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TeopeTndeckoit OCHOBOW M3YYCHHS TEPMOIMHAMHKH MAaJIBIX CHCTEM SIBISIOTCS ypaBHeHUEe KebBuHA W pabOThI
I'm66ca. BriepBrie mpoBeieHO MPSAMOE COTIOCTABIICHHAE PE3yNbTaTOB TEPMOIMHAMUIECKHUX IIOCTPOCHHI C pe3yIbTaTaMH,
MTOJTyYCHHBIMHA COBPEMEHHBIMU METOJIaMH CTATHCTHYECKOW TePMOIUHAMUKH, KOTOPYIO OcCHOBaJ I n60cC.

B neknum maHoO W3NMOKEHHWE HOBBIX Pa3pabOTOK B CTATHCTHYECKOW TEPMOIMHAMHKE, KOTOPHIE OTBETHJIM Ha
caMble BaKHBIE BOIIPOCHI TI0 CTIeIN(UKE MaJIBIX CHCTEM — KOTJa HENb3sI MPUMEHATh YPaBHEHHS TEPMOTUHAMUKH.

OrpaHHYeHNUs CYIMIECTBYIOT MO CIEAYIONINM IpHU3HAKAM:

1) mo pa3mepy o0nacTv, B KOTOPBIX BaXKeH yueT (UIyKTyauuii, ¥, B YaCTHOCTH, KaKHe pa3Mephl 3JeMEHTapHBIX
00beMOB o0JacTel GUrypupyIoT B ypaBHEHHUSAX TEPMOIUHAMHUKH;

2) 1O CTENEeHU OJHOPOJHOCTH 00beMa BHYTPH (a3, U UTO Takoe MUHMMAIIBHBIM pa3mep (asbl, wim, 4em ¢asza
OTJIIMYAETCS OT MOJIEKYJISIPHBIX aCCOLMATOB;

3) mo croco0y ydera (akTopa KPUBU3HBI MCKPHUBICHHBIX T'PAHMIl Pa3Jieia, BKIOYAs BOMPOC O MPUMEHUMOCTH
ypaBHeHUs KebBHHa;

4) Mo cTemeHn HepaBHOBECHBIX OTKIIOHEHHWH, OMHMCHIBAEMBIX YPaBHCHUSMH HEPABHOBECHOH TEPMOAMHAMUKH, U
HACKOJIBKO 3TH OTKIIOHEHUS MaJbl, YTOOBI MOYKHO OBIJIO CUUTATh PEATbHBIM JOCTIDKCHIE PABHOBECHOTO COCTOSHUS.

Tarke TNpOaHATM3UPOBAHBI TMOHATHE «IIACCHUBHBIX Cmi» [uOOca ¥  KOPPEKTHOCTH  NPHMEHEHUS
TEPMOAWHAMHYCCKIX TOAXOMOB B KHHETHKE: WCIOJIh30BaHHE KOI((UIMIEHTa AaKTHBHOCTH AaKTHBHPOBAHHOTO
KOMILIEKCA.

SMALL SYSTEMS AND BASIS OF THERMODYNAMICS

Tovbin Yu. K.
Kurnakov Institute for General and Inorganic Chemistry, RAS, Moscow
Russian Federation State Scientific Center “Karpov Insitute for Physical Chemistry” Moscow
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PABPABOTKA METOJOB PACUETA ITIOBEAEHUA MATHUTHBIX HAHOYACTHII B OMII

Tutos C.B., Kaambikos 10.11., Kazapunos K./.
DOUPD mm.B.A KorensankoBa PAH, 141190, ®ps3uno, MockoBckas 0611, Poccns,
pashkin1212@yandex.ru, kalmykov@univ-perp.fr, kazarinov@ms.ire.rssi.ru

MarHnTHbIE HAHOYACTHIBI HAILIM MENbIH psAA NPUMEHCHMH B OWOMEIWIMHE, OTKPHIBAIOLIINX HOBBIC
BO3MOXKHOCTH JUIs TEpalMu W JUAarHOCTHKH psja TSDKENbIX 3a0osieBaHWil. [JIaBHBIM NpEeMMyIIECTBOM HaHOYACTHIL
SIBIISICTCS BO3MOXKHOCTb ITPUMEHEHHs HEMHBA3UBHBIX METOM0B U JalbHOAeHCTBUE. KOHKYpEHTHBIMY NpeuMyILecTBaMU
MarHUTHBIX HAaHOYACTHI], SIBJISETCS TO, YTO OHU MOTYT OBITh BH3YaJM3HPOBaHbI (IPM MAarHUTHOW pPE30HAHCHOMN
ToMOrpadun), HarpaBJIeHb! U yIepiKaHbI B ONIPEAEICHHOM MECTE C IOMOIIBI0 MArHUTHOTO TIOJIS, HAarPEeThl B MArHUTHOM
oJie I MHULMAIINY MeXaHU3Ma BBIITYCKa JIEKapCcTBa MM TS OCYIIECTBICHUS THIIEPTEPMUM TKaHEH.

Pa3paboTana mMeTroauka pacdera HEIHMHEHHOTO CTAalMOHAPHOTO OTKJIMKA HAa BO3JCHCTBHE NEPEMEHHBIM IOJIEM
MIPOM3BOJIFHOIN BEJIMYUHBI M OPHEHTALMH CUCTEMBI anmu@eppomazHumuelx nanouacmuy. Teopust HMOCTpOCHa Ha
UCTIONIb30BAaHMM  MOJICNIM  HETpepbiBHOM anddysun  bpayna. OmnpeneneHel 3aBHCHMOCTH  IUIOIAJW  HETIH
JTMHAMHYECKOTO THCTepe3uca CHUCTEMbl AaHTH()EPPOMArHUTHBIX YacTHIl OT TEMIIEPaTypbl CHCTEMBI, YacTOTEHI,
aMIUTATY/Bl 1 OPUEHTAlMK MarHuTHOTO nois. ITokasaHo, 4To GopMa M IUIOIAab NMETIN CYIIECTBEHHO MEHSIOTCS MpU
HaJIOXKEHUH BHELTHETO MOCTOSTHHOTO MarHUTHOTO TOJISI, YTO MO3BOJISIET PEryJIMPOBaTh YHEPTHIO, TOTIIOMACMYO TAaKUMHU
HaHouacTuramu [1].

B pesynprare MpoBEeNEHHBIX UCCICAOBAHMN MOJNydYeHbl aHajIuTHYeckue (OpMynsl Ui yacmom
geppomacnumneix pesonancos (PMP) HaHOYacTHI C Pa3MMYHBIMKM THUIAMHU JIOKAIBHONH MarHUTHON aHHM30TPOIHH.
Pe3ynbTaThl coriacyroTcs ¢ M3BECTHBIMH OLIEHKAaMH, OCHOBAHHBIMH Ha MapaboNMYecKoM MPHUOIMKCHUH JIOKaIbHBIX
AQHU30TPOIHBIX MOTEHLHAJIOB, HO TAKXKe MO3BOJISIOT BEIYUCIIATE yacToTel @PMP, xorna mapabonanyeckoe npuOIMmKeHne
HEBO3MOXHO ([TOTEHIIMAIBHbBIN MUHIMYM 00J1aaeT popmoii 6osiee BricoOkoro nopsiaka). [IpoeMoHCTpHPOBaHO MOTHOE
corylacue MOJyYeHHBIX BBIPAXECHUH C pe3yIbTaTaMU CTPOTOTO PEIICHHs MarHUTHOTO ypaBHEHUs JlamkeBeHa METOJIOM
HETPEPBIBHBIX MATPHYHBIX ApoOeii[2]. AHamuTrdeckne Gopmybl At 9actor @MP Hcnonp3yroTes IPH ONTUMH3AINAN
TEIUIOBBIX 3((EKTOB B CHCTEMax MAarHUTHBIX HaHodacTull. IIpemoskeHHbIE BBIPAKEHUS Takke HECOMHEHHO OyIyT
TIOJIE3HBI ISl THTEPIIPETALNH SKCTIEPUMEHTAIBHBIX JaHHBIX BHINOJIHAEMBIX 10 JAHHOW TeMaTHKE.

DEVELOPMENT OF METHODS OF CALCULATING THE BEHAVIOR OF MAGNETIC
NANOPARTICLES IN EMF

Titov S.V., KalmykovYu.P., Kazarinov K.D.
Kotelnikov Institute of Radio Engineering and Electronics (Fryasino branch), RAS, Moscow reg., Russia

The nonlinear ac stationary response of antiferromagnetic nanoparticles subjected to both external ac and dc
fields of arbitrary strength and orientation is investigated using Brown’s continuous diffusion model. The nonlinear
complex susceptibility and dynamic magnetic hysteresis (DMH) loops of an individual antiferromagnetic nanoparticle
are evaluated and compared with the linear regime for extensive ranges of the anisotropy, the ac and dc magnetic fields,
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damping,and the specific antiferromagnetic parameter. It is shown that the shape and area of the DMH loops of
antiferromagnetic particles is substantially altered by applying a dc field that permits tuning of the specific magnetic
power loss in the nanoparticles [1].

Analytical formulas for the ferromagnetic resonance (FMR) frequency of nanomagnets are obtained. The method
is illustrated by determining the FMR frequency for nanomagnets with different kinds of anisotropy subjected to a
uniform external field [2]. The results agree with exact numerical calculations from the magnetic Langevin equation
obtained via matrix continued fractions. Analytical formulas for FMR frequencies are used in the optimization of
thermal effects in systems of magnetic nanoparticles. The proposed expressions will also undoubtedly be useful for
interpreting experimental data.
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1. Kalmykov Yu. P., Ouari B., Titov S.V. Nonlinear stationary ac response and dynamic magnetic hysteresis of
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N3MEHEHHUE AKTUBHOCTH I'EHOB IMI'MEHTHOT O 3IIMTEJIUA CETYHATKH IIOCJIE
OBJIYYEHUSA CHHUM CBETOM

®axpanyposa JL.H.
OI'BYH MHcTuTYT TeopeTHyecKoi U sKcniepuMenTaibHoi onodusuku PAH, ITynmno, Pocenst
LFakhranurova@gmail.com

CylIecTBEHHYIO pOJb B MAaTOTEHE3e MHOTUX JUCTPO(PHUYECKUX IMPOLECCOB B CETYATKE OKA3bIBAET DKCIIO3HMLIUS
COJTHEYHBIX Jy4el. B 4yacTHOCTH, KaK MOKA3bIBAKOT MHOTOYHCIICHHBIC MCCICIOBAHUS B Pa3BUTUH TAKOTO 3a00JICBAHUS
Kak, BO3pacTHas MakyispHas pereHeparus (BMJI). BM/] mpuBogur K HEOOpaTHMOMY IPOTPECCHPYIOUMIEMY
MOpa’KEHHUIO KJIETOK B IIEHTPAIBbHON (POTOAKTHUBHOM 30HBI CETIATKH M HAaNOO0JIee YacTO BRI3BIBACT MTOTEPIO 3PEHUS Cpenn
HaCeJICHUs Pa3BUTHIX CTpaH Mupa. Hamm maHHBIE TOBOPSAT O TOM, YTO HAMOONBIINH Bpen IS KICTOK IMUTMEHTHOTO
SIUTENHS CETYATKA HAaHOCHUT CBET B CHHEH JacTH CIeKTpa. [INrMEeHTHBIN SIHUTEIHH BRITIOIHIET OTPOMHOE KOJIHMYECTBO
¢yakunit. AucyHKIMS WM pa3BUBAIOIIAECS TUCTPO(HUIECKHe MPOLIECCH B IMMATMEHTHOM SIUTEIHH B IIOCIIEACTBHE
MOTYT TIPUBECTH K TKEIBIM pe3yibTaTaM. B HacTosmeld paboTe HCClemnoBalach TPAHCKPHUIIIIMOHHAS aKTHBHOCTH
T€HOB, BOBJIEYEHHBIX B META0O0JIM3M MUTMEHTHOTO AIIUTENMUS CETUYATKU, TIOJ] AeWCTBUEM OOyUeHUs! CHHIM CBETOM.

Haubonpiime u3MeHEHUS TPAHCKPUINIMOHHOW aKTUBHOCTHU HCCIENYEMBIX T€HOB B KIJIETKAaX MUTMEHTHOTO
SMUTENNs HaOII0AAJCS MMOCJe UX 00JyueHHUs: CBeTOM B TeueHue 10 MUH, 0COOEHHO T'€HOB - MapKEePOB OKUCIUTEIHLHOTO
cTpecca U TeHOB-MapKepoB Hekpo3a. Tak uepe3 uac mocie oOiyueHus yBenuuuBajiack KoHueHrpauus MPHK renos,
BOBJICUEHHBIX B pa3BuTue okuciurensHoro crpecca GPX2, CYBB, DUOXI1, DUOX2, NOX5 u HMOXI1. Takxe
HaOIoMaMy yBEIMYCHHE JKCIPECCHH T'eH-MapkepoB Hekposa - FOXI1 m RAB25. Ecnu mocMoTpeTh Ha ITUHAMHUKY
pa3BUTHs OTBETa Ha CHHHI CBET, TO MBI HAOIIOANN CHIDKEHHE aKTHBHOCTH MapKEpOB KICTOYHOM THOENH, OTHAKO,
MapKephl OKUCIUTEIBHOTO CTPpecca OKa3bIBAIICH MTOBHIIICHHBIMH U Ha TPETHHU CYTKH Iociie oomydenns. Hampumep, ams
reaoB GPXS5, PTGS1 u APOE nabmomancs IOCTOSHHBIN OBEIMICHHBIH YPOBeHb TpaHCKpunuu. HTEepecHo, 4To Ha 3
CYTKH TIPOMCXOIMIIO yBenndeHne koHneHTrparmuu MPHK ms Oonpmioro xoimdecTBa reHOB, BOBICUCHHBIX B Pa3BUTHE
OKUCIIMTENBHOTO cTpecca, B yactHoctH Uit reHoB GPX2, GSTP1, DUOX2, PTGS1, APOE, MT3, SOD3, ALOX12,
NOX4, UCP2, BNIP3, DHCR24, HSPA1A, SIRT2, HSP90AAL, POLRMT, TFAM.

HccnenoBanue BBIIOJTHEHO MPH (UHAHCOBON mojnepkke PODU u mpaBurenbcTBa MOCKOBCKOW 00JacTH B
pamkax Hay4HOTO mpoekTa Ne 17-44-500740 u rpanTta IIpesunenra MK-1880.2017.7.

CHANGE OF ACTIVITY OF GENES OF RETINA PIGMENT EPITHELIUM OF THE AFTER
IRRADIATION BY BLUE LIGHT

Fakhranurova LI
FGBUN Institute of Theoretical and Experimental Biophysics RAS, Pushchino, Russia LFakhranurova@gmail.com

AMD leads to irreversible progressive cell damage in the central retina zone and most often causes loss of vision among
the population of the developed countries of the world. In the present work, the transcriptional activity of genes
involved in the metabolism of retinal pigment epithelium under the influence of blue light irradiation was studied. The
greatest changes in the transcriptional activity of the investigated genes in the cells of the pigment epithelium were
observed after their irradiation with light for 10 min, especially the genes-markers of oxidative stress and genes-markers
of necrosis. So an hour after irradiation, the concentration of mMRNA of genes involved in the development of oxidative
stress of GPX2, CYBB, DUOX1, DUOX2, NOX5 and HMOX1 increased. An increase in the expression of the gene-
markers of necrosis - FOXI1 and RAB25 - was also observed. If we look at the dynamics of the response to blue light,
we observed a decrease in the activity of the cell death markers, however, the markers of oxidative stress appeared to be
elevated on the third day after irradiation. For example, for the genes GPX5, PTGS1 and APOE, a constant elevated
level of transcription was observed. Interestingly, on the 3rd day, the mRNA concentration increased for a large number
of genes involved in the development of oxidative stress, in particular for the genes GPX2, GSTP1, DUOX2, PTGS1,
APOE, MT3, SOD3, ALOX12, NOX4, UCP2, BNIP3, DHCR24, HSPA1A , SIRT2, HSP90OAAL, POLRMT, TFAM.
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