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HOBBIE METO/Ibl TECTUPOBAHUS BUOYCTOMUYUBOCTHU
CTPOUTEJIBHBIX JIEMEHTOB

[IpennoskeHa HOBast TEXHOJIOTHS YCKOPEHHOTO TECTUPOBaHUs (hacaHbIX U KPOBEJIBHBIX CTPOUTENBHBIX MaTepU-
aJIOB JUIS JIMArHOCTHKY W MPOrHO3MUPOBAHUS WX OMOJIOTMUeCcKor ycToitunBocTH. HoBH3HA Ppa3pabOTOK 3aKIIHO-
YaeTcsi B IPUMEHEHHH KOMOMHUPOBAHHBIX OMOJIOTMYECKUX HArPy30K, Kak a3pOOHBIX, TaK U CHIEIHAIBHO MTOATO-
TOBJICHHBIX OMOAKTHUBHBIX CyCITeH3W. Pa3paboTaH yHUBEpCaTbHBIN aTOPUTM U3MEPEHHSI OMOJIOTMYECKON aK-
THUBHOCTH C HCIOJb30BaHNeM PAM-—auarHocTiky, 3pGeKTUBHBIA A1 WISHTUQUKALNN aBTO(IyopecupyIo-
mx 6uoo0beKTOB. [IprMeHeHre pa3paOOTaHHON TEXHOJIOTHHM CYLIECTBEHHO PACILMPSET CIIEKTP TECTUPYEMBIX
MaTepUaJIOB.

KmioueBble ciioBa: QacaiHble U KPOBENBHBIE CTPOHMATEpHANIbI, SKCIPECC-TECTUPOBAHUE OHOCTOMKO-
CTH, KJIMMaTH4eCKasi IeCTPYKLHsA, MOACIMpYeMble Orosiornueckre Harpy3ki, PAM — mynbc-aMImiTyiHast Mo-
TyJISILHSL, CPEIHUI KBAaHTOBBIHM BbIX01 (uryopecueHunn xiaopopmnia, ETR — ckopocts TpaHcnopTa 31€KTpoHOB.

BBenenue. HapyxHble 3J€MEHTBI CTPOUTEIBHBIX COOpYX)eHui (dacampl,
0aJIKOHBI, HABECHI, IUNIOCKUE KPBIIIU U JIP. SJIEMEHTHI) YaIle BCETO IMOJBEPraroTCs
ounonopakerusiM (puc. 1). [IpudnHOit ToMy SBISIETCS, B IEPBYIO OUYEPElb, N3OIISIIHS
Hapy>KHOM yacTu (hacasia 37aHUi U KOHCTPYKUMI OT BHYTPEHHEH, T.€. OT HICTOYHUKOB
TEr1a, YTO 3aTPYAHSIET MPOIIECChl UcTiapeHus Biaru. Kpome toro, mmrenbHOe peObl-
BaHue Ha (hacajax JOXKIACBOM MM KOHJICHCUPOBAHHOM BOIBI MOXKET TaK)Ke OBITH 00Y-
CIIOBJICHO KOHCTPYKTHBHBIMH OCOOCHHOCTSIMH CTPOUTEIBHBIX OOBEKTOB. ITO MPUBO-
T K 00pa3oBaHMI0 OMOTUIEHOK B MECTaX CKOIUICHHUS BJIard M, B KOHEYHOM CUeTe, K
OWKOPPO3WH CTPOUTEITHLHBIX MaTepraiioB [1 — 4].

CoBpeMeHHbIE CIOCOOBI 3aIUTHI CTPOUTENBHBIX MAaTEPUAIOB OT MHUKPOOPTa-

HU3MOB (0akTepHii, BOAOpOCe, TPHOOB, JUIIAMHUKOB) CBSA3aHBI C IPUMEHEHUEM
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MOKPBITUH, COAEpKAIINX CHelUaibHble OMOLMIBI, KOTOPBIE MPEAOTBPAIIAIOT WIN
3aMeJUISIIOT POCT U Pa3BUTUE MUKPOOPTaHU3MOB. CyIlleCTBEHHBIMH HEJIOCTATKaMU
TaKUX TIOKPBITHH SBJISIOTCS BBICOKAs CTOMMOCTD, KPAaTKOCPOUYHOCTD d(DPEKTUBHO-

© JI.C. Ko, H.®@. Jlecusix, I'. Knunkenbepr, E.10. ®enopenko, 2014
r'0 BO3JICHCTBUS, a TAaK)KE OTPHUIIATEIILHOE BIUSHHAC HAa OKPYKAIOIIYIO CpeTy BCIIC-

CTBHE BBIMbIBaHUs OnonmaoB [1, 5].

a o

Puc. 1 — [Ipumeps! OuonoBpexaeHuil gacagoB KUIbIX 34aHUi: a — I. byxxonsn (4 roga
sKcITyaTtaum); 0 — r. Kune (7 ner skcrmyaTtarum).

B cBsi3u ¢ 3THM BecbMa aKTyallbHOM SIBJIAETCA 3a/1a4a CO3/IaHUS SKOJIOTHYHBIX
0€30MOIMIHBIX MAaTepUaIOB U KOMIO3UIIMNA, 00€CTIEUNBAIOIINX JOJITOBPEMEHHYIO
3aIATY HAPYXXHBIX CTPOUTEIBHBIX JJIEMEHTOB OT Ouomopaxkenwuit. [lpu sTom
OIICHKA U MPOTHO3UPOBAHNUE OMOJOTHYECKON CTOMKOCTH HOBBIX MAaTE€pPUAJIOB MpPe-
CTaBJIsIET COOOM OJIMH U3 BAXKHEHININX aCTIEKTOB.

OcHoBHasi 4acTb. B Hacrosiiee BpeMs Il JUArHOCTUKH OHOCTOMKOCTH

CTPOUTEIBHBIX MaTEPHAIIOB HCITONB3YIOT JOJATOCPOYHOE TECTHUPOBAHWE Ha TaK
CHenuaibHBIX CTeHAaX (puc. 2).
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Puc. 2. — IlpoBepka OMOYCTOHYNBOCTH 00pa3LI0B MaTEPHAIOB HA ITOJICBOM CTEH/IE
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[Ipu aTOM TecTupyembie 0Opa3libl MAaTEpUaIOB MOABEPralOTCs €CTECTBEHHBIM
KIMMATHYECKUM M OMOJOTHYECKUM Harpys3kam, a BPeMsl SKCIIO3HMIIMUA COCTaBIISIET
OT HECKOJIbKUX MECSIIEB /10 HECKOJBKHX JIET. 3a4acTylo, U3-3a BBICOKOW IPOJI0JI-
KUTEIbHOCTH HWCIBITAHUHN, HCCIEAYEeMbI€ MPOIYKThl yTPAUMBAIOT aKTyaJbHOCTbH
JUIsl IpUMeHeHusl. B mosydeHun pe3ysibTaToB YCKOPEHHOTO TECTUPOBAHHS OHO-
CTOMKOCTH 3aMHTEPECOBaHbI, B MEPBYIO OUYEpEb, MPOU3BOAUTEIHN (PAcagHBIX H
KPOBEJIBHBIX MAaTEPUANIOB, a TAKXKE BIAJCNbIbl M TOJIH30BATEIU CTPOUTEIBHBIX
O00BEKTOB, MOCKOJIbKY OMo3arps3HeHus acanoB 31aHUN TPUBOJAT K CYIIECTBEH-
HBIM SKOHOMHMYECKHUM MOTEPSIM, CBSI3aHHBIM C CAHUPOBAaHUEM 3aHUI.

Llenpro HACTOSIMX MCCIEAOBAHUN SBISIETCS pa3paboTKa YCKOPEHHOTO METO-
Jla WCIBITaHUM, MO3BOJISIONIETO B KpaTdaiilliee BpeMsl MPOBOJUTH OLEHKY Ouo-
YCTOWYMBOCTH CTPOUTEIBHBIX MaTEPHAJIOB, a TAKXKE OCYIIECTBIATH €€ MPOrHO3U-
pOBaHME IPU HKCIUTyaTallMM B KOHKPETHBIX KIMMATHUYECKUX YCIOBUSX. B pe3yib-
TaTe MPOBEACHHBIX MCCIEAOBAHUN IO OMPEACICHUI0 OCHOBHBIX (PaKTOPOB KIMMa-
TUYECKOM M OMOJIOTMYECKON NEeCTPYKLHUU MAaTEepHaIOB, MOJAEIUPOBAHUIO TpOLEC-
COB HX pa3pylIeHHs B Ta0OPAaTOPHBIX YCIOBUSIX, YCTAHOBICHUIO KPUTEPUEB, OTIpe-
AENAIOMUX KIMMAaTHUYECKYI0 U OMOJIOTUYECKYI0 CTOMKOCTh MaTepualioB M paspa-
00TKE MPOTHO3HOW METOIUKU OLIEHKH MX OMOCTOWKOCTH MPEAioKeHa TeXHOIOTHS
(bOpCUPOBAaHHBIX KIMMATHUYECKUX U OMOJIOTMYECKUX HUCIIBITAHUN B J1a0OpPaTOPHBIX
YCTaHOBKAax, MO3BOJISIIOIIAA COKPATUTh BpeMsi TectupoBanus B 7 — 10 pas [6]. B
KauecTBE aJIbTEPHATUBBI €CTECTBEHHOMY OMOJIOIMUECKOMY 3apakKeHHUIO B MPUPO/I-
HBIX YCJIOBHSIX TMPENJIOKEHBI MCKYCCTBEHHOE a’poOHOE 3apakeHue (BO3AYIIHBIM
NyTeM) WIH 3apakeHHe B PacTBOpe OHMOJOTMYECKH aKTUBHOW cycreH3uu. llpu
ATOM BBIOOp YCIOBHI 3apa’k€HUs OMpeessieTcsl B 3aBUCUMOCTH OT BU/IA TECTUPY-
E€MBIX MaTepUaJioB U YCIOBUU HX CIyKObl. OOpa3iel (hacagHbIX MaTEpHUAJIOB,
HAIpUMep, HarpyXaJluch a’poOHO (HaJ MUTATEIBHBIM PACTBOPOM, COJEPKAIUM
HITAMMbI BOAOPOCTEi), YTO MCKIIOET MPSIMON KOHTAKT, UMUTHPYSI €CTECTBECHHbBIC
ycioBus 3apaxenust pacaaon (puc. 3a). O6pasibl MOKPHITUN IJI KPOBEJIbHBIX Ma-
TEPHUAJIOB MOMEIAJINCh HENOCPEACTBEHHO B BOJHYIO CYCIIEH3UIO BOJIOPOCIIEH, YTO
COOTBETCTBYET €CTECTBEHHBIM OMOHArpy3KaM Ha MJIOCKUX Kpbilax (puc. 30).

B kaudecTBe ucTOUHMKa OMO3apakeHUsI B COOTBETCTBUU C TPEOOBAHUSMU €BPO-
MENCKOro cTaHaapTa [7] ucrnonb3oBajiachk B 000UX ClIydasx BOJAOPOCIeBas KyJIbTypa
Chlorella vulgaris u3 xomnekun ['érruareHcKoro yHmBepcutera (Sammlung von
Algenkulturen bei der Georg-August-Universitit Géttingen). Taxoir BbIOOp 00Y-
CIIOBJICH HIMPOKOW PACIPOCTPaHEHHOCTHIO JAHHOM BOJOPOCIEBOM KYJIBTYpPhl BO
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BCEX KJIIMMAaTUYECKUX PErMOHAX, HEMPUXOTIMBOCTBIO U CIIOCOOHOCTHIO BBIKUBATH B
HEOJIaroNnpUsTHBIX YCIOBUSX, a TAKKE YETKO BBIPAKEHHOMN 3E€JIEHON OKPAaCKOM, Jier-
Ko mopnaromeicss peructpaiuu. [lo nanaeiM @Ppayenxodep-unctutyra [8] 3Ta
KyJbTypa Yallle BCero oOHapykuBaeTcs Ha ¢acajax 3JaHUM MpPU E€CTECTBEHHOM
OounozapaxkeHuu. SIpko 3eieHblid IBET BOAOPOCIEH, 0OYCIOBICHHBIN HATUYUEM B
KJIETKaxX XJOpo(uiia, MO3BOJSET UCHOIB30BaTh IS HACHTU(UKALUU Ouoropa-
xenus meton PAM-nuarnoctuxu (Pulse Amplitude Modulation), B ocHOBe kOTO-
poro aexxut ¢peHoMeH (HIyopecieHITny XJI0popuilia Mpy MonagaHuu Ha HETO yiib-
TpaguoaeTOBOro M3iyueHus. [IpumeHeHHe NaHHOrO METoJa C HCIOJIb30BAHHEM
npubopa IMIGING-PAM (dpupma Walz, I'epmanust) no3Bosmia GUKCUPOBATH MPHU-
CYTCTBUE Ha MOBEPXHOCTHU KOJOHUHN BOJIOPOCIIEH, a TAK)KE OCYIIECTBIATh HAOJIIO-
JICHHE 3a IUHAMUKOW MX pa3BuThsA. KolndecTBeHHass OIIEHKa CTENEHH OHoIopa-
KEHHsI MaTepuaia NpOU3BOAUIIACH TyTEM U3MEPEHUSI CPEHETO KBAHTOBOT'O BBIXO-
na dayopecreniuu xiopodmnia (Df), BeIMIrnHA KOTOPOTO MPOIIOPIHMOHATIEHA KO-
JUYECTBY OMoMacchl Ha mpobe [6].

Tectupyemere
obpasiH

ITutatensHHE pacTEOp

a

Pucynox 3 — buozapakenne npo0 B 1a00paTOPHBIX YCIOBUAX: a — adpOOHOE (TI0 BO3IYXY) —
00pasIpl MOBEIICHBI HAJT CYCIIEH3HEH BOIOPOCIICi; 6 — B BOAHOM cycrieH3un Bogopocieit Chlorella
vulgaris [6].

[IpeumytiecTBamMu MPEAJIOKEHHOTO METO/IA SIBIISIETCS BO3MOKHOCTH OBICTPO-
ro TIOJIYYCHHS pe3yibTaTOB, WCIIONB30BaHUE TIPOO0 HEOONBIIMX pa3MEpPOB
(50 x 50 mM), a TakxKe BBICOKasi BOCIPOU3BOAMMOCTh. HegocTtaTkoM meTona siBIis-
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€TCSl HEBO3MOXKHOCTh €ro NMpUMEHEHMs i aBToduyopucuupyrommx (Qayopec-
LHUPYIOIIHNX B HOPMAJIBHOM COCTOSIHMM o1 AeiicTBueM Y ®) matepuanon. K aBro-
(bayopecupyromuM MaTepruaiaM OTHOCSTCS, Hampumep, mudepHas Kpourka Jis
OUTYMHBIX TOKPBITHI KPBIII, HEKOTOPHIE MOJUMEPHI B COCTaBaX JIAKOKPACOYHBIX
MOKPBITUN U IITYKaTYpOK | T. 1. bazoBbie 3HaueHust O A1 TaKUX MOBEPXHOCTEN
B HEHarpy»X€HHOM COCOTOSIHUM 3HAYUTEJBHO MPEBBIIIAIOT Ty BEIUYMHY UCKOMOU
pPa3HUIIBI, KOTOPasi MOKET ObITh 3apErUCTPUPOBaHa BO B pe3ylibTare OUOIOrHye-
CKHX Harpy3oK, 4TO CyIIECTBEHHO CHIKAET JOCTOBEPHOCTh UACHTH(PHUKAIIUU OHO-
nopaxxeHuid. PemieHue maHHOW mpoOseMbl HalWIEHO B MCHOJIB30BAHUM JIOTIOJHH-
TeIbHON (pyHKIMI (DiryopomMeTpa, MO3BOJIAIONIETO U3MEPATh (IIYOPECLEHINI0 Ha
MUHUMaJIbHOM U MaKCHUMaJIbHOM YpPOBHSIX CBETOBOM paJMallud C ILejblo Oonee
MOJTHOM XapaKTEPUCTUKH (POTOCUHTETUUECKON CUCTEMBI.

B kauecTBe Takol XapaKTepUCTUUECKON BEIUYMHBI UCCIEAYEMBbIX (POTOCHHTE-
TUYECKUX CHUCTEM BbIOpaH HanOoJiee MHPOPMATUBHBIM U MHTETPUPYIOLIUI MOKa3a-
TEJIb CKOPOCTH TpaHcnopra 3MeKTpoHoB (ETR). M3mepenus kpusbix ETR mpoBou-
JIMCh HAa TIOBEPXHOCTU MPOO IMOCIe 3KCIMO3MIKU B cycnier3nn KynbTypsl Chlorella
vulgaris B Teuenue 7, 10 u 18 cyTOK, BBICYIIIEHHO!N BIIOCIICJCTBUU B TCUCHHE CYTOK
Y BHOBB MTOMENICHHOM B OMOJIOTMYECKU aKTUBHBIN pacTBOp Ha 7 cyTok. llepen kax-
JBIM 3aMepOM MPOOBI MOJIBEPTaINUCh MPEABAPUTEIBHON aJanTalud B TEMHOTE NIpU
KOMHATHOM Temneparype B TeueHue 15 MuH.

[Tpumep pesynsratoB PAM-auarnoctuku u ETR-3amepoB mpescraBieHbl Ha
puc. 4 u 5.

JUJ1sl KOJIMYECTBEHHOTO OIpEeNEeHUs XJI0popuiLIa, MPSIMO MPONOPLUUOHATBHO-
ro KOJMYECTBY HaXOJAIIEHCS HA TTOBEPXHOCTH MPOObI OMOMACCHI, HEOOXOUMBIM U
JOCTaTOYHBIM SIBJISIETCSI OIpEJIeNIEHuEe CPEAHEr0 KBAaHTOBOTO BbIXOAA (piyopecueH-
uuu xjaopoduwia (Og) mo pesynbraraM CbEMOK, MPEACTABICHHBIX B JIEBOM YacTu
puc. 4. JIns XapakTepUCTUKU CTAOUILHOCTH OMOJIOrMYECKON aKTUBHOCTH MPUCYT-
CTBYIOIIETO XJIOpo(usUIa MpU MEPEMEHHBIX OMOHArpy3Kax MPOU3BOAMIN ChEMKHU
ETR-napamerpos.

JIJist XapakTEepUCTUKU CTETIEHH BOCCTAHABIMBAEMOCTH BBEJEHA HOBAs BEJHU-
yuHa AR, onpenensiemas o ¢opmysie (1), koTopas mpeacTaBisieT co00i MPOIEHT-
HOE COOTHOIIIEHHE MAaKCUMaJbHbIX 3HaueHuit ETR Bo Bpemsi OMoHarpy3ok 10 u
MIOCJIE CYLIKU:

ETR,

AR(%) = .100% (1)

28 max
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riae AR — crereHb BOcCTaHABIMBOEMOCTH OMOAKTUBHOCTH B %, ETRg max — Makcu-
MajibHask CKOPOCTh TPAHCIIOPTA AJIEKTPOHOB B TEUCHUE TEPBBIX 28 CYTOK 3apake-
Hust, ETR; — ckopocTh TpaHCTIOpTa AJIEKTPOHOB Yepe3 7 JHEH mocie CYIIKH.
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7 CYTOK NOBTOPHOIO 3apaXeHUs
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Puc. 4 — Pesynbrarsl: a — PAM-nuarnoctuku, 6 — ETR-uzmepennii npode M.
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Puc. 5 — Makcumansubie 3HaueHus: ETR Ha paznuasbix craausx 6noHarpys3ku oOpasia M

BoiBoabl: IlpennoskeHHass TEXHOJOTHS TMPOTHO3UPOBAHUS OMOCTONKOCTH
CTPOMTENBHBIX MATEPUAIOB OTIMYAETCA OT M3BECTHBIX [0, 9] MCHOIB30BaHHEM
KOMOMHHPOBAHHBIX CIMOCOOOB MCKYCCTBEHHOTO OMOJIOTMYECKOTO 3apa’KeHHUs HC-
MBITYEMbIX MaTE€pUaIOB M BBEJCHHEM HOBOTO XapakTepucThuueckoro kpurepus AR
(koadduimenTa BOCCTAaHABIMBACMOCTH OHMOJIOTMYECKONH aKTHBHOCTH), KOTOPBIN
Hapsy ¢ paHee mpemsiokeHHbIMU mapameTpamMu (ARpy. 1 Kst), oTpaxkarommmu
CTaOMIIBHOCTBH CTPYKTYPBI IOBEPXHOCTHOTO €04 [6, 9], mpeHa3HaueH 1)1 OIEHKH
YCTOMYMBOCTU K OuomnopaxkeHuro. Od6a HOBOBBEAEHHUS MO3BOJSIOT CYIIECTBEHO
pacIIMPUTh CIEKTP TECTUPYEMBIX MaTepUaioB M HCKIIOYATh 3P(HeKT aBTOdIIyo-
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pPECUCHIINNA.
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3anponoHOBaHO HOBY TEXHOJIOTII0 MPUCKOPEHOrO TECTyBaHHA (hacalHUX 1 MOKpiBENbHUX Oyi-
BEJIBHUX MaTepialliB /Uil AiarHOCTUKM Ta MPOTHO3YBaHHS iX 0iojoriyHoi ctiiikocTi. HoBu3Ha po3pobok
MOJIATaE B 3aCTOCYBaHHI KOMOIHOBaHMX Oi0JIOTIYHMX HaBaHTAXKEHb, K aepOOHUX, TaK 1 CHEIalbHO M-
TOTOBJIEHUX O10aKTHUBHHUX CycrieH3iid. Po3po0iieHo yHiBepcalbHUI alrOpUTM BHMIpPIOBAHHS O010JIOTIYHOT
AKTUBHOCTI 3 BUKOpUCTaHHIM PAM-niarHocTrky, eekTuBHMi Ts i1eHTHdiKaLi 01000’ €KTiB, 1O 31aT-
Hi 10 aBTOQUIyOpecCIeHIii. 3acTOCYBaHHS PO3pPO0JICHOT TEXHOJIOTIT CYTTEBO PO3LIUPIOE CIIEKTP JTOCIITHIX
MaTepiaiB.

KuarouoBi cioBa: dacamni Ta mokpiBensHi OyaMaTepiaiy, eKCIpec-TeCTyBaHHS 010CTIHKOCTI, KiTi-
MaTHYHA JECTPYKIIisi, 010JIOTIYHI HaBAaHTAXKEHHS, 110 MOJCIIOIOThCS, PAM — my/bc-aMILTITYIHa MOIYJIsI-
1is, cepeIHii KBaHTOBUI BUXiJl Quryopectentii xinopodiny, ETP — mBuaKicTs TpaHCIIOPTY €IEKTPOHIB.
UDC 666.635 : 620.162 : 620.193.21

New test methods of building elements biostable / L.S. KOTS, N.F. LESNYCH,
G. KLINKENBERG, E.YU. FEDORENKO// Visnyk NTU «KhPI». — 2014. — Ne 52 (1094). — (Series:
Khimiya, khimichna tekhnolohiya ta ecolohiya). — P. 45 — 53. — Bibliogr.: 9. — ISSN 2079-0821.

The new technology of facade and roofing building materials accelerated testing to diagnose and
predict of their biological stability are proposed. The novelty lies in the development of combined appli-
cation of biological loads, both aerobic and specially trained bioactive suspensions. An universal algo-
rithm for measuring the biological activity using PAM-diagnosis, effective for identifying of the biologi-
cal objects, able to autofluorescence was developed. The application of developed technology significant-
ly expands the range of tested materials.

Keywords: facade and roofing construction materials, rapid testing of biological stability, climate
destruction, modeling biological loads, PAM — pulse amplitude modulation, the average quantum yield of
chlorophyll fluorescence, ETR — the rate of electron transport.
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