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Anekmpuuecku UHOYYUPOBAHHBLIL OPUCHMAUUOHHBLIL NEPexoo 6
Xoaecmepuueckux Kanaax ¢ 3aKpyueHnou paouaibHoll KoHguzypayuei

Aboynnaes Abwineasvr Cabupanruesuy
HUnemumym ¢uzuxu um. JI. B. Kupenckoeo @UIL] KHI] CO PAH
Hnemumym unoiceneprotl ¢ouzuku u paouosiekmporuxu, COY

Nzyuenne xuakux kpuctamwioB (OKK) B 3aMKHYTBIX TOJIOCTSX MPEACTABISIOT OOIBIION
UHTEpEC B MOCIEIHEE ASCATHIIETHE. JTO CBA3aHO KakK ¢ (pyHJaMEHTaIbHON TOUKU 3pPEHHUs, TaK U C
MPaKTUYECKUMHU MPUIIOKEHUSIMU B TeXHUKE [ 1]. OmHUM 13 OypHBIX HaINlpaBiICHUH B IMTOCIICIHHUE TOJIbI
SIBIISIETCS.  MCCJICIOBAaHUE Kamelb XOJeCcTepudecknx KuAkux KpuctamwioB (XXKK). XIKK
XapaKTepU3yeTcsl TeMUKOUIAIBHON CTPYKTYpO# pacrpezeneHus mojisi JUPEeKTopa ¢ cOOCTBEHHBIM
I1aroM CIIMpaJiv po, HA KOTOPOM JUPEKTOP MOBOpAaYMBaETCsl Ha yroa 2. @opMupoBaHHUE CTPYKTYD B
OTPaHUYMBAOIINX MOJOCTIX 3aBUCUT OT IPAHUYHBIX YCIOBUN M COOTHOLIEHUS pa3Mepa 3aHMMaeMOn
nojoctd X)KK 1 coOCTBEHHOrO Imara Crupaiu, XapakTepU3yeMOro OTHOCHTEIbHBIM XHPaTbHBIM
napametrpoM No = d/po. Tononorndyeckue, onTUYECKUE, ONTOMEXAHUYEKHE XapaKTEPUCTUKHU Karellb
XXKK 3aBucat ot (opMHUpYIOIIEHCS OpPUEHTALMOHHON CTPYKTYpPBHI, KOTOPOH MOXKHO YIPaBIATH
BHEIIHUMH BO3JeHCTBUAMH. [lo3TOMYy HccnenoBaHue MOBENEHUS CTPYKTYPHO-OPHEHTALMOHHBIX
nepexonoB B Kamnsax XOKK mnpu NpuinokeHHMM BHEIIHETO 3JIEKTPUYECKOrO TOJs  SABISETCS

AKTYaJIbHBIM.
(a) 5 1sr(h)
(] i
. 508
o |
CEngad
5ol
= ) I
::: ] -
a
- 2 25 3 35 4

Puc. 1. Jllea cyenapus nepexooa (a) u eeposmuocms mpancgopmayuii no smum cyenapusim (b).

B pabore wuccnemoBancs XJKK Ha ocHoBe Hematmka E7 (Merck), mommpoBaHHOTO
XO0JIECTEPUIIOBBIM 3(UpOM YKCycHOU KHCIOTHI (X3) (Sigma Aldrich). PaccmarpuBanu kamim c
OTHOCUTEIIbHBIM XHUPAJIbHBIM TapamerpoM No B aumamasone oT 2 no 4. [lpu Takux yclmoBHsX
(bOPMHPYIOTCS KAl ¢ OCECUMMETPUIHON 3aKpYUEHHOH paguaibHOM KOH(HUTYparue TupeKTopa.
[Tox neiicTBHEM AIEKTPUYECKOTO TOJISI 3aKpYUYCHHAS pafinaibHas CTPYKTypa TpaHCcHOpMHUpPYETCs B
akcHaibHyt0 KoHpurypamuio [2]. Ilpm 3ToM eciu HCXOZHO OCh CHMMETPUH CTPYKTYPBI
OpPUEHTUPOBAHA BJIOJIb MIPHUKIIAILIBAEMOTO MO, TO HAOIIOAI0TCS 1B CIIEHApUs TpaHCHOPMAIIUU:
1) ochb cUMMETpUHN OCTaeTcs MapajyieIbHON HAMpPaBJICHUIO MOJS U 2) OCh CUMMETPUU CTPYKTYPBI
OpUEHTHUPYETCS TEePHeHIUKYISIpHO mMomo (pucyHok la). IIpoBeneHHBIN aHann3 HAOIIOTaEMbIX
MEPEeX0JI0B MOKa3zaj, 4TO B CpPEAHEM Joyid TpaHchopMaluil Kareiab MO IEpPBOMY CIEHApHUIO
coctaBisieT 86 % (pucyHok 1b), 4TO HaXOIUTCS B XOPOIIEM COTJIACHU C Pe3yJIbTaTaMH YHCIEHHOTO
MOJIETUPOBAHUSI.

HccnmenoBanne BRITOTHEHO 3a cdeT rpadTa Poccuiickoro Hayunoro ¢oraa (mpoekt No 20-72-10038).
PyxoBonurens Kpaxanés M. H.

[1] M. H. Saeed, S. Zhang, Y. Cao, L. Zhou, J. Hu, I. Muhammad, J. Xiao, L. Zhang, H. Yang,
Molecules V.25, PP.5510 (2020);

[2] A. P. Gardymova, M. N. Krakhalev, V. Ya. Zyryanov, A. A. Gruzdenko, A. A. Alekseev, V. Yu.
Rudyak, Polymers V.13(5), PP.732 (2021).
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Cunmes u xapakmepulauui InUMmMaKCuUa/1bHblX MOHKUX NJ1EHOK Mn;sGes na
nOO0N0JCKe Kpeémnusn

bonoapes Muxaun Anexcanoposuu
Hnemumym ¢huzuxu um. JI.B. Kupenckoeo, ®UL] KHI] CO PAH

deppoMarHuTHeIE TOHKOIUIEHOYHBIE MnS5Ge3 00pasipl  SBISIOTCS  TEPCIIEKTUBHBIMU
MaTepuajaMu JJIsi NPUMEHEHUS B CHUHTPOHUKE H3-32 BBICOKOM CHMHOBOM MOJSApU3ALUU U
temnepatypsl Kiopu 7c =296 K.

AKTyaJbHOCTh HCCIIEJOBAHHUS T'€pPMAHUIOB MapraHila Ha KpPEMHHUEBOH IOJIOKKE
MOJATBEPXKJIAETCS TEM, YTO MHOXECTBO pabOT MO TOHKUM IIieHKaM MnsGes BBIMOJIHEHO Ha
MOJTYTIPOBOTHUKOBEIX Mmoanokkax Ge [1], amurakucanbHbix OydepHbix ciosx Ge [2], a Takxke Ha
GaAs(111) [3]. CunTe3 deppoMarHUTHBIX T€PMaHUIOB MapraHila Ha KPEMHHUHM paHee HE ObLI
IIPOJEMOHCTPUPOBAH.

Hccnenyemast cTpykTypa Obljla CHHTE3UPOBaHA METOJIOM MOJIEKYJISIPHO-TYyYEBOM SMUTAKCUH
Ha nojnoxke Si(111) mpu temneparype T = 390 °C u gasienuu 6,5 x 107 ITa. Ha DITP ®ypre-
cnektpomerpe Bruker Elexsys E580 Obuti cHATHI criekTpbl (heppomarauTHOro pe3onanca (PMP) B
nuarnaszone temmepatyp ot 110 K no 330 K. Jlns o6pasua nabmogaercs Tpu auaun @MP kotopsbie
npelcTaBieHbl Ha pucyHke 1 (a). M3 skcreprMeHTaIbHBIX JaHHBIX OIpeAeTeHbl MapaMeTpbl
PE30HAHCHBIX JIMHUI, IO KOTOPHIM ObljIa IOCTPOEHA TeMIEepaTypHas 3aBUCUMOCTb PE30HAHCHOTO
OJIS.

ITpu temneparype Bbime 300 K oOpasenr HaxoauTcs B MapaMarHUTHOM COCTOSIHUH, TPU
KOTOPOM HET SIBHOI 3aBHCHMOCTH PE30HAHCHOTO MoJig OT TeMmeparypbl (iuHus 1). Huxe Touku
¢azoBoro nepexoaa napaMarHeTUK-GpeppoMarHeTHK JMHUS MOTJIOIIEHUs pa3ouBaercsa Ha aBe. [lo
Mepe MOHM)KEHUS TEeMIIepaTypbl Y JUHUHM 2 PE30HAHCHOE IOJe IMOBBIMIAETCS, a y JUHUH 1 —
YMEHBIIAeTCsl. DTO MOXKET CBUAETEILCTBOBATH O TOM, YTO B 00paslie MPUCYTCTBYET aHU30TPOIHUS
THUIIA «JIETKasi OCh», MEePIEeHIUKYISIPHAs IUIOCKOCTH MJICHKH.

a b >
1504~ Th 5 L
T=111K | . % _Libn
- Va ™
s y [ ‘Y,
. I B - -‘
&0 | &
£ .' S « :
= A i
o fim - S P & ) i -
= - - L = "
= I &
1 & &
R |I - - . "
LA
' | T — = - - - - - S
104014 . ' . ' ' . 1643 150 20 Fe b LB ot
1] 2k dk 4k [, i
Feeld, Ge

Puc.1 a) Cnexmp noznowenus MnsGes npu memnepamype T=111 K, b) 3asucumocms pe3onancrho2o nos
om memnepamypul.

JlanHast paboTa BBITIOJTHEHA HAYYHBIM KOJUICKTHBOM, B COCTaB KOTOPOTO, KpOME JIOKJIa4nKa, BXoAsT: M. B.
Payukuii, 1. A. Sxosnes, A. C. Tapacos.

JIureparypa:
[1] A. Spiesser, et. al., Physical Review B V.84, PP.165203 (2011).
[2] S. Bechler, et. al., Semicondactor Science and Technology, V.33, PP.095008 (2018).

[3] Dung, et al., Journal of Applied Physics, V.114, PP.073906 (2013).
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Yanoewie 3a6ucumocmu ROJIAPU3ZOBAHHBIX CREKMPOB KPC mMemailoop2anudecKux
Kapkacoe

Lonosxkuna Enena Bauecragosna
Cubupcxuii Dedepanvhviii YHusepcumem
Hnemumym ¢huzuxu um. JI.B. Kupenckoeo, ®UL] KHI] CO PAH

J71g n3y4eHuss HEOPUEHTUPOBAHHBIX KPUCTAUIMYECKUX BEUIECTB MOSBUIACH HEOOXOIUMOCTD
pa3paboTKU METOIMKH U3MEPEHHS CIIEKTPOB MUKPOKPUCTAIUIOB. HecMOTps Ha TO, YTO B MPHUPOJIE U
B IIpOIlECCe pPOCTa KPHUCTAUIbl KMMEIOT YETKO BBIPAXEHHYIO OrpaHKy, UX TIpaHd He Bcerjaa
pacrmionaraioTcs BIOJb KpUcTamutorpaduyeckux oceid. Ilo sTol mpuumHe, a Takxe H3-3a MaJbIX
pa3MepoB KpPHUCTANIOB, MPABUIBLHO PACMHOJOXKUTh KPUCTAIUT ISl M3MEPEHUs MOJISPU30BaHHBIX
CTIIEKTPOB CTAaHOBUTCS 3aTPyIHUTEIBHBIM. B maHHON MeTOAMKe cTaio ObI BO3MOXHBIM OIpECICHHE
YTJIOBBIX 3aBUCUMOCTEHN CIEKTPOB, a TAK)KE BBISIBIICHUE NTOBEICHUS JIMHUA U CUMMETPUU KOJIeOaHH
MOJIEKYJ KPUCTAIIJIOB.

MertannoopraHudyeckie KapKachl TMPEJCTaBISIOT Cco00M  KpUCTAIIIMYECKHE TBEp/ble
BEIIIECTBA, B KOTOPBIX aTOMBI METaJIJIa UJIM OKCHJIA METaJlIa COSIMHEHBI OPraHMYECKUMHU JIMHKEPaMU
1 00pa3yloT KPUCTALIMYECKYIO PelIeTKy. MeTamuioopraHnyeckue KapKachl MPUOOpenn OOJBIIoN
UHTEpEeC M3-32 UX BBICOKOW IMOPUCTOCTH, OOJIBIION IJIOMIAJ MOBEPXHOCTH U XapaKTEPUCTHK
norsiouieHus. Haauaue mop mo3BosisieT UCMOIb30BaTh UX IJIs CENEKTUBHOM abcopouun. HekoTopsie
U3 TaKUX BEIIECTB SIBJIAIOTCSA IEPECTpaBAEMbIMH, YTO O3HAYAET, YTO HECKOJBKO CTaOMIIBHBIX
KPUCTAJUTMYECKUX CTPYKTYP MOTYT OBITh TIOJYYE€HBI TyTeM aObCOpOIHH 1 1eCOpOIIUH.

Kpucrannel MeTammoopraHn4eckux KapkacoB MMerT pazMep MeHee (0.1 MM U HE MMEIOT
MPAaBWJIBHON OTpaHKu BIOJIb KpHcTajuiorpaduuyeckux oceid. I[loaToMy s M3MepeHHs] CHEKTPOB
KOMOWHAIIMOHHOTO DPACCEesIHUSI CBETa HEOPHEHTHUPOBAHHBIX KPHUCTAUIOB METAITIOOPTaHUYECKHX
KapKkacoB Oblla MCHOJb30BaHA pa3pabOTaHHAs METOAMKA H3MEPEHHUS YTIJIOBBIX 3aBUCHMOCTEN
CHeKTpoB. /Jlnsg mpoBeneHHs aBTOMATU3MPOBAHHOIO SKCIEPUMEHTa OblIa CKOHCTPYHpPOBAaHA
npuctaBka ansi KP-criekrpomerpa, mojkitodaemas K ynpasisionieMy KoMmmeiorepy. B pesynbrare
NEPUOIMYECKOTO BpAIICHUsI KPUCTAIJIa U U3MEPEHUsI COOTBETCTBYIOIIUX JAHHOMY YTIIy CIIEKTPOB
OBUIM TIOCTPOEHBI YIJIOBbIE 3aBUCUMOCTU CIIEKTPOB, aHAJINW3 KOTOPBIX JaeT pachpe/elieHne
MaKCHUMYMOB JIMHUU CIIEKTpa 10 yIiaMm.

B paGore mnpoBemeHo wucclenoBaHWe MeTayuioopraHudeckux kapkacoB DUT-8(Ni),
CHUHTE3MPOBAHHBIX B JIpe3ZeHCKOM TeXHHYeCKOM YyHuBepcuTere. ComocTaBisisi pe3yibTaThl ¢
MOJIEJIbHBIMU ~ pacdyeTaMM, TPEICTABIAETCS BO3MOXKHOCTh PACIO3HATh TPYIIy CHMMETPUU
KOJICOAHUH KpUCTaUIa, a TaKXX€ BBICHUTH OTIIMYMTEIbHbIC MPU3HAKU CHEKTPa pa3iuyHbIX (a3
METaJIJIOOPraHUYECKUX KapKacoB.

HccnmenoBanue BHITTOTHEHO TIpH (PHHAHCOBO# moaepxke PODOH n Hemenkoro HayqHO-HUCCIET0BATEIHLCKOTO
coobmiectBa B pamkax HaydHoro mpoekta Ne 21-52-12018. [lannas paOoTa BBINONHEHa HAyYHBIM
KOJUIEKTUBOM, B COCTaB KOTOPOTO, KpoMe Joknanuuka, Bxoaat: A.H. Briopun, A.C. Kpsuios, C.H. Kpsuiosa.
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Opuenmauuouuue CmMpPpyKmypsbl HemamuKa ¢ KOHUYeCKUM CUenjienuem npu
PA3IUUHbIX )2/ldX HAK/IOHA, 3a0a8aemvix cmecamu nojiumemujiaKpuiamos

Kocmuxoe Jlenuc Anopeesuu
Hnemumym ¢uzuxu um. JI.B. Kupenckoeo, ®UL] KHI] CO PAH
Hncmumym unoiceneproti pusuxu u paouosekmpouuxu, COY

Kunkue xkpucramipl (JKK) 3a cuer cBoeil yHUKATbHON CTPYKTYpPhl U HEOOBIYHBIX CBONCTB
3aHsUIM OOJNIBIIYI0 HUINY B ONTHYECKOW TEXHUKE. B 3aBUCMMOCTH OT OpPUEHTAIUU IUPEKTOpa
(BeKTOpa, KOTOPBIM XapaKTepu3yeT MPEUMYILIECTBEHHOE IMOJOKEHUE [UIMHHBIX OCEeH MOJIEKYJ)
u3MenstoTest cBoiictBa JKK, B 0COOCHHOCTH, 3NEKTpUYECKHE M ONTHYEeCKHe. B cBOIO ouepensb,
OpUEHTAIIMOHHAsl CTPYKTypa AMPEKTOpa OINpeAeNseTcss OpHUeHTaluel AUPEeKTopa Ha TpaHHUIaX
suelKku (TpaHUYHBIC YCJIOBHS), KOTOpas XapakKTepu3yeTcs YIJIoM HakjioHa. [LlmaHapHble u
TOMEOTPOIHbIE TPAaHUYHbBIE YCIIOBUS COOTBETCTBYIOT yIjaM HAaKJIOHa TUPEKTOpa 6o mmanap = 0° H
Qo,romeorpon = 90°, COOTBETCTBEHHO. DneKkTpoonTuueckue cBoiictBa Takux KK sdeek yxke Xoporro
uccienoBanbl. OTIMYHBIE OT HUX TPAaHUYHBIE YCJIOBMSI HA3bIBAIOTCS KOHMYECKUMHM, BapUallus
KOTOPBIX CIIOCOOHA MPUBECTH 3aauy MOTydeHHs] HeoOXxoanumbIx mapameTpoB JKK cuctemsl k 6onee
TOYHOMY W/WJIM IPOCTOMY PELIECHUIO, UTO JIETAeT UX U3yUEHUE aKTyaJbHbIM.

B pabotre wuccnemoBamuck XK sueiiku Ha ocHoBe Hematuka JIH-396, moxazarenn
MpeIoMIIEHUs KOTOporo ne = 1,716, no = 1,52 [1]. Ha HmXkHel MoanoXKe MmiIaHapHble TPaHUYHbBIC
yCIJIOBUS 33JlaBajICh HATEPTOW IMJIEHKOM noiuBuHMWIOBOro cnupra (IIBC), Ha BepxHEN NOIIOKKE
KOHUYECKHE I'paHWYHbIE YCJIOBUA oOecneuMBalivch Onarogaps mogoOpaHHOW CMecCH MOJIMMEPOB
nonuuzo0ytunmerakpunara ([lubMA) u nomumermnmerakpmiata (IIMMA). Yruel HakioHa
OTIpEeAeIISIINCH MOCPECTBOM U3MEPEHHSI 3aBUCUMOCTH (Pa30BOM 3a1€pKKU MEXKAY OOBIKHOBEHHBIM U
HEOOBIKHOBEHHBIM JIy4aMU OT YIJIa maaeHus u3nydenus [2, 3]. Bapuauus cocraBa [luBMA : TIMMA
MO3BOJIMJIA HaM TIOJYYUTh pas3iM4HBIC YIJIbl HakioHa aupekropa (puc. 1a) [4]. Jns pa3audHbIX YIiIoB
HAKJIOHA JUPEKTOpa WCCIEAOBAaHbl (OPMUPYIOIIUECS OPUEHTAIIMOHHBIE CTPYKTYpPHl B CJIOE
HEMAaTHKa, a TAK)Ke UX OTKJIMK Ha MPUIOKEHHOE dJIEKTPUIECKOe TOJI€.

(a)

Cogrmsiisiiing [THEMA | TTMMA i
Puc.1 3asucumocms yena naxnona oupekmopa om coomuouterust [lubMA:TIMMA 6 opuenmupyroueti
nienke noaumepa (a), 0omeHnnas cmenka 8 auetixke ¢ ecodvim coomuoutenuem IHubMA : [IMMA = 80 : 20

(b).

Pabora BemonHeHna mpu mommepkke PODU, IlpaBurennctBa Kpachosipckoro kpas u KpacHospckoro
KkpaeBoro ¢onna Hayku (rpant No 20-42-240007). Pykosoautens Kpaxanés M. H.

JIureparypa:
[1] V.S. Sutormin et al, Optical Materials Express V.11(5), PP.1527 (2021).
[2] S.Y. Wang, H.M. Wu and K.H. Yang, Applied Optics V.52(21), PP.5106 (2013).
[3] M. Knieman, O.1. JIaBpertoBrd, OCHOBBI (U3HKH YACTUIHO YIOPSIOYCHHBIX cpell, DU3MATIUT,
2007.
[4] D.A. Kostikov, M.N. Krakhalev, O.O. Prishchepa and V.Y. Zyryanov, Polymers V.13, PP.2993
(2021).
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Cnunoeasn socnpuumiueocmsd 6peaﬂucmulm0ﬁ MOOelu celeHuoo08 Jeenesa

Jlapuonoe Ecop Anexcanoposuy
Hnemumym ¢uzuxu um. JI.B. Kupenckoeo, ®UL] KHI] CO PAH
Hncmumym unoicenepnoti gpusuxu u paouosekmpouuxu, COY

HHTepec K BBICOKOTEMIIEPATypHOU CBEPXIPOBOJMMOCTH B CEJIEHUIAX JKeJle3a ONpeeNsieTcs
KaK IpPaKTUYECKUM INPUMEHEHHEM HCCIEeIyeMbIX COEIMHEHMH, TaKk M HaJU4YMeM HEpEUIeHHBIX
npo0ieM, CBSI3aHHBIX C OMHMCAHUWEM TaKUX CHUCTeM. B paboTe mpeacTaBieH pacyeT CHHHOBOU
BOCIIPMMMYHMBOCTH JJIs1 COEAMHEHUH )kene3a 0e3 yueTra CIIMH OpOUTaIbHOI O B3auMoieiicteus. Pacuer
ObUI clieNaH B JecaTHOpOUTanbHOM Monenu u3 padotsl [1]. Ilapamerpsl Moaeny moadupanuch s
cxoxxecTu ¢ depmMu MOBEPXHOCThIO U3 cTaThu [3]. BocnmpuuMyuBOCTh y(q, @) BBIYMCIAIACH KaK
CIIMHOBBIA KOpPEJATOp [2], 3aTeM aHaIM3UPOBAINCH OpOUTAJIBHBIE BKIAABI. YCTAHOBIEHO, YTO
MaKCHMaJIbHbIC BKJIA b BONHM3U BekTopa Q = (7, 1), cM. Puc. 1.

[T T TR TR T e

2= -r

[TH s W= =am

Puc. 1. Cneséa — Re(y) u Im(x) na nynesoti wacmome w = 0 3B kax ¢pynkyuu umnyavca q € TXI'M. Cnpasa
— nogepxnocmv Depmu u XapaxmepHvle 6eKMOpPa, PACCessHUe Ha KOMOPbIX 0Aém MaAKCUMATbHbLIL GKIA0 8

CNUHOBYI0 B0CNPUUMYHYUBOCMb

OcHOBHOH BKJIQJ, Ha BEKTOpe () AT MPOIECCHI PACCEeSHUSA, BKIIOYAIOIINE OpOUTAIN
xyuxy,x? —y?ux?—y?% xzuxy,T.e.BOCHOBHOM, BHyTPHOPOUTAIIbHBIE ITpoIiecchl. OKKaaeTcs,
YTO TPU YYETE JIOKAIBHBIX KYJOHOBCKMX B3aUMOJICHCTBUN B MPHUOIIKEHUHM XaOTHUECKUX (a3
OTKJIUK Ha BeKTOpe Q yCHIIUTCS, MOCKOJIBKY CaMblii OOJIBIION MO BEIMYMHE MAaTPUYHBIN 3JIEMEHT
B3aUMOJICHCTBUS - BHyTpUOpOHUTAIIbHOE Xab0apaoBckoe U.

PyxoBogutens Kopirynos M. M.

JIureparypa:
[1] H. Eschrig, K. Koepernik, Physical Review B, V.80, PP.104503 (2009)
[2] M.M. KopmryHos, ¥Ycnexu ®@uznueckux Hayk, V.184, PP.8§82—-888 (2014)
[3] A.A. Kordyuk V.B. Zabolotnyy D.V. Evtushinsky A.N. Yaresko B. Biichner S.V. Borisenko,
Journal of Supercondactivity and Novel Magnetism, V.26, PP.2837-2841 (2013)
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Ocobennocmu monoyozuyeckoii (hazvt ¢ 08yMsa NAPAMU MATLOPAHOBCKUX MOO 8
mooenu uyenouxku Kumaesa

Mypamos Badum Pycmsamosuu

Uncmumym ¢uzuxu um. JI.B. Kupenckoco CO PAH

Cubupckuii ¢hedepanvhwiii yHugepcumem

B mocneanee Bpemsi OOJbIION MHTEPEC BBI3BIBAIOT TOMOJIOTHYECKHE CBEPXIIPOBOIAHHKH, B
KOTOPBIX peajn3yloTcs MailopanoBckue moasl (MM). Hanbosee mpoctoif Mozesbio, TomycKaromen
dbopmupoBanne MM siBrsiercst monens Kutaesa [1], onmuceiBaromias 6eccinHoBbie (hepMuoHbI B 1D
1enouke. M3BeCTHO, YTO YyUYET AATbHUX NEPECKOKOB M CBEPXITPOBOASAIINX CIIAPUBAHUM JIEKTPOHOB
KaueCTBEHHO M3MEHSET TOMOJOTUUECKYIO (ha30ByIO quarpammy [2].

B nannoit pabore B pamkax mozaenu KurtaeBa Ha ocHoBe aHanm3a aHanora ¢assl beppu y
nmoka3aHo (OpPMHPOBAHHE HOBOW TOMOJIOTHYECKON (ha3pl ¢ y==2 mpuU ydeTe NEPECKOKOB H
CBEPXMPOBOSAIIUX  CIAPUBAHUNH  MEXIy  CICAYIOIIMMH 32  OMDKaHIIMMU  COCEIsIMH,
xapakTepusytomerics ¢opmupoBanreM nAByx nap MM. Ha pucynke 1 npeacrasieHa Tomojoruueckas
¢a3oBas nuarpaMma B NEPEMEHHBIX aMIUIMTYyJA MEPECKOKOB t, BO BTOPYIO KOOPIUHALMOHHYIO
chepy — XUMIOTEHIMAT W JuIs apaMmeTpoB A= |t;| u A,= 0,8|t;|. Tomonoruueckue mepexoasl
MEeXIy (hazaMu C pa3IMYHBIMU 3HAUYEHUSMH Y COINPOBOXKIAIOTCS 3aKPbITHEM INEIH B CIEKTPE
BO30YKICHUI 3aMKHYTOM Lenmouku. Takke Ha AuarpaMMme OTMEYEeH BHJA (PYHKIMH OCHOBHOIO
COCTOSIHUS IIETIOUKH B PA3JIIMYHBIX TOMOJOTHUECKUX (hazax.

i

0.2| 1
= w=1{] y=u =i )
= 04t o = | =
T Foks /I D, Ill P,
0.6/ / y=-2
o ¥ . ; : Py \
T W @ A 0 1 2

wit, |

Puc.1. Tononozuueckas gpazosasn ouazpamma 6 nepemenHuvIx to-(L.

Ha pucynke |V, > — GyHKIMSA OCHOBHOTO COCTOSIHUS, UMEIOIIAsl BUJ AHATOTUYHBIN ¢ QyHKIMEH
bapnuna, Kynepa, Ipuddepa, 3anumcanHoi g OeccnuHOBBIX (pepMHOHOB. DyHKIMU
| @ >=C) [Wye > 1 | @y >=C".C.Cy | Wy > B TOmONOrMUECKHX (hasax ¢ onHolt mapoit MM
(y==+1) obmamator HeueTHOH QepMUOHHOH ueTHOCTBIO. |D, >=C C, |V, > peamusyercs B
TOTIOJIOTUYECKH HETpUBHAIBbHOW (aze ¢ nBymsa mapamu MM (y =-2) U mpencTaBisieTcss B BHJE
CYNEpPIO3UIHN COCTOSHUH, COAEpKAIIUX YETHOE YUCIO (epMUOHOB, Kak U pyHkuuu |V, > u

_ + vt =
| @, >=C".C.CCy | 'y > B TONOIOTHYECKU TPUBHATBHBIX (hasax (v = 0).

Pab6ota Beimonnena npu nogaep;xxke PODU u [IpaButensctBa KpacHosipckoro kpas (rpant Ne 20-42-243001),
a taroke ['panta Ilpe3sunenra PO MK-4687.2022.1.2. PykoBoauTens 310THHKOB A. O.

JIureparypa:
[1] Kitaev A. Y., Physics-Uspekhi, V.44, PP. 131-136 (2001).
[2] Tao Z., Yan T., Liu W., Niu J., Zhou Y., Zhang L., Jia H., Chen W., Liu S., Chen Y., Yu D.,
Physical Review B, V.101(3), P.035109 (2020).
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Hepasnomepuasn ovipounas npogooumocms 6 cuopozene na ochogee PEDOT:PSS

bonvwun Jlanuun Cepeeeguy
Mockoesckuii eocyoapcmeentulli yHugepcumem um. M. B. Jlomonocosa
Hayuonanvnoiii uccneoosamenvcruii yenmp « Kypuamosckuii uncmumymy

PEDOT:PSS  (momu(3,4-3TrieHANOKCUTHO(EH) TOIUCTUPEH CYIb(OHAT) —TOIUMED
00J1aaromuii  BBICOKOM 3JEKTPONPOBOJHOCTHIO, CTAOMIBHOCTTIO W OHMOCOBMECTUMOCTBIO, UTO
oTpesieisieT MOBBIIIEHHBI UHTEPEC K HEMYy B 4acTH OMOMEIMIMHCKOTO npuMmeHeHus [1]. B cumy
rUAPOGUILHOCTH ATOT oJIuMep TpedyeT pusnueckoit pukcanun. TeXHOTOTHIECKH MEPCIIEKTUBHBIM
ABIIeTCS (UKCAlUS OSTOro TMojuMepa B Tuiaporene. B 3Tom ciydae Tpebyercs oOmmpHOE
uccienoBanue GU3NUECKUX U JEKTPOPU3NUECKUX CBOMCTB MOIYYEHHON CTPYKTYPHI.

Hccnenyemblii B paboTe THAPOTeNb MPEACTaBIAECT COOOH YCTOWYMBYIO MAaTpHILy
MOJIMBUHUJIOBOTO criupTa W KcaHtana c¢ go6asinennem PEDOT:PSS. K konmam HaOyxiiero B
¢usuonornueckom pactBope NaCl (8.4r/m) ruzaporens Ha paBHBIE TPOMEXYTKH BpPEMEHU
MIPUJIArajioch MOCTOSIHHOE HaMpsDKeHUe. Y THAPOTes, Mociie pejakcauy Ha0IoAaeTcs ocTaTouHas
Pa3HOCTh MOTEHIAIOB, MOHOTOHHO 3aBUCSIIAs OT MPUKIAJABIBAEMOT0 HANpshKeHHs. B Tekymiei
pabote ObuTa chopMyIMpOBaHA U TTOATBEPIKICHA TUIIOTE3a O MPUPOJIC ITOTO SIBJICHUS.

o ) (b)
it i '
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Puc. 1. 3asucumocmv ocmamounoeo HanpsiceHus 6 2cudpozeie Nocie pelaKcayuu om GeiuduHbl
nPULodicenno2o Hanpsiicenue 8 meuerue 30 cex. (a); 0eKoMno3uyus Chekmpa KOMOUHAYUOHHO20 PACCESTHUSL
Habyxwezo sudpozens 0 onpedenenus cmenenu oxucienus PEDOT: PSS (b).

PEDOT:PSS wumeer AplpoyHON THII TPOBOAMMOCTH, KOHIIEHTpAIUs IbIPOK 3aBUCUT OT
creniens okucienus nenu PEDOT [2]. Onupasice Ha paboty [3], mo crniekTpaMm KOMOWHAIIHOHHOTO
paccestHUSI cBeTa BO BPEMEHU M MPOCTPAHCTBE CPABHUBAIUCH CTEIEHU OKHUCIEHHUS MPOBOJSIIETO
noJiMMepa B TUApOTENE TOJ HampsokeHueM, HalOyxmiem B ¢u3pactBope. [IoMuMO KadeCTBEHHBIX
M3MEHEHUN 3aUKCHUpOBAH MOHOTOHHBIM POCT pPa3HHIBI B CTENEHU OKHUCICHUS MPOBOISIIETO
NoJIMMepa OT aHOJIa K KaTOly C pOCTOM BpEMEHH NpuiiokeHHoro Hanpspkenus 0.3 B.

ITox neiictBueM mons woHbl Na™ u ClI” qmudpdynaupyror, Na™ cBA3bIBa€TCSA ¢ aKIENTOPHON
nensio PSS, mpoBomupyst BoccranoBnenue uenu PEDOT. IloBemmenue konnentpanuu Cl
npoBouupyeT okucienue nenu PEDOT nmns mopgnepkaHus oOBEMHON 3JIEKTPOHEHUTPATLHOCTH.
[Tocne cHATHS MOJIS ¥ 3aMbIKaHUSI KOHIICHTPALUS MOABUKHBIX MOHOB B TeueHuu 100c craHoBUTCS
paBHoMepHO#, a PEDOT:PSS mpomomkaer HaxomuTcs B Pa3HBIX COCTOSHUSAX. TakuMm oOpazom
MPUYMHONU OCTATOYHOU Pa3HOCTH MOTEHIIMAJIOB SBJSETCS TPAAUEHT JbIPOYHON MPOBOJUMOCTH BJIOJIb
relis OT aHoja K Karoay. OTCyTCTBHE pa3Inyuil BO BpEMEHHU U MTPOCTPAHCTBE JJISl CIIEKTPOB Ielisl MO
HANPSDKEHUEM B IUCTUJUTMPOBAHHOMN BOJIE, TIOATBEPIKIAACT MPEITI0KEHHOE 00BICHEHHE.

PaGora BrimonmHeHa mnpu (QuHaHCOBOW momaepxke Poccuiickoro ¢oHga GyHIAMEHTATBHBIX
uccinenopanuii (rpant Ne 20-32-90221, «Acniupantsl»). [laHHas paboTa BBIIOJIHEHA HAYYHBIM KOJIJICKTHBOM,
B COCTaB KOTOPOro, Kpome Jokiaauuka, BxoasT: IL.M. I'otoBues, I1.K. Kamikapos

JIureparypa:
[1] C. Boehler, Z. Aqrawe and M. Asplund, Bioelectronic Medicine, V. 2, Ne 2 (2019)
[2] S. Garreau, G. Louarn, J. P. Buisson et al., Macromolecules, V.32, P.6807 (1999)
[3] D. S. Bolshin, P. K. Kashkarov, Nanotechnologies in Russia, V. 17, Ne 3, (2022) (B meuatn)
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Bnuanue maznumnozo nonsa na cnekmpaibvHhole U memMnepamypHole
xapakmepucmuxu pomoesorbmauueckozo Ippexma ¢ cmpykmype Mn/Si0Qx/n-Si

bonoapes Unvs Anexcandposuy
HUncmumym ¢uzuxu um. JI.B. Kupencroco, ®UI] KHI] CO PAH

JlarepanbHblit poToBonbTandeckuit apdexr (JIOI), oOHapysxeHHbIi LLIOTTKH, 1 ONUCAHHBIN
Bonmapkom nma  p-n nmepexogoB [1] HaxoguT IMIMPOKOE TPUMEHEHUE B HUHAYCTPUH
(GOoTOIETEKTHPOBAHUS U CONHEYHOH 3HepreTHkH. OcoOblii MHTEpeC MPEeICTaBIsSeT MCCIEJOBAHNE
JI®D B cTpyKTYypax METaIL/TUAICKTPHUK/TIOTYTIPOBOIHHUK, 00IaTal0IINX YHUKATFHONH KOMOWHAITHEH
MarHuTHBIX M 3JeKTpudeckux cBoicTB. Coueranue JI®D u ocobennocrer MJII crpykryp
MO3BOJIIET MaHUITYJIUPOBATh JIEKTPOHHBIM U CIIMHOBBIM TPAHCIIOPTOM IPH IMOMOIIY ONTHYECKOTO
U3JTyYEHUs, UYTO IMPEACTABISET NHTEPEC B KOHTEKCTE CO3JaHUSI MarHUTOONTHYECKUX CEHCOPOB U
YCTPOMCTB CIUHTPOHUKH.

Uccnenyemas crpykrypa Mn/SiO2/n-Si Ob1a puroToBieHa Ha JOMHPOBaHHONU (ochopom
MOHOKPHUCTAIUTHYECKON Toamokke n-Si. [loanmokka Obla mpeaBapuTenbHO 00padoTaHa METOI0M
Hlupaku [2] (xuMu4eckoe TpaBieHHE WU JONTUH OTNUT mpu Temmeparypax 400-650°C). s
dbopmupoBanus ciost SiO> TommuHON 1.5 HM, TOIJIOXKKA IMOJBEpPrajach BO3JICHCTBHIO BOJIHOTO
pactBopa H2O2 u NH4OH B cootHomennnu 1:1:1 B Teuenne 30 mun npu 60°C. [Inénka mapranmna
TONUIMHON 15 HM OblIa HanblJIEHA METOJIOM XMMHUYECKOTO HCIIaPEHHsI B CBEPXBBICOKOM BaKyyMe IIpH
ckopoctn Hambulenus 0,25 mm/MuH. JlaBneHue B 6a3zoBoii kamepe cocTtaBisamo 8,6 x 1076 Ila.
HanbuieHne ocyiecTBisiiioch Ha ycTaHOBKe AHrapa [3].

CrnekTpanbHble 3aBUCUMOCTH  JatepanbHoro ¢oroHanpspkenuss (JIOH) okazanuch
YyBCTBUTEIHHBI KaK K BEJTMYMHE MarHUTHOTO TOJIs, TaK U K ero 3Haky. OtcyrcrBue JIOH B o6macTsx
BBICOKMX M HU3KHUX A OOYCIIOBJIE€HBI OCOOEHHOCTSIMH TMOTJIOIIEHHUS CBETa B IOJIYIPOBOIHHUKE.
TemneparypHas 3aBucumocts JIOH nemMoHCTpHpyeT J1Ba SIPKO BBIPAKEHHBIX MAKCUMYyMa, IIPU 3TOM
HU3KOTEMIIEPATYPHBIE MaKCHUMyM CYIIECTBEHHO IIO/IaBIISETCS MAarHUTHBIM IIOJIEM, TOTJa Kak
BBICOKOTEMIIEPATYPHBII MUK HE U3MEHsIETCs. Bausinue MaruutHOTrO noJig Ha JI®D B nepByto ouepeb
o0ycrnoBieHo cuioi JlopeHna, OAHAKO TakKe HE HCKIIOYAIOTCS MEXaHU3Mbl CHHH-3aBHCHMOTO
paccestHUS 1 pEeKOMOMHALIUY TOPSYUX 3JIEKTPOHOB Ha 3aHATHIX TOHOPHBIX COCTOSHUSIX.

@ T=40K . :_'__'IT b L =809 nm ©
P=100 mwW

q ; ' - o0

T

|

-
(23
=

A, A KK
Puc. 1. a)Cnexmpanvnas 3asucumocms ghomonanpsivicenus npu memnepamype 40 K, 6 macnumnwvix noasx H
= 0;1T;-1T; b)memnepamypnas 3a6UcCuMoCmsb GOMOHANPSINCEHUS NPU ONiure 80aHbl A=809HM u MowHOCMU
obnyuenus P = 100mBm, c)cxema sxcnepumenma.

JlanHas paboTa BBITIOJHEHA HAYYHBIM KOJUIGKTHBOM, B COCTaB KOTOPOTO, KPOME JIOKJTaTIMKA, BXOSIT:
M.B.Payukuii, 1.A. SIxosnes, M.H. Bonouaes, A.B. Jlykbsaenko, A.C. Tapacos u H.B. Bonkos

JIureparypa:
[1]J. T. Wallmark, Proceedings IRE, V.45, P.474 (1957).
[2] A. Ishizaka and Y. Shiraki, Journal of The Electrochemical Society, V.133, P.666 (1986).
[3] S. N. Varnakov, A. A. Lepeshev, S. G. Ovchinnikov, A. S. Parshin, M. M. Korshunov, and P.
Nevoral, Instruments and Experimental Techniques, V.47, P.839 (2004).
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Aemomamu3zupoeannwvlil WLUPOKONOJI0CHBLIL CHEKMpPoMemp heppomazHumno2o
pe3onanca

bypmumckux Anmon Braoumuposuy
Hncemumym ¢huzuxu um. JI.B. Kupenckoeo, ®UL] KHI] CO PAH

B pabGore mpencraBieHa KOHCTPYKLHS aBTOMaTU3MPOBAHHOIO  IIMPOKOIMOIOCHOTO
CIEKTPOMETpa, TMPEAHA3HAYEHHOTO JJI HCCICNOBAaHUS TOHKOIUIEHOYHBIX (heppOMarHUTHBIX
HAaHOCTPYKTYp MeToJoM  (eppOMarHUTHOro pe3oHaHca. OTIMYUTENBHOH  OCOOEHHOCTHIO
KOHCTPYKIIUU CIIEKTPOMETpa SIBISICTCS HAJIWYUE JOTOJHUTENBHBIX KAITHMOPOBOYHBIX KOJEII,
M3MEHSIOIIMX HAMpaBJlIeHUE BEKTOpa HAMAarHUYEHHOCTH B TOHKOIIJIEHOYHOM 00pasiie OpTOroHaIbHO
HATPABJICHUIO BHEITHETO MATHUTHOTO TIOJISL B TIPOIECCE KATMOPOBKH U3MEPUTEIHHON CUCTEMBI. DTO
MO3BOJIIET CHU3WUTH BIMSHUE PACCOIJIACOBAHUS HW3MEPHUTENbHOM CHCTEMbl M IPOBOAMTH
HIMPOKONOJIOCHBIE M3MepeHUsl crnekTpoB mnoryomeHuss CBY sneprum npu OMP, Bmiots 10
COOCTBEHHOTO pE30HAHCA HW3MEPHUTEIbHOW SYeWKU. BIWsHME MarHUTHOrO TOJs 3eMJIM Ha
TOHKOIUIEHOYHBIH 00pa3en] CKOMIIEHCHPOBAHO JTOTIOTHHTEIFHBIMA KOMIICHCAITMOHHBIMU KOJIbIIAMH,
MO3BOJIAIOIIMMHU MOJy4aTh CYMMapHYIO0 HaIpsSHKEHHOCTh MOCTOSIHHOIO MAarHUTHOTO TMOJsl BOJIU3U
obpazia meree 0.01 3 (B OTCYTCTBHM BHEIIHEIO0 MAarHWUTHOTO TOJIsI). BpaiieHue moCTOSHHOTO
MarHuTHOTO 1oy oTHocutebHO CBY mosst (co3aaBaeMoro HaJl MOBEPXHOCTHIO 00pas3iia OTPE3KOM
HECUMMETPUYHON KOPOTKO3aMKHYTOM MHUKPOMOJOCKOBOM JMHUM) IMO3BOJISET MOJMYyYaTh CHEKTPHI
OMP npu paznuyHOM HaIPaBJICHUHM MAarHUTHBIX TMOJIEH, C aMIUIUTYI0M MOCTOSTHHOTO MarHUTHOTO
nons a0 1,5 kTn. Takum o6pa3om, BO3MOXKHO HPOBEIECHHE MCCIEOBAHUIN CIEKTPOB MOTJIOLICHHUS
pu ®MP BIJIOTH 10 COOCTBEHHOM PE30HAHCHON YacTOTHI H3MEPUTEIBHOM siueiiku (okoiio 15 I'T),
0e3 TOSIBJIICHUS Tapa3uTHBIX PE30HAHCOB, BBHI3BAHHBIX HM3MEHEHHEM BOJHOBOTO COMPOTHBIICHUS
M3MEPHUTENIbHOI CHCTEMBbI B Ipoliecce BpalleHusi Koisell ['enbMrosbiia, CO3JalolUX MOCTOSHHOE
MarHuTHOE TOJIE.

Hcnonws3oBanne »dneMeHTOB 1HU(PPOBOM (GUIBTpalMKM W TMOCIEAYIOMEeH 00paboTKu
OKCIIEPUMEHTATBHBIX JIaHHBIX YJAeTCs MPOBOIAUTH HM3MEPEHHUs OOpa3IOB TOJIIMHOW OT COTEH
aHTCTPEM, CO CKOpOCThIO mpuMepHO 1 obpasen B cytku (10° Touek) u momyuath 3HaueHHs
HAaMarHMYeHHOCTH HACBIIIECHUS], BETUYMHBI U HAMPABJIEHUS MOJIsl OJJHOOCHON M OJIHOHAIPABICHHOMN
aHU30Tponuii, kod(dduureHTa 3aTyxaHus, B pa3BepTKEe IO YINIy U BEIUYHUHE MOCTOSHHOIO
MarHUTHOTO TOJIA.

BT )

1 “'ul '"h-l- C .\.-"\-\.\_\.

1
pop o= . : _ fus—}

M e | v

Puc. 1. Pezynomamur usmepenus oopasya NisoF ez monwunoii 200 A (a - HopmHpoBaHHOe 3HaYeHHe
mogyig S11 (6 - nocie npuMeHeHHS [HPPOBOH QHIbTPALHH); € — HOPMHPOBAHHOE 3HAYEHHE
JeHCTBHTEJIbHOH H MHHMOH 9aCTeH KOMIIIEKCHOH MarHHTHOH IIPOHHIJAeMOCTH)

HaHHaH pa60Ta BBITNIOJIHCHA HAYYHBIM KOJIJICKTUBOM, B COCTAaB KOTOPOI'0, KPOME JOKJIAAYNKa, BXOOAT:
C.A. Knemrnunna, C. 1. Kpékos.

Jlureparypa:
[1] b. A. bensies, A. B. bypmutckux, A. B. U3otos, H. M. boes, ITarent Ne 2747912. 2020.
[2] A.V.Izotov, B.A.Belyaev, N.M.Boev, A.V.Burmitskikh, G.V.Skomorokhov, S.M.Zharkov,
P.N.Solovev, Journal of Alloys and Compounds, V.900, P. 163416 (2022)
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Ilpumenenue cnekn-cmpykmyp, HOJYUEHHBIX C HOMOUWILI) HEMAMUYECKOU
HCUOKOKPUCMAIIUYECKOU AYEKU 8 CUCIeMaX GU3YAIU3AUUU C UCNOIb308AHUEM
CHPYKMYPUPOBAHHO20 0CBCU4CHUS

Hasnemwun Hukonau Hukonraesuy

Uncmumym ¢uzuxu um. JI.B. Kupencroco, ®UI] KHI] CO PAH, C®Y

Mertoa CTpyKTYpHpPOBAHHOTO OCBEILIEHHSI, KOTOPbII MOXKHO MPUMEHSATH ISl BU3yalu3alluu B
IPOXOJAILIEM WM OTPAKEHHOM CBETE, TpeOyeT OcBelIeHUs 00BEKTa HEOJHOPOJHBIM ITyYKOM CBETA.
Cucrtembl BH3yalM3allud, OCHOBAaHHbIE HAa CTPYKTYPHUPOBAHHOM OCBELIEHMM, 4YacTO HAa3bIBAIOT
OJTHOTIMKCEIbHBIMA KaMepaMH WM BBIYUCIUTENbHBIMU (PaHTOMHBIMU H300paxeHusmu [1]. OxHoi
U3 TMEpPBBIX pabdOT B 3TOW oOmacTH crajga paboTa MO TMOJYYCHHIO (PAHTOMHBIX HM300pakKeHHH C
MCIIOJIb30BaHUEM TICEBOTEPMHUIECKOT0 HCTOUYHUKA CBeTa [2]. MeTo BOCCTaHOBJICHHS N300paKCHUS
00BEKTa, TaK Ha3bIBAEMOIo (PAaHTOMHOIO M300pa)K€HUs SBIAETCS HETPAJULHOHHBIM Ui
KJIACCUYECKOH OMNTHUKU. DTO CBSA3aHO C TeM, YTO MHGpOpManuio 00 O0OBEKTe XpaHUT (YHKUHUS
IPOCTPAHCTBEHHOW KOPPENSLMU JIByX CBETOBBIX MOJEH: OJHO M3 KOTOPBIX B3aHMMOAEHCTBYET C
00BEKTOM, HO HE HeceT B ce0e MPOCTPAaHCTBEHHONH HH(MOPMAIMH, BTOPOE COJCPKHUT
MIPOCTPAHCTBEHHYIO HMH(POpPMAIMIO, HO HE B3aMMOJEUCTBYeT ¢ oOBbekToM [2,3]. Bo3moxkHOM
peann3anyiel Takod CHCTEMBI SBIISETCS MCIOJIb30BAaHUE CKOPPEIMPOBAHHBIX CBETOBBIX IOJIEW CO
CIIy4yallHBIM pacIpeleICHHeM WHTEHCUBHOCTH W (a3bl (CIEeKI-CTPyKTyp). s dopmupoBanus
CHEKJI-CTPYKTYP HCIIOJIb3YIOT pa3jIM4yHbIE YCTPOMCTBA: MPOCTPAHCTBEHHBIE MOAYJISITOPBI CBETA,
1M (ppoBbIE MUKPO3EPKATLHBIE YCTPOMCTBA, BPAIIAIOIINECS MAaTOBbIC CTEKIIA U T.1. [2].

B nannHoii pabore ObUTa M3ydeHa BO3MOXKHOCTH CO3/IaHUSI YCTPOMCTBA BU3yadH3allMHM Ha
OCHOBE METOAMKH CTPYKTYPHOI'O OCBEIIEHUS C HCIOJIb30BAHUEM HEMATUYECKOTO JKUAKOIO
kpuctaima (HXKK), B koTtopoM BO30yKIaeTcsi 3JEKTPOTHAPOJMHAMUYECKAs HEYCTOHYMBOCTb.
OKCIIepUMEHTAIbHO [I0Ka3aHa HHU3Kasg CTENEeHb B3aUMHBIX KOPpENALUH  CHEKJI-CTPYKTYD,
rernepupyeMbix HXXK stueiikoit. IlponemonctpupoBana cnocoonocts HXKK sueiiku renepupoBathb
CllydaliHble MPOCTPAHCTBEHHBIE PACIpPENENeHNUs MHTEHCUBHOCTH Ha IpUMEpPe BOCCTaHOBJIECHHUS
(aHTOMHOT0 N300pa’KkeHUs C UCIIOIB30BAHNUEM IICEBJIOTEPMHUECKOT0 HCTOUYHUKA cBeTa (puc. 1). s
aHaJgM3a CXOJCTBA IOJYYEHHOTO (DAHTOMHOTO H300paXEHUsS C MCXOAHBIM OOBEKTOM OBLT
MCIIOJIb30BaH UHAEKC CTPYKTYPHOT'O CXO/JCTBA.

'.--
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Puc. 1. Amnrumyonas macka (a). @anmommuoe uzobpasicenue macku, eoccmanosnernnoe cnycms 100 (b),
2500 (c) u 5000 (d) peanuzayuii.

I[aHHaH pa60Ta BBITNIOJIHCHA HAYYHBIM KOJUICKTUBOM, B COCTaB KOTOPOT'O, KpOME NJOKJIaA4YMNKA,
Bxomat: [[.A. Uxonnukos, B.C. Cyropmun, A.M. BeIOHBITIIEB

JIureparypa:
[1] G. M. Gibson, S. D. Johnson, and M. J. Padgett, Optical Express, V.28 PP.28190-28208 (2020).
[2] A. Gatti, E. Brambilla, M. Bache, and L.A. Lugiato, Physical Review Letters, V.93, P/093602 (2004).
[3] M.J. Padgett, R.W. Boyd, Philosophical Transactions, V.375, P.20160233 (2017).
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Dopmupoeanue heppomacHummno20 nopaoKka 6 OOnUPosannoil rxeenezom MAX-
daze Mn;GaC

Hpaeanrwok Oxcana Hukonaesna

HUnemumym @uzuxu um. JI.B. Kupencrkozo, ®UL] KHI] CO PAH

[TepBonpuHUIIITHBIE UCCIETOBaHUS (DYHKIIMOHAILHBIX MAaTEPHAIOB TTO3BOJISIOT TIPECKA3aTh
CYLIECTBOBaHME HOBBIX MAaTepUaloB C TEPCINEKTUBHBIMU CBOWCTBAMH U  HAalpaBUTh
OKCIIEPUMEHTANBHBIA TIOWCK, CHH3UB 3aTparhl Ha wuccienoBanus. MAX-dazer MnAX [1]
MIPEACTABISIIOT COO0M aTOMHO-CJIOMCTBIX MaTepHaIbl, rae M - mepexoHbIil MeTail, A - 3JeMeHT A-
rpynnel, a X - yraepoa u / wiu a3oT. MAX-¢a3bl akTUBHO MPUMEHSIIOTCS B CIHAJIEKTPOHHBIX H
MarHUTHBIX OXJIAXKAAIOIIUX YCTPOMCTBaX, a B MOCIeAHEEe BpeMs OO0JbIIOE BHHUMAaHHE CTajo
YAETSATHCS UCCIEAOBaHNIO MarHUTHBIX MAX-(a3, B TOM 4uClie Ha OCHOBE JKeJie3a M MapraHiia.

AntudeppomarautHas MAX-daza MnoGaC Obuta SKCiepruMEeHTaIBHO CUHTE3UpOBaHa [2] u
TeopeThdyeckoe wuccienoBanue [3] mokaszano, 4Tto (eppoMarHUTHOE W aHTU(EPPOMArHUTHOE
cocrossarst MnoGaC »sHepretnueckun oueHb Onusku. B pamxax DFT+GGA Obl1o mpoBeneHO
M3y4YeHUE BIIMSIHUS 3aMEIleHHs] aTOMOB Mapranua u ranus B Mn,GaC atomamu xeiie3a U pacyer
CTaOUIILHOCTU TIOJMYYEHHBIX CIUIaBOB. bblio oOHapyxeHo, uTo mnpu 3amemieHuu 12.5% atomoB
MapraHiia Ha TMO3uIMd M aromMamMu JKeje3a COCIUHEHHUE SBIsETCS CTa0mibHbBIM (puc.l)
aHu(eppoMarHeTUKOM, B TO BpeMs Kak IpHu 3amemieHuu 12.5% aromoB ranus Ha mo3uuuu A
aTOMaMH Kelle3a COSAMHEHHE TaK)Ke OCTAeTCsl CTaOWIBHBIM, HO NPHU ITOM B HeM (OpMHUpPYETCs
(beppoMarHuTHBIA MOPAJOK C OOJIBIIMMHU 3HAYEHUSIMM MAarHUTHOIO MOMEHTA Ha aTOMax jKeJe3a U
Mmaprasnia 2.8us, 1.7 |LB, COOTBETCTBEHHO.

0.10

0.08 -

0.06

0.04 -

0.02 -

OH, eV

0.00

-0.02

-0.04 |

T T ]
Mn,GaC MnFe ,,.Ga, ¢,.C Mn, .Fe, .GaC MnFe .Ga,.C
Mn, ;..Fe,,,;GaC Mn, ,.Fe,,.GaC MnFe ,.Ga, ,.C

Puc. 1. 3asucumocmo smmanvnuu gpopmuposanust om cocmasa MAX-pasul.

HccnenoBanne BBITOMHEHO Tpu (PUHAHCOBOUW momiepxke Poccuiickoro ¢goHna GhyHIaMEHTATBLHBIX
uccinenopanuii, [IpaButenscrBa KpacHosipckoro kpasi, KpacHosipckoro kpaeBoro (oHma HayKu B paMKax
HayqHOTO TTpoekTa Ne 20-42-240004.

Jluteparypa:
[1] Sokol, V. Natu, S. Kota and M. W. Barsoum, Trends in Chemistry V.1(2), PP.210-223 (2019).
[2] A. S. Ingason, A. Petruhins, M. Dahlqvist, A. Mockute, B. Alling, L. Hultman, I.A. Abrikosov,
P.O.A. Persson, J. Rosen, Materials Research Letters, V. 2, PP.89-93 (2014).
[3] V.S. Zhandun, N.G. Zamkova, O.N.Draganyuk, A.S.Shinkorenko, U.Wiedwald,
S.G.Ovchinnikov and M. Farle, Physical Chemistry Chemical Physics, V.23, 26376-26384 (2021)
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Peanuzauyua ¢ nomowplo  paououacmomHviX  UMHYA6CO8  CENEKMUBHBIX
onepamopos noeopomoe 0Jisi KAHMOE020 NPOUECCcOPaA HA KYMPUmax

Iuukosckuii Hean Cepeeesuy

Uncmumym ¢uzuxu um. JI.B. Kupencroco, ®UI] KHI] CO PAH

B npenpigymeit padore [1] MBI paccMOTpenu yIpaBieHHE CHUCTEMOHW W3 S5 KyTPUTOB
IIOCPEACTBOM CEJIEKTUBHBIX OIIEPATOPOB IIOBOPOTA JUIsl PELIEHMS 3a1aUy KiIacTepu3aunuu. B nanHoi
paboTe MBI PAcCMOTPUM pealM3alMI0 ATUX ONEpPaToOpoB C IMOMOIIBI0 MPSMOYTOJIbHBIX
panuoyactoTHbIX (PY) ummynbcoB. i 3TOro paccMOTpUM HaIly CUCTeMY M3 5 cmuHOB ¢ S=1 BO
Bpalllaronieica cucTeMe KoopauHar [2]:

2
H=—(W, =W, )S; (W, =W, ) S; =(W, =W, ) S5 = (W, =W, ) S; =(W; =W, ) S; +Ql(3[51] —21)+
2 2 2
+Q2(3[S;] —21)+Q3(3[S;} —21)+Q4(3[Sj] _
B kaudecTBe KOHCTAaHT raMmuibToHMaHa npuMem O, =15000, O, =10000, Q, =12000, O, =18000,
0, =30000 u W, =3000, W, =2500, W, =2800, W,=3200, W,=3800, a W, - actora P4

UMITyJIbCa, KOTOpas BbIOMpAeTCsl paBHOW BEIMYMHE YaCTOTHl OJHOTO U3 MEPEXO0JI0B MEXKIY
SHEPreTHYECKUMH YPOBHSIMH ONpPENEIEHHBIX CIUHOB. OTH 4YacTOThI A COMHA S, IPUMYT BHI:

21)+Q5 (3[s;]2 —21)+Hy vH,

Mexay yposusamu 1 u 2 - W =-30, + W, nmexny yposuamn 2u 3 - W, =30, +W,. C nomompio stux

1

4aCTOT MBI OTCTPAUBAEM CEJIEKTHBHOCTb IIOBOPOTA, HO IIPU ITOM MbI BO3JEHCTBYEM Ha IPyrHe CIUHBL, YTO
OyZeT SIBISATHCS ICTOYHHKOM «cross talk» ommOku. S - MaTpHULIBI IPOEKLUH CIIMHOB B BHIUUCIUTEIBHOM

6a3uce M3 COOCTBEHHBIX (YHKUMN ONEpaTOpPOB NMPOEKIMU HA OCh Z, [ eAMHWYHAs MaTpHIa.

5
H, = hyZSf - TAMWIBTOHHUAH B3aUMOJIEHCTBUS C MONEPEYHbIM MAarHUTHBIM nosieM PY nmmnysbca,

i=1

HalPaBJICHHBIM BROJb ocu Y, rae h, ammmryna PU ummynbca. st yMeHblueHUs «cross talk»

5
OIIMOKH 7Ta BEIMYMHA JIOJKHA ObITh Manoil. H ,, = ZJ I.J.SI.ZSJZ. - TaMWJIbTOHHAH JUIIOJb-TUIIOJIBHOIO
i=1
B3anmoyeiictsus (JI/1B), npuenéunsiii B padore [1]. CooTHomenue koHcTant JIJIB onpenensercs
paccTosTHuEeM MEXAy TOUYKaMH B 3a7ade KJIacTepU3alliu, a I YMEHbIIEHUs OMMUOKN UX MacIiTad
JOJIKEH OBITh MHOT'O MEHBIIIE hy . ITomumo «cross talk» 1 omu0ku, BeI3BanHOM [IJIB, cymecTByeT omuoKa,

BBI3BaHHAs HAOEroM (1)33};1. UtoOBI e¢ n30€KaTh BO3LMEM JJIUTCIIBHOCTD MMITYJIbCAa MMOBOPOTA HA YTOJI 6?

t = 9/\/§hy kpathbvM 277 / Q) m 270/ W, [3]. Orcronia G110 Haiizieno sHauenue nons /i, = (Wﬂ) / (2\/572'71)

JUTSL pa3iHYHBIX IEJBIX YHCEN M MPH YCIOBHH, YTO YHUCIO k =(tl.Q,.)/ 27 uenoe. Pesynmprarhl s

IMMOBOPOTOB HA YTOJ 7, HANIPABJICHUA KOTOPLIX OMPCACIIACTCA HAIIPABICHUCM MArHUTHOI'O IIOJIA:
h, =0.5124, h,=0.5124, h,=0.5124, h,=0.5277, h,=0.5277. Haiinens! mnapamerpsl PY

HUMITYJIBCOB BCEX CCIICKTMBHBIX ITOBOPOTOB, H€O6XOI[I/IMBIX AJIg peajin3alu B IMPOHCCCOPEC HaA IATU
KyTpUTax aJropuTMa u3 padotsI [1].

JlanHas paboTa BBIMTOIHEHA MTPH NOACPKKH DOH/Ia pa3BUTHS TEOPETUUSCKON (DU3UKHN U MATEMATHKH
«bazucy mo rpanty #20-1-5-41-1.

Jlureparypa:
[1] V. E. Zobov, L. S. Pichkovskiy, International Conference on Micro-and Nano-Electronics 2021. —
SPIE, 12157. 540-548 (2022)
[2] CaukTep Y. I1. 1 1p. OCHOBBI TEOPUK MAarHUTHOTO pe3oHaHca, 1981.

[3] 30608 B. E., Epmuiios, )KypHai skciepuMeHTalIbHOM 1 TeopeTndeckoit pusuku. V.141,PP.1060-
1070 (2012).
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Cnunosasn ounamuka 6 peokozemenvnom opmogheppume ThFeOj3

Ckopoboecamoe Cmanucnag Anexceeguy
Hnemumym ¢uzuxu um. JI.B. Kupencrxoco, ®UL] KHI] CO PAH
Cubupckuii ghedepanvuwiii ynueepcumem, Kpacnospck, Poccus

Penkozemensubie opTodepputhl ¢ obmuM coctaBoM RFeOs3 (R-penko3emMenbHBIM HOH)
MPEJICTABISIIOT CO0OM OKCHIHBIE MAarHWTHBIE MaTE€pPHUAlIbl, MCCIEAOBAHHWE CBONCTB KOTOPBHIX HE
mpeKpariaercs yxe 6osee Beka. MHOroo0pasue yHHUKaIbHBIX MAarHUTHBIX CBOUCTB [1 - 4] mpuHSATO
cuurath ciencTeueM 3d-4f B3auMonecTBIS, KOTOPOE BOSHUKAET MEXKTY MOICHCTEMaMH HOHOB Fe?"
u noHoB R**, ommako MOCTPOCHUE TOJHOM MHUKPOCKONMMYECKOW MOJEIM HATaJIKUBACTCS Ha P
TPYIHOCTEH.

B Hamewm nccieioBaHuE MBI IBITAEMCS PEIIUTh 3Ty MPOoOJIeMy, U3ydyasi MarHUTHBIE CBOMCTBA
opTOQeppUTOB ¢ pazHbIMU penko3emenbHbIME HoHamu (Yb, Ho, Tm u Tb), ucnons3ys ais 3Toro
HEYNpyroe paccessHue HEUTPOHOB M JpyrHe SMIupHueckue MeTonsl. McciemoBaHue CIUHOBON
JMHAMMKM Ha JBYX pasiMdHBIX dHepreTuyeckux macimrabax: Fe** (~60 mdB) u penkosemenbHoit
noacuctemsl Tb*" (amxe 40 MdB) 6611 iposeiens! B Oak Ridge National Laboratory.

Mpbl omucanu BBICOKODHEPTETUYECKHE MATHUTHBIE BO30YXKICHHS C HCIOIh30BAaHUEM
JUHEHHOMN CIIMH-BOJIHOBOM MOJIEITH M OIIPEIEIININ OOMEHHBIE B3aUMOJICHCTBHUSI B TTOJCUCTEME Fe’' s
TmFeOs [5 - 7] u TbFeOs. Hamm pe3ynbTaThl MOKa3bIBAIOT BRIPAKEHHYIO aHU30TPOIHIO MEXKIY
0OMEHHBIMH B3aUMOJICCTBUSIMHU B ab-TIJIOCKOCTH M BJIOJIb OCH € B POCTPAHCTBEHHOM rpyme Pbnm.
CrekTp MAarHMTHBIX BO3OyXkaeHmi mozpcucTeMbl Tb®" cOCTOMT M3 HECKONBKMX TEpeXojIoB
Kpuctaummaeckoro sekrpudeckoro nois (CEF), koropsie Obutn onpenenens Ha 17, 25 u 35 maB.
Pacuer, mpoBeseHHBIN C UCMONB30BaHUEM MeToAa TodeyHoro 3apsna (PCM), mokasanm cxoxwue
SHepruu nepexoos ajis mona Tb>". Takkxe Ha OCHOBE JJaHHOM MOJEIM HaMH ObLIH OCTPOEH CIEKTP
MarHUTHBIX BO30Y)KIIEHWH W HAMarHWYeHHOCTh, KOTOPBIE BOCIPOHU3BENH AKCIIEPUMEHTAIbHBIC
JTaHHBIE.

Pabora BhImoIHEHA IpY PUHAHCOBOU mozaepkke rpanta PODU Ne 20-32-90142. BeipaxkaeM CBOIO
onaronaprocts A. A. Iloanecusaky 3a nmomoms B skcniepumentax Ha INS u C. E. Hukutuny 3a uaeriHoe u
COJep)KaTeNIbHOE COMPOBOXKACHUWE pPa0OTHl Ha BceX odTamax. JlaHHas pa0oTa BBIIONHEHA HAYYHBIM
KOJUIGKTHBOM, B COCTaB KOTOPOTO, KpoMe Aokiamdanka, BXxomatT: K. A. latixyrouaos, 1. A. bamaes, M. C.
[TaBnosckwmii, A. A. Kpacukos, K. }O. Tepentsen

JIureparypa:
[1] R.L. White, Journal of Applied Physics, V.40, P.1061 (1969).
[2] A.V. Kimel et al., Nature, V.435, P.655 (2005).
[3] Y.J. Ke et al., Scientific Reports, V.6, P.19775 (2016).
[4] S. Artyukhin, et al. Nature materials, V.11(8), PP.694-699 (2012).
[5] S.M. Shapiro et al., Physcal Review B V.10, P.2014 (1974).
[6] S.E. Nikitin et al., Physical Review B V.98, P.064424 (2018).
[7] S.A. Skorobogatov et al., Physical Review B V.101, P.014432 (2020).
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Hccneodosanue  ncuoxocmuoit  nponuyaemocmu
Ha OCHOBe nepauma u NeHOCUIUKAMOE

Xapuenko Hean Anexcanopoguy

Hnemumym evruuciumenvrozo mooenuposanus CO PAH
HUncmumym ¢uzuxu um. JI. B. Kupencxoeo CO PAH

Kepamuueckux memopan

B Hacrosiiee BpeMst IOPUCThIE KEPAMUYECKUE MaTEpUaIbl HAXOAAT LIMPOKOE IPUMEHEHHE B
MEMOpaHHBIX TEXHOJOTUSAX pa3felieHuss cMeceid M TOJyueHHUs YUCThIX BemiecTB. OAHUM U3
MEPCIIEKTHBHBIX TMPUIOKCHUH KEpaMUYECKUX MEMOpaH SBISETCS BOJOMOJATOTOBKA M OUYMCTKA
cTouHbIX BoA. Llenb nanHOM paboTHI - MCClIeJOBAHUE KUIKOCTHON MPOHUIIAEMOCTH KepaMUYECKHIX
MeMOpaH Ha OCHOBE MEPJIUTA U IEHOCHIIUKATOB [T MTPOIIECCOB BOJOMOITOTOBKH.

B npannoit pabore mpencraBieHa METOJUKA TOJYYEHHUS HOBBIX THUIIOB KepaMUYECKUX
MaTepuajIoB Ha OCHOBE MepiuTa U nmeHocmukatoB [1]. [lomydersl 00pa3iibl [ByXCIOWHBIX KEpAMUK
Ha OCHOBE NOJUAMCIIEPCHOrO MOPOIIKAa MHUHEpana NepiuTa W MEeHOCHWIHKAaToB. Pa3mep mnop
OIIPEAEIISIIN METOJOM ITy3bIPbKa B BOJE U C TOMOUIBIO AIEKTPOHHON MUKpOocKonuu. CpeTHul pasmep
MOp HECYIIEeH MOI0KKH B Moauduimpytomero cios cocrapiset 40 mxm u 17 mxm. B pabote Opl1a
U3MEpeHa KUAKOCTHAs MPOHMLAEMOCTh IMOJYYEHHBIX MEMOpaH Ha OCHOBE 3KCIIEPHUMEHTAIbHOU
3aBHCUMOCTH TIOTOKa BOJBI Yepe3 MEMOpaHy OT NMPUIIOKEHHOW pasHocThu naBiieHnit. Ha puc. 1
NPUBE/ICHBI YKa3aHHBIEC 3aBUCMOCTH B Auamna3zoHe aasineHuit ot 0.01 go 2 6ap.

Ha ocHoBaHuU MOITy4YEeHHBIX

Tuku
pe3yIbTaTOB ObLTH

cIeJIaHbl o1
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| k]

BBI3BIBAET CHWKEHHE JKHUJKOCTHOM g . .-*
IPOHULIAEMOCTH OIONKEK ¢ 485 110 g fin T
272 M*/u-M>-6ap, 3TO OOBACHAETCS g e
YMCHBIICHHUEM Pa3MEPOB CKBO3HBIX -y 4nn - o

nop B JiBa pasa; 2) 3aBHUCHUMOCTh - - . J
00BEMHOT0 TMOTOKAa OT Pa3HOCTHU '
JaBJICHUH B AWana3oHe /10 2 6ap s . J,qr‘_:'__.
MOIU(PHUIIMPOBAHHBIX HOJIIOKEK
XOpOLIO  OIHUCHIBAIOTCS  3aKOHOM o
Hapcu, B TO BpeMs Kak i
MO/IJTOKEK u3 MepimTa
HaOJII01at0TCSl OTKIIOHEHHUS OT ITOTO
3aKOHa pu JTABJICHUSX,
npesbimaromux 0.8 6ap.

-
I
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I3 1.n
AP, figp

Puc. 1. 3asucumocmov 06veMHo20 nOMoOKa 800bl OM PA3HOCMU
oasnenuti 0115 NOONOICKYU U3 nepauma (kpusvie 1 u 2) u noor0xHcKu
u3 nepauma, MOOUGUYUPOBAHHOU CIOEM NEHOCUTUKAMA (Kpueast
3).

Pabora Beimonnena npu ¢uHaHcoBoi mogaepxkke PODU, mpoext Ne 18-29-19078 mk. duznko—
XMUMUYECKUH aHaIu3 MaTepHajioB ObLT BHINOJIHEH B KpacHOSPCKOM pPEerMoHaIbHOM LIEHTPE KOJUIEKTUBHOIO
nonb3oBanus GUL] KHL] CO PAH. Beipakaem 6naronapHocts coaBtopam padotsl — H.I1. ®@aneesoii, M.B.
[TaBnoBy, M.M. Cumynuny, K.A. lllaGanosoii, B.®. [TaBnoBy. Hayunslii pykoBoanuTens — A-p ¢pu3.-MaT. HAyK
Peokxos LU

JIureparypa:

[1] H.II. ®aneesa, M.B. I1aBnos, U.A. Xapuenko, M.M. Cumynun, K.A. [1la6anosa, B.®. [1aBnos,
N.N. ProxkoB, MemOpansl u MmemOpanHbie TexHosoruu, V.12(3), PP.1-8 (2022).
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Ocobennocmu xapakmepucmuk RnoOJI0CHO-RPONYCKAIOWUX (UIAbMPOE 6MOPO20
nopAOKa Ha NOJYEOTHOBLIX U Uemeepmb G0JIHOBLIX MUKPONOJIOCKOBHIX
pe3onamopax

Lymunos Tumogheti F-Opvesuu
Hnemumym ¢huzuxu um. JI.B. Kupenckoeo, ®UL] KHI] CO PAH

[TonocHo-nponyckatoniye QUIbTPbl, KaK U3BECTHO, SABIAIOTCS BaXKHEHIIMMH 3JIEMEHTAMU
CUCTEM  CBSI3M, pPAJAUOJIOKALIMM,  PAJAUOHABUTALMM, HM3MEPUTEIBHOM U  CHEUUaIbHOU
paauoanmnaparypbl. B HacTosiiiee Bpemsi Haubojee IMUPOKOE PAaCIpOCTPaHEHHE B PAJAMOTEXHUKE
MOJTYYHITH MUKPOIIOJIOCKOBBIE PHIIbTPHI. [IpocTeiime KOHCTPYKITMH MHUKPOIIOJIOCKOBBIX (DUITBTPOB
MPEJICTAaBIISIIOT COOOW CBSI3aHHBIE IOJTYBOJHOBBIE PE30HATOPHI C MapalljIeIbHBIMU JIPYT JIPYTY
MOJIOCKOBBIMU TTPOBOAHUKAMH. CyIIECTBEHHO MEHBIINE pa3Mephbl UMEIOT KOHCTPYKIMUA (DUIBTPOB
Ha YETBEPTHBOJIHOBBIX MHKPOIIOJIOCKOBBIX pe3oHaTopax (MIIP), B KOTOpBIX OAMH U3 KOHIIOB
MOJIOCKOBOT'0 MPOBOJAHUKA Kaxxaoro MIIP coequusieTcs ¢ skpaHoM.

B nacTosimieit paboTe TeoOpeTHYECKH M AKCIIEPUMEHTATBLHO UCCIIEAYIOTCS IECTh KOHCTPYKITAN
MHUKPOIIOJIOCKOBBIX ~ (DUIBTPOB  BTOPOTO  MOPSIKA, IMOCTPOCHHBIX HA TONYBOJHOBBIX H
YETBEpTHBOJIHOBBIX ~ pe30HAaTOpax. B  KkauecTBe TMOMJIOXKEK B KOHCTPYKLUUAX (QHIBTPOB
UCIIONIb30BAINCHh IJIACTHHBI M3 BBICOKOYAcTOTHOM kKepamuku TBHC tommuuoit 4 = 0.5 MM,
UMEIOIIEH OTHOCUTENBHYIO AMAIEKTPHUECKYIO0 MpoHHIaeMocTh € = 8(0. Pe3oHaropsl 0Opa3oBaHBI
OTpEe3KaMH MHUKPOIIOJIOCKOBOW JIMHUM C IMIMPUHON MOJOCKOBOTO MPOBOJHUKA W =4 MM, HUMEIOILEH
BOJIHOBOE comnpoTuBiieHue Z; ~ 4.5 Q. B paccmMaTpuBaeMbIX KOHCTPYKLIMSIX MOPTHI MOAKIIOYEHBI K
KOHIIaM TI0JIOCKOBBIX MPOBOJHUKOB, IO3TOMY PE30HATOPHI BO BCEX (PUIBTPAX UMEIOT MaKCUMaIbHO
BO3MOYKHYIO CBSI3b C BXOJHBIMU U BBIXOJIHBIMU JTMHUSIMU TI€PEAAUU.
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Puc. 1 ®@omoepaghuu sxcnepumenmanvuvix 006pasyos 06yxX KOHCMPYKYUL OBYX36EHHBIX (QUIbMPOE HA

a) noaysonoeulx u 6) uemsepmoeotogoix MIIP u ux AYX. Jlunuu — pacuem, mouxu — sxcnepumeHm

Ilenp wuccnenoBaHHUS — BBUSICHEHHME COOTHOIICHHUS MEXKAY XapaKTepUCTHUYECKUMHU
CONPOTUBJICHUAMU IMOJITYBOJIHOBBIX U YETBCPTHBOJIHOBLIX PE30OHATOPOB U UX OTJIMYUA OT BOJIHOBOI'O
COTIPOTHUBIICHUS 00PA3YIOIIEH MX MUKPOITOJIOCKOBOW JTMHUH.

B pesynprare wuccienoBaHMs MOKa3aHO, YTO XapaKTEPUCTUUYECKOE COMPOTHUBIICHUE
MOJTyBOJTHOBOTO pPE30HAaTOpa B JBa pa3a MEHbIE, YeM XapaKTePUCTHUECKOE COMPOTHBIICHUE

YETBEPTHBOJIHOBOIO pe3oHaTopa [1].
HaHHa}I pa60Ta BBITIOJIHCHA HAYYHBIM KOJIJICKTUBOM, B COCTAaB KOTOPOIr'0, KpOMC JOKJIaAUYNKaA, BXOAAT:
S1.b. 3aBbsnoB

JIureparypa:

[1] bensieB b. A., banbsa . @., JlekcukoB AH. A., CepxantoB A. M., Xoaenkon C. A., lllymusios
T. 1O. U3B. By3oB. ®usuka, V.65(2), PP. 71-81 (2022).
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Cunme3 mazHumuwix Hanocmpykmyp Ha ocroee FesSi memooom MJII

Hrosnes Usan Anexcanoposuy
HUnemumym ¢uzuxu um. JI. B. Kupencrxozo, ®UL] KHI] CO PAH

Pa3zpaboTka HOBBIX M YCOBEPILIEHCTBOBAHHE COBPEMEHHBIX MPHOOpPOB TpeOyeT Co3/laHue H
HCCJIeI0BaHNE HOBBIX MaTeprayioB. ToHkue MarHuTHbIC TieHKH (TMIT) mmpoko UCmoab3yroTcs co
BPEMEH Hauana 3pbl MHKPOIJICKTPOHUKH, U HAYYHOE COOOIIECTBO MOCTOSTHHO M300pETalOT HOBBIC
MaTepHuabl, B TOM YHCI€ U MHOTOKOMIIOHEHTHBIE. [3roTOBIEHNE COBPEMEHHBIX HAHOMATEPHAJIOB
TpeOyeT HCIONIb30BAaHUE CBEPXBBICOKOBAKYYMHBIX TEXHOJOTUNA. METOJ MOIEKYJISpHO-TYyUYEBOM
snutakcuu (MJID) mo3BOJSET CO3/1aBTh MHOTOCIOWHBIE MHOTOKOMIIOHEHTHBIE BBICOKOUHCTHIE
CTPYKTYPHI U1 PUMEHEHUS B Pa3IMYHBIX 007ACTSIX MUKPO-, PAJAHO- DJICKTPOHHUKH, B TOM YHCIIE U
CIIMHTPOHMKH, KOTOPAs SIBJISIETCSI HOBBIM BUTKOM Pa3BUTHSI MUKPOIJIEKTPOHUKH.

OnHuM M3 mepcreKTUBHBIX MarepuaioM aiasi TMII sBasiercss GpeppoMarHUTHBIN CHIIALIUA
FesSi, koTophrii 001a1aeT 10CTaTOYHO BHICOKOW HAMarHMUEHHOCTHIO HacklimeHus Ms= 1248 T'c [1],
u remneparypoid Kropu 7c= 840 K [2]. Ucnionb3ys st cunTe3a Metoa MJID, MOXKHO CHHTE3UPOBATH
JAHHBIN CUJIMUUJ B PA3JIMYHBIX CTPYKTYPHBIX COCTOSIHUSIX — OT MapaMarHUTHBIX HAHOYACTUL, JI0
MHOT'OCJIOMHBIX CBEPXPELIETOK ISl YCTPOUCTB CHUHTPOHUKH.

B Hamelt paGote mpeacTaBieHbl AaHHBIE O METOAaX MoOJiydeHHs cwimnuna FesSi B Bume
Pa3JIMYHBIX HAHOCTPYKTYP: HAHOUYACTHULIBI, MOJUKPUCTAINYECKHE U MOHOKpHUcTaiinueckue TMII,
a Tak)K€ MHOTOCJIOMHBIEC TUIEHKH € MPOCIIONKoi (Ge, U pe3ysibTaThl UCCIEIOBAHUS UX CTPYKTYPBHI,

MAaruuTHBIX U SJICKTPHUICCKUX CBOMCTB.
-a .
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Puc.1. a) YVenosvie 3asucumocmu nons @MP ons nnenox FesSi ¢ nonuxkpucmannuueckotl

(glass), u monokpucmaniuuecxou (Si(111)) cmpyxmypou [1]; 6) [IDM nonepeunozo cpesa ons
mpexciounol nienku Ha ocoge Fes+xSijx [3]

Bce o6pasipl Oblmi moydeHsl MetooM MJID mpu oHOBpEMEHHOM HAIbUICHHH JKeje3a U
KpeMHHsI, a Takxe repmaHust u3 3¢ ¢dy3uonHHbix suyeexk Kuyacena na mommoxku: Si(111), NaCl u
KBapll — MpHU pa3IMYHBIX TeMmmeparypax. bbuim uccieqoBaHbl MarHUTHBIE CBOMCTBA METOAOM
dbeppomarautHoro pesonanca (OMP), cTtpykrypa — MeTooM TudpaKIIMK OTPAKEHHBIX OBICTPHIX
AJIEKTPOHOB, CKAaHUPYIOUIEH W MPOCBEUMBAIOUIEH AJIEKTpOHHOM Mukpockonueid (IIOM),
3JIEKTPOCONPOTUBIICHUE U BOJIbTAMIIEPHBIE XapaKTEPUCTUKU IJIs1 HEKOTOPBIX IJICHOK.

N3 pmanabix @MP ycTaHOBIEHO, YTO OJHOOCHAs aHU30Tpomnus y MiaeHok FesSi moxker
nocturath 17,49 D. YcTaHOBIEHO Tak)Xe, YTO TPEXCIIOWHAas IJIeHKa Ha ocHOBe Fes+xSijx mmeer
MOJIYTIPOBOIHUKOBBIM XapakTep MOBEACHHS 3JIEKTPOCONPOTUBIICHUS OT TEMIIEPATYPHL.

I[aHHaSI pa60Ta BBITIOJIHCHA HAYYHBIM KOJUICKTUBOM, B COCTaB KOTOPOI'o, KpOME NOKIIaAUYMNKa, BXOJAT:

C.A. JIsmenko, A.C. Tapacos, b.A. benses, M.H. Bonouaes, 11.B. Hemues, C.H. Bapnakon

[1] 1.A. SIxoBnes, b.A. bensies, .A. Tapacos, C.H. Bapaakos, ®yHaameHTaIbHBIE IPOOIEMBI
paanolneKTpoHHOro pubdopocTpoenus, V.1, P.43, (2017).

[2] K. Lenz, E. Kosubek, K. Baberschke, J. Herfort, H.-P. Schonherr, K. H. Ploog, Physica
Status Solidi, V.3, P.122 (2006).

[3] A.S. Tarasov, l.A. Tarasov, [.A. Yakovlev, et. al. Nanomaterials, V.12, P.131 (2022).
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/Jlpesecuwvie cemuyennronosnl eau Picea abies: evidenenue, ceoiicmea,
AHMUOKCUOAHMHAA AKMUBHOCHDb

boposxosa Barenmua Cepeeesna

HUnemumym xumuu u xumuueckou mexnonoeuu UL KHI] CO PAH

HpeBecHbie remunenntono3sl  (I'L]) sABIAOTCA BTOPHIMM 10  PaclHpOCTPAHEHHOCTH
BO300HOBJISIEMbIMUA MPHUPOJAHBIMU TOJMMEpPAMU TOCHE IEJUTI0I03bl U SBJISIIOTCS TOOOYHBIM
OPOAYKTOM  MPOLIECCOB  JACTUTHHU(PHKAIMU  JIMTHOILICIUTFOJIO3HON — Ouomacchl.  OCHOBHBIMU
NPENSITCTBUSIMU  IIMpoKoro mnpumeHeHuss [l saBnAroTcsT MX HEOAHOPOAHAas CTPYKTypa U
3arps3HEHHOCTD JIMTHUHOM. OTHAKO CYNIECTBYIOT MEPCIIEKTUBHBIC pa3paboTku aiis npumeHeHwst ['1]
BO MHOTMX HampaBieHusx [1, 2], Onaromapss TakuM TpPEUMYIIECTBaM KaK HETOKCHUYHOCTD,
OMOCOBMECTHMOCTD, CIIOCOOHOCTh K OMoJorndeckoMy pasnoxkenuto. I'L], momydeHHble B mpoiecce
OKHUCJIUTEIbHON JeTUTHU(UKAIIMK C UCIIOJIb30BAaHUEM KaTallM3aTOpOB, HMEIOT HU3KOE CO/Iep KaHne
JUTHYHA U TIPUTOHBI IS JallbHEUIIeH nmepepadoTKu.

Makcumanshsbiii Beixoa ['L] mocturaercss mpu MCHOJIB30BaHUM B KAUECTBE KaTaJIM3aTOPOB
(NH4)sM07024 1 MnSO4 nipu Temnepatype nporecca 100°C u cocrasuser xo 10,9 % macc.

YcraHoBneHo, 4yTo mosydeHHble ['1] cocTOAT B OCHOBHOM M3 TaJIAKTOTIIOKOMaHHaHA M
HEKOTOPOTO KOJIMYECTBA apaOHHOTITIOKYPOHOKCUIIAHA, HE COIEPKAT OCTATOYHOTO JINTHUHA.

CoracHO TaHHBIM MOJICKYJISIPHO-MACCOBOTO pactpeaeneHus (puc. 1) Bce 00pa3iibl SBISIOTCS
JOCTaTOYHO OAHOPOTHBIMHU, C HEOOIBIION MmonuaucepcHocTho (1.8-3.3).

PIPFY 1l i o measermgreg, m¥miiy [
"
i
\
W

| PR |_‘_|'_

Puc.1. Monexynapno-maccosoe pacnpedenenue Puc. 2. AkmusHocmyv yiaeiueanusi c60000HbIX
u  epaguxu  Mapka-Xaysunxa-Caxypaost paouxanos @I Ve u ecemuyennionos,
2eMUYennionos,  NOAYYEHHLIX 6  npoyecce HNOIYYEeHHbIX 6 npoyecce  OKUCIUMENbHOU
OKUTUMENbHOU  OenucHUuUKayuu Opesecunvl  OelucHuUpuKayuu Opesecutvl eu.

enu.

I'Ll, mony4yeHHbIE U3 IPEBECUHBI €, YCTOMUMBHI K HarpeBaHuto 10 temmeparypst 100°C,
nanee HabIro1aeTcs CTpeMUTeIbHas moteps Maccel pu 270-320°C.
'emuniemniono3el, SKCTparupoBaHHBIE C MCMIOJb30BaHMEM KaTaiu3aTtopa MnSOs4 mokazanu
OTHOCHUTEIIbHO BBICOKYIO aHTHOKCUJAHTHYIO aKTUBHOCTh BO BCEM JHana3oHe KoHueHTpauui 0,08-2
mr/mi (puc.2). [lomydeHHbIE TEMUIEUTION03bI MOTYT OBITh HCIIONB30BAHBI B OMOMEIUIIMHCKUX
[EJISX, B MHOTOKOMITOHEHTHBIX TOKPBITUAX W HAMOJTHHUTENSAX IS TMHUIIEBON U (hapMareBTHIECKOM
MPOMBIIUIEHHOCTH.

Pabora BeimosiHeHa mpu ¢uHaHcoBoM noaaepxkke PODU n KKOH Ne20-43-242906. brnarogapHocTh
coasTopam: Mamsapy FO.H., Cynakosoit N.I'., Uynunoii A.N.

Jluteparypa:
[1] Mendes F.R.S., Bastos M.S.R., Mendes L.G., Silva A.R.A., Moreira R.A. Food Hydrocoll, V.70,
P.181 (2017).
[2] Xu W., Pranovich A., Uppstu P., Wang X., Kronlund D., Hemming J., Oblom H., Moritz N., Preis
M., Sandler N., Willfor S., Xu C. Carbohydr. Polym.,V.187, P.51 (2018).
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H3yuenue enuanus macconepenoca Ha nPOyecc KAmMaaumuuecKo20 OKUCi1eHus
JIUZHUHOB 6 6AHUIUH U YeTI0N03)

Bueynw JI. O.

HUnemumym xumuu u xumuueckou mexnonoeuu OUL] KHI] CO PAH

Han60nee NEPCICKTUBHBIM MCTOJAO0OM JIA IMOJIYYCHHUS BAHWIIMHA ABJIACTCA KATAJIUTHUYCCKOC
OKHCJIEHWE JIMTHUHOB MOJIEKYJSIPHBIM  KHCIOPOJOM. Majo HCCIEIOBaHHOM MPOOIeMOid
KaTAJIUTHUYCCKOI'O OKHUCIICHHUA JIMTHUHOB ABJIACTCA BJIIMAHUC HWHTCHCUBHOCTU MACCOIICPCHOCA
peareHToB, B mepByro odepenb Oz, HA CKOPOCTh M CEJIEKTHUBHOCTh 3TOro mpouecca [1]. Llensro
HaCTOHH[eﬁ paGOTbI ABJISICTCA HU3YYCHUC BJIMAHUA HHTCHCHUBHOCTH MACCOIICPEHOCA Ha CKOPOCTH
npolecca KaTaTMTHYECKOr0 OKUCIICHHS IUTHUHOB KUCIOPOJIOM B BAHWIIMH U LIEIJUTIONO3Y .
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Pucynox 1. Bruanue ckopocmu nepemewiusanus Ha Kunemuxy noanowjerus Oz npu okucienuu
opegecunwvl cocHul, 300 mn (A) u 3aeucumocms tg@ om 06vema peakyuoHHOU MACCHI.

BnepBbie KOJIMUYECTBEHHO HCCIEAOBAHO BIMSHUE OCHOBHBIX MapaMeTPOB MaccONepeHoca,
CKOPOCTH IEpeMelIMBaHusg U 00beMa pPeakIMOHHOM Macchl Ha CKOPOCTh OKHMCIIEHUS HATHBHBIX
nurHrHOB. OOHapysKeHa JTMHEWHAs 3aBUCUMOCTb, CBSI3BIBAIOIIASI CKOPOCTH MPOIECCa OKUCIECHUS CO
CKOPOCTBIO IIEpEeMEIINBaHUS, BHIYECIECHbI TAHT€HCHI yIJIa HAKJIOHA 3TUX MPSAMBIX, tg@. Y cTaHOBIEHA
paHee HeM3BeCTHAs JIMHEWHas CBsI3b tZ(PC 00HeMOM peakInOHHON Macchl. [lomyueHHbIe 3aBUCHMOCTH
MO3BOJIAIOT COKPATUTHL TPYAOCMKOCTL IMOHMCKA OITHMAJIBHBIX YCJIOBI/Iﬁ MOJIy4YCHHUS BaHUJIMHA U
apOMaTHYECKHX aJIbJIETHI0B OKHCIIEHUEM JINTHUHCOEPKAILIETO ChIPhS.

[IpoBeaeHHOE HCCIEI0BAHNE MTOKA3BIBAET, YTO YCTAHOBIICHHAS PaHee 3aBUCUMOCTh CKOPOCTHU
MOTJIOUICHUS KUCIOPOJa OT CKOPOCTH MepeMEIINBaHMsI BOCIIPOU3BOIUTCS IIPU MEPEXOAE OT KOCTPHI
JIbHA K COCHOBOW JIPEBECUHE.

[TokazaHo, 4TO 3aBUCUMOCTH tg( OT 0ObeMa SBJISETCS JTUHEWHOH, a €€ IKCTPAIOJISIIUs Ha
0JIM3K0€ K HYJIEBOMY 3HAYEHHUIO CKOPOCTH IepeMennBaHus aaet tge = 0. DTo o3HayaeT, uyTo 3Ta
JUHEWHas 3aBUCUMOCTh O0bequHseT Kak Au(dy3uoHHBIEC, TaK U KUHETUYECKH KOHTPOJIHPYEMBbIE
00J1acT mporiecca OKHCIICHHUS.

CpaBHeHI/Ie MOJIYYCHHBIX PE3YyJIbTATOB C HU3BCCTHBIMU JaHHBIMH IIOKAa3bIBACT, YTO
MaKCHUMaJbHble TEOPETUYECKUE BBIXObl BAHWIMHA MOYKHO MOJYUUTh B YCIOBUSAX AU(PHY3UOHHOTO
PCKUMaA, a HC TOJIBKO B YCIIOBUAX KUHCTUICCKOT'O KOHTPOJIA.

HccnenoBanue BEINOTHEHO TPH (PMHAHCOBO noanep:kke Poccuiickoro HayuHoro ¢ponga rpant Ne 20-
63-47109.

JIureparypa:

[1] Tarabanko V.E., Vigul D.O., Kaygorodov K.L., Kosivtsov Yu.. Tarabanko N., Chelbina Y.V.,
Bio. Conv. & Bioref (2022)
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Kamanus c 06oitnoil akmueayueil npu 2uopoau3e ueanoouosvl pmauesoi u
COJIAAHOU KUCTIOMAMU U 6TIUAHUE MEeMNEPAmypbl HA HE20

Lonyoxos Buxmop Anexcanoposuu

HUnemumym xumuu u xumuueckou mexnonoeuu UL KHI] CO PAH

B nwureparype peakius ruAposvza LEIO0MO3bl, KaTanu3upyemas —pa3iHMuHbIMU
POM3BOIHBIMU OCH30MHOM KHCIIOTHI, pacCMaTpHBajach B KauecTBe yJOOHOW MOAETH TMIPOJIN3a
LEJUTIONO03bl HAa OKUCIICHHBIX YIIEPOAHBIX Karanmu3aropax. CamuiuioBas U (raneBas KUCIOTHI,
UMEIOIINE BUIIMHATBHBIC KUCIIBIC TPYIIHI, TOKA3hIBAIOT OCOOCHHO BBICOKYIO akTHBHOCTH [1]. DFT
pacy€Thl CBS3BIBAIOT O3TOT A(QPEeKT C TPOYHOM accoruanueld apoMaTHYECKONW KHUCIOTHI C
JFCaxapuioM 3a CUET BOJOPOIHBIX cBsizei. [Ipennomnaraercs, 4To MOJOOHBINH KOMIUIEKC 0COOEHHO
JIETKO aTakyercsi nmpoToHoM u3BHE [2]. Ilo cyTu, 3TO cMHepreThyeckoe NEeUCTBHUE ABYX KHUCIOT
Bpéncrena, BeIpaK€HHOE KaTalIM30M JIBOMHOM akTUBaIMel, U 1moJ00HbIe 3P (HEeKThl He HaXOIWIH
WHOTO OTPa)KEHUS B JINTEpATypE.

B memsix sKCnepuMeHTaNbHOTO JI0Ka3aTeIbCTBA BO3ZMOXKHOCTH CHHEPreTHuecKoro 3¢ ¢exra
o0mero u crenupuIeckoro KUCIOTHOTO KaTajli3a B PEeaKIMu THIPOJIU3a 1e/UI00M03bl HaMH ObLTH
MPOBEJICHBl KHHETUYECKHUE OIBITHI M0 THAPOIU3Y LEIOOMO3bl B BOJIE B MPHUCYTCTBUU (DTareBoi,
COJISTHOW MJTU DKBUMOJIIPHON KOMOMHAITUU KUCIIOT.

ITpu 70 °C nceBIOKOHCTAHTa CKOPOCTH PEAKIMM MEPBOro MOpsaAKa ¢ KOMOMHHPOBAHHBIM
KaTaJl3aTOPOM MPEBBIIIAET CYMMY IICEBJAOKOHCTAHT JJIsl KUCJIOT MO OTAEIbHOCTU: OKoso 38 %
11eJT00M03bI KOHBEPTHPOBAHO 3a CUET CHHEPTHH, UYTO MOATBEPIKIaeT HadYaIbHYIO0 TunoTe3y! OmxHako
noBbllIeHHe TeMieparypsl Ha 10 rpagycoB cHmxkaer addekt mo 10 %, a npu 90 °C nabmromaercs
3aMeJICHHE pEeaklMu NpUMEpHO Ha 8 % MpuU COBMECTHOM JEHCTBUU JBYX KaTaJIM3aTOPOB IO
CPaBHEHMIO C CyMMOMW UX COOCTBEHHBIX MICEBJJOKOHCTAHT CKOPOCTH.

JlanHOe HaMu OOBSCHEHHME TaKOHl TeMIepaTypHOW 3aBUCHMOCTH OCHOBBIBAE€TCS Ha
MPENOJIOKEHUH, YTO B CHCTEME HMMEETCS paBHOBecHe 00pa3oBaHHUS KOMILJIEKCa LEUI00HO3bI ¢
draneBoit kuciaoroil. [[poToH MOXKET aTakoBaTh CBOOOIHYIO IEJIIO0M03y (MapmIpyT ¢ OJUHAPHON
aKTHBaIMen ), 100 e€ KoMIUIEKC ¢ (TajJeBOi KUCIOTOM (MapmpyT ¢ IBOMHON akTUBanuei). Bximag
ATHX MapIIPYTOB 3aBUCHUT OT COOTHOIIICHHUSI PABHOBECHBIX KOHIICHTPAIIMHA JBYX ()OPM YTIIEBOJA U OT
COOTHOILIEHHUS! KOHCTAHT cKopocTel MapuipyToB. OOpa3zoBaHue KOMILIEKCA B 3aMETHOM KOJIMYECTBE
JOJDKHO — OBITh  9K30TEPMHYECKHUM, COOTBETCTBEHHO HarpeB ocialisieT KOMILJIEKCOBaHUE,
HeoOXxoauMoe ISl ABOMHOM akTUBanuu. [10CKOIBKY CHHEPTeTUUECKH MapIIpyT MOXET 00J1a1aTh
3HAQUUTENIbHO MEHbBIIEH »HEprue akTUBaluu [2], COOTHOIICHHE HHEPrUiM aKTUBAIUU JIBYX
MapILIPyTOB Tak)Ke HEOJarompusiTHO AJsi COBMECTHOro MapuipyTa mpu HarpeBe. Kpome Toro,
CBSI3bIBAaHME HEKOTOPOM J0JIM CyOCTpaTa B KOMILIEKC JI€IaeT HEBO3MOXKHOM €€ ydacTHe B MapuIpyTe
C OJIMHAPHOM aKTHBAIMEH, KOTOPBIM 00Jiee BHITOJIEH MPH BBICOKOW TeMmIiepaType. 3a CuéT 3TOro
nobapiieHue  (GTaNeBOW  KUCIOTHI  NPUBOAMT K  3aMEUIGHUIO  Ipolecca, TO  €cTh
aHTucuHepreTudyeckomy dddexty. bormee momHO 0O0BSICHEHHME ¢ KUHETHYECKas MOJCIb
npejacTaBieHbl ctathe [3]. JlaHHbIe pe3ybTaThl HOATBEPKAAIOT CYIIECTBOBAHUE CHHEPTETUUECKOTO
JeicTBUS 001Iero U crenuuueckoro KUCJIOTHOTO KaTain3a, U BEpOsSTHO, B JalbHEHIIIEM TOMOTY B
HANPaBIIEHHOM ¥ pAallMOHAILHOM JAu3aifHe HOBBIX 3()PEKTUBHBIX KaTaaU3aTOPOB THIPOIU3A
LEJUTIONIO3BI.

HccnenoBanue BBIMOIHEHO 3a cueT rpaHTa Poccuiickoro Hayunoro ¢onaa (mpoekt Ne 21-73-20269).
BnaronapHocTs coaBTOpaM padOTHI U KOJUIEraM, IPUHSABIINM y4acTHe B padoTe HaJ Aokiagom: TapabaHbKo
H.B., Tapan O.II., Tapabdansko B.E., 3aiiieBa F0.H.

JIureparypa:
[1] Kobayashi H. et al., Journal of Physical Chemistry C. V. 119. PP. 20993-20999. (2015)
[2] De Chavez D. P. et al., Molecular Catalysis V. 475, P.110459 (2019)
[3] Tarabanko N. et al., ChemPhysChem. doi.org/10.1002/cphc.202100804. (2021)
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Bnusanue npupoovt pacmeopumens u mamepuana paoouezo 31eKmpooa Ha
MEXAHUZM 60CCHIAHOGICHUSA J1€8YTIUHOGOI KUCTIOMbL
Sumonun /1.B.

Hnemumym xumuu u xumuueckou mexnonoeuu, @HUIL] KHI] CO PAH

Metonom numkianueckoi BodbTamiepomerpun (LIBA) wu3yden mnpoiiecc BOCCTaHOBICHHS
JIEBYJIMHOBOM KHUCIIOTHI B OPTaHUYECKUX (AIIETOHUTPHII, alleTOH, dTUJI0BRIN ciiupt, JIMCO) u BogHO-
oprannveckux (areroHuTpuia-soaa (1:1)) cpemax Ha pasnuunbix snektponax (Pt, Rh, CV, Fe, Cu,
Pb).

[Toka3zaHo, 4TO MCIIOJIB30BAHUE OPTAHUYECKUX PACTBOPUTENIEH ITO3BOJIAET U3yUaTh MEXaHU3MBI
penokc-peakiuii JIK B Oosiee mmpokol oOJacCTH TMOTEHIMAJIOB IO CPAaBHEHUIO C BOJHBIMU
pacTBopamu. 3HA4y€HHs IOTEHLMAIOB BoccTaHoBieHus JIK B 3aBucMmMocTH OT HPUPOJIBI
pacTBOPUTEINSI CMEMIAIOTCA B aHOAHYIO 00J1acTh B psiay: JAMCO < aneToHuTpuri < arieToH < 3TaHOI
< aleTOHUTPWI-BOJA. DJIeKTpoxumHuueckoe BocctaHoBieHue JIK mporekaer ¢ oOpa3oBaHuem Y-
BasieposiakToHa (I'BJI): B alleroHe, STUJIOBOM CHHPTE, allETOHUTPUIIE B OAHY ABYXAJIEKTPOHHYIO
craguio, B /IMCO - B 1Be mocienoBaTeNbHbIE OJHORIEKTPOHHBIE CTaJuU yepe3 oOpa3zoBaHHE
OTHOCHUTEJIBHO YCTOWYUBOTO MTPOMEKYTOYHOI'O paJuKaa.

Wzydenue BAMSHMS TpPUpPOAbI MaTepuaia pabouero siekrpojga Ha BoccrtaHoBieHue JIK B
AlETOHUTPUIIE B IPUCYTCTBUU JOHOPA MPOTOHOB MOKA3aJI0, YTO ATOT MPOLIECC MPOTEKAET M0 IBYM
pa3nmuuHbIM Mexann3MaM. Ha uneptabix (Pt, Rh u CY) anexTponax mporcxoasaT mociae1oBaTelbHbIe
MIPOLIECCHI: MEPBOHAYAIBHOE BOCCTAHOBJICHHE MPOTOHOB 10 aJCOPOMPOBAHHOTO HA MOBEPXHOCTU
KaToJla aTOMapHOro Bozopoja, u B aanpHereM — JIK go I'BJI (puc.1-I). Ha nenneptusix (Fe, Cu,
Pb) snektpomax mporekaeT psl MapalielbHBIX PEaKuil: 3JIEKTPOXUMHUYECKOE BOCCTAHOBIICHHE
IPOTOHOB M JIEBYJIMHOBOM KHCJIOTBHI, YTO NPHUBOAUT K Ooinee rimybokomy ruapupoBanuio JIK c
oOpaszoBaHHEM BajiepuaHoOBOM KUCIOTHI (puc.1-II).

e [

—— NK = HBF, {1:1) —— &+ HEF_ {1:1}

MaCN, 0.1 M ELNBF, C =4 uM, V = 25 mBic, omwe. PI MCH, 07 M ELNDF, C = 5 all, V= 20 0, o Pt
! ! ! 1 ¥ .I y 1‘ .. .III .II .I .. EE
o — — = 20 EB U8 as B 13 ; & 43  an
1 11

Puc. 1. [[BAJIK u JIK + HBF4 (1:1) na Pt(I) u Cu(ll) snekmpooax

Takum o0pa3om, BapbUpys NPUPOIY PACTBOPHUTENS U MaTepuasa paboyero JIeKTpoaa MOXKHO
perynupoBaTh npouecc BocctanoBieHus JIK no I'BJI unm BanepuanoBoi KUCIOTHL.

bnarogaproctu.
Coastop: c.H.C., K.X.H. Bepnekun Buktop Bacunsesuu
Hayunblii pyKoBOAUTENR: T.H.C., 1.X.H. bypmakuna ['anuna BennamMmHoBHa

PaGota BrImonHEHa B paMKaX TOCYAapCTBEHHOTO 3a1anus HCTUTYTa XUMUM 1 Xumudeckoi Texnonorun CO
PAH
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Iogviuenue xapakmepucmuk HAaHOCMPYKMypuposauuvi3 niénok TiQ2 memooom
INEKMPOXUMUUECKOU AKMUBAUUU
3ocwvrko H.A.

HUnemumym xumuu u xumuueckou mexnonoeuu UL KHI] CO PAH

Ha ¢one pacnpocTpaHeHHBIX METOJIOB CAMOJIONTUPOBAHMSI HAHOCTPYKTYPUPOBAHHBIX TNIEHOK
TiO,, xoTopbeie TpeOyrOT Oombmmx 3arpaT [1], MEpCHEKTHBHBIM METOJIOM TPEICTABISCTCS
IIEKTPOXUMHUYECKOE TuapupoBanue. [lox aelcTBHEM BHEWIHErO 3JIEKTPUUYECKOTO IOJIS BOJOPOJ
BHepsercsa B pemerky TiO. u BoccranasmuBaeT Ti*" mo Ti*" [2]. B mannoi#t paGore mccnenosas
METO/I 3JIEKTPOXHUMUYECKON aKTHBAIIMH 31eKTpo1oB (nomuposanueTi’ ) na ocHOBe MuoKCHIa TUTaHA
C LIeJIbI0 yBeMHUeHUs (OTOKATATUTUYECKUX XapaKTEPUCTUK MTPU Pa3I0KEHUHU BOJIBI.

IIpouenypa 31EKTPOXUMHUUECKON aKTUBALIUU IIPOBOJIMIIACH B CTAHIAPTHOU TPEXDIEKTPOSHON
q4eiKe MyTEM TMOBTOPSAIONIETOCS HAJIOXKEHUS NoTeHuuasna oT -1,5 mo 2 B oTHocutenbHO
XJIOpUACEPEOPSIHHOTO MMEKTpoa cpaBHeHus. KonnuecTBo ukiioB BappupoBanochk ot 30 1o 60 pas.

Ananmu3 SEM-u3o0paxkennii mokazan, yto TiO» mpenacraBieH MAacCMBOM HaHOTPYOOK ¢
nuaMerpoM 60HM U TOJIIMHOM CIIOST 7TMKM.

UccnenoBanue (HOTOAKTUBHOCTH TMPHU MOMOIIM METOAA JIMHEHWHOW Pa3BEPTKU MOTCHIHAIA
MOKa3aJl0 3HAYMTENIFHOE YBEJIMYEeHUE IUIOTHOCTH QoTtoroka (B 3-3,5 paza) ans oOpaslos,
MOJIBEPTHYTHIX JJIEKTPOXUMHUYECKONW aKTUBAaUMU. {71 OLIEHKM CTaOMIBHOCTH pPabOThI, 0Opa3libl
BBIJICPKUBAUCH JUTMTEIBHOE BPEMs MPHU IOCTOSHHOM OCBEIIEHWH M cIaBure noreHinuana 1B. B
nepBbie 200 ¢ BBIIEPKKH, JIJIs BCeX 00pa3lioB HabmomaeTcs CHIKEeHUe (poTroToka npumepHoHa 18—
26 %. DTo cBA3aHO, MO-BUIMMOMY, C YCTaHOBIICHMEM DaBHOBECHs Ha MeX(pa3HOW TpaHUIe
INEeKTpoA-1eKTponuT. JlanbHellliee H3MEHEHUE IUIOTHOCTH TOKa ObLIO HE3HAYUTEIbHBIM H
HaXOAWJIOCh B npezaenax ot 4 10 8 %.

C momol1IpI0 MeTo/1a AIEKTPOXUMUYECKON UMITEJAHC CIIEKTPOCKONUHU MTOKa3aHO YBEIMYEHUE
POBOJUMOCTH JJIGKTPOAA M CHIDKEHHE CONPOTHUBIICHUS IEPEHOCY 3apsia Ha TpaHHIe
AMEKTPOA/INEKTPOIUT. ITO MPUBOIUT K CHIKEHUIO CKOPOCTU PEKOMOMHAIIMU HOCUTENEH 3apsiaa U,
KaK CJIEJICTBHE, YBEIMUCHHIO (POTOOKIIMKA AIIEKTPOAA.

Jlist ompeneneHus BIMSHUS JTIOMUPOBAHHUS Ha 3JEKTPOHHBIE cBOMCTBaTiO2 37E€KTPOAOB B
pacTBope OSIEKTpoJIMTa OBUIM IOJyYeHBbl 3aBUCHUMOCTH €MKOCTHM MeX(pa3HOW TpaHMIIbI
3eKTpoA/>nekTpoauT oT mnoteHuuana (Morr—IllorTtku 3aBucuMocTH). HakioH mMmoxyd4eHHBIX
3aBHCUMOCTEI OBbUI IMOJIOKUTENBHBIM, YTO XapaKTEPHO Ui IMOJYNPOBOJHUKOB N-THUIA, MPOIECC
INEKTPOXUMHUYECKON aKTHBAIMHU 3JEKTPOJOB HE MPUBOJUT K M3MEHEHHIOTHIA IMOJYIPOBOJHUKA.
[Ipu sTOM TrOpa3no MEHbUIMH JUHEWHBI HAKIOH KPHUBBIX CBHUICTEILCTBYET 00 YBEIMYCHUU
MJIOTHOCTU HOCUTENEHN 3apsiia B BoccTaHOBIEHHBIX TNTs. Hanpumep, mIoTHOCTH HOCUTENEH 3apsia
JU1s HeAKTUBMPOBAHHOTO SIEKTPOIa Mo AaHHbIM KpuBoit M-111 coctasnser 2,94-10% cm, B T0 Bpems
KaK I aKTUBMPOBAHHOTO O3JIEKTPOAA 9TO 3HAueHHWe cocTaBuser 5,57°10%% cm>. Ananus
3apucuMoctd M-Il a7 akTHUBMPOBAHHBIX 3JEKTPOJOB TAKXKE CBHUICTEIBCTBYET O CIBUTE
MOTEHIIMaa MJIOCKUX 30H B 00J1aCTh 00Jiee MOJOKUTENbHBIX 3HaYeHHUI U, COOTBETCTBEHHO, TAKOM
ke cxaure ypoBHsS @PepMmMH, 4YTO OJIATONPUATCTBYET pAa3/AEiCHUIO 3apsi0B U YBEJIWYCHHUIO
($OTORIEKTPOXUMUYECKUX XapaKTEPUCTHK JOMUPOBAHHBIX AJIEKTPOJIOB.

biraromapaocts coaBTOopy padoTsl Kenosoit T.A.

Jluteparypa:
[1] A. V. Puga, Coordination Chemistry Reviews, V.315. PP. 1-66 (2016).

[2] Xu, C., Song, Y., Lu, L. et al., Nanoscale Research Letterts, V.8, PP. 391(2013).
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Komnnekcnas IkcmpakyuoHHo-Kamaiumuieckas nepepadomKa mMexanuuecKu
AKMUuBUPOBAHHOU KOPbL COCHbBL

Honun Braoducnas Anexcandposuy

Unemumym Xumuu u Xumuueckou mexnonoeuu @UL] KHI] CO PAH

CocHa mo o00BeMy Jieco3arotoBok peruonoB Cubupu coctaBiser okoio 70 %
3aroTaBJIMBAaEMOTr0 JIPEBECHOTO ChIpbs [1, 2]. AHanM3 moka3areseil 0anaHca UCIIOIb30BaHUS ChIPhSI
MOKA3bIBAET, YTO OOJBIIIOE KOTUIECTBO 0TX010B npeanpustuii JIIK ucnons3yorces HepamoHaiIbHO
[1, 2], 9TO0 00yCIOBIMBAET BHICOKYIO aKTyaJIbHOCTh Pa3BUTHS METOAOB 0€30TXOIHOM mepepaboTKH
KOPBI COCHBI, KOTOPasi [0 CBOEMY COCTaBY SBJISIETCS LICHHBIM HCTOYHUKOM JJIs1 IOJTyYE€HUSI ITUPOKOTO
ACCOPTUMEHTA BEUIECTB C MOBBIILIEHHON T00aBIEHHONH CTOUMOCTBIO.

B nanHoii paboTe mpemsokeHa cxemMa KOMIUIEKCHON SKCTPAaKIMOHHO-KaTaTUTUYECKON
nepepaboTK  MEXaHMYECKH  aKTUBUPOBAHHOM  KOpbl  cocHbL.  [lomyueHsl  pe3ynbTaThl,
JIEMOHCTPUPYIOIIKE MPEUMYIIECTBa NPUMEHEHUsI aKTUBUPYIOIIMX BO3JIEUCTBUI HAa KOPY COCHBI, B
YaCTHOCTH, MEXaHWYecKasi aKTHBAllMsl C HCIOJb30BaHHWEM IIpOllecca B3PHIBHOTO aBTOTHUIPOIIH3A,
CIIOCOOCTBYIOT BBIJICTICHHIO MAaKCHMAalbHOTO KOJHYECTBA HaWOoJiee IIEHHBIX OSKCTPAKTUBHBIX
BellecTB (cMoncThIe BemecTBa — 9,89 mac.%, B-cutocrepun — 0,78 mac.%, 1yOuabHbIE BEllecTBa -
16,78 mac.%, nekTuHOBBIE BemecTBa — 6,68 mac.%).

[Ipu sTOM mpenBapuTeNbHAs aKTUBAIUS KOpPHI COCHbI B OapaOaHHON MENbHHUIIE B CBOIO
ouepeab IMO3BOJMJIA JOCTHMYh MaKCHUMAJbHOTO BBIXOAA JKUAKUX MpoaykTtoB (21,63 mac.%) c
MaKCHMaJbHOW CTENEeHbIO MpeBpalieHus ceipbs (68,08 mac.%) B mporeccax BOCCTaHOBHUTEIbHO-
KaTaTUTHIECKOTO (PAKIIMOHUPOBAHHUS.

BoccTaHOBUTEITBHO-KaTATUTHYECKOS

DKcTpakimoHHas o0paboTka
(pakunonupoBanue

Bo3snymmo-cyxast u3MenbueHHas 10
paxiuu 1-3 MM KOpa cocHbI

‘ Mexanuyeckas aKTHBALHUs TP

Trepasbrit
ocTaTox

TOMOIIHU MeJibHHL, BAT

DKCTPAKIIHs FeKCAaHOM

Obeccmonennas
Kopa

BK® c ucnonszosannem Ru/
C xaranusatopa

CmonucTbie
BEIIECTBA

([ owmmpaums | |
DKCTPaKLHUsi PACTBOPOM v
OMBUICHHE B CITHPTOBOM STHIOBOTO CIMPTA

pactBope 0.5 1 NaOH
¢ AnkundeHonst Taepisie
+ TIpombIBKa TPOAYKTBI
JMCTHILIHP it BOJ1O#

PasGasiicHue BOJIOH, npu ruapomosyse 1:20,
SKCTpaKIus Temnepatype 60°C
JIMDTHIOBBIM 3(UpoM

TeprieHoBBIE
BEIIECTBA
I DuIbTpaLHsL I BEP/IBIif OCTATOK C BBICOKMM
COJIepIKaHNEM LIETLTIONO3bI
Ocaxnenne
TlexTuHOBBIE
H30MPOMIIOBBIM
BelecTsa
crnupToM

Puc. 1. Cxema sxcnepumenma KOMNIEKCHOU nepepabomki Kopbl COCHbl

Cepust IPOMBIBOK
Trepaprit STIIIOBEIM CIIHPTOM,
0CTaTOK BOJIOH, CyIITKa

DKeTpakuHsa 5% BOIHBIM
pacreopom HCI

Pabora BemmonHeHa mpu GUHAHCOBON momaepkke rpanta PODU Ne 19-43-240011. B pabore
UCIIOJIB30BaHO 00opyAoBaHue KpacHOSPCKOro perHoHaIbHOTO IEHTpa KOJUIEKTUBHOTO mHosib3oBaHus DUL]
KHL[ CO PAH. bnaromapHocts coaBtopam pabotel: Tapan O.Il., CkpunnukoB A.C., Bempuxosa E.B.,
Kazauenko A.C., Mamspy 10.H.

Jluteparypa:
[1] L.V., Melman., Regional economy: theory and practice, V. 26, p.6. (2008)
[2] Sobolev S.V., T.V.N., Success of modern natural science, V.4, PP.168-171. (2004)
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Inekmpokamanumuueckoe OKUCIEHUE KPAXMANa 6 Hepa3z0eieHHOoU AYellKe ¢
yuacmuem aKkmueHbsIX hopm Kuciopooa

Kanaesa C. H.

Unemumym Xumuu u Xumuueckou mexnonoeuu @UL] KHI] CO PAH

B mnacrosimiee Bpemsi Kpaxman SIBISIETCS NPAKTUYECKA BaXKHBIM M MHTEPECHBIM
OHOIMOJIMMEPOM JJIs IPOMBILUIEHHOCTH H3-32 IIMPOKON TOCTYMHOCTH M HU3KOM croumocTH. Ero
NPUMEHEHHE B PAa3IMYHBIX OTPACISIX MPOMBIIUICHHOCTH, TaKMX KaK MHINEBasi, OyMakHas U
TEKCTUJIbHAs!, MOXKET OBITh YBEIMUEHO 32 CUET MCIOIb30BaHUS Pa3IMYHBIX METOI0B MOIU(DUKAITIH.
M3BecTHO, YTO OKHUCIEHHE Kpaxmajla MpPOBOJIAT pPAa3IUYHBIMU METOJAMH: XHUMHUYECKUMH,
KaTaJIUTUUYECKUMU M 3JIeKTpoKaTanuTtuyeckumMu. Hambosee MHTEPECHBIM MPOIYKTOM OKHCIIEHUS
Kpaxmaina sBisiercst nuanpaerua kpaxmana (JIAK). B npouecce okucinenus, kKpaxmall TEPSIET CBOIO
NIEPBOHAYAJIBHYI0 KPUCTAJUIM3ALHI0, @ THAPOKCUIIBHBIE TPYIIBI B KOJIBLIE TJIFOKO3bl YaCTUYHO
OKHUCJISIFOTCS. 70 albJCTUIHBIX WJIM KETOHOBBIX T'PYII, KOTOPBIE OCTAOJISIOT BOAOPOIHBIC CBS3U
MEeXIy LeTsiMU Kpaxmaiia, oopazosbsiBast JJAK, u npyrue npoaykTsl okucieHus| 1-3].

Lenpro qaHHOTO HUCCNEAOBaHUS SIBISETCS JEKTPOKATATUTUYECKOE OKHCIIEHUE Kpaxmala 0
JAK na snextpomax u3 Pb/PbO2 u nonmupoBannom 6opom anmase (JIBA) B Hepa3aeneHHON siueiike
Cc ywacTueM akTUBHBIX ¢opm kuciopona (ADPK:HO’, HO;', HO;), xoropeie MOryT OBITH
T€HEPUPOBAHBI B BOAHBIX PACTBOPAX MO PEAKIIHMAM COTJIacHO ypaBHeHUsM (1-6) [4].

Cornacno ypaBHeHUsM (1-6), ADK MOTyT OBITh CPAaBHUTEILHO IIPOCTO TEHEPUPOBAHHI in Situ
B BOJHBIX CPEIaX HA OCHOBAHMM COMNPSHKEHHBIX MPOLIECCOB IPH AHOJHOM OKHCIEHMHM BOJbI Ha
natuHe, [IbA, Ha 37eKTpoiax Ha OCHOBE OKCHUJIOB METAJJIOB MEPEMEHHOU BaJIE€HTHOCTH (AMOKCHUL
CBUHIIA, HUKEJS, 0JI0BA U T.J.), U KATOAHBIM BOCCTAHOBJICHHEM KHUCJIOPOa 10 epOKCHIa BOJOpOIa
Ha yriierpaduToBbIX MaTepraiax.

Ha xatone:

0, + H,0 - HO; + OH™ pH>7 (1)
0, + 2H* + 2e - H,0, pH<7 (2)
Ha anone:

H,0 - HO 4+ H* +e 3)
H,0, » HO, + H* + e 4)
H,0, + HO; - HO" + H,0 + 0, (5)

Baenienne B pacTBop noHos Fe?* peanusyer anektpo-®enrton (IP) cxemy:

Fe?t + H,0, + H* - Fe3* + H,0 + HO' (6)

N3ydeHo BiusHHE MJIOTHOCTH TOKa, pH pacTBopa aseKTpoiuTa, BPEMEHHU AIIEKTPOIIN3A,
KOHIIEHTpaLuy cyOcTpaTa Ha KHHETUKY U 3¢ (ekTuBHOCTh npouecca. Ha uccnenyemsix anekrpogax
ObUIM HaiiieHbl ONTMMAanbHble ycrnoBus mnomydenus JIAK: mmotHocTs Toka - 25 MA/cM?,
KOHIIeHTpanus cyoctpara — 3,3 r/a, pH 2-3 u remneparypa 20-25°C

Jluteparypa:
[1] Zia-ud-Din, Xiong H., Fei P., Critical reviews in food science and nutrition, V. 57, PP.2691-2705
(2017).
[2] Zhang Y. R. et al. , Carbohydrate Polymers., V.78, PP.157-161 (2009).
[3] Fiedorowicz M., Para A., Carbohydrate Polymers, V. 63, PP.360-366 (2006).
[4] Bytpum C. M. u np., 3BecTus BbICHINX yUeOHBIX 3aBeIeHUIN. XUMHUS U XUMHUECKas TEXHOJIOTHS,

T. 58, Ne. 1, C. 28-32 (2015).
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Cunme3 u xapaxmepuzauus CceePXKOHUEHMPUPOBAHHBIX 30J1€ll HAHOUACHUY
okcuoa meou (1)

Kapnos Jlenuc Badumosuu
Hnemumym Xumuu u Xumuueckou mexnonoeuu @PHUL KHI] CO PAH

Hanouactuiel okcuna meau (II) — nepcrnekTuBHBIN MaTepHual Juisi MPUMEHEHHS B KaTajau3e
[1] u ¢orokarammze [2], Omomenunmne [3], poroBoasTanke [4]. B To ke Bpemsi, onuchIBacMbIe B
auTepaTtype 3011 HaHodacTul CuO XxapakTepu3yrTCs MaJloil KOHLIEHTpauel (€quHUIbI — AECATKH
r/n) [4].

AHM30TPOITHBIE HAHOYACTHUIIBI OKCHJA MeAW OBbUTM MONYyYeHBl MO MOAU(DUIIMPOBAHHON
METOAMKE [S5] MyTeM MIEI0YHOTO OCAKIEHUS Topssuero pactBopa cyibdara menu (I1) B mpucyTcTBrmM
YKCYCHOM KHCIIOTBl THAPOKCHUIOM HATPHsl C OJHOBPEMEHHBIM DAa3JIOKCHHEM OO0pa3yoIIerocs
Cu(OH), no okcuma. Ilomyuennsrii ocamok CuO cTaOuIU3WpOBaIM TyTEM BHECEHUS
0J/IHO3aMEIICHHOT0 LUTpaTa HATpus, MOCIE Yero ynapuBaliu MPHU MOCTOSHHOM MEPEMEUTUBAHUM 10
KOHeuHOU KoHueHTpanuu HaHnodacTuil 1000 r/m. CToib KOHIICHTPHPOBAHHBIE CTAOMIIBHBIC 30JIH
OKCH/JIa M1 TToTy4eHbl HaMu BriepBble. CoritacHo PDA, nosrydeHHbIe HAHOUYACTHULIBI TPECTaBICHBI
MoHodazon TeHoputa (C2/c) (pucynok 1A). Pazmep OKP, BbumcieHHBINH C y9eTOM TpHOOPHOTO
ymupenusi peduiekco, coctanser 11 um. Ilo npamasim [IOM, oOpasen mnpeacraBieH
AQHU30TPOMHBIMU HAHOYACTUIIAMHU CO CpeHEH MIMHOU 29 HM M auamerpoMm 8 HM. Pactpenenenus
yactun no aiune (L) u quamerpy (W) npeacraBieHbl Ha BCTaBKe.

i Tenortg (i)
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Puc. 2. A — Jlugppaxmoepamma obpaszya; B — muxpogpomoepagusa nanouacmuy CuQO; C — sHewnuil 6uo
pazbasnennoco 3015, D, E — cucmozpammel pacnpedenenus yacmuy no ouamempy u OiuHe

Bripaxaro 61arogapaocts coaBTropam pabotsl Bopoosery C.A., Antunosoi 10.B., Muxiuny
F0.J1., a Takxke HayuHoMy pykoBogutento CaitkoBoit C.B.

JIureparypa.
[1] Huang H., Huang, W., Xu, Y., Ye, X., Wu, M., Shao, Q., Ou, G., Zheran Peng Z., Shi J., Chen J.,
Feng Q., Zan Y., Huang H., Hu, P., Catalysis Today, V. 258. PP. 627 — 633 (2015).
[2] Sonia S., Poongodi S., Kumar P. S., Mangalaraj D., Ponpandian N., Viswanathan C. Materials
Science in Semiconductor Processing. V.30. PP.585 — 591 (2015).
[3] Grigore M., Biscu E., Holban A., Gestal M., Grumezescu A., Pharmaceuticals. V. 9, P.75 (2016).
[4] Lim Y.-F., Choi J. J., Hanrath T., Journal of Nanomaterials.. P. 1-6 (2012).
[5] Vaseem M., Hong A.-R., Kim R.-T., Hahn Y.-B., Journal of Materials Chemistry C, V.1, PP.
2112 -2120 (2013).
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Bauanue ycnosuii mepmooopabomku na pazooopazosanue 6 cucmeme Er-Fe
Kupwnesa E.A.
HUnemumym xumuu u xumuueckou mexnonoeuu, ®UL] KHI] CO PAH

@eppuThI-rpaHaThl  PEIKO3EMEIBHBIX METANIOB — MAarHUTOMSTKUE BBICOKOYACTOTHBIE
(deppuTOBBIE MaTepUANIbl, BBICOKHI HWHTEpEC K KOTOPHIM OOYCIIOBIEH WX BbIPA)KEHHBIMU
MarHUTHBIMHU U ONITHYECKUMH CBOMCTBAMU.

Haubonee pacmpocTpaHeHHBIMM METOJAMH CHHTe3a Qeppur-rpanatoB P3M  sBustoTcs
TBepAO0(ha3HbIN CUHTE3. 30Jb-T€Ib METOJl U METOJ] XMMHUECKOIr0 coocaxaeHus. B npeacrasienHoit
pabote ErsFesO12 nmosyyanu ¢ momMoIipo aHHOHOOOMEHHOTO CHHTE3a, € MTOCTIe Iy IOIei TepMUIECKOM
00paboTKOIl MPOJAYKTOB OCaXKJeHUS. AHHOHOOOMEHHOE OCaXJACHHUE MO3BOJSET MOJYyUYUTh YUCTHIN
BBICOKOJJMCIIEPCHBIN MPEKYPCOpP €O CTEXMOMETPUEN COOTBETCTBYIOLIEH CTEXMOMETPUM TIpaHaTa.
[lenbto paboOTHl SBISETCS H3Y4YEHHE MPOJYKTOB AHMOHOOOMEHHOTO OCAXKACHMS, a Takke
UCCIICIOBAaHUE BIUSHUS TepMHUUYECKOH 0OpabOTKM Ha COCTaB M pa3Mep YacCTHIL Kelle30-3pOHeBOro
rpaHara.

OntuManbHbIe yCIOBUS aHHOHOOOMEHHOTO OCaX/I€HUS OBLIM ONpeNesieHbl B 0oniee paHHei
pab6ore [1]. I[TpoayKT, MOTy4YEHHBIN B XOJI€ OCAXKIEHHUS, OB HCCICOBAH C IIOMOIIBI0 TEPMUIECKOTO
aHaiin3a. Ha ocHOBE MOJyYEeHHBIX JAHHBIX BBIABICHO, UYTO MOJIYYEHHBIH OCAOK MPEACTABISAET U3
ce0si cMeCh THIPOKCHIA JKejle3a M OCHOBHOTO KapOoHaTa 3pOus, W YCTaHOBJICHA OINTHMAaJIbHAS
TEMIIepaType OTXKHra MPOIyKTOB aHHOHOOOMeHHOro ocaxkaerus — 800°C.

[uxn TepMuyeckoit 00pabOTKH IPEKYPCOPOB COCTOUT M3 TPEX CTAJIUNA: HArPEB MIEYH, OTXKUT,
OXJIX/IEHUE TOJTYYCHHBIX OOpa3loB 0 KOMHAaTHOW TemmepaTypbl. M3BeCTHO, 4TO MpU OTKHUTE
COOCaXKEHHBIX TUIPOKCUIOB kene3a u P3M cuauana dpopmupytrores daszsl FeoO3 u MFeOs (rne M
— penKO3eMENbHBIN 251eMeHT) [1]. YBennueHne BpeMeHH OTKUTa IPUBOANT K YBEIIMUEHUIO MaCCOBOM
nonu a3kl rpaHaTa, OJHaKO MOYKET MPUBECTH K YBEJIMYEHHUIO YaCTUI] KOHEYHOTO MPOayKTa. B cBs3u
C 3TUM HCCIIEIOBAIOCH BIUSHUE TEPMHUECKONW 00pabOTKM MpeKypcopa Ha COCTaB KOHEYHOI'O
IPOAYKTa U pa3Mep MOIy4YEHHBIX YaCTHILY.

OCHOBBIBasICh Ha MOJYYEHHBIX aHHBIX BBIBICHO, YTO HadalbHas TEMIEpAaTypa OTKUTa HE
OKa3bIBAaET CYIIECTBEHHOI'O BIMAHHUS Ha (a30BBI COCTaB U pa3Mep YaCTHI] KOHEYHOTO MPOIYKTa.
[Ipu >TOM yMEHbIIIEHHE OOIIET0 BPEMEHHW TEPMHUYECKON OOpaOOTKHM TPHUBOAWT K CHUIKEHHUIO
conepxaHus (pa3pl rpaHara. YCTaHOBIIEHO, YTO OOXHI MPOAYKTA OCAXIEHHUS IpPU TeMIIepaType
800°C B Tedenue 4 4 ¢ MOCTEAYIOMUM OXJIAKIEHUEM B NEYM MPHBOIUT K 0OPAa30BAHMIO JKEJIE30-
3pOHEBOro rpaHaTa ¢ He3HAYUTEIHHOM puMechio (pa3 neposckuta u FexOs. Pazmep wactur rpanara,
BBIYHCIICHHBIN 0 TaHHBIM PDA, cocTaBmnseT 28+2 M. B cimydae u3Biieuenus oOpasiia u3 neuu yepes
4 4 oTxHra, ¥ OXJAXACHUS ero B AKCHUKaTope oopasyer cmech a3 ErsFesO12, ErFeOs, FeoOs, npu
3TOM cojiepkaHue (as3pl rpaHara cocraiseT 50%, a paccuntanHblit U3 JaHHBIX POA pasmep yacTuil
deppuT rpanara 3pous coctanisier- 28+2. Pasmep vactul mo pesyipraram [I1OM cocrasuser 50 HM.

JIureparypa:

[1] CaiikoBa C.B. KupmneBa E.A ®aneesa H.I1. IlanTeneeBa M.B. Ilukyposa E.B Camoiino A.C.,
Kypnan neopranndeckoi xumun. T.67. Ne2. C. 158-165 (2022)
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Mopgonozusa xkomnozuma na ocnoge CBMIII ¢ 000a6Koil HAHOBONIOKOH OKCUOA
AnIOMUHUA

Kyynap A. A.

Hnemumym xumuu u xumuueckou mexnonoeuu, ®UL] KHI] CO PAH

KoMmmno3uimonnsle moiuMepHble MaTepralibl 00J1aJat0T IUPOKUM CIEKTPOM MPAKTHUYECKUX
npumenennii [1]. Llenbro uccnenoBanus ObLTO M3ydeHHUE OCOOCHHOCTEH BBEICHUS HAHOBOJIOKOH
OKCH/Ia ATFOMUHHMS B MAaTPHUILY CBEPXBBICOKOMOJIEKYIIsipHOTO noaudTHieHa (CBMIID).

B pabote [1] ObUIO MOKa3aHO yJydIIEHHE MEXaHHYECKHUX CBOMCTB KommosuTa. JloOaBka
HaHOBOJIOKOH OKcHJa amtoMuHus KoHeHnTparuei 0,01 mac. % crmocoOCTByeT MOBBIIIICHUIO MOTYJIS
IOnra na ~5,2% u npouHocTH Ha pacTshkeHHe Ha ~15 % oTHocuTenbHO pedepeHCHOro oOpasia.
Takxe HaOMIOIAETCS 3HAUUTENBHBIA POCT MEXAaHMYECKMX CBOWCTB OOpPAa3IOB MOJYyUYEHHBIX C
MOMOIIBIO TpoIlecca MeXaHOAKTUBAIMH. YTOObI MOHATH 3(PPEKTHBHOCTH YNPOUYHEHUS ObUIM
MPOBEJICHbl  CPAaBHUTEIbHBIE  DJIEKTPOHHO-MHUKPOCKOIMMYECKHE HUCCIEeNoBaHUs  MOpdoioruu
KOMIIO3MTa C MEXaHOAKTUBALIMEH 1 Oe3.

Puc. 1. COM uzobpasicenusi obpasyos ¢ mexanoaxmueayueli (a, 2) u 6e3 Mexanoakmusayuu
KoHyenmayuamu Harosonokon 0,01 mac. % (6, 0) u 1 mac. % (8, e)

Ha puc. 1 npencraBnenst COM u300paykeHHsT KOMITO3UTAa C MEXaHOAKTHUBamue U 0e3, B
KOTOPBIX MOXHO HaOII0JaTh YacTHMYKM HAHOBOJIOKOH OKCHJA AaJIOMUHUSI B BHUJE «CBETJIBIX
kpanmHOK» Ha ¢oHe wMatpuirsl CBMIID. B 3aBucumoctn oT Merojga mosydeHHsi oOpasia
Ha0ro1aeTcs pa3ianare TeKeTyp Ha puc. | a-B. Tak B o6pasnax (puc.1 6, B), MOTy4eHHBIX C TOMOIILIO
MOPOIIKOBOTO METOJa, A00aBKa WMEET JaMEJUIIPHYI0 MOP(OJIOTHI0O U HAHOBOJOKHA CBOOOJIHO
pacipeneNsiiuch B MycTOTaxX MOJ JACHCTBHEM BHEIIHEH HArpys3Kd, 4TO MPUBEIO K XapaKTEPHBIM
aremMeHTaM B Mopdosioruu obpasia. Crnekrpockonus oOpasioB 6e3 MexaHoakTuBauu (puc.l 1, e)
MOKAa3bIBaET HAMMEHBIIIEE KOJIIMYECTBO MIPUMECEH.

C momompro COM wuccienoBanus yOeAMINCh, YTO YNMPOYHEHHE MEXaHWYECKHX CBOMCTB
MEXaHOAKTUBIIMOHHBIX O0pa3loB MPOMCXOAMIIO 3a CUET BIHUSHUS HEKENTATeIbHBIX MPUMECEH
nmoMuMo no0aBku. MccnemoBaHue MONTBEPIMIIO, YTO BCE JK€ J00aBKa HAHOBOJOKOH OKCHIA
ATIOMUHHS C TOMOIIBIO TOPOIIKOBOTO 3aMEIIMBAaHUS OKA3bIBAET MOJIOKUTEIHHOE BIIMSHUE Ha
MEXaHUYeCKHEe CBOMCTBA KOMITO3HTA.

Jlureparypa:

[1] Kuular A.A., Voronin A.S., Markevich [.A., Bermeshev T.V., Simunin M.M., Journal of Physics:
Conference Series. T. 1679. C. 042100.
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Cunmes u ceoiicmea H08020 nepPHmopuPoOBaAHHOZ0 CeIeH-COOEPHCAULE20 TUZAHOA
0J151 Xeamuposanus peoKo3emebHblX Memaiios

Jlymowxun M.A.

Hnemumym xumuu u xumuueckou mexnonoeuu, ®UL] KHI] CO PAH

CenexTuBHOE pa3AeieHus U KOHLEHTpUupoBaHue 17 penko3emenbHbIX MeTamioB (Sc, Y, La,
Ce, Pr, Nd, Sm, Eu, Gd, Dy, Tb, Ho, Er, Yb, Tm, Lu) siBnsercs oaHON W3 CIOKHEUIINX MPOOIEM
XUMHUYECKOU TexHONMorur. OHUMH U3 3(p(PEKTUBHBIX XeTATUPYIOLINX ar€HTOB JUISI pEAKO3EMETbHbIX
METAJIJIOB B BOJHBIX PACTBOPAX SABJIAIOTCS nepdropupoBanusie 1,3-n1ukeTonsl. biaaroaaps Hanuuuio
JBYX KapOOHHWJIBHBIX TPYNI OHM OOpa3yroT YCTOWYHMBBIE HIECTUYJICHHBIC MMKIIbBI, OJIM3KHE MO
CBOEURIIEKTPOHHOM CTPYKTYpE K ApOMATHUYECKUM CUCTEMAM.

CeNeKTUBHOTO pa3feieHUs pPEIKO3EMENbHBIX METAUIOB MOXHO JOOUTHCS, HCHOIb3Ys
JTUKETOHBI C PA3IUYHBIMU (QYHKIIMOHATIBHBIMU rpyminaMu. CHHTE3UpOBaHHBIN B Hayase 50-bIX TOA0B
TEHOWJITPU(PTOPALIETOH U €T0 MPOU3BOAHBIC OKA3aIHCh OueHb (P dekTuBHbIMU 1 3TOH nenu[1]. B
MOCJIEIYIOIUE JIECATUIIETUSI KOMIUIEKCHl PENKO3EMEIbHBIX METAJIOB € JHWKETOHAMHM HalUINA
NpUMEHEeHHs Kak JIoMHHOGOpHI, KaTanu3aTopsl 1 OLED matepumanbsl. OfHako, NMPaKkTHUECKH HE
M3YYCHHBIMH OCTAIOTCS TOMOJIOTH TEHOWJTpU(]IIIOOpOAalleTOHa C JAPYTUMH  XaJbKOT'€HaMu
(KHCTIOPOJIOM, CEJICHOM, TeILTypoM). B maHHOM paGoTe ObUT CHHTE3MPOBAaH aHAJOr COJEpKaIluit
CeJIeH BMECTO cephl B THO(EHOBOM KoJjblle[2]. M3ywyaemplii nuranm ObLT CHHTE3UPOBAH IyTEM
KOHJICHCAIIUU 2-CeJICHOWIANeTOHa (KOTOPBIM OBUT MOJIyYEeH AaleTHJIMPOBaHUEM celleHOpeHa) ¢
STUJIOBBIM 3)UPOM TPUPTOPYKCYCHOM KuCAOTh. CTpoeHHe NpoAyKTa ObUIO MOATBEPXKIECHO
Merogamu SAMP, Macc-CIEKTPOCKONUU U AJIEMEHTHBIM aHAJTU30M.
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Puc. 1. Kpusvie 3a6ucumocmu mesxicoy ucmuHHuvlMU KoHcmanmamu ycemotivusocmu (logk)
U AMOMHBIM HOMEPOM Memanid

OcHoBHBIE  (UBHKO-XMMHUYECKHE TapaMeTpbl B BOJAHOM pPAacTBOpPEe OBUTH  ONpPEAETCHBI
criekTpodoTomMeTpuueck. KucioTHO-OCHOBHBIC XapaKTEPUCTHKN OBLTH OTMPENETICHBI B alleTaTHOM
oydepe (pK.=6.40+0.05 npu [=0.50 M), u B kouuentpupoBanHoM pactBope HCl(pKn=1.85).
B3auMopeiicTBus ¢ peako3eMenbHBIMH MeTayuiaMu Habmronanock npu pH 4,5-5,4. KoncTaHThI
o0pa3oBaHUS MOHOKOMILIEKCOB OBUIM OMpeAeieHbI METOJIOM MOJISIPHBIX Cepuid (TMOCTOSIHHAS
KOHIICHTpAIIWs JIMTaH/a ¥ BApbUpyeMasi KOHIICHTPAIIUsI METaJlIa) TPU 3HAYUTEITbHOM H30BITKE HOHOB
meTtaa. KoHkypupyromme peakiuu (B3aMMOACHCTBHE METAUIOB C ameTraTHbiM Oydepom u
TUAPOIIN3) YUYUTHIBATM HCXOJs M3 JINTEPATYPHBIX MAaHHBIX. [loyuyeHHBIE UCTHHHBIC KOHCTAHTBI
YCTOMYMBOCTH BHU3yalIM3upoBaHbl Ha Pucynke 1 (mIs CpaBHEHUsS TPUBEICHBI aHAJIOTH
ceneHo(eHTpuTOpaIeTOHA).

Pabota BemonHena npu puHaHcoBo# moagepkke rpanta PH® Ne 19-13-00272.
Jluteparypa:

[1] Reid J.C., Calvin M., Journal of the American Chemical Society, 72(7), PP. 2948-2952 (1950).
[2] Lutoshkin, M.A., Taydakov, I.V., Polyhedron, V.207, PP.115383-115393 (2021).
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Hccnedosanue eruanus ckopocmu nepemeuiueanus u pamepa 3epua
kamanuzamopa Ni/C na npouecc 2uopuposanus Kocmpbul jibHda.

Mupowmnuxosa Aneeruna Bukmoposha
HUnemumym xumuu u xumuueckou mexnonoeuu CO PAH, ©®UI] KHI] CO PAH

TpaBsiHUCTBIE  pacTEHUsI  SABISIIOTCS  IPHUBJICKATEIbHBIM  CHIPhEM B MpOLEccax
BOCCTAHOBUTEJIBHOTO KaTAIUTUYECKOTO (PpaKIIMOHUPOBAHUS, TIOCKOJIBKY OHHM COCTaBJISIOT
3HAUUTENBHYIO YacTh JOCTYTHOW OHOMACCHI.

C 1enpr0 KOMIUIEKCHOW TMepepaboTKH BCEX KOMITOHEHTOB JIMTHOIEUTIOJIOZHOW OHMOMACCHI
MPUMEHSIFOT METOJBI €€ KAaTAIUTUYECKOro (PpakiMOHUPOBAHUS, OCHOBAHHBIE HAa BOCCTAHOBJICHUU
BozioposioM [1]. B maHHOM mporiecce MPOMCXOAWT ACTIONUMEpPHU3alHsl JUTHUHA C 00pa30BaHHEM
KHUJIKUX YTJIEBOJAOPOAOB NPU COXPAHEHUH OCHOBHOM YacTH IIeJuniofio3bl. B Hacrosmei pabote
IIPOBEICHO HCCIEOBAaHUE BIUSHUS pa3Mepa 3€pHa KaTraau3aTopa HUKENs, HAHECEHHOrO0 Ha
OKHCIICHHBII  TpaduTONONOOHBI  yrIepONHBIH HOCHUTENb CHOYHHT, a TaKkKe CKOPOCTH
nepeMenInBaHus Ha npoiecc ppakiiMOHUPOBAHUS KOCTpPHI JIbHA B CpPe/ie 3TaHOoJIa C BOJOPOJIOM IIpU
225 °C.

HukeneBbie kaTalmM3aTOpbl HA OCHOBE OKHCIICHHOTO yIJIepoaHOoro Hocutens CuOyHuT-4
NoJIydaJIi METOJAOM TMPOMHUTKM MO BJIArOEMKOCTH BOJHBIM pacTtBopoMm xyopuaa Hukens (II)
rekcaruapara (NiCl, 6H>O) ¢ mocneayromiei cynkoi npu KOMHaTHOW TeMIlepaType B TEUCHHE 3 9 U
npu 60 °C B Teuenue 12 .

BbIX0bI KUAKUX MPOMYKTOB B KAaTAIUTUUYECKOM Ipolecce Bo3pactatoT (¢ 14.62 no 24.63
Mac.%) Mpu YyBEIMYEHHH CKOPOCTH MaccomnepeHoca. [lpm »ToM H3MeHEHHe pa3mepa 3epHa
KaTaJIn3aTopa HE OKa3bIBAET CYIIECTBEHHOTO BIUSHUS HA BBIXOJI KUIKNUX MPOLYKTOB.
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Puc. 1. Brusuue CKopocmu nepemeulusanusl u pasmepa dacmuy kamaiusamopa Ha 8bIX00
OCHOBHBIX COCOUHEHUIL.

Pesynbprarel ' X-MC, nipeacraBiieHHbIE HA PUCYHKE | MOKa3alik, 4TO MPU HUZKUX CKOPOCTSIX
nepeMeruBaHms 1 OOJIBIINX pa3Mepax 3epHa KaTaau3aTopa ¢ MaKCUMaJIbHBIM 3HaueHueM mpu (500
mur"! 1 100-250 MKM) mpeo6nagaromuM MpoLyKTOM SBJISETCS 4-TPOTEHUITBAsKON, a BBIXOIBI 4-
MPOMWITBasikoJia U 4-MPOIMAaHOITBasKOJIa BO3PACTAIOT MPU YBEIMUYEHUH CKOPOCTH MEPEMEIINBAHUS
1 YMEHBIICHUH 3epHA KaTanu3aTtopa ¢ MakcumyMoM Tipu (1000 mun™! u 56-94 Mkm).

CornocTaBieHue BIHMSHUS pa3Mepa 3€pHa Karalu3aTopa MU CKOPOCTH MEpPEMEIIMBAaHUS Ha
MpoIlecC TMOKa3bIBaeT, yTo 00a 3Tux (akropa BIMIIOT HA 3PGEKTUBHOCTh JAHHOTO Ipolecca U
CEJIEKTUBHOCTh MOHOMEPHBIX COEAMHEHUH.

HccnemoBanue BBIMOIHEHO 3a c4eT rpanTa Poccuiickoro HayuHoro ¢onma (nmpoekt Ne 20-63-47109)
Jluteparypa:

[1] Kazachenko, A. S., Tarabanko, V. E., Miroshnikova, A. V., Sychev, V. V., Skripnikov, A. M.,
Malyar, Y. N., Mikhlin, Y. L., Baryshnikov, S. V., Taran, O. P., Catalysts, V.11. P.42 (2021).
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Hoeguvie kapoonun(B-oukemonam)uzoyuanuonvie Komnaekcol poous (I)
Llampywesa A.A.
Hnemumym xumuu u xumuueckou mexnonoeuu CO PAH, ®UL] KHI] CO PAH

W3oumanuaHble KOMIUIEKCH MEPEXOJHBIX METAJIOB HAaXOJAT IIMPOKOE MPUMEHEHHE B
xuMud. OHH CIIyKaT UCXOJIHBIMU peareHTamu JJisi CUHTE3a TeTePOLMKIMYECKUX CoeluHeHui [1],
ABJISIIOTCS. MOHOMEpaMHU JIJIsl TOJTyYEHUs OJIUMEPOB C IIEHHBIMU TEXHUYECKUMU XapaKTepUCTUKaAMU
[2, 3, 4]. Hacrosimast paboTa mocBsiieHa pa3paboTke METOAMK CHHTE3a HOBBIX H30IIMAHUTHBIX
KOMILIEKCOB KapOoHu(B-mukeronaroB) poaus (I), n3yueHnto uxX CTPOCHUSI U XUMUUYECKHX CBOWCTB.

YcranosneHo, uTo npu B3aumozeicteun (B-diketonato)Rh(CO), ¢ azaMaHTUIN30IHMAHHUIOM
MPOUCXOIUT CeNeKTUBHOE 3amelieHne ogqHoro CO-nurana ¢ 06pa3oBaHreM HOBBIX KOMIUIEKCOB (3-
diketonato)Rh(CO)(CNAJ).
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Puc. 1. Cxemwot peaxyuu (f-diketonato)Rh(CO)> ¢ CNAd, CNCsH3Cl> u CNCH>Tos.

[TogoOHoe B3ammoelicTBue P-aTukeToHaTOB poaus 1, 3 ¢ SKBUBAJICHTHBIMU KOJUYECTBAMU
3,4-muxnopdenumuzonuannna (CN-CsH3Cl) u 1-(u3oumano-metuncynbhoHmI)-4-MeTHIOEH30I1a
(TosMIC) mpuBomuT k obpaszoBanuto komruiekcoB Tuma (P-diketonato)Rh(CO)(L) (pucynok 1).
CTpoeHne MOJTy4YeHHBIX HOBBIX COEIMHEHHil TIpeIokeHo Ha ocHoe AanHeX SIMP 'H, '*C u UK-
CHEKTPOCKOIUH.
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Puc. 2. Cxema obpazosanus ouamurnoxkapbeHosbix KOMNIEKCO8.

[Tpu noGaBieHUM AMATUIIAMUHA U TUTIEPUANHA K KoMmruiekcam 1b umu 1¢ oOpasyroTcst HOBbIe
AIMKJINYEeCKHe TUaMUHOKapOCHOBBIE KOMIUIEKCHI (PHCYHOK 2). B pe3ynbraTe nmonydeHa cepusi HOBbIX
KapOOHWJIIMKETOHATHBIX KOMIUIekcoB poausi (1), comepikamux pasnuyHble H30LUAHHUIHBIE U
I[I/IaMI/IHOKaPGGHOBBIG JIMTaHAbI IPpU aTOMC pOJaus.

PaGora BemmonmHeHa B pamkax rocyaapctBeHHoro 3aganusi MXXT CO PAH Ne 0287-2021-0012.
Bbnaromapnocts coaBTopam paloThl: K.T.H., c.H.c. Konapacenko A.A. (MXXT CO PAH), kx.H., c.H.C.
Bepnekuny B.B. (MXXT CO PAH); nayunsie pykoBomuTend: K.X.H., H.c. Yyaua O. C. (UXXT CO PAH),
r.H.C., 1.X.H. Py6aiimo A. U. (CDY).

JIureparypa:
[1] Tobisu M., Fujihara H., Koh K., Chatani N., Journal of Organic Chemistry, V.75. PP.4841-4847 (2010).
[2] Yamada T., Suginome M., Macromolecules.. V.43. PP.3999—-4002 (2010).
[3] Boyarskiy V.P., Bokach N.A., Luzyanin K.V., Chemical Review, V.115 (7), PP.2698-2779 (2015).
[4] Lo L. T.-L., Ng C., Feng H., Ko C., Organometallics, V.28. PP.3597-3600 (2009).
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Cunmes npouseoouvix 3,5-oumemunnupaszona u 2,1,3-6enzomuaduazona 01
ROJIYYEeHUSA HOBBIX KOMNJIEKCO8 NEPEXOOHBIX MEMALI08

Ilonomapés Unvs Cepeeesuu

HUnemumym xumuu u xumuueckou mexnonoeuu OUL] KHI] CO PAH

BapeupoBanue mnpupoApl JHMrasaa B KOOPAMHALMOHHBIX COENMHEHUSAX IEPEeXOJHBIX
METaJJIOB TO3BOJISIET LIEJICHAIIPABICHHO MEHSATh CBOMCTBA 3TUX COCAMHEHHI B IIUPOKUX MpeAeiax,
TOOHMBasICh HEOOXOTUMOTO COYETaHUSl (PU3UKO-XMMHUYECKUX IapaMeTpPOB M PEAKIIMOHHOMN
CIIOCOOHOCTH. DTO MO3BOJISIET PElIaTh OJHY W3 TJIABHBIX 3a7a4 COBPEMEHHOW XHMHUHU — CO3aHUE
MaTepuasoB C 33JaHHBIMU MPAKTUYECKH MOJEe3HbIMU cBoWcTBaMu. [loaTomMy pazpaboTka MeTOA0B
CUHTE3a HOBBIX JIMTAHJIOB SBJSETCS aKTyaldbHOW TeMoil. HamOonmpImmii WHTEpeC MpencTaBIsSIOT
MOJIMJICHTATHBIE JIUTAH bl B KOTOPBIX COAEPKATCS KOOPAUHAIIMOHHBIE IIEHTPBI PA3IMYHON PUPOIBL,
Hanpumep, rerepouukibl. [IpousBogHbie OEH30THAAMA307Ia W MHPA30Jia SBISIIOTCS OAHUMH U3
HanOoJIee MHOTOOOCIIAIOIINX COSAUHEHUH ISl CHHTE3a MOAOOHBIX auraHgoB [1-4]. OmHako, ux
KOOPIMHALIMOHHASI XUMUS U3yU€Ha HEJ0CTATOYHO XOPOILIO, OTCYTCTBYIOT CBEACHUS O COSAMHEHUSX,
coJiepXKaIrX OJHOBPEMEHHO IUKJIBI TUpasoia u 2,1,3-6en3otuaaunazona. llenpro paboThl sBISETCS
paspaboTka 3(pPeKTUBHBIX METOIOB CUHTE3a Ouc(4-HUTP030-1H-nrpazon)ankaHoB U COUTICHEHHBIX
UKJIOB 4-mupazon-2,1,3-0eH30Tnannas3osna, YCTaHOBICHUE WX CTPOCHUSA U (HU3UKO-XUMHUYECKUX
CBOJCTB.

Ha ocHoBe aHanu3a nutepaTypHbIX JaHHBIX ObUIM MpeIoKeHbl Harnboiee NepCreKTUBHbBIE U
JIOCTYTIHbIE TMOAXOAbl K CHHTE3Y HCXOJHBIX M IeJIeBbIX BemlecTB. JlJisi MOMydeHHs] HUTPO30-
GyHKIMaHATU3UPOBAHHBIX OMCIMPA30JI0B ObUT BHIOpAH METOJ AJTKUIUPOBAHHUS B CYNEPOCHOBHOM
cpeae [5]. Ilo nmanHON Meroauke OBLIO TOJNYYEHO 4YeTbipe Ouc(4-HUTPO30MUpPA30I)AIKaHa C
METHJICHOBBI, ATHJICHOBBIM, MPONAHOBBIM M TMEHTAHOBBIM JHHKepaMu. [l CHMHTE3a MHPa30JIoB
COWICHEHHBIX ¢ 0€H30TUAMA30IbHBIM (hparMeHTOM, OBLIO MPEIOKEHO ABA MOAX0/IA: YePe3 ME/Ib-
Karanmusupyemyto peaknuio C-N coderanus 4-0pom-2,1,3-0enzornanuazona c¢ 3,5-mumerwi-1H-
nupasoioM [6] ¥ [HMKIM3AIWI0 EHAMWHOHA, COJEpXKallero OCH30THAANA30JbHBIA UK C
ucronp3oBanueM xiopuaa meau (1) B kauecTBe karanuzaTopa [7].

Takum oGpa3zom, B xone pabOThl ObUIM OTPAOOTaHBI METOJUKU CHHTE3a HOBBIX XEJIAaTHBIX
JIUTaHJ0B, COJAEpPKAIIMX MHUPA30IUIbHBIE U OCH30THAIUA30IUIbHBIE 3aMecTuTenu. [lomydyeHHble
coenunenus usyueHsl Metojamu MK u 'H SIMP choeKTpocKommM, Macc-CIeKTPOMETPUH.
Y CcTaHOBJIEHO UX CTPOCHHE.

biraromapaoctu coaBropam: Konapacenko A. A. (MXXT CO PAH), Poor Eprennii Biagumuposud
(Cuol'Y um. M.@.Pemernera). Hayunslii pykoBoautens: Bepniexun B.B.

JIureparypa:
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[2] Conte G., Bortoluzzi A.J., Gallardo H., Synthesis, V.23, PP.3945-3947 (2006)
[3] Hocora, D.B., Bectauk Ypansckoro yausepcurera, C. 204 (2014).
[4] Huang Q., Zheng Y., Synth. React. Inorg. Met.-Org. Nano-Met. Chem, V.40. PP.12-18 (2010).
[5] Trofimenko, S., Journal of the American Chemical Society, V.92, PP.5118-5126 (1970)
[6] Cheng-Qiang Qiu, Le-Qian Li., Polyhedron, V.199. P.A 115100 (2021).
[7] Jang S.S., Chang J.E., Asian Journal of Organic Chemistry, V.8, PP.1668 —1673 (2019).

42



BoccranoBuresibHOe QpPaKIIMOHUPOBAHME KOCTPHI JIbHA B MPUCYTCTBUM KaTtajmu3aTtopa Ru/C
HA OCHOBe yIJIepogHoro marepuaja Cuoynnt®-4

CrrueB Banentun BiaaumupoBuy

UXXT CO PAH, ®Hl] KHL] CO PAH

Haubonee pacmpocTpaHeHHBIM, IEHIEBHIM U KaK CIEACTBUE MEPCIEKTHBHBIM C TOYKHU 3PCHHS
nepepaboTKU yIiepoACOAepKAIIUM, YIIEepOA-HEUTPAIbHBIM BO30OHOBIISIEMBIM ChIPHEM SIBIISETCS
murHonemtono3nas (JIL[) Owmomacca, mpeacTaBieHHAas OTXOJaMH JepeBOOOPaOATHIBAIOIIETO H
CEJIbCKOXO3SMCTBEHHOTO TMPOU3BOJACTBA (TIOYATKU KYKYpYy3bl, ILIEIyXa IOACOTHEYHUKA, PUCOBas
niesryxa M T.01.), a TaKXKe BBICOKOMPOIYKTUBHbBIE TPaBSIHUCTBIE pacTeHUsi (MUCKAHTYC, MPOCO, JIEH,
koHoru1s)) [1,2].

Koctpa nbpHa siBnsiercs ocHOBHBIM oTxo0z10M (10 70 Mac. %) mpu mpou3BOJACTBE JIbHOBOJOKHA U
MpeJICTaBIsIeT cCOOON OAPEBECHEBIIINE YACTU CTEOIISI, MPEUMYILECTBEHHO, B BUAE MEITKUX COIOMHHOK.
I'myOokast mepepaboOTKa TakWX OTXOAOB TMPEJICTABISET 3HAYUTENBbHYIO MpodiieMy H3-3a
HEOJTHOPOJAHOCTH XUMUYECKON CTPYKTYPbI OJHOTO U3 OCHOBHBIX KOMIIOHEHTOB - IUTHHUHA.

B nanHo# paboTte riccnenoBaH MpoIece MepepadoTKu KOCTPHI JhHA METOJIOM BOCCTAHOBUTEIHHOTO
GbpakMOHUPOBaHUSI B  TPUCYTCTBUM  OM(YHKIMOHAIBHBIX  KaTaJM3aTOPOB  COJEpPIKAIIMX
HAHOAMCIIEPCHBIA PYTEHHH, 3aKpEIICHHbI Ha ME30MOPHCTOM TIpapHUTONOJO00OHOM YTIEpOTHOM
matepuanie (YM) Cubyant®-4. HcciaenoBaHo BIWSHHE XapaKTEPUCTHK — KaTajau3aTtopa
(ppakumoHHBIA cocTaB, cofepkanue Ru, KHCIOTHOCTh HOCUTEIS), TEMIIEPATyPhI, PACTBOPUTENS HA
MPOLECC BOCCTAHOBUTENILHOM JEMONMMEpPU3allui JINTHUHA, M3Y4Y€H COCTaB Tra30BOW (pakuuu,
KUJKUX TTPOTYKTOB.

[Ipurorosnena cepust 1 1 3% pyTeHHEBBIX KaTaIM3aTOPOB, HA OCHOBE OKUCIIEHHOTO MPU PA3IUYHBIX
temneparypax YM CuOyaut®-4. Karanuzaropsl uccienoansl Meronamu [19M, POSC, ancopommm
N2, onpenenensl 3HaueHUs pHrs 1o MeToay 3€pencena — ne bprouna.

[IpucyrcrBue OudyHKuMOHATBHOTO Katanuzaropa Ru/C, B mpoliecce BOCCTaHOBUTEIBLHOTO
(b pakIMOHUPOBaHMS KOCTPHI JbHA TOBBIIIAET KOHBepcHIo cyOcTpara ¢ 44 no 56 mac. % u BbIXOJ
moHopenosoB ¢ 1,1 mo 10,2 mac. % (B pacdere Ha OT MaccChl JUTHHUHA B mpoOe). Mcnonb3oBanue
aydmero karanuzaropa B cepuu - 3RS400, conmepxkamero 3% Ru Ha OKHCIEHHOM BIIaXKHBIM
BoznyxoM mpu 400 °C yriepoZHOM HOCHUTENE, TO3BOJISIET TMOJYYUTh BBICOKYIO CTEINEHb
nenurandukanuu (10 79,0%), Bexox 1esmttoio3sl (10 67,2 Mac.%), 1 BeIxo1 MOHOGEHOI0B (110 9,5
Mmac.%).

Hcnonb3zoBanne Ru-copeprkamux katanu3aTopoB Ha ocHOBe YM CuOyHuT®-4 1151 KOHBEPCHH
KOCTPHI JIbHAa METOJOM BOCCTAHOBHUTEIHHOTO (PAKIIMOHUPOBAHUS SIBISETCS MEPCIEKTHBHBIM
pelieHreM MpoOsieMbl YTUJIM3alMU OTXOJO0B mepepaboTku JibHa. Hambonee mnepcreKTUBHBIMU
MPOJYKTAMHU SIBJIIIOTCS MHAUBUAYAJbHbBIE COCAMHEHUS ICTIOTUMEPU3ALIMY JIUTHUHA KOCTPHI JIbHA —
MOHO(DEHOJIbI, CPeIi KOTOPBIX TBASILIMIIIIPOIIAH MPEACTaBIIsAeT HAauOOIbIINN HHTEpEC.

Pa6ota BemonHeHa npu moaaepkke PODU (rpart Ne 20-03-00636). bnarogaprocTs coaBTOpam pabOTHI:
Kazauenko A. C., Mupomnukosoit A.B. (MXXT CO PAH)

Jluteparypa.
[1] Jakob M., Hilaire J., Nature, V. 517, PP.7533 (2015).
[2] Gallezot P., Handbook of Heterogeneous Catalysis, 2008.
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CenekmugHnoe 2uopuposanus 1e6yiuHo80il KUCiomol 00 y-641epolaKmoHna é
600HOIL cpede 8 npucymcmeuu kamanuzamopa Ni-SiO;

Tpouxuu FOputi Anamonvesuy

HUnemumym xumuu u xumuueckou mexnonoeuu OUL] KHI] CO PAH

Cubl'Y um. ax. M. ®. Pewiemnesa

INamma-Baneponakton (I'BJI) — aTo mnarpopmennas Mosekyia, KOTOPYIO MOXHO IMOJTydYaTh
U3 JINTHOIIIUTIONIO3HOM OMOMAcChI € HCIIOJIb30BaHMEM KacKaa MOCIEe0BATEIbHBIX KaTATUTHYECKIX
npeBpaiiennii. ['BJI — 6ecriBeTHas XKUAKOCTH, 00J1aat01Ias BHIPAXKCHHBIM TPABSIHUCTHIM 3aI1axOM.
I'BJI siBnsieTcst NepCHEeKTHBHBIM CHIPHEM JUISI IPOM3BOJICTBA KUIKOTO OMOTOIUINMBA U 3(PEeKTUBHOM
TOIUIMBHOM Mpucaakoif; cMech o0bruHOr0 6eH3uHa ¢ ['BJI (90:10 00.%, cOOTBETCTBEHHO) OKa3anach
0onee 3((heKTHBHON MO CPaBHEHUIO CO CMechlo OeH3uH:3Tano. JlobaBnenue I'BJI He mpuBoauT K
MOBBIIICHUIO OKTAaHOBOIO YHCIA, HO YJIydYIlIaeT CropaHHe TOIUIMBa Oiaronapsi O6osiee HHU3KOMY
nasneHuto napoB. [lomumo storo, I'BJI MoxeT mpuMeHSTbCS B MUIIEBOH, (apMalieBTUUECKON H
nap@roMepHON IPOMBIIIUIEHHOCTH.

I'BJI MOKHO IOJIy4UTh IIyTEM KaTATUTUYECKOTO THAPUPOBAHUS JIEBYIMHOBOM Kuca0ThI (JIK)
u ee >¢pupoB — ankuuieByauHatoB (AJI) [1]. B kauecTBe kaTanmm3aropa OOJBIIIOE BHUMAHHE
yAensieTcsl HeOJIaropoJHbIM MeTalllaM, BBUIY HX JOCTYIHOCTH, 1O CPaBHEHUIO C METaJUIaMH
IaTUHOBOM Tpynmbl. Karanuzatopel Ha ocHOBe Ni JAEMOHCTPUPYIOT BBICOKYIO aKTUBHOCTH B
npoueccax ruapupoBanus JIK no I'BJI [2].

ens maHHOM paboOTHI — 3TO pa3paboTKa Karaau3zatopa Ha OcHOBEe Ni M MPOBEICHUE €ro
KaTaJIUTHYECKUX HCTIbITaHUM B peakuuu ruapuposanus JIK u AJI no I'BJI B auanasone temnepatyp
120 - 200 °C.

Ni-KaTain3aTtopel, CHHTE3UPOBAaHHbIE  30JIb-T€Ib  METOJOM, C  HCIIOJIb30BaHHEM
crabmwmmsupyromieii no6aBku - SiO» [3], Obumm ucneiTanel B ruapupoBannu JIK mo I'BJI B
ABTOKJIABHBIX YCJIOBHSX B BOAHOM Cpejie MpH CTapTOBOM JaBieHuu Bojaopoja 4 Mlla B nuamnaszone
temriepatyp (120-200 °C).

B pesynbrate mponenaHHoW pa®oThl OBUIO yCTAHOBIEHO, YTO IMOHMKEHHE TEMIEepaTypbl
peakuun ¢ 200 °C go 160 °C He oka3ano 3HAYUTEIBLHOTO BIIMSIHUA Ha CKOPOCTh KOHBepcuu JIK;
M3MEHEHUsI B XapaKkTepe KUHETHMUYECKUX KPHUBBIX OKa3aIMChb HE 3HayuTeNbHBL. OJIHAKO Takoe
CHI)KEHHE TeMIIEpaTyphl peakiuy MPOU3BEIIO MMOJI0KUTEIbHBINA 3(PPEKT Ha CeTeKTUBHOCTH Mpoliecca
M0 OTHOIICHUIO K 1esieBoMy mpoaykTy. [Ipu 160 °C xatanmuzatop Ni-SiO; obecneunn Beixon 'BJI
100 mon.% yxe Ha 105 munyTe npoBeneHus peakuuu. [logoOHOE MOBBIIIEHHE BBIXOJA 1O MEpe
NOHMKEHUSI TEeMIIEpaTyphl PEAKIMHU MOXHO OOBSICHUTH OTCYTCTBHEM KoHBepcuu ['BJI mo 2-
mMetunTeTparuapodypana u 1,4-nearananona [4], Kotopas MOXKET MPOUCXOAUTH B 00JIee JKECTKUX
ycnoBusix. [lomHas koHBepcusi cyOcTpaTa Takke Oblia JOCTUTHYTA MPU CHUKCHUH TEMIIEPaTyphI
BmIoTh 70 120 °C, a Beixox I'BJI coctaBui 100 moa.%.

PaGora BeImonHeHa npu pUHAHCOBOM moaaepkke rpanta PODU Ne 20-03-00636. biarogapHocts
coaBTopy padotsl M.H.c. UXXT CO PAH CerueBy Banentuny Bnanumuposuyy.
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Bauanue npupoowvt 1ucandos nHa peodoKc-ceoiUcmea MOHOAOEPHLIX KAPOOHUTbHBIX
Komnekcos poous(l)
Heoenuna T.C.

HUnemumym xumuu u xumuueckou mexnonoeuu QUL KHI] CO PAH

Komruiekcel poaust SBIAIOTCS OJHUMU M3 3HAYMMbBIX COCIUHEHUH ISl OpraHM4ecKoro
cUHTe3a Omaronmapst X CIOCOOHOCTH KaTaIM3UPOBATh MHOJKECTBO PA3IMUYHBIX IMpeBpaiieHuil. B
3aBHCUMOCTH OT MPUPOJIbI JIUTAHIHOTO OKPYKEHHS aTOMa METajlla OHU KaTalM3UPYIOT Pa3IuyHbIe
TUIBI peaKiuii, Takue Kak nomumepusanus [ 1], akrusanus/gyskuuonanusanus sp” u sp> C-H caszei
[2] m npyrue [3]. Bo Bcex 3THUX KaTAIMTHUYECKHX IPOLECCAX MPOUCXOAUT U3MEHEHHE CTEIEHHU
okucienus aroma poaus (1). [ToaTromy ucnonb3oBaHuE ACKTPOXUMHUECKUX METOIOB HCCIIETOBAHUS
COEIMHEHUH pO/Us ABIISETCS HEOOXOAUMBIM JIJIsi HOHUMAaHUS MEXaHU3MOB 3TUX MPEBPALLECHUI.

Hacrosimass ~ paGoTa  mocBsiieHa ~ W3YYCHHIO  PEIOKC-CBOWCTB  MOHOSIEPHBIX
JTUKapOOHWIBHBIX, KapOOHMI(POCHUHOBBIX U aJaMaHTUIIN30IUAHUIHBIX KoMIUIeKcoB poaus (1) ¢ B-
mukeroHatHbiMu Jragaamu tuna (CO)(L)Rh(RC(O)CHC(O)R') [L = CO, R = R' = Me (1) (acac);
R =Me, R'=Ph (2) (ba); R =R'=Ph (3) (dbm); L = PPh3, R = R'=Me (4) (acac); R =Me, R' = Ph
(5) (ba); R =R'=Ph (6) (dbm); L = CNAd, R = R'=Me (7) (acac); R =R'=Ph (8) (dbm); R = Me,
R' = Ph (9) (ba)] u HOBBIX KOMIUIEKCOB ¢ B-eHamMuHOHHBIMHU Jurangaamu Tuna (CO)(L)Rh(RC(N-
R"CHC(O)R") [R = Me, R' =R" = Ph (baanil); R =R'=CH3s, R" = C10H7 (acacnaph); R = CH3, R' =
Ph, R" = CjoH7 (banaph); L = CO (10-12); L = PPhs (13-15); L = CNAd (16-18))]
AIIEKTPOXUMUYECKUMHU METOAMH.

YcraHoBiIeHO, YTO TUKApOOHMIBHBIE M KapOoHWIpochuHOBEIe KoMIiekehl poaus (I) ¢ fB-
JUKeTOHAaTHbIMU Jurangaamu 1-6, 10-15 oxucnstorcs vHa Pt mw CY »snexkrtpomax B OJIHY
JIBYX3JIEKTPOHHYIO CTAHIO MO CIEIYIOIIEH CXeMe:

2+ 2+
R R R

%\Rmo._\‘ e: %\Rﬁ%\\ +28 %\zﬂ%‘\

" No=( " Yo | sumecN | 7§ 0=(

Oxucnenue IUKapOOHUIIBHBIX, KapOOHUI(POCHUHOBBIX U  aJaMaHTUIM30LMAHHUIHBIX
KOMIIJIEKCOB ¢ [3-eHaMHuHOHHBIMU JuTanaamMu 10-18 mporekaeT B 1Be OHOIIEKTPOHHBIC CTAIUN WITH
OJIHY JIBYX3JIEKTPOHHYIO CTAJUIO B 3aBUCUMOCTH OT MPUPOJIbl TEPMUHATIBHBIX U XEIaTHBIX JINTAHOB
¥ MaTepHaia 3JIeKTPOo/Ia IO CXeMe:

- R" - - R" 1 R"
N CN P A A A
Nt N | Ao | Nggn Y #28_| b
R" e= /Rh ) _— /Rh ) e s h\ J
Nl P2 S ] s P4 B P 2
NN L - L
RF' )
T \o-:;" L (g L‘" R (o s S" R 72+
T Ngi +28 \k Ol
R | 5| R
L/ \o_. ) L/L\O" )

BoccranoBnenne komruiekcoB 1-18 mporekaer ¢ nmpucCOeIMHEHWEM OJHOTO 3JIEKTPOHA Ha IMEpPBOM
cTaiud M 00pa3oBaHUEM HEYCTONYMBOIO aHMOH-paguKaja, paclajarolierocss ¢ oOpa3oBaHUEM
COOTBETCTBYIOIIUX aHHOHOB [-AMKETOHA WIH J-€eHaMHUHOHA:

R R - -
% X * oc X "
= . = R ]
Sep ) | R )| — RhscosLs [ m"
[ No=4 ‘ = | ¥ No= !

X =0; N-R"
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Makpouacmuuywl OpesecHblx yaineil 8 00HHbIX omaoycenusx ozepa Illupa
(Xakacus) Kax UHOUKAMODP OUHAMUKU ROHCAPOB HA OKPYIHCAIOU,CIl MepPUMOPUU 8
no30HeM 20/10ueHe

bypoun Jleonuo Anexceesuy

HUncmumym 6uoguzuxu ®UL] KHI] CO PAH

[Iporuo3 mo>kapHeIX 0OCTAHOBOK MPHU PA3TUYHBIX KJIMMATHYECKUX CLIEHAPUSAX MPEACTaBIAET COOOH
Ype3BbIUAiHO aKTyaabHYO 3afauy uid Cubupu, rae noxapsl HECYT CEPhE3HYIO YTpOo3y NPUPOIHBIM
OMoIIeHO3aM M MECTHOMY HaceneHuro. /[ns ajgekBaTHOro mporHoza HeoOxoxuma HH(OpMaIus o
4acTOT€ M MHTEHCHUBHOCTH IOXapoB B npouuioM. Kpome Toro, cpaBHUTENIbHas OLIEHKA BKJIaja
AQHTPOIIOTEHHBIX (PaKTOPOB B COBPEMEHHYIO MOKaPHYI0 00CTAaHOBKY MOKET OBITh CETIaHa TOJIBKO Ha
OCHOBE CPaBHEHHUS COBPEMEHHOW MOXKapHOW 0OCTaHOBKH C PEKOHCTPYMPOBAHHOH IO MPHUPOIHBIM
apxuBaM. OTHUM U3 HaWIy4IlIUX apXUBOB SIBISIOTCS JOHHBIE OTIOXKEHUS o3ep [1].

X 12K L ! i (Lo i e i 1}

Puc. 1. JJunamuxa nomoka yeonvHuix uacmuy pazmepom ceviuie 100 MKmM 8 OOHHbIE OMLOHCEHUSA O3.
Hlupa 3a npoweowue okono 1400 nem (3a nauano omcuema npursm 1950 200).

Yactuupl ApeBecHbIX yriaed pazmepoM cBbiie 100 MKM B JOHHBIX OTJIOKEHUSAX SIBIISIOTCS
MHAMKATOpaMH 105KapoB, MPOMCXOAMBILNX Ha MPHJIETalolled K BOJOEMY TEPPUTOPUN B HECKOJIBKO
KWIoMeTpoB [2]. Ha 0CHOBE MUKPOCKONMMUYECKOTO aHaln3a JATUPOBAHHBIX CIOEB KEpHA JOHHBIX
otnoxeHuit o3epa Illupa (ror Cubupu, Xakacusi) HAaMU TOKa3aHO, yTO mocienHue okosno 100 mer
OTJIMYAIOTCS PE3KUM YBEIMUEHUEM MTOTOKA YroJdbHBIX yacTHIil B 03epo (Puc. 1). JlanHoe yBennueHue
COIJIacyeTcsi ¢ pe3yJbTaTaMH II0 MHOTUM O3€paM MHUpPAa U TPEANOJIOKUTEIBHO OO0YCIOBIEHO
COBPEMEHHBIM yCUJIEHUEM aHTPOIOTEHHOTO BO3JICHCTBUS, KaK B BUJE CIYYallHBIX U YMBIIIICHHBIX
MOJ/’KOTOB, TaK U B BUJIE C)KUTAHUS IPEBECUHBI U YTJIEH AJI1 OTOTUICHHS JKHIIBIX JIOMOB U OT/bIXa Ha
Ipuiieramlel K 03epy TeppUTOPHH.

Pabora BbInosiHeHa pu (UHAHCOBOM moepikke rpanta Poccuiickoro Hayunoro ®onma Ne 22-27-00398.
Astop 6marogapes Poro3uny /[.}O. 3a Hay4HOE PyKOBOJCTBO M IIOMOIIBb HA BCEX 3TAax paboTHI.

Jluteparypa:

[1] Marlon, J. R. Quaternary Research, V.96, PP.66-87 (2020).

[2] Unkelbach J., Dulamsuren C., Punsalpaamuu G. et al. Vegetation History and Archaeobotany,
V.27, PP.665-677 (2018).
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Ionyuenue u xapakmepuzauus paxyuu IK30COM MOYU YeN06€Ka
Jlpanoposa Kpucmuna Anuxoena
Cubupckuii ¢hedepanvhwiii yHugepcumem

DK30COMBI — 3TO TUN MeMOpaHHBIX Be3ukys (30-200 HM), CEeKpeTUpYyeMbIX BO BHEKJIETOUHOE
MPOCTPAHCTBO OOJBIIMHCTBOM THUMOB KiI€TOK. OHHU colepikaT TIeTepOreHHbIe AaKTHUBHBIC
OMOMOJIEKYJIBI, Takue Kak Oenku, unuasl, MUPHK, perientopsl, UMMyHOPETYJISTOPHBIE MOJICKYJIBI
Y HYKJICHMHOBBIC KHCIOTHI [1]. AHanmM3 3K30C0M, HMUPKYJIUPYIOMIMX B OMOJOTUYECKHX KHUIAKOCTIX
(KpoBb, MOYa, CIIFOHA), UMEET OUYEBUIHBIA TUATHOCTHYECKUN W/WUIU MPOTHOCTHYECKUN MOTCHIIMAT
[2], B 4acTHOCTH nJia omnpenesieHus: ypoBHA dkcnpeccun MUKpoPHK — mepcrekTUBHBIX MapKepoB
JTUATHOCTHKU OHKOJIOTUYECKMX 3a00JIeBaHMA M MOHUTOPUHTA IPOTHUBOOITYXOJEBOW TEparuH.
Hecmotps Ha 3T0, HCIIOJIB30BaHKE 3K30COM B KIIMHUYECKUX YCIOBHSIX OFPaHUYEHO U3-3a OTCYTCTBUS
IPOCTBIX U A(P(PEKTUBHBIX METOJOB WX BBIICICHHS. «30JOTHIM CTaHAAPTOM» SIBISIETCS METO]I
nudGepeHIABHOTO YIABTPACHTPU(DYTUPOBAHUS, TMO3BOJISIFONTNN CTAOMIIBHO BBIACIATH UYHCTHIE
¢pakuuu HSK30COM, OJHAKO JAHHBI METOJA TMPEAnojaraeT HCIOIb30BaHHE JIOPOTOCTOSIIETO
o0opynoBanusa. B Hacrosmiee BpemMsi akTUBHO pa3pabaThIBAlOTCS albTEPHATHBHBIE METObI
BBIJICJIEHUST DK30COM, Takue Kak IEHTPHU(PYrHpOBaHHWE B TpagUeHTE IUIOTHOCTH, OCAXKICHHE
MOJIMMEPAMH MJIM ITyTEM arrIFOTUHALMY C TIOMOILBIO JIEKTUHOB [3].

Lenbto paboTsl ObIIO pa3paboraTh crocod ad(UHHOTO BBIIEICHUS BBICOKOOYHMILEHHON (hpakiuu
9K30COM M3 MOYH 4enoBeka. CriocoOd OCHOBaH Ha B3aWMOCHCTBUU JIEKTHHA (KOHKaHABAIMH A) C
BOCCTAHOBJICHHBIMU KOHIIEBEIMH OCTaTKaMH 0-D-MaHHO3BI M 0-D-TTIOKO3bl TIMKOJIUMIHIOB U
TJIMKOITPOTEMHOB Ha MOBEPXHOCTU 3K30cOM. B Hamieit pabore KoHKaHaBaiWH A OBUT KOBAJICHTHO
UMMOOUIIM30BaH HA MAarHUTHBIE HAHOYACTUIIBI MarHeTWTa. [loAroTOBIEHHBIN OO0paszern Mo4u
yenoBeka (mocne I1EeHTpU(YyrupoBaHus ©W  (QUIBTPAMKM) HWHKYOUPOBAIM C  TOJYyYEHHBIMHU
KOHKAaHaBalUH A-aKTHBHUPOBAaHHBIMM HAHOYACTUI[AMH, MPOMBIBATH M DIIOUPOBAIU  (HPAKIUIO
9K30COM PACTBOPOM MajbTO3bl. JIJis BHU3yalu3alUd U XapaKTepU3alUU SK30COM, BBIJIECICHHBIX
pa3paboTaHHBIM HAaMH CIIOCOOOM, OBUIM MCIOJIB30BAHBI METO/bI JMHAMHUYECKOTO CBETOPACCESIHUS
(DLS), ckanupyromeri atomHo-cuioBoii (AFM) wu »snexktponnoir (SEM) Mukpockomww.
DK30COMabHYI0 MPUPOAY BBIIECIEHHBIX BE3UKYJ] MOATBEPXKAANUM MO HAIMYUIO MapKEpPHOIo
peuenropa TeTpacrnopruHa CD63 ¢ moMoIp10 OMOTIOMUHECIIEHTHOTO TBEP10(ha3HOTO MUKPOAHATH3A.
B kauectBe OmocnenmpuvHoOil MoOJIeKyJbl HCHONb30BadM aHTH-CD63 antamep, a B KadecTBe
periopTepHoii  Momekymsl —  Ca’'-perymupyemslii  (OTONpOTEHMH  OO€NHMH, XMMHUYECKH
KOHBIOTHPOBAHHBIN ¢ KOHKaHABAJIMHOM A. JOTMOJHUTENBHO ObUI MPOBENEH aHAIU3 XapakTepHOU
sk3ocomasibHOM MUKPOPHK21 metogom IILP ¢ oOpaTHO#l TpaHCKpHUTIIHEH B pealbHOM BPEMEHH.
[Tokazano, 4yTo pa3pabOTaHHBIN CIIOCOO MO3BOJISIET BBIACISITH U3 MOUYU BE3UKYJIBI, KOTOPHIE UMEIOT
pasmep mopsiaka 90-200 HM M IKCIPECCHUPYIOT XapakTepHbI OenkoBwlid Mapkep CD63. Tlo
CPaBHEHHIO C YJIbTpa-LIEHTPU(PYTUPOBAHUEM MPENTIOKEHHBIA METOJ MPOIle, SKOHOMHYHEE U He
TpeOyeT MCIIOIb30BaHUSI CTICIIMAIIBHOTO 000pYAOBaHMUS.

ABtoper Omaromapasl TromenmeBoir A.B. (OUL[ CO PAH) 3a cuHTe3 aMHHUPOBAHHBIX HAHOYACTHIT
marneTnta; JlykesHenko A.B, Hemuery M.B u Bopo6reBy C.A. (®UL] KHI] CO PAH) 3a momomips mpu
XapakTepu3aluu 3K30COM METOJaMH MHUKPOCKONHMW U JUHAMUYECKOTo cBeTopaccesHus. (Ocobas
onaromapHocth Kpacuukoit B.B. u @pank JI.A (MacTuTyT Onodusuku CO PAH). Pabora BrimonneHa npu
nogaepxkke Poccuiickoro Hayynoro ¢onza u KpaeBoro rocyaapcTBeHHOro aBTOHOMHOTO YUPEKACHUS
«Kpacnosipckuii kpaeBoil (HOHI MONAEPKKM HAayYHOW M HAYYHO-TEXHUYECKOH AEATEIBHOCTH», MPOEKT
Ne22-14-20020.

JIureparypa:
[1] Yanez-Mo6 M., et al. Journal of extracellular vesicles, V.1, P.27066 (2015).

[2] Schou A. S., et al. Advances in Clinical Chemistry, V.99, PP.1-48 (2020).
[3] Manek A.B., u ap. Boripocsl onkonoruun, T.60, C.429-436 (2014).
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Mexanuzm mymayuu V617F ¢ 2ene JAK2 uepe3 oopazoeanue Xyzcmunoeckux nap
OCHOGAHUU

Tponnukoe Cepeeu Pomanosuu

Cubupckuii ghedepanvHwiil yHUGepcumem

I'maBHast 0cOOEHHOCTh XYTCTHHOBCKUX Map — BOJOPOJHBIE CBA3H 00Pa3yIOTCs MO OONBIION
Oopo3nke, MypwHBI pa3zBopaumBaioTcss Ha 180°, oOpa3ys aBe WM TP BOAOPOJHBIC CBS3H.
XyrctuHoBckue napsl ocHoBanuii B JIHK aktuBHO n3yuatorcs merogamu SIMP 1 66utn 0OHapy KeHBI
B kaHoHnueckou JIHK [1].

Wnes pacnipocTpaHeHUs] HEIMHEHHBIX KojeOaHuii B OnonoianMepax Obuta npeanoxena A.C.
JIaBBIIOBBIM 711 pacIpOCTpaHEHUs SHEPTHH 0€3 AUCCUTIAIIMU BIOJIb IeTiel GUOPHIIIIIPHBIX OSITKOB
[2]. Hanee nnes nepenecnack Ha JIHK [3]. Otu monenu mpeamnosiararoT «HAaKauyKy» 3HEPTUU B
CHUCTEMY, HO HE YYUTHIBAIOT TEIUIOBOU IIyM [4].

Boansl B nenn JIHK Moryt BbI3bIBaTh NEPECTPOMKY KOHKPETHBIX YYacTKOB Lienu. [l
nocienoBarenbHocTeil ATATATAT u GCGCGCGC sKcnepuMeHTaIbHO TOKa3aHa aHOMaslbHas
MOJBMKHOCTD U TMOBBIIIEHHAs yacToTa oOpa3oBaHus XyrcTuHoBckux mnap [1]. Haubonee ysi3Bumbl
YUYaCTKH € PETyJISIPHBIM Y€peJOBAHHWEM IyPUHOB M IMUPUMHUAMHOB. B 3THX ydacTkax KosieOaHus
CUJIbHEWIINE, HYKJICOTHAbl OTKJIOHSAIOTCS 3HauuTenpHee. i1 TEOpPETUYECKOTO OMMCAHMSI MBI
IpeJlaraéM HCIOJb30BaTh MOJAENIb OOpyIleHUs BoJH. Takol mporecc akKyMyJILUU SHEPrUu
TETUIOBBIX KOJIEOaHWH MOXKET MPUBOAUTH K IIEPECTPONKE Map OCHOBAaHUN B XyTrCTHHOBCKHE.

[Tpumepom rena, 0061aIaroNUM y9acTKaMy ¢ aHOMAJIBHOW MOJIBUYKHOCTHIO, siBisieTcst JAK?2,
conepxkamuii MotuB GTATGTGT c yepenoBanueM MypHHOB U MUPUMUAUHOB. [10X0KHMX y4acTKOB
B T€HE OKOJIO COTHH.

Myrtanus Ha ydactke GTATGTGT npuBogut k m30bITOYHOHN 3Kcmpeccun reHa JAK2 u
ABISIETCA MapKepoM MuesonpoiudepaTuBHbix 3abosieBaHuil. Hamu npemiokeH MexaHu3M
nosiBIeHUs MyTauuu B reHe JAK?2, cocrosimuii U3 ciaenyonmx cTaaun:

1. Yuacrok GTATGTGT cnocoOCcTByeT 4acToMy pOXKACHUIO XYTCTHHOBCKUX TIap.

2. OKuCIUTETBHOE MOBPEXKICHUE I'yaHNHA IPUBOJUT K MOSBIECHUIO 8-OKCOTyaHHHA.

3. OOpy1ieHue BOJIH MPOBOIMPYET NMEPECTPONKY 8-OKCoryaHrHa B XyTCTUHOBCKYIO TIapy.

4. XyrcTuHOBCKasg Mmapa 8§-OKCOT'YaHHMH-UMTO3UH CTAOMIIM3UpPYETCS TpeMs BOJOPOTHBIMHU

CBSI3sMHU U criocoOcTByeT 3ameHe G->T.

B pesynprare oObenmHenus (Qakra cymectBoBanus B JHK  KopoTkoXuBYyIImX
XyrcTUHOBCKHX Tap U uaek HenmuHeHou nuaamuku [JIHK Ha mpumepe rena JAK?2 Owu1 ipeaioxeH
MEXaHU3M 3aKperuieHus myraunn G->T.

JIureparypa:
1] Evgenia N. Nikolova, Eunae Kim, et al., Nature, V.470, PP.498-502 (2011).
2] HaBwigoB A.C. buonorus u kBanToBas mexanuka. Kues.: 3n-Bo Hayk. mymka (1979).
3] Peyrard M., Bishop A. R. Physical review letters, V.62(23), P.2755 (1989).
4] Frank-Kamenetskii, M. D., Prakash, S. Physics of life reviews, V.11(2), PP.153-170 (2014).
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Bauanue mymayuu K90E na ycnosus ponounza gpomonpomeuna deposuna
Pykocyesa Hamanvsa Bumanvesna
Cubupckuii ¢hedepanvhwiii yHugepcumem

Ca®*-perymupyeMslii IelleHTepa3sHH-3aBUCHMBIH  (OTONPOTEHMH OEpOBMH OTBEYaeT 3a
cBeueHue kreHodop Beroe abyssicola v, Ha TaHHBII MOMEHT, SIBISETCS Hauboyiee M3y4YEHHBIM
dboTompoTenHOM TPeOHEBUKOB. OTIUYUTEIBHBIMA OCOOCHHOCTSIMH PEKOMOWMHAHTHOTO OejKa
SIBIISIIOTCSI OTCYTCTBHE OCTAaTKOB LIUCTEMHA, akTuBauus in vitro npu pH 9.0 B npucyrcreuu 0.5 M
NaCl [1] u cBeTOUyBCTBUTENBHOCTH [2]. Takue yCiaoBHS aKTUBAIIUU KapAUHAIBHO OTIMYAIOTCS OT
BHYTPHUKJIETOYHBIX, YTO OrPAaHMYMBACT HCMOJIb30BaHUE (HOTONPOTEHHOB KTEHO(Op B KayecTBe
penopTepHbIX MosieKyJ. [Iouck MyTaHTHBIX BapHAaHTOB OEpOBHHA C U3MEHEHHBIMU CBOIICTBAMH MOT
Obl MOMOYb B pELICHUH 3TOM mpobiembl. B nanHO#l paboTe C MOMOIIBIO HEHANpaBJIEHHOTO
MyTareHes3a ¢ TMOCIeayOIUM CKPUHUHTOM OMOTHOTEKH KJIOHOB Ha KOJIOHHAX E. coli ObUT TOTy4eH
MyTaHT OepoBUHA ¢ 3aMeHOH Ju3uHA B 90 moj0kKeHnn Ha riyTtamar. McecinenoBanue CBOWCTB 3TOTO
OenKa MoKa3aio, YTO HaMOOJBIIHNI BBIXOJ] aKTHBHOTO (hoTompoTenHa Hadmogaercs npu pH 7.0 B
npucytctBur 0.3 M NaCl (Puc. 1), uto 3HaunTenbHO Oinke K (PU3NOIOTHUECKUM YCIOBHIM, YEM
yCIIOBUS aKTUBALlMK OepOBHHA.
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Puc. 1. Buusnue pH u NaCl npu pH 7.0 (K90E) unu pH 9.0 (BAwt) Ha 6bix00 akmuenozo
benka.

Breixon akrtuBHoro Oenka K90E mpu akTMBanuM B ONTUMAIBHBIX JJISI HETO YCIOBUSX
coctaBisieT okojio 10%, a ynenpHas akTUBHOCTB — OKOJIO 1% OT TakoBO# OepoBMHA JAMKOTO THIIA.
IIpu sTOoM cTaOMIBHOCTH (DOTONPOTEHHOBOTO KOMIUIEKCa BO BpPEMEHH, a Takxke ¢oTo- U
TEPMOCTAOUIILHOCTh MYTaHTa BbIIIE, YEM y AMKOr0 pekoMOMHaHTHOro Oenka. CorjacHO Mojenu
MIPOCTPAHCTBEHHOU CTPYKTYPhl OEPOBHHA, aMHHOKHUCIOTHBIN OCTaTOK B MOJ0XKeHUHU 90 HAXOAUTCS B
aKTHBHOM IIeHTpe OeKa U MOXKET BIHMAThH KaK Ha CBSI3bIBaHME CyOcTparTa, TaKk U Ha U €r0 OKHUCIICHHE.
[Tockonbky MakCUMyMbI crieKTpoB OuomomuHectneHmn K90E u nukoro OepoBHMHA COBMAAAIOT,
SMUTTEp OHOIIOMHHECLIEHTHOM pEaKIMH y HUX OAMH U TOT e M, MO-BUIUMOMY, HE CBsI3aH C
n3MeHeHueM pH npu akTuBanuu.

Takum oOpa3om, 3aMeHa AMHUHOKHCIOTHOTO OCTaTKa aKTUBHOTO LIEHTPA C MOJIOXKUTEIbHBIM
3apsi oM OOKOBOM IIEMHU Ha IPYTOi ¢ OTPUIATENLHBIM 3apsIOM MOXKET MPUBOJUTH K CMEHE yCIIOBHIMA
dopmupoBanus (OTOMPOTEUHOBOIO KOMIUIEKCAa Ha OJIM3KHME K BHYTPHUKIETOUYHbIM. [lomck
MYTaHTHBIX BAapUAHTOB, CIIOCOOHBIX AKTUBHPOBATHCS B (DU3MOJOTUYECKHX YCIOBUAX, Oyaer
IIPOJIOJIKEH.

Jluteparypa:

[1] Markova, S.V. et al. FEBS Journal, V.279, PP.856-870 (2012).
[2] Ward, W.W., Seliger, H.H. Photochemistry and Photobiology, V.23, PP.351-363 (1976).
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Caiim-nanpaenennoe Konvrozuposanue awyugepaszvt NanoLuc c
Ouocneyuuunvimu monexyiamu

Egpemos Maxcum Koncmanmurnosuy

Cubupckuii ghedepanvhwiii yHugepcumem

HckyccTBeHHas neneHTepa3uH-3aBucuMas Jrorudepaza NanolLuc, moimydeHHas W3 Mayion
cyOpenuaunbl  Jrorudepassl  kpeBetok  Oplophorus — gracilirostris, sSBISETCS TMOMYJSPHOU
pernopTepHO MOJIEKYJION Onarofapsi YHUKaIbHO SIPKOM U MPOIOKUTEIILHON OMOIFOMUHECIICHIINH,
HebobIomy pasmepy (19 k/la), TepMOCTaOMITBHOCTH, YCTOWYMBOCTH B IIIMPOKOM Jauarna3one pH u
CTAOMIIBHOCTH TIPU XPAaHEHUHU U TeHeTHuYecKnX Moaudukamnusx [1]. NanoLuc mmpoko ucnonb3yercs
JUTsT aHanu3a OeNOK-OENKOBBIX (JIUTaH-PElENTOPHBIX) B3aUMOACHCTBHMA, MPU HUCCICIOBAHHUH
donnuHara 1 KOHPOPMAIIMOHHBIX U3MEHEHHH OelKa, IJIs IETeKIIMH aHTUTE U aHTUTEHOB U T.1. [2].
CeHcopbl Ha OCHOBe Itonudepas MPEACTaBISIOT COO0M KOMIUIEKCHBIE MOJIEKYJIbI, BKIIOYAIOIINE
cobcTBeHHO ronMdepasy Kak CUTHAIBHBIA MOAYJIb W OMOCTICM(PUIHBIA MOIYNh (TTOJUTICTITHIBI,
OJIUTOHYKJICOTHU/IBI, TAIITEHBI U TIP.), OTBETCTBEHHBIN 32 «y3HABaHUE» MUIICHU U CBS3BIBAHUE C HEH.
buocencopsl Ha ocHoBe Nanoluc mogydarT IMyTeM Te€HETHYECKOro CiusHus ((ppro3mHra) C
Pa3TUYHBIMU MOJHUMENTUAAMH [3], TOCKOIBKY MPU XUMUYECKOM KOHBIOTHpoBaHUN NanolLuc tepsiet
CBOIO OMOJIIOMUHECHEHTHYIO aKTUBHOCTh. DTO OTPaHUYMBAET BO3MOXHOCTHU €€ HUCIOJIb30BAHUSI KaK
penoprepa Ui IPOBEAECHUS MOJIEKYIAPHOIO aHAIIN3A in Vitro.

enpto paboThl OBUIO HCCIIEIOBATH BO3MOXKHOCTH CaWT-HAIPABICHHONW XWMHUUYECKOU
momudukanuu NanoLuc Ha mpumepe ranteHa (OMOTHMHA) M ONUTOHYKJIeoTHAA. Jiast aTOro ObuIN
MOJTy4YeHbl BapuaHThl Jronudepaspl, YIIMHEHHOM C aMHHO- JHMOO0 KapOOKCHIBHOTO KOHIIA
rekcanentuaom LCTPSR (Pep), cogepxaiiuM 10CTYNHYIO 1151 KOHBIOTMPOBaHUS TUOJIBHYIO TPYIIILY
nuctenHa. Kpome 3Toro, caiT-HanpaBiI€HHBIM MyTareHe3oM ObUI MOJY4YeH BapUaHT yAJUHEHHOU
NanoLuc ¢ 3aMeHOW €IUHCTBEHHOrO0 HAaTUBHOro nucrenHa Ha cepud (C164S). Xumuueckyro
MoM(UKAINIO TPOBOAWIN MO BBEJCHHOMY LIMCTEUHY MAaJE€MMHIHBIMU NPOU3BOJHBIMU OMOTHHA
win omurorumuamninara (dT3o). B pabote Oputa uccnenoBana OTHOCUTENbHAS OMOFOMUHECIICHTHAS
aKTHBHOCTH THOpHAHBIX MTpon3BoHEIX NanoLuc (Pep-NanoLuc; NanoLuc-Pep; NanoLuc(C164S)-
Pep), ux cTabUILHOCTH NPU XPAHEHUU U TPU XUMUYecKoi Moaudukanuu. B kadecTBe cyOcTpaTta BO
BCEX IKCIMEPUMEHTAX HCTIOIb30BAIH Ca’"-3aBUCHMBIi HeJIeHTepa3uH-CcBsI3bIBatomuii 6emok Renilla
(CBP). DddexTrBHOCTH KOHBIOTHPOBaHMS Bcex BapuanToB NanoLuc ¢ 6uorurom (NanoLuc-Bio) u
onurorumuamiatom (NanoLuc-dT30) onieHnBany 1o BbIXOAY aKTUBHBIX KOHBIOTATOB U MOJIETBHBIM
OMOIIOMHUHECIICHTHBIM TBepAO(ha3HBIM aHATU3aM.

B pesynprate wuccrneqoBaHMs MOKa3aHO, 4YTO HaumOojee TMOJHO OHOJIOMUHECHEHTAs
aKTUBHOCTH Jrordepassl coxpansercs B rudpune NanoLuc(C164S)-Pep: ona cocrasnser 98% ot
OMOJIFOMUHECIIEHTHON aKTHBHOCTH HWcxonHoW mromudepasbl NanolLuc. [lpu  xummueckom
KOHBIOTHPOBAHUH 3TOTO THOPUIA C OJIMTOTUMHUINIIATOM MMOTEPU aKTUBHOCTH HE HAOIIOIAIH, BBIXO/
NanoLuc(C164S)-Pep-dT30 coctaBun 60%. Konbiorar o6mamaer Kak OHOJIOMHHECIEHITHEH
NanoLuc, Tak ¥ KOMIZIEMEHTApHBIM CPOJCTBOM K OJIMTOAJCHIIIATY, YTO IMOKAa3aHO TBEPA0(a3HBIM
MUKPOAHATIU30M.

ABTOp BBIpaxkaeT 0JarogapHOCTs CoOaBTOpaM paboThl, K.0.H. B. B. Kpacumnkoii u 1.0.1. JI. A. ®pank.
Jluteparypa:
[1] Hall M. P., Unch J., Binkowski B. F., et al., Chem. Biol., V.7, PP.1848-1857 (2012).

[2] England C. G., Ehlerding E. B., Cai W., Bioconjugate Chem., V.27, PP.1175-1187 (2016).
[3] Krasitskaya V. V., Bashmakova E. E., Frank L. A., Int. J. Mol. Sci., V.21, P.7465 (2020).
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DexanvHvie cmanoivl 8 00HHBLIX omaoxcenuax ozepa Illlupa (Xakacusn) kax
UHOUKAMODP AHMPONO2EHHOU HAZPY3KU 8 6000COOPHOM Dacceline 03epa 6 NO30HEM
20110uene

Cunnep Enuzasema Koncmanmunosna

HUncmumym 6uoghuzuxu CO PAH

Ananu3 OMOXMMHUYECKUX MapKepoB (eKaNbHbIX MOCTYIUICHUH SIBJISETCSI OJHUM U3 HOBEHIIIMX
HalpaBJieHUH B mnaneo-muMHojoruu. K 3TUM BemiecTBaM OTHOCATCA CTaHOJBI (XOJIECTAHOII,
CTUIMAacTaHoJ, U Jp.), NIPOU3BOAUMBIE KHUIIEYHOH MHUKPOGIIOPOH M3 CTEpOJIOB M SIBISIOLIMECS
UHAUKaTOpaMH (PeKaNbHBIX MOCTYIUIEHHH B BojoeM [1]. B KuIlle4HHKe uYenoBeKa CHHTE3UpyeTcs
KOIPOCTAHOJ, M0 HAJIMYUIO KOTOPOTO B JOHHBIX OTJIOXKEHHMSX MOXKET OBITh PEKOHCTPYMPOBAHA
JMHAMUKa HaceJeHUs OeperoB BOAOEMOB U OLIEHEHA JMHAMUKa (PEKAIbHBIX 3arpsi3HeHUui [2].
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Puc. 1. Pacnpedenenue gpexanbHbix cmanonoe u 00 KOnpoCmaHoa 8 kepHe OOHHbIX
omaodicenuti ozepa Lllupa. [[semom vloeneHvl nepuodvl ucmopuu Xaxacuu.

MetoznoM ra3oBoi xpomaTtorpaguu HaMu BIIEPBbIE ObUIN OLIEHEHBI COAEPKAHUS X0JIECTaHOIIa
U KOIPOCTaHOJAa B JaTUPOBAHHBIX CJIOAX KEpPHA NOHHBIX OoTiokeHHH o3epa Illupa (Xaxacus).
VYBenuyeHue A0JIM KOMPOCTaHOJA CBUAETENBCTBYET OO0 YCWIEHUHM (DEKaIbHBIX MOCTYIICHUH
AQHTPOIIOTEHHOT'O TPOUCXOXKJIEHUSI B 03€pO B COBPEMEHHBIH IMEpPHOJ, a Takxke B Ooyee paHHHE
NepUoAbl UCTOPUM XaKacHH, B YAaCTHOCTH, B IIEPHOJ, CYLIECTBOBAaHUS IOCyAapcTBa EHMCENHCKHX
kbIpro130B (VI — XIII BB H.3.).

Pabota BrImonHeHa npu GuHAHCOBOHM moaaepskke rpanra Poccuiickoro Hayunoro @onga Ne 22-27-
00398. ArTop Omnarogapen Porosuny /1.}O. 3a Hay4yHOE pyKOBOACTBO, a Takxke bosamuny A.H. n bynsxuny
A.O. 3a moMoIIb B aHAJTUTUYCCKOM paboTe.

Jluteparypa:

[1] White, A.J., Stevens L.R., Lorenzi V. et al. Proc Natl Acad Sci USA, V.116, PP.5461-66
(2019).

[2] D’Anjou R.M., Bradley R.S., Balascio N.L. et al. Proc Natl Acad Sci USA, V.109, PP.20332-37
(2012).
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Ocobennocmu ce30HH020 hopmuposanus 20006blX Koaey Ha Ueutye 0aiiKanbCKo2o
xapuyca 8 yci08usax UsMeHeHHO20 MEMNEPANYPHO20 PeHcUMa
Anopywenxo Ilagen FOpvesuu

HUncmumym 6uoghuzuxu CO PAH
Cubupckuii ghedepanvhwiii yHugepcumem

CrpourenbcTBo IOTUH ['IC NpUBOAUT K CEPbE3HBIM U3MEHEHUSIM TEMIIEPATYPHOTO PEXKMMA
PEK, UYTO B CBOIO OYepe/b CHJIBHO BIHUSET Ha pa3HOOOpa3ue BUJIOB, YUCICHHOCTb MOMYJISILIUN U
cTpykTypy coobmectB [1]. Cozmanue Kpacuosipckoit 'DC BbI3BaIo M3MEHEHUE TEMIEPATyPHOTO
pexxuma pexu Enuceil B HukHeM Obede IUIOTHHBI, W NPHUBEIO K TpaHC(hOpMAIMHU COOOIIECTB
(GUTOMIAHKTOHA, 300IJIAHKTOHA, 3000€HTOCA, a TaKXKe K YBEJIMYEHHIO YUCIEHHOCTH U CKOPOCTH
pocta abopurenHoro Oaiikansckoro xapuyca Thymallus baicalensis Dybowski, 1874 [2, 3].

Hamu Obuto mpenmnosioxkeHo, OJAHON W3 MPUYMH U3MEHEHHS CKOPOCTH poCTa Xapuyca MOT
CTaTh MPOJAOHKUTENbHBIN MEPUOJ ONTUMAIIBHBIX JJISI COMATHYECKOTO POCTa TEMIIEPATYpP B HUKHEM
onede ['DC, mo3BONISAIONIHIT BHTY PACTH B TEUYSHUE BCETO KAJICHIapHOTO roja. J{Jist mpoBepku JaHHOM
THIIOTE3bl ObUIa HCCIEe0BaHA OCOOEHHOCTh CE30HHOTO (POPMHPOBAHUS KPAEBBIX CKIEPUTOB HA
yenrye xapuyca, oburaromiero B HmKHeM Obede mmoruHbl Kpacuosipckoit ['DC. M3BecTHO, 9TO
YBEJIMUYEHUE KOJIMYECTBA CKIIEPUTOB IIPOUCXOJUT B MIEPUOJ] TIOJOKUTEIBHOTO COMaTHUECKOT O pOCTa;
B IIEPHOJ] OCTAaHOBKM pPOCTa CKJIEPUTHI MEpPECcCTaroT OTKIAIbIBAThCA IO Nepudepun dvemyu u
IPOUCXOTUT (POPMUPOBAHHE OKOHYATEIHHOTO I'0JIOBOTO KOJIbIIA.

OTn0B pBIO MPOUCXOMUI B CPEIHEM TeUeHUHU peku EHucell Ha ydacTKe MPOTSKEHHOCTHIO
okoJj10 360 kM ot motuHsl KpacHospckoii 'DC no ycres p. AHrapsl. Beero 6b110 ucenenoBano 569
pBIO, UMEIOMIMX OT OJHOTO J0 YETHIPEX 3aKOHYEHHBIX T'OJOBBIX KOJell Ha yellye. BrisgBieHo, uyTo
KOJINYECTBO CKJICPUTOB Ha Yelllye YBEJITMUNBAIOCH TOJIIBKO B IEPHUOJI C UIOJIS 110 OKTAOPb-HOSOPE, a B
JIpYTUX Mecslax YBEITUUYEeHHUs Yncia CKIepUTOB He Halbmoganock. Takum oOpa3zoM ObLIO MOKA3aHO,
YTO, HECMOTps Ha YBEIMYCHUS CpPOKA ONArOMPUSATHBIX IJII POCTa TEMIIEPaTyp U OTCYTCTBUS
JenocTaBa B cpeaHeM EHucee, xapuyc no-npexHeMy pacTeéT B TeUEHHE OTPaHMYEHHOTO MTPOMEXYTKA
BPEMEHH.

[Ipu »TOM, 3a HaHHBI OrpaHUYECHHBIM MNEPUOJ HCCIECIOBAHHBIE XApUYChbl JOCTUTAIOT
OONBIIMX pa3MepoB, MO CpPaBHEHUIO C pbldamu, oOuTaBIIMMH B EHHcee 10 CTPOUTENIHCTBA
Kpacnosipckoit ['DC. Bo3MOXHBIME MPUYWHAMHA STOTO MOXKET OBITh KaK yBEIHMYCHHE OMOMACCHI
3000eHTOCa EHHCes mocie CTpOMTENhCTBA IUJIOTHHBI, TaK M BO3MOXXHOCTH MPEKpPAIEHUS Tpat
SHEPruu Ha MUTPALUU B IPUTOKHU.

Jluteparypa:
[1] Poff N. L., Zimmerman J. K. H. Freshwater biology, V.55, PP.194-205 (2010).
[2] 'anunoB A. H., lonrux I1. M. BectHuk KpacHosipckoro rocyapcTBEHHOTO arpapHOro
yHuBepcurera, Ne.3, C.169-174 (2014).
[3] 3yeB U. B. u ap. buonorus sayrpennux Box, T.14, C.60-66 (2021).
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Paououzomonnwvie memoowvl pacuema cKopocmei ceOuMeHmayuu OOHHbIX
omaoxcenun pexu Enucen
Baxpywes Baoum Uzopesuy

HUncmumym 6uoghuzuxu CO PAH
Cubupckuii ghedepanvhwiii yHugepcumem

Peunwie nmonnble oTiokeHus ([1O) SBASIOTCS YHUKAIbHBIM OOBEKTOM, COJAEpIKAIIEM
MH(OpPMALIMIO O TIOCTYIJIEHUU MOJUTIOTAaHTOB B MPECHOBOHBIE 3KocucTeMbl. C cepennnbl XX Beka
p. Enuceil nmonsepkeHa pagualliOHHOMY 3arps3HEHUIO TEXHOT€HHBIMU PaJMOHYKIMIAMH KakK B
pe3yabTare ro0albHBIX BBITIAJCHUH, TaK U AesTenbHOCTH [ opHO-XxuMHudeckoro komOuHara (I'XK).
Hakonnennas B J10 p. Enuceii 3a Bc€ Bpemst pabotel [ XK 3HaunTeNbHAs aKTUBHOCTD TEXHOTEHHBIX
PaAMOHYKJIMIOB C Pa3HbIMU NEPUOAAMU MOJypacHaja CTaBUT 3a/ady MOCTPOCHHUS XPOHOJIOTHH
NOCTYIIJICHUS] PAAMOHYKIHIOB B peuHylo moiimy [1]. B 3aBucuMOCTH OT yciaoBUH HcCIeqOBaHUS
IIPUMEHSIOTCS METO/IbI JATUPOBAHMS 110 mpupogHoMy 2!°Pb, a Takske MO OTHOIIEHUSAM TEXHOTEHHBIX
¥ TPUPOIHBIX PATHOHYKIMAoB: 2SPu/?*240py, 23*U/*2Th u apyrux. Ilens paboThl — olLieHKa
METOJIOB pacyeTa CKOpOCTEN CeIMMEHTAIMU Ha IpuMepe peku Enunceil.

B nanHOil paboTe Ha OCHOBE aHalM3a BEPTHUKAIBHBIX PpACIpENEICHUN TEXHOT€HHBIX
pamuonykaunos *°Co, ¥’Cs, ?Eu, *Eu u npupoanoro 2!°Pb B JIO 6blnm paccunTaHbl CKOPOCTH
CeMMEHTAlUH 1Mo OTHomieHusM aktuBHocTeir °/Cs/*°Co, ?Eu/*Eu u *’Cs/'*?Eu, a Takxke ¢
TIOMOIIBIO CTAaHAAPTHOH Mojenu HepaBHoBecHoro 2'°Pb m monemu mocrosHHOro moroka (CRS).
[Ipumepsl pacuéra npUBEAEHBI HA PUCYHKE 1.

80 T 15 + 15 T 15 + °
* y = 1,33¢0074 °
{1 y=45,45¢003x R2=0,86 y = 4,85¢0.021x y = 1,09e0054x
R2=0,58 V = 1,47 cw/ron R?=0,77 R2=0,58
{ v=0,89 cm/roxn L V=126 cm/ron V =0,53 cm/rox

I
I

137Cg/%0Co

I
I

12K u/154Eu
137Cs/152Eu

0 ———— 0 T T i 0 —— 0 |
0 50 0 30 0 40 0 50

I'nyouna, cm

Puc. 1. Pacuém ckopocmu cedumenmayuu no nPUpOOHbIM U MeXHO2EHHbIM PAOUOHYKIUOAM

PaccuntanHbie pa3HBIMH METOJaMH CKOPOCTH ceauMeHTanuu coctaBmwim 0,5-1,5 cm/ron.
Paznuunss TNOJMYYEHHBIX CKOpPOCTEH OOYCIIOBJIEHBI pa3HOW MHIPALMOHHOM CIIOCOOHOCTBIO
PaAMOHYKINIOB U HEOJHOPOIHOCTBIO THAPOJIOTHYECKUX YCIOBUIM Ha pa3HbIX ydacTKax p. Enuceil.
B wusyuennsix Hamu kepuax 1O moiimbl p. Enuceir B 3one BiausiHus ['’XK oOHapykeHBI ciou ¢
OTHOCHUTEIIBHO BBICOKMM COJIEP’KaHUEM TEXHOTCHHBIX DPAaJWOHYKIUIOB H, HCIOJB3YS PACUETHI
CKOPOCTEM CeAMMEHTALUU, IPOBEACHA AATUPOBKA 3TUX clI0€B. Kak mpaBuio, ciou MakCUMalbHOU
AKTUBHOCTH PaJUOHYKJIMIOB COBIIAJAIOT C T'OJaMHU SKCTPEMAIIbHBIX IaBOJKOB Ha p. EHncen.

Pabora BhINONHEHA 3a cUeT cpeAcTB IrpanTa Poccuiickoro HayuHoro ¢onma Ne22-27-20001,
KpacHosipckoro kpaeBoro Hay4Horo (oHa.

Jlureparypa:

[1] boncynosckuit A. 4., JlementoeB J1.B., Baxpymes B.U. Joknaner Akagemun Hayk, T.498,
C.189-194 (2021).
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Hu3kounmencusnoe éo3oeiicmeue Th-232 na nromunecyenmnule 6axmepuu. Ponw
AKMUBHBIX hOpM KUCI10pooa

Konecnux Onvea Braouciasosna
HUncmumym 6uoghuzuxu CO PAH

Mopckue JTIOMHUHECIICHTHBIE OAaKTEpUU SBISIOTCS ONTUMAIBHBIM OHOTECTOBBIM OOBEKTOM ISt
M3Yy4YEeHHs] HU3KOJJ030BOT0 Bo3jaelcTBUs. Dusnosnornyeckas akTUBHOCTh OaKTEpHidl OLIEHUBAETCS 110
WHTECHCUBHOCTU WX OHONMIOMUHECHCHIUU. JIFOMUHECIICHTHBIE OaKTepuaibHble OHMOTECTHI NAOT
KOJIMYECTBEHHYIO MEPY TOKCUYHOCTH U 4aCTO MPEBOCXOIAT APyrue OUOTECTHI 10 ObICTPOICHCTBUIO,
TOYHOCTH, YYBCTBUTEIBLHOCTH U MPOCTOTE.

B xoxe xu3HeAesATENbHOCTH OaKTepuil MPOAYIUPYIOTCS akTUBHBIE (Gopmbl kuciaopona (ADK).
Paznuunbie BO37CCTBHS Ha OaKTepUaIbHYIO KYIbTYpY, BKIIOUAsl paIuO0aKTHBHOEC MOHH3UPYIOIIEE
U3IIy4eHHUE, CIOCOOHBI M3MEHATH Mpon3BoicTBO ADK. Panee Obu10 nmpogemMoHcTpupoBaHo, uto ADK
YYaCTBYIOT B aKTUBAIMH (PU3UOIOTUYECKUX (PYHKIIMIA TIOMUHECIIEHTHBIX OaKTepuil o AeHCTBHEM
OeTa-u3ayvaromero paauonykiuaa Tputus [1]. OcoOblit HHTEpeC MpenCcTaBisIeT BOMPOC: OTBEYAIOT
mn ADK 3a 6mo3hexTsl Ipyrux paaAHoHyKIHIOB C IPYTHMH XapaKTePUCTHUKAMH PaIMOaKTUBHOTO
pacnaga?

Topuii — omMH W3 cCaMbIX pPaCHPOCTPAHEHHBIX PATUOAKTHUBHBIX DSJIEMEHTOB B MPHUPOIHBIX
skocuctemax. Hapsmy ¢ ypaHom, Topuii cumTaeTcsi HauOoyiee BaXHBIM HCTOYHHUKOM SIIEPHOM
SHEPTUU, U B HACTOSILIEE BPEMs €My YAENSIeTCS] BHUMAHUE BBUIY BO3MOXKHOCTH €ro MPUMEHEHUS B
KauecTBe Oosiee yncToro, 0e3onacHoro u 0oJsiee pacpocTpaHEHHOIO siiepHoro Toruea. Hecmotps
Ha pacrpOCTPaHEHHOCTh JAHHOTO 3JIEMEHTA, B HACTOSAIIEE BPEMs BIMSHUE PATUOAKTUBHOTO TOPHUS
HAa JKHUBbIE OPTaHU3Mbl U3y4YE€HO HEIOCTATOYHO.

enpio paboThl OBLTO H3yUYeHUE HU3KOMHTEHCUBHOTO BO3ACUCTBUS TOPHsI-232 HA JTFOMUHECIICHIIUIO
MOpcKuX Oaktepuii Photobacterium phosphoreum wn BbisiBaeHue posn ADPK B mpoTrekaronmx
nporeccax.

B xauecTBe 00BeKTa MccleAOoBaHUs ObUIM HMCIOJIB30BaHBI MHTAKTHBIC OakTepuu Photobacterium
phosphoreum. Victounukom ob0mydenus cimyxkui azoTHokucnbii Th-232 (Th(NO3)s4-4H20); noza
00ydeHus 6akTepruaabHOUM KyabTyphl He npeBbimana 0,1 ['p, 4To He MPEeBHIIIaeT YCIOBHYIO TPAHUITY
HU3KHUX 703. 3MepeHuss MHTEHCHBHOCTH OMOFOMHHECIICHIINY U XEMUITIOMUHECIICHITHH TPOBOIMIIN
C TIOMOIIBIO TUTaHIIeTHOTO JTroMuHOMeTpa Luminoskan Ascent (Thermal Fisher Corp.).

Bruto obnapyxeno, yto Th-232 ymepeHHO aKTUBUpYET KIETOYHbIE MPOIECCHl MTPH HU3KOZ030BOM
BosnerictBuu  (<0,1 I'p). beima BeIsABICEHa yMEpeHHas OTpHUIATEIbHAS KOPPEISAIUI MEXKIY
WHTEHCUBHOCTHIO OMONIIOMHHECHIEHIIMK OakTepuii u copepxkanuem ADK (r = -0,60, p <0,05) B
JIMana3oHe HU3KUX KOHLEHTPALUN TOPUS (10’“—10’6 M). MoHO cienaTh BBIBOJ, YTO aKTHUBAITUS
OakTepualbHOW  OMONIOMMHECIICHIIMM  CBA3aHA € MHTCHCHU(UKAIMEH  OKHUCIUTENbHO-
BOCCTAaHOBHUTEJIBHBIX MPOIIECCOB B BOJHBIX cpenax v morpediennem Oaktepusimu ADK.
[Toy4eHHbIe pe3yIbTaThl CIOCOOCTBYIOT MOHUMAHHIO MOJICKYJISIPHOTO MEXaHU3Ma «TOPME3UCHBIX)
OTBETOB KJIETOK Ha HU3KOMHTEHCUBHBIE paJl0aKTUBHbIE BO3/IeHcTBUS. B nannom uccnenoBanuu Th-
232 uCcmonb30BaNICS KaK MPEICTaBUTENb TPYIIIBI allb(a-u3TydaronuX paaiuoHyKIUI0B. Pe3ynbraTel
BBISIBJISIIOT OCOOCHHOCTH MEXaHHU3Ma BO3eHCTBHS HU3KOMHTEHCUBHOTO PaJ0aKTUBHOIO 00JTy4YeHUS
HA KUBBIC OPTaHU3MBI U CIIOCOOCTBYIOT JaJIbHEUIIICH afanTaiuu OMOTIOMUHECIIEHTHBIX METOJIOB K
LEJSIM PaJM0IKOJIOTMYECKOT0 MOHUTOPUHTA.

ABTOp BBIpaxkaeT 0JaroJapHOCTh 32 PYKOBOJICTBO U ydacTue B padote Kynpsmesoit H.C., Poxxko
T.B., CaukoBoit A.C, Jlanunoit M.A. u ConosséBy B.C.

JIureparypa:
[1] Rozhko T.V., Kolesnik, O.V., Badun, et al., Int. J. Mol. Sci., V.21, P.6783 (2020).
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3akoHomepHoCMU 6TUAHUA KOMMEPUECKUX NPEnapamos necCmuuiuoos
Ha mecmogvle cucmemsbl in vitro u in vivo

Kansbuna Banepus Ilasnosna

Cubupckuii ¢hedepanvhwiii yHugepcumem

[lecTunuabpl B CENBCKOM  XO3SMCTBE MpEJICTaBICHHl B  OOJBIIOM  pa3zHOOOpa3uu
IpenapaTUBHBIX (JOPM U OXBATHIBAIOT IIUPOKUM CIIEKTP MEXaHU3MOB AeicTBus. VX omacHOCTh AJis
HEIIEJICBBIX BUJIOB OPraHM3MOB OTMEYAeTCs BO MHOXKECTBE HccienoBaHuid. OnHa U3 MPUYUH —
NECTUIMIHbIE TMpenapaThl U UX OCTaTKU CIOCOOHBI OKa3biBaTh 3((EKThl HEMOCPEICTBEHHO Ha
MOJICKYJISIPHOM YpOBHE, H3MEHSISI CKOPOCTH (DEPMEHTATUBHBIX pEaKUWid W BBI3BIBAsS KacKaj
HEeXeNaTeNbHbIX TocnencTsuii [1,2]. Hcmomb3yss gaHHOE CBOWCTBO, (EPMEHTHI YCIEITHO
IPUMEHSIOT NIPH pa3padoTKe TECTOB I OOHAPYKEHUS MECTUIIMIHOTO 3arps3HeHus [3].

[enbto vccnenoBaHus SBJISIIACH CPABHUTEIbHAS OLIEHKA BIMSHUS MECTULUAHBIX MTPETapaToB
HA TECTOBBIE CHCTEMBI in Vitro W in vivo. B KadecTBe TecT-OOBEKTOB OBLTH HCIIOIH30BAHBIL:
MOHO(EPMEHTHBIC pEaKIMu, Takue Kak jakrataeruaporeHaza (JIIAI'), amkoromsaerumporeHasa
(AAl'), NAD(P)H:FMN-okcunopenykraza (P), Oyrupunxonmadcrepaza (byXD), menouHas
docdaraza (IIIPD), tpuncun, OudepmentHas cucrema cpersmmxcs Oaxrepuit HAJIH: OMH-
okcuaopenykraza u morudepasa (P+JI) u tpudepmMeHTHas cucTema aiKoroJIbIETHIpOreHas3a +
NADH:FMN-okcunopenykraza + momudepasa (AIAI+P+JI), a Taxke KyibTypa KIETOK
OMOIOMUHECIICHTHBIX OakTepuii P. phosphoreum 1889.

B pabote mpoaHanmu3upoBaHO BIWSHHE Ha aKTUBHOCTH (epMeHTOB 10-TH KOMMEpUYECKHUX
MpernapaToB TMECTUIUIOB, MPUHAIEKAIMNUX K Pa3HBIM XUMHUYECKUM KiaccaM (TMUPETPOUIBI,
HEOHMKOTHHOHMABI M (ochopopraHnyeckue COECTUHEHHS), a TaKKe pPa3IMYaloUIUXCcs LEJIeBbIM
Ha3HaYeHHeM (TepOuIUAbl U WHCEKTHIHbI). Habmonanuch 3HaUMTENbHBIE PA3INYUs B CTCIICHH
BO3/ICIICTBUS MpenapaToB MEeCTUIUAOB Ha TecT-cucteMbl. Tak, Hampumep, 1Cso 11 KOMMepUYEeCKIX
npenapatos «Jlenpruny» (1.8. AenbraMeTpuH) U « MypaBbeny (4.B. AMa3UHOH) cocTaBuwiu: 16,7 u 0,2
MTr/1 — g MoHoepMeHTHO# cucTembl Ha ocHoBe AJII; 39,5 u 0,009 mr/n — ms 6udepmMeHTHOM
cuctemsl P+HJT; 12,7 u 0,005 mr/n — must tpudpepmentHoii cucrembl AJIT+P+JI coorBercTBeHHO. 13
MOJTyYEHHBIX Pe3yJbTaTOB BUIHO, YTO MPHU MEPEX0e OT MPOCTHIX TECT-cUCTEM (MOHO(EPMEHTHBIE
peakuuu) K COMPSOKEHHBIM PEaKIMsSIM MPOCISKUBACTCS YBEIHMYCHHUE UYYBCTBUTEIBHOCTH K
JENCTBYIOIIMM BElIeCTBaM MECTUIUIOB.

YcranoBieHo, 4To 3PQEKT MeCTHUUIHBIX MpenapaToB Ha OMONMIOMHHECIICHTHYIO TECT-
cuctemy P+JI siBisiercs 60see BbIpa>KeHHBIM 10 CPAaBHEHUIO C JIEHCTBUEM Ha CBETSAIIMECS OaKTEpHH.
Tak, uHrnOUpoBanue cBedeHust Oaktepuil Ha 50% HAOMIOJANIOCH MPU BHECEHUU B PEAKIIMOHHYIO
cmech 400 mr/nm roudocata B coctaBe KoMMepdeckoro mnpenapara «Topuamo» u 2000 wmr/m
MMHUJIAKJIONIPUA B COCTaBe mpenapara «bHoTiauny, npu 3TomM miid TecT-cucreMsl P+JI mapamerpsl
ICso nnst nanHbIX npenapatoB coctaBuiu 1,8 u 0,003 mr/n coorBercTBeHHO. Takum oOpa3zom, TecT-
CHUCTeMBl in Vitro ((pepMEHTAaTUBHBIC pEaKIMH) CYIIECTBEHHO Oojiee YyBCTBUTEIBHBI K
HCCJIETOBAaHHBIM MpernaparaM MecTHIII0B IO CPABHEHUIO C TECTOM in Vivo (CBETALIUECs OaKTepUn).
CriocoOHOCTh (PEepMEHTOB U3MEHITh AKTUBHOCTD ITPH BO3JICHCTBUHU MECTULIUAOB [TO3BOJISIET TOBOPHUTH
0 TMEPCHEeKTUBHOCTU NPHUMEHEHHS (EPMEHTATUBHBIX TECT-CUCTEM B 3KOTOKCHKOJIOTHYECKOM
MOHHTOPHHTE.

UccnenoBanue BbimonHeHo npu (uHancoBoi noanepxkke PODU, Ilpasurensctsa KpacHospckoro
kpas, KpacHosipckoro kpaeBoro ¢oHAa Haykum B pamkax mpoekta Ne. 20-44-242001. bnaromapHOCTh
coaBtropam pabotsl EcumbekoBoii E.H., Komeimosoii K.B., Jlonmakosoii-Mykunoii B.U., Toprammunoi U.I°,
AHtamkeBud A.A.

Jluteparypa:

[1] Kalyabina V. P., Esimbekova E. N. et al. Toxicol. Rep., V.8. PP.1179-1192 (2021).

[2] Hernandez A., F, Parrén T., Tsatsakis A. M. et al. Toxicology, V.307. PP.136-145 (2013).

[3] EcumbekoBa E. H., Toprammna U. I'., Kana6una B. I1., Kparaciok B. A. Cu0. axo. xypH., T.3,
C.364-382 (2021).
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Ilomenyuan npumenenus 1a3epHoil pe3Ku 011 HANPABIEeHHOU MOOUpuKayuu
noeepxnocmu III'A-nnénok

Jlyoaes Anexcen Eecenvesuy
HUncmumym 6uoghuzuxu CO PAH

[IpeBanupyromass  Joias  IUIacCTMacc,  IPUMEHSEMbIX B pas3iIMuHbBIX  cdepax
KHU3HEIEATEIIbHOCTH, MPOU3BOAUTCA W3 HE(PTENPOAYKTOB NMYTEM XHMMHYECKOTO CHUHTe3a. Takue
IUTACTHKY COUYETAIOT B ceOe XOPOIINE TPOU3BOICTBEHHBIE XaPAKTEPUCTUKN U OTHOCUTEIBHO HU3KYIO
ce0eCTOMMOCTh, OJJHAKO CUJIBHO YCTYHAlOT B YacTH MEpepabOTKH, YTHIU3ALMHU M 3KOJOTHYECKOU
Harpy3ku. AJbTEpHATUBOM TaKUM IOJMMEpPaM SBISIFOTCA OHOIIACTUKH, KOTOpPBIE CIIOCOOHBI K
€CTECTBEHHOU JIerpaaliii.

K TakuM  NepcHeKTHBHBIM  «3€JIE€HBIM»  OHMOMONMMEpaM  OTHOCHUTCS  KJace
HOJUTUAPOKCHATIKAHOATOB — MOJMA(PUPOB MUKPOOHOIIOTHYECKOTO MpoUcXoxkaeHus. Hapany ¢ ux
IIOJTHOM OMOJEerpagupyeMOCTbIO, OHU YCTONYUBEI K YIbTPa(pHOIETOBOMY U3TY4YEHUIO U THAPOJIN3Y B
KUAKUX HEUTPAIbHBIX cpefax. IJTO MO3BOJAET IOJydyaTh W3 HHUX CHEKTp MNPWIOKEHUH ISl
Pa3IUYHBIX PUMEHEHHH OT KOMMYHAJIBHOTO U CEJIBCKOIO XO34MCTBA 1O BBICOKOTEXHOJIOTMYHOU
OMOMETUITUHBI.

III'A pacTBOpHMBI B HEMOJSPHBIX PACTBOPUTENAX, Ojarogaps 4eMy METOJOM KaCcTHHTra
pPacTBOPOB BO3MOXKHO IOJIyYEHHE TOHKUX IUIEHOK, KOTOpBIE HAXOAT IIMPOKOE IPUMEHEHHUE OT
OMONOKPBITUII M OMOYMAKOBOK [0 CJIOXHBIX CHCTEM 3aXHBJIEHUS paH. B 3aBUcHUMOCTH OT
npeHa3HauYeHHsI, BBIOOp MaTepuaia OCHOBBIBAETCS Ha KOMILIEKCE €ro 0a30BbIX CBOIMCTB, KOTOpPHIE B
COBOKYNHOCTH MPHJIAIOT U3JEIUI0 U3 HEro TpedyeMylo (YHKIHMOHAIBHOCTb. MeToqoM
OMOJIOTUYECKOTO CHHTE3a BO3MOXXKHO moiydeHue I[II'A pa3nuyHOro MOHOMEpPHOI'O COCTaBa C
BapUaTUBHBIM BKIIIOUYEHHEM OTJIUYHBIX OT 3-THAPOKCHMOyTHpaTa MOHOMEpPOB. Takue comoiauMepsl
HOBBIIIAIOT BO3MOXHOCTH npuMeHeHus [II'A, Tak kak pacIupsoT rpaHHLbl UX 0a30BBIX CBOHUCTB —
CTENEHU KPHUCTAJUIMYHOCTH, MOJIEKYJIIPHO-MACCOBOIO PACHpPENEICHUs, TEMIIEPATyp ILUIAaBICHUS U
JIETpajlalivi, a TAK)KE yIPYTro-NMPOYHOCTHBIX XapaKTEPUCTHK.

BaxxHpIM INapamMeTpoM IUICHOYHBIX W3JICINN SBISIETCA HAHOCTPYKTypa IOBEPXHOCTH,
onpenensomas ruapodoOHO/TUAPODUIBHBI  OanaHc, HIHEPreTHYECKUEe MapaMeTpbl M CHIIBI
aaresuu/kore3nu. Bo3MOXHOCTb HalpaBJIEHHOTO BJIMSHUS HA 3TU CTPYKTYPHO-()YHKIIMOHAJIbHBIE
0COOEHHOCTH TMO3BOJISIET KOMOWHUpPOBATh IpeuMyliecTBa 0a30BBIX CBOMCTB C Tpedyemoi
MMOBEPXHOCTHOM PeakIMen i KaKJA0ro KOHKPETHOroO nmpuMeHeHus. [IepcrnekTMBHON TEXHOJIOTHEN
JUIs 3TUX IIeJiell B TOCIEAHME TOAbl CTala Jla3epHas pe3Ka, Mo3Bosisiouas (GopMHUpOBaTh Ha
IIOBEPXHOCTU IUIEHOK B 3aBHCHMOCTU OT BBIOPAHHOIO peXHMMa 3a/laHHbI HAaHONPO(QUIb B BUAE
XKenmoOKOB, KaHaBOK, SMOK M JIPYTMX TEOMETPUYECKHX CTPYKTYp, 0OecreunBaronIni
(YHKLIMOHATIBHOCTb TIOBEPXHOCTH.

[Tonnmepnsle mieHku romononumepa 3I'b m 3x comomumepoB III'A ¢ BapuaTuBHBIM
BKiroueHueM MoHomepoB 41°b, 3I'B, 3I'T obmyvanm yriekucinotasiM J1azepoMm Explorer II LaserPro
B peXHMME HENpEphIBHON M KBa3H-UMITYJIbCHOM pe3ku. B pesynbrare moaudukanuu azepom Ha
IIOBEPXHOCTHU IUIEHOK MPH HENPEPHIBHOM 00JyUeHHH (POPMUPOBAINCH PETYNIpHBIE YIiIyOJIeHUs B
BUJIEC JKEIOOKOB, uepeaylonmecs ¢ HeoOpaOOTaHHBIMH Yy4YaCTKaMM, IpPH KBa3U-UMITYJIbCHOU
00paboTKe — CeTh KpaTepoB, PacloyIOKEHHBIX Ha OJJUHAKOBOM PACCTOSHUY, IUIOIIAAb MOJU(PUKALIMN
coctaBmia 11,6-13% u 6,3-10,5%, COOTBETCTBEHHO, B 3aBUCUMOCTH OT TEPMUYECKUX XapPAKTEPUCTHUK
o0pa3uos. [Ipu nocTosHHOM 007y4eHHH y OOJBIIMHCTBA 00PA3LIOB MOBKIIIAIACH TUAPOPOOHOCTH U
CHI)KAJIMCh ~ 3HAYCHWS  IIEPOXOBATOCTH,  KBAa3W-UMIIyJIbCHBI  PEXHUM  CONPOBOXKAAJICS
ruipouIn3anreii 1 NoBbIIIEHHEM IEPOXOBATOCTH OOJIBIIIMHCTBA 0OPA3IOB.

PaboTta BbIIOJIHEHA IIpu MOAACPIKKE FOCY)IapCTBGHHOFO 3aJaHuA MI/IHI/ICTepCTBa HAayKH W BBICIICTO
obpaszoBanus Poccuiickoit ®enepanu Ne ®CP3-2020-0006.

Jluteparypa:
[1] Volova T. G., Kiselev E. G., Nemtsev I. V., et al., International Journal of Biological
Macromolecules, V.182, PP.98-114 (2021)
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Mymanmmnuwie ghopmot 10oyugepasot uz konenoo Metridia longa. Ilonyuenue u
xXapakmepusayus

Kopomoe Heopv Anexcandposuu

Hncemumym ouoguzuxu CO PAH

Penoprepsl Ha OCHOBE Pa3IMYHBIX OMOJIFOMUHECHEHTHBIX CUCTEM aKTUBHO MPUMEHSIIOTCS B
Pa3TUYHBIX OMOMEIUIIMHCKUX HCCIICTOBAHMIX KaK 00JaJaroline BBICOKOH UyBCTBUTEIBHOCTHIO,
COMOCTaBUMOM C  PAaJMOM3OTONHBIMU METKaMH, IIUPOKUM JUHAMUYECKUM JIMANa30HOM,
HETOKCHYHOCTBIO /IS )KUBBIX opraHn3MoB. Komenoaueie monudepasbl 001agatoT psiioM MOJIe3HbIX
JUIsL UCIOJB30BaHUSI B KayecTBE pEMOPTEPOB CBOMCTB, TakUX KaK BBICOKAas AaKTUBHOCTD,
TEPMOCTAOMILHOCTh W Mallble pa3Mephl; KAaTaTU3UPYIOT MPOCTYyI0 (EPMEHTATUBHYIO PEaKIIHUIO
OKHCJIEHUS CyOCcTpaTa ¢ u3JIydeHUEM CBeTa, He TpeOyromryto kodakTopos. [lenenTepaznn-3aBucumas
monudepasa u3 konenoa Metridia longa siBnsieTcst caMoil MaleHbKON W3BECTHOM Jrorudepa3oil Ha
CEeroAHsHUN MOMEHT. Ee MoneKyIsipHbIi Bec cocTaBisieT Bcero 16.5 k/[a, 4To mo3BoJISIET CHU3UTD
MeTabOIMUECKYI0 Harpy3Ky MPHU KUCIOJIB30BaHUN JaHHOTO )epPMEHTa B Ka4eCTBE peroprepa in vivo
u nosbimaeT 3 dextuBHOocTh B BRET-cucremax. Jlronmudepasa Metridia Takyke o61amaeT BEICOKOM
AKTUBHOCTBIO M TEPMOCTAOUIILHOCTBIO. VIMeeT romy0oii criekTp smuccuu ¢ nukom ~485 um. JlanHas
monudepasa akTUBHO MPUMEHSETCS B KayecTBe OMOIIOMUHECIIEHTHOT'O pernopTepa, OAHAKO, BBUAY
HU3KOT'O TEMIIEPaTypHOTO ONTUMYyMa OMOIIOMHUHECIIEHTHOW peaKIuu, 3aTPyAHCHO UX MPUMECHEHHE
B KJIETKaX MJICKOOUTAaromux [1].

Hacrosmee uccrnenoBanue MpoAoKaeT padoTy MO YIYUIICHHIO PEMOPTEPHBIX CBOWCTB
monudepassl Metridia MeTomamMu MOJIEKYJISIpHOM 3BoJIOMK. Panee B maboparopuu (oTOOHOTOTHI
Wncturyra Ouodusuku OUL] KHI CO PAH Obul momydeH psa MyTauui, YIIydIIaroIIux
OMOJIFOMUHECIIEHTHBIE CBOMCTBA OJTHOM 13 n30dopm morudepassl Metridia, MLuc7, moBsImmaronmx
AKTUBHOCTH (DEpPMEHTA M CABHUTAIOINIME €r0 TeMIIepaTypHBIA ONTUMYM B CTOPOHY 0o0Jiee BBICOKUX
TeMriepatyp. Jlydive BapuaHThl MyTariii ObLIM COOpaHbl BMECTE B €IMHON KOHCTPYKIIUK. B naHnHON
paboTe ObLT MPOBENIEH BTOPOU payH] ClydallHOTO MyTareHe3a MeroaoM “‘ommbounoit” [P (error
prone PCR) Ha tuOpumHO¥ MaTpuile s JaJbHEUIIEro YIy4YIIeHUsS PEMOPTEPHBIX CBOWCTB W
cuHepreTndeckoro 3¢ @dekTa BBEACHHBIX MyTaluil. MyTaHTHBIE TIOCIEIOBATEIBHOCTH OBUIH
JKCIIPECCUPOBaHbI B KieTKax E. coli ayig BbleIeHUs] MyTaHTHBIX OEJKOB M WX XapakTepu3anuu. B
HACTOAIIEH paboTe TpeACTaBIeHBl pe3ylbTaThl HCCIEIOBAaHHS CBOWCTB 3-x Hambonee
MEepPCHEeKTUBHBIX MyTaHTOB, ML7m52, ML7m66 u ML7m100. Ouenena ux yaenbHas akTUBHOCTb,
TEMIEPATYPHBII ONTUMYM, 3aBUCUMOCTH OMOTIOMUHECIIEHTHON aKTHBHOCTH OT KoHIIeHTparuu NaCl
U 3HaueHus pH, a Taxke onpesiesieH MaKCUMYM CIIEKTpa U3JIy4eHUs. 3HaYSHHs TaHHBIX TapaMeTPOB
CPaBHHBAIIUCh ¢ MUCXOAHOHN miorudepasoir MLuc7 ¥ MCXOMHBIM IS BTOPOTO payHJa MyTareHesa
BapuanToM ML7m73. TlokazaHo, 4TO BCce UCCIEAyeMble MyTaHTHI 00JIalat0T OOJIbIIEH YIeIbHOM
AKTHUBHOCTBIO 10 CPABHEHUIO C UCXOJHBIMU BAPUAHTAMU C COXPAHEHUEM OCTaJIbHBIX HCCIIETyEMBIi
xapakTepucTuk. OauH w3 BapuaHToB ML7mS52 o0HapyXuna TeMmmepaTypHbId ONTUMYM
OMONIOMHUHECIICHIIMU B nuana3one 37-42°C, 4ro jenaer MmociefHero KpaiHe MepCreKTUBHBIM IS
WCIIONIb30BaHUsI B KJIETKAX MIICKOMUTAIONIMX 7 Vivo. MaKCUMyM CHEKTpa OHOIIOMUHECIICHIINU
OCTAeTCs HEM3MEHHBIM [IJI BCEX HCCIENYEeMbIX BapHaHTOB M cocTaBmi ~485-490 uMm. B pamkax
JMaNbHEWIeH paboThl MIAHUPYETCS XapakTepu3allis MYTAHTHBIX Jonudepa3 Kak pernopTepoB B
JYKApUOTUYECKHUX KIIETKaX.

Pabora BeInonHEeHa Ipy GUHAHCOBOM moaaepkKe rpanta PODIU Ne 20-44-242003.
JIureparypa:

[1]. Markova S.V., Larionova M.D., Vysotski E.S., Photochem Photobiol, V.95(3), PP.705-721
(2019)
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Kpumepuu nanuuusn peghiekcuu y npocmoii HeupoHHOU cemu 6 pehieKcuHoul
uzpe

Mapxkosa [ anus Mypamosna

Cubupckuii ghedepanvhwiii yHugepcumem

Hncmumym 6uoghuzuxu CO PAH

Pednexcust B mmpokoM CMbICIIe — BHYTpeHHee oToOpaxeHue BHemrHero mupa [1]. s psma
3aau Hanmuuue peduiekcuu odecrieunBaeT 3(P(EKTUBHOE pelIeHHe, OIHAKO HCIBITYEMbId MOXKET
CIpaBIIATbCA C HUMH, HE POpMUpYsI BHYTpEeHHUE 0TOOpaxkeHus. B paboTe mpeanokeHbl KpUTepHH, Mo
KOTOPBIM TTOBEJICHUE TIPOCTHIX UCKYCCTBEHHBIX HepoHHBIX ceTelt (MHC) B xoze pedieKCHBHOM UIphI
«Yer-HeueT» MOXKET OIeHMBaTbcs Ha Hamumuue pedraexkcuu. [IpoBepeHa NPUMEHMMOCTH Tpex
NpeIUIOKEHHBIX KpuTepueB Hanmmuus peduiexcun: nenesoro (MHC noGexnaer), mosenenueckoro (MHC
UCTONB3yeT 00Jiee OHOTO MaTTepHa) U HelipoHasHOTO (TpackTopus MHC B mpocTpaHcTBEe HEMPOHHOM
AKTMBHOCTH HE CXOAUTCS K OTHOM TOUKE).

Ucnons3oBamck 10-wetiponnsie pexyppentHsie MHC. MHC oOyvamuck urpe B mapTusx ¢
npyrumiu cetsiMu B Tedenue 1000 Xo10B, 1o anropuTMy 00paTHOTO paciipoCTpaHEeH s OIHOKY (TTyOuHa
5 xonoB). [lanee MHC urpanu naptuto B 1000 X010B IPOTHB ABYX «AJIEKTPOHHBIX TAIAJIOK», WIIA MAITHH
lennona [2]: mepoii (MILI1), o6yuenHoit B Teuenue 2000 X00B UrpaTh NMPOTUB HEUPOHHOHN CETH, U
Bropoii (MIII2), 06y4ueHHO# urpaTh IpPOTUB reHepaTopa ciaydaiHbix urcen. MHC oOywanuck u urpamm
3a "HeveT, crpykTypa MHC u MIL nocne oOyuenus ¢pukcupoBana. [{jist OolieHKH pa3sHOOOpasus peakiuii
HNHC paccmarpuBanmuchk kopoTkue urpobie narrepssl: xoq MI (0/1), xom MHC (0/1), cnemxyromuii Xxox
HHC (0/1) u pe3ynbrat Toro xona: noodena(W)/mopaxenue(L). Bcero Bosmoxuo 16 marrepros: 000W,
000L, 001W, 001L u T.x1.

ITo unciy nobex npotus ML 1 syumie urpamu MHC, xotopbie ucnons3zoBanu 1 marreps u3 16 B
teueHue Bcel maptuu. Crpykrypa MI1 moapasymeBana Halu4Me YyHHBEpPCATBHOW MOOSTHOMN
cTpareruu, Kotopoi u nomb3oBaiuck MHC-mobenutenu. Tpaekroprs HEWPOHHOW aKTUBHOCTH TaKUX
HNHC cxomutcs k Touke (cM. Puc.1A), 94T0 COOTBETCTBYET BEIOOPY OHOTO M TOTO XKe narTepHa. [IpoTus
MII2 nyume urpanmu MHC, ncnons3oBaBumme 5-10 narrepHOB. YHUBepcaslbHasl CTpaTervsl MPOTHUB
MII2 orcyrcTrBoBana. Tpaektopusi HeiiporHoi aktuBHOcTH WMHC-moGemurenerr mmeer dopmy
CJIOKHOTO LIMKJIA, YTO COOTBETCTBYET IepexoaaM Mexay narrepHamu (cM. Puc. 1B). Ouenka 1o
KPUTEpUSIM TIO3BOJISIET YTBEPXKIaThb O HaIWyud pedrieKCud, €ecClU  BBIIOJHSAIOTCS BCE TPH.
IloBeneH4yeckuli KpUTEPUN TPU 3TOM CBSI3aH C HEUPOHAIBHBIM, IOCKOJIBKY M3MEHEHUS HEUPOHHOMU
AKTUBHOCTH OIpenensaoT Tull noBeaeHueckon peakuuu MHC. IeneBoi kpuTepuil BBIOIHSAETCS,
ecniu MTHC BripaboTaiia aIeKBaTHYIO pEaKIUio Ul TEKYIIEH 3a1auu.

a

Puc. 1. [lpumepvr mpaexmoputi 8 npoCmpancmee HelpoOHHOU aKMUBHOCMU, 00pabomantble
memooom enaenwix komnonenm: A — HHC, ucnonvzosaewas 1 nammepn, b — UHC,
ucnoavzosasuias 3-10 nammepnos.

HccnenoBanwe BBITOTHEHO TpH (prrHAHCOBOM Tomaepkke PODU, [IpaBurenscTBa KpacHosipckoro
kpast u KpacHosipckoro kpaeBoro oHzia HayKH B paMKax Hay4yHoro mpoekta Ne 20-41-240003.
BbnaronapnocTtu: coaBTopy U HaygyHOMY pyKoBoauTeinio A.¢.-M.H. bapueBy C.H., pazpaboTunky mporpammbl
JUISL BU3yalnu3aluu HeHpoHHOM akTUBHOCTH batypunoii I1.M.

JIureparypa:
[1] JledbeBp B.A. Pednexkcus. M.: Koruro-ieatp. 496 C. (2003).

[2] Shannon C. E. A mind-reading machine, Bell Laboratories memorandum (1953).
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CmaodunvHble MHO2OKOMNOHEHMHbBIE UMMOOUIUZ0BAHHBIE RPENAPAMbL HA OCHOGE
Oymupunxoaunicmepasvl 0711 NPUMEHEHUA 6 UHZUOUMOPHOM AHAIU3E

Jlonwarxosa-Mykuna Bukmopus Heanoena
HUncmumym 6uoghuzuxu CO PAH

Bytupunxonunscrepasza (BChE) — ruaponutuyeckuii ¢pepMeHT, akTUBHO NPUMEHSETCS B
MHTHOUTOPHOM aHAJIM3€ U SIBISIETCS OCHOBOW aHATUTHUYECKHX CHUCTEM JJII KOHTPOJIS OCTATOYHBIX
KoJIn4ecTB (pocopopraHMuecKux MECTUIHMIOB B BOJE, OYBE M IpoaykTax nutanus [1]. Tem He
MeHee ocTa€Tcsi HepeméHHoW mpobiiema HemoctaTtouHoit crtabmibHocTh BChE 1pm  eé
UCTIOJIb30BaHUU U XpaHeHUH. OTHUM U3 OCHOBHBIX CIIOCOOOB IMOJTyUeHHs CTAaOMITBHBIX ()epPMEHTHBIX
npenaparoB BChE sBnsercs e€ mmmoOunuzamus B pazauyHbie HOcuTenn. Kpaxman u kenaTuH,
HOJMMEPBl TIPUPOJHOTO TPOUCXOXKIEHUS, OOpa3ylolue Bs3KHE pacTBOPbl U CHOCOOHBIE K
(bOpMUPOBAHHUIO Telisl, UCTIOIB3YIOTCS KaK AJIs CO3/IaHUs BA3KOTO MUKPOOKPYKEeHUsI (PepMEHTOB, TaK
U s ux uMMoOmmm3anuu. Llenbio pa®oThl sIBIsSETCS MOMyYeHHE CTAaOMIIBHBIX (DEePMEHTHBIX
IpernapaToB JUisi UHTHOUTOPHOTO aHalu3a MyTeM COBMECTHOM HMMOOWIM3AIMM KOMIIOHEHTOB
AHATUTUYECKOU crucTeMbl Ha ocHOBe BChE B renu npupoaHbIX MOJTHMMEPOB.

AxTtuBHOCcTh BChE, BBIZICICHHONW W3 JIONIAAWHOW CBIBOPOTKH, OMPEICISUTH 10 METOMY
Onnmana [2]. UccnenoBana temneparypnas nnaktuBaiust BChE B remneparypuom auamnazone 50-
64°C. VYcranoBneHo, yto kuHeTtuka TepmomHaktuBauuu BChE B 3% kpaxmanenom u 1,4 %
KEATHHOBOM TelIsIX UMEET OJIMHAKOBBIN XapakTep Ha BCEM JAMarna3zoHe Temnepatyp. Habmonaercs
KMHETUKA TEPMOMHAKTHBAIIMM BTOPOTO TMOpPsAKa, BKJIIOYAIOIIAs JBa Pa3UYHBIX MEXaHU3Ma
uHaktBauuu BChE, mocnenoBarenbHO CMEHSIONIMX JAPYT Jpyra M MPOTEKAIOUMX C pa3HBIMU
ckopocTsiMu  (OBICTPOM ¥ MEMJIGHHOW cTaauii). bBbeICTpas cTaamsi COOTBETCTBYET MPOIECCY
JUCCOIMALMU TeTpaMepHOro (¢epMeHTa Ha MOHOMEpPHI, a MEIJeHHas CTaaus — TPOLECcCy
JeHaTypaluu 00pa30BaBUINXCS MOHOMEPOB.

Jlnst onpenieneHus BIUSHUS Teleo0pa3Hol cpeibl peakiMi Ha MEXaHU3Mbl HHTHOUPOBAHUS
BChE 06buto mpoBefeHO HCCIIEIOBaHHE 3aBUCHMOCTH CKOPOCTH (EPMEHTATUBHON pEaKIuu OT
KOHIIGHTpalMU CyOcTpaTa B MPHUCYTCTBHE OOpPaTUMOro MHTHOMTOpa — HEOCTUTMUHA B OydepHOM
pacTBope, JKeJTaTHHOBOM M KpaxMalibHOM resix. [Tokazano, uto mexanu3m nunruouposanus BChE B
NPUCYTCTBUH TOJUMEPHBIX Teleld He H3MeHsercs. B uccienyeMbIX YCIOBHSX HaOoIaeTcs
CMEIIaHHBIM TUI MHTUOMPOBAHUS — KOHKYPEHTHO-HEKOHKYPEHTHOE BHE 3aBHCHUMOCTU OT CpEbl
PEaKLMOHHON CMECH.

beimn monyuensl npenapatsl ummoounnzoBanHo B renu BChE, mpencrasnstomme coboi
JIO3UPOBAHHBIM U BBICYLICHHBIN IUCK, NPEAHA3HAYEHHBIM HA ONHO u3MepeHue. [ ynpomeHus
MpOIIeAyphl aHAIM3a WHTHOMPYIONMIMX BEIIECTB B COCTAB Ipemapara BHOCWIH 5,5 -muTHo-Omc(2-
HUTpoOeH3o0iny0 kucinory) (DTNB). Ycranosieno, uto mmmobmiunzamuss BChE coBmectHO ¢
DTNB B kpaxmanbHBIA WM KETATHHOBBIA Tellb 00ECIEeYNBACT BBIXOJ aKTHBHOCTH (DEpMEHTa HE
menee 62% 1o cpaBHeHHo ¢ pactBopuMoit BChE. Tak sxe moka3aHo, 4to npenapar, Ha ocHoBe BChE,
UMMOOMITH30BaHHON coBMecTHO ¢ DTNB B kpaxmanbHbBIN Tellb, COXpaHsieT akTUBHOCTH Oojiee 300
CYTOK W 00JaaeT BBICOKOW UyBCTBUTENBHOCTBIO K JEHCTBHIO BEIIECTB aHTUXOJIMHICTEPA3HOTO
nerctBust (111 Manatuona 3HadeHue [Cso coctaBuino 8 MKr/m).

Taxum 06pazom, pazpabotan cTaOMIBHBII MHOTOKOMIIOHEHTHBIN mpenapat Ha ocHoBe BChE,
UMMOOMIN30BaHHbIN coBMecTHO ¢ DTNB B kpaxmanpHBIA Teilb, OTIWYAIOUIUNCSA JTUTEIHHBIM
CpOKOM XpaHeHHs (Oojee roja), MPOCTOTOW B HCHOJIB30BAaHMM W UYBCTBUTENBHBIH K JIEHCTBUIO
MHTHOUPYIOIIUX BEIIECTB.

Jlureparypa:

[1] Yu-Ling Xu, Feng-Ye Li, Ferdinand Ndikuryayo, et al., Sensors, V.18, P.4281 (2018).
[2] Ellman G.L., K. D. Courtney, V. Andres. Biochem. Pharmacol., V.7, PP.88-95 (1961).
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Oonapysicenue cucnuouna 6 NUMameIbHoll cpeoe nPuU NOZPYHCEHHOM
Kyavmueuposanuu oazuouomuyema Inonotus obliquus (4aza)

llocoxuna Examepuna /Imumpuesna
HUncmumym 6uoghuzuxu CO PAH

Beicime rpuObl SBISIOTCS YHUKQJIBHBIMU MPUPOJHBIMU MCTOYHUKAMHU HIMPOKOIO CHEKTpa
BEIIIECTB, BOCTPEOOBAHHBIX B MeAMLUHE, OMOJOrMH, (PapMaKOIOrWH, MHUILEBOW M XUMHUYECKOU
IPOMBIIIJIEHHOCTH. bromaccy 0a3uanoMuIeToB (MULEIUN W IJIOJOBBIE Tela) MCIOJB3YIOT IS
IIOJIy4Y€HUs] BOJIOKHUCTBIX IMOJIMMEPHBIX MaTepUasIoB (MonMcaxapuipl, XUTUH) [1], coenuHeHuil ¢
(dbapMakoJIOTHYECKONH aKTUBHOCTHIO [2], hepMeHTOB U depMeHTHBIX cucteM [3], u T.4. OgHUM U3
OPOAYLHMPYEMBIX 0a3uANOMUILIETAMH OWOAKTUBHBIX KOMIOHEHTOB sBisieTcs rucnuauH (I'N),
KOTOpBIA OO0Jagaer psaAoM IEHHBIX (apMakosorudeckux 3((PEeKToB — aHTHOKCHUIAHTHBIM,
IPOTHBOBOCHIAJUTEIBHBIM U NMPOTUBOONYX01eBbIM [4-6]. [lockonsky ' siBnsercss metabonuToM
BBICHIMX IPUOOB, OBUIO CAETAHO MPEAIOIOKEHHE O BO3MOXKHOCTH €r0 BBIAEICHUS B MMUTATEIbHYIO
Cpedy Ipu KyJIbTUBUPOBAHUN MHLETHS 0a3UIMOMUIIETOB.

ens nmanHO#W pPaOOTHI cOCTOsUIA B OICHKE HANWYUS W JUHAMUKU HakoreHus [ B
NUTATENbHOM cpefie MPH KyJIbTUBUPOBAaHUH Oazuauomuiiera Inonotus obliquus (MeguuHCKuiA Tpud
Yara) B IOTpyEHHBIX YCIOBUSAX.

B uccnenoBanusx ucnonb3oBaiu KyiabTypy rpuda I. obliquus IBSO 2430 u3 Komrexkuuu
mukpoopranuzmoB (CCIBSO 836) Ub® OUIL KHI[ CO PAH (Kpachosipck). BripanuBanmue
MUIIETUS TPOBOAMIM B KHMIKOH KapTo(henbHO-IeKCTpo3HOU cpene npu 25°C U MOCTOSHHOM
nepememuBannu. Hamnune 'Yl B muTaTenpHOM cpejie OLEHUBAIM OPUTHHAIBHBIM CIIOCOOOM [7] €
WCIIOJIb30BaHNEM JIFOMUHECIICHTHOH crcTeMbl 3 Mutienus rpuda Armillaria borealis [8]. [l aToro
B X0/JI¢ KyJIbTUBUPOBaHUS Ipruba exXxeTHEBHO OTOMpaIu mpoObl muTaTesbHOM cpeasl. Hanuuue ['U B
npobax cpenbl OLEHUBAIU TOCIE UX J00aBICHUS K JIIOMUHECIIEHTHON CHCTEME, aKTMBHPOBAHHOU
HAJI®H. TN saBnsercs mpekypcopoMm cyOcTpaTa JIOMHUHECHEHTHONW pPEaKIMM BBICHIMX T'PUOOB,
KOTOpHBI cHadana mpeodpasyercs HAJI(D)H-3aBucumoit ruapokcuina3oi B 3-TUIPOKCUTUCTIHINH
(smrordbepuH) U 3aT€M OKUCIISIETCS JIIOIMdepazol ¢ u3IydeHueM cBeta [9]. AMIITUTY Ay U THHAMUKY
CBETOBOI'0 CUTHAJIa perucTpupoBanu Ha iromuHOMeTpe Glomax® 20/20. KonmuuectBo I'M oniennBanu
M0 MaKCUMaJIbHOMY YPOBHIO CBETOBOW SYMUCCHH.

B wuccnenoBanusx yCTaHOBJIEHO: KyJbTHBHpoBaHue rpuba . obliquus compoBoxmaercs
pOCTOM MHUIIETUS B BHJE MMIAPOOOPA3HBIX MeE/UIET C OOJbIIMM KOJUYECTBOM IIOBEPXHOCTHBIX
BBIPOCTOB (TU(}); B IIpoliecce BbIpAIMBAaHUS MULIENIUH TPOAYLUpyeT U BeiaenseT [ M B nuTaTenbHyIo
cpeny; Hammuue 'Vl B muTarenbHOM cpene OOHapyKMBaeTcs Ha 7-€ CyTKH KyJbTUBUPOBAHWS,
ypoBeHb 'l B muTaTeNnbHON Ccpeie BO3pacTaeT U JOCTUraeT MaKCUMAaJIbHBIX 3HadeHU Ha 11-13-e
CYTKH BBIpAILIMBaHUS I'pr0a; MEPEHOC BbIPAILEHHBIX MEJUIET MULIENINS B CBEXKHUH 00bEM MUTATEIbHON
cpedbl W TMPOJODKEHHE HX KyJIbTUBUPOBAHHUS COMPOBOXKAAETCS AHAJOTHYHOM JWHAMHKON
HakormieHuss I'M B cpeme. [lomyueHHble JaHHbBIE CO3[JAIOT MHPEANOCBUIKM HCHOJIb30BAHUSA
6asununomureta I. obliquus st 6GuoTexHOIOrNUECKOro nmpoussoactea I'N.

ABTOp BBIpaxkaeT OnarogapHocTb coaBTopaM padoTsl A.IL. [Ty3sipio u B.C. bonnapio.

Jluteparypa:
[1] Haneef M., et al., Sci. Rep., V.7, 41292, PP.1-11 (2017).
[2] Lin W.C., et al., RSC Adv., V.7, PP.7780-7788 (2017).
[3] Martinez A.T., et al., Biotechnol. Adv., V.35, PP.815-831 (2017).
[4] Anouar H., et al., Molecules, V.19, PP.3489-3507 (2014).
[5] Shao H.J., et al., J. Sci. Food Agric., V.95. PP.2482-2486 (2015).
[6] Lim J.H., et al., Anticancer Res., V.34, PP.4087-4093 (2014).
[7] Puzyr A.P., et al., Dokl. Biochem. Biophys., V.480, PP.173-176 (2018).
[8] Puzyr A.P., et al., Cur. Res. Env. Appl. Mycol., V.7, PP.227-235 (2017).
[9] Purtov K.V, et al., Ang. Chem. Int. Ed., V.54, PP.8124-8128 (2015).
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Mexanusmol 61uAHUA 8A3KUX CPEO HA IJIeMEeHMapHble CMAOUU
OuoIIOoMuUHecyeHmHOI peakyuu 6axKmepui

Jlucuya Anvbepm Eseenvesuu

Cubupckuii ¢hedepanvhwiii yHugepcumem

Bo BHYTPUKIETOUHBIX YCIOBUSAX OMOXMMHMYECKHE MPOIECCHl MPOTEKAIOT B F€TEPOTrCHHOM
(KaKk 1Mo cocTaBy, Tak U IO MPOCTPAHCTBEHHOMY paclpe/ielIeHNI0) MUKPOOKPYKEHUU. DTa cpena
OKa3bIBAaET CYIIECTBEHHOE BIMSIHHE Ha CKOPOCTh U paBHOBeCHE (PEPMEHTATUBHBIX peakuuid. YToObI
BBISIBUTh MEXAHHU3MBI, JISKAIHE B OCHOBE 3TUX 3(P(HEKTOB, OMOXMMUYECKYI0 KHHETUKY M3Yy4aroT B
MOJIENIBHBIX Cpelax, UMUTUPYIOMINX Oy WA HECKOJIBKO XapaKTEPUCTUK BHYTPUKIETOUHOU CPEIIBL.
JlaHHBINM NOAXOJ MPU3BaH 3aMOJIHUTH IPOOET MEXIY TPaJAULMOHHBIMU MCCIEOBAHUSAMM in Vifro B
Oy(epHbIX pacTBOpax M MOMBITKAMH aHAIN3a PEAKIMKA B MHTAKTHBIX KileTKax. L{enbio paboTsl ObLIO
IPOAHAIN3UPOBATh BIMSHUE BI3KOCTH CPE/Ibl HA OT/AEIbHbIE CTaAUN OMOIIOMHUHECLIEHTHOM peakiuu
OakTepuii, mnpencTaBisioOmIe CcOO0H CIOXHBIA (QepMeHTaTUBHBIA mporecc. bbuta wn3ydeHa
HecTallMoOHapHask KUHETHKA PEaKIuH, KaTaIu3upyeMon OakTepruaabHOu rorudepaszoi, B 0ypepHbIx
pacTBOpax € ATHICHIJIMKOJIEM, TJHUIIEPUHOM, Caxapo30d, COPOMTOIOM, TIIIOKO30H M JIEKCTPAaHOM
METOI0M OCTaHOBJIEHHOI'O MOTOKa. KuHeTnueckue KpuBble ObLIM MTPOAHATU3UPOBAHBI C TOMOILBIO
MaTeMaTHYECKOM MoJenH, pa3pabOTaHHON B COOTBETCTBHUHM C MHOTOCTAJIUHHBIM MEXaHH3MOM
peakiuu. /[ BBIABIEHUS CTPYKTYPHBIX acleKTOB BO3ACHCTBUS COPACTBOPUTENEN Ha Jtoudepasy
NPUMEHSUIA METO/bI MOJICKYJIIPHON TUHAMHKH.

st BceX W3YUYEHHBIX COpacTBOpuTened Obl1o monydeHo auddy3noHHO-3aBUCHUMOE
3aMeJIeHHE CBSI3bIBaHMUA ()JIaBHHA, NPH 3TOM OTCYTCTBOBAJIO BIHUSHHE Ha CKOPOCTH CBSI3bIBAHHUS
KHCIoposa. B ciydae rauMuepuHa U STUICHIVIMKONA 3aMeJIeHHE CBA3bIBaHUS (IaBHHA OKa3aJloCh
yCyryOJIeHO TOTOHUTENRHBIMU (akTopaMu. Kpome Toro, oOHapykXeHo, 4TO BCE COPACTBOPHUTEIIH,
KpoMe TUIICHIJIUKOJIS CHIDKAIOT CKOpOCTh aBTOOKHCIICHHSI BOCCTAHOBJICHHOT'O
(1aBUHMOHOHYKJICOTH/Ia ¥ TEMHOBOT'O DPAacIaja NEepOKCH(IABUHOBOTO HWHTEpMEaNaTa PEaKIHH.
Taxoke ObLIO OOHAPYKEHO, UTO caxapo3a, COPOUTOJI, TIIOKO03a U ACKCTPaH CITIOCOOHBI U YBEIMYNUBATD,
a ATUJICHIJIMKOJIb — YMEHBIIIATh CKOPOCTh 00pa30BaHMUs AJIEKTPOHHO-BO30YKICHHOTO HHTEPMEIUATA.
Metonamu MoOJIEKYyJISPHOM AMHAMHUKHU HOJIYYEHO, YTO 3TUJICHIVIMKOJIb OKAa3bIBAET CHELU(pHUECKOe
BO3/ICHICTBHE Ha KOH(popMalnMio OakTepualbHOW Jrouuepasbl, YTO MOXKET OBITh NPUUYUHOU
Ha0JII01aeMOr0 CHUYKEHHS KaTaIMTHUECKOW KOHCTaHThI hepMeHTa. Taxke oka3aHo, 4TO MOJIEKYJIbI
[JIMIEpUHA M STWICHIJIMKONIA Haubosiee TIyOOKO MPOHHKAIOT B TOJOCTh AKTHBHOTO IIEHTpa
mronudepaspl, 4TO MOXKET OOBSCHATh MX BIUSHHME Ha CBs3bIBaHUA (u1aBMHA. B To ke Bpewms, B
NPUCYTCTBUH Caxapo3bl OOHapyXeHbl KOH(OpMAIMOHHBIE U3MEHEHHS (PYHKIIMOHAIBHO Ba)KHOTO
aMHUHOKHCIIOTHOTO ocTtatka monudepassl  oGlul75 d9ro MOXeET OOBSCHATH yBEIUYCHHE
KaTaJINTUYECKOW KOHCTAHTHI [1].

Takum o0Opa3oM, MOJNydyeHO, YTO B MNPUCYTCTBUM BCEX HM3YUYEHHBIX COPACTBOPUTENCH
HaOJroaeTcsl 3aMeUIeHUe CBsI3bIBaHUS CyOcTpaToB peakuuu. OpHako COpOMTON, TIIIOKO3a W
caxapo3a  CHOCOOCTBYIOT  3aMEIJICHHIO  aBTOOKMCJIEHHS  BOCCTAHOBJIEHHOIO  (py1aBUH-
MOHOHYKJICOTH/Ia, TEMHOBOIO pacraja TNepoKcHu(IaBUHA M YBEIMYCHHIO KaTaTUTHYECKOU
KOHCTaHTBI JIFOLM(epasbl, 4YTO B UTOTe PUBOJIUT K COXPAHEHHIO KOJIMYECTBA UCITyCKAEMbIX KBAHTOB
CBETa 3a OJIUH 000POT (pepMeHTa.

Pabora BeIMONTHEHA MTPH TTOIIEpKKEe MUHHUCTEPCTBA HAYKH U BBICIIEro oOpa3oBanus P® (mpoekt No.
FSRZ-2020-0006). ABtop BwIpaxkaeT OmaromapHoctb CykoBaromy JI.A. 3a MpoOBEACHUE MOJEKYJISIPHO-
JTUHAMWYECKUX PaCUETOB.

Jluteparypa:
[1] Lisitsa A. E. et al., International journal of molecular sciences, V.22, P.8827 (2021).
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Hccneoosanue yhhpekmuenocmu 2epouyuonvlx npenapamos npoioHupo8anHo2o
oelicmeus Ha 0CHO8e NOaU-3-2UOPOKCUdymupama

Konecnukosa Onvea /Imumpuesna

Cubupckuii ghedepanvhwiii yHugepcumem

Omua u3 crnoco0OB TOBBIMICHUS S()(PEKTUBHOCTH HUCHOIL30BAHUS TECTHIMIOB 3TO HX
MHKAIICYJIMPOBAHUE B MATPUIBl M3 MPHUPOAHBIX MonuMepoB. lIpuMeHneHue OuoMaTepuasoB B
KaueCTBE CHCTEM JJOCTABKH MMEET MHOXKECTBO MPEUMYIIECTB: OMOCOBMECTUMOCTh, HETOKCHYHOCTb,
s dexTrBHAS WHKAICYJAIMSA, MPOJOHTHPOBaHHOE BbICBOOOXKIeHHe. (Ocoboe MecTo cpeau
OmopasziaraeMbIx OTUMEPOB 3aHUMarOT nosmruapokcuankanoatel (IIIA). Coiicta I1I'A, Takue
KaK MeJJIeHHass OMopasiaraéMocTb U BO3MOXKHOCTH MOJYYEHHS] U3 HHUX MOJIMMEPHBIX H3JEIUN B
Pa3TUYHBIX (PHU3UYECKUX COCTOSHUSX MO3BOJAT MCIONB30BATh UX AJIS MMOCTPOCHUS TOJITOCPOUHBIX
dbopm mpemnapaToB Ha uX ocHOBE [1].

Lenpto paboThl siBisieTCsl U3ydeHUue >(PQPEeKTUBHOCTH CBOOOIHBIX M JETIOHHUPOBAHHBIX B
CMECOBYIO OCHOBY U3 nonu-3-rupokcuOytupara [[1(31'b)] u onunok repOUIUIHBIX MpenapaToB B
noceBax sipoBoii miieHuIbl «HoBocubOupckas 15». YcranoBieHa BpICOKas repOUIiuHas aKTUBHOCTh
JEMIOHUPOBAHHBIX MeTpHOy3WHA M TPUOCHYPOH-METHJIA, COMIOCTaBUMAasi C JIEUCTBHEM CBOOOJHBIX
¢dbopM repOUIUIOB, a B psijie CIydacB — MpeBoCXoAsmux ux (puc. 1). buonorudeckas 3¢ heKTUBHOCTH
JEMIOHUPOBAHHBIX TepOULIUIOB TPEBOCXOAMIIA [OKa3aTed B IMOJIOKUTEIHLHOM KOHTPOJE H
cocraBuna 82,6 % B rpyIIe pacTeHUI ¢ IpUMEHEHUEM MeTpuOy3uHa U HECKONIbKO HuXke (63,4%) B
clly4yae MPUMEHEHUsI IENOHUPOBAHHOIO TPUOEHYPOH-METHIIA.
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Puc. 1. JJunamuxa eubenu copHulx pacmeHuii 8 nNocesax sAposou NULeHUYbl
«Hosocubupckas 15».

Pabora BeimonHeHna npu ¢uHAHCOBOH moanepxke IIpoexTa «ArpormpenapaTsl HOBOTO MOKOJICHUS:
CcTpaTeruu KOHCTpyupoBaHusi U peanmzanum» (Cormamenne Ne 074-02-2018-328) B COOTBETCTBUH C
ITocranonernem IlpaBurenscTBa Poccmiickoit @emeparuu ot 9 ampens 2010 r. Ne 220 «O mepax 1o
IPUBJICYEHUIO BEAYIUX YUEHBIX B By3bl Poccum».

Jluteparypa:
[1] Bomosa T.I'. Kuma, H.O., IlpyguuxoBa C.B., m nap. ®@PyHIaMEHTaJIbHbIE OCHOBBI
KOHCTPYUPOBaHMsI M IPUMEHEHMsI CEIbCKOXO3AHCTBEHHBIX IIPENapaToB HOBOIO IOKOJEHMS,
Kpacnosipck: 214 C. (2016).

65



Cocmag u codepicanue HCUPHHIX KUCIOM U AMUHOKUCTIOM 8 TUUUHKAX MYX
Lucilia sericata (cem. Calliphoridae), évipawiennvlx na pa3iuuHsvix KOpmax
Cmosnoe Kupunn Hukonaesuy

Cubupckuii ¢hedepanvhwiii yHugepcumem

Hncmumym 6uoghuzuxu CO PAH

AKBaKyJbTypa — ObICTPO pa3BUBaIOLIasiCs OTPAcib CEIbCKOr0 X03sicTBa, 3a nocienaue S50
JIET 10711 aKBAKYJIBTYPhl HA MUPOBOM PBIHKE MOPENpPOAYKTOB BbIpocia ¢ 4% 1o 46% [1]. Ognako
ceifuac OHa CTOJIKHYJIACh C HEJJOCTATKOM KOPMOB, OCHOBY KOTOPBIX COCTABIISIIOT YJIOBBI JUKOU PHIOBI.
Jns  nmanpHEWIIero  yCTOWYMBOTO — Pa3BUTHUSA — aKBaKyJIbTYypbl  HEOOXOAWMO  pa3paboTaTh
aTbTepHATUBHBIC KOPMa, MPOU3BOANMBIE HE U3 TUKOH phIObl. Hacekomble CUUTAIOTCS TOIXOSIINM
HMCTOYHHKOM OeJKa JjIsl ppIObI, HO MX COCTaB U cojiepykanue )KUpHBIX KUcIoT (JKK) yacTo He oTBedaeT
TpeGoBaHUsAM akBakyJIbTyphl [2]. B peiObem xupe npeobnagaror [THXK cemeiictBa omera-3, a B
JKUPE HA3eMHBIX HACEKOMBIX — OMera-6. AKTyaJbHBIMU CTalM HCCIEAOBaHUSA MO MOAUDUKAIIH
JUIUHOTO COCTaBa JIMYMHOK HACEKOMBIX C 11eJibto yBennueHus coaepsxkanus [THXK omera-3 [3].

Lenwto HacToOsMIEH pabOTHI OBLTO ONIpeesieHne cocTaBa u coaepkanus KK B muamHkax Myx
Lucilia sericata, BbIpaIlICHHBIX Ha CTAHJAAPTHOM KOpPME U KOpMeE ¢ JT0OABJIEHHWEM Macliia PhDKHKA
noceBHoro Camelina sativa, 6oratoro anbda-muHogeHoBoi kucimoToir (AJIK, 18:3n-3), a Takxke
aHaJIN3 aMUHOKHUCIOTHOTO cocTaBa (AK) JIMUMHOK 3TOTO BUJIa MyX.

KupHOKHCIOTHBIN aHaNW3 MPOBOAMIM Ha ra3oBOM Xpomarorpade, OCHAIlEHHOM Macc-
CIIEKTPOMETPHUECKUM  JIETEKTOpPOM. AHaIW3 aMHUHOKHCIOTHOTO COCTaBa BBINOJNHSIIA — Ha
xuakocTHoM xpomarorpade. CoctaB AK uccnenyeMpIx THUMHOK MyX, TOJOOHO APYTUM HaCEKOMBIM
(Diptera), 6b1u1 61130k k cocraBy AK peiOHoii myku. CoctaB u conepkanue KK B IHYMHKAX MyX,
BBIPAICHHBIX HA CTAHJIAPTHOM KOpME, XapaKTepHU30BaIlCh HU3KUM COOTHOIIIEHHEM OMera-3/omera-
6 ITHXK u nomunupoBanuem 18:1n-9 u 18:2n-6 XKK, koropsie BMecTe coctasisuin 40-60% ot
obmero konmuuectsa XKK. Jlo6aBneHne ppKMKOBOTO Maciia K3MEHHUIIO COOTHOIIIEHUE oMera-3/omera-
6 TTHXK c 0.11 go 0.46, B ocHOBHOM 3a cueT yBenuueHusi conepxkanust AJIK. Takum oOpasom,
conepxkanue u cocraB KK nuunHOk L. sericata MOKeT OBITh 3HAQUUTEIHHO M3MEHEH PalliOHOM
MUTAHUS.
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Puc. 1. Cooepoicanue nexomopwix KK 6 nuuunkax myx konmpoavuou (Larvae control) u oneimnotui
epynn (Larvae treatment).

Pabora nognepxana I'ocytapcTBEHHBIM 3a/laHUEM 110 IporpaMMe GpyHAaMEHTaIbHBIX UCCIIEAOBaHUN
P®, tema No51.1.1; TocymapctBeHHbIM 3amaHueM MwuHOOpHayku P® Cubupckomy denepaarHOMy
yauBepcutery FSRZ-2020-0006; «KpacHosipckuM KpaeBbIM (OHIOM MNOJAEPKKM HAayYHOH M HAydHO-
TEXHUYECKOH [IEsITENbHOCTH» B paMkax Ipoekra «Pa3paboTka MMIOpPTO3aMELIAIOIIUX TEXHOJIOTMH IS
aKBaKyJIbTYpBbI JIOCOCEBBIX pbI0 B ycnoBusix KpacHospckoro kpasy». biaronapHocts coaBropam padots! O.H.
Maxyrosoi, K.I'. Mansimesckomy, E.B. bopucosoii, H.H. Cymuk, A.A. Konmakosoii, B.H. Mopryny, M.J.
I'nagpiieBy.

Jlureparypa:
[1] FAO, 2020. The State of World Fisheries and Aquaculture. FAO, Rome. P.206 (2020).
[2] Barroso, F.G., de Haro, C., Sdnchez-Muros, M.-J., et al., Aquaculture, V.422-423, PP.193-201
(2014).
[3] Oonincx, D.G.A.B., Laurent, S., Veenenbos, M.E., et al., Insect Science, V.27, PP.500-509
(2020).
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T'uoponozuueckuit  Ikcnopm  yznepooa u3  Mep3lOMHBIX  JAHOWAPMOE
cpeoHecudUuUpCcKo20 niocKo2opva

Letic Tamvana Hukonaesna

HUnemumym neca um. B. H. Cykauesa ®UL] KHI] CO PAH

Cubupckuii ¢hedepanvhwiii yHugepcumem

B nouBax KpuOJUTO30HBI COCPEAOTOUEHBI 3HAYUTEIbHBIEC 3aM1aChl OPTaHUYECKOTO BEIIECTBA
[1]. Ilpn moTemyneHuu KiIMMaTa M Jerpajalli MHOTOJIETHEH MEpP3JI0Thl OXKUAAECTCA YCUJICHHE
MIPOLIECCOB €r0 MHUKPOOMOJIOTHUYECKON MHHEpanu3ali M BBIIEICHHUS MAapHUKOBBIX Ta30B B
aTMocdepy, a TakXKe JarepajJbHOH MUTpallMd B TUApPOrpaduyeckyro ceTb. AHaIU3 MUTpAIUU
pacTBOpeHHBIX (hOpM yriiepoJa U3 MEp3JOTHBIX JaHAMA(TOB B JIOTUYECKHUE CUCTEMBI U €€
W3MEHUYMBOCTH B OT/AEIbHBIE TUAPOIOIMUECKHUE IIEPUOIBI IBISETCS KIFOUEBBIM I1arOM K IOHUMaHUIO
IIPOLIECCOB, OINpPEAETAIONIMX UX 00pa3oBaHre B HA3EMHBIX 9KOCHCTEMAaX U OlLIEHKe TpaHchopMaluu
Y MIOTEPb OPraHUYECKOI0 YIJIEpO/ia MPU €ro TPAHCIOPTE JO KOHEYHOT0 BoJoeMa cToka — CeBepHOro
JlenoBurtoro okeana [2].

OObekTamu uccinenoBaHuil ciyxwid 105 BOJOTOKOB pa3HOro MOpsAKa Ha TEPPUTOPUU
CpenanecuOupCcKOro TMJIOCKOTOpPhsS B MEPUOJ BECEHHErO IIOJIOBOJAbS U JIETHEH MEXEHH.
CramnuoHapHble MCCIIEJOBaHUS Ha TMPOTSHKEHUU BCEro 0E3MOPO3HOTO MEpHojia MPOBOAMIMCH Ha
pyube l-oro mopsiaka 0e3 reorpauyecKoro HaszBaHUsS, OAacCEH KOTOPOro HE TMOABEPrajcs
BO3CUCTBUIO TOXapoB Oosiee 120 jer, ¢ MOMOILIBI0 aBTOMAaTHUYECKUX JIOTTEPOB-PETUCTPATOPOB.
Konnentpanus pactBopenHoro opranudeckoro (POY) u neopranmveckoro (PHY) yrmepona
m3mepsuinch ananuzatopom TOC vario cube, cnektpanbhbie cBoiictBa POY (SUVAzs4 u SR) —
cnektpodoromerpom Y D-Bua Cary 100. C ucnonszoBannem MK-cencopa Vaisala GMT222 Obun
omnpezeneHbl AMUCCUOHHBIE TTOTOKH CO2 ¢ MOBEPXHOCTH BOAHOIO 3€pKajla METOJOM IUIaBAIOIIEH
KaMmepbl ¥ KoHIeHTpaIus pactBopennoro CO2 (pCO») [3, 4].

B pesynbrare mpoBeIEHHBIX UCCIEIOBAHUN BBISBIEHO, YTO Xapakrepuctuku POY u PHY,
noctynaronero B BoJOoTOKH CpeaHecuOUpCKOro IJIOCKOTOphs BapbUpPYIOT B 3aBUCUMOCTH OT
TUAPOJIOTUYECKOTO TEPUO/Ia U KOJUYECTBA OCaAKOB. KOJIMYECTBEHHBI M KAUECTBEHHBIH COCTaB
POY wusMmensiercss B TeueHre 0€3MOPO3HOTO MEPUOJA, Celysl IMHAMUKE TITyOUHBI CE30HHO-TAJIO0r0
cinos mnouBbl. Konmentpauuu pactBopeHHoro COz U €ro 5SMHUCCHOHHBIE TOTOKA HMEIOT
MaKCHMaJbHble 3HAUYEHHS B IMEPHOJ] BECEHHEro IMOJOBOAbS, YTO OOYCIOBJIEHO IMOCTYIJICHHEM B
BOJIOTOKM JIAOMJIBHOTO OPTaHWYECKOrO BEIIECTBA OPraHOTCHHBIX TOPH30HTOB IIOYBBI M €O
MUHEpaIM3alKel. 3HAUUTENIbHbIE SMUCCUOHHBIE TOTOKA CO2 ¢ BOJIHOW MOBEPXHOCTH BOJIOTOKOB
HU3KUX NOPSAIKOB U CHWKeHue KoHueHTpauuii POY ¢ mopsakomM BOJOTOKAa CBHUIETENBCTBYIOT O
CYILLIECTBEHHBIX €ro MOTepsAX B pe3ysibTaTe MUHEpATU3allMd W MPEANoNaraloT, 4TO KOHEYHOI'O
BojloeMa cToka, CeBepHoro JlenoBuroro okeana, Moxet gocrturarb MeHee 50% POY nocrynusiiero
B rujiporpaduueckyio ceth U3 nouB CpeaHecuOupeKoro mioCKOrophsl.

brraromapraoctr. ABTOp pabOTHI BRIpaKaeT UCKPEHHIOK Oy1arogapHocTs K.0.H. [Ipokymkuay A.C. 3a
HEOICHUMYIO MTOMOIIb B UCCIICIOBAHHH.

Jlureparypa:
1] Tarnocai C. Canadell J.G., et al. Global Biogeochemical Cycles., V.23, P.1-11 (2009).
2] Vonk J.E., Gustafsson O., Nature Geoscience. V.6, P.675-676 (2013).
3] Johnson M.S., Billett M.F., et al., Ecohydrology, V.3, P.68-78 (2010).
4] Kuhn M., Lundin E.J., et al., Scientific Reports, V.8, P.1-7 (2018).

1

67



Xumuueckue KOMROHEHMbL MEHC- U BHYMPUBUOOBOU KOMMYHUKAUUU IHCYKOB
yccypuiickoz2o noauzpagha

Egpemenxo Anmon Anopeesuu
HUnemumym neca um. B. H. Cykauesa @UL] KHI] CO PAH

Yccypuiickuit  nonmurpad  Polygraphus proximus Blandf. (Coleoptera, Curculionidae,
Scolytinae) — nambHEBOCTOYHBIM WHBaWIEP, KOTOPHIM J1aeT BCIBIIMIKA MAacCOBOTO Pa3MHOXEHUS B
HACaXJIEHUSX C MpeoliIalaHueM B COCTaBe MUXThI cuOupckoit Abies sibirica Ledeb. K Hactrosmemy
BpEMEHU BTOPUYHBIN apeayn BpeauTens oxBarbiBaeT 11 cyObekToB Poccuiickoit deneparuu, ot
Cubupu 10 MockoBckol 007acTd M TPOJOIDKAET yBenuuumBaThcs. Hamm Oblia craenana
JKCIIEPUMEHTAaNIbHAsl TIONBITKA BBIIBUTH COCTaB W HauOosiee dS()PEeKTHUBHBIE KOMIIOHEHTHI
(dbepoMOHHOI cMecu MHBalepa ISl OCIEeTYIOIIEro MOHUTOPUHTA €0 MOMYJISAIHHA.

Jlst ompeneneHus: cocTaBa KOMIIOHEHTOB (DEPOMOHHOM CMECH YCCYpHUMCKOTO moiurpada
UCTIOJIB30BATH METOJ| TBepAoda3zHoi MUKpoIKcTpakuuu. B nmaboparopun B KpacHosipcke nerydne
BEIIIECTBA aJICOPOMPOBATM M3 MHUKPONPOOHUpOK ImnmeHaopda, 3aKpbIBaBIIMX BTAYHUBAIOIIMXCS
CaMIIOB MJIM CaMOK MoJurpada; KOHTPOJIEM CIYXHJIU MPOOMPKHU, 3aKPhIBABIIUE YYACTKU KOPHI C
HEOOJIBIIUM MeXaHudeckuM mnoBpexaeHueM. Lmpumsl ¢ oOpa3namMu MoMmemaid B €MKOCTh C
MHEPTHBIM T'a30M U goctasisui B [1IBenuto, rae B Department of Chemical Engineering, Mid Sweden
University oHM OBUTM TIPOAHATM3UPOBAHBI Ha Ta30BoM Xpomarorpade. Ha momydeHHOM
XpOMaTorpaMMMe JIETYYHX COSAMHEHUH, BbIIEISIEMBIX CaMLiaMy Iourpada, UMescs MOLTHBIHN MUK,
uneHTudunupoBanubii kak  (Z)-2-(3,3-dimethylcyclohexylidene)-ethanol (mamee Z). B mepByto
ouepenb ObLIa MpoBeIeHa paboTa M0 ONPEACTCHHUIO MTPUBIIEKATEIILHOCTH TAHHOTO COSIUHEHHUSL.

JloBymikd ¢ pasHbIMH CMECSIMM XHMHUYECKMX KOMIIOHEHTOB, 3KCIOHHPOBAJIM B oOuare
MaccoBOT0 Pa3MHOXKEHUsl monurpada yccypuiickoro. JIoBymkn ObUIM pacroNOXEHbl JHHUEH ¢
paccrosiHueM mexnay Humu B 30 M. Bce BapuaHThl JIOBYyHIEK TecTUpoBaid B S-10-kpaTHOit
NOBTOPHOCTHU. JIOBYIIKM MPOBEPSIM B CPEAHEM pPa3 B Henlenro. B kauecTBe BapHaHTOB KOHTPOJIS
CITY)KWJIU JIOBYIIKK C pacTBopuTesieM (GEepOMOHHONW CMECH M MPOCTO MycThie (0€3 AMCIIEHCOPOB).
[locne ydera moaCUMTHIBANIM KOJIMYECTBO MOWMAHHBIX JKYKOB KakJoW soBymkod. CymMma Bcex
MIOMMaHHBIX J)KYKOB 3a y4eT npuHumanach 3a 100%, koin4ecTBO *KyKOB, TIOMMAaHHBIX JIOBYIIKAMH C
KOHKPETHBIM BEIIECTBOM, BhIpa)kanach posier ot atux 100%.

[Tocne 0OpaOOTKM YJIOBOB, BBISICHWJIOCH, YTO KOMIOHEHT Z HEIb3d HPUMEHSTH JUIs
MCOHUTOpHHTa P.proximus, TOCKOJbKY OH He BUAocHenu(UYeH M NpUBJIEKAeT BCe BHUIBI poja
Polygraphus,. Ha cnenyromuii roa, Mbl IPOTECTUPOBAIM JIPYTHe€ KOMIIOHEHTHI C MaKCUMaJIbHOW
KOHIIEHTpaLuei, HO He OJJMH M3 ATUX KOMIIOHEHTOB TaKKe HE OoKazaycs cnenuduunsiM. Ha Tpetnii
roJl SKCIEepPUMEHTa CTaJl TeCTUPOBATh KOMIIOHEHTHl ¢ MUHUMAaJIbHOM KOHIEHTpauuel. BrisBieno,
YTO UMEHHO OHHU OTBEYAIOT 32 CIEHU(PHUYHOCTh, IPU ITOM T00aBIECHUE KOMIOHEHTa Z CBOJIUT 3Ty
crnenuduaHocTs Ha HET. [Ipu 3TOM, OBLT HaliZieH BUAOCTICU(PUIHBIA KOMIIOHEHT ¢ MAaKCUMaIbHOM
IPUBJIEKATEIbHOCTHIO, KOTOPBIH MOKHO MCIIOJIb30BaTh B BUAOCTICIIM(PUIHOM MOHUTOPHHTE.

B pesynbrare, BmepBble ObLI OIpeneieH COCTaB XWMHUYECKUX CHUTHAJIOB JIETyUUX
KOMITOHEHTOB, BBIJICIIEMBIX KYKaMHU YCCYpPUHCKOTo moiurpada, SKCepuMEHTaIbHO OIEHEHO MX
nH(OpPMaLlMOHHOE 3HAUE€HHUE U OTpeieieH CeUpUUHbIN ISl yCCypUHCKOro noiaurpagpa KOMIOHEHT
arperaifioHHOW (epoMoHHOM cmecu. PesynbTaTel TO3BOJAT B JalbHEHIIEM ONpeneisTh
MIPUCYTCTBUE arpeCCUBHOTO BPEAUTENS B JPEBOCTOE, OTCIICKUBATH €r0 YUCIEHHOCTh U MPOU3BOAUTD
00pBOY C HCIOTH30BAaHHEM YHTOMONIATOTEHHBIX TPHOOB.

PaGora BeimonneHa npu noanepxke rpanta PODU Ne 17-04-01765. ABtop mpusnateneH Jlune Buxmynn

(Lina Viklund, Mid Sweden University, Sweden) 3a uaeHTHU(pHKAIIMIO KOMIIOHEHTOB (DEPOMOHHON CcMecH
yCCypHUCKOTO TTourpada.
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Ilouck ummynozenemuueckux mapKkepoe pazeumus pa3iuyHbvlX @OeHomunos
acmmul y 0emeit 2. Kpacnoapcka

Manunyux Mapuna Anexcanoposna

HUU meouyuncrkux npobnem Cesepa, ®UIL] KHI] CO PAH

bponxuanpHass actma (BA) sBisercss MHOrogakTOpHBIM 3a00JIeBaHUEM, W TOMHMO
BO3/CUCTBUS OKpPY’KaIOLIeH cpelbl Ha pa3BUTHE €€ ()EHOTUIIOB OKA3bIBACT BIMSHUE I€HETUYECKU
OMOCPEIOBaHHBIH ~ ypOBEHb KOHLEHTPALIMM IIUTOKMHOB, CBSI3aHHBIM ¢ moauMopdu3MoM
kogupytommx reHoB [l]. CnemoBaTenbHO, HM3yUY€HHE KOMIUIEKCHOTO aHajiu3a KOHIIEHTPALMHU
IUTOKMHOB M TOJMMOP(HBIX I'€HOB LIMTOKUHOB Npu BA sBisercs akryanbHbIM. B mocnennue
JECATHIIETUSI 0cO00€ BHUMAHKE UCCIIeIOBATENeH MPUBIIEKAIOT METOIbl HEMHBA3UBHOW JHATHOCTUKH
3a00/IeBaHUH JIbIXaTeIbHBIX MyTeH, B 4acCTHOCTH bA. OIHUM M3 TaKUX METOIOB SIBJISIETCS aHAIU3
KOHJIEHcaTa BblabIxaeMoro Bo3nyxa (KBB), coneprkammii MHOXKECTBO MaKpOMOJIEKYJI, B TOM YHCIIE
LIUTOKUHOB [2].

Heabio nanHO# pabOTHI OBLIO BBIIBUTH OCOOCHHOCTH PACIIPEACTICHUS aJUIeTbHBIX BAPHAHTOB
T€HOB IUTOKWHOB y jaeteil LlenTpanbHoit CuOupu ¢ paznuyHbIMH (PEHOTUITAMH OPOHXUATBLHOMN
aCTMOH M YCTaHOBHUTb UX CBSI3b C KOHLIEHTpalMell IUTOKUHOB, olileHeHHO! B KBB.

Martepuanbl u Metroabl. O6cnenoBano 105 pereit ¢ BA pa3nuvHON CTENMEHU THKECTH
(GINA) u ypons kontpons 3abonesanus (ACT™). Konrponsnas rpynma Bkimodana 93 pebenka
0e3 ajuiepruyeckux natoioruil. I'eHoTunupoBanye noIuMOpPU3MOB FreHOB LIMTOKUHOB MTPOBOIIIIN
metozaoM I1LIP B pexxume peaibHOro BpeMeHH. Y POBHU ITUTOKMHOB B KOHIIEHTPUPOBAHHBIX 00pa3Iax
KBB usmepsiiu ¢ ucnonb3oBanueM manenu Milliplex Map Human High Sensitivity T Cell Panel
(CIIA, Merck). Pacmpenenenue TeHOTHIIOB IO TOJIMMOP(HBIM JIOKycaM NpPOBEpsIM Ha
COOTBETCTBHE paBHOBecHI0 Xapau—BaitHOepra ¢ moMoripio kputepus 2. beumn paccyuTaHbl
meauana (Me) u nporenTunu (25%-75%).

Pe3yabTaThl. AHanu3 pacnpeaeneHus y 00JbHBIX BA 1 KOHTPOJIBHON TPYIIIBI TTOKA3all, 4YTO
yacrora reHotuna CT rs2243250 /L4 craTHCTUYECKH BbIIIE y OOJBHBIX aCTMOW MO CPAaBHEHHIO C
koHTpoisieM (p=0,05), a wactora amenst T rs1800925 IL13 cratucTudecku Boilie B rpynmne BA, dem
B KoHTpoJje (p<0,05). ITpu ananuze pacnpeneneHuss 4acToT ajljiesiel U F€HOTUIIOB Yy MAIMEHTOB C
acTMOil pasnuuyHoro (eHoruma ObL10 ompeneneHo, uro reHotun CT rs1800925 [LI13 wamie
BCTpevaercss B rpymnmne ¢ Tsokenoi ¢opmoit BA, a renorun TT - B rpymme ¢ KOHTPOJIUPYEMBIM
teueHueM BA, uyem B koHTpose (p<0,05). Kpome Toro, 66110 BBISBICHO, YTO YacToTa renotumna TC
152069705 [FNy Huxe y TallueHTOB C KOHTPOJIMPYEMOM acTMOM, ueM y 310poBbIX Aeteit (p<0,05). B
pe3yibTaTe MyJIbTUIUIEKCHOTO aHalu3a ObLTH BBISIBICHBI OBbIIEHHBIE ypoBHU IL-6, IL-12B, IL-13,
IL-17A y OoipHBIX acTMOW BHE 3aBHCHUMOCTH OT (eHotuna 3abdomneBanus (p<0,05). Anamus
accollMaliy MEXIy KOHIICHTPAIUSMHU [IUTOKUHOB U T€HOTUIIAMU MOTMMOP(PU3MOB KOTUPYIOIIIX
T€HOB ITO0Ka3aJl CTaTUCTHYECKU 3HAUYMMBIe OTIIHYMs 11 152069762 IL2, rs1800795 IL6 n rs2275913
IL174 (p<0,05).

3akioueHue. B pe3ynbrare HACTOSIIETO MCCIENOBAaHMS OBUTM BBISBICHBI Mapkepbl BA:
redotunt CT 152243250 IL4 wn amnens T rs1800925 /L13, renorun CT rs1800925 IL13 nng BA
Tspkenon crenenu, reHotun TT rs1800925 IL13 nns BA KOHTpOIUpPyEMOTo TEUEHHS.

Konnentpanus IL-6, IL-12B, IL-13 u IL-17A B 06pa3sumax KBB ngereii ¢ actMoii He3aBUCHMO
oT ee (peHOTHIIA BBIIIE, YEM B KOHTPOJIbHBIX OOpasuax. Takxke oTMeueHa B3aMMOCBS3b HaIMUUs
renotuna TT rs2069762 IL2 c Beicokoit koHeHTpauuei IL-2; renotunoB CG/GG rs1800795 IL6 ¢
BBICOKOU KOHIIeHTpanuel IL-6; renotunoB GA/AA 152275913 IL17A4 ¢ BeicOKoO# KoHIIeHTparuei [L-
17A.

ABTOp BBIpaKaeT GIIaroJapHOCTL COABTOPY M HaydHOMY pykoBomurenro CMOJIBHHKOBOH M. B.

Jlureparypa:
[1] Garn H., Renz H. Immunobiology, V. 212, Ne 6, P. 441-452 (2007).
[2] Kharitonov S.A., Barnes P.J. Biomarkers, V. 7, Ne 1, PP. 1-32 (2002).
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Xapakmepucmuka @Qu3uueckozo pazeumus u MemadoIUUecKUx nokKazameei
AUMPouumos y oemeit ¢ 0Co0ObIMU 603MOHCHOCHAMU 300P0BbSA 6 3AGUCUMOCHU OM
MUN06 6e2emamuHoOll pezyiauuu

Osuapenko Enuzasema Cepeeesua

HUU meouyunckux npoonem Cesepa OUL] KHI] CO PAH

Bereratusnast HepHas cucrema (BHC) siBisiercst yHuKanbHOM cucteMoil, o0ecrieunBaroeit
NoJAJep)KaHUE  TOCTOSHCTBA ~ BHYTPEHHEH  cpeapl U MOAKIIOYEHHE  aJalTallOHHO-
PUCIIOCOOUTENBFHBIX MEXaHU3MOB IIPU CTPECCOBBIX YycinoBusix [1,2]. PerymstopHoe BiusiHHE
BEreTaTHBHON HEPBHOM CHCTEMBI OCYLIECTBIICTCS MOCPEACTBOM CHELM(PUUECKUX MOJEKYI (B TOM
yucie paga OMOTeHHBIX MOHOAMUHOB), BIHSIOIIMX Ha META0OIMYECKHE IMapameTphbl, U B MEPBYIO
ouepellb, Ha DSHEPreTHYecKHil craTyc KieTok. DYHKIMOHAIbHAs AaKTUBHOCTb U COCTOSIHHE
PETYJISTOPHBIX MEXaHU3MOB BET€TaTUBHOM HEPBHOM CHCTEMBI B ONPEIEIIEHHON MEpe CKa3bIBacTCs
Ha (POPMHUPOBAHUHN KOHCTUTYIIMOHAJLHBIX XapaKTEPUCTHUK [3].

Leas wucciaer0BaHUs — HU3YYUTh OCOOCHHOCTH (DU3MYECKOTO DPA3BUTHUS, PETyIATOPHO-
MeTaboNIMUYecKuX Mokaszarenedl JTUMQOIUTOB y neTell ¢ 0COObBIMH BO3MOYKHOCTSMHU 3/I0pPOBbS B
3aBUCHUMOCTH OT THIIOB BETE€TATUBHON HEPBHOM PETYJISALIUU.

Martepuanbl u Metoabl. O6cnenoBano 168 merelt miazmiero mkoJbHOro Bo3pacta (7 -11
JeT), KOTopble ObUTM pa3jieieHbl Ha 2 TPYNNbl: OCHOBHYIO TPYIIYy M KOHTpPOJBHYIO Tpymnmy. B
OCHOBHYIO TPYIITy OBLIM BKJIIOYEHBI 54 pedeHka ¢ 0COOBIMH BO3MOKHOCTSIMH 3710poBbsi (OB3),
CBSI3aHHBIMU C HapyILLIEHUEM Pa3BUTHs UHTEIUIEKTA - JUarHo3 ""yMmcTBeHHas orctanocts" (F70, F71).
B xoHTponpHYIO Tpymiy ObLIM BKIIOYEHBI 114 HMHTENIEKTyanbHO 370pOBBIX JeTeil. B pabote
UCIIOJIb30BANCh  AHTPONOMETPUYECKHE  METOJbl,  LUTOXUMHYECKHE,  JIIOMMHECLIEHTHO-
TUCTOXMUMHYECKHE, METOJ] KapIMOMHTepBajIorpaduu, METoIbl CTAaTUCTHYECKONH 00pabOTKHU TaHHBIX.

PesyabTaTsl. [Ipu ananuze mapaMeTpoB BEreTaTUBHOW PEryssiluU y JAeTeil ¢ 0coOBIMHU
BO3MOXKHOCTSIMHU 3/I0POBbSI BBISIBIISIETCS BBIPQXKEHHOE MpeolialaHue CUMIIATHYECKOW aKTUBHOCTU
(cumnaTtuyeckuid (33%) u runepcumnaruueckuiit (24%) THUN UCXOIHOTO BET€TaTUBHOTO TOHYCA,
BbIcokne 3HaueHns VLF (2304 mc?), LF (1834 Mc?) oTHOCHTeNTBHO KOHTPOIbHOM rpymmsl (1359 mc?,
1597 mc? coorserctBenHO, p<0,05), 4TO XapaKTEpPU3YIOT HE3PENOCTh MEXAHU3MOB BEreTaTHBHOMN
PEeryJsiliMi U COCTOSIHHE HaIpsDKEHUS afanTalllOHHO-IPUCIIOCOOUTENBHBIX MEXaHU3MOB Yy JeTel
naHHoW rpymnnbsl. Takke y gerei ¢ OB3 npeuMylIeCTBEHHO BBIABISETCS JUCTAPMOHMYHOE
¢uznueckoe pazsutue (31,5% npedpuuur maccor tena, 31,5% wu3dbiToxk Maccel Tena). Ilpu stom
AHTPOIIOMETPUYECKHE IapaMeTpbl IpPU pPa3HbIX THUIAX HCXOJHOIO BETEeTaTMBHOIO TOHYca
W3MEHSIIOTCS MPOINOPIUOHAIBHO aKTUBHOCTH cumnatuyeckoro 3BeHa BHC. Perynstopho-
MeTaboIuecKue mapameTpsl TUMQPOIUToB y nereit ¢ OB3 moaTBep 1aioT COCTOSIHUE HATPSIKEHUS
U CHIDKEHHE aJaNnTallMOHHBIX BO3MOKHOCTEH: YCTAaHOBJIEHBI 00Jiee HU3KHE MMOKA3aTeIl aKTUBHOCTU
kucioit pocdarassl (98 yci. en.) u conepx anus cepoToHuHa (22,2 yCil. e11.), a TAK)KE CTaTUCTUYECKU
3HAQYUMO BBICOKOE cojJepkaHue KaTexojamuHoB (20,9 ycn. en.) B JaHHOM Tpymme AeTel
OTHOCHUTEJIBHO KOHTPOJIBbHOM rpynmsl (kucnas ¢ocdarasa - 118 yein. en., ceporonun- 36,4 yei. en.,
karexomamuHbl — 19,5 ycn. en., p<0,05). Tak xe y mereii ¢ OB3 perynsiTopHO-MeTa0OINYECKUE
napameTpsl  JUMGOLWTOB  YBEIHMYMBAIOTCS  MPOMOPIHOHAIBHO  YCWJICHUIO  aKTHMBHOCTHU
cummatruueckoro 38eHa BHC (0T BaroTroHuu K runepcuMIaTHKOTOHUH ).

biraromapaocts coaBTopam pabotsl CmupHoBoi O. B., Kacmaposy O. B.

Jlureparypa:
[1] Badke C.M., Marsillio L.E., Weese-Mayer et.al., Frontiers in Pediatrics., V. 6, PP. 280-296
(2018).
[2] Rudd K.L., Yates T.M., Development Psychobiology, V. 60 (8), PP. 1023-1036 (2018).
[3] Qi Z., Ding S., Journal of Pediatric Endocrinology and. Metabolism, V. 29 (2), PP. 113-125

(2016).
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Cexknus «MaTteMaTu4eckoe MOACJIMPOBAHMUE)

IIpoBenenne u moarotoBka TpyaoB OTKpeITON KoH(pepeHun Moioasx yueHsix UBM CO PAH no maremarnieckomy
MOJICTUPOBAHUIO W MH(POPMAIHOHHBIM TexHONoTusM B 2022 roxy momnepkaHsl KpacHOSpPCKMM MaTeMaTH4eCKUM
LeHTpoM, (uHaHcHpyeMbiM MuHOOpHaykn P® B pamkax MepONpHSsTHIl 1O CO3aHMI0 W PA3BUTHIO PErHOHAIIBHBIX
HOMI] (Cornamenue 075-02-2022-873)
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Memoobt muna npeouKmop-KoppeKmop Ha 0CHO8e CUMMEMPUYHBIX TUHEHHBIX
MHO20UA206bIX MEMOO08

Aoaes Unvsi Pomanosuu

HUncemumym goruuciumenvro2o mooeauposanusi CO PAH

ToyHOCTP YHMCIEHHOTO WHTETPUPOBAHUS JABW)KCHHUS CITyTHHKA SIBIISIETCS  Ba)XKHOU
COCTaBISIIOLIEH B 3aJayaxX, CBS3aHHBIX C IJIOOAJbHBIMM HABUTALIMOHHBIMU CITyTHHUKOBBIMU
cuctemamu. OCHOBHBIMH METOJIaMU YHUCJICHHOTO WHTEIPUPOBAHUS OPOUTHI CIyTHHUKA SIBISIOTCS
ITOPUTMBI THUIIA MPETUKTOP-KOppeKkTop Anamca-bamdopra/Moynrona, nHTerpatop OBepxapra
METO/IbI KoJutokanuu [1].

Panee Hamu ObUIM pa3paboTaHbl aJTOPUTMBI F€HEPALIUU CEMEICTBA JIMHEHHBIX A-I1aroBbIX
SBHBIX W HESBHBIX CHUMMETPUYHBIX METOAOB [2-3] i1 YHUCIEHHOTO WHTETPUPOBAHUS
00bIKHOBEHHOTO nuddepeHnnansHOro ypaBuenus Broporo nopsaka x'' = f(t,x), roe x(t) —
MIOJIO’KEHME TOYKH B MOMEHT BpeMeHH f, f (t,x) — cuia, He 3aBUCsIIast OT CKOPOCTH. B HacTosimei
paboTe Ha OCHOBE Hap SBHBIX M HESIBHBIX METOJOB C HEHYJIEBBIMU MHTEpBaJIaMU MEPUOIUYHOCTH
cTposaTca cxeMbl mpeaukrop-koppekTop Buma P(EC)‘E. 3mech P cooTBETCTBYET HpHUMEHEHHUIO
npeankropa, C — koppekropa, E — Berancnennto npasoii gactu f (¢, x). OrmernM, uto cxema P(EC)'E
HE MOXET OBbITh MpeAcTaBieHa, KaK JIMHEHHBI MHOTOIIAroBBIA METOJ, OJHAKO B Cilydae, Korjaa
JUTMHBI 11a0JIOHOB MPEANKTOPa U KOPPEKTOpa COBMAAAIOT (T. €. MOPSAIOK MPEAUKTOpa HA CTUHUILY
MEHBIIIE MOPsIIKa KOPPEKTOpa), METOJl UMEET HEHYJIEBOM MHTEpBall nepuoanyHocTU. Ecnu nopsaku
MPEIUKTOPa U KOPPEKTOpa COBMAAAIOT, TO MOTyYaeMble METO/IbI HE UMEIOT HEHYJIEBBIX HHTEPBAIOB
NEPUOANYHOCTH, OJTHAKO CPEU 3TUX METOJO0B MOXKHO HAlTH yCTOWYHBBIE.

[Ipu TecTUpOBaHWU METOJOB paccMaTpUBANIACh CHCTEMa TPEX TEN, B HAYAIbHBI MOMEHT
BpeMeHu cooTBeTcTBytomas cucreme 3emis-Jlyna-cnytauk [JIOHACC. CraBuiach 3amada
OTIPEACIUTh IIar UHTEIPUPOBAHUS, IIPH KOTOPOM 32 TOJ MAKCUMAIBHOE OTKIOHEHUE YHUCICHHOTO
pelIeHHs TECTOBOM 3a/Jauyu OT TOYHOTO He MpeBbIaeT 2 MM. J[OMOJHUTENBHO OBLIO MPOBEIEHO
CPaBHEHHE BBIYUCIUTEIHHOU 3(PPEKTUBHOCTH MPU JOCTHIKEHUH 33JaHHOW TOYHOCTH MOCTPOCHHBIX
METOMOB W wuHTerparopa OBepxapra (D). PesynbTaThl YHCIEHHBIX SKCHEpUMEHTOB (Tad. 1)
MOKA3bIBAIOT, YTO ISl TOCTHOKEHUS 3aJJaHHOW TOYHOCTH WHTErpaTopy DBepxapra Tpedyercs B 2,7
pa3a Oosbliie BHIYMCIEHUH PaBOil YacTU ypaBHEHUS 110 CPAaBHEHUIO C OJyYE€HHBIMU HAMH CXEeMaMHU
MPEIUKTOP-KOPPEKTOP.

Tabauya 1. Cpasnenue cxem PECE u M9 8-20 nopsaoxa ons 3a0auu Kennepa

MeTtka meTona PC-1 PC-2 PC-3 PC-4 PC-5 us
H2 1,83E+00 1,83E+00 1,54E-01 8,29E-02 5,19E-01 -
Cio* -0,00196 -0,00191 -0,00167 -0,00169 -0,00208 -
rhs** 241484 239926 232136 233694 244600 785232

kol

155

154

149

150

157

48

h,c

262

263

272

270

258

845

* KOHCTAHTa B IJIABHOM 4JICHE JIOKAJIbHOM OLIMOKH

** KOJIMYECTBO BHIUKCICHUN IPABBIX YacTeH ypaBHEHHS

*** KONMYECTBO IIAaroB HHTErpupoBanust Ha nepuon T = 2m/A

PabGora moamnepxana KpacHOSpCKMM  MaTeMaTHMYeCKMM  LEHTPOM, (UHAHCUPYEMBIM
Muno6puaaykun P® B pamkax MeponmpusTHH 1O CO3JAaHUI0O W Pa3BUTHIO perrnoHanbHbIXx HOMI]
(Cornamenue 075-02-2022-873). Beipaxaercs 6narogapHocTs coaBTopaM padots! Kapenosoii E. /1.
u [lanbko 1O. B.

Jluteparypa:
[1] IGS ftp archives [Dnexrponnsiii pecypc]. URL: ftp:/ftp.igs.org/pub/center/analysis/ (nata
obpamenus: 04.08.2020).
[2] Karepova E., Adaev I, Shan’ko Yu., Journal of Siberian Federal University. Mathematics &
Physics, V.13(6), PP.781-791 (2020).
[3] Karepova E., Adaev I, Shan’ko Yu., Lobachevskii Journal of Mathematics, V.42(7), PP.1675-
1685 (2021).
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3aoaua aemomamuueckozo pacno3HasanHus 30AHUIL 8 B0000XPAHHBIX 30HAX HA
CHYMHUKOBBIX CHUMKAX

Lunun Cmenan Banenmunosuy

Uncmumym Mamemamuxu u @ynoamenmanvrou ungpopmamuxuy COY

B pabore paccmatpuBaeTcs mpobiema oOHapy>KeHUs 3/1aHUH U MOCTPOEK B BOJOOXPAHHBIX
30HaX Ha CIlyTHUKOBBIX CHUMKaX. /laHHas 3ajaua sIBJIAETCS BaXKHOM M MPAKTHUUYECKU 3HAYMMOM.

Ha cerogusimnuii MOMeHT Hanboliee MepCcreKTUBHBIM CIIOCOO0M MOoTydeHus] HH(pOpMaIuu o
PacIoJIOKEHUHN PA3JINYHBIX OOBEKTOB HAa MECTHOCTH SIBISIETCS aBTOMAaTMUYECKOE paclO3HaBaHUE
CIIyTHUKOBBIX CHUMKOB (WJIM @3POCHUMKOB).

Ilenbto MccaenoBaHus sIBISETCS pa3pabOTKa HOBOIO aIrOpUTMA PACHO3HABAHUS 3/1aHUH B
BOJIOOXpPAHHBIX 30HaX HA CIIYTHUKOBBIX CHHMKax. J[nsg aBTOMaTH3amuu mporecca HeoOXOIuMO
HAY4YMThb aJITOPUTM 100aBIISITh HAa KAPThl KOHTYPBI IOMOB 0€3 ydacTus JIO/IeH, a TaKKe ONpeseNsTh
— HaxOJATCS JIM MMOCTPOMKHU Ha Pa3pelIeHHOM PACCTOSHUU OTHOCUTEIHHO BOJOEMOB.

Otansl peleHus 3a1a41 pacio3HaBaHus o0pa3oB.

3amaua pacrno3HaBaHUs OOBEKTOB Ha CIIYTHHKOBBIX CHUMKAaX SIBJSICTCS YACTHBIM CIIydaeM
TaKuX 3a7a4, KaK pacrmo3HaBaHHE 00pa30B, KilaccUpUKaIUs U MamuHHOe oOydenue. [lepeuncimm
OCHOBHBIE ATAITbI PEIICHUS 3a/1a4l paclio3HAaBaHHsI 00BEKTOB — BBISIBIICHHE O0OBEKTOB OMPEIETICHHBIX
3aJJaHHBIX KJ1aCCOB HA CHUMKAX:

1. Bolgenenue oOBEKTOB Ha HM300paXEHWH IIyTEM CETMEHTALUU C JalbHEHIIUM
peoOpa30oBaHUEM BBIJEIEHHBIX CETMEHTOB JUIsl 3alIUCU OOBEKTOB B 3aBUCHUMOCTHU OT
MeToAa AP PUPOBAHUSL.

Ananu3 00BbEKTOB.

Knaccugukanus 00beKTOB.

HaxoxneHue pacCTOsHUS MEXly paclio3HaBaeMbIMU OOBEKTaMH.
BriBoj pe3ynbTaTa pemeHus 3aaauu.

IIpu omnpeneneHun pacrno3HaBaeMbIX OOBEKTOB, MAJIS COKpAIlEHUs BBIOOpAa IOCTPOEK,
IpeUIaraeTcsi UCIOob30BaTh HAIOXKEHUE TaHHBIX PoccTaTa 0 MPOBEPEHHBIX 3AAHUSX.

B nanHoii crathe paccMoTpeHa mpobiiemMa pacrio3HaBaHUs 3JaHUH B BOJIOOXPaHHBIX 30HAX Ha
CIYTHUKOBBIX CHUMKaX. BbUIM ommcaHbl METOJ aBTOMATUYECKOI'O PACIO3HABaHMS IOCTPOEK MU
QJITOPUTM OIPEJENIEHUS] BOAOOXPAaHHBIX 30H C MOMOIBI0 (GMIBTPALMU Ha OcHOBE Macku Jlammaca.
MeTtoa aBTOMAaTHYECKOTO OOHAPYXEHHS IOCTPOECK B ONPEAETCHHBIX 00JacTAX H300pakeHHH
OCHOBAH Ha BEKTOPHOH MOJIENH U BKJIKOYAET B ce€0sl MOMCK 3aMKHYTBIX KOHTYPOB Ha H300pa)keHUH C
OTIpeIeIEHUEM MTOCTPOEK.

i

JIureparypa:
[1] Vorontsov K. V., Lectures on clustering and multidimensional scaling algorithms, Moscow:
MSU, PP.1-18 (2007).
[2] Chernov A.V., Chupshev N.V., Computer optics, V.4(31), PP.101-103 (2007).
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Ilosviumenue nopsaoka mounocmu memooa Hwcmpéma paznocmuvimu
8bIPAIHCCHUAMU NPAGOLL YaCHU

Lonybes Poman Anopeesuy

HUncemumym gvruuciumenvrozo mooenuposanus CO PAH

Cubupckuii ghedepanvhwiii yHugepcumem

[TycTe HEOOXOAMMO YMCIIEHHO peIuTh 3aaady Komm Ha paBHOMEpHOW pa3HOCTHOW ceTke
w, ={t,=ih; i=0,1,..,N} cmarom h=T/N (N >2 — uenoe):
x(0) = x,,
X'(t)= f(t,x()), t[0,T]. (1)
BBenem oOo3HadeHue y(f,)=y, B y3nax CETKH @, IJIs IMPOM3BOIBHOW (QyHKIMU ().

IlpounterpupyeM ypashenue (1) Ha ortpeske [f_,f,,] u samennm ¢ynkuuo [ (¢,x(7))

MHTEPIOJISIIMOHHBIM MHOTOYJIEHOM, IIPOXOSIINM YePE3 TOUKH {(tj, Sihi=i—k,.,i+ k} . Torna

=, ,+jf £,x(0))dt = x,. 1+2hZa (/ (tox )+ £ (60x,)) 2)

US|
Hcnone3ys B (2) pasnoxenue B psaj Teilsiopa B TOUKE ¢, ¥ IPUPAaBHUBAA CaracMble OJTHOTO MOPSIKa

MaJIOCTH 10 /4, TIONYYAM CHUCTEMY JHMHEWHBIX aireOpanduecKuX YpaBHEHHUU UTS HAXOXKICHUS
KO QHUIHEHTOB @

2k-2
2 1

k ~ k j _
le_ Z jla; =1/6; 2]6( =1/10 ... ]Zl(zk_z)!aj_ NETEnTE

ANTrOpUTMHUYECKOE MCIIOIb30BAaHUE CHJIBHO HESIBHOW Pa3HOCTHOHN cXeMbl (2) peanusyercs
cienyromum oopazom. CHavana ucnomnbiyercs Metoa Hioctpéma [1] Broporo nmopsigka TOYHOCTH:

2,h 2,h
Xt =x, = x b (1,%,), =f(t.xM"), i=0,1,.N-1. 3)

i~ X
A 3areM JUIsl HaX0XKJIeHUs pellleHus1 Y4ETHOTO nopsiika m = 2k, k > 1, B mpaByro 4acTh (3) BHOCUTCA

X
2h

2k=2,h

HOIPaBKa, BEIPAXKAIOMIASCS Yepe3 NPUOIMKEHHOE PELICHHE X; nopsagka O(h**7?):

2k,h 2kh

A 0 S, (1) 7)) 201

Pe3ynbraThl BBIMHCIUTEIBHBIX SKCIEPUMEHTOB MOATBEPIMINA TEOPETUUECKHE TTOCTPOCHUSI.
Pabota BeimonHeHa npu GpuHaHcoBoil noanepxke rpanta PH® Ne20-61-46017.
JIureparypa:

[1] Xaiipep 3., Hépcert C., Bannep I'. Pemenne oObIkHOBEHHBIX Au(depeHITnaTIbHbIX YpaBHEHUH.
Hexecrtkue 3agaun. M.: Mup, 1990.
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Mooenuposanue 601H08bIX NPOUECCOB 8 2€0CPEDe, ORUCHIBACMOU 0000UEHHOIL
MO0€/1b10 CMAHOAPMHO20 TUHEIHO20 8A3KOYNPY2020 mea

Egumos Eseenuti Anexcanoposuu

HUncemumym gvruuciumenvro2o mooenuposanusi CO PAH

['pyHTBI ¥ TOPHBIE IOPOJIBI IPEACTABISIOT COOOM MOPUCTHIC HACBHIIIICHHBIE BIIATOM WM Ta30M
cpenpl. JlocTaToOyHO KpymHBIE O0pa3ibl MaTepuana Mmpu MajiblX JedopMalusx MOXKHO CUUTATh
OJTHOPOJHBIMU U BsI3KOYNpyruMmu [1]. 3aTyxaHue B cpenax XapakTepu3yercss TOOpPOTHOCTBIO —
OTHOCUTEIIbHBIM yMEHbBIIIEHHEM SHEpPruud B equHuile oO0béMa 3a OJMH mepuoja Kosebanuil. B
HKCIEPUMEHTAIBHBIX paboTax OBLIO OOHApPYXKEHO, YTO B HEKOTOPBIX IMOPOAAX JOOPOTHOCTH
MPAKTUYECKH HE U3MEHSETCS B XapaKTEPHOM I ceicMUKH criekTpe acToT (1-2001'm) [2]. Cpenspl ¢
MOCTOSTHHOM JOOPOTHOCTBIO MOTYT OBITh OMHCAHBI MPH MOMOIIM MPOCTOW MOJENH CTaHIAPTHOTO
JUHEHWHOTO TeJla I MOJIeTn 0000MEHHOTO CTaHAapTHOTO JMHEeWHoro Tena. O000mEHHAs MOIETh
Oornee ajekBaTHA B JaHHOM CIy4yae, B CBSI3U C YE€M IIMPOKO HCIOIB3YETCS TPH YHCICHHOM
MOJIETTUPOBAHUH PACIIPOCTPAHEHUS CEHCMUUECKUX BOJIH.

B pabote npeanonaraercs, YT0 IPyHT UMEET IIIOCKOCIOUCTYIO CTPYKTYPY C OJHOPOIHBIMHU
U30TPONHBIMU BSI3KOYNPYTUMHU CJIOSMH, YTO I[O3BOJISIET paccMaTpuBaTh HeE TPEXMEPHYIO, a
JIBYXMEPHYIO OCECHMMETPUYHYIO 3a/1ady, CIIOCOOCTBYS TEM CaMbIM COKPAIIICHUIO BBIYUCIUTETHHBIX
3aTpaT. B OCHOBE YMCIEHHOrO aJrOpUTMAa JISKUT METOJ ABYLUKIMYECKOrOo pacuierieHus [3], Ha
JTanax KOTOPOro peniaroTcs OJHOMEPHBIC 3aa4l TEOPUHU YIIPYTOCTH U YpPaBHEHUS, OMUCHIBAIOIINE
BSA3KHE TIPOLIECCHI.

[Ipu wucmonb30BaHUHM KOMIUIEKCOB IMPOTPaMM, Pa3pabOTaHHBIX IS MHOTOIPOIECCOPHBIX
BBIUMCIUTENBHBIX CUCTEM, ObLIO CMOJIETMPOBAHO BO3/IEHCTBHE UMITYJILCHOTO CEHICMOMCTOYHUKA Ha
reocpeny. Ha puc. 1 nokazano pacnpeneneHue Bektopa YMoBa-IlolHTHMHIra MOTOKa 3HEPruu B
OJIHOPOJTHOM Cpejie, MAaKCUMaIbHOTO Ha ()POHTE MPOIOTHHON BOJIHEI.

1. 11

-1l
] =N A [ an 117 1 140 1= 1an na
NEAT]

Puc. 1. Bexkmop Ymoea-Ilotinmunea 8 00HOPOOHOIU 83KOYNPY20U cpeoe.

PaGora mommepkana KpacHoSpckuM  MaTeMaTHYeCKHMM I[EHTPOM, (DUHAHCHPYEMBIM
MunoOpHayku P® B pamkax MeponmpusTHH 1O CO3JaHUI0O W Pa3BUTHIO perrnoHanbHbIx HOMI]
(Cornamenue 075-02-2022-873).

JIureparypa:
[1] T. Bourbie, O. Coussy, B. Zinszner. Acoustics of Porous Media. Editions Technip, P. 333 (1987).
[2] F. J. McDonal, F. A. Angona, R. L. Mills, R. L. Sengbush, R. G. van Nostrand, and J. E. White.
Attenuation of shear ans compressional waves in pierre shale. Geophysics, 23: P. 421-439 (1958).
[3] I'.'1. Mapuyk. Metons! paciuerenus, M.: Hayka, C. 263 (1988).
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Yucnennoe uccnedosanue mpancnopma waiama 0ypoesimu pacmeopamu ¢
000a6KoOIl HAHOUACMUY

Kueapes Bradumup Anexceesuy

HUncmumym negpmu u eaza COY

Henocrarounast ourcTKa CTBOJIA CKBAXKUHBI OT Pa3pyLICHHON NMpH OypeHHH TOPHON TOPOIbI
ABJISIETCSI OJJHOM W3 OCHOBHBIX INPUYMH BO3HUKHOBEHHUS OCIIOKHEHUH W aBapUMHBIX CHUTYyaluH,
HECYIIUX MHOTO(AKTOPHBIE PUCKH I TMporecca OypeHHs CKBaXHH, a TaKXKe CHHUXKACT
3¢ (PeKTUBHOCTD peanu3aluu NpoeKTa pa3pabOTKU MECTOPOKICHUS B 1iesioM. JJis mperynpexaeHus
TaKUX CUTyaluid HeOOXOIMMO TOI0MPAaTh TpeOyemble mapaMeTpsl OypOBOTO PAcTBOPA U HACOCHOTO
0o00OpyIOBaHUSI W HCCJIENAOBAaTh pa3iIuYHbIe pexuMbl Oypenus [1]. IlpoBemeHo uyuciaeHHOE
HCCIICJOBAHUE HA T€OMETPUM pEeajJbHOW CKBaXXHUHBI. Pacu€THas MOJENb YUYUTHIBAECT JBHKEHUE
TBEpON (as3wl (m1ama) U OypoBoro pactBopa [2]. st pacuéra HMUPKYJISIIMA B CKBAXWUHE TMPHU
3aKauke OypoBOro pacTBopa OBLIM BBIOpAaHBI THIOBBIE TEXHOJIOTHYECKHUE MapaMeTphl OypeHHs
CKBaXMH. Peomoruss  OypoBBIX  pacTBOPOB  OINpeAesyiach [0  paHee  MOJYyYEHHBIM
9KCIIEPUMEHTAIILHBIM JIaHHBIM PAa3JIMYHBIX OYPOBBIX PAaCTBOPOB Ha YTIEBOJOPOIHONW OCHOBE C
nobaBkaMu HaHO4YacTHIl. ba3oBbIii OypoBOH pacTBOp Ha YTIEBOAOPOJHONW OCHOBE IMPEICTABISET
co0ol 00paTHYIO 3MYJBCHUIO, T.€. SMYJIbCHIO, B KOTOPOH BOJA IUCIEPrUpOBaHA HAa MeJbYalIIne
KaneJibKy, a JAUCHEPCHOHHOM Cpelod CIYKHUT YIJIEBOAOPOAHAs KUAKOCTh «BoJAa B maciey. i
YUCJIEHHOTO HCCJEJIOBAHMS UCIOJIBb30BATUCh, Mojenb lepmiens — bankiaun u peonoruueckas
CTerNeHHasi MOJieNb. B KauecTBe yacTuIl IulaMa CUUTAIUCH cPeprudecKue YacTUIlbl. MoJenupoBaHue
MPOBEACHO JJII TOPU30HTAIBHOTO y4YacTKa CKBaXKMHBI. B pacuérax wuccienoBaioch BIUSHHE
KOHILIGHTpAallUM MW pa3Mepa HAHOYACTHL[ Ha 3HA4YCHUE Iepenaaa JaBiICHUsS B CKBAXUHE H
3¢ (EeKTUBHOCTH TPAHCIIOPTA LIIaMa.

Puc. 1. Cxemamuunoe usobpasicenue mooenu 20pu30HmMaibHO20 YUaACmKa
cKeadxcunvl(ciesa) u hpazmenma pacuémuou cemxku (cnpasa)

B xone uccnenoBaHusi MoxyyeHbl pe3yJibTaThl paclpeiesieHrs YacTUll 1jlaMa [0 KaHaly U B
CEUEHHH CKBAXMH B 3aBUCUMOCTH OT pa3Mepa U KOHILIEHTpaluu Hanovyactull. [Tokazano 4ro OypoBsie
pacTBOPHI C MEHBIIIUM Pa3MEPOM HAHOYACTHI] MOKA3BIBAIOT JYUYIIUE PE3YJbTAThl IO CPABHEHUIO C
Oonee KpynHbIMH dYacTulamMud. Kak BHIHO M3 pacu€roB J00aBKa HAHOYACTHI] MPUBOAMUT K
YBEJIMUEHUIO TIepernaia JaBICHHs TI0 CPAaBHEHHIO C UCIIOJIb30BaHHEM 0a30BOro OypoBOTO pacTBOpa.
C pocToM KOHIIEHTpALMU MIeperna/y AaBIeHus TaK )K€ BO3pacTaer.

PabGora Bemonnena npu (uHaHCOBOW momnepkke rpanta PH® Ne 17-79-20218-P. ABtop
BBIpa)KaeT 0JIaroJapHOCTh coaBTOpaM padoTel MunHakoBy A. B., lllebeneBy A. B., MuxuenkoBoii E.

H.

Jluteparypa:
[1] Akhshik S., Behzada M., Rajabib M., Journal of Petroleum Science and Engineering, V.127, PP.
229-244 (2015).
[2] Minakov A.V., Zhigarev V.A., Mikhienkova E.IL, et al., Journal of Petroleum Science and
Engineering, V.171, PP. 11491158 (2018).
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Bnusanue zpanuunsix yciosuii, OucKpemusayuu pacuemHuoi 06a1acmu u
2eOMEempPuUYecKUX NPenAmcmeuii Ha pe3yi1bmamsl MOOEJTUPOBAHUA PA3GUMUA
noscapa

3axapnioka Ilasen Bradumuposuy

HUncemumym gvruuciumenvro2o mooeauposanusi CO PAH

bouin mpoBeAeHBI YHCIIEHHBIE SKCHEPUMEHTHI MO0 MOJEIUPOBAHUIO PACIPOCTPAHECHUS
omacHbIX (pakTopoB moxapa (O®II) B pacyernoit obmactu u moctwkeHuss O®@II mpenenbHBIX
3HaYEHUI B KOHTPOJBHBIX TOYKAX MMPU KOMOMHAIUAX [TapaMeTPOB:

o mar cetku pacuetHoit odmactu (0.2 m, 0.3 M, 0.4 m);
o KOHTaKT ¢ BHemHe# cpenoit (IIpoem 3, IIpoem 10, [Ipoem 6);
o MPEMSTCTBUS B BUAE NEPETOPOAOK C TPOEMAMHU B KOKIOM YYaCTKE KOpUI0pa.
Tabnuya 1. Onucanue KomMOUHAYUL napamempos, i KOMOpPwbIX NPOBOOUIUCL PACHEMbl.
Ne kom0./mapamerp 1 2 3 4 5 6
KoHTakT ¢ BHelHel cpeaoit IIpoem 3 | TIpoem 3 | Ilpoem 10 | Ilpoem 10 | Ilpoem 6 | Ilpoem 6
Hanuuue neperopoiok ¢ mpoeMamu - + - + - +

Puc. 1. Mooenv 015 npogedenus pacuemos.

Tabnuya 2. Bpems oocmuoicenusi OD@II npedenvhbix 3naueHull 8 KOHMPOJIbHLIX MOYKAX OJisl
Komounayui napamempos 2, 3, 4 u 6.

npoem/ 0.2 M 03m™m 0.4m
KOMO. 2 3 4 6 2 3 4 6 2 3 4 6
2 53 80 53 53 57 83 56 56 57 80 57 57
3 68 77 68 69 74 79 74 73 75 81 74 74
5 90 83 88 88 95 88 92 92 93 88 91 90
7 110 86 103 105 124 87 110 114 141 93 109 113
8 119 84 108 116 134 89 116 128 141 91 116 131
9 147 79 122 139 182 81 135 164 201 82 139 181
10 168 94 130 157 223 97 150 196 214 93 147 192
BBIBOI[H, OCHOBAHHBIC Ha aHAJIN3C NPOBCACHHBIX S3KCIICPUMCHTOB CJICAYIOMIUC!
1. JloGaBrmeHue TEPETOPOJIOK C TMpPOEMaMU OKa3blBaeT BIUSHHE HA CKOPOCTh

pacrtpoctpanenust O®II it pa3nuyYHBIX CETOK, BHE 3aBUCMMOCTH OT PACIONIOXKEHUS KOHTaKTa C
BHEIIIHEW cpenol (KoMOMHAIUK ITapaMeTpoB 3 U 4).

2. KoHTaKT ¢ BHEIIHEH cpe/ioif OKa3bIBaeT CYIIECTBEHHOE BIMSIHHUE Ha BpeMs OJOKMPOBAaHUS
YAQJICHHBIX OT HET0 TOYEeK — KOMOWMHanuu mapameTpoB 2, 4, 6, B KOTOPBIX IMPOCIIECKUBACTCS
YBCIIMUCHUC Pa3HUIBI 10 BpCMCHU 6JIOKI/IpOBaHI/I$I AJIg Pa3HbIX CETOK HAYHMHAA CO BTOPOTO IIpo€Ma
mocJie 00JIacTH, T/I€ PACIOJIOKEH KOHTAKT C BHEIITHEH CPEOi.

3. Ha cpe3ax, moka3pIBalolIUX BEKTOPHBIE MOJII CKOPOCTH MPOCIEKUBAIOTCS Pa3iudus B
«oru0aHum» MOTOKOM MPENSTCTBUI [UIsl Pa3lMYHBIX CETOK: MEHSIETCS XapakTep IBUKEHHS U
CKOpPOCTh, 4YTO, BO3MOXHO, U CKa3bIBACTCA Ha HNOSABJICHUU PAa3HUIBI BO BPCMCHU 6JIOKI/IpOBaHI/IH
(komOuHanuu 2, 4, 6). B skcnepumenTax 0e3 MEPEropojoK ¢ MPOeMaMH TaKUX Pa3IUYHi HE
HAOII0IaeTCs, KaK U CYIIECTBEHHON pa3HUIIBI BO BpeMEHU OJIOKUPOBAHUSI.
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Hccneoosanue npumenenus HAHOCYCnEeH3UIl 01 NOGbIULEHUA Hehmeomoayu
naacma

Heanosa Coghusa Bacunvesna

Cubupckuii ghedepanvhwiii yHugepcumem

[ToBeimenue 3¢ HeKTUBHOCTH BHITECHEHHS He(DTH U3 IJIaCTa HA CErOAHSIIHUMA ACHb SBISETCS
aKTyaJbHBIM HarpasieHueM. CoBpeMeHHbIE CIOCOOBI JOOBIYHM HE(PTH MO3BOJISIOT JOCTHYb 3HAYCHUN
koddp¢unmenta uzBineueHuss Heptu (KMH) no 40%. TpagunuoHHbIM MeTonOM n00bIYM HedTH
SBIISICTCA 3aBOJHEHHE KEpHA, NMPU KOTOPOM HE(PTh M3 IMOPUCTOM Cpelbl BBITECHAETCS BOJOM,
pacTBOpamMHu C TOBEPXHOCTHO-aKTHUBHBIMH BemiecTBamMu (ITAB) mnam ngobGaBkamu monumepoB. B
HACTOsIIIlEE BpeMs ULIMPOKOE paclpOCTpaHEHHE B TOBBIIICHUHM HEPTEOTAAYH IOIYyYaIOT
HAHOKUIKOCTH. HAaHOXKHUAKOCTh — 93TO CYCHEH3US Ha OCHOBE JTUCTHJIMPOBAHHOW BOJBI C
no0aBlieHMeM HaHOYACTHI Pa3IMYHOro cocraBa. JJo0aBka HAHOYACTHUI] MOXKET BIIUATH Ha BA3KOCTD,
KpaeBOW YTroJl CMayMBaeMOCTH M Kod(hdummeHT Mexda3sHOro HaTshKeHHs. B cBs3u ¢ 3TUM B
nocjenHee BpeMsi ObLIO BBITOJHEHO OOJBIIOE KOJMYECTBO HCCIENIOBAaHMN, HANpPaBICHHBIX Ha
M3Yy4YEeHHE BO3MOKHOCTH MPUMEHEHHS Pa3IMYHBIX HAHOXKUIKOCTEH JJIsl yBeIHueHusl HeTeoTJauu B
IIPOLIECCE 3aBOIHEHUS.

UucneHHoe MccieloBaHUE BBITECHEHUS! HEPTH MPOBOJIUIOCH U3 JBYMEPHON MHKPOMOJAETU
nopucTou cpeapl. YnciieHHas METOAMKA OCHOBAaHA Ha pellleHNH cucTeMbl ypaBHeHni HaBbe-CTokca.
Jns onmcanus TeueHUs ABYX(}a3HOTO MoToka ucrnonb3oBaics meron VOF [1]. Jlannas momens
MO3BOJISIET OMMCAaTh HECMEIIMBAIOUIMICS MHOTOKOMIIOHEHTHBIM IOTOK KHJIKOCTb-KHIKOCTb, B
KOTOPOM peliaroTcsi ypaBHEHUS IEpEHOCca UMITYJIbCa ¢ Y4eTOM 00beMHOU J0IM Kaknou (aszbl. Jls
MOJICITIMPOBAHUS Tpoliecca pa30aBiieHUs] HAHOXKUKOCTU IIPU €€ TeUEeHUH ObIJIO0 BBEJICHO ypaBHEHHE
nepeHoca KOHIIEHTPAIlMi HAaHOYACTHII (TOJBKO B Mpeenax BoAHOU ¢asbl); kodpdunneHt auddy3nn
HAHOYACTHI] ONpEAeIscs U3 ypaBHeHus OiHIuTeiiHa-CToKCca. B KauecTBe rpaHMUYHBIX YCIOBUI Ha
BXOJI€ B PacyeTHYIO0 00JIaCTh HCIIOJIb30BAJIOCH MOCTOSIHHOE 3HaueHue ckopoctu. Ha Bbixoge u3
pacueTHO#l oOnactu — ycnoBus Heiimana. Ha creHkax kaHaia 3a1aBajioch YCJIOBHE HPUIIMITAHUS.
bbuln  MCHONB30BaHBI  3KCIEPUMEHTAIBHO HM3MEPEHHbIE 3HAUYEHHS BS3KOCTH, IUJIOTHOCTH,
MeK(a3HOTO HATSHKEHUS U KPAaeBOTO yrjla CMaYMBAaHMS B 3aBHCHMOCTU OT KOHILIEHTPAIIUH YaCTHUIL
Si0,. 3HayeHUsT MaccoBOW KOHIEHTpamuu HaHodactui Obimu paBubl 0,1; 0,25; 0,5 u 1%. B
HayaIbHbII MOMEHT BPEMEHH BCE IIOPOBOE IPOCTPAHCTBO 3aIOJIHEHO HEPTHIO.

bouto mpoBeneHO wHccienoBaHUE MPOIECCOB BBHITECHEHHS] HEPTH M3 MOPUCTOM Cpelbl C
IIOMOLIbI0 HAHOCYCIIEH3HMM, KOTOpPOE IOKa3aJ0o, YTO NPUMEHEHUE HAHOCYCIEH3UH OKa3blBacT
CYLIECTBEHHOE BIIMSHUE Ha JBUKEHHE (PPOHTA BBHITECHEHHS B IOPUCTOM cpele M 3HAUYEHUE
ko3 duurenta BeiTecHeHU HePTU. Kor(UIMEHT BBHITECHEHHUS C MOMOIIbI0 HAaHOCYCIIEH3UU Ha
40% mpesbimaeT Kod3hGULIKUEHT BbITECHEHHS He(TH ¢ mOMOIIbI0 Boabl. Ho Takoii cocob Tpedyer
OonplIoro obbemMa 3aKauMBa€MOW HAHOCYCIEH3HH, I03TOMY OBUIO MPOBEAECHO YHCIEHHOE
MOJIEJTMPOBAHUE TPOIECCOB BBHITECHEHUS HEPTH M3 MOPUCTOM CpeAbl C MOMOUIbI0 LUKINYECKON
3aKaukd BOJIa-HAaHOKUJAKOCTh-BOJIAa. B pacuerax mocie MpoKadyk ABYX MOPOBBIX 00BEMOB BOJbI
yepe3 MOpUCTYyIo cpeny, ko3¢ dunneHt BoiTecHeHus Heptu coctaBun 0,376. Tlocne nmpokaunBaHus
OJTHOTO TIOPOBOr0 00BbeMa HaHOCYCHEeH3UH Ko3(duumeHT BeiTecHeHus Hedtu yBenmuumics 1o 0,55
(yBenunuuscs Ha 46%). B nanbHeiiiieM, mocie 3Toro BEITECHEHHE MPOAOIKATIOCH C TIOMOIIBIO BOABIL.
[Tpu sToM K03 duLMeHT BhiTecHeHHs HedTr yBenuumics a0 0,6 (mpupoct 13%). Ucnonb3oBanue
[IUKJIMYECKON 3aKaYKU CIIOCOOCTBYET YBEIMUYCHHIO KOA((UIeHTa HEPTH U TIO3BOJISIET YMEHBIIUTh
00BeM 3aTpaynBaeMoil HAHOCYCIIEH3HH.

HccnemoBanne BBITOJHEHO NpU (pHHAHCOBOM mopanaep:kke Poccuiickoro HaydHoro ¢GoHaa B paMKax
mpoekTa Ne 17-79-20218I1. ABTOp BBIpaXkaeT OIaromapHOCTh coaBTopaMm pabdotsr: I'yzeit . B., [IpsoxHIKOB
M. N.

Jlureparypa:
[1] Hirt C.W., Nichols B. D., Journal of Computational Physics, V.39, PP. 201-226 (1981).
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Cpaenenue 1D- u 2D-moo0eneii nanoguirsmpayuu 600HbIX pACMEOPO8 coiell
6 MemMOpanax c I1eKmponpoeooOAuell NOEEPXHOCHIbIO

Kanumonos Anekceii Anmonosuu

Huemumym xocmuyeckux u ungopmayuonnvix mexuonocui COY

Hanomopucteie MeMOpaHbl MCTIOIB3YIOTCS B TAKUX DJEKTPOXUMHYECKHX IMPOIEeccax, Kak
npsMOH M OOpaTHBI  3JEKTpoAHanu3, EMKOCTHAs JEUOHM3alUs U  JIIEKTPOXUMHUYECKOE
npeoOpazoBaHue dHeprun. B MmemOpaHax ¢ 3JIEKTPOMPOBOAAIICH MOBEPXHOCTHIO TPAHCIIOPT MOHOB
MO’KHO PEeryJupoBaTh MyTEM U3MEHEHUS TOBEPXHOCTHOTO MOTEHIINATIA.

Jlis omucaHusl TepeHoca MOHOB B TaKUX MeMOpaHax HCIONB3YIOTCs ypaBHeHUs: Habbe-
Croxkca, Hepcra-Ilnanka u Ilyaccona. B pamkax nByMepHOUW MOJieny pacnpeeneHue NoTeHIania,
KOHIICHTPALlMM UOHOB U JIaBJICHUSI BHYTPHU HAHOMOPHI 3aBUCHUT KaK OT PACCTOSIHUS BIOJb MOPBI, TaK
U oT paauyca nopsl (2D-monens) [1]. Ecimm nmunaa [lebast Gonblne paamyca mOpbl, TO paauaibHbIM
U3MEHEHHEM BEIMYMH MOXHO mpeHeOpeub (1D-momens) [2]. B ycnoBusix HaHO(UIbTpamuu
OCHOBHOMW JBUXKYIIEH CUJION SABJISIETCA Pa3HOCTh JIaBJICHUN MEXIY pe3epByapaMu, pa3AesisieMbIMU
MeMOpaHoil. B aTom ciyuae mepoil kadecTBa (GpUIbTpanuy SBIsETCS KOIPOUIMEHT 3a1epKaHms,
onpeenseMblii Kak OTHOLICHHE KOHIEHTPAUd COJM B OTGUIBTPOBAHHOM pacTBOpe K
KOHIIEHTPAIMU COJIU B UCXOJHOM PacTBOPE.

lenbto nmaHHOM pabOTHI SBIAETCS MaTeMaTUYECKOE MOJIEIMPOBAaHUE HaHOPUIbTPAIUU
BOJHBIX PAcTBOpPOB cojiel Ha ocHoBe 1D- m 2D-Mopeneil U cpaBHEHUE PE3yJIbTATOB PAaCUYETOB B
3aBHCUMOCTH OT Pa3JIMYHbIX (PU3NUECKUX TapaMETPOB.

Ha puc. 1 noka3zana 3aBUCHUMOCTb
kod(duimenTa 3aaepkaHusl OT pajauyca
nopsl ansi BogHoro pactBopa NaCl ¢ -
ucxoaHou koHueHTtpamued 10 MM npu
noteHuuane nosepxHoctd 1 B. Bunno,
YTO JIJI1 MaJIbIX paguycoB nopsl 1 D- u 2D-
Mozenu  xopomo  cornacytorcas.  C
YBEJIIMUEHUEM paJinyca TOphl paziuyue
MEXIY KPUBBIMHU PACTET B CUITYy TOTO, UTO
ID-mMonens HE YyUHTBHIBAIOT 3aBHCUMOCTD
UCKOMBIX  BEJIMYMH OT  paguaIbHOMI
koopauHatel. [Ipu stom mis 2D-monenu
HabromaeTcs YMEHbIICHHE
kod(duimenTa 3aaepikaHus B CUITy TOTO, -
4TO paauyC HOpbl CTAHOBUTCA 60HBHI€ 51 MY AL, 118
nuHbBL [leOast.

B 1menoM MOXHO cKas3aTh, 4YTO
pe3yJIbTaThl, MOJyYEHHbIE HA OCHOBE 1D-
MOJIeJId, KaYeCTBEHHO M KOJUYECTBEHHO
COryacyloTcsi C pesynbratamu ais 2D-monenu mpu Mamnblx paguycax MOp, UYTO IO3BOJISIET
peKkoMeH10BaTh Ooee mpocTyio 1D-Monens 1S MpakTUYECKUX pacuéToB.

LR Tt TR R B [T

Puc. 1. 3asucumocms ko3guyuenma 3adepoicanus
om paouyca nopwvi 0as 1D- u 2D-mo0eneti

Hayunsiii pykoBogutens — a-p ¢pu3.-mMaT. Hayk PeoxkoB Unbs Uropesuu.

Jlureparypa:

[1] Krom A. 1., Ryzhkov I. I., Advanced theory and simulations, 2100174 (2021).

[2] PerxkoB U. U., Batkun A. C., Muxnuna E. B., MemOpanbl 1 MeMOpaHHBIE TEXHOJIOTHH,
T. 10, Ne 1. C. 13-23 (2020).
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Peanuzayun nramghopmul ona oopadomku oannvix Hnmepuema eeuieit
Kyvnacoe Hukuma Bradumuposuy
HUncmumym evruucaumenvrozo mooenuposanus CO PAH

AKTyallbHBIE TI€pPEIOBBIE TEXHOJOTHMH HpoMmbliuieHHoro WutepHera Bemieil (Internet of
Things, I0T) ocHoBaHbl Ha WHGOPMAIIMOHHOM B3aUMOJICMCTBUU PACIPEACIEHHBIX YCTPOUCTB H
IPWIOKEHUH, 4TO TpebyeT CO3/1aHHUS CHeUaIN3UPOBAHHBIX OTKa30yCTOWYUBBIX
BBICOKOTIPOU3BOAUTEIBHBIX TIATHOPM IS XpaHSHHS U OTIEPaTUBHON 00pabOTKH 0OJIBIINX 00HEMOB
uHOpMaLUU B pealbHOM BpeMeHH [1].

B nannoit pabote npencraBieHa apxuTekTypa miathopmsl 1 00padoTku qanubix loT (Puc
1), reHEpUpPYEMBIX YCTPONCTBAMH U IPUIIOKEHUAMH, HCIob3yommmu mpotokosa MQTT. Ha necaru
BUPTYaJIbHBIX MalllMHaX W OJIHOM BBIAECIIEHHOM cepBepe pa3BEpHYT kiactep Kubernetes Ha ocHOBe
cuUcTeMbl KOHTeiHepu3anuu containerd [2]. [ns obecrieueHUs: OTKa30yCTOWYUBOCTH IMIATPOPMBI
y37bl KJIacTepa pa3jeieHbl Ha TpPU 30HBI JOCTYMHOCTH. B KadecTBe XpaHWIUINA JaHHBIX
UCTIONB3YETCS pacmpesenéHnas macmradbupyemas Qaitmoas cucrema GlusterFS. Coop maHHBIX
OCYIIECTBISICTCS C 4YeThIpEéX u3MmeputTenabHblx ycTporcTB ICP DAS E20lc, moakmtou€HHBIX K
HeckoJbKuM cepBepaM Eclipse Mosquito, pa3BépHyThIX BHYTpH Kiactepa. /s focTyna Kk cepBrcaM
KJIacTepa HCIONBb3YIOTCA JBa Ingress KOHTposuiepa, oOpabaThIBaloOIIMX 3allpochl K pecypcam
KJIacTepa U3 BHYTPECHHEH U BHEIIIHEH CETH.
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PaGora moanepxana KpacHOsSpCKHM MaTeMaTUYECKUM IEHTPOM, (UHAHCUPYEeMbIM MUHOOpHAYKH

P® B pamkax MepompuATHI MO co3AaHuio U pa3BuThio permoHanbHBIX HOMI (Cormamenue 075-02-2022-
873).

Jlureparypa:
[1] PoBasirua M. M., Uyrynkos U. B., CaBuenko H. A., Bonpocsr ku6epoe3omacuoctu, Ne 3(31). C.
39-44 (2019).
[2] Ermolenko D., Kilicheva C., Muthanna A., Khakimov A., 2021 IEEE Conference of Russian
Young Researchers in Electrical and Electronic Engineering (EIConRus), Pp. 12-17 (2021).
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Pazpabomka agmomamu3upo6antvix n00X0008 K CKAHUPOBGAHUIO 30AHUIL C UeIbIO
nocmpoenus uyugposoit 3D-wooenu ¢ npumenenuem MaAbIX 1eMAMeEnbHbIX
annapamoe

Masxoe Bumanuu Anexcanoposuy

HUncemumym gvruuciumenvro2o mooeauposanusi CO PAH

B Hacrosiiee BpeMs CTOUT BOMPOC CO3/AaHUS HUPPOBBIX JBOMHUKOB CYIECTBYIOIINX 3/TaHUH.
OnHOI U3 OCHOBHBIX KOMIIOHEHT M(POBOro JBOWHUKA 3[aHUS SBISAETCS €ro KommbioTepHas 3D-
MoJielb. ByMakHble BepCcHU MOATAXKHBIX IUIAHOB y YacTH 3[JaHUIl OTCYTCTBYIOT WJIM TpPeOyIOT
aKkTyanu3anuyd. Bo3HuMkaeT mnoTpeOHOCTh B pa3pabOoTKe aBTOMATHUECKUX WM XOTS OBl
ABTOMATU3UPOBAHHBIX 3KOHOMHYECKH BBITOJAHBIX METOJOB CKAaHMPOBAaHUS 3IaHUM C LEJbIO
MOCIIEAYIOMIETO CO3JaHus KOMITbIoTepHBIX 3D-Moaeneit. Hactosmas paboTa nmocsiieHa pazpaboTke
TEXHUUYECKUX U aJITOPUTMUYECKUX PEIICHUN I peau3aliy TaKoTro MoaXoAa.

Puc. 1. Jlazepnoe u pomo ckanuposanue 30anus ¢ pasHvlx modex u pakypca.

[lenpto wuccaegoBaHUs ABISETCS CO3JIaHUE aBTOMATU3UPOBAHHOrO Tmoaxoma k 3D-
CKaHHPOBAHMIO 3aHUN, TOMELIEHUH U MTOCIEAYIOIIEr0 CO3/1aHNs KOMITbloTepHOU 3D-Mozaenu.

3amaun uccieq0BaHus:

* pa3paboTKa COCTaBa yCTPOUCTBA JUIsl CKAHUPOBAHMUS,

* pa3paboTKa aJITOPUTMOB CKaHHUPOBAHUS, COXPAaHEHUS, aHATIN3a MOyYeHHOU NH(OpMAaLINK;

* KOHBepTaIus (mpeoOpa3oBaHue) B 3aJaHHBIN (hopMaT XxpaHeHus: 3D-Moaenu 31aHusl.

B pesynbrate paboThl 0XKMIAETCS TMOJYYUTh HOBBIM CIMOCOO JUIsl  BBIMOJIHEHHS
aBTOMATH3UPOBaHHOTO 3D-ckaHupoBaHus 31aHuil U co3nanus 3D nndpoBoit Moienu 31aHus.

B Hacrodgmmii MOMEHT WAET U3YyYCHHE TEKYIIEeW CUTyallud, CBA3aHHOW C YK€
UCTIOJIb3YEMBIMH TMOAXO0JaMH K CKAHUPOBAHUIO 31aHUH U TOMEIICHUH JUIsl TOJTyYeHHs HH(pOpMaIuu
0 3D-Bune 00beKkTa CKaHUPOBAHUS (AHAJTU3UPYIOTCA CIOCOOBI, UCHOIb3yEMblE U CYLIECTBYIOIINE
TEXHUUYECKHE YCTPOICTBa, anroputmsl [ 1]). Ha Tekymuniit MOMEHT pakTHKa IPUMEHEHUS IPOHOB 11
CKaHUPOBAaHMS 3IaHUN CHapyxu Yyxke wumeerca, Puc.l. [lpumeHeHue APOHOB M9 H3Yy4YEHUS
BHYTPEHHEIO YCTPOMCTBA 3/aHUSI MMEET CBOM IMPOOJEMHBIE MOMEHTBI, MPEOJOJIEHHUE KOTOPBIX
ABJIIETCS OJHUM U3 TMPEIMETOB HACTOSAIEro HcciefaoBaHusa. Pemmaercs 3amada  mogbdopa
KOMILIEKTYIOIINX B LEJSAX IPUMEHEHHsI IPOHOB IS BBIIIOJHEHHUS CKaHUpoBaHusl. Pa3pabareiBatoTcst
AJITOPUTMBI IPOBEAECHUS CKAHUPOBAHMUSL.

Hayunsrit pykoBogutens: Kupuk E. C.
Jluteparypa:

[1] XKypasneB A.A., [Tapdeno B.A., Peapka [[. H. JlazepHoe 3D-ckaHupoBaHue: METOIUIECKIE
yKazaHus K JabopaTtopHbIM paboram, U3n-so CIIOIDTY, 2016.
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Beo-unmepdpeiic 0nsa omoopasricenusn u 63aumooericmeus ¢ OGHHbIMU
memnepamypHnozo npogpunemepa

Manumonos Maxcum Heopesuy
KHI] CO PAH

TemnepaTypHble WHBEPCHH, NPEMATCTBYIONINE BEPTHKAIBHBIM IEPEMEIICHUSIM BO3/yXa,
CrocoOCTBYIOT 00pa30BaHMIO O0JIAKOB, TyMaHOB, cMora U T.A. B ropome KpacHosipcke B 3uUMHMIA
nepuoJl HaOJIIOAAIOTCS MHOXECTBEHHBIE TEMIIEpaTypHbIE WHBEPCHUH, KOTOpPbIE MPHUBOIAT K
3arps3HEHUIO BO3yXxa B ropoze [1-2].

Jlns  HaOdrofeHust 3a TEMIIEPAaTypHBIMH HHBEPCUSMH HEOOXOIUMO  CHEelHaIbHOE
o0opyloBaHHE W TPOrpaMMHOE oOOecreueHrne, KOTOpOE IMO3BOJIMT COOMpaTh M aHAIM3UPOBATH
uHpopmanuio 06 armochepe U TemnepaTypHoii nuuBepcuu. s 3tux neneit Opl1 pazpaboTaH cepBUC
«J/lanaple TemmepatypHoro mnpodunemepa KHI[ CO PAH». JlanHblid cepBHC TO3BOJSET
IPOCMAaTPHUBATh TEMIIEPATYPy aTMOC(Epbl, TEMIIEpaTypHbIE HHBEPCUH, TEPMOTPAMMBI U JIaBJICHHE.

TEANERATYDHER KBS CHA TewARpaTymaR AnBspEA . - J

'.I' ql-

Puc. 1. I'pagpux memnepamyphvix uneepcuii. Tennosas kapma nokazvléaem Cuiy
memnepamypHuix uneepcuil 8 epadycax Llenvcus no evicome, nunelinbie 2paghuku nNOKa3vl8arom
cymMMy memnepamypHulx uneepcuii 6 epaoycax Llenvcusa (Cymmapnas — cymma 6cex uHgepcuti 3a
00HU cymku, HudcHas — nepeas ungepcus 3a Cymku,).

Vcnonp30BaHne TaHHBIX TEMIIEPATypPHOTO MpoduieMepa U pa3IUuHbIX MPEICTaBICHUH ITHX
JTAHHBIX, TI03BOJISIET CIIPOTHO3UPOBATh HEOJIArONPUATHBIE METEOYCIIOBHSI B TOPOJIE.

Cepauc pazpabotan ¢ momotpio ppeiitmBopka Vue.js, mporpammuoi miaatdopmer Node.js u
rpadudeckoit ondmuorexku Buefy.

Jlureparypa:

[1] HeprynoB A. B., fky6aiinuk O. D., Pernonansusie mpo0daemMbl AUCTAaHIIMOHHOTO 30HIUPOBAHHS
3emiu 2021, C. 174-177 (2021).

[2] Tokapes A. B., Hlanapes H. f1., fxy06aitnuk O. 3., ENVIROMIS 2020, C 261-264 (2020).
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Oonomepuasn mooenp A61eHUA «CYXO020 KUNEHUS) CbInYYell Cpeobl
Manviwesa Kanna Onezosna
HUncemumym gvruuciumenvrozo moodenuposanus CO PAH

WHTEpeCHBIM SIBIIEHMEM B IMHAMMKE CBIMIYYMX CpeJ NPEACTABISAETCS «CyXO€ KHUIICHHEY,
KOTJa 3a CYeT B3aMMOJCWCTBUS BOJH, BBI3BAaHHBIX HMMITYJILCHBIM HarpyXeHuem, o0pa3yroTcs
Pa3pbIBbI CINIOUIHOCTH, MOAOOHBIE My3bIPSIM B KHUITSIIEH ®KUIKOCTH. Tak MpOMCXOJUT IOTOMY, 4TO
ChIlly4asl CpeJla UMEET KOHEYHBIM MOAYJIb YIPYTOCTH IIPU CKATUU U HE OKA3BIBAET COIPOTUBIICHHUS
PaCTATHBAIOIIKM YCHIIUSAM, a IO3TOMY B HEH HEBO3MOKHBI PACTATMBAIOIINE HAIIPSKECHUS.

PaccmarpuBaeTcs IIOCKUM CIIOU CHIITy4el Cpelibl, HA HUPKHEN TpaHuLie KOTOPOro NEUCTBYET
JUHAMUYECKOE BO3MYILIEHHE M3 OJHOTO WM HECKONbKUX II-00pa3HBIX HMITyJbCOB aBJICHUS,
PaBHOMEpPHO pACHpEIeNIEHHOrO [0 TpaHHIe ciosd. BepxHss rpaHuna sBIseTcs CBOOOJHOM
IOBEPXHOCThIO. BoslHa HarpyxeHusi, oOycCJIOBIE€HHas IEHCTBHEM HMILYJbCa, PACHpPOCTpPaHIETCS
BOBHYTPb CJIOSI U, OTPaXKasCh OT CBOOOAHOI MOBEPXHOCTH, BCTPEUAET HA HEKOTOPOH IITyOMHE BOJIHY
pasrpy3ku. B aToM MecTe B chlllyueil cpefe oOpaszyercs pa3pblB CIUIOIIHOCTH — JBA CIIOS CPEJbI
pacnajgarTcs U JABHXKYTCA OTHOCHUTEIBHO Jpyr Jpyra C pasHbIMH CKOpoCTAMH. JlencTBue
IOBTOPHOI'0 HMIIYJIbCa IPUBOAUT K OTPa)KCHUIO BOJIHBI HAarpyKeHus yxe oT oOpa3oBaBLIEHCS
NOBEPXHOCTHU pa3pbiBa. [Ipu BcTpede oTpa’keHHOM BOJHBI ¢ BOJHOM pasrpy3Ku oOpa3yercsi HOBBIN
paspeiB. U Tak nanee, eciu AEeHCTBHE UMITYJILCOB IIOBTOPSAETCS MHOTOKPATHO.

BrluncnurenbHbll aITOPUTM OCHOBAH Ha MeToe [ '0yHOBa € pa3pbeIBaMu [TapaMeTPOB CPEIbI
BHYTPH pacueTHOW obnactu. B paGore nmpuBeneHs! pe3ybTaThl YUCIEHHOTO PEIEHUs 3a7ayd IO
cxeMme ['onyHoBa [1] co cnennanbHOM KOPPEKTUPOBKON CKOpPOCTEN M HaNpshKeHUH [2, 3] ans ydera
Pa3HOTO CONPOTHUBIIEHUS CPEABl PACTSHKEHHUIO U CKATHUIO, IIPU MOJAa4Ye JBYX MMITYJIbCOB JABJICHUS,
CIIENYIOIIUX APYT 3a APYIOM 4Yepe3 ONPEAEICHHBIN IIPOMEKYTOK BPEMEHH.

Ha pucynkax mpociexuBaercsi KapTUHA B3aUMOJICUCTBUS OTPaKEHHOM BOJIHBI C BOJIHOM
pa3rpy3Ku, IpUBOAALIETO K 00pa30BaHUIO PAa3phiBa CIJIOUIHOCTH. 3aTEM MOSIBIIIETCSI BTOPOM Pa3phIB,
00yCJIOBJICHHBIM JEHCTBHEM HMMITyJIbCa TIOBTOPHOT'O HArpyXXeHHUs C JaBJIeHHEM p; = 2p,. Manee
BTOPOIl OTIENMMBINUKACS CIOW CpeAbl JOTOHSIET TMEpBBIM, Tak Kak o01anaeT BABOE OOIBIIUM
UMITYJIbCOM, U IIPOUCXOAMUT CXJIONBIBAHUE pa3pblBa MEXAY CIOSIMHU C 00pa30BaHUEM OOILEro CIOs.

PesynpTarel mosyueHsl npu npenenbHoM Io yciosuio Kypanta — ®puapuxca — JleBu
3HAYEHHUH 11ara CeTKH 10 BpeMeHHU. [Ipyn MeHbIEeM miare pa3HOCTHAsl CXeMa CIJIaKMBAET Pa3phIBBI,
OJIHAKO KaYECTBEHHOE IOBEICHUE PELICHUS OCTACTCS TAKUM KE.

Pabora nmoanepxana KpacHOSIpCKMM MaTeMaTHUECKUM LEHTPOM, (UHAHCUPYEeMBIM MHHOOpHAYKU
P® B pamkax MeponpuATHi IO co3MaHMi0 B pa3BuThi0 peruoHanbHBIX HOMI (Cormamenue 075-02-2022-
873). bnarogapHocTs coaBTopy padoTsl B. M. CagoBckomy.

JIureparypa:
[1] Godunov S. K., Zabrodin A.V., Ivanov M. Ya., Kraiko A.N., Prokopov G. P. Chislennoe
Reshenie Mnogomernykh Zadach Gazovoi Dinamiki [Numerical Solving Many-Dimensional
Problems of Gas Dynamics]. Moscow, Nauka, 400 p. (1976).
[2] Sadovskaya O. V., Sadovskii V. M., Num. Meth. Prog. V.6, PP. 209-216 (2005).
[3] Sadovskaya O., Sadovskii V. Mathematical Modeling in Mechanics of Granular Materials. V. 21
of Advanced Structured Materials. Heidelberg — New York — Dordrecht — London, Springer, 390 p.
(2012).
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Texnonozusn oopabomku cnymnukoevlx oannvix Landsat 8 ons eoccmanosienus
nomepAHHOI UHpOpMayuu nPU LIYUCTEHUU MEeMNEPAmypbl HOBEPXHOCHU

Mamys’lco AJZ@KCCIHODCI KOHCWZCZHI’I’ZMHOGHG
®UI] KHI] CO PAH

[IpumeHeHHs] CIyTHUKOBBIX JAHHBIX AJIs aHAlM3a HCCIEeTyeMONW TEpPUTOPUH IO3BOJSET
pemars 3a1a4y 110 aHAJIU3y TOPOACKUX TeppUTOpui. Mcrosb30oBaHME NAHHBIX TEIUIOBOM CHEMKHU
pelIaer 3a7aun Mo MOUCKY TEIIOBBIX OCOOEHHOCTEH, HAXOXKIECHUIO TEPPUTOPUATILHBIX U3MEHEHHM
(HampuMep, He3aKOHHast pyOKa JIECHBIX TePPUTOPUI, 00pa30BaHHE CTUXUWHBIX MYCOPHBIX CBAJIOK).
D¢ GhEeKTUBHOCTh pelIeHUsT 3a7ad 10 aHAIW3y TEPPUTOPUU 3aBUCHUT OT KadecTBa 0OpabOTKH
CITyTHUKOBBIX JTaHHBIX [1].

B navane 2021 roga cranu 10CTYITHBI HOBbIE aJITOPUTMBI I pacueTa TeMIepaTypbl 3eMHOU
MIOBEPXHOCTHU CIYTHHKOBBIX MaHHbIX Landsat 8, kotopsie momyunnu HazBanue 8 Collection 2 Level
2. B HHUX BKJIIOYEHBI HOBBbIE QJITOPUTMBI aTMOC(epHO KOPpPEKLHH, YTO TO3BOJUIO YBEIUUUTH
TOYHOCTh TOJYYEHHOH TeMmmepaTyphsl. MccinenoBaHue HOBBIX JaHHBIX BBISBUJIO 3HAYUTEIHHYIO
IOTEPI0 Ha Tepputoputro ropoaa KpacHosipcka, KOTOpass COCTaBIAOT oOKono 25% 1o
aIMMHHMCTPAaTUBHONW TpaHULE ropona. Takas moreps MpOM30ILIa H3-32 YACTUYHOIO OTCYTCTBUS
nanabix  ASTER nns pacuera koddduimeHta 5SMHCCHH, KOTOPbIE OBUIM  HCITOJIB30BaHbI
npencraButensiMu Landsat 8. ITogpoOHoe u3yueHHE anropuTma, HUCHOIB3yeMOTO IpU pacyere
TeMrepaTypbl 3€MHOM IOBEPXHOCTU [2], MO3BOJUIIO CaMOCTOATEIBHO PACCUUTATh IMOTEPSHHBIC
JAHHbIE TIPH 3TOM COXPAHUTh BAXKHbIE IIOKa3aTeNd aTMOCHEPHOW KOPPEKUUH M TOYHOCTH
MOJTy4YeHHBIX 3HaueHuU. [{st Berunciaenus: kodhuurueHTa SMUCCUH OBLIIM MCIOJIb30BaHbl KPACHBIN
U uHOpaKpacHbI crnekTpaibHble KaHanbl Landsat 8. HoBbIif anroputM OCHOBBIBaeTCS Ha
npenocraBieHHbIX 3HaYeHUsAX Landsat 8 Collection 2 Level 2 TeruioBoro uznydenust (ST _TRAD),
Bocxosmero u3nyuenust (ST _URAD), npo3paunoctu armochepst (ST ATRAN), nonanaromiero
nznyderus (ST _DRAD), kak nokasano B popmynax (1,2):

SurfRad = ST_TRAD - ST_URAD (D)
HRaS = T ST _ATRAN
Radiance = SurfRad — (1.0 — €) * ST_DRAD 2)

[TommydyeHHbIe JaHHBIC MO3BOJISIIOT MPOBOJIUTH PAcUeThl IJIs aHalW3a TEMIEPATyPHBIX
ocoOeHHOCcTel Ha Tepputopuu ropoaa Kpachosipcka. [lpuHuMas BO BHHUMaHHE OCOOCHHOCTH
TEPPUTOPHUH, TMOAOO0paHBI OECCHEKHBIC M 0€300JIaUHbIE CIICHBI. YUHTHIBAs, YTO HOBBIA alTOPUTM
BBIYUCIICHUH, COCTOMT W3 7 WIaroB, OBUIO TMPHHATO pEIIeHHE O HEOOXOJMMOCTH HANUCAHUS
MPOrPaMMHOTO TMPOJYKTa JUIsI WX peanu3aruu. ABTOMATH3AIMS IMPOIECCa MO3BOJISET YCKOPUTH
TIOJTyYCHHE KapThl TEMIIEPATyphl 3¢MHOHM MOBEPXHOCTH HA JIIOOYIO TEPPUTOPHUIO, a HE TOJIBKO Ha
TeppuToputo ropona Kpacnosipcka. BHeapenue anroputma CHUXKaeT OMMOKH, KOTOPhIE MOTYT OBIThH
BBISIBJICHBI TIPU PYYHON 00paboTKe.

JIureparypa:
[1] TocreBa A. A., Mary3ko A. K., Sky6aitnmuk O. D. M3BecTrs BhICIINX y4eOHBIX 3aBEICHUM.
Onektponuka, T. 26, Ne 3-4, C. 314-323 (2021).
[2] Laraby, K. Landsat surface temperature product: Global Validation and Uncertainty Estimation.
Rochester Institute of Technology: RIT Scholar Works (2017).
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Kpynuomooyavnoe pacnapannenueanue memooa lllaiioypoea cpeocmeamu
ouonuomexu TPL

Monssgxko Auna Anopeesna

HUncemumym gvruuciumenvro2o mooenuposanusi CO PAH

B Hacrosmiee BpeMst B 00:1acté OMOMH(DOPMATHKH OCHOBHBIM METOZIOM CPAaBHEHHSI U TIOUCKA
B I€HETHYECKHX IOCIICIOBATEILHOCTSX SIBIISETCS BhIpaBHUBaHUE (aHrn. alignment). B pabote [1]
OBUT TIPEVTO’KEH HOBBIA METO] CPAaBHEHUS, MPUHIUITHAILHO OTIMYAIOIINICS OT BhIpaBHUBaHHS. B
€ro OCHOBE JISKHUT IpeoOpa3oBaHuE CUMBOJIBHBIX MOCIIEI0BATEILHOCTEH B ONHAPHBIEC M BRIYMCICHHE
CBEPTKHU MOCIeTHIX. MeTo ObUT pean30BaH B BHJIE MPOTPaMMBbI Ha sI3bIKe MTporpammupoBanus C#.
[Iporpamma Obula HamucaHa ¢ y4deToM HaumbOonee 3(p(QEeKTHMBHOTO HCIOIB30BAHMS OINEPATUBHOU
namsta. [Ipu pacnapaimienMBaHUM MBI OTKa3aJHCh OT ATOrO YCJIOBHS W MOAU(DUIIUPOBAIN 4YacTh
anroputma. Ilycts Tgp; — BpeMs BBINOIHEHHS MOCIENO0BATENLHON IPOrPaMMBbl 10 MOAU(UKAIIUH,

a -~
Tseq — mocne momupukanuu. Yepes TS’;q 0003HAYEHO BpEeMsS BBIIOJHEHHUS TOM YaCTU
. se
IPOTPaMMHOTO KOJa, KOTOpasi MOXKET OBITh YCKOpEHa 3a CYET pacmapajyieIuBaHus; yepes Tseqq —
__ mpar seq

BpPEMs BBINOJHEHUS YaCTH, KOTOPYIO HENb3sl YCKOPUTh. O4eBUIHO, Tseq = Tseq + Tseq » TIPUUEM
Tpar Tseq
seq 1 Tseq MOMKHO SIBHO H3MCPHTb.

OTmeTHM, 4TO B CHIIy @JIrOpuTMa KPYyNMHOMOJYJIBHOE paclapajljieIMBaHUE I P NOTOKOB

ar 1][K
MPUBOJIUT K COKPAIIICHUIO BPEMEHHU Tsiq HE B TPAJMLMOHHBIC P Pa3, a B [;], riae K — MOIHOCTh

anaBuTa CpaBHMBAeMbIX IMoOcienoBareabHOCTe. [loaTOMy TeopeTrueckoe BpeMsi BBIIIOJIHEHHUS
rpar

o v se
YCKOPEGHHO! NPOrpaMMbl, BBHIIONHSEMO P MOTOKamH, oucHuBactes Kak Tp' = To . + Iseq [ l

Hcxoas u3 3Toro, Mbl MOKEM BBIYHCIUTH TEOPETHUECKOE YCKOPEHHE MapalljieIbHON HpOFpaMMBI Ha

. Ts,
P IOTOKAX I10 OTHOLICHHIO K BPEMEHH JIy4IlIed U3 [I0CIIeI0BATEIbHBIX IPOrpaMm: Sg' = ~gi.
Tp

L e T T (rae Pl PRk OLLE]

Puc. 1. 3asucumocmo YCKOpEHRUA U 6pEMEHU 066[))(?@061 om KoJjludecmeda nomokKoe.
*

PeanbHoe yckopenue S, =

. mSseq o mpar o
nocnenoBarensHoi T, ° w mapamnenbHon T, dacTedl mporpammsl Uit kaxmoro p = 1,...,20.
par

Tockomsky T, = T, + Tg ™" = Tepg + e [ ] + T,2Ve", Mbl MoxeM oLeHUTb oBepxen T,y ¢" (puc.

1.

Pabora mogmepxkana KpacHOSpCKMM MaTeMaTHYECKHM IICHTPOM, (puHAHCHpyeMbIM MuHoOpHayku PD B
paMKax MEpOTPHUATHI IO CO3MaHMI0 M pa3BuTHio pernoHadbHIXx HOMI (Cormamenue 075-02-2022-873).
Agtop omarogaput E. JI. KapenoBy, M. I'. Cagosckoro u B. B. IllaiinypoBa kak coaBTOpoB pabOTHI.

JIureparypa:
[1] Molyavko A., Shaidurov V., Karepova Eu., Sadovsky M., LNBI, vol.12108, pp. 472—481 (2020).
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Pacuem nanpsascenno-oepopmupoeanno2o cocmoanus KOMnO3UmMHoU
NJIACMUHKU C HEU38ECHHBIM NOJI0MHCEHUEM HElIMPAIbHOU NOGEPXHOCMU
llempaxos Heopv Eezenvesuy

HUncemumym goruuciumenvroz2o moodenuposanus CO PAH

KoMmo3uTHble Marepraibl SBISIOTCS CYyIIECTBEHHO Pa3HOMOAYJIbHBIMU, T. €. X IOBEJCHUE
P PACTSHKEHUH M CYKATUU XapaKTepU3YIOT pa3Hble MOy ynpyroctu. B padore [1] mokasano, uTo
JUIsI HEKOTOPBIX KOMIIO3UTOB, apMHUPOBAHHBIX CTEKJIOBOJIOKHOM, OTHOLIEHUE MEXKAY MOJIyJIEM
CKaTHUs K MOJYJIIO PACTSKEHUS MOXKET JOCTUTaTh BOCBMU.

B pabote paccmarpuBaercs 3ajada pacuera HanpspKEHHO-Ae(OpMUPOBAHHOTO COCTOSIHUS
MHOTOCJIOMHOM KOMIO3UTHOM TIJJACTUHKH, IO-Pa3HOMY CONPOTHUBIISIOMICHCA PpACTSOHKEHUIO U
CKAaTHUI0, B KOTOPOW IOJIOKEHUE HEUTpPAIbHOM NMOBEPXHOCTU 3apaHee Hen3BecTHO. C IOMOUIbIO
000011IEHHOTO PEOJIOrMUECKOT0 METOo/1a [2] MOIyUYeHBI ONpeAeaoNIie ypaBHEHUS U BRIPAXKCHUS JJIs
pacuera HampspkeHUH depe3 nedopmanuu. YucieHHOE pelieHHe 3a/adyM IMOJYYEeHO C MOMOIIBIO
METO/1a KOHEUYHBIX AJIEMEHTOB M METOJA HaydalbHBIX HANPSDKEHWM, HAa KaXJOM ILIare KOTOPOro
pelaercs 3aja4ya MUHUMH3AIMH CIEIYIONEr0 HHTErPajabHOro (PyHKIIMOHANA:

h/2
1 d
J(w) =Eﬂ- j g:(a+b):e—b:N(e" 1) e dxs — 2qu dx, dx, —f (QU+M£>dS'
Q -h/2 r

IJ€ U — UCKOMBI BEKTOP MEPEMENICHU B CEYEHHUM IUIACTUHBI CPEAMHHON IJIOCKOCThIO 2, € —
aByMepHast obnacts ¢ rpanuneii I, q(xq, x,) — pacnpenenenHas nonepednas Harpyska, Q (xq, x,) u
M (xq,x;) — ycuiare ¥ U3rHOAIOMINi MOMEHT Ha Kpasx IUIACTHHKH. JleopMaiuu & BBIYUCISFOTCS
yepe3 IepeMeleH st cortacHo Teopuu ractud Kupxroda-Jlsga:

ou 0°w ov 0°w 1/0u ov 0*w
(5 * )
dx,  0xq

£y =———X3— €10 = — — X3 —> €1 == —X3———.
7 0x, T3 ox?’ 27 0x, T3 ox2’ 1272 30x dy

1 2

s |
£

Puc. 1. Hz2ub komMno3ummot niacmunku noo oeticmseuem 08yx Cull.

IIpoBeneHBl  BBIUMCIMTEIBHBIE  OJKCIEPUMEHTBI M IIOKa3aHO  BIUSHHE  y4eTa
Pa3HOMOIYJIBHOCTH Ha TOJIy4eHHoe pemieHue. Ha puc. 1 mpeacraBieHbl mporuObl OJHOCIONHOM
IUTACTUHKH C YYETOM Pa3HOMOJIYJIBHOCTH TOJ JAEUCTBHEM JIBYX MPOTHBOIIONIOXHO HAIIPaBICHHBIX
CHIL

Pabora BemmonHena npu ¢(uHaHcoBoi moanepxkke rpaHta PODOU Ne 20-31-90032. BrnaromapHocTh
coaBtopy pabotsl B. M. CagoBckomy.

JIureparypa:
[1] AmOapitymsia C. A. PasnomonynbpHast Teopus ynpyrocta. Mocksa: Hayxka, 1982.
[2] Caposckas O. B., Canosckuit B. M. Matematnueckoe MOI€TMPOBaHUE B 3a/1a4aX MEXaHUKHU
ceinyunx cpen. M.:@U3MATIINUT, 2008.
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JavaScript-oudnuomexa ona eusyanuzayuu npocmparncmeennvix GRID-oannvix
Ilywkapes Anexcanop Anekcanoposuy
KHI] CO PAH

Buzyanuzanuus GRID-naHHbIX SBIsSI€TCA HEOTHEMJIEMOW YACThIO COBPEMEHHBIX MHTEPHET-
I'C, xak npaBuiio B TakoM (popmarte mpeICTaBICHbI TaHHbIE PACUETHBIX MOJEIIEH, UCIIOIb3yEeMbIE B
pasHbIX cdepax MesTETHbHOCTH YeIOBeKa: IKOJIOTHS, CelIbcKoe X03s1cTBO U aAp. [Topranst Windy u
Ventusky npenoctaBisiioT CBOMM IMOJIB30BATEISIM JaHHBIE MOJEJeH MPOTHO3UPOBAHMS MOTOJIBI
(ICON, GFS, ECMWEF), npoektst PolarGlobe u Earth mpemocraBmsitor 3D-Busyanuzammio [1].
OpnHako 3TH IPOEKTHI HE UMEIOT BO3MOKHOCTH IIOMEHSTh MPOEKIUIO KapThl, a JAHHBIE TPOLUIBIX JIET
MPEAOCTABIISAIOT TOJIBKO IO MOJIHUCKE.

MeTteoposnoruiyeckie JaHHbIE MOJENEN paclpoCTPaHSIIOTCS OECIUIaTHO, OJHAKO OTKPBITHIE
WHCTPYMEHTBI JUIsl BU3yalM3allud TaKWX JaHHBIX B BeO-Opay3epe He 00Iamar0T JOCTATOYHBIM
¢dbyukmuonamom. B manHoit paboTe mpencTaBiieH MporpaMMHBIN TpoyKT (JavaScript- OubaunoTeka),
no3BoyisIomMi  BuzyanmsupoBaTth GRID-nmanHbple B Opay3epe ¢ HMCHOIB30BaHHEM OTKPBITHIX
Kaprorpaduueckux OubIMoTeK, Takux Kak leaflet m openlayers.

bubnmoreka ucmonb3yeT BO3MOXKHOCTH proj4 st mpeoOpa3oBaHUSI UCXOIHBIX JAHHBIX K
1000 MPOEKIUHU «Ha JIETY». B 0CHOBe JIexUT OMMHeHas HHTEPIOJIALUS, T03BOJISIONIAst CrIIagUTh
ucxonuele naHHble. Taxxe B APl mpegycMoTpeHbl BO3MOXKHOCTHM KacTOMM3AlMK PACKPACKH,
MOJTYYCHUS 3HAUCHUSI B JIIOOOW TOYKE M CO3/aHME CIIOS C YUCITIOBOM BU3YyaU3aIHCH.

F..
ki i
M e e B — - i i Sl

= i il a

Puc. 1. Croii memnepamypvl HOGEPXHOCMU 3eMU, CCEHEPUPOBAHHBIU 6 NPOEKYUU
EPSG:3576.

JlanpHeHIUM pa3BUTHEM OHOIMOTEKH sBJseTCs Tmepexon oT BbumcieHnid Ha CPU
BeruucineHusiM Ha GPU ¢ npumenennem texHonorun WebGL [2], 9TO MO3BONUT YBEIUYHUTH
IIPOM3BOIUTENBLHOCTh B HECKOJIBKO Pas3.

Jlureparypa:
[1] Sizhe Wang, Wenwen Li, Computers, Environment and Urban Systems, V.77 (2019).
[2] Dongwei Liu, Jie Peng, Yanyu Wang, Meijin Huang, Qianshan He, Yafei Yan, Bingxin Ma,
Caijun Yue, Ying Xie, Environmental Modelling & Software, V.114, P.188-194 (2019).
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006 omoobpasicenuu yoapHuwvix npoyeccos 8 Ni10CKOCmu noaap
Cuzacko Bcegonoo
Huemumym mamemamuxu u ghynoamenmanvrou ungpopmamuxku COY

VY aapHbele ra3oguHaMHYecKHe mporecchl [l] HaluM IMHMPOKOE NPUMEHEHHE B PAKETHO-
KOCMHUYECKOW TEXHUKE TPH CBEPX3BYKOBBIX CKopocTsax (M>1). JlanHHoe HampaBlieHHE MOJTYYUIIO
Tom4oK B 50-bIXx rogax XX BeKa, KOT/Ia BO3HUKAJIM HOBblE HAy4HbIE HANpaBIIEHUs, B YaCTHOCTH,
dusnueckass ra3zoBas JAUHAMHKA, HU3y4Yalollas TEYEHHE CXKMMAEeMOro Ta3a CcO CKOPOCTSMHU,
MPEBBIIAIOIINMHU, U BBICOKUMHU TEMIIEpATypaMHu.

OcobenHocThIO  yOapuwix  6oan  (YB)  sBmsieTcss  ckadukooOpa3HOe  WM3MEHEHHE
MaKpOCKOIMYECKHX Ta30JMHAMUYECKUX IapaMeTPOB MOTOKA, TaKUX KakK JaBJIEHHE, IUIOTHOCTb,
TeMmnepaTrypa U ckopocth. [IpuHumasi BO BHMMaHue, 4To YB uMeeT TONIMMHY Nopsiaka cpeaHen
JUIMHBI CBOOOJHOTO Tpodera MoJjeKkyn (Mpu arMoc(epHOM JaBICHWU M BBIIIE), OHAa OOIagaeT
MPAKTUYECKHU HYJIEBOI MPOTSKEHHOCTHIO. JTO MO3BOJISIET paccMaTpUBaTh €€ Kak MaTeMaTHYeCKUun
pa3pbIB MEPBOTO PO, CBSI3aB KOHEYHBIE MapaMeTpPhbl TAKOTO ra30JMHAMUYECKOTO pa3phiBa 10 €ro
00e CTOPOHBI JIOKAJIBHBIM YCIOBUEM JUHAMUYECKOW COBMECTHOCTH: yclIoBUsIMU Penkuna-I toroHno
WM Ha KocoM ckauke yniomuenus (CY) [1-4].

B cBoeit pabore byszeman 3amoxmyi OCHOBY TpadHUuecKHMX METOJOB pPEIICHHS 3a1ad o0
UHTEepPEPEHIINH Ta30IMHAMHYECKUX Pa3pbIBOB C MOMOILIbI0 yoapuwix noaap (YII) [3]. Ux eme
HA3bIBAIOT CEPJALIEBUIHBIMU KPUBBIMU WM n3oMmaxamu. [Ipumepamu npumenenuss merona YII
SBIISIOTCS: 3aJjadya TOPMOXKEHHMsS IIOTOKAa JO CKOPOCTH, MEHbBIIEH CKOpPOCTH 3ByKa, a TaKxke
orpeziefieHue TPEENbHOTO yIila, Ha KOTOPBIA KOCOM CKauoK CHOCOOEH OTKJIOHUTH IMOTOK 0e3
00pa30BaHUs OTOLIEIINX YAAPHBIX BOJIH.

JlnnaMyKa y1apHO-BOJIHOBOTO Tporiecca B cirydae CY MoKeT ObITh IPEICTaBIICHA HA Y IapHO-
BOJIHOBOM IUIOCKOCTH (3aBHCHMOCTh yria moBopora moroka Ha CY OT ero HMHTEHCHBHOCTU
(otHomenue napnenus 3a CY K IaBJICHHIO 10 HEro)). MaTtematudeckuii anmapat YII crpoutcs Ha
cooTHomIeHUsIX PenknHa-I'toronno m paboraer B OONBLIIMHCTBE CIIy4aeB JOCTOBEPHO Nake MpHU
MOJIEJTMPOBAHUU TEUEHUN BA3KOTO TEIUIONPOBOJHOTO Ta3a mpu OonpmMX 4yuciax PeiHomnbiaca,
OJTHAKO UMEIOTCS UCKITIOUCHHUS TIPH JICHCTBUU HECKOIBKUX (PaKTOPOB OJJHOBPEMEHHO [5,6]. B ciyuae
HEnpepbrIBHOTO Mpoduias yucia Maxa KOJWYECTBO MEPBUYHBIX W/WIM BTOPUYHBIX YII momxHO
CTpPEMHUTbCS K OECKOHEYHOCTH WJIHM, B KpailHEM cCilydae, paBHATHCS YABOSHHOMY YHCIY Y3JIOB
pacdeTHO ceTKH. ODTO MOXET BHECTH TEXHHUYECKYI0 CIIOKHOCTh B Ipolecc TIpaduyeckoro
IpEeJCTaBICHUS MTOJIyUYEeHHBIX pelieHuil. B cBs3u ¢ 3TUM B 1aHHON paboTe OCYIIECTBIIEH MEPEXOa K
OTOOPaKEHUIO TIIAJKON TPEXMEPHOH MOBEPXHOCTH (AHATIOTY TOJISIP) — YOAPHO-B0IHOB020 NOAAPOUOA
(repmun B. H. Yckoga).

JIureparypa:
[1] I'puddurc Y. Y aapusie Boabl. COBpeMEHHAs THIPOIMHAMHKA. Y CIIEXH B MPOOIeMbl. M. :
Mup, 1984
[2] Xei3 VY. JI. OCHOBBI TEOpHU Ta30JUHAMUYECKHUX Pa3pbIBOB. OCHOBBI ra30BOM AMHAMUKU. M.:
W3pa-Bo unoctp. nut., 1963
[3] By3eman A. I'ogorpaduueckuiit MmeTos ra3oBoit nuHamMuku. ZAMM. Ne 17(2), C. 73-79 (1937).
[4] AnpuanoB A. JI., Crapeix A. JI., VYckoB B. H. HWaTepdepenmus crannoHapHBIX
razoguHaMudeckux pa3pbiBoB. HoBocubupck: BO «Haykay». Cubupckas nznarensckas pupma, 1995
[S] AnpuanoB A. JI. MaremaTu4eckoe MOACIMPOBAHUE YJIAPHBIX TEUEHUU MACATBHOTO M BA3KOTO
TETUIONPOBOAHOTO ra3a Ha OCHOBE JUCKPETHO-aHATTUTHYECKOTO TIOIX0/1a: MOHOTpadusl.
Kpacnosipck: Cub. penep. yu-t1, 2016
[6] AnpuanoB A. JI., Cuzacko B. O HEKOppEeKTHOM NPEACTABIEHUH YIaPHOIO IIpoLecca Ha
YAAPHBIX MOJISIpaxX B BA3KOM TEIUIONPOBOIHOM Ta3e. CHOMPCKUA a3pOKOCMUYECKUH KypHai. T.
22, Ne 4, C. 558-567 (2021).
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Pewenue 3a0auu 0 0suxcenuu 6:A3K0l MenaonpoeoOHOI HcUOKOCHU 6
6epMUKANbHOU mpyde 6 ciyuae CmayuoOHAPHO20 U HECMAYUOHAPHO20 MeYeHUTl
Ynopoesa Anéna Heopesna

HUncemumym gvruuciumenvro2o mooenuposanusi CO PAH

B pabote paccMarpuBaroTcs 3a7aud, BOSHHKAIONIME MTPH MOJACTUPOBAHUYU CTAIMOHAPHBIX H
HECTaIlMOHAPHBIX OJHOHANPABIICHHBIX KOHBEKTUBHBIX TEYCHHUH B BEPTHUKAILHBIX TETUIOOOMEHHUKAX.
Jns MareMaTuuecKoro OMUCAHUS TEYEHHM HCIONb3YeTCs CHCTeMa YPaBHEHUN KOHBEKTHUBHOTO
nBwkeHuss B mpuOmmkenun OOepoOeka-byccunecka. IlomcraHoBka —ompeneneHHOro  BUA
WHBAapUAHTHBIX pelIeHui paHra Tpu [l] B 3Ty cucTeMy MPUBOJUT K CHUCTEME YpaBHEHHIA,
BKITIOYaromei ypaBHeHuss HaBbe-CTOKCa MIOCKOTO JBMKEHUSI YHCTO BSI3KOM KUAKOCTH (I HUX
U3BECTHO OOJIBIIOE KOJMYECTBO TOUHBIX perieHuit [2], [3]) u cucremy napaboandecKux ypaBHEHHHA.

B crammonapHoM  ciiydae  paccMaTpHMBAIOTCS ~ KpaeBble  3a/laud,  BKJIIOYAIOIINE
BBIIIICYTIOMSHYTYIO CUCTEMY MMapaboIHUeCKUX YPaBHEHHI 1 TPAHUYHBIE YCIIOBUS IIEPBOTO U BTOPOTO
poma. DTu KpaeBble 3a/1aud CyTh CHEKTPaJIbHBIE 3a7a4M, ¥ POJb CIHEKTPATLHOTO MapameTpa 37eCh
UTPAET MOCTOSTHHBIN TeMIIepaTypHBIN TPaIueHT Ha BEPTHKAIBHBIX CTEHKAX TerIooOMeHHUKa. J1jis
MPSIMOYTOJIBHOTO W KPYTJIOTO TIOTIEPEYHOTO CEUYCHHS TEIUIOOOMEHHHMKA PEIICHUS ITOJTY4YeHbl B
AHATUTUYECKOM Buje. HaliieHpl KpUTHUYECKHE 3HAYCHUS TPAJAMCHTA TeMIIepaTyphl, MPU KOTOPHIX
BO3HHMKAET KOHBEKTHBHOE TCUCHME.

B HecranmonapHoM cilydae McclieqyeTcsl mepBasi HadallbHO-KpaeBas 3ajada JJisi CUCTEMBbI
napabonudyeckux ypaBHeHui. [lomydyeHa ampuopHas oreHka B L, W JT0Ka3aHa €IUHCTBEHHOCTH €€
peuieHust. [ npsMOyroibHOrO M KPYIJIOro CEUYEeHMs PElIeHHe HAaWIEeHO B BUAE ABOMHBIX PAJIOB
dyphe, a TaKKe JaHbI TOCTATOYHBIE YCIOBHUS CTAOMIM3AIIN C POCTOM BPEMEHHU PEIICHHS K TTOKOIO.

Pa6ora nmonneprxana KpacHOsIpCkMM MaTeMaTHUECKUM LICHTPOM, PUHAHCHPYeMbIM MuHOOpHayKuP®
B paMKax MEpPOIPHUATHII 110 co3naHuIo U pa3BuThio pernoHanbHbeIx HOML] (Cornamenue 075-02-2022-873).

Jluteparypa:
[1] Andreev V.K., Gaponenko Y.A., Goncharova O.N., Pukhnachev V.V. Mathematical Models of
Convection. Walter de Gruyter GmbH & Co, KG, Berlin/Boston (2012).
[2] [TyxnauéB B.B., Ycnexu mexanuku. Ne6, C.3-76 (2006).
[3] ApuctoB C.H., KuszeB J1.B., [Tonsaun A.Jl., Teopernueckre 0OCHOBbI XUMHUYECKOW TEXHOJIOTHH.
T.43, C. 547-566 (2009).
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T'eoungpopmayuonnoe obecneuenue uHeeHMapU3AUUU cemu Men10CHaAdIHCeHUs
@UI] KHI] CO PAH

Hlepbakosa Anacmacus FOpvesna

@UL] KHI] CO PAH

Jlst obecrieueHnsi yCTOWYMBOM JKCIUTyaTtanuu cuctembl TerocHatxkenus OUIL[ KHI[ CO
PAH Heobxomumo ¢opMHpOBaHHE €IUHOTO TeOMH(OPMAIIMOHHOTO O0ECleYeHusl NPUHATHS
yOopaBlieHYecKuX  pemieHuil. OAHUM W3  [PUMEPOB  SIBISETCA  YCIEIIHO  BHEIpPEHHas
ABTOMATU3UPOBaHHAS MHPOPMAIIMOHHAS CUCTEMa ydeTa HHKeHepHoU mHppacTpykTypsl UBM CO
PAH — «I'eonpoctpanctBennas 6a3a manabix ELSAN» [1]. ELSAN — sTo kaprorpadudeckas 6aza
JaHHBIX ¢ BeO-uHTepdeticom, koTopas pazMerieHa Ha reonopraie UBM CO PAH.

Lens nmaHHO#N pabOTBI - 3TO pa3pabOTKa MOJEIH TeOMH(OPMAIMOHHOTO OOecredeHUs
ynpaBieHusi oobekramu cucrembl teriocHaOxkenus OUL[ KHI[ CO PAH. Takoif nmporpaMMHBbIi
KOMIUIEKC MO3BOJMT TEXHUYECKUM CIIELMAIMCTaM, OTBEYAIOIIMM 3a HajekHoe U OecriepeOoiiHoe
obOecrieueHre KOMMYHAJIBHBIMH pecypcaMH MHKpOpaiioHa AKaJIeMropoJoK, OIepaTHBHO
OCYHIECTBIISITh MOHUTOPUHT, aHAJIM3UPOBATh, AaKTYaJU3UPOBATh COCTOSHUE MHXKEHEPHBIX
KOMMYHHKAIMI, ONTHMH3UPOBATH 3aTPATHI HAa MMPOBEICHUE PEMOHTHBIX PaboT.

Pa3zpaboTtka Moaenu reonHGOpPMAIMOHHOTO 00ECTICUCHUSI YIIPABJICHHUS 00bEKTaMU CHCTEMBI
teriocHabxkenuss OUL] KHI[ CO PAH cocrouT W3 cleayromux OCHOBHBIX JTAroOB: CO3JaHHE
reo0a3pl JaHHBIX WHBEHTApPU3allMM CETH TeIUIOCHAOXKeHMs; co3manue BeO-untepdeiica Ha
reonoptraie UBM CO PAH [2], obecnieunBaroniuii 1ocTym K pa3paboTaHHOM 6a3e TaHHBIX.

Coznanue reonH($popMallmOHHOTO 00ecTIieYeHUsI HTHBEHTAPHU3aIMU CUCTEMBI TEIJIOCHA0XKEHNN
3aKJTFOYAeTCs B  TOJATOTOBKE AaKTyallbHBIX TE€OMH(OPMAIMOHHBIX  CJIOEB, OIHMCHIBAIOIINX
MPOCTPAHCTBEHHOE PACIIOJIOKEHUE OOBEKTOB TEIIOCHAOXKEHHS B BHUJAE BEKTOPHBIX JaHHBIX.
HcTouHNKOM JaHHBIX SBISIOTCS CYNIECTBYOIINE IIAHIIETHI CETH TETJIOCHA0KEHU S, KOTOPHIE 10 CUX
Mop XpaHsTcsl Ha OyMakKHBIX HOCHUTENSX, aKTyallbHOE COCTOSIHUE ceTel (UKCHUpYeTcsl Tak K€ Ha
OyMaxHbIx cxemax. st co3manusi reo0a3bl JAHHBIX OOBEKTOB TEIUIOCHAOKEHUS HCIIOJIb3YyeTCs
otkpbiTag ['MIC QGIS [3]. TC no3BoJiseT MOCIOMHO OpPraHU30BaTh MPOCTPAHCTBEHHBIE JTAHHBIE,
nosTydeHHast 0a3a JaHHBIX IPECTABISICT HAOOP OTAEIBHBIX T€OMH(OPMAIIMOHHBIX CIIOEB. AJITOPUTM
CO3/IaHMSI TAKUX CJIOEB 3aKJIIOYAETCS B CKAHMPOBAHUHU OyMaKHBIX IJIAHIIETOB B paCTPOBBIA (hopmar;
TEONPUBS3KE PACTPOBBIX IUTAHIIIETOB K €UHON CHCTEME KOOPIMHAT; OIIU(PPOBKE BCEX OOHEKTOB CETH
TerIocHa0keHusI (YUYaCTKH TETUIOBBIX CETEH U TeIIOBbIe KaMephl). Jlanee 11 kaxaoro o0beKTa CeTH
TEIUIOCHAOKEHUsI 3amoHsIeTCsl oApoOHas uHpopMalus (JaHHBIE TEXHHMYECKUX MACIOPTOB: TOX
BBOJAa B OKCIUIyaTalUlo, MapaMeTpbl HHXXEHEPHBIX ceTed, TOoA TMPOBEACHMSI TOCIEIHErO
KalUTaIbHOTO PEMOHTA, CPOK CIEAYIONErO0 OCMOTpPAa U PEMOHTA), C Y4eTOM OOHOBIICHHUS 0a3bl
JAHHBIX HE PeXe ABYX pa3 B rojl Mociie IPOBEACHHs IJIAHOBBIX TEXHUUECKUX 00CIIeIOBaHMIA.

B mepcriektuBe, M0 aHAIOTHH TOMYYEHHOM MOJENIN TeOMH(OPMAIIMOHHOTO O0eCTICUeHUS
CUCTEMBbl TEIUIOCHAOXKeHUsl IUIaHMpYyeTCs Co3JaTh Teoba3bl JaHHBIX Ui HWHXKEHEPHBIX
kommyrukarii GUL[ KHI[ CO PAH, takux kak cCeTH 3JIEKTPOCHAOXKCHHs, BOJOCHAOKEHUS U
BO/IOOTBEJICHUSI.

Jluteparypa:
[1] UmxenepHas undpactpykrypa 3ganust IUBM [DnexkTponnsiit pecypc] / http://gis.krasn.ru
[2] KapounukoB A. A., Sxy06aiimuk O. 3., Bectauk. HI'Y. Cepus: MHpopManmoHHbIE TEXHOIOTHH.
T.12, C. 23-31 (2014).
[3] EpynoBa M. I'. 'eorpaduueckue nahopMaimioHHbIe CUCTEMBI M 3eMEIbHO-UH()OpMAITIOHHBIE
cucremsl, C. 356 (2010).
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Ananu3 kauecmea méoa peanuzyemozo na meppumopuu Kpacnosapckozo kpas
Yepnwvix /1., Trxasaweunu K., Paosrox H., Pabunosuy IO., Hosoowcunos E., I anoawesa ..
MAOY I'umnaszus Ne 13,

Hayuno-uccreoosamenvcxuii ucnotmamensmuiil yenmp Kpacl'AY,

@UL] KHI] CO PAH

[Tuemmublii MEN ABNSETCS MPOAYKTOM MEpepabOTKM MEIOHOCHBIMM ITYENaMM HEKTapa WIM Iaju,
TIPECTABIIAIONIHI CO00 TTONE3HYIO U IMETUIECKYIO CUPONIO0OPA3HYO KHIKOCTb MM 3aKPUCTAILTM30BAHHYIO Maccy C
TIPYUSATHBIM BKYCOM U apoMaToM. MEn sBisieTcs ChIpbeM U1l IIPOU3BOZICTBA LENO0 Psifja MUIIEBBIX NPOAYKTOB. OH
XapaKTepu3yeTcss BHICOKMMU MHUTAaTEIbHBIMH, JIeUeOHO-TIPO(HIAKTHUECKAUMI 1 OaKTEpPUIMIHBIME CBOHCTBAMH.
CeroyiHsi, M4e0BO/IbI IPEIAraloT OOMBIIOE KOTMYECTBO MEA, pa3HOOOPA3HOTO MO OOTAHMYECKOMY MPOUCXOXKICHHUIO.
Hexrap Moxer ObITb cOOpaH O MHOMKECTBA MECT: C JIMCTBEHHBIX M XBOMHBIX JIGPEBBEB, OTYBAHUHMKOB, mandes,
KycTapHUKOB U Jip. Ho MEn co3peBaeT JOCTaTouHO 00, 00BEMBI Me]a OYEHb 3aBUCAT OT MOTOHBIX YCIOBHUIA, OT
COCTOSIHHS TTYETTMHOTO CEMEHCTBA U ellie psiia BaKHBIX (hakTopoB. [103TOMy akTyanbHOI NpoOieMoit SBIseTCs TO, UTo
HEKOTOpBIE TACeYHHKH, B YIIepO KauecTBy MENAI00aBIAOT B MPOAYKT MYKY, Kpaxma, CaXxapHyr U KpaxMalbHYO
TIaTOKY, BOZLY, TAK/KE KOPMSIT ITYEJ CaXxapHbIM CHPOIIOM, BMECTO HEKTapa 1 IBUIbLIbI, COOMPAIOT MEN paHbLIe CPOKA, HE
naBast eMy co3petb. [locre 3Toro MEn TepsieT CBOM MOJIe3HbIE CBOMCTBA U IaKe MOKET ObITh OMACHBIM TS 370POBBSL.
Taxoii mpoayKT siBnseTcst (haabcu(puKaToOM U He MOXKET OBITh IOMYIIEeH K Tpozake. Kurem Harero Kpast B Oonbiom
KOJIMYECTBE MOKYNAIOT MEN Y TTACEYHUKOB C YACTHBIX NMACEK U MANIBIX XO3SMCTB, IOTOMY YTO CUMTAIOT, YTO ME TaM
HATYpIbHBIN U MONE3HbIH, 0e3 100aBoK. [103TOMY MBI BBIIBUHYIIH 2unomesy, 4To MEN C YACTHOW MACEKH SBIIAETCS
0OoJ1ee KaueCTBEHHBIM, 4eM TOT KOTOPbIii TpoaaéTes B Maraziue. Takum o0pa3oM, 1e/ibio padoThl CTAIO0 HCCIE0BAHKE
KaueCTBEHHBIX TTOKa3aTesel MEia, pea3yeMoro Ha peiHke KpacHospckoro kpast.

OObekTamMu UCCIIEeIOBAHKS ABISUTHCH YEThIpe o0pasia MENa, KyIUICHHbIE Ha YaCTHBIX Macekax v JBa 00pasIia,
KYILUICHHBIEC B CyTiepMapKeTe: TOPHbIA MEN ¢ AnTaiicKol maceku, BETOYHbIA MEN ¢ ANTalCKOM MaceKu, [IBETOUHBIH
mén "O00 T/ Bosun", rpeuniumsiii Mén ¢ KpacHospckoid maceku, MEN pa3HOTpaBbe ¢ naceku KpacHospckoro kpas,
ugerounbiit Méx "000 MEJIOBBI JIOM".

Marepuanbl U MeToabl. [ aHamm3a KadecTBa MENA KaXIbld 00pasell MCCIENOBATM HA  BIAKHOCTB,
KUCIIOTHOCTb, ~JMACTa3HOE UHUCIO, COJACp)KAHUE WHBEPTUPOBAHHOIO Caxapa, COJACpXKAHUE HCKYCCTBEHHO
MHBEPTUPOBAHHOTO Caxapa, MPUMECH KpaXMalbHOM M CBEKJIOBUYHOM MaToku M (anbcudukaims MEna MyKod u
KpaxMauoM. BraxHocTh ompenessuid  pepakTOMETPUYECKMM METOIOM C  HCTIONB30BAaHUEM  pepakToMeTpa.
KucnotHocTs M HamMuMe HMHBEPTUPOBAHHBIX CAXapoOB ONpPENESUIA METOAOM TUTPOBaHMS. JlpactasHoe wuco,
COJZIEP’KaHNE MCKYCCTBEHHO MHBEPTUPOBAHHOIO Caxapa, MpUMecel KpaxMaIbHON M CBEKJIOBUYHOM MATOKU, MyKU U
KpaxMaJia OIpPEAENISUII C UCTIONb30BAHNEM KaUeCTBEHHBIX XMMUUIECKUX PEAKLMM.

PesyabraTel. B pesynbTare Hamero MCCleIOBaHWS Mbl CPAaBHMIIM KAueCTBEHHBIE IIOKA3aTeNd MeNa,
peammzyeMoro Ha peiHKe KpacHosipckoro kpast. ['opHbIid Men ¢ ATaiickoi Taceku ToKasain ce0s Kak HaTypaIbHbIHA
TIPOZYKT, 0e3 100aBOK, HO y 3TOr0 3K3eMIULIpa Ha0MrofaeTcs MoBbleHne pH, 4To MOXET ObITh CIEICTBUEM €ro
HETPaBIILHOTO XpaHeHus y moTpedutens. LIpeTounsiii Mén ¢ AnTaiickol maceku mokasan ce0s Kak HaTypaabHBIA
npoaykT, 6e3 nobasok. L[gerounsii mMén «OOO TJI Bosim» smusercs (anbcudukaroM, B HEM MPUCYTCTBYET
n00aBIeHNEe HCKYCCTBEHHOTO caxapa M KpaXMalbHOHM maTokd. ['peunnmmeiii MEn ¢ KpacHOSpCKOM maceku okazaics
tanpcudukarom, ¢ 100aBIeHIEM HCKYCCTBEHHOTO caxapa, B caMoM 00pa3iie HaOJI0IaIoch PacCcioeHne Ha KHIKYI0
TeMHYIO (pazy 1 OoJiee TIOTHYIO CBETIIYIO -3TO TOBOPHT O TOM, YTO MeJl OYeHb CTaphlid. MEn pasHOTpaBbe ¢ YSIpcKoii
TMACEKM OKA3a7ICsl HATYPANbHBIM TIPOIYKTOM, Oe3 100aBok. [perounsiii Mén «000 MEJIOBBIN JIOM» semsercs
ambcupuKaToM - IPOAYKTOM C 100aBIEHHEM HCKYCCTBEHHOTO caxapa 1 KpaXMalbHO! aTOKU.

3axmouenne. Mcxonsd U3 pe3ysnbraToB MPOBEAEHHBIX UCCIENOBAHMI Mbl YCTAHOBIUIM, YTO OOJBIIMHCTBO
HK3EMILISPOB, B3STHIE C YACTHON MACEKH, TIOKa3aH ceOsl Kak HaTypalibHBINA MPOYKT, a KYIUIEHHbIE B CyIIEpPMapKeTe Kak
(anbcudukar. K coxanennto, ¥ KpymnHbIe MPOM3BOAMTENH, M MACEYHHKH TEPErpPeBAIOT MEN C LENBI0 CKPHITh
n00aBleHNe CTaporo MENA Ui €ro HEe3peNocTh, YeM CHIIBHO CHIDKAIOT €T0 IMETHYECKHUE U JieueOHbIe CBOHCTBA.

Bripaxaem OaromapHOCTh Kypatopy, K.0.H, HayuHoMmy cotpynuuky HUUIL Kpacl'AY TafinameBoii

W.N. n nayunomy pyxoBoautenio, k.0.H. HUM MIIC ®UIL[ KHL] CO PAH CwmonbHukoBoii Mapune
BuxToposHe.
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Bumamunot 6 numanuu cospemeHno20 WKOJIbHUKA
Maxmyoosa B., Bacunvesa /[., Ocunckuii P., bepwmeun K., 3asvsnos b., Xauampsn
E., Konocosa E.M.
MAOY 'umnaszus Ne 13
Cubupckuii ghedepanvhwiii yHugepcumem
@UI] KHI] CO PAH

B Poccuiickoit peneparun npeoOiaagaeT TpaAULMOHHBIA TUIT THTAHUS, OHAKO HA0II0JaeTCs
TEHJEHLNA K NepexoAdy K COBPEMEHHOMY THIIy, OTJIMYAIOLIEMYCS 4YacTbIMH IEPEKyCaMH U
UCIIOJIb30BaHWEM TOTOBBIX OIIOJI, YTO CBSI3aHO C yCHJIEHHEM YypOaHu3anuu. V3 HeratuBHBIX
M3MEHEHUH TaKKe OTMEUaloTCs He COOJII0JIEHNE peXnuMa MUTaHUs U HEeJI0CTaTOYHOe MOoTpebieHne
MSICHBIX M PBIOHBIX TPOIYKTOB, W3-3a Yero HAONIOAAeTCs HEAOCTAaTOK HE TOJBKO OCHOBHBIX
HYTPUEHTOB, HO U BUTaMHHOB, YTO, B CBOIO OYE€pE/b, MOXKET HETaTHBHO IOBJIUATH HA 3I0POBHE
OpraHm3Ma, 0COOCHHO IIKOIBHOTO Bo3pacTa. [103ToMy HeibI0 padoThl SBISIACH OIIEHKA KaueCcTBa
MIUTaHNs COBPEMEHHOI'O NIKOJIBHUKA C TOUYKH 3PEHUS BUTAMUHHOI'O COCTABa.

Martepunanbsl 1 MeToAblI MccaenoBanusi. Onpocunu 47 4eaoBeK B Bo3pacTe OT 7 JIET U
cTapluie, CBA3aHHBIA C MUIIEBBIMUA MPUBBIYKAMHU U OOUIMMH 3HAHMSIMH O BUTAMHHAaX. 3aroHsUIIN
JTHEBHUKU TMOTPEOJICHUSI TUIIM B TEYCHHE HEACNH, BBIYUCIISLIN COJACPKAHUE BUTAMHHOB B IHUIIE
COTJIACHO CIPaBOYHBIM JaHHBIM M PACCUUTHIBAIN MPOIEHT MOTPEOJSEHUS OT CYTOYHOM HOPMBI.
[IpoBenu KauecTBEHHbIE XMMUYECKUE PEAKIIMHU Ha COJEpKaHHEe BUTAMUHOB B MPOAYKTaX MUTAHUS
(peakmust Ha BUTaMuH C C METHJICHOBOW CHHBIO, peakius Ha ButaMuHbl E, P 1 Bg ¢ FeCly).

PesyabTarbl. BOJBIIMHCTBO pPECTOHIEHTOB MNPUACPKUBAIOTCA TPAJAUIIMOHHOIO THIIA
MUTaHMS, BKIIOYAIOUIETr0 Kalll, CyNbl U canatbl. [Ipu 3TOM Kakablii IeHb yHoTpeOsiioT QPpyKThI
u/uma ooy 42,6% MKOILHUKOB. Kpome TOro, pecrnmoHACHTH MPOJEMOHCTPHPOBAIA XOPOIIHE
3HAHMUS O BUTAMUHAX M UX 3HAYEHUH VISl IOJJEPKAaHUS 3J0pPOBbs OPraHU3Ma YeJI0BEKA.

B pesynbraTe pacuera KoIWdecTBa MOTPEOJISIEMBIX BUTAMUHOB C MHINEH MOKAa3aHO, YTO
HOPMBI CyTOYHOTO OTPEOIECHUS TPYJHOIOCTHKUMBL. OOBIYHO IIKOJIBHUK Moy4aeT Mmenee 50% ot
CyTOYHOM HOPMBI BUTaMHUHOB. Tak, y OIZHOTO U3 HCHBITYEMBIX YIAJIOCh JOCTUYb HOPMBI
notpebieHus ToJIbKo BUTaMuHa B3 (cpennecyrounas koHuentpaius cocrasuia 107,85% ot HOpMbI).
MunumanbHasi Mmoixydaemas KOHIEeHTpamusi — 5% OT CYTOYHOH HOpPMBI — HaOmOanach Jyis
ButamuHOB D n K. MoXHO pe3roMupoBaTh, 4TO CPpEeAHUN MO BCEM BUTaMUHAM JACHUIIUT COCTABUI
okono 70%. [Ins KOppeKIHMH MHINEBOTO MOBEACHUS OBUIO COCTABIICEHO COAAHCUPOBAHHOE TIO
COJIEpKAaHUIO BUTAMUHOB MEHIO. Tak, B THEBHOW PAllMOH BOLUIM MIIEHHAs Kalla Ha MOJIOKE, HOTYPT,
CBUHAsI KOpeiika ¢ OBOIaMu, canat u3 (GpyKTOB U SAT0J, KOMIIOT W3 WHKHUPA, TPECKA C 3alIeYCHHBIM
KapTodenem, MOPKOBBIO U KyKypYy30il.

B pesynbTare mpoBeACHHBIX KaYECTBEHHBIX XMMUYECKUX PEaKIMi MOKa3aHO, YTO B Oelke
KypPUHOTO SiIa COAepKHUTCsl OoJblie BUTaMUHA E, 4eM B MOJCOJIHEYHOM W OJMBKOBOM Maciax.
Pytun (ButamuH P) mpucyTcTBOBaN B 3€€HOM Yae, HE 3aBUCHUMO OT TOTO, KaKoil BOJIOW OH ObUI
3aBapeH (XoJomHoOW wiM ropsuei). Kpome Toro, xaprodenpb u3 maraswHa coJep)kKall TaKkoe Ke
KOJINYECTBO BUTaMHHA Bs, Kak 1 KapTo(enb, BRIPALICHHBIH B TMYHOM MOJCOOHOM XO3SICTBE.

3akJ/royeHue. Pe3ynbraTel, MoTy4eHHbIE B TaHHOM paboTe, CBUIETENbCTBYIOT O TOM, UTO IS
TApMOHUYHOTO Pa3BUTHS U MOJAJEPKAHUS 3OPOBBS MOJOJOTO OpraHM3Ma HEOOXOIAMMO YIEIHTh
OoJbllee BHHUMaHHA MOTPEOJIEHUIO MPOIYKTOB, OOraThIMM BHUTaMHHAMU W/WIM BBOJIUTH B
ynotpebiaeHne OMOJIOTUYECKUE aKTUBHBIE TOOABKH.

Breipakaem OnaromapHOCTh HalleMy KypaTopy M.H.C. 1a0opaTopuul OHOTIOMHUHECIICHTHBIX
ouorexuonornii COY KomocoBoit EnmzaBere MaparoBHe u HaydyHOMY pykoBoawrento, kK.0.H. HUM MIIC
CmonsHuKOBOM Mapurae BukTopoBHe
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Iumovesas 600a ¢ pauyuone yueHuKa cpeoHell WKoibl

Jenun C.C., 3yesckuii E.M., Kanununa E.A, IIpockypoun b. /1., @omuna C.K., Anoep
A.0., Konviiosa K.B.

Tumnasus Nel3 «Axaoemy

@UI] KHI] CO PAH

VYueHunKH CpeHell MIKOJbI HaXOAATCA B Bo3pacTHOM mepuojse ot 11 go 16 mer. B nannom
BO3pacTe HEOOXOIMMO JOCTAaTOYHOE IMOCTYIUICHHE MHMHEPAIBbHBIX COJIeH [UIsi oOecredeHus
HOPMaJILHOTO Pa3BUTHUS cKeneTa M oOMmeHa BeulecTB. [loMUMO MPOIYKTOB MUTAaHUS UCTOYHUKOM
MUHEpAIbHBIX 3JIEMEHTOB B pallMOHE SABJISIETCS MUTheBas BoAa. OHAKO CTPEMUTENBHO PaCTYyIIHE
NOTPEOHOCTH  HAceJeHUs M  BO3pacTaiollee KOJWYECTBO MPOMBIIUICHHBIX IMPOU3BOJICTB
CIIOCOOCTBYIOT 3arpsi3HEHUIO OKpY X atomiei cpenbl. [lepeHoc XUMHUECKUX COSAMHEHHH B MUTHEBYIO
BOJY BBI3BIBAC€T OOJIBIIYI0O 03a00UYE€HHOCTH B CBSI3U C MOTEHIUMAIBHBIMU PUCKAMHU JUISL 3710POBBSL.
Henpto paboThl sIBIsSIETCS OlEHKAa 0€30MacHOCTH MUTHEBOM BOJBI, YMOTPEOJISIEeMON ydeHUKaMU
cpenneit mkonbl ' mmaazun Nel3 "Akanem". J{ns moCTHKEHUS 3TOU 1€ OBLITN MTOCTABIICHBI 3a1a9H:
a) pa3paboTraTh, MPOBECTH M MPOAHAIU3UPOBATH PE3YIbTATHI OMpoca 00 ymoTpeOIeHNH MUTHEBOU
BOJIBI CPEIU YUYEHUKOB CpeIHEH MIKOJIbI, 0) OLIEHUTh O€30MacHOCTh BBISIBICHHBIX MO pe3yjibTaTaM
OIPOCa UCTOYHUKOB MUTHEBOU BOJIBI C TIOMOIIIBbIO OUOFOMHUHECIIEHTHOTO METO/IA.

B kauectBe TecT-00beKTa ObUTa HCHOJBb30BaHAa OWpEpPMEHTHAs CHCTEMa CBETSIIUXCS
6axrepuit HAJIH: ®MH-okcunopenykrasza u mouudepasza (R + L) B ”MMOOUIH30BaHHOM BUJE B
COCTaBe peareHra «JH3UMOJIOM». AHAIU3 U3MEHEHHN aKTUBHOCTH (PEPMEHTOB B MPHUCYTCTBUU U
OTCYTCTBHE aHATU3UPYEMBIX BEILIECTB IPOBOIMIN ONTUYECKUM METOJIOM C IIOMOIIBIO JIIOMUHOMETPA
LumiShot.

Jlis BBIABIIEHUST HanOoJee TMOMYJSIPHBIX HWCTOYHUKOB IMUTHEBOM BOJBI CPEId YYCHHUKOB
CPEIHEH IIKOJIBI OBLT MMPOBEACH COMMOIOTHUECKHI OTIPOC, B KOTOPOM IIPUHSUTH ydacThe 32 yeoBeKa.
Cpenu ompomeHHbIx 42% He O6epyT ¢ coboit BoAy W3 oMa JIJisl yIOTPEeOICHHUs] B TCUCHUU THS, a
MOJIb3YIOTCA BOJOW M3 MUTHEBOTO MCTOYHMKA B IKOJE. B cBsi3u ¢ »TM ObLT MpOBEIEH aHATU3
BIIMSTHUS HA CUCTEMY CBETAILIUXCS OakTepwii u oOpasia MKOJILHOW MTUTHEBOUM BOBI (PUCYHOK).
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Arareu

Pucynox — Ocmamounas unmencuenocmo ceeuerus OUONOMUHECYEHMHOU MeCm-CUCmeMbl 8
npucymcmeuu 0opasyos numuvesotl 600bl.

Takum 00pa3oMm, U3 JaHHBIX HAa PUCYHKE BUAHO, YTO 0Opa3isl «AkBa Munepaiey, «bon
AxBa» u «CBSTOM HMCTOYHUK» SIBISIOTCS YCIOBHO Oe3zomacHbIMHU. [Ipu »TOM 00Opaser; Boabl w3
UTHEBOTO UCTOYHHKA IIKOJIBI U «JIenby CTUMYIHUPYIOT cBeueHHe (hepMEHTHON CHCTEMBI Ooiee ueM
Ha 20% MpPOIEHTOB U HE MOTYT CUUTATHCS YCIOBHO OE€30MACHBIMHU ISl YIIOTPEOICHUSI.

Bripaxxaem 01aroapHoCTh HaIlleMy KypaTopy — HEbKeHepy 1adoparopun paguodkonoruun Nb®d OUIL]

KHILI CO PAH Komnsutosoit Kcennn BacunbeBne n Haydnomy pykoBogurento — k.0.0. HUM MIIC ®UL KHI]
CO PAH CwmonbsnukoBoit Mapune BuktoposHe.
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Bnuanue cna na ycnesaemocmsn yuenukos knaccoe PAH 2. Kpacnoapcka
Tanunosa C., Kocmuwinesa JI. ,byxun /[., Illapwinos M., [lanvko T., ¥Yxosa /1.,
Cenusanos K., Mepxynosa /l., Pumayxas H.B.

MAOY I'umnaszus Ne 13

HUncmumym ¢ynoamenmanvroti ouonoeuu u ouomexuonocuu COY

@UL] KHI] CO PAH.

CHy npucynie Takue (YHKIIMH KaK: €CTeCTBEHHAs Iepe3arpy3ka BCEro Tema, YBHJIMBAHUE
3alIUThl OT OaKTepuil M BUPYCOB, YIy4YIIEHHE MaMATH, 3alMyCK METaboJIu3Ma, HOpMalu3alus
ropMoHansHOTO (hoHa u Apyrue. KauecTBeHHBIN COH KpaiiHe HEOOXOAHMM HAIIeMy OpPTaHU3MY, H
CHWJIBHO BIIUSIET HA COCTOSHUE 4YeNIOBeKa, B OCOOEHHOCTH IIKOJbHMKA. HapymieHus cHa yacto
BCTPEYAIOTCS Yy TMOJPOCTKOB IIKOJBHOrO Bo3pacta. OAHOM U3 MNPUYUH STOTO  SBISIETCS
paccoriiacoBaHue MeXAy COLUATbHON U OMOJIOTHYECKON aKTUBHOCTBIO IIKOJLHUKOB. I3BEeCTHO, UTO
y MOJIPOCTKOB C MO3JHUM THIIOM CyTOYHOI'O pUTMa (XpOHOTHIIOM) ycreBaeMocTh Hibke. Llenabro
padoThl: OIlEHKAa B3aWMOCBS3M KayecTBa M JPYIMX OCOOEHHOCTEH CHAa M aKaJIeMHYECKOU
ycrneBaeMoCTH KOJIbHUKOB KiaccoB PAH r. KpacHosipcka.

Marepuanbl U MeTOABI. B nccnenoBanue ObUTH BKITIOYEHBI 69 yUaCTHUKOB B Bo3pacTte oT 12
1o 17 net (cpemnmii Bo3pact 14,85+1,05), yuenukos 8-10 knaccoB npokuBaromux B T. KpacHosipcke.
s onpoca ucnons3zoBanu Google — GopMbI IS OLIEHKH OCHOBHBIX MapaMeTpOB yYallluXcsl, UX
yCIIeBAaeMOCTH U TIapaMETPOB CHA: POCT, BEC, BO3PACT (Il ONIPEICTICHIS XPOHOTHUIIA); CPEAHHM Oat
yCIeBaeMOCTH, (pU3NUeCKe U YMCTBEHHbIE HArPy3KH, BPEMsI 0TX0/1a KO CHY U BpeMsl TPOOY KICHHUSI.
Jliist sKcTiepuMeHTa U HAOIOIEHUST UCTIONB30BAIM «YMHBIE» Yachl — MYJIbC, U JIPYTHE IMapaMeTphl,
BHJICOKaMepa I UCCIEN0BaHUs JHEBHOTO CHa. /[ nccienoBaHus JHEBHOTO CHA M €ro KauyecTBa
OBLT IIPOBEJICH MOJAEIBHBIN IKCIIEPUMEHT B MEOCIILHOM CajloHe. YdacThe MpUHUMAH 2 yueHuKa 8
PAH xnacca: KocteineBa lapss u [Tanpko Tumodeii, oHr B TeUeHHE Yaca Criajiu 1Mo HabItoIeHHEM
KaMep B MeOEITLHOM CaJlOHEe, BUIEOCIOKEThI OCMATPUBAIH, M B pe3yJIbTaTe OIlCHUBANIN (Da3bl CHA 1O
JBUKECHUSIM 3payKa.

PesyabTarsl.

AmHann3 HOYHOTO CHa, mokazaj, uyto mocie 22.00 noxarcsa cnathk 92,0% manpunkoB u 96,0%
JIEBOYEK; HOUHOM COH MPOJAOHKUTEIBHOCTBIO MEHEE 7 4 0TMeUaroT 7,7% MaabuuKoB U 25% NeBOYEK,
a cyOBEKTHBHO HEAOCTAaTOYHYIO MPOIOKUTEIBHOCTh CHa oTMeuaroT 38% manbuukoB u 51%
nesovek. Ilpu »TOoM cpemumii Oamn ycmeBaemMocTH y ManbuukoB 4,14 + 0,43 mpu cpenHem
KoJinuecTBe 4yacoB cHa 7,73 +0,43, a y neBouek 4,40 + 0,43 npu cpenHem koiauyectBe cHa 7,73 =+
0,97.

B pesynpTaTe mccnenoBaHusi THEBHOTO CHa OBLJIO MOKa3aHO, YTO B JAHHOW BO3PAcCTHOM
KaTeropuy €ro Hajiudhe HE BIMSIET Ha YCIIEBAEMOCTb. YUYAaCTHUKU MOJEIBHOIO 3KCIEpPUMEHTa
HarJIsITHO YBHUJETHM, KaK MEHSAETCs MUMHKa JMla npu u3MeHeHuM (aswl cHa. [lo maHHBIM BuAeo
MO>KHO CJIENIaTh BBIBOJI, UTO COH Y Tumodest ObLT CIOKOWHBIN, T.K. €T0 3payKy ABUTAJKCH B CPEITHEM
TEMIIe, ¥ Y HETO CMEHIJIOCH 2 ¢a3bl ObicTpo cHa. Y Jlappu coH ObUT OecroKOWHbBIN 1 (ha3a ObICTPO
CHA CMEHUJIACh TPYOK/IBI.

Taxke ObUTM HCcleqOBaHBI XpPOHOTHUTBI, 80% YYaCTHHUKOB HCCIIEIOBAHHMS OTHOCSTCS K
«roiyOm» — cy1abblil paHHUI U HOPMAJBHBIA OJBEM, 3TO THUIT UMEET HauOOJIbIIIEe COOTBETCTBUE K
COBPEMEHHBIM COLIMAJIBHBIM YCIOBHUSM. MHOrM€e M3 ONpPOIICHHBIX BBIHYKJIEHHO BCTAIOT B PAHHUI
MIPOMEKYTOK BPEMEHH, TIOATOMY COOTBETCTBYIOT XPOHOTHITY «TOIXYyOb». [lJisT TOYHOTO OmpeeeHus
XPOHOTHUIIOB, HEOOXOAUMO MPOHAOIIOAATh MOABEM M OTXOJ KO CHY BO BpeMsl KaHHKYJISIPHOTO
BpPEMEHU.

B pesynbrate ncciaenoBaHusi ObUIO MOKa3aHO, YTO YCIEBAEMOCTh 3aBUCUT OT KOJIMYECTBA
4acoOB HOYHOTO CHA, YeM OOJIbIIIE YACOB IIKOIBHHUK CITHUT, TEM JIyUIlle OIEHKH.

Bripaxkaem OnarogapHoCTh HaydyHOMY pykoBogurtemo, k.0.H. HUM MIIC ®ULl KHIl CO PAH,
CwmonsHuKOBOM Mapurae BuktopoBHe.

97



I'enemuueckas npeopacnoioiHceHHOCHb 4eN08eKa K MHO2O(PAKmMopHbIM
3ab0.1e6aHUAM

Jleopankuna JI., Moposunosa E., Cumymuna A., Couwna K., Manunuux M.A.
Tumnasus Ne 13 «Axaoemy, ®UL] KHI] CO PAH

Mmuorodakropusie 3aboneBanus (M®D3) — 3a0oneBanusi, pa3BUTUE KOTOPBIX OMOCPEIYETCs
BJIMSTHUEM HEOIaronpusTHRIX (AaKTOPOB OKpYKAIOIIEH Cpelbl U NeHEeTHYECKUMH OCOOEHHOCTAMU
uaauBuaa [1]. Otu 3a0oseBaHus MPEACTABISIOT cO00M TII00ATBHYIO COIMATBEHO-YKOHOMHUYECKYIO
npo0sieMy, MOCKOJBKY 3HAUUTEIBHO CHIDKAIOT >KU3HEAEATEIbHOCTh YEeJIOBEKa, CIOCOOCTBYIOT
Pa3BUTHUIO paHHEN HWHBAIMIM3ALMM, a TaKKe YyXyAIIAT KauecTBO »ku3HM Jroned [1, 2]. K
MHOTO(aKTOPHBIM 3200JIEBaHUSAM OTHOCATCS pa3InvHbIe 32a00JI€BaHUSI OPTaHOB AbIXaHUS, CEPACUHO-
COCYAMCTOM CHCTEMBI, )KETyI0YHO-KUIIIEYHOTO TpaKkTa U oOMeHa BeniecTB. b0 yCTaHOBIEHO, YTO
yalie BCEro 3a TEHETHYECKYI0 TMpeApacloiio)KEHHOCTh OTBEYAlOT  OJHOHYKIIEOTHIHBIE
noaumopdusmsl [2]. OqHaKo HaMMYKe MyTalluy HE BCETAa MPUBOJUT K Pa3BUTHUIO 3a00JI€BaHUS, HO
B COBOKYITHOCTH C HEOJIaronpusTHbIMU (haKTOpaMH OKpY>Karolieil cpeabl BEpOATHOCTH 3a00JeTh
BO3pacTaer.

Heablo naHHOrO HCCHEAOBaHUA OBUIO HU3YYUTh MOJIUMOPQHBIE TEHbl LUTOKUHOB-
UMMYHOMOJIYJISITOPOB, BOBJICUEHHBIX B MMATOT€HE3 MHOTO(AKTOPHBIX 3a00I€BaHUIA.

O6bexkTamMu MCCle0BaHUS SBISUIMCH B3pOCIBIE U AeTH oy iy T. KpacHosipcka, KoTopbie
M0 pe3yJibTaTaM aHKETHOTO OMpoca MMEIOT rurnepToHuto (n=16), apurmuio (n=5), XpOHUYECKU
ractput (n=13), XpoOHUYECKUU XOJEHUCTUT (n=3), OpOHXHATBHYIO acTMy (n=4), XpPOHHYECKHIl
Oponxut (n=3), 3aboneBaHus oOMeHa BemiecTB (n=16), a TakXke AETH, COCTABUBIINE TPYIILY
koHTpoJis (n=50). Marepuanom uccieaoBanus nocayxuia JJHK, BeinenenHas copOeHTHIM METOIOM
u3 OykkanbHOro snurenus. ['enotunupoBanus rs2070874 L4, rs1800896 IL10, rs7044343 [L33,
rs1800630 TNFa nposeaeHo ¢ npuMenenneM metoja [P B pexxume peanbHOro BpeMEHH.

Pe3yabTaThl. bbIO yCTaHOBIIEHO, YTO YAacTOTHI ajuleieil McciaeayeMbIX MOIUMOp(HU3MOB
T€HOB IIUTOKHHOB B KOHTPOJBHOWH TPyNIE COOTBETCTBYIOT pACIPEACICHUI0 TaKOBBHIM B
€BpPOIECOUIHBIX MOMYJISAIUAX. AHaIU3 pacrnpocTpaHeHHocTH amened [L4 rs2070874 mnokazan
npeobnaganue aymienss T y OOJNIBHBIX TUNEPTOHUEH, XPOHUYECKUM TacCTPUTOM U 3a00JIeBaHUSIMU
oOMeHa BemecT (69,2%, 62,5% u 66,7%, COOTBETCTBEHHO). AHAINU3 PACIPOCTPAHEHHOCTH ajjiesen
IL10 rs1800896 mokasan, 4To y TMIEPTOHMKOB U MAIMEHTOB C 3a00JeBaHUAMU OOMEHa BEIECTB
Bbime yactora ayens T (71,4% u 55,6%), a y maniieHToB ¢ XpOHHUYECKUM TacTpuToM — ajutens C
(77,8%). Ananuz pacnipoctpaneHHOCTH amneneit /L33 rs7044343 nmokazan npeodiananue amnens C
B rpy1ie ¢ 3aboneBanusiMu oomeHa Beniects (53,8%), annens T B rpynmne ¢ XpOHUYECKUM IracTPUTOM
(83,3%). Amnamuz pacnpoctpaneHHocTu amenet TNFo rs1800630 mokaszan, 4TO MALMEHTHI C
TUIEPTOHHEN U 3a001eBaHUsIMI OOMEHA BEIIECTB UMEIOT MOBbIIIeHHYI0 YacToTy ayutens C (60,0% u
75,0%, COOTBETCTBEHHO).

B nacrosimeM ucciaenoBaHun ObUIM MPEICTaBJICHbI MHJIOTHBIE JAHHBIE TIO PacHpeesIeHUIO
4acTOThl TEHOTUNOB mosmuMopdusmoB IL4 rs2070874, IL10 rs1800896, L33 rs7044343, TNFa
rs1800630 y 601bHBIX TUIIEPTOHUEH, XPOHUUECKUM TaCTPUTOM, 3a00JIeBaHUSIMUA OOMEHA BEIIECTB Ha
nomyJsiun T. KpacHosipcka, He UMEIOIe aHAJIOTOB B HAIlleM Kpae. J[J1s moy4eHns CTaTUCTHYECKU
3HAYUMBIX PE3yJIbTaTOB B PAcCHpEeICHUH T'€HOB IUIAHHUPYETCS YBEJTWYEeHHE BHIOOPKH OOJIbHBIX
M3y4aeMbIX IMaTOJIOTUH.

Pabora Bemmomnena Ha 6aze HUUW wmemumuuckux npobiem CeBepa. BripaxkaeM HCKPEHHIOO
0J1arojapHOCTD 32 MOMOIIs B OCYIIECTBICHHH Pa0OTHI HAIIEMY KypaTtopy M.H.c Manmuaauk M.A. 1 HayqHOMY
pykoBoauTenio K.0.H. CMonbsHUKOBOW M.B.

JIureparypa:

[1] Duarte C.W. [et al.], Elsevier, PP. 1-15 (2013);
[2] Kere J. [et al.], Duodecim. V. 126, Ne 19, PP. 2305-2310 (2010).
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Onpeoenenue cooeprcanusn Kogpeuna 6 IHEP2eMUUECKUX HANUMKAX
MemoooM 8blCOKOIPPhekmusnoil Hcuoxkocmuoii xpomamozpaguu (BIKX)
llaxomosa Kcenusa Anopeesna, [lempyxuna Bepa Cepzeesna

MAOY «Jluyeti Ne7 um. I'eposa Cosemckoeo Corwsa b.K. Uepnvruesa»
HUnemumym xumuu u xumuueckou mexnonoeuu CO PAH

Kodewnn sBnsieTcs ankamougoM, UMEIOIIMM BHJ KPUCTAUIMUECKOTO Oeoro mopolika 0e3
3amaxa, TOppbKOBaTOro Ha BKyC. HecoMHeHHO, KO(enH yKe TaBHO UCIONB3YETCs YeIOBEYECTBOM, TaK
Kak OBLIO JIOKa3aHO, YTO OH MOJABIISICT PAacCia0iieHUe, TIOBBIIACT BHUMAHUE U CKOPOCTh PEAKITHH.
Ho B T0 ke BpeMst KO(herH SBISETCS CTUMYJIATOPOM, KOTOPBII MOXKET BHI3BIBAaTh MPUBLIKAHUE U TIPH
Nepe03UPOBKE HAYMHAIOT TPOSBISATHCS TMAaryOHbIE Ui OpPraHW3Ma TIOCIEICTBHS: YyYalleHHOE
cepanedreHne, MOBbIMIEHHAs TPEBOKHOCTD U Apyrue. [1one3Ho 3HaTh, 4TO KOPEHH CONEPIKUTCS HE
TOJILKO B KOde, HO U BCTPEUAeTCs B TAKMX MPOIYKTAX, KaK YEpHBIA W 3€JeHbIH 4an. Tak xe B
HACTOSAIIEEe BPeMsl MOMYJISIPHOCTh HAOMPAIOT TaKHe MPOAYKTHI, KAaK SJHEPTeTUYSCKUE HATUTKU. B nx
COCTaB BXOIST BUTAMUHBI, aMUHOKHCIIOTHI, YTJIEBOMBI, a Takke KodpewnH. [TockonbKy Bce Ooiblie
(GUPM-TIPOU3BOIUTENCH TIOSABISACTCS HA PHIHKE, YTO TPUBOAUT K YCHUJICHHIO KOHKYPCHIIUH,
MIPOU3BOUTENIN SHEPTETUICCKUX HATTUTKOB CTPEMSITCSI BBICTUTH CBOIO MPOAYKIIHIO, 3a0bIBasi O €
Ka4yecTBe.

Ha ocHOBaHMM BbIIIECKAa3aHHOTO Obula CQOPMYIHMpPOBaHA Leidb JaHHOH paboThI:
oTIpeNieNieHue coJepaHne KoenHa B SHEPIeTUUECKUX HAIUTKAaX METOJOM BBICOKOA((EKTUBHOU
KUJAKOCTHOHN XpoMaTorpadum.

JIyisi BBITIOJTHEHUSI JAHHOW pabOTHl PaHIOMHO OBLIO BBIOpaHO ceMb 00pasmoB. [IpoBens
HEOOXOUMYI0 MPOOOMOATOTOBKY, OBLI MPOBENECHO XpoMaTorpadpuuecKkwii aHaiu3, Pe3yJIbTaThl
KOTOPOTO MpeACTaBiIeHBI nanee (puc. 1, Tadim. 1).
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sHepeemuyeckux nanumxos: (1) Gorilla
energy, (2) Tornado energy, (3) Drive; (4)
Pepsi Cola; (5) Coca Cola, (6) Adrenaline
rush; (7) Schweppes.
OO6paboTaB mosryueHHBIE PE3yIbTAaThl XPOMATOTPaMM, YCTAHOBJIEHO, 4TO oOpa3zer; moa Ne7
(Schweppes) x0Th 1 3asBJI€H KaK TOHU3UPYIOIINI, HO KOQEHUH HE COAEPKUT. BaxkHO OTMETUTD, UTO
NPOM3BOIUTEN, W HE YKa3blBaeT €ro HaJIM4yhMe B COCTaBe HamuTKa. lIpenmonaraercs, 4YTO
TOHHU3HPYIOIIHE JCHUCTBHE Schweppes OoCyIIecTBIsSeT 3a CYeT JAPYIHMX KOMIIOHEHTOB (caxap,
BUTaMHHBI rpynnsl B u ap.). O6pazen nog Ne3 (Drive) moka3al NOHMKEHHOE 3HaYCHHE KO(peHHa
(18,45mr/100M1) B cpaBHeHMH C 3asBiIeHHBIM TpousBoauTesneM (30mMr/100mmn). IlomydueHHBIC
PE3yNbTAaThl MPUBOJAT K BHIBOY, YTO MOJNyYEHHBIC JaHHBIE MOTYT OBITh UCIIOJIB30BAHBI CIYKOAMHU
KOHTPOJISl TMPOIYKIMH, YTOOBl MHHHMH3WPOBATh TMomagaHue (anbcu(UKaTOB HaA TPHIABKA
noTpeOuTenei.

Sohisitfiees i ] i

Pabota BrITIONIHEHA C HCTIONB30BaHueM obopymoBanus u peaktuBoB MXXT CO PAH u KP LIKIT ®UI]
KHII CO PAH. biraromapraocts Hay9HOMY pyKOBOAUTENO: bopoBkoBoii Banentune CepreeBHe.
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IHonyuenue 3¢gpupnozo macno Illomeno u e2o anmuokcudanmuas aKkMueHoOCHb
baesa A., Komosa K.

MAOY «Jluyeti Ne7 um. I'eposa Cosemckoeo Corwsa b.K. Uepnvruesa»
HUnemumym xumuu u xumuueckou mexnonoeuu CO PAH

B Hame Bpems CymiecTBYIOT Takue 3a0o0jieBaHMs, KakK aualbeT, aTepocKiiepo3, UHQapKT
MHOKapjaa, JjydeBass Oosie3Hb, pak. OHM TOSABISAIOTCS U3-32 HApyILIEHUH B  pPEryssiluu
CBOOOTHOPAIMKAIBHBIX MPOIECCOB, TMPOUCXOAANIMX B opranusme. KommdecTBo CBOOOIHBIX
pasuKaIoB BO3pacTaeT u3-3a CHUKEHUs 3(P(PEKTUBHOCTH €CTECTBEHHON aHTHOKCUIAHTHON CUCTEMBI,
BBI3BAaHHOM BO3/ICHCTBUEM pagualiy, KypEeHHUs, aJIKOTOJIsl, TOCTOSIHHBIX CTPECCOB, HEKaYeCTBEHHOTO
IUTAHUs, JIEKAPCTBEHHBIX NpenaparoB. CucreMa aHTUOKCHJIAHTHOM 3alllUTHl B OpraHu3mMe padboTaer
JI0 OTIpeJIeIEHHOT0 BpeMeHH. YToObI CltocoOCTBOBATh €€ paboTe, HE0OX0IMMO YIOTPEOIATh B IHIILY
OpUpoaHbIe nuineBble no0aBku. [lomeno — Goraro BUTaMMHAMU. A 3(HpHBIE Macja CIaBITCA
MIOJIOKHUTETHHBIM BO3JICHCTBHEM, KaK Ha OT/eNbHbIEC OpraHbl, TaK U Ha BECh OPraHu3M B 1ejoM [1].

Hens padotsr: Ilomyunts 3pupHoe macno [lomeno u ompeneauTs €ro aHTHOKCHUIAHTHYIO
akTUBHOCTH (AOA).

Brinenenune 3¢pupHOro maciaa nomeno NpoBOJWIA METOAOM TMAPOJUCTUIUIALUN B TEUECHUE
12 yacoB. st KCTpakIMU MCIOJIB30BAJIM BHYTPEHHIOIO M BHEIIHIOK (II€/Ipa) KOXKYpy MOMENO
(Citrus maxima). KOMIIOHEHTHBIN aHAJIN3 IOJYYEHHBIX 3(UPHBIX Macel MPOBOJWIN METOIO0M
XpOMaTo-Macc-CeKTpockonuu Ha npudope Agilent 7890A. B Tabnuue 1 npeacraBieHbl OCHOBHBIE
KOMITOHEHTHI 3()UPHBIX MaCeJ OMEO.

Tabnuya 1. OcHoGHble KOMNOHEHmMbl 3PUPHO2O0

Macia nomeno. < 17
15
BuyTp. =
Koxypa eapa 313
Komnonent P Heznp 4acTh % 1
CopneprkaHue KOMIIOHEHTOB, % =
X
B-Myrcene 1,51 9,14 1,16 g 7
D-Limonene 88,32 82,65 | 24,03 <5
- 3
fur.anohnalool 1,02 0.38 93 0 2 4 6
oxide, trans- KOHLIEHTPALWMA, MI/MN
Caryophyllene 1,4 0,34 - Puc. 2. 3asucumocmov AOA s¢puproco
Nootkatone 3,92 4,71 36,45 macna IHomeno om konyenmpayuu.

AHTI/IOKCI/II[aHTHaH AKTUBHOCTDH Bq)HprIX Macell uccijaeagoBaHa Ha MOJACJIBbHOM COCIOAWMHCHUU
J®IIl. YcranoBieHa 3aBUCHUMOCTh AHTHOKCHUJIAHTHON aKTUBHOCTh OT KOHIIGHTpAIMU (PUPHBIX
Mmacen (puc. 2).

Taxkum oOpazom, B pesyibTaTe pabOTHI BBIACICHBI dPUPHBIC Maciia U3 Pa3IMYHbIX YacTeu
KO)Kypr IIOMCJIO0, HCCICAOBAaH HX COCTaB H onpez[eneHa AHTHOKCHJaHTHAasA AaKTHBHOCTS,
cocTapisitomas 10 17% mpu KOHIEHTpauu SMr/Mi1 3UPHOTO Maca.

Bripaxxaem OiaromapHOCTh HalleMy HACTaBHUKY K.X.H., ¢.H.c. FO.H. Mansipy 3a momonrs B
peanu3aum 001IEero MPOeKTa.

JIutepatypa:
[1] Casennera E.E., Eppemo A.A.BectHuk KpacHOsIpCKOro rocymiapcTBEHHOTO arpapHOro YHHBEPCHTETa
2017, c. 141-147.

[2] Tpuneesa O.B. PazpaboTka u peructpanus gexkapcTBeHHbIX cpenacts 2017, c. 180-197
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Onpeoenenue anmudUOMuUKo8 6 msace memooom BIKX.
besvazvikosa C., Anewenxo A.

MAOY «Jluyeti Ne7 um. I'epos Cosemckoeo Cowsza b.K. Uepnviuesa»
HUnemumym xumuu u xumuueckou mexnonoeuu CO PAH

AHTHOMOTUKH — 3TO BEIIECTBA, IIUPOKO IMPUMEHSIONIMECS B KauyecTBE MpernapaToB JJis
nedenus nHpekuuii. Co BpeMeHEM y4eHbIe CO3/Ialli MHOTO Pa3IMYHBIX aHTUOMOTUKOB, a OaKTepUu
NpUOOpeNN yCTOMYMBOCTh KO MHOTHMM W3 HHX. Upe3MepHOe HCIOIb30BaHHE aHTHOWOTHKOB B
JKUBOTHOBOJCTBE OTYACTH B ATOM BHUHOBATO. VX MpPUCYTCTBHE B MSCE MOXET CIIPOBOLUPOBATH
aJUIEPrUYeCKUe PEaKIUy WK HapylleHrue kumeunoit Mmukpodiopsl [1]. [locrosaHoe ynorpedienne
TAKOro MsiCa MOXET MPUBECTH K PACHPOCTPAHCHUIO PE3UCTEHTHOCTH K AHTHOMOTHKAM. Takum
o0pa3oM, Hamleil Lenpl0 SBISJIOCh KOJMYECTBEHHOE M KAaueCTBEHHOE OIpe/elieHHe HEKOTOPBIX
AHTUOMOTHKOB B MSICE TOBSIAMHBI U KyPHUIIbI U OIICHKA COOTBETCTBHSI KQ4eCTBA MPOAYKIIMH COTTIACHO
HOpMaTHBaM COJEp>KaHUsl aHTUOMOTHKOB B MsiCe.

Jlns uccnenoBaHuss Mbl B3suid 12 aHTHOMOTHKOB. bpanm Kaxaplii, M3MeIb4aau ero,
pacTBopsuiM, a 3areM (uinbTpoBanu. [lodyyeHHbIE pacTBOPHI aHTUOMOTHKOB aHAIM3UPOBAIM Ha
XKHUJIKOCTHOM xpomarorpadpe MumuXpom A-02. U3 12 00pa3moB aHTHOMOTHUKOB HaM yIAloCh
MOJTYYNUTh 4 4eTKUX XpoMaTtorpaMmmbl. OJIHA U3 HUX MPECTaBICHA HA PUCYHKE 1.
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Puc.1. Xpomamoepamma amokcuyunnuna  Puc.2. Xpomamoepamma sxkcmpaxma 208s4covet
neveHu

Hammmu oGpasnamu ObUTH TOBSKbS TPYAUHKA, KypUHas TpyJKa, KypHHas IIeYeHb, TOBSIKbS
MeYCHb. AHATM3UPYEMYIO TIPOOY M3MENbUYAIH, SKCTPATHPOBAIA aHTHOMOTHUKH, IIEHTpU(yrupoBanu
9KCTPaKThl U CHUMAJIM XpoMaTorpaMMbl o0pa3ioB Msca. [Ipoanann3upoBaB nonydeHHbIE 00pa3Ibl
meronoM BOXKX, ynamock 0OHapyXHUTh B OZHOM U3 00pa3liOB aMOKCHLMJUIMH. XpoMarorpaMma
o0pa3siia TOBsHKbEH TeueHu Tocye MpoOOMOArOTOBKY IPECTABICHA HA PUCYHKE 2.

CpaBHMBasi Bpemsl BBIXOJa BEIIECTB, MOXHO Mpaktndecku Ha 100% yTBepknarh, 4TO
BEIIECTBO B aHAIM3HPYEMOH MPoOE COOTBETCTBYET AHTHOMOTHKY aMOKCHUIWLIMH. Mcxons u3
IJIOMIAM TMHMKOB HCXOJHOTo oOpasma amokcunmiuinHa (20 r/m), B oOpaslie TOBSXKbEH NEYCHH
KOHIIeHTpauusi anTnonoTnka cocrasuia 0,31 r/n. C yyerom Bcex pazbaBiieHuil Ha | Kr TOBsSKben
neyeHu mnpuxogurcs okojo 0,8 1 aHTHOMOTHKA amokcuiiMHa. CoriacHO HOpMaTHBaM
CoJIepaHusl JIEKapCTBEHHBIX CPEJCTB B MsICE, COJAEP)KaHUE aMOKCHUIIMJIJIMHA B MEUYEHU HE JOJIKHO
npesbimath 0,05 Mr/kr.

HacTtonpko orpoMHOe MpEBBIICHUE AaHTHOMOTHKA B MSICE MOXKET OBITH CBSI3aHO C TEM, UTO
YKUBOTHOMY JJaBaJId JAHHBIN aHTUOMOTHUK BIUIOTH 110 320051 CKONMMBIINKCSA aHTUOMOTHK B TICYEHU HE
yCTeln BBITH U3 oprann3ma. Ha npaktuke 3a ABe Heeu 10 32005 MPEKPAIIAIOT 1aBaTh )KHBOTHOMY
AHTUOUOTHKHU.

Bripaxxaem 61arogapHOCTs pyKOBOIUTEIO TPYIIIHI K.X.H., C.H.c JI.B. Ky3pMmuny.

JIutepatypa:
[1]. A. H. I1anun u np., Berepunapus u 30otexuust: Berepunapus No5,2017,C.18-24.
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Ananuz cooeprycanus eumamuna C 6 anenbCuHax HNPU UBMEHEHUU YC108UIL
XpaHeHus

bepw /1. A., Cemuéwuna A. I1.

MAOY «Jluyeti Ne7 um. I'epos Cosemckoeo Corwsza b.K. Yepnviuesa»

HUnemumym xumuu u xumuueckou mexnonoeuu CO PAH

AckopOrHOBasi KUCJIOTa — OPraHMYECKOE COEIMHEHHUE, BBIMOJHSAIONIEE U PEeryupylomniee
Maccy (yHKuui opranuzma. [1] BuoxuMudeckn akTHBEH OJIUH U3 U30MepOB — BUTaMUH C, KOTOPBIi
B 0O0JIBIIIOM KOJIMYECTBE COJAEPKUTCS B LUTPYCOBBIX. JInaepom mo comepikaHuio JaHHOTO U30Mepa
SIBIISIETCS arleNIbCHH.

[Tockonbky MHOTHE XpaHST UX B Pa3HBIX YCIOBHUSX, HE 33AyMbIBasCh Kakol U3 (pakTopos
BIIUSTHUS OKPYIKaIOIIEH cpefibl OyeT HauMeHee pa3pymuTeNbHbIM 171 BuTamuHa C. Llenbro paboTsl
OBLIO MPOAHAJIM3UPOBATh M CPAaBHUTH cojaepkaHud BUTaMMHAa C B alelbCHHOBOM COKE B
3aBUCHUMOCTH OT PA3JIMYUs B YCIOBHSIX XpaHEHUS.

Jlnia ananuza ObuT BBIOpaH METOJT HOAOMETPUUYECKOTO TUTPOBAHUS, IIOCKOJIBKY aCKOpOUHOBAsI
KHCJIOTA JIETKO OKHcIsieTcs HooM. ITpoObl cCBeKEBBIKATOTO areIbCUHOBOIO COKa OBLIM MOMEIECHBI
B 0COOBI€ YCIIOBHSI XpaHEHUS: TPOXJIaja, TEMHOTA, TEIIOE U COJIHEYHbIE MECTa Ha JIBOE CYTOK, a OJIHA
ObUIa IPOTUTPOBAHA B KauecTBE 00pa3ia 1Jisi CPaBHEHHS.

ITo urtoram moBTOpHOTO TUTpOBaHMS MPoO crmycts ABa aHsA (Puc. 1) ObLIO BBISIBIEHO, YTO
HauboJsee pa3pyUINTEeIbHBIMHE SIBIISIOTCS TAKHE YCIOBUS XPAaHEHUS KaK TEIUIO M COJTHCYHBIN CBET.

KoHUeHTpauKua eMTamuHa C B
FABMCHMMOCTH OT WCN.XDaHEHKMA
120
Lo MERII) IRIH CEHE
10U

A Y
ol B COK B RO 0O ALHHES

} TEW
Gl REI NI I
Anne L% W Cok e TenAE

N 1 II:II [l L [N L)
208 L

1]

Puc. 1. Konyenmpayus eumamuna C 6 3a8ucumocmu 0m yC108utl XpaneHusi no umocom
no8mMopHo2o mumpogarnus cnycms 2 ous (%)

Takum 06pazom, OBLIO MOKA3aHO, YTO HAWIYUIITYIO0 COXPAaHHOCTh BUTaMuHa C 00ecTieunBaroT
poXJiaza ¥ TeMHOTa. PEKOMEHI0BaHO YIIOTPEOIISITh CBEKEBBIKATHIN anleIbCHHOBBIN COK, T.K. OH €IIIe
HE TIO/IBEP>KEH BIMSHHUIO BHEITHUX (haKTOPOB.

Pabora Bemomaena mpu UXXT CO PAH ®UI[ KHI[ CO PAH. Hayunblii pyKOBOIUTENH
Mupomrankosa A.B.

Jlurepatypa:
1. IIanoBamosa E.M. bronorudeckue Hayku, BeITycK Ned(58) 2017.
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Onpeodenenue Kkauecmea Moji0Ka

byoapuna Tamvana

MAOY «Jluyeti Ne7 um. I'eposa Cosemckoeo Corwsa b.K. Yepnviuesa»
Hnemumym xumuu u xumuueckou mexnonoeuu CO PAH

MOoJ0KO — 3TO NOTHOLEHHBIH U MOJE3HBIH TPOAYKT nuTaHust. OHO COAEPIKUT BCe HEOOXOIUMBIE IS
KHU3HU IUTATENIbHbIE BEIECTBA. ECTECTBEHHOE Ha3Hau€HHE MOJIOKAa B IPUPOJE 3aKIHYaeTCs B
o0ecrieyeHU TMUTaHWEM MOJOAOr0 OpraHu3Ma Tocie poxIeHus. MoIoko — caMblid
pacnpocTpaHeHHbIN NPOSYKT MUTAHUS B COBPEMEHHOM OOIIIECTBE.

B nocnennee Bpemst Bce 0OJIBIIYIO aKTYalbHOCTh Ha PhIHKE IMPOM3BOACTBA MIPHOOpETAET Mpobdiema
HECOOTBETCTBHSI KAUECTBA YCTAHOBICHHBIM KPUTEPUSIM.

AKTYaJIbHOCTBH PaGoThI OIIPEEIIIETCS BO3POCIICH HEOOXOMMOCTBIO TOTPEOUTENEH MPaBHUIIBHOTO
BbIOOpa MOJIOYHOM MNPOAYKIMHM CpeAu IIMPOKOrO ACCOPTUMEHTA, NPEACTAaBICHHOM Ha
HOTPEOUTENHCKOM PBIHKE.

Heabto 1aHHOI pabOTHI SABISAETCA UCCIEAOBAHHE KauecTBa MOJIOKA PA3IMUYHBIX MPOU3BOIUTENEH,
pean3yeMoro Ha MoTpeOUTEeNbCKOM phIHKe ropoaa KpacHospck.

B nmanHoit pabote Obuto poaHanu3upoBaHo 4 oOpasma monoka: OO0 «Hapama» (r. KpacHosipck),
AO «Conron» «lIpoBunius Conron», OOO «ArpoHux» «Hukonsckoe 3n0poBbe», AO «Hckpay
«Momnoxko oTOopHOE». B pesynbpTare Hallero ucciieoBaHUs KaueCTBO MOJIOKA ObLIO MPOBEPEHO IO
5 nmokazaressM. Pe3ynbrarsl npencraBieHs! B Tabnuue 1.

Tabauya 1. Pe3ynbmambl ucciedo8anusi MOIOKdA.

Obpazen mexa ® A 8 2
ITokasarens 3 25 a 223 S o3
QX | oSE5 | 9f 23 g2 g
o & 58 E g sg = 3 &
- S &8 O E g5 ° s 8
S vg o <Z R SR
M ¥ oY <
Hanuuue xkpaxmana - - - -
Hanmnune conpl + - - -
Paz6aBneHHOCTD He He He PazbaBneHo
paszbaBieHo | pa3daBiICHO pazbaBieHo Ha 20%
Tutpyemas KHCIOTHOCTE, T 18 (mepBsrii | 17 (BBICTIIHIA 16 (BBICTIIMIA 19 (mepBsrif
COpT) CopT) copT) COpT)
3asBiIeHHOE coAepKaHue 6exa, %o 2,8 2,8-3,1 2,8 2,8
Omnpenenennoe cogepxanue 6enka, % | 2,83+0,14 2,69+0,14 2,75+0,14 2,89+0,14

B pe3ynbrare ycTaHOBIIEHO, YTO KpaxMajl He 0OHapyKeH BO Bcex oOpa3znax Mosioka. Hannume coapl
HaOmromaercst Toabko B oOpasime moioka OOO «Hapama». B pesynprare ombiTa Ha CTENEHb
pa30aBICHHOCTH MOJIOKA yCTaHOBJIEHO, uTo oOpasenr AO «lckpa» «Momoko otbopHOE» pazdaBiieH
Ha 20%.

Onpenenena TUTpyeMasi KHUCIOTHOCTh MOJiOKa. B pesynbrare ycraHoBieHO, uTo oOpasmsl AO
«Conron» «lIpoBunnus Conron» n OOO «ArpoHuk» «Hukoinbckoe 310poBbE» OTHOCSTCS K
BBICIIEMY copTy Mosioka, a OO0 «Hapaga» nu AO «Vckpa» «Mos1oko 0TOOpHOE - K IEPBOMY COPTY.
CriekTpo(h)OTOMETPHUECKUM METOJIOM OIIPEIeNIeHO cojepkaHue Oenka B MOJIOKE, B pe3ylbTare
YCTaHOBJIEHO, YTO BCE 00pa3libl COOTBETCTBYIOT 3asIBJICHHBIM XapaKTePUCTUKAM.

B pesynbraTe NpOBENEHHOIO HCCIEAOBAHUS YCTAHOBJICHO, 4YTO JBa O0paslia IOJIHOCTHIO
COOTBETCTBYIOT KpUTepusaM IpoBepku, 310 AO «Coaron» «IIpoBunuus Conron» u AO «Hckpa»
«MoJoko oTOOpHOEY.
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Cnexkmpogomomempuueckoe onpedenenue @Gopmanvoecuoa 6 KOCMEMmuU4ecKux
cpeocmeax

Baorcnuuas B., Cmyoenukuna A.

MAOY «Jluyeii Ne7 um. I'epos Cogemckoco Corosza b.K. Yepnvliuesar

Hnemumym xumuu u xumuueckou mexnonocuu CO PAH

B nHame BpeMst KocMeTHYecKasi MPOAYKIIUS IMOJTydrIIa IMUpoKoe pactpoctpanenue. Cocras eé
dorat u pa3sHOOOpa3eH, HO K COKAJICHHIO HE BCE NMPHUCYTCTBYIOIIHME B HEW BEIECTBA SIBISIOTCS
0e30MmacHBIME [T 310pOBbsi. OTHUM M3 TaKUX BEIIECTB SBISETCS (hOPMATTbICTHIL.

Y mpousBoguTenell KOCMETHYECKHX CPEICTB CTOMT 3ajada MoJ00paTh ONTUMAJbHBIC
KOHIIEHTpanuu (opmanpaeruaa i (HopMallbIeruA-peIn3epoB, IS TOTO0 YTOOBI 00ECICUUTH
COXPAaHHOCTH MPOYKTa Ha MPOTSHKECHUU BCETO CpOKa XpaHeHus. IHOT1a BCTpeyaroTes ciiydau, Kora
MOKYTIATEeIN JKATYIOTCS Ha AUICPTHI0O WM HEJOMOTaHHE IIOCNe TMPUMEHEHHS TOTO WM WHOTO
KOCMETHYEeCKOoro cpeactBa. [loaToMy, akTyalbHOUM 3amayeld SBJISIETCA MOCTOSHHBIA KOHTPOJb 3a
coJiep>KaHueM KOMIIOHEHTOB, MMOTEHIMATLHO OMACHBIX JIJIS 3J0POBbBS YEIOBEKa.

Takum o00pa3om, Ielbl0 Hamiel paboThl OBUIO KOJMYECTBEHHOE W KauyeCTBEHHOE
ompezaeneHue Gpopmanpaeruaa B BBIOPAaHHBIX 00pa3iaX KOCMETUKH U OI[CHKA COOTBETCTBUS KA4eCTBA
UCCIIeIyeMOH MPOYKIIMKA HOPMaM CoJiepKaHusl (opMalibIeTHIa B KOCMETHKE.

OOBeKTamMu HCCIIeJOBaHUs ObUTH IMYHBIN IIaMITyHb Vilsen 310pOBbe OT MPUPO/IBL, IIAMITYHb
ot nepxot KEPA-HOBA u tepmo3amutasiii cipeit ECO.

KauecTBeHHO Hanmuue ¢hopManbaeriaa OMpeelIsiiu 0 PEaKIK cepeOpsTHOTo 3epKaa.

JInisi KOJTMYECTBEHHOTO OIpeesieHUsT (opMasbIernia cHavyaja NMPUTOTOBWIIM OCHOBHOM
pacTBOp, M3 KOTOPOTO Jaliee TOTOBHIIM PabovMii M rpaJlyHpOBOYHBIE PACTBOPHI C MOCIEIYIOIIIM
MOCTPOCHHEM TPAJTyHPOBOYHOTO Tpaduka (puc 1). ONTHUECKYIO IUIOTHOCTh 3aMEpSIH TPH JITTHHE
BOJTHBI 420 HM. [1]/

[Tocne mpoOOMOATOTOBKM IO TPAJAyHPOBOYHOMY TpaduKy HAXOIMIN KOHIICHTPAITUIO
dbopManbaeruaa B uccieryeMbx oopasuax. JlanHasie mpeacTaBieHsl B Taduie 1.

Tabnuya 1. Coodepoicanus ¢popmanvoecuoa 6
. 00beKmax uccied08aHus

e & aiErmanyaae Hisuupe s grasn

TRrHEF T T d."\.lﬂn'll.llhl.ll-"r'lll“l-

Ll i i 1 - 1,30 i} DM
Llasaieein | 1. P W di
- T S LA s o W1,

# T e i el wrbiet remes i el

Puc.1. I'paoyuposounviii epagux.
3asucumocms onmuuecko NIOMHOCMU Om
KOHYeHmpayuu popmanboecuoa 8 pacmeope.

Bo Bcex oOpasmnax comepkutcst GopMabIErul, HO €ro KOJIWYECTBO 3HAUYUTEIHHO MEHBIIE
IpelenbHO JOMyCTUMON KoHUeHTpauuu ¢opmanbaeruaa (0,2 %) B KOCMETHUECKUX CPEICTBax, a
3HAYUT MPAKTHUECKU OE30MMACHO B MCIIOTH30BAHUH.

Bripaxxaem 61arogapHOCTs pyKOBOAUTEIIO TPYIIIHI K.X. H., C.H.c. J[.B. Ky3sMuny.

JIureparypa:
[1]. B.®. Tpetbsiko, P.M., Bectauk MUTXT, T. 3, Ne 6 (2008).
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Onpeoenenue gpanvcugpukama méoa, npeonazaemozo 6 2opooe Kpacnosapcke
Bewxuna Jluana Buxmoposua, Kankan Cogus Anexcandposna, Mypasvesa
Anacmacus Audpeesna

MAOY «Jluyeti Ne7 um. I'epos Cosemckoeo Cowsa b. K. Uepnvruesay
Hnemumym xumuu u xumuueckou mexnonoeuu CO PAH

MEén — 3T0 cnafKuil MPOIYKT, KOTOPBI MPOU3BOAAT IMMUEJIBI M APYTHE TOX0KHE HACEKOMBIE.
[Muenuubii MEn mnpencraBisgeT coOON YaCTMYHO TNepeBapeHHBbIH HEKTap, Ju00 caxapucThle
BBIJICJIEHUS] HEKOTOPBIX PACTEHUH MM HEKOTOPBIX MUTAIOLIMXCS COKAMH PacTeHUI HACEKOMBIX.

Cy1iecTByeT OrpOMHOE KOJIMYECTBO COPTOB ITOTO MPOAYKTA, KOTOPbIE OTIMYAIOTCS 110 I[BETY,
BKYCY U XMMHUYECKOMY cocTaBy. B mo0Oom mene comepxarcs yriaeBoJsl (IPUAIOIINE CIag0CTh),
A30THUCThIE BELIECTBA, OPTaHUYECKHUE W HEOpraHMYeCKHe KHCIIOThl, MUHEpalibHble BemiecTBa [1].
AHTponorenHsie (pakTophbl, TAKHE KaK 3arpsa3HEHUE OKpYKarolllei cpebl, ypoaHusauus, ooe1HeHne
dropel, MaccoBasi 00paboTKa repOUIMIaMH OTPHUIATEIHHO BIMSIOT Ha MPOAYKTHBHOCTH IYEN H
Ka4eCcTBO MeJa, MOCKOJIbKY UMEHHO ITUelIbl ONMBUIAIOT PACTEHUS, TEM CaMbIM COXPaHSS MPHUPOIHOE
paBHOBecue [2]. [ToMuMO 3TOTO OYEHH YACTO BCTPEUAIOTCS MOJACIKH MeIa, TM00 He COOMI0eH e
YCIIOBHM XpaHeHUs. AKTyaJbHOM 3aa4eil siBsieTcs BhIsiBIIeHHEe (panbcudukara Mena

Llenp paboThl: OMpeAeTUTh KAayecTBO Mela IO TPEeM IOKa3aTeNsiM: YIJICBOJHBIA COCTaB,
00111ast KUCJIOTHOCTh Mefla, HalTnuue okcuMeTundypdyposa.

OObeKxTamu ucceIoBaHMs ABISUIUCH 00pasiibl pasHOTpaBHOTO Meaa (KemepoBckas o0macTs,
KpacHosipckuii u AnTalckuii Kpas) u rpeuuiniHoro meaa (Anraiickuii kpait). Metomom BOXKX
npoaHanu3upoBanbl Ha yrieBoaHblid coctaB (I'OCT 3267-2013) u runpoxcumerundypdypais
(I'OCT 31768-2012). Metonom TuTpoBaHus onpeneneHa odmas kuciorHocTs Menaa (TOCT 19792-
2001). Pe3ynpTaThl ©3MEpeHUI IpeCTaBICHbI B TabuIe 1.

Tabauya 1. Yenesoonuwlii cocmas, 06was KUCIOMHOCMb U COOepAHCaHUue cUOPOKcCUmMemuihypgypans
8 0Opasyax meoa.

O6pazen Meaa = =
IToxa3arens E O ow w B m B g
2 < 8 = 2 o
T ] T Q T ON B
M Q =) o] ] a4 =
22| £ 3 55 :
= (S = jost =< g =
SRR £28 | =28
MaccoBasi 105151 GPYKTO3bI M [JIFOKO3BI CyMMapHO, % 60,82 68,32 68,71 64,26
Hopma I'OCT P 54644-2011 He menee 60
MaccoBas a0 caxapo3ssl, %o 3,12 | 2,85 | 0,41 | 0,69
Hopma 'OCT P 54644-2011, % He 6ostee 5
O61ast KMCJIOTHOCTh CM> 3,6 | 1,8 | 2,1 | 3,9
Hopma 'OCT P19792-2001, cm3 He 6o1tee 4,0
CopiepkaHue THIPOKCUMETIIDYpdypas, Mr/Kr 8,4 | He o6HapysxeHO | 14,1 | He o6HapysxeHO
Hopwma no CanlluH 2.3.2.1078-01 (11.1.5.6), Mmr/kr He 6osee 25

Hcxonst n3 moTy4eHHBIX TaHHBIX CIIeTyeT, YTO BCe 00pasibl Mela COOTBETCTBYIOT HOpMaM U
MOTYT OBbITh YIOTPEOJICHBI B ITHILTY.

JIureparypa:

[1] Xapuyk FO. Men u npoayktsl muenoBojcTBa. — @enukc: 2007. C. 22-23.
[2] KpaBuenko, A., 3axapoBa A., McaeBa A. u ap., Ananutuka 5 (24), (2015).
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Onmumuzayus memoooe évlo0e1eHUss NEKMUHOE U3 KOPbl NUXMbl, NOBPEHCOCHHOI
CH180J108bIMU RAMO2EHAMU

3axapuenxo Auna Bacunvegna

MAOY «Jluyeti Ne7 um. I'epos Cosemckoeo Corwsza b.K. Yepnviuesa»

HUnemumym xumuu u xumuueckou mexnonoeuu CO PAH

B mocnennee BpeMs mpouwcXoauT akkimmaTu3anus kopoena Ilomurpada yccypwuiickoro,
KOTOpbIX mpuieln K Ham ¢ JansHero Boctoka [1,2]. OCHOBHOM €ro NUILEen sIBISIETCS KOpa XBOMHBIX
pactenuii. Ero xu3HeaesTenbHOCTh TYOUT 3J0pOBOE pacTeHHE. DTO MPECTABIISIET €Ille U MOKapHYIO
OTMACHOCTb, TaK KaK PACTCHHE BBICHIXAET, U JIF00As BCIIBIIIKA MOKET CIIPOBOLIMPOBATH JIECHOU TIOKap.
[ToBpexaeHHYI0O KOpY HYKHO yTWiu3upoBaTb. OnHMM U3 HauOojee BBIFOJHBIX CHOCOOOB
YTUIIM3AIMK SIBIISIETC  XUMUYeckas mepepaborka. Kopa- 3T0 MHOTOKOMIIOHEHTHOE ChIPhE,
coJliepkaniee B ce0e MHOTO TMOJIE3HBIX, XUMUYECKH IIeHHbIX BemecTB. OTHUM U3 TaKUX IMOJIE3HBIX
KOMIIOHEHTOB KOpBI SBIISETCS TMEKTUH. [leKTWMH I[UPOKO BOCTpeOOBaH B THUIIEBOH U
(bapMaKoIOrH4eCcKON MPOMBIIIIIEHHOCTH.

[lenpto maHHO# pabOTHI OBLIO ONTUMU3HPOBATH METOMBI BBIJEICHHWE TNEKTHHA M3 KOPHI,
MOBPEXACHHON KOPOEIOM M MCXOAHOH. A TakKe MCCIeJOBaHHE MOJYyYEHHBIX MEKTUHOB (PU3HKO-
XUMUYECKUMH METOJIaMH.

MeTtoauka BblAENEHUSI — CTymneH4yaTas sKkcTpakuus. CocTosyia U3 TpeX ATaloB: yAajeHHe
CMOJIUCTBIX BEINECTB, BBIICICHHE IyOMIBHBIX BEUIECTB W BbIACIEHUE TEKTHHOB. [IpoBoamiack
9KCTpaKIUs TeKCaHOM, 3aTeéM BOJHBIM pacTBopoM 3TaHona (70%). [nst BeigeneHHUs NEKTUHOB
UCIIOJIb30BAIach SKCTPAKIIUS COJITHOM KUCIOTOMU (Tabm. 1).

Tabauya 1. Uccreoosanue 3agucumocmu 6blxo0a neKmMuHo8 om epemenu oopabomru u pH.

Beixon nekTuHOB, %
Ne o6pazma pH Bpewmsi, Mun
Hcxonnas xopa Kopa, moBpesxaeHHast Kopoenom
1 1,8 45 6,86 6,49
2 1,8 30 5,28 8,44
3 1,8 60 7,06 6,58%
4 2,1 45 4,95 5,39%
5 2,1 30 3,71 3,89%
6 2,1 60 4,84 4,95%
7 1,5 45 6,91 5,09%
8 1,5 30 7,85 6,81%
9 1,5 60 8,13 7,05%

OOpa3ibl MEKTUHOB ¢ HAWOOJBIIMM BBIXOJOM ObUIM HccienoBaHbl MetogomM MK-
criekTpockonuu. OmnpeneneHbl OCHOBHBIE TOJIOCH moriomeHus: B obmactu ot 3000 mo 3500 em!
TUAPOKCHIBHEIX Tpymm, 1700 cm ™! mosoca morsomenus kap6oKCHIbHBIX Ipym, 1600 cvm ' monoca
MOTJIOUICHUS] 3aMEUICHHBIX KapOOKCHJIBHBIX TpyMIl. BbUlo yCcTaHOBIEHO, YTO MEKTUHBI U3 KOPBI
IUXTHl XapaKTEPU3YIOTCA BBICOKONH MOJIEKYJISIPHOM Maccoll M OJHOPOAHOCTBIO. OTHOCUTENbHAA
MoJIeKyJIsipHas Macca coctaBuiia 60000 r/mMob.

Bripakaro 6;1aroapHoCThb HallleMy HACTaBHUKY K.X.H., ¢.H.c. FO.H. Manspy 3a moMoIiis B peau3aiun
IPOCKTA.

JIutepatypa:

[1] Kpusery C.A. u np. Poccutickuii )xypHasI OMOI0THIecKUX HHBa3ui. 2015

[2] https.//kras-stolby.ru/news/vnov-o-massovom-usyhanii-pihty-na-stolbah/
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Onpeoenenue Humpum uOHA 6 KONOACHBIX U30ENUAX (HomomempudecKum
MenoooMm.

HUzmooenosa I1.; I'yocesckas B.

MAOY «Jluyeti Ne7 um. I'epos Cosemckoeo Cowsa b.K. Yepnviuesa»

HUnemumym xumuu u xumuueckou mexnonoeuu CO PAH

Hutput vatpus (E 250)— 310 conpb azoructoi kuciaoTel. OH o0nagaeT aHTHOAKTEpUATbHBIMU
Y aHTUOKUCIUTENbHBIMA CBOMCTBAMHU, IIO3TOMY HITUPOKO MPUMEHSAETCS MPU POU3BOACTBE MUIIEBOM
MPOIYKIMH KaK KOHCEPBAHT U, MOOOYHO, Kak (PUKCaTOp OKPaCKHU.

Hepenxu cimyyan, Korja NpOUCXOAAT MacCOBBIE OTPaBICHHMS KOJIOACHON NpoayKuued y
MoKymnaresneid. 9To He BCEra CBSI3aHO C KAYECTBOM CaMOM MPOIYKIIMH, 3a4acTYH0 3TO CBS3aHO C
NpaBUJIaMU XpaHEHHUs B MaraMHax WM Ha ckiagax. Ho, Tem He MeHee, BCTpedaroTcs cilydau, Koraa
¥ cama KojbacHas MpoayKIus He cooTBeTcTBYyeT 3asiBieHHBIM [ OCTam wm TY. Ucxons u3 Bcero
BBIIIIE CKa3aHHOTO, aKTyallbHOU 3aj1aueil sIBISETCS MOCTOSHHBIN KOHTPOJIb 32 KAYeCTBOM KOJI0aCHOU
MPOIYKIIHH.

Takum 00pazom, 1eTbI0 HAIIETO UCCIIEIOBAHUS SBISUIOCH KOJTUYECTBEHHOE M KaUeCTBEHHOE
orpeziesieHue HUTPUTA HATPUS B KOJIOACHBIX U3/IETHUAX M OIIEHKA COOTBETCTBUS Ka4eCTBA MPOAYKIIUN
HOpMaM COJICP)KaHUSI HUTPUTOB B PA3IMYHBIX BHIAX KOJOACHBIX U3JICIHIA.

B xadyecTBe 00BEKTOB HCCIIEIOBAHUS, BEIOpAK 3 BUAA KOJIOACHBIX U3/CIINA, & UMEHHO:

«Cansmu ®unckas JlpiMoB» mnpousBoauTenb «JlpiMoBckoe K.II», "Monounas"(kateropus B)
Bapé€Has, npousBogutenb «TD- Xomguar OOO» wu

0,4 Bapénas  [loxtopckas, KaTA TOCT OAO
£ 0,35 "Benmukonykckuit MsacokoMOuHart" .
|:°_: 0,3 Ilo wHaBecke HHUTpUTAa HATpPUs TOTOBUIH
g 0623 OCHOBHOM pacTBOp, Jajiee pa30aBIEHHEM TOTOBHIN
T o1 paboumii W  TpagyHMpOBOYHBIE  PACTBOPHl  C
S ’0'1 MOCIEAYIOIUM  TIOCTPOEHHUEM  TPajyupOBOYHOIO
%_' 0,05 rpapuka (puc.l).OnTHUECKYIO IUIOTHOCTH 3aMepsuTd
6 0 ; ‘ ‘ NpHU JyIMHE BOJIHBI S40HM
0 0,2 0,4 0,6 [Tocne mocTpoeHus rpalyHpoOBOYHOTO Ipaduka,
KoHuentpauua NO,, mr/n MIPOBOJIUIIM TIPOOOTIOITOTOBKY: HM3MEIBYMIM HABECKY
Puc. 1. I'padyuposounuviii epagux. KOJIOACHI, MPOBEIIN 3KCTPaKLHUIO, pactBop
3asucumocms onmuuecko niomuocmu  (PUIBTPOBAIU, LEHTPUPYTUPOBATM U MOATOTOBUIH
0m KOHYeHmpayuu NO>Y 8 pacmeope. HpO6BI JJI1 aHalIn3a ¢ pCakKTUBOM rpI/ICCEI [1]
CrnektpodoTomMeTpudecKu oTpeAeuiIn

ONTHYECKYIO IJIOTHOCTh PAaCTBOPOB U IO T'PaTyHUPOBOYHOMY TpadUKy ONpPEISTHIN COACpKaHUE
HUTPUT MOHA B Koibace. [lannbie mpencraBiensl B Tabmmie 1. BwBoa: Bee xombackr mponum
MIPOBEPKY | SIBIIIOTCS Oe30mMacHBIMU B yrnoTpeOnenun. CopepikaHne HUTPUT MOHA HE TPEBHIIIACT
ITJK (50-70 mr/kr).

Tabauya 1. Codepoicanue HUMpUM UOHA 8 KOIOACHOU NPOOYKYUU

HaumeHnoBaHue OnTuyeckasn Konnentpamuss  NO2- | Conep:xanue Mr/Kr
TUIOTHOCTH MI/J1
«Cansamu ®unckas JIpIMOB» 0.039 0.06 0.61
"Mouounas" (kaTeropus B) 1.036 1.40 15.39
Bapénas JloxTopckas 0.049 0.07 0.76
Bripakaem OnarogapHOCTh pyKOBOAUTENIO TPYHIIbI K.X.H., ¢.H.c [|. B. Ky3pmuny.
Jlureparypa:

[1]. bparuna . B,, OpexoBa H. A. ITonynosoii JI. I'. MeTob1 aHann3a 4yKepoAHBIX BEILIECTB
B NMUIIEBHIX MpoaykTaX. (COOpHUK HOPMATHBHBIX MaTepraioB). Mocksa, 1994 r.
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Hccneoosanue monocaxapuonozo cocmasa 1e2Ko2uOPoOIU3yemoblx nOJIUCAXAPUO0E
2peunesoil weayxu Qu3uKo-xumuieckumu

Memooamu ananu3a

Kapamanna H., Kywnup A., Cuoenésa A.

MAOY «Jluyeti Ne7 um. I'epos Cosemckoeo Corwsza b.K. Uepnviuesa»

HUnemumym xumuu u xumuueckou mexnonoeuu CO PAH

Bo3moxHOCTH TepepabOTKH PacTUTENBHOTO CHIPhsI B MPOAYKTHl XHMHUYECKON TEXHOIOTHH
aKTHBHO HCIOJIb3YIOTCS B Hallle BpeMsi U OPUEHTUPOBAHBI HA 3aMEIEHUE HCKOMAeMOIO ChIPbS.
I'peunixa OOBIKHOBEHHass — J3TO IIEHHas IIHPOKO KyJIbTHBHpyeMas KpymsHas KyJIbTypa,
BO3JICTIBIBAHUE KOTOPON HMMeEET OOJBIIOe HapOIHO-XO3SHWCTBEHHOE 3HaueHue. Poccust BXomuT B
TPOIKY JHIEPOB O 0ObeMaM MPOU3BOACTBA TPEUHEBON KPYIIBL.

['unponu3 nonucaxapuaoB — OAMH U3 MEPCHEKTUBHBIX METOJOB XUMHUYECKOU MepepadoTKu
pPacTUTENHHOTO ChIpbs. C MOMOIIBIO MPOTYKTOB THAPOIN3a XUMHUUYECKUMU 1 OMOTEXHOJIOTHIECKIMHU
IpoLeccaMH MOTYT OBbITh MOJIY4YEHBI JIEKapCTBEHHBIE NPenapaThl, MUIIEBbIE U KOPMOBBIE TPOTYKTHI,
pPaCTBOPUTENN U KOMIIOHEHTHI MOTOPHBIX TOTUIMB. Llenb Hamiei paboThl 3akitouanach B U3YyYCHHUH
KOMIIOHEHTHOTO COCTaBa JIETKOTHJIPOJIM3YEMbIX YIJIEBOJOB TPEYHEBOM IIENyXH, (HU3HKO-
XUMHUYECKUMH METOJIaMU aHaJU3a.

CocTraB OCHOBHBIX KOMITOHEHTOB ChIpbs (Taou. 1) onpeaensiu mo meroaukam [2]. ['maponus
CBIpBsi TIpoBOIIII 2%-0U COJITHON KuciaoToi Ha BonsHO#M Oane mpu 100°C B Tewenun 1 daca,
rugapomonyiis 1:10. Coxepxanue monomepos onpeneisii metogoM [ 0KX. Conepxanue Gypdypona
onpenensin metoom BOXX.

Tabnuya 1. Komnonenmusiti cocmag Tabauya 2. Cocmas MOHOMEPOS, NOYYEHHbIX NyHeM
WenryxXu epeduxu. 2UOPONU3A 2eMUYEILTION03 CPEYHEBOU WYX
KOMIIOHEHT mace. % kommonent! C. r/n | m. r 0T coaepiKaHust
’ ’ reMHIeL110J103, Yo
JIMTHUH 28,1
apabunosza | 1,37 | 0,07 4,13
Hemonosa 34,6 kemnosa | 11,10 | 0,55 33,32
TEMHLEILTIONO3bI 33,1 mammoza | 0,02 (0,001 0,06
CMOJIUCTBIC 2,5 ragakroza | 0,47 10,023 1,41
30JIBHOCTE 1,8 IJIFOKO3a 2,34 10,12 7,06
dbypdypon | 0,047 |0,002 0,14

XpoMarorpaguueckuMH METOJaM{ H3Y4YeH Ha Ka4eCTBEHHOM M KOJMYECTBEHHOM YPOBHE
COCTAaB JIETKOTHUIPOJIM3YEMBIX YTJIEBOJIOB TPEYHEBOM LICITYXH.

[Ipu tuaponmse mieNyxu Tpeynxu pa30aBICHHOW COJISTHOM KHCJIOTOH, B HCCIIEIyeMOM
ruaponusare mpeobnamaer kcunoza (33 mac. % B pacueTe Ha CoOJEpiKaHHWE TEMHUIIEIUIIONO03).
Jlernaparanus KCUIO3bI IPUBOJIUT K 00pa30BaHUIO LIEHHOTO MPOIYKTa XMMHUYECKON TEXHOIOTHH —
bypdypomna. CiaenoBaTenbHO, JAaHHBIN BUJI CHIPHS MOKET OBIThH IEPCTIEKTUBHBIM JIJISI €T0 MOTyYEHUS.

[IpoBeneHHOE MccIen0BaHUE TOKA3bIBAET, YTO IPEYHEBAS IETYyXa SIBISETCSA NEPCIEKTUBHBIM
CBIppEM JUIsi TonydeHus Qypdyposia, KOPMOBBIX JAPOXIKEH, MPOIYKTOB THIIEBOH U
(bapMaleBTUYECKON TPOMBIIIIEHHOCTH, TPOAYKTOB XUMHUYECKON TEXHOJIOTHUH, UMEIOUINX IHUPOKOE
MIPUMEHEHUE.

Jlureparypa:

[1] Knunanesuu B. H., ®mopuk E. A., Tpyast BI'TY, 2020, cepus 2, Nel, c. 68-81.
[2] O6onenckas A. B., Enpaurkas 3. I1., JleonoBud A. A. — M.: Dkonorus, 1991 . c. 71-165.
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H3yuenue cocmaea 1e2Ko2uopoIu3yemvix y2nee00068 KoCmpul 1bHA PuU3UKo-
XUMUYECKUMU MEMOOamMu aHaIu3a

Konwvibzesa B., Pviicosa A.

MAOY «Jluyeti Ne7 um. I'epos Cosemckoeo Corwsza b.K. Yepnviuesa»
HUnemumym xumuu u xumuueckou mexnonoeuu CO PAH

[IpousBoactBo npHa B Poccum nmocturaer 600 Thic. TOHH B rof, npudeMm g0 70 mac. %
COCTaBJISIET OTXOJ MpPou3BOACTBa - KocTpa [1]. CTonap KpymHBIA OTXOA MPOM3BOACTBA, UMEIOIINN
HU3KYI0O BOCTPEOOBAHHOCTb, MOXET CIIY>)KUTb LIEHHBIM CBIPbEM Ul TOJY4YeHHS NPOAYKTOB
XUMHUYECKON MPOMBIIUIEHHOCTH C BBICOKOH JI00ABIEHHOM CTOMMOCTBIO. OIHAKO, CBEICHUS O XUMHHU
JbHA BeCbMa orpaHuyeHsbl. [[o 3TOM mpUYMHE aKTyaJIbHOM 3a/adeid SIBISETCS UCCIEIOBAHUE €ro
KOMITOHEHTHOTO XHMHUYECKOro cocraBa. llenmb Hacrosimedl paboThl 3akioyaiach B H3yYCHHH
ACCOPTUMEHTA JIETKOTUPOJIM3YEMbIX YTIIEBOAHBIX MOHOMEPOB KOCTPHI JIbHA, (PU3UKO-XUMHUECKUMU
METO/aMH aHaJIU3a.

Kommonentnslii coctaB coipbs (Tabm. 1) onpeaensiiu mo metoaukam [2]. I'maponaus ceipbs
npoBoIuIIn 2%-0M CONITHON KUCIIOTOM Ha BoasHOM 6ane npu 100°C B Teuenuu 1 yaca, ruipoMoy b
1:10. Conepsxanre moHoMepoB onpenessiin meroaoM [ KX, Conepxanue pypdypona onpenensum
meroaoM BOXKX.

Tabnuya 1. Komnonenmusiti cocmag Tabnuya 2. Cocmag MOHOMEPOS, NOYUEHHbIX nymeMm
KOCMpbl JIbHA. 2UOPONIU3A 2EMUYEILTION03 KOCIPbI JIbHA.
KOMIIOHEHT mace. % kommonent! C. /x| m. r 0T coaepiKaHus
’ ’ reMHIeL110J103, Yo
JINTHUH 29,5
apabunosza | 0,75 | 0,04 3,11
Lenmonosa 414 kemnoza | 5,53 | 0,28 22,95
TeMUTIICIIITIONO036I 24,1 MAHHO3a 0,15 | 0,01 0,62
CMOJIMCTBIE 3,1 ramakro3a | 0,59 | 0,03 2,45
30JILHOCTE 1,9 IJII0KO3a 0,43 | 0,02 1,78
bypdypon | 0,13 | 0,01 0,54

Iunponuz 2% HCI npuBoIUT K NMPAaKTHUECKHU TMOJTHONW KOHBEPCHH JIETKOTMJIPOIU3YEMBIX
YTJIEBOJIOB, MOTEPS. MACChl B pe3yJibTaTe ruaposnsa cocrasuia 21,75 mace.%. Merogamu ra3zoBoit
xpomartorpaduu 1 BICOKOA((PEKTUBHON KUIKOCTHON XpoMaTorpaduu u3ydeH Ha KaueCTBEHHOM U
KOJIMYECTBEHHOM YPOBHE COCTAB JIETKOTUAPOIN3YEMBIX YTIIEBOJAOB KOCTPHI JIbHA.

[Ipu ruaponm3e IBHAHOW KOCTPHI Pa30aBICHHOW COJISTHOMW KHCIIOTOW, B HCCIETyEeMOM
ruaponusare mpeodbrmamaer kcuioza (23 mac. % B pacdere Ha COACpPKAHUS TEMUIEIUTION03).
CopepxaHue MEHTO3 B Pa3bl IPEBOCXOJUT COACPKAHHE FEKCO3HBIX MOHOMEPOB.

[IpoBeneHHoe wHccneOoBaHUE MOKA3bIBAET, YTO KOCTpa JibHA SIBISETCS NEPCIEKTUBHBIM
CBIpEM I TOJY4YEHHS] KOPMOBBIX JpOXOKEH, MPOIYyKTOB NHUIIEBOH U (hapmalieBTHUYECKON
MPOMBIIUIEHHOCTH, TPOTyKTOB XUMUYECKON TEXHOJIOTHUU, UMEIOIIUX ITUPOKOE TPUMEHEHUE.

B nponomxkenue Hamiel paboThl, akTyalIbHBIM SIBJISIETCSI HCCIIEOBaHUE JTUHAMUKU BBIXOJAA
YTIIEBOJIOB B MPOIIECCE TUAPOIH3a C LEIbI0 BEIOOPA ONTUMATBHBIX YCIOBUM NepepaboTKU JTHHSHOM
KOCTPBI JJIs MOJIYYEeHUs PA3IUYHbIX BUAOB LIEJEBBIX MPOAYKTOB U OLEHKU NOOPOKaueCTBEHHOCTU
MOJIy4aeMbIX THAPOJIM3ATOB.

Jlureparypa:

[1] JIuae A.A., Muxaiinos B.M. [Tonskos A.B., Arpapras Poccus, 12, C. 32-35 (2016).
[2] O6onenckas A. B., Enpaunikas 3. 1., JleonoBuu A. A., M.: Okonorus, 1991 1. c. 71-165.
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Onpeodenenue Kkauecmea MoJjioKa

Kypvines A.B., Pynkos /1. A., Huxonaes B.11.

MAOY «Jluyeti Ne7 um. I'epos Cosemckoeo Cowsza b.K. Uepnviuesa»
HUnemumym xumuu u xumuueckou mexnonoeuu CO PAH

Mosioko oueHb BOCTPEOOBaHHBINA MPOIYKT B MOBCEIHEBHOM KU3HH, TOATOMY MPOBEPKA €TI0
KauecTBa SBJSETCA aKkTyalibHOM Temod. Kak W MHOrme mnpoayKTbl MUTAHUS, MOJOKO MOXET
COJIep’KaTh LEJbIA CIEKTP BPEIHBIX BEILIECTB, CPEOU KOTOPHIX TOKCUYHBIE MHKPOAJIEMEHTHI,
MECTUINIBI, OMOJIOTMYECKHe TOKCHHBI, HUTparhl [l]. Takke B MOJOKE MOTYT COJEPKATHCS
AHTUOMOTHKH, HCIOIb3yEeMbIE TTOBCEMECTHO ISl JIedeHUsI UH(PeKIil. YoTpebieHue B MUIy TaKUX
MPOJIYKTOB HEraTMBHO CKa3bIBA€TCA HAa OpPraHU3ME 4YEJIOBEKAa, B CBSI3M C ATUM HMX COJACpPKAHUS
HOpMUpYIOTCS [2]. W3-3a TOro, 4TO MOJIOKO SIBJISIETCSI CJIIOKHOW MHOTOKOMITOHEHTHOW CHUCTEMOM,
ompejieiecHue BPEIHBIX MpUMeced B HEM 3aTpyAHEHO U TpedyeT JOMOJHUTEIHHOU
poOOMOATOTOBKH.

Harmeii nienpio sBIsUHCH pa3paboTka METOIUKU IO OTPEISIICHUI0 aHTHOMOTHKOB METOIOM
BOXX u npoBeneHnto aHain3a Ha HUTPAT-UOHBI [2] B MOJIOKE.

JIist aHanmu3a MCIOIb30BaIM MOJIOKO M3 PO3HUYHBIX ceTeil ropoaa KpacHospck TOproBbix
Mapok: «Ceménumrnay, «Ctanmust Monounas», «I[IpoctokBammHoy, « AnTtaickas Oypéakay, «Harm
Junmep», «Kamapuarckoe». Onpenenenue HUTPAT-UOHOB MIPOBOIUITU METOJ0M
MOTEHLIMOMETPUYECKOr0 TUTpOoBaHUA. Kak pe3ynbTaT, Mbl ONpENelIuiid, YTO BO BceX oOpasmax
MOJIOKA OBLIO HECYIECTBEHHOE KOIMYECTBO HUTPAT-HOHOB (<107 monp). Jlis ompeneneHus
AHTUOMOTHKOB MPOBOAMIACH MPOOOMOATrOTOBKA: B MEPBOM Cllydyae [UIsl OCaXACHUS OeIKoB
ucnoinb3oBaics anetoHuTpui (ACN) ¢ mocneayromieit 00padoTKoi COpOSHTOM; BO BTOPOM ClTydae —
o0pa3iibl 00padaThIBATUCH TPUXIOPYKCYCHOM KucnoToit (10%) ¢ mocnenyrorieii 3kCTpakiuen >kupoB
H-TEKCAaHOM. XpOMaTorpaMMbl SKCTPAaKTOB, MOJYYEHHbIX Ha XpomaTorpade Mumxpom A-02,
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Puc. 1. Xpomamoepammor: a) ACN, 6) ACN u noaucop6, ) ACN u cunuxazens,; 2) H-2eKcau u
MPUXTIOPYKCYCHAA KUCTIOMA

B pesynbraTe mpoBEAEHHOTO aHadW3a YCTAHOBJIIEHO OTCYTCTBHE aHTHOMOTHKOB BO BCEX
o0pa3uax Monoka. OnTUMaIbHON MO TPYAOEMKOCTH METOAUKOM sIBIIsieTCsl 00paboTKa H-TeKCAaHOM U
TPUXJIOPYKCYCHOM KUCIIOTOM.

Bripaxxaem OjarogapHOCTh HalleMy HACTaBHUKY K.X.H., c.H.c. IO.H. Mansapy 3a momoms B
peas3aIu MpoeKTa.
Jlurepatypa:
[1]TOCT 31450-2013 MOJIOKO ITMUTBEBOE Texaudeckue ycaoBus
[2] KopoTkoB A. U. u mp., 3B. Capar. ya-ta. Cep. Xumus. buonorus. Oxonorust. T. 15, Bem. 2 (2015)
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Hccnedosanue ycmoniuugocmu HAHOUACMUY, NOJIYYEHHBIX U3 IMAHOIIUCHUNHA
KOpbl KeOpa npu paznuyuHulX Yci106UsAX.

Jlebeoesa C. /1.
MAOY «Jluyeii Ne7 um. I'epos Cogemckoco Corosza b.K. Yepnviuesar
Hnemumym xumuu u xumuueckou mexnonoeuu CO PAH

Hanpasnenue no mepepaOOTKHM OTXOAOB PACTHTEIHHOTO CHIPbSi B LIEHHBIE XUMHYECKHE
KOMIIOHEHTBI CTAHOBUTHLCS 0Oo0Jiee MOMYJSPHBIM, B YaCTHOCTH OTXOJOB IEJUTIOJI03HO-OYMaKHOU
MPOMBINIIEHHOCTH. OJTHUM U3 KOMIIOHEHTOB PACTUTENLHOTO ChIPbsI SBJIAETCS JIUTHUH. JIMTrHUH —
3TO OHOMOTUMED, APOMATUUYECKAST MAKPOMOJIEKYJIa, CTPOCHHE KOTOPOU 3aBUCUT OT TUIIA PACTCHHS.
OpHuM U3 cocoO0B yTHIIM3AIMH JIMTHUHA SBIISETCS MOJyY€HUE U3 HETO HAaHOYACTHUI, KOTOPBIE U3-
3a psifla YHUKAJIBHBIX CBOWCTB MOKHO HCIIOIB30BATh B PA3TUYHBIX 00JACTSIX MPOMBINIICHHOCTH [1].

[lenpto maHHOM pabOTHl SBISAJIOCH HUCCIENOBAaHME BIUSHUS YCIOBUM H3BICUCHUS
ATAHOJUIMTHUHA U3 KOPHI KeJIpa Ha arperaTUBHYI0 YCTOMYMBOCTh HAHOYACTHIL. A TaKXKe BIHMSIHHUE HA
UX YCTOWYMBOCTD MPOJOKUTEIFHOCTH XPAHEHUS U KUCIIOTHOCTHU CPEIbI.

DTaHOJUTUTHUH OBLT U3BIIEYCH M3 KOPBI KeJIpa MyTeM SKCTPAKIIUU B BOJIO3TAHOIBHON CMECH
npu ycaosusix: 250 °C, 80% EtOH (1 obpazen), 220 °C, 60% EtOH (2 o6pazerr). Hanouactuiisl Obutn
MOJTy4eHbl METOJIOM auanu3a. [loydeHHble HAHOYACTUYKU OBbUTH TPOAHAIU3UPOBAHBI METOJOM
JTUHAMHYECKOTr0 CBETOPACCEHBAHMUSI.

[To pesynpTaTam 3TOrO MeTona OBLJIO MOKAa3aHO, YCIOBUS W3BJICUCHHS AITAHOJUIMTHHHA,
BIMSIOT Ha pa3Mep U ( -NMOTEHIMAN MOJy4aeMbIX M3 3TOr0 JIMTHUHA HAHOYACTHIl. YacTHIbI,
MOJTyYE€HHBIC M3 STAaHOJUIMTHUHA U3BICYCHHOTO MPH 00Jiee )KECTKUX YCIOBUAX, UMeNn OoJiee y3Koe
pacripeiefieHue Mo pa3Mepy, ¢ MUHUMaJIbHBIM pazMepoMm 187 M. HaubGonbieir cTaOuiIbHOCTHIO
00Jaal0T YaCTUYKH, TOJYYEHHBIC MPH WCIHOJIb30BAHUU DTAHOJUIMTHHHA W3BJICUEHHOTO TIpU
caenyromux ycenosusax: 220 °C, 60% EtOH 40% H-O.

Puc. 1. Brusnue ycaoesus usejliedeHus SmanoIUCHUHA Ha pasmep yacmuy.

Taxum o6pa3om. bbuto mokazaHo, YTO YCIOBUS XpaHEHHUS] HAHOYACTHUI] U KUCIIOTHOCTD CPEIb
OKa3bIBACT 3HAUMTENBHOE BIMSHUE HA UX CTAaOMIBHOCTH U pa3mep. C yMeHblieHHeM 3HaueHus: pH
pa3Mep JacTHul] yBeIu4MuBaeTcs A0 595 HM, a 3HaueHHE (-TIOTEHIMalla MEHSET 3HaK 3apsja.

Bripakatro OnmaromapHOCTh HaydyHOMY pyKOBOAuTENr0: MupomHukoBoii A.B., a Takxke
corpyaaukam MXXT CO PAH 3a nomoiis B ipoBeieHUN pabOThI

JIureparypa:

[1] Green Chemistry, Simple process for lignin nanoparticle preparation, Miikka Lievonen,
Juan José¢ Valle-Delgado, Maija-Liisa Mattinen, Eva-Lena Hult, Kalle Lintinen, Mauri A. Kostiainen,
Arja Paananen, Géza R. Szilvay, Harri Setiilib and Monika Osterberg
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Onpedenenue HUMPAM-UOHO8 8 0BOWLAX U PPYKMAX NOMEHUUOMEMPUUECKUM
MemoooM ananusa

JIyukoeckas Bukxmopus Hukonaesna, Kamyvina Bapsapa Anopeesna, Boponyosa
Honuna Braoumuposua

MAOY «Jluyeti Ne7 um. I'epos Cosemckoeo Cowsza b.K. Uepnviuesa»
HUnemumym xumuu u xumuueckou mexnonoeuu CO PAH

Hutpatbl aBisitoTcs CONMSIMU a30THOM KHCIOTHI. OHU BXOAST B COCTaB PACTUTENbHBIX U
JKUBBIX OPraHU3MOB. B MamnbiX KoJguM4ecTBaX HUTPATHI MOCTOSHHO MPUCYTCTBYIOT B OpraHu3Me
YyeJloBeKa U He BBI3bIBAIOT HETaTHMBHBIX BIUAHUN. Ho, Hampumep, npu UIUTEIHHOM MOCTYIJICHUH
HUTPATOB B OPraHU3M YEJIOBEKAa YMEHBILIAETCS KOJUYECTBO MOJa, YTO NMPHUBOJUT K YBEJIUYEHUIO
IIIATOBUIHOMU JKEJIE3EL.

OBom u (QPYKTHI — BaXHBIM IMOCTABIIMK BUTAMHHOB W MHHEPATbHBIX BEIIECTB,
HEOOXOUMBIX JJIs OpraHu3Ma yenoBeka. Kak U3BeCTHO, HUTpAThI MONAAAl0T B OBOIIM U (PPYKTHI U3
yaoOpenuii. be3 MomoMHUTEIbHONW OJKOPMKHU BBIPAIUBATEH TOJHOLEHHBIC PACTEHUS MPAKTHYECKH
HEBO3MOXKHO.

Cy1miecTByeT MHOXECTBO JTA0OPATOPHBIX METOAOB aHajdn3a HUTPAT-UOHOB, KaXKIBIH U3
KOTOpPBIX MMEET CBOM JOCTOMHCTBA M HemoctaTku. OgHUM Hu3 Haubosee JOCTYMHBIX U MEHee
pecypco3aTpaTHbIX METOAOB SIBJIAETCS IMOTEHIMOMETPUYECKUH aHalu3 C MCIOJb30BaHUEM
MOHCEJIEKTUBHOTI'O 3JIEKTPO/IA.

B cBsi3u ¢ 9TUM 1enbI0 Hamiel paboThI SBISETCS OMPEICIICHUe HUTPAT-UOHOB B Pa3IMIHBIX
oBoOIIaX U (PYKTaxX METOJOM MOTEHIIMOMETPUYECKOTO aHATIN3a.

Jlis mpoBeneHUsT SKCIEPUMEHTa OBbLIO pPaHAOMHO OTOOpaHO 6 00pa3ioB W MPOBEACH
MOTEHITMOMETPUUECKUI aHAJIN3 TI0 CTaHJIAPTHOW METOJUKE ¢ HEOOJBIIMMH KOppeKTUpOoBKamu [1].
PesynbraThl aHanM3a npeacTaBieHsl HDke (Tadi. 1, puc.1).

Tabnuya 1. Pe3ynomamusl nOmeHyuoMempuiecko2o
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Puc. 1. I'padyuposounviii epaghux.
MeToaoM MOTEHIIMOMETPUUECKOTO METOa aHalu3a ObUTo ycTaHoBIeHO mpebimieHue 11K
(MI/KT) MpHCYTCTBYeT B JBYX oOpas3nax (JIMMOH, rpyma) moutd B 1,5 pasza kaxasiii. M3 storo
CJIEZYeT, YTO KOHTPOJIb MUTAHMS 110 HACTOSIIEe BPEMs SBISIETCS aKTyaJIbHOW 3amadeid u Tpedyer
MOCTOSTHHOTO HAOJIIOICHUSI.

Pabora BbImonHeHa ¢ ucnosib3oBaHueM obopyaoBanus u peaktuBoB UXXT CO PAH u KP
HKIT ®UIL[ KHI[ CO PAH. bnarogapHocts HaydyHOMY pyKoBoauTento: bopoBkoBoii Banentune
CepreesHe.

Jluteparypa:

[1] CaranakoB C.A., Kazauenko A.C., Kononosa O.H., HoBukosa I'.B. Heopranuueckas u
aHAJTUTUYECKas XUMUS: YIeOHO-METOInUeCKOoe mocodue [DnekTpoHHbIi pecypc], Cub. dhenep. yH-T.
- Kpacnosipck:, 2014. C. 115-123.
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Onpeoenenue cooepricanus OUOKCUOA MUMAHA 8 COCMage 3yOHbIX nacm
llopmuosa JI.B., Manesannasa H.A.

MAOY «Jluyeti Ne7 um. I'epos Cosemckoeo Cowsza b.K. Uepnviuesa»
HUnemumym xumuu u xumuueckou mexnonoeuu CO PAH

Ha nacrosimumii MOMEHT 3y0OHas macrta sBJISeTCS] OJJHAM U3 CaMbIX BAXKHBIX CPEJICTB THTUEHBI:
OHa OYMILAET MOJIOCTH PTa U 3aIIMIIAET 3yObl OT Kapueca. K cBoiicTBaM 3yOHBIX MacT MOXKHO OTHECTH
abpa3uBHOCTH, COCTAaB U KOHCUCTEHIMIO. COTIaCHO TUTEPaTyPHBIM JaHHBIM, 3yOHBIC MTACTHI JENIATCS
Ha AaHTHUKapUecHble, AHTHUIUIAKOBbIE, MPEMATCTBYIOLME OO0pa3oBaHMIO 3yOHOro Hanéra, i
YYBCTBHUTEIHHBIX 3y00B 1 orOenuBaromue [1]. B coctaB oTOenuBaronmx 3yOHBIX MAcT Yalle BCEro
BXOJISIT a0pa3uBhI (AUOKCH] KPEMHUS, KapOOHAT KabIUs, JUOKCU] TUTAHA), HATTOJTHUTENHU (IeIatoT
nacTty TyCTOW), KpacHTelIH, NeHooOpa3oBaTenu, (hTOpUABI, BKYCOBbIE MOOABKH, YBIAKHHUTEIH,
KOHCEPBaHTHI (TIPEIOTBPAIIAIOT Pa3MHOXKEHNE OaKTepuid U TpUOKOB), moacaacTuTenu [2]. Jnokcua
TUTaHa — XuMudeckoe BemiecTBo Ti02, ampoTepHsIil okcua. B mpoMbIIeHHON cdepe N3BeCTeH Kak
E171 - numeBoi Genblii KpacHuTeb.

B pabore wucnonp3oBanmu Tpu oOpasna OTOETMBAIOMIMX 3YOHBIX MAacT Pa3IUYHBIX
npousBoauTenei. [lo 5 rpamm kaxaoro w3 oOpasioB, BRICYHIMBAIN B MYy(EIbHOW MEYH MPH
nocTerneHHoM HarpeBanuu 10 600°C.

AHanu3 po0 MpoBOAMIM ¢ TIOMOIIEI0 anmapata POM (ammapar pacTpoBOi 31EKTPOHHOU
mukpockornuu). [lo manueiM POM ycranoBuim, uro B oOpasie | TuTaH He OOHapyXeH, 3aTo
MPUCYTCTBYET aJTIOMHUHHM, SBISIIONIUICA OoJjiee TpyObIM aOpa3sWBOM HapaBHE C JIPYTUMH
OYMINAIONIMMU KOMITOHeHTaMH. Ero coxmepkanue — 5,6%. B oOpasue ke 3yOHOM macTsl 2 THUTaH
oOHapyxuics, ¢ cofepxanue 5,7%, HO OH U3HAYAIbHO YKa3bIBAJICS IPOU3BOJUTEIIEM B COCTABE Ha
KopoOke. U 31ech Takke MPUCYTCTBYET aTlOMUHUN. A BOT B 3yOHOI macte 3 coaep:kaHue THTaHa
cocraBisieT 7,4%, XOTs He yKa3bIBaJICA B COCTaBe Ha KOPOOKe.

Tabn.1 HOJZylleHHble OaHHbIE O COOEPIHCAHUU OCHOBHBIX KOMIOHEHMOE 8 3_)/6Hblx nacmax.

Kommnonent/nazBanue | O6pazen 1 (%) | O6pasen 2 (%) | O6pazen 3 (%)
AmoMuHHI 5,6 1 3,5
Harpuit 1,8 0,7 1,7
Kpemunii 89,9 91,2 60,8
Cepa 2,7 - -
dochop - 2,1 6,5
XJ10p - 2 -
Kanpuuii - 3 10,5
Kamuit - - 8,2
Turan - - 8,8

Takum 06pazomM ObLT IPOBEICH aHAJIW3 COJAEPKAHUS TUOKCHIAa TUTaHA B 3yOHBIX MacTax, Ha
OCHOBE KOTOPOT'O MBI IIPULIIU K TOMY, UTO 3yOHBIE MAacThl 2 U 3 COOTBETCTBYIOT CBOEMY COCTaBY IO
JTMOKCHTy TUTaHa, YKa3aHHOMY TIPOU3BOIUTEIISAMHU.

Pabora Bemomaena mpu UXXT CO PAH ®UI[ KHI[ CO PAH. Hayunblii pyKOBOIUTENH
Mupomaukosa A. B.

Jlureparypa:
[1] http://mugp-nv.ru/m/poleznaya-informacziya/sostav-i-svojstva-zubnyix-past.html
[2] https://elgreloo.com/beauty/zubnaya-pasta
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OnpeneneHue MeJOYHOCTH MOBEPXHOCTHBIX M BOJIONIPOBOTHBIX BOI.
Hanosa Anacmacus Jleonuoosna, /lenucko Bapsapa Braducnasosna

MAOY Jluyeii Ne7, e. Kpacnosapck

Hnemumym xumuu u xumuueckou mexnonoeuu CO PAH ©UL] KHI] CO PAH

Boma — xuMmuueckoe coeAuMHEHUE, KOTOpPOE€ HMEET YHHKajbHblE CBOMCTBA, BKJIIOYas
BO3MOKHOCTh PAacCTBOPSATh MHOTME MOJE3HBIE M BpEAHbIE XMMHYECKHE BemiecTBa. OIHUMH U3
MOKa3aTele KavyecTBa BOJBI KaK pa3 sBISETCS €€ KUCIOTHOCTh M IeJI0oYyHOCTh. HectabumbHbie
KHUCJIOTHOCTbh M HIEJIOYHOCTh BOJIbI MaryOHO BIUSIOT HA 370pOBbE desoBeka. Takxke, M30BITOUHAS
KUCIIOTHOCTh WJIM IIEJIOYHOCTh TUIOXO BIUSET HA BOJOIMPOBOAHBIE TPYOBI M KOTJIBI OTOIUICHHS.
[I{enoyHOCTH BOJBI 00YCIIOBIIEHA COJIEpKaHnEM KapOOHATOB, THAPOKAPOOHATOB U THIPOKCHII HOHOB.

Ilenb: TUTPUMETPUYECKMM METOJOM BBIBHTH 0OIee coAepkaHHe KapOOHATOB,
TUAPOKapOOHATOB U THAPOKCUII HOHOB B TIOBEPXHOCTHBIX M BOJOMPOBOIHBIX Bojax KpacHosipckoro
Kpas.

Meroauku poBeACHHS TATPUMETPHUUYECKOTO aHaIM3a OMKcaHbl B padborax [1, 2]. B xauecTse
tutpanTa ucnonb3oBaiu 0,1 M pactBop HCI, mnnmkaropa — MeTHIIOBBIH OpaHxkeBbli. O0beM
AJTMKBOTHI KXJI0TO 00pa3iia BOJIOMPOBOIHON U MOBEPXHOCTHBIX BOJ Opanu 100 mu. s TouHOoCTH
WCCJICIOBAHMS, KaXIYI0 MPo0y OTTUTPOBBIBAIH 1O 3 pa3a, MOCIE YeT0 BRIYUCISUIA CPETHUN 00beM
Y IEJIOYHOCTH (Tabmwmia 1).

Tabauya 1. Pe3ynemamsl mumpumempuiecko20 aHaiusda no onpeoeieruro obueti weioyHocmu

Howmep HasBanue V cp, M C, MOJIB/IT

mpo6a Nel Co nHa Enuces Bo3j1e KOMMYHQJIBHOTO 1,77 0,018+0,002
MOCTa

mpoOa Ne2 [To TeueHno BO3j1€ KOMMYHAIBHOTO 1,3 0,013+0,002
MOCTa

mpoba Ne3 Anspomniopt 2 (nrT EMenbsiHOBO) 5,73 0,057+0,004

po6a Ne4 AspomniopT 4 (nrT EMenbsiHOBO) 5,65 0,057+0,002

npo6a Ne5 KenezHonopoxkHbIN paioH 1,12 0,011+0,001

po6a Ne6 OKTS0pbCKUH paiioH 1,25 0,012+0,001

Takum  00pa3oM, TUTPUMETPUYECKHMM  METOJOM MBI  ONPEACIUIN  IIEJTOYHOCTh
MOBEPXHOCTHBIX U BOJIONPOBOJHBIX BOJA M YCTAaHOBHJIM, 4TO B mpobax Ne 3 u 4 Boma comepxuT
Haubonpiee konuuectBo noros OH-, HCO;™, COs>.

XOTHM BBIpa3uTh OJIATOApHOCTh HANIEMy HACTAaBHUKY K.X.H., H.C. J.B. 3uMoHMHY 3a OKazaHHYIO
MIOMOIIIb B MTOATOTOBKE MPOEKTA.

Jlureparypa:
[1] OtTo. M. CoBpeMeHHBIC MeTO/IbI aHaTHTHYECKON XuMuu. M: Texrochepa, 2008.-544 c.
[2] Bonkosa I'.B. u np. ®u3nko-XxuMHUECKHE W XUMHYECKHE METOIbl aHAIM3a OMOJIOTHYECKHUX
00wvekToB / COY, Kpacuosipck: 2010, 37 c.
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H3yuenue »cupHoKUCciomnoz20 cocmaga ciueo4H020 Macjid blCuie2o copma
MemoooM 2a30801 Xxpomamozpagpuu

Ilemposa Cogusa Muxatinosna

MAOY «Jluyeti Ne7 um. I'epos Cosemckoeo Cowsa b.K. Yepnviuesa»
HUnemumym xumuu u xumuueckou mexnonoeuu CO PAH

AKTyanbHOCTbH BEIOpAHHOU TeMbI 00BSACHSAETCS LIMPOKUM aCCOPTUMEHTOM CIIMBOYHOT'O Macia
U TIOSBJICHHEM Ha MOTPEOUTENBCKOM PBHIHKE HEKaueCTBEHHBIX (albCUPUIIMPYEMbIX MPOIYKTOB
MUTAHMS, COJIEPKAINX TPAHC-KUPBI (KAHIIEPOTEHBI), KaK CAMbIX BPEIHBIX JJIsl 3J0POBbs YeJIOBEKa
cocraBisionx 3MOK. OCHOBHOW IENIbI0 HCCIIEAOBATENBCKOM paboThl SBISETCS H3ydeHHE
YKUPHOKHCIIOTHOTO COCTaBa CIIMBOYHOI'O MacJia BBICIIETO COPTa METOJOM Ia30BOi XpoMoTorpaduu.

Jlnist IpoBeIeHUs SKCIIEPUMEHTa OBbLIO PaHIOMHO BbIOpaHo 7 00pa31oB cauBoyHOro Macia (1
- «Kpectbsinckoey, 2 - «lIpocTokBammuo», 3 - «Tpu KOpoBb», 4 - Maciio KPECTHIHCKOE CIIAJIKO-
cimBouHoe «benebeeBckoey, 5 - «Monounble mpoaykTsl u3 bepezoBku», 6 — «Crnaako-CIMBOYHOE
HECOJIEHOE KpecThsiHCKOE 365 aneit», 7 - «bpect JINTOBCK») skupHOCTHIO 72,5 %, KOTOpOE 3asBJICHO
IPOM3BOIUTENIEM KaK CIIMBOYHOE MACJIO BBICIIETO COPTa C YKa3aHUEM Ha yIaKOBKe «0e3 3aMEeHUTEIs
MostouHOTO xupa (B3MXK)».

Ilepen mpoBeneHumeMm aHain3a Obula TMpoBefeHa mpoOomoxaroroBka. Crienyromui mar
nojipazymMeBall paboTy C arpeCCUBHBIMU PEaKTHUBAMH.

I"azoxpomartorpaduuecknii aHaau3 TMoka3anx, 94To 6 00pasloB U3 7 MMEIOT HICHTHUYHBIC
xpomarorpaduaeckue npodrim, 3a uckaroueHueM odpasma Ne5 (puc. 1).
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e Puc. 1. Xpomamozcpamma sHCupHOKUCIOMHO20
[HARES | lemenmmas [a10m [ ccemaga Macaa Cru60UHO20 KPECmbsHCKO20
) ] ] «Monounvie npodyxkmul uz bepézoexuy.

B nanHoM oOpasiie HaOm01aeTCsl MPEeBRIIICHUE CoAep)aHus [ 1] 1o CieIyonuM MO3HITHSIM:
MUPHCTUHOBAS, TAIILMUTHHOBAS, CTEAPUHOBAsSI, OJICMHOBAsI, JTMHOJEBas, OEreHOBass KUCIOTHI (puC.
2). Takum 0Opa3om, JaHHBIN 00pa3el] Hellb3sl OTHECTH K CJIMBOYHOMY MAaciTy BBICIIETO copTa [2], T.e.
JaHHAas TPOAYKIMS sBisieTcst (ambcudukarom, a MocTaBisieMas TOProBas HPOAYKIUS TpeOyer
MOCTOSIHHOTO KOHTPOJISI.

Pabota BEImoONTHEHA ¢ HcTIOb30BaHueM o0opyaoBanms U peakTiBoB MXXT CO PAH u KP LIKII ®UI]
KHII CO PAH. brnaronapaocts HaydHOMY pykoBoauTento: bopoBkoBoit Banentnne CepreesHe.

JIureparypa:

[1] TOCT 30623-98 "Macna pacTUTeNbHbIE MW MaprapMHoBas NOpoOayKIua. Merox
oOHapy>keHUs PaTbCUPUKALITUN.

[2] TOCT 32261-2013 «Macno cnuBoyHoe. TeXHUYECKue yCIOBU.
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Pazpadomka memooa u3zeneuenusn penona u3z xXyo00icecmeeHHvlX Kpacok u e2o
KonuuecmeeHnnwlil ananusz BI/KX

IIpooausooa M. B., Cysoposa I1. U.

MAOY «Jluyeti Ne7 um. I'epos Cosemckoeo Corwsza b.K. Yepnviuesa»
HUnemumym xumuu u xumuueckou mexnonoeuu CO PAH

Xyn0KECTBEHHBIC KPACKU aKTUBHO MCIIOIB3YIOTCSI B TBOPYECTBE, B TOM YHCJIE U JIETCKOM.
X0opo110 U3BECTHBIH, HO YK€ MOA3a0bIThIH crenuduyeckuii 3anax uM npuaasai Genon. @eHoNbHbIe
COEAMHEHUs 00J1a1al0T TOKCUYECKUM M JJaKe KaHIIEPOI€HHBIM CBOWCTBAMH, IIOITOMY COJIEpKaHHE
3TOr0 KOMITOHEHTA CBBIIIE HOPMBI MOXET MaryOHO MOBIUATH Ha 370pOBbe moTpeduteneid. Ha
JIAaHHBI MOMEHT, coziepaHue ¢eHoIIa B XyI0)KECTBEHHBIX Kpackax orpanudeHo 10 0,05 M/ M. [1]

Jlnst u3BiedeHus: peHosoB U3 Kpacok 3 T oOpasua pacTBopsiin B 50 MII TUCTUIUIMPOBAHHON
BOJBI, IIOCJIE YEro pacTBOP OTIOHSAJIM Ha POTAMOHHOM HCIApUTENe. AHAIU3, IOJIy4aeMbIX
pPacTBOpOB MPOBOJIMIM C HCIOJIB30BAaHHEM BBICOKOA(P(HEKTUBHON KHUIKOCTHOM XpomaTorpaduu
(BOXKX). Takke ObITH IPOBEPEHBI HEKOTOPBIE KOMMEpPUYECKHE 00pa3Ilbl KpacOK Ha HAIMUKe (eHona
B HuX. AHanu3 BOXKX nokasai, 4To B MONy4EeHHBIX pacTBOpax AJs TPEX pasHbIX 00pa3ioB (eHosa
He HaijeHo (puc.l).
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Puc. 1. Pezynomamul ananuza BOXKX mpéx xommepueckux oopasyos xy00xicecmsaenHvlX KPAcox.

Jliis ompesienieHus CTETIIeHH U3BJICUeHUS ()eHOTIa TOTOBUIIM JIBa PacTBOPA.

PactBop 1 mpencraBiss coOol cTaHmapTHBIM pacTBOp ¢eHona ¢ KoHueHtparuend 0,1
MMOJIB/J1. BTOpoii pacTBOp roToBMIN 100aBIEHHEM TOJIOBHOTO pacTBopa ¢denona (1 mi1, 5 MMOIIb/)
B 00paser] pacCTBOPEHHOU Kpacku (~25 Mil) U JOBOAMIN 110 MeTKH B koibe S0mut. [lanee oOpasen
OTTOHSUIA HA POTAIIMOHHOM HCIIAPHUTETIE ¥ BHOBb B MEPHOU KoyiOe JoBoanu 10 50 miL.

Metonom BOXX ycraHoBieHbI He3HAUUTEIbHBIE pa3InyKsl KOHLIEHTpauuii penona (~3%) B
NOJIy4YeHHBIX pacTBopax. CTeneHb u3BIeueHus GeHOIa U3 Xy JOKECTBEHHBIX Kpacok cocTaBmia 97%

(puc.2).

- I 3 i

-t e 52

il Wb .
A)""':i:':.':T'.':a.:.'.'_"'.'r":.'r'::.'..'..E‘_B)

Puc. 2. Pesynomamul ananuza BO)KX omoenannozo pacmeopa enona u pacmeopa enona c
0obasnenuem kpacok. A) Pacmeop 1, b) pacmeop 2
B pesynbrare mponenanHoi paboThl ObLT pa3paboTaH METON U3BIeueHHs (eHoyna u3
XY/I0’KECTBEHHBIX KPACOK 0€3 MCIOIBb30BaHNUS IOTTOTHUTEIFHBIX PEareHTOB

Pa6ota Bemonmaena UXXT CO PAH. Hayunsiii pykoBoautens: MupormankoBa A.B.

Jluteparypa:
[1]TP TC 007/2011 Texuuueckuii pernameHT TamokeHHOTO coro3a "O 0e30MacHOCTH MPOAYKLIUH,
MpeaHa3HAuYeHHOM I AeTeil 1 moapocTKoB" oT 23 ceHTsops 2011, cT. 8
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Onpeoenenue cooeprcanus yeene3a 6 NPUPOOHBIX U NUMLEBBIX 600aX PA3TUYHBIMU
Qusuko-xumuueckumu Memooamu.

Ulupsaesa Bapeapa Bacuivesna

MAOY «Jluyeti Ne7 um. I'epos Cosemckoeo Cowsa b.K. Yepnviuesa»

HUnemumym xumuu u xumuueckou mexnonoeuu CO PAH

B moBepxHocTHBIX Bojmax KpacHosipckoro kpasi 1mo JuTepaTypHbIM JaHHBIM HaOJroJaeTcs
npeBbIleHre o01ero conepxkanus sxkenesa or 1 o 10 ITJK [1]. B mannoit pabGore conepxanue
JKele3a OIpelessuli METOJAOM creKTpodoTromeTpuu. JlJis OLEHKH TOCTOBEPHOCTH pPE3yJbTaTOB
nononuutenbHo corpyauukamu MXXT CO PAH mnpoBenensl uccinemoBaHus mpod MeETOIOM
MHBEPCUOHHOM BOJIHTaMIIEPOMETPHUH.

Llenp paboOTHI: OMpPENENUTh COAEp)KAHHE jKeje3a B MPUPOAHBIX M NHUTHEBBIX BOAAX T.
KpacHosipcka u ero mnpuropoaax crnekTpoOTOMETPUYECKHUM U BOJIBTaMIIEPOMETPHUUECKUM
METOJIaMH.

Metonuka oOHapyXeHHs HOHOB Jejie3a OCHOBaHAa Ha peakUuu ¢ CylIb(pOoCaTUIIIOBOM
KHUCIIOTOM B KHCIION cpelie, MPUBOASIIEH K 00pa30BaHUIO YCTOWYMBOTO OKPAIIEHHOTO COSAMHEHUS
KpPacHOTO I[B€Ta C MAKCUMYMOM rorJiomieHus B oomactu 490-520 aum. MojienbHBIE pacTBOPHI JKeJe3a
UCTIOJIb30BAIH JUIS MTOCTPOEHHS TPpagynpoBouHOro rpaduka. [IpoOsl mpUpOIHBIX U MUTHEBBIX BOJ
oTOOpaJiIi B MecCTax, OTMEUeHHbIX Ha Kapre (puc. 1). IlorpemrHocTh CHeKTpohOTOMETHUECKUX
u3MepeHuil cocrasuia 3-7 npoueHToB. HaiineHo, 4To coaepxaHue xkKeie3a B UCCIEAYEMBIX BOJaX HE
npesbimaer [1JIK (0.3 mr/m), HO B ogHOM HaXxoAWTCS B Ipeaenax HOpMbI (oOpazer 4) (puc. 2).
OpHako, MO JaHHBIM BOJIBTAMIIEPOMETPUUYECKOTO aHajM3a COJAEp)KaHHe Xeneza B obOpasue 4
HaxoguTca Hwxke [IJIK. biau3ocTh MOAYyYEHHBIX JaHHBIX BOJBTAMIEPOMETPUYECKHM U
CHEKTPOPOTOMETPUIECKUM METOAOM MOATBEPKIAET JOCTOBEPHOCTD MOJTYUYCHHBIX PE3yJIbTaTOB.

L, earin

Puc 1. Kapma ¢ mecmamu npo6oomoopa  Puc. 2. Huacpammer ¢ codepoaicanuem diceneza 6
uccneodyemvix obpa3zyax. Cunue —
CNKmMpogomomemudueckuti  anaius, KpacHvle -
801bIMAMNEPOMMEPUUECKULL

Takum 00pa3oM, OMpeAeNeHO COJEpKAHMUE JKele3a B MPHPOIHBIX U MUTHEBBIX BOJAX T.
KpacHosipcka u ero npuropojax pa3inyHbIMUA GU3NKO-XUMUYECKUMU MeToaaMu. [loka3aHo, 4To ero
conepxanue Huxe [TIK.

XO‘{y BBIPA3UTh 6J'IaFOI[apHOCTB HameMy HaCTaBHUKY K.X.H., H.C. I[B 3I/IMOHI/IHy 3a IIOMOIIIb B
OCYHICCTBJICHUU ITPOCKTA.

Jlureparypa:
1. T.I1. Criutteraa, AWM. Xoxmosa, P.A. Creniens, Bectank Kpacl'V, Ne. 5, C.120-126 (2006).
2. Croxko H.1O., Umkesarosa O.B., Konsoquna JIL.U., XKAX, T.60(7), C. 747-752 (2005).
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