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P u3nKa XXMBbIX CUCTEM, TEXHO/IOTUN U COLIMATTIbBHO-3KOHOMMNYECKOE pa3BUTMe

B.B. Knpees
Mockosckuii puzuxo-mexnuueckuti uncmumym, [oneonpyounwii, Poccus
kireevvikt@yandex.ru

OCHOBOI PacCMOTPEHUSI TEXHOJNOTHH (YHKIIMOHUPOBAHUS W HANPABICHUN Pa3BUTHUS KHUBBIX CHCTEM C TOUKH
3peHus PU3NKHU SBJISCTCS aHaJIN3 ITOTOKOB HEPTHH, BellecTBa U MHGopMmanuy. Takoi aHalu3, ¢ OJJHO CTOPOHBI, 1103~
BOJISIET CHIENIaTh PSAJ] BEIBOJOB O NPHHIUIIAX UX HBOIOLUH U B3aNMOJCHCTBHS C OKPYKAIOIIEH CpeIoH Ha SI3BIKE TEPMO-
JIMHAMHKY HEPaBHOBECHBIX MPOIECCOB (CM., HampuMep mHoHepckyro paboty U. P. Ipuroxkuna u I1. Tencnopda [1])
U Teopuu uHpopMaIuu (cM., Hanpumep, GyHaaMenTanpHylo padory b. b. Kagomuesa [2]) ¢ ucnonbp3oBaHreM MOHATHIA
JIMCCUNATHBHBIX U JMHAMUYECKUX CUCTEM, a C APYrOi CTOPOHBI, NAET HAACKIY U BO3ZMOXKHOCTH OOOOLIUTH I TpHMe-
HHUTh 3TH HOAXOABI K OIMCAHHIO IMBIIM3ANMOHHON aKTUBHOCTH YEIOBEYECTBA B TEXHOJOTMYECKOHW M COIMAIBHO-
SKOHOMUUECKOi cepax mestensHocTH. Hauano sTomy HampapieHWIO MbIciu nonoxuia padora C. A. [lononuHckoro
[3], nanncannas emé B XX Beke, a ero pa3BUTHE MOXKHO HalTH B yXK€ CTABIIMX KJacCHUeCKMMH padotax I'. XakeHa,
C.II. Kypmomosa, JI.C. UepHaBCKOTO M MHOTHX APYTHUX COBPEMEHHBIX HCCIIEOBATEINICH-€CTECTBOUCITBITATEIICH.

B gactHOCTH, B pabote [3] O6bu10 chopMyIHpPOBaHO SMIHPHUIECKOe 0000MIEHHE I PA3BUBAIOIINXCS CHCTEM
Pa3IMYHOTO THUIIA, B COOTBETCTBUU C KOTOPHIM YCIIEIIHOE PAa3BUTHE CUCTEMBI XapaKTepu3yeTcs Bo3pacTaHUeM e€ UHIH-
BUJ[yQJIbHBIX MOIITHOCTHBIX M 9HEPIeTHISCKHUX XapaKTEPUCTHK (I HOBBIMICHHUS € KOHKYPEHTOCIIOCOOHOCTH U pacIliu-
PEHUSI BO3MOXKHOCTEH OKa3bIBaTh BO3/ICHCTBHE HA OKPYKAIOIIYIO CPEdy U €€ 3JIEMEHTHI), JIN MOIIHOCTHBIX U SHEpre-
THUYECKHX XapaKTEePHCTHK CHCTEMBI, B KOTOPYIO JIaHHAsi CUCTEMa MHTEIPUPOBaHa KaK COCTaBHAs 4YacTh CHCTEMBI OoJiee
BBICOKOI'O MCPAPXUYECKOI'0 YPOBHA OpraHuU3alvu. KocBenHBIM KPUTECPUEM TAKOI'0 YCIECIIHOTO Pa3BUTHSA ABJIACTCA BE-
JIMYMHA CKOPOCTH 3amacaHus cBOOOJHOM SHEPTUH B paccMaTpuBaeMbIX cuctemax. Crienyer uMeTh B BUAY, UTO Ha pas-
JMYHBIX 3TaNax 3BOJIIOIMH CHCTEMBI BO3MOKHO Pa3BUTHE IO IBYM OCHOBHBIM HAIIPABICHHSAM: «IHTAIBITMHHOMY» (KO-
raa CBOOOHAs HEPTHsI PAcTET 3a CUéT yBEIMYCHHS BKIaJa B HEE SHTAIBIIMU U MPUTOKA CBOOOMHOI SHEPTHH H3BHE)
WIN «QHTPONHUHHOMY» (KOTZla BETMYMHA CBOOOIHON 3HEPTHU PACcTET 3a CYET YMEHBIICHUS SHTPOIIUH, T.€. 33 CUET yIIo-
PSIIOYCHHUS] CUCTEMBI U CHIDKCHHS B HEil CKOPOCTH JHCCHIATHBHBIX IpolieccoB). Ha OCHOBaHMM NaHHOTO SMITHpHYE-
cKOoro 0606mIeHus Obuta chopMyTHPOBaHA KOHIETIHS YKOIOTHYECKOH (6rochepHoii) neHs! [3], B COOTBETCTBHH C KO-
TOpOI‘/’I C MOMOIIBIO OLUCHKHU M3MEHCHUA CKOPOCTHU 3alaCaHus U BEJIMYUHBI CBO6OZ[HOI>1 OHEPIrun CUCTEMbI BO BPEMCHU
MOXXHO BBISBIISITH, XapaKTEPU30BAaTh M HHTECPIPETUPOBATH MHOTHE TEXHOJIOTHYECKHE M COIHAIBHO-IKOHOMHUYECKHE
TIOHATHUA U TPOLECCHI. Taxum o6pa30M, OLICHUBATHL YPOBCHbL W HANPABJICHHUC Pa3BUTHUA 6I/IOJ'IOFI/I‘-ICCKI/IX " COIMaJIbHO-
OKOHOMHYCCKUX CUCTEM MOKHO IO CKOPOCTAM MOCTYIUICHUSA CBO60}1HOI71 OHCPIUU U CKOPOCTAM et JUCCHUIIAllUHU B HUX.

B paBHOI cTeneHN B paccCMaTpHUBAEMBbIX Pa3BHBAIOIINXCS CHCTEMaX TEXHOJIOTHH, CTEIIEHb X MHHOBALMOHHO-
CTH M TIPOTPECC B MX Pa3BUTHUSI MOXKHO XapaKTEPU30BATh SHEPTeTHIECKOH 3P PEeKTUBHOCTHIO. [[iIs BCeX pa3BUBAIONINX-
Cia CHCTEM, B TOM YHCJIC U XKUBBIX, xapaKTepHoﬁ 0COOEHHOCTBIO SIBIIIETCS UX aBTOKATAJIUTHYHOCTH, T.C. TO, UTO 3aIla-
caeMasi B HUX CBOOOJIHAsI QJHEPTHS IPEKAE BCEr0 PACXOJyeTcs Ha CO3[aHUE U COBEPLICHCTBOBAHUE CTPYKTYp (MCHOI-
HUTEJBHBIX TeXHOJIOTHUeCKUX CTpYKTyp — UTC), oGecrieunBaromumx TOMOIHATENBHBIA TPUTOK CBOOOIHON SHEPTUH W3
OKpYXKaroUle cpebl UM CHIXKAIOIIUX CKOPOCTh BHYTPEHHMX JUCCUIIATUBHBIX IPOLIECCOB. B 3aBUCHUMOCTH OT COOT-
HOIIICHMS YHEepPreTHUecKux 3arpar Ha coznanHue MTC u pacnpenenéHHON BO BPEMEHH SHEPreTHYECKOH OTAaYM OT MX
(YHKIIMOHNPOBAHUS MOXXHO YCTAaHOBUTH MEXBPEMEHHOE COOTHOIIEHHE CTOMMOCTH PHEPTHHU JIIsI KOHKPETHON CHCTEMBI,
aHAJIOTUYHOE JICHEKHOMY JHUCKOHTUPOBAHHIO, HCIIOIB3YEMOMY B SKOHOMHYECKUX pacuérax. JTa aHAJIOTHS HE SBJISCTCS
ciydaiiHOW. B €€ OCHOBE JICKHUT TOT (PaKT, YTO JCHEKHOE MPEICTABICHHUE IICHBI SBJISIETCS MCKAXEHHBIM U IBOJIIOIIHO-
HHUPYIOLIMM OTPa)KEHHEM dHepreTnieckoii 1ensl [3,4]. CnenoBarenpsHo, 3 (HEKTUBHOCTD UCIIONB30BAHUS TEXHHYECKOTO
o0beKkTa (WM TEXHOJIOTWH), HANpPaBICHHOTO, B KOHEYHOM HTOre, Ha pa3BUTHE pPaccMaTpUBAEeMOH COLMAIBHO-
9KOHOMHYECKON CHCTEMBI, OIIpeIesIieTCsl TeM, KaKOB PacXo/1 3HEPTHH IPH MOJYyYeHHUH 3aJaHHOTO noJie3Horo 3¢ dekra
WITH KaKOW MPUTOK SHEPIHH H\IJIA DKOHOMHSI pacxo/ia SHEPTHH B CHCTeMe OyayT oOecredeHbl 3a BpeMs IPUMEHCHHSI
COOTBETCTBYIOIIET0 0OBEKTa (TEXHOIOTHH) C YYETOM 3HEPreTHUECKHX 3aTpaT Ha ero pa3paboTKy M CO3JaHue, 3aTpar
Ha mogaCpKaHue €ro q)yHKHHOHHpOBaHI/IH B IEPUOJ OKCILTyaTalluH, a TaKKE€ Ha €TI0 YTUIU3alUuI0 U JPYru€ 3KOJIOTHYC-
CKHEC U3JICPKKHU B SOHEPTECTUICCKOM U3MCPCHUM. HpI/IMepOM HCIIOJIB30BAaHUA TAKOT'O IMOAX0Ja I OLICHKH 3(bq)eKTPIBHO-
CTH DHEPTONOTPEOIISAIOMINX YCTPOUCTB SABISETCS, HAIPUMEP, OLleHKa 3()(heKTHBHOCTH NCTOUYHHUKOB CBeTa [6].

[1] Cnercmopd I1., Ipuroxun Y. TepMoauHaMIUYeCKast TEOPHSL CTPYKTYPBI, YCTOHIUBOCTH U durykTyarmit. M.: Mup, 1973. 280 c.

[2] Kapomues b. b. lunamuka u nadopmanus. M.: Penakius sxypHana «Ycnexu ¢pusndeckux Hayk», 1999. 396 c.

[3] Homomunuckwuit C.A. Tpyn denoBeKa U ero OTHOIIECHHE K pacipeenenuio sueprun. M.: bensie Anssbi, 2005. 160 c.

[4] Kireev V. B. Can ecological safety and sustainable development be treated as a physical concept. CEES Working Paper (The Center for Eenergy
and Environment Studies. Princeton University), 134, (1996), 11 p.

[5] Kireeva G .1,. Kireev V. B., What is money? The money cost from the point of view of a physicist. CEES Working Paper (The Center for Eenergy
and Environment Studies. Princeton University), 135, (1996), 13 p.

[6] Byraes A.C., Kupees B.B., lllemmnn E.I1., Konomskueiit A.FO. KatogomroMiHECIIEHTHBIE HCTOYHHKH CBETA (COBPEMEHHOE COCTOSTHHE U MEPCIIEK-
TUBBI). Yenexu ¢usuueckux nayk, 185 853-883 (2015)



CTapeHue ¢ TOUKM 3peHunst rusTexa. MpocTo 0 CNOXKHOM.

A.B. XansiBKun!?
Y Unemumym 6uoxumuveckoii pusuxu um. H.M. Imanysna PAH, Mocksa, Poccus
2 Uncmumym cucmemnozo ananusa PAH, Mockea, Poccus
e-mail: antisenesc@mail.ru

CrapeHue 3araloyHo HE TIOTOMY, YTO [IOKA HE BBISBJIEH €T0 ITaBHBIH MHUIMATOD, a TIOTOMY, YTO OHO CYIIECTBYET,
HECMOTPS Ha TO, YTO BCE KOMIIOHEHTHI CIIO’KHOTO OPraHM3Ma, B MPUHIUIIE, CIIOCOOHBI K MOJHOMY CaMOOOHOBIICHHIO.
Brodusuka CI0KHBIX CHCTEM IO3BOJISIET HAMETHUTD IyTH JJISI Pa3pelIeHust 3TOTO MapagoKca.

bonpmue cucTeMsl, K KOTOPBIM, HECOMHEHHO, NPHHAJJIEXKAT JKUBBIE OPraHU3MBI C UX OTPOMHBIM JHANa3OHOM
CTPYKTYPHO-BPEMEHHbIX MapaMETPOB, SBISIFOTCS TPYIAHBIM OOBEKTOM AJISI M3YUCHHS BCEX MX ocoOeHHocTed. OmHako
3a4acTyl0 4eM CJIOKHEE MCCIIEAyeMble CHUCTEMbl WIIM SIBJICHHS, TE€M Npolle MOTyT OBITh HE HMHTAIMOHHBIC, a
KayeCTBEHHBIC MOJICJIM, ONKCHIBAIOIINE MX OCHOBHBIC CBOWicTBa. Benb mpu OoibLIOM 4ucie cTeneHeidl cBoOonbl U
CJI0’KHOCTHU CUCTEMBI BO3MOXKHO MEPENTH K arperanyy U yCpeJHEHHBIM JaHHBIM.

Kpome Toro, B €CTECTBEHHBIX HAayKaX 4acTO YCHEIIHO HMCIOIB3YIOT MICATU3UPOBAHHBIE CYIIHOCTH, SIBICHUS WIN
MOHATHS, 3aBEIOMO OTCYTCTBYIOIIME B Tpupoxe. Hampumep, “TouedHslid 3apsax’, “UpeanbHBI Ta3”, “abCcoNOTHO
yepHOe Teno” u T.1. [IpuMeHeHne NogoOHBIX MOHATHI U MOCTPOSHHE HACATN3UPOBAHHBIX MOJIETIEH TIO3BOIISIET OIMCATh
OCHOBHBIC XapaKTEPUCTUKU HCCIEAYEMBIX CHUCTEM. A BBEJICHHME «IapaMeTpa BO3MYILEHHS» JaeT BO3MOXKHOCThb
NpUOJIM3HUTH UX CBOMCTBA K CBOWCTBAM pEajlbHBIX CUCTEM.

B TeopeTnueckoll TEpOHTOJIOTUU TAaKUM HACAIU3UPOBAHHBIM OOBEKTOM MOT OBl OBITH “HECTapEIOLIMH OpraHu3m”.
OTO TOHATHE HE SBIETCA CHHOHMMOM OeccMEepTHOro cymiecTBa. Beas B mpupoje HEBO3MOXKHO MCKIIHOUHUTH PHUCK
rubenu OT TOW J0JM BHEIIHUX BO3ACHCTBUH M BHYTPEHHHMX (IIYKTyalldid, KOTOpas IPEBBINIACT OrpaHUYCHHbIC
pe3epBHBIE BO3MOXHOCTH YCTOHYMBOCTH OpraHu3mMoB. OJHAKO B HEU3MEHHBIX (B CpEIHEM) YCIOBHUAX JTOT
YCPEIHEHHBII PUCK OCTABAJICS ObI TIOCTOSHHBIM 3a CUET TOTO, YTO PE3EPBBI COMPOTUBIIAEMOCTH HE YMEHBILIATHCH OBI C
BO3pPacToOM, Kak y cTaperommux ocoberd. IloaToMy ochosnoe omauuue mecmapeiowux opeanusmos om cmapeujux
ocobell 3aKn04aemcs 8 mom, umo O NOCIeOHUX MCHOBEHMbIU PUCK 2ubenu YBerudueaemcs ¢ 603pacmom 3a cuem
HeU36exHCHO20 YMEHbUEHUA CONPOMUBIAEMOCIMU OP2AHUSMO8 U3-3a  YXYOUIeHUSI €20 HAOeICHOCMU 6 npoyecce
cmapenus.

WurepecHo, uTo “HecTaperolle OpraHiu3Mbl” HE TaKUe YK HepealbHble 00BEKTHl KaK 9TO MOXKET Mokazatbcs. OHU
ONHMCaHBl ¥ y OJAHOKJICTOYHBIX (Hamp., y ame0, mapamenuil u T.1.), © y MHOTOKJICTOUHBIX (Hamp., y THUApP, INTOCKUX
YepBel, HEKOTOphIX PO u 1p.). OmHAKO HMX HETOABEPXKEHHOCTh CTapeHHWI0 He abcomroTHa. I3BecTHO, HUTO
OTIpe/IeIICHHBIC CIBUTH BHEIIHWX YCJIOBHH 3aIlyCKAalOT Y HUX CBOCOOpa3HBIN “(ha3oBHIi Mepexox’” W3 HECTaperoIero
cOCTOSIHUS B cTapeHue. HanpuMep, yMeHbIIEHNE HIDKE KPUTUYECKOHN BETUYNHBI KOHIIEHTPAUY MUTATEIbHBIX BEIIECTB
B cpele oOWTaHMS amMe0 WM TeMIepaTypsl BOJBI B aKBApHyME C THIpaMH HEHW30€XKHO NMPHBOAWUT K CTAPEHUIO 3THUX
MOTEHIINAJIBHO HECTapeIoNINX cyniecTs. [Ipuuem, 10 onpeneeHHOro MOMEHTA, K CTapeHHI0 00paTUMOMY.

[ToaToMy crnemyeT BBIMNTH 3a IpeAessl HaBA3aHHOW M JIOKHOM AMXOTOMHUH ('IPOrpaMMHPYEMO MM CTOXACTHYHO
crapenue?"), M y4ecTb, YTO YCTOWYMBOCTH pEaIbHO «yCTOWYMBBIX)» CHCTEM M PEKHMOB BO3MOXKHA TOJHKO B
OTIpE/IeICHHOM, PacyeTHOM, JMala30He BHEIIHUX YCIoBHil. M Torma Teopuu ympaBieHHS W CHCTEMHOTO MOJX0Ja
JIOCTAaTOYHO I TOTO, YTOOB! M HAWTH MEPBOIPHUUNHY CTAPEHHUSI, U MIOHITH OCHOBHBIE MEXaHMU3MBI €0 peann3aun. Jus
9TOTO HaJ0 CMEHHUTH BEKTOP IMOAX0/a K MpobiieMe cTapeHus, Mepe st OT aHaInu3a K CHHTE3Y, OT MOMCKOB «BHYTPEHHHUX
MEXaHU3MOB CTapEHUS» K M3YUECHUIO O0COOEHHOCTEH B3aMMOJAEHCTBHSA «OpraHH3M-cpeia». Beap MMEHHO MpH BBIXOE
13 30HBI aJICKBaTHBIX PEXKUMOB (YHKIIMOHUPOBAHUS, AUKTYEMBIX BHEIIHEH Cpe/Ioi, lake MOTEHINAILHO HECTapeIoIue
OpPraHM3MBl, TaKHE Kak aMeObl M THIpPbI, HAYMHAIOT CTapeTh «Io [oMmepiry», T.e. C POCTOM HHTEHCHBHOCTH
CMEPTHOCTH MO 3KCIOHEHTE, KaK 3TO HAa0JI01aeTcesl y JIF0ACH 1 IpyTUX CIOXKHBIX OPTaHU3MOB.

B 37011 CBS3M ecTh BECKHE OCHOBAHMS I10J1araTh, YTO 0COOM MHOTHX BHIIOB C TIOBTOPHBIMH LIUKJIAMH PA3MHOXEHHUS,
BKJIIOYasl 4eJIOBEKa, MOTYT SIBJISATHCSA MOTEHIUAIBHO HecTaperommMmu. CTaperoT e OHM, (GYHKIMOHUPYS B YCIOBHSIX,
MPEIMATCTBYIOMIMX ITOJIHOMY caMonozaepxkanuo. CpaBHEHHE BO3PACTHBIX 3aBUCHMOCTEH HHTEHCUBHOCTEH CMEPTHOCTH
B CTpaHax C pa3HBIM YPOBHEM JXH3HH IOKa3bIBAaeT, YTO PAa3BUTHE LHMBUIM3ALMHU YAAISET YeJIOBEKAa OT aJeKBATHBIX
"caMOMOICPKUBAIOIINX"  PEXUMOB JKU3HEACATENBHOCTH, YCKOpSisi TEMI CTapeHuss Ha (OHE pocTa cpeaHen
MIPOAOJDKUTEIBHOCTH JKU3HHU 3a CUET CHIDKEHHS Ha4aJbHON MHTEHCHBHOCTH CMEPTHOCTH.

[IpocTas Mozenb BOZHMKHOBEHHUS CTapEHUS M3 HECTApEIoUIero cocTosHMA (Hamp., [1,2]) coBMecTHMa ¢ JaHHBIMH,
HaKOIIJICHHBIMH K HACTOSIIEMYy BpeMeHH. HekoTophle TOMOIHUTENbHBIE MyOIMKAIMi Ha 3Ty TEMy MOXHO HalTH 110
anpecy www.researchgate.net/profile/Alexander_Khalyavkin/contributions. HegasHo nostBuiacek cxoxast Mojens [3].

CucteMHBIi MOAXOJ MO3BOJMI OCHOPUTh TOCHOACTBYIOIIYIO IapajWrMy KacaTeNIbHO CTBOJIOBBIX KJIETOK
snuaepmuca [4]. Ham B3ran noarsepauncs 25 net coycts [5]. beiau u npyrue ycneussle npeacka3aHusl.

[1] A.B. XansaBkud, "O6 0mXHOM MOAXO/E K KOHTPOJIO MPOJAOIDKUTENHOCTH KI3HH" [Ipo6remvr 6uonozuu cmapenus, M.: Hayka, 49-55 (1983).
[2] A.B. Xansaskun, A.U. Slumu "Crapenune: pois yrpaBisomux curaaios” [ eponmonoeus in silico, M.: BUHOM, 114-147 (2007).

[3] M.J. Wensink, T.F. Wrycza and A. Baudisch "Interaction mortality: senescence may have evolved because it increases lifespan” PLoS One, 9,
€109638 (2014).

[4] A.B. Xansikus, "JlokanbHas reTepOreHHOCTh Oa3albHbIX KieTok stuaepmuca” Uze. AH CCCP, cep. 6uox., 5, 778-780 (1982).

[5] E. Clayton, D.P. Doupé, A.M. Klein, et al. "A single type of progenitor cell maintains normal epidermis" Nature, 446,185-189 (2007).
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MmnopTo3amelleHne NeKapcTB: BbI30BbI U NEPCNEKTUBBI

W. LLlawKoBa
Komnanusa AO «Pagagpapmay
http://rafarma.ru/

Tl'ocynapcTBO aKTHBHO MOAZEP/KUBAET MPOLIECC MIIOPTO3aMeIeHNUs TeKapcTB. OJHAKO UMIIOPT JI0 CHX TIOp B
JICHS)KHOM BBIp@XEHHM 3aHMMaeT oOkoyso 75% oT oOmero oObeMa JIEKapCTBEHHBIX T'OC3aKyNOK: B
rocnutagbHOM cermente — 70%, B mporpamme OHJIC (obecrneueHuss HEOOXOAMMBIMH JIEKApCTBEHHBIMHU
cpeactBaMu) — 86%. UM B Oumkaiimee BpeMsi KapAMHAIbHO IOMEHSTH COOTHOIIGHHE 3THX LU(p BpsI Jn
yHaacTes.

ITonHOLIEHHOE BBEIEHHE HOPM B3aUMO3aMEHSIEMOCTH UMIIOPTHBIX JICKApPCTB OTCUYECTBEHHBIMM OTHECEHO Ha
2018 rox, mpu 3tom, onHomy MHH moxet coorBeTcTBOBaTh 70 200 TOPrOBBIX HAUMEHOBAaHHH JEKapCTB.
Taxoro KoyuecTBa TOPrOBBIX MApPOK HET HUTZIE B MUPE.

Vxe 3apeructpupoBaHo Oomee 100 ThIC. pasmUUHBIX (OPM BBITYCKa W TO3HPOBOK JIEKAPCTBEHHBIX
npemnapaToB. Hampumep, BcTpeyaercss Takoi pa3dpoc ITO3MPOBOK OXHOTO M TOTo ke ynekapcrsa: 0,5 mr; 0,49
mr; 0,48 mr; 0,51 mr; 0,52 mr; 0,53 mMr u 1.1,

Iens UMMIOPTO3aMEIICHUS] COCTOUT B HACHIIICHUH POCCHIICKOTO pPbhIHKA KAYeCTBEHHBIMH JIEKAPCTBAMHU IO
JoctynHOH neHe. Ho ¢ «HOBOM» 1n03upoBKOil - mosiBngercss HoBas IieHa. Ha 500-600 mpemnapaToB nepedss
JKU3HCHHO HEOOXOMMBIX U BXKHEHIIHX JIekapcTBeHHBIX mpenapaToB (JKHBJIII) 3apeructpuposano 6omee 19
TBIC. pa3IMYHbIX I1eH (pa3Huna 1o 60 pa3, no uapopmarmu OAC).

Kpome Toro, mo cux mop He sBIsSeTCS NPEAMETOM peryJupoBaHMS KOHEYHas IieHa B anTeke. Ha priHke
NPUCYTCTBYIOT Oosiee 2,5 ThIC. JAUCTPHOBIOTOPOB, KOTOpbIE BMECTE C aNTEYHBIMH CETSIMH HMEIOT
HEOorpaHUYCHHbIE BO3MOXKHOCTH B IICHOBBIX UTpax.

OnHOM W3 KIIIOYEBBIX NMPOOJEM OTpaciy B KOHTEKCTE HMIIOPTO3aMELICHHMsS OCTAaeTCsl TakXKe Mepexoi Ha
craanaptel GMP, xoTopsIit cran obs3atensHbM ¢ 1 saBaps 2014 roma. Ho 1o cux mop y dapMpesnpusTaii
€CTh BO3MOXXHOCTh HTHOPHPOBAThH CYIIIECTBOBAHUE ITOTO CTAH/AAPTA.

B 2014 romy nump 28 KoMOaHW HOJYYWIM JIMLEH3WUH, NMOATBEPAUB COOTBETCTBUE CBOErO INPOU3BOJICTBA
GMP. Takum o6pasom, numb 80% NpPOAYKIMHM B [EHE)KHOM BBIpOXKECHHH H 67% B HaTypaabHOM
COOTBETCTBYET CTAaHAAPTY.

CeronmHst O4YEBHIHO, YTO TMOJHOLCHHOE HWMIIOPTO3aMELICHHE JIeKapCTB HEBO3MOXKHO 0€3 pa3BUTHS
MPOU3BOJCTBA (papmarieBTHUSCKUX cyOcTannuii. Ho morpebHOCTH papmpeiika Poccun B CyOCTaHIIUSAX TOJIBKO
Ha 15-20% obecrieunBarOTCsl BHYTPEHHUM CBHIPhEM



Progress and perspectives for HIV-1 vaccine in Russia

Kozlov A., Murashev B., Nazarenko O., Akulova E., Vladimirova A., Verevochkin S., Astanina M., Krasno-
selskih T., Lioznov D., Sokolovsky E., Poddubnyy V., Zozulya O., Vostokova N.

The Biomedical Center and Research Institute of Pure Biochemicals

Background and aims. Identifying correlates of protection remains one of the most important points providing the key
to understand how immune responses are relevant to protection against HIV acquisition. In this study we assessed spe-
cific immune responses induced in healthy HIV-1 uninfected adults by the vaccination with candidate DNA-vaccine
against HIV. We also compared them with immune responses observed in highly exposed seronegative (ESN) individu-
als to figure out the possible immune correlates.

Methods. 21 participants of the 1st phase of «kDNA-4» vaccine clinical trial, 9 seronegative injection drug users (IDUs),
10 seronegative individuals and 9 their HIVV-positive sexual and/or IDU partners from the cohort of IDUs were included
in the study. Trial participants received 0.25 or 0.5 or 1.0 mg of DNA-4 at days 0, 6, 10 and 14. Detection of HIV-1
specific cellular responses was performed using the IFN-y ELISPOT assay and Intracellular cytokine staining after
stimulation with HIV peptide pools (Nef, Gag, RT, Env).

Results. 17 out of 19 (89%) seronegative study subjects had strong Nef peptide pool specific cellular immune respons-
es, 4 (21%) subjects responded against Gag peptide pool, and 1 subject had RT peptide pool response. All HIV-positive
subjects had strong cellular responses against all four peptide pools. The functional profiles of the immune responses
were different between the ESN group and the HIV-positive group. In ESN group we observed increased level of TNFa
expression by CD4+ T-cells after the stimulation with Nef protein. And number of polyspecific T-cells was also in-
creased.

"DNA-4" causes the formation of CD4+ and CD8+ T cells expressing cytokines in response to specific peptide stimula-
tion, as well as polyspecific T-lymphocytes. And it may be noted that the number of T cells expressing TNFa was in-
creased among CD4+ cells. Number of polyspecific lymphocytes was higher among cytotoxic T cells.

Conclusions. We observed high rate of specific immune responses in ESN individuals. We could assume that observed
responses were induced by the infection of the cells with HIV-1. It means that this T-cellular response is probably pro-
tective. Moreover, immune responses induced in healthy clinical trial participants by DNA vaccination were similar to
responses discovered in ESN individuals. So increased TNFa expression by CD4+ T-cells in response to the specific
stimulation is probably one of the immune correlate of the effective HIV vaccine.

Currently Phase II clinical trial of “DNA-4" vaccine is being conducted on 60 HIV infected patient.



[loNrnii NyTb OT UCKYCCTBEHHOM NMOYKM 10 YMHbIX MeMOpaH

Mpod. B. MnoTkesuny
Polymemtech
Institute For Sustainable Technology - National Research Institute
Bapwasa, lonvwa
w.piatkiewicz@polymemtech.pl; w.piatkiewicz@ichip.pw.edu.pl

I'opazno 6mmxe k cyTd npodsiembl 06110 Ob HazBaHKe "Quo Vadis", HO He BBI3BIBANIO JKEINAHHOM accoLUaluy C Ipe-
METOM 3TOil IpE3eHTALNH.

B 1854 roay, Thomas Graham, (1) omy6imkoBai pe3ybTaThl CBOUX paboT, KOTOPBIE OBUIH ITOBEACHBI HTOTA-
MH, YTO TOHKHE €IUHBIC TBOPECHUS, Ha3bIBACMbIE MEMOpaHaMH, CIIOCOOHBI Pa3esATh KOMIOHEHTH! BOJHBIX PACTBOPOB.
OH TarKe IPeUIoKII PsiJl PeLIeHH HHKEHEPHOT0 000pyJOBaHHMS ISl peaIn3aliy 3TOr0 Ipolecca, KOTOpble Ha3bIBa
nuanusatopamu. Heckonbko necsatuneTuii cmycts, To ecth B 1911 roay, amepukanckuii mpodeccop Abel (2) dapma-
LIEBT IO 0OPa30BaHMIO, IPEIOKHIIT HCIIOIb30BaTh 3TO ABICHHUE IS CO3/aHUS yCTPOWCTBA 111 00pabOTKH KPOBHU B 3KC-
KOpHOpaNbHBIX YcloBUsAX. K cokalieHnto, OTCYTCTBHE JOCTATOYHBIX 3HAHUI O MeXaHW3Max cBepThiBa 3MJKpoBul] ObLIO

MOUYMHON HEV JOKOBITAHUI. 1o eHB x1911



crocobamu (HampuMep, IpeocTaBlIeHne 0aKTePHUOCTaTHIECKUX CBOMCTB MeMOpaH-puc. 1). B HacTosiee BpeMs mpo-
BOJIATCS MCCIEAOBAHMS O MyTAX "MMIUTAHTAIWK" Ha MOBEPXHOCTH MEMOpaHbI CIIEIMATbHBIX ITOJIMMEPOB, HA3BIBAEMBIX
stimuli sensitive polymers (prof. M. Ulbricht, ['epmanus). Bropas nunHus uccnenoBanus (4) HampaBleHHAas Ha MPH-
KPUILICHHE Ha MMOBEPXHOCTU MEMOPaHbI OOJIBIION FPYIITbI HAHOYACTHUI] HA TIOCTOSHHON OCHOBE.

A. b.

+ PP/Zn0O MEMBRANES UESD FOR
ANTIBACTERIAL INVESTIGATION

Ar PLASMA TREATMENT

5Mm KMnO, 50 Mm KMnO, 5Mm KMnO, 50 Mm KMnO,

Puc. 1 A) [omumpomnmieHoBass MeMOpaHa TIOKPHITasi HAHOYACTUI[AMH OKCHIA [TMHKA
B) Binsinue HaHOYACTHI] OKCH/IA [IMHKA Ha DAKTEPHOCTATHIECKUE CBOWCTBA MEMOPaHBI
Marta Bojarska “New Properties of Surface Modified Membranes”,(4)

O0a HanpaBJieHHs] UCCIIEIOBAaHUN JTAIOT HAJEkKIy, YTO OyAyIIHe ITOKOJICHUs MeMOpaH B JOMOJIHEHHE K X Xapak-
TEpHBIM 0COOCHHOCTSIM 3(h(eKTa CeTKH OyAyT MMETh NMPHUCYLIME UM JpYyrHe NOMOJHUTEIbHbIE (DYHKIUH, TaKUE Kak
OakTepuanbHasi CTOMKOCTb, (oTokaTamutuueckuii 3pdekt okucneHus, obpacranus (,,antyfouling”), aBromarmuecku
peryHupyeMBbIii IIOTOK (PHIIBTPAINU U IpYTHE.

[epBble pe3ynbTaThl SBISIOTCS BEChbMa MHOTOOOCLIAIOIINME. B 4acTHOCTH, MPOM3BOAMTENHLHOCTD B IJIaHE YriTy0-
JNEHHOTO OKUCIICHHS (pHc. 2) AAalOT HAIEXKy Ha OTHOCUTEIIFHO MPOCTOE M HEAOPOT0e TEXHUUECKOE PEIICHNE YIaICHUS
13 BOABI TSDKENIO OMOpasiIaraeéMblX TOKCHYECKAX OPraHWYECKHX COCIMHEHHH, YTO JOJDKHO MO3BOJIMTH Ha Oojee OBICT-
poe BHEJpeHHEe TEXHOJIOTHI 3aKPBITHSI KOHTYPOB BOJIbI KaK M CTAHIMAX JUan3a, B OONBHUIAX U HA TPOMBIIIIEHHHBIX
3aBonax. IIpoBeneHHBIE UCCIIEIOBaHUS BOJHBIX PACTBOPOB MECTUIMAOB M repouuuaos (B ToM uucie J/IT), a Takxe
TYMHHOBBIX KHCIIOT TIOKa3aJld BRICOKYIO 3()(heKTHBHOCTH pazpadboTaHoro npouecca. 1 tak, B mponecce (hoTOKaTaINTH-
YEeCKOTO CHIDKCHHUS MacChl TyMHUHOBBIX KUCIOT ¢ o0beMa 20 nM3 (B HadanmbHOU KoHIeHTparwu 20 Mr / AM3) Ha TIOBEpX-

HOCTH MOJI0KKH 1200CM2, MOKPBITOW MOHOCIOEM THOKCHIA THTAHA COCTABWIIA MOYTH Oojiee 57% mpu sHeproszarpa-
tax 10Wh

A. b.

Puc. 2 A) Annapat uist yriayOJaEHHOTO OKHCIEHUS! ¢ HCIIOIb30BaHNEM (POTOKATAIIMTHUECKOTO 3P deKTa
B) noeepxuocth nokpeita TiO2
POLYMEMTECH (IIpoepamma “BLUE GAS”)



NTorun

1. PaGoThl IO CTPOUTENHCTBY MEMOpaH, 00JAJAOIINX WHTEIIEKTYaIbHBIMA CBOMCTBAMH, KaKYTCS OBITH HEOO-
XOJUMBIMH. BO3MOKHOCTh TIPUCBOCHUSI MEMOpaHaM HOBOW 1[eNIeBOil (PYHKIIMOHAILHOCTH MOXET BBI3BaTh TEX-
HOJIOTMYECKHIA MPOPBIB B MPOLIECCaX KOMIUICKCHOW PETyJIMPOBKU COCTaBa KPOBU (MCKYCCTBEHHAs MOYKa M HE
TOJIBKO)

2. Bompoc 0 3aKpeITHE KPYrOBOPOTA BOJBI KaK M HA CTAHIMAX JHAIN3a (B IIEJIOM), TaK M C TOYKH 3PCHUS OJTHOM
KaMephbl HCKYCCTBEHHOM TMOYKH, KaXXETCs, OJDKEH OBITh CIIOKHOU 3a7a4eii, TpeOyroIeii ObICTPOTO peIeHUs

3. Bompoc o ¢hmHaHCHPOBAaHHUK POTrPaMM T'eMOJIHaNI3a TPEOyeT HOBOW KOHIICTIIIMYA MEIUIIMHCKOTO CTPaXOBaHUS
1 OBICTPOH peanu3alyy.
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Long way from artificial kidney to smart membranes

Wojciech Piatkiewicz
Polymemtech, 02-577 Warsaw, Al. Niepodieglosci 118/90,
And Institute For Sustainable Technology- National Research Institute 26-600 Radom, Pulaski str. 6/10
e-mail: w.piatkiewicz@polymemtech.pl; w.piatkiewicz@ichip.pw.edu.pl

The title better capturing the essence of the problem would be ,,Quo Vadis”, however, it would not be associated with
the subject area of this dissertation.

In 1854, Thomas Graham (1) published the results of his works, in which he summed up that the thin, homog-
enous structures, called membranes, have the ability to divide the water elements of the solution. He also proposed a
few construction solutions concerning devices for such a division, the devices were named dialyzers. A few decades
later, i.e. in 1911, the American Professor Abel (2), a pharmacist by education, suggested applying this phenomenon to
construct a device designed for in vivo blood purification. Unfortunately, the insufficient knowledge of the blood coag-
ulation was the reason for the failure of testing performed in 1911 -1913. The results received by Thomas Graham and
Prof. Abel’s conception stimulated the scientists’ minds and imagination, both in the area of theory (Fick’s Law) (3)
and in the field of experiments. Unsuccessful attempts of constructing the devices for blood purificatio took very long
periods of time, i.e. until the German scientist Hass carried out the first internationally successful experiment on the
dog concerning the extracorporeal haemodialysis. It was possible due to the discovery of heparin. At the end of World
War II, W. Kolff, a young Dutch doctor carried out the first successful blood dialysis saving a teenage girl’s life, as it
turned out later, the girl suffered from severe renal failure. Soon after the war, W.Kolff emigrated to the USA, where
he tried to awaken an interest with his achievement among the medical doctors. Kolff’s efforts were taken in a friend-
ly manner, however, with the limited interest. Only the huge wave of American soldier fighting in the Korean war and
suffering from the acute post-traumatic renal failure resulted in the growing interest of the haemodialysis issue. With
the help of American engineers, A. Kolff managed to construct the prototype very quickly, shortly afterwards, i.e. in
1954, in Cleveland Clinic the first haemodialysis station was opened. From that moment, things happened very quickly,
highly-specialized industry has developed. We achieved a high technological level, research centres dealing with the
membrane technology have been opened. The development of the mathematical model and mechatronics has enabled
to reach the perfection in the extracorporeal haemodialysis procedures. Our knowledge concerning this blood purifica-
tion method has been broaden significantly. Have we definitely solved that problem? It seems that we have not. The
great progress has been made, however, we have disclosed some new serious issues:

1. an artifical kidney is a prosthesis, which works quite properly, however, it is not a perfect solution and
causes some problems while using it,

2. apresent, artificial kidney slows down the processes destructing the body, but it does not eliminate them,

3. itseems to be economically impossible to fully meet the needs concerning the haemodialysis.

The medical world claims ,,the better membranes” ( whatever that might mean), and the technologists would
like to be provided with the precise definition of “the better membranes”. It should be also noticed that the cur-
rent methods of carrying out haemodialysis cause some serious technical issues and finally the economic
problems:

1. The total financial expenses on the dialyses increase very quickly, in spite of the fact that the cost of the sin-
gle treatment decreases slowly and systematically. It results from the rapid growth of the patients (rate of
natural increase, the average survival rate of patients, increase of patient population covered by the pro-
gramme as a result of development of health service and extending the scope of the treatment cost refund).

2. Permanent increase (approximately 8-10% per year) of demand on haemodialyzers (thousands of millions
units/year). It necessitates an increase of supply of high quality polymers and causes a serious issue of their
reprocessing.

Increasing total consumption of high quality water (dialysate) and its decreasing supplies result in the fast
approaching problem of access to water. In such a situation, sooner or later, the issue of closing water circuit
in the dialysis stations shall be required.

The above suggests that there arises a natural necessity for changing the research plans. We believe that possibili-
ties providing separation of toxic molecules by the mechanism according to the geometric dimensions measured
e.g. in Daltons., have been exhausted. The efforts on finding mechanism, which would enable the membranes to
acquire new functionalities (e.g. anti-bacteriological properties — Fig.1). , become necessary. The specialists are
currently carrying out their research on the “implantation” methods on the surface of the special kind of polymers,
commonly known as stimuli sensitive polymers ( Prof. M. Ulbricht, Germany). The second experimental direction



(4) is targeted on ,,culturing”, on the membrane surface, the extensive colony of nanoparticles linked permanently
to the underlying layer.

A B.

* PP/Zn0O MEMBRANES UESD FOR
ANTIBACTERIAL INVESTIGATION

Ar PLASMA TREATMENT

Fig. 1 A) Polypropylene membrane coated with the nanoparticle zinc oxide
B) The impact of the nanoparticle zinc oxide on the anti-bacteriological properties of the membrane
Marta Bojarska: ”New Properties of Surface Modified Membranes”, (4)

Both experimental directions give hope that the future generations of membranes, apart from the typical for them a
sieve effect, will acquire new additional functions, such as anti-bacteriological properties, photocatalytic oxidation
effect, antifouling, automatically regulated filtration flow, trapping and others. The first results are very promising.
In particular, the results concerning advanced oxidation (Fig. 2) give hope for a quite simple and inexpensive
technical solution of the process of removing from water the hard—to-degrade, organic and significantly toxic
compounds, which should enable the faster implementation of closing water circuit, both in the dialysis stations,
hospitals and industrial plants. The researches carried out on aqueous solutions of pesticides and herbicides (in-
cluding DDT) or humic acid have proved high efficiency of the process being developed. Thus, in the process of
photocatalysis, the reduction of humic acid mass of 20 dm?® volume (of an initial strength of 20 mg/dm?®) on the
surface of underlying layer of 1200 cm? , coated with the monolayer of titanium dioxide, amounted to almost
57% at the energy loss of 10Wh.

A B.

Fig. 2 A) An instrument for advanced oxidation using photocatalytic effect applying
B) The surface coated with TiO2
POLYMEMTECH (Program “BLUE GAS”)



Summary

1. The works on creating smart membranes seem to be a necessity. The ability to provide the membranes
with the new targeted functions may result in technological breakthrough in the processes of a broadly
defined regulation of blood composition  ( an artificial kidney and others).

2. The issue of closing water circuit, both in the dialysis stations ( as a whole) and in the single instrument
of an artificial kidney, seems to be a task, which requires a quite fast solution.

3. The issues of funding the dialysis programmes requires some new ideas of health security and smooth
implementations.
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MeaunumnHa 1 Teoprs CIOXKHbIX CETeN
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B xoHIIe 1BanIaToOro Beka Ha OCHOBE TEOpHH rpadoB chopMHUpOBaIack HOBask 001aCTh CTATUCTUIECCKOH (U3U-
KA — TEOpHs CIOXHBIX ceTed, cTaBmas 3(P(eKTHBHBIM MHCTPYMEHTOM HCCIICIOBAHUS CIIOKHBIX CHCTEM Pa3lUIHOMN
MIPUPOJIBL, B TOM YHUCie OMOIOruy U MeauuuHI [1]. L{ens Moero BRICTYIIIEHUs — IIPENICTaBUTh 0030p HanboJee BayKHBIX
MIPWIIOKEHUI TEOPUH CIIOKHBIX CETeH B MEIHLIMHE.

Hawnbosee u3BecTHBIE NCCIIEJOBAHNS HA OCHOBE CETEBOrO MOJX0/a B MEAMIMHE TOCBSIIECHBI IPUPOJIE Pa3iny-
HBIX 0OJIe3HEH YenoBeKa U UX CBA3SIMHU C MATOJOTUSMH Ha MOJICKYJISIPHO-T€HETHYeCKOM ypoBHe. OYeHb 4acTo KaxJa0e
3a00JIeBaHUE JICUNTCS HE3aBHCUMO OT JPYIHX, XOTS MHOrMe OOJE3HW 3aBUCAT APYr OT apyra. Mcxoas W3 TOro, 4TO
OJIH MAaTOT€H MOXET BBI3BAaTh pa3iiMyHble 3a0oieBanus, B 2007 roqy Obuia MOCTpOEHA IepBasi ceTeBasi CTPYKTypa 3a-
OoNeBaHUI YeNIOBEKa, B KOTOPOH Ka)XKJOMY Y31y COOTBETCTBYET ONpEAEICHHOE 3a00JIEBAaHNE U MEXIy y3JIaMHU CYIIe-
CTBYET CBSI3b, €CII COOTBETCTBYIOLINE UM 3a00JIEBaHHS BBI3BaHBI OAHUM maToreHoM [2]. [To3nHee aHamorn4HeIe ceTe-
BBIE CTPYKTYpPBI CTAIH CO3/1aBaTh HA OCHOBE NMATOJIOTHH B META0OIMIECKUX PEAKLHIX, B OETIOK-OEIKOBBIX B3aMMOJICH-
CTBHSAX, PETYIATOPHBIX CETAX M T.J., @ TAKXKE YIUTHIBAINCH B3aMMOACHCTBHUS JIOJEH B COIMANBHBIX CETSIX, YTO TTO3BO-
JUIIO caMy MEIUIIMHY W3ydaTh METOJIaMH TEOPHH MHOTOCIOWHBIX cereil [3]. B mokmane Oyzer mpeacTaBieH mpuMep
MHOTOCJIOHOW CeTeBOI B3aMMOCBS3M TakuX 3a00JeBaHMH Kak OKHpPEHME, caxapHbIi anaber m actMa. [locmexnue
MyOJIMKAIMK TIOCBSAIICHBl HM3YYCHHUIO CETeH «CHMIITOMBI-3a00sieBanue» [4]. B 3akiroueHHe Ha mpUMEpe CaXxapHOTO
nuabeTa 2 Tuma OyAyT MOKa3aHbl OCOOCHHOCTH CIIEKTPa COOCTBEHHBIX 3HAYCHUN MATPHUIBI CMEKHOCTH IS CETH B3aM-
MOJICUCTBHH 0eJI0K-0eloK 3TOro 3a00JIeBaHus, YTO OTKPHIBAET HOBbIE BOZMOXHOCTH JJISI CO3JJaHUSI HOBBIX JICKAPCTB U
JUId Tepanui [5].

1. Barabasi A.-L. Network Science. http://barabasi.com/networksciencebook/

2. Goh et al. Human disease network. PNAS. May 22, 2007, 104, no. 21, 8687

3. Barabasi et al. Network medicine: a network based approach to human disease. Nature Review. Genetics. 12, 57
(2011)

4.  Zhou et al. Human symptoms-disease network. Nature Communications., 5-4212.DOI: 10.1038 (2014)

5. Rai et al. Prognostic interaction patterns in diabetes mellitus II: A random-matrix-theory relation. Phys.Rev.E 92,
0228061(2015)
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“Walking pathways”, cancer and evolution

Kel A., Stelmashenko D.
LLC “BIOSOFT.RU”

"If our genes are so similar, what really makes a human different from E. coli? The answer lies in the difference in
[mechanisms of] gene regulation used." (Nature education, 2008). In this presentation we will discuss the evolutional
advantages of high plasticity of gene regulatory networks that is an important characteristic of multicellular eukaryotic
organisms. Unfortunately, such evolutional advantages have a high price to pay - terrible diseases such as cancer and
other systemic human diseases. Non-reversible structural changes of the regulatory networks due to an epigenetic “evo-
lution” of genome regulatory regions provide the basis for realization of normal development programs. On the other
side they may cause transformations switching the normal state to a disease state. We call such structural network
changes as “walking pathways”. The analysis of this phenomenon helps us to understand the mechanisms of molecular
switches (e.g. between programs of cell death and programs of cell survival) and to identify prospective drug targets of
cancer. Such structural plasticity of regulatory networks observed in genomes of higher eukaryotes, in my view, is the
result of an evolutional "aramorphose"” towards emergence of completely new mechanism of evolution of multi-cellular
organisms.

«Llararouime nacceen», pak v 3BosoLUA

Kenb A.3., CtenbmatueHko [. E.
000 «bHOCODT.PY»

«Ecnu Haly reHsl Tak MOXO0XKH, TO YTO XK€ Ha CaMOM Jel€ OTINYAeT Hac OT KUIIEeYHON manodku? OTBET KpoeTcs B
pasnuunn perymsanun renosy» (Nature education, 2008). B 3Tom okane Mbl packpoeM 3BOJTIOLHMOHHbIEC MPEUMYIIECTBA
BBICOKOM MIACTUYHOCTU CETEH T'€HHOM PEryisilUM, KOTOpas SBIIIETCS BaKHOW XapaKTEPUCTHKONM MHOTOKIIETOYHBIX
9YKapUOTHYECKUX OpTaHn3MOB. OHAKO 3TH BOJIOIMOHHBIC NTPEUMYILECTBA UMEIOT OOJBIIYIO IEHY — KOMIUICKCHBIE,
cUCTeMHBbIe OOJIE3HH YEeIOBEYECKOr0 OpraHM3Ma, Takue Kak pak. HeoOpaTtumble CTpYKTypHbIE U3MEHEHHUS PETyJISITOP-
HBIX CeTell M3-3a MUTCHETHUYECKON «3BOJIIOLUIY PETYIATOPHBIX y4acTKOB '€HOMa CIyXaT OCHOBOW I pealu3alliu
nporpamMm HOpMasibHOTO pa3BuTHs. C APYroil CTOPOHBI, OHM MOTYT BBI3BaTh TpaHC(HOPMAIHMH, NEPEKITIOYAIOIINE HOP-
MaJbHOE COCTOSIHHE Ha COCTOSHHE 00Jie3HH. MBI Ha3bIBaeM TaKHe CTPYKTYPHbIC M3MEHEHHs «IIararollUMH I1acCBes-
MU». AHaJIU3 3TOr0 (PeHOMEHA ITOMOTaeT HaM OHMMaTh MEXaHW3Mbl MOJICKYJISIPHBIX EPEKIIIOUYEHHH (HanpuMep, Mex-
Ity IporpaMMaMH{ CMEPTH KJIETKH M TIPOTpaMMaMK BEDKUBAHUS KJIETKH) M paclio3HaBaTh NMEPCIEKTUBHBIC TeparneBTuIe-
CKHE MUIIEHH IS paka. Takas CTpyKTypHas IUNITaCTUYHOCTh PETYJISITOPHBIX CeTel, Habrofaromasics B reHoMax Oosee
Pa3BHUTHIX 3YKapHOT, Ha MOH B3IJISA, SIBISETCS PE3YJIbTaTOM 3BOJIONMOHHOTO «apamopdo3a» B HanpaBlIeHUH BO3HHUK-
HOBEHUS COBEPLIEHHO HOBOI'O MEXaHU3Ma IBOIIOLMH MHOTOKJIETOUHBIX OPraHU3MOB.
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Study of the applicability of the two-stage folding model to membrane proteins
on the example of isolated fragments of 32-adrenergic receptor

Myshkin M.Yu.?, Gizatullina A.K., Paramonov A.S.%, Shulepko M.A.%, Lyukmanova E.N.},
Shenkarev Z.0.1", Arseniev A.S.!
1. Shemyakin-Ovchinnikov Institute of Bioorganic Chemistry, RAS, Moscow, Russia
2. Moscow Institute of Physics and Technology (State University), Dolgoprudny, Russia
* ge-mail: zakhar-shenkarev@yandex.ru

The folding of multi-helical (polytopic) integral membrane proteins (MPs) is frequently described using the two
stage model, in which the formation of individual TM helices is followed by their mutual interactions within the mem-
brane to form tertiary contacts and higher order structure. Here we investigated the applicability of the two-stage fold-
ing model using heteronuclear NMR spectroscopy on the example of isolated transmembrane (TM) helical fragments of
human B2-adrenergic receptor (B2AR). B2AR belongs to the family of G-protein-coupled receptors (GPCRs) and is a
major target for current and emerging drugs aimed at the treatment of bronchial asthma. B2AR consists of 7 TM heli-
ces. According to high-resolution X-ray structure, the TM helices of B2AR form many interhelical contacts stabilizing
spatial structure of the receptor. For instance, the ‘strong’ helix-helix interactions are observed between the two first
TM fragments S1 and S2.

One of the main bottlenecks encountered in the NMR structural studies of hydrophobic peptides corresponding
to the isolated TM helices from larger proteins is the difficulty to produce sufficient amounts of the isotopically labeled
samples. Cell-free systems based on bacterial extracts from E. coli cells attract much attention as a cheep and robust
alternative to the conventional cell-based methods for recombinant protein production. Therefore, we developed sys-
tems for cell-free production of the three B2AR fragments corresponding to S1 and S2 helices, and longer S12 region.
Several approaches for solubilization of the precipitated peptides using organic solvents or detergents were tested. The
secondary structures of the S1, S2 and S12 peptides were studied by NMR in the micelles of zwitterionic detergent
DPC.

It was shown that S1 fragment solubilized in DPC forms helical structure, which undergoes spontaneous transi-
tion into B-structural aggregates during several days at room temperature. Asn26/Lys substitution stabilizes the helical
conformation and leads to increase of helicity in the C-terminal part of the peptide (Leu29-Ser43). In contrast, the S2
fragment adopts stable mostly helical conformation in the DPC environment. The disruption of regular helical structure
was observed in two regions, which precede Asp20 and Pro29 residues. In the NMR spectra of S12 fragment only 59
spin-systems (from 83 expected) were observed. This points to the conformational exchange process which is probably
related to the dynamic interactions between S1 and S2 helices. Covalent attachment of S1 to S2 (within the S12 con-
struct) prevented the transition of S1 fragment to the B-helical aggregates. However, the addition of equimolar S2
amount to the S1 sample did not prevent the S1 aggregate formation. These results indicate that helix-helix interactions
between isolated S1 and S2 fragments are ‘weak’, but the presence of interhelical contacts is required to stabilize the
secondary structure of the S1 helix. Thus the two-stage model may not be fully applicable for description of polytopic
MPs folding.

This work was supported by the Russian Foundation for Basic Research (14-04-31939)
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Virtual Human for personalized therapy: Mathematical modelling of energy
metabolism and the defense against oxidative stress in the context of Parkinson’s
disease

Alexey Kolodkin®, Andrew Ignatenko?, Bernhard Peters?, Evangelos Simeonidis®, Nathan Brady*, Matteo
Barberis®, Nilgun Sahin®, Lilia Alberghina’, Anna Maria Colangelo’, Danyel Jennen, Alex Skupin?, Nathan D.
Price®, Rudi Balling* and Hans V. Westerhoff>6°

Luxembourg Centre for Systems Biomedicine, University of Luxembourg, LUXEMBOURG
2Faculty of Science, Technology and Communication, University of Luxembourg, LUXEMBOURG
3Institute for Systems Biology, Seattle, USA
“German Cancer Research Center and Bioguant, GERMANY
SSynthetic Systems Biology, SILS, University of Amsterdam, THE NETHERLANDS
®Molecular Cell Physiology, VU University Amsterdam, THE NETHERLANDS
SysBio centre of Systems Biology, University of Milano-Bicocca, ITALY
8Toxicogenomics, Maastricht University, THE NETHERLANDS
9Manchester Centre for Integrative Systems Biology, UK
* e-mail: alexey.kolodkin@uni.lu

Keywords: Systems Biology, Dynamic modelling, Virtual Human, Oxidative stress, Reactive Oxygen Species,
Parkinson’s disease

Following the paradigm that biological function emerges from nonlinear interactions between physical components,
we understand how the disturbance of interactions between components leads to the malfunctioning of living systems
that are so robust otherwise. This may reveal the essence of the molecular basis of many diseases. However, the
millions of interactions make the living organism too complex to be handled intuitively in a human brain or on the back
of an envelope. Systems biology developed an approach to reconstruct biological emergence in a computer model in
silico, based on realistic component-interaction properties. A whole body model is being developed in the framework of
so-called Virtual/Digital/Silicon Human projects. This whole human body model holds great promise for medicine.
When it becomes available, it may be parameterized for any patient individually and propel personalized medicine.

Contributing to the global efforts in this direction, we have built and somewhat validated experimentally an ODE-
based dynamic model of energy metabolism coupled to an intracellular signalling network controlling the response to
oxidative stress; formation of the toxic reactive oxygen species (ROS) is an unavoidable side-effect of the otherwise
rather beneficial oxidative phosphorylation. The living cell employs a special system to control ROS concentrations and
to adapt to oxidative stress ROS produce. Mistuning of this response to oxidative stress may be associated with many
systems biology diseases such as obesity, cancer and Parkinson’s disease (PD). But if ROS abounds, why aren’t we all
subject to PD at a young age?

To address this issue, we have analyzed two PD-related perturbations: an increased concentration of misfolded
alpha-synuclein and a decreased concentration of DJ1 protein. Both of these could be the effect of an individual’s
Single Nucleotide Polymorphisms. But there is more: Activation of Nrf2 synthesis is a known effect of caffeine
consumption, and our model predicts that, such activation may compensate for a reduction in alpha-synuclein, but not
for a perturbation in DJ-1. This observation fits published data of a negative and limited correlation between regular
coffee consumption and PD progression. It is Nature and Nurture: coffee drinking benefits only a certain fraction of PD
patients. Fed with our genome sequence or SNP pattern, our Silicon Human may soon predict who should drink more
coffee.

Our model is able to reconstruct the emergence of the response to oxidative stress and can be already used in the
design of personalized medicine that has been demonstrate with PD-related contextualization and simulation.
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BeckneTouHasa npoayKumsa HerMpoToKCMHOB VSTX1 1 NTII, 6enkoB ¢ BbICOKUM
cogepxxaHnem ancynbOUaHbIX CBA3EN

[0.C. Kynb6aukuit?*, E.H. JllokmaHoBa!, M.A. LLlynenko?, O.A. Oonrux™2, M.MN. KupnnyuHmnkos?
YUncmumym 6uoopzanuueckori xumuu um. axademuxos M.M. Hlemaxuna u FO.A. Ouunnuxosa, Mockea
2Buonoauueckuii paxynomem, Mockoeckuii zocyoapcmeennviii ynueepcumem um. M.B. Jlomonocosa, , Mockea
* e-mail: d.kulbatskiy@gmail.com

HelpoTOKCHHBI 0B )KUBOTHBIX SIBJISIFOTCS] BBICOKOCHIEIM(MYHBIMA HHTMOUTOPaMH JKU3HEHHO BaXKHBIX PELENITOPOB
YeIOBeKa. TOKCHHBI SBIAIOTCS YyNOOHBIM HHCTPYMEHTOM MJIsI CTPYKTYpHO-(YHKIMOHAIBHBIX HCCIECIOBAaHUN
pELeNnTopOB, a MOJIEKYJbI, CO3JaHHBIE Ha HMX OCHOBE, HAXOAAT Bce Oojee NIMPOKOE NMPHMEHEHHE B MEIWIMHE B
Ka4yeCcTBE NMArHOCTHYECKHX W TEPANeBTUYECKHUX CPEACTB HANPABICHHOTO JIEHCTBUA. BOJIBIIMHCTBO HEMPOTOKCHHOB
HUMEIOT KOMITAaKTHYIO POCTPAHCTBEHHYIO CTPYKTYPY, CTAOMIM3UPOBAHHYIO CHCTEMON IPOCTPAHCTBEHHO -COMMKEHHBIX
IUCYTb(QUIHBIX CBS3€H, YTO 3HAYMTEIBHO 3aTPYAHSACT MX PEKOMOMHAHTHYIO NMpoayKnuio. Takum 00pa3zoM, MOUCK
HOBBIX MOJIXO/IOB TSI PEKOMOMHAHTHOM MPOIYKIIUN HEHPOTOKCHHOB SBIIACTCS aKTyaJbHON HAYIHOW 3a7adei.

Lenpto nmaHHOW pabOTH SIBISETCS pPa3padOTKa BBICOKOAI((PEKTUBHBIX METOJOB PEKOMOMHAHTHOW NPOIYKLUH
HEMPOTOKCHHOB U3 SI0B )KMBOTHBIX Ha OCHOBE OECKJIeTOUYHBIX OenokcuHTesupyomux cucreM (BBC). B nannoi pabore
ObLIH HCIIOIH30BAHBI 1BA MOJCIBHBIX 00beKTa - TokcHH VSTX1 u3 siaa mayka Grammostola spatulata, uaru6upyromnrmii
MOTEHIMAJI03aBUCUMYI0 akThBaiuio K+ kananoB (34 aMHUHOKHMCIOTHI, 3 OUCYIb(UIHBIE CBA3M) M OO0JaJaroIIHii
MeMOpaHHOU aKTUBHOCTHIO M HEMPOTOKCMH Il (NTII) u3 sna koGpsr Naja oxiana, crerupudeckuii MHrHOUTOP
HUKOTHHOBOTO alleTHIIXOJIMHOBOTO perenTtopa (61 aMUHOKUCIOTHBIH OCTAaTOK, 4 TUCYNIb(GUIHBIE CBSI3H).

B kauecTBe KIIOYEBBIX MapaMETPOB BHICOKO3()(HEKTHBHON CHCTEMBI NPOIYKIIMH HEHPOTOKCHHOB PaccMaTpUBAINCh
YPOBEHb MPOAYKIMHU IIETIEBOTO Oellka B pacueTe Ha (PUKCHPOBAHHOE KOJIMIECTBO CyOCTpaTa u A0 OeKa ¢ KOPPEKTHO
3aMKHYTBIMH AUCYIb(GUIHBIME CBSI3SIMH.

Jnst TTOBBIIICHNST YPOBHS MPOAYKIMHK LieneBbix OenkoB B BBC Ha 5’-koHer reHa neneBoro 0enka ObUIM BBEICHBI
JIOTIOTHUTENbHBIE TIOCIIEI0BATEILHOCTH, KOTOPhIE, KaK OBLJIO paHee MOKa3aHO aBTopamHu [l], criocOOHBI 3HAYUTEIHHO
YBEIMYNBATH YPOBEHb MIPOLYKINH 1eneBoro oenka B BbC.

Jnst obecrniedeHust KOPPEKTHOTO 3aMbIKaHUs TUCYJILMHUIHBIX CBS3€l BO BpeMsl CHHTE3a ObLIO MCCIIEIOBAHO BIIHMSHHE
pasnuuHbIX Moaudukanuii coctaBa BBC: co3nanie HE0OX0JMMOTO OKHCIUTEIHLHO-BOCCTAHOBUTEILHOTO TIOTEHIIHANA B
peakuuoHHoit cmecu BBC myrtem no0aBieHHMsl OKHUCICHHOW W BOCCTAHOBJIEHHOH ()OpPM TIIyTaTHOHA; OcCiabieHue
penykTa3Hoil aktuBHOCTH cpebl BBC myTem 00paboTku pubOCOMaIbHOTO SKCTPAKTa HOAaeTaMU0M, OJOKAPYIOIIHM
cBoOoaHble SH-Tpynmel, ucnosnb3oBanue cucteMbl pereHepaiu AT®, ocHoBaHHOI Ha kpeatnH(pochare; BBeICHUE B
CTaB PEaKIMOHHOI cMecH Aucynbdua-usomepassl DsbC uz E.coli, katanmmsupyromeir hopMUpoBaHHEe KOPPEKTHOTO
Habopa ANCYIb(UAHBIX CBS3EH B IIEPUILIA3MATHIECKOM IIPOCTPAHCTBE.

Pabora monepxana rpantoMm PODU Ne 14-04-32096.

[110]. E.H. JIrokmanoBa, 3.0. lllenkapes, H.®. Xabuoymuna, [1.C. Kynpbankuii, M.A. llynenko, JL.E. [TletpoBckas,
A.C. Apcenrbes, [I.A. Jonrux, M.I1. Kupnunaaukos. “N-KoHIIEBbIe MApTHEPHI U1 3PPEKTHBHOHN MPOTYKIIUH

peLenTopoB conpsukeHHbIX ¢ G-0ekaMu B OakTepuanbHbIX OeckierouHbix cucremax.” Acta Naturae, 4(15), 59-66
(2012).
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Electrostatic Interaction Effects on Tension-Induced Pore Formation
in Lipid Membranes

Karal M.S.%, Levadny V. 23, Tsuboi T.3, Belaya M.*", Yamazaki M. 13
YIntegrated Bioscience Section, Shizuoka University, Shizuoka, Japan
2Theoretical Problem Center of Physico - Chemical Pharmacology, RAS, Moscow, Russia
3 Department of Physics, Shizuoka University, Shizuoka, Japan
4NC-Farm, Moscow, Russia
* e-mail: mbelaya@mail.ru

When external forces are applied to cells or liposomes, lateral tension is induced in biomembranes or lipid mem-
branes, causing stretching. When the tension reaches a critical magnitude, pore formation occurs, causing rupture of
cells or liposomes. We investigated the effects of lateral tension on the rupture of giant unilamellar lipid vesicles
(GUVs). The lateral tension was induced in framework of micropipette aspiration method (see [1, 2]). We analyzed the
time-course of the fraction of intact GUVs among all the GUVs under constant tensionc, and obtained the rate constants
of pore formation ky(c). To determine k,, we developed an approach using the mean first passage time [3,4].

We investigated also the effects of electrostatic interactions on the rate constant (k,) for tension-induced pore for-
mation in lipid membranes of giant unilamellar vesicles under constant applied tension. It was obtained as a decrease in
salt concentration in solution as well as an increase in surface charge density of the membranes increased k,. These data
indicate that k, increases as the extent of electrostatic interaction increases. We developed a theory on the effect of the
electrostatic interactions on the free energy profile of the membrane containing a prepore and also on the values of k.
We hypothesized that a decrease in the free energy barrier of the prepore state due to electrostatics is the main factor
causing an increase in Kp.

[1] E. Evans et al., “Dynamic tension spectroscopy and strength of biomembranes”, Biophys. J., 85, 2342 (2003).
[2] E. Evans and B. Smith, “Kinetics of hole nucleation in biomembrane rupture “, New J. Phys. 13, 095010 (2011).
[3] M. S. Karal, V. Levadny, T. Tsuboi, M. Belayaand M. Yamazaki, “Electrostatic Interaction Effects on Tension-
Induced Pore Formation in Lipid Membranes”, Phys. Rev. E, 92, 012708 (2015).
[4] V. Levadny, T. Tsuboi, M. Belayaand M. Yamazaki, ‘Rate Constant of Tension-Induced Pore Formation in Lipid
Membranes’, Langmuir, 29, 3848 (2013).
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Lipid-protein nanodiscs: multipurpose tool for stabilization, physical-chemical
studies and delivery of membrane biomolecules

Z.0. Shenkarev!?, E.N. Lyukmanova?
Moscow Institute of Physics and Technology, Russia
2Shemyakin-Ovchinnikov Institute of Bioorganic Chemistry, Moscow, Russia

Membrane proteins (MPs) play key roles in many biological processes essential for living cells, whole organisms
and their communities. These molecules are responsible for cell energetics, reception of intercellular signals, as well as
for functioning of nervous, endocrine and immune systems of higher animals. About one quarter of the human genes are
predicted to encode for MPs and more than 50% of current pharmaceutical drugs target membrane proteins. MPs pro-
voke much interest due to their perspective application in biotechnology (membrane enzymes), bio-nanotechnology
(chemical sensors, photoactive proteins), pharmacology and medicine (membrane receptors, membrane-active drugs,
delivery of hydrophobic compounds). The practical applications and fundamental studies of MPs are significantly com-
plicated. For example, from about 90,000 presently known protein structures less then 3% represent integral MPs. The
main difficulties in this field are connected with the requirement of biological membrane or suitable membrane mimick-
ing medium for formation and stabilization of MPs native spatial structure.

The commonly used membrane mimetics (low-polarity organic solvents, detergent micelles and bicelles) display
some serious shortcomings and in many cases do not able to adequately represent membrane environment and provide
enough stability for encapsulated MPs. On the other hand, the real bilayered systems (in a form of lipid vesicles) are too
large to be used directly in biotechnological and pharmacological applications. The present report describes an emerg-
ing field of application of an alternative membrane mimicking medium — Lipid-Protein Nanodiscs (LPNs). Each LPN
represents a fragment of lipid bilayer stabilized by a dimer of human apolipoprotein Al or it synthetic analogue. These
particles have discoid shape with diameters 8 - 12 nm and thickness about 4 nm. The integral and peripheral MPs,
membrane active peptides and other hydrophobic compounds could be incorporated into bilayer of nanodisc using “self-
assembly” protocol. The LPNs provide superior membrane mimicking characteristics and enhanced sample stability as
compared with conventional membrane mimetics. In contrast to micelles and liposomes nanodiscs permit to control the
aggregation state of the encapsulated MPs. The application of nanodiscs for cell-free production and refolding of re-
combinant MPs, for physical-chemical studies of membrane receptors, retinal proteins (bacteriorhodopsins) and mem-
brane-active peptides, as well as the possible usage of nanodiscs for delivery of hydrophobic compounds are discussed
in the report.

This work was supported by the Russian Foundation for Basic Research (14-04-01270), the President of the Russian
Federation (grant SS-1766.2014.4.)
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SH0TEPMUNYECKUIA XapaKTep npoLecca POpMMPOBaHUS MPOCTPaHCTBEHHOM
CTPYKTYpPbl MeMbpaHHOro 6enka in vitro: nccnegosaHus metogom AMP
BbICOKOI0 paspeLleHuns

A.C. MapamoHoB!", 3.0. LLleHkapeB?, M.tO. MbiwknH!?, E.H. MllokmaHosa?, J1.H. LLUnHraposal,
A.C. ApceHbeB!?2
B Hucmumym buoopeanuueckoti xumuu um. M.M. Hlemaxuna u FO.A. Osuunnuxoea PAH, Mockea, Poccus
2 Mockoeckuii pusuxo-mexnuueckuii uncmumym, Jloneonpyousiti, Poccus
* e-mail: apar@nmr.ru

HccnenoBanne MexaHHM3MOB (pOpMHPOBaHMS IPOCTPAHCTBEHHOM CTPYKTYphl («dosanHray) MeMOpaHHBIX OENKOB
SIBISIETCST OJHOW M3 HamOojiee aKTyalbHBIX 3a/a4 JUIsi COBPEMEHHOH MOJICKYJISIPHOW OHO(QHM3MKH U CTPYKTYpHOM
Ononornu. Ha ceromHsAIIHMHA A€Hb, HECMOTPS Ha JOCTATOYHO ITyOOKOE MOHMMAaHHE MEXaHU3MOB (opMHpOBaHMS
MIPOCTPAaHCTBEHHON CTPYKTYPBI BOJOPACTBOPUMBIX TTIOOYIISIPHBIX OEJIKOB, MPOrpecc B 3TOW 00JIaCTH NPUMEHHUTEIHHO K
MeMOpaHHBIM OeJIKaM 3HAYUTEIHHO 3aTPyTHEH.

B Hacrosimeil pabore ObUIM WM3ydeHBI MEXaHM3MBI Iporecca (OPMHUPOBAHHMS MPOCTPAHCTBEHHOW CTPYKTYPHI
MeMOpaHHOTO Oelka Ha HpHUMepe MOTCHIHAIOYYyBCTBHTENbHOrO aoMmeHa kaHama KvAP (ITYJ-KVAP) u3 apxen
Aeropyrum pernix, IpeACTaBISIOMEro co00i CBA3KY YeTBIPEX TPaHCMEMOPaHHBIX CIHpanel. Bputo mokasaHo, 4To mpu
UCIIONIb30BaHUM B KauyecTBe MeMOpaHOMoZeIupyrouei cpeiapl Muueur UBUTTepuoHHbIX (DPC) M ciabokaTHOHHBIX
(LDAO) nereprentoB, ITU/I-KVAP HaxomuTcsi B HATHBHOM «CBepHYTOM» KoH(popMmamuu. OpHako mo0aBicHUE B
MeMOPaHOMOIETUPYIONIIOI0 Cpeay aHHOHHBIX neTepreHToB (LPPG) npuBoAuT K YaCTUYHOMY Pa3pyLICHUIO HATHUBHOM
MIPOCTPAHCTBEHHON CTPYKTYpHl (A€HATypallMM) NpU HPAaKTUUYECKU IOJHOM COXPAHEHHHM BTOPHUYHOM CTPYKTYphl. B
JIEHATYPUPOBAHHOM COCTOSIHMM, 1O JI@HHBIM  pellakcaluu sep °N  HabJIojanoch YBEJIHYEHUE IOJBHKXHOCTH
ocHoBHoil menu ITYJ-KVAP B nc-nc muanazone Bpemen (S? ~ 0.81+0.08, mpotuB S? ~ 0.93+0.11 B HaTMBHOM
COCTOSTHHH), & TaKKe YBEIHMYCHHUE MEKCIHMPAIBHBIX PACCTOSHUH, M3MEPEHHOE METOAOM IapaMarHUTHOTO YCHJICHUS
SAMP penakcamm (PRE). IIpu stom pesymbrarel mudQy3HOHHBIX HW3MEPEHHUH, a TakkKe HaJIMIUe «OCTATOYHBIX)»
MEXCIUPATbHBIX KOHTAKTOB, Habmogaemslx MertogoM PRE, cBuaeTenscTBOBaNmM 0 cCOXpaHEeHHH O0IIei KOMIAKTHOCTH
YIIAaKOBKM MOJICKYJIbl MPH YacTWYHOW IeHaTypanuu. [lo cBomM cBoiicTBaM 3T0 cocTostHne Monekyns! ITH/I-KVAP
HallOMUHAET COCTOSHHUE «PACIUIABICHHOM ITI00YIbI», HaOM0gaeMoe PH YaCTUIHOW AEHATypalyuy BOJAOPACTBOPHMBIX
TIIOOYISIPHBIX OEIKOB.

HeranpHoe wu3ydenue mnporecca nepexona ITYA-KVAP Mexny HAaTUBHBIM M YacTHYHO [CHATYpHUPOBaHHBIM
COCTOSTHMEM TIOKa3alo, 4YTO IPOLECC JeHAaTypalH SBISETCS OOpaTHMBIM: TakK, NPH YMEHBIIEHHMH B COCTaBe
MeMOpaHOMOJACIUPYIOIEH  Cpelbl  COJCpXKaHMsl  «AeHarypupyromero»  aereprenra LPPG  mpoucxoaur
camornpousBonbHbIi nepexon ITY/-KVAP B HaTuBHOe cBepHyTOe cocTosiHHE. IIpu 3TOM oOKa3aloch BO3MOKHBIM
HaOmonenue B crektpax SIMP 3a cojepkaHueM OTIENIBHO HATHUBHOM M JIEHATYpUPOBaHHOM (OpPMBL. AHamm3
3aBHCHUMOCTH COAep)kaHus o0eux (opM OT KOHIEHTpAalMK JICHATYpPHPYIOLIEro AeTepreHTa M OT TeMIepaTyphl
TIO3BOJIMJI OLEHUTh TEPMOJMHAMHYECKHE XapaKTePUCTHKH Iponecca (onnuHra. B gacTHocTH OBIIO MOKa3aHO, YTO
nporecc «cBopaunBaHus» I[TYJ[-KVAP B 3aBucuMoctn oT comepkanus B cpeae LPPG (), MoxeT OBITH ommcaH
neyctaguiiHoit mMonenbio AGy(x)=AGu(0)+my c mapamerpamu AG(0) ~ -8.4 kkan/monms u M ~ 14.8 kkan/mMob.
TemmeparypHasi 3aBUCHMOCTD M3MEHEHHS cojiepkanus odenx ¢opm Oenka B mpucyrctsun 50-60% LPPG moxasana,
YTO TPH YBEJINYEHUN TEMIIEPaTyphl IPOUCXOANUT yBEIWUYEHHE coJlepKaHus cBepHyToH (opmbl. Takum obpazoM, ObLIO
MOKa3aHo, 4To mporecc nepexona Monekynsl [THJ[-KVAP u3 gacTudHO IeHaTYpHpOBaHHOTO B HATHMBHOE CBEPHYTOE
COCTOSIHUE TIpH COJAEpKaHMM JeHarypupyromiero naereprenta 50-60% wu temmepatypax 298-318K sBisercs
SHJOTEPMUYECKMM M XapaKTEepU3yeTcs OJM3KUMM MO BEJIHYMHE SHTAIBIMHHBIM W SHTPONHMHHBIM BKaagamu (AHC ~
TAS? ~ +30-40 kkan/mons npu 318K).

YBenudeHue 3HTambIUM B mporecce «cBopaduBaHus» [TUJ[-KVAP moxeT ObITh OOBSICHEHO pPa3phIBOM CBSI3eit
MeXay MoJekynaMu aHuoHHoro LPPG wu 3apsokeHHbiMu OokoBbiMu 1emsmu  [IYJI. B To ke Bpewms,
BBICBOOOKTAIOIINECS B PACTBOP MOJIEKYJIbI IeTepreHTa 00yCIaBIMBaIOT TOBBIIIICHUE SHTPOIIHH CUCTEMBI.
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MynbTuUcneKTpasibHas onToakycTuyeckas Tomorpapua (MCOT)
NS BU3yanmsaunm s3HAOTEHHbIX M 3K30MeHHbIX COeMHEHWI in Vivo

B (hapmaumn 1 MeanumHe
N.M. JlazapeB

bnaropaps nosiBIeHNIO HOBBIX TEXHHYECKUX PEICHUH, BU3yallM3anysi OMOJIOTMYeCKX 00BbEKTOB IpeTeprerna Ka-
YECTBEHHBIH MEPEX0/] OT MOIYyUCHHUS OTACIBHBIX CTATHIECKUX N300pKEHUH K HAOIIOAEHHUIO 32 ANHAMUKON KJICTOUHBIX
COOBITHIA B OpraHN3MaXx JKMBBIX KHBOTHBIX B PealbHOM BpeMeHH in Vivo. BaxHeilmee n yHUKaILHOE CBOWCTBO BH3ya-
JM3aIMy iN ViVo - 3TO BO3MOKHOCTh HEMHBA3UBHO B YCIOBHSAX, NPHOIIKEHHBIX K (DH3HOJIOTHYSCKUM, TTOTYYaTh U300-
pakeHUe W HaOIIOaTh TUHAMUKY KJIETOK BHYTPU OPraHOB M TKaHEH, aHAJIM3UPOBATh OMOXMMUYECKHE MPOLECCH, KU-
HETHKy OmopacnpeneneHns. ITOT HOAXO0A aKTUBHO PA3BHBACTCS M YCIEIIHO MPUMEHSETCS U1 (papMaKOJIOTHIECKUX U
MEIMKO-ONO0JIOTUYECKIX UCCIIEIOBAHUI MO/IENEH YeJIOBEUECKHIX 3a00IeBaHUi Ha SKCIIEPHUMEHTAIBHBIX KUBOTHBIX.

MynbeTHCnekTpaibHas onroakyctudeckass tomorpadgus (MCOT) ocHoBaHa Ha pErucTpanud aKyCTHYECKUX
BOJIH, BO3HUKAIOLIUX B pe3y/IbTaTe MOTJIONICHNSI CBEPXKOPOTKUX UMITYIbcoB cBeTa (1-100 HM) MoJeKkynaMu SHIOTeH-
HBIX U 3K30TE€HHBIX (hiayopodopoB. CrekTp moriomeHus MoteKyn-Mumeneil s nerekuuu metogqoMm MCOT nmomkeH
HaXOIUTHCS B OTIMYHOW OT (POHOBOTO TOTJIOMICHHS (TEMOTJIOOMH, MENaHWH, JIMIHIBL, BOJIa) 00JacTH, T.e. NOJDKEH
HaXOJMTCSl B KPaCHOM M JajbHEe-KpacHOW 00JIacTH CIEKTpa U MMeTh Apyryto ¢opmy. s KOJMYECTBEHHOTO aHan3a
poOsI T1y00K0 B TKaHAX (>100 Mxm) B MCOT npuMeHSIOT CIIOXKHBIE QJITOPUTMBI, YYUTHIBAIOIIME IPOBOAUMOCTD TKa-
Hel Ui cBeta. TakuM 00pa3oM, MyJIBTHCIIEKTPaIbHasE ONTOAKYCTHIECKass TOMOrpadus 1e/lacT BO3MOXKHBIM H3yUCHUE
00pasIoB 10 5-6 cM B qUaMeTpe ¢ MPOCTPAHCTBEHHBIM paspemicareM 100 MxM. B HacTOAIMI MOMEHT OIyOJIMKOBaHO
MHOKECTBO MPUMEPOB IMPUMCHCHUA MCOT JJId BU3yaJIM3alliu 'y MEJIKHUX MJICKOIIUTAOMUX U JaXKC B KIIMHUYCCKHUX
HCCIIEOBAaHMAX 3a00JICBaHUH YeIoBeKa (MenaHoMa).

OCHOBHBIE 00JIaCTH MNPUMCHCHUSA TCXHOJIOT U

®  JIOKIMHHUYECKHE MCCIICTOBAHUS MIPENaparoB (CyIECTBEHHOE COKPAIIEHHE PacX0A0B HA UX MIPOBEJCHHUE);
®  HCCIEeOBaHMSA B OHKOJIOTHH (B T.4. TapreTHas 10CTaBKa aKTHBHBIX KOMIIOHEHTOB);

e  BU3yaJIH3alMA CEPACUHO-COCYIUCTOI CHCTEMBI;

®  HelpoBU3yaIM3aAIHS;

e  (apmakokuHETHKA.

WNudopmanus nonyuaemas ¢ nomouipto MCOT:

e  AnHaromuueckas nHdopmanus (10 ONTHYECKON aOCOpOLIMH B TKaHAX U OpraHax);
e  OdynknuonanbHas nHpopMauus (nepdy3usi, OKCUTeHALIU);

e  MonekynspHast nHpopManus (aapecHas A0cTaBKa, (UIyopeceHTHBIE 30H/IbI);

o Hudopmamus o kuaeTuke ((papMaKOKHHETHKA U OHOpacIpeieieHIE).
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MynbTumacluTabHass 06beMHass MMKPOCKOMUA

B OMOMEANLIMHCKIMX UCCNe0BaHMAX

LLiknoBep B. A.
00O Cucmemst 012 Muxpockonuu u Ananusa
microscop@microscop.ru

HQHLIO HACTOSAMIECTO AOKJIaaa SABJIACTCSA MPEACTABICHUE PE3YJIBTATOB MHOTOJIETHETO ITUKJIA pa60T 10 UCCJICa0BA-
HHIO OMOJIOTHYECKUX 00OBEKTOB METOAaMHU 00BEMHOM MUKPOCKOIIMU U NIEPCIICKTUB JalbHEHIINX UCCIICIOBaHUM.

B nocnennee BpeMms Bce OOINBIIYIO aKTYalbHOCTh IPHOOPETAIOT METOBI 0OBEMHON MHUKPOCKOIMU M CPEACTBA
3D-Bu3yanu3anuy MUKPOCTPYKTYP: OOBEMHBIE PEKOHCTPYKIUH HUCCIEAYEMOr0 OOBEKTa BHIMOIHSIOTCS B MaKpO-, MUK-
po- ¥ CyOMUKPOHHOM/HaHOMETPOBOM MaciITade, MO3BOJISIIONINE JIYYIe MOHSATh IPOCTPaHCTBEHHBIE B3aMMOOTHOILICHUS
3JIEMEHTOB HCCIIEyeMOT0 00BEKTa Ha Pa3HBIX YPOBHSAX CTPYKTYPHOW NETANM3alMU U MOJIYYNTH HOIHYI0 MOP(OIOTH-
YECKyI0 KapTHHY — OT OpraHa JI0 KJI€TKH U CYOKJIETOYHBIX CTPYKTYP.

Hamm metoas! MynbTHMacITaOHOH 0OBEMHON MHUKPOCKOIIMHU MO3BOJISIOT HE TOJIBKO MPOBOJUTH KOJIWYECTBEH-
HBIE CTPYKTYpHBIE UCCIIEIOBAHMS, HO U MOJEIMPOBATh (DYHKIIMOHAIBHBIE IPOLIECCH] B TKAHSX, TAKHE KaK KalWUILIpHbIE
npouecchl, nepdy3un, raaoo0MeH.

MynbTHMacIITAOHOCTh MCCIIEIOBaHUI 00ECIIEYNBACTCSl COBPEMEHHBIMU aNNapaTHbIMKU CPEICTBAMH, KOTOPBIMH
pacmomaraet LIKIT «MukpoaHanusy», B 4aCTHOCTH PacTpoBas AIeKTpoHHO-noHHas Mukpockomus FIB/SEM, npocBeun-
BaOIast IEKTPOHHASI MUKPOCKOIINS, PEHTT€HOBCKast MUKPOTOMOTpadust (PEHTTEHOBCKAsi MUKPOCKOIHSA), a TAKXKE IIPO-
rpaMMHbBIE CPEJICTBa PEKOHCTPYKINH, BU3YaJM3alluK, KOJINYECTBEHHBIX PAaciyeToOB U (YHKIHMOHAJIBHOI'O MOJEIHPOBA-
Hust Tkaneil u opranoB (AMIRA Resolve RT, AVIZO Fire, Xlab HYDRO).

B noknane npencTaBieHbl pe3ysbTaThl IPUMEHEHUs] METOJIOB U BO3MOXKHOCTEH MyJIbTUMACIITa0HOH 00BbEMHOM
MUKPOCKONHUH U 3D-peKOHCTPYKINY MTPU HCCIIEIOBAHUH OUOJIOTMYECKUX OOBEKTOB, 8 UMEHHO:

e llccienoBanne 00bEMHBIX KJICTOYHBIX CTPYKTYP KOPBI TOJIOBHOTO MO3Ta YENIOBEKa,;
o O0beMHasI PEKOHCTPYKIHS KIETOYHBIX CTPYKTYP M MHKPO(IIOPHI SMTUTENNS TPAXEH MBbIIIIH;
o AHa/IN3 ¥ IPUMEHEHHE NTOTYYEeHHOH nH(OpManny U1 YHCIEHHO MOJICITUPOBAHMS;
o O0beMHAasT MEKPOCKOITHUSI TOBEPXHOCTH METaIa, IIOPaKCHHOH OMOKOpPPO3HEH.
JlanHbIe 00BEMHOI MUKPOCKOIIHH JIOTIOJIHAIOT U PACIIUPSIIOT BOZMOKHOCTH TPAJAUIIMOHHBIX METOJIOB CTPYKTYp-
HBIX OMOJIOTMYECKUX MCCIICTOBAHUM, TAKNX KaK KOH(POKAIbHAS ¥ CBETOBAas MUKPOCKOIIHSL.

B mepcrexTrBe MUIaHUPYETCsl pa3padoTKa HOBBIX METOAMK MYJIBTHMACIITA0OHONW 00BEMHONW MHKPOCKOIHUH TPH-
MEHHUTENIbHO K OHOJIOTHYeCKUM OOBEKTaM Ha OCHOBE MPHHIMIIOB KOPPEISIMOHHOW MUKPOCKOIHH, a TaKXKe MpUMEHe-
HHE METOJIOB TPEXMEPHOH BU3yaln3allui B 00JIACTH KPUOMHUKPOCKOIIMH, MUKPOCKOIIUU €CTECTBEHHOM Cpeibl U 3JIeK-
TPOHHOW MHUKpOTOMOTpaduu.
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A novel tunable laser diode microrefractometric and goniometric spectrotomog-
raphy based on multi-axis robotized Feodorov stage and the multi- wavelength
spectro-refrctometric technology of the data analysis

Notchenko A.V.%, Oganessian V.A.2, Gradov O.V.3

IMoscow, Institute for Information Transmission Problems, RAS; 2Bauman Moscow State Technical Universi-
ty; *Moscow, Institute for Energy Problems of Chemical Physics, RAS.

The diagnostic potential of non-laser microrefractometric measurements for the analysis of the endocrine
functions [1-3] and in clinical microbiological studies [4-6] is well known in modern physico-chemical medicine.
The need of their implementation into the practice of microtomography is proved by the fact that in the novel
papers on label-free visualization [7], optofluidics of biomolecular samples considering the capillary phenomena
[8], as well as in the biological fiber technique [9] one has to use microrefractometric sensors and to refer to
the early papers considering the microrefractometric approaches. Nevertheless, there are still no precedents of
using laser refractography [10] or spectral laser refractography in non- absorption microtomography. We pro-
pose to use a rotational goniometric stage for 3D reconstruction, with either 3, 4 or 5 axes in different modifications
[11-14], which represents a refractometer from the standpoint of optics. In order to provide a sufficient image qual-
ity we propose to use in 3D reconstruction the refraction criterion at different wavelengths, i.e. a spectrorefrac-
tometric microtomographical reconstruction based on tunable laser diodes, and hence, a compatible with it TDLS.

[1] G.Gerzeli and E.Mira, Acta Anat. VVol. 65, No. 1, pp. 256-274 (1966).

[2] G.Gerzeli, E.Mira and G. Bernocchi, Acta Anat., Vol. 88, No. 2, pp. 245-266 (1974).

[3] G. Gerzeli and S. Barni, Riv. Istochim. Norm. Patol., Vol. 20, No. 1-3, pp. 67-88 (1976). [4] B.Ju. Shuster,
Zhurn. Mikrob., Epidemiol. i Immunobiol., 44, pp. 28-33 (1967). [Russian]

[5] B.A. Fihman and M.D. Prjadkina. Ibid., 32, pp. 60-64 (1961). [Russian]

[6] B.A. Fihman Pokazateli prelomlenija zhivyh bakterial'nyh kletok. In: «Nauchnye osnovy proizvodstva vakein i
syvorotok», Moscow, Medicina, 1965, pp. 36-44. [Russian]

[7] G. Gauglitz and G. Proll. Adv. Biochem. Eng. Biotech., Vol. 109, pp. 395-432 (2008).

[8] K.J. Rowland, A. Frangois, P. Hoffmann and T.M. Monro. Opt. Expr., 21(9), pp. 11492- 11505 (2013).

[9] B. Wittgren, M. Stefansson and B. Porsch, Journ. Chromatogr. A., Vol. 1082, No. 2, pp. 166-175 (2005).

[10] O. A. Evtihieva, I. L. Raskovskaja and B. S. Rinkevichjus, Lazernaja refraktografija, Moscow, Fizmatlit,
2008, 175 p. [Russian]

[11] A.F. Hallimond and E.W. Taylor. Mineralogical Magazine, Vol. 29, pp. 150-162 (1950).

[12] E.S. Fedorov, Tschermak's Mineral. Petrograph. Mittheil., Vol. 12, pp. 505-509 (1892).

[13] E.S. Fedorov, Zeitschrift fiir Kristallogr. und Mineralogie, Vol. 22, pp. 229-268 (1894). [14] P.R.J. Naidu. 4-
Axes Universal Stage // Madras, Com. Print. Pub. House, 1958, 106 p. [15] O.V. Gradov, A.V. Notchenko and V.A.
Oganesssian // The 3rd International Conference “Practical microtomography”, pp. 41-44 (2014) [Russian; with Eng.
title]
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Multispectral topological laser speckle analyzers of proliferation and
differentiation activity during morphogenesis based on tunable laser diodes
and spectrometric fingerprinting of the cell cycle stages

Oganessian V.A.L, Notchenko A.V.2, Gradov O.V.2

Moscow, Bauman Moscow State Technical University;
2Moscow, Institute for Information Transmission Problems, RAS;
3Moscow, Institute for Energy Problems of Chemical Physics, RAS.

An automated system for morpho-topological determination of the cell division phases and structural differ-
entiation of tissues during morphogenesis was implemented on the basis of topological properties of the cellular
cultures, analyzed within the theory of sets. A simple robotic hardware and software system based on a Zeiss micro-
scope with a modified stage and a multi-axis robotic manipulator allows to control the laser beam position, to
carry out the angular irradiation of the samples using tunable laser diode sources. In the case of selective fluores-
cent staining which reveals the intracellular agents responsible for the histogenesis and morphogenesis regulation the
use of tunable lasers with different spectral parameters allows to distinguish between the various cell types, since
the topological tissue speckle patterns of different subpopulations corresponding to different wavelengths are rather
different. We have currently developed a special software for the analysis and recognition of the patterns obtained
from the setup described above, as well as the GUI for the precision positioning control of the stage relative to
the tunable laser diode sources. Using spectrozonal overlap of the contours of the cellular speckles and the fluores-
cent patterns one can reveal the coherence of the functional cellular assemblies and subpopulations in tissues, cul-
tures or an experimental matrix. This allows to obtain spectrally verifiable and derived from the local TDLS
data on the metabolic relationships in a tissue or a cell culture, plasticity and adaptability of the cells (according to
the gradient of the spectrochemically selective staining between different cellular points). The early prototypes of
the above system without tunable diode lasers and spectral subsystems were described in [1-5], while this report
describes for the very first time its spectral modification based on tunable diode lasers.

[1] A.V. Notchenko and O.V. Gradov, Visualization, Image Processing and Computation in  Biomedicine, Vol. 2,
DOI: 10.1615/VisualizimageProcComputatBiomed.2013005967 (2013) [2] A.V. Notchenko and O.V. Gradov,
Zhurn. Radioel. [Journ. Radioelectr.], 1, # 6 (2012). [3] Notchenko A.V., Gradov O.V. Topological laser speckle
analyzer of differentiation and proliferation activity during morphogenesis in cell cultures. Index. in: Max Planck
Institute of RCG Libr. [index.]: http://core.coll.mpg.de/Record/DOAJ023272759 (2011)

[4] O.V. Gradov, A.V. Notchenko and V.A. Oganesssian // The 3rd International Conference “Practical microtomog-
raphy”, pp. 41-44 (2014) [Russian; with Eng. title]

[5] Gradov O.V., Notchenko A.V., Oganessian V.A. Mechanotronic Neurogoniometry For in vivo & in situ Meas-
urements on Neuroblast Cultures, Neurosphere-Like Stem Cell Clusters, Embryonic Brain Tissues and Living
Brain Slices. The Skoltech Biomedical Conf: “Towards Therapies of the Future” (May 26-28, 2014). DOI:
10.13140/2.1.2616.1281 (2014).
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[VHaMMKa NaccMBHOI0 M aKTUBHOFO BHYTPUKIETOYHOMO TPaHcnopTa

E.A. Katpyxa' ", M. Muxaiinosa', X. BaH Bpakenb?, . M. BaH BepreH eH XeHeroyeH?!, A. AxmaHoBa!, K.K. Xo-

oreHpaag!, J1.K. KanuTtelin!
1 Cell Biology, Department of Biology, Faculty of Science, Utrecht University, Padualaan 8, 3584 CH Utrecht, The Netherlands
* e-mail: y.katrukha@uu.nl

W3y4yeHne mnoBeaeHUs: BHYTPUKIETOYHBIX YaCTHI-IIPOO MPH HOMOIIN MHUKPOCKOIHMH BBICOKOTO Pa3pelIeHHs MOMO-
raeT MOHATh, KaK OPraHU3alys U JUHAMHKA IIUTOCKENICTa BIMSET Ha MPOLECCH IUTOIIa3MaTHYECKOTo TpaHcHopTa. B
psifie HeAaBHO OIMyOJIMKOBAHHBIX PabOT, TJ€ B KAUECTBE YaCTHUI] HCITIOIb30BAINCH IUTACTHKOBBIE CEPHl HIIH KapOOHOBBIE
HaHOTPYOKH, HAOIIOAATIICh HEOXKUIAAHHO HHU3KHE BeNMIHUHBI Kod(p¢ummenta auddysun [1,2]. Ucxoas u3 3Toro ObII
CeNaH BBIBOA, YTO XapaKTEPHCTHKH KaK MacCHBHOTO NU()(y3HMOHHOTO, TaK M aKTUBHOTO, OCYIIECTBISIOIIETOCS IIO
MHKpPOTpYOOYKaM, TPaHCTIOPTA 3HAYUTEIHHO OTPAaHWICHB! aKTUBHBIMU (DIyKTYalMsIMH CETH aKTHHOBOTO IIUTOCKEJIETa,
B KOTOPBII MOTPYXEHBI YaCTULBI-TPEHCEphl. TeM He MEHee, BOIIPOC O TOM, KaK BBICOKAsl MPOCTPAaHCTBEHHAs! HEOJHO-
POJHOCTbH OpraHU3aLMsl AKTHHA U MHUKPOTPYOOUEK BIMSET Ha IOBEICHHE MTPOD, OCTACTCSl MAJIO U3YYSHHBIM.

B nanHoli paboTe MBI pa3paboTaiy HOBBII ITOIXO K MOMEIIECHHIO ITPO0 BHYTPH KIETKH M MX MOCIeAyIomei QpyHK-
LMOHAJIM3ALNHA ¥ NPUMEHWIN €ro JUlsl aHajn3a BHYTPUKJIETOYHOH AMHAMUKHU LUTOIJIa3MAaTHYECKUX KBAaHTOBBIX TOUYEK
(KT) B pa3nuuHBIX YacTsAX KIeTKU. MBI 0OHapyXWIM, YTO KBAaHTOBBIE TOUKU JIMOO OKa3bIBAIOTCS 3aXBau€HHBIMHM Ha
nepudeprun KIETKH IUIOTHOW aKTMHOBOW CEThIO, THOO CBOOOIHO ABUTAIOTCS B OOJIACTSAX KJIETKH, JTULICHHBIX aKTHHA.
BBICOKOCKOpOCTHAsT BHIEOCHEMKA IOKa3ana MPUCYTCTBHE IBYX MOArpynn Iu(QyHIUpYOMNX KBAaHTOBBIX TOYEK,
cpenauil K03 duimeHT aupdy3un MEKAYy KOTOPHIMH Pa3inNyacTcs MOYTH Ha ABa mopsaka. KoiamdecTBO TOUYeK B
«OBICTPOIl» NOATPYMIE YBEINUMIOCH TIOCIE eToMMepr3aly akTuHa. KoadduumenTs! anddy3nn KBaHTOBBIX TOUCK,
KOTOpBIE OBUTH CBSI3aHBI C OEIKaMM, PACHIONIOKCHHBIMI Ha BHYTPHKJICTOUHBIX MEMOpaHaX, OKa3ajHuCh B IPOMEKYTOU-
HOM JIaIia3oHe.

B nmocnenneit gactu paboTsl Ml HccnenoBany aBmkeHne KT 1o MukpoTpyO6oukam moz aeificTBHEM KHHE3HMHOB Pas-
JIMYHBIX CEMEHCTB. B IBIKEHNHM KMHE3MHOB-2, 3 1 4 MBI He HAOIOJai 3HAYNTEIIbHBIX MONEPEYHBIX (QIyKTyauui (Bbl-
3BaHHBIX aKTHHOM), Torja Kak Tpaektopud KT cBsI3aHHBIX ¢ KMHE3MHOM-1 pe3KO MEHsUIM HalpaBlICHHE CITy4YaiHBIM
o0pazoM. MbI 0OHapyKHJIH, YTO MOJATPYIIa MHKPOTPYOOUYEK, 0 KOTOPHIM INPEAIIOYTHTENILHO ABUIaeTCs KMHE3MH-1,
nojiBepraercsi 6oyiee 4acThIM MEXaHUUECKHM IepecTpoiikaM. B 3akito4eHun Mbl NPUXOIUM K BBIBOAY, YTO MPOCTPAH-
CTBEHHAsl U CTPYKTYpPHasi HEOJJHOPOJHOCTh IIUTOCKEJIETA BBI3bIBACT pa3HOOOpa3ue HEPAaBHOBECHOW KJIETOYHOW AMHAMU-
KH.

[1] M. Guo, et al. “Probing the stochastic, motor-driven properties of the cytoplasm using force spectrum microscopy.” Cell 158:822-832 (2014)
[2] N. Fakhri et al. “High-resolution mapping of intracellular fluctuations using carbon nanotubes.” Science 344:1031-1035 (2014).
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PecrimpatopHast akycTuka Kak 00JacTb NMPaKTHYECKOH JMArHOCTHUKHU JIETOYHBIX 3a00JeBaHMH HACUHMTBHIBAET, MO-
BuauMomy, 6osee 2000 er. PecnimpaTopHas akycTrka Kak 00JacTh HAyYHOTo 3HaHMs Bo3HMKIA noutd 200 ner Hazaf,
korna René Laénnec (1781-1826) B 1816 r. u300pen cTETOCKOMN, MO3BOJWBLIMI HayaThb CHCTEMATHUYECKHE
HCCIIEJOBAHMS JIETOUHBIX 3BYKOB.

B mocnenHme mecsaTHiIeTHS KOMITBIOTEPHU30BAaHHBIM aHAMM3 JIerouHbIX 3BYKoB (Computerized Respiratory Sounds
Analysis (CRSA) momyuaet Bce OoJiee IIMPOKOE pacipocTpaHeHue. Ero pacmpocTpaHeHHIO CIIOCOOCTBYET JOCTYIHOCTb
BBICOKOKQUECTBEHHBIX M HEJOPOTHX CPENICTB PETUCTPAIMU W aHAJIM3a JITOUHBIX 3ByKoB. He cinydaitno CRSA mmpoko
UCTIONBb3yeTCs BpayaMu SIOHHH.

CoBpeMeHHBIH ypOBEHb Pa3BUTHS PECIHPATOPHOI aKyCTHKH OMPENENACTCS KaK BO3MOXHOCTSIMH PETHCTPAIN 1
aHaJgM3a 3BYKOB B JIETKHMX, TaK M IIOHMUMaHHEM MEXaHHW3MOB I'€HEpallMd M PaclpOCTPAaHEHHUs 3BYKOB B CHUCTEME
JIBIXaHHSL.

W3 Bcero OrpoMHOr0 Kpyra BOIPOCOB B HACTOSIIEM COOOLIEHMM paccMaTpUBaeTCs TOJBKO Mallas 4YacTh
pecrpaTopHoOil aKyCTHKH, CBS3aHHAas ¢ (DU3UKOM pacnpOCTpaHEHUs! 3ByKa W B LIEJIOM MEXaHHYECKHX KoJicOaHMH B
CHUCTCMC JbIXaHH.

[MoapoGHO paccMaTpUBAIOTCS IKCIIEPUMEHTAJIbHbIE NaHHBIE W MOJEIHM PaclpoCTPaHEHUS] M 3aTyXaHUs 3ByKa B
JIETOYHOW TKAaHU U B CHCTEME AbIXaHus B 1enoM. [Ipn aHanmse pacnpocTpaHEHHs BOJIH HEOOXOAMMO YYUTHIBATH, UTO
cUcTeMa AbIXaHUS SBJISCTCS MHOTOKOMIIOHEHTHOH M MHOTOCIIONWHOH cructeMoi. C TOYKHM 3peHHsI aKyCTHKH OOBIYHBIX
3BYKOBBIX YacTOT JIETOYHAsl TKaHb — 3TO IOPHCTAs cpela, MpudeM oObeMHas O BO3AyXa BCETO B HECKOJBKO pa3
Gosnbiie 0OBEMHON JIOJM TKAaHH, YTO CO3JAaeT 3HAUYUTENbHBIC TPYJHOCTH AJISI TEOPETUYECKOTO ONMCAHUS aKyCTHIECKUX
CBOHCTB.  JIOTIOMHMUTENbHBIE TPYAHOCTH BO3HMKAIOT H3-32 HEPAPXUYECKOTO CTPOCHHS MABIXaTeNbHBIX IyTeH H
KPOBEHOCHBIX cocy/0B. [I0aTOMY mepexon K KOHTHHYaJIbHOMY OIIMCaHHIO CPEJIbl IMEET OCOOCHHOCTH.

PaccmaTpuBaeTcss 0OHapy:K€HHOE B TOCIEIHHE TOJbl «OKHO HPO3PAauyHOCTW» JIETKHX U aKyCTHYECKHX BOJH B
nuanazoHe yactor 10-100 xI'm. OGcyxnmaeTcs NMepCHEeKTHMBHOCTb HCCIENOBAHMN pPacHpOCTpaHEHHs 3ByKa Ha ITHX
YacTOTax ISl CO3/IaHMs METO/Ia aKyCTHYECKOW TOMOTpaduK JIerKHX.
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OueHKa 0CobeHHOCTEN TOHOB cepALa B CyX0il MMMepPCUm € NMOMOLLLbHO

BelBeT-NpeobpasoBaHns
A.A. Ocunogal, A.H. Muxaiinosckas 1, A.N. AbayeHko 123

Y Vupearcoenue Poccuiickoii akademuu nayx FHI] PD - Hnemumym meduxo-6uonozuveckux npobaem PAH, Mockea, Poccus
2 Vypeaicoenue Poccutickoii akademuu nayx Mnemumym obweii usuxu um. A.M. Ipoxoposa PAH, Mocxea, Poccus
SMocroeckuii gpusuxo-mexnuseckuii uncmumym, JJoneonpyonwiii, Poccus

B skcnepuMeHTe ¢ 5-CyTOUHON cyxoi uMMepcuel ¢ ydacTieM 7 340pOBBIX MyXUUH B Bo3pacte oT 21 1o 25 neT B
I'HI] P® - UMBII PAH [1] npoBeneHo m3ydeHune quHaMukd mapamerpoB [-ro m II-ro ToHoB cepama. TonsI cepama
PETHCTPUPOBATH C TIOMOIIBI0 MUKPO(OHA. 3apeTUCTPUPOBAHHBIE 3BYKH CEpJIa MOABEPrall HENPEPHIBHOMY BEHBIIET-
aHanmm3y Ha 0asze mporpaMMHOro oOecmedeHnsi «AKycTokapa», paspaboranHoro cotpyxaukamMu MI'TY um.
H.3. baymana u 3A0 «HIIO «3menon» k.T.H. ['opmkoBem H0.I'., Kanaauasim A.M., Pomanosckum K.B. [2]. Hc-
TIOJIF30BAIN MaTePHHCKUH BeiBier Mopie ¢ monocoit gactot ot 1 10 2000 ['m u korpdunmeHTOM MacIITabUpOBaHHS
10. Omnpegmenstmun wacToTHBIN pa3dpoc [-ro u II-ro ToHOB 10 Hagama «Cyxoi» UMMEpCHH, Ha 1-¢ U 4-€ CyTKH «CyXOoi»
HMMEpPCHUH U 4epe3 JeHb Iocie e€ OKOHYaHMA. B kaxI0# cepuu MCHBITaHUM Nodydanu 5 3amuced TOHOB cepAla: 1o
OJIHOM 3amlMCH JUIUTENBHOCThIO 10 ceKyHI Ha KaXKAyI0 TOUKY BBICTYIIMBAaHUS. TOYKH BBICITYIIMBAHUS COOTBETCTBOBA-
JI CTaHAAPTHBIM TOUKaM ayCKyJbTallUU cep/la: 1 — OKOJIIOCOCKOBasi TOUKa ClieBa, 2 — BTOpOe Mexpedepbe cnpasa, 3 —
BTOpOE Mexpedepre cieBa, 4 — yeTBepToe Mexpebdepbe cieBa (Touka boTkuHa), 5 — mocpenu rpyAuHB], Y OCHOBAaHUS
MEYEBHUIHOTO OTpOoCcTKa. B HacTosmiel paboTe mccienoBaHbl TOHBI cepiia (Bcero 34 3amucu), 3allMCaHHBIE B TOYKE
BBICITYIIMBAHUSI HOMEP 5, TOUKE HAMIYYIIEro BBICTYIINBAHUS TPEXCTBOPUATOTO KIIAIIaHa.

ITpn momomu BelBieT mpeoOpa3oBaHMil OBUTM MOTYYCHBI CIEAYIOUINE MapaMeTPhbl: 9acTOTHI HIWKHEH M BepXHEH
rpanui] akycrokapanorpammsl (AKT) (f I- I Ton umk, f I- II ToH Bepx), yacToThl amrumuTyqHbix MmakcumymoB AKIT (f
I- II ToH Makc), BpeMeHHOH nHTepBan Mexay [-siM u [I-s1M ToHOM (At I-II), BpeMeHHOIT MHTEpBal MEXKAY IBYMS CO-
ceHUMU nepBbIM 1 BTOpbIM ToHamu (AT I-I, AT II -11).

ITo pe3ynpraTam mMccieroBaHMS, IIMPHHA YaCTOTHOTO CIEKTPA IEPBOTO TOHA B YCIOBUSAX 5-CYyTOYHOHW MMMeEp-
CUH, HAYMHAs C 4-X CYTOK, pacIIupseTcs Kak B 00JIaCTh BBICOKUX, TaK U B 00JaCTh HU3KHUX YacTOT; aHAJIOTHYHBIE, HO
MeHee BBIpOKEHHBIE, U3MEHEHHS IPOUCXOAAT U C YaCTOTHBIM crieKTpoM II-ro ToHa. Tak, ¢hoHoBbie 3HayeHus f I ToH
uuwk U f 1 Ton Bepx coctaBmwim 22 't u 75 't cooTBeTCTBeHHO, Ha 4-¢ cyTKH — 20 'ty 1t 94 ['i. ®oHoBbIe 3HaveHus f 11
toH HUXK U f II ToH Bepx cocraBunum 28,5 I'ii u 74,5 't cooTBeTCTBEHHO, Ha 4-¢ cyTku — 25,5 't u 75 'y, B 1aHHOM
Cllydae 3T U3MEHEHUs He ObUIH IOCTOBEPHBIMHU.

Ha BTopble cyTKM HOC/ie OKOHYaHUsI IMMEPCHH YacTOTHBIHM CIIEKTp [-To TOHa 1o cpaBHEHHIO ¢ (POHOBBIMH 3HAUCHH-
SIMH COXPAHSET YBEIMUYCHHBIH AMAIA30H YacTOT, YTO TOBOPHUT O JUINTEIHHOM IIEPHOAE BOCCTAHOBIECHUS M COOTBET-
CTBYET JIUTEpPAaTypHbIM JaHHBIM. OcoOeHHO XopoIo 3ToT 3¢ ¢dekT 3amereH Ha mpumepe f I ToH Bepx , rae pasnuuns
ovutn mocroBepHBIMU ((hoH: f 1 TOoH Bepx = 75 I'm, mocneneiicteue: f 1 ToH Bepx = 92,5 I'm).

BosmoxHo, pacmmpenue gacToTHOro crektpa I-ro n II-ro ToHOB cepana B IMMEPCHH CBS3aHO C JBYMSI IPHUMHA-
mu: 1) IlepemerienneM XUAKUX Cpel opraHu3Ma (IPeXe BCEro — KPOBH) B TPYAHYIO KIETKY. DTO MOXET M3MEHHUTh
aKyCTHUYECKHE CBOMCTBA TKaHEH, OKPYKAIOIIMX KJallaHbl M CIIOCOOCTBOBAThH OoJiee c1aboMy 3aTyXaHHUIO 3BYKOB IPH
MIPOXOKICHUN 3BYKOB OT KJIAIIaHOB JI0 TPYAMHBL. 2) BBI3BaHHBIMH MMMepcHeil H3MEeHEHISIMU B OMOMEXaHHKe caMoil
cucteMsl KpoBoobOpaimeHus. OnHako, TaHHBIE MPEATION0KEHUSI HYKAAIOTCS B JOIOJIHUTEIFHONW KCIIEPUMEHTAIbHOM
IIPOBEPKE ITyTEM COMOCTABIICHHS IEPEMENICHNS KUAKUX CPell U U3MEHEHMS CIIEKTpa TOHOB CEpALa, a TaKXKe ImapaMeT-
POB KpPOBOOOPAIIIEHUS M TOHOB CepJIIia.

[1] Muxaiinosckas A.H., OcunoBa A.A., Ipsuenko A.M. AKycTHUECKHE U CIUPOMETPUYECKUE MTOKA3aTeIU IIYMOB
(OpCHPOBAHHOTO BHII0XA B YCIOBHAX 5-CYTOYHON UMMepCHH," ABHAKOCMHUYECKas H AKOJOTHYECKast MeAUIHA"

2011.T. 45, Ne 6 (32).

[2] http://acustocard.ru/
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MogenupoBaHne MexaHn3Ma CpbiBa 3a4ePXKKU AbIXaHUS
Simulation of breath hold failed
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[Ipobneme mMpowW3BONBHON 3aJEPKKU JBIXaHUS U €€ CPhIBA B IOCIETHHUE NECATIIICTHS YAENseTcs OOoJbInoe
BHUMaHHEe. OTHAKO 10 CHX IOpP TOYHO HE M3BECTHBI BCE MEXAHM3MBI, IIPETIATCTBYIONINE MIPOBEACHUIO 3aICPXKKH JIbIXa-
HUSI 0 IoTepH co3HaHMsA. OcoObIil HHTEPEC BBI3BIBACT NCCICIOBAaHNE (PU3HOIOTHIECKUX MEXAaHU3MOB CPBIBA 3a/ICPKKH
[1,2]. BoTPIIMHCTBO KCTIIEPUMEHTAIBHBIX HCCIENOBAHUI C ydacTHEM 4YeJOBeKa HOCAT (PEeHOMEHOJOTHYECKUI Xapak-
Tep, TaKk KaK dKCIEPHUMEHTAIBHOE M3YUYE€HHE TOHKHX HEHPO(U3NOIOTHUECKHUX MPOIECCOB MPOBOANUTCS TOIBKO HA JKH-
BOTHBIX. [loaTOMY OtHMM 13 3(p(heKTHBHBIX CIIOCOOOB MCCIEAOBAHNS MEXAaHU3MOB NPOU3BOIBHON 3aJEP)KKU JBIXaHHS
U €€ CpbIBa y UeJIOBEKa SBIISAETCS MaTeMaTUUECKOe MOJICIUPOBAaHNUE, II03BOJISIONIEE TEOPETUIECKH OLIEHUTh BO3MOKHBII
BKJIaJl PA3JIMUHBIX NIPOLIECCOB B CPBIB 3aJIEPKKH JBIXAHUS.

Llenbio maHHOTO HCCIIENOBaHUS SBILSUIACH pa3pabOTKa MOJIENU ABIXAaTEIbHOI CHCTEMBI YelIOBEKa, BKIIIOUYAIO-
11eH B ce0s Kak TeHepaTop AbIXaTeNIbHOTO PUTMA, TaK M T'a3000MEH B JIETKHX U TKaHSX, a TAKIKE NEPEHOC I'a30B KPOBBIO;
MIOCTAHOBKA 3KCIIEPUMEHTa JJIs IPOBEPKHU PE3yIbTaTOB MOJCINPOBAHUS U OLIEHKAa HEKOTOPBIX MEXaHH3MOB CpBIBA 3a-
JIEPHKKU bIXaHHS.

Paboueil runore3oif MOJENH SABISIIOCH MIPEATOI0KEHHE O TOM, YTO OCHOBHYIO POJIb B (JOPMHUPOBAHUH CTUMY-
J1a, BBI3BIBAIOIIETO CPBIB 33A€P>KKH JBIXaHUS, HTPAIOT XEMOPELENTOPBI, pEarupyroIlue Ha N3MEHEHHE Ta30BOT0 COCTaBa
KpoBH. Pa3paboTaHHas Mozieh MpeICTaBIsACT COO0H pa3BUTHE MOICTH [3], OMHUCHIBAIONICH AUHAMHUKY 3JIEKTPUIECKOM
AKTHBHOCTH JIbIXaTENbHBIX MBI, Ha OCHOBE cpaBHEHUs PacUeTHOW 3aBHCHUMOCTH JuadparMaibHON aKTUBHOCTH OT
JUITENBHOCTU 3aJEPKKU JBIXaHUS M U3MEPEHHON UINTENBHOCTH 3a[EPXKKHU IUIAHUPYETCS OLEHKA WHAWBHIYAIbHBIX
IIOPOTOB CPBIBA 3aJICPHKKHU BIXAHHUS.

B xadecTBe SKCHEpHUMEHTANBHBIX METOHK IIPEIOIaraeTcsl HCIOIb30BaHUE 3aIePKKU bIXaHUS Ha BIOXE U Ha
BBIJIOXE, C (PUKCHUPOBAaHHEM MOMEHTa BO30OHOBJIEHUSI aKTUBHOCTH JIBIXAaTENbHBIX MBIIII. TakuM 00pa3oM, BO3MOXHO
ornpejeneHue GpU3NOIOrMIECKOro Mopora, 1o JOCTIKEHHH KOTOPOTro HACTYMAIOT HETIPOU3BOJILHBIE COKPAIECHHS JbIXa-
TEJILHBIX MBIIII, ¥ BOJIEBOTO IOPOra, 32 KOTOPBIM CJIEAYET CPBIB 33JCPXKKH JbIXaHus. [Ipudyem, ecnu BeauduHOU (u-
3MOJIOTUYECKOT0 TOPOTa MOXKHO TOIBITAThCS OXapaKTepU30BaTh XEMOUYBCTBHUTEIBHOCTh CHUCTEMBI ABIXaHHS, TO IO
BOJIEBOMY ITOPOTY MOXHO CYIHThH O COIIPOTHUBIIIEMOCTH OPTaHM3Ma CTUMYITy CPBIBA 3a[€P)KKU JIbIXaHUS U 3()(PEKTHB-
HOCTHU TPEHHUPOBOK 110 MOBBIIIEHUIO 3TOH CONPOTUBIIAEMOCTH.

Wmuranums npouecca 3aep>KKU AbIXaHUS Ha OCHOBE pa3pabOTaHHOW MOJIENH TTO0Ka3aja, YTO 3a/IePXKKa JIBIXaHH
Ha BJIOXE BCEr/ia sBJIseTCsl Ooiee MPOAOIDKUTENILHOM, YeM Ha Bbloxe. OCHOBHON NPUUYMHOM 3TOTO Pa3JINyus SBISCTCS
GoNBIINH 00BEM AJIbBEOJIIPHOTO MPOCTPAHCTBA HA BJIOXE, YTO YMEHBIIAET CKOPOCTh CHIDKCHHMS MapIHaIbHOTO JIaBlie-
HUS KHCJIOPOJia U TIOBBIIICHNS MapIIHaIbHOTO IaBICHUS YIIIEKHUCIIOTO rasa.

MonenpHBIN pacdeT ObUT MPUMEHEH K PSAAY IKCIIEPHMEHTAIBHBIX TaHHBIX. | 'a30BBIN COCTAB albBEOJIIPHOTO BO3-
JlyXa B MOMEHT CPBIBa 3aJIep>KKH JBIXaHUS Ha BIOXE XOPOIIIO COIIACYeTCs C MOAEIBbI0. Moaenb M KOHIENIUI UHINBH-
JTyaJbHOTO TOPOTa yJOBICTBOPUTEIBEHO OOBSACHIIOT COOTHOIIEHHE BPEMEH 3aJIepKKU ABIXAHH MPH 3aep’KKaxX Ha BIO-

X€ U Ha BBIOXE.
1. Bpecnas U.C., benpos S.A. u llImeneBa A.M.; «K aHau3y UMIEpaTHBHOTO CTUMYJIA, OTPAaHUYHBAIONIETO IPOU3BOJIBHYIO 33I€PHKKY JIbI-
xauus» / Ousnonornueckuii xkypuaa CCCP um. .M. Ceuenona, 1976. Ne7. C.997-1005.
2. M.J. Parkes; «Breath-holding and its breakpoint» / Exp Physiol 91.1 pp 1-15.
3. A Ben-Tal and J.C. Smith; «A model for control of breathing in mammals: coupling neural dynamics to peripheral gas exchange and
transporty / J Theor Biol. 2008; 251(3): pp 480-497.
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[bixaHue nog oTpuyaTeNbHbIM JaBeHVEM:
Pr3nonornyeckme aPeKTbl U NEPCNEKTUBbI NPUMEHEHNS
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TepMuH Ovixanue noo ompuyamensvivim dasnenuem (negative pressure breathing) wmcmonb3yror st omvcaHus
TaKOTO PEeKUMa IBIXaHUs, IPU KOTOPOM Ha MPOTSDKESHUH BCETO IBIXaTENFHOTO IMKIIA WM Ha OTICNBHBIX ero ¢aszax B
IBIXaTeIBbHBIX MYTAX MMONICPKUBAIOT 3alaHHOE MaBJIeHHE HIDKe aTMocgepHoro. [Ipiudem pa3pexeHne B ABIXaTEIBHBIX
MyTAX OOJNbIIEe MO BEMMYWHE, 9eM HaOII0ZaeMoe MPH CIHOKOHHOM BIOXE, a AIUTEIHHOCTh TAKOTO PEKHAMA IBIXaHUSI
ITOJDKHA COCTABIISATh HE MEHEE HECKOJIBKHX JECATKOB IBIXaTEIBHBIX IIUKIIOB. [IpIXaHUE IO OTPHLIATESIFHBIM 1aBJICHIEM
MOJKET WCIIONIB30BAThCS B HCCIENOBATENBCKUX IIENAX, IMPHU TPOBEIACHUW JICUYEOHBIX MEPONPHUSTHHA, CHOPTUBHBIX
TPCHUPOBOK WIIH SIBIIACTCS MOOOYHBIM 3P (PEKTOM UCIIOIB30BaHMSI CPEACTB 3alUTH OPTaHOB JBIXaHUs, HAPUMED, MPH
MIPUMEHEHUHU MIPOTHUBOTa3a. BennunHa pa3pekeHrs B BEpXHUX JbIXaTEIbHBIX MYTAX NPU JbIXaHUH MO OTPULIATEIbHBIM
JIaBJICHHEM MOXET JIeXKaTh B uarnasone 5 — 50 cM BoJ. CT., IPU JUINTEIHHOM IIPUMEHEHUH He Oosee 20 ¢M BOJI.CT.

JpIXaHue TOJA OTPULATEIbHBIM JaBJICHUEM 10 (M3MYECKOMY MEXaHU3MY OJIM3KO K JABIXaHUIO C TMOBBIIICHHBIM
HWHCIIHPATOPHBIM COMPOTHBICHUEM, X B HEKOTOPBIX CIydasX (hU3UOJOTHUYCCKUE IPPEKTHI JaHHBIX PEKUMOB JIBIXaHUS
MOTYT OBITh MOX0XH. OJJHAKO B CHIIy HE3aBUCHMOCTH 3aJJaHHOTO YPOBHS pa3pexeHUs OT BEIHMYMHBI MHCIHPATOPHOTO
WIA JKCIHPATOPHOTO MOTOKA (H3MONOTHYECKHE pEaKIUH, HaOJroJgaeMble TPH NBIXaHWH TOJ OTPUIATEIHHBIM
JABJICHUEM, MOTYT OTIMYAThCA OT PEaKIMi Ha JBIXaHHUE C MOBBIIICHHBIM CONMPOTHBICHUEM. J|aHHBIC pe)KUMBI JTBIXaHUS
CleyeT paccMaTpUBaTh OTACIBHO. B OTIHYHME OT IBIXaHWS C TOBBIIICHHBIM CONPOTHBICHUEM, IPUBJICKABIICTO
BHUMaHHE MHOTHX HCCIICAOBATENCH, ABIXaHUE O] OTPUIIATEIBHBIM JaBICHIEM OCTACTCS Mall0 N3YUCHHBIM.

JpIxaHue MOJ OTPUIATEIHHBIM TaBIICHHEM BO3MOXHO PEalM30BaTh KaK HAa MPOTSKCHHH BCETO IBIXaTEIEHOTO
UKJIa, TaK U Ha OTHCNBHBIX ero ¢a3ax. BapmaHT ¢ pa3pekeHHEM TONBKO Ha BIOXE TeXHWYecKH mpoire. [losTomy
HauOoyee W3y4YCHHBIMH SIBIISIOTCS [(Ba BUIA IbIXaHMS I0J] OTPULATENHHBIM JaBICHHUEM: Ha IMPOTSHKCHUH BCETO
neixatenbHoro mukia (1O/]) u tonbko Ha Baoxe (1O/IBn).

BHe 3aBucMMOCTHM OT BapuaHTa [bIXaHWA IOJ OTPULIATENBHBIM JaBJIEHHEM IIEPBBIM 3BCHOM B IICTIOUKE
¢dusnonornueckux peaknuu, BeibiBaeMbix 1O/ u 1O/B1, Mo Bceit BUIUMOCTH, SBISACTCS CHUYKCHUE BHYTPUTPYIHOTO
JTABJICHUS U CONTyTCTBYIOIIEE PACTHKCHHE PA3IMUHBIX aHATOMHUUECKUX CTPYKTYP, PACIIOI0KEHHBIX B IPyIHON KJIETKe, B
MEPBYIO O4Yepesb — KPOBEHOCHBIX cocynoB. CHMKEHUE BHYTPUTPYIHOTO AaBieHus y denosexa mpu J1O/] coctaBnser
MPUMEPHO TOJOBUHY OT BEIMYUHBI Pa3peKCHHsS B BEPXHUX JABIXaTeIbHBIX MyTAX [l], aHAIOTHYHOE TO BEIMYHWHE
CHIDKEHHE BHYTPUTPYIHOTO JaBICHUS MOXKHO oxunath v ipu JJOZIBI Bo BpeMs BIoxa.

Co cropons! aeixanus npu JJOJl cymecTBeHHBIX W3MEHCHHH HE HAONMIOAeTCs, OJHAKO BO3MOXKEH POCT YaCTOTHI
nmerxaaws [1]. pu JO/IBA MPOUCXOIUT CYIIECTBEHHOE CHHKEHHE YaCTOTHI JBIXaHUS (IO YeTHIpeX pa3 B MUHYTY) [2] 1
YBEJIMYCHUE TBIXaTEeIBHOTO 00beMa, MUHYTHBIH 00BeM BIXaHUS HE U3MEHICTCS.

Co croponsl kpoBoobOpamenus mpu O moxer Habmromathcs HeOoipmoe yBemudeHue UCC, aprepuaibsHOE
JTaBJICHUE TIPaKTHYECKH HE N3MEHSETCs, IICHTPaJIbHOE BEHO3HOE JaBlieHHE cyliecTBeHHO cHipkaeres [1,3]. Ilpu JJO/Ba
ycpenHeHHbIe 3a HecKoubko MHUHYT 3HaueHHs UCC u apTepuHalbHOIO JaBJIEHHS HE OTIMYAIOTCS OT KOHTPOJbHBIX,
onnako 1 YUCC, u apTepuanbHOe aBICHHE HCIBITHIBAIOT CYIIECTBEHHBIE AbIXaTelbHbIe KojeOanus [4]. B ¢daze Bmoxa
MPOMCXOIUT CHUIKEHHE apTePHAILHOTO JIABJICHHUS U YAapHOro o0beMa, komneHcupyemoe pocrom YCC.

Habnromaembie co croponsl kpoBooOpamienust 3pdexktsr JJOJA u JOJIBA KOCBEHHO CBHUAETEIBLCTBYIOT 00
YBEIMUEHUHU KPOBEHANOIHEHUS JIeTKUX (ToctostHHoro npu JJOJl u Tonbko Bo Bpems Baoxa npu JJOJIBn). YBenndenue
KPOBCHATIOJHCHUS JIETKUX, BEPOSTHO, SBISCTCS OCHOBHBIM 3BEHOM B IEMOYke (U3UOJOTHUYSCKUX pPEaKIni.
VYupasnsgemoe yBenuueHue KpoBeHanosiHeHus: jerkux npu JO wmmm JOJBa mo3BosieT UCHOJIb30BaTh JJAHHBIE
PEXKUMBI ABIXaHUS B Pa3IHYHBIX MpakTHdeckux mnprioxkeHusx. O/l Obuto mpemIokeHO B Kav4eCcTBE CPEICTBa
KOPPEKIIMH HETaTUBHBIX W3MEHCHHH T€MOJWHAMHKH, MPOWCXOISIIINX B HEBECOMOCTH, W CpPEACTBa MPOQPIIAKTHKH
MOCTICICTBUH JUTHTEIEHOTO TIpeObiBaHus B HeBecoMocTH [1]. JIO/IBn ycniamBaeT BEHO3HBIH BO3BPAT K CEPAILY H MOXKET
MIPUMEHSATHCS B CUTYAIHSAX, CBA3aHHBIX C €r0 HEXeNaTeIhbHBIM CHIDKCHHEM, HalmpuMep npu runoBoiemun [5]. Takxke
JOJ u 1O/1Ba 1103BOJISIOT CHU3UTh HEPABHOMEPHOCTh BEHTWIISIMU U Mep(y3Un JIETKUX, YTO MOXKET OBITh MOJIE3HBIM
pu jJeueHnn Tyoepkynesa. JJOJBx Takxke MOKET OBITh HCTIOIB30BAaHO B CIIOPTE IS TPEHUPOBKH JBIXATEIBHBIX MBIIII]
1 TIOBBIIICHNS BEIHOCIMBOCTH CIIOPTCMEHOB.

[1] K.A. doununa, B.M. bapanos, H.I1. Anexcannposa, A.Jl Hozapaues, "/IpixaHue U reMOAMHAMUKA IPU MOACITUPOBAHUU (PU3NOTOTHYECKUX
a¢dexroB HeBecomocTH", M.: Hayka, 2013.

[2] E.A. T'ycea, A.W. [Ipsiuenko, A.B. CyBopoB u jp., "BrusiHie IpIXaHus ¢ TOMOJHATEIBHBIM COMPOTHBICHUEM Ha BIOXE HA
KapaNOPECITHPATOPHYIO CHCTEMY B YCIOBHSX BOIHON UMMepcHH " Anbmanax kiunuueckou meouyunst, 17, 2 (2008).

[3] H. Kaye, H. Kilburn, H.O. Sieker, "Hemodynamic effects of continuous positive and negative pressure breathing in normal man" Circulation
Research, 8, 3 (1960).

[4] 1O.C. Cemenos, 10.A. Tlonosa, A.W. [IpsiueHKO u Ap., "OCOOCHHOCTH BIMSHUS AbIXaHHS TOJ1 OTPHLATEIBHBIM AaBICHHEM Ha BJIOXE HA
KapAHOPECIUPATOPHYIO CHCTEMY YEIIOBEKA B YCIOBHSAX 5-CyTOUHON uMMepcun", Aguakocmuueckas u skonocuyeckas meouyuna, 45, 6 (2011).
[5] V. Convertino, W. Cooke, K. Lurie, "Restoration of central blood volume: application of a simple concept and simple device to counteract
cardiovascular instability in syncope and hemorrhage”, Gravitational Physiology, 12, 1(2005).
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Hydrodynamic activation of intravascular blood coagulation
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An activation of blood coagulation system usually happens in a threshold manner and leads to avalanche-like
fibrin generation followed by subsequent thrombus formation. While a lot of attention has been paid to the analysis of
blood coagulation processes at low Rhynolds numbers (Rh < 10), clot formation at relatively high Rhynolds numbers
(Rh > 10) still remains poorly understood.

The mechanism of blood coagulation activation in intensive blood flow qualitativhly differ from those in slow
flows. Namely, in intensive flows vessel wall permeability for a number of procoagulant substances essentially depends
on wall shear stress. Present work is devoted to theoretical study of processes of hydrodynamic activation of intravascu-
lar blood coagulation under in intensive flow conditions.

Typical scenarios of developmhnt of thrombus formation processes were established. It was shown that in in-
tensive blood flow in presence of recirculation zone the formation of fibrin clot always passes the stage of fibre-like
polymer structure formation. The direction of fibre-like structure growth is determined by the blood flow topology.
Namely, the fibre-like structure grows along the border separating the straight and closed flow streamlines (separatrix).
The subsequent development of coagulation processes may lead either to formation of massive solid thrombus or to
formation of a filament-like loose polymer structure floating in the flow. The results obtained give evidence for the con-
clusion that detection of intravascular fibre-like structures by means of ultrasound techniques may serve as an early
predictor of subsequent thrombosis events.

Parametric diagrams of stability of liquid state of blood were established. It appeared that in intensive blood
flow the activation of blood coagulation system may result not only as a result of local blood flow reduction, as occurs
at low Rhynolds numbers, but also as a result of the super-threshold increase of flow intensity. The dependence of blood
coagulation threshold upon the geometrical parameters of atherosclerotic plaque was explored. The results indicate that
under intensive blood flow conditions (Rh
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Internal models in postural control and sensory-motor integration

Y. S. Levik

Institute for information transmission problems, Moscow

The theory of reflexes has been influential since Sherrington and Pavlov. In theory motor and postural complexities
were described as coordination of multiple reflexes and their "switching". However these interpretations ran into a
number of problems, so a new theory was needed. While maintaining posture and performing voluntary movements, the
brain must solve the problem of coordination of afferent information of different modalities and controlling of complex
articulated structure of human body. Nicolai Bernstein proposed new approach stressing not “reactions” but “actions”.
His scheme of multi-level hierarchical organization of movements included levels dealing with representations of spa-
tial and topological aspects of movements. V.S. Gurfinkel and colleagues developed these new ideas and applied them
to motor control in humans (and animals). He realized that motor tasks require elaboration of internal model of own
body and extrapersonal space and developed a new paradigm in physiology of motor system — the study of the role of
the internal representation (internal model of body) in the processing of sensory information and accomplishing of spa-
tially oriented movements. The core of the new theory was that an internal model universally handles perceptions, pos-
ture and movements. They demonstrated that reactions that in animals are considered as classic examples of postural
reflex automatisms, in humans are to a large extent determined by the state of the internal model. Investigations of the
coordinate system used by the central nervous system in the planning of spatially oriented movements have shown that
the transition from the egocentric coordinate system to allocentric leads to a change in the interpretation of sensory sig-
nals and to the modification of motor reactions that occur in response to these signals. Thus, classic paradigms for simp-
ly using reflex automatisms are shifting to implementation of internal models for shaping reflex responses and selecting
input-output pathways appropriate for the task at hand. Studies on the influence of the internal representation of the own
body and of the external space on postural responses, eye movements and tone of axial muscles deepened our under-
standing of the role of higher levels of CNS in control of posture and movement. So, the Russian scientific school made
an important step to deeper understanding of organization of movements and initiated a paradigm shift in motor control
theory — from reflexes to internal model of the body.

29



ABTOBO/IHbI CMHXPOHU3aLMN CNaiKOBON aKTUBHOCTU B MOZE/TbHO HEMPOHHOA
ceTu C penakcauMoHHOW CMHaNTUYECKOW NNaCTUYHOCTbIO

LO.K. 3eHapukoB™?2, A.B. MapackeBoB?

Mocroeckuil (pusuxo-mexnuueckuii uncmunym (2ocyoapcemeennuiii ynusepcumen), Jloneonpyomsiii, Poccus

2Hayuonanvhetii uccnedosamenvcrui yenmp «Kypuamoscxuii uncmumymy, Mockea, Poccus
" e-mail: dzendrikov@gmail.com

B mmaHapHBIX HEWPOHHBIX CETSX, BBIPAIIECHHBIX in Vitro W3 MEpBOHAYANBHO JUCCOLMHMPOBAHHBIX HEHPOHOB KOPBI
WIN THIINOKaMIa, HaOJIIoJaeTcs CIOHTaHHas BOCIPOMW3BOJsMIascs KkparkoBpemeHHas ( 100Mc) cuHXpOHU3auUs
CMAalKOBOM aKTUBHOCTU. JTO sIBICHHE Ha3bpiBaeTca mnomnyisunoHHod mnaukoi (ITI1) wnm cereBbiM cmaiikom [1].
CyIecTBYIOT IKCIIEpUMEHTaNIbHbIE MPeANochUIkH [2] Toro, uto I1I1 MoXkeT pacpocTpaHAThCS IO HEHPOHHON ceTH Kak
Oerylasi BOJIHA, pacXOAsIIasCs U3 HEKOTOPOTO CIy4aifHOTO [IEHTpa.

Mpet 060061mmH pe3yiabtatsl [3], rae [T Bo3HHKaATH B MOJIEIBHON HelpoHHOIT ceTn u3 leaky integrate-and-fire (LIF)
HEIPOHOB € KPaTKOBPEMEHHOM pelaKCallMOHHONW CHHANTHYECKOH IIaCTHYHOCTBIO, Ha Cilydail MPOCTPaHCTBEHHO-
3aBUCHMOH TOIIOJIOTHH, KOT/Ia BEPOSITHOCTh OOpa30BaHMs CBSI3M MEXIy HEHPOHAMH 3aBHCHUT OT HMX B3aHMHOTO
pacronoxxeruss [4]. B d9acTHOCTH, MBI TOKa3zaiM, YTO THNHYHAS MOMYJIALMOHHAS IadKa HMMEET CIIOXHYIO
MPOCTPAaHCTBCHHYI0 JAWHAMUKY C HECKOJNBKHMH CIyYallHBIMH HCTOYHHKAMH  BO3HHKHOBEHHUS  CITAHKOBOM
CHHXPOHH3ALlMK, W3 KOTOPHIX OHA pACHPOCTPaHAETCA IO IUIOCKOH CeTH B BHAE OErymux BOJH, AHAJIOTHYHO
pacxoasmuMcs KpyroBbIM BOJTHAM Ha MOBEPXHOCTH BOJIbI, BO3HUKAIOIIUM B pe3yibTaTe €€ JIOKAIbHOT'O BO3MYIICHUS.
DTO Ka4eCTBEHHO COIJIACYETCs C pe3yapTaTamu [2].

[1] Eytan and S. Marom. Dynamics and e ective topology underlying synchronization in networks of cortical neurons. J. Neurosci. 26, 8465-8476
(2006)

[2] E. Maeda, H.P. Robinson, A. Kawana. The mechanisms of generation and propagation of synchronized bursting in developing networks of
cortical neurons. J. Neurosci. 15, 6834-6845 (1995)

[3] M. Tsodyks, A. Uziel and H. Markram. Synchrony generation in recurrent networks with frequency-dependent synapses. J. Neurosci. 20, RC50
(2000)

[4] R.D. Traub and R. Miles. Neuronal Networks of the Hippocampus. Cambridge University Press, 1991
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B3anmogencTBmne sHA0reHHOro HelpomoaynaTopa yenoseka Lynx1
C BO4OPacTBOPMMbIM FOMO/I0FOM HUKOTUHOBOI0O alUeTUIXOIMHOBOIO
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E.H. TlokmaHoBal?, M.A. Lynenko*?, .C. Kynb6aukuiil?, A.C. MapamoHoB!?, 3.0. LLleH-
kapes'?3, O.A. Qonruxt?, M.M. KnpnnyHmkos

YUnemumym 6uoopzanuueckoti xumuu um. axademuxos M.M. Hlemaxuna u FO.A. Osuunnuxosa, Mockea
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HukoTiHOBBIH aneTninxonnHOBBI penentop (NAChR) siBsieTcst Turana03aBUCHMbIM HOHHBIM KaHanoM. C muc-
¢byukuusiMu NACHhR cBsi3aHbl BOSHUKHOBEHHE W PAa3BUTHE Psia PACCTPOICTB HEPBHOMU, MBIIICUHOM, IMMYHHOM U 9HIIO-
KPUHHOHM CHCTEM, a TakKe, BO3MOXKHO, Pa3BUTHE HEKOTOPBIX OHKOJOTMYECKUX 3a0oseBaHui. B coBpemeHHOI (apma-
KOJIOTHH JIMT'aHA03aBUCUMbIC HOHHBIE KaHalbl, K KOTopbiM oTHOcUTcS M nAChR, paccMmaTpuBaroTcst B KauecTBe OJHOU
W3 OCHOBHBIX MUIICHEH U1 CO3JaHHs HOBBIX JICKAPCTBEHHBIX MPEIapaToB.

OTKpBITHE B LCHTPAJIBHON HEPBHOW CHCTEME M JIPYTHX TKAaHSAX MIICKOIHMTAIOLINX JHIOTCHHBIX HEHPOICNITHIOB
cemeiicTBa LY6/UPAR, roioMOJOTHYHBEIX «TPEXIETeNbHBIMY alb(a-HeHPOTOKCHHAM sa 3MeH, BBI3BAJO OTPOMHBIH
HHTEpEC K 9TUM MOJIEKyIaM. B oTinuue ot anbga-HelpOTOKCHHOB, BEICOKOCTIEMUIHBIX HHIHONTOpoB NAChR, 3H10-
reansle Heviporentuasl (Lynx1l, SLURP-1 u SLURP-2) nposBIst0OT aKTHBHOCTH TOJNBKO B TPHCYTCTBUH arOHUCTOB
peneniropa, Moxyaupys (yBeamuuBas/yMeHbInas) Toku yepe3 kaHaa nAChR.

B pabore mosyueH reH XUMepHOTo 0eJKa, COCTOSIIEr0 U3 BHEKJIETOYHOTO JOMEHA HUKOTHHOBOTO alleTHIIXOJIH-
HOBOTO pelenTopa ajibda 7 TUNA U aleTUIXOJINH-CBs3bIBatolIero oenka u3 Lymnaea stagnalis (anbda7-AXCB), u no-
nydeH skcnpeccuonHbii Bektop pPICZaA/L10, comepkamuii ren anspa7-AXCB. Paspaborana cucrema pekomOH-
HaHTHOH mpoaykuuu anb(a7-AXCh B sykaproTnueckux Kietkax Pichia pastoris, a taxske mpoTOKOJIBI TS BbIIEICHUS
1 OYKMCTKHM 1IeJIeBOTO Oesika. HapaGoTaHbl MUJLIMIPaMMOBEIE KOJTMuecTBa °N-M30TONHO-MeUeHOro BapuaHTa HeHPOMO-
IoynsTopa yenoBeka Lynx1 u mpoBeneHbl NpeaBapUTENbHBIC SKCIICPHUMEHTHI 10 B3aHMOACHCTBHIO HEHPOMOAYIATOPA
Lynxl c ampdpa7-AXCh meromamu SIMP-ciekrpockornnu. [lToka3zaHo, 9TO TpH STOM B3aUMOICHCTBUH HaOIIOmaeTCs
celieKTHBHOe yiupenue SIMP-cUrHaloB, IpHHAIIEKAMNX OCTATKaM MEPBOH METIH U «TOJIOBB» HEHPOMOIYIATOPA.
3TO0 CBUACTENBCTBYST O HAIMYUM CIICLM(PUISCKOTO B3aUMOJACHCTBUS MEXAY dTHMH perHoHaMu Lynx1 u XuMepHBIM
OeIKOM.

Pa6ota moneprxana rpantom PODU Ne 14-04-01376.
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AKTNBaLUMs U yrpaB/ieHNne pUTMUYECKMMN ABUXKEHNAMM
KOHEYHOCTEN Y YenoBeKa
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INon3anme, xonpba, Oer, IIaBaHUE — BCE 3TO MPUMEPHI IIMKINIECKUX IBIKCHUH, B OCHOBE KOTOPBIX JEXKAaT HEH-
CMEKEpHBIE CBONWCTBA HEPBHBIX CETEIl CITMHHOTO MO3ra. Y OOJBIIEro YHC/Ia BHICIINX MIICKOITUTAIOIINX, BKIIOYAs 4eT0-
BEKa, CYIIECTBOBAHNE CIICIIMAIM3UPOBAHHBIX HEHPOHHBIX ceTel (Tak Ha3bIBacMbIe IIEHTPAJIbHbIE T€HEPATOPbl PUTMUKH,
LI'P), nexamux B OCHOBE YNpaBJICHHs JIOKOMOTOPHBIMH JIBHJKCHHMSIMH, CUMTaeTcs oOrienpusHaHHbIM (akrom. Ha
KHMBOTHBIX OBbLIA OKa3aHa COCOOHOCTh HEHPOHHBIX CETEH, JIOKAIN30BAHHBIX B JFOMOOCAKpaJIILHOM OTJIENIE CIIMHHOTO
MO3ra, TeHEPHPOBaTh PUTMUYECKYIO aKTHBHOCTh B OTCYTCTBHE KaK KOPKOBBIX BIHMSHHH, TaK M CEHCOPHOW oOpaTHOU
cBa3U. B 10 ke Bpems y uenoBeka cymiectBoBaHue Takux L[I'P u ux pons B ympaBieHUH JOKOMOTOPHBIMU JIBUKEHUS-
MU J0 KOHIIa HE BbISICHEHA. [l HccneJoBaHUs pUTMOTIEHE3a YENIOBEKa YHUKAIBHOW MOJENBIO SIBIISETCS BHIBEIIMBAHUE
HOT «B BO3JyX€» IPU TOPU30HTAIBHOM IOJI0KEHUH Tela U KOHEYHOCTEH , T K B 3TOM IOJIOKEHUH OTCYTCTBUE KOHTaK-
Ta C OMOPOM, CHATHE 33/1a4M MOJJIep)KaHHs PABHOBECHS M MHUHUMAaJbHOE BIMSHHE I'PaBHTAlMU OOJErYaroT JOCTYN K
TeHEePATOPHBIM LIEISAM CIMHHOTO MO3Tra, M MO3BOJISIOT MCCJIEJOBAaTh BO3MOXKHOCTh MX aKTHBALIMU U yIpaBieHus. B
YCIIOBUSIX BBIBECKHM OBbIa IMOKa3aHa CIIOCOOHOCTH IEHTPAIBbHONH HEPBHOM CHCTEMBI T€HEPHPOBAaTh HETPOH3BOJIBHBIC
PUTMHYECKHE IBUIKEHHSI HOT' BO3/IeiicTBHEM Ha ad(epeHTHBIC BXOIbl BUOPALMEH MBIIII] HOT, SIEKTPUIECKONH CTUMYJISI-
el HepBOB, MHHEPBUPYIOIIUX CTOINY, a TaKKe IIEHTPAJbHBIMU BIUSHHUAMH: npueM Ennpaccuka, ¢enomen Kon-
mramMMa. YTpaBleHHE TaKUMU PUTMUYECKIMH JIBIDKCHUSMH MOXET OCYIIECTBILITHCS CUMYJIiIei onopHoi addepen-
TallW¥, BBIMOJIHEHWEM MEHTAIbHONW 3afadd Ha (OHE BBI3BAHHBIX JABI)KCHHH, NPSMON aKTHBamuedl KOPTHKO-
CIHMHAJILHOTO TPaKTa. BbI3BaHHBIC NBIKEHUS OBLIN CXOIHBI 10 CBOUM KMHEMAaTHYECKUM U 3JIEKTPOPHU3HOJIOTHIECKUM
XapaKTEepUCTHKaM C MPOU3BOJIBHBIMHU IIAraTelbHbIMU ABWKEHHUAMHU B TeX K€ YCIOBUAX. MertogoMm TectupoBanus H-
pednexTopHO BO30yIMMOCTH MOTOHEHPOHOB CIIMHHOTO MO3Ta M METOAOM TPaHCKPaHWAIbHOM MarHUTHON CTHUMYJIS-
LM MOTOPHOH KOPHI ITOKAa3aHO, YTO B eHEPALUU HEIMPOU3BOJIBHBIX PUTMHUYECKUX IBIKEHHHM KOHEYHOCTEH yeloBeKa
Y4YacTBYIOT KaK HEHpOHHBIC IIENM CIIMHHOI'O MO3Ta, TaK U HEHPOHBI MOTOPHOH KOpPBI MO3ra, KOTOpPhIe BHOCST CyIle-
CTBEHHBIH BKJIaJ] B OOIIMIA ATTEPH IIAraHMs.

Jpyro# CymiecTBEHHOH 4epTON JIOKOMOLIMU YEJIOBEKA SBIISIOTCS COUETAHHBIC IBHKECHHS BEPXHHX M HIKHHX
KOHEYHOCTeH. B skcneprMeHTax Ha JKUBOTHBIX MOKAa3aHO CYIIECTBOBAHHE T'€HEPATOPHBIX CETEll COMHHOIO MO3ra, aK-
TUBUPYIOIIUX PUTMUYECKUE JBUKECHUS KaK 3aJlHUX, TAK U NEPEIHUX KOHEUHOCTEH. B IpenrnookeHuu, 4To MEXaHU3M
reHepalyuy PUTMHYECKNX JIBIDKCHHH PYK MOXKET HMETh OOIIMe 4epThl C TAKOBBIM y JKUBOTHBIX, OBIIO IPOBEIEHO HC-
ClIeJOBaHUE BO3MOXKHOCTH aKTHBALIMU HENPOU3BOJIBHBIX KAYaTENIbHBIX JIBMKEHUN PYK BO3ACHCTBHSIMHU, aHAJIOTHYHBIMU
HCIOJIb3YEMBIMU NIl AKTUBAllUKM HENPOU3BOJIBHOM IIAraTeJbHOM PUTMUKU. JUJI1 3TOr0 UCIOJIB30BAIM JKCIIEPUMEH-
TaIbHYI0 YCTAHOBKY C OJOKOM JJISi BBIBECKH BEPXHHMX KOHEUHOCTEH B IOPH30HTANBHOHN IIocKocTH. Iloka3aHo, 4TO
LEpBUKAJIBHBIA OTIE] CIHHHOTO MO3Ta, TaKkKe KaK M JIIOMOapHbI, 00J1aiaeT HEHPOHHBIMU CETSIMH, CIIOCOOHBIMHU TeHE-
pHUpPOBATh PUTMHUYECKHE IBIKEHUS PYK. Takxke ObUIO MOKa3aHO, YTO JBM)KEHUS BEPXHHUX KOHEYHOCTEH OKa3hIBAIOT Cy-
LIECTBEHHOE BJIMSHUE HAa NATTEPH KaK [IPOU3BOJIbHBIX, TAK U BBI3BAHHBIX LIAraTeNIbHBIX JBUXKCHUM, UTO YKa3bIBAa€T Ha
TECHOE B3aUMOAEHCTBUE ITHUX JIBYX YPOBHEH YNPaBICHUS PUTMHUUECKUMH ABHKECHUSAMH.

TakuM 00pazoMm, MoydeHbl KOCBEHHBIE JI0KAa3aTeNIbCTBA CYIIECTBOBAHMS HEHPOHHBIX CETeH CITMHHOTO MO3ra,
TeHEpUPYIOINX PUTMHUUECKHE JBIKCHUS KaK HIDKHHX, TaK M BEPXHUX KOHEYHOCTEH, M TIOKa3aHa BO3MOXKHOCTh MX aK-
TUBAIMM U YIPABJICHUS BHEIIHUMHU HEMHBA3UBHBIMU BO3AECHCTBISIMH. CyIIeCTBOBaHUE TaKUX T'€HEPAaTOPHBIX MEXaHU3-
MOB ¥ BO3MOXHOCTb BIIMSATH Ha UX PabOTy MOTYT OBITh MCIIOJNB30BAHBI B KIIMHWYECKON MPAKTUKE 1T BOCCTAHOBIICHHS
MOTOPHBIX (DYHKIMH y OOJIBHBIX C ABUIATEIbHBIMU HAPYILICHUSIMH Pa3IMIHON 3THOJIOT HH.
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IHHOBaLMK B pa3paboTKe 0pPTe30B 4151 UHBA/IMAOB N 60/bHbIX
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Jnst “HBaTUIOB M OOJIBHBIX C MOPAXCHUSIMU OMOPHO-BUIAaTEIbHONH CHUCTEMBI OJHUM W3 BAKHEHIINX KOMIIOHEHTOB
KOMIUIEKCHOHM peaOWInTalyy SBISIETCSl OpTE3UpOBaHHE — OOecredeHre B 3aBUCUMOCTH OT MEIWIMHCKHX MOKa3aHWH
UHAMBUIYaJbHO HA3HAUYAaeMBIMU OPTONEIUUECKIMH alapaTaMy, TyTOpaMH, KOpCEeTaMH, U IPYTHMU OpTe3aMu.
OpnHako B MOCIEIHIE TOJbI HOBBIE COBPEMEHHBIE OTCUECTBEHHBIE OPTE3BI MOSABIISIIOTCS] BeCchbMa peako. Bee wamie B
mporecce peabMINTaINK UCTIONB3YIOTCS 3apyOeKHbIE KOHCTPYKIIMH U IPUMEHSIOTCSI HHOCTpaHHbIE MaTepraibl. Haiiti
IIyTH CO3/aHMA WHHOBAIIMOHHBIX MMIIPTO3aMEINAIOIINX OPTE30B M3 OTCUECTBCHHBIX MATEPHATIOB M BHEIPUTH UX B
MPaKTHKY OPTE3MPOBAHMS SIBISIETCSI BEChbMa aKTyadbHOM 3a/1adueii.
Ienpro paboThI sBISUIACH BBIPAOOTKA KPUTECPHAIBHOTO MEANKO-O0MOMEXaHIMUECKOTO CHCTEMHOTO TTO/IX0/1a K OIIEHKE
OTIOPHO-JBUTATEIbHON CHCTEMBI OOIBHOTO, TIPOBECHUE KPUTEPHATIHHOTO aHAIN3a, CO3/JaHHEe HA €T0 OCHOBE MHHOBA-
LHOHHBIX BBICOKO(YHKIMOHAJIBHBIX OPTE30B C HCIIOJB30BAHHEM OTECYECTBEHHBIX KOMIIO3UIIMOHHBIX MaTepHalloB,
IIPUMEHEHHE UX B MIPAKTHKE U OLIEHKA Pe3yIbTaTOB OPTE3UPOBAHUS.
[Manpentamu sBJISIIMCH UHBAIHIBI M OOJIBHBIE C TIATOJIOTUSMH OTIOPHO-ABUIaTENLHOM CUCTEMBI Pa3IMYHON ITHOJIO-
I'MH, Pa3OUTBIE 1O TPYIIaM B COOTBETCTBHU C BUJIOM, CTENICHBIO M YPOBHEM MOpakeHHs. boibHbIe HAOIIOAINCH KaK
amMOyJIaTOpPHO, TaK U Ha 0a3e CrelnaTU3UPOBAHHBIX JICYEOHBIX YUPEKACHHH, peaOMINTaAMOHHBIX IEHTPOB 10 OPTE3U-
pOBaHus, B IIpoIecce OPTE3UPOBAHMS U B OTAAJICHHBIA EPUO/.
Pa3paboTan cHCTEMHBIH KpUTEpHUATbHBIH MEIUKO-OMOMEXaHWYECKUI MOAXO0J K OIECHKE COCTOSHHS KakK OIOpPHO-
JIBUTATEIbHON CHCTEMbI OOJIBHOTO, TaK M CTETIEHH BO3JCHCTBHS Ha HEE CO CTOPOHBI OpPTE3a 33 CUET €ro KOHCTPYKTHB-
HBIX 0COOCHHOCTEH. B kauecTBe KpUTEpHeB MPUHSATH CTETIEHN CBOOOABI, aMIUIUTYAbI ABHKEHUH, MOMEHTHI CHI U KO-
OpAMHATHI OCEH BPAIICHHS B CycTaBaX KOHEYHOCTEH U MIAPHUPAX OPTE30B.
Ha ocHoBe pa3pabOTaHHOTO KPUTEPHAIFHOTO MOIX0Ja CO3/IaHbl OMOMEXaHNYECKHE CXEMBbI, BRIPA0OTaHBI MEIHKO-
TEeXHHYECKHE ¥ OMOMEXaHNYeCKHe TpeOOBaHMA K KOHCTPYKINAM M pa3paboTaH psii HHHOBAIMOHHBIX OPTE30B, HA KaX-
JIBII M3 KOTOPBIX MOJTyYEH MAaTeHT Ha M300pETeHUE, YTO OTPaXKaeT X HOBH3HY.
B pesynbrare ObUIM NONTYYEHBI U BHEAPEHBI B MPAKTUKY OPTONEANYECKUE allapaThl Ha TOJICHOCTOINHBIN CyCcTaB JUIs
JIeTeH-NHBAJIUIOB CO CIACTHUECKUMHM MapalndyaMy ¢ THIIb3aMU U3 KOMIIO3UIIMOHHBIX MaTEpUaJIOB HAa OCHOBE yIJIeIlIa-
CTHKOB U OPUTHHAJIBHBIMY YIPYTUMHU HOJIUMEPHBIMU 3JIEMEHTAaMH, BBITIOJIHSAIONIMMHU POJIb TOJICHOCTOIHBIX IIapHUPOB.
B pa3zpaboTaHHBIX OPTONETUUECKHX alMapaTax Ha BEPXHIOI KOHEYHOCTD IPEJIOKEHBI AUHAMUYHBIE YTIIIEIIacTH-
KOBBIE TWJIB3BI ¥ TIPOCTPAHCTBEHHBIE y3JIbl OPUTHHAIBHON KOH(UTYpaluy ¢ ITOJMMEPHBIMH IIApHUPAMH, a CO3JJaHHbIC
KOPCETHI M3 YIJIeIUIacTa ¢ HCIONIb30BaHueM yriepoaHbix, CBM n «Pycap» TkaHel OCyIIecTBISIOT y ManueHTa HocTo-
SIHHOE JIepOTallMOHHOE BO3/ICHCTBUE Ha TYJIOBHIIE B CTOPOHY, IIPOTHUBOIIOJIOXKHYIO JAyre MCKPUBJIEHHUS OCH MTO3BOHOY-
HHKA.
OpuruHaneH W MOIYJIBHBIA OPTONEANYECKHUI anmapar Juis JIeTeil ¢ maToJOrusAMH Ta300eIpeHHBIX CYCTaBOB, B KO-
TOPOM MMEIOTCS YIIPYTHE SJIEMEHTHI.
IIpoBenenHoe Ha Ga3e BeoyHIMX JEUeOHBIX yupekAeHuil u amOymaTtopHoe opresupoBanue Ha 6aze ITPOIT MII
«OPTE3» 0osiee 300 HHBATHIOB U OOJBHBIX C PA3JHYHBIMHU MATOJOTHSAMH MMOKA3aJI0 BHICOKYIO 3(ekTuBHOCTE paspa-
0oTaHHBIX OpTe30B. OTMEYaNIoCh yiydllieHne OMOMEXaHUUECKHX XapaKTePUCTHK JBIKCHUI U TOBBILIEHHE (QYHKIHO-
HaJIbHBIX MTOKa3aTelieil OOPHO-/IBUTaTeIbHON CUCTEMBI, yiIy4dlleHue jteueOHoro sddekra.
BriBoabI:
1. CucremHbIif KpUTEpHUANBHBIH MEIUKO-OMOMEXaHUIECKUH MOJIXO/ MTO3BOJIIII CO3/IaTh PSA MHHOBAIMOHHBIX BBI-
COKO(YHKIIMOHAIBHBIX OPTE30B.

2. TlonoxwuTenbHBIE pe3yabTaThl IPUMEHEHHS pa3paOd0TaHHBIX OPTE30B MO3BOJIIOT IIMPOKO HCIIOJIB30BATh UX B
MIPAaKTHYECKOH paboTe B XOe KOMIUIEKCHOM peadminTaiy AeTeil B cTalMoHapax CIEeNUaIN3UPOBaHHBIX JIe-
YeOHBIX YUPEXKJICHNH, peabINTallMOHHBIX IEHTPOB, & TAKXKE B YCIOBUIX aMOYJIATOPHOTO NpHEMa.

3. Jlus ycKOopeHMs LIaroB IO CO3AaHHI0 MMIIOPTO3aMEINAIOIMX WHHOBALMOHHBIX OpPTE30B, IEIECO00pa3HO Co-
3/1aTh KJIaCTep, BKIIIOYHMB B HErO pa3pabOTUYMKOB, MPEACTaBUTENCH BEAYIINX JICUEOHBIX YUPEKACHUH, MPOu3-
BOJIMTEIICH MaTepualioB, 1Moy (padpUKaTOB U psAAa APYTUX CHEIHAIHUCTOB.
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BesonacHOCTb 3HTepo6CcopbLUMK ¢ NpuMeHeHWeM MNonul padeHa.

A.C. botun?!, T.C. Nonosa?, B.H. BypasLes?
Y HUH cropoii nomowu um. H.B.Cxnughocosckozo, Mockea, Poccust
2 Uncmumym xumuyeckoti pusuxu PAH, Mockea, Poccus
e-mail: botinalex@yahoo.com

Llenb paboTbl. M3ydenre B3anMOICHCTBYS YIIIEPOJHOTO copOeHTa HOoBOTO mokoserust [lomul paden co cTpykTy-
pO#l CIM3UCTON TOHKOW KMIUKHM M KOMIIOHEHTaMHU XHUMYyca JUIsl OIpeAesIeHUs] BO3MOKHOCTU ucnosbs3oBanus [lomul pa-
(eHa I IETOKCHKALMK OOILETo U CEJIEKTHBHOTO JICHCTBUSL.

Martepuansl n metofbl. [Tomul paden — yraepoaHslii MOPOLIOK C BEICOKOH yIEeIbHOH OBEPXHOCTHIO U Y/ICIIbHBIM
Becom 0,251/cm®. Yactuupl Tlomul padeHa BBINIAAAT Kak CMSATHIE TUIEHOYHBIE CTPYKTYphl WM Je(OPMHPOBAHHBIE
cronku u3 10-40 yrnepoaHsIX cioeB, TONIMHA Kax o1 cTonku 20-50 HM, 4TO NMO3BOJISET OJHO3HAYHO OTHECTH JaHHBII
Marepuall K KjlacCy HaHOKOMIIO3UTHBIX COpOeHTOB W rpadeHononoOHbIX (opm yraepoxa [1]. O6pabotka npenBapu-
TEJIHO MOJYYE€HHOTO PacCIIUPEHHOr0 rpaduta ¢ MOMOIIBIO YIbTPA3BYKOBBIX TEXHOJIOTHH B COYETAaHUU C XMMUYECKON
Moau(uKanyei B [IEI0M MO3BOIAET COXPAaHUTh MHOTOCIIONHOCTD M MOBBICUTH PACKPBITHE MEKCIOWHOTO IPOCTPAHCTBA,
KOTOpOE MPHUBOAUT K YaCTHYHOMY OTIIEIUICHUIO MOHOCIIOEB rpadeHa.

YcnoBus 3KCNepnMMEHTOB. ['icTomornueckoe ecIeoBaHie TOHKOH KUIIKH. 10-TH KppicaM depe3 30H[ B Hadallb-
HBIA OTZeN IBEHAAUATHIIEPCTHON KUIITKK BBoAmMM cycnensuro [lomml padpena. Uepes 2,5 gaca KpbIc 3a0MBaiH, BCKPHI-
BaJIN OPIONIHYIO TOJIOCTh M OTCEKIN YYaCTKH MEAHAIBFHOTO OT/AENA ABEHAIIIaTUIIEPCTHON, HAYAIBHOTO OTAENA TOIIEH
U JMCTAJILHOTO OT/IEJIa MOAB3IOMIHON Kuinku. OOpa3ipl MOMEIIAIN B OXJIAK/ICHHBIH pacTBOp (hukcaTopa u oOpabaThI-
BaJIM MO CTAaHJAPTHOM CXeMe JJI THCTOJIOTUYECKOTO HCCIIEeJOBAHUS.

Pe3ynbTaTbl. Pe3ynpTaTsl NpoBeAeHHBIX MOP(OIOrHYECKUX UCCIEIOBaHUI CBHIETENBCTBYIOT O TOM, YTO IPH OJ1-
HOpPa30BOM BBezieHUH cycrieH3uu [lonul padena depes 30HA B HauaNbHBIN OTIEN JIBEHAALATUIIEPCTHOM KUIIKH, Yepe3
2,5 yaca [lomul'paden He 3amepKMBasCh MOJHOCTHIO TOKUIACT ABEHAIIATUIIEPCTHYIO M HAdalbHBIH OTIEN TOILEH
KUKy, B Tot ke mepuon Bpemenu (uepes 2,5 yaca nocne Beaenus) [lomul paden ocraercs B cocTaBe Xxumyca U B
JIFOMHHAJIbHOW 00JTaCTH MPUCTEHOYHOHN 30HBI CIM3UCTOW 00O0JOYKM AWMCTAIBHOTO OTAENA MOAB3MOUIHOW KHIIKH. [Ipu
stoM [lomul paden He MPOHUKAET HEMOCPEACTBEHHO K MOBEPXHOCTH AMUTEIHATBHBIX KIETOK. DTO OTHOCHTCS HE TOJb-
KO K JOocTaTOYHO KpymHbIM dactumam [lomul'padena (100-500 mxm), HO 1 Oomee Menkmm wactumaM (10-50 mxwm).
MOXHO TIPEANOI0KNTh, YTO NMPH OJHOPa3oBoM BBeAcHMH [lomul padenHa, OH MPOXOAUT TPAH3UTOM HYepe3 TOHKYIO
KHIIKY, HE 3aJ€p’KUBAsICh U HE MPOHUKAs HEMOCPEACTBEHHO K MOBEPXHOCTH KHUIIEYHOTO SMUTEIHS, KOTOPBII 3aKPhIT
HENPEPHIBHBIM IIJIOTHBIM CIM3HCTBIM CIIOEM, a TaKK€ B MIPOCTPAHCTBO MEXIy KHMIIEUHBIMU BopcuHKamHu. o Bcel Be-
positHoctH, [Tonul paden paboTtaer, MPEUMYIIIECTBEHHO B IIPOCBETE KUIIEYHHKA U Ha JIIOMUHAJIBHOW TIOBEPXHOCTH CIIU-
3MCTOI0 CJIOs, HE OKa3blBasi HENOCPEICTBEHHOIO LIMTONPOTEKTUBHOIO NEMCTBUS Ha KMILEYHbIM snuTenuid. Borpoc o
pacnipenenenun yactuil [onmul'padena B mpocBeTe KUIIKK U B IPUCTEHOYHOM 30HE SMUTENUS MPU UTUTEIBHOM (MHO-
TOJHEBHOM) €T0 NPUMEHEHHH OCTaeTCs OTKPHITHIM U TPeOYyIOT MPOBEACHUS JOMOIHUTEIBHBIX, XPOHHUECKUX HCCIEI0-
BaHMI.

[TomyueHHbIe HaHHBIE MOXKHO CUMTATh XOPOLIEH MPEANOCHUIKON Ul Pa3BUTHA PadOT ¢ LENbIO CO3AaHHS YHTEPO-
copbenToB Ha ocHoBe [Tomul padena.

[1] Bypasues B. H, Yeosiues A.B., Borun A.C., [Tonosa T.C. [Tatent «CopOeHT Ha OCHOBE YABTPAAUCIIEPHOTO rpaduTa JUis IE€TOKCUKALUK H
CTEpHITH3ALINHI KUJKHUX U ra3000pa3HbIX cpel U crocob ero momydenus» RU 2327517, MITK B01J 20/20, CO1B 31/04, omy6u. 27.06. 2008.
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cnonb3oBaHMe OKUC/IEHHOT0 onnrorpadeHa
0N NeTOKCUKALMK Fa3oBbIX Y XXNIKUX CPef,

A.C. botuH?!, B.H. BypaBues?, A.B. Hukonaes?, A.W. Monetaes®
Y HUU Cropoii nomowu um. H.B.Craughocosckozo, Mockea, Poccus
2 Unemumym xumuveckoii pusuxu PAH, Mockea, Poccus
8 Mockosckuii husuxo-mexuuuecKutl uncmumym
e-mail: botinalex@yahoo.com

MomudunrpoBaHHbIil Kucnopoacoaepxkammii rpadput (MKI') — opurnHaIbHEIN aHAIOT XOPOIIO U3BECTHOTO H IITH-
POKO pacmpocTpaHeHHOTro TepMmopacumupernoro rpagura (TPT). OguH U3 BapHaHTOB POCCHICKONW TEXHOJOTHH MOTY-
gennst MKT 3amatenrosan B 2003 roay [1]. Beuto o6HapyxeHo, aro MKI o6pasyeT mpodvHbIe «KOMIUTIEKCHD) ¢ MHKPO-
opranusmamu [2]. Marepuasst tiuna MKI u TPT" o6nanaroT o4eHb BBICOKOH MOTIOTHTEIBHON EMKOCTIO, OCOOCHHO 110
OTHOIIEHHIO K ruipodoOHbIM coeanHenusiM (1:30 - 1:100). ITo sToit mpuunHe Takue Marepuaibl 3Q(HEKTHBHO HCIOINb-
3YIOTCS JUISl OYMCTKH BOAHBIX PACTBOPOB U CYCIIEH3UH OT IIMPOKOTO CIIEKTPa OPraHUYeCcKHX 3arps3HeHuid (0T OeH3o:1a
1o macen). [lockonmbKy 000s0uky OakTepuii U BUPYCOB, a TaK)Ke MHOTHE TOKCHHBI — rHIpo(oOHbI, GopMbl rpadura,
MOJyYSHHBIE ITyTEM TEePMOAECTPYKIUH, MOTYT 3(PeKTHBHO cOpOUPOBATH U YAEPKUBATh TOKCUHBI, aHTUOUOTHKH, BH-
PYCHBIE YaCTHIIBI, TATOTEHHYI0 MHKPOQIOPY ¥ MHOTHE KCEHOOHOTHKH (Hampumep, aukinodenak) [3-5]. [IpuBeneHHbIC
(akTHl YKa3bIBAIOT Ha BO3MOXKHEIE OMOTexXHONOTHYeckue nmpuMeHerns MK .

DNeKTpoHHass MUKPOCKOMHSA pa3nuyHbIX 00pa3noB MKI™ nmokasana, 4To 3TOT MaTrepuall MpeAcTaBisieT coboif crorm-
K1 Tpad)eHOBBIX JIUCTOB C KPAaTHOCTHIO 5-20 B 3aBUCHMOCTH OT TE€XHOJIOTMH HNPUTOTOBICHUS. MHOTOKpaTHAs XHMUYe-
cKkast MoAu(UKaAIMA U TEPMOAKTHBAIMS TO3BOJISIET MOTy4aTh MaTeprall CO CTOITKAMH MEHbBIIEH KPaTHOCTH, BIUIOTH 10
OJMHOYHBIX JINCTOB IrpadeHa. ITH HAOMIOJCHUS TO3BOJIMIN CUNTATh, YTO MBI IMEEM JIEJI0 C OKHUCICHHBIM OJHTOTpade-
HoM (OQT).

Bruo nokazano, yto OOI" MoXeT OBITh UCTIONB30BaH B HECKOJIBKHUX O0JACTSX: KaK JeHCTBYIONast OCHOBA U MOJH-
(buKaTOp I SHTEPOCOPOCHTOB — TpEnaparoB Ul MPOPHUIAKTUKH U JICYSHHUS IIUPOKO PACIIPOCTPAHEHHBIX ITaTONOTHH
ITyTeM CBSA3BIBAHMS M BBIBEJCHUS W3 KETYIOYHO-KUIIECYHOTO TPAKTa MAaTOT€HHBIX BEIECTB U MUKPOOPIaHU3MOB; B Ka-
4eCcTBE MMMYHOCOPOEHTa — OCHOBHOTO OMOAKTHBHOTO KOMIIOHEHTa TECT-CHCTEM JUIi IMMYHOJAUArHOCTUKUA BUPYCHBIX
MH(EKLUiA; OTIOTUTENS sl OYUCTKH BOABI OT BPEAHBIX IPUMECEH — B TOM YUCIIe OMOJOTNYECKHX; MOTJIOTUTEINS IS
CTepWIM3aliK Bo3ayxa. s MUKpoOHosornyeckoil ouncTku razoBbix cMeced OOIT ncmonp3oBany B GUIBTpax TUIA
CKUISIIAHA c1oi». McrpITaHus MPOBOIMIIN Ha YKcniepuMenTanbHoi 6aze UMBIT PAH.

HccnenoBanne crepriiM3anny XUIKUX cpel rmokaszano, 4ro OOI" GuibTpel ciocoOHBI 3a1epKUBaTh U WHAKTHUBH-
posath 10 10° knetok Ha Imr copbenTa. Mccnenosanue GpuibTpos Ha ocHoe OO m0Ka3ajo, 4To BOJA U3 3arpA3HEH-
HOTO OTKPBITOTO MCTOYHHUKA (TOPOJCKOH Mpyx) mocie OJHOKpaTHOW ¢uabTpanuu depe3 natpoH ¢ OOI mpuobperaet
CBOHCTBA MUTHEBOW BOJBI B COOTBETCTBHM C CAHHUTAPHBIMH IOKa3aTelsaMu. Hannune OKMCIEHHBIX YIIEpOAHBIX OCTaT-
koB HagenseT OOI cnocoOHOCTRIO CBS3BIBATH HOHBI TSXKEIBIX METAJIIOB.

HWcnonp3oBanue OOI 11 OYMCTKH Ta30BBIX CMECEH MMeeT emé OJHYy MPUBIEKATEIbHYIO NMEePCIEKTUBY: XUMUYE-
cKasi MOIM(UKAIUSL YTIIEPOJHBIX OCTATKOB (OKHCIICHHUE) MO3BOJISIET JIETHPOBATh COPOCHT C KaTATUTHYECKUMU J100aBKa-
MH, KOTOpBIE, HAIPIMEP, MOTYT OKHCJIITh OKHCh YIiepoJa 10 ABYOKHCH, a TAaKXKe BBIOJIHATH APYrue QyHKIHMH JETOK-
CHKAIHH.

Cop6ents! Ha ocHOBe OOI" MOTYT CITy>KHUTh OCHOBOM JUIsl CO3/IaHNSI KOMIUIEKCHBIX CHCTEM C BBEJCHHEM JIOTIOJIHH-
TEJILHBIX KOMITOHEHT, UMEIOINX CHEenU(pHIECKHe COPOIMOHHBIE XapaKTEPUCTHKH. DTO MO3BOJSIET CUNUTATh, YTO COP-
6enthl Ha ocHOBEe OOI" ABISIOTCS MEPCIIEKTUBHBIM MaTepHaioM JUIs pa3HOOOpa3HbIX NPUMEHEHHUH B 00J1aCTH 3KOJIOTHH
OKpYXKaIOIIeH cpelibl ¥ 3HI03KOJIOTHH — HOPMaJIM3aluH MapaMeTpoB BHYTPEHHEH Cpeabl OpraHu3Ma.

[1] Tonosau O.C.; Maxouun U.K.; ®ecenko A.B.; lllepbakos B.A.; UeObies A.B. [latent «MoaupuuupoBanHbiii Tpadut U crnocod ero mnoiyde-
uus» RU 2198137, C01B31/04, omy6:. 10.02.2003.

[2] Bypasues B. H, Yeosiues A.B., Borun A.C., [Tonosa T.C. Ilarent «COpOEHT Ha OCHOBE YJIBTPAAMCIIEPHOTO rpaduTa Ui JAETOKCHUKALUN U
CTEpPHITH3ALINHI KUJKHUX U ra3000pa3HbIX cpes U crocob ero moryuernus» RU 2327517, MITK B01J 20/20, CO1B 31/04, omy6u. 27.06. 2008.

[3] B.T. UBanoga, S.E. Kypoukuna, B.H. Bypasues, A.B. Hukonaes, A.B. Tumodeesa, JI.A. baparosa.. "B3aumonerictBust Bupycos rpunmna A u B ¢
yriiepozcozepskamum copobenToM” Borpocs! Bupyconorun. 2008, 1.53, Ne 2, ctp. 40-43.

[4] UBanoma B.T., Kypoukuna 51.E., Baparosa JI.A., Tumodeesa A.B., Bypasues B.H., Hukonaes A.B. [Tatent «Crioco6 moiy4eHuss HMMyHOCOP-
OeHTa JuIs CBA3BIBaHMs BUpycocnenudmyeckux anturem» RU 2329505, MITK GO1N 33/531, omy6u. 14.02.2007.

[5] A.B. Tumodeena, JLII. Tepexosa, O.A. I'anatenko, B.H. bypasues, 1.B. Toncteix, JI.A. Baparosa, I'.C. Karpyxa. «/3yueHne afcop OlMOHHBIX
cBoiictB Y/IYCa B OTHOIICHHH KJIETOK METHIMILIHHOpe3nucTenTHoro mramma Staphylococcus aureus (MRSA). Beepoccuiickuit CHMIIO3HYM C MEK-

JIyHapOJHBIM ydacTHeM «BHOJOTHYeCKH aKTHBHBIE BEI[ECTBA MHKPOOPTAHH3MOB MPOILIOE, HacTosee, Oymaymee» k 90- mutuio H. C. Eroposa
Mocksa 27-29 saBaps 2011r., C. 160 (Buodax MI'Y).
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Ponb 1 61UoMeANLIMHCKWE CBOMCTBA KCEHOHA

Josrywa B.B., PownH N.H., bskosB A.FO.,

]_[em, JaHHOI'O o630pa ONpEACICHa KaK ONMMCAaHUE B U3BECCTHBIX B HACTOSAIIEEC BPEMS 6I/IOMCI[I/IHI/IHCKI/IX CBOfICTB, HCKO-
TOPBIX MEXaHU3MOB Z[eI7ICTBI/Iﬂ 1 NMPUMCHCHUA KCEHOHA (Xe) 1 HCTIOJIAPHBIX I'a30B B OUOIOTHH U MCEAUIIUHE. Bo uz0e-
JKaHUEC DJICMCHTApPHBIX (1)I/I3I/IKO-XI/IMI/I‘ICCKI/IX HpOTHBOpe‘-IPIfI, BO I'JIaBYy U3JIOKCHUS MaTCpHrajia Mbl [IOCTaABUM TE3UC!: «He
MOXET HelTpanbHas (MHepTHasn) Monekyna (aToM) 6bITb HAPKOTUKOM, TeM 6oee JONUHIromy». Camoe cepbésHoe,
K 9€MY MOXET IMPUBECTU MOBBIIIECHHAS KOHICHTPAIWA NHEPTHBIX W HEIIOJIAPHBIX I'a30B — 3TO THIIOKCHSA, BIUIOTH 10 JIE-
TaJIbHOI'O HCXOJa. Mp1 CUHUTACM, 4TO JId OLCHKU OHOJIOTMYECKOTO ﬂeﬁCTBHH HUHEPTHBIX (B TOM 4YHCIIC U KceHOHa) u
HETIOJISIPHBIX T'a30B HA )KUBBIE CUCTEMBI HQO6XO,Z[I/IMO HCXOOUTH U3 psiaa MOJIOKCHUH (HpI/IHI_[I/IHOB)Z

- paccMartpuBaTh (PU3NKO-XUMHYECKUE U OHoslornyeckue cBoiictBa otaensbHo Jerkux (H2, He, Ne) u sokensix (Af, Kr,
Xe) nHepTHHIX Ta30B, a30Ta, CO2 u Apyrux;

- ICWCTBHE MHEPTHBIX I'a30B HA OMOJIOTHIECKNE CHCTEMBI OLIEHUBATh C MO3UIMN KaK HETIOCPEICTBEHHOTO ACHCTBUS — B
OCHOBHOM COCTOSIHUHM WJIH C TIPHOOPETEHHBIM UHIYIIUPOBAHHBIM JHIOILHBIM MoMeHToM (MJIM), Tak 1 uX mocienei-
CTBHS, KOrJa 3Q(EeKThl OCTAIOTCS, a ra3, KaK IEMEHT OTCYTCTBYET (QIIMMHHUPYET);

- MeXaHH3M OMOJIOTHYECKOTO IEHCTBHSI MHEPTHBIX Ta30B HEOOXOJMMO paccMaTpUBaTh C MO3ULUH 00pPa30BaHUS €IUHO-
ro JEWCTBYIOIIETO KOMIUIEKCa BOAHOTO KjacTepa - ra3 M accoumarbl BOABI  OHOJNIOTHYECKHMX KHUAKOCTEH;
- ToNApH3alys ¥ BO3HWKHOBEHHWE WHAYIHMPOBAHHOTO IMIIOJIBHOTO MOMEHTa — 3TO TJIaBHOE BO BCEX (HU3HKO-
XUMHUUYECKHX U OMO(PU3NYECKUX B3aMMOIEUCTBUSIX MHEPTHBIX ra3oB ¢ OuocucreMamu. HemooneHka HEOOXOIMMOCTH
TaKOTO0 MOAX0JIa, a TaK e pasrpaHUUYEHUs IPSIMOTo JEeHCTBUA KCEHOHA M €T0 MOCIeNeHCTBUS MPUBOAUT K MOIYUEHHIO
pa3sHOHANpaBJICHHBIX 3()()EeKTOB U BBOAMT B 3a0myxaeHuE. DPPEKTH MPIMOTro ASHCTBUS M TOCICACHCTBHA MOTYT OT-
JIMYaThCSl COBEPIICHHO MPOTHBOIIOJIOKHOM HAIPaBIEHHOCThIO. DTO OTYETIIMBO BHIHO MO MOJIM(YHKIHOHAIBHOCTH
nokasatesiel 1 3 (eKToB y pa3INYHBIX aBTOPOB, 0OCOOCHHO B (PU3HOIOTUUECKUX UCCIIEIOBAHMSIX.
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Bo3aelicTBMe TepparepL,oBOro N3yyeH1s Ha XX1Bble 00 bEKTbI

Meuepakosa N.A., Jemuposa E.B., Nlarapbkosa M.A., Jemnaos E.A., MNopsukosckas T.H., Cepreesa C. B.,
KynunaHos I".H., Monnk B.H., Kucenes C.J1., KonyaHos H.A,, NenbTek C.E.

Hnucmumym yumonoeuu ueenemuxu CO PAH, HUU ¢usuxo-xumuueckoui meouyunvl, HUY « Uncmumym s0epHoii ¢u-
suxu um. I.M.Byoxepa», Uncmumym obweii cenemuxu um. H Y. Basunoea PAH

HW3y4yeHo BO3eHCTBHE TEpParepoBOro H3Iy4eHHUs Ha CTPecC-1yBCTBUTENbHBIe cucteMbl kiaeTok E.Coli . IIpu momorm
Tecta DWMca MOKa3aHO OTCYTCTBHE MYTAaréHHOTO BO3/ACHCTBHS Ha XHMBbIe OopraHn3Mbl. OOMydeHHE TeppareproBbIM
N3ITyYCHHEM HE BBI3BIBAET XPOMOCOMHBIX abeppanuii CTBOIOBBIX KJIETOK YEJIOBEKA, OHAKO MEHSET COCTaB IPOTEOMA.

[MosnyueHHbIC JaHHBIC CBHICTENBCTBYIOT O HEOOXOJMMOCTH JANbHEUIIIEr0 U3yUCHUs BO3ICHCTBHS TEpPParepIoBOro m3-
JyYCHUS Ha KUBBIE OOBEKTHI C IETBI0 OTPEICTICHAS eT0 OM00E30IaCHOCTH.
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KoHuenuma pe3oHaHCOB B reHeTUKe («Pe30HaHCHasA reHeTnKa»)
N reHeTn4yeckKas Mysblka

C.B. MNeTtyxos
3as. 1ab. buomexanuveckux cucmem HUnemumyma mawunogseoenus PAH
spetoukhov@gmail.com , http://petoukhov.com/

JToKs1a | MOCBSIIIEH BOIPOCaM BUOPAIIMOHHONW MEAUIIMHBI X GHOJIOTHH Ha OCHOBE HOBOTO MOJIEIHHOTO TI0IX0/1a
K CHCTEMaM KOJIeOaTeNbHbBIX MPOIECCOB B TEHETHUECKHM HACEAyeMOM OpraHu3alliy KUBBIX Tell. JKUBOH opraHuzm
MpeCTaBIsieT cO00H OTPOMHBIN XOp COTJIACOBAHHBIX M HACIEAYEMBIX KoyebaTeabHbIX mporeccoB. C APeBHUX BpeMeH
XPOHOMETUIMHA U OMOPUTMOJIOTHSI [I0JIaratoT, YTO BCE OOJIE3HH SABIISIOTCS PE3YJIbTATOM PACCOTIIACOBAHUHN B 3TOM YIIO-
PAOYEHHOM MHOYKECTBE KOsie0aTelbHbIX mpoieccoB. C GopMaibHOM TOUKH 3PEHUS KHUBOM OPraHU3M SBIAETCS KOJie-
6aTenbHOM CUCTEMON ¢ OOJIBIIUM YHCIOM CTeneHeidl cBoOO0 L. IS M3yUeHHs TAKUX KOJIeOaTeIbHBIX CHCTEM B TEOPHU
KOJIeOaHMH MCIIONB3YETCS] MATPHUHBIN aIapaT MOJEIUPOBAHUSA UX PE30HAHCHBIX OCOOCHHOCTEH, TTOCKOIBKY MaTPHITHI
HaJleJIeHbl 3aMeYaTeIbHBIM CBOMCTBOM OTOOpakaTh PE30HAHC, KOTOPBIA HHOT/IA HA3hIBAIOT WX TJIABHBIM KauyeCTBOM.
ABTOpPOM OGHAPYKEHO TIEPECEUCHHEe MUPA TEHETHIECKHX CTPYKTYP C MaTEMAaTHKOM PE30HAaHCHBIX CIEKTPOB BUOpPAIH-
OHHBIX CHCTEM CO MHOTHMH CTETICHAMHU cBOOOIbI. Ha 3T0i OCHOBE pa3BHBaeTCs MATPHUHBIN aHAM3 CHCTEM TECHETHIC-
CKOTO KOAMpOBaHus u reHetnueckux penomenos (Ileryxos, 2008, 2015; Petoukhov, 2015; Petoukhov, He, 2010). ITo-
JIy4eHHBIE PE3YIBTATHI TOBOPAT B TOJB3Y CIIEIYFOIIETO:
- an(aBUTHI TEHETHIECKOTO KOJa €CTh aln()aBUThI PE30HAHCOB; COOTBETCTBEHHO, FEHETHYECKUI KO €CTh KOJ CHCTEM
PE30HAHCOB,;
- pCHICTKU HeHHeTa, OITMCBIBAIOIIIME B I'CHECTUKEC HOHI/IFI/I6pI/IHHOC CKpCIIMBAHUE IO 3aKOHAM MeHI[e.HH, AHAJIOT'NYHbI
TaOJIUI[aM HACJIeI0BaHKs COOCTBEHHBIX 3HAYCHUN MATPHII IPU TCH30PHOM YMHOXXEHUH (2*2)-MaTpuir;
- QJJIeNA TEHOB, (DUTYPUPYIOIIHE B 3aKOHaX MeH/IeNs, MOKHO HHTEPIPETUPOBATh KaK PE30HAHCH (COOCTBEHHBIE 3HA-
YCHHUSI MATPHII) HEKOTOPBIX KOJICOATEIBHBIX CUCTEM;
- OCHOBHOM TIcHxoQu3nueckuii 3akoH Bebepa-DexHepa 1 MOPPOTEHETHUECKHE 3aKOHBI (PHIDIOTAKCHCA MOXKHO MOJIe-
JIMPOBATh CXOIHBIM 00pPa30M Ha SI3bIKE PE30HAHCOB BUOPOCHCTEM C IBYMsI CTETICHAMHU CBOOOIH;
- BO3MOJKHA TeOpHs MOp(OreHeTHIECKOTO («MOP(OPE30HAHCHOTO0») MO HA OCHOBE METPUYECKHAX TEH30POB M MX T10-
JIeH, CBSI3aHHBIX C CHCTEMAaMH PE30HAHCHBIX YacTOT.

Omucansl TeHeTHIecKre PUOOHATUH-CTYTIEHHbIE MY3bIKaJIbHBIE CTPOM, BhIBEICHHBIC M3 mapamerpoB JTHK.
MocKOBCKast KOHCEPBATOPHSI, B KOTOPOM Ha MX OCHOBE CO3JAETCS «€HETHYECKasi My3bIKa», OPraHu30Baja €€ IepBbIii
kouiepT B Bene 04.06.2015 (ero Bumeo naHo Ha caiire http://youtu.be/rB1gilNtPzw)

Jlutepatypa:

1. Tleryxos C.B. MarpuyHas reHETHKa, alreOpbl TEHETUYECKOTO KOJ1a, TIOMEX0yCTOHYHBOCTE. — M., PX]I, 2008,
316 c. (http://petoukhov.com/).

2. Ileryxos C.B. BuOpamnoHHas reHeTH4ecKas OMOMEXaHHMKa W HACJIEAyeMbIE CHCTEMBI OMOJOTHYECKUX Pe3o-
HAHCOB. - MeauiuHa 1 BeICOKHE TexHoorun, 2015, Ne2, ¢. 16-28.

3. Petoukhov S.V. Music and the Modeling Approach to Genetic Systems of Biological Resonances. — Intern.
Conf. «ISIS Summit Vienna 2015», Vienna, Austria, 3-7.06.2015
(http://sciforum.net/conference/70/paper/2812).
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NH®pOopMaLMOHHO-3HTPOMNNHBIN aHa/In3 YCTOMYNBOCTU
brocoumManbHbIX CUCTEM B C/1abOCTPYKTYPUPOBaHHOW BHELLHEN cpeje

A.l". [laBblJOBCKWj

KBenopycckuii 2ocyoapcmeennviii ynusepcumem ungopmamuru u paouodrekmponuxu, Murnck, Berapyco
* e-mail: agd2011@list.ru

Buocoumanbhpie  cuctemsl (BC) sBIsOTCS  cOOOIIECTBAME, BKIIOYAIOMIMMH 0CO0€it (MHAMBHIOB) OIHOTO
(TOMOTHNUYHBIC) M HECKOJIBKUX BUIOB (TE€TEPOTUIMYHBIC), XapaKTepU3yIolluecs KOMMyHHKanueH, apdunmanueit u
Koomepanueir Mexay anementamu. BC mmpoko mpenacraBieHsl B Ouocdepe U denoBedeckom commyme [1]. B
3aBHUCHMOCTH OT YHCIIa 3JIEMEHTOB MOXHO BbiAenuTh Majbie (10 — 10%), crnoxmbie (10* — 107), ynbrpacnoxkusie (107 —
10%), cynepcucremusie (10%° go 10%°°) BC.

Lemnpto ncciienoBaHus SBISETCS OOOCHOBaHWE MeTOoAa WH(GOPMAIMOHHO-3HTpormmiiHOTo aHamm3a (MUDA) mna
onenkn ycroranBocTa BC B ycnmoBusax cnaboctpykryprupoBanHoii BHemHeH cpenst (CBC).

B pamxax MUDA crenens ycroitunBocta BC B ycnoBusx CBC MOXHO oxapaKTepH30BaTh Ha OCHOBE KOMILIEKCa
KPUTEPUEB DJHTPONHUM, WH(POPMAIMH, BEPOATHOCTH COCTOSHHUSA CHCTEMBbI, OTHOCHTEIFHOH OPraHW30BaHHOCTH,
aHPHTpONHH, a0COIIOTHOI SHTpoTHH U cinokHOCTH BC.

1) Durpomnus (H) — mepa HeonpeaeneHnocTr (HeaetepmuaupoBannoctr) bBC:

H= 3 (P.*log P.j'

. | 21
i=1

rae Pi— BepositHOCTH (Wi YacToTa) i-ro coctostaust U3 N Bo3MoxkHbIX B BC. Uem 6mmxe H—0, Tem BbIiie merep-
MUHHUPOBAHHOCTH U ycToHunBocTh BC B ycnosusix CBC.

Cocrosiane BC B CBC o0ycnosieHa aByms muoxkectBamu ycioBuit {X} u {Y}, re BepOSTHOCTh BBIMOIHEHUS
ycnoBuit u3 {Y} ¢yuxiuonnposanuss bC 3aBHCHT OT BbIMONHEeHUs ycnoBuid u3 {X}, 3anaBaembix CBC. Hampumep, B
cilydae KOHKYPEHIMH MEXIy PasIMYHBIMH COOOIIECTBAMM B 3aXBaTe XM3HEHHOTO MPOCTPAHCTBA M PECYPCOB, INPH
N3MEHEHWH KIMMAaTa, arpecCHH, B3aMMHOM YHHYTOXKCHHH W T.XI., CPETHIOI0 HEOIpeAereHHOCTh coctosiHui BC mo
COBMECTHOH peanuzanun ycioBuit X u Y MOXXHO BBIPA3UTh:

n.m
H(X’Y)BC :_ZZ p(xi’yj)logz(xi’yj)’ ()
izl j-1
rae Xi 1 Yj— i-e coObITre u3 MHOecTBa (paktopoB {X} u j-e codbiTHe U3 MHOXKecTBa (hakTopoB {Y}.
2) Hudopmanus o BC (), xapakTepusyrolas CTEIIEHb YIOPSATOYEHHOCTH CHCTEMBI:

b PIXi Y
1(X,Y)=— plx,y. )log AR @)
22y o0 6ty
pu4eM I(X ,Y)Z 0 u ecnu mHOxectBa {X} u {Y} HE3aBHCHUMBI, TO I (X Y ) =0, ecim MHOX)ecTBa 3aBHCHMDI,

TO | (X ,Y ) >0 u nHopManuio o BC MOXHO OLEHHUTH Kak:

n
|:|092n+zpi log, p; , 3
i=1
rZie Pi — BEPOSATHOCTD (YACTOTa); N — YUCIIO BapuaHTOB cocTostHuA bC.
3) BeposrtHocts coctosiaus cucteMbl (W) — oTHOmIeHHe yncna coctosiauii K, K 4UCTy BCeX BO3MOXHBIX COCTOSIHUMN
L: W=K/L. Ecmu N — gucio snementoB BC, Mj— 4uciI0 971EMEHTOB Ha i-M yPOBHE HEPAPXHUH, TO:

N!
Q=
[Tm!
i=1
4) OtHOcuTebHAS Oprann3oBaHHOCTh (R): R—1 H . Ilo knaccudukaiuu cucrem C.bupa, BC siBisieTcs: Be-

H maxi
postHOCTHOH (cTroxacTmueckoif) mpu R<0,l; nerepmuuupoBanHOW mpm R>0,3; KBa3HAECTEPMHUHUPOBAHHOW MpH
0,1<R<0,3 [2].
5) AmsuTponus (A) — xapaKTepHCTHKA SHTPOIHH, 00YCIOBICHHAS BIUSHAEM HAOIFOICHUI HA COCTOSTHHE MCCIICIY-
€MOii CHCTEMBI (Mepa MaJIbIX BO3MYIIICHHH):

™M=

Iog2 Pi
A=—L1 T p.—InN ™M A==l —  _Hmax *)
Ni=1 n
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6) A6comornas surponus (Ha). Eciin 06beM (akTOpHOTO IPOCTPAHCTBA BHYTPEHHHX M BHELIHHMX CBA3EH MEXIY
snementamu BC mipescrasien unciom M u3 amanazona N, a mj — 3TO YHCIIO 3aMOJIHCHHUS CBSI3SIMH i-TO YPOBHS Hepap-
xuu BC (1.e. P(Xi)=mi/M), To:

Y Y ©)
Hy=InK=MIhM— 5 m.Inm=-M 3 P(xijln P(Xij’
=1 i=1
rae Xi — HekoTopoe otkioHeHre BC OT ONTHMANBHOTO COCTOSIHUS, XapaKTepusyoleecss HabopOM HU3MEHEHHH 13

Y -nuana3ona.
7) Cnoxuocts (Cmpl) o6ycnosnena crpykrypoit BC: unciom snemenros (N), ceszeit mexay aumu (C) u Hepapxu-

gyeckux ypoaeii (L):
L : (6)
sc= = LiNiexe(Cy)
=1
Oxapaktepu3oBas 1o BceM cemu kputepusm BC u CBC, o6o3nauast ux kak Ch(BC)i u Ch(CBC)i, cooTBeTcTBEHHO,
MOYHO OLeHUTH creneHb quddepenunannu bC ot BHenHe# cpenpl Dse-cae):

Cmpl

n
% Ch(BC); *Ch(CBO); )
Disc-cBo)=t > [ 2.
\/ > Ch(BC) |*\/ > Ch(CBC)“i
i—1 i=1

Jnst oueHKH OTHOCHTENbHOW ycroiunBoctd bC B cpese mpeanioeHbl WHAEKCH WH(OPMalMOHHO-IHTPOIHHHOTO

— IEC " _ ICBC
HIC(5C) — HOC(CBC) —
BC CBC
ycroitunBoctn bC B muaamuunoit CBC. BepostHocts ycroitunmBocti BC B ycnmoBusx CBC Pc.cec) MOKHO OLIEHUTH
KaK:

craryca: K . Coornomenne K HIC(BC) = KI,DC(CBC) SIBJISICTCS. YCIOBUEM

* 8
| I +Hp *H (8)

*
5C CBC C CBC
2

| 24+H_ 2% \/ | 2+H
\/ sc” " 7ec” W'ec” T ese
MHorue HCKYCCTBCHHBIC COHOHUOTCXHHMYCCKUC CHCTCMBbI, BKIIKOYas OHJIAHOBBIE COIIMAJIBHBIC CCTH, O6Haﬂa}0T

cBoiictBamu bC u MOTyT OBITH OTHECEHBI K CHCTEMaM TPETHETO THIA, HAXOAAIIMECS B HENPEPHIBHON XaOTHYECKOH
JMHAMHKE ¥ U1l KOTOPBIX OTCYTCTBYET BO3MOXHOCTh KaKOTO-THOO MPOTrHO3a KOHEYHOT'O COCTOSIHHS B KJIACCUYECKOM
CMBICJIe TOHUMaHMA MporuosupoBanusd. Kak mpasuio, BC umeroT knactepHoe CTpOoeHHE, UX Pa3BUTHE HAIPABICHO K
HEKOTOPOMY KOHEUHOMY KBa3HaTTPAKTOPY, OHU BOJIOIUOHUPYIOT U CIIOCOOHBI BBIXOAUTH HE TOJIBKO 32 3 «CUI'MBI», HO
n 3a 10 u Gosee «CUTM», YTO HENOMYCTHMO JJIsI CHCTEM NepBOro (OOJBLIMHCTBO TEXHHMYECKUX CHCTEM) UM BTOPOTO
(pusmyeckue CHUCTEMBI) THIIOB, KOTOpbIE MOXHO paccMaTpuBaTh Kak croxactudeckue [3]. MUDA spusiercs
OTHOCHTEIIBHO YHUBEPCAJIBHBIM U MOXET ObITh MCIIOIb30BaH IS OIMMCAHUS ITOBEICHHUS CUCTEM BCEX TPEeX THUIIOB.

FAsc-cBC)™
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