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oSuqnanbHoro orIrIoHeHTa

Ha Ar4cceprarlurc Mauurnsa feoprur Bareprenuva (IIOBbIIilEHI{E

3OOEKTI,IBHOCTI'I OEPAEOTKI{ OCEBO|O PEXyUE|O

T,IHCTPyMEHTA VI3 EbICTPOPEXyIULIX CTAnEfr METOAOM

OPE3OTOT{EHI4jb Ha cor4cKaHr4e yqeHofi creneHl4 KaHAIlAara rexHI,IqecKI4x

HayK no c[erlr4allbHocrl4 2.5.6 - Texsolo||vrfl MaIIrI4HocTpoeHI4t

AKTYAJIbHOCTb

Hau6olrurrafi a$Sexr or trHTeHcH$HKarIr4r4 npoueccoB pe3aHl4{ nonyr{arcT B

orpacn{x, fAe Ha BbIcoKOrrpoI43BoAr,{TenbHoM OoopyAoBaHvrvr, H3foraBnl4BarcTct

AeraJrlr v3 Tpy.4Hoo6pa6arbrBaeMbrx Marepu€uroB. K rpyAHoo6pa6arblBaeMblM

MaTepr4anaM B r4HcTpyMeHTaJrbHoM rlpoll3BoAcTBe oTHoctrc,'I 6rrcrpopexyune

cr€urr4. Jleesufi urrfi HncrpyMeHT r43 6blcrpope)Kyue ir crattu ceroAHq r{pe3Bblqafi Ho

Bocrpe6oBaH oreqecrBeHHofi [poM;rilueHHocrbro p.nfl pelxeHrrt lxl4poKoro

crreKTpa rexHoJrofr4r{ecKr4x 3aAaq, cBr3aHHbrx c HeooxoAl{MocTb}o o6pa6orrrz

AeraJrefi Marxr4HocrpoeHl,rt, r43roraBJII4BaeMbIX vr3 TlaTau.a, xaporrpotlHblx crIJIaBoB,

Hep)KaBerounx kr nefnpoBaHHbrx craneft. I\Is o6pa6orxu oceBofo pexyqero

r4HcrpyMeHTa, B qacrHocrrl $pes, pa3BeproK, 3eHKepoB, MerqI4KoB vr Ap.,

fipr4MeHqercfl MeroA KoHTypHofi o6pa6orxu. fiauuar^ rexHoJlorl4s Iro3BoJlter

BbrroJrHqrb o6pa6orxy noBepxHocrefi, o6pa:yrorqux KoHryp lreraJrv) 3a

HecKoJrbKo ycraHoBoK 3aroroBKr4. lIpH SToM Bo3Mo)I(HocrI4 coBpeMeHHoro



BbrcoKorrpor,r3BoAr4TeJrbHoro o6opylonaHkrfl. rro3BoJlflIor [pl4MeHqrb 6olee

npofpeccHBHble TexHoJIofI4I4 TaHreHrlr4a[bHofo, a TarcKe KoaKcl4ut[bHofo

$peeoro.reHnfl,. Vxa:aHHrre rexHoJrorr414 rto3Borqror coKparl4Tb Korl4r{ecrBo

[epeycTaHoBoB 3aroToBKV v eHI.d3r4Tb KOJrHrrecTBO r4CIIOJIb3yeMOfO B rIpOqeCCe

o6pa6orru r,rHcrpyMeHTa 3a crler KoHIIeHrpar\vru ouepaquE roqeHl4t u

Spe:eponaHnfl, Ha oAHoM pa6ouevr Mecre r4 HcrroJrb3yq ronbKo oALIH HHcrpyMeHT.

Vqurunas Bbrrrreu3JroxeHHoe, nu6panuaa cor4cKareJleM TeMa 4nccepra\vvr

6e:ycnonHo tBrqercq aKTytulrHofi .

AOCTOBEPHOCTb rI OEOCHOBAHHOCTb HAyr{HbrX

II oJr o]K F,HIVrn, BbIB OAOB I{ P EKOME HAAIIT4fr

O6ocnosaHHocrb rrpeAcraBJreHHbrx HayqHbIX uoroxeuufi, BbIBoAoB 14

peKoMeHAauuit o6ycloeleua $ra:r,rvecxofi w MareMaru.Iecrofi KoppeKrHocrblo

rrocTaHoBKr4 3aAaq H MeToAOB r4X pelueHkrs.) r4cnoJIb3oBaHI4eM npl4 I4CCneAOBaHI4I,I

coBpeMeHHbIX MeTOAOB TeXHOJrOfktr4 MaTUI,IHOCTpOeHHfl, TeOpI4H pe3AHldfl,

aHalr4Tr4r{ecxoft reoMerpu}I, ruuefiuoff alre6prt, rvrHorosaKTopHofo

IInaHr,rpoB aHl4fl 3KcrlepI4MeHTa, BbIITI4CJII,ITeJIbHOH TeXHI,IKI4.

{ocronepuocrb pe3ynbraroe pa6oru rIoArBep)KAeHa:

- srrcoxofi cxoAr'rMocrbro [onyr{eHHbrx Hayr{HbIX pe3ynbraroB 14

3KCrrepkrMeHTaJrbHbIX AaHHbIX ;

- anpo6aqraefi upegJraraeMbrx MeroAHK B xoAe B xoAe o6pa6omu 3aroroBoK

ne 6ucrpopexyqr4x crarefi MapoK BOHLER 5390 MICROCLEAN, P6M5K5 u

P6M5K5-Mn Ha roKapHoM o6p66aruBaloqeM IIeHrpe c rprIBo.{HbIM

14HCrpyMeHTOM;

- noJroxureJrbHbrM orrbrroM BHeApeHrar paspa6oraHHblx MeroAuK v

peKoMeHA a\uit B rIpoMbIIxJIeHHbIX ycno BI4f, x.



3HAIIUMOCTb NNIHAYKIT U IIPAKTI,IKI{ ilOIYqBHHbTX

PE3YJIbTATOB

3ua.ruN{ocrr Aflq HayKr.r cocraBrqrcT cneAyloull4e HoBbIe pe3yJlbrarbl,

[onyr{eHHble B AI4ccepTaUHoHHofi pa6oTe, KoTopble 3aKJIroqaIoTc{ B:

- ycTaHoBJIeHLrr4 3M[HpI,rqeCXOpr 3aBI,ICHMOCTI,I UepOXOBaTOCTUI I4 TOTIHOCTI',I

Soprrau o6pa6orassofi [oBepxHocrr4 or pexI4MoB pe3aHr4s, nplr BrITIOJIHeHI4I4

onep arlr4l4 oprolo HaJIbH olo $p ee orou eHnfl, 6 rr crpope xyUe fi er uwr;

- orrpeAereHr1lvr BrrprflHnfl pexr4MoB pe3aHl.Ifl, Ha TeMIIepaTypy B 3oHe pe3aEvfl

[pu BbrrroJrHeHr,rr4 orrepaqun oproroH€LnbHoro Spe:oroueHvrs. 6ucrpopexyuefr

cr€ull4 14 nonyqeHvrvr aHalrl,ITrlr{ecKr4x Bblpaxueuit oflpeAeneHl4-fl MaKcI4MzLIIbHbIX

TeMneparypHblx nolefi TeJI, yqacrBylollll4x B pe3aHI4I4;

onpeAeneHr,rH o6lacrefi rp14MeHeHr,rfl orlepauul4 SpesoroueHI4q rIpLI

H3roroBJr eHkrLr oceBoro pex(yulero r4HcrpyMeHra u3 6rrcrpopexyuteil craJwt B

rrHcrpyMeHT€LIIbHOM IpOI43BOACTBe ;

- ycraHoBJreHI,IH TexHoJrorr4rrecKl4x napaMerpoB, rlo3Bor.flrorlHx o6ecnerrutr

saAaHHrrfi ypoBeHb ror{Hocru v rxepoxoBarocrl4 rIpH BbInoJIHeHI4I4 orlepaqlrH

oproroHanbHoro Spesoro'r eHvrfl 6rrcrpopexyrqefi crzllru.

3uaqunaocrb Arq rrpaKTrrKr{ cocraBJrflIor cneAyloull4e HoBbIe pe3ynbrarbl,

flonyqeHHble B Al4ccepraIluouuofi pa6ore:

1. YcraHoereHH 3aKoHoMepHocrr4 rlpoqeccoB oproroH€LnbHoro

Qpe:orou eHvrfl Ha onepaquqx, ilpeAcraBn{}otlll4x co6ofi rona6nnaquro

TexHoJrorr4rrecKr4x nepexoAoB o6pa6orxu oceBoro pelKylrrero I4HcrpyMeHTa,

rro3BoJrf, rorqne r4HTe ncusuqr,rpoBarb npoqeccbl MexaHl4qecrofi o6pa6 orru.

2. OnpegeJreHbr 3aKoHoMepHocrr4 peanr43arll{I4 npoqecca oproroHzlllbHoro

npu BbrtIoJIHeHI4I,I Onepaquff kI TeXHoJIOTHTIeCKI4X IIepeXOAoB

oceBofo pell(yqefo I4HcTpyMgHTa, IIO3BOntrcilIUe IIOBbICLITb

$peeoro.reHr4fl

IIpor.r3BoAcrBa

eSsexrunHocrb MexaHl4qecrofi o6pa6omu.

3. YcraHoueuo, qro rrpuMeHeHr4e oproroH€L[bHoro Spesoroue[I1'fl

rro3BoJrf,er o6ecuequTb 3aAaHHyro ror{Hocrb, 3aAaHHoe Kaqecmo o6pa6orannofi



noBepxHocrr4, cHLrxeHHe reMrrepaTypb; B 3oHe pe3aHl{{ vr cHI4)KeHI4e
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6rrcrpopexyruefi craJrr4, a yr{er Brrvrfllnnfl, crpyKryprt 6rtcrpopexyqefi, craswr s

3aBr4cr4Mocrpr or MeroAa ee [onyr{eHl4s Ha o6pa6aruBaeMocrb rlo3BoJlter

o6ecne.rurb MaKcI4M€LnbHyIo [poI4 3Bo.{HTeJIbHocrr o6pa6orxH.

4. Paspa6orantr rexHoJroruqecKr4e peKoMeHAa:llztlz [o eu6opy

o6opyaonaHnfl, pexyqero r'tHcrpyMeHTa, cpeAcrB I43MepeHI,I-s, pe)KI4MoB pe3aHnt

v crparerr{r4 o6pa6orrra rtpu oproroHanbHoM Spe:oro.reHr4vr 3aroroBoK kr3

6ucrpopexyuefi craJtn) o6ecne.rnBaroqr4e rpe6yervmre rloKa3areru ror{Hocrvr vr

KarrecrBa o6pa6orrlr 4erarefi B ycnoBr,rrx r4HcrpyMeHTaJrbHoro ilpol,I3BoAcrBa

COAEPX{AHI,IE PAEOTbI

[r,rcceprarlr4oHHa{ pa6ora Mauuruna f.B. BKrar{aer BBeAeHI4e, rlerblpe

rJraBbr, 3aKrroqeHue,lu6ltuorpa$rauecrcuit crrr4coK uz 123 Hal4MeHoBasuit 14 Irrecrb

rrpnnoxenuir., cogep)I(Hr 187 crpanvl.:,,T6 pI4cyHKoB u28 ra6twl.

Bo eseAeHuu npeAcraBJreHbr o6ocHoeaHr4e aKTy€uIbHocrI'I nu6pauHofi reuu

Ar4ccepraquu, c$opMynupoBaHa rlenb Lr AaHa o6lqa.r xapaKrep ucrvKa pa6orrr.

B nepnofi mase aleaJwr3 MeroAa o6pa6omra SpeoroqeHlleM. flpe4cranlen

rparrnfi o6sop acrreKToB [pr4MeHeHr4q rexHoJIorI4I4 Qpesorovenr4fl B

r4HcrpyMeHranbHoM rrpor43BoAcrBe. CSopvryru4poBaHbl qeJlb v 3an.a-tvr

14CCJIEAOBAHVTfl.

pa3paooTaHbr AI{HaMI,IqecKLIe V CTarI4qecKI4e

MareMarr{qecKr4e MoAenr4 oproroHanluoro QpeeoroveHl,It Anfl I,IccneAoBaHVfl,

BTIl,dflIjil4fl TCXHOJIO|I4I{ECKI4X PEXI4MOB PE3AH]|1lfl HA KAqECTBO ilOBCPXHOCTH. TATXE

pa:pa6oranu MoAenH cr4Jr pe3alnufl. Anfl I4ccneAoBaHnfl, o6pa6arrrBaeMocrl4

6rrcrpope)ryulr4x cralefi. Pesylrraru pacr{eroB Iro MoAersM no3BoJI{Ior

rrocrpolrrb Mr4KporeoMerpr4ro o6pa6orasuofi rloBepxHocru. IlapaMerpbl pe3aHvrfl

6tutu BbIrII4creHbI c I4cnoJIb3oBaHI4eM MeroAa MareMarl,IqecKofo MoAenI,IpoBaHvf c

nocne4yrorqefi oKcnepr4Mesralruofi nponepxofi aAeKBarHocrI4 paspa6oraHHblx

rrloAeneft. llpuueuureJrbHo K oproroHanbHoMy Qpe:oroveHI4ro rlpeAnoxeHbl



MareMarr{qecKr4e MoAenr4 rrrepoxoBarocr; IIoBepxHocrH, TeMneparypbl B 3oHe

pe3aHl4q v CI/.Irbr pe3aHnfl.

B rperrefi rnase npeAcraBJreHa MeroALIKa npoBeAeHl4f, 3KcrIepLIMeHTalbHbIX

r4ccneAoBasuit Anfl [poBepKH aAeKBarHocrH paspa6oraHHblx MareMarl'IqecKl4x

uoAelefi. BrrnolHena noAroroBKa K npoBeAeHLIlo KoMrIJIeKca

3Kcrrepr4MeHT€urbHbrx HccneAoBasui,t Ha o6paaqax v3 6ucrpopexyqux craleft

MapoK Bohler 5390, MICROCLEAN, P6M5K5-M|I, ilonyqeHHblx MeroAoM

uopouronofi Mer€urJryprr,rr4, a raruKe craJrvr MapKV P6M5K5, uolyueuuofi

o6rr.{HrrN4 MeroAoM. BrtnoJIHeH uo46op

H3MepLIreJIbHbIX npra6opoe Anfl rpoBeAeHl4q

14ccJre.rloBalg'uit.

o6opy4onanr.vrfl, ocHacrKl4 14

B qerneprofi uane ua 6ase paspa6orauHblx npLIMeHrrreJIbHo K rlpoqeccy

oproroHaJrbHofo Spe:oroueHlr'fl MareMarl4qecKl4x MoAeneH rlo MeroAI4Ke,

rrpeAcraBleHsofi B rpemefi rJraBe, rIpoBeAeHbI 3KcrIepI,IMeHTaJrbHbIe

r4ccneAoBaH]/lfl rro onpeAeJreHr4[o BrrvflHr4fl TexHOJIOfVqeCKHX peXI4MOB pe3aHHf, Ha

KaqecrBo o6pa6orauuofi rroBepxHocru. llpoBeAeHo rrccneAoBaHne Brr4flHl/.fl' cur

pe3aHr,rr na o6pa6arbrBaeMocru 6rrcrpopexyruux cr€ulefi, nolyveHHblx Mero,4oM

KraccvqecKoro rrzrrbfl 14 MeroAoM noporuxonofi Merannyprl4l{. Ha ocHoBe

rrpoBeAeHHbrx r4ccJre4onauufi paspa6oraHbl TexHoJloruqecKl4e peKoMeHAaIIHLt IIo

rrpvMeHeHnro onepaqrrr4 oproroHanbHoro $pesorouernfl, B I4HcrpyMeHTaJIbHoM

rrpoH3BoAcrBe.

Asrope0epar o6reruotu 1,0 n.l.- AocTaror{Ho rIoJIHo oTpaxaer coAepxaHHe

srrnorHeuHofi Auccepraqraouuofi pa6omt. llpe4cra3;leHHble B HeM 12

ny6lurauuft cozcr<areJrs B Aocraro.{Hofi Mepe oro6paxa}or coAep}I(aHl4e pa6orbl,

[purreM rpra ny6nvKar\vru BbrrroJrHeHbl B nepuoAur{ecKl4x kl:4aur4qx, BXoAflIIII4x B

neper{eHb BAK P@, oAua ny6nraraqvrfl, flBIrflerct pe3ynbraroM I,IHTeJIJIeKryalrHofr

AeflTeJrbHocrr4 v ABe ny6luxaqura ocytUecrBJleHbl B I4HocrpaHHbIX r43l.a}Jvrflx,

KOMTIJIeKCa 3KCrrepI4MeHTa-lIbHbIX

r4HAeKcI4pyeMbIX n 6a:ax ScoPus.



3AMEIIAHKTfl, II O AI4C C E PTAIII4I,I

1. He coBceM rroH{THa cxeMarn3arlr4r, npu rrocrpoeHl,Ilr 4uHaMr4qecrofi

MOAenr4 npr,rMeHr4TeJrbHo K orrpeAeneHr4ro rxepoxoBaTocTl,I rIoBepxHocTI4. B

KIaCCIII{eCKOM IIOHT4MaHT{u MOAenr,rpOBaHI,Ie IxepoxoBaTocTI4 noBepxHocTI4

Aon)KHo ocyqecrBJrflTbc{ Ha ocHoBe r,rccJleAoBa:a:zfl aBToKoJIeia:r'wit rro

uelnsefisofi nroAerr4 c BbrxoAoM Ha rrpeAenbHufi qurn. AvrnnuryAa role6auuitt sa

rrpeAenbHoM rlr4Kne corocTaBrrMa c ypoBHeM luepoxoBaTocTl4 IIoBepxHocTLI.

llepexo4 Ha cneAyroulrafi rrpeAenbHrrfi qrzrr [plrBoArIT K pe3KoMy troBbllrreHuro

aMrrnr4TyAu role6asui,t u norepe ycrofi.runocrl4 B TexHoJlorl4rrecKofi cucrevre. B

arofi cBfl3v Bo3Hr,rKaer Borrpoc, KaKLTM o6pa:orrr Mo)KHo sstirru Ha MoAenIlpoBaHHe

uepoxoBaTocTr4 rroBepxHocTr4, He [pr4BneKaq MoAenI,I paccMoTpeHHofo Turra.

louycrurr,r gMnupr4r{ecrufi rroAXoA, Ho rorAa He HaAo roBopl4Tb o AI4HaMH.Iecxofr

MoAenr4. Jluueapu3oBaHHbre MoAenr4 n grofi -taarv He paccMarpl4Balorct.

2. B asropeSepare Ha crp. 4, 6, 12, B Al4ccepra\vu Ha crp. 7, 10, 49, 6l

foBopr4Tcr o [puMeHeHur4 MeToAa v}|dvrTauxoHHofo MoAenl{poBaEr4fl K

r4ccneAoBaHnro ruepoxoBarocrr4 rroBepxHocrr4. C ro.Ixu 3peHzt repMuHonorr4kr

seo6xoAzMo pa3Aerqrb MareMarr4r{ecKoe 14 vMvrrarJuoHHoe MoAenl,IponaHue. IIpz

MaTeMaTtrqecKoM MoAenr4poBaHur4 peanr43yloTc{ Mo.{eJII4 rro cTporoMy

MareMarvr{ecKoMy aJrropr4TMy. LlwrulauvtoHHoe MoAenI{poBaHI,Ie peanl43yercfl B

peanbHoM pe)Kr4Me BpeMeHr,r. llpu 3ToM AonycKalorc{ ocraHoBKH, o)Kla!.aHvrr.

oqepeAl4 IIpu nepeceqeHr4r4 TexHoJIofLIrIecKktx, TpaHcnopTHbIX I4 JIOTI4CTI4qeCKI-IX

rroroKoB. VItvturaryuoHHoe MoAenvpoBaHr4e ocyqecrBJluerc{ na nnarQopMax rI4IIa

Anylogic u g.p.B Aannofi pa6ore BbrrorHqercfl MareMarur{ecKoe MoAenHpoBaHI4e

14 HaAO q eTKO np r4Aepxr4Barbc s, TepMl4Honof I4q e c KHX rlp aBlln.

3. B Ancceprarlulr [pe.qnoxeHa MareMarr4rrecKa.a MoAenb reMrleparypbl B

3oHe pe3aHr,rr. Teulo$r,rcI,IKa pe3anrts, rlocTpoeHHas Ha ocHoBe MeToAa

r4cToqHr4KoB, npeAycMaTpr4BaeT Tpr4 r4cTor{HI4Ka TerIJIa B 3OHe pe3aHI,It: [epBI4qHOe

crpyxKoo6pasoeaur4e rro rrvlnvrr e4Bvra, rpeHl4e Me)KAy nepe4nefi noBepxHocrbro

r4HcrpyMeHTa v crpyxrofr, TpeHr4e Me)KAy saAuefi rloBepxHocrblo IzHcrpyMeHTa u



o6pa6orauHofi noBepxHocrbro AeraJrr{. B erofi cBfl3r4 HeIIoHsrHo, o KaKo[ soHe

pe3anvrfl, uAer peqb n pa:pa6oraHuoft MoAenI4.

4. MoAenr uepoxoBarocrr4 rroBepxHocru nocrpoeHa rIpuMeHHTeJIbHo K

BbrcorHoMy napaMerpy Ra. Baxno r4Merb Iau$opvralll4ro He roJIbKo o Bblcore

Mr{Kporpo$utt, Ho vr o ero Qopnre. B erofi aBfl3v I4HTepec [peAcraBJI{Ior

napaMerpbr rplrnofi onopnofi IruHHr4 npo$unr Rk, Rpk, Rvk. Vqer AaHHrIX

rrapaMerpoB cyrqecrBeHHo o6oraulaer MoAenb I4 rIoBbIIIraer ee ran$oplaarl,IBHocrb.

5. @pe:oroueHl,Ie rlpuMeHterc.s, KaK IIpaBI,IJIo, Ha r{epHoBbIX Lr

ilonyr{r4croBbrx orepaqurx. iltrs orpeAeneHr4q rlpl4nycKa Ha IlocneAyroqyrc

$nuuurHyro o6pa6orxy Heo6xoAlrMo 3Harb Bbrcory ocraror{Hblx BblcryrloB nocJle

SpeeoroueHnfl.. K coxaleHrrro, s norHoft Mepe AaHHufr Bonpoc B Al4ccepra\uv He

14CCJICAOBAH.

3AKJIIOqEHI{E

Bucxasaunrre 3aMeqaHuq Hocrr yrorrHrlorqnfr xapaKTep v He cHIDKaror

Kar{ecrBa BbrrroirHeHuofi .{I4ccepraquossofi pa6orrr.

Anrope$ epur v ony6nnroBaHHbre pa6 oru orpa)Kalor ocHoBHoe co.{ep}K aHlze

Aurccepra\uu. Crilararo, r{To peqeH3r4pyeMa-s ALIccepraIII4oHHat pa6ora orBeqaer

rpe6onauraqN,r BAK Poccuu no aKTyanbHocrn, uayuHofr HoBpI3He I4 [paKTl,Iqecrot't

3HaqHMOCTH, rIpeAbtBJI{eMbIM K KaHAI4AaTC KrrM AI4 CCepraIII4tM.

Taxnv o6paaou, AtrccepraqHr Marnbrfr4Ha f eoprur B aleptenuqa flBlrfl.ercr

HayqHo-KnalnQurauHonuofi pa6orofii B r(oropoff co4epxvrcfl, pelxeHl4e 3al'a,ukr

uureHcv$vrKarlw uepuonofi vr [onyr{r4crosofi o6pa6orru oceBoro pexyqero

r4HcrpyMeHTa Ha ocHoBe rexHoJrorr,rra SpesororleHl'It, utueroulefr 3HarIeHI,Ie Arq

pasBrTvrfl coBpeMeHHoIo MaIUI,IHOCTpOeHI,Iq V ApyfI4X OTpaCneH

npoMbrruJreHHocrr4, rrro coorBercrByer rpe6onanurlt un. 9, 10 <llonoxeHu.fl o

ilpr4cyxAenurr4 yqeHbrx creneHefi>>, yrBep)IqeHHoro rIocraHoBJIeHI4eM

flpanurerbcrBa Poccuftcrofi @e4epaqrau JS 842 or 24.09.2013 r. (pe4. or

12.08.2016), npe4brBrqeMbrM K Ar4ccepraqrrrM Ha coI4cKaHVe yuenofi crerleHl4



KaHAuAara rexHr4qecKr4x HayK rro tt1au"-"Hocrl4 2.5.6 TexHonorug

Marrrr4HocrpoeHur, a ee aBTop, Mauurzn f.8., 3acJlyxl4Baer npucyxtAeHufl'

ncxorvrofi yueHofr ' creneHl4.
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