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15.1. O6J1acTi 3acTocyBaHHs

Onna 13 xiacudikaiid objacTed BUKOPUCTAHHS TPUOOTEXHIKH MOXKE
0a3yBaTUCs Ha BCTAHOBJICHHI Pi3HMIIN (HAPUKIIAJ, 32 TBEPIICTIO MaTepialliB) Mixk
napamMu KOB3aHHS: 13 JIBOX TBEPIMX, 13 TBEPAOi 1 THYYKOI, a TaKOX 13 JBOX

I'HYYKHX ITIOBCPXOHb.

[Tapa TBepAMX MOBEPXOHBb (METAJ MO METAITY) € HAMOUIBII PO3MOBCIOKEHOIO
B TEXHilll 1 BUpOOHUNTBI. B Tabn. 2.1 HaBeaeHO BUKOPUCTAHHS TPUOOTEXHIKH B
TEXHOJIOT1i BUPOOHUIITBA (B CEpEeAHIN KOJIOHII BKAa3aHO KOHKPETHI BHUPOOHUYI
MIPOILIECH, a B MIPaBIi — MEPEIIIK BIANOBIAHUX raly3ei MPOMHUCIOBOCTI).

Taoauusa 15.1

[Tpornecu TpuOOTEXHIKUA Y BUPOOHUIITBI

Kacudikaris

Bupobuuui nporecu

["ay1y3bp MPOMUCIOBOCTI

[Tapa TepTs — Meran
1o MeTaiy (JBi TBEpIi
MIOBEPXHI)

Kysanns. [lITammyBaHHS.
[InidpyBanns. OpesepyBaHHs.
PozBepryBanns. BonouinHs.
[TonipyBanns. [IpecyBaHHS.
®opmyBaHHA. Bucanka

BupobHuTBo yaByHy i
craii. BupoGHunrso npo-
Ty. O6poOKa MeTaiiB.
MamunoOyayBaHHS.
IHCcTpymMeEHTanpHA

[Tapa TepTst — rHyuKa i

TBEpJia IOBEPXHI

JINTBO M1 THCKOM 1
BUYBaHHS. XO0JIOJHA

o0poOka. IIpecyBanHs.
Bonouinns. Tennose

dbopmyBanHs. Bakyymue
dbopmyBanns. Hanecenns
mapiB

[IvHHE BUPOOHUIITBO.
BupoOHnu1rso miacrtmac.

ByniBHUIITBO.

EnexTpoizonsiis.

B3yTTeBe BUpOOHUIITBO.
TBepai macTuia

[Tapa TepTs — BOJIOKHO

10 BOJIOKHY (JB1

TkanrBo. [psaainas

TekcTunbHa
MIPOMHUCIIOBICTb.

Tpukoraxue
BUPOOHUIITBO.




THYYK1 TTapu
BupoOuuirso xabemis.
BupoOHUIITBO miacTMac

[lapa TepTs 13 THY4YKOi 1 TBEpAOI MOBEPXOHb YTBOPIOETHCS MPH TEPTI
€JIaCTOMEPIB 1 TNIACTUKIB 00 TBEP.ly TIOBEPXHIO, B TOW Yac SIK TEPTsI Mapu THYIKUX
MMOBEPXOHb BUHUKAE TPU TEPTI BOJIOKHA 00 BOJIOKHO. Ak Gaummo 3 Tabmmmi 15.1,
Jiama3oH MOJMKJIMBOTO BHKOPUCTAHHS JOCATHEHb TPUOOTEXHIKM B TEXHOJOTII
BUPOOHMIITBA 1 CIIOPIAHEHUX OOJACTAX ITy)KE IMIUPOKHUH, a TEepeiK BiIMOBITHUX
ray3eil MpOMHUCIIOBOCTI TaKOXK TOCHTh BarOMHIA.

TunoBuMu 00J1ACTAMHU 3aCTOCYBAHHS JOCIIIKEHBb TEPTS METAJIIB Y

IPOMHUCIIOBOCTI €:

— 3MalllyBaHHS 3BOPOTHO-TIOCTYMAIbHUX MEXaH13MiB;

— MPOEKTYBAHHSI IHCTPYMEHTY JUIsl TEXHOJIOTIYHMX OIlepariiii;

— BOJIOYIHHSI METaJIEBOTO JAPOTY, 3MalllyBaHHs (iiepu;

— MeXaHiuHa 00poOKa YaByHY 1 CTalli;

— KOHTAKTHI HaMPY>KE€HHs B 3y0UacTux nepegayax 1 MiJIUITHUKAX KOYSHHS;

— mapa TepTs — rHy4YKa 1 TBEpJia MOBEPXHs 3yCTPIYalOThCs MPHU JO0CITIIHKEHHI
KOB3aHHSI aBTOMOOUIbHUX IIIHH;

— IMHAMIYHOTO BUTIKAHHA YIIUIbHEHb MAlllWH;

— KOB3aHHS 1 3YEIUICHHS] MK THYYKMMU [TaCaMU 1 HIOPCTKUMH ILIKIBaMU;

— XapaKTEPUCTUKHU JUCKOBOTO 3UYETLJICHHSI aBTOMOOUISI 1 CKIIOOUUCHUKA;

— BUKOPUCTAHHS TBEPAUX MACTUJ Yy TEXHOJIOT1i TOLIO.

[lapa TepTs BOJOKHO OO BOJIOKHO 3HAaXOJUTh KOHKPETHE BUKOPHCTAHHS B
TEKCTHJIbHIM POMHUCIOBOCTI 1y BUPOOHHUIITBI €IEKTPUUHUX KalemiB. Sk nmpaBuio,
ONTHUMi3allisl BUPOOHUYMX ONEpALliil 3HAYHO 3aJEKUTHh B PO3YMIHHA 1
MPaBUIILHOTO BUKOPUCTAHHS IPUHIIUIIIB TPUOOTEXHIKH.

3acToCcyBaHHS JOCSITHEHb TPUOOTEXHIKM MOHA 3HAWTH B aBTOMOOLIBHIN 1
AepPOKOCMIUHINA MPOMHUCIOBOCTI, MEIUITMHI 1 010J10TiT Ta 0araTbOX 1HIIUX raxy3sx
HApOJHOTO TOCHOJAPCTBA. XapaKTEepPHUM TMPUKIAJOM € CTBOPEHHS JBUTYHIB
BHYTPIIIHBOI'O 3rOpPaHHs, Cy/I€H Ha MOBITPSHIA MOAYIIII, CUCTEM TrajlbMyBaHHS,
IMHEBMATUYHMUX IIAH 1 CTAJbHUX KOJIC 3aJI3HUYHUX BaroHiB Tomo. OcBOcHHSI
KOCMOCY TIOCTaBWJIO 3aBIaHHS BHMBYEHHS KOHKpETHUX (pukiiiiHux (abo
3MalllyBaJbHUX) XapaKTEPUCTUK KOHCTPYKLIMHUX MaTepialiB B yMOBaX BaKyyMy
IIPU KPIOTEHHUX TeMIlepaTypax. ¥ TaKOMy pO3pIHKEHOMY CEPEIOBHUIII JECOpOIis
a00 BHUMApOBYBaHHS TOBEPXHEBHX TIOKPUTTIB 1 MACTWJI MOXKE BHUHUKATHU
CIIOHTAHHO, 1 XOJIOJHE 3BapIOBAHHS HE3aXMIIEHUX MOBEPXOHb, SIKI MOBUHHI OyTH
3MallleHl, CTa€ peaibHOI0 HeOe3MeKor 3 KarocTpodiunnmu Hacmiakamu. Hamexue
3MalllyBaHHsSI BY3JIIB TEepTd B KOCMOCI Ba)XXKO 3a0€3MeuyuTH, a I10HI3yloue



OTPOMIHEHHS JJOJIATKOBO YCKJIAAHIOE BUPIIICHHS IILOTO 3aBIaHHS.

B ocranHi necaTupivds JOCATHEHHS TPUOOTEXHIKM 3HAMIIIA 3aCTOCYBAHHS B
oOnacti OiOMexaHIKH, HampUKIai, A 3MallyBaHHs cyrino0iB moanHu. Komu
CHHOBIQJIbHA pIiJIMHA, IO BUJIUIAETHCA B Cyrjodax JIOJWHH, HE 3abe3nedye
HAJIC)KHOTO 3MaIlllyBaHHS PyXOMHUX IMOBEPXOHB, TOUYNHAETHCS XBOPOOa apTPHT, sKa
OPUBOJUTH JO 1HBATIAHOCTI. XBOpUH apTPUTOM CYIJIOO BTpayae 3AaTHICTh
3a0e3IeuyBaT JIOCTaTHIO TYCTHHY CHHOBIaNIbHOT piiMHU. [lepCreKTUBHUM MiaXi]
3 TOYKH 30py TPUOOTEXHIKH Yy BITHOBJICHHI 34aTHOCTI CHHOBIAJIBHOI PIAWHH 10
3TYIIEHHS IJITXOM YIIPUCKYBaHHS Y XBOPHH CyTi100 moJiiMepiB.

15.2. InsxeHepHO-TeXHIYHI MPodaeMH

[Tpoiinn yacu, KOMM Maibke emi30JUYHOr0 3aCTOCYBaHHS 3MalllyBaJIbHUX
MatepianiB (MacTui) OyJIo JOCTATHBO JUIsl BUPIIICHHS BCIX 3aB/JaHb, OB’ SI3aHUX 13
TEPTSIM PYXOMHUX MOBEPXOHb. baraTo nLMX 3aBiaHp y Hall 4ac MOXYTb OyTu
YCHIIIHO BHPIMIEHUMHU TIIBKH Ha OCHOBI 3HAaHb IPO CHCTEMY B3a€EMOJIIOYHMX
MOBEPXOHb KPUTHUYHOTO BYy3Jla CKJIAJHOrO MexaHizMy. Jloremep Oararo 3arajgok
npupoau (3 TOYKM 30py TPUOOTEXHIKM) 3aJUIIAIOTBECS HE BHUPINICHUMHU.
Hanpukian, BUKIMKae TOUB 30aTHICTD Aefb(iHa IepecyBaTUCS y BOJI LIBUIIIE,
HIXK niepeadavae Teopis. Ko e NOSCHIOETHCS TUM, 10 Ha MOBEPXHI HOT0 IKIpU
BCTAHOBJIIOETHCA YKCTO JIAMIHAPHA TEYlsd, TO SIK MOJABIIOETHCS TypOYJIEHTHICTH?
BceraHoBieHO, 1110 BUKOPUCTAaHHS JESKUX TOJIMEPIB 1 IMPUCATOK 3MEHIIYE OIIip
Te4ii B TPyOOMpoBOAax 1 TIAPaBIIYHUX CUCTEMax, aje Teopis 3HOBY X HE Ja€
MOSICHEHHSI 1IbOMY. TaKl MPUCAaTKA MalOTh Ba)XJIMBE 3aCTOCYBAHHS IPHU TaciHHI
NoXex (3a0e3medyroun JOBXKHHY CTPYMEHs), a TaKOX Hpu po3poOJIeHHI
KOHCTPYKIIiH TOpIie/.

Sk 3MeHIuTH MPOoOYKCOBYBaHHSI aBTOMOOUTHHUX IITUH HAa MOKPIi 10po3i abo
BUKJIFOYUTH MPOKOB3YBAHHS BEIYyUUX KOJIC MPU PO3TOHI 3aMI3HUYHUX NOTATIB? K
BIJIHOBUTHU (DYHKIIIT YpaXKEHOr0 apTPUTOM cyriioda?

HeoOxinHo 3HaiiTH 3amMiHy a00 METOAM 1M030aBJIEHHS BiJIXO/IB MTPOMHUCIIOBUX
Maces, PO3YMHIB, TEXHOJIOTITYHHUX €MYJbCIA 1 3MallyBallbHO-0XOJOKYBAITbHIX
piauH, 1100 3an00IrTH MOJANBIIOMY 3a0pYTHEHHIO PUPOJTHUX BOJIHUX PECYPCIB.

@DakTUYHO BUPIMIECHHS OJHIET 13 HAMBAXUIMBIIIMX MPOOJIEM CY4aCHOCTI —
3aXUCTY HAaBKOJIMIIHBOI'O CEpPEAOBUINA, HEMOXJIMBE 0€3 3acTOCyBaHHS OCHOB
TPUOOTEXHIKH 1 BUKJIFOUEHHS BIJIXO/IB HAa BCIX PIBHSX y MPOMUCIOBOCTI i TEXHIII.

3 TepTAM 1 HOTO HACIiJIKaMU MM 3YCTpidaeMocs Ayxe 4acto. Baxko ysBUTH,
AK1 kaTacTpodiuHi Hachiaku Oynu O mpu 3HUKHEHHI TepTd. HaBiTh y pesynbrarti
YaCTKOBOTO MOTr0 3HMKHEHHS, HANPUKIAJ, BHACIIJIOK OXEJEAMIl, B COTHI pasiB
30UTBIIUTHCS KUIBKICTh JOPOXKHIX MPUTOJ. be3 TepTa HemoxinnBa podoTa 0araTbox
MEXaHIYHUX Tepeaad, a pobora mnacoBux (peMiHHUX) nepeaad, (PUKLIHHHX
BaplaTopiB, TaJibM 1 My(T MOBHICTIO 3aCHOBYETHCS HA BUKOPHUCTAaHHI cui TepTs. B
yCbOMY CBITI 1€ 60poThOa 3a 301IbLIeHHS KoedillleHTa TEPTS Ha3eMHO-KOJIICHOTO



TPAHCTIOPTY 3 JOPOTOIO, SIKE MiJABHILYE TATJIOBY 3ATHICTH 1 301IbIIyE KOE(DIlieHT
€()eKTUBHOCTI raJiIbMyBaHHS.

Tpubosoriudi sIBUIIA BPaXOBYIOTHCS IPU IPOCKTYBaHHI W BUPOOHHUIITBI
MalllMH 1 MeXaHI3MiB. BOHU MpOSBISIOTECS B 3eMIIIHHUX POOOTaX, CUIBCHKOMY
roCroAapcTBl, OyAIBHUITBI, MOOYBHIA MTPOMHUCIOBOCTI ¥ OararboxX IHIIUX
BUIIAJaX.

Jlyiss 3MEHINIEHHST TepTs. B CBITI Ha pik BUTpadaeThes moHan 100 MuH. TOHH
MacTWJIBHUX MaTepialiB, K1 MpHU 3MallyBaHHI 3a3HAIOTh CTAPIHHSA 1 MIAJISATal0Th
3amiHil. MacTuna, sIKi BimpalffoBajid, HiUIAraloTh mepepoOIll ado yTuiizalii,
iHaKIIe BOHU OYAyTh CEpHO3HOI0 HEOE3MEKOO ISl HABKOJIHUIITHHOT'O CEPEIOBHIIIA.

BinHocHi po3mipu 3HOLICHHS, HATTPHUKIIA/I, BIAHOIICHHS BTPATH MacH MallTMHU
abo BHOOPY 110 1i MOYATKOBOI MacH, JOCHTh Malli, ajie¢ 3HOMIEHHS MPU3BOJIUTH 10
BUXOAY 3 Jaay Bclei MamuHM abo BuUpoOy B wuUtoMy. Brtpatm komri
YMalIMHOOYAYBaHHI TPOMHUCIOBO PO3BUHEHUX JIepKaB YHACHIIOK TepTd 1
3HOLIYBaHHS A0cATaroTh 4...5% HanioHaibHOro qoxoay. Omip TepTIO NOTJIMHAE B
ycboMmy cBiTi 30...40% eHeprii, sika BAPOOISIETHCS IPOTATOM POKY.

Enepris nmpu TepTi MEepeTBOPIOETHCS B TEIUIOTY, IO HarpiBae MEXaHI3MH 1
By3/IM MAIIMH. IX HajMipHe HAarpiBaHHs B 0araTthboxX BMIIAAKAX MPH3BOAMTHL 0
BiJIKa3iB (BiIMOB) 1 aBapiil. [locmikeHHs1 OKa3ytoTh, o npubdauzHo 80...90%
BIJIKa31B MalllMH BIJOYBA€TbCS YE€pe3 3HOIIYBAaHHS BY3JIB 1 JeTalied MallvH, a
TaK0X poOOYOro IHCTPYMEHTY.

Jlo HallBaxUIMBIIIMX 1 HaWaKTyaJbHINIMX 1HXXEHEPHO-TEXHIYHUX MpoOsieM
TPUOOTEXHIKM HEOOXIAHO BigHECTU: 1) MIATOTOBKY I1HXXKEHEPHUX KaapiB 3
TpUOOTEXHIKH; 2) pPO3pOOJIEHHS Ccy4yacHOi Teopli TepTs; 3) CTBOPEHHS
"Oe33Ho1IyBaIbHUX" BY3IIB TEPTs; 4) CTBOPEHHS 1 BUPOOHUUTBO MPHUHIIUIIOBO
HOBHX aBTOMAaTHM30BaHUX 3MalllyBaJIbHUX CHUCTEM ISl MallWH 1 OOJaJHaHHS Ta
HOBUX 3MalllyBaJbHUX MarepianiB; 5) po3poOJIeHHS HOBUX BHJIB (DIHIIIHOT
anTudpukiiitHoi 6e3adpazuBHoi 00poOku (DABO) moBepxoHb TepTs; 6) 3aXUCT
JieTajeil MalllvH BiJl BOJHEBOTO 3HOITYBaHHS.

15.2.1. IligroroBka cneuiajicTiB 3 TPHOOTEXHIKH

Jlnst yenimHoro po3BUTKY OyAb-sKOi HAYKHM HEOOXIJIHI HAyKOBI 1HXKEHEPHO-
TEeXHIYHI KaJpH.

Y CHIA, Benuko6puranii, Himeuunni, [lonpmii 1 6araThox iHIIMX KpaiHax
TPUBAJIU dYac MPOBOAATHCS POOOTH 3 MIATOTOBKUA CHEIUATICTIB 3 TepTd,
3HOLIYBaHHS 1 3MalllyBaHHS MalluH. B OJIHUX KpaiHax 1HXXKEHEpHI KaJpu TOTYIOTh
Ha cremaibHuX (akynbTeTax miaBuieHHs kBamidikamii ([lonpmia), B iHmUX —
NUISIXOM CIIeIiani3ailii CTyJIeHTIB Y BUIIIUX HaBYaIbHUX 3akianax (Himeuuunna). ¥
BenukoOpuTaHii miaroroBka KaapiB 3  TPUOOTEXHIKM TPOBOJUTHCA B
yHiBepcuteTax. HaBuaHHsS CTyIeHTIB TpuMOOTeXHIKM y Bumiii TexHIyHiN mIkosi



HiMeyurnHu mpoxoauTh Ha CHEIKypcax, 3aralbHUi 00’eM mporpam ckiagae 400
roguH. OKpeMUM KypcoM YHUTAEThCS TpUOO(i3uKa 1 TpuOOXiMis.

[IporpamMa HaB4YaHHS CTYJCHTIB TPUOOTEXHIKM MICTUTh Takl mpeameTH: 1)
MPOCKTYBaHHS  3MallyBaJIbHUX  MPHUCTPOiB; 2) BUOPOOYBajbHI  CTaHIN|
3MallyBaJbHUX MPUCTPOIB; 3) OCHOBU TPUOOTEXHIKH; 4) METOAU PO3PaAXyHKY 1
KOHCTPYIOBaHHsI B TEXHIIll 3MallyBaHHs; 5) 3aco0M paifioHai3allii B TpHOOTEXHIII];
6) OIIIHIOBaHHSA EKCIUTyaTalllfHUX BIACTUBOCTEHW Map TepTs; 7) TPAHCHOPT 1
TPAHCTIOPTYIOUi MPHUCTPOi; 8) (Bi3UUHI 1 TEXHIKO-BUMIPIOBAJIbHI OCHOBH MPOOJIEM
TEPTA 1 3HOIIYBaHHS; 9) pO3paxyHOK TPYyOOINPOBOIIB 1 3MaIlyBaJIbHOI araparypu;
10) mpukIiagHa XiMis 3MallyBaJIbHUX MaTepialiB.

HaBuanHsa mnoOynoBaHO TakMM YHHOM, III0 BHUIYCKHHKH 33 JIaHOIO
Crieliaii3aliclo MOXyTh IpaloBaTH B YCIX Taly3sSX MPOMHUCIOBOCTI, a TaKOX B
CIIOPY/I’KEHHI €HEProyCTaHOBOK, XIMIYHUX YCTaHOBOK, B NPHJIa00yayBaHHI 1 B
rajiy3i TPaHCIOPTHHUX 3aco0iB. Y Kypcl TPUOOTEXHIKH, 110 YUTAEThCcs y Bumrii
1HkeHepHil mkom M.IBikay, € po3ain "Edekt Oe33HomyBaHHA" (BUOIpKOBUUI
nepeHoc npu Tepti).B VYkpaiHi HayKOBUX KaJpiB 3 TPUOOTEXHIKH TOTYIOTh Y
Kuesi, Oneci, XMenbHULIBKOMY Ta 1H. OHAK 1H)KEHEPHUX KaJpIB 3 TPUOOTEXHIKU
HE BUITYCKA€ Hl OJIMH BUIINIA HAaBYAIBHUX 3aKIaAIB YKpaiHH.

15.2.2. Po3po0JieHst cy4acHOi Teopii TepTs Ta 3HOUIYBAHHS

Te, mo TepTs € HEBPIBHOBAXEHUM TEPMOJUHAMIYHHUM IPOLIECOM, BiIOMO
Oyn0 naBHO. AJie TUIBKM B OCTaHHI POKU OyJIO BCTAHOBJICHO, IO MPH TIHOOKIM
HEBPIBHOBAKEHOCTI M HENIHIMHOCTI MOXJIMBA CaMOOpraHizailisi ¥ yTBOpPEHHS
CTPYKTYpU CHUCTEMM TEpTs IHILIOTO HOPSAKY, aHDK TEepTs IpU TPAHUYHOMY
3MalyBaHHi. TakuM YHWHOM, BUSIBJICHO MOKJIMBICTH POOOTH MpPU JOCKOHAIIIIIN
CUCTEMI, aHDK TEPTs MPU TPAHUYHOMY 3MalllyBaHHI, a OJHOYACHO 1 MOXKJIUBICTh
ICHyBaHHsI pI3HUX (JBOX) CHUCTEM TepTd — MpU T[PAHMYHOMY 3MalllyBaHHI U
BUOIPKOBOMY MEPEHOCI.

B peanbHuX cuctemax, siki po3riiaaloThes y (Pi3Ulll, BUSBISIIOTH MPOCTOPOBI
i1 9acoBi CTpyKTypu. HasBHICTH MPOCTOPOBO-4aCOBOI CTPYKTYPH € 3arajbHOIO i
(byHIaMEHTAIBHOIO BIACTUBICTIO MaTepli. [Ipyn BUBUEHHI CKIaHUX CUCTEM MAlOTh
CIIPaBy 3 KIOEPHETUYHUMHU CTPYKTYpPaAMHU.

ABTOp poOIT 3 TEepMOAMHAMIYHOI TeOpii CTPYKTYp 1 camMooprasizauii B
HEBPIBHOBAKHMX cucTemax [.P.ITpuroxun BCTaHOBHB, 1110 JICSIKI BIAKPUTI CHCTEMHU
P MEePEX0/il Bl pIBHOBAKHUX YMOB JI0 YMOB, JTAJIEKUX B1J PIBHOBAXHUX, CTAIOTh
HECTIMKUMH, X MaKpPOCKOHOMIUHI BJIACTUBOCTI PAJUKAIbHO 3MIHIOIOTHCS. Taki
BJIACTUBOCTI MarOTh 0araTo O10JOTIYHUX CUCTEM, IPUUOMY B YCIX BUIAJKAX ICHYE
TEPMOJIMHAMIYHUNA TOPIT caMOOpraHizallii, SKui po3MeKOBY€E KJIaC PIBHOBAXKHHUX
CTPYKTYP 1 KJIac CTPYKTYp, SIKI HA3UBAIOTh TUCUNIATUBHUMHU, 110 BUHUKAIOTH JIUILIE
NP BEJIMKUX BIAXUIIEHHSX BlJ pIBHOBAru.

Briepiiie ocHOBHI TOJOKEHHSI TEOpii BIIKPUTUX TEPMOJAMHAMIYHHX CHUCTEM
JUIsl BUBYEHHS sIBUIIA TEPTS TBEpPAMX TII OyJIM 3acTOCOBaHI B Mpalsix
ykpaincbkoro ByeHoro b.I. Kocrenpkoro. BiH cTBOpUB CTPYKTYpHO-E€HEPIreTUUHY
TEOpil0 TEpTs 1 3HOUIYBaHHA B MallMHaX, sIka BH3HAHA B YCbOMY CBITI 1 €



HANCYYacHIIIOO 3 TOYKM 30pY BHUKIJIQJEHOTO BHINE, a ii KOHLEMIS 3aCHOBaHA Ha
TEPMOJMHAMIIIl YTBOPEHHS CaMOOPTaHI3YIOUUX CTPYKTYp MNpPU HEOOOPOTHIX
nporiecax 1 Aucunaliii eHeprii TepTsl.

15.2.3. IIpoGs1emMa cTBOpeHHs ''0e33HOIIYBAJbHUX'" BY3JIiB TEPTS MallIMH

J1o 0cTaHHBOTO Yacy reHepabHUM HAIPSIMKOM OOpOTHOU 31 3HOILITYBAHHSIM Y
MaIMHOOYIyBaHH1 OYyJIO MiABUIIIEHHS TBEPAOCTI MOBEPXOHD JICTAJICH, 1110 TPYThCS.
B mpomucioBocTi po3pobiieHa Beauka KUIBKICTh METOIB IIJIBHUIIECHHS TBEPIOCTI
JeTaneil: IeMEeHTYBaHHS, a30TyBaHHS, XPOMYBaHHS, I[laHYBaHHS, IOBEPXHEBE
rapTyBaHHs, HAIUIaBICHHS TBEPAMMU Marepianamu Ta iH. baratopiuHuil qocBin
CBITYUTH, IO M€ HANPSIMOK JaB 3MOTY BEJIMKOIO MIpPOIO IMiJIBUIUTHA HAIIHHICTH
JeTane MalWH, [0 MparoTh Ha TepTsa. Hampukinaa, eIeKTpoiiTHIHE
XpPOMYBaHHsI LIWJIIHJIPIB JBUTYHIB BHYTPIIIHBOTO 3rOPAaHHSA HE TUIBKU MiJABUILYE
3HOCOCTINKICTh TTApH IITIHIP—TIOPIITHEBE KUIbIIE, aJIe ¥ 3HAYHOIO MIPOIO 3MEHIITY€E
BTpaTU Ha TepPTA B LIJIIHIPO-TIOPIIHEBIN TIpymi ABUTYHIB. be3 azoryBanHs abo
[IEMEHTYBaHHA3yOUacTUX Iepeaad B Halll 4YaCc HEMOKJIMBO 3a0€3MEeYUTH HalIMHY
po0OTy Ba)XKOHABAHTAXKEHUX peAyKTopiB. Po3po0ieHi MeToau IMiJBUILEHHS
TBEPJIOCTI JeTajel, 10 TPYThCs, CTAIM CUIBHOIO 30pO€I0 B CIpaBi IMiJIBUIICHHS
3HOCOCTIMKOCTI AeTalIel, a 3B1ICH — 1 TEpMIHY CIY>KOU MaIIMH.

OngHak TOCTIHHE TMparHeHHS JO 3MEHIIEHHS Macu 1 MiABUIICHHS
1HTeHCcu(pIKanii poOOYMX MPOLECIB MPU3BEIO A0 30UIBIIEHHS TUCKIB y By3Jax
MalIvH 1 MBUIKOCTEW KOB3aHHS 1 MOTIPIIMIO YMOBH 3MaimlyBaHHA. Kpim Toro,
Bumoru 1o miguiieHHs KKJI mexaHi3miB, a TakoX 3aCTOCYBaHHSI CIELIAIbHUX
3MallyBaJlbHUX MaTepiadiB 1 PiAUH MPU3BEJIO 10 TOro, IO TPaAMIIAHI METOIU
30UIBIICHHS. 3HOCOCTIMKOCTI JeTanel, MABUIIEHHS 1XHBOI TBEPAOCTI B O6aratbox
BUIAJIKaX Tiepectasn cebe BumpaBaoByBaTu. [lmoma (HakTUYHOTO KOHTAKTY
MOBEPXOHb JIeTaJled TpHU BHCOKIM TBEPAOCTI Martepially 3 OaraThOX NPUYUH
(HasIBHICTH MOYJIMBOTO TIEPEHOCY, BEJIMKOT MIOPCTKOCTI M XBUIISICTOCTI MOBEPXHI)
CKJIaJ[a€ HE3HAUHY JIOJIF0 HOMIHAJIBHOI MOBEPXHI TepTs. B pe3ynbrari Ha AUISHKAX
(GaKTHYHOTO KOHTAKTy CTBOPIOETHCS BUCOKMHA THCK, IO TPHU3BOIUTH [0
IHTEHCUBHOTO 3HOITYBaHHS TEPTSI.

VY mporieci monryky 3aco0iB IiIBHINECHHS 3HOCOCTIHKOCTI JeTajei MaIluH y
CH/JI Gyno Binkpuro siBuiie BuOipkoBoro neperocy npu tepti (. H.I'apkynoBum).
Buoipkoeuit nepenoc (BII) — ue kxomniaekc izuko-ximiunux a6uuy Ha
KOHmMAaxKmi noeepxonv npu mepmi, AKUI 00360JIA€ NOOONAMU OOMEHCEHICHb
pecypcy CRpAdsCceHb MAWUH, W0 MPYmMsvca, i 3MeHuumu émpamu Ha mepmsa. Y
BII eukopucmogyrwomoca Qynoamenmanvui ¢pizuko-ximiuni npovyecu. Ha
GIOMIHY 6I0 mepms NpU 2PAHUYHOMY 3MAULYBAHHI, 0€ OCHOBONW € MEXAHIYHA
63acmo0in i epexm Pebdinodepa, maiirce He BUKOPUCH OBYEMbCAL.

BubipkoBuii mepeHoc, WOro CHUCTEMH 3MEHIICHHS 3HOITYBaHHSA 1 TEpPTH,
po3pobnenHi A.A.IlonsikoBUM, HE BUIUIMBAIOTH 3 paHille BIJOMHX YSABJIECHb PO



Teptst 1 3HomyBaHHA. CxmanHicte BII 3ymMOBmIOETBCS SK CYKYIHICTH PI3HUX
XIMIYHHUX 1 (P13UKO-XIMIYHHMX MPOIECIB, 10 HOCATh KIOEpPHETHYHHUM XapakTtep. Y
3B’A3KYy 3 IIUM JIOPEYHO IOCJIATUCS Ha 3arajibHy TEOPIiI0 CHCTEM, JI€ BKa3yeThCA,
MO0 TPAAWIIHHUK PO3AUT HAYKHM HAa KIACHUYHI JWCIHMIUIIHA HE 3a70BOJIBHSE
NoTpeOr Cy4acHOr0 HAYKOBOTO ITI3HAHHS, a CKJIaJH1 CUCTEMHU OyIb-sKOr0 BUAY HE
Mial0ThC ONMUCY B paMKax OJHiel HaykoBoi auciumuiind. [Ipounecu, 1o
CKIanaoTh CyTHICTh BII 3HaxomsThes, SK TpaBWiIo, HA CTUKAX PO3MAUIIB XiMii,
b13uyHO1 XiMii, Pi3UKH, KIOEPHETHKU 1 MEXaHIKH.

Cxnannicts BII monsrae Takox y ToMy, 10 psii HOro XIMIYHHUX 1 (Pi3UYHUX
MIPOIIECIB HE 3yCTPIYAIOTHCS B MPAKTHIN AOCTIHKeHB TepTs. Jlo HUX ciij BiTHECTH
MIPOIIECH, 110 BiIOYBAIOTHCS MPU TEPTI B CEPBOBUTHIN IUIIBIN, KOJIU HAKOTTUYCHHS
auciokamii npu ii gedopmariii mATPUMYEThCS HA JEII0 HU3BKOMY pIBHI, TUM
camMuM 3a0e3neuyroud ii HepyilHyBaHHA 1 O€33HOIIYBAaHICTh KOHTAaKTYHOUHMX
HOBEpXOHb. Jl0 1MX SABMI CJiJA TaKOXX BIJIHECTH 3BOPOTHUN 3B’SI30K MIXK
HABaHTAXXEHHSM 1 CHJIOI0 TEPTSA, KOJW B TMEBHOMY Jlala3oHl HaBaHTaXEHb 1
IIBUJKOCTEH KOB3aHHS iX 30UIbIICHHS BHUKIUKAE 3MEHIIEHHS CHUJIUM TEPTS.
binpmicte xiMiyHuX peakuiii BIl € rereporeHHMMH, TOMY iX BHBYEHHS
yckiaaHeHe. CepBOBUTHA TUTIBKA — 3aXMCHA MeETalieBa IUTIBKA, 110 BUHHUKA€E Ha
MOYATKOBIM cCTaali TepTs B PE3yJbTaTi BUOIPKOBOTO PO3YMHEHHS aAHOJHHUX
KOMIIOHEHTIB [TOBEPXHEBOTO 1Iapy MaTepiay.

EnexkTpuuHi sBUIIAa CYNPOBOKYIOTH yCl BHUIM 30BHIIIHBOIO TEPTS, 00
IPOLIEC YTBOPEHHS aAre31MHOrO 3B’A3KYy MK IMOBEPXHSAMHU PI3HOPIIHUX TBEPIUX
T, MO JOTUKAIOTHCS, MPU3BOJIUTHL JI0 YTBOPEHHS B KOHTAKTI MOABIHHOTO
enektpuuHoro mapy. Y BII enekTpuuHi siBuIa BiIrparOTh IMEBHY pOdb. Y
nouyatkoBiii ctamii BII mae micuie BuOipkoBe (€JIEKTpPOXIMIYHE) PO3UYUHEHHS B
pe3ynbTari  poOOTH  MIKPOEJIEMEHTIB  MIAHOTO  CIUIaBy,  YCKOPEHOTO
MEXaHOJMHAMIYHOIO JI€0 TepTs. B pe3ynbTari Ha MOBEPXHI YTBOPIOETHCS AP
MIJIl — CEpBOBHTHA IUTIBKA, SIKa MACUBYE IMOBEPXHIO MIJHOro cruiaBy. llounnae
OJIHOYACHO TPALIOBATU €JIEMEHT Migb—CTaib. Ha MoBepxHI TepTs BUHUKAE JBa
OJIHOYACHO OJHOMMEHHO 3apspkeHl mapu. Ll oOctaBuHa Mae KapAuHaIbHE
3HAYCHHS — BUHHUKAE KYJOHIBCHKE BIAIMITOBXYBAaHHS IUX IIApiB, IO 3MEHIIYE
ajresiiiny B3aemogiro. BeTymae B poGoTy Tperiit enement. Moro fis momsrae y
BTATYBAHHI B 3330 MO3UTUBHO 3apsKeHuX dacTuHOK. Hanpysxenicts nomns EPC,
10 BUHUKA€E, MOKE CATATH JIECATKIB MUIBHOHIB BOJIBT Ha 1 cM, 1 B 3a30p OyayTh
BTATYBATUCH HE TUIBKH 30J11, aJI€ 1 YACTUHKHU KOJIOITHUX PO3MIpiB, TOOTO BHHHUKAE
enexrpodopes.

3rinno 3 JI.H. I'apkynosum BII mae B cBOiif OCHOBI omucaHi BHINE Ta 1HIII
KOPHCHI (D13UKO-XIMIUHI SBHILA 1 TPYNU SIBUIL, HA3BaHI CUCTEMAaMM 3HOIIYBaHHS 1
TepTs. BOHUM CTpUMYIOTh 3HOIIYBaHHS, 3MEHIIYIOTh OMIPHICTH 3CYBY 1 MaroTh
BJIACTUBOCTI CaMOOpraHizailii, a 1HOJl 1 3MaTHICTh JO OOEPHEHOTO 3B’S3KYy 31



30yJKyIOUOI0 MPHYMHOIO. IX OCHOBHA IIHHICTh MOJATAE B TOMY, LIO BOHM
npamooTh audepeHiiioBaHo TpoTtu ¢GakTopiB, IO BEAyTh 10 PYWHYBaHHS
noBepxHi. Maif>ke KOXHa 3 CUCTEeM Mae Taubokuii 3micT. Hampuknan, cucrema
3aXMCTy BIiJl BOJHEBOTO 3HOIIYBAHHS SBISE€ COOOIO IIIUH TPUOOJIOTIUYHUMN
HamnpsMoOK, a Audy31iHO-BaKaHCIMHUN MEXaHi3M 3MEHILICHHS OIMIPHOCTI 3CYBY
SBJISIE COOO00 HOBY (Di3UYHY MTPOOIEMY TEPTS, IO 3yMOBIIIOE O€33HONTYBAHICTb.

TpaauiiifHOIO CUCTEMOIO 3HOIIYBAaHHS 1 TEPTS € CAMOCTIITHE YTBOPEHHS 1Iapy
3MalllyBajJbHOTO MaTrepiajy MpH TepTi 3 TPAHUYHUM 3MAIllEHHSM Y PE3yJbTari
ancopOIrii MOJIEKYJI MacTujia Ha MoBepxHi. € W 1HII 1aHI BUKOPUCTaHHSA (Pi3UKO-
XIMIYHUX SIBUII JIs 3aXUCTY BiJ] 3HOITYBAHHSI 1 1711 3MEHILICHHS TEPTS.

Asume BII 3yMoBiIeHO TepMOAMHAMIYHUMHU CUCTEMaMH TepTs. BraacTuBOCTI
nux cucteM po3kpuB [.P. [IpuroxkuH, KOTpuii BCTAaHOBHB MOMJIMBICTh BHCOKOI1
camooprasizaiii (pi3uYHHUX 1 XIMIYHUX CHCTEM 3a MEBHUX TEPMOJAMHAMIYHUX YMOB.
TepTs € TepMOAMHAMIYHO HEBPIBHOBAXKEHUM MPOLIECOM, SIKUA MOXE ICHYBaTH SIK B
oOnacTi, OJM3bKIA 10 PIBHOBarW, Tak 1 Jlajl BiJ HEi, YyTBOPIOIOYUM PI3HOMAHITHI
CTPYKTYpPHI1 KJIacH, MepexiJ A0 SAKUX 3A1MCHIOEThCA CTPUOKONOAIOHO. Y 3B’S3KY 3
IIUM MOXJIMBE ICHYBaHHS CHCTEM TEpTs, 0 He HAKOMUYYIOTh €HEPTii0 Y BUTIISAIL
HarpoMaJUKeHHs Je(PEeKTIB Yy IMOBEPXHEBUX IIapax, a IIOBHICTIO MEPeNaloTh
€Heprito B HaBKOJMIIHE cepepoBuule. [Ipuknanom takoi cuctemu € BIL

Kopuchoro € Bnactusicts BII mpamtoBatu B cepenoBuiiax, ne TepTs MpH

TPAaHMYHOMY 3MalllyBaHHI HE MOe €()EeKTUBHO BUKOHYBATH CBOIO (pyHKII0. BII
NPOSIBIISIE 3aTHICTh MEepe0yI0BU 3aXUCHUX CUCTEM, KOTPl 3MIHIOIOTHCS 3aJI€AKHO
BIJl BJIACTUBOCTEM CEpENOBUINA, 110 € BUXIJIHUM MaTepiajoM jisi YTBOPEHHS
CUCTEMH 3HOIIYBaHHA 1 TepTsa. BapiaHTu posrisaaroTbes sK pizHI Momudikarii
BIL, sixi oTpuMany Ha3BU 3a MPHUHLMIIOM 3MalllyBaJIbHOI Jii — MJIa3MOYTBOPEHHS
MacTuja, MeTaJloluiauyyya, 10HHa, TpaBepCUBHA Ta 1H.

[Ipy  mIa3MOyTBOPIOIOUOMY  3MallyBaHHI  BHUKOPUCTOBYETbCS  Ipyla
BYIJICIIEBO-BOJHEBUX MACTWJ, M0 3abe3neuytoTh BUHUKHEHHs BII nuisxom
TPUOOJECTPYKIIIIT YACTMHM CBOiX KOMIIOHEHTIB y 30HI KOHTaKTy HpH TEpTI,
XeMOCOopOI1il TPOIYKTIB JECTPYKIIil HA aHOJHUX KOMIIOHEHTAaX CIUIaBYy By3Jia TEPTS
W yTBOpeHHs MoBepXHEBO-akTUBHUX peuoBUH (ITAP) 1 cepBoBuTHOI miiBku. Take
Mactuiio Bukinkae BII Tinbku y By3max TepTs, 110 MICTSTh ITIBKOYTBOPIOIOUNN
Marepiai — OpoH3y, MiJb TOIIO.

Jns 3piiicnenns BII y mapax TepTts cranb—cTanb, YaByH—CTaJlb Ta 1H., 1110 HE
MICTATh ILJIIBKOYTBOPIOIOUOTO MaTepialy, BUKOPUCTOBYIOTHCS METaNOIIavuyyl
3MalllyBajbHl Marepiaad. BoHM MawTh Yy CBOEMY CKJIal IUTIBKOYTBOPIOIOY1
Marepiaiii, ab0 OKCHAM METajly, IO BIJHOBIIOIOThCS MpH TEpPTi, abo
MeTaJo0praHiuHe 3 €HAHHS, 110 BUILISE METaJI TIPU PO3KIIajli B 30HI TepTs. [lpu
IIbOMY TIOBEPXHEBO-aKTMBHI PEYOBMHU TOBUHHI MICTUTUCh Yy 0a30BOMY
3MalyBajJbHOMY Matepiaii abo yTBOPIOBATUCH MPU PO3KIIAI METAIOOPTAHIYHOTO
3’€THAHHS.

«Meranoruiauydi» MJACTUYHI 3MallyBajbHI Marepianu (HANpUKIaA, Ha



ocHoBl [MMATHUM-201), mo MicTaTh TOPOIIOK OpoH3M abo JaTyHi,
3aCTOCOBYIOTHCSl Y BaXKKOHABaHTa)KEHUX BY3JlaX TEPTS TUITy TBUHT-Taiika Ta iH.,
Je 3BUYAiHI Marepiasii 3 J00aBKaMHU METAJOOPTaHIYHUX ab0 KOMIUIEKCHHX
3’€/IHaHb, PALIOIOTH K y peskumi BII, Tak 1 B pe’kuMi TpaHUYHOTO 3MAaIllCHHS.

Y Bumagkax, KOJM 3MallyBajJbHUM MaTepiajioM € CEepeJOBHINE, IO HE
MICTUTh TOBEPXHEBO-aKTHMBHUX DPEYOBHUH (HANPHUKIAM, BOJA, BOJSHI PO3YMHU
Cip4aHOl KHCIIOTH, COJIEH ), «METaJIO0IUIadyde» MacTUIIO MIEPEXOIUTh B i0HHE.

[oHHe MacTHIIO 3aCHOBaHE Ha BJIACTUBOCTI 10HIB MeTajy, L0 3HAXOISATHCS B
PO3UMHi, BTATYBAaTUCh y 3a30p MDK MOBEPXHAMHU TEPTSA 1 PO3PSAIKATUCS B 30HI
KOHTAKTY, YTBOPIOIOUH PO3/IBHY (IMBIIyalbHY) ILTIBKY.

3HOCOCTIMKICTh KOHTAaKTYIOUHX ITOBEPXOHb y COJIIHUX Ta 1HIIUX arpeCUBHUX

pO3UYMHAX ICTOTHO 3pOCTA€, SKIIO B KOHTAKT BBECTH MPOJIYKTH AECTPYKIIil
IUTACTMACH 3a JOMOMOIOI0 MiMPYKUHEHUX BCTABOK a00 1HIIWX KOHCTPYKTHBHHX
3axo/iB. Taki BCTaBKM ICTOTHO 30UIBIIYIOTH TEPMIH CIIYOH MOBEPXOHb TEPTA B
MOpchbKid Bojl. [IpoaykTu mucTpykiii TBepHoi IJIacTMacud MOBOJAATH cebe B
KOHTaKT1 aHaJOTIYHO MPOJYKTaM JECTPYKIIi PIAKUX BYIJIEBOJHIB, TOOTO
BUKJIFOYAIOYM OKHCHO-BIIHOBHHMM TMPOIEC, 1 YTBOPIOIOTH IOBEPXHEBO-AKTUBHI
PEYOBHMHM, 110 ICTOTHO 3HMKYE IHTEHCUBHICTh 3HOUTYBaHHS. CyMIIIEHHS! 10HHOTO
MacTWia 3 MIDKUBICHHSM IOBEPXHEBO-aKTUBHUMHM pEYOBHHAMU Ha3UBAIOTh
TPaBEPCHUM MAaCTHUIIOM.

JlocnipkeHHsT MeXaH13My BUOIPKOBOIO MEPEHOCY, HOro 3aKOHOMIPHOCTEH 1
obJlacTeil palioHaJIbHOIO BUKOPUCTAHHS MIPU3BENIO 0 ACSKOI 3MIHU MOTJISAIIB, 110
CKJIAJIMCSl paHille, Ha PsiJ MUTaHb TPUOOTEXHIKM — CTPYKTYpY 1 BIACTUBOCTI
TOHKUX TOBEpXHUBUX IIAPIB, JeTajedl MallWH, W0 TPYThCS, MEXaHI3M [li
3HOLIYBaHHS 1 3MalllyBaHHS, LUISAXU CTBOPEHHS 3MallyBaJIbHMX MaTepiaiiB 1
NpUCAZOK JO0 HHUX, ONTUMAJIbHY CTPYKTYpPY 1 BJIACTUBOCTI 3HOCOCTIMKOCTI U
aHTU(QPUKLIMHUX MaTepiaiiB 1 IPUIPALIOBAHHS MOKPUTTIB Ta iH.

HageneHi Buiie 3Be/ieH1 JaH1 Tpo BUOIPKOBHI MEPEHOC, HOTO BUKOPUCTAHHS 1
e(eKTUBHICTb, y3arajbHeH1 3 JiteparypHux mkepen. Ha nymky JI.H. I'apkyHoBa,
MOXHa BBa)KaTW, 110 BUOIPKOBUWA MEPEHOC — OCOOJMBUN BHI TEPTS, SKUAU
3yMOBJIEHUH CaMOBLIBHUM YTBOPEHHSIM B 30HI KOHTAKTY HEOKHMCIJIEHOI TOHKOI
METaJIYHOI TUTIBKM 3 HU3bKUM OIMOPOM 3CYBY 1 HE3JaTHHWM HakiemyBatucs. Ha
TUTIBIIL, B CBOIO YEPTy, YTBOPIOETHCS MOJIIMEPHA TUTIBKA, sIKa YTBOPIOE TOAATKOBUI
aHTUQPUKLIMHUNA 1ap.

BII 3acTtocoByeTbcs B MamvMHax: JiTakax (By3ju TEpTs, I1aci), aBTOMOOLISIX
(mepemHs TiABICKA), METAIOPI3AIbHUX BepcTaTax (Hampapisiodi, mapa TBUHT—
raiika), mapoBux MallMHax (LMIIHIP—TOPUIHEBE KUIbLE), AU3EISIX (MIIIUITHUKA
KOUEHHsI), peaykTopax (mapa  4epB’sSK—KoJiecO), OOJagHaHHI  XIMIYHOI
MIPOMHUCIIOBOCT] (MIAMIUITHAKY, YIIUTbHIOBAUl), MEXaHI3MaX MOPCHKUX CYJIeH



(MIMMUIHUKK), MaricTpaidbHUX HadTonpoBogax (YUIUIBHEHHA), TiApOHACOCax
(By3nmu  TepTs), HadTONPOMHUCIOBOMY oOnagHaHHI (By3nu  Tepts). BII
3aCTOCOBYETHhCS TaKOX B Mpuianax (€JIeKTpUYHI KOHTAKTH) 1 MoOXe OyTu
BUKOPUCTAaHUW I TIABUIICHHA CTIHKOCTI PDKYYOro 1HCTPYMEHTY TIpU
CBEpUIiHHI, (Ppe3epyBaHHI, MPOTATYBAHHI 1 MPU Hapi3yBaHHI pi3l.

dakTopH, U0 3yMOBIIOIOTh HE3HOITYBAHICTh:

— KOHTaKTYBaHHsS TIIOBEPXOHb MPOXOAWTH UYEpPe3 M KU IIap MeTary,
OCHOBHHUI MeTasl Ma€ 3HWKeHu (B 10 pa3iB) THUCK;

— MeTadivyHa IIiBKa mpu Aedopmallii B mpoleci TepTs HEe HAKJICMyeTbCs 1
MOske OaraTokpaTtHo AedopmyBatucs 0e3 pyiHyBaHHS;

— TepTd TpOXOAuTh 0€3 OKHCICHHS TMOBepXoHb, edekT Pebinaepa
peari3yeThCsi 3HAYHOIO MipOIo;

— MPOAYKTH 3HOITYBaHHS TEPEXONIATh 3 OJIHIEI MOBEPXHI, IO TPEThCS, HA
1HIITY 1 Ha3aJ, a B 30HI TePTS MPOIYKTH 3HONTYBAHHS YTPUMYIOTHCS €ICKTPUIHIMH
CHJIAMHU.

BubipkoBuii nepeHoc ae 3Mory:

1. Ilpu BUTOTOBJIEHHI MamMH eKOoHOMUTH MeTan (15...29%) 3a paxyHOK
O1IB1I0T BaHTaXOM1IiHOMHOCTI (B 1,5...2 pa3u) map Teprs;

2. 30UIbIIUTH TepMiH poOOTM MamuHU (B 2 pasu), CKOPOTUTH TMeEpioj
NpUMpALIOBaHHA JBUIYHIB (B 3 pa3u) 1 peaykrtopiB (B 10 pa3iB), BIANOBIIHO
CKOPOTHUTH BUTPATH CIICKTPOSHEPTi;

3. B migmmmanKax KOYEHHs 1 KOB3aHHS 3MCHIIUTH BUTPATH 3MallyBaIbHUX
MartepialiB (J10 2 pasiB);

4. ITigeumutn KK rmo6oinaux peaykropis 3 0,7 no 0,85, TBUHTOBOI Iapu 3
0,25 10 0,5;

5. 301IBIIMTH €KOHOMIIO IOPOTOIIIHHUX METalliB (30JI0Ta, MJIaTHHH, Cpibiia) B
npwiagax y 2...3 pa3u 3a paXyHOK BEJIMKO1 HAAIHOCTI €IEKTPUYHUX KOHTAKTIB.

15.2.4. YnockoHa/IeHHs1 3MANLyBAJbHUX CHCTEM i PO3LIMPEHHS iX BUITYCKY

MacTuio pi3Kko 3MEHIIye€ 1HTEHCUBHICTh 3HOIIYBaHHS. JJOCUTh BBECTH B 30HY
KOHTAaKTYy JIeTajiell HEeBEJIMKY KiIbKICTh MacThja (TOBIIMHA 3MAIyBaJIbHOTO IIapy
0,1 MKMm), K cuia TepTs Moxe 3MmeHmnyBatucs B 10 pasiB, a 3HOUIyBaHHS
noBepxoHb Tepts 10 1000 pa3sis.

CydacHi MamMHU ¥ oOnagHaHHS MICTATH BEJMKE YHUCIO BY3JIB TepTs (Bil

JECATKIB J0 TUCAY), AKI BUTPUMYIOTh BUCOKI THCKH, TEMIEPATYPH 1 MIBHJIKOCTI
KOB3aHHSA. B Ham 4ac po3poOiieHi crerianbHl 3MallyBajibHI CHUCTEMH, SIKI
aBTOMATUYHO, Yepe3 CyBOpPO NEBHUU MPOMIKOK 4Yacy, MOAAIOTh B 30HY TEPTs
3aJlaHy KUIbKICTh 3MallyBaJIbHOIO Marepiany. PiBeHb TEXHIYHOTO BAOCKOHAJIEHHS
MalIMH 0araTo B YOMY BHU3HAUa€ThCS CTYNEHEM OpraHi3allii 3MallyBaHHs BY3JIiB

TEPTA.



EdexTuBHICTh 3MalllyBaJIbHOI CHUCTEMM 3alleKUTh BiJl i1 KOHCTPYKTHBHOI
JIOCKOHAJIOCTI 1 SKOCTI 3MalllyBaJlbHOro Marepiaiy. JloTemep Hemae 4YiTKUX
peKoMeHaIlli 3 JA03yBaHHS W TPHUBAJOCTI MOJayl 3MallyBaJlbHUX MarepiajiiB B
KOHKPETHI BY3JIM TEPTs MAIlIMHHU.

B Ham dyac BUIIyCKalOTh KUIbKa THUCSY 3MallyBaJIbHUX CHCTEM Ha PIK.
30UTbIIEHHS. ~ BUIIYCKY  TOBMHHO  CYIPOBOJ/DKYBAaTUCh  MIABUIICHHSIM  iX
e()EeKTUBHOCTI, IO IMOTpPeOye MPOBEACHHS HAyKOBO-JOCIHITHUX pPO3poOOK 13
KOHCTPYKTUBHOTO M TEXHOJIOTIYHOTO BJIOCKOHAJIEHHS BHUPOOHMIITBA OCHOBHHX
BY3JiB IIUX CHCTEM, CTBOPEHHS MOTOKOBUX JIiHIN, MOKpPAIEHHS IJaHyBaHHA 1
BUKOPHUCTAHHS €KOHOMIUYHUX CTUMYJIIB IMiABUIIICHHS MPOTyKTUBHOCTI Ipalli.

PiyHuii BUIyCK OCHOBHUX BUJIIB MAIllMH, Ha SKHUX MOTEHIIMHO IOLIIBHO
BCTAHOBJIIOBAaTH CHUCTEMHU 3MalllyBaHHs, Hayxke 3Haunuid. Cepem HHX —
METajopi3ajibHI  BEpPCTaTH 1 KOBAJIbChKO-IIPECOBI MAalIMHU Ta BEPCTATH,
eKCKaBaTopu, OYyJIbI03EpH, aBTOIPEUIepH, TPAKTOPH, MariCTpalibHI JTOKOMOTHBH,
BaHTaXXHI aBTOMOOUT # aBTOOycH, KOMOaWHM Ta 1HIINI CUICHKOTOCIOAAPCHKI
MalIuHU. 3a eKCIEePTHOI  OI[IHKOI  CHeIladicTiB  (IIPOEKTaHTIB  MallluH,
PO3pOOHUKIB 3MalllyBaJIbHOTO 0O0JIaIHAHHS, CKCIUTyaTallliHUKIB) OCHAIICHHIO
3MalllyBaJbHUMU CHUCTEMaMHu 1 0araToBiIBIIHMMH HacocaMu, IO 3a0e3MedyroTh
TOYHICTh 1 CBOE€YACHICTh MOJayl 3MalllyBaJbHUX MaTepiaiiB, mijjsirae g0 85%
nepepaxoBaHUX BHUIIE MAIIUH 1 001aaHaHHs (OJTM3bKO 2,5 MJIH. OJIUHHMII).

JIns 3HAYHOTO MIJABMINECHHS TEXHOJOTIYHOTO PIBHSA 1 SKOCTI MaIllWH, iX
€KOHOMIYHOCTI 1 HaJIHHOCTI HEOOXiTHO pO3B’sA3aTH IpobiieMy 3marnryBaHHs. Lle
MOXxe OyTH 3a0€3MeUYeHO 3a PaXyHOK: IMiABUIIECHHS TEXHOJIOTIYHOTO PIBHS 1 SIKOCTI
3MalllyBajJbHOTO 00JaAHaHHs, oro yHidikaii, cTanaapTU3alii, BIOCKOHAJIEHHS 1
MIJBUIICHHSI €()eKTUBHOCTI EKCIUTyaTallii 3MallyBaJIbHOTO OOJaJHaHHS 1 TEXHIKU
3MalllyBaHHS; BJIOCKOHAJIEHHS cCrerami3aiii 1 KOONepyBaHHS BHPOOHHIITBA;
oprasizaiii KpymHOCEpPIHHOTO 1 MacoBOro BHUPOOHHUIITBA 3MaIlyBaJIbHOTO
oOnagHaHHS 3 TIOBHUM 33J0BOJIEHHSM MOTped MalmMHOOYAyBaHHS IpHU
MIHIMaJbHO MOXJIMBUX 3aTpaTax.

3 BUITYCKY 3MAalllyBaJbHOTO OOJIAJHAHHS y CBITI CHEIlali3yeThcsl Oarato

bipm.
B Ounbll MOBHIA HOMEHKJIATYypl 3MallyBajibHE OOJaJHAHHS BUITYCKaIOTh (ipMU
"®orenp" (3aximuuii bepnin) 1 "Tpabon" (CILIA); ix 3malryBajgbHI CHUCTEMHU
KOPHUCTYIOTHCSI HAMOUTBIIUM MOIMMTOM CIIOKHBAYiB.

[linBuIlleHHS TEXHIYHOTO PIBHSA OOJaJHAHHA [JIs 3MAallyBaHHS JOILUIBHO
MPOBOJIUTH 32 TAaKUMU OCHOBHUMH HampsSMaMH: CTBOPEHHS KOMIUIEKCHOTO
oOnmagHaHHS 3a TPUHIMIIOM CHCTEM MAIlWH; PO3IIUPEHHS HOMEHKIATYPH
3MallyBaJbHUX CHCTEM Pi3HUX BU/IIB CTAI[IOHAPHUX 1 MOOUIBHUX MAIIIMH, a TAaKOX
PI3HHX BUPOOHWYMX 1 KIIMATHYHUX YMOB; CTBOPCHHS aBTOMAaTHYHUX CHUCTEM,
aJanTOBaHUX JI0 PEKHUMIB POOOTH OCHOBHHMX BY3JIIB TEPTsS MAIWH; 3MEHIICHHS
rabapuTiB 1 METaJOMICTKOCTI BY3JiB 1 amapaTiB 3MallyBaJIbHUX CHCTEM;



MIJBHUIIEHHS TOYHOCTI 1 CTaOUIBHOCTI IOJayl 3MallyBajJbHOIO Marepiany;
IPOBEICHHS POOIT 31 cTaHAapTU3AIlIl M yHI(iKaIi.

15.2.5. ®inimna anTHdpukuiiiHa 6e3adpa3zuBHa 00podka (PABQO) noBepxoHb
TepTs

Sk B1710MO, 3HOCOCTIHKICTb 3aJICKHUTh BiJl KIHIIEBOT ((p1HIIIHOT) TEXHOJIOTTYHO1
00pOoOKHK MOBEPXOHb JeTaneld. ToMy BelIMKE 3HAaYEHHSI MalOTh €KCIEPUMEHTANbHI
JOCIIKEHHSI  BIUIMBY IIOPCTKOCTI TIOBEPXOHb TEPTS HA IHTEHCUBHICTh
3HONIYBaHHs JeTanedl. [ HaiOimbIl PO3MOBCIOKEHUX CIPSHKEHb 3HAMIeHO
ONTHMAaJbHI 3HAYEHHS MapaMmeTpiB HIOPCTKOCTI, 3a SKUX 3HOIIYBaHHS JeTajeil
MiHIMajbHe. BcraHoBieHO, 10 Bix (iHIMIHOI OOpOOKH AeTaneil 3aleXHuTh He
TUIBKH MOYaTKOBE (IIpH MPUIIPALIOBAaHH1) 3HOLIYBAHHS, ajle W 3HOLIYBaHHS IMPHU
BCTAHOBJIEHOMY TIpoLecl, TOOTO NPUMNPALIOBAHHA MOXE BIUIMBATH Ha
IHTEHCUBHICTb 3HOIIYBAaHHS IPY TPUBAIIM €KCILTyaTallii MalllyH.

B ocTtanHi1 poku po3po0IeHO HOBI TEXHOJIOTIUHI Mporiecu (PiHIIIHOI 00poOKu
AeTanei, sSKi JO3BOJIAIOTh 3MEHIIMTH TMPHUMIPAILIOBAHHS 3HOIIYBaHHS AeTaneil i1
MIJBUIIUTH AaHTU(PPUKIIIAHI BIACTUBOCTI CHPSKEHb (IMOKPALIUTH 3MalllyBaHHS
JeTanei, 3MeHIUTU KoedimieHT Tepts). Jlo Takux MeETojiB MOKHa BIAHECTH
B1OpauiiiHy 0OpoOKy MOBEPXOHb TEPTS i aIMa3HE BUTIIAKyBaHHS.

OnHak BUKOPUCTAHO III€ HE BCl PE3EpBH IMIJIBUIEHHS 3HOCOCTIHKOCTI
JeTaneil B 00JacTi 3aCTOCYBaHHS HOBHMX (PiHIIIHUX BHUIIB 00poOku. Hampuxmian,
KIHIIEBY O0OpOOKy J3epKajia IWIIHApPAa JABUTYHIB BHYTPIIIHBOTO 3TOpaHHS
IPOBOJISATh XOHIHTYBAHHSIM, TEpe]l AKUM IMWIHAPUA NUTI(YIOTh, PO3ropTaloTh ado
pO3TOUyIOTh. XOHIHT'YBaHHS TPOBOASATH y Kuibka eramiB. Llel mpomec moxe
3a0e3neYnT HEeOOXIJHY IIOPCTKICTh MOBEPXHI JA3€pKana IWIHApa 1 MEeBHUN
HaIpsIMOK BUCTYIIIB HEPIBHOCTEH (BUCTYIH, HAMPABIIEHI 1]l IEBHUM KyTOM JI0 OC1
J3epKajia I[WIIHIpa), SKI CTBOPIOIOTh HAaMKpalll yMOBU JJs YTPUMaHHS
3MallyBaJbHOTO MaTepialy Ha poOouili moBepxHi. OOHAK TMpU LBOMY
00poOJtoBaHa MOBEPXHS OUIBIIOID YU MEHIIOK MIPOI0 HACHUYYETHCS aOpa3uBOM
XOHIB 1, HE IUBJIAYMCh HA HACTYNHE MPOAYBAHHS LIMJIIHIPA CTUCHEHUM TMOBITPSIM,
aOpa3uBHI YAaCTUHKHM 3aJIMIIAIOTHCS Ha PoOOUYiil MOBEPXHI 1 y BaXKKOJOCTYIHHUX
MICIIsIX (Ha CTHKAX HEPYXOMHUX MOCaaoK 1 T.A.). L{i 4acTuHKHM B Tiporieci poOOTH
BUMHUBAIOThCS MAaCTHJIOM 1 BHKJIMKAIOTh MIJBUIICHE 3HOIIYBaHHs Aetaneit. Lle x
caMe CTOCYEThCS 0OPOOKH MIMHOK KOJIIHYACTUX BaIIB.

Y 3B’43Ky 3 BHKJIQJCHHM, BKpail HeoOxigHe po3poOJEeHHS HOBUX

TEXHOJIOTIYHUX METOJIB BUKIHUYBaJbHOI OOpOOKM JeTajied, 3a [KUX B3arail



BUKJIIOUajacs 0 aOpa3uBHa oOpoOka moBepxHi. J[0 TakWx METOJIB BiAHOCHTHCS
¢inimHa anTHpUK-LiiiHa abpa3uBHa 00podka (PABO). Cyts PABO B ToMy, 1110
MOBEPXHS TEPTS JeTajll MOKPUBAETHCS TOHKUM IIApOM JIaTyH1, OpoH3M abo Miji
NUIIXOM BUKOPUCTaHHS SBUINA TIEpeHECeHHS wMeTtany mnpu TepTi. Ilepen
HAHECEHHSM TIOKPUTTS alOpa3WBHY TOBEPXHIO 3HEKHPIOIOTH 1 IMOKPHUBAIOTH
TIIIEeprUHOM ab0 CYMIIIIIIO, IO CKJIAJIAE€ThCS 3 JBOX YACTHUH TUNIIEPUHY 1 OJHIET
gactuHd 10%-r0 pO34MHY COJISTHOI KHCIOTH. B mporieci TepTs OKMCHA IUTiBKAa Ha
MOBEPXHI CTaJi PO3MYIIYETHCS, TMOBEPXHS MIJHOTO CIUIaBY IUIACTH(IKYEThCS,
CTBOPIOIOTHCSI YMOBH JJIsI WOTO CXOIUICHHS 31 CTaJUTi0. TOBIIMHA TIEPEHECEHOTO
mapy 6poH3u abo natyHi 1...2 MKMm.

Heram, ski nigisaraiote @ABO, MoxyTh OyTu 1utihoBaHi, PO3TOPHEHI,
npotodeHi abo xoHiHromaHi. IIlopcTkicTh MOBEpXHI MOBHMHHA OyTH HE HUKYE
R.=2,5...1,25 mkm. IlepeBara ®ABO nepen 1HWUMU (DIHIIHUMHU OMNEPALISIMU B
TOMY, IO L€ MEeTOJ HAATO MPOCTUHM 1 He MOTpedye CKIAAHOrO OO0JIaJHAHHS.
®ABO wHajmae cranpHId ab0 4YaBYHHINM TOBEPXHI BHUCOKI aHTUPUKIIIHI
BrnactuBocTil. [licmas ®ABO mwiniHAp ABUTYHA BHYTPIIIHBOTO 3TOPAaHHS HEMOB
NEPETBOPIOETHCS HA MEPIIMNI 1epioa poOOTH B OPOH30BUHM, KOEPILIEHT TEPTI MIXK
MOPIIIHEBUM KUIBLIEM 1 JI3€PKaJiOM LMJIIHApPA 3MEHIIYEThCS B JiBa pasu. Lle moxke
CYTT€BO BiJIOOpA3UTHCS HA MOTY>KHOCTI JBUTYHA.

[lepuri mocminu 3 3actocyBanHs PABO nmist nuIiHAPIB BUTYHIB TOKA3ald
BEJIMKI IIEpPEeBAary 1[bOr0 METOAY Mepe XOHIHTYBaHHSAM. 3HOCOCTIMKICTh LIMJIIHIPIB
1 MOPIIIHEBUX KUJIEIb 3pOciia B MBTOpPaA pasa.

IIIniikn xoMIHYACTHUX BaliB TakoK JomiabHO mimmaBath ®ABO, ocKUIBKH
BOHU 1 CHOPSKEHI 3 HUMU BKJIQJIMIII JIIMITYIOTh Yac MPUMPALIOBAHHSA JBUTYHIB 1
4acTo MiAAI0ThCSl PEMOHTY.

15.2.6. I1po6.1eMa BOAHEBOI0 3HOIIYBAHHS

BaxnuBuM 3aBIaHHSIM TPUOOTEXHIKH € PO3POOJICHHS METOJIB OOpOThOM 3
BOJHEBUM 3HOITYBaHHAM. Y KiHI 70-X pokiB B YKpaiHi €KCIIEpUMEHTAIbHO OYJI0
BUSIBJICHO HEBIJIOME paHillle SIBUIIE KOHIICHTPallii B MOBEPXHEBUX IIapax JeTaleH,
o0 TPYThbCS, BOJHIO, SIKMA BHUAUIAETbCS 3 MarepiaidiB mapu TepTd 1 3
HABKOJIMILIHBOTO CEPEOBHINA (3MAallyBaJIbHOIO MaTrepially, MmajuBa, BOAU Ta 1H.).
Lle siBUIIIE BUKJIMKAE TPUCKOPEHHS 3HOIITYBAHHSI.

BopaneBe 3HO1IYBaHHS XapaKTEpU3YEThCS PSAIOM MPOLIECIB Y By3JIaX TEPTS
MalllyH:

— IHTGHCHUBHHMM BHUJUJICHHSM BOJHIO B pe3yJbTaTi TPUOOAUCTPYKIIT
MarepiaiiB, 0 MICTATh BOJEHb, TPUCKOPEHUM MEXaHIYHOIO JI€I0;

— audy3ier0 BOAHIO B Je(OPMOBAHUX IIapax CTaji; MBUIKICTh Audy3ii
BU3HAYAETHCS TPATIEHTaMH TEeMIIepaTyp 1 HampyKeHb, IO CTBOPIOE e(eKT

HAaKOMMUYEHHS BOJHIO B TIPOIECI TEpPTSA; OCOOJMBHM BHUIOM pYHHYBaHHS,



OB’ I3aHUM
3 OJHOYACHUM IMPOSIBOM BEJIMKOTO 4HWcia "3apojKeHp" TPINMH MO BCIH 30HI
nehopMyBaHHs, 1 3raJlaHUM €(PEeKTOM HAKOMMYEHHS BOJIHIO.

BoganeBe 3HOIITyBaHHS HE Ma€ 3arajibHUX PUC 3 BOJAHEBOIO KPUXKICTIO CTali Hi
3a JpKepesiaMyd HaCHMUYEHHS BOJHEM, Hi 332 IHTEHCHBHICTIO 1 XapaKTepOM PO3MOALTY
BOJIHIO B CTaJli, Hi 32 XapaKTepoM pyHHYBaHHs, OCKUIBKM BOHO TOB’sI3aHE TUIBKH 3
poLIecCOM TepTsa 1 3yMOBJIeHE HUM. J[Jii BOJHEBOTO 3HOIIYBAaHHS XapaKTEpHI
BHCOKA JIOKAJIbHAa KOHIIEHTPAIlisl BOJHIO B TOBEPXHEBOMY IIApi CTajl, [0 BUHUKAE
BHACJIIJIOK BEJIMKUX TPAJIE€HTIB TeMIepaTyp 1 HaBaHTaXEHb IpU TEpTi, sKi
3YMOBJIIOIOTH SIBUILIE HAKOIMYEHHS 1 OCOOJIMBHI XapakKTep pOCTy TPIIIMH, IO
NPU3BOJUTH JI0 CYLUJIBHOTO pyHHYBaHHs 1mapy. BomHeBe 3HOLIYBaHHS BHOCHTD
HOBY YSIBY IIPO ME€XaH13M KPUXKOTO pyHHYBaHHSI.

3axucT BiJi BOJHEBOTO 3HOIIYBaHHS Ma€ OCOOJIMBI 3HAYEHHS I TaKHUX

rajgysen:

— aBlalllfHOI TEXHIKU (BY3JIM TEPTS NAJIMBHUX HACOCIB, a TAKOX TaJIbMIBHI
KOJOJAKK 1 OapabaHM KOJIC BUXOIATH 13 JIaJy B pe3yibTaTi BOJHEBOTO
3HOLIYBaHHS);

— 3aJII3HUYHOTO TPAHCHOPTY (MIABUILIEHHS IBUAKOCTEN MOI3/IIB MOB’sI3aHE 31
CTBOPEHHSIM €(EKTHUBHININX TajibM); HaMaraHHs BUKOPUCTAHHS IJIACTMACOBHUX
TaIbMIBHUX KOJOJOK OakaHUX pe3yibTaTiB HE Jaji0 BHACHIIOK ITiICHIIEHOTO
BOJHEBOTO 3HOIITYBAaHHS O0aHJIaX1B KOJIIC;

— aBTOMOOUILHOTO TpPAHCHOPTY (BOJHEBE 3HOIIYBaHHSA PI3KO 3MEHIIIYE
TEPMIH CIyXOM TaJdbMIBHUX HaKJIaJ0K, TaJIbMIBHUX OapabaHiB 1 JUCKIB
3YCTUICHHS, a TAKOX JIONATOK OCH3WHOBHMX HACOCIB Ta 1HINMX JIeTaliel 1 arperarin
aBTOMOOLIIB);

— MOpPChKOro (hyIoTy (BOJHEBOMY 3HOIIIYBAHHIO MIJJIATAIOTh BY3JIU TEPTS, SKI
3MaIyIOThCS BOJIOI0, HAMIPUKIIA/I, TPpeOeH], Bl CyJICH Ta iH.);

— 1epeBo0OPOOHOT IPOMHCIIOBOCTI (BOJIHEBE 3HOIIIYBAHHS JAEPEBOOOPOOHOTO
IHCTPYMEHTY 1 poOOYMX OpraHiB MalllMH CTPUMYE 3POCTaHHS MPOJAYKTHUBHOCTI
mpaili B raimysi);

— TexHiku [liBHOY1 (O/HI€I0 3 TMPUYMH IMIBUIKOTO 3HOIIYBAHHS MAIIUH €
KPUXKOJiSl BOJHIO, SKHW 3a HU3BKUX TEMIIEpaTyp HE PO3CMOKTYEThCS B
MMOBEPXHEBUX IIapaxX, a KOHIICHTPYETHCS MK 30HOIO TepTsd 1 00’€MOM MaTepiary
JIeTai, o TPETHCS, BHACTIOK 3HAYHOTO MEePernay TeMIeparyp);

— TEXHIKM MalOyTHbOTrO (B HOBUX MAaIIMHAX PO3LIUPIOETHCS 3aCTOCYBAHHS
TUTaHy 1 MHOro CIUIaBiB; NOpW TEPTl 11 Marepiagd BOJOAIIOTh HU3bKUMU
aHTU(QPUKLIMHUMHU  BJIACTUBOCTSIMHU, JYyK€ IIBHJAKO TOIJIMHAIOTH BOJIEHb 1
I11/1al0ThCS BOJHEBOMY 3HOIIIYBAHHIO).



[Tpu mpoBeneHH1 poOIT 31 CTBOPEHHS ABUTYHIB AJIsi aBTOMOOLUTIB 1 JIITaKiB Ha
BOJIHEBOMY IaJMB1 JOCIIIHUKYA MTOBUHHI HacaMIlepel BXKHUTH 3aXOJU JJIsl 3aXUCTY
JeTaedl BiJl BOAHEBOro 3HOLIyBaHHs. [IpoOirema BOJHEBOIrO 3HOLIYBAaHHSA Mae
KOMIUIEKCHUM MDKTally3eBUM XapakTep 1 BUMara€e 3aJlydeHHS Ui il pPO3B’SI3KY
BUCHMX PI3HUX CIEHIAJIbBHOCTEH (MeTajao3HaBIlB, (PI3UKIB, XIMIKIB, CICIIATICTIB 3

TpUOOTEXHIKH) 1 TOBUHHA BUKOHYBATHCS 3@ €IMHUM TJIAHOM.

15.3. OcHOBHI HANPAAMKM NiABUIIIEHHsI 3HOCOCTIHKOCTI eTaJjieil By3J1iB TepTs
MAaIIHH

J10o OCHOBHHMX HampsIMKIB I1JBHUINCHHS 3HOCOCTIMKOCTI JeTajei BY3JiB TepPTS
MAIIIMH BITHOCATH: ONTUMI3aIlF0 KOHCTPYKTUBHHX PIIICHb BY3JIIB TEPTS B MPOIIEC]
pO3poOTIeHHST ¥ TPOEKTYBaHHA MallWH, TOOTO, TaKk 3BaHUM, KOHCTPYKTHBHHUU
dakTop (HampsMOK); TEXHOJIOTTUHI METO/IM; €KCILTyaTalliitH 3aX0/IH.

OnTumizanis KOHCTPYKTHUBHHUX BHPillleHb BY3J1iB TepTsi. KoHcTpyKIis
BUpPOOY BU3HAYAE CTPYKTYPY BHPOOHHIITBA 1 MOTO TEXHOJIOTIIO, TPYJOMICTKICTD 1
MaTepiaoMICTKICTh BUPOOY, TOOTO E€KOHOMIYHICTh BUPOOY y BUPOOHHUIITBI i
eKCIUTyaTallll Iepll 3a BCE 3aJIEKUTh BiJ KOHCTPYKIIii. TOMYy KOHCTPYKTOp pa3oM i3
TEXHOJIOTOM Yy IpoILeCcl PO3pOOJICHHS 1 MPOEKTYBaHHS MAIlMHU (BUPOOY) B MEpPILY
yepry TIOBHHEH 3aliMaTHCS BIAMpAIIOBAaHHAM KOHCTPYKIi MaIllWHU Ha
TE€XHOJIOT1YHICTb.

TexHoJIOTiYHICTE KOHCTPYKIIii BUPOOY — 1€ CYKYITHICTh KOHCTPYKTHUBHUX |
TEXHOJIOTIYHUX BHUPILIEHb, SKI 3a0€3MeYyl0Th BHUKOPHUCTAHHS MPOrPECUBHOI

TEXHOJIOT1i W opradizaiii BUpPOOHUIITBA 3 HAWMEHIIUMHU 3aTpaTamMH dYacy 1
MaTepiaiiB, sIKl IPH 3aJaHUX MaciTabax BUPOOHHUIITBA 3a0€3MEUyIOTh HAMMEHIITY
coOIBapTICTh 1 BUCOKY SIKICTh BUPOOY 3a YMOBHM BHKOPUCTaHHS MAILMHOIO BCIX il
GyHKIIH.

MabyTh mepmmMm cepel KOHCTPYKTOPIB, XTO 3BEpPHYB yBary Ha 3B S30K
3HOCOCTIMKOCTI 3 KOHCTpyKIi€w By3nmiB TepTs, OyB IL.I. Opnos. B iioro mpari
"Cmazka serkux pasuratenei” (1937p.), mo crama 6i6miorpadiqHo0 PIAKICTIO,
MICTUTBCS LIHHUA Matepian Jjisi KOHCTPYKTOPIB 3 MUTaHb KOHCTPYKTUBHUX (opM
M1IIUITHUKIB, KOHCTPYIOBaHHSI BUCOKO3HOCOCTIMKUX OMOP KOB3aHHS, TEOPil TepPTs
KoueHHs. BoHa 1O ChOroJHI HE BTpAaTWAa I[IHHOCTI SK B YAaCTHHI SICKPABUX
KOHCTPYKTOPCHKMX MPUHOMIB, SKI [IISXOM pallOHAIBHOTO BUKOPHUCTAHHS
MacTWJIa Yy By3Jax MallldH 3a0e3MeuyloTh BHUCOKY HAAIWHICTh JAeTanei, 1o
TPYTbCS, TaK 1 B TBEP/KEHHI, 10 B MUTAHHSIX KOHCTPYIOBAHHSA, ¥ OCOOJMBO B

TEXHIIIl, 3MallyBaHHs "Ipi1OHUIIB", HATTPUKJIIAJI, BUTIKAHHS Macja 3 YIIJIbHIOBAY1B,



MiABUIICHUX BUTPAT MPH BUKUII Macia 3 cy(diaepiB 1 TOMy MoAi0HE, HE TOBUHHO
Oytu, 00 11 3aTpUMye€ CTBOPEHHS HOBHMX MallUH 1 YTPYIHIOE pPoOOTYy
00CITyroByIOYOTO MEpPCOHATY MpPH eKCIUIyaTtamii Mirounx. B iHMKUX #Oro Tphox
KHIDKKAX 13 KOHCTPYIOBaHHS MAaIllMH MPUIUIEHO 0araTto yBarm TakOXX pe3epBaM
HAJIHHOCTI 1 JOBTOBIYHOCTI NpPH KOHCTPYIOBaHHI MaIllMH, HaroJIOleHoO Ha
OPOBIAHIA pOJIi  KOHCTPYKTOpA Yy BHUPIMIEHHI TMHUTaHb 3HOCOCTIMKOCTI i
JTIOBTOBIYHOCTI MAITIHH.

Y poborax M.M. Tenenbayma, mnounHaroud 3 1966p., TPOBOAUTHCS
CHUCTEeMAaTH3alllsl KOHCTPYKTUBHUX CITOCO01B 3a0€3MeUeHHS BUCOKOT 3HOCOCTIMKOCTI
MaluH. Y ¢l BiIOMI CIOCOOM PO3A1JIEHO Ha TaKi IPYIU: BUKIIOUEHHS 30BHILIITHBOTO
TEpTs; TMOKpAIIECHHS YMOB TEpTS; PIBHOCTIMKICTb JAeTalied, 1[0 3HOIIYIOThCS;
orntumizaiis GopMm AeTaiieii; iHauKaTopu 3HonryBaHHs. M.M. Tenenb6aym y cBOiX
poboTax HaroJjoIuye, 1o po3B’si3aHHs MPUKIATHUX 3a]a4 TOBUHHO Oa3yBaTucs Ha
3aKOHOMIPHOCTSIX JIMHAMIKM 3HOIIYBaHHS JeTalied 1 BIUIMBY KOHCTPYKTHUBHHUX
napaMeTpiB Ha X 3HOCOCTINKICTb.

Jlo KOHCTPYKTUBHUX CHOCOOIB YCYHEHHS TIONIKOJKEHb 1 II1IBUIICHHS
3HOCcOCTIHKOCTI netaneit Mamud b.I. Kocrenpkuii BigHIC Takl:

— BUOIp BUAY TEPTS B ONOpPaAX;

— BU3HAYEHHS (JOPMU 1 pO3MIPIB pOOOUHX TOBEPXOHB;

— pO3pOo0IEHHS 3aC001B 13 PETYIIOBAHHS TEMIIEPATYPH;

— palioHaJbHE OE€IHAHHA MaTeplajiB CKJIAJJOBUX €JIEMEHTIB By3J1a TEPTH;

— BUOIp CUCTEMH 3MalyBaHHS;

— HAasSBHICTb arperaTiB 1 YCTaTKyBaHHsS Il OYHIIYBaHHS TOBITPS 1
3MalllyBajJbHOTO MaTepialy, a TAKOXK YIIJIbHECHD;

— 3a0e3MeueHHs] TEXHOJIOTIYHOCTI PEMOHTY 1 3aMiHU 3HOIICHMX JeTaleH 1
BY3II1B;

— po3po0JeHHs 3aX0/IIB 13 3aXMUCTY BY3JIIB TE€PTS Bij MOMaJaHHs adpa3uBy Ta
1HIIMX 3a0pyIHEHD;

— IPaBWIBHUM BUOIp MaTepiady 1 METOAY 3MIITHEHHS JJIs Map TepTs.

OCHOBHMM IPUHLMIIOM, SIK BKa3zyBaB y cBOiX npausx b.l.Kocreubknii, siknii
MOBUHEH OYTHU B OCHOBI MPOEKTYBaHHS M PO3paxyHKy (opMHU 1 pOo3MIpIB JeTanei
nap Tepts, € 3a0e3MedYeHHs] B rapaHTOBAaHOMY Jliara30H1 IIBUIKOCTEH KOB3aHHS 1
HABAHTAKEHb PEXHUMY HOPMAJIBHOTO (OKHCHOTO) 3HOIIyBaHHSA. Jlms 1100
HEOOX1JTHO KEepyBaTUCS BIAOMHUMH 3aKOHOMIPHOCTSMH TOro a0 1HIIOTO BHIY
3HOITYBaHHS 3aJCKHO BiJ IIBHJIKOCTI KOB3aHHS W HOPMAJIBbHOTO THCKY IS
BUOpaHUX MaTepialliB 1 CEPEOBUIIL, a TAKOXK JTAHUX MPO BIUIUB PO3MIPIB Map TEPTS

(macmTabHOTO (DaKTOpa) HA BU 3HOUTYBAHHSI 1 HOTO 1HTEHCUBHICTD.



[Insxu BUPIMICHHS MUX 3aBAaHb CXeMAaTHYHO 300paxeHo Ha puc. 2.1.
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Pucynokl 5.1. Cxema po3wiupennsa oianazony i MiHimizauia OKUCHO20
3HOWLYBAHHA:

a — 3a WBUOKICII0 KOB3AHHA; 0 — 3a HOPMATLHUM MUCKY

JlpyruM  NPUHLMIOBUM  3aBJaHHSAM  OOpOTHOM 31  3HOIIYBAaHHSM 1
HaJIaro/PKyBaHHSIM € 3MEHIIECHHS 1HTEHCHBHOCTI OKMCHOTrO 3HOIIyBaHHA. Lli nBa
MPUHITMIIOB] 3aBJlaHHS JOIMOBHIOIOTH OJIHE OJHOTO 1 IX CyMiCHE BUPIIICHHS
3a0e3nedye 30UIBLIEHHS TEPMIHIB CIY>)KOM 1 HaAlHOCTI pOOOTH MAIIKWH.
OueBHIHO, IO MpPU LBOMY IOBUHEH OYTH BHUKOPHUCTAHUN BECh KOMILIEKC
KOHCTPYKTUBHUX, TEXHOJIOTTYHHX 1 EKCIUTyaTal[liHUX 3aXO0/I1B.

TexHoJsioriyHi MeTOAM MiABMINEHHS 3HOCOCTIMKOCTI Jgeraseil. VY
BUPOOHUIITBI 1 TEXHIII BIJIOMI i BUKOPHUCTOBYIOThCSI OaraTO4MCeNIbH1 TEXHOJIOT1YHI
CrocoOM I TMIiJBUIEHHS 3HOCOCTIMKOCTI Jeraneil. OCHOBHI TEXHOJIOT14HI
3aX0J¥, WO MiJABUILYIOTh 3HOCOCTIKICTh 1 JOBIOBIYHICTH MAIIUH, MOXHA
PO3AUIMTH HA TaKi IPYIH:

1. 3acTocyBaHHsS CydyacHUX METOJIIB JJII CTBOPEHHS MarepiaiiB HEOoOXiTHOT
MIIHOCTHI ISl PI3HUX YMOB €KCIUTyaTallli MallliH 1 OTPUMAaHHS 3 HUX 3arOTOBOK
BHCOKOI SIKOCTI, OJIM3bKHUX 32 POPMOIO 1 pO3MipamMu 10 TOTOBUX JI€TaJel.

2. 3acTOCyBaHHS Cy4YaCHMX TEXHOJOTIYHHX NPHUHOMIB, M0 3a0e3MeuyroTh
BUTOTOBJICHHS JI€TaJICH 3aJ1aHOi TOYHOCTI 1 CTAOIBLHOCTI K 32 PO3MIpaMH, TaK 1 3a
(b13MKO-MEXaHIYHUMH BJIACTUBOCTSAMH.

3. 3acTocyBaHHS Cyd4acCHUX METO/IIB KOHTPOJIIO SIKOCTI MaTepialiiB, 3aTOTOBOK
1 TOTOBUX BUPOOIB 32 BIAMOBITHUMH MOKAa3HUKAMHU HAIHHOCTI.

4. 3actocyBaHHs TMPOLIECIB  3MILHIOIOYOI OOpOOKM  (TE€XHOJIOTIi) ISt
OTPUMaHHS HEOOXITHOT SKOCTI pOOOYMX TMOBEPXOHb JIETAJCH MAIIWH 3 BHCOKHUM
OTIOPOM 3HOIIIYBAHHIO 1 TOJIOMKaM y pi3HUX yMOBax €KCIUTyaTallii.

MeTtoan 3MIMHIOIYNX TEXHOJIOTINA I NIABUILEHHS 3HOCOCTIMKOCTI AeTajei
MaliuH  HAKOMWYYBIA  MPOTITOM  0aratboxX  JCCITHPIY  PO3BUTKY
MAaIIMHOOY/TyBaHHS.

Cepen HaiiOUIBII PO3IMOBCIOKEHUX HEOOX1THO Ha3BaTH TaKI:
— XIMIKO-TE€pMiuyHa 0OpOOKa: IEMEHTYBaHHs, a30TYBaHHs, XPOMYBaHHS;



— I[laHyBaHHS, CHWJILIIOBAHHS, aliTyBaHHsA, Cyib(QOlllaHyBaHHA 1
CyJb(QiTyBaHHS Ta 1H.;

— TepMiuyHa 0OpoOKa: MOBEPXHEBE TapTyBaHHS IMOJYM’ sIM, BUCOKOYACTOTHE
rapTyBaHHs, TOBEpXHEBE TapTyBaHHS 3 HAarpiBOM B EJEKTPOJITi, Ja3epHe
3MIITHEHHS;

— XiMiyHa 00poOKa: TIMOOKe aHOIyBaHHS, OKCUTyBaHHs, (pochaTyBaHHS;

— TIOBEpXHEBE IUIACTHYHE JepopMyBaHHsS: OOKaTka KyJdbKaMu 1
TBEPJOCIUIABHUMH  POJUKAMH,  IIPOTOCTPYMEHEBa  0OpoOKa,  ajamasHe
BUTJIQJKYBaHHS, 3MIIIHEHHS YEKaHKOIO, T1APOMOJIIpyBaHHA, OOpoOKa MOBEpXHI
BUOYXOBHM HABaHTAKEHHSM;

— TaJbBaHIYHI TMOKPUTTS: XPOMYBAaHHS, HIKEIIOBAaHHS, 3aJli3HEHHS,
OopyBaHHs, paJilOBaHHSA, MOCPIOHEHHA, JIY>)KCHHS, CBUHIJIOBAHHA 1 TOKPHUTTS
CIJIaBAMU;

— XIMIYHI TOKPUTTS: HIKEIIOBaHHS, XPOMYBaHHsS, MOKPUTTS KOOAJIBTOM 1
CIUTaBaMU HIKEJIb—K0O0aJIbT;

— cmocoOM  HaJaHHA  MOBEPXHI  aHTUPPUKIIAHUX  BIACTUBOCTEM:
rpadiTyBaHHsl, HakKaTyBaHHs (3arjJuOJICHHS KaHABKH), HAHECEHHS IOKPUTTIB Yy
BaKyyMi, HaHECEHHS aucyinbdigy ™momioaeHy, (QpukiiiiHe JIaTyHIOBaHHS 1
oponsyBanns — OABO (pinimnHa anTudpuKiiiHa Oe3abpa3uBHa 00poOKa),
MOKPUTTS IJIacTMacaMu (BUXPOBUM 1 Tra3oMOJyMEHEBHM METO/AM), MeTali3allis
HaIUJICHHSIM;

— HaIUJIaBJICHHS: €JIEKTPOAYTOBE, EIEKTPOIIIaKOBE, BIOPOIYTOBE;

— €JIEKTPOICKPOBE 3MIITHEHHS TOIIO.

Excruryaraniiini 3axoau niiBUIIEHHSI 3HOCOCTINKOCTI i JOBroBiYHOCTI

MAIIIUH.
KoHCTpYKTHBHA JOCKOHATICTh | BUCOKa SIKICTh BUTOTOBJICHHS MAIMH, IO HE
rapaHTyloTh iX TpuBaily 1 Oe3aBapiiiHy poOoty. [lomaTkoBMUMHU ymMOBamMu Takoi
poboTH € TpaMOTHa TEXHIYHAa EKCIUTyaTallis 1 JOIJIbHA CHCTeMa TEXHIYHOTO
00CITyrOByBaHHS 1 PEMOHTIB.

3aBIaHHSAMU TEXHIYHOI €KCIUTyaTallii €: 3a0€3Me4YeHHs] CIPaBHOI0 TEXHIYHOTO
CTaHy MaIlIUH MiJ Yac iX eKCIUTyartailii 1 KoHcepBallii; 3abe3nedeHHs: 6e3aBapiitHOl
pobOTH MamMH 3a HaJeXHOI 1i eKOHOMIYHOCTI. PiBeHb TEXHOJOTIYHOI
eKCIUTyaTar(ii MallliH, B 3arajJbHOMY, BH3HAYA€ThCS BCTAHOBICHHAM 11 Yy
BIIMOBITHOCTI 3 TpU3HAUEHHSM, KBamiiKaiieo 0oO0CIyroByHUYOro IepCOHay,
MOCTAaHOBKOIO JIOTJISAYy 3a MAalIMHAMHU 1 TEXHIYHOTO HArjsAy 3a HUMH,
Oprasizaiii€ro 3MalryBajJbHOTO TOCIIOIapCTRA.

B ocrtanHi poku mopsa 3 TEXHOJOTIUHUMH METOJaMH, sIKlI 3a0e3MeuyroTh
BHUCOKY SIKICTh MOBEPXHI 1 3aJjaHl BJIACTUBOCTI MOBEPXHEBUX IIapiB, OTPUMAIH
pPO3BUTOK METOJM MIJABUIICHHS SKOCTI TIOBEPXOHb OE3MOCEepPEHhO TpHU
excrutyaramii MamuH. OcoOiauMBO e()EeKTUBHUM HANpsIMKOM € oOpraHizailis
BTOPMHHUX 3aXWCHUX CTPYKTYp Ha TOBEPXHI TEpPTS BHACITIIOK 3aCTOCYBaHHS
CHeIiaJbHUX MPUCAIOK JI0 3MAIyBAIbHUX MaTepiajiB 1 MEXaHi3MiB B3aEMOJIIT 1X 3
MeETaJoM MMOBEPXHEBUX IIAPIB y MPOILEC] AedopMaliii Mpu TEPTI.

JletanpHilIe 3axoaW 3 IIJBUIICHHS 3HOCOCTIMKOCTI 1 HAJIHHOCTI MaIluH



PO3rIAAaATUMEMO Y HACTYITHUX I'JIaBaX.

15.4. Ctan HayKu npo TepTH i 3HOLIYBAaHHS B MAIIMHAX B YKpaiHi

ETtanu po3BUTKY TpHUOOTE3HIKH, SIK 1 1HIIMX HAyK, MOB’s3aHI 31 CTBOPEHHSIM
aepOKOCMIYHOT 1 KOpaOenpHOi TEeXHIKM, MamMHOOYIIBHOT 1 MeTaso00poOHOI
MIPOMUCJIOBOCTI, 3aJII3HUYHOTO TPAHCIIOPTY, aBBTOMOOUIBHOI IMPOMHUCIIOBOCTI 1 T.II.

3HAYyYIIICTh TPUOOTEXHIKA B OCTaHHI JCCATHUPIYYS MOCTIMHO IMiABUIITYETHCS.
BoHa TopkaeThcs pisHOMaHITHHX cep MisITEHOCTI JIOUHU, e 0COOJIMBO BEJIMKA
il posb y 3B’SI3Ky 3 HEOOXITHICTIO MIABUIIICHHS 3HOCOCTIMKOCTI MAIlIVH, IPHUIIAIIB,
TEXHOJIOTIYHOTO O0JIaIHaHHS, IHCTPYMEHTY, pOOOYMX OpraHiB Ta IHIIMX BUPOOIB,
a TaKOX 3MEHILICHHSI BUTPAT Ha TEPTS MpHU iX BUKOpHUCTaHHI. Bupimienns 3aBaaHb
13 3aCTOCYBaHHSI  JIOCSTHEHb TPHUOOTEXHIKM Ma€ SCKPaBO  BUPaKEHUUN
MDKrajgy3eBUH XapakTep 1 3/J1MCHIOEThCS Ha Jep)KaBHOMY pIBHI B 0ararbox
BHCOKOPO3BUHEHUX y HAYKOBO-TEXHIYHOMY BIJHOIIICHHI 3aX1IHUX KpaiHax. 3apa3
BBAXKAIOTh, LI0 yBara A0 TpUOOTEXHIKM (TpUOOJIOrii) Ha BIAMOBIIHOMY pIiBHI,
OCOOJIMBO Ha CTajil HAaBYaHHS, HAYKOBHUX JOCIIKEHb 1 3aCTOCYBAaHHS, MOXKYTh
JaTh eKoHOMIro komTiB Bif 1,3% 1o 1,6% BanoBoro HamioHaibHOTO goxoay. [Ipu
pOMy HavBaxumBimie, mo nepir 20% Takoi eKkoOHOMIT MOXXHA OTpuUMaTu 0e3
3HAYHUX KamiTalbHUX BKIaJeHb. CHpaBelIMBICTh PO3MIPY BKa3aHOI €KOHOMIi
MiATBEp/KeHa OaraThMa oQiumiMHUMHU gochikeHHsMu B Himewuwni, Kanani,
BenukoOpuranii, Kurai, CIIIA Ta iHmmMX kpaiHax.

Y 3B’sa3ky 3 1uM, TepMmiHu "Tpubosoria" 1 "TpuborexHika" BHECeHI B
CJIOBHMKHU KOHOI MPOMUCIIOBO PO3BUHEHOI KpaiHU. B OUIBIIOCTI YHIBEPCUTETIB 1
TEXHIYHUX BY31B CBITY HHMHI CTBOPEHI 1 (PYyHKIIOHYIOTh Kadeapu TpuoOosorii. B
yCiX PO3BUHEHHMX KpaiHax CTBOPEHI OpraHi3ailii TpuOOJIoriB.

B Vkpaini He icHye Takux kadeap. Aye B OCTaHHI AeCATHUPIUYS BIiAOyIucCs
MIEBHI 3PYUICHHS B IIbOMY HAMpsMKYy. B JedKuX BUIMIMX TEXHIYHUX HABYAIBHUX
3aKianax YKpaiHu, B TOMy 4yucii 1 B TepHONIbChKOMY JIEpKaBHOMY TEXHIYHOMY
yHiBepcuTeTi iMeH1 [Bana [lyntos untaroThest Kypeu 3 TpubotexHiku. B 1995 poui
B YkpaiHi cTBopeHo "ToBapuctBo TpuOosoris" 3 1meHTpoM Yy KuiBcbkoMy
MIDKHApPOJTHOMY YHIBEPCTETI LMBLIBHOI aBiallli, MeTa SKOro — BIPOBAJKEHHS
MEPCHEKTUBHUX 171eH 1 pO3p0OOK Y IPOMHUCTIOBOCTI.

B mam wac mpoBiZHUMHM HayKOBO-JIOCTITHHMM OpTraHi3amisiMd B 00JacTi
TpuOOTEexHIKM B YKpaiHi € [HctuTyT mpobnem matepianoznaBctBa AH Ykpainw,
[HcTuTyT HanTBepANX MatepianiB AH Ykpainu, [HcTuTyT enexrpo3BaproBanus AH
Vkpainu iM. €. [laTona Ta geski iHIIi.

PoGotn B oOnacTi TpHOOTEXHIKM MPOBOASTHCS W y BHUIIUX HABYAIBHHUX
3akyagax Ykpainu: HamionampHoMmy aBiamiiiHoMmy yHiBepcuTeTi, HarionansHOMY
TeXHIYHOMY YHiBepcuTeTi "KuiBcbkuil mosiTexHiuHud 1HCTUTYT", BiiicbkoBo-
noBITpssHUX 1HCTUTYTax Kuea 1 XapkoBa, XMEJIbHHUIIBKOMY TEXHOJIOTIYHOMY
1HCTUTYTI Ta 1H.



Benuka ponb y CTBOpPEHHI YKpaiHCBKOI IIKONHM TEPTS 1 3HOIIYBAaHHSA B
MalluHaX, OpraHizalii Ta MPOBEJEHHI HAYKOBUX JOCTIIKEHb 1 MIATOTOBII
KBaT(piKOBAHMX HAYKOBHX KaJpiB 3 TPUOOTEXHIKH, SIK BXKE BKa3yBajoCs BHIIE,
HaJICXUTh mpodecopy, HTOKTOpY TEXHIYHMX Hayk bopucy IBaHoBHUy
Kocrenpkomy, sxuii mpaimtoBaB B KUIBCBKOMY IHCTHUTYT1 1HXKEHEPIB IHUBIIBHOT
aBiarlii Ta YKpaiHChKil akajemii ClTbChbKOTo rocroaapcrsa (M. Kui).

Y KueBi BUAAEThCA pecHyOIKaHCHKUN MIXKBIJIOMYHN HAyKOBO-TEXHIUHUM
)ypHain "[IpoGiemu TepTs 1 3HOUTYBaHHS".



