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o(pirlifiHoro oroHeHra Ha Al,Iceprarlift ry po6ory

Aani"nrqena Bircropa Bo"rroAnMrpoBuqa
<Miqnicrb Ko Hcrpyrcqifi si crcrouracrrrKy g vrincruapo BrI MrI 4e$ercrarvru
crpyKrypu rvrarepiaJry), TrIo rroAaHa na sAo6yrrt HayKoBoro cryreHt KaHALIAa-

ra rexniqHrrx HayK sa cueqianrnicuo 05.02.09 -,{zHoMiKa ra uiqnicru MaITITIH

Anrva.nrnicrr reMr{.

Terrla Alrcepraqifinoi po6orH <Miqnicrb KoHcrpyrqifi gi cruouracrLIKy g tuixrua-
poBLrMLr 4eQerrarr,rv crpyKrypu uarepiarry> 6esueperlHo aKry€ulbHa, roMy IrIo npl{cBt-
qeHa pospo6qi MeroAr{Krr 3 po3paxyHrcis 6araroruapoBlrx ereueHriB KoHcrpyrcqifi na
rvriqHicrr ra rparrkrqnuir crau 3 ypaxyBaHHr pisnoro poAy rlorlarKoBrEx 4eQerrin crpy-
Krypr,r uarepiany. Ao raKrrrx KoHcrpyKqifi ,rr,roxna siAHecru cKJlorlJlacrzroei rpy6u ra
eJreMeHTu ik s'eAHaHr

Bucori rroK€r3HtrKtr rrrrroMoi uiqnocri i Nopcrxocri BoJIoKHLIoTLIX KoMrlosuqifi-
Hr4x Marepianir purroM g xirr,ri.rHoro crifircicuo, uopiBHf,Ho M€rlrorc Barolo ra inruzulr
BJracrlrBocrrMlr, zpo6utu qi rvrarepiaJrurrrpvrBalrusvrvru An.r BLIroroBJIeHHf, rpy6onpo-
noAis pisnoro upn3Haqenss. 3acrocyBaHHrr cKJrorrJracrr4KoBkrx rpy6 ssaNliH Mer€LrIeB?IX

s6inrurye reprvrin clyx6u rpy6oupono4in uafixe y 4 pazu, upz6rursuo n 3 pa3vr 3HLDKye

Bary rpy0orpoBoAy.
Cxrouracrzr<oei rpy6z Ha erIoKcLIAHoMy n'lxlrqsvy :4arni BI4TpLTMyBarI4 TLIcK

Ao 24 MfIa. Marcuuamna reMneparypa ercunyaraqii Aoctrae l30oC.
CxrounacrnKosi rpy6u Ha ocHoBi eueKcttAHllx cMoJI Marorb 6esriq repeBar. Bonorno,
lpocoqeHe erroKclrAHoro cMoJroro, ne uiAAasrbctr Koposii i ToMy He BlrMarae isor-rqii
(nnyrpirunroi a6o sosHirxHroi), xirr,riunux inri6iropin, KaroAHoro i anoAsoro 3axllcry.
II{e oAniero repeBaroro e g6inrrueunx reprr,riny ctyx6u nacocis i inruoro
BMoHroBaHoro B rpy6ouponi4 ycrarKyBaHH.n qepe3 rroBHy ai4cyrHicrb y rrororli qacror
ipxi. Hzsrxa reunonponiAnicrr raKqx rBy6 3MeHruye BTparr.r renJra ig crrcreMrr

-.--TpyoolpoBoAtB, BHacnlAoK rrofo B oafaTbox BlrnaAKax 3HLrKae HeooxlAHlcTb B l3oJrrrlll.
Eiruua uacrurHa sunaArdn pyfinynanHs KoHcrpyrqifi cKJrorrJracrr{KoBr{x rpy6

uos'.s3asa 3 Hr43bKoro vriqnicrro MexaHi.rHlrx i aAresifiHux (rnefionux) s'e4uaHr ixnix
oKpeMux ereueHrin. Tpy6n i 4erani clonyqeHr si cKnouJracrr.rKy BrlroroBJrxrcrrcx ui4
crur<osi a'e4Hauu.r Hacryrrrrr4x rzuin: SnaHqeni, 6yrenur|6artaaxHi a6o rrayQroni, pa-
crpy6ni, pisr6oer.

Anaris e$errzauocri p.isnux ruuis s'e4uaur AoBoAr4Tb, rrlo Ao ocHoBHr4x rrepe-
Bar aAre3ifinux s'e4uaur y nopinnxnHi s ixniuz N{exaHi.rHVMLr aHaJroraMr4 Bapro siAHe-
crkr: MeHrrry KoHIIeHTpaqiro HalpyxeHb, 3HI4)KeHHr, vracur s'e,qHaHna, Mtura firvronipuicrr
lorrrr4peHux rpiquH. OcuoBsufi ueAonir r<rrefidnzx 3'e4uaHb - Hr,r3bKa rrairlHicrr ruefio-
Boro rxapy upz 4eQopvraqirx 3cyBy ra rpaHcBepcurnbHoro ni4prany.

lli.q .{ac BlrroroBJreHrrr fi excnnyaraqii 6araroruapoB?rx KoHcrpyKrlift, Ao flKrlx
MolKHa ni4necrz cKJrorrnaprzrcosi rpy6u, na uixruapoBux noBepxHrx KoHTaKTy x{opcr-
Krax apMoBaHlrx ruapin yrBoproerrc.s roHxzfi rnefiosufi nporuapoK, a raKox pisnoro
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poAy crpyKrypni neAoirouarocri, HarrpLrKJraA, 4inxurcu HerrpoKJrero a6o ni4ruapynanr.
CneqzQiuHrrMr{ oco6rzsocrflv'Lr 6ararourapoBrrx KoHcrpyKqifi s KoMro3r4rnzx vrarepi-
anie e pisro BlrpaxeHa anisorponis ix BJracrr4Bocrefi, siAHoeHo nusrrcufi onip nouepe-
qHlrM Ta rpaHcBepc€urbHr4nr 4eQoprraaqiru, icrotrra eiguiHnicrb MexaHi.ilrux i reunosi-
3lrrrHlrx xapaKTepLrcrrrK urapin.

Totnry pospo6ra HoBux MeroAr.rK po3paxyHKy Harrpyxeno-geQopMoBaHoro craHy
6araronapoBrlrx KoHcrpyKrlifi s 4e$erraulr crpyKrypr4 Ha ocrosi yroqHeHoi 4racrper-
Ho-crpyKrypHoi reopii, KoJrLr BpaxoByrorbcr aAeKsarHi riueuaruqui ra crarnqui yMoBLl

KoHTaKTHoi ssaeMo4ii cyrr,riNHr{x rroBepxoHb crronfreHux ruapin ui4 uac .qii xr crarlrq-
Hofo, rax i TeMlleparypHolo HaBaHTaxeHHr BrrcHarrae aKTy€LrrbHicrr uponeAeHux Ao-
cri.uxeHr

Hayrcona

Hayroea
poM po6orz

Orpzrvrani e po6ori nayroni pe3yJrbrarr4 Ao3BoJurrorr ui4 ua rpoeKTyBaHHrr KoHc-
rpyrqifi is roNluognqifinux uarepianiB 3HaqHo uoriuruurz rexHiro-erono\ai.rHi norcas-

HrIKkt TaKLIX KoHcrpyKqifi, a raKox yAocKoH€uI4Tr.I TexHororiro ix lupo6nLTrITBa.

HOBII3HA.

HoBu3Ha BLrKoHaHoi 4racepraqii uepru 3a Bce rroJrrrae B ToMy, rqo aBTo-
rrpoBeAeHo o6rpynryBaHHr uoAelefi po3paxyHKy HarrpyxeHo-

AeQopuoBaHoro ra repMorlpylKHoro crarry 6ararourapoBr4x o6ononor o6epranns s Nri-

xluapoBl4tuz leQerraMl,I crpyKrypz. P-o.3pg6reHi arropr4rMlu, rporpaMr4, MeroALrKr{ Ao-
criAxenr ra orpuMaui Ha ix ourosi TeoperrrqHi ra eKcnepr4MeHramni pe3yJrbrarlr ro-
Ka3aJII{ na.ssHicrr HoBI4x oco6runocrefi 4eQopMoBaHoro craHy po3rJrrHyrLrx KoHcrpy-
ruifi.

Cmopeno MeroAI,IKy 4ocni,qxenHx epMonpyx(Horo crarry 6ararourapoBlrx
o6oronor< o6eprannr, KoJu4 Ha oAuifi .{acrzHi nonepxui KoHTaKTy cyuixnrax ruapin
BI4KoHyrcTbct yMonu iaeattbHoro KoHTaKTy) a Ha innifi cuocrepirarorbc.f, 4ilxnru s

neiAeamHLIM KoHraKToM (neuporcnei, po:ruapyBaHH.rr, rpoKoB3ynannx). llo6y4onaHo
3aMKHeHy czcreMy 4HQepenqiamnzx pinnxnr ra ni4uoni4Hi rcpafioni yuonz
Hegn'.agaHoi craqioHapHoi saAaqi TepMorrpyx(Horo Ae$oprvryBanHfl, 6ararouraponoi
KoMrlo3rrfiroi o6onoHKI4, ulo Ao3Bon.f,rorb BpaxyBaru 4eQopvraqii nonepeqHoro 3cyBy,
sa6esuequrz yMoBrr Iraexani.{Hofo i TerrJroBoro crroJryqeHHr urapin i yvronu
TepMoMexani.rHoro HaBaHTaxeHHr Ha Jrr{IlboBrrx rroBepxH.f,x raroi o6onoHrz.

Pospo6reHo ra aupo6oraHo MeroAr4Ky Brr3HarreHHr inrerparrHr{x repMorrpyx(-
HLIX xapaKTepLIcrLIK KoMrro3r4rin ruapynaroi crpyKTypv. 3anpouonoBaHo eQerrunuzfi
€ulroprlrM BLI3HaqeHrIt rerlJloBoro roeQiqienrie riHifiHoro po3rur4peHHf, ra rennorpo-
siAHocri Arrs, 6ararouapoBoro aniaorporrHoro rr,rarepiany. IIIo Ao3BonuJru Ha ocnoei
KracLIvHoi reopii rpyxHocri anisorporlHoro rina pospo6uru rrLrceJrbHo-anatiru.reruir

't

ui.qxiA po:n'tsaHHt repMorIpyxGLIX He3s's3nrax rpafioBr4x 3aAaq 4nr qnniHAprlqHlrx
ToBcrocrinHzx o6olonor 3a yMoBI{ xr i4eamHoro, rax i neiAeamnoro KoHTarry cyvri-
)KHux ruapin rro clo]r]4reHlrM noBepxH.f,M.

Po:po6neHo ra aupo6oeaHo MeroAlIKy BLr3HaqeHHr inrerpamHLrx repMorrpylx-
I{I4x xapaKrepLIcrl4K KoMrlo3zrin ruapynarol crpyKrypz. 3auporroHoBaHo e$errrannnfi
€InropLITM Bz3HaqeHrul TerIJIoBoro roeQiqieHrie riHifiHoro po3 LrpeHHr ra rernolpo-
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ni4nocri 4rx 6araronapoBoro aHisorporrHoro rraarepiarry. II{o Ao3BoJrr4Jru Ha ocHoei
KJIacLIqHoi reopii rpy)KHocri anisorporrHoro rina pospo6uru qrrceJrbHo-aHwiru'ruuir
niaxia poan'xsaHHt repMorlpyxmzx He3n'.s3nnx rcpafionux 3aAaq Ans qnriHApr4qHr,rx

ToBcrocrinnzx o6ononor 3a yr!{oBr.r xrc igeanrHoro, rar i neigeanrnoro KoHTarry cyrr,ri-
)KHrrx ruapin rro c[oJryqeHLrM noBepxrurM.

Pogs'.f,gaHo 3aAaqy KoHcrpyKqifinoi rr,riqnocri i crnopeno eroArrKy BV3HaqeHHt
rpaHLItIHoro Brryrpirunroro rl4cKy 6ararouapoBr{x qzlin4pzrrHlrx o6olouorc, 4ocni-
AXeHo Harlpyx{eHo-4e$oprraosaHufi craH cKJronJracrlrKoBkrx rpy6 e soHi Slanqennx,
6anAaxHux ra rr,ry$toBtrx 3' e4uaHt.

Crnopeno MeroALIKy qu3HaqeHHt rpaHl4qHoro ri4pocraruqHoro rrrcKy peMoHTHLrx
KoMrIo3kITnnx 6aruAaxin, BllroroBJreHux rrrJlrxoM 6ararouapoBoro HaMoryBaHH.rr cKJro-
rKaHkrHrr ua rpy6y 3 oAHoqacHLrM ii npocouyBaHHrrM y vicrli 4e(fercry.

Bzronana Al{cepralqiitua po6ora Aae rroA€rrrs'ltuit po3BkrroK HayKoBr4x ocHoB Teo-
pii s pospaxyurin 6araroruapoBlax g,uenaeuriB KoHcrpyrqifi na rr,riquicrr ra rpauuunuir
craH 3 ypaxyBaHnrru pisnoro poAy roqarKoBux 4eQerrin crpyrrypr.r Marepialy.

Po6ora.{animqesa B.B. uae nci neo6xigHi osHarra nayronoi HoBr43Hr4 KaHALrAar-
crroi AI4ceprallii. Y qifi .racrzHi ALIceprarlia qinrou ni4uoni4ae craHoBJreHLrM Anr ra-
rcux po6ir BrrMoraM.

Oqinrca goctonipH ocri ra o6rpyHToBa Hocri ocnosH rrx rroJrolr(eHb

Arrceprarlifi uoi po6oru.

,{ocronipnicrr orprlMaHrlx pe3yJrbrariB sa6esne.reHa BuKopucra:nnflru aupo6ona-
HI{x Mero4in posn'fl3anHfl xpaftgnux 3aqar^, Qiszvno o6lpynroBaHr4x uo4elefi KoHc-
rpyrqifi i rraarepialin, 4o6poro KopeJltqiero reoperkrqHLrx pe3yn rarin rK 3 orplrMaHr{-
MLI B po6ori, rar i HaBeAeHI4MLI B rirepa Hzx pKepeJrax eKcrrepzMeHT€urbHr4rrarE i reo-
peTuqHLrMV AaHkrI0''dI1{.

Teoperrauui i erccnepl4MeHTarlrgi 4ocriA)KeHH{ sraroHaHi Ha Br.rcoKoMy HayKoBoMy
pinni.

Vce nzqe BLIKnaAeHe Ao3Bonre BBarr{aru sci ocHoeHi rroJro)r{eHHfl Avrcepraqii o6-
{pyHroBaH vrvrvr, a orp}rMani p esynr r uru - 4o cronipn vrMLr.

llparcru.rua qinnicrr po6oru.

Y po6ori, Iuo pe{eH3yerLcs, aBropoM Ha ocHoBi reoperuqHr{x i ercuepuMeHruurb-
HI/rx Aocni4xeur pospo6leHo MeroAkrr(y 3 Br.r3HarreHux iurerpaJrbHLrx repMorrpyxHLrx
xapaKrepl{crrIK KoM[o3LITin ruapynaroi crpyKrypu ra po:n'xsorc saAa.ri roncrpyrcqifi-
noi vriqHocri rouuoszris s nrixruapoBlrMr4 4eQerrarr,ru. Teoperz.rni MeroAtr Br43HaqeH-
Ht rIpyxHLIX BJlacrLIsocrefi i oqinrz uiqHocri KoMrro3rarlifinzx vrarepialin goanonf,rorb
3MOHITTLIT u o6csr rpy4orr,ricrKlitx eKclrepr4MeHT€lJrbHr4x .qocli4xenr.

Crnopeno MeroALrKy BLI3HarIeHHr rpaHuqHoro nnyrpiunboro rzcKy 6ararouapo-
nzx quliHApI{qHLIx-o6onosoK, a raKox nare4eni pe3yJrbraru 4ocli4xeHb KoHcrpyK-
qiftHoi uiqnocri cKJIorIJIacrI4KoBI4x rpy6 n soHi Qrauqenux, 6an4axHr4x ra rrayQronzx
3'e4HaHb, IrIo Mae Ba)I{JILIBe sHa.reHH.f, 4nx 6esneqnoi eKcrrnyaraqii rpy6onpono4in s
KOMrrO3LrrI rLrIJLrX MaTep 1 €ulr B .
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Orpzrr,raui pesynrrarrl Ao3BoJrflrorb ga6egne.rzrz 6iruru inreHcnsHe BrrpoBaA)KeHH.s

HoBLx KoMrlo3Ltqifistax rvrarepiarrin n pieni rarrygi cyracHoi rexuirz, a raKox ni4 vac
npoeKTyBaHHfl. KoHcrpyKqifi is KoMrro3rrris gHaqHo noniuruvrlr rexniro-eKonoMi.rsi no-
KZI3HLIKLT raKlitx KoHcrpy qifi i yAocKoH€IrIzrLI TexHonoriro ix nzpo6nnllTBa.

Pesylrrarz 4ocni4)I(eHb BrlpoBaAxeni s npaKrrrKy HayKoBo-4ocnignzx i upoexr-
Hzx po6ir n xoAi BLIKoHaHHTI enponeftcbKoro rpaHry <Innovative nondestructive testing
and advanced composite repair of pipelines with volumetric surface defects>
J\b PIRSES-GA-2012-3I8874 B paMKax 7-oi'panarcouoi nporpauz enponeficrrcoro Coro-
3y ra rIpI4KrraAHoi uayrono-4ocni4uoi po6orz Minicrepcrsa ocniru i nayru Yrpainz.
Orpunrani silnosiani axru BrrpoBaAXeHHr.

3ara.nrHa xapaKTeplrcrrrKa po6oru.

V ocmynf anrop o6lpyHroBye aKryamnicrr o6paHoi reMlr, craBr4rb Mery i sa-
BAaHH.g Aocni4xeHu*, a raKox rpLrBoALtrr 4ani s anpo6aqii po6oru, ii sn'asoK 3 HayKo-
Boro reMarr4Koro, crpyKTypi ra uy6liKaqirx.

V nepwouy pozdini po3rJltHyro Aocr Hbo BeJrrrry r<irlrricrr po6ir crocoBHo re-
opii 6araronapoBtlx roHKocrinnzx KoHcrpyKqifi s KoMrro3krrlifinzx naarepianin, nrnro-
vno Qyn4aMeHr€rllbni i orna4oni, y roryy uugni inoseNaHzx anropin. Posrr.f,Hyri xpnre-
pii rraiqnocri pisnoro rloxoAxteHHt. Hagauuit ornrA KoHcrpyKropcbKo-rexHi.rHoi AoKy-
uenraqtt 3 rlpoeKryBaHHfl, BI{roroBJreHHr fi erccnnyaraqii cKJroln crr{KoBrlx rpy6 ra pi-
3HI'IX napiauria ix s'e4uanb, BI4KoHaHr,rx y Sopvri 6ararourapoBr4x o6olonor o6eprannr,
ra cyqacHoro craHy npo6leMl{ po3paxyHKy cKJronJracrr4Koaux rpy6 Ha ix KoHcrpyK-
qifiny uiquicrr i uecyry s4aruicrr. llpone4enuit arualis pisnzx o3paxyHKoBlrx MoAe-
nefi i MeToALIK po3paxyHrcy 6ararouapoBr{x eneMeHrin roncrpyrcqifi s 4eSexravrz
crpyKTypu nig 4ii craru.rHrlx ra reMrreparypHlrx HaBaHTaxeHb.

Onnc vrero4in dasyerscx Ha rpaAl4qifinorr,ry pos4inenni na reoperr,rquuft, erccre-
pLlMeHT€ulwtuit i rou6iHosanuir Harrp.rrMlr. Bci treroAr{ Aer€urbHo po3rJraHyri, BKa3aHo
aBropcrBo nafi6ilrru 3Harrylqux pospo6orc. Oco6JrprBa yBara npu4inena eHeprerLTqHLrM
i 'rvcemHrrM MeroAarra. CepeA qr,rcerbHrrx Mero4in nnginenufi Hafi6inrur [epcrreKTr4B-
t;.uit cYncuuit HarIp.rM, srcuft 6a^:yerrcx Ha MeroAi crin.reHHkrx eJreMeHris.

flpone4euufi anatrc AoBoAkIrb, rrlo 6imruicrr po6ir : uiqnocri rcoHcrpyxqifi is
4eQerranal4 crpyKTypvr rLrrry HelpoKJrerc a6o po3ruapyBaHb BkrKoHaHa)sK rpaBr4no, y
paMKax HaoJrLDKeHr{X pO3paXyHKOBr4X CXeM.
po3rn.f,HyTr4x 3aAaq [epeBaxHa qacTr4Ha

6araroruapoBl4x o6ononox is geQerrauz crpyKTypu Marorb 6inuu reoperu.trzft
xapaKrep. llparcruvno ni4cyrni po6orz, y rKlrx upoBoAqrbcf, po3paxyHKr{ Ha
KoHcrpyKqifiuy uiqnicm i rpanzuuuir cralr. cKJrounacrkrKoBlrx rpy6 s soHi Qlanqeaux,
6a:aaaxuux ra rvryQroBLrx s' e4uaHtr.

Ha ourosi qroro aHariay npoBeAeHo 6rpynrynaHHlr i yrouneuux qirefi po6orz.
B qinovry ananis nireparypHr4x Ax{epeJr e Ay)Ke nepeKoHnLrBr{M.

fipyzuil posdin'rrpvcB.aqeHo crpyKrypyBaHHrc fi ysaramHeHHro pinnxnr Ar{cKper-
Ho-crpyKrypuoi reopii 6araroniapoB14x o6onoHorc i uracruH is e$exravru crpyKryplr
uarepiany IIo roBlrllzni. llo6yaoBaHo 3aMKHeHy clrcreMy 4rz$epenqialurzx pinuql6

tlepes cr<na4nicrb qrdcnoBoi peanisaqii
-nyonlKaqlu 3 frr4TaHb MIrIHOCT1

ni4noei4ui rpafioei yMoBI4 se3s'sgauoi craqionapnoi sa4a.ri re MonpyxHoro Ae$op-
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MyBaHH.rr 6ararouraponoi rouuosurHoi o6ononru, qo Ao3BoJrrrorb BpaxyBaru 4e$op-
vraqii rtortepeqHoro 3cyBy, sa6e:ueqvrrv yMoBH vexaniqnoro i TelJroBoro cronyqeHHt
ruapin i yvronn repMoMexaHi.rHoro HaBaHTDKeHHT Ha nlrrlboBr4x rroBepxHsx raroi o6o-
NOHKI4.

,{nr poea'x3aHHn, KoHTaKTHoi rpaftonoi saAa.ri y suiruauifi Qopvri cKJraAeHa cr4cre-
vra 4zQepenqiamuzx pinnxHb ArrcKperHo-crpyrrypnoi reopii 6araroruapoBr4x o6ono-
nor. Craru.rui yuoB-Ir KoHTaKTy no JruIIboBLrx cronfreHr.rx rroBepxH.flx cyci4nix uapin
BrlKoHylorbct 3a AorloMorolo MeroAy urrpa$Hzx Qynrcqifi. -flnrqo o6ononxa o6epranHr
uicrurr n ruapin gi cuiesicHLIMLI [oBepxHrrntu, ro4i posa'-rcynaHa cr4creMa cKJraAaerbct
3 n x 14 an$epenqianrnzx pinnxHb y qacrr{HHr.rx uoxiAnzx. 3riAno s
HaBeAeHLIrr,r napiaHroM AI4cKperHo-crpyr<rypxoi reopii pospo6neHa po3paxyHKoBa Mo-
Aenb g HassHicrro neiAearlbHkIx 4inxuor KoHTaKTy crron1^reHlTx noBepxoHb anisorpon-
Hux lrapin.

,{nr pose'ssartrts. saAaqi repMorrpyxtnocri crua4eHi pinnxnnr repMorrpyxHocri
Als, 6 ar aronapoBoi q6oroH Kr4, fKa cKJraAaerbcr 3 n- anis orponHr4x rpunoninif nzx ua-
pin s pisuuiran reunofriar4rrHvrMtr BJracrr{BocrrMlr. Hane4ena 3a1a'rra repMorrpyxnocri
nr.rpiuryerrcs 6eg ypaxyBaHHt BTIJILIBy Ae$opnayBaHH.rr KoHcrpyKqii ua euiny noJrr reM-
rleparyp i ni4uoczrbct Ao Knacy uegs'.sgauux 3aAaq reopii repMoupyxnocri.

V mpemuony pozdini y,pa3i,.KoJrn,KoMrro3r4r e Ha6opoM t, ro-pisHorray opienro-
BaHIIX ruapin oAHoclptMoBaHoro nrarepiary, 3arrpoloHoBaHa MeroALrKa BLBHarreHH.rr

3BeAeHLIX [pyiKHlrx crullrux ta inrerp€urbHr4x repMorrpyxHkTx xapaKTeplrcrlrK, a raKox
KoMIToHeHT MarplIqi xopcrxocri posrnxrryroro rraKera ruapin y qinorr,ry.

V rounoguqifiHorr,ry rr,ratepiani s perynrpHoro crpyKryporo, rK rrpaBLrJro, upvcyrni
rloBToploBani ereueHTLI y nnrna4i oAHoclprMoBaHr{x ruapin. 3nesaNaroqu HeoAHopia-
nicrro crpyKTypz na rvrirpopinni Kox(Horo uapy, MoxHa suairru eSercrunui xapaxrepu-
cTLIKH oKpeMLIX ruapin Ha MaKpopinni. flpyNni xapaKrepvrcrnKkr eneMeHrapHoro ruapy
BLI3Haqalorbc.tr y ABa erarlu. Cuouarry Blr3Harraprb 3BeAeHi npyNni xapaKTepkrcrr4Kkr3a
paxyHoK ycepeAHeHHt rrpyxHrlx BJracrnnocrefi BonoKoH oproroH€urbHo-apMoBaHoro
rraarepiany ruapy ra MarpLIqi. Bnaxaerbcs,, Iqo KoMnoHeHTLT rraarepialy (nonoxno i vrar-
puqs) i:orponui, ninifino upyxni ra rrpaqrorot cnilbHo Ha ncix eranax 4eQopMyBaH-
Hx. Kpivr roro, upufinari npI4ryqenHx, sri4Ho {Kr4M: He BpaxoByrorbcr HarrpyxeHHf,,
reprreHAr,rKyJr.f,pHl Ao BoJroKoH rrpt4 Aii HOpM€uIbHOfO HaBaHTaX{eHHr B3AOBX BOIOKOH;
rorepeqHi 4eQoprraaqii npu po3T.rrraHni ra crLrcKaHHi roxnoi KoMrroHeHrr.r rpouopqifi-
ni ii o6'elaHoMy slraicry n naarepiari; Ha rpaHzqi BoJroKHo-Marpr4rlr He po3rJrrAaerbcfl
KoHlleHrpaqix naupyx{eHb. Ha 4pyrorr,ry erani s4ificnroerbcr po3paxyHoK xapaKrepuc-
TI{K oAHocnp.lMoBaHoro oprorpolHoro uapy, BLrxo.{Fu4 ia upyxru4x Bnacrzsocrefi
BoJroKoH i rr,ro4z$irosaHoi rraarpzqi. Cnia 3ayBaxkrrz, trIo po3rJr.rrAa€Tbc-[ o6'erunufi na-
npyxeHr.rit cras oAHoclp.nMoBaHoro rxapy

V pa:i, KoJILI KoMuo3LIT e na6opoM n rro pi:nouy HarrpaBneHr4x ruapin o4nocupx-
MoBaHoro rr,rarepiarry, crBopeHIafi arropLrrM Br.r3HaqeHHr iHrerpanrHux [pyx{Hr{x xapa-
KrepI4crIlKLI po3rntHyroro rraKera ruapin n qinouy. Bnacrraeocri uarepialin ui4
qac rpoeKTyBaHH{ KoucrpyKllifi g xovrnoszris ra Mox(Jrrrni napiaurLr cxeM ix apuyran-
Ht AocLITr pisnorraarritri. Touy reoperr,rqHe Br43HaqeHHrr Qisuro-uexaHiqnzx xapaKre-
pI{crLIK KoMno3l4llifiHoro uarepiany npvr uiniuanrHzx Bzrparax Ha eKcnepr4MeHr e aK-
TyanbHIrM 3aBAaHHf,M.

Poepo6neHo ra anpo6onauo Me-ToALIKy BLT3HaqeHrur inrerpan HLrx repMorrpy)KHLTX
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xapaKrepr{crr4K KoMrro3r4Tin ruapyaaroi crpyKTypu. 3anporonoBaHo zlJrropr.rrM Blr3Ha-
qeHH.f, roe$iqienrie rennoBoro ninifinoro po3ruupenHfl, Ta rerrnorponi4Hocri 6araro-
ruapoBoro aHisorpouHoro rvrarepiarry. llia qac BlI3HarIeHH.f, 3uBHaqeHzx roeQiqieHris
BBaxaerbcr, ulo N4ix eerropoM TerrJroBoro floroKy m rpa4ieHToM TeMrreparypu y ncix

Qasax KoMrro3Lrrlii nuronyerbcr tinifiuuit 3aKoH rernorponiAnocri (Dyp'e. Kpirra roro,
Ha fpaHur1f,x apMyroqnx ereuesriB ra Marpuqi, a raKo)r( Ha rpaHlrqxx cyci4nix o4no-
crrprMoBanux urapin, peanisyerrcr iAeamnufi repuorvrexaniqHlrfi r<onrarr (6eanepepn-
nicru uods reMneparyp, uepeuirqenr i nercropin rerrJroBrrx nororin).

llopinnxnHr orprrMaHr4x p$ynbrarie ra anarori.rHr{x AaHrrx, HaBeAeHLrx y siAo-
-.MUX nyOnlKaIILf,X, nUTBepAX(ye KOpeKTHICTb 3arrpOrrOHOBaHOl eTOAr4Krr Blr3HarreHHt

inrerpamzx QisuKo-MexaHi.rHrax xapaKTepncrlrK 6araroruapoBoro KoMrro3lrra.
V vemeepmowy posdini pospo6neHa eKcneplrMeHTaJrbHa MeroAr.rKa Anr nepeni-

pKLI Aocronipnocri reoperzqHzx pe3ynbraris i oqiHrcz uoxz6or, xri BHocf,rb pisnoro
poAy AorIyqeHH.tI B po3p€xyHKl{ ua uiquicrb eJreMeHris s rraixruapoBLrMLr 4eQerranau.
HaseAeHo Sisuro-vrexani.rHi xapaKTepucTkrKu ocHoBHktx KoMnoHeHT cKJrorrJracrkrKy -
cKJIoBoJIoxna i sn'rayrovnx Marepianin, HaAaHo cructuit orrr{c rexHoJrorii nzroroBJreH-
nx spasrin.

Creopeno eKclrepllMenramni ycraHoBKu, xrci 6yrru pospo6neHi i enroronrteni
Ant rpoBeAeHHrI nzupo6ynanr: riruleBux spa:rin, rpy6 si cKnouracrLrKy, i cra-neeoi
Tpy6u s 4eQercraM, rloclrnenoi cKJrorrJracrLrKoBlrM 6an4axevr. Pospo6leHo MeroALrKy
rlpoBeAeHHt eKcneprlMeHTulrrbHLrx AocriAxenr. Koncrpyrqii eKcrrepr,rMeHTilrrbHr4x
ycTaHoBoK Ao3BOJUIIOTb UpOBOALTTLI nral\,ripU UpOrZnin SpaSr<in_sa AoloMororo in4zKaTo-
pin ro4ranHLIKoBoFo rklrly g ro.rHicfio nzvripronaHb Ao 0,5'10-5u. BuuiproBaHHf, ni4uoc-
Hnx 4e Qopuaqifi np oB oAtrrbcr MeroAoM reH3orr,rerpii.

[nx oqinKl4 AocronipHocri pe3yJrbrarin, orpzvraHzx Ha ocHoBi saupouononanoi
eKcrlepl{MeHTulJlbHo-Teoperkrqnoi uero4uwq aoyarKoBo 6ytu [poBeAeHi ri4pocraru.rHi
nzupo6ynaHns, cKJIorrJIacrI4KoBrrx rpy6r flpu qrorr,ry 4ocni4xyBurvrcs. Hecyqa sAarHicrr
eKcrIepLIMeHT€LIIbHI4x pasrcir ra BrrJrrrB x(opcrKocri cralenzx Slanqis Ha HarrpyxeHo-
4e$opnaonartuir craH cKJIorIJIacrLIKoBLrx rpy6 y goHi ik s'e4Haul, KoHcrpyxqifina
nriqnicrr vryQronzx ra 6an4axHzx rcnefioszx s'e4uaur, rpaHr4.rHzfi TLrcK, srcuit
BLITpLTMye cr€LIIeBa Tpy6a s geQercraMlr Marepiany Ha Jrr{qbonifi nonepxni (ipNi),
rrockrJreHoT dalr.laxena si cKJrorrnacrllKy.

flopinuxHHx eKc[epLIMeHT€rrIbHLIX AaHkrx is reopervqHr{Mr.r pe3ynbraraMLr Ao3Bo-
JII{JIo spo6nru BrIcHoBoK, IrIo B pe3yJrbrari uopinHsHo Hrasrroi xopcrKocri crlonnac-
ruxis Ha 3rLIHaHns i cla6Koro olopy 4eQopvrarli.sNa uonepeqHoro 3cyBy, 3acrocyBaHH.{
rpa4uqifinoi crpyKrypuo-6esnepepnuoi reopii nao4eni po3paxyHKy roHKocrinnux
apMoBaHI4x eJleMeHrin rconcrpyrqifi naeiru Ha rroqarrosifi cra4ii HaBaHrax{eHH{ rrpr4-
3BoALTTI Ao 3HaqHux uoxu6orc.

V n'nmouy posdini po:elxaaHo 3aAarry KoHcrpyKqifinoi uiqHocri i crnopeno Me-
ToALIKy BIl3HaqeHHf, rpaHLIrIHoro nuyrpiuuboro rr.rcKy 6ararouapoBr4x qr.rningpzqHnx
o6olouott, 4ocni4xeHo Harlpyxelro-AeQopyroraHuit crau cKJrorrJracrlrKoBr{x rpy6 B 30-
ni QnanqeBllx, 6an4axuvrx ra rvryQronux :'e4naur. Bi4anauaerBcf,, u1o pyfinyBaHHfl
rrayQronoro I'eguauHrl Mo)I<JII,IBo qepe3 HLr3bKy rpaHr4rrHy rvriqnicrr rrefiosoro urapy
npu 4eQopuaqixx 3cyBy i ni4puny. IIIo6 ga6esneqrrrrr Mo)Krusicrr repepo3ro4iny na-
BaHTax{eHr uix rpy6aun, rqo s'e4uyroru, i rvry$roro npr nuyrpiuruboMy r}rcKy, uorpi-



6no crnopvrrvr ix HaaifiHe 3qerrJreHHf, 3 rroA€urbrrrlrM cuinrsnu geibopl,ryBaHHf,M rpy6u
ra rvrySru 3a paxyHox ni4erarleHHr a4resifiHzx BJracrlrnocrefi xrefiosoro ruapy. I{i
yMoBLr Mo)r(Ha Br4KoHarLr, rpufiuaroqr4 KoHcrpyrrnnni piruennx n uraHi gruiuu Qoprvrz
rr,ry$ru ra croco6in ui4roroBKlr uonepxni rcinqin rpy6, rqo s'e4rryroru. MeroAoM TeH-

sorraerpii AocniAxeno 4eQopMosaHrfi craH rpy6 si cKnonnacrvrr<y: 4eQerraMr{ crpyK-
Typv uarepiany, Qrauqesi ra xrefiosi Ttrrwr s'e,quarrr raKr.rx rpy6. flopinHanHr reope-
TUqHLIX ra eKcrIepI4MeHTaJIbH[x pe3yJrrrarie AoBoMTb aAeKBarHicrr o6panoi poepaxy-
Hrcosoi nao4eni. Orpuuani sa 4ouoMororo rr,ro4zQircoBaHoro uorisol,rizrrrbHoro npnrepiro
uiqnocri reoperl,Iqni sHaqeHHr BeJrr{rrr4H rpaHr{qHoro rkrcKy, rrpu f,KoMy ni46ynaemcx
pyfinyeauHt cKJIo[JIacrLrKoBoi rpy6z B ToarKax KoHTaKTy ii nonepxni s NaeraneBUMLr

Slanqrrvu, Ao3BoJl.t[orb crBeppKyBarvr, ulo 3acrocyBaHHr Arop€llroMiHieszx Qnanqin y
nopinHxHni si craneBLIMrI Qranqxrrau s6imuyrorb rpaHrrqHr4fi rncrc uafixe ua25Yo.Ta-
KLIM rILIHou, napiroroqu x{opcmicrro Snanqin, Mo)r{Ha Aocrrrr{ o rnM€urbHr.rx yMoB po-
6oru po3rnf,Hyroi roucrpyrqii cKJrorrJracruronoi rpy6u.MgroAorr,r reH3oMerpii aocni-
Ax{eHo 4e$oprr,ror;alenir craH Tpy6 si cKnonracrvKy s 4eQerraMr{ crpyKrypr,r uarepiany,
Qnanqeni ra ruefiosi runu 3'e4uautr TaKux rpy6. llopinnrrrrur reoperuqHarx ra eKcrre-
pLIMeHTuLnbHI4x pe3 rraris AoBoArrb aAeKBarHicrr o6paHoi pospaxynrcosoi laoAeni.

,.{onegeno, Ho 3a paxyHorc eQexrl{BHoro Br{KoHaHrrr KoMrro3r.rrHrax 6auAaxis ra
BIl3HarIeHns ix peiulbHI4x $iszrco-rraexani.rHzx xapaKTepzcrprK Molr(Ha AoMorrlrcfl qacr-
KoBoro a6o uosHoro ni4noBJIeHHrr necyroi 3AarHocri 4eQercrnoi 4ilrrrr<u rpy6onpono-
Ay, i, xoqa crallb yce rqe Mo)Ke nig4auarzas, rnacrtrqHifi 4eQopnaaqii, ii cryuinr o6ue-
x{yerbcf, sonHilxHiu 6an4aNeM 3 KoMrro3rdrHoro uarepiary, alqeit Sarcrop, B cBorc qep-

ry, sa6esreqye 6esuery rpy6ouposoAy nprr MaKcuM€urbHo rrpurycrlrMoMy po6ovouy
TLICKV.

3aynaxceHHfl rro Ar{ceprarlii i anrop.e$epary.

1. y ApyroMy po:4ili, xrcuit rpucBrqeurafi 4ucrcperHo-crpyrrypnoi reopii 6araro-
ruapoBl4x o6olonorc i macrzn is 4eQerraMr{ crpyKrypkT rvrarepialy no ronrquni,
Ayxe AoKJIaAHo na4auuit €uIropI{TM no6y4onu posn'.asynalruoi clrcreMr.r Ar40e-
peuqialrHzx pinntHb ra ni4uoni4Hzx rpafioBlrx yMoB. ,{ocraruro 6yno 6 o6-
Me)Ifldrllct 3arllicou posn'xsynaruuoi cr4creMr4 4z$epenqialrHrax pinnxnr y svri-
ruanifi Qopui ra ni4noni4Hux rcpafionzx yMoB g nocniAoBHr4M anarisoIrd ii oco6-
nusocrefi, ulo cyrreBo cKoporriJro 6 o6c.sr 4zcepmqii.

2. y rperboMy pos4ini rrpkI BI{KouaHni ycepeAHeHHr rrpy)KHr{x Bnacrnnocrefi Bono-
KoH apMoBaHoro Ilrapy 3acTocoBaHo Ha6nuxenzfi ui4xi4, 3acHoBaHuitna npaBlr-
ni cyuiurefi. lloxzlrca o6\ucJleHHfl e$errznru{x rpy)KHLrx xapaKreplrcrr{K He
Bll3Haqaracr. [oqiJlbHo 6ylo 6 euxoHaru nopinnrHHrr 3 pe3ynbraraMr4, orpuMa-
IJkrMr4 rII4 C e JIbHLI MI4 MeTO.{ aM LI.

3. ltrx BonoKHa i rr,rarpuqi n po6ori BlrKopzcroByB€rnacf, MoAenb i:orponnoro rrpy-
x{Horo nrarepialy. Y paai BkIKopLIcraHHrr ByrnerleBkrx BoJroKoH MoAyJrb rrpy)ruoc-
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ri n uos4oBxuboMy HarrprMKy Mox(e 3HarrHo nepeBr4rr\yBaru rrao4y-lri npyNnocri n
loreperrHzx Harp.fiMKax. [tt rarcux BoJroKoH norpi6no BLrKopLTcroByBarz Mo-

Aenb rp aHcBep c anuro - isorp orrHoro rraarepi ary.

4. B qerBeproir,ry pos4iri .4yxe crzcJlo HaBeAeHe orrlrcaHHr MeroALrKLr Br43HaqeHH.rr

MoAynt rpy)KHocri ra rpaHr{qHux xapaKrep rcrrrK rimqenzx spaercin MeroAoM
pospisHoro AkIcKa, IrIo He Aae Mo)Knrasocri BLr3Haqr,rrrrcb 3 HassHicfio reoperr4Ko-
eKcrlepuMeHT€ulbHoi tueroAuKu Blr3HaqeHrur rpanzqi vriqnocri 6araroruapoBr4x
KoN{noszrin.

5: B 4zceprallifiHifi po6ori 6axano 6yno Br4KoHarLr uopinnxnwruir aHa-ris piruen-
Hf, .qe.lKrIX 3aAaq 3a AonoMorero xorraepqifiHrrx [porpaMHLrx rcolanrercis.

3arc.nroqna oqinrca Arrceprarlifi noi po6oru.

,{zcepraqir ,{aninrqena Bircropa Bono4zMr4poBLrqa <Miqnicrb KoHcrpyrcqifi si
cKJIorIJIacrI{Ky s rvrixruapoBlrMlr 4eQercrarr,rlr crpyKTypu vrarepiany> e sariHqeHoro Hay-
KoBo-Aocni4noro po6ororo, u1o ruicrr,rrb HayKoni uoroxeHHr, sri uoxna po3rn.rrAaru flK
nupirueHH.a BDKJII4BoTo rIpLIKJraAHolo 3aBAaHHr. Pearisaqix peaynrrarie po6orz 6yrc
cnpLrflTr4 rIoAaIrbIIroMy po3Br{rKy Marrruno6y4innoi, Haoro ra raao4o6ynHoi ranysefi.
Po6ora BLIKoHaHa Ha BLIcoKovry pinni, uicrzru noni, qinni 3 HayKoBoi i nparrz.rHoi ro-
iIKI4 3opy pe3yJlbrarr4, Harr4caHa rexni.rHo lpaMorHoro MoBoro. PesyJrbrarrr po6orz li-

. 4rnep4Neni aKraMu rlpo BrIpoBaAXeHH ii pesynrraris y nzpo6Hr4rlTBo, HayKoBo-

AocdAsrafi ra ocsirsncxufi rpoqec.
[zcepraqir ni4uoni4ae cueuiauuocri 05.02.09 - 4znauir<z ra uiqnocri uauruH i

BrMoraM n.n. 9, ll, 12 <llopr4rcy npLIcyAx{eHHrI HayKoBLrx crynenin>, 3arBepANenoro
rlocraHoBoro Ka6inery Minicrpin Vrpainu si1 24 Jrr4rrHrr 2013 p. l\b567, a ii anrop,
,{aninrqee Bircrop Boro4ztvt}IpoBuq, 3acnyroBye [pucyAxeHHr HayKoBoro cryrreHt
KaHALtAara rexni.rHl4x HayK sa cueqiamuicrro 05.02.09 - Aunarr,riKa ra uiquicrr ua-
IIILIH.

f. I. Jlrnon
HaqionanbHoro rexni.rHoro yni
AoKTop rexni.{Hzx Hayr, npoQecop {w
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