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O AIUI,IAJIbHOIO OITIOHEHTA

AoKTopa rexHurlecKI4x HayK, upoQeccopa Czuononofi Jlapzcu AnarolreBHbr,
3aBeAyrcIqefi rcaQe4pofi anrouaru3arJvrkrLr yrrpaBneHn , Ha6epexHoqeJrHLrHcKoro

r.rHcrlrryr a (Qutmatra) S eaepanbHoro ro cyAap crBeHHof o aBroHoMHof o
o 6pasorareJrbHoro yqpex(AeHLrfl Bbrc[rero o 6pa: o Banvrfl. <<Kas ancrcnfi

[oAAepxlrBarcT 3HaqeHklrr

(flpr.rnolxcrr,rfi) Qe4epanruufi ynznepcLrrer)>, Ha AlTcceprarlLroHHyro pa6ory
Kprorona Bra4uvtrpa B rarcropoBlrrra <Anrouarlr3r{p oBaHHaf, cu creMa

yrlpaBneHus y3naMl4 peAyllupoBaHlr.rr fa3a Mafr.rcTp€rJrbHbrx rasorrpoBoAoB c
rIpLIMeHeHneM arlnapara Heqerxofi rorzKrD), rrpeAcraBJreHHyro Ha concKaHLre

yreuofi crerleHv KaHALIAaTa rexHllqecKr4x HayK rro clequzrrrbHocrr4
2.3 .3 . Asrol,Iar vr3ar\vl u yrrp aBneHI{ e rexHoJrorlrqecKLr Mll npoqe c c aMr4 Lr

lpoLr3BoAcrBaMH (rexnuuecKLre nayru).

I Arcrya.rrbHocrb reMbr

,.{ncceprallLloHHat pa6ora Kprorona Bra4zvrzpa BurropoBr4qa rrocBrrrleHa
peIxeHLIIo Qyn4auenranrnofi nayunofi sa1a'rtLr, Koropa.rr locBflrrleHa rroBbrrrreHuro

creIIeHI{ 6esouacHocrl{ Lr cHLIxeHr'rro rrorepb r€Ba Ha lznefiHofi qaaru
MarucrpzrnbHofo fa3orlpoBoAa BbrcoKofo AaBneHLrr 3a crrer coBeprxeHcrBoBaHnfl,

cllcreMbl yrIpaBneHLIrI peAyIIVpOBaHLreM C LrCrrOJrb3OBaHLreM Annapura ne.rerrofi
JIO|I4KLI.

AeroNaarlr3r4poBaHHbre cr4creMbr ynpaBneHlrt

TeoperlrrrecK?rx uoloxeuzft, 6olee roqHo

Ha ocHoBe piBpaooTaHHbx

TexHoJIorLIqecKIrx [apaMerpoB Lr rroBbrruaror e$Qexu{BHocrb SynrcqnoHvrpoBaHur
TexHoJIorLIqecKI4x rlpoqeccoB. B paMKax uccneAoBaHnfl BbruoJrHeH cucrevlrurfi
aHalrvr3 p€BILITIHrIX LIcrorrHLTKoB znQopnaaqzz, paspa6oran nosHfi rroAXoA K
yupaBneHl4rc y3naMLT peAyllnpoBar'r4s. ra3a ocHoBaHHoM na rn6puAHoM HerrerKoM
lll4l-peryn.f,rope c aBrorloAcrpofircofi rcosSSzqlreHroB, o6ecngqznaroqufi BbrcoKoe
KarrecTBo yrrp aBJreHr{r.

[uccepra$ux coorBercrByer rracropry cneqzanbHocrlr 2.3.3
AsroN,IarLBaII[t v ylpaBneHlre TexHoJrorr{qecKLrMr{ lpoueccaMkr Lr npovr3BoAcrBaMr4

(rexnzuecKne nayxz) (nn. 3, 4, u 14 o6racrvr zccneAoB auuir).
Arryalrnocrr pa6orbl cocrollT B opr{rr4H€rJrbHoM rroAxoAe K ynpaBneHnro

y3naMLI peAyIII4pOBaHLrfl f€Ba, rro3BoJrrroqlrM LrcKJrroqr{Tb BrrvrflHvre

Aec]ia6uml3llpyloqnx QarropoB Ha KaqecrBo rrpoqecca peAyrlzpoBaHLrfl. .{aHnufi
rIoAXoA cuoco6crByer noBblllreHuro eQSeKTr,rBHocru z 6egonacHocrr{ eKcnJryararJuu
Marr4 crp€rnbHbrx rpy6oupoBoAoB.
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2 {ocronepHocrb, HayrrHaq HoBrr3Ha H [paKT[rtecKafl
noJryqeHHbrx pe3yJrbTaToB

,{ocronepHocrb HafrHbrx nonoxenzfi kr peKoMeHAaqnir

coorBercrBr,reM pe3ynbraroB TeoperLrqecKzx uccneAoBalJuit kr

loJryqeHHbrx 9Kcrrepr{MeHTaJrbHbrM rryTeM.

HoszgHa HayqHbrx uonoxennfi, 3Haqr4Mocrb Anfl HayKH

pe3ynbraroB Ar4cceprarlr4oHHofo LTccneAoBaHkrfl 3aKrroqaerc.f, B

3HAIIIIMOCTb

oIIpeAenreTc.f,

pe3ynbraToB,

h IIpaKTZKITT

p€l3pa6orKe

MareMarLIilecKoe o6ecue.{eHlle Ant oilkrcalaufl rrpoqecca rra6pra4uoro ylpaB lre:a:rrl_

peAyIIupoBaHI{eM ra3a B crpyKrype ACV, orJrlaqaronleec.f, freroM rrocro.trHHoro
Bo3Mylrlarcqero nos4eficrBvrfl Ha o6rerr ynpaBneHvrfl kr rroBbrrrraronlLTe roqHocrb 3a

cqer p€I3pa6orannrrx npaBI4n. B qacrHocrr4, aBTopoM B paMKax Alrccepraqzonnofi
pa6orrr perreHbr cneAyroq vre 3a1aqkrl

- rIpoBeAeH aHaIrvr3 TexHoJroruqecKofo rrpoqecca TpaHcrroprkrpoBKr4

rlpr4poAHofo ra3a, cuoco6os r4 pelKkrMoB peAyrlvpoBaHr{f, AaBneHr4r f€r3a;

- paspa6oraHo MareMarLIvecKoe o6ecne.reHr4e, rrHTerprrpoBaHHoe B crpyKTypy
ACy, IroBblrualoqee roqHocrb I,I cHlrxaroqee [orepvr ra3a) 3a cqeT paBHoMepHoro
p e f yJrrr p o BaHkrfl AaB neHLrfl .;

- pazpa6oraHbl crpyKrypHble cxeMbr aBToMarLr3LrpoBaHHoro yrrpaBneHIaq
peAyIII4poBaHI4eM ra3a c rrpkrMeHeHr{eM alJtri€,puta ne.rerrcofi JrorLrKr4,

o6ecne'rzBaroulne MzHI{M€uIbHoe orKJIoHeHHe reKylrlrrx 3HarIeHuit ssavrMocBq3aHHblx

rrapaMeTpoB oT 3aAaHHbrX;

- pa3pa6oran anroplrrM yrrpaBneHr,rs

[porpaMMHoe o6ecue.reHze Anfl ru6pz4noro
aBronoAcrpofi rcofi rcoe$ SuqveHroB ;

rrpoBeAeHa sKorrepr4MeHTarrbHar rrpoBepKa pa6orocuoco6nocru

perynupyroqlrM KJralaHoM

HeqerKoro |IZ!-peryl.rrropa
u

c

e S Q ercrznHo cra Lr cronb3 o BaHLrfl rra6pz4Ho ro H eqerKoro lll4r{-p e rynrropa.
llp arruue cKar 3HaqLr Mo crb Ar4 c cepraqr,r onnofi p a6oru, 3 aKJrroqaerc{ B :

- paspa6oraHHoM Ha r3blKe Cra nporpaMMHoM o6ecueqeHlrLT HeqerKoro 1WIA-
perynrropa c aBrouo4crpofixofi roeQ$nqueHron;

- paapa6oraHHoM peryn.srope Ha 6age uuxpoKoHrponrrepa AvR ATmega32 u
BHeApeHHbIM B cyulecrByroql4e KoMrrJreKcrr CJITM (na npuuepe Marzcrpats-2.
I4Hrerpaqzs s SCADA-nao4ynr <ZOND>).

3na.Iz\4ocrr u
cBuAeTenbcTBoM O

aKTy€urbHocrb nonyqeHHbrx pe3ynbraroB uoATBep)KAeHhr 1

rocyAapcrseHHofi perrrcrparluu rporpaMMbr Anfl OBM
2021614238, 22.03.2021 n axrona o BHeApeukrr4 B OpeH6yprcKoM JIIIy Mf OOO
<fasupou rpaHcrEB Erarepun6ypr> (r. Open6ypr, poccux).
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llpe4craureHHbre B paMKax AlrccepraqvoHHoro LlccneAoBarrlas. Marepv€ulbl

noATBepI(AaK)T, rrTO aBTOp ycflerrrHo peIIIvn Bce IrocTaBJIeHHbIe nepeA H.LrIU'{ 3a4aT{u.

3 Oqesrca coAep)KaH[q Arlccepralluu

,{ucceprarlr4oHHa.lt pa6ora cocrolrr u3 BBeAeHkT.a, qerblpex ocHoBHbrx

pa3AeJroB, BbrBoAoB, cllrcKa prcnoJrb3oBaHHbrx LIcrorIHrIKon (1 12 laauv'or'or,anufi) u
rrerbrpex lpr4nox{enuit. Vlzttox{eHa na 178 crpaHullax LI coAep)Kvrr 54 pzcynrca, 10

ra6nzq.

Bo BBeAeHr{rr aBTopoM o6ocnosaHa aKTy€ulbHocrb ALIccepraIILToHHoro

LrccneAoBanvrss orrpeAeneHbr rleJrr4 vr 3a4alvr pa6oru, pacKpblTa HayqHaq HoBkI3Ha u

npaKTl{qecKuLs 3HaTIIIMOCTb, rrpI4BeAeHbI OCHOBHbTe IIOIOX{eHU-f,, BbIHOCLIMbTe Ha

3arrlrlTy.

B nepnovr pa3AeJre paccMorpeHa KparKar xapaKTepr4crllKa r€L3orpaHcnopruoft

clrcreMbr. flpoHsne4eH aHarru3 ocHoBHbrx pe)KzIvron pa6orbl y3noB peAyllupoBalrtvrfl

ra3a, a TaKXe r{cnonb3yeMblx 3aKoHoB yrIpaBneHLI.[ peryJrupyoqlrMll KJrarIaHaMLI.

QyHxqnoHrrpoBaHr{rr AaHHrIXlpooneMbr KoppeKTHocrLI

Bropofi pa3AeJr nocBrrrleH pa:pa6orKe MareMarLrrrecKllx MoAenefi upoqecca

aBrorroAcrpofircz roeQ$uqueHroB Ha KoopALIHaIIHoHHoM ypoBHe rz6pz4noro

HeqerKoro peryuropa c r4cnoJrb3oBaHlreM aJIropLITMa MauAaHI4, orJll{tlalorluxct

freroM rrocro.f,HHoro Bo3Myrrlaroulero nos4eficrnu-a Ha o6rerr ynpaBneHllt vI

rroBbrrrraroulrre roqHocrb 3a cr{er pa3pa6oransofi 6ass [paBLIJI.

B rperbeM pa3AeJre npoLBBeAeHo krccneAoBaln:ze paspa6oraHnblx

perynrropoB u MeroAa olpeAeleHr4s napaMerpoB rn6pu4Horo HerlerKoro

yrrpaBneHkrs peAyrItrpoBaHLTeM fa3a, rro3BoJlltlotslvtit yuurblBarb rexHoJloruqecKue LI

KOHCTpyKrIr,rOHHbre OfpaHlrqeHlrrr, HaKnaAbIBaeMbIe Ha llpoqecc v upouano4zD

pacqer Hacrpoeqnux roeQQuqraenron.

B u ern e pro M p a3AeJr e upeAcraBJreH a p a:p a6 or aH:r'afl. upznquu vrurbnas. cxeM a

na 6age MlrKpoKoHrponnepa AVR ATMEGA32. OrmcaH aJrroprrM t4 rporpaMMHoe

o6ecue.reHze Ha .s3brKe Cu, upeAHinHarreHHoe Anfl yrrpaBneHrrrr KJrarraHaMLr

peryJrrropaMlr BbrcoKoro AaBnoans. Ilpzne4eHbl pe3yJrbrarbl gKcrrepr4MeHTallbHblx

LrccJreAoBarruit Ha pe€rnbnorrr o6rexre. BrrnoJrHeHa cpaBHureJrbHa-f, orIeHKa KaqecrBa

perynupoBalJvrfl.

B garmo.remvrvr [peAcraBneHbr pe3ynbrarbr Lr BbrBoAbr ro pa6ore. flpuroxeHufl
BKrroqaror aKTbr orpo6onanurr Lr BHeApeHvrfl, pe3ynbraron pa6oru.

flpe4craureHHar Ha paccMorpeHlre Ancceprar\vs. flBrflercfl :anepruennofi

BrrsnneHrr ocHoBHbre

ycrpoficrn.

HayrrHo-Knanu$raraqzonnofi pa6orofi, BbIrIoJIHeHnofi cauocr rreJrbHo Ha BbrcoKoM



HafrHoM ypoBHe, B Koropofi LrcJroxeHbr HoBbre HayrHo o6ocHosaHHrre

TexHoJrornqecKLre perueHlrs. .{ucceprarluoHHa.fl pa6ora o6raAaer BHyrpeHHI{M

eAVHcrBoM, aKKyparHo oQoprvureHa, .s3brK rr3Jro)KeHlrs rpaMornrrfi u.rerrrrfi.
Anrope$epar B rlenoM orpoKaer ocHoBHoe coAep)KaHl{e ALIccepraIIkII,I, qro

coorBercrByer rryHKTaM 9, 10 floroxenu.s o [oprAKe rpucy)KAeHns. freHbrx
creuenefi.

4 OnydtwKoBaHlre ocHoBHbIx pe3yJlbraroB

llo pe3ynbraraM Alrccepraquonuofi pa6oru ouy6nuroBaHo 13 HayqHbIX

pa6or, Lr3 HLrx 3 B x{ypHzlnax r43 <<flepevnx ...)) BAK, 1 1 cBLIAereJIbcrBo o

rocyAap crseHnofi perr4 crp aqLILT np orpaMMbl ans 3BM.
Taruu o6pasou, pa6ora coorBercrByer rIyHKraM 3; 4; 14 flonox(eHut o

uoprAKe npucpKA eHIdfl rreHbrx cTerreHel{.

5 Xa pa rcrep r{crlr Ka rrcroq H Ir Ko B p e3yJrbraroB

B Aucceprarluonnofi pa6ore v anropeQepare coAep)Karcr Heo6xoAIavtue

o6sgarenrnrre ccbrJrKrr Ha LrcrorrHLrKLI 3al4McrBoBaHkrfl. n orMerKI4 o6 aBTopcrBe

HOBbTX HayrrHbrx pe3ynbTaToB c yKa3aHr4eM Jrr{qHoro BKJraAa nIII4 coaBTopcTBa

COI4CKATCJIf,.

6 3arueqaHuq ro Ar{ccepraquoHnoii pa6ore

Kar n nro6oe uccneAoBaHue) Al4cceprarlurr Kprorcona B.B. He JrurrreHa

HC.IIOCTATKOB:

1. lloryvennrre pe3ynbrarbr pa6oru He pacKpbrBaror B roJrHoM o6rervre

rrocraBJrennofi rlenu. B qenz 3af,BJreHo (...cHLDneHLre rrorepb ra3a u rroBbrrueHlre

crerreHLT 6esoracHocrlr..). T.e. B pe3ynbrarax, na uofi B3rJrrA, AoJrx{Ho 6rrrr
yKa3aHo cpaBHr.rTeJrbHbre 3HaqeHLTs, n qraQpoBoM Bbrpa)KeHVLr; noTepu ra3a npvr

aBapvr4 ; Konvqecrso/rsxecrb aBapufi. B BbrBoAax xre rro pa6ore onlrcbrBarorct

I43MeHeHLr.fl UOKa3aTeJren KaqeCTBa rrpoqeccoB yrrpaBneHlrf,, KoTopbre yAirnocb

[oryqlrrb c LrcrroJrb3oBaHneM HeqerKoro peryuropa. OqeeraAHo, rrro oHLr Moryr
6rrrr cB.f,3aHbl c norepsMrr:a3a H crerleHbro 6esonacHocrlr, Ho KaK pIMeHHo - HetcHo.

2. B rercre anropeQepara He roJrHocrbro pacKpbrro coAeplraHlre r. 4 uaymoit
HoB?I3Hbr: <Pa:pa6oraHa MeroAtTKa rrpoBeAeHr4r gKcrrepLTMeHTa...). flpu oroM B

caMoM TeKcre anropeQepara Her oilprcaHr4fl MeroAr4KLr rrpoBeAeHlrrr gKcnepLTMeHTa,

oTcyTcTByeT orrr4caHr,re lporleAypbr craTr.rcTr4qecrcofi o6pa6orrcu v aHarkr3a

pe3ynbraroB r{ r.A.



3. B pa6ore Her rrorcHelavrfl, rroqeMy nrr6paua uMeHHo raKafl, ronQzrypar\ufl,

rroAczcTeMbl HerreTKoro rorzqecKofo BbrBoAa: KorlrqecTBo TepMoB, BvrA vT

rI ap aM erp rr Qynrq n v \pvHaAJr e)KH o crr{ Lr r . A.

4. XeraremHo 6uro 6rr o6ocnonarr nrr6op MeroAa ae$assnQkrKarlyrvr npur

IOJT}ruIEHIII4 qETKO|O 3HAIIEHU' BbIXOAHOLI IEPEMEHHOLI (IPOIIEHT OTKPbITI4f,

KJIAIIAHA)>.

5. Pesyrtrraru orIeHKkT KaqecrBa rlpoqeccoB ynpaBJreHlrr, [pvBeAeHHbre Ha

crp. 14 anropeQepra kr B 4 rJraBe Azcceprarluu Hyx(Aarorctr B ro.scHeHurx.

Hanpunaep, B cnfrae KraccuqecKoro lll4r{-peryn.f,Topa Ha BbrxoAe cprcreMbr

ycraHaBnuBarorcr He3aryxarcqr4e Kone6asus,. B srou cnyqae roBoplrrb o KaKoM-

trt6o KaqecrBe yrrpaBJreHufl, B rrpulnrlurre cJro)r(Ho.

6. Cre4onaro 6rr npzBecrLl pacuLIpeHHbre pe3ynbrarbr cpaBHLrreJrbHoro

gKcrIeprIMeHTa, rlpoBeAeHHoro Ha ocHoBe nocrpoennofi MoAenu v €urropurMoB, c

IA C C JI eA O B AIIVTflMVT rrp O B OA LlM brMlr Apyf r4MLr aBTOp aMLr.

7. Ha vneuocxeMe aBTopoM o6ogna.IeHo ABa perynvpyroulLTx KJrarraHa, Ho B

pa6ore orcyrcrByer norcHeHlre o6 ux coBMecrHofi pa6ore.

8. B aJITopLITM yrIpaBJIeHu.l ueo6xo4Hl,to 6uro BBecrkr orpaHkrqeHr.r{ Ha

pI3MeHeHZt roeQQzqLIeHroB |Ilrl!-perynsropa Anf, o6ecne.reHzs ycrofiunnocrrz

cr{cTeMbr Bo BceM ALra[€r3oHe peryJrr4poBaHr,U.

9. B pa6ore He yKut.:aHo BpeMr orKJrr{Ka cLrcreMbr Ha Bo3Myrrlaroqee

oruz6rauu vr

no:4efi crnuz (nperr,rs repecqera xoe$Qzquenron).

10. Tercr pa6oru o$oprranen ne6pexuo c MHoroqLTcJreHHbrMr4

lorpelxHocrtMLI. Hanpnvrep: ((MaKcr'rM€LrrbHo pa3paxleHHofo)>, <4enaqzouKarlvrfl,

lolpaBoqHblx rcoeQQzqrleHToB)), <<ouy6rzroBaHo 1 uporparvrMrloe cpeAcrBo,

3aperucrpl4poBaHHoe PocuarenroM)) (nvrecro (non) reHo 1 cnugereJrbcrBo o
rocJAapurle:nofi ptrr"lurpaqzla nporpaMMbl ana 3BM>), ocu Ha pucyHrax 9.u 10
anropeSepara He rroAuLrcaHbr vr r.A. B 4r,rcceprarluv zcnonmyrorcr ycrapeBrrrue
eAnHLIIIbI LT3MepeHI4t (Aannenue B rclcwt2), xeJrareJrbHo 6uno ucrroJrb3oBarb
cucrerr,ry CZ.

llpzne4enHue 3aMeqaHl{.s He cHr4)Karor Haf{Ho-[parrn.recKofi rleHHocrrr

AUCCepTaTILTOHHO|O LTCCneAOB AIJIdfl..

7 3arc"rrro.reHr{e

B 4uccepralllloHHofi pa6ore Kproxona B.B. <AsroMarLr3lrpoBaHHa-fl crrcreMa
ynpaBneHLI.[ y3JIaMI4 peAyIIUpOBAHkrfl fE}3a MafLrcrp€rJrbHbrx f€BonpoBoAoB c
rIpI4MeHeHLIeM alrrrapara ne.rerror4 JrorlrKt4)> perxeHa Ba)r(H€ur HafrHaf, upo6neua
TIOBbIIITOHIUI eQSerrzBHocrLI TpaHcrroprkrpoBKr{ [ptrpoAHoro r€Ba Ha ocHoBe
pa3paooraHHofo MeroAa u aJrroplrrMoB olpeAeneHLr[ [apaMerpoB yrrpaBneHr.lt



6

peAyIII4poBaHveM r€Ba. Ona uo ceoefi aKryulJrbHocrn, upaKTlrqecrcofi 3HarrlrMocru vr

HoBLI3He coorBercrByer KpLr repvrru llorox eHLrs. o npucyx{ Aelrttru yqeHbrx creueuefi ,
yrBep)KAeHHbIM flocranosJreHlreM flpanvrerbcrBa PO or 24 cesrsfpt 2013 r. N 842

<<O uopx4Ke rlpLtcy)KAeHzs yreHux creueHefi>>, Lr flBrflercfl rronHorleHHofi HayrHo-

rnanuQuraquonnofi pa6oroir, a ee aBTop, Kproron Bna4zrrazp Bzrroponu.r,
yrenofi crerreHrr KaHAvrAara rexH[rrecKLrx3acny)Kr4BaeT rrpucyxqelJnfl, LrcKoMoLr

HayK Iro clel{l4€rllbHocrz 2.3.3. AeroNrarlr3arJvrfl. Lr ylpaBJreHLre rexHoJroruqecKuMr4

[poqeccaur v [polr3BoAcrBaMrr (rexnzvecKue Hayru).

OQuqzanrnrrfi ornoHeHr:
3 aBeAyloqar raS e4pofi anroMarr43 arlu u v ynpaBrrelaufl
Ha6 epexHorreJrHtrHcKoro Lr HcruryTa ( Qnnr,rana)
OfAOy BO <<Kasancrnfi (llpunonxcrnfi) Se4epanrnnfi
yHLrBepckrTeT), A-p TexH. HayK,

CuNronos a Ilapuca AnaromeeHa

orgrre cocraBrreH Jd 10 2024 r.

CseAeH[s o6 anrope or3brBa:
CuMonosa llapuca Auatomenua, AoKTop rexuuqecKr.rx HayK (cueqr,ranruocrr 05.13.06
Anronaatr.rsaqua v ynpaBfleHr.re rexHoJroruqecKr4Mr,r npoqeccaMr,r pr [por43BoAcrBztMr,r (uo
orpacmrra)), npo(feccop (no r<a(pe4pe aBroMarr43a\urtr kr yrrpaBJreHr,rr), sane4yrorqzft ra$e4pofi
aBroMarll3alluvt v y[paBJreHrrr Ha6epeNHorreJrHr.rHcKofo ]rHcruryra (rfuluana) Oegepalrnoro
rocyAapcrBeHHoro aBToHoMHofo o6pasonareJrbHoro frpexq(eHr,rr Bbrcrlero o6paaonaruu
<Karaucxr.Ifi (llpunonxcrufi) (le4epanrurrfi ynunepcurer); 423812, r. Ha6epexnHe Yelur,I,
rpocrreKT Crcrou6zre, 10a;
rer. (pa6o.ruft) : +7 9 17 28 | 08 49 ; e-mail : lasimonova@mail. ru
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floAnvcr r4 cBeAeHr.rr JI.A. Cravonosofi

Ha6epexnoeefiHilficKnft


