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01.05.02 - MareMarr.rqHe MoAerroBaHHjr ra o6qrac:uoeamsi veroau

3acTocyBaHHf, MaTeMaTr4rrHoro MoAenroBaHHt

rexuorori.{Hux flprrcrporx. Bouo Ao3Borqe

l. Arcrya.nrnicrr o6panoi reuu goc.niqxenr. Ha qefi qac 3HaxoAr4rb rrrr4poKe

po6o.rr,rx

KoHcrpyKrr4BHrax i peNr't rranrax samopiB Ha ocHoBHi xapaxrepucruxa po6oru
npr.rcrporo, sarrairzru ronrpetui urrsxlr ix rroKparleHHr, icroruo 3Hr43r4Brxr4 [pr4
r]boMy o6'evu eKcnepr4 MeHTaJrbHr4x 4ocni4Nenr. oAnuu is [epcrreKTr4BHr4x

nanpxrr.rxir nigeraqenu.a [po.qyKrr4BHocri i rKocri euroroereuoi npo4yr<qii e

BuKoprrcraHHr ni6porexno:rorifi Ha ocrosi ei6pauiiiHoro ei6poy4apnoro
o6ranuauru : ri4poir,rny,rbcHr.rM rrpr4Bo4or.r. ,{ane o6ra4naunr Ao3Borqe 3HaqHo
inrencz(fixynarz nporixanux pfrAy rexHororiquzx npoqecir, :a6eareuye
onnnaalrsicG naparrae'rpie HaBaHraxeHrur i oa6esne.rye rexuororiuuy o6po6r<y s
BrrcoKr4Mr,r rKlcHr4Mlr napaMerpaMr4. oAniero is npo6lernl npu npoerrytanui
ri4panriunoro ai6paqifiuoro i ni6poy4apnofo rexgoJrori.rHoro o6raguauur e
HeplBHoMlpHlcrL crroxr4BaHH-fi roryxnocri, is-sa ivnynrcuoi po6oru ix npuroAa, i
HeoAHO3HaqHlCTb $ieuxo-lrexanivnzx gracrueocrefr oopooJIIoBaJIbHOfO

cepeAoBnqa, rqo criA.rurr IIpo [pr4Hrlr4rroey cxla4uicr6 MareMarzqHoro olr4cy
sisuvur'rx npoqecir n'rfl e$exruruoro 4ocri4xenua rKr4x neo6xirsrzu e

BI'lKopr4cTaHHJI lrero4in i gaco6is MaTeMarI4tIHoro i xorran'rorepHoro Mo.ueJrroBaHru{.

Hegsaxaroqu Ha neeHi AocrrHeHHr n c$epi MareMarr,rqHoro MoAeJrroBaHHt
ri4pan:riunrlx ni6paqifinnx i ri6poy4apnr4x cricreM ir :acrocynaumu rraerogin
npl4nacoByBaHur i :rineapusaqii napanaerpin y cucrernri 4ra{epeuqia.,rLlrrax pienxnr, a

raKox npr4nytqeHb npo i4ea.,unicG eHepronocix s cEcreN.{i iuny.nrcnoro npr4BoAa,
3zlJ 4 rrrarorbcq neeupiureHurr,rz a6o 4ocnigxeHr4Mu HeAOCTarHbO. y :n'x:xy s qulr
aKTy€LrrbHriM[ e :a4aui, U1o uoe'r:aui, IIo-nepIIIe, : pospo6r<oro y:ara,rrnenoi
MeroAoJlor MareMarr,rqHofo MoAeJrroBaHHr ri4panniuunx ei6paqiftuzx i
ei6poy4apur.rx Marrrr4H i, no-4pyre, : eoerrzeuoro pea,riraqiero po:po6:reuux
MareMarIzqHI4X nro4elefi gaco6arralr xor,ln'totepHoro MoAeJIIOBaHHg. vCniurge
po:r'rsauHx rlr4x 3aAaq Br43Haqae oAr4 H 3 HafisaNrueimrax urnsxie nilsrlxreHH_t

ruu6oxo
flpoqeclB B pl3Hnx

4ocri4xyearra BrrJrrrB



eSerurnuocri [poeKTyBaHHs ni4noei4noro rr4rry rexHoJroriqnux czcrerra, Ao rKr.rx,
HacaMnepeA, rpe6a rignecTla ni4rulleum 4ocroeipHocri er4gHa.{enu-a po6ouux
xapaKTeprrcrr,IK rtAponpr4 BoAy I MoxJrr.rBicrr pospo6xr4 cr4creM 3 noKp2rr\eHr4Mr4

ercnnyaraqiftHrzMr,t xapaKTepacrr4KaMr4. Tonry neaxao qinxorr,r Br4npaBAaHr4M e sa6ip
reMr.r Alrcepraqiftnoi po6oru Inauvyr<a _flpoclara Bo:ro4rzrrauponuva <<Mero4u ra
saco6[ MareMarr.rqHoro MoAenroBaHur ri4paelivuux ei6paqifiuux i ai6poy4apHax
Marrrr4H), rqo cflp{MoBaua ua po:a'x:aHHr aKTy€rJrLnoi uayr<oeo-rexniqsoi npo6lelru
eidcymuocmi ysaeant'ueuoi uemodonozii JvamentamuqHozo ma xoun'tomepuoeo
uodentoeauua nporyecie Qyurcqionyeauun zidpaeniuuux ei6patliiluux i ei6poydapuux
MAUTUH 3 ypaxysaHHt"r,t oco6nueocmefi ubozo Knacy o6'exmie dna sa6esne.aeuun
eucoxoi' eQexmueuocmi npoercmyeauna eidnoeiduozo muny mexuoLtoziuuux cucmeM.

lzcepranr apryMe'roBa'o ra,roriqno AoBoAr4TL neo6xi4nicrr HayKoBoro

4ocri4Nennx B yMoBax cyiracHoro po3Br,rrKy uerogin ra saco6ie MareMarr,rrrHoro
MO.IIEIIOBAHH'.

2. O6'err i uera gocrigrKeHb, crpyKTypa po6oru. O6panurz HarrprM cBoro
nocJ .4xeHrur. aBTop LllrKo Bl43HartHB ftOrO Uery. rKa noJrrfa€ s niaenqeuHi
roqsocri igenrzQiraqii nporlecie y rigpanlivnux ni6paqifinzx i ri6poynapnax
Marrrr4H Ilur.sxoM po:po6neHnx i anponagNeurrrr HoBr,rx, 6intur e$exrzeHrax veroris i
gaco6ie ixnroro MareMarrrquoro i xorr,rn'rorepHoro MoAenroBaHHr. Blr:ua.rzsrxu
iraery Aocni4xeHb, Ar4cepraHToM rrpaBlrJrbHo nocraereHi uayroei :ar4anux, eipHo
sr.r:HaqeHi o6' exr, [peAMer ra MeroAoJrorix 4ocli4xenHa.

[zcepraqix Ieanuyxa flpoutaza Bo:ro4uuuponr4ira cKraAaerlcq ig scrvny.
uecrz po:4inie, aara-nruux euororxin, cl]lrcKy Br.rKopr4craHr4x Ar{epeJr is 37 5

nafilaeuyeanl ra 11 4ogarxie; llosHrafi o6crr 4pyroaanoro rercry Aucepraqii
craHoBr4rb 578 cropinox, e uux 32 cropinxu Br4 Kopr,rcraHr,rx AXepeJr ra 2 l9 cropiuor
AoAarrie. Po6ora vicrr,rru 774 pucyuxle i 48 ra6laqr. ocnoenrzi gMicr e[Kraaeno
Ha 283 cropiuxax ApyKoBaHoro reKcry.

V ecmyni aBTop Br,r3Haqae o6'er<r 4ocnigxeuux, Soprr,rynroe npo6lelry, uery fi
sa4aui 4ocni4xeHHr, o6rpynroeye axryalr,uicrr croei po6oru. Kpilt roro, y ncryni
oKpecJreHo ge'q3oK po6oru 3 HayKoBr4Mr.r npolpaMaMrr, nJraHaMr,r, TeMaMr4,

oxapaKTepr{3oBaHo eJreMeHru nayronoi HoBr.r3Hr4 oAepxaHax peeylrrarie, ix
npaKTr,rqHy snavyrqicrr, nucsirreuo oco6ucrui BHeCOK aBTOpa e C[iJIbHUX
HayKoBr4x ny6:riraqixx ra HaBeAeHo gaui npo anpo6aqiro po6oru.

Y neptuouy posdini Br.rBqeHHs cfracHoro craHy MareMarr,rqHux nlero4ir 4lx
po:n'asyeaunq 3arrBreHoro Knacy 3aAaq ra po3Br,rrKy rigpaa:riuuux ni6paqifirurx ra
ni6poy4apHr.rx rexnororiqulrx crcreM AaJro MoxJrr4Bicrr 4lrcepraury o6lpyuryeara
cyrHicrr aBTopcbKoro nigxo4y 4o er.r6opy MeroArrKr.r 4ocni4xeuHr, Brl3]f,a9iurrr
loHsrrr ra po3Kpr4rr4 cyrnicrt aapy6ixnux ra girqr4sH{Hr4x xouqenqifi i rraoge:refi
3aAaq MareMarr4rrHofo MoAerroBaHHq rexsoloriquux npoqecie ir gacrocyeaHHsM



ni6paqifiuux i ni6poy4apnrzx rexHorori'{Hax Marrrr4n,

rrpoaHaJIl3yBaTr4 po:po6r<u HoBr4 x uero4ia

Aerop cnovarKy po3rJrrAae reoperaKo-Mero4onoriuui ocHoBlr craHosreHHs i
PO3BPITKY MOAEJIIOBAHH' CKJIAAHI4X .qI4HAMIqHI4X CIjCTEM, NOKA3Y€ BI,ITOKI4 TA 3ACAT]',

rouqenqifi, rtogeneft i nrexanisNaie roaervro4ii TaKr4x cr,rcreM. 3ara,nou Ne. nepulrft
po3ArJi Al,Icepraqlt MoxHa BBar{arI,I 3aBeplxeHaM 4oc:rigxeuHrv reoperl,IKo_
lrero40:rorivuvx gaca[ MoAerloBaHH.s cKnaAHlrx Aunalriqsux cucrelr ra ix
po:n'rsauur ua oorosi lrryvnoi gunaviunoi rraoge:ri i: npr.rne4enr.rvlr r<oeSiqieurauz
AJI' KoJrr4Bajrbuoi cucrevrz, ocxiltru caMe ryr po3Kpr{Ba€T6cs sNaicr rroHrrr,, rqo
.4oclilNyrorrcr. oKpecntorcTbcr MeroaoJrori.rui ni4xo4l4, 3acrocyBaHHr rKl.rx €

4oqi:n uulr i neo6xiguanr AJrr AocrfHeHHs nocraBreHlrx B ,qr{ceprauiftnifi po6ori
3aAarl.

Y dpyzouy posditi gzcepraqii Ha ouroei anaai:y asaerrao:a'x:xy MHoxr{H
KoHc'rpyKrr{BHr,rx napanrerpin ri4pan:rivnvx ei6paqiftHux ra ni6poy4apHr4x Marxr4H

o6lpyuronaHo cucrerr,rsui nilxiA 4o no6y4oez MareMarlrrrHrrx vo4e:refi arlnalriqulx
npoqecin ra cr4creM. BcraHoereHi sarououipnocri i4enrr,r(f ir<aqii ni6paqifinux ra
ei6poy4apnr.rx pexuuie po6oru ri4paa:ri.trzx rexuonoriqnrzx Marrrr4H, ie
BlrKopr4craHH{M noiroxeH6 reopii crepeo MexaHi.{Horo yaapy i cr{Hre3y $ynrqii
3oBHlIUHbOl

rnacr.rSixaqix

BUpaxeHr4Mr.r

ivnynrcuoi i rapuoHifinoi :6yaxy'rovzx crrrr. 3anponouoeaua

Br4Hr.rKHeHH{ ni6parlifturzx ra ei6poyAapuux peNzuie pyxy Br4KoHaBirofo opfaHy.
Pospo6:reua y3araJrbHeHa rraero4o:rorix 4o no6y4onu MareMarr.rqnr,rx vo4e:refi
ri4pannivnux ni6paqiiinrzx ra ai6poygapHux rexuo:roriirHr4x Malrr4H e garexHocri
Bir oneparopa rr.rogeli, Ha ocrosi lrexanopeororiuuoi Seuoveuonorii
oopooJrroBaurbHoro cepeAoBlrrqa, a tar<ox po6ouux i roucrpyKTr4BHr.rx naparvrerpie
rlptrBoAa. Ha 6asi pospo6nexux gerepuiuoaaurax i croxacrraqHr.rx MareMarr{qHr4x
rrao4e:refi ri4pauivuux ni6paqifiuax ra ni6poy4apHr4x rexHoJroriqnux Marxr.rH

el4gHaqeHi oqrosui po6oui napaMerpr4 i pexurrau crifir<ocri po6orrz ,qaHr.rx ci4creM.
Blrcyuyri rinore:u crocoBHo Brz3Harrenrur o6nacri crifir<oc'ri po6orra rcHeparopa
irranynrcin rzcry i: 3acrocyBaHHrrra r<pr.rrepiro crifi rocri f ypeiqa.

3aagaunx, Ha BZKoHaHHs rKr4x cnprMoBaHo goc:ri4Ne :a:as B mpembowy posdini
rroJrma€ y Bt4 Kopt4 craHHl npocropono-necraqionapnoi

yAocKoHaJreHHq MareMarr4qHoi lro4eni guuavirra npouecig
ra cHcreM riApaeliuuux ni6pauifiunx ra si6poyaapHHx rexHonori.JHHx r\4au'.iu ir
BI4KOpr,rCTaHHirM OCHOBHT.TX rroroxeHb riApo4zHarr,lirn, B no€AHaHni ig ocuosHzra[
noJroxeHrnrMr,r reopii upyxHocri i uacruqsocri rBepAoro rina ra

N1AXOAII AO
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Br4OKpeMUTr.r ra
MATCMATZqHOTO

MOAeJrrOBaHHr, OpleHTOBaHr4X Ha Br4KOpr{CTaHHr r ri4poirranynbcHr.rx cr4creMax.

MareMarr4qHux nro4eneft 4ocli4Nyaaurax MarrrrrH :a Syurcqionantuo
B [apaMerp[qHoMy BrlHr{Ai yvoeauu ueo6xi4nocri i 4ocraruocri

4racepraqifiuoi po6orn,
nocTaHoBKt4 3a]Jal]1 n[g



MareMarr4qHlrx MoAenefiiHeprlifiHoi ai6porpala6oeKr{ 3arrporoH or,alufr. niAxia ao
OUIHKIi EOEKTI,IBHOCTI

BI,IKOPI'ICTAHH'M MCTO.IIIB

ni4xo4in Ao posn'asauua e$erranHux qr4ceJr6Hr4x MeroAr.rK EIrl. posa'-asry

6ararolripuoi cr4creMr,r piBHrHb Hepo3pr4BHocri i Has'e-CroKca npr4 novipuux
r{r.rcJrax Pefino,u4ca, .flKa 3AarHa Aocr,ITb rollHo orlucarra loraltni e,'Iacrusocri reqifi.
PiaHaqera cxeMa AaHoro MeroAy Ao3Bon{e po3p€xoByBarr,r rroJre re.rii 6eg

BrlKopricraHHrr 3HaqeHb Blrxopy i rlrcxy na rnep4ifi noaepxni. O6rpynronano
MareMarriqHrrfi rraeroA rrr4ceJrruoro pose'rsyeanua pinnanr ri4poguuarrairu 4lr
ryp6yneHrnoro pexr4My pyxy po6o.roi piguuu.

II'amuil posdin 4r.rcepraqiftnoi po6oru npucnrveuzft KoMrrJreKcHr4M

eKcnepr.rMeHraJrbHo-Teoperr.rqnuu 4ocli1xeuurna po6o.rux npoqecin iuepqifinoi
ei6porparra6onKr4 AJrr rroBepxHeBoro yqirbHeHHr rpynrie, rxi 4otnolulu potpo6rarz
MeTOAr.rKy eKcnepr.rMeHTaJrbHofo AocJlAxeHHt po6ovrax npoqecie
nApolMnynbcHoMy nplrBoAl, TaKOX TeXHOJrOrlqHr4X XapaKTepr4CTr4K

o6po6:loraHoro cepeAoBr4ula, rrlo Ao3BoJurJro Br4KoHarr,r nopinnxnruufi ana.,ris is
pe3yJrbraraMr4 qr,rceJrbHoro MoAeJrroBaHH.fi. Crarucrraqnrai aHaJrl3

eKcnepuMeHTaJrbH H x AaHHX .[o3BoJrHB B:n3*aqvru onruualrui rexHorori..rui
napaMerpn pexr.rMy poborrl [prrcrporo AJr{ orpr4MaHHr Br.rcoKr,rx norca:HflKie

cepe4Hroi rqilr,uocri ta ei4uocroro xoe(piqieury yqirbHeuHr o6po6lronanoro
rpyHroBoro Marepla[y.

Y uocmouy posdini Ar4cepraHToM 3anpononoBauo MeroArlKr4 MoAeJrloBaHHt

L

uexauopeo.norivnoi Seuolrenonorii. Y4ocxona,reni rnrarenaarzqui rrao4eli

rexsoloriquux npoqecin: ni6po'rpancnopryBaH[ur, rroBepxHeBofo yulinr,HeHur,
pyftHyeanru ripcrxoi ropoAr,r i aanypenHr nall. Ha ocnoni i4eurusir<aqii

Marepianu, rqo euxlrageui B Hemsepmowy posdini,npucynueni pospo6qi uorux

Synrqionyeannr rexuo:roriqnux xorr.rurer<cis ig

cr,rcreMHoro ana:ri:y i noroxesr reopii uevimoi .norirrz.

lrero4zqi Ao3Bonre peani3yBaru ei4noriglrvfi qzceJrbHo-

po3B'r3Ky MareMarr4qHr.rx voge,refi is nur<opucraunrlr

<rnienr-cepnic>, n 4anii
po3paxyHKoBrrfr rraero4

Iraero4ir inriraqifinoro

ra ii :acrocyBaHHs Ao posn'x:ann-a nptrKJraAur4x :a4av. 3acrocyBaHHr rexnolorii

MoAenroBaHrur i g rr,roxlnnicrro 4oqi:tuoro nu6opy
a,rropurltir crocoBHo sracrr4socreft KoHKperHofo 3aBAaHHr. Orpuuaui pe3yn;Tarrr
KoMn'orepHoro MoAeJrtoBaHnr po:po6leu ux MareMarulrHHX Monelefi auuauiquux
trpoUecin ra cr4creM ri4panlivnux ni6paqifinux ra ni6poygapur.rx rexnororiqHr,rx
MaIrrI4H Ao3BoJrr4Jrr{ po:po6rarn peronengaqii AJrr npoeKTHnx pospaxyur<ie roJroBHrrx

napanaerpin reHeparopa inanyntcin rzcr<y. Buro*aluit anuis aAer<sarHocri ra
eSexrramrocti po:po6lenux MareMarr.rqHzx rnro4elefi .

3ara.,rr,ni eltcHozKu 4acepraqifiHoi po6oru crpyKrypoBaHi, ni4noei4arcrr
3aBAaHHrM i y rouqenrpoBaHoMy nrzrnrgi KopeKTHo ni4o6paxarort ouroeHi



AOcsfHeHHr Ar4cepTaHra, qr4M AoBoAr{Tbcr, IIIo Mera po6oTr4 Aoc{rnyra i Bci
NOCTABJICH1 3ABNAHH' BI4KOHAHO.

.{nx eupilrenHq [ocraB.ueHr4x 3aBAaHb aBTop 3€uryir[B AxepeJrbHy 6ary, rqo
cKJraAaerbcr iz 373 saizueHyBaHH{. Bzropucrann-r qr.rx varepia:rie sa6esnequro
H:IJIexHy o6rpylroeanicrb foJroBHt4 x rroJroxeHb 4r,rcepraqiftuoro 4oclilNeuul,
sl{cuoeris i nponosraqift aBropa. flzceprarlift ne 4ocni4Neun-u virrco c:rpyxrypoBaHe.

-fln pesynrrar - rori.rHraft ra rposyrr.rinrafi nzruag crauy po3Br.r*y npo6nen
MOAenroBaHHr ri4pannivHrax ei6paqiftnlrx ra ei6poy4apnhx rexHo:rori.rrrr4x cr,rcreM
Ta Br43HaqeHHr [epeAyMoB 4lr ix po:e'xsauus. TarzN4 qnHoM, 4ucepraqix :Plaruca1a
ga noriqHo no6y4oaanzlr rrJraHoM, uae uirry crpyKrypy, [Io Ao3BojrriJro aBropy B

noBHoMy o6crri porr<puru reMy 40cli4NeHHr, noc,ri40eno npoaHari:yaaru eci
ocHoBHl rwTareus 1 yc[rrrrHo 3aBepur,ITr4 cBo]o HayKoBy po6ory.

3. OqiHrca HoBrr3nrr HayKoBrrx rroJroxeHb gucepraqi'i ik o6rpynronanocri
ra gocroripuocri. CniA 3lBHaqr.rrpr, tqo aBropy BA€rJrocr fioeAHarr.r Aexinrxa
HayKoBr4x ni4xo4in, rqo niguoc-rTbcx 40 po:a'-rsanua npo6leMr4 MareMarr4qHofo
MoAeJrroBaHH{ rigpan:rivuzx ni6paqifturzx ra ei6poygapuux rexsoloriqHr4x cr.rcreM,
3-rloMrx -sKr.rx - rouqenqix no6y4oera MareMarprrrHoi vogeli 3a rolloMororc
craqionapnoi neasroHor4goi xolugallHoi cr4creMr4 si cxiuqenuu crylreHeM
srruHocri Ha ouroai ninifiurax neo4uopi.quux 4ra$epenqianruzx pinuxnr Apyroro
nopraKy, B 

'KHX $ynr<uir ei,'lsHoro qneHa npeAcraBJreHa y sumr4i riHeaprzrauii

Qyurqii :6y4Nyrouoi cr4Jrri, KoHrlenqix no6y4onu MareMarr4qHoi uoAeli crrcreMr,r
oqiuroaaHHr e$erruanocri SyHrcuiouyean Hr rexHorori.rHu x rcourn,rercie, rKa
6a:yerrcr Ha eKcrreprHr4x flpaBr.rnax, $opr,ranieonaru4x y BlrfJrrAi ueqirrrax 6as
3HaHL, rqo Aae 3Mory Br43Haqarr4 g3aeuogs'.s:or rr,rix napaMerpaMr4 craHy ni4cr.rcrev
rexuonoriqgoro KoMlJreKcy e rr<icnzvl,I rloKa3Hr4Karrau o6'erry rexHorori.{uoi
o6po6ru, a raKox po:po6r<a iurerponauo-po3paxyHKoBoro lporpaMHoro
cepeAoBr4rla 13 Br,rKopr.rcraHHrM oKpeMr4x rrpolpaMHr.rx xoNrnrercis is lacrocynauuxna
rexnororii <<rnieHr-cepaep>, rri pea,risyroG ni4noeignufi qucenrno-po:paxyuxoauft
MeroA po:n'rsauur MareMarr4qHr,rx nao4erefi is BuKopr4craHHrM Merolie
irrairaqift noro MoAeJrroBaHHr.

fx noei nayxoei pe3yJrLrarr4 Ar,rcepraHroM ezcynyri raxi rroJro)KeHHt
ysaralruenoi verogolorii MareMarr4qHoro MoAeJrroBaHHr npoqecin
Qynxqiouyaauru ri4paaniuulrx ai6paqifinux ra ni6poygapnux N,raurrzn e .rKifi:

I. Bneprue pospo6neno rpa(po-ananiruvnzft uerog Brz3HaqeHHq o6:racri
crifircocri po6orlr reHeparopa ivnynrcir rv cKy Ha ocuoni rpurepiro criftr<ocri
fypeiqa gna niniftnoro neoguopi4uoro gu$epeHqiamnoro pienxnux rperboro
rloprAKy, rK QopMr4 npeAcraBJreHHr MareMarr,rqHoi nro4e.ni pyxy :auipnoro eJreMeHra
KJlanaHa-flyJrbcaropa, Anq Br.r3HaqeHHrr eHeprerrlrqHrax cnirai4uorxeHb npr4Bony AJrt
BH H hKHeH Hr pirH ux ru nin KonnB€urbHr.rx n poqeci e;



2. Bnepue pospo6leHo MeroA

3acTocoB)'roT6cr KoMrrJreKcHl aMrrJrlTyAr.r

$ynxqii Kpauna, y croxacrr4rrHr,rx

JIIHeapr.r3ar]11,
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B rKOMy

lvoarpHocrefr y sr.r r,rrai
MoAeJrrx ri4paenivurax

ni6poygapnlrx clrcreM 3a ,{ofloMororo cnercrpalruoi rfopir,ru alruiry,qHo-qacrorHrrx
xapaKrepr4 crr4r, 4e Qyurqii cnrosoi n:aerrao4ii po6ovux oprauin III npegcran:rrrorr
co6oro craqiouap:uufi. uopuaarrrr,rft nunagrcoer,rfi flpoqec;

3. Bnepure pospo6neHo MeroA qr,rceJrbHoro MoAenroeauHx ri4poglrHaNri.{Hzx
npoqecir, sxuit npegcraoleHr.rft s i:onapauerpuvuo xiHqeeo-elelreH.rHoMy

Sopvy:rronanni Ha ocuosi AlrcKperHoro npeAcraBJreHHr pieu.anna nepo:prreuocri
HeBcraHoBrreHoro plxy pi4uur.r e inrerpa-,rtuifi Sopui fpina i uo4usixaqii
4r'r0epenrlia:uroro pinuaunx Has'e-croKca rrrJrrxoM BBeAeHHq rrrryunoi
crucreuocri pi4raxu n 4u$epenqianrniii Qopui HaArr{rirKoBoro rncKy;

4. Bnepure po:po6leuo MareMarrrrrHy MoAenb ri4paalivuux ni6paqiiinux ra
ei6poygapuux Marrrrzn 3a AorroMoroo craqionapuoi HeaBToHoMHoi xoruea-,rlHoi
cr'rcreMr4 gi cr<iH.{elrENa cryneHeM siJlbHocri ua ocuosi ninifisax neognopi4uax
4u$epenqiarrruux pienrnr, Apyrofo roprAKy, B rKr,rx $ynxqix eirlHoro qreHa
rrpeAcraBJreHa y nuur4i niueaprasaqii $yurcqii :6y4xFovoi cLDtLl, 

'KxapaKrepr.rcruKa BaKopr4croByBaHoro rr4[y rpr,rBoAy, a liueaplr:onani r<oesiqieurr.r
BtrpaxaJorb {K Tr4rr cr.rJroBr4x ge'r:Kis enevenrie npr,rBoAy, rar< i peo,roriuHi

cr.rcreM, {Ka rrpercraBrreHa y sopvi $yurqii o4uuzuuoro crpu6ra Xeeicafiaa ra
iunylrcnoi nepexi4noi $yuxqii y rurnx4i 3roprKr4 inrerpa;ry Jlannaca ai4
so6paxenur oleparopa glruauiunoi uo4auueocri, -sKa Ao3Borqe noeHic: o onucarz
npoqec aviuu nignocuoi xoop4rauarz nepeuirqeuux rr y nepexi4nux, rax i n
ycTaHoBneHr,rx pexr4Max plxy clrcTeMr,r;

eracrr4socri rexnoloriqno o6po6nronaHoro cepeloB[rqa;

qyHKrIlOH€UrbHO nOAaHa B

4ocraruocri BrrHI4KHeHHtr

lapaMeTpr4qHoMy Br,rrrsAl yMoBaMrr

ai6paqifinax ra ni6poy4apnrax

5. Bnepue pospo6leno MareMarr,rrHy MoAeJrb ei6paqiftnvx ra ei6poy4aprurx

6. Bneprue 3arrponoHoBauo rcracz$iraqiro rznie KoJrrrB€urbHr.rx cr4creM, rKa

BI4KOHaBTTOTO OpraHy B Eo€AHaHHl : iUrerpalrnoro xapaKTepr4crr4Koro $asoaoi
njlo lqr,rHl4 cttcT eMvi

7. Bleptre yAocKoHiIJIeHo lrarelraruqni rrao4eni 4rzHavirz npoqecin ra cr4creM
ri4paenivuux ni6paqifiHrzx ra ei6poy4apHzx Marrrr4H, y $opui npocropoBo-
necraqionapHoi uocraHosKu sapaui, ua 6asi crrcreM se:rinifinux 4r.r0epeurlia.,rrur.rx
plBH{Hb B qacrr4HHr4x noxi4nrzx Hae'e-crorca i yrraoeu Hepo3prrBHocri 4lx n'r:xux
piAzn ra iHrerparrrHrzx pinmnr 4ranauiunax xapaKTepr4crrrK pyxoMr,rx e:reNleHrie
ri4poiuny:mcHoro [pr,rBoAa B [oeAHaHni i: ocnoeHvMr4 floJroxeunrvlr reopii
rpyxrocri i nracruqnocri Ha 6asi cr4creMrrr gr.r$epenqia:Gnrzx pirHrur

CTATI,ICTI{TIHOI

ra inrerpan
MATCMATI4qHI4X

Heo6xignocri i
pexunrie pyxy

4e$oprr,ronanoro ri:ra;



8. Bneprue 3anponoHoBaHo xprarepifi BHjHaqeHHr rlrny ri4pasriuurx
ei6pauiiHfix ra si6poyaapur4x o4creM ra ix pexuvov pyxy B14KoHaBuoi raHru, rrufi
6asyerr,cr na cun'resi $ynruift soeHirrHroi iunynrcroi i rapvoniiiuoi s6yANyrovux
cr4Jr 13 Bt4KOprrCTaHHqM [OJrOXeHb reopii crepeo vexaui.{Horo yAapy, IIIo Aae 3Mory
cv HTe3yBarr4 ra igenrlrSiryBarr4 MareMaflruni uoAeri B 3ajrexHocri ni4 rurry
Bl43HaqeHllx cIIcTeM;

9. Bnepure poapo6leno MaTeMaTrzqHy MoAeJrb cr.rcTeMr4 orIlHroBaHHt

texHo.noriqnux rortrn,rerccie ri4paali.rHlzxeQerrnnnocri Syurqionynannx
ni6paqiftnux ra ni6poy4apHr,rx MarrrriH, xra 6a:yelscr Ha eKcleprHr4x flpaBr,(Jrax,

Soprr,ranisonaru4x y BrrrJrrAi neqirr<ux 6a-a 3Haul, rrlo Aae 3Mory Brl3narrarr4
egaeN,roge'tgox nrix napaverpaMr4 craHy ni4cucreu rexnoloriqnofo KoMrrJteKcy 3

.st<icsuruu rroKa3Hr4KaMr4 o6'er<ry rexnorori.{uoi o6oo6rlr.
4. Ilparcruvne 3HaqeHHqoAep?r(aHr{x perylrraria rroJrrrae B ToMy, rqo

po:po6leni ysara-nrueui MeroAr{Kr,r ta gaco6u rolru'rorepuoro MoAeJrroBaHHt

clpqMoByloTbct Ha po3B'{3yBaHHt IITpIpOKOTO KOJIa

nigruulrzrz rovHicrr, npogyrruericrr i1

MOACJIIOBAHHf ,

npr,rKJIaAHI{X 3aAarl 1 AO3BOJI'TOTb

e0eKTI4BHlCTb MaTeMaTr,IrIHOf O

. Pe:ylrra:rz glrcepraqiftnoro 4oc,ri4NeHHjr BrrKopr4craJro B paMKax BnKoHaHH,

abpx6roaxernoi rerraarur<u xa$e4p r€rJry3eBoro iuauruno6y4yaannq i KoN4n'rorepHr4x
uayr BHTV. 3anponononani an'ropou o6.rr4crroganrni rr,rero4ra, amopnrur.r i
MeroAr4Krr 3acrocoByrorbcr Ha HayKoBo-Blrpo6nuvorray nignpaeNacrei IIAT
<Bapclr<ufi Marx3aBoA)) (u. Eap, Biuuzqrra o6:racrr), SoftXpansionGmbH&Co.KG
(Hiueuunua), TOB (ACK-MET>, TOB <ByA@OH|IFIBECT>, TOB <lllnax6ya>,
a rarox n Incruryri xi6epuerurr,r irra. B. M. fnyurr<ona HAH yr<painu. flpr,r rlrouy,
MareMaraqHr MoAerl, MeroAr4 fi anaparni saco6n pezurl3oBaHo y ruur4i
nporpaMHofo [po,4yKTy ra npoMr4cJroBzx :paarin, qo Ao3BoJrr4no BaKopr4croByBarr4
ix y 4irnrnocri ni4npuencrr, HayKoBo-AocJriguux oprauigaqixx ra Br'rlxx
HaBrrrulLHr,rx 3aKnaAax.

5. O6rpyHrosauicrL HayKoBnx rroJrorreHr,, s[cuonrcie i perconren4aqifi,
clpopMynBoBaHvx B Ar,rcepraqifiuift po6ori, ix 4ocroeipnicrr i nosr4:Ha o6ylroe,reui
BT4KOpACTaHH{M CyqacHl4x eKcrrepr.rMeHT€urLHr4x rr,reroAin 40cri4xenna, ix
uecynepeuuicrro crlacHr4M Teoperr4rrHr4M yrBJreHHrM i pesyltrarav 4ocnigNeur
inurux amopin, MoAeJrLHrrMr4 po3paxyHKaMr,r Ha <rcrienr-cepnepnift ))

6araronpoqecopuii o6vrzcnrosa.,-mHifi cucrerr.ri Ta BrzKopr.rcrannxna anpo6oaauux
lporpaMHnx saco6ie 4rt o6po6ru pesynrrarir eKcleprzMenTy.

3ara.,rou HayKoBe 4oc:ri4Nenux IraHuyra fpoclana Bolo4uurapoeuua
xapaKTepr,r3yeTbcr crpyKrypoBaHlcTro, gasepueHicro ra qirric.r.ru'\dPar\rEPr4r)/urr'ux u rPyKlypoBaHrcrro, MeroAI,IqHoIo 3aBepIrreHlcrlo ra qlrKtcrlo
rpo6neHux eucuoarcis. [Ioc,ri4oeno i ,rori.lHo po3KpHBarorbcr. aHa-,riryrcrscl fi
apryMeHTyroTbct NOJIOXEHH{, BI4HCCEHI HA 3AXI4CT. Ix :rraicr .qoKa3oBo



ocnoeHi rroJroxegHf 4zcepraqii Marorb Aocrau+o anpo6aqiro ra Aocr4Tb rroBHo

po:po6xu ra inrepnperaqii aerop AoxoAr4Tb roirHrax reoperrzrrHr.rx ezcHogKie.

rceyrpaiucrl<zx
gucepraqifinoi

ron$epeuqifi. Haiieaxrzsiui pesyllrarz ra
Br.rcBlrJreHl B QaxoBr.rx HayKoBr,rx Br.tAaHHqx Vxpainu fi naarepia-,rax lrixnapo4urax i

6. IlosHora BrrKJraAy pesy,rrrarin n ony6.nircooanux po6orax rgo6ynaua.

po6oru gnafilrlz ni46zrrx s 2 rr,ronorpaSixx,
noci6xrar<ax,30 crarefi y cneqia:ruzx BrrAaHHrx,6ynz noni4orraleni 6inr1r siN ua
30 nayr<oalrx r<on$epeHqirx. Bucoxy HayKoBy axrunsic* s4o6yeava nigreepgxye
rofi Qaxr, rqo 6inrlricru KJrloqoBr,rx po6ir, xxi oi46uearoru cyrnict gr.rcep'raqii,
ony6:riroeano 6et cuieaoropin.

7. 3aynaxeuHq rro Alrcepraqii ra anroperfeparyllogzrueHo oqinrorouu
npencraBJleHy auceprauirc rK pe3yJrr,Tar HayKoBofo aoc,rinxeuul eaNrfieoi
npo6neir.ru, c:rig nucnoelrru px4 uipxynant i aaynaxenr, ari varorr 6yru po:r,rxuyri
npr4 3axficrt l3Moxyrb AoloMorrr4 aBropy n fioro no4alrruifi uayrorifi po6ori.

l.V nepuoruy posgiri 4acepraqii, B {KoMy rrpoBoA}rrEcr aHaair craHy npo6levz
uaorr rvricqe Haeegeui Soplry:ru 6e: noczlanr ua nireparypui 4xepera, 3 ,Krrx
ez6paue [pr,rBeAeHe cninei4uourenur. Hanpurla4, crop.54 , $oprrayna (1.11)
2. trpu er,r6opi Hanp{MKy ra o6tpynrysaHH.r 3aAaq gocri.4xenux s4o6yeav cni4orr,ro
o6Mexns gocri4NeHnx no6y4ororo o4uoruvipnlrx MareMaruqnux uo4eneft
4uuanriunux npoqecie ra cr.rcreM fB ra BV Marr[,rH, TuM caMr,rM ne ga6egneque

uoxnnnocri 3aJrrreHHr 6inrruoi xi:rlr<ocrj naparrae:rpin 4ocligxryaanux o6' errin.
3. Irpu sr4sHaqeugi roe$iqienra k $opuyra (2.12) nop.l}1 He sKa3aHo rfi:zvnlri
cenc r<oe$iqieura y [ponopqiftnocri culu Nopcrr<ocri.
4. Cropiuxa 103, Sopuyna (2.16) ae e pinuxnnrv. I{e pose'a:or pinurunr (2.15)
rrprr B(a3aHr{x yMoBax. Te x cane 3ayBaxeuHf eiguocurucx i ao sopuynr,r (2.17)
(ctop. 104), .ary s4o6yaa.l Ha3r4Bae pinnauu_au.

5. Y Sopuyli (2.41) crop. 113 iurerpyraHHr Br.rKotyerlcs no sN{iHHiitp aue s .

6. crop. 120 inrerpan sa (fopvynoro (2.57) sarrexurr ni4 napaverpy n a:rraiuua @
ue 3M1HHa BV3HaqeHOIO lHTefpvBaHHS.

7. Crop. 739, npaya qacrlrHa $opvy:ru (2.120) n oneparopuin $opui Jlanlaca
3alrexr4TL BlA p ,A Ue eig /. Te N canre 3ayBaxeHHq ei4uocr. rca i go $opuynra
(2.187) ( crop.l 56), npaBa r{acraHa _sxoi N4ae salexurz eig p.

8. Crop. 163. Br.rpa: <-{x ni1ovo, neniniftsi pinHxnna, Iqo Marorb BrlrrsA (2.216) ne
Marorb peryJrflpnux uero4in po:n'xery>>. To.rHiue i aposlrrai:rilre 6yrio 6 3a tlcaru
auaqimuquux rraero4in pogs'sgry.

8

po3Kpr.rBaerbcs 3a AoloMoforo rraero4ie eunipuvnoro ra reoperr4r{Horo 4octri4xeunx.
Ha ocroei uz6ororo ana.niey o6'exra 4zcepraqiiuoro gocli4xenua, Hayxoeoi

NOJIO)KCHH'I

HABqAJIbHI,IX
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9. Puc. 2.31, crop. 167. He sposyvino ua ocrosi rKr{x reoperv'rur4x ga-,'reNHocrei

no6y.qoeana giarparraa po6ovoro rlzr:ry fIlI rigpan:riunrax ni6paqifiur.rx i fBy
MAIIII4H.

l0 Crop. l8l.Hanzcauo <llpu pyxy vo4eli BaHraxy no sici oy...>. llpanu.nruo
6yno 6 Hanr4carr.r < llpa pyci nauraxy B HarrprMxy nici Oy rr.ro4ell e

HacrynHoro. . .>. Ha crop.l 84 iree4a-,rrana e Br,rpa3 <<V Mouesr tn viA6ysaersct
nagiuna rr,ro4eni BaHTaxy Ha BaHTDT(oHecyvui opran...>>
I 1 .Ha crop. 199-200 naneAeHa MareMarr,rqHa MoAenb rexno,roriqsoro upouecv
pyfinyeagnx ripcrroi flopoAlr naeicHuv ai6poy4apnula flpr4crpoeM. gr ni4orrao, calra
MoAeJrb ne noeHicro inQopltarr.rnna, .f,Ktrlo riAcyrHifi ananis i'i po:e,x:xin, xr<i

MOXHa Br4KOpUCTarr4 An{ KOHCTp}TOBaHHT BIATTOBIAHOrO yCTarKyBaHHr. Torray xpil,t
MoAerr, rKa rerepMtHoBaHo onr4cye noaelinry o6'eKris fB i fBy neo6xi4no 6yno
6 npunecru po:a'lsr<z , ulo Aarorb vox:rlrsicru paqionansnoro [poeKTyBaHH,
napaMerplB ai4nonignoro o6la4nanur i Sopnry: onaru xpzrepii ynpan,rinur
lpoqecaMr4. Taxe :aynaxeHH{ Ma€ uicqe i ,4o MareMarlrqsoi rrroaeli rexuo:rori.rnoro
lpouecy 3aHypeHHr ua-,rr uasicHr,rN4 ei6poy4apnralr flpv crpoeM ( crop.2l6)
12. Crop. 248-249 y Br{pa3ax uts F i G u,,u; cr<a-,rapui Berr,Hr.rHr4. Tovy eepxnx
plrcKa rK o3HaKa eexropnoi BeJrr4qr4Hlr uenorpi6na.
13. Auanis rirepa'rypuux ,qxepeJr, BuKoprzcragrrx sgo6ynauelr rroK€BaB, IrIo is 373
AXepeJr HeMae rrocr4JraHb Ha rrlApr{Hr,rKr4 Ta uouorpaQii ocrannix poxin ru4annx.
Tax, ni4pyvurar <<Mo4e:loaaHHrr ra onruui:aqix cucreM)) aeropir .{y6onoro 8.M.,
KserHoro P.H. ra ilr'm. 2077 p., laouorpa0ir o6opcrxoro f.o. <MogerrrrpoBaHr,re
cricreM)), eraganuuqraaAcrponpr.rHT, O4eca,2013p. ra inuri 3uurr4rrr.urr4cq [o3a
yBarorc :4o6ynava.
14. {ogaror B 9ucen"ne MoAerroBaHHr rigpoguuarraiuuax npoqecir 6yno 6 6inrure
HarursAHr4M, rKbr4 Br4KoHyBaJrocL B npofpaMHoMy cepegonurqi Symlink matlab.

Bucuogorc upo nignoniqnicrr gucepraqii cneqia.nurocri, s qrcoi sona rroAa€Tbcq
AO 3aXUCTy.

Bilvi-reHi 3ayBaxeH'r, Ha Haru rro'r.r,q, cyrreBo He 3Hrrxyrorb gararlnoi
nosurr4suoi orliHxrz Hayroeoi po6oru naua -f,pocrana Ieau-ryra. v qinony,
rl4ceprarlrr xapaKTepr,r3yerbcr Br,rcoKr4M HayKoBrlM pinHerra i uoauanorc, crporr4M
rori'rHr4v o6rpynryeauurlr, Mae BaxJrr,rBe HayKoBe i nparflavue 3HaqeHH{.
Aerope$epar ni4noeigae auicry glrcepraqii, a raxoN nciu nopuaruBHr{M Br4MoraM

,4o raKoro po,4y HayKoBoro [poAyKTy. [zcepraqia ra aerope$epar nanlrcasi
rpaMorHo, 3 ypaxyBaHHrnr icuyrovzx Br.rMof Ao osoprra:renHx 4ncepraqiftuux po6ir.
Bzxra4 avicry 4ocni.qxenux :roriquufi i noc:riloeur.rft.

,{rzcepraqia Inanvyra fpocnana Bologulrrapoau.ra Merogra ra zaco6u
MareMarr.rrrHoro MoAeJrroBaHHx riApaeliunux ni6paqifinax i ai6poy4apHr,rx Marrrr4H)),






