanos M.I. *
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142290 Ilywuno, Mockosckas oon., Poccus

[IpupoaHbie JUMUI-TPAHCTIOPTUPYIOIIME HAHOYACTHUIIBI — JIMMONpPOTeu bl HU3Kkou rmioTHocTH (JIHII)
MPEACTABISIIOT COOOH BOTHBIC JUCIIEPCHUU TIIa3Mbl KPOBH, MTpUYEM HapyX HbIH (ocomunuanbii cioit JIHIT
BECbMa TOABEPKEH CBOOOIHOPAIUKAIBHOMY OKHCIEHHUIO, YTO CONPOBOXKIAETCSI M3MEHEHUEM CTPYKTYpPHI
ATHX HAJMOJIEKYJISIPHBIX 00pa30BaHMii 1 HApyIIEHHEM X HopMasibHOTO (pyHKIIMOHMpoBanus [1]. Hamu ycra-
HOBJICHO, 4TO HakoruieHue nunornepokcunoB (LOOH) B MomenbHBIX BOTHBIX Aucnepcusx ¢ochonunumon
(JiunmocoMsl) npu Ux (pepMeHTaTUBHOM okuciieHuu (C-15 nunokcureHasa peTHKYJIOLUTOB) COMPOBOXKAACTCS
YBEITUYECHUEM PUTHIHOCTUA (MUKPOBSI3KOCTH) MUNUAOB [2]. OxkucnurensHas necrpykuus LOOH npuBonut
00pa30BaHHUIO HU3KOMOJICKYJISIPHBIX JUKAPOOHHMIIOB, OCHOBHBIM M3 KOTOPBIX SBJISICTCS MAaJOHOBBIN JAHAJIbIe-
rua (MIA). Anbneruansie rpynmbsl MJIA nerko B3auMoIeHCTBYIOT C KOHIIEBBIMU aMUHOTPYTITIAMU OEJIKOBO-
ro komnonenTta JIHII (amonporenn B-100) o peakiun Maiiapa ¢ 00pazoBaHHEM MEXKMOJIEKYISIPHBIX CITUBOK
tuna mugpoBsx ocHoBanui [3]. OnucanHble okucaUTENbHBIE TpeBpanienns JIHII, HecoMHEHHO TPUBOASAT
K CTPYKTYPHBIM MU3MEHEHHSM B HUX, YTO HE MOXKET HE CKa3aThCs HA MX HOPMaJbHOM (PyHKIIMOHHMPOBAaHUH. B
94aCTHOCTH, HAMH TToKa3aHo, uto MJIA-monudunmposannsie JIHII, B otmruun or LOOH-conepsxkamux JIHII,
aKTHBHO 3aXBaTBIBAIOTCS KYJIBTHBHUPYEMBIMU MakpodaraMu 4eioBeKa, HAKaIUTMBAsCh B JIMIUIHBIX BaKyOJIsIX
[4]. Dot mporecc, pakTHUECKH MOJIEIUPYET HAaYaIbHBIE CTAJIUU aTePOCKICPOTHICCKOTO MTOPAKEHUS CTCH-
KM COCYJIOB — pa3BUTHE IIPEIAaTEpOreHHbIX JUIOUI03HBIX MOBpexaeHuil. Kpome Toro, HaMu nokasaHo, 4To
yactuusl JIHII, monudunuposanusie MJIA 1 apyrumu npupoAHbIMU TUKapOOHWIAMHU, TAKUMU KaK IIIMOK-
caJib ¥ METHJITIIMOKCAJTb, BEI3BIBAIOT MOIIHYIO SKCIIpeccuio scavinger-perentopa LOX-1 B KylIbTHBHpPYEMBIX
SH/IOTEJIMOIMTAX MYTOYHON BEHBI YeJoBeKa ¢ nocnenyromen sxcnpeccueid NADPH-okcunassl u crumyins-
L[MeN aronTo3a B 3TUX KJIETKax [5], 4To, 1EMOHCTPUPYET MOJIEKY/ISIPHBI MEXaHU3M BO3HHKHOBEHHUS U pas-
BUTHS TUCHYHKITUH SHA0TE M. [loydeHHbIe TaHHbBIE HATMISAHO IEMOHCTPUPYIOT KITFOUEBYIO POJIb CTPYKTYP-
HO-(pyHKIIMOHANBHBIX M3MeHeHul JIHIT BcnencTBre cBOOOTHOPATUKATHFHOTO OKUCIICHUS TUX HAHOYACTHII B
BOJIHBIX AMCIIEPCHUSX B MIPOLIECCE HUPKYIUPOBAHUS B IIJIa3M€ KPOBH.

Paboma svinonrnena npu gpunarncosoti noodepocke Poccutickoeo Hayunoeo ¢onoa (epanm Ne 22-15-00013).
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AKTUBHBIE ®OPMbI KUCJIOPOJA U CTAPEHUE: JIBE
CTOPOHBI OJTHOI MEJAJIN

MenbmukoBa E.b., Xpanosa M.B., Pomax JLII., Cepbix A.E.

DedepanbHulil UCCIe008AMENbCKUL YeHMP (DYHOAMEHMATbHOU U MPAHCIAYUOHHOU MeOUYUHbL,
630060, 2. Hosocubupck, yn. Tumakosa, 2
e-mail: lemen7383@mail.ru

CymectByer 6omnee 300 Teopwmii cTapeHus, 4TO JAenaeT mpolieMoii qaxke ux kiaccudukanmo. [loutu Bce
TEOPHUH CBOASTCS K BapHALIMAM JIBYX KOHLEMNIMN: 1) cTapeHe — 3T0 TeHETUYECKH 3alIpOrpaMMHUPOBAaHHbIH ITPO-
1ecc, HeoOXOMMMBIH T OBICTPOI CMEHBI TOKOJICHHI B MOITYIISINH U BOJIIOIIMOHHOTO PA3BUTHSL; 2) CTapeHUE
— 3TO CTOXACTUYECKUH Ipoliecc, 00yCIOBIEHHBIN "M3HAIIMBAaHUEM" OpraHu3Ma B pPe3yJIbTaTe CaMOOTPABICHUS
MPOIYKTaMHU KU3HEIEATEIBHOCTH W/WIM TOBPEXKICHHS, HAHOCUMOTO TIOCTOSIHHO JECHUCTBYIOIIMMHU BPEIHBIMU
(axropamu BHeLIHeH cpebl. Bo BTOpoii KOHIIENIMY BeAYIIYIO MTO3UIMIO 3aHUMAET CBOOOTHOPAIMKAIbHAS Te-
OpHsl, KOTOpasi UCXOIUT U3 MPEIIONOKEHHS], YTO CTAPEHHUE MPEJCTABISAET COOON POrpeECCUPYIOIIMNA TECTPYK-
TUBHBIM TPOLIECC, MHUIIMUPOBAHHBIN aKTUBHBIMU (DOPMaMU KHCIIOPO/A U a30Ta (aKTHBUPOBAHHBIEC KUCIOPO-
Hble Metabonutel, AKM). B cuity Bbicokoit peaknnonHo criocooHocT AKM U MX OCTOSIHHON TeHepaluy B
’KMBBIX OpraHU3Max B XOJI€ ABOJOIMH C(POPMHUPOBAIACH MHOTOYPOBHEBAs ITyOOKO IIIETIOHUPOBAHHAS CHCTEMA
AHTUOKCHJIAaHTHOH 3amuThl. OO0 OMAacHOCTH OCTaBIATH Oe3 npucMoTpa npoaykiuo AKM roBopurt, Harpumep,
TOT (hakT, uTo eciu KonmndecTBo hopm AKM nocrarouno orpanudeHo (okoso 10, eciivi He yYUThIBaTh OpraHuye-
CKHUE paJMKaJIbl U NEPOKCHU/IBI), TO AHTUOKCUAAHTBI IEPEUNUCIIUTD JOBOJIBHO CIOKHO, UMSI UM — JIETHOH (OIHUX
¢dmaBoHOM10B cymecTByeT 6osee 6000). B To sxe Bpemss AKM BBINOTHSAIOT Ype3BBIYARHO BaXKHYIO POJIb BHY-
TPHU- U MEKKIIETOUHBIX (OKCH]I a30Ta U HEKOTOPBIE €r0 MPOU3BOAHBIE) MECCEH/IKEPOB, OT PEJOKC-CUTHAIMHIA
3aBUCST MPAKTUYECKH BCE JKU3HEHHO BA)XKHBIE KJIETOUHBIC MPOLECCHI (TPAHCKPHUILIUS, TPAHCISAIMSA, (OJIIHUHT
O€JIKOB, TPAHCTIOPT OMOTIOIMMEPOB, UX YTHIIM3ALIUS, K30~ M SHAOIMUTO3, TPO(PHKA, AeTCHUE, Pa3THIHbIE (POPMBI
3anporpaMMHUpPOBAaHHOM TMOEN U T.J1.), IMMYHHBIE peaKLMi, HEWpOTpaHCMKCcCUsl U MHOrue apyrue. [loatomy
OJIHA U3 OCHOBHBIX 33/1a4 KHMBbIX OPraHU3MOB — MOJJIEP)KaHUEe peJOKC-0alaHca U U HEOOXOIMMOCTH €T aJIeK-
BaTHOE M3MEHEeHNUE. BhInoaHeHne 3Toii 3a/1auu, B YaCTHOCTH, BO3JIOXKEHO Ha PEIOKC-4yBCTBUTEIIbHBIC (PAKTOPHI
TPAHCKPUIIIUU, CPEIU KOTOPBIX 0c000e MecTo 3aHnMaeT Nrf2, KOMIIOHEHT CUTHaNBHOU cuctembl Keap 1/Nrf2/
ARE, raBHBIM Ha3HauCHHEM KOTOPOH SIBIISIETCS MoJIep kaHue peokc-0ananca. C Bo3pactom reHepanust AKM
MUTOXOHApUsIMH, iepokcrcomamu 1 NAD(P)H-okcnazamu ycuiamBaeTcsi, B TO BpeMsi Kak TPaHCKPHUITIIMOHHAs
akTuBHOCTH cucteMbl Keapl/Nrf2/ARE ymenbIaercs. Y cTapbixX )KUBOTHBIX OTMEUAETCs TAKXKE HU3Kast aKTHB-
HOCTh ayTo(ariu, yIaJsromei u3 KICTOK MOBPEXKICHHBIE OPraHeUIbl U arperupoBaHHbIE CTPYKTYPBI, U yCHIIe-
HUE MTPOLIECCOB 3aIIPOrPAMMHUPOBAHHOM r'MOENN KIETOK.

Kakoli ObI KOHLIENIIMM CTApPEHUSI HU TPUACPKUBATHCS, CUUTASI €ro JIMOO TeHETHYECKU 3arporpaMMHpO-
BaHHBIM, JTHOO CTOXAaCTHUECKUM MPOIIECCOM, B JIFOOOM Cilydae MHOTOYHCIICHHbBIE HCCIEIOBAHMS MTOKa3bIBa-
IOT BO3PAaCTHOE CMEILIEHHE pEeIOKC-0alaHCca B CTOPOHY OKHCIUTEIBHOTO cTpecca. BmecTe ¢ TeM MexaHU3MBbI
CTapeHUsl OCTAIOTCS BO MHOIOM HENOHATHBIMU. boibmMHCTBO HccnenoBareneil paccMarpuaror AKM kak
TOKCUYECKHE JIECTPYKTUBHBIE MOJIEKYIBl U CBSI3bIBAIOT CTAPEHUE C HAKOIUIEHUEM IOBPEXKIECHHBIX MOJIEKYI
U CTPYKTYp, OTHAKO HEJb3sl HE YUUTHIBATh U BTOPYIO CTOPOHY MENAiy, peryasTopHyto poib AKM, B 3Tom
Clly4ae MOYKHO paccMaTpuBaTh CTAPEHHUE C MO3ULMN HApyIIEHUS PEJOKC-PETYISLUU U UCTOIEHUS BOCCTa-
HOBHTEJIBHBIX KOMIIOHEHTOB. B 111000M ciiyyae pa3BUTHE OKHUCIUTEIBLHOTO CTpecca MPH CTApEeHUH SIBIISETCS
BXHOM MPUYMHON MHOTHX BO3pPaCcT-aCCOIMMPOBAHHBIX PACCTPOMCTB U 3a00JIeBaHUNA, B 0COOEHHOCTH HEUPO-
nereHepatuBHbIX. [loaTOMy aHTHBO3pacTHas (anti-aging) Tepamnus JOJDKHA BKIIOUATh MEXaHU3MbI KOPPEKLIUU
penokc-06anaHca B KJIETKax, TKaHAX U IIeJIOM OpraHu3Me.

Paboma evinonnena npu noooepocke epanma PH® Ne 22-25-0023 1, ¢ ucnonvzosanuem obopyoosanus LIKIT

«Cospemennvle onmuyeckue cucmemuvly u «lI[pomeomuuiil ananuz», n0OOEPHCAHHOLO PUHAHCUPOBAHUEM
Munobprnayxu Poccuu (coenawenue Ne 075-15-2021-691).
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Penokc-romeocTas KIeTKH MpeCTaBIseT U3 ce0s OallaHCc MeXAy NMPOAYKIMEH M SITUMUHAINEH aKTUBHBIX
dopm kucnopona (ADPK). I'mmepnponykuus ADOK nmpuBoauT K pa3BUTHIO OKHCIHTEIBHOTO CTpEcca, JiexkKarle-
r'0 B OCHOBE MHOTHX TAaTOJIOTHUECKUX COCTOSIHUM, B TOM YHCIIE COIMATbHO-3HAYMMBIX 3a00J1€BaHU YeTOBEKa.
B perymsimmu peokc-roMeocTtasa BeayIiast poiib IPUHAISKUT (pepMEHTaM-aHTHOKCUIIAHTaM, CPeId KOTOPBIX
0c000€ MeCTO 3aHUMAIOT EPOKCUPETOKCHHBI (Prdx) - 3BOMIOIIMOHHO ApeBHEE CeMEHCTBO MEPOKCHIa3, KOTOPhIE
CIIOCOOHBI BOCCTAHABIIMBATH MIMPOKUH CIIEKTP OPraHUYECKUX U HEOPTaHMYECKHX THAPOIIEPOKCH/IOB, a TAKKe
MPOSBIISIOT HIANIEPOHHYIO, (hOC(OIUNA3HYIO0 U CUTHATIBHO-PETYIATOPHYIO (pyHKIUIO B KieTke. [Ipumenenue k-
30TeHHBIX (DEPMEHTOB-aHTHOKCHIAHTOB (B T.4. Prdx) mpencraBiseTcst nepcrnekTHBHBIM MOAXO0JI0M B KOPPEKIIUU
IIaTOJIOTHH, CBSI3aHHBIX C OKHCIUTEIBHBIM cTpeccoM [1]. Hammm kosutekTuBOM OBLTH MOYyYEHBI U OXapaKTe-
PH30BaHbI pa3IndyHble peKoMOMHAHTHBIE Prdx uernoBeka n X MOTUQpHUIMPOBAHHBIE (POPMBIL, C YBETHUYCHHBIMU
3aIIUTHBIMU CBOWCTBaMH [2]. B ycnoBusx in vitro ObUTH IPOBEIEHBI CPABHUTEIIBHBIE UCCIIEAOBAHUS (PU3UKO-XU-
MHUYECKUX CBOWUCTB peKOMOMHAHTHBIX Prdx1-6, KOTOpbIE MO3BOIMIN BBISIBUTH HAHOOJIEE aKTUBHBIE N30(hOPMBI
JUTSL TIOCTIETYOIIMX MCIIBITAHUH in VIVO Ha KIJIETOYHBIX M )KMBOTHBIX MOJENAX CBOOOJHO-PAAMKAIBHBIX MAaTO-
Joruit: quabert, umemMudecku-penepdysnonnsie nopaxenus (VUPIT) u octpoe myueBoe nopakenue. Beenenue
9K30reHHOro Prdx6 mpImmam, ¢ Tskenoi (opMoil atoKcaH-uHAYIMPOBAHHOTO radeTa 1-ro THra, CHIxKaeT (~2
pasa) CMEpTHOCTB )KUBOTHBIX, TOIABIISCT TUTIEPIIIMKEMHIO U aronTo3 OeTa-KIIeTOK B ocTpoBKax Jlanrepranca. B
KYJIBType KI€TOK MHCYIHHOMBI KpbIchl RIN-mSF sk3orennsiit Prdx6 npenorBpainaet nutorokcuueckuii aphext
TUINIEPIIIMKEMUU U ICUCTBHS MPOBOCTIANUTENBHBIX HTUTOKMHOB (TNF-o 1 IL-1[), Gmarogaps cTuMyssiuu cexpe-
1IUM MHCYIUHA U ofasieHuto npoxykuuu ADK [3]. IIpumenenune Prdx6 B nepdy3nonnsix pacrsopax (~0,1 mr/
M) criocobcTByeT cHkeHnio VPIT u3omupoBaHHOTO cepana KpbIChl U pocTy 3G ¢GEeKTUBHOCTH €ro TpaHCILIaH-
TalMy. AHAaJIOTUYHBIE Pe3ybTaThl ObLIH MOMyYeHBI Ha )KUBOTHBIX Mozeax MPII mouek u kumieunuka. Buytpu-
BeHHoe BBenieHne Prdx1-6 (~10 MKr/r) criocoOCcTByeT pocTy (~2 pas3a) BBDKMBAEMOCTH KHBOTHBIX, COXPAaHEHUIO
MOp}O-(PyHKIIMOHAIEHOTO COCTOSHUS UIIIEMU3UPOBAHHBIX TKaHEH Ha ctaauu penepdysun [4]. BHyTprBeHHOE
BBesieHne Prdx1-6 He3anonro 10 oOmydeHus cyOneTaabHBIMU U JIETaIbHBIMU JI03aMU PEHTTEHOBCKOTO M3JTyde-
HUS, CIIOCOOCTBYET POCTY BBDKUBAeMOCTH KUBOTHBIX (DU 1,3-1,4) u coxpaHeHHIO palOuyBCTBUTEIHLHBIX
TKaHel (KOCTHOTO MO3ra M CIIM3UCTON KulieuHuka) [2, 5]. Takum oOpazom, pekomOnHaHTHBIE Prdx, nx monudu-
IIMPOBAaHHbIE M MHKATCYIUPOBaHHBIE (JOPMBI [6] MOTYT OBITH S(PEKTUBHBIMHA areHTaMU B PETYJISILIUU YPOBHS
A®K B MHOTOKOMITOHEHTHBIX PACTBOPAX U CIOKHBIX OMOJIOTUYECKUX CHCTEMaX.

[1]M.T". [aparmos, C.B. I'yaxos, B.3. JlankwuH, B.W. HoBocenos. Porb mimyTatrnoHnepokcuias 1 mepoKCHPEIOKCHHOB ITPU CBOOOIHOPAIN-
KaJIbHBIX TIaTosiorusix. buoxumus, 86, 1635-1653, (2021). [2] M.G. Sharapov, V.I. Novoselov, Samygina V.R., Konarev P.V., Molochkov
A.V., Sekirin A.B., Balkanov A.S., Gudkov S.V. A chimeric recombinant protein with peroxidase and su-peroxide dismutase activities:
Physico-chemical characterization and applicability to neutralize oxidative stress caused by ionizing radiation. Biochemical Engineering
Journal, 159, 107603 (2020). [3] E.G. Novoselova, O.V. Glushkova, S.M. Lunin et al. Fesenko. Peroxiredoxin 6 Attenuates Alloxan-
Induced Type 1 Diabetes Mellitus in Mice and Cytokine-Induced Cytotoxicity in RIN-m5F Beta Cells. J. Diabetes Res., 2020, 7523892,
(2020). [4] PI. Tongapos, M.I. IllapamoB. Nmemudaecku-pernepdy3HOHHBICTIOPAKEHNS: MOJCKYIIIPHBIE MEXaHU3MBI MaTOreHesa u
Coco0bI MX Koppekimu, MonekyisipHas ouonorus, 6, 1150-1174, (2023). [5] M.G. Sharapov, O.V. Glushkova, S.B. Parfenyuk, S.V.
Gudkov, S.M. Lunin, E.G. Novoselova. The role of TLR4/NF-«B signaling in the radioprotective effects of exogenous Prdx6. Archives of
biochemistry and biophysics, 702, 108830, (2021). [6] N. Shen, X. Qi, D.V. Bagrov, S.P. Krechetov, M.G. Sharapov, M.O. Durymanov.
Surface modification of fibroblasts with peroxiredoxin-1-loaded polymeric microparticles increases cell mobility, resistance to oxidative
stress and collagen I production. Colloids and surfaces. B, Biointerfaces, 219, 112834, (2022).
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HccnenoBanue B3auMOACUCTBUN OMOMOJIEKYN JPYT C JPYrOM ¥ C BOJHBIM OKPY)KCHUEM SIBIISICTCS BaXKHEHIICH 3a-
nadeit OMopu3uKU, METUITMHCKOHN U (apMmarieBTudeckor xumun. Dotoaunnamudeckast tepanus (DIIT) omyxosaeBbix 3a-
0o0JIeBaHUH U JIOKAJIM30BAaHHBIX MUKPOOHBIX MH(EKIINH NPECTABISET COO0NH MAJIOMHBA3UBHBIA METOJT JICUCHUS, OCHO-
BaHHBIN HA TeHEPAIMK aKTUBHBIX OKHCIUTEILHBIX (hopM Kuciopoaa (ADK) mox neficTBueM U3IydeHUs BUIUMOM 00-
JIACTH CIIEKTPA B MPUCYTCTBUH OpraHUYECKOro Kpacureis — porocerHcudmmsaropa (PC) [1-5]. DddexruBrocts DT
ornpenensieTcs psaaoM (GpakTopoB, B UACTHOCTH, CIIOCOOHOCTHIO KpacuTens K reHepanuun ADOK [6], ampupuibHOCTHIO
moiekyibel @C [3, 7], ee pacTBOPUMOCTBIO B BOJIE, OCOOCHHOCTSMHU B3aUMOJICHCTBHSI ¢ KOMIIOHEHTaMH THAPO(UIb-
HO-TUMO(UIBHON CHCTEMBI, MOJICIIUpYIOIIeH OnookpykeHue [8-10] u, B KOHEYHOM UTOTe, CLIOCOOHOCTHIO CEJIEKTUBHO
HAKaIUIMBaThCsI B KJIETKAX, PACMIOJIOKECHHBIX B SMUIICHTPE 3a001eBaHUs U (POTOMHAKTUBUPOBATH uX [1-5, 8, 9].

XJ10pUHBI PUPOTHOTO MPOUCXOKIACHHUS, SIBIISIOLTUECS TPOU3BOIHBIMU XJIOPO(UIIIA, YIOBICTBOPSIFOT OOJIBITUHCTBY
yKa3aHHBIX TPeOOBaHMIA, JEMOHCTPUPYS MapaMeTpbl 3P (eKTuBHBIX (oToceHcHOMmImM3aTopoB 2-3 mokonenui [2-5]. B
HACTOSIIIEM JOKJIaJIe PACCMATPUBAIOTCSI 0COOEHHOCTH XJIOpUHOBBIX DC, coepkanux Kak He3apshKeHHbIE, KATHOHHBIC
Y aHUOHHBIC 3aMECTUTENH, TaK U UX COUYETaHHUE B MOJICKyJIaX BUTTepuoHHOrO Tuma [9]. [IpoBoauTcs ananus mpouec-
coB arperanuu u conroounuzanun @C macCMBHBIMH HOCUTEIISIME B BOAHBIX pacTBOpax [9], MacCCHBHOTO UM AKTUBHOTO
TPaAHCIIOPTa 332 CYET KOHKYPEHTHBIX B3aMMOJICHCTBUN Kpacutenel ¢ ouomonexynamu [2, 7, 10], a Takxke aHaIu3 cpoj-
ctBa @C pa3muyHOro CTPOCHUS K MEMOpaHaM OIYXOJICBBIX U MTATOTCHHBIX KIETOK [5, 9].

Paboma svinonnena npu noooepocke Poccutickoco Hayunozo @omnoa (coenawenue Ne 21-13-00398).
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POJIb BOJIbI B BO3JAECTBUU CJIABBIX
KOMBUHUPOBAHHBLIX MATHUTHBIX NOJIEA HA
MPOAYKIUIO A®K HEUTPO®UIAMMU

HoBukos B.B., ®ecenko E.E., SIoiokoBa E.B.

Hnemumym ouoghusuxu xnemxu PAH — obocobnennoe noopazoenenue edepanvhozo
uccnedosamenvbckoeo yenmpa «Ilywunckuii Hayunolil yenmp ouonocudeckux uccieoosanuti PAH,
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MpI nokaszanu, yTo KoMmOuHUpoBaHHbIE MarHUTHbIE NoJist (KMII), ¢ BennyuHON MOCTOSHHOM COCTaBIIsAIO-
et 60 Mk u kouMHEeapHOH el nepeMeHHoM komnoHeHTor ammuntyao 100 HTin Ha wactore 12,6 ' mpu
4acOBOM AKCHO3UIMH, CTUMYJIUPYIOT XEMHJIFOMUHECLIEHTHBIM OTBET HEUTPO(UIOB HA BBEJIEHUE aKTHBAaTOpa
pecniuparopHoro B3pbiBa fMLF B mpucyTcTBUM JIFOMHUHOIIA, IO CPABHEHUIO ¢ HEUTpOodUIaMu, HAXOASILIUMU-
Csl B €CTeCTBEHHOM reoMarHuTHOM 1ojie (I'MII) unu Tonbko B mocTossHHOM MarHUTHOM nojie 60 mxTi [1,2].
Ouniennas Boga (MilliQ), npomieamiast Takyro e MarHUTHYI0 00paboTKy, U B MOCIIEAYIOIIEM J0OaBICHHAS
K KOHIIECHTPUPOBAHHOMY COJIEBOMY PacTBOPY U Jiajiee YKe B HU30TOHUYECKOM BUJE K CYCIIEH3UH 3TUX KIIETOK,
OKa3blBaJla aHAJIOTUYHBIA U Jlaxe 0oJiee BhIpaKEHHBIN cTUMynupyomui s3gdext (6onee 60%), no cpaBHe-
HUIO C BOJIOW, HaxonuBuIehcs B ectecTBeHHbIA ycioBusx ['MII [1,2]. bonee Toro, sTa Boja, mocie Takou
MarHuTHON 00paboOTKHU Mmpouieanas mpoueaypbl MHOTOKPATHBIX MOCIIEI0BATEIbHBIX Pa3BEICHUN C UHTEH-
CUBHBIM BCTPSIXMBAHHUEM IOCIIE KaKJI0TO Pa3BEICHMsI, COXPaHsJIa CBOU CTUMYJIMPYIOLIUE HEUTPO(PUIIBI CBOII-
ctBa (6onee 40%) B TOM cityuae, €ciiu 3Tu mipotexypsbl npoxonunau B 'MII, Ho yTpaunBaia akTUBHOCTb, €CJIH
BCTPSIXUBAHUS MPOBOAMIIUCH B YCIOBUSX «HYneBoro» MII (BHyTpu mepMaiiioeBOro 3KpaHa ¢ OCTaTOYHBIM
nosieM ~ 10 HTo) [1]. Ctumynupyroniye CBOMCTBA 3TON BOJIBI TAKXKE MPOSBIISIIUCH, €CITM BHYTPU MarHUTHOTO
9KpaHa MOJKIIOUEHHBIM K HICTOYHUKY TOKa MHIyKTOpOM (popmupoBasiock ykazanHoe Bbiie KMII [1]. Bee atu
pe3yabTaThl B COBOKYITHOCTH CBUJIETENLCTBYIOT 00 OIMpEeIeNsIOIIei pojid MarHUTHBIX YCJIOBUI B MOJYy4YE€HUU
Y COXpaHEHUU BOJION 3TOW OMOJIOTUYECKON aKTUBHOCTH.

BaxxubiM ciiencTBUEM 3TOW paboOThI SBISETCS BBISBICHHAS JBOSKAsl POJIb MAarHUTHOTO MoJisi. Bo-nepBbIx,
MII «dopmupyeT» onpeaenseMyto akTHBHOCTb B BOJHOM PacTBOPE, @ BO-BTOPBIX OHO «IIOAJEPKUBAETY 3Ty
aKTUBHOCTH B MPOIIECCE MOCIEN0BATENbHBIX pa3BeaeHni. Kak Obls10 moka3aHo najee 11 BBINOJIHEHUS BTO-
poro acnekra noMmumo KMII miist mognep:kanus 3TOM aKTUBHOCTH JOCTAaTOYHO TOJIBKO MmocTtossHHOro MIT B
nuanasone MKTi. B 3Toil cBA3M mpencTaBiasieTcsl BaXKHBIM ONPEIEIUTh 3HaY€HUs OCTaTOYHOTO MarHUTHOTO
I10JIs1 BHYTPY MarHMUTHOTO YKpaHa, IPY KOTOPBIX HAWJIECHHOE HAMU CBOMCTBO BOJBI IIPETEPIIEBAET CYIIECTBEH-
HbIe U3MEHEHUs (YTpauyuBaeTCs WM MPOSIBISETCS), YTO CIIOCOOCTBOBAJIO OBl YIyULICHUIO TOHUMAHUS 3TOTO
(eHoMeHa, a Takke Moo Obl JaTh MH(POPMALIMIO O KOHKPETHBIX MAarHUTHBIX MOMEHTAaX, YYacTBYIOLIUX B
(hOpMUPOBAHUHU U COXPAHEHUU HCCIIETyeMON HAMHM aKTUBHOCTH. JlJis BBISICHEHUS MEXaHU3Ma, [10 KOTOPOMY
nemctByet «popmupyroriee» KMII, onpenenstommumu MOTYT OKa3aTbest (popma SKCTIepUMEHTAIBHON 3aBUCH-
MOCTH YaCTOThI OT BEJIMYMHBI TOCTOSIHHOIO MAarHUTHOTO TOJIsl, @ TAK)KE aMIUIMTYIHAas 3aBUCUMOCTb 3 dexTa
OT BEJINYMHBI IEPEMEHHON KOMIIOHEHTBI.

VKe MoJTy4eHHBIX PE3YJIBTAaTOB JI0CTATOUHO YTOOBI 0003HAYUTH CYIIECTBOBAHUE (PU3NIECCKUX MEXAaHU3MOB,
OTBETCTBEHHBIX 32 3(PEKThI BEICOKUX Pa3BEACHUIA, TaK KaK 3Tallbl BO3ACHCTBUS, pa3Be/IEHUSI U UHTEHCUBHOTO
BCTPSIXMBAHUS BOJbI MbI IIPOBOJIUIIM B OTCYTCTBUHU J0OOABOK XMMUYECKUX BEIIECTB, TO €CTh MU3y4alocCh JIei-
CTBHUE TOJIbKO (u3mueckoro (axropa (cimadoro MIT).

[1] V.V. Novikov, E.V. Yablokova, E.E. Fesenko. The role of water in the effect of weak combined magnetic fields on production of
reactive oxygen species (ROS) by neutrophils. Applied Sciences (Switzerland), 10(9), 3326, (2020).

[2] V.V. Novikov, E.V. Yablokova, E.E. Fesenko. Stimulation and inhibition of respiratory burst in neutrophils as a result of action
of weak combined magnetic fields adjusted to ICR of protonated water forms. Electromagnetic Biology and Medicine, 39(4), 364-
373, (2020).
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MEXAHUW3M TIPOHUKHOBEHUASA
INPOTUBOOIIYXOJIEBOI'O IPENAPATA JTUOKCADT
YEPE3 MOJIEJIBHY1IO KNIETOYHYIO MEMBPAHY

Kum A.B."2, SIkym E.'?, KyctoB A.}

"Unemumym xumuueckou kunemuxu u copenus um. B.B. Boesoockoeo CO PAH,
yi. Unemumymckas, 3, . Hosocubupck
’Hoeocubupckuil 2ocyoapcmeenuwiil ynusepcumem, yi. Ilupozcosa, 2, 2. Hosocubupck
S Unemumym xumuu pacmeopos um. I'A. Kpecmosa PAH, yn. Akademuueckas, 0. 1, . Usanoso
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IIpoBeneHO MOJIEKYISPHO-AMHAMUYECKOE HCCIIEIOBAHUE IPOTUBOOITYXOJIEBOIO CPEICTBA JAMOKCAIIT
(DXT). JlekapctBo pazpaborano B Poccuu u oOnagaetr Oojee CHIIBHBIM BO3JECHCTBHEM Ha PAKOBBIC KIICTKH,
YeM IUCIUIATHH, HO MEHBIIMMHU TOOOYHBIMU 3P PEeKTaMu, KpOME TOTO, YCHIIMBAET aKTUBHOCTH MaKIUTaKCEIa
U psijia IpyTuX CPEICTB XUMHOTepanuu. J{nokcanst — manas ampuduibHas MOJIeKyla, IPOHUKAIONMAs BHYTPh
KJIETKH Onaronaps maccuBHOU Aud@y3un yepe3 KieTouHyto MmeMOpaHy. CoBpeMeHHbIE METOIbI KOMITBIOTEP-
HOTO MOJIEIMpOBaHUs ¢ ucnonb3oBaHueM GPU-akceneparopoB MO3BOJISIOT MPOBOAMTH PAacu&Thl MPOQUIIL
cBOOOAHOM sHeprun ['mb0ca It MPOXOXKICHHUST MOJIEKYIIbI JIEKApCTBa Yepe3 MOJCIbHYI0O MeMOpaHy, a Tak-
K€ pacCUMTHIBATh €€ MPOHUIIAEMOCTh. PaHee HaMM ObLIO CO3/aH psiJi MOJIEKYISIPHO-IUHAMUYECKUX MOJIEIeH
IMOKcaadTa. B manHol pabore Mbl MpoBoAMM BepuduKkanuio aAByx Hamux mojeneit DXT: pacuér sHTab-
iy ruaparanuu Mostekyisl DXT u conocraBieHue pe3ynbrara ¢ SKCIIEPUMEHTAIIBHBIM €€ U3MEpPEHUEM JaeT
VIOBIETBOPUTENIBHOE cornacue ooenx mozaenei. J{ns nanpHeiimei paboTel Oblia BEIOpaHa OTHA U3 HUX.

MeTtogamMu KJIAaCCHYECKON MOJIEKYISIPHOM TUHAMHUKHM HaMHU ObLTIO OOHApy:KEHO, YTO HECKOJBKO MOJIEKYI
DXT, pacTBOpEHHBIX B BOjie, 00pa3yIOT yCTOWYMBBIE CaMOACCOLHUAThI. J{eCTBUTENBHO, PAcU€T MOTEHIMATA
CpeaHel CHJIbI MOATBEP)KIAeT HAIWYNE MUHUMYMa cBOOOIHON »Heprun ['nboca rmyounoit oxono 20 kJ{x/
MoJIb Ha paccTosiHuu 0.45 HM MeX Iy LIEeHTpaMu Macc ABYX MoJieKyJl. Taxoke HaOmogaeTcst HeOObIIOM 6apsep
JiecoabpBaTalMy Ha pacctostHuM 1.3 HM. [Ipupona accounanuy — SHTaIbIMIHAS U CBsI3aHa C HETIOCPEICTBEH-
HBIM JIEKTPOCTATUYECKUM B3aUMOJEHUCTBUEM Mexay IByMs Mosiekynamu DXT. Boga ke 4acTU4HO 3KpaHu-
pYeT 3TO B3aUMOJEUCTBUE: pacy€T IMOKa3ajl, YTO MOTEHIMaN cpeaHeit cuiibl 1ByX Monekyl DXT B Bakyyme
umeer emeé donee yOOKU MUHUMYM — OKOJIO 45 K/[K/MOTb.

[Tpodwmis cBobomHON sHeprun [nbOca mis npoxoxaeHuss moiekynsl DXT depe3 aunuiaHbIil 6ucioi
DOPC paccuntsiBaics ¢ nomoinbsto meroga Umbrella Sampling (Tak ke, Kak ¥ MOTEHLIUAT CPEIHEH CHUIIBI).
JUist TUIHUTHOTO OHMCTIOS MPOIOJIKUTEIBHOCTh MOACTHPOBAHUS B KaKJIOM OKHE cocTaisiia 300 He. AHamu3
CXOIMMOCTH TIOKAa3aJl, YTO 3TOTO BPEMEHH JIOCTATOYHO JUIsi HAOOpa MOJTHOIICHHOM CTaTUCTHYECKON BBIOOPKH.
[Tpoduiib cBOOGOIHOM SHEPTUH COAEPHKUT II00ATBHBI MUHIMYM Ha paccTosHUM 1.4 HM OT HeHTpa Oucos,
YTO yKa3bIBaeT Ha InpeanoureHue Mosiekyiabl DXT HaxoquThcs BHYyTpH MeMOpaHbl. B 1eHTpe aunuaHoro
OuCII0s pacroyiaraeTcsi SHEpreTHYecKrii 6apbep, BHICOTa KOTOPOTO 3aBUCUT OT TeMmIeparypsl. Bee pacduérer
CZIeNIaHbl Il HECKOJIBKUX TEMIIEPATyp, YTO MO3BOJIUIIO BBIIEIUTH SHTAIBIIUUHBIN U SHTPONUNHHBIN BKIIA] B
cBOOOAHYIO 3Hepruto. [IpoxoxaeHne nnokcaadTa BHYTph MEMOpaHbI B 1IEJIOM, BBITOAHO Onaronaps 3Ha4u-
TEJIbHOMY BBIUTPBIIIY B SHTAJIBIINH, & TAKKE B HEKOTOPOM CTENEHU HE BBITOAHO SHTPONMIHO.

CrenanbHBIMU METOJIAMH ObUT TakXke paccuuTal npoduis kodpdunmenta auddysun DXT gepes mem-
Opany, Omaromapsi 4eMy MoIy4deH MPOPUIb COMPOTHBIIEMOCTH OUCTIONA, a TAKXKE MPOHUIIAEMOCTh MEMOPAHBI
B 1esioM. [Iponunaemocts goBosibHO Mana P = (0.6 + 0.1)-10°cm/c npu T = 300 K. Haubomnbiee conporuse-
HHUE OKa3bIBAET MIOBEPXHOCTh MEMOpPAHBI U, B HEOOJIBIION CTENEHH, IICHTpaJIbHAs HETOJIsIpHAs 00JIacTb.

[TpucyTcTBUE BTOPOI MOJIEKYIIBI JIEKAPCTBA BHYTPU MEMOPAHBI ITOYTH yABaWBACT MPOHUIIAEMOCTb 3a CUET
CHIDKEHMS COITPOTUBIICHUS TIOBEPXHOCTH MeMOpaHsl. [Ipu 3ToM 00pazyrorcs cTabMiIbHBIE BOAOPOIHBIE CBS3H
Mex 1y ooenmu mosiekynaMu DXT v TooBo#M TUMmIa MEXIy HAMH.
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'Lomonosov Moscow State University, Russia, 119192, Moscow, 27-1 Lomonosovsky Prospekt
’Prokhorov General Physics Institute of the Russian Academy of Sciences,
Russia, 119991, Moscow, 38 Vavilov street
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Introduction. During several decades hydrogen/methane (H,/CH, )-breath tests were used in gastroenterology
for analysis of fermentative activity of the gut microbiome. To perform such test non-digestible carbohydrate,
usually water solution of lactulose (di-saccharide, containing fructose+galactose) is taken by the human as
carbohydrate load. Lactulose in not absorbed in the small intestine and is metabolized by the mixture of
microorganisms (microbiome) in the large intestine. Among several products of fermentation H, and CH,
are produced and can serve as biomarkers of the intensity of fermentation [1]. General assumption is that
H, and CH, biologically inert molecules and could be produced only by the bacteria, but not by the somatic
cells of the mammal’s organisms. So, the breath test is based on the periodic measurements of the H, and CH,
concentrations (range 1-150 ppm) in exhaled air during 2-3 hours. In most labs gas chromatography (GC) is
used for such measurements. The assumption is that concentrations of H, and CH, in the exhaled air reflect the
levels of these gases in the place of its origin — the large intestine. Such assumption is not very precise as well
as we do not know the amount of H, and CH, produced, effects of the intestinal wall, solubility in the blood of
portal vein, possible saturation of liver tissue and parameters of respiration.

The turning point in the evaluation of breath test took place after the article of a group of Japanese scientists
was published in Nature and showed that H, could be an active antioxidant and be helpful in fighting the
oxidative stress [2].

The aim of our study was to develop method to investigate the relationship between amount of H, and CH,
consumed and dynamic of their appearance in exhaled air.

Methods. Water, saturated with H, and CH, was used to administer known amount of gases to be studied.
Concentrations of O,, CO,, CH,, NH,, H,S were measured in exhaled air by the Tunable Diode Laser
Spectrometer, (TDLS) developed in the GPI. Concentrations of H, were measured by the GC (TriLyzer
M3000, Japan).

Results. The baseline levels of H, and CH, was different in exhaled air of volunteers. The total amount of
H, and CH, exhaled was 30-60% less, then the amount consumed that reflects the amount of -OH, neutralized
by the H..

Discussion. The main advantage of using TDLS system is opportunity to measure levels of many gases in
real time, which allow the analysis of the gases kinetics. The results of our study show the differences in levels
of exhaled air that depends on the bacterial contents of every individual and allow developing the personalized
recommendations on the maintenance of health and treatment of the different diseases.

[1] O.C.MenBeneB, Pons Bomopoma M MeTaHa MUKpOOMOMa YellOBEKa M JKMBOTHBIX B OOECIIEUEHWH aHTHOKCHIAHTHOW 3alllUThI
opranm3ma, Ycrexu coBpeMeHHou ouonoruu, 142 (4), 349-364 (2022).

[2] I.Ohsawa, M.Ishikawa, K.Takahashi et al., Hydrogen acts as a therapeutic antioxidant by selectively reducing cytotoxic oxygen
radicals, Nature Medicine, 13, 688-694 (2007).
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COJIEP)KAHUE JJEVMTEPHUS B IUTHEBOM BOJIE KAK
®AKTOP PUCKA 3ABOJIEBAHUHN YEJIOBEKA

Yepuonsarko A.C.

[IpuponHas Boma HEOAHOPOIHA IO H30TOMTHOMY cOCTaBy. B Hell 10 3r/KI mpUCYTCTBYET Boja ¢ Ooliee TSHKEbI-
mu u3otonamu kuciopona O'” u O u Bogopona H,'(nefirepus). Ha 1aHHEI MOMEHT OTMEUEHBI CyIECTBEHHBIE
ouonornueckre 3pPEKTH TOIBKO y U30TOIOJIOTOB € MPUCYTCTBUEM AerTepusi. OHu cocTaBisoT okono 0,03% umu
300Mmr/kr nnu 16Mmonb/a. UTo nenaet STOT KOMIIOHEHT 3HAYUTENIbHBIM IO CPAaBHEHHUHM C APYTMMHU IPUMECSIMHU 110
cTaHmapraMm MuTheBO# Boabl. B Poccuu B . KotoBcke TamMO0BCKO# 0071, CO3aHO M yCTIENTHO padoTaeT 0O0JIbIIoe
IIPOMBIIIEHHOE MTpou3BoAcTBO DDW MeTonoM Hu3koremmeparypHas BakyyMHOH pextudukanuu. C cepeTuHbl
MPOLIOT0 BE€Ka ObLIO MHOTOKPAaTHO 3KCIEPUMEHTAJIbHO IOKA3aHO, YTO YBEJIUYEHHE KOHUEHTpPALUU JIeHTepus
MIPUBOJUT K YTHETEHHIO KU3HEIESITEIbHOCTH, a oTpediaeHue T.H. J€rkoit Boasl min Deuterium Depleted Water
(DDW) co cCHMKEHHBIM COJEpKAHUEM TSKETOBOAOPOAHBIX U30TONOJIOIOB [0 CPAaBHEHHIO C UX MPU-POIHON KOH-
LIEHTpauuei, BeIET K MO3UTUBHBIM U3MEHEHUSIM Y KHUBBIX OpraHn3MoB. boiee Tspkénas Bojia HeraTuBHO Biusiet| 1]
Ha MOMYJISILIMIO MIEKONUTAIOMIMX (MBIILIEH) 1 HA000POT, CHUKEHHE AEUTEpHEeBOM HArpy3KH yIy4IlaeT I0Ka3aTesn
YCIIEIIHOCTH HOMYJIALUH.

[Tpu npoBeaennu nccnenoBannii GyHKINOHATIBHBIX XapaKTEPUCTUK IPH adPOOHBIX HArpy3KaX y 310POBBIX JIFO-
Jeil OBbLIO MOKa3aHo[2] TOM YucIe, YTO MpH 3aMeHe
00b1yHOI Boxasl HAa DDW cHmxkaercss sMuccHs COZ.
To ecTh opranu3m yenoBeka padbotaer 6omnee 3pdex-
TUBHO.

B cepun uccnenoBanuii, NpoBeIeHHBIX MEXyHa-

POIHBIM KOJUIEKTUBOM B COTPYIHUYECTBE C YUEHBIMU

Be/lyIMX €BpONEHCKUuX yHuBepcuteToB Okcdopa,

Maacrpuxr, Jleon u yauBepcutera OTer B CIIA ¢

HaIlUM ydacTueM [3], mocie aHalu3a KOppessaluu

reorpa)u4ecKoro pacrpeneseHust ASUTepust U Meau-

IIUHCKOM JIETIPECCUH U PA3HOIUIAHOBBIX SKCIIEPUMEH-

Tax Ha JKUBOTHBIX OBLIO IOKAa3aHO,

M3menenue ypoBHS Yacrora cepauebuenus,

BrIGpoCcoB CO,,% YIapOB/MHH YTO JEUTEpUN «OTBEYAET» 3a OKOJIO
[TurbeBast Bona 30% cnyyaeB aenpeccui, a IpuUéM
[Mocne nmotpe6aeHns BOIbI Jlo Tocne DDW nono6en npuémy aHTuaenpec-
caHToB. [‘eorpaduueckas Koppessius

I'pynnal DDW —11 127 127
ObLIa paciIupeHa Ha Apyrue BUJIbI 3a-
Ipynma2 Kowrpors -1l 127 135 OoJieBaHMIA M TIPE/ICTaBIICHA BBILIE Ta-

- omure. OOO Jlérkas Bona (KotoBck)
PaCHpOCTpaHeHHOCTL 3a00J1eBaHUI

PaccrpoiicTBa B CIIIA mo mrrtaraMm ¢ pa3nu4Hoit Koppemnsiuus no mrraram sapHTepecoBata HPOAOILKCHIN K-
KOHLICHTpALHeil aeliTepust IIEPUMEHTOB 10 BBIABICHHUIO Me€Xa-

<140 | <150 | <140/ Koadd.

ppm | ppm | >150 p<0,05 | * [Tupcona p<005 | *
Jnerpece | 3.0% | 5.5% | —45% | 0.0005 [*| 054 | o001 [x]| [ buosormucckas poms moxenoii soe
Tlenpeccns | 7.1% | 10.0% | 45% | 001 | *| 047 | 0005 |*| © 7w opramoves. M. foporues i ip
BOl'[pOCbI pPaarooOuoJIOruu U reMaTojiormuu,

Jlnaber 2 ima | 6.7% | 9.8% | ~32% [0.000001 | * [ 0.64 [0.000005 | * | 11y Tomcroro Vimsepenrera, 19661
OxupeHue 23.7% 1 30.0% | —21% 0.001 * 0.50 0.001 * | [2] HUU nopmanbHoii puszunonoruun um. [T.K.
Tunepronmns | 25.0% | 31.7% | 21% | 0.0001 [*| 0.65 | 0.00005 | *| Anoxusa PAME Oruér «Bumsne «<iérroi
UEBC 5.4% 6.9% 229, 0.0001 % 0.49 0.001 * BOJbID» Ha (l)yHKLlI/IOH‘debHOC COCTOSITHHUC

yesiose-Kka. [1o mor. Ot 15.12.2011
Wucymnsr 2.1% | 3.3% | 36% 0.001 * 0.43 0.005 * [3], Deuterium content of water increases

HU3MOB J[I€UCTBUS JIETKOU BOJEI.

Wudapkr 36% | 43% | —16% 0.02 % 0.23 0.07 " c‘lcprcssion iiusccpt.ibility: The potcr'ltial
MHOKap/aa role of a serotonin-related mechanism.
Strekalova T., Evans M., Chernopiatko A.
36.4% | 47.6% | —24% 0.01 * 0.48 0.002 *1 et al Behavioural Brain Research Volume

277, 15 January 2015, Pages 237-244

[Torepst Gosee
5 3yboB
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POJIL MOHWKEHUS TUDJEKTPUUECKOM
MPOHULIAEMOCTH BO/IbI B CO3JJAHUU BOJILIIO
Ca*/Na* CEJEKTUBHOCTHU BHYTPU KAJBLIIMEBOI'O

KAHAJIA CRAC B BUOMEMEBEPAHE

PyGamkun A.A.', Buront B.A.!, BoporbiHues M.A.?

'Unemumym yumonoeuu PAH
Uncmumym usuyecxoil xumuu u snexkmpoxumuu um. A.H. @pymrxuna PAH
andrey.rubashkin@gmail.com

Kanbuuessiii kanan CRAC, akTHBUpYeMBIii BEICBOOOYKICHUEM KaJIbLUS, SBISIETCS OTHUM U3 CaAMBIX BBICOKOCE-
JIGKTUBHBIX KaJIbLIeBbIX KaHatoB [ 1]. [Tpu koHueHTpamu Ca’* Bo BHeKIeTOUHO# cpeze 1-2 mM, ero Ca?* cernexTus-
HOCTB I10 CPAaBHEHHIO C MOHOBaJICHTHBIMU KaTtrioHamu cocTaisier 1000:1 (cm. [2]). B HacTosiiiiem cooOiieHnu mpe;i-
JlaraeTcsi KaueCTBEHHAsI MHTEPIIPETALHS IPOMCXOKICHUS CTONb BBICOKOI Ca’’/Na* CelleKTUBHOCTH 3a CYET HAITYHSI
B 3TOM KaHaJie IByX MOTEHIMAILHBIX SIM U1l HOHOB. [lepBast u3 HUX (Hapy»KHasi), CylIECTBOBAHUE KOTOPOW U3BECTHO
[1], oOycnoBieHa MPUTSHKEHUEM KaTHOHOB K CBSI3BIBAIOIIMM OTPUIIATETIHHO 3apshKeHHBIM IIeHTpaM. Hanpotus, Bro-
past (BHYTPEHHsIs) sIMa BO3HMKAET M3-3a yMEHbLICHHS S(DMEKTUBHOMN TMAIEKTPHYECKOH MPOHUIIAEMOCTH €, B KaHa-
JIe 10 BEJIMYUH, MEHBIINX AUIEKTPUYECKON IIPOHULIAEMOCTH € OeINKOB, OKpY’KatoUMX KaHail. [I1si KauecTBEHHOM
OLICHKU SHEPIUU CHJI n300paxkeHuss Wi, AeHCTBYIONMX HAa MOH, HAXOSIIHIACS B ceperHe (TI0 CEYEeHHIO) KaHaIa,
HAaMH UCTIONB30BaHa n3BecTHas hopmyna (1), BeiBeeHHas B [3] A71s IIIOCKOTO KaHaIa TOMIIUHEI d.

W, z,¢,¢,) =z e)*/d]In[(1+e¢,/ e)2], z.,=2, z, =1 (1)

Pacuersl W, mokasanbl Ha puc. criomnoi (ans Ca*') u mrpuxosoit muuueii (ana Na*). Kanan CRAC otnu-
4aeTcsl OT POACTBEHHBIX MY KaJbIMEBBIX KaHAJIOB OTCYTCTBUEM LIMPOKOW BOAHOM IOJIOCTH B CEPEIUHE Ka-
HaJsa 1o ero jnuHe. B TakoM y3xkoM u mimrnHHOM KaHane kKak CRAC Bce crenenu cBOOOIbI BOJIBI 3aMOPOKEHBI,
[I03TOMY CTaTUYECKasl AUIIEKTPUYECKasl IPOHULIAEMOCTDb B KaHAJIE 3HAYUTEIIbHO MEHBIIIE €€ 3HAUEHUS B CBO-
00THOM PacTBOPE U HAXOIUTCS B MpeJiesiaX OT 3JCKTPOHHOM JUAIEKTPUUECKON TTOCTOSHHOW BOJBI, paBHOH 2,
110 HHPPOKPACHOM, PaBHON 5. APryMEHTHI B I10JIb3y TAKOIO YMEHBIIEHHUS €, B KaHAJIE IPECTABIEHBI B [4-6].
Oneprus W, <0 npu &, <& , Kak BUIHO U3 PUCYHKA, TIO3TOMY BHYTPH KaHajla MMCCTCS BTOPast MOTCHIMAIbHAS
siMa [T MOHa, TITyOMHA KOTOPOii ropasio Oosblie s nByx3apsiaHoro Ca’’, yem aist Na'. Beicokas Ca?*/Na*
cenektuBHOCTH B CRAC 00ycrnoBieHa nokanuzaueid HoHoB Ca?" B IByX siMax, 4To OJOKHUpPYET MOTOK Na™.

Puc. Pacuem no gpopmyne (1) snepeuu cunvt usobpasicernus W, (6 edunuyax kT), oeticmeyoweti Ha uon, Haxo-
Osutics 6 kanane monwunst 10 Anecmpem (cunue cniownvie tunuu 015 Ca’*, Kpachvle wmpuxogole JTUHUL
ona Na*). Ha nesom pucynke npeocmasnensvt Wi 6 3agucumocmu om OudieKmpuyeckoli npOHUYaemMocmu &
oKpyJrcarowux Karnan 6enkoe npu &, = 3.5. Ha npasom pucynxe Wi 6 3asucumocmu om s¢ghexmuenou ous-
JIeKMpUYEeCKoll NPOHUYAeMocmu 800bl € ,6 Kanane npu & = 3.8.

ch P

[1] X. Hou, L. Pedi, M.M. Diver, S.B. Long. Crystal structure of the calcium release—activated calcium channel Orai. Science, 338, 1308-
1313, (2012). [2] M. Hoth, R. Penner. Calcium release-activated calcium current in rat mast cells. J. Physiol. 465, 359-386, (1993). [3] A.
Parsegian. Energy of an ion crossing a low dielectric membrane: solution to four relevant electrostatic problems. Nature, 221, 844-846,
(1969). [4] M.B. Partenskii, P.C. Jordan. Nonlinear dielectric behavior of water in transmembrane ion channels: Ion energy barriers and the
channel dielectric constant. J. Phys. Chem, 96, 3906-3910, (1992). [5] L. Zhang, H.T. Davis, D.M. Kroll. Molecular dynamics simulations
of water in a spherical cavity. J. Phys. Chem., 99, 2878-2884, (1995). [6] L. Fumagalli, A. Esfandiar, R. Fabregas, S. Hu, P. Ares, A.
Janardanan, Q. Yang, B. Radha, T. Taniguchi, K. Watanabe, G. Gomila, K.S. Novoselov, A.K. Geim. Anomalously low dielectric constant
of confined water. Science, 360, 1339-1342, (2018).
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BOAHbIE PACTBOPbI B BUOJIOTNMYECKNX CUCTEMAX

BJUAHUE BO/JIHBIX PACTBOPOB JIEKTPOJIUTOB
AKTUBHUPOBAHHBIX IIJIA3BMOHM BBICOKOYACTOTHOI'O
TJAEIOLIETI'O PA3PAA HA BCXOKECTDb U PAZBBUTUE
OBOILIHbLIX KYJIBTYP

Jlykanun B.W.!, lannaeiixo F0.K.!, Eropos A.b.1, Kaiiroponosa 1.M.%, Ko3aps E.I'.%,
MapueBa M.M.%, lamiok K.1.%, Ymakos B.A.?

"HUnemumym obwent pusuxu um. A.M. Ilpoxoposa Poccutickoii akademuu HayK,
119991, 2. Mockea, Poccus, yn. Basunosa, 0. 38
‘Dedepanvroe cocyoapecmeaennoe 6i00xcemuoe Hayunoe yupexcoerue Dedepanbhblil HAYyUHbLLL
yenmp osowesoocmea’”’, 143080, Mockoeckas 00.1., OOuHY08CKULL 20POOCKOU OKpYe,
nocenok BHUUCCOK, yn. Cenexyuonnas, 0. 14
e-mail: viadimirlukanin@yandex.ru

N3BecTHO, YTO YpOXKAHHOCTh CEIBbCKOXO3SHCTBEHHBIX KYJBTYP B IEPBYIO OUepelb 3aBUCHUT OT BCXOXKE-
ctu cemsiH. Ee ymenbiienue naxe Ha 10-20% npuBoIuT K JBYX-TPEXKPAaTHOMY CHMIKEHHUIO YPO’KaHHOCTH.
Jlnst yBeTTMueHHs! MPOAYKTUBHOCTH PACTECHUN M MOJTY4YEeHHUs1 0ojiee BBICOKOTO YpOXKasi MCHOJIB3YIOT pasiiny-
HBIE MTPUEMBI CTUMYIIALINN PACTEHHUI B CEIbCKOM XO3SIHCTBE € LIENbIO MOIyYeHUs APYKHBIX BcxoaoB. Cyie-
CTBYIOT pa3iIMuHbIC IPHEMBI TIPEANIOCEBHON 00pabOTKMU CeMsH, C MTOMOIIBIO0 KOTOPBIX BO3MOKHO YBEITHYHUTh
BCXOXeCTh ceMsH. Hanpumep, noHH3upyloliee U3Iy4eHne B MajbIX J03aX U JAPYTrHe ciadble BO3IeHCTBUS,
KpaTKOBPEMEHHas TEIUIOBast M yIapHO-BOJIHOBasi 00paboTKa (My3bIKaIbHOE O3BYUYHMBAHUE), SKCTIOHUPOBAHUE
B 3JICKTPUYECKOM M MarHUTHBIX IOJISIX, JJA3epHOE 00IydeHue, IPEAN0CEeBHOE 3aMaulBaHUe B Pa3IMYHBIX pac-
TBOpax, B TOM YHCJIE€ U OMOIOTHYECKH aKTUBHBIX BEUIECTB, MOTYT YBEIHMUUTH BCXOXKECTh ceMsiH Ha 15-25%
[1-3]. Onnako, y4eHble pa3paOaTbIBaIOT COBEPIICHHO HOBBIE HKOJIOTHUYECKH O€30MacHbIe M AKOHOMHUYECKU
3¢ PeKTUBHbIE METO/IbI OJTHOBPEMEHHO 00€33apaKUBAIOIINE U CTUMYIUPYIOIIUE MPOPACTAHUE CEMSH Cellb-
CKOXO3SICTBEHHBIX KyNAbTyp. OJTHUM TaKUM IPHEMOM SBIISICTCS MPEINOCEBHAs MTOJrOTOBKA METOAOM CMadH-
BaHUS WJIM 3aMauyMBaHMs CEMSH B BOAHBIX PAacTBOPAX 3JEKTPOJIUTOB, aKTUBUPOBAHHBIX TICIOIIUM Pa3PSAIOM
ia3mel [4]. B HacTosmiee BpeMsi B 3TOM HampaBlieHUH BeETcst coBMecTHass padora ®I'BHY ®HIIO u MOD
PAH.

CeMeHa pa3IUYHBIX OBOILIHBIX KYJIBTYp ObLIH 00paboTans! 1% BogHBIMU pacTBopamu iekTponutoB KCL
1 KNO,, akTuBUpOBaHHBIE M71a3MO¥ TIPU KOMHATHOM TEMIIEpaType ¢ pasanydHoi skcnosuiueii (ot 10 no 360
MHUHYT) B 3aBUCUMOCTH OT KyJbTYphl. Takke, Ha 000OBBIX KyJIbTypax M KaOauke MPUMEHSIM CMadMBaHUE
cemsH. B kauectse kourposneii - H,O (auctummposannas) u 1% BoxHbie pacTBOpbl d1eKkTpoiauToB KCL u
KNO3 6¢3 aktuBaIuu (MCXOIHBIC).

[TpuMeHeHne aKTUBUPOBAHHBIX PACTBOPOB AIIEKTPOIUTOB BHICOKOYACTOTHBIM TJICIOIIUM Pa3psi/IoM I1Ia3Mbl
SBJISICTCS TIEPCIIEKTUBHBIM HAIIPABICHUEM C TOYKHU 3pEHUS MPaiMHUPOBAHUS CEMSH C MOHIKEHHBIMH TIOCEB-
HBIMU KaueCTBaMH. YDIyOJI€HHOE M3y4eHHE OMOIOTHYECKHX dPPEKTOB UX NEHCTBUS B 3aBUCHMOCTH OT XHU-
MHUYECKOM MPUPOJIBI ANEKTPOINTA, BUAA KYJIBTYPbI, COPTOBOM crieln (UK, PeKUMOB 00pabOTKH (SKCIIO3ULIHS,
TeMIIeparypa, crocod HaHECEHUS U TIp.) MO3BOJIHT Pa3padoTaTh pEKOMEHIAINH IO MPEIOCEBHON 00paboTke
CEMSIH C IIeIbI0 TIOBBIIICHHUS UX BCXOKECTU U )KU3HEHHOHN CHJIBI IPOPOCTKOB.

[1] Paparella S., Araujo S.S., Rossi G., Wijayasinghe M., Carbonera, D., Balestrazzi A. Seed priming: state of the art and new
perspectives. Plant Cell Rep. 2015;34:1281-1293. DOI:10.1007/s00299-015-1784-y.

[2] Chatterjee N., Sarkar D., Sankar A., Sumita P.A.L., Singh H.B., Singh R.K., et al. On-farm seed priming interventions in
agronomic crops. Acta Agric. Slov. 2018;111:715-735. DOI:10.14720/aas. 2018.111.3.19.

[3] Zulfigar F. Effect of seed priming on horticultural crops. Scientia Hortic. 2021;286:110197. DOI:10.1016/j.scienta.2021.110197.
[4] Danilejko Y.K., Belov S.V., Egorov A.B. Glinushkin A.P., Gudkov S.V. et al. Increase of productivity and neutralization of
pathological processes in plants of grain and fruit crops with the help of aqueous solutions activated by plasma of high-frequency
glow discharge. Plants. 2021;10(10):2161. DOI: 10.3390/plants10102161.
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BOAHbIE PACTBOPbI B MATEPUAJTOBEAEHUN

BOJOPACTBOPUMBIE CUCTEMbI 1OCTABKH BODIPY
JJIOMHUHO®OPOB HA OCHOBE AM®UPUJ/IBHBIX BJIOK-
CONOJIMMEPOB U HEPCIIEKTUBbI UX ITPUMEHEHUA
B OBJIACTHU ®OTOJJUHAMUYECKOHN TEPAIIUN

Antuna JL.A.!, YeonbueBa H.%, Kaasarun A.!, Karunkuna B.'?, Antuna E.!, Bepe3un M.!

"HUnemumym xumuu pacmeopoe Poccutickotl akademuu Hayk, 2. Meanoeso, yn. Axademuueckast, 1
’Hayuno-ucciedo8amenbCKutl uHCmumym HaHomamepuanos Meanosckoeo eocydapcmeeniozo
YyHugepcumema, 2. Meanoso, yi. Epwaka, 39
OI'BOY BO «Hsanosckuil 20Cy0apcmeenblil XUMUKO-MEXHOI0SULECKUTL YHUBEPCUMEN »,
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I'unpodobusie porocencnomummzatopsl (PC) Ha 0CHOBE OMOCOBMECTUMBIX KOMIIEKCOB TUIHAPPOMETEHATOB
6opa(1ll) (BODIPY) ysxe 3aHsIM MO3ULIMH IEPIIEKTUBHBIX JIIOMHHECIIEHTHBIX TepaHnocTukoB (JIT) st goyopec-
neHTHo# auarHoctuku (D/I), mpoTuBoOITyX0eBOi 1 aHTHOAaKTepUaIbHON (GoToarHammuueckoi Teparmu (GUT
u AQ/IT). llupokue BO3MOXKHOCTH (DYHKIMOHATU3AIWU MOJIEKYN MO3BOJISIIOT MONYYUTh (HOTOCTAOMIIbHBIE
BODIPY momuHO(DOpEI, 001a1a101IIHE ONTUMATBHBIM COYeTaHHEM HHTEHCUBHOCTH MOTIIONIEHHS, (PITyopeciieH-
IIUH ¥ TeHEepaIK CHHITICTHOTO KUCIIOpoa. Beicokast ruipooOHOCTh M CKIIOHHOCTH K arperanuu BODIPY JIT
SIBJISIFOTCS] OCHOBHBIMH HPEMSTCTBUAMU IEPEX0/ia K X MPAKTHYECKOMY IPUMEHEHHIO B Onomenunuue. J{is ne-
peBo/ia MOyYSHHBIX KPAaCHTENICH B BOZOPACTBOPUMBIE (POPMBI MOXKHO HCIIOIB30BaTh OMOCOBMECTHMBIE MOJH-
MmepHblie [TAB, HanuboabIINM COMOOMIM3UPYIOIIUM CPOACTBOM CPEIU KOTOPBIX 00J1a/1aeT HaUMEHEee TOKCUYHBIN
aMpUPIITBEHBINA TPOWHOM OJIOK-COMOIMMEP STHIICH- U MPOIMIICH OKCHIa — TuTIopoHuk F-127 (PI)

Lenb paboTHI 3aKIII0YaIAch B MOyYEHUH BOAOPACTBOPUMBIX (hopM MOHO- 1 OusiiepHbix BODIPY pasznuu-
HOTO CTPOCHHUS, aHAIIN3E YPPEKTUBHOCTH COMOOMIN3AINH, (POTOPU3UIECKUX U CTPYKTYPHBIX XapaKTEePUCTHK
nony4yeHHbix cucteM BODIPY @P] B 3aBUCHMOCTH OT CTPYKTYpbI KpaCUTENEH U METOAUKH COTFOOUITH3AINH.
Jlyist 5TOM 1Ienu OBbLTU CHHTE3UpPOBAHBI OpoM-3amelieHHbie MOHosepHbIe (1) u Ousaepusie (2) BODIPY, a
Takke HerajmoreHupoBaHHbIE AuMepsI (3) (Puc.1) u u3ydens! ux dhoroduznyeckue CBOMCTBA.
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Pucynok 1. Obvexmul uccnedosanus

ComnmroOnnm3anuio KpacuTellel MpoBOAMIN TpeMs MeTtofamu: 1 - myteM nonydenus mieHok BODIPY @
PI u3 pactBopa terparuapodypana (TI'®D) ¢ nocaeayrouum X pacCTBOPEHUEM B BOJHBIX PacTBOpax; 2 — UC-
naperueM TI'® u3 pacTtBopa Kpacurtens U noiuMepa B OuHapHoit cmecu TI'®D-Bona; 3 — comoOunuzaiueit
moMuHO(opa nonuMepHbsIMU Mutiesiamu B cMecu JIMCO - Bosia. MeToj1 « TOHKHX TUIEHOK» MPe/ICTaBIsAeTCs
HauboJee MPUBIIEKATEIbHBIM, TOCKOJIbKY MO3BOJIMI MOIYYUTh CTaOMIIbHBIE BO BPEMEHU BOJIOPACTBOPUMBIE
¢dopmbel BODIPY, kotopble pu HEOOXOIUMOCTH MOTYT OBITh pacTBOPEHBI B BOJHBIX PAaCTBOpPAX Pa3iIMYHOM
npupobl. Heoctarkom MeTozna siBisieTcst 1ocTarouyHo 60b10i pazmep (o1 100 HM U BbIII€) NOTYYEHHBIX
arperatoB BODIPY @Pl. OddexruBnocts comobunmusanuu BODIPY 3aBucena kak oT coaep:kaHus mojaume-
pa, Tak ¥ OT CTPYKTYpbl MOJIEKYJ Kpacutels U uaMensiack ot 40 1o 90%. s kaxnoro tuna BODIPY JIT
ObLTH TIOZ00paHbl ONTUMAJIBHBIE YCIOBHS (CIIOCO0 CONMIOOMIM3AIINN, COAEPKAHUE KPACUTEIS U TIOJIUMEpa),
KOTOpbIE€ MO3BOJIMIN MOMYyYnTh BojopacTBopuMbie ¢popmbel BODIPY @PI ¢ sddexruBHbIMU nOMIONIEHUEM,
(biyopecteHITuel 1 reHepaluei CHHIIIETHOTO Kucioposa. [Iposeien ananm3 TeMHOBOM M (DOTOMHTYITUPOBAH-
Hot rutorokcuaHocT BODIPY @P1 nmo ornomenuto k kinetkam Hel a in vitro.

«Hccnedosanue gvinonnero sa cuem epanma PH® Ne 23-23-00206, https://rscf.ru/project/23-23-00206/.
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BOAHbIE PACTBOPbI B MATEPUAJTOBEAEHNA

JTUHAMUKA ONTUYECKUX CBOVMCTB BOJHBLIX PACTBOPOB
JIIOLIMTEHUHA MPU CBEPXMAJILIX KOHIEHTPALIMSIX IO
JAHHBIM JIIOMUHECHEHIIMUA

Cysoposa O.B.', Teituk .JI.!, Ky3bmuu B..%, PeBuHa A.A.!

"Unemumym usuueckoti xumuu u snekmpoxumuu um. A.H. @pymrxuna PAH,
119991 Mocksa, Jlenunckuii np. 31
?Poccutickutl mexnonocuweckuil ynueepcumem (MUPDA), 119454 Mockea, npocn. Bepnaockozo 78
diytik@yandex.ru

[Ipobnema onpeneneHus] HKHEHW I'paHULIBI KOHLEHTPALMK aKTHBHBIX JIIOMHHECLEHTHBIX KpacUTeJeH, KOoraa OHU
eIle COXPaHAIOT CBOWCTBA OBITh MapKepaMH OIPEAETICHHOTO Kilacca BELIeCTB, YPE3BBIYAHHO akTyajibHa. OIHUM M3
TaKdX KpacuTelel SBIsieTcs JIIOUUTeHHH (Lc), KOTOPBIN TaBHO M YCIIEIIHO MTPUMEHSIETCsl B OMOJIOTUH M METUIIMHE, Ha-
TIpUMep, JUTSL OTIpeIeTICHHSI IPUCYTCTBHS B BOJIHOM PacTBOpE HOHOB cepedpa.

OOCYXITaroTCsl ONTHYECKHUE CBOMCTBA (JTIOMHUHECIICHIINS) BOAHBIX PACTBOPOB LcC TPH CBEPXMAIIBIX KOHIICHTpPAITH-
sx (puc.la). MccrenoBaHo miecTh cepuii BOMHBIX pacTBOPOB Lc, mo 50 oOpasnoB B Kaxkaon cepun. Pazdasnenue ce-
puii IPOBOJMIIOCH B PasHbIE [IHH 110 CIy4aiHOMY rpaduKy 10 €IMHOM METOMMKe: MCXOaHbIH pactBop Le (C, = 8,2
x 1077 Monb/1), ocTanbHBIe 00pa3Ibl MOTyYald MOCISIOBATSILHBIM pa30aBiIeHHEeM ¢ KOI(PPHUIUCHTOM pa30aBiICHUs
24. Tlocne kaxaoro pazdoasineHus 00pa3ibl MepeMelIMBaAINCH SJHEPTHUHBIM BCTpsIXUBaHUEM. [[iis epBhIX Tpex oOpas-
[[OB CHU)KEHHE MHTEHCHBHOCTH JIFOMUHECTICHIH Lc (puc.1a) COOTBETCTBOBANIO MOJICTH SKCIIOHCHITUALHON (DYHKIHH
(KpaTHOCTB pa30aBIeHHUS ISk BTOPOTO TPETHETO PacTBOPOB 24 m 24 x 24 =242 cootBeTcTBEeHHO). HecMoTpst Ha TO, 4TO
10 TEOPETHUYECKOM OLIEHKE y’e Ha cTaguu 13-ro pa3daBiIeHUs] MOXKHO OKUAATh IIOJIHOTO MCUYE3HOBEHUS BELIECCTBA, B
obmactu nwH BostH 480-505 HM (00IaCTh TONOCKH! TIOMHUHECIICHIIMU LC) B CIIEKTpaXx JIFIOMHHECIICHIIUN COXPAaHSETCs
ocoboe noBeneHue «pona» (HoHOBOE CBEUCHHE). DTO NPOSBICHO B TOM, UTO HAYMHas1 ¢ 4-ro 00pasua u BIIOTh 10 50-ro
o0pasiia, OTMEYEHO MOCTEIICHHOE MPAKTHYECKH JIMHEHHOE CHU)KEHHE MHTEHCUBHOCTH (POHOBOTO CBEUEHHUSI BILIOThH 10
YPOBHS XapaKTEPHOTO JUIsl CIIEKTPOB KOHTPOJIbHOM BoAbI (pric.16). IIpu 3TOM B34THI TepBbIe 7 WICHOB psifia U3 PaHIO-
BOTO pacIpeesIeHus] 3HaU€HUH HHTEHCUBHOCTU ()OHOBOTO CBEUYEHUS B CIIEKTPaxX KakJ0ro o0pasia, 4ToO0bl HCKIIFOUUTh
BIIMSIHUE «CITyYalHbIX OOJNBIIMX OTCKOKOBY» IPH BBIYMCICHUHU Kod(duuuenra xoppemsauuu. Ciemayer OTMETHTh, 4TO
K03(GULHMEHTHI KOPPEIISLUH AJIsl BCEX CepHil 00pa3LoB BOAHBIX PACTBOPOB OJMU3KH K 3HaYeHHUIO 7~ (,9. AHAIOTUYHBINA
aHaJIM3 [IeCTH KOHTPOJIBHBIX CepUii 00pa3LoB «Iociie pa30aBIeHMs YMCTOH BOABI HE BBISIBII KOPPEISLIUA MEXKITy Hau-
OONIBIIMMH 3HAYCHHUSIMU MHTEHCUBHOCTH (JOHOBOTO CBEUEHHUSI B Tariazone UInH BoiH 480-505 HM (XapakTepHBIMU IS
Lc¢) u yncnom pa3daBiieHAN NCXOMTHOTO 00pasia (puc.1s).

a §) B

Puc. 1. Cnexmpuol momunecyenyuu (6030yscoenue 1=264 um) uiecmotl cepuu 600HbIX pacmeopos
nocnedosamenvuvix pasoasienuti Lc (NeNe 1-50), npedcmasnennvie 6 nonrynocapugmuueckux koopounamax. /st nepevix mpex
006paszyos (ucxoousiil pacmeop Lc u 0o6pasywl nocie pazdoagienuii NoNe 2-3) uepnvimu cmpeikamu YKa3aHvl 3HAYeHUst MAKCUMYMA
unmencusHocmu omunecyenyuu Le (7775, 132 u 8 6 omnocumenvhvix edunuyax, coomeemcmeento) — a. Ilepgvle cemv wienos
PA0A U3 PaAH208bIX pAcnpedeleHUll 3HAYeHUL UHMEHCUBHOCTU (YOHOB020 c8eyeHUs (0Cb opouHam) om Homepa obpasya (pazdas-
nenus) NeNe 4-50 (ocw abcyucc), nyHKmupom o003HaAUeH YPoseHb UHMEHCUBHOCTU (DOHOB020 C8eUeHlUsl KOHMPOTIbHOU 800bl — 0.
Panzosvie pacnpedenenus cmpounucs 01s 3HaueHUll UHMEHCUBHOCMU TIOMUHECYEHYUU, 3aPecUCPUPOBAHHOL 8 OUANA30HE
onun eonn 480-505 um. To sce 0ns 06pazya KOHMPOILHOU 800bL — 6

MoxxHO MMPCATIONIONKUTH, YTO B CIICKTPAX JIFOMHUHCCICHIIUN JINHEMHOE CHIDKCHHE MHTEHCHUBHOCTH (I)OHO-
BOI'0 CBCUCHUA 110 MEPC pa36aBJ'IeHI/I$I pacTBOpa LC, O6yCJ'IOBJ'IeHO, HaIIpuMCep, NOCTCIICHHBIM Pa3pylICHUEM

AOJITOXKUBYIIUX BOAHBIX KJIACTCPHBIX CTPYKTYP, C(bOpMI/IpOBaBI_HI/IXCH B IIpoHecce rugparaivi MOJICKYJI Lc
Ipu €ro paCTBOPCHUMH.
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BOAHbIE PACTBOPbI B MATEPUAJTOBEAEHUN

OINTUYECKHUE CBOVCTBA BOJHbIX U BOJHO-CITUPTOBBIX
PACTBOPOB BBICOKOI'O PASBABJIEHUA AHTUTEJL

K UHTEP®EPOHY-'AMMA

Teituk JIJL!, CyBopoBa O.B.!, Beicouuii B.B.!, A.A.Pesuna’, Ky3omun B.I1.%, [TapamonoB A.A.%,
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Bonnbie u BogHO-cimpTOBEIe pacTBophl (B/BC) Ononornvecky akTUBHBIX BEIIECTB YCIICITHO UCTIONIB3YIOTCS B OHO-
JIOTUM M MEJMIIMHE, OJHAKO Tpobiema ompeneicHus dQGEKTUBHON KOHIEHTPALUHU JIJIi KOHKPETHOTO MPUMEHEHUS
OKOHYaTelbHO He perreHa. COBpeMEHHbIE ONTHYECKUE MPUOOPHI MO3BOJISIIOT OMPEACTUTh HE TOJBLKO KOHICHTPAIUU
PaCTBOPEHHBIX BEMIECTB (10 BETHMYMH IpruMepHO | HM — TIOMHHECIICHIINS, TUXPOU3M), HO M 3apETHCTPHPOBATE AMHA-
MHUKY ONTHYECKUX CBOHCTB PACTBOPOB JI0 BEICOKOMW CTETIEHN pa30aBIeHHs, a TaAKKe BO3MOKHOE (POPMHUPOBAHHUE JIOITO-
KUBYIIMX PACCEUBAIOIINX IIEHTPOB (IMHAMHUYecKoe paccestare cBeta — JIPC) B mporecce paz0oaBieHusl.

OO0cy)IeHbBI Pe3yJIbTaThl UCCISIOBAHUS H3MEHEHUs onTHuYecKkux cBorcTB B/BC pacTBOpoB aHTUTEN K HHTEP(EpO-
ny-ramma (AT U®Hr). Ucxonnsie o6pasus B/BC pactBopos (C, = 1 MKI/MIT) HCTIONB30BaHBI JUIS IPUTOTOBJIEHUS 12-1
00pa3ioB co cTokparHbiM paszbasienuem (C1 — C12). O6pasibl nepeMevBaIich S3HCPTUIHBIM BCTPSIXUBAHUEM Ha
KaKI0M Trrare pazoasienws. 1 kakoro pa30aBiIeHIs PeTHCTPUPOBAIIUCE CIIeKTphl TromuHectieHnnn (CJI) B 6 cepusix
(oBTOpax). DKCIIEpUMEHTAIEHO YCTaHOBIICHA HEM3BECTHAS paHee 3aKOHOMEPHOCTh COXPAaHEHHsI TIOJIMKEHHS MOJIOC B
CJI (Bo30y>xieHHE HA UTMHE BOJIHBI A = 228 HM), xapakTepHbx 1t AT UDHr (puc.la), BIUIOTh 10 BBICOKOH CTETIEHU
pazbagiienus pactBopoB. O0HapyxeHa momuHecteHnus BC pactBopos AT N®HT, oTnuuaromasicst o UHTEHCUBHOCTH
JIIOMUHECIIeHIINY B cpaBHeHNH ¢ B pactBopamu AT M®Hr npumepHo B 10 pa3 u coxpansiomiasics st 00pa3IoB BbICO-
KX pazbasieHuii (puc.10,B).

Puc. 1. Cnexmp nromunecyenyuu ¢ unmepesane Onur 60in 260 — 440 wm (60306yacoenue =220 Hm)
pacmeopa AT UDHe (CO = 2.5 me/mn) 6 enuyurnosom 6ygepe (a). Cnekmpovl IoOMUHeCYeHYUL 8 UHMEPEaLe OIUH GOH
260 — 440 nm (8030yacoenue 1=228 um) B/BC pacmeopos AT HDHe ons pazoasnenuti CI1-C12 (cepus 1), nuxcnss
2pynna cnekmpos (OMmmeHKU CUHe20 Yeema) OMHOCUMCS K 600HbIM PACMBOPAM, 8EPXHISL (OMMEHKU KPACHO20 Yeema)
— K B0OHO-CNUPMOGbIM pacmeopam (0). Maxcumymol uHmeHcugHocmu nomunecyeHyuu Ha oaunax onn 290 u 340 um
071 800HbIX pacmeopos AT HDHe (cepust 1) om nomepa pazbasnenus (8). Bce epaghuxu npedcmasiensi 8 noayio2a-
PUGMUUECKUX KOOPOUHAMAX

Amnanus cnekrpos moMuHecueHmu B/BC pactBopoB AT UDHr npuBen x BbIBOAY 00 MX COOTBETCTBHUHM MOACIH
l'omnepria. D10 MO3BONIMIIO OMPEAETUTH apaMeTPhl peJaKcally JUIsl BCEX CIIEKTPOB M JI0Ka3aTh OTCYTCTBUE BIMSHUS
BKJIaJ1a KBapIEBOTO CTEKJIA KIOBETHI HA JOPMY CIIEKTPOB.

Oo6napyxen muxpousm B/BC pactBopoB AT MOHr B obnactu mimuH BoiH A = 250650 HM BIUTOTH 10 BBEICOKHUX
paz6asienuii. Meton JIPC ucnonp30BaH aisi 0OHApYKeHHs TUCTIEPCHOMN (a3bl B UCCIIENYEMBIX pacTBOpaX, KOTOPBIH
Y TIOKa3ai ee Hanu4dre. bomee cTaOMIbHBI IO KPUTEPHIO CPETHEKBAIPATUIHOTO OTKIOHEHHs okazanmck BC pacTBOpsI
(cpemHeUHCIIOBON JUaMeTp YacTUI AUCHepcHO (a3bl cocTaBui npumepHo 470 HM) o cpaBHeHHIO ¢ B pactBopamu AT
HN®HTr (cpenneuuncnoBoit auamerp — npumMepHo 250 Hm).
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Knaccuyeckue 3aKoHbI (PU3UKHU MPEICTaBICHBl ACUMMETPUYHBIME (DYHKIMAMU (HapuMep, pacripeaese-
Hue MakcBenna, 3akoH u3nyueHus Ilanka). Ilpu sTom 3akoH m3nydenus [lnanka — 3aKOH pacnpeneeHus
SHEPTUH B CIEKTPE a0COIMIOTHO YEPHOTO TeIa B 3aBUCHMOCTH OT abCONMOTHOU Temrieparypsl [1]. Dto pac-
npeeneHre NMEET MAKCUMYM, CBSI3BIBAIOIINI JUTMHY BOJHBI H3IIy4eHUs U a0COIIOTHYIO TeMIeparypy (3aKoH
Buna), uto mo3BossieT, HalpuMep, o Temieparype B 1neHTpe aucka Comnnua (6050 K) onpenenuts aimny
BOJIHBI, Ha KOTOPO¥ SHEPrus U3jIy4eHus MakcumanbHa A = b/T =479 um (rae b = 2.898%10° m'K — mocro-
sHHasi Buna) [2]. D10l ;uyirHE BOJIHBI COOTBETCTBYET TAKXKE U3TyUYEHHE, MAaKCUMAJIbHO TPOHUKAIOLIEE Yepe3
TOJILLY BOJZIbI O3E€P MJIM OTKPBITOTO OKEaHa, YTO COOTBETCTBYET OJAHOMY U3 «OKOH IPO3PAauHOCTH» U3BECTHBIX
B pusuke. CleayeT OTMETUTh, YTO TOYHOE OIpE/IesIeHUE TOJIOKEHUSI MAaKCUMYyMOB B CIIEKTpax HEOOXOIMMO
pu pa3paboTKe yrnpaBlIeHHs POLECCaMH MTePeaay CUTHAIIOB.

OnuH U3 MOMYJSPHBIX CHOCOOOB aHalW3a CHEKTPOB, HAIPUMEp, JTIOMHHECLUEHIIMH HCIOIb3YeT METO[
pas3NIoKeHHs CIIEKTpa Ha TayCCHaHbl, HarpuMep [3], KOTopble SBIAIOTCS CUMMETPUYHBIMUA (QYHKIUSAMH. DTO
MOXET MPUBOJIUTH K TIOTEpe BAXKHOM MH(OpMAIINHU, COIEPIKaIIEHCsl B CLIEKTpe. B To)ke BpeMs B OCHOBY aHa-
JM3a CHEKTPOB MOKHO TOJIOKUTH HE DHTPOIHUIO (IS), ONpenesnsieMyio B CTaTUCTHUECKON (pr3mke Kak mepa
BEPOSITHOCTH OCYIIECTBICHHUS TAaHHOTO MAaKPOCKOIIUYECKOTO COCTOSIHUSI CUCTEMBI, a MH()OPMAIIMOHHYIO JH-
Tporuto (H), onpenenseMyro Kak Mepa HeONPEIeICHHOCTH COOOIICHU U TPEICTaBUMYI0 aCUMMETPUIHON

¢bynkuueit H =— p h p [4]. D10 cOOTBETCTBYET MPaBOM YaCTH KIIACCUYECKON MOJIENIN OTPAaHUYEHHOTO POCTa

dp/dx=—kpln p MUPOKO NpeICTaBIEHHON IIPH MOAEIUPOBAHUU HE TOJIBKO (PU3UKO-XHUMHYECKUX HPOLEC-
COB, HO 1 OoJiee 00X MPOIECCOB B MPUPOIAHBIX cucTeMax. HenmuHeitHble mpeoOpa3oBaHust ’TOr0 YPaBHEHUS
IPUBOJIAT €TO K SKBUBANEHTHOM Gopme Buza (1/ p)dp/dr)= Ae ™ [5]. JleBas 4acTh ypaBHEHHS PEICTABISET
TeMIT (OTHOCUTENBHBIN MPUPOCT), KOTOPBIH IKCIOHEHIIMATBHO yOBIBAET C POCTOM apryMeHTa. JTO MOJEb
nporecca, NpuBosiias K HHGOPMAITMOHHOMN SHTponuu (H), KoTopas MPONOPIHOHATIbHA CKOPOCTH U3MEHe-
HUSL COCTOSIHUSL CUCTEMBL. Toraa s ompeAeneHus mapaMeTpoB CIEKTpa UCIONb3yeTcs: anaMopdo3a Kak He-

JUHeHoe npeoOpa3oBaHue, MPUBOAILEE K JIMHEHHON 3aBUCUMOCTH B KOOp/MHaTax X (abcuucca) u
— opauHara. [Ipu aTom napameTp k onpenenseT yroja HakJIoHa TUHEHHON 3aBUCUMOCTH, a 3HaYeHue 1nk coort-
BETCTBYET MAaKCUMYMY NPOU3BOJHON (DYHKIIUM OIPaHUYEHHOI'0 pOCTa.

OT0T crocol JMHeapu3aluyi UCXOIHBIX CIIEKTPOB MO3BOJISET NPEACTaBUTh UX B KyCOUHO-JIMHEHHON (op-
Me€, KaKIblil JIMHEWHBIN Y4aCTOK KOTOPOW ONPENEsAeT MOJ0KEHNE COOTBETCTBYIOIIEH IIOJIOCHD) CO CBOMM
MaKCUMYMOM.

[1] ITnank M. N36pannsie Tpyast, M.: Hayka, (1975)

[2] Anen K.Y, Actpoduzndeckue Benmuunbl, M.: Mup, 80, (1977).

[3] Tananos A.C., Kopto C.B., UepenanoB A.H. u ap. Cnoco0 ananusa groMuHecteHInu. Onucanue N300peTeHns K MaTeHTYy.
3agBka 2009112116/28, 02.04.2009.

[4] Hlennon K. Pabots! o Teopun nnpopmarun u kuobepaeruke. M.: MWL, (1963).

[5] AMCKpPETHOCTh M HENPEPHIBHOCTh B CBOWCTBax (u3uko-xumuueckux cucteMm / Ilom pen. B.M.Kyssmuna u ap., M.:Hayka
OU3SMATIIUT, 1.1, (2014).
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[Ipouecchl camoopranuzauuu ¥ (GOpMHUPOBAHUS CTPYKTYP B OPraHUYECKUX CUCTEMAax IMPEACTaBISIOT OIPOM-
HBII UHTEpeC B MeAuIMHE ¥ Onosoruu [ 1, 2]. [Tpu npruMeHeHrr MeTO10B OpUEHTAITMOHHON OpTaHN3aIliH MOJICKYJT
MOKHO OOBSICHUTh KPUCTAJUIN3AIMIO TeMOINIOOMHA B SpPUTPOLIMTAX, KOTOPasi PUBOAUT K MH(APKTY MO3ra U cepi-
11a, B3aUMOJICHCTBHE B MOJIEKYJIaX FeMOITIOONHA-S, OTBETCTBEHHBIE 32 O0JIE3Hb «CEPIIOBUIHASI AaHEMUSD, KOTOPOM
CTpaJlatoT MUJUTHOHBI JIFOJIEH U MHOTHUE JIPYTHE SIBJICHUSL.

[Ipencrapieno 06o0IIeHE paboOT AaBTOPOB IO MEKMOJICKYIIIPHOMY B3aMMOJICHCTBHIO 1 CAMOOPTaHM3aIUH Ha-
HOCTPYKTYp B NOJMMEpHbIX U xuaKokpuctaumueckux (PKK) cpenax. Teoperruecku v skCiepuMEHTaNIbHO pac-
CMaTpHUBAETCS BOIPOC BKJIaa OIMMKHETO OPUEHTALMOHHOTO MOPsAKa B XUMUYECKUE TIOTEHIMAIbl KOMITIOHEHTOB B
CUCTEME TIOJIMMEDP — PACTBOPUTEND U TIOBEJACHUE KPUTUUECKHUX TEMIIEPATYP PACTBOPEHUS], BTOPOrO BUPUAIBHOIO
kod(hdurmenta u kodpduimenra HaOyxanus [3]. PaccMoTpeHbl BOSMOXKHOCTHA KOHTPOJISI M HACTPOWKU CBOWCTB
AKUJKOKPUCTAIUTMUECKIX KOMIIO3UTOB ITyTEM 33aHusI HEOOXOIMMOM HAJICTPYKTYpPbI U3 HAHOYACTHII.

PaccmarpuBaercsi Mofiesib, OOBSCHSIOIIAS AKCIIEPUMEHTANIBHYIO 3aBUCHUMOCTh a3UMYTaJIbHOM U MOJSPHOM
SHEPruil CUEIUIEHHUs ME30Te€Ha ¢ IOBEPXHOCTHIO OT MapameTpa nopsaka. HailneHsl 3aBUCMMOCTH MOJISIPHOM U a3U-
MYTaJIbHOM SHEPIUH CLEIUICHUS] MOJIEKYJIbI ME30T€HA C IIOBEPXHOCTHIO OT MapaMeTpa MopsIKa U OT YUCIIa aTOMOB
B MOJIEKYJIE ME30TeHa.

O6cy:xnaercs Bonpoc BiusiHue HaHodacTul] (HY) 30510Ta Ha AUANEeKTprUUYECcKIe, SIEKTPOONTHYECKUE U PEOIIO-
IrMYECKHE apaMeTphl )KUIKOKPUCTAJUTMIECKON CMECH, XapaKTepU3YIOIIre ObICTPOICHCTBHE YCTPOICTB HA OCHOBE
KUJKUX KPUCTAJUIOB B IIIMPOKOM MHTEPBAJIC KOHUEHTpALU [4-6]. YCTaHOBIEHO, YTO B MOJYYEHHBIX CUCTEMAaX
KK-HY HabmromaroTcsi CTpYKTYpHBIE TIEPECTPOMKH B 00JIaCTH HU3KHMX KOHIIEHTPAIIHMA, TPUBOJISIINE K YBEJIUYe-
HUIO KECTKOCTHU YKUJIKOKPUCTAJUTMYECKON MaTpHUIIbl K MONEPEUHOMY U3rHOY, YMEHBILIEHHIO BPEMEH OTKIIUKA U TTO-
poroBoro HampsbkeHus nepexona Openepukca, a Takke poCcTy aHU30TPOITUH IUAJIEKTPUYECKON TPOHUIIAEMOCTH
U nokazarens npenomiieHus. Habmonaercs: cienuuyHOoCTh BO3IeHCTBUS cBepXBhICOKUX pa3BeneHuii (CBP) Ha
KK-cmech. Temneparypa azoBoro nepexona oopasia KK (6e3 HU) B npucyrcruu CBP KK craructuyecku
3Haunmo MensieTcst Ha 0.5°C no cpaBHeHMIO ¢ KoHTpoJieMm, a oopazert KK ¢ HY B mpucyrcreuu CBP HU —na 0.7°C
10 CPaBHEHHIO C COOTBETCTBYIOIIMM KOHTposiem ¢ HY.

O06cy:xaercst BOIPOC BIMsSHUE (PyHKIIMOHAIBHBIX HAHOYACTHUI] yIJIEPO/ia Ha JUAIEKTPHUUYECKHIE CBOMCTBA XOJie-
CTEPUYECKOr0 )KUAKOro Kprctainia. [Ipu nob6apnenny HaHopa3MepHbIX (ParMEeHTOB IIYHIUTa HAOIOAeTCsl MOSB-
JICHUE JUCTIEPCUN KOMIIOHEHT JTUAJIEKTPUUECKON ITPOHUIIAEMOCTH € ONPENEIIEHHON TOPOrOBOM KOHLIEHTPAIWH, a
TaKke U3MEeHeHHe (a30BoM AuarpaMmsbl cucteMbl. OOHapyKeHa AUcepcus AUIEKTPUUECKON MPOHUIIAEMOCTH,
KOTOpasi 00yCJIOBJIEHA MOSIBIIEHUEM JIOTIOJHUTEIbHBIX PeJIaKCAIMOHHBIX MTPOLIECCOB U SIBJISETCS CYILIECTBEHHO 0O-
Jiee IPOTSHKEHHOM, YeM HaOJroIaeMast Tipy Mpoleccax, XOpoIo OMMUCHIBAEMBIX KIIACCHYECKOU Teopuei Jledast.

1. McManus, J. J., Charbonneau, P., Zaccarelli, E., & Asherie, N. (2016). The physics of protein self-assembly. Current opinion in
colloid & interface science, 22, 73-79. 2. Zeng, R., Lv, C., Wang, C., & Zhao, G. (2021). Bionanomaterials based on protein self-
assembly: Design and applications in biotechnology. Biotechnology Advances, 52, 107835. 3. JaguBausu A.K., Hoa O.B., Yaycos
J.H., Urnaro FO.A. OnpenerieHie KPUTHUYCCKUX BEJIIMYHMH MPH OOpa30BaHWU PACTBOPOB MOJUMEPOB // BhICOKOMOIEKYISIpHBIC
coenunenus. Cepust b. — 2008. — T. 50. — Ne 2. — ¢. 354-359. 4. Chausov, D. N., Kurilov, A. D., Kucherov, R. N., Simakin, A.
V., & Gudkov, S. V. (2020). Electro-optical performance of nematic liquid crystals doped with gold nanoparticles. Journal of
Physics: Condensed Matter, 32(39), 395102. 5. Chausov, D. N., Kurilov, A. D., Smirnova, A. 1., Stolbov, D. N., Kucherov, R. N.,
Emelyanenko, A. V., ... & Usol’tseva, N. V. (2023). Mesomorphism, dielectric permittivity, and ionic conductivity of cholesterol
tridecylate doped with few-layer graphite fragments. Journal of Molecular Liquids, 374, 121139. 6. Chausov, D. N., Kurilov, A. D.,
Kazak, A. V., Smirnova, A. L., Belyaev, V. V., Gevorkyan, E. V., & Usol'tseva, N. V. (2019). Conductivity and dielectric properties
of cholesteryl tridecylate with nanosized fragments of fluorinated graphene. Journal of Molecular Liquids, 291, 111259.
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XKunkoe cocTosiHre 3aHUMAET MPOMEKYTOUHOE MOJIOKEHUE MEXKAY YITOPSAA0UEHHBIM KPUCTAITNYECKUM U
pa3ymnopsA0ueHHBIM ra3000pa3HBIM COCTOSIHUEM BELIECTBA. B 0TiIHMYHe OT KPUCTAIIIOB KUIKOE COCTOSIHUE HE
UMeeT YIOBICTBOPUTEIBHON CTPYKTYpHOU TEOPUH Il OOBSICHEHHUS MIPOTEKAIOIIUX B HEM XUMHYECKUX HITU
OMOXUMHUYECKUX TporeccoB. peBpaienre Kprcramia B )KUIAKOCTh MPUBOAUT K Pa3pyLICHUIO TPAHCIIALIHU-
OHHOW CUMMETPHUH U yTpaTe KPUCTAUTMYECKON PEIIeTKON MpaBMIIbHBIX KpUCTauIorpadguueckux ¢popm. Ot-
Crofia cJeyeT, YTO CTPYKTypa >KUAKOTO COCTOSIHUS, C OJJHOM CTOPOHBI, IPUMBIKAET K CTPYKTYpE NMPaBHIBHBIX
KpHucTayuiorpadguueckux ¢Gopm, a ¢ Ipyroil — K CBONCTBEHHOMY ra3aM XaOTHUECKOMY COCTOSIHUIO CTPYKTYPBI.
HewnsMeHHOCTh 00BeMa 00pa3yromiencs sKUIKOCTH OOBSICHSIFOT 0€3 y4eTa CTPOSHUS CeTH CBSI3eH MEXIy CO-
CTaBISIOIIMMU €€ MOJIKYJIaMH, OTPAHUYMBASICH JIUIIb TPUMEHEHUEM TaKOTO HHTETPAJIbHOTO MapaMeTpa, Kak
MOBEPXHOCTHOE HaTsDKEHHE. B To ke BpeMs Ui pa3padOTKu TEOPUH, YUUTHIBAIOIIEH T€OMETPUIO0 MEXKMOJIe-
KYJSIPHBIX CBSI3EH B KHUIKOCTSIX, ObLIT ObI O4CHB MOJIE3EH MOUCK HOBBIX 3(DPEKTOB, COMPOBOKIAFOIIHNX ITEPEXO]T
BEIIIECTBA M3 KPUCTAIUTMYECKOTO COCTOSIHUSA B JKUAKOE. B HacTosmem noknaae paccMoTpeH 3 dekt coxpane-
HUS JKUJIKOTO COCTOSIHUS MM 00pa30BaHUs KPUCTAIUITMYECKOH (pas3bl B CUCTEME MOCTOSHHOTO XUMHUYECKOTO
COCTaBa B 3aBUCHMOCTH OT ITOCJIIOBATEIbHOCTH CMEIINBAHUS TPEX JKUIKUX KOMIIOHEHTOB B Tpoliecce npu-
TOTOBJICHUSI CUCTEMBI.

[Tpu cmemmBaHUK B MPOOUpPKE KOMIIOHEHTOB B rociieaoBareabHOCTH: 200 MK HACHIILIEHHOTO pacTBOpa
LiCl + 1m H,O + 1mi pacteopa 0.1M NaHCO, u 0.1M Na,CO, — ocaiok 0TCYTCTBYET.

[Ipu cMmemmBaHUM KOMIOHEHTOB B mocienoBarenbHocTH: 200 MK HachimeHHOro pactBopa LiCl + 1w
pacteopa 0.1M NaHCO, u 0.1M Na CO, + Imn H,O - mocinie no06aBienus COI0BOr0 pacTBOPA BhINA/IA/ HH-
TEHCHBHBIH Oelblii 0caloK, KOTOPBIN NP pa30aBIeHUH BOJOW COXPaHSIICS.

ITpu cMermMBaHU KOMIIOHEHTOB B nocienoBareibHocTu: 1Mt pactsopa 0.1M NaHCO, u 0.1M Na, HCO,
+ Imn H,O +200 Mkt Hacwimennoro pactsopa LiCl — Beimanan cnaObii 0cajiok.

ITpu ucnonbzosannu Bmecto cmecu 0.1M NaHCO, u 0.1M Na CO, unauBuayanbHbix pactopos 0.1M
NaHCO, nmu Na,CO, nonyuusiu Te e pe3yyibTarhl.

CoxpaHeHne Bcex cucTeM Ooliee Mecsla Py KOMHATHOM TeMIepaType He BIHSIIO Ha UX COCTOSTHHE.

[Tonmy4yeHHble pe3ysbTaThl MO3BOJSIOT CIENaTh BBHIBOA, YTO NMPUTOTOBICHHE CUCTEMBI C MOCTOSIHHBIM KO-
HEYHBIM COCTABOM MpHU JOOABICHUH BOABI HEMOCPEICTBEHHO K HachllleHHOMY pacTBopy LiCl uckimouaet
KpUCTAJUTU3AIINI0 COSAMHEHUS, oOpasyromierocst mpu B3aumoxaeictBuu LiCl ¢ pacTBopaMu, comaepKaniuMu
0.IM NaHCO, umu 0.1M Na,CO,. B 1o e Bpems no6aBnenne Bojibl K cMecu HachimenHoro pactsopa LiCl ¢
pacTBOpaMH 3TUX COCIMHEHUI HE MPEnATCTBYeT 00pa30BaHMIO KpUCcTaundeckoi ¢assl. To ecTh B IepBOM U
BO BTOPOM CITy4asiX B CHCTEME OJJMHAKOBOT'O COCTaBa 00pa3yIoTCs U B3aUMOJICHCTBYIOT CTPYKTYPBI C pa3HBIMU
XMMHUYECKUMH CBOMCTBAMH.
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B Hacrosiiiee Bpemst 6071b1110€ BHUIMAaHHE HCCIIEA0BATENed YACIISTCsl CHHTE3y HAaHOUACTHI] METATIOB METOIOM
Ja3epHOM aOJsIuM, KaK OTHOMY M3 MEPCIEKTHBHBIX CIIOCOO0B ¢ HOBBIMH BO3MOYKHOCTSIMH YIIPABIICHUSI CBOMCTBA-
MH U (PyHKIIHOHAJILHOW aKTUBHOCTBIO CHHTE3HPYEMBIX HAHOpa3MepHBIX yacTull. OCOOEHHOCTH 1 HAIIPaBIICHUS Pa3-
BUTHSI METO/IA JIA3ePHOM aOJISIINK ¢ aHATMTHYECKUM 0030pOM JIMTepaTypsl puBeieHs! B cTarke [1]. Ha nmpumepe
HY mMeranios, NoIy4eHHBIX pa3HBIMU METOAAMH CHHTE3a B 00OpaTHO MULIEIUIIPHBIX PaCTBOPAX, BKITFOUAs JIA3EPHOE
BO3/ICHiCTBHE, ObIIa OKa3aHa BAYKHOCTH BKJIA/a JIA3ePHOTO OOMYUEHHS, BBI3BIBAIOIIEIO N3MEHEHHSI ONTHYECKUX U
CTPYKTYPHBIX CBOMCTB UCIIOJIb3yEMBIX PACTBOPUTEIIEH — BOBL, ALlIETOHA U BOIHBIX PACTBOPOB ALICTOHA.

JInst u3ydeHust MexaHu3Ma TMePBUYHBIX aKTOB «3apokaeHus» HY MeTauioB mpy BO3ICHCTBHIH JIA3EpHOTO O0MTy-
YeHHUs M YIIPABJICHHS UX CBOWCTBAMH B HACTOSIIIEH paboTe MPOBEICHBI SKCIIEPUMEHTAIIBHBIE UCCIIEI0BAHMS H3MEHE-
HUI ONTHUYECKUX U CTPYKTYPHBIX CBOMCTB — BOJIbI, alIETOHA U BOJAHBIX pacTBOpOB atieToHa. Ha Puc.1 npencrasnensl
pesynsratel UV-NIR criekrpodoromerpun u JIPC 06pasioB, ucxomHbix u nocie 30 MUH. J1a3epHOro o0IydeHus
(UK) mpu koMHaTHOM Temreparype.

a 0 B
Puc.1. Cnexmpuwr OIl ¢ UV-o6nacmu: ayemona (Ac) u 6o0uwix pacmeopos (Ac+oW), ucxoonwvix 1-7
u nocne UK- obnyuenus 30 mun 1*-7*(a). Pazmepor nanocmpyxmyp ([{PC — uzmepenus) 6 obpasyax
(Ac + aW), ucxoonwvix (1-7) u nocne oonyuenus IR- oonyyenus 30 mun 1*-7%(6); Cnexmpwi OIl 6 NIR-o6nacmu.
ayemona (Ac) u 600uvix pacmeopog (Ac+aW), ucxoouvix 1-7 u nocine UK- oonyuenus 30 mun 1% -7%(s).
Ksapyesvie krosemot 0.5 mm. Mzmepenus u ooyuerue 1azepom nposooUIUCH 8 A3POOHBIX YCIOBUSX.

[IpoBeneHHbIE NCCAEAOBAHMS TTOATBEPAUIM, YTO MPU U3YUEHUH COCTOSHUS, TPOLIECCOB B BOJE M BOJHBIX
pacTBopax mojyueHa OueHb BakHas HHPOpPMAIIHS 3a CUET PErUCTPAllUU CHEKTPOB OMTUYECKOTO TOTTIOMIECHHUS
B paMKax IOJIHOTO Jiharna3oHa cnekrpa, Bkiatodast UK, u noareepskieHns pe3yabTaToB, MOTYYEHHBIX METOIOM
JPC (Puc.1.6). B pabote [2] moka3ano, uto peructpupyemoie B K obmactu paspeniéHHble MoJI0Ckl OTHO-
CSTCSl K MYJIBTUPa3MEpPHBIM 00pa30BaHUSM B BOJIE U B BOJHBIX PacTBOpax aleToHa. BaxkHo, 4TO KiIaTpaTHas
CTPYKTypa BOJbI U alleToHa OblIa MpeacTaBieHa B padote [3], sKCmepuMEHTaNbHON U TEOPETUUECKOM OCHO-
BOI KOTOPO# OBUTH PEe3ybTaThl PATUAIIMOHHO - XUMHUYECKHX UCCIIEIOBAHUN ITUX PaCTBOPUTEICH.

1. E. ITutoBa, ®. Maxkapos, A. [1epiieB. ..OcoOeHHOCTH U HalIpaBJIECHUS pa3BUTHUS METOAA JIA3EPHOM aOJIsILMK 17151 CHHTE3a HAHOYACTHII.
Awnamutrka, Tom 13, Nel, ctp. 48-54, (2023). 2. R. Tsenkova. Aquaphotomics: Water spectral Pattern Dynamics as Multidimentional
Integrative Biomarker // C6. Tpymo 5-oii Bcepoc. koH(. «Du3nka BogHbIX pacTBopoB. 2022 . MODPAH. 3. B. llly6wH, C. Kabakun.
Teopust 1 METOIBI PaJUALIMOHHON XxuMUKM Boabl. Knarparusie coennnenust. M3n-so «Haykay». Mocksa, ctp. 216.. (1969).
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Poccuiickout akademuu nayx. 603950, e. Huocnuii Hoseopoo, FOKC-120, yn. Yavanosa, 46.
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[TonsiTHE 0 OrPaHUYHOM CJI0€ BO/IBI ObLIO BriepBbie chpopmymuposano B 1904 roxy JI. Ipanatiem [1]. beuto
MIOKA3aHO, YTO PEAJbHBIE MAJIOBSI3KUE KUIKOCTH YaCTHYHO NMPWIUIAIOT K CTEHKaM cocyAa, o0pasysl TOHKHM
MIOTPAaHUYHBIN CJIOM, I7I€ TPEHUE CYIIECTBEHHO, B OTJIMYME OT KUAKOCTH B/IAJIH OT CTEHOK, IJIE TPEHUEM MOKHO
npeHeOpeys. ITOT (haKT 1aJl MOILTHBIM UMIYIIBC pa3BUTHIO THApoAuHAMUKH [2]. C 1pyroit CTOpoHBbI, B IEPBOI
nosoBrHe 20 Beka ObUIM MPOBEJCHBI HE3aBUCHMBIEC MCCIICIOBAHUS TOHKOW CTPYKTYpBI BOJBI BOJM3HM CTEKJISH-
HBIX ITOBEPXHOCTEN. BBIJIO MOKa3aHO, YTO TOJILIMHA 3TOTO CJIOS JOCTUTAET COTEH MUKPOH. bbliM npeacTaBieHsbl
JI0Ka3aTeNIbCTBA CYIIECTBOBAHMS HOBOM BOJHOM (ha3bl, B TOM YHCIIE 110 [TOKA3aTENsIM MPEeIOMIICHHS, TU(paKIuu
PEHTIEHOBCKOIO M HEUTPOHHOT'O U3TYUYEHHUs, BI3KOCTH, aAT€3UN U HAJIMYUIO JAJIHETO MOPSIIKa B CTPYKTYPHOM
ynopsipouernu [3]. HeoOxoaumMo Takxke ymoMsSHYTh O «Boje-2» (NONMBOAE), (PU3NKO-XUMHUYECKHE CBOWCTBA
KOTOpOi uccienosansl b.B. [lepsaruneiv u corpynHukaMmu. Kparkas HCTOpUS 9THUX MCCIIEI0BaHUM U3JI0)KEHA B
Hamei padore [4]. BaxHbIM 3TarioM B pa3BUTUH MPEICTABICHUI O CTPYKTYpPE U CBOWCTBAX BOJBI IPUCTEHOUHO-
ro cios siBuiach kaura /1. [lomaka [5], rae aToMy ciioro JaHO Ha3BaHHE «IKCKII03UBHAs 30Ha (EZ)» Ha ocHo-
BaHMU BBITECHEHUS U3 HEe MPUMECHBIX YaCTHUI] U OOJBIIMHCTBA HOHOB. MI3BECTHO Takxke, yTo Mek(pazHast BOAa,
MPUCYTCTBYIOIIAsl B TIECKE, OOYCIIOBIMBACT IUIACTUYHOCTh U MOPO30CTOMKOCTh MECYaHOW MAcChl, YTO BAXKHO
TUISL CTPOUTENBHBIX paboT [5]. OcoOyro BaXKHOCTH MOTPAHUYIHBIH (MexX(pa3HbI) CIIOM UMEET JIJIsl OMOIOTHYECKUX
cucteM. B psizie MOJEenbHBIX 3KCIIEPUMEHTOB MOKA3aHO, YTO MEXAHU3M BIIMSHUS aHECTETUKOB Ha >KHBbIE Opra-
HU3MBI MO>KET OCYLIECTBIISTHCS YEPE3 YMEHBIIEHNE IIUPUHBI IPUCTEHOYHOTO cI1os1 [6]. B KieTke upe3BbIyaiiHO
MHOTO HUHTEpP(EICOB, U B pe3y/bTare MPaKTUIECKH BCsl KIETOYHAs Boja siBisieTcs: Mexkdasznoit [7,8]. Takum
00pa3oM, XapakTep WM COCTOSHUE TOM BOIBI MOKET MMETh pEIIaroliee 3HaYeHHe s (PyHKIMOHUPOBAHUS
kJeTok [7-10]. IIpoBeneHs! yCHenHbIe MOMBITKY TEPANH PA3TUUHBIX 3200JIEBAHUIN U YBEITMUCHHUS TIPOIAOIIKHU-
TEJIFHOCTH JKU3HH JKUBOTHBIX C IOMOIIBbI0 Mek(a3Hoil Boabl [10]. KpoMe BHYTPUKIETOUHON Cpebl, BAXKHYIO
POJIb B OTIPEIENICHUHU COCTOSIHUS BOJBI HTPACT BHEKJIETOUHBIN MAaTPUKC, OOTaThIil INIMKOIPOTENHAMH, IIPOTEOTIIH-
KaHaMM U THaTlypOHOBOM KucinoToi [11]. MIMEHHO 3TH NpOTSKEHHBIE MOJIEKYIIBI HECYT Ha CBOEH IMOBEPXHOCTH
OO0JIBITIIOE KOJIMYECTBO CBSI3aHHOMN BOJIBI, CIIOCOOCTBYIOIIEH pereHepaiuy Tkanei. Takum o0pa3oM, B HACTOSIIEE
BpEMs UMEIOTCS MHOTOUHUCIICHHBIC TaHHBIE, CBUJICTEIbCTBYIOIINE 00 YHUBEPCAIBHOCTH (heHOMEeHa MeK(pazHOM
BOJIbI U €TI0 BaYKHOW POJIM IS )KMBOW M HEKUBOU NPUPO/bL. 110 MHEHUIO aBTOPOB, 3Ta MEXAUCHUIUIMHAPHAS
00JacTh 3aCITy’KUBAET BCECTOPOHHETO BHUMAHMS.

[1] L Prandtl L Uber Fliissigkeitsbewegung bei sehr kleiner Reibung. Verhandl III, Intern. Math. Kongr. Heidelberg, Auch:
Gesammelte Abhandlungen, 2, 484-491 (1904). [2] I. llnuxtuar. Teopus morpannyHoro cios. «Hayka», M., 697 c. (1974).

[3]J. Henniker. The depth of surface zone of a liquid. RMP, 21 2,322-341. (1949). [4] T. Yakhno, V. Yakhno. Water as a Microdispersed
System. Water “Activation” Mechanism. Water Phases at Room Conditions. WATER SPECIAL EDITION: Evidence of Water
Structure, 22 p. DOI:10.14294/WATER.2021.S2 (2023) [5] G. Pollack. The Fourth Phase of Water Beyond Solid, Liquid, and Vapor.
Ebner and Sons Publishers, Seattle, 359 ¢. (2013) [6] N. Kundacina, M, Shi G. Pollack. Effect of Local and General Anesthetics
on Interfacial Water. PLoS ONE 11(4): e0152127. doi:10.1371/journal.pone.0152127 (2016) [7] G. Ling A physical theory of the
living state: the association-induction hypothesis. New York: Blaisdell, 680 p. (1962) [8] G. Ling Physical Theory of the Living
Cell. Unnoticed Revolution. "Nauka" (2008) http://www.bioparadigma.spb.ru/russianling/russianling.htm [9] C.E. IToctHOB Ponb
BOJIbI TTOTPAHUYHOTO CJIOS B )KMBOM OpraHm3Me. buodusmueckas mogens. buomemummackas paguorexauka. Nel2, C.52-56 (2008)
[10] C. IToctHOB, M. MesenueBa, P. [loguensieBa, I. lannsibaeBa, M. Cypryuesa, O. I'punkesuy, O. Jlonaruna, O. baknanoga.
HoBsle 1onixobl B OMOMEANIIMHCKOM TEXHOJIOTHHM Ha OCHOBE BOJIBI NOIPaHUYHOTO ciosi. buomenununHckas pagnorexuuka. Nel,
3-15(2009) [11] H. b. ®epanontos, C. H. Bnosuna, A. H. I'arapun, H. JI. Crpycosckas, M. I. TokmaueB. CBOHCTBa BOABI B TEJISX
THIPOPIITBHBIX MoTMMepoB. KoHIeHCHpoBaHHBIC cpelbl U Mexk(a3Hbie TpaHullsl, 13 2), 208—214 (2011).
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MOAEJIUPOBAHUE CAMOCBOPKHU BOJHbIX
HAHOCTPYKTYP

Kupos M.B., I'yaxosckux C.B.
Hncmumym kpuocghepor 3emnu TromHIL] CO PAH, 625026, 2. Tiomenw, yn. Manvieuna, 86

[TonnMaHue TPOIIECCOB CAaMOOPTaHU3AIIMN U CaMOCOOPKH BOTHBIX HAHOCTPYKTYP UMEET KITFOUE€BOE 3HAYE-
HUC JIs1 CI)YHHaMeHTaJ'II)HOﬁ HAyYKHW U COBPEMCHHBIX TGXHOJ’IOFI/IfI, BKJIrO4Yasi COBCPUHICHCTBOBAHUEC ITPOTOHIIPO-
BOJIALIMX MEMOpaH JJisl TOIUIMBHBIX 37eMeHTOB. CTpyKTypa OHMOJIOTMYECKHUX CHCTEM, a TaKKe CTPYKTypa
MOHOOOMEHHBIX MEMOpPaH SIBISIOTCS PE3yJIbTaTOM CaMOOPTaHU3AIMH PACTBOPUTEIIEH C YUACTHEM MOJIEKYJI
BOJibl. B nanHOI pabote mpencTaBieHbl pe3yJbTaTbl HCCIeI0BaHUS MEXaHHU3MOB CAMOOPraHU3aI[Mi U CaMOC-
OOpKHU BOJHBIX HAHOCTPYKTYp. KoMIbloTepHOE MOJIEIMPOBAaHNE BBIMIOIHEHO Ha 0a3e MmakeTa MeKMOJIEKYIIsp-
HOTo MojenupoBanus Tinker ¢ mpUMeHEeHUEM MOTeHIKaIa Amoeba. DTO OJMH U3 HAauOOJIee TOYHBIX Heal-
JAUTHUBHBIX MCKMOJICKYJIIPHBIX IMMOTCHIHWAJIOB IJIsI BOABI. Hap;uly ¢ TUOKOCTBIO MOJICKYJI OH YUUTBIBACT ITOJIA-
puzanuio Bcex aroMoB. [lonmydeHHble HAMM Pe3ysIbTaThl PACYETOB CBOMCTB HAHOTPYOOK JIbJIa C Pa3IUYHBIM
HaIpaBJICHUEM BOIOPOIHBIX CBSA3EH MOKA3aJn BHICOKYIO CTEIICHb COITIACOBAHHOCTH C pe3yibraraMu ab initio
BBIYUCIICHUH. IHTepeCcCHbIe 0COOCHHOCTH B3aUMOICUCTBUS KYOMUECKUX KJIACTEPOB BOABI ObLTH OOHAPYKEHBI
B XOJIE M3YyYEHHUsI CBOMCTB CIA00CBSI3aHHBIX PETYJSPHBIX BOJHBIX HAHOCTPYKTYp. B Xoze nokanbHOU CTpyK-
TYpHOM ONTUMH3ALUU YEThIPEXCEKIIMOHHOM HAHOTPYOKH JibJ]a KBaJPaTHOTO CEYEHHUS, T. €. IPU MOHOTOHHOM
CHWKEHUU OOIIeH OTeHIIMAIbHON YHEPTUHU, TTOBEPHYIIMCH JIBa KyOa, oOpa3yrormiue Tpyoky. Koneunas hopma
TPYOKH IIPH 3TOM OCTasIach MpexkHei [ 1]. 1o kpaitHe HeOOBIYHOE M3MEHEHNE CTPYKTYPhI OJJHO3HAYHO YKa3a-
JI0 HA OY€Hb CUJIbHOE crienu(pruYecKoe B3auMOIeHCTBUE KyOUYECKUX KIacTepPOB.

Janee, B X07ie MOJCIIMPOBAHHS, OBLIO YCTAHOBIICHO, YTO B KQYECTBE CTPOUTEIHHBIX OJOKOB LIS CaMOC-
60pKI/I KOHCYHBIX W NPOTAKCHHBIX CUCTEM JIYUIIC BCCIO MCII0JIb30BaTh KY6I/ILIGCKI/IC KJIaCTCphbl BOABLI C CUM-
merpueit D, u S, [2]. DT 10YTH H309HEPTETHYECKUE KIIACTEPBI 00JIA/IAI0T LEbIM PAIOM YHUKAIBHBIX U
BECbMa Ba)KHBIX CBOMCTB. BO-NepBbIX, OHU CHUJIBHO BBIAENSIOTCS MOBBILICHHONW CTAa0OMIBHOCTBIO U3 4YMCIa
JPYTUX KyOMUYECKHX M30MEPOB, a TAK)XKE U CPEI BCeX APYrux okramepoB Bojbl. [loaTomy B mpornecce 00b-
€AMHEHUS dTUX KIACTEPOB MPOUCXOJAUT UMEHHO caMocOopka 6e3 Kakoi Obl TO HM OBLIO CTPYKTYpHOH pe-
OpraHM3aliyi CaMUX KJIacTepoB. BO-BTOPBIX, 3TU KiIacTephl XOPOILIO U3YUYEHBI U TEOPETHUUECKH, U IKCIIEPH-
MEHTaJIbHO. B-TpeTbUX, OHU UMEIOT T€OMETPUYECKYIO (OPMY, UCATBHO COOTBETCTBYIOILIYIO CTPOUTEIbHBIM
6mokam. B-uyeTBepThIX, CHIbHOE cHelU(pUUECcKOe B3aUMOJCHCTBUE MEXAY 3TUMHU KjacTepaMu U MPOCThbIE
MpaBUJIa COCTHIKOBKH (BOIOPOAHOTO CBSI3BIBAHUS) OMPEACIISIOT CIIOCOOHOCTh ATUX KJIACTEPOB K CaMOCOOpKe
BBICOKOOPT'aHU30BaHHBIX CTPYKTYP, 17151 KOTOPBIX Harboliee IBHBIM CTPYKTYPHBIM MOTHUBOM SIBIISIFOTCS (ppar-
MEHTBI KBaIpaTHbIX HAHOTPYOOK Jibja. OO0beAMHEeHHE KyOUYECKUX KJIACTePOB BOJbI MOXKET IPUBOAUTH K 00-
Pa30BaHUIO YHUKAJIbHBIX KBAa3UJBYMEPHBIX U TPEXMEPHBIX KpUCTaIMYecKux cucteM. COOpKa ¢ MOMOIIbIO
OOBIUHBIX HAHOKPUCTAILJIOB, KaK MPaBUJIO, PUBOJIUT K PEKMMaM IJIOTHOM ynakoBKU. B 3ToM ciyuae penko
HaOJI0/1al0TCSl BBICOKOYIIOPSAI0YEHHbBIE CTPYKTYphl. HarpoTuB, KiacTepsl coO CTPYKTYPOU aTOMHOM TOUHOCTH
OTKPBIBAIOT BO3MOXKHOCTh Pa3pabOTKU KOHTPOJIUPYEMOM CTPaTEruu CaMoOCOOPKH.

Hccnedosanue gvinonnero npu noooepoicke Poccutickozo nayunozo ¢ponoa (Ilpoexm Ne 22-23-00092).
[1] S. V. Gudkovskikh and M. V. Kirov, Shape-shifters among water clusters, Structural Chemistry, 34, 1507-1515, 2023.

[2] S. V. Gudkovskikh and M. V. Kirov, Cubic water clusters as building blocks for self-assembly, Chemical Physics, 572 111947
(1-7) 2023.
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HccnenoBanust BOOHBIX KOJUIOMIHBIX PACTBOPOB JIIOMUHECLEHTHBIX JUAIEKTpUdeckux HaHodacTul (HY), ak-
TUBUPOBAHHBIX peiko3eMenbHbIMU HoHamMU (P3U), 1 BO3MO)KHOCTEN MX MCHONBb30BaHUS JUIs LIl MEAULINHbI
SIBJISIIOTCS. aKTyaJIbHBIM HAIPABICHUEM COBPEMEHHOW HAyKH. B 4acTHOCTH, BBICOKMI MHTEPEC K JTaHHOMY THILY
HY BbI3pIBaETCS BO3MOXKHOCTBIO TIOJTyYEHUS] CBEUCHUS JIIOMUHECLICHIIMH B IIMPOKOH CHEKTPAIbHON 001acTh OT
BaKyyMHOTO yisTpaduoneTa 10 HHPpaKpacHOTO Juana3oHa, B 3aBUCUMOCTH OT XUMHUEeCKoro cocrasa. Psaq HY,
TaKMX Kak ocdarsl win 6oparsl HekoTopbix JanTaHouaoB (La*", Lu*), nerupoBannsix P31 (Ce*, Pr’* Nd*),
ABJIAIOTCS S(PPEKTUBHBIMU CLIUHTWILIIATOPAMH. JTO JETaeT MEePCHEKTUBHBIM IPUMEHEHNE TAKUX MAaTEePUaIIOB IS
1eJield JTy4eBOoi Tepariy pakoBbIX OITyXOJIel B KaUeCTBE JOKAIBHBIX peoOpa3oBaTeseil BHICOKOIHEPTEeTHUECKOTO
Jy4E€BOTO BO30YX/I€HUsI B IPYT€ UCTOYHUKU TEPANIEBTHUECKOTO BO3AEHUCTBHS. J[J1s1 MEUIIMHCKUX UCIIOIB30Ba-
HUI He0O0X0aMM (P (PEKTUBHBINA KOHTPOJIb CBOMCTB cHHTE3MpyeMbIXx HY M KOJJIOMIHBIX pacTBOPOB: HU3Kas Je-
(beKTHOCTH M BBICOKAs (PU3MKO-XUMHUYECKask CTAOMIBHOCTh NoryyaeMbix HY, BhICOKasi CTENeHb AUCTIEPCHOCTH,
HaJIMYUE BBICOKODHEPIETUYECKOM IMOBEPXHOCTH, IIpeIsATcTByomel arperauun HY B qucriepcHOM cocTossHUU B
KHUJIKUX Cpelax U Ap. IapaMeTpoB.

B noxnanie cooOmmaercst o pe3ynbrarax U3y4eHus BIUSHUS YCIOBUH ITMAPOTEPMAIbHOTO CHHTE3a C MUKPOBOJIHO-
BbIM HarpeBOM Ha KPUCTAJUTMUECKHE, CIIEKTPAJIbHBIE U KOJUIOMIHbIE CBOMCTBA cuHTE3UpyeMbIx UV-C HaHOCIMH-
TUJLISATOPOB Ha OCHOBE MOHOKIMHHOIO LaPO,:Pr’*. Miccnenosanus IpoBOIMIMCH € MCTIONL30BaHUEM PEHTTEHO(ha-
30BOTO aHAJIM3A U ITyTeM HaOIIOEHHS CIIEKTPOB JIIOMUHECIIEHIIMH H3ydaeMbix HY rpu Bo30y>K1eHUH PEHTTEHOM.
Mopdornorust UHIUBHUIYaIbHBIX HAHOKPUCTAIUIOB ObLTa U3MEpEeHa IPY MIOMOIIIN ITPOCBEUNBAIOIIETO AIEKTPOHHO-
I'0 MHUKPOCKOIIA C TOCIEAYIOIINM aHaIn30M MUKpodoTorpaduii. J{is onpeneneHust quana3oHa KOJIOMTHOM cTa-
ounpHOCTH HY B BO/THOI cpejie ¢ pa3HbiM pH, ObLT n3MepeH ux 3eTa moteHnuat. Busyanu3zamus kommtonaasix HY
B CWJIBHO pa30aBlICHHBIX BOJHBIX pacTBOpax ¢ pa3HbIM pH npon3Boaniack Ha ypoBHE OAMHOYHBIX YACTHIL C IIPHU-
MEHEHHEM JIA3epHOTO YABTPAMUKPOCKOIA, pa0OTAIOIIEr0 B PEXUME PETUCTPALIMY CUTHAJIOB YIIPYTOTO PACCEsTHUS
CBETA B CXEME «CBETOBOIO JucTay. [1o ananusy tpaekropuit bpoynosckoro nsmwxenus HY, onpenersimch 3Haue-
HUSI THIPOJMHAMMYECKHX paJiyCcoB. AHAIN3 CIEKTPOB JIFOMUHECIIEHIIMN CUHTe3HpyeMbIX HY BBIABUI CHIIbHYIO
3aBHCUMOCTh MHTEHCHBHOCTH JIFOMUHECLICHIIMM OT YCJIOBUI cuHTe3a. B yacTHOCTH, Mcnonp3oBanue Oomnee HU3-
Koro ypoBHst pH, HecTexromeTpusi M30BITKA [0 aHMOHAM JI0 5, a TakxKe 0oJiee HU3Kasi KOHLIEHTPAIUsl PEareHToB
TIPMBOJMIIN K CYIIECTBEHHOMY Bo3pacTanuio YO-C momunecueniuy HY LaPO,: Pr*’. Dtu nmapameTpsl cunTtesa
MOT'YT BIHATH Ha MexaHu3M pocta HU, B pe3ynbrare 4ero u3MeHstoTcss uX MOp(OJIorust ¥ CTeNeHb Je(heKTHOCTH.
Pe3ynbraroM MCIIONB30BaHUS B CUHTE3€ KOMIIOHEHTa BUHHOM KUCIIOTBI OKa3aJI0Ch TO, YTO CUHTE3UPYEMBIE B 3TOM
ciyyae knactepsl HU o0naiaroT HaMMEHBIIMM pacTipeieNieHeM THAPOIMHAMUYECKUX PaInycoB B cpezie ¢ pH =9,
B TO Bpemsi kKak HY, nonmydeHnble 6e3 100aBneHnst BHHHON KUCIIOTBI, OBICTPO arperupyroT U OCENAI0T U3 PacTBOpA.

Aemopui svipadcarom dnazooapuocme bamvieosy C.X. 3a usmepenue cnekmpos peHmeeHonMOMUHeCY eHYUU,

Yeaposy O.B. 3a nonyuenue I[19M muxpouszodpasxicenuii nonyuennvix H4, Hcxaxoeoui J1./]. 3a nposedenue

P®A, Maxosy B.H. 3a nomowb 6 ananuze cnekmpog IIOMUHeCYeHyuU U NOCMosIHHOe GHUMAHue K pabome.
Hccneodosanus dviiu noooepoicanst Poccutickum nayunvim ¢onoom, epanm Ne 22-22-00998.
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UCCJEJOBAHUE CBOMCTB BOJHOI'O PACTBOPA
JIMTHOCYJIb®OHATA HATPHUA B ITIOPOBOM
MPOCTPAHCTBE IEMEHTHOM C-S-H ®A3bI

Tapapyumikus E.B.

Medicoynapoonas nabopamopus CyneproMnblomepHo20 amoMUCmu4ecko20 MOOeIUupo8anus U MHO2OMAC-
wmabnozo ananuza HUY BILD, Poccus, . Mocksa, yi. Tannunckas, 0. 34
evgeny.tararushkin@yandex.ru

JlurHocynab(poHAT MUPOKO UCHOIB3YETCS B MPOMBIIIICHHOCTH B KauecTBe aHMOHHBIX [TAB, B ToM uncne
IIPU IPOU3BOJICTBE OCTOHHBIX U JKEJIe300€TOHHBIX KOHCTpyKUui [1]. [Tpumenenue nurnocynb(oHara no3Bo-
JISIeT IOBBICUThH TEKY4eCTh OETOHHOW CMECH ¥ COOTBETCTBEHHO CHU3UTh KOJIMYECTBO BOABI, YTO MOJIOKHUTEIb-
HO CKa3bIBAETCsl HA MPOYHOCTH 3aTBepeBIIero 6erona. OMHAKO OCTaeTcs HE BBIICHEHHBIM BOIIPOC MOBEJIE-
HUSI PACTBOPEHHOTO B BOJIE JIMTHOCYNIb(OHATA B IOPOBOM MPOCTPAHCTBE OETOHA, a TAK)KE HA MOBEPXHOCTAX
THJIPAaTUPOBAHHBIX (a3 MOPTIAHALEMEHTA.

B HacTosmieit pabote ¢ moMoIpI0 METO/Ia KIACCHUECKON MOJICKYISIPHON TUHAMUKH UCCIEIYIOTCS CBOM-
CTBa BOJHOTO pacTBOpPa JIMTHOCYNb(OoHATa HATPUS, KOTOPBII PacIoNokKEH B IOPOBOM IMPOCTPAHCTBE chop-
MHUPOBAaHHOM U3 ITOBEPXHOCTEH OJHON M3 HauOosee BaXKHBIX THAPATUPOBAHHBIX LIEMEHTHBIX (ha3 — TUAPOCHU-
mukara kanbius (C-S-H). UneansHas cTpykrypa Todepmoputa 11A [2] BeiGpana B kauecte mozenu C-S-H
¢azel ¢ coorHomenneM Ca/Si=0.83. Mozenb BOIHOTO pacTBOpa ¢ OPraHMYECKUMHU MOJIEKYJIaMU COCTOUT U3
mostekyn H,O, monekyn nurnocynsdonara (C, H,,O,S,) n nonos Na'. Llenpro Monenuposanus sBjsjioCh
HCCIIEOBAHNUE CBOIMCTB BOJHOIO PACTBOPA IIPU HOPMAJIBHBIX YCIOBUSX, @ TAKXKE BBISBICHUE LIEHTPOB aJICOP-
OLME OpraHUYeCcKHX J00aBOK HA MOBepXHOCTH TobepmopuTa 11A. Kpome Toro, nccienosanach BO3MOXKHas
acCoIMalUs MOJIEKYJ IMTHOCYNIb(OHATA.

B pesynbrare MonenupoBaHus BHIYUCIEHBI CTPYKTYpHBIE U JUHAMHUYECKHE CBOWMCTBA BOJHOTO pacTBOpa
¢ monekynamu C, H O, S, B ope, chopMUPOBaHHOM K3 CTEHOK TOOEPMOPUTA 11A. Onpenenensl HeHTpHI
aficopOIUU Ha MOBEPXHOCTH TobepMoputa 11A u (yHKIMOHATBHBIE IPYIILI MOIEKYN JUTHOCYIb(hOHATA,
4epe3 KOTOPBIE OCYIIECTBIAETCA UX ancopOuus. Beisicueno, uto acconmanus mosekyn C, H, O, 'S, B BonHOM
pacTBope orpaHndeHHOM noBepxHocTsiMu C-S-H ¢a3bsr Bo3MokHA.

Uccnedosanue ocywecmeneno 6 pamkax Ilpoepammol pynoamenmanvuwix ucciedosanuti HUY BIIID.
Buiuucnenus svinonnenvt na cynepxomnvromepe «cHARISMa» HUY BLLIO [3].

[1] J. Ruwoldt, A critical review of the physicochemical properties of lignosulfonates: chemical structure and behavior in aqueous
solution, at surfaces and interfaces, Surfaces, 3, 622-648, (2020).

[2] S. Hamid, The crystal structure of the 11 A natural tobermorite Ca, , [Si,O, (OH), .]'1H,0, Zeitschrift flir Kristallographie, 154,
189-198, (1981).

[3] P. Kostenetskiy, R. Chulkevich and V. Kozyrev, HPC Resources of the Higher School of Economics, Journal of Physics:
Conference Series, 1740, 012050, (2021).
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NCCIEJOBAHUE POJIM BOJAHBIX PACTBOPOB
TEXHOJOI'MYECKHN OBPABOTAHHBIX AHTHUTEJI B
WU3MEHEHUU PAJJUOPUINYECKNX CBOUCTB JIAKTO3bI

Yepuukos /I.1O., Munakos A.B.

Hucmumym undicenepnoi usuxu u paouosnexmponuxu Cubupckozo gedepanvbhoco yHueepcumema,
660028, 2. Kpacnosipck, yn. akademura Kupenckozo, 0.28.
dchernikov@sfu-kras.ru

B pabote nccienoBana ciocoOOHOCTh BOAHBIX PACTBOPOB AHTHUTEIN, MPOMLICAIINX TEXHOJIOTUYECKYIO 00-
paboTKy (a MIMEHHO MPOIEeypy MOCIIEA0BaTEIbHBIX pa30aBiIeHNi ¢ BUOPAIIMOHHON 00pabOTKOI), BAUATH Ha
panuodusnueckue cBoiicTBa 1akTo3bl. Pagnodusndeckne CBONCTBA IAKTO3bI, IPEIBAPUTEILHO HACHIILIECHHON
UCCIIelyeMbIM 00pa3IoM (TEXHOIOTHYECKH 00padOTaHHBIN PACTBOP AHTUTEN), TEXHOJIOTUYECKIM KOHTPOJIEM
(TexHONMOTrMUECKH 00pabOTaHHAs BOJIA), a TAK e MHTAKTHOT'O KOHTPOJIS (MHTaKTHOH JIAKTO3bI, HE TTOBEPIKEH-
HOM HACBILIEHHUIO) BBIIIOJHEHBI METOIAMU CIIEKTPAIbHOIO aHAJIN3a OTKJIMKA HA BHEILIHEE BO3ICHCTBUE B BUC
HaIpaBJIE€HHOIO MOHOXPOMAaTHYECKOIO IJIOCKOIO 3JIEKTPOMArHUTHOIO IOJI MaJlol MOIIHOCTH. BHemiHee
3JIEKTPOMAarHUTHOE BO3JEHCTBUE OKA3bIBAJIOCH IOCPEICTBOM HAlPABICHHON PYIIOPHOI aHTEHHBI HA UCCIIENY-
eMblii 0Opaserr (Ui KOHTPOJIN), pa3MelleHHbIl B yamike [leTpu Ha pacctosHuu nopsiaka 1M. AHaIU3 OTKITMKA
OCYLIECTBIISJICS 3@ CUET M3MEPEHUM IIIOTHOCTH NOTOKA MOIIHOCTHU MEPEU3IYUYEHHOTO CUTHajIa ¢ TIOMOILBIO
U3MEpUTENSl YPOBHS dIeKTpoMarHuTHoro uznyuenuss TES-92 [1], a taxke aHanu3aTopa cleKTpa peajbHOTo
BpemeHn RiGOL RSA 5000 [2]. B kauecTBe HCTOYHHKA ITEKTPOMATHUTHOTO U3TYUYEHUS JIJIS BO3/ICHCTBUS HA
IKCIIEPUMEHTATIBHBIA 00pa3el] UCTIOIh30BANICS BhICOKOCTaOMIbHBIN reHepatop Keysight E8257D ser. PSG
opt. 540 [3].

V3MepuTenbHbIA SKCIEPUMEHT MPOBOAMIICS B TOA3EMHOI 0€39X0BOM KaMepe ¢ 3aTyXaHHEM BHELITHHX
MCTOYHHUKOB 3JIEKTPOMAarHUTHOTO n3ny4yenus 6oixee 50 nb B nuanazone 100 I'u — 5 I'Tu. M3mepenus mpous-
BOJWINCH TIPU TemIieparype uccienxyemoro oopasmna 37 rpan. C. OneHka HHTEHCUBHOCTH MEPEH3ITyYeHHOTO
BHEIIIHETO BO3/ICHCTBUS perucTpupoBajiach mo nokasanusaMm npudopa TES-92 B unrepsane 700 MI'u — 2.5
I'Tn 3a cuer ycpenHeHus nocnenosarenbHocT U3 10 u3MepeHnid 11 KaKoro THUIIA, UCCIIETyEMOro dKCIe-
PUMEHTAIBHOTO 00pa3Ia.

Ha cnekTpanbHON KpUBOM MOTyU€H XapaKTEpHBIM PE30HAHCHBIM MakCUMyM Ha yactorax Bosm3u 900 MI'n
— 1100 MI'1, a Taxxe psii MEHEee BBIPAKEHHBIX MOJI0C, KOTOpbIE (POPMHUPYIOTCS KaK CBOMCTBAMHU CaMOro HMC-
cieyeMoro oopasia, Tak U KoHpurypauueit 000pyJ0BaHUS U3MEPUTEIBHOTO cTeHAa. OCHOBHBIE OTIUYHS
TEXHOJIOTHUECKH 00pabOTaHHBIX 00PA3II0B 3apEerUCTPUPOBaHbI HA yacToTax Oonee 1500 MI'1 u npeacrasie-
HBI IIOCJIEI0BATEIHOCTBIO PE30HAHCHBIX ITMKOB CYLIECTBEHHO MEHbILIEH HHTEHCUBHOCTH. J{7151 nccnenoBaHus
aMIUTUTYIHBIX CBOMCTB MCCIIEyeMbIX 00pa3Ii0B MOIIHOCTh IeHeparopa i Haubosiee XapakTepHbIX 4acTOT
u3MeHsiach B uHTepBaie ot -20 dBm no 15 dBm. Haubonee ontumanbHast MOIIHOCTh BHEIIHETO BO3/ICH-
ctBust coctaBmia 0,1 dBm. [lomyuyeHHble pe3ynbTaThl MOATBEPKAAIOT BIUSHUE TEXHOIOTHYECKH 00paboTaH-
HBIX BOJIHBIX PACTBOPOB HAa U3MEHEHUE PATHO(PU3NIECKIX CBONCTB JIAKTO3bI.

[1] TES Electrical Electronic Corp. URL: https://www.tes.com.tw/en/product_detail.asp?seq=300 (mara obopamienus: 29.09.2023)
[2] RiGOL Technologies, Inc. URL: https://www.rigolna.com/products/spectrum-analyzers/rsa5000/ (zata ooparenus: 29.09.2023)
[3] Keysight Technologies, URL: https://dipaul.ru/upload/iblock/5cb/5cb9d19aa667¢c0f84142£3a059dee91.pdf (mata oOpamieHus:
29.09.2023)
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BOOHbIE PACTBOPbI B ®APMALINN

U3YUYEHUE ®U3UKO-XUMUYECKUX CBOUCTB U
BUOJIOT'MYECKO AKTUBHOCTHU BOJHBIX PACTBOPOB
JEKAPCTBEHHBIX BEHIECTB IIOCJIE TPOU3BEJEHHOI'O
TPUBOXMMHNYECKOI'O BO3JEHCTBUSA B PAMKAX UX
PENNIO3ULHUOHUPOBAHUA U MOANPUIITUPOBAHUA

Ycnenckas E.B., Cumyrnna A., Ky3pmuna E.

DI'AOY BO "Poccuiickuii ynusepcumem opyo#covl Hapooos umenu Ilampuca Jlymymownt";
117198, . Mockea, yn. Muxnyxo-Maxnas, 0. 8
uspenskaya75@mail.ru

BBenenue. BHeapenue HOBBIX JIEKaPCTBEHHBIX CPEACTB A KIMHUYECKOTO MPUMEHEHHMS - CIIOXKHBIN, ATUTEIBHBIA 1
noporocrosmuil npouecc. CieaoBaTeabHO, PEMO3UIIMOHUPOBAHIE JIEKAPCTBEHHBIX BEIIECTB, KaK (haKTOp M3MEHEHHE CTa-
Tyca OpeH/ia Iy TeM BbISIBIICHHS UX HOBBIX (DU3MKO-XUMHYECKUX CBOUCTB U OMOJIOTMYECKOI aKTUBHOCTH, TIPHOOPETAET BCE
Oonpiee 3HaUeHHE. TpHOOXUMES (OT rped. TPBOC — TPEHHE) WITH MEXaHOXUMUS BXOIUT B IECATKY BEIMKUX OTKPBITHI B
00IIacTH METOIOB CHHTE3a HOBBIX BEIIIECTB B paMKaXx «3eJeHOoN» Xumuu. [Tpon3BoaumbIil MexaHuueckuii addext mpeod-
Pa30BaHUs SHEPTUH YIAPHOTO MEXaHU3Ma B KOHTPOIUPYEMbI MEXaHHUYCSCKUN OTKIHK U Je(OPMUPOBAHKS TBEPBIX TEI,
MIPUBOJAMUT K MPOLIECCaM HETEIJIOBBIX XUMHYECKUX PEaKIri.

Ha npumepe neBodmokcanmna nonyruapara (Lvf Hh) - nekapcTBeHHOTO BemecTBa rpymnibl (PTOPXUHOIOHA BIIEPBbIC
MIPOJIEMOHCTPHPOBAHBI AP PEKTH BEBICOKONHTEHCUBHOTO MEXaHIUYECKOTO BO3/ICHCTBHSI HA IOPOIIIOK CYOCTaHITHH, TIPOSIBIISI-
eMBbIC B BHJIC HF3MCHEHHSI CBOWCTB BOJIHBIX PACcTBOPOB. [IpoieMOHCTpHUpOBaHA MO3UTHBHAS 3aBUCUMOCTS Jie(hopMUpYFOIIe-
IO HAMPSDKCHUS, aHATIOTMYHO THITUYHOMY BHYy KpuBoi bouBapa-OjuHra ¢ pacueToM yrioBoro kosdduimeHTa npsmoro
ydactka k ocu OX (tgo=10 mun') o ananoruu ¢ pacuerom moayis FOnra (pucyHok 1).

Puc. 1. Temnepamypras kpueas Hacpesa GHympu 4auiu aKmueamopa.
Ha scmasxke — enuanue nrommocmu ouciokayuii Ha npoyHocms mamepuana (kpusas bousapa-Oounea).

C nmomouipto nazepubix MetonoB ananuza (SLS, DLS) o0pa3noB-BeIrpy30k 0OHapy»eH (PeHOMEH ANUCIIEPCHOCTH BO-
JTHBIX PacTBOPOB B 00JIACTH KAaTacTPOPHUECKOr0 Pa3MHOKEHHUS TUCTIOKAINI U 00pa30BaHEeM MHOTOYHMCIICHHBIX BOJIH UX
TUTOTHOCTH. 3aBHCUMOCTH Z—CpeIHEero pazmepa vactull, {-noteHnuana u uHiaekca PDI npencraBneHsl B BUie CKauKo-
00pa3HbIX, IEPHOTUIHBIX KOJIeOaHMH, aHAIOTHYHBIX TiepexonaM MeeKToB U ImpuMeced BOMM3M sapa auciaokanuu. Mc-
CIIETOBAHUST KHHETUKH PACTBOPCHUS B BOJIC METOIOM JIa3epHOM AU(PAKIMK MPUBEIIO K BEIBOAM O JIMMUTHPYIOLICH -
(y3MOHHOI CTauu M YyCKOPEHUH PACTBOPEHUS B YCIOBHSX KaK JIMHEHHOM, TaK U IJIACTHYECKOH nedopmanuy. 3HaueHne
KaxcyIiercs sHepruu aktupaiuu Ea (k/[x/Moib) mpoliecca rudesu KIeToYHOro OHoceHcepa, yCKOPSIeMOro B TeMIIepaTyp-
HOM auanaszoHe oT 296 o 302 K (Spirotox-meros), yka3blBaeT Ha 3HAUYUTEIbHOE (B 2,5 pa3a) yMEHbIIEHHE TOKCHYHOCTH
BomHoTo 9 MM (1:3) pacTBOpa 00pa3na-BEITPY3KU MOCTE MTPOU3BEICHHOTO MEXaHUIECKOTO BO3IECHCTBHUS B CPaBHEHUH C
ncxonHoi cyocranmueit Lvf Hh.

BriBoap!. JlekapcTBeHHas cyOcTaHIMsA, TPETEPIIEB TPUOOXUMHIUECKOE BO3/ICHCTBIE, M N3MEHHUB CBOM CBOWCTBA, MOYKET
OTKPBITh HOBbIE TOPU30HTHI B IPUMEHEHNH, B YACTHOCTH B PEIIO3UIMOHNPOBAHUN CBOMX (papMaKOKMHETHYECKUX U (ap-
MaKOJIMHAMUYECKHUX CBOWCTB.

[1] E. Uspenskaya, A. Simutina, E. Kuzmina, et.al. Exploring the Effects of Cramped-Impact-Type Mechanical Action on Active
Pharmaceutical Ingredient (Levofloxacin)—Prospects for Pharmaceutical Applications, Powders, 2, 464-483, (2023).
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MUKPO®JIOUIHBIE IUCIIEPCHBIE CUCTEMbI HA
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Be3pykoB A.H., Ocunosa B.B., lN'uasameraunos FO.T.

Kaszanckuii hayuonanvhulil uccnedoeamenbCKull MexHoI02UYeCKULl YHUGepCUumen,
420075, 2. Kazanw, yn. K. Mapxca, 68
a.bezrukov.knrtu@yandex.ru

MuxkpodonHbIe YCTPOUCTBA ¢ KaHAJIaMH IIMPUHON OT HECKOJIBKHX JIECATKOB JI0 COTEH MHUKPOH SIBIIS-
IOTCSl YIOOHBIMH CUCTEMaMH JUISI TIOJTYYECHUsI BOAHBIX JUCHEPCUI HAAMOJICKYISIPHO-OPTaHU30BAHHBIX Cpell,
Takux Kak xxujkue kpuctaiwibl (ZKK) [1]. BO3MOXXHOCTh TOHKOTO PETYIUPOBAHMS FTEOMETPUN KaHATIOB MUKPO-
KHJIKOCTHBIX «YUIIOB» M IOTOKOB BOJHON M OPTaHUYECKOM (ha3 MO3BOJISIOT TeHEPUPOBATH YaCTUIIBI AUCTIEPC-
HOMU (pa3bl ¢ BO3MOKHOCTBIO JTAIbHEHIIIETO pacipeaesieHs] MOA0OHBIX YaCTHIl KaK B TIOTOKE BOJHOM Cpebl,
TaK ¥ Ha CTEHKaX MUKpOKaHaya. HyBCTBUTEIBHOCTh ONTHYECKUX cBOMCTB JKK-nucnepenii k pa3imyHbIM MO-
JIEKYJISIPHOM areHTaMm B BOJHOM (pa3e, JISKUT B OCHOBE CO3/IaHUs CEHCOPOB ¢ uHTerpupyemoit XXK-marpurieit
JUTSL 3a71a4 MOJICKYJISIPHOM AMarHOCTUKH [2].

B nacrosiieit pabote mpeacTaBieHbl pe3ylabTaThl UcciaenoBaHuil [3, 4], B KOTOPHIX aHAJIU3UPYETCs MPO-
[[ecC TeHepaluu TUCTICPCHON (a3bl Ha OCHOBE HEMATHYECKHUX XKUAKUX KpucTtaluioB MBBA u JKK-1282 B
BOJHOHM JMCIIEPCUOHHOM cpenie B MUKPOQUIIOUIHBIX YCTpoicTBaX (HOKycHpOBKH MoToka. PaccmarpuBaercs
BiMsHUE 100aBoK ITAB 1 TemMneparypbl Ha TUApoOIMHAMUYECKUE pexkuMbl renepannu JXXKK-nucnepcuii B Mu-
kpodroniHoM KaHae. O0cykaaeTcsi BO3eCTBUE JaHHBIX (PaKTOPOB, a TAKXKE CPEHEH CKOPOCTH MOTOKA
BOJHOH (ha3bl HA ONTHYECKUE CBOICTBA Kareilb Me30(has3bl, HIMMOOMIN30BAHHBIX Ha CTEHKaX MUKpPOKaHaJa.

BrrsiBiieHb! pexxuMbl ycToiunBoi reHepanuu kanenb JKK-amynscun B BogHoil (dase. [TokazaHo, uto npu
COOTHOIIEHHH CKOPOCTEH MOTOKOB opranuueckoii u BogHo# (a3 UXKK/Usox < 0,3 aucniepcuu KK dpopmupy-
10TCs TpU KOHIIeHTpatuu [TAB ot 1 MMOJIB/JT B IIMPOKOM JHaria30HE CPeIHEH CKOPOCTH MOTOKA B MUKPOKaHa-
ne ot 0.1 1o 5 mm/c. C nanbreimuM poctom cootHomenuss UXKK/UBoa nponcxoauT NOCTENeHHBIH Mepexo
K napamiensHsiM notokam JKK u BogHo# (a3 B Mukpokanaie. st Mme3ogassl B MOJOOHBIX MapaielbHbIX
HECMEIIMBAIOIIUXCA CPEAaxX BBISBICHA 3aBUCUMOCTb OPUEHTALIMOHHBIX U ONTUYECKUX CBOMCTB OT CpeAHEN
CKOpPOCTH IIOTOKA.

[TokazaHo, uTo IS Karenb Me30(]aszbl, IMMOOMIN30BAaHHBIX Ha CTEHKAaX MHMKpOKaHala XapaKTepHa rome-
OTpOITHAsE OPUEHTALHS MOJICKYJT OTHOCUTEIBHO TPAHUIIBI pa3zieiia BOIHON U OPraHUYecKoi (a3 mpu KOHLEHTpa-
u [TAB ot 5 mmons/n. Ilpu 5TOM BBISIBIIEHA KOJIWYECTBEHHAsT KOPPEISIMS MEXKTY ONTUYECKUM CBOMCTBAMHU
MOAOOHBIX AUCTIEpCHid, KOHIIeHTpaluei [TAB 1 ckopocThio TOTOKa BOAHOM (ha3bl PH Pa3ITUUHBIX TEMIIEpaTypax.

YcraHOBIIEHHAs! 3aBUCUMOCTh OpHEHTalMOHHOro noseneHus aucnepcuit KK B BonHO# cpene Mukpoditro-
WJIHOTO KaHaja MpH pa3inyHbIx gobaBkax [TAB, BappHpOBaHUN CKOPOCTH MOTOKA M TEMIIEPaTyphl OTKPHIBACT
JIOTIOJIHUTENIBHBIE BO3MOXKHOCTH CO3J@aHUsI MUKPOTEXHOJIOTUYECKUX YCTPOUCTB ¢ MHTErpupoBaHHON JKK-Ma-
TPULEH C IPUMEHEHNUEM B KaUE€CTBE CEHCOPOB Pa3IMYHBIX MOJIEKYJISIPHBIX ar'€HTOB B BOIHBIX PACTBOPAX.

Paboma sevinonnena npu gpunarncosoti noodepoicke Munucmepcmea Hayku u gvlcuieco oopazosanusi PO Ne
075-01508-23-00.

[1T1Y. G. Kim, S. Park and S.-H. Kim, Designing photonic microparticles with droplet microfluidics, Chemical Communications,
58 (74), 10303-10328, (2022).

[2] L. Lin, W. Li, X. Wang, Y. Xie, Y. Li and Z. Wu, Functional Liquid Crystal Core/Hydrogel Shell Microcapsules for Monitoring
Live Cells in a 3D Microenvironment, Analytical Chemistry, 95 (5), 2750-2756 (2023).

[3] A. Bezrukov and Y. Galyametdinov, Orientation Behavior of Nematic Liquid Crystals at Flow-Wall Interfaces in Microfluidic
Channels, Coatings, 13 (1), (2023).

[4] A. Bezrukov and Y. Galyametdinov, Tuning Molecular Orientation Responses of Microfluidic Liquid Crystal Dispersions to
Colloid and Polymer Flows, International Journal of Molecular Sciences, 24 (17), (2023).
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YUCJEHHOE UCCIIEJOBAHUE CMEIIEHUA IBYX
"KUJKOCTEH B 3SMEEBUKOBOM ITPOTOYHOM
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'Cubupcruii pedepanvruiii ynueepcumem, 660074, Poccuiickas @edepayus, Kpacnosapck, np. Ceoboonwiii, 79
Unemumym mennogpusuxu um. C.C. Kymamenaosze CO PAH, 630090, Poccus, Hosocubupck, np. Jlaspenmvesa, 1
perpetuityrs@mail.ru

B nanHO# paboTe ¢ MOMOIIBI0 METOIOB BBIYMCIUTEILHOW THIPOAUHAMUKHN MPOBEICHO YHCICHHOE MCCIICIOBAHUE
BITUSTHUS PACXOJI0B CMETIIMBAIOIIIIXCS YKUAKOCTEH Ha 3PPEKTUBHOCTD UX CMEIICHISI B MUKPOUYHUTIE 3MEEBUKOBOTO THIIA.
Kanan cmemenus nmeet 21 m3ru6 Ha 180° omHOTO M TOTO K€ BHYTpeHHero paamyca R = 1 mm. B monepednom ceude-
HUU KaHaj KBaJpaTHBIM ¢ AnuHOM cTopoHsl 1,1 MM. CTeHKH KaHaja MajKue, IIepOXOBaTOCTh OTCYTCTBYET, HA CTCH-
Kax pealn3yloTcs yCiaoBHs npuiaunanus. Ha Bxone B mMpOTOYHBIN MUKPOPEAKTOP 331aBaTUCh CIEIYIOIINE TOCTOSIHHBIC
00bEéMHBIE pacxobl cMecu: | mur/muH, 5 mi/mMuH, 10 Mut/muH, 15 Ma/mus, 20 mi/MuH. [ uaeHTUGUKAITIN CMEIICHUS
HCIIOJIb30BAJIaCh KOHIIEHTPAITUS KPACUTENs, BEICTYIIAONIAsI B POJIH MTACCUBHOTO CKaJsIpa, HUKOUM 00pa3oM HE BIUSIO-
IET0 Ha THApOauHAMUKY Tporiecca. Koadhdumment quddy3nn kpacuTens B BOIE 3a1aBajiCcs MOCTOSIHHBIM U PaBHBIM
2,63-107'° m*/c. B mepBoM cilydae HadalbHOE pacIpeieeHne 3a1aBajioch CIEAYIOMNM 00pa3oM: B OJHOM YacTH ILIO-
maau Bxoza (90% oT riomia u) BEIONHIETCS HHAIIMATH3AIHS BelecTBa ¢ KoHmeHTpanuei 10%, B Apyroi yacTu mio-
maau ciost (10% ot tutomanu) — ¢ konueHTpanueit 90% (Bapuant 90/10). Bo BropoMm ciiydae B OJHOW YaCTH TUIOIIAIH
Bxoza (80% OT II0IIa /(1) BBITOIHSISTCS MHUIIMATU3AIIMSI BeIleCTBa ¢ KoHIeHTparuei 20%, B IPyroi 4acTu TUIOIAIH
ciost (20% ot 1utomaan) — ¢ kouteHTparueit 80% (Bapuant 80/20).

B pesynbrare 4nciIeHHOTO MOIETUPOBAHUS OBLTH TOMYYEHBI pacIlpelesicHuUs ToJiel CKOPOCTEH, MaBICHUN M KOH-
HEeHTpanui (mpuMep U KOHIIEHTpany Mmoka3aH Ha puc. 1). [lomydensr mpodwmu pacnpenenenus uncia PeitHombaca
n yncna JluHa Bo Bcel TpEXMEpPHON 00IaCTH IMMPOTOYHOTO MUKPOPEAKTOPA, OTPEIEICHBI 3aBUCHMOCTH (D (hEeKTUBHOCTH
CMEIIICHUS JKUIKOCTEH, CTATUYECKOTO JIABJIICHUSI B MUKPOPEAKTOPE U JPyTUe TPEOYIOIINUECs BETMYNHBI K 3aBHCUMOCTH.
Beuto oOHapykeHO, YTO OCHOBHOW BKJIAJ] B CMEIICHHWE BHOCST O0JACTH M3TMOOB MHUKDPOpPEAKTOpa, riie HaOIHIacTCs
HauOOJBITNH JIOKATBHBINA Mepenaa TaBIcHUs U Hanboiee BRICOKUE 3HaueHus uncen PeitHonpaca u JJuna. Takum o6pa-
30M, €CJIM YMEHBIIUTD JJIMHY COCTABISIONIMX MUKPOPEAKTOP MUKPOKAHAIOB, MOXXHO YMEHBIIIUTh NIEpenaj JaBIeHUH,
He CHIXast YPPEKTUBHOCTH CMEIICHHS MUKPOPEAKTOpa, YTO MPUBEAET K MOBBIIICHAUIO eT0 dHeproaddextuBHoCcTH. C
pOCTOM pacxojia )KHIKOCTH TpeOyeTcss MeHbIlIee KOIMYECTBO MUKPOKAHAJIOB ISl JOCTH)KEHHUS TIOCTOSIHHOTO PeXuMa
CMEIIIEHUs. YMEHBIIICHUE UX KOJIMYECTBA TAKKE MPUBEIET K CHIDKCHHIO TIeperajia NaBJICHUN, 4TO elié OOJIbIIIE TTOBBICHT
3HEPro3(PEeKTUBHOCTh PACCMOTPEHHOTO MHKPOPEaKTopa. MOXKHO CJIeNIaTh BBIBOJ, UYTO PACCMOTPEHHBIA MHKPOPEaK-
TOp JOCTATOYHO IPPEKTUBEH ISl CMELICHHsI JXUAKocTeH. [IoMUMO 3TOro, ObUIO YCTAHOBICHO BIMSHHE HadyajabHOIO
pactpesiesieHrs KOHIEHTPALMH )KUIKOCTH Ha CMENIEHUE U OTCYTCTBUE ATOTO BIMUSIHUS HA THAPOAMHAMUKY Ipolecca, a
MMEHHO, TIPH JIF00OM U3 BapHAHTOB PacxXojia KUIKOCTH Hanbolee d3PPEKTUBHBIM SBJISUIOCH YCIOBHE, KOT/Ia KPACHUTENb
MOJIaBAJICS B KaHAJ I10 €ro MPaBOi CTEHKe, a Xy/uias 3((heKTUBHOCTh CMEIICHHUS — MPH 10/1ade KPACHUTEJIs 110 BEPXHEH
crenke (puc. 1).

Pucynox 1 — Ilpogunu konyenmpayuu 6 NONEPEUHOM CEUEHUU HA 8bIX00€ U3 MUKPOPEAKMOPA NpU pacxooax
arcuokocmu cresa-nanpaso: 1 mu/mun; 5 ma/mun; 10 ma/mun; 15 ma/mun; 20 ma/mun. Iooaua kpacumens 6 Kanai:
a) no eepxueti cmenke; 0) no 1e6ol cmeHKe, 8) No NPAGOU CMeHKe
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IToka3zaHa BaxxHasi poJib BOZABI IPU KBAHTOBOM KBa3HJIOKMHIE, IIPEICTABIISIFOIIEM COOOM JBYX3TAIIHBIN J10-
KHHT: TIO3MIIMOHUPOBAHUE JINTaHa B O€JIKe-MHILIEHH M PACUeT SHTAJIBIUU CBA3bIBaHUS Oenok-nurani. [lpu
KBAaHTOBOM KBa3UJOKHHIE CHayasla ¢ MOMOUIbIO KJIACCUYECKOTO CHJIOBOTO IT0JIsI HAXOIUTCS IIMPOKUIN CIEKTP
YHUKAJIbHBIX HU3KOPHEPreTUYECKUX MUHUMYMOB CHCTEMBI OEJOK-TMraHaa. 3aTeM SHepruH BCEX 3TUX MU-
HUMYMOB II€PECUNTHIBAIOTCS C TOMOLIBI0 COBPEMEHHOIO KBAaHTOBO-XMMHUYECKOTO MOITYIMIUPUUYECKOTO Me-
TOZIa, ¥ OIIPEeIIsIeTCs TT00ATbHBIN SHEpreTHYeCKiii MUHUMYM. Perienne 3a1a4u KBaHTOBOTO KBAa3UIOKHUHTa
IpeCTaBIseT cOO0H MoJIoKeHUe IUranaa B OeJike, COOTBETCTBYIOIIEE HAWICHHOMY I100aIbHOMY MUHUMYMY
SHEPrUM, BBIUUCICHHON KBAaHTOBO-XUMUYECKUM METOIOM. YCIEUIHOCTh JOKHHIA ONPEAENISIETCS BEIUUNHON
CPEIHEKBAPAaTUYHOIO OTKJIOHEHHSI aTOMOB JIMTaH 1a IPYT OT pyra B IBYX MOJOXKEHUSX: B ITOJIOKEHHE JINTaH-
na B Oeske, COOTBETCTBYIOIIEE HAllIGHHOMY INI00AaJbHOMY MUHUMYMY SHEpPIUH, U B 3aKPUCTAIITM30BAHHOM
MOJIOKEHUH ITOTO JIMTaH/1a ¢ OeJIKOM, OTPe/IeTICHHBIM YKCTIEPUMEHTAIBHO. MalloCTh 3TOr0 OTKJIOHEHUS, CKa-
’keM MeHbIe 2 A, ykasbIBaeT Ha yCHENIHOCTh JOKHHIA — BBICOKYIO TOYHOCTh MO3UIMOHMPOBAHMS JIUTaH/a
IIpY KBAaHTOBOM KBa3HJIOKuHTre. [TokazaHa BaxkHasi poJib yuyeTa Bo/ibl B KOHTUHYalnbHOU Mozenun COSMO s
JOCTUKEHHS BBICOKOM TOUHOCTH IO3ULIMOHUPOBAHMS ITPU TOKMHTe. KBaHTOBBIN KBAa3UIOKMHT BBIIIOJIHEH IS
25 TecTOBBIX KOMILIEKCOB Oenok-nuran u3 Protein Data Bank. JI1s1 KOMITIEKCOB, AJsT KOTOPBIX KBa3HIOKUHT
OKa3aJICsl yCIICIIHbIM, BEIYMCIICHA SHTAIBINS CBSI3bIBAHUS OCJOK-TUraH]l P y4eTe MOABMKHOCTU ONvKai-
IIMX K JIMTaHly aTOMOB OeJIKa, U MPOBEJCHO CPABHEHUE BHIUMCIICHHBIX 3HAUCHHUH C SKCTIEPUMEHTAIBHO U3Me-
PEHHBIMHU SHTAJIBIUSAMU CBsI3bIBaHUS. KBa3UAOKHMHT BBINIOIHEH /IS JIByX CYIIECTBYIOLIMX BApMAHTOB MOJEIU
pactBoputens COSMO u COSMO?2 u aByX KBaHTOBO-XUMHYeCKUX MeTo10B PM7 u PM6-D3H4X. Tloka3za-
HO, 4T0 KoMOuHanus PM7/COSMO naet He TOJbKO 0ojiee BHICOKYIO TOUHOCTD MO3UIIMOHUPOBAHUS JINTAHA
B Oernke, HO M 00Jiee BHICOKYIO KOPPEISILUIO BEIYUCICHHBIX 3HAYEHUI SHTAIBIINHU CBSI3bIBAHUS OCIOK-JIUTaH]
C KCIIEPUMEHTAJIbHBIMU 3HaueHUsIMU. [loiTydeHHbIe pe3ynbTaThl YKa3blBalOT MyTh pealn3alii KBAHTOBOTO
JOKHUHTA, B KOTOPOM IJI00QJIbHBIA MMHUMYM 3HEPTHUH CUCTEMBI OEJOK-IMTaH]l, BBIYMCIEHHONW KBAaHTOBO-XHU-
MHUYECKHM METOJIOM, OyZIeT cpa3y HaXOAUTHCS B Pe3yJIbTare MPOoLEeAypbl IT00aTbHONW ONTUMH3AIIHH.

Hccnedosanue svinonneno 3a cuem epanma Poccutickoco nayunoeo ¢ponoa (npoexm Ne21-71-20031).
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Heiitepuii, cTaOUIBHBIN TSHKEIBIN M30TON BOJOPOAA, MIPUCYTCTBYET B MPUPOAHOM BOJIE B KOHIICHTPALIUU
15-17 mM (130-150 ppm), T. e. 6onee BBICOKOH, YeM MHOTHE METa0OJIUTHl U MOHBI. buomorudeckas poib
JelTepus Havasla U3y4yarbCcsi BCKOpe mocie ero oTkpbiTus B 1932 rony [1], u xk 1940 . Ha 3Ty Temy ObLIO
oryOnukoBaHo 6onee 200 HayyHBIX paOOT. bblTH caemaHbl MHOTOUNCIIEHHBIE OTKPBITHS, OHAKO HEKOTOpbIE
BIIOCJIE/ICTBUU HE MOATBEPANUIIHCH.

ITocne nepepseiBa, CBA3aHHOIO €O BTOpOI MUPOBOM BOWHOM U PEKUMOM CEKPETHOCTU BOKPYT SIEPHOIO
MIPOEKTa, B KOTOPOM JCUTEpUi UTpall HEMAJIIOBAKHYIO POJIb, MyOIMKaluu BO300HOBWINCH B 1960x romax.
Oco0yto TpyImny COCTaBIsUIM pabOThI, B KOTOPBIX KOHLIEHTPALUsS JACUTEpUs MPEBOCXOMIA MPUPOAHYIO He
Oosiee yeM B HECKONIBKO pa3. OOHapyeHHbIe OHooruueckue u onoxummuueckue 3(h(HexTsl ObUTN 3a4acTyIo
HaMHOTO 3HAYUTEIbHEE, YEM 0XKMJIAJI0Ch.

Tak, B.1. Jlo6b1meB ¢ koyuteramu Hauu B 1970x rr., 4To B Bofie € 2-3 KpaTHBIM NPEBBIILICHHEM YPOBHS
JeUTepus 1Mo CPaBHEHUIO C MPUPOIHBIM, HEKasl perpe3eHTaTUBHAs OMOXMMHUYECKOH peaklusi yCKOpUIIach Ha
50% [2].

B nauane 1990x I'. [llomunaii ¢ koyuieramu noATBEpAWIN u3BecTHoe ¢ 1930xX rofoB yBelIMYeHUE CKOPOCTH
pOoCTa KJIETOK MpU MOBBIILIEHUU KOHLIEHTPALUK AEUTEpHs], U HAIlJIU 3aMEUIEHUE pOCTa C IOHUKEHUEM ITON
KOHLEHTpAIMK HUKe pupoaHoii [3]. Hu ofHa u3 cymiecTByromuX TEOpHil He MOIvIa, OJHAKO, OOBbSICHUTH Ta-
kue dpdextrl. C nosenerreM B 2009 . runoressl H30TOMHOTO pe3oHaHca [4,5] cTano BO3MOXKHO MpeacKa3aTh
9TH U JPYTUE SBICHMUSL.

Ho Ha MonekynsspHOM YpOBHE pOJIb AEUTEpHs KaK PeryiasTopa KJIETOYHOIO POCTa CTajla MOHATHA TOJIBKO
HEJIaBHO: PETYJIMPOBKA POCTA MPOUCXOIUT 32 CYET U3MEHEHHS OKUCIIUTEIbHO-BOCCTAHOBUTEIBHOTO OanaHca
B MUTOXOH/IPHUSIX, IPOTOHHBIE HACOCHI KOTOPBIX BECbMa M30MpaTeNIbHBI IO OTHOILICHMIO K JeiTepuo [6,7].

[1] Barnes, T.C. A possible physiological effect of the heavy isotope of H in water. ] Am Chem Soc 55, 4332-4333 (1933).

[2] Lobyshev, V.I., Tverdislov, V.A., Vogel, J., lakovenko, L.V. Activation of Na,K-ATPase by small concentrations of D20,
inhibition by high concentrations. Biofizika 23, 390-391 (1978).

[3] Somlyai, G., Jancso, G., Jakli, G., Vass, K., Barna, B., Lakics, V., Gaal, T. Naturally occurring deuterium is essential for the
nomal growth rate of cells. FEBS Lett 317, 1-4 (1993).

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

[5] Xie, X., Zubarev, R.A. Isotopic Resonance Hypothesis: Experimental Verification by Escherichia coli Growth Measurements.
Sci Rep 5, 09215 (2015).

[6] Zhang, X., Gaetani, M., Chernobrovkin, A., Zubarev, R.A. Anticancer effect of deuterium depleted water - redox disbalance
leads to oxidative stress, Mol. Cell. Proteomics 18, 2373-2387 (2019).

[7] Zhang, X., Wang, J., Zubarev, R. A. Slight deuterium enrichment in water acts as an antioxidant: is deuterium a cell growth
regulator? Mol & Cell Proteomics 19, 1790-1804 (2020).
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B psine pabot mokazaHo, 4To BUOpalmoHHAss 00pabOTKa pacTBOPOB B XOJ€ MPOIECCa MHOTOKPATHOTO
pa3baBieHUs MeHSeT UX (U3MKO-XUMUYECKUX CBOMCTBA M OMOJOTHYECKYIO AaKTUBHOCTH, a MOJIydaeMble
MHOTOKpaTHO-pa30aBieHHbIe pacTBOpsl (MP) mpuoOperaroT Tak HazpiBaeMoe MoAHpHUIIpYIOTIee TEeHCTBIE
Ha MCXOJHOE BEIIEeCTBO W/MJIM €ro KOMIIJIEMEHTapHyto MulleHs [1]. B wacTHOCTH, TpU UCCIEJOBAaHUN MO-
mudunupyromero aeicteust MP o0pa3iioB moka3aHo M3MeHEHHE TUAIEKTPUIECKON MPOHHUIIAEMOCTH pac-
TBOpOB [2—4] YDII, cnocobnoctu k nornomienuto B TI'1 quanazone [5] u u3nydeHuo B paanoanana3zoHe
[6]. PusuKO-XMMHUYECKHE CBOMCTBA 1 OMOJIOTHYECKasi akTUBHOCTh MP 00pa31ioB conpsikeHbl Mexay co0oi
Y HEJIMHEHHO 3aBUCAT (OOBIYHO MOJIMMOJAIBHO) OT YKCIa MPOBEACHHBIX pa3BeJeHUIl, COMPOBOKIAEMBIX
BHOpanmoHHoi 006pabotkoit [2,7]. [Tokazano Bnusaune MP antuten k nuHTepdEepoHy ramMmma Ha KoH(popMma-
LIUI0 UHTEp(EepoHa yepe3 BO3/AeHCTBUE HA ero rupaTHyo o0onouky[8,9]. Takxke cooduanoch o0 BIUSHUU
MP pacTBOpOB Ha cpely U MOJIEKYITY-MHUIIEHb PacioyiokeHHbIX psiioM [10,11]. B Hacrosiee Bpems akTy-
aJIbHBIM BOIIPOCOM SIBIISIETCS OTNpEeIeHIE HAJIUUUs COOTBETCTBUS MEXIY crocoOHOcThi0 MP anTHTEN K
U3JIy4EHUIO B paJuouana3oHe U UX OMOJIOTHYECKON aKTUBHOCTHIO.

JUis pelieHus: JaHHOTO BOMIpoca ObLIO MPOBEIEHO HUCCIIe0BaHUE C MPUMEHEHHUEM METOIOB PaJuoMe-
Tpun B [T o6mact MP 00pa31ioB u olieHKa BIPAOOTKH aKTUBHBIX ()OPM KHCIOpoaa HeHTpodrramu (Imo-
cJle MX IMCTaHTHOM nHKyOanuu ¢ MP oOpa3naMun) MeTo1oM XeMUITIOMUHECIIEHIIMU. BBl HccnenoBan obpa-
3en, coaepxkamuiit MP antuten k untepdepony-raMmma, a B KaueCTBE KOHTPOJIEH — oOpasell, coaepKaini
MP pactBOp BOABI, 1 00pa3el] UHTAKTHOMN BOJbI/JTAKTO3BI.

N3mepenust poBOAMINCH HAa PACCTOSHUAX MEXKIY JeTeKTopoM U oOpasuoM ot 0,5 go 3 cm. [lokasano,
YTO YMEHBIIEHHE MIJIOTHOCTH MMOTOKA MOLHOCTH H3iydyeHuss MP o0pa31oB aHTHUTeN K UHTEpPEPOHY ramma
ONMCBIBAETCS KBaIPAaTUYHON 3aBUCHMOCTBIO OT PACCTOSIHUS MEXAY JE€TEKTOPOM U U3MEpPSIEMbIM 00pa3oM
¢ koadppunuentom aerepmuHanuu 0,9998 (Puc. 1). Otnuuus mexay obpazamu, conepxamumu MP antu-
TeJ, U KOHTPOJIbHBIMH 00pa3IlaMH OCTAIOTCS CTaTUCTHYECKH 3HAYUMBIMHU TTPH U3MEPEHUSAX Ha PACCTOSHUU
1o 1 cm. Ilpu 3ToM npu u3mepeHuu Ha pacctostHuM 0,5 cM MIOTHOCTH MOTOKA MOIIHOCTH 00pa31oB, coaep-
xamux MP anturen, npumepHo Ha 250% OGosibliie MO OTHOIIEHHUIO K KOHTPOIsAM. bblio goruyHo mpenro-
JIOXKUTh, YTO € U3myuyeHueM MP-00pa31oB B pajguoaurana3oHe MoXKeT ObITh CBsI3aHA UX OMOJIOTHYECKas aK-
TUBHOCTB. U AeiicTBUTENBHO, OblJIa OOHApYKEHa CX0Xkas 3aBUCUMOCTh MHTEHCUBHOCTU XEMUJIIOMUHECIIEH-
MK HeUTpouiIoB (00yCIOBICHHON BIPAOOTKON UMHU aKTUBHBIX (DOPM KHUCIOPO/A) OT PACCTOSHUS MEXKIY
KIOBETOH ¢ HelTpodmnamu u KoBeToit ¢ MP anTuTen k maTEpdepony ramma (uiu KoHTposismu) (Puc. 2).

Taxum 06pa3zom, MokazaHo, YTO NPUTOTOBIEHUH MP 10 TeXHOIO0rUM, CONPOBOKAAEMON BUOPALIMOHHBIM
BO3JelicTBHEM, ToNydaemble MP aHTUTEN K MHTEpPEpOHY ramMmma 00J1aJal0T CIIOCOOHOCTBIO K U3IYyUEHHUIO
B paJMOAMAIA30HEe U JUCTAHTHOMY BIIMSHUIO Ha aKTUBHOCTh CYCHEH3UU HEUTpO(dUIOB. DTO MOATBEPKIa-
eT, 4YTO OnoJsiornueckas akTUBHOCTh MP 3aBUCAT HE OT cozepKaHusl B HUX PACTBOPEHHOI'O BEILLIECTBA, a OT
M3MEHEHUs (PU3MUYECKHX CBOMCTB B X0Jle BUOPALIMOHHOTO BO3/IEHCTBUS.
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Puc. 1 ITnotHOCTH MMOTOKA MOTIHOCTH OMU (50MI'11-3,5T T'1r)
00pas3IoB JTaKTO3bl, HACKIIIEHHOI oOpastamu MP anTuTen x
nHTep(hEepOoHy TaMMa, Ha Pa3HBIX PAaCCTOSHUSAX. Pe3ymbrars
npeacTasieHsl B popmare: Cpegnee + CTaHmapTHOE OTKIIO-
HEeHHe. ANMPOKCUMAIINS KPUBOH C pe3ylbTaTaMH H3MEpEHHUN
00pa3IoB JTaKTO3BI HACKHIIICHHBINH 0Opa3namu MP anTHTeN K
nHTep(EpOHY TaMMa BEITIOJIHEHA KBaPAaTHIHBIM TPEHIOM.
p < 0,05 — mpu cpaBHEHWNH ¢ 00pa3aMHi HHTAKTHOH JTaKTO3BI
(*) wm 1aKTO3bI, HackIIIeHHOH MP BojbI (#)

Puc. 2 Hopmann3upoBaHHast ”HTEHCHBHOCTH XEMITIOMHUHEC-
LEHIINH CYCTICH3UH HEWTPO(MIOB MOCIIe YacOBOH WHKyOa-
LIUH KIOBETHI C KJIETKAMH Ha Pa3HbIX PACCTOSHUAX OT KIOBEThI
¢ obpaznamu MP anTHTEN K HHTEpHEPOHY TaMMa.
Pesynsrarel mpeacrasiensl B ¢opmare: Cpemnee + Cran-
JaptHoe oTkioHeHHe. 3a 100% mnpuHATa MakcHMabHas
WHTEHCUBHOCTh XEMIJIIOMMHUCLIEHIIMM WHTAKTHOH KyJIbTY-
PBI HEUTPODHUIOB B CUCTEME C JIFOMUHOJIOM M aKTHBAaTOPOM
fMLF.

p < 0,05 — mpu cpaBHeHNH ¢ Bozoit (*) mmu MP Bozs! (#)
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OCOBEHHOCTHU BOJHBIX PACTBOPOB BUOJIOT MYECKHU
AKTHUBHbBIX COEIUHEHUN

Odunepos E.H.', Aynxkun U.!, Kpoimenko 0., Xa3ues P.2, Kypaiokos A.2

' Poccutickuil xumuxo-mexnono2uueckuil ynusepcumem umenu J.M. Menoeneesa
Dakynvmem XuUMUKO-hapmayesmuyecKux mexHoio2utl U OuomeouyuHckux npenapamos, Mockea, Poccus
’Kazanckuii 2ocyoapcmeennwiil meouyunckuil ynusepcumem, Kazano, Poccus
ofitser@mail.ru

CBolicTBa OPraHU4ECKUX COCAMHEHUN B COOTBETCTBUU C TEOPUEH XMMUYECKOTO CTPOCHHSI OPraHUYEeCKUX
coemuaennii A.M. bytieposa (TXCOC) onpenensitorcst X CTPYKTYPOH, IIPH 3TOM MX PAaCTBOPHI CUUTAIOT-
Csl ICTUHHBIMH U BO BCeX palbO0Tax 1o KUHETHKE B UTOTOBOM YPaBHEHUHU CKOPOCTH PEaKIMU KOHLEHTPALUs
Ounonornyecku akTUBHBIX coennHeHnil (BAB) BxonuT, kak rpaBuiio, B nepBoii crenenu: dC/dt = k[ bAB[[pea-
2enm| vin 11 pepMEHTATUBHBIX peakuuii 1o Muxasnuc-Menren dC/dt =V [BABJ/([BAB] + K ).

Opnnako, HaMu OOHapyx)eHo, uTo psig BAB Ha camom jiese B BOIHOM pacTBOpe 00pasyroT 3a CueT camoac-
colMaluy HaHoyacTuilbl pazmepoM oT 10 1o 100 uM. Pa3mepsl HaHOYACTHUIl ONPENEIIAIOTCS KOHUEHTpALie
BemiecTBa B pactBope. K takum BAB otHocsTes dmaBonous! (kBepuerus (KB) u qurunpoxseprietun (JIKB),
PYTHH, JUOCMUH H Jp.), U Aake ackopOuHoBas kuciora (AK), xumudeckre 1 OMOJIOTHYECKHE CBOMCTBA KOTO-
POIi, KaKk CUMTaETCs, JOCTAaTOYHO XOPOILIO UCCIIEI0BAHbI.

Puc. 1. ,ZZuMep aCKOp6uH0601;l KUCjonibl, KaK 9jl1emMenniapHoe 36€eH0 HaHoYacmuybl

Nmenno oOpa3oBaHrneM HAHOYACTHUIL U TTOCIICAYIONIEH UX arperaueil ¢ 00pa3oBaHUEM OCAJIKOB OOBSICHS-
€TCs IJI0Xasi PACTBOPUMOCTD ()JIABOHOUIOB U BEIIECTB APYTUX KIIACCOB, UMEIONINX OINpeneaEHHbIe PyHKIINO-
HaJIbHBIC TPYIIIbI, B BOJIE, @ IOCTHXKUMYIO KOHIIEHTPAIUIO MOXKHO TPAKTOBAaTh KaK KPUTUYECKYIO KOHIIEHTpa-
LIMIO CYIIECTBOBAHUS HAHOYACTHII B paCTBOPE.

OO0pasoBanue HAHOYACTHI] OOBSICHSIET HIU3KYIO PACTBOPUMOCTH ITHX COSJAMHECHUH B BOJIE, HE CMOTPS HA Ha-
muaue 0ombInoro koiaundectsa OH-rpymim B ariinkoHe WU TIIHKO3WIMPOBAHKE, BOCIIPUHIMAEMOE Kak (pakTop
MOBBIIICHUS] PACTBOPUMOCTH.

Hamu ycTaHOBIE€HBI CTPYKTYpHBIE 3JE€MEHTBI, 00€CIEeUMBAIONINEe HAHOArPETUPOBAHUE: HAJIMYUE BUIIH-
HAJIBHBIX TUOJTBHBIX ParMEeHTOB (MUPOKATEXWH WK YKBaTOopHaibHbie OH-rpymibl B caxapax) U KapOOHHITb-
HBIC TPYTIIBI, CIIOCOOHBIE 3aHATh TOJIOKEHUE, CIIOCOOCTBYIOIIEe 00pa30BAaHUIO BOJJOPOTHBIX CBSI3EH.

MOoKHO KOHCTAaTHPOBAaTh, YTO BCE KUHETUUYECKHE PE3YJIbTAThl, MOJYYCHHBIC ISl TAKUX COCIUHEHUM, B
YaCTHOCTH, KOHCTaHThI OKUCJICHHUS] aCKOPOMHOBOM KHUCIJIOTBI, OTHOCSATCS HE K MCXOJIHBIM MOJIEKYJaM KaK Ku-
HETUYECKH HE3aBUCHUMBIM YaCTHUIAM, a K HAHOACCOIIMAaTaM, U JIOJKHBI YUUTHIBATH KOHCTAHTY AMCCOLIMALINU:
nmbAB === nbAB .

OOpasoBaHue HAHOACCOIIMATOB IMOATBEPXKIIAET TaK ke oOpazoBaHUe KoHyca TWHAANS W JTa3epHas TuHa-
MUYECKasi KOppesiuoHHas crekTpockomnus. CTpyKTypa accoluMaToB MOJATBEPKACHA METOJaMU KBAHTOBOM
XUMUU U CIIEKTPOCKOIHUH.

Asmopuwl npusnamenvusl npogh. M.FO. Koponesoti u eé compyoHukam 3a nomowb 8 8biNOIHEeHUU
O0auHoU pabomul.
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THE IMPACT OF DEUTERIUM CONTENT IN WATER ON
CELL CYCLE REGULATION AND GENE EXPRESSION-THE
EFFECT OF DEUTERIUM DEPLETION ON THE SURVIVAL
AND RECURRENCE OF CANCER PATIENTS

Somlyai G.

HYD LLC for Cancer Research and Drug Development, HYD Pharma Inc. Villanyi ut 97.
Budapest, 1118 Hungary

The pH shift of cytoplasm to alkaline after mitogen stimulation was considered already in the early 80’s
as a key step before cell division commences. Today, to create inhibitors of Na"/H" exchanger (NHE), the
predominant membrane transporter to regulate intracellular pH, is one of the most promising strategies to
develop anticancer drugs. This concept is strongly supported by the fact that reversed pH gradient in cancer
cells, the highly acidic extracellular pH are hallmarks of all malignancies. The data also suggest that NHE
is sensitive to deuterium concentration, as recovery of intracellular pH after acidification was modified by
altering deuterium level of the medium. In in vitro experiments, deuterium-depleted media (30-100 ppm D)
inhibited but D-enriched media (300-600 ppm) stimulated growth rate of different cancer cell lines. To reveal
the effect of D on the genes having important role in the cell cycle, expression of 237 cancer-related and 537
kinase genes was investigated by NanoString technology.

Gene expression in A549 lung cancer cells in media containing 40, 80, and 300 ppm D was compared
to cells growing in media containing 150 ppm D. Interestingly, only 6 cancer-related and 1 kinase genes
showed inhibition higher than 30%, while the expression of 123 cancer-related and 134 kinase genes was
stimulated over 30%, respectively. An in vivo mice study revealed that deuterium-depleted water (DDW)
inhibited the expression of genes having key role in tumor development after carcinogen exposure and on
the long-term DDW inhibited tumor development. A retrospective analysis of human data confirmed that
integration of deuterium depletion into conventional therapy drastically reduced the relapse rate, as out of 204
cancer patients, who started consuming DDW in remission, only 13 patients were lost during the 1,024 years
of the cumulative follow-up time.

We suggest that the highly activated NHE discriminates between hydrogen and deuterium and prefers to
transport the lighter isotope elevating the intracellular D/H ratio, which is the key regulator of metabolism
and gene expression, as the consequence of the highly acidic extracellular pH. Properly working mitochondria
produce deuterium-depleted metabolic water and are able to control cell growth by reducing the D/H ratio, but
mitochondria in cancer cells are dysfunctional. Application of DDW can inhibit the growth of cancer cells, as
the replacement of normal water with DDW will substitute for the function of damaged mitochondria.

[1] Beata Zs. Kovacs, Laszlo G. Puskas, Lajos 1. Nagy, Andras Papp, Zoltan Gyongyi, Istvan Forizs, Gyorgy Czuppon, I1dikd
Somlyai, and Gabor Somlyai (2022). Blocking the Increase of Intracellular Deuterium Concentration Prevents the Expression of
Cancer-Related Genes, Tumor Development, and Tumor Recurrence in Cancer Patients. Cancer Control 29:1-11.

[2] Gabor Somlyai, Lajos I. Nagy, Laszlé G. Puskas, Andras Papp, Beata Z. Kovacs, Istvan Forizs, Gyorgy Czuppon and I1dikd
Somlyai (2023). Deuterium Content of the Organic Compounds in Food Has an Impact on Tumor Growth in Mice. Current Issues
in Molecular Biology 45:66—77.

[3] Natalia V. Yaglova, Sergey S. Obernikhin, Valentin V. Yaglov, Svetlana V. Nazimova (2019) Time-dependent effect of deuterium
depletion on tumor growth and metastasis. Russian Open Medical Journal. 9(2):1-4.
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U30TOIHBIN COCTAB BOJIbl U ®U3UKO-XUMUYECKHUE
CBOMCTBA JIEKAPCTBEHHBIX CPE/ICTB

Jlepunkas OQ.B., Coipoemiknn A., [lnerenéna T., Yenenckas E., Ororoesa /l.

Kageopa gpapmayesmuueckoti u moxcuxonoeuueckou xumuu, Poccutickuii ynusepcumem opysicovl Hapooos
umenu Iampuca Jlymymowi, 117198, 2. Mockea, yn. Muxnyxo-Maxnas, 0. 6. Poccus.
levitskayavolha@gmail.com

Bona siBisieTcss OCHOBHOM cpesioil mpoTekaHus peaklnii, B TOM YHcie OMOXMMHUYECKUX, a TaKKe YHUBEP-
CaJIbHBIM PACTBOPHUTENEM Ul M3TOTOBJICHUS JKUAKUX JIEKapCTBEHHBIX (popM. Hammexariee kauecTBO BOJBI
obecrieyrBaeT OE30MACHOCTh U BBICOKYIO OMOJOCTYIHOCTD JIEKAPCTBEHHBIX cpencTB. Duznyeckue, Xummye-
CKHe U OMOJIOTHUYECKHE CBOMCTBA BOJBI CUIILHO 3aBUCST OT €€ H30TOMHOTo coctana [1]. OxHako umb B pen-
KHX CcIy4asx B (papMaKonesx BCTPEYarOTCs CTaTbU O BOJAX Pa3IMYHOrO U30TOIHOTO cocTana [2].

Buonornueckue 0OBEKTHI Pa3HOTO YPOBHs OpraHu3aliy (OT MOJEKYISPHOTO M KJIETOYHOTO YPOBHS J0
YeJI0OBEYECKOT0 OpraHu3Ma) OKa3alucCh BHICOKOUYBCTBUTEIbHBIMU K cooTHomeHnI0 D/H Boasl. O6eqHeHHas
neiirepuem Boaa (0,5 MM HDO, DDW) no cpaBHEHHIO ¢ BO/IOI MPUPOIHOTO M30TOMHOTO coctara (16 MM
HDO) MoxeT U3MEHATh CKOPOCTh M MEPEKIII0YaTh META0OINYECKUE Iy TH IUPOKOTO CIIeKTpa (pusnonornye-
ckux mporeccoB [3]. buonornyeckast aktuBHOCTD (Spirotox-test) papmaneBTHUECKUX CyOCTaHIMKA U BCIIO-
MOTaTeIbHbIX BEIIECTB, KaK MO OTAEIbHOCTH, TaK M NMPH KOMOMHUPOBAHHON Bo3neiicTBuu, B DDW B psne
CJIy4aeB Ha MOPAJKH OTIIMYAETCS OT BOJBI C ECTECTBEHHBIM COJAEP/KAHUEM IEUTEPHSL.

OO6pa3oBanue CTaOMIN3UPOBAHHBIX JCUTEPUEM T'eTEPOr€HHBIX BOAHBIX KJIACTEPOB B TAKMX MHOTOKOM-
MIOHEHTHBIX T'aJICHOBBIX JIEKAPCTBEHHBIX Ipernaparax, Kak HaCTOMKH, 00ecreyrnBaeT UX BHICOKYIO OMOJIOTH-
YEeCKYI0 aKTUBHOCTb U CTAOMIBLHOCTh. BoJHBIE pa3Be/ieHHs HACTOEK KaJeHJYyNbl, 3BKAJUNTA U BaJepUaHbI
XapaKTepU3yIOTCSl HAIMYMEM YCTOMYMBOM MOJIOCHI Ha pa3MEPHBIX CIEKTpax B HaHoAManazoHe. CTaOuiIbHbIE
HAHOYACTHIIBI B BOJHBIX PACTBOPAX MOTYT UI'PaTh POJIb NEPEHOCYUKOB OMOJIOTHUECKH aKTUBHBIX KOMITOHEH-
TOB B KJIETKY, HallpUMep, MyTeM NUHOLUTO3a. CIMPTOBbBIE pa3BENECHUS JEMOHCTPUPYIOT MOIUIUCIEPCHOCTD,
BKJIIOYAs YaCTUIbl MUKPOHHOI'O IMana3oHa.

Takum 00pazoM, H30TOMHBINA COCTaB BOJBI PE3KO MEHSET XMMUYECKHE U OMOJIOTMYECKUEe CBOMCTBA KHUJI-
KHX JIGKAPCTBEHHBIX (OPM M OMOJOTHUYECKUX JKUAKOCTEeH. BiusHIEe M30TOMHOTO cocTaBa BOJbl HA CKOPOCTh
BBICBOOOXKICHUS (papMalleBTHUECKUX CYOCTaHIIH, UX MPOHUKHOBEHHE Yepe3 KICTOYHYI0 MeMOpaHy U OHo-
TpaHc(hopMaIMIoO yKa3bIBaeT Ha HEOOXOAUMOCTh aJbHEUIIINX UCCIIEJOBAHUI B ’TOM HaIPaBJICHUU.

[1TA.V. Syroeshkin, T.V. Pleteneva, E.V. Uspenskaya, O.V. Levitskaya, [.V. Tarabrina, S.N. Novikova, [.A. Zlatskiy, deuterium as a
tool for changing the properties of pharmaceutical substances/ Int J Appl Pharm, Vol 13, Issue 4, 2021, 65-73

[2] European Pharmacopoeia, 11th Edition 2023 — Supplement 11.2. EDQM Council of Europe, 2023. [Internet]. Available from:
https://online.uspnf.com/uspnf

[3] L. Zlatskiy, T. Pleteneva, A. Skripnikov, T. Grebennikova, T. Maksimova, N. Antipova, O. Levitskaya, M. Makarova, I.
Selivanenko, A. Syroeshkin Dependence of Biocatalysis on D/H Ratio: Possible Fundamental Differences for High-Level Biological
Taxons, Molecules, 25, 4173 (2020).
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MUUEJJIAPHBIE BOJIHBIE CUCTEMbI KAK
HAHOKOHTEMHEPHI IEKAPCTBEHHBIX CPEJICTB U
QOPEKTUBHBIE CPEAbI 114 ®PAPMALHEBTUYECKOI'O
AHAJIN3A

BakeeBa P.®, I'apmonos C.

Kaszanckuii hayuonanvhulil uccnedoeamenbCkull MexHOI02UYECKULl YHUGEPCUmen,
ya. Kapna Mapkca, 68, Kazans, 420015
E-mail: gurf71@mail.ru

WHTepec K CO31aHUI0 CUCTEM JI0CTaBKH JICKAPCTBEHHBIX CPEICTB K OMOMUILICHSIM, T/1€ HAHOKOHTEHHEpaMu
CITy>’KaT MMLEJUIBI, BbI3BAH MPOCTOTOH MX (OPMUPOBAHMS 32 CUET CaMOCOOPKHU MPH OINpPEeICHHBIX KOHIICH-
Tpauusx u Temmneparypax. JBmwKyiei cuioil B 3TOM citydae SIBISETCs IPOIecC COMOOMIN3AIMU KaK MOJIsIp-
HBIX, TaK U HEMOJISIPHBIX JIEKAPCTBEHHBIX BEIIECTB 32 CUET UX JIOKATU3AIMH JINOO B 00JIACTH TOJIOBHBIX IPYIIII,
1100 B 001aCTH YIIIEBOIOPOIAHBIX paguKkanoB. OJHAKO CYIIECTBYET BO3MOXHOCTh Pa3pyIICHUS MHLEIIISAP-
HBIX HAHOKOHTEHHEPOB B NMPUCYTCTBUU HEKOTOPHIX BELIECTB, U TPEOYIOTCS JOMOTHUTEIbHbBIE HCCISIOBAHUS
0 YIyYIIEHUIO cTabuiabHOCTH. Takas jke 3a/auya BO3HUKAET MIPU MPOBEACHNUHU (hapMaIleBTUYECKOTO aHaIM3a
B MUILICJUIIPHBIX MaTpULIaX.

[Tpu mpoBeeHuN papmManeBTHUECKOro aHaIN3a IUPOKO UCIOIB3YETCSI CIEKTPO(OTOMETPHUS, UTO 00y CIIOB-
JICHO ee MPOopabOTaHHOM METOAMYECKON 0a30i, JOCTYMHOCTBIO anmnaparypbl U YHUBEPCAIbHOCTBIO IO OTHO-
IICHUIO KO MHOTUM o0ObekTaM (papmannu. OJHAKO 3TH ONPENEICHUS B Clydae MPOU3BOJHBIX aPOMATHUECKUX
aMHMHOB YacTO OIPaHMYUBAIOTCS TPOOIEMOI N30MPATETbHOCTH U YYBCTBUTEIBHOCTH aHAIN34a, YTO IPUBOIUT
K HEOOXOAMMOCTH NPUMEHEHUS CEJIEKTUBHBIX PEareHTOB, KaK MPaBHJIO, B OPraHUYECKON WJIM CMEIIaHHON
cpene. Bee 3To 3HAUUTENBHO YCIOXKHIET MPOLEAYpY aHain3a, TpedyeT obecrneueHss YCTOMUNBOCTH CIIEK-
TPOXMMHUYECKHX PearcHTOB, 00Pa3yIOMIUXCs MPOU3BOIHBIX, MOBBIIIAET CTOMMOCTh M OMACHOCTh aHAIM3a 32
CUET UCMOJIb30BAHMSI TOKCUUHBIX OpraHUYecKUX pacTBopureneil. OuH U3 BO3MOXKHBIX IIyTEH pELIEHUs 3TOU
po0IeMbl — UCIOIBb30BaHUE B (hapMalleBTUUECKOM aHAJIM3€ OPraHU30BaHHBIX Cpell, B YaCTHOCTH, COZIEpIKa-
IIMX MULEIUIIpHBIE cCUCTEMBI. 1Ipy 3TOM B Muuemiax noBepXHOCTHO-aKTUBHBIX BeulecTB (IIAB) mpoucxo-
JUT YBEIMYCHHE PACTBOPUMOCTH TUAPO(POOHBIX U TUAPOPUIBHBIX PEAareHTOB, MOBBIIICHUE arperaTuBHON
YCTOMYMBOCTH (DOTOMETPHPYEMBIX CUCTEM, U3MEHEHHE CKOPOCTH PEAKIIM peareHTOB ¢ JIEKapCTBEHHBIMU Be-
IIECTBaMH, IIPUYEM Yallle BCEr0 Ha MPAKTUKE UMEET MECTO COBOKYITHOCTh 3THX 3((PEKTOB U CYIIECTBEHHOE
YBEJIUYECHUE UHTCHCUBHOCTH I10JIOC ITONIOLICHUS.

dopMupoBaHHE MULEIUTSIPHBIX CUCTEM SIBIISIETCS CIIOKHBIM IPOILIECCOM, BKITIOUAIOIIMM OOJIBIIOE KOJTUYe-
CTBO HE3aBUCHMBIX IIEpEMEHHBIX. HaMu n1oka3aHo, 4TO €CIu MULICIUIIPHBIE CPEIbI UCIIONb3YIOTCS KaK MaTpH-
1a (U1 MPOBEACHUS aHATTUTHYECKUX ONPEAETICHNUI), TO BO3MOXKHA €€ ONTUMU3aIHs Onaroaps UCHoIb30Ba-
HUIO METOZOJIOTUU ITIOBEPXHOCTH OTKJIMKA U Au3aliHa bokca-beHkeHa.

Onucano UCIONb30BaHNE MUILICIUIAPHBIX CUCTEM JIJIS CIEKTPO(POTOMETPUUECKIX ONPEACTICHUN TPOKauHa,
JATIICOHA, HUTPOKCOJIMHA U 5-aMUHOCAJIMLIMIOBOM KUCIIOTHI B BOAHBIX U BOJHO-OpPraHUUYecKux cpenax. Ilpu
3TOM ONpE/ETICHUsT BO3MOXKHBI Kak 0e3 JepHBaTHU3AIMH JICKAPCTBEHHBIX BEILECTB, TAK U C TOIYYEHUEM HX
OKpAILICHHBIX IIPOU3BOIHBIX.

IIpoBeneH au3aiiH ONTUMAJIBHBIX MaTPUL U ONTUMU3UPOBAHBI BPEMEHHBIE 3aTPaThl IIPU UCIOJIb30BAHUU
METOJI0OB XEMOMETPUKH, B YACTHOCTH METOIOJIOTMHU IIOBEPXHOCTU OTKJIMKA U TPEXYPOBHEBBIX IUIAHOB bOk-
ca-benkena. IIpuBonsarcs pe3ysbraTsl IPUMEHEHHST METONOJIOTHH IIOBEPXHOCTH OTKIIMKA C AU3aliHOM bok-
ca-beHkeHa I OnpeeseHus JIEKapCTBEHHBIX BEIECTB IIPU UCIOIb30BaHUU B Ka4€CTBE MATPULIBI MULIEI-
JApHBIX cucTeM. lIpruMeHeHne nociegHNX Ha OCHOBE pa3IMYHbIX KATUOHHBIX, aHUOHHBIX U HEMOHHBIX [IAB
MO3BOJISIET IPOBOIUTH N30UPATEIbHBIC U UyBCTBUTEIIBHBIC OIPE/ICICHHS aHAJTUTOB B JIEKAPCTBEHHBIX (POpMax
B BUIe TaOJIETOK U PACTBOPOB Ul MHBEKIINH, a TAKXKE B OMOIOTHYECKHX JKUAKOCTSIX.
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SOPEKT CHUKEHUS TOKCUYHOCTU NPOTUBOBUPYCHOM
CYBCTAHIIMU PUBABUPHH B CPEJJAX PACTBOPEHUS
PA3HOU MPUPO/IbI

KaseimoBa U.B., bypaakosa A., Yenenckas E.

DPIAOYBO «Poccutickuii yrusepcumem opyorcovl Hapooos umenu Ilampuca Jlymymovl»
117198, Mockea, yn. Muxnyxo-Maxnas, 0. 6.
kazimova.ilaha96(@gmail.com

Beenenue. [Ipmenenue pubaBuprHa CBsI3aHO ¢ MHOTOUHCIICHHBIMU OCIIOKHEHUsIMHA. Hanbonee yacto HabmromaeMbIM
HEXEJATeIbHBIM OOOYHBIM SIBJICHHEM SIBJISICTCSI reMotuTHYecKas aneMust. CIie10BaTelibHO, aKTyallbHbI HCCICIOBAHMS,
HampaBJICHHBIC Ha pa3pabOTKy CIOCOOOB CHIDKEHHSI TOKCHISCKUX A((HEKTOB, UTO U TIOCTYXKHIIO IIEThI0 HACTOSIICH pa-
OOTEHI - o1leHKa YPPEKTUBHOCTH CHIDKEHUSI TOKCHIHOCTH (papmarieBrudeckoit cyocranimu (PC) pudbaBupun (Ribavirin)
rpynmnsl npotrBoBupycHbIX JIC (Jiangling Benda Pharmaceutical Co., Ltd., China). J{7st 3T0ro Obi1 npuMeHEH OpUrHHAIb-
HBIIl METOJ] OMOTECTHPOBAHUS C UCIOIB30BAaHUEM Sp. ambiguum B COYETAHUM C MOJCIBHOM CXeMOi (hepMEHTATHBHOM
kuHeTuKr Muxasnmuca-MenreH. [locTraHoBKka SKCIieprMeHTa 3aKI04aiach B MCCIIEIOBAHUN KIIETOYHBIX TIEPEXO/IOB B BO-
JIHBIX PACTBOPAX JIMTAHIOB (JICKAPCTBEHHBIX BEIIECTB) PA3IMYHON KOHIICHTPAIIMHU C STAllOM MPOXOXKICHHUSI IEPEXOTHOTO
cocTostHAS (pUCYHOK 1).

Pucynox 1 - Kunemuueckas cxema 63aumooeiicmeust Kie-
MOYHO20 peyenmopa ¢ TU2aHOOM.

Kp - koncmanma pasnosecusi oopamumoti cmaouu, fim-
KOHCMAHMA CKOPOCMU HeoOpamumoz20 nepexood Kiemku
6 mepmeoe cocmosinue [2].

PactBopsr @C roToBUIM B cpenax pa3iM4HbIX pacTBopHUTenei: yaprpaunctoi Boae (Milli-Q, p=18 MOwmxcM, mpu
T=25°C) u npupoasom komiuiekce rymunoBbix kuciot (I'K, comepkanue cyxoro ocrarka -7,34-107 r/mi, VimaVita,
P®) pazsenennoro ¢ Bozoii B cootHomenuu 1:1000. Cratuctryeckas 00paboTKa pe3yabTaToB OCYILECTBIANIACH B yCIIO-
BHUSIX TIOBTOPSIEMOCTH (repeatability) n 3akimouanack B onenke X+ SD nmpu n=3 ¢ ucnons3oBanuem [10 Origin Pro 9.1.

Pesynwrarel nemoHcTpupyroT, uto pasBeneHne OC c¢ 'K, pa3BeneHHOro ynsTpauucTOW BOAOH B COOTHOLIEHHH
(1:1000) mpUBOIUT K YBEIMYCHHUIO BPEMEHH KU3HU KIETOYHOTO OMoceHcopa (PUCYHOK 2).

Pucynok 2 - 3asucumocmo
8peMeHU HCUSHU KTLeMOYHO20
buocencopa Sp. ambiguum
(Ouazpamma «0o3za-omeeny)
8 pacmeopax-pasee0eHusx
pubdbasupurHa—ouazpamma
«003a-omeemy 8 KOOPOUHA-
max “t,sec — pC”. A- Booa
MilliQ; b-Komnnexc I'K

Jnist onpenesneHus Tokcndeckoi KoHIeHTpauun (C, MOJb/IT) TPUMEHSUIIM MaTeMaTHYeCKUM Moaxox - MeTooM Hbro-
ToHa. [l BOAHBIX pacTBOpoB pubasupuna C, =3,7MOIIb/JI, pACCYNTAHHBIE KHHETUYECKHE TIAPAMETPhI ypaBHEHH Mu-
xasmuca-Menten: fm=18,2 ¢'; Kp=2,5 - 10 mons/n. [lns pactBopoB pubaBupHHa, NpuroTosieHnsx Ha ¢ I'K:H O:
C,.=2.4 mons/n, fm=1,0 ¢™'; Kp=0,3 - 10 mons/n. [TomyueHHble naHHBIE JEMOHCTPUPYET criocobHocTh 'K cHmkars
TOKCHYHOCTB IpoTtuBoBHpYycHOro JIC. BriBoasl. IloyueHHbIe pe3ynsTaTsl MOTYT OBITh UCIIONB30BaHbI B IPOMBIILICH-
HOCTH C LeJbI0 ynyuieHus ¢papmaxonoruyeckoro npoduis @C B nporecce X NpoU3BOACTBA.

[1] A.B. Ceipoemkun, [lopMaHTHBIE (GOPMBI KIETOK W CIOPHI: KHHETHYECKAas TEOPUs KIETOYHBIX MpPEBPAIICHUHA, DIIEKTPOHHBIH KypHAT
«MCCIIEAOBAHO B POCCHUN»,1206, ctp. 112, (2001).] B.T. [lonsk, Meron HbioToHa u ero posib B ONTUMH3AIMK U BBIYUCIUTENHLHON
maremaruke, MHcTuTyT cucremuoro ananusa Poccuiickoif akanemuu Hayk (MCA PAH), 28, ctp. 48-65, (2000).
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BJUAHUE 3HAYEHUSA PH HA TOKCUYHOCTDb BOJHbBIX
PACTBOPOB IIMHKA CYJb®ATA HA OCHOBE METOJA
SPIROTOX

Xoanr Txu Hrok Kynnb, Koaguna A.M.

Poccutickuti ynusepcumem 0pysicovl Hapooo8 Hapooos umernu Ilampuca JIymymoewt,
117198, . Mockea, yn. Muknyxo-Maxnas, 6

[{uHK UrpaeT BaXKHYIO POJIb B CHHTE3€ M aKTUBAIMK OCJIKOB U (DEPMEHTOB, PETYISIIIUU POCTa KIETOK, OH
HeoOxonuM ais crabmmmzanuu crpykrypsl JIHK u PHK, ygacTByeT B mpoHHMIIaeMOCTH KJIETOUYHBIX MEMOpaH
U ydacTByeT B Apyrux ¢usmuonornueckux ¢ynkuusax [1]. Ilpocreiimme Spirpostomum ambiguum BBICOKO
YyBCTBUTEIIBHBI K BADHATUBHBIM YCIOBUSAM CpEJbl, 0COOEHHO K COACP)KaHUIO HOHOB TSDKEJIBIX METAJIOB, Ha-
JMYUIO (PyHTUIMIOB U JIEKAPCTBEHHBIX MpernapaToB [2]. MeTo olleHKH OMOJIOrHYeCKOi aKTUBHOCTH Spirotox
— 9TO UCIIBITAHHWE HA TOKCUYHOCTH C MCIIOIB30BAHUEM MpOocTeHmux S. Ambiguum, KOTOpbIE YCTOMYUBEI B
mMpokoM Juarnazone pH ot 5 1o 8 u npu pa3nuyHBIX TeMIepaTypax B €CTECTBEHHON cpesie OOUTaHus, 03~
TOMY yKa3aHHbII OTHOKJICTOUHBIA OPTaHU3M MOXKET OBITh LIEHHBIM HHCTPYMEHTOM IIPH OIICHKE 3aBUCUMOCTH
TokcmuHOCTH OT pH cpenpl. Heckonbko uccnenoBanuii ¢ mukpoBogopocisimu (Chlorella, Chlamydomonas,
Scenedesmus u Pseudokirchneriella sp.) mokazanu yBeinnueHre TOKCHUHOCTH PACTBOPOB, COJIEPKAIINX HOHBI
METaJUIOB, TpU Bo3pacTaHuu pH BeiencTBHe CHIKEHHSI KOHKYPEHLMH MEXAy MOHaMH MeTaiioB U H+ Ha
nmoBepxHOCTH MeMOpaHsI [3]. OgHaKo, s mpocTermux S. Ambiguum yka3zaHHasi B3aUMOCBSI3b MeXIy pH u
TOKCHYHOCTBIO MOHOB ITUHKA HE YCTaHOBIIEHA. Llens paboThl: yCTaHOBUTH 3aBUCUMOCTh TOKCHYHOCTH BOIHBIX
pacTtBopoB cynbdara nuHka ot usmenenus pH (5.0-6.5) ¢ momorrsio Mmerona Spirotox. Marepuansl 1 METO-
nel: pactBopsl ZnSO, -7H,O ¢ xonuentpanueii 0.01M HeoTGHUIBTPOBaHHBIE U MPOLIEAIIHE GUIBTPOBAHUE €
MOMOIIBbIO CYyOMHKpOHHOTO (priibTpa ¢ pazmepom mop 0.22 um (Merck Millipore, USA); nemoHu3upoBaHHas
Bona ([D/H] = 140 ppm, npomeamas ounctky Ha yctaHoke Milli-Q, Merck Millipore, USA), repmocrarupy-
eMBIH 5-TyHOUYHBIH IUTAHIIET C ycTaHOBIeHHOM Temmeparypoit oT 22°C no 28°C ¢ marom B 2°C (Lauda Alpha
6, Germany), 6unokyiasip MBC-10. 3nauenne pH pacTtBopa KOppEeKTHPOBAIU PACTBOPOM CEPHOM KHCIIOTHI
(H,SO 4pa36.) WJIY TUAPOKCUIA KAJIHS (KOHpasG_). O0paboTka pe3ynbTaTOB OCYIIECTRISIIACH C UCTIOIH30BAHHEM
1O Origin Pro 9.1 (OriginLab, CIIIA).

Pesynprarel u 0OCyXkaeHUE: Ha pUCYHKe | mpencTaBiieH
rpaduK 3aBHCUMOCTH 3HAYECHUS SHEPIMM AKTHUBAIUM JIMTAH-
MHAYIHpYeMOl rubenu Spirostomum ambiguum OT 3HaYECHHUs
pH B pactBope ZnSO,-7H,O (n=5) npu konuenTpanuu 0.01M.
ITpu yBennuenun 3HaueHus pH or 5.0 no 6.5 sHeprus axTtu-
Banuu Ea nmocrenenHo cHrkaercs oT 139.7+8.8 kJx/Momb 10
52.9£10.6 x/lx/monb. [{st pactBopa (pH=6.5), ordunsrpoBan-
HOTO U MCIIBITAHHOTO Yepes 2 4, SHEPTUsl aKTUBAIIUH COCTABUIIA
52.740.3 x/Ix/monb. [TokazaHo, 4TO pU U3MEHEHUU 3HAYCHUS
pH pacTtBOpa, a KOHKPETHO MPH MOBBIIICHUH, YHEPTHs aKTHUBA-
IIUM YMEHBIIAETCS, YTO YKA3bIBAECT HA MOBBIIIEHUE TOKCUYHO-
CTH pacTBopa Juid S. ambiguum.

[1] H. Tapiero, D.M. Townsend, K.D. Tew. Trace elements in human physiology and pathology: zinc and metallothioneins, Biomed.
Pharmacother, 57, pp. 386-398, (2003).

[2] Nalecz-Jawecki G. Spirotox-Spirostomum ambiguum acute toxicity test-10 years of experience, Environ.Toxicol., 19(4), pp.
359, (2004).

[3] Karyn L. Wilde, Jennifer L. Stauber, Scott J. Markich et al. The effect of pH on the uptake and toxicity of copper and zinc in a
tropical freshwater alga (Chlorella sp.), Arch. Environ. Contam. Toxicol., 51, pp. 174-185, (2006).
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I'EHEPAIIUA CUHI'JIETHOI'O KUCJIOPOJA
XJOPUHOBBIMA ®OTOCEHCUBUJ/IN3ATOPAMMU B
BOJHOM U HICEBAO-JIUIINAHOM OKPYXEHHUUA

KyctoB A.B."?, MopmineB @.K.'?, Benenukron E.A.', bepe3un /I.B.’

'@I'BYH Unemumym xumuu pacmeopos um. I A. Kpecmosa PAH,
153045 Hsanoeso, yn. Axademuueckas, o. 1
@OI'BOY BO «Heanosckuil 20Cy0apcmeenblil XUMUKO-MEXHOI02ULECKUTL YHUBECPCUMENy,
15300 Hsanoso, Lllepememesckuii np., 0. 7
e-mail: kustov26@yandex.ru

®doronunamuueckas tepanus (OT) sBisercs ManmonHBa3UBHBIM 3()(PEKTUBHBIM METOAOM JICUCHUSI MHO-
KECTBA MMOBEPXHOCTHO PACIIOIOKEHHBIX OMYXOJIEH U JIOKAIN30BaHHBIX MHPEKIUH, U BO MHOTHX CITy4asx Mo-
KeT ObITh MCIOJIb30BaHA KaK 3((EKTUBHOE JIOMOTHEHUE K XUPYPrUUE€CKOMY BMEILATENbCTBY, JIy4eBOM, XU-
MUO- uiau antuOnotukorepanuu [1]. Kimtouebim komnonenToM OJIT sBisiercs dorocerncudbunuzarop (PC),
KOTOPBIM CIIOCOOEH CENeKTHUBHO aKKYMYJIUPOBAThCSI B OIyXOJEBBIX/MUKPOOHBIX KJIETKaX U MPHU aKTHUBAIUH
CBETOM 3aJJaHHOW JUIMHBI BOJHBI U MOIIHOCTH 3()P(PEKTUBHO I'e€HEPUPOBATh AKTHBHBIE (POPMbI KUCIOPOAA
(ADK) u, npexne Bcero, cuariieTHbIN kuciopoy [1-3]. [Iporexkanue GpoToxuMuuecKux peakiuii ¢ oopa3oBa-
Huem AQK onocpeayer KIETOUHYH0 TOKCHYHOCTh B OITYXOJIM M CBSI3aHHOM C HEW COCYAMCTOM CETH, a TaKkKe
BBI3bIBAET MECTHYIO BOCHAIUTEIbHYIO PEAKIIHIO, TECHO CBSI3aHHYIO C UMMYHHBIM OTBETOM OpraHusma. ['ene-
paiys U BpeMsi )KU3HU CUHIVIETHOTO KHCIIOPOJa CYIECTBEHHO 3aBUCUT KaK OT Mpupoabl Mojekyiabl OC, Tak
1, 0cOOEHHO, OT ero okpyxeHus [3]. Cunuraercs, 4TO B MOJSPHBIX CpPelax KBAHTOBBIA BBIXOJ CHHIJIETHOTO
KHUCJI0pOAa MOXKET CHUKAThCsA, a 1oiist apyrux ADK Bospacrars.
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B nacrosiieM rccne10BaHuY MPeICTaBICHbI Pe3yIbTaThl ONPEIEICHNS BEJIMYMH KBAHTOBBIX BHIXOJIOB CHH-
IJIETHOTO KUCJIOPO/A B BOAHBIX U OKTAHOJIBHBIX PACTBOPAX psla XJIOPHUHOBBIX (POTOCEHCUOMIU3ATOPOB 2 10-
KOJICHUSI, UMEIOIINX B CBOEH CTPYKTYpPE Kak 3apsyKEHHbIE, TAK U HEIEKTPOIUTHBIE TPYIIBI (CM. CTPYKTYPBI
BhIe). [Tokazano, 4To onpeneaeHHbIE XUMUUYECKUM METOZ0OM BETMYMHBI KBAHTOBBIX BBIXOJIOB CHHIVIETHOTO
KHCIIOPOJIa XOPOIIO COIIACYIOTCS ¢ JaHHBIMU Pa3pelIeHHON BO BpeMeHH (hIyOpeCUeHTHON CIIEKTPOCKOIINH,
IIPU 3TOM BEJIMYMHBI KBAHTOBBIX BBIXOJIOB B BOAHBIX PACTBOPAaX HECKOJIbKO MeHbIle (~0.5), ueM B 1ceB10-1u-
nuaHo# cpene (~0.6). [lokazano, uTo qo0aBiIeHNE K BOJIE TACCUBHBIX HOcHTeNel, Takux Kak [IBIT u Teun 80,
KOTOpbIe 00pa3yloT cTabuiIbHbIe KOMIUIEKCHI ¢ MojieKyinamu PC, mo3BosiseT 0ClIadUTh aCCOLUAIINIO MOJIEKYIT
@OC u NOBBICUTH BEIMYMHBI KBAHTOBBIX BBIXO/I0B CUHIJIETHOTO KHCIOPO/A.

Paboma noooepocana PH®D, npoexm 21-13-00398

[1] A.B. Kycros, JI.b. bepesun, A.W. Ctpenpaukos, H.I1. Jlamoukwna, [IpoTrBOOITyX0NeBast 1 aHTUMHKPOOHAs (hOTOIMHAMUYECKAsT
Tepamus: MEXaHH3MbI, MHIICHH, KIUHHUKO-TaboparopHble uccienoBanus. [Ipakrmdeckoe pykoBoactBo. [lom pem. A.K. Tarya,
Mockaa: Jlapro, 2020, 108 c.

[2] A.V. Kustov, N.V. Kukushkina, N.L. Smirnova et al. Solvation, cancer cell photoinactivation and the interaction of chlorin
photosensitizers with a potential passive carrier non-ionic surfactant Tween 80, Int. J. Mol. Sci., 2022, 23, 5294.

[3] Ya. Vakrat-Haglili, L. Weiner, V. Blumfeld et al., The microenvironment effect on the generation of reactive oxygen species by
Pd-bacteriopheophorbide. JACS, 2005, 127, 6487-6497.
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CBOMCTBA BOJIHBIX PACTBOPOB JIAKOCAMMUJIA MTOCJIE
MEXAHOAKTUBALIUA NOPOUIKA CYBCTAHIIUU

Ky3sbmuna E.C., Yenenckasn E.

DI'AOY BO "Poccuiickuii ynHusepcumem opya#covl Hapooos umenu Ilampuca Jlymymownt";
117198, . Mockea, yn. Muknyxo-Maxnas, 0. 8
kkuzll@inbox.ru

Bgenenne. TpuboxummudeckuMm (0T rped. tplpoc — TpeHue) (pa3oBbIM MPEBPAIICHUSIM TBEPIBIX TEN Mpea-
IIECTBYIOT TPEHHE M yAaphl CO CMEIICHUEM BBICOKOW MEXaHHUYECKOi MHTeHCHBHOCTH. O0Opasyromuecs MeTa-
CTaOMJIbHBIE CTPYKTYPBI BEICBOOOXK/IAIOT YaCTh HAKOIUICHHOW SHEPTHHM IS TIepexoa B Oojee CTabHiIbHOE Tep-
MoArHaMHu4eckoe coctosiHre. OOpazoBaHue MOJOOHBIX METACTAOMIBHBIX CTPYKTYP NMPHUBOJUT K M3MEHEHUIO
CTPYKTYpBI TBEPZOI'O TeJla U CBOMCTB BOJHBIX PacTBOPOB. B pabote mpoBeneHb! ncciaeqoBaHus (GU3NKO-XHUMU-
YEeCKHUX CBOMCTB BOIHBIX PACTBOPOB JIAKOCAMHUIA TIPOTHBOSMIICITUIECKOTO ASHCTBHUS 10 M TIOCIIE TPOU3BE/ICH-
HOTO BBICOKOMHTEHCHUBHOTO MEXaHMUECKOTO BO3ACHCTBHUS HA TIOPOIIOK JIGKAPCTBEHHOM CyOCTaHIINH.

Marepuassl u MeToabl. JlekapcTBenHas cyOctanuus nakocamus (Les, cepust LM 0010322); HoxxeBast 1a00-
paropHas menbhuna Stegler LM-250 potopnoro tuma (28 000 06/muH, 13 kBT); MeToMIKa MEXaHOAKTUBAIIUU
(MA) 3akiro4anachk B BO3JCHCTBUH Ha MOPOIIOK CyOCTaHIK MpH t= 90 MUHYT C BBITPY3KOH HABECKH ITOPOIII-
Ka cyOcTaHuuu Kaxapie 10 MUHYT; JUCTIEPCHBIE CBOMCTBA M 3JICKTPOKMHETUYECKYIO CTAOMIBHOCTD BOJTHBIX
pactBopoB Lcs uzyuanu meronamu LALLS u DLS.

Pe3ynbraThl cTaTHYECKOTO M TUHAMUYECKOTO CBETOPACCESHUS YaCTHIIAMU B BOJHBIX pacTBopax Lcs me-
MOHCTPUPYIOT heHOMeH aucriepcHocTH [1] (pucyHok 1).

HarnsimHeiM mpuMepoM  AJisi OIICHKU  BIIUSTHUS
MPOU3BEICHHOTO BO3JICHUCTBUS HA CTPYKTYpy H
CBOMCTBA TBEPAOrO LCs ciykar: JTMHAMHUKa HHAEKCA
MONUANCIIEPCHOCTH, Z—CPEIHET0 pa3Mepa YacTHIl
(d,nm) u (-moreHnmana: HaOMIOIAIOTCS CBOOOIHBIE,
CKauKoOOpa3HbIe KOJICOAHUS MAJION aMIUTUTYbI, CO-
MMOCTaBUMBIC CO CXEMOW MUTPAIMOHHOTO pelibeda
npuMeceit BOMM3M siapa auciokanuii [2]. Mccneno-
BaHWE KUHETHKHU PACTBOPEHHS METOJOM JIa3epHOM
TUQPPAKIUN  TPOJEMOHCTPUPOBATIO  yYBEIUYCHUE
BpeMeHHu, Tpebyemoro s pactBopeHuss MA 00-
pasioB: k=0,048+0,006 ¢! npu t=80 mun MA, k=

-1 —_
0,066+0,002 ¢! mpu t=0 mun MA. IlosiBIeHHE OIN- Py, |, Hamenenue OucnepCHbix Xapakmepucmux
CTPOQIYCCKUM HAKOIUICHHEM PUMECHBIX N1e(PEKTOB [ ALLS-yemoda. 1-ydenvras niowads nosepxmo-
B CTPYKTYPEC KPUCTATMICCKOH PEIICTKH. cmu; 2 - 1azepHoe ceemopaccesanue;
BeiBogsl. IIpoBenéHHble HCCIENOBaHUS IIPOLE- 3 — obwvemnas Konyenmpayus.

MOHCTPUPOBAJIA 3HAUMMBbIC pa3JIMYUsl B CBOMCTBAX

BOJIHBIX PACTBOPOB JICKAPCTBEHHOU CYOCTAHIIMH JIAKOCAMUJL JIO U MOCJE BO3ACHCTBHS Ha MOPOIIOK BBICOKO-
MHTEHCUBHOW aKTHUBaIMel. Pe3ynbraTsl OTKPHIBAIOT BOBMOXKHOCTH NMPUMEHEHHS B (papMaliii METOAa MOJIHU-
(buIMpoBaHUs TBEPAbIX TeNl MEXaHOAKTHBALMEH IS pa3paOOTKU MpenaparoB C 3aJaHHBIMH W3MEHCHHBIMH
CBOMCTBaMH.

[1] E. Uspenskaya, A. Simutina, E. Kuzmina, et.al. Exploring the Effects of Cramped-Impact-Type Mechanical Action on
Active Pharmaceutical Ingredient (Levofloxacin)—Prospects for Pharmaceutical Applications, Powders, 2, 464-483, (2023). [2]
b.B.IleryxoB, Mexanusm 00yCIOBJIEHHOTO AMHAMHUYECKON NMPUMECHOM MOJCHCTEMON aHOMAJIbHOIO MOBEACHMS IIACTHUECKOrO
TEUCHSI MATEPHAJIOB C BRICOKHM KPHCTAUTHIECKUM peibedom, Du3uka TBepaoro tena, 63(12), 2126-2133, (2021).
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AHAJIN3 BAPUALIM COAEPKAHUS CIIMHOBBIX
W30MEPOB H20 B BO31YXE METOJAMM IUOJHOH
JA3ZEPHOM CIHEKTPOCKOIIUU

Crenanos E.B.

Hnemumym obwen gpusuxu um. A.M. Ilpoxoposa PAH, Mocxsa, yr.Basunosa,38
Poccuiickuti ynusepcumem opysicovl Hapooos, Mocksa, yi. Oposxconuxuosze, 2
EugeneStepanov@yandex.ru

PaccmoTpensl (pu3nueckue MPUHIMIBGI JIA3EPHOTO CIEKTPAIBHOTO aHalN3a OTHOCHUTENIBHOTO COJepikKa-
HUSL MOJIEKYJI OPTO- M HapaBoOjibl, IPEAHA3HAYEHHOTO JUIsl UCCIIEOBAHNS CIIMH-CEJIEKTUBHBIX MIPOLIECCOB B
ra3oBbIx cpefax. IIpencraBieH aHamM3aTop OTHOCUTEIBHOTO COAEPIKAHMS CIIMHOBBIX M30MEPOB MOJIEKYJIBI
BOJIbl, OCHOBAHHBIM Ha MCIIOJIb30BAaHUU MEPECTPaUBAEMOr0 IMOAHOIO Jasepa. [IpuHiun neiictBus npudopa
6a3upyeTcst Ha BBICOKOTOYHOM M3MEPEHHH MOTVIONICHHUS B OT/ACIBHBIX KOJleOaTeIbHO-BpaIlaTeIbHBIX JTHHUSX
Mmosekyasl H20, pacnonoxkennsix B OnmxkHeM MK-auanasone. Jluana3oH M3MepeHU! OTHOCUTEIBHOTO CO-
JepkaHus u3oMepoB Bonbl (opto/mapa) 0.1-10, pabouunii 1uanazoH MapyaIbHOTO JABICHUS MAPOB BOJBI B
uccneayemoii razoBoit cmecu 0.01-100 MM.pT.CT., paboumii Tuana3oH CyMMapHBIX JTaBICHHHA HCCIEAyeMOi
razoBoit cmecu 0.01-760 MM.pT.CT., TOUHOCTb M3MEPEHHUsI OTHOCUTEIBHOTO coaepkaHus 2 %, OblcTpoaei-
ctBue 0.01-1 c. [Ipubop MOKeT MPUMEHSTHCS JIJIsl UCCIICIOBAHHIA M KOHTPOJIIS Pa3IMIHBIX CITUH-CEIEKTUBHBIX
MIPOIIECCOB B Mapax BOJABI KaK B OTKPBITON arMocdepe, Tak U B TepMETHYHBIX 00beMax MpU MOHWKEHHOM
obmeM naBieHuH. J(P(HEeKTUBHOCTH pa3pabOTaHHOTO METO/a TUAarHOCTUKU MPOJEMOHCTPUPOBAHA B ITpUMe-
HEHHHU K JIMarHOCTHKE MPOIIECCOB CIIMH-CEJIEKTUBHOM afcOpOIMH B HAHOTIOPUCTHIX MOJTUMEPHBIX COpOEHTAX.
Bb110 moATBEpKACHO CcyIiecTBOBaHUE A(PPEKTOB CIUH-CENEKTUBHOMN acOPOIIH MOJIEKYI OpPTO- M TApaBO/IbI,
KOTOpBIE HAOIONANINCH paHee JIMIIb METOlaMU CyOMIJUTMMETPOBO CrieKTpockonuu. Peann3oBanHoe code-
TaHNUE OTHOCHUTEJIBHON MPOCTOTHI aHAJIN3a UCCIEIYEMOI0 MOJIEKYJSIPHOIO OOBEKTA C BBICOKON TOYHOCTHIO
M3MEpEHMS TapaMeTPOB AHATUTUYECKUX JTMHUH MOIVIOUIEHUS PEJOCTABIAET BOZMOXKHOCTD /ISl BapHAllUU B
IIMPOKHX TIpeJieNiaX yCIOBUI HaONIOAEHUS CTIMH CEJEKTHBHBIX MPOIECCOB B MOJIEKYJIaX OPTO- U TMapaBOAbI
(mapaMeTpoB aHATUTUYECKUX JIMHUM, KOHIICHTPAIUH, TaBICHUH, TeMIepaTypsl, OypepHBIX Ta30B, AIEKTPO-
MarHMTHBIX NOJEH, U T.I1.).
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METO[Abl NCCJIIEAOBAHUA BOAHbIX PACTBOPOB

3KCINEPUMEHTAJBHOE UCCJIEJOBAHUE BAPUALIUH
AJAT'E3UN MOJIEKYJI BOJAbI B IIOBEPXHOCTHOM CJIOE

Crenanos E.B."?, Ilepmmn C.!, Aprémona /1.!

"HUnemumym obweii pusuxu um. A.M. Ilpoxoposa PAH, Mocksa, yn.Basunosa,38
?Poccutickutl yrusepcumem opyxcovl Hapooos, Mockea, yi. Oposiconurudse, 2

AHanM3 MOBEPXHOCTHOTO cIiost BoAbl Metogamu MPT mokas3siBaeT yBenuueHUE SIPKOCTH N300pakeHHs B
9TON O0JIACTH MPHU HUCIIOJIB30BAHUN OINPENEIECHHBIX METOJOB MOJTOTOBKH BOJBI. DTO MOXET SIBISTHCS CIEN-
CTBHUEM IOBBIILIEHUS KOHIIEHTPALMU COHANPABIEHHBIX CIMHOB IPOTOHOB U IIPUBOIUTH K U3MEHEHUIO aT€3UH
MOJIEKYJ BOJIbI B TIOBEPXHOCTHOM ciioe. Jlyi MccienoBaHusl are3MOHHBIX CBOWCTB IMOBEPXHOCTHOTO CIIOS
KHJIKOW BOJIBI HAMU OBLIIO MPENIOKEHO MCIIONB30BaTh TOHKHE CTEKJISTHHBIC KAalMJUIAPBI pa3IMyHOTO JHaMe-
Tpa. M3 KanmuisipoB MOXXHO cOOMpPaTh TPeOCHKU ¢ BapHalyedl ypOBHs KalWUIAPOB WU MyYKH KalTWILISIPOB
C pa3IM4YHOM BBICOTON HMXHETo cpe3a. C MOMOIIBI0 TaKUX CTPYKTYp HaAaMHU HM3MEpsulach BbICOTA MOIbEMA
KHUJIKOCTH TI0 KallMJUISIpaM B 3aBUCUMOCTH OT IOCJIE0BAaTENIbHOCTH X MTOTPYKEHHSI B BOLLY, FTEOMETPHUH B3a-
MMHOTO PacIONOKEHUS KalWIUIIPOB, IIyOUHBI TIOTPYXKEHUs, TeMIepaTypsl Bojabl. MccnenoBanach CKOpoCTh
BOCCTAHOBJICHHSI CJIOS1 BOJIbI, OOYCJIOBJIIEHHOTO TMHAMMKOWM HAIOJIHEHHSI CJIOSl MOJIEKYIaMu OpTo-Bojbl. O0-
Hapy>keHo (1o BbIcOTe MeHHCcKa Ha 15-20 %), 4TO MOBEPXHOCTHBIN CIIOM BOABI OTIMYAETCSA OT OOBEMHOM
TOBBIIIEHHOW afre3uei. [IpuHnmas BO BHUMAaHHWE, YTO CIIMHOBBIE M30Mephbl 0pTo-H,O Beerna BpainarTcs
(He MMEIOT HYJIEBOTO BpAIIATEIHLHOTO YPOBHS), MBI YTBEpKJIaeM OOOTalIeHne OBEPXHOCTHOTO CJIOSI BOJIBI
opro-uzomepamu H,O. TlepBbie pe3ysbTarsl SKCIEPUMEHTOB MOKA3AJIH, YTO JaHHBIN MOIX0 MOXKET ABJIATHCS
POCTHIM U 3(p(PEKTUBHBIM METOJJOM UCCIIEIOBAHMS JUHAMUKN MOJIEKYJI OPTO U TTapa-BOJIbl B IOBEPXHOCTHOM
CJI0€ BOJIBI JUIS PA3TIMUHBIX BOJHBIX PACTBOPOB M B PA3JIMYHBIX (PU3HUECKUX ycaoBusaX. OOCyKIatoTcs Apyrue
IIPOSIBJIEHMSI BApUALIUU OPTO-11apa OTHOLLIEHUS BOJBI.

Jlannvie uccnedosanus nposoounuces 6 pamxax npoekma PH® 23-42-10019
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OHPEAEJEHHUE OIITUMAJIBHOI'O BPEMEHU
MN3MEPEHUA 114 TIOBBILLEHUSA TOYHOCTH
OBPABOTKU JAHHbIX pH

Bypymo6aeB A.W.', Kyansimes B.T.!, bapoun H.M.>?

"Vpansvckuit mexnuueckuit uncmumym cészu u ungpopmamuxu (unuan) @IHEOY BO « Cubupckuii

20CY0apcmeenHblil YHugepcumem meiekoMmMyHuKayul u ungopmamuruy, Examepunbype, Poccus.

2Vpanvckuii mexnuueckuti uncmumym cesizu u ungpopmamuxu (uiuan) @IEOY BO « Cubupckuil

20CY0apcmeenHblil YHugepcumem meaekoMmyHuKayul u ungopmamuruy, Examepunbype, Poccus.
Vpanvckuii unemumym I'IIC MYC Poccuu, Examepunbype, Poccus.

Bonoponusiii nokazarens pH sABisieTcs 0MHON U3 BaXKHEUIINX BEJIUYUH, BBIPAKAOLIIUX KUCIOTHO-OCHOB-
HBIE CBOICTBa pacTBOpa. B paboTtax [1, 2] mpeacTaBieHbl pe3yiabTaThl SKCIIEPUMEHTAIBHBIX UCCIIEA0BAHHNA 110
BIUSHUIO pPH 371€KTpOaKTUBHPOBAHHOM BOJBI HA IOCEBHBIE [10KA3ATENN (BCXOKECTh, FHEPTUIO MPOPACTAHUA)
CEMSH 3€PHOBBIX KyJIbTYp. B TO e Bpemsi BONPOCHI KauecTBa BOZbI CBSI3aHbI U C MOBBIIIEHHBIMA HOPMAMHU
KayecTBa MUTATENIbHON BOJBI M napa sHepretudeckux komiaoB TOC u maporeneparopoB ADC [3-5] noBbl-
IIaeT Ha/ICKHOCTh BOAHO-XUMHUYECKOTO PEKHMa YHEProOIOKOB, OJJHAKO CTABUT HOBBIE 33/1a4d TaM, IIie Ipe-
KJe mpobaemMbl He Bo3HUKaU. B orderax [6-10] mo pe3ynabraTraMm AMAarHOCTHKH PE3EpBYapOB C «TOBAPHOI»
HE(PTHIO CBUJETEIBCTBYIOT O TOM, YTO KOPPO3HUsI B OCHOBHOM BCTpPEUAETCS B HIDKHEH 4acTH pe3epByapa, npu-
4eM OCHOBHOM MPUYMHON TAKOTO PACIOIOKEHHUS KOPPO3HOHHBIX MOBPEKICHUH ABISETCS HAJIMYME HA ITUX
YPOBHSX ITOATOBAPHOW BOBI, & arPECCUBHOCTD Cpelpl onpeaensercs no pH noxroBapHoi Boasl. B nanHoi
pabote ompeaemnseTcs ONTUMAIBLHOE BpeMsi U3MEPEHHUST BOJAOPOIHOTO MOKa3aTess AUCTUILTMPOBAHHON BOIBI
JUIsL TaJIbHENIIETO TOBBIIICHHUS TOYHOCTH 00pa0OTKU JaHHBIX. MccrnenoBaHus 3IeKTPOPOBOIHOCTH AUCTHII-
nupoBaHHOM BoAwl [11, 12] mokazanu, 4To €cTh 3aBUCUMOCTh MEX/1y MTPOTEKaHUEM Ipoliecca U 3JEKTPOIPO-
BOTHOCTHIO. [ToAaTOMY OBLITO MPOBEIEHO TAaKOE K€ MCCIEOBAHUE, HO YK€ HE C AJIEKTPOIPOBOAHOCTHIO, a C
pH. B pabote npoBoaunack 00paboTka pe3ylbTaroB u3MepeHuit pH AUCTUIUIMPOBAHHON BOJBI C TIOMOIIIBIO
npodeCCHOHAIILHOTO H3MEpHUTENs KauecTBa Bogsl WMM 97 nipu Temmnieparype 21°C (pH cpensl cOOTBETCTBO-
Bana ['OCTy 58144 5,0-7,0). UccnenoBanue pH nuctuiimpoBaHHOM BOJbI MPOBOAWINCH B TEUEHUM | yaca,
3 yacoB, 1 cyTok, 3 cyTok. B siueiiky ¢ BoAOW MOMENIAeTCs IaTYMK C 3JIEKTPOJIOM, KOTOPBIM OCTABIISIIOT HA
3aganHoe Bpems. [Ipubop cHumaer nmokazanusa pH kaxmyro cekyHay. Pesynbrarhl, npu 3aJaHHOM BpEMEHHU
UCCIIeIoBaHMsA, 00pabaThIBaIMCh IPY TIOMOIIM KOMITBIOTEpPHOU pOorpaMMel Statistica.

[1] H. B. Kcéns, A. A. Tlapdenrok u E. A. Kusiiiko, BnustHHIE BOIOPOAHOTO MoKa3artesst pH eKTpoakTHBUPOBAHHOM BOJIBI HA TIOCEBHBIC
TIOKA3aTeM Ka9eCTBA CEMSH 3ePHOBBIX KYJIBTYpP, MEeKIyHAPOIHBIH TEXHUKO-IKOHOMUYECKUH xKypHa1, Ne3, 64-66 (2010). [2] H.B. Kcens
u E.A. Kusmko, BIusiHHE TeMIIepatypsl M BOIOPOAHOTO TMOKa3arelsi ph 37eKTpOaKTHBUPOBAHHONW BOJABI HA CKOPOCTDH €€ MOMIOIICHUS
CeMeHaMHU, BECTHHK arpapHoii Hayku Jona, Ne 3, 66-70 (2010). [3] CTO 70238424.27.100.013-2009. BogomoarotoBUTeIbHbIE YCTAHOBKHU 1
BogHO-XUMH4eckui peskum TOC. Yenmosus coznanust. M.: HIT «THB3JI» (2009). [4] 5.M. Jlapun, A.B. JIapun u A.B. Komneros, namepenue
AMEKTPONPOBOTHOCTH M pH B crcTemMax MoHHTOpHHTa BoHOTO peknma TOC. Meanoso: IV (2014). [5] CTO 1.1.1.07.003.0818-2016.
BomHo-xummnaeckre pexxuMbl BToporo koHTypa ADC ¢ BBOP-1000. Hopmbr kadecTBa paboueild cpefsl M CPEACTBA MX OOECTICUCHHS.
M.: AO «Konmepu Pocaneproarom» (2016). [6] A.A. Tapacenko, H.B. Huxomaes, I'I. Xomnepckuii 1 M.B. CasnuH, HanpsokeHHO-
ne(hOpMHIPOBAHHOE COCTOSHIE CTCHKH Pe3epByapa P HEPABHOMEPHBIX 0CaIKaxX OCHOBAHMS, M3BeCTHS By30B «HedTsb n razy, Ne 3, 75-79
(1997). [7] A.A. Tapacenko u I1.B. Yemnyp, nepopMupoBaHme CTalliOHAPHON KPBIIIN KPYITHOTabapuTHOTO pe3epByapa IMpH HePpaBHOMEPHBIX
ocaskax OCHOBaHWS, (yHHaMeHTanbHbIe HcchenoBanus, Nell, 296-300 (2014). [8] M.A. Tapacenxko, I1.B. Yemyp u A.A. Tapacenxo,
BEPOSITHOCTHO-CTAaTHCTUYECKUI TIOXO/] IPH TPOTHO3MPOBAHNH 3HAYCHUI BOJOPOIHOTO MOKA3aTells MOITOBAPHON BOIBI BEPTHKAIBHBIX
CTaJIbHBIX pe3epByapoB 3anaaHor Cubupu (hyHmameHTaabHbIe uecnenoBanus, Ne2, 2129-2133 (2015). [9] I'T". Xonepckuii, M.B. Casmia
1 A.A. TapaceHko, pacder MpoYHOCTH (DYHIAMEHTHOTO KOJIbIIAa Pe3epByapa MPpH BO3ACHCTBUN COCPEAOTOUCHHON HArPy3KH OT IIOABEMHOTO
ycTpoiicTBa, u3BecTus By30B «Hed1s 1 ra3», No2, 60-64 (1998). [10] C.B. Uupxos, A.A. Tapacenko u I1.B. Yemnyp, KOHEUHO-3TeMEHTHAS
MOJIETTh BEPTHKAIBHOTO CTATBHOTO pe3epByapa C yCHIMBAIOIIMMHI 3IEMEHTAaMHU TIPY €T0 TOIbeMe THAPOIOMKpaTaMHy, (PyHIaMEHTaIbHBIC
uccienoanms, Ne 9, 1003-1007 (2014). [11] A. I. Burumbaeyv, V. T. Kuanishev and N. M. Barbin, «Statistical Analysis Methods of the Data
Obtained by Water Electro Conductivity Measurementy, 2023 International Russian Smart Industry Conference (SmartIndustryCon), Sochi,
Russian Federation, 2023, pp. 45-49, doi: 10.1109/SmartIndustryCon57312.2023.10110797.[12] A. 1. Burumbaeyv, V. T. Kuanishev and N.
M. Barbin, «Determination of the optimal measurement time to improve the accuracy of electrical conductivity data processing», E3S Web
of Conf., 402 (2023), DOLI: https://doi.org/10.1051/e3scont/202340214008.
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BJAUAHUE U30TOIHHOI'O COCTABA BOJHbBIX
PACTBOPOB HA BEPOATHOCTD JIEKTPOHHOI'O
BO3BYXKIEHUA U CKOPOCTDb OKUCJIUTEJIBHO-
BOCCTAHOBUTEJBHbBIX IPOIHECCOB

Tumuenxo C.JL.!, Boioukosa I.H.!, Bynxnn H.®.'%, Ko3nos B.A.!, :xypaes W.T.3,
3anopoxnsiii E.H.", ®omuna I1.A.', Xsionr M.T.!, HoBakoBckas }0.B.*

'"Mockosckuii F'ocyoapcmeennvii Texnuueckuii Ynueepcumem um. H.D. Baymana,
ya. 2-a baymanckas, 5, 105005, Mockea
Uncmumym obweu gpuzuxu um. A.M. [Ipoxoposea PAH, yn. Basunosa, 38, 119991, Mockea
‘Camapkanockuii I'ocyoapemeennwiii Ynueepcumem um. Lllapogpa Pawuoosa,
Vuusepcumemckuii oynveap, 15, 140104, Camapkano, Pecnyonuxa Y30exucman
‘A0 «I{enmp npuxnaonoti pusuxuy MI'TY um. H.O. baymana, yn. 2-a baymanckas, 5, 105005, Mockea
’Mockoeckuii cocyoapcmeennwiil ynusepcumem umenu M.B. Jlomonocosa,
Jlenunckue eopwi, 1/3, 119991, Mockea, Poccus
svtimchenko@yandex.ru, bolotskova@inbox.ru, nbunkin@mail.ru; v.kozlov@hotmail.com;
Jjoraev-1989@inbox.ru; eugenezador@gmail.com; polja.fomina@gmail.com;
khuongthuminh@gmail.com; jvnovakovskaya@gmail.com

C npumeHeHHeM CIeKTPO(HOTOMETPUUYECKUX HM3MEPEHUH MPOBEIACHO MCCIIEOBAHUE CKOPOCTU PEaKLUU
BOCCTAHOBJICHHSI BOJJHOTO PAcTBOpPa METHJICHOBOTO CHHETO J0 €ro JEeWKo(pOpMbI Ipu J100aBIEHUH PAacTBOpa
aCKOPOMHOBOM KUCIOTHI. PacTBOPHI OBLIN MPUTOTOBJICHBI HA OCHOBE BOJIBI, 00€THEHHOH 110 Aeiteputo (DDW,
1 ppm), Tspxenoit Boasl D20, a Takxke Ha ocHobe cmeceit D,O u DDW ¢ conepxanuem aeiitepus 10', 107,
5-10%,10% 5-10% 10* u 10° ppm. YcTaHOBIIEHO, YTO CKOPOCTH BOCCTAHOBJICHHSI BOAHOTO PACTBOPA METHIICHO-
BOT'O CHHETO B 3aBUCUMOCTH OT COJICPKAHUs IeHTEepHsi HOCUT HEMOHOTOHHBIM XapaKTep: UMEETCs JTIOKATbHBIN
MUHUMYM B oOnactu 107 - 10* ppm. HaOmronaemblit 3 ekt He cBsA3aH ¢ U3MEHEHHEM BSI3KOCTH PACTBOPOB U
BeIMYMHBI pH B 3aBUCUMOCTH OT M30TOITHOTO COCTaBa. DTH PE3y/IbTaThl MOKA3bIBAIOT, YTO, BAPBUPYS COIEp-
KaHUe JeUTepus B BOJAE B JOCTATOUHO Y3KOM JHMANa30He, MOKHO YIPABIATH CKOPOCTHIO OKHCIUTEIBHO-BOC-
CTAaHOBUTEJBHBIX PEAKIINA, COMPOBOXKIAIOIINXCS IEPEHOCOM ITPOTOHOB, B BOAHBIX PAaCTBOPAX.

B npyroii cepun 3KCepuMEHTOB ObUIO U3YYEHO U3MEHEHME CIIEKTpa MomoueHus B aguanasone 190-900
HM noauMepHoi meMOpanbl Haduona, nmorpy>xeHHON B BOJY, B 3aBUCIMOCTH OT JUTUTEIBHOCTH KOHTAaKTa C
BOJION | cojiepskanus B Helt newrepust: 1 (DDW), 157 (npuponnas Boxa), 10°, 104, 10° u 10° ppm. Oxka3zanocs,
4T0 crekTp nornoueHus Haguona npaktuueckn He MeHseTCs pHu BeiMauuBanuu B DDW B TedeHue Bcero
BPEMEHHU M3MEPEHUH (OKOJO CYyTOK), B TO BpeMsl KaK 10 MEpe YBEJIIMUECHUSI BPEMEHU KOHTAKTa C MPUPOTHOM
BOJIOW MHTEHCUBHOCTH TOIVIOMICHUSI M3MEHSAETCS CyIIEeCTBEHHO. [I0CKOIbKY MHTEHCHUBHOCTH MOIVIOMICHUS
orpejesieHa 0COOCHHOCTAMHU 3JIEKTPOHHOTO CTPOCHHUSI OCHOBHOTO M HU3KOJEXKAIINX BO30YKJICHHBIX COCTO-
SHUHM, 0OHAPYKEHHBIH APPEKT MOKET OBITH CBSI3aH C M3MEHEHUEM XapaKTepa AJIEKTPOHHOTO CBS3bIBAHUS B
NoJAM3(UPHBIX yUaCTKaX BOJOKOH MOJIMMEPA, BKIIOYAIOUINX KOHIEBBIE CYIb(OTPYMIIbI, IPH BHIMAYMBAHUH B
JI€MOHM30BaHHON MPUPOIHON BoJE. DTOT 3PPEKT HHTEPIPETUPOBAH B TEPMHUHAX MOJICIIH, CBSI3bIBAIOLICH Be-
POSITHOCTH TMOMIOLICHUS CO CTPYKTYPHOM peopranuzaiueil oopasia, MHUIUAPOBAHHON MaJIbIMU 100aBKaMu
JIEATEpHUsi B BOJE.
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JTUHAMUKA KATTWLISIPHBIX D®®EKTOB B BOJIE
MOCJIE TUJPOJUHAMUYECKOI KABUTALIUU

Kepub6ax C.', lepmun C.M.2

!CYBRES GmbH, Research Center of Advanced Robotics and Environmental Science,
LImymeapm, I epmanus
Uncmumym obwett ¢husuxu um. A.M. [Ipoxoposa Poccuiickou akademuu nayx, Mockea
serge.kernbach@cybertronica.de.com

Kamsipabie 3¢ ¢ekThI UrparoT BaKHYIO pOJib B OMOJIOTMUECKUX CUCTEMAX, TAKUX KaK aKBaIlIOPUHOBBIE KaHAJIBI
[1], TpaHCTIOPTHPOBKA BOIBI PACTEHUSAMH [2], KpOBOOOpAIIeHHE, a TAK)KE B HEKOTOPBIX MPHKIIaIHbIX oOnacTsx. B
psine myonukanuii [ 3,4] Ob110 IOKa3aHO, YTO CIMHOBAst KOHBEPCHSI ITapa- M OPTO- H30MEPOB BOJBI MEHSET HE TOJIBKO
ANEKTPOXUMHYECKYIO PEaKTUBHOCTH [5], HO M TIOBEPXHOCTHOE HaTsDKEHHE. TakuM 00pa3oM, 0XKUAACTCS, YTO CIH-
HOBBIC MEXaHU3MbI MOTYT UMETh Ba)KHbIE OMOIOTHYECKUE U MHKEHEPHBIE IPOSIBIICHUSI B CITy4asX KalWUIPHBIX
sBieHui. B pabore nccnemayercs KanmuuisipHas JUHAMUKA JUCTULIMPOBAHHON BOJIBI MOCIIE THIPOAMHAMUYECKON
kaBuTauy. Ontuyeckas u SIMP-criekTpockonus MOATBEPKAAIOT, UTO KABUTALIUS CMEIIAET HEPABHOBECHOE OTHO-
IIEHUE CIIMHOBBIX M30MepOB. B uacTHOCTH, OBLIO OKa3aHO, YTO KaBUTAIMs 000TallaeT BOAY OPTO-M30MepaMu Ha
12%-15% 3a cuet Kosulanca KaBUTALMOHHBIX ITy3bIPHKOB U IIEPEX0/IA BObI YEPE3 CBEPXKPUTUUECKOE COCTOSTHHE.

B skenepumenTe ncnonb3oBamu Kamwuisipsl quamerpom 0,3 u 0,5 Mm ¢ muddepeHIanbHpIM U3MepeHHeM
BBICOTHI TIOIbEMA MEHHCKA (KOHTPONb-3KciepuMeHT). lepen n3mepeHussMu ipoObl BOZIBI IIPOXOMIIN STAMbI Jie-
rasalyy 1 BEIPaBHUBAHUS TeMreparypbl. OKuIaeTcst, 4T0 HEpaBHOBECHOE COCTOSHUE M30MEPOB BOABI Oy/IeT Cy-
IIECTBOBATh B JIBJIOMOOOHBIX CTPYKTYpax BOJHM3M IpaHUI] paszieia BOIbl U OCOOCHHO Ha TPaHMILIE pa3zielia BO3-
IyX-BOZ1a. DKCIIEPUMEHTBI C UCTIAPEHUEM BO/IbI [ 6] OAEPKUBAIOT apIyMEHTBHI B [10J1b3y HEPABHOBECHOM AMHAMU-
KU CITMHOBBIX M30MEPOB B IPUIPAHUYHBIX CI0X. UTOOBI HCCIen0Barh 3Ty mpodieMy, mpoOsl BOJbI COOMPAIUCH C
MOBEPXHOCTHOT'O CJI0sI C NTyOUHBI rorpyskenust okoso 0.1mm, a Taxkxe 2 MM u 10 Mm.

OOGHapy»eHa pa3HHUIIAa TOBEPXHOCTHOTO HATSDKEHHSA (CM. MOABEM MEHHUCKa) B 6,7%-11,3% no MakcuMabHBIX
15,7% Mex Ty KOHTPOJIBHBIM M ONIBITHBIM 00pasiamu. [Ipu 3ToM CyIiecTBEHHBIM SIBIIsSIETCS ITyOHHA B3ATHS POO,
HaIlpuMep MOBEPXHOCTHBIN cioi naeT nmuddepeHnnanbayio BeicoTy 7.34+1.86 MM, mryOuHa 2MM yKe TOJIBKO
4.35+1.01 Mm. DTH 3 eKTHI B TPUITOBEPXHOCTHBIX CII0sIX HaOmonatoTes yepe3 30-60 MUHyT rociie B30y KICHUS.
OT™MeTHM, YTO aHOMAJIBHO JUIMTENbHAS peaKcalys Ha 15 nmopsaikoB IpeBHIIAET BPeMs IEPEKITFOUEHNUS BOJOPO/I-
HBIX cBsi3edd. OOpasiipl, B3ATHIE C TOBEPXHOCTH, TAKKE IEMOHCTPUPYIOT KAMIUIIPHOE JABMKEHUE IPUMEPHO B 2
pasa mpooKUTENbHEE, YeM KOHTPOJILHBIE; UX 3HAUYCHHUS SIBJISIIOTCS. HAMOOJBIIMMU BO BCEH CEpUU SKCTICPUMEH-
TOB. BbUT 3aduKcHpoBaH HHTEpECHBIN Y(D(PEKT OCTAHOBKU KHUKOCTH B KaMJUISIPHBIX TPYOKax, HaOmonaeMblii B
OCHOBHOM B 3KCIIEPUMEHTAIBHBIX 00pa3liax, [Jie MEHHCK OCTaHABIMBAJICS B HaYaJe KaMJUIsIpa U OCILIILTMPOBAT
Ha yposHe 0,05-0,1 Mmm. PazpaboTanHbIil TOIXOI UMEET /JBa OCHOBHBIX IPUMEHEHUSL: |- OBICTPBINA U SKOHOMUYHBIN
JIETEKTOP CIIMHOBBIX SIBJICHUM, BIAMSIOLIMX Ha BI3KOCTh U [IOBEPXHOCTHOE HATSKEHNUE; 2- B CUCTEMAx TPaHCIIOPTH-
POBKH BOZIbI PACTEHHH, B (PUTOCEHCOPAX, B YACTHOCTH, TIPH N3MEPEHUN COKO/IBIIKEHUS], @ TAKOKE B THAPOIIOHHOM
IPOU3BOJICTBE.

[1] AK. Murata, K. Mitsuoka, T. Hirai, T. Walz, P. Agre, J. Heymann, A. Engel, Y. Fujiyoshi, Structural determinants of water
permeation through aquaporin-1, Nature 407 (2000) 599—605. doi:10.1038/35036519.

[2] V. Rolland et al, Easy come, easy go: Capillary forces enable rapid refilling of embolized primary xylem vessels, Plant Physiology
168 (4) (2015) 1636-1647. doi:10.1104/pp.15.00333.

[3] S. Pershin, Conversion of ortho-para H20 isomers in water and a jump in erythrocyte fluidity through a microcapillary at a
temperature of 36.6+0.3c, Physics of Wave Phenomena 17 (2009) 241-250. doi:10.3103/S1541308X09040025.

[4] S. Kernbach, Electrochemical characterisation of ionic dynamics resulting from spin conversion of water isomers, Journal of The
Electrochemical Society 169 (6) (2022) 067504. doi:10.1149/1945-7111/ac6f8a.

[5T A. Kilaj, H. Gao, D. R"osch, U. Rivero, J. K upper, S. Willitsch, Observation of different reactivities of para-and ortho-water
towards cold diazenylium ions, Nat Commun. 9 (1) (2018) 2096. doi:10.1038/s41467-018-04483-3.

[6] S. Poulose, M. Venkatesan, M. Mobius, J. Coey, Evaporation of water and urea solution in a magnetic field; the role of nuclear
isomers, Journal of Colloid and Interface Science 629 (2023) 814—824. doi:10.1016/j.jcis.2022.09.021
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Hepmun C.M.

HUnemumym oowent ¢pusuxu um. A.M.Ilpoxoposa PAH, 119991 Mockea, Poccus.
E-mail: pershin@kapella.gpi.ru

U3zeectHo [1], uTo paBHOBECHOE OTHOMIEHHE 3:1 CMHOBBIX OpTO- M Mapa-H,O n3omepos npu 300 K OwicTpo
yMeHbIaeTcst u3-3a kousepcuu npu 30 K u crpeMurcs K HyJro, HO HE IOCTUTaeT ero, Kak OblIo 00HAPYKEHO
HEJIaBHO U OJMHOYHBIX MOJIEKYIN KarcCylIupoBaHHBIX BHYTpH (ymiepena C60 [2]. [Ipupona 3toro siBIeHus
ocrtaércs moka HesicHou [3]. B pabore [4] ¢ KpHOTE€HHBIM JILJOM aproHa ObLIa TIIATEIHHO H3MEPEHA OPTO-TIapa
KOHBEPCHS CIMHOBBIX M30MepoB H,O, KoTopbie ObLIM JIOKAIM30BaHbl B M30JMPOBAHHBIX TONOCTIX M CBOOOIHO
BpalLlJIMCh, [IPU CHWKEHUU TeMIiepaTypsl bja ¢ 30 1o 6 K. YcraHoBineHO, YTO KOHBEPCHsI OTCYTCTBYET O€3 Ka-
TajM3aTropa B COOTBETCTBUH CO CTPOTMM KBaHTOBBIM 3anpeToM [5]. [Tocie noamenmBanus MOJIEKY TPUILIETHO-
ro kucnopona (O,:H,0O kak 200:1) ¢ orpoMHBEIM IPaIMEHTOM MarHUTHOTO TOJIsSt IBYX HECTIAPEHHBIX HJIEKTPOHOB,
BMOPO)KEHHBIX B JIE]I aproHa, CIIMHOBAsi KOHBEPCHUsl CIMHOBBIX M3oMepoB H,O Obuta 3amyiena [4]. ABropam
paboTHl [6] yaamock 3aperucTpupoBaTh 0COObIE TOUKU TEMIIEPATyp, B OKPECTHOCTSIX KOTOPBIX HAOMIONAINCh
CTPYKTypHBIC TIPEBPAIICHUS CTIOHTAHHBIX JIbAO0B (aMopdHbIid, 1€x 1¢ u 1h) mpu ux Harpese ot 1 1o 200 K. Tak
npu ~110 K ucue3 amopdusiii 1€, a 3arem npu 200 K - néx lc. bonee uHTpUryommm sSBiseTcs pesynbrar
CIIOHTaHHOTO CABHIa 3KCTPEMyMa TEINIOEMKOCTH JIbJIa IIPU €T0 XpaHEHUH B OKpecTHOCTH TeMneparypsl 110 K
[7]. HammpoTus, R.Shen [8] oxuaxman KBa3WKUAKUN CJIOH Ha MOBEPXHOCTH Jbaa lh 1 ycTaHOBUI Temrieparypy
ero 3amep3anus 200 K. [Tpupona narpuryromux conanenuii remmeparyp 110 1 200 K ocraéres noka HesICHO.
MBpI nonaraem, 4To BEpOSTHOM SBJISIETCS THIIOTE3a OpTO-Tapa KoHBepcuu n3omepoB H20 ¢ oOoramennem mar-
HUTHBIX OpTO-H,O B IIOBEPXHOCTHOM €J10€ BOIBI [9], KOTOpBIE OMarHuuMBaroT Boxy [10].

YCTaHOBIIEHO, YTO UCTIAPEHHUE BOJIBI COMPOBOXK/IAETCS OCUMILIAIMER OTHOIIEHKs opTo/mapa n3omepos H,O
Ha/1 oBepxHOCThIO [11]. OTCrona cienoBaio, 4To B 00BEMHOM BOJIE POUCXOAUT CTIOHTAHHAS KOHBEPCHSI OPTO-
1 napa-H,O u3omepoB. OHako 0CTaBagoCh HESACHBIM CYHIECTBOBAHME CBOOOIHO BPAIIAIOLMIMXCS MOJEKYI B
BOJIE, YTO NPOSIBJISAETCS B y3KHMX JIMHUSX PE3OHAHCHBIX nepexonoB o-1t H O uzomepos. C noMorpro 4eThpéxdo-
TOHHOH CIEKTPOCKOIIMU HAM YAJIOCh 3aPETMCTPUPOBATE CIIEKTPBI BPAILATENBHbIX IEPEXOI0B 0pTO- U 1apa-H,O
M30MEpPOB B 00BEME BOJIBI C HEPAaBHOBECHBIM OTHOIIEHHEM 1:1 Npu KOMHATHOW TeMIlepaType u UX KOHBEPCHIO
B cTopoHy paBHoBecus 2:1 mpu Harpese g0 60 0C [12]. Toraa moBepXHOCTHBIN CIIOM TOMKEH OBITh 00OTAIIEH
opro-H,O kak rpanuna nepexoza k O/I1 = 3:1. OtaenbHbiil uaTEpEC 3716Ch NpeacTapnser SIMP cniekrpockonus
MIPOTOHOB B KBA3MKUIKOM CJIO€ Ha TOBEPXHOCTH Jibjia [13].

Paboma svinonnena npu gpunarncosoii noodepacke epanma PH® No23-42-10019

[1] C.JI. BeGep, E.I. barpsinckast, I1JI. Yanosckui, O BO3MOXKHOCTH OOOTAIICHHS STIEPHBIX CIIMHOBBIX M30MepoB Monekyn H,O npu
nomoty ajacopormu, XKITD 129(1), 86-95 (2006). [2] B. Meier, S. Mamone, M. Concistre, et al. (Collaboration), Electrical detection
of ortho—para conversion in fullerene-encapsulated water.Nat. Commun. 6, 8112 (2015). [3] II. JI. Yanosckuii, A. A. Mawmparies,
AHOMAIILHOE OPTO/TIapa OTHOIICHHUE SIEPHBIX CIMHOBBIX M30MepoB H O npu Huskux Temmeparypax, [Tucema B )KOT® 111(2), 75-79
(2020). [4] Xavier Michout Anne-Marie Vasserot, Luce Abouaf-Marguin, “Temperature and time effects on the rovibrational structure of
fundamentals of H O trapped in solid argon: hindered rotation and RTC satellite,” Vibr. Spectrosc., 34, 83-93 (2004). JI. /1. Jlannay, E. M.
JInmm, KBaHTOBAs MEXAHUKA. Hepenstusncrckas teopus, Hayka, M. (1989). [5] J1. 1. Jlangay, E. M. JIndmm, KanTtoBas MmexaHuka.
Hepenstusncrckas teopus, Hayka, M. (1989). [6] B.b. E¢umos, A.H. N3otoB, A.A. Jleuenko, JL.II. Mexos-/lernmun, C.C. XacaHoB,
CTpyKTypHBIE PEBpAICHHS B JISJIHBIX 00pa3iax MpH HU3KUX TEMIIepaTypax U MajbIx AaBiaeHusX, [Iucema B XKOTD, 94, 662 (2011). [7]
0. Haida, H. Suga & S. Seki, J. Glaciol., 22, 155 (1979). [8] Xing Wei, Paulo B. Miranda, and Y. R. Shen, Surface Vibrational Spectroscopic
Study of Surface Melting of Ice, Phys. Rev. Lett. 86, 1554 (2001) [9] C. Kepubax, C.Ilepmun, JlnHamuka kKanuuisipHbIX 2(hGEKTOB B BOjIE
rocyie ruApoarHaMuyeckoi kapuranud, [pumaménnsii noknan. [10] I Otsuka and S. Ozeki, Does Magnetic Treatment of Water Change
Its Properties?, Phys. Chemistry B, 110, 1509-1512 (2006). [11] D. Morre et al., Equilibrium dynamics of ortho/para hydrogen spin isomers
of water, Inorganic Biochemistry, 102(2), 260 (2008) [12] 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), 14101414 (2009). [13] Ksmsunze B.I.,
Kyp3aes A.b. CBoiicTBa TOHKHX CIIOEB BOJIBI 110 JaHHEM SIMP // M.: Hayxka, 1979. - C. 211-215.

90



METO/Abl NCCNIEAOBAHUA BOAHbIX PACTBOPOB

KAKOBA TOJILIUHA ®POHTA IIVIABJIEHUA JIB/IA?

CrenanoB C.B., 3emckas JI.U., CtenanoB U.C.

HUIL] Kypuamosckuii uncmumym — Kypuamogckuti KomMnieKe meopemuyeckou u
9KCNePUMEHMANbHOU (U3UKU
Stepanov@itep.ru

Ha ocHoBe n3MepeHuii KWHETUKN HAKOIUIEHHUS TaJ0W BOJIbI IIPH IUIABJICHUHM JIEASHBIX IIApOB Pa3HOIo pas-
Mepa Ip1 KOMHaTHOM TeMIIeparype, a TAKXKe C y4eTOM U3MEPEHUI TeMIIEpaTypbl KaK Ha IOBEPXHOCTH LIapOB,
TaKk U BHYTPU HHX, yIaJOCh OICHUTHh TOJNUIMHY (POHTA IJIaBIeHUS JbAa. BHyTpu (poHTa miiaBieHUs Te-
IUIOBOM IIOTOK CHAapY’KU M3 BO3yXa IOIVIOLIAETCS JIHIOM B BUJI€ CKPBITOM TEIUIOTHI IUIABJICHUS B PE3YJIbTATE
Yero Ha MOBEPXHOCTH mapa oopasyercs Toukast (<0.1 MM) ruieHKa Tajaoi Bojabl. B Xoze ruiaBieHus 1baa Boja
CTEKAaeT C MOJBEIICHHOTO 1Iapa U cOOMpaeTcsi B CTakaHe, yCTAHOBICHHOM Ha Becax.

IlocTpoeHna mMozenb, ONMCHIBAOLAs KUHETUKY TasHUS JIeAsSHbIX IIapoB. [Ipenmonaranoce, 4To MoaBOA
TeIUIa IPOUCXOAUT YEpe3 BCIO MOBEPXHOCTH 11apa, IPU 3TOM YUUTHIBAJIOCh YMEHBIIECHUE TUIOIIAU ITOBEPX-
HOCTH €O BpeMeHeM. Takke u3Mepsaach TEMIEpaTypa Ha IMOBEPXHOCTH JIEASHBIX IIAPOB M TEMIIEPATYypHI
BHYTpU HUX (3TH 3HaueHus okazanuch ~0.4 u 0 °C cooTBeTCTBEHHO). KMHETHKA HAKOIJIEHUS TaJOH BOJIBI
umeeT npoctoi Bu ~1-[1-t/(3t))]>. YuuThIBanuch HONpaBKH, CBA3aHHBIE C MCIIApEHHEM BobL. I1oaronka sKc-
NEPUMEHTAIBHBIX JAHHBIX C UCIIOJIB30BAHUEM MPEATIOKESHHOM MOJIETH TI03BOJIMIIA OLIEHUTD TOJIIMHY (hPOHTA
IUIABJICHUS JIbJIa IPU KOMHATHOW TeEMIIEpaType, KoTopasi oka3ajiach paBHOM npumepHo 3.2-3.6 mm (Puc. 1).

Puc. 1 Kunemuxu naxonnenus mauoti 600bl 8 Xo00€e MAsAHUSL WAPOE PA3HOU HAYAILHOU MACCHL.
CniowHble Kpusbie NOKA3ulearom umuposaHue IKCNePUMeHmMaIbHbIX OAHHLIX C UCNOIb308AHUEM
npeonodcennol moodenu. Ilpu obpabomre 0aHHbLIX MAKIHCE YUUMBIBANLOCH, Ymo 8 nepgvle 10-20 mun 1€0
npocpesancs om memnepanypbl MOPO3UIbHOU Kamepbl 00 memnepamypul niaeienus. Ipu smom
0bpaszosanue manoi 800bl euje He HauaI0ch. BHU3Y NoKasamvl 3a8UcCUMOCmuy memnepamypsl 6Hympu
JLEOSIHLIX Uapos, usmeperuvie mepmooamyuxkom DS18B20. Buono, umo 6 npoyecce niasnenus
memnepamypa enympu wiapog pasusaacsy () °C. Ilocrnedyiowuii pocm memnepamypuvl C643aH € 8bIXOOOM
mepmMooamuuxa uz 00vema wapa Ha e2o NOBePXHOCMb U HATUYUeM KOHMAKMA ¢ meniblM 6030YXOM.
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OCOBEHHOCTHU CBETOPACCESAHUSA BO B3BECHX
YACTHUII U B I'EJISAX
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'Duzuueckuti uncmumym um. I1.H. Jlebedesa Poccuiickotl akademuu Hayx,
119991, Mocksa, Jlenunckuii np., 53.
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e-mail: chaykovll@lebedev.ru

CBetopaccesinue, Kak cTratuueckoe, Tak u quHamudeckoe (JJPC) — pacnpocTpanéHHble 1 00ImEenpUuHATbIE
METONBI XapaKTepPH3aIMH TaKUX CpeJl, KaK B3BECH MUKPO- M HAHOUYACTHII, TeJIel U UM MoJ00HbBIX. MiMeeTcs
MHOKECTBO TPUOOPOB 3aBOJICKOTO U3rOTOBIICHHS], BBIJAIOIINX Ha BBIXO/IE€ Cpa3y pacHpeaeeHue YacTHIl B3Be-
cH 110 pazmepam. Yl IMEHHO 3[1€Ch CKPBIBAETCS Pl IPOOIIEM.

Bo-miepBbIX, HY)KHO BCerna MOMHHTB, YTO MPHUOOP BBIAAET paclpeieicHue 10 pa3MepaM He KOJIMYecTBa
YaCcTUL], @ MHTEHCUBHOCTH PAcCEsIHUS Ha YacTUIaX ITHX Pa3MEpOB, U JJIs ONpE/IeIeHUs] KOHLEHTpaIii pas-
JIMYHBIX pa3MEPHBIX (PaKUU NOTyYEHHBIE pacIpeesieHs] HeOOXOANMO TMEePECUUTHIBATE C YUETOM CEUCHUI
Y MHIUKATPHUCHI PACCESTHUS HA TAKUX YaCTUIAX.

Bo-Bropsix, xots Metox JIPC s onpeneneHus pa3MepoB YacTULl UCIIOIb3yeTcs yxke oyt 50 jet, Het
prOOPOB, ONPENENAIONINX KOHIIEHTPAILIUIO MEJIKUX (Topsaaka 3-15 M) yactuil. ITo CBA3aHO HE C HECOBEP-
IIICHCTBOM ITPHOOPOB, a C arperanuell HAHOYACTHII, 00Pa3yIOIINX HE CIIIONIHBIE arperarbl, a pa30aBIeHHbIE
pactBoputeneM [1]. A TOCKOJIBKY B SKCIIEpUMEHTE MPUOOP BUAUT HE OTAEIbHbIC YACTHUIIBI, a UX arperarsl,
UX TOKa3aTeib MPEIOMIICHHUS OKa3bIBACTCS HEM3BECTEH. JlONOIHUTENBHYIO CIOXKHOCTh CO3aET (ppakTalib-
HBII XapakTep TaKUX arperatoB. MHOrue NOHUMArOT 3Ty MIPoOIeMy, HO TEM HE MEHEE JI0 CUX I0p JeJIat0TCs
MOTIBITKY OLIEHKU KOHIIEHTPAIMM YacTHIl B MPEANOI0KEHNHN IJIOTHOTO arperara, rnokasareib MpeIoMIICHUsS
KOTOPOTO paBEeH MOKA3aTEeNI0 MPETOMIICHHUS AUCTIEPTHPOBAHHOTO BEIIECTRA.

Emé xyxe neno o6CTOUT ¢ paccessHUEeM B reisix. Jleao B TOM, 4TO XapaKTepHble BpeMeHa pejlakcalluy B
HE CJIMIIKOM IIJIOTHOM Tejie 00paTHO MPOMOPLHUOHAIBHBI KBapaTy BOIHOBOTO BEKTOpA paccesHusi, Kak U BO
B3BECSX YaCTHIl. TOJIBKO KOA(pPHUIHMEHT mporopiuoHanbHOCTH (D) B 3TOM ciiyyae He UMEET OTHOLICHHS K
OpOYHOBCKOMY JBWXKEHHIO 1 UG dy3un (2 3HAYUT, U K pa3MepaM 4YacTHIl), a SBJISETCS KOMOMHAIMEH MOJIeH
ynpyroctu rens [2]. [Ipu naneHeimeit rene3anuu GyHKINs KOPPEISUN HHTEHCUBHOCTH PACCESIHHOTO CBETa
CTaHOBHTCS CTEIIEHHOM [2, 3], mpuuéM moka3aTellb CTEIICHH CBsI3aH ¢ (ppakTrambHOCTHIO Tems. [1pu pasmoxe-
HUM Takol (PYHKLIMU 10 HKCIIOHEHTaM (T.e. 110 BpeMeHaM Ju(Py3nOHHON perakcaluu) KoMMepueckas mpo-
rpamma BbIIAET psijl pa3MEpPOB YaCTHUI], HE MMEIOLINI HUKAKOrO OTHOILIEHUS K IEHCTBUTEIBHOCTH.

Kpome Toro, B 11000M cocyzie ¢ rejieM CyIIeCTBYIOT CBOM YIpPyTHe (aHaJOTUYHbIE aKyCTUYECKUM) MOJIBI
[4], mox pa3HBIMM yIJIaMH IIPOSIBIIAIONINE Pa3HYIO0 HHTEHCUBHOCTh. Hanmnuue Takux MO IPUBOJUT K MOSIBIIE-
HUIO B (PyHKIIMU KOPPENALUU KOCHHYCOUIATBHON COCTABIIAIONICH, KOTOPYIO TaKKe HEOIOXOIUMO YUUTHIBATH
pu 00paboTKe pe3ysIbTaToB.

Paboma nocesawena nazeannvim npodbremam usmepeHuil u NOUCKy nymeti NpeoooleHUus ImMux mpyoHocmeu.

[1]L. L. Chaikov, K. V. Kovalenko, S. V. Krivokhizha, A. D. Kudryavtseva, M. V. Tareeva, N. V. Tcherniega, and M. A. Shevchenko.
Structure of Water Microemulsion Particles: Study by Optical Methods. Physics of Wave Phenomena, Vol. 27, No. 2, pp. 87 - 90
(2019) DOI: 10.3103/S1541308X1902002X.

[2] Shibayama M., Universality and Specificity of Polymer Gels Viewed by Scattering Methods. Bull. Chem. Soc. Jpn. 79, No. 12,
1799-1819 (2006). doi:10.1246/bcsj.79.1799

[3] Marina Kirichenko, Leonid Chaikov, Svetlana Krivokhizha, Alexey Kirichenko, Nikolay Bulychev, and Mishik Kazaryan. Effect
of iron oxide nanoparticles on fibrin gel formation and its fractal dimension. Journal of Chemical Physics Vol.150, Issue 15, 155103
(2019). DOI: 10.1063/1.5086528

[4] Xiaodong Xu, J. J. A.F. Cuautle, M. Kouyate, et al. Evolution of elastic and thermal properties during TMOS-gel formation
determinedby ringing bottle acoustic resonance spectroscopy, impulsive stimulated scattering, photopyroelectric spectroscopy and
the hot ball method. J. Phys. D: Appl. Phys. 49 (2016) 085502 (14pp). doi:10.1088/0022-3727/49/8/085502
https://online.mittech.ru/physwatsol23/login
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I'EJIEOBPA3OBAHHUWE B BOJHbBIX L-ITUCTEUH-
CEPEBPAHbBIX PACTBOPAX, UHULIUNPOBAHHOE
I'AJIOTEHU - AHUOHAMMA

MexannukoB U.A., Xuxuasak C.Jl., UBanoBa A.U., [laxomos I1.M.

Teepcrotui cocyoapcmeennuiil ynusepcumem, 170100, 2. Teepw, yn. JKensabosa, 0.33
ilya_mekhannikov101@mail.ru

CymnpamorneKkyssipHble refid Ha OCHOBE HU3KOMOJICKY/ISIPHBIX COSMHEHU, HapUMep, aMUHOKUCIIOT, MOTYT
OBITh TIOJIYYEHBI B Pe3yJIbTaTe caMOCOOPKH 3TUX MOJIEKYJ 332 CYET HEKOBAJICHTHBIX B3aMMOJCHCTBUN, TAKUX
KaK BOJIOPOJHOE CBsi3bIBaHUE, CHIIbl BaH-nep-Baanbca, anekrpocrarnueckoe B3aumozeiicteue u ap. Ocoboe
MECTO CPEIM CTUMYJIOB, KOTOPble HHUIIUUPYIOT reJie00pa3oBaHKe B TAKUX CHCTEMax, 3aHUMAIOT JIEKTPOJIU-
ThI, POJIb AHHOHOB KOTOPBIX 0COOCHHO Ba)KHA B PA3IIMUHBIX OMOJIOrMYECKUX Iporeccax. ['uaporenu Ha OCHO-
Be aMuHOKHCI0ThI L-1ictent (L-Cys) u HuTpara cepedpa MOXKHO OTHECTH K KJacCy aHHOH-YYBCTBUTEIBHBIX
CYIPaMOJICKYJIIPHBIX CUCTEM, Iresie00pa30BaHie B KOTOPBIX HHUIIMUPYETCS BBEJICHUEM PAacTBOPA IEKTPOIIU-
Ta, HaIlpUMep, XJIOPUAOB pazIHuHbIX MeTaysIoB [1]. Llens paboThl — n3yueHue BIUSHUS ONMKAUIINX coceneit
XJIOpUI-aHHOHA — PTOpUA- U OPOMHI-aHHOHOB, UMEIOIIUX Pa3HOE CPOJACTBO K MOHY cepeOdpa, Ha MPOIeCChl
caMOoCcOOpKH | refeo0pa3oBaHus B BOAHBIX pacTBopax L-mucrenna u Hutpara cepedpa (LICP).

Jnst uccnenoBanus Obl1a mpUrotoBieHa cepus oopasnos LICP ¢ pa3nuyHbIM copepikaHueM OpoMuia Ka-
must (0.1-0.3 MM) u dpropuna Harpus (0.1-0.4 MM). Okazanochk, 94To B cirydae OpOMHUA-aHHOHA MBI UMEEM
JIeNI0 ¢ OBICTPO MPOTEKAIIIKUMU Tpolieccamu, uepe3 | 1eHp B oOpasuax Habmonaercs Ga3oBoe paszeneHue,
IpU 3TOM (PTOPUA-aHUOH MHULIMUPYET JIMIIb MEUIEHHO MPOTEKAIOIIHE Mpolecchl caMmocOopku. C oMOIIbI0
BUOPOBHCKO3UMETPHH YCTaHOBIIEH MOpor reneodpazosanus B LICP-KBr o6pasnax.

V3MeHeHus B 3JIEKTPOHHOM CTPOCHUHU CYNpaMOJIEKyISpHbIX KiacTepHbIx nenodek LICP, mpoucxonsimue
107l BIUSHUEM (TOPUI- U OPOMUI-aHHOHOB MCCIIEOBAHBI C MOMOIIBI0 Y® CrIeKTPOCKONUHU U AIIEKTPOHHOM
mukpockonuu (II1OM u COM). COM u300paxeHus ruporesei ¢ pa3InyHbIM COIepKaHueM OpOMUI-aHHOHA
JIEMOHCTPHUPYIOT U3MEHEHHS MOP(OIOTHS IIUCTEUH-CEPEOPSIHOTO pacTBOpa MPU YBEIMYEHUH B HEM KOHIICH-
Tpauuu Opomu-annona. [Ipu HuzkoMm conepxxkannu KBr oOpasen uMeeT ppIxiioe CTpOSHHE, YBEIINYCHNE KOH-
LEHTpaIu OpoMUIa HATPUS IPUBOJUT K 00pa30BaHUIO HAHOATPETaTOB MOYTH cheprudeckoit hopmbl. MoxKHO
MPEOJIOKUTD, YTO 3TH U3MEHEHHUsI B MOP(OJIOTHH 00pa3IoB ABJISIOTCS CISICTBHEM (pparMeHTaluu cynpa-
MOJIEKYJISIPHBIX KJIACTEPHBIX LEMOYEK, COCTOAIIMX M3 MOJEKyl Mepkanthaa cepedpa-[(---Ag-S(R)---) Ag],
rae R — ocrarok mucrenHa. YBenuyeHHe KOHLIEHTPAUN OpOMUA-aHUOHA MTPUBOIUT K Pa3pbIBY KJIACTEPHBIX
LIETOYEK, MOCKOIbKY M30bITOUHBIC HOHBI Ag' , MPUCYTCTBYIOIIUME B PACTBOPE, MOTYT KOOPIMHHPOBATHCS HE
TOJIBKO C aTOMOM CEpbl MOJIEKYJI MepKanTHa cepedpa, HO U ¢ OpOMHI-aHUOHOM. Pe3ynbTarsl AMHAMHYECKOTO
cBeTopaccesiHus noareep:xaatoT npoucxogsaimue B [ICP-KBr cucteme cTpyKkTypHbIE IEPECTPOUKH.

Takum obpazom, uzyyeHue BIUSHUA PTOPUA- U OPOMHI-aHUOHOB Ha Ipoliecchl, nporekatomue B LICP, —
BA)KHBIH 3Tan B TOHUMAaHUN MEXaHW3Ma CaMOCOOPKH U reJeo0pa3oBaHus B CUCTEMaX Ha OCHOBE HU3KOMOJIE-
KYJSIPHBIX refieo0pa3oBaresieil (3KeIaTopoB).

Paboma svinonnena na obopyoosanuu 1a60pamopuii CHeKmpOoCKOnUU U 1eKmpOoHHOU MUKPOCKORUU
LIKII Tel'V.

[1] A.B. Annpuanosa, C. 1. Xmxusak, [1.M. ITaxomoB. O mponecce caMoOpraHu3alyu B BOIHBIX LIUCTEHH-CEPEOPSAHBIX pacTBOpax
TOJT BO3/ICHCTBHEM XJIOPHIOB MeTasuioB // BectHuk TBepckoro rocynapcreHHoro yausepcureta. Cepust: Xumus. Ne2. C. 99-107.
2016.
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Metonom @ypre MK-cnekrpomeTpun uccienoBaIuch mpomecchl nuddys3uun (aacopOoIuu u a1ecopOormm)
B MOHOOOMeHHOU MemOpaHe HadroH BOIHBIX pacTBOPOB THA3MHOBOTO KPAacHUTENs - METUJICHOBOIO CHHE-
ro (MC) u ackopounoBoii kuciotsl (AK). duddy3ust koMmoHEeHTOB pacTBOpPOB B MEMOpaHy MPOUCXOUIIA
B IpoIiecce BhIMaunBaHUsI MeMOpaHbl B BOAHBIX pacTBopax MC u AK. KoHTposib KHHETHKH TpoIiecca aj-
copOLMM BOHBIX PacCTBOPOB B MeMOpaHy U JiecOpOLMU KOMIOHEHTOB YKa3aHHbBIX PAacCTBOPOB OCYIECTBIIS-
U M3MEpeHreM Kod(PHUIMEeHTa MPONMyCKaHUs MOJIMMEpHOM MemOpanbl HaduoH B BONHOBOM auamazoHe
(370 ... 7800) cm™'. CkopoCTh IPOIIECCOB aACOPOIMH U ACCOPOIIMH MEMOPAHON AUCTUILTUPOBAHHOMN BOIBI,
okucaeHHo# popmer MC - Mc" 1 BoccTaHOBJIEHHOM OecIiBeTHOH Jetikopopmbl - McH? MmeTHIeHOBOTO CHHETO
Ha MOJIUMEPHON MeMOpaHe SBJISAI0TCS OJIM3KUMU 10 3HaYeHUsIM. MHTepBan ckopocTu afcopOIuu AUCTUILIU-
poBaHHOM BObI 1 e pacTBOpoB cocTtaBwi: (0.029 ... 0.031) min’!, gecopbuuu — (0.010 ... 0.011) min"!. Cko-
pocTh aacopOLMu aCKOPOMHOBOM KHUCIIOTHI B MEMOpaHy MEHbIIIE 110 CPABHEHUIO C APYTUMHU HUCCIIETyeMbIMU
pactBopamu u coctaBuiaa 0.021 min’!, a CKOPOCTh JieCOPOLUHU TaHHOTO BOAHOTO pacTBopa - 0.08 min'.

OO6HapyxeHO U3MEHEHHE 1[BeTa MeMOpaHbl U ko3¢ dunrenta npomnyckanus B UK-nuamnasone npu Habyxa-
HUU MOJIUMEPA B UCCIIEYEMBIX PacTBOpax, YTO CBA3AHO ¢ 00pa3oBaHUEM (DU3UKO-XUMUYECKUX COCTUHEHHM
B cHUCTeMe «MeMOpaHa-pacTBOp». bblio 3adukcupoBaHo oOpaTuMoe U3MEHEHHUE IBETA MEMOpPaHbI MPU COp-
O1mu J1eKo(pOopMbI METUIIEHOBOTO CHHEr0. B mponecce IMTENpHOrO BRICYIIMBAHUS MEMOpaHbl, 3a CUET e
IIPOTOH-OOMEHHBIX CBOICTB, BHYTPU MEMOpPaHbI MPOU30ILIa 00paTHAsE OKUCIUTEIbHO-BOCCTAHOBUTEIbHAS
peakiusi: OecrBeTHas JielKopopMa METHICHOBOTO crHero - McH® okucimiach 10 CHHEro 1BETa - HCXOIHOTO
cocTostHUsI KpacuTesst Mc'. JlaHHBIA SKCIIEpUMEHTANIbHBIN (DaKT YKa3bIBaCT HA MPOSBICHUE METAXpPOMa3UH
cucteMbl «Haduon - MC».

Cuctema, cocrosiasi U3 METHIICHOBOTO CHHETO, aJICOPOMPOBAHHOTO Ha CYIb(OHUPOBAHHOM TIepTOpyTIIe-
polie, MOJKET paccMaTpuBaThCs Kak MOZEIb AETUAPOreHasbl — OMOKaTaIn3aropa ClioCOOHOr0 NePEeHOCUTh BO-
nopox. [lonmumepnas nonooomenHast MmeMOpana Haduon, Girarogapsi cBoeit BBICOKOM KaTHOHHOM MPOBOIMMO-
CTH, CIIOCOOCTBYET Mepeaade MPOTOHOB U TEM CaMbIM BIIMSET HA CKOPOCTh OKUCIIUTEIbHO-BOCCTAHOBUTEb-
HBIX peaklii, B JAHHOM CJIy4yae ¢ y4acTHEeM METHJIEHOBOrO cuHero. BoccranoBnenHnas ¢popma METUIIEHOBOTO
CUHETO CITOCOOHA aKTUBU3MPOBATH MPOIIECC YCBOCHHS KUCIOPO/Ia, 9YTO BaxkHO Tipu 60prode ¢ Covid-19, koto-
PBIi COMPOBOXKIAETCS CHUYKEHUEM COJICPYKAHUS KUCIOPO/a B KPOBH.
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BJIMAHUE PAAIMOYACTOTHOI'O ! YJIBTPA3BYKOBOI'O
OBJYYEHUSA HA JTUHAMUKY ®OTOJIOMUHECIHEHIINN
C NOBEPXHOCTH NOJIMMEPHOH MEMBPAHBI

Ko3z0s B.A.!, Bosionkoa I.H.!, Bynkun H.®.'?, Jlikypaes M.T., Capresin M.B.*

"Mockosckuii I'ocyoapcmeennwiti Texnuueckuit Ynusepcumem um. H.O. baymana,
ya. 2-a baymanckas, 5, 105005, Mockesa
Unemumym obweti ¢pusuxu um. A.M. IIpoxoposa PAH, yn. Basunosa, 38, 119991, Mockea
SCamapkanockuit [ocyoapemeennviii Ynusepcumem um. [llapopa Pawuoosa,
Yuuseepcumemckuti 6ynveap, 15, 140104, Camapkano, Pecnybnuka Y3bexucman
‘OI'VIl « BHUUDTPHy, 141570, Mockosckas oonacme, 2. Conneunocopck, pabouuii nocenok Menoeneeso
v.kozlov@hotmail.com,; bolotskova@inbox.ru, nbunkin@mail.ru; joraev-1989@inbox.ru,
mcrmil 21 (@vniiftri.ru

B nannoii paGore Oblia u3ydyeHa BpeMEHHasi AMHAMUKA WHTEHCUBHOCTH JIIOMUHECUEHIIMHN B CIIEKTpaslb-
HOM MaKCUMYMe C ITOBEPXHOCTH nonumepHoi memOpanbl Haduona. JlroMmunecuenus Bo30yxkaaiack Hempe-
PBIBHBIM JTHOJIHBIM JIa3€pOM C JUTMHOU BOJIHBI A = 369 uM. [lomumepHass memOpana Halyxayia B IPUPOTHON
JIEMOHM30BAaHHOM BOJIE C COJIEp)KaHueM AeuTepust 157 ppm, a Takke B Bojie, OOCTHEHHOMU 1O JIeUTepuIo (Co-
JepKaHue erTepust paBHo 3 ppm). B skcriepuMenTax mo GOoTOIFOMUHECIIEHTHON CIIEKTPOCKOTTHUHU TTOJIMMEP-
Has MmeMOpana Haduona nmogsepraiack 00:1y4eHHUIO yAbTPa3BYKOBBIMU BOJTHAMHU, KOTOPBIE OB HAPaBIICHbI
MoTepeK pPa3MOTaHHBIX IMOJIMMEPHBIX BOJIOKOH. OKa3ajaoch, 4TO B CIy4ae yAbTPa3ByKOBOIO OOIyUYEHHS IByMsI
BCTPCYHBIMH YJIBTPa3BYKOBbIMU BOJIHAMHA Ha6J'IIO}IaIOTC$[ PE3KUC CKAYKH MHTCHCUBHOCTH JIIOMUHCCICHINH. B
TO K€ BpPEMsl, IPH 00JyUYEeHUU OAHOM YIbTPa3BYKOBOM BOJIHOM MHTEHCUBHOCTD JIIOMUHECIICHIIMU YOBIBAET 110
HKCIOHEHLIMAJIbHOMY 3aKOHY IO Mepe BbIMauuBaHHUs MeMOpaHbl. CTOXaCTHUECKHE CKaYKW WHTEHCUBHOCTH
JIOMUHECUEHIIUHN TaK)Ke HaONII0AA0TCs PpHU O0IyYeHUH TOJIMMEPHON MeMOpaHbl HU3KOYACTOTHOU 3JIEKTPO-
MarHUTHOM BOJTHOM. DTH CKauKu HAOIIOMAOTCS TOJIBKO TOT/AA, koraa Haduon Habyxaet B IpuUpOAHOI BOJIE; B
cilydae BOJIbl, 00eIHEHHOM 10 AelTeputo, 3TOT 3PPeKT OTCyTCTBYET. B mapasienbHbIX SKCIepuMeHTaxX MOoJH-
MepHas MemOpana Haduona nmonsepranack o01ydeHHI0 paIuodyacTOTHON AIEKTPOMAarHUTHOW BOJTHOM C JIJTH-
HOM BoJHBI A = 3 M. [Ipu 3TOM B *)uaKKe 00pasipl (MpUpoIHas JSHOHN30BaHHAS BOJIa M BOja, 00€THEHHAS 110
JNEUTEPHI0) T00aBISUTHCH CYOMUKPOHHBIC YaCTHIIHI KOJUTOMIHOTO 30510Ta. OKa3anoch, 4To MPH 100aBICHUN
TaKHX YacCTHUIl B IPUPOJIHYIO J€MOHU30BAaHHYIO BOAY U IIPHU OOJYyUYEHUU PAaTUOYaCTOTHON AJIEKTPOMArHUTHON
BOJIHOM HaOJIIOIAI0TCS CTOXaCTUYECKHE CKAYKW MHTEHCUBHOCTH JIIOMUHECIEHIIMU. DTOT 3PPEKT OTCYTCTBY-
€T MpH J100aBJIEeHUN CYOMUKPOHHBIX 30J0THIX YaCTHUI[ B 00eHEHHYIO 10 jaelreputo Boay. Ilpeanoxkena ka-
YeCTBEHHAasl TEOpeTHUECKasi MOJIEIb, CBSI3bIBAIOIIAS CKAUKU MHTEHCUBHOCTH JIFOMUHECHEHIUH ¢ 3 dexramu
MOMJIOIIEHUS. PAAHMOYAaCTOTHOTO M3IYUYEHHUs] HAa METaUIMYECKUX CYOMUKPOHHBIX YacCTHIAX U MOIVIOLUICHHEM
BCTPEUYHBIX YJIBTPA3BYKOBBIX BOJIH.
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POCT KPUCTAJIJVIOB U3 HEPECBIHIEHHBIX BOAHBIX
PACTBOPOB COJIE HA NOJIMMEPHBIX NOJJIOKKAX

Bosouxopa I1.H.', Bapanosa E.H.*, Bynkun H.®."2, Boponos B.B.2, I:xypaes H.T.3,
Ko3zaos B.A.!, Tumuenko C.JL.!, Xs1our M.T.!, HoBakoBckas 10.B.*

"Mockosckuii F'ocyoapcmeennvuii Texnuueckuii Ynueepcumem um. H.D. Baymana,
yn. 2-a baymanckas, 5, 105005, Mockea, Poccus
Uncmumym obweu ¢puzuxu um. A.M. I[Ipoxoposéa PAH, yn. Basunosa, 38,
119991, Mockea, Poccus
‘Camapkanockuii I'ocyoapemeennwiii Ynueepcumem um. Lllapogpa Pawuoosa,
Vuusepcumemckuii oynveap, 15, 140104, Camapkano, Pecnyonuxa Y30exucman
‘Mocroesckuii cocyoapcmeennwiil ynusepcumem umenu M.B. Jlomonocosa, Jlenunckue 2opot, 1/3,
119991, Mockea, Poccus
bolotskova@inbox.ru, nbunkin@mail.ru, voronov@lst.gpi.ru,joraev-1989@inbox.ru;
svtimchenko@yandex.ru; v.kozlovi@hotmail.com,; khuongthuminh@gmail.com;
Jjvnovakovskaya@gmail.com

B skcnepumenTtax nmo PeHTreHoBcKo# nudpakroMerpunu pedpakroMeTpun Obula M3ydeHa crenupuka
KPHUCTAJUI000pa30BaHUs U3 TIEPECHIIICHHBIX BOIHBIX PACTBOPOB PA3IMYHBIX COJIEH Ha MOJTUMEPHOMN MOIOKKE
Hadwuona. PactBops! ObLITM IPUTOTOBIIEHBI HA OCHOBE TIPUPOTHON IEMOHU30BAHHOM BOJIBI U BOJIBI, OOCTHEH-
HOM 1o Aeireputo. Panee ObUIO yCTaHOBJIEHO, YTO NpH HaOyxaHuu HaduoHa B mpupoHON 1eMOHU30BAaHHOMN
BOJIE C TTOBEPXHOCTH TMOJIUMEPA B 0OBEM KUIKOCTH PA3MaTHIBAIOTCS TIOJIMMEPHBIE BOJIOKHA, B TO BPEMs KaKk
B 00CIHEHHOM 10 ACUTEPHUIO BOZIE 3TOT APPeKT OTCyTCTBYeT. [IpencTaBnseTr HHTEpeC UCCIeI0BaTh BIUSIHUE
Pa3MOTaHHBIX BOJIOKOH Ha MPOIIECC KPUCTAI000pa30BaHus. bpui poBeaeHbI KOHTPOJIbHBIE SKCTIEPUMEHTHI,
B KOTOPBIX KPHCTAJUIbI BBIPAIIMBAINCH Ha IVIaJIKOW TIOBEPXHOCTH B OTCYTCTBHE MOJIMMEPHOH MOMIOKKU. B
HKCTIEPUMEHTAX MO pedpakTOMETpUr ObLTH OIIEHEHBI CKOPOCTH POCTa KPUCTAJUIOB HA IVIAJIKUX U MOJIUMep-
HBIX MOJUIOKKaX. B axcriepuMenTax no PeHTreHOBCKO# qu(pakToOMETpUH OBLIH MOTYyYSHBI pEHTTEHOT PaMMBbI
KpUCTAJUINYECKUX 00pa3noB. Oka3anock, 4To 3PQeKT pa3mMaTbiBaHUs MOJIMMEPHBIX BOJIOKOH BIMAET Ha KpHU-
CTaJUI000pa30BaHME B CIIydae JOCTATOUHO CIOXKHBIX KPUCTATMYECKUX CTPYKTYP, BKIFOUAIOIIMX MOJICKYIIbI
Bogibl. Tak, s kyobudeckoii pemietky Ha mpuMepe KCl He 0110 00HapykeHO pa3nuuuii B TudpakTorpaMmMax
KPHUCTAJUIOB, BBIPAIIEHHBIX HA [TIaJIKUX U MOJTUMEPHBIX MoIokKaxX. OJJHAKO, pa3IUyus MOSBIISIOTCS IS pac-
TBOpoB CuSO, Ha OCHOBE JICMOHU30BAHHOM NPUPOIHOI BOMIbL. M3BeCTHO, uTO KpucTamibl CuSO,, BepalleH-
HBIE U3 TIEPECHILIEHHOTO BOIHOTO PAacTBOPA, ABIAIOTCS MO0 nenTaruaparamu CuSO, x SH,O (a=35.9 A b=
6.1 A, c=10.7 A; a=77.33°, B =18227° vy = 72.57°, TPUKIIMHHAS CUHTOHHS), THOO TPUIUIPATAMU CuSO,
x3H,0 (a=35.6 A b=13.03A,c=73A; a=90° B =97,1° vy = 90°, MoHOKIMHHAS cHHTOHNM). Eciu kpu-
crajr CuSO, BeIpalleH Ha MOJMMEPHOM TOMIOKKE, Ul KOTOPOH HabmromaeTcs 3GGeKT pasMaTbiBaHus, TO
OH SIBJIIETCS] TPUTUAPATOM, B TO BpeMsI Kak Ha IVIaJIKOW MOATIOKKe popMupyeTcst neHTaruapar. OTMeTHM, 4To
IIPY BBIPAIIMBAHUH U3 IEPECHIICHHBIX PACTBOPOB HAa OCHOBE 00EIHEHHOM 10 IeHTepHto Boabl (rae dddexTa
pa3MarbIBaHUs HET) Ul BCEX UCCIEIOBAHHBIX KPUCTAIUIOB HE OBUIO BBISIBICHO PAa3IMYMiA B CIIydae T KON
¥ TIOJIMMEPHON TOJIOKKHM; It BoAHOro pactBopa CuSO,B 060ux ciay4asx Obuia WICHTH(GHUIHMPOBAHA TPH-
KiuHHas cuHronus nenraruapara CuSO, x SH,O. MoxHO NPeANonoKuTh, YTO Pa3MaThIBAHHUSIE MOJTUMEPHBIX
BOJIOKOH TEPIEHINKYIISIPHO TOAJIOKKE BIUSAET Ha (POPMUPOBAHME KPUCTAJUIMYECKUX 3apOABIIIEH U3 mepe-
CBIIIIEHHOTO BOJHOTO pacTBopa. Ilpu pa3MaTbiBaHUM MOIMMEPHBIX BOJIOKOH OJIMH M3 YIJIOB 0., [} HJIM Y BCeraa
Oyzet paBeH 90°, 4To XapakTepHO il KyOM4eCKOi 1 MOHOKJIMHHOW CHHTOHUH, HO HE MOXET OBITh peajn3o0-
BAHO JIJISl TPUKJIMHHONW CUHTOHHMH. IMEHHO 3TO MOYKHO pacCMaTpHUBaTh Kak OCHOBHYIO IPUYHHY 00pa30BaHUs
MOHOKIMHHBIXTpHUruaparoB CuSO, X 3H,O Ha MoIMMEPHO# TTOTIOKKE.
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CHEKTPOCKOIIUSA MAHJIEJIBIITAM-
BPUJJIFODHOBCKOI'O PACCESIHUS B BOJIHBIX
PACTBOPAX C OCOBOM TOUKOH

Caoupos JI.M.’, Bynkun H.®."?, Cemenos /[.U.°, Ucmanios @.P.3,
Xaiigapos X.C.}, XacanoB M.A.?

'Mockosckuii cocyoapemeennoiii mexnuueckutl ynusepcumem um. H.D. Baymana,
105005 Mockea, Poccus, 2-a baymanckas ya., 0. 5, cmp. 1
Uncmumym obwett ¢husuxu PAH um. A.M. I[Ipoxoposa,
119991 I'CII-1, Mockea, Poccus, yn. Basunosa, 0. 38
S Unemumym unocenepnotl ghuzuxu, Camapranockuil cocyoapcmeennviii ynugepcumem um. L. Pawudosa,
140104 Camapkano, Y3b6exucman, Ynueepcumemckuil o6ynveap, 15
leonard.sabirov@gmail.com

MeTtonom cieKTpockonuu paccesHus Manaensirama—bpuiiitosHa ucciieJoBalbl akyCTUYECKUE ITapame-
TPBI HA YacTOTE TMIIEP3BYKa (CKOPOCTH paclpocTpaHeHus u kod3dduimeHT mormomeHus, aguadaTnyeckas
C)KMMae€MOCTh) B BOAHBIX PaCTBOpaxX HEAIEKTPOIUTOB C 0COOOH TOUKOM.

DKCIEPUMEHTANILHOE U3y4YEHUE auabaTuIeCKo CKMMaeMocTh B¢ pacTBOpoB 4-meTuimnupuanna (4MIT)
B IIMPOKOM MHTEpBaJIe U3MEHEHUS TEMIIEpaTypbl paCTBOPA U KOHLIEHTPALIMK HEAIEKTPOJIUTA [10KA3aJIu HAJU-
4yrie MUHUMYyMa aIiabaTHyeCcKoi CAKMMAaEMOCTH, 00YCIOBICHHOTO MUKPOHEOIHOPOAHBIM CTPOSCHHEM PACTBO-
pa npu koHueHnTpanuu 4MII x=0.06 MOJIBHBIX JOJEH.

IIpuBeneHbl pe3yapTarhl 3KCIIEPUMEHTAIBHOTO UCCIIEI0BaHM IOIVIOLIEHHUS THIIEP3BYKa B PACTBOPAX alle-
TOH + BoJa U 3-MeTHINUPUIUH + Boja. [IpoBeseH aHanu3 MogyuyeHHBIX B SKCIIEPUMEHTE JAHHBIX C MO3ULUI
TEOPHUH PACCESHHS BEICOKOYACTOTHOTO 3ByKa BOIM3M Kputudeckoil Touku (M.A. Yaban) u Teopun (pa3oBbix
nepexozoB Broporo poxaa JI.JI. Jlanaay. B pamkax 3Tux Teopuil HabIogaeMble B SKCIIEPUMEHTE 0COOEHHOCTH
noBeJIeHNs KO PUIMEHTA MOTIIONIEHHS THIIEP3BYKa B OKPECTHOCTH 0COO0N TOUKU OOBSCHEHBI CYIECTBOBA-
HUEM B PACTBOPE JIBYX PA3IMYHBIX COCTOSIHUNA C MUHUMYMOM T€PMOANHAMHUYECKON CTaOMIbHOCTH.

[IpencraBneHHbIe pe3yabTaThl HCCIEIOBAHUS aqadaTUYeCcKOil CKMMAaeMOCTH BOAHBIX pacTBOopoB 4MII Ha
TUIEP3BYKOBON 4acTOTE MO3BOJIMIIN SKCIEPUMEHTAIBHO YCTAHOBUTH I'PAHUIIbI CYIIECTBOBAHUS (B KOOPIU-
HaTax «TEeMIIEpaTypa—KOHIIEHTPALU») pa3IuuHbIX (a3, XapaKTepU3YIOIUXCS pa3IMYHON CTPYKTYPHOH Op-
raHn3alueil KOMIIOHEHTOB pacTBopa. Ilepexon Mex Ity pa3HbIMU CTPYKTypaMHU MOXKET OCYIIECTBISATHCS THO0
3a CUeT U3MEHEHUS TeMIIepaTypbl pacTBopa (Mpu (PUKCUPOBAHHOM KOHIIEHTPAIUH ), JINOO 32 CUET U3MEHEHUS
KOHIIEHTpAIMH pacTBopa (Ipu (PUKCUPOBAHHON TEMIIEpaType).

Jlannbie 00 aanabdaTuveckoi CKMMAaEMOCTH PACTBOPOB, M3MEPEHHBIEC Ha TUIIEP3BYKOBOW 4acTOTE, CIIyXkKaT
9KCIEPUMEHTAJIbHBIM CBUAETEILCTBOM CYIIECTBOBAHUS HENPEPHIBHON CETKU BOJOPOJHBIX CBA3EH B UMCTOM
BOJIC U B BOJHBIX pacTBOpax B OINPEIEICHHOM MHTEpBaJie TEMIIEPATyp U KOHIEHTpaluil. Bapuanus KoHLEH-
Tpaluy HEIEKTPOIUTA MPUBOAUT K MEPEXOLy CETKH U3 HeAe(OPMHUPOBAHHOTO COCTOSHUS (HU3KUE KOHIICH-
Tpauuun) B 1e(hOPMHUPOBAHHOE COCTOSIHUE C MOCIIEAYIONIMM pa3pylieHueM (pparMeHTamnuen) ¢ pocToM KOH-
LEHTPALUN MOJIEKYJI HEAIEKTPOJINTA.

Hannume 10omomHATETbHOT0 MUHUMYMa a1Ma0aTHueckol CKMMAeMOCTH MPY KOHIIEHTPALMU 0CO00H TOUKH
(0.06 m.1.) Ha TUIIEP3BYKOBOI YacTOTE M €r0 OTCYTCTBHUE JJISl CKMMAEMOCTH, U3MEPEHHON Ha YJIBTPa3BYKOBOU
9acToTe, YKA3bIBAIOT HA TO, YTO B 0COOOW TOYKE CYIIECTBYET JIOMOIHUTEIbHBIA MEXaHU3M «YIPOUYHEHHUS JIO-
KaJBHOM CTPYKTYPBI pacTBOpa 3a cueT (ha30BOro0 Mepexoia CTPyKTypHOTo THIIA Ha MaciTadax nopsiaka 10-12 um.

B pactBopax aneron-soga u 3MII-Boga U30bITOUHOE CIEKTPAIBHOE YIIUPEHUE KOMIIOHEHT TOHKOM CTPYK-
TYpBI CHEKTpa PACCETHHOTO CBETA B OKPECTHOCTU 0COOOH TOUKM OOYCIIOBJIEHO B3aMMOJICHCTBHEM aanada-
TUYECKHX (UIYKTyalluid IUIOTHOCTH ¢ (PIyKTyalMsIMH IapaMeTpa MopsaKa, YTO MPUBOIUT K POCTY 3aTyXaHUs
THIIEP3BYKa BCIIEJCTBHE €r0 HEKOTEPEHTHOTO paccesHus Ha (IyKTyalusx napamerpa nopsjaka. JnHamuka
¢bykTyanuii BOIM3M TEeMIIEpaTypbl 0CO00H TOYKH OMMCHIBaeTCs Teopueit Jlanaay ¢Gpa3oBbIX mepexonioB BTOPO-
r'0 pojia ¢ KPUTUYECKUM WHAEKCOM 0000IIEHHOW BOCTIPUMMYUBOCTH Y = 1.
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OCOBEHHOCTHU COCTOSIHUH BOJAbI U MOJUDUKALIUA
YIABTPACTPYKTYPbI B KOMITAPTMEHTAX
PACTUTEJIbHOM KJETKHU IPU TEMIIEPATYPHBIX
KOJIEBAHUAX

bapanosa E.H.

Bcepoccuiickuti Hayuno-Hccneoosamenvckuu Mncmumym Cenvcxkoxossiicmeennou buomexnonozuu,
ya. Tumupszesckas, 42, 127555, Mockea, Poccus
Inasnoni 6omanuveckuii cad um. H.B. Luyuna PAH, yn. Bomanuyeckas, 4, 127276, Mockea, Poccus
Poccuiickuii I'ocyoapcmeennwiti Aepapnuiti Ynueepcumem um. K.A. Tumupsasesa MCXA,
Tumupszeeckas, 49, 127550, Mockea, Poccus
greenpro2007 @ rambler.ru

[onoxuTenbHBIE TEMIEPATYyPhl XapaKTEepU3YIOTCs M3MEHEHHEM (DPM3MUYECKUX COCTOSHUI BOABI M BOIHBIX
pacTBOpoB. JKHBbIE KIETKU MPEACTABISIOT CIOKHYIO CUCTEMY KOMITAPTMEHTOB, OTPAaHUUCHHBIX MEMOPaHHBIMU
CTPYKTYpamMH 00eCTICYMBAIOIIMMU TTOJICPIKaHUE TIPOIIECCOB JKU3HENSSTEIBHOCTH B IIMPOKOM JMANa3oHe OT MHU-
HYCOBBIX (TIpH YCJIOBUYM COXPAaHEHNUS KJIETOUHOTO COIEPKHUMOTO B KHIKOM COCTOSIHUM) 0 IKCTPEMAIIBHO BBICOKHUX
temneparyp. IIpu 3Tom cocTas, IIOTHOCTE, pH XKUAKUX (paKIMil MOXKET CYIIECTBEHHO Pa3INYaThCs U IPe/ICTaB-
JISITh MHOYKECTBO BApUAHTOB (DU3MUECKHUX COCTOSIHUM M OMONOrnueckux GyHKImi. Ku3zHecrnocoOHOCTh COXpaHsi-
€TCs1 TOJIBKO B CITy4ae LEeJIOCTHOCTH KOMITAPTMEHTOB, COXPaHEHHUS aJIpeCHOTO I1eJIEBOr0 0OMEHa MEXTY Pa3IniHbI-
MH KOMIIapTMEHTAMH U CYOKOMITApTMEHTaMH, YTO MOAPa3yMeBaET MOCTOSIHHBIN 0OMEH BOJHBIMH PACTBOPAMH, HO-
HaMH, MOJICKYJIAMH, U CJIIOKHYIO PETYIISILIAIO COCTOSIHUSL MOJIEKYJI M MOJIEKYJISIPHBIX KOMIUIEKCOB. J[MHaMu4yeckue
COCTOSTHHSI MOT'YT COIPOBOXKIATH JTEFOOBIE ITPOLIECChI IEPBUYHOTO M BTOPUYHOIO MeTaboIM3Ma, Takue Kak JAbIXaHue,
¢dotocunTes, pepmenTaTuBHBIC peakiyu. [lepemenienne BOAHBIX PAaCTBOPOB U OOMEH KHIKOCTSIMU MEXTY KIIeT-
KaMH pa3NYHbIX TKaHEeH, UX OTIEIbHBIMU KOMITAPTMEHTAMU M CyOKOMITapTMEHTaMH, 00ECIIeYMBaeT BCE MpoIiec-
ChI IEPEMEILICHUS JKUIKOCTEH, KaK Ha JUIMHHBIE IUCTAHIMHU (OT BCACBIBAHMS /10 TPAHCIIMPALMU U IYTTallH YEpe3
JIMCThSI M MIX CIIELIMANIbHBIE CTPYKTYPBI), TAK U Ha CPEHNE U KOPOTKHE. M3MeHeHNe III0THOCTH pacTBOPOB, KUIKON
(paKIyy UTOIIA3MBI HJIH IPYTHX CyOKOMITAPTMEHTOB MPH MOHKEHUN TEMITEpaTyphl 10 OKOJIOHYJIEBBIX TEMIIe-
paTyp CONPOBOXKIACTCS] U3MEHEHUEM TYpropa, pacnpezieieHreM HOHOB, pH 1 IPOIyCcKHON CIIOCOOHOCTBIO KaHa-
JIOB 00€CTICUMBAIOIINX PabOTy aKBAIIOPHHOB Y MOHHBIX KaHATIOB. BrusiHUE MFOOBIX (H3HMUYECKUX BO3/ICHCTBUI Ha
JKUBBIE CUCTEMBI, KAK Ha OPraHU3MEHHOM, TaK U Ha TKAHEBOM WJIM KJIETOUHOM YPOBHE, IIPEACTABIISIET CIIOKHOCTH
B M3y4YEHHH JIBYX(DaKTOPHBIX CUCTEMHBIX BO3ICHCTBHUIA, BIIPOYEM, KaK M TIPH UCIOJIB30BAHUH JIFOOBIX APYTUX TEM-
nieparyp, CBSI3aHHBIX C U3MEHEHHEM, TaK Ha3bIBAEMBIX (Da30BBIX COCTOSIHUM, ISl KOTOPBIX XapaKTepHbI N3MEHEHHUS
CBOMCTB PaCTBOPHMOCTH T'a30B U KaK OPTaHUYECKUX, TaK U OPraHUYeCKUX coeuHeHUH. OCOOEHHYIO CII0KHOCTD
B MCCJIEIOBAHUSIX MIPE/ICTABIISIET UCCIIEJOBAHNE TAKUX IPOLIECCOB B CHITY BBICOKOM CTENIEHH UX 00PaTUMOCTH, IIPH
KOTOPBIX M3MEHEHHOE (PM3UYECKOE COCTOSIHUE CIIOKHBIX CUCTEM OyeT OBICTPO BO3BPAIIATHCS K HICXOTHOMY, & 3Ha-
9UT, OyZIET CO3/1aBaThCsI MILTIO3US OTCYTCTBHS IOBTOPSIEMOCTH PE3YJIBTATOB U MOMYYEHUS! HEKOPPEKTHBIX JaHHBIX
[IPU MaJICHIIEM HapyLICHUH IIPOTOKOJIA SKCIIEPUMEHTA, HE UMEIOLIETO 3HAYCHHUE B JAPYIUX Cilydasx. M3ydeHue
BO3JIEMCTBHS NOCTOSIHHOrO MarHuTHOro nois (IIMII) B pasnuuHOM quana3oHe Ha ypOBHE KJIETOK U TKAHEH SIBIIsI-
eTcs IPEMETOM U3YUeHHUSI MHOTHX HccliefioBaTeneil. B psiie paboT ObLIO0 MPOJeMOHCTPUPOBAHO BIUSHUE U3Me-
Henust [IMII Ha u3MeHeHus yIbTpacTpyKTYphbl XJIOPOIUIACTOB U MUTOXOHAPHM, SIIEPHOIO KOMIIAPTMEHTA, COIIPO-
BOYKZAOILIETO U3MEHEHHUE SKCIIPECCUU T€HOB, a TAKXKE OKHUCIIUTENIBHBIX PEAKLUN. YCTAaHOBJIEHO, YTO IIPU HU3KHUX
TIOJIOKUTEBHBIX TEMIIepaTypax CTPyKTypa siipa 00paTUMO MEHsIETCs, 00pa3ysi CII0KHBIE BBICOKOOPTaHU30BAaHHBIE
U, TI0-BUAMMOMY, JUHAMHUYHBIE CTPYKTYpHI, cBsi3biBatole PHII u koHneHcupoBaHHbIe y4acTKu XpoMaruHa [1].
Bricokas creneHb 00paTMMOCTH NEPEXOIHBIX COCTOSIHUM SIBISETCS CBOMCTBOM KIIETKU KaK KHBOW CHCTEMBI.

[1] E. N. Baranova, R. M. Sarimov, A.A. Gulevich. Stress induced «railway for pre-ribosome export» structure as a new model for
studying eukaryote ribosome biogenesis. AIMS Biophysics, 6(2), 47-67 (2019).
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BJIMSIHUE BHEIIHUX ®AKTOPOB HA YCTOMYUBO
HEPABHOBECHOE COCTOAHUME BUKAPBOHATHBIX
BOJHBIX PACTBOPOB

BoeiikoB B., bypasiesa E.

buonocuuecxuii paxynomem MI'Y umenu M.B. Jlomonocosa, Mocksa, Jlenunckue copwi, 1, cmp. 12
VL. Voeikov@gmail.com

Panee Hamu ObLTO TIOKA3aHO YTO B OMKapOOHATHBIX BOAHBIX pacTBopax (BBP) mocrosHHO mpomyrmpyroTcs
CYNEPOKCUA-paiuKal U Apyrue aktuBHbIe (hopmbl kucnopona (ADPK) [1]. Peakimu ¢ yuactuem ADK conposo-
KJTAIOTCS TeHEepale SHEPTUH AJIEKTPOHHOTO BO30YKICHNS, YaCTh KOTOPOIl N3ITy4aeTcsl B BUJIC XEMITIOMUHEC-
uenruu (XJI). Buecenne B BBP H,O, B HU3KKMX KOHLEHTpAIUsIX aKTUBUPYET B HUX renepaimio ADK, u Takue
pacTBOPHI UITYUarOT (DOTOHBI B TEUEHUE MHOTHX MecsleB. BBP mposiBIsSIOT BEICOKYIO 4yBCTBUTENBHOCTD K JICH-
CTBUIO HA HUX Pa3HOOOPa3HBIX (PU3MUECKUX (PAaKTOPOB, B YACTHOCTH, TAKUX KaK BapHUALMM T€OMAarHUTHOTO OIS,
cmeHa (a3 JlyHsl, myHHBIE U conHeuHbIe 3arMerus. Ha XJI 1 ux criekTpanbHbie cBoiicTBa B YD-001aCTH CIEKTpa
BJIMSET U MHTEHCHBHOE X BCTpsixuBaHue (notenuuposanue). Murencusnocts XJI pactsopo NaHCO, (5 MM)
0e3 Kakux-JIM0O JIOMOIHUTENBHBIX 100aBOK Cpa3y Iocje UX MPUroToBieHus B 8-10 pa3 mpeBbIIacT TEMHOBOI
TOK CYETYHKA (POTOHOB, HO 3aTE€M HaYMHAET CHIKATHCS, XOTS ellie Yepe3 4 He/IeNu MPOJ0JKACT PEBHIILIATh TEM-
HOBOH TOK cueTuuka B 2-4 pasza. InrencuBHOCTh XJI morennmpoBanHbix bBP cHauana HUkKe MHTEHCUBHOCTH
KOHTPOJIbHBIX, HO 3aT€M BO3pacTaeT U aaxe uepe3 4 Henenu npesbimaet XJI B koutposne. MarencuBHocTs XJI
BBP, x kotopeiM ucxoano nobasism H,O, (0,01%) u momunon (momunecuenTHeii 3081 Ha ADK), B 80-100
pa3 npeBblimaeT nHTeHCHBHOCTH XJI BBP Ge3 no6aBok, HO xapakTtep u3MeHeHuil XJI He MOTeHIMPOBAHHBIX U
MOTEHIIMPOBAHHBIX PACTBOPOB B HHUX TakKoH ke, Kak U B bBP 6e3 atux no6aBok. B yacTHOCTH, HHTEHCUBHOCTh
XJI norerumpoBanneix BBP Ha 50-70% mnpesbiraer XJI koHTponbHbIX 00pa3noB bBP B TeueHne HECKOIBKHUX
Hezenb nocie ux npurorosienus. [lorennuposanue bBP Hanonro Menser u ux onrudeckue cBoucTsa. [loreH-
upoBanHbie bBP o0nanator 3ameTHpIM TorionieHueM B YD-00macTu CrieKTpa, a mpy AJIUTEITEHOM XPaHEHUH B
HUX MOSBIISIETCS MUK nortonieHus npu 270 um. OHO#M U3 BO3MOXHBIX IpuuuH noromieHus bBP B Y®-obnactu
SIBIIIETCS TEHEPALHs B HUX H202 [2, 3]. Onnako xots criekTpsl moteHIpoBaHHbIX bBP 1 BBP, k koTophiM 100aB-
s H202, cxonubl o o0umeMy TpeHy, CeKTphbl He notenuuposanubix BBP ¢ H,O, ne umeror muka npu 270
HM. IHTE€pecHO OTMETH TS, UTO NoroiieHue rmpu 270 HM XapakTepHO 1S Tak HazbiBaeMoi “Exclusion zone water
—EZ-water”, popmupyromeiicst y ruipoGuiibHbIX TOBEPXHOCTEH U ABISIOMICHCS JOHOPOM 3eKTPOoHOB. K Takum
MOBEPXHOCTSIM OTHOCSITCSI U TIOBEPXHOCTH HAHOITY3bIPHKOB U JIPYTHX YAaCTHII, KOTOPBIE MOTYT ()OPMHPOBATHCS B
BOJIE ¥ BOJHBIX PacTBOpax MPU UX NOTEHUUPOBAaHUH [4]. MOXKHO IIPEIONI0KUT, YTO OJHOM U3 BO3MOKHBIX IIPU-
yuH nosieieHus B BBP AOK nocne MexaHn4eckoro Bo3JeUCTBUS MOXKET ObITh ()OPMHUPOBAHUE B HUX OONacTel,
6orareix EZ-water, koTopas, OymTyus JTOHOPOM 3JIEKTPOHOB, 00ECIICYMBACT BOCCTAHOBJIEHHE PACTBOPEHHOIO B
Bozie kucnopona. Takum oOpazom, BBP npencrasistor coboii akTuBHbIE (PU3MUECKHE CPe/ibl, B KOTOPBIX HEMpe-
PBIBHO MpOTEKaloT peakimu ¢ yyactieM ADK, B Xozie KOTOPBIX OCBOOOXKIACTCS SHEPIHSl BHICOKOW IIIOTHOCTH.
XapakTrep 3THX MpPOLECCOB Ha JUTUTEIIbHOE BPEMs MEHSETCS KaK IMocie ICHCTBHS YABTPa-CladbixX (PU3MUECKUX
(aKTOpOB, TAK ¥ MOCIJIE KPATKOBPEMEHHOTO MEXaHNYECKOro Bo3ieicTBHsA. [10CKOIbKY MPakTHUECKH BCE IPHPOI-
HBIE BOJIBL, BKITFOYAst OMOIOTMIECKUE KHUIKOCTH, IPEACTaBISIOT co00it BBP, T0 ykazaHHbIe akTOphI MOTYT MOAY-
JIMPOBATH MPOLIECCHI, TPOTEKAIOIINE B COIEPIKAIIMX OMKapOOHAThI BOJHBIX CHCTEMaX, BKIIIOUAs )KUBBIC CHCTEMBI.

[1] B. BoeiikoB, H. Bunenckas, Jo Munp Xa, u ap. YCTOHYNBO HEPaBHOBECHOE COCTOSHHE OMKApOOHATHBIX BOIHBIX CHCTEM.
Kypnan puznueckoit xumuu. T. 86, ctp. 1518-1527, (2012).

[2] . Jompaues, FO. Poxpirun, JI. CenmuBanoBcKuii. MeXxaHOXMMHAYECKH aKTHBHPOBAHHOE PA3JIOKEHIE BOIBI B )KUIKOH (aze. JlokI.
AH CCCP. T. 329, cc. 186-188, (1993).

[3] . Shcherbakov. Influence of External Impacts on the Properties of Aqueous Solutions. Physics of Wave Phenomena, V. 29, No.
2, pp. 89-93, (2021).

[4] G. Pollack. The Fourth Phase of Water. Seattle, Washington: Ebner & Sons Publishers, (2013). (Pycckwuit mepeBon: [Ixepanba
[Momnax. Yersepras ¢aza Bousl. (Ilep. ¢ anr. B. C. fuenxosa; pexn. B. JI. Boeiikos), M.: JIMK Ilpecc, 424 c., (2021).
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OTKOJI KAIIEJIb C BJIOKUPOBKOM OBPATHOI'O
BKP 57 nc UMITYJIBCOB B BOJIE ITPU IEPEMEIIEHUA
HEPETAXKKHA HYUYKA IO MOBEPXHOCTBIO

Hepmmn C.M.!, Boquun A.N.%, OpsioBuy B.A.%, I'pumun M.SL.', XonaceBuu U.A.2

"HUnemumym obweti pusuxu um. A.M. Ilpoxoposa PAH, 119991, Mockea, Basunosa, 38, Poccus
Uncmumym guzuxu um. B.U. Cmenanosa HAH, [Ipocnekm Hezasucumocmu, 68-2,
220072, Munck, Pecnyonuxa benapyco

BrniepBble, HaCKOJIBKO HaM U3BECTHO, OOHAPY>KEH 00paTUMBIi ITPoOLIeCcC OTPBIBA Kallelb HABCTPEUY HAaKauKe
¢ 6mokupoBkoii ooparnoro BKP npu renepanum kommoneHT nomytHoro BKP nukocekynanabix (57 nic, 532 HM,
15 I'r) uMITysI5COB € HEKOTOPBIMU OTIHYMAMH B JIETKoH (H,O) u tsoxénoii (D,0) Bone. SBnenue nabmonanocs
B BEPTUKAJILHOM cXeMe BO3OYXIeHHs 0€3 U3MEHEHHs dHeprun uMityibea (~3.1 mJ[X) Hakauku rpu nepeme-
IICHUH MIEPETHKKH MTydKa 4yepe3 TOHKUH ciioi (~1 Mm) Ha Tiryoune (3-2 MM) TIOJ] OTKPBITOM MOBEPXHOCTHIO H
COMPOBOXK/IAJIOCH 3BYKOM YJIapHOM BOJIHBI, & TAKKE YBEIMUYEHHEM BBICOTHI MOABEMA Kareib (10 80 MMm) npu
IIEPECEUEHUN CJIOSI MIEPETSHKKOM IMyuka Hakauku. [locnenyromee nepeMenieHnue NepeTsHkKU Myuka HaKauKH
4yepes3 CJI0M B CTOPOHY MOBEPXHOCTH COIIPOBOXKIAETCS KpaTHBIM (10 5 pa3) cHmxeHueM nopora BKP- Bnepén
u BKP-nazazn 6e3 ontrueckoro npo0os, CTyka yaapHOW BOJHBI U BbIOpOca Karenb. MexXaHu3M HOBOTO SIBJIe-
HUsl 00paTUMOro HEIMHEWHOTO pOCTa NHTEHCUBHOCTH Ha ocH Ityuka npu BKP nukocekyHIHBIX HMITYJIBCOB B
BOJIC BBIIIIE TIOpPOra Mpo0ost 6e3 M3MEHEHUs SHEPTHH HAKauKH, HO C YIPABISIONIMM (AaKTOPOM: IEpEeMEIICHNE
MEPETSHKKY MyYKa B OKPECTHOCTH MTOBEPXHOCTH, 00CYKIaeTCH.

(a) (6)

Puc.1. N-obpa3znas 3asucumocmo nopoea BKP 6 nézxoii H20 (a) u maxcénoii D20 (6) sode: nonymmulii
BKP (8nepéo, kpyeu) u oopamnwiti BKP (nazao, keaopamut).

Paboma svinonnena npu noooepowcke epanma PH® No23-42-10019 u epanma Pecnyoauxu benapyco
Ne®D23PH®D-040.
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IKCIIEPUMEHTAJIBHBIE PE3YJ/IBTATBI IPUMEHEHUSA
BOJHOI'O PACTBOPA 114 YIIPABJIEHUSA
I'OMEOCTA30OM C HEJIBIO TPOAJIEHUSA CPOKA
AKN3HU MUIEKOIIUTAIOIIUX 3A CYHET YBEJIUNYEHUA
HPOAJOJIKUTEJIBHOCTHU ®A3BI MOJIOJOCTH

IoctHoB C.E.', 3yeB B.A.%, bopoBa T.I'

'@I'VII Lenmpansuwiil aspocudpoounamuyeckuil uncmumym um. npogh. H.E. JKykosckozo, P®, Mocksa.
HUI] snudemuonocuu u Mukpodbuonocuu um. novemnozo akademuxa H.®@ I'amanreu M3 P®, Mockea.
awoda@list.ru

N350:xeHbl pe3ysIbTaTbl BOCBMUJIETHUX HKCIIEPUMEHTAIIbHBIX UCCIIEI0BaHUN, BoINONHEHHBIX B HULI snu-
JEMHUOJIOTHH U MUKPOOUOIIOTHY UM. odeTHOTO akanemuka H.®. l'amanen M3 PO.

Pesynbrarhl, HoTy4eHHBIE B 9KCIIEPUMEHTABHBIX UCCIIEAOBAHMSX, TOATBEPKIAIOT (PaKT mpouieHue (aspl
MOJIOJOCTH Y MJIEKONMTAIOIIUX U, COOTBETCTBEHHO, YBEIMUYEHUS MPOAOIKUTEIBHOCTH KU3HU B LIEJIOM 3a
CUET aKTUBHOIO yIPABJIECHUS TapaMETPaMy F'OMEOCTasa.

HccnenoBanus ObUIM IPOBEIEHBI HA TPEX TPYIIAxX MBIIIEH C pa3IMYHBIM COCTOSHUEM 3J0POBbS U HAa MBI-
11ax € TSKEIOU MaTOJIOTUEH.

Kpurepusmu coxpaHeHus: MOJIOAOCTH KUBOTHBIMU OBbUIN MPUHATHI MOJIOAOCTb T'OJIOBHOTO MO3ra, Xapak-
TEPU30BABIIASCSA YPOBHEM (PaKTOpa CTAPEHUS B CHIBOPOTKE MBIIIEH, (epTHILHOCTh, COCTOSHIE BHYTPEHHHX
OpPraHOB MBbIIIEH Ha MO3/IHUX CPOKAX JKU3HM, KOTZIa MBI KOHTPOJIBHBIX I'PYMII YK€ JaBHO YLUIA U3 JKU3HH.
KpurepueM coxpaHeHus: MOJIOOCTH BHYTPEHHUX OPTaHOB KUBOTHBIX ObljIa OILIEHKA X COCTOSIHUS HAa OCHOBE
TUCTOJIOTUYECKOTO aHAJIN3a.

VYpoBeHb (akTopa CTapeHus: B CHIBOPOTKAX KPOBH OIBITHBIX KMBOTHBIX OB CTATUCTUYECKH JOCTOBEPHO
HWKE YEM Y KOHTPOJIBHBIX KUBOTHBIX. CpeqHss U MaKCHUMaJbHas IPOAOJKUTENBHOCTD JKU3HU Y JIMHEHHBIX
MbIlIel onbITHON rpynns! Obuta Ha 130% u 119% BbIlie yeM y Ml KOHTPOJIBHOM Ipynmnbl. B onbITHOM
rpymrme ocinabiaeHHbIX Mblien Boie Ha 67% u 100%, coOTBETCTBEHHO, UeM B KOHTpoJie. B onbITHOM rpynme
KOPOTKOKMBYILIMX MBbIIIEN ¢ narosiorueit auadera 2 tuna Ha 31% u 95%, cOOTBETCTBEHHO, BBIIIE YEM B KOH-
TPOJIBHOM rpymre. B onbITHON rpynme TUHEHHBIX MBIIIeH Ha pyOeske KOHIa 3-To rojia ’KU3HHU U Havana 4-ro
poauiock 96 Mbliar.

Pe3ynprarhl rHCTONIOrMUYECKOTO aHAIM3a T'OJIOBHOTO MO3Ta, SIMUHUKOB, IIE€YEHH, JIETKUX CEJIE36HKH, TUMYCa
U JIpyTUX OPTaHOB MOJATBEPAMIH COXPAaHEHHE CBOMX (PYHKIMI OpraHaMH KHBOTHBIX OIBITHOW Tpymibl. Pe-
3yJBTaThl TUCTOJIOTUYECKOTO aHAIN3a TMYHUKOB OOBSICHUIIN MOJTYYCHHBIE B OKCTIEPUMEHTE (PaKThI POXKIACHUS
MIOTOMCTBA ¥ COXPaHEHHE PEIPOLYKTHBHBIX (PYHKIIUI dKHUBOTHBIX OIBITHOM IPYIIIBI HA O3THUX CPOKAX JKU3-
HHU.

Ecnu BhlIenepeuncieHHble SKCIIepUMEHTaNbHbIe (PAKThl OBUIM OKMJAeMbl MPH TUIAHUPOBAHUU U TIPO-
BE/ICHUU DKCIIEPUMEHTa, TO COXPAHEHHE THUMYCOM CBOMX pa3MepoB M OMOJIOrHYecKOW (DYHKIHHU y MBbIIIEH
OIIBITHOM TPYIIIbI, 3HAUUTENBHO MEPEKUBILINUX KUBOTHBIX KOHTPOJIBHON TPYIIIBL, U 11O CYTH, COXPAaHUBIINM
IIPU3HAKN MOJIOAOCTH, CJIEIYyEeT OTHECTH K HEOKUJAAHHOMY M BaXXHOMY JKCIEPUMEHTAJIbHOMY PE3YNbTaTy,
TpeOyoIIeMy JaJbHENIIETO U3yUYEHUSI.

Pe3ynbrarhl SKCIEpUMEHTA M TUCTOIOTMYECKUI aHAJIN3 TIOATBEP/IMIIN TPABO CYIIECTBOBAHUS BHIOPAHHOTO
HaIpaBJIEHUs TI0 MPOJICHUIO (Pa3bl MOJIOAOCTH MICKONMHUTAIONIUX U MEPCIEKTUBHOCTD €0 ATbHENIIEro u3-
YUEHHUS.
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BJIUAHUE KOJJIOUAHOI'O 30JI0TA HA
®OTOJUHAMUYECKUHN DODPEKT

AKopunaJl.B., 3mueBckoii I.H.

DedepanvHoe cocyoapcmeenHoe 6100dcemuoe 00pa308amenbHoe yupexcoeHue 8biculeco 00pa308aHus
«Mocrosckuul eocyoapcmeennviii mexnuueckui ynugepcumem umenu H.O. Baymana
(HayuoHanbHbIL ucciedogamenvekutl yuueepcumem)y, 105005, Mocxkesa, 2as baymanckas yn., 0.5, cmp. 1
larisa7777@li.ru, zmievskoy@mail.ru

Hecmortpst Ha Gonbiine ycnexu B cdepe pa3paboTKu U BHEAPEHUS HOBBIX poTocencuobunmzaropos (OC)
s poromuHamuyeckoit Tepamuu (O/T), npodnems! yBennueHus 3h(HEeKTUBHOCTH Tepanyy, yMEHBIICHUS
nepuoza HakorieHus: @C B 11e1€BOM IpyMIe KIETOK OCTAIOTCS AKTyaJIbHBIMU, IOCKOJIBKY BCE HBIHE UCIIOJIb-
sytouguecs st GIT peareHTs! B TOW WM MHON CTENIEHU TOKCUYHBI JUIsl OpraHu3Ma. AKTyaJbHOU SBISIETCS
TaKXe MpodJieMa CHUYKEHUSI TOOOYHBIX BO3/ICHCTBHI MPH OTHOBPEMEHHOM YMEHBIICHUN YACTbHON YHEPTUU
JECTPYKIIMH, T.€. A03bI 00IyUeHUs, IPUXOAIIEHCS HA €AMHUILY MacChl YHUUTOXKEHHBIX MTaTOJIOTHYECKUX TKa-
Heil. B xauecTtBe 3()(eKTUBHOTO Karajau3aropa MOTYT OBITh HCIIOJIb30BaHbI KOJUIOMIHBIE PacTBOPHI 30J0Ta
[1-3], mOCKONIBKY HAHOYACTHIIBI 30JI0Ta CIIOCOOHBI, M0100HO0 DC, HAKAIITMBATHCS B TATOJIOTUYECKUX KIIETKAX
U BIIUATH Ha (OTOAMHAMUYECKOE JIeHCTBUE, HE BCTYMast CAMU B XUMHUYECKUE PEAKIIUH.

B nacrosimiei pabote mpoBeeHbI MOJICNbHBIC SKCIIEPUMEHTHI TI0 HAOMIOEHHUIO (POTOJMHAMUYECKOTO (-
¢dekra (D/ID) HAa B3BECU IPUTPOIMTOB B MPUCYTCTBUU KOJJIOUTHOTO 30710Ta. CHUMAIHCH JO30BBIE KPUBEIC,
MOJTyYCHHBIE M3MEpEeHHEM KOd(pHUIMEeHTa MPOIYCKaHUs KUJKUX 00pa3loB in vitro Ha OTOKOIOpPUMETpE.
OO6pasipl 06ayyanuch (OTOMATPUYHBIM 00Ty4arenaeM, paboTaroleM Ha JJIMHe BOTHBI 665+10 HM, omaa-
touiedt B nosocy nomonieruss @C. B kauectBe @C ucnonb3oBaincs PanaxiiopuH B KOHIEHTPAUU COIIACHO
MHCTPYKLIMU Ipou3BoanuTens (kommnanuu «Pana-Dapmay).

Hoza nayana @JID in vitro 3aBUCUT OT BpeMeHH UHKyOaruu obpasma ¢ @C: yem Joblie HHKyOaIus, TeM
MeHbIIe 03a. Hamu oOHapykeHa aHaIorHYHasl 3aBHCUMOCTh TIPU WHKyOaIuu oopasia onHoBpeMeHHo ¢ DC
1 KOJUIOMIHBIM 30J10TOM: J03a Hadana d/1D ymeHblIaeTcs ¢ yBeIMUEHUEM BPEMEHN COBMECTHOM MHKYOaIK
obpasua ¢ @C 1 KOJJIOUAHBIM 30JI0TOM MIPU OHOM U TOM ke BpeMeHH uHKyOauuu ¢ OC.

HccnenoBana Takke 3aBUCUMOCTD 1036l Hauasa ®/1D ot KoHLEHTpaluy KOJUIOUIHOTO 30510Ta. OO0Hapyxke-
HO, YTO yKa3aHHas J]03a YMEHBIIAETCS C POCTOM MPOLIEHTHOIO COAEP KaHMsI KOJIJIOUTHOTO 30J10Ta B o0pa3slie,
HakonuBiieM @OC. Ilpu 3ToM OHa MeHbIIIE MUHMUMAJIbHOU /1036l Hauana ®JID B oTCyTCTBUM KOJIJIOUIHOTO
30J10Ta.

Ioxazano, yto 6e3 mpucyrcTBust @C KOUTOUAHOE 30J10TO He BbI3bIBaeT D/1D HU Ha [UIMHE BOJHBI UCTIONb-
3yeMOr0 M3JIy4€eHHs, HU Ha JUIMHE BOJIHBI COOCTBEHHOTO NomoueHus. KomionaHoe 30J0T0 He BBI3BIBAET TOK-
cudeckoro 3(dexra u mpu TEMHOBOM MHKYOAIIMK C HUM 00pa3IloB B TEUECHUE 3 YaCOB.

Taxkum 00Opa3oM MoKa3zaHO, YTO KOJUIOWIHBIA pacTBOp 30J0Ta sABiseTcss karanusaropom OJ[3. Ero mpu-
MeHeHue B OJIT MoxkeT MO3BOIUTH 3HAYUTEIBHO CHU3UTD J03upoBKY PC mpu coxpaneHHH 3(h(HEeKTUBHOCTH
paspylieHus naToJIoru. Bmecre ¢ TeM noka He sicHa NpU4YMHa yMEHbIIEHUs 1036l Hadasa O/1D npu Hanuuun
KOJUTOMTHOTO 30J10Ta B 00pasiie. ITO MOXKET ObITh U N3MEHEHHE CBOWCTB JIMITUAHOTO OUCIION B MIPUCYTCTBUU
KOJUTOMTHOTO 30JI0Ta, ¥ MOAM(UKALKS BBIXOJa CUHIVIETHOTO Kuciopona rnpu D15, u BIMsHNE HAHOYACTHUI]
30JI0Ta HA CaM BOJHBIM pacTBOp, B KOTOPOM HaXOAATCS KIETKH... Bce Bepcuu TpeOyroT JaibHEHIINX Hecie-
JOBaHUM.

[1] P. Garcia Calavia, G. Bruce, L. Perez-Garcia and D. A. Russell, Photosensitiser-gold nanoparticle conjugates for photodynamic
therapy of cancer, Photochem. Photobiol. Sci., 17, pp.1534-1552, (2018).

[2] K. Bromma and D. B. Chithrani, Advances in gold nanoparticle-based combined cancer therapy, Nanomaterials (Basel), 10,
pp.1671, (2020).

[3]1JI.A. dpixman u H.I'. Xe6110B, 30510ThIe HAHOYACTUIIBI B OMOJIOTUH U MEIUIIMHE: JOCTHKEHHSI TIOCIIEIHUX JIET ¥ ePCIIEKTHBEL,
Acta Naturae, 3, Ne2(9), ctp. 36-59, (2011).
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CJIOKHBIE THJIPATBI CYJb®ATA HATPUSA
B BOJTHO-OPTAHUYECKHNX PACTBOPAX OBHAPY KEHBI
METOJIOM SKCKJIIO3MOHHOM BYXX

Xabapos B.b., bypsik A.K.

HUncmumym ¢huzuuecxou xumuu u snexkmpoxumuu um. A.H. @pymxuna PAH, Mockesa
Victor.Khabarov2013@yandex.ru

B uccnenoBanusix cynbdara HaTpusi B BOIHOM PacTBOPE alleTOHUTPHIIA BBISIBUIM HOBOE SIBJICHUE I10 pa3-
JICTICHUIO THIPATUPOBAHHBIX MOJICKYJ Cyib(ara HATpHUs METOIOM JKCKIIO3HOHHON BBICOKOI(D-(DEKTHBHOMN
xuakoctHoi xpomarorpaduu (BOXX) na komonke (150 x 3 mMMm) ¢ nmonuauBuHmiOeH-3006H6IM (I1/IBB)
copbenrom, ¢p. 10 mxm [1], mpuroroBneHHON B cOOTBETCTBUU ¢ [2], amoeHT — 40 00 % BOAHBII pacTBOp ale-
toHutpuia, 0,1 MiI/MHUH, U J€TEKTUPOBAHUH BBICOKOUYBCTBUTEIIBHBIM pe(PPaKTOMETPUUECKUM JETEKTOPOM C
naszepHbIM MoayieMm (1 MBT, A = 650 am) [3].

Xumuueckas pupo/a alleTOHUTPIIIA CYIIECTBEHHO OTIIMYACTCS OT CITUPTOB M BOJBI. ALICTOHUTPUII UIMEET
JIOCTATOYHO BBICOKYIO MOJISIPHOCTh, COMTOCTABUMYIO C MOJIIPHOCTHIO METAHOJIA, HO, KaK alpOTOHHBINA PacTBO-
pUTEH aleTOHUTPUI HE 00pa3yeT BOAOPOIHBIX CBSI3€H C BOIOH, SIBIISSCH JIMIIH CIA0BIM aKIEITOPOM BOJIO-
POIHBIX CBsI3ei. DTO PU3NKO-XMMHUECKOE CBOMCTBO allETOHUTPHIIa 00eCeynBaeT pa3ziesieHue Ha KOJIOHKE C
[T1/IBb-copGeHTOM ruApaTHPOBAHHBIX MOJIEKYII CyIb(haTa HATPHsI MO FIKCKIIFO3UOHHOMY MEXaHU3MY.

B [1] mexanu3m pazneneHus THAPATUPOBAHHBIX MOJIEKYJ Cyab(dara HaTpusl Ha KoJIOHKe m3 cTekia (150 x
3 mm) ¢ [TJIBB-copbenTom, dp. 10 Mxm, B amtoente — 40 006 % BogHOM pacTBope aneroHuTpuia, 0,1 mi/mMuH,
OCYILECTBIIAETCS B pekuMe kputnueckorn BOKX.

Cynbdar HaTpus B BOIHOM pacTBope anieroHutpuia (40 06 %) B konuentpauuu 0,2 u 0,5 Bec. % amoupy-
etcs u3 konoHku ¢ [1J[Bb-copbentom B BogHOM pacTBope anieronutpuia (40 06 %) B BUae 1ByX Xpomarorpa-
¢uyeckux nukoB ¢ Vr 0,86 u 0,94 mi, 0,79 u 0,98 mi1, 4TO yKa3bIBa€T Ha AIIOUPO-BAHUE TMIPATUPOBAHHBIX
MOJIEKYJ cylib(haTa HATPHUS U3 KOJOHKH I10 SKCKIIIO3MOHHOMY MEXaHU3MY.

Puc. 1, 2. Xpomamozepammvl — 2uopamuposanHvle MONEKYIbl CYyIbGama Hampus
(Vr 0,86 u 0,94 mn; 0,79 u 0,98 mn). Kononxa uz cmexna (150 x 3 mm) ¢ [1/{BB-copbenmonm,
@p. 10 mxm. Dnroenm — 40 06 % ayemonumpuna 6 6ode, 0,1 mi/muH.
Jemexmop — pegppakmomempuueckuii ¢ 1a3epHbimM MoOYieM
(1 mBm, A = 650 um). Ananrusupyemasn npooa — 10 mxn 0,2 % (puc. 1) u 0,5 % (puc. 2)
cynoghama nampus uepez 8 Cymok nocie pacmeopenus 8 dnoexHme.

[Tpu ananu3e na xosionke ¢ [1/IBB-copoerToM 11po6 20 1 50 MKT 6€3BOTHOTO CyiIb(ara HATPHs B ITFOCHTE
40 00 % BOIHOM pacTBOpE allETOHUTpHUIIA Yepe3 1 CyTKH — 8 CyTOK IOCje pacTBOPEHHs Mpod mpu TemIe-
parype 18-20°C, cymmapHas IIIOIIa (b XpOMaTorpapuueckux MUKOB MMAPAaTUPOBAHHBIX MOJIEKYJ Cylib(dara
HaTpHs CYHIECTBEHHO pasznuyatorcst (puc. 1, 2). Takke onpeaensiyiu MOJIEKyJIIPHO-MacCOBOE pacipe/ecHue
THJIPaTHPOBAHHBIX MOJIEKYI Cynb(ara Harpus B 40 00 % BOJHOM pacTBOpE alleTOHUTpHIIA. B kadecTBe cTaH-

JApPTOB MCIIONIBb30BaIH yriieBoabl ¢ MM 180 u 2000 [la.
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Pesynbrarel ananusa cynbgara HaTpus B BOJHBIX PAaCTBOpax alleTOHUTPUIA METOIOM 3KCKIIFO3MOHHOMN
BDXX na xononke c I1/IBb-copOeHTOM 10Ka3bIBAIOT, UTO CTPYKTYpa THAPATOB CIOXKHAS U SIIOUPYIOTCS
THJIPAaTUPOBAHHBIE MOJICKYIIbI CyIb(aTa HATPUs U3 KOJOHKU B BOJHOM PAacTBOpE alleTOHUTPUIIA B BUAE JIBYX
XpoMaTorpa(puuecKkux MUKOB.

[1] Xabapos B.b., Xabapos M.B., Bypsx A.K., [Temkuit U1.C. MexaHu3M pa3aeneHus THAPaTHPOBAHHBIX MOJICKYII CYlb(aTa HaTpus
Ha KOJIOHKE C ITOJIMMBUHIIIOCH30JIbHBIM copOeHToM // Tesncs! noknanos VI Beepoccuiickoro cuMITo3unyMa 1 IIKOJIbI-KOH(epeHIn T
MOJIOABIX YueHBIX "KuHeTnka n TuHaMruKa 0OMEHHBIX TIporieccoB. Poms separation science B sxomoruun". Coun, 2017 1. C. 135— 138.
[2] TarenT Ne 2278379 PO. Bromn. 2006. Ne 17. Crtoco6 mpuroToBieHUs BRICOK0I()(HEKTUBHBIX KOJIOHOK C IOTMMEPHBIMH COPOSHTaMU
JUTSL YKHIKOCTHOM Xxpomatorpaduu // Xabapos B.b., [Ipornn A.f., Epmakos B.B., Bypsk A K., Xabapos M.B.

[3] ITatenT Ne 2589374 P®. brom. 2016. Ne 19. PedpakromeTpiudeckuii TETEKTOp ¢ Ja3epPHBIM MOIYIEM H XPOMAaTOrpaduIeCKuM
TPAaKTOM B O€3METAITIMYECKOM HCIIOIHEHWH Ul KHIKOCTHOH XpoMaTorpaduu M CIoco0 AETEeKTUPOBAHUS OPTaHUYECKUX M
HEOPTaHMYECKUX BEIMIECTB pedpakTomMeTprueckuM aerexropom // Xabapos B.b., JIeBoB A.U., Bypsk A K., Xabapor M.B.
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CYJb®OI'PYIIIbI KAK JIIOMUHECHEHTHBIE MAPKEPDBI
JIJISI U3YUYEHUSI KUHETUKU B3AUMOJIEVICTBUSI
I'ENAPUHA U XOHAPOUTHUHCYJIb®ATA C
HOJIUMEPHBIMU MEMBPAHAMHU

I'epacumos P.1O.', Boaoukosa I1.LH.!, Bynkun H.®."%, Eroposa II.P.!, Ko3ioB B.A.'

"Mockosckuii F'ocyoapcmeennvuii Texnuueckuii Ynueepcumem um. H.D. Baymana,
ya. 2-a baymanckas, 5, 105005, Mockea
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r_guerassimov@mail.ru, bolotskova@inbox.ru, nbunkin@mail.ru, polinaegorova466(@gmail.com;
v.kozlov@hotmail.com

B skcniepumMenTax mo pOTONIOMUHECIICHTHON CIIEKTPOCKOININY MPH HAKayKe Ha JUTMHE BOJIHBI 369 HM ObLIO
MOJYYEHO, YTO CIEKTPBI JIOMHUHECLEHIINH MTOTMMEpPHON MeMOpaHbI cyxoro (0e3BogHoro) Haguona, a Taxke
MEIMIIUHCKUX MpEenapaToB XOHAPOUTHHCYIb(ATa HaTpUsl U TelapuHa HATPUs, PUTOTOBICHHBIX HA OCHOBE
¢uznonoruueckoro pactsopa (0.9 % NaCl), npumepHo oguHaKoBBI. Takxke MoIy4eHo, YTO JTIOMHUHECLICHITHS
¢ nmoBepxHoctu Tedrnona mpu naHHOM Hakadke He BO30yx)maaercs. [1ockoapKy 0O0ImKUMY KOMITOHEHTAMH Tema-
puHa, XoHApouTHHCYIb(aTa u Haduona aBnstoTcs cynbhorpynisl, 1 ¢ yueTom Toro, uro Haduon cocrour
13 TIOJIMMEPHBIX 1enovyek TedoHna ¢ KOHIEBBIMU CyTb(OrpyInamu, a JIOMUHECHEHIINS ¢ ToBepxHoCcTH Ted-
JIOHA OTCYTCTBYET, MO)KHO YTBEP)KIaTh, YTO IIEHTPAMHU JIIOMHUHECLEHIIMH TerapuHa, XOHAPOUTHHCYIb(ara
u Haduona ciyxar cynbdorpynmnsl. [IpoBeneHsl SKCIepuMeHTHI 10 BeIMaunBaHuio Haduona B pacTBopax
XOHJIPOUTHHCYNb(aTa HAaTpUsl M TemapruHa HATpHs, a Takke Mo BhMaunBaHuio Haduona B unctom ¢usmo-
JIOTHYECKOM PAacTBOPE B CXEME CKOJB3AIIETO MaJeHNs U3JTyueHHs] HaKadKy Ha MOBEPXHOCTh MeMOpanbl Ha-
¢uona. Okazanoch, 4YTO NMPH BEHIMAYMBAHUH B (PU3HOIOTHIECKOM PACTBOPE HHTEHCHUBHOCTH JIIOMUHECIICHIIUH
B CIIEKTPAJIbHOM MaKCHUMyMe OBICTPO Majaet, 4To 00yCIOBICHO 3((EKTUBHBIM MPOHUKHOBEHUEM MOJIEKYJ
BOJIbI B MIPHUIIOBEPXHOCTHBIN CJIOH MEMOpaHbl M yMEHbIIEHHEM 00bEMHON TNIOTHOCTH CYAb(OrpyIIl B 3TOM
cioe. [Ipu BeIMauMBaHUM B pacTBOPE renapuHa HaTpUsi MHTEHCUBHOCTD JIIOMUHECLEHIIMH TAK)KE CHAAAET, HO
CYIIECTBEHHO MEIJICHHEE, YEM B UUCTOM (PH3HOIOTHYECKOM pacTBope. CamMoe MeJIeHHOE CIaJaHne UHTEH-
CHUBHOCTH JIIOMUHECIICHIIUU MTPOUCXOIUT NPU HaOyXaHUH B PACTBOPE XOHIAPOUTUHCYIb(ara HaTpus. [1o-Bu-
JMMOMY, YMEHBILIEHNE CKOPOCTH CIIaJJaHUsl MHTEHCUBHOCTH JIIOMUHECLEHIIMHN CBSI3aHO C MPOHUKHOBEHHEM
cynborpyni (IEHTPOB JIIOMUHECIICHIIMH) B IIPUIIOBEPXHOCTHBIN €10 MeMOpaHbl. Ha 0CHOBE MOIy4eHHBIX
Pe3yJIbTaToOB MOYKHO CJIENaTh BBIBOJ, YTO CYIb(OTrPYIIa SBISETCS JTIOMHUHECIIEHTHBIM MapKepOM JJIs rema-
pUHA U XOHIPOUTHHCYNb(aTa Mpu Hakadke 369 HM, TO €CTh B SKCIEPUMEHTAX MO (HOTOTOMUHECIIEHTHON
CTIIEKTPOCKOIMH MOXKHO M3y4aTh KWHETHKY TPOHMKHOBEHUS TelapuHa U XOHIPOUTHHCYNb(aTa BHYTPh CIOS
MOJIMMEPHBIX BOIOKOH HaduoHna, pa3MoTaHHBIX B 00beM OKpYykarome skuakocti. Kak ObU10 oka3aHo panee
B HaluX padoTax, pa3MOTaHHBIE MOJMMEPHBIC BOJIOKHA MOJO00HBI YHIOTEINATBHOMY MPUIIOBEPXHOCTHOMY
CJIOIO KJIETOYHOI MeMOpaHsb! (TNIMKOKaIHKCy). TakuM 00pa3om, B SKCIEPUMEHTAX 10 (POTOTFOMHUHECIEHTHOM
CTIIEKTPOCKOIMH MOYKHO M3y4YaTh B3aUMOJICHCTBHE IelapiHa U XOHIPOUTHHCYNb(]aTa ¢ KIETOYHBIM TIINKOKa-
JIMKCOM.
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PE3OHAHCHOE CTPYKTYPUPOBAHUE KAITEJb BOJIbI
HA TO®PUPOBAHHOI TEPMOIMOJJIOXKKE KAK
WHJIUKATOP EE ®U3NKO-XUMHUYECKUX CBOMCTB

Mopo3zoga I.U., Prioaxos 1O.I1.

Poccuiickuti ynusepcumem opysrcovl Hapoooe um. I1. Jlymymowt, yn. Mukayxo-Maknas, 6,
Mockea, 117198, PD
E-mail: gimorozova@mail.ru

Jlannast paboTa Obl1a MHUIIMAPOBAHA B CBSA3U C OOHAPYKEHHBIMH paHee d(pekTaMu yCTOMUMBBIX KoJieha-
HUH BOABI B LIeHTpe rodppupoBanHoi Tepmonoioxkku (I'TII), koropeie conpsixens! ¢ addexrom JlelneHppo-
CTa - JIeBUTallMeH Karesb Ha mapoBoii noayuike npu remneparypax 200° C -350° C [1-3]. bbuin oOHapyKeHbI
pe3kue BIOPOCH CTPYH Mapa MpH Mepexoie KpaeB Karld Ha TOPsYHUe BBICTYIIBI TO(PPbI, KOTOPbIE BBI3bIBAIOT
Kojie0aHMsl BCEH KaIUIM B BHUJIE IyJbCUPYIOLIEH «3BE3/bl», KOHIIBI KOTOPOH ABMKYTCS paualbHO BHYTPb U
Hapyxy [1]. UccnenoBanue noqoOHBIX KamelbHbIX 3QPEKTOB pa3INyuHbIX KUJIKOCTEH aKTyaJlbHO B HACTOS-
1iee BpeMs B CBSI3U C MPOOJIEMOM OECKOHTAKTHOTO OnpeaeseHUs] PU3UKO-XMMHUECKUX CBOWCTB KHJIKOCTEH
Majoro o0bema u rnpumecei B Bojie. B To ke BpeMsi BOIPOCHl yCTOMUHUBOCTH BpAILAIOIIUXCS Kallelb UTPatoT
BO)XXHYIO POJIb B 337ja4aX XUMHUYECKUX U KOCMHUYECKUX TeXHOJOrui. Llenpto naHHON paOoThl sBIsIeTCS U3Y-
YEHHE ATANOB U MEXAHU3MOB BOJIHOBOTO CTPYKTYPHUPOBAHHUS KaIljld Bo/bl B LIeHTpaibHOU 30He ['TII B pas-
JIMYHBIX YCIIOBUSIX, @ TAK)KE BBISIBICHUE COOTBETCTBUS MEXIY (PHU3MKO-XUMUYECKUMU CBOWCTBAMHU Karuld U
JMHAMHKOM ee BOJIHOBOM KOH(QUTypaluu B pe3oHaHce. VccnenoBanus mpoBOIMIM HA YUCTOM JIEKTPO-TIIIUTE
0TEUYEeCTBEHHOI0 Ipou3BocTBa npu Temneparypax 270° C u 310° C. Hebomb110e KOIUYECTBO KAk 10 Mpo-
ObI BOZIBI MIOMEIAJIN TUIETKON B IEHTPAJIbHOE yIIIyOJIeHHEe TEPMO-IIO/UI0KKH U HAOII0AAIN IEPHOANYECKUI
nporecc BO30yKICHUs KaIlIy; POLECC CHUMAJICA Ha BUJICOKAMeEDYy.

B xo71€ 3xCniepuMeHTOB YCTaHOBIIEHO, UTO MPOIIECC NEPUOINYECKOT0 U3MEHEeHU cocTossHu Karuty Ha ['TTI
uMeeT 4 CTaJuK: a) CTAIlMOHAPHYIO: OTCYTCTBHUE MaKpPOKOIeOaHMi Kariu, 0) BO30yXIeHUE MTOBEPXHOCTHBIX
BOJIH (psiOu), B) pe30HAHC - BOSHUKHOBEHUE YCTOMYMBOW BOJTHOBOM CTPYKTYPBI Karlid, T') pa3pylIeHue BOJI-
HOBOMW CTPYKTYPBI 3@ CUET U3MCHEHMS TUaMETPa KAIlIU NIPU €€ UCIIAPEHUH U YIUIOTHEHHH, 3aTEM 3TH CTaIuH
IIOBTOPSIFOTCSL C IPyTUMU UHTEpBajlaMu BpeMeHH. HabmroneHus 1 aHanu3 BUICOU300paKeHUH TaKUX Karelb
MOKa3aJju, YTO MPUYMHON UX PE30HAHCHOTO CTPYKTYpPHUPOBAHUS SBIISETCS HE TOJIBKO BO30YXAEHHUE paJualib-
HBIX BOJIH TUIA OMEHU, HO U MHTep(dEepeHIUs BOJIH MO MepUMETpPy Kalulk ¢ 00pa30BaHUEM yCTOHYMBOMN CH-
CTEMBI CTOSTUMX BOJH. Takasi Karuis BpallaeTcsi Kak CBSI3HAs COJIMTOHO-TIOAOOHAs CTPYKTypa. YCTAHOBIIECHO,
4TO XapakTep BpallleHUs] BO30YKACHHON KallJIi 3aBUCUT OT €€ UCXOIHOT0 (PU3MUECKOro COCTOSIHUA (Halpu-
Mep, MOCIIe AEKTPOMArHUTHOW 00pabOTKH BOABI €€ BPALEHUE YCKOPSAETCs) U OT IPUCYTCTBUS OINpEIeNIeH-
HBIX MUKporpumecei. OlleHeHbI IepUo/Ibl PE30HAHCHBIX MOJI M ITTMHBI BOJIH B 00pa3iiax BOJIbl, COJEpIKaIIe
COJIb WJIM OpraHMYECKHe MOJUMepbl. BaXKHbIM pe3yabTaToM 3THUX SKCHEPUMEHTOB SIBIISIETCS OOHApYKEHHE
MIPSIMOM CBSI3M MEX/1y KPaTHOCTBIO YKCIa MOJIYBOJH 7 (MO/bl) BO30YX/I€HHOH Kariu ¥ TUIIOM IpuMecH. Tak,
Karwis TUCTUUTHpOBaHHOM Boabl ([IB) mpu pesonance umeer moay n = 4. [locne nobasnenus B Gu3HOIOTH-
yeckuii pactBop (PP) muxponos3 JIHK (u3 mpenapara KypuHBIX SMOPHOHOB) WIIM TIa3Mbl KPOBH PE30HAHC-
HBII pexxuM B Karusix OP ¢ Mmool n = 6 mensiercst Ha mony ¢ n = 5 (JIHK). B coorBeTcTBUU ¢ Teopueii [3-4]
(dbopMa 1 xapakrep KoJeOaHUN Kariy 3aBUCST OT CBOMCTB KUAKOTro o0pasia: kKodppuiueHTa HoBepXHOCTHOTO
HATSDKEHUS, a TaK)Ke TIOTHOCTH, KOTOPbIE U3MEHSIOTCS MPU HAJIIMYUHM HEKOTOPHIX MUKponpumeceld. Takum
00pa3oM, 0COOEHHOCTH PE30HAHCHOIO CTPYKTYPHUPOBAHUS KAIUIM MOTYT CIY’KMTh HAIVIAJHBIM MHAUKATOPOM
U3MEHEeHUs (U3NYECKUX CBOMCTB BOJIbI U HAJIMYUS B HEW OPraHUYECKUX MOJIEKYIL.

T. Singla, and M. Rivera The Sounds of Levitating Water Droplets. Physics, vol. 13, p.148 (2020).

G. Lagubeau, M. Le Merrer, Ch. Clanet, D. Quéré. Leidenfrost on a ratchet. Nature Physics, vol.7, pp. 395-398 (2011).
B.A. Capanun. PaBHOBecHe XuIKOCTEH U ero ycToiunBoCTh ( MockBa, IH-T koMmIl. ucciienoBanuii), rasa 1(2002).
JLJI. JTannay, E.M. JIupmmm. Teoperndeckas ¢pusnka, Tom 6, ['maponnnamuka (Mocksa, Hayka), rasa 7 (1986).
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N3JIYYATEJIBHAS CITOCOBHOCTDH TEXHOJIOI'HYECKH
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Emte ¢ 1932r. u3BecTHO 0 cBepXxciaboM CBEUCHHH KIIETOK (MUTOTEHETUIECKOE U3TYUYCHHUE ), KOTOPOE BIHSCT Ha
GbyHKIMOHUpOBaHue Ipyrux KieTok [ 1]. K HacTosiemMy BpeMeHH BbISIBIEHO, YTO KMEHHO YABTpadHOJIETOBAsE KOM-
MTOHEHTa MUTOTUYECKOTO M3ITyUeHHSI BBI3BIBACT M3MEHEHHSI TIPOIIECCOB, MPOTEKAIOIINX B IPYTUX KieTkax. Ouznka
ATOTO M3JIYYEHHUS TPOIOJIKAET UCCIIEAOBATHCS U 10 HACTOAIIErO BpeMeHH [2-4]. IHTepecHo, 4To B psjie hcce-
JIOBaHUH YOEIUTEIbHO MOKAa3aHO, YTO 00pasLibl, IPUTOTOBJICHHBIE C UCIOIB30BAaHUEM MPOLIEAYPhl MHOTOKPATHO-
IO MOCJIEIOBATEILHOTO pa30aBICHNUs CO BCTPSXUBAHUEM Ha KaXKJIOM IIIare, TakkKe CIIOCOOHBI BIUSTH HA JIPYTUE
pacTBOphI 0€3 HEMOCPEICTBEHHOTO XUMUYIECKOTO B3aMMOJICHCTBHUSI C HUMH, TO €CTh Yepe3 CTeHKy cocyna [5-10].
[Tocrne Takoro GECKOHTAKTHOTO BO3CUCTBHS HAOMIOMAOTCS M3MEHEHUS (DU3MKO-XUMHUYECKIX CBOMCTB BOCIIPHHU-
Marorero pacrsopa. O4eBHUAHO, YTO TaKOE BIMSHHE UMEET MECTO M3-3a CIIOCOOHOCTH pa3daBlIieHHBIX 00pa3LioB
K M3ITy4eHHI0. Yoke 3aukcupoBaH (akT uamydeHus Takux oopasios B K- [5,8] u B ['T-o6mactsx [11]. Lensto
JTAHHOTO MCCIIEIOBaHUS OBLJIO OIEHUTh BOBMOYKHOCTh M3JTyUeHHS TaKUX 00pasiioB B oomactu MI 11- 4acToT.

B xauectBe 00BbEKTa MCCIIETOBAHUS BBICTYIIATN OCIKH, MOABEPTHYTHIC MPOIIETYPE MHOTOKPATHOTO TTOCIIe-
JIOBATEJILHOTO pa30aBJICHHs CO BCTPSIXMBAHUEM Ha KaXKJIOM IIare (Jajnee — TEXHOJOTHUECKH 00paboTaHHbIE
6enku), B opMe BOAHBIX paCTBOPOB WJIM HAHECEHHBIE HA JIAKTO3Y. YPOBEHb CHI)KEHUS UCXO/IHOM KOHIIEHTpa-
1uu 6es1KoB coctaBmi 70 107 pa3. B kauecTBe KOHTPOJIEH BBHICTYIIAIN aHAIOTUYHO IIPUTOTOBICHHBIC 00Pa3IIbl
BOJIbl WJIM TIIMIMHOBOTO Oy(epa — TEXHOJOTUYECKUN KOHTPOJIb, U MHTAKTHBIE BOJIAa U JIAKTO3a — WHTAKTHBIH
KOHTPOJIb. [yt Kask1or0o 00pasiia u3Mepsuiy ero u3nydenue B auama3one ot 10 MI'm qo 1250 MI'ty mpu momo-
III1 AaHTCHHBI-JICTEKTOPA AIICKTPOMArHUTHBIX M3TyuyeHu. Paznmuuus mexay obpasiamMu OlEHUBAIUA C TIOMO-
IIbI0 METO/1a ITIaBHBIX KOMIIOHEHT.

B pabote moka3aHbl OTIHYHSI TEXHOJIOTHYECKHA 00pa00TaHHBIX OSJIKOB OT KOHTPOJIEH 1o criekTpam MI i-u3-
nydenusi. Hanbosmee yacto OTaMYMs OT KOHTPOJIEH BO3HHKAIW B CICAYIOIIMX auana3oHax yactor: 50-523
MTI', 780-830 MI'u u 920-990 MI'u aJist BogHbIX pacTBOpoB, U 50-100 MI'n u 147-920 MI'y — aJist nakTo3-
HBIX 00pa3IoB. DT JAMAMAa30HBI 3aBUCSAT OT TUIIA 00pasia U UCXOAHOW CyOCTaHIIMH, TTOIBEPraeMoil TEXHOJIO-
rudeckoit oopadorke. Takum oOpazom pacTBOPHI OEITKOB, TPUTOTOBIICHHBIE C TPUMEHEHUEM TPOIEAYPHI MHO-
TOKPATHOTO IMOCIIEA0BaTEeILHOTO pa30aBieHus 00Ia1a0T ceupuIecKoi U3 IydaTeIbHOW ClTIOCOOHOCThIO B
MTI 11-nuamna3oHe 4acToT.

[1] A. G. Gurwitsch, Archiv fiir mikroskopische Anatomie und Entwicklungsmechanik 100 (1-2), 11, (1923). [2] E. V. Naumova, Y. A.
Vladimirov, L. V. Beloussov, V. V. Tuchin, and I. V. Volodyaev, Methods of studying ultraweak photon emission from biological objects:
[. History, types and properties, fundamental and application significance. Biophysics, 66, 764-778, (2021). [3] I. V. Volodyaev, L. V.
Beloussov, 1. I. Kontsevaya, A. E. Naumova and E. V. Naumova, Methods of Studying Ultraweak Photon Emissions from Biological
Objects. II. Methods Based on Biological Detection. Biophysics, 66, 920-949, (2021). [4] E. V. Naumova, , Y. A. Vladimirov, V. V.
Tuchin, V. A. Namiot and 1. V. Volodyaev, Methods of Studying Ultraweak Photon Emission from Biological Objects: III. Physical
Methods. Biophysics, 67, 27-58, (2022). [5] N. Penkov and N. Penkova, Measurement of the emission spectra of protein solutions in the
infrared range. Part 2. Analysis of emission spectra of protein solutions in low concentrations, Frontiers in Physics, 8, 611, (2020). [6]
N. Penkov, Antibodies Processed Using High Dilution Technology Distantly Change Structural Properties of IFNy Aqueous Solution.
Pharmaceutics, 13, 1864, (2021). [7] V.V. Novikov and E.V. Yablokova, Interaction between highly diluted samples, protein solutions and
water in a controlled magnetic field. Appl. Sci., 12, (2022). [8] N.V. Penkov, Influence of the Combined Magnetic Field and High Dilution
Technology on the Intrinsic Emission of Aqueous Solutions. Water, 15, 599, (2023). [9] E.S. Alinkina, I.V. Molodtsova, O.V. Petrova,
G.O. Stepanov and E.S. Don, Modifying distant effect high dilutions of inorganic and biological substance. Bulletin of Experimental
Biology and Medicine, 175, 310-313, (2023). [10] L. Jerman, L. Ogrizek, V. Peri¢ek Krapez and L. Jan, Physicochemical Study of the
Molecular Signal Transfer of Ultra-High Diluted Antibodies to Interferon-Gamma. International Journal of Molecular Sciences, 24, 11961,
(2023). [11] A.V. Syroeshkin, G.V. Petrov, V.V. Taranov, T.V. Pleteneva, A.M. Koldina, I.A.Gaydashev, E.S.Kolyabina, D.A.Galkina, E.V.
Sorokina, E.V. Uspenskaya 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, 966, (2023).
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K BOITPOCY AETEKTUPOBAHUSA CITMHOBbBIX N3OMEPOB
BOAbl HAHOYIJIEPOAHBIMU MATEPUAJIAMHA

AKuraaos B.A.

Kaszaxcxuii hayuonanvuolil uccnedosamenvckutl mexuudeckuti ynusepcumem um. K.U. Camnaesa,
Kazaxcman, 2. Anmamewi, yn.Camnaesa, 22
zhigalov@gmail.com

HOBeHeHI/Ie CIIMHOBBIX M30MEPOB BOJIbI, 4 TAKKC PA3JIMUYHBIC MCTOABI UX Pa3ACICHUA U JCTCKTUPOBAHHUA B
HACTOAIICC BPEMSA SABJIAIOTCA IMPEAMETOM AKTHBHBIX IMOUMCKOB CO CTOPOHBI SKCIIEPUMCHTA U TCOPUHU, 4 TAKIKEC
nuckyccui. C koHia 80-x romoB u3BecTeH noaxoa, passuBaeMbiii B.K. KontoxoBeim, B.. TuxonoBeim, A.A.
BonkoBbiM, 1 Jp., OCHOBAaHHBIN Ha CEIEKTHBHOM COPOIIMU CITIMHOBBIX U30MEPOB BOJHI [ 1, 2].

Ha siBiennn copOmuy moBepXHOCTHIO YIVIEPOAHBIX HAHOTPYOOK 1 rpad)eHa OCHOBAHO HampaBlICHUE padoT
M0 CO3JaHUIO YYBCTBUTCJIBbHBIX HAHOCCHCOPOB, KOTOPBIC IMO3BOJIAKOT pacClio3HaBaTb HC3HAYHUTCIIbHBIC KOH-
[IEHTpaIlMy Pa3IMYHbIX BemecTB. B HacTosIieil pabore mpeniaraeTcsi HCIoiIb30BaTh CBOMCTBA YITIEPOIHBIX
HaHoTpyOok (YHT) ansa nerexkumu ciuHOBBIX n3oMepoB Bonbl. YHT kak ogHOMEpHBIE MPOBOTHUKH UMEIOT
3HAYUTEIbHYIO U HETMOCPEICTBEHHYIO CBSI3b COCTOSIHUSI AJIEKTPOHHOM MOJICUCTEMBI U COCTOSIHUS TIOBEPXHO-
cTH Onaronapst 60Jb1110H yaenbHo noBepxHoCcTH. CopOupyst pa3inyuHble BEIIECTBA, HAHOTPYOKHU OTKIMKAIOT-
Csl CBOMMH 3JIEKTPUYECKUMHU XapaKTepUCTUKaMU: MPOBOAMMOCThI0, BAX, paboToiil BeIXxoaa 3ekTpoHoB. W3-
BECTHO TaK)Ke aHOMAJILHOE TOBEJIEHUE HAHOTPYOOK mpu copOuuu/necopouuun monekyn H,O [3]. YuureiBas
M3BECTHOE CBOMCTBO CEJIEKTUBHOCTHU CIIMHOBBIX U30MEPOB K COPOLIMHU, MOXKHO MOIBITATHCS CAETIATh CEHCOPBI
Ha ocHoBe YHT, KoTOpBIE OYmyT pa3inuyarh OpTO-IIapa COOTHOIICHHE COPOMpyeMoil Boabl. Takasi 4yBCTBU-
TEIBHOCTb MOXET ObITh OCHOBaHA Ha Pa3IUYHOM 3()()EKTUBHOM TUMOJILHOM MOMEHTE OPTO- U Mapa-MOJIEKYI,
BO3HMKAIOILIEM B 3HAUUTEIIbHBIX ANIEKTPUUECKUX MMOJIAX Ha moBepxHOcTH Y HT. Takke MOXKeT UMETh 3HaYeHUE
pasnuyHas JUHAMUKA COPOIMH/AecOopOInu ISl OPTO- U Mapa-BOJIbI.

B noxnane onucan cTeH 1 10 U3MEPEHHUI0 paboThl BBIXOAA 00pa3lioB, MOKPHITHIX YIIEPOJHBIMUA HAHOTPYO-
kamu. Ha kpeMHUEBYI0 0/105kKy ObLIM HAaHECEHBI U3 PACTBOPA OJHOCTEHHbBIE YIVIEpOIHbIe HAHOTPYOKHU. O0-
pa3ibl HAXOAWINCH B YCIOBHUSX JTUHAMHYECKH KOHTPOJIMPYEMOM BIaKHOCTH: BIQKHOCTh LUKIUYECKU Me-
HAJIACh 110 JIMHEMHOMY 3akoHy B npenenax 10...70 RH%, uro npuBoanino Kk HUKINYECKONH M30TEPMUYECKON
copOIuu/necopory MOJIEKYJT BOJIBI MIOBEPXHOCTBHIO 00pa3ioB. JTOT MPOIIECC OTPAXKAJICS HA M3MEPSIEMOM
pabote BBIXO/Aa IEKTPOHOB [4]. Bpula moka3aHa BBICOKasi YyBCTBUTEIBLHOCTh PAOOTHI BBIXOAA YIIIEPOIHBIX
HAHOTPYOOK K U3MEHEHUIO BlIaKHOCTU. HekoTopble pe3ynbTaTsl BHITOJTHEHHBIX H3MEPEHUI MOTYT TOBOPUTH B
0JIb3Y MEPCHEKTUBHOCTH TAKOTO M0/1X0/1a K JETEKTUPOBAHUIO CIIMHOBBIX H30MEPOB BOIBI.

[1] Konyukhov V. K., Tikhonov V. 1., & Tikhonova T. L., in Proceedings of the Institute of General Physics of Academy of Sciences
of the USSR, 12, 208-215 (Nova Science Publisher, New York, 1990).

[2] Tikhonov V.I., Volkov A.A. Separation of water into its ortho and para isomers. Science, 296(5577):2363-2363, 2002.

[3] Zhigalov V., Petukhov V., Emelianov A., Nevolin V., Timoshenkov S., Petrova V., Korobova N. (2016) Anomalous dependence
of carbon nanotubes work function on humidity. 2016 IEEE 36th International Conference on Electronics and Nanotechnology
(ELNANO). DOI: 10.1109/ELNANO.2016.7493019

[4] Novikov S.N., Timoshenkov S.P. Using static ionizing capacitor method for the electron work function measurement, Izv. Vuzov.
Electronica 5, 81-88 (2002) (in Russian).
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IT'NIPATAIIMOHHBIE NBMEHEHUMS OCHOBHOI'O

MAKCUMYMA IUCHEPCUU TUAJIEKTPHYECKOM

MPOHULIAEMOCTHY BOJIbI 1 CBSIBAHHBIX C HUM
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JIsimenko A.K.!, ITunos U.1O.?

Hnemumym obweil u neopeanuyeckou xumuu um. H.C. Kypnaxosa PAH, Jlenunckuii np-m, 31,
Mocxea, 119991 Poccus
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B nuanexTpudeckux CeKTpax BBIJCISIIOTCS TPU XapaKTepHbIe 00JIaCTH, OTHOCSITUECS K PA3HBIM CTa UM
MIPOCTPAHCTBEHHO-BPEMEHHOM OpraHu3aIlii BOJbI B pacTBOpax. Ha wacrorax cyOMUITMMETPOBOM 001IacTH
MIPOSIBIIICTCS TIEpEpACTIPEICIICHIE SAMHIUYHBIX CBSA3EH BO/Ia-BOAa M Bola-uoH. OO0Ias moyisipyu3aus JudJieK-
TPHUKA MPOSIBISIETCS Yepe3 M3MEHEHHUE CTaTUICCKHUX JUAICKTPUUECKUX KOHCTAHT MOJy4aeMbIX B KOHKPETHBIX
penaKcanmoHHBIX MoeisiX. [IpomexyTodnas 06JacTh 4aCcTOT OTpa)kaeT M3MEHEHUE MHAMHUKU M CTEIEHU
CBSI3aHHOCTH M CTPYKTYPHPOBAHHOCTH B KOH(UTYPALIUSIX THAPATHON 00OTOUKH.

O6o6mennas Teopust [{ebas-Xrokkemns [1], rie yunThIBaeTCs KOHIICHTPAIIMOHHAS 3aBUCUMOCTD CTaTHYe-
CKOM TMAJIEKTPUIECKOM MPOHUITAEMOCTH, 3HAYUTEIIBHO PACIIUPSET KOHIICHTPAIIMOHHBIA HHTEPBAJ ONMCAHMS
K03 UIIUEHTOB aKTUBHOCTH (0€3 SMIIUPUIECKHUX IMApaMETPOB). ITO TOKA3aHO ISl BOIHBIX pacTBOPOB XJIO-
pHUI0B, OPOMHUIOB, HOAUIOB, HUTPATOB, ((OPMHATOB MIEITOYHBIX METAILIOB [1-5], HEKOTOPBIX COJIEH HATPUS U
anmoMuHus [6, 7].

Pa3BuBaeTcst HOBBIN MOAXO K aHATIU3Y TUAPATAIIMK B PACTBOPAX JIEKTPOIUTOB, UCCICTYIONTUN CBS3h JIH-
AIEKTPUUECKUX, KBA3UONTUICCKUX U PATUOSPKOCTHBIX MMapaMETPOB B CM U MM o0JacTsax crekrpa. OoHapy-
KEHO MHTEPECHOE CBOMCTBO: COOCTBEHHOE M3JIyYEHHE Ha MUUIMMETPOBBIX BOJIHAX JIJISI OJHUX PAaCTBOPOB
AJIEKTPOJIUTOB CUIIBHEE, a IJIsl IPYTUX cllabee, YeM ISl YUCTOM BOJIBI. DTO CBS3aHO KaK C Pa3HOM ruparamueit
HMOHOB, TaK ¥ OTIIMYUSIMH JIEKTPOTIPOBOTHOCTH PACTBOPOB.

[1] Shilov . Yu. and Lyashchenko A.K. J. Phys. Chem. B V. 119, P. 10087-10095, (2015).
[2] unos U.1O. u JIsmenko A.K. XKypn. Heopr. xumuu T. 68, C. 961-964, (2023).

[3] Shilov I.Yu. and Lyashchenko A.K. J. Mol. Liq. V. 240, P. 172-178, (2017).

[4] lunos U.1O. u JIsmenko A.K. XKypn. Heopr. xumuu T. 66, C. 925-928, (2021).

[5] Mumos N.IO. u Jlsmenko A.K. XKypa. ¢pus. xumun T. 96, C. 1598-1603, (2022).

[6] Shilov I.Yu. and Lyashchenko A.K. J. Solution Chem. V. 48, P. 234-247, (2019).

[7] umos N.IO. u JIsmenko A.K. Xypn. veopr. xumuu T. 64, C. 1006-1010, (2019).
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IHAPAMETPOB KOMBUHAIIMOHHOI'O PACCESAAHUSA BO/IbI

Kpaiickuii A.B.

Quzuueckuit uncmumym um. I1.H. Jlebeoesa PAH, 119991 Mockea Jlenunckuii npocn. 53, Poccus
kraiskiav@lebedev.ru, kraiskiav2(@gmail.com

[IpuBenensl pe3yabTaThl UCCIEAOBAHUMN psiga CBOMCTB cOOCTBEHHBIX 4acTOT (CY) HHM3KOYACTOTHBIX Me-
YKMOJIEKY/ISIPHBIX KOJICOaHUH BOIBI 1TOIOCHI (anee auann) 183 cM™!, momy4eHHBIX B IIMPOKOM JHana30He va-
cror [1] (170 — 210 cm™!) mpu mOMOIIHK alropuTMa aBTOMAaTHYECKOTO pa30MeHus CIIEKTPaIbHBIX ITApaMEeTPOB
OOJIBIIIOrO YKClIa CHEKTPOB (65) HA COBOKYITHOCTh TPYMI 3aTyXaroIIMX OCIMLIATOpoB. Panee [2-4] ObL10
MOKa3aHo, YTO JJIsl TAKOro Habopa CIEKTPOB TOYKU, OTOOpaKarolue MOJI0KEHNS YaCTOT MAKCUMYMOB JIMHUH
V_ ¥ MX LIMpHH " B 4aCTOTHBIX KOOPAMHATAX (KBaJIpaT IMMPUHBI — KBAIPAT YaCTOTHI) XOPOIIO allpPOKCUMHPY -
FOTCSI HAKJIOHHOM TIpsIMOM nuHueH [2, 3]. ITo ObIT10 00BICHEHO Ha OCHOBE MPEACTABICHUHN O KJIACCUYECKOM
3aryxaromem ocuuarope ¢ CH v, u 3aryxanuem 0, CBA3aHHBIM C OJHOPOIHOM MIMPHHOM KoneOanus y [3].
Bb110 MoKa3aHo, 4To KBaJpaThl YaCTOTHBIX HAPaMETPOB OCLHILIATOPA CBA3aHb! TMHEHHOM 3aBUCUMOCTBIO Vv,
=v 2+ 0.5 T%K? rae K — ko2 dpuuuenT HeoqHOPOIHOIO YIIMpPEeHUs TMHUH [3].

CyTb pa3paboTaHHOTO HaMH aJIropuTMa OCHOBAHA HA CTAaTUCTUYECKUX CBOMCTBAxX paclpeiesieHus: pac-
CTOSIHMM TOYEK OT HEKOTOPOW HAKJIOHHOH mpsiMoii [4]. B anropurme mociienoBaTebHO mepedupaeTcs psija
HAKJIOHHBIX MPSMBIX, IPOXOISALINX Yepe3 LIEHTP paclpeielIeHHs CIEKTPaIbHBIX TOUEK B UAIa30HE HAKIIOHOB
NPAMBIX JJIs1 0cuIATOpoB oT -0.5 10 0.0. J[i1g kax 01l npsAMoON paccMaTpUBaeTCs IUana3oH PacCTOSHUM OT
Hee BCEX CIEKTPaJbHBIX TOYEK U [0 CTAaTUCTHUYECKHM CBOMCTBAM pacrpeieseHuil HeOOoIbIIoro KoJIn4ecTBa
TOYEK, HAYMHAsI OT 3aJJaHHOTO KOJIMYecTBa Touek (2 miu Oosee) 1o 3aJaHHbBIM ITapaMeTpaMm MpeInoiaraeMoro
HOpPMAaJIbHOTO pacmpezenieHus. ['pynmna conepkut He MeHee 3 TOYEK, YTO MO3BOJISIET OLIEHUTh CTENEHb Mpu-
OMVDKEHHOCTH TOUYEK K MPSMOM C IMOMOIIBIO0 MOHATHH IIUPUHBI TPYIIIBI UM TUIOTHOCTU 4Mcia Todek. s
Ka)KJIOHM TPYIIIBI TOYEK 3aTEM 110 IPUBEACHHOM BhIIIE 3aBUCUMOCTH ompenaessiiack CY u koaddurment Heo-
HOPOJIHOTO YIIMPEHUS JTUHHUH, TTO3BOJISIOUINI BHIYMCIUTH OJHOPOHBIE IIUPUHBI JUHUH COOTBETCTBYIOLIUX
cnekTpoB rpynmsl. T.o. momyyaercs Habop CY B ykazaHHOM BBIIIE IIMPOKOM JIMANIa30HE C UX IJIOTHOCTSIMH,
KOTOPBIA MOKET XapaKTEPU30BaTh TMHAMUYECKHUE CBOMCTBA PELIETKU CBSI3€U BOJIbI.

Jljis XapaKTepUCTUKH MOTYYEHHbBIX Pe3yJIbTaTOB HCIIOJIb30BaIOCh HOPMAJIM30BAHHOE PAHTOBOE pacipe/ie-
nenue CY [4] u ero mpou3BOIHAS 110 TIOJOKEHHUIO B PAHTOBOH MMOCIIE0BATEILHOCTH (TI0A00ME TUIOTHOCTH CO-
CTOSIHMI ), TIOBEJICHNE HOPMAIM30BAaHHOM TIJIOTHOCTH TOYEK HAa YaCTOTHOM MHTEpBasie, pactpenenenue CH u
IJIOTHOCTH TOYEK 10 PACCTOSAHUSM CEMEICTBA OT LIeHTpa. [IpoBeIeHO CpaBHEHHE ITUX XaPAKTEPUCTHUK JIJIs1 65
TOUYEK BOJIBI M JIBYX peasi3aiiii MOACIbHBIX PacipeIeJICHUH CITy9aifHO pa30pOCaHHBIX 10 TOH JKe 00sacTu 65
touek. [lonydeno, yTo Hanbosee BbIPa3UTENbHBIE PA3JIMYMS BOJIbI U MOJETU HAOMIOAAI0TCS AJI XapaKTepu-
CTHK C IUIOTHOCTBIO To4eK. B Bozie Hapsay ¢ 10BoIbHO paBHOMEpHBIM 110 CY pacnpeneneHrneM HaOM0Aa0TCs
TaK)Ke TPYMIbI ¢ OOJIBIIUMH Ha MOPSIOK IUIOTHOCTSMHM B HU3KOYACTOTHOM YacTH JAMara3oHa, CIaJalolie 10
PaBHOMEPHOTO YPOBHS Ha BHICOKOYACTOTHOM YaCTH.

[1] A.B. Kpaiickuii 1 A.A. Kpaiickuii. O mmmpoxoM auana3zoHe COOCTBEHHBIX YAaCTOT OMPEACTICHHOM B TOJIOCE KOJeOaHUIl BOIBI
183 cm!' HM3 cHeKkTpajdbHBIX MapaMeTpoB KOMOHMHAIIMOHHOTO pacCestHUsl BOJIBI M CIa0bIX pPacTBOpoB. S5-s Beepoccuiickas
koH(pepenmus «PU3NKA BOIHBIX PACTBOPOBY, ¢.73, MIO® PAH um. A.M. IIpoxoposa 21-23 HosOps 2022 1., Mockaa,
Poccus. [2] A.B. Kpaiickuit 1 H.H. Menbauk, HuskouacToTHBIE CTIEKTpbl KOMOMHAITHOHHOTO PAcCesSHHS CBETa B BOJC M CIA0BIX
BOJHBIX pacTBOpax. MPOCTPAHCTBEHHAS HEOTHOPOIHOCTH B PacTBOpE MepeKkucu Bogopoxaa, buodmsuka, 1.57, Ne6, ¢.965 — 972,
(2012). [3] A.B. Kpaiickuii u H.H. Menpauk, Onpenenenne COOCTBEHHBIX YaCTOT U OJJTHOPOIHBIX IIIMPUH JIMHUN MEKMOJIEKYIISIPHBIX
KoJleOaHu B BOJIE M B BOAHBIX PAcTBOpax mepekucu Bopopona ¢ momomisio KPC, Ontuka u cmekrpockomus, T.124, NeS,
c.628—-634 (2018). [4] A.B. Kpaiickuii, H.H. Mensauk u A.A .Kpaiickuii, Oco6eHHOCTH pacTpeieIeHUs CIEKTPaTbHBIX TapaMeTPOB
MEXMOJIEKYIISIPHBIX KoieOaHuil B Bojie, MOMy4deHHbBIX ¢ ToMotnbio KPC, OnTuka u cnekrpockonus, T. 128, Ne2, ¢.195 — 203, (2020).

10



METO/Abl NCCNIEAOBAHUA BOAHbIX PACTBOPOB

PEI'’MCTPAIIUS TPEKOB YACTHUIl B HEPABHOBECHbBIX
BOJHBIX PACTBOPAX IIPHU DJIEKTPOJIN3E,
BUOXUMHNYECKUX U XUMHNYECKUX PEAKLIUAX,

N B HEOJHOPOAHbBIX MAT'HUTHBIX ITOJIAX

Hluponocos B.I.

Hayuno-uccneoosamenvcxuii yenmp “UKAP”, 426014, o. Unxcesck, yn. Apxumexkmopa I1.11. bFepwa, 29.
ikar@udm.ru

UccnenoBanbl Bapualyy TPEKOB YacTHIl, OOHAPYKEHHBIX paHee [ 1] mpu ayieKTpoin3e B HEPAaBHOBECHBIX
BOJHBIX pacTBopax. OOHApYKEHO BIMSHUE HEOTHOPOAHBIX MAarHUTHBIX moJieit (N/S) Ha TPaeKTOpHIO TPEKOB
U TIOSIBJIEHUE TPEKOB MPH OMOXMMUYECKUX M XUMHUYECKUX PEAKITHSX.

HccnenoBanust npoBOJMINCH U3BECTHBIMU MeTo/laMu peructpanuei TpekoB Ha CD-R u I19T-nnenkax, a
takke OBII u pH-MeTpun, yasrpa3BykoBoii, ontudeckoii 1 CBY ciekTpockonuu, peHTreHorpapuu, MarHuT-
Holt BoctipuumuuBocTd U MPT [1-5]. Bo Bcex skcnepuMeHTax Juisi Cpell, HaXOSAIUXCsI B HEPABHOBECHOM
TEPMOJAMHAMUYECKOM COCTOSHUU [ 6], HAOIIOqaINCh XapaKTepHbIe 00IIME 3aKOHOMEPHOCTH — IOSIBJICHUS 01U~
HOYHBIX U CITAPEHHBIX TPEKOB YACTHIL, U TPEXMEPHBIX JUCCUITAaTUBHBIX CTPYKTYp [1-6] .

B ocnose onbiToB (Puc.1, 5) — mosiBnenue xapakrepHbix 3QPekToB — TpekoB U n3MeHeHnit OBIT BogHbIX
pacTBOpoB npu HeusmMeHHOM pH B momumnponunenoBoit émkoctu 1, 6e3 usmenenus OBII B crexisiHHOM 2,
KaK TIpY 3JIeKTponu3e BoaHoro pacteopa (9BP) NaHCO, (3) [1], Tak u mpu OMOXMMHUYECKUX W XMMUYECKHX
peakuusx (BXP — nposxoku, 3akBacku, Horyprel, Mg+AgNO,+H,0).

B 3axmrouenue, nmpeniokeHo 00bsICHEHNE MOTYYeHHBIX PE3yIbTaTOB HA OCHOBE BO3HUKHOBEHUS HETUHEH-
HBIX TPEXMEPHBIX TUCCUIIATUBHBIX CTPYKTYP U3 COUHOBBIX M30MepoB (CH) B HepaBHOBECHBIX BOJIHBIX pac-
TBOpax, HaXOASAIIMXCS B HEPAaBHOBECHOM TepMmoauHamudeckoMm coctosiauu (HTC) [6, 7].

[1] B.I. IIuponocoB. Bapuarwn OKHCIUTETLHO-BOCCTAHOBUTEIILHOTO MOTEHIIMANA W cTabumu3ammyd pH Tpu 2JIeKTposm3e BOIHBIX
pacTtBopoB. —5-51 Beepocuiickas xoHpepennus "®usnka BogHBIX pacTBopoB". COOpHUK TpyaoB, ¢.122 (2022). [2] JLU. Ypyukoes, B.J1.
Jlukconos, B.I'. Ilunoes. [puknagnas ¢usuka, Ned. c. 83 — 100 (2000). [3] B.A. XKuranos u ap. )KOHH, , 21-22(6), c. 10-25 (2018).
[4]. Tlepmma C.M. KBaHTOBBIE OTJIIMYHS OPTO M TIapa CIIMHOBBIX M3oMepoB H20 kak ¢u3ndeckas 0CHOBa aHOMAJIBHBIX CBOWCTB BOJIBL.
HanoctpykTypsl. Maremarudeckast prsvka u MoaeupoBanue, Tom 7, Ne 2, 103—120, (2012). [5] Ieprmma C.M., byakua A.®., AHUCHMOB
H.B., ITuporos 1O.A. MaruutHble 1 HeMarautHble n3omepbl H,O B BOz€ U BOIHBIX paCTBOPAX: HEIMHENHO-ONITUYECKAs CIIEKTPOCKOIMS
u MPT. —5-1 Beepocuiickas xoH(pepenms "@u3nka BOTHBIX pacTBopoB'. COopHUK TpyaoB, .70 (2022). [6]. Kaszera E.H., Kypmromon
C.IL. OcHoBanms cuaepretuki. CuaepreTnieckoe Muposunenue. Cepus "CruHepreTika: oT mponutoro K Oyaymemy". M3n.2, ncmp. u gor.
In.5, 240 c., (2005).[7] B.I". LIuporocos. [Ipobnembr coBpeMeHHOH OroMen(hI3UKH, MOACTUPOBAHUS H ITyTH HX PEIICHI. — X XX MEKI.
koH(. "Maremarnka. Kommprotep. O6paszoBanne". COOpHHK Te3HCOB, ¢.122 (2023).
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BJIMSTHUE HU3KOUYACTOTHOM AKYCTUUYECKOHN
IMYJbCAIIMU HA PABHOBECHE B CUCTEME «H,0 - CO_»

Boraros H.A.!?, ®anees I.H.!, Hukomnaen A.JL.}

'Mockosckuii 2cocyoapemeennbiii mexnuueckutl ynusepcumem um. H.D. baymana, Mockea
105005, Mockea, 2-a baymanckas yn.0.5
?Poccutickuil Xumurko-mexnonocuyeckuul ynusepcumem um. J{.1. Menoeneesa, Mockea
125047, 2. Mocksea, Muycckas niowaos, o. 9
‘Mocroeckuii cocyoapcmeennwiil ynusepcumem um. M.B. Jlomonocosa, Xumuueckuil paxynomem
119991, Mockea, Jlenunckue 2opul, 0.1
nikitabogatov@list.ru

Llenb pa®oThl - Hccae10BaHUE BIMSIHUSI HA CUCTEMY «YIVIEKUCIIBIM I'a3 — BO/Ia» HU3KOUACTOTHBIX aKyCTH-
geckux konebanuit (actora =15 I'u, ammumaryga A=1,1 cm). Peakrop mpencrasisier co00d MUIHHIpHYE-
CKHUil cocyn AuaMeTpoM 2,6 cM u BeIcOTON 24 oM, conepxamuii 50 M1 OMIUCTUITUPOBAHHON BOBI, CBEPXY
HACHIIAeMO yIIIeKHCIbIM Ta3oM npu 25°C. AkycTudyeckue KojieOaHusl BBOAMINCH B CUCTEMY MTOCPEICTBOM
Te()IIOHOBOTO MOPLIHS, IIOTPYKEHHOTO B pacTBOP. JlnamMeTp 1 JUIMHa MOPIIHS BapbUpoBaIuCh. IIpocTpancTBo
HaJ1 PaCTBOPOM TIOCTOSIHHO OBLIO 3aI0JIHEHO YITICKUCIBIM Ta30M. PaBHOBECHE B cucTeMe:

CO,+H,0 5 CO, - H,0 5[H,CO,] 5 HCO,-+ H" 5 CO,> + H"

[Tpucyrcreue H2CO3 oneHUBaNOCh KOJMYECTBEHHO (TAbiMIla) MO M3MEHEHHMIO MCXOAHOM BETMUYMHBI
pHucx.=6,03 Boxsl. M3yuanoch BIMsHUE: TITyOHHBI TOTPY>KEHUS] BUOPOTIOPIIHS, €r0 FTEOMETPHUECKUX pa3Me-
POB, BETMYMHBI 3230pa MEX/1y CTEHKaMH peakTopa u nopuraeM, popmoii nogaBaemoro curuaina. Pacnpenee-
HUE KOHLEHTPALKi ra3a 0Ka3aJloCh HE3aBUCHMO OT BCEX YIOMSHYTHIX [TaPaMETPOB.

O3By4YeHHBIH 00BEM, MIT 50 48 46 44 42
pHBo3x. 4,1740,06 4,08+0,05 4,07+0,09 4,04+0,01 4,03+0,05
ApH 1,86 1,95 1,96 1,99 2,00
O3ByueHHBIN 00bEM, MIT 40 38 35 30 25
pHBoO31. 4,07+0,16 4,57+0,23 4,57+0,23 4,544+0,10 4,56+0,05
ApH 1,96 1,46 1,46 1,49 1,47

DUKCUPYIOTCS pe3yNbTaThl AByX IMporieccoB. OMH - HACHIIEHHE ra30M MPUIIOBEPXHOCTHOIO CJI0S 00BEMOM
~ 10 mu. Benmmunna pH = 4,08...4,03 cootBeTcTBYeT pH HACBIIIEHHOTO pacTBOpa YIIEKUCIIOTO ra3a B BOAE; MpHU
oobeme ot 48 10 42 M m3menenre ApH ot 1,95 o 2,00 MeHbI1Ie TOrpentHOCTH dKCTiepuMeHTa. Pesymbrar apyroro
— nocrosiHHast BenmmunHa pH=4,54-4,57 BHyTpu 00beMa, B MHTEpBaJIC OT 38 10 25 MJT He 3aBHUCSIIAS OT TITyOHUHBI
TOTPY>KeHHSI UCTOUHHKA KoneOanuii. KucinotHocTs. Ha ~0,5 enuautipl pH omrmyaaercs ot pH npumoBepxXHOCTHOTO
CJIOSl B CTOPOHY ILIEJIOYHOM CPEJIbI.

@DakT CKaYKOOOPa3HOTO CABUIA PAaBHOBECHS MPEACTABISET CAMOCTOSTENbHBIN nHTEpec. Ero HyXHO uccieno-
Barhb Oosiee rTyooko. Habmonaemblii 23 deKT, mo-BUIMMOMY, CBsI3aH ¢ 00pa30BaHUEM IMPH HU3KOYACTOTHOM aKyCTH-
YeCKOW MyJIbCALIMH TA30BbIX MYy3bIPHKOB, MEHSIOIIMX KOHIIEHTPAIMIO ra3a B PacTBOPE, YTO MPUBOIUT K COOTBET-
ctBytomeMy casury pH. [Ipu aTom ocoOyro posb urpaer nryOuHa MorpyskeHusl, 00eCTIeYrBaroIasi ONTUMAJIbHBIC
XapaKTePUCTUKH ITy3bIPHKOBBIX KJIACTEPOB.

W3meHeHre KOHLIEHTPALMK T'a30B BHYTPU 00beMa JKUIKOCTH UMEET CXOJICTBO C COCTOSIHUEM Ta30B, PACTBO-
PEHHBIX B )KUIKOCTH MPU JEKOMIPECCUOHHOM O0ne3Hr. HecrocoOHOCTh BhIIEpKHUBATh OOJBIIINE PACTATUBAIOIINE
HarnpspKkeHus: — (pyHIaMeHTaIbHOE CBOMCTBO >KUAKOCTHU. Pasnuuune 3akiroyaercst B crocode co3aHus M3MEHEH-
Horo coctosiHus. [Ipu nekomripeccHoHHOM 6oNe3HN JaBieHNe CHaualla MEHSIETCsl B CTOPOHY YBEIIMUEHHUS, a 3aTeM
B CTOPOHY YMEHBIIIEHUs B T€UEHHE 3HAYUTEIILHOTO MPOMEKYTKa BpeMeHH. [Ipu nH(ppa3ByKoBO# aKyCTHUECKOM
MYJIECALMU TIPH OOJNBIION aMIUIUTYAE YBEIMYEHUE NABJICHUS TPU CXKaTUM ITy3bIPHKOB U YMEHBIIIEHHE IIPU TO-
CIIEITYIOIIEM HX PACTSDKEHUH YepelyroTCsl C YaCTOTOM MoJaBaeMbIX W3BHE KojieOaHui. B monb3y runotessl ccue-
TEJILCTBYET (aKT, YTO OOJBIIMHCTBO YACTOT, OMACHBIX JJIsi OpraHu3Ma 4esoBeKa, HaXOIITCs B MH(PPa3BYKOBOM
nuarasose 10 20 '
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Boaxkos 10.0."?, Tuxonos A.M.?

'OHUI] «Kpucmannoepagus u pomonuxa» PAH, Poccus, 119333 Mockea, Jlenunckuii np., 59
Uncmumym guzuxu meépoozo mena PAH, Poccus, 142432 Yepnoeonoska, yi. Axademuxa Ocunvsina, 2
SUncmumym gusuueckux npoonem PAH, Poccus, 119334 Mockea, yn. Kocvieuna, 2
e-mail: volkov.y@crys.ras.ru

PacTBOoprMy0 a7cOpOIMOHHYIO TJICHKY OJHOATOMHOTO CIHUpTa (aJKaHOIa) Ha MeK(pa3HOW TpaHUIle Tpe-
JeTBHBINA YTIIEBOAOPO/] (aJTKaH) — BOJIa MOYKHO PACCMaTPUBATh KaK JIBYMEPHYIO TEPMOAMHAMH-YECKYIO CHCTEMY
¢ nmapamerpami (p, T,c), tae p — naBienue, 1 — Temmneparypa, ¥ ¢ — KOHIEHTpallKs aJIkaHoJIa B 00beMe pacTBOPH-
ters [1]. B Takux cucremMax mposiBIIsieTCsl TEPMOTPOIHBIA, 0apOTPOIHBIN OO JTHOTPOITHBIHN (ha30BbIi ITEPEXO,
XapakTepu3yeMblil ((OPMUPOBAHUEM TIOBEPXHOCTHOMN MPOCTPAHCTBEHHO-HEOTHOPOIHOM CTPYKTYPHI [2].

B Hacrosimeit paboTe MeToaMu peHTICHOBCKOW PeISKTOMETPUHN M HE3EPKAJTBLHOTO PACCESIHUSI HA CUH-
XPOTPOHHOM HCTOYHHMKE YTOYHEHA CTPYKTYpa aJCOPOIMOHHBIX CIOEB MPENEIbHBIX OJHOATOMHBIX CIIMPTOB
1-nonexanona (C ,H,.OH) u 1-tetpakocanona (C,,H, ,OH) Ha rpanunax pasuena n-rekcan (C.H ,) — Bona u
n-rekcanekan (C, H,,) — Boma, COOTBETCTBEHHO, B 00JaCTH TEPMOTPOIHOIO (hAa30BOTO MEPEXO/IA KUIAKOCTh
— nap. OTIMYUTENBHOW 0COOEHHOCTHIO ATHX IJIEHOK SIBISETCS OTHOCUTEIIBHO HHU3Kasl BEIMYMHA SHTAIBIINU
nepexona AH = —T A(0y/0T), , KOTOpasi CYIIECTBEHHO 3aBUCHT OT OTHOLICHUS /' = //M, YMCIIa aTOMOB yIie-
po/ia B aJIKAHOJIE M K YMCITy aTOMOB YIJIEPOA B MOJIEKYJIE€ pacTBOpUTENIs 1, [3].

W3mepenus pacmpeneneHuil 3epKaTlbHOTO OTPAKCHUS U paccesiHus ObLTH MMoTydeHbl Ha cTaHnuu X 19C cun-
xporpona NSLS (A = 0.825+0.002 A). Cucrema H-rekcaH — Bofa (T, = 37 °C) Obl1a uccren0Bana py TEMIIE-
parypax 8 °C, 20 °C u 55 °C; cucrema H-rekcaznekat — oga (T = 62 °C) — npu temneparypax 51 °C, 53 °C u
82 °C coorercTBeHHO. /{115 aHanm3a SKCIepHUMEHTAIBHBIX JAHHBIX ObUT MPUMEHEH KOMOMHUPOBAHHBIN Oe3MO-
JeTBHBINA TIOIX0/ B paMKax Teopuu Bo3myIieHui [4]. [TomydenHsie 6e3Mo/ieNbHbIe JaHHBIE O MTOTIEPEYHOM pac-
MpeeTICHUH YJICKTPOHHOM TUIOTHOCTH P(Z) ¥ CIIEKTpaX BBICOT IIepoxoBarocTei narepdetico C(Vv) CyIiecTBeH-
HO OTJIMYAIOTCS OT TApaMeTPOB, TPEIUIOKEHHBIX paHee ISl JAHHBIX CUCTEM Ha OCHOBE MOJICIBHOTO MOXO/IA.

B nmskoTemmneparypHoit Me3odasze aacopOIoHHas TIeHKa COCTOUT U3 MOHOcTos [n60ca, mepexomqHoro
’KHJIKOTO CJI0S TOJIIMHOM B 1Ba-Tpu MOHOC0s ~ 50 A u npoTsxenHoro (mmpuHoii 10 ~ 200 A) cnos Munen.
[TpucyTcTBHE MULICIUISIPHOTO CJIOS TTIOITBEPKAACTCS (PyHIaMEHTAIBHBIM PACXOXKICHHEM PEaIbHOTO CIIEKTpa
mepoxoBarocteil C(V) OT mpeckazanuii MOIe KanUISIPHBIX BOJIH. TakKe yCTaHOBIEHO HAJIMYHE TUIOCKO-
CTH HAaUMEHBIIETO CONMKEHUSI MULISIUIIPHOTO CJI0S € aJICOPOIIMOHHOM MJIEHKON Ha TpaHuIIe pa3zena.

[lepexos B BEICOKOTEMITEPATYPHYIO Me30(ha3zy CONPOBOXKAACTCS Pa3KIKEHUEM U YaCTUYHBIM HCTIAPEHUEM
TUICHKHY aJTKaHOJIa C TPAHMIIBI pa3Jiela, a TakKe HaOII0JaeMbIM UCTOIIEHUEM MHIICIUIIPHOTO CJIOS 10 TTOJTHOTO
ero ucYe3HOBeHUs. B TO e BpeMs razopas (pa3a B 4MCTOM BUE HE pEAIU3yETCs, UTO, TO-BHIUMOMY, 00y CIIOB-
JIEHO MaJsbIM 3HadeHueM sHTanbnuu nepexona C, OH (AH = 0.05 m/Ix/M2) 1, COOTBETCTBEHHO, IIUPOKUM
IEPEXOHBIM MHTEPBAIOM AT, NPUBOAAIIMM K (JOPMUPOBAHMIO CMECH JIOMEHOB HU3KO- M BBICOKOTEMITEPA-
TypHO# Me30(as3.

Teopemuueckas yacmos pabomol 8biNOIHEeHA NPU noddepaicke epanma Poccutickoeo Hayuno2o ¢ponoa
(npoexm Ne 23-12-00200).

[1] K. Motomura, N. Matubayasi, M. Aratono, R. Matuura, Thermodynamic studies on adsorption at interfaces. II. One surface-
active component system: Tetradecanol at hexane/water interface // J. Colloid Interface Sci. 64(2), 356-361 (1978). [2] S. Uredat,
G.H. Findenegg, Domain formation in Gibbs monolayers at oil/water interfaces studied by Brewster angle microscopy // Langmuir
15(4), 1108-1114 (1999). [3] A.M. Tikhonov, M.L. Schlossman, Vaporization and layering of alkanols at the oil/water interface // J.
Phys.: Condens. Matter 19, 375101 (2007). [4] I.V. Kozhevnikov, L. Peverini, E. Ziegler, Development of a self-consistent free-form
approach for studying the three-dimensional morphology of a thin film // Phys. Rev. B 85, 125439 (2012).
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JlenrmMropoBckre MOHOCIION (OchOIUIKA0B Ha MOBEPXHOCTH BOBI LIIMPOKO UCTIONB3YIOTCS JUISl MOZIETMPOBAHUS
CBOICTB Ouonornyeckux MemOpan. OnHuM 13 GyHIaMEHTATbHBIX BOIIPOCOB IPH 3TOM SIBIISIETCS M3yUEHHE B3aUMO-
JEUCTBUN MEMOPaHBI ¢ 3apPsDKEHHBIMU MaKpOMOJIeKyiaMu — rosurentuaami [ 1]. Ilpu atom kimrodeBbiM (pakTopom,
BIIMSIOLLMM HA JJMHAMHUKY [TOBEPXHOCTHBIX ITPOLIECCOB B JIUIMIHOM CIIOE, SIBJIsIeTCs (Pa30BO€ COCTOSIHUE U A [2].

B nacrosiieit pabote ObLI0 M3y4EHO MOBEIEHUE MOHOCIION tMMupHCTOiI-hocharnamincepuna C, H NO, PNa
Ha noBepxHoctu Oydepnoro pactopa KCl B nernonuzonannoit Boae (10 MMonb, pH = 7) B o0nactu pazoBoro me-
pexona «pacmmpenHas KXuakoctby (LE) - «iBymepHsiii sxuakuii kpuctawn (LC) mpu agcopOimy Ha HEM MOJICKYIT
noy-D-mmsuna [H ,C N,O] *HBr ¢ pasnuuHbpIM 9UCIIoM MONEKYTISPHBIX CyObeaunmi (n = 5, 12, 200) u3 o0béma
oydepa. Konnenrparms nmomuwmsuna B pactope (>100 uMorb) BeIOMpaiach U3 pacuéra MaKCUMaJILHO BO3MOXK-
HOT'O MOKPBITHS TPAHULIBI MOHOCTION-TIOATIOKKA. JlnarpamMmbl cxxatust U Bonbsra-noreHnunana Obuid U3MepeHbl B
MHTEpBAJIe 3HAYEHMH TUIONAM Ha MomeKyy jumuaa 10040 A2 CTpykTypa JUIUIHOTO CJI0s B HANPABIECHUH,
HOPMAJIbHOM K ITOBEPXHOCTH, OblIa pacCYUTaHa 0 SKCIEPUMEHTaIbHBIM JAHHBIM PEHTTEHOBCKOM pedriekTome-
Tpun, W3MepeHHsIM Ha cTanmuu ID31 cunxporpona ESRF (L = 0.174+£0.001 A), a Taxke comnocrapieHa ¢ paHee
OITyOJIMKOBAaHHBIMU PE3YJIbTaTaMH PACYETOB TI0 METOTY MOJICKY/ISIPHOM TUHAMUKH [3].

Ha nmonmy4yenHbIX KpuBbIX Bonbra-noTeHIana nprucyTCTBYET XapaKTePHBIA H3JI0M, YKa3bIBAIOIIHIA Ha (Pa30BbIii
MIepeXO0]l CHKATHUS; TIPH aJICOPOLIMK MaKpOMOJIEKYIT 3HaUCHHE TTOBEPXHOCTHOM SHEPT UM, ONPEJIEIISIONIEH TOJI0KEHUE
kputndeckoit Toukn LE-LC nepexona, Bo3pacraer B ~ 1.8 pa3, 4To COOTBETCTBYET YACTUYHOM 3JIEKTPOCTaTHYE-
CKOM HEUTpaJIM3alliy TpaHUlbl paszesia. ANIpoOKCUMAaIIHs KPUBBIX BolbTa-moTeHnyana yrnpomeHHOW SMIUpU-
YeCKoM MOJIENbIO [4] yKa3bIBaeT Ha MOHMWKEHUE MOy cxkatusi Kp 1, COOTBETCTBEHHO, MOBBIIICHUS KECTKOCTH
MOHOCJIOS B pe3ynbrare ajficopOuu. Takke U3MEHEHHE yIila HAKJIOHA TUarpaMM C)KaTusl B IPUCYTCTBUM MOJMIIH-
3MHOB YKa3bIBA€T Ha JIONOJIHUTEIBHOE Mepepacrpe/iesieHie TOBEPXHOCTHOIO 3apsijia Ha TpaHuLIe paszena, npe-
TMIOJIOXKU-TEJILHO CBSI3aHHOE C JAETUparaliiei JUIMUIHOTO MOHOCTIOS.

[Ipodunu 31meKTpOHHON KOHIIEHTPAIIMK B MOHOCIIOE T10 IIIyOUHE, paCCUUTAHHbIE IO JAHHBIM pedieKToMeTpuH,
Y COOTBETCTBYIOILIME UM CTPYKTYPHBIE MOJIENIN XOPOIIIO COINIACYIOTCS C pacy€TaMy MOJIEKYJISIPHOM TUHAMUKH U3
[3]. TlokazaHo, 4TO B pe3ysbTare aJcopOIMK MHTErpalibHas MEKTPOHHAS IIOTHOCTH MOJISIPHBIX TPYII JIUIH/IA
cHmKkaercs mouty Basoe B LE dase (A= 70 A2), Ho cabo n3mensercs B LC-¢ase (A= 40 A?). Ouenka crenenu ru-
Jpataluy MOJSIPHBIX MPYII MoKa3biBaeT, uto B LE-(a3ze ynenpHOe 4nciio MosieKyIt BOJbl Ha MOJIEKYITY JIMIHUA IPU
aJIcopOIMy TIOMMITM3UHA MagaeT ¢ ~ 18 1o 3—4, 4To coracyercs ¢ MpenoIMKEHHEM O JICTHIPaTaIlid MOHOCIIOS
o auarpammam cxatust. HaOmomaemsiii addext nveer PpyHmameHTanbHOe 3HAUSHUS T (PU3UKO-XUMHUYECKON
xapakrepuzauuu (HoCcOIUIHUIHBIX MOHOCIIOEB B IPUCYTCTBUH a/1COPOMPOBAHHBIX MAKPOMOJIEKYIL.

[1] T. Ikeda, S. Tazuke, B. Watanabe. Interaction of biologically active molecules with phospholipid membranes 1. Fluorescence
depolarisation studies on the effect of polymeric biocide bearing biguanin groups in the main chain. Biochem. Biophys. Acta 735, 380—
386 (1983). [2] T. Rink, H. Bartel, G. Jung, W. Bannwarth, G. Boheim. Effects of polycations on ion channels formed by neutral and
negatively charged alamethicins. Eur. Biophys. J. 23, 155-165 (1994). [3] Yu.A. Ermakov, V.E. Asadchikov, B.S. Roschin, Yu.O. Volkov,
D.A. Khomich, A.M. Nesterenko, A.M. Tikhonov. Comprehensive study of the Liquid Expanded—Liquid Condensed phase transition in
1,2-Dimyristoyl-sn-glycero-3-phospho L serine monolayers: surface pressure, Volta potential, X ray reflectivity, and molecular dynamics
modeling. Langmuir 35, 1232612338 (2019). [4] }O.A. EpmakoB. I paHHYHBII TOTEHITHAT U SHEPTUsI CKATHSI JIUITHIHBIX MOHOCTOEB B
KUIKOKPHUCTAITMIECKOM cOcTossHUM. brionormyeckue MemOpansl: JKypHai MeMOpaHHO U KiieTodHoi Ononorum, 38(2), 109-122 (2021).
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CymiecTBOBaHME TPOTOHA B KOHJCHCUPOBAHHBIX CPEAax B CBOOOIHOM, XMMUYECKH HE CBSI3aHHOM, COCTOSIHUM TIPaK-
TUYECKH HE pealin3yeTcsa. DTOMY NPEMSITCTBYET KOJIOCCAIbHAS IIJIOTHOCTD 3apsi/ia JIEMEHTapHOM yacTulsl. B Boge mpo-
TOH 3aXBaThIBAETCS MOJIEKYJIaMH PaCTBOPUTENS ¢ 00pa3oBaHKueM OOMIbIIOro ceMelcTa Karnonos Buaa [H'(H,0) ], rne
N MOKET JOCTUTATh BEIIMYMHBI HECKOIBKUX JiecATKOB. OTHaKo HanOoJiee paclpoCTpaHEHHBIMH B YCIIOBHAX, BCTpEeYaro-
muxcs Ha 3eMIie, U, KaK CIIeZICTBHE, IMEIOIINMH TTIEPBOCTEIIEHHOE 3HAaYE€HHUE JIJIS POIIECCOB B JKUBBIX CHCTEMaX U TeX-
HOJIOTHYECKHMX MPOLECCAX, ABJIAKOTCA HAanOOIIEE JIETKUE KaTHOHBI: KaTMOH Tuapokconus [1] (H,0%), karnon Hynnens
[2] (H,O,"), xatnon Aiirena [1] (H,0,"), uT. 1.

TepMoauHamMIuecKasi CTaOMIBHOCTD JAHHBIX TIPOTOHHBIX KATHOHOB U 3()()EKTUBHOCTh HX KOHBEPCHHU APYT B JIpyTa
SIBIISIFOTCSL BAYKHBIMH (DaKTOpaMH IIPOTOHHON MOOHIBHOCTH. MH(bOpMaIus 0 JOMUHUPYIONIEM THUTIE BOJHOTO IIPOTOHHO-
ro KaTHOHA HOCHUT OOJBIIOE 3HAUYCHHE KaK JUIS MOJICJIMPOBAHUS [TapaMETPOB YCTAaHOBOK BOJIOPOIHON SHEPTEeTHKH [4],
TaK W JUIs UcclieoBaHUs (QyHAaMEHTaJIbHBIX CBOWCTB OMOJOTHMYECKHX MPOTOH-TPAHCIIOPTHBIX LIETel, OTBEUAIOIINX
3a cuaTe3 AT® [5]. [losTOMY aKTyaJIbHOCTh U BOCTPEOOBAHHOCTh MOJICIICH, ITO3BOJISIONINX aJICKBATHO MPECKa3aTh U
OLIEHUTH BKJIA]] BOJHBIX MPOTOHHBIX KATHOHOB B MPOTOHHBIN TPAHCIIOPT WJIM CBSI3aHHBIN € IEPEHOCOM NTPOTOHOB XUMH-
YECKUH KaTajlu3 He BBI3BIBAIOT COMHEHUH.

Hacrosimas paGota BbinonHsiiach B 1aboparopuu TeparepuoBoit ciekrpockorin MOTU, Benymieit MHOTOIETHHE UCCITe-
JIOBaHMS 10 OLICHKE 1 MOAM(HKALIUH TPAHCTIOPTHBIX M PENAKCAIIMOHHBIX CBOMCTB Pa3IM4HBIX OMOOPraHMYECKUX MPOTOHHBIX
MIPOBOTHUKOB [6-11], MBI 3aMHTEpECOBAHBI B CO3IaHHUN aJ€KBaTHON MOJIENHN MTPOTOHHOTO TPAHCIIOPTa B COBBATHBIX 000-
JIOYKaX TaKMX MarepuasioB. Bmecrte ¢ Tem, Ha mepBoM dTare ObLUIO HEOOXOAMMO OTPadOTaTh MOMXOABI IO MOJEITHPOBAHUIO
B3aMMHOW KOHBEPCHHU BOJHBIX MPOTOHHBIX KaTHOHOB B 00JIee MPOCTHIX YCIIOBUSX - HE B IBYX(Pa3HOW MHOTOKOITOHEHTHOM
CHCTeMe, KaKyro TPeJICTaBIsIeT CO00H HHTepdeiic OMOOPraHNIECKO CHCTEMBI U BOIBL, @ B BOJTHOM PAaCTBOPE XOPOIIIO JAHCCO-
UUPYIOMIeH Heopranmdeckor Kuciotsl — HCI, aHHOH KOTOPOi IMEET IIEHTPATTbHOE 3HAUCHHE B (DH3HOIIOTHH.

Juig nccrienoBaHus TMHAMHUKY B3aWMHOW KOHBEPCHH BOJHBIX MPOTOHHBIX KATHOHOB MBI HCIIOJIB30BAIN METO/IBI MO-
JIEKYISIPHOM MEXaHWKH. B 9acTHOCTH, METOI MOJIEKYJISIPHOM TMHAMHKHI Ha WHTETpaiax 1Mo TpaekTtopusm [12], a Takxke
METOJ MOJIEKYJISIPHOM TUHAMHKH C SMITMPUYECKUMHU MToTeHIanamu cemerictBa ReaxFF [13].

B pamkax gaHHOTO MPOEKTa MBI IIPECIEI0BAIN CIEAYIOUINE LIETH:

1. UccnenoBarb nporecchl B3aMMHOM TpaHC(hOpMallui BOTHBIX TPOTOHHBIX KATHOHOB C MTOMOIIBIO METO/Ia MOJICKY-
JIAPHOM TMHAMUKHU HAa HHTETpaJlaX 1Mo TPAeKTOPHSIM U METO/1a MOJIEKYJIIPHON AUHAMUKHU C SMITUPUYECKUMHU TTOTEHIINA-
samu ceMelictea ReaxFF B pacTBOpax COJISHOM KUCIIOTBI IIPU Pa3HbIX TEMIIEpATypax.

2. Ha ocHOBe pe3y/bTaToB BHITIOIHEHNUS 1.1 OIIEHUTh BpeMEHa KU3HU MPOCTEHUIINX BOAHBIX IPOTOHHBIX KATHOHOB B
COOTBETCTBYIOIUX YCIOBUSIX.

3. ConocTaBUTh OLIEHKH JMHAMUKH MPOLIECCOB KOHBEPCHH BOJHBIX TPOTOHHBIX KATHOHOB, MOJIyYE€HHBIE C TIOMOIIBIO
MOJICTTMPOBAHUS C OIYOJIMKOBAHHBIMH SKCIIEPUMEHTAIBHBIMY pe3yiabraraMu. Crenars BbIBOJ 00 ONTHMaIbHOM HOAX0-
JIe K MOZICTTUPOBAHUIO KOHBEPCHH IIPOTOHHBIX KATHOHOB JIPYT B Ipyra B 00Jiee ITMPOKOM CIIEKTPE BOSMOKHBIX YCIIOBHH.

[1]. Uber den Zustand des Protons (Hydroniumions) in wéBriger Losung*. Z. Fiir Phys. Chem. 1, 340-364 (1954).

[2] Zundel, G. Hydrate structures, intermolecular interactions and proton conducting mechanism in polyelectrolyte membranes — infrared results.
J. Membr. Sci. 11, 249-274 (1982).

[3] Kolokolov, D. 1., Kazantsev, M. S., Luzgin, M. V., Jobic, H. & Stepanov, A. G. Characterization and Dynamics of the Different Protonic
Species in Hydrated 12-Tungstophosphoric Acid Studied by 2 H NMR. J. Phys. Chem. C 118, 30023-30033 (2014).
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[5] Decoursey, T. E. Voltage-gated proton channels and other proton transfer pathways. Physiol. Rev. 83, 475-579 (2003).

[6] Gagkayeva, Z. V., Gorshunov, B. P., Kachesov, A. Ye. & Motovilov, K. A. Infrared fingerprints of water collective dynamics indicate proton
transport in biological systems. Phys. Rev. E 105, 044409 (2022).

[7] Abramov, P. A., Zhukov, S. S., Savinov, M., Mostert, A. B. & Motovilov, K. A. The influence of copper ions on the transport and relaxation
properties of hydrated eumelanin. Phys. Chem. Chem. Phys. 25, 11601-11612 (2023).

[8] Martinez-Gonzalez, J. A. et al. Interfacial water morphology in hydrated melanin. Soft Matter 17, 7940-7952 (2021).

[9] Motovilov, K. A. et al. Redox chemistry in the pigment eumelanin as a function of temperature using broadband dielectric spectroscopy. RSC
Adv. 9, 3857-3867 (2019).

[10] Motovilov, K. A. et al. Observation of dielectric universalities in albumin, cytochrome C and Shewanella oneidensis MR-1 extracellular
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CIHIEKTPAJIbHBIA AHAJIU3 CUTHAJIOB ITPU U3MEPEHUU
SJEKTPOIIPOBOJHOCTHU JUCTUJIIMPOBAHHOM BO/IbI

Bapoun H.M.'?, Kyansimes B.T.!, Bypym6aes A.H.!

"Vpanovckuit mexnuueckuit uncmumym ceészu u ungpopmamuxu (unuan) Cubl’VTHU,
2. Examepunbype, 620109, yn Penuna, 15
?Vpanvckuii cocyoapemeentblil uHCmMumym npomueOnONCAPHOL CLyHcObl,
2. Examepunoype (VpH I'TIC MYC Poccuu), Examepunbype, Poccus
nmbarbin@mail.ru

HccenenoBanys CBOMCTB BOJbI U BOAHBIX PACTBOPOB, U3MEHSIOIINXCS B PE3YJIbTaTe BHEIIIHUX BO3AEHCTBUN
pa3nuYHON (pU3HUECKON MPUPOJIBI, & TAKKE ICKTPOMArHUTHOTO M3JIyUYEHHs B IMAa30HE CBEPXBBICOKUX Ya-
CTOT, DIIEKTPUYECKOTO U MAarHUTHOTO MOJIsI IPECTAaBICHBI B psife padot (cM., Hanpumep, [1-3]).

B HacTosmeit paboTe mpeacTaBiIeHbl pe3ynbTaThl UCIOIb30BAHUS MPOPECCHOHAIBHOTO U3MEPUTENs Ka-
yecTBa Boasl WMM 97 nnst u3mMepeHuid PU3NKO-XUMHUECKUX CBOMCTB AUCTHUILTMPOBAHHOW BOABI MPH KOM-
HaTHOM TeMrieparype (Ioka3areib KUCIOTHOCTH JUCTUIIMpoBaHHOoN Boabl pH cpenbl coorBercTBOBa)l [[OCT
58144 5,0-6,6). Usmepsuiics psii napaMeTpoB TUCTUILIATA J10 U ntocie BozaencTust CBY usnyueHus B pexxume
HENPEPHIBHOIO MOHUTOPUHTA (OT TPEX YACOB /10 HEAEIN): AIEKTPOIIPOBOAHOCTD, COJIECOAEPIKAHUE, KOHLIEH-
Tpamys pacTBOPEHHOTO KHUCIOPO/a, OKUCIUTEIFHO-BOCCTAHOBUTENBHBIN MOTeHIIUAN u ap. [Ipubop WMM-
97 nns M3MepeHus yKa3aHHbBIX MMapaMeTPOB MCIOIb30BA MPEIBAPUTEIBHO OTKATMOPOBAHHBIE JIEKTPOJIbI,
[IOKa3aHUs U3MEPSIEMOT0 ITapaMeTpa PErUCTPUPOBAINCH KAXKIYI0 CEKyHAY. /[ BHEIIHEro BO3AEHCTBUS UC-
nosp3oBasics ucrouHuk CBY m3nyuenus yacroroit 2,54 I'T'n (MmukpoBosiHoBas nieus). Ha puc. 1 npencrasien
rpaduK 3JIEKTPOIPOBOJHOCTH TUCTUITUPOBAHHOM BOABI. Pe3ynbraTsl 00paboTKM M3MEpEeHU mapamMeTpoB
MIpe/ICTaBICHBI Ha puc. 1

Puc. 1. Uzmenenue snexmponpo8oonocmu OUCmMuiIupoBaHHoOU 800bl — 8ePXHULL 2PAPUOK;
FFT cnekmp cuenana — nHustcHuti epaghux

—

1] bBecconosa A.II., Cracs U.E. Briiusinne BhICOKOYaCTOTHOTO AJIEKTPOMArHUTHOTO MOJISI HA (PU3UKO-XMMHUECKHE CBOMCTBA BOJIBI U
e€ criekTpaibHbie Xapakrtepuctuku. [TomzynoBckuit Bectauk. 2008. Ne3. C.305-309.

2] Tepn A.IL., Crace U.E., AxcenoBa H.B. Bnusinue BBICOKOUACTOTHOTO 3JEKTPOMATHUTHOTO TOJSI Ha CBOMCTBAa pacTBOPOB
XJIOPUJIOB IIEJIOYHBIX MeTauioB. M3B. Anraiickoro roc. yu-ta. 2010. T.67. Ne3-2. C.141-145.

[3] I'ynsies FO.B., Memanos B.I1., Enxun B.A., Kaig b.M., Komapos B.B., Kormnesankuii H.A., Jlonatun A.A., Peituk A.I1., Casnun
K.A., baitGypun B.b., Uepnsities C.JI. PazpaboTka koMIIeKkca HI3KOMHTEHCUBHOTO MUKPOBOJTHOBOT'O OOJTYUEHHUST BOJIOCOJIEPIKAIIINX
OMOJIOTMUECKUX MaTepUagoB U ero mpuMeHeHue // Ycmexu coBpeMeHHOW paauodnekTpoHuku. 2022. T. 76. Ne 6. C. 5-12.
DOI: https://doi.org/10.18127/;20700784-202206-01.
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3EJIEHBIM CUHTE3 HAHOUYACTHUI] CEPEBPA C
HCIOJb30BAHUEM JIEKAPCTBEHHBIX PACTEHUI

BoakoBa B.M., Xuxnsik C., UBanoBa A., [laxomos II.

Teepcrotui 2cocyoapcmeenHulil yHusepcumem, Kageopa ghusuyeckou Xumuu,
valeriaval 70900@gmail.com

«3eeHble» HAaHOTEXHOJIOTMH — BO3MOKHOCTh CHHTE3a HAHOYACTHI] METAJIOB C UCIIOJIb30BAHUEM IKCTPAKTOB
pacTeHnit — aKTUBHO pa3padaThIBAIOTCS B KAY€CTBE aIbTEPHATHBHOTO, 3(PPEKTUBHOTO, JICIIEBOTO H HKOJIOTHYE-
CKHM 0€3011aCHOr0 METO/1a MIOIy4EHUS] HAHOYACTHI] C 33/IaHHBIMU CcBOiicTBaMu. B pabote nccrienoBan cMHTE3 Ha-
Hovactull cepedpa (HUC) mon Bo3nelicTBeM OMOAKTUBHBIX BEIIECTB, COACPIKAIIMXCS B JIMCTHSIX JICKAPCTBEH-
HBIX PACTEHHUH — JIJaBaHbI, MSThI TIEPEYHOM, OarylIbHHUKA, METPYIIKH, KaJICHIYIIbI, MAaOPOTHUKA, 00pa3Ibl KOTO-
pbIx ObLTH coOpanbl B 2022 rogy B OKPECTHOCTAX TBEpH B MecTax ¢ HAaUMEHbIIEH aHTPOIOI€HHON Harpy3KOu.
OCHOBHBIMH METOJAMHU HCCJIEOBAHUS SBISIOTCS CHEKTpocKonus Y®D-BUAMMOIO AMana3oHa, JUHAMHUYECKOE
ceetopaccestaue (J{CP), ckanupyrorast 3JIeKTpOHHAsE MUKPOCKOITHUS, C TIOMOIIbIO KOTOPBIX U3yueHa KUHETHKA
CHHTE3a HAaHOYaCTHUI] cepedpa, BIMSHUE KOHIICHTPAI[MM HUTpaTa cepedpa M BOJHOTO HKCTPAKTA pacTEHHs Ha
XapaKTEPUCTUKN HAHOYACTHUI] — pa3Mep, arperaTuBHY0 yCTOMYMBOCTh, CTAOUIBHOCT BO BpeMeHH. J{j1st puro-
TOBJICHUS BOJHBIX SKCTPAKTOB PACTEHUI MCIOIb30BAIM BBICYIIIEHHOE U U3MEIBIEHHOE ChIphe, OMINCTHIUINPO-
BaHHYIO BOJly, CMEIIIaHHbIE B ONPE/IETICHHON MPOIOPIIMH, KOTOpBIE IToMeranu B Tepmobanto (70°C) Ha 12 gacos.

Ha pucyHke nokasaHbl 2JIeKTpOHHBIE CIIEKTPBI BOJHBIX SKCTPAKTOB uepe3 5 MUHYT (A) u uepe3 13 nneii (b)
nocsie J00aBieHus pacTBopa Hurpara cepebdpa (AgNO,). 13 pucyHka BUIHO, 4TO (hOpMa CIEKTPa, BEJUYMHA
MOMJIOIIEHNUS U TIOJ0KEHHE MAaKCUMyMa I0JIOCHI T1a3MoHHOTo pe3oHaHca (IIIIP) nanowacTuil n3MeHs0TCs
JUISL pa3JIMYHBIX PACTEHUH B 3aBUCUMOCTH OT BPEMEHHM B pPa3HOM creneHu. [10CkoIbKy BOCCTaHOBIEHUE HO-
HOB cepeOpa B OKCTPAKTaxX PACTCHUH MPOUCXOMUT MO/ BO3ACHCTBHEM PA3IMYHBIX OMOAKTHBHBIX BEILECTB,
BXOJISIIUX B COCTAaB PACTECHUM, TaKUX KaK (PEHOJIbHBIE KUCIIOTHI, NOJU(PEHOIbI, OCJIKH, caxapa, TepIEHOU/IbI
U JIpyTHe, TO OCHOBHAS NMPUYMHA HAOIIOMAEMBIX B AJIEKTPOHHBIX CIIEKTPaX Pa3InUuil — XUMUYECKHI COCTaB
pacrenus. Haubonee sppexruBubiii cuate3 HUC nporcxoaut B sKCTpakTe OaryibHUKA U MalOPOTHHUKA, TOT-
Ja Kak 00pa3iibl NETPYUIKH U KaJICHIYJbl B JAHHBIX YCIOBUSAX HE MPOSBUIA aKTUBHOCTH B BOCCTAaHOBJICHUHU
nOHOB cepeOpa. CormacHO IEKTPOHHBIM CHEKTpaM OaryjabHHKA M MAaNOpPOTHHUKA, B KOTOPHIX HAOIOMAIOTCS
caur makcumyma I1I1P B cTopoHy O0NbIINX JUIMH BOJIH ¥ YBEJIMYEHUE TIOIVIOLIEHUS, B KOJIJIOUIHBIX pacTBO-
pax 3Tux 00pa3LoB GOPMHUPYIOTCS HAHOYACTHUIBI PA3HOUN BETUUMHBI.

a 0
Pucynok. Cnekmpul 600HbIX IKCMPAKMOB 1eKAPCMEEHHbIX PACEeHU
uepes 5 munym (A) u 13 oneii (B) nocne dobasnenus pacmeopa AgNO,

B pesynbrare HOMONHUTENBHBIX UCCICIOBAHUN BOJHBIX SKCTPAKTOB OaryJbHUKA ObLTO YCTAHOBJICHO, YTO
pasmMep, arperaTuBHasi yCTOWYMBOCTh U cTabmiabHOCTE HUC BO BpeMeHt 3aBUCAT HE TOIBKO OT KOHIIEHTPAIUN
VCXOIHBIX KOMIIOHEHTOB — 9KCTpakTa B AgNO,, HO U COOTHOIIEHHS ITUX KOMIIOHEHTOB.

Paboma evinonnena na obopyoosanuu rabopamopuii chekmpockonuu u dnexmponnou muxpockonuu LIKII Ts8l'V.
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OHPEAEJEHHUE OIITUMAJIBHOI'O BPEMEHU
MN3MEPEHUA JJIs1 HOBBILNEHUA TOYHOCTU OBPABOTKU
JAHHBIX OKUCJ/IUTEJIBHO-BOCCTAHOBUTEJIBHOI'O
IHOTEHLHAJIA

Kyanpimes B.T.', Bypymo6aes A.W.!, bapoun H.M.'*

"Vpansckuit mexnuueckuit uncmumym ceészu u ungopmamuxu (unuan) @IHEOY BO « Cubupckuii
20Cy0apcmeen bl yHuepcumem menekoMmyHukayuu u ungopmamuxuy, Examepunoype, Poccus
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(VpU I'TIC MYC Poccuu), Examepunbype, Poccus
kuan06@mail.ru

[TpuponHas Boga mpeacTaBisieT COO0H MHOTOKOMITOHEHTHYIO CHCTEMY, COJIEPIKAIIy O ra3bl, MUHEPAIbHBIE
1 OpraHNYECKHUE BELIECTBA, HAXOASIINECS B PACTBOPEHHOM, KOJUIOMIHOM U B3BEIIEHHOM COCTOSIHMSIX. Kax-
TIBIH JKUBOW OpPraHU3M, HYX/IaeTCs B PETeHepallii KJIETOK, a JKU3Heo0ecTeueHne ero (roMeocTas) HeBO3MOXK-
HO 0e3 MOANMUTKHU 3Heprueil u3sHe [1], mosiBIeHHEe KOTOPOW CBS3aHO C OKHCIMTEIHHO-BOCCTAHOBUTEIBHBIX
peaxusiMu. st peakiuii, IpOTEKAOUINX B PACTBOPAX, MEPO OKHCIUTEIHHO-BOCCTAHOBUTEILHON CIIOCO0-
HOCTH BEILECTB SIBISAETCS UX OKUCIUTEIbHO-BOCCTAaHOBUTEIbHBIE ToTeHIIMaNb! (OBII).

OKHCANTENBHO-BOCCTAHOBUTENIBHBIN MOTEHIMAN — 3TO aKTUBHOCTH JIEKTPOHOB, YYACTBYIOIIUX B OKHC-
JIUTEJIbHO-BOCCTAHOBUTEINIBHBIX PEAKIUAX B )KUJKON CpEle WIH, IPYTUMH CIIOBAMH, 3TO U3MEPEHHE, KOTOPOE
MOKA3bIBAET CTETECHb, B KOTOPOU BEIIECTBO CIIOCOOHO OKHCISATH WM BOCCTAHABIMBATH JIPyTro€ BEIIECTBO [2].
OBII nucTunIupoBaHHON BOJBI MOKET UMETh MOJIOKUTEIBHOE, @ MOXKET UMETh OTPULIATENILHOE 3HAYEHHUE U
KaK CJIEJICTBHE UMEET pa3JInuHble MOCIeACTBUs [3, 4].

B paborax [5, 6] Obutn IpOBEIEHBI UCCIIEIOBAHUS AIEKTPOIIPOBOJHOCTH AUCTHIUTMPOBAHHON BOJBI, B pe-
3yJbTaTe KOTOPHIX OBLIO YCTAHOBIIEHO, YTO CYLIECTBYET 3aBUCUMOCTb MEKIY BPEMEHEM NPOTEKaHUEM IpO-
1ecca 1 u3MepsieMoil (pU3NKo-XUMHYECKON BennunHOM. [1oaTOMy OBIIIO IPOBEIEHO TaKOe K€ UCCIIEI0BAHNUE,
HO YK€ HE C JIEKTPOIPOBOJHOCTbIO, & C OKUCIIUTEIbHO-BOCCTAHOBUTEIBHBIM IIOTEHIIUAJIOM.

OCHOBOI U3MEPUTEIIS SABISIETCS ANEKTPON — JaTYMK, HEOOXOAUMBIN Ui U3MEPEHUs] CIIOCOOHOCTH BOABI
nepeHocuThb 371eKTpoHbl. OBII anekTpon u3smepser akTUBHOCTH AJIEKTPOHOB M TPAHCIUPYET pe3yJbTaT Ha
OBII xouTposep. Jarunku OBII paboTaroT myTeM n3MepeHus dJIeKTPUIECKOro MOTEHIMaa (HapsKeHNs)
MEXy ABYMsI JIEKTPO/IaMH, KOHTAaKTUPYIOIIMMH ¢ BoJoU. B pabore nmpoBoaunace 00paboTka pe3yiasTaToB
U3MEPEHUI OKUCIINTENbHO-BOCCTAaHOBUTENBHOTO noTeHnuana (ORP) nuctminmpoBaHHON BOBI € TTOMOILBIO
po¢eCCHOHAIILHOTO M3MepHTeNst kKadyecTBa Boasl WMM 97 mpu temmneparype 21°C (pH cpenbl coorBert-
ctoBaia ['OCTy 58144 5,0-6,6). MccnenoBanue OKUCIUTENbHO-BOCCTAHOBUTEIBLHOTO MOTEHIIAAIA TUCTHUII-
JMPOBAaHHOW BOABI MPOBOAMIIUCH B TeUeHUH | yaca, 3 4acoB, | CyToK, 3 CyTOK (OKMCIUTEIbHO-BOCCTAHOBU-
tenbHbIN norenuualn no 'OCTy 58144, 100-300 mMB). B siueiiky ¢ Bogoii momMenaeTcsi JaT4uK ¢ JIEKTPOAOM,
KOTOPBIM OCTaBISIOT Ha 3ajJaHHOE BpeMs. [Ipubop cHMMaeT mokazaHus U3MepseMol (PU3HKO-XUMHUYECKON
BEJIMYMHBI KXY CEKyHy. Pe3ynbrarsl, npu 3aJaHHOM BPEMEHHU HCCIIEAOBaHMs, 00pabaThIBaINCh B MPO-
rpamMme Statistica [7].

[1] E.T. Puso, Boga. [Tpo6aemsl. YacTs 2, «Bona: TexHonorus u sxonorusi» Ne 1, c. 39 (2008). [2] U.B. Mopo3zos, A.W. bonTtanun u
E.B. KaprioBa, OKHCITUTEITFHO-BOCCTAaHOBUTEIBHBIC IPOLIECCHL. YueOHOe mocodue — M.: M3marenbcTBO MOCKOBCKOTO YHHBEPCHTETA,
c.79(2003). [3] T. A. byabikuna, OlieHKa KadyecTBa MUTHEBOM BOABI IO BEJIMYUHE OKUCIUTEIBHO-BOCCTAHOBUTEIBHOIO MOTEHIIMAA,
Boja: xumus u sxosorust Ne 10, 41-45 (2010). [4] JLM. CnaBun, .1O. Bepewarun u U.P. Asxkrunbnues, Boga ¢ orpunareabHbiM
OKHUCJIUTEIHHO-BOCCTAHOBUTEIBHBIM TOoTeHIIMaNoM. KypHan Bonoounctka. BomomoaroroBka. BogocnaGikenue., Ne2, 30-33,
(2021). [5] A. L. Burumbaev, V. T. Kuanishev and N. M. Barbin, «Statistical Analysis Methods of the Data Obtained by Water
Electro Conductivity Measurement», 2023 International Russian Smart Industry Conference (SmartIndustryCon), Sochi, Russian
Federation, 2023, pp. 45-49, doi: 10.1109/SmartIndustryCon57312.2023.10110797. [6] A. 1. Burumbaev, V. T. Kuanishev and N.
M. Barbin, «Determination of the optimal measurement time to improve the accuracy of electrical conductivity data processingy,
E3S Web of Conf., 402 (2023) [7] A.A. Xanadsa STATISTICA 6. Craructuueckuii ananu3 nanabix (bunom-Ilpecc), c. 512, (2007).
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BBuay BaHOH mpakTHYECKON 3HAYMMOCTH CTPYKTYpooOpa3oBaHUe, (PU3UKO-XMMUYECKUE U CHEKTPalb-
HbIE CBOWCTBA 3TAaHOJBHO-BOJIHBIX PACTBOPOB MOCTOSHHO HAXOAATCS B IIEHTPE BHUMAHUS ITUPOKOTO Kpyra
crienuanucToB'?. B mpecTaBiaeHHOM paboTe ¢ MCIOIb30BaHUEM Pa3pabOTaHHOTO paHee MOAX0a JJIs H3y-
YeHUs pa30aBICHHBIX PACTBOPOB OMOJIOTMYECKH aKTHBHBIX BELICCTB’! pacCCMOTPEHBI PE3yJbTaThl UCCIICHO-
BaHMs, B KOTOPOM Ha OCHOBE JAHHBIX, IMOJyYE€HHBIX KOMIUIEKCOM SKCIEPUMEHTAIBHBIX METONOB (IUHAMU-
geckoe ([IPC) u snexrpodopernueckoe (DPC) paccesHue cBera, KOHIyKTOMETpHs, YD-CIEKTPOCKOIHS,
(rryopeclieHIMs) yCTaHOBICHB! U OMMCAaHbl B TEPMUHAX CAaMOOPTaHU3aIUH JAUCTIEPCHBIX CHCTEM HEKOTOpbIE
(U3NKO-XUMHUYECKHE 3aKOHOMEPHOCTH 3TaHOJIBHO-BOAHBIX PACTBOPOB HAa OCHOBE MCIIOIB3yEMOTO B MTUIIIEBOM
U (hapMalieBTHYECKOM IPOMBIIIIICHHOCTH STHJIOBOTO PEKTU(UKOBAHHOTO CIIMPTA MAPKH «AJb(]ay»’ B KOHIICH-
tpamuu ot 100 10 1.10"°% 06. Metogom JIPC u DPC mokasaHo, 4TO pacTBOPHI dTaHOJA B MHTEpBaje oT 70
10 20% 06. 1 1.10°-1.10""° % 006. sBISAIOTCSI CaMOOPTraHU30BAaHHBIMU JTUCTICPCHBIMH CUCTEMaMH, KOTOPBIC O
Mepe paz0aBiieHHs! MPETEPIIEBAIOT IEPECTPOUKY TUCTIEPCHOI (Da3bl TOMEH-HaHOACCOLUAT, COMTPOBOXKIAIOITY-
10CS1 HOMOHOTOHHBIM W3MEHEHHEM €€ IMapamMeTpoB M Pa3MEPHON OIHOPOAHOCTH, JTOCTHUTArOIIel MaKCUMyMa
B niepBoM uHTepBasie npu 50% 006., a Bo Bropom npu  1.10°%, 1.10°, 1.10'*% 006. (MOHOMOAAIBHOCTB pac-
npeaenenus, uujaekce noauaucnepcaoctu 0.3-0.1, pasmep 1oMeHOB W HaHoacconuaroB okoyio 150-300 Hw,
I3eTa-moTeHIuan qoMeHoB B uHTepsaie 70 - 20% 06. ot -7 1o -4 MB). B 3Tux uHTEepBanax KOHIEHTpAaLUH
HaOIIFOIAl0TCs HauOoIEe BhIpaKEeHHbIE M3MeHeHus YO nomtomenus (A, v A ), pH, yaenbHol snekTpo-
POBOIHOCTH (), penokc-noreHnuana (U) cuctem, a Takke MaKCUMallbHAsi THTEHCUBHOCTD (UTyOPECICHITHH
(D) mpu A 340 um (A 230 u 280 Hm). YcTaHOBJIEHA KOPPENALMS MEXKY Pa3MepoM aucrepcHoi daser, I,
A, A pH,yuU cucrem B unteppanax 70-20%06. u 1.10°-1.10"° % 06. stanona. Kospduruentsr kop-
pensiiuu nexar B uHTepsaie ot 0,6 1o 0,8. Ipu kontenTpanusx sranona 1, 1.107, 1,10, 1.107 % 006. cTpyk-
Typ He oOHapyxeHo, YD noriomnienue u (ryopecueHIus NpakTHIeCKd OTCYTCTBYIOT. AHAJIOTHU B pa3Mepax
JIOMEHOB M HAHOACCOIIMATOB, MTOBEJICHUN CUCTEM B MHTEpBalax WX 00pa3oBaHMsA, OOLIUI BU CIIEKTPOB TO-
IJIOMIEHUS U (PITyOPECHEHIINU 3TaHOIBHO-BOIHBIX CUCTEM U Pa30aBICHHON BOJbI MOTYT CBUAETEIHCTBOBATH O
TOM, YTO OCHOBOI 00€HX TUCTIEPCHBIX (ha3 SBISIOTCS CTPYKTYpPbI BoAbI TUNa EZ*.

[1] M. Sedlak Rak, D., & Sedlak, M. (2023). Solvophobicity-Driven Mesoscale Structures: Stabilizer-Free Nanodispersions.
Langmuir, 39(4), 1515-1528., (2023). https://doi.org/10.1021/acs.langmuir.2c02911.

[2] B. Wu, Y. Liu, , C. Q. Han, X.S. Luo, J. Lu, X. W. Ni. Study on the elements of the fluorescence spectra emitted from ethanol-
water mixture. Spectroscopy and Spectral Analysis, 30(5), 1285-1289, (2010). https://doi.org/10.3964/j.issn.1000-0593(2010)05-
1285-05.

[3] A. 1. Konovalov, I. S. Ryzhkina. Formation of nanoassociates as a key to understanding of physicochemical and biological
properties of highly dilute aqueous solutions. Russian Chemical Bulletin, 63(1), 1-14. (2014). https://doi.org/10.1007/s11172-014-
0388-y.

[4] L. S. Ryzhkina, L. I. Murtazina, S. Yu. Sergeeva, L. A. Kostina, D. A. Sharapova, M. D. Shevelev and A. 1. Konovalov, Fluorescence
characteristics of aqueous dispersed systems of succinic acid as potential markers of their self-organization and bioeffects in low
concentration range, Environmental Technology & Innovation, 101215, (2021). https://doi.org/10.1016/j.€ti.2020.101215.
[STTOCT 5962-2013. CriupT 3THIOBBINA PEKTU(PUKOBAHHBIA U3 THIIECBOTO CHIPhs. TEXHIHUCCKUE YCIIOBHSL.



METO[Abl NCCJIIEAOBAHUA BOAHbIX PACTBOPOB

KOHTPOJIb COAEP KAHUA HAHOPAZSMEPHDBIX
MEXAHUYECKUX IPUMECEHX B BOJIE IIPU
CBEPXHU3KUX KOHUHEHTPALIUAX

KypbsikoB B.H., JlanmnHoB A.A.

00O «HII BUKH», Poccusa 119261, 2. Mocksa, Jlenunckuii np-m 78.
e-mail: info@npcounter.ru

B noknane nmpuBoAMTCS OMUCAaHHME METOJa YABTPAMUKPOCKOIMU M MpuOopa, pa3paboTaHHOTO Ha OCHOBE
JAHHOTO METOJIa, a TakKe OyIyT MPEACTAaBICHBI PE3YJbTaThl MCCIEOBAHUS HECKOJIBKHX 00pas3IioB CBEpX-
YUCTOU BOJBI (CTETIEHH YHMCTOTHI 1), MOMy4eHHbIE HA CUCTEMaX BOJOMOJATOTOBKH Pa3HBIX MPOU3BOJIUTEICH
(AxBaJlab, Millipore, Adrona).

MeTton yapTpaMUKpPOCKOIIUY TTO3BOJISIET HAOIIONATh IBIKEHUE OTACIbHBIX HAHOYACTHIL B )KUJKOCTHU B pe-
aJbHOM BpPEMEHH IIPH MOMOUIM ONTHUYECKOTO0 MHKPOCKONA U CIIEHHAJIbHOTO OCBELIEHUS 00pasla Jia3epoM
[1]. CaMu HaHOYACTHUIIBI TTPU ITOM HE BUJIHBI, HAOIIOMAETCS pacCesTHUE JTa3ePHOTO U3IYUEHHUS OT OTIACIbHBIX
YaCTHII B KHUJKOCTH B BHUJIC CBETAMMXCS ToueK. OTpaHUYEHU CBS3aHHBIX C TU(PAKIMOHHBIM TPEICIIOM B
JTAHHOM METOJIE HET.

MeToa 1o3BOJISET U3MEPSTh KOHIIGHTPAIIMH HAHOYACTHI] B XKHUAKOCTH 10 1-106 mIT/MII M IETEKTUPOBATH
4acTULIBI pa3MepoM A0 5-10 HM (MeTaInuecKue).

JJist TeCTUpOBaHUSI HOBOTO NMPUOOPA U METO/Ia IPEIBAPUTEIHLHO OBLIH MPOBEICHBI U3MEPECHHSI KOHIICHTPa-
LMY Ha CTaHJApTHBIX 00pa3liax HaHOYACTHUI] Pa3IMYHOIO pa3Mepa U MPUPObL: METaNInYeCKue (30510TO, ce-
pebpo, okcuy xenesa), kpemueszeM (Si0,), KBAHTOBBIE TOYKH, MOJMCTHPOJIBHBIE (JJATEKCHBIE) HAHOYACTHUIIBL.
IlokazaHna xopoiasi BOCIPOU3BOANMOCTh MOJMy4aeMBbIX pe3yibraToB. [IpenokeH METOn OLEHKH TOYHOCTH
M3MEPEHUS YUCIEHHON KOHIIEHTPAIIMY HAHOYACTHIL B 5KMJIKOCTU JAHHBIM METOOM.

1. Onucanue metona yasrpamukpocoknuu: [caiit]. URL: http://npcounter.ru/ (nata odpamenus: 01.09.2023)
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MOAEN CTPOEHUA N XUMUNYECKOW KUHETUKN BOAHLIX PACTBOPOB

CTPYKTYPHBIE MEXAHU3MbI ITEPEXO1I0OB MEKIY
KPUCTAVIMYECKUMHU BOAHBIMMU JIbJAAMMU B PA3HbBIX
WUHTEPBAJIAX IINIOTHOCTEN

Keaurosckas E.A.

Hnemumym ghusuvecxou xumuu u snexkmpoxumuu PAH, Poccus, Mockea
e-mail: Imm@phyche.ac.ru

B pabore paccMOTpeHO BIIMSHUE CTENEHH 3alOJIHEHMs POCTPAHCTBA MOJIEKYJIaMH BOABI B UCXOIHOM M
KOHEUHOW KPUCTAJUINYECKHUX (ha3zax BOJbI HA CTPYKTYPHBIM MEXaHU3M MEepexo/ia MEX1y HUMHU.

Kpucrammyeckue Bonnsle Jb1bl [h u Ic, cooTBeTCTBYIOIINE aTMOC(HEPHOMY JTABICHUIO, MPEICTABIISIOT
co00M a)XypHbIE KOHCTPYKIIMH CO CTENCHbIO 3allOJHEHUS MMPOCTPAHCTBA, paBHOU 0.46 OT cTeneHH 3amoiHe-
HUS IPOCTPAHCTBA NPH MJIOTHEHIIEH yIakoBKe cep TOro ke pa3Mepa, UTO U MOJIEKYJIbI BOAIbL. B To ske Bpems
y Hanbosee TUIOTHBIX KpHcTauimyecknx BoAHbIX Jb10B VII/VIIL n X aromsr kuciaopoaa ynoxkens! B OLIK
YIAKOBKY (ClIeTKa HCKakeHHYIo B citydae apaa VIII) u crenens 3anonHenus npoctpaHcTBa coctasisger 0.92
OT cily4as IUIOTHeNIeN yrnakoBKU. CTENEeHb 3all0JHEHHS IPOCTPAHCTBA KaK B MCXOIHOM, TaK U B KOHEUHOU
¢azax, JOIKHA BIMATH Ha CTPYKTYPHBIM MEXaHU3M MEPEX0/1a MEXK/1y HUMHU.

Panee [1-3] Obu1 IpeUIOKEH CIAENYIONINM CTPYKTYPHBIH MEXaHU3M MEPEXOI0B MEKIY KPUCTAIIIMYECKH-
MU (azamMH BOJIbI ¢ U3MEHEHHEM KHCIOPOAHOTO KapKaca, KOoTrjja CHauaia Mpyu M3MEHEHUU BHEIIHUX yCIIOBUH,
BBI3BIBAIOIIEM IIEPEXO0]I, B HCXOTHOH (Daze pBYTCs HANPSKEHHBIE CBSA3H, YTO MTO3BOJISIET CTPYKTYPE PeIaKCUpo-
BaTh, HE Pa3pbIBasi OCTABIIMXCS CBSI3€H, HO U3MEHSS UX ITapaMeTpsl. Jlanee BMecTo pa3opBaHHbIX 00pa3yroTcs
HOBBIE CBSI3M, YTO MPUBOJUT K MOSBICHUIO KOHEYHOU (ha3bl, COOTBETCTBYIONIEH M3MEHUBIIIMMCS BHEIIHUM
YCIIOBUSIM U MMEIOIIEN HOBYIO CTPYKTYpY. OKa3aoch, 4YTO 3TOT CTPYKTYPHBIM MEXaHU3M XOPOIIO ONMHCHIBa-
et nepexosl a610B 11, V, IV, VI ¢ muiotHocTaMu, pomexytounbiMu Mexy VII/VIIIL u Ic, B nen Ic, a Takxe
nepexox Th B II.

B nacrosei pabote mokazaHo, YTO ATOT K€ CTPYKTYPHBIM MEXaHU3M I03BOJISIET OOBSICHUTD M KCIIEPH-
MEHTaJIBHO HabmonaeMeli mepexon ipaa X VII, eme menee miotaoro, ueM Ic u Th, B uncTsrii nen Ic (To ectsh
HE CcofIep KAl TeKCaroHAIbHBIX Ne(EeKTOB KyOMYeCKO! yImakoBKH), Tak Kak jex X VII cocTouT u3 cierka
MoauduuupoBaHHbIx cioes (001) npaa Ic.

B nacrosimieir paboTe Taike Moka3zaHo, YTO B MEpexojiaXx C ydyacTHeM HambOolsiee IJIOTHO YMaKOBaHHBIX
JIBJIOB CTPYKTYPHBI MEXaHU3M MOXET OBITh HECKOJbKO MHBIM. OKa3anoch, YTO B3aUMHOE PACIIONOKECHUE
aromoB kuciopoza Bo apaax VI u XII moxHO paccmarpuBarh kKak uckaxkeHHyro OLIK ymakoBky, a axkcriepu-
MeHTanpHO Habmonaemele epexonsl VI—VII u XII— VI, a takxke IV— VI MokHO onmcaTh Kak HEOOIbIIOE
CMEIEHHE MOJIEKYJT HCXOHOU (ha3bl, COMTPOBOKIAEMOE NEPECTPOIKON HEKOTOPBIX BOIOPOIHBIX CBSI3EH.

[1] E.A. Kenurosckas. CtpykrypHble MexanusMbl nepexonoB Th—II u [I—Ic mexay kpuctammuueckumu pazamMu BOIHOTO JIbJA.
Kpucrannorpadus 60(5), 779-785 (2015).
[2] E.A. XKenurosckasi. CTpyKTypHbIe MeXaHU3MBbI (ha30BbIX Mepexo 0B BoAHBIX JbJ0B II, IV u V B MeractabuibHbli Jen Ic npu

arMocdepHoM naBieHuu. XKypran ¢puszndeckoit xumuu 97(1), 13-20 (2023).
[3] E.A. Zheligovskaya. Probable Structural Invariant in Some Transitions between Crystal Water Phases. Physics of Wave
Phenomena. 31(3). 127-134 (2023).



MOJAENN CTPOEHUA N XUMNYECKOW KUHETUKW BOAHbIX PACTBOPOB

KPUOIMPOTEKTOPDBI HOBOI'O ITIOKOJIEHUA 1
MOJIEKYJISIPHBIA MEXAHU3M UX JEWCTBUSI

Tapakanosa E.I., Kupunenko U.A.

HUnemumym obweit u neopeanuyeckout xumuu um. H.C. Kyprnaxoea Poccutickoil akademuu Hayx,
119991, Mocksa, Jlenunckuii npocn. 31
egtar(@igic.ras.ru

TOKCHYHOCTHh W HECTAOMIBHOCTh K KPUCTAJUTU3AI[MH COBPEMEHHBIX KPUOIPOTEKTOPOB, OOIBIINHCTBO U3
KOTOPBIX MPEICTABIACT CO00I CTEKI000pa3yIoIIe pacTBOPbI OPraHUUYECKUX COCTUHEHNH, He30€KHO BhI3bI-
BAIOT MOBPEXKICHUS U THOEITb YaCTH XPaHAIMIUXCA HUX OMOJIOrHYecKux mMarepuasos. [llupora u MHOTrOMIAHO-
BOCTb HCIIOJIb30BaHUS METO/Ia KPUOKOHCEPBALMK AETAET 3a/1auy MOJyUYEHUsI HETOKCUUHBIX U CTaOUIIBbHBIX K
KPUCTAJIIIN3ALMY KPUOIIPOTEKTOPOB BAXKHOM U AKTYyaJIbHOM.

Lesb HACTOSIIETO MCCIEOBAHUS 3aKIII0YaIach B pa3paboTKe U arpoOaluy MPUHIMIIAAIBHO HOBOTO CITO-
coba peleHus ToH 3aJa4 — B OJTYYESHUU KPUOTIPOTEKTOPA Ha OCHOBE CTEKII000Pa3yIOUINX BOJIHO-COJIEBBIX
pactBopoB (CBCP) ¢ nonamu Maraust — MeTajuia, >KU3HEHHO BaKHOTO ISl OpraHU3Ma 4esIOBEKa.

BriepBbie Moy4eH U UCCIEeI0BaH KPUOTIPOTEKTOP, MPEICTABIISIONINI COO0H CTEKI000pa3yroIInii BOIHBIHA
pacTBOp anerara MarHus. YCTaHOBJIEHO, YTO 3TOT KPUOMPOTEKTOP MPEBOCXOAUT MUMEIOIIHNECS aHAJIOTU: OH
JIETKO T0JIy4YaeM, HETOKCUYEH U MEPEXONUT U3 CTEKJIO00PA3HOTO COCTOSHUS B KUAKOE 0€3 KpUCTAIN3ALINN.
Ero xpuonporekTopHas criocoOHOCTb, TOKa3aHHAs Ha OeJIke KypHUHOTO siflia, He 3aBUCUT OT CKOPOCTH OXJIaXK-
neHus u HarpeBaHus. lIpennoxeHo oOBsICHEHHE MOJIEKYISIPHOTO MeXaHu3Ma, Bcieactsue koroporo CBCP
OJOKHPYIOT KPUCTAJUIM3AIINIO BOJBI OMOJIOTHYECKOTO MaTepraia.
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AHOMAJINU PACOPOCTPAHEHUS 3BYKA B MEJIKOM
MOPE C HEOJHOPO/THBIM BOJOMNOA0OBHBLIM JHOM

JlynbkoB A.A., Cunopos JI./1., Ilernuxos B.I

HUncmumym ooweti pusuxu um. A.M. Ilpoxoposa Poccuiickoti akademuu Hayx,
ya. Basunosa 38, 119991 Mockea, Poccus
lunkov@kapella.gpi.ru

B HO}IBOHHOﬁ AKyCTUKEC MCJIIKMM MOPEM HA3bIBAOT aKBATOPUH, FJ'IY6I/IHa KOTOPBIX HEC MMPEBBIIACT HECKOJIb-
KHMX coTeH MeTpoB. [Ipumepamu siBnsitoTcs 11eab(oBble 30HBI MUPOBOTO OKeaHa, a TakKe BHYTPEHHHE BO-
noémbl. C aKyCTUYECKON TOYKM 3pPEHHUSI MEJIKOE MOpPE — 3TO BOJIHOBOJI, OIPAHMYCHHBINA CBEPXY CBOOOIHOM
rpaHulel, a CHU3Y — MMOBEPXHOCThIO AHA. BeneacTBue manoil miyOMHBI XapakTep pacipocTpaHeHHs 3ByKa
CHUJIBHO 3aBUCHUT OT aKyCTUUYCCKHUX CBOWCTB JIHa, TOrga Kak BEPXHsA 'paHrlia B OOJIBIIMHCTBE CJIy4yacB CHMTa-
eTcsi abCOJIFOTHO MSITKOM.

B xoze ckopocTHOTO aHaiM3a JaHHBIX CeCMOpa3BeIKi B OAHOM U3 pailoHoB Kapckoro mops 6bu10 moka-
3aHo [1], 94TO CTpyKTypa AHA MOXKET OBITH CIO)KHOW M BKJIFOUATh 00JIaCTH BOAOMOA00HBIX ocaakos (Puc. 1).
CkopocTh 3ByKa B BOJONO00HOM JTHE IPUMEPHO paBHA CKOPOCTH 3BYKa B BOJIHOM TOJIIIE, TOTIA KaK €ro IUI0T-
HOCTDB INPEBLIIIACT IMJIOTHOCTH BOABI. VkazaHHOE COOTHOIIECHUE nmapamMeTpoOB MOKET OBITh OOBSICHEHO HAJIMYH-
€M B JOHHBIX OCaaKax HEOOIBIIIOT0 KOJINYECTBA Ta30BbIX ITY3BIPBKOB, KOTOPBIC YBCINYHUBAKOT CXKUMACMOCTD
U, CJIeZIOBATENIbHO, YMEHBIIIAIOT CKOPOCTh 3BYKa MOYTH NMPU HEU3MEHHON IIIOTHOCTH.

Puc. 1. Pacnpeoenenue ckopocmu 38yka 6 00HOM u3 pationos Kapckozo mopsi.
TlyHKMUpHbIMU KDYIHCKAMU OMMEYEHbl 6000N0000HbIE OCAOKU.

Kak moka3bIBaloT pe3ysbTaThl YUCICHHOTO MOACIUPOBAHUS, JallbHEE paCPOCTPaHEHHE 3ByKa B MEIKOBO-
JHBIX BOJHOBOJIAX C BOJOMOAOOHBIMU ocaakamu Ha yactoTax A0 500 I'p umeet psim ocoOeHHOCTEH:

1. AHOMaJBEHO BBICOKOE 3aTyXaHHe 3ByKa B BOJHOBOJE — 110 10 1b/km.

2. Ha gacrore mo 100 I't1i; oTKIIOHEHHE OT MPSIMOJMHEHHOTO pacIpOCTPaHEHHUs 3ByKa Ha TPaHUIIE 00IaCTH
(ropuzoHTanbHas pedpakius) Ha yrisl 1o 10°. MickpuBieHne TpaeKTOpUH MPUBOIUT K MEPepacpeeIeHUI0
WHTEHCUBHOCTH 3BYKOBOTO I0JII B TOPU30HTATBHOMN MIOCKOCTH U K U3MEHEHHUIO BPEMEHH PaCIPOCTPAHEHHUS
CUTHana.

3. OCcHWUISIMY YaCTOTHON 3aBUCUMOCTH CPEIHEH M0 ITyOMHEe MHTEHCUBHOCTH 3BYKOBOTO OIS, SIBIISIO-
IIMecs CIeICTBUEM B3aUMOJEHCTBUS MEXKAY OTAECTbHBIMA HOPMAJIbHBIMH BOJTHAMU (MOJIaMU ) BOJIHOBOIA ITPH
MepeCceueHU  TPaHUIIbl 00JIACTH C BOAOMOJOOHBIM THOM.

[Iposinenue Takux 3p¢HeKToB BOZMONKHO Ja)Ke MPHU OTCYTCTBUH B MEJIKOBOJIHOM BOJHOBOJE JAPYTHX BO3-
MyIamux (pakTopoB — HEPOBHOCTEHN JHA, HEOTHOPOAHOCTEN B TOJMIIE BOJHOTO CJIOS U T.1.

[1] Petnikov V. G. et al. Modeling underwater sound propagation in an arctic shelf region with an inhomogeneous bottom //The
Journal of the Acoustical Society of America. —2022. — T. 151. — Ne. 4. — C. 2297-2309.
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MOJIEKRYJAPHOE MOAEJIUNPOBAHUE CTPYKTYPbBI BO/bI
B Y3KUX HIEJIEBBIX ITIOPAX

®omun 10./1., Ilnok E.H., PrizkoB B.H.

Hnemumym ¢husuxu svicoxux oasnenuti um. J1. @. Bepewacuna PAH
2. Mockaa, 2. Tpouyx, Kanyscckoe wocce 14
fomin314@mail.ru

N3BecTHO, uTO (ha30BbIE qUArpaMMbl CHCTEM YaCTHUI] B KOH(haHMEHTE MOTYT CUJIBHO OTJIIMYaThes OT (a-
30BBIX JHMarpaMM TeX ke cUcTeM B 00b&MHBIX ycnoBusx [1]. Tak, Hanpumep, Temmeparypa IUIaBICHUS B
IIEJICBOM MOpe SBJIAETCS HEMOHOTOHHOW (pyHKIMEW HMIMPHUHBI 3TOH mopsl [2]. B ycnoBusx xoHdaiiHMeHTa
CUCTEMa pacnagaeTcs Ha CJIou (MOIYIISIIMS IUIOTHOCTH ), ¥ KPUCTAININYECKYIO CTPYKTYPY TaKUX CUCTEM 4aCTO
OIMCBIBAIOT B TEPMUHAX «UUCIIO CIOEB — CTPYKTypa cios». B Hameil HegaBHel padote [3] ObLI0 MMOKa3aHo,
4TO OO0JIEE MIPOCTHIM ONMCAHUEM SIBIISIETCS MPEACTABICHUE KPUCTAUIMUECKOW CTPYKTYphI B LIEIEBOM IOpE,
kak cpesza ['1IK wm I'TTY tpéxmepHoro kpucramia.

Bonbioit nHTEpEC MpeAcTaBiseT u3yuyeHHe BOAbI B yCIOBUAX KoH(paiiHMeHTa. B pabore [4] Obu10 mpo-
BEJICHO MOJIEKYJISIPHOE MOJEIMPOBAHUE CTPYKTYpbl BOJBI B y3KHMX IIEJIEBBIX MOpax. bwlio mokasaHo, 4TO
(dbopMHpyeTCsl HECKOIBKO KpUCTAUINYEeCKUX (a3: (aza ¢ TpeyroJbHBIMU CIOSIMH, C KBaJPaTHBIMU U C IIIe-
cTuyronbHbIMU. Crienyst Hamel npenplayiei padore [3], Mbl IpoaHAIN3UPOBAINA CTPYKTYPY BOABI B Y3KOU
IIEJICBOM MOpPE C MO3UIMU OMUCAHHSI KPUCTAJUIMYECKUX CTPYKTYp B KOH(paHMEHTE, KaK CPe30B TPEXMEPHBIX
KpUCTAJJIOB. MBI ITOKa3ajaM, YTO CTPYKTYpPbI C TPEYyTrOJbHBIMU, KBaJIPAaTHBIMU U IIECTUYTOJbHBIMH CIOSIMU
spisitoTest cpezamu [' LK u I'TTY kpuctamios. BaxxHo oTMeTHTb, uTO B 006EMHO Bojie He hopmupyrotes ['TIK
u ['TIY cTpyKTypHl, T03TOMY TOSIBICHUS MOJOOHBIX KPHCTAITNYECKHX (Da3 00yCIIOBIEHO CUIILHBIM BIMSHUEM
koH(paitHMenTa [5].

Paboma noooepocana epanmom PHD Nel9-12-00092, https.//rscf-ru/project/19-12-00092/.

[1] G. A. Mansoori, S. A. Rice. Advanced in Chemical Physics. Confined Fluids: Structure, Properties and Phase Behavior. New
York, 2015.

[2] A.Vishnyakov, A. V. Neimark. Specifics of freezing of Lennard-Jones fluid confined to molecularly thin layers. J. Chem.
Phys.118, 7585 (2003)

[3] Yu.D. Fomin. Between two and three dimensions: Crystal structures in a slit pore. J. Colloid and Interface Science. 580, 135-145
(2020)

[4] D. Takaiwa, I. Hatano, K. Koga, H. Tanaka. Phase diagram of water in carbon nanotubes. PNAS.105, 39-43 (2008)

[5] FO.A. ®omun, E.H. Inok, C.A. bodkos, B.H. PrnkoB, MonekynspHoe MOAETUPOBAHNE CTPYKTYPHI BOJBI B Y3KUX MICTICBBIX
nopax Kommouansiii xypnan 85, 526 (2023)
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CIEIMAJIBHBIE IMHUU B CBEPXKPUTUYECKON
OBJIACTHU BOJbI — IMHUNU BUTOMA U ®PEHKEJIA

PoixoB B.H., bpaxkun B.B., TapeeBa E.E., [luoxk E.H., ®omun F0./1.

Hnemumym ¢husuxu svicoxux oasnenuti um. JI. @. Bepewaeuna PAH
2. Mockea, 2. Tpouyk, Kanyscckoe wocce, cmp. 14
ryzhov@hppi.troitsk.ru

B nocneanue ronsl Bce 0osbliee BHUIMAHUE YIEISIETCS UCCIIETOBAHUIO CBOMCTB CBEPXKPUTHUECKUX JKUJI-
KoCTei. DTOT MHTEpPEC B OCHOBHOM CBSI3aH C TEM, YTO CBEPXKPUTUUYECKUE (DIFOMIBI ITMPOKO UCTIOIB3YIOTCS B
MIPOMBIIIJICHHBIX MTporieccax. Kpupas ¢pa3zoBoro paBHOBeCHs )KUAKOCTb-Ta3 B IuockocTu P-T 3akaHunBaeTcs B
KpUTHYECKOH Touke. [Ipu naBnenusx u temneparypax biiie kpurudeckux (P>P u T>T ) cBoiicTBa BelecTsa
Ha M30TepMax U u300apax HEMPEPHIBHO U3MEHSIOTCS, U OOBIYHO TOBOPST, YTO BEIIECTBO HAXOIUTCS B CBEPX-
KPUTHYECKOM (DIIFOUTHOM COCTOSIHMH, KOTJIa HET PasHHIIbI MEXIY JKUAKOCThIO U Tra3oM. KoppernsiuoHnHas
JUTMHA TEPMOJUHAMUYECKUX (IIYKTyalluii pacXoAUTCS B KPUTHUECKOM Touke. Takyke MOXKHO HaOM0AaTh Kpu-
THUYECKOE TMOBe/IeHUE (PYHKIUI TEPMOANHAMHYECKOTO OTKJIMKA, KOTOPBIE OMPEICISIOTCS KaK BTOPbIE MPOU3-
BOJIHBIE COOTBETCTBYIONIMX TEPMOIMHAMUYECKUX MOTEHIINAJIOB, TAKUX KakK KOO(QOUIHMEHT CRUMAEMOCTH £,
K09(Q(HUIMEHT TEMIOBOTO PACUIMPEHHUS 0, U TEMIOEMKOCTh C . JIMHUKM MaKCUMyMOB ISl pa3IM4HbIX (QyHK-
U OTKJIMKA aCHMITOTUYECKU MPUOIIIKAIOTCS APYT K JPYTY 10 Mepe MPUOTMKEHUS K KPUTHYECKON TOUKe.
DTy aCUMITOTUYECKYIO JIMHUIO MHOT/IA Ha3bIBalOT TuHUEN Bunoma [1-4].

B noknane o0cyxaeTcs nmoBeeHIe TMHUU Bujgoma 11 pa3nudHbIX cCUCTEM - HoTeHnuana Jlennapa-/xon-
ca, YIJIEKHCIIOTO Ta3a, BOJbl, a TAKXKE TOYHO pelnaeMbix mojeneit [2-4]. [lokazaHo, 4ToO MaKCUMYMbI KOppEisi-
UHOHHOU 1ynHbl, C,, 0, B, 1 QIyKTyalMi IIOTHOCTH JUISl PACCMOTPEHHBIX CHCTEM B CBEPXKPUTUIECKOH 00-
JIACTH CIIMBAIOTCS B €UHYIO JTMHUIO Buioma npu npuOImKeHNH K KpUTUYECKO# Touke. THTepecHO OTMETHTb,
YTO HAKJIOH JIMHUM Bumoma /i cTaHAapTHOTO Mepexoja ra3-»kKMJIKOCTh U MePexo]a KUIKOCTb-KUIKOCTh B
BOJIC pa3NInyHBI [2-4].

B HekoTopbIx paboTax npeaInpruHUMAINCh MONBITKY MCIIONB30BaTh JIMHUIO Buaoma i onpeneneHus am-
HAMHYECKON JIMHHUH, PA3ACIISIONINX Pa3InYHbIC TUITHI TOBEICHUS (DIIOUI0B B 3aKPUTUYECKOM 00J1aCTH, OHA-
KO 3TOT MOAXOJ OKazajcs OeszycreniHbiM. KoppeKkTHbI BapHaHT JTMHUN JTUHAMUYECKOTO KPOCCOBEpa, pasJie-

JSIOIIEH 001aCcTH KHUJIKOCTHO-TIOZOOHOTO U T'a30-T0I00HOTO MOBEIEHUs OBUT MPEATIOKEH B HAIIUX paboTax
[5-6].

Paboma noooepocana epanmom PHD Ne 19-12-00092, https://rscf.ru/project/19-12-00092/.
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[4] Yu. D. Fomin, V. N. Ryzhov, E. N. Tsiok and V. V. Brazhkin, Thermodynamic properties of supercritical carbon dioxide: Widom
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[6] V. V. Brazhkin, Yu. D. Fomin, A. G. Lyapin, V. N. Ryzhov, E.N. Tsiok, and Kostya Trachenko, "Liquid-Gas" Transition in the
Supercritical Region: Fundamental Changes in the Particle Dynamics, Phys. Rev. Lett. 111, 145901 (2013).
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I'EOMETPUYECKAA CTPYKTYPA BOJAHOI'O PACTBOPA
INTAPAMAT'HUTHBIX HAHOYACTUL B ITPUCYTCTBUU
MATI'HUTHOI'O ITOJIA

Huox E.H., . I'aiinyk E.A, Tapeesa E.E., ®omun 10./1., Porxos B.H.

Hnemumym ¢husuxu evicoxux oasnenuti um. JI. @. Bepewaeuna PAH
2. Mockea, 2. Tpouyk, Kanyscckoe wocce, cmp. 14
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IIpencraBieHsl pe3ylbTaTbl KOMIBIOTEPHOIO MOZAEINPOBAHUS JBYMEPHBIX KOJIJIOWJHBIX CHUCTEM, B KOTO-
PBIX IepecTpanuBacMble B3aMMOACHCTBUSA MEXAY YaCTULAMU MHAYLUPYIOTCS U KOHTPOJIHUPYIOTCS BHEIITHUM
BpAIIAOIIUMCS MATHUTHBIM T10J1eM [1]. D deKTUBHBIN MOTEHITHAT B3aMMOACUCTBUS KPOME OOBIYHOTO Tap-
HOTO MOTEHLIMAJa BKJIFOYAET TaK)Ke U TPEXYaCTUYHOE B3aMMO/IEHCTBHE YaCTULl. BblI0 MOKa3aHo, YTO OAMH U3
napaMeTpoB MOTEHIIMANIA - YTOJI PEIECCUU TI0JIS - KapJUHAIBHBIM 00pa30oM BIIMSET HA XapaKTep B3auMOCH-
CTBHSI 4acTHIl ¥ Ha (pa3oByro nuarpammy. Tak, Mpu MajbIX YIJIax CUCTeMa BeJeT ceOs moJo0HO IByMEPHOI
CHCTEME C YHCTO OTTAJKHUBATEIBHBIM MOTEHIIMAJIOM MATKUX TUCKOB [2]. Ilpu Gonpmux yrmax — mompoOHO
00006meHHol cucteme Jlennapa-Jxonca ¢ (nm)-nmoteHnuanoM [3], mpuuem, HAUTUYUE TPEXIACTUIHONW YaCTH
MOTEHLIMaJa MPUBOJIUT K MOHMKEHUIO TEMIIEPATYpPhl KPUTUYECKON TOUKHU Ta3-)KUAKOCThb. [Ipu cpeanux yr-
Jax Mpeneccuy noist Ha Ga3oBoil AuarpaMme ecTh JIMHHUM IUIaBICHUS TPEYTOJIbHBIX KPUCTAJUIOB BHICOKOH U
HU3KOU TUIOTHOCTH, IPUYEM KPUCTAJUT HU3KOM IIIOTHOCTH BO BCEH 00JaCTH €ro CyIeCTBOBAHUS MeTacTabu-
neH. CTaOWIbHBIMU TIPU HU3KOH IUIOTHOCTH OKa3bIBAIOTCS YIOPSIIOUYCHHbIE MIIM Xa0THYECKHE HUTeOOpa3HbIe
cTpykTypsl. [Ipu Gosiee BHICOKOH MIIOTHOCTH HAOMIOAAETCS ceTdaTasi CTPYKTypa, B KOTOPOM MCXOTHBIC HUTH
00pa3yroT nornepeyHslie cBsa3u. [Ipu qanpHeimemM pocte INIOTHOCTH B pe3yibrare nepexoaa 1-ro poaa cerda-
Tas CTPYKTypa NEPeXOAUT B TPEYTOIbHbIN KPUCTAIIT BBICOKOH MIOTHOCTH. bbU10 00HApYKEHO, YTO TP CIH-
HOJAJIbHOM paclajie TPEyroJbHOIO0 KpHUCTalla HU3KOW IUIOTHOCTH, MOJTyYarolasicsl U30TPONHAsSL )KUIKOCTb
IpU AalbHEHIIeM HarpeBe oopa3yeT pa3ynopsaoueHHbIe HUTe0Opa3Hble CTPYKTYpPbI, HaOII0aeMbIe B pealib-
HBIX JIBYMEpHBIX cucTeMax [4]. JlanpHeliee NOBBIIEHHE TEMIIEPATypbl IPUBOAUT K pa3pbiBy U UCHAPEHUIO
Hutei. [lomyueHHbIe pe3yabTaThl MOTYT MPEACTABIAT HHTEPEC TS «MITKOW» Marepuu, GU3NYecKoi XUMHUH,
XUMHYECKOH (pU3HKH, (POTOHUKH U MaTepUATOBEICHUS.

Paboma noooepocana epanmom PHD Ne 19-12-00092, https://rscf.ru/project/19-12-00092/.
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KAPTBI MOJIEKY.JISIPHOT'O COCEJCTBA KAK CIIOCOB
AHAJIU3A CTPOEHUS MJI MOJEJEN BOJHBIX
PACTBOPOB
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Merton monekyisipHoi quHaMukH (MJ]) mmupoko ucnosib3yeTcs B HaCTOAIIEe BpeMs JIJIsl U3YUEHUS CTPOe-
HUS BOJIHBIX PACTBOPOB U €T0 CBSI3H C MX HAOM0gaeMbIMH cBoricTBamMu. B M I Moienu n3BeCTHBI KOOPAMHATHI
Ka)KJI0r0 aToOMa B KaXKJbli MOMEHT BPEMEHH, T.€. IPUCYTCTBYET MOJIHAsI HHPOPMALIUS O CTPYKTYpe pacTBopa.
OpHako 1715 U3BJICUEHUS U3 CIIMCKA KOOPJIMHAT aTOMOB OCMBICIICHHON XUMHUYECKOM nH(popManun HeoOXoau-
MO pa3BUBAaTh HOBbIE METO/IbI aHaIN3a M /I TpaekTopHid.

st ananuza M/ Mmozmeneit BOGHBIX pacTBOPOB HCIOIB3yeTcs: MeToa Boponoro. O6macte Boponoro mo-
JIEKYJIbI €CTh 00JIaCTh MPOCTPAHCTBA, BCE TOUKM KOTOPOM OJIMKE K JAHHON MOJIEKYJE, YeM K JIF000# apyrou
Mostekyie cuctembl. O6actu BopoHOTo BCceX MOJIEKY/ MOKPBIBAIOT MPOCTPAHCTBO O€3 1mesiell U HaJoKEHUH,
dbopmupys Mmo3auky. Mcnomnb3ys 310 pazdueHne, MOKHO ONPEAEIIATh 00bEMbI OTAEIbHBIX KOMIIOHEHTOB B pac-
TBOpE, @ TAK)KE YCTaHABIMBATh T€OMETPUUYECKOE COCENICTBO MOJIEKYJ. DTO MO3BOJISET Pa3AesiTh MOJIEKYIIbI
10 KOJIMYECTBY COCe/el pa3Horo Tuma u GopMUpOBaTh paclpeieieHue M0 TaKUM KolndecTBaM. J[BymepHbIe
pacnpeziesieHus: MOJIEKYJ 110 KOJIMYECTBY COCEIEeN U3 MOJIEKYJ paCTBOPEHHOTO BELIECTBA U COCEACH U3 MoJie-
KyJ pacTBOPUTEIS (KapThl MOJIEKYISIPHOTO COCEICTBA), @ TAKKE X U3MEHEHHUE C POCTOM KOHIIEHTPAIUH Jat0T
LEHHYI0 HH(pOpMaLIo 0 cTpoeHuu pacTBopa. C Apyroil CTOPOHBI, C TOMOLIbIO TAKUX PACTIPEIETICHUN MOKHO
PaccUuTHIBATh PA3IMYHbIE MAKPOCKOIIMYECKHE CBOMCTBA pacTBOpa, TaKHe KaK IUIOTHOCTDb WJIHM MaplUaIbHbIN
00beM.

B nmanHoit pabote ucciaenyroTcsi KapThl MOJICKY-
JIAPHOTO COCEACTBA, MOCTpoeHHbIe st M/l mozne-
JIel BOJHBIX PACTBOPOB PA3JIMYHBIX COCIUHEHUM:
tpumetunaMuH-N-okcuga (TMAOQO), Tterparuapo-
(dypana, Tper-OyTaHoyia, METaHOJa, ATAHOJIA, MPO-
[aHoJla, M30IpPOIAHOoNA, JUOKCaHa, MOYEBUHBI.
[TokazaHo, kak pa3inyhe B CTPOCHHHM DPACTBOPOB
MPOSIBISICTCSl HAa Takux Kaprax. Tak, mpu OTCyT-
CTBUU BBIPQXCHHOW acCOLMAllMU Ha pacIpesere-
HUU HaOmomaercs y3koe msatHo (ciaydait TMAO),
IIpU BBIPAKEHHOW accolanuu HaOmrogaeTcs: 3Ha-
YUTENbHOE pa3MbiTUE pacnpezneneHus. CKopocTh
W3MEHEHUsI CPEeJIHEro 3HaueHUsi C POCTOM KOHIICH-
TpalMy Ha KapTe OTpa)kaeT HEUAealIbHOCTh pac-
TBOPA U MOKA3bIBAET CTENEHb ero accoruanuu. [Tpu
3TOM KapThl YUYUTHIBAIOT KaK «XUMHUYECKYIO» acco-
nuanuio (cnenuduuecKkue B3auMOICHCTBUS MEKITY
MOJIEKYJIJaMU Pa3HbIX THUIIOB), TaK M aCCOLMALIHUIO,
BBI3BaHHYIO T€OMETPUUECKUMU MPUUHMHAMHU (pa3HbIN pa3Mep MOJIEKYI, CTepUYECKUEe OTpaHUYEHUS Ha pa3Mme-
LIEHHE MOJIEKYJI B pPaCTBOPE), U MO3BOJIAIOT Pa3AeIUTh 3TU (aKTOPHI.
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CTPOEHME BOJHbIX PACTBOPOB NaClO, I10 JAHHBIM
UK CIIEKTPOCKOIIUU U KBAHTOBOH XUMHUU
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Metonamu UK crieKTpoCKOIIUM M KBAHTOBOW XMMHUH OINPEEIEHbI COCTaB, CTPOCHUE, SJHEPreTUYECKUE Ma-
paMeTphl ¥ 00JIACTH CYIIECTBOBAHMS MMAPATHBIX KOMILIEKCOB, oOpasyromuxcs B cucreme NaClO,~H, O.

VYCTaHOBIEHO, YTO BILUIOTH O MOJIBHOIO COOTHOIIEHHS KOMIIOHEHTOB 1:11 cONb MOTHOCTBIO IMCCOLUUPO-
BaHa M B pacTBOpe MpUCYTCTBYIOT HOHBI C1O%, rupaTupoBaHHbIC YETHIPMS MOJICKYJIaMHU BOJIbI M HOHBI Na',
KOOPJIMHUPOBAHHBIE C IIECThIO MOJIEKYIaMU BOJIBI.

B 6onee konuenTpuposanHbix pactBopax (1:11-1:6) naunnaercs oopasosanne kommiekcos NaClO -(H,0),
C MOJTHOCTHIO 3aIOJTHEHHOM MepBOM ruapaTHO 00010ukoi. MloH Na" B HUX KOOpAMHUPOBAH C IByMs aTOMaMH
kucioposa annona ClO* u 4eThIpbMs aTOMaM# KUCJIOPOIa MOJICKYJT BOJIBI.

B nnanasone cocraos 1:8.5-1:6 mpucytctByroT Toabko kKommiekesl NaClO,-(H,O),, koTopbie yacTuuHO
ruApatupoBanbl. [Ipu nanbHeieM yBeIu4eHNH KOHIIGHTpaluu coyu B pactBope (ot 1:6 mo 1:3.4) mocneno-
BarenbHO obpasyrores kommekesl NaClO,-(H,0),, NaClO,-(H,0), u NaClO,(H,0)..

HMcxons U3 mony4eHHbIX B pacdyeTe JaHHBIX O cocraBe u crpoenuu ruaparoB NaClO,(H,0) (n = 1-7),
KOJIMYECTBEHHO 00bsicHenbl u3menenus B UK cnekrpax pacteopos NaClO,~H,O B 00macTsx OCHOBHBIX U
00epPTOHHBIX KOJIEOaHWI MOJIEKYJT BOJIBI.

YcranoBieHo, uto aHHOHBI C1O* MposBIIIOT HYKIICO(PHIBHOE COAEHCTBUE B PEAKIIUAX KHCIOTHO-KAaTaIH-
THYECKOTO TMAPOJIN3a TOJBKO IPH MX BXOKAEHUH B coctaB KommiekcoB NaClO,:(H,O)n (n = 3-6).
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CTPOEHMUME BOJHbBIX PACTBOPOB AIETOHUTPHUJIA B
OBJACTHU MAJIBIX KOHIIEHTPAIIMI KOMIIOHEHTOB

Bornaun T.B., AopamoBuy A.U., ®upcos /I.A., Yeprkosa B.II., bornan K.B.

DedepanvHoe 2ocyoapcmeenHoe DI00xcemHoe 0bpazosamenbHoe yupedcoeHue gblcuieco 0opazosanus « Mo-
CKOBCKULL 20cyoapcmeenHblll yHugepcumem umenu M.B. Jlomonocoeay, Xumuueckuti ¢paxynomem, Poccuii-
ckasn ©eoepayus, 119991, Mockea, Jlenunckue [opol, 0.1 cmp. 3
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Bonnsie pactBopsl anieronutpuia (ALIH) aktuBHO u3yvanuck pa3nuyHbiMu Metonamu. B [1] Ha ocHoBe
aHaJIM3a KOHLEHTPALMOHHBIX U TEMIIEpaTypHbIX 3aBUCUMOCTEN MJIOTHOCTH, CKOPOCTH YJIbTpa3ByKa, ajuada-
TUYECKOM CIKUMAEMOCTH, W30BITOYHBIX MOJIIPHOTO O0beMa M aJnabaTHUecKol CKMMAEeMOCTU CIENIaHO 3a-
KIIFOYEeHHE, 4yTo B obnactu koHIeHTpanuii 0.1-0.9 M. 1. aneronutpuna (ALIH) pacTBopbl MUKpPOreTepOreHHbI,
npuyeM oOpazoBanue Mukpodassl ALIH nHaunnaercs npu koHuentpauu x > 0.1. OnHako BHYTpU KOHLIEH-
TpanuoHHoi o6mactu 0.1-0.9 MOXXHO BBIJENNUTH UHTEPBAJIbI, I7I€ CTPYKTYpa pacTBOPOB paziuyHa. ITO UH-
tepBaiibl: 0.10-0.35, 0.35-0.60, 0.6—0.9. MakcumymMy MUKPOT€T€pOreHHOCTA COOTBETCTBYET KOHILICHTpaUs
x = 0.4. B xonnentpaunonaoM unrepnaie 0—0.05 umeer MeCTo ynmpouYHEHHE CTPYKTYPhI, U B y3KOM UHTEpBA-
se 0.05-0.06 MoxHO roBOpUTH CTAOUIIBLHOU CTPYKTYpe pacTBopa. B mnTepBane 0.9—-1 crpykrypa pacTBOpoB
ONPENENAETCS AETOHUTPHIIOM.

C npuBieyeHUEM SKCIIEPUMEHTAJIbHBIX JaHHBIX U JAHHBIX MOJIEKYJISIPHO-AMHAMUYECKOTO MOCIIMPOBAHUS
HaMM NpeJUIoKeHa MOJEIb CTPOECHUS BOJHBIX PAaCTBOPOB AllETOHUTPHJIA B OOJIACTH MajbIX KOHLIEHTPALUI
KOMIIOHEHTOB KaK C OJHOM, Tak u apyroi ctoponsl (0 <x <0.05; 0.9 <x <1.0).

Pesynprarel u3yueHus: CTpPYKTypbl KHUAKOH BOJIbI METOAAMU (PEMTOCEKYHIHON CIIEKTPOCKOIINHU C MPHUBJIE-
YEHUEM HEIMITMPUYECKHUX PACUETOB [2] 1 MaJIOyITIOBOIO PEHTI€HOBCKOIO PACCESHUS HA CHHXPOTPOHHOM H3-
JTydeHuH [3] mOKa3bIBAIOT, UTO B CYIIECTBEHHOW YacTH 00beMa BOJIBI MPOUCXOIUT 00pa30BaHHUE KIATPaTOMO-
JTOOHBIX CTPYKTYP, B KOTOPBIX MOJIEKYJIbl BOJIbI CBSI3aHbI BOJOPOAHBIMU CBA3sIMU. [Ipn 0Opa3oBaHMM BOIHBIX
PacTBOPOB NIPOMCXOAUT BHEAPEHUE MOJIEKYJI PACTBOPEHHOIO BEIIECTBA ITyCTOTHI BOJHOTO KapKaca.

Mosekyiy alneToHUTpHia OOBIYHO PACCMATPUBAIOT KaK JMHEHHYIO MOJIEKYIY, OJIHAaKO CYHIECTBYIOT MO-
JIeJH, MPEACTABISIONNE €€ KaK UCKaXEHHBIM TeTpadtp. MoJeKyIsIpHO-IMHAMUYECKOE MOJEIMPOBAHUE T10-
Ka3aj0, 4YTO MMEHHO TaKasi MOJEJIb HAaWIy4dIIuM 00pa3oM OMHUCHIBAET CBOMCTBA JKUJIKOTO alleTOHUTpuia [4].
JlaHHBIN TIOAXOZ, MO3BOJISIET OIKMCATh CTPYKTYPY PACTBOPOB ALlETOHUTPHUIA C MAJIbIM COAEPKAHUEM BOJBI KaK
KapKac U3 MOJIEKYJ alleTOHUTPUJA C BHEIPEHUEM B IIOJIOCTH MOJEKYN Boabl. lIpemiokennas monens nmoxu-
TBEPKJAEHA HEAMIUPUUECKUMH pacueTaMH KJIACTEPOB AllETOHUTPUIIA C BKIOYEHHBIMHA MOJIEKYJIaMHU BOJIBI.

[1] A. 1. A6pamosnu u JI. B. JlanmmHa, AHaMU3 CTPYKTYphl BOJHBIX PACTBOPOB AllETOHUTPHJIA HA OCHOBE M3Y4YEHHUS 0OBEMHO-
YOPYTHX CBOKCTB, JXKypHan ¢pusudeckoir xumun, 88, 8§15-821 (2014).

[2] T. Tokushima, Y. Harada, O. Takahashi, Y. Senba, H. Ohashi, L.G.M. Pettersson, A. Nilsson, and S. Shin, High Resolution X-ray
Emission Spectroscopy of Liquid Water: The Observation of Two Structural Motifs, Chem. Phys. Lett., 460, 387-400 (2008).

[3] L. Ralph, The Importance of Tetrahedrally Coordinated Molecules for the Explanation of Liquid Water Properties, Chem. Phys.
Chem. 8, 938-943 (2007).

[4] S. Pothoczki and L. Pusztai, Intermolecular orientations in liquid acetonitrile: New insights based on diffraction measurements
and all-atom simulations, J. Mol. Liq., 225, 160-166 (2017).
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O PA3JIMUUU CBOMCTB BBICOKOPA3BABJEHHBIX
PACTBOPOB COJIEI DJIEKTPOJIUTOB U BUOAKTUBHBIX
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Pa3zButue Ononoruu, CBA3aHHOE C BHEIPEHUEM (U3NUECKHUX MPEACTABICHUH U METOIOB MCCIIEI0BaHUS,
JABHO TIPUBEJIO K MPU3HAHUIO UCKIIOUUTEIFHON POJIM BOJBI B CTPOCHUH JKUBBIX CUCTEM U (DYHKIIMOHHPOBA-
HUM OpraHn3MoB. OHAKO MTOJIHOTO €AMHOAYIINS B IOHUMaHUHM MEXaHU3MOB Y4acTHs BO/Jbl B OMOJIOTUYECKUX
IpoIieccax /10 HaCTOSIIETO BPEMEHH HE CYHIECTBYET. DTO TpeOyeT MpOoI0DKEHHS U3YUEeHUST B3aUMOACHCTBUS
BOJIbl C MOHAMU U HEBOJHBIMU KOMITOHEHTaMH OMOJIOTHYECKUX CHCTEM, TIOCKOJIBKY CXOJICTBO MJIH PaziInyune
UX TIOBEJIEHUS B BOAHBIX PACTBOPAX SIBJISIETCS] BAXKHBIM CBHUJIETEIILCTBOM MX B3aUMOJEHCTBUS C BOIOH B KU-
BBIX opranusMax. Hambonee nHGOPMATHUBHBIM Cpean (PU3MUECKUX METOJ0B HCCIEIOBAHUI SBIIETCS pas3pa-
OOTaHHBI HaMU PaJUOCIIEKTPOCKOIMYECKUI METOJ CIIEKTPaIbHON BBICOKOUYBCTBUTEIBHON MHIyKTUBHOM
L-muanpkomerpun [1], B KOTOpO# McClieayeMblii 0OBEKT pa3MelniaeTcs B KaTyIlKe UHIYKTUBHOCTH KojieOa-
TEJILHOTO KOHTYpA, KOTOpas SIBIISETCS KaK MCTOYHUKOM IIOJISI, AEWCTBYIOIIETO HAa OOBEKT MCCIeIOBAHUS, TaK
1 3JIEMEHTOM U3MEPUTENBHON CUCTEMBI. DTOT METOJ IT03BOJISIET U3y4aTh MPOLIECCH B inana3zoHe yacTtoT 104-
106111, B KOTOPOM B BOAHBIX PACTBOpaX MPOSBISAIOTCS BHYTPUCHCTEMHBIE KOJICOaHUs THAPATOB MOJIEKYI, TIO-
3BOJISIFOLIME ONPEAEIUTh SHEPTUN MEXMOJIEKYJIIPHBIX HANPSLDKEHUN BOJHOW CPEZbl, OCKOJIBKY JUIEKTPHU-
YeCKHe TIOTEPU B PACTBOPE MPOSBIISIOTCS B BUJE CIIEKTpa UX TaHTeHCA tgd M UX SHEPruM (UKCUPYIOTCS 110
TMIOJIOKEHUIO TTMKOB tgd Ha OCH YacTOT.

CpaBHEHHE 3THM METOZIOM CBOMCTB paCTBOPOB PA3IMYHBIX COJICH AIIEKTPOIUTOB U TeTepOPYHKIIMOHATBHBIX
OMOAKTUBHBIX BELIECTB MMOKA3aJI0, YTO B 0ONACTH pa30aBiICHUI BIUIOTH 10 KoHIeHTparuid 10°M mis o6oux
KJIACCOB BEILIECTB B CHEKTPax tgd MMEIOTCS YETKO BBIpaKEHHBIE MMKU TUAJIEKTPUIECKUX MmoTeph. Ha pucyHkax
HIDKE TIPUBE/ICHBI TUTIOBBIE 3aBUCUMOCTH tg0 OT KOHIICHTPALIMHU JUIsl BOTHBIX PACTBOPOB (DeHO3aHa KaJisl ¥ COJI
NaCl.

J1 BCeX 3EKTPOJIMNTOB MOJIOKEHUE TUKOB Ha IIKaJIE YaCTOT 3aBUCUT TOJIBKO OT XMMHUYECKOM IPUPOIBI Ka-
THOHA WJIM aHHOHA U B MHTEpBase KoHIeHTpamid 10--10°M 1ocToBepHO BOCIIPOU3BOIUTCS, @ HHTCHCUBHO-
CTH IIMKOB YMEHBIIAIOTCSI C YMEHBILIEHUEM KOHLIEHTPALMH, YTO CBUIETEIBCTBYET O JIMHEHHOW 3aBUCUMOCTH
BEJIMYMHBI CUTHAJIA OT KOJMYECTBA CTPYKTYPUPYIOIIUX BoAy HOHOB [2]. Ha nmeromiemcs nmpuOope curnas ass
ANIEKTPOJIUTOB HE PETHCTPUPYETCS PU KOHIEHTpausix Hioke 10°M. OmHako /i OMOaKTUBHBIX TeTepOPyHK-
IIMOHAJIBHBIX BEIIECTB CIEKTPaJbHbIC HAPYIICHHUS B KPUBBIX tgd HAOMIOMAIOTCS BIUIOTH 0 KOHIIEHTPALUI
10°'°M, 4TO CBHIETENBCTBYET 00 MHOM THIIE CTPYKTYPUPOBAHUS BOIBI Y TAKUX MOJIEKYJI B pacTBopax. Mbl
1ojaraeMm, 4To Juis OMOAKTUBHBIX MOJIEKYJ BOJa MOXKET CTPYKTYPUPOBAThCS HA WX TUPAO(UIBHBIX LIEHTPAX
c 00pa30BaHHEM CTEP)KHEBBIX SHEPTrOHANPSKEHHBIX (PPAKTATBHBIX KPUCTAIIIMUECKUX CBSI3€H, ONMCAHHBIX B
pabotax mkonsl H.A.BynbeHkoBa [3], HOCKOIBKY aHAJIOTUYHbIE CTPYKTYpPbI OB YCTaHOBJIEHBI B KJIETKaX
pacTeHMi, UCCIIEyEMbIX 110 METOJJMKE UCKYCCTBEHHOM 3acyxH [4].

1. Tanne JI.LH., MakcumoB C.U., u op. HII, 2016, T.26, Nel, ¢ 19-24.

2. T'anns JILH.. bepauukoB A.C., I'amuis ULP. u gp. KDX, 2022, 1.96, N7, c. 893
3. XKemurorckas E.A., ByneenkoB H.A. buogusuka, 2017, 1.62, Ne5, ¢.837-845.
4. Tamns JILH., Kynemosa T.3., I'ayms UL.P.. XK®X, 2023, 1.97, Nel, ¢.7-12.
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JTOMUHUPYIOIIIME MOTUBBI CETKHU BOJTOPO/IHBIX
CBSI3EM KAK OTPA’KEHUE OCOBEHHOCTEN
CTPYKTYPHOHN OPTAHU3ALIMU MOJIEKYJI BOJIbI B
OKPECTHOCTHU THAPOPUJIBHBIX U THIPOPOBHBIX
YACTHUIL

HoBaxosckas 10.B.

MT'Y umenu M.B. Jlomonocosa, Xumuueckuii paxyiomem, Jlenuncxue 2opul, 0. 1, cmp. 3,
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CBoiicTBa BOTHBIX PaCTBOPOB, BKIIIOUAsl UX CIIEKTPAJIbHBIE XapaKTEePUCTUKH, TEPMOJUHAMUYECKUE (PYyHK-
IIUH, OTKJIMK HA BHEIIHUE BO3ICHCTBUS M OCOOCHHOCTH B3aUMOJICHCTBUS C MHOPOAHBIMH CUCTEMaMHU, IIPEo-
npeeneHbl 0COOCHHOCTSIMU B3aUMOACHCTBUI MKy MOJIEKYJIaMH BOABI U IIOCTOPOHHUMHU YaCTHIIAMH, KOTO-
pBIC 3aBUCST OT XapaKTepa pacipeaesieHus! JIEKTPOHHON TIIOTHOCTH BCEX BOBJICYCHHBIX BO B3aUMOJICHCTBIE
YaCTHUI] ¥ BO3MO)KHOCTEW BHYTPEHHE COITIACOBAHHOTO NEepepaclpeieIeHus TOH IUIOTHOCTH MPU BO3HUKHOBE-
HUHM MEKMOJICKYJISIPHBIX KOHTAKTOB. B cilyuae MoJeKys BOJbI KJIIOUEBasi POJIb MPUHAUICKHUT SIEKTPOHHOMY
CBSI3BIBAHUIO, KOTOPOE TPAJUIIMOHHO UMEHYIOT BOJIOPOIHBIMU CBSI35IMH U KOTOPOE B CYIIECTBEHHOH CTEIICHH
00yCIIOBIIEHO TIEPEKPBIBAHUEM MOJIEKYISAPHBIX OpOUTaNeil HEMOJeNECHHBIX AIEKTPOHHBIX Map aTOMOB AJIEK-
TPOOTPHIIATENILHBIX JIEMEHTOB MPU HEOOXOJMMOM YYaCTHH MOCTHKOBBIX NMPOTOHOB. IIpu 3TOM MHAMBHITY-
aJIbHBIE KJIACTEPBI WIIM aHCAMOJINM MOJIEKYI BOJIBI MIPH TOSIBICHUH PSAAOM C HUMU MHOPOAHBIX YaCTHUI] MOKHO
paccMaTpuBaTh Kak MeTacTaOUIbHbIE (POPMUPOBAHUS, MEXaHU3M PEOPTaHU3AIIUHN KOTOPBIX KapAUHAIBHO pa3-
JMYAETCSI B 3aBUCUMOCTH OT MPHUPOABI MHOPOAHBIX YacTUIl. | MapoduiibHbIe YaCTUIBI MHUIIUHPYIOT PEOp-
TaHM3aLUI0 MOJIEKYJl BOJBI B paJiMajbHOM HAIPABICHUH, TOT/Ia KaK B OKPECTHOCTH TUAPO(POOHBIX YACTHUIL
JOMUHHPYIOLIMM HalpaBlIeHUEM PEOpraHU3allliu SIBIISETCS TaHTeHIInaIbHOe. COOTBETCTBYIONINE JBIKYILNE
CHJIBI IPEJIOTIPEIENIAIOT HE TOIBKO B3aUMHOE PACTIONIOKEHHE MOJIEKYIT BO/IBI, HO M ITpeoliiajaromye Harpasie-
HUS BOJOPOIHBIX CBA3EH U CTENICHb U XapaKkTep X ynopsaoueHus. [Ipu TaHreHIIMaIbHON OpraHu3alui CeTKU
BOJIOPOJIHBIX CBSI3€H MPEBANMPYIOT SHEPTUH CBS3H MOJIEKYII MEXTy cO00i; MpH paanaabHON — KOOPAHMHALIUS
MOJIEKYJI K LIEHTPaIbHON HHOPOaHON yacTuiie. COOTBETCTBEHHO, MOTYT OBITh BBIJCICHBI THIIMYHBIE MOTHBBI
CBSI3bIBAHUS, KOTOPBIE 3aBUCAT HE TOJIBKO OT THAPO(GUIBHOCTH/TUAPO(GOOHOCTH MHOPOIHONW YaCTHIIbI, HO U
oT ee APEKTUBHOTO pa3Mepa.

DTa KOHIENIHs MPOWLTIOCTPUPOBAHA Ha MPUMEpPE accoImaroB, oObeauHsoNMX oT 20 10 60 MoNeKyn
BOJIbI, KOTOpBIE (POPMHUPYIOTCS (@) MPH peslakcali (pparMeHTOB JIbIOMON00HONH CTPYKTYpHI; (6) mpu BO3-
HUKHOBEHHUH TIOJIOCTH B CETKE BOJOPOIHBIX CBSI3€H, MHUIIMUPYEMON HAMYUEM TUAPOPOOHBIX aTOMOB HIIU
MaJIOATOMHBIX MOJIEKYJT; (B) TIPU COJIbBATAllMU TUAPOPUIBHBIX YACTHI U YACTHII, B CTPYKType KOTOPBIX MpPHU-
CYTCTBYIOT CTPYKTYPHBIE IPYIIIBI Pa3JINYHOMN IPHPOIHI.

Paboma evinonnena 6 pamkax memol « Monexynaproe cmpoenue u HaOMOLEKYIAPHASL OPAHUAYUSL
UHOUBUOYATILHBLX Beujecms, UOPUOHBIX U PYHKYUOHATbHBIX Mamepuanosy (121031300090-2).
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B skcnepumenrax [1 - 3] npoieMOHCTPUPOBAHO BIMSIHUE BHEITHUX BO3JICHCTBUH, B YACTHOCTH BHOPAIIMOHHBIX, HA TPOTEKaHNE
OMOXMMHUUYECKMX PEaKLfii B BOAHOM PacTBOPE, BHIPA3UBIINXCS B TEHEPALMK MOJICKYJI ITepoKcuia Bogopoaa. ChaenaHo mpesoso-
KeHHe, 4To 0OHapy>KeHHBIN APdeKT MoKeT ObITH 00YCIIOBIEH BIMSHUEM HCIOIB30BAHHBIX BO3ACHCTBUI KIACCHUECKOW MPUPOIBI
Ha COCTOSIHME KBAHTOBOMEXAHNYECKOM CHCTEMBI M BBICKAa3aHO MPEATNOIOKEHUE O BO3MOXKHBIX MEXaHU3MaX 3TOro sBieHus. B npex-
CTaBJsIeMON paboTe MPENPHUHSATA MOMBITKA TEOPETHIECKOr0 000CHOBAHHS ATHX MPEAIONIOKEHUH B paMKax chopMyIMpoBaHHON B
[4] oOmiero HampaBieHUs! UCCIEAOBAHUK MAKPOCKONUYECKUX KEAHMOBbIX CUCmeM N KBAHTOBOW TEOpHUU U3MepeHUi. Onpe/ieneHsl
JBa (PM3MUYECKUX MEXaHNW3Ma YIIPaBJICHHs COCTOSIHUEM KBaHTOBOW cucteMoil. [TokazaHo, 4To 00a MexaHM3Ma MOTYT U3MEHHUTh KH-
HETHKY HaOJIIOJaeMbIX XUMHUECKUX PEaKIHUi.

[IponBuxeHne B 3TOM HaNpaBlIEHUH, UCCIEAYIONIEe BOZMOXHOCTH CHSTUSI KBAHTOBBIX CIMHOBBIX 3alIPETOB AJS Psijia aKTy-
AJIBHBIX PEaKIMi C yJacTHEeM XMMHUYECKHX PaMKaIoB (B TOM YHCIIE peakuuii cxemsl [5] B skcriepumenTax [1 - 3] mo renepanmmn
MIEPOKCH/IA), WCIIONB3YSI MEXaHNYECKUE WIIM MarHUTHBIC MAaKpPOBO3ACHCTBHUS, OBIJIO HaMe4deHO B [6].

[lepBbIit MexaHn3M oOecrieunBaeT BO3MOKHOCTD JIOKAJIBHOTO HarpeBa KBAHTOBOI'O 00BEKTA KJIIACCHYECKUM Bo3JeiicTBreM. Teo-
perndeckoe 000CHOBaHME ATOTO MEXaHNU3Ma OCHOBAHO Ha MOJIEIIN OJJHOMEPHOTIO KBAHTOBOT'O OCHMIIISITOPA C IIEPEMEHHON YacTOTON
o(t) = m, cos(w 1), OMACHIBAEMOTO rAaMUJILTOHHAHOM

H = - (7?2m) d?/dx’ + mx’a’(¥)/2.
Pemenust ypasuenwust [Lpéaunrepa ist HET0 TECHO CBS3aHbI ¢ KOMIUICKCHBIM YPaBHEHHEM JIJTs KIIACCHUYECKOTO &(7)-0CIHILISTOpa

(cMm. [6, 7]). B [6] c ncionb3oBaHMEM &(?)-peTieHnit OblIa HaiiieHa CBA3b KHHETHYECKON SHEPTHH KBAHTOBOTO OCIAJIIATOPA C ITUMHU
PeLICHUSIMH:

E . = (W4w,)\ds(0/di).

Jnst ocimiisiTopa ¢ TapMOHHYECKH ITEPEMEHHOM YacTOTOH &(7)-pelieHust yA0oBIeTBOPSIIOT ypaBHEHNIO MaTtbe, odliee pereHne
KOTOPOTO YJIaeTCsl TMOMYYHUTh C UCTIONb30BaHNEM TeopeMbl diroke (puc. 1 ciea). DTo pelieHue BhIJIEISET, BO-TIEPBBIX, HHTCPBAJIBI
4acToT @, (00IaCTH HEYCTOWYMBOCTH), B KOTOPBIX MAKCHMYMbI KHHETHYECKOH SHEPTHHM HAPACTAlOT C YBEJMYEHNEM BPEMEHH BHEIII-
HETO BO3/ICHCTBYS £. B 3THX 4acTOTHBIX MHTEpBaJIaX, KaK MOKa3aHo B [6] (¢ y4eToM reii3eHOEprcKoro MpHHIUIA HEONPEIeICHHOCTH
B 0000mmenHoi Gpopme Pobeprcona-IlIpénunrepa), moBbIIaeTCA ¥ TEMIEPATYpa KBAHTOBOro oObekTa: £, ~ T. B koHkpeTHOM City-
Yyae reHepanuy IepoKCHa BOJOpo/a B BOJIHOM pacTBOpPE M3MEHEHHE YacTOThl BUOpAIMii MOXKET 00eCIeunBaTh JOTIOIHUTEIBHYIO
3aCEJIEHHOCTb PaJIuKalIbHO aKTUBHOIO, CHHIVIETHOTO, YHEPT€THUECKOTO YPOBHS MOJIEKYIIIPHOTO KHCIOPOAA 33 CYET 3aCEIECHHOCTU
OCHOBHOTO, TPUIUICTHOTO, YPOBHSI, KOTOPBII HE aKTUBEH B LIEIIM OMOXMMHYECKHUX peakuuii u3 [5].

Puc. 1 (cnesa). 3asucumocmu KuHemu4eckol SHepauy Onm 8pemMeHy 6030etiCmaus 0jis TUHEUH020 K8AHMO08020 ocyuiiamopa: 1 — 6
4ACTMOMHOM UHMepP8aie HeYCmouyugocmu, 2 — 6 uHmepsaie ycmouuusocmu, 3 — npu NOCMOAHHOU Yacmome sudpayuil.

Puc. 2 (cnpasa). Bpemennvie 3a8ucumocmu 6eposimnocmu nepexood p ¢ UsMeHeHueM CnuHa HetlmpoHd 60 6pawaowyemcs mae-
numuom none. Ilepemennyio yanogyio ckopocme napamempusupyem omuowenue w = /Q = 1 —w=1; 2=w=0.6;3 —w =
0.5; 4 —w = 0.4; 5 — nepexod npu nocmosnnou y2noeou ckopocmu. Ilapamemp yH/2Q = 0.1.
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Mopnens BTOPOro  BO3MOMKHOIO MEXAaHHM3Ma YIPABICHUS COCTOSHUEM CHUHOB0U KBAHTOBOM CHUCTEMBI IOCTaBIIsi-
€T HEUTPOH — DIEKTPUYECKM HEHTpasibHas dYacThma co cnuHoM s = 1 / 2. JlelicTBHe 3TOro MexXaHHM3Ma 3aKJIIOYaeT-
ci B TIOBOPOTE CIIMHA HEHTpOHAa BO BHEIIHEM MAarHUTHOM II0Jie, KOTOPOE BpAIlaeTcsl ¢ MEPEMEHHOM YIIOBOH CKOPOCTHIO
Q) =Q_sin(o t):

H_ = H cosp, H} = H sing, ¢(t) = (Q /w)(1 —cos(w}), H =0.

'aMHUIIBTOHHAH B3aWMOJICHCTBYSI YaCTHIIBI C MATHUTHBIM T0JIE PAaBeH
H=yh(Hs_+ Hgs J)
S,» S, — KOMIIOHEHTBI ONEPaTopa CIHHA, Y — TMPOMArHATHOE OTHOWICHHE. Pemenne ypasuenns Ilpeanurepa uist ciuHOpHOM

BOJIHOBO# (DYyHKIIMHU (?) UCTIONB3YET METON [8] «pachyThIBaHUS» YHUTAPHOTO ONEPATOPa 3BOIFOIMH. DTOT METOJ] IPUBOMIUT, KaK U
B TIEPBOM MEXaHU3MeE, K KIACCUYeCKOMY YPABHEHUIO JUIsl KoMNIeKCHOU (PyHKIIMK paciyThiBanus a(t) [9]:

da/dt = (i y/2)(H, - iH,~ (H_+ iH )a’), a(0)=0.

BeposTHOCTE p(?) TIepexona U3 COCTOSHUS C z-TIPOCKIMEH CTIMHA , PaBHOW +1/2, B COCTOSIHHE C z-TIPOEKITNEH, paBHOW —1/2,
ompenensercs Gopmymnoit[9]:

p(0) = la@PAI + |a@)]).

a = (e*/yH)(dp/dt — (2i/x)dx/dt)
ypaBHeHHeE st QYHKIMU PacyThIBAHHS CBOIUTCS K JTMHEHHOMY ypaBHEHHIO XHLIa:

Teneps 3aMeHOM

cos(a)vt)j =0, x(0)=0, (i3 =0
dt =0

2 2772 2 2
d—f+ 2 H e, —ﬁcos(?.a)vt)ﬂQ“‘a)V
dt 8 8

Ero urcieHHOe pellieHne U JaeT BPEMEHHbIC 3aBUCUMOCTH BEPOSTHOCTEH mepexo/a p(t) Mexay pa3HbIMH CIIHHOBBIMHU COCTO-
sHuAMH (puc. 2). [Tpu MaJIbIX BEIMYMHAX HANPSXKEHHOCTH MarHUTHOTO TI0JIs, TO €CTh pu H < Q /y, , 5Ta BEPOATHOCTh OCTAETCA
masoid. OjiHaKo, BpalieHHe C MEPEMEHHO YITIOBOH CKOPOCTHIO YBEIUYUBACT 3TY BEPOSITHOCTb.

[Mpeiaraemplii MEXaHU3M CHSTHSI CIIMHOBOTO 3aIpeTa Ha KBAHTOBBIN MEPEX0/l B MATHUTHOM TOJIE IPUHIMITHATIBHO OTIHYACTCS
OT PacCMOTPEHHBIX paHee TeM, U4TO OH He TpeOyeT Hammans dpdekra 3eemana.

JIonyCTUMON MOYKHO CUMTATh KAYECTBEHHYIO SKCTPAIOJISIIIUIO 3TOr0 YaCTHOTO (CHPABEUIMBOIO TOJIBKO JUISi HEUTPOHHOU MOJIe-
JIM) BBIBOJIA M HA OOJIee CIIOXKHBIN [0 KBAHTOBOMY COCTABY CIIy4ail FeHepalny IepOKCHIa BOIOPO/Ia B BOJHOM PACTBOPE MOJICKYJISIP-
HOro kucinoposa. CHsATHE CIIMHOBOTO 3alpeTa ¢ HEeNH Peakiyii [5] 3a cyeT UCHob30BaHksI YaCTOTHO U3MEHSIIOIIETrOCs MATHUTHOTO
TTOJIS TIOAXOIAIICH TeOMEeTpUH (B TOM YHCIIC BOSHUKAIOIIETO B PE3yJbTaTe YaCTOTHO M3MEHSIOMMXCs BuOpanwii [ 10]) mpeacrasis-
€TCs BO3MOXKHBIM M HECOMHEHHO MOJUIeKANIUM OoJiee IeTaIbHOMY aHaJN3Y.

Takum 00pa3oM, 00a BBIJICICHHBIX MEXaHU3Ma KJIIACCUYECKUX BO3JCHCTBUI HA KBAHTOBBIC OOBEKTHI B CBOMX 0a30BBIX MOJIEIISIX
JIEMOHCTPUPYIOT 3HAYMMYI0 3(D(HEKTUBHOCTD B MPOABMKEHHU TEOPUHU CBSI3AHHOTO C HUMH Kpyra SIBICHUNA. DTO, BO-IIEPBBIX, TEM-
reparypHbie M3MEHEHHUs OOJILIIMAHOBCKUX PacIpeIeieH il KBAHTOBBIX CUCTEM [0 dHEPrusiM. BO-BTOPBIX, 3TO MHIYIHMPOBAHHBIE
MarHUTHBIMH ¥ BUOPALMOHHBIMU TOJISIMH TIEPEXObI MEXKY COCTOSHHUSMHU C Pa3HbIMU CIIMHAMHU — BIUIOTh JIO CHSITHSI CIIMHOBBIX
3aMpPETOB HEKOTOPHIX XUMUYECKUX PEAKIHH C yIaCTHEM XMMHUYECKUX MOJICKYISIPHBIX pajinKkaioB. [TonydeHHbIe pe3ybTaThl MOTYT
OBITh MCIHOJIb30BAHbBI [UII HHTEPIPETAMHA M ONTHMHU3AINU U3BECTHBIX OMOPHU3NICCKUX U OMOXMMHUYECKUX IKCIIEPUMEHTOB THUIIA
[1 - 3], mist nIaHUPOBAHUSI U TIOCTAHOBKU HOBBIX IKCIICPHMEHTOB.
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B psine pabot aBropa [1-4] npeyioxkeHa uucaeHHas METOMKU paciyeTa MOJICKY/ISIPHOW CUCTEMBI Ha 0a3e Tpsi-
Moro perienus ypasHenus Llpenunrepa metonom MonTe-Kapio, oHa nokaszaia OorpoOMHYI0 HEOIIPEIETIEHHOCTh B
BbIOOpE perreHnit. C OTHOM CTOPOHBI, 0Ka3a1I0Ch BO3MOKHBIM TIOCTPOUTH MHOYKECTBO HOBBIX PEIIEHHH, C JPYTOi
CTOPOHBI, PE3KO 00OCTPHIIACH MPOOIEMa UX CBA3BIBAHUS C PEaTbHOCTHIO. B KBAHTOBOMEXaHMUECKHX pacyeTax ab
initio mpoGieMa BIOOpA PEIICHNH CTOUT HE TaK OCTPO TOCIIE Mepexo/ia K KiiaccudeckoMy GopMary OrmucaHus MO-
JIEKYJSIPHOM CUCTEMBI B TEPMUHAX MTOTEHLMAIIBHOM SHEPIMH, METOA MOJIEKYIISIPHON IMHAMUKY U TIP.

B nmokmane obcyxnaercst mpoOiiemMa BRIOOpa PEIIeHU Py KIIACCHUECKOM (popMaTe OmucaHus MOJICKYIISIPHOM
CHCTEMBI 0e3 y4yeTa KBAaHTOBOMEXaHMUYECKUX IMpennochulok. Kak okazanock, mpobieMa BbIOOpa perieHuil pH
KJIACCUYECKOM (hopMaTe ONMUCAHHS MOJICKYSIPHOM CHCTEMBI CBOUTCSI K KOHKPETHON pa3MeTke KOH(UTypaIroH-
HOT'O MPOCTPAHCTBA B BUJE NEPEUMCIIEHUs] HA0Opa CTAllMOHAPHBIX TOYEK U PEKOHCTPYKIMU COOTBETCTBYIOLLEH
(yHKIUM TOTEHINATIBHON SHEPTUu. B Takol moctaHoBKe perieHne mpooaeMbl BEIOOpa CBOAUTCS K JABYM BO3MOX-
HBIM (PU3UKO-MaTEMaTHIEeCKUM 33/1a4aM: 110 33aHHOM (DYHKIIMH MMOTEHIMAILHOM SHEPTUU HAMTH BCE €e CTaIno-
HapHbBIE TOYKHU (TIpsiMast 3a1a4a MPoOIeMbl BEIOOPA), TIO 3aIaHHOMY HaOOpy CTAIlMOHAPHBIX TOYEK PEKOHCTPYHPO-
BaTh (DYHKIIMIO MOTEHIMAIBHON 3Hepruu (oOpaTHas 3a1a4a poOIeMbl BEIOOpa).

B noxrnasne n3nararorcsi UTOrM BEIYUCIUTEIFHOTO SKCIIEPUMEHTA 110 PEIIEHHIO TIPSIMOIA 3a/1a91 TIPOOIIEMBI BbI-
Oopa Ha TprMepe M3y4YeHHs: MOHOATOMHOTO KJIacTepa, COCTOSIIETO U3 OJMHAKOBBIX aroMoB. [Ipemaraercs dop-
MaJIi3M MOCTPOCHUSI BCEH IMHEHMKN MHOTOYACTUYHBIX BKJIAJIOB B (DYHKITMIO MOTEHIIMATBbHOM SHepruu. [lonpo6Ho
n3y4aeTcsl OMHApHBII MOTEHIIMAN, OLIEHUBAOTCS YMCIIO U XapaKTEP CTAlIMOHAPHBIX TOUYEK B 3aBUCUMOCTH OT YMC-
Jla YacTHIl B Kiactepe. BBomurcst kputepuil omIiyMs napsl KOHQUryparmil Kiaacrepa. YUCIeHHO M3y4YeH Takke
MHOTOYaCTHYHBIN MOTEHIMAJI MAaKCUMAJIbHON YaCTUYHOCTU. B ommume ot 6uHapHOrO (hopmara ONHMCcCaHus Kia-
crepa, Py KOTOPOM YHCIIO CTAIMOHAPHBIX TOUYEK OIPOMHOE, HO KOHEUHOE, B CITy4ae MHOTOYAaCTUYHOTO (hopmara
MaKCUMAJIbHOM YaCTUYHOCTH YHCIIO CTAIMOHAPHBIX TOYEK OECKOHEUHOE, 0oJiee TOro MOITHOCTH KOHTHHYYM. Ha
PHCYHKAX HIDKE MPUBEAEHBI 00pasibl YUCIEHHOTO Mepedopa CTAIMOHAPHBIX TOYEK B KJacTepax C Pa3iIndHbIM
yrcnoMm yactuil N. Ha mepBbIX Tpex pucyHKaXx, €ClIM CMOTPETh CJIeBa HAIPaBo MPUBEEHBI 00pa3iibl JOKaJIbHO PaB-
HOBECHBIX M CEIJIOBBIX KOH(HTIYpaIMii pH UCIIONB30BaHUM OMHApHOTO MoTeHIMaa. KpaitHe mpaBblii pucyHOK
JIEMOHCTPUPYET COBMECTHOE MO3UIIMOHUPOBAHUE JIOKAJILBHO PABHOBECHBIX M CEIUIOBBIX KOH(UTYpaIii B Cliydae
MCIIOTb30BAaHMS] MHOTOYACTHYHOTO TIOTEHIIMAIa MAKCUMAaTbHON YaCTHYHOCTH, TJI€ TOBEPXHOCTH chephl 0003HaYa-
€T MECTO JIOKaJIN3alluH JIOKATbHO PABHOBECHBIX KOH(DUTYpAITHIA.

[1] K.O. IInoxorankoB, OO OTHOM METOJE YHCIICHHOTO perieHus ypaBHeHust [lIpemmarepa// Maremarndeckoe MonmenupoBaHue, T.31,
Neg, ¢.61-78 (2019). [2] K.O. [TnoxotHHKOB, UKClIEHHBIH METOI PEKOHCTPYKLIMM CPEIHUX MO3ULIMI KBAaHTOBBIX YaCTHILL B MOJIEKYJISIPHOM
cucreme// Maremarudeckoe MonenupoBanue, T.32, No9, ¢.20-34 (2020). [3] K.E. Plokhotnikov, Modeling of Water Clusters by Numerical
Solution of the Schrédinger Equation// Physics of Wave Phenomena, vol.30, no.3, p.156-168 (2022). [4] K.E. Plokhotnikov, On the Set of
Solutions to the Schrodinger Equation as Illustrated with the Description of Water Clusters// Physics of Wave Phenomena, Vol.31, No.3, pp.
151-159 (2023).
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angelificher@gmail.com

B nanHoil pabote 00Cyk/1a10TCsl HECKOJIBKO OCHOBHBIX (DU3MUECKUX XapaKTEPUCTHK KIACTEPHBIX CUCTEM
1 CBSI3aHHBIX C HUMU IIPOLIECCOB B BOAHBIX PACTBOPAX — OT 00pa30BaHUs U BO3ZMOXXHOCTH CYLIECTBOBAHMSI Ta-
KHMX CHUCTEM B PacTBOpax BBICOKUX pa30aBieHMI 10 pelIeHUI ypaBHEHUIN COCTOSHUS OMHAPHBIX MPOLIECCOB,
MIPOUCXOJSAIINX B HUX.

Takue snemeHTapHble BHEIIHUE (PU3NUECKUE BO3/ICHCTBYS, KaKk MEXaHMUYECKOe (BCTPSAXUBAaHKE) WIIM MAarHUTHOE,
CIOCOOHBI HE TOJIBKO J1aTh BO3MOYKHOCTh MOJIEKYJISIPHOMY KHCIIOPOY BCTYIHTh B PEAKIMIO C MOJIEKYIaMH BOJIbI
3a cueT KBaHTOBOTO A dekra Kazumupa u 3¢heKToB, CBI3aHHBIX ¢ MPUHIIMIIOM HeomnpeaeaeHHocTu [ elizenoepra
[1], HO U CHATH 3ampeT Ha MePEeXo/l U3 OCHOBHOTO TPUILIETHOTO COCTOSIHUS KUCIOpO/Ja B BO30YKJIEHHOE CHHIJIET-
HOE [2]. DTO 0OCTOSTENBCTBO UMEET CIIOKHOE OOBSICHEHNE Ha YPOBHE KBAHTOBOM MEXAaHUKH U SKBUBAJICHTHOCTH
MEXIy BEKTOPaMU MarHUTHOW MHAYKIMU TOJISL U AUIOIBHOTO MOMEHTa, 00pa30BaHHOIO 3apsiiaMu MOJIEKYI, U
BEKTOpaMH MOMEHTA UMITYJIbCa U YIIIOBOM CKOpOCTH BUXpsI [2]. PerieHus nomy4yeHHOro ypaBHeHHs KojleOaHUi U3
CHCTEMbI UMITYJIbCHOTO ¥ MArHUTHOTO FaMUJIBTOHUAHOB TOKa3bIBAET, YTO KJIACTEpU3alMs YaCTUL] YBEJTMUUBACTCS
[2], To ecTh MexaHUYECKOE (BCTPSIXMBAHKE) I MArHUTHOE BO3JICHCTBUS Ha BOIY, HACBIIIICHHYIO MOJICKYJISIPHBIM
KHCJIOPOZIOM, IIPUBOAUT K 00Pa30BaHUIO B HEHl KIaCTEPHBIX cUCTeM. JIOTMUHO OKUIATh MOSIBIEHHE KJIACTEPHBIX
CHCTEM M B paCTBOPAx BBICOKHX pa30aBlIeHNH, NU3rOTaBIMBAEMbIX C IPUMEHEHUEM MEXaHUYECKOTO BO3AECHCTBUSI.

Cy1iecTBOBaHME KJIACTEPHBIX CHUCTEM B pAacTBOpaxX BBICOKMX pa30aBIIEHHI MOXET ObITh IMOKAa3aHO 4Ye-
pe3 TePMOAMHAMHUYECKYIO CBSI3b CUMMETPUU (POPMUPYIOIIUXCS CyNPaMOJIEKYISIPHBIX CTPYKTYp U MX Xa-
paktepuctuk [3]. [Ipenmnonaraercs, 4To B CHJIBHO pa30aBJICHHBIX PACTBOPAX BEIIECTB, M3TOTOBICHHBIX C
MIPUMEHEHUEM MEXaHWYeCKON 00paboTKH, CympaMojeKyspHas CTPYKTypa MOXKET 00pa30BaThCsl, HaIpH-
Mep, BOKpYT HaHOMy3bIpei. Takxke Takas CynpaMoJIEKyJIsIpHasi CTPYKTypa UMeeT crnelupuyecKyro aKTHB-
HOCTh — B COYETAaHWUU C UCXOJHBIM BEIIECTBOM CIIOCOOHO M3MEHSThH €ro 3P(GeKT Ha OpraHu3M. ITO MOXKET
OBITH O0YCJIOBIICHO Nepefadyeii CHMMETPHUH OT CYIIPaMOJIEKYJISIPHON CTPYKTYPhI K KJIETOYHOMY PELENnTOopY,
BCJICJICTBHE YETO M3MEHUTCS aKTUBHOCTH KJIeTOK. B pabore [3] onmucan WHBapUaHT TEPMOAMHAMHYECKOM
KOOPJIMHATHI CTALlHOHAPHOIO YHEPTETUYECKOTIO COCTOSIHUS, XapaKTEPU3YIOIIHNI CHMMETPHUIO U HETOCTHOCTh
CYyNpaMOJICKYJISIPHON CUCTEMBbI. DTOT HHBAPUAHT UMEET BAXKHBIN (DU3NUECKUM CMBIC, SIBJIIETCSI PA3HOCTHIO
MEXIY PHTPOIMUEN CI0KHOW CHCTEMbI M MOJIHON YHTPONUENH HEB3aUMOJICHCTBYIOIIUX MMOJCUCTEM, BXOJS-
X B 3TY CTPYKTYPY, MOXKET ONPEACIUTh METACTaOUIbHOE COCTOSHME JIFOOOH CynmpamoJeKyIsapHOil cu-
CTEMBI B pacTBOpax BHICOKHX pa3z0aBieHuil. Takum oOpa3om, 3(hPeKThl pacCTBOPOB BHICOKUX pa30aBICHUM
MOJIYYHJIM TEOPETHUECKOE 00OCHOBAHUE C TOYKU 3PEHUSI KBAHTOBON MEXaHUKHU U TEPMOAMHAMUKH.

Permienust ypaBHeHMIA COCTOSTHHSL OMHAPHBIX MPOIIECCOB arIOMEpaly U (hparMeHTalMy B KJIACTEPHBIX CUCTE-
Max CJIOXKHO MOJYYUTh OOBIYHBIMU aHAIMTUYECKUMHU MeTofaMu. Ha momols npuxoqur MareMaTriyeckas 3KBU-
BaJICHTHOCTh KHHETUYECKHUX U I'€0JIE3NUECKUX ypaBHEHUH [4]. [ eomeTpruecKue moaxoapl, IpPUMEHSIEMBbIE K IT1al-
KOMY N-MEepHOMY MHOToo0pa3uio ¢ ah(huHHOH CBA3bI0, Aat0T ahGUHHOE MPOCTPAHCTBO, TOCTPOSHHOE HA TAKOM
MHOroo0pasuu, cofieprKalliee KHHETUUECKUE YPaBHEHHSI B KAYECTBE Te0/Ie3NUECKIX, KOTOPbIE yKe UMEIOT TPUBHU-
aJbHbIE penieHus [4].

[1] Lyakhov, G. A., Man’ko, V. 1., & Shcherbakov, 1. A. (2022). Action of classical fields on quantum systems within the Schrodinger—
Robertson uncertainty relation. Physics of Wave Phenomena, 30(3), 169-173. [2] Lyakhov, G. A., Man’ko, V. 1., Suyazov, N. V.,
Shcherbakov, I. A., & Shermeneva, M. A. (2022). Physical mechanisms of activation of radical reactions in aqueous solutions under
mechanical and magnetic effect: Problem of singlet oxygen. Physics of Wave Phenomena, 30(3), 174-181. [3] Gorovoy, Y. (2022). The
Relationship between Symmetry and Specific Properties of Supramolecular Systems. Symmetry, 14(10), 2070. [4] Shapovalov, A. V.
(2023). On Equivalence between Kinetic Equations and Geodesic Equations in Spaces with Affine Connection. Symmetry, 15(4), 905.
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W3BecTHO, 4TO BBEACHNE B KPUCTAJUIM3ALIMOHHBIA PacTBOp psaa J00aBOK COJEH MIIM HEAIEKTPOIUTOB MO-
KET MPUBOJIUTEL K 3aMETHOMY YBEJIMYEHUIO CKOpOCTel pocTa rpaneil kpucramwios KH,PO, (KDP). Hccie-
JIOBAHHUIO CBSI3U KMHETUKH POCTA KPUCTAJIOB C MMIPATallMOHHBIMU XapaKTEPUCTUKAaMH MOHOB MJIM MOJIEKYII
npuUMecel MOCBsAIIeHa HacTosAIas padora.

I'maparanoHHbIE XapaKTEPUCTUKN pacCMaTpPUBAEMbIX MOHOB U MOJIEKY] M3ydaiauch metopom CBY-mu-
AIIBKOMETPUH B 00JIACTH MaKCUMyMa IMCTIIEPCHH BOJIBI Ha YacToTax 7-25 I'T'1 B IupoKoM HHTepBalie KOHIICH-
Tpaiui. beuto nokasano, uto B pactBopax KH,PO, cTpyKTypHO-KMHETHYECKUE CBONCTBA BOJIbI IPAKTUYECKH
HE M3MEHSIOTCS, MO3TOMY JIeHCTBHE 100aBOK MOXKET MPOSBIATHCS JOCTATOYHO OTYETIINBO [1].

Kpucramis KDP BblpammyBanuch B KHHETUYECKOM PEXXHUME POCTa B TEUEHUE CYTOK B KPUCTAJIIN3aTOpE 00b-
emoM li1. Temneparypa HacbleHust pactsopa 323K, otHocutensHoe nepecoiiienue 0,025. M3mepsnmch cko-
poctu pocta rpaneit {101} u {100} — R(Cno6.) B o6mactu kontentpanuii 1-107 - 1-10-* mons 106./mMoms KDP.

Bbruto mokaszaHo [2], 4To mpu BBEJACHUU B PACTBOP J00ABOK HEAIEKTPOIUTOB YBEIHMUEHHE CKOPOCTH PO-
cta rpaneit {101} kpucramioB KDP cBsizano ¢ ruapodunbHOM THapaTanueil MoJIeKyll 100aBoK (MOYeBUHA,
STHJICHIIIMKOJIb, MypaBbHHas Kuciota). Hamporus, npumecu ¢ runpodoOHON ruapaTanmeil (M30nponaHod,
JUMETUIIMOYEBHHA) CKOPOCTh POCTA CHUKAJIH.

Puc. 1 Puc. 2
Puc 1. Konyenmpayuonuvie 3a8ucumocmu epemeHu OUIeKmpuyeckoll penakcayuu 600HbIX pacmeopos
ouzuopogocpamos numus, kanua u yesus. Puc. 2. Omnocumenvhvle usmeHeHus ckopocmetl pocma pamei
(101) kpucmannoe KDP npu esedenuu 6 pacmeop 0obasox Li* u Cs*

Hccnenoanue TUApaTalMOHHBIX XapaKTEPUCTHK JIPYTOro Tuma 100aBok, a uMeHHo coned LiH PO, u
CsH, PO, nokasaino, 4ro noH Li" HMEIOIMIA CyNIECTBEHHO MEHBIIME PAa3MEPBI M, COOTBETCTBEHHO, O0JIee TH-
JpaTupoBaHHBIM, yeM HoH Cs', 3HAUUTENbHO CUJIbHEE CHUXKAET MOABUKHOCTH BOABI B pacTtBope (puc. 1).
CooTBeTCcTBEHHO, NpH BhIpaiiuBanuu kKpuctamioB KDP nabironaercs yBeinnueHHe CKOPOCTH POCTa IpaHei
{101} B cimyuae no6aBku Cs* n ymMeHbIIIEHHE IIPU BBEACHUH B pacTBop Li* (puc. 2).

[1] A. Lyashchenko, A.Lileev, Dielectric relaxation of water in hydration shells of ions, J. Chem. Eng. Data, 55, p. 2008-2016, (2010). [2]
E.Il. Edppemosa, T.M. Oxpumenko, A K. Jlsmenko, Bimsiaue 100aBOK HEANEKTPOIUTOB ¢ THAPO(GMIBLHOM U ruipooOHOI THparTaiyei
Ha poct kpuctauioB KDP u3 Bogubix pactBopoB, Kpucramnorpadus, Tom 64, Ned, ctp. 645-649, (2019).
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JIMTHUH SBISETCS PUPOJHBIM apOMAaTHYECKUM MOJIMMEPOM, KOTOPBIN MPEACTABISET HHTEPEC KaK BO300-
HOBJISIEMBIH pecypc Al CHHTEe3a (DEHOIBHBIX MPOIYKTOB, IIUPOKO UCTIONb3YEMbIX B OPTaHUYECKOM CHHTE3E,
a TaKKe JUIS MOJTy4YeHHUs] HOBBIX KOMITO3UTHBIX MaTeprasioB. HauanbHO# cTaaneil nepepaboTKU TUTHUHA SIBIISI-
eTcs ero aenonuMmepusanus. OMHUM U3 MEPCIIEKTUBHBIX HANIPABICHUN JETIOIMMEPU3aLUU IPUPOIHOTO JIUT-
HUHA SBJISIETCS €ro 00paboTKa BOAHOM WIIM OPraHO-BOIHOM cpeJie MPH MOBBIIICHHBIX TeMIIepaTypax U JlaBiie-
HUM. B pesynbrare mpoucxXoauT paspylieHHe MOJTUMEPHON MOJIEKYIIbl JIMTHUHA, U COCTABIISAIONINE €€ MOHO-
MEpBI ¥ OJIMTOMEPHI MEPEXOIAT B pacTBop. OOHaApYKEHO, UTO MOCieayomas 00paboTKa pacTBOPOB MO~
MEpPU30BaHHOTO JIMTHUHA TPY MOBBIIICHHBIX TEMIIEpaTypax MPUBOAUT KaK K JaJlbHEHIIEH nenonuMepu3anuu
JUTHUHA, TaK U K PEToIMMEepU3allii, COIIPOBOXKIAIOICHCS YKPYITHEHHEM YacTUIl B pacTBopax. [lockonbky
MIPOBE/ICHUE PEaKIUil B YCIOBHUSIX MMOBBIIICHHOW TEMIIEpaTyphl U JaBICHUS OCIOKHSCT MOIy4YeHUE IKCIIEPHU-
MEHTAJIbHBIX JAHHBIX, TO B LIEJSX €r0 MPAKTHYECKOTO UCIOIB30BAHUS JIUTHUHA IS TTOJTyYeHUs HH(POpMALUU
Ha MOJIEKYJISIPHOM YPOBHE O CTPYKTYpE pacTBOPOB, 00pa3yIOUINXCs IPU ACTIOTUMEPU3AIIIH JTUTHIHA, O POJIU
KOMIIOHEHTOB PacTBOpa B MpoOIeccax arperamuyd M JenoauMe-
pH3aIMy, O COJIbBATAIIMH JUTHOJIOB - CYIIECTBEHHO BO3PACcTaeT
POJIb MOJIEKYIISPHO-IUHAMHYECKOTO MOJICTTMPOBAHUSI.

B noxmane mpencraBiieHbl pe3ynbTaThl MOJICKYJISIPHO-AMHA-

MHYECKOTO MOJIETTUPOBAHUS CTPYKTYPBI BOJHO-3TAHOJIBHBIX pac-
TBOpOB JurHuHa rnpu 573K (puc.). B xauecTBe MOJIEKYI MOAEIIb-
HOTO PAaCTBOPEHHOTO BeLIeCTBa ObLT BBHIOpaH KOHM(EPHIOBBII
CIHPT B BUJEC MOHOMEPOB M paguKaibHBIX (opMm. CTpykTypa
pPacTBOPOB OXapaKTEpHU30BaHA C MOMOINBIO (YHKUUH panuanib-
HOTO pacrpeeneHus, MpoBeieHa OLEHKa BPEMEH JKU3HU BOO-
POAHBIX CBA3EH MEXAYy MOJIEKYIaMU BOJbI, 3TAHONA M PACTBO-
peHHBIM BemlecTBOM. llomydeHo, YTO 3TaHON CTAOUIM3UPYET
panukanbHble (OPMBI MOJIEKYJ, U B IPUCYTCTBUU PATUKAIBHBIX
¢dopM KOHM(EPUITOBOTO CIIUPTA arperamus ero MOJEKYJ MPOUC-
XonuT 6oee Y3PPEKTUBHO.



BOAHbIE PACTBOPbI B MATEPUAJTOBEAEHNA
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B nocnenHue rospl 3HaYUTENBHBIN MHTEPEC UCCIIEAOBATENIEN MPUBIIEKAIOT CUCTEMBl HA OCHOBE JKUIKUX
kpucramuioB (JKK) B mukpodmonansix ycrpoictax [1]. IlomoOHBIe ycTpoWcTBa, B YaCTHOCTH, 00JaIaOT
MOTEHLIMAJIOM CHCTEM KOJIOPUMETPUUECKOTO M3MEPEHHs] TeMIEpaTyphl [2], a Takke CEHCOPOB Pa3IMYHbIX
COCIMHEHHI OUOJIOTUYECKOTO MPOUCXOMKICHUS JUIsl pELISHUs 3a/1a4 MOJIECKYISPHOUN TIMarHOCTUKH [3].

B nacrodmieil pabote nmpoaHaaIu3upOBaHbl yCI0BUs (OPMHUPOBAHUS JUCIIEPCHBIX CUCTEM Ha OCHOBE HEMa-
TUYECKOTO >KHUJIKOTO KpucTtaa N-(4-mertokcuOeH3mnuieH)-4-0yrunanuwiuia (MBBA) u BomHBIX pacTBOpOB
nopetmicynbdara Hatpus (IJC) B mukpodmronanom kanane (Puc. 1). U3yueno Biustaue no6asok JIC Ha
OpPHEHTALMOHHBIE U ONTHYECKHE CBOKCTBA MUKpoKanelb /KK, ”MMOOMIN30BaHHBIX HAa CTEHKAaX MUKPOKaHaIa.

YCTaHOBJICHBI TUHAMUYECKUE TTapaMeTphl (Pacxoj BOJHOW M opraHuydeckoi ¢a3) u koHreHrpanuu [1AB,
COOTBETCTBYIOLINE YCTONUMBOW reHepanuu smynbeun JKK B MukpokaHane ¢ BO3MOKHOCTbIO UMMOOMIIN3a-
mun karnenb JKK Ha creHkax MukpokaHaia. Ha ocHoBaHuM pe3ynbraToB aHaim3a u3oOpaxennit kamenb KK
METOZIOM TOJISIPU3ALIMOHHON MUKPOCKOIHMH BBISIBJIEHO KOJIMYECTBEHHOE COOTHOIIEHHUE MEKY OpUEHTAIeH
MoJekyn Me3o(dassl Ha Tpanurie pasnena JKK-sonnas ¢asza, nodaskamu JI/IC 1 mepexonom oT miaHapHOU K
romeoTpornHoit opuentanuu moiekyn KK ¢ pocrom xonnentpanuu [TAB. [Tokazano, uto ontuueckue cBOM-
ctBa u3ydeHHbIX KK-cucreM B BonHbIX pacTBopax IIAB neMoOHCTpHpYIOT UyBCTBUTENBHOCTD 10 OTHOIIEHHUIO
K BBEJCHHOMY B MUKpPOKaHaJl pacTBOPY MOJIMAIEKTPOINUTA (MOJUIUAIITMIIMMETHIAMMOHUIN XJIOpU) KOH-
nenTpanueit ot 0,01 /.

BrrsiBIIeHHBIE 3aKOHOMEPHOCTH TPEACTABISIFOT UHTEPEC IS Pa3padOTKU MUKPO]IIOUIHBIX YCTPOICTB C
nHTerpupoBanHoy JKK-Marpunen kak CeHCOpOB KOMIIOHEHTOB KOJUIOWIHBIX CHCTEM.

Puc. 1. Cxema muxpoghniouonozo ycmpoiicmesa (a) u oucnepcus MBBA 6 6oonou cpede (6) u npu konyen-
mpayuu 000eyuicyropama nampus 3 MMOab/1 (8) u 6 Mmonv/a (2).

Paboma svinonnena npu gunancosoii noddepacke Munucmepcemea Hayku u 8bicuie2o 00pa306anus
PD Ne 075-01508-23-00 u coczaoanuss KOTH UL KasHL] PAH.
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