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BIA3I{B
oOiqiiiHoro onoHeHra a.r.H., npo$. KeacHriqbKoro B.B.

na laceprauifiny po6ory IIlJtboHct Koro IIas,ta Ceprifioauua
MI,{HO-AJIIOMlHlCBIIX KOAKCIAJIbHI,1X<Texno,roril :naprcnanru eu6yxou vi,{Ho-anroMiHieBI.IX KoaKclaJIbHr,lx

crpyvonporo,{ie> rpeqcraraenoi ua :go6yrr.r uayronoro cryrleHt KaH,qllaara

rexnivnux nayn:a cneqianr'nicto 05.03.06 - 3eaproeanru ra cnopiaHeni npouecu
i rexgonorii

.{ucepraqiina po6ora r'rae :ara:rsnui o6cqr 116 cropiHor, ar,rtovae

79 ualrouxin, 24 ra6rnt\i, i crna4aerr,ca ri ocryny, ['aru po3ailiB, 3arzulhHrrx

rncnorrio, cnncxy Bl.JKoprrcraH[x ,qxeperr :i 139 naiiuenynanl na 14 cropiurax ra 2

IO-[ATKIB,

,{uceprauiiiHa po6ora ffl.rtotlctroro lI.C nprcBtqeHa,loc,'liaxesnro
oco6rueocrefi Qopuyaanul roarcia:lr,nux 3'eaHaHr, anroMiuirc ra ni.qi i:
3acrocyBaHH{M rexgonorii 3BapIoBaHHt nu6yxolr ra crBopeHHlo cueuia,li:oeanoro
o6:raAnanru g:rr peani:auii rexno,rorivnoro npoqecy e pi:Hrx ra:oeux cepe,qoBl'Irqax.

Axrya,rrnicrr o6paHoi reuu 4ucepraqii'. Koancialsni Nti,4Ho-a,rtor"tiHieei

crpyvonpoairni B) JJ'rr ra nepexiaui ereMeHrtr uhpoKo BI.'tKopHcloB) torb ) pi3HHX

rary3sx npoMr.rcroaocri, ':orpeva n euepreruqi, vanuno6yayeanni, aaia6y'qyraHHi,

rpu craopenni eneMenris pareruo-rocuiunoi rexniru, y uera,ryprii roruo. 3napui
g'eauaHns roeuHni NIatH Hu3bKufi ereKTpuunuii onip, go,toAir eucorur'rn

nracruqHuMli BJIacrnBocr{MI{ ra sa,qiiinicfto B yMoBax ercn:ryarauii. Orpllt,tanru
:'ernant ui.ui : aruol'rinieu 3BapIoBaHHsM ruraBreHHtNt yrpy,4HeHe rlepe3 BerIlKy
pirnrurorevnepar)p n,laBleHHt. Bl-1coK) repMo,a Havirny viunicrl oxcNlHux n,rieoK.

oco6rueocri Si:uro-xir'riluoi s:aeN'Ioaii :'egHynaHrx Mera,'liB, rorl) .a,te ix
BIroroBJreHHr 3acrocoByrur'b lexao,rorii 3BaproBaHHt uarepia,rie ) TBep,qoMy craHi.

cepea rKr.rx 3BapIoBaHH{ arl6yxou (38) € o.4HI-IM i: nouuperux lrero,uis Oruax
eiaoN{ocri uloao BnJII.rBy rapauerpia peNnruia 38 npu BI-IroroBneHHi roatccialr,ruax

4onrouipnux :'e.{nanr, rai.{i s a:louiuieu arpaii o6lreNeni, a naHi [IoAo e:aevo:r'l:xy
uix yuonaua BeaeHHs npouecy ra ix anrrany na Qopuysanru crpyKryplr ra Qi:ut<o-
vexaHiqHi xapaKTept,tcruKll orpllMaHrx :'eanaul y,rireparypi lpar<rnuuo ei4cyrni.
Tovy,aoc,'tiaxeuua cnpluoeani Ha BcrauoB,'leHHt :axononaipuocreii annuey

lapanerpin ra yMoB 38 na QopuyeanHt crpyKrypl{ Ta xapaKreptlcrllxll aKocrl
goarolripnux r<oaxcialr,unx :'easaru ui,{i : a,rrouiHie'n, crBopeHHt HoBrix cxeM

pea:ri:auii npouecy i o6.na,4HaHHx e 6e3yMoBHo aKTyaJIhHrrMx, a po6ora ceoeuacnoto.

llpo axryaarnicrr reuu po6oru csiAqurr, rar<oN ii :a's:oK 3 HayKoBo-

aoc,rinsultr reuaun Iucruryry eleKrpo3BaploBaHnr iu. €.O. flarosa HAH yltpaiHll,

rxi erxonaui B pavKax IrpxK.rarHh\ toc,riaNcnu i sl:oNt'loi reMalrKh la

6e:nocepeanloi yvacTi aeropa.
Meroro po6oru € crBopeHHs rexsonorii 3BaproBaHHl otz6yxol'r roaxcia:rr,uux

r,ai.{no-aruo}rinieeux crpyuolpooi,{Hux ey:lie, lepexianux e,relrenris i o6laqnannx

4rr i1 pearisaqii.
Y ecryni HaBe.qeHa 3arallHa xapaKTeprrcrrrKa gnceprauiiiuoi po6oru'

o6rpyuroaaua ii atoyalrnicu, cSopuy:rronani Mera ra 3aBAaHHt aocni.4xeH5,
BrJHaqcra HayKoBa HoBll3ira ra flpaKlLlLlrla uiHttictu otpnr:auxx pely,rutarie.

noKa3aHr,lii :e'a:ox po6otn 3 HayKoBl,IMI-I [pofpaMaMll ra reMarlh; BI'r3HaqeHrrt



oco6ricrufi BHecoK 3Ao6yBaqa ra HaBeIeFri Bi.qoMocri [IoAo anpo6auii Ta fiy6flixauii
pe:y,r;rario guceprarliiiHoT po6ort,t.

Y nepurony po:qi,ri npoananisosaHi cnoco6[ BrrforoBJ.]eHHr viSuo-
arIoMiHieBI.{x 6iMerareeux 3aforoeoK i ey:lie e,rerrporexHiqHoro npr.{3HarreHHr.

.{oneaeno, uo eQeKTTBHuM cnoco6ou orprMaHHr 3'e.4HaHb : Miai i anrorliniro e

Br.rcoKuMri xapa(TepucrxKaMr4 rKocri € 38. Orulcani oco6,rasocri Be.4eHHr npouecy
ocHoBHi rlapaMerpr.r 38, npe4crae,leHi i\4oN,rHei c\eMfl orplrMaHHr llrocKr.rx
ur-i-rr l H,qp u.r H r.r x 3atoToBoK.

Bi,'l:uaveHo, nlo o.uHHM i: cyrreenx Qaxropie, ulo BrrJruBae Ha Br'racrHBocri
MiAHo-a,'IroMiHieBnx 3reAHaHh o'IpI,IMaHI{x 38 e ra:oae cepeAoBnrue, a a ,rireparypi
Qarruvno Bi,{cyrHi Bi.qoMocri ruoao Aoc:ri.{Nenb 3oHu 3'€.4HaHHs,roarouipnrx,rai.4uo-
afforliHiesux 3aroroBox rlu,{iHAp(.rHoi Qopr'rr.r. lloxa:ana aKTyaJrbHicr6 Br.rKopHcraHHq

au6yxonux rauep.l,rq 38 ra neo6xjauicrr aeroNrarh:auii lpoqecy 3BaproBaHHr.
Ha ocHosi pereJrbHoro anani:y caironoro,qocBiAy orpxMaHHs raKux 3'€.qHaHb

aBTopoM Br-.r3HaqeHa Mera ra cQopMynr,osaHi :as.qaHHf, Aocni,qxeur,.
Y 4pyrolry porqi,ri onucaui Marepia.rr.r. Meroth. Meroa[Ku ra ycrarKyBaHHr,

rKl 3acTocoByBanrich .4JIt npoBeIeHH{ aocJrla)(eH6.
Onucane o6raalraH:uq anq KoM6iHoBaHrzx rexuo,roriii: o6,ralnasnq r:rs

nPoT{ryBaHrxr, ycTaHoBKanJIt 3qaproBaHHr TepTrM.
3oxpeua, AJrr,qocliAxeHHt MexaniqH[x sracruaocrei 6illera,ree[x :'eAHaHr

Bx(oprrcroByBaJrra Mero.{nKx errpo6yeaHr uiqHocri Ha cnr}olqyBaHHr, 6iveraneeux
ri.rur Ha porpra. xoaxcia,tstrnx npoaiautria Ha po3pllB ta Jat uH.

Hase.qeni MeroarlKrr B[roroB,reHHr uirpour,riQie ra nirpocrpyxrypuux
.{ocr-IiAxeHb, obraAHaHHs Anr Aoc,'riIXeHHr crp}Kr}pr4 i $i:uxo-uexauiunux
xapaKrep cr HK 3oHH 3'cnHaHHr viai r a,rnvisiev.

Y rperrouy po3ai,'ri HaBeAeni pe3ynbrar roc:ri1xenr Bnnr4By aoBxHHn
ut-r,riH,apIlvnux r,rigno-arrcviuie eux 3aroroBoK Ha OopMyBaHHr r'rixpocrpyrrypu
orpxMaHlrx 38 pi:nopi.qHux 3'€.qHaHb. floxa:ano, rqo BaKyyMyBaHHr 3BaproBeurbHoro

npol'riNry :veuury€ BrrJ'rrlB yrapHo-crl-.tcHeHoro ra3y.
BctaHoe,reHo, ruo iHreHc[OiKauia pexnuie 3BaproBaHHr eu6yxov (ni,qeuueuu.r

rueu4rocri ao 2600 ll,/c) npu:sogurt .qo OopMyBaHHr rpannqi :'enHaHnx :
Hecra6iJIbHLIMIi napar'ferpaMx xBrrirb ra yrBopeHHr cyqinbHoro npouapKy
iurepverari,aie. erov; ,.rrc,ri ii npu eax;1u;eanri raaproea,ruuoro npovixrl.

06rpynroaanr.ri e$err :ueuureuH{ xapaKrepucrrrK rKocri 3 €AHaHh npr4

Bi,{aaneHHi ei,q roqru iuiqirosaHna .qeronauii. 3nenruenna .rKocri :'e.4HaHr
rrorcHro€Tbcr BlrHriKHeHHrM (KaHturbHoro eOeKTy) [pl,r 38. Excnepuuenra:tnuu
runxoM 3.4ificHeHa ouiuna BnnrrBy (KaHa:rbHoro eQeKTy) Ta BcraHoBJreHo, ruo
TOBIIIIHa rXapy MeTarry Br-IHeceHoro KyMyJ'rrTrlBHLrM cTpyr'reHeM 13 rroBepxoHb KoHTaKTy

a 4.. .7 pa:ia 6i,rrua, nix er.r:uaveua uJrrxoM TeoperrqHux po3paxyHKiB.
ExcnepuLrenranr,no Bri3HaqeHa:a,rexHicrr, einHocHoro noloBXeHHr orpr-lMaHux

3'€,qHaHb Bi,{ pex[My repMi.IHoi o6po6r<u NriaHo-a,roNriuieaoro crprixHr nic,rr 38 i

rrpoT{ryBaHrur.
Y vereeprony po3ai"'ri HaBeAeHi pesy,rrraru roc,ri.qNenr

HarrpyxeHo-,4eQopMoBaHoro crauy (H[C) rpy6.{acroi eu6yxoeoi rauepu
li4pnei rurocroro :ap.a4y.

QopuyeaHHn

TA

i

q:ir 38 npu



O6rpynroeanufi ru6ip po:uipy i runy crinuennnx eneMeHriB .u,'It :a6e:reqensg
a,4exsarHocri Mo.qeJIIoBaHHt eu6yxoeoro HaBaHTaxeHHt ra onruni:aqiJ rpuBanocri
po:paxynxie. !:rr ro6ygoez cniuu eu uo-e,r e v erruol cirxn :apr;1 eu6yxoeoi peqoBIlHt

i noeirpa pexouen.qoBaHo BLIKopIrcroByBarx eneNIeHrx KyOi.IHoi +opNlt't 3 p03MipaMtl 6

i 12 Mv eirnosirHo.
3a pe:y,uraravu fipoBe,qeHlrx po3paxyHKoBrrx .qoc:rl.qxeHr' BcraHoBJIeHo, u]o

rpaexropii niuii-nanpyNeur y rpy6ar KaMep( He € [aparrenbHuMu rnipuiii rpy6, a

naxu:reui ni.q Aesrura ryrou. floxa:ano, qo y rpy6ax apyforo i lper;oro pt,4y

noKa3HuKrr rowoneHris H.{C ei4pi:nrrorrc.r. Pe:ylrraru po3paxyHxy Ao3BoJIHJIrr

rrorcHrirrl xapaKrep pyiinyaanna rpy6 po:paxoeanoi na 200 xr eu6yxoeoi pe'IoBriHri
(BP) y 'rpolu,ronorvry eKBiBaJreH [i KaMepIr.

lllnrxoM e(cnepr.IMeHTtL.IbHHX .4ocJIrAxeHb rlpu rloeranHoMy HaBaHTaxeHHl

ri4puoou cepil:apa4in 3 rrocryroBlrM :6i:nruesnqu i! Macl'I glt:Ha'{eHI HanpyxeHHa.

ruo Br,rHr,rKarorr, y rpy6ax KaMepu, floKa3aHo, rqo pe3yJrr,rarn MareMarl4rrHoro

MoaeJIIoBaHHr Maror; 3a.qoBirr,Hy r6ixnicru 3 orprrMaHrrMI4 eKcnep[MeHTar'IEHITM

TIIJI'XOM -[AHUMI,l.

lJcTaHoBneHo, ulo MaKcr.IMaJIbHa Maca l'r np11 ollHop?rjoBoM)

rpy6.racriii arl6yxoniii rarlepi clclagae 2,4 Kr y rporunoBoMy enaieaneHri.
rlpu oIHOpa3OBOMy nr,4pHBr yMaca BPBctaHooneno,

Y l'aromy po3,qiiri HaBeAeHa cxeMa rexHo:rot-rqHofo [pouecy BI-IforoBneHHt

roaxcia.:rrnux ni.quo-a"nroviuieeux crpyMonpoBiAHLIx eneMeHriB.

llpe4craereni pe3y;Ibrarll rnnpo6yeanr Nli.{uo-a:rrcNriuieenx :'easant na:run
nic:rx pi:nux peNuvin repuoo6po6ru ra uaeegeui pe:y:rrrarn aultiprceanr n roMoro
erexTpriqHoro onopy. 3a pe3ynbraraMl.I pyiiuinurx eulpo6yeaul orprrMaHllx 3BapHrrx

i'€rHaHb aoBe,!eHo. uto nicaa laauy aiauapyaannr r'liai eir a,rtovitiro He BHtBrleHo. a

xi:txicrr ueperunir :'e.qnanr, ao py[HyBaHHt ra nzrourzft e:ret<rpoonip ai-lnosiaarcrs
auuorau texuivttux ytnloe.

Poapo6:rena rexuonoriq 38:a <:eopornolo) cxeMoro. lloKa3aHo, rqo ,4r-r

uilliui:auil ge$opl',raqii rpy6ru, rxa nnaKyerbct, neo6xiaso o i-i cepeauro uacrtruy
BcraHoBJrroBarI-I cra:reBufi crprr)KeHs is :a:opov, sKriii 3aroBHloerr,ct nelKoIIJIaBKuM

cn,raeolr Byga.
Po:po6lena Koru6iHoeaua (38 + 3BapIoBaHHr reprau) rexsonorir orpnMaHHt

6ivera-reeHx tr'ri,qno-aruoNtiHieeltx l'ry$r gu 3'eaHaHHt rnyuxux 6araroxulluux
vi.{nnx ra a,rrouiniesux Ka6e,!ie.

Cryniur, o6rpynroeauocri uaynoalrx noJrorxeHI' i eucuoexie auceprauii.
Ocuoeni nayroni noJIoxeHH{ ra BIIcHoBKTT auceprauiiiuoi po6orn uarorr

reoperuuni Ta eKcnepl4MeHTa.rtHi ni4raepaNeunx. 06rpynroeaHicrb HayKoBux

[o]roxeHb i pexoveslaqifi aoBe,{eHa MeroaaMu MareMarurlHoro MoreitoBaHHJl

i::actocyeannnu cy'IacHI'IX [PorpaMHux KoMnneKciB rlt Bu3Ha'ieHHt KlHeruKrr

po3BHrKy rpouecy .qerouauii BP, napauerpia nosirptuoi yaapnoi xsll:ri (YX) i norory
npo.uyxrie ,ueronaqii @[) npra raeuo4ii 3 eJIeMeHraMa noucrpyruii rpy6uacroi
rrz6yxoroi xauepu (TBK), Qopr'ryaanrur H,{C n e:rer'renrax TBK nir 'qiero crBopenux

au6yxou ilrly,rrcHltx BricoKorrrBr,I,{KlcHlrx HaBaHTaxeHL, pe3yjrbraraMl'I KoMr IeKcHrrx

eKcnepriMeHTarLHtzx .4oc,riaNegr rlo Brr3HaqeHnro B[nuBy yMoB u napat'lerpie upouecy

38 Ha crpynrypoyrBopeHHr :napHux :'eanaal ,ra uexaniqnnua nalpo6yraHruuu
orpxMaHrix :'eananr viai : anrovisieu. Ilpnt npoee4enni ,qoc,'Iia)KeHb

vixpocrpyxtypHoi 65aoen t't,[HaHu lactocosaHi verolr ontlqHoi ra pacrpoaoi



eJreKTpoHHoi MiKpocKoniT, ,qocni.[xeHHt xiMi'IHoro i Sa:oeoro cKna.{y 3BapHHX

:'e,qnanr, npoBoAx:rrr MeroaoM ONe-ltirpo:orqyeannr 3 BllKoprrcraHlulM

eueprogucnepcifinoro cneKTpoMerpa. Bunpo6yraunr $i:lro-rlexaHivnux
e,'Iactagoctei :eapnux :'egnaur, euKoHaHi i: :acrocysaHH,lu craHAaprtl3oBaHux

lletorltr ra o6la,4nattgq.
OrpauaHi aBTopoM Teoperl,ivni ra ercnepulreural;gi :axonol'ripHocrl ruo,qo

BnnuBy napaMerpia ra yvoe aegennr npouecy 38 Ha xapaKrepricrllxrr

uixpocrpyxrypHoi 6y,{oau ra Sa:osoro cKna,qy 3BapHIix :'e.{nasr uiri ra a,rtoltiniro,

dropr,ryaauu.r H,II,C e e,relrenrax roncrpyrqii TBK, xineruxu e:aeN'Iorlii YX ra fl[:
rpy6vacruw eJreMeHTaMrr ra crp xHeBIrMIi gs'q:xaN'Iu en6yxoaoi rallepa npu 3B

roaxcia,rsHux 6iveta.riqHnx c rpy\4oBenyqux e,reveutie He Marorb npotltpil r
icnyrovuuu reoperllqHrrMrr ytBIreHIUIMu I HaKorIuqeHIrM aocBl,{oM no 3acrocyBaHHlo

38 npu :'e.{uanni uarepianie. Hayroai no:roxelHt! BrrcHoB(l'l i pexoveHaauii

y3foaxylorbcq : icnyrovuvu KoHuenqiqvu. Ix gocrarnr oOtpyurolauicrr
rigraepgNyerrc.t Bu3HaHHtM Ha ni4ovIEx viNuapo4uux ronQepeHuiax 3

llarepia.to:naactna ra 3BaproBaHHtJ 3acrocyBaHHq BncoxolxBxaKicHHX yAapHux

HaBaHrDKeHb ra eu6yxonux perroBuH art tuo4u$iryaanna noBepxHeBux uapiB
uarepia:rie.

.{ocroaipnicru oaepxaHux pery,rr,rarin' Ocnonni uayrooi pe:y,rsrarl
Ta Bl.jcHoBKll lrceptauiiuoi po6ottt t.tantu reoperuuui la eKcnepLiveHla,rbHi

niqrnep,{xearu. flpo gocroripHicrh HayKoBITx nonoNeHl po6orll c BiA.rI-lrr,

BAKOpUCTaHHt CyqaCHUX MeTOIIIB MaTeMaTIIIIHOfO MOAeJIIOBaHH' KIHeTllKlr npoueclB

.qeronauii BP ra s:aeN'IoAii yX i nA : rpy6uulru eleMeHraNII'l ra crpI.IxHeBriMH

:g'.{:KaN{u xoncrpyrqii TBK, a raxox Qopnyaaurur a uux H,{C ri.q aieio crsopeuoro

ru6yxou BP irlny:rcuoro rucKy 3 ypaxyBaHH.[M Qi:r.rruux xapaxTeprrcrllx

cepe.roBrtqa ra Qi:uxo-uexaHiqHux BnacruBocreii rpy6 ra:ae'q:xis xaivtept't;i cra:ri

09f2C. flocroeipuicrr pe:yruaria ta eucHonKie po6orr nigreep.lxena

eKc[epnMeH ranbHo tllJ']fl\oM nopiennHur po3pax]HKoBtlx rHa'leHu !ircqhx r cxie ta
crBopeHux B e:reMeHTax roncrpyruii TBK HanpyxeHl' 3 pe3ynr,raraMu npoBeaeHI.IX Ha

pea,uuiii xoHcrpyrqii rauepu otruiprosaul. Orpullani po3paxyHroBllr{ IrIJrtxoM

pe3yJrlTaru Malorr, 4o6py :6ixnicrr s exc[epuMeHTaiIbHI]MIi,qaHI'IMIr.

!.ocro eipr-ricrr orpx\{aHxx aBropoM pe3ynbratie ra a cHost(ig niar aep.axena

TaKox pe3ynbraraMu r{r'IcerbHljx e Kc neph MeHTan bHxx Aoc,'rirxeHl' no BIr3HalIeHH}o

6yaosr, xiviqHoro ra Qa:oeoro cxla4y pi:ttopianrx uial-a:rrcuiuiii 3BapH[x 3'eaHaHb

ra pe3yJrbraraMlz ,{ocriANenr' po:loai,ry uirpornep.aocri e :oHi Qopuynan}ul 3BapHoro

rxBa, pe:yJILraraMu Qi:uro-r'rexauivnux aunpo6yeaur'
Hayroea HoBrr3Ha o,tep?fiaHnx pe tl.lurarie:
Cyrynuicrr, Teoperr.Ir{Hux no,ro)KeHb i nparru'rnnx pe:y,rorarie po6oru lroNe

61 ru xearri$ixoaaua rr auartir. reopertrvHe )3aranbHeHrut i piu-reuur Bax,lfiBoi

HayKoBo-npriKJra,{Hoi :agavi, lrlo Moxyrb 6yrn auxopucraui npa creopenni 3B

.{oarouipggx xoarcia:Ir,nux :'e,{nanr, s uiai ra anrolliHiro 3 Bl{coxllMrr

xapaKTepncrr4KaMll eler<rponpoei4nocri, uir+rocri, l:racruqnocri ra nagiiinocri lpl'I
sr4rotosreHHi eupo6is ererrporexHi'{rjoro npr'BHarIeHH.l. a raKox npu crBopeHHl

o6naaHannq Arr pea,ri:aqii rexnoloriuuoro npouecy 38.
Bnepue nctauoeleHo, ruo ((KaHarlr,Huii ecfettu icrotHo uocir.qtoerrcr npiz 38:a

ulllin.upu.ruoo cxevoro sHacriao( yHeMoxJII-lBJreHns 6oroeoro eiproxy yaapuo-



crlrcHeHoro ra3y i npoAyKTiB KyMyr.{Iii i: :aaprcna:rrnoro npoMixKy. a fioriK'{acroK
KyMy;rrrrrBHr.rx ourugia uerany ra y,{apHo-cflrcHyroro m3y. llo pyxa€Tbct B

3BapxlBa-rbHoNl)' rpol,tiNxy Ma€ 3HaLlHo 6i:rruruii errua Ha noBepxHl 3'e.lnyBaHrix

3aroroBox uu,rinrpNvHoi qboplru. IJe fiptl3Bo'qxrb ,qo s6i,'IlueHHr Kilbxocrl
orr.rraB,,IeHofo MeraJIy y3,qoBX .qoBxllHll xoaxcia,'rr,lux 3aroroBoK lpu 38, uo annunae

na Qopuy;aunr Qa:ororo cKna,4y 3BapHoro uIBa ra 3pocraHHn o6'eltror '{actKn
inreplrerarignux BKrroqeHL na rpanllqi po:logi:ty uia;-a:louinii, Si:uro-uexanivni
gracrnaocri orplrMaHI.IX :'eauagr, cyfipoBo.{xy€Tbc-s 3MeHueHHtM rlilacrrrllnocrl Ta

lriuuocri :eapuux g'earianr' Ha rinsHrax siAAaneFlux eia roqKlr iHitlirceanr{r aerosauii'
Aeropou Bneprue 3anponoHoBaHo npoBo,4urll 3B roar<cia:nurx ul-lt iH.fpt{'lHhx

:'ernaHr ,qosNnHoro 6i,1lue 10 giarlerpia 3 BaxyyMyBaHHtM 3BaploBarbHoro

npolrixry, .qocniaxeHl-lii r4exaHisNI Bnnt,tBy BaKyyMyBaHHs Ha yrBopeHHt crpyKTypL Ta

xapaKreprrcrr.rKr.r f,rocri 3'earraHl 6iuerany Al-Cu Aoeeleno, rqo BaKyyMyBaHHJl

3BaprcBanbHoro npoviNxy ao3Bo,'ltc 3\{eHull'lrl-1 rulptlu; iu repirter a,r i.aHol o npoulapK)

s 1,+ pa:n npu ureugxocri pyxy roqKr KoHraKry 2000 u/c ra y 7,2 pasu tplt 2600 u/c,

3MeHuxrrr o6'.tny aonto iHrepuera,ri4in na gi,rnuqi :'e4uanru y 1,1 pa:ll ra n 1,15

parr nilnoaia Ho.

Bneprue, :a pe3ylrbraraMl'I qucerbHofo MoAenioBaHHs Mero.{oM cKlHqeHH}rx

eneLreutie 3a 3anpolloHoBaH.oto aBTopoM opuriHaT rnon Mero'4llKoro ra

eKcneprrMeHTallbHux .4oc:ti.{xenr' sNgHaqeHi [apaMerprr culoaoi 4ii npo'lyrrie rx6yxy
n, .n"r"nrt roncrpyrqii TBK ra xaparrepucurxu H,[C, rqo Qopvyerlcx e rpy6nrx
eJIeMeHTax ra cuJIoBlIX sr'x:rax rz6yxonoi nauepu. floxa:ano, ulo NraKcHMar6Ha

iurencugnicrl cn:ronoi rliT yaapHoi xBuni aig ni4plty flJlocxoro 3aptay cnpsMoBaHa

Bepr[KalrbHo, rqo ueo6xiguo npaxoByBarll npll creopenni noaoro o6,raanaHHg artq 3B'

Ilpanuvue :uavenna po6oru fion{fa€ B crBopeHni opnrinaltnoi nporuuc:ronoi

t"rnonoiii BrrroroBJIeHHt 38 s loaa,rr,uuM npor{rHeHHtM uigro-a'rtouinie sux

6ivera,reerr Koaxcia[sHr.rx crpyvonpoeoaie n,'lt c cleM Snpae,riHur aeiarexHixr ra

ror,16iHoeauoi 138 ra roneeuuifiHe raapoeannr reptrM) lexHotrorii orpavat|nr

6iNleranesllx lepexi4uutin r,rq g'eaHaHns ltianux ia,lroMiHiesux 6araroNullsux
ra6e,rie. [,rr pea,ri:auiT rexso,rorii 38 na ocuoet BcraHoB"rreHr'lx aBropoM

:aronouipuocreii s:ae\'Ioaii gricottoueualdcur4x npogyrria '{eroaaqii BP :
eleuentauu o6laAnauru ctnopeua TBK : astoN'IarurogaHolo cucreMoro 3aBaHTaxeHHq

3aforoBoK, rxa :a6e:le,rye niAeuuleHHg npogyxraenocri npoqecy 38 ra po3paxoBaHa

ua niapre ao 2.4 rr BP y TH f exeiea,rer.r r i

,{o nparrnvnoro 3HarIeHHt po6orrz c:rig gl4Hecru raKox 3anporlonoBaHy

aBropoM opurinalruy MeroauKy BI'I3HarreHHt HAC KoHcrpyKuiii flpll

ercoxouraraxicuolrl au6lxosotly uaeaHtaNeuui. grruaveui rarouoviplocri

Qoprr; eau Hr c rp1 x rypno-Qarosoro c Knaly aoerov ipH r r ur,t iH-tpm n nx roaxcia'r or rr
r'aanur" a ruliaira a.nrorlisiro :a:reNno ni4 yMoB ra rlapaMerpis seaenHq npouecy 38'
3anponoHoBaHy cleqiartsy roncrpyrqiro Kopnycy sapt'4yJ tKa 'qo3BoJIte :a6e:neqmu

pieuouipnicrr yrui,'rtnenua :apl.{y BP. Orpuuani aeropor'r ei4ovocri Ta pelyJrrrarr

voxyt 6yru KopucHriMtl ,{n{ crBopeHHt rexHoJlorifi 38 pi:nopi4unx :'e'4sanr' isuux
uarepia,ria ra enpo6ir.

BnpoeaArxenua
xoroAHe rportfHeHH.s
Milaro eHyrpiurHl'oi

pesy,rr,rarie po6orlr. Po:po6:reui aaroporl rexno,'Iorii 38 +
n:rarcosaHoi Mia,qto aaroMiHiesoi :arorogru ra nJIaKyBaHHJ{

noeepxni a:rovinieeoi rpy6uol :aroroeKrr 3 HacrynHuM



KoHBeHrliiiHrlM 3BaploBaHHqM TeprtM 3acrocoBaHi npt,I BxfoToBJreHi Ha 3aMoBreHHt,UI
(AHroHoB) ,qocni.4Ho-npoMI.IcJIoBoi naprii MiaHo-arroMiHi€Brx npoBiaHt'jKiB

4iauerparu 8 ra 8,8 ur'r i: rosruaHolo nraKyBaJrbHoro uapy ui.li 300 \lrM ra arts
BrzroroBJreHHr Ha 3aMoBJleHHt xonnauii <Eltech> (Pecny6:rir<a Kopea) 6iNleraresux

lepexianlrria aiauerpou 29 MM artq s'erHaHHs r,Iianux i a,rrouinieeux 6araroNa:tllrux
r<a6e:rie sirnosi,qHo.

3a pesyrrrarauu po6orl.l po3po6neHi isarnepaxeni [fl <Anronoa> ra IE3 iru.

e.O. flarona HAH Yrcpainu rexniuni yvonu <Ty y28.7 -5416923-001 dlpyrox
amovoui.uuuii e,renrporexniuuufi , r'rapru flAM>.

3arpononoraui aBTopoM TexHoJlori'rni piurennn uoNyrr 6yru peKoMeH,{oBaHi

ao BnpoBaIxeHHr y anpo6uuureo B fary3tx eHepferl'IKI.I, paxerno- xoc viv uoi rexniru,
r'rau.rnHo6yayeaxru, ltera,ryprii ra tH.

Iloanora BnKJ!aaeHHq ocHoBHrrx pe:y,rurarie po6orn e HayxoBnx Qaxoonx
BriaaHHqx. OcnoaHi pe:y,rrrarn aoc,riaNeur ,lrceprauii ony6,rixonani e 16 nayxosnx

po6ora-r, 8 3 HIzx - y creqia,'Ii:onalllix HayKoBI.lx x(ypHarax, [Io BXoatrL 4o [epenlKy

BAK Yxpaiuu ax Saxoei, 1- ony6:riroeaua y auganHi, tuo Bxorl'Irb ro
uayroverpuvHoi 6a:u Web of Science, 7 po6ir y :6iprax uixnapoqHrx HayKoBo-

rexnivnux ron@epesuii ra I rarenr YrpaiHu.
Pe3yr6Taru po6oru goctarnro tltupoKo sucsir,'leHi ny6liraqirvtl a pi:tttlx

Qaxoeux augannax, HanpI.IKJIaa, xypHara,\ <<AsroMarnqHe 3BaploBaHHt)), (l43Becrl'Iq

Bo,rrfTY, cepur <Cnapxa B3pbIBoM I.I cBoficrBa cBapHbIX coeallHentlfi>, <Bicnlrr
HTyy (KIII). Cepir. Marurlno6yayBaHHo, dlpo6,rer'rr'r rpoqHocrtr)), Marepianax

uiNnapo4nux r<oHQepenqifi <Shock waves in condensed matteD, (Shock-Assisted

Synthesis and Modification of Materials>, <Explosive Production of New Materials>,

<Crpoutenr,nr,re KoHcrpyKltuti cfloprliBHhlx ri npocrpaHcrBeHHr,lx coopyxeHl'lt.lD,

<flporpecusHa rexHiKa i TexHororlt)).
BNcHoer[ gnceprauii ei4o6paNarot HaiiBaxruBilui nayxoei ralpaKrueHi

pe3yJrbraru po6orr.r, y .rrii reoperuvno o6rpynroaaHi ra excneprrMeHra,{r,Ho

ni4raepgNeni :axououipnocri SopuysauHr losrotripuux roaxcia,tr,nux 3'e'uHaHb MiAi

ra a,rrouiniro npu 38, craopeui rexso,rorig ra aBroMarli3oBaHe o6narrrianHq a,rs

BnroroBreHHt Mi,uHo-a:loMinieenx crpyttlorpoei4nnx eyuie ra nepexi4nnx ereMeHTiB

ur,rin:pr.rr-roro nepepieS r BrcoKr.lMl-'i noKa3HrKaMH e,rercrponpoeianocri. viunocri ra

I]IACTI'T{HOCTI.

BucHoeru c$opuyru,oeaui (opeKrHo ra roflrHo, BlanoBraHo ,{o 3MlcTy

4ucepraqil.
3uicr guceprauii iaBTope+epary iaeHTnqHuii' AaropeQepar ;l'Icepraqii

nocrarHbo noBHo euceitnloe Hageaeni n caviii grlceprauiiiniii po6ori pe3yJ'1brarl4.

Y ui:rouy gncepraui.r o$opunena pere,'lbrJo i rpauorno. no6y.4oeana ,tonuno

i rporyrriro. tr-ne, :erri 3a) BdxeHHt la KoNaeHlapi.

3ayeaxennn ra xonenrapi no aucepraqii
l. finx cnpou]eHHt cnpwfiu'lrrn ra Kpall.Ioro po3yMiHHt HaBe.qeHrix y

guceprauiiniii po6ori pe:ynr,raris 6axaHo 6yno 6 uaeecru 3ara,lrHni nepenrK

Br4Kopr,rcraHI.IX cKopoqeHb. B po:4iri 2 uasecru $i:uvni e,racrnnocri .4oc,'tiaxesrx
cepeaoBl,Iu ra $i:uxo-vexaniqHi enacrueocri uarepia,ris, :orpeua i cra-li 09f2C,
:airocoealri xiviuui po:vuHu ra pextlMr'l rpaB,reHHt :pa:rie npn et,ts'leHrli

vinpocrpyrlypu rBapHux 3'e,qHaHb.



2. Po6ora vae gerri Heropercrnocri, seroqnocrj ra orrucKu. Hanpur:ra4,
<...6ir.s ocHoBa rop6ie ge$opuauii>, crop. 3; <...ei,uHocHe noaoexenuq ricrs
Xojlo.{Hofo nporrryBaHHr 3pocTa€ 3 1l,6Voy cTa{r Ao 57,syo>), crop.4; <...orprvauHa
cnoryK, Illo vatorl lriqnictr, na ei4plt...>, crop. 25; ((...MerarcLioi r.tac-tL1lL7. . .,,
Ta6,r. 1.1; ((...B yMoBax HeraruBHr4x reMneparyp...), crop. i7; (...y AinrHrli
inreplreraligy>, crop, 62; ((...3pocraHH.s o6c{roBoi qacrxr.l...>, c.top. 671
(...Hanpyru...)), pnc. 4.11 Ta crop. 118, 4 a6say ra iu., ruo Aerqo ycKnaAHro€
cnpufinarra po6oru.

3. flonoxeuns 2 ra 3 uayroeol nogusun 6axauo 6yno 6 xonxpera:yna,ru.
4. B onaci nigroroera :pa:rie ua crop. 67 anrop BKa3y€, ruo <. . . a-,rloMiHie Bi

crpnxHi 3a.r(rqa,[H HaxAaqHr-iM nanepom ir aeiruqr,rHoro 3epHa P120), onHaK rrpn
ni.uoroBtli Io 3BaproBaHHf BltcoKonJtacrHrlHhx varepia,ris He peKoMeHIoBaHo
3acrocoByBarll a6pa3llBHi uarepia-iuz s Hacri,qorc rxapxyBaHHf, B Meran ,4ucnepcHrrx
vacror a6pa:uey, 3orpeva ua pric, 3.13 na Ai,rsHrli :'e4naunx 3i cropoHr-1 a,rroniuito
,IiTKo Br.r,1i,r{rorbcr rounaxr:lri nx,rrcvenru ry6ivnoi dopMu ueei4olroi Qa:a.

5. Ha crop. 63 era::ano, rqo <<Beluvzuy BaKyyMy BcraHoBrrroeaau ua pieni
20 rlla>, ua crop. 67 <<3oaproeanur Bu6yxoM flpoBo,4rinocr y ,{Box pexuMax, npr,r
urerzarocri 3irKHeHHr 320 v/c i390 ll/c ra unugxocri rovra r<onrarry 2000 u/c i2600
M/c Bi.{noBi,4Ho)). BaNaHo no.scH.uru, rtoMy aBrop o6paa caue raKi yvoBr.t ra pexuMa
38. ,f,t< erluiproaanu rxuprlHy inrepveraa i4uoro ftpottrapxy ra o6'evuy vacrry
inrepvera,riaie (pfic. J.J ra 3.4t. ocxi,rlr<r toBrll Ha uapy iHrepuera,rilie :r iauo pr.tc.

3.2 ra iHrunx ne e rocriiinoro, rKr.rM qHHoM 3,[ificHeHo euuipronannr ((..1]rrlpuHt 3oHH
n,racruuHoi ge{opr,raqii e Al. . . >, crop. 7 6, puc. 3.7 ?

6. CrneplNeIrHr aBropa Ha crop. 77, rqo (,..nplr 38 ra qz,riu4puvuoro
cxeuoro eig6yaaerrcg 6i:rrrlr inrencreHe HafpiBaHHf noBepxHeBoro uapy, nopiBrurHo
3 rrJrocKorc cxelroro, i ToHKuit rllap anloMiH!lo. ulo Ma€ H{3bKy reMneparypy
IIJIaBJIeHHI, qacrKoBo BiArIarl*o€T6cr i crae ll'gt<tul-tu>> Bl,tKJ'trrta€ cylrtiez, ocri,rrxu
rari euuiprceanur a6o ouiHxa en,rnoy aaconouteu4ricuol aeQopvauii ra
KyrllyJrrTuBHofo crpyMeHro Ha po3nollr reMneparyp He npoBolr-tJrHc{.

7. Ha crop. 94 aBrop Bxa3y€j ulo (A,rr npoBeAeHHq KoMnrrorepHoro
Mo.{eJIIoBaHHt n po,ri uarepiauy BP 6ye ar.rrui cKnaA 3aprAy HNS-I (ClllA), sa
xapaKreprrcrrrKaMu 6:ru:truii go auoniry l\!6 XB), oIHaK rrorrarKoBa qinrsicrr
3apt.qy HNS-1 4opiauroe 1000 rr/ur, a ruer.r4xicrt ;1eroHaqii 5100 rr/c, npu ur,oMy B

ra6r. 2.6 exa:aHo, ruo HacrrnHa qillnicrt avouiry Nl6 XB cKnaaa€ 680 980 rcrAr3, a
ureurricrb neroHarlii 2,1...4,6 r,r/c, rqo r( MiHiMyM Ha l0 yo MeHure 3a HNS-I. B
noAa,'IblloMy npn Mo.4enroBaHHi nnnany ar6yxoerrx HaBaHTaxeHb Ha HAC eneMeHriB
TBK Ha crop. 106 aerop po3paxyBaB 3HarreHHr napauerpie piauruna crauy (4.1) y
Sopvi [xouca-Yi:rrcinca-,[i (JWL) au aMoHiry Ne6 XB, rovy ne:po:yruiro vouy
aBrop He BnKoprrcraB qi ganui npu grlgnaqeni :r,riuu rucry na Qpouri AeronarlifiHoi
xBIiJIi npII Mo,qerlosanni rpoqecy au6yxy 3ap.{Iy BP Ha cKiHqeHHo-e,'reMeHrHtlx cirKax
: pi:uoro po:,{iruroro :garuicrro. 3a .sroro N,reroauxoro Bu3Ha.reHr.rii npupicr BenurruHu
noxu6xr y 0%, Eraaelenuii s ra6r. 4.2.

8. Ha puc. 4.8 4.10 ne:oeciN{ BAano o6paHi rrrxa,ru rprcxie ra Hanpyxenb.
6axano 6ylo 6 naaecrrz cxeMy.{.nt xpauloro po:yl.rianr rrorrcHeHb HaBeaeHxx Ha crop.
112.4 a6za*



9. HaseaeHi na puc. 4.18 .4ani eaxKo npoaua,ri:ynarlr, ocKi.lr,Krl 3a

pe3yJlbraraMll eKcnepI,IMeHTy sl-r:ua'Ielti nuue aegxi 3HageHHr rouronenr HIC
roucrpyrqii TBK, a 3a pe3yJrbraraMrr MoAelrroBaHH.rr eKBiea,.leHrHi HanpyxeHH,I.

10. EaNaso noscnrlrlr, 3 rKolo lreroro 6y:rn npoeegeui ,4ocliaxeHHt no
o6rrzcsenuro eu6yxou anrotiliHieeoro crpuxru uignoro rpy6roro :a eiacyuocri
npouiNxy uiN pyxouoro ra HepyxoMoro 3aroroBKaMrr (crop. 123), ocxi,ruxlr eiaorao,

uo HaaeHicrr npouixxy e ueo6xi4aorc yvoeoro SopuyaaHu-s s'e,{HaHHs npu 38, ra
crpu6xonoai6ny :uiny r'rirporrepaocri alrolriniegoi nonepxni 6iuera,rivnoi ri.ilt:tt,
ruo naaeaeHa Ha puc. 5.24.

Ornar BL43HAlIEHl HeAo,'liKrl 3MeHXryroTL 3afa,'IbHofoUIHaK Br,43HaqeHl HeAOJ KI Ta 3ayBaXeHHt He

arcoxoro pieur po6orr ra uisHocri orpl.jMaH X pery,ruraria.
,{ncepraqir sianositae nzuorau,{erapraL'IeHry arecrauii xaapie MOH

Yxpainu. Ha:aa ra:vicr gaceprauii sianosiaarorr nacropry creuia"'nHocri 05.03.06 -
3raprorann-r ra cnopi4ueni npoqecu i rexuolorii rx :a Qopuynoro cneuialsuocri, rar
i :a ganpguraltz .uoc:ri.qxenr,.

JararbHI|t BHcHoBoK. Po3u{Hyrl Bnqe pe3y,'I6TarI.I .{alorb nl.{craB[ BBaxarH,

ulo ,4ucepraqifina po6ora llbrroncrroro lI.C, e 3aBepueHoro nayxoeo-4ocri4uoro
n1.{craBrl3ararssuii BHcHoBoK. Poruauyri

pospo6roo, rKa npucBrqeHa axryatrrrrifi npo6aelri BcraHoB,'IeHHt :axonovipnocreE

Qoprrayaanru lorrouipuux xoarcia:rpnux s'eaHaHr N.{i.qi ra a,rrouiniro lpa :saproaanni
eu6yxol.r, crBopeHHlo rexHo:rorii ra asroN{aru:oeanoro o6raariaHHs au Bl-rforoBreHHs

Miauo-a,qtov iHie aLix c rpyvonposianrx e,reveuris uu,riuapuvuoro nepepi:y :
BucornMr.r eKcnJryaraqiilnulra xapaxrepr.rcrr.rKaMx.

3a o6cgrol,r BrrKoHaHrrx 4oc,ri4Nenr, ix Hoenrltoro. HayKoBoIo ra npaKTv.rHoro
gna.{urn{icrro o.4epxaHrix pe:y:rrraris ralx pinnelr [peAcraBneHa po6ora aianoeiaae
Br.tMoraM [. 9, l1 <llopaAry npr.rcyaxeHHrr HayKoBr4x cryneuie i nprcnoeunr avenoro
3BaHHq crapuofo HayxoBofo cniapo6iruuro, 3arBepaxeHoro flocranoeorc KM
Vxparurz ai4 24 flvnHs.2013 p. :a Ne 567 tqoao KaHAI{AarchKrrx 4zcepraui[, ail aBrop
Illrroncsxnft Ilae,ro Ceprifionrrq 3acnyroBy€ npr{cyaxeHHr HayKoBoro cryneHt
KaH,4r{Aara rexHi.{Hux uayr :a cneqialruicrn 05.03.06- 3naproeannr ra cnopinHeHi
npouecu i rexuororii.

O$iuiinui onouenr,
e.o. :aeiayaava ra$e.qpu :naprcnanrHorc BHpoOHuIrrBa

Haqiosa,rrnoro rexuivnoro yniaepcurery Yr<painr,I

<<KniecbKrfi norirexsiqrufi iucrmyr iu, I
gorrop rexnivnr,rx uayx, rpoQecop

fliarrc e.o. :aai4ynava
rexni.inoro ynieepcurery
Ciropcrxoror>,,4.r.n, npo$.

Bveulrfi cerperap
Harriosa,rr,noro rexHiqHofo
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B.B. Kaacrurxui

raQeapu :aaprcta,'Ibaoro anpo6unr{tsa HauioHaDHoro
Vrpainn <Kuiac;ruii no,rirexniqsuii ircruryr
KsacHhqrKoro B,B. :acai4.ryro:
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