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3ATAJIBHA XAPAKTEPUCTHUKA POBOTHU

Bemyn. 3anizHUYHUNA TPaHCHOPT € OCHOBHUM CKJIQJIOBUM €JMHOTO TPAHCIOPTHOTO
KOMIUJIEKCY HaIlloi JEep>KaBH 1 CTAHOBUTH OCOOJMBE CTpaTEriuHe 3HAYEHHS I Y KpaiHu.
JIOMiHYI04OI0 3aJla4yelo MepeBe3eHb BAaHTAXKIB 3aJII3HUYHUM TPAHCHIOPTOM € IiJIBUILIEHHS
ioro edexTUBHOCTI Ta Oe3MeKa eKCIUTyaTalii BaHTaXKHOTO PYyXOMOTO CKJIajay, TOMY
0e3repepBHO 1 IJIECHPSIMOBAHO 3IMCHIOIOTHCS POOOTH MO PO3BUTKY 1 TEXHIUHOMY
BJOCKOHQJICHHIO ~ TEXHOJIOTIYHUX  TMPOLECIB PEMOHTHHX pOOIT Ta  TEXHIYHOTO
o6cnyr0ByBaHH$1 BaHTa)XKHUX BaroHiB.

Bin 49iTkoi 1 37maropkeHoi  poOOTH  YCIX  MiAPO3AUIIB  BarOHOPEMOHTHHUX
CHeIia/li30BaHUX MIANPUEMCTB 3aJEKUTh Oe3mepediiiHIcTh 1 Oe3meka pyxy MOi3diB Ta
CBO€UYacHe 3a0e3MeUeHHs MepeBe3eHb TEXHIYHO CIIPAaBHUM PYXOMHM CKJIQJOM. 3pOCTaHHS
00CATY BaHTAXXKHUX NEPEBE3CHb 3ATMI3HULAMU YKpaiHH PI3HUX 32 XapaKTepOM BaHTAXIB,
TaKuX $SK, HaANpUKIaJd, PEYOBUH, $KI TBEPAHYTb, € HEMOXIMUBUM 0€3 MOCTIMHOIrO
BJIOCKOHAJICHHS] YMOB Ta M1IBUILIEHHS €()eKTUBHOCTI TEXHOJIOT1i MPOBEAECHHS MIArOTOBUUX
poOIT Il BaHTAXHUX BaroHiB, TMOB’SI3aHUX Yy TMEpUIy dYepry 13 BaHTaKHO-
PO3BaHTaXXKyBaJIbHUMH MIPOLIECAMU Ha TPAHCIIOPTI.

Axmyanvnicme memu. OIHIEIO 13 OCHOBHUX MPOOJIEM CHOTOACHHS y BaHTAKHUX
NIEPEBE3CHHAX 3aII3HUYHUM TPAHCIIOPTOM € TEXHIYHE OOCIYrOBYBaHHS 3aC0O0IB TPAHCIIOPTY
Ha eTanax ix MArOTOBYMX POOIT, MOB’SI3aHUX 13 BUJAIIEHHSIM y TPOIECT PO3BAaHTAKEHHS 3
BaroHiB-IIUCTEPH 3aJMIIKIB 3aCTUTJIMX PEYOBUH, K1 TBEPIHYTH Mija 4ac mepeBe3eHb. Ciiif
KOHCTAaTyBaTW TOM (aKT, [MI0 HA CHOTOJHINIHIA Yac JaHWUN TEXHOJIOTTYHHHA TMpoIec
3MIIACHIOETHCSL Y OUIBIIIOCTI PYYHUM CHOCOOOM, IO MOB’SI3aHO 13 3HAYHUMH (HI3UYHUMU
HABaHTAKCHHSIMHU Ta IIKIJUIMBUMU YMOBAaMH JUIs1 37I0POB’s1 pOOITHUKIB.

CknanHiCTh y pyHHYBaHHI MOHOJITHOCTI BaHTaXIB, SIKI TBEPAHYTH IMOJSITaEe B
cnenu@piuHuX OCOOJMBOCTAX Marepiajgy Ta TpyAHOUIAX NOPYIIEHHS iX aare3ifHux
B3a€MO3B’SI3KIB 13 METAJIOM BHYTPIIIHBOI MOBEPXHI BAaHTAXXHOTO 3ac00y, TOMYy po3poOka
Ta MPUUHATTS HAYKOBO OOIPYHTOBAHUX PIlIEHb MOB’S3aH1 13 HEOOXIAHICTIO IMiIBUIIICHHS
e(DEeKTUBHOCTI HOBHUX TEXHOJIOTIYHHUX TIporeciB 1 oOJagHaHHS BiJIHOBIIIOBAJILHOTO
PEMOHTY, III0 MOXKJIMBE JIUIIIE HA OCHOBI 00’€KTHBHHUX OIIHOK HOTO TEXHIYHOTO CTaHy Ta
3aJIUIIKOBOIO PECYpCy.

OpmnuM 13 HaOUIBI e(pEeKTUBHUX 3aCO01B MIABUIIEHHS €(EKTUBHOCTI MIATOTOBYMX
poOIT € po3poOKa HOBUX METOAMK BIPOBAKEHHS HA BArOHOPEMOHTHHUX MiANPHUEMCTBAX
MPOTPECUBHUX HAYKOBO Ta EKOHOMIYHO OOIPYHTOBAaHUX TEXHOJOTIYHUX MPOIIECIB,
3IaTHUX B ONTHUMAJIbHUX PEKMMaxX BUPIIIYBATH MOCTABIICHI 3a/1a4l.

AKTyaJbpHICTh MPOOJEMU MOJSAraE y BUPIMICHHI TEXHOJIOTIYHOI 3a/1ayi €()eKTUBHOI,
IIBUJKOI Ta EKOHOMIYHO paliOHAJIbHOI MpOOJeMH pPO3BAaHTAXXKYBAHHS 3aJI3HUYHHUX
BAaroHIB-IMCTEPH BiJ 3aJIMILKIB TPAHCIIOPTOBAHUX BAHTAXIB, SIKI TBEPAHYTb.

3B’5130K po00OTH 3 HAYKOBHMH NporpamMami, IJiaHaMH, TemMamu. Jluceprariiiina
poboTa BUKOHAHA Y BIAMOBIIHOCTI 3 MPIOPUTETHUMH HAMPSMKAMHU PO3BUTKY 3TI3HUYHOIL rajty3i,
skl Bu3HaveHi y TpaHcroptHid crpaterii Ykpainu 10 2020 poky (posmopsumxents Kabinery
MinictpiB Ykpainu Big 20.10.2010 Ne 2174-p), a Takoxx BiJTIOBIa€ HAMPSIMKaM JOCTI/PKEHD Ta
PO3pO0OK, TII0 TIPOBOATHCS Ha Kadenpi «Baronu ta BaronHe rocrionapctso» JIHY3Ty. 3a Temoro
JMcepTalii BAKOHAHA HAyKOBO-IociAHa poOoTa « TexHiuHe JiarHoCTyBaHHS BAHTQKHUX BaroHiB,
110 3HaxoauThes Ha Oamanci J{I1 «Onechka 3ami3HUIIDY Ta SKI BUCTYKIIM TIPU3HAYECHUNA TEPMIH
CIy’kOM 3 METOI0 BMU3HAUEHHs iX TEXHIYHOIO CTaHy 1 MOXJIMBOCTI TOJAJBIIOI EKCILTyaTallii»



HoMep aepxkaBHOi peectpamii 0115U004579. Aprop OpaB ydacTb y BUKOHAHHI I1i€1 HAYKOBO-
JIOCITITHOT POOOTH SIK BUKOHABEII.

Mema pob6omu. MeToro nucepraiiitHoi poOOTH € MiABUIIEHHA €(EeKTUBHOCTI
MITOTOBYMX POOIT 0 PEMOHTY BaroHIB-IMCTEPH IUISIXOM BIOCKOHAJICHHS TEXHOJIOTIT
OYMIIICHHS BHYTPIITHIX TOBEPXOHb IXHIX KOTJIB.

3aoaui oOocnioxcenn. J|ns NOCATHEHHsI 3a3HAYECHOI METH HEOOXiTHO PO3B’s3aTH
HacTynHi 3amadi: 1. IlpoBecTw aHami3 ICHYIOUHMX METOAIB OYMIICHHS BHYTPIIIHIX
MOBEPXOHb BarOHIB-IIUCTEPH Ha €Tarll MiITOTOBYUX POOIT /ISt BAKOHAHHS PEMOHTY;

2. Po3poOutu MareMaTH4Hy MOJENb PYHHIBHOTO Ta OYHMCHOTO TEXHOJOTIYHHX
MPOLIECIB SKICHOTO OYHUIIICHHS BHYTPIIIHBOT MOBEPXHI KOTJIa BAarOHA-IIUCTEPHU;

3. Po3poOutu 3aranbHi TEXHIYHI BUMOTHM JO TMPOIECIB Ta 3aco0iB pyHHYBaHHA Ta
BUJIAJICHHS 13 BHYTPIIIHIX TTOBEPXOHb KOTJIIB BarOHIB-IIUCTEPH 3aCTUIIIMX 3AJTUILIKIB PEUYOBHH;

4. Po3poOUTH METOOUKY ONTUMAJIbHUX Ta €(PEKTUBHUX TEXHOJIOTIYHHX PEXKUMIB
OUMIIICHHSI BHYTPILIHIX [MOBEPXOHb BATOHIB-IIMCTEPH BiJ 3aCTUIIIMX 3AJMILIKIB PEUYOBUH,
K1 TBEPAHYTH 13 (OPMYBaHHSM SIKICHUX TTOKa3HUKIB MTOBEPXHI;

5. BuzHaunTH €KOHOMIUHY €()EeKTUBHICTh BIIPOBA/KEHHS HOBOTO METO/Y OUMILIEHHS
BHYTPIIIHIX TOBEPXOHB KOTJIIB IUCTEPH;

6. Po3poOuTH mpakTU4HI PEKOMEHJAIlll 13 TEXHOJIOTl OYMINEHHS BHYTPIIIHIX
MIOBEPXOHb BaroHIB-LIUCTEPH ISl IPOBEICHHS PEMOHTY.

006'ekm 00cnioxceny — TEXHOJOTTYHUM MPOIIEC OYMINECHHS BHYTPIIIHIX MOBEPXOHb
KOTJIIB BarOH1B-IIUCTEPH.

IlIpeomem oOocnidsceny — B3a€MOJlII pOOOYUX YACTHH 1HCTPYMEHTA 3 3aJUIIKAMU
BAHTAXIB, 1[0 TBEPJIHYTh Ta BHYTPIIIHBOIO MOBEPXHEIO KOTJIa BATOHIB-LIUCTEPH.

Memoou 0ocnioxicenb. OCHOBHI TMOJIOKEHHSI TEXHOJIOTIT METaloo0poOKHu, Teopii
MaTE€MaTUYHOTO aHalli3y Ta YHCIOBUX METOMIB BUPIMICHHS IU(EpEeHUINHUX pPIBHSHb,
TEeOpli MOJICNIIOBAHHS, METOJU ITEPAIIfHOTO Ta BaplalliifHOTO YHWCIICHHS, CTATUCTUYHA
00po0OKa pe3yabTaTiB eKCIIEPUMEHTIB.

JIOCTOBIpHICTh TEOPETHUYHMUX IMOJIOKEHb, BHUCHOBKIB 1 PEKOMEHHaliil podoTu
HIATBEPUKEHO  pe3ysbTaTaMU  E€KCIEPUMEHTAIbHUX  JOCHIPKeHb Ta  IPAKTHKOIO
BIIPOBAKEHHSI HOBOT TEXHOJIOT1i, YCTAHOBKU Ta IHCTPYMEHTY.

Haykoea nosuszna ooepicanux pe3yibmamis:

1. Bmepiie Ha OCHOBI JOCHIDKEHHSI TPOIECIB 3YEIUVICHHS MDK BHYTPIITHBOIO
MOBEPXHEI0 KOTJIa LIUCTEPHU Ta 3aCTUIVIMX 3AJMILIKIB PEUOBUH BCTAHOBJICHO 3YCHILIS IS
iX pyiiHyBaHHS Ta BIJOKPEMJICHHS;

2. Briepmie po3po0iieH0 TeopeTHyHy MOeNb PYWHYBaHHS Ta OYMIICHHS 13 BaroHiB-
LMCTEPH HAKOTIMYEHHS BAaHTAXIB, sIKI TBEPAHYTh LUISIXOM AUHAMIYHOTO BIUIMBY POOOYMX
€JIEMEHTIB IHCTPYMEHTY;

3. Briepuie po3po6IieHO TEXHOJOTIUHUNA Npoec BUOOPY €PEKTUBHUX TEXHOIOTTUHUX
PEXKUMIB MEXaHIYHOrO PYWHYBAHHS Ta BUJAJCHHS 13 BHYTPILIHIX MMOBEPXOHb BaroHiB-
IIMCTEPH 3aCTUTIIUX 3aJUIIKIB BAHTAXI1B, K1 TBEPIHYTh;

4. VYIOCKOHAJNIEHO TEOPETHUYHY MOJeNb (POPMYBaHHS MIOPCTKOCTI MeETaly Ta
BHYTPIIIHIX 3aJUIIKOBUX HAIPY>KEHb IMOBEPXOHb KOTIIB BaroHIB-IUCTEPH METOJOM
KOMIUIEKCHOTO BILTUBY €JIEMEHTIB IHCTPYMEHTY;

Ilpakmuune 3nauenna ompumanux pezyavmamie. OTpuMaHi pe3ynbTaTH MOXKYTb
OyTH BUKOpPHCTaHI y PEMOHTHOMY BUPOOHUIITBI Ha €Talll MPOBEICHHS MEXaHi30BaHHUX
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MiArOTOBUMX POOIT MEepel PEMOHTOM 3ai3HUYHUX BaroHiB-IIUCTEPH. TakokK BOHU MOXKYTh
OyTH BUKOPHCTaHI B PI3HUX 3aC00aX TPAHCIIOPTHUX MEPEBE3CHb.

Opepxkanu MOAANBIIOTO PO3BUTKY MPAKTHYHI PEKOMEHJalii 13 3a0e3leyeHHsIM
e(DEeKTUBHOCTI TEXHOJIOT1l OYMILEHHS BHYTPIIIHIX MOBEPXOHb BAroHIB-LIUCTEPH IEpe.
MOCTAHOBKOIO iX Y PEMOHT.

PesynpraTn auceprarniitHoi poOOTH BOpOBakKeHI y BaroHHoMy jerno BYJ[P-2
Jlporo6uy JIbBIBCHKOI 3aJI13HUIN JJI1 OYMCTKH BHYTPIITHBO1 MOBEPXHI KOTJIIB 3aJII3HUYHUX
IMCTEPH BiJl 3QJIMIIKIB BAHTAXIB, 110 TBEPAHYTh Ta SKICHOI MIATOTOBKHA OYHIICHOI
MOBEPXHI 7S MOJANIBLIOT eKCIUTyaTallli IUCTEPH.

Pesynpratn po0GOTH BHUKOPUCTAaHO JJisi TPOBEJACHHS MPAKTUYHUX 3aHATH 3
TUCITUTUTIHN «BaroHopeMoHTHI MammHHA Ta o0iagHaHHS» Ta «OCHOBHM €KCIUTyaTallii Ta
BITHOBJICHHs BaroHiB» Ha Kadenpi «Pyxomuit ckman i1 komis» (JIbBiBchka imist
JIHIIPONETPOBCHKOIO HAILIIOHAJIBHOIO YHIBEPCUTETY 3aJII3HUYHOTO TPAHCIOPTY IMEHI
akanemika B. JlazapsiHa).

Ocoboucmuii énecok 3000yeaua. OCHOBHI TOJIOKEHHS Ta PE3yIbTaTH JUCEPTALIHHUX
JOCIIKEHb OTPUMaHI aBTOPOM caMoOcCTiiHO. Kpim 1poro, y myOmikaiisx, y SKHX
B1JI0OOpa)KEHO OCHOBHI PE3YJIbTaTH JUCEPTAIlll Ta sIKI HANKMCaH1 y CIIBABTOPCTBI, aBTOP: Y
[1] — mpoBiB aHami3 iICHYIOYMX METO/IIB OYUCTKHU IMEPe]] 3aBaHTAKECHHSIM BaHTaxiB; y [3] —
MIPOBIB aHAJI3 B3a€EMO/III KOHTAKTYIOUMX MOBEPXOHb 3 PI3HUMHU SKICHUMH MOKa3HUKAMU
Marepiaiay, 10 BIUIMBAIOTh HAa 3HOCOCTIMKICTH EJEMEHTIB 1HCTPYMEHTIB 1 MOBEPXHIO
00poOku; y [4] — TeopeTHuHO OOIPYHTYBaB POOOTY IHCTPYMEHTIB, MPU3HAYCHUX JUIS
MEXaHI30BAHOTO PYHHYBaHHS MOHOJITHOCTI OPTOTPONHHUX MaTepiajliB Ta BHUJAJIEHHS iX
3QJIMIIKIB 13 MOPOKHHUH KOTHIB 1HUCTepH; y [10] — mocmiguB TEXHOJOTIYHI (pakTopH
MPOIECy MOBEPXHEBOI OOPOOKH IHCTPYMEHTOM 13 THYYKUMH POOOYUMHU €JIEMEHTaMu; y
[11] — po3poOHB MeTOMMKY AMHAMIYHHUX BUIIPOOOBYBAHb JCTaleli BAHTAXXHUX BAaroHIiB Ha
MIIHICTh Ta HAAIWHICTh, a TAaKOX IMPOBIB aHajl3 TPHUBAJIOCTI EKCIUTyaTailli sSKICHO
chopmoBaHoi moBepxHi; y [12] — mpoBiB aHami3 CTaTUYHHX BHUIPOOOBYBaHb JeTalieh
BaroHiB Ha C(EKTHBHICTh MOBEPXHEBOI 00poOkw; y [13] — po3poOuB mpuHIMI il
CEKIIIHOI IIITKX 32 IOMIOMOTOI0 KOJIMBHOTO PYXY, a TAKOX JTOCHIIUB TEIJIOBUI BIUIMB Ha
0o0pobneHy moBepxHiO; y [1l4] — mpoaHamizyBaB METOAM Ta IHCTPYMEHTH, SKi
3aCTOCOBYIOTBCS Yy ICHYIOUMX TEXHOJOTIYHMX MpOIEecax OYMILIEHHS €MHOCTEH,
pe3epByapiB Ta 3ali3HMYHMX LUCTEPH BiJ OCaiB OpraHiuHOro xapaktepy; y [15]
BUPIIIUB 337a4y CTBOPEHHS MEXaHI3My, KU 13 30BHI MOKHA HAMPABIATH KPi3b BY3bKY
TOPJIOBHHY 200 JIFOK EMHOCTI y BHYTPIIITHIO 1 TOPOXHUHY; Y [16] — po3poOuB npucTpiid, B
SKOMY PO3TOPTA€THCS BICh 3 THYYKMMH pOOOYMMH €JIeMEHTAMU Ha JOBXHUHY, PIBHY
MIOJIOBHHI JIOBXXHHH IUCTEPHH Ta Hamae oci 00epToBoro pyxy; y [17] — Bupimms 3amaqy
CTBOPEHHS YCTaHOBKH, 3aTHOI 3/IIMCHIOBATH OJHOYACHO OYHMCTKY 3HAYHOI 3a po3Mipamu
IUTOIIII MOBEPXHI MEXaHIYHMMHU TOPICBUMH IIiTKamu; y [18] — cmpoekryBaB mexaHi3M,
3aKpINUBIIM  SIKUMW B KOTJl IIMCTEPHU 3MYIIy€ UITKU 3A1MCHIOBATH 3BOPOTHO-
MOCTYMAbHANA PyX B3J0BX TOPU3OHTAIBHOI OCi KOTJIa nucrtepHu; y [20] — mpoBiB
E€KOHOMIYHHI aHaJli3 ICHYFOYOTO MPOIIECY OYUCTKHU ITUCTEPH.

Po6otm [2, 5-9, 19, 21-24] nanucani caMOCTIHHO, O3 CITIBaBTOPIB.

Anpobauina pezynbmamis oucepmayii. OCHOBHI pe3yJabTaTd poOOTH JOMOBIIATUC:
Ha 65 MiKHapo/HIH HayKOBO-TIpakTU4HIN KoH(pepeniii «[IpobremMu Ta mepCHeKTHBH
PO3BUTKY  3aJi3HUYHOrO  TpaHcmopty» (M. [uinpometrpoBcek, 2005 p.); Ha
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V MixHaponHiii  HaykoBiii  koH(epeHuii «IIpobmemMu  eKOHOMIKM  TPAHCHOPTY»
(M. IrinponeTtpoBchk, 2006 p.); Ha 73 MixHapOaHIH HAYKOBO-TIPAKTUYHIN KOH(MEpeHIil
«IIpobnemu Ta MePCIEKTUBU PO3BUTKY 3aTI3HUIHOTO TPAaHCTIOPTY» (M. JIHIMPOTIETPOBCHK,
2013 p.); ©Ha 74 MixHapoaHIi HayKOBO-NpakTU4YHIM KoHpepeHiii «IIpodremu Ta
MIEPCIIEKTUBH PO3BUTKY 3allI3HHYHOTO TpaHCmopTy» (M. JlHimpomerpoBcbk, 2014 p.); Ha
MixHapoaHIH HAyKOBO-TeXHIUHIM KoHpepeHiii «HoBi TexHosorii, o0JagHaHHS,
Marepiajid B OYJIBHHUIITBI 1 Ha TpaHCHOPTi», (M. XapkiB, 2014 p.); Ha 75 MixHapoaH1H
HAyKOBO-TIpakTHUHIA KoH(pepeHii «IIpobremMu Ta mepCcrleKTHBH PO3BUTKY 3aT13HUYHOTO
Tpa"cnopty» (M. Juinponerposebk, 2015 p.).

Ilyonixauii. Pe3ynbratu AucepTamiiHOi poboTh OmyOIikOoBaHO Yy 24 HAayKOBHX
mpamsix, y ToMy 4ucii: 9 — y croemiani3oBaHux ()axoBUX BUAAHHAX YKpaiHu, 1 — y
HAyKOBOMY TMEPIOJUYHOMY BHJAHHIO 1HO3EMHOI JiepkaBu, 1 — y OKypHanl,
3apeecTpPOBAHOMY B MDKHAPOAHMX KaTajorax, 6 AeKiapaliiiHiuX MaTeHTiB Ha BUHAXOU Ta
| maTeHT Ha KOPUCHY MOJIENb, 6 — T€3U JIONOBIJEH KOH(MEPEHITIH.

Cmpyxkmypa ma 06csaz pooomu. Jlucepraiiiiina po6oTa CKIIaJIa€ThCsl 3 BCTYITY, I SITH
PO3/UTiB, BUCHOBKY, CIUCKY BUKOPUCTAaHUX JKepeln 13 177 naiimenyBaHb. [loBHMIT 00csT
nucepraiii craHoButh 181 cropiHky, B ToMy uHci 165 OCHOBHOTO TEKCTY,
utroctpoBaHoro 61 pucynkamu ta 13 TabauIsIMu.

OCHOBHMUI 3MICT POBOTH

Y ecmyni oOrpyHTOBaHa aKkTyaJdbHICTh JOCHIKEHb, CcPopMyiIhbOBaHa MeTa 1
3aBJaHHS JOCHIKEHb, TPUBEJEHI OCHOBHI HayKOBI1 MOJIOKEHHS Ta pe3yJbTaTH, BUHECEHI
Ha 3aXUCT, a TaKOX BIAOMOCTI NP0 MNPAKTUYHE 3HAYEHHS PE3YJIbTATIB pPOOOTH, IX
armpoOaitiro 1 myOJIiKallio MaTepiaiiB JOCHIIKSHHS.

Y nepwiomy po3oini nHa OCHOBI AOCHIIKEHHS JITEPATYPHUX JHKEPEN 1 PeaibHOro
O3HAMOMJICHHSI TPOBEIEHO aHalll3 Cy4YaCHOI0 CTaHy MpOLEecy MIArOTOBYMX POOIT A0
PEMOHTY, 30KpeMa OYMIICHHS BarOH1B-IIUCTEPH Bl BAHTAXI1B, K1 TBEPAHYTh.

Hanpsmkn ynockoHaneHHs TEXHOJIOT1T OYUIIIEHHS KOTJI1B BarOHIB-IMCTEPH 3HAUIILIN
B1IOOpaKEHHA y 3HAYHIM KIJIBKOCTI HAYKOBHX Ipaib, siki mpoBomuiuck y JHVY3Ti,
YxpAY3Ti, AETYT1, BHAI3Ti, benIYTi, MIITi Ta iH.

[TutaHHsSAMH yJOCKOHAJIGHHSI TEXHOJIOT1l OYMINECHHS B YKpaiHi 3aliMaiaucs Taki
BunatHi BueHi, sk bopswios [.JI., byonos B.M., BnacoB A.C., 3aiionukoBchkuii [.O.,
Kymniuenko A.f., Maptunos I.E. Paguenko B.1O., Tapacenko T.B. Ta inmmii.

Cepen pociiicbkkux 1 OUIOpYCHKMX BYEHHMX CJIiJI Bia3Hauutu mnpaii bukora b.B.,
byraesa B. II., I'epacumoBa B. C., I'pumtomka B.I., I'yoenka B.K., Kosznosa 10.C.,
KysnenoBa O.K., Jlucuukuna E.A., Mopuunanze I.I'., Cenbka B.l.,, TenbHoBa A.D.,
[TactyxoBa [.®d. Ta 1H. OcHOBHMMH mpoOJEMaMU PO3BUTKY IIJTOTOBYMUX pPOOIT 0
PEMOHTY BaHTKHUX BaroHiB, 30KpeMa OUMIIEHHSIM KOTJIIB BarOHIB-IIUCTEPH 32 KOPIOHOM
3aiiMaroThes HaykoBii M. Kratzsch-Leichsenring, Jepsen Erik Lund, Sie Gunner Monrad,
Thoegersen Klaus Ta iH.

BcranoBieHo, 1o y 3ali3HUYHMX BarOHOPEMOHTHUX JEMO CKOHIICHTPOBaHI
MOTY>XHOCTI, 3/1aTHI CHPUATU TEXHIYHOMY MIATOTOBUYOMY OOCIyTOBYBaHHIO BaroHiB, a y
BUIAJKaX HEOOXITHOCTI — 1 IX PEMOHTYy. Y 3B’S3Ky 13 LIMM TEXHOJIOTIUHI Ofeparii
MITOTOBKM BaroHIB-IUCTEPH T 3aBAaHTAXEHHS € OJHOYACHO IMIJATOTOBYOI0 YaCTUHOIO
pPEMOHTHOTO Tmpouecy. HaBomsThCs TakoX TEXHIUHI XapaKTEPUCTHKH Ta crenudika



BaroHiB-LIUCTEPH ISl IEPEBE3E€HHS BaHTAXKIB, SIKI TBEPIHYTh.

Ha ocHOBI BUBYEHHS JiTEpaTypHHX JDKEpena JOCHIKEeHI OCOOIMBOCTI (Pi3HKO-
MEXaHIYHUX 1 XIMIYHUX BJIIACTUBOCTEH PEUOBUH, IKUM BJIACTHBE IIBUKE 3aCTUTAHHSL.

[3 mpoBemeHOro aHamizy HAYKOBO-AOCTIAHMX POOIT BUIUIMBAE, MO IMHTAHHIO
TEXHOJIOT1l OYHIIEHHS IOBEPXOHb BaroHIB-IIMCTEPH MNPHUAUISETHCS HEIOCTATHS yBara,
X04Ya BiI3HAYAETHCS aKTyadbHITh JaHOTO TTUTAHHS.

Y napyromy po3aiji HaBeleHI MaTreMaTH4HI MOJel TPUHIMIIB pyHHYBaHHS
MOHOJITHOCTI 3aCTUTJIOTO IIapy IIBHJIKOTBEPAHYYHMX BaHTaxiB. IlpencraBnena y
3aranbHii (opMi MaTeMaTH4YHA MOJIE]h BU3HAUCHHS YMOB PYWHYBaHHS, SIKa IPYHTYETHCS
Ha MPUMYLIEHHI, 0 TPAaHUYHA BEIMYMHA €HepTii (JOPMO3MIHEHHS € MOCTIMHOIO TPU BCIX
KOMOIHAIIAX HampyXeHb o,, o, Ta o,. g 3aCTOCYBaHHSA KPHUTEPiI0 pyHHYBaHHs

HEOOX1IHO MaTH IIICTh MPYKHUX KOHCTAHT 1 OJHE 3HAYCHHsI TPaHUIll MIIHOCTI MpH
MPOCTOMY PO3TATY, SKE J03BOJISI€ BHU3HAYUTH BEJIWYMHY TPAHUYHOI €Heprii, IIo
3aTpavyeThes HA MPOIEC pyHHYBaHHS:

ca-pE | a-a)E v2a2p)
Jl ﬂj.g : EEJ - . (1)

} (1}0;) _{2.(1—a—ﬂ;}+(1—2ﬁ)2E:T{(l_a);
9.(_ _ ZE]

r

(o

o)

ne o,, o,, ¢, — Hallpy>KCHHs, SIKI BIUIMBAIOTh HAa 3MIHY €JIE€MEHTapHOro od’emy; E —

y! z
MOAYJb TO3/I0OBXHBOI MpYyKHOCTI (Moayns IOura);, «, B, E; E; — npyxHi mapamerpu
Marepiany pyWHyBaHHS.

[IpuknananHs 10 EKCHEPUMEHTANbHOIO 3pa3ka JBOX OJHAKOBUX CTUCKYIOUHMX
HaIpyXeHb Ta OJHOTO PO3TATYIOYOro HANpy>KEHHS, AK€ HaNpsIMJICHE MEPHEeHIUKYISIPHO
AII0YMM CTHCKYIOUMM HampyXeHHSM, MATBEPKYE Yy MPABHIBHOCTI 3ampONOHOBAHOI
TEOPETUYHO1 BUKJIAIKH.

MopentoBaHHSI TEXHOJIOTIYHOTO MPOLIECY TEXHIYHOTO OOCIYrOBYBaHHS MIATOTOBYUX
pOOIT TPOBOAWIOCH HAa OCHOBI CHCTEMHOTO miaxoay. OcoOiuBICTH HOro mossirac B
po3po0Il MoJenel OKpeMUX CTPYKTYyp TMpOIECy, a TaKoX MOJEIeH CTPYKTyp y ix
B3a€MO3B’s3Ky. OCHOBHA CyTh MOJIETIOBaHHS Mpolecy oOpoOKM ToJifArae y 34aTHOCTI
MOETHYBAHHS IBOX, MPOTHJICKHHUX 32 CBOEIO CYTTIO, AMHAMIUHUX MPOLECIB — pyHHYBaHHS
MOHOJIITHOCTI 3aCTUTJIOI MaCH PEYOBHHH Ta KOHIIEHTPAIII1 3pyHHOBAHOTO 1 PO3POOICHOTO
nulaMy 3 OJHOYAaCHUM SIKICHUM (OpMyBaHHSIM TIOBEpXHI METally BHYTPIIIHBOI
MOPOKHUHU KOTJIa BarOHa-IIUCTEPHHU.

1) Ilpoyec pyiinysanns enaciiook ounamiunozo yoapy. J1o GhakTopis, sKi BIUIMBAIOTh
Ha JMHAMIKY CHUCTEMH «ILap 3aCTHUIJIOr0 BaHTaXy — IHCTPYMEHT OOpOOKH» 1 Ha SIKICTh
pyHHYBaHHS, BIAHOCSTBHCS: YAaCTOTa BHMMYIICHOTO BIUIMBY; pO3MaxX BEPTHKAIbHUX
KOJIMBaHb, BiJ [IEHTPOBE 3yCHJIJIS; Bara HEaMOPTHU30BAaHUX YAaCTHH MEXaHi3My;
BIIHOIIICHHS BIAIEHTPOBUX CHJI JO Baru; CTIMKICTH POOOTH MEXaHi3My; IIBUIKICTh
NepeMIIIeHHS JaHOTO MEXaH13MYy; THII 1 TOBLIMHA PYHHIBHOTO IIApy MaTepiaiy.
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Y mpoMikKax MDK yZapaMd TEpeMillleHHs poOouYoi TOJOBKH OIHUCY€ETHCS
HACTYITHUMM JIIHIHHUMH TU(PEPEHIIIMHIMU PIBHSIHHAMM:
my=-H+F,-Sin(w-t+8); mx=-F,-Cos(w-t+24), (2)
ne B — HeBimomui ¢aszoBuii kyT; H — BigHOBmIOMOYI 3ycwui, Fo — ammmtyga
BUMYIITYIOYHX 3yCUJIb; () — KyTOBa 9YaCTOTa BUMYIITYIOUHX 3yCHJIb; t — 4ac, a ToOuKkaMu Haj
CHUMBOJIaMHU BKa3y€eThCs PO nudepeHiiroBanHs 1o .

Wy

WA 7 I

, y p . 'R 75
5 S ( ] oy 4

Puc. 1. TpaexTopist nepemillieHHs €IEMEHTapHOTO IIKIIa IIAPOIIKH B IHTEpBAIaxX MIX yIapaMu

BuBeneni piBHAHHS, 3TiIHO SKWX BH3HAYA€EMO TMOTYXHICTh, IO MEPEIAETHCS
IHCTPYMEHTOM JO TMOBEPXHI 3aCTUIJIOT0 MaTepiajly Ta CEepeAHI0 IIBUAKICTb HOTO
MepeMIIICHHS:

m- o 1+e’

\Y o H -quRz—Mzﬂ'z’ (4)

X:2|\/|7Z':m-a)

P

0]
ne H — BIIHOBJIIOIOYE 3YyCWILIS; m — Maca yJIapHOro eJIeMEHTYy pyiHyBaHHs; Fo W —
aMILTITyJla Ta 4YaCcTOTa MEPEMIIICHHs yIapHOro enemMeHTy; M — nepioa KonuBaHHs; Fr —
0e3po3MipHE 3yCUILIS.

2) B3aemooisi ouucHux enemenmie I[HCMPYMEHmy i3 3aCMUuauMu  3aTUlKamMu
peuosun. KOHTaKTHA B3a€MOJIisl THYYKHUX POOOYMX €JIEMEHTIB OYMCHUX CEKIIIHA 3a CBOIMU
O0COOJIMBOCTSIMU 3HAYHO BIAPIZHSAETHCS BIJl XapaKTepy BIUIMBY Ha IMOBEPXHIO 0OpOOKHU
poOouKx eneMeHTIB mapomok. OcoOIUBOCTI MOJATAIOTh B TOMY, 110 KOHTAKTHI 3yCHILISA
THYYKUX pOOOYMX €JIEMEHTIB B MOMEHT MUTTEBOTO yJapy 00 MOBEPXHIO 3pYHHOBAHOTO
[laMy BIUIMBAIOTh HE JIMIIE Ha MOBEPXHIO, ajie i Ha CycCigHl (BUTHYTI Ta YIIUIbHEHI)
IPOTHHKHA JaHoi cekmii. Jlani oOCTaBMHM NPUBOASATH JI0 3HWKCHHS I1HTEHCHBHOCTI
nepopMyBaHHs IOBEPXHEBOT'O IIAPy SIK 3aCTUIIIOI MacH, TaK 1 MeTaly IUCTEPHHU.

PosrnsimaeMo pyx KOXHOTO 13 CHIBYJApHUX Tiid (ONWUHUYHWUNA THYYKUW €JIIEMEHT —
MOBEpXHsI OOpOOKM) HAa OCHOBI TeOpeM AWMHAMIKH BIJTHOCHO MHTTEBHUX CHII, A€ [0
JAPOTHHKHU 3aCTOCOBaHA TEOpeMa IMpO 3MIHY T'OJOBHOI'O MOMEHTY KUIBKOCTI pyXy, a AJis
NOBEepXHI OOpoOKHM — TeopemMa KIHETHYHOI €HEprii, TO BCTAHOBJIOETHCA 3AJICKHICTh
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KIHIIEBOi IIBUAKOCTI Vi BiJi KOHCTPYKTUBHUX 1 TEXHOJIOTIYHUX MapaMeTpiB TOPLEBOI
CEKIIIMHOT IIITKHU:
V
uj
Vi = , (5)

m, R-12 .
'sz(ﬂH _(PH)

1+3—--
m, R*—(R-I)’

7€ m; Ta m, — MacH, BiATIOBiTHO, OMUHUYHOI TPOTUHKHA Ta OJUHUIHOTO 00’ €My PEUOBUHU
BUJAJICHHS; [, Ta ¢, — BIANOBIAHO POOOYMI KyTH MOBOPOTY IIITKM Ta KOHTAKTY
THYYKOTO €JIEMEHTY 3 MMOBEPXHEI0 00POOKH.

Kinetnuna enepris Wy yaapsirodoro Tina MepeTBOPIOETHCS B MOTEHIIATBHY €HEPTiI0
W,; tioro medopmartii (Wx = Wp;). s KOHCOIBHO 3aKPITUICHOTO OJUHUYHOTO THYYKOTO
CJIEMEHTY:

P>

"TGEd, ©
Jo - o,

WK:T; (7)

ne |, — moBXkWHA NPOTHHKH, KA BUTHHAETHCS NMPU KOHTAKTI; J., — MOMEHT IHEpIll
MONEPEYHOro Mepepizy OAMHUYHOTO THYYKOrO PoOOYOro eIeMEHTy; P — MakCUMajbHE
3yCUJUI, SIKE JIl€ Ha KIHUI APOTUHKU; Jo — JAMHAMIYHHN MOMEHT 1HEpILil OJUHUYHOIO
THYYKOT'0 poO0YOro €JIeMEHTY.

3ycuiuis yaapy nepeaHiMu (aTakyrouuMH) IPOTHHKAMU CeKIIii Oy/e:

pZKZTT‘”.\/mn.[R3—(R—I32)3]-E~J. (8)

3T

Ha puc. 2 y Burmsami rpadikiB HaBeJeHI 3aJI€KHOCTI KOHTAKTHOTO 3YCHJUIS Bij
TEXHOJIOTIYHUX PEXKUMIB OOpoOkHu. 3ycwiia P 3pocTae 13 MiABUILIEHHSIM IIBUAKOCTI
o0epTaHHsl TOPLEBOI WIITKHA, PO3MIPIB MOMEPEYHOr0 Mepepidy OJMHUYHOTO THYYKOTO
po0O0YOro eIeMEHTY Ta 3MEHUIEHHS! BETMYMHU OT0 BUIBHOTO BUJIBOTY.

XapakTepucTuka yaapHoro aeopMyBaHHsS €BOJBBEHTHUMU CEKLISIMU 1HCTPYMEHTY,
AK€ KpIM OCTaTOYHOrO0 pPYHHYBaHHS PO3APOOJEHUX 3aJMIIKIB 3aCTUIVIMX PEYOBUH
OJIHOYACHO 3AINCHIOE fKICHE (OPMYBaHHA MOBEPXHI MeETally KOTJIA ILUCTEPHH,
BU3HAYAETHCSI HE JIMIIE BEJIMYMHOK KOHTAKTHOTO 3YCHIUIS, (I3MKO-MEXaHIYHUMHU
BJIACTUBOCTSIMU KOHTAKTYIOUHMX TUI, ajie W po3MipaMu Ta (HOpMOI0 poOOUOi MOBEPXHI
THYYKHX POOOYUX €JIEMEHTIB.

P H

177

Puc.2. Bnmus mBuakocTti yaapy (1),
JOBKUHU BIJILHOTO BUJILOTY IPOTUHKH
(2) Ta 1l miametpy (3) Ha 3ycHILIs
KOHTAaKTyBaHHSI
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Y TperboMy po31iii HaBeAeH! MOJAETI OCHOBHUX MPHUHIMIIB PYHHYBaHHS KpUCTai-
30BaHMX 3aIMIIKIB IIBUAKOTBEPIHYUMX PEUOBHH, SIKI IPYHTYIOTHCSI HA OCHOBI KOMILIEKCHOTO
MEXaHIYHOTO BIUIMBY, 110 00’ €IHY€ JUHAMIYHI yIapu KacKaJly IIapoIIOK 1 CeKIIHO HaOpaHi
Ta €BOJIbBEHTHO PO3TAIIOBAH1 KOMILJIEKCH 13 THYYKUMH POOOYUMHU €JI€MEHTaMH.

KoHcTpykilist pyitHIBHO-OUHCHOTO 1HCTPYMEHTY (pHc.3), peKUMU TIpoliecy 00poOKHU Ta
e(eKTHUBHICTb 1X 3aCTOCOBYBaHHs O€3MOCEPEIHbO BIUIMBAIOTh HA JIOCSTHEHHS Y BUPIIICHHI
TOJIOBHOI 3aJjadyl — pPYWHYBaHHS MOHOJITHOCTI 3aCTUTIIMX 3aJIMIIKIB TPAHCIOPTOBAHUX
PEUOBMH Ta IX BUJAJICHHS 13 MOPOXKHUH KOTJIB 3ali3HUYHUX LUCTEPH 13 OJHOYACHUM
AKICHUM (OpPMYBaHHSIM TMOBEPXHEBOTO IIapy MeTalny AOHHOI iX dacTHHU. CyTT€BUM
(dakTopoM pO3pOOJCHOTO0 TEXHOJOTIYHOTO TPOIECY € TPUBAIICTh 1 HAAINHICTD
e(peKTUBHOCTI €KCILTyaTaIlil 3anpornoHOBaHOTO IHCTPYMEHTY.

VY nmanoMmy po3dini KOHCTaTOBaHO, IIO: pe3yNbTaTh pPyHHYBaHHS Ta BHUJAJCHHA 13
MOPOXHUH KOTIIB 3aJI3HUYHUX LUCTEPH 3aJekKaTh O€3MOCepeqHbO Bil €(EKTUBHOCTI
KOMOIHOBAHOTO BIUIMBY Ha IMOBEPXHIO OOpOOKM pOOOYMX EJIIEMEHTIB IHCTPYMEHTY SIK
OKPEMO, TaK 1 B KOMILIEKC1, TOOTO, SK BiJl BILTUBY POOOYMX €JIEMEHTIB MIAPOIIKH, TaK 1 Bl
e(EeKTUBHOCTI pOOOTH €JIEMEHTIB OYMIIYBaHHS; HaJaHa IepeBara B SKOCTI IapameTpy,
AKUW XapaKTepu3ye MEXaHI4Hl Ta eKCIUTyaTallliHI XapaKTEPUCTUKU POOOUYUX €JIEMEHTIB
IHCTPYMEHTY JUIsl PYHHIBHUX IIAPOIIOK — MIIHICTh MIWIMIB, & JJIS THYYKHX POOOYMX
€JIEMEHTIB €BOJIbBBEHTHUX OYHCHMX CEKII — iX JKOPCTKICTb; PO3IIMPEHHS MEX
BUKOPUCTAHHA pE3YyJbTaTIB BUMIPIOBAHHS CHJIOBHX XapaKTEPUCTHK KOMILIEKCHOTO
BIUTUBY POOOYMX €JEMEHTIB 1HCTPYMEHTY MOXKIUBE JIUINE 32 PaxyHOK MPHUBEACHHS [0
OJIMHUIIl €JIEMEHTAPHOI IO KOKHOTO 13 BUJIB KOHTAKTYIOUHMX 13 MOBEPXHEIO 0OpOOKU
€JIEMEHTIB 10 BEIWYMHH 3yCWJUII Ta  TMOTYXXHOCTI  MpOLECy; MpPOBEACHHS
€KCIIEPUMEHTAJIbHUX  JIOCHIJDKEHb 13  3aCTOCOBYBaHHSIM  TeOpli  MaTeMaTUYHOIO
IJIaHYBaHHS EKCHEpUMEHTIB JO03BOJISIE MpU MIHIMAJIbHUX 3aTpaTax BUPOOHUYMX
MOTYKHOCTE Ta 4Yacy BUBYUTU SKICHI Ta €(QEKTHBHI OCOOJMBOCTI JaHOTO MpPOILECY
MIITOTOBYMX POOIT BaHTAXKHKUX 3aC001B 3aJII3HUYHOTO TPAHCIIOPTY.

Puc. 3. PyliHiBHO-OYMCHUI
IHCTPYMEHT /151 BUJAJIICHHS 13 HUCTEPH
3aCTUIIIUX 3QJIMILIKIB PEUOBUH

Y d4erBepTOoOMy po3aidi po3poOjeHA METOAMKA ONTUMAIBHUX Ta eGEeKTHBHUX
TEXHOJIOTIYHUX PEXUMIB OYHIINCHHS BHYTPIIIHIX TOBEPXOHb BaroHIB-IIUCTEPH BIJ
3aCTHUTIIUX 3QJIMIIKIB PEUOBUH, K1 TBEPIAHYTh.

JIOMiHYI04OI0 OCOOJIMBICTIO Ta BAaXKJIMBICTIO BIPOBAIKEHHS Y BUPOOHMIITBO Oy/b-
SKOTO TEXHOJIOTIYHOTO TMPOIeCy € Horo eKkoHoMmiuHa e(eKTHBHICTh. B mepimry depry e
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CTOCY€ETbCA EKCIUTyaTallliHUX €HEeproBUTpaT, (IHAHCOBHX BHUTPAT Ha TEXHOJIOTIYHE
oOJlalHaHHS Ta IHCTPYMEHT, T€PMIH iX €(peKTUBHOI eKcIulyarallii Tomo. Bci HaBeaeHi
€KOHOMI4YHI ()aKTOPH TEXHOJIOTTYHOTO IMPOIIECY 3a37aler1Ib PO3PaXOBYIOThCS I1I€ Ha eTarri
MOYAaTKOBOTO TMPOEKTYBAaHHA 1 3a iX pe3yJbTaTaMUd BHOCATHCS TIE€BHI KOPEKTUBH B
3arajJbHUM MPOEKT MallOyTHROTO BUPOOHUIITBA A00 OKPEMOTO TEXHOJIOTTYHOTO MPOIIECY.

[Tonepenns ampoOariisi JTaHOTO PO3POOJIEHOrO TEXMPOIECY BKaszajla Ha Te, IO
HaWOLIbIIe 3yCHIUII KOHTAKTHOI B3a€MOJIi BHHUKAE IpH OOpoOIl 3acTUTIIOl MacH
TOPLEBOIO IIITKOIO. Y JaHOMY BHUMAJAKYy B KOHTAaKT 13 MOBEPXHEI0 OOPOOKH OJHOYACHO
BCTYMalOTh BCl po0OOYl TOPI JPOTHHOK CEKIIA I1HCTPYMEHTY, OTXE MPHUKIaJaHHSI
MaKCHUMaJIbHOI TIOTYXHOCT1 JaHOTO TPOIECY OOpPOOKH MOKE PO3TISIATUCH, SK IPOIIEC
MMOBEPXHEBOTO MITi(h)yBaHHS.

Jis  BCIX  TEXHOJOTIYHUX  CIMOCO0IB  HITi(yBasbHOI  OOpOOKH  TOJOBHUM
nepeMinieHHsaM pizanas Vi (m/c) € obepranns iHcTpyMeHTY. [Ipn 0OpoOIii moBepxHi 1Mo
BCIf IIMPHHI CITIJT TAKOXK BPAaxOBYBAaTH IIMPUHY D(1m) 30HM KOHTAaKTYBaHHS Ta TNIMOMHY
pizanas t (wm). EdexTuBHa MOTY)XHICT, TpU INLII(GYBaHHI PO3PAXOBYETHCSA 3TiIHO
HACTYMHOI eMITIPUYHOT 3aJI€KHOCTI

N=C,-V"-t*-b*, (9)
ne Cy — xkoedimient nuridhyBaHHs; I, Y, Z — MOKa3HUKHU CTEIICHI.

3rigHo 1HopMaIli JITepaTypHUX IKepel, KoedilieHT NuliQyBaHHS Ta MOKAa3HUKU
creneni OynyTh piBanME: Cy = 0,39; r = 0,5; x = 0,5; z = 0,6. IlincTaBUBIIN y 3aJICKHICTh
(9) makcuMallbHI 3HAYEHHS PEXUMIB OOPOOKH, OTPUMYEMO BEIMYHHY MaKCHMAaJIbHOI
MOTY>KHOCT1 TEXHOJIOTTYHOTO MPOILIECY MTOBEPXHEBOI 0OPOOKHU MaTepiany:

N, =C, VI -tX -bi =017-7,55%.3°.30°° =932 xBm. (10)

max max max

3riHO  BCTAHOBJIEHOI HEOOXIOHOI TMOTYKHOCTI MPUHAMAEMO  ACHHXPOHHUUI
enektpoaBuryd tuny MTK® 211-6 motyxknictio N; = 10,5 xBm 1 yacToTor0 obepTaHHS
potopa n; = 915 x6 ™,

Kapetka 13 3akpimieHUM MEXaHi3MOM 1HCTPYMEHTY OOpOOKH, MepeMINIyeThCs 3a
J0IOMOTO0 MOTOp-peaykropa Tuiry MI[U-63 13 mOTyKHICTIO Ha IMBHUAKOX1THOMY Baixy N,
= 1,5 xBm, HOMIHAIBHOIO YAacTOTOK OOEPTAHHS BUXIJHOIO BAlly M4, = 88 x6" Ta
HOMIHAJIBHUM TI€peIaBaIbHUM unciioM [ = 16.

st 3abe3nedeHHsT HOpPMajbHUX [JI1 POOOTHM CaHITAPHO-TITIEHIYHUX YMOB 1
30epeXeHHSI BIAMOBIIHO CaHITAPHUM HOPMaM  EKOJIOTIYHUX yMOB  OTOYYHOHOTO
CepeloBUIlla, 30Ha pPOOOTH y BaroHI-IIUCTEPHI PYHHIBHO-OYMCHOTO 1HCTPYMEHTY
OrOpoDKCHa OpE3eHTOBUM KOXKYXOM, 13 BHYTPIIIHBOI IOPOKHUHU SKOTO IIISIXOM
BEHTWJISIIT 3/IMCHIOETBCS TPOIEC BUJAJIECHHS PO3APOOJEHUX YaCTOUOK 3aCTUTIIMX
pPEUYOBHH Ta MuiIy. Y JaHOMY TEXHOJOTIYHOMY Mpoleci mnepeadayeHe 3acTOCyBaHHS
ABTOHOMHOI KOMITPECOPHO-BEHTUJISAIIIMHOI YCTAHOBKH JIJISI MICLIEBOT BUTSDKHOT BEHTHIIALLII,
Npy SKIA MBUAKICTh BUTATY MOBITPS B KOMIIPECOPHO-BEHTWISIINHOT YCTAHOBII Jis
JTAHOTO BUIY OOPOOKHM BU3HAYAETHCS 3T1IHO 3aJI€KHOCTI

Vv 8,5
Ve =332 4/ | (11)

VX 2 2
16-()(] 16.[ %2
d 05

ne Vo — IBUIKICTH MOBITPs B 30H1 00po0kH, (Vo = 8,5 m/c); x — paaiyc 3ouu 00poOku, m; d
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— JlaMeTp OTBOPY BUTSKHOTO BEHTHUIISITOPA, M.

3riIHO pe3yJbTaTiB OTPUMAHMX PO3PAXyHKIB 3a PEKOMEHIAIISIMU JIOBIIHUKOBOL
JiTepaTypu MPUUMAEMO BEHTUIATOP ocboBHil Moxeni B 06-300 i3 MOTYXXHICTIO
enextponsuryna Ng = 0,12 kBm Ta npoaykrusmictio n = 1500 xs ™. 3aranbHa MOTYKHICTb
npoliecy pyHHYBaHHS 3QJIUIIKIB 3aCTUTINX PEYOBUH CTAHOBUTHUME:

N,.. =Ni+Np+ Ng=10,5+1,5+0,12 = 12,12 xBm. (12)

BBenennst y nmaniii poOGOTi CITIBBIJHOIIEHHS B3a€MOJIIi MOIIKOKEHb BiAHOCHTHCS
TOJIOBHUM YMHOM JI0 TaKMX €JIEMEHTIB KOHCTPYKIii IHCTPYMEHTY, SIKi BHACTIIOK BILTUBY
IITUPOKOCMYTOBUX TayCCIBCHKMX BHITAJIKOBHX HABAHTAKCHb 3IMCHIOIOTH KOJIMBAHHS 13
CBOIMHM PE30HAHCHUMHU a00 HAaBKOJOPE30HAHCHUMH YacToTamu. [Ipu Takux KOJMBaHHSIX
HAmpy)XeHHsI B poOOYMX eJIeMEHTaxX SfBIIsi€E COOOI0 BY3BKOCMYTOBHH TayCCIBCHKUI
BUIAJKOBUI mporec 13 HAOMMKEHHMH [0 HyJIs CepeIHIMH 3HAYCHHSIMH Ta 13
CEpEeIHbOKBAAPATUYHUM 3HAUYCHHSIM o . ['yCTHHA MMOBIPHOCTI 3TMHAI0Y0I KPUBOI IIUKJIIB
(aMIUTITY) TAaKOTO HAIpPY>KEHHS HAOJIMKEHO MiAMOPSIKOBYETHCS PO3MOJIIeHHI0 Pernes.
Taki 3akOHHM 3MIHM HaNpy>K€Hb IO YaCOBI XapaKTEPU3YIOThCS MOPIBHSIHO HE3HAYHOIO
KUIBKICTIO IIUKJIIB HAMPY>KEHHSI BUCOKOI aMILIITY/IM y MOPIBHSHHI 13 NUKJIAMH HEBEJIMKHUX
amrnityn. Uk BHCOKOT aMIUIITYIM MNPUBOAUTH JO TMEpeBaHTaXeHHs, TOOTO 10
MiIBUILEHHA JAedopMaiiii. BennumHa MakCUMambHOTO TMIKY Sp BY3bKOCMYTOBUX
rayCcCiBChbKMX BHITaJIKOBUX HAIPY>K€Hb 3QJIKUTH BiJl IIUPUHHU CIIEKTPY HAIMpPY>KEHHS Ta
B1Jl TpUBaJoCcTi HaBaHTaxkeHHs. [lomkomkenns: Ds BijI MiKy Hanpy>KeHb S BU3HAYAETHCS:

Dy =—| — 13
S
Ng S ’ (13)
1€ Ng — KUTBKICTh IUKJIIB HAMPY>KEHHS 3 aMILTTY 1010 S; Ns — KUTBKICTh IUKJIIB JI0 pyWHYBaHHS
TPY aMILTITY 1 HanpykeHb S; d — MOKa3HUK POOOTH TUIACTUYHOTO Je(hOPMYyBaHHSI.
EdexkT HakonmMyeHHsI MOUIKOIKEHb ONMHUCYETHCA IHTETPYBAaHHSAM HENHINHOI (yHKIIIT
(13) mo BciM piBHAM aMILTITYJ HAMPY>KEHHS A0 Sy. YMOBa pyilHYBaHHS BUPAKaTUMEThCS:

Sm
j D,dS =1, (14)
0

JIOBTrOBIUHICTh CTOMJIEHICTIO, TOOTO OYiKyBaHa KUIbKICTh LIMKIIB 0 pyilHYBaHHS Ny,
MO’KHa BCTAHOBUTH Ha OCHOBI 3aIPOIIOHOBAHOTO MOJM(DIKOBAHOTO MpaBUiia JIHIMHOTO
nonaBaHHsS nUsIXoM migctaHoBku B (13) Ta (14) mapameTpiB  BY3bKOCMYTOBHX
rayCCiBChbKMX BHIMAJKOBUX HamNpyXeHb. BHACIIIOK [OTO OTPUMYETHCS CTEIEHEBA
3aJIE)KHICTH JOBIOBIYHOCTI BiJ o .

Ha puc. 4 naBenenuit macimraboBaHuii Tpadik TyCTHHH WMOBIPHOCTI MOIIKOIKECHb
poOOUMX €JEMEHTIB 1HCTPYMEHTY OOpOOKHM 3TyClIMX 3aJIMIIKIB PEUYOBUH 3T1THO MpaBHiia
JIHIMHOTO Ta HEJIHIHHOTO J01aBaHHI.

Crin 3ayBakKUTH, 10 HAWOIIBIIE IMOIIKOKCHb BUHHUKAIOTH ITUKJIAMH HaIPYy>KEHb 3
aMILTITYJIO0 Bil 20 10 50 . L{ukiM 3 aMIUTITY010 BHUINE 50 MOXYTh BHUKIIMKATH YK
3HAYH1 MOIIKOJKEHHS, OJHAK TaKl UKJIHU, SKIIO0 1 BUHUKAIOTh, TO AyXe piako. [lukmu 3
aMIUTITYJIO0 MEHIIE 20 BUHHMKAKOTh JOBOJI 4YacTO, OJIHAK OyAb-SKUX 3HAYHUX
MOIIKO/DKEHh HE CHPHYMHSIOTH. MaKCHMyM TIOIIKO/DKEHb y HaBEJACHOMY TPHKIIAJI
MIpUIIaJIa€ Ha UK 3 aMILTITY010 3,230 .

Y m’saromy po3aini 3riTHO MaTeMaTUYHUX MOJENe Mpolecy pyHHYBaHHS 3aCTUTIINX
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3IMIIKIB TPAHCHOPTOBAHOTO MaTepiady, HaBEACHUX Y PO3IUTL 2, JOCIIKYETbCS SIKICHE
dbopMyBaHHS MeETaly BHYTPINIHBOI MMOBEPXHI MOPOKHUHM KOTJIAa BaroHa-mucTepHH. [lif
MOHSITTSAM SIKICHOTO (DOPMYBaHHSIM ITOBEPXHEBOTO IIapy METaTy CJIiJT PO3YMITH TaKl HACII KA
BIUIMBY TEXHOJIOTIYHHMX IIPOLIECIB MEXaHIYHOI OOpOOKM 13 pYHHYBaHHSM Ta BHIAJICHHSIM
3aCTUIJIMX 3AJIMIIKIB BaHTAXKIB, 10 TOB’s3aHI 13 KOHTAKTYBaHHSM pPOOOYMX EJIEMEHTIB
THCTPYMEHTY O€3MOCepeHbO SK 13 3aJMIIKAMU BaHTAXY, TaK 1 3 METAJOM BHYTPIIIHBOI
MOBEpXHI KOTJIa IHMCTepHU. KOMITIEKC TEXHONOTIYHMX 3a7a4 13 SKICHOTO (hOpMyBaHHS
MOBEpXHI MeTany o0’€fHye B cOOl Takli YMHHHKH TPOLECY, SK (POpMyBaHHS IHIOPCTKOCTI
MOBEPXHI, 3MIIHEHHS TOBEPXHEBOrO IApy METaly, BHHUKHEHHS BHACTIJOK MEXaHIYHOI
00poOKH BHYTPIIIHIX 3aIUIIKOBUX HAIPYXEHb Ta 3MiHH BHACIIIOK HET CTPYKTYpPH METAaTy.

Puc. 4 MacmraboBana rycTuHa
HMOBIPHOCTI HOIIKO/KEHB 3T1AHO
MpaBuJia JIHIMHOTO Ta HEMIHIHHOTO
JI0/IaBaHHs

AHani3 pe3ysbTariB JOCHIIKEHb 3 (JOPMYBaHHS BUCOTH NPO(MUII0 MOPCTKOCTI IPH
0o0poOIll pI3HUMH 3a XapakTepamMu poOOOUYMMH €JIEMEHTAaMU I1HCTPYMEHTY J03BOJIsIE
3pOOUTH BHUCHOBOK, IO Ha ()OPMYBAHHS LIOPCTKOCTI MOBEPXHI BIUIMBAIOTh HACTYIIHI
dakTopu: TIMOMHA TPOHUKHEHHS POOOYOi MOBEpPXHI pPOOOYOi YACTHHU 1HCTPYMEHTIB
(UMmiB MIAPOMIOK 1 THYYKUX €JIEMEHTIB IIITKH); KIHEMaThKa iX PoOOYMX MEpPEMIIICHb;
KOJIUBHE TIEPEMIIIIEHHS] IHCTPYMEHTY BITHOCHO MOBEPXHI 00pOOKH; MPY>KHI Ta TIACTUYHI
nedopMarii  Marepiasry B 30HI O€3MOCEepeaHBbOrO0 KOHTAKTYBAaHHS 13  POOOYMMU
eJIeMEHTaMH 1HCTPYMEHTY.

VY 3anmexHOCTi BiJi yMOB OOpPOOKH MOPOKHHHH KOTJIA IIMCTEPHU CTEMIHb BIUIMBY
KOYKHOTO 13 1IuX (pakTopiB Ha (hopMyBaHHS MIOPCTKOCTI Oyzae pizHow. HaBeneni (paxropu
BUKJIMKAIOTh YTBOPEHHS CHUCTEMATUYHOI CKJIAJI0OBOI MPO(MUI0 MIOPCTKOCTI, SIKY MOKHA
OTHCATH MAaTEeMAaTUYHO:

R, =hi(h)) ¥ (hy+hs+hy), (15)
ne hy, hy, hy ta hy — ckmamoBi mpodito MOPCTKOCTI MOBEPXHI, SAKI OO0YMOBIIEHI,
BIJINOBIJIHO: TIUOMHOIO TPOHUKHEHHS pPOoO0YO0i TOBEpPXHI POOOUYOi YACTUHMU IIUIIB
[IApOITIOK, KIHEMATUKH iX pOoOOYUX TMEepeMillleHb, KOJMBHE TMEPEMIIEHHS 1HCTPYMEHTY
BIJIHOCHO TIOBEpXHI OOpOOKH, TPYXHI Ta IUTACTHYHI JAedopmariii Marepiady B 30HI

6e3nocepeIHbOr0 KOHTAKTYBAaHHS i3 pOOOYMMH eleMeHTaMH iHCTpyMeHTy; N — rnubuna

MIPOHUKHEHHS MTOBEPXHI pOO0YOi YACTUHU THYYKHUX €JIE€MEHTIB IHCTPYMEHTY 0OpOOKH.

[Ipu ymapHO-00EpTOBOMY MEPEMIIICHHI IIAPOIIOK, pYHHYBaHHS h; croudaTky
3aCTUIIIUX 3QJIMILIKIB PEYOBUH, a Jail — (popMyBaHHS NpOo(dII0 MOPCTKOCTI BHYTPIIIHBOT
MOBEpPXHI KOTJIa LMCTEPHHU, BIIOYBAlOTHbCS MiJ  BIUIMBOM TEBHOIO  YAapHOTO
HABAHTAXKEHHS, a TAKOX Yy MepepBax MK yJapaMHy 3a paxyHOK 00€pTOBOIO MOMEHTY, X0ua
MOTYXKHICTh MEXaHI3My OOepTaHHS € 3HayHO MEHIIow yaapHoro. Ilicis mneBHUX
MaTEeMaTUYHUX MEPETBOPEHb, TJIUOMHA NPOHUMKHEHHS IIWIAa MIAPOIIKM B MaTepiai
00pOOKH CTAaHOBUTHME:
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a ]
2-d-o¢r '(tgz"'ﬂlj'Kﬂ

h, = (16)

ne Py — 3ycumist yaapy; O cr — TpaHHIl MIIHOCTI Matepialy 0OpoOKH IIPU OJHOBICHOMY
CTHCKY; d — miameTp mrapomku;N; — MIMOMHA MPOHUKHEHHS IIIHWITA MAPOIIKK B MaTepias
00poOku; My — KoedIilieHT TepTd KOHTAKTYyIOUWX wMatepiaiiB; Kzr — KoedilieHT
3aTyIUICHHS POOOYUX €JIEMEHTIB IAPOIIKH.
['muOuHa NMpoHWKHEHHS h| po0oYoi MOBEepXHI poOOYOl YAaCTHUHHU IHCTPYMEHTY, IO
CKJIQIA€THCS 31 THYYKUX €JIEMEHTIB IIITKH PO3PaXOBYETHCS 3T1IHO 3AIEKHOCTI
h; =2-(1-Cosg, )+S - Sing, - Cosg, —Sing, -,/S-Sing, -(2r —S - Sing, ), (17)

ne I — paaiyc GopMyrouoi MOBEPXHI OJMHUYHOTO THYYKOIO €JIEMEHTY; (¢, - 3aJHIi KyT

BTUCKYBaHHS APOTUHKH Yy TIOBEPXHIO 0OPOOKHU.

HaiiOinpm cyTTeBUM BIUIMBOM Ha (OpMYBaHHS MNPO(QUI0 MIOPCTKOCTI MOBEPXHI
MeTaly, M0 3ajJeXkaTh BiJ KIHEMAaTUKW [EPEeMIllleHh pPOOOYHMX eJeMeHTiB, h, €
KOHTaKTYBAaHHS 13 JaHOK MOBEPXHEIO MIWIIB IIAPOIIOK, OCKUIBKM KpIM AUHAMIYHOIO
ylapy BOHU Yy Tipolieci OOpoOKH 3IACHIOIOTH IEe W CKJIaJHEe O00epTOBO-MOCTyMHAIbHE
nepemimieHHs. KoopanHatu o06epTOBO-NOCTYNAIbHOTO NEPEMILIEHHS! KpailHbOi TOUKU Ha
00011 HIAPOIIKH BUIJISIIATUMYTh Y BUTJISA1 CHCTEMU HACTYITHUX PIBHSHB!

(R, +R, -Cosa, )- Sin| a, + Arctg R, -Sina,
R, + R, -Cosa,

@ = Arctg

(R, + R, -Cosa, )- Cos| a, + Arctg Rp-Sina, )y
R, + R, -Cosa, ]

" _ - (18)
(R, +R, - Cose, ) Sin(ag + Arctg R, -Sina, j

o R, + R, -Cosa,

(R2+R1-C05a1)-Cos(a2+Arctg R, -Sina, J+V
R, +R,-Cosa,

BB KONMMBHOTO TEPEeMIIIEHHS 1HCTPYMEHTY BIJIHOCHO TIOBEpXHI OOpOOKM Ha
dbopMyBaHHS CKJIaZ0BOI BHCOTH 11 Mikpornpodiaro h; BH3HAYAETHCS aAMILTITYI0O
KOJIMBAHHS BiJ 4acTOTH A 30Yy/DKYIOUOTO 3YCHIUIS, BUKIMKAHOTO PI3HWIICIO MPHITYCKY
MpU TPOXO/PKEHHI BEPIIMHM IIIHIA IMAPOIIKK a00 BIMAJUHU BHXITHOI HMIOPCTKOCTI Ta
HEPIBHOMIPHICTIO TBEPOCTI MMOBEPXHI OOPOOKH.

[Ipu oOpoOili TOBEpXHI MeTalmy 13 3acTOCYBaHHSM IIAPOMIOK iX KOJMBHI
MEepEeMIIIEHHSI BIIHOCHO TOBEPXHI BUKIMKAIOTh YTBOPEHHsS XBWiIACTOCTI. OjHaK Ha
CKJIQZIOBY MPO(DLUTIO MIOPCTKOCTI BIUIMBAIOThH MPY>KHI KOJUBAHHS KOHTAKTHUX MEPEMIIIEHb
OJIMHUYHOTO IIWIA IIAPOIIKHM, BUKIMKAHI 3ycwuisM yaapy Py. Bemuuwna yTtBOpeHOi
CKJIaZI0BOi MIKPOTIPO(1TIO0 PO3PAXOBYETHCS 3T1AHO HACTYITHOI 3aJIEKHOCTI:

h — P, ’[Ez '(1_:“12)+ E, '(1_:“22)]
: - , (19)

r-E -E,- 1_E +T2-2°
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ne E1 1 E; — MOIOynb MPYXKHOCTI MaTepiaidy MIApOIIKU Ta MOBEPXHI 0OpOOKH; g 1 u, —
koedimient ITyaccona BiMOBIIHO MaTepialy IMIAPOUIKH Ta MOBEPXHI 00poOKkH; Ty — cTana
yacy JneMn@yBaHHS; A — aMIUIITyJla KOJMBaHb Bl 4YacTOTH 30YKYIOUOTo 3yCHIUIS; @ -
4acTOTa BJIACHUX KOJIUBaHb.

By mpyxHUX Ta IUIacTUYHHX AedopMaliiii mMaTepiady B 30HI 0e€3MOcCepeHbOrO
KOHTaKTyBaHHS 13 pOOOYMMH €JIeMEHTaMH I1HCTPYMEHTY Ha BEJIUYUHY YTBOPEHOI
CKJIaJIOBOI MiKporpoditro hy XapakTepu3yeThCsl YaCTKOBUM IJIACTUYHUM Je(POPMYBaHHIM
MOBEPXHEBOTO IIapy OCHOBHOTO METally KOTJIa LMCTEPHHU Ta BITHOCHUX 3CYBIB JIaHOTO
IUIACTUYHO JehopMOBaHOTO mapy. Po3paxyHok ckiamoBoi h, TPOBOAMTHCS 3TiAHO
3aIeKHOCTI

h4 = RZ - (hnn - hnp)1 (20)
ne Rz — BucoTa MIKPOBHCTYIIB Ha BHXIAHIN MOBEpXHI MeTalry A0 00poOku; h,, — rinuduHa
IUIACTUYHOTO TIPOHUKHEHHS B OBEPXHEBUI LIap MaTepialy THyYKUX poOOYMX €JIEMEHTIB
IHCTPYMEHTy, K OCHOBHHX (hopMyrounx Mikponpodine mnoBepxHi; h,, — BenuunHa
IPYHOTO B1IHOBJICHHS [TOBEPXHI 0OPOOKH.

TexHonoriuHuil npolec pyilHyBaHHS Ta BUJAJICHHS 3aCTUIVIMX 3aJUIIKIB PEUOBUH 1
OCTaTOYHOTO SIKICHOTO (POPMYBAaHHS MOBEPXHI METally BHYTPIIIHbOI MOPOKHUHHU BaroHa-
LHUCTEPHU METOJOM IO€AHYBaHHS JUHAMIYHUX yJapiB poOOYMX €JIEMEHTIB MIApPOLIOK 1
OJIHOYaCHUM KOHTaKTYBAHHSIM THYYKHX pOOOYMX €JIEMEHTIB KOMOIHOBAHOTO IHCTPYMEHTY
CYIIPOBOJIKYETHCSI BHHUKHEHHSIM TEMIIEPAaTypHUX IOJIIB y TIOBEPXHEBUX IIapax MeETaly.
Takuit TepMOoMexaHIYHMII BIUIMB Ha [MOBEPXHIO METally BHKJINKAE BHHUKHEHHS
BHYTPIIIHIX 3QJIMIIKOBUX HAIIPYKEHb.

B Teopii KkoHIEHTpallil HanpyX€Hb PO3TSATHEHHS MIBIUIOLIIUHYU 3 PO3TAIIOBAHUMH HA
HIi BHUIMKaMH, BUCTynaMu a0o0 IHIIMMHU 3MIHAMHU CYLIJIBHOCTI MICIEBOrO peibedy
pO3rsAaeThes AK TpaHUMYHA 3ajada A IUIOCKUX CTEpXHIB 1 BajliB MpHU 30UIbLIEHHI
BIJTHOILIEHHSI MONEPEYHOro pO3MIpy JeTanl A0 po3MipiB KOHLEHTparopa. [ns pimeHHs
MOCTaBJICHOI 3aja4l TMPOIMOHYETHCS 3aCTOCOBYBATH CIEIlaJbHO CKJIAJCHI 1HTErpaibHI
piBHsIHHS Dpearonbma Ipyroro poay, y SKMX HEBIIOMUMHU € O€3M0CepeIHbO HANpY>KEeHHS,
0 HAKOMWYYIOTHCS OIS MOBepXHI MaTepiamy. Takuii miaxig 10 BUpPIMICHHS 3amadi
J103BOJISIE TIO30YTUCS BTpAT TOYHOCTI NMPHU YUCIOBOMY U (DEepEHIIIFOBaHHI.

HactynHa cuctema iHTErpajJbHUX pIBHSHb BKa3y€ Ha BHU3HAYEHHS IOKa3HUKIB
BHYTPIIIHIX 3AJIMIIKOBUX HANPYKEHb:

oy —Eif—cosy'Smy(aSina—E-COSa)ds=2pxk —%f(px Cosy _ p Slnyjds;

p p T op

, (21)
2 -
5, +3§COS 7(a-Sina—5-COSa)dS=2pyk _Eif(px Siny +p, COS}/)dS,
7 p w P P
e y 1 p — NOJNAPHUM KYT Ta padlyc; a — KyT MK HOPMAJUIIO JIO KOHTYPY 1 pajiiycoM-
BEKTOpOM; K — iHJEKC, SKMM BiaMiueHI 3HadeHHS (yHKmii y Toumi K, Big sKOi

B1JIPaXOBYIOTBCSl PO3MIPU ¥ 1 p; o — CyMa HOPMaJIbHUX HaNpy>KeHb (1HBApl1aHT TEH30pa
HaIpy>KeHb); & — CIPsHKEHA 13 CyMOIO o TapMOHIMHA (PYHKITIS.

Teopetnuna MeToAMKa BUBHAYCHHS BEJIMYMH 3JIMIIKOBUX HAIPYKEeHb MiATBEPAKEHA
pe3ysibTaTaMi  €KCIIEPUMEHTIB, MPOBEACHUX 3a PO3POOJIEHOI0 MOJEUII0  BIUIUBY
TEXHOJOTIYHUX MapaMeTpiB MpPOLECY, HABEAEHOI y BUIUIAMAl aJeKBAaTHUX CTEIEHEBUX
BUpa3iB, PO3pOOICHHUX AJIs KOXKHOTO 3 CIOCOO1B 0OpOOKH.
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JlociKeHHsT BIUTMBY TEXHOJIOTIYHHUX MapaMeTpiB IMpolecy 0OpoOKM Ha MOKa3HUKU
BHYTPIIIHIX 3aJIUIIKOBUX HANPY>KEHb MaTepiady BHYTPIIIHbOI MOBEPXHI KOTJIAa LIUCTEPHU
MIPOBOAMIIOCH JIJIST PI3HUX MapOK CTalei MaHOTO BUAY BaHTaXHUX 3aCO0iB 3aJIi3HUYHOTO
TPaHCIIOPTY, 3T1THO OCHOBH TeOpii IJIaHyBaHHS OaraTopakKTOPHUX €KCIICPUMEHTIB.

B pexumi 00poOneHHs, KOJIM OJHOYACHO Ha TIOBEPXHIO MeETaly IMCTEPHH
BIUIMBAIOTh BCl poOOYl CEKIi 1HCTPYMEHTY, BEJIWYMHA iX BIUIMBY CYIPOBOIKYETHCS
3MCHIIIEHHSAM TOBIIMHHU IIapy 3ajsITaHHsS Ta 3HAYEHHSIM CTHCKYIOUUX BHYTPIIIHIX
HanpyxeHb. Tak, HanmpuKiazd, y 3pa3ky 13 crami 0912/ i3 rpaHuIeio TeKy4oCTI MaTepiary
o,=245 Mlla, makcumanbHa BenuuuHa HampyxeHb (o,=210 MIla) He mocsrae mexi
TEKy4OCTi MeTaiy (puc. 5), a 11e 03Havae, 10 MPH HarpiBaHHI MeTaly y Mpoleci 00poOKu
B HbOMY BiZOYBAIOTHCSA JIMIIE MPY>KHI AeopMariii 1 Micias MOBHOTO OXOJOKEHHS 3pa3Ka
3aJIMIIKOBI HAIPY>KEHHSI B MOBEPXHEBUX IIapax BIJCYTHI. 3 MOCTYNOBUM MiABUIICHHSIM
IIBUJKOCTI OOEpTaHHS I1HCTPYMEHTY 3pOCTalOTh BIAMOBIAHO 1 3yCHWJUIA JUHAMIYHOTO
BILJIUBY, 10 CYIIPOBO/IKYETHCS M1IBUILIEHHSAM TEMIIEpaTypHu IIOBEPXHEBOIO LIapy METay.

Puc. 5. 3anexxHicTh BHYTPILIHIX HANpPyKeHb B1J BUIbHOTO BUILOTY [ PE

3a yMOBHM HE3MIHHOCTI peIITH (PAKTOPIB TEXHOJOTIYHUX PEXKUMIB MPOIECY
00pOoOJICHHS, BHYTPILIHE HAMpPY>XEHHS PpO3TArY (puc. 6) q0csira€ CBOro MakKCHUMalbHOTO
3HaYeHHsA — o,=960 MlIlla, a HamnpyxeHHd CcTHCKYy cTaHoBUTHME o,=610 MIlIa,

nepexosyn y 3anunikoBe (Ha rauouni 1=1,2 mm — o, =440 MIla).

)

IENNEEA

Puc. 6. 3anexxHicTb BHYTPILUIHIX HAMPY>KEHb BiJ] IBUAKOCTI O0OEPTAHHS IHCTPYMEHTY
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3AT'AJIBHI BUCHOBKH

VY nanil gucepTaliiiHiii poOOTI Ha OCHOBI BHUKOHAHUX JOCIIKEHb PO3B’S3aHO
BaXXJIMBY HAYKOBO-TEXHIYHY 3a/auy YyJIOCKOHAJICHHS TEXHOJIOT1i OYHUIIEHHS BHYTPIIIHIX
MOBEPXOHb BAaroHIB-LIMCTEPH MPHU MIATOTOBI iX 10 peMoHTYy. OTpuMMaHi pe3ylbTaTu B
CYKYIHOCTI MalOTh CYTT€BE 3HAYEHHS JUIsi BAarOHHOTO TOCHOAApCTBa 3aJlI3HUYHOIO
TpaHcnopTy YKpainu. OCHOBHI HAyKOBl pe3yJbTaTH, BHUCHOBKM Ta MpaKTHYHI
pPEKOMEH /a1l MOJIAraloTh B HACTYITHOMY:

1. Ha ocHOBI mpoBeACHOro aHai3y BITYM3HAHUX 1 3apyODKHHUX TEXHOJOTIUHUX
MPOIIECIB TMPOBEACHHS MIATOTOBYMX pPOOIT BHUABWIOCH, IO B OCHOBHOMY OYHILEHHS
BHYTPIILIHIX TMOBEPXOHb BaroHIB-LIMCTEPH IPYHTYEThCS Ha po0OTax, sIKI MPOBOAATHCS Ha
MTPOMUBATEHO-TIPOTIAPIOBAIEHUX CTAHITISIX BATOHOPEMOHTHHX JICTIO 13 3aCTOCYBAaHHSIM PYyYHOT
mpari Ta TEeIIOBOrO BIUIMBY BOJM 1 Mapy, II0 CYTTEBO OOMEXKYE MOMIJIMBOCTI IIMPOKOTO,
IIBUIKOTO, SIKICHOTO, @ TOJIOBHE — €()eKTUBHOIO MPOBEACHHS JaHUX BUAIB poOiT. KpiMm Toro
BUSIBJICHO, 1110 y OLIBIIOCTI BUIMAAKaX NpU IPOBEACHHI PEMOHTHUX pOOIT Ha erarax
TEXHIYHOI MiATOTOBKKM BaHTAXKHUX BAaroHIB 3a/I1sTHA 3HAYHA KIJIBKICTh POOITHHUKIB 1 IPAKTUYHO
BIJICYTHI 3aCO0M MexaHi3aIlii.

2. JleranbHO JOCTIHKEH] XapaKTep Ta 0COOIMBOCTI KPUCTAII30BaHOT 3aCTUTIION MacH,
[0 3IAIIAETHCS Y MOPOKHUHAX KOTJIB HMHUCTEPH MICHS iX PO3BAHTAXEHHS, CKIATHOCTI
pYWHYBaHHS 1X MOHOJITHOCTI Ta TOPYIICHHS 3YEIUIEHHS 13 METaJOM BHYTPIIIHBOI
MOBEPXHI JTAaHOTO BUIY TpaHcropty. s doro Oyna po3poOiieHa MareMaTHdHa MOJEIb
PYWHIBHOTO Ta SIKICHOTO OYMILEHHS BHYTPIIIHBOI MOBEPXHI KOTJa BaroHa-LUCTEPHU, KA
IPYHTYEThCS HA METOJAaX BU3HAUCHHS YMOB pPYHHYBaHHS, KOJM TpaHWYHA BEIMYMHA
eHeprii (OPMO3MIHEHHS € MOCTIHHOIO IIPH BCiX KOMOIHANifAX HANpPYXeHb o,, o, Ta o,,

JUTSL TOTO HEOOXITHO MaTH IIICTh MPY>KHUX KOHCTAHT 1 OJIHE 3HAYEHHS TPaHUIll MIITHOCTI
OpU TMPOCTOMY PO3TATY, SKE€ J03BOJSE BU3HAUMTH BEJIUYMHY TPAHUYHOI EHeprii.
JlocmimkeHa nUHaMIYHA MOJEIb, SIKa BPAXOBYE CYTTEBO HENIHIMHHUM XapakTep MPOIECy
KOHTAKTHOI B3a€MOJii POOOYMX €JIIEMEHTIB IHCTPYMEHTY 13 TOBEPXHEI 3aCTUTIIUX
3QJIMIIKIB pe4OBUH. J{OCTIKEHHS MpeCTaBiIeHl JBOMAa METOIaMH, SKUMHU MOKAa3aHo, 10
Mpy TEBHUX 3HAYEHHSX MapaMeTpiB CHUCTEMH MOXXHA OTPUMATH ii MEpeMillleHHs 13
NeploioM, [KUM € KpaTHUM IMEploAy BUMYIIYIO 4YOro 3ycWiuid ynapy. TeopeTudHo
JOCIIKEHA CTIMKICTh «IPOCTUX» HECHMHXPOHHHUX YCTAJICHHX PIUIEHb T4 BU3HAYAIOTHCA
I'PaHHUIIl YCTAJIEHOCTI y MPOCTOpPI MapaMeTpiB.

3. Po3pobnieHa TexHOJOTisI Ta KOMIUIEKC MEXaHI3MIB Ta 1HCTPYMEHTIB, IO CIIPHSIE
eeKTUBHOMY pPYHHYBAaHHIO MOHOJITHOCTI IIapy 3aJUIIKIB 3aCTUTJIOI  PEYOBUHHU.
KoncTpykiiist pyliHIBHO-OYHCHOTO MEXaHI3MY, SIKUM 00epTa€ThCs, SIBIISIE COOOI0 CyMIIIEHHM
KOMIUIEKC, 10 CKJIQJA€ThCS 13 MIAPOIIOK 1 TOPIEBUX IHCTPYMEHTIB 13 HAOOPOM THYUYKHX
pobounx eneMeHTIB. [[puHIMIT yCTAaHOBKH Ta 3aKPIIJICHHS! HA KOHCOJIbHIM IITaH31 MEXaHi3My
IPYHTYETHCS TI0 CXEMI, SIK MOJIETTh MEXaHI13MY 3 THYUKHX TiJI, IKi 00€pTatoThCS.

4, Po3pobmeHi 3arainbHi TEXHIYHI BUMOTH €()EKTHBHUX TEXHOJOTTYHUX PEKUMIB
MEXaHIYHOIO pyMHYBaHHS Ta BUJIAJIICHHS 13 BHYTPILIHIX OBEPXOHb BarOHIB-IIUCTEPH 3AJIMILKIB
3aCTUTJIMX TPAHCIIOPTOBAHUX PEUOBHH, Ha OCHOBI YOro OyJi0 po3poOiieHa CTajisl MiATOTOBKU
TEXHOJIOTTYHUX MPOIIECIB PEMOHTHOIO BUPOOHUIITBA BAHTAKHUX 3AJTI3HUYHUX BaroHIB.

5. YIOCKOHAJIeHO METOJMKY MNPOTHO3YBAaHHS BIUIMBY TEXHOJIOTIYHHMX MapaMeTpiB
MPOLIECIB  OYMIIYBAJIbHOI OOpPOOKM BHYTPIIIHIX TIOBEPXOHb BaroHIB-IIMCTEPH Ha
(dbopMyBaHHS BHYTpIIIHIX 3aJMIIKOBUX HAINpY>KEeHb JaHOi MOBepxHi. TeopeTudHo
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JOCTIIKEHO 1 €KCIEPUMEHTANbHO MIATBEPKEHO, 10 BEJIUYUHY 1 XapaKTep YTBOPEHUX
BHYTPIIIHIX 3aJMIIKOBUX HANPYXEHb CIIJ PpO3MJISIAATH SK KOMIUIEKC HamlpyXeHb
BUKJIMKAHUX TEMIIEPaTypHUM BIUIMBOM, III0 BUHHUKA€ BHACHIIIOK SK KOMIUJIEKCHOTO
nporecy o0poOku (poOodi €JIeMEHTH IIAPOIIOK — HalIp CEKIid THYYKHX PpoOOYMX
€JIEMEHTIB), IPOLIECOM OXOJIOJIPKEHHS JIaHOTO MaTepialy Ta AMHAMIYHUM JedhOpMYyBaHHIM
1oro moBepxHeBUX IapiB. Pi3HI cr1ocoOM B3a€EMHOT0 KOHTAKTYBaHHS CEKIIA 1HCTPYMEHTY
3 MOBEPXHEI BHUPOOY IMOKa3aIM, IO BiJI JAHAMIYHOTO BIUIMBY yAapiB Ta HarpiBaHHS
TEPTSIM y TOBEPXHEBUX IIapaX MeTally BHHUKAIOTh 3HAYHI BHYTPIIIHI HAmpy>KEHHS
po3tary. Tak, Hanpukinaz, B Cram 0912/ 3 rpanunieto tekydocti o, =245 Mlla, Bunukiu
TUMYacOBI HaIIPYXEHHS PO3TATY BEIUYHHOIO B o, =960 MIla 3 rimubuHo0 nommpeHHs 10
0,8-10°wm, a B Crani 09I"2C (o,=353 MIla) — ¢,=670 MIla na raubuni 1o 0,6-10°m. B
CBOIO 4Yepry, Iipoiiec OOpOOKM TOBEPXHI JIMIIE MEXaHIYHOI  B3aEMOJIIEI0
CYNPOBO/IKYETHCSI YTBOPEHHSIM 3aJUIIKOBUX HamnpyxkeHb cTucky (s Cram 09121 - no
o ,=185 MIla nHa rmouni B 0,15-10°m; mist Crani 0912C — o,=320 MIla Ha TOBIIMHI
mrapy B 0,28-10°m; st Craimi 10I2C18 — no o, =275 MIla Ha rimmbusi B 0,2-10°M).

6. AHasi3 OTpUMAHUX PE3yJIbTATIB MOKA3aB, 10 MOKA3HUKHU HIOPCTKOCTI METAIy MapKu
091'2]] BHYTPIIIHBOI MOBEPXHI IUCTEPHU 3POCTAIOTH 13 30UIBIICHHSIM BEJMYUHHU 3YCHILIS
yJapy KOMIUIEKCY IIapoIloK. Lle MoyHa MOSCHUTH THM, IO 13 3pOCTAHHSM JIAHOTO 3YCHJUIS
30UTBIIYETHCS TTMOMHA MPOHUKHEHHST POOOYHX IIUIIIB IIAPOIIOK y TIOBEPXHEBUH IIap METATy
1 HACTYIHUH, 3TIAHO TEXHOJIOTIYHOTO MPOIIECY, €Tal SIKICHOro (opMyBaHHS MIKpPOIPO)LIIO
MOBEPXHI TOPLIEBUM IHCTPYMEHTOM 13 €BOJIbBBEHTHO HAOpaHMMHU THYYKMMH POOOYMMHU
eNleMEHTaMH BXK€ HEe3JJaTHHI 3aBAJIFOIOBATH YTBOPEHI BIAMHHU.

7. Ilpu anani3i poOOTH ICHYIOYOTO Ta 3alPOINIOHOBAHOTO METOJY OYHMCTKU LIUCTEPH
MO’KHa KOHCTATyBaTH MpPO €KOHOMIYHY JOLUIBHICTh Ta €(PEKTUBHICTh 3aPONOHOBAHOIO
MexaHi3My. E(QeKTUBHICTh Bij 3alpOBaJKEHHS HOBOTO METOAY OYMUCTKH JOBOIUTH PO
3HAYHY €KOHOMIIO0 MaTepiajibHUX 3ac001B, YUCTUH J0Xi] 3a pik ckiaB 401841,6 rpH.

8. Po3po0ieHi mpakTHyHI peKOMEHIalii 13 3a0e3neYeHHsIM e(EKTUBHOCTI TEXHOIOT 1]
OUMIIEHHS BHYTPIIIHIX TOBEPXOHBb BaroHIB-IMCTEPH Mepe]] TOCTAHOBKOIO X B PEMOHT.

CIIUCOK ONYBJIIKOBAHUX MPALb 3A TEMOIO JJUCEPTAILIII

OcCHOBHI HAyKOBI Pe3yJbTaTH JIHUCEPTAIIHHOT poOOTH OMyOJIKOBAaHI Y HACTYITHHX

HAyKOBHX IpaLsX:
Cnmcoxk 0OCHOBHUMX IyOJ/IiKanin

1. Minsunu A. P. Ilapamerpu rigpoaObpa3suBHOi OOpOOKH BEIMKOTabapUTHHUX
uuniaapuuHux pesepsyapis / [xyc B.C., Kyniuenko A.S., Jlaymnuk LI1., Mingauu A. P.
// Hayxosuii Bichuk HJITY, Bun.13.1, — JIsBiB, 2003. C. 121-126.

2. Mingany A. P. MexaHi3Mu Ta THCTPYMEHTH ISl OYUIICHHS 3a113HUYHUX [TUCTEPH /
Minsiauy A. P. // 3anizu. tpancnopt Ykpainu. — 2004. - Ne 6. - C. 61-62

3. Minsau4 A. P. 3MillHEeHHS TOBEPXHI JeTalIel TPAHCIIOPTHUX 3aC001B IHCTPYMEHTOM
3 THy4kuMH pobOounmu enemeHTamu / Kymiuenko A.S., Minsaunu A. P. // 3anmizununuit
TpaHCTOPT YKpaiHu : HAyKOBO-pakTu4yHMi )KypHai. — 2008. - Ne 3. - C. 29-31

4, Minsaud A. P. Teopis pyitHyBaHHSI OpTOTPOTTHUX MaTepialliB y BUTJISIIL 3JTUIIIKIB
3aCTUIJIOTO MEKy B KOTJIax 3ami3Hu4HuUX 1uctepH / Kymiuenko A.f., Minsauy A. P. //
Bicauk JIHIIpONEeTpOBCHKOTO HAIIOHATHHOTO YHIBEPCUTETY 3aI3HUYHOTO TPAHCIIOPTY. —
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I1.,2012. - Bum. 41. - C. 64-70

5. Minsganu A. P. BusHaueHHS MakCHMMalbHOI J>KOPCTKOCTI TIPHU MPYKHOMY
KOHTAKTyBaHHI MDK €JIEMEHTaMU TOJKO(pe3r 1 MOBEPXHEIO 3aCTUTJIOTO TMeKy / MurstHuY
A. P. // Hayxouii Bichuk HJITY, Bun.24.4, — JIsBiB, 2014. C. 358-365

6. Munsaeid A. P. Onpenenenue onTHUMaIbHOTO 3alOJHEHUS KEJIE3HO-I0POKHBIX
IIUCTEPH M0 KPUTEPHUIO HANIPSDKEHUSI B JIOTUCTUYECKUX HEMAX NepeBo30K / Mussnbid A. P.
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IUIACTUYHUM J1e(OpPMYyBaHHAM 3aTBEPILIMX OpraHiyHUX pedoBuH / Minsgaua A. P. //
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YHIBEPCUTETY 3alII3HUYHOTO TpaHcnopty. — /1., 2014. - Bumn. 53. - C. 48-55
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9. ITarenr UANe96846U. Ilpuctpiii nnsi BUAAJNEHHS 3 MOBEPXHI 3aTBEPIIINX
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Cnucok 101aTKOBUX Npalb
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2004, Ne 15. - C. 75-84
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13. IMaTent Ned4175A. Ulitka ana ouunmienas metany / Kymiuenko A.S., Jlaymnauk
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(3amizanunoi muctepun) / Kymiuenko A.f., Mingauu A. P. // ony6mik. 15.04.2002, bro.
JIT VIIIB Ne 4/2002.

15. ITaTtent No54896A. MexaHi3M Il OUMCTKU BHYTPIIIHBOI MOBEPXHI IIUCTEPHU /
Kyniuenko A.4., Jlaymuuk LIL., Minsaua A. P. // ony6mik. 17.03.2003, bron. AIT VIIIB
Ne 3/2003.

16. [Tarent Ne59706A. Ilpuctpiit 1151 OYMCTKKA BHYTPIIIHBOI MOBEPXHI LIUCTEPHU /
Kyniuenko A .., Minstauy A. P. // ony6oik. 15.09.2003, bron. 1T YIIIB Ne 9/2003.

17. Tlatent Ne59746A. YcTaHoBKa Jj1s1 OYMCTKH 30BHINTHBOI MOBEPXHI 3aTI3HUYHUX
nuctepH / Kyniuenko A.S., Jlaymnuk LI, Minsaua A. P. // ony6mik. 15.09.2003, Broa.
JIT VIIIB Ne 9/2003.

18. Ilarent Ne67531A. MexaHi3M Uisi OYHMCTKH BHYTPINIHBOI TOBEPXHI KOTJIa
rucrepau / Jxyc B.C., Kymiuenko A.A., Minsgauu A. P. // ony6mik. 15.06.2004, bron. I1
VIIIB Ne 6/2004.
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Cnucok npanb anpodamiiHOro xapakrepy:

19. Minsany  A. P. Meron BU3HAYEHHS CIHIJIIB 1HCTPYMEHTY Yy Mpoleci
BUKIHUYBaJIbHOI 00poOKM moBepxHi Mmetany [IIpami 65-i MexayHapoJHOH Hay4dHO-
npakTudeckoil koHpepeHIu «[IpodaeMbl U EPCHEKTUBBI Pa3BUTHUS KEJIEIHOIOPOKHOTO
tpancnoptay]. — [.: Bua. JHYXT, 2005. — C. 64.

20. Minsauy A. P. IlepcnektrBa mpoOrpecMBHOTO METOJY MOBEPXHEBOI OYUCTKU
IIMCTEPH 3T1HO €KOHOMIYHO-TIOPIBHAIBHUX XapaKTEPUCTHK 3 ICHYFOUMMHU TEXHOJIOT1sIMH /
A. S. Kymniuenko, A. P. Minsaanu // [IIpami V MixunapoaHoi HaykoBoi KoH(pepeHIIii
«IIpobnemu exonomiku Tpancnopty»]. — .: Bun. IHY3T, 2006. — C. 52.

21. Minsanu A. P. TIporao3yBaHHS SIKOCTI TOBEPXHI JIeTaliell BATOHIB BUTOTOBJICHUX
MeTo/IoM TutacTuyHoro aedopmysanHs [[Ipami 73 MixHapoAHOT HAyKOBO-NPAKTUYHOL
koH(epenii «IIpobremMu Ta mepcneKTUBU PO3BUTKY 3aI3HUYHOTO TpaHcHopTy»]|. — Jl.:
Bun. JHYXT, Hayu4.- npouss. npennpusitue "Yiprpancakan', 2013. — C. 49-50.

22. Minsgana A. P. JluHamiyHa MoOJENb THYYKOTO MEXaHI3My [JIsi BUIQJICHHS
3aCTUIJIOTO TEKYy 13 KOTJIiB 3ami3HuyHuX nuctepH [[Ipami 74 MixHapoaHOi HAyKOBO-
npakTuyHOi KoH(pepeHuii «lIpoGiemMu Ta NEPCHEKTUBHA PO3BUTKY 3aJI3HUYHOTO
tpancnopty»]. — [.: Bun. IHY3T, 2014. — C. 55-56.

23. Minsauu A. P. MexaHidyHa OYMCTKa KOTJIIB IIUCTEPH BiJl 3aJUIIKIB OPraHIYHUX
pedoBuH [Martepianin MixHapoHOT HayKOBO-TeXHIYHOI KoH(pepeHiii «HoBi TexHomorti,
oOnagHaHHs, MaTepiaii B OyIIBHUIITBI 1 HA TpaHCHOPTI»]. — M. Xapkis, 2014. — C.69-70.

24. Minganu A. P. PyliHyBaHHS Ta BHJAJEHHS 13 BaroHIB-I[UCTEPH 3aJUIIKIB
BAHTAXIB, sKI TBepAHYTh [[Ipami 75 MikHapoaHOI HAYKOBO-NPAKTUYHOI KOH(EpPEeHIil
«IIpobnemMu Ta NEPCIEKTUBUA PO3BUTKY 3allI3HUYHOTO TpaHcnopty»|. — .: Bua. JHY3T,
2015. - C. 55.

AHOTAIISA

Minsgana A.P. YaockoHaneHHS TEXHOJIOTIT OYUIIEHHS KOTJIIB BaroHiB-IIUCTEPH MpH
MIATOTOBIII iX 10 peMOHTY. — Pykornuc.

Huceprairis Ha 3700yTTS HAyKOBOTO CTYIEHS KaHIWJaTa TEXHIYHMX HAyK 3a
cnemianpHicTIO  05.22.20 — ekcrutyaTtaimis Ta PEMOHT 3aco0iB  TPaHCHIOPTY,
JIHIPOTIETPOBCHKHUM  HAIlIOHAJIBHUN  YHIBEPCUTET 3allI3HUYHOTO TPAHCIOPTY 1MEHI
akanemika B. Jlazapsina, JIninponeTpoBcbk, 2015.

Hucepraiiist npucBsiYeHa TUTAHHIO MIABUINECHHS €()eKTUBHOCTI MIATOTOBYUX POOIT 110
PEMOHTY BaroHIB-IIUCTEPH ILJISXOM BIOCKOHAJICHHSI TEXHOJOTIi OYHUIIEHHS BHYTPIIIHIX
MOBEPXOHb MOPOKHUH KOTJIB.

[IpoBeaeHunil neTanbHUN OIJIAJ BITUYM3HSAHOI Ta 3apyOIKHOI HAYKOBO-TEXHIYHOT
JiTepaTypu 3 TEMU AMCEpTallii, y pe3yjbTaTi 4oro BCTAaHOBJIEHO, IO MPH OYMIICHHI
BHYTPIIIHIX TOBEPXOHb KOTJIIB BarOHIB-IIUCTEPH BiJl BAHTAXIB, SIKI TBEPAHYTh, TPAKTUYHO
BIJICYTHI Oy/b-sIK1 3acO0M MeXaHi3alliil AJ1s peaizallii JaHOro TEXHOJOTIYHOTO MPOIIECy.

Po3poOsieni  maremMaTH4Hi ~ MOJENl  OCHOBHUX  MPUHLMIIB  PYWHYBaHHS
KPUCTATI30BaHUX 3AJIMIIKIB MIBUAKOTBEPIHYYHX PEUOBHUH, SIKI IPYHTYIOTHCS Ha OCHOBI
KOMIUIEKCHOTO MEXaHIYHOTO BIUIMBY, SIKUH OO’€lHye IUHAMIUHI yAapu KOMILIEKCY
PYWHIBHUX IIApPOMIOK 1 CEKIIWHO HaOpaHWX Ta EBOJBBEHTHO 3aKPIIUICHUX HAOOpIB
THYYKUX pOOOUYNX €IEMEHTIB.

BcranoBneHo, 1mo HaitbuIbIIe 3yCcrUiuTsl KOHTAKTHOT B3a€MO/Ili BUHUKAE TpU 00pooiIi
3aCTUTIIOl Macu TOPLEBOIO IMiTKOW0. [Ipu 1IbOMy B KOHTAakT i3 MOBEPXHEIO OOPOOKHU
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OJTHOYACHO BCTYMarOTh BCl po0Oodi TOpLi APOTHHOK CEKLIM 1HCTPYMEHTY, OTXKe
NpUKJIATaHHs MaKCUMaIbHOI MOTYXHOCTI JAHOTO mMporecy OOpOOKH pO3TISIaEMO, SK
IPOIIEC MTOBEPXHEBOTO ILTi(hyBaHHS.

Po3po6ieni nmpakTuuHi pekoMeHaarlii i3 3a0e3neueHHsIM €(PEeKTHBHOCTI TEXHOJIOT1T
OYUIIICHHS BHYTPIIITHIX TOBEPXOHH BarOHIB-IIUCTEPH Mepe] MOCTAHOBKOIO iX B PEMOHT.

[Tpu anamizi poOOTH iCHYIOUOTO Ta 3alpOINOHOBAHOTO METOAY OYWCTKU ITUCTEPH
MOKa3aHO €KOHOMIYHY JOIIIbHICTh Ta €(pEKTUBHICTh 3alPOIIOHOBAHOI'O MEXAHI3MY.

KuarouoBi ciioBa: BaroH-IICTepHA, IIApPOLIKa, IBUAKOTBEPAHYYl PEUYOBHHH, THYUKI
po0oul e1eMEeHTH, TEXHOJOTIYHHI Mpoliec, pyHHYBaHHS Ta OYUIICHHS.

AHHOTALIUA

Munsiaeiy - A.P.  YCOBepIIEHCTBOBaHHWE TEXHOJIOTMA OYUCTKA KOTJIOB BarOHOB-
LIUCTEPH MPU MOATOTOBKE UX K PEMOHTY. — PyKomnuch.

Huccepranysi Ha COMCKaHWE YYEHOW CTENEHW KaHAWJaTa TEXHUYECKHX HAyK IO
cnennanibHocTn  05.22.20 — »9KCcrulyatanuss W PEMOHT CPEACTB  TPAHCIIOPTA,
JIHENpONETPOBCKUIT HALIMOHAJIbHBIM ~ YHUBEPCUTET KEJIE3HOJOPOKHOTO TPAHCIOPTA
uMeHu akanemuka B. Jlazapsina, J[nenponerposck, 2015.

JuccepTraius OCBSAIIEHA BOMPOCY MOBBIMIEHUS 3PGEKTUBHOCTH TOATOTOBUTEIBHBIX
paboT K PEMOHTY BAaroOHOB-IIUCTEPH ITyTEM COBEPIICHCTBOBAHHS TEXHOJIOTHU OUYUCTKH
BHYTPEHHHX MMOBEPXHOCTEHN MOJOCTEN KOTJIOB.

[IpoBeneH AeTalbHBIA 0030p OTEUECTBEHHOM M 3apyOe’KHON Hay4YHO-TEXHUYECKOM
JUTEpaTyphl MO TEME JHUCCEPTAIMU, B PE3yJIbTaTe YEro YCTAaHOBJICHO, YTO MPU OUYUCTKE
BHYTPEHHHMX MOBEPXHOCTEH KOTJIOB BarOHOB-IIMCTEPH OT IPy30B, KOTOPHIC 3aTBEP/ICBAIOT,
MPaKTUYECKU OTCYTCTBYIOT KaKue-JIM0O0 Cpe/cTBa MEXaHU3allMU Ui pealiu3allii JaHHOTO
TEXHOJIOTHYECKOr0 Mpoliecca.

Pa3paboTannbie MaTeMaTHYECKHE MOJIEIN OCHOBHBIX MPHUHIIUIIOB pa3pylICHUS
KPUCTAJUTM30BAHHBIX OCTATKOB OBICTPOTBEPACIONINX BEIIECTB, KOTOPHIE OCHOBBIBAIOTCS
Ha KOMIUIEKCHOM MEXaHWYECKOM BO3JCHCTBUHU, OOBEIUHSIONINN JUHAMUYECKUE YIaphl
KOMILJIEKCA pPa3pylIUTEIbHBIX IIAPONIEK M CEKIIMOHHO HAOpaHHBIX W 9JBOJBBEHTHO
3aKpETUICHHBIX HA0OPOB TMOKUX pabOYHX AJIEMEHTOB.

[Ipu mpoBeeHUN TEOPETUUECKUX MCCIIEAOBAHHUM OBIJIO YCTAaHOBJIEHO, YTO CKOPOCThH
MOCTYNATEIbHOIO TMEPEMEIICHHs] IIApOIIEK W  MOIIHOCTh, KOTOpas NepeaaeTcs
MOBEPXHOCTH O0OpabOTKH, OYEHb CYIIECTBEHHO 3aBHUCSAT OT OTHOIIEHUS aMIUIUTY]IbI
BBIHYXKJIEHHOTO YCWJIMS yAapa K BeCy IMIApolIkh. BenuuwHa MOIIMHOCTH, KOTOpas
nepeaeTcss MOBEPXHOCTHOMY CJIOKO 3aCTHIBIIEH MacChl, JOCTHUTAET CBOETO MaKCHMyMa,
KOTJ]a aMIUTATYa BEIHYKJICHHOTO YCHIIMSI TPUOJIM3UTENIBHO B JIBa pa3a OoJIbIlie Beca.

VY cTaHOBJIEHO, UTO HAMOOJIbIIIEE YCHJIME KOHTAKTHOI'O B3aMMOJICHCTBHS BO3HUKAET
npu o0paboTKe 3acThIBIIEH Macchl TOpLEBOM MmieTkol. [lpm »TOM B KOHTakT ¢
MMOBEPXHOCTHIO O0pabOTKM OJHOBPEMEHHO BCTYMAIOT BCE pabouue TOPIBI MPOBOJIOK
CEKI[MH MHCTPYMEHTA, CJIEIOBATENbHO MPUJI0KEHUSI MAaKCUMAJIbHOM MOIIHOCTH JIaHHOTO
mpoiiecca 00pabOTKM paccMaTpUBAEM KakK MPOIECC TOBEPXHOCTHOTO MITHU(OBAHUS.

KoHCcTpyKiuss pa3pyluTeIbHO-OYUIIAIONIETO HWHCTPYMEHTA, PEXKUMBbI Ipoliecca
00paboTkH U 3PGHEKTUBHOCTh UX MPUMEHEHHUS HEMOCPEICTBEHHO BIMSIOT Ha JIOCTHIKECHHE
B PEILICHUM TJIABHOM 33a/1a4l — pa3pyIlIeHUE MOHOJIUTHOCTH 3aCTBIBIIMX OCTATKOB BEIIECTB
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U UX YAAICHUS W3 MOJOCTEH KOTJIOB KEJIE3HOAOPOKHBIX LUCTEPH C OAHOBPEMEHHBIM
KauyeCTBEHHBIM ()OPMHUPOBAHUEM IMOBEPXHOCTHOI'O CJI0SI METAJlJIa JIOHHOM MX YacTH.

Pa3paboTanHbie NpakTHYECKHE pEKOMEHAAIMu ¢ obecreueHueM 3(P¢GeKTUBHOCTU
TEXHOJIOTUA OYHMCTKA BHYTPEHHUX MOBEPXHOCTEN BaroHOB-IIUCTEPH IEpPE]l MOCTAHOBKOM
UX B PEMOHT.

[Ipu anammze paOOTHI CYIIECTBYIOIIETO M IMPEIaraéMoro MeETo/ia OYMCTKU IMCTEpH
MOKa3aHO YKOHOMUYECKYIO 11€71€c000pa3HOCTh U A3 (HEKTUBHOCTD MPEATIOKEHHOTO MEXaHU3Ma.

KiiroueBble ci10Ba: BaroH-UMCTEPHA, MIAPOIIKA, OBICTPOTBEPJCIOLINE BEIIECTBA,
rulOkue paboune MeMEHThI, TEXHOJIOTHUECKHUNA MPOLIECC, pa3pyllieHUEe U OYHCTKA.

SUMMARY

Milyanych A.R. Improvement of the technology of cleaning oil tank-car boilers in
preparing them for repairs. - Manuscript.

Dissertation paper for a gradulate degree of candidate of technical sciences in speciality
05.22.20 — operation and maintenance of transport means. — Dnipropetrovs’k National
University of Railway Transport named after academician V. Lazaryan, Dnipropetrovs’k, 2015.

The thesis is dedicated to the issue of raising the efficiency of preparing oil tank-cars
for repairs by way of improvement of the technology of cleaning internal surfaces of boiler
cavities.

The detailed review of home and foreign sci-tech literature on the topic of the thesis
has been made, and as the result it has been traced that there are almost no means of
mechanization to be used in the process of cleaning internal surfaces of oil tank-car boilers
from cargoes which get set hard for implementing the given technological process.

Mathematical models of the main principles of destruction of crystallized remnants of
fast-curing substances based on the complex mechanical influence that unites dynamic
blows of the complex of destructive cutters and sectionally assembled and evolvently fixed
sets of flexible working parts have been developed.

It has been traced that the largest effort of contact interaction appears during
processing of the chilled mass with an end butt brush. And here simultaneously all the
working end butts of the wires of the tool sections come into contact with the processing
surface, therefore, the application of maximum capacity of the given processing process is
considered by us as the process of surface polishing.

There have been developed practical recommendations on ensuring the efficiency of
the technology of cleaning internal surfaces of oil tank-cars before they are handed over
for repairs.

While analyzing the effect of the available and suggested tank cleaning method
economic expediency and efficiency of the suggested mechanism are shown.

Key words: oil tank-car, end butt, fast-curing substances, flexible working parts,
technological process, destruction and cleaning.
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