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OT3h1B 
oq:rn:u:11aJihHOfO 0TITI0HeHTa, npocpeccopa Kacpe,n:phl «TexHOJIOfl111 rrpo,n:yKT0B 

rr11TaH11» )KHB0THoro npo11cxo)K,n:eH1151» <DrEOY BO «Ky6aHCKHH rocy)lap

cTseHHhIH TexHoJiorHYeCKHH yH11Bepc11Ten> Kach»HoBa r eHHa)],H» HBaHOBv11rn tta 

)lHccepTau,110HHYJO pa6oTy ToKoBa AcKepa 3ayp6eKoBJ.-rt.Ja Ha TeMy «Tiosh1wett11e 

3Hepro3cpcpeKTHBHOCTH npou:ecca l13MeJihlfeHH51 M51CH0f0 Cbipb» )],JI51 KOJI6acttoro npo

I13B0)lCTBa B 113MeJihlfHTeJie C KpecToo6pa3HhIM HO)KOM», npe)],CTaBJieHHYJO Ha COHC

Kam1e y1-:1eHOH CTerreHH KaH)],11)],aTa TeXHHlfeCKHX HayK no crreu:11anhHOCTl1 05.18.12 -
«Tipou:ecCbI l1 annapaTbl TIHW:eBbIX npOH3B0)],CTB» 

AKTY3JlbHOCTb TeMbl HCCJle,noBaHHH. Nu!CHbie npo.ri:yKThl 51BlliIJOTC51 OCHOB

HhIM HCTOl.JHl1K0M 6eJIKa )1(11BOTHOro np0HCX0)1()],eHl151 )],JI51 pau:110Ha qeJIOBeKa. 

TipH np0113B0)lCTBe KOJI6ac 11 KOJI6aCHhIX H3)leJil1H W11pOKO np11MeH51lOTC51 one

pau:1111 pe3aHl151, KOTOphie cyw:ecTBeHHhlM o6pa30M BJil151JOT Ha BbIX0)l 11 KalfeCTBO ro

TOBOH npo.ri:yKI.J,HH. 

Onepau:1111 pe3aHl151 11 H3MeJibl.JeHl151 M»corrpo)lyKTOB 51BJI51JOTC51 BeChMa 3Hepro

eMKl1Ml1. B TeXHOJIOfl1l.JeCKl1X rrpou:eccax np0113B0)lCTBa KOJI6ac 11 KOJI6aCHhIX l13)le

JlHH 113MeJih"lJHTeJIH 51BJI51JOTC51 6a30BhIM TeXHOJIOr11qecKJ1M o6opy)loBaHl1eM. Harrp11-

Mep, B0Jll.JOK JR-300, npe,ll,Ha3Hat.JeHHhl:H )lJI51 cpe,n:Hero l1 MeJIK0fO H3MeJlht.JeHl151 M51C

Horo Chlph», 11MeeT 3JieKTp0)],Bl1raTeJih MOW:HOCThlO 55 KBT. 

Hcx0)],51 113 BhIWel13JIO)KeHHOro, aKTYaJibHOCTh 11CCJie)lOBaHH51 nyTeH TIOBblWe

HlUl 3Hepro3cpcpeKTl1BHOCTl1 npou:ecca H3MeJih"l!eHl151 M51CHOfO Chiph51 6e3 TIOTep11 Kaqe

CTBa rrpo)lyKU:1111 He Bhl3hIBaeT COMHeHH:H. 

CTenettb o60CHOB3HHOCTH ttay-JttblX DOJlO~ettuii, BblBOAOB " peKOMCH,na

u.uu, c<J>opMyJ1upoBaHHblX B ,nuccepTau.uu. TioJIO)KeHl151 , BhlB0)lhl 11 peKOMeH)laI.J,HH 

)ll1CCepTau:m1 OCHOBaHbl Ha o6w:enpHH51ThIX TeopeT11qeCKl1X 3aKOHOMepHOCT51X, omr

paIOTC51 Ha nony1-:1eHHhie COl1CKaTeJieM 3KCnepHMeHTaJihHhie )laHHhie H 51BJl51JOTC51 HX 

JIOfl1lfeCKHM CJie)lCTBHeM. 

TaKHM o6pa30M, HaY"LJHhie TIOJIO)Kemur, BhIBO)lhI 11 peKOMeH)],aum1 )lHCcepTau:11-

0HHOH pa6oThJ CJie)lyeT Cl.Jl.fTaTh o60CHOBaHHhIMl1. 

)]:ocTOBepHOCTb H HOBH3Ha HCCJle,UOB3HHSI, noJ1y--1eHHhlX pe3yJlbT3TOB, Bbl

BOAOB H peKOMett.nau.uu, c<J>opMyJ1upoBaHHblX B ,nuccepTau.uu. HcnOJih30BaHHbie 

C0l.fCKaTeJieM MeTO)ll1Kl1 3Kcrrep11MeHTaJihHhIX 11CCJie)lOBaHl1:H, MeTO)lhl 11 cpe)lCTBa 

rrpoBe)],eHl151 H3MepeHH:H, KOHTpOJI51 11 ynpaBJieHl151, a TaK)Ke )lOCTaT0lfHa» TIOBTOp51e

MOCTh l1 B0CIIpOH3BO)ll1MOCTh pe3yJihTaTOB l13MepeHHH He )],aJOT OCHOBaHl1:H. )lJI51 co

MHeHl151 B 11X )l0CT0BepHOCTl1. 

Orrpe)leJieHa 3aBHCI1MOCTh Hanp51)KeHH:H l1 rrepeMew:eHH:H KpecToo6pa3HOro HO

)Ka OT yrna 3aTOlfKH C Il0MOW:hlO KOMIIbJOTepHoro MO)leJIHpoBaHH51 ero Harrp»)KeHH0-

,[],ecpopMHpOBaHHOro COCT051HH51 Ha OCHOBe MeTO)la KOHelfHblX 3JieMeHTOB. 

Bhl51BJieHhl 0CHOBHhie KHHeTHl.JeCKHe 3aKOHOMepHOCTl1 rrpou:ecca H3MeJihl.JeHH51 

M51CH0ro Chlph51 C o6oCHOBaHHeM pau:110HaJihHhIX napaMeTpOB rrpou:ecca H3MeJlhl.Je

HH51. ABTOpOM Il0CTp0eHa HOBa» MaTeMaTHl.JeCKa51 MO)leJih, Il03BOJI51JOW:a5l OllTl1Ml13l1-

poBaTh TeXHI1K0-3KOH0MHl.JeCKJ1e Il0Ka3aTeJIH rrpou:ecca l13MeJihl.JeHH51 M51CH0f0 Chlpb51 

B l13MeJihlfHTene. 



3HaYJ1MOCTb ,n:JUI HayKH 11 npaKTHKH. nonyYeHHhIX aBTOpOM pe3yJibTaTOB. TipaK

TWieCKa5l ueHHOCTh pe3yJ1hTaTOB 11.ccne,n:0BaHJ1H no,n:TBep)K,n:eHa TeM, YTO Ha OCH0Be 

TeopeTHYeCKHX H 3KcnepHMeHTMhHhIX 11cc11e,n:0BaHHH, pe3yJihTaTOB MaTeMaTw-IeCK0-

ro MO,n:e1mpoBaHJ15l, a TaK)Ke aHaJJH3a KOHCTPYKUHll pe)Kyru:ero y311a 113MeJihYl1TeJiett 

pa3pa6oTaHhI KOHCTPYKU1111 KpecToo6pa3HhlX HO)Kett 11 nepcpop11poBaHHOH. peweTKl1 

113MeJ1hYl1TemI M.sICHOro Chlph5l, KOTOphie rI03BOJI5llOT yMeHhWH.Th 3Hepro3aTpaThI 

npou,ecca npe,n:sap11TeJ1hHOro 11 OKOWiaTeJlhH0ro H3MeJ1hYeHl151 He CHl1)Ka5l KaYeCTBO 

roToBott npo,n:yKu,1111.. 

Pa3pa6oTaHa yH11BepcanhHa.sI K0HCTPYKU.1151 H3MeJ1hY11Te1151 M.sICHoro Cbiph.sI 11. 

TeXH0J10rJ,fqecKa5I J111Hl151 ,n:Jrn np0113B0.ll:CTBa KOJI6ac nonyKontieHbIX C 11CII0Jlh30BaHl1-

eM 113MeJihYl1TeJ15I C KpecToo6pa3HhIM HO)KOM. TionyYeHHhie M.sICHOll cpapw 11 KOJ16aca 

«r O B51)Kh51)) II 0 q_) J1311KO-Xl1Ml1tiec-KH M, op raH 011 eIITHtiec KHM, M HKpofornn 0 r11q ec KHM 11 

TTOKa3aTeJ151M 6e3orraCHOCTl1 C00TBeTCTBYIO rrpe,n:'b51BJI51eMbIM TPe6oBaHJ.UIM, YT0 rI0.[1,

TBep)K.[J,eH0 aKTaMH 11CCJie.[l,OBaHl1H.. 

C yqacTl1eM aBT0pa npoBe)leHhI rrp011.3B0)lCTBeHHbie 11CTibITaHH.5l rrpe.n.naraeMOH. 

TeXHOJIOr1111 J13MeJ1bYeHI,UI M51CHoro Chlph5I Ha 000 «M5ICOKOMfornaT HanbYl1KCKJ1ll», 

KOTOpbie IT0Ka3aJJl1 uenecoo6pa3HOCTb 11 nepcneKTHBHOCTh ee 11CrIOJ1b30BaHJ151 B M51-

conepepa6aTbIBaIOru;ett np0MhIWJieHHOCTJ1. HcX0.[1,51 113 3Toro, CYHTaIO, YTO pa6oTa 

HeocnopHMO HMeeT rrpaKTl1YeCKYIO ueHHOCTh. 

o._emca COJJ.ep,K3HHSI paOOTbl, ee 3aBeprneHHOCTb. ,[1;11ccepTaUH5l BKJIIOtiaeT B 

CBOH COCTaB BBe.[l,eH11e, tieTbipe rnaBhI, BhIBO.[l,hl, CrIHCOK JIJ1TepaTypbI 11 npHJIO)KeHH51. 

Pa6oTa 113JIO)KeHa Ha 124 CTpaH11u,ax MaWHHOilHCHOro TeKCTa, CO.l1,ep)K11T 68 pttcyH

KOB 11 24 Ta6J111U,hl. CmiCOK Jll1TepaTypbI BKJIIOtiaeT 131 Ha11MeH0BaHI1H, B TOM YHCJle 

30 Ha HHOCTpaHHhIX 513hIKax. TipttJIO)KeHH.sI K ,n:11ccepTau,1111 rrpe.l1,CTaBJ1eHhl Ha 11 
cTpamu.1.ax. 

Bo BBe.[l,eHHH oxapaKTep113OBaHO COBpeMeHHOe COCTO51HJ1e OTet.ieCTBeHHOro 

rrp0113B0.[l,CTBa KOJI6ac 11. KOJI6aCHhIX 113.[l,eJIH.H, o6oCHOBaHa aKTyaJJbHOCTb TeMbI .[l,HC

cepTau110HHOH pa60TbI, Hay1-rna.sI HOBl13Ha I1 rrpaKTH.tieCKa5l 3HatIH.M0CTb BhIIIOJIHeH

HhIX HCCJie.[l,OBaHHH. 

B rrepBOH rnaBe rrp11Be.[l,eH J111TepaTypHhIH o63op C0BpeMeHHOro C0CT051HH.5I 

TeXHOJIOfl1ll KOJI6acHoro np0I13B0.[l,CTBa, COBpeMeHHhIX K0HCTPYKU.Hll I13MeJihLJ:H.TeJieH, 

TeXH0JIOfH.LJ:eCKHX JII1Hl1H no rrpOI13B0.[l,CTBY KOJI6ac 11 aHaJJH.3 MaTeMaTJ1l-IeCKI1X MO.[l,e

JieH npou,ecca H3MeJibLJ:eHH.5I M51CHOro Chlpb5l. 

Ha OCH0BaHJ111. npoBe)leHH0ro aHan113a o6ocHOBaH BbI6op o6oeKTa 11.CCJie)lOBa

HH.sI, ccpopMy1111.poBaHbl 11,eJib 11. 3a.[l,a1rn ,lJ,I1CCepTau110HHOH pa60ThI 11. orrpe.l1,eJieHhJ Me

TO.[l,hl 11.x pewemrn. 

Bo BTOpOH rnase npoBe.[l,eHO HCCJie.[l,OBaH11e HaIIp51)KeHHO-)leq>opMI1pOBaH-HOro 

COCT051HI151 KpecToo6pa3HOro H0)Ka. C u,eJihIO onpe.l1,eJJeHl151 BJIH..sIHH.sI yrna 3aT0YKJ1 Ha 

xapaKTep11.cT11.K11. HO)Ka, 6hrn rrpose.[l,eH aHan11.3 Harrp.sI)KeHHO-.l1,ecpopM11poBaHHoro co

CT051HH5l MeTanna Ha OCHOBe MeTo,n:a K0HetIHhIX 3JJeMeHTOB (MK3) C 11CilOJJh30BaHI1eM 

nporpaMMHoro rrpo,n:yKTa SolidWorks. 

B 3TOH )Ke rnase BbIIIOJIHeHa OIITI1MJ13all,11.5l rrpouecca 113MeJJbYeHJ15l M5lCHOro 

Cblph.si: B 113MeJibl.{J1TeJJe no TeXHHK0-3KOH0Ml1.tieCK0MY II0Ka3aTeJJIO. O6oCHOBaHa B03-

MO)KHOCTh 3KCTpeMMhHOro ynpasneHJ151 rrpO11.3BOJJ:H.TeJJbHOCThlO 113MeJiht.il1TeJJ.sI no 
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Ml1H11MaJlbHOH BenwrnHe y,D,eJlbHbIX :rnepro3aTpaT np11 orpaHWieHl151X Ha TeXHOJ1or11-

YeCKl1e rrapaMeTpbI. 

B TpeTbeH rnaBe rrp11Be,1J,eHbl 3KCrrep11MeHTaJibHbie I1CCJie,D,OB3HI151 33Bl1C11MOCTl1 

3HepronoTpe6nemrn rrpou,ecca I13MeJibY:emrn M51Ca OT KOHCTPYKTl1BHoro I1CllOJIHeHl151 

pe)l(yw:ero MexaHl13Ma. 

Orrpe,D,eneHbI pau,110HaJibHbie 3HaY:eHl151 0CHOBHbIX reoMeTp11YeCKl1X rrapaMeT

poB pe)l(yw:ero y3na H3MeJibY:I1TeJI51 M51CH0ro Cblpb51. 

Orrpe,D,eJleHbl opraHOJ1errT11Y:eCKHe H q>l13l1KO-XHMI1YeCKI1e llOKa3aTeJil1 KaYeCTBa 

M51CHoro cpapwa, rronyy:eHH0ro B 113MeJibYl1TeJie C KpecToo6pa3HbIM HO)l(OM 11 KOJI6a

Cbl rronyKOTIY:eHOH. 

B YeTBepToii rnase np11Be,1J,eHo on11caH11e pa3pa6oTaHHOH KOHCTpyKu,1111 pe)Ky

w:ero y3na H3MeJlbY11TeJI51 I1 TeXH0JI0rHYeCKOH JlHHI1H ,llJI51 npOI13B0,ll,CTBa KOJ16ac rro

JIYK0Til.feHbIX C 11Cll0Jlb30BaHl1eM pa3pa6oTaHHOro 113MeJibY:I1TeJI51. 

BbIBO,[{bl B ITOJlHOM o6beMe 0Tp3)1(3JOT OCH0BHbie pe3yJihT3Tbl ,llHCCepTal.J,l10H

HOH pa6oThI. 

ABTOpecpepaT ll0JIHOCTbJO OTpa)KaeT C0,D,ep)KaH11e ,[I,HCCepTau,1111 l1 ocpopMJieH B 

cooTBeTCTBl1l1 c Tpe6oaaHl151Ml1 BAK. 

Ilo TeMe ,1J,11ccepTau,1111 ony6Jil1KOBaHO 17 pa6oT, B TOM Yl1CJie 5 CTaTett B )Kyp

Hanax, peKoMeH,D,0BaHHhIX BAK P<l>, 5 cTaTeii B )KypHanax, I1H,1J,eKc11pyeMbIX s 

Scopus, 3 cTaTbM B npo1.-111x H3,1J,aH1151x 11 4 rraTeHTa P<l> Ha r10ne3Hbie Mo.r:i:en11. 

flpe.r:i:cTaBJieHHa51 ,[I,l1CcepTal.J,l151 Bblll0JIHeHa B llOJIHOM o6beMe 11 MO)KeT CYl1-

TaTbC51 3asepweHHbIM HayYHbIM Tpy.r:i:oM. 

BonpOCbl H 33MeqaHHH no ~nccepT3U.HH H 3BTOpe<J>epary: 
1. flo TeMe .r:i:11ccepTau,110HHOH pa60TbI f10,D,po6Ho pacCMOTpeHbI pa60TbI OTeY:e

CTBeHHbIX y1.-1eHbIX, a 3apy6e)l(HbIX - TOJibKO B B11,D,e o6o6w:eHHbIX cppa3 11 Cill1CKa 113 20 

l1CT0YHl1K0B J111TepaTypb!. He llOMewano 6hI 6onee rny6oKO pacKpbITb o6ru;HOCTb 11 

pa3Jil11.f1151 B Hanpasnemrnx I1 pe3yJibTaTax pa60Tbl B ,uaHHOH o6naCTl1 11CCJie,D,OBaHl1H. 

2. I..:(eJibJO .r:i:11ccepTaU,HOHHOH pa60Tbl 51BJI51eTC51 II0BbillleH11e 3Hepro3cpq:>eKTl1B

HOCTl1 npou,ecca H3MeJibl.feHl151 M51CH0ro Cblpb51, Il03T0MY 3HaYHTeJibH0e BHl1M3Hl1e B 

pa6oTe 0TBe,D,eHo KaY:eCTBY npo.r:i:yKu,1111. O,D,HaKo rrp11Be,1J,eHHb1e CChIJIKl1 Ha fOCTbI 

0TH0C51TC51 T0JlbK0 K caMOH rrpo,uyKUJHI., npou,eccaM I13MepeHl1H 11 o6opy ,[{OBaHHJO, xo

T51 B o6naCTl1 3Hepro3cpcpeKTl1BHOCTl1 ,D,eHCTByeT u,eJiblH p51,D, CTaH.r:i:apTOB, orrpe,D,eJI51-

JOW:11H TepM11Hbl, C0CTaB TTOKa3aTenei1 H MeT0,[{bl IlO,[{TBep)l(,[{eH1151 COOTBeTCTBl151 -

fOCT 31532-2012, fOCT 31607-2012, fOCT 31531-201211.r:i:pyn:1e, He 11cnonh30-

BaHHbie aBTOpOM. B CB513l1 C 3Tl1M ou,eHKY 3Hepro3cpcpeKTl1BHOCTl1 OT BHe,D,peHl151 

npe,UJIO)KeHHbIX KOHCTPYKU,HM pe)Kyw:ero Y3Jia B rrpou,eHTH0M C00TH0WeHl1l1 HeJib351 

np113HaTb ITOJIHOH. 

3. Ilp11 onpe,D,eneH1111 3as:11cI1M0CT11 Harrp51)KeHHH 11 rrepeMeru:eH11tt OT yrna 3a

TOYK11 C ll0M0W:bJO KOMIIbJOTepHoro M0,[{en11poBaHI151 Harrp51)KeHHO-,D,ecpopMI1p0-

BaHHOro cocT051HH51 HO)Ka B rrporpaMMe SolidWorks B pa3,D,ene 2.3 He yKa3aHbI ycno

B1151 3a,D,aHl151 Cl1Jl pe3aHH51, CB5133HHhie C Kl1HeMaTl1KOH Bpaw:aTeJibHOro ,[I,Bl1)KeHl151 HO

)l(a. 

4. B TeKCTe ,1J,11ccepTaU,Hl1 l1MeJOTC51: rrpe,D,TIOJ10)1(J1TeJibHbie BbICKa3bIBaHH51 -

(.r:i:HccepTau,1151 c.98) «ECJil1 YMH0)1(11Tb K0J111YeCTBO C3K0H0MJleHHOH 3Hepr1111 Ha K0JIH-
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qecTBO pa6oq11x OTBepCTl1H perneTKl1, TO 06rn.a51 3Hepro3cp<peKTl1BHOCTb rrpou.ecca l13-

MeJibqeHl151 3Haq11TeJibHO I10Bbil11aeTC51», 11 CJI11l1IKOM 06rn.11e BblCKa3bIBaHl151 ( C. 108) 
«3aKOH CI1Hepr1111 rrrac11T, qTo cyMMa CBOHCTB Cl1CTeMbl He paBHa cyMMe CBOHCTB ee 

KOMilOHeHTOB. Pa3HOCTb Me)K,[l,y cyMMOH CBOHCTB Cl1CTeMbl 11 cyMMOtt CBOHCTB ee 

KOMITOHeHTOB 11 eCTb Cl1HepreT11qecKI1H 3<p<peKT». Cq11TaIO, qTo 6e3 ,[l,aHHbIX BbICKa-

3bIBaHHH B pa6oTe M0)KH0 6bIJIO o60HTI1Cb. 

5. CTpyKTypa 11 ocpopMJieH11e aBTOpecpepaTa 11 ,[l,l1CCepTau,1,m 11MeIOT 0TKJIOHe

HI151 oT Tpe60Batt11i1 rOCT P 7.0.11-2011. ,[1,11ccepTau,1rn H aBTopecpepaT ,[l,HccepTa1.um. 

ITp11Be,neHHbie 3aMeYamrn He CHH)KaJOT I10Jl0)Kl1TeJibHOH ou,eHKH ,n11ccepTau,11-

0HHOH pa60TbI, BbIITOJIHeHHOH Ha ,n:0CTaToqHo BbIC0K0M HayYH0M yp0BHe. 

3aKJI101-1euue 
,[1,11ccepTaU,HOHHa51 pa6oTa A.3. ToKOBa 51BJI51eTC51 caM0CT051TeJibH0 BbIITOJIHeH

HOH HayYHO-KBan11cp11u.11poBaHHOH pa60TOH, B KOTOpOH H3JIO)KeHbl HayqHo o60CHO

BaHHbie TeXHJ1qecKHe H TeXH0JI0rl14eCKl1e perneHH51 11 pa3pa60TKl1, l1Me10rn.11e cyrn.e

CTBeHH0e 3HaqeHHe ,[l,JI51 rrm.1.i:eBOH rrpOMbll1IJieHH0CTl1 l1 C0OTBeTCTByeT «ITOJIO)KeHH51 

o rrop51,[!,Ke rrp11cy)K_n:ett1151 yqeHbIX CTerreHei1», Tpe6oBaHIDIM BAK M11H11cTepcTBa 

HayK11 11 BbICWero o6pa30BaHl151 Pocc11ttCKOtt <l>e,[1,epau.1111, rrpe,[!,b51BJrneMbIM K KaH,[l,11-

,[l,aTCKl1M ,[l,11CCepTaUH51M. 

ITepe411CJieHHbie acrreKTbl ,[l,l1CcepTau,1111 I103B0Jl51IOT C,[l,eJiaTb 3aKJIIOY:eHHe 0 3a

K0HY:eHH0CTl1 11 BbIC0K0M ypoBHe BbIITOJIHeHHOH pa60Tbl, a ee aBT0p ToKOB 

AcKep 3ayp6eKOBl1Y: 3acJiy)K11BaeT ITp11cy)K_n:eHl151 yYeHOtt CTeITeHl1 KaH,n:11,n:aTa TeXHl1-

4eCKl1X HayK ITO CITeU,l1aJibHOCTl1 05.18.12 - «ITpouecCbl 11 aITITapaTbl ITl1ll.I,eBbIX ITp0-

113B0,[l,CTB». 

O<t>uu:uaJihHblH onnoueuT, 
3acny)KeHHbIH ,ne51Tenb HayK11 P<I>, 3acny)KeHHbIH 

11306peTaTeJib P<I>, ,[l,0KT0p TexH11qecKl1X HayK 

ITO CITeU.HaJibH0CTH 05.18.01 - «TexHononrn 

o6pa60TK11, xpaHeHH51 11 ITepepa60TKI1 3JiaKOBbIX, 

6o6oBbIX KYJihTYP, Kpyrr51HbIX rrpo,n:yKTOB, 

IlJIO)].OOBOll.I,HOH rrpO,[!,YKU1111 11 B11HOrpa,[!,apcTBa», 

ITpocpeccop Ka<pe,[!,pbI TexHonorm1 rrpo,[!,yKT0B 

ITl1TaHl151 )KJ1BOTHOro rrpO11CXO)K,[l,eHl151 
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