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SECTION 1.
CHEMISTRY
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CO34AHUE NONYNPOHULIAEMbIX
NOJIMMEPHbIX OBO/IOMEK TABNIETOK A1A
PEF'YJIMPYEMOTO BbICBOBOXAEHUA
NAPALIEETAMOJIA

AMENUHA N.C., BAMHWTENH B.A.

Poccua, CAHKT-TTETEPBYPICKAA TOCYAAPCTBEHHAA XUMUKO-OAPMALEEBTUYECKAA
AKAJEMMUA

AHHOTaumAa: lMccnepoBaHa BO3MOMKHOCTb peryannpoBaHuna BbICBO60)K,EI|eHMﬂ
napauetamosia n3 TabneTkm I'IyTéM CO34aHNA NONYNPOHULAEMDBIX NMOSTMMEPHbIX
obonoyek. Komnosuumn wennaka u BOAOPaACTBOPUMbBIX BeLLECTB NMO3BONMAOT
AOCTUYb PaBHOMEPHOTO BbICBO60)-KAeHMﬂ B TeyeHue 1-1,5 yacos.

KnioueBble cnoBa: perynvpyemoe BbicBOHOMKAeHWe, TabneTku, MOKpbITbie
060/104KOW, WeNNakK, rMApPOKCMNPONUALENI0N03a.

Pa3paboTKa NeKapCTBEHHbIX MPEenapaToB C PeryMpyembiM BbICBOBOXKAEHMEM
ABNAETCA NEePCNEKTUBHOMN N BOCTPEBOBAHHOM M3-3a BO3MOXKHOCTM NPOJIOHraLLMm
BCACblBaHMA, HaNpPaBAEHHOro TPAHCMOPTa, YMEHbLUEHUSA YacToTbl NMPUEMaA U
YMeHbLUEHUA HeXKenatenbHbIX MO60YHbIX 3 PeKTOB.

B KayectBe mogenbHou  cybcTaHuMm Tabnetok Cc  peryimpyembim
BbICBOOOXKAEHNEM BblbpaH napauetamon. OH ABAAeTCA O4HUM M3 Hambonee
PacnpOCTPAHEHHbIX aHANbresanpylowWmxX, KapornoHMKalowmx npenapaTtos. B
OCHOBHOM TabneTkM napaueTamosa BbinycKatoTca 6e3 060n104ku. OHuU
BbICBOOOXKAAOT aKTUBHYIO (dapMaLLeBTUYECKYIO CYOCTaHLUMIO B Kenyake B
TeyeHne 15 MMHYT. HecmoTpAa Ha To, YTO MapaLeTamMo/l XOPOLLIO NepeHoCUTCs,
npu AAnTenbHOM npuéme u 60NbWONA [03MPOBKE OH MOMET Bbi3blBaTb
pasgpaxkatowmii adPpeKkT Nnpu BO3AEMUCTBMU Ha CAM3UCTYIO 060a04Kky KT [1].
Pa3paboTka coctaBa M TexHosornMm Tabnetok MNMapauetamona c peryampyembim

13
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BbICBOOOXKAEHMEM, MOKPbITbIX 0O0NOYKOM, ABNAETCA aKTya/libHOM, TaK KakK
NO3BOJIUT CHU3UTb HeXenaTeNbHble NOOOYHbIE ABNEHUS.

Uenbto wuccnepoBaHuA aBnsaeTca pa3paboTka coctaBa WM TEXHOOMMMU
NONYNPOHULAEMbIX MONMMEPHbIX 000/104eK TabneTtok Ana peryampyemoro
BbICBOOOXKAEHNA NEKAapCTBEHHbIX BELWECTB Ha Npumepe napauetamona.
MnéHkoobpa3yowWwas KOMMNO3MLUMSA COCTOUT M3 ABYX OCHOBHbIX KOMMOHEHTOB:
Wwennaka — NpUpoaHOro NoJIMMepa, He PaCTBOPMMOTO B KUC/bIX U HEMTPAbHbIX
cpegax — W BOAOPACTBOPMMOro NAEHKoobpasywuero noammepa -—
rmapokcunponuauenntonossl (ML). MpoHnuaemocTb 060/104KK perynmposanm
COOTHOWweHnem wennaka u [TIU, a TaKkXKe BBegeHUEM [AOMOJIHUTENbHbIX
BeLLEeCTB: N1aCTUPMKATOPOB, MUTMEHTOB, Caxapos3bl.

B npouecce BbinonHeHMs paboTbl MccnenoBaHO BAMAHME psaga aKTOPOB Ha
KMHETUKY BbICBODOOXKAEHMA aKTMBHOMO BeL,ecTBa U BHELWHWUIA BUA 0060104KU:
COOTHOLWEHNA KULEYHOPACTBOPMMOroO W BOAOPACTBOPUMOro MNOAMMEPOB;
COYeTaHMA  BCMOMOraTe/IbHbIX  BELWECTB-NAAaCcTMPMKATOPOB B  COCTaBe
nnéHkoobpasytouwei cycneHsuum (M3 4000, tBuH 80, oneMHOBaAs KKCAOTa);
KOHLLeHTpaLumMn NNEHKoobpasytoLLen CycneH3um.

[03a napaueTamosna B OnbITHbIX TabaeTKax Bcex BapnaHTOB cocTasnana 250 mr;
cpeaHsana macca Tabnetok 500 mr.

KMHeTMKy BbICBOOOXAEHNA AaKTUBHONO BELLECTBA M3y4Yaan MO MeToAMKe TecTa
«PacTBopeHne» Ha npubope Tna «nonactHaa mewanka» npu 37 °C B TeyeHune 2
yacoB. B KauyectBe cpeabl pacTBOpeHWMA nepBbin 4Yac mucnonb3osaan 0,1 M
pacTBOp CONAHOM KucnoTbl (3HayeHme pH cpeagpl 1,0 -1,3); nocne 1 yaca
posoaunn pH cpeabl pgo 7,3 — 7,5 pobaBneHnmem KapboHaTa HaTpua U
npoaonKanu tect (Puc. 1, Puc. 2).

Kak BMOHO M3 MONYYEHHbIX PEe3y/abTAaTOB, XapaKTep PACTBOPEHUA 3aBUCUT OT
COOTHOLWEHMA LWeNnaka M BOAOPACTBOPMMOro MNOJIMMEPA, YTO MO3BONSIET B
AOCTAaTOYHbIX Npeaenax pPerynaMpoBaTb BbICBOOOXAEHME AEMCTBYIOLWLErO
BellecTBa U3 Tabnetkn. Hanbonee paBHOMepHOE BbICBOOOXKAEHNE AOCTUTAETCA
npwu cooTHoWeHUN Wwennaka K ML, B o6onouke 2:1 + 3:1 (puc. 1, Kpusblie 3, 4). B
AAHHbIX BapnaHTax BbICBOOOXKAEHME HauyMHaeTca Yyepe3 15-20 muHYT, 1 ganee
HabnoaaeTcs paBHOMEPHbIM BbIXOA, aKTMBHOrO BelwlecTBa B TeyeHue 1-1,5
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4acCoB. BepoATHO, 3TOro BpemeHW [0CTAaTOYHO A4A paBHOMEPHOIO
pacnpegeneHna napaleTamosia Ha camsucTom obonouke.
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Puc. 1. KuHeTMKa BbicBOOOKAEHMSA NapaLeTamona n3 TabneTok, NOKPbITbIX
pacTBopamu wennaka u ML,

Takxe NOKa3aHa BO3MOXHOCTb peryanposaHua BbICBOOOXKAEHMSA
napaueTamosia C MOMOLWb  000/04YKM, CcOoAep’Kalled  Wennak wu
HMU3KOMOJIEKYNAPHbIA  IETKOPACcTBOPUMbBIA ~ KOMMOHEHT  —  Caxaposy.
PaBHOMepHOe BbICBOOOXKAEHME NapaleTamona B KUCIOMN cpeae Habawogaetca
npu cogeprkaHmm caxapa B ob6onoyke 40% (puc. 2, Kkpmeas 3).
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Puc. 2. KuHeTMKa BbICcBOOOXKAEHMNA NapaLLeTaMona n3 TabneTok, NOKPbITbIX
pacTBOPaMM LWennaKa C caxapo3om

Cnu1CcoK nutepaTtypbl:

1. Akmbipagos, A.A. Mapauetamon: MONyAAPHOCTb He WCKAoYaeT onacHoctn / AA.
AkMblpagoB // Ycnexu coBpemeHHOro ectectBosHaHma — 2014, — Ne6 — c. 97.
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CTPOEHME MONEKY/1 XJIOP®EHOIOB U UX
CNOCOBHOCTb K ACCOUMALUNUN N
INNEKTPOOKUCNEHUIO HA NNATUHUPOBAHHbIX
TUTAHOBbIX AHOAAX

3AeB [.A., CANEX M.M., MUXANEHKO UN.WU.

Poccuna, PocCUMMNCKUIN YHUBEPCUTET APYBEbl HAPO OB

AHHOTauuA: MeToaOM UMKAMYECKON BONIbTaMNepomeTpun  Oblin  NoNyYeHbl
HeNMHENHble 3aBUCUMOCTN CKOPOCTM OKUcAeHUsa deHona u xnopdeHoN0B Ha aHoAaX
Pt/Ti oT Ha4anbHOW KOHUEHTPAUMM BELLECTBA B KUC/IOM W LWENOYHOM (POHOBOM
pacTeope. PopManbHbI NOPAAOK KMHETUMKM npouecca ApobHbiii (0,5 u/vnn 0,3) n ans
ero o6bACHEHMA paccmaTpuMBaeTCa MOAENb Yy4acTUs B 3/1EKTPOAHOM npouecce
acCCoOUMUPOBAHHbIX MOJIEKYN — AMMEPOB W TpumepoB. Mexay 3HavyeHUsmMU
3pPEKTUBHON KOHCTaHTbl CKOPOCTM OKUcneHua Ky M paccunTaHHbIMKM MeTodamu
KBAaHTOBOM  XMMMUM  XapaKTEPUCTUKAMM  MONEKYN  (AMNONbHbIK  MOMEHT,
31eKTPODUIbHOCTb, SHEPTUA BOAOPOLAHON CBA3M B accoumaTe M USMeHeHUe e€ A/INHbI
npwn «pacTBOpeHnm») BblIN YyCTaHOBNAEHbI BAM3KME K NIMHENHBIM KOppensumm.

KniouyeBble cnosa: X}'IOpd)eHOI'IbI, NEKTPOOKUCNEHNE, AOUMEPDI, KBAHTOBO-
XUMHUYeCKne paCHéTbI aCCoUMMNPOBaAHHbBIX MONEKYA.

Oumctka BOAbI  OT  TOKCMYHbIX M KaHUEPOreHHbIX  ApPOMATUYECKMUX
X/IOPOPraHNYECKMX COEeAMHEHUIN OCTAETCA Ba*KHOM 3KONOrMYECKOM 3aayven.
BxogAwme B COCTaB NeCcTULMAOB X/JOPUPOBAHHble (eHO/bl He MNoAfAlTCA
06bIYHbIM NPOLLECCaM XMMUYECKOTO M BMONOrMYECKOro Pa3NoXKeHUA, NO3ITOMY
MX OTHOCAT K CTOMKMM opraHuyeckum 3arpasHutenam (CO3). CTokronbmckas
KoHBeHuwmA 2009 r. TpebyeT NONHOro yHUYTOXEHUA aBeHaguati CO3, B uncno
KOTOPbIX BXOAAT M X/10papomaTnyeckme BeLLectsa. Jna ux paspyLeHnsa MOXKHO
NMPUMEHATb  OTHOCUTENIbHO  HeZoporme U 3KONOTUYECKM  YUCTble
INEKTPOXMMMYECKMEe MeToabl. K HMM OTHOCMTCA W aHOAHOE OKUC/eHWe
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XJIOPOpPraHNYecKumx BewecTts. TpagMUUMOHHbIMU ABAAOTCA N1aTUHOCOAEP Kallme
3/1EKTPOKaTa/In3aTopbl.

B pabotax [1,2] 6bi0 OTMeEYeHO, 4TO ApPOOHLIN KUHETUYECKMN NOPAAOK
npouecca 3neKkTpookmncneHna ¢eHona, 3-xnopdeHona, 4-xnopdeHona mn 2,4-
anxnopdeHona CBA3aH C y4acTMeM B 3N1EKTPOAHOM NpoL,ecce aCCOLUUMPOBAHHbIX
MOJIEKYN — AMMEPOB U TPUMEPOB.

LUenb paboTbl — BbIAICHUTb CBA3b XAPAKTEPUCTUK (PEHONbHOM MOJIEKYAbI C
pa3HbIM YMCAOM AaTOMOB X/10pa U €€ aKTUBHOCTM B 3/1IEKTPOOKUCNEHUM Ha
NNAaTUHUPOBAHHOM TUTAHE C YYETOM MEXKMONEKYNAPHbIX B3aMMOAENCTBUN,
NPOaHaIN3NPOBaHHbIX METOAAaMN KBAaHTOBON XUMUMU.

PacyeTHble npoueaypsbl. ,ﬂ,aHHble O reomeTpmn mnMHaAmBUAyaabHbIX MOJIEKYA,

CTPOEeHMN aMmepoB deHona U XNopdEHONOB U SHEPTUU MEXKMONEKYNAPHbIX
BOAOPOAHbIX CBA3EM B accoumaTtax Oblan nonyvyeHbl KBAHTOBOXMMWYECKMMM
pacyeTamu C MUCMONb30BaHMEM MNporpammHoro komnnekca HyperChem 8.0.8.
Boinn onpepeneHbl 3D KapTbl 3/1EKTPOCTAaTUYECKOTO MOTEHUMANa U MNOJIHOM
3apsAA0BOM NIOTHOCTU, A TaKKe AMMNONbHbIE MOMEHTbI Monekyn (Tabn.l). PeHon
OTHOCUTCA K HyKneoduiam (3HaK SHEPTMN HUXKHEN BAKAHTHOM MOEKYNAPHOM
opbuTanun Eusvo NONOXKUTENbHDLIN), @ XnopdeHonbl — anekTpodunbl (Expmo< 0).
AnekTpoPuabHOCTL Epgvo NO mMoaynto BoO3pacTaeT NpU YBEIMYEHUM YUCAA
atomoB xnopa (Tabn.1). Pacuér ab-initio ¢ 6asncom 6-31G* pmaert 621M3KMeE K
NNTEPATYPHbIM AaHHbIE 3HAYEHUA OJIMH CBA3EN U BAJIEHTHbIX YI/10B.

Accoumatbl. Metogom PM3, KOTOpbIM XOPOLWO pPaACCYMTBLIBAET 3IHEPTULO
BOAOPOAHOM CBA3M, BbII0 paccMOTpeHO 0b6pa3oBaHMe AMMePOB XN0pPHEHON0B
X+X n pna cpaBHeHMAa accoumatoB X ¢ Bogon. B otanume ot deHona wu
MOHOXN0pdEHOI0B BOJOPOAHAA CBA3b MexKay OH rpynnamu ¢ anvHoit 1,83A He
XapakTepHa Aana aum- wun TpuxnopdeHonos. Ho y 2,40XP BO3MOKHO
MEXMONEKYNAPHOE B3ammogenctsme mexgy atomom H rpynnbei OH ogHowm
MOsIeKy/bl M aTomom Cl apyroii ¢ paccTosaHuem 2,59 A. SHeprus BogopoaHoOM
cBA3n B gumepe X+X Hambonblwaa y MoHo XD, n e€ 3HayeHne B ~2 pa3a BbllUe,
yem B accoumate X+H,O (tabn.1).
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I8 Unregistered HyperCam 4
www.solveigmm.com
Evaluation Expired

H'12

Puc.1. Accoumatbl 3-xnopdeHona n aumep 4-xnopdpeHona B BoagsHOM Kybe

Tabnmua 1 — XapaKTepuCcTUKM  Mosiekyn X:  AUMONbHbIA  MOMEHT,
INEeKTPOPUNBHOCTb (IHEPIUA HUMKHEN BaKAHTHOM MONEKYNApHOW opbutanu),
3Heprua BOAOPOAHOM CBA3M X C MOJIEKY/NION BOAbl, B AMMEpe U Tpumepe E’,
OTHeceHHasA K ogHon cBaA3n O...H 1 eé %-Hoe yBennYeHMe B OKPYKEHUM Anumepa
MOIEKY/TaMWN BOAb!

XapaktepucTmnka™ deHon 3-Xob 4-Xob 2,4-OXP 2,4,6-TXP
AunonbHbln momeHT, 16 | 1.165 2.814 2.045 2.678 1.890
Eusmo, KKan/monb +0.246 —0.246 -0.178 —0.251 —0.902
Gradient, kcal/mol/Ang 0.0761 0.0038 0.0647 0.0695 0.0714
Ex+H20, KKan/monb 2.01 1.71 1.81 Hem Hem

Ex+x , KKan/monb 2.1 3.9 4.0 1.9 Hem

E “x+x+x , KKan/Mmonb 3.5 4.6 3.9 2.7 Hem

A% 10,4 45,4 81,6 64,5 Hem

MeToZoM MoONeKkyNspHON aAnHamukn AMBER 6bin0  npoaHann3nMpoBaHO
M3MeHeHMe no4 BAUAHWEM pPACTBOPUTENA MEXDbALEPHbIX PACCTOAHUNA B

MONEKYNAX U NX ANMepaXx, NOMELLEHHbIX B BOAAHOM Kyb ¢ 48 moneKkynamu Bogpbl.
Ona ceasm O—C oHo oTcyTcTBYeT, AnnHa ceasn C—Cl B gumepax yBenmymBaeTca
Ha 2,5 (3X®), 3,2 (2,40XP), 5,2% (4XP). Ho 6onee cywecTBEHHO yBeNUYEHUNE
OJIHbI BOAOPOAHOM CBA3M B «BOAHOM cpeae», KoTopoe coctaBnseTt 45% n 82%
ana aumepos 3XP n 4XD cooTBETCTBEHHO.

JKCNEPUMEHT. DNEKTPOAbl Ha OCHOBE NAAaTUHUPOBAHHbLIX Ponbr TUTaHa (99,9%)

OblIN  NONYyYEeHbl METOAOM 3/IeKTPOOCAXKAEHMA NAaTUHbI B pacTBope

TeTpaHuTpuTonaaTuHata Kanma npum pH 6, Toke 20-40 MA C ymeHbllEHMEM
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Hanpa)keHna ot 2.2 pgo 1.1 B pgna ysennyeHusa cogeprkaHWA MNAATUHDL.
OnntenbHOCTb NAaTMHMpoOBaHMA ~1,5 u. CopepraHne naaTuUHbI oNpeaenanochb
MeTOAOM peHTreHodyopecueHTHOM cnekTpockonuu (aHanusatop Clever-31,
TONIWMHA aHANM3NPYEMOro €10a ~1 MKM). Buanman noBepxHOCTb ABYX CTOPOH
aHoga 2 cm? a peanbHas MOBEPXHOCTb Spean=F-Sens, rae Ko3bPUUMEHT
lwepoxoBaTtocTn nosepxHoctn F = 30-40 6bin paccyMTaH No MUKy Aecopbunm
BOAO0POAA MHTENPMPOBAHNEM COOTBETCTBYHOLWEN 061aCTM BONbTaMMNEPOrpaMmbl
¢doHoBoOro pactesopa. PeHon n xnopdeHonbl UMmenun Keanndbukaumio «u» (Across,
USA, Merck, Germany). OKUCneHue BeLLecTB U3y4asiv B KUCI0M U B LLEIOYHOMN
cpeae (0,5M H,SO4 1 1M NaOH) B 3™ aneKTpogHo ayenke ¢ xnopcepebpaHbim
3NEeKTPOAOM CpaBHeHUA n bapboTupoBaHmMem pabouero pactsopa He munu Ar.

Ha puc.2. B KauectBe npumepa nokasaHbl I-E Kpusble okncneHuna 4-xnopedeHona.
BuaHo, 4TO BO3pacTaHMe MNONOMKUTENbHbIX 3HAYEHWIM TOKa (aHOAHas BEeTBb)
HaAYMHAETCA B KMC/IOM pacTBoOpe Npu NoTeHumanax ebiwe 1B ¢ MaKCMMyMOM B
obnactn 1,1+1,3B. B wenoyHom cpeae Bce NOTEHUMANbI CMELLAIOTCA B CTOPOHY
MEHbLUMX 3HaYeHnI E. Ha KaToaHOM BETBM MMEETCA MUK gecopbunm Kncnopoaa
¢ muHumymom npu 0,7 B —0,1 B B KUCNOW U LLEIOYHOMN Cpese COOTBETCTBEHHO.
B nesown yactm LIBA KpmBbIX HaXo4ATCA NMKM BOAOpOAa. TOKM NMKOB BOAOPOAA
N KUCNOPOAAQ YMEHbLAITCA C YyBeNNYEeHUEeM KOHUEHTPALUWN OKUCIAEMOro
BeLW,ecTsa, YTo roBoput 06 agcopbumnm cybcrtpara.

0.004 b

0.000
0,000 +

I(A)

-0.004 +

0
0

-0.008 1 e

phesi
1650 Wérnpentis
WE Wenondestss
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a 7

Puc.2. I-E KpuBble okucneHua 4-xnopdeHona c aHogom Pt(15%)/Ti 8 knucnoii (a)
N B Weno4Hou (6) cpeae npu KoHueHTpaumax C,=0.0164 (2), 0.032 (3), 0.0476
MM (4), 1- doH; ckopocTb pa3sepTku noteHumana 100 mB/c, 25 °C
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TOK OKUCNeHnA I, —3TO PAa3HOCTb MeXKAy TOKaMUM MUKA OKUCAEHMA pacTBopa C
cybctpatom 1 B POHOBOM pacTBOpe lox= | — lpou. 3HAYEHUE oy XapaKTEPU3yeT
CKOPOCTb PeaKuuM MpU yCNOBUKU, YTO INEKTPOAHbIA NPOLLECC HE NMMUTUPYET
andodysna. ITo ycnosue BbIMOAHAETCA NPU CKOPOCTM Pa3BEPTKM NOTEHUMana
100 mB/c (npoBepanock B cneuunanbHbIX OnbiTax).

3aBUCMMOCTM TOKA OKUCNEHWMA OT HAYa/IbHOM KOHUEHTpPAuMKU BeLLecTBa
HeNnHelHble anAa Bcex aHogoB Pt/Ti (pwuc.3a), dopmanbHbI KUHETUYECKU
nopagok n (cteneHb B ypaBHeHUU [,=KC" ) meHbwe 1. Wcnonb3ys
bunorapupmuyeckme kKoopauHatbl Inl,—InC (pwuc.4a), MOXKHO onpeaenUTb
3HayeHue n. Kak npasmno, oHo 6b10 B npeaenax ot 0,4 ao 0,55, HO 6biN U
3HayeHna n = 0,3-0,33, 4TO YKa3biBaNO Ha APOOHLIN MOPAAOK KUHETUKMK
OKMCNEHUA CO 3HaYyeHMem n = % uan n = 1/3 He3aBUCMMO OT INEKTPOUTA
¢$oHOBOro pacteopa. 3HayeHne 3PPEKTUBHOM KOHCTAHTbI CKOPOCTU mpouecca
ana n = % (obo3sHaueHue K5) paccumTbiBaeTcs W3  IMHEaPWU30BaHHbIX
3aBUCMMOCTEMN, MOKA3aHHbIX Ha PuUC.36, KaK TaHreHC yrna HakAoHa NPAMbIX
Iox—C¥?. Ona n= 0,33 NO OCKU X OTNIOMEH KOpeHb KyBUYEeCKMi MX HavanbHOM
KOHUeHTpaumn (pmc.46), n HaAKNOH NPAMbIX — 3TO KOHCTAHTa CKOpPOCTH Ky/s.

4 4
lox, lox,

MA MA
y=327,9x+0,137

—&—denoa 2
=& 3-x}

14 ——4-x} 1-

C,MM C*%, M2

——2.4 n1xp

0 0,05 0,1 0 0,005 0,01

Puc.3. 3aBMCMMOCTU TOKA OKUCNeHUA ¢ aHogom Pt(15%)/Ti oT HayanbHoOM
KOHUEHTPaLMn BELLECTBA B LLENOYHOM Cpeae U UX IMHeapusauma B
COOTBETCTBUM C ypaBHeHUeM lox = KC/? (6)
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Puc.4. 3aBUCMMOCTM TOKA OKUCNEHUA OT KOHLLEHTPaLUMN B
6unorapndmmnyeckmx KoopamnHatax (a) gna obpasua Pt/Ti B Kucnoi cpege n
OT KOPHSA KyBMYECKOro KOHUeHTpauum (6)

Ha pwuc.5. npuBogutca ructorpamma 3HadeHmn Ky, ona Bcex aHOLOB M KUCAbIX
pacTBopoB. BuaHo, 4to 3HaueHus Ky, Bo3pacTaloT B paay ¢peHon <3X® <4 XP <
2,4 [AXD. Y 2,4,6 TX® HM3KAA OKUCAUTENbHAsA cnocobHOCTb U He HabagaeTca
accoumauma monekyn. Ha pmc.6. nokasaHa ructorpamma Aas Weno4yHom cpeapbl.
TaKKe HM3Kaa akTUBHOCTb y 2,4,6TX®. Paa akTMBHOCTU TOT Ke. C yBennyeHmem
cogepraHua nnatuHol K, BO3pacTatoT, O4HAKO, eCAn UX HOPMMPOBATb Ha
NPOLEHT NAaTUHbI, TO K*%: He ocTaloTca NOCTOsAHHbIMM (Tabn.2.). 3HAUUT, He BCA
NnaTUHa y4yacTBYeT B 3/1eKTPOKaTann3e, U yBe/IndeHne eé cofeprkaHusa Bblle
25% ot Ti HeuenecoobpasHo.

Tabnunua 2 — 3HayeHna KoHcTaHTbl K¥2* = K% / Bec.% Pt ana kucnoi cpeabl

Bewectso n % Pt 10 15 25 38 45
deHon 19 13.5 9 6,2 5,3
3-xnopdeHon 19,5 14,2 10,5 7 6,5
4-xnopdeHon 29 16,3 11,6 7,8 7,4
2,4 -npuxnopdeHon 29 21 13 10 8,3
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Puc.5. BansaHune coaepaHusa nnatuHbl Ha 3GHEKTUBHYIO KOHCTAHTY CKOPOCTHU
3NEeKTPOOKUCNeHuAadpeHona n xnopdpeHonos gpobHoro nopsagka K% B Kucioun
cpeae (0,5 M H,SO4) Ha aHoaax Pt/Ti ¢ pasHbim Konndvectsom Pt (a) u
Koppensauua AMnonbHOro momeHTa monekynol ¢ K% ana tpex sewects (6)

MpeactaBnsnocb uUenecoobpasHbIM COMNOCTABUTb 3HAYEHUSA KOHCTAHT Ky C
MONEKYNAPHbIMM MapameTpamu uccaegyembix cybctpatos. N3 puc.56 n 66
BUAHO, YTO YBE/IMYEHME AMNOBHOTO MOMEHTA MoneKkyn peHona, 4XP n 2,40XP
KoppenvpyeT C yBelMYeHNeM MX aKTUBHOCTU B 3/IEKTPOOKMUCAEeHUU. N3 aToro
pAaga sbinagaet 3X®P, n 3T0 MOXKHO CBA3aTb C HAMMEHbLUMM rPAANEHTOM MOJHOM
3HEpPrum MoneKynbl. 3TO BEKTOP Npomn3BoAHbIX GyHKUMM U(q) no KoopanHaTam
N TEOMETPUYECKUM CMbICT MONEKYIAPHOIO rPagMeHTa COCTOMT B TOM, UYTO OH
NMOKa3blBaeT HAaNpaB/JeHNEe HAanUCKopeunLwero Bo3pactanua MNM>.

Bolan nonyyeHbl M apyrme Koppenaumu. M3 puc.7a BMAHO, YTO €CTb TaKXkKe
Koppenauma mexay SHEeprMm HuXKHen BaKAHTHOM MOJIEKYyNspHOM opbuTanu,
XapaKTePU3YIOLWNIM INEKTPOPUIbHOCTb MOEKY/Ibl, U NOrapUPMOM KOHCTAHTOMU
ckopoctn Ky, C  yBennvenHnmem no  moayno Eugmo B paay
AXD—>3XD—>2,40XD—>2,4,6TXD BO3pacTaeT u 3HaveHne norapudma K¥%. Ha
puc.76 npeacTtaBneHa KoppenAumAa C MPOUEHTHbIM YBE/IMYEHUEM AJINHbI
BOAOPOAHOM CBA3M B accoumaTe, HAXO4ALWEMCA B OKPYKeHUU 48-u moneKkyn
BOAbl. BUAHO, YTO KaK B c/nyyae puc.7a, HE3aBUCMMO OT cpeapl (KMcnas mnam
LLLe/I0YHAA) KOppenauna nmeeT MecTo.
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Puc.6. BansaHue cogepaHua nnaTnHbl Ha 3G GEKTUBHYIO KOHCTAHTY CKOPOCTH
3NeKTpooKncneHms ¢eHona n xnopdeHonos gpobHoro nopaaka K B
LLLeNI0YHOM cpee Ha aHoaax Pt/Ti c pa3Hbim Konnyectsom Pt (a) u
Koppenauma gMnoabHOro momeHTa ¢peHona, 4XP n 2,40XP c K% (6).

350
—e&— Pt (10%), OH- K1/2 xe
6.0 INK1/2  —a— Pt (25%), OH-
! —— Pt (45%), OH- 300
=== Pt (25%), H+ ®
58
250
5,6 --¢--Pt (38%), H+
200
6 —O— Pt (10%),
’ A % OH-
Exgmor KKaJ/MOJIBL 150 0
5,2 ® 0 15 30 45 60 75 90
-0,3 0 0,3

a 7]

Puc.7. Koppenaumm KoHCTaHTbl ckopocth Ky, [MA/MY?] anekTpookucneHmna
deHona (P) n xnopdpeHonos (XP) c aneKTpoPUAbHOCTLIO MOSIEKYN B
accoumare (@) U U3SMeHeHNeM AAnHbI BOAOPOAHOW CBA3W AMMeEpa Npu
«pacTBopeHun» (6)

Takmm obpasom, pacyéTamm ObII0 NOKA3aHO, YTO accoumaTbl (gumepbl X+X U
Tpumepbl X+X+X) GeHONbHbIX XN10pcoaepKalmx MONEKyn — 3TO cTabunbHble
CTPYKTYpbl, BOAOPOAHAA CBA3b B X+X nNpoyHee no cpaBHeHUto ¢ Boaon X+H,0.
MoneKynspHble KOMNAEKCbl X; U X3 NPUCYTCTBYIOT B pacTBOpeE, aacopbupytoteca
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Ha NOBEPXHOCTU aHOAa U Nepea 3/1eKTPOAHOM peaKkuuen Heobxoamm ux pacnag,
4YTO M ABAAETCA JMMUTUPYIOWEN CTagMeln npouecca 3/1eKTPOOKUCAEHMA.
LlenoyKy npeBpalLeHnin MOXKHO 3anuncaTb B BuAe Xm(pacmeop) <> Xm(3s1ekmpod)
— mXyc — OKUCAeHue, TAe Mm—UYUCN0 accouMauuu. DKCNepUMEHTasbHble
AAdHHble  MOATBEPXKAAT  AAHHYKD  MOAENb, MOCKO/IbKY  MOJIyYEHHbIN
3pdEKTUBHbBIN KUHETUYECKUIM NOPAAOK APODOHbINA, N 3TO COOTBETCTBYET Y4aCTUIO
B OKMCJIEHUWN acCOLMMPOBaHHbIX Gopm cybcTpaTa. Y TpuxnopdeHona accoumatol
He 06pa3ytoTca U aKTUBHOCTb HMU3KaA.

CBoMCTBa MHAMBUAYANbHbIX MONEKY/T U ANMEPOB BaKHbl A/1A FeTEPOreHHoro
npouecca aHOAHOro OKUC/NEHMA, TMO3TOMY MMEKT MEecTo Koppensauum
(ogHOHaANpPaBNEHHbIE U3MEHEHMA) KOHCTAHT CKOPOCTU OKucneHua K, ¢
ANNONIbHBIM MOMEHTOM MOJEKY/, 3Hepruen Eysvo M norapudpmom Ky, a TakKe
mexay Ky, 1 yBennyeHnem asnHbl BOAOPOAHOM CBA3M B AMMEPE B MPUCYTCTBUN
MONEKYN BoAbl (rMapaTHON 060/104KHN).

YyeT ponuM accoUMMPOBAHHOIO COCTOSAHUA OKUC/ISIEMbIX Ha 3/1eKTpoJe
XNOPdEHONbHBIX MONEKYN BaXKEH, MOCKO/IbKY U3 HUX, KaK XeMOCOPOMPOBAHHbIX
NpeKypcopoBs, 06pa3ytoTcs NOAMMEpPHbIE NAEHKKU, MPUBOAALLME K Ae3aKTUBALMN
aHoaa [3].

Cnu1coK nutepaTtypbl:

1. Canex Moxammesn Mokbenb. OkucneHne d¢eHona UM xnopdeHoONOB  Ha
NNAaTUHUPOBAHHbIX TUTAHOBbIX aHOAaX B Kucaow cpeae / Canex Moxammeg Mok6enb,
E.H. Konocos, N.1. MuxaneHko // MypHan ¢usmnueckoit xummun. —2016. — T.90.— N26,
C. 960-963. AHr. Bepcusa Oxidation of Phenol and Chlorophenols on Platinized
Titanium Anodes in an Acidic Medium Russian Journal of Physical Chemistry A, 2016,
Vol. 90, No. 6, pp. 1289-1292. © Pleiades Publishing, Ltd.,, 2016. DOI:
10.1134/50036024416060212.

2. Saleh M.M., Zaev D.A., Mikhalenko I.I. Dimers intermediates in chlorophenols
oxidation over Ti supported electrocatalysts // X International Conference
“Mechanisms of Catalytic Reactions” (MCR-X) (Kaliningrad, Russia) on 2-6 Oct, 2016.

3. Hirvonen A, Trapido M, Hentunen J, Tarhanen J. Formation of hydroxylated and
dimeric intermediates during oxidation of chlorinated phenols in agueous solution.
Chemosphere, 2000, 41: 1211-1218
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SECTION 2.
BIOLOGY
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Ponb TNF-3ABUCUMOTrO CUTHANIbHOTO
KACKAJA B PETYNAILIMN AMONTO3A HEMPOHOB
TMNOTANAMYCA NPU CTAPEHUUN Y
TPAHCFEHHbIX MbIWwEX# HER2/NEU?

BAsAHOBA E.A., TEnabin A.4.%, Tennwin 4.1.1

Poccua, UHCTUTYT 3BOIIOLMOHHON ®U3UONOTUU U BUOXUMUN UM.
N.M.CEYEHOBA PoccMnCKOM AKADEMUU HAYK

Poccua, ACTPAXAHCKUM TOCYAAPCTBEHHbIA YHUBEPCUTET

AHHOTaumA. MonyyeHHble pe3ynbTaTbl BbIABUAM y4acTMe anonTO3-aKTUBMPYIOLLETO
UUTOKMH-3aBucumoro nytm (TNF-curHanuHr) B8 MmexaHusme GU3MONOrMyYecKkoro
CTapeHua HelpoHoB (Mbiwun amkoro Tuna, FVB/N). MokasaHo, 4To cBepXaKcnpeccua
oHKoreHa HER2 BbI3biBaeT cynpeccuto anonTOTUYECKOro CUrHa/MHIA, CBA3AHHOIO C
UMTOKMHOBOM aKTUMBHOCTbIO, Npuyem ONOKMpyeTcA KaK NpuMem anonToTUYeCKoro
curHana (akcnpeccua peuentopa CD95), Tak M panbHelwee npoBefeHUEe ero
(skcnpeccua apantepHbix 6enkos FADD 1 TRADD).

KnioueBble cnoBa: anonTos, CTapeHne, HEMPOHbI, rMnoTanamyc, UnTokmHbl, TNF, Fas,
FADD, TRADD.

OpHoM 13 BaXKHbIX 33434 6MONOrNKU ABNAETCA U3YyYEeHNE MEXAaHU3MOB CTapeHus,
B TOM 4uC/e MEXaHM3MOB MNPOrpaMMMUPOBAHHOM K/IETOYHOM CMEpPTH,
CUEenMIeHHOM C npoueccom WHBoOAOUMKU. PaHee Hamu 6blN0  BbISBNEHO
3HauuTeNbHOE B/INSIHUE CBepXaKcnpeccumn oHkoreHa HER2 (TpaHcmembpaHHoro
TUPO3MHKMHA3HOIO peuenTopa 3nuaepmanbHoro ¢akTopa pocTta) Ha
MEXaHU3Mbl perynaumm rmb6enm HempoHOB, nNpuUBOAALLEE K BbICOKOWM

1 pa6oma  eeinonHeHa npu  ¢uHaHcoseoli noddepxcke  Pocculickoeo  ¢oHOa

pyHOameHmManbHbIX uccaedosaHuli (mpoekm 15-04-00425).
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PE3UCTEHTHOCTM KNETOK K BO3pacT-3aBUCMMOMY anonto3y. [laHHble 06 yyactum
LMUTOKUH-3aBUCUMOTO TNF-curHanuHra B MeXaHM3Max CTapeHun
HEMHOrFOYMCNEHHbI, HO ecTb paboTbl, cBA3blBalOWME aKTMBauuo Fas co
cTapeHuem [2-3]. Tak, coobuiaetca, yto FasL/Fas CUrHanuMHr akKTMBMPOBAH B
cTapeowmx ooumtax [4]. MpaKTUYEeCKM HeT MuccaenoBaHWUM, MOKa3blBaOLLMX
yyactue FADD n TRADD B MHBONOUMOHHBIX npoueccax, 04HAKO eCTb CTaTby,
BbIABAAIOLWME PONb AAHHOFO NYTM B HEMpogereHepauum nNpu NaTtosorMyecKkmx
cocToAHUAX (Mwemuna-penepodysunsa) [1]. Lenb paboTbl - U3yyeHne poam LUTOKUH-
3aBMCMMOro Kackaga - TNF-onocpeapyemoro nytM B perynaymm anonTtosa
HEMPOCEKPETOPHbIX KAETOK runotanamyca npu CTapeHuM B YCNOBUAX
cBepxakcnpeccun daktopa HER2/neu. Ucnonb3osaHbl HER2/neu-TpaHcreHHble
YCKOPEHHO CTapetoLime Mblln-CaMKM pa3Horo Bo3pacta (2, 10 mec), AnMKnit Tmn
— nnHuna FVB/N (2, 18 mec). OueHnBanu ypoBeHb anonTo3a HEMPOHOB Ha cpe3ax
rMNoTanamyca, CoaepKawmx CynpaonTuyecKoe M napaBeHTPUKYNAPHOe Aapa
(TUNEL). Onpegenanun akcnpeccuto Fas, FADD u TRADD (Western blotting) B
CynpaonTUYEeCKOM M NapaBeHTPUKYNAPHOM Agpax. Takum obpasom, oueHMBanm
akcnpeccuto  uyneHoB TNF-3aBMcumoro Kackaga Ha pasHbIX  YPOBHAX:
peuenTopHoe BOCNPUATME anonTOTUYeCcKoro curHana — CD95 (Fas peuenTop),
nposegeHne curHana — agantopbl: FADD (cBA3aHHbIA ¢ Fas gomeH cmepTy,
death domen), TRADD (cBa3aHHbIn ¢ TNF-peuenTtopom AOMEH CMEpPTH),
peanunsauma: ypoBeHb anonTo3a HEMPOHOB B M3y4YaeMbIX CYNpPaonTUYECKOM U
napaBeHTPUKYNAPHOM A4pax MONOAbIX U CTapbix mbiei HER2/neu.

MoKa3aHo 3Ha4YMTeNbHOE MOoBbIWeHMe 3kcnpeccum Fas (CD95) y mblwen gMKoro
TMNA NPU CTapeHuu B 0O6OMX TMMNOTaNnaMUYECKUX AApax, Koppeaupywuiee c
noBbllleHNeM CUHTe3a aganTtepHbix 6enkoB FADD u TRADD. Mpu 3tom y
TPaHCreHHbIX Mmblwelr HER2/neu He Habnwopanocb W3MeHeHMA CUHTEe3a
N3y4YeHHbIX 6eNKOB. TN AaHHbIE XOPOLLIO COOTHOCATCA C KOJIMYECTBOM MMOHYLLMX
HelpoHoB runotanamyca (TUNEL), uyto onpepenaer yyactme UUTOKUH-
3aucumoro TNF-nyTu B peryasumm nporpaMMMUpPOBAHHOM KNeTouHoMl rnbenm
Ha NO34HUX 3Tanax OHTOreHe3a Yy MblleN Pa3HbIX FTEHETUYECKUX IMHUN.

lNonyyeHHble pe3ynbTaTbl BbIABUIM Y4aCTUE anNoNTO3-aKTUBUPYIOLLETO LLUTOKMUH-
3aBucumoro nytm (TNF-cUrHanuHr) B mexaHname GpU3N0N0rMYECcKOro ctapeHmn
HenpoHoB (Mblwn Aukoro Tuna, FVB/N). MokasaHO, 4TO cBepxakcnpeccus
OoHKoreHa HER2 Bbi3biBaeT cynpeccuto anonTOTUYECKOro  CUTHaJIMHIA,

27



SCIENCE, TECHNOLOGY AND LIFE - 2016

Proceedings of articles the international scientific conference
Czech Republic, Karlovy Vary - Russia, Moscow, 24-25 December 2016

CBA3QHHOMO C LMTOKMHOBOM aKTUBHOCTbIO, Npuyem OJ0KMpyeTcA Kak npuem
anonToTUYecKkoro curHana (akcnpeccma peuentopa CD95), Tak M ganvHelwee
nposeaeHue ero (akcnpeccma agantepHbix 6enkos FADD m TRADD). Takum
obpa3om, BbifiBNEHA elle O4HA MULWEHb BO3AENCTBMA TUPO3MHKMHA3ZHOIO
peuentopa HER2, urpawowana poab B MexaHM3Me YCTOMYMBOCTU HEMPOHOB K
BO3pacT-3aBMCMMOMY anonTo3y Npu ceepxakcnpeccum HER2.

CnNUcoK nuteparypbl:

1. Cheng C.Y,, Lin J.G., Tang N.Y., Kao S.T. et al. Electroacupuncture-like stimulation at
the Baihui (GV20) and Dazhui (GV14) acupoints protects rats against subacute-phase
cerebral ischemia-reperfusion injuries by reducing S100B-mediated neurotoxicity.
PLoS One. 2014. 9(3):e91426.

2. LiL, Xu M., Shen B., Li M. et al. Moderate exercise prevents neurodegeneration in D-
galactose-induced aging mice. Neural. Regen Res. 2016. 11(5):807-15.

3. Tiwari M., PrasadS., Shrivastav T.G., Chaube S.K. Calcium Signaling During Meiotic Cell
Cycle Regulation and Apoptosis in Mammalian Oocytes. J. Cell Physiol. 2016. doi:
10.1002/jcp.25670.

4. Zhu J,, Lin F.H., Zhang J., Lin J. et al. The signaling pathways by which the Fas/FasL
system accelerates oocyte aging. Aging (Albany NY). 2016. 8(2):291-303.
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BUTAMMWH NAPA- AMMHOBEH30MHAA KUC/NIOTA
PEFY/IMPYET YPOBHU UHAYLUPOBAHHbIX
OKcnaoM A30TA ROS / RNS PAAUKANOB U
ABYHUTEBbIX PA3PbIBOB 1HK B KNETKAX
KPOBU MZIEKOMUTAIOLLUX

BAcunbeBA C.B.1, I'vcaroBa E.N.1, MeTPULLEBA M.C.1, Ocmnos A.H.%3

Poccuna, MHCTUTYT BUOXUMUYECKOM dU3UKU UM. H.M. IMAHY3NA POCCUMCKOM
AKALEMUMN HAYK (MBEX®D PAH)

2Poccud, UHCTUTYT XMMUYECKOM ®U3UKM UM. H.H. CEMEHOBA POCCUICKOWM
AKAOEMUM HAYK (UXD PAH)

3Poccua, «FTOCYAAPCTBEHHbIN HAYYHbIN LEHTP POCCUIMCKON DEAEPALUMN —
DEAEPA/TbHBIM MEOULUMUHCKUIA BUODUIUYECKUIA LLEHTP UM. A.U. BYPHA3AHA»
®MBA Poccum (THU dMBL)

AHHOTauuA. Bnepsble YCTAaHOBAEHbI aHTUOKCUAAHTHbIE QYHKLIMM BUTaMMHA Fpynnbl B
-napa — amuHobeH3olHoM Kncnotbl (MABK) B coxpaHeHun HaTUBHOM CTPYKTypbl AHK
MAeKonuTatowmx npu obpaboTre KNeTok AoHopamm okemnaa asoTa (NO). Ha 340poBbix
n TpaHchopmmpoBaHHbIX Jurkat KneTkax KpOBM 4enoBeKka BMNepBble MNOJYy4YeHbI
AOKa3aTeNnbCcTBa LenecoobpasHoCcTM mMcnosb3oBaHuA MABK B KayecTBe NpuMpoaHOro
HETOKCMYHOIO PEeryiatopa 3alMTHbIX pPeaKkUUi KAeTOK Ha OKCUMAATUBHLIN U
HUTPO3aTUBHbIN CTPECCHI MPU MPUMEHEHUM Kesle30-Cepa-HUTPO3U/IbHbIX KOMMJIEKCOB
»enesa ( NO-goHOpOoB) B XMmMOTEPaANUN.

Kniouesble cnos.a: okcung asota (NO); n-ammHobeH3omHas kucnota (PABA); ROS / RNS

paguKanbl; NeMKoUUTbl MaeKkonuTatowmx; penapauma AHK.

29



SCIENCE, TECHNOLOGY AND LIFE - 2016

Proceedings of articles the international scientific conference
Czech Republic, Karlovy Vary - Russia, Moscow, 24-25 December 2016

Mapa- amuHobeH30MHana Kucnota (MABK), npeawecTBeHHMK B CUHTE3e
$oNneBOM KUCNOTbI, NYPUHOB M TUMMHA Y BaKTepuii, pacTteHnit n rpubos, gonroe
BpeMA pacCMaTpuBanacb WCKAOYUTENIbHO B KavyecTBe BUTaMWHaA rpynnbl B.
OpHaKo, NPUOPUTETHbLIE AaHHble, NO/ly4YeHHble Npod. M.A.PanonopTom B Havane
50-x no mopdoreHeTnyeckum apdpektam MNMABK Ha [lpo3odune n nocnegyroulee
n3yyeHme pasHoobpasHbix «[MABK 3dpdeKkToB» Ha MHOXKecTBe OObEKTOB,
BK/AKOYAA MMKPOOPraHM3Mbl, PACTEHUA W KUBOTHble, cnocobcTBoBanm
PacnpoOCTPaHEHUIO MHTepeca K 3TOMy COeAMHEeHU B ¢GyHAAMEHTaNbHON W
NPUKNagHoOM Hayke. HoBeKwune MeaMUMHCKME WCCNeA0BaHUA KOMMIEKCa
MABK/NO npuHecnn obHagexmBatowme clopnpusbl 41a oHKonormm [1].

B 1979 r. p-pom C.B.BacunbeBo 6blAM  OTKPbITbI  YHUKA/IbHbIE
aHTUreHoToKcu4yeckme ceomcTsa MNABK, ycTaHOBNEHO ee BAMAHME HAa MAaTPUYHbIE
npoLeccbl U HeNoCcpeaAcTBEHHOE yyYacTMe B obecnevyeHnm Kn3HecnocobHOCTM U
reHeTU4YeCcKom CTabmnnbHOCTM KNeToK. B bakTepmnanbHom Knetke Escherichia coli
MABK BKAtouaeTca B perynaumio  GyHKUMK, COCTaBAAOWMX  CUCTEMY
nuayumbenoHon AHK SOS- penapauun, HO He BAMAET Ha KOHCTUTYTUBHbIE
reHeTM4yeckme npoueccbl [2,3]. BnocneactBum 6blna  noaTBeprKAeHa
AHTUreHOTOKCHYecKan AKTUBHOCTb MNABK Ha BbICLLUUX pacTeHusax,
aHTUKNACTOreHHana - y MHOpeaHbIX MblIWen in Vivo, M CHUXKEHME 4acToTbl
XPOMOCOMHbIX abeppaunii B KAeTKax KOCTHOTO MO3ra MblleN, Bbl3BAHHbIX
ANKUANPYIOLWMMUN COEANHEHNAMM.

B Hawen paboTe BNepBble YyCTAaHOB/AEHA perynauma napa-aMMHOBeH30MHOM
KMCNOTOM CTPYKTYPHbIX M3MeHeHu B JHK KNeToKk KpoBU MIEKONUTAOWMX Npu
Bo3gencteun NO-4OHOPOB M 3aBUCMMOCTb 3TUX MPOLLECCOB OT YPOBHS
dbopmmnpoBaHMa aKTUBHbIX GOPM KMCA0POAa.

B paboTe M3yyeHbl KPUCTANIMYECKME Kee30-Cepa HUTPO3UIbHbIE KOMMAEKChI
— poHopbl NO — TeTpaHUTPO3U/bHbIE KOMIMJIEKCbl Xenes3a C TUocynbdaTom
Na,[Fe;(S,03)2(NO)4J-4H,0 (THKMX.0) n TeTpaszonom (n-C3H;)sN]2[Fe,S:(NO)4
(THK X rerpa), Nto6e3HO NpepocTaBneHHble Ham A-pom H.A. CaHuHon (UMX®D PAH).
NO goHOopbl pPacTBOPANN HENOCPEACTBEHHO Nepes akcnepumeHTom B bydepe.
Mpu rnaponmnse, goHopbl NO Nerko NPoOxXoaAT Yepes KNeTouHyto membpaHy, n B
Knetkax BblgenaloTca Fe?* n NO, KoTopble KaTaausupyloT obpasosaHue
aKTUBHbIX popm Kmucnopoaa u a3ota (ROS u RNS). Hanbonee akTMBHbIM U3 HUX
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AB/IAETCA TOKCUYHbIN NepoKCMHUTPUT (ONOO™)— pesynbTaT B3aumoaenctasmnsa Oy~
n NOe, npmBoaALWNIA K ogHO — 1 AByHMTEBbIM (P) pa3spbiBam B HK.

O6beKkTamu uccnegoBaHua 6biaM AMMPOLUTbI Mbllien-camuos nnHuMM CBA/lac,
KPOBM 34,0pOBOr0 YenoBeKa U TpaHCPOpPMUpPOBAHHbIE KNeTkn anHum Jurkat (T-
KNeToyHaa  Nenkemumss  4yenoseka). JlumoouuTbl  KPOBU  BblAesieHbI
ueHTpudyrmpoBaHnem B  rpagveHTe  NAOTHOCTUM  dUKonn-BeporpaduH
(Histopaque, Sigma-Aldrich), B cooTBeTcTBMM C npunaraemom WMHCTPYKUMEN.
Knetkn nnHum Jurkat BbipawmBann B MHKyb6aTope npu 37°C B cTaHAApPTHOM
nonHon cpeae RPMI-1640 (Gibco, life technologies, BennkobputaHus). Mocne
BblaeneHua, nAMmeounTbl OTMbIBAZIM U pecycrneHampoBann B ¢docPpaTHO-
conesom 6ydepe (PBS), pH=7.4, 40 KOHEUYHOWM KoHUeHTpauun 1 x 10°kneTok/mn.
O6paboTaHHble NO goHOPOM KneTku ¢ BHeceHnem MABK (5*10“M), nnbo 6e3
Hee MHKybuposanu B TeyeHne 30 muH npu 37°C.

YpoBeHb nospexaeHuit [IHK B 06paboTaHHbIX KNeTKax onpeaenanm meTogom
OHK-KomeT (Comet assay) € WCNoOAb30BaHMEM KpacuTens akKpuAMHOBLIN
opaHXeBbii [4]. MpoAYyKUMIO aKTUBHbIX GOPM KMCIOPOAA B KIETKAX OLEeHMBAN
C MCMNONIb30BaHMEM 5(6)xnopomeTmn 2',7'-
avxnopanrnapodnyopecuemHanadetata (Invitrogen, USA), cornacHo [5].
MHTeHcMBHOCTL dayopecueHunn (ycn. en.) M3Mepann Ha NOPTaTUBHOM
dnyopumeTtpe Qubit (Invitrogen, Turner BioSystems, USA) npu aAnnHe BOAHbI
BO36yXaeHna 488 Hm 1 ammccum 525-530 Hm Kaxkaple 15 muH B TeyeHue 1 yac.

NHKybauna neMKoumMToB MIEKONUTAOLWMX (Mbilwer nYyenoseka) ¢c goHopamu NO
npuBoanna K yBennyeHuto ypoBHA ROS- paaukanoB M ¢GoOpPMMPOBAHUIO
CTPYKTYPHbIX HapyweHun B ux [HK, KoTOpble penapuMpoBanncb B npouecce
MHKYBaLMKM KNEeTOK B NUTaTENbHOW cpeae.

B paboTe ycTtaHOBAEHbI: A03a- 3aBUCMMbIN pPocT yposHel AP AHK B KneTkax
MbILLEN N YesIOBEKA NMPU YBE/IMYEHUWN KOHLLEHTPALWUM AOHOpPaA, CHUKeHue [P
OHK npu yBeanYeHMn npoao KMTeNbHOCTU MHKYBaumum knetoKk nocne 30 MuH
06paboTkn THKMK:;,, M oyeHb M3bupaTenbHoe 3awmTHoe BAuAHMe [MABK Ha
pe3ynbTaTtbhl 06paboTKn. Npn 04HOBPEMEHHON UHKYDALMM NENKOLMTOB MblLLEN
1 MM THKerpa + MABK Habnoganocb cHuxkerne yposHen [P AHK B 2- 3 pasa
Mo cpaBHEHMUo ¢ MOHO 0bpaboTko NO-goHopom, 6e3 MABK.
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B 3p0poBbix AumdouuTtax YenoseKa npoueccbl penapaunn AP  AHK,
MHAYUMPOBAHHbIX COBMecTHOM obpabotkon NO - poHopom wu  [MABK,
3HauMTeNbHO H60os1Iee NPOAYKTUBHbI: 3@ 24 Yac MHKYHaLUMKM KNETOK B NUTAaTENIbHOM
cpege RPMI nocne 30 mnH o6paboTkm, yposeHb AP AHK cHu3sunca B 5 pa3 B T-
nmméoumtax Jurkat, n 6onee yem B 20 pa3 B iMmboumnTax 340p0OBOroO YesI0BEKa.
Takmum  ob6pa3om, penapauma  CTPYKTYpHbIX noBpexaeHun B [AHK,
MHOYUMPOBAHHbIX BO34EUCTBMEM M3YYEHHbIX [AOHOPOB OKCMAA a30Ta B
3[l0POBbIX K/IeTKAX 4YenoBeKa, MHOrokpatHo 6onee 3ddekTnBHa, 4yem B
TpaHchopmMpOBaHHbIX KneTkax Jurkat, u, cnegoBaTtenbHo, neyebHbIN 3dPeKT
xumuotepanum ¢ npumeHeHnem NO- goHopos B coveTaHun ¢ MNMABK asnaetca
6onee nporHosnpyembiMm. Cnacas 3goposble Knetku, MABK cnocobeteyet
3aKpenaeHuto U MNPOJSIOHTIMPOBAHUIO MNOTEHLMANIbHO JieTasibHbIX CTPYKTYPHbIX
nospexaeHnn B OHK TpaHcdopmmpoBaHHbIX KneToK Jurkat, npuBoauT mx K
rmbenn.

MpM KONMYECTBEHHOM Yy4yeTe aKTMBHbIX GOpPM KUcnopoga B 340POBbIX
nmmooumnTax yenoseka M B ammdounmtax AuMHuM Jurkat, nokasaHo, uto: 1)
NpoAyKUMs aKTUBHbIX ¢opm Kucnopoga (ROS - pagukanoB) cymmapHO
Bo3pacTtana c ysennveHmem pAo3bl NO-goOHOpa M BpemeHem OKpalMBaHMA
KneTtok (0-60 mMMH); 2) 6 Yac MHKYbaUUsA KNEeTOK 0b6eunx NMHWUIA B NUTATE/IbHOM
cpene nocne obpabotke NO goHopom cHMKana npoaykumto ROS; 3) BHeceHue
MABK B KomnneKkcHyto ¢ NO goHopom 06paboTKy KNneTok B 2-4 pa3a CHUXKana
npoaykuuto ROS, B cpaBHeHMU ¢ BapnaHTOM 06paboTkm 6e3 MABK.

Taknm obpasom, ycTaHOB/IEHA NPAMAA KOPPENAUUA MeXAy KOJIMYECTBEHHbIM
CHMXeHnem npoayKumm ROS B KneTKax M COOTBETCTBYHOLWMM MNaLeHMEM
yposHel AP AHK B 2-3 pa3a no cpaBHEHMIO ¢ MOHO 06paboTkoit NO-goHOpOM,
6e3 MABK.

NTaK, B Hawem paboTe Ha 340poBbIX U TpaHChOopMMpoBaHHbIX Jurkat KneTkax
KPOBM YenoBeKa BMepBble MOJy4eHbl [AO0Ka3aTenbCcTBa LenecoobpasHocTm
npumeHeHna [1ABK B KayecTBe nNpUPOAHOro HETOKCUYHOro perynAatopa
3aLNTHDBIX PEaKLWNIM KNEeTOK Ha OKCUAATUBHbIA U HUTPO3ATUBHbIN CTPECChl NpU
NPUMEHEHUM Kenes3o-cepa-HUTPO3U/IbHbIX KoMmnaekcos Kene3a ( NO-goHopoB)
Ana xmummoTepanum ¢ ¢opmmposaHnem ROS m RNS pagukanos B aspob6HbIX
YC/I0BUAX.
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SECTION 3.
TECHNOLOGY
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TOHKONIE3BUMHAA OBPABOTKA LIBETHbIX
CNNABOB KOPYHAOBbLIMMU ®PE3AMMW?

AP3YMAHSAH A.M.

PECNYBNUKA APMEHUA, HALUMOHANBHbLIN MONUTEXHUYECKUA YHUBEPCUTET
APMEHWUW, TIOMPUNCKUIN dUNNAN

AHHoOTauuA. MpuBeaeHbl pesynbTaTbl UCCNEA0BAHUSA MNPOLECCAa TOHKO-N€3BUIMHOM
06paboTKM OPOH30BLIX W aNOMUHUEBBLIX CMNABOB KOPYHAOBLIMU  PEXKYLLMMMU
niacTUHamu, onTMMU3aumA KOTOpOro oxBaTblBaeT paga BOMNPOCOB
NPON3BOAMTENbHOCTU, 3KOHOMMYHOCTM U  TOYHOCTM 06paboTKM, KadyecTsa
NOBEPXHOCTHOTO CN0SA U T.A4. IKCNePUMEHTAMM YCTaHOB/IEHO, YTO MUKPO-TBEPAOCTb U
rnybuHa Haknena noBepPXHOCTHOMO C/I0A HE MEHSeTCs Npu YBeMYEHUN CKOPOCTU U
rNy6uHbI Pe3aHUA 1 NOBbLILWAETCA NPU YBENMYEHMUM NOLAYN.

KnioueBble cnoBa: oOnNTMMM3aLMA, KOPYHA, UBETHble CM/aBbl, HaKAen, TOHKoe
dpesepoBaHue.

OnNTMMM3aLMs NPOLLECCOB Pe3aHUA 0XBaTbIBAET BOMNPOCHI NPOU3BOANTENILHOCTY,
3KOHOMMYHOCTU M TOYHOCTM 06PabOTKKM, KauecTBa NOBEPXHOCTHOMO CN0A U T.A4,.,
KOTOpas MOKET 6bITb OCYLLECTBNEHA TO/IbKO Ha OCHOBE U3y4YyeHuA GU3MYECKOM
CYLWHOCTN ABJIEHWIN, COMNPOBOXAAMLWMX MNPOLECC pPe3aHMA U  OCHOBHbIX
3aKOHOMEPHOCTEN: M3HOCA MHCTPYMEHTA KaK r/1aBHOro ¢pakTopa, BAUAIOLWETO Ha
KayecTBO 00OpaboOTaHHbIX MOBEPXHOCTEM - TOYHOCTb, LUEPOXOBATOCTb,
yrnpoyHeHue (HaKknena), ocTaToYHble HaNPsi*KeHUA 1 Ap.

PaccmoTpeH BONpoC ONTMMM3aLLMKM NPOLEeCcCa TOHKOrO NPEepPbIBUCTOrO pe3aHus,
ANA 4Yero wmcciefoBaHbl M3HOC NO 33a4HEW TPaHW U ero B3aMMOCBA3b C
reEOMeTpuen pexylen KPOMKU WHCTPYMEHTa pexumamm o06paboTku wu
LLEepOX0oBaTOCTbl0 06PaboTaHHOM NOBEPXHOCTH, FYOUHOM N CTENEHbIO HAaKNena

2 paboma ebinosHeHa 8 PAMKAX hUHAHCUPOBAHUA OCYdapCMBeHHO20 KOMUMema HayKu
Pecnybauxku ApmeHus “LLupax 2015”.
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NOBEPXHOCTHOIO CNOA, AMaMeTpPa 3aBUTKA U 06beMHOM aedopManmm CTPYHKKM,
a TaK)Ke noKasatensa obpabaTbiBaemocTy.

ToHKO-ne3BunHomy ¢ppesepoBaHuto bbinm noaseprHyTbl 6poH3a bpAXK 9-4 u
BpOUC 5-5-5, natyHb JIC 59-1, gropantommumin 4,16 n 4,1, megb M 1 n M 3 umes
B BUAY, YTO OCHOBHAA YacCTb XYAOXKECTBEHHbIX U34eNA U3TOTOBAAETCA U3 3TUX
matepmanos, a no o06pabaTbiBAEMOCTM OHWM CXOAHbI C AO0POrOCTOAWMMM
MmaTepuanamm.

Mpouecc cTpy*KKO0Opa3oBaHUA N KOHTAKTHble ABAEHUA MPU TOHKO-1€3BUNHOM
06paboTKe LBETHbIX META/IZIOB U CMNABOB KOPYHAOBbIMU WMHCTPYMEHTAMMU
M3y4yanucb NPU PaLMOHaNbHbIX YCIOBUAX PEXMMOB pe3aHMa U ONTMMAbHbIX
reoMeTpuyeckMx napameTpax  pexywmx nnactuH. Mpu  obpaboTtke
aItOMUHMEBDBIX U MeAHbIX CM1AaBOB NPOLLECC CTPYKKOOOPA30BaHMA MMEET CBOKO
cneunduky. Y meaHbix cnaaBoB 06pasyeTca TaK Ha3biBaeman “MUKPOCTPYKKa”,
MCXOAA M3 CO M3MEPHOCTU paguyca PexyLien KPOMKU M TONLWMHBI cpes3a. Y
aNtOMMHMEBDLIX CNaBOB 06pasyeTca CAMBHAA CTPYKKA, a HA NepegHeEN rpaHu
peXyLen naacTuHbl cTabuabHbINM HapocT [1].

B paboTe 6b111 NpoBeaeHbl cepUm 3KCNepuMeHTOB No obpaboTke natyHn J1IC 59-
1 n pgropantommnHma [116, noKkasasLlumne, YTO HA ANAMETP 3aBUTKA CTPYIKKU ABHO
BAMAET nogaya. PaunoHanbHana ¢dopma CTPYKKM MoydaeTca Npu perknmax
pesaHua: ana J1C59-1 v=250¢&/&¢i , s=0,0078¢/cod , t=005¢ : ana A16
s =0,008¢/¢0a , t =011c¢ .

OnbITbl MOKa3bIiBalOT, 4YTO TMPU YBEIMYEHUW CKOPOCTU pe3aHMa BbICOTa
MWUKPOHEPOBHOCTEN CHUMKAETCA BO BCEX C/TyHanX, MPUYEM NPU MaslbIX CKOPOCTAX
pe3aHMA WHTEHCUMBHOCTb CHWMXeHuAa 6onee o4yeBUAHA, a JdaibHelwee
YBE/INYEHNE CKOPOCTU K CYLLECTBEHHbIM U3MEHEHUAM Ra He npusoauT. Ans
ONTUMM3ALUN PEKUMOB Pe3aHUA NPU TOHKON 06paboTKe LBETHbIX METanNoB
KpOMe YyKa3aHHbIX TMOKa3aTesien BBEAEM KPUTEPUIA  ONTUMANbHOCTW,
aHanornyHo pabote [2]:

3aBUCMMOCTb  TNYyOMHbI W CTEMNEHM HaAKnena MOBEPXHOCTHOrO  C/oA
obpaboTaHHOro Mmartepmana OT CKOPOCTW, nogaun W raybuHbl pesaHua
nccnepoBanacb Ha ob6pasuax natyHm  J1C59-1 wm  pglopantomuHmns A16.
YCTAHOBNEHO, YTO MUKPO-TBEPAOCTb M rNybuHa Hakaena NOBePXHOCTHOMO C/101
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He MeHsieTCca NP YBEIMYEHUM CKOPOCTU U FyOUHbI pe3aHMA 1 NOBbILAETCA NPU
yBEeNMYEHUM NOAAUMN.

Mpu 06paboTKe LBETHbIX METa//IOB YCTAHOB/IEHO, YTO B 30HE KOHTaKTa pe3ua ¢
o6pabaTbiBaemMbiM MaTepuasiom npoucxoauT ynpyronnactuyeckas
Aebopmauma  TOHKMX MOBEPXHOCTHbIX C/I0EB, PACNPOCTPAHAKOWMXCA B
HEKOTOpPbIA CNOW, PaCMoNOXKeHHbIn noa obpabaTbiBaemol MOBEPXHOCTbHIO.
Hamu genaetca nonbiTKa 06BACHUTbL MEXAHU3M YNPOYHEHMA 33 IMHMEN cpe3a
npu npepbIBUCTON 06paboTke UBeTHbIX MeTannos (JIC59-1, 116) KopyHA0BbIMK
pexywumn. OnbiTbl NPOBEAEHbI PEXYLWMMN UHCTPYMEHTamn pybuH “Po3a” ¢
onTumanbHoi reometpueinn A = 6%, v = -6°% r = 0,6 mm, @ = 45°% Hapsaay c
reoMeTpuyeckMMmn napameTpamm pPexyLero MHCTPYMEHTa Ha MnoKasaTenu
YNPOYHEHUS 3HAYMUTE/IbHOE B/IMAHME OKa3biBAlOT W pPEeXMMbl pe3aHus.
NccnepoBaHuA Onsa BbISIBNEHUA XapaKTepa WM3MEHEHWUs CTeneHn U rnybuHbl
ynpoyHeHuns 06paboTaHHOM NOBEPXHOCTM B 3aBUCMMOCTU OT PEXMMOB pPe3aHUns
npeacTaBnsieT He TO/bKO Hay4yHYl LUEeHHOCTb C NO3MUMiA YyCTaHOBJIEHUA
CYLLHOCTU MexaHM3Ma YNpPOYHEHMUA, HO M HBonblloe NPaKTUYEeCKoe 3HAYeHue,
MOCKO/MIbKY  A3eT  BO3MOMKHOCTb BblOpaThb napameTpbl pesaHus,
obecneuymBalowme nojsyvYeHUe ONTUMaANbHbIX  3HAYEHWI  MoKasaTenew

ynpoyHeHus [2].

Ha rpadwukax (puc. 1, 2, 3, 4) npeacTaBNeHO BAUAHUE V, S, t HA TNYOUHY U cTeNeHb
HaKnena anAa ABYX UCNbITbIBaeMbix MaTepuanos (16, /IC59-1). Kak nokasbiBatoT
KpMBble, C yYBE/IMYEHMEM CKOPOCTU pe3aHMA MOoKasaTen ynpovHeHua H u h
YMEHbLUAKTCA, NpUYem Habn4aeTca UX CPaBHUTENbHO Donbluee CHUMKEHUE B
30He BO3pacTaHuMa ckopocTn Ao 200 m/MMH, Yem B 30HE POCTa CKOPOCTH,
HaumHasa ot 200 ao 1000 M/MUH. ITO BEPOATHO MOXKHO OBBACHUTL TEM, UYTO C
yBe/iMyeHmemM cKopocTn pesaHua go 200 m/mMuUH KoadPUUMEHT TpeHus Ha
NMOBEPXHOCTU PEXKYLWEN NAACTUHbI cHMKaeTtca [3]. Mpu aTom ymeHbluaeTca
TaK)Ke yron casura m, cnefoBaTesibHO, CU/bl pe3aHuA.

B KauecTBe uccnegyemMblx NapameTpoB NPUHATHI LLEPOXOBATOCTb 06paboTaHHOM
NMOBEPXHOCTU, WM3HOC PEXYLLEN NNACTUHbI MO 3agHEN TrpaHU (KpuTepuem
3aTYNNEHUA pPeXylWen NNacTUHbl ABNAAETCA LWepoXoBaToCTb 06paboTaHHOWM
NOBEPXHOCTU), TNybMHA HaKNena U MUKPO-TBEPAOCTb MOBEPXHOCTHOrO C/OS.
[JMana3oH pexXumoB pes3aHusa, MnaaH MNpoBeAEHMA ISKCMEPUMEHTOB WU  UX
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pe3ynbTaTbl npuBedeHbl B Tabn.l, Ha OCHOBE KOTOPbIX MOJYYEHbI
MaTeMaTUYeCKNEe MOLENN NUCCIeyEMbIX MAapamMeTpoB B obLLem BUAE:

X =C,-v* . g% .t* (1)

3aBUCMMOCTb  TNyBMHbI W CTENEHM HAKNena MOBEPXHOCTHOrO  CsoA
06paboTaHHOro MaTepuana OT CKOPOCTM, NoJauM U TNybuHbl pe3aHus
nccnepoBanacb Ha obpasuax natyHn J1C59-1 mn aropantommums 16.

NonyyeHHble pacyeTHble 3HAYEeHUA ONTUMAJIbHbLIX MNapamMeTpPoOB PEeXMMOB
pe3aHnA NPoBePAANChb 3KCNepUMeHTaNbHO. C 3TOM Lenblo NpoBeAeHbl OnbiTbl
Nno onpeaeneHunto LWepoxoBaTocTn 06paboTaHHOM NOBEPXHOCTM NPU YKa3aHHbIX
pexunmax pesaHua no Tabn. 1. lMonydyeHHble pes3ynbTaTbl MNOATBEpPKAAOT
CnpaBeaIMBOCTb ONMCAHHOM METOANKN.

C yBeNnYeHMeM TONLWMHbI CPe3aeMon CTPYXKM obbem cpesaemoro cnos
yBeNMUYMBAETCA, YMeHbluaeTca aedopmauma cpe3aemoro C/10A, NoBbiIAeTCs
CUna  pesaHns WU, CcneaoBaTeNlbHO  yXyALAeTca  MUKPO-TeoMeTpus
NOBEPXHOCTHOIO C/NI0A. YBeNuYeHue T[NybuHbl pe3aHus nNpuBOAMUT K
HE3HaYUTENbHOMY YXYALEHUIO COCTOSIHUS NOBEPXHOCTHOTO C/O0S.

Tabnnua 1 — Pe3ynbTaTbl NPOBEAEHHbIX UCCNeA0BaHUN Ha OCHOBE GaKTOPHOrO
sKcnepumenTa Tmna 33

Noe | Pexkumbl Ob6pabaTtbiBaemblii n | ObpabaTtbiBaemblii n
3KC | 0bpaboTKu pexywun matepman JIC | pexywmn matepuman

ne 59-1- Py6uH «Po3a» [ 16 - PybuH «Po3a»

pn |V, S$x103, |t, Ra, |h H, D x |Ra, |h, H, Dx 10
MeH | m/c M/3y6 MM MKM | mEm | TMa | 10 MKM | MKM | TTa | m

Ta M

1 1.47 | 0.007 0.200 | 0.12 116 |2.73|/0.55|0.14 116 [{1.04 |0.74
pi 4.17 | 0.007 0.020 | 0.14 | 95 247 1191/0.16 |95 |0.90|2.64
3 11.72 | 0.007 0.063 | 0.10 | 98 247 11.60|0.14 |95 |0.92 221
4 1.47 |0.022 0.020 | 0.27 1125 |2.71]0.55]0.32| 125 |1.00|1.27
5 4.17 |0.022 0.063 | 0.21 129 |2.720.89|0.26|129 |1.02 |0.72
6 11.72 | 0.022 0.200 | 0.16 | 135 |2.720.520.21|135 |1.05|0.61
7 1.47 | 0.020 0.063 | 049171 1299/053|/056(171|1.14,0.48
8 4.17 |0.020 0.200 | 0.37(179 |3.01/053/046(179|1.18,0.41
9 11.72 | 0.020 0.020 | 041|146 |2.7210.94|0.53 146 |1.02 | 1.27
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Tabaunua 2 — 3HayeHnsa KoapPUUMEHTOB M MOKasaTesen cteneHen B 6a3oBoOW
dopmyane (1)

Koadpouu, n | PybuH «Po3a» Koadduu,. n nokas. | PybuH «Posza»
nokKas. cTeneHen | ge5g.q 116 cTeneHemn J1C 59-1 116
Cra 2,90 2,62 Ch 445,1 183,1
X1 -0,15 -0,076 X1 -0,025 -0,028
X2 0,54 0,55 X2 0,062 0,065
X3 0,12 0,10 X3 0,042 0,046
Ch 493 463,2 Co 3,00 11,2
X1 -0,042 -0,039 X1 0,20 0,25
X2 0,25 0,22 X2 0,40 0,60
X3 0,072 0,068 X3 0,25 0,35

OnpepeneHne nokasaTenen creneHer U KoapPuuUMeHTOB ypaBHeHun (1)
npoBoANNNCL Ha Npumepe o0b6paboTkm natyHm JIC59-1 n gropantommuma 16,
Py6MHOBbLIM MHCTPYMEHTOM MapKn «Po3a».

YBe/NInyeHne CKOPOCTU pe3aHns NpMBOAUT, C OAHON CTOPOHBI, K elle bonblen

a c pgpyron,
3HAYNTENBHOMY YBEUYEHUIO

CTENEHM BO3pPaCTaHMUA TemnepaTtypbl, K He3HauyuTeNbHOMY

YMEHbLIEHNIO KO3PPULMEHTOB TPEHMA W
cKopocTn aedpopmaunn. MocnenHee BbI3bIBAET MNAACTUYECKYHD Aedopmaumio
meTanna. OAHAKO yBenundeHue ckopocTn gedbopmauunm, B CBOK o4vepenb,
COKpalLaeT ANUTENbHOCTb BO34EMNCTBUA TEM/IA Ha NOBEPXHOCTHbIE C/I0M, U3-33
yero meTanna CnepoBaTenbHO, OTMEYEHHbIE

NMPO4YHOCTb CHUXaeTCA.

NPOTUBOMO/NOMKHbIE  (AKTOPbl B KOHEYHOM CyeTe MpegonpenensatoT

He3HauuTeNbHOE YMeHbLUEHMEe MOoKasaTeNen YNpPoYHEHWs MeTanna npu

60/1bLNX CKOPOCTAX pe3aHuA.

N3 puc. 1, 2, 3, 4 BMAHO, YTO YyBeNMYEHME NAPAMETPOB Cpe3a Bbi3blBAET
3HaYMTeNbHOE Bo3pacTaHMe H un h. 3To BUAMMO CBA3HO C TEM, YTO, HE3ABUCUMO
OT MNPUMEHSIEMOrO pPEXYLLEero MWHCTPYMEHTa, a TaKkXe obpabaTbiBaemoro
MaTepuana, ypeanyeHue s 1 t npnBoauUT K Bo3pacTaHUo obbema cpesaemoro
Cnof, BCNeACTBME Yero yBENMYMBAETCA 30Ha NAacTMYeckon aedpopmauumm
meTanna. B pesynbtate yBenAMYEHMA MapameTpoB s WM t nnacTmyeckas
Aedpopmauma B 60nbLLEl CTeNeHW pacnpocTpaHsaeTca Braybb meTanna 3a INHUI0
cpes3a, TemM cambiM yBennumaasa aepopmauMoHHY NPoYHOCTb. Ocobbin MHTEpec
npeacTaBAsieT CcpaBHEHME JdaHHbix H u h npu ob6paboTKe pasnUYHbIX

MmaTepuanos Kak J/1IC59-1 n [116. Ha Haw B3rnag 3T0 MOXHO 06BACHUTL TEM, YTO,
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4yemM Bbllle TBEPAOCTb UCXOAHOrO0 Matepuana, Tem TpyaHee ero naacTtmyecKkm
AedopmmpoBaTb, cnegosatenbHo, H n h 6yayT meHblue. C Apyro CTOPOHbI, Yem
60/blie CKOPOCTb AedOopMaLmm, TEM MEHbLLIE MPOMEKYTOK BPEMEHM, B TEYEHUN
KOTOPOro naactuyeckaa gedbopmauma NpoHuKaeT B Braybb metanna. Takum
o06pa3om, NokasaTenn ynpoyHeHMNA NOAy4YatoTcA HUKe npu obpaboTtke 16, no
cpaBHeHuto ¢ JIC59-1.
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Puc. 1. 3aBMCMMOCTb FyBMHbI HaKNena OT PEXXUMOB pe3aHuA Npu obpaboTke
atopantommuma 116
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Puc. 4. 3aBUCMMOCTb AnameTpa 3aBUTKU CTPYKKU OT PEXMMOB pe3aHua npu

obpaboTke gtopantommnHma 16
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JKCNepUMEeHTaMM [0Ka3aHo, 4YTO C YBEe/AMYEHWeM pagumyca OKpyraeHus
pexylwen KPOMKU yBenndymBaeTcs rnybuHa Haknena M MUKPO-TBEPAOCTb
NOBEPXHOCTHOIO CN0#A, 3@ CYET NOBbIWEHMA NAACTUYECKOM Aedopmaumn.

Takum 06pasom MOMKHO 3aKIOUYUTb, 4YTO C YBE/MYEHUMEeM CKOPOCTU
dpesepoBaHUsA TNybUHA HaKNena YMeHblUaeTcsa, NpyM 3TOM YeM MeHbLue
ncxogHas TBepAoCcTb obpabaTbiBaemoro cnnasa, Tem 6osblie raybuHa u
cTeneHb HaK/iena NoBepXHOCTHOro C/oA.

Cnucok nutepartypbl:

1. ApsymaHsaH A.M., AkonaH C.A. MaTemaTmnyeckasa moaenb pagmyca KpUBU3HbI CTPYIKKK
npu obpaboTke MmeTannoB pesaHnem // “CnpaBoYHMK. WHMKEHepHbIN KypHan”,
MawwnHoctpoeHune, M.; 2010. - C. 43-45.

2. barpacapaH T[.B., Ap3ymaHaH A.M. OnpegeneHuve ONTUMAJIbHbLIX MApPaMeETPOB
NPepbLIBUCTOrO pesaHusa LUBeTHbIXx metannos //M3sectma AH Apm. CCP Cepwusa
TeXHUYECKNX HayK. —EpeBaH: -1979. —Tom XXXII. -Ne 4. -C. 53 - 56.

3. WUBuyeHko T.I., JleraweBa T.A. ObecneyeHne ONTMMaANbHOrO YPOBHA MNOKO3aTenew
[LONTOBEYHOCTN COOPHOrO peXKyLLero MHCTpymeHTa //MporpeccuBHble TEXHONOTUKN U
CUCTEMbI MAaLWMHOCTPOeHUA. -oHeuk: JoHlITY.-2000. -Bbin.12. -C. 10-13.

4. KacbaH M.B., MuHacaH I.C., bargacapsaH I'.B. MNocTpoeHne matemaTMyeckon moaenm
ANA pacyeTa COCTABAOLLEN CUbl Pe3aHMA NPU TOYEeHUN Be3BEePLUMHHBIMKU pe3uamm
//MpombiwneHHocTb ApmeHun. —EpesaH: -Ne1. -1971. -C. 14-18.
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KAK YMEHbLWMWTb 3ArPA3HEHMUE BO34YLWHOIo
BACCEMHA

BownHoB K.H., Xungaatu A.

Poccuna, CAHKT-TTETEPBYPICKUA HALMOHANBbHbIA MCCNELOBATE/NILCKUM
YHUBEPCUTET MHOOPMALMOHHbBIX TEXHOJTOTUIA, MEXAHWUKN U ONTUKN

AHHoOTauuA. bonbwue Nnpobiembl 41A yXyalleHMsa 06 el SKON0rMM OKpPYKatoLLEeN Hac
cpeabl CO34at0T MHOTOUYUC/IEHHbIE NPOMbILWIEHHbIE NpeanpuaTua (3aBoabl, Gabpukuy,
KoTenbHble, TIL, nabopatopun u Ap.), KoTopble yepes Tpybbl BbiOpacbiBalOT B
atTMocdepy MHOTME TOHHbI Fa30B C KaHLEepOoreHHbIMU YacTULLaMKU/BELLLECTBAMM B HUX.
3TO NPUBOAMUT K NOCTOSHHOMY U UHTEHCUBHOMY 3arpsAi3HEHWUIO BO34yXa, BOAbI M 3eM/IY,
YTO KpalHe OTpMLATENbHO BAUSET B KOHEYHOM UTOre Ha BCE 'KMBOE M Ha Ntodel, B
YyacTtHocTu. MNosTomy nepepn, 4eNoBEeYEeCTBOM CTOUT OrpomMHasa npobnema o 3awmTe
cpeabl 06UTaHUA Ha 3emne.

KnioueBble cnoBa: 3arpasHeHne BO34yxa, rasbl U3 Tpyb, npeanpuaTma, sawmTa.

B coBpemeHHbI BEK TEXHUYECKOro nporpecca, ¢ MHTeHcudUuKaumnen paboTsbl
NPOU3BOACTBEHHbIX MOLWHOCTEM M C CO343aHMEM HOBbIX TEXHONOMMYECKMX
NPOW3BOACTB KONMYECTBO BPeAHbIX BbIBpOCOB razos B aTmocdepy coctaBaseT
TbiCAYM TOHH. Co34aHNeE BbICOKMX OTBOAALLMX ra3bl TPyb COBEPLUEHHO He peLuaeT
npobnemy 3spdekTUBHOM 3alimMTbl BO3AYLWIHOrO 6HacceMHa MO HECKO/IbKUM
NPUYMHAM. B 4aCTHOCTH, K HUM OTHOCATCA CaeaytoLme:

— BbIOpOLLIEHHbIE HA HEKOTOPOM BbICOTE HaA NOBEPXHOCTbIO 3eMn U3 Tpyb
NPOAYKTbl NPOW3BOACTBEHHOM AEATE/NIbHOCTM YesloBeKa BCE pPaBHO
0CealoT Ha NOBEPXHOCTb;

— B AOXAO/AMBYIO MoroAy, Kak M3BECTHO, BbIMAAalOT KUCNOTHblie A0XAM,
aKTUBHO 3arpAsHAlOLWME NOYBY, BOAOEMbI U HEFATUBHO BO3AENCTBYOWME
Ha BCE }KMBoOE;

— yCTaHaBAMBaeMble B OTBOAHbIX ra30B TPy6 GUAbTPbI UAN IOBYLLKN UMEIOT
KpaliHe HU3KY0 3PPEeKTUBHOCTb U Manyo HaAEKHOCTb B paboTe no paay
NPUYUH: HEe YNaBAMBAOT MMKPOYACTULDbI, HE MOFYyT MOJIHOCTbIO

45



SCIENCE, TECHNOLOGY AND LIFE - 2016

Proceedings of articles the international scientific conference
Czech Republic, Karlovy Vary - Russia, Moscow, 24-25 December 2016

HEeMWTPaNn3oBaTb OOLWIMPHLIA XMMUYECKMA CNEeKTP BbIXOAALWMX ra30B.,
KOTOpble CaMuU WM B BUAE XMMUYECKUX COEAUMHEHUN BPeasT BCemy
OKpYrKatoLemy; Nepruogmyeckn NporopatoT namn 3acopstoTca, 4To Tpebyer
MOCTOAHHbIX 3aTPAT HA UX PEMOHT UM 3aMEHY;

— ropayue oTxoAAlMe BBEPX rasbl MEHAOT NPUPOAHbIA KAMMaT, NoBbiwan
TemnepaTypy cpeabl, YTO, Hanpumep, NPUBOAMUT K TASAHUIO 30H C BEYHOM
MEP3/10TOM N K NOABNEHUIO MAPHUKOBOIO 3P PEKTa;

— B Hebe 06pa3ytoTcs 030HOBbIE AblPbl, YTO ONATb-TAKN HETATUBHO BAMAET
Ha 3aLWMUTHbIN HAANOBEPXHOCTHbIN BO3AYLWHbIN Cnon 3emnu, pa3pyLuan
ero 1 Nponyckana K 3emne HexenaTesbHble 061y4YeHUs.

[encTBuTeNbHO, HAa [AaHHOM 3Tane TexXHWYeCKoro nporpecca Y4YéHble B
Pa3/IMYHbIX CTPAHAX MMUPA, MHTEHCUBHO paboTatowme Hag npobiemon 6opbbbl
C YpesmepHbIM 3arpsA3HeHnem BO3AyLHOro H6acceHa BbibpacbiBaeMbiMU U3
TPyb NpeaAnpUATUIA XMMUYECKMMM 3/IEMEHTAMMU, eLLé He HALL/IM PaLMOHaNbHOIO
pelweHunsa, ytobbl adpPpekTUBHO BOopOTbCA C AaHHON Npobaemoii.

To, yTo Takaa npobnema peasbHO CyWECTBYET, NOATBEPKAAOT MNOKa3aHMA
NprnbopoB, KOTOPbIE UCMO/b3YHOTCA:

— rasoaHa/nuM3aTopbl;
— TennoBU30pbI;

— [ATYMKM KOHTPOAA TeMnepaTypbl;

— pacxoAoMepbl ra3os;

— aHa/M3aTopbl Pa3MepPOB MENKMUX HacTUL,
— aHa/M3aTopPbl XMMUYECKOro COCTaBa;

— pacxogomepbl BoAbl U Ap.

B xumuyecknx nabopaTtopmAx OCYLLECTBAAKOT MPAKTUYECKM MOCTOSHHbIN
MOHWTOPUHI COCTaBa BO34yXa W BOAbl B OAMMAULWINMX K MNPOMbILIEHHbIM
npeanpuATMAM BOAOEMAX. B OTAENbHbIX CAy4aax KOHUEeHTpauua BpeaHbIX
BeWecTs npesBbilaeT A0MNyCTUMble npeaesbl, a MO COCTaBy XUMUYECKUX
3N1eMeHTOB  onpegensetca nodytm A0 1/5  pasAnyHbIX  3N1EMEHTOB
Mepnopgmnueckon cuctemnol .1. MeHaeneesa.

MpakTnyecku 6ep,CTBeHHoe nosnoxeHume Ha6mo,u,aeTcs| B HECKOJIbKMUX KPYMHbIX
NPOnU3BOACTBEHHbIX ropoaax KuTas, rae nogu BblIHYXKAEHbI HOCUTb MaACKH.
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He ny4ywe o6CcTOAT A€Na M B MHbIX CTPAHaX M KPYMHbIX MPOMbILUAEHHbIX LLEHTPaX
Amepuku, NrepmarHunmn, dpaHummn n Poccun.

Co3pgaHHaa B YHuBepcutete WTMO CaHkt-lMNeTtepbypra paboyas rpynna
NPaKTUYECKM NONYYMIA NEPBbIE NONOXKUTENbHbIE Pe3ynbTaTbl N0 3bGPeKTUBHON
OYMNCTKE BO3AYLUIHOM Cpeapbl OT 3arpsA3HEHUI razamu.

MepBble NPo6HbIe 3KCNEPUMEHTbI MOKa3a/n, YTO C MOMOLLbIO BOAbI BO3MOXKHO
AOCTaTOMHO ObICTPO M KayecTBEHHO 60pOTbCA C PaA3/IUYHLIMU BPEAHbIMMU
rasoBbiMu Bblbpocamn mn3 Tpyb. MccnepgoBaHma BeAyTCA NMOKa Ha npumepe
paboTbl HEOONbLIOWN KOTENIbHOW, B KOTOPOM TOMN/JIMBOM MOTYT ObiTb Yronb MAM

ApoBa.

Cnucok nutepartypbl:

1. Tpubonorua: MexayHapoaHaa 3HuUMKnoneaua. Tom lll: npubopbl, yCTpoOKCTBa,
cpeactBa MCMbITaHMA WM KoHTpona // Moa pea. A.T.H., npodeccopa, akagaemMuKa
BonHoBsa K.H. CaHkT-MeTepbypr: MIYMNC, ISBN 978-5-906108-04-3 T.3, 2012. — 399 c.
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METOA ONPEAENEHUA U UCKNTHOYEHUA
NMEPETOKOB BO34AYXA MEXAY CTEHAMMU
PEFTEHEPATOPOB KOKCOBbIX EATAPEM

3yenes A..1, BApckuit B.[.2, KPABYEHKO A.B.2

poccua, OAO «YBAXMHCKUIA KOKC»

2YKPAUHA, YKPAUHCKUIA TOCYAAPCTBEHHbIA XUMUKO-TEXHOTOTUYECKUI
YHUBEPCUTET

AHHOTauua. PaspaboTaH MeTon onpeaeneHVMa MepeToKoB BO3Ayxa yepes
pasgenuTenbHble CTEHbl pereHepaTopoB WM MOAOBLIX KAaHA/NOB KOKCOBbIX HaTapei.
MoKasaHo, 4To onpegeneHuve KONMYecTBa MNEPeTOKOB MO3BOAUT  YCTAaHOBWUTbL
B3aMMOCBA3b MeXAy [AEeNCTBUTENbHbIM WM KaXKylMmca KodadduumeHTOM u3bbiTKa
BO34yXa, a TaKKe 60onee TOYHO YyUYnUTbIBaTb MPOCOCHI KOKCOBOTO ras3a B OTOMMUTEIbHOWM
cucteme. lMpeanaraemas MeToAMKa MOXKET WMCNONb30BaTbCA ANA NAAHMPOBAHMA
06BbEMOB PEMOHTOB KNAaZKM B JAHHOM 30He. Kpome 3TOro Ans UCKAOYEHMSA NepeToKoB
BO34yXa paspaboTtaH u onpoboBaH Ha MPOMbIWAEHHON KOKCOBOW HaTapee cnocob
YNNOTHEHWA CTEH PEreHepaTopoB.

KnioueBble cnosa: pereHepaTop, KOKCoBasA baTapes, BO3AyX, KnaakKa.

B npouecce 3KcnayaTauMm KOKCOBbIX OaTapeir MNOSABAAIOTCA TPELWMHbl U
PaCXoXKAeHMA MaTepuabHbIX LWBOB B Pa3fAe/INTENbHbIX CTEHAX pereHepaTopos
M NOAO0BbIX KaHAN0B, NPUBOAALLME K NEPETOKAM BO3AyXa MeXAY HUCXOAALWMM
M BOCXOAAWMM NnoTokamu. Mpu 3Tom Bo3ayX, NonaaaoLmnii B npobbl NpoayKToB
rOpeHus, WCKa)KaeT OLLeHKY ra3on/JoTHOCTU K/aAKM KOKCOBbIXx 6aTtapei u
YC/IOBUWN CKUTaHUSi OTONUTEIbHOTrO rasa.

OnpeaeneHne KONMYECTBA «MNPOCACbiBAEMOro» BO34yXa BO3MOXHO MO
pPa3NNYMIo COCTaBa NPOAYKTOB rOPEHMS Ha BXOAE B PEreHepaTopbl HUCXOAALLEro
NMOTOKa M Ha BbIXOAEe W3 MNOAOBbLIX KaHa/OB HUCXOAALLEro noToka. [Mpwu
OTCYTCTBMM MPOCOCOB COCTaB NPOAYKTOB rOPEHUs Ha BXOAE B pereHepaTop U B

48



SCIENCE, TECHNOLOGY AND LIFE - 2016

Proceedings of articles the international scientific conference
Czech Republic, Karlovy Vary - Russia, Moscow, 24-25 December 2016

NoA0BOM KaHa/ie OAMHAKOB, MPW HA/IMYMM NPOCOCOB - COAEPIKaHMUE KUC/IOPOAa
B NPOAYKTaX FOPEeHMA W3 ra3soBO3AYLIHbIX KaanaHoB byaeT 6onblie, yem B
NPOAYKTax ropeHus Ha BXoAe B pereHepaTopbl HUCXOAALWEro NoToka. Mo 3Tol
pa3HULE MOKHO onpeaennTb 06bEM «MpocacbiBaEMOro» BO34yxa, NpM 3TOM
MCKNIOYasa nonagaHue B Npobbl Bo3ayxa Ans obesrpadmuunmBaHmA.

ANnroputm onpeaeneHma NpococoB BO3Ayxa Yepes TPELWMHbl U HEMJIOTHOCTU B
MaTepuanbHbiX LWBax MNOAOBbLIX KAaHAaNOB W pPereHepaTtopoB COCTOUT B
cneayrouem:

1. Ot6op nNpob6 NPOAYKTOB rOPeHMA M3 BCEX BEPTUKA/IOB OTOMUTENbHbIX
NoNlyNnpPoCTEHKOB, paboTatoWwmx Ha AaHHbIN pereHepaTop.

2. Pac4yét cpeaHero cocrtaBa NPOAYKTOB ropeHua n koapoumuymeHta n3bbiTka
BO34yXa NO aHanM3am npob 13 BEPTUKANOB.

3. OnpeaeneHne yaenbHOro o6 bEMHOro pacxoaa Bo3zayxa, NOCTYNUBLLErO B
KaXAbl NONYNPOCTEHOK Ha ropeHme.

4. OnpepeneHne yaenbHoro W  @akTMyeckoro o06BEMHOro pacxoaa
NPOAYKTOB ropeHus.

5. Ot60p npob NpoayKTOB rOPEHUs M3 ra30BO34YLUHOIO KAanaHa M pacyér
no 6anaHcy KMcAopoaa B NPOAYKTax ropeHma NepeTokoB BO3AyxXa vepes
pasaenuTenbHble CTEHbl pereHepaTopoB M NOAO0BbIX KaHANOB.

3TOT aNropuUTM ABAAETCA 06LWMM ANA KOKCoBbIX BaTapei MNBP Bcex TMNos.

YYET KOHCTPYKTMBHbIX 0OCOBEeHHOCTEM KOKCOBbIXx 6aTapeit (coBpemeHHble
KOKcoBble neyn cuctembl MBP 6bIBalOT € LUAXMATHBIM UK OObIYHBIM FOPEHUEM,
a TaKXe C Y3KMMWU, LMPOKMMU UM CEKUMOHHBbIMWU pereHepaTopamum) TaKKe
npeaycmaTtpuBaeTca 3STUM anrOpPUTMOM.

Pa3paboTaHHbIN MeTog4 MNO3BOMSAET KOPPEKTMPOBATb pPACYETbl MNPOCOCOB
KOKCOBOIO rasa M3 Kamep KOKCOBAHMWA, YCTAHABAMBATb 3aBUCMMOCTb MEXAY
KaXyLWUmMca M AeNCTBUTENbHbIM KO3dPUUMEHTaMU M3ObITKA BO3Ayxa Npu
onpeaeneHnn ero No COCTaBy NPOAYKTOB rOPEHMA U3 Fra30BO3AYLLHbIX KNanaHoB,
a TaKXe onpeaenAatb 06bEMblI HEOBXOAMMbBIX PEMOHTOB KNaAKW B AaHHOM 30He.

Kpome 3Toro, paspabotaH cnocob WCKAYEHUSS NEPeTOKoB BO34yXa,
onpoboBaHHbIN Ha NPOMbILINEHHOM KOKCOBOW HaTapee ¢ 6OKOBbIM NOABOAOM
OTOMUTENbHOrO rasa M LWWUPOKMMKU pereHepaTtopamn. MPOCTPAHCTBO MeXay
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HacagKoOW W pa3aennuTenlbHOM CTeHOW MNPOU3BOJIbHO BblIOPAHHbIX TPEX
pereHepaTopoB NOCNAE WX BCKPbITUA YMNAOTHWMAW acbecToBbIM OrHeynopHbIM
MaTepuasom.

9bEKTUBHOCTD MEPOMNPUATUSA OLEeHMBAAM NO aHanAuly npob npoayKTos
ropeHus 13 ra3oBo3ayLLUHbIX KAanaHoB 10 M NOC/e BHeApeHUs (C onpeaeneHmem
KOo/nMYecTBa npocacbiBaemoro Bo3ayxa). OUueHKy nepeTokoB BO3ayxa
NPOBOAMAN MO PA3/IMUYMIO COCTaBa MNPOAYKTOB [FOpPeHMA Ha Bxoge B
pereHepatopbl M Ha BbIXoAe W3 NOAOBbLIX KaHanoB (Mpu ux paboTe Ha
HUCXO4ALWEM NOTOKE).

KoaddpuumeHT n3bbiTka Bo3ayxa A0 Havana saKcnepumeHTa coctasun ot 1,57 ao
1,74. MNpwn 3TOM KOAMYECTBO NPOCACbIBAaEMOro BO34yXa HAX04MN0Ch B nNpeaenax
ot 15,3 no 23,4 %.

KoadpPpurumeHT n3bbiTKa Bo3ayxa NOcae OCYLLECTB/IEHMA MEPONPUATUA COCTABU/
ot 1,21 po 1,25. MNpun 3TOM KOAMYECTBO NPOCACbIBAEMOro BO34yXa COCTaBMAO OT
1,01 go 1,26 %.

Takum o06pa3om, BHeApeHWe YKasaHHbIX Bbllle MepPonpuUATUIA No3BoAAET
06HapyXMBaTb, a 3aTEM MCKIOYaTb MEPeTOKM BO3AyXa W [AOMEHHOro rasa
MeXAy pereHepaTopamMu BOCXOAALLEr0 W  HUCXOAAWEro MNOTOKOB W,
COOTBETCTBEHHO, CYLLECTBEHHO YAYYLINTb TEXHNUKO-9KOHOMMYECKME MOKa3aTenu
paboTbl KOKCOBOM BaTapeun M NPOANUTbL CPOK €€ aKCNAyaTaLum.
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NMNOTEPA CAMOCUHXPOHU3ALIMU ABYX
AEGANAHCHbIX BUBPOBO3BYAUTENEN
BUBPOCUTA

Kunykapb H0.E.L, MocmuTHAA /1AL, Knykapb U.10.2

1POCCVIH, KYBAHCKWUM rOCYAAPCTBEHHbIM TEXHONOTMYECKUIA YHUBEPCUTET

2Poccuma, KYBAHCKUI TOCYAAPCTBEHHbBIA YHUBEPCUTET

AHHOTaumA. B cTaTbe npuBegeHbl pe3ynbTaTbl IKCNEPUMEHTAIbHOTO onpeseneHuns
NnoTepu CMHXPOHMU3ALUMKM 33 CYET CO34aHME AOMNONHUTE/IbHOTO a3pPoAMHAMMUYECKOTO
MOMEHTA CONPOTUB/IEHNA Ha OAHOM U3 AebanaHCHbIX BUOPOBO3OYAUTENAX.

KnioueBble cnosa: BM6paLI,MOHHbIﬁ MOMEHT, BM6pOCMTO, CaMOCUHXPOHM3aALUNA,
YpaBHEHUA OBUNXKEHUA, YCTOViHMBOCTb CUHXPOHHDbIX ,CI,BM)KEHMIZ.

CoBpeMeHHble BMOpoOCUTa AN OYUCTKM OypoBbIX PACTBOPOB MMEOT ABa
AebanaHcHbix BubpoBo3byautena (ABB). 3ddeKTuBHaa paboTa TakUx CuT
BO3MOXHA TO/NbKO MpPU CUHXPOHHOM BpaweHun poTtopos [IEB B pasHble
CTOPOHbI, OCHOBAaHHOM Ha ABMIEHUM CAMOCUHXpoHM3auum [1]. [oTeps
CaMOCUHXPOHM3aLUMKM, NO CYyTU, PAaBHOCK/IbHA BbIXOAY M3 CTPOA BUOpOCKUTa, XOTA
HUKAKMX MEXaHUYECKUX M MHbIX MOBPEXAEHUA HeT. BHelwHe npu3HaKK
3aKN04AOTCA B PE3KOM YMEHbLUEeHMN NPOMNYCKHON CMNOCOBHOCTU U yXyALlEeHUM
TPAHCNOPTUPOBAHUA LWNAMa B OTBas. B MOMEHT noTepn CaMOCUHXPOHMU3ALUM
3aMeTHO M3MEHAETCA YPOBEHb U TOHA/IbHOCTb WyMa BUOPOMALLUHDI.

B Nnpon3BOACTBEHHbIX YCI0BMAX OYPOBOM, MO CBUAETENLCTBY OOCNYKMBAIOLLETO
nepcoHana, noTepa CaMOCUHXPOHM3AUUM MPOUCXOAUT MocAe ANUTENIbHOM
paboTbl BUBPOCUTA M 0OCOBEHHO NPU HU3KUX TEMMNepPaTypax.

Mpn HaAMYMKM camoCUHXPOHM3aumnmM potopbl BB BpawaoTcA ¢ 0A4MHAKOBbIMU
YrN0BbIMW CKOPOCTAMM @ =@, , PaBHbiMM pabouyein ckopocTn BubpocwuTa.

3ﬂ€KTpO,£I,BMI'aTefIbe|e MOMEHTbI NPUBOAHbIX dCUHXPOHHDbIX
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