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si cnet4ianuuocmi 05.14.06 - mexui,tua mermoQisurca ma npoMucttoqa meruoeHepeemuKa

Anrya.nrnicrs re*ru AIrcepraIIifi Hoi po6oru'
XapamepHr4Mr,r pa4aan:z po3BlrrKy 6ari'rrox'rexHi.rHux ralysefi Ha [porr3i octauuix

lecsrrariir e reHAeHrlia uocrynosoi r\,riHiarropr,rsauii siAuosiAHzx texni'IHl{x [pl{crpoia, a

TaKOx 3acTocyBaHH, TeXHOlOrifi, B .rrKr{x Qisrauui flpoqectl ei46yearoTb0.f, B Uirpo- ra

HaHOMaCU.ra6ax. flprz uroryry TaKa rcsAen[is 1toB's3aHa nep1ll 3a BCe ne s 6axaHHflM

3MeHurr4Tr4 naacora6apurni xapa!ileprzcrllrra nrapo6in, a 3 3anpoBaAxeHH.f,M HoBI'Ix, 6ilru
e6errunurax rexHoJrtrifi, grci Ha rrefi qac Bxe AocrrJII4 rrairpo- Ta HaHoMacruta6is' B

6ararrox raKr,rx rexsoloriflx Br4ropr,rcroBylorbcs ri.qpo,quHaMi'rHi 'ra reuno$isuqHi flBI,IUIa

ua rrairpo- ra HaHopinui, Honi Bvrllvrpoooqux'rin (nanpuKJlaA HaHopiarauu)'

Boqesr4Ar, uqo uiA qac po3BurKy raKrax rexuororifi i sacrocyBaHHfl ix y texnirrHl4x

nupo6ax seo6xiAuo 3Harrr sarououipnocri uporiraung ei,(noeiAuux QisrauHl4x sBl4ru. IIpu

UboMy rrpoBeAeHufl eKclepI4MeHTilIbHI4x AocliANesb Ayxe yoKJIaAHeHo, rrepe3

seo6xianic.rr uiHiarropusauii nuuipronaJrbHlrx ceucopin, a inxolu Haeirr HeMoxJII'IBe'

aAxe rrpr4 nepexo4i x uilcpo- Ta HaHoMacurta6au icrotrto 3pooraloru s6ypenul, txi
rrauipronanusrf npraCrpifi BHocIaTb B cI4cTeMy. 3assz'Iafi sci eKc[epl4Menralrni

AocriArnarry B clrcreMax raKoro uacurTa6y cupxuoraHi Ha BI43HarreHH, JII4IIT9

iurerpanrHr4x xapaKTepucrr4K o6'erry. Tarru qLrHoM iuctpyrraeutapifi MareMarllqHoro

MoAeJIroBaHH.,Lla i.qeutuQiKaUii Sisrauuux f,BI4III e HesiA'eMHoIo CKJIaAOBOIO sK

Teoperr4rrHux AocliAxeHb ua rraixpo- ra nauopioui, tar i saco6in, ulo BrlKopl'IcroBytorbc{

niA .Iac pospo6rn ui rcponpucrpoin i uauo'rexuonorifi '

Ocrinsru upra raircpo- Ta HaHoMacrura6ax AoBxI4Ha nilrsoro upo6iry MoJIeKyn Bxe

cyrraipua 3 reoMerpr4rrHr4Mr.r posuiparrau o6'exty, To 3acrocoByBarl4 xracu'IHi pinuruur

rraexanircu cyuimuux cepeAoBr,rq, mi olll4cyrorb Sirrauui sBI,Iua B routuuyyui,

HeMoxJrrrBo. Ilocrae neo6xilsictr BpaxoByBaru vriNlraolexynrpni ssaeN'IoAii s uoroqi

pi4uuu, ssaeN,roAiro MoneKyJr 3 TBepAolo rroBepxHelo, ToIrIo. TaxoN rlpu raKl4x naacru'ra6ax

AJrfl Bxe He flpauroe piruanHg KnauefipoHa- MeHAereeBa, ra3l4 neo6xilno po3DIsAarI4 flK

peanrui s siAuoeiAHr{Mra pinurHuxurl craHy. Touy HaraJlbHoto uorpe6oro e pospo6r<a

HoBLrx ra uAor*o"-.rn, icuyrouux MeroAiB ana;riey Qisuunux upoqecia, sri
ni46yuarorbcs B uirpo- Ta HaHoMacurra6ax.

BraxoAgqu 3 uboro, reMy lraceprauiftnoi po6otu H. II. ,{uurpeHKo, ,Ka rplacBflqeHa

po3Br,rrKy ni.qxo.qis Ao rrr4cerbHoro ra aHariru.rHofo MoAeJI[oBaHH.s rrainpo- Ta HaHolotoxin,

ie.rii ra3y Ban Aep Baalrca ra 6ioxoHnexu4BHr4x 'reuifi, a raKox Bu3HarreHHIo 3a

AonoMororo uboro MareMarr4rrHoro iHcrpyrraeurapiro sarouottipuoc'refi flBI'IuI siAuosiAulax

S isr,ruurax sBI4trI, cr iA eBa)Karl4 aKTytuI bH olo.
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Cryuiur o6rpyurosauocri HayKoBrrx rroJloxenb' BIrcHoBKin, i peroprenAauifi ra

ii tocrosipHicru
guciprauir e saueprxeHoro cauocrifiuorc HayKoBoro flpaueto, 3aftLJlurifi o6cxr sxoi

cwrutae 37 7 cropinrcr, . ,*r* 314 cropinoK ocHoBHoro reKcry. Po6o'ra BI4KJIaAeHa qitxo i

e crpyKrypoBaHoro. [raceprauis sa.nruAu.r"cs si Bcryfly, ceMll pos4ilin, rucHonxin,

,nr.*y ,-itZ Br4KoplrcraHr4x AxepeJr is 352 Hafiueuynaur i AoAarxir; ruicruru 96 pzcynxin
T a 3'ra6lnui.

V ecmyni o6rpynroaaHo amyalruocri reMu, cQopnaymoBaHo Mery ra 3aAarrl

AOCltiANeUHg, [pr4BeAeHo HayKoBy HoBr43Hy Ta npaKTI,IrIHe 3HaqeHHfl' sI4CSirIeHo

aupo6aUiro p.ryrrruri3 ra ni4o6paNesss ix y uy$niraUigx, a raKox HaseAeHo iHuli

Qopuynro"un*n", sxi seo6xiaui ans AoKropcbKoi 4raceprauii.

B nepruouy pos4ini HaeeAeHi pe3yJrbraru analisy nirepatypHl4x AxepeII, B tKI4x

po3rirsAaerbc, cyuacuufi craH MoAeJIIoBaHH, nrixpo- Ta HaHoMacura6nux noroKis.

porrnxuyro ocHosui ac[eKTr4 MoAeJIroBaHH.,I TaKI,Ix uo:roKie ra ouucaui MeroAI4' glti

Br,rKoptrcroByrcTb l1fl MoAeJrloBaHH, 3a3HarreHl4x teqift [pu ik peanisauii B

rennoo61aiuuoury o6laAuasui. Ilpoauarisonauo pe3yJlbraru AocriANeHb, IrIo crocylorbcfl

saxououipnocrefi, npo6leuuux III4TaHb Ta oco6lusocrefi npoqecin s Sasoeuuu

rreperBopeHHrMrr n uauopi.ur,rHax ra npoqecis s HeileuulbHl4x ra3ax Bau AeP Baalsca'

Onrraro AocliAxeun, , ranysi 6ioxoHseICLIBHLIx 're'Iii i ix eurlao ua ri4po4uuarrairy

cr,rcreMr4. Onpaqrooaui rrrarepi*, l*r 3Mory s4o6ynaueoi cSopuryJIIoBarI'I naery i saAa'ri

.qracep'raqifi soro AocliANeuug.
Y dpyzouy posAini ouucasi MeToAr4 MaTeMaTI{r{Horo Ta quceJlbHoro MoAeIIoBaHH-f,

seiAealrsr" noro*in, xri Br.rKopr4craHi s Alacep'rarliftuonay ,uocniANeuui, a caMe' MeroA

rigqesux piSuuqr, MeToA fpaToK Eolrqnaaua, 6a3ogi IISJIO69HH''I

peHopMtllliaaqifiuorpyuoBoro MeroAy, MeroA MtUII4x s6ypenr, MeToA czuerpifi'

HaseAeurafi orr4c MeroAy fparoK Eolrquasa (LBM), tt<vtit ycuituuo

Br,rKoprrcroByerbcfl AJrtr MoAeJrroBaHHs uit<pocucteu. Bi.quosiaHo Ao AaHoro MeroAy

rloJroxeHHfl Ta HalpflMoK pyxy qacroK BBaxatorbc{ ALIOKpOTHI4MLI, i sllsHa'Iarorrcq

By3JraMr,r 3aAaHr,rx fpar. Hafi.racriue [pr4 ABoBl4uipuorray MoAeJIIoBauui europl4croBytorb

rparr4 D2Q9 nu Aeu'rrr raHaris pyxy, a flpvt rpunuruipuoMy - D3Q15 Ha ['{tHaAurTb

rcaHaris. Ouucauo Aeqrd repeBaru MeroAy LBM, Uo roJlflrarcTb B rpocrl'Ix upoueAypax,

gxi uiAxoAsrr AJrr rrapiureJrbHr{x o6uucreur; lerrocri i naaifinocri npn po6oti 3

6ara'ro$asuuu noroKoM, cKJraAHoro reoue'rpiero. TaxoN HaBeAeHo olluc MeroAy

peHopMtulisaUiftHlax rpyn. Onucasa rpoUeAypa repeHopMyBaHH.,I pinurur, 1qo orl4cyrorb

teuroo6iraiu ra ri.upo4unavrixy rloroKy.

Ans MareMarr4qHoro AocliANeuus upoqecin necrifirocd nauiuapuoro [oroKy

3alpo[oHoBaHo Br4Kopr4croByBarr,r MeroA MtuIIlx s6ypeur, sxui,t uepe46avae po3KJIaAaHHs

napaue.rpis re.rii Ha ocHoBHi ra s6ypeui cxlaAosi i AoseoJlfle orpl4Marl4 piuuanru 4lr
aurnnirya s6ypenr. Pogs'sgauHs raxoro pinuruua MeroAoM rolorauii llae 3Mory

Br43Haqprrr,r xprarepifi crifircocri te.Iift. B 1I,rceptauii rpurcpirrrau crifirocri, uo
Br,r3Harralorbc.fi, o6pauo qr4cJra PefiuonrAca, Tefilopa, ,(iua, Apxilae4a m,{apci.

TarcoN B uboMy posaini orr4caHo posn'asauua guQepenuifinux pienrur

renloo6uiHy'ra rigpo4znauiru ue'roAoM lpyr curraerpifi (rpyn JIi). Tarcufi niaxia yniQixye

i sHaqHo po3trrr4proe pisui cneqialrui ue'roAu iurerpyoauur reBHI4x uauiB pinuaus

nepuoro [opf,AKy, TaKr4x, flK oauopilui pieruuur, pinurHur s suiuuuuu, uo
po:Airrro'mcr, pinuruHfl B noBHlIx 4rlsepeuuia-nax i inrui.

B mpembogy postini HaBeAeHo pe3yJrbrarla AocliANesurrenloo6vriuy ra

ri,upoluuaMiKu reqifi n uixporaHilIax.
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MoAerrcsaHuq noroKy B nrixporonQysopi 3 rpaHI,IqHI4MI4 yMoBaMI4 KoB3aHH,

Apyroro ropf,AKy Ha ocHosi n.p.rropeHb cl4Merpii AossorrlJlo aBropy Hosi aHarirla.lui

ptru'".n, gnr npoQirie usu.qxoc'ri ra reMrepurypu, a raKo)K gna xoeQiqieHta reprfl ra

,rrru Hyccelrra. Ananirr4rrHe AocriANeHns ri.qpoluuauixu rloroKy n rraixpo.qraQysopi

noKa3ilrq uo is s6imueHH.rrM rrr4cJra KuyAcena esexru [poKoB3yBaHHt Ha ctinqi Ma]orb

6inrurufi BrrJrr4B, aJre rrpr4 rlboMy B ueHTpurlmnifi o6nacd norir cnosiDHroerbcfl. Taxoxt

po3paxyHoK roKiBaB, ut-o sNaiHa Kyra po3KpuTtfl.sraiHloe xapaKTep pyxy uiltpouoroxy.

HaneAeHo rrr4cer6Ho-aualiruq:auit posn'xsox saAa.ri TeflJlo[epeAa'{i s rIJIocKoMy

uirpoxaua.ui, ulo o6epraerr Qfl, 3 rpaHI4rIHuMI'I yMoBaMI4 KoBaHHs Apyloro [opflAKy' B

p.ryrururi AocliANeuus Br4flBJreHo, uo s6iruueHHs uIBI4AKocri o6eprannr crisor

nairpoxauany cnprre 3pocraHHro q[cra Hyccerrrra. Iu'rencnQixauir rpouecy rculoo6uiHy

ni46yraerbcfl Ao AocsrHerHH{ 3HarreHur o6epralbHoro qficila PefinolrAcaRen *6, uicltx

qoro qpIcJIo Hyccelrra uouipuo 3MeHuryerLcr.

floxasauo BlJrr4B [apaMerpy xoeQiuieury B rpaHI4rIHI'Ix yMoBax [poKoByBaHH,

Apyroro nopflAKy Ha renloo6uinui xapaKTepI,IcrI,IKI4 [oroKy. HaseAeHo pe3yJlbrarl4

atcniaNeHHfl [oroKy s uliresorr,ryui xporauali gi gNaalqeHusl\l. Orpraruauo BI'IprI3 AIL

ni4rplrnryroqoi Cultt 3 ypaxyBaHH.,IM eQerrin npoKoB3yBgutfl, Ta BI4ptB .Una npoQinro

t"o*itl; 
m.epmoMyposaini Br,rKJraAeHo pe3yJlbraru AocniAxeHH.,I rerlouacoo6rraiHy ra

riApoAunaMixu re.rifi 3 HaHOrracTr4HKaMr4 ra ix uecriftr<octi.

3a Aononaororo BuKopr4craHH, MoAra$ir<ooanrax yMoB Penr<ina-Ircrouio orpl'IMaHo

aHzuri'ru.rur,rft posn'.r3oK 3aAaqi upo npoxoAxeHHs floroKy ra3y 3 HaHOTIaCTI4HKaMI4 rlepe3

HopMaJrbHy yAapHy xBr.rJuo. BussreHo, Iqo acl4Mnrora rpaHllqHoro s6iruueHHs rycrl{Hl4

raey si s6ilrruessrM KoHrleHrpaqii HaHor{acrr,rnox suirqyerbc.fl e o6racrn BeJIIaKI4x 3Har{eHb

pzlpr. Ile o6yrrroueHo ^tvw, rrlo s6imueHHs lcouqenrpauii HaHoqacrLIHoK s6ilrurye

3araJrLHy rycrr4Hy uauopigunu i ruu caMI4M uocla6ruoe crpu6ox rlacKy u yaapuift xelari'

Crpra6or rr.rcKy u ,uropi4uHi s yaapuifi xsflni He Moxe 6yrutaxwM cI4JIrHLIM, f,K Y 6asosifi

qucrift pi.qemi [pI4 Tt4x xe 3Har{eHtflx p2lp1.

AocliaNeso ocecr.rMerpuqHy uecriftrcicrb rloroKy uiN ABoMa KoHueHTpI'ItrHI'IMI4

qr,rniulpauu (norix [iua), a raKox siaueHTpony uecrifinictr Anr BHnaAKy re'{ii naiN [soN'Ia

KoHueHTpLrrrHr,rMr4 rtraniu.qpau v, o1vrH 3 sKI,Ix o6epraertcx (norin Tefinopa-Kyer:ra), rxi
npoflBJrflrorbcfl B nauopiguuax npr4 ix sr4rorosreHi. Pogs'sgaHng gaAaqi ri4po4rauaMi'rHoi

ciifixocri HaHonoroKy Aruro 3Mory Bt43HaqI4rI4 BTIJII4B AeflKux rapaMerpin sa rputepifi

crifirocri HaHo[oroKy.
B1agereuo BrrJrr4B HaHoqacrr4HoK Ha ryp6yneuuty a'rsricrb B uotoqi 3a AorloMororc

MeroAy peHopMrurisauifioi rpyru a caMe, posuipy qacroK, qxi crauosllsrb rBepAy Qasy, a6o

noriuepuux Ao6aeoK.
B n'amouy pos4ini po3rJrrHyro posn'rsaHH, 3aAae, IrIo noB'ggani s Qa":onuuru

lepexoAaMl4 B HaHopiAuuax.
Pogs'sgauH.,r HecraUiouapuoi saAa.ri cuoHTaHHoro fl epexoAy Ao nJIlBKoBoro KurIlHHt

Ha ulacrift uacruHi Aoseorr4no orpr4Marrl aHaritu.Iui cuissiaHollleHHf, Anx npoSinin

runu4xocri, reMrreparypr,r, xoeQiuieurie reptr ra qucer Hyccelrta l[rfl Asox ruuie

rpaHr4qHr4x ra rroqarKoBr4x yMoB (Eporvrni'ra Elnioua). Ilopinusso aualiru'Iui posn'lsrua

AJu [apauerpin reuloo6vriny ra ri.qpo.quuauixz naponoi nnieKLI y sPIrr.[Ai pr,qir ra
aBToMoAeJrssuit posn'lsor<. florasaHo, tr1o Aasi, orpurraaui Ha ocuoBi pose'xsaHHfl rlo

MeroAy Xesicafila, uepeg6aqarcTb rxBr4Arxe BcraHoBJIeHHs ctaqiouapsoro pexl4My B

nopinuruui s AaH[N,IIa no aBToMoAeJIbHI4M posn'lsxau.
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AHaniru.rgo 3MoAenboBaHa Auuairlixa gt\aiHla B .{aci uaparraerpin [oroKy ra
reurosilAaui uauopi1unu B yMoBax ue crauiouapHocti npt4 MI,ITTcBoMy uepexo.qi Ao

rcuuisug nrieKra Ha nepruralsHift pinuifi noaepxui. Anaris posnoginy reMrleparypl4

noKa3aB, uro xpnoi, sr<i eiAnoniAarcrr uaponifi urieui 3 HaHoqacrI'IHKaMI4, IITBI4AKO

Aocflrarorb c'raqiouapuoro craHy. Eyno BLIflBJIeHo, uo g6ilrueuru KoHueHTpaIIii

HaHorracrr4HoK y uaponifi nni eui crrprlre nocI4JIeHH]o reflJlolepegaui.
HaeeAeHo pe3yJrbrarr4 eKcrrepuMeHTaJlbHoro AocliANesug sN,IiHI,I iHteHc[sHocti

reuoo6naiuy npu ruBr4AKoMy oxoJroAxeuHi uarpi'roro MeraJleBoro 3oHAa o nauopigl4Hax 3

pisuoro KoHueHTparliero HaHorracruHoK, sxi Lailv 3Mory orplaMarl4 uectaqiosapnktir

posuoail noeQiqieura rerrJroBiaaaqi n nauopi4nui. Anani'rnqHlafi aHaris ctifirocti uapy
napr4 rrpr4 nrieroao\,ry rnuinui uauopi4uu 6inr uepturcalrsoi rapauoi crisxu tIoKa3aB, IrIo

Arr 3HarreHb Kpprrr4rrHoro qvcra Pefinolrlc? Re6 > 7000 BTpara ctifir<ocri nrisru r,apv

o6yuoeneHa He uaqsHicrro HaHoqacTLIHoK, a ruslaAKicuo pi4xoi Sasra.

B ruocmouy pos4ili po3rursHyro 3aAaqy simHoi xoHsexqii 6inr uarpitoi nlacuauu,

,Ka 3aHypeHa B ra3 Ban Aep Baalsca. 3anponouoBaHo KoMtIJIeKc is rprox MeroAis

AocliANesss 3a3HaqeHoro npoqecy. HaeeAeHo rpoueAypy poso'asauur saAaqi

KoHBeKTr4BHoro 'reunoo6uiHy 3a AonoMororc MeroAy clauerpifi, 3a AonoMororo

cnpouleHoro MeroAy ra MeroAy iurerparuuux cniseiAuollreHb. Ha ocuoni

3a[porroHoBaHoro KoMlJreKcy orpr.rMaHo cnissiAHotueHHfl LItfl posno4iny qucJla

Hyccenrra, npo$inro reMreparypr4 ra upo$inro ruslaAxocti s npncdunonay urapi.

Busua.reuo BrrJrr4B napaMerpin ra:y Bau gep Baalrca ua iuTeucusgic'rr renloo6uiusnx
npoqecin npu nilruifi r<ousexqii.

3 Br4KoprrcraHHrM uo.quQixoBaHr,rx yMoB Pennina-ftorouio aHaritu'Iuo
3MoAeJrboBaHi Ausauiqni sN.{iutr napaMetpin no'roKy ril3y Bau gep Baalrca, upu fioro
npoxoA)Keuui uepes uparrarafi cKaqoK yutinrueuur. flponeAeuo nanig BnnI4By roe$iqieuT ie o
pinnxuni Ban 4ep Baamca Ha llapaMerpla yAapHoi a.qia6a'rrE.

B cboJvtowy pos4ini 3anporroHoBaHo MareMarI,IqHy MoAeJIb, flKa e ocHoBoK)

po3paxyuKy uec'rifixoc'ri 6ioxoBeKTr4BHux re.{ifi B rropllcrl{x cepeAoBl4lrlax. Buxopucrauur
3rnHarreHoT lroleni Ta MeroAy s6ypenr AaJIo 3Mory flpoBecrll AocliANesi upouecin

Hecrifixocri 6ioxonreKTr,rBHr,rx re.rifi B nopr4crlrx cepeAoBl4lrlax AJIS BI4[aAris silcyruocti
Ta HarBHocri alcop6Uii. BHsHaqeHo BnJruB xapaKTepI4crLIK troprlcroro cepeAoBHUIa Ha

secrifiricrs 6ionouserrunuoi reqii. BussreHo, ulo s6imueuHs r<oe$iuieury az$ysii
rnrixpoopranisN{is 3MeHrrrye Kpr4T}rqHe 3HaqeHHt [poHl4KHenocri cepeAoBI4IrIa, flpr4 flKoMy

Br,rHr4Kae uecrifixicrr cepeAoBuula. Taxox HaBeAeHo po3paxyHKtl BIIJII4By ToBIIIUHI4 Iuapy

uopucroi crpyKTypr4, a raKox Soprr,ru MaKpoopranigrrris Ha rlapaMerpra uectifit<ocri.
V o uc ru o e xax cQopuryJr boBaHo ocuo nui pe3yJl6rarr4 ililcepr aqifi uoi p o6oru.
B dodamxax rroAaHo xouii arrin Br.rxoplrcraHHfl pesynrrarin anceptaqifisoi

po6oua na uignpueMcrBax Yrcpaiuu.
-fr<rqo roBopr4Tu trpo 6cto po1omy o qinouy, 'ro s Hifi ycuiruuo nzpiueuo BaxJIuBy

Teoperr4rrHy upo6leuy, a caMe: po3BrzHeHo ueroAororiro posa'lsauur 3aAatl

ri.qpoAuuauiru i TelJroMacoo6uiuy n nairpouoroKax, nauopi4lluax, ra3ax Ban 4ep Baalrca
Ta 6ioloriqszx cr4creMax. BrcHosrfl4 Ta peKoMeHAauii, sri cSopuynronani B

grEceprauifiuift po6ori npaxoeyrcrb cyruicrr ra aKryturuicrr uayxonoi upo6neuu, t{o
nupiruye'rtcr, e 3Haqyurr4Mr.{ rilfl posyuiuua Mexauistt{is nepeHocy MacI4 Ta relJla B

po3rJrsHyrrax o6'errax, yAocKoHaJreHHfl MeroAie ix ananisy, a raKox Matorb npaKTI4qHe

3HaqeHH, AJrr 3a[ponoHyBaHHs saxoAin rqo.uo ix KepyBaHHflM. Bce ue Aae 3Mory

crBepAxyBarr4, uqo lnararpeuro H. fI., spo6una oco6ucrufi BHecoK B po3Burox reopii
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rpoueciB rerrJroMacoo6uiuy ta rilpoAuuauiru, a pe3yJlbraru ii po6otz Malorb csirose

3HaqeHHg.
Hayroni [oJroxeHHfl, Br4cHoBKr4 ra pexoMeHAauii, cQopMyJIboBaHi y araceprauiftsifi

po6ori e AocroBipuuruu ra o6rpyHroBaHlrMlr, Ir1o sa6esneuyerbcs KOpQKTHI'IM

urnoppruHHrM Qyu4avrenraJrbHr4x saroHin ri,uporasoAusauixlt ra refiJloMacoo6naiuy,

cyqacHr,Ix rr{e'roAis MareMarr4qHoro MoAeJIrcBaHH.,I, 3afulbHorlpufirurux MeroAI{K, IrIo

6asyrorrca Ha Klracr4rrHr4x aHariru.IHlax ra qI,IceJIbHI4x MeroAax ra y3ro.{xeHHrM

orpr,rMaHr4x pe3yJr6Tarin uoAeJrroBaHufl 3 eKcrIepuMeHTtLJIbHvrMV lanLtlau i s pe3yJlbraraMl4

iuurux an'ropin.
Ha ui.qcrani auanisy HayKoBux lrarcpianie po6otra MolI(Ha BBaxarI4, ulo Al4ceprauu

.{vgarpenxo H. II. e rcnani$ixaqifiuoro po6otoro, ,Ka BLIKoHaHa Herc oco6uc'ro LI Mae

eauicir suicry. 3a HarpsMoM AocliANesb ra orpI,IMaHI4M pe3yJlbraraM Aucepraqis

siAnosilae uacropry cneqialruocti 05.14.06 - rexuiqua reunoQisuKa ra rIpoMI4cJIoBa

TenJroeHeprerr,rKa. llpu osHafioN,ureHHi 3 Al4ceprauiero o[oHeHT He sHafiuos o3HaK

a rcaAeMiquoro rJrariary, Qa6purauii ra Qal scu Qirca uii.
3rraicr an'ropeQepary i ocuonui noloNeHH, .ul4ceptauii e iAeHru'IHrIMlI. Pesylrraru

HayKoBr.rx AocliANeub KaHAr4Aarcmoi lucepraqii.{urarpeuxo H. II. ne Bl4Hocqrbcfl Heto Ha

3axucr AoKTopcbKoi .qucep'rauii.

Hayrcona HoBH3Ha pe3yJlbTarin guceptaqifinoro Aoc.niAxeHHs.
OsHafioN,rreHHs 3 Alrcepraqifiuoro po6ororo ra aatopeQeparoM Lae uiActasu

BBaxarr,r, ulo orpr,rMasi .uucepraHToM pe3ynbrarn e lificno HoBI4MLI, a po6oty BI4KoHaHo Ha

Br4coKoMy HayKoBoMy pinni. Hayxona HoBI43Ha oAepxaHl4x pesynltarir rloJltrrae B

po3Br4TKy aualiuaqsux ra rrr4cerbHr4x raetoAis AocliANesns tennoQisutlHllx ra
ii4polrruNai.ruux xapaKrepucrr4K re.rift 3 ypaxyBaHHrM uixpouacruta6sux e$errio,
reoMerpr4r{uux oco6lusocrefi nairpoxauarin, yuon uecra[iouapnocti, $asonnx nepexoAio,

sarouorraipuocrefi, xxi upoayKylorb HaHoMactura6ni Aouiruxu ra 6ar<tepianrui cepeAoBI4IrIa

Ha npoqecu secdfircocd re.rifi. TaxoN Ao HoBII3HI,I MoxHa siAuectu BI4TBJIeHH, HoBI4x

sarouorraipuoc'refi Qisu.ruux upoueccie, uo po3rJlsAarcrbcr. Ue .qae 3Mory aupituuru

upo6nelru inreHcrasiKarrii npoqecin reuloo6uiuy, nouryKy pauioualruux
KoHcrpyKTr4BHLrx piruenr is sa6egneqeHHrM olrI4MzuIbH[Ix cnissiAuollreHb vrix
e$exrunuicrro rra ixpororoKy i ri.upanniuHl4Ml4 BTparaMI4.

Ocnootti acneKmu nayxoooi Ho6u3Hu, nxi euuocnmbcn Ha soxucm ducepmaqiit
1. Ana-rriruqHrafi aHaris Ha ocHosi MeroAy cranaerpii ocHoBHI4x oco6rusocrefi

.rennoo6uiuy rpil c'rarliouapuifi re.rii HecrI,IcJII4Boro loroKy B uirpoxouQysopi 3

ypaxyBaHHsM rpaHr4rrHr4x yMoB KOB3aHHf, ApyrOrO nOprAKy AaB 3MOry Orpznaaru uoni

posn'lsr<ll gra npoQinie tusulrcocri i 'reltneparypv, d raKox 4na r<oe$iqienm reptx i
rlr4cila Hyccellra.

2. Bneprue BlrKopr4craui uoAu$ironani yMoBI4 Penrisa-fiorouio Ang analiTl4rluoro

AocliANeusg [oroKy ra3y 3 HaHoqaerLrHKaMI4 uia qac fioro [poxoAxeHn, rlepe3

HopMrurbHy )aapuy xBr4Jrlo. Orpuuauo posr'xsot< AJL yMoB Peur<ina-frorouio s noroqi
ra3y 3 pisnoro KoHueHTpaqiero HaHoqacrI4HoK.

3. PossuHy'ro aHa.ni'ru.rHi ra r{r4cerbui ueroAu AocriANesH, fipoqeciB tenloo6uiuy
Ta ri.qpo,qr,ruauixra B nairpoxaualax pi:uoi reorraerpii 3 ypaxyBaHHflM oco6rusocrefi
rpaHr4rrHr,rx yMoB ra Sisnuulrx BJracrl4socrefi teqii. Or"pravraHi posn'xstclt Aarorb 3Mory

AocliAu'ru $isuuuy cTpyKTypa noToKy Ta BIJII4B tBI{Iqa npoKoB3yBaHHt.

4. Bnepure po3txr,rpeHo K[aclrrrHy Teopiro urisxonoro xuuisus uanopiAuula Ha

uecraqiouapui trpoueclr, Ta orpr4MaHo necraqiouapHi xapaKTepI4crI{KI4
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rerrJroMacoo6rrainnux ra rilpoAraHal{i.{Hr4x upouecin, uo riao6paxyrorb Mexauis}'lu BTIJILIBy

HaHorracror ua isreucraQir<aqiro tennoo6nainy.

5. Buxosano norrrfi auanis repuori4poAuHanai.IHoi necriftrocti urapy napn 6iw,

Beprr4KaJrbnoi noeepxui Ha ocHoBi uiaxo,qy Oppa-3orraruepQelrga, Ae po3Hlf,Hyro He

rinrr<u piaruuHr s6ypenoi xilmocri pyxy, ilrle fi sOypeni piouruur eneprii ra

KoHBeKTI4BHo-4raQysifi uoi KoHlreHTpauii HaHo'IacrIlHoK.

6. PogarHyro rrr4cerssi ra aHariru.rHi lteroAu AocliAxeuH, rlpoqeciB reuloo6iraiuy

ra rigpo,uuuauirla a ra3ax Bau 4ep Baalrca. Orpuuani posn'rsru anr upoQiris usuArcocri

Ta reMlep arypkt, a raKox rrr4ceJr Hyccetrta Lilfl, peilIbHl4x rasie Aalorb tr{oxrusicT r
oUinuru B1JII4B napaMeTpis Bau lep Baalrca Ha xoeQiUieut teulosiAAaqi.

7. PossuHeHoro reopiro 6ioroHseKrunuoi secrifixoc'ri s ypaxyBaHH.aM eractunocrefi

lopr4croro cepeAoBr4rrlo, 1qo si,(o6paNae iraexaHisu 6ar<tepiulJlbHoro pyxy ra 3pocraHH.,I

6ionrisoK B 3MoAeJlbosaHifi cucreui.

Ilparruuue 3HaqeHHq orptlMaHtlx pery.nrrarin ra percoMeHAauii utoao ix
BrrKoprIcTaHHfl

3a Aononaororc pospo6nenux ue'roAiB MoxHa BI,I3HaqarIa rlapaMerpl4 ra ui4i6paru

ix nesHi AianasoHra, gci sa6esneqyrorb neo6xi.quy iuteHcueHictr teuouracoo6uiHHl4x ra

ra^:origpoguuanai.rHux npoqecin B [pl4crposx i texuolorisx pisuoro [prrcHar{eHHs.

3or<peua sussreHi MexaHisN,rra Br,rHr4KHeHus siAueHrpoaoi ri.qpoAranal,ri.rHoi uecrifir<ocri

liua ra Tefinopa Aarorb naoNrusicrr Blr3Haqurl4 pexLIM IIoroKy ra peryJlronatu fioro

Qi:rauui xapaKTepr4crr4Kr4 flpkt Br4ro'roueuni uauopi4uu 3 3aAaHI'IMIa BJIacrI'IBocr.[MI4.

P.ryrururr- AocliANesr teqii B uixporaualax MoxyTb 6yru europumaui rpll
upoerrynauui rrainpoener<rpoHHr4x ra vrirporvrexasiqHux cplcreM pisuorraaniTHoro

npru.nar.rur (rrairpoceHcopr4, rraixpo$inrrpu, ltittpoyaapui rpy6xu, torqo). Bu-ssreHHs

BrrJrr.rBy uassuocri HaHoqacroK Ha renloo6naiuni xapaKTepI4crI4KI4 ra riapo.quuavrixy

npoqecin ruuisss Aae NaoNrueicrr onruui:ynaru 3a qacoM texuorori'rHi rrpouecll

3afapTyBaHHs Ta OxoJIoAlKeHHfl , B fl Kux BI4KopI4CToByroTEct HaHo pi4wuu.

Pesylnta'ru 4racep'rauifiuoro AocliANeuus Bl,IKopl4croBytorbcr Ha sirqusHflHlax

ni4npraeucrBax. 3oxperr,ra s (Torar <Dnroia MeHeAxMent> cQopMoBaHo peKoMeHAauii

rqoAo sAiftcHeHHr peryJrrpHoro KoHTpoJuo rIoAtrJIbllroro nupo6uuuo-TexHoJIori'ruoro

Br{KoplrcraHHfl rapryBrurbHr4x cepeAoBI4III. 3a AouoMororc pospo6neurx NaetoAis

MoAeJloBaHHfl [poBeAeHo onrurraigaqig KoHcrpyKT[BHI{x piruenr uia qac pospo6rra

ceucopin rvcKy B AII CKTE 3 AB IHcuaryty $israrz uaniaupoeuposi,qHarcis

irt,t. Jlaurr<apboBa.

Ilonuora ony6.rrircyBaHHs ocHoBH llx noJlolreHb anceprauii
OcHoeHi roJroxeHH, ra pe3yJrbturt4 po6orra ouy6nir<oeaHo y 36 uayronux npaqrx,

cepeA sxux 2 KoJreKrr4BHi uouorpaQii, 18 uy6nircauiit y sutaHHtx IrIo BxoAflTb Ao

uixuapoAHr.rx HayKo-Merpr4rrHr4x 6as AaHI4x Scopus rala6o Web of Science, 12 crarcit y
nepiolrauuux Qaxonux cneuialisosaHl4x BIaAaHH.f,x, 4 rezu ta Aonosiai na rraiNuapoguux

HayKoBr,rx nousepeHqisx. IIe aae ui.ucrany niAguaquru eiAuoniAuicrr Auceprauifinoi
po6oru ,{uurpenro H. fI. cyqacHr4M si'r.rugHsHI4N,I BI,IMoraM uloAo tcilrrocti i pinua

ny6nixauifi pesynrrarie uayxosprx AocriAxeHb crocoBHo AoKTopcbKI4x Auceprauifi.
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HeAo.niru ra 3ayBa?I(eHHfl

Cnia siasu ac^ilTvt raKI4 3ayBaxeHHf, :

1. B ApyroMy poslini HaBeAeHo onuc nae'roAie, sri 3acrocoByrcTbc, AJIf,

posr'taauHfl 3aAarr riApolunauixu ra re[Jlo uacoodrraisy. Kpirra Ilboro tyr,uouilrno 6ylo 6

nu"..r, nopiaualrsufi aruwtig ul,tx naeroAis i laru peKoMeHAauii .qng .uKI,Ix tuuis 3alaq

Kparre BuKopr4croByBarr4 oAui ue'ropLv, d AJL rKux iuuri. HanpraxnaA, He3po3yuilto, troMy

aBTop Bt4Kopr4croBye caMe MeroA rparoK Eolrqrtasa rrfl posn'xsauufl gallaq, rtoB'fl3aHl4x 3

MoAeJIroBaHHfl M uir<poreuifi .

2. IIil, uac posn'r3aHH.,r 3aAarr, ulo non'sgaHi s AocliANesHflM Hecrifirocti 're'{ii

a6o runisHfl HaHopi4uu, 6iorconiseKTr4BHl,Ix'reuifi, B[KopI,IcroByBaBcfl MeroA roloxaqii.
flpr,r urouy 6aNauo 6 6yno rroflcHr,rrlr oco6rusocri nuxopvcrauHfl, MeroAy roloxarlifi Alg
TaKlrx 3a.qaq uec'rifixocti.

3. He spo:yrraino, Ha ocHosi .roro 6ytu o6pani ABa 3Haqeuur 0,5 ra -1,687 5 lls
roeQiuieHry A2 B yMoBax npoKoB3yBaHH, (3.1.1) uia qac MoAenrcBaHHfl te'Iii B

vrir<pogra$ysopi ra uirpoxou$ysopi.
4. IIil qac MoAerroBaHH, reqii n uirpo4r,rQysopi aBropoM 6yno AocliAxeno BTJII4B

Kyry po3Kpr4rrfl vrir<poaraQysopi ra xapaKrep teuii. Ilpo're npv po3rJlflAaHni re'Iii n

rrairpor<ouQysopi uboro He 6yilo spo6neuo. [o6pe niAonao, Iuo rpu BeJII4KI4X Kyrax

3ByxeHHfl s ssu.rafiHrax r<ousy3opax Br4HI4KarcTr gacrifiui souu 3 BI,IxpoBI4tr,tu teqi.suu.

BaNauo 6 6yiro AocliAuru, ura ni46yBaerbc, noli6ue xBIaIIIe n uixpot<onQysopax.

5. B auceprauii AocliAxreHo pisuorraanirni Qi:u.rui rpouecu, uto sil6ysarorbct B

uixpouoroxax i HaHopiglrHax. Ilpore 6axauo 6 6ylo 6inrure yBarl4 upugiluru
npr4KJraAHr4M acrreKTaM Br4Kopt4craHH, IILIX sBpIIq. HanpuuaA [oscHIaT[I, ,Kt4M quHoM Ha

npaxruui Br4Kopr{croByrorb eQerru yAapHI4x xBI,IJIr B rtrcax 3 HaHorracrI,IHKaMI'I, B ,KIax

Br4naAKax orpiu uporlecin rapryBaHHfl MoxJrr,IBo crlocrepirarz rBl4lrle MI,ITTeBoro [epexoAy

Ao uinxosoro xuuiHHr, Touro.

6. Ha puc 5.2.10 naseAeHo uopinuflHts. eKcreplrMeHTiulbHt4x i pospaxyHKoBl,Ix

3HarreHb roeQiUieury reunosiAAa.ri npu piourax KoHqeHrpaqigx noliarpulaui4y y

BoA.,rHoMy posuraui. Ha er<cnepilMeHTaJlbHl,Ix KpuB[x l, 2,3 su,uHi qirxo nupaxeui Tor{KI'I

neperr4Hy, sri ne cnocrepirarorbc{ ua siAuosiAuux po3paxyHKoBklx KpI,IBI,IX. r{epes ue [pI4

eKcrpatronrqii xpuerax l, 2,3 s o6racrb MeHIxI,Ix 3HarIeHb rlacy Moxua ouiryoaru icrotue
po3xo,{xeHH, eKcnepr,rMeHTilrrHr4x i pospaxynKoBllx AaHI,Ix. BaNaso IIof,cHI,ITI'I ueft eQerr.

7 . flpu po3rJltAaHni 6ioxonBeKTLIBHI4x teqifi B rlopl4croMy cepeAoelaui e N'IoAeri

upracyrui [apaMerpr4, lri nusuarrarorb posrrripra nrixpoopraHisNais. flpote He BKtBaHo sx IIefi

posrr,rip cnisniAHocr4Tbc, s posnripoM rlop, i .ILI surlaBae po3Mip nop Ha rlpouec, tuo

locri,qNyer6cs.
8. 3aynaxeHH, rrloAo oSopuneuur po6orra. B rercri .quceprauii ta aetope$epaty

upncyrui uesHaqHi rpaMarr,rqHi uonaulru ra oIII4oKI,I. Iloaexy,qra syctpiuarcTbcs ueto'rHocri
B nocuJraHui, uaupuxlaA Ha cropiHrli 185 srasaHo <pinruuut, (4.2.)>>, s roft qac, KoJII'I aBrop

Br4Kopr4croBye rproxpinueey uyrraepauiro Sopuyn. TaroN sycrpiuaerrcr neaipne

Br4xoprrcraHHs 'repuinonorii. Hanpuxlag, aBTop BxuBae teprraiuu (MeroA xiHIlesux
pi:Huus> saN,{icrr (MeroA cxiu.reHr4x pi:nraqr>; <piueuux> saMicrb <<posr'xsox> (rolu
MoBa fi4e upo MareMarrrquufi pe3yJrbrar) ra <posaofl3asur>> (ronz MoBa fiae npo trpouec

posn'rsauHfl MareMaru.rHoi sala.ri), <wrpiureuur pinurur>> saMicrb <<posn'lsauur pinHaur>

ir.i.
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3ara.nusi BI{cHoBKlr

floAagaAo3axI,IcTy4racepmqir.{irau'rpeuroHata"rriillanrrigHlaHaTeMy
<Teurorrracoo6rrais ta riApo.qrrannixu o t'rixpoct't'it*u* g seiAealbHl4M cepeAoBLIueM Ta

6iOXOH,e*,I,BHI4MI,I re'IiflMI'I) 3a CBO.IO aKTytUIbHlCTtO' IO.TaHOBKaMI, 3aBAaH6' M.TOAaMI'I

ixnrapirueHH,TaoTpI4MaHI4MI4pe3yJIbTaTaMLIegaxiH.IeHI4MHayKoBnrraAocliAxeHHgM.'flKe.
Br4KoHaHo y eiruoniAuocri 3 HayKoBraMr,r [porpaMaMr4 i ura'auu Inc'rraryry TexHlrrHol

'.""H:;x#lHXo"#X;:, He 3Hr4xyrorb__:1lT"ny "o"1T.:1{._ 
oqiHnv po6otu.

34o6yeaue* o,p,*u'o uoai, HayKoBo o6rpyrr.roaarri pesyrrrTafvl, rri nrapiutyrcTb BaxJII,IBy

HayKoBy upo6Jlerrly po3BLITKy rtaeroaonorii posnolsauul 3aAatl riApoAusautru I

TerrJroMacoo6rr,riuy u rrairponoroKax, nauopi,uunax, ra3ax BaH Aep Baa*ca'ra .ionoriq.I4x

cucreMax. crnopeui aBTopoM MeroAr,r Ta anropr4TMr4 Ao3BoJr.rrlorb e$errneuo 3HaxoAI4TI'I

napaMerpu re.rii .ra poepo6nrr, ,fr*oo, OO'Sa6esue'renus seo6xi.q'oi iH'rencusHocrt

TenJroMacoo6rrainnrax Ta rasoriApoArasauiquux npouecin. I-{e Aae 3Mory pospo6na'ru

upracrpoi i rexsolorii s gxux Bl4Kopl4aroBylorbcfl BI4IIIeO3Haueui QisrauHi 
qeuua'

OcHoeHi tIoJIoxeHHfl araceptauifnoi po6oru B Aoc'ra'rnifi vripi s[csirreHo B

ouy6nirooa,r,rx npuu* ra anpo6ouuro nu HayKoBr4X ronQepeuuisx. 3rraicr anropesepa'ry

nosHicrro siAuosiAae ocHoBHI4M tIorIoxeHHsM 4"tp'uUi1^9.9:.-O-rIeHH' 4ucepmqii ra

uurop.6.pary niluoni,uae cyuacHl4M BuMorau Ao HayKoBI'Ix "iTT,'^--^
Ha uiAc.raei Br4KrraAeHoro BBaxato, uo. 3a *'v-111:o.- ttYl-^?Lt^TI

o6rpyurooasocti HayKoBI4X IIOJIOXeHb, nucuonxis TA peKoMeHAauift' AOCTOBlpHlcTto'

HoBr43Horo, Teoperr.qHorc Ta [paKT,rtrHoro uinnicrro oAepxaHr4x pe3ylrbraris AlacepraqiftHa

po6ora <Tennouacoo6rvrin ra tiopoo"nu*ii1---? rrairpocucleMax g neilealbuuM

cepeAoBr4uleM Ta 6io*oHeero[BHr,rM,r ieqisrrara> nosHicro siauosiAae Br4MoraM r*r"7 ' 8' 9'

<Iloprlr<yflpllcyAxeHHflra.Ios6aBJIeHH,HayKoBorocTy[eHgAoKTopaHayK)'
3arBepAxeroro ,iJraHoBoro Ka6iuf uinittpiu-Vrcpaiuu nil 17.ltc'ronarc 2021 p'

Ns 1197 (si srr,rirravrl4, BHeceHur,,r,u sriaHo s floc.ta"ouo,o Ka6iue.ry Mirricrpin Yr<paiura nil

Ne 502 sia 19.05.2023)ra racnoptit"*i'llHocri 05'14'06 - 'rexsiqsa 'reu,o$i3l'I*a ra

lpoMr4cJroBa rerrJloeHeprerl4Ka, u ii aBTop, ,I[,rrararpeurco Hara'nis flaui*ra' 3acJlyroBye

npucyAxeHHq ifi HayKoBoro cryreHfl AOKTOpa 'rex,i.rHr,rx HayK 3a 3a3HarreHoro

cne[iallsicrro.

r{ren-KopecrloHAeHr HAH Yrpai]Hv'

AoKrop rexHi'Iuux HaYK, rpo$ecop'

,uyp.ar fepxaBsoi rPeMii YxPaiuu

B raJly3i HaYKI4 i rexuirua

3acTyrrHr,rK Ar{peKTOpa 3 HayKosoi po6orl'I

IHcruryry npo6JreM MarIkIno6yAyBaHHn

iM, A, M. IlirropHoro
HAH YrcPaiHu

Kocrir<oe
q'fr,vryffj,.
nhossi'i6;o
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